GS. TSKH. VO NHU CAU

NHA XUAT BAN XAY DUNG



GS. VO NHU CAU

TiNH KET CAU
THEO PHUONG PHAP MA TRAN

¢ Noi dung trinh bay theo quan Jdiém thuc dung.

o Ly thuyét duoc minh hoa bdng nhiéu thi du
tinh toan.

o Baitip kem ddp an.

e Hon 31 chuong trinh tinh ma tran va két cau
theo ngén ngir Turbo Pascal 7.0

NHA XUAT BAN XAY DUNG
HA NOI - 2004



LOT MO DAU

Trong vong nita thé ky nay, Iy thuyét ma trgn da dwoc ting dung vao cdc nganh khoa hoc nhu
toan, Iy, corhoc vov... Dang ma trdn c6 wu diém la gitip cho viéc trinh bay thudt toan duwoc ngdn gon,
deon gidn. Pédng thoi, do méi quan hé chdt ché gira cde dai lwong lién quan, cung cdp duoe nhimg
thong tin day du vé nhong didu cdn biét trong tinh todn va thiét ké. Mat khdc, né rdt thudn tién cho
viéc Idp trinh d€ thuc hién qud trinh tinh todn trén mdy tinh dién ti.

Cudn sdach nay ra doi nhdam muc dich phuc vu cho sinh vién dai hoc, sinh vién cao hoc, nghién
cieu sinh, cdn by gidng day va ky su cong tdc trong nganh Xdy dung. Sdch dwoc trinh bay theo quan
diém thuc dung. Ly thuyét dugc minh hoa bdng nhiéu thi du tinh todn, mét s6' Iy thuyét va dinh 1y
khong di sau chimg minh vé mdt todn hoc, dé ban doc dé tiép thi. Ngodi phueong phdap chuyén vi ld néi
dung chit yéu, con co phitong phap luc, phicong phdp phdn phéi mé men duoc don gian héa, ma trdn
hoa va duge lap trinh. Ngi dung sdch phan dnh nhimg thanh e dd duoc vmg dung trong linh viee tinh
két c@u va mot 56 cong trinkh nghién citu cia tac gia. Cudn sdch, ¢6 cdc bai 1gp kém ddp an va mor phu
{uc trinh bay hon 30 chuong trink tinh ma trén va tinh két cdu theo ngén ngie Turbo — Pascal 7.0. S¢
di tdc gia chon ngén ngir nay vi né gdn véi cdch néi ciia ngudi, ro rang, dé hiéu, hon nita dang duoe
giang day ¢ cdc triromg dai hoc.

Sach gom cdce chitong sau:

Chuong mot: Cdc kién thitc co ban vé dai 56 ma irdn.

Chuong hai: Hé gian.

Chiromg ba: He phéng co nut cimg.

Churong bén: He dém giao nhau.

Chiuomg ndm: Hé gom cac phdn tir khong cang thé loai.

Chueng sdu: Hé chin tde dung cia cde nguyén nhdn ngodi tai trong.

Chutong bay: Dang ma trdn ctia bai todn dn dinh tron hé phdng co niir cimg.

Churomg tdam: Dang ma tr@n cia bai todn dao dong trong hé phdng c6 nit cing.

Chiremyg chin: Hé khéng gian cd niit ciing.

Chitong mudi: Dang ma tran ctia phuong phdp liec.

Chiromg mudi mér: Dang ma trdn ciia phuong phdp phdn phdi mé men,

Do cdc nguyén nhan chit quan va khdach quan, sw xudt hién cdc thiéu sét la diéu khong tranh
khai, mong ban doc phé binh va gop y.

Tdc gia chan thanh cam on Ban bién tap Nha xudt ban Xay dung, di tham giu bién tdp va cho
xudit ban ban thao. Pdc biét, tdc gia t6 long cam on bién tdp vién Trdn Cuong, da nhiét tinh gitip do
va cd vil, dé hoan thanh céng viée ddy khé khan.

Téc gia



] Chuong mot )
CAC KIEN THUC CO BAN VE PAI SO MA TRAN

N6i dung chuong nay trinh bay cic khai niém ve ma tran, ¢ic phép tinh ma tran, cac tinh
chét va dinh [¥ lién quan d8 ap dung vho bai toan giai hé phuong trinh tuyén tinh, bii toan tinh
noi lye vit chuyén vi, bit toin 8n dinh, bii toan dao dong v.v...

§1.1. Dinh nghia vé ma trén, cic loai ma trén

1.1.1. Dinh nghia

Ma trdn la mot bang hinh chir nhar hofic hinh vudng, trong do cic phin i duge xép theo
thir trr ctia hang va ¢t (xem bang a). Mot phdn tirc6 2 chi s6 1 va j: chi s& diu bidu thi & thiy
ty clia hiing, chi s6 thar 2 biéu thi s8 thir tu ciia cdt. Ching han a,,la phin tit cia ma tran A nim
trén hang thir 2 va ¢4t thir 3. Ma tréin A cling c6 the viét dudi dang rit gon [a.]j].

Cép cia ma tran duge biéu thi bing ki higu m x n, m la s6 hang cta ma trin, n 14 56 cdt
cta ma tran. Chang han ma trdn cap 3 x 4 ¢6 3 hang va 4 cot.

aII a!z e a]n
d, iy . dy,
A = [ai_i_] =
(a)
Larm] amz zj‘1'n.'*_,:

1.1.2. Cdc loai ma trin

Ma tran dvoc chia thanh cac loai co ban nhu sau:



= Ma trdn ¢t 1a ma tedn ¢dp m x 1 (chl ¢d mot cor)

ml

Ma trdn ¢bt con ¢d tén la vée to cét,
— Ma trdn hang 1 ma tedn ¢ip 1 x n (chi ¢6 mét hang):

C= [Cll Cll CU ”' C|11]

Ma triin hang con ¢d tén 1a véc tor hang.

— Ma tran vuong la ma tedn cip nx n (sd hang bing s6 ¢6t), thuong duoe goi Ia ma trin
vudng ¢ip n.

a, a, .. ;1“]1
IV

~ Puromng chéo u’nuh la dudng chira cac phan 1 s Ay, B

~ Mua tran chéo i ma trin vuong trongdda, #0(G=1,2,.

., ), a, = =0 vo11#j{toan ho
cac phan tir déu (rigt tidu trir cac phin tir trén duornﬂ chéo chinh )

a., 0

— Ma trdn dom vi la ma trin vubng trong do a=10=1,2,..,n), a, =0voii£](cicy Mian

1 trén dudmg (.hm chinh déu bing don vi, cac phm tlr con Igi déu bano khong).
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Ma trin don vi thudmg duge ki hidu fa |

— Ma trgn khong (ki higu 1a ma trin O) 12 ma trén trong do todn bd céac phf{n tr déu
hing 0.

= Ma tran tam gidc trén (hodc ma tran tam giac dudi) la ra trdn vudng trong do toan bd
cac phan ur dudi duong chéo chinh (hodc trén dudng chéo chinh) triét néu. Thi du:

[sy, 0 0 0 .. 0] s, 0 0 0 0]

[sy, 8, 0 0 .. 0 Sy S, O 0 O
S=]s, S S: € .. 0O |hodc: S= 8y S 8y 000

_'Hu:l Sn:‘ Snﬁl Sn-l Snn _ _Snl nl Y nn

~ Chuyén vi cua matran A la ma triin A’ trong d6 hang i 1a c¢dt i cda A va ¢t j 13 hing
cua A,

Thi du: (2, =[a, ] (1.1)
ﬂ” al-, H‘In d | a],, ‘lm]
A dy  dy 4y, A= dp  ay Ay
' i
Laml am] amn _a!n aEn A umn

Can chu y riing néu cip cua ma tran A la m x n thi cip cia ma trdn A’ lin x m.

— Mua trgn déi xing 1a ma trin vudng trong d6 4, = a4, Chang han ma trén sau day la ma
1Irin doi xumg: '

4 1 0
71 2
0 2 3

Dé dang chimg minh duve ring néu A 12 ma trin ddi x(mg thi A = A"

— Ma trgn phdan doi xung |a ma triin vudng trong do a =-a. Dé dang chimg minh duoe
ring A = ~A’ vi1 (0an bd cac phan o trén dudng chéo chinh déu trigt 1iéu.



§1.2. Pinh thitc ciia ma tran

1.2.1. Dinh nghia

Dinh thie cua ma trdn vudng A duoc ki hidu nhu sau:

4, i), 4,
‘1"I a!‘- “i‘n
Al hodc Det A =
(1.2}
an] a‘n" a|1n

Cha §: ¢ day dung ki hiéu doan thing dimg de phin bigt véi din ngodc vubng { ] khi
biéu thi ma trin.

binh thirc cia ma trdn vudng cép 2 13 mot s6 thuin tiy dugc tinh theo ¢ong thire:

1
a,  ay,

=&, .dy, — 8,4
podoy —dady, 1.3
dy)  dy (1.3)

Ddi v&i dinh thie cipn>2 , dung phwong phap Lapldu, dé trién khai dinh thic theo mat
hang bat ki hodc theo mot cdt bat ki clia ma trén dé cudi cung dugc dinh thic ctia mdt ma trin
vudng cip 2.

Ta tinh dinrh thic ciia m§t ma trdn vudng cép n theo cic cOng thic sau:

Khi trién khai theo hang i (bt ki)
i=1
Khi khai trién theo cot j (bét ki):

|Al=3 a,A (1.4b)

Trong 46 A 1a phdn phu dai s clia phan tir a:

A= (-1)MM (1.5)



Mii fa dinh thirc clia ma trin vudng cép (n—-1) ¢6 duoc bE“mg cach gach hang thiri vi ¢61
thirj trong ma trin A.

Thi du:
At Ay d. dy, (sau khi gach hang
A=lay ay, ay|=M, =" ™" » e
dy Ay, thit 2 vi cét thir 1)
Ay Wl iy, I

a, a,l

A-\| — [ 1}r3+ll [ H!

. a.'*} a:‘.‘ei

Theo (1.4b), lan luot tién hanh khai trién cac dinh thirc theo ¢ot thir nhit, a duoc két qua:

a4, &, 4a),
Ay iy Ay Ay
s dy g Ay

A,

4, a2, A, dp 3 Ay
dyy Aq, dy; Ay dyy Ay,
= cl.” an 3 +adj '
Apn iy €y Ay, 3, Ay
dayy  dyy a5, Ay, a5 uu‘
—dy A, —ily, ta,
Ay Ay dy Ay Ay a.ul
( Ay, Ay, 4 Ay dpq am‘
+311L‘112 — @y +a,,
day Ay, 45 Ay A 321‘
( iy 8y, 8, ay, an ‘1:4‘
_auLau —dn +dy;
dyy Ay Ay Ay, A5, Ayl

bé duoc két qui cudi cliing, ta tinh dinh thic ctia cie ma tran cip 2 theo (1.3).
1.2.2. Mt sé'tinh chdt chi yéu cia dinh thic
V1AL = 1A'

2) Sau khi hodn vi 2 hang bt ki (hodc ¢t bit ki), gia tri tuyét ddi cia dinh thirc khong
thay d6i nhung déu thay doi.
9



-3} Néu toan bo céc ph?m tir twong (mg trong 2 hang (hoic 2 cot) bét ki hoan toan giéng
nhau thi dinh thite bing khéng.
1) Néu toin bd cac phin ti trong mot hang (hodc mét cdt) bat ki déu triét tidu thi dinh
thic bing khong. '
5) Nhin s6 v voi toan bo cac phin t trong mdt hang (hotic ¢6t) bit ki cta dinh thirc wong
duong van viée nhin b dd voi dinh thitc ban dau:

Tay  Ydn Yas|-vla, o ag, "‘r\i

dy. dy, Ay A, dy Ay

6) Néu mdi phfm tir trong mét hang i (hodc ¢t j), bat ki cia dinh thic 13 tong chia 2 6 thi
dinh thirc bing ton  clia 2 dinh thire, dinh thic thr nhét ¢é hiing i (hoiic ¢ot j) ing véi sd thir
nhit, dinh thic thir hai c6 hang i (hodic cot j) tmg véi 6 thir hai, cac hang (hoac ¢bt) con lai
trong 2 dinh thirc nity van khong thay doi. Thi du:

a b c | ia b ¢ ia b ¢

|
(d+d) (e, e F+fl=1d e f|<ld, o T
| g 24 i g h i g g i

7) Néu nhan mot s& véi mot phin t cla hang (hodc ¢ot) nay cla dinh thic roi cong voi
maoi phin t tuong Gng ciy hing (hodc ¢d1) khic thi dinh thic vin khong thay doi:

‘ a b C a b ¢
{(d+va) (c+vb) (t+yc)=|d e
g h 1 g h 1
8) DaA =0 Q%] (1.6)

A. — phin phu dai s6 clia phcm tir tuomg ing A, _thudc hang thir j (j = i). Cén chd ¥ ring
kbt j =1, hé thitc (1.6) trd thanh dinh thirc cia ma trdn Al

Ngodi ra, ciin ¢l vao {1.4b), ta ¢6 the dé dang chimg minh durge cic két qua sau:

— Dinh thixc ctia mdt ma tran tam giac béng tich cla cac phin ti trén duong chéo chinh.

— Dinh thitc ctia ma tran chéo bing tich clia cac philn tir trén dudmg chéo chinh.

— DPinh thirc coa ma trin don vi bE“mg .

1.2.3. Hang cia ma tran. Tinh chdt suy bién, khéng suy bién ciia ma trén

Gia st tir mdl ma tran A cﬁp n, ta nhit ra tit ¢i cac ma trin cﬁp k (k < n) duoe tao thiinh
bari k hang bét ki vak ¢ot bt ki ctia ma triin a. Ta goi dinh thic ciia ma trin cép k nay Ia dinh
10



thire c.'flp k. Lin Jucrt cho k bién (hién tirn, n — I, n~ 2. Tadinh nghia hang cia ma trin A
(duge ki higu fan la cz"ip cao nhiit ctia dinh thirc khac khong.

Thi du:
3 2 2 3 2 2§
A=l 2 —ll=>r-3 vi 1ALl 2 --l@:;t{)
2 -1 3 2 1 3]
302 ] 1 |
B=l 2 -lj=r=2 vi [B[=0 va ]‘=—4-;-.-0
2 -1 3
Khi Al # 0, ta goi ma triin A 1a khong suy bién.
Khi [Al'= 0, ta goi ma triin A 12 suy bién.
§1.3. Phép cong va trir ma trin
1.3.1. Dinh nghia:
Cho 2 ma tein cling cap: A = [a,], B = [0,]
Tacoé matrdn A bﬁng ma trin B khi a, = bq:
A=B=a =b (1.7)

Téng hodc hi¢u cda 2 ma trin A va B cung cép 13 ma tran cung cip C = le,] trong do6
co=a th
1 i "

ay £by,a, £by o oa,tb

&, tb, a,tb,, .. a, tb,
AtB=C=lc]=[a,xb]= """ "=77% o (1.8)

) * I:)ml ds i‘bm:, a,, T hn:n

1.3.2. Mot s tinh chdt cida phép céng hodc triv ma trin
Cho 3 ma trin cling cip A, B, C v cic sd o, B. Ta co cac tinh chit sau:
WDA+B=B+A
DNA-(B+CO)=(A-B)~C
aofA+By=acA +aB
11



Ha+BA=cA+.A
MaPA)y=af.A
OA+BY=A"+B
7)Y 1A + Bl = |Al + IBI

Thi du:

¢ 0

l
=0 JAI+IBl=1+1=2
0 0

|A+ B -_-‘

§1.4. Phép nhin ma tran

1.4.1. Phép nhdan mét sé véi mét ma trén
Cho mét ma trin A = [ajj] v mot s6 v . Sau khi nhan s y v&i ma tefin A, ta ditoc ma tran C:
v-A=C={c,]trong dé ¢, = V-4, (1.9

Noi mét cach khac, nhan mdt s6 véi ma tran A ¢6 nghia 12 nhian 6 dé véi toan b cac
phin tr ca ma trin A,

1.4.2. Phép nhin 2 ma trin

ChomOt ma triin A = [a.u.j cﬁp mx pvaimdt matrin B = [bijj cz‘ip px* n. Tich ¢ia 2 ma trin
AvaBlamdt matrinC = [cii] cfip m x n trong dé;

¢, =2 a,.b, (1.10)

r
k=1

NOL mot cach khae, phin tirnam trén hang 1 va ¢ft j cia ma tran C 1216ng cla tich clia cic
phin orndm trén hang i cia ma trén A l4n lugt nhén véi cic phin tir tvong img ndim trén ¢6t
j cua ma tran B.

al] d]p I:)II. ki (’ll < 1
ull a r b"I b’n ij c"n
C=AB=| | | & :
\‘_am] o a”‘[‘_,l Lbl1l o b[’"J \‘le - Cnm H
(Cﬁp mx p) (cz‘ip pxn) (c;"ipmxn)



Tht du:

ST

1 -b” b, (@, b, +a,b, +a;b,) (a; b, +a,,b,, + alahuﬂ;

ay @y | by hy | = (ay,b;, +ay,b, +a,by) (dy b, +a,,b,, +a,,b,,) |

Aaiy A [ by by | Tlagby agb, taghy) (ay b, +ay, b +ay by |
cip 3% 3 cip 3x2 {cap3x?2)

Qua (1.10). ta thiy r.mg d& ¢o thé thuc hién dum, phép nhdn 2 ma tranA va B, 6 hdng

cua B hit hum phai hdng 56 ¢Ot clia A, Donu thoi. s6 hang ciia C h”mv 36 hang cua A, s0 cot
¢l € bing sd ¢ot coa B.

1.4.3. Mot 56 tinh chdt chi yéu ciia phép nhin ma tran

Phcp nhin ma trén ¢6 nhimg tinh chit nhu sau-
B (A.B.C) = A(B.C)

(A +B)C=AC +BC

AB+C)=AB + AC

(Tinh chit két hop va phin bd)

(ABY = B'A’
2) ] N (1.11)
(ABC .. MNY =N'M' ... CB'A
3) Trir mdt s6 trudmg hop diic bigl, AB = BA (1.12)
Thi du:

{ 6 3 9
AR = .BA =
o ey )

Diéu nay ching to phep nhan ma tran khdng 6 tinh chat g:ao hodn nghia la khi thue

hién plu,p nhén ma trin, cin phi gitt nguyén vi tri clia cac thira sé. BE bigu thi thir ty cta céc
thira sd. thuong dung céc @n goi chanL han nhur:

Nhin bén phai A v&i B = A.B

Nhiin bén trai A v31 B = B.A

4HLA=Al=A {1.13)
I — matrin don vi: A — ma trin bir ki

Neoai ra, can cht ¥ thém mdt s6 tinh chit nhur sau:



2) AB = 0, khdng nhit thiét A =0 hoac B =0

Thi du:

b) Néu AB = AC, khong nhit thiét B = C. Thi du:
r

3 2]xlﬂ =13 2]{ﬂ

¢) Néu B 1i ma trin déi xing cp m, A [ ma tran bit ki cdp m x n ddng thdi BA # 0,
A’B # 0 thi tich:

C=A"BA (1.14)
Ih ma tran d&i xtmg cdp n.

d) Néu A vii B 1a 2 ma trén déi xing, thong thuong ma trdn C = A.B khong ¢6 tinh chit
d61 ximg.

¢) Tich cla 2 ma trin tam giac cung loai 12 ma tran tam giac clng loai.

Thi du:
1o o]ft 0 0]j1t 00
1 ollr 1 ol=[2 10
Lo 320
) Néu C = yA = ICl = ylAl
g)  JAB.CDI=IB.C.ADi=..=IALBLICLIDI (1.15)

Trong d6 A, B, C, D la nhimg ma tran vudng cling cap. Hé thirc (1.15) cho thay dinh thirc
clia tich cAc ma tran vudng cling cap bing tich cac dinh thic ciia cie ma trin vudng do, thi t
¢ thira s6 trong tich ma triin ¢d thé sdp xép mot cach tiy ¥.

§1.5. Cac phép tinh ma trin chia khoi

Su chia khdi ma tran lam cho céach trinh bay thuidt toan duge gon hon va gop phan don
gian héa cong viée tinh toan. Dudi day, gidi thiéu khai niém vé sur chia khéi ma trin va cac
phép tinh ma tean chia khoi.
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1.5.1. S chia khot ma tran

M6t ma trdn bit ki ¢6 thé duge chia thanh nhlcu khéi, méi khdi tao thanh mot ma tran
con. Cach chia khoi tiy thudc vao cac yéu ciu cu thé, Trong qua trinh thue hign cic phép tinh

ma tran chia khoi, cic ma trdn con nay duge xem nhw cic phan tr méi (thudmg duge ki hitu td
dam) coa ma tran géc. Thi du:

Trong do:
il a d
no Ap 13
A] = , Az =
dy dy | sy
45 iy dy3
A,‘ = ) ‘A.] =
[y 8y [ A4z

Ma trdn A & trén dugce chia thanh 4 khdi tao thanh 4 ma tran con ALALA LA, Trong
qua trinh tinh todn, cic ma tran niy s& duge xem nhu cac phan tir méi ciia ma tran A

1.5.2. Phép céng ma tran chia khoi

Trong phep cong ma trin chia khéi, viec chia khéi cin duoce thue hién sao choe cac ma
trin con twong ng phai ¢4 cap nhu nhau:

Thi du:

2 04 (3 0

I
0 2f7 0 3|2 Al A (BB

Y 2|7 A, A4+B1 B,
-3 8\—1 8—3\6 '

A +B ’A +B,
“| A, +B, A +B, |

LA
H

1.5.3. Phép nhdn ma tran chia khéi

Trong phép nhan ma trin chia khdi, viéc chia khdi cin dugc thuc hién sao cho s6 cot ing
VO cac phan t& mdi trong ma trin diu phai b.mg 36 hang (mg véi cac phin 1y méi trong ma

15



tran thir hai. Ngoai ra, vi cic phan t& méi ka cic ma tréin con, viée chia khéi cling phai phit hop

vl quy tac nhan 2 ma trin con v&i nhau. Thi du:
Ay a, b, ..... b,

L HE np

Trong dé: ¢, =a b, +a,b, +... +a mbm:Zaikblh_I
b=l

(1.16)

Céch chia khdi nhu trén 13 ding vi a ¢ n cot, ma tran B ¢é n hang. Phép nhaun tién hanh
nhu thudmg 16, két qua 13 ma tran C cAp m x p- Theo (1.16), cic ma trdn a va b, ,duge nhin

v nhau nén khi phin khdi, cin chii y dén 6 ¢dt clia a_ phai bing s6 hd[l“ cllu h

T'hi du:

4 2| [, 1
a, ]a, H
- (m=2n=2); B=|6 3|=| | (n=2p=)

e o2 1

¢,y ~inb,, Fagby, =] 2]3’{2 2}4‘12}-[2 |]'—'-[IO 8] +[4 2]2{14 IO]

12 6
C=t4 3
14 10

15.4. Ma tran khéi chéo

y

Mdt ma trdn vuéng chia khéi duoc goi 1a ma tr@n khoi chéo khi cic ma trin con duoc

phin hé trén dudmg chéo chinh, cac ma trin con con lai ta nhiimg ma triin khéng. Thi du:

3210 0 0l0 0] [a,| 0] O] [a, ]
1 4/0 0 0|0 O 0
0 0[5 1 0]0 0

A=[0 0|2 6 8|0 01=|0 [a, | 0= a,
0 0 1 510 0
0 olo o oj4 1| | | | 0
0 0j0 0 0]0 6] |0 |0 |ay, iy,
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Két qud cua phép nhan 2 ma tein khdi chéo cing (.dp I2 mot ma trin khoichéo cung Ldp

trong do mdi phan Wr trén dudng chéo chinh [ tich cau cac phan o twong (me trong ¢ac ma
trin khoi chéo duoe nhin voi nhau. Thi du:

o b.. | ¢

Y

0 ;1mJ | 0 [ L C,,

Trong do: ¢, —a) b, iep =ay,byic,, a b (1.17)

1.5.5. Chuyén vi ctia ma tran khoi

Chuy¢ &n vi ctia ma tran chia khdi A [ ma triin chia khéi A trong d¢6 hang 1 la cori cua A,
¢t L hing j ciia A dong thai cic ma tran con déu duoe chuyén vi:

a'.l EIJI ;]In
E.l,l l.l-g: sl-.l
A= .
d|]| a:n‘\ d|n
S I 11'3 4
LA, aly a',,
A =

ol . ot
L‘l me a4 Hi d mr

§.1.6. Nghich ddo ctia ma tran

Trong qud trinh gidi hé phuong.trinh dai $6 tuyén tinh, ta thidmg edip nghich dho ctia ma
triin. Dudn diy, giéi thiéu khai niém vé nghich ddo elia ma tran va mot 6 tinh chat cla nod.

Lo.1. Dinh nghia

Cho ma trin vudng A khong suy bién (tie 1Al 2 0). Ta goi ma trin vudng B langhich dao
chia A néu thda man didu kién:

AB=I (1.18)

Trong do. la mutrin don vi. Nghich dio clia A duoc ki higu la A~ do do (1.18) ¢6 dang:
17



AA =] {119
Cach tim nghich ddo ctia ma trin nhu sau:
Theo (] 4ap ta ¢o hé thie (xem mue 1.2.1):

o Zii_,f\” ' { |-l 'd..)

A

Trong do: TAl la dinh thie cua ma trin A; AL la phin phy dai $6 cua phan (r i

Theo (1.6), ta¢o hé thie (xem mue 1.2.2);
Zumf\lk -0 I 4] (1.6
k-1

A, la phin phu dal $0 ciia phén 1 a, khac hang vai a .

K& hop (1.4a) voi (1.6), ta cd:

A =1 Kb =g
Na, .- 5
=4 "0 i i# (1.20)

Néu viét (1 .20} dudi dang khai trién. ta co:

AL A Al | - ]
a, 4 a,, 10 0
’ /\11 _ﬁé"zz _ADL
d | d] d . :A lA ‘A .[ . ]
i .
3
| P
2 (1.21)
iy i, (L I 0 |
B Z i A?u “.\n,, -
Al A A
Vay theo (1.19), ta co:
i ____i ;Af_n_'._—
Al Al A
B Ay A
Al [A] B
A=
(1.22
LAl A Al




Theo (1.22), ta tim nghich dao cia ma trin theo ¢ac bude sau:
— Thay ¢ie phin to cua ma trin A bing cie pan phu dai s6 teonyg img.

— Chuyén vi ma trin vira dugre thay the, ta duge ma trdn c6 ki hicu la adj A:

_AI'. ‘;\II An] |
AIL A_‘J ‘f\l';_'
=adjA
(1.23)
_/\In A L e »’\I .

— Chia adj) A cho'lAl ta duge A~

P31 vai cac ma triin ¢ap thap. cach tim nghich dido ma trin theo cich trinh bay tén khdng
phuc tap 1am. D61 vl nhimg ma trdn cdp cao. thdng thuong khong dung phuong phap do.
Mot 6 phuong phap don gian hon s& duoce trinh bay trong phin sau.

Thi du [.7: Cho ma triin:

2 2 2!
A=l1 2 3
136

Tim nghich ddo cia ma trin A,
G

Trudre hét, ta tinh ¢ac phan phy dai s6 cua loan bd ¢ic phan tr trong ma trin A theo (1.5).
Ket qua:

23 i3l 2
A=+ —~+3 AJ1_—| =3 AL+ =+
36 T 6 3
22 2 2 2 2
A, —— 26, Ap =+ =410, Ay = - )
306 . 1 * 3
2 9| 2 2 ) 2 2
Ay =+0 =2 A= T=—d4 AL =+ =42
2 I3 1 2

Theo (1.23). ta ¢

19



adj A - -3 10 -4
l-g 2
Theo (1.227, ta ¢o:
Al =2
; -
S
3 6 271 |2
o ] . 11 ) , 3
T A -3 10 400 3 2
/ ’ 2 ' 2
a2 ]
-2 1
5

1.6.2. Mot 56 tinh chadt vé nghich ddo ciia ma tran

}. Nghich dao cta ma tran ¢6 tinh chat duy nhat. Thuc viy, néu X li mot ma trin sao cho:
XA =]
Thi XAA'=TA7T=A" hay XI= A"
toce L X=A"

2. Néu A, B, C... la chc ma trin vudng cling cip thi nghich d4o ctia tich cia chiing bing
tich cua cac nghich dho cla ching nhung s6 thit t déo ngwoc lai:
(AB)' =B A" |
-1 -1 -t | -1 f’ 124)
(ABC. Ny =N".C*B'A |
CM: Gid s X = AB. Nhian bén trai 2 vé cla ding thic nay véi X ', ta ¢:
[=X"1.AB
Nhan bén phai 2 vé véi B-':

B'=X"ABB'=X"A,
Nhan bén phai 2 vé voi A

B~ A= X" A A" =X, Viy: B'A” = (A.B)"

3. Pinh thirc cia nghich dao ctia ma trin bﬁng nghich dao cta dinh thrc:
A = [AI

CM: Theo (1.15) (xem §1.4), ta ¢co:

A ‘\.\A\:}A",A\:\I\.—.| viy



4) Chuvén vi cla nghich dio ctia ma tran bing nghich die ciu chuyén vi cla ma tan,
(A= (A7) L 1.26)
Thit viy:
(AT A = (AAY =" =1
Viy: (A =AY

5. Nehich dao cta ma triin 461 ximg 13 mdt ma trin doi xtmg. Gid s A Lvma trin doi xim.

Theo (1.26), ta cd:
(A" '=(AY nhung vi A doi ximg nén
(A=A ©viy
AT =(ATY = A7 L ma wrdn dbi ximy.

6. Nghich dao cta ma trin chéo I ma trdn chéo trong do méi phin e wen dudme chéo

chinh Ii nghich dio cla phin t twong (me trone ma trin goe. Thi du:
[ v Loy = o g o

ay

i,

hi

L |

il

L LY

7. Nghich dio cia ma trin khéi chéo [a mét ma trin khéi chéo trong do ¢ac ma tran con
trén dudmg chéo chinh Ta nghich dio ctia cic ma trin con (uong img rong ma trdn gbe. Thi du:

ady,

A,

i

L nn_|




|
! | (1.28)
I
I

8. Nghich dao cua ma trén tam giae A (tam gide rén hodic tam gide dudi) I ma trin tam
glae B eung lowi rong d6 cée phin 1 trén dudng chéo chinh 1a nghich ddo cli cic phan ti

tuong ng tren dudnyg chéo chinh coa A, Chimg minh dicu niy nhu sau:

Theo dinh nghTa, AB =1

L b, b. b, b, | 1 )
; |

[ a, h. b.. b, b | I

ba. o, a, b, b, b, b., ]

-

)

Py, a. gy . ooa ftby by b, b " I

Sau khi thyge hién cac phép nhiin ma triin vivso sanh voi cae $6 & vé phai, ta duge cic két

quit:
[
aby=I=b,=  b,=0b,=0..b, =0
N
—i, l B
a,.b, +usb,. =0 b, - SETAY
.,
I
aybtasb, =1= b, =
d.,

d4,.b.~ah, =0 >b, -0

dy b vab, =0=b, =0

Bang cach thue hién cae phép nhan tuong tu, ta duge k&t qua cudi cong:

Néu A i ma (ran tam giac duedi:
b, = 0 (i<j)

1 .
b, =—=(1})

'—Xaigh,_- (]29)




Neu Al mitriin tam gide #rén, 1a ¢d cie cong thire trong wr:

})L| =0 (i»p

1 o
b, ——=0=)
o

—Z a,b,

|
d

Thi dr 1,27 Tim nghich ddo cua ma trin tam gide tén;

46 2 %
4 1
A=l o
45
=

G
Theo (1.30). tinh duge:

b b fl(—4f45>L: 4
R i, \[ ] Lds

b, =—= )

]

iy

oAby, ;-a_,_,bb_n 3 {lx—'Ua‘lS-r 4x4,’4ﬁ".‘ |
l -4

_apbytagbyraby [6x1/94 2547454 8 A

h‘l = —— = —
h d -4 4
b, =—-—+ .
| HJI l
h _ o ipbydagby o 6xU /2%
a a,, 4
Y _agh, _[E__x__{—]!cl)"[\__i
) i'lll l 4 ! 8’

ch.300
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3
|
~1

|

2 i

4 8 8§ 3¢

’ |
A 44
2

45

4

45

§1.7. H¢ phuong trinh dai s6 tuyén tinh

Trong tinh todn ket ciw, ta thudong 2ip mat hé phuong trinh dai $6 tuyén tinh:

X, FALX, Foda,X, — b ]
Wy X, = 8,X, +. 4 a.x, = b, l

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

s n n

HE phuong trinh trén ¢6 thé viét dudi dang ma trin:

AX =B
Trong do:
}'lll al: d.n
s Ay da,
A =
1 u:1| unl ar.n
X, tb
X, b,
X = i B=

% ] b ]

(1.31)

(1.33)

Ny Xy oo x laciebieny b, b, b _la cic 6 hang tw do; a lacichingsd=1,2, ...

k=1.2 ... n.

24



Gid strmatrin A khong suy bién (IAD 5 0), ta giai phuong trinh ma trin ( 1.32) banu ciach
nhan bén (rdi 2 vé ctia 06 vii A

ATAX=ATB = IX=AB = X=A"'R (1.3
[ — mairdn dom vi

HE thure €1.34) cho thiy mudn Gim gid tri ¢ta cae bién X, X, o0 Xt phai nghich dido ma
wan A L ma tran cac heé so cla ciac hien.

BOL vl clie mardn ¢ip cao, vige tinh (oan rat phic tap, khdi heon ¢ tinh toan rét Ién. Dudi
diy. trinh bay mot s6 phuong phip nghich dio ma trin duoe sir dung nhiéu trong thye 10

Neoi ra. con ¢o mot sd phuong phap khac ¢6 thé gidi duge he phuong trinh (1.32) ma
khong can nghich dao ma trin. DS 1a phuong phap Gauss hoac phuong phap tinh Lip.

1.7.1. Phuwong phdp Gauss
{700 Truomg hop ma trdn bat ki

Thue chat etia phuong phap Gauss 13 khir diin céc phin tir ciia ma trin A sao cho cudi
cung no tro thimh mét ma triin tam gide trén. Qua trinh chia lim nhidu vong, O mdi vong tinh,
bat diu (ir hang thir2 ela ma tran, ta lay hing d6 trir di hiing thir nhat nhin voi phan 1 diu Gién
cua hang do va chia cho phin wr diu tién cia hiing diu.

Sau vong tinh thir nhat, ta cd:

A, W, A, i
0 aw o oaly ooy
5 i il
0 ay a0 Al
il A L
L O a, dn‘\ T .
Sau vong tinh thir hai, ta ¢d:
P ap A A
| O cllaj\J Ell.:,!,'\ PR (I[EII: Ir
i 12 73 i:
00 Ay
H I
| |
: . : :
' L RS i
L0 0 ay .. d”mj

25



Thép wie cac vong tinh nhur teén, cudi cling ta ¢é:

ay oA a, .oy, |
T
0 0 a0 Ay
P00 0

00w ar |

L s

Cac 50 trong diu ngodic bidu thi sé tha we vong linh.

Sau khi thye hign cde vong (inh nhu trén ddi véi ma trin A v ma win B (cac s6 hano
doi taeo he phuong trinh wyén toh;

Ly, I 4, . . . mnw b. 1 M1
I
| :

uu)l]. a-.ll‘l ulzln: i hI:“ i }'i:
! i
] L1
dyy Llj':] )
0
(Cae phan tdreon la | o
g ia ! N
trict ticn} HUHIJI YT -
rn L n a M (I

Thudt toan ¢o the tom tat mét cach 1ng quit nhir sau:

Ung vor mdi vong tinh:

B TN e Ty S I !

,l\'k—l.\ :

. 1 k-1 wy i

brkl :ht-k Il_h.k ] iy o

1 i . L R
‘]\\

k=12.n-1 : (1.35

|

i=k+Lk+2..n ;

. i

J=k+Lk+2..n j

26



Chac an <o tinh nhu sau:

h;n H / I
K1 - II/i-u-!l
@, |
Ve 1]'\ N r
(b a7y X)) (1.30)
N, o= | | N
| R Eal]
J=n-=2n-1..1 J

Chu thich: Cie cong thie trén xuat phat tir gii thiét cae phin W uén duong cheo chinly
cuama tran A duge sap x¢p sao cho chiing déu khidng (riét ticu.

Thi dy 1.3 Gidi hé phuemg trinh tayén tinh

X+y+z=4
2Xx+ 3y +72=9

X—y—gz=-2
(ricii:
Dua ma trgin cac he 6 ve dang tam gide (cong thire 1.35)

Vong tinh 1

AV =312/ =1 Al o112/ =1 by =942/}
FPLUS IO 3 ) R | ;1‘;,"'=—1—|*|“:—2 h':":—2—4=i‘-1fl_-—(1

Sau vong tinh |, ma triin cic hé $6 va cie s6 hang (r do ¢ dung:

1

Vong tinh 2: ay = =2 (=DF(2) =4 b = 61T (=231 =4

Sau vong tinh 2, ma trin cic hé s6 vi cic s06 hang ty do ¢d dang:

T i“E | 4]
|

01— i 1!

00 -4 =3



Ap dung cdng thire (1.36), ta cd;
X, =44 =1k, = L= (1)1 =2 % =4-1%] = |52 = |

P72 Triomg hop ma tran A6t ximyg

i i a o)

Trong trudng hop ma trdn A déi ximg, cich * * ) * SHURE
tinh wromg ty nhu dd trinh bay trong mye 1 §1.7.1. i o
Tuy nhién, ¢o s khace bidt la cac ph'f\ﬂ trduen ] L X x < hined
vivodudi duomg chéo chinh ¢é tinh chit déi xing y « 5 y
nghia laa, =u;

Ciu:h kiwr din cic phin t& cla ma trin dé +f . x "
dura vé dang ma tran tam gidc rén nhu sau. Trén '
hinh (1.1), S bicu thi 6 thirtircta vong tinh. Theo K x x x x
cong thire { 1.35), ta ¢o:

ks kD k=13 Ll;_\_ : Hinh 1.1
a4y :d” _(.l\l —:k—|r
i
Lokl
Ak gl e d, _
it ~ Tk
us

Trude phep bien do1 Gauss. a,=a, vi ma trGn d6i xtmg. Sau phép bicn doi, 4, =a, vi
theo cie bidu thire trén, q =a =4 . (ban thiin ma rdn déi ximg. Vily trude va sau phép bien
d6i Gauss, cic phin ti d01 ximg van git nguyén tinh déi xme.

Do do, thuil (oan khir din cac phan tir ciia ma triin chi tién hanh 1&r ma tridn tam giic uén,
Ap dung cong thic (1.35) viicho a =a.la ch:

v ‘ _l|k- 1
NPk Lk P NI
Qi = -y X ke
l-lh\
c _.llk—n
rl._. 1k 1y tk=1y i
b h_\ o k=T
I.I..\.\

i=s+Ls+2, ... n

(1.37)

J=i+Li+2 ... n

Cach gial cac in tuong tu nhwr da trinh bay trong mye 1.7.1.1 (ap dung cong thire {1.36).

Thi du I.4. Gidi hé phuong trinh cho trén hinh (1.2)

Cricti _
12 30 0! 2
3 5 9] } !
A= 7 8 9! B-4
dbi  ximg P2 .
L 3; .LS_
Hinh 1.2



Téng <O vong tinh bings=n-1=5-=4.
Phep tinh thue hign trén ma trdn tam gide bicu thi teén hinh (1.2,
Lan luot ap dung cac cong thire (1.37) va (1.36).

Vong /(s=1:a_=1:b =2) 12 3 0o 2]
Hing dau gitr neuyén. I -1 6 0 y
|
! -2 8 9] 2

. . | P

o ., ' |
Hang 2 ‘c:d":izj; 2 il

a, | 3 E |

avl o3 22—

Hinh 1.3 (vong 1)

0y = 5-3x2 -1
ay = 6—0x2_06
an = 0-0x2=0

bl' = 3-2x2=-]

. a, 3 a .
Hang 3:(a, =3y c=—2 = Z =3:0=" 23 al) =7-3x3=-2;
a l a B

ay =8-0x3=8 4 =9-0x3=9:
by =4-2x3==-2
Hang 4 (a, =0) ¢=0 af=1-0=1 al=2-0=2 b =1-0-]
Hang 5:¢=0 all=3-0=3 v’ =5-0=5

55T

Két qua ghi trén hinh (1.3).

1 2 3 0 0} 2
Vong 2; (s=2a, =-1 ,b =-1) .
. - -1 =1 01 -1
Hang 1 vit 2 gitr nguyén —1 91 -1
a. —1 -
Hing3 (o =-1) ¢=—"F=—=1 . 37 2| -5
51 ahﬂ ___] 3 0

ay =-2-(-Dxl=—| . L
Hinh 1.4 (vong 2)

Ay =8-6x1=2; al=9-0=9; b¥=-2-(-Dxi=-]

a, 6 . 5 1
Hing4: (a_=6); C:j:j:_ﬁ; ay =1-6x(~6)=37. a7 =2-0-2

b =1 = (=1 x(-6) = -5
Hang 5 (a,=0):c=0; ail=3-0=3; by’ =5x0=5

Két qua ghi tréa hinh 1.4,
29



Vong (s =31a_=-1.b = -1} gilr nguyén 3 hang diu tién.

2

Hing4: (a,=2)c=—=-2; aly =37-2x(=2)=41

Y

Al =2-9x( =205 b =5 -( - Dx(=2y=-7

9 . :
Hang 5: (a =9 c=—=-9a/ =3-9x(-9)=84

]

by =5 (~1)x(~9) = —4 0

K&t qua ghi trén hinh 1.5, U
0

Vong 4 (s=41a_=41,b =-7) LU

(i nguyen 4 hang ddu tién.

20

K&l qua ghi trén hinh (1.6)
Tim cde dn:
Ap dung cong thire (1.36), ta cd;

.59

X, = = —=0,017 x, =(=7 - 20x{(=0,00))/41=-0.17
74,2

X, = (=1 =2 %(=0,17) + 9(=0,01))/~| = —0.60
£, = (=L = (=1)x 0,60 — 6 x (=0,17 = 0)/—1 = -0,60
=2 = 2% (=0,60) = 3% 0,57 =0 = 0)/1 = | 41

1.7.1.3. Truomg hop ma trdn dai d6i ximg

[1

2 3 0
D S ¢
-1 2

41

0 0
6 0
29
4120
0 74,24

Hinh L6 (vong 4)

20
Mang 5 (a_ = 20) : ¢ = 20/41; al, =84-20x =T biY = —4 —¢ T = 0.5

Ma trin dai d6i x(mg & mdt ma tran trong d6 cic phin tir tip trung vio 2 dai ddi ximg
nhau, dai ndy ndm trén dudng chéo chinh, dai kia niim dudi diwdmg chéo chinh (hinh 1.7); cic
phiin tir con lai déu tridt tieu. DE tiét kigm bod nhé trong may tinh. cac phin t&r duoe luu i
trong moét ma tran hinh chir nhit (hinh 1.8). S hang trong ma triin géc bz'mg $& hang trong ma
trin chirnhit, s6 ot trong ma trat chir nhit bing bé rong 1dn nhit ctia dai nbw (xem 2 hinh 1.7

va 1.8). Cling mot phan trnam trong 2 ma trin ¢d chung chi 0 hing con cic chi $6 ¢t ¢6 moi

lien e nhu sau:
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ithw nirw

Vv
e b|
Lo e Ty O A S R SN
vOX XNy A O S
XX NN X XX %X
XN X %X XXX X
N X X hY X n N X AN X AN
. A S 00X v X
don <umg
XA XN
hing i XX XX
], O
b— 1 — — -
| | ;
| 1
n—1+l
Hinh 1.7 Hinh 1.8
y=j-1+1 (1.38)

J* = chi s0 ¢6t trong ma tran chir nhat, j — chi sd ¢4t trong ma tran vubng (xem 2 hinh 1.8
va 1.9).

S& phan wr ndm ngang trén dai (mg vai hang i bing nbk:

nbk = nbw khi n—i+I>nbw
_ © T . ) {1.3%
nbk=n—-1=1 kli n—i+ l<nbw
s+ nbk - |

N — cdp cua ma trin vudng; nbw

| nbk

— ha rone 16 At et G (v 3 Y LT

be¢ rong 1on nhiit cua dai (xem hinh midn bién dé;
1.7).
Gauss
Cich tinh trong ty nhir da trinh

bay trong 1.7.1.2 vi ma trin co tinh

[
L N X hangi | ==
chat doi ximg. Tuy nhién, mién tinh =
toan nim trong khu vue khoanh tron X T
trén hinh (1.9). Vi sau cac phép bién
d6i, cac phin th con lai bing 0 hoic X8 ox ]

khong thay doi gidtri (doa =0 (xem

) ) T . XXX XX
cong thire 1.37). Vay il trong moi

Hinh 1.9: vong tinh s



vong tnh, chi s6 hing i bién thign trs + ! dén s + nbk — | v Jbign thién tiri dén s + nbk —1,

nbk tinh theo ¢ong thire 1,39,

Cach khnr din ¢ac phan (i ctia ma tran twonge t nhu cong thire (1.37)

LUk T

] ok L TE- 1 dsi

ol — . — i . oo Loie

1] .‘_ s s i
: 1

By

ih-1)
thi _ k=l th=ly i
1’"’i _hl _hq x I/l I
i,

k=5L2..n-1

1=5+ 1, s+2, ... .8+nbk—1

J=1,1+1, . s+nbk-1
k=1,2.... . ,n-] i
Céach tinh ¢ie an tién hanh trong 2 mién 1 vi [
{xem hinh i.10).

Mién |
x = bn }
! ‘I:ll'll'l
‘- ;
(1.4
i=n-Ln-2...n—nbw+1
Mién II:
tenhw ] N
X. :Lh. — ' ;l..x.J/
1 1 [T Aq.
j-1¢1 "
(1.42)

v,y —Lv=2, .1

v=1—nbhw

Thidul5:
Diu d& nhuw trén hinh 1,11

Gichic
32

b2

Hinh 1.10

3

-1 A

0 0]
0
9

~J

3..

ilinh 1.11

(1.40h

n— nbw + |

-— | -

nhw




Pui ma trde trén hinh 11 vé dang ma tran dai d6i xing hinh 1.12.

nbw=3 n=3
1=1 n—i+l=5-1+1=5>3 = nbk=3
=2 N—1+1=5-2+1=4>3 = nuhk=3
I=3 n—1+1=5~-3+1=3=nbw = nbk=
1=4 n—i1+1=5-4+1=2<nbw = nbk=2
1=5 n—-1+1=5~-5+1<nbw = mnbk=1 1 5 3
N 3 s L N I 5 6
Khur dan cae phan tr ctia ma triin:
7 ¥
Vong lis=1,a_=1,b =2) i
Mich bién doi nim trong khounh tron (hinh 1.12) L
Hing dau gilr nguvén, Ap dung céng thie (1.41)
Hang 2 (i = 2x:
i : 0
c=—t=2/1=2:0a =3-2x2=—1;al =5-3%x2=—|
a, ;
b=3-2x2=1| 12 3
Hang 3 (i =3
¢=3/1=3 ay = 7-3x3
bl =4-2%3=_2

Cae phin wrkhic ¢6 gid tri khong doi. Két qua ghi tén

hinh [.13.

Vong 20(s=2.a

=—t.b==1

By

Hang 3: ¢ = -1/ -1 =]

~6

Hing 4: ¢ = 6/~ 1

2y = l—6x(-6) =37

b = 1-{-h)x(-6) = -5

K&t qua ghi tén hinh (1 14)

i

S

]

| M7

| -

9. B= 4|
|

2! I

5 | S

Ilinh 1.13

Y
2
3

Hinh 1,14

9

[

"
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Vong 3 (s=3.a =-1,b =-1)

Mién bién d6i duoce khoanh trdn trén hinh 1.14

Hang 4 (1 = 4):

aly =37-3x(-2)=41
) =2-9x(-2)=20

by =5 (~1)x(-2)= -7
Hang 5 (i =35)

c=9/-1=-9

' =3-9x(-9) =84

b = 5 (—1)x(=9) = -4
Két qua ghi (rén hinh 1.15.

Vong 4 (s =4y

Mié&n bién d61 duoc khoanh tron trén hinh 1.15.

Hang 5(1—5): ¢ =20/41

2
aly = 84_20XZ(% =74,24

2
B = 4 - (—7)x 20 = 0,59
| 41
Két qua ghi rén hinh 1.16

Tinh cic an s6:

Ap dung cic cong thae (1.41) va (1.42)

MiénI: x, = -0,59/74,24 = —0,01

X, = (=7 = 20 x (~0.01)/41 = -0,17

1 2 3
-1 | 6
L d
Hinh 1.14
1 2 3 ]
-1 -1 6
B I TS
41 20
[ 84

Hinh 1.15

Hinh 1.16

X, = (=1 =2x {-0,17) = 9 x (-0,01)/-1 = 0,60

Mien Il x,= (=1 = (=1) x 0,60 = 6 x (=0,17)/—1 = 0,60

X, = (2 - 2(-0,60) — 3(0,60)/1 = 1,41




Két qua tinh hoan 10an giéng thi du (1.4) nhung & dy, cach tinh don gian hon.

1.7.1.4. Phép bién doi Gauss theo tung cit

I My trdn doi xiing bat ki

Trong muc 1.7.1.2, ta da dua ma tran doi ximg vé dang tam gidc trén va thue hién phép

bién déi theo ting bang. Trong muc nay, ta s€ bién doi theo timg cdt.

Gia strcho ma triin d6i x(mg trén hinh 1.17. Ta hity thue hién phép bién déi trén 3 ¢ot diu
(ién ¢ua ma trdn. Tuong w nhu cdng thic 1.37, ta co:

Cot 1: Phén tra, khong d6i

Cin 2.

Vong - a . khong doi

Cdt 3:

Vong 1o o, khong doi

Vong 2:

a
] K
Doy =2y, — ), X —
E]i]
i i,
o, :aﬂ dHX
a“
d
[ 13
Qi =83 — 83X
a

aly khoéng ddi

_1{11

L2 ol Sy day

dyy =y — Oy X i
d-'n

doi xing

Hinh 1.17.

Qua cic phép tinh trén, ta thiy ring sau phép bign d6i. gia tri cie phin tlr trong ¢6t 3 phu

thude vio gia tri di tinh tr trude cua cae phan i trong ¢t 3 va cic cdt dimg trude no.

Pong thoi, ing voi ¢l j va ing véi s6 thit ty vong tinh k, ta chi thue hién phép bién déi
uéncachangk + 1,k +2, k+3, ... ). Ung voi hang i, s6 vong tinh bién thién tr | dén'it — [. MOt
cach 1Wng quat, thuat toan nhu sau:

ikt k=1 kel (k=1 [kl
4 =y dy Kk
(k) _ gkl ik bk l_./,_:k h
b =b; by ay /ay

k — s6 thir trr vong tinh
1=2,3..n:)=k+t1 k2.
k=1,2....n-1

(1.43)

(]
LA



Cach tinh an s6 uén hanh theo eong thire 1.36.

Thi dhe 1.6, Dau d¢ ghi tén hinh 1.18. Gisi heé phuong (rinh.

Cricti
.*"\p dung cong thire 1.43
Vong |

CaL2:

Con 4
a), =6-0=6
al/ =8-0=8

ay =1-0=1b"=1-0=1

Cit 5

zl'f;:(}—():];1135=9—0=9

0y =2-0=2a0=3-0=3:h"=5-0=5

K&t qua tinh ghi trén hinh 1.19.
Vong 2:
Co 3
-1
S —(—nf—--] o~
-
hf\:’ =-2—(-Dxl=-=i
Cotd: by =8-6(-1/-1)=2
b2 = 1-6x(6/-1)=37
[

bl =

43

1.2

~0=2

By = = (- yx{6/-1) = -5

Cots: alyl' =9-0=9a; =2-0=

36

2

|
)
o

fd

Hinh 1.18.

2 3 0 o]
-1 -1 6 0
-2 8 9
12
3_

Hinh 1.19. vong |




an =3-0=3:hY=5-0=35 12 3 0 0][2]
) ” | -1 -1 6 0l|-1
Keét qua ghi trén hinh {.20. oo gy
Vong 3: 37 2015
Cotd:aly) =37-2x(2/~1) =41 ] 315
Cot5: aly =2-9x(2/-1)=20 Hinh 1.20. Vong 2
b, =5 (=1)x (~2) = -7 12 3 0 0 | g)
;1::]:3—9x(9/—1)'—-84 L=l 6 0l
" _ -1 2 9|1
b =5 (—1)x (—9) = —4 a1 20l |
K&t qué ghi trén hinh 1.2 L 4] [ 4]
Vona 4- Hinh 1.21. Vong 5
» 20 | 12 3 g o 1[ 2
Cot s aly r84—20.4—l:?4,24 o1 e o 1l
o 20 I
bt = —4—(—?)xﬂ: —0,59 " 20 -
. 74.84 | | -0.59
Két qui ghi trén hinh 1.22. ) ) -

. Hinh 1.22. Vong 4
Tinh in s6:

Ap dung cong thie (.36, ta duoc:
X, =141 x. = -0,60: x, =0,60: X, = =017 x,=-0,01
K&t qua tinh holwn toan eidng thidu 1.4 nhung khoi lugng it hon.

2. Truomg hop ma trdn doi xtmg ¢6 nhidu phén tiv triét tiéu & phia trén

Khi ma tran d6i x(mg c6 nhicu phin ti trict ER ailjl OI a._l 00 0 0

tiéu ¢ phia ten (hinh 1.23), ta khong can luu Gy aw i, o 0 0 0

o cace con 80 ]\dlong vao may tinh, ma Ch\l can Ay dy, 0 a0 0
lou trlr cic phin tr khic khong (cic phin tr N 0 a o [
L s - - N b b g
nam dudi hinb bic thang trén hinh 1.23).
Ao 8y, A, 0

Cach nhip so ligu nhu sau:

a, 2, 4
i - i HE I3
dét ximg :
a) Thong ké s4 lugmy phan o tridt tiéu rén ! dor g
moi cot: a Qo

Nhip Z 1= 12,3, .0} (144 flinh 1.23



) Nhip cie phan tr cda ma triin theo timg cot:

- néu Z.=0
Nhip ay 1=1,2,...71

— Néu Z.#0: ’ (1.43)
Nhipag. 1=2..,Z.,, ... 1"

Cach giai hé phuong trinh tuyén tinh hoiin todn giong nhu dit trinh bay trong mue |
(1.7.1.4).

1.7.2. Phuong phap Gauss - Jordan

Thure chit cua phuwong phap Gauss — Jordan fa khir dian cée bién. Dudi dang ma trin. ta
ticn hanh phuong phap nay nhu sau:

Gid sir ¢6 mdt ma trdn vudng cap n khong suy bien:

il“ all il],' Elln
3_1_2 323 Ell,’ 'd.:n
A=
Lanl anl a|13 ann_

Ta ldp ma trin K| trong d6 ¢ot thr nhit duoc bién doi tiredt thir nhit clia A cdce phin i
con lai trén dudmg chéo chinh biing don vi, cic phin tr khic déu trigt tiéu.

Nhan hén trai ma trin A voi ma trin K, ta duge ma trdn A
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LU
(LR
(h

HIP

i
a3

S

dn'l

Al
dl:l

(]
as,

ol
a_l_l

(48]

a‘u."s

Trong dé. chi s0 trong déau ngofic bigu thi 6 thir wr cia vong tinh.

Tiép tue 1ap ma tran K, trong d6 ¢t thir hai duge bién d6i tircdt thir hai ctia A, cic philn

1r ¢on lai trén dudng chéo chinh bing don vi, cic phin tir con lai déu trigt ticu:

Al
_dnl
LI
d!l

Ticp tuc nhian bén trdi ma trdn A, vo1 ma trin K, ta duoce ma trin A

L

I

i
iy,
L2

a5

L
I.lj}

L2
dn_"

[N
1]

14

2

il

h

{ll.:l

in

H

nn |

Tiep tue 1ap ma trdn K, tr ma trdn A, theo cach teén r6i nhin bén trdi ma trdn A, voi ma
trin K. ta duoe ma trdn A, ... Cach lam tong quat la xudt phat trma trin A de lap ma trin K.
rOl nhin bén il ma trin A véimatrin K dé duge matrdn A_ . Gia strdén vong tinh thirn,

ta ¢O he thie:

(K, K, ..K,K)A=

|

.

(1.46)
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He thire trén chimg 16 tich rong diu ngoiic 13 nghich dio ctia ma trin A nghia lix;

AT =K K _..K.K, (1.47)

1

Qua cac he thie 1.46 vi 1.47, ta thiy riing cic ma trin A va K| phii duoce tinh song
song cho dén khi nio ma trdn A_tror thanh ma trin don vi. Lic nay, ap LILIIIU cong thic 1.47 a8
tinh A", Bing 1.1 biéu thi qué Irmh tinh toan song song ndi trén.

Bing 1.1

A [
A, =K (A) K (1)
A, =KAA) .Kz(K|)
A: :Kl(A't) K_;(KgKl)
=K{(A_)= KK, ... KK)=A"

Trong ha'mg teén, 1 bidu thi ma trin don vi.

Trong thyc 1€, ta ¢ thé cing mot Wic thue hién ciac phép tinh bién ddi trén ma triin A vi
ma tran don vi 1. Khi ma triin A trd thanh ma trin don vi, ma trdn don vi tro thinh nghich dao
cua ma trin A. Diéu nay duoc minh hoa qua thi du dudi day.

Thi dy 1.7: Tim nghich dao cla ma trin:

4 6 2 8
6 5 4 8

A=
42 4 5
28 5 3

Qua trinh tinh todn duoc thue hién trén bang 1.2. Ma trgan A v ma (rin don vi duge bicu
thi trong hiing dau tién ¢ha bing 1.2. Cac s6 khoanh tron trong ¢4t “trinh W bidu thi s thr
cua cac hang trong ma trfin A va ma trin don vi sau khi thyc hi¢n cac phép tinh bién déi. Cic
php tinh bién doi duoce bicu thi trong ¢t “Cac phc,p tinh bién 461", Thi dy @ : 4 =chia toin
hé cic phin i ctia hang I cho 4, @ -6x ® —]ay moi plmn ttrcha hang 2 trir di 6 lan mdi phin
tr tuong (mg cia hing 5. Cic phép tinh bién déi dt,l.l duoc thue hign ddng thed (én ma trin A
vii ma tedn don vi L Cot cudi cung ghi tmw, dai $6 clla cic phan tlr ctia 2 ma triin trong hung
twong (mg. Thidu trong hang diutién 4 + 6+ 2 +§ + 1 = 21 (ki higu a ¥, Cic phép tinh bicn
d6i cling duoe thye hign 36 vei Long Y. dé ki€m tra chc phep lmh s6 hoe ¢6 dung hay I\lmn”
Néu sau khi thye hién mot phép tinh bién doi, tong T & cot cudi cling bing téng cic phin t
cla 2 ma trin ¢ hang .ong tng thi cac phép tinh s6 hoc Ja dung.
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Den vong tinh thir ndm, ta c6 cic k&t qui cudi cing trén hiing V ciia bang 1.2. Ma (rin A
trev thanh ma triin don vi, ma trdn don vi tr¢ thanh ma tran dudi day. Vay:

[—105 186 -126 -6
180 180 180 180
-10 40 -60 20
180 180 180 . 180

A =
I =76 96 16
{80 180 180 180
30 104 8B -16
L 180 180 1830 180 _
Cach tinh nhir trén ¢é nhuoce diém 13 néu & vong tinh thiri gia tri al¥ =0 hode rdl bé thi

Il .., =0 bing o, hofic rit 16n. Cac phép tinh phai dimg lai & diy. Dé khiic phyc nhuge

diém trén, ta ding phuong phap chon phin tir 1én nhét, noi dung nhtr sau:

Clr mbi vong tinh, ta phat hign mdt phdn ur (én nhdt cha ma trin A.. Theo dinh nghia,
phan tie fon nhdr 1a phin tlr ¢ gid tri tuyst d6i 1on nhit. Ta tim cach thay né bing don vi va
khirtodn bo cac phf‘m tir¢on lai trén c6t chira nd. Chﬁng han & vOng tinh diu, ta phit hi¢én pllf"m
tra (dung ki hi¢u déng khung) 1i phan tir 16m nhit:

dy ol a4, iy
da dy ay) day
Hi 1 H| 3 El-” il "
A =
ay A, .o lag] .y,
_ani an: * al|1j . ann_

Ta Iap ma trin K| sau khi bign doi ¢t thir j cua ma trin A:



|

Tiep tye nhin bén trdi ma trdn A voi ma trin K, ta duge ma trin A :

0
I].]]

Al
as,

At
Ay,

il
il

i
nl

a

FREE
[
th

e

A0
dyy

il
ﬂ-l-,

tL
da

ni

(i

L
‘l']n

L
"lin

FReY
dnn

Dén vong tiép theo, ta tiep tuc phat hién phin tr ién nhat cla ma trin A . ching han phan

wra'll (u=i,j# v) [a phan trjon nhat. Ta 1lap ma trdn K, sau khi bién d6i cot thirv cia ma triin

Al

I
ad



12

—a,,

ol
uy
il
-,
{1
ath

uy

b

.
Nk
a

Uw

Ti€p tue nhan bén trdi ma tran A, voi matrin K, ta duoe ma trin A

Tle tuc cac vong tinh tuong tu nhur trén. Bén vong tinh thirn, xudt hien ma trin A trong
16 mdi hang vi mdi ¢6t chi cd mot phin tir bing don vi, cac phin i con lai déu tm.L ticu,

Chi mﬂ han:

14

I

K, A,

[

[y

| “ul

A2

‘IIE
{24

[,

!
an'-‘

tuv}

L1

HLI.
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001 00
000 0 I
A,=0 1 0 0 0
1 000 0
0 0 0 1 0

Duong nhién, ma trin trén A_chira phai la ma trdn don vi. Chi cin nhin bén trai ma triin
An vol ma irin A'" . {chuyén vi cua ma trin A ), ta s& duge ma tran don vi. Cudi cling. theo

phuong phip phiin tir Ién nhit, ta ¢é nghich dio chia ma trin A:
AT=A K, K, ,.K K. K, (148)

Thidi 1.8 Tim nghich dao cta ma trin A trong thi du 1.7 theo phuong phip phan t lon
nhat.

Qua trinh tinh 10an duoc trinh bay trong bang 1.3. Cic 50 ¢6 ki higu diu ngodic vudny i
cac phan tr 1om nhit tng véi moi vong tinh. O vong tinh thir niim (hing V), ta duoc cic két
qua cudi cting. Can chi ¥ ridng trong hang do, ta ¢ nhin bén trii ma trin A voimatrin A

K&t qua hoan toan gidng véi két qui trong bang 1.2.
1.7.3. Phuwong phdp ma trdn tam gidc

Phuong phip matrin tam giac 6 thé dp dung dé nghich ddo ma trin ddi ximg, dua 1én
co s nghich ddo ma trin tam giac.

Mot ma trin doi ximg A bat ki 6 thé vict duéi dang tich cta ma trin tam gide S vi
chuyén vi S7 cua nod:

A=8'S (1.49)
Trong do, S ¢6 dang:
S]J SIE S]f‘- ‘Jn ]
S'Z] 823 M
S33 i
s=|

L nn _|
Sau khi thye hi¢n cic phép nhin ma trgn ¢ vé phai ctia 1.49 vi so sinh véi cie phin (i

cUa ma tran A ¢ vé trid, ta duoc cac két qua sau:
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(1.5}

Theo 1.24, ta ¢d:
Al =8"(8")"
Theo 1.26: (S =(§7"Y. Vay:
Al =88y (1.51)

1.51 cho thity nghich dao cGia ma trin déi ximg A latich nghich dio cha ma trin tam giic
va chuyén vi cia ng. Vé nghich ddo cda ma trdn tam gidc, xem cic cong thire 1.29, 1.30.

Thi du 1.9 '1m nghich ddo ciia ma trin:

2 3 1

2 13 12 8
A=

3 12 14 10

18 10 18

Theo 1.29, tinh cae phin tr cia ma (riin tam giae S:

a a a
Sp=—==2, §,=-2=3 § =-H=q
I I't l S|| SH
S, =4y =8, =VI3-4=3,

g :2123—8128”:12—2x3=21
8 S,, 0 3

g _au—5|25|4:8—2><1:
4 SD 3 "
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s -y — (S8, 5.8, 10-(3x1 +2x2) 3
S, = 5 = I _

Su = (ST, 485 + 8 = I8 —(1+4-9) =2

do
I

[

Viy:

'7
[~

Theo 1,30, tinh nghich ddo clia S:

| -2 -5 ¥
3 3 3
I -2 2
.| 3 3 3
-3
1 _
2
I
i 2]
Theo 1.51. unl:
(136 32 —68 16
TR U R P B
r\ '_S (S = -

268 -200 39 -9
6 4 9 3

1.7.4. Phwong phdap chia khoi ma trgn

o1 vo1 nhiing ma tran cip cao, ¢6 thé ap dung phong phéap chia khdi ma trin dé dura
nghich dao cia ma trdn cap cao vé nghich dio cla nhimg ma trin cap thap hon.

Gia st B 4 nghich dao cia ma tran A, Ta ¢o:
AB=1

Trong do TEvmiactrdn don vil Phuong triinh trén ¢6 thé vicl dudi dane masin chia kLt
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Ay ‘Au B, |B|3 _ [ {O
AZI ‘ A'_‘,’_‘ Bl! ‘BEZ - O ‘ i =

A B, +A.B, =1 {a)
A|1B13+A12B32:0 lb)
AjiB|l+Azsz| =0 {c)
A1|Blz+Azszl= I (d)
Tir thy: B,.=-A/A.B,, 11.52)
Thay vao (d): (A.. — ALATA B.. =1
= ' B,, =(Ay _AEJAlllAIE)_] (1.53)
Vi BA=1 = B,B +B,A, =0
Viy B, =-B, A, A} i1.54)

Tir (), cudi cling ta co:
B, = AJ_I] ‘_Al_ll'AIJB?.I [1.55)
Toém lai, mudn nghich dao mét ma trin chia khéi, thuc hién cac budc tinh sau:
1) Nghich dao ma tran A dé durcre Aﬂl
2) Tinh tich A LA,
3HTinh A AT
4) Tinh AL A7 AL

51Tinh AL, - A, AT A,

Tiép theo, tinh chc phiin t& cla ma trin B:
0) B, =(A,, — A,.ALA,L)

7y B, =-A7 A B,

8) B, =-B,.A, A/

9) BII - A|_|| - Al_ll'Au-Bzi
49



Theo cieh weén, xudt phit tr phin (¢ diu tién & gée bén wii rdi théem 1 hang 1 ¢ot e
nghich dao ma trdn cip 1on hon. C& nhu thé, ta ¢6 thé nghich dao mdét ma win bit ki theo
phaong phip chia khoi. dua trén cie cong thae 1.52, 1.53. 1.54, 1.55.

Thi'du 1.9: Nehich ddo ma trin M theo phuong phip chia khéi ma trin,

-2 1 90
M=p 1 -2 1
6 1 =2
(ricii:
Trude hét tanghich dio ma tran A = [-2]): A = =0.5. Tiép theo. nghich dio ma 1rin:
=291
AT
A =-05

ALA,=-0,5

ALAL =-0,5

AL AL A, =-0,5
An-AyALA, =15

Theo cic bude 6.7, 8, 9, ta duoc;

1| 70.667 -0,333
0,333 0,667

Tiép theo. nghich dao ma trin A=M =

11

. |-0.667 -0.333]
-0,333 —0,667J

; ~0.333
A=l o 667

ALAT =[-0,333 ~0,667]
ALALA L = (—0,6667)

A, - A,AA L =(-1,333)
50



Theo 1.52.1.53. 1.54, 1.55, ¢ic phan tr ciia ma trin B = A~ = M5

B, = —; =-0,75
- 1,333

a

—0,333] 0.25 ]
B, =— (—0.75) =
- ~0,667 | 0,50

B., = ——=0,75)[-0.333 —0.667]=[-0.25  0.50]

I

—0,333 0,667 —0.667

-0,667 0,333 [-0.333
{ ]—[ }[—0,25 ~0,50]

- ,‘—0,?5 -0.5
0.5 —1,0_‘

-0,5  -L0 0,50
| -0.25 0,50 0,75

{—0,75 -0,5 -0.25'"
I _
Viy M ' =

1

1.7.5. Cdach ndng cao do chinlt xdac khi nghich ddo ma trdn

Gia su gia tri gan dang coa A7 1a B, Co theé viét:

A—l =BI +}_: {\t.l}
Vi AB +E) =1
nén E=f\"‘(l—AB|)

Thay vao (a) Al = B, + AT - AB )
STHES A'=B, =
A'=B. =B +B(1-AB)=B(21-AB) {1.56)

Tiep tue thay A" bing giatri gan ding B, vaap dung 1.56, ta duoc gia tri gin dung B ..
Tién hinh ¢de vong tinh cho dénkhi B xdp xi véi B .

Thichi 110 Cho ma tran:

- 1
o>

[ I T
+d

oT oL

—

aoR

[\

o

[W4]

LS I |
L



Gia tri gdn ding coa A™' Ja:

1,03

{—0,58
0,22

-3,06
B, ~{

0.06
0,44

Theo 1.36:

1,04
0,02

10,02

[-0,583
-0,056
0,056
| 0,444

B, =B,(2I-AB,) =

0,996

g et

-0,42
—0.58

0,04
1,04
6 002
0,02

0,70
0,33
0,53
0,47

1,033

0,222
-(,422
-0,578

0,004
3,996

—0,03

0,11
0,09
-0,09

-0,04 0
—0,03
3,99
-0,02

-0,01
~(},01
1,00

=700

—(,333
0,533

0,467

—0.033]
0111 |
0,089

~0,089

0,004 0

0,002
AB, =

: 0
| —0,002

1,004
0,002

0,002

[-0,58333
—0,05556

0,05556
| 0,44444

B, = B,(2l- AB,) =

0,99996
—0,00002
0
-0,00002

AB

h
(B

~0,002
~-0,002

0,004
1,004
0 (0,002
0,002

1,03333
0,22222
-0,42222
-0,57778

-0,00004

(0,99996
~0,00002
—0,00002

1,001
0,002

0,003 0,001
0,001
1,000

-0,004 0
—0,003
0,999

~{},002

0,001
=0,001
1,000

—0,70000
-0,33333
0,53333
0,46667

0,00004
0,00003

1,00001]
0,00002

-0,03333
O,11111
(0,08889

—0,08889

y
0,00001 |

0,00001
1, 6000



LOOOO4  0,00004  —0.00004 0

(0,00002 100004 —0,00003 -0,00001
0 0,00002  0,99999 —0),00001

0,00002  0,00002 —0,00002  [,00000 1

21-AB, =

3

-(,58333333 103333333 —0,70000000  —0,03333333

—0.05555556  0,22222222  -0,33333333  O.11111111
0.05555556  —~0,42222222  0,53333333  (.0888888Y
0.44444444  —0,57777778  0,46666667 —(].0888888‘)J

B, -B,(21-AB,)=

Quit thi dy trén, ta thiy s6 vong tinh cang 16n, do chinh xac khi nghich ddo ma rin A
cang duoc nang cao tuy theo ¥ mudn eta ngudi tinh toin.

1.7.6. Phuong phap tinh lgp

Phuong phdp tinh Iip duoe diing ae giai mdt hé phuong trinh luycn tinh theo cach (inh
nhiéu vong, s6 vOng tinh cang 1émn, két qua tinh toan cing chinh xéc.

Gia str ¢6 hé phuong trinh tuyén tinh:

AX=Y (a)
C6 2 phuong phép tinh l3p dé gidi he phuong trinh trén.
I Plueong phdp vinh Idp thir nhdt

Phuong trinh (1) ¢6 the dua vé dang;

X=(I-A)X+Y (1.57)
bl B=1-A
X=BX+Y (1.58)
Ta ¢6 thé tinh gin dung vée o X theo cong thie:
X=BX*li4+y (1.59)
Trong do: X' — gia trj ciia véc to X & vong tinh thiy k; X' — gid trj clia véc to X ¢ vong

tinh thar (k— 1) Theo cich tinh thir nhé, ta dung gia tri gin dang cua X & vong tinh trude dé
tinh gia tri gan ding cua X & vong tinh sau. 8, vong dau tién, khi hoin toan chira biét gia tri

gin dUng ctiia X ¢ 1hé cho X=0. Ta t:ep tuc cac vong tinh cho dén khi giatri ctia X & vong sau
xap xi véi gia tri cua X & vong ngay trude dé khi két thic.

2. Phuong phdp tinh Idp thi hai
Gia s gid tri gan diang ban dau clia X 1 X, Theo(1.58), ta ¢d:

X =B.X" 4+ Y

A
d



X' — gid trf gdn dGng caa X ¢ vong tinh diu tién.

(J vong tinh thir 2, vin theo 1.58, ta ¢é:

X?=B.X"+Y =BBX"+Y)+Y=X¥=BX +BY +EY

C6 the dé dang chimg minh duge ring ¢ tinh thir k. ta ¢d h thiwc:
XH=B X+ ((E+B+B+..+B"Y
Thang thuomg. cho X' =Y nén
XM=Y +BY+BY+..+B.Y
Thi dp 1.11: Cho hé phuong trinh tuyén tinh:
0,78x, - 0,02x, - 0,12 x, = 0,14x, = 0,76
—0.02x + 0.86x, — 0,04x, + 0,06x, = 0,08
=-0,12x, = 0,04x, +0,72x, - 0,08x, = 1,12
—0,14x, + 0,00, — 0,08x, + 0,74x, = 0,68
Giai h¢ phuong tnoh trén theo phuong phip tinh Lip.
Giai:

Dang ma trdn cua hé phuong trinh trén:

0,78 0,02 -0,12 -0.147x,7 [0.76
0,02 0,86 -0,04 0,06
0,12 0,04 +0,72 —-0,08
-0,14 0,06 -0,08 0,74 || x,| |0,68]

A X =Y

Theo (1.57):
0,22 0,02 0,12 0,14
A 0,02 0,14 0,04 -0,06

10,12 0,04 0,28 0,08
0,14 -0,06 0,08 0,26

Cach giai thir nhit:

Cho X* =Y vii lan luot ap dung 1.59, ta duoc két quit;

{1.0al)y

(1.6l



X, X, X, X

- )
X" 0,76 008 112 (L6S
X 11584 01104 15824 1,0480

X' 1,3537  0.1190 1.7903 12346
XM 14479 0.1213 1.8873  1.3266
X 14932 0.1218 19332 1,3713

X" 1,8349 01220 1,751 14129
Cach giai thir hai:

Ap dung cong thire (1.61), ta duoe két qui:

Y 0.76 0,08 1,12 0.63

BY ,3984 0.0304 0.4624 0,3680

B'Y 0.195264 0,008640 0,207936  0,180624
B'Y 009421056 0,00223488 0,09692928 0,09197568

B"Y  0,00002941 0O 0,00002941 0.00002941

X, X, X, X
12 '

X' = Z 1,53484720  0.12200058  1.97503858  1,41283762

L-edd

4

'S(H_"I
s

12
Z 1,53490847  0,122(0958  1.97509985 141289889

i=(t

12
X = Z 1,53493783  0,12200958  1.97512926  1.41292830

101

k
Trong do: Z =Y +BY +B*Y + ...+ BYY
i=t
Nén chi ¥ ring kbi dung cic phwong phip tinh kip. cin phi thod min diéu kign hoi
ctia phuomg trinh tuyén tinh. Ta ndi hé phuong trinh twyén tinh AX = Y 71¢i 1 Khi 1 eiid et
nd 1 duy nhin di cho gia i gin dung ban ddu cta X nhu thé nho. Dieu kidn di d& nd hoi
[ 10ng @id tri tuyet ddi ctia cac phin atrong mbi hing (hoiic trong mdi edt) clia ma trin A
phai nho hom dom vi.
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§1.8. Ma trin bién déi tea 46
Trong co hoc két cau, ta thudng
adp truomg hop bién d6i toa d6 cha mot f-;_ Tt A
vee o ndo dé (ndi lye, ngoai luc, e A
K ) . . - y - i
chuyven v i hé true tog dé nay sang ) - ;’/,‘: !
I -
he¢ true toa da khae. N O AN ! Zaa
! -2 AL |
- . . - ) : - -‘}E\ 1 |
(nasurtrong triedmg hop 10ng qui, ! T {," L
Lred vee tor A va 2 he truc toa dd 3 chidu: ! 0 — -
. o . . T 4 Z
h¢ true chudn x vz vi hé truc cuc bd : VSR e ! e :
. N ~ -:. - ' - - s
X, ¥, 7 (hinh 1.25). Toa dé coa véc to f - b
I . . | ! .
Arén }u_: tucxyz laA A (A utn P o
n oo n _)\ A —— ol - —— o - - -
hewtuex vy 2 10 A A A .
N m="m N yim FAN
Go1 A4 1 ¢dsin dinh huéng. Ta Iinh 1.24
dinh nghia:
}‘ll = COS(XIH 'Xs) 1’]2 = COS(Xm‘ Y ) )\'H - COH(Xm" s
b =cos(Y, X)) Ay =cos(Y, Y, Ay = cos{Ym,Xh]
by =cos(Z X)) by =COS(Z_, 5) Ay=cos(Z X))
He thoe ma trin gita A, A A vt A , A . A nhusau:
g = XM ym’ zim X ¥x FIS
'A‘\m }"']J ?\’IE A’l} Axs
AT e S T A, (1.62) hay
Az.m J A k1! )“32 kfﬁ Azs
A,=RA (1.62a)  trong do:
A\m KI] 12 A"lﬁ ‘Axs
Am = A_\'m R= kll. k?l 7\'23 Asi = A)’s ( | (11))
A m"1 )\’ i )\'1\2 }"'33 AZS
Trong ma triin R, chi s6 thé nhét G mg voi A, A}m, A chi s6 thit 2 ang vén A LA LA L
Tuong ty nhu trén, hé thie ma tran gia A_, Ao Ay VA Axm A, nhusau:
AxS }"II klE )\’I_T M
0 e T R L R (1.64) hay
A Ay Ay Ay A



A =R'A

% m

}\.ll }\.jl j“‘_“
R'=|%, Z&.n X,

PR

{1.64:w0)

Trong do

i1.65)

So sanh 2 ma trin R va R’, ta thiy R" }a ma triin chuyén vi cia R, Thay A_trbicu thic

i 1.641) vio bieu thie {1.620), ta ¢co;

A,=RA =RR"A_

Dieu nay chimg 16 RR” =T (ma triin don vi) nghia L

R’ =R-"

i 1.66)

Viy chuyén vi cua ma trdn bién ddi toa dg R bing nghich dao ctia né, 1a 2oi R [ tma trin

rie 21ao.

Trong truomg hop hé truc toa dd 2 chiéu, chi ¢ 2 truc toa dd X va Y nén ma triin bicn doi

toa dd R tr¢ thinh:

}‘H _)“lz

N -
Ay Ao

R= (1.67)

Tir hinh 1.26, ta thiy:
f, =COSY Ay, =Siny
Ay ==siny X,, =cosy
bat Cx=cosy Cy=siny
Taco:
cC, C

X ¥

-C, C,

§1.9. Gia tri riéng va véc to riéng cla ma tran

V..

Y,
XM
¢4
Xs
Hinh 1.26
t1.68)

(1.69)

Trong bii toan 6n dinh va bii toan dao dong, ta thuomg gip hé phuong trinh tuyén tinh:

AX=3iX

Trong do: A la ma trdn vudng, X 1a véc Lo cdt, A 13 mdt s

L9.1. Binh nghia va mot sé dinh Ii lién quan

{1.70)

Ta goi & 1a gid tri riéng cha ma trin A, X 14 véc to riéng cla ma trin dé.

LN
-



Phuong trinh (1.70} ¢6 thé dua vé dang:

4, —A a,, a, X,
s ay, — A . oy X
= ()
L anl anf s ann 'r"_ _xn B
Duét dange ma teiin. phuone trinh trén ¢d thé viée:
A2 DIN Y g
(A-ADX =0 {(1.71}

H¢E phuong trinh thuiin nhit (1.71ycod nghigm duy nhit khi dinh thitc cia ma trin (A — 7.1
(et néu, nghia L

[A=XII=0 (1.72)
Khai trién dinh thixe trén, ta ¢6 da thire cuu A:

L R Y R

n
Néu cho vé phdi bing khong, ta ¢ plurong trind déc trimg cia ma trin A

-

f‘.“"‘f"hl}-_"_l +bl}'." 2 +..."+‘b :U (!':)

n

Khi ¢ip ciia ma triin A bing n, phirong trinh dic trung trén chon gidtririéng (o, koo i)

M|
Cie nghiém nay ¢6 the 1a s6 thue, 86 phic hodic nghi¢m bdi (6 tir 2 nghiém tré 1én bing
nhau).

Thay mot gid tri ricng, ching han gid tr ., vio hé phuong trinh (1.70), ta duge mot véc
torriéng tong tng X X, 1 mdt vée to duge ki hiéu nhu sau:

X, =X %, o x ] ing voi b
X, = XX, - x I img voi A,
X, =Ix, %, . x "ing vi x|

Cie vée to ridng thudng duoc bidu thi dudi dang chudn hod nehia 13 cac phin Lk cla X,
duoe chon sao cho;
’ s ) .
X b X5+ X5 4+ X, =1
S8



Ma trdn vuodng 1o thanh boi cae vée w niéng goi 1 ma tran cde moder
X=[XX,..X,] i1.74)

Ma tran chéo tao thinh béi cdc gia (i riéng goi la ma tran phd

(x, 0 . . 0]
0 A
D=
(1.75)
T

Thay X tr (1.74) vao (1.70) sau khi di xac dinh duge todn bo cle gid (1 riéng ¢ia ma
tran A, ta dwoc:

AX =XD - (1.76)

do do

0 —
X AX=D (.77
Sau ddy [ mdt 506 dinh i 1ién quan dén gid tri rigng va véc to rieng, khdng chimg minh:

DinhtIi I: Néu ma tran vudng A ¢ cac gia tri ri¢ng A, va cac vée toriéng tuong tmg X, thi
clic gid tri riéng ctia chuyén vi clia A (te A7) bang ciic gia tri riéng tuong Gng ciia A nhung
cie vée torriéng Y, (hi Tai trye giao vdi cic véc to rigng X, cua A nghia la:

X 1 néui=j
YX = £ 11.78)
0 néu i # j

trong do, cie véc to X va 'Y déu duoc chuan hoa.

B i 2: NCu ma trin A doi xdmg va todn bd cac phan tir cda nd deu la nhimg so thue th
toan bd cac gid tri riéng va véc to riéng cua nd cling 14 nhimg $6 thuc, Hon nira, cac véc to
ri¢ng trye giao voi nhau nghia lac

| néui=j;

X', X, = (1.79)

0 néui#j.

Binh I 3: M6t ma tean déi ximg A ¢o thé duge bién d6i thanh mdt ma trin chéo trong do
39



cac phin trla cac gid tri rieng cia nd, bing phép hién doi true giao X'AX, X i ma trin vic
modo cua A

Dinh I 4. Néu cic gia trj riéng va véc to ri¢ng coa ma trin A 17 r. vi X thi ci¢ gid tri
riéng ciamatrin B = T.A. T bdnn che gid tri riéng tuong {tng clia A con che vée to reny
bang T- 'X,. T 1 mdt ma rdn vudng khong suy bién.

Dinh i 52 NCu goi vét cha ma triin A 14 (0ng cac phin 1 rén dudmg chéo chinh cdu nd th
tong cac gia tri néng cua A bing vét ciia né nghia la:

4, ta,+..+a AoAA,+ .+ R {1.50)

1 22 nn | 2 n
Pink I 6: Dinh thic cta ma trdn A bang tich toan bd che gid tri riéng cta nod nghia L

A=A, h | (1.81)

n

Binh i 7. Cho matrin Avaimattin B=T.A T, T li moOt ma (riin vudng it ki khong
suy hién. Binh thie vii vét cia 2 ma trin A v B hoan toan nhu nhau nehia |

FAl=1BI

(1N
a,+ta,+..+a, =b,+b,+..+Db (1.82)

an = il L n
Duéi diy, trinh bay cach tinh cic gid tri riéng vi véc to riéng cua mot ma (.
1.9.2. Cach xdc dinh cdc gidg tri riéng ciia mét ma tran

Nhu trén da trinh bay, mudn tim cic gia tri rigng cua ma trfin A ¢dp n. phii gidi mo
phuong trinh diic trung bic n dang (1.73). Khi n kha 1én, viée gial tryc tiép phuong trinh Jo
quit [ mot vide vo cing phite tap. Vi vily, ta phii dya trén cic phuong phip khic don giin
hon.

Trong bai toan én dinh va bai toan dao dong, didu diu tién can quan tam dén 1 tim glari
ricng hé nidr. Gia sircace giatri riéng cla ma trin cap n duge xép theo thir wh <i, <.k Ta
goi & Ta gid i riéng bé nhdt, A la gid trj riéng lom nhdr. Btmg phuong phap lmh ]gp, ¢h the
xac dinh dwge gid tr A . Gia tri riéng bé nhit A, xac dinh nhu sau, Nhiin bén 1rdi 2 vé cla
(1.70) vai A"

ATAX=ATL XD
A"Xzfl—X:2»,.X (1.83)
i

Viy ta c6 quy tic tim gid trj riéng bé nhit cla ma trdn A: gid 1ri rieng lon nhdr cria
nghich dao ciia A chinfv la gida tri riéng bé nhdt ciia A.

Trong bat toin dao déng wr do ctia mot hé ¢d n bie tu do, ta co h¢ phuong tiinh:
60



AX=1W.X (1.84)

Trong d6, W la mot ma triin chéo duoc goi 1 ma trin qudn tinh. Ta dua (1.84) vé dang

BX = AX |
Bowa i1.85)
Vay 2 la gid tri riéng cua ma trin B.

Dudi dily trinh bay cach xac dinh gid tri riéng 1ém nhat.

1.9.3. Cach xdac dinh gid tri riéng lom nhat theo phuwong phdp tinh lip. Thuong sé
Rayleigh.

Trude héd, (a gin cho véce to riéng nhimg gid tri bit ki, chang han:

X, 1
X, 1
XM= |=
,xn_ Ll_
Thay vao (1.70), ta duge:
AX! = 3 X

Trong vong tinh déu tién, ta duge gia tri ban dau gin ddng A" bing cach chia phin wr dau
tién coa ma trin 6t A.X" cho phin tir diu tién cla véc to riéng:

30 phan to diu t'iﬁn cua AX"Y (1.86)
xl

Trong do, chi 6 trong dau ngodc bidu thi s6 thir ttr clia vong tinh. Gia tri giin ding lin thir
hai cia véc to riéng duge xac dinh theo cong thirc: '

XH = (1.87)

Mbt cich 16ng quat, ta cd hé thit:
. ALK W) = jm Y im+ 1} (1 88)
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Trong do. m bicu thi sO thr tir ctia vong tinh. Ta tiép tuc cfic vong tinh theo (1.871 vit
(1.88) cho d&n khi gid trj cda véc toriéng trong vong tinh cudi cling xip xi v gid i tong
(g cua no rong vong tinh triede thi két thic.

Khi gid tri rieng chi can d6 chinh xde vira phai vii vée (o rigng 13 mot dai lryng khiomg
quan rong. ta tinh gia i rigng bang cong thire gan ding sau diy goi I\ Hueng v Ravieivle
X"AX .
e {189
X'X

T

Thitdp 1.72:Tim gid tri riéng 16m nhiat 2 vl vée to riéng trong tme clia ma tran:

5 -4 1
A={-4 6 -4
I

Gridii:
Trude het ta gan cho vée to riéng nhimg gia trj bt ki chiing han bing don vi:

1
XHJ: l
1

Thuc hien cac vong tinh theo (1.86), (1.87), (1.88), ta lan tuot duge cic két quil sau:

AX{IHJ }.!Inl X[m—H
2 [
m=1 -2 2 -1
4 2
11 1 1 -
m=2 —18F [] ~1,63
19 ] 172
13,24 1 i
m=3 -20,63 13,24 —1,56
19,54 1,48



(12,29 ] B ]
m=7 ~18,26 12.29 ~1.485
11628 | 1.325 |
(12,265 1
m =9 18,21 12,265 1,485 |
1621 | 1,325

Sau s vong tinh, ta thily 2 véc to riéng cudi cung hing nhau. Viy:

1
A, =12,265 X, =1 -1485
| 1325
Trong voneg tinh thi 3, néu ap dung (1.89), ta duge két qui:
m=3 X'AX = 63,87 XX =563
Viy & = 068.87/5,63 = 12,33. So véi két qui vira tinh & trén, sai 6 khdng 1on.
1.9.4. Cdach xdc dinh cde gia tri riéng tiép theo

Sau khi tinh duge gia tei riéng A, va vée loriéng tirong img X, tatinh cic gia i ricng va
cac vee torriéng tiep theo bang ¢ach kb nghiém A, trong phuong trinh diic trung:

IA=-All=0

Theo dinh 1i 4. che gia tri ritng cua ma (rfin B =T~ A.T bing cic gia tr riéng tuong Gng
cua A con cie vée torieng Y, = T7.X,, T Ia mdt ma triin khdng suy bién.

Gia s dung phép bién ¢d1 sao cho ma tran B ¢6 dang:
o = o

_).l b, by, In_
0 by by n
0 n by "
B 0
(1.90)
0 b, b, .. b,]

03



Ta ¢

IB—All=0 = (. —2)IC - Al = 0 - trong o
_bll b'l_‘s b_‘n ]
i b.i'i h_‘sn
C={ (191
_an bl13 “han |

Vily cic gid trj riéng cia C ciing la cic gid (r rigng cia B d0ng thai cling 14 cae gid i
rigng cva A.

Ma tran T thod min diéu kidn (1.90) ¢d dang nhu sau:

0 .. 0] l 00 .. 0
X, 1 ... 0 X, 1 0 0

T=(x, 0 ... 0=T'=|—=x, 01 .. 0 (1.92)
X, O L1 | —x,, O ]

Trong d6, ¢dt diw tién cha T bidy thi véc o rigng trong Img vai gid tri rié ng } Ta xac
dinh gid tri riéng tiép theo 7 A, theo cac bude sau:

1) Lip ma triin bién déi T va nghich ddo cua nd theo (1.92);
yTinhmatrin B=T"A.T.

3) Chia khdi ma trin B nhu sauw:

{1.U3)

Trong dd:b = &, b, 12 hing dau tién cta ma trdin A sau khi loai bd phin tir thir nhi.

4) Tinh gid trf riéng 1ém rhit cua ma tein C = b., theo phuong phip tinh [ip. Gia tri nhy
chinh la gia tri riéng tiép theo A, cla ma triin A,
Ve toriéng img voi gid i ridng A, duroce tinh nhu sau:

Vee o rigng Y, img véi gid tri rieng &, thod man he thire:
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B.Y,= &Y,

Thay b, = 4 vaB,, =Cvio (1.93), tacd:

RNy

Trong do: v laphin trdau tién cta vée w ridng Y., Y7 [a vée torriéng et ma uin C vl
CY, =%.Y..

Thure higén phép nhin ma trin:

Ay, b Y =y, do do
b,.Y,

Yo =T P15
fop = hs

Ve toricng X, img vor gid i ridng A, ctia ma triin A duge tinh theo cong thi:
X, =TY, : i 1.96)

G riéng ticp theo &, va véc toriéng tuong tng X, cttama tran A duge xem nhu wia ti
réng thrhat vaveée toriéng thirhai coa ma trdn C. Clrnhu vy, ta ticp tue tinh cic gia trf riéng

vavee trricng tiep theo cach tinh by & trén.

Thi du 1.13: Xac dinh cac gia tri riéng tiép theo cua ma trin:

LS =4 1] [
| .
A=|-4 6 -4|néu A =12,265 X, =|—1.485
-4 7 1.325 |

Cricii.

Theo (1.92) ta ¢

1 0 0 ] 0 0
T,o=]- 1485 | 0 T'=[1485 | 0
1,325 0 | -1,325 0 |

Thue hién cac phép nhin ma tedin:

T12,265 -4 | (12,265 -1 |
AT =|-1821 6 ~4|, B=T"'AT =|0 0.06 —2.515:
16,21 -4 7 | 0 130 S.675 ]



0,06 -2.515
vaythco(l.%):c:[ ’ ]

1,30 5,675

Sau khi ding phuong phap tinh lip d6i véi ma trin C, ta duoc két qua:

Ay = 5,01 Y, {l ]

—-1.97]
Vib ,=[-4. 1} nén sau khi ap dyng (1.95), ta duoc két qua:

B,Y, = 597 597
A=k, 12,265-501 7,255

Yn=-— 0,825

Viy véce to riéng tha hai cua B ja:

Theo dinh i 4;

0,825 |
X, =T.Y, ={ -0,224 | =| -0,371
(0,878 -1,062
Gid tri riéng cudi ciing duge x4c dinh biing cach khir A, tr phwong trinh dic trung:
IC-All=0

Sau khi éip dung (1.92) va thuc hién cic phép nhan ma tran, ta duoc két qui:

I 0 I ¢ 501 -2,515
T, = ., T'= CT, =
1197 1 o971 © 19,88 5,675

500 -2.512]
0 0,725 |

Viy: D=T,'CT, :{

Thyc hign phuong phap tinh 13p i véi ma tedn D, ta duge két qua: 2, =0,725 27, = 1.
Theo (1.95):
(25121

= ={,586
5,01-0,725

23
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0.586 : I 010,586 0,586 l
Viy: 7, = ; Y, =12, = = =
_ 1 -197 1 1 -0,154 -0.263

Theo (1.95):

1
~0,263| 4,263

Y= - ~ 0,369
: 12,265 -0,725 11,54
0,369
Vay: el
-(},263

Cudi cing, véc to rigng ing vai gia tri riéng A, = 0,725 cla ma rin A L

1 0 0][03697 [0.369 !
X,=TY,=-4485 1 0| 1 |=]|0452|=|1221
1,325 0 1]]|-0.263| {0,226| |0.612

Thuyét minh cdc chwong trinh tinh ma tran

Sau day la 19 chuong trinh tinh ma trin theo ngdn nglt TURBO PASCAL 7.0

— Chirong trinh CT1: Tinh tf;ng ma trin.
Thuat toan duya trén c¢dng thitc (1.8) (xem §1.3.1)

— Clutong trinh CT2: Tinh tich ma trin
Thudt toan dua trén cdng thie (1.10) (xem §1.4.2)

— Chuong trinh CT3: Tinh ma trin chuyén vi
Thudt toan dua trén cdng thixe (1.1) (xem §1.1.2)

— Clutong trinh CT4: Pura ma trin bit ki vé dang tam giac theo phuong phap Gauss.
Thudt toan dya trén ¢ong thic (1.35) (xem §1.7.1.1)

— Clugong trinh CTS: Pua ma tran déi ximg vé dang tam giic theo phuong phap Gauss.
Thudt toan dua trén ¢dng thire (1.37) (xem §1.7.1.2}

— Churong trinh CT6: Giai hé phuong trinh tuyén tinh bét ki theo phuong phip Gauss,
Thudt todn dua trén cic céng thie (1.35), (1.36) (xem §1.7.1.1}

— Cluromg trinh CT7: Gidi he phuong trinh tuyén tinh kigu ma triin di x{img theo phuong
phip Gauss.
Thudt toan dua trén cac ¢odng thac (1.37), (1.36) (xem §1.7.1.2)
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= Chuenyg trinh CT8: Gial b pheong trinh tuyén tinh kidu ma trin dii doi xdng theo
phivone phap Gauss.

Thudt todn dua tién cae cong thire (1.40), (1.41) (xem $L.7.1.3)
= Chuong 1rinh C19: Gidi he phuong trinh tuvén tinh kidu ma trin doi xtmg (heo (g o,
Thuit toan dira (rén cie cong thire (1.43) va (1.36) Jixem §1.7.1.4)

= Cluromg irinfy CT10: Gidi h¢ phuong trinh tuyén tinh kidu ma wran déi xlmg ¢ nhicu
ph L LGt G,

Thudt toan dya trén cie ¢ong thire (1.44), (1.45). (1.43), (1.36) (muc 2 §1.7.1.4)
= Chirone trinh CTTE: Tinh dinh thie cda ma (can bat ki. Thuit toan dua 1rén ¢de b
I. Duat ma trin v dang tam giac theo phuong phap Gauss (xem CT4),

2. Tinh tich ¢ée phin tir trén duomg chéo chinh clia ma trin tam giac nodl én. (xem e
tinh chit cla dinh thirc trong §1.2.2

~ Chuong trinfh CT12: Tinh dinh thirc chinh clia ma tran doi xtmg. Xem CT5va Cll1,
= Chuong trinh CT13: Tinh nghich ddo ma trn tam gide dudi.
Thudt toan dua trén cong thie (1.29) (xem mue 881.6.2)
= Chiromg trinh CTH4: Tinh nghich dio ma tran tam FIAC trén.
Thuit toan dira trén cOng thire (1.30) (xem muc 8 §1.6.2,
= Cluromg trinhy CT15: Tinh nghich dio ma trin d6i xung.
Thuat toan dya trén cac ¢ong thie (1.50), (1.51) (xem §1.7.3)
— Clueonyg trinfy CT16: Tinh nghich dho ma trin theo phuong phip Gauss—Jordan.
Thuat toan dua trén cac bude tinh trinh biy trong bing 1.2 (xem §1.7.2)

= Clneemg trindt CT17: Tinh nghich dho ma trintheo phuong phap chia khoi. Thudt wan
dratrén cac cong thre (1,523, (1.53), (1.54), (1.595) (xem §1.7.4).

= Clutong trinft CT18: Phuong phiip tinh 1ap gidi h¢ phuong trinh tuyén tnh.
Thuie todn dua trén ¢ic ¢ong thite (1.57), (1. 38), (1.59) (xem §1.7.6)

= Clurong trinfy CT19: Tinh gid tr riéng 16m nhit theo phuong phip tinh 1ip.
Thuit tos an dya trén cic cong thie (1.86), (1.87), (1. 88) (xem §1.9.3)

— Chiomg trink CT20: Tinh gid trf riéng bé nhilt theo phuong phap tinh {ip.
Thuit todn dua theo cic bude sau:

- Tinh nghich dao coa ma trin ﬂm,

—Tinh 2id v rigne [dn nhit cda ma trdn nghich dio nditrén (xem c¢ic tinh chit néu oy
S1.9.2)
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Chuong hai
HE GIAN

Gian duoe tao thanh boi cic phan tr, moi phiin trdeu c6 2 khép ¢ 2 diw, Vi gii thidt i
rong tae dung tar cie ndt va khép c6 tinh chit 1 tudng, ta ¢ the xem cie phin twr eidm 12
nhing thanh chiu keo thudn tug hofic nén thuin wy.

Trong phuong phap chuyén vi, cac thanh phin chuy@n vi tai cac nat 1 cie an cin tim.
NO1 e trong cae thanh gidn duee xéace dinh tir cac thimh phin chuyén vi nay.

Dang ma trin cta phuong phap chuyén vi ¢6 the bicu thi bing hai cich.

1y Cactr thie nhdat

Thanh Kip he thide ma (rdin gita 0di lye va chuvin vi cla mo phin (i, titp theo 1i dai

chuyén victia cic phan t thanh chuyén vi coa ciic nii v cudi cling thinh [ip hé thire ma rin

gilta vée 1o tai trong va vée (o chuyén vi cia cae nat, dua tén dieu kién cin bilng.

2) Cech tlut hai:

Cach nay don gian hon vi khéng can bicn doi chuyén vi clia cde phin tr thinh chuydn vi
cua ciae nat vived thé thank [@p truce ticp hé thire mu trdn gita cic vée to 1 rong vi vie to
chuyeén vi cua ¢ie nlt, dua trén digu kign can bing.

§2.1. Dang ma trin cia phuwong phip bién doi chuyén vi

2.1 1. He thuie ma trdn gia véc to chuyén vi ciio phin tiva vée to chuyén vi ciia caic nrit

Gia sumot phin wri bat ki cdia gidn bicu thi nhir teén hinh 2.1, Dau | cla nd quy W vao
nat R vir dédue 2 quy ty vao nat S.

He toa dd cue bo [a P v Q, hé toa dd chung la X va Y. True P trung vai true eda phin (r
1vitco chicu duong hudng nir dau 1 dén diu 2.

Tu hinh 2.1a, ta¢6 d6 dai cda phan wr i

L=J(X,~X) +(Y, - Y,y (2.1)
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Gia st do mdt nguyén nhin bén 2 Y
ngoai ndo do, cic ndt R va S clia gian ¢d
caa chuyln voting Gag ladk,, y, va X,

vy, (Hinh 2.1b).

+Q

Dau 2 tainit S +P

- - A . . % {xz- ¥
Do cac nat R, S chuyén vi, cic dau

| va 2 ciia phan tr i di chuyén doce truc
nhimg douan twong (mg lau v u,. (X, b

Bau 1 tainit R
iy - ')\ IR b X
Bién dung doc cua phin wri 1

h=u,-u
l 2 1

T hinh 2. 1%, ta co

(2.2}

U, = X,.co80 + ¥ sinu 23)
u, = X,.coso + ysino '

Trong do:

Hinh 2.1

(2.4)

Thay u, u, ttrh¢ thire (2.3) viio hé thic (2.2), ta co:
U; = X.CO80 + Y Sina, — X .cose, — y,.sina.,

Duéi dang ma triin, hé thire trén ¢d thée viét:

u; = [-cosa; — sing; ... cosq, _sinoy BIXg v e Xg Yol

(2.5)

tai nut R tai nut S

Véc o hing [—cosa, —sina. ... cosa, sino} goi la ma trdgn bién doi chuvén vi ang voi
phin uki.
D01 voi toan b gian, hé thic ma trin giira vée to bién dang U cua cic phin ity va vée ey
chuyén vi X chia cae nat cd dang nhir sau:
U=AX (2.6)
Trong d6: A = ma tran bien déi chuyén vj {mg véi toan bé giln.

Phuong trinh (2.5), (2.6) ¢6 thé m& rdng cho hé gian khong gian. Lic nay, bien dang cua
phan 1t i ¢6 dang nhur sau:
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U = [-cosa, - cosP, — cosy, ... cosa, cosf3, cosy (X, ¥,  Zp X Vo2 " (2.7)

Trong do: o, B, v — lan luot biéu thi cac goc tao thanh gifra true duong clia phin tiri vicéc
tryc X, Y. Z ciia hé toa do chung; X, y,, 2, — chuyén vi ctia aiit gian R theo phwong céc true X,
Y. Z cia hg toa dd chung: X, y,, z, - chuy&n vi ca ndt gian S theo phuong cac true X, Y. Z.

Tuong wy nhu trén, ta co:

L= (X, =X +(Y, =Y} +(Z, - Z,)’ (28)
, =X Y, Y Z,-7 .
cosa:X—"u—‘—, cosP=——-2L  cosy="3—" (2.9)
L L L
Thi' du: @58 ® (.9)
. A e 5
Cho 1 gian nhu trén hinh 2.2.
S6 thir tr cfie ndt gidn duge danh 1
diu bing cac khoanh tron. 86 thar N
r cua cic thm tir duge danh diu @ 5.0 ® w00
bing cac $6 bén canh cic miii tén. P K ”l” > Guo
Truc duong ctia mai phin tir hudng
(r diu [ dén diw 2 cia phan ti do. Hinh 2.2

Phdinur f:

Ap dung ¢ong thire 2.1, ta cé:

L,=J(0-4} +(3-0) =5
Ap dung céng hic 2.4:

cose, = (0—4)5=-0,8

sint, = (3-0)/5=06
Diic trung hinh hoc ctia cac phén ti ghi trong bing 2.1.
Pau | ctia phin ti 1 quy ty vio nit R = 5, ddu 2 quy tu vao nit S = 4.
Do d6, ap dung hé thic 2.5, ta cd:

U, = [~(-0,8) - 0,6 .. 0.8 0,6].[X, y, ... x,y,]
Pln 1 2

Piu | ctia phin tir 2 quy tu vio ndt R = 5, ddu 2 quy tu vio nit S = 1. Ciin ¢t vio h¢ thire
(2.5) va cic s6 lidu trong bang 2.1, ta co:
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U,=1=(=0.1)  0..~11[x, v,..x]

Trong phuong trinh ma trin trén, chuyul vi thann y, rén phuong [hdno dimg tal na |
bang khong nén khong dwa vao.

_ Bar IF _

Pl tir 3: : thin [L‘r L. i CosoL __“_1_'_“"
. o | 1 5 —0.8 0.6
Tuong wrnhu trén, ta ed: | T SN
e 4 - 0
U, ={1).x,] ’7 3 5 | —] -
3 ., { - s ( ]
(chu v nut 2 khong ¢ chuyén vi) 'r 4 3 O b |
‘ | 5 5 [ )] |
Phan tr4: - — T

U, = (0.0 10[x, .. x,y,)"

Plicin 1 5

U =[-(-1) Olix, y,I

Két hop cac hé thire trén, hé thitc ma triin gitia véc to bién dang U vi véc to chuyén vi X
cha cac nit gian ¢ thé viét:

Ul [0 08 06 08 —0.6)x,]
Uy [-l0 0 1 0,
Uil=ft 0 0 0 0 |y,

Uyl 1o 0o 1 0 o0 |«

Us| |0 1 0 0 O Jlys )
tai nOt | tai nit 4 tai nae S
A

2.1.2. H¢ Huic ma trdn gitka vée to noi luc va véc tor bién dang ctia mot phan ni

Lue doc trong phan tr i ¢d thé viét:

EA.
N =——1U, (2.10)
L

Trong dao: L. L, U - lin lugt dng v&i méd dun din hoi, dién tich uét dién, chiéu dii.

bidn dang doc cia plmn .

D1 v Loin bé gian, hé thire ma tran ¢ilta véc tondi lue S vi vée w bién dang U ¢h e

VIGL:
S-k.U (211

hay



| ‘ | ' '
LN:“ - L Em ’A‘m JIII’ 1‘l-.'. "1‘1 m

Trong d6. ma udn dd cimg k la ma tridn chéo:

EA, /L, §)
L.A,/L,

0 E A, /L, |

Thay U tr phuong trinh (2.6) vao phirong trinh (2.11), ta co:

S=kAX 12.13)
2.1.3. H¢ thiic ma trén giita véc to (di trong va va véc to chuyén vi cia cde niit
Goi P L vée to tad trong v X 1a vée to chuyén vi. Trong trudmg hop tong quat, ta ed:

P=|P P P ..D P P ..P Pny P T

nx

X=X, ¥, 2, X ¥, 2. X, ¥ 7.\

m=n
Trong d6: P, P, , P — cic thanh phan tii trong (ai ndti trén cic phuong X, Y, 7 cua he
to dé chung: X, y. 2, — cic thanh phan chuyén vi tuong (mg tai nut i cua gian. Ap dung

neuyén Hcan bing eitra ¢dng cua ngoai Iue v the niing bién dang din hoi. tu co:

Thay Ut phuong trinh (2.6) va S (r phuong trinh (2.13) vao phuong trinh uén, i ¢o:
PYX =X A KAX = P=(NEkAX)
i K=A"kA {2.1:4)

73



th co: P=K.X (2.15)
ta g01 K 1a ma tran do cting toan bé cia gian.

C6 the lip ma tran K biing 2 cach sau:

2) Thue hién cac phép nhin ma triin theo trinh ty néu trong cdng thire (2.14).

b) Xem méi philn tir clia gian ¢6 phin dong gdp riéng vao ma trin K.

Nhur di trinh bay. phian déng gbp cha phan tri vio ma tran bién ddi chuyén vi A ¢6 dung
nhr sau:

— (e — _ o ey . , - o]
A; = [cosa, —cosB, —cosy, . . . acoso, acosf, acosy] (2.16)
T
tai nit R tai niat S

Sau khi nhan bén phai ma trink & (2.12) véi ma trin A, ta thiy phin dong gép cia phiin
tor i vio ma tean [kA] co dang nhu sau:

(kA} = [ —acosa, —acosP, —acosy, .... acosu, acosP acosy,] (2.17)
—— - R L —
tal nat R tai nuat S
. EiAi
Trong do: aq; = T (2.18)

Sau khi nhdn A* voi ma trdn [kA], ta thiy phan dong gbp ctia phan tir i vio ma trin 46
cimg toan bo K ¢6 dang nhur sau:

K, L K, tai n(t R
K =
* (2.19)
K., K, tai n(t S
tai nit R tainc S
Trong do:
r 2 ! . .
a,cos” o, a;coso; cosP;  a, cosa, cosy,
il
K, =|a,cosa;cosP;, a cos B, a, cosP, cosy, (2.200)
¥
2, cosa, cosy; & cosfcosy; @ cos Y,
[ 2
—a,co8” o, -3, cosq; cosfl; —a, cosa, cosy,
2 Al o 3
K, ={—a,cosa, cosP, —a,cos B, —a, cosfd, cosy, (2.20)
—2,COSQ; COsY, —a,cosP cosy, —a, cos’y,
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-4 cos’ o, —a, coso, cosP,  —a, cosa, cosyi]
K, =|—a,cosa, cosp;, -a, cos P, —u, cosP, cosy, (2.20¢)
—a,cosa; cosy;, —a cosP cosy, —u,cos’y,
a, cos’ a,cosq, cosP,  a,cosa, cosy,
K, =|acosa cosf, a cos’f, a, cosP, cosy, (2.200)
a;cosu, cosy,  a,cosP,cosy, a cos Y, )

B6i vai gian phiing, vi cosP, = sing, v khdng o s6 hang cosy, nén phin dong

edp cla
phan tri viio ma tran dd cimg toan bd K ¢6 dang nhir sau:

C §a cosTa, a,cosa sina, L —a, cos . —a, cosu, sinui—‘
tal nut _ ) ] ) . _
R i, cosasina,  a;sin’ o, L -a, cosa,sing, —a, §in”
K =
'_ (2.21)
tai nit . ‘ , _
S —i1, CO8™ O, —ia; cosq;sine, L —a, cos o, 0 COSCL SN,
—a, cosa, sine, —a, sin” @, L ..a,cosq, sing, a, sin’
P - Se— - - — -
tai nat R tat nat S
Sau khi thinh 1ap phuong trinh can @
N . P v, = T00KN
bang (2.15), ta g1a1 véc to chuyén vi nhu @ ,
S
X=K"'P (2.22)
1000mm x
Véc 1o ndi lue trong cac thanh giiin
xac dinh theo (2.13).
Thidu2.i:
s00mm| (@) A3 @
Cho hé eiin nhu trén hinh (2.3). Yéu g2
ciu thanh lip hé phuong trinh ¢an bing.
b}

Giai:

Trude hét, ta nhin thiy gian ¢é tinh
chit déi x(mg nén sor do tinh nhur trén hinh
(2 3b). Mit khic, cic thanh phén chuyén
Vi lhz"ing uwen phuong nim ngang tai cic
nat 1 v 2 déu trigt tidw.

Trude hét, ta thanh Lip cic ma trin
K.A v K. Ma triin dé cimg k ¢o dang:

Hinh 2.3



LA, /1732

7-.-
It

|
] EA. /2000 |

EA, /1000 (2.23)
Thanh Lip ma ran A: — — Béng 2.2 —
| Phinur | L (mm) SSLICE S
Dac trung hinh hoe cdacac phintr 1, 2, i 1732 0.5 0.866
3 ghi rong bang (2.2). ) 1000 | 0866 . 05
Phén 1 1 L3 ] 1000 - O Lo

Phan ur 1 quy tu vio ndt R = 3 viinlt $ = 1. Cha ¥ ring chuy@n vi i ni 3 bang khong
va tal nat | chi ¢6 thimh phin chuyén vi ¥,

Ap dung cong thire (2.5), ta cod:
U = |sma 1y, 1= 0.8060y,
Phdr i 2:

Phan (¢ 2 quy tu viio ndt R =3 v niit S = 2. Nt 3 khong cd chuyén vi vt i ndt 2 ¢hi ¢o
thinh phian chuy&n vi V. Ap dung cdng thie (2.5), ta e
U, = [sina |y ] = 0.5y,
Phdn nir 3:
Phin 1k 3 quy ty vilo ndt R = 2 vanat S = 1. Ap dung cOng thie (2.5):
U = [—$inw, sin, LIy, vl
U=[-1 1Ly, vl

Kethep cie phuang trinh wén, ta duge hé thie ma tran:

Ul [o866 0y,
U,|=| 0 05/

U, I =]y,
U A X

Viy ma trin bién doi chuyén vi A ¢é dang:

0.866 O
A= 0 0,5

! —lj

Nhin bén phai ma tréin k ¢ hé thirc (2.23) v&i ma trin A, ta duroe:
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TEA /2000 0 1
|0 EA, /2000 |
LEA, /2000 ~EA, /2000

k.{f\ =

Chuven vi cua ma tedn A:

0,866 0 |
A =
0 05 -l

Nhin bén phii ma trdn A™ véi ma trin [kA], ta dege ma triin do clmg toim bé:

K =A"kA (\/gAﬁZ’Aj)Emooo —EA /2000
= i\ K -

—EA.. /2000 3EA, /2000

Ap dung phuong trinh (2.15) ta c6 hé phuong trinh cin bang:

My 50
P=: "=
V.. |25

irj

f(ﬁAl +2A,JE/4000 —EA. /2000 |F_\_.r;
~EA. /2000 3EA, 74000 |LY:

§2.2. Dang ma tran ctia phuong phip thanh lap true tiép ma trin di cing toin 126

Nhu trong mye 2.1 d trinh bay, mudn 1ip hé phuong trinh cin biing cia oidn, ta phai 1ap
ma trin hicn déi chuyC‘,n vi A viuthye hién mét sd phép nhin ma triin de duoc ma (ran do clmy
an bo K. Mac diu dii ed mét $6 cong Lhire tinh sin song vide tinh oan van con phuc tp.
Dudi day. gidi thidu mdt phuong phip don gidn hom, dya trén dicu kién cin hing ¢Ga cie ot
d¢ thanh Hip true tiép ma triin 49 cimg toan bo K.

2.2.1. Ma tran di cting cia mit phan ti trong hé pian phdng

Gia st mdt phfm tor i bt ki clia gian duge bi¢u thi nhir (rén hinh (2.4). Ta quy uive moi
phin wrcta gidn ¢6 2 dau: diu 1 di ¢én dau 2 theo chiéu mii @©n. Chidu mii ©n dong thii
cling lachidu duong cla true phan (i Cac thanh phan chuyén vi vi cdic thimh phin n6i fue cta
e phfm wrddu duoe xie dinh theo b tog do chung X, Y. Got: u,, v, —cac thinh ph;\"m L‘hLl}-'ffﬂ
vitai dau 1 en phuong X v Y: u,, v, — céc thanh phin chuyén vi tai diu 2 wen phuong X va
Y. F . F | —cacthanh phfm noi e tad diu 1 trén phurong X va Y, F .. F‘__‘ —¢ac thanh phfm nol
Lot dau 2 uen phuong X va Y, d.d, - chuyé‘n vi doc truc tai dau [ va diu 2. F = lue doc
vhéo hoae nén). Tir hinh {2.4), ta ¢6 cde hé thie sau:

d, = ul+vmd =ul+vm {i1)

Lm = cie cOsin dinh hudng coa phinur | - 2.



Lyc doc cua phin

AE
F:T(dz ~d) (b)

A — dién tich tiét dién; L — chidu dai; E — mé dun dan hoi.
Thay (b} vao (a)

_AF

F L {(u, ~u )+ (v, —v,)m]} (2.2}

Mitkhac: F  =-F  =-F.] F},l =-F , = -F.m (quy wdc luc kéo la duong). Do dé:
AF
F,= ~—I:—{(u2 —u, M+ (v, —v,)m}

F}__] = —%{(u2 —u ¥+ (v, —v)mim

F =-F ,F_=-F

%2 T w2 yi

Biéu thi 4 phuong trinh trén dudi dang ma tean:

E, I m -~ ~im | _Ut )
vl m’> —Im -m’ v,
Y| oAB|
L -
x2 dor ximg 1 m ||u, (2.25)
| 4y2 | L m2 } _V2 i
i k1 Ui
Viét hé phuong trinh trén dudt dang rit gon:
Si = ki.Ui (2.25)
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S. — véc torndi luc cha phin tiri; k. — ma trdn dé clmg ciia phin tir i; U, - véc to chuyén vi
ctia phin tik i

2.2.2. Ma trén dj cting ciia mot phan ti trong hé gian khong gian

Gid suhe toa d6 chung 1a X, Y, Z. Trong hé gian khong gian, mdi du ctia mot phin (i cé
3 thanh phin chuyén vi v 3 thanh phan ndi Iue. Goi: u, v, w, —cac thanh phiin chuyén vi tai
diu 1 trén phuong X, Y, Z; U, V,, W, — Cic thanh phan chuyén vi taj diu 2 trén phuone X, Y,
Z: F*" F_w F - Ci:lC thanh phf’in ndi lue tai dau 1 trén phuong X, Y, Z: F_, F}__:, F ,—cac thanh
phan ndr lye i diu 2 trén phuong X, Y, Z. Tuong ty nhir trén, ta ¢6:

d =ul+vm+wn; d,=u,{+v,m+wm
F= I—-(ug —u )+ (v, — v m+(w, - w )n (2.24a)

F . =-F,=-F; FYI =-F _ =-F.m: F =-F.,=-Fn

A ¥2 22

Trong d6: [, m. n — cac cdsin dinh hirdng cla phian tir | — 2. Bidu thi cac phuong trinh trén
dudt dang ma triin:

F, I m h - -lm - |y
F, m- mn -fm -m° -mnij v,
F, | AE n® -h -mn -n’ || w,
F, L Poom kb ||y,
F» m®  mn ||V, (2.26)
LFy | n* [ w,
S ' k, U,
(2.26) vict dudi dang rit gon:
S,=k.U (2.26a)

(2.25) va (2.26) 1a 2 hé thic ma trin rat co ban d€ 1ap ma trfin d6 clmg toan bo K.
2.2.3. Lap ma trdn d6 cung toan bé K

Goi F 12 véc to cic thanh phan tai trong tac dung tai cac nit cua gian va D 1a vée w cac
thanh phfm chuyén vi tai cac nat. DE tién cho vigc tinh toan, ding chung mét chi s6 cho cic
thanh phiin tii trong va thinh phan chuyén vi cung phuong. Vi viy, dang ma tran ctia F vA D
nhir sau:

F=[F,F,..F ..F 7

D={d d,..d..dJ

it
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Trong do di la thanh phan chuyén vi trén phuong ctia thinh phin tai trone F..om L& sé bac
e docua hé gian,

fwe

FI¢ thire ma teiin gitra F va D nhu sau:

F=K.D (

|
]
~

b}

nut v

Hinh 2.5
K Tama tidn do ciing toan bg cta gian. Dya vio (2.25) hoic (2.26), xuilt phat tr diéu kidn
v hiing cua cac’nut dé thanh 1ap ma trin K. Ching han trén hinh (2.5). ta ¢6 3 phin uri. ). k
quy tal nit R, Tai'diy, ¢6 2 thanh phan tai trong I . F, cac bic trdo tuong g a d.d.Ta

¢t cae phin ti i j. k & lan cin nat R, cac thinh phan not e va cac bic tr do clmg phuww
duoe bidu thi bing Lh} s& nhe nhau (xem hinh 2.5). Tir didu Kién cin bing nit ta ¢6:

F=F+F +F
B, = F! + [+ F (=2
Ciac s6 hang & v phfli cua phuong trinh uén Eunhiing hiun tuyén tinh clia cic bice v do
dod L T 2.25), avidt phuong trinh diu tiégn nhu sau:
F=ad +ad, +...
F =bd, +byd, +..

F'=cd, +c,d, +...do dd

F=F+F+F =(a,+b +c)d +(a, +b, +c,)d, +...

Trong d6: F, — phin tir cha vée to ti trong tmg véi bic tu do d;a b, C- ciu: phin i Kin
tuot img vai ¢ac ma triin 4o cling cua cic phan tri, j, k. Ntu so sanh 2vEcua{l27) Ih::ly
phin 1 eta ma ran K cung hang voi F va

—imgvad, la (2, +b +c)

—uimg voi d i (a, +h, +c))
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Béi v cic phuong trinh con lai cia (2.28), ciing 1am tuong tu nhir trén. Vay bdnU cach
tinh tong IF cuacac thanh phan néi lyc cung phuong véi béc ty do di tai mdi ndt,i= 1, 2, .
n(n 13 s6 de tr do), ta ¢ thé suy ra ma trin d¢ cimg toan bd K.

§2.3. Trinh tir tinh todn

Chiing han iy thi dy trén hinh (2.6) trong dé d,,d,, ...,d, lacac thanh phin chuyén vi taj
cde ndt, cic mii tén bidu thi vi tri cic ddu 1 va 2, cac s6 du'orc khoanh trdn biéu th1 s& thir tur
cla cde nit, cac sé canh miii tén bidu thi $8 thir tu cia chc phin tir.

lé) 6 @ILds 10 @I d 14 @T .

Hinh 2.6

Ta ti€n hanh tinh chuyén vi va ndi luc clia hé gian theo cac budce sau:

1) Chon hé truc toa 49 chung cho he Toa dé
giil_l'l sao cho toa d(f)’cfla céc niit déu dwong. Nt x : y
Ching han chon géc toa do tai nat @, | 0.5 10 T
2) Danh sb thir te ctia cac niit va xéac 2 0 0
dinh toa dd cua ching. Thi du: (bang bén) 3 1,5 E 1,0
3) Xéc dinh s thanh phfm chuyén vi 4 1.0 0
(hoiie 6 bic tr do) chia che nut. Trong hé 5 2,5 LO
gian phéing, tai m&i ndt khong lién két voi 6 2,0 0
gf)i tua, ¢ 2 bie tu do, cdn ddi véi hg gian 7 35 1,0
khong gian thi ¢6 3 bic tr do. Tai nhimg 8 30 0
nit lién két voi géi tua, mot s6 bac tu do EJ 4.0 0 —

trigt tidu tuy theo didu kién lién két cu thé. Chzamg han, trong thi du trén;
S6 bic tirdo = 2.9 — 4 = 14 (4 bic tw do tridt tiéu tai che gbi tya @, ®, @),
D5i véi hé gian khong gian:
$& bic tu do = 3 x sb nit — b béac tu do triét tiéu.
Cac bac trdo théng k¢ nhur sau: (bang bic ty do)
HT hono ké s& thar tircda cac phdﬂ tirva vi tri cac diu 1, dhu 2 tirong (mg. Canchii § v la chiéu
duong cia true ctia phin tir di tirddu 1 déa diu 2 theo chidu mii tén tén hinh (2.6). Cé thé chon
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mot cach tuy y chiéu duong clia cac phan tir nhing sau khi di chon, phai theo diing guy uée dé
tranh su nhim lan vé dau khi tinh cac ¢dsin dinh hudng.(Bang vi tri cdc ddn 1 va 2)

Bac trdo Vi tri cde dau 1 va 2
Nut [ u v Phin bau 1 Diu 2
| | d, 4. [ 2 [
! 2 2 4
e
2 0 0 3 4 1
3 d, d, 4 4 3
1 d, d 5 4 6
- ' O ] 3
i d d, 7 6 3
! 6 d, 0 8 6 5
? dlll dl] 9 (-) 8
10 3 3
8 dl.‘- dl_\ 11 b 5 !
9 d, 0 12 8 7 :
13 8 9
14 3 7
15 7 9

5) Tinh ¢Osin dinh hutng, chieu dai cla cic phan to va chi 18 vi tri cia cic thianh phin
chuyen vi tai cac dau 1, dau 2 cla ching trong toan b cac bc tu do clla giin.

Phin X, ¥, X, Y, I m L u, v, u, v, |
o 0 0 05 1,0 044 08 112 0 0 dd,
.2 0 0 10 0 1.0 0 10 0 0 d d
3 110 0 05 10 044 08 L12 d d  d d
4 10 0 L5 10 044 08 1,02 4 d  d d,
5 0 0 20 0 10 0 0 4 4 d 0
6 05 10 15 10 10 0 10 d, d d g
7 20 0 15 1,0 -044 089 112 d, 0O d, 4,
8 20 0 25 10 044 089 112 4, 0 d,  d,
.9 200 0 30 0 10 0 o &4 0 d, d,
D10 LS 100 25 10 10 0 10 d, d  d, d
L1 {30 0 25 10 -044 08 112 d, d, 4 d
P12 130 0 40 10 044 089 132 d, d, d, d
13 |30 0 40 0 10 0 10 d, d, d, ©
4 |25 10 35 10 10 0 10 d,  d d, d
5 |35 10 40 0 044 08 112 d, d, d, 0

Trong bing trén: X, ¥, ~toadd cua dau 1, X, y, — toa d cla diau 2.
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1 X Yo ¥
L=(x,—x,) + = 22N YT
Jix, y. - L L

u,, v, — cac thanh phan chuyén vi tai dau 1 trén phuong X va Y:
u,, v, — cic thanh phan chuyén vi tai diu 2 trén phuong X va Y

6) Lip ma triin dd cimg clia mdi phfm tiy theo (2.25) hoiic (2.26). Chfmg_ han xét phﬁn T
5 (xem hinh 2.6 va bang uén).

Tai dau | — niit @, u, =4, v, =d,

s
Tai diu 2 — nit ®, u,=d, v,=0
Tai diu 1 F | tic dung trén phuong cia d,=>F =F
F, tac dung trén phuong cliad, = F =F,

Tai diu 2: F.. tac dung trén phuong ctia d, = F =F,

P\,_j_ ac dung trén phuong cua phan luc thancl dimg tai nit ® (thanh phan chuyén
vi bing khong), ta khong quan tim dén thinh phin noi luc pay.

Gia str ma triin d6 cimg cia phin tr 5 ¢6 dang:

E, =F k, k, ki, k, u, =d;
F,=F, Kk, ki k| |v,=d
F,=F | Ky ku| |u,=d,
F., déi ximg k., v, =0

Th hé thae ma trin (ién, ta cdH:

E ki, o Kl ds
F o=k, ki ky|id,
F, k n Ky |l dy

7) Cin e vao diéu kién cén b:’mg (2.28) tai m&i nat, thanh 1ap ma tran 46 clmg toan ho K.
Chiing han tai ndt @ c¢6 4 phan t&r 2, 3, 4, 5 quy tu. Téng cic thanh phan ndi luc trén phuong
thanh phin chuyén vi d, duoc tinh nhur sau:

Phiin tir 2: Fo=a d +a.d

Phin tir 3: F.=b,d,+b,d +b.d +b,d,
Phin tr 4: Fo=c,d +c.,d +c.d, +c d,
Phin ti¥ 5: F .=k d,+k.d +k.d

Viy tong cac thanh phan ndi lye wén phuong cda d_ la:

83



2F,=b.d +bd +c.d +c d +(a, +b, +c cHK A +(a,+b e+ k)d k)

Phuong trinh trén cho thiy, phin tfr trong ma tran K cung hdng vol LK va img véi d, La
1éng cac b trong diu ngoc dimg trude d, img véi d, ta tong cc s6 trong diu ngodc dimg trude
d,. Sau khi xét diéu kién can bing ciia toan bo cic nit, ta dugce ma trén dé clmg toin bé K:

=F | | HER
SF, d,

) K

_EFH_ dl-l_

- - =

8) Thay ZF ¢ vé tréi chia phuong trinh trén bing thinh phan taj trong tic duag trén
phuong cua thanh phén chuyen vid (i=1,2,..).

9) Giai hé pherong trinh trén dé duoc gia tri cia cée thanh phan chuyén vi bing cic
phuong phap da ducc trinh by trong muc 1.7. Trong thuc €, ngudi ta hay dung phuong phap
Gauss.

10) Tinh lye doc trong cac phan tlr theo (2.24)

Thi du 2.2: Cho mdt hg gian phang vdi kich thude vi tai trong nhu trén hinh 2.7,
chn tich tiét dién cua phdn tr 1 va 2 bang 2000mm?, clia cac phén ({ con lai 13 600mm”.
=210 kNimm . Yéu ciu tinh chuyen vi tai céac nit va ndi lue trong cac thanh gian.

1 2

E
1 f e ,

1 f2 3
5 4 8

i 1

® 2 ® - y
d, d,
10KN 20KN
Hinh 2.7
Giai

Trong hinh (2.7a}, cac nit duge khoanh tron bidu thi s thir tw ciia cac nit, cac mbi 1en
bicu thi vi ori cac diu | va diu 2, sé bén canh miii t&n bi€u thi sb thir tu clia cic phan tir: $6 bic
trdo bang 24-4=4.

Cac sd lidgu ban dau thdng ké trong cac bang sau:
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Toa dd cac nut Bac tw do Vi tri diu I, diu 2
i N X y Nat u v Phintwe Piul D>
o 0 3000 ! 0 0 ! ' A
| . . L
24000 3000 2 0 0 2 2 T
3 0 0 3 d, d, 3 3 4
4000 0 4 o ! ! o
_ 5 2 3
BYic trung hinh hoc cta cie phin (i
. Al
Phain tr {(x.—x} (¥y,—vy) L { m A L
I 0 -3000 3000 0 -1.0 2000 140
1 0 =3000 3000 0 -1,0 2000 T40
3 4000 0 4000 1.0 0 600 315 !
|
4 4000 —3000 5000 0,8 -0.6 600 25.2
5 —4000 —3000 5000 -0.8 -0.,6 600 25.2

1) Ciin ¢t viao céce $6 ligu trén, 1ip ma triin dd clmg cla cac phan ur theo (2.25)

Pl tiv 1:

Phicn i 2:

Phidn tir 3;

Phdn tiv 4:

Plin 1 5:

oo ,
0 140 ]| d, |
o o 4]
10 140] 4,
=F] [31,5 o0
=F,| | 0 0
=F, | |-315 0
=F, 0 0
[1613 ~12,10
12,10 9,07

(16,13 12,10]
12,10 9,07 |

.

2) Can cir vao diéu ki¢n can bing tai cic nae (2.28), tinh ZF,i=1,

=3L5 0] d,
0 0] d,
3L5 0| d,
0 Ol(d

i
|

|

d |

2

3,4 valip mawin K:
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[ 31,50 12,10 —31.50 0
16,13
47,63
140,0 0 0
9,07
K 149,07
3,50 —12,10
16,13
47,63
d6i ximg 40,0
9,07
i 149,07 |

3) Thay ZF, hing thanh phin i trong F, ta cO hg thire ma trdn sau (i = 1, 2, 3, 4):

SF =0 4,
TF, =10 K |ld
TR =0 | d,
SF, =20 d,

4) Giai h¢ phuong trinh trén, ta duge:
(d,d, d,,d)=10"7(-1,12, 6,62 —4,24, -13.76)mm

5) Tinh lwe doc trong cac phin tir theo (2.24). Ta quy wdce luc kéo L duong, fuc nén 1 am.
K&t qua ghi trong bang sau:

Ni luc
Phin ty F
] 9,27
2 19,26
3 -0,98
4 1,23
3 1,23

Thi dy 2.3: Cho hé gilin phing nhir trén hinh (2.8). E= 210 kN/mm>2, A =450 mm?, |. =
3000mm cho toan bd cic phin (1.
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1GOKN

i) b] d'r d.
i SGkM d. ’
N q,
E
E
[~a]
[o]
L
EaNy
® d
= JVAN T ey
! 3000mm -_ 3000mm } Id
1 |
Hinh 2.8

Gidi:

Trén hinh 2.8. cic sé duoc khoanh tron bidu thi 6 thi tur clia cic nit, chidu clu ¢ie mii
(@n bidu thi vi uf cua cac diu 1 v ce dau 2, cie 6 canh mii én bieu thi 0 thi tr cua cie
phin (. S& bie tu do cla gian bﬁng 2x 5—3=7.Cac bic tir do bicu thi trén hinh (2.8b)

Cac s0 licu ban diu thong ké trong cac bang sau:

Toa dé Bac tu do Vi tri dau 1, diu 2
Nut X ¥y Nat —u v Phintr  Daul  Pau o |
| 0 0 l 0 0 i 2 3
2 1500 2598 2 d, d, 2 1 4
30 4500 2598 3 d, d, 3 4 5
4 3000 0 4 d, d, 4 2 4
S 6000 0 5 d, 0 2 3 5
6 4 3
- 7 I >
Phan tr (x,=x,) (y.—¥) ! m
1 3000 0 1.0 0 g
2 3000 0 1.0 0 L =3000 -
3 3000 0 1.0 0
AE .
4 1500 ~2598 0.3 0806 ——= 315
- |
S 1500 ~2598 0.5 ~0.866 |
6 1500 2598 0.3 0.866 :
7 1500 2598 0.5 0.866 '




1y Cn cur vao cée $6 ligu trén, 1ap ma triin d6 clmg cua cac phin tu theo (2.25)

[T, =F, 3.5 0 =315 0] [d,
F=E| | 0 o o of]q
Phin tie 1: F,=F | |-315 0 315 ol |,
=Rl [ 0 o o o]l|q
o 'F | [3L5 0] [d,
Phan i 2: _Fﬁ___ 0 ol lq
E ] [3L5 0 -315] [d,
Phdn i 3: Foi=| 0 0 0 ds
F | [-3L5 0 3.5 |d,
'F,=F 7,88 -13,64 -7.88 13,64 |[d,
Fo=F | |-1364 2363 13,64 -23,634d,
Phdn tii 4: Fo=FE| | -7.88 13,64 78 -13,64] 4,
F.=F | | 1364 -2363 -13,64 23,63 |d,

F, 788 1364 -7,88] [d,

Phin 1t 5. F, |=|-13,64 23,63 13,64 | |d,
F ~7.88 13,64 7,88 | |d,
[F, =F 7,88 13,64 -7.88 —13,64[d,
Fo=F | | 13,64 2363 -13,64 -23,63| d,
Phén tit 6 F.=F | | -7.88 13,64 7.88 1364 ||d,
Fa=F ] [-1364 -2363 13,64 23,63 ||d,
\ [F] [7.88 1364] [4q,
Phan ur 7 T 1364 2363 d,

2) Tinh £F theo (2.28),i =1, 2, ..., 7. Ta duoc ma trin K nhir sau:



[ 7.88 13,64 315 0 -7.88 13,64 0 ]
31,50 —13,64
7.88 0 |
47.26 \
23.63 0 0 13.64  -23.63 0
23.63
47.26
3,50 13,64 -7.88 —13,64 -7.88
788 —13.64
7.88 0
47,26
2363 -1364 -23.63  (3.64
K= 23,63
47,26
d6i ximg 31,50 ~13.64  —31.50
7,88 {3.64
7.88 0
31,50
78,76
23,63 0
23,63
47,26
7,88
31,50
g 39.30 |

3) Thay XF bﬁng thanh ph?m tai trong, Fracohé thtcmatin (=12 .., 7

[IF =0
SF, = -100
3F, = 50
F, =0 |=
>F, =0
¥F, =0
2K, =0 d,

L - — L

4) Giai hé phuong trinh trén, ta dioc:
(W d,d, d.d.d.d)=(3,7862, -4,4442, 36634, ~1.8342, 2,5652, =3.1746, 3.4202)mm
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51 Fheo (2.24), tinh lye doc trong cic thanh gidn. K&t qua ghi trong bing sau:

Noi e

Phiin tiy F

I ~3.87

2 R0.80

: 3 26,93
i 4 -53,87
5 -53.87

6 53.87

7 -61,60

Thi du 2.4: Cho mdt he gian phing nhu uén hinh (2.9a), E =210 kN/mnv’. Yéu ciu (il
no1 lue va chuy(."’n Vi tal cac nut,

Cricti:

Vi hé doi x(mg vt trong ddi xtmg nén so dd tinh dua v@ nim he nhw trén hink (2.95). Vi
¢ie phin tr4=7 v 3-5 sau khi chuyén vi vin 12 nhimg doan thiing ndm ngang nén chuycn vi
trén phuong thing ding tai nit 4 (d,) bang thinh phiin chuy@n vi trén phuong thing dimg tai ni
7. thanh phin chuyén vi trén phuong thiing dimg tai nt 3 {d, hiing thanh phiin chuyén vi tren
phurong thing ding ti nit 5. S6 bac tr do clia he bing 7, ¢ie bic tr do bidu thi ttén hink (2.9¢).

al 10kN i 10kN b)
| y
|
| 2
® BT_or
: A . B A
|
| I | € ®
| S
, | ] ® ©
- ! ! 1 \
-—— o ! .
A4000mm | A000mm | 4000mm ‘ @
e i
C) d’ df dE
t b |
g, —= 5 ——— —= g
: 7
g
1 8 —=0
3 *d_
6
2 — —0
4 g, % 1 d
prrrra

Hinh 2.9
Cac 50 licu ban dau thong ké trong cic bang sau:
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Toa di Bic tw do Vi tri diiu 1, diin 2
| N X ¥y [ NGt u ¥ Phanwr P | Dl;m 2
T o o 1 o0 ! 3 a4
2 0 6000 2 d, d, 2 ! 2
- J000 3000 3 d, d, 3 2 3
L4 4000 6000 4 d, d, ‘: ! 4
5 6000 3000 5 0 d, ) . .
;6 6000 4500 0 0 d, 7 4 5
7 6000 6000 7 0 d, ' R 3 6
l 9 4 §
| Phin i (x,~x) (¥,—y) L ! m Amni AE/]
I 0 30060 3000 0 1.0 35 2_-1"\
2 0 6000 6000 O 1.0 70 245
3 <000 -3000 5000 0.8 -0.6 60 2.52
4 4000 3000 5000 0.8 06 o0 2.52
5 4000 0 4000 1.0 0 50 2,63
6 2000 0 2000 1.0 0 50 5,25
7 2000 0 2000 1.0 0 50 5.25
hi 2000 1500 2300 0.8 0.6 00 501
9 2000 —1500 2500 0.8 —0.6 060 5,04

1) Cén ctr vao s0 lidu trén, [ip ma trin d cimg ciu cie phin tir theo (2.25)

Phidn tir 1

Fl
Plicin v 2: F,

|

xl

-

ey !

vl

syl

Phan tr 3:

xl

—

4

y2

Phén nr4:

F,

-F

1
:F2
:F}
F

1

1,61
1,21

1,21

o) ]

o 0o o o 4,
o 245 0 -245] 4,
0 o 0 |d
0 -2,45 0 2,45 ||d,
o0 Td
o el
161 —1.21 —161 12174,
091 -121 121 -091|d,
Tl L21 -Lel 1,61 —1,21]d,
1,21 -0,91 -121 0,91 ||d,
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F.=F 2,63 0 -2,63 0]]d,
Fo=F | 0 0 0]d,
Phannrs: |F,=F | [-2,63 0 263 0] d.
F.,=F 0O 0 0 0 th
ET[525 00 074,
Phidn tr 63: I =10 0 0]]d,
K] 0 0 0fld,
E1O[525 0 04,
Phén v 7: b 1=]0 O 0]|d,
E] |0 0 o]l|d,
F] [ 3230 2,42 24274,
Phan nes: | B |=| 242 L8L —181 | 1d,
F ] [-242 -181 1,81 |d,
ED [ 323 242 2,42] [d,
Phin nr9: | B [=] 242 L81 181 1d,
F, | 2,42 =181 181 ||d,
2y Tinh LF,i=1,2,..,7 (thco 2.28). Ta duge ma trin dd cimg toan bo K:
(1,61 121 —L61 121 —2.63 0
2.63
4,24
2,45 121  -091 © 0 0
0,91
3,36
L61 121 0 0 2,42
525  —1,21
3,23 2.42
1,70 2,42
1,81 0 2,45 —|81
0,91
K= 2,45
0,91
03
3,23 2,42 2.42
2,63
5,23
) 1,11
dor ximg 2,45 1,81
1,81
4,26
1,81
181
L 3.62
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3) Thay ZF, biing thanh phan tai trong F (i=1,2,..,7), tacd h¢ thic ma trin:

[YF =0 114,
SF, = 0 d,
2K =0 d,
IF, =0 |= K |4,
SE, =0 d,
SF, = 10 d,
LK =0 | | J Ld; )
4) Giai h¢ phuong trinh trén, ta duoc: Néi tue
(d.d,.d,d, d,d,d)=(18369 -13774, 00,0913, Phan E
~7.4248, 00,1228, 10,3263, 8,8965)mm l ‘;";é t
5) Tinh lue doc trong cac thanh gian theo (2.24): 3 5,62
4 -11,04
Thi du 2.5: Cho mdt hé gian khéng gian nhu 5 _4.50
tréh hinh (2.10a). Y&u ciu tinh ndi luc va chuyén vi 6 —0.48
tat cac nit. 7 ~0,65
Gidi: 8 ~4.82
9 —4,82

Trén hinh (2.10a), cic s6 duoc khoanh tron biéu
thi s6 thit tu ctia cac ndt, mili tén bigu thi vi tri cac dAu 1 vi 2, cic sé bén canh mdi tén bicu thi
56 thir tir clia ¢ phan tir. S6 bac twdo =7 x 3 - 4.3 =9 (chc nit 1, 2, 3, 4 khong cb chuyen vi),
Cc bic tu do biéu thi trén hinh (2.10b).

N %0“0({@ / ' ®
/ . 5

o 4 ® 1SkN
E - ~
§ / ..\ - ™. ®
g A

7 @,
8
Hinh 2.10

Céc s6 ligu ban dau thdng ke trong cac bang sau:
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04

Toa db

Bic twr do

Vi tri dau 1, diu 2

Nat y 7 Nut u v W | Phin W DPiul  Piu2 '
1 0 0 0 1 6 0 0 1 ! 5
) 0 0 2000 2 0 0 0 2 4 7
3 0 3000 2000 3 O 0 o : 2 2
: 40?)0 30{? ' g * ° 0.0 5 3 6
6 4000 1500 2000 || ° 4 &4 6 4 5
74000 3000 0O 6 d d 4 7 3 6
7 d, d 8 > 7
9 7 6
Diac trumg hinh hoc ctia céc phﬁn tw
PIE:} (x,-x) {y,—y) z,-z) L -Z m n AE/L |
I 4000 0 0 4000 1,0 0 v 4,5
2 4000 0 0 4000 1,0 O 0 4,5 |
3 4000 0 —2000 4472 0,8944 0 -0.4472 -4,025 ¢
4 4000 1500 0 4272 00,9363 0.3511 0 4214
5 4000 —1500 0 4272 09363  -0,3511 0 4214
6 4000 -3000 0 5000 0.8 -0,6 0 3,0
7 0 1500 2000 2500 0 0,6 0,8 72
8 0 3000 ¢ 3000 0 1.0 0 6,0 I
9 0 -—1500 2000 . 2500 0 0,6 0,8 7,2'
1) Theo (2.26). 1ap ma tran d6 clng cla cic phin tir nhur sau:
K] [45 0 0] [4,]
Phdn nr {: F,|=| 0 0 0] |d,
][0 0 o]|d
'F,] [45 0 0] [d,]
Phéan ni 2: Fi=10 0 0f|d,
El [0 o o]|d]
'F, 322 0 -161] [d,
Phdn 1t 3: F.l=l 0 0 0 d,
F | |-161 0 081]|d,




'E,] [3.69 139 0] [d,
Phean tir 4. E |=]139 0,52 0] |d

F, |l [369 -1,39 0] [d,
Phén v 5: FI=|-1,39 0,52 0] |d
F,| L O 0 0] |d

Fl [230 -1,73 0] rl

Phdn te 6: F, |=|-1L73 130 0] |d,
FE|l 1 o0 0 0|4,
£ =F] [0 0o 0O 0 0 0 7 [d]
F,=F | |0 25 346 0 -2,59 -346] |d,
o F,=FE | |0 346 461 0 =346 -461] |d,
Phan nir 7: =
F.=F | [0 0 0 0 0 0 d,
F,=F | |0 259 -346 0 259 346 | |d,
E,=F | |0 -346 -461 0 346 4,61 ] [d,
‘F,=F]l o o o0 0o o0]][d]
F,=F | {0 60 0 0 -60 0| |d,
Phen t 8- Fa=h = o0 00 00 d;
F,=F| |0 0 0 0 0 0} |d,
F,=F | |0 60 0 0 60 0 id,
F,=F] |0 0 00 0 0] |d]
'F,=F1] [0 © 0 0 0 0 1 [d,]
F,=F| |0 259 -346 0 -259 3461 |d,
- F =F | |0 -346 461 0 346 -461| |d,
Phdan tr 9: F,-F, = 0 0 0 0 259 0 q,
F,=F| |0 -259 346 259 0 -346/| |d,
(F.=F | |0 346 -461 0 -346 4,61 {d,]

2) Tinh ZF, (theo 2.28), 1= 1, 2,...9. Ta duoc ma trin dd cimg toan bd K nhu sau:
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45  -173 -L61 O 0 0 0 0 0
3,22
2,30
10,02
' 2,59 3,46 0 =259 -346 0 -6,0 0
6,0 : '
1,30
8,89
0,81 0 -346 ~461 0O 0 0
4,61
5,42
3,69 -1,39 0 0 0 0
3,69 1,39
K= 7,38 0
0,52 3,46 0 2,59 3,46
0,52 3,46
2,59 0
2,59
6,22
461 0 3,46 4,60l
4,61
9,22
déi  x(mg 45 0 0
6,0 -3,46
2,59
8.59
| 4,61
3) Thay ZF, bing thanh phiin tai trong trén phuong d, i =1, 2,...,9. Ta duye hé thic ma
trin:
[=F,=0 ] [ 1[4, ]
YF, =0 d,
ZF, =0 d,
SF, = dg
ZF, =0 = K | d
2F, =-50 d,
ZF, =0 d,
ZE, =0 d,
2K =0 | [ ] 1ds ]

4) Giai hé phuong trinh trén, ta duoc:
(d,. d,, d. d.d.d.d,d,d)=(-0333: =7,338: ~12,878; 0,0: 3.6094; ~22,1736 0.0:
-7,338; -30,384 1 h'mm.
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5) Tinh Iirc doc cua cac thanh gian theo (2.24a).
Két guit: xem bang “Noi luc”™.

Thi du 2.6: Cho h¢ gian khdng gian nhu trén
hinh (2.11a). Gian gdm 6 phén tir niim trong miit phing
XOY tao thanh mét hinh luc gidc déu ABCDEEF,
chiing dua lén cic thanh chdng nghigng xudt phat tir
cic diém A™, B’, C', D, E’, F'. Gian chiu tac dung
cha tai trong thing dimg bing 10 kN tai mbi nit (u
nit A dén nit F). E = 210 kN/mm’. Dién tich tiét
di¢n: cac phin tk hinh luc gifc 12 20mm?, cic thanh
chéng [ 40mm>.

Gidi:

b)

| 1500mm | 1500mm | c)
= 1 |

2598mm

Hinh 2.11

Noi Iuc

Phin tir

F

NDOGe =1 o Lh s N

-15,0

0

11,1K

5,34
—5.34

6,25
-6,25

0
0

2593mm

g7



Vi gidn ¢6 tinh chit dbi ximg va tai trong cling d6i ximg di véi cic tue X — X va Y — Y,
néu (a tich mot phin tir gian ra dé tinh, chiing han tich ho phiin AFA” va F'FG (hinh 2.1 1.
Hinh chiéu cua b phin nay 1&n mit phing XOY biéu thj tén hinh (2.11b). Hinh chiéu lén
miit phiing YOZ, bidu thi trén hinh (2.1 1¢). Do tinh chét déi ximg, thanh phan chuyén vi (rén
phuwong Y tai ndi 3 (the diem G trén hinh (2.11a)) triét tiéu, thanh phan chuyen vitrén phuong

X tai nie 1 (te diém A trén hinh (2.11a)) trige tiéu. Bic nr do clta mét phan twr hé gidn bicu hi
(rén hinh (2.11b) v (2.1 1¢).

Cac $6 li¢u ban diu thong k& trong bang sau

Toa d Bic trrdo Vi tri diu 1, dhu 2
Nt X | y £ ] Nt u v w 1| Phintr  Piul  Diu2 -
. — — — .
I 8] 3000 2598 1 0 d, d, 1 ! 2
2 2598 1500 2598 2 4. d, 2 1 4
3 2508 0 2398 3 d, 0 d 3 2 3
4 1299 2230 0 4 0 0 4 2 4q
LS 9598 o 0 S 0 o0 I s 2 5
Diic trumg hinh hoc ctia cic phan t
! Phan (& X.=x) (y,—-y) (z,-z) L ol m n AE/.
1 2598 -1500 0 3000 03660 -0,50 0 L4
2 1299 =750 —2598 3000 04330 -0,25 —0.860 28 |
3 0 —1500 0 1500 0 ~1,0 0 2.8
4 -1299 750 -2598 3000 04330 0,25 —(0.8660 2.8
N 0 1500 2598 3000 0 050 -08660 28

Iy Cin exr vao 6 Nigu trén, 1ap ma trin d6 cung cua cic phan t theo (2.26)

'F, 0,35 0 061 -0,35 0] [d,

Bl o 0 0 0 Ol 1d,

Fl=10.61 0 105 061 0f|d, )
Phén nr {: F, -035 0 -061 035 0f]|d,

5] |0 00 0 0 [ds]

'F | {018 0611 [4,
Phn 11 2 F, “loel 210 L;‘

F, 1o o o d,
Phéin nr 3: E(]10 28 0
Fﬁ 0 0 (} {‘15
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|F, ][ 0,53 -030 1,05 dﬂ
Phan tiv 4: Filj-0.30 018 -0.6l +
F || 105 -0,61 210 dﬁJ

E 1o 0 0
F, 0 0,70 121] |d
F [|0 121 2,10 |d,

Phdn 1 5:

2} Tinh XF theo (2.28), 1=1,2, .. 5 Tadugc ma trin:

[0,35 0,61 0,61 -0,35 0 |
0,18 .
0,53
2,10 0 0 0
1,05 —0.61 1,05
0,53 -0,30
1,58 0,91
K= 0.35 —0,6
2,80 1,21
0,18 0,61
0,70 1,21
,03
2,10
2,10
L 4,20 |

3) Thay 2F. hing thanh phén tai trong F.i=1,2...35, tadugc h thic ma win:

[SF =0 d, |
*F, =-5,0 d,
F=|ZF, =0 = K d,
XF, =0 d,
(IR =-10,0] | 1Lds

4y Gidi h¢ phuong trinh trén, ta duoc:
(d,.d..d,d,.d)= (2,062, -2976, 1,786, 1031, 2.976)mm
5) Tinh lee doc trong cac ph:’m tir theo (2.24a). Két qua:
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Néi e

Phiin tiy F
1 2,87
2 -5,77
3 2,89
4 -5,77
5 -. -5.77

Ciin ¢(r vao tinh chit ddi xing, ¢6 thé suy ra ndi luc vi chuy&n vi cho toan bd hé gian.
§2.4. Thuit todn lap trinh tinh hé gian phing (CT21)
1. Cdc nguyén tic can dwoc tudn thii:

a. S& thir trr cic nat gian va sd thir ty ¢éic thanh giiin ¢6 thé chon Luy y. nhumyg 8 thir tur cac
ndt gian phii bd tri sao cho $6 thir tr cac nat khodng ¢6 chuyén vi nitm & cac vi tri cudi cing
(hinh 2.12),

1 2
¥
x 3
I d,=0 t d, d,=0
d,=0 d, d,
Hinh 2.12

b. Moi niit ¢6 2 bic ty do duoc tinh nhe sau:

Ung vai oot 1

d,=2i-1

i - (2.29;

d, nam trén phuong ngang; d, niim (rén phuong thing dimg. Trén hinh (2.12), ta co: 7
bic lero 6 chuyén vis d,d,d, dJ, d, d, d,; 3 bac nrdo khdng ¢6 chuyén vi: d,.d,.d,

¢} Dau cla cic thinh phén ngoai luc quy e 1h dueng néu cling chieu voi truc X vit Y
trong h¢ toa dd chung.
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2. Nhap cac 6 ligus

— SO 0t (SN)

— SO thanh (ST

- 86 biic tr do co chuyé,n vi {sht)

— Cic ¢osin dinh hudng, [, m.

— $& thir ty ¢ie bic tu do & mdi dau thanh d,, d.. d,. d, (tinh theo céng thirc 2.29)

— bic rung cor hoe AEB/L (eal)
3) Tinh cac phin t cla ma triin df cimg trong hé toa do riéng:

a) I n - -in b) B, G -B -C

n‘lz —in -—rn3 Di —C-’ _Di
déi x(mg  dm dbi ximg B G
m D, J

Hinh 2.13

Céac phin tlr ctia ma tran d6 cimg trong moi thanh giiin biéu thi nhie trén hinh (2.13). Gia i
cua mdt 6 phiin W trung nhau nén ta thay ching biang cac ki higu nhu (rén hinh (2.13b). Chi $6
1 img v&i thanh gidn thiri. Tinh gia tri cic phian tr coa ma triin B, C, D, cho timg thanh gian.

4) Ghep cac ma triin dd cimg riéng vao ma trdin d6 cimg téng thé S. Chi v ring trong he
toa ¢4 rieng, cac phan tk cta ma trin d6 cdmg riéng mang cac chi s6 1, 2, 3, 4 nhung trong hé
i dd chung (10c rong ma trin dd clmg tdng the S), ching mang

cic chi s6 minh bay trong cong thic (2.29). Vi mdi thanh gian | W, K, l K ji!r .
duoe 11én kétl v (:ii(:‘ thanh khac or moi dau cua nd nén cac gia tri W, K, I KffJLAK J
B.C. D cotinh chat tich luy. Dicu nay cling di duge giai thich

trong §2.2.3 trén hinh (2.5). Hinh 2.14

5) Chia khéi ma tran dé cimg téng the S dé tinh chuyén vi vit phan fue tai ¢ie nat khong
o chuyén vi.
Gia strcae ma trin duoe chia khdi nhy trén hinh (2.14). W, = vee tongoai lue; W — vée
1 ede phan tue (tad cae nat khong ¢ Chuyén vi)i A~ véctlochce chuyé’n vi ciin tinh; A —vee
(o cac chuyén vi trigt tiéu (tai cac nit) khéng cod chuyé,n vi).
Vi A =0nén:
W =K, A, (2.30)

W, =K, A (2.31)

Chuyén vi cua gian duge tinh theo cdng thire {2.3(h) va phan lyc tinh theo cone thire
(2.31) sau khi d tinh duoc cic gid tei chuyén vi.
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) Gial hé phuong trinh dé tinh chuyén vi

Ma trin do cimg 10ong the ¢é tinh chit déoi xumg nén khi gidi h¢ phuong trinh theo phuunﬂ
phap Gauss. ¢6 the tham khao cach (inh trinh bay trong 1.7.1.2. Néu ma triin d6 ¢ tmg

lon" thé
co dai ddi xung, tham khao cich tinh trong 1.7.1.3 (chuong mc).

71 Tinh phan lue i cie nit khéng ¢ chuy&n vi theo cong thirc (2.31).
81 Tinh lye doe theo cong thire (2.24) (xem §2.2).

- Thudt toan ip trinh tinh gian khéng gian (xem chuong trinh CT 2.2)
1y Cdc nguven tac edn tuan thii:

4. So (h tir ciac nut nén chon sao 6 thir tur ¢ac nat khong ¢o (.huw.n Vi nam & ¢

acvim
cuo cung (hinh 2.15).

Hinh 2,15
b) MG nat ¢6 3 bic trr do tinh theo cOng thic sau:

Ung vai nld i

d,=31-2
dy =3i-1 (2.32)
d,, = 3i

d . cung phuong véi trye X; d, cling phuong véi truc Y d, cting phuong véi true Z (rong
hé wa do chung).
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Trén hinh (2.15) ta ¢d: 6 bic tr do ¢d chuyConvizd.d,,d, d,, d..d . 18 bic tr do khong
cochuyen vicd.od  d,d . d d,d.d,.d.d,.d.4d. d,d,d .d,.d., d,,.

¢) Diu cua cie thanh phin tai trong quy uéce 1a duong khi ciing chidu vai cae tue X, Y.
Z.trong ¢ toa do chung.

2. Nhip cac 56 liéu

— S6 nit (SN

— 8 thanh (S0

- Sa bac tr do khéng ¢o chuyén vi (Sht)

— Cle eosin dinh hudng 1 m, n.

— S6 thir wr cde bic e do & cac diu thanh: d . d..d..d d,. d, (tinh theo ¢ong thie 2.32).

[ A 47
— bic trung corhoe AE/L (cad)

3} Tinh cic phan trcda ma tedn do cing riéng

D m ok P —lm =k ] mA B C -A -B -C
m’ mn —/Mm —p;T  —nm D X -B -D -X
o —h -mn _p° Y -C -X -Y
P m n f A B C
m®  mn D X
L n’ Y |

Hinh 2.16

Cac phin tr cta ma trin do cimg trong mdi thanh eian bidu thi trén hinh (2.16). Gid tri
ctia mo 6 philn Wy (riing nhau nén ta thay chiing bing cae ki hidu nhur trén hinh (2.16b). Tink
wid tri cae phin trctia matran A, B, C, D. X, Y cho teng thanh gian.

4) Ghep cic matriin do clng riéng vio ma triin do cimg lﬁng thE S. Chi y I'ﬁng trong 1 (oo
d0 riéng. cie phin 1 ma trdn mang cic ¢lii s6 1, 2, 3, 4. 5. 6 nhumg trong he a dé chung (i
trong ma trin 4o cimg t("fng thé S, chiing mang cic chi sO trinh bay teong ¢ong thic {2.32). Vi
moi thanh gidn duoe lién két vai cae thanh gidn khic & mi diu clia nd nén cac agiai A 13, C,
D. X, Y ¢6 tinh chiit tich jug. Diéu ny da duoe gidd thich trong §2.2.3 wén hinh (2.5)

5) Chia khéi ma triin do cimg tdng thé S dé tinh chuy@n vi vi phan Tuc i cée ni Khiong
6 chuyén vi.

NOt dung nhur da trinh bay trong §2.4.

6) Gidi h¢ phuong trinh dé tinh chuyén vi

N1 dung nhu di trinh by trong $2.4.

7y Tainh phan lue l}lu?() cong thic (2.31).

&) Tinh lue doc trong cie thianh gidn theo cong thie 2.24a. (xem §2.2),
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, Chuong ba
HE PHANG CO NUT CUNG

F1E philng ¢6 nit clmg i he trong do cac nit dwge xem nhur tuyét doi edmg. nghia li cic
20¢ 1o thanh gita cde phiin Wr quy ty tai ot van khéng déi sau khi nit chuyén vi. Noi mot
cheh khae. khi nde xoay, cice phan tir quy tu tai ol déo xoay nhimg goc shu nhau. Gidt (hidt
nay pho hap voi thye té i trong cic két ciu héng thép hoic bing bé 1Ong c6t thép, cic nit déu
duoc 1ién k&t cémg bang méi hin hoiic biing bé (Ong ddt cot (hép day diic.

M&oi phin i trong hé phing ¢6 nat clng c6 cic thanh phan ndi lue: lue doe N, Iy ¢il O
vudng goe vai trge phan tir vii mé men uén M. Cic thinh phiin chuyt,n vi tromg tmg i hicn
dang doc u. chuyén vi thing twong ddi v (vudng géc véi true phan 1) va g6e xoay 9. Moi
phin wr déu duoc lidn k& voi 2 nit cda hé. Trong phuong phip chuyén vi. ta ldy chuyén vi cua

cie nut lam an, v thuong bod qua anh hudng cda bién dang doc va bién dang trugt. Dua trén
¢id thiét bo qua anh hudng cua bién dang doc, ta ¢ thé xem chidu dai cia phin ti chidu &n
phuong ban diu van khong thay d6i sau khi bién dang. GiA thiét nay lim gidm bét s bac w
do coa hé nhu sau diy ta s& thiy.

C6 2 dang ma triin cta phuong phap chuyén vi khi tinh hé phing ¢6 nit cing:

1Y Dang ma (rén cda phuong phélp bién d&i chuyén vi. Trude hét, tu thanh Iip he thirc ma
Irédn gitra vee tondi lue va vée ta chuytn vi clia phén ti, tu,p theo bién doi chuyén vi cta phin
tr thinh chuyul vi nit vt cudi cung la thanh ap hé thic mu triin giita véc to ti trong va vee
tor chuy@n vi etia cic niit, dua rén didu kién cin bing.

2y Dang ma trdn ctia phuong phap thanh 1ap true tiép hé thie ma tean gilra vee tortal trong
vit vée to chuyén vi cua cae not.

Dudi day trinh bay 2 dang ma trin ndi trén.

§3.1. Dang ma (ran cia phuong phip bicn d6i chuyén vi

3. L1 He thicc ma tran gitia véce to ndi luc va véc to chuyén vi cia mot phan ti

Ta da bi¢t riing gitra cac thanh phan ndi lyc vii cac thanh phin chuyén vi ctia mot phan tr
chiv udn, ¢6 méi lién hé nhu sau:
[O4



N, =——u
L,
L AET - 2E]
Mll _ &(EL:[, -\'"', + i _!‘()“ + 1 Oji
L . L
i1 2k AE. 1.
qui - — ()FI, I .\-"i + [ Ill 0“ +—- I‘LUTI
L L, L

I L

Trong do: N~ lue doc trong phin i i; Q —lue ¢t trong phin (i M, — momen wi dau
| cua ph?m i M, —m6 men tai diu 2 cha phﬁn wri; u - bién duang doc tryc coa ph?m RN
— chuyén vi thang tuong déi gitka 2 diu el phin (i (vudng gbe vai true el phan 0 -
20¢ xoay (i diu | cia phin i B, — gdc xouy tai dau 2 cla phin i i.

T quy ude dau ela ndi lue nhir sau: fue doc kéo 1 duong. nén [ dm. M men uon 1
dwong khi quay thufin chicu kim ddng ho. Lue ciit 1 duong khi lam cho phin tr quay thuiu
chicu kim d[ﬂng hé. Goe xoay 1a duong khi quay thuiin chiéo kim done ho. Trong trieme hop
nguoe b, cac dai lugng ndi trén quy wde la am.

Cie hé thie ten ¢ the bidu thi dudi dang ma trin;

Si=ki'U. t3.1)
Nl L1i
Q; v,
5= o x (3.2) U =] (3.3)
M“ J T
M., {}Ei_}
a 0 0 0
0 bi d d,
k, = N
d e f (3.4
0 d f ¢

Trong doé:
a,=BA/L. b=12EL/L. d=-EL/L]
e, =4EJ1 /L, f=2EL/L, j 13.3)
Ta goi: S, ~ véc tondi hre cda phin ti; U - véeto chuygn vi clia phan i i; Kk, — i tran
oy crmg v phan i i,
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G st he ¢o n phin (. P61 vai todn hé, hé thire ma wriin gitra vee Lo ndi lue § v vee or
chuven vi U nlwr sawe

S=kU {50
i _L]]
S, U,
S=1. (3.7} U=, [.8]
S, | u,

Ma tran do cunyg k Luma trin chéo:

k

k SRR

L kl]

3.1.2. ¢ thike ma tran givta véce to chuyén vi cria phdn tii vi vee to chuvén vi clia
cde nrit

Al

1301 tainat B

Xe

Hinh 3.1
Gidsumaot phan i backi ca hé ¢o diu | quy wvio n0eR v diu 2 quy o nie S, 17
tog do rieng ctia no [P va Q. true P irling voi rue cda phan tiri vi ed chidu divone hudme (r
dau T den diu 20 True Q vudng gbe vai true P vacd chicu duomg bidu thy nhu e hinh (316
H6H



Gl srdo mat nguyeén nhin nao do. ciac nit R va S o6 cie chuw_ n vitrong ing X,

9

I\ I

vaex oy O (hinh 3.1b). Vi surchuyén vi cta cic ndt R v S, diu 1 e phin 11 di (I{m” dén
hun I d w2 didong dén diem 2' (hinh 3.1h). Cac thankh phin chuyen vi tuomg (mg voi din

Lvindiu 2 1) ULy, 0 va w,Lv,, O
Tuede quan he hinb hoc, @ suy ra cic he thie saw:
U, = X, CONQ + ¥ sing U, = X COSUL + Y S,
Viav hien dang coc cua phin wri 13;
W=, = U= =X COS0 — ¥ SING + X COSUL + Y Sinu
Vi, = Y080, = X sina
V., = Y L08R — X sina
Chuven vithang teong doi cta phin ey i i
VSV, TV S XS - YOS = X SINGL + Y COsa,

Ciae 2oe xouy ctia phan wri L

0,=0,:0,=0
Cinewr vao ciic hé thie wén, (acd hé thie ma win:
_XI\'

- . . Yo
u, —cosay —sineg O cone, osineg O g |
v, s, —cosa 0 —sing, cose, O] L
0.t 0 6 1. 0 0 ol
0. 0 O 0. o0 o 1

L - }'g

0,
tal ot R tai nat S

He thae ma trin uén ¢6 thé viel dudi dang rat gon:

U =AdX, .. X ]

i3

Trong do: X — vée o t.huyu.,n vitw nit Ry X — vée o L]]LI}’LI'I Vitai nut S; A= trd

hicn dGi ¢lunvdn vi coa phin 1 i. Ma ran A ¢o dqng

—cosc,  —sine O cosay osing, )
sina;  —cose; O . . —sina, cosa, 0O
o 0 0 0 0
0 0 0o .. 0 0 ]

tai nit R i nat S

Néu hi chn phin (v m nat, ke thée ma tr an gitra vée to chuyén vi U cia cie phitn (e vi

v oL l\Yi.I]LJ\LI] vi X cla che nat sé 1
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U=AX (3.12)
Trong dé:

=0 U u . UrT
I

A = matrdn ién doi chuyén vi cia toin

X=X, X..X.X

m

heo A Tama tedn ke hop cae matriin con dang
(3111

T die 3.0 Lap ma tedn bién doi chuyén Hinh 3.2
vicho kétciu trién hinh (3.2), Khung ¢6 2 phin

L vie 3 ndt Ta xem moi phan tir cia khung ¢6 phin dong g¢op riéng vio ma ufin A nhu sau:
Phan w1

Phin o 1 eo din 1 guy ty vao ndt R = [ (khong ¢6 chuyén vi) v dau 2 quy ty vio it
S = 2 (cde thanh phiin chuyén vix,, y,, 0,). Ap dung cac hé thie (3.10) viv (311, w ¢d

Taint §=2

u, cosa,  sing, {}—‘ X,
U - Vi |_ —sing, oS, (]‘I ¥,
o, 0 0 0

0, 0 0 1]l0,

Thay cosa, = 1. sina, = 0, ta ¢o:

-

Il
(W] e
1« ™

=

Phan ni2:

Plin (G2 ¢6 dau 1 quy tu vio not R = 2 (cie thinh phiin chuyén vi X, ¥, 00 va diu 2 quy
nrvao nat 8 = 3 (khong ¢b chuyé’n vi). Ap dung ciac hé thie (3.10), (3.1 1), ta ¢

u, —cosa, —sing, 0 xﬂ__“

v, sinee,  —cosw, Oy, |

U,=| "~ |= § - T
R O 0 | ’
05, 0 0 0 62J

TainatR =2
10S



Thay cosce, = 0,0, sina, = —0,8, ta ¢d:

0.6 08 O} 4 ]

0.8 -0.6 0 '
U, = RS
; 0 0 1 :

o o ol %

Vay he thie ma trin gida vée to cHuyén vi U cua cic phan tr viv vee o chuyén vi X ctin
cac nat co dang:

u, ] ( 0]
v, 0 ! 0
0,, 0 0 0
Xy
0, 0 0 1 -
I_I = - = . },r?
u, -6 08 0 0'
v, 0,8 06 0" °
0, 0 0 1
6, Lo o ol
Matriin bién doi chuyén vi cua hé i
[ 0 0]
0 1
0 0 0
U 0
A=
-0,6 0.8 0
-0, 8 -0.6 0
0 0 1
| o 0 0

3.1.3. Hé thiic ma tran gitia véc to tdi trong va vée to chuyén vi ciia cdc mit. Phuong
trinh can bang
Ap dung ¢ong thie (3.6) va (3.12) ta ¢6 hé thite ma tréin:
S=kU=[kA]lLX {313
Ta lap ma tran [K.A] bing cach xem né 13 ma trin két hop cic phin dong 20p cua cic

phan tir. Nhiin bén phai ma trdn k. (he thixe (3.4)) véi ma triin A. (hé thie (3.11)), ta dwoe phin
dong gop cda philn wr i vao ma trin {k.A) nhu sau:
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S COSW, —A, COS W,

bysing, b sina;,  d,

[kAJ = , :
disina;  —d;sina, e,
disinoy  —d sina; ]

0 ... acosa;  a cosa, 0

b sine;  b;sing,  d
—d; s d o sine, (3.14)

—d;sine;  d;sing; e

=

tai nat R

tai nixt S

K. AT L ma trin két hop che ma trdin con ¢ dang (3.1

Ap dung nguvén Iy cin bang gitta céng cha ngoai lire var thé niing bién dang dian hoi, ta co

tad | —

.P'.X':lS'.’U
2

Thay U tlr h¢ (htre (3.12) va S tlr hé thire (3.6) vao phuong trinh trén. 1a ¢o:

PX=kAX"'AX=2P =X A KA=P=[A"kA]LX

Bt K=A KA
= P=KX
Tagot K la s trdn do cing tong thé,

Faco the 1ip ma trin K bing 2 cach:

(3.13)

(3.16)

I Thye hién cie phép nhin ma trin theo trinh tr néu trong céng thire (3.15)

2y Xem K L ma triin k&t hop ciie phin ddng gop ctia cic phan ti. Sau khi nhin bén phat
matrdn A’ vl ma wedin [k, A, ta thiy phin dong gbp cha phin (i viio ma trin K nhu sau:

A, B ~C
wnitR | B F -T
-C -T ¢

K, =
A, -B C
wint S| -B, -F T
-, -T  f

Lk nat R
Trong d6:
A, =a,cos’ @, + b, sin’ o,
C, = —d sine;
T =d, cosa,

a:b.d e f

-A; -B, -C]
-B, -F -t
C, T f.
AJ B; c; (3.17)
B, | T
C, T e |
tai nut S
B, =(4, —b,)cosa; sina,
F =4, sin’ o, + b, cos” -
(3.18)

tinh theo cong thire (3.5)

Ma trin (3.17) ¢6 thé vidt dudi dang rit gon:
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Kk Km‘l
] (3. 174)

K Kau

Thi du 3.2: Lip phuong trinh P = K.X cho két ciu trén hinh {3.2a)

~
11

Trude hét ta ldp ma trin dd cing todn bd K theo cich thi 2 da duoc vinh bay wong
phin trén.

Phanne |-

Phin 1 1 ¢6 diu | quy ty vao niit S = 2 (cie thimh phin Lhuyen ViX,y,. 0 Vin R =1
li "01 (il ngdm nén ¢ie matran con K K K I\honﬁ 1on tai. Chi con lat ma triin con

RIR? k&
K., = K_. Tuhé thie (3.17) va (3. 17a) ta cd:
[A, B, - C i
K[zlzl - Bl FI. T|
_Cl T] €

Phdw e 2:

Phin ui 2 ¢6 diu | quy tu vao nit R = 2 (cic thinh phin (.huy(,n VX, ¥, 0 vadin 2 quy
tu vao nat § = 3 ¢ LhUyL]l vi bing khong). Vi nat 8§ = 3 la gdi wra ngam nén ¢ic ma i con
K. K. K, khong ton tai. Chi con lat marincon K, = K, . Tt h¢ thie (3.17) vii (3.17a),

i co: -
A, B, —cg]
K =| B, F. -T, |
-C, =T, C, J

Mu trin do cong tong the Kl ma triin ket hop cic phin déng gdp cia cic phiin (i 1 vi 2.
Do do:

A+A, B +B, C -G,

|
K=K\ +K{' =| B, +B, F+F T, ~T,
¢, -C. T ~T, ¢, +¢c,

Tu hinh (3.2u). ta ¢6 vée to ti trong va vée (o chuyén vi X nhu sau:

T SO T R M |
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Ap dung cong thic (3.16), ta ¢d phuong trinh ma triin;

5 A+A, B +B, C-C,||x,
3|=| B, +B, F+FE  T,-T ||y,
0 C,-C,  T-T1, ¢, +e, |0,

§3.2. Dung ma triin cia phwong phap thanh 1p trye tiép ma triin dé cing tdng (hé

Dang ma trin nay don gian hon vi ta ¢4 (he thanh {p true tiép ma triin d6 ¢mg téng (he
K. dua trén didu kién cin bing cua timg nat.

Nhur di trinh biy, dnh hudng cta bién dung doc vi bién dang truon thuomg duge bo qua
nhumg trong mél sd truomg hop diic bigt, cin phai xét dén inh hudng cia chiing. Vi vy, can
phai nghién cdu cach tinh hé phing ¢6 nit ¢lmg trong trudmg hop tong quit, nghia 1 xét dén
dong thdi anh hudmg ciia 3 thanh phin ndi le: mé men udn, lue cit vi lue doc.

3.2.1. Anh hwong clia mé men uén, luc cdt va luc doc dén chuyén vi ciia phan ui
By Anly hieong cric mo men uon M:

MO men uon gy ra s thay doi do cong cua phin tir. Néu tiét di¢n vin phing sau khi
phan wrbi udn. ta ¢ hé thixe giita md men udén M vi do cong nhu sau:

El = d¢ cimg chong udn: v — chuy&n vi cda phin tir trén phirong vudng gée véi true ctla
no. Lin luot tich phiin 2 vé cua phuong trinh trén, ta s8 duoe bigu thie cta v,

J . . 2 o
23 Anhlueomg ciia e et
. ) ) P . avigx
Lue ¢t Q giy ra g sudt iep T va lam ———_7_
cho phin 10 bi bién dang nhw trén hinh (3.3). : T
: ——————
Goe oot : "o Truc trung lioa
0 fng s
1 1
dv t vQ e
- = = T
dx G AG
e TN - : T3 \
A = dign tch uét dién, G - md dun truot; duide T
v~ he 86 xet dén sir phiin bo khéng dong deu
Clln tmg sudt tiép. .
Hinh 3.3

Viy 16ng chuy@n vi cta phiin tr 13 t6ng
cia chuyén vi do md men uén M gay ra vi chuyén vi do lue ¢iit Q gy ra. Thong thudng. M
12 nhin to dnh hikng cht yéu, ta c6 the bd qua anh hudng cia lue cit.
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KI(R K '—l

RS

i (317w
K K

a5

Thi du 3.2: Lip phuong trinh P = K. X cho két ciu wén hinh (3.24)

Trude hét, ta 1ap ma trin do cung toan bo K theo cach thir 2 da duoe trinh bay rong
phan Lrén.

Phdn tii 1 -

Phin wr 1 ¢o diw | quy ty vao nat S = 2 (cic thanh phdl] Lhuyen ViX,y,. 0 VintR=1
Lt "m (Ua ngam nén cac ma lran con K, . K K I\honﬁ ton tai. Chi cdn Jai ma uin con

KIR? H&?
K. = K_. Tuh¢ thie (3.17) va (3.17a) ta ¢d:
A, B, - ol
(zlzl =| B, k T
_.CI T] ¢

Pl v 2:

Phan 2 ¢6 diw | quy tu vao nut R = 2 (c¢ic thanh plmn Lhuyul VI, ¥.. 0 ) va dau 2 quy

W vao nur S = (Lhuven vi hdﬂU khoéng). Vinal § =3 Ia go; ya hgam nén cic ma tan con
K Koo Ko Khong 160 tai. Chi ¢on I matrdin con K, = K,,. Ttrhe thie (3.07) va (3.17a),
a0

Ma tran do cimg (0ng the K i ma trin ket hop cic phin dong gop ctia cic phiin ur | v 2.
Do do:

A +A, B +B, ¢, -C,
K=K\ +K{ =| B, +B, F +F, T -T,
C -C, T -, €, +¢,
Tuhinh (3.20), tacd vée to tii trong va vée tor chuyén vi X nlwr sau:

P=lp by PS03 015 X=[x, oy, 6]
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3) Anh hwong cia fue doc:

Lure doc gy ra bien dang doc

FL

u=—
AE

F — lre doc: L chiéu dai cva phin t; E = md dun dan héi.

3.2.2. Ma trin dp cung cua phén ti

. . . - iy F.., v . Foow..
D¢ uen cho viée thanh 1ip true ticp ne Vs

mu tran do eomye tong thé K ta dua cic

. X . . . 1 /_\ M, 0, M,. 5. /{Ai\
thanh phin ndi lue va thanh phin

chuy@n vi cta phin tk vé& hé toa do 1 tal ?

chung X. Y. Ta xét ddng thodi inh Fu

hudmg cua 3 thanh phan ndi lue dén y i ‘ E

ma trin Ao cdng ctia phan . ‘ I f E
Trude hét, thinh 1ap ma trin 4o i ks : _ {L-x) __|

cung trong hé (op do rieng. Gi sirmot J (lb)

phin e bat ki ¢6 2 diu 1 vi 2 6 cic Hinh 3.4

thanh phan néi Iue vii chuyén vi nhur trén hinh (3.4a). Ta gou F | F . —clic thinh phan lyc cit
tar diu | vadau 2y v v, = cic thanh phin chuyén vi vudng gde v6i true phiin tir tai diu 1 vi

div 2; M .M, — md men udn tg ddu 1 va dau 2; 0,,0, - gbc xoay tai diu 1 va diu 2.

Ap dung nguyén 1i vé niing luong bo vadinh 11 Engesser dé suy ra cac biéu thix E M,
F .M.

n!

Khi xér anh hudng cia v,.» 8, taco dinh dau 2 nhir trén hinh (3.4b). Dudi dang tonge quiat.
nang liong bu ¢o thé viét

1.

C= IMEdX N "y Qdx

2 2El 5 2GA
Ung vai hinh (3.4a), ta ¢
M=M, +F .x
Q = Fn[
‘T didu kién cdin bing: M,=-M -F .L F,=-F
1. - ] L -2
(M, +F x) yE-
P C=|—— " dx+ | dx
Viay: I JEL j 2GA



Ap dung dinh I1 ingesser, ta cé:

oc _ (M, +F, x)xdx vE dx
]| S

nl

oC 0 - ]-(M1 +F,; . x)dx
oM, ' EI

Sau khi thye hign phép tinh tich phan, ta duoc két qua:
6Elv, =3M L’ +2F, .L"(l +%] ; 2EI8, =2M, L +F I’

12EI
GAL '

trong do B= (3.19
Giai 2 phuong trinh trén theo cac bién v, val  taco:

M'I

e [)( +P)0, — m]

E 12
l:n] = I [_E—O] +_'2_Vn]]
Li+py Lo

T dicu ki€n can bang, ta ¢o:

 —F L= kl 12 _B)e 6 —v. I E, =-F,
h L(l1+p) L "

Khi xét anh hudng clia V. 0., tacd dinh ddu | vatien hiinh tinh toan twong ty nhu trén,
Két qua:

1 6
+ )e': + - ] X
- 1(1+;3)[( 0o, LV"“]
Fn"r = El [Eei +£ :\?J
- La+P\L L
M =-M,+F,L El 2-p)e +6 LE, =-F,

fo-Lo= [2 A —Vn.,; nll__;n
S TS L :

Cin ctr vao ci kit qua trén, 1a co he thic ma trén gitra véc 1o ndi luc S va vée tor chuyé én
vi U cta phan tir i bit ki nhu sau:
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S =k.U (3.20)

l:“nll E __9_ _]_2_ _E an
L L L2 L
6 6
M _2 4 il — 0
1_ £l 3 +B L 2 B 1
L(1+P)| *12 6 12 6
E,, 7T 17 7 || Ve
I; L L{; L 3.21)
M, | L 2P MR e, |
S, k. U

k. — ma tran dé cimg clia phéan 1 i trong hé toa do riéng, B — hé 8 tinh theo cdng thac
(3.19).

Bay gi¢. ta thanh 13p ma trdn d6 cimg cla phén tir trong hé toa dd chung X, Y. CAc thanh
phin noi lee va chuyén vi trong hé toa dd riéng bidu thi trén cic hinh {3.5b) va (3.5d) trong
do: F,, F,, 1a cac thanh phan luc doc tai ddu 1 va dau 2; u_, u_ 1 cac thanh phén chuyén vi
doc truc tai diu 1 va dau 2, dinh nghia cta cac ki hiéu khac nhu trude. Cac thanh phin néi luc
vi chuyén vi trong hé toa d6 chung bi€u thi trén cac hinh (3.5a) va (3.5¢) trong do: U, U, la
cac thanh phan chuyén vi trén phuong X tai dau 1 vadau 2; V|, V_, 1 cac thanh phan chuyén
vi trén phuong Y tai dau 1 va diu 2; F . F, lacac thanh phin ndi luc trén phuong X tai dau
I vi ddu 2; F.F, k1 cic thinh phan ndi lye trén phuong Y tai diu 1 va diu 2.

]

Hinh 3.5
Cac thanh phfm lue doc ¢é thé viét:



E  AE
F‘I] :_P‘_ ll_—u':j
f .[_. L F
—AE AE
wr = uill +__-u1
L L

Tu hinh (3.50) via (3.5b), ta 6 cic hé thire:

u, =u,.f+v,.m;

Vo =—~u.m+v,d

ul
Turhinh (3.5¢) vi (3.5d), ta (.‘(;):

F.\;J = F-.n]"E_- Fnl'rn;

Fx] = F.C"g_ Fnl‘ln:

fom = cde edsin dinh hudng clia phin t.

n

E

1 7

u,,=u,./+v..m }

Vi = =y 4+ v,. 0

F,.m+F ./
F.=F,m+F,.]

ta)

iy

Cin ctrvao hé thie (3.21) va (a), (b), (0), ta suy ra ma trgn d6 cimg cua phan tir trong he

ou 1o chung.

Ma triin do cing cua phin tr trong hé toa do chune:

F;&l CF C: (34
F).-| Cj’. _Cﬁ
M, | C,
Fxl B
F., doi ximg
_M.'T_ L
21t S _12EI
= %I Ll (m” +ul ) C.‘=-1I£—(I—ULJJI
LT+ [3) - L(1+p)
6El OoEI
, - —— —.m = !
L1+ - L(I+p)
Ely AL’
=12 - o =——(1+p)
i GAL 121 (i

Khi ho qua anh hudmg cta e e, §=0

116

=

6

4+ BEI
(,_( +B)ET.

-C, C,
-C, -C,
C,
>
C, -C,
c, C,
C, |
_ 12EI

CLU+p) ]

o7

2 2
I +am

. (2-PBEL
L(1+p)

(3.22)

(3220



3.2.3. Cdc gid thiét khi tinh hé phdng c6 niif cing

FI¢ thie ma tedin (3.22) duoe suy ra trong trudmg hop téng quat. Khi bé qua anh hudng cia
loe cdt, cho B = 0: khi bd qua anh hudng cha luc doc, cho A = 0 trong cic cdong thite C.C,C,

Biy gi& ta hity phan tich tinh chét loi hai clia mot sd gia thiét khi tinh he phing ¢6 nat
crmy,

Vige bo qua anh hudng cla lue doc ¢6 cac tu digm nhu sau:

1) S6 biic tir do gidm bét do db khéi fuong tinh toin giam bt. Néu gia thiét nay pho hop
v thue (€, cac sai s6 trong tinh toan do gia thiét nay mang lai khéng dang ké.

2) Khong cin quan tam dén dai lugng A (dién tich Liét dién).
Tuy nhién, cling ¢6 mdt $6 nhuge didm nhu sau:

I Khong the tinh duoc luc doc tir cde thanh phan chuyén vi tuong img (vi gif thiét hiing
khong). Mudn tinh luc doc, phai duya vao dicu kién cin bing nit.

2) Doi véi hé khung ¢6 cdt khéng song song hoiic ¢6 xa gay khiic, qua trinh phin tich bic
tr do trév nén phire tap nhur trong phén sau ta s8 thiy.

Vi viy, khi tinh hé phang ¢6 niit clmg, ciin phai chon cic gid thiét mét cach thich hop sao
cho cic gid thiél 46 phi hop véi thue € va viee tinh toan duogce dom gian.

3.2.4. Cdch xdc dinh bdc tw do cia h¢ phdng cé niit ciing

Trong h¢ phing ¢ mit cimg, méi nat efmg ¢6 3 bic tirdo: 2 thanh phin chuyén vi thiing
vi | goe xoay. Ta dung Ki higu d dé biéu thi bic ty do, ¢hi s kem theo biéu thi s0 thir tu coa
bac trdo. 58 bic wr do n tinh theo cdng thic:

n =3 x 80 nut cling — $6 béc wr do trigt tiéu tai cac gdi tya

Thi i 3.2: He trén hinh (3.6a):

7 g 8
6 7
3
> ¢ 4 5
g2
3 4 1
4
3
Torr o2 - &
(a) 1 2
(b) (c) 5

Hinh 3.6
[17



- Xet anh hudmg cta lye doc:
n=3x8-5=19
— Khong x¢t anh hudng ¢da lue doc:

€ 3 thanh phin chuyén vj doc lap rén phurong ngang dche mie 7-8.5— 6.3 — 413, 7
thinh phiin chuyén vi xoay. Viy:

n=3+7=10
HE trén hinh (3.6b):
— Xetanh hudmg cia lue doe:
n=3x8-4=20
— Bo qua anh hudmg coa lye doc:

€ 2 thanh phan chuyén vj doc Iap trén phuong nam ngangomic 6 ~7-8,3 -4 -

[ thanh phan chuyén vi trén phuong lhdll“ dimg tai cic nal 5 va 8, 8 thinh ph in LhLIVLH V]
xoav. Viiy:

n=2+1+8=11
HE tren hinh (3.6¢):

= X&t anh huong cua lye doc:

— Bo qua anh huong cta lye doc:

Co 1 thimh phan chuyén vi trén phuong nim ngang & mire 3 — 4, | thanh phin chuyén vi
tren phuong Ihan" dimg tai che nat 2 va 3, 5 thanh phiin chuyén vi xoay. Viy:

n=I{+1+5=7

Qua thi dy trén, ta thiy khi bd qua anh

. . N . - d.

hueme cua fue doc, sO bie tur do g1am bot mét /I\
cach dang ke d

Tuy nhién. ¢6i véi hé trén hinh (3.7), qui

trinh phin tich ¢de bac t do kha phie tap,

Ching han. khi xét dén anh hudng clia
tue doc, s6 bie tr do cd the suy ra mot cich
dom eian txem hinh 3.7); 1 5

1=3x3=9 Hinh 3.7

15



Khi bo qua anh hudng cta lye doc, ta phin tich nhu sau:
d, =0 v1bo qua bién dang doc ctia cot 1 — 2
d,=0vibo qua bién dang doc cta ¢dt 5 — 4

d,cos® + d,sineh = d cossd

+ d_sin@ vi bo qua bién dang doc cta phin tr 2 ~ 3. D61 vai phin 1 3 — 4, ta ¢6 he thie
tromg (e

d,costiB0 — ) + d sin(180 — ) = d_cos(180 — D) + d sin( 180 — <)
Thay d, =d, = 0 va gidi h¢ 2 phuong trinh trén, ta dugc:
d,=0.50d, +d) vad, =0,5(d, - d,)cosd
Nhur vy chi ¢4 2 thanh phin chuyén vi thing doc lap 1a d, vind,. Viy:
n=2+3 (chuyén Vi Xxoay) =35
3.2.5. Xut li trivimyg hop phdn ti chiu tac dung ciia tdi trong tap trung hodc tii trong
phiin bi

Dang ma (ran cua phuong phap

Lo Z T T S SkN/m
chuyén vi xudt phat tir gia thiét (ai trong Fobob bt

I cac lue (p vung hodic mo men tip 7 8
trung tic dung i ciae nit. Trong thire

(¢, ta thuong gip truomg hop tai trong 1

30KN/M
am

cac lye ap trung hofic cac lue phian bd
tac dung trye tiép 1én ¢ic phan . Dé

RN

dua v& truemg hop chi ¢d cle lye tip *50““’

SERRREER

trung va moémen tp trung tac dung ta

20kN/m

cie nat, ta xe B onhe sau:
[Lay thi du hé trén hinh (3.8).
Trang thii thue cua hé duge phin thanh

2 trang thai;

|
'
30kM:M
am

‘HEEREN

1Y Trang thdi ngam (hinh 3.94): . Sm 4m

toan bd cae nit b chot, chi ¢d phan lye

- . KO Hinh 3.8
fue. khéng ¢o chuyén vi.

2) Trang thai nr do (hinh 3.9b): thao cac chdt, toin bd cic nit duoce chuyén vi  do.
Trong trang thii nay, cac lye tip trung v md men (Ap Lrung tai cic it chinh I tdng cac phin
fue Lt cic nit ong dng & trang thid ngam nhung ¢d chicu ngugc fai (hinh 3.9b). Noi lue va
chuy(j'n vi O trang thai thye (hinh 3.8) bz'mg ndi e vi chuyé’n vi (hl’mg khong) & trany thn
noeam (hinh 3.92) ¢dng v noi luc \-'Elchuyé‘n vi O trung thii tir do (hinh 3.9b). Noi lue o trany
thiti ngium ¢d (he suy ra tircac cdng thixe tinh sin hoiic bing tinh sin. Noi luc & trang thin iy do
suv ra U phuong tninh eén bing E = KD).
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3.2.6. Trinh tw tinh h¢ phing c6 niit cing

Lfly thi du hé trén hinh (3.8). Ta tién hinh tinh to4n theo cic bude sau:

3.75 3.75
TR S T Ty
P
J ...<{15 15}) >
w =] =) o
ps =+ =+ o
« 7.8 7.5
J o092 43,75
.
D
o o] 30 — o
z.ti. =t <+ (1] 50
P 1125 41125 | w25 { 25 151 401 l25
7
(T} B sh) o et 1y
 IE] © 4 # 30,42 45375 47t
[Ta] a1} [} =
- [a¥]
o )
o 2 % =1 e o
R a) R (b)

Hinh 3.9

1y Chon h¢ truc toa dé chung X, Y va xic dinh

toa dd coa cae nat.

2y Xidce dinh bic e do cia hé:

Theo cac hinh (3.8) vii (3.10), ta théng k& bic ty

do cua hg nhu sau:

Bic trdo

Xétden anh hedng cia lye doc

d d.,
Y ? '\
G /. ® i
4 5\ d,
E’?T y 8 i_f 1
AN LA
1 2 3

120

Toa dé cda cae nit:

4

[l

Nt

X ¥

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

36 qua anh hudng cha luc doc

Hinh 3.10

@\ 8
Enl A T
4 5
d,
o DL R, \
o7 o/ s
L
® B &
o)




Biic twdo Bic tudo

(cd xét dén anh hudng cda lye doc) (bd qua anh hudng cta lue doc)
Nt u A Nt u v 0 4
1 0 0 0 ! 0 0 0|
2 0 0 0 2 0 0 0
3 0 0 0 3 0 0 0o
4 d, d, d, 4 d, 0 dy |
5 4, . d, d 5 d, 0 d, |
6 d, d, d, 6 d, 0 d, ‘
7 a, L, 7 d, 0 d, |
L8 d d d, | 8 d, 0 d,

3) Xae dinh vi tri cac dau 1 via 2 cia cie phin tr v céie osin dinh huéng clia ching.

=x,=x YL m=(y,-y)L L= \/(xz - )(J)2 +(y, — y.)l

Vitricacdau 1 va 2

Phin t&r Diu 1 Diu 2 l m
o ! 4 0 1
2 2 5 0 l

3 3 6 0 i

4 4 7 0 ]

5 5 8 0 1

¢ 4 5 1 0

7 5 6 | 0

8 7 -1 0

4) Dling cic thanh phan chuyén vi ctia cae nit dé bidu thi cae thinh phin chuy@n vi clia
¢ie phan ur (he trén hinh 3. 10a).

Cic thanh phfln chuyén vi Ll ¢de diu cta cic phf‘ln {7 (6 xét dén anh hudng cua luc doc)
(hang Cac thanh plidn chuyén bi.... trang 122):

5) Lap ma triin d¢ cimg cla cde phin tr theo (3.22). Khi bd qua anh hudng cia Tue ¢l
thay 5 = 0, khi b6 qua anh hudng cha luc doc, thay a = 0. Cin ding chi s& nhur nhau cho cic
thanh phﬁn ndi luc va cac thanh ph':‘m chuyé’n vi cung phuong dé tién cho vi¢e thanh Lip ma
trin d6 clmg 16ng thé K.

6) Tai mdi ndr, tinh tong clia cic thanh phiin 061 lue trén phuony ctia méi biic wr Jo déi
VY cle phfm (wrquy tu i do. Bz'mg cach nay, ta s€ thanh 13p trye tiép ma tran 4 cimg toan bd
K. Didu ndy duge minh hog nhu sau:
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Cac thanh phan chuyén bi tai cic diu ciia cie phin t
(co xét dén anh huomg ciia hie doc)

I . (_‘IIIIC.lhi\II‘Ih phin chuy-’é’n vi tai déu Céc thinh phan chuyén vi tai dau 2
| Phinwr | “!" I v 0. ' ", v, | ) 0, “‘.
o 0 0 0 o T
2 0 0 0 d, d, i d,
| 3 | 0 0 0 d, d, | .
] d, d, d, a, 4.
3 i d, d, d, d, d,, ' d, 5
6 d, ! d, d, d, o, d, :
7 S d, d, d) a, o
3 d,, d, d. 1 d, d L4, %
F
b}
a)
F.
k
- —
Fl
F;

Hinh 3.11

Gid strtai mot nit R nio dé, c6 3 thanh phin tii rong F.F,F oviacd3 phin tri. j, k quy
i thinh 3.112). Sau khi ¢t cac phﬁn t & lin ciin nat R, ta ¢6 céie thinh ph'fm noi fue nhur trén
inh (3.11b). Can chit ¥ ring cie thanh phiin ndi lye cling phuong véi mot bice wr do nuo do
déu duere ki hidu biing chi s6 nhu nhau.

Ttr didu kién ¢iin biing nit, ta cé:
F=F+F +F

F,=F+F+F
EtzF':+F%i+F1k

[

[
v

(ac 50 hang & ve phai cda cie phuong trinh trén I nhimg him tuyén tinh ciia ¢ie bac wr
dod odod. T (3.22), ta viet phuong trinh ddu Gén nhu sau:
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Fji =ad, +a,d, +a,d, +...
Fr=hd, + b,d, +byd, +..
'Flk = Cldi + hidl + C:J\d.EP +... do do
IF=F +F +F =(a, + b, +¢)d, +(a, +b, +¢,)d, +(a, +b, +¢)d,...
Trong do: F, — phan tir ctia vée tor tdi trong (mg vé&i bic tur do d,.a, b, c—cic phin 17 tin

hrot tmg voi cde ma trdn dd efmg ctia cic ma tefin cie phin i i, j. k. Néu so sanh 2 vé ¢
(3.24). ta thdy phin wreva ma trin K cling hang voi F

—tmg vdid laa +b +¢)
—tmg voi d, la, + b+ )
—ungvord, f(a, + b+ )
D061 vor cde phuong trinh ¢on lai cia (3.23), ta cling lam tuong v nhu tdn.

7 Saukhi thanh 1dp xong ma triin dé clmg 1oan bd K, 1a thay ZF, h?mg I 48 duge ho thire
M trin:

IF'=K.D 13.24)
F— vée i rong: K — ma trdin d6 clmg 1dng (hé: D — véce to chuydn vi clia cic nit.
8) Giai he phuong trinh trén dé duoe gid tri cda vée to chuyén vi.

9y Cace thanh phan ndi lye cla cie phan tir tinh nhue sau:

El 6
M, = ———[ {4+ )0, +(2-$)0, + —t{u, —u,dm — (v, —v. )
L i IJ{I—F—[})]: [) | [ [) L 2 ( j

El 6
M, = 2=, +Ed+P0, + —((u, —uw M —{v, —v. Nl i 325
; I(I+I’> {( RUBASIES L(u' HaIm =Y, '”} )

AE
luc doe TF= T—[(u_, ~ U M+ (v, + v, Im]

Can cha y khi cac phan tr chiu tac dung true Ilep cua tai trong Ldp trung hollc ti trong
hin b, cin bo sung thém cac ndi lye vong tmg & lrang thd ngam (xem 3.2.5).

Thi du 3.4 Cho mot dim lién tuc nhw trén hinh (3.12). Cace diic trung hinh hoc thong ke
trong bang, Yeu cau tinh todn trong 2 trudmg hop.

) Chi x¢étden anh huong cda mé men uon.
b XCCdS g than anh hudne cita md men udn vi [ ciit.

Chuo E=210 10°kN/m* G = 80,77.10% kN/m?>



Biic trumg hinh hoc cua cac phin tir

{ Phantr L Ix10 " Ax10™" ¥ §

E—

L1 -2 4 23,48 3230 3,93 0,056 I2EI

| P Gar
i 2-3 6 35,44 4740 4,11 0,042 _

! 3I-4 3 34.04 3210 2.81 0,037

Giai:

Vi dim khong ¢6 chuyén vi trén phuong niim ngang nén ta khéng xét dén anh hudng cua
fue doc. Viy dam ¢6 4 bic turdo 13 4 g6c xoay tai cic nit (hinh 3.12b). Trang thai ngim vit
(trang thai tr do biéu thi trén cac hinh (3.12¢) va (3.12d),

20 kN/m 30 kN/m 25 kMN/m

2667 - 26,67 52.08
(=) ()
. 26,67 63,33 37,92 52,08
TN N 7N 7N
d}
l40 i 100 l 152,5 s},s

Hinh 3.12

1) Cac 50 li¢u ban dau thong ké trong cic bang sau

Bac wr do clia nat Diu 1 va 2 clia cic phiin
Nat v 0 Phanth_ Piul _ Piu2
: o 0 4 ! ! 2 1=10
bl 0 d, 2 2 3 m=0
3 0 d, 3 3 4
4 0 0o q,

2) Theo (3.22), 13p ma triin d§ clng ciia cic phin 1. Cac phan tr trong ma win ¢ dinh
diu * img véi truomg hop (by (c6 xét dén anh hudng cha lue cit).
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Phdn nv 1

Pluin i 2:

Plin e 3;

I
2

.

=10

— —

=10’

4,93
4,747
2,47
2,27

7,76
7,53
3,88
3,65

572
557
2,86
2,71

~oag
o
“ A

2,86 |

2,71
5,72

557

d,

d,

d,

3) Theo (3.23), 1ap ma trin d6 cimg toan bd K

4,93

doi

2,47

4,93
7.76
12.69

Ximg

0
3,88

7,76
572

13,48

4) Tinh ndi lye & trang thai ngam (hinh 3.12¢):

0

0

2,86

2,71

‘JI
wn
~1

wuong hep (i)

truomg hop (by



N§1 luc o trang thai ngam

| Phint M, M, |
1 26,67 26,67 |
2 -90,0 90,0
3 52,08 52,08

5) Tinh cac thanh phan tai trong & trang thai tu do (hinh 3.12d):
F, = —(=26,67) = 26,67
F, = (26,67 - 90) = 63,33
F, = —(90 - 52,08) = 37,92
F, = -(52,08) = —52,08)

6) Thay 2F =126,67, 2F, = 63,33, XF, =-3792, 2F, = 52,08, ta cd hé thiic ma trin:

F, 26,67] | 1ra,
f_ (B | 6333 K d,
F | |-37.92 d,
F, | |-52,08 d,

7) Gidi hé phuong trinh trén, ta dugc:
(d,d,d,, d)=10"(238;53;-2,7, -7,8) radian {truomg hop (a)
= 107(3,0; 54; 2,7, -8,0) radian (trudng hop (b))

8) Tinh cic ndi lyc do chuyén vi gy ra theo (3.25). Ching han déi véi phin ti 1, ta co:
=y =u=v, =00 =d;,08,=d,

Trudmg hop (a) B =0, (d.d,)=107(2,8:5,3)
Trudmg hop (b) B = 0,056, (d,d,)=107(3.,0; 5,4)
Thay céc gia tri EL, L, B vao (3.25):

M,=2667  M,=3283 (truong hop (a))

M, = 26,67 M, =32,55 (truong hop (b))

Cac k& qua thdng ke trong bang sau:

N6 lyc do chuyén vi gay ra {trang thai tir do})

‘ . Trudng hop (a) Trudng hop (b)

. Phin tur

M, M, M, M,
] 26.67 32.83 26,67 32.55 !
2 30,50 -0,37 30,78 -0.92 i
3 -37.55 —52.08 -37.00 -52.08




9) Tinh l(“')‘ng. ndi lue:
Tf;ng nd1 luc = ndi lye & trang thal ngam (hinh 3.12¢) + ndi lye & trang thai tir do (hinh
3.12d). Két qua thong kg trong cac bang sau.

Trudng hop (a)
. Phintw M, | M,
L 26,67 +26,67=0 26,67 + 32.83 = 59,50
2 | 90,0 +30,5 = 59,5 90,0 + 0,37 = 89.63
3 ~52,08 — 37,55 = —89,63 52,08 - 52,08 = 0
Truomg hop (b)
| Phinw | M; M, 1'
1 26,67 +26,67=0 26,67 +32.55-5922 |
> -90,0 + 30,78 = ~59.22 90,0 ~ 0,92 = 89,08
] 3 52,08 - 37,00 = ~89,08 52,08 — 52,08 = 0

Bicu dd mo men biéu thi trén hinh (3.13). Qua cac két qua tinh toén trong thi dy trén, ta
thiy anh hudéng cia lie cét khong dang ké.

88,63
59.50 89,08

59 227

~_1L 7
10.26 \J—/

10,40 33,31

33.59°
60,44
60,86"
Hinh 3.13
Chit thich: Cédc 56 ¢6 danh ddu “sao” vng voi truomg hop 6 xét dén anh hieomg cia lue cd.

Thidu 3.5:
Cho hé khung nhu trén hinh (3.14). Yéu ciu tinh toin trong 2 truong hop:
a) Xét dong thoi anh hudng clia mo men, luc cit va luc doc.
b} Bo qua dnh hudng cta lue doc.
E = 210.10° kN/m?;
G = 80.77.10° KN/m*.
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Chc dic trimg hinh hoc thdng ké trong bing sau:

Phin 1ir L x10™ Ax10° y [
1 =2 3 55,44 4740 4,116 0,167
2-4 4 (16,86 6830 4,056 0,133 ; 12131
Y=
3-4 3 28.80 3800 4,26 0012 1 GAL:
4-6 4 55,44 4740 4,116 0094
5-6 3 28,80 3800 426 0,112
a) ¥
500KN 40 kN/im
. i bbb b
HE 2 4 4 6
E —i—
o E
= 1 43 o U
2 -
Tl 3 5
e e X e e ———
4m 4m
Dy, d d, ?
d, d, d,
d, /jr\“ /11"‘ /‘1\ o S~ N
J:. d. d, d, J”d_'
~Xet dén anh hudng cda lye doc B6 gua anh huong cua e doc
Hinh 3.14

Gidi:
1) Xac dinh bic tu do:

Trudmg hop (a): s6 bictrdon=36-9=9

Trudng hop (b): vi bd qua anh hudng cta fue doc, cic thanh phiin chuyén vi én phvony

thiing dimg tai cdc nat tridt tidu, trén mirc 2 —4 — 6 cht ¢ | thin
nimngang, n =3+ 1 =4,

Bic ty do ghi teén hinh (3.14b), (3.14¢) va lhéng ké trong

h phitn chuyén vi trén phuong

cic bang sau:



Bac wrdo

Trudng hop b

Truomg hop a
Nt u v 0 I NGC
| 0 0 0 | ] 0
2 d, d, d, ) d,
3 0 0 0 3 0
4 d, d, d 4 d,
L3 0 0 0 L5 0
0 d. d, d, | 6 d,

Y 0 |
0 0 |
0 d,
0 0
0 d,
0 0

d

0

2) Cie dau | v 2 va cic cdsin dinh hudng cla cic phan tir théng ke trong bang sau:

Vitricacdau ! va 2

| Phin tir Diiu 1 Piu 2 _ { m
1 1 2 {) l
2 2 4 1 0
3 3 4 0 |
4 4 6 l 0
5 5 6 0 1

3) Theo (3.22), ldp cic ma trin 46 clmg cha cic phin ur:

Phlicn v 1 :

Piin tir 2:

_F‘i _F _
F. =T
M, = F
F.=F,
F_\_, =k,

_N[?. =T

=107

=10°

4,43 0 -6.65]d,
0 331,89 0 d, Trudmg hop (a)
—6,65 0 13,86 || d,
443 6,65 d,
Trudmg hop (b)
~6,65 13,86J d,
358,58 0 0 -35858 0 0 14,

0 4,05 811 0 ~4,05 ~8,11||d,

0 -8, 11 22,85 0 g.11 10,08 d; |Truomg
}-358,58 0 0 358,58 0 0 d, |hop (@)
0 405 811 0 4,05 811 || 4,

0 ~8.11 10,08 8,11 22,35]|d,
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F, 358,58 0 —358,58 0 d

K ) 0 22,35 0 10,08 | 1d, . _
=10 Truong hop (b

F, ~358,58 0 358,58 0 d,

F, -0 10,08 0 22,35 1d,

Phdan tr 3:

Fll242 0o -363]d,
F, 0 266,0 0 d, Trudmg hop ()
F, || 3,63 0 7,46 4| d,
F,| . .[242 -363]d, R

=10 Truomg hop (b
E | -3,63 7,46 || d,

Phédn nie 4:

F, =F, [ 24885 O 0 -24885 O 0 [d,]}
F,=F 0 20 -39 0 2,0 -3,99||d,
M, =F|_ sl 0 -39 108 0 3,99 5,07 || d, |Truome
F,=F, -24885 0 0 24885 0 0 |ld, [hop Gu
F,=FE 0 -2,0 3,99 0 2,0 3,99 || d,
M,=F,| | o -39 507 0 39 1089]4,]

F, 248,85 0 -24885 0 [d,
F, g 0 10,89 0 5,07 || d, .
=10 i I'ruong hop (b
F, 24885 0 24885 O (|4,
F, 0 5,07 0 10,89 |j d,
Phdn tit 5:
| F, 2,42 0 -3,63|[d,
F [=10"| 0 2660 0 |[dg| Trudnghop (a)
E -3,63 0 746 |d,
'F, [ 2,42 -3,63][d,
=10° Truomg hop (b)
F | -3,63 7,46 || d

3

4y Tao ra trang thai ngam va trang thai tu do nhuw trén hinh (3.15a) vi (3.15b). Noi lue o
trang thii ngam thdng ké trong bang sau:
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Phin tir M, M,
1 -22.5 22,5
2 -100,0 | 100,0

3 0 0
4 -53,33 53,33

s 0 0

Céc thanh phiin tai trong & trang thai tr do (hinh 3.15) tinh nhu S

Truong hop (a)
F =-(-45) = 45; F,=-(100) = -100
F, =-(22,5 - 100) = 77.5; F, =0
F.=—(100 + 80) = —180; F,=-(100 - 53,33) = —46,67.
F,=0, F,=~(80)=-80; F,=—(53,33) = 53,33
a) 200 53,33 53.33
l N R
) F 100 100 | } 80 g0 |
0! N\
y.Ll.2
N A
b) 100 180 80
s PN 77,5 /_1\46,6? r\saas
~ Hinh3.15
Truong hop (b)
F =-(22,5-100) =775, F,=—-(100 - 53,33) = -46,67
F, =—(53,33) =-53,33, F,=—(-45)=45
5) Theo (3.23), tinh téng XF,i=1,2,..,9 (trudng hop (a}) i=1. 2, 3. 4 (lruomg hop (b)),

Ta duge ma trin dé cimg tdng thé K nhu sau:

13]



[
|

K=10"

K =10

4.43
358,58

363.01

-6.65

I3L80 -8, 11

dai

13,86
22,35
36,21

doi

13,86
22,35

36,21

10,08

22,35
7,46
10,89

40,70

xung

—358,85

oo 36
DT g
[ NS N o]

609, 05

0

5,07

10,89
7,46
18,35

0 0

405 811

811  10.08

0 23,63

405 &11
266,0

20 2%

272,05 b2

22,35

7,46

10,89

40,70
—6,65 |
-3.63
-3,63
4,43
2,42
2,42
9,27 |

0 O
0 0
{) 0
-248.85 O
0 -2.0
O 3,99
248,85 0
2,42
251,27
2,0
266,0
268,

Trudmg hop (b)

)

Q0

3,07

-3,62

3,99

10, 89
7.46

18.35 |

Trudmg
hop 1)



6)Thay XF, bing cic (hinh phiin ti trong tuong Ung di tinh & én, ta dwoe hé thic ma
trin:

F, 45 104, |
E | [-100 d,
Fo| (77,5 d,
F,| |0 d,
F=|F |={-180 |= K d, Truomg hop wa)
F, | |-46,67 d,
i oo d,
F | |-80 d,
F, | |-53.33] | iLd, ]
(F ] 77,5 | d,
F= E = ~46,67 : Tritme hop (b)
E | |-53,33 K’ d, o
B | 45 | d,

7} Giai cac hé phuong trinh trén, ta duoc:
Trudmg hop (a):
(W dyd,d, d,d,d,d,d)=107(6,6; ~0,245; 3,8; 6.5 —0,783: -1 3: 6.4: —0.265 — | .4)
Trufrng hop (b): (d, d, d,, d)=107(3.7; -1,3; -1.3; 6,5)

8) Theo (3.25), tinh ndi hye do chuyén vi gy ra ¢ trang thai tr do (hinh 3.15b). ko quit
thong ke trong bang sau;

. Trudmg hop (a) Truf‘rn_ g hop ( h)
Phin tu - .

M, M, F M, M,
l -20,79 9,01 ~81,48 =20.67 3.09
2 68,49 3,59 -41.,08 69,41 7,65
3 -28.,08 -33,37 -208.17 -28,13 -33.49
4 ~18,99 -19.59 -20,62 -20,83 =20,40
5 -28,14 -33,74 | 70,35 ~2788 1 -3293

9) Tinh (dng néi hre = ndi luc & trang thai nghm + ndi lue & trang (hai wrdo (v tinh o
tren). Chiy trong trudmg hop (b}, vi gid thict bién dang doc truc bing khong nén Khon the
tinl duoe lye doc tir chuyén vi. Két qui thdng ké trong c¢ic bing sau:.
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Nbi lye do chuyén vi giy ra (trang théi tr do)

‘ . Trudng hop (a) Trudmg hr_rl; (b) |
| Phiin tu T |
| M, M, M, | M |
o 26,67 32,83 2667 | 3235
‘ 2 30,50 -0,37 30,78 —0.92 |
‘i 3 -37.55 -52,08 -37,00 | —52.08
Truong hop (b)
'i_PhE"m (W M, M, !
Lo 2225-2067] =-43,17 225+809] =305 |
2 -100,0 + 69,411 =-30,59 100 + 7,657 = 107.65 i
3 0-28,13| =-28,13 0-3349) =-33.4Y ‘
4 -53,33-20,83] =-74,16 53,33 -204} =3293 .
e 0-27,88| =-27.88 0-32,93| =-3293 |i
10} Bifu dd md men biéu thi trén 105,50
hinh (3.16) trong d6 céc s6 ¢6 danh dz‘jlu ’07'55‘?2 .
* (mg voi trudmg hop (b) (khong xétden 3151 74.16° 0
anh hudng cla }yrc doc). Qua cic két qui Sgig /g%\ / :
tinh toan, ta thfliy anh hudng caa lye doc ~ ] /
khong dang ke. ggig
Thi dit 3.6: Cho h¢ khung nhu trén
hinh (3.17). B qua anh hudng cla lyc 12;32 Z Z
cat vi lue doe. E = 210.10° kKN/m?, G = 4329 2808 - 28,4
80.77.106 KN/m?, Chc dic tnmg hinh "7 28,13 27 i
hoc théng ké trong bing sau: Hinh 3.16
Bic trung hinh hoc
L x10° Ax10" vy B
1-2 6 240 8400 2,46 0,061
2-3 4 270 9400 2,85 0,160 ORI
4-5 3 270 9400 2,85 0,284 | B= G:\[; ¥
34 3 35 5100 3,34 0,193 |
6—7 3 270 9400 2,85 0,284
4-7 4 270 9400 285 0160 |
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Gidi:

1) Xic dinh biic tw do: Vi b6 qua dnh hudmg cla hue doc, céce thinh phiin chuyén vi trén
phuong Y tai cic nat 2, 5, 4, 7 triét tidu, ¢o I thanh phfm chuyén vi trén phuong X & mire 2—
5. 1 thiwh phin chuy@n vi trén phuong X & mire 4 — 7 viL S thinh phan chuyén vi xoay. SO bic
twdon=1+1+5=7. Céc bac tr do bi€u thj trén hinh (3.17b).

2) Ciic 56 liéu ban diu théng ké trong céc bang sau:

| Bic trdo Vi tri cie diu 1 v 2
NGt u v 0 Phintr DPiul Diu? / mo
! 0 0 | 1 1 2 0 I
2 d, 0 d, 2 2 5 Lo
3 0 0 0 3 4 5 0 .
4 d, 0 d, 4 3 I
5 d, 0 d, 5 6 7 0 |
6 0 0 0 6 4 7 | 0 |
7 d, 0 d, |
aj
SOkMNmM
S I
2 2 5
f &
b}
e . L 200kN _/-’:'\d__ /_"\-:_J-
Z "‘“ 4 6 7 d, u
T - c AIwd Ty
ks ks 5 M e
T~
—--Ul—-- x 7:‘7r3 g d, - T
4m 4m
Hinh 3.17

3) Theo (3.22), tinh ma trdn do cimg cha cic phin tir;

'F, | 33,6 -8,4 16,8][ 4,
_16° _ .

Phdn ny £ Fo =107 -84 28 -84/d,

F | 16,8 -8,4 33,6|d,
'F, | 493,5 0 -4935 o4,
. Bl 0 56,7 0 28,35|d,
Phantiez: e 1% 4035 0 4935 0|
F, | 0 2835 0 56,7]|d,!
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F, 252 37,8 -252 378][d,
L F. 37,8 756 -37.8 37.8]|d.
Phdn nir 3: =108 _ :
F, -252 -37,8 252 -37.8||d,
F, | | 378 378 37,8 75.6]|d,
\ N T 7,93 -11,91[d, ]|
Phdn nr4: =10°
F, | -119  23.8]|d, |
[T, ] [ 252 -37,8][d,]
Phdn tir 5: =10°
F, | |-37.8  75,6]|d, |
'F, | [ 4935 0 -493,5 0][d,
_ F, . 0 56,7 0 28,35 d.
Phdn 1r 6: T =10 :
F, —493.5 0 4935 0lid,
F, | ] 0 2835 0 56,7]d,

4} Tinh Ll theo (3.23),i=1,2,3,..., 7. Ma trin do clmg téng thé K ¢6 dang nhtr sau

[3.36 1,68 0 -0,84 0 0 0]
3,36 2,84 —0.84 0 0 0
5,67
9,03
’ 567 -3,78 3,78 0 378

7,56
13,23
) 0,28 -3,78 0 -2,52
2,52
K = 10" %80
7.56 2,84 3.78
2,38 —-1,19
3,76 259
15,61
7.56 -3,78
5,67
13,23
2.52
0.79
2.52
5,83
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5) Tao ra trang thai ngam va trang thai tu do nhu trén hinh (3.t8a) va (3.18b)

N&ifue o trang thai ngam (hinh 3.18a) théng ké trong bang sau:

Noi luc & trang thai ngim

Phan tir M, M.
! -120,0 120,0
2 —66,67 66,67
3 0 0
4 0 0
5 0 0
6 -100,0 +100.,0

Cic thinh phan tai trong o trang théi te do tinh nhr sau:

F, = ~(~120) = 120; F,=—-(120 - 66,67) = ~53.33

-56,6?< )66,6?

100

)

120
'
120 t

1

aj

(-

120
t 120

100

» F N\ 5333

100

66,67

100
/i-\mo

120
100

N

100
b)

>
Hinh 3.18



7

6) Thay ZF, bing cic thanh phiin tai trong viratinh & trén (=1, 2..... 7). ta 0 h¢ thire ma

1rin:
'F, | 120 i 174,
F, -53,33 d,
F, ~66,67 d,
F=|F =] 120 |= K 1d,
F, 100 d,
F, | {~100 d,
AN I ] 14y

7) Giai h¢ phuong trinh trén, ta duge:
(d,,d,, d,d,d,d,d)=10".97 -14;33,21,6,42;0.2:52)

8) Tinh néi lyc do chuyén vi gy ra & trang thii tu do (hinh 3.18b). Cin cha ¥ ring fuc
doc khdng thé tinh duoc vi bd qua bién dang doc. Ap dung (3.25), ta dugre cic két qua sau:

Nai e do chuyc‘;n vi

Phén i M, M,
1 120 ~66,19
2 12,86 145,34
3 ~174,9 ~212,0
4 -11,55 39,01
5 ~203,87 -210,5
6 235,89 10,5

9) Tinh (dng ndi lye = ndi lue & trang thai ngam + ndi lye & trang thai w do. Ké qual niur
suu:

Tong néi lye

Phan tir M, M,
1 | -1200+1200 =0 1200 - 66,19  =5381 |
2 | =66,67+12,86 =-5381 |66,67+14534 =212.01
3| 0-1749 =—1749 | 0-2120 = 2120
4 |0-1155 =—11,55 | 0+3901 -390}
5 | 0-203.87 = 203,87 | 0-2105 IR
6 |-1000+23589 =13589 [1000+1105 =2i05 |
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10) Ciln ¢ vio cic két qua trén, vE biéu dd méd men (hinh 3.19).

2120

&

52,91
53,81
) /
210.5
32,01
153, 1 174,9
135,9
1627
11,55 203,87
Hinh 3.19

$3.3. Thuat toin lap trinh tinh hé phing ¢6 mit cimg

3.3.1. Thudt todn tinh dam lién tuc (CT 23)

Ta chi nghién ctru trudng hop khong xét dén anh hudmg clia lue doe vit lue et
{. Cdc nguyén tde can tudn thi:

= SO thir tr ¢de nat va s6 thir ty cic thanh bd i ting dan tir trii sang phai hodic tir phii
sang trai (hinh 3.20).

= SO thir trr ciia bie tr do (md men) tring vé&i s thi tr cla ndt (hinh 3.20).

/TN FINE N TN /TN
<Y G S § : by
Hinh 3.20

2. Nhiiip s&'liéu ban ddu:

- 86 thanh

- 86 nit

— 8& thir tr n(it & ciic diu thanh

— Chiéu dhi cfic thanh

— Mo dun dan hdi

— M6 men quan tinh

— S0 thanh chiu tai trong phan bd déu (x)

— S6 thanh chiu thi tip trung (y)

o
S



— 83 the tu cac thanh chiu tai phin bd déu (a)

~ Cudmg d0 tai trong phin hd déu (g}

— $& thir tr cic thanh chiu tai trong 1dp trung (b)

— Gia ui i trong tap trung (p)

— Vi ui tai trong tip trung a,vab)

3) Xéc dinh 3t trong t3p trung tat cde nit do tai trong phin b3 déu hoiic (Gi trong L
trung gay ra ¢ trang thii nglim (xem thi du 3.4)

Tai trong tdp rung tai cic ndt }a mé men M. Cic phén tye ¢hi tham gia khi tinh lyc e,

Tai trong P, g 1 duong khi cling chiéu véi tryc y.

A gz qlr2
ey
: |> S T A N A B 1>< i+ 1
X ] *
| l gli12
glL/12
bt}
M, P M.,
i |>< >< ca
At . b & I
Hu L = n'u—l
R._ ri..l
Hinh 3.21
M, = -Pab’ /12 M, =Pa’.b/L’ (3.20)
R, = PLE) (L +2a), R,,, =P-R, (3.27)

4) Tinh gid tri ciic phan tir cda ma trin dd climg riéng. Theo cong thic (3.2, ma tfin Lo
cing riéng <6 dang:

Ung vat phin i thi i

& C (3%

be xét den diu cha mdmen, ta nhin gia trj momen trong (3.26) vii coxin dinh hudny /.
5) Ghép cac ma trin 46 cing riéng vho ma triin dd cimg 16ng thé:

Sii = C(,; 5,

i+l

= CT; S

Prli+]

=C, (3.29
Cdc gid tri duge khoanh tron trong cong thie (3.28) ¢6 tinh ehit tich 1u§ vi tai mdi nui ¢o
2 thanh lién két.
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6) Giai hé phuong trinh S = K.Q dé duge gia tri cac gde xoay.

7y Tinh m& men tal cac diu thanh theo cdng thice (3.21).

&) Tinh tdng md men: cdng gid tri mo men & muc 7 vai gid tri md men do tai trong phin
bo deu hodc tdi trong tip trung gy ra ¢ trang thal ngam (hinh 3.21).

93 Tinh lue ¢it tai cac dau thanh theo cdng thice (3.21) {rang thai Ly do)

10) Tinh 16ng luc cat: ¢Gng gid (i lue cat & muc 9 véi gia tri lie cit ¢ trang thai ngam
(hinh 3.21).

3.3.2. Thudt todn tinh hé khung phang (CT 24)

Ta chi xét dén anh hudng cla Jye doc, khdng xét dén Anh hudng cda lue cit.

1. Cac nguyén tdc cdn dwoc tudn thi:

a) S6 thit tr cac nat ¢6 thé chon tuy ¥ nhumg s6 thir tu cae nit khong co chuyén vi nén bb

1 & cac vi i cudi cung dé tién cho viée phidn khdi ma trdn nham tinh chuyén vi va phan luc.
(hinh 3.22)

d d,= 0 d.=0
N 1) a0 N aeo
— o =0 g, =0
1 o 4 - 3

9 bac tu do khéng co
chuyén vi: dy, d,,, dyz, dos,
d‘.‘! d'EI d'ﬁl d‘?! d!l‘

9 bac 1y do o chuyén vi:
d': d'.n d:s- d:u du- dbr d.': du- dg Y

i
a
1l
[}
]

Hinh 3.22

b) M&i nit ¢d 3 biic wdo; 2 chuyén vi t.héng (d,,d,) va 1 goc xoay (d,). S& thir tw ciac bac
tr do & nut 1 tinh nhw sau (xem hinh 3.22):

d =3i-2d,=3i-1d,=3i (3.30)

¢) Diu cta chuyén vi thang: duong néu cung chiéu vai cac truc toa dé trong hé toa dd
chung X, Y. Dau cia goc xoay hodc mé men tai nitt: dirong khi xoay theo chiéu kim déng ho.

d) Chiéu tir ntit j dén niit k trong mdi thanh ¢6 thé chon tuy ¥ nhung sau khi di chon thi
phii nhit quin trong qua trinh tinh toan.
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¢) Trong trufmg hop thanh

chiu tdi trong phin bd hofic tai trong

(dp trung, diu cla thi trong quy uoc
nhur sau:

Goi: x [a truc toa d ¢é chidu
duong triing véi chieu cia thankh; y
latrye toa dd cd duoe bl'lng cach xoay
quanh truc x mét géc 90° nguoc .
chitu kim déng hd (xem hinh 3.23). \ Hinh 3.23

M, (<O}

Cudng dd cda tai trong phan bd hoac tAi trong tdp trung P quy ude la duong khi cing
chi¢u véi tr uc y (xem hinh 3.23), quy uéc 13 dm trong truong hop nguee lai.

M men tai diu thanh quy ude la duong khi quay theo chidu kim dong hd, quy udce laam
khi quay ngirge chidu kim ddng hd.

2) Nhip sb tigu:

— 86 thanh (8T

— $& miit (SN)

~ 88 bic tu do ¢d chuyén vi (SBT)

- Tﬁl’ng $3 bic tur do (tht)

— Cac bic tir do triét tieu

- S8 thir ty bic tr do & cac diu thanh (d,, d,. d, d, d, d,)
~ Chidu dai cic thanh (cd)

— Cic cosin dinh hudng (f, m)

~ M6 men dan héi (E)

— M& men quan tinh (mq)

— 86 thanh chiu tai trong phan bd d&u (x)

— S6 thanh chiu tAi trong tap trung (y)

— 86 thanh khdng chiu tai trp trung (w)

— S5 1hir céc thanh chiu tai trong phin b déu (a)
— 86 thir tw cac thanh chiu tai trong tap trung (b))

~ 86 thér wr ¢4 thanh khong chiu €ai trong (c,)

— Cudng do 1ai trong phin b déu (q)
142



- Gid ti tai trong tap trung (P)
— Vi tri tai trong tp trung (a va b)

3) Xac dinh cic thi trong tap trung tai cc nie do tdi trong phan bd déu hode thi trons tip
trung gdy ra ¢ trang thai ngam (hinh 3.24).

K _ Py o
R, M M, / R.= = {L+2a) R,=P R,
\ Hk‘ i kw M, = -Pabil M, = P L

Hinh 3.24

TAi trong tip trung tai cic nit (ching han ndt k) 1a f, (nEm ngang), £, (thiing dimg) v
md men f,, (xem hinh 3.24). Céc gia trj 1ii trong nay ¢6 tinh chét tich lu§ vi tai mi nat, ¢6
nhicu thanh quy tu.

4) Tinh gia tri cac phin tir ciia ma trin do cimg rigng theo cong thire (3.22).

5) Ghép cac ma trin d9 cimg riéng vao ma trin dd cing téng the

Cic phin tir trong ma tran d6 cimg riéng c¢6 cic chi s6 1, 2, 3, 4, 5. 6 (6 biic tu do) nhumg
rong ma trin d¢ cimg tong thé, chiing ¢d céc chi sé d.d,, d,,d,.d_, d_.Giitrcac phin tr
C.C.C,C,-C, f_“,ﬁ (gbe trii trén cﬁﬁa ma triin) vh\Cl, C,,-C,.C,, C..C, (goc phii dun et
ma tran) co tinh chat tich luy vi tai mo6i nit, ¢6 nhiéu thanh quy .

6) Chia:khéi ma trin t8ng thé d& tinh chuyén vi v phan luc

7) Gidi hé phuong trinh F = K.Q d€ duge gid tri cac chuyén vi. F 12 vée tor gdm cac thanh
phin ngoai I (néu cd) cong véi cic tai trong tap trung da tinh & muc 3.

8) Tinh mo men tai cic diu thanh theo cong thic (3.21) & trang théi wr do.

9) Tinh tdng mé men bing md men & muc 8 c@ng vOl md men ¢ trang thai ngium (xem
hinh 3.24).

10) Tinh lye cit tai cac diu thanh theo cong thire (3.21) & trang thai ty do.

11) Tinh t(;ng Iwe it bing luc cit & muc 10 cong voi fuc cit & trang thi ngam (xem hinh 3.24).

12) Tinh phan lyc tai cac nat khong ¢ chuy&n vi.
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Chuong bén
HE DAM GIAO NHAU

H¢ dam giao nhau 13 he trong d6 cac
dim trye giao hojic khong true glao cung
nim trong mél mit phing, con tai trong
thi vudng goc voi mit phfmg do (hinh 4.1).
Khac voi hé phang ¢6 nit cimg, sy lam
viée cla hé diam giao nhau ¢6 tinh chét
khdng man.

HE diam giao nhau thudng thay trong
san nha, mai nha, skn ciu.

MO phin tir et hé dam giao nhau

<O ¢l thanh phiin ndi luc: md men udn.

lye ¢t va md men xodn. Bic tr do gdm

¢O gbe xoay, goc xoan vi chuyén vi trén

phuong vudng goéc véi mat phang cia
3 Hinh 4.1
dam.

Clach tinh h¢ dam giao nhau tuong tw nhir cach tinh he phing cé nit clng. Trude hét. ta
thanh ¥ip hé thite ma tran gitta veelo ndi lue va veeto chuyén vi ctia moi phan . sau dé xuat

phit (r diéu kién cn banﬂ cla tmg nGt d¢€ thanh ldp h¢ thire ma wdn giira vecto tai trong va
veeloy chuyé &n vi clia cie nat.

§4.1. Hé thic ma tran gitta vecto ndi le va vecto chuyén vi ciia phin t&, ma tran do
cung cua phan tur

Gia strmdt phiin trbat ky ¢ 2 dau 1 va 2 lidgn két véi 2 ndt nao do ciia hé (hinh 4.2). Ta
chon b toa do chung X, Y, Z trong d6 cac true X vi Y nim trong mét phing cua hé dam. true
Z vudng géc véi mit phang cta dim. Trong he toa dé riéng (hinh 4.2b vii 4.2d), ta ¢o cie

thiinh phin n6i luc:
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M. M- md men uén tal
dan 1 vidau 2; T.T,—-mdmen
NOAD tal ddu 1 v dau ;F . F,,
— lue ciit ti dan | v diu 2 llul
phuemg cuatrae Z (khong bicu thi
trén hinh v¢). Cic thanh phiin
chuyén vi twong g 1 0.0, -
eOe xoay Gl dau 1 vi ddn 2; W,
W, — goc x0dn i diu 1 va dau 2;
W.. W, — thinh phin chuyén vi
(i dau 1 vhdiu 2 trén phuong truc
Z (khoéng bidu thi trén hinh v&).

Trong hé toa dé chung (hinh
420 viv 4.2.¢), ta ¢d cac thanh Hinh 4.2
phin ndi Jye:

M, . M_ - m0 men quanh truc X tai diu [ va diu 2: M, M, - mdmen quanh truc Y ta
dau | v lddu 2 F T F , nhu trén, Cac thanh phin chuyén vi tuornu ang lac 0 0 = gou xoay

quanh trye X tai diu l vh diu 2; 9 B — gde xoay quanh true Y tai dau 1 vi ddu 20W W
nhw trén.

Theo (3.21) trong chuong ba ta dii suy ra h¢ thire ma trin :

E, ] 12 6 12 6 (w
L L 1 L |
6 |
M, El 4+ T 2-031 O
= i !
La+h) 12 6 [ ERY
F,w —e — W,
: [ L >
M, Lo,
T ] 4+p;0 -
- . ]”’Ely
[rong d6: § = G , B1a hé $6 xét dén anh huomg ctia luc ¢t
Déi véi he dim giao nhau, ta ¢6 them cic md men xoin -
T, =GJ(y, —wy )L
iy B .2

T, =T, (dieu kién cin bing)
G—mé dun truot; J - md men quan tinh xodn. Bily gid ta tim cich dua cic thimb pliu noi

lue vivede thanh phin chuyén vi vé hé toa 4o chung X, Y. Z. Tirhinh (4.2), ta 0 ¢fic b 1hie:
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W =8,.1+0,m W, =0,.7+06,m }

{a)
0, =-6,m+0 .1 6, =-0,m+86,.1
{.m — ¢osin dinh hudng cia phin w 1-2
M, =T./-M,.m M, =T,./—M,.m |
(b
M, =T.m-M,./ M,, =T,.m — M, ./ J

Cin e vao (4.1, (4.2, trong truomg hop bo qua anh hudng cia lue cat, ta suy ra hé thic
ML trdn gitra veeto ndi lue va veete chuyén vi cia phin tr trong hé toa do chung nhur sau:

I F, 1T C| Cz —'Cj _CJ C: _C? | LW| |
M, CJ, ~Cs _Cz C, -C, Oxl
\/IH C!\ C} _C—‘ CU 8”
b C, -C, C, W, (4.3)
M., doi x(mg C, -C, 16,5
M\_ i L Ch B 0\32
S, k. u,
12 6EIl El El , @,
== 2HL C=——-mCC= ﬁ6 -4 C = @+P Im‘ +—ﬂ I
La+p 7 La+p 7 La+p) L+B L
- EI - ) “a 9 I
C. :{(4+B) 1.9 fm G =Q—m.m" -gi“ C = Cambls +g fim (4.4)
UL+ L L{1+B) L L{1+pBy L ‘
C'\ _—H_-h[_)))glﬂ +.(.:H _n-lj C‘_’ :_(?_B)EI El .g_mz
S L+ I. LLI+PB) L
rra . . - ~ - o > = a . ]2EIY . ~ - e .
Fa goi k, [ ma trdn d6 clng riéng cla phin ti; B = GAL ; B=0khi khong xét dén anh

hudmg ciia luc doc
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§4.2. HE thire ma tran gidta vecto tai trong va vecto chuyén vi cda cac mit

Goi I [a vecto tdi trong, D 14 vecto chuyén vi etia cac nit, K 1 ma trin do cimg tong the
cta hé dam gtao nhau. Ta ¢6 hé thie ma trin sau;

F=K.D {1.5)

Veetr i trong gdm cic thinh phin tai rong irén phuong true Z, cic thinh phin mé men
quanh true X, cae thanh ph?m md men quanh trye Y. Vecto D gém cac thanh phfm chuyén vi
trén phuong wuc Z, cie goce xoay quanh truc X, ¢ic goc xouy quanh true Y. Ciac moé men vi
cie gée xoay duge biéu thi bf’mg cac doan thfmg ¢0 2 mii tén (xem hinh 4.2), chiéu cua md
men vi chiéu ¢lia gée xoay 1a chidu xoay ctia ndt chai, di dong theo chidéu miii n. Cic md
men vi cde goc xoay quy ude 1 duone khi chidu cta cic mii tén triing véi chiéu duong cua
cac true X va Y. Trong triudng hop nguoc lai, md men xoay va gée xoay quy ude 12 am,

Hinh 4.3
Pé thinh 1ap he thic (4.5), ta xud phit tir diéu kién can bing cila timg nit ciia he.

Gia st tai mo6t nut bt ky ctia hg, c6 4 phin i, j, k. {giao nhau nhu trén hinh (4.3a). Tai
nit. ¢6 3 bac twdod . d,, d,, cic thanh phan tai trong twong img laF, ¥, F,. Ta ¢it cic phin
wr o ldn cdn nit ddnu xét ner (rén hinh (4.3b). Céc thanh phin noi lm, cung perorng vt bic tu
dod, déu duoe ki hidu la k. Cacchi 61,7, k. lmg voi cac phin e, ).k, L Bic (rdod, vacac
thanh phin ndi lyc F. co phuonﬂ yuong goc voi mit plmnOr clia dim duge bicu thi hanﬂ cic

khoanh tron, diu (+) hl{,u thi chidu duong (trung voi chicu duong cua truc 7., diu (=) bicu thi
chicu am. Tty didu kién ciin hanu cua nut, ta ¢o:
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F=F +F +F +F
F,=F +F +F +F
F=F+F+F+F

Cac s6 hang & vé phai cta cic phuong trinh trén 1 nhiimg ham twyén (inh ctia cace b {ISNUY
dod.d, d,.. . Chiing han, phuong trinh diu tign ¢6 thé viét nhw sau:

F =ad +a.d, +ad, + ..
F' =bd, +b.d, +bd, +...
F' =cd, +e,d, +ed, + ..
F/ =cd +e.d, +ed, + ... do dd

F =k +F'+F +I*’—(a +b, +¢+e)d +(a, +b, +c¢, te)d, +{a, +b +c, ved, +

Trong do: F| — phan tir clia vecto tai trong tmg véi bic tr do d,.a, b, e, e lacic phin i lon
luot tmg vdi cae ma trdn d6 cimg cla cic phin i, j, k, £

Néu so sanh 2 vé ctia (4.6), ta thiy phan tir cda ma tin K cung hang véi I°

mg voi d la (@, +b +¢ +¢)
tng v&i d, la (a,+b,+¢,+¢,)
img vai d, la (a,+b +c, +¢)

D31 vai céc phuong trinh con lai cha (4.6), ta cling 1im tuong tur. Viy biing ciach tinh Ong
XF cla cée thinh phin ndi lye cling phuong véi bic tu do d. tai méinGt.i=1,2..., 0 (nlisd
hd( te do), a ¢6 the suy ra ma tran dd cing toan bd K.
§4.3. Trinh ty tinh todn hé dam giao nhau
Ldy thi du hé wén hinh (4.4). Ta tién hanh tinh toan theo cic bude sau:

1) Chon h¢ truc toa d6 X, Y, Z trong do6 cac true X, Y nim trong miil phing cia hé dim.
truc Z vudng gde vai mit phdng ciia dam. Thono k€ toa do cua cac nGt nhu trong bing sau:

Toa @6 cac nat

Nt X y
1 0 3
2 4 3
3 7 3
4 4 0
5 4 5
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da
Hinh 4.4

2) Xéc dinh bic tr do ctia hé. Nhu trén d3 trinh bay, mdi nat ¢é 3 béc tu do (2 goc) xoay
va 1 thanh ph?ln chuyén vi trén phuong truc 7). Vay sd béc tr do
n =3 x sd niit — s6 bac tr do trict tidu & cic gbi .
DPdi véi hé trén hinh (4.42): n = 3.5 — (6+1) = 8. Cac bic tw do biéu thi trén hinh (4.4.b)
Vi théng ké trong bang sau

Bic tu do
Nat w 6, 0,
1 0 0 0
2 d, d, d,
3 0 d, d,
4 0 0 0
5 d, d, d,

3) Xac dinh vi tri cac dau 1 va 2 cla cac phan tlr. Dung s thir tr ctia cc nGt dé bidu thi
vi tri cua cac dau 1 va 2 déng thoi tinh cac ¢dsin dinh hudng cha cac phéin ti. Doi vai he trén
hinh (4.4}, ta thong ké céac so lidu trong bang sau:

Vi tri cac dau 1 va 2

Phintr Piul Piu2 [  m
1 1 2 1 0
2 2 3 | 0
3 4 2 0 |
4 2 5 0 Lo
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4} Theo (4.5) via (4.6), thanh lagpma & <5
trdn dd cimg cua cac phan 1. Dung ky -~ 50
higu b d& bidu thi cac thanh phin noi Tzs
luc cung phuong vin bic tu do d (=1,

RESSITE

15
) 15 ] 20
5) Tinh tong XF theo (4.6).1 = 1, ™ ? <
2. ... n @€ thinh 1ap ma trin dd clmg 30 130 l

lﬁlng the K. _,5\\ o

6) Khi ¢ic phin ({r chiu tac dung
Lrue liép cua cae i trong tip trung hoic b)
tdi trong phin bé, ciin tao ra trang thai
ngam va trang thai tw do nhu trong 4 \10{ 15l

2.5. Chfing han d&i voi hé trén hinh a @5) —"'5'"
] 1

(4.4), taco trang thai ngam nhu trén hinh
(4.5a). Can chi y lrong cac bang tinh
sin, ngudi ta chi cho biéu thie cla cac
ndi lue & trang thai ngim trong hé toa

o
dé riéng. bé dua cac ndi lye niy vé hé 7
toa do chung, ta ap dung cac cong thik:
M, =T,.{-M .m; M’yI :Tlm+MlJ
M,=T,{-M,m; My2 =T,m+ M,

'I"], T\ — mod men xoan tai diu 1 va diu 2: M M — moO men uon tai dau 1 va diu 2.

Hinh 4.5

Vi cac nit bi chét nén san sinh ra phan luc tai cie ndt nhir trén hinh (4.5b) trong d6 s6
nim trong diu ngogc la phan lue trén phuong truc Z.

Can tao ra trang thii tr do biang cach gilr nguyen gid tri tuydt ddi cua cac phén luc rén
hinh (4.5b) nhung d61 chidu ctia cac phén tue. Nhu vay, tir hinh (4. 5b), ta suy ra cac thinh
phin tai trong tac dung 1&n hé & trang thai tw do nhur sau-

F =—(85)=-85; F,=(-15)=-~15F, = ~(10) = -10;
F, =0 ;F5=—(15):~15;F6=F?=F3=0
7) Thay ZFa=1.2,..n) b:ﬁng thanh phi‘m tai trong tuomg (mg F, ta duge hé thic ma tin:

F - d,
F, d,
~ K
_Fn_J L B _dn B
F
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Gial hé phuong trinh trén, ta duoc gia tri cha vecto chuyén vi (d,.d,,...d).

8) Tinh noi lye do chuyén vi gy ra ¢ trang thal tu do. ap dung cac cdng thirc:

LI 6 ’

M, = (4+BY0, + (2= PO, ——(W, - W,)
E.(1+P) L

El 6

M. = 2P0+ (3P0, - — (W, - W,
: Lmﬁﬂ B0, P OV ‘)}
GJ . 4.7)

T =-T, = T((D? —® ). Trong do
6, =-0,m+0,.% 0,=-6,,.m+6,.
W, =0,,.0+0, . y, =0,.0+8,.m

9) Tinh tdng ndi hue = ndi lye ¢ trang thii ngam + ndi lue do chuyén vi giy ra & trang (hai

wr do, s,

Thi du 4.1/: Cho mdt hé
nhu trén hinh 4.6.

I3 = 14.106 kN/m*;
G=6.36.106 KN/m*; - bt
[ =2300.10"m*

n ’ b
K = 1921/10-m*; ‘ |
L =4m; \|/
A= 125000, 10"%m7 ' Hinh 4.6

v = 1.2;B = 0,041,
Yéu ciu tinh toan trong 2 trudng hop:
a) B qua dnh hudng cia lye cit
b) Xét dén inh hudng cia luc cat
Gidi.

1) Xéc dinh bac tr do ctia hé. S8 bic trdon = 3.3 = 6 = 3. Cac s6 lieu ban dau théng ké
lrong cac bang sau:

Toa d6 nat Bic tu do Vi tri cac dau 1 v 2
Nat  x ¥y .I Nae w0 8 Phiin tir | Dau 1 lﬂ Piu2 | I | m W
— |
I 0 4 10 0 0] 1 | > 1ol
>4 a2 e e TS o]
3 4 o |1 3 0 0 0
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2) Thanh lap ma trin dd cliing clia cac phén tlr theo (4.3). Céc sd ¢ danh diy "=" img voi

trudmg hop (b) (c6 xét dén anh huéng cla luc cit).

Phdan ur 1:

Phdn nr 2:

3y Tinh 2F theo (4.6}, 1= 1, 2, 3 va thanh 13ap ma tran d6 cimg toan ho K.

K* =10*

F| 1

F, |=10'
]-;.1

.

F, =10
F, A

6,83
6,83

13,66

6.83
6.56*

—13,65
—13,11%*

13,65
13,11%

(6,83
6,56 *
0
0*

0
0*

-13,65

-13,11

2,895
33,33
38,225

—13,65
—13,11*
2,895
2,895%

0
0

13,65 ]
13,11%
0
U*
2,895
2,895% |

0

0*
36,40
35,33%
0

0*

0
0*

0

0*
36,40
35,33

13,65

trudmg hop (a)

2,895
36,40

39,295 |

13,11

truomg hop (b)

2,895
35,33

38,225




4) Tao ra trang thai ngam (hinh 4.7) va trang
thin ty do. Cac thanh phfm tai trong the dung tai
cac nat ¢ trang thai tu do nhu sau:

F =-(30+25)=-55,
F,=—(25)=-25
F, = -(20) = =20
N6i lye ¢ trang thai ngim thdng k& trong bang
Sull

NGi lge ¢ trang thai ngam

| Phanw | oM, M, |
o 20 20 ‘
o 25 25

& *"V/,b

30
20

50

.

25

25

Hinh 4.7

5) Thay ZF. b;'mg F,1=1,2, 3, taco ht thuc ma trin

F1 [-55 d,
Fl=|-25| K |4,
F | {-20 d,

Gia h¢ phuong trinh trén, ta duoc:
Trudng hop (a)
Truomg hop (b)

(d,.d,, d)) =107 (-9,4482, ~
(d,,d,, d,) = 10" (-9,6135, -

2,6458, 2,7731).
2,6441,2,7749).

6) Xic dinh ndi lue do chuyén vi gy ra & irang thii tu do theo (4.7). Két qué théng ké

trong bang sau:

Nb&i lue do chuyén vi (frang

thai ty do)

. Truong hop (a) Truong hop (b)
Phan
M, M, Tz = _T: MI Mz Tz =—T,
! -78,49 -28,03 7,66 -78,54 —-28,03 -7,66
2 -80,81 32,66 8,03 -80,78 —-32,65 8,03

7) Tinh t8ng ndi luc = n6i lye & trang thai ngam
théng ké trong bang sau:

T(’f\'ng ndi luc

+ ndi lye & trang thai ur do. Két qué

Phan tir M, M, T=T,
Trudng hop (a) 1 -20-78,49=-98,49 20-28,03=-8,03 - 7,66
2 -25-80,81 = ~105,81 | 25-32,66=-766  -803




e— : - [ -
| Phin i M, M, | T;—T:I
Truomg hop (b) | 1 -20-78.54 = ~98,54 20-28,03 = -8.03 | —7,66 |
|2 | -25-80.78=-105.78 | 25-32.65 = 7.65 ‘ 8.03
98 50 105,81
8) V& biéu dd mo men (hinh 4.8)
Cén chi ¥ l;‘-} tai nuat 2,\(:{1(: n:n() : 2 3 T
men khong cin bing nhau vi 2 phan 15,24 8.03 0.93 7.66
o ire giao v nhau, Qua thi du trén., Hinh 4.8

ta thily ring anh hudng cla lue cit
khong dang ké.

Thi du 4.2: Cho mot hé nhu trén hinh (4.9). E = 14. H0°kN/m?, G = 6,36. 10°%N/m-*. Cac
diic trung hinh hoe thdng ké trong bang sau:

Bic trung hinh hoc (don vi bfmg meét)

‘ Phin ur L Ix100 Jx 10 Ax 10 B

. A-B > 66,67  46.67 20000 12 0,026

| b-c

. B-C 3 2731 19,12 12800 12 00075 |

Yeu cau tinh todn trong hai trudng hop:
2) Bo qua anh hudng cha lue cat.

b) Xét anh hudng cta lue cat.

Hinh 4.9

Gici

Vi he ddi Xumg va tai trong cling doi XUmg nén so do tinh dua vé nia hé nir trén hinh
(4.9b).
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L) Xac dinh biic tw do. Vinat 3 ndm trén truc déi x{mg nén goc xoay 0 L quanh truc x tri¢t
wéu. Mt khac, gde xoin ctia dim BC tai diém B vi didm C bdng nhau nén goc xodn tai nat 2
bing goe xodn i nit 3. Viysdobactydon=3+1=4 Cac sé ligu ban diu théng ke trong cac

i tm g sl

Tou d6 nit Bic tr do
7 ’ 1 ]
Nut " x y | Not w8 0
L0 40 1 0 0o o
2 2 0
— 1 h d 2 4, d, d,
- T B 3 d 0 d,

Vitricac dau 1 via 2

‘ Phintt | Pau ] | Biu?2
| ] 2
2 2 3 |‘

2) Thanh 13p ma trdn d6 climg cla cac phin t theo (4.4) va (4.5). Cac sb ¢6 danh diu
(sa0) img vai trudmg hop (b) (cd xét dén anh hu-cmg clia lye cir),

| F, | 1,40 0 L40 |[d,]
L,37% 0 137%
Phanwrl: (F [=10] 0 0,149 0 \
F, L40 0 187 |4,
] [L37F 0 1,83 |
ET 0 [ Lo 0 136 0 4]
1,32%  0,99* ~1,32%
B L2 L2 0 0 0 |]d
10,99%  1,00% ~0,99
Phdn 11z 2 =10 _
F, 0 0 0,08 0 0,084
F, 136 -1,02 0 1,36 0 |4
~1,32* 0,99 % [,32 %
F 0 0  -008 0 0,08 |[d,]

3) Tinh XF, i =1, 2, 3 theo (4.6) va thanh lép ma triin do cing toan b K.

1,40 1,02 1,40 —1.36
136
2.76
0,15+ 0,08 0 -1,02
1,02 - 0,08
+ 0,08
- 0,08
1,17
1,87
_d(’f)i xumg 1,36 |

truomg hop (a)
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1.37 0,99 1,87 —1,32]
1,32
2,69
0,15+0,08 0 —099
) 1,00 - 0,08 . _
K#* =10 +0,08 trrong hop (b)
- 0,08
1,15
1,83 0
| ddi ximg 1,32 |

4) Tgo ra trang thai ngam nhu trén hinh (4.10). N§i lyc ¢ trang thai ngam théng ké trong

bang sau: 0,94

NG fue ¢ trang thai ngam /(-1.6? -0,04 315
_ - ) 1 lv \\ I
Phin tu M, M, 5.0 T

I ~1.67 1,67 ATer s
2 ~0,94 0,94 so |

Hinh 4.10

Cac thanh phin tai trong tac dung tai cic nit & trang thai ty do tinh nhur sau:
F, =—(5+3,75) = ~8,75; F,=—(-0,94) = 0,94
[ =—(1.667) = ~1,667; F,=-(3,75)=-375

5) Thay IF biing F, i =1, 2, 3. Ta cé h¢ thirc ma trdn

El [-875 d,
Eo| Bl ) 094 K d,
F, | |-1.67 d,
F,| |-375 d,

Giai hé phuong trinh trén, ta duoc:

(d,.d,.d,, d) =10"(=32,14; -9,30; 23,21, ~41,87) trudng hop (a)

10 (=32,37;, =9,30; 23,31, —-42,10)  trudong hop (b)

6) Tinh ndi lyc do chuyén vi giy ra & trang thai ty do theo (4.7). Két gua théng ke trong
bang sau
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NGt lye do chuyén vi {trang that tr do)

Phin tir M, i M. — ]: “T:.___;
E - - .. __'__—|

1 ~23,33 ~1.67 -138

: |

2 ‘ -0,44 -3.18 0 |

7) Tinh tong ndi lye = ndi lue & trang thai ngam + ndéi lue do chuven vi gay ra o tany thii
rdo. Két qua thdng k& trong bing sau;

Tong ndi lge
—

| Phin tir | M, M, - - _l:~il |
‘ 1 ~1.67=2333=-250 167-167=0 ~138
|2 094 - 044 = 1,38 094 ~518 = —1.21 0

8) Bitu d6 md men vé (rén hinh (4.1

25‘\110\
1,38
2&

¥ *

Hinh 4.11
Thi chi 4.3: Cho mdt hé nhu trén hinh (4.12)
E = 10.10°%N/m?, G = 6,36.10%N/m", 1=41666,67.10""m*
J=29166,67.10"°m*, A=0,5m°, L=4m, y=12,5=0.165

Tii trong phin b6 déu g = 2200 kN/m. BS qua inh hudng cta lue doc.

Hinh 4.12
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Gici.

Vi két ciu déi XUmg v tai trong ddi x(mg ddi vai 2 true X va Y, ta dua so do tinh vé mat
phin (r hé nhur trén hinh (4.12h}.

Iy Xac dinh bic urdo, Vi cac thanh phin chuyén vi trén phuong truc Z tai cac diém B. C.
I. G bing nhau nén cic thinh phdn c,huyul vi tai 2 ndt 3 vir 4 cling bang nhau (hinh 4.12b).
Cac diam BC vi FG xoay nhu mat vit thé tuyét ddi clmg (tie khdng chiu X0dn) nén cac 26e
xoay 0 tai 2 ndt 2 v 3 bing nhau. Phin tich mdt cach tueomg tu, goc xoay 0 tal 2 nit 2 v 4
cing hano nhau. Vicéce ndt 3 vi 4 niim trén cac truc doi xfmg nén 8 =0 tai nul.-l 0, =0tai nlt

3. Cung vi tinh chit ddi xung, 8 = 0 tai nat 2. Cac bic tr do bn,u thi trén hinh —1 12b). Cic
s liéu ban diu théng ké tr ong cic hang sau:

Tou dd nat Bac tu do Vi tri cac diu | vi 2
NiL o x y I NoU w .{}‘ 0, D Phintr Dau ! Piu2 [ m
0 2 T 1T oo o | L2 1 o
24 C2 4 da o 2 310
36 2 30d, d 04 3 2 5 I
4 0 304 0 4|4 4 2 |
5 4 6| 5 0 0 0 |

2) Thanh I&p ma edn d6 ¢lmg cta cic phdn twr theo (4.4) va (4.5). Vi bo qua anh hidne
cua lue ¢t thay f} = 0.

F, 110,94 0 21,83] d,
Phan ni 1: F=|TF, {=10*] 0 4,64 0 d,
F, | 21,88 0 58,33J d,
' [ 87,5 0 -87,5 -87.5 0 fd,
E, 0 9,28 0 0 -9.28 || d,
Phdnrr2: ~ F=|F, |=10" 87,5 0 116,67 87,5 0 | d,
F, -87,5 0 87.5 875 0 | di
T 0 -9,28 0 0 9,28 || d, !
'F, | 10,94 21,88 0 |
Phdn 1t 3 F=|F |=10%| 21,88 58,33 0 |]d,
F. 0 0 4.64 | d,
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1] [ 87,5 0 -87,5 8715 0 1ld,]
I5, 0 9,28 0 0 -9,28 || d.
Phdn ni 4: I'=| F |=10"] -87.5 0 87.5  -87.5 0 .
F, 87,5 0 -87,5 116,67 0 |4,
| F, | .0 9,28 0 0 9,28 }d, |
I TinhZF,i= 1,2, 3,4. Theo (4.6) vi thinh lap ma trin do cimg t(‘;ng thé K:
10,94 21,88 —87,5
87,5 -87.5 -87.5
10,94 21,88 —~175.0
87.5 - 87,3
196,88 —131,24
K =10 4,64 +9,28+9,28 87,5
58,33-9,28-9,28 87,5
116,67 +9,28 1750
58,3-9,28
4,64 +9,28
11,67 —-9,28
359,28
ddi ximg 87,5
87.5
| 175,0 |

4) Tao ra trang thai nghm nhi trén hinh (4.13). N&i luc & trang thai ngam thong ké
(rong hiang sau:

N&i luc ¢ trang thai ngam

Phan tir M, M,
I —266,67 266,67
2 -66,67 66,67

3 —-266,67 266,67
4 —-66,67 66,67

Cac thanh phan tai trong the dung tai cac nit & trang thai tu do tinh nhir sau (xem hinh
4.13): : '

F = —400 + 200 + 200 + 400) = — 1200
F = —(266,67 — 66,67 ~ 66,67 + 266,67) = —400
F, = —(200 + 200) = -400



Ciin chu y riang bic tw do d, hofie d, ¢6 the ¢6 phuong khic nhau hoite vi tri khae nhau i
nut nay sang ot khic (xem hinh 4.12b) nhung khi tinh F, hodic F,, cin phili 1y 16ng cba cac
phan Iue trong tme,

1
red <60 o ‘?5’6‘% ™
l g
‘ 400 6\ 400
3 i
CP
Pl I

400

400
®® N

&

\\ o T

fo

&

Hinh 4.13

5) Thay ZF, b?&ng F,1=1,2,3, taco hg thirc ma trin:

F | | 1200 d,
F, -400 K d,
IES —-400 d,

Giai hé phuong trinh teén, ta dugc:
(d,,d,, d)y=10""(~13,93; 3,307; ~17.462)

6) Tinh ndi lye do chuyén vi gdy ra ¢ trang thai wr do theo (4.7). K&t gqua thong k& trone
bing sau:

Nai lyc do chuyén vi (trang thii i do)

Phan L M, M, T,=-T, | |

| 2802,19 117,81 s34

| 2 764,38 ~1164,38 0 |
3 1117.8] 2082,19 -15342 |

4 116438 ~764.38 0 |

7) Tinh tong ndi lue = noi lue ¢ trang thii ngdm + ndi lye & trang thin ty do. K&t guit
thong ké trong bang sau;
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Téng noi lue

[ Phint M, M, T,=-T,
1 - 2348.,56 -841,14 153,42

2 697,71 -1097,71 0
3 851,14 2348,86 -153,42

4 1097,71 -697,71 0

8) Bidu dd mé men vé trén hinh (4.14)
2348,9
348.9
(2) (3,4)
(1,5) 697,7
1097.7
851,1
Hinh 4.14

§4.4. Thuat toan 1ap trinh tinh h¢ dam trye
giao (khong xét den anh hwong cia lue cit) d, d,
Chuong trinh CT25
1) Cdc nguvén rdc cdn dwoc tuan thi: .
a) S& thir trr céie ndt cin chon sao cho sé thirtu
cic nGl khong c6 chuyén vi nam & cac vi tri cudt y
cung (hinh 4.15)
b) Mdi nat ¢6 3 bic tu do tinh nhu sau:
Ung val nut thir i X
d, =3i-2
d =3i-1 (4.8 d
d, =3 %

d, - bac tw do cung phuong véi trye Z; d_ -
bac tr do cung phuong véi true X d - bic trdo
cung phuong véi trye Y (trong he toa do chung). Hinh 4.15
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Trén hinh (4.15), ta cd 3 bac twrdo ¢ chuyén vi:d,, d,, d,; 6 bic tw do khong cd chuyén viid,
d.d,, d,dg,d,

Déu cla tai trong quy ude nhu trong CT24, nhimg & day, thay truc y bing truc x (xem
hinh 4.16).

2) Nhiip 86 licu ban dau:

— $6 nat (SN).

— $6 thanh (ST).

- S8 bac twdo ¢ chuyén vi (SBT).

— Téng & bac tw do (TBT).

— Cac BTD triét tiéu.

— Chitu dai thanh (cd).

— Cac cosin dinh hudng [, m.

— 84 thit tu céc bac ty do & cac din thanh d,.d,, d;, d,, d,, d, (tinh theo cong thirc 4.8).
— M6 dun dan hoi (E).

— Dién tich tiét dién (do).

— M0 men quan tinth (mq).

- Nhip md dun truot G.

— Nhéip md men quan tinh xoin J

— S thanh chiu (i trong phan b déu (X).

— 86 thanh khong chiu tai trong tap trung (Y).

— 86 thanh khéng chiu tii trong (W).

- S6 thtr twr cac thanh chiu tai trong phéan bé déu (a)
~ 86 thir tu cac thanh chiu tai trong tap trung (b)
— 86 thir r cac thanh khong chiu tai trong (c )

— Cudng d§ tai trong phan bd déu (q,).

— Gia tri tai trong tap trung (P)

- Vi tri tai trong tap trung (a, b,).

3) Pura céc tai trong phan bé déu hodc tAi trong tap trung & trang thai nghm v& cic tai
trong tap trung & cac nat (hinh 4.16).
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q=0

z
z y X
R, = Ry = % )
po’ M= Mo, = %
R, = = (L +2a) R,=P-R,
M, = -Pab’L’ x M,, = Patb/L®

Hinh 4.16
4) Tinh gia uj cac phz’in tlr cia ma tran dé cimg riéng theo (4.4.),
5) Ghép cic ma tran do clmg ridéng vio ma trin d6 cing tng thé.
Trong hé toa dd riéng, cic phan tir cia ma trin d6 cimg riéng mang cic chi 1,2, 3.4, 5,
6 nhung trong hé toa dd chung, chiing mang cac chi s6 d.d,.d,, d,d,d, tinh theo cong thic
(4.8). Gia tri clia cac phan tlr duoc khoanh trdn trén hinh 4.17¢6 tinh chét tich uy vi tai mbi
nat ¢é nhidu thanh quy tu.

Hinh 4.17

6) Chia khdi ma triin t3ng thé dé tinh chuyén vi vi phan lyc.

7) Giai h¢ phuong trinh tuyén tinh S = K.Q d¢ duoc gia tri cac thanh phiin chuyén vi.
8) Tinh mé men cudn va md men xoén theo cong thic (4.7).
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Chwong nim

HE GOM CAC PHAN T’ KHONG CUNG THE LOAI

Phuong phap chuyén vi ¢6 sitc hip din dic bigt vi pham vi sir dung cla né rit réng rai.
Ngodi cac hg gdm cic phan tir cung thé loai, né con duoe ap dung cho céc he trong dé cic
phan 1ir khdng cling thé loai, chang han sir két hop gifta cac thanh chiu uén va cac thanh chiu
lye doc, sy két hop giira cac thanh thiang va thanh cong, su két hop gitra cac gi tua clmg va
g6i tya dan hoi.

Nhu da trinh bay, mét s phin tir trong ma trén do clng téng thé 12 sur két hop cac phin
tu thich hop cia céc ma trén do cimg riéng ré. Ta c6 kha nang thanh lap duoc ma tran dé
clmg tong thé sau khi thanh 13p dugc ma tran d9 cing cia cac phan th rigng ré dil i phén
tir 6 thude loai nao. Sau diy, nghién ciru cach thanh 1ap ma tran do cing clia mot s phin
tir dic biét.

§5.1. Ma trin d§ citng ciia phan & ¢6 nia hinh vong tron (k¢ phdng co niit cing)

Cho mét phan ti¥ ¢6 hinh nira vong tron, ban kinh R nhar trén hinh (5.1). Cac thinh phan
néi lue va chuy@n vi tai cae ndt 1 va 2 biéu thi trén hinh (5. 1), Céc thanh phén néi luc M. Q,
F tai mdt mit cit bat ky bigu thi trén hinh (5.1b),

M‘—X FM

! |
. '
AN g
AY 2]

\ oC

~ R 1l

\\\ >

b
N
X =R(1-cosy)

Hinh 5.1
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Ap dung nguyén Ii v& nang luong bl va dinh Iy Engesser, ta ¢6 niang lugng b

M’ ds Q'ds Fids
'{ 2EI '[ZGA * JZEA

Cac thanh ph%‘m ndil lyc M, Q, F suy ra nhu sau: (hinh (5.1b)):
M=M, + F,x-Fy, Q=-F cos® +F sin®
F=F .sind + Fyl.cos(D

Trong do: x = R(1—cosd), y = R.sin®, ds = Rdd
M,=-M - F IR, F,=~F , F.,=-F,

Trude hét, ¢é dinh nat 2 va ap dung dinh 1y Engesser. Ta cé:

&C 1
v =0, = J(M] +F,x—F,y)RdD +0+0

EI6, = {IM, + RF,,(1 - cos®) + RE,, sin ®]RdD

[\]

EI6, = M,Rn+F, R+ F,R*(-2)

¥ l
—_—re =y = || -— (M F F +— s@+F  sin®)y—cosd
pre u, j{ EI( L HE X =F yX~y) GA (—F, cos®@+ 41 S111 W—cos DY+

al 0

+E]K(F’” sin® +F, cos®)sin fDi‘ Rdd

E[u]=—2R‘M,—2R"’F},l+§R"’Fﬂ(l+a) trong d6: o = (HY—) !

oC 1-[

- = Vl =
{rJF_\_I

1 ) : ,
{E(M] +F x —F, y)(x)+ E{A_(_F“ cos® + F  sin®)sin @

]

%(FM sin® + F | cos®)cos (D] Rd®

Elv, = iR’M, +~R’(3+ a)F,, —2R’F,,
2

DE dugc cic phin tir ciia ma tran 4o cimg, ta bi€u thi cac thanh phin ndi luc M,F F,
qua cac thinh phan chuyén vi 0, u,, v,. Sau cac phép tinh bién d6i, ta duoc két qua:

|
Fx] :F(knu] +k1;91)= 3 =E(k33\f| —knRO]]

¥l R}
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166

EI
M, = R_(knul —ky,Rv, +k,;,0))

i
Tt diéu kién cin bing:

El El
F,= F(_kllul . kl.\vl)’ FyZ = F(_kzzvl + kzzRel)

El
M, = F(_k”u' +Kky,Rv +k,0))

G:(I+E I, Trong do:
G JAR”
336 Ko - 2,14R e 0,64
Y (1+5,28a) Y1+ 5,28a) 2 (o)
= (2.32+3170+0,49" )R ko EL04+3,55a-0,490" )R (5.1)
" (1+ 6,280 +5,28a%) ~  ° (1+6,28c + 5,28a%)
Bay gidr ¢b dinh niit 1 va ciing ap dung dinh 1y Engesser nhu trén.
Cic thanh phan ndi luc suy ra nhu sau:
M=-M, + Fyzx +F_y, Q=-(F_,cosd + Fyzsin(IJ)

F=-F_ .sin® + Fyzcos(D
Tir digu kién can bing:
M,=-M,+F 2R,  F =-F, F, =-F
Sau khi ap dung dinh 1y Engsser, ta duoc két qua:
EI8, = M,Rr - F,R’n - F,, 2R’

Elu, = - M,2R® + 2F,R’ +F, 12‘—(1 + )R’

4

Elv, = - nM,R? +E,, 3(3 +a)R’ +F, 2R

Biéu thi cac thanh phan noi luc qua céc thanh phin chuy&nvi tai nat 2:

o

EI EI '
F, = F(k“u2 +k,;0,), E, = E;(kzz"z +k,,R8,)

¥2

El
M, = E(1<[3u2 +k,Rv, +k,,0,)



Tir diéu kién cdn bing
. El '
=-Fa. Fyl = _Fﬂ’ M, = E’_{(_kuuz + kR, + K0, )

Cién ctr vao cac két qua trén, ta ¢6 hé thirc ma tran gifra vecto cac thanh phan ndi luc F .,
wa M, F,,, F ., M, va vecto cac thanh phan chuyén vi u,v,0,u, v, 8, nhusauw

E k, 0 k., -k, 0 -k, |[u]

Fyl k,, ~k,R 0 -k,, -kyR v,

M, _EI ki, ki; kR ki 0,

F,| R® k, 0 Kk, u, (5.2)
F}'E ko kR v,

M| ky | [0

k 12 ma tran d6 cimg clia phan t& ¢6 hinh nira vong tron. Cac phén tir clia ma tran k tinh
theo (5.1}

§5.2. Ma trin dd cing cda phin ti ¢6 niva vong tron trong hé dam giao nhau

Cho mot ph;‘m tir hinh ntra vong tron ¢d ban kinh R nhw tr8n hinh (5.2). Céac thanh ph;‘m
ndi lyc va chuyén vi biéu thi trén hinh (5.2a). Céc thinh phén ndi an. tai mOt mét cit bat ky
bifu thi trén hinh (5. 2b).

a

* M\m . ' Mﬂ’ ¢"3

Hinh 5.2

Vi phan tir vira chju udn, vira chiu xodn, ning Iugng bl ¢6 dang:

M’ds  T3ds Q’ds
S TR TR
2EI 2G) 2GA

Trude hét, ta cd dmh nut 2 va xét anh hudng clia cc thanh phin chuyén vi tai nit 1. Cac
thanh phin chuyén vi tai mot mit cit bat ky suy ra nhu sau;
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M=M_.cosd + M}__].sinib + F_ Rsin®
T=-M sin® + M_‘.Icos(l) —F R{l-cos®)
Q=F,
F  —thanh phfin lyc trén phuong truc z tai ndt 1. T cic dicu kién cén bﬁng, ta duoce:

M,=-M;:M,=-M_ -F 2R;F_=-F
x2 % ¥ ¥l zl 72 z]

Ap dung dinh ly Engesser:

oC oC aC
exl = > ey] = WI T e
M, oM, aF,,

b

GI8,, = a [(M,,cos® + M, sin® + F, Rsin®)cos®RAD

0}
+ [[-M, sin® + M,,cos® — E,R(1 - cosd)|(~sin®)RAD
¢]

GIo,, = M“Rgu + M“Rg +F, 2R’

o =GJ/EI
GJO,, = o [(M,,cos® + M, sin® + F, Rsin®)sin®RdD +
4]

+ j+ [-M, sin® + M, cos® — E R(1 — cos®)]cos®RAD
0
GJ6,=M REa+F,R* 2 +M RE +F R E
' T2 2 2T 2

Glw, =« I(Mx,cosCD + M,,sin® + F, Rsin®)Rsin®RID +
0

n

+ J-[me,sin(D + Mylcosd) = F, R(1-cos®)][-R{1—cos®)|RdD + '\(% J.FLIRd(D
43

1]

Glw =M, R*Z o +F,R* S0+ M R*27+E,R*Z +ER' 21 + 2F Rx
| ¥l 2 zl 2 Y| ¥l 2 z] 2 A zl

Cén cir vao cac két qua trén, ta ¢ hé thirc ma trin:
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_91]_ I

0 | R
' 2G]

_WI_ L

MM
l+a 0 4R K
T
I+a {1+ e)R M,
2] 5
(3+o0+——=7)R"
— AR“ Y dL F.:J _
f

f 12 ma tran d6 mém. Dé duoe ma trdn dd clmg, ta biéu thi cac thanh phan ndi luc M

M, M, qua cac thanh phan chuyén vi 6 .9 o W DE don gian hod tinh toan, ta bd qua anh
hudng clia lye cat (thay y = 0). Ma trdn dd ¢img img vdi cac thianh phan chuyén vi tai not 1
B 7 B . 7
M, | |2 4 -2 e,
nR
16 —(1
M, |=pB J+o - (+a) 0,
n(l+a) R
. . (1+0()
d
F, | i 01 xumg R Lw
Trong do:
B = Gln
R[7*(l+a)-8]

Tir ciic dieu kién cin bing, ta co he thic gita M, M, F,va M, M,

trude), do d6 suy ra:

-2

4

n

4
R

4

i
16 -1 (1—a?)
(1 +a)

(1+q)
R

4
nR

“(I+a)

R

_U+a)

R

Bay gidr eb dinh ndt 1, noi luc tai mdt miit cit bt ky nhir sau:

M= sz.cosCD - Mﬁsind) + Fﬂ.RsinCI)

T=M_.sin®d + Mﬂcos@ +F_.R(1-cos®)

Q=-F
Tir diéu kién cin bang:
Mxl

=—Mx2

M
¥

1 = —MyE + FzZ'

2R; F =

_sz

F | (xem phéan
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Ap dung dinh ly Engesser:

ac
M, ¥

x2

Oxg I+a
0. |- T.R
. 2G]
d6i ximg
L W2

aC oC
w, =
GMYZ oF,,
0 i[{ *2
o
1+ —(1+ )R

¥2

2J
3+a+——y).R*

4L " =#2

Sau khi biu thi cac thanh phan ndi luc M, -M,,, F, qua cac thanh phan chuyén vi 8,

0., w,va két hop véi ma tran dd cimg (mg v&i cac thanh phin chuyén vi tai nit 1, ta c6 ma
tran d(_) clmg ctia phin t& ¢6 hinh aira vong tron nhu sau:

F,, ke -k, -k -~k
4

M,, 2 - k,
L

M,

! _p k; Kk,
F?E k<
M,, d6i  ximg
_Myl_ L

“k1 ] -wzl |

4

- exl

k, 9,

W

k, (5.3)
_4lle,

T
ky, |6, ]

k —ma tran d6 cimg cua phén tirc6 hinh nita vong tron trong hé dam giao nhau. Cac phiin

trcla ma tran k tinh nhu sau:

< ___o

El’ R[n°(1+a)-8]

]
P i, S

R ° nR
: k

K= (1w, ky=—-

n{l+w) R
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§5.3. Thi du ? 200 kN 40 kN

Thidu 5.1 ’ S R T A

Diu dé giéng thi du (3.5) £—
nhing b sung thém 2 thanh giing K
chéo 1-4 vd 3-6 nhu trén hinh
(5.3).Dién tich tiét dién cta céc o ——= X w3 smL —4
thanh giing chéo A =506,71.10%m?; am am
E =210.10° kN/m*. Céc dic trung
hinh hoc nhu trong thi du (3.5). Bo

J

2 d‘i
] ., L by L r
gua anh huong cua luc doc ddi vén d— }d g v
cac thanh chiju udn. '
Giai:
Hinh 5.3

Hg gém ¢O 2 thanh chiu lic
doc -4 va 3-6, cac phén ti¥ con lai 1a nhimg thanh chju uén. Trong thi du (3.4) {(chua ¢ cac
thanh gitng chéo), ta da suy ra hé thic ma tran sau (trong truomg hop khéng xét dén anh
hudng cha lyc doc).

TF, 36,21 10,08 0,00 —6,651[d,
I | o 40,70 5,07 -3,631|d,
SE, | 18,35 -3,63 || d,
' I ' (5.5)
ZF, ddi  ximg 9,27 |14,
K

Ta tién hinh tinh toan theo cac bude sau:
1) Bac tu do biéu thi trén hinh (5.3b), so v&i thi du (3.5) khong c6 gi thay doi.

2) Xac dinh phin déng gdp clia cac thanh gidng chéo vao cac thanh phin ndi lue. Ap
dung (2.25) d6i vdi cac phin ti (1-4) v (3-6). :
Phin 17 6: ddu | tai nit 1, dhu 2, tai ndt 4, L=5m, {=0,8, m = 0,6, AE/L = 21,28.10%,
Ta ¢é:
o =F,=10°.13,62d,
Phan tir 7: dau 1 tai ndt 3, diu 2 tai nit 6. Dic trung hinh hoc cGa phan tir nay hoan toan

gidng phan tir 6, do do:
F,=10°.13,62d,

3) Thanh 13p ma tran d§ cimg tong thé K. Do sur dong gdp cua cac thanh 01ang chéo vao
cae thinh phan noi luc nén ma tran K trong (5.5) (chua co cac thanh gldng chéo) duoc bién d6i
nhur sau. Phan (& ¢ gia tri 9,27 nim trén hing cudi cling va cdt cudi cung duoc thay bing gia
tri (9.27 + 13,62 + 13,62). Ta goi K* 1a ma trin K sau khi duoc bién déi.
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4} Trang that ngam va trang thai ty do hoan toan giéng nhur trong thi du (3.5):
ZF, =77.50; XF,=-46,67; F =-5333; £F =450
Dai véi hé 1rén hinh (5.3) ta ¢é hé thirc ma tran:
F=K*D
5) Giai hé phuong trinh trén ta duoc:
=[d, d, d, d,J=107(2,753 —1,437 -2238 1,377]

6) Tinh n6i luc do chuyén vi giy ra ¢ trdng thai tu do. N&i lyc trong céc thanh chiu udn

- tinh theo (3.25), lyc doc trong cac thanh glang chéo tinh theo (2.34). Noi luc do chuyén vi
thont‘r ké trong bang.

7) Tinh Lonn 001 luc = ndi lyc ¢ trang thai ngam + ndi lue & trang thai tu do. Két qua
thdng k& trong bang sau:

Phin ’! Néi lue do chuyén vi Téng ndi luc

ti M, M, F M, M, F

1 7,87 29,56 -14.63 5206

2 47,95 -3,96 -52,05 96,04

3 -9,91 —15,70 -971 -=1570

4 =270 0 =31.66 -80,33 21,67

5 -12,65 21,07 -12,65 =21,67

6 - — 23.44 - - 23,44
7 - - 23,44 - - 23,44

8) Biéu dé md men v& wrén
hinh (5.4). Cac $6 ¢é danh dau 96,04
"sao" U ¥1 hé khé L e 52,06 107.65° 80,33 21,67
sa0” (ng vl hé khén ac ' . '
N & RIOHE €O T oy e \ 7416 / 32,93
thanh gidng. Qua hinh (5.4), ta

D. - 1
thiy sy dit thém céc thanh gising \ \I/

chco lam gidm bdt mot cach dang

69,0

T —

. R - 12585

k& md men trong cic ¢t vi chuyén

vi thing cua hé trén phuong nim / Z

ngang bi han ché, 16,63 %7 12,85
i 4317 28,13° 27.88"

Thidu 5.2 Dau dé gidng nhu
trong thi du (4.1) nhung thém géi
tya dan héi vao nit 2. Do cimg cla gbi twa dan hdi bing 40,10 kN/m. Chc ddc trumg hinh hoc

<r10nﬂ nhu trong thi du (4.1). B4 qua anh huong ciia lyc cat. He biéu thi trén hinh (5.5)
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b)

Hinh 5.5

Gicii:

Bac tu do caa hé toan toan giéng nhu trong thi du (4.1). Trong thi du nay, ta &4 suy ra hé
thirc ma tran trong trrong hop khéng ¢6 gdi twa din hdi.

Trong thi du (4.1), ta da suy ra hé thic sau:

*F, 13,65 -13,65 13,65]d,
IF, |=10° 39,30 0 ||d,
2F, ddi ximg 39,30 4,

1) Xac dinh phan déng gbp cla gdi tya dan hdi vao thanh phin tai trong. Vi tai nut 2 cb
gbi tya dan hdi nén thanh phin tii trong trén phuong cla bic tu do d, la:

F,"=10%.40,0.d,

Néu thay BF, & vé tri clia (5.6) bing £F, + F," sau d6 chuyén F * sang v& phai, ma tran
K trong (5.6) s& duoc bién d6i nhir sau: Phén trcd giatri 13,65 img vi d, duoc thay thé bE‘mg
gia tri (13,65 +40.0) = 53,65. Ta goi ma trin d6 cimg méi 14 K.

2) Trang thai ngam v trang thai ty do hoin toan gidng nhu trong thi du (4.1). Thay
XF =-55;XF, =-25,0; ZF, = -20,0, ta c6 ht thirc ma trén:

F=K'D
Giai hé phuong trinh trén, ta dugc:
D=[d d,d])=10%[-0,891 0327 -0,199}
3) Tinh ndi lyc do chuyén vi gay ra & trang thai tir do theo (4.7). Két qué ghi trong bang.

4) Tinh tong ndi luc = ndi lyc & trang thai ngam + ndi lyc & trang thai tr do. K&t qua ghi
trong bang sau:
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_P_};E"m Nai liyc do chuyén ; Tc“;ng ndi luc
W[ M, M, T=T | M, M, T,=T
I | -1570 -1942 093 | -3570 058 093 |
2 | -1811 —24,05 058 | -43,11 095  -0.58

5) Bieu d6 md men nhur trén hinh (5.6)
Thi du 5.3: Cho mOt hé nhu trén hinh (5.7). BS qua anh hudng cda lyc c¢it va luc doc.
E=14.0.10° kN/m*, G = 6,36.10° kKN/m?>, [ =5714,3.10" m*, A = 185164,25.10°m?, v=1,2

Cricii:
Hi¢ gdm ¢6 2 thanh thing vh | thanh cong hinh nira vong tron, Vi bo qua anh hudng cila
lue doc, ¢6 4 bic tr do bidu thi nhur trén hinh (5.7b).

W = 20 kN/m
35,7 | AR S I I
¥
R = 20m
11,86 3 _—
2 =
£
aj b}
43,11 mmj X ::;‘m e
3m
27.97 '
Hinh 5.6 Hinh 5.7

1) Thanh 1ap ma trin dé clng cla cac phan ti.
Phén tr 12 phan tir 1-2, dAu | tainit 1, dhu 2 tai ait 2, / =0, m = 1, p = 0,051

Thanh [ap ma trin d6 cimg theo (3.22)

F, L5 -3,0 |4,
4 L43° -2.86°
=10
-3,0 80
F, -2,86" 7,717 || d,

Trong do, cic 56 ¢6 danh daw "sao” (mg vai trimg hop cd xét dén dnh hudng ¢ba lue cdt.

Phin tir 2: Phan t& 2—3, dau 1 tai nit 2, diu 2 tai n(t 3. phin t& ¢6 hinh nia vong tron. Ap
dung (5.1) va {5.2) ta ¢0:
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=10

1,72 274
1,577 2,50
2,74 7.41
2,50° 6,82°
-1,72  -2,74
—1,57" =2,50
2,74 -3,34
| -2,50" 3,18

-1,72

-1,57

~2,74

-2,50

1,72

L,57

2,74

2,507

-2,74 |[d,
~2.50"
—3,34 {]d,
-3,18'
2,74 || 4
2,507 ||
7.41
6,82 || d, |

2) Tinh XF, 1= 1,2, 3, 4 theo (3.23) va thanh 1ap ma tran d6 cimg tdng thé K.

[ 8.0
7.41
15,41

K" =10°

—30 334 -=-2.74]
2.74
0,26
1,50 -2,74 -1,72
1,72
3.22
7.41 2,74
80 3,0
15,41 —0,26
x(mg 1,72
1,50
3,22
[ 7,71 -2,86 3,18 -2.50]
6,82 2,56
14,53 0,36
1,43 -2,50 -1.57
157
3,0
7.71 2.50
6,82 -2.86
14,53 0,36
doi xtmg 1,43
L,57
3,0

3) Tao ra trang thai ngam nhuw trén hinh (5.8).

B4 qua anh hudng ctia luc cit va lue doc

Xét deén anh hudng cua luc cit
va luc doc trong vom v anh
huong ciia lyc cit trong ¢t

Khi bé qua anh hudng ctia luc cit va lue doc, cac phan lyc & trang thai ngim tinh nhu sau:

R, = R2 =wR, H =H, =056 wR,
M, =-M, = 0,1066 wR™.
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Khi xé1 dén anh hudng cia luc cit va luc doc,
cac phan Lie tinh theo céc ¢dng thite:

[0,56+2,240¢—4,48—-—I 3}
H, =H, = wR AR

(1+5,278a) e

Hinh 5.8

[0,10664—0,1060{. - 2,852 I—j]
a AR~
M, =-M, =wR

a=[ﬂ+l]+ Iq
G AR"

Thay w=20,R =25 taduoc R, =R, =50,0; H = -H, = 28,01; M, = -M, = 13,33,

(1+5,278x)

4) Tao ra trang thai ty do. Cac thanh phan tai trong & trang thai tu do:
F =-F =-13,33; F,=-F =-2801

3

Thay YF bing F, (i= 1,2, 3,4), ta c6 hg thitc ma trén

F1 [-13,33 d,
c_| B |21 K d,
F, 13,33 d,
F, 28,01 d

Gidl hé phuong trinh trén ta duogce:
d =-d,=0,041.107% d = -d, =-5,688.10~

2

5) Tinh ndi Iyc do chuyén vi gly ra ¢ trang thai tr do. Noi Iuc clia cic phan tir 1-2, 3-4
tinh theo (3.25). D61 voi phan t& 2—-3 (nia vong tron, cac thanh phﬁn ndi lye tinh theo (5.2);

H, =H, =§_]T[3,36(u, ~u,)+2,14R(0, - 6,)]

EI
Ry =R, = 50,64[v, - v, ~R(6, +0,)]

M, _EH 2,14('“_'?_“;]_0,64[‘!‘ _Ys ]+2,328] - 1,048,
R R R "

M, =~(M, + 2RR )
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Trong céc hg thire trén, ta bd qua anh hudng cia lue it va lue doc {thay o = 0). Noi luc
do chuyén vi gay ra ghi trong bang.

6) Tinh tc‘;ng néi luc = ndi lyc & trang thai ngam + ndi luc & trang thai tu do. Két qua ghi
trong bang sau:

o i | N0 e & trang thii ngam | Noi lyc do chuyén vi Téng n6i luc i
M, M, H=H| M M, H=H| M M, H, =H,
o 0 0 - 1723 1739 - | 1723 1739  _
2 | o 0 - | -1723 -17.30 - | -1723 -1739 -
301333 -1333 2801 | -3072 30,72 -1935| =17.39 1739  8.65

7) Bi€u dd md men vé trén hinh (5.9).
Thi du 5.4
Cho mot h¢ nhu trén hinh (5.10). B4 qua 4nh hudng ctia luc cit.
E =10.10° kN/m?, G =6,36.10° kKN/m?
I =5400.10"° m?, J=3890.10° m*,
A =180000.10*m?, y=1,2.
Gidi: 23,48
He trén hinh (5.10) 1a hé dam giao nhau (xem
chuong bdn) trong dé cac phin ty (1-2), (3-4) i cac
thanh thing, phin tr 2-3—4 13 thanh cong hinh nia
vong tron, Cic phfm tr trén vira chiu udn, vira chiu
xoan, Vi hé déi x(img v tai trong ciing ddi ximg nén sor
do tinh dua vé nira he nhu trén hinh (5. 10b).

Vi tinh chét 461 ximg, géc xoay 8}, tai niit 3 trigt
tieu, Cac bac tu do biéu thi teén hinh (5. 10b).

1) Thanh 14p ma trin d6 cimg clia ce phin G, 1723

17,23

Phdn tiz I: Thanh thing 12, du | tai nit 1, dhu Hinh 5.9
2tainat 2, [=0, m =-1. Theo (4.3), ta c4:

Fl_ ,[605 0 ][4
F| |0 0,5]]d,

177



Hinh 5.10

Phdn ik 2: thanh 2-3 ¢ hinh mét phan tu vong tron (hinh 5.11). Ap dung nguyén ly vé

ndng luong bu va dinh 1y Engesser, tuong ty nhu da 1am trong muc 5.2, ta duge hé thic ma
tran:

[ F, ] 'k, K, k, -k, ki, k, |[ w, ]

MH k22 23 k]2 k24 k25 8xl

M, - _(;'J_ ki, Lo ks Ky, eyl

Ff"’ ROL| k|| k|3 1(|2 W? (5_?)
Mx? k33 k23 x2
_M.vi_ L kz’-’ AL 7y2

Trong do: & = % o, =7,24a” + 1,920 + 0,07

k,, =(4,61la’ +51,79a +4,61)R™>
k,, =(16,15ct + 3,59)R™

ki, =(1+a)4,6la +1,02)R™
Ky = 15,500 +2,94, ky, =628a +0,89, k,, = 0,65 (140t} | (5.8)
ky; =(1 +a)@,61a +0,37), k,, =9.87a +2,70
k,, =4,61a’ — 0,650 + 0,13

Thay cac gia tri déc tnmg hinh hoc vio cac hé thix wén va chi y W =W, = Gﬂ =0 ta dugc:
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Fl] 5,39 1,98  0,58][d,
F, |=10*| 1,98 1,68 0,28 d,
FAJ 0,58 0,28 1,68 ||d,

2) Tinh ZF,, i = 1, 2, 3, ta duoc ma trin d6 cimg tong thé:

0,65 1,98 0,58 *Mﬂ.a,‘
5,39
11,44 ! Mmoo,
K = 10" 0,50 0,28
1,68
2,18
| ddi ximg 1,68 |
l -41,67 ¥ Vo,
Tf’o i M, 0.,
41,67 Hinh 5.11
/
50
‘ 29,07 29,07
l 39,27 39,27 T
Hinh 5.12

3) Tinh ndi Iy & trang thi ngdm nhy trén hinh (5.12). D8i véi phin tir (2-3) ¢6 hinh mét
phan tur vong tron, cd thé ding céc cong thirc sau (tra & s6 tay thiét k&) dé tinh ndi lue (hinh 5.12).

7
F, =F, =0.785 WR; M,, =-M,, = -wRi= 20 1 &)
| ' (1,0 + 0,450c)

M. =M. = —wr? 200U+ R

v * (1 +4,500)
4) Tinh cac thanh phén tai trong & trang thai ty do: F, =

=—(41,67 -29,07)=-12,60,
F,=-(0-2,25) = 2,25); F, = ~(2,25) = -2,25. Tir d6, suy ra hé thic ma trin:

F, -12,60 d,
F=1F |=| 2,25|= K 4d,
F, —2,25 d,
Giai phuong trinh teén, ta duoc:
D=[d d,d4,]=10"[-1476 2,524 -1.250]
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5) Tinh ndi lyre do chuyén vi gy ra & trang théi tr do. Déi véi phin tr (1-2), 3 ap dung (4.7).
Déi véi phin tir (2-3), thay céc gia trj thanh phan chuyen vi vira tinh & trén vao (5.7), ta duoc:

PhdntulMl=—4,4?M -894,T,=-T, =-1,25

Phan tir 2: M, = M, = -3,69, M,= My, = 6,90, T, = M,,=-2,26,T =M =0,96.

6) Tinh téng noi luc = ndi luc & trang thai ngam + ndi llrc O trang thal tur do

Ao 1. M, = -41,67-4,47 = -46,4 M, =41,67-8,94 = 32,73
Phin tir 1: {le T L1028 2

. M, = -29,07-3,69 = —32,76 M, =29,07-6,91=122,16
Phantr2: 47~ 135540,06=~129 T, =2,25-2,25=0

7) Bi€u d& m6 men nhu trén hinh (5.13)

Hinh 5.13
Thidy 5.5: Cho mGt dam lién tuc nhur trén hinh (5.14a). D6 cimg ciia cic g6i tya dan hdi
nhu sau:

50 kN/m .

2
-
[

2
l 4m am |

) T/\ T/\ - )ds
; (Tm’m ' =) (T 1)

100 100

R 54,54
°2 28 A\ /] 24,03
d}
\l/ 16 a7

46,59
Hinh 5.14
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D6 cimg trén phuong thang dimg bang 10.10° kN/m
Do cimg xoay bang 4.10* kNm/radian.
[=119,05.10"m* A =6830.10° m?, E = 210,106 kKN/m?.
B6 qua anh hudng ciia lue cit va luc doc.
Gidi:

I) Xac dinh béc ty do. Vi bé qua anh hudng cta lue doc nén hé ¢d 6 bic tu do nhur trén
hinh (5.14b).

2) Thanh ldp ma trén d6 cimg cla cac phéan tir theo (3.22).

Phin tir 1: dam 1-2, ddu 1 tainiit |, ddu 2 tainae 2./ = 1, m =0

F, 0,47  -0,94 0,47 -0,94]d,
B || 094 25 0,94 1,25 d,
F, -0,47 0,94 0,47 0,94 || d,
F, 0,94 1,25 0,94 2,51 d,

Phan tir 2: dim 2-3, dhu 1 tai nit 2, diu 2 tainit 3, [ = 1, m = 0

F, LIT L6711 -167][d,
Bl | 067 333 167 1,67 |{ d,
¥, ~1,11 1,67 L11 1,67 d,
F, ~1,67 L67 167  3,33||d

3) Xac dinh phén déng gop ciia cac géi tva din hdi vio cac thanh phén tai trong.

— Tainat 1: F =-10.10%,
mo men F, =-4.10'd,

— Tai nat 2: F, =-10.10%d,

— Tai nit 3: F =-10.10%d,
md men: F, =—4.10%d,

4 Tinh XFi=1,2,3,4,5, 6 vichuyén F, E, F;, E/, E sang vé phai, ta duoc ma tran
dd cimg toan bd K:
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0,47 —0,94 -0,47 -0,94 0 0

10,0°
10,47
2,5 0,94 1,25 0 0
20
6.5
0,47 0,94 -1l =1,67
111 -1,67
10,0* 0,73
K=10" . 11,58

3,33 1,67 1,67
2,5

33
1,11 1,67
10,0°
11,11
3,33
4,0*
7,33

4
Cac 0 0 danh dau "sao" ing vdi phan déng gop ciia cac gbi tra dan hoi.

5) Tao ra trang thai ngam nhu trén hinh (5.14¢). Céc thanh phan tai trong ¢ trang thai tu
do tinh nhu sau:

F, = —(100) = -100; F, =—-(66,67) = 66,67
F,=~(1000+750)=-1750, F,= (66,67 37,50) = ~29,17
F, = —~(75.0) = =75.0; F,=~(37,5)=-375

6) Thay ZF, bing F, (i = 1, 2, ..., 6), ta duoc hé thirc ma tran:

F | [-100,0] 174,
E | | 6667 d,
b | Bl_|-17501 K d,
F, | |-29,17 d,
F, ~75,0 d,
F | | -37.5] | 1 L4 |

Giai hé phuong trinh trén, ta duge:
D=[d.d,d,d,d,d] =10"[-994 1307 -1857 -8,15 -648 -6,01T
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7) Tinh néi lyc do chuyén vi gay ra & trang thai tu do theo (3.25):
Phan uf [: M, = 14,39; M, =-12,13
Phiéin tr 2: M, =~17,04; M, =-1347

8) Tinh t3ng ndi luc = ndi luc & trang thai ngam + ndi lyc & trang thai tir do:
Phan t 1: M, = ~66.67 + 14,39 = -52,28; M, = 66,67 — 12,13 = 54,54

Phan tir 2: M, = -37,5 - 17.04 = =54,54; M, = 37,5 - 13,47 = 24,03 - .

9) Bitu 46 mé men nhu trén hinh (5.14d)

§5.4. Thuat todn 13p trinh tinh dam lién tuc trén géi tya dan hdi (CT26)
1. Cdc nguyén tic can dwoc tuan thii:

a) Xép thir tir cac nit ciing nhu cac thanh ting dan tir trai sang phai hodc tlr phai sang trai

(hinh 5.15)
d d, d, d, d,
N N N
I TR R TR

Hinh 5.15

b) Méi niit c¢6 2 bic tv do tinh nhur sau:
ﬁng véi nat i
Chuyén vi thing dimg = 2i - 1
Chuyén vi Xoay =21 (5.9)
Trén hinh (5.15) tac6 5 chuyén vj thing dimg: d
d,d,d,.

Gt Tt

»d,,d,d.,d, va 5 chuyén vi xoay: d,.d,,

2. Nhdp sé liéu
~ $6 thanh (ST)
— S& nat (SN)
— Téng s6 BTD (TBT)
— Cac BTD triét tiéu
~ S0 thir tyr cac bic ty do & méi diu thanh (d,, d,, d,, d,)
— Chiéu dai cAc thanh
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~ Mo men dan hdi (e)

— MO0 men quan tinh (mq)

— Hé 6 dan hoi trén cac géi tua dan hoi (he s6 chuyén vi hodic xoay)
~ $6 thanh chiu thi trong phan bd déu (x)

— $4 thanh chju tai trong tap trung (y)

— S$& thi ty cac thanh chju tai trong phan bd déu (a)
— Cuimng d§ thi trong phan b déu {q)

— 86 thir tw cac thanh chiu tai trong tap trung (b)

— Gia tri tai trong tip trung (P)

— Vi trl lai trong (@p trung (a,.b)

- $6 thanh khong chiu tai trong (z)

~ S6 thir tr thanh khéng chiu tai trong (c)

3) Xac dinh cac ti wrong tap trung tai cac nit do tai trong phin bd déu hoiic tai trong

Lip trung giy ra & trang thai ngdm. Phin niy nhu da trinh bay trong C'T23 (xem hinh 3.21
chuong ba).

4) Tinh gid trj cac phin ti cGa ma tran do cimg riéng.

Theo (3.21) (chuong ba), ma tran d6 cimg riéng ¢ dang:

12EI 6EI
ST G-
-2 5.10
¢ _4E o 2 (5.10
L L

Cac gia tri khoanh tron ¢6 tinh chdt tich luy vi tai mdi ndt, ¢6 2 thanh quy tuy.

5) Ghép cac ma trin do cing neng va ma trdn dd cimg téng the. C6 phiin tir trong (5.10)
trong hé toa d riéng mang cac chisd 1, 2, 3, 4 ,nhung {rong ma trdn téng thé S, chiing mang
cac chi sb d,.d, d,, d, (tinh theo 5.9). Chi y déi véi g6i tyra ¢6 (inh chét dan hoi, cac phin (i
trén dudng chéo chmh ctia ma trdn S can duoc b sung thém céc hé sé dan hdi tiong mg.

6) Giai hé phuong trinh F = S.Q d€ duge cac [ -C, C. ]
gia tri chuyén vi va gée Xoay.
7) Tinh md men tai cac dau thanh theo 3.21 ~C, ¢

(chuong ba)
8) Tinh téng md men {nhu trong CT23)

9) Tinh lue ct tai cae diu thanh theo (3.21) doi ximg

10) Tinh tong luc ¢t (nhu trong CT23),
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Chuong sau
o HE CHIU TAC DUNG
CUA CAC NGUYEN NHAN NGOAI TAI TRONG

Trong thire té, ngoii tai trong cdn c6 nhimg nguyén nhan khac tac dung 1&n két ciu nhur
sir bién thién cla nhidt do, su lan cua nén mong, su ché tao hodc thi cdng khdng chinh xac,
D61 voi hé tinh dinh, nhimg nguyén nhin nity chi gay ra bién dang v chuyén vi, khdng ¢y ra
néi lue. PSI vai hé siéu tinh, cae nguyén nhan nay vita gy ra chuyén vi, vira giy ra ndi lyc.
Trong chuwong niy, s& nghién ctu cach tinh ndi lyc v chuyén vi trong hé siéu tinh chiu tac
dung cda cac nguyén nhin ndi trén.

§6.1. Mot $0 nguyén tic chung

V& nguy@n tic chung, ta tao ra trang thai nghm va trang thai ty do nhu da tiinh by trong
$3.2.5. Tac dung cda nhidt dd, su lin cha nén méng va sy ché tao khdng chinh xéc giy racac
phan lyc tai cic ndt & trang thai ngam, tir 6 ¢6 thé xac dinh dugc cac thanh phan tai trong &
trang théi wr do. Trinh ty tinh toan gibng nhu da trinh biy trong cic chuong trudc.

6.1.1. H¢ chiu tic dung cia
nhiét do

2o o = R ~ 2 F
Gia str mot phan tucua he phing "
cO nit cing chiu tac dung cua nhiét -
d6 nhu trén hinh (6.1a). "

Goi T, T, la nhigt d6 tai thd trén
vh thé dudi cla phin ti, Y, lakhoang
cich tir thé trén dén truc clia ph?&n tur,
Y, lakhoang cach tir thé dudi dén truc
phén t&. Cac thanh phin ndi luc trong
hé toa do riéng biéu thi trén hinh
(6.1a); cac thinh phan ndi lyc trong
he toa do chung bidu thi irén hinh
(6.1b). Hinh 6.1
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Déi voi phan tlr ctia hg dam giao nhau, cac 2
thanh phan ndi lyc trong hé toa do riéng va trong
hé& toa d6 chung bicu thi trén hinh (6.2a) va (6.2b)
Ta gia thiét riing nhiét do thay d&i theo quy luat  gian
tuyén tinh trén sudt chidu cao cta tiét dién (hinh
6.1a).

M
V1 sir chénh 1éch nhiét dd gifra thé trén va \

thé dudi, phan i chiu udn. Ngoai ra, trén phuong

doc truc, phfm tl ¢6 bién dang co hodc gian. Vi Hinh 6.2

vdy, tac dung cua nhiét do twong duong véi viée

dat lyc doc F trén phuong doc truc va caec mémen udn & hai diu cla phan tr (hinh 6.1a).

Luc kéo doc F gay ra dd giin ddng déu F/AE, md men uén M gay ra bién dang gidn & thd
dudi (M/EDY, va bién dang nén & thé trén (-M/ED)Y . Vi & trang thai ngam, cac nit bj chot
nén bién dang & thé trén va thd dudt déu triét tiéu. Do db,

F F
o,. T, +_—M.Yu =0; o,.T, +——+—N£Yb =0
AE EI AE EI

Giai 2 phuong trinh trén, ta dugce cac phén lyc & trang thii ngim:

o .Y, +T..Y,

F=-AE
LY, +Y, (6.1)
Khi Y_ =Y, =0,5h:
T +T
F=-AEq, St (6.1a)
2
M=Elalu= E[":.'!,l Tu _Th (6 2)
Yu + b )
F
trong d6: h — chiéu cao cla tiét dién. Vay: 2/ E, l ,
a) D6i véi phin ol trong hé phing c6 Fe

nat cling, céc thanh phin ndi lyc trong he
toa dé chung (hinh 6.1b) nhu sau:

F, =-Ft F =-Fm; &1
F_=F; F_=Fm (6.3) /1 .
x2 ¥2 1 F”
MI = M; M,, ad —-M F
i Hinh 6.3
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b) DB3i v&i phan tir trong hé dim giao nhau (hinh 6.2), ta cb:

F,=-Mm; E, =M., M, = Mim
(6.4)
M, =-M.LF, =F, =0
¢) B6i v6i phin tr clia hé dan phing (hinh 6.3) (chi chiu Ire doc):
F=-AEa,T]
F, =-Fl
F,=-Fm -
F, =F.l (6.5
E,=Fm
D6i voi phin tir cda hé gian khong gian:
F=-AEa,.T _
F,=-FUF, =-FmF, =-Fn (6.6)

E,=F0F,=FmF, =Fn

[, m, n - cac ¢6sin dinh hudmg cia phﬁn tir trong hé toa dé chung; F_ ;F_, —cac thanh
phan ndi lyc trén phuong truc z tai ddu 1 va diu 2; T — 40 bién thién nhiét do.

6.1.2. Truomg hop ché tao khong chinh xdc

MOt thanh ché tao khong chinh xac c6 nghia I khi 18p rap, thanh dé ngin hon hoic dai
hon so v&i chiéu dai quy dinh trong thit ké. D& thanh c6 chidu dai quy dinh, ta kéo gidn nd ra
hoiic dap co vao mét doan A. Diéu nay tuong duong vét vige cho tac dung 18n thanh d6 bién
thign nhiét dé.

T= 2 6.7)
o, L

Thay (6.7) vao (6.5) hoiic (6.6), ta s& tinh dugc cac thanh phin phan luc & trang thai
ngam. Trinh tir tinh toan giéng nhur da trinh bay trong chuong hai.

6.1.3. Trueomg hop géi twa bi lin

Khi cac gdi tua bj ltin, mot s& phin ti c6 cac thanh phin chuyén vi da bidt truse. C6 2
cach giai:

— Cdch thit nhdt: Cin cir vao h€ thizc ma tran gira ndi luc va chuyé’n vi cna cac phél‘l twr
lién quan ¢én chuyén vi ctia gdi tira bi lin, tinh cic thanh phin phan luc trong Umg & trang thai
ngam, tir dé xac dinh cac thanh phan tai trong & trang thai ty do. Trinh ty tinh toan nhu da
trinh bay trong céac chwong trude.
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— Cdch thithai - Gia st F 1a thanh phiin tai trong trén phuong cita thanh phin chuyén vi d
cua U01 tira. Tur hé thitc ma trin gilra vecto tai trong va veeto Lhuym vi clia cac nat, ta ¢ thé viét:

Fi:aild1+aad2+. ad+a d. +.

L+ ]

Néu thay a. (hé 56 clia d.) bing mot gia tri rat 1on trong khi vén giit nguyén cc hé sé
khic thi:

F =a; d, (xem gidi thich & cudi chuong)

a) — gid tri thay thé cia he 8 a..

Sau khi b& sung F, vao vecto tai trong, ta tinh céc thanh phin chuyén vi nhu trong cac
chuong trude da lam.

§6.2. Thi du

Thi du 6.1: Diu & gidng thi du (2.2), hinh (2.7) nhung thay tai trong bing tac dung ciia
nhi¢t d6. Nhiét d6 trong toan bd cac thanh gian déu tang 20°. Cho o = 10.10°%/°C.

Gidir

1) Béc v do hoan todn gidng nhu trong thi du (2.2).

2) Ciin ¢ vi1o (6.5), tinh cic thinh phin phan luc & trang thai ngam.

Phantr1: F=-84.

F,=F =0,F =F, =84

Phiin tr 2: F——84 F,=F,=0,F_=F =84

Phan tr 3: F=-25.2; F =F =252F,=F,=0,F,=F =-252F =F =0

Phin tr4: F=-252F_ =F,=-20,16;F ,=F, = 15,12

Phan tr 5: F=-25,2; Fx,_, =F =20,16;F ,=F,=2512

Gia tri cac phan luc ghi trén hinh (6.4).

aj
84 B4
l | 0
252 252
N yd B »
2
1
5 4
841 a4t —— ———
43 36 43,36
A 252 25,2\ 1 f
— S 99,12 89,12
252 25,2
Hinh 6.4
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3) Tinh t3ng phan luc tai cc nit & trang thai ngam:
2FF =0+ 25,2+ 20,16 = 4536, ZF, =840+ 0+ 15,12=99.12
LF,=0-252-20,16=-4536, LF =84 +0+15,12=99,12
Két qua ghi trén hinh (6.4b).
4) Tinh cac thanh phén tii trong & trang thai tu do:
F, =—(45,36) = -45,36, F,=-(99,12) = -99,12
F,=-(-45,36) = 45,36, F,=-(99,12) = 99,12

Viy ta co hé thirc ma trin:

F [-4536 d,
E | |-9912 K d,
E | | 4536 d,
F,| |-99,12 d

-

Ma tran dd cimg todn b3 K hoan toan gidng nhu trong thi du (2.2)
5) Giai hg phuong trinh trén ta duoc:
D=[d, d, d, d]=[-04775 -0,6262 04775 -0,6262]

6) Tinh luc doc trong cic thanh gian do chuyén vi giy ra theo (2.24). Két qua ghi trong
bang

7} Tinh tc“;ng lue doc = lue doc & trang thai ngam + hyc doc do chuyén vi gdy ra o trang
thi tr do. K&t qua ghi trong bing sau:

Ph.ur | Luc doc (trang thai ngam) | Luc doc (trang thai tir do) Téng Iuc doc
1 -84,0 87,65 3,65
2 -840 87,65 3,65
3 -252 . 30,08 4,88
4 -252 19,09 —6,11
5 -25,2 19,09 -6,11

Thi dy 6.2: Cho mot gian khéng gian nhu trén hinh (6.5). Thanh 1-5 dai hon chiéu dai
quy dinh 0,1%. Cho E = 210 kN/mm?, L = 3000 mm, A = 231 mm?®. Hg thirx ma tran giita
vecto tai trong va vecto chuyé’n vi nhir sau:
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*F, 21,56 0 0 J[d
3F, | = 21,56 0 {ld,
TF, | |dbi ximg 21,56 || d,

17,32 mm

Hinh 6.5

Céc s6 liéu ban ddu ghi trong cc bang sau:

Toa d4 niit Bic tu do Vi tri déu 1, diu 2
Niit X y z Nt u v w Phin tir | Dau 1 | Dau 2 |
| o | 3464 | 0 t 0 0 | 0 1 1 5
2 0 0 0 2 0 0 0 2 2 5
3] 3464 | 0O 0 3 0 0 0 3 3 5
4 | 3464 | 3464 | 0 4 0 0 0 4 4 5
5 1 1732 | 1732 | 1732 5 d, d, | d,

Cosin dinh hudng:
Phintr1: !=-m=n= /43
Phantr2: [=m=n= 1//3
Phin ti3: —-I=-m=n= /{3

Phiin ti 3: —l=-m=n = 1/J3
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Tinh nhigt do tuvong duong theo (6.7):

A=t 7= A . L _1o0c
1000 L~ 1000.10.10

t

1) Tinh cac phan lyc & trang théi ngam theo (6.6):
Phan ty 1 F=-42 kKN.F ,=F =-2425, F!’_2 =F,=2425,F  =F, =-24,25
Céc phan tir 2, 3, 4 ché tao chinh xac nén khong phat sinh phan luc.

2) Tinh tc‘fng phan luc tai cac nit & trang thai ngam: LF =-2425YF,=2425YF =-
24,25. Tir d6, tinh cac thanh phin tai trong & trang thai tr do:

F =-(-2425)=2425  F,=-(2425)=-2425, F =—(-2425)=2425

3) Tir cic két qua trén, ta c6 hé thirc ma tran:

R [ 2425 d,
F=iF |=|-2425|=] K ||q
E| | 24,25 d

Giai hé phuong trinh trén, ta duoc:
=[d, d, d,]’ =[1,125 -1,125 1,125)

43 Tinh luc doc do chuyén vi gay ra & trang thai tr do theo (2.24a). Két qua ghi trong
bing.

5) Tinh tdng luc doc = luc doc & trang thai ngam + luc doc & trang thai tw do. Két qua ghi
trong bang sau:

Ph-:tfr Luc doc (trang thai ngam) Luc doc (trang thai tiy do) T("fng lre doc
I 02,0 315 105
2 0 10,5 10,5
3 0 -10.5 -10,5
4 0 10,5 10,5

Thi du 6.3: Piu 48 gidng thi du (3.5) nhung thay tai trong bang tac dung cia nhidt dd.
Nhiét 6 bing +10°C tai thd ngodi clia cac phan i 1, 2, 4 (xem hinh 3, 14}.Cho Y =Y, =0,5h
ddi v6i 3 phiin tirndi trén. Chleu cao tiét dign h = 0,254 m dbi véi cac phan tir 1 va4 h=0,305
m d6i vdi phan tir 2. Yéu ciu tinh toan trong 2 truong hop:

4) Xét dén anh hudmg cha lue cit va hue doc.
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b) Gidng trwong hop (a) nhung bd qua anh hudng cia lue doc.

He sd gian nd o, = 11.10°%/°C.

Gidi |

Bic ty do hoan toin gidng nhur trong thi du (3.5). Céc s6 ligu ban diu da duoc thdng ké
trong thi dy (3.5).

1) Tinh céc phan luc & trang thai ngam theo (6.3):

Phin tir 1 T,=10; T,=0 F=-5475; M=504.

F,=F =0F,=F,=-5475M,=F,=-5,04 tridng hop (a)

F,=0,F =-5.04 truong hop (h)
Phin ti 2: T, =10,T, =0, F=-7889;, M=885
F,=F =7899;, F,=F =0, M, =F =885 {trudmg hop a)

F}Q = F4 = “?89993 F}.g = FS = 0, J_\/l2 = F(i = -—8'85
F,=7899;, F =885 F,=-7899; F,=-885 truing hop (b)

8,85 8,85 5,04

5,04 ‘
e rlp—
78,99 5 78,99 54,75 4 54,75

.~

5,04
\
54,?5/

504

7
\ 54,75

54,75

e AN e D Yo
/3,81 / -3.81 -5,04

Hinh 6.6
Phintir4: T =10;T, =0;F=-5475 M= 504

F,=F,=5475;, F,=F=0; M, =F =50
F,=F =-54,75; F,=F,=0; M,=F, =-504 (rvonghopa)

F,=5475,F, =504, F, =-5475, F, = -5,04 {truomg hop b)



Két qué tinh toan ghi trén hinh (6.64).
2) Tinh tdng phan fyc tai cac nit ¢ trang thai ngam:

Truwong hop (a): 2F, =7899, EF, =-54,75; 2F,=-5,04 + 8,85 =331,
LF,=-7899 +54,75=-2424, LF =0,ZF =-8,85+ 5,04 =-3381,
XF, = -54,75,5F, = 0, 5F, = -5 0.

Truong hop (b):  LF =-5,04 + 8,85 = 3,81, 2F,=-885+ 5,04 =-3381,
SF, =~5,04, IF = ~78,99 + 78,99 + 54,75 — 54.75 = 0.

K&t qua ghi trén hinh (6.6b).
3) Tinh cac thanh phin tai trong & trang thai tu do. Can cir vio cac két qua trén, ta ¢b:

Trutmg hop (a): F, =-(78,99) = -78,99; F, = -(-54,75) = 54,75,
F.=-(3,81)=-3281, F,=-(24,24) = 24,24, F. =0,
F,=-(-3.81)=3;81, F,=-(-54,75) = 54,75, F, =0,
F,=—-(=5,0)=50.

Truomg hop (b): F =-(3,81)=-3,81, F,=—(-381)=3381,F, =~(-5,04)=5,04, F,=0.
Tir cc két qua trén, ta suy ra hé thie ma trin:

Trudmg hop (a):

1
|

F | [-78,99] d,
E, 54,75 d,
F, 3,81 d,
F, 24,24 ;s
F |= 0= K d,
F, 3,81 d,
F, 54,75 d,
F, 0 .
F, 50] | 1 old,]
Truong hop (b):
'F ] [-3.81 d,
F, 3,81 d.
Bl | soaf K* d,
F, | 0 d,

Trong d6, ma trin 4§ cimg t8ng thé K va K* hoan toan gidng nhir trong thi du (3.5)
4) Giai hé phuong trinh trén, ta duoc:
Trudng hop (a):
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D=1d, d, d, d, d, d, d, d, 4] =

=1071-0.88 1,633 -1.228 1329 0,087 1,293 354 —00065 3.122]
Trudng hop (b):

D=[d, d, d, d,] =104-1228 0963 2,580 0,505
5) Tinh ndi lue do chuyén vi gay ra & trang thai ty do theo (3.25). Két qua ghi trong bing.

0) Tinh tdng ndi lue = ndi luc & trang thai ngam + ndi luc & trang thai twr do. Két qua ghi
trong biang sau: '

Trudng hop (a)

_ N()iflluc“ . Nf}i}l.l_rc Tfﬁlg ndi luc
Ph. oy (trang thai ngam) {trang thai ty do) T
. F M=-M, | F . M | M F M| M,
1| 5475, 504 L5407 | 046 | —Li1 | 058 | 488 | 6.5
g ~78.99 885 | 7941 | 270 | 040 | 042 | 6,15 | -845
3 0 0, 231 | 004 | 048 | 231 | -0.04 | 048 !
4 -54.75 5,04 55,02 | 293 4,0 0,27 7,97 | -1.04 .
5 0 0 ~173 | 022 | 104 | —1,73  —022 | 104
Trudng hop (b)
; Néi luc Néi luc o .
Ph.ttr \ (trang thai ngam) (trang thai tir do) Tong not lue
C M=M, | M M, | M M, |
T 504 109 204 | -395 708
2 8.85 L7 0.92 7,08 ~7.93
3 0 0,15 054 I 015 @ 054
4 5.04 2,36 3,30 7.40 ~1,74
5 0 0,70 1,74 0,70 174

Trong trudng hop (b), khong the tinh truc tiép luc doc vi gia thiét bién dang doc truc trigt
tiéu,

7) Bicu d6 md men vé wén hinh (6.7). Cac s6 ¢6 danh diu “sac™ img vai truémg hop (b)
(bG qua Anh hurdmg cia bién dang doc). Qua cic két qué tinh toén (rong thi du trén, ta thiy sai
56 tinh toan gitra hai rudmg hop khong the bd qua, do d6, khi tinh hé chiu tac dung cua nhigt
9. ciin phai xét ¢én anh hudng cta bién dang doc.
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Thi du 6.4: 8,45 7.40

S 615 7,93° 797 od
Pau d¢ gidng thi du (4.1) nhung 7.08° 1,74

thay tai rong bing tae diang cta nhiét
do. Nhiégt dd bﬁng HO°C tad thé trén
ctia cic phin tr. Cho o, = 11.107%°C.
chid¢u cao tiét dién cla cac phﬁn iy

: . . ) ., 488 0,04 0,22
bang 0.5 m. Bo qua anh huong cua 3,95 015" 0.70"
lye cat. Hinh 6.7

Gidi:
Bic tr do hoan toan giéng nhu trong thi du (4.1). Cac s6 lidu ban diu da duoc théng ké
trong thi du (4.1).

1) Tinh cac phan lye o trang thai ngam theo (6.4).
Phinti1: T =10;T, =0

M=80LF, =F =0:M_,=F, =801

F.=F =-80I

3 E

Phin w2 T =1T =0

M=801:F,=F =0;M_,=F,=80l

F.=F =0 ‘ *
A 8,01 -8,01

Két qua ghi trén hinh (6.8a)

Phan lue tai nit 2 tinh nhu sau: ¥
LF = 0. ZF, =-8.01; XF, = -8,01.

Ké&t qua ghi trén hinh (6.8b).

2} Cin cir vio cac két qua trén, tinh cac g :_

thinh phan i trong & trang théi tir do:

Hinh 6.8

F =0;F, =-(-801)=801; F, =-(-8,01)= 8,01

Ta co hé thire ma trin:

I:] 0 l
F=|F |=|801|= K 1d,
F | |801 .

Ma tran dé cimg tdng thé K hoan toan giéng nhu trong thi du (4.1),
3) Giai hé phirong trinh trén, ta duge:
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=[d, d, d]'=107(-1,335 ~0,667 0,6677
4) Tinh ngi luc do chuyén vi gy ra & trang théi wr do theo (4.6). Két qua ghi trong bang.

5) Tinh 16ng ndi luc = ndi luc & trang thii ngam + ndt lye & trang thai tu do. Két qua ghi
trong bang sau:

) Noi luc NG lue I
Ph.tir | (trang thai ngam) (trang thai tr do) onig not luc
M] = -Mz Mi Mz Tz = _TI M1 Mz Tz = __TI
1 8,01 ~6,07 6.07 -1,93 1,93 -193 -1,93
| 2 8,01 -6,07 6,07 1,93 1,93 -193 1,93
6) Bi€u 45 mé men v& trén hinh (6.9) o3
Thidy 6.5: Ddu dé giéng thi du (3. 5) nhumg thay tai trong o3
bang su lin cha gdi tua. Géi tva & niit 5 (xem hinh 3.14) lin '
xubng trén phuong thang dimg mét doan bing 0,01m. B qua
anh huong cia bién dang doc.
1,93
Gidi: Hinh 6.9
Ta giai bai toan trén bing 2 cach. 1905 1995
Cach thir nhét 2 ? ™ ! ’\
af P 8
hYe; trang thai ngam, cho 2 nit § +39,91 I e
va 6 chuyén vi trén phuong thing dimg ! 3 5
mét doan b:ing 0.01m (bd qua bién dang
doc ciia phan tir 5). Phin tir 4 c6 chuyén : Ja‘ —+5
vi thang twong ddi A = 0,01m (hinh 6.10 .
h) do do: Q M N
__6EI N hhh‘"““‘u-l——r—ﬂ
M= = 39,91 M
L(1+p) ' Q
Hinh 6.10

Q=2M/L = 19,95
Céc phan lye & trang thai ngam ghi trén hinh (6. 10b)
2) Tinh céc thanh phan t3i trong & trang thai tr do:
F,=0. F,=~(-3991)=3991; F,=-(-39,91)=3991; F,=0.
Ta ¢d h¢ thirc ma tran:
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F 0 d,
E | |39.91] K d,
E | ]399 d,
F, 0 d

Ma trin K hoan toan giéng nhu trong thi du (3.5)

3) Giai hé phuong trinh trén ta duoc:

=[d, d, d, 4 =10"[-0,0136 0816 2,179 1,163]
4) Tinh néi luc do chuyén vi gdy ra o trang thai y do theo (3.25).
S} Tinh téng ndi Iuc. K& qua giéng nhu két qua tinh theo cich thit hai.
d
Cdach thir hai g, —t\ '
dch thir hai __,,,h — ) |
2 a4 ) d ) 2 4 4 6 )
Chuyén vi cua gbi twa duoe xem ‘ d, 4,

nhu bac turdo bd sung. Chﬁng han ddi

v h@ da cho, ta cd 5 bac tr do (hinh 1 ’

6.1 1) (trén hinh 3.14, chi ¢d 4 bic tr

do) —! —*
Hinh 6.11

1) Thanh lép ma trdn dd cimg cua

cic phan t. Vi cin b sung thém béc trdo d, va thanh phan tai trong tuong tmg F, nén ta bién

d6i ma tran 4o cling cla cac phan tr da duo*c, suy ra trong thi du (3.5) nhur sau:

— Phin w 1, 2, 3: hoan toan gidng nhur trong thi du (3.5)

- Phinwr4: Vv, = V,=d, F}_I = Fyz =F,
'F, | [ 248,85 0 -248,85 0 0 |
L, 0 10,89 0 3,99 507
F, |=10%| —248.85 0 248,85 0 0
F, 0 3,99 0 2,0 3,99
F, | 0 5,07 0 3,99 10,89]
— Phén tr 5; v,=v,=d,F =F_ =F
F, 266,0- 0 ~266,0 0 [d,
Fol | © 2,42 0 -3,631d,
F, —266,0 0 266.0 0 |ld,
F, 0 -3,63 0 7,46 || d,
2) Tinh ZF, i = 1,2,... 5 vi 1ap ma trdn dd cimg tong thé K:

+a [} =

wn

=S~V S W %
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[ ma tran cip 4 x 4 0,0 i
trong thi du (3.4) 3,99
3,99
0 .
K = 10’ 2,0 + 2660
‘ —-266,0
+266,0
-266,0
ddi ximg 2,0

3) Tinh céc thanh phan tai trong & trang thai ty do

F =0:F,=0;F,=0;F, =lyc can thiét dé di chuyén cac niit 5 va 6 mét doand, =-0.01m.
Luc F_ vin chua blet

4) Tinh céc thanh phan chuyén vi

Thuyec ra, chi ¢6 4 thanh phin chuyén vi d, dz, d, d, cin phai tim, thanh phan chuyén vi
d, da biét. Nhung thanh phin tai trong F, chua biét nén khong thé gidi dwoe he phuong trinh
trén. C6 2 cach giai;

a) Sip xép lai 4 phuong trinh diu tign bing cach chuyén s6 hang chira thira $& d, sang vé
phai. Tiép theo, giai he phuong trinh d6, ta s& duoc gia tri cia d,, d,. d,, d,. Cach lam nay
khong phi hop véi nhimg ma trin c¢ip cao.

b) Bién déi plrong trinh trong d6 vé phii chua biét, chéng han phuong trinh cudi cing
trong thi du nay:

10°(0,0d, +3.99d, +3,99d, + 0,0d, + 2,0.d,) = F, (chua biét)

Thay he 6 2,0.10° cla d, bang mot s6 rat 16n* ching han nhu 2,0.10°.10°, cc hé s6 con
lai van gily nguyén, Ta co:

F,=2,0.10°10°d, = 2,0.10°.(-0,01) = =2,0.107"

Thay gia trj cta B, vao vecto tai trong trong hé thirc ma trdn F = K.D vi giai hé phuong
trinh nay, ta duoce két qua:

* Chi thich:
Ta hiy urdng twomg nilt 5 twa 1én mét 16 xo d6 cimg K,. Toan b3 luc cin d8 di chuyén ndt 5 bing:
F, = (K, + Kd, trong d6 K = luc cin d€ di chuyén két ciu mét doan bing dom vi. Phuong trinh trén cé thé viér:
F. =K, .d, []+E—t) (a)
Ta chua ro gia tri chinh xac cia K, la bao nhié¢u nhu-ng chic chin 12 né bé hom gia tri c0a phén tr g véi
d_ trén duomg chéo chinh cda ma trin do climg. Néu K/K, ritbé, F_= K,.d,. Vay bang cich chon gia tri hop Iy
cia K/K . ta ¢d kha nang xac dinh chnge gia tri clia ]u1. trén phmmg cla L,huyen vi dé cho trirxe. Trong thi dy
trén, ta c.ho K, mét s rét iém ching han nhu K, =10%
Tir d6 : F,=K d vi Krra[ Iom (xem a)
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D= {dl d2 d?’ t’.i4 dﬁj’ = 107%[-0,0136 0,816 2,179 1,163 -10,01
5) Tinh néi tue do chuyén vi gdy ra o trang thai tu do theo (3.25).

6) Tinh tdng ndi luc = ndi luc & trang th&i ngam + ndi luc & trang thai tr do. K&t qua ghi
trong bang sau:

Ph.tir M, M,
1 -71.82 =792
2 7,92 13,10
3 -1,42 1,87
4 19,97 -12,04
5 3.24 12,04

6) Biéu d6 mé men v& trén hinh (6.12)

18,1 19,97

7.92 12,04
7/ 1,87

7,82 1,42 524

Hinh 6.12
§6.3. Thuat toin 13p trinh tinh gian phing chiun tic dung cda nhiét d (CT27)
1. Cac nguyén tic can tuén thi
N&i dung nhu da trinh bay trong CT21 (chuong 2)
2. Nhép céc s6 lidu:
—~ S6 niit (SN)
— S4 thanh (ST)
~ 86 bac twdo ¢ chuyén vi (Sbt)
— Céc ¢dsin dinh hudng [, m.
— S6 thirtwrcéc bac trdo & méi dau thanh (d ,d,, d
— M0 dun dan hdi (C)
— Dién tich tiét dién (A)

d,, tinh theo cong thirc 2.28 chuong hai)

3y
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— Hé 56 gidn nd (hg)

~ Nhigt do (T)

3. Tinh céc phén i ctia ma tran d6 cimg riéng:

Nbur da trinh bay trong CT21 (xem hinh 2.13 chuong hai)

4. Gbép cac ma tran d§ cimg riéng vao ma trin d6 cimg tdng thé.

Nhur di trinh bay trong CT21 (chuong hai)

5. Xac dinh céc tai trong tip trung do nhiét do giy ra:

Khi nhiét d6 téng (T > 0), thanh chiju luc nén F (F < 0). Nguoc lai, khi T< 0, F > 0.
Cac thanh phf‘in tai trong do nhiét d6 giy ra tai cac niit tinh nhu sau (hinh 6.13).

Tai nat 1;

. -F.m
Tai trong ndm ngang = F., [ i
{6.8) P

Tai trong thing dimg = F.m 2
T=0 /

Tai nit 2: Feo 72
Tai trong nim ngang = ~F. 1 69) T<o
Ti trong thing dimg = —-F.m © . F>0
]
. “ s o - F.{ 1 /
Cac thanh phan tai trong trén duge xem
nhu cic thanh phin ngoai luc tac dung lén ; ’ .
IS m
g1an. Hinh 6.13

6. Chia khdi ma trin d¢ cimg tong thé S
dé tinh chuyén vi va cac phan luc
Nhur da trinh bay trong CT21.
7. Giéi hé phuong trinh F = $.Q d& tinh chuyén vi
8. Tinh luyc doc theo (2.24) (chuong hai)
9. Tinh phan luc

$6.4. Thuat toan lap trinh tinh gian phing ché tao khéng chinh xéc (CT28)
1. Cac nguyén tic can duoc tudn thi:
Nhu d3 trinh bay trong CT21 (chuong hai)
2. Nhap 6 ligu
— 86 niit (SN)
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— S$6 thanh (ST)

-S4 bac wr do co chuyén vi (Sbt)

— Chiéu dai thanh (cd)

— Cac cosin dinh hudng I m.

— S6 thir tr cac bac tr do & mdi dau thanh (d,. d,. d,, d,)

— Mb dun dan hoi (C)

— Dién tich tiét dign (A)

— $6 lugng thanh gian ¢6 d6 dai 1én hon hodc ngz”in hon so voi thidt ké.

— S thir tr cc thanh gian c6 chiéu dai 16n hon hojic ngdn hon so véi thiét ké.
— D& ngan hon hogic d dai hon clia cac thanh gian ché tao khong chinh xéc.
3. Tinh cac phan i ctia ma tran dd cimg riéng

Xem CT21 (chuong hai)

4. Ghép cac ma tran d6 cimg riéng vio ma trin d6 clmg tng thé. Xem CT21 (chuomg hai).
5. Xac dinh céc tai trong ap trung do ché tao khéng chinh xac giy ra

D6 dai ra hoiic dd co ngdn A ciia thanh gian so v6i chidu dai thiét ké, gdy ra lyc nén hodc
lue kéo va tuong duong vai vige gia nhiét do:

T=_°> (6.10)
a.LL

D6 co ngin (A < 0) gay ra nhiét d6 am (T < 0)

D¢ dai ra (A > 0) gay ra nhiét d6 duong (T >0)

Cach xac dinh cac thanh phén tai trong nhu d3 trinh bay trong muc 5 CT27).
6. Chia khdi ma tran. Xem CT?2 (chuong hai)

7. Giai hé phuong trinh F = S.Q

8. Tinh luc doc
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Chm:mg hﬁy
DANG MA TRAN CUA BAI TOAN ON DINH
TRONG HE PHANG CO NUT CUNG

Trong tru‘cmg hop luc doc kha 16n v bién dang clia phan tir cling kha lém, luc doc ¢6 thé
gdy ra md men udn phu do tac dung léch tam cta né. Vi viy, md men uén khdng nhimg chi
phu thude vao tai trong ngang {dat vudng gbc vai truc cua phan t) ma con phu thude vao hre
doc. Bai toan tré nén phi tuyén, ta £0i n6 13 bai toan 6n dinh.

Mat két cau 6n dinh khi mdt lue kich thich kha bé chi gy ra mét bién dang tuong img kha
bé. Nguoe lai, mot két cdu mét on dinh khi mét luc kich thich kha be cling d0 gay ra mét bién
dang trong img v6 clng 1ém. Sur 6n dinh hoiic mét 6n dinh cua két cau phu thude vao giatri luc
doc trong céc phan tir clia n. Tai trong lam cho két ciu mit én dinh g0t la tai trong 61 han.

Trong phin sau, ta s nghién ciu cach tinh tii trong 11 han cla hé phing cé nit clmg
§7.1. Ma tran d¢ cimg ctia mot phin ti

Gi4 sir mot phan trbatky ¢6 2 ddu [ va 2 trong hé phfing ¢O nit clmg nhw trén hinh (7.1).
Goi: F_, F , - cac thanh phin néi luc vudng gbc voi truc phan tlr tai dau 1 vi daw 2; V..V,
- cac lhdnh phin chuyén vi twong (mg; M, M, — md men udn tai dau 1 va diu 2; 0.0, cac
g0c xoay tuong ung; F- luc nén doc.

Hinh 7.1



Trong hé toa 40 riéng (hinh 7.1), ta ¢ phuong trinh vi phén:

dv a’v
+F
dx* dx’

El =1

V — chuyén vj trén phuong vudng gdc voi truc phén
Ldi gidi clia phuong trinh vi phan thuan nhat teén ¢6 dang:
V = cos kx + C,sinkx + Ckx+C, {(a)
trong d6: C, C,, C,, C, — hing 8
k> = F/EI

Cac dicu kign bién (mg véi phan tir trén hinh (7.1):

V=V, va E‘i=—e,khjx=0
o (b
V=V, va 9—V—=—9, khix=L
) Vi ——=-6,

Can ¢ vao (a) va (b), ta tim duoc;

5 s
D.C, =(V, -V,)(1=)+L, [c— E]+ GZ'L[E_ ,]

D.C, =(V, —an).s+9,L{s— =0, g, LU0
: R Ry

DC, =V, -V)s+0 LU= g 1 1=9
: : KL KL

$ S
DC, =V, (1~c-kLs)+V,(1-) +G]L[E —c] +82.L[1 - Ej

D=2(1 -c)-kL.=s; s = sinkl; ¢ = coskL

Cac thanh phan ndi lue tai cac dau ctia phin t& tinh nhu sau:

2 3
M, =e19Y Fn,:EI.dY e khi x = 0
dx” dx dx
2 3
M, =-msY g -gdY 4V Khi x =L
. dx? - dx’ dx
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Sau khi thyc hién cac phép tinh, ta duge hé thic ma tran gitra vecto ndi luc va vecto
chuyén vi ctha phin 1y trong hé toa dé riéng nhu sau:

_Fnl | _Tl —g‘ “1 ‘—9_ —\/nI—
L’ L ! L

M El S S 6

F :—L_ L v

n? T| Q_L nt ? l
M" LI 1’_‘ ej ( . )
L | 461 xlmg SogLb

k

Trong d6: k— ma trin do cimg ciha phan t

§=585,=8CQ =81+C); T, =2Q, — (kL)
g (1—kLcotkL) . (kL —-sinkL)
[2ta_n_k1:_1]' © (sinkL-kLcoskL) | (7.2)
kL.
o F
El

Cic dai luong S, S, Q,. T, Ia nhitng ham phi tuyén cua LVF/EL . DE tién cho viéc
tinh loén, chiing duge 1ap thinh biang (xem bang 7.1) va phy thude vao tham sd p khéng co
thir nguyén:

o= F g - TEI
E " =0 (7.3)
Bang 7.1
GiatriciaS, S, Q,, T, (trwong hop F 1a luc nén)
P SI Sz Ql T|
0,00 4.0 2,0 6,0 12,0
0,05 3,93 2,02 5,95 11.41
0,10 3.87 2,03 3.90 10,81
0,15 3,80 2,05 5,85 10,22
0,20 3.73 2,07 5.80 9,63
0,25 3,66 2,09 5,75 9,03
0,30 3.59 2,11 570 843
3.35 3.52 2,13 3.65 7,84
0.40 344 2,15 5.59 7,24
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Bang 7.1 (tiép theo)

p 1 SI Ql T‘l
0,45 3,37 2,17 5,54 6,04
0.50 3,30 2,19 5,49 6,04
0,55 322 2,22 5,44 544
0,60 3,14 2,24 5,38 4.84
0,65 3,06 227 544 4,24
0.70 2,98 2,29 5.27 3.64
0.75 2,90 2,32 5.22 3.03
0.80 2.82 2,35 5.16 243
0,85 2,73 2,37 5,11 1,82
0,90 2,65 2,40 5,05 1,22
0,95 2,56 2,44 4,99 0,61
1,00 247 2,47 4,94 0,00
1.10 2,28 2,54 4,82 -1,22
1,20 2,09 2,61 4,70 -2,44
1.30 1,89 2,69 4,58 -3,67
1,40 1,68 2,78 4,46 -4.90
1.50 1.46 2,88 4,33 -6.14
1.60 1,22 2,98 4,20 ~7.38
1,70 0,98 3,10 4,07 -8.63
1,80 0,72 3,22 3,94 -9,88
1,90 0.44 337 3,81 -11,i4
2,00 0.14 3,53 3,67 -12.40
2.10 -0,18 3,70 3,53 ~13.67
2,20 -0,52 3,90 3,38 -14.95
2,30 -0,89 4,13 3,23 -16,23
2,40 -1,30 4,38 3,08 -17.52
2,50 -1,75 4,68 2,93 -18,82
2.60 -2,25 5,02 227 -20,12
2,70 -2.81 5,42 2,61 -21.44
2,80 =345 5,88 2,44 —22.76
2.90 -4,18 6,44 227 -24.09
3.00 -5,03 712 2,09 -25,43
3,10 -6,05 7.96 1,91 =26,77
3,20 -7,30 9.02 1,72 -28.14
3,30 —8.86 10,40 1,53 2951
3,40 -1091 12,24 1,33 -30.89
3,50 ~-13,72 14,85 1,13 -32.28
3.60 -17.87 18,79 0,92 -33.69
3,70 —24,68 25,39 0,70 -35,12
3,80 -38,17 38,605 0,48 ~36.55
3,90 ~78,34 78,58 0,24 -38.01
4,00 +c0 +00 0,00 -39,48

205



HE thuc ma tran gitta lue doc va chuyén vi twong Gng nhu sau:

F‘dl l -_]' u;i!
Fal ) -1 l . ua:Z (?4}
F . F = luc doc tai diu | va diu 2; u, . u ,— thanh phfm chuyén vi doc true tai diu | vi
diu 2 (xem hinh 7.2¢).

Fnz' Vr?
-
\ 5/ Fani thy
M, 0,

7

Foe Uy,

Hinh 7.2

Gia st ta chon h¢ toa do chung 1a X, Y. Cac thanh phfin ndi lue va chuyén vi trong hé 10a
dé chung biéu thi trén hinh (7.2a). Cac thanh phan 0di lyc va chuyén vi trong hé toa dé riéng
bieu thi trén hinh (7.2b), (7.2¢). Goi: F.F,- thanh ph?in ndi lye trén phuong trye X tat diu
i va ddu 2 F}__]. F}_z— thanh phE“m nd1 lue l;rc:én phuong truc Y tai dau ] va diu\; 2, u, u, = thanh
phin chuyén vi trén phuong trye X tai dau | va dau 2; v|, v, — thanh phin chuyén vi rén
phuong true Y tat ddu 1 va dau 2. Tu hinh (7.2), ta 6 cac hé thiec:

u =uf+vm u.=uwl+v.m
al 1 | 12 2 2

v, =-um+v /i v, = -um+ v,/

F,=F,-F m F =F_{-F_m
X a ni K2 al n2

F =F m+F | F_=F m+F.{
vl al nl v2 a2 n2

/. m — ¢Bsin dinh hudng clia phin tir 1-2.

Tir cac hé thire trén va (7.1), (7.4), ta suy ra h¢ thitc ma trén giira vecto ndi luc va veelo
chuy(fn vi clia phﬁn tr trong hé toa do chung nhu sau;
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| E ;rT,mz rof (- Qm ATm +al’) (T -wim m 11 U, ‘
N L L U L 1 i
! F | | T ram’  —Qf (T, —o)im (T +am’) Q[ || v, !
Lo C L L C L i
H | . ¥

M, |_EL S, —Qm Q! s. |10
T I L 115
| | ! Tm’ - ol —T —-cibn -Qm

| L. ‘ T e T R ‘
DB ‘ fl"ll2 +am’ Qi 1y,

! _ ‘ ‘ 1 L }
M s, |19,

Trong do: o = ALYI (khi bd qua hién dang doc, thay 0. =0). S, S,, Q,, T, tinh theo (7.2)
hofic ¢6 the tra & bang (7.1) (F 1a lyc nén) hodc bang (7.2) (F 1a lyc kéo).

$7.2. Khai niém vé sy mat &n dinh dan hoi. Dau higu mat &n dinh

I.,-Ziy thi du mét dam chiu luc nén F nhur trén hinh (7.3a). Theo (7.1), ta ¢6:

M= ESl.(} dodo 8 = &—L

L I8

Trong dé. S, Ia him cia p (cong thic 7.3). Ta xem M la luc kich thich v 0 1a chuyén vi

trong tng. 1rén hnh (7.3b), truc tung biéu thi gia tri cua p, truc hoanh biéu thi giatri ctia (EV/

ML).0. Khip = 2,05, (EVML)® — oo cO nghiala 0 — w0, Vay khip =2,05, chuyén vi vb cling

I6m dir luc kich thich M nhé dén bao nhigu, Ta ndi ring dam mit &n dinh khi p = 2,05. Vila

gia thiét r:ang sau khi md? én dinkh, dAm van lam viée trong giai doan dan hoi nén ta 201 iy mat
on dinh nay 12 hién tuong mdt on dinh dan hoi.

L

2,05
20— -

Hinh 7.3
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Thi du thir hai 13 mot dam déi x{tng nhu trén hinh (7.4). Sor d6 tinh dua vé nira dim nhur
trén hinh (7.4b),

a) 2W
S I - p
7 L N
I 1
W
by ___%__
P! o |
i
Hinh 7.4
Bang 7.2. Gia tri S, S,, Q,, T, (trudmg hop F 1a luc kéo)

P Sl Sz Q] Tl
a.00 4.00 2,00 6,00 12,00
0,20 4,26 1,94 6,20 14,36
0,40 4,50 1,88 6,38 16,72
(1,60 4,74 1,83 6,57 19,06
0,80 4,96 1,79 6,75 21,39
1,00 5,18 1,75 6,92 2372
1.20 5,38 1,71 7,10 2603
1,40 5,58 1,68 7,26 28,34
1,60 5,78 1.65 7.43 30,65
1,80 5,97 1,62 7,59 32,94
2,00 6.15 1,60 1,75 35,23
2,50 6,58 1,54 8,13 40,92
3,00 6,99 1,50 8,49 46,58
4,00 7,34 1,43 9,17 57.82
5.00 8,42 1,38 9.80 68,94
6,00 9,04 1,34 10,39 79,98
7.00 9.63 1,31 10,94 90,97
8,00 10,18 1,29 11,46 101,89
9,00 13,69 1,27 11,96 112,73
10,00 11,19 1,25 12,44 123,57
11,00 11,66 1,24 12,89 134,38
12,00 12,11 1,22 13,32 145,07
13,00 12,54 1,21 13,76 155.79
14,00 12,96 1,21 14,17 166,55
15,00 13,36 1,20 14,56 177,14
16,00 13,76 1,19 14,95 187,75
17,00 14,14 1,18 15,32 198,42
18,00 14,51 1,18 15,68 208,95
19,00 14,87 1,17 16,04 219,52
20,00 15,22 1,17 16,38 230,08
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Péi véi dam trén hinh (7.4) ta xem M, W 1a cac uce kich thich, 0, vav, licac chuyén vi
tuong ing.

Theo (7.5) ta co:

M =M S Q, ||'s,
_E L
L1 1

Fyzzw L [*2 \f,z

Giai hé phuong trinh trén ta dwoc:

1 a

L {MT WLQ, }

_ 2 WLS, -MQ,
EI T‘]Sl QIQI -

Tlsl - Q|Q1

Qua céc h¢ thire trén, ta thiy ring khi miu thirc bdng khong thi cac chuyén vi B, vav, vo
cling 16n di M v W nhd dén bao nhu. Ta néi rang dim mét 6n dinh khi giatrip lam cho miu

thie (T S| = Q,.Q,) tnét tiéu. Theo dinh nghia trong muc 1.2, s& (T S, = Q,.Q,)/L* chinh la
dinh thic ¢cua ma triin;

.2
L

Q 1

L [ ‘:‘.

Ta cé the suy rong tinh chit trén cho mot hé bt ky. Ta da biét 1'?mg h¢ thitc ma trin gitra
vecto tai lrong va veeto chuyén vi cla mot hé bit ky ¢ dang:

F=K.D

trong d6 K 1a ma tran d6 cimg tong thé. Theo cong thirc Cramer, khi F ¢6 gia tri htu han, D v6
cung lon khi dinh thic cia K trigt ti€u. Vay ddu hi¢u mdt 6n dinh ciia mét hé bat ky o dinh
thite el ma trdn d9 cing t6ng thé cia no triét tidu.

Gia tri tai trong lam cho IKI =0, goi 12 ti trong t&1 han. Trong phin sau. ta s& ciin cif vio
diu hiéu nay @& xac dinh thi trong t&i han.

§7.3. Trinh tw xdc dinh hé s6 tai trong t¢i han

HE s A cha tai trong lam cho két ciu mét 6n dinh goi 11 he 6 tai trong toi han (ky hiéu
>

Trude hét. can xac dinh bic ty do, théng ké cac 58 ligu ban dau, tiép theo thanh lap ma
tran dd cumg cua cac phﬁn ter theo (7.5) va cubi cung 1a thaoh I&p ma trian dd cing t(j,ng thé
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K va tinh dinh thic cua ma tran K. Gia tri hé s6 tai trong 16i han duoc xac dinh tix didu kién
IKi=0. '

Tuy nhién, ¢ diy c¢6 sy khac biét 1a mdi phén t&r cda ma trén d6 cimg 14 mot ham phi
tuyén ctia lye doc, dinh thic 1K cung 1a m§t ham phi tuyén cta lue doc hay nbi mot cach khac
12 mdt ham phi tuyén cla hé $6 tai trong. Vi vy, khéng thé tinh truc tiép he sb tai trong to

han ma phai tinh nhidu vong bing phuong phap tinh Ip. Ta tién hanh phuong phap tinh Iap
nhu sau:

1) Trude hét, gan cho hé sé tai trong A gi tri gan ding A, 1ap ma trén d6 cimg cilia cac
phdn tir theo (7.5) va 13p ma tran d6 clmg tng thé K. Tinh IK/|I=IK! . Neu IK! > 0, két céu
vin 6n dinh,

2) Tiép tuc ting hé sb tai trong gdn cho A gla triA, =X + Ak Liplai erorc 1 va tinh
IK,I=1KI, _ Neu IK,I>0, k&t cdu vén 6n dinh, tiép tuc tang giatri A, NgLro'c lai, néu K1 <0,
két ciu mal on dinh. Didu nay chlmg 0> Néu 2 gié tri A, Vah, rét gan nhau, ta dung
cdng thirc ndi suy dé tinh hé sé tai trong ton han (hinh 7.5):

(A =2

Ay = Ay +—m2 0
" UK - IR, |

K, | (7.6)

Binh thire

A .
N Ay /\ T Hé so

Séiléinda‘iu' 0 | 1 | 2 | 3 | 4 |

v T T T T

Hinh 7.5

3) Néu trén tryc tung, ta biéu thi dinh thirc ca ma tran K, trén tryc hoanh biéu thi gia tri
cua hc s6 thi trong A, ta ¢b duong cong nhur trén hinh (7.5). Putng cong cit qua truc hoanh
mot s0 diém tai d6 dinh thire triét tiéu. Vén dé ta quan tam dén Ia tim he s6 tai trong to1 han ¢6
214 tri bé nhat Can phai bao dam rang giiva hai he s8 A, va i, chi c6 mdt hé s6 tai trong 16
han, hé s nay ¢d gla tri bé nhét ddng thoi 1am cho dmh thuc ctia ma tran K triét tigu (hinh
7.5). Ta gidi quyét vin d& nay nhu sau:

Xac dinh ddu cha day s5S,1=0,1,2,.. n
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Diuciia S, = (~1)k(0,0)

Déu ctia S, = (-1)'k(0,0).k(1,1)

Daucita S, = (~1)°k(0,0).k(1,1).k(2,2)

Diu cla S, = (—1)" k(0,0).k(1,1).%(2,2)...k(r,r) (7.7)

Diucta S, = (—1)" k(0,0).k(1,1).x(2,2)..k(r,r).. k(n,n)

Trong d6: k(r,r)— phin tirthirr trén dudng chéo chinh ciia ma trin do cimg tdng thé K. sau
khi da duoc dua vé dang tam giac theo phuong phip Gauss; n— sd béc tu do cia hé.

S6 lan 13p Jai déu clia day s6 (7.7) chinh 12 s5 h# s tii trong 161 han bé hon hé s6 tai trong
dang tinh toan (hinh 7.5) )

Viy néu img véi A, ta cd 1K | > 0, (mg véi k., ta ¢6 1K | < 0 va s6 lan Lip lai ddu ciia day
6 (7.7 bﬁng don vi thi ta ¢6 thé tinh he sb thi trong tdi han theo (7.6)

Vian dé duoc dat ra 12 xuit phit tr gia trj ban du gin ddng A nhu thé nao d¢ viéc tinh toin
duoe nhanh chong. Dudi déy trinh bay cach chon gia tri ban diu hop 1§ ciia he s6 tai trong.

§7.4. Cach chon gia tri ban dau hop 1§ cia hé sé tai trong
Cé 2 phuong phap chon gia tri ban dau hop 1§ cia hé s 141 trong
7.4.1 Phuong phdp R.H.Wood [13]

Gié sir ¢6 mot khung nhidu ting nhu trén hinh (7.6a). DE tinh hé sd tai trong gin ding
cua cdt AB. tatach né ra khoi khung nhu trén hinh (7.6b). Cac dim 1 va2d phia trén, cic dam
3 v 4 & phia duéi. Géi tua diin hdi thay cho cac vach cimg hoic hé gifing chdng ¢id. R.H.Wood
da ve duge mot sd dudmg cong (hinh 7.7a dén 7.7f) dé gi(p cho viéc tratri s p = F /F  _cua
cot dang x¢t.

aj b}
Hinh 7.6
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c) K=10 d K =50

KAK, + K}

K.
K.+ Ky,
a) 74
’ K=100
1,0—

KK, + K.

Hinh 7.7

b
o)



Chu thich hinh 7.7

F la lyc tdi han,

1) Cac $b ghi giita cac dudng cong biéu thi gia tri citap = F L SN o

F}:ulm m EL{L
2) K, :ﬂ(d" 1)+ %(dém 2)
K, = @(d" 3) + %(dﬁm 4
4E1 —  4H

K = TCle cot, K= xd cimg cua géi tua dian hoi

Ncu dau déi dién ctia dim la khdp (trén hinh 7.6b la ngam), trong vé phai cla K,,. thay
hé 6 4 hancr s 3.

3) Khi khung ¢6 hé vach ngang rat cimg hoic hé gifing chéng gid rat khoé, ¢d thé xem
khung nhw khéng ¢6 chuyén vi ngang do d6 thay K = (hinh 7. 7a). Nguoc lai, khi khung
chuyén vi ngang mot cich tu do, thay K=0 (hinh 7.7b).

4) Néu chan cOt & mong la géi tua ngam, thay K,, = . Nguoc lai, néu chin cft & mong
la khop, thay K, =0.

7.4.2. Phuong phdap M.R. Horne [14]

Giasircd mot khung nhieu tAng nhir trén hinh (7.8a), trén mdi ting déu ¢6 tai trong ¢ phan
bé déu. Ta dia vé so dd tinh nhur trén hinh (7.8b) trong d6 chi cd cac tai trong tac dung trén
phuong ngang. méi ti trong biing hop lic cla tai trong phan b6 déu tuong tmg. Ta xéc dinh
cic chuyén vi ngang A, A,... theo phuong phap di dwoe trinh bay trong chuong ba. Tiép theo,
tinh hé s6 tai trong cho mai tang nhur sau:

W-t W4 \
Jo— __2- -
i
i
W i
3 Wn kY !
—_— -
i
i
W i
:
2 W, A
i —_ —'
i
t
!
W, W, t
—_— ; A,
'
i
'
I —(.L- - T =T - o e
a) b}
Hinh 7.8
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chicu cao ciia ting
Adinh —A (7:8)

day

A =0,9x

A ™ chuyén vi ngang tai dinh ting; Ay~ chuyén vi ngang tai day ting.
Sau khi tinh xong hé 6 ) cho toan bd céc tﬁng, ta chon hé s6 A ¢ gia tri bé nhit.
§7.5. Thi du
Thidu 7.1
Cho mot khung nhu trén hinh (7.9a). Y&u cau tinh he 6 tdi trong tdi han.
E = 210.10° kN/m?
d6i voi dam: [=3,4.10° m*; A = 2730.10° m?

d6i voi eot 1= 12,63.10°5 m*: A = 2980.10-% m?

A ‘ 3500 kN ]3500 KN b)

2 2 7 3 b N NG

VARVER

[a]

1 y 3
—— xrr —— -

am 3m""
Hinh 7.9

Gidi:

V12 ¢dt 1-2 va 3~4 ¢ cic dic trung hinh hoc nhu nhau nhung o6t 3—4 chiu ti trong gip
d6i nén ta chon ¢t 3—4 d€ tinh hé 8 thi trong ban dau. Ap dung phuong phap R H.-Wood, ta cd:

Bl 38(dim) El_ g84.1 con
L L

K., =0 vindt 3 1a gdi tya ngam.

K, =(4x238+4x238) K_=4x884,1. Viy:

K.. K . . . o
——=0; ——=—— =0,65; vi khung khéng c6 chuyén vi ngang,
KC + Khh KC + Kbt

Cin ¢t vao hinh (7.7a) ta duoc
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1 El

p= —" =26. F . =— =29%9kNdo db F, =2.6.F,,
- ule g :
Tl -
: .. ﬂ 563,4 .
He s0 tai trong A& = ! =1, 08.
7000

Ta chon &, = 1.0 va cir mbi vong tinh ting thém 0, 1.

[y Xac dinh bac ur do:

. =7563,4kN,

Bic (rdo bicu thi trén hinh (7.9b). Cac sd lieu ban diu lhéng k¢ trong cac bang sau:

Toa do Bic tu do Vi tri dau 1, ddu 2
Nt u v q-—' [ Nt x y Phar  Phu i Phu 2
L 0 0 0 I 0 0 1 L 2
2 0 0 d, 2 0 3 2 2 4
3 0 3 3 0 3 3 4
4 0 d, 4 3 3 4 4 5
5 0 0 0 5 6 3 ]

2) Tinh lye doc trong cac phin ti:

Bo qua lue doc trong cac dam, Ung v&i hé 86 tai trong o = 1.0, ta ¢d:
i J ) g g 1

F = 3500 kN (phan ({r 1-2), F = 7000 kN (phiin tir 3-4), F = 0 (phin (W 24 vi 4-5).

3) Thanh 1ap ma trdn d6 clng cua cac phi-“m ur theo (7.5):
Phan (& 1

F =103.1,84.d,
Phin tr 2

F=0,p=0

F, 0,95
=10°
0,48 0,95

0,48 11 d

I, d,

Phén u 3: F=7000kN,F_ =2909kN,p = 2,41
F,=10° (-1,18)d,
Phiin it 4: F=0.p=0

F,=10%0.95d.

F=3500kN, K _ =2909kN,p = 1,20.
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4)Tinh XF i =1, 2, ta ¢ ma tran d6 cimg tf;ng the

(1,84 0.487
0,95
2,79
K =10" 048 0,95
~1,18
0,95
I 0,72 |

5) Dung phuong phap Gauss dua ma tran trén vé dang tam giac

Dinh thie cia K| (&, = 1,0):
1K, 1= (10°).2,79.0,65 = 1,81.10° > 0
Két ciu vin on dinh.
6) Kiém tra sy doi diu ctia diy s6 S_theo (7.7):
k(0.0) = + | theo dinh nghia; K(1.1) =279, K(2,2) = 0.65.
Diu ciia S, = dau clia (—1)°k(0,0) = +
Diu cla S = diu clia (—1)'(+1).2,79 = —
Diu cua S, = diu cta (=1)2.2,79.0.65 = +

Vay su doi diu cla day s6 S, 1a + — +, Didu nay chimg td khong 6 su lap lai ddu do d6
hé s5 i trong t6i han A, khong thé bé hon &, = 1.

7) Tiép tuc tang hé s tai trong. Thay A b:Eing A,=hA,+0,1=1,1 vathanh [ap cic ma trin
do cung:

Phén uy 1: F=1,1.3500 = 3850 kN, F, _= 2909,
p = 1324
F,=10".1,63.d,

Phin tr2 va phin tir4: ViF = 0, p =0 nén ma tran dd cing gidng nhur truomg hopi=1,0
Phin t 3: F=1,1.7000 = 7700 kN, F, _=2909, p = 2,647
F, = 10'(-2,22)d,

Ma trin do cimg tf;ng thé:
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1,63 0,48

0,95
2,58
K,=10"| 948 ~2,22
0,95
0.95
~0.32

Bua K vé dang ma trin tam giac

2,58 0,48
10°
0 -0,40

Viy IK |, = (109% (2,58). (-0,40) = —1,03.10° < 0 = két cu mat 6n dinh. Kiém tra
diu theo (7.7

k(0.0) = + theo dinh nghia, k(1,1) = 2,58, k(2.2) = ~0.40.
Diu clia S, ==1%(0,0)=+

Dau ctia S, = (—1)'k(0,0).¢k(1,1) = -

Dau ctia S, = (~1)2k(0,0).k(1,1).k(2,2) = -

Sudordau la+——, 86 1an Lip V 56 x 10°kN r 56 x 10"kN

lai dau (-) bing don vi, chimg t6 2 N 4 4
ch ’mCJI hé s6 tai trong téi han A, 2 3 d, /’/H*#\/z/
nho hon A, ap dung (7.6): / &
2 ;f ;’
; !
81.(1.1- 1 3 i
oy = 1,04 28LIZL0) o, s ‘ :
(1,81+1,03)
bicrrra beriisd
aj
Thidu 7.2: A ;
3m

Cho mdt khung nhu hinh
(7.10). Y&u cdu tinh hé 6 tii trong l, i l 1,5m

11 han, Cho: 2 g _%_

[=950.10"%m?
A =6080.10"m?

E =210.10° kN/m* by b) <)

nrer

1 1
L =3m. Hinh 7.10
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Bo qua bién dang doc va bién dang tnrgt.

Trude hét, ta chon hé s8 tai trong ban diu gin diing. Ap dung phuong phap R. H.Wood va
dua (rén sor dd (7.10b):

- 6650.0cho toan bd cac phan tr

K,,=o vinut | la gdi tua ngam

K, =4 x 6650, K =4 x 6650, K=0 v khung chuyén vi ngang tur do. Viy:

K. 0 K,
Kc+Khh , KC+KhI

Tt hinh (7.7b), tra duoe p = 0,67

V:ly 1_.:1]1 = (]’6? X Fiiuicr

1’ El
= '?Ll =2,19.10'kKN= F, = 0,67.2,19.10° = 1,47.10*kN
. F, 147
F=150.10"kN(cot 1-2)nén h =—2=—""- =094
F 1,56

Thue ra, dang bién dang mét 6n dinh cla khung nhir trén hinh (7.10a), gdc xoay tai 2 nit
2 va 3 bing nhau, di€m udn nim giira ddm 2-3 nén so dd tinh dua vé nira khung nhu trén hinh
{7.10c). Ta co:

3K -
K,=—EL _6 % 6650; — = =04 :K, =0 K=0
0,5L K, +K

¥ hi

Tur hinh (7.7h), tra duge p = 0,75; F,=075xF_ =075219.10"

0,75.2,19.10°
S ddr- hy = =105
DU d(J, th ],56 104

Day Ja gia tri chinh xac cha hé $6 tai trong té1 han. Tuy nhién, dé lam quen véi phuong
phap giat bai toan én dinh, phin tinh toan dudi day vin 14 cin thiét:

1) Bic tu do biéu thi trén hinh (7.10a) (b0 qua anh hudng clia lue doc). Cice s8 lidu ban
dAu thdng ké trong cic bang sau:
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2) Thanh ldp ma trin dé cimg cla cac phan

Toa dd Bac ty do Vi tri daun 1, diu 2
NGt v q N Nit  x y | Pht¢ Phul Dau?2
10 00 0 0 o | 2
> d. 0 4 20 3 2 2 3
3 d 0 4, 333 3 4 3
4 0 0 0 4 3 0

Xudl phat tir he $3 thi trong ban diu A = A, =1,0. Theo (7.5), tacé:

Phin tir 1

F=1,56.10%

F,

0

= 10

F

L

-1,17

26

Phin tr2: F=0,p =0

F, 4256

B 0
"l=10%

F, ~42.56

F, 0

Phan t 3: F = 1,56.10* F,

M

0,26
-1,17

F, . =2,19.10%
-1,171[4,
1,97 {4,
0 42,5 0 ][d
2,66 0  1,33||d
0 425 0 [|d
L33 0 266]|d

p =071

o= 2,19.10%p = 0,71,

~1,17][ 4,
1,97 || 4,

L

[~

3) Tinh TF, i = 1, 2, 3 va thanh lip ma tran do cimg tdng thé-:

K=10

1,97
2,66
4,63

dbi

1,33

— N
%
SN

:

o
(WS

ximg

-1,17

-1,17

0,26 + 42,56

0,26

—42,56

0,52

- 42,56

+42,56




1~2

4) Ding phuong phap Gauss dwa ma tran K vé dang ma trin tam gic:

4,63 1,33 ~1,17
10*| 0 4,25 —0,83
0 0 0,06
IK, %, _,,=(10%).4,63.4,25.0,06 = 1,14.10" > 0 = két ciu vin 6n dinh

5) Kiém tra diu theo (7.7):

Déu cla S, = DAiu cia (+1) = + (theo dinh nghia)

Dau ctia S, = Déu ctia (~1)". (1). (4,63) = -

Déu ctia S, = Dau clia (+1)°(1) (4,63)(4,25) = +

Diu ctia S, = Dau cla (- 1)%.(1).(4,63)(4,25)(0,06) = -

Suw d6i ddu la + - + —, khong c6 sy 14p lai déu do d6 &, phai 16n hon &, = 1,0,

6) Ting hé s6 tdi trong. Thay A bing A, = &, + 1,1. Thanh lap cac ma trin d6 cimg,
Phin iy 1

F=11.1,56.10% F,__=2,19.10% p=0,784,

Tiul

Bl o] 019 ~1157[d,
E|  |-L15 1,89 || d,

Phin tr 2: F = 0; p = 0, ma trin gidng nhw treong hop A, =10.

Phan tir 3: p = 0,784

F, 1o 0.19 ~1,1570d,
F, | ~1,15 1,89 || d,

Thanh {ap ma trin dd cimg tong thé va dua n6 vé dang ma trin tam giac nhu sau:

1,89
2,66 1,33 ~1,15
4,55
1,89 [4,55 1,33 —L15
K, =10 2,66 ~-L15 1= 10*| © 4,16 -0,81
1.55 0 0 0,06
0.19 + 42,56
) 0,19 42,56
déi ximg +42,56
— 42,56
] 0.38




IK A, _, | = (10M.(4,55).(4,16)(-0,06) = —1,16.10"* < 0, két ciu mit 6n dinh. Kiém tra
diu theo (? ?)

S, =+1 theo dinh nghia, §, = —(1)(1)(4,55) = —4,55.
S, = (~1)1)(4,55)4,16) = 18.93
S, = (~1)".(4,55)(4,16)(—0,06) = 1.16.

Vay su thay d6i diu clia diy $6 trén 12+ — + +, c6 mat lan Lip lai ddu (+), chimg t0 ¢ mot
hé s tai trong tdi han A, bthonk, =11 Ap dung (7.6):

N (L,LI-1,0)

o =10+ ———"— [14=1,05
(L14+1,16)
Thidu7 3:

Pau dé giéng thi du {7.1) nhung c6 xét dén bién dang doc. Cac dic trung hinh hoe nhie
trong thi du (7.1).

Gial:

1) Vi xét dén bién dang doc nén ¢d 6 bac ty do nhir trén hinh (7.1 ). Bac tr do thong ké
(rong bang sau:

f
Nut u v q & d,
g 1N 2 & 4 4 ’é 5
1 0 0 0 2/, \¢ a
2 d, d, d,
= B 1 3
3 0 0 0
4 d, d, d, A b
: 1 ”
3 0 0 0 Hinh 7.11

Céc s0 ligu ban dau khic da duoc théng ké trong thi du (7.1)
2) Thanh 13p cac ma tran do cimg.
Phin tir 1 tuong tu nkx trong thi du (7.1), chi thay dbi cic thinh phan chuyén vi

F, -0.24 0 -1,38][4,

F =101 0 2086 0O d

2
F, l—],38 0 1,84 {id,
Phin tir 2: twong tu ahu trong thi du (7.1), chi thay d61 cac thinh phin chuyén vi
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F,=F T19L1 0 0 -19L1 0 o fq,
F, =F 0 032 -048 0 -032 -048!d,
M, =F, | 0 048 095 0 048 048 |d,
F,=F, ~ 10 ~19L1 0 0  19L1 0 0 | d,
F, =F, 0 -0,32 048 0 032 0,48 ||d.
M, =F, 0 048 048 0 048 095 |d,

Phan tt 3: tiong tu nhir trong thi du (7.1), chi thay déi cac thanh pha"in chuyén vi

F, 1,73 0 -0,91]fd,
F =10 0 2086 0 ||d,
F, 091 0 -Li8&||d,

Phiin t&r 4: tuong tu nhu trong thi du (7.1), chi thay d6i cac thanh phin chuyén vi

F, 191,1 0 0 d,
F |= 10| 0 0,32 0,48 || d,
F, 0 -0,48 0,95 ]|d,
3) Thanh 1dp ma trén d¢ cimg tc‘;ng thé
[ 191,0 0 -1,38  -191,10 0 0 |
-0,24
190,86 208,60 —(,48 0 —(,32 —0),48
0,32
208,92 1,84 0 —0,48 0,48
0,95
2,79 191,10 0 ~(,91
K, =10 191,10
-1,73
380,47 0,32 0.48
0,32 —(,48
208,60 0
. 209,24
d61 x(mg 0,95
0,95
-1,18
L 0,72




4)Dua K| vé dang ma trin tam giac theo phuong phap Gauss:

10°

[ 190,86

0 ~1,38 —-191,10 0
208,92 0,43 0 -0,32
2,78 -L39 0,48
188,44 0,24
209,15

0
0,48
0,48
0,67
0,08

0,64 |

IK, 1= (10")°(190,86 x 208,92 x 2,78 x 188,44 x 209,15 x 0,64) = 2,82 x 10?7 >0, két cin

van 6n dinh.

5) Kiém tra su déi diu ctia diy sé S, 1=0,1,2,..6 theo (7.7). Su d6i diu nhur sau: + — +
— + =+ Khong 6 su 1ap lai ddw, chimg 6 A, phii 16n hon A, = 1,0,

6) Téng he s6 tdi trong. Thay A bing 1, = A, + 0,1 = 1,1. Thanh |ap cac ma trin do climg.

Phén tir 1: twrong ty nhu trong thi du (7.1)°

F

F, |=10

LF,

[—0,39

0

| 1,34

0

208,6

0

—1,34

0

1,63

Phan th 2 va 4: F=0;p =0, gidng nhur trong truomg hgp A =4 = 1,0.

Phin tir 3: twong tu nhur trong thi du (7.1)

_=103

[ —2.04

0

0,79

0

208,6

0

0,791

2,22 |

Thanh 13p ma trn d6 cimg tong the K, (A =1, = 1,1):
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194,10 0 —134 -19L10 0 0
—0,39
190,71
208,60 —0,48 0 —0,32 -0,48
0,32
208,92
1,63 0 0,48 0,48
0,95
2,58
191,10 0 -0,79
K, =10’ 191,10
' -2,04
380,16
0,32 0.48
0,32 —0,48
208,6 0
209,24
0,95
0,95
2,22
i ~0,32 |

Pua K, vé dang ma trin tam giac:

190,71 0 -1,34 -19L10 0O 0 |

208,92 —0,48 0 0,32 —0,48

3 2,57  ~1,34 0,48 0,48
0 187,97 0,25 -0,55
0 209,15 —0,09

i 0,40 |

IK,l = (109°[190,71 x 208,92 x 2,57 x 187,97 x 209,15 x {-0,40)]= -1,62 x 107 < két
cAu mét 6n dinh.

Kiém tra sy d6i ddu ctia day $6 S (r=0, 1, ...6): + ~ + — + ~ —, c6 mdt lan lap lai dau
{(—) chimg té ¢6 mot hé s& tai trong toi han A bé hon A, = 1,1. Ap dung (7.6):

kg = 1,04+ -0 5 g9 1 0635
(2,82+1,62)

So sanh két qua tinh toan gira 2 thi du (7.1) va (7.3), ta thily anh hudng ctia bién dung
doc dén hé o tai trong t&i han khong dang ké.
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: L e ) —

e b e d b d
1 a) 4 1 b) 4
Hinh 7.12

Thi dy 7.4: Dau d¢ gidng thi dy (7.2) nhung khung dugc chéng d& béi mot hé giling
chong chuyén vi ngang, tuong duong voi mot gdi tua dan hdi ¢d do cimg bing 7300 kN/m. Bd
gua anh hudng cia bién dang doc va bién dang trnrot,

(ricii:
Trude hét, ta chon hé s 14i trong ban dau gin ding theo phuong phap R.H. Wood. Nhu

trong thi du (7.2) da trinh bay, trong dang bién dang mét 6n dinh ciia khung, ¢6 diém udn gilra
nhip diam 2—3 nén so dd tinh dua vé mot nira khung nhu trén hinh (7.12b).

K K : o 4 4
————=0; ———=0,4 (xemkét qua & thidu 7.2)
K. +K,, K,+K

v ht

Vi tinh v&i nira khung nén do cling clia gbi twa dan hoi duge chia doi do do:

_ 737
K:4x(?31{201_).3 - 4.94

Tirhinh (7.7), traduge p = 1,18; F,=1,28xF, =118218810%F=1,56.10° kN do
6k, = 1.18.2,19/1,56 = 1,66. Ta biit dau tinh véi gia tri &, = 1,6.

1y Bac ty do v céc s6 ligu ban dhu nhu trong thi du (7.2)
2) Thanh ldp cac ma trén d¢ cimg theo (7.5):

Phin ti 1: F = 1,6.1,56,10' =2,496.10°, F, = 2,188.10% p = 1,14.

Ful

F, -0,13 -106||d,
= 10"
F, -1,06 1,47]| 4,
Phén tr 2: F= 0, p = 0, hoan toan gidng thi du (7.2)
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[F, | [ 42,56 0 -42,56 0 [d,]

F, 0 266 O 1,33 | d,
=10

F, -42,56 0 42,5 0 ||d4,

F | 0 1,33 0 2,66]id,]

Phin td3:p = 1,14 (giéng phan tix 1)

F, ~0,13 —1,061[d,
=10*
T, -1,06 147]!d,
3) Thanh 1ap ma trn 40 cimg tong the K, ( = 1,6). Chi § luc tac dung tir g6 twa dan hdi

vao khung laF, =-10%0,73.d,. Khi thanh lap matrin K| , can xét dén phan déng gbp clia gbi
tira dan hoi (xem chuong 5).

1,47 1,33 —1,06 |
2,66
413
K, =10 1,47 -1,06
2,66
4,13
~-0,13+42,56
—0,13-42,56
0,73+ 42,56
) — 42,56
| dbi xumg 0,47 |
4) Dua Kl vé ma trdn tam giac:
413 1,33 —1,06]
10 0 0,70 0,72
.0 0 0,066 |

IK,| = (10%24,13.3,70.0,066 = 1,01 x 10" > 0 két cAu vin 6n dinh.

5) Kifm tra du cia day sb S, theo (7.7). Sw ddi diu nhw sau; + — + - , khong co sur lap lai
diu, chimg 6 X lonhond, =1 6
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6) Tang hé s tai trong. Thay A bing A, =X, +0,1 = 1,7
Thanh l4p cac ma trin d6 cimg:

Phin tir 1: F = 1,7.1,56.10° = 2,65.10% F,, = 2,19.10% p = 1,21.

F, 0,19 -1,04] [d,
= 10
F, ~1,04 1,37 | |4,

Phan t&r 2: F = 0; p =0, giéng nhur trudng hop A = 1,6

Phin 1t 3: giéng phan tir 1, p = 1,21.

F, -0,19 -1,04] [d,
=10*
F, ~1,04 1,37 | |d,

Thanh 1ap ma tran do cing toan bd K, (L = 1,7). Chi § phin déng gop chia gdi twa dan hdi
vao thanh phén tai trong F, =-10%0,73.d,. Ma tran K, va dang ma triin tam gidc twong (mg
nhu sau: ‘

1,37 1,33 -1,04 ]
2,66
4,03 4,03 1,33 -1,04 |
K, =10° 1,37 —1,04 =10'| 0 3,60 -0,70
2,66
4,03
| O 0 -0,055 |
—0,19+ 42,56
~0,19-42,56
: 0,73+ 42,56
dbi ximg —42,56
] 0,35

IK,l = (10%).4,03.3,60.(-0,055) = —0,804 x 102 < 0

Két chu mét Gn dinh, kiem tra déu cta day s§ S_theo (7.7): + — + +, ¢6 1 ln Lip lai déu
+ chimg t6 cd mét he s5 tAi trong t6i han A, bé hon A, = 1,7. Ap dung (7.6):

(1,7-1,6)

Ay =16+
(1,01+0,80)

1,01 =1,656
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So sanh két qua tinh toan gitta 2 thi dy (7.2) va (7.4), ta thiy viéc dit thém cac vich
ngang cumg hoic cic hé Uldl’lg vira ¢é tic dung Lhong gi0, vira gép phin lam tang 14 trong (i
han mot cach dang ké.

§7.6. Dang bién dang mét on dinh

N da trinh bay, khi hé mit 6n dinh, hé 6 tai trong bing hé s6 tai trong té1 han &,
dinh thirc cia ma triin do clmg toan bd K tridt tidu. Va miit to4n hoc, didu nay ¢o nghia la 56
in biing 6 bac ty do 16n hon 6 phuong trinh déc 1ap tuyén tinh trong h€ thie ma trin gita
vecto tal trong v vecto chuy@n vi. Vi vily, d¢ x4c dinh dang bién dang mat &n dinh, cin glam
bt s6 lwong cac an bdng cach gin cho mét an niio do (0 day 12 chuyé&n vi) mot gia iri nao do
(thuong bang don vi) rdi ding gia tri ndy d& tinh cac an con lai. Can chi ¥ ring dang bién
dang mit 6n dinh khéng bigu thi gid tri tuyét ddi ctia che thanh phin chuyén vi mi chi bidu thi
gid tri ty déi ctia chiing.

Vin dung phuong phap da trinh bay (xem thi du 6.5) dé xac dinh dang bi¢n dang mit on
dinh,

Thidu 7.5: Xéc dinh dang biéa ddng mét 6n dinh clia khung trén hinh (7.9) (thi du 7.1).
Ma tran d§ cimg tong thé K ¢ {mg vai he s tai trong ti han &, = 1,064 nhwr sau:

. ’ - e E
2,66 0,48 N ’ \_‘-‘_____'_.--"'—F
K =10 \ 1
! 1
0,48 0,09 / 5
!.r ‘\
J 4
Giar: becd e of
Hinh 7.13

Gia sit d, = 10. Dung phuong phap di trinh bay
trong chuong séu, ta thay s6 0,09.10° bing 6 0,09.10%.10° do d6 F,=0,09.10°.1. Két hop vdi
F, =0, ta ¢ he thitc ma trin;

Fg 9. 10? dg ’j F!

Giai hé phuong trinh trén, ta duoe d =0,18;d,=10. N
Dang biéa dang mit &n dinh biéu thj trén hinh (7.13)

Thi du 7.6: Xic dinh dang bién dang mét 6n dinh cfia Hinh 7.14
khung trén hinb (7.10) (thi du 7.2). Ma tréin 46 cung t(“;ng thé K

ung voi hé s0 tai trong téi han A, = 1,05 nhu sau:
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K=10

(Grichi

4,59

1,33

1,16

1,33

4,59

~1,16

~L161]

-116

0,45

Gié strd, = 1,0. Tuong tu nhur trong thi du trén, ta thay s6 0,45.10° bing 6 0,45.10°.10°,

dodd F, =0,45x 10°x 1.0. Két hop v&i F, = 0, F, = 0, ta ¢6 hé thic ma tran:

E

E |=

K

| 45.10 |

K

Giai he phuong trinh trén, ta duge d, = d, = 0,196; d, = 1,0. Dang bién dang mét &n dinh

bicu thi trén hinh (7.14).
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Chu'o’ng tAm
DANG MA TRAN CUA BAI TOAN DAO DONG
TRONG HE PHAN G CONUT CONG

Trong thye (€, két ciu ¢6 kha ndng chiu tac dung cua cic lyc dc‘mg, mot s6 lue ¢d tinh chit
chu ky nhu luc rung déng do may méc chuyén dong gay ra, mét s lue khic terorng khéng ¢
tinh chét chu ky nhur lyc gi0, luc dong dit v.v,.. Cac luc nay ¢ van toe thay doi gay nén luc
quan tinh va su dao dong cia két ciu. Trong mot 6 truong hop dic bigt, bién d6 clia chuyén vi
c6 thé rit 16m, 1am cho ket cAu bi hu hong. Mot trong nhimg dic trung quan trong lién quan dén
hién tuong ndy 1 tin s dao dong rieng cha két ciu. Chuong nay nghién ctu cac tinh tin sé dao
ddng riéng cia hé phdng ¢6 niit cimg v hé dam gilao nhau.

§8.1. Dao dong tu do khéng cé lre can, dao dgng tir do ¢6 hre can, dao dong cudng birc

Néu mot luc ddng tac dung 18n két cau sau dé cét di thi ¢6 kha néng xay ra cac hi¢n tuong
sau:

1) Két cdu dao dong, tan s6 dao dong va bién db clia chuyén vi khong thay ddj theo thoi
gian. Ta goi hién twong dao dong nay la dao déng te do khong liec can.

23 Két cau dao dong, tan s6 dao ddng khong doi nhung bién d6 chuyén vi giam. Nguyén
nhén cta sy giam nay 1a luc can gay rabdi suma sat trong cdc niit, trong cic vét nitt, suma sat
bén trong vt li¢u, moi trudng nhdt nhu trong khong khi, nuée v.v... Ta goi hién tugng dao
ddng nay 1a dao dong tw do co luc can.

Néu luc can ting din lén thi dén mdt lac nao d6, két ciu ngimg dao déng, chuyén vi ciia
no giam theo thoi gian. Ta goi lyc can tuong émg 12 lue cin 167 han.

Luc can dugc biéu thi bing s6 phan trdm cua lue can tdi han va thong thudng khéng vuot
qua 10% lyc can (61 han d6i vdi cac két cau duoce sir dung trong thye t&. Néu lyc can khoéng lom,
sw khac nhau gifra tan s6 dao dong khong co lyc can va tan sé dao dong twrdo 6 lye can ¢6 thé
b qua, do d6 trong thyc t, khi tinh tin s8 dao dong tr do, ta bd qua lyc can.

Trong qua trinh dao dong cuong bitc, két ciu chiu tac dung ctia mot lyc rung dong (chang

han do syrchuyén dong clia may méc gay ra) v4i thn s6 Q. Bién do chuyén vj ciia két céu co thé
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bicu dién nhurtrén hinh (8.1). Tai nhimg diEm Q= ,©,, ..., bién do chuyén vi rit 16n va vo
cung lén khi khong cé Tue can. Noi mdt cach khac, két cau cong hueomg khi tan s6 € cda luc
rung dong dat dén mot s gia tri dic biét bfmg ®,®,, ... Cac tan s6 [am cho bién dd chuyén vi
v cling 1on goi 1a tdn s6 riéng (hoic thn s ty nhién).

N

] 1
] w2 ©3

tan s6 0
Hinh 8.1

bign d& chuyén vi

Sau diy nghién ciru cich thanh 1dp ma triin d§ cimg ctia mdt phf’in tir trong trudmg hop dao
ddng tu do khong ¢ Iy can.

§8.2. Ma tran @4 cing ciia mdt phin ti

Gi str mdt phan ti chiu udn ¢6 khéi luong phan bd déu m va dao dong ty do. Ta chi xét
dén truong hop dao déng tw do khéng ¢6 hxe can va bd qua anh hudng clia bién dang truot, anh
huéng ctia sir xoay dén lue quan tinh. Ta ¢6 phuong trinh dao ham riéng:

q-—‘l—v a'Z
¥ v . 0 {a)

El m—-=
dx? dt?

Hinh 8.2

v la thanh phan chuyén vi vudng géc véi truc ctia phan t, n6 12 hiim clia toa dd x va thoi
glan t, El 1a d§ cimg chong udn.,
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Nghi€m ctia phurong trinh trén ¢ dang:
v = Vcoswt (b)
V — bién d& chuyén vi; © — tin sé vong

Thay (b) vao (a), ta duoc:

d'v

4

El

-mo’V =0 (c)
dx

Goi: F, ,F_ —bién d6 cla cac thanh phan ndi lyc vudng goc vdi truc cha phan ti tai diu

I vadau 2; vV V .»» bitn dd cla cac thinh phin chuyén vi twong (g tai diu 1 va diu 2; me? V

luc phan bd vuong gbc vai phan tf do luc quan tinh gay ra; M, , M, —bién d¢ cia méd men udn

tai dau 1 vi diu 2;8,,0, - bién d6 cla goc Xoay tuong ing tai dau 1 va dau 2. Cac dai luong
nay ghi trén hinh (8.2a).

Nghiém cda phuong trinh vi phan (c) ¢ dang nhu sau:

V = Csinkx + C coskx + C,sinhkx + C,coshkx (d)
C,,C,. C,, C, — cac hang s6 c6 gia tri bit ky, k* = %0;—
Ciac diéu kién bién nhu sau:
V=V, vaﬂ—e, taix =0
dx ,
e
V=V, véﬂzez talx =L (e)
l dx
Tur (d) va (e) giai duoc:
S- . 1 —
D.C, =-V,(Sc+Cs) + Vz(S+s)+BlL(~%C—C—)+92L(C ©)
Cs— S
D.C, =-V,(Ss—Ce+ )= V,[C—c)- 6L L5 _4 1 59
- 1 -
DC, = V,(Sc+Cs)~ V(S +5) - LEOS LD o [ (C—0)
' kL kL
S — S-
D.C, = V,(1-Ss=Co)+ V,(C~ )+ 6, {559 g | 5-9)
; kL kL

D=2(1-Co)
S =sinhkl,, C=coshkL, s=sinkl.,, c¢=cos kL

Cac thanh phin n6i luc tai 2 din cla phi‘m ur tinh theo cac diéu kién bién:
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d*v . d'v

M, = EI— va E, =El— taix=0
dx dx’
v 'V '
M,z—EId 5 va Fnzz—EId : taix =L
) dx dx’

Sau khi thuc hién cac phép tinh, ta ¢ hé thirc ma tran giira vecto ndi luc va vecto chuyén
viclia phin t trong he 1oa d6 riéng nhu sau:

- - — a1 =

l:nl :IL _& _E _Qg Vn]
1’ L 12 L
M 0
EI s, &g || %
1 - f L -
Fn'! T‘l Ql an
E "f (8.1)
M, | ddi ximg s e,
k
Trong d6: k 1a ma tran do cimg cla phén tir trong hé toa dé riéng:
S, =B (Cs — Sc). S, =B (S-s), Q, =BXKL.Ss
Q, =BkL{(C-¢c); T, =B(kL)’ (Cs + Sc)
T, =B(kL)’ (S+s); B= KL : S=sinhkL
i (1-Cc)
C =coshkL; s = sin k; ¢ =cos kL. (8.2)
o me*
EI

Trong truong hop dao dong doc truc cha mot phan tir ¢ khdi lugng phéan bd déu m, ta co
phuong trinh dao ham riéng;:
8™ o'u

—m =0

ax> ot o

u — chuyén vi doc truc, né 12 him clia toa d6 x va thoi gian t. Nghiém cia phuong trinh
trén co dang:

u = Ucos mt
U — bién d6 cia chuyén vi doc truc; @ — tin sb vong.
Thay u vao phwong trinh dao ham riéng, ta ¢4 phuong trinh vi phan:

d’u

AE— +me’U=0

dx
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Nghi¢m cuia phuong trinh trén ¢6 dang:

U= Clcos'kx + Csin kx (a)

pl

k? = ‘—“A%; C,, C, — hing 58 bt ky

Cac diéu kién bign nhu sau:
U=Ualtaix:0;U=Uazlaix=L 48}

U, U, —~bién do clia chuyén vi doc truc tai dau 1 va diu 2 (hinh 8.2b). Tir (a) va (b) giai
duoe:
C =U.;C, _ Uy - .UﬂI cos kL)
sin kL

al*
Cac thanh phﬁn ndi luc tai 2 dau duoc xac dinh tir diéu kién bién:

E, =—AEgli tarx=0;F, = AEEIi talx=L
dx dx

F ,» F, = bién do cla luc doc tat dau 1 va dau 2 (hinh 8.2b). Sau khi thie hién cac phép
tinh, 1a duoc hé thic ma trin:

L (8.3)

Frong 0, A, va A, 1a cac ham cia BL = 1/mTU});.L LG AL A, co the tra & bang (8.2).

Trong hé toa d6 chung X, Y, c4c thinh phan noi lch vii chuyén vi bi€u thj trén hinh (8.2¢).
Phan tich trong tir nhur trong muc 7.1 (chuong 7), cudi cung ta dugc hé thic ma tran gifra vecto
ndi lye va vecto chuyén vi cla phdn tu trong hé toa dd chung nhu sau;

E. [Am* 40’ T +o)im  Qm  (-Tm’+al) (T +a,)kn Q.m |[U,]
b 15 L L 15 L L
L T8 +am®  -QJ (T, +a,)im T +a,m’y  -Qu ||V,
Q L L 5 L L
M, - - G]
' EI s, ~Qm Q! 5, ‘
- L L {8.4)
 F. ; Tm* +al’ T, +a,)im _le_ U,
' U L L
F. ) : : 2
- ddi ximg L roam” QY
_ L L
LM: . L s _ez |
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AL AL . e
o, = TAl; o, = TAE; 5,5, Q,, Q,. T, T, tinh theo (8.2} va ¢6 thé tra & bang

(8.1). Khi chua bidt dién tich tiét dién A trong truong hop bd qua bién dang doc, thay
Al AE

T.Al = [—.A2 = 0,25 (tong khéi lugng cla phin (). o, A, A, tra & bang (8.2)

§8.3. Trinh t tinh todn tan s6 riéng ciia hé phing c6 nuit camg

Trong phén trude, ta da thanh lap duge ma tran do cimg ciia mot phin t&r chiu udn trong
truong hO’p dao dong tr do khéng ¢6 luc cin. Cac phdn tir cda ma tran nay la nhiing ham phi
tuyén ciia tin sé o. Ung vOi mot gid tri nao d6 cla o, ta thanh 13p duge mot ma trin d6 cimg
tuong ng Muc 8.1, da trinh bdy, khi tan 56 dao ddng clia mot luc kich dong bing mét trong
nhimg tin sé riéng cta két cdu, két chu cOng hudng va bién d6 chuyén vi rd nén vo cung 1én
khi khong ¢6 luc can, Phin tich tuong tu nhu trong 7.2 (chuong bay), bién dd chuyén vi vd
cung 1ém khi dinh thirc ciia ma trin 46 cimg tong the tridt tidu. Vi gia tri clia o lam cho bién do
chuyén vi vo cling 16n 1a gia trj tin s6 riéng ciia két cdu nén ta cé nguyén tac: dinh thiic ciia ma
lrdn dg cung tong thé trigt tidu la diéu kién xudt phdt dé xdc dinh cdc tdn s6 riéng ciia két cdu.

Khic voi bai toan 6n dinh, ngoai tin s6 riéng ¢ gia tri bé nhit goi 12 tdn s& co ban, ta cin
tm mdt vai tin s0 ¢6 gia tri 1on hon.

Trinh tu xac dinh tin sé co ban tuong tur nhu trinh tr x4c dinh hé $5 tai trong t&i han da
duoc trinh bay trong chuong 7.

1) Trude hét, can xéc dinh gi4 tri ban dau gin diing « cla tin s co ban (s& trinh bay trong
phan sau). '

2) Xéc dinh bac tr do va théng ke cc sb lidu ban dau.

3) Ung voi = o, thanh 1ap cic ma tran 46 cimg riéng, tir d6 thanh lap ma trén do cung
10ng the K (o=w)

4) Ding phu'orng phap Gauss dua ma tran K| vé dang ma tran tam gia. Tinh dinh thic cia
ma trén K va kiém tra su doi diu cla day ) S (xem muc 7.3, h¢ thac 7.7). Néu K >0 va
khong 6 sur 1ap lai dau, tan sé co ban van Ién horn w,.

S) Thay 0 =m, = +An. Lip lai budc 3, 4 va tinh (K |. Néu K| > 0, ucp tuc tang .
Ngiroe lai, néu IK,l <0 va cd mot lan lap fai ddu, chitng 16 ¢6 mét tan s6 co ban nhd hon 0,
Diing cong thirc ndi suy d& xac dinh tin s8 co ban:

W, -

——= K1 + o,
K, I IK I (8.5)

W, =

6) Xac dinh dang bién dang dao ddng
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Bing 8.1. Gia tri S, S,, Q, Q,, T, T, tinh theo tham s6 kL

KL=, |22
El
kL S, S, Q, Q, T, T,
0 4,00 2,00 6,00 6,00 12,00 12,00
1,0 3,99 2,01 5,95 6,03 11,63 12,13
1,5 3,95 2,04 573 6,16 10,11 12,66
1,6 3,94 2,05 5,65 6,21 9,55 12,86
1.7 3,92 2,06 5,56 6,26 8,87 13,10
1,8 3,90 2,08 5,44 6,33 8,06 13,39
1,9 3,87 2,10 5,30 6,42 7,10 13,73
2,0 3,84 2,12 5,14 6,51 5,96 14,14
2.2 3,77 2,18 4,73 6,77 3,09 15,20
2.4 3,67 2,26 4,17 7.11 -0,75 16,66
2,6 3,53 2,36 3,43 7,58 -5,81 18,64
2.8 3,35 2,51 2,45 8,21 -12.39 21,33
3,0 3,10 2,70 1,16 9,07 -20,92 25,01
32 2,78 2,97 —0,55 10,25 -31,97 30,10
34 2,33 3,34 -2.85 11,91 -46,41 37,30
3,6 1,71 3,87 -6,02 14,29 -65,61 47,78
3.8 0,81 4,67 -10,56 17,89 -92.06 63,80
4,0 —6,60 5,95 17,53 23,73 -130,7 90,09
4,2 -3,08 8,28 -29,54 34,41 -193.,9 138.6
4.4 - 8,54 13,56 -55,49 58,77 -323.1 250,6
4.6 - 30,66 35,47 -159,0 160,4 -813,9 721,1
4.8 73,22 —68,67 323,0 323,9 1415 -1531
5.0 22,99 -18,74 88,72 92,17 3124 —456,6
52 15,37 11,48 52,21 -58.,80 i27.5 -304,3
5.4 12,15 -8,69 36,01 -46,34 34,76 ~249 9
5,6 10,26 -7,32 25,77 —40,59 -32,98 -227.5
5.8 8,90 -6,61 17,77 -38,05 - 93,38 -221,2
6,0 7,79 6,29 10,53 -37.51 -153,9 -2258
6,2 6,74 -6,25 3,22 -38,57 -219.3 -240,1
6,4 5,67 —6,46 —4,82 ~41,24 -293.9 - 2649

6,6 4,45 -6,96 -14,32 —45,85 -382,8 -303,7




kL

S

Bang 8.1 (1iép theo)

| 5, Q, Q, T, T,
6,8 2.94 -7.83 -26,35 —53,22 -494 .4 363.0
7.0 0.90 -9.30 —-42,80 -65,06 —643,5 -456.6
7,2 -2,20 ~11,85 -67,80 —-85,35 —862,3 —-615.8
7,4 -7.79 -16,90 -112,5 —-125,1 —-1239 -927.6
7,6 21,76 -30,34 -2234 -230,7 -2139 —-1756
7,8 —-138,7 —-146,7 —1143 —-1145 -9400 -8938
8,0 62.11 54,69 4332 4379 2956 3505
8.2 30.89 24,13 186,2 198,0 976,4 1624
8.4 22,20 16,16 1160 135,8 3824 1141
8,6 17.90 12,66 79,98 108,9 52,15 936.9
8,8 15,14 10,84 55,82 95,46 ~190,0 840,0
9,0 13,07 9,87 36,63 88,90 -399,2 800,0
9,2 11,30 9,44 19,35 86,82 -600,5 798.7
9,4 9.63 9,40 2,19 88,39 —809,9 830,7
9,6 7.90 9,75 -16,31 93,59 -1041 8983
9,8 5.94 10,53 -37.82 103,2 —-1312 1011
10,0 3,52 11,92 -64,83 119,2 - 1648 1192
Bang 8.2. Gia tri A , A, tinh theo tham sé PL
(dao dong doc tryc hay dao dong xoan)
BL= ™ L hoie Byl
AE GJA

BL A A, BL A A,
0 1,0 -1,0 4.4 1,421 4,624
0.1 0,997 —1,002 4.8 -0,422 4815
0.2 0,987 -1,007 52 -2,758 5,886
0,3 0,970 —1,015 5.6 -6,880 8,871
(0.4 0,946 —-1,027 6,0 - 20,618 21,473
0.5 0,915 -1,043 6,4 54,538 -54,912
0.6 0,877 —1,063 6,8 11,965 -13,762
0.7 0,931 —-1,087 7,2 5,519 -9,072
0.8 0,777 -1,115 7,6 1,973 -7,852
0,9 0,714 ~-1,149 8,0 -1,177 -8,086
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Bang 8.2 (tiép theo)

BL A, A, BL A, A,
1,0 0,642  -1,188 8,4 -5,104 -9,829
1,2 0467  —1,288 8,8 -12203  -15,045
1,4 0242  -1421 9,2 -40238 41276
1,6 -0047  -1,601 9.6 54,226 55,069
1,8 0420  -1,848 10,0 15,424 18,382
20 0915 2200 10,4 7048 12,563
22 -1601 2,721 10,8 2,140 11,010
24 -2,620  -3,553 11,2 ~2,322 11,438
26  -4322 5044 11,8 8,012 8,545
28  -7876  -8359 12,0 ~18,872 22,364
30 -21,046  -21,259
32 54725 54819
34 12,863 13,305
3,6 7,295 8,135
3,8 4,912 6,211
4,0 3,455 5,285

§8.4. Cach chon gia tri gin diing ciia tin sd co ban
1. Dam

Tén s6 co ban cha dim chiu udn ¢ khbi luong phén bd déu m ¢6 thé tinh theo cong thirc
gin dang nhw sau:

El

w=C 7
mL;

(8.6)

C - hiing 6, tinh theo cac diéu kién bién trong bang sau:

Bang 8.3

Piéu kién bién C
Dam ké ty do & hai dau m?
Dam ngam & hai dau 22,373
Dam congxon © 33,5156
Dam | dau ngam, | diu k& trdo 15,4213
Dam 1 dau ké tr do, mot déu ngam truot 2,4680
Dam 1 dau nghm, mot diu ngam trugt 5,5932
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2. Khung nhiéu ting

D6i v&i khung nhiéu tang trén hinh (8.3a) diing cdng thic ctia A. Bolton [15] d€ xac dinh
g1atrj gdn ding cua tan s& co ban.

b)

a

Hinh 8.3

Goik lalwe can thiét d€ gay ra mdt chuyén vi ngang biang don vi & t?mg thiri (xem hinh
8.3b). k. tinh nhur sau:

k, = 212? (8.7

Trong d6, diu tong = ap dung cho toan bd cac cft trong tang thér i. Khi 1 dau ciia cot 1
khép, thay hé sb 12 bang hé s6 3 trong vé phai cia (8.7).

D% cimg tuong duong clia toan bd khung tinh theo cong thire:

1,0

K=—% 5 1O

(8.8)

w I

1

Diu tdng £ 4 ap dung cho toan bd cac tang cua khung. Céng thirc (8.8) duoc thanh lap véi
gih thiét toan bd cac dam déu cimg tuyct doi nghia la g6c xoay tai mdi nit déu bang khong. Vi
vy, phai diing h¢ s& digu chinh sau dé xét dén tinh chat cimg hiru han ciia cac dam:

1,0
ZEI/htoan bd cac ot
TEI/L toan bd cac dam

He sb didu chinh =

(8.9)

1,0+0,5[
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Khoi luong tuong duong clia M ctia he tinh nhu sau:

M :.Z(tﬁ”ng khéi lugng clia thng x cao trinh clia khéi lrong ké tr diy)

- S (8.10)
tong chiéu cao cta khung

Cudi cung. xac dinh tan s0 co ban theo ¢ong thirc:

K x h¢ sd diéu chinh
U = M (8.11)

Trong d6: K tinh theo (8.8), hé s6 didu chinh tinh theo (8.9), M tinh theo (8.10)

§8.5. Thi du tinh todn

Thi dy 8.1: Tim tan s8 co ban cGa dim lién tyc trén hinh (8.4a). E = 210 kN/m?,
[ =558.10" mr', A = 11780. 10~ m*. Cudmg d6 clia khdi luong phan bé déu m = 6000 kg/m.
XéL 2 truong hop:

1) Xét bién dang doc truc.

b) Bo qua bién dang doc truc

m = BO0O kg/m
1,4}, 1 2 2 7%?
LT
aj
d, -EL \ d, d, _E‘,
T R G

Hinh 8.4
Giai:
1) Trudce hét ta xac dinh gi tri gan ddng cla tin s6 co ban theo cdng thic (8.6) va bang
(8.3). Gia sir nit 2 Ya gdi tua ti do. Ta cé:
Nhip 1-2:
EI =210 x 558 kKN/m? = 1,172.108 N.m?
m = 6000 kg/m, L =5m



Nhip 2--3:

, | El :
O=7" j—F= 55,1 7radian /s
ml

El = 1,172,108 N.m?
m = 6000 kg/m,L =7m
m = 28,15 radian/s.

NCu gia thié nit 2 1a nghm, thay C = 15,4213 (tra & bang 8.3) dé tinh « cho 2 nhip:
Nhip 1-2, = 86,18 vi nhip 2-3. @ = 43,97

Vi trong thyc (€ nit 2 i mdt ndt trung gian cta dam lién tuc nén:
Nhip [-2: 5517 < < 86,18
Nhip 2-3: 28,15 < < 43,97

Ta s& chon dim trén nhip 2-3 d¢ tinh gia tri gan ding ban dau cia thn sé co ban cho toan
b3 dam lién tuc. Chon w, =30vachk mdi vong tinh, tdng thém 6 dom vi.

2) Bac ty do cta hé trong trdmg hop xét dén bién dang doc nhu trén hinh (8.4b). trong
truong hep bo qua bién dang doc nhu trén hinh (8.4¢). Cac s liéu ban diu théng ké trong cac

bang sau:

Bac tr do
Truomg hop {a)

Bac tu do
Truomg hop (b)

Vi tri ede ddu t va 2

| Nui v v 0 Nit u \ g
10 0 d | 1 0 0 4
2 d, 0 d| |2 0o 0 4

34, 0 4 30 0 d

Phtd Diul Pau?2
1 1 2
2 2 3
} =1 m=0

3) Thay o = @, = 30 radian/s va thinh lfp ma trin d6 clng cla cic phin & theo (8.4);

Phin tir 1: kL =232
[ F ] [R,74
F, |=10% 0
F, | 15,28
k

BL =0,234
0 528]d, |
48,57 0 ||d,
0 8,74 ]| d, |
874  528]d,
528  8,74ld,

Trutmg hop (a)

Truong hop (b)
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Phin 11 2: kL = 3,24,

=

F, [ 34,07
F, 0
=10°
F, -35,98
Ry L ¢
'F, ] 4,52
= 10*
'F, 5,10

fL = 0,327
0 -35,98 0 1[d,]
4,52 0 5,10 || d,
0 34,07 0 [1d, Truomg hop (a)
510 0 4,52 |{ ds |
510 |jd,
Trudmg hop (b)
4,52 | d,

4) Tinh £F, va thanh l3p ma trén ciing t3ng thé K (o =w, =30):

Truomg hop (a)

K, =10°

Truomg hop (b)

K =10

8,74

| doi xtmg

8,74

| doi x(mg

0 5,28 0 0 |
48.57 0 ~35,98 0
34,07
82,64

8,74 0 5,10
4,52
13,26
34,07 0
4,52

5,28 0 |
8,74 5,10
4,52
13,26 0

4,52

5)Pua K vé dang ma tréin tam giac theo phuong phap Gauss:
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Trudmg hop (a)

10*

8,74

0

82.64

0

5,28 0 0
0 3598 0
10,07 0 5,10
18,41 0
1,94 |

IK | = (10*).8,74.82,64.10,07.18,41.1,94 = 2,59.10% > 0

Trudng hop (b)

10*

8,74
0

0

5,28
10,07
0

0
510
1,94

IK | =(10%)'8,74.10,07.1,94 = 1,71.10" > 0
6) Kiém tra sy d6i du cla diy s8 S , theo (7.7):
Truomghop (a): S =+ 1 theo dinh nghia, S, = ~(8,74) = -8,74,
S, =8,74.82,64 = 722,27, S, = -722,27.10,07 = -7,27.10%;
S, =~(-7.27.10%.18,41 = 1,34.10% S, = —1,34.10°.1,94 = -2,59.10°

Su dai ddu cda diy s6 trén [2: + — + - + —, khdng 6 lin nio lp lai diu, vay tin s6 co ban
van 16m hon o, =30

Trudng hop (b): S, =+1, S, =~8,74, S, =~ (-8,74).10,07 = 88,01, S, = -88,01.1,94 =
—170,74. khéng cd 1an nao lip lai diu, vAy tin s co ban 16n hon 30.

7) Tiép tuc ting o; Thay o = ®, = 36 va thanh 1ap ma tran 46 clmg ctia cac phan tir:

Phin tir 1:

kL = 2,54; BL =028
[F, | (8,42 0 5,510 d,

E [=10* © 48,17 0 |ld, Truémg hop (2
E 5,51 0 8,42 ]| d,
'R 842 5514,
F, -1 5,51 8,42”dj Trudmg hop (b)
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Phin tix 2:

= 10

=107

Tinh ZF vi thanh lap ma trdn do cimg tong thé K, (@ = o, = 36)

truong hop (b)

K, =10

(rudmg hop (a)

K. =10

L

Bua ma uan K, v¢ dang ma tran tam giac theo phuong phap Gauss:

Trudng hop (a)

8,42

10*

kL = 3,55, BL = 0,393

[ 33,51 0 —36,26 0 1jd
0 3,16 0 6,25 || d,

—36,26 0 33,51 0 |id,
0 6,25 0 3,16/ d

3,16 6,251d,
625  3.16]|d,

8,42 0 551 0 0 ]
48,17 0 -36,26 0
33,51
81,68
8,42 0 6,25
3.16
11,58
ddi ximg 33,51 0
3,16 |
8,42 5,51 o1
8,42 6,25
316
11,38
dbi ximg 3,16

0 5,51 0 0
81,68 0 —36,26 0

7,98 17,41 6,25

O 0

~1,74 ]

Truong hop (a)

Truong hop (b)



IK| = (10")°.8,42.81,68.7,98.17,41.(-1,74) = ~1,66.10* < 0
Trudng hop (h)

8.42 5,51 0
10t o0 7,98 6,25
0 0 —-1,74

K= (10")".8,42.7,98.(-1,74) = —=1,17.10" <0
Kigm tra sir déi ddu cia day b S, theo (7.7). Két qua:
Truong hop (a):  +—-+—++
Truonghop (b)  +—++

Trong ca 2 trudmg hop, K| <O vaco | lan lap lai ddu. Vay ¢ 1 tin s6 co ban ®, bé hon
@, = 36. Ap dung (8.5,

Truomg hop (a) o, =30+ MZ 59 =33,66
(2,59 +1,66)
(36 -30)

Truonghop (b) @, =30+ 71=33,56

(L71+1,17)
Cac két qua trén cho thiy anh hudng clia bién dang doc dén tin s6 co ban khéng dang ké.
Thi die 8.2. Xac dinh 13n $6 co ban cha hé trén hinh (8.5a)

E =210.10° KN/m?,

5000 kg/m
N
1= 1698.43.10 5m®, 2 ? 3
E
1 ©
A=21630.10"m>. 3
X¢t 2 wruong hop: L £
¥ o~ —_— —_—
a) Xét bién dang doc . rrovry 4 | 44, J d,
) ) | 6m |4 :
b) B4 qua bién dang doc v bién | a) | o)
dang truot. Hinh 8.5

Gridii
1) Trude hét, xac dinh gia tri gan ding ban du ciia thn s6 co ban theo 8.7 — 8.11:

EI f1 1 <
kl:212F=12x2]0xi698,43xL§;+§; =1,93.10°kN/m



K=k =193 x I0°kN/m, M=(5106 =30.108 kg -

z%:woz.los (cot) , EEL—Iz(),S‘)S.IOS

1,0
1,040,5 2202
0,595

\/1,93‘105.0,39.103
W=
30.10°

Heé sb didu chinh = =0,39

= 50,99

Vay:

Chon @, = 52, cit mdi vong tinh ting 12 don vi

2) Xac dinh bac tr do. Trong truomg hop (a), bac tu do bidu thi trén hinh (8.5b). Trong
truomg hop (b), bac tirdo biéu thi trén hinh (8.5¢). Cac s liu ban du théng k trong cic bang

sau.
Toa dp Vi tri diu 1 va dau 2 Bic twdo
Niat  x y Phin tf Daul Daul | | Nt Truong hop (a) [Trudng hop (b)
10 2 1 1 2 u v 6 |u v 0
5 0 5 5 5 ] 1{0 0 0|0 0 O
24{d.d, d,|d o0 4
3 6 5 3 4 3 T
3 1d, d d,|d 0 d
4 6 0 4 10 0 0 0 0

3) Thay ® = = 52 va thanh 1ap ma trin d6 cimg cha cac phan tir theo (8.4) va cac bang
(8.1),(8.2):

Phén tir 1: KL = BL = 0 (khéng ¢6 khéi luong)

Rl [ Ls9 0 -2,38]d,
E|=10°| 0 15,14 o |la \
: 1 i Truomg hop (a)
El o [23% 0 476
Bl [1s9 -2.38][d,
-1 Truomg hop (:
LF |-2,38 4,76 || 4, ruomg hop (a)

Phén tir 2; kL = 2,648; BL = 0,327
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Phan tr 3: KL = L

4) Tinh £F  va thanh 1ap ma trén 6 cimg tdng thé (» = ®, = 52)

Trudmg hop (a)

159 0 238 =771 0 0O
730
8,89
i514 -0.32 0 -0,32 0.76
~0.12
15.02
476 0 076 144
2,09
5 6,85
K, =10 730 0 -086
0,34
7.64
0,12 0,32
9,09
d6i ximg 8,97
2.09
2,85
4.94

-_F\I :Fl_ I

F,=F

M, =F, 5
=1

Fx"_- = F,

Fyf =F5

M, =F, | i

-

7,30 0 0 771 0 0
0 -012 032 0 -032 0,76
0 -0,32 2,09 0 076 1,44

7,71 0 0 730 0 0
0 -0,32 076 0 -0,12 0,32
0 076 L4 0 032 2,09

'F, 730 0 -7,71 0 |[d,]
F, 0 2,09 0 1444,

=10°

F, ~7,71 0 730 0 ||d,

F, | 0 L4 0 2,09]d,]
= 0 (khéng cd khdi lugng)

'F, [ 034 0 -0,86][d,
F|=10° 0 909 o [ld,

F, |-0,86 0 2,85 ||d,

'F, 0,34 —0,86][ d,

=10°
F, | -0,86  2,85]| d,

W

Truong hop (a)

Trnrong hop (b)

Truong hop (a)

Trudng hop (b)
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Truomg hop (b)

4,76 1,44 -2,38]
2,09
6,85
K =i0° 2,09 —0,86
2,85
4,94
1,59+ 7,30
0,34-7,71
déi ximg +7,30
~7.71
i 1,11 |

5) Pwa ma trin K, vé dang ma tran tam giac theo phuong phap Gauss:
Truong hop (a)

8,89 0 -2,38 7,71 0 0]

15,02 —0,32 0 -0,32 —0,76

5 6,20 2,06 0,76 1,42
0 0,27 0,25 0,38
0 8,63 0,50

3,99 ]

IK [ =(10%°.8,89.15,02.6,20.0,27.8,63.3,99 = 7,59.10" > 0
Trudmg hgp (b) .
16,85 1,44 -238
10°| 0O 4,64 -0,36
0 0 0,26

1K, I =(10°)'6,85.4,64.0,26 = 8,26.10" > 0
6) Ki€m tra sy d&i du cita day 6 S, theo (7.7)
Truong hop (a):
S,=1,8,=-8,89,S,=—(-8,89) x 15,02 = 133,53
S,=-133,53(6,20) = -8,28 x 107, §, = —(~8,28 x 10%)0,27=223 53
S, =-223,53(8,63) = -1,93 x 10"
S,=—(-1,93x 10 3,99 = 7,70 x 10°
Sw d6i dau La: + — + - + — +. Véy tAn s6 co ban vin 16n hon o, = 52.
Trudmg hop (b):



S:J= ]'SI:

~6.85.8,= 31,78 S, = -8,26

Su ddi du la: + — + — . Vay tn s6 co ban vAn Lén hon o =32

7) Tiép tuc ting w. Thay o = ®, =52 + 12 = 64. Thanh 1ap ma tran d6 cimg ciia cac phin o

Phan tir 1 va 3: gidng nhur truomg hop © = 52 vi khong c6 khéi lugng.

Phan wr 2:
Truomg hop (a)
i F,= Fl—l
F_H =k,
M, =F
F.xl = F-l
F.,=F
| M, =T, |
Truong hop (b)
—F_;
FI
=10°
F."-
LF

kL = 2,94; BL = 0,403
[ 7,15 0 0 -7,78 0 0 |
0 -030 0,16 0 -0,40 -0.87
| 0 -016 19 0 0,87 1,58
- 7,78 0 0 7,15 0 0
0 -0,40 087 0 -030 0,6
. 0 -0,87 1,58 0 0,16 1,90 |
F 7,15 0 -7,78 0 |[d,]
0O 19 0 158]]d,
7,78 0 715 0 ||d,
0 LS8 0 19 |d, ]

Tinh 2F, va thanh 1dp ma trén do cimg tong the (o = o, = 64)

Truong hop (a)

1,59 0 -2,38 -7,78
7,15
8,74
15,14 -0,16 0
—0,30
14,84
1,90 0
4,76
6,66
7,15
0,34
i 7,49
ddi ximg

0 0

—,40 0,87

0,87 1,58

0 -0,86

—0,30 0,16

9,09

8,79 .

1,90

2,85

4,715
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Truong hop (b)
4,76 1,58 -2,38

K] =10° 1,90 -0,86

ddi ximg 1,59+7,15
0,34-7,78

+7,15

~17,78

i 0,67 |

Bura matrdn K, vé dang ma trdn tam giac theo phuong phap Gauss:

Trudmg hop (a)
18,74 0 -2,38 -7,78 0
14,84 0,16 0 -0,40
6,01 -2,12 0,87
10°
-0,18 0,31
0 9,17

1K, =(10°)°.8,74.14,84.6,01.(-0,18).9,17.4,77 = -6.06.10" < 0

Truong hop (b)

6,66 1,58 -2,38

10°] 0 438 -0,29| |K]!=(10°).6,66.4,38.(~0,20) = -5.72.10" < 0

0 0 -020
Kigm tra ddu ctia day s6 S_theo (7.7). Két qua:
Truong hop (a): + -+ — — + -

Trudomg hop (b): + — + +

Két qué trén cho thiy cé mét lan liip lai dau nghia 12 ¢6 1 thn s8 co ban nhod hon @, =64,

ap dung (8.5), ta ¢o:

(64 - 52)

-0,87
1,57
-0,30
0,62
4,77

0

Trudng hop (a) W, =520+ ——-—"--759 = 58,67

(7,59 +6,006)
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(64-52)
o ®, =5,20+—— "2 _8 96=59,09

Truong hop (b) t (8.26+5.72)

K&t qua trén cho thdy anh hudmg ciia bién dang doc dén tin sé co ban ciia hé da cho khéng
dang ké.

Thi du 8.3: Xic dinh tin s6 co ban clia he cho trén hinh (8.6a). E = 210.106 kN/m®. Déi
véri dam:

1=361,6.10°m*, A = 10440.10°m?. Ddi véi thanh chéo: A =2143.10°m> Xét cac trudng
hop sau:

(a) Xét dén bién dang udn vi bién dang doc.

(b) B& qua bién dang doc ctia ddm va bd qua bién dang truot.

Gici:

1) Trude hét x4c dinh gia tri gan diing ban diu cla tn sé co ban theo {8.6) vabang (8.3).
N¢u thanh chéo rit mém, dam 1-2-3 dao dong nhur dim mét diu ngam, mét diu ké trdo (hinh
8.6d). Néu thanh chéo rat cimg, dim 1-2 dao dong nhu dim 2 diu ke ty do, dim 2-3 dao dong
nhu dam mdt dau ngam, mot dau ké tr do (hinh 8.6¢). Vay ta xét 2 truong hop sau:

m =200 kg/m

10m 10m \

Hinh 8.6
- Dam 1-2-3: xem nhu dim mét dau ké ty do mot dau ngam
EI =7,59.10* kNm* = 7,59.10’ Nm?
L =20, m=2000kg/m

m=154213 IE—E =751
mL
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- Dam 1-2 xem nhir dam ké tir do & hai dau:

L

10 W=7 /EI =
! mlL?

19,23

Trong thye 1€, » nam trong pham vi 7,51 <@ <29,23. Ta chon ®, =165 vi cirmbi vong

tinh tang 3,3 don vi.

2) Béc tu do trong trudmg hop (a) biéu thi trén hinh (8.6h), trong trudmg hop (b) bicu thi
wén hinh (8.6¢). Cac 8 ligu ban dau théng ké trong cac bang sau:

Béc tr do
N Trudmg hop (a) Trudmg hop (b)
| u \ £} u Y 0
L4 0o 4 | o o 4 |
2 d, d 4 | 0 4 d
3 0 0 0 0 0 0
4 0 0 - 0 0 -
Toa dd Vi tri Paun 1 va Bau 2
Nat  x  y Phinté Piul  Diu2 I m
I 0 0 1 1 2 I 0
S 2 2 3 | 0
320 0
L o0 s 3 2 4 0894 0477

3) Thay @ = = 16,5 va tinh ma tran do clmg ctiz cic phin tl theo (8. 4) va cac bang

(8.1).(8.2)

Phan tir 1 ;

Ty

=107

m T

-

T

kL =291,

0

BL = 0,158

21,74 0 -2202 O 0 [d,]
2,45 0 0,66 1,99 ]d,

~22,02 0 21,74 0 0 |ld,
0,66 0 0,13 0,14|{d,
199 0 0,14 2,45]]d, |

Trudng hep (a)



F, } 2,45 0,66 1,99]]d,
E. ! =10"| 0,66 -0,13 0,14 d, Trudmg hop (b)
F, J 199 0,14 2,45]|d,
Phin tir 2: kL =291, AL = 0,158
P 274 0 o 114,
F, [=10" 0 013 -0,14||d, .
Truong hop (4)
F, | L0 -0,14 2,45 ||d,
F, | 1-0.13 -0,14][4d,
=10 S
F 014 2,45 ||, Truong hop (b)
Phin tir 3: Thanh chiu luc doc khong c6 khdi lugng. Ap dung (2.25) (chuong hai):
F, 1322 Lel}faq,
=0 .
T .
F, L6l 0,81|d, rong hop (2)

Trudmg hop (b): F,=10103814d,

4) Tinh XF, v thinh 1dp ma tran 46 cimg tdng the K (@ = o, = 16,5)

Truwdng hop (a)
21,74 0 =22,02 0 0]
2,45 0 0.66 1,99
21,74 1,61 0
21.74
3,22
46,70
1
K, =10 0,13 0,14
0,13 0,14
, 0381 ¢
ddi ximg 0,55
2.45
2.45
i 4,90 |
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Truong hep (b)

[ 2,45 0,66 1,99]
0,13 0,14
. 1 0,13 -0,14
KI = 10 0,81 0
55
ddi xumg 2.45
2,45
| 4 90_

5)Pua K, vé dang ma trin tam giac theo phuong phap Gauss:

Truong hop (a)
[21,74 0 -22,02 0 0]
2,45 0 066 1,99
10* = 24,41 1,61 0
0 0,27 -0,53
I 2,22 |

IK | =(10%)°.21,74.2,45.24,41.0,27.2,22 = 7,67.102 > 0

Truomg hop (b)

2,45 0,66 1,99
10*=( 0 037 -0,53
0 0 2,53

IK | =(10%°2,45.0,37.2,53 = 2,30.10” > 0
6) Kieém tra sy d6i ddu theo (7.7). Két qué:
Truong hop (a):  +—-+—+-—

Trudmg hop (b):  +—-+ -

Vy tan sé co ban van 16n hon o, = 16,5,
7) Thay w =0, =16,5+3,3=198

Thanh 1ap ma trin do cimg ctia cic phan tir

Phan tir 1: kL = 3,14, BL =0,19



F [ 21,66 0 -22,06 O 0 d,

F, 0 213 0 0,77 2,25 ||d,

E |=10"1-2206 0 21,66 © 0 ||d, i

F, 0 077 0 -024 0,03 d, Truong hop ()
F, | 0 225 0 -003 213 |[d,]

'F, ] 213 0,77 2,25 |4,

F, [=10°]10,77 -0,24 -0,03||d, Trudmg hop (b)

F, | 2,25 -0,03 213 ||d, '
Phan tit 2: kL = 3,14, BL =0,19
'F, | (21,66 0 0 1[d,

F, [=10°} 0 -0,24 0,034, Truomg hop (a)
F, | L0 0,03 213]|d, . '
'F, | 10* [-0,24 0,03][d,

F | 003 213]|d, Truong hop (b)

Phin tir 3: Khong ¢6 khéi lrong nén ma tran giéng nhur truomg hop w = 16,5.

Tinh 2F, va thanh lap ma tran 46 cimg tdng thé K (0 = o, = 19,8)

Trudmg hop (a)
[ 21,66 0 -2206 0 0
2.13 0 0,77 2,25
21,66 1,61 0
21,66
3,22
46,54
4
K, =10 0,81 0,03
-0,24 -0,03
0,24 o
0,33
2,13
) 2,13
| d6i ximg .26 |
Trudmg hop (b)
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2,13 0,77 2,25
0,81 0,03
. ' ~0,24 0,03
K, =10 0,24 o
0,33
2,13
, 2.13
| ddi ximg 4,26 |

Pua Kj-vé dang ma tran tam giac thco phuong phap Gauss:

Truong hop (a)
[21.66 0 2206 0O 0
2,13 0 0,77 2,25
10 24,09 1,61 0
0,06 -0,81
i 13,36 |

IK,I = (10°)".21,66.2,13.24,09.(-0,06).13,36 = -8,59.10> < 0
Truong hop (b)
2,13 0,77 2,25

o' 0 0,05 -0,78
0 5 -999

KT = (10)°.2,13.0,05.(-9.99) = -1.06.10" < 0
Kigm tra ddu cia day sd S theo (7.7). Két qua:
Truomg hgp(a): +—+—-—+

Truong hop (b): +—++

Két quatrén cho lhfiy ¢6 1 lan lap lai déu, vity c6 mot tin sd co ban nhd hon o, = 19,8, Ap
dung (8.5). tacd:

(19,8 - 16,5)
Trudne : w, =165+ ———=7,67 =18,06
[ruong hop (a) | (7.67+8.59)

5, (19,8 - 16,5)

Trudmg hop (b)) Oy = 16,8 (2,301 L.06) 2,30=18.76

K&t qua trén cho thdly anh hudng cila bicn dang doc dén (dn sd co ban khong dang ké.
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§8.6. Truwdmg hop khéi lwong tip trung

Ta da nghién ctru cach giai bai toan dao dong trong trudmg hop khdi lrong phan bd déu.
Trong thue 1€, két cdu cd kha ning

d,
¢0 cic khdi lugmg tdp trung. Trong Mo N /'I'\d Eds
— -
/dz d, d,

trudng hop nay ta ¢é thé xem diém > 3l T
dit khdi lugng tap trung 13 mdt nat
(hinh 8.7a) va luc quan tinh trong
(mg v&i khéi luong tip trung 1a méot
thanh phiin i trong tac dung 1én
két cau,

Frrsard bererss Froarsd brerers
4

a) b)

—

Ching han d6i voi hé trén hinh Hinh 8.7
(hinh 8.7a), ta c6 the bd sung mét nit tai diém dit khdi luong tap trung do d6 bé sung thém 3
bic trdo d,. d,, d, (hinh 8.7b). Ap dung nguyén 1y D’ Alembert:

"
2

Luc quan tinh trén phuong d, = —[M%(dl cosot)] = Mw’d, cosmt

ki

d 2
Luc quan tinh trén phuong d, = —[M?(d_ﬂ* cosot)] = Mw d, coswt

Viy bién do cla cic thanh phan tai trong twong tmg véi d 1aMw’d , ing v&i d, Ia Mw?d,
(0 diy, ta bo qua lyc quan tinh do xoay). Cac thanh phin tai trong bd sung nhu sau:
Trenphuong d;:  F = Mwid,
Trén phuong d;: F, = Mw’d,
Tir hg thie ma trin gitra vecto thi trong va vecto chuyén vi, ta ¢6 the viét (ching han déi
vO1 hang chia F)
F =Mod, =k d, +k.d, +k.d, +k d, +k.d,
hoic
(k,, —Mod, +k.d, + k.d +k,d +kd =0

Vay khi cé khéi lupng tdp trung M, ma trdn do ciing t0ng thé K van duopc suy ra tie didu
kién khéi luomg phdn bd déu niumg phan e

m = 6000 kg/m M= 100 % 10° kg
irén duong chéo chinh tng voi thanh phdn ¥ ¥
chuyén vitrén do co lue qudn tinh do M gdy ra | 6m | am
gidm di mét luong Mo’ ! o |
. q

Thi du 8.4. a T\ E

Xac dinh tan 8 co ban cla hé trén hinh 3 by / d, v
(8.8a) Hinh 8.8
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E =210.10° kN/m

I=5038.10"°m*.

A = 36850,0.10°m?

B qua anh hudng ciia bién dang doc va bién dang truot.
Gidi:

1) Trude hét x4c dinh giatri gan ding cla tin 56 co bin theo (8. 6) vabang (8.3). Gia sir
toan bd khéi lwong dugce phan bd déu trén dim, cudng db chia khdi lugng phin bd ta 6000

kg/m. Ta co:
=22, 371’ El = 58,04 radian/s
mL}

Mat khac, néu gia thiét toan b khéi luong M = 160.000kg tap trung vio gifra nhip dim,

' » . El ., K ‘
lyc gay chuyén vi bing don vi K = 192F ,dodd o= "ﬁ =35,95. Trong thyc té 35,95 <
m < 58,64. Ta chon w =40 va cir mdi vong tinh, ting thém 5 don vi.

2) Bac tu do biéu thi trén hinh (8.8b). Cac s6 liéu ban diu théng ke trong cac bang sau:

Bic trdo Vi tri ddu 1 va 2
Nit  u v 8 Phin 10 Piu | Diu 2
i 0 0 0 1 1 2
2 0 d, d, 2 2 3
3 0 0 0 cosin dinh huémg (=1, m =0

3) Thay w = ©, = 40 va thanh 13p ma tran d9 clmg clia cic phan t :

Phin tir 1 m = 6000 kg, kL = 1,85, BL = 0,211
F, 10| 037 18] 4,
F| | L58 6,85]]d,
Phan t 2: m = 6000 kg, kL = 1,24, BL = 0,141

Fl_ o 18 —389][d
F| |38 10,52]!d,
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4) Thanh 14p ma tran do cimg tdng thé K ( =, =40). Chd y luc quan tinh do khdi luong
M = 100.000 kg gdy ra, tac dung trén phuong cla d,, nén phan tir k , trén duong chéo chinh

img v&i d, gidm di mét luong Me? = 1,60.10° (c6 danh diu “sao™).

K, =10°

-

0.37
1,84
—1,60"
9,61

5)Pua K, ve¢ dang ma tran tam gi4c theo phuong phap Gauss:

d6i ximg

0,61

10°

déi ximg

IK i =(10°)*.0,61.0,007 = 0,004.10'°> 0

1,58
~3,89
~2.31

6,85
10,52

17,37 |

-2,31

0,007

6) Kiem tra sy d6i déu theo (7.7). Két qua: +— +. Vay tin s3 co ban 16n hon o, = 40.

7) Thay o bang @, =40 + 5 =45 vi thanh l4p ma tran d6 cling cia cac phan tir

Phan tir 1: kL = 1,96,
F, 0,31 1,53][4d,
=10°
E, 1,53 6,80]|d,
Phan tir 2: kL = 1,31,
~3,87

E 1,80
=10°
F, 3,87

Phan tirk, | gidm di mot lugng M? = 2,025,10° (danh déu “sao”)

K, = 10°

0,31
1,80
-2,30°
0,08

doi xtmg

10,51

BL = 0,238

BL = 0,159

I

Thanh 14p ma tran d cimg tong thé K (@ = o, = 45)

1,53 |

=3,87
-2,34
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Pua K, vé dang ma trin tam giac:

X 0,08 -2,34
10
0 43,75

IK,| = (105)%.0.08.(—43,75) = =3,91.10" < 0

Kiém tra dAu. Két qué: +— —. C6 1 1an lap lai d4u, vy ¢6 1 tan s8 co ban nhd hon w, =45,
Ap dung (8.5):

(45— 40)

®, =40+ ———"" 0 004 = 40,01
(0,004 + 3,91
§8.7. Tan sé co ban cia khung nhiéu t?mg d, —= —d,

Béi voi khung nhiéu tang, néu d& nguyén sé
bac ur do, viéc tinh toan s rat phic tap. Vi vy,
khi tinh tin sé co ban cda hé khung nhiéu téng,
ngudi ta dua ra cac gia thiét sau:

1) BS qua anh hudng clia bién dang doc déi
vai toan bd cac phan tir

2) Céc dam tuyét déi cimg.

Vi gia thiét thir nhét, & mirc méi san, chi ¢6 e s i
mot thanh phé:ln chuyén vi trén phuong nim ngang. Hinh 8.9
Vi gia thiét thir hai, gbc xoay tai cac nit déu tridt tidu. S& béac tw do dugce gidm bot médt cach
dang ké (xem hinh 8.9). M& men quan tinh I va dién tich A c6 the lay nhimg gia tri bat k¥ vi
diéu nay khong dnh hudng dén ma tran dd cimng tong thé clia két ciu.

$8.8. TAn s6 co ban cia hé dim giao nhau

Ta biét ring mdi phiin ttr trong hé dam giao nhau 12 mt thanh vira chiu udn, vira chiu
XOAn. Trong trudng hop chiu udn, ta da suy ra ma tran do cing (8.1) ctia phan 1 trong hé toa
dd riéng. Déi v&i phin trong hé dam giao nhau, ma tran (8.1) cd dang:

F,] [T QT QW]
I’ L 1} L

M

] SI Qz Sz 01

_El L (8.12)
L
Fz] Ti &- Wz
I’ L

M, d6i ximg S, |18,
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Trong d6: F_, F , ~ thanh ph?m n6i e trén phuong truc z (vudng goc vai mit phfmg cua
hé dém) tai ddu | va dau 2; w,, w, — cac thanh phan chuyén vi tuong img tai diu 1 va diu 2; y
nghia cia M, M, 6,8, xem hinh (8.10b).

Hinh 8.10

Trong truong hop phan tir dao dong xoin (hinh 8.10c), ta xuat phat tir phuong trinh vi
phan.

dy

Gl. > +t=0

dx
t — cudng dd cda md men xoin phan bé déu
Phuong trinh vi phan trén c6 thé dua vé dang phuong trinh dao him rigng;
oy I &y
-m+=.—-= :

¢ A ®

Trong do: GJ — d6 cung chdng xoan; A— dién tich tiét dién; I,— m6 men quan tinh doc cuc;
m — khéi lugng phan b trén don vi dai; — v gbc xoan, nd 12 ham cua toa dd x va thdi gian t.

Gl

Trong trudng hop dao déng tir do khong ¢6 lyc can, nghiém cia phuong trinh (a) c6 dang
=¢ coswt (b)
b — bién d6 ciia gdc xoin.

Can cir vao (b) va cac diéu ki¢n bién, ta suy ra hé thirc ma tran:

Chi thich: * + 14 phan bd rén phuong truc 7 (vudng gdc vi mit phiing cia hé dam)



T e AL A, Ly,
T.] LA A, w, (8.13)

A, = KkLcotkL, - A, =-kLcosec kL. (8.14)

Sau khi két hop 2 matran (8.12) v (8.13), ta suy ra ma tran d6 cimg cua ph;ﬁn tt trong hé
toa dé chung nhu sau (hinh 8.10a);

Chii thich: lye phin bd trén phuong tryc z (vudng goc v6i mit phing cia hé dam)

N T Q! L -om Q]
! L L L L L L
M, Sm* et S, -adm -Qm Sm’4oa? (S, —a,)m g
E L x
Mol g S +am’  Ql =S, —opdm 8. 4 g,
L L 9, |(8.15)
E, déi  ximg T Qm Q!
L’ L L W,
M., Sm ol (S, —o)m || 0,
M | S\ +a,m’ |8, ]
k
GJ GJ
o, =—A 0, =—A,
El © El

Trong do: k la ma tran d6 cimg ctia mét phan tir trong hé dim giao nhau trong trudmg hop
dao dong tir do khéng ¢6 lyc can. 8,5,,Q,.Q,T, T, tinh theo (8.2) hodc tra & bang (8.1). A
A, tinh theo (8.14) hoiic tra & bang (8.2) .

Thidud.5:
Xac dinh tin s6 co ban ciia hé cho trén hinh (8.11).

Tiét dién cac phin ti c6 dang hinh chir nhit, kich thude 0,5 x 0,25 m.E = 14.105 kN/m?,
G =6,36.10°kN/m’, 1 =2604.10°m*, ] = 182]1.10°m*, A = 125000.10"m?, L. =4m. M6 men
quan tinh doc cuc
IP =(0,25x 0,5+ 0,5 x 0,25%) = 3255.10~*m*
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Hinh 8.11

Giai:

1) Xac dinh giatri gin ding clia tdn sd co ban. Cé thé xem céc dam dao dong nhu nhimg
dam congxon véi khdi Juong trung binh 13 (1500 + 1200) x 0,5 = 1350 kg/m. Theo (8.6) va
bang (8.3), ta duge:

14 ’
© = 3.5156,| :3,5156.\] X 200010 _ 3611
mL. 1350 4

Chon o = 38 va cr mbi vong tinh ting thém 10 dom vi.

2) Bac tr do bidu thi trén hinh (8.11). Cac sb ligu ban diu thdng ké trong cac bang

Bac tw do Toa do ' Vi tri cic dau 1 va 2
INot w6 o | [N x y | [Phwr Pl PW2 ¢ m
’ . 0o o0 ol 1 o 4 1 { 2 10
24 4 4 2 4 4 2 3 2 0 1
3 0 0 0 3 4 0

3) Thay ® = ®, = 38 va thanh 1ap ma tran dd cimg clia cac phén tir theo (8.15) va cac bang
(8.1, (8.2):

Phan 1t 1: kL = 1,975, BL =0,279, m = 1500 kg

F, 353 0 11,78]] 4,
E (=10 0 28 0 |d,
F, 1,78 0 3504]]d,
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Phan tir 2 kL = 1,868, BL =0,2496, m = 1200 kg

F, 421 -1217 0 1[4
F, [=10"{-12,17 3532 0 ||d,
F, 0 0 284]|d

3

4) Tih ZF, va thanh 13p ma trén d6 cimg tdng thé K (0 = o, = 38)

13,53 -12,17 11,78 ]
4,21
7,74
K, = 10° 2,82 0
35,32
38,14
d5i ximg 35,04
2,84
] 37,88

3 bua K, v& dang ma trin tam gtac theo phuong phap Gauss:

7,74 -12,17 14,78
10°/ 0 19,01 18,52
0 0 1,91

K ) =(10Y%x7,74x19,01 x 191 =281 x 10" >0

6) Kiém tra su d6i déu ctia day s6 S_theo (7.7): + —+—, vy tin s6 co ban vin 1én hon @,
= 38,

7) Thay w biing ®, = 38 + 10 = 48 va thanh 1ap ma trin dd cimg cita cic phan t&
Phan ti 1: kL =222, BL =0,352, m = 1500 kg/m

F, 1,57 0 10,65][d,

F, |=10°[ 0 278 0 |d,

F, 10,65 0 3421]|d,

Phin ti 2: kL = 2,10, BL = 0,315, m = 1200kg/m
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F 2,64 11,26 0 ][4,
F, |=10°| -11,26 34,65 0 |4,
F, 0 0 2,64]d,

Thanh lip ma trin d6 cimg téng the K (0 =w,=48) vadua vé dang ma trin tam giic:

1,57 ~11,26 10,65] 4,21 11,26 10,65
2,64
4.21
K, =10 2,78 0 |=>10' 0 723 28,55
34,65
37,43
) 34,21
d6i ximg 2,64
36,85 . 0 0 -102,90]

K| = (10°)*x 4,21 x 7,23 x (-102,90) = -31,24.10"' < 0

Kiém tra surddi déu theo (7.7): + — + +, vay ¢6 1 1an lp lai ddu, chimg td ¢6 mot tin 6 co
ban nho hon @, = 48, Ap dung (8.5):

48-38 2.81=38.82

y, =38+ ——— 2,
2,81+31,24

§8.9. Dang bién dang dao dong

Cach xéc dinh dang bién dang trong qué trinh dao ddng ctia mot hé img véi mot tin s6
rigng nao d6 hoan toan giéng nhur da trinh bay khi xac dinh dang bién dang mat &n dinh
{xem 7.6) =

Thi du 8.6. Xac dinh dang bién dang dao dong ciia hé cho
(rén hinh (8.5) (thi du 8.2). Tan s6 co bin @ = 59,03, ma tran do
clmg tong thé trong trudmg hop (b) o dang;

6 1,55 ~2,38 j
!
K=10° 450  -0.86 1
ddi ximg 0,79 * Hinh 8.12

Gicti
Chon d, = 1,0 (d, 12 thanh phan chuyén vi ngang). Thay phan tir 0,79 x 10° tmg v&i d,
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(danh dau “sao0™) trong ma tran K bing gia tri 0,79 x 10°x 105, ta duoc thanh phin tai trong
F,=0.79x 10" x d, = 0,79 x 10" Cac thanh phan ti trong con lai F, = F, = 0. Ta c6 hé thirc
ma lrdn:

P 0 d,
F, |= 0 = K d,
E 0,79 % 10" d,

Giai hé phuong trinh trén, ta duoc:
D=, d,d]=[034 007 10]
Dang bién dang dao ddng bidu thi trén hinh (8.12)

Thi du 8.7: Xac dinh dang bién dang dao dong clia hé cho trén hinh (8.4) (thi du §.1). Tin
56 cobAn @ = 33,56, ma tran do cimg tong thé K trong truomg hop (b) ¢6 dang nhr sau:

855 541 0 e e
K = 10* 12,26 5,78 oy 7o B sl
‘ . Hinh 8.13
doi ximg 3,71

Gidi

Chond, = 1,0 va thay gia tri 3,71 x 10° ctia phén tir u‘ng vGid, (danh diu “su0™) trong ma
trin K bang gidtri 3,71 x 10* clia phan t&r tmg voi d, (danh dau ¢ sao”) trong ma trin K bing gia

ti 3,71x10%10° Tacd F, = 3,71 x 10%.d, = 3,71 x 10'°. Cac thanh phén tii trong con lai F,
=F, =0. Ta co h¢ thic ma trin:

F, 0 d,
F |= 0 = K d,
F 3,71x 10" d

Giai hé phuong trinh trén, ta duoc:
= [d, d, d,l’ = [0,41 -0,65 1,0]
Dang bién dang dao dong biéu thi trén hinh (8.13)



Chuong chin
HE KHONG GIAN CO NUT CONG

Cac két ciu thuong gip trong thuc té 1a nhimg hé khéng gian ¢o nit cimg trong do cac
phén tlr vira chiu udn, vira chiu xodn. D& don gian hoa tinh toan, ta thudng dua chiing vé hé
phing. Su don gian hoa nhy xuit phat tir tinh hinh tinh 10én hé khong gian qua phirc tap: s6 an
ting 1én dang k&, trong trudmg hop tiét dién khdng déi x(mg, vigc tinh toan lai cang phirc tap
hon. Tuy nhién nhimg kh6 khin nay 6 thé khic phuc dugc trong dieu kién st dung may tinh
dign ut.

Chuong nay nghién clru cach tinh hg¢ khdng gian ¢4 ndt clmg. Trinh ty tinh toan twong tiy
nhur da trinh bay trong chuong ba. Tuy nhién & day can phai chuyén ddi tir he toa d6 riéng 3
chiéu sang he toa do chung 3 chigu. Trude hét ta xét trudng hop tiét dign cd 2 truc déi xung
nghia la cic truc nay tao thanh 1 hé quan tinh chinh trung tim.

§9.1. Ma tran d§ cimg ciia phén tir trong hé toa do riéng

Gid st tiét dién cia mot phan tir
¢6 2 true ddi ximg nhu trén hinh (9.1).
M&i phdn 1 ¢ hé toa dd riéng 3 chidu
x ¥,z . Taquy udc chiéu duong cla
uye X trung voi chidu duong cua truc
phin 1 (di tir ddu 1 dén dau 2). 2 truc
con lai tring véi 2 truc d6i ximg sao
cho khi nhin vé phia chign duong cla
(ryc x_, chiéu xoay dé true y_trung voi
trucz_la chiéu kim dong hé. Goi: F

xim?
F ., —luc doc tai dan 1 va dau 2; u |
u, — chuyén vi doc truc tai dau 1 va .
3 R z Hinh 9.1
dau 2: M| - mémen Xoin
xim xl‘m N . . .
quanh tryc X tarddu 1 vadiu 2;0 6, ~—cdc goc xodn tuong ¥mg tai dau | va dau 2. Tacd

cac¢ hé thae ma triin:
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_Fxlrn E l _-1 ulm
A
= (V.1
L
_Fs("m _l ] U-,m
_M;\]m J 1 _l 9J\]m i
G
=— (9.2)
L
_Mx'Bm -_l l OxEm_J
Gor F, Fﬂm luc trén phuong tryc z_ tai dau 1 va diu 2; W, W, —cac chuyén vi

ylm?

H‘ ., - €ac goc xoay Luong img tai dau 1 vi diu 2. Theo (3.21) (chuong baj), ta ¢6:

titong img tai dau | va diu 2; M M\,m — md men udn quanh truc v tzu ddu I vhdiu2;6

vim?

lem 12 _E _12 .._6 -Wlm_
L L L L
M EI 44B ° Foim
=X YL e (9.3)
F‘.{Em L(l * B)' ) -, . 12 6 Wzm
doi ximg ; ——
L L
_MyEm_ 4+B) _Oylm_
- 12EI,
INE
Goi: Flme F_vz — lyc trén phuong truc y_ tai dau 1 va diu 2: Vlm, V.. — chuyén vi twong

{mg tai dau ] va ddu2; M ame M, — md men udn quanh truc z_ tai dau | va diu 2 ;0,..0 -
gbe xoay tuong tmg tai dau | v ddu 2. Cung theo (3.21), ta ¢4 hé thirc ma tran:

I:ylm [ E __._6_ _]2 E_ -Vlm 1
L L L L
Mz I EI 4 6 2 8 Alm
— 3 + By _[_; _Bz_ (9{4)
F\ 2m L(1+BZ) F O 12 6 V”m
d61 ximg - ——
1y L
_M.!.Em_ | 4+B4 _812’“_
12EI,
B, =
GAL

Goi F | A la vecto ndi luc va vecto chuyén vi cha phin ti trong hé toa dg riéng. Két hop
(9.1).(9.2), (9.3). (9.4), ta ¢6 hé thitc ma tran:

F =K. 9.5)
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Trong d6:

_A _A 7
GI/E -GJ/E
2d/L d —2d/1 d
b a C a
2a/L -a —2a/L
E -d {
K _E ¢ 9.6)
L A
GI/E
2d/1 —-d
b a
2a/l
. e -
_ oL b—Iv(4+B.-) 2 -By)
LT +8,) (1+B,) " RS
d: 6[1 i CII?‘(4+BZ), lef(z_B!)
(1+B,) (1+B,) (1+B,)
Fl = [de Mw]m F_vlm Mylm lem Mzim szm Mx?m FYEm M}'z‘“ FZE’“ Mzz“‘ (9?)
AI - [ul1n Gwlm V]m e)‘lm Wlm 8'.!.1m u:m exﬁm Vlm 9:{Em Wlm O?,Em l (98)

Dé chuyén sang hé toa d6 chung x, y, z, cin phai tién hiinh mét s6 phép tinh trung gian
nhu sau.

§9.2 Ma tran xoay

Gid sirhé toa dd chung lax,y,z.Goi U, V_, W _1acéc thanh phan chuyén vi trén phuirong
N . . m m » m . . . . .
cactruc X .y .z ;u, v, w - cac thanh phin chuyén vi trén phuong cic truc x, y, z. Ta ¢é hé
m = m m ] .
thirc ma (rin:

mn ll m] I.ll u
n | =1 m, n, || v (9.9)
W L, m, n, |l w

Trong d6: [, m,, n - céc ¢b sin dinh hudng cla tryc X do voicac true X, y, 7; L, m,, n,
— céac ¢ sin dinh huéng clatruc y {,, m, n, —cac cb sin dinh huéng cuatruc 7,_,
m* 3 3 B o m
Goi: F
phan lye trén phrong cac e x, y, z. Ta cd hg thic ma tran sau (xem chd thich & cudi chuong).
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A E} l![2 Lﬁ Fx
m | = | M, m, m; (| F
m nl n2 n3 ‘Fz

A m, o,
R=|{ m, n,
L m, Iy

(9.10)

(10.11)

Cac cdsin dinh hudng ctia truc X Yoo Z,, trong hé toa dd chung x, v, 7 duge xéac dinh nhu sau.
Trude hét hay tuéng tuong cac truc x ¥, Z_trung véi che truc tuong img x, v, z. Sau do, ta 1An luot
xoay quanh truc x mét gée ¢, (hinh 9.2a), quay quanh truc 'y mét gocd) (hinh 9.2b), quay quanh truc
zmét goc ¢, (hinh 9.2¢), Cudi cling, ta trér vé vi tri thue té clia hé toa do nengx .y, 7. .

]
by

Xoay quanh
truc y

Xoay quanh
fruc x

N X
¥ Xm \\
a) b) Sy,
Hinh 9.2
Tir dai s6 tuyén tinh, ta ¢4 hé thirc ma tran:
R=R.R.R,
Trong d6:
[ 0 0
R, =|0 cosd, sing,_
. —sing, cos,
[ cos b, 0 —sind,
R}, = 0 1 0
sing, 0 cosd,

¥i ¥m

Xoay quanh
truc z

c}

(9.12)

(9.13a)

(9.13b)



cos¢, S o, 0
R, =[-sin¢, cos¢, 0

(9.13¢)
0 0 1
Sau khi thyrc hién cac phép nhan ma tran, ta dwoc:

t'ylz {,m, ~-m,
R, =|-{m, +mm/, [, +mmm, m, [, (9.14)

m,m, +/ m/, -ml, +imm, [1

[, =cos¢, m_ =sind,

[, =cosp, m, =sind, (9.15)

[, =cosp, [, =sind,

Goi: L ,L ,L —hinh chiéu ciia truc phz\“m tir 1&n cac truc x, y, z. Tir (9.11) v (9.14), ta cb:

L, L L,
==l f =1,m, - =-m,
tir day suy ra:
L, +L =L'L vaLl= (L + L)) (9.16)

Biét duge cac hinh chiéu cia truc phan tir1en cac truc x va ¥, ur(9.15), (9.16), tac thé suy
ra cac goc xoay ¢, (quanh tryc y) va ¢, (quanh tryc z)
§9.3. Ma tran dé cimg cia phin ti trong hé toa d¢ chung
Trong phan truée, ta da suy duoc hé thire ma tran giira vecto noi luc va vecto chuyén vi
ctia phan tir trong hé toa do riéng nhw sau:
F =KA, (9.5)
Tk (9.9), ta suy ra hé thirc ma tran giita vecto A, trong hé toa do riéng va vecto chuyén vi
A, trong hé toa d6 chung nhur sau:
A =ROTA, (9.17)
Trong dé:
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J

] 0 m, 0 n, 0 6 0 0 0 0 0

L, 0 m, 0O n 0 O 0 0 0 0

L 0 m, O n, 0 0 0 0 0 0 0

0 1 ¢ m O n, 0O O 0 0 0 0

L 0 m, 0 n, 0 0 0 0 0 0 0

e 1O 0 m, O n 0 O 0 0 0 0
ROT = ' ' ' (9.18)

0 0 0 0 0 4 0 m 0 n, 0

0 0 0 0 0 o 0 | 0 m, 0 n

0 0 () 0 0 o I, 0 m, 0 n, @

0 0 0 0 0 0 0 m, 0 n, |
¢ 0 0 0 0 0 4L 0 m, 0 n, O
10 0 0 { 0 m, O n

Hé thirc ma tran gitra vecto ndi lyc F  trong h¢ toa dd chung va vecto ndi lue F trong hé
loa d6 riéng cd the viét (xem chl thich & cudi chirong)
F,=ROT'F
Két hop vo1 (9.5), (9.17), tac6 Hé thirc ma trin gifta vecto ndi luc va vecto chuyén vicla
phin ti¥ trong hé toa dé chung nhir sau:
F, =K, A, (9.19)
trong do:
K, =ROT. K, . ROT’ (9.20)

(9.19) s& gilip ta thinh 1dp ma trin d3 citng tong thé cliia hé khong gian ¢o nat cing theo
cic nguyén tic da dugc trinh by trong cic chuong trude.

§9.4. Trinh tw tinh todn hé khdng gian c¢6 mit ciimg

1Y Xac dinh béc tu do va théng ké céac s& liéu ban diu nhu trong cic chuong trude da lam.
2) Tinh ma triin xoay cla cic phan 1k theo (9.13), (9.14).

3) Tinh K, theo (9.6), ROT theo (9.18) va K, theo (9.20).

4) Thanh ldp ma trin d6 cing tong thé K;

6) Tinh néi lue o trang thai ngdm va cic thanh phin tai trong & trang thai ty do nhu di lam
trong cac chuong trude.

7) Tinh vecto chuy€n vi ctia hé trong hé toa do chung.
8) T (9.17), tinh vecto chuyén vi trong hé toa dd riéng.

9y Tinh ndi lue cda cae phﬁn tr O trang thai ty do theo cic cong thixe sau:
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- d F=—{u
Lue doc L 2

]

Mo men xoin T,

MO men udn:

Gl

~T, = 2=(0,,, —6,,,
2 I.( slm x._)

I . 6 ]
My = B0 2 BB, — (W, W)
.\lm I(1+B ){( B ) ylm B\) »im L(Wln W_m ,l >
6
M_"Em - (2 B )O\Im +(4+B )0\ Im _I (“”Im - Wzm)
) ‘ (V.21
El
h'flxlm ’ - [ lem + (2 _Bz )lem +£(V1m - \'!Em )l
L{+p, )1 L J
EI,

22w = L(] [j )

10) Xac dinh ndi luc cudi clng
=ndi lire & trang thai ngam + ndi lue
¢ lrang thai ty do.

Thidu9.1:

Cho mét hé nhur trén hinh (9.3a)
[[=361.6.10"m",

I =1093.10"m",
I=093.10"m?,

A = 10440.10m?,

E =210.6.10°%kN/m*

G = 8077 10°kN/m°

L = 4m, tai trong phin bd déu
q=10kN/m

Bo quabién dang truot va xét 2
truong hop;

a) Xet bién dang doc.
by Bo gqua bién dang doc.

Griei:

' 6 .
{ [5 Je/]m 4+B )8/ 'm E(V]m _Vlm)} }

dss

: |

<_’/ 3
. A : =~
Y
teresas
% 4
!
.,
&) Yo
|
S
‘//
Z,
rd

N e

{1inh 4.3



1 Bic tw do biéu thi trén hinh (9.3a). Céc $6 ligu ban dau théng ké trong cac bang sau:

Toa dd Bac tir do trwong hop (a)
CoONat o x ¥ z —! u 0, vV 0. W g,
1 4 0 4 | 0 0 0 0 0 o
2 0 4 4 i 0 0 0 0 0 0
|3 4 4 4 d, d. d, d, d. d,
4 4 4 0 L0 0 0 0 0 0

13dc o do trong trmg hop (b u=v =w =), 0 =d,:0 =d, 0 =d

fi

Vitri ciac dau 1 va 2

Phintr  Diu | Diu 2
] | 3
2 ? 3
3 43

2) Tinh ma trin xoay cua cic phfm tr theo (9.13), (9.14).
Hé toa do riéng clia cae phin & biéu thi trén hinh (9.3b)

Phiin tir 1: Xoay quanh truc z mét g6c 90°, ¢ = ¢ =0,¢ =90 Viy:

o100
R=|-1 0 0
0 0 |
Phan i 2: 1 tou do chung va he toa d6 riéng hoan toan tring nhau: b =0 =¢ =0
I 0 0O
Viay R=|10 | 0
0 0 |

Phan (1r 3: Xoay quanh true x mét gde 90° sau dé xouy quanh truc y mot goc 90°, ¢_ =907,
¢ =90 ¢ =0. Vay:

[0 0 1

I
R=-I 0
Lo -1 o

3) Tinh K| theo (9.6). ROT theo (9.18) vi K, theo (9.20). Két quit thong ke trong cic
bang sau,
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Bang 9.1° matriin K cho ca 3 phin ur

[548.1 0 0 0 0 0 -548.1 0 0 0 0 0
0.02, 0 0 0 0 0 002 0 0 0 0
043 0 0 0,8 0 0 —0,43 0 0 0.8%6

75,94 28,48 O 0 0 0 37,97 2848 O

(4,24 0 0 0 0 2848 —14.24 0

} 230 0 0 08 0 0 LIS
]U! 5481 0 0 0 0 0
0.02 0 0 0 0

0,43 0 0 -0.86

75,94 2848 0

dbi  ximg 14,24 0

I 2.30

Bang 9.2: matrin K (phan tix 1)

[0.43 0 0 0 0 -0,8 -0,43 0 0 0 0 —0.86]
75.94 0 0 28,48 0 0 37,97 0 0 -2848 0
5481 0 0 0 0 0 -5481 0 0 0
. 0,02 0 0 0 0 0 0,02 0 0
14,24 0 0 2848 0 0 —1424 0
3 2,30 0,86 0 0 0 0 115
" 0,43 0 0 0 ¢ 0.86
75.94 0 0 -2848 0

5481 0 0 0

0,02 0 0

doi  ximg 14,24 0
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Bang 9.3 ma trin K, (phan nr 2)

[5481 0 o ¢ 0 0 -5481 0 0 0 0 0 !
0.02 0 0 0 0 0 -002 o0 0 0 0 ‘
G430 0 08 0 0 _pa3 o 0 0,86 \

| 75932848 0 0 0 0 3797 2848 o ii
{ 1424 0 0 0 0 2848 1404 g
" 230 0 0 —08 ¢ 0 L15 |
( M0 00 o o |
0,02 0 0 0 0 |

043 0 0 —0,86‘

75,94 28,48 0

déi ximg 1424 ¢ ‘

] 2,30 |

Bang 9.4: ma tran K, (philn tt 3)

043 0 0 08 0 0 -043 o 0 08 0 0
7394 -2848 0 0 0 0 3797 2848 o 0 0 ‘
1424 0 0 0 0 28481424 o 0 0
230 0 0 -08 0 0 LI5 0o 0 “
5481 0 @ 0 0 0 -5481 0 |
. 0,02 0 0 0 0 0 0,02
" 0,43 0 0 0.8 0 0
75,94 2848 0 0
4,24 ¢ 0 0
230 0 0
déi  ximg 5481 0
| 0.02 |

4) Thanh lip ma tran do cimg cla cic phin wr trong k¢ toa dé chung theo (9, 19).
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Phan tiy 1

Truong hop (a)

['F ] (0,43 0 0 0 0 0.86" { d,
r, 0 75,94 0 0 2848 0 |d,
Bl ] © 0 5481 0 0 0 Jd,
K, 0 0 0 0,02 0 0 | d,
E, 0 -2848 0 0 14,24 0 | d.
E|  |oss o 0 0 0 2.30]d,
Trudng hop (b)
o (7594 0O 0 4,
F =10} © 0,02 0 |jd,
F, | 0 0 2,30]|d,

Phin tir 2;

Trudmg hop (a)

F 5481 0 0 0 0 0 |d,:
F 0 0,02 0 0 0 |d,
Eol ol O 0 043 0 0 -0.86. ¢,
F, 0 0 0 75.94 28,48 0 |d,
F, 0 0 0 0 14.24 0 | d,
F, | |0 0  -0,8 2848 0 2.30 i d,

Truong hop (b)
F | 0,02 0 0 1[4,
E |=10' 0 7594
F, 0 0 2,30 || d,

Phan t 3:

Truomg hop (a)
[F, ] [ 0,43 0 0 -0,86 0 0 |4,
F, 0 75,94 28,48 0 0 0 |id,
Fol_] 0 2848 1424 0 0 0 ‘im
F, 0,86 0 0 2,30 0 0 id,
F, 0 0 0 5481 0 Yd,
£l | o 0 0 0 0 002 |d,




Truong hop (b)

F | [7594 0 0 [d,1
Foi=10'f 0 230 0o |d,
S R 0 0.02]d,

§) Tinh ZF, va thanh lap ma trin d6 cimg 16ng thé K:

Trutmg hop (a)

iF 0,43 0 0 —0,86 0 0,86
| 548.1
_0.43
548.96
75,94 28.48 0 —28.48% 0
0,02
75,94
151,90
548,1 0 0 -0.86
0,43
14,24
3 562,77
K=10 0,02 28,48 0
75,94
2,30
78,26
14,24 0
12,24
348,10
576,58
doi ximg 2,30
2,30
- 0,02
I 4,62
Trudmg hop (b)
75,94 0 0 |
0,02
75,94
151,90
K" =10 0,02 0
75,94
2,30
78,26
2,30
2,30
ddi x(mg 0,02
4,62,

L —




6) Tinh néi lyc & trang thai ngam va cac

‘7‘9 {brb

X P A

thanh phin tai trong ¢ trang thai ty do (hinh l }
94y, I e R l l l |
Cic ndi lue & trang thii ngam théng k& 20 l e \\; 20

trong hang sau:

20 20
Ngi Iye ¢ trang thai ngam

- ; Hinh 9.4

Phinwe M, M, M, M, |
| 1333 1333 0 0
2 0 0 -13,33 13,33
3 0 0 0 0

Tirche két qua trén, suy ra cac thanh phiin tai trong & trang théi tr do nhuw sau:
Trudng hop (a):
F =0, F,=—(=1333)=1333 F =0; F =-(1333)=~ 13,33
F.o=-(20+20)=-40,0; F =0
Truong hop (b):
F,=—(-1333)= 1333 F,=-(1333)=-1333; [, =00

7) Tinh vecto chuyén vi ciia hé trong hé toa d chung. Tir cée két qua e, ta cé hé thic
ma triin:

K 0 d,

F, 13,33 d,

E, 0 d, Trudmg hop (a)
= = = Tuom d

F, ~13,33 K d, g Hep

F. —40,0 d,

Bl Lo ] HEY

'F ] [1333] [ d, |

I | =]- 13,33 | = K =1d, Trudmg hop (b)

F ] L oo | | 1 oid, ]

Giai hé cac phuong trinh trén. ta duoc:
279



280

Truong hop (a):

D = [d!. dz d'_i d4 ds dfaJ,
=107 1-0,0023 0,776 -0,039 -1492 -0582
Triomg hop (b
D=[d. d, 4] =1070878 1,704 0,01
8) Tt (9.17). tinh vecto chuyén vi trong hé toa d¢ riéng:
Phan wr 1:
{) 1 0
R =] -1 0 0
0 0 1
!V u?m r 0 ]' 0 = dl
| Vlm = _l 0 0 - ‘_d:‘
%_“!.'-‘:11 0 0 = dﬁ
Mét cach tuong tur, 0, =d,6, = -d.0, =d,
Phan i 2:
Pl 0 01
R=]0 I 0t
0 0 |
_u'?.m— _]' 0 I _d]_ = Hd!_‘
v, | = |0 1 0 d,| = |d,
| W, | 0 0 ] 1ds| = |d]
MG[ CéCh [U'Oﬂg lU’ Bxlm = d;‘,’ B\me = de’ Ozlm = f
Phiin ti¥ 3: _
0 0 1]
R=1-I 0 ¢
t -1 0
i’_u 15 0 0 l d = r d5
Im = H]' U 0 df! - \ _d
W, | 0 = 0] |d,] = [-d,

—-0,00691"



Mot cach twong tr, 9, =4d,, 0)_

22m

=-d,8 =-d

A2 22m 4

Truong hop (b:

Phintwrl: O _ =d. 6 =-d,.

w2n o ¥t | 22 3

wIm 1* yIm 2 #2m 3

0
Phinw2: 0. =d. O =d 0
Phiin 117 3: . =d 6. =-d. 8

s2m N vim 17 2Im 2
9) Tinh néi luc cua cie phan tir & (rang thai te do theo (9.21). Két qua thong ke trong cac
bang sau:

Noi lye o trang thdi tw do (trweong hop (a))

Phdnwr M, M, M, M, T  F
1 460 =755 0 0 0 -5 |
2 ~732 0 -12,99 0 0 0 ~0.12
t 3 ~2.83  -578 0,17 034 0 —31,88J
Noi lyre & trang thai ty do (truomg hop (b))

(_F_’h-fm I M, -. M., M”m_ M, ” T
o 333 —6,66 0 0 0o
2 ~647  -12.93 0 0 0

3 ~333 6,66 0,20 0,39 0

10) Tinh 06i luc cudi cung = ndi lyc ¢ trang thai ngam + ndi lye & trang thai wr do. Két
théng ké trong cic bang sau:

N6i le cudi ciing (trudng hop (a))

PhAnte M, M, M.  M_ T F
1 Z1793 578 0 0 0 215
2 2065 0,34 0 0 0 0,12
3 283 573 0,17 0.34 0 —31.88 |
Noi luc cudi eiing (trudng hop (b))
Phinti M, M., M, M, T
| ~16.66  -6.67 0 0 0
> _1980  —0,40 0 0 0
3 333 666 0,20 0,32 0
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§9.5. Trudng hop tiét dign khong déi ximg. Tam cit

9.5.1. Tam cdt

Gia sir mot dim cOngxon c¢o tiét dién hinh chit U nhir trén
hinh (9.5) \*cl{,hlLI tac dung cua tai trong thang dimg di qua trong
tam cta tiét dien (phtrorng clia tai trong tring vai truc z, ). Dim
khong nhimg chiu udn quanh truc y. mi cdn chiu xoin quanh
true X (true x_ di qua trong tim G vi vuong goc voi mit phang
cua hmh ve uen hinh (9.5). B8 tranh SIr XOdn, dudng tac dung
cla tai trong phai di qua diém C, ta goi diém nay la tam cdir.

Hinh 9.5

Poi véi nhimg tiét dién c6 2 truc dbi xung, trong tAm va tam cit triing nhau nhimg déi voi
nhiing 1iét dién chi cé mot truc d01 Ximg (Lhdng han tiét dién trén hinh 9.5) (rong tam vi tim cil

l\hnntr tring nhau vi tim cit nim trén truc ddi xing.

9.5.2. Ma trgn d¢ cing cia phdn tik c6 tiét dign khong dos xing

Gia sty mdt phan tir ¢6 tidt dign khong déi
ximg nhu trén hinh (9.6). G Ia trong tam cla
et dien; X, ¥y 7, 1 CAC true quan tinh chinh
trung lam. Tam cat Ccotoaddy, vaz keé tir
rong tam G. Trong trudng hop nay, cac thinh
phin ndi lue F .M, M M, tac dung tai
trong thm G cua tlet dién nhung cac thanh phin
lue ¢t I« F lai di qua tam cit C. Do do.

fm s Lz
mn g mo mm X0dn quanh truc X Cé thé vict:

M +F

. v
ful xm £m } W3] 11 'Z'nm

Taco hé thirc ma trin sau:

sl

vlm

wvim

I

=L

<1

1

0

YEJT“

—Z

anm

Hinh 9.6

M

xlm

<

alm

¥

¥lm

=

yim

1

wlm

FAHT]

-nz-r

R nl (9 .—!.-))
yom x2m

=

¥l

=

m

¥

hys|

a2

=z

kN



Trong d6: " = veeto ndi lue cua phan ti trong he toa do riéng khi tiét dién khong doi
ximg; F. - veeto néi lue theo (9.7); R — ma trin chuyén do6i.
Goi: A| — vecto chuyén vi img véi veeto ndi lue F A, — vecto chuyén vi (ing véi vecto

ngi lue B . Tacd cac he thire sau (xem cht thich cudi chuong)
F' =K, .A; K, =R K, R A =RUA] (9.23)

Tronyg do:

FA |
e —ho—j P ~q -g h —-j —p —q
2d/L d h -2d/L d
b - ] C a
2a/L ) -a Za/L
K =L © q —d f (9.24)
L A
g —h P g
—2d/L —d
b a
2all,
¢ |
Trong do: a, b, ¢, d. e, f da duge suy ra trong (9.6)
U_GJ+2d72 +2a__3
& E L TN L YOm
2d Ta (9.25)
h =7, N ] - a'v\m ? = Jum 7 Z= d'z‘nm
L am -] « p L }

Sau khi thiinh 14p ma tran K| cho cac phan tit, ta tién hiinh tinh toan nhu trong trudmg hop
¢t dign ¢6 2 true doi ximg da duoc trinh bay trong phin trude.

§9.6. Ma tran do ciing clia phan tiy khi tink tin sé co ban caa hé khiong gian 6 mit
cung

Cach tinh tan 6 co bin ctia he khéng gian ¢6 nit cing twong ty nhu cich tinh thn sé co
ban cua hé phing ¢4 nit cimg, O ddy. ¢6 sy khic biet 1i mdi phan tir vira chiu udn, vira chiu
xodn.

Tu(8.3) va (8.13) (chirong tam), ta ¢6 cac hé thix ma tran trong h¢ toa do riéng:



1) Dao dong doc truc:

Trong do:

A, =kLcotkL,

A A, ¢6 the tra bang (8.2) (chuwong thm)

2) Dao déng xodn:

M

Trong da:

B, = kLcotkL,

xlm

ARGV L

B.=

B,.B,co thé tra bang (8.2)

AZ

Twr (8.1) {chuong tam), ta ¢6 cac hé thic ma tran sau:

3) Dao dong uén quanh truc y :

l_.‘/Im
M}]m
El
l_4/2111 ) L
__My_‘m i

| doi ximg

u

Im

—kLecoseckL

—kELcoseckl.

Zm |

(9.26)
(9.27)
me’1
| GIA
_Wllln ]
8:,'Im
(9.28)
\“‘!_”1
J s y?m_:



me’

Trong do: T\, T,,S,,S,.Q,, Q, 12 nhimg him ctia kL= .¢6 thé tra & bang (8.1).

~L

4) Dao dong uén quanh truc z :

A AU T S A
i L L L Lo ]| g‘
i !
M/ m ]
! i S| _ Q_\ S2 ‘ (}f.lm ]‘
El | - L
= - i ! (9.29)
l_'\"m L i . E
. L _& | \’_‘m H
E L !
_M7_’n1 —dé’i xl:n]g S| . Leyjm

:
me” P
_EI_‘L’ ¢o thé tra ¢ bang

£

Trong @6: T, T, S, S,, Q,, Q, la nhiimg ham ctia kL =

(8.1}
*Chid thich:

Gia strhé thie ma trdn gitta vecto ndi luc va veclo chuyén vi cua két ciau trong hé toa do
ricng va trong hé toa dd riéng nhu sau;
F,=KD,vaF =KD,
Trong do:
F, = vectondi luc trong hé toa dd riéng;
[:, — vecto ndi luc trong hé toa dd chung;
D, = vecto chuyén vi trong hé toa do riéng;
D, — vecto chuyen vi frong hé toa dé chung;
K. K, - cac ma trin d6 cimg tuong ing.
Gia str tir cac diéu kién cdn bing, ta cé:
IF =R.F trong d6 R i ma trin lién hé FvaiF
Vi ¢ong cua ngoai luc
F'D,=F D, =the ning bieén dang cia ket ciu nén ta suy ra:

D,=R.D, viK,=RKR’

]
=]
LA



Chuong muoi

DANG MA TRAN CUA PHUONG PHAP LUC

Phuong phap luc lay lyc 1am an va ciing nhu phuong phip chuyén vi. xuirt phat tir gid thidt
tai trong 13 cic luc tap trung tic dung tai cac nit. Trong truomg hop ¢ nhiéu luc tip trung Hodic
lyc phan b, ta tao ra trang thai ngim va trang thai tw do nhu d@ trinh bay trong bai §3.2.5. Mit
khéc dét voi hé siéu tinh, ¢éin thanh 13p hé co ban twong Ung va xem lye trong cac lién két thir
la nhimg dai lwgmg chn phai im. Dudi day trinh bay dang ma tran cia cach tinh mét s& hé theo
phurong phap luec.

$10.1. Mbt s6 cong thike tong quat
10.1.1. Cang thiic tinh néi luc va chuyén vi

Trudce hét, ta xét hé siéu tinh. HE tinh dinh duoc xem nhu trudng hgp riéng ctia hé siéu
tinh.

Gia sumét hé sicu tinh chiu tac dung cha n lyc tap trung vi ¢d m lida két thira. Ta ¢6:
Vecto tal trong:

P=[P, P, .PT (10.1)
Vecto lue rong lién két thira:

R=[R R ..RJ (10.2)

Got: S~ vecto ndi lye do tai trong gay ra trong hé co ban; S, = vecta ndi lue do cac tién
két thira gay ra trong hé cor ban,

Ta co: S, =BP (10.3)
S,=BR (10.4)

Trong d6 B, B, — ma trn anh hudng ndi lyc trong hé co ban img véi P va R,
Viy veclo ndt tue trong hé siéu finh

S=BP+BR {10.3
286



Vecto Chuyéh vi lrong hé siéu tinh

U=f{S=f(B P + B R) (10.6)
f — ma triin d6 mém
10.1.2. Cong thiic tinh chuyén vi tai cdc nit. Piéu kién bién dang lién tuc

Goi chuyén vi trén phuong cac ngoai luc P va X, vh chuyén vi trén phuong cac hie trong
che lién Kéu thira 1a X,

Dé tim chuyén vi X 12120 ra trang thai £14 tao trén hé co bin bing cich vit bd toin bo

cac lue PLR va dit vao cac diém dat fyc P nhimg tai trong gid tao P ¢6 gia tri bat ky.

Got trang thai thue la trang thai cia hé siéu tinh da cho, S, 1a ndi lyc trong hé coban do cac
tail trong gia tao gay ra. Theo cong thire (10.3) ta co:

S =BP

n o,

Ap dung nguvén ly ¢éng o, ta co:

P'X, =S.U

Y

Trong do6, vé trai bidu thi cong 4o cua cie ngoai lue & trang thai gia tao trén nhitmg chuyén
din 4o o trang thai thyc; vé phai bidu thi cdng a0 clia cic ndi lyc ¢ trang thai gia tac trén nhimg
chuyén doi ao & trang théi thuc.

Nhung §, =B P=P.X =P'B .U

o
Vi P c6 gid tri bat ky nén:
X =B U 10.7)
Thay U bing hé thic 10.6)
X =B’ ([BP+fBR) hay
Xp =B fBP+B [BR (10.8)
e tim X, tataora trang _thf-li gifi tao trén hé co bin bing cach vir bd toan bd cac lyc P, R
vitdit vio diém diit cia cac lue R nhimg luc gia tao R ¢6 gid tri batky. Goi Sg 12 ndi lye trong
hé corban do R gdy ra. T cong thic (10.4) tacd: S, =B .R

Ap dung nguyén 1y ¢dng 4o tuong W nhur trén:

=

R'.X, :S['(AU nhung §R. = B,R nén



R'X; =RB'.Uhay X, =B,.U. Thay U bing h¢ thic (10.6)
X, =B’ .(fB.P +{B R) hay
X, =B fBP+B fBR (10.9)

Vitrong hé thue X, = 0 nén
B'tBP+B fBR=0 (10.10})

Phuong tanh (10.10) goi ta phuong trinh co ban cia phuong phap lue hode con goi la diéu
kién bién dang lien tuc.

D1 v he tinh dink, vi R = 0 nén ta suy ra:

S=BP (101 1)
L=fS=fBP (10.12)
X =F.Pp (10.13)
Trong do F=B B, (10,14

§10.2. Phuong phap lye 4p dung cho hé gian
10.2.1. Gian tinh dinh

Gia str gian (inh dinh ¢ m tai trong van
thanh gian (hinh 10.1)

Vecto tal trong:

P=[PDP,..PT

m

Vectonor lue:

Hinh 10.1

S=[NN, .NJ

Trong dé: N, N,. ... lacde lue doc trong cic thanh giin. Ta qui vde luc kéo L duong, e
nen 1 am.

Ap dung (10.11), ta cuﬁ. hé thic ma trin:

—Vl 3 ,_P] -
N, P,
i B, B, B, .
Bfl B?l B.'-‘m
N, _i B, B, B, | |P (10.15)
? . LBIH Bn: - Bnm " :
._NI]_ _Prn_




Cic phfm tir cia ma tran Bo duoce xac dinh bE’ing cich lan ot dit tai trong P =1,P. = 1...
1&n ket cu vi tinh cac luc doc trong (mg trong cic thanh gian bing phuong phap tach nit hoic
phuong phap miit Cit.

Ap dung (10.12), ta ¢6 hé thirc ma tran:

u, | 'L, /EA, 1[N,
U, L, /EA, N,
' (10.16)
_uu n i_ I"n '{EAH a I_Nn a
U f S

Trong do: u, — 16ng bién dang doc tryc
cta phan tiri; L, A - chiCu dai, di¢n tich tiél
dién cua phan tiri; f— ma trin dd mém.

Pé tinh chuyén vi tai nut gian trén

phuong tac dung cua tai trong, ta ap dung
(10113)

Thi dy 101 Cho mot gian tinh dinh
nhur (rén hinh (10.2a). Yéu ciu tinh ndi luc
trong cac thanh gian va tinh chuyén vi tén

phuong tae dung cua tas trong tai ce nat 1

vii 2.

Crici:

Trude hér, ta hity tim ma triin anh hudmg
B Lan fuot dat cic tat trone P=1vaP =
I 1én giin va tién hanh tinh ndi lue trong
gian theo phuong phap tach nut hoéic phuong
phip mit cit.

Khi P =1 (hinh 10.2b)

N =1, N, =2: N, =2
N =-2

Khi P,= 1 (hinh 10.2¢)
N = 0N, =+2
N,=0:N, =~1I Iinh (10.2)
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Ap dung nguyén Iy cdng tac dung, ta co:

N, =1P, +0P,

N, = \/EPI + -\EP2 \
N, = 2P 0P, |
N, =-2P ~1P, |

4

Biéu thi (a) duot dang ma trin:

[ 1\;I 1 U Hi P] _:

N, |2 V2|l

i = = '

‘N, 2 0

LN4 -2 -1 |L Pz
S B p

1

NG

Ma triin d6 mém { (xem hé thirc (10.16)

290)

L, /EA, 0 1414/EA,
L,/EA, !
1.,/ EA,
I 0 L,/EA, | |
Thuc hién Gic phép nhan ma tréin:
L 141 1
EA, 0 0 ir 1 0]
.'rf.)_ ]
o Moo N2 V2
- IE""]xl
fB, =
o o W00, 120
EA,
o o o V-2 -1
L EA,

) ¢O dang:

0
1000/ EA,
1000/ A,
0
1414 i
— 0
A
1414 1414
A A,
=VE| a4
_ 0
AE
~1414 707"
AL A,

707/EA,



Ap dung cong thie (10.14):

1414
= 0
AJ
1414 1414
| N N ) —;ﬂ A A
F=B IB, = |
0 V2 oo o—opjzd
A, .
~1414 =707
A, A

34147A +4828/A, 2000/ A, + 1414/ A,

Fe—
E120007A, +1414/A, 2000/ A, +707/ A,

Ap dung cong thie (10.13);

Trong doty , v~ chuyén vi trén phuong tac dung cia tdi trong dat tai nie 1 va nat 2.
iy, W || 34147 A, + 4828/ A, 2000/ A, +1414/A, ] [2]

v, | E 2000/ A, + 1414/ A, 2000/A, +707/A, | |2 ]
Thay P, P, A, A, bing céc gia tri da cho, ta s& tinh dugc ndi lyc va chuyén vi,

10.2.2. Gian siéu tinh

Doi vai gian sigu tinh, can thanh 1ap hé coban va liy cic lye trong cac 1ién két thira Ihm an.

Veclondt lue S tinh theo (10.5) trong d6 cic phin 1 clla ma trin B dwoc xac dinh bang cich

lan Tuot dat (ai trong P =1, P, = | .. 1&n trén hé co ban va tinh ndi lyc trong giln theo phuong

phap tach nlt hofic phuong phap miit cit. Cac phan W cia ma trin B, dugc xic dinh bing cach
lan lwot dat cac luc trong céc lien két thira R =, R, = 1 ... 1&n hé coban va lam nhir trén. Ma
triin do mém f nhu trong (10.16). D€ xac dinh vecto luce trong céc lién két thira R, ta giai hé

phuong trinh bign dang lién tue 10.19).

Ihi dy 10.2: Cho hé gian siu tinh phu trén hinh (2.7) (thi du (2.2) chuong hai). Yéu ciu
tinh néi fuc.

Gici:

1) Trude hét. ta chon hé co ban nhu trén hinh (10 3)



Vecto tai trong:

P=[P P 2 R.
Vecto lue trong cic lidn két thira; ! a. a I
R=[R].
ol q.

Go1q,. 4, ... q,1a cac lue doc trong cac
thanh gian (hinh 10.3) Lan luotd@ P =1,P, |

= I sau do d&t R, = 1 1én hé co ban vi tinh . f
tue doc trong gian theo phuong phéap tach 3 - ~- 4
nit hofe phuong phap mit cit. ta dwoc hé
thie ma tran (10.5) nhu sau: Pu=10kN P: = 20kN
_ _ ; - Hinh 10.3
q, | [-0.75 10
q, -0.75 20
4. |=| -LO|{R/]+] 0
q. ! | 1,25 10
gt | 128 o)
S=B|[R]+BP
2) Thanh 1ap ma trin 86 mém { theo (10.16):
[0,7143 0 0 0 0 ]
0,7143 0 0 0
f=107 3.1746 0 0
3,9683 0
L 3,9683 |
3) Thye hién cac phép nhin ma trén theo (10.10)
B* LB, =1,6379.10% B’ fB_P=-1607}.10"

4) Giai phuong trinh (10,10}

B’ fBR +B fB P=0=

R, =0,9812.
5) Tinh ndi luc theo (10.5):

S=lg, g, 9, q, 4] =926 1926 -098 1,23 1,23’ kN
§10.3. Phuong phip lyc ap dung cho h¢ phang ¢6 niit cimg

Trinh ttinh toan nhu da trinh bay trong phin trude vi dya vao cac cong thire co ban neu
trong myc 10.1. Mdi phan t trong hé phing ¢ nat ctng 13 mot thanh chiu udn nén ma tran da
mém f ¢d dang nhu sau.
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a) Khi khong xét dén bién dang doc:

[0.]_ L [@-p —2-pl[M]
[0, 12EI[-(2-B) (4+B) | M, ]| (10.17)
¢
b) Khi khong xcét dén hién dang doc:

e [@me-p oo|m

Lo, | = 4+ 0|'M,
121 . LV

A dor ximg a: F

S I_ (10.18)

o =12- )
A

Trong cac hé thie wén: EI- @ cu’ng (.hong uén; M , M,- md men udn tai dau 1 vi dhu 2
cua phan 0, 0 — ciic goe xoay tai ddu 1 va dau 2; L, A— chidu dai va dién tich tiét dién cia
phin t: B— hL sb xét dén anh hudng cia bién dang trugrt.

Thi di 10.3: Tinh néi lue ctia hé cho trén hinh (3.14), thi du (3.5) (chuong ba). Xét dén
anh hudng cla bién dang doc va bién dang trugt.

P =45 kN; P, = 100 kN; P, =775 kNm;
P, = 180 kN; P, =46,67 kNm:
P, = 80 kN; P? =-=5333 kNm;

Pz P4 P;.

R ) B

aj
3 “
pu .
TN _ TN
R, A,
R A
. [\ 2 y N . l\ 4 I .
/ q, g / q I / 9 q ‘
q, o .
] P P ®
- \ q. T \ G T Y
_TIN _7IN _TIN
g, g, ..
a. s G
Hinh 10.4
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Cricii:
£) He co ban bicu thi trén hinh (10.4a) trong do:

Vecolo lai trong:

Veelo lue trong cie lién ket thira:

=[R, R, R, R, R, RJ

i ' b f:

Vi h¢ chiu tac dung cda i trong phan bé déu nén ta van phai 2o ra trang thai ngam va
trang thai tr do hoin toan gidng nhu trong thi du (3.5) (chuong ba). Cac thinh phin tai trony ¢
(rén ng vo1 trang thai ty do.

2) Lan luot dat ten hé coban tai trong P =1,P =1, .. saudd 1an luot dit cac lue trong céc

lign két thira R, =1,R,=1 vatinh ndi lyc trong hé co bdn dua rén cac phurong trinh cén bing.
CCac thanh phan noi lua, cla cac phin tir duoc k{ hidu bang 4,9, ... nhu trén hinh (10.4b). Sau
khi thuc hién cac phép tinh va chinh Iy két qua tinh todn, ta ¢d hé thirc ma trin (10.5) nhuw sau:

q, -1 4 0 -1 8§ 0 [ -1472,5]
q, I -4 -3 1 -8 -3 1337,5
q, O 1 0 0 1 0 ~360,0

g, -1 4 3 -1 8 3 ~1260.0

4 L0 -3 1 -4 -3 R 1| 2200

| a O 0 1 0 1 R‘ 0

| g I 0 0 0 0 R'—’ 0
G -1 0 3 0 0 0 R-" 0
@ 1o -1 0 0 0 0 Rf 0
Qo | o 0 0 -1 4 3 R;J ~266,67
q,, i 0 0 0 1 0 -3 ' ~53,33
a, O 0 0 0 0 0
™ O 0 0 1 0 0 0
Qs 0 0 0 -1 0 0

4:] [0 0 0 0 -1 0 0

S = B, R + BP

3) Thanh 1dp ma trin d6 mém cita chc phin ur theo (10.18):
Phin wr 1:



8, =d, 8948 393 0 P*

0, =d, =10 8948 0 | q.
| A=dy abi ximg 0,301 i_q:‘
fi
Phin tur 2:
0, =d, | ( S.617 2,533 0 qj]
6, =d,|=10"] 5.617 0 | |4qs
LA=d, | | déi xiimg 0.279 | q, |
I‘I

Phin it 3:

6, =d, 16,997  —7,805 0 q, |
0,=d, =107 16,997 0 Gy
A=d, ddi ximg 0,376 | | q,
i
Phin 1t 4:
0, =d, [ 11,721 -5.457 0 q,,
6, =d, =107 11,721 0 q,,
A=d, | doi xtmg 0,402 | q,.
f,
Phan tir 5:
6, = d]3-| 16.997  -7.805 0 (q@
0,=d,|=10" 16,997 0 q,
A=d, | ¢bi ximg 0,376 | .

1‘5

4y Ghép cac ma trin trén, ta duoc ma tran d6 mém cla toan hé (cAp 15 x 15)
¢ .

0 £

-

5) Thue hién cic phép nhan ma tran theo (10.10). Két qua:
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(0,917 ~1358 ~1,620 0,421 —3.040 —0.876]
5028 2,524 -1,357 10,451 2,524
3805 -0.876 6.026  2.275

L260  -3.727  -2.650

24.488 8,088

doi x(mg 6,901 |

[ 0.483
~1,755
-0,895
0,519
~3,799
| —1,005 |

B .[B, P=

6) Giai h¢ phuong trinh bién dang lién tuc (10.10):
B’ .fBR+B' [BP=0 =
R= (R, R2 R, R, R5 R Y=[-28,08 208,17 -20,45 -28.14 70,35 -20.267

7) Tinh ndi luc & trang thai tir do theo (10.5). Két quéa thng ké trong bang sau:

Ph.uir M, M, F
o 20,79 9,01 8148
2 68,49 5,59 -41,07
3 -28,08 -33.27 -208.17 |
4 -18,99 -19,59 —20,62
5 ~28.14 -33.74 —70,35

8) Tinh ndi lye cudi cling = ndi lue & trang thai ngam + néi lyc & (rang thai tw do (holn toan
g1ong nhu irong thi du 3.5).

§10.4 Phuong phip luc 4p dung cho hé dam giao nhau

Moi phan trong h¢ dam giao nhau va&a chiu uén, vira chiu xoin nén ma tran ddé mém
duoe suy ra nhir sau:

0, | [ @By —2-p oM,

g, =L @+py ollm,

| IZEI : (10.19)
v _déi Ximg afi T
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u:EZ]_EI
Gl

Trong do: M,, M,, 8,, 8, dugc dinh nghia nhu trong §10.3; T, y — md men X0&n vi gac
xodn.

Trinh Ly tinh toén nhu da trinh bay trong phin trude.
Thidu 10.4: Tinh ndi lye cda hé trén hinh (4.6), thi du (4.1) (chuong bén).
Gidi:
1} Hé co ban biéu thi trén hinh (10.5).
Vecto tai trong:

P=[P P, P} =[25 -20 -537
Veclo lpe trong cée lign két thira:

R=[R, R, R

Ta tao ra trang thal ngam va trang thai tv do hoan toan gidng nhu trong thi du (4.1). Cac
thanh phén tai rong vira néu trén dng voi trang thai ur do.

o
P

q‘
]
85 kN {F)
z N
y l @) ’
/’,20
X <5 \\

*’1/‘7, '/p;) |
U
//
AN

Q.

Hinh 10.5

2) Lén luot dit cac tai trong coban P =1,P, =1, P, = 1 lén hé cv ban sau d6 130 luot diil

cac lue R, = 1.R, = 1, R, = 1 vatinh céc ndi luc tuong img dua trén cic phuong trinh cin bing.
Ta duee hé thoe ma trdn (10.5) nhu sau:
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fq,] T[4 —1 0] 200
q, 0 { 0 -20
Rl
qs -4 0 1 25
= R2
q, 0 0 -1 0
R?s
ds —4 0 I 0
| 9, | . 0 —1 0 _i 0
S = B, R + BP

Trong do: g, q., ... q,— cac thanh phén néi lye, biéu thi trén hinh {10.5)

3) Thanh [ap ma trin d6 mém cla céc phdn tit theo (10. 19):

Phan ti 1

0, =d, 0,3666 0,183
0, =d, |=10" 0.336
Yy =d, ddi ximg

. fi

Phin tir 2:
0 =d, 0,3666 ~0,183
6, =d, |=10" 0,336
v =d, ddi ximg
f,

4) Ghep cic ma tran trén dé duge ma trin do mém 16ng thé:

f 0]
[ =
0 f,
5) Thue hién cic phép nhan ma tran theo (10.10).
6.698 —0,220
B, fB, =10 0,455
ddi ximg
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0 E!%Cb
3 454J La,
0 1[a,
0 s
3454 | q,
~1,601
0
0,455 |



[ —62. 3?6—‘

B, .1.B,P=10""1 9,800

|
|
lL 8,634
6) Gidi hé phuong trinh hién dang hén e (10.10):
B'tBR+B fBP=0 =
R=[R, R, RJ=[28,37 -8,03 8031

7) Tinh noi lye & trang thai wr do theo (10.5). Két qua thdng ké trong bang sau:

Phin tir M, M, F
o 7850  -28.03 —7.66

2 —-8(1,81 ~32,66 -8.03

8) Tinh ndi lue cudi cung =ndi lue ¢ trang thai ngam + ndi lye & trang thai tirdo (hoin toan
giéng nhu thi du 4.1 chuong bén).



Chuong mudi mot
DANG MA TRAN CUA PHUONG PHAP
PHAN PHOI MO MEN

Ngoai cac phuong phéap da trinh bay, con ¢ nhung7 phuong phap cho ta thong tin ve noi
hue trong két ciu, dua trén phuong phap tinh {ap dé tim an. Phuong phap tinh 1dp duge st dung
nhicu trong thyue (€ 1a phuong phap phan phdi men cta G.Kani. Phuong phdp niy ¢6 nhimg
han ¢hé nhat dinh, chang han nhir chi 4 ap dung cho h¢ khung nhicu tang nhiéu nhip ¢ cac ¢6t
song song, phai tuan theo mot 56 dicu kién nhét dinh lrong qua trinh tinh lap mot hdi ... Tuy
nhién, ngudi k¥ sur thidt ké thudmg quan tim dén vin dé tim ndi lc trong két ciu dé trdo6 kiém
tra do bén va chon tiét dien. Vi valy, ma trin hoa phuong phap phan phét md men d€ ¢6 didu
kién sirdung may tinh dién i a van dé cin thiée.

‘Frong chuong nay, ta s€ nghién clu dang ma trin cta phuong phip phan phdi mé men,
dua trén phuong phap tinh 13p don gian
da trinh bay trong §1.7.6 (chuong mot)

$11.1. Mot s cong thike co ban

Giastrmot phan tirbat ky cua khung

bién dang nhir trén hinh (1 .1} sau khi L I M.
chiu tic dung cua mdt nguyén nhin bén
ngodi nao do. Mé men ¢ diu thanh ¢d thé Hinh 11.1
Vit
. A
M;Lh = Sil|| 'lp + Clﬂ Shl '\|J (S + ('bl Sh;l)]_ + w
) (1.1
A _
hn - Sln L|"h + C;\h 'S;lh 'll"a - (Sln + C g:h )— i Mh:1

Trong d6: S oS, —hé s0dé clmg tai dau a va b cia thanh; C. C, —h¢sotruyéntordaua
v dau by M, . M, — md men ngam tai diu a va diu b do tii trong cue bg gay ra.
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Hé thire (11.1) ¢ the viét
M:lh = MI:\'IJ + Cuh' Mlhn + M;h + Muh l

. (11.2)
=M, +C,. M, +M,, + M,

ba
Trong d6: M" - rad men do xoay tai diu a; M, -
ind men Jdo xeay tai dau b: M” M”, — md men tai cac
dau a vt b do chuyén vi thing trong dd1 A gay ra.

d

D6 vai mot nhit bat ky 1 rén hinh (11.2) ta c6:

Mica = Mi-b +C¢i M, + M'np + M'.¢ (a)
Trong do, ¢ 1a mot dau ddi dién nao dé véi nit i,

M,, la m6 men ngam tai diu i cua phan wr i,

Hinh 11.2

Diéuv kién céin bing tai ndt i ¢6 the viét:

ZMm =0 Tu(a), taco:
ZM +ZC M, +VM +ZM

ZM = Z( M, ZM ZM (b)

Trong d6, diu tong Z ap dung cho tohn b cae phin t& quy tu tai niti. Vi M'id, =5, ¢,

la goe xoay tai nut i nén ta co:

M, = %-Z M, {c)
Si
trong do S, == (11.3)
DI

Thay (¢) vao (b), tacd:
Za,¢ ¢=\/I za M, Za
hay M, +Zai¢c¢iMm =—Zai¢Mi¢ 'Zaid:Mw {(11.4)
1 L 1
Céng thic (1 1.4) ¢d tinh chat tong quat, ¢é thé ap dung cho trudmg hop khéng ¢6 chuyén
vi ngang hodc ¢é chuyén vi ngang.
Nhur da biét, md men do xoay M, vi md men do chuyén vi ngang M'ild, 1a nhimg 4n can

phai tim. Biét duoce gia tri cia cic an nay, ta dé dang tim duge mé men tai dAu thanh theo (11.2)
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S11.2. Fruong hgp khung khéng c6 chuyén vi ngang
Khi khung khong ¢ chuyén vi ngang,. M:q, =0, do do (11.4) cd dang:

Y 0, M

My +> 0, CuM, =

QEENY
‘Theo (11.2), m6 men tai diu thanh ¢6 thé viét:
Mw = MM +C M, + M."b
(11.6)
M, =M, Gy M, + M
Phuone trinh (11.5) ¢é thé viét dudi dang ma trin cho toan . A
b¢ khung nhu sau: k
AM'=-[a M]
b da k
Ching han d6i v&i Khung trén hinh (1 [.3), sau khi viet §
phuong trinh (11.5) cho cac nat a, b, ¢, ta ¢6 he thic ma (rin:
- - T
. M Y O
’7 I 0 O‘r‘uhchu u‘uhcc:l b G‘uhj‘_u J Hinh II 1
i O 1 l:I".li.'(::h\", CL:[ECt'il hq.‘ll.' a;l'\'h’la :
(lh\l(‘ al (J I U . M B O‘["'-wl\_/[r‘ 40
b o
0 a, C. 0 1 M cxc__thJ ¢ J=400
L~ o B g f_‘%
A M’ [M] & .
5 2 :
DEé gidi phuong trinh ma tran nén ta dat B=I-A vasuyra L% 408
phurong trinh ma tran: . 20 e
_ , _ I = 260
M =BM -[aM] (11.7) |
M=BM -C § % !
‘frong do: I- ma tran don vi; B— ma trin giéng ma trin A S 5 8‘

nhung toan bo cic phan i trén dudng chéo chinh déu trigt tidu,

cac phin tir con lai déu d6i diu. a fo,
borrerd b r A
Ta giai phuong trinh (11.7) theo phuong trinh tinh lap don gian . 201

da trinh bay lrcmg §1.7.6 (chuong mét), Liic bit diu tinh, cho M’ = ‘

0o vé phal dé duoe M4, Tiép tuc thay M’" vao vé phai d& duoc

M Tiép tue che vong (inh cho dén khi cac giatri cba vecto M’ trong vong inh trude xap xi vin
cdc gia tri tuong img trong vong tinh sau thi két thiic.

Hinh 11.4

Thidy 17.1: Mot khung khong c6 chuyén vi ngang véi cac kich thurde, diie trung hinh hoe
VLAl rong higu thi trén hinh (11.4),
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Gidi.

Ap Jdung cong thire (11.3): a, =060, =02: o, =0,2; a, =033, =067, a, =05

“, =050, =040;a, =020;a =040

M

In

V1 méi phin tir ctia khung déu cé tiét dién khong d6i ngn C =0.5: S = 4L /L.

M6 men ngam tai cic dau thanh: M, =M, =0; M, = M,=0: M, =M, =0;
=-56.20: M, = 18,70: My, =M, =0: M, = -37,50 ; M, = 112,50

Ap dung (11.5) cho toan bo khung, ta duoe cic ma tran sau:

M‘:[M,h:l M.hc Nr,bc M,ch M.,L‘d M,du M,ch‘cd Mq:‘h DA‘.'I']‘

00 0 030 0 0 0 0,30 0

6 0 0 0,10 0 0 0 0,10 0

00 0165 0 0 0,165 0 0 0

0O 0 0335 ¢ 0 0,335

G
0

d 0 0 0,10 0 0 0 0 0,10 0
0
0 0 0 0
0

00 0 0 025 o0 0,25 0 0

O 0 0 0 0,25 60 025 0 0

¢ 10 0 0 0 0,10 0 0 ¢

0

0 0,20 0 0 0 0 0,20 0 0 0
0
0

(0 020 0 0 0 0,20 0 0 0

Tong md men ngam tai cac nit: M, = 56,20, M, = 112,50, M, =-37,50. M, = 18,70

Ma tréin [aM] <& dang nhu sau:

[0,60.(—56,20) ] 33,72
0,20.(-56,20) ~11,24
0,20.(~56.20) ~11,24
0,33.(-37,50) ~12,37

_10,67.(=37,50) 25,12
[aM] = =
0,50.(112,50) 56,25
0,50.(112,50) 56,25
0,4.(18.70) 7,48
0,20.(18,70) 3,74
10,40.(18,70) | 7,48
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Ta giai h¢ phuong trinh trén theo phuong phap tinh lip don gian. Sau vong thi nhil ta
duoe két qua sau:

0] [-33.72] [ 33.72]
0 ~11,24 11,24
0 —11,24 11,24
0 ~12,37 12,37
TR LA B AN & i 25,12
0 56,25 ~56,25
0 56,25 ~56.25
0 7.48 ~7.48
0 3,74 -3,74
0] | 748 | —7.48]
Tiép tuc cho dén vong tinh thir 4, ta duoc:
[ 3L13 27,55 ] 27,15 |
10,37 9,19 9,06
10,37 9,19 9.06
19,80 20,65 21,86
M | 40200 s | 4200 | 44.38
—60,66 —60,68 ~67,39
—60,66 —60,68 67,39
1,53 2,57 4,02
0,76 1,26 2,01
| L53] | 2.57] 4,02

Ap dung (11.6), ta ducce két qui cudi cling:

M, ] [ o 1 [ o 1 [13577] [1357]
M,, 0 27,15 0 27,15

M, | 1-56,20 9,06 1,00 ~46,14
M, 0 9,06 10,93 20,00

M, 0 21,86 4,53 26,39

M| _|=37.50) | 44,38 | | -33.69| | 26.86

M, 112,50 | | -67,39 22,19 67,3

M, 0 ~67,39 2,00 —65,39
M, 0 4,02 -33,69| |-29.67
M, 18,70 2,01 4,53 25,24

M, 0 4,02 0 4,02

M. [ 0 | | 0 j |20 ] [ 201
M, M, M, 0.5.M,,
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Hoan toan ¢6 kha ning lap chuong trinh d€ thye hign qua trinh tinh toan trén may vi tinh.
Thuit toan khéng doi hoi phép nghich déo ma tran ma chi cin dén cac phép tinh nhan vi cong
ma trin.

§11.3. Trudmg hop khung c6 chuyén vi ngang

Trong truong hop khung ¢6 chuyf;n vi ngang, ta ap dung phuong trinh (11.4). Néu viée
phuong trinh nay cho toan bd cac nit, ta ¢ hé thirc ma trin:

AM'=~[aM"] — [aM] (11.8)
bDit B = I-A, 114 ma tran don vi, ta cd hé thirc twong ty nhur trong §11.2:

M'= BM'—[aM"] — [a M] (11.9)
M =BM -DM” - (11.92)

Trong d¢, ma trdn B giéng ma trdn A nhumg toan bd cac phin t trén duong chéo chinh
déu tridt tidu, cic phin tir con lai déu déi dau.

Ngoai digu kign cin bing niit, ta con ¢d didu kién can bing ting. Tuong tunhu trong phuong
phip G.Kanin, ta ¢é thé suy ra cong thic phéan phéi mé men do chuyén vi ngang nhur sau:

M = v, [M, + Z(M.k + Mlki ]

(11.10)
Trong do;
v __2 R,
4ANR, (11.11)
2 . (M, +M_)
Mr:§h1k|:zpng_ZQ?k+z—kh"_k" (11.12)
r r r ik

Cic cong thic trén duoc suy ra trong didu kién chiéu cao clia ting khong déi va toan bd
cace nat déu cimg. Sau khi viét phuong trinh cén b:ng (11.10) cho toan b6 céc t?mg, ta ¢6 hé
thirc ma tran:

M =[vM']+[vM, ] (11.13)
Trong d6 M” la vecto cac md men do chuyén vi ngang. Ma tran [vM'] la vecto cac mo
men xoay tuong (mg véi cac dau cot trong céc tang. Ma tran [VM, ] 1a vecto cac hang 6.

Qua trinh tinh 1ap chia lam hai giai doan. Trong giai doan déu, ta thirc hién qué trinh tinh

I3p 461 vi M’. Trong giai doan 2, ta tién hinh tinh Lip ddi voi M”. Litc bt diu tinh cho M’ =0 va
M =0 trong vé phai clia (11.9) d& tinh M*", Tiép theo, thay M’ vio vé phai cita (11.13) dé
305



tinh M, Tiép theo, thay M*" via M™" vao vé phii ciia (11.9) d€ tinh M’®. Ct nhur vay, ta
tiép tuc cac vong tinh cho dén khi gla tri cda M’, M” trong vong tinh truée XAp xi véi cic gid tri
tuong (ng trong vong tinh sau thi két thic.

Thidu 11.2: Tinh néi luc cha khung cho trén hinh (11.5)

150 kN 12 kNfm
Giai: —-
3 J=2 4
Khung gom cac phan tir ¢6 tiét dién khéng d6inén S
=4EVL, C =0,5. Theo (11.3), ta tinh duoe: J=2 J=16 am
o, =0, =a, =033, a,, =a,, =05 . 12 kN
— 5 —k—
n=056l0, =044 0, =0,31 2 Jo»
=0,38; 0, =031. Theo (11.11) tinh duge: e Jote .
Vi, = v, ==042) v =v _=-0.33. Theo (11.12) tinh
dugc: ' e oy b
% e
M = 80O kN (tang 1) 1 po” +—
M? = 800 kN (tng 2) Hinh 11.5

M6 men ngam: M, = -16 kNm; M, = —16 kNm; M,=-16 kNm; M, = 16 kNm.
Viét phuong trinh (11.4) cho toan bd cic nit, ta ¢ hé thirc ma tran:

M'=B.M' ~ [aM"]-[aM]

Trong d6:

0 o 0 017 0 0 0 0 017 0 ]
0 0 0 017 0 o 0 0 017 0
0 0 0 017 0 0 0 0 017 0
0O 0 025 0 0 025 0 O 0O 0
0 0 025 0 0 025 0O 0 O O

= 0 o o 026 0 0 0 0 0028
0 0 0 0 022 0 O 0 0 022
0 015 0 0 0 0 015 0 0 0
0 0192 0 0 0 0 0192 0 0 0
0015 0 0 0 0 0150 0 0|
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D

—

M, | 033 033 0 o0 [-5,33]
M., 0,33 0,33 0O 0 -5,33
M'E,, 0,33 0,33 0 0 =533
. M"!
M,, 0 05 0 0 (M, -8
M., ¢ 05 0 0 || M, B -8
M'= DM"=[aM"] = C=[aM]=
M, 0 0 05 0 ||Mg 8,96
M., 0 0 044 0 ||M,] 7,04
M, 0 0 031 03l 4,96
M., 0 0 038 0738 6,08
M., | L0 0 031 0,31] | 4,96 |
Viét phuong trinh (11.10) cho ton bd cic ting, ta c6 hé thirc ma trin:
M’ = [vM] + [VM. ] (11.14)
M — vecto mé men chuy&n vi; [VM']=EM" [vM, ]=F
_M_zl_
M,, 042 0 0 0 0 04)|M,
.M, 0 042 042 0,42 0,42 0 '
M =2 [yM']=— M?,z
M, 0 033 033 033 033 0 ||M,
M., 033 0 0 0 0 033]|M,
e I .
M, |
\_"\f_’
E M’
-336
-168
F=[vM ]=
-132
-264

Tién hanh phuong phap tinh lap don gian dé tim gia tri diing dan cha vecto M’ va M”.

K&t qua cudi cung nhu sau:
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|

M,, | [265,48]

M, | [26548 M, ] [ =518.1 ]
M, | |222,56|| M, | | -518,1

M, | 26548 M, | | —442,4

My, | 137,94 || M, | | 42,4

M, | 137,94 || M, || -353,92
M,, 99,6 (| M, | |-353,92
M, 80,2 || My | |—414,48
M, | | 178,5 || M, | [-414,48
M, | | 1785 ]

Mo men cudi umg tal cac dau thanh tmh theo (1 1 6). Ket qua nhu sau:
M, | [265.48 0 —518,1 0] [-252,62]
M,, 0 132,74 | | -518,1 0 ~385,36
M, | |26548| [111,28 0 -16| | 360.76
M, | 1222,56| |132,74 0 16 371,3
M, | |26548] | 68,97 | | —442,4 0 ~107,95
M, | |137,94| 132,74} | —a42,4 0 ~171,72
M, | | 137,94 | 4080 || o [Tii6lT] 1707a
M,, 99,6 68,97 0 16 184,57
M,, 80,2 89,25 | |-353,92 0 ~184,47
M., 178,5 | | 40,10 | | —353,92 0 ~135,32
M, 178,5 0 ~414,48 0 ~235,98
(Mg | L 0 | [8925] [-41448] [ 0 | |-23523]
M, M, 0,5M,, M'.,'k M,

§11.4. Don gian hod dang ma tran cda phuong phip phin
phdi mé men b

Ta da nghién ciu dang ma tran clia phuong phap phan phéi mé
men trong 46 an i cic md men do xoay M’ va cac mé men do |

chuyén vi ngang M”. Déi véi nhimg khung cd béc siéu tinh rit cao, ]
s luong céc an rét 16m, do d6 khéi lrong tinh toan ting 1én dang k&.

bé glam bét khéi lugng tinh toan, ta glam 50 lugng an bang
cach chon 10ng md men do xoay tai cic nit lam an. Gia s mot nit i
bat ky cta khung duoc lién két v&i cac nadt 1an cdna, b, ¢,d nhutrén
hinh (11.6). Trong §11.1, ta da suy ra phuong trinh: Hinh 11.6
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2 M =-2 C,M, -3 M, ->'M,

Trong d6, dau tong 4p dung cho toan bd cic phan ti quy tu tai nat i. DAt
M; = 3 M,, M =3 M,
M, = > M,,, phuong trinh trén c6 dang :

M, =ﬁZci¢1\/I$j—M].—Mi (11.15)

Trong d6: M’ - tong mé men do xoay tai nit i M, —~ téng md men do chuyén vi ngang tai
niti; M, - tong md men ngam tai nit i.
Viét phuong trinh (11.15) cho nat i trén hinh (11.6):

MI-. = Z Ml'uj; = M;a + Mlib + Mu. T Mlid

— (M, +Cy M, +Cy M, +C, M, +C, M, + M) @
Nhung: M, =M, ; M, =a,.M,;
M, =a M, ; M, =a,M,
Trong do:
M’ la tdng mo men do xoay tai nit i. Thay cac hé thirc trén vao (a):
M, +C, o, M, +CauM, +Cya,.M, +C,o,M, =-M,-M
Mot ciach tong quat phurong trinh cé thé viét:
M;+ZC¢iu¢.‘.M¢ =-M,-M (11.16)
Viét (11.15) dudi dang ma tran:
AM'=-M - M" (11.17)

M’ - vecto md men xoay; — vecto tdng md men ngam; M”— vecto md men chuyén vi.

Chfmg han sau khi viét phuong trinh (11.16) cho toan bd cac nit a, b, ¢, d, e, f trén hinh
(11.7), ta ¢S hé thirc ma tran:
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i a,C, O 0 0 o Im ] M7 [M]
o, Cypy 1 o, Cy 0 A, Cop 0 Mb mb Mh
0 ahccbc 1 0(‘1211. Cdc 0 ait Clc Mc Mc mc
0 0  oa.C, 1 0 0 (| M, M, | | M,
0 o,C, 0 0 1 o, Cp. [| M, M, | |M
| 0 0 O:'Lfccf 0 ubrccf ] i _er | L M £ I\_/L i
A M M M
8 f
Tuong tunhy phf‘m trude, dat B =I1-A, 113 ma tran don
vi, hé thic ma tran trén c6 dang: a b c d
MXN®D = B MXN® - C - M” (11.18)
MXN- vecto mé men xoay tai nit; B— ma trin chira
chc he sb phan phéi md men; C— vecio chira md men ngam;
M- vecto chuyén vi. T mr
Hinh 11.7

Trong d6, ma tran B giéng ma tran A nhung céc phan
tl trén dudmg chéo chinh déu triét tidu va toan bd céc phin ti con lai ddu ddi diu.
Ta giai phuong trinh (11 18) theo perorng phap 13p don gidn. Dau tién, thay M’ =0 va -

M=0¢ vé phai dé& duvc M Dung M " dé tmh M  nhu trong thi du (11.2) d4 trinh bay.

Tiép tuc thay M'-(I va M 'vao vé phai dé duoc M Tlep tuc cac vong tinh tiep theo cho dén
khi cac gia tri M’ va M” trong vong tinh truéce xap X1 v6i chce gi tri twong ing trong vong tinh
sau thi két thiic. Cu01 chng, tinh md men xoay & dau thanh theo cong thic:

MX =D. MXN... (11.19)

MX- vecto mé men xoay; D— ma trin chia cic hé s6 phan phéi mé men; MXN- vecto
cac md men xoay tal nut,

Gi4 tri md men cudi cling tinh theo cong thirc (11.2).

Thidy 11.3: Tinh lai khung cho trén hinh (11.4), thidu (11.1)

Giai

Vi khung khéng cé chuyén vi ngang nén M; = 0. Cac phan tir cda khung c6 tiét dicn
khong d6i nén hé s6 d6 cing S = 4EVL, hé 6 truydn C = 0,5. Cén ci vao cic s6 lidu trong thi

du (11.1) va phuong trinh (11.16) (viét cho toan bd céc nit), ta ¢b hé thirc ma tran:
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M [0 017 o 010][M] [-562
M| 1000 0 025 o |[|M | |-375
M, | 0 034 0o o02[|™M,| 1125
M.| 010 0 025 o [[mM]||187

Sau khi giai hé phuong trinh trén theo phuong phép tinh lip don gian, ta duoc két qua:
M’ =4527; M’ = 66,24, M’ = -134,73, M’ =10,24.

‘Cudi cling, tinh md men tai diu thanh theo (11.2). Két qua nhu sau:

‘M, | ™M, 0 C oM | [ ©
M,, M, | |o,M, 0 0
My | M| [oeM,| | Cpoy M, -56,2
M, M,, o, M, C, @M, 0
M, Mcb acb'M;: Cbc‘abc'Mlb 0
M | _ I\__/[cd .\ au,.MI'C ) Cdc.o'.dc.lej _| 375
M, M, | |oeM,| | Cho M, 112,5
M,. Mde e Md Cea 'aed‘Mle 0
M., M, | | oM, | | CpaM, 0
M,, M, | | ouM, | |Ca. M, 18,7
M., I\_/Icr O‘MQF.M; 0 0
| M, | _Mfe_ L 0 _Ccf'a‘ef'Mlc_ . 0 ]

So sanh cic két qua tinh toan trong 2 thi du (11.1) va (11.3), ta thay: s6 4n trong thi du
(11.1)12 10, s an trong thi dy (11.3) 1a 4. Didu nay cho thfiy v3i cach don gian hoa vira duogc
trinh bay & trén, khdi lugng tinh toan gidm déang k&, Cach tinh nay cd thé ap dung trong didu
kién tinh bing tay hoic diing may vi tinh ¢6 bd nhé khong 16m hoidc khi khung ¢é béc siéu tinh
rat cao.

§11.5. Thuét toan 13p trinh tinh Khung khdng ¢6 chuyén vi ngang theo phuong
phiip phian phdi mé men (CT 29)

1. Cac nguyén tdc cdn dwoe tudn thi:

Thuat toan nay &p dung c6 hé khung ¢6 dam nim ngang, ¢ c6t thing dimg, s& nhip & cac
tang bang nhau (hinh 11.8).
a) S& thue 1w cdce thanh:
— Xép cho dam truéc, tir trai sang phai, t trén xudng dudi (hinh 11.8).
— Xép cho cdt sau, tir tréi sang phai, tir trén xudng dudi (hinh 11.8).
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Thi du trén hinh (11.8), ta cd s6 thit ty
clacacdam 1,2,3.4.5,6: 86 thirty cic cot:
7.8.9.10, 11,12, 13, 14, 15.

b} SO thie t cdc tiét dién dé tinh moé men:

— D61 véi dam: tir trai sang phai.

- D6i voi cot: tir trén xudng dudi.

Ddi véi dim cling nhir cdt (trircac ¢t bi
ngam & day), s thi ty cia tiét didn x4c dinh
nhu trén hinh (11.8).

Thi dy trén hinh (11.8), ta ¢6 sb thir oy
clia cac tiét dién: 1, 2, 3,4, ... 18,19, 30.

2) Nhap sd'lidu:
~ Téng sb thanh (ST).

— S6 thanh khéng ¢6 gdi twa (STO) (thi
du trén hinh (11.9) ¢6 12 thanh).

- 86 thi wr tiét dién tai mdi du thanh
(Nl! Nz)

— M& men ngam tai mdi dau thanh {mn).

1 2 3 4
] | | 1
L) 1 T r
134 151 -+ 17
7 8 9
16
14 -+ -+ 18
N H |
194 21t 7 823
11 12
201 10 . 22 4 24
H +-H =
251 26 4 11 -+ 27
13 14 15
1os © 429 13
ey rJl-rr T
2i

hinh thai

Hinh 11.8

— Nhip céc phan tir clia ma trdn B theo cong thirc (11.7) (B ¢6 duoe bang cach 14y ma tran
A trir di ma trdn don vi, cac phan ti trén dudng chéo chinh trigt tiéu, toan bd cac phan tr déu

mang dau am.

~ Nhip cac phén tirchia matrin C theo 11.7 (ma tréin md men ngam nhén véi hé s6 phan phéi).

3) Thuc hign qud trinh tinh ldp theo phuong phdp Gauss—Seidel (xem cong thic (1.59)

§1.7.6)

MX®U = BMX® + C

k— s5 thit tir vong tinh; MX— vecto mé men xoay,

Tinh cho dén khi nao cic gia tri md men xoay x4p xi bing nhau.

4} Tinh gid tri mo men cudi cing & cac ddu thanh theo (11.2) (trie céc cot ngam & ddy).

§11.6 Thuit toan lap trinh tinh khung ¢6 chuyén vi ngang theo phuong phép phin

phdi mé men (CT30).
1. Cdc nguyén tdc cdn tudn thi:

Nhur da trinh bay trong CT29 §11.5
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2) Nhap sé'liéu:

— Téng sb thanh (ST)

- S& dam (Sd)

- S6 cdt (Se).

- S6 cot khong c6 gbi tua.

— 86 thir ty, céc tiét dién & m&i dau thanh (N, N,).

— M6 men ngam & mdi tiét dién (mn).

— Céc phén t cla ma trin B theo (1 1.7).

— Cac phan tir ciia ma tran C theo (11.7).

— Cac ph?m tir ciia ma tran D theo (11.9) (lién quan dén md men chuyén vi).
— Nhip céc phan tir cia ma tran E theo (11.13) (lién quan dén md men xoay & cac cot)

— Nhap céc phan tir clla ma trin F theo (1 1.13) (lién quan dén mé men ting).

3) Thikc hi¢n qud trinh tinh Igp theo phuong phdp Gauss—Seidel (xem cdng thikc (1.59)
§1.7.6).

Tinh lip ddi v&i mé men xoay:

MX*D = BMX® + DMC® + C (theo 11.9)
Tinh Iip d6i véi mé men chuyén vi: |

MC*D = EMX® + F (theo 11.3)
k- 6 thir ty vong tinh; MX— vecto mo men xoay; MC— vecto md men chuvén vi.

Tinh ldp cho dén khi ndo cac gia tri md men xoay xap xi nhau va cic gi4 (ri md men
chuy&n vi xap x1 nhau

4) Tinh gid tri moé men & cdc ddu thanh theo (11.2)

§11.7. Thuit todn lap trinh tinh khung khong ¢é chuyén vi ngang theo phuong
phip mo men don gidn héa (CT31)

1. Cdc nguyén tdc cdn tudn thi:
Nhu di trinh bay trong §11.5

2) Nhap s6 lidu:

— S& nit (Sn)

— S6 thanh (ST)
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— S thanh khong cé gdi tra (STO).

— S5 thi trtit dién tai m3i diu thanh (N, N,).

— M men ngam tai mdi diu thanh (mn).

~ Céc phan tit ctia ma tran B theo (11.7).

— Céc phén tir ctia ma trdn C theo (11.7). (lién quan dén t6ng md men ngam tai nat).

— Cac phin tir cla ma trin D dé tinh mé men xoay tai céc tiét dién (theo cong thire 11.9).

3) Thuc hign gua trinh tinh l3p theo phuwong phap Gauss—Seidel d€ xac dinh mo6 men xoay
tai n0t theo (11,7) cong thirc (1.59) §1.7.6).

Tinh lip dbi v&i mé men xoay:

MXN®U = B MXN® — C
4) Tinh mé men xoay tai cac tiét dién theo (11.19)

MX =D . MXN

5) Tinh m& men tai cic dau thanh theo (11.2)
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BAI TAP

Bai 1: Tinh tdng 2 ma tran A va B:

4 5 -2 7] -5 7 3 2]
20 8 —6 1 9 15 18 27
A=[3 4 9 23 B=|1 0 -6 5
25 17 4 0 9 -23 27 6l
6 8 42 18 -7 8 15 -2

-1 12 1 9]

11 23 12 28

DA=4 4 3 28

34 -6 31 61

-1 16 57 16

Bai 2: Tinh téng 2 ma trin A va B:

15 7 6 =12 9 0 4 0 62 17 83 4
A=123 19 -5 4 62 78 B=17 9% 15 -3 18 23
15 2 0 -15 5 8 24 67 53 14 -7 5

19 7 68 5 92 4
bA=130 28 10 1 80 101
39 69 33 -1 -2 13

Bai 3: Tinh tich 2 ma trén A va B:

7 21 3 9 5 7 4
5 3 -1

A= ® B=|15 8 9 3
g 4 21
13 9 27 279 5 4

315



[ 460 230 250 100
400 -110 —28 —43
PA =
710 270 200 130
| 980 380 310 190
Bai 4: Tinh tich 2 ma tran A va B:
5 7 15
e 15 8 § 23 4
=19 » B={32 29 -14
5 6 4 52 31 15
1000 780 150
940 820 —66
DA =
470 760 =590
520 640 36
Bai 5: Tinh chuyén vi ¢0la ma trdn A
7 6
LA 9 p | 2
Tl 2 8 8 5
8
Bai 6: Tinh chuyén vi clia ma triin A
4 8 9
A6 52 4
“lis a4 DA=18 5
2 0 8 9

Bai 7: Buama trin A vé dang tam giac theo phuong phap Gauss:

4 2 8 1 400 2,00
2700
A<l® > 3 4 PA =
9 15 28 -5
7 42 9 12 0

3i6

8,00
-9,00
57,25

1,00
2,50
-20,37
15,60



Bai 8: Dura ma tran A vé dang tam giac theo phuong phap Gauss:

23 5 -4 27 23,00 500 21,00 27.00
2 ] 8 0,57 9,35 5,65
A - 9 DA =
3 6 5 4 ~82.92  —5300
15 2 9 | 0 —24.75

Bii 9: Dura ma trin A vé dang tam giac theo phurong phap Gauss:

7 5 21 8 700 500 21,00 8,00
543 1200 -371
A= 9 3 2 BA =
16 25 -73,53 -72]
de1  ximg 8 0 -2,98

Bai 10: Dua ma tran A vé dang tam giac theo phuong phap Gauss:

5 8 9 -12 500 800 900 -12,00
4 6 880 ~740 2520
A = ? DA =
15 -4 502 =3,59
ddi  ximg ~10 0 30,80

Bai 11: Giai hé phuong trinh tuyén tinh sau theo phuong phap Gauss:

7 8 3 6 15 6,80

| 2 9 8 -32 ~3,37
X= DA =

4 6 17 23 8 -10,50

29 41 6 1 4 7,80

Bai 12: Giai b phuong trinh tuyén tinh sau theo phuong phap Gauss:

Ir 8 12 4 11 4,61

6 3 2 1 15 -11,47
X= DA =

15 9 32 7 -39 -8,73

8 © 5 3 42 39,18

Bii 13: Giai hé phuong trinh tuyén tinh kiéu ma tran déi xtmg theo phuong phap Gauss:

7 8 5 6 15 5,10
1 12 28 29 0,27

9 3 -37 -8,26

ddi  ximg 12 51 3,15
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Bai 14: Giai hé phuong trinh tuyén tinh kiéu ma trin déi ximg theo phuong phap Gauss:

6 3 2 1 30 26,44
9 15 18 65 42,90
. = DA: .
4 12 52 62,91
Ldéi ximg 23 ~14 —65.86 |

Bai 15: Giai hé phuong trinh tuyén tinh ki€u ma tran dai déi ximg theo phuong phap Gauss:

7 5 | 110 [ 1.83]
g 8 0 -5 ~0,57

6 X=1| 4 DA = | -0,99

d6i  ximg 15 2 22 1,75
| 19 | 19| | 0,82

Bai 16: Giai hé phuong trinh tuyén tinh kidu ma tran dai déi x(mg theo phuong phap Gauss:

6 12 0 i [—32]] [ 0,39]
5 7 57 ~2,86

9 13 X=1-63| bA=| 952

doi  ximg 121 4 ~9.89
i -28 | 18] ~1,00

Bai 17: Gidi hé phuong trinh tuyén tinh kiéu ma tran déi xtimg theo timg cot theo phuong phip
Gauss:

5 7 8 2 18 32,46
6 19 23 5 0,19

, X = DA =
déi  ximg 11 7 32 25,56
9 7 11,40

Bai 18: Tinh dinh thic clia ma triin A theo phuong phap Gauss:

5 7 2
0 2 6 1

e 3 2 g DA = 9036,00
7 8 15 21
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Bai 19: Tinh dinh thic cia ma tran A theo phuong phap Gauss:

18
16

) OO -

6
15
32
21
7

DA =

bA

bA =

DA =7,46043 x10°

1,00
-0,60
0,25

0,50

0,14

(20,17

doi

0,20
-0,12
-0,67

0,07
0,08

0

~13,03
717

ximg

Bai 23: Nghich d4o ma trin A theo phuong phap Gauss—Jordan.

h 0 fa —

-1

oD N La

—_— ko 0O

bA =

[-0,09
0,07
0,02

| 0,13

0,09
-0,29
0,18
0,05

0
0,08
-1,L17 050
-0,09 -039
0,02 056
0,11  —033
1,00
8,50 -133]
-4.50 0,67
3,00 —0,50
0,17 |
0,11 -0,04]
0,05 015
-0,10 002
004 -0,05]
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Bai 24: Nghich dho ma trdn A theo phuong phap chia khéi

]
A=1]5
3

3 7
4 12
7 4

088 027
PA=|-069 -0,13
| 055 0,02

-0,09]

-2,18

~0,09

Bai 25: Giai bé phuong trinh tuyén tinh sau theo phuong phap tinh lap:

[ 1,00
-0,10

0

| -0,10

-0,17 0
1.0 =0,25
-0,34 1,00
0 =025

—0,10|
0

~2,00

1,00 |

56,20 |
37,50

-112,50

| 18,70 ]

54,3249

13,8700
bA =
-116,2502

| 42,3300 |

Bai 26: Giai h¢ phuong trinh tuyén tinh sau theo phrong phép tinh lp:

[ 1.02
0,12
0

L 0

0 -0,12

LO5  -0,30
~(),28 1,00
-0,12  -0,20

-0,15]
0
-0,23

1,07

40,00 ]
32,00
—120,00

| -20,00 |

17,2943 |

=5,1245
bA =
~131,5202

| 43,8495 |

Bai 27: Tinh gia tri riéng 16m nhat va vecto riéng tuong (mg cla ma trin sau:

0,59
0,55
0,23

0,55 0,23

0,77 0,36
0,36 0,32

VRT =

-L

0000

2271
L227 A, = 1,4016

0,6217

Bai 28: Tinh gia tri riéng bé nhét va vecto rigng tuong émg cla ma tran sau:
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Bai 29: Cho 1 gidn phing nhu trén hinh Bi.

. 3000 mm 5196 mm |
6
- B —
£ Nat X y u v
E
g - 10 kN 1 0 0 0| 0
: 2 0 1519 | d | dq
| 313000 0 0| o
413000 | 5196 | d, | d,
. > |° 5| 3000|8196 | 4, | g
z 6 | 8196|819 | d | d_ |
NS 5 | Thanh | Dien tich tiét dién A | x, y: toa do
Hinh B1 [ vii6 375mm’ | wchuyén viuen
5 875 phuong ngang.
. v: chuyén vi rén
Iva’l 1150 .
phuong dimg.
4val 750
5 500

1) Ghi ma trdn d6 clmg tong thé (Img vé1 cic bac te do ¢d chuyén vi)
2) Tinh chuyén vi d.d,d, d, d,, d, d., d,

Pap dn: Xem bang B1:

Bang Bl
| 7253 088 52,5 0 —12.38 -12,38 0 0
50,50 0 0 —12.38 -1238 ¢ 0
82,69 17,43 0 0  -30,19 -17,43
109,04 -52,5 -17.43 —10,06

27,33 12,38 -15,16 0
d6i ximg 61,87 0 0

4535 17,43

i 10,06 |
(d.dodid, dod, d, d)=(1,979; 1,143; 1,649; ~0.588; 5,440 —0.918; 6,582 ~19.125)
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Bai 30: Cho | gian khéng gian nhur trén hinh B2.

l‘OkN l‘lOkN
a5

Hinh B2

Dién tich tiét dién cla céc thanh nhu sau (b:c"mg mm?):
1-2=100; 1-3,2-3 = 95; 1-4,2-5,3-6=105;
1-6, 2-4, 3-5 = 125; 4-5,4-6,5-6 =40

Toa dd va bic tr do ciia cac nit nhy sau:

Nat X y z u v w
1 0 0 0 0 0 0
2 8500 0 d 0 0 |ModundnhdiE =210 kN/mm’
3 4250 7000 0 d, d, 0 | Viét ma tran téng thé cla toin
4 2500 1400 8500 d, d, d, |Pé
5 6000 1400 8500 d 4, d,
6 4250 4200 8500 d, d, d,

Ddp dn: Xem bang B2.
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Bang B2

(4,14 —0,66 1,09 -0,82 0,19 1,16 —0,19 0,11 0,65 0 0 0]
1,39 -0,23 0 0 0 -0,07 0,23 035 0 0 0
45 0 0 0 023 075 LI3 0 -024 0,73

4,12 1,06 0,51 -2,40 0 0 072 -114 0

1,93 0,63 0 0 0 -1,14 1,83

385 0 0 0 0 0

3,38 —1,48 —0,30 —0,72 1,14

2,64 0,77 114 -183

3,93 0 0 0

0,85 0,42 0,85

o o o 2

4,31 0,10
] 3,91 |
Bai 31: Cho 1 khung phing nhu trén hinh B3.
E =210 x 10° kN/m?.
= 269,38 x 10-¢ m? N S N N S NN N B

A=9480x 10°m? 3,5m
G = 80,77 x 10°kN/m? y = 2,74; ]

B . . 7.5m
1) Vict ma tran d§ cing tong thé

cua toan hé. | 25 m |

2) Tinh cac thanh phan chuyén vi Hinh B3
tai cac nat 2, 3, 4. Bé qua anh hudng cla
lue .

Pdp dn: 1) Xem bang B.3.

Toa dd va bac tir do tai ciac it

Nut X y u v 6
1 0 0 0 0 0
2 0 7.5 d, d, d,
3 12,5 110 | 4, d d,
4 25,0 7.5 d, d, d,
5 250 0,0 0 0 0
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Bang B3

14,39 3,97 0,55 —14.22
27,69 0,19 -3,97
4,76  ~0,05

28 45
K =10*

-3,97
~1,14
0,19
0
2,29

23 Thanh phf‘m chuy‘én vitai cac nat 2, 3, 4;

(d,d,d.d,d,d,d, d, d)=

3 e

0

—14,22
3,97
0.05

14,38

0

0

0
3.97
~1.14
0,19
-3,97
27.69

0]

0
—0,05
—.19

0.87
—0,55

0,19

4,76 |

= 107 (~14,851; -0,279; 2,989; 7,10; —80,10: -0 4: 28,980; —-0,286; -1,397)

Bai 32: Cho 1 hé dim truc giao nhu trén hinh B4,

E = 14 x 10° kKN/m?.
G =636 x 10% m?
[=1070x 10°° m?
=749 % 10+ m*

A =80000x 107 m?

v=1,2;

1) Viét ma tran 46 cimg tng thé ctia toan hé.

Hinh B4

2) Tinh cic thanh phf‘an chuyén vi tal cac nit (d.d,d,d,d)

3) Tinh ndi lyc trong cac thanh.

Toa d9 va bic tir do tai cic mit

Nuat

X ¥ w0, 8, bap an:
1 0 _ 2 000 1) Xem bang B4
2 472 4 4, 4
3 6 2 0 d, d, 2)d.d,d,d, d) =
4 4 0 0 0 0
> 4 4 0 0 0 3) Xem bang BS.
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Bang B4

Bang B.3
(7022 0 -L685 0 -2247]| Thanh M. M. T,=-T
6.349 0 -0,238 0 -2 3809 11.04 0
K=10" 4,970 0 [.498 | 2-3 -8.34 0 0 ‘
0.238 0 4-2 -2871 2871  -1.35 ‘
| JBi ximg 2966 || 2-5 2871 2871 135 |
Bai 33: Cho 1 dam lién we nh trén hinh B3S.
E=210x [0"kN/m-, 20 kNfm 50 kN
[=585x 107" m? q[r l ] I
A =4500 % 107 m® | i o o m %
by Vidt ma tran 46 cung t(“;ng the | | |
cua toan he, Hinh B5
2) Tinh goe xoay tai cac nat,
3) Tinh md men tai cac diu thanh.
43 Tinh lye cdt tai cac diu thanh.
Bo qua anh hudmg cta lue doe va lue cii.
Dap an:
by Xem bang Bo.
2(d,.d,,d)y=107(2.389:  =0,14d:  —2.092) radian
3). 4y Xem bang B7.
Bang Beé Bang 7
11550 5775 0 ‘ Thanh M. M, Q Q.
K = 10° 202125 5725 ! 0 3875 3031 49.69
doi xumng 9900 2 -38,75 0 34.69 1531

Bai 34: Cho | khung nhur trén hinh Bé.
E=210x 106 kN/m*:
Thanh 1-2:
IT=10522x 10" m* A =8540x 10" m? y =309
Civ thanh con lai:

[=98d8x 10" m" A =5890x 10 °*m"



Toa d6 va bac tyr do nhu trong bang BS.

Bang BS
Nat  x y ] v 6
1 0 0 0 0 0
2 0 3 0 0 d,
3 4 3 0 0 0
4 0 6 0 0 d,
5 4 6 0- 0 0

W = 42000 kN
=
]

Rt

1

ey T

SE

am

A

4m

Xac dinh hé s6 thi trong t&i han. B qua anh hudng luc cit v
lyc doc. Chon hé s6 t6i han ban diu A = 1,0

bap s6: &, = 1,07

Bai 35: Cho 1 khung nhu trén hinh B7.

Céc déc trung co hoc, toa 46 va cac bic trdo nhirtrong bai 34.

X4c dinh tin s6 co ban. B qua anh hudng lyc it va lye doc.

Chon tan s5 co ban ban diu: 30,0.

Ddp 56: ©, = 32,43

Bai 36: Cho mét khung ciing véi cac tiét dién, hé s8 phan
phéi mé men va md men ngam biu thi nhu trén hinh
B8 (m6 men ngdm c6 diu gach ngang & trén),

1) Viét ma tran B trong hé thirc;

MX%*! =B, MX® + C

2) Viét ma trin C trong hé thue trén.

Dap an:
0 0 0 0,17
0 0 0 -0,34
B=|0 -0,22 0 0
0 -0,06 0 0
0 -0,22 0 0

e e B oo B e B o

1 [2,38 ]
2 4,69
3 C={11,00
4 3,00
5 | 13,0 |

th A W M

3m

3m

|
|
|
N
|
f

Hinh B6

m = 26000 kg'm

TR

m = 26000 kgim

2 3
I

|
3
3

YT

T

" Hinh BS



Bai 37: Cho mdt khung vdi cac tiét’dié_‘:h, hé so (P 0,33, 76 @ 033,75
phan phd1 m6 men xoay, hé so phan phdi I |
m6 men chuyén vi, md men ngam va md men ®-- 0673 @ 067
ting bigu thi nhu trén hinh B9,
—- 0,42 800 kN - 0.33
1)V itém a tr8a B trong hidhia: o012 0.44. 76
MX& D = B, MX® + C + D.MC® @1 @ o4 D012
J =
2) Viét ma tran D trong hé thic trén. @+ 044,35 (90,44
3) Viét ma tran E va F trong hé thire: 10,42 400 kN -+ 0,33
MCH = E. MX®D + F
Ddp dn: Hinh B9
1 2 3 4 5 6 7 8 9 10
0 -017 © 0 0 017 0 0 0 0]
0,17 0 0 0 0 0 0 0 -0,17 0
0 0 0 —0,22 -0,22 0 0 0 0 0
0 0 —0,22 0 0 0 -0,22 0 0 0
B~ 0 —0,34 0 0 0 0,34 0 0 0 0
0 0 0 ~0,06 0,06 0 0 0 0 0
—0,34 0 0 0 0 0 0 -0,34 0 0
0 0 0,06 0 0 0 0,06 0 0 0
0 0 0 -0,22 -0,22 0 0 0 0 0
| O 0 -0,22 0 0 0 -0,22 0 0 0]
3 4 5 6
(033 0 0O 01} 1
¢ 033 0 2
04 0 044 3
0 04 0 04 4
0,67 © 5
D=
0,12 0 0,12 6
0 067 0 0 7
0 012 0 0,12 8
0,44 0 04 O 9
| 0 044 0 04| 10
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5

—-0.33

0

0

[—0.42

6 7 8 9 10

042 042 042 0O 0

~0.33 -0.33 033 0 0
0 0 0 -0,42 -0,42
0 0 0 033 —0,33

Bai 38: Cho mét khung nhwr trén hinh BS.

1) Viét ma trin B trong hé thire:

]

MXN*! = B MXN® + C

2} Viét ma tran D trong hé thirc

Dap an:
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PHU LUC

Phu luc gédm 31 chuong trinh tinh ma tran va tinh két cdu theo ngdn ngir TURBO

PASCAL 7.0.

-CTI:
-CT2:
—CT3:
-CT4:
- C'Is:
- {Té6:
- CT7:
- CTS:
- CT9:

—CT1:
-CTIl1:
-CTI12:
-CTI13:
-CTi4:
- CTI5:
- CTI16:
- CTI17:
-CTI8:
- CT19:

- C2{:

- CT21:
- CT22:
-~ CT23:

Tinh téng ma tran.

Tinh tich ma trin.

Tinh ma trin chuyén vi.

Pua ma trin bat ky vé dang tam giée theo phuong phiap Gauss.

Drra ma tran d8i ximg vé dang tam gidc theo phuong phap Gauss.

Giai hé phuong trinh tuyén tinh bat k¥ theo phuong phap Gauss.

Gidi he phuong trinh tuyén tinh kigu ma tran d6i ximg theo phuomg phap Gauss.
Gidi h phuong trinh tuyén tinh ki€u ma trin déi ximg theo phuong phip Gauss.
Gidi hé phuong trinh tuyén tinh ki€u ma trin déi xime theo timg cot.

Giai h¢ phuong trtinh tuyén tinh kigu ma trémn déi ximg c6 nhigu phan rtriét tiu.
Tinh dinh thire ctia ma trin bat k.

Tinh dinh thirc clia ma triin déi ximg theo phuong phép Gauss.

Tinh nghich dao ma tran tam giac dudi.

Tinh nghich dao ma trin tam giac trén.

Tinh nghich dao ma trin déi ximg.

Tinh nghich dao ma rdn theo phuong phap Gauss~Jordan.

Tinh nghich dao ma trin theo phuong phap chia khéi.

Phuong phap tinh 1ip giai h¢ phuong trinh tuyén tinh.

Tinh gié tri riéng l6m nhat theo phirong phap tinh 1p.

Tinh gia tri riéng bé nhit theo phuong phép tinh 1ip.

Tinh giin phing.

Tinh gian khéng gian,

Tinh dam lién tuc.
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~ CT24: Tinh khung phing

— CT25: Tinh hg ddm truc giao.

~ CT26: Tinh dim lién tuc trén gi tua dan hdi.

— CT27: Tinh gidn phing chiv tic dung cla nhiét do.

~ CT28: Tinh gian phéng ché tao khong chinh xac.

- CT29: Tinh khung khéng ¢6 chuyén vi ngang theo phuong phap phan phdt mé men.
- CT30: Tinh khung c6 chuyén vi ngang theo phirong phép phan phdi mé men.

- CT31: Tinh khung theo phuong phap phan phdi mé men don gian.

Program CTI_Tinh_tong_ma_tran;
Uses cit;
Type
Mang=array{1..10,1..10 Jof real;
Var
A.B Tong:mang;
1,j,m,n:integer;

Procedure nhap (var T :mang; m ,n:integer;X, Y:integer);
Var
~ ij:integer;
Begin
Fori:=1tomdo
For j:=1tondo

Begin
gotoxy(X+8*(j— 1), Y+(i-1));
ReadIn (TTi,j]);

End;

End,
Procedure DOCKQ (var MT:mang ;m,n:integer);
var
1,j:Integer;
Begin
For i:=] to m do
Begin

For j:=1 ton do

Write (MT[1,j]:6:2);
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Writeln;
End;
End;
Begin Clrscr;
Writeln (‘nhap so hang');
Readln (m);
Writeln ('nhap so cot");
Readln (n);
Writeln ('nhap cac fan tu cua ma tran a');
nhap (a, m, n,WhereX, WhereY};
Writeln ('nhap cac fan tu cua ma tran b');
nhap (b,m,n,WhereX,WhereY);
Writeln ('Tinh tong ma tran");
fori:=1 tom do
Forj:=l tondo
Tongl[1.j]:=ali,)]+b[i,j];
Writeln ('tong ma tran la');
DOCKQ (Tong, m,n);
Readln,;
End.

st o ok ok ok ok ok ok ok ok ok e R KR

Program CT2_Tinh_tich_ma_tran;
Uses crt;
Type
Mang=array[1..30,1..30] of real ;
Var
A.B,Tich:mang;
i,j.k.m,n,s:integer;

Procedure nhap (var T :mang; u v :integer;X,Y:integer);
Var
i,j:integer;
Begin
Fori:=1toudo
For j:=1tovdo
Begin
gotoxy(X+53*(—1),Y+(i-1));
Readln (T[i,j]);
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End;
Lind;
Procedure DOCKQ (var MT:mang ; u,v:integer);
var
i,):integer;
Begin
Fori:=1 to u do
Begin
IFor =1 to v do
Write (MT[1,1]:8);
Writeln;
End:
End:
Begin Clrser:
Writeln ('nhap so hang cua a '),
Readin (m});
Writeln ( ‘nhap so cot cuaa’);
Readln (n;
Writeln (‘'nhap cac fan tu cua ma tran a';
nhap (a, m, n,WhereX, WhereY);
Writeln ('nhap so hang cua b');
Readln (n);
Writeln ('nbhap so cot cua b');
Readln (s);
Writeln {'nhap cac fan tu cua ma tran b');
nhap (b.n s ,\WhereX WhereY);
Writeln ('Tinh tich ma tran');
fori:=1tom do
Forj:=1tosdo
Begin
Tich[i,)]:=0,
Fork:=1tondo
Tich [1,j]:=Tich[1,j 1 + afi ,k]*bik,j];
Fnd;
Wrilein ('tich matran la');
DOCKQ (Tich , m,s );
Readln;
End.
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Program CT3_Tinh_ma_tran_chuyen_vi;
Uses crt;
Type
Mang=array[1..10,1..10 ] of real;
Var
A.B:mang;

i,J.m,n:integer;

Procedure nhap (var P:mang; m quinteger; X, Y:intcger);

Var
i,j:integer;
Begin
Fori:=1tomdo
"Forj:=1tondo
Begin
gotoxy (X+7*(j—1),Y+(i—1));
Readln (P[i,j]);
End;
End;

Procedure DOCKQ (var MT:mang ;m,n:integer):

var
1,jiinteger;
Begin
Fori:i=ltomdo
Begin
Forj:=1tondo
Write (MTI[i,j]:6:2);
Writeln:
End;
End;

{

Begin
Clrser;
Writeln ('so dong ma tran');
Readln(m);
Writeln('so cot ma tran');
Readln(n);
Writeln{'nhap cac fan tu cua ma tran’);
Nhap(A,m,n,whereX,whereY);
fori:=11tondo
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for j:=1 to m do
bl1.,j]:=a[j,i];
Writeln('ma tran chuyen vi la:');
DOCKQ(b ,n ,m);
Readln;
End.

Bk kg kg ki ok kR ok ok ok

Program CT4_Dua_ma_tran_bat_ky_ve_dang_tam_giac_theo_ft Gauss;

Uses crt;
Type
Mang=array[1..10,1..10 ] of real ;
Var
A:mang; i,i,k,n,s:integer; q:real ;
Procedure nhap (var P:mang; n :integer; X, Y:integer);
var 1,j:integer;
Begin
Fori:=1tondo
For j;==1tondo
Begin
gotoxy(X+8*(j—1), Y+(i—-1));
Readln (P[i,j1);
End;
End;
Procedure DOCKQ (var MT:mang;n:integer);
var ijiinteger;
begin
Fori:=1tondo
Begin
For ;=i ton do
Write (MTYi,j1:6:2);
Writeln;
End;
end;
{ ==
Begin  (*Nguoi lap trinh: Vo nhu Cau*),
Clrscr;

Writeln (‘'nhap cap ma tran vuong');
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Readln(n);
Writeln('nhap cac fan tu cua ma tran');
Nhap(A, n ,whereX,whereY);

{(*kiem tra a[1,i]=0 7¥),
Fori;:=1 ton-1do
Begin
if( a[1,i]=0) then
Begin
for k:=i1+1 tondo
for ji=i tondo
afi,jl=a[i,jl+alk jl;
End;
End
(*Khu dan cac fan tu cua ma tran*);
s5:=0;
REPEAT
s:=s+1;
fori:=s+1tondo
Begin
q:=ali,s]/a[s,s];
afi,s]:=0;
for j:=s+1 tondo
afi,)]:= a[1,j]-als,j}1*q;
End
UNTIL{s=n -1);

Writeln ('ma tran tam giac la’);
DOCKQ (a, n);
Readln;

End. -

ook s e o oK ok e g o ok ook o KoK ok 0K

Program CT5_Dua_ma_tran_doi_xung_ve_dang_tam_giac_theo_ff Gauss;

Uses crt;
Type
Mang=array[1..10,1..10 ] of real ;
Var
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Ammang; ij.k,n,sinteger; g:real ;
Procedure nhap (var P:mang; n rinteger; X, Y:integer);
var Ljinteger,
Begin
Fori=1tondo
For j:=i 0 n do
Begin
gotoxy(X+8*(-1), Y+(i—-1));
“Readln (Pli,j]);
End;
End:
Procedure DOCKQ (var MT:mang;n:integer);
var 1,jinteger;
begin
Fori:=1ton do
Begin
For j:=1ton do
Write (MT(i,3]:6:2);

Writeln;
End;
end;
(===
Begin  (*Nguoi lap trinh:Vo nhu Cau*);
Clrscry

Writeln ('nhap cap ma tran vuong'});
ReadIn(n);

Writeln{'nhap cac fan tu cua ma tran');
Nhap(A, n ,whereX,whereY);

(*Kkiem tra a[i,i]=0 7*);
Foriz=lton—-Ido
Begin
it a[1,1]=0) then
Begin
forki=i+1 tondo
for j:=itondo
af1,j]:=alij]+afk jl;
End,;
End
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(*Khu dan cac fan tn cua ma tran*);
s:=(0);
REPEAT
Ni=s+1
fori:=s+1tondo
Begin
if(afs,s]<>0) then
g:=a[s,1}/a[s,s];
for ;=i to n do
alil:= ali -afs 1%
End
UNTIL(s=n-1);

Writeln ('ma tran tam giac la";
DOCKQ (a, n);

Readln;
End.
sfrhe He el st b alo ek e ohe st ok ok e R o e R

Program CT6_Giai_he_fuong_trinh_tuyen_tin h_bat_ky_theo_tt Gauss:
Uses crt;
Type
Mangl=arrayf1..10,1..10 Jof real ; mang2=Array[1..10] of recal;
Var
Atmangl ; B, X:mang2;
11.k.n,s:nteger;  q.rireal;
Procedure nhap (var P: mang]1 ; n:integer; X, Y:integer),
Var
1,j:intcger;
Begin
Fori:=1tondo
For =1 tondo
Begin
gotoxy(X+8*(j—1), Y+(i-1));
Readln (P[1,j1);
End;
End.

)

T4l



Begin (*Nguoi fap trinh: Vo nhu Cau®):
Clrser,
Writeln ('nhap cap ma tran vuong');
Readln(ny;
WriteIn{'nhap fan tu cua ma tran'y;
Nbap(A, n, whereX, whereY);
Writeln (nhap so hang tu do )
for:=1tondo Readln(b[i]);

Cfkiem tra afii]=0 2#);
Fori=1ton-1do
Begin
i a[1,11=0 then
Begin
lor I:=[ to n do
for Ki=i+1 to n do
afty):=alij]+alk,l;
End;
End;
(* khu dan cac an so*);
s:=0;
REPEAT
§:=s5+1;
- Fori:=s+l tondo
begin
qQ:=ali,s)als,s];  a[i,s]:=0:
forj:=s+ltondo a[ij}=ali,jl- a[s,j]*q;
b[i]:=b{i]-b[s]*q;
cnd;
UNTIL(s=n-1);

(*linh cac an so¥*);
X[nl:=b[n}a[n,n];
fori:=n—1 downto 1 do

Begin
r:=0;
for :=n downto i+1 do r=r+afi ) 1*X[];
Xli]:=(bi]-r) afi.i];

End;
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for 1:=1 ton do
Writeln (X[1]:6:2)
Recadln;
End.
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Program CT7_Giai_he FTTT_kicu_ma_tran_doi_xung_thco_IT_Gauss:

Uses crt;
Type
Mangl=array[1..10,1..10 ] of real s mang2=array([1..10] of real:
Var
A:mang] B.X:mang2; ij.k,n,s:integer; q.rireal ;
Procedure nhap (var P:mangl; n:integer; X,Y:integer);
var i,j:integer;
Begin
Fori:= ltondo
For j:=iton do
Begin
aotoxy(X+8*(j—1), Y+(i~1)):
Reudin (P[i,j1);
End;
End;

!
Begin  (*Nguoi lap trinh: Vo nhu Cau#*};

Clrser;

Writeln ('nhap cap ma tran vuong";
Readin{n);

Writeln('nhap cac fan tu cua ma tran a');
Nhap(A, n ,whereX,whereY);

WritcIn{'nhap cac so hang tu do');

fori:=1 tondo

readin(b[i]);

{(*kiem tra a[1,i]=0 7*);
Fori:=l1ton-1do
Begin
if{ af1,1]=0) then
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Begin
for k:=i+1 to n do
forji==1tondo
aliyg:=aliy]+alk,jl;
lind;
Foind

{(*Khu dan cac fan tu cua ma tran®);
si=(h
REPEAT
s1=5+1;
fori=s+ltondo
Begin
Uas,sj<=0) then
q=as,il/afs.s];
for j:=1to n do
aj1g]= alij]-afs,j]*q ; b[i]:=b[i]-b[s]*q;
End
UNTIL(s=n -1,
x[n]:=b[n)/a[n,n};
fori:=n -1 downto 1do

Begin
r =0,
for j:=n downtoi+1 do ri=r+a[1,j}*x[j];
if(afi,i}<>0) then
x[i]:= (bli]-c)/ afii];
End:

Writeln ("gia tri an so 1a');
fori:=f tondo
writeln(x[i]);
readln;

Lnd.
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Program CT8_Giai_he FTTT_kieu_ma_tran_dai_doi_xung_theo_it Gauss:

Uses crt;
Type
Mangl=array[1..10,1..10 } of real ; mang2=array[1..10] of real;
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Var

A.Bimangl; c,u:mang?2; 1,j.k,n,m,s,nbw,nbk:integer; q,r,tireal ©
Procedure nhap (var P:mang! ;m,n :integer; X, Y :integer);

var 1,j:integer;
Begin
Fori:=1tomdo
Forj:=l tondo
Begin
gotoxy(X+8*(j—1), Y +(i-1));
Readln (P{i,i]);
End;
end;

{
Begin (*Nguoi lap trinh:Vo nhu Cau*);

Clrser;

Writeln{'nhap be rong dat');
Readin{nbw);

Writeln ('nhap so cotma tran B ');
Readin(n);

Wrileln{'nhap se hang ma tran B');
Readln(m);
Writeln('nhap cac fan tu cua ma tran B');
Nhap(B,m,n,whereX,whereY);
writeln (‘nhap so hang tu do');
fori:=11tomdo
readln (cli]):

(*kiem tra af1,1]=0 7*);
Fori:=1ton-1do
Begin .
if( a[i,i]=0) then
Begin
for k:=r+1 tondo
for p=1tondo
- afujli=afi)l+alk i1,
End;
End

(*chuyen cac fan tu ma tran tu MTB sang MTA*);

if(m —i+1> nbw) then nbk:=nbw eise nbk:= m—i+1;
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fort=ltomdo
for j:=110 mdo
al1,jl=b[i,j-1+1];

{*Khu dan cac fan tu cua ma tran®);
s:=0)
REPEAT
Si=x+1;
for 1:= s+1! to s+nbk~1 do
Begin
tafs.s]<>0y then
qQ:=afs.1)/a[s,s];
for j:=i to s+nbk-1 do
afigl=afij]-als,jl*q; cli]:=cli]—c[s]*q;
End;
for i:=s+1 to m do a[i,s]:=0;
UNTil.(s=m -1,

{*tinh cac an so™);
ulml:=¢c[m}/afm,m]j;
fori:=m -1 downto m-nbw+1 do
Begin
r:=
for )=1+1 to m do ri=r+a[i,j]*ufj];
it(a[i,i]<>0) then
uli]:= (ci]-r¥ a[i,i];
End;
for :=m -nbw downto 1 do
begin
1:=0;
for j:=i+1 to i+nbw—1 do t=t+a[i,j}*u[j];
uf1]:={c[t]-t)ali,il;
end;

writcln (‘gia tri cac an la');
fori:=1 to mdo
Wrileln (u[i]:6:2);

Readin;
End.
P e N T s
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Program CT9_Giai_he_FTTT _kicu_ma_tran_dol_xung_theo_tung cot:

Uses crt;
Type
Maungl=array[1..10,1..10 J of real; mang2=array[1..10] ol real:
Var
Armangl; B Xomang?2; i,j.k.n.s:integer; q.rireal
Procedure nhap (var Prmangl: n :integer;: X, Y:inleger):
var ijinteger:
Begin
Fori=1tondo
For j:=i to ndo
Begin
goloxy(X+8%(j—1),Y+(i—1));
Readln (Pfij1);
End;
Find:

Procedure DOCKQ (var MT:mangl;n:integer);
var 1,junteger;
begin
Fori:=1tondo
Begin
Forj:=1 tondo
Write (MT{1,j]:6:2);
Writeln;
End;
end;
{ _ = =)
Begin  (*Nguot lap trinh:Vo nhu Cau*);
Clrscr;
Writeln ('nhap cap ma tran vuong');
Readln(n};
Writeln('nhap cac fan tu cua ma tran’);
Nhap(A, n ,whereX,whereY);
Writeln ("nhap so hang tu do ')
for i:=1 to n do Readln (b[1});

(*Kiem tra ali,i]=0 7#);
Fori:=1ton -1 do

e
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Begin
i af[i,i]J=0) then
Begin
for k:=i+1 to n do
for p=itondo
alijl=alij)+a(k,jl;
End;
End

(*Khu dan ¢ac fan tu cua ma tran™®);
s:=(0;
REPEAT
§:=5+1;
for ;=210 ndo
begin
fori:z=s+1 0] do
Begin
q:=afs,1)/a[s,s];
afi,jl= afij]l-als,j)*q ;
End
cnd;
fori:=s+l tondo b[i}:=b[i]-b[s]*a[s,i]/a[s,s];
UNTIL(s=n -1);

(*uinh cac an s0%);
X[n}:=b[n]/a[n,n];
fori:=n -1 downto | do
Begin
r:=(0;
for j:=n downto i+1 do r=r+ali,j]*X[j];
if(al1,i]<>0) then
X[i}:= (b[i]-r)/ afi,i];
End;

writeln ('gia tri cac an la');
fori:=1tondo
Writeln (X[1]:6:2);
Readln;

End.
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Program CT10_Giai_he_FTTT_kieu_MT_doi_xung_co_nhicu_tun_tu_triet_ticu:

Uses ert;
Type
Mingl=array[1..10,1..10 ] of real; mang2=array[ 1..10] of rcal:
mang3=array[{..10] of integer:;
Var

Ammangl; B.Xomang2; Zimang3; i,j,k,0,8,piinteger; g,rireal;

Begin (*Nguoi lap trinh :Vo nhu Cau®);
Clrscr:
writeln (‘'nhap cap ma tran vuong');
readIn (n);
wrileln (‘'Nhap so fan tu triet ticu trong moi cot');
for ;:=1tondo
readln (Z[]);
wrileln ('nhap cac fan tu ma tran');
forp=ltondo
begin
if{Z[j]=0) then
begin
fori:=} tojdo
readin (A[i,j])
end;
it (Z[j1<>0) then
begin
p:=Z[jl+1,
fori:=ptojdo
readln (Afi,j}:
end;
end;
writeln ('nhap cac so hang tu do'),
fori:=ltondo
recadln (B{i]);

(*Khu dan cuac fan tu cua ma tran®);
$:=0;

REPEAT
si=s+1;
for;=2tondo
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begin
foriz=s+1tojdo
Begin
q:=a[s.1)/uls.8];
alLjl:=aligl-als,j]*q ;
End
end;

for :=s+1 to n do b{i]:=b[i]-b[s]*a[s,i]/a[s,s]:
UNTIL{s=n —1);

{*tinh cac an so™*);
X[n):=b[n)/a[n,n};
fori:=n—1 downto 1 do
Begin
r:=0;
for j:=n downto i+1 do ri=r+ali,j]*X[j1;
if(afi,il<=>0) then
Xf{i]:= (bli]-n)/ a[i,i];
End:

writeln ("gia tri cuc an la");
fori:=1tondo
Writeln (X[1]:6:2);
Readln;

End.
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Program CT11_Tinh_dinh_thus_¢ ua_ma_tran_bat_ky;
Uses crt;
Type
Mang=array[1..10,1..10] of real;
Var
A:mang; g,T: real;
i,j,K.m, n,s,rinteger;
Procedure nhap (var P:mang; m,n:integer; X, Y:integer);
Var
1,):integer;
Begin
Fori;= 1 to mdo
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TF'or =l wondo
Begin

gotoxy(X+8*(—1),Y+(i-1));

Readln (P[1,]):
End:
End;

Begm (*Nguoi Iup irinh: Vo Nhu Cau™);

Clrsers
Writeln ('so dong ma tran');
Readln¢ m);
Writeln{'so cot ma tran'y;
Readin(ny;
WriteIn('nhap cac fan tu cua ma tran"):
Nhap(A.m, n,whereX,whereY);

(* kiem (ra afi,1}=0 7%},
Fori:=1tom-1 do
Begin
If afi,1]=0 then
begin
fork:=i+1 tom do
for j:=11to n do
afijli=alijl+afk,];
End;
LEnd;

(* duz ve dang ma tran tam giac*);

5:=0;
REPEAT
8 =s+1;

for i:=s+1tom do
Begin
q:=ali,s)/als,s];
afi,s] :=0;
forj:=s+ltondo
a[1,]:= afi,)]-alsj]*q;
End;
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UNTIL (s=m—1):

. (*Tinh dinb thuc ma tran®);
T:=1:
for r:i=1 tomdo
T:=T#a[r,r];

Writeln('dinh thuc cua ma tran la;", T:6:2);
{ Wwriteln(T:6:2;}

Readln;
End.
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Program CT12_Tinh_dinh_thuc_cua_ma_tran_doi_xung_theo I Gauss;

Uses crt;
Type
Mang=array[1..10,1..10 ] of real ;
Var
Aimang; 1j.k,nsrinteger; g,treal;
Procedure nhap (var P:mang; n :integer;X,Y:integer);
var 1junteger;
Begin
Forii=1tondo
Forj=itondo
Begin
201oXy(X+8*(j—1),Y+(1-1));
Readln (P[1,j]);
End;
End;
Procedure DOCKQ (var MT:mang;n:integer);
var i,jiinteger;
begin
Fori:=1tondo
Begin
Forj:=1tondo
Write (MT(i,j]:6:2);
Writeln;
End:
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cnd;
{ =
Begin (*Nguoi lap trinh: Vo nhu Cau*);
Clrser;
Writeln (‘'nhap cap ma tran vuong’);
Readln{n);
Writeln{'nhap cac fan tu cua ma tran'y;

NhaptA. n .whereX,whereY);

(Fkiem tra a[i,1]=0 7*y;

Foru=lton-1do

i ali,i}= then
Begin
for k:=1+1 ton do
for j:=i o n do
alig]:=alij]+alk,jl;
End;
Lind

(*Khu dan cac fan tu cua ma tran*);
s=h
REPEAT
si=s+1
for n=s+1l tondo
Begin
if(a]s,8]l<>0) then
q:=a[s.1)/als.s]
for j:=1tondo
ali,jl:=alij]-als,j]*q;
End
UNTIL{s=n -1,

(*Tinh dinh thuc ma tran®*);
T:=1;
forr:=!tondo
T:=T*ar.r];

Writeln('dinh thuc cua ma tran la:');
Writeln(TY;
349



350

Readln;
I“nd.
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Program CT13_Tinh_nghich_dao_ma_tran_tam_giac_duoi;
Uses ort;

Type
Mang=array[..10,1..10 1 of real ;
Var

AB:mang: 1,)k,ninteger; s:reai;
Procedure nhap (var Prmang; n:integer; X, Y :integer):
Var
Lj:nteger;
Begin
Forii=1ton do
Forj:=1to1do
Begin
gotoxy(X+8%()— 1), Y+{i—-1)):
Readln (P(1,]);
End;
End:
Procedure DOCKQ (var MT:mang;n:integer);
var
t):nteger:;
Begin
Fori:=1ton do
Begin
For :=1tondo
Write (MT[1,)1:6:2);
Writeln;
End;
End;

{

Begin (*Nguot lap trinh: Vo Nhu Cau*);
Clrser:
Writeln ('nhap cap ma tran vuong');
ReadIn{n);
Writeln{'nhap fan tu ma tran’);



Nhap(A, n, whereX, whereY):

<)) then bl j]:=0;
fori:=ltondo bfi.il:=1/a[i.il
for =2 ton do
torj:=1toi-1 do
Begin  s:=0);
fork:=jtoi-1 do
si=s+ali,k]*blk,j];
bl1j]i==s/ a[i.i]:
End:
WriteIn{'nghich dao ma (ran la:"y;
DOCKQ (b,n);
reading
End.
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Program CT14_Tinh_nghich dao_m a_tran_tam_giac_tren:
Uses crt;
Type
Muang=array[(..10,1..10] of real;
Var
A.Bimang;
1).Kn integer; Tireal;
Procedure nhap (var P:mang; nanteger; X, Y:intcger);
Var
1jinteger;
Begin
Fori:=1tondo
Forj:=itondo
Begin
gotoxy(X+8*(~1),Y+(i-1));
Readln (P{i,j]);
End,;
End;
Procedure DOCKQ (var MT:mang; n:integer);
var
1,):nteger;

Begin



Fori:=t tondo
Begin
Forj=1tondo
Write (MTI[1,j]:6:2);
Writeln,
End;
End;

{
Begin (*Nguot lap trinh: Vo Nhu Cau™);
Clrser,
Writeln ('nhap cap ma tran vuong');
ReadIn(n};
Writeln('nhap fan tu ma tran’);
Nhap(A.n.whereX, whereY);

1f(i>]) then  b[i,j]:=0;
for =1 tondo b[i,i}:=1/a[ii];
for i:=n -1 downto 1 do
for j:=n downto i+1 do
Begin T:=0;
for k:=i+1tojdo
Begin
T:=T+a[i.k]*b{k,j];
bfi,j1:==T/a[i,i};
End;
[ind;
Writeln{'nghich dao ma tran fa:");
DOCKQ(b , n };
readin;
End.
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Program CT45_Tinh_nghich_dao_ma_tran_doi_xung;
Uses crt;
Type
Mang=array[|..10,1..10] of real;
Var
A,B.C,.D.S :mang;
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1.k Lnzinteger; x,q,treal;
Procedure nhap(var P:mang; n:integer; X, Y integer);
Var
1,):integer;
Begin
Fori:=ltondo
For j:=i to n do
Begin
gotoxy(X+8#(j— 1}, Y+{i—1));
Readln (P[1,]);
End,
End;
Procedure DOCKQ {var MT:mang; n:integer),
var
1,):nteger;
Begin
Fori:=1tondo
Begin
For j:=1 ton do
Write (MT(1,)]:6:2);
Writeln;
End;
End;

Begin (*Nguoi lap trinh: Vo Nhu Cau*)
Clrscr;.

Whriteln('nhap cap ma tran vuong');
Readln(n);

Writeln('nhap phan tu ma tran');
Nhap(A, n,whercX,whereY);

1(j<a1) then afi,jl=a[j,i];

(*Dua ve dang ma tran tam giac tren*);
{ it(1<y) then s[1,j]:=0;}
{Tinh cac §[1,j}, j=1 —>n}
s[L1]:=sqrt(al[1,11};
forji=2 tondo sT1,j]:= a[1,jI/s{1,17;

{ Vong lap tinh STi,j} voi 1>=2}
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fori:=2ton do
for =i tondo
Begin
If {j=1) then
{tinh S[1,1]}
Begin
x:=0
for k=1 to 1-1 do x:=x+sqr(s[k,il};
{{ali,1]-x) >0) then
s[il:=sqrt(ali,i]-x);
end;
If (i>1) then
{tinh S[1,]}
Begin
- T:=0;
for ki=1toi-1 do {T:=0;} T:=T+S[k.i]*S(k,j];
i{(s[1,1]<=0) then
S[jl:=(a[i,j]l-T)/S{il;
End;
End;
{ Vot j<t —> §[1,j]=0, b[1,j]=0}
fori:=2ton do
for :=1to1-1do

begin
s[1,)]:=0;
bfiy}:=0;
end;

{(* Tinh nghich dao cua ma tran tam giac tren S *)
{it (i>)) then  b[1,j]:=0;}
if(s[i.1}<>0) then
fori:=1tondobli,i]:=1/s[i,1];

for t:=n —1 downto 1 do
for j:=n downto i+1 do
Begin
q.=0;
for k:=1+1 to j do q:=q+s[1,k}*b[k,j];
if(s]1,1]<>0) then
bit,jl:=—q/S[i.1];
End;



(*linh chuyen vi cua ma tran nghich dao B*)
Fori=1 tondo
Forj:=l tondo
c[1jl=blj.il;

(* Tich hai ma tran B va C*)
tori:=11ondo
for ;=1 to n do
Begin
dfijl:=0;
fork:=1tondo
d[i,jl:=d[1j]+b(i,k]*c(k )
End;

Writeln('ngich dao cua ma tran doi xung la");
DOCKQ (d,n);
Readln;
End.
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Program CT16_Nghich_dao_MT _theo_ff_Gauss_Jordan;
Uses crt;
Type
Mang=array[l..10,1..10 ] of real ;
Var
Auimang;
1j.m,n,p :integer; c:real;
Procedure nhap (var P:mang ; niinteger; X, Y:integer);
Var 1,j:integer;
Begin
Fori;=1tondo
~Forj:=ltondo
Begin
gotoxy{X+8*(—1),Y+(—-1));
Rceadln (P[1.,i]);
End,;
End;
Procedure DOCKQ {var MT:mang ; n:integer);

()
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var
1,jiinteger;
Begin
Fori:=1 tondo
Forj=1tondo
Write (MTIi,j1);
Writeln;
End;

{
Begin (*nguoi lap trinh: Vo nhu Cau*);
Clrscr;

Writeln ('nhap cap ma tran vuong;
Readln(n);

Writcln{'nhap cac fan tu cua ma tran A");
Nhap(A,n,whereX,whereY);

Writeln('nhap cac fan tu cua ma tran u');
Nhap(u,n,whereX, whereY);

REPEAT p:=0;
p=p+l;
it(a[p,p]l<>Mthen
begin
¢:=1/alp,pl;
for =l tondo
begin
alp,jl:=alp.jl*c; Ulp,jl:=U[pjl*c;
end;
for i:=1 to n do if(i<>p) then
begin
¢:=a[i,pl;
forj:=1 tondo
begin
afi,jl:=afi,j]-alp,jl*c;
Ul,j1:=Ul,j]-Ulp,jl*c;
cnd;
end;
end;
UNTIL(p=n);
Writeln ('ma tran ngich dao la:'),
DOCKQ(u,n);



Readin;
End.
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Program CT17_Nghich_dao_ma_tran_theo_ff chia_khoi;
Uses crt;
Type

Mangl = array[1..10,1..10 ] of real ; mang2=array| .. 10]of real:

Var
A B:mangl; G,H:mang2;
i.j.k.n.p.s integer; ¢,D,Ereal;
Procedure nhap (var Pimang | ;n:integer; X, Y integer);
Var i,j:integer;
Begin
Fori:=1tondo
For ;=1 tondo
Begin
gotoxy(X+8*(j—1),Y+(i-1));
Readln (P[1,)]);
End;
End;
Procedure DOCKQ (var MT:mang] ;n:integer);
var
1j:integer;
Begin
Fori:=1tondo
Begin
Forj:=1tondo
Write (MT[1,j]:6:2);
Writeln;
End;
End;

Begin (* Nguoi lap trinh: Vo Nbhu Cau*);

Clrscr;,

Writeln ('nhap cap ma tran vuong');
Readln(n);

Writeln('nhap fan tu cua matran';
Nhap(A,n,whereX, whereY);
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if(a[1,1]<>0) then

c:=1/a[t L],
b[2,2]:=1/(al2,2]-a[2,1]*c*a{l,2]);
bl1,2):=—c*a[1,2]*b{2,2};
bf2,1}:=-b[2,2]*a[2,1]*c;
b{1.1]:=c—¢*a[1,2]*b[2,1];
for:=1to2do forji=1to2do ali,jl:=b[i,j];

REPEAT
pi=2;
Fori:=1top do;
Begin
ki=p+1: G[i]:=0;
tor j:==1 topdo Gli]:=G(iJ+ali,j1*a[j,k];
End,;
forj:=ltopdo
begin
H[j]:=0;,
tors:=1topdo H(jl:=H[j]+a[k,s]*a[s,j];
end;
D:=0; for i:=1 to p do D:=D+alk,i]*G{i); E:=a[k.k]-D; a[k k|:=1/E:
for:={topdo a[i,k]:=—G[i]*a[k k]:
forj:=1 topdo alk,jl:=—a[k,k]*H][j];
fori:=1 to p do
for p=1topdo
afij)i=ali,j]~Gli]*a[kj];
UNTIL{p=n-1);

Writetn("ma tran nghich dao la:";
DOCKOQ(a,n);
Readin;

End.
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Program CT18_Fuong_fap_tinh_lap_giai_he_fuon g_trinh_tuyen_tinh;
Uses crt;

Type

Mangl = array(1.. 20,1.. 20 ] of real; mang2=array[1..207of real:
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Var
AB.DUS:mangt ; C,bien:mang2;
1.).K.0.p tinteger;
Procedure nhap (var P:mangl; n:integer; X, Y integer);
Var  ijuanteger;
Begin
Fori=1tondo
For ;=1 ton do
Begin
gotoxy{X+8*(j—1),Y+(1—-1));
Readln (P[i,]);
Eod;
End;

begin (*nguoi lap trinh: Vo nhu Cau™);
Clrser;

writcIn('nhap cap ma tran vuong');
readin(n}.

writcln('nhap fan tu ma tran A');
Nhap (a,n,whereX, whercY);
wrileln ('nhap fan tu ma tran don vi');
Nhap (U,n,whereX, whereY);
writeln('nhap so hang tu do’);
fori:=1ton do

readIn (C[i]);

writeln('so vong dau tien');

readin(k);

writeln ('gia tri bien ban dau');

for i:=1 to n do

readln(S[i,k]);

fori:=1tondo
for y=1tondo
blij1:=Uli,j1-AfLj]:
k=0,
Repeat
Ki=k+1;
for =1 tondo
begin
D[1,k}:=0: for p:=ltondo
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Dlik] :=D[Lk]+B[1,p]*S[p.k];
end;
fori:=]1tondo
S[LK+1]:=D[1,k]4+Cli];
Until(abs(S[n k+1]-S[n.k}) <0.0001);
fori:=1tondo
bien[i]:=S{i,k+1];

writeln{'gia tri bien la:");
fori:=1tondo
writeln{bien[i]:6:4);
readin;
Fnd.

R L R T R o

Program CT19_Timh _gia_tri__rieng_lon_nhat_lheo_ff_tinh_lap;
Uses crt; '
Type mangl=Array [1..20,1..20] of real; mang2= array[1..20] of real;
Vari,).k,n,pinteger; VTR, Y:mang2;
AB.X:mangl, GTR:real:

Procedure nhap (var P:mangl; n:integer;X,Y:integer),
Var ijinteger;
Begin
Fori:=1tondo
Forj:=1tondo
Begin
gotoxy(X+8*(j—1),Y+(i-1));
ReadIn (P[i,j]);
End;
End;

Begin (*Nguoi lap trinh: Vo nhu Cau*);
clrser;
writeln ('nhap cap ma tran vuong');
readln(n);
writeln('nhap fan tu ma tran’);
Nhap(a,n,whereX,whereY);
writctn('nhap so thu tu vong dau tien');
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readin(k);

writeln (‘'nhap vecto rieng dau ticn');
fori:=1ton do
Readln (X[1,k] :

(*Qua trinh tinh lap de xac dinh gia tr rieng va vecto rieng™);
REPEAT k:=0;
Ki=k+1;
fori:=1 tondo
begin
Blik]:=0;
~ forp:=1 to n do
B[ik}:=Blik}+A[i.p} * XIp.k];
end;
if (X[1,k]<>0) then Y[k[:=Bf1 k]/X{1.k];
tori:={ tondo

begin
if(Y[k]<>0) then
X[ik+1]= B,k Y[K];
end;

UNTIL (ibs( Y[K]-Y[k—1])<0.001};
forit=1tondo VTROL=X[1,k+1];
GTR:=Y[K];

writeln('vecto rieng 1a');
fori:=1tondo
writeln{VTR[i]:8:4);
writeln{'gia tri rieng lon nhat la');
writeln(GTR:8:4);
Readln;
End.

e i ofe ol e s sfe sl sl ok ok ok o ok ke o

Program CT20_Tinh_gia_tri_rieng_be_nhat_theo_if_tinh_lap;

Uses crt;

Type
Mungl = array[1..20,1..20] of real ;
mang2=wrray[1..20]of real;
Var



L

AB.UX:mangl; vtr,Y:mang2;
L).k.n,p integer; GTR.c:real;
Procedure nhap (var T :mang1; n:integer; X, Y:integer);
Var
1,):integer;
Begin
Fori=1!tondo
For ;=1 1o ndo
" Begin
g2otoxy(X+8%(1— 1}, Y+(i-1));
. Readin (TT[i,j1)
End;
End:

Begin (*Nguoi lap trinh:Vo nhu Cau*);
Clrser;
Writeln (‘cap ma tran vuong');
Readln{n);
WritcIn({'nhap cuc fan tu cua ma tran A"):;
nhap{a,n,whercX,whereY);
fori:=1tondo
for ji=1 ton do
bcgin
t(i=y) then uli,j]:=1;
if(i<>)) then ufi,jl:=0;
end;
writeln(’'nhap so thu tu vong dau tien");
readln(k);

writeln {'nhap vecto rieng dau tien');
for i:=! to n do
ReadIn (X[1,k]) ;

(*Tinh nghich dao cua ma tran A theo ff. Gauss—J ordan®),
p:=0;
REPEAT
p=p+1;
if{alp,pl<>0)then
begin
c:i=1/alp.pl;
for j:=1 ton do

o
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begin
alpjli=alp,j]*c; Ulp,jl:=Ulp,jl*e;
cnd;
for 1:=1 to n do if(i<>p) then
begin
¢i=alL,pl;
for ;=1 tondo
begin
a[1,j:=alijl-a[pyl*c;
UG1:=UL,1-Ulp,jl*c;
end;
end;
end;
UNTIL(p=n);

(*Tinh gia tri rieng lon nhat cua ma tran nghich dao*);
k=0,
REPEAT
ki=k+1;
for i:=1 ton do
begin
B[i.k]:=0,
forp:=ltondo
B[1.k]:=B{i,k]+Ufi,p] * X[p.k];
end:
if {X[1,k]<>0) then
Y[k]:=B[LkIX{1 k}];
for i:=1 to n do

begin

(Y [k]<>0) then
X|ik+1]:=B[i,k]/Y[k];

end;

UNTIL (abs(Y[k]-Y[k—1])<0.001);

fori:z=1tondo VTR[i]:=X[i,k+1];
GTR:=Y[k];
writeln('vecto rieng la');
fori:=1tondo
writein (VTR[1}:8:4);
writeln("gia tri rieng be nhat cua ma tran goc k'),
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writeln(GTR:8:4);
Readln;
end.

ol e e 2l el e ol o ok ol o ok ok o o ok sk ok

Program CT21 _Tinh_gian_phang;

uses cit;

Var1,, k.sn,st,sbr,tbt,ss reinteger,;
¢,a,cd,b,c.d.f.qq.11,1d,l,m,eal:array[1..10) of real:
nl,n2,d1,d2,d3,d4:array[1..10]of integer,
s.sc,sr.ke array[[..20,1..20] of real; g, rireal;

begin (*Nguoi lap trinh: Vo nhu Cau*);

clrser;

writeln('nhap so nut’);

readIn{sn);

writeln('nhap so thanh');

readln(st);

writeln ('nhap so BTD co chuyen vi');

readln {sbt);

writeln('nhap ngoai tuc');

fori:=1Itosbt do

readln( fTi]);

writeln{"nhap cosin dh 1; for i:=1 to st do readln(l[i]);
writeln{'nhap cosin dh m'); for i:=1 to st do readin(m[i]);
writeln('nhap dac trung co hoc EA/L"); for i:=1 to st do readln(ealli]):
writeln('nhap thu tw bac tu do d1'); for i:=1 to st do readIn{d[i]):
writeln{'nhap thu tu bac tu do d2'); for i:=1 to st do readln(d2[i]);
writeIn{’'nhap thu tu bac tu do d3'); fori:=1 to st do readln(d3[1]);
writeln{’'nhap thu tu bac tu do d4"); fori:=1 to st do readin(d4d[i]);

(* Lap cac matran do cung rieng*);

foriz=1 to st do

begin
blil:==sqr(I[i}*ealli]; cfi]:=I[i]*m[i}*cal[i];
dfi]:=sqr(m[i])*eal[1];

end;

fori:=itostdo



begin
ke{di[1].d1[11):=ke[d1[i],d 1 [i]]+b]i];
ke[d1[3],d2[1}):=ke{d 1 [1],d2[i]]+c[1];
ke[d2[1],d2[1]]:=ke[d2[1],d2[i]}+d[1];
ke[d1[1],d3[i]f:=ke[d1(1],d3[i]]-b{i);
ke[d2[i].d3]i]):= ke[d2[1],d3[i]]—-c]i];
keld3[i],d3[1]]:= ke[d3(1},d3[i}]+b[i];
ke[d1[1].d4{i]]:=ke[d1{i],d4[i])~c[i];
ke[d2[1],d4(i]}:=keld2[i],d4[i]]-d]i];
ke{d3[i].d4[i]]:=ke[d3[1],d4{i]]+c[i];
ke[d4[i].d4[11]:=ke[d4[1],d4[i]]+d[i];

end

(* Lap ma tran do cung tong the*),
thi:=2*sn;

for =1 to thtdo

foryp=itothtdo s{i,jl:=ke[i,jl;
for 1:=1 to tht do

forj=1toi~1do sl[ij):=s[j.i];

{(*#Chia khoi ma tran*};
fori:=1tosbtdo

for j:=1tosbtdo
scli,jl:=s[i,jl;

(*Giai he fuong trinh theo fuong fap Gauss*);
ss:=0;
REPEAT
85:=s8+1;
for i:=ss+1 to sbt do
Begin
if(sc[ss,s8]<>0) then
q:=sc[ss,1])/sc[ss,ss];
for j:=1 to sbt do
scli,j 1= scli,jl-sc[ss,jl*q; flil:=f[1]-{ss]*g;
End
UNTIL(ss= sbt —1);
if(sc[sbt,sbt]<>0) then
qg[sbt}:=f[sbt]/sc[sbt,sbt];
for iz=sbt -1 downto 1 do
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Begin
t:=0;
for j:= sbt downto i+1 do r:=r+sc{i,j]*qq[jl;
H(sc[i,i]<=0) then
qqfiil):= ([Li]-ry sclii);
End;

{(*Tinh fan luc*);
r=sbi+]:
for j:=1 10 sht do
foriz=rrtothtdo  sr(i,j]:=sfijl;
tor i:=rrto tbt do
begin
f1[i]:=0; for k:=1 to sbt do fl[i]:= fl[i]+sr[i.k]*qq[k];
end;

(*Tinh luc doc*);
fori:=1 tostdo

ld{i]:=ealli1#(1[i1*(qq[d3[il}-qqld HiT+mi}* (qqLd4[iT1~qq(d21i]]):

writein (‘gia tri chuyen vi la');
fori:=1to sbt do
writeln(qq[i]);

writeln ("gia tri lue doc 1a');
fori=1to stdo
write!In{id[i]);

writeln ('gia tri fan luc');
fori:=rrtotht do

tor j:=1to sbt do
writeln(f1[i]);

readln;

end.,

e s sk sk sk sle ok sk ok ol R ok ol koo sk sk ok

Program CT22_Tinh_gian_khong_gian;
uses crt; |
Vari,j, k,sn,st,sbn,sbt,tht,ss,rriinteger;
x1,x2,yl,y2,z1,22,md,cd,a,b,c,d.x,y.f,gq.fL.1d l,m,n.cal:array{1.. 10} of real:
d1,d2,d3,d4,d5,d6:array(1..10]of integer;

366



s.sc.srkearray] 1..30,1..30] of real; ¢, rireal;

begin (*Nguol lap trinh: Vo nhu Cau™®);

clrser;

writeln('nhap so nut'y;

readlnisn);

writcIn('nhap so thanh'y;

readIngst);

writeln ('nhap so BTD co chuyen vi');

readln (sbt);

writeln{'nhap ngoai luc');

fori:=1tosbhtdo

readIn(t{i]);

writeln('nhap cosin dh I'); fori:=1 to st do readln{l|i]);
writeln{'nhap cosin dh m'); for i:=1 to st do readln(ml[i]);
writeln('nhap cosin dh n"); for i:=1 to st do readIn{n[i]}:
writeln(’'nhap dac trung co hoc EA/L"); tor i:=1 to st do readln{cal[i});
writeln{'nhap thu tu bac (u do”;

writelu('nhap d1i]'); fori:=1 to st do readln(d1{i]);
writeln('nhap d2[i]); for i:=1 to st do read!n{d2[i]):
writeln('nhap d3[i]"); fori:=1 to st do readIn{d3[i]);
writeln{'nhap d4[i]"); fori:=1 to st do readIn(d4[i]);
writeln{'nhap d5[i}); fori:=1to st do readin(d5[i]);
writeln{'nhap dé[1}); fori:=1 to st do readln(d6[i});

(*Lap cac ma tran do cung rieng*);
lori=1tostdo

begin

alil:=sqr(i{ily*eal(1}); blL=I[]*m[i]*cal[i];
cli]:=1[il*n{1)*eal{i}; d[i]:=sqr{m[i])*ealfi};
x(il:=m{il*n[i]*ealli]; y[i]:=sqr(uli])*cal[i];
end;

fori:=1to stdo

begin

kefdi[1],d1[i]]:=ke[d 1]i],d1[i]]+a[i];
ke[d1[1],d2[i]}:=ke[d1[i],d2[i]]+b[i];
ke[d2[i].d2{1]]:=ke[d2fi].d2{i})+d][i];
ke[d1[i],d3]1]]:=ke[d 1 [1],d3[i]H<c[i]:
keid2(1],d3[i]]:=ke[d2[i],d3[i]]+x[i];
keld311].d3[1]]:=ke[d3[i],d3[i]]+y{i];
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ke(d1[i],84]i]):=ke[d 1 [i].d4[i]]~a[i];
ke[d2[i].d4{i]):=ke[d2fi],d4{i]}=bli];
ke[d3(i].d4[i]):=ke[d3[i].d4[i]]~c[i];
ke[d4(i],d4[i1):=ke[d4[i].d4fi]}+ali];
ke[d1(i},d5[i]]:=kefd 1[i],dS[i]]-b[i];
ke[d2{i},dS[i]]:=ke[d2[i].d5[i]]~d[i);
ke[d3[i],dS[i]]:=ke[d3[i],dS[i]]-x{i]:
ke[d4[i1,d50i) J:=ke[d4[i],d5[i]]+b[i};
ke[dS[i],d5i]]:=ke[d5[i].dS[i]]+d[i);
ke[d1{i},d6[i]]:=ke[d L[i],d6[i]]-c[i];
keld2[i].6[i]]:=ke[d2[i},d6 [i]}~x[i];
ke[d3[i].d6[i]):=ke[d3[i].d6[i]]-y[il;
ke[d4[i].d6[i]]:=ke[d4[i],d6]i]]+c(i];
ke[dS[i],d6[i]]:=ke[d5[i].d6[i]]+x{i]:
ke[d6[i].d6(i]]:=ke[d6[i],d6[i]]+ylil;

end;

(*Lap ma tran do cung tong the*);
tht:=3*sn;

fori:=I to tht do

for j:=i ta tht do s[i,j]:=ke[i,j];
fori:=1to tht do
forj:=1toi~1do s[i,j]:=s[j.11;

(*Chia khot ma tran*);
fori:=1tosbtdo
forj:=1to sht do
scligli=slijl;

(*Giai he fuong trinh theo fuong fap Gauss*);
s55:=0;
REPEAT
88:=88+1;
for i:=ss+1 to sbt do
Begin
if{sc[ss,88}<>0) then
q:=sc[ss,1lsclss,ss];
for j:=i to sbt do
scli,)]= scli,j]-sc[ssy]*q; flil:=f[i]-f]ss}*q;
End
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UNTIL{ss=sht -1}
1f (sc|sbt.sht]<>0) then gg|sbt]:=f]sbt}/sc[sbt,sbt];
for :=sbt =1 downto | do
Begin
r:=0;
for j:= sbt downto i+ do r:=r+scli,jl*qqljl:
Hise[1a]<>M0 then
qqli]:= (f1]-1)/ sclidl;
Find;

(¥Tinh fan lue*y:

rr:=sht+1:

for =1 o sht do
tori=retothtdo  srlijl=slijl;
for j:= 1 1o sbtdo
begin

fi[1]:=0: for k:=1to sbt do fI[i]:= {1[i]+sr[ik*qq[k]:

end:

{(*Timnh lue doc™y:
fori:=!tostdo

ld[i}:=calli]*(1[1)* (ggld4[ill-qg|d 1 [}]D+m[i1*(qq[dS{]}-qq[d2{1) D+n]i)* (qqld6[i]]-
gald3[i]]y

writeln ('gia tr1 chuyen vi'y;
fori:=1toshtdo

writeln (gq[1]):

writein ("gia tri lue doch;
fori:=1 o stdo

wrileln (1d[1]):

writeln {"gia it [an luc');
for i:=rrto tht do

tor =1 to sbt do

writeln (f1[i]);

readln:

cnd.
B e R o e L R L
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Program CT23_Tinh_dam_lien_tuc_goi_tua_thong_thuon g;

USes Cris

Vari,j. k,sn,st.sbt,tht,ss.rrx,y,z,w:integer:
al.bl.p.gl.ef.fc,mq,qq.f1,lm,ml .m2,cd,cd3,dt:array[1..10] of real:
¢l,e2.c3lel de2mlx,m2x,mly,m2y.mlz,m2z,1ix,12x.] ly,12y 11212/
arrav[!1..10] of real;

el,ell,el2.el3.mbl ,mb2,ma’,1a,lbl,lb2,zl,22,23:array[l . 10] of real;
nl,n2.ab.c.d.dl,d2klk2,k3 kd:array{1..10}of intcger:
s,sciarray(1..20,1..20) of real; q,rireal;

begin clrscr:

(*Nguoi lap trinh: Vo nhu Cau*);

writeIn({"nhap so nut');

readln(sn);

writeln('nhap so thanh");

readIn(st);

writeln("nhap so bac tu do co chuyen vi');
readln(sbt);

writeln('nbap so bac tu do khong co chuyen vi');
readIn({w);

writeIn('nhap so thu tu bac tu do khong co chuyen vi');
readIn(d[:]);

writeln('nhap chieu dai thanh');

fori:=1tostdo readln(cd[i]);

writeln('nhap cosin dinh huong 1');
fori:=Itostdo readin(l[i]);

writeln {'nhap so thanh chiu tai trong fan bo deu');
readln (x);

writeln ('nhap so thanh chiu tai trong tap trung');
readln(y);

writeln {'nhap so thanh khong chiu tai trong ');
readln{zy,

if(x<>0) then

begin

writcln('nhap so thu tu thanh chiu tai trong fan bo deu');
fori:=1to x do

readln (a[i]);

writeln('nhap cuong do tai trong fan bo deu");
for1:=1to x do

readln (q1[i]);



end:

1f {(y<>Mthen

begin

wniteln('nhap so thu tu thanh chiu tai trong tap trung’y;
fort:=ltoydo readin (b[i]);

writeln('nhap tai trong tap teung');

fori:=1toydo recadln (plilx

writeln('nhap al");

fori:= 110y do readln (al[i]);

writeIn(’nhap b1");

for i:= 1 to y do readln (bl[i]y;

end;

it {(z<>0then

begin

writeln('nhap so thu tu thanh khong chiu tai trong 'y,
fori:=1 oz do

readln{c|i]);

end;

writeln{'nhap mo dun dan hoi'); fori:=1 to st do readlnde[i));

writeln{'nhap mo men quan tinh"); fori:={ to st do readln{mq|1]):

writeln('nhap BTD d1Y; fori:=1 to st do readln(d1[i]);
writcin('nhap BTD d2; fori:=1 to st do readln(d2[i]);

(*Ghep cac MTDC rieng vao MTDC tong the*};

if(ed[i]<>0) then

begin

torir=1to st do

begin
clfi]:=4*e[i]*mq[i}/ed[i];
c2{i]:=2%e[i]*mq[i)/ed[i];
s[dL[1Ldl{i]]:=s[dL[il.d1[i]}+c 1 [i];
sfd11].d2[i]]:=s[d 1 {i}.d2[i]}+c2[i];
s[d2[i). dt[i]}:=s[d2[i].d1[i]]+c2]i];
s[A2[i},d2[i]]=s[d2[i],d2[i} ]+ 1 [i];

cnd;

end;

fori:=1to sbt do

for j:=ito sbt do sclLjl:=s[iLl;
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(*Tinh cac thanh [an tal trong o trang thai ngam*);
it {x<Nthen
begin
fori:=1to x do
begin
cl[il:=cd[ali]}; k1[1}:=d 1 [afi]]; k2[i]:=d2[a[i]]:
mal1]:=(q[i]*sqr(el[i])y/12)*1[ali]];
cnd;
for =1 to x do
begin
fIk1[i]1:=fTk ! [i]]-mal[il;
f[k2[1]]:=1Tk2[1]}+mafi];
end;
end;
if (y<>0) then
begin
foru=ltoydo
begin
k3[il:=dL{b[1]]; k4[1]:=d2[bti]]; ell[i]:=cd[b[i]];
mbl[i]:=(p[i]*al[1]*sqr(b 1 [1])/sqr{el L [i]))*1[b[i]];
mb2[1]:= (pli}*b I[i]*sqr(al [i]/sqr(el Li]))*1b[i]];
end;
foru=ltoydo
begin
k311 ]:=tk3[1]]-mb1[i];
flkd[i]]:=f[k4{1]]+mb2[i]
end;
end;
fori:=1tosbtdo fefi]:=fli];

{*Giai he fuong trinh bang fuong fap Gauss*);
s5:=0;
REPEAT
$5:=8s+1;
for i:=ss+1 to sbt do
Begin
1(s[s8.858]<>0) then
q:=s{ss,i]/s[ss,ss];
tor j:=1 1o sbt do
slijli=s[ij]-s[ss,)1%q; fli}=f[i]~f[ss]*q;
372 |



End
UNTII.(ss= sbt —1);
it{s[sbt,sbt]<>0) then
qq[sbt]:=f[sbt]/s[sbt,sbt];
for i:= sbt =1 downto 1 do
Begin
r:=0;
for j:=sbt downto i+1 do r:=r+s{i,j1*qq(j);
if(s[i,i]<>0) then
qqlil:= (f{i]-r)/ s[i,i];
End;
forn=ltowdo - qq[d[i]]:=0;

(*Tinh mo men*);
if(cd[i]<>0) then
begin

fori:=1 to st do
begin

zl[i):=(e[i]*mq[i)/cd[i])*(4*qq[d L [i}}+2*qqd2[i]]);
z2[i]:=(e[i)*mglil/ed(i)*(2*qqld 1 [i]}+4*qg[d2[i]]):

mif}=zi|i];

m2[i]:=22[i};

end;

end;

(*tinh tong mo men*);

if (x<>0) then

begin

fori:=1 tox do

begin

ml x[i]:‘=m 1afi}]+mali];
m2x[i]:=m2{afi]]-mali];
end;

end;

if (y<>0) then

begin

for=ltoydo

begin if(sqr(ell1{i])<>0) then
mly[i]l:=mI[b[i]]J4+mb{i];
m2yli]:=m2[b[i]]-mb2[i];
end;



end;

1f(z<>0) then

begin

fori:=1tozdo

begin

mlz[il:==mi[c(ij]; m2z[(i]:==m2[c[i]);
end;

end;

(*tinh luc car*);
fori:=ltostdo
begin
23(i]:=6"e[i]*mqi}*(qq[d 1 [iTl+qqld2(i]l)/sqe(cdi]);
if (sqricd[i])<>0) then
lelfi]:==23[i]; lc2[i]:==lcl]i];
cnd;
(*tinh tong luc cat*);
if (x<>0) then
begin '
tori:=Iltoxdo
begin
lafi]:=q1[1]*cd[afi])/2;
Hx[i):=lc1[a[i]]-lafi);
R2x[i]:=lc2[a[i]]-1a[i];
end;
end;
if (y<>0) then
begin
fori:=1toydo
begin
cd3[i]:=sqr(cd[b[i]])*cd[b[i]]; if {cd3[i]<>0) then
begin
lblli]:z(p[i]*sqr(bl[i])*(cd[b[i]]+2*a1[i]));"cd3[i];
Ib2[1]:=pli]-Ibl[i];
end,
Ily[i]:=Ic{b[i]]-Ib1{i]:
12y[i]:= 1c2[b[i]]-1b2]i];
end;
end;
if(z<>0) then
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begin
fori:={tozdo
begin

Hzfi]:=lel[c[i]];  12z[i}:=lc2[c[i]];

end;
end;

writcln{'gla tri chuyen vi la");

for ;=1 to sht do
writeln(qq[i]):
writeln('gia tri mo men x');
if{x<>0) then

begin

fori:=itox do

writeln (m1x[i},m2x[i});
end;

writeln('gia tri mo men y');
if(y<>0) then

begin

foriu=ltoydo

writeln {m L y[i],m2y[i]);
end:

writeln('gia tri mo men z');
if(z<>0) then

begin

fori;=1to zdo

writeln (m1z[i],m2z[i]);
end;

writcIn{'gia tri luc cat X');
1f(x<>0) then

begin

fori:=l tox do

writeln (LLx[i])2x[i]);
cnd; '
writeln'giairi luc cat y');
1f(y<>0) then

begin

fori:=1toydo

writeln (1Ly[i],12y[i]);
end;
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writeln('gia tri luc cat 2');
1f(z<>0) then

begin

fori:=1tozdo

writeln (11z{i],12z[i]);
cnd;

readln;

cnd.

R R e T e B R e e 3z

Program CT24_Tinh_khung_phang;

uses crt;

Vari,j, k,sn,st,sbt,lb[,ss,rr,x,y,w,z:integer;
al,bl,p,ql.e,dt.ffn,mq,qq.f1,l,mmi,m2.m lq,m2q,m1p,m2p:
array[1..10] of real;

cl,e2,c3,¢4,c5,c6,c7,cd,ed3 cdd.ell el2 gl .22,g3,24, mala,mb1,mb2 Ibl,
162, 11w 12w, m1w,m2w:array[1..10] of rcal;
Icl,lc2,l1q,12q,11p,12p,u,v,z1 22,23,491,992,993.994,9q5.qq6:
array[1..10] of real;
d1,d2,d3,d4,d5,d6,a,b.c,d,x1,x2,x3,x4,x5,x6,y1 ,¥2.y3,v4,y5,v6:
array[1..10] of intcger;

s,sciarray[1..20,1..20] of real; g,r:real;

begin clrser;
{(*Nguot lap trinh: Vo nhu Cau*);
writeln('nhap so nut');
readln{sn);
writeln('so thanh');
readln{st);
writeln{'nhap so BTD co chuyen vi');
readln(sbt);
writeln{'nhap so BTD khong co chuyen vi');
readln(z);
writeln('nhap so so thu tu BTD khong co chuyen vi'):
fori:=110z7do
readln(d[i]);
writeln{'nhap tong so bac tu do');
readin(tbt);
writeln{'nhap cosin ¢h1);
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tori:=11ostdo readln(i[i]);

writeln{'nhap cosin dh m');

fori1:=1to st do readin(ml[i]);

writeln{'btd d1'); fori:=1to st do readin(d1[i]);
writein{'btd d27); fori:=1to st do readln(d2(i];
writeIn(’btd d3°); fori:=1to st do readin(d3{i]);
writeln('btd d4'); fori :=1 to st do readln(d4{i]);
wrileln(’btd d5"); fori:=1 to stdo rcadln{(d3[i]);
writeln(’brd d6'); fori ;=1 to stdo readln(d6[i]):
writeln('nhap chieu dai thanh'),;

for 1:=1 to stdo readin(cd[i]);

writeln('nhap modun dan hoi";

fori:=11ostdo readln{e[i]);

writeln('nhap dien tich');

fori:=11o st do readln(dt[i]);

writeln{'nhap mo men guan tinh');
fori:=1 1o st do readln(mqfi]);

wrileln{'nhap thanh fan ngoai luc';

fori:=1 to shtdo
readln (fnfi]):

writeln (‘'nhap so thanh chiu tai trong fan bo deu');
readin (x);

writeln {'nhap so thanh chiu tai trong tap trung');
readln(y);

writeln ('nhap so thanh khong chiu tai trong ";
readln(w);

if(x<>0) then

begin

writeln('nhap so thu tu thanh chiu tai trong fan bo deu');
foriz=1tox do
readIn (a[1]);

writeln('nhap cuong do tai trong fan bo deu';
fori=1tox do
readln (g H{i]):

cnd;

if {y<>O)then

begin

writeln{'nhap so thu tu thanh chiu tai trong tap teung');
fori:=1t0ydo

readin (b{i]);
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writeln('nhap tai trong tap trung’);
fori:=1toydo

readin (p[i});

writeln('nhap at");
fori=1toydo

readIn (ai[i});

writeln('nhap b1');

fori:=1toy do

readln (b1[i]);

end;

if(w<>0) then

begin

writeln('nhap so thu tu thanh Khong chiu tai trong )
fori:=1 to w do

readIn {c[i]);

end;

L]

{(*Lap cac ma tran do cung rieng*):
fori:=1 to st do
begin .
cd3fi]:=sqr(cd[i}y*cdfi];
1f({(cd3[i]<>0) and (cd[i]<>0)) and {sqr{cd[i])<>0}) then
begin
gifil:=12%e[i]*mq[il/cd3]i}; g2[1l:=6%e[i]*mq[i)/sqr(cd[i]);
g3fif:=dt[i)*e(il/cd[i]; gdli]:=e[i}*mq[il/cd(i];
end;
cli]:=g3[il*sqr(l[iD+g 1[i]*sqr{m[i]);
c2(i]:=(g3lil-g LLD*I[)*m{i}; c3[i]:=g3[i]*sqr(m[iD+g ! [i*sqr(1]i]):
cAi]=g2[1]*mf{i}; cS[il:=g2[i]*1[i]; c6(i}:=4*g4li]; c7{i:=2%gd[i]:
end;
tori:=1 to st do

begin
s[AL(i] di[i]]:=s[d I [i],d F[i]]+e 1 [1];
s[d1(1],d2[i]]:=s[d 1 [i],d2{i]]+c2[i];
s[d2[1],d2[i]]-=s[d2[i].d2[i]]+c3[i];
s[d1[],d3[i]]:=s[d 1[i],d3[i]]+c4[i];
s[d2(1],d3[i]]:=s[d2[i],d3[i]]—c5[i]:

s[d3[i],d3[i]]:=s[d3[i],d3[i]]+c6[il:

sl 1[i].d4[i]]:=s[d 1 [i],d4{i)}-c 1 [i];

s[d2[i],d4[i]]:=s[d2[i],d4{i ]]-c2[i:
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s[d3{i],d4[i]}:=s{d3[i],.d4[i]1~c4[i];
s[d4[i].d4(i)]:=s[d4]i].d4[i}+c L [i];
s[AL[i].d50i]]:=s[d 1 [i].d5i]]~c2(i};
s[d2(i],d5[i11:=s[d2[i],d5[i]]-c3[i];
s|d31i},d5[i1}:=s[d3[i],d5[i]]+c5[i];
s[d4[i1,d5[i]]:= s[d4[i],d5[i]]+c2[i];
s[d5[i1,d5[i1]:=s[d5]i].dS[i}]+c3i];
s[d1[i],d6{i1]:=s[d L[i].d6fi]]+c4[i};
s[d2[i1,d6[i]]:=s[d2{i],d6[i]]-cS[i);
s[d3{iL.d6[i)1:=s{d3[i],86[i]]+c7[i];
s[d41i1,d6[i)]:=s[d4[i],d6[i]}-c4i];
s{d5[i],d6{i]]:=s[d5[i],d6[1]]+<Si]:;
s|d6[i],d6[i]]:=s[d6[i],d6li]]+c6[i];

end;
fori:=1to shtdo
for:=itosbtde sc[i,jl:=sli,j};

(*Tinh cac tai trong tap trung o trang thai ngam*);

if(x<>0) then

begin
fori:=1to x do
begin

x1[i]l:=d1[afi]}; x2[i]:=d2{a[1}];
x4[1]:=d4[a[1]]; x5{i]:=d5[a[i]];
lafil:=ql[1}*{cd[a[i]]y*m[a[1]}/2; ma[i]:=ql[i]*sqr(cd[a[i]]}/12;

end;
fori:=1toxdo
begin
fIx 3 [1]]:=fx L[1]}-(la[i])* m[ai]];
fIx2[]]:=1x2{1]]+(tali])*{ali]]; -
fix3[i1]:=f[x3[i]]-mali];
fix4{1]]:=f[x4[i]}-(la[i})*m[afi]l;
tIxS5[]]:=f[x5[1}}+(afil)*|[ali]];
f[x6]i]]:=f[x6[i]]+mali];
end;
end;
if (y<>0) then
begin'
fori:=1toydo
begin

x3[1}:=d3[a[i}];
x6[i]:=d6[a[i]];
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cd3[i]:=sqr{cd[bli]D*cdbli]]; yi[il:=dl[b{i]l: y2[i]:=d2[b[i]}:
y3[i]:=d3[b[i]l; ya[il:=d4[b[ij]: yS[il]:= d5[b[i]};
yolil:=de[b[i1}; mbl{il:=p[i]*al[i]*sqr(bl[i]}/sqr{cd[b[1]]);
mb2[i]:=p[i]*bl[i]*sqr{al[i])/sqr{cd[bli]]};
1f(cd3[i]<>0) then
hegin
IbI{i]:=pli]*sqr(b1 [iD*(cdibfi]]+2*al[1])/cd3]1];
1b2[1):=pli]~Ibl1[1};
end;
end;
fori:=ltoydo
begin
il(sgr(cd[b[1}])<>0) then
begin
fly L] ):=tEy Hil]=(b I *mbli]l;
(ly2[1 =Ty 2 [i]J+Ib L [A])*1{b(i]];
tTy3[i]]1:=fy3[i]]-mbl[i];
[ly4li]}:=tly4(i]]-(b2{i])y*m[bli]];
flySOi:=tly5[1+(b2[1]) *1[bli]];
tly6[i1}:=Ty6{i1]+mb2[i];
end;
end;
end;
fori:=1tosbtdo f[i]:=f[i]+fn[i];

{*Giai he fuong trinh theo fuong fap Gauss*),
ss:=0;
REPEAT
Ssr=ss+l:
for i:=s5+1 to sht do
Begin
1f(s[s5,88]<>0) then
g:=s[ss,1)/s[ss,55];
for j:=1 to sbt do
slijl:= si,ji-s[ss.j1#q; Mil:=fTil-flss]*q;
End
UNTIL(ss=sht —1);
His[sbt,sbt]<>0) then
qq[sbt]:=f[sbt}/s[sbt,sbt];
tor i:=sht —1 downto 1 do
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Begin
r:=0;
for j:= sbt downto i+1 do ri=r+sli,j}*qqll;
it(sfi,1]<>0) then
qalil= dLil-r) shiil;
End:

fori:=1 tostdo
begin

qqilil:=qqldi[ii]; qq2[i}:=qq{d2[}}; qq3[il:=qq[d3{ill:
qqdlik=qgld4[ill;  qg50i:=qqld5[il); qq6lil:==qqldofi]}:

end;
fori:=1tozdo  qq[d[i}]:=0;

(*Tinh mo men o trang thai tu do™);
fori:=!tostdo

begin

it(cd{ij<>0) then

begin

z1[i):=(6*elil*mq[iVsqr(cd[i))*{(qq! [i]-qg4{i*mli}+{qqSlil-

qq2liD¥IN): 22[i]:=(2%e[i}*mqiVed{i])*(2*qq3[il+qq6lil);
23{il:=(2*e(i]*mqil/cdli*(qq3{i+2*qq6 iD);

end;

ml[i]:=z1[i]+z2[1];

m2[i]:=z1[i]+23[];

end;
(*Tinh tong momen*);
if(x<>0) then
begin
fori:=1to x do
begin

m {g[i]:==ml{a[i}]+mal[i];
m2q[i}:=m2[a[i}]]-ma[i};
end;

end;

i{y<>0) then

begin

tor =1 toydo

begin

m1plil:=m1[bli}]+mbl il
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m2pli}:=m2(b[i]]-mb2[i];
end;

end;

(w<>0) then
begin
foru=1towdo
begin
mlw[il:==ml{c[i]];
m2w[il:=m2[cfi]];
end:

cnd;

(*tinh luc cat™);
fori:=1 to st do
begin
cd3[i]:=sgr{cd[iD)*cd[i];
i{(cd3[i}«<>0) and (sqr(cd[i})<>0)) then
begin
gl[il:=12*%e[i]*mq[i)/cd3[i]; g2[i]:=6%c[1]*mq[i]/sqr(cd[i]);
cnd;
uli}:=(qq[d1[i]]~qq[d4[i})*m[i]+(qqfd5[i11-qqld2(i]])*Ifi];
vIi):=g2[i1*(qqld3[i]]+qq[d6[i]]); ie 1 [i]:=g 1 [i]*ufi]-v(i);
Ic2[i]:=-Ic1[i];
end: |
(*tinh tong luc cat*);
1f{x<>0) then
begin
for ;=1 to x do
begin
Hghl=lc1[a[i]]-1a[i]; 12q[i]:=Ic2[a[i]]-1a[i];
end;
end;
1f(y<>0) then
begin
fori:=1toydo
begin
cd3[1]:=sqgr{cd[b[i]])*cd[b[i]];
if (cd3[i}<>0) then
begin
IbL[iJ:=pli]*sqr(bL{i])*(cd[b[i]]+2*al{iD/cd3{i];
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Ib2[i]:=p1}-ell[i];
end;
Iplil:=lct[bli]]-ibI1[i};
2pl[i]:=lc2|bli]]-1b2{i];
cnd; .
cend:
if{w<=(}) then
begin
for ;=1 tow do
begin
Hw{il:=lel[cli]];
12w|i]:=]c2[cli]];
end;
end;

writeln('gia tri chuyen vi'),
fori:=1 o sbt do
writeln{qq[il);

writeln {"gia tri mo men w'y;
if (w<>0) then

begin

fori:=1.to wdo

writelnn (m1[e[i]],m2[cfi]]);
end;

writeln (gla tri mo men x');
it (x<>0) then

begin

fori:=1tox do

writeln (m1q[i],m2q[i]);
end;

writeln ("giatri mo men y');
if {y<>0) then

begin

fori:=ltoydo

writeln {ml1p[i],m2p[i]);
end;

writeln (‘gia tri luc cat w');
if (w<>0) then

begin

fori:=1 towdo
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writelo {1 1w[1],12w][i]);
end;

writeln ('gia tri luc cat x);
it (x<>0) then

begin

fori:={toxdo

writeln (LLg[1].12q]i];
end;

writeln ('gla tr1 luc cat y');
if (y<>0) then

hegin

tori:=l toydo

writeln (U p[i]2p{i]);
end;

readln;

end.,

EEEE EE S £

Program CT25_Tinh_he dam_truc_giao;

uses crt;

Vari,j, k.sn,sbn,st,sbt,tbt,ss,ir,x,y,z, w:integer;
al,bl.p,ql.ediffc,mq,qq,l,m,mlg,m2q,mipm2p,mlzm2zarray|1..10] of real:
cl,e2,c3,c4,e5,c6,c7,c8,c9.ell,c12,21,¢2,03,gd:array[1..10] of real:
cd,cdd.mrmgx,el,ml,m2,t1,12,]a,ma,lbl,1b2,mbl,mb2,71,22:

array[l..10] of real;
d1,d2.d3,d4,d5,d6,a,b,c,d,x1,x2,x3,x4,x5,x6,y1,y2,y3.y4,y5,y6:

array[ 1..10] of integer;

s,sciarray[1..20,1..20] of real; g,rreal;

begin (*Nguot lap trinh:Vo nhu Cau*);
clrser;
writeln('nhap so nut');
readIn(sn);
writeln('nhap so thanh");
readlndst);
writeln{'nhap so bac tu do co chuyen vi');
readln(sbt);
writeln('nhap tong so bac tu do');
rcadIn(tbt);
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writeln{'nhap so bac tu do khong co chuyen vi');
readln{w);

if (w<>0) then

begin

writeln('nhap so thu tu bac tu do khong co chuyen vi');
fori:=!towdo

readln{d[i])

cnd;

writein('nhap cosin dh 1');

fori:=1tostdo readIn(l[i]);

writeln('nhap cosin dh m');

fori:=1tostdo readln(mli]);

writeln ("nhap thu tu bac tu do');

writeln(nhap d1'); fori:=ltostdo rcadln{d![i]}:
writeln('nhap d2"); fori:=1tostdo readIn{d2fi]):
writeln('nhap d3'); fori:=!tostdo readin(d3[i]y:
writeln('nhap d47; fori:=l tostdo readin(d4[i]):
writeln('nhap d5"); fori:=1tostdo readin(d5{i});
writeln('nhap d6"); fori:=1tostdo rcadln(d6[i]y:
writeln('nhap chicu dai thanh");

fori:=1to st do read!n(cd[i]};

writeln('nhap modun dan hot");

fori:=1 to st do readln{e[i]);

writeln('nhap dien tich’);

for i:=1! to st do readin{di[i});

writeln{'nhap mo men quan tinh');

tori:=1to st do readln{mg[i]);

write!n('nhap mo men quan tinh xoun');

fori:=1 tostdo readin(mqx[i]);

writeln{'nhap mo dun truot");

for ;=1 to st do readln{mt{i]);

writeln ('nhap so thanh chiu tai trong fan bo deu');
readln (x);

writeln ('nhap so thanh chiu tai trong tap trung');
readln(y);

writeln ('nhap so thanh khong chiu tai trong ');
readln(zy;

if(x<>0) then

begin

writeln('nhap so thu tu thanh chiv tai trong {in bo deu');
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fori:=1tox do
readln (a[i]);
writeln('nhap cuong do tai trong fan bo deu'");
fori:=1to x do
readln (q![i]);
end,;
if {(y<>Mthen
begin
writeln('nhap so thu tu thanh chiu taj trong tap trung');
foriz=1toydo
readln (b{i]);
writeln('nhap tai trong tap trung');
fori:=1toydo
readln (p[i]);
writeln{'nhap al");
fori:=1toy do
readln (alfi));
writeln('nhap b1");
fori:=1toydo
readln (bI[i]);
end;
if(z<>0) then
begin
writeln(‘nhap so thu tu thanh khong chiu tai trong ');
fori:=ltozdo
readln (c[i]);
end;

(*tinh cac tai trong tap trung o trang thai ngam*);
if(x<>0) then
begin
fori:=1to x do
begin
xHil:=d1[a[i]]; x2[i]:=d2[afi]]; x3[i]:=d3[afi]];
x4[1):=d4[al[i]]; xS[i]:=d5fa[i]]; x6[i]:=dé[a[i]];
lafi]:=(abs(q1 [1]))*cd[a[i])/2;
ma(i]:=q]l [i]*sqr(cd[a[i]])/12;
end;
fori:=1 to x do
begin



flx L[i]]:=tTx 1[i]]-la[i];
[{x2[1]]:=t[x2{i]]-(mali])*abs(m[a[i]]);
f1x3[1]):=t[x3[i]I-(mal[i])*abs(l[a[i]});
fx4[i}]:=f[x4[i]]-1a[i];
([x5[1]}:=f[x5[i}]+{(mal[i])*abs(m[a[i]]);
f(x6[13):=t[x6{i]]+(ma[i])*abs(l{a[i]]);
end;
end;
if (y<>0) then
begin -
fori:=ltoydo
begin
yllil:=di[bli]}; y2[i}:=d2{bfi]];  y3[i]:=d3[bfi]];
y4lil:=d4[b[i]]; - y5(1]:=d5[bli]]l:  y6[i}:=d6[b[i]];
cd3[1]:=sqr{cd[bli]])*cd[b[i]];
mbl[i):=p[i]*al[i]*sqr(b1[i])/sqr{cd[b[i]]);
mb2[i]:= p[i]*b1[i]*sqr(ai{i]}/sqr(cd[b[i]]);
1f(cd3[1]<>0) then Ib1[i]:=(abs(p[i]})*sqr(b 1 [i])*(cd[b[i] ]+
2Fal[1D/ed3[i];
Ib2[i]:=(abs(p[i])-ib1[i]);
end;
fori:=ltoydo
begin
if(sqr('cd[b[i]])<>0) then
begin
fly Li]:=fTy L{i]]-Ib L [i];
fly2[1]]:=tTy2[i]]-(mb L [i})*abs(m[b[i]]};
{Ty3[1}:=fTy3[1]]-(mb1[i]y*abs([b[i]]);
tly4[]:=ty4[i]]-1b2[i];
flyS[i]]:=tly S[i]]+(mb2[i])*abs(m[bfil});
fly6iH:=fTy6[i]]+(mb2{i]y*abs(l[b[i]]);
end;
end:
end;
for i:=1 to sbt do fc[i]:=f[il;

(*Lap cac ma tran do cung rieng *);
fori:=1tostdo
begin

cd3[i]:=sqr(cd[i])*cd[i];
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1{((cd3[i)<>() and (cd[i]<>0)) and (sqricd[i])<>0)) then
begin
gilil=e[i[*mq[i}/cd[i]; g2[il:=e(i]*mq[i)/sqr{cd[i]);
a3fil=eli]*mqlil/cd3[i]: ed[i]:=mtfiT*max[iledli];
cnd;
clfi]:=12%a30i]; c2[i]:=0*g2{i]*ml[i]; c3]i}:=6*g2[i}¥1]i);
calif:=4* g [[iT*sqgr(im{i]+a4[i}*sqr([i]); cS[if:={d*g L [i)—gd[iD*[iT*m[i]:
cOlif:=2*g 1[iT*sqr(m[i]}+g4[1]*sqr(i[i]); cTH]:=2* g1 i)+g4[i])*1[i]*m[i]:
ei[i]:=4*¢l [iTFsqr([i])+g4[iT*sqr{m[i}); cOlil:=2*g I [i]*sqr(1]i])~
adfi]*sqrim[i]);
end;
toriz=!to st do
begin
sfdii),dI[1]):=s[d i), d I [i]]+c L[i];
sfd HiLd2[i]):=s1d H1),d2[i]1+c2[i];
s{d2[1}.d2[i]]:=s{d2{i],d2{i]]+c4[i];
sld1fi],d31i]]:=s{d1]i],d3[i}}—c3[i];
s{d2[1],d3[i]):=s[d2[1],d3[i]]—¢5}i];
s(d3[i}.d3[i]]:= s{d3[i],d3[i]1+c8{i}:
s[dIz],d4(i]]:=s[d1[i],d4[i]]-c L [i];
s[d2[i].d4[i[1:=s[d2[i],d4[i]]-c2[i];
s[d3[i].d4[i]]:=s[d3[i],d4[i]]+c3[i];
s[d4[i],d4[i]]:=s[d4[i},d4[i]]+c L[i];
s[difil.dS[i]]:=s[d [[i],d5{i]]4+c2[i];
s{d2[1],d5[i]):=s{d2{i1.d5[1]1+c6[i];
s[A3[2],d5[i]):=s{d3{i].d5[i1]-c7HiL;
sld4(1].d5{1]}=s[d4[i],d5[1]}-c2[i];
s[d5(1].d5{i}):=s[d5[1],d5[1]]+c4li];
s[d1[il.d6{i]}:=s[d1{i],d6[i]}-c3{i];
s[d2[i],d6l1j}:=s[d2[1],d6[1]|-c7[i]:
s[d3[1].d6[i]]:=s[d3[i],d6[i]]+c9[i];
s[d4[i].d6[:]]:=s[d4]i],d6[1]1+c3[i];
s[d5[1].d6[1]]:=s[d5[i],d6[i]]-c5[i];
s[d6[i],d6[i]]:=s[d6[i],d6[i]]+c8[i];
end;
fori:=1 to sbt do
forj:=ttosbido sc[ijl:=s[i,j]:

(*Gial he fuony frinh theo fuong fap Gauss*):

sy:=(;



REPEAT
ssi=s8+1;
for i:= ss+1 to sbt do
Begin
tf(s[ss,88]<=0) then
q:=s[ss,1)/5[58,85]:
tor j:=1to sbt do
sligli=slig]=s[ss,j1*q: fli1:={{i]-f[ss]*q:
End
UNTIL(ss= sbt —1};
(s]sbt.sbt]<>0) then
qqlsbt]:=1{sbt]/s[sbt,sbt];
for u=sbht -1 downto | do
Begin
r:=0);
for ;= sbt downto i+1 do ri=r+s[i,j]*qq(j}:
il(s]1,1]<>0} then
qqfil:= (i) s[iil;
End;
fori:=1 to w do
qqidii]]:=0;

(*Tinh mo men uon®);

for ;=1 to st do
begin

e Hil:=6*(qqld4{i)~qqld 1 [il]edi];
zif:=(eli}*mq[iled[i])*((4*qq[d3[i]1+2*qq[d6 (i1 ) *I[i]~(4*qqld2{i})+
2#gqldshilD*miily;

22i]:= (e[i}*mq[i Ved(i] *((2*qqld3[iT1+4*qqld6 i Ty I [i}-(2* qqld21i]]
+4qq[dSLl*m(i]);

end;

fori:=1to st do

begin

ml[i]:=z1[i]-el[i];

m2[i]:=22[i]-ecl[1];

end;

(*Tinh tong momen*);
if(x<>0) then

begin
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fori,=1tox do
begin .
mlqg[il:=ml(a[1]J+malil;
m2q[il:=m2[a[i]]-mal[i];
end;
end;
if{y<>0) then
begin
fori:=1toydo
begin
mlp(i]l:=m!i[b[i}]4+mbl]i];
m2pliJ:=m2[b[i]]-mb2][i];
cnd;
end;
if(z<>0) then
begin
fori:z=1to zdo
begin
mlz(i]l:=m]l[c[i]];
m2zfi]:=m2[c[1]];
end;
end;

(*tinh momen xoan*);

fori:=1tostdo

begin .
t[i]:=(mt[i]*mqx[1}ed{i])*((qqld5[i]]-qq[d2(i]})*1[i]+(qq[d6[i]}
~qq(d3[i])*m[i]);  t2[il:=—t1[i};

end;

writeln('gia tri chuyen vi');

fori:=1tosbtdo

writeln{qq[i]);

writeln ("gia tri mo men mz');

if (z<>0) then

begin

fori:=1t0zdo

writeln (m1{c[1]].m2[c[i]]};

end;

writeln ('gia tri mo men mq');
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if (x<=0) then

begin |

fori:=1toxdo

writeln (m1qfil.m2q[i]);
end;

writeln ("gia tri mo men myp');
if (y<>0) then

begin

fori:=ltoydo

writeln (m1p[i],m2pli]);
end;

writeln ('gia trl mo men tx');
fori:=ltostdo

writeln (1[i],£2[1]);

readln; :

end.,

LR R 2 E T ET TP

Program CT26_Tinh_dam_lien_tuc_tren_goi_tua_dan_hoi:

uses crt;

Vari,j, k,sn,st,sbt,ss,rr,x,y,z,w,v:integer;
al,blp,ql.effc,mg,qq.l.mml,m2,cd,cd3 dt:array[1..10] of real:
cl,e2,c3.c4.lc 1,102,mlx,m2x,mly,m2y,m1z,m2z,1lx,l2x,lly,l2y,l 1z 127
array[1..10] of real;

mbl,mb2,ma,la,lbl,1b2,z1 hc:array[1..10] of real;
nl.n2,ab,c.d,dd,el,d1,d2,d3,d4,x] X2,x3,x4,y1,y2,y3,y4:
array[1..10]of integer;

s.sc:array|1..20,1..20] of real; q,r:real;

begin clrser;

(*Nguoi lap trinh: Vo nhu Cau*);

writeln('nhap so nut');

readln{sn);

writeln('nhap so thanh');

readin(st);

writeln('nhap so bac tu do co chuyen vi);
readln(sbt);

writeln{'nhap so bac tu do khong co chuyen vi');
readln{w);
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writeln(’'nhap so thu tu bac tu do khong co chuyen vi')
for 1:=1 to w do readin(d[i]}:;

writeln{'nhap so goi tua dan hoi'):

readln(v);

writeln{'nhap so thu tu bac tu do co goi tua dan hoi');
fori:=] to v doreadln(ei[i]);

writeln('nhap he so do cung’);

for i:=1 to v do readIn(he[i]);

writeln('nhap chieu dai thanh’);

fori:=ltostdo readln(cd[i]);

writeln('nhap cosin dinh huong 1),
fori:=ltostdo readln(l[i});

writeln ('nhap so thanh chiu tai trong fan bo deu');
readln (x);

writeln {'nhap so thanh chiu tai trong tap trung');
readln(y);

writeln ('nhap so thanh khong chiu tai trong ");
readin(z);

if{x<>0) then

begin

writeln('nbap so thu tu thanh chiu tai trong fan bo deu'):
foriz=11toxdo

readln (afi]);

writcIn('nhap cuong do tai trong fan bo deu');
fori:=1tox do

readln (gl [i]);

end;

i (y<>0)then

begin

writeIn{'nhap so thu tu thanh chiu tai trong tap trung')
fort=1ltoydo readln (b[i]);

writeln{’nhap tai trong tap trung"y;

fori:= 1 toy do readln (p[i]);

writc]n('lﬂlaip al'y,

fori=1]toydo readln (al[i]);

writeln{'nhap b1');

~ fori=1toydoreadn (bI[i]);

end;
if (z<>Othen
begin



writeIn('nhap so thu tu thanh khong chiu tai trong '),

tori:=1 10z do

readInie[iD:

end;

writcin{'nhap mo dun dan hoi'); fori:=1 to st do readln(e[il};
writeln{'nhap mo men quan tinh'); fori:=1 to st do readln(mq/i]»
wrileln('nhap BTD d1%); fori;=1 to st do readin(d 1[i]);
writeln('nhap BTD d2 '); for i:=1 to st do readln{d2[i]);
writeln('nhap BTD d3"); fori:=1 to st do readIn{d3|i]);
writeln("nhap BTD d4'); fori:=1 to st do readIn(d4[i1);

(*Ghep cac MTDC rieng vao MTDC tong the*);
fori:=1to st do
bcgin
cd31]:=sqr(cd[i})*ed{i];
H{{(cd3i ]<>0)and(sq1(cd[11)<>0))and{cd[1]<>0)) then
begin
cHil=12%e[i]*mq[il/cd3ii]; c2[il:=—6*¢[1]*mq{i}/sqr(cd{i]);
c3lif:=4*c(1]*mq[il/cd(i]; c4[i]:=2%e{i]*mq(il/cd[i];
end;
end;
fori:=1tostdo
begin
stdli] di]}:=s[d1[i].d1[i]]+c1[i];
s[d1[1],d2[1}]:=s{d 1 [i],d2[i]]+<c2[1];
s[d2[i].d2[i]]:=s[d2[1},d2[1]1+c3{1];
s|d1[1].d30]]:=s]d1[1],d3[1}]-c1[i);
s1d2[1],d3[i]}:=s[d2[3].d3[1]]-<c2[i]:
s{d3[1),d3[i]]:=s[d30),d3 1] ]+ i(1];
s[d1[i),d4{i]l:=s[d1[1],d4{1}]+c2[i];
s[d2[i],d4[i):=s[d2[i].d4][i]]+c4[i];

sld3i].d4|i]]:=sjd3{1],d4[i]]-c2[i];
s(d4[i].d4(i]]:=s[d4[1].d4[i]}+c 3],
end;

fori:=1tovdo s[el[ij.el[i]l:=s{el[i],el[i]]+hc[1];
fori:=1 to sbtdo
for :=1tosbtdo sclijl:=s[i,i};

(*Xac dinh cac thanh ptiin tai trong tap trung o trang thal ngam™);

if (x<>Mthen
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begin
fori=1to x do

begin
lai):i=ql[i]*cd[a[i]}/2; mafi]:=(ql [1}*sqr(cd[afi]]}12)*a[i]];
xI[i]:=d1[afi]}; x2[i}:=d2[a[i]]; x3[i]:=d3[a[i]];

x4[i]:=d4[a[i]];

fIx1[A]]:=fx I [i]]Ha[i);

f[x2[i]]:=fx2[i]]-mal[i];

tIx3[1]:={[x3[i]]+]a[i];

fIx40]} = x4[i]}+mali];

end; '

end;

if (y<>0) then

hegin

fori:=1toydo

begin
cd3[i]:=sqr(cd[b[i}])*cd[b[i]]; if(cd3[i]<>0) then
IbI[il:=p[i}*sqr(bi{i]y*(cd[b(i]1+2*al [i])/cd3{i}; Ib2(i]:=p[i}-1b1[i];
mb1{1}:=(p[i]*al[1}*sqr(b 1 [i]/sqr(ed[bLID)*L[bi]];
mb2[i]:=(p[i]*b1[i]*sqr(al[i])/sqr(cd[b[i]]))*I[b[i]];
y HiJ:=d 1[b[1]]; y2[1]:=d2[b[i]]; y3{il:=d3{b[i]];
y4{i]:=d4[b[i]];
if (cd3[i]<>0) then
fly Hil]:=fly Hi])+IbL{i];
fly2[i}}:=f[y2[i]}-mb1[i];
fly3[]]:=fTy3[i]}+1b2fi];
fly4[1]]:=fy4[i]]+mb2{i];

cnd;

end;

fori:=1 to sbtdo fc[i]:=f{i];

{(*Giai he fuong trinh bang fuong fap Gauss*),
ss:=0; -
REPEAT
881=88+1;
for i:= ss+1 to sbt do
Begin
it(s[ss,85]<>0) then
q:=s{ss,1]/s{ss,ss];
for j:=1 to sbt do
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sigl:=s[i.j]-s[ss,j1*q; f{1):=fTi]-f[ss]*q;
End
UNTIL{ss=sbt ~1);
H{s{sbt,sht]<>0) then
qqlsbt]:=f[sbt)/s[sbt,sbt];
for z=sht —1 downto | do
Begin
r =0
tor j:= sbt downto i+1 do r:=r+s[i,j]*qq[j]:
1f(s[i,i]<>0) then
qqi]:= (f[i]-r)/ s[i,il;
End;
foriz=ltowdo  qg[d[i]):=0;

(*Tinh mo men*);
fori:=1 to st do
begin
if {3qr(cd[i])<>0) then
zl[i]:=(6*eli]*mq[i]/sqr(cd[i]))*(qq[d3[il]-qq[d 1 [i]]};
if{cd{i]<>0) then
m 1 [i]:=z1[1]+(e[i]*mq[i}/cd[i])*(4*qqfd2[i]]+2*qq[d4[i]]);
m2[i]:=z1[i]+(e[i]*mqfil/cd[i])*(2*qq[d2{i]]+4*qq[d4[i]]);
end;
(*tinh tong mo men*);
if (x<>0) then
begin
fori:=1tox do
begin
mIxfi]:=mlfa[i]]+mali];
m2x{i]:=m2(ali]]-ma[i];
end;
end;
if (y<>0) then
begin
fori:=1 toydo
begin
mly[il:=ml1[b{i]]+mbl[i];
m2y[1}:=m2[b[i]]-mb2[i];
end;
end;
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it{z<>0) then

hegin

lori:=1tozdo

begin

mlzfil:==mlc[i]l; m2z[il:=m2[c[i]];
end:

end;

(*Tinh luc cat*);
fori:={tostdo
begin
cd3[i]:=sqr(ed[iD*ed[i]; if ((cd3[i]<>0) and (sqr(cd{i}}<>0)) then
begin
le11]:=(12%efi}*mq(i}/cd3[i})*(qqld 1 [i]]-qqld3[i]])
—(6*e[1]*mq[iVsqr(cdlil)*(qqd2[i])+qqld4{il}); Ie2[i]:=lc1[i];
end;
end:
(*tinh tong luc cat®);
i (x<>(0) then
begin
lori:={toxdo
begin
la[i]:=qHi]*cd[a[i]}/2;
Hxih=lci(ali)}-lafi];;
12x[1]:=lc2[ali]]-1a[i]:
end;
end;
if (y<>0) then
begin
fori:=1toydo
begin
Ily[il:=1cl{bli]]-lbl]i];
12y[i]:= 1c2[b[i]])~Ib2]i];
end;
cnd;
1f(z<>0) then
begin
forii=1tozdo
begin
Izfi]:=lcl[cfi]};  12z[i]:=kc2[c[i]};
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end:

end;

writeIn('gia tri chuyen vi la');

[ori:=1to sbt do
writeln{gql[i}):
writeIn(’gia tri mo men x'};
if{ x<=>0) then

begin

fori:=1tox do

writeln (mlx[i],m2x[ij);
cnd;

writeln('gia tri mo men y");
if(y<>0) then

begin

fori:=ltoydo

writeln (m1ly[i],m2y[i]);
end:

writeln{'gia tri mo men z');
if(z<>0) then

hegin

fori=1tozdo

writcln (mlz[i],m2z[i]);
cnd:

writeln('gia tri luc cat x");
1{x<>0) then

begin

fori:=1to x do

writeln (11 x[i],12x[i]);
end;

writeln('gia tri lue cat y';
if(y<>0) then

begin

for:=1toydo

writeln (! Ly[i],12y[1});
end;

writeln{'gia tri luc cat z');
1f{z<>0) then

begin

fori:=1toz do
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writeln (112{1},12z[i});
end,

readln;

end.

e s oo ok ok ok oK oK o o o e ok ok ok

Program CT27_Tinh_gian_phang_chiu_tac_dung_cua_nhict_do;
uses crt;

Var1,j, k,sn,st,sbt,tbt,ss,rr:integer;
e,a,cd,b,c,d,f,fe.qq,fl,ff,1d,l,m,eal:array[1..10] of real;
dl,d2,d3,d4:array[1..10]of integer;

s,s¢,s1,ke:array(1..20,1,.20] of real; q,r,hg,t:real;

begin (*Nguoi lap trinh: Vo nhu Cau*);

clrscr;

writeln('nhap so nut');

readln(sn);

writeln('nhap so thanh");

readln(st);

writeln ('nhap so BTD co chuyen vi');

readln (sbt);

writeln('nhap so thu tu bac tu do '),

writeln{'nbap d1'); for i:=1 to st do readln(d1[i]);
writeln('nhap d2'); fori:=1 to st do readln(d2[i]);
writeln('nhap d3"); fori:=1to st do readln(d3[i]);
writeln('nhap d4'); foriz=1tostdo readln(d4[i});
writeln('nhap cosin dh I'); for i:=1 to st do readIn(l{i]);
writeln('nhap cosin dh m'"); for i:=1 to st do readln(m[i]):
writeln('nhap mo dun dan hoi E'); for i:=1 to st do readln(e[i]);
writeln(‘nhap dien tich tiet dien"); for i:=1 to st do readin(a[i});
writeln('nhap he so gian no'); readin(hg);

writein('nhap nhiet do'); readln(t);

(*Tinh cac thanh fan tai trong o trang thai ngam do nhiet do*);
tori:=1tostdo

begin

ftli]:=—afi}*e[i]*hg*t; fe[d Hil}:=fe[d1[1]]+fITa]*1[i);
fe[d2[i]]:=fe[d2[z]]+fil*m[i]; fe[d3[i]]:= fe[d3[i]]-f1Ti]*1[i];
fe[d4{i]l:=fe[d4[i]}-ftTi]*m[i];



end;
for i:=i to sbt do fi}:=feli]:

(*Lap cac matran do cung rieng*);
fori:=1tostdo
begin

blil:=sgr(t[i)*e[i}*a[i}/cd[i]; c[i):=1[i]1*m[i}*e[i]*a[il/cd[i};

dli}:=sqr{im[i)*e[i}*ali]/cd][i];

end;

fori:=1tostdo

begin

ke[d1[i],d1[1]]:=ke[d I [i],d 1[i]]+b][i];

kefdI[if.d2[i]]:=ke[d 1 [i],d2[i]]+c[i];

ke[d2{i},d2{i]]:=ke[d2[1],d2[i]]+d[i];

ke[d1[i],d3[i]]:=ke[d 1[i],d3[i]]-b]il;
ke[d2[i],d3[i]]:=ke[d2[i],d3[i]]-c[i];
ke[d3[i],d3[i]]:=ke[d3[i],d3[i]}+b][i];
ke{d1fi],d4[i]):=ke[d1{i}.d4[i]]—<[i];

ke[d2[i],d4[i]]:=ke[d2[i],d4[i]}-d[i]);

ke{d3[1),d4(i]]:=ke[d3[i],d4[i}]+c[i];

keld4[i],d4[i]]:=ke[d4[i],d4[i1]+d[i];

end;

(*Lap matran do cung tong the*);
for 1:=1 to tht do

for j:=i to tbt do s[1,j]:=ke[i,j];
for i:=1 to tbt do

forj:=1"toi~1 do s[i,j]:=s{j.1];

(*Chia khoi ma tran*};
fori:=1 tosbtdo

for j:=1 to sbt do
scli,jl:=s[i}];

(*Gial he fuong trinh theo fuong fap Gauss*);
s8:=0;
REPEAT
s8:=88+1;
for i:=ss+1 to sbt do
Begin
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it{sclss,55]<>0) then
q:=sc[ss,1]/sc[ss,s8];
for j:=1 10 sbt do
scli,jl:=sclijl=-sc[ssg]*q; flik=tTi1-fTss]*q;
End
UNTIL(ss=sbt —1);
if(sc[sbt,sbt]<=>0) then
qqfsbt]:=f]sbt}/sc[sbt,sbt];
for i:=sht =1 downto | do
Begin
r:=0;
tor ji=sbt downto 1+ do ri=r+sc[i,j]*qqlj];
1f(sel1,ij<>0) then
qqi}:= (1) scliil;
End;

(*Tinh fan luc™*)y;
rr=sbt+1;
for j:=1 1o sbt do
fori:=rrtotbtdo srfijl:=s[ij};
lfor i:=r11 (0 tht do
begin
fi[1}:=0: for k:=1 to sbt do f{1[i]:= fi[i}4sr[1,k]*qqik];
end; :

(*Tinh luc doc™*);

fori:=! tost do
ld[i}:=(e[i]*alil/cd[i])*1[i]*(qq[d3[i]]-qq[d 1 {il])
+m[i]*(qq(d4[il]-qq[d2[i]]);

writeln {'gia tri chuyen vi la);
fori:=1 to sbt do
writeln(qq[i]};

writeln ('gia tri luc doc’);
fori:=1tostdo
writetn(1dfi]);

writeln (‘gia tri fan luc');
fori:=rriotbt do

for j:=1to sbhtdo



writeln(f1{i});
readln;
end,

He s e ok ok o ol o s ok ok ofe ok okt o skl ok ok

Program CT28_Tinh_gian_phang_che_tao_khon g_chinh_xac;
uses crt;

Var 1], k,sn,st,sbt,tbt,ss,ir,x:integer;

¢,a,cd,b,¢.d,f te,qq.f1,ff,1d,l,m,det,t:array[1..10] of real;
g,d1,d2,d3 d4:array[ .. 10)of integer;
s,8¢,80,kearray[1..20,1..20] of real; q,r,hg:real;

begin (*Nguoi lap trinh: Vo nhu Cau*);

clrscr;

writeln{'nhap so nut',

readin(sn);

writeln('nhap so thanh'};

readln(st);

writeln ('nhap so BTD co chuyen vi');

readin (sbt);

writeln{'nhap so thu tu bac tu do ');

writeln('nhap d1'); for i:=1 to st do readln(d 1 [i});
writeln('nhap d2"); fori:=1to st do readln(d2[i]);
writeln('nhap d37); fori:=1to st do readln(d3[i]);
writcin('nhap d4); fori:=1to st do readln(d4[i]);
writeln('nhap cosin dh {'); for i:=1 to st do readln(i(i]):
writeln('nhap cosin dh m*); for i:=1 to st do readIn{m[i]);
writeln{'nhap mo dun dan hoi E'); for i:=1 to st do readln(e[i]):
writeln('nhap dien tich tiet dien'); for i:=1 to st do readln{ali D
writeln{'nhap he so gian no'); readln(hg);

writeln('nhap so thanh che tao khong chinh xac'); readn(x);
writeln('nhap so thu tu thanh che tao khong chinh xac");

for i:=1 to x do readln(g[i));

writeln('nhap do dai doi ra hoac do ngan hut);

for i:=1to x do readIn(det[i});

(*Tinh cac thanh fan tai trong do che tao khong chinh xac*):
foriiz=1tox do
begin
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til:=detlil/(hg*cd|glill); fili):=—e[g[i]]*alg[i]]*hg*¢[i]:
fe{d 1 glilTl:=fe[d ) [gli]])+Ei1*1(gfi];
fe(d2[efilH:=feld2[g[i]]]+{Ti}*m[g[i]]:
te[d3[g[1]]]-=tc[d3[g(i]]]-ftTi}*1igli]];
(e{d4[gfi]]-=te[d4[g[i]]]-ftTi}*m[g[i]];

end;

lorz=1tosbtdo  f[i]:=fe[i];

(*Lap cac matran do cung rieng*),
for =1 to st do

begin

blil=sqrd[iD*e(i]*alilfed(i]; clil:=l{i}*ml[i]*e[i]*a[i}/cd[1];
dli):=sqr{m[i])*eli]*a[i)/cd[i];

end;

fori:=1 lostdo

begin
ke[dl[i],d'l[i]]:=ke[d1[i],dl[i]]+b[i];
ke[d1[i],d2[i]]:=ke[d 1 [i],d2{i}}+c[1];
kefd2[i],d2[i]]:=ke[d2[i],d2[i]]+d[i];
kefdH[i].d3[i]]:=ke[d1[i],d3[i]]-b[i];
ke[d2}1],d3[i]]:= ke[d2[i],d3[i]]—c[ik
ke[d3{i},d3[i]]:= ke[d3[i],d3[i]]+b[i];
ke[d1[1],d4[i]]:=ke[d 1 [1],d4[i]]-c[i};
ke[d2[i].d4[i]}:=ke[d2[i],d4[i]]~d[i];
ke[d3[i].d4[i]]:=ke[d3[i],d4[i]]+c[i];
ke[d4[1],d4[i]}:=kefd4[i],d4[i]]+d[i];
cnd;

(*Lap ma'tran do cung tong the*);
tht:=2*sn;

fori:=1 to tbt do

forj:=itotbtdo s[i,jl:=ke[i,j];
fori:=1to tht do
forj:=1toi-l1do  s[i,j]:=s[j.i];

(*Chia khoi ma tran*);
fori:=1 to sbt do

for j:=1 to sbt do
sclijli=s[1,4];



(*Giar he fuong trinh theo fuong fap Gauss*);
ss:=0;
REPEAT
$81=55+];
fori:=ss+1 1o sbt do
Begin
if(sclss,s8]<>0) then
q:isc[ss,i]fsc[ss,ss];
- for ):=1 to sbt do
scli,j]:= scli,j]-sc[ss,j]*q; flil:=f{i]-f[ss]*q;
End
UNTIL(ss= sht —1);
if(sc[sbt,sbt]<>0) then
qq[sbt]:=t]sbt]/sc[sbt,sbt]:
for i:= sbt =1 downto 1 do
Begin
r=0;
for j:= sbt downto i+1 do r:=r+sc[i,j|*qq[3);
il(sc[1,i]<>0) then
qqlil:= (li]-r) sc[i.i];
End;

(*Tinh fun luc*);

rr=sbi+1;

forj:=1 to sbt do
forii=rrtotbtdo  sr(ijl:=s{i,jl;
fori=rrto (btdo

bcgin

fI[i]:=0; fork:=1to sbt do fl[i]:= fIfa]+selik]*qq[kT;
end;

(*Tinh luc doc*);

fori:=1 to st do
idfil:=(eli}*ali)l/cd[i)*1[i1*(qqld3[i]]-qqid L[i]})
+mf{i)*{qq[d4{i]]-gq[d2[i]]);

writeln ('gia tri chuyen vi la'),
for i:=1 to sbtdo
writeln(qqfi])

writeln ('gia tri luc doc');
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fori:=] tostdo
writeln(ld{i]);

writeln ('gia tri fan luc');
tfor iz=rr to tht do

for j:=1 to sbt do
writeln({1[1]};

readln;

end.

EE R R

Program CT29_Tinh_khung_khong_co_chuyen_vi_ngang_theo_{f_(Toi_momen;
Uses crt;
Type
Mang! = array[!.. 20,1.. 20 ] of real; mang2=array{1..20]of real;
mang3=array[1..20] of integer;
Var
B,D.mx:mangl ; C,mmx,mm,mn:mang2; nl,n2:mang3;
i,J.k,n,p,sn,st,st0,5td: integer;
Procedure nhap (var P:mang1; n:integer; X, Y:integer);
Var i,j:integer;
Begin
Fori=ltondo
For j:=1tondo
Begin
gotoxy(X+8*(j—1),Y+(i—1});
Readin (P[1,)]);
End;
End;

begin (*Nguoi lap trinh: Vo nhu Cau*);
Clrscr;
writcln{'nhap tong so thanh');
readin{sty; -
writeln('nhap so tiet dien de tinh momen *};
readin(std);
writeln('nhap so thanh khong co goi tua'y;
readln(sto);
writeln('nhap mo men ngam’);
fori:=1tostd do
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readln{mn[i]);

writeln('nhap so thu tu tiet dien thanh khong co goi tua');
writeln('nhap nl"); fori:=1to sto do readin(n1[i]);
writcIn('nhap n2"); fori:=1 to sto do readin(n2[i}};
writeln('nhap so thu tu tiet dien thanh co goi ta');
writeln('nhap nl1"); for i:=sto+1 to st do readln(nl[i]);
writeln('nhap n2"); fori:=sto+1 to st do readln{n2[i]);
writeln('nhap cap ma tran vuong');

readln(n);

writeln('nhap fan tu ma tran B');

Nhap (b,n,whereX, whereY);

writein('nhap so hang tu do'),

fori:=1tostddo

read!n (C[1]):

wrileln('so thu tu vong dau tien");

readla(k);

writeln ('gia tri momen xoay ban dau');

fori:=1 to std do

readln(mx[i,k]);

(*Qua trinh tinh lap de xac dinh gia tri momen xoay*);
REPEAT k:=0;
ki=k+1;
fori:=1tostd do
begin
D{i,k]:=0; for p:=I to std do
Di1 k] :==D[1,k]+B[i,pl*mx[p,k];
end;
for i:=1 to std do
mx[1,k+1]:=D[i,k]+C[i]:
UNTIL(abs{mx[std,k+1]-mx[std,k]) <0.0001); '
for i:=1 to std do
mmx[i]:=mx[i,k+1];

(*Tinh gia tri mo men cuoi cung o dau thanh*);

for 1:=1 to sto do

begin
mm[nl[il=mmx[nl{i]]+0.5*mmx[n2[i]]+mni{n1[i]];
mm[n2fi}]:==mmx[n2[i]]+0.5*mmx[n1[i]]+mn[n2[i}];

end;
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n:=sto+1;

fori:=ntostdo

begin
mm[ni[i]]:=mmx[nl[i]]+mn{nl[i]];
mm[n2[i]]:=0.5*mmx[n1[i]]+mn[n2[i]];
end;

writeIn('gia tri mo men cuoi cung la');
lori:=itostodo
begin
writeln{mm[nl[i]]);
writeln{mm[n2[ij]);
end;
fori:=ntostdo
begin
writeln(mm[nl[i]]);
writeln(mm[a2[i]]):
end;

readin;

cnd.

3l Az sk o o o sk ot o sk oy o b she st e ok st ofe ok

Program CT30_Tinh_khun g_co_chuyen_vi_ngang_theo_[f_fan_[oi_momen:
Uses crt;
Type
Mangl =array[1.. 20,1.. 20 ] of real; mang2=array[ |..20]of real:
mang3= array[1..20] of integer;
Var
B,D,d1,d2,d3,E,;mx,mc:mang] ; C.F.mmx,mmc,mm,mn:mang2: nl,n2:mang3:
i.j.k.1m,0,p.sn.ststo,std,sd se,sco,50n,q,8, ], rrinteger;
Procedure nhap (var Pimangl; m,n:integer; X, Y:integer)
Var 1jinteger,
Begin

L]

Fori:=1 tomdo
For j:=1 tondo
Begin
gotoxy (X+8*(j~1),Y+(i-1));
Readln (P{i,j]);
End;
End;



begin (*Nguoi lap trinh: Vo nhu Cau™®);

Clrser:

writeIn('nhap tong so thanh');

readln(st);

writeln('nhap so tiet dien de tinh momen ');
readIn(stdy;

writeln('nhap so thanh khong co goi tua');
readIn(sto);

writeln('nhap mo men ngam');

fori:=1 to std do

rcadln(mnfil);

writeln{'nbap so thu tu tiet dien thanh khong co goi ta’);
writeln{'nhap n1"; fori:=} to stodo readln{ni[i]);
writeln('nhap n2"; fori:=1 to sto do readla(n2[i]);
wriicln('nhap so thu tu tiet dicn thanh co goi ta');
writeln('nhap n1"); fori:=sto+1 to st do readln{nl[i]);
writeln(‘nhap n2'); fori:=sto+1 to st do readln{n2li]);
writeln{’nhap cap ma tran vuong');

readln(n);

wrlicln{'nhap fan tu ma tran B);

Nhap (b,n,n,whereX, whereY);

writeln('nhap so hang tu do');

fori:=1 to std do

rcadln (C[1]);

writcln('nhap so hang ma tran’;

readln(m);

writeln("nhap so cot ma tran’);

recadin(n);

writeln('nhap cac fan t ma tran D');

Nhap (d,m,n,where¥X, whereY);

writeln('nhap so hang ma tran’;

readln(m);

wrniteln('nhap so cot ma tran');

readln(n);

writeln{"nhap cac fan tu ma tran E");

Nhap (c,m,n,whereX, whereY);

writeln('nhap so hang ma tran F");

readln(m);

fori:=] tomdo

readln({Ti]);
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writeln('so thu tu vong dau tien');

readIn(k):

writeln {'gia tri momen xoay ban dau’);
fori:=] to std do

readln(mx[ik]);

writeln{'so thu tu vong dau tien');

readln(k);

writeln ('gia tri momen chuyen vi ban dau');
lori:=sd+I to st do

readin{mcfi,k]};

(*Qua trinh tinh lap de xac dinh gia tri momen xoay*);
REPEAT k:=0;
ko=k+1;
for i:=1 to std do
begin
D1[i,k]:=0; for p:=1 to std do
DI[1k} :=DI1[1,k]+B[i,pI*mxfpk];
end;
q:=sd+1;
for 1:=1 to std do
begin
D2[1,k]:=0; for p:=qto st do
D2(1,k] :=D2[i,k]+D[i,p]*me{p.k];
end; ‘
for .= I to std do mx[i,k+1]:=D1[1,k]+D2(i,k]+C]i];
s:=2%sd+1;
for i'=q to st do
begin
D3[1,k]:=0; for p:=s to std do
D3[i,k] :=D3{i,k]+E[i,p]*mx[p.k];
end;
for i:=q tostdo me[i,k+1]:=D3[i k+1]+F[i];
UNT[L(((abs(mx[std,k+I]—mx{std,k])<0.0001)and((abs(mc[st,k+l]
~mc(st,k])<0.0001))));
fori:=1 tostd do mmx[i]:=mx[i,k+1];
fori:=qtostdo mme[il:=me[i,k+11;

{*Tinh gia tri mo men cuoi cung o dau thanh*);
fori:=1tosd do
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begin
mum[nl1[i]]:=mmx[n [ [i]]+0.5*mmx{n2[i]}+mn[n1[i]];
mm[n2[i]]:=mmx[n2[i]]+0.5*mmx[n1{i]]+mn[n2[i]];
end;
Li=sd+sco;
forirz=qtoldo
begin

mm|ni[i}]:=mmx[n1[i}]+0.5*mmx[n2[i]J+mmc[i]+mnfn1[i]]:
mm[n2fi]l:=mmx[n2[i}}+0.5*mmx[n | [i]}+mmc{i]+mn{n2[i]];

end;

ri=l+1 ;'

fori:=rtostdo

begin
mminl{i]}:=mmx[n1[i]]+mmc[i]+mn[n1{i]};
mm[n2[1]]:=0.5*mmx[n1[i][+mmc[i}+mn[n2[i]];
end;

writeln{’gia tri mo men cuoi cung la");
fori:=itosd do
begin
writeln(mm[n 1 [i]]);
writeln(mm[n2[i]]);
end;

for i:=qto } do
begin
writeln(mm[n1[i]]);
writeln(mm[n2[i]]);
end;
fori:=rtostdo
begin
writeln(mm[n1{i]]);
writcln(mm[n2[i]]);
end;

readin;

end.

LR L PR LR LR

Program CT31_Tinh_khung_theo_ff_fan_foi_momen_don_gian;

Uses crt;
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Type
Mang! = array[1.. 20,1.. 20 ] of real; mang2=array[1..20]of real;
mang3=' array[1..20] of integer;
Var
B.D.DLE,mxn:mangi ; C,D2,mmxn,mx,mm,mn:mang2; nl,n2:mang3:
1,j.K.m,n.p,sn,st,sto,std:integer;

Procedure nhap (var P:mang|; m,integer; X, Y:integer);
Var 1j:intcger;
Begin
Fori:=1to mdo
For j:=1tondo
Begin
gotoxy(X+8*(j—1),Y+(i-1));
“Readln (P[i,j]);
End;
End;

begin (*Nguoi lap trinh:Vo nhu Cau®);
Clrscr;
writeln{'nhap so nut'});
readin(sn);
writeln('nhap tong so thanh");
rcadln(st);
writeln('nhap so tiet dien de tinh momen ;
rcadinstd);
writeln('nhap so thanh khong co goi tua'y;
readln(sto);
writeln{'nhap mo men ngam");
fori:=1 to std do
readln(mn{i]);
writeln('nhap so thu tu tiet dien thanh khong co goi tua'y;
writeln{'nhap n1'}; fori:=1 to sto do rcadln(nlfi]);
writeln('nhap n2'); fori:=1 to sto do readln(n2{i]);
writeln(‘nhap so thu tu tiet dien thanh co goi tua’);
writeln('nhap n1"); fori:=sto+1 to stdo readln(nl[i]);
writeln('nhap n2"); forii=sto+1 to stdo readln(n2[i});
writeln{'nhap so hang cua ma tran’);
readln(m);
writeln('nhap so cot cua ma tran'};
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readln(n);

writeln('nhap cac fan tu cua ma tran B');
Nhap (b,m,n,whereX, whereY);
writeln('nhap so hang cua ma tran');
readln(m);

writcln{'nhap so cot cua ma tran');
readln(n);

writein('nhap cac fan tu cua ma tran E;
Nhap (e,m,n,whereX, whereY);
writeln('nhap cac fan tu cua ma tran C");
fori:=1 tosndo

readln (C[1]};

writeln('so thu tu vong dau tien");
readin(k);

writeln ('gia trl momen xoay ban dautai nut');
fori:=1to std do

readln{mxn(ik]);

(*Qua trinh tinh lap de xac dinh momen xoay tai nut*);

k:=0;
REPEAT
ki=k+1;
fori:=1 to sn do
begin
DI1[i,k]:=0; for p:=1tosndo
DI1[1,k] :=D1[i,kJ+B[i,p]*mxn[p,k};
end;
for ;=1 to sndo
mxn[i,k+1]:=D1[i,k]+C[i]:
UNTIL(aBs(mxn[sn,k+ 11-mxn[sn,k]) <0.0001);
for i:=1 to sn do
mmxn[i]:=mxnfi,k+17];
fori:=1 to std do
begin
D2[1]:=0;

forpi=ltosndo D2[i]l:=D2[i}+D[i,p]*mmxn[p];

end;
fori:=1tostddo mx[i]:=D2[i];
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(*Tinh gia tri mo men cuoi cung o dau thanh*);
tori:=1 to sto do
begin
mm[nl[i]]:=mx{n1[i]]+0.5*mx[n2[i]]+mn[n1[i]];
mm[n2[i]]:=mx{n2{i]]+0.5*mx[n1[i]]+mn[n2[i]];
cnd;
n:=sto+1;
fori:=ntostdo
begin
mm{nl[i][:=mx{nl[i]]+mn[n1{i]];
mm{n2{ij]:=0.5*mx[nl[i]]+mn[n2{i]];
end;

writeln{’gia tri mo men cuoi cung la");
for i:=i to sto do
begin
writeln(mm[n1[i]]);
writeln(mm[n2{ij]);
end;

fori:=nto st do
begin
writeln(mm[nl1[i]]);
writeln(mm[n2[i]]);
end;

readln;

end.

readln;
cnd.



-

s

_n

9,

[5.
| 6.
4.

17

TAI LIEU THAM KHAO

. Pham Khic Hong, Le Vin Mai. Dang ma tran cita phuong phap co ban trong Cohoc két

cduw. Nhi xuat ban Bai hoc va Trung hoc chuyén nghiép, 1976,

LLéu Tho Trinh. On dinh va ding e hoe eong trinh. Nha xudt ban Dai hoc va Trung hoe
chuyén nghiép. 1974,

Vo Nhu Cau. Tinh todn khung 6 xét dén anh hwong cia luc doc. Tuyén tip cong trinh
khoa hoc & 1/1998, Trudmg Pai hoe Xay Dung.

V& Nhu Chu. Mot phuong phdp thuce dung idng nhanh t6c dé hii 1 cia phiong phap
Kani. Tap chi Xay dung s6 3/1990.

Vo Nhu Ciu. Dang ma trdn ctia plieong phdap phidan phdi mé men. Tap chi Xy dung s6
2/1992.

Vo Nhue Cau. Mot cach giai nhanh bai todn on dinh ctia hé phdng. Tap chi Ngudi Xy
dumg <6 3/1992.

Vo Nhu Ciu. Mot cdch tinh nhanh tan s co ban ctia hé phdng. Tap chi Ngudi Xiy dung
8O 41992,

CAlan Jenming. Matrix computation of Engineers and Scientists. Willey and Sons, Lid. 1990,
. Eduard C.Pestel. Matrix methods in Elastic Mechanics. New York 1992,
SS.JoMee Minh. Matrices for Structural Analysis. John Willey and sons. New York, 1995,

.R.H. Wood. Effective lengths of columns in multi—siorey buildings. Structural Engineer,

July. August and September

- MR Hormne. A approximative method for calculating the elastic critical loads of plune
fraones. Structural Engineer 1975,

Bolton o, Nutwral frequencies of structures for designers. Structural Engineer, Seplember 1978,
David M. Trerarive solution of large linear systems. Cambridge. Univ. Pr. 1981.

Bli Thé Tam. Gido trinkk TURBO PASCAL 7.0. Nha xufit ban Giao thong Van i, Ha
NOLL 2001,

bau Quung Tudn. Lép trinh song ngiv PASCAL & VISUAL BASIC. Nhi xuit ban Thanh
nien, 2001

413



MUC LUC

Lot mé diu
Chuong mot
CAC KIEN THUC CO BAN VE DAI SO MA TRAN

$1.1. Binh nghia v& ma trin, cac loai ma tran

1.1.1. Dinh nghia

1.1.2. Cac loal ma tran
§1.2. Binh thirc cia ma trin

1.2.1. Binh nghia

1.2.2. Mt s5 tinh chit chil yéu cita dinh thirc

1.2.3. Tang ctia ma tran. Tinh chét suy bién, khéng suy bién ¢tia ma trin
§1.3. Phep cdng va phép trir ma trin

1.3.1. Binh nghia

1.3.2. Mot s6 tinh chit ciia phep cdng hoiic trir ma trin
§1.4. Phép nhin ma trin

1.4.1. Phép nhian mét s6 véi ma tran

[.4.2. Phép nhin hai ma trin

1.4.3. Mot s6 tinh chit chd yéu ciia phép nhan ma trin
§1.5. Cac phép ma tran chia khéi

1.5.1. Suchia khéi ma tran

1.5.2. Phép cong ma tran chia khéi

1.5.3. Phép nhan ma trin chia khdi

1.5.4. Ma tran khdi chéo

1.5.5. Chuyén vi cla ma tran khéi
§1.6. Nghich dio cia ma tran

1.6.1. Dinh nghia

1.6.2. Mdt sé tinh chit v& nghich d4o clia ma tran
§1.7. H¢ phuong trinh dai 56 {uyén tinh

1.7.1. Phuong phap Gauss

414

20
24
25



§1.8.
§1.9.

e
ot
1-d

[b

W o um
[ 1~J !
g Ll

§3.2.

1.7.2. Phuong phap Gauss — Josdan

1.7.3. Phuong phap ma trin tam gidc

1.7.4. Phuong phip chia khdi ma triin

1.7.5. Cach ning cao d6 chinh xac¢ khi nghich dio ma trin

1.7.6. Phuong phap tinh 13p

Ma Irin bién ddi toa do

Gia tri rigng va véc toriéng cia ma trin

1.9.1. Dinh nghia vi mét s6 dinh 1y lién quan

1.9.2. Céich xac dinh cac gid tri riéng ctia mdt ma trin

1.9.3. Cach xdc dinh gia trj riéng 160 nhit theo phuong phip tinh lap
thuomg s6 Rayleigh

1.9.4. Cic xéc dinh cac gia tri riéng tiép theo

Chuong ha’
HE GIAN

. Dang ma trdn cua phuong phap bién d6i chuyén vi

2.1.1, Hé thic ma triin giita véc to chuy@n vi cia phin tl va véc to chuyén vi
cua ¢ac nut

2.1.2. He thirc ma tran gitra véc to ndi luc va vée Lo bién dang ctia mot phin i

2.1.3. H¢ thire ma trin gitra véc to'tai trong va véc to chuyén vi cda cac nit

. Dang ma trin cua phuong phap thanh 1ap truc Liép ma tran dd cing toan bd

2.2.1. Ma trin d6 cdmg ctia mdt phan tir trong hé gian phing
2.2.2, Ma trin do cimg ctia mdt phan tir trong hé giin khong gian
2.2.3. Lip matrdn d6 cimg toan bd K

CTrinh ty tinh toan
. Thudt toan 1ip trinh tinh hé giin phing (CT21)
. Thudt toan lap trinh gian khéng gian

Chuong ba
HE PHANG CO NUT CUONG

. Dang ma trin cta phuong phép bién déi chuyén vi

3.1}, He thirc ma trdn gitra véc to ndi lue va vée to chuyén vi ctia mot ph;"an tir
3.1.2. H@ thixc ma trin giira véc to chuyén vi ctia phn tr va véc (o
chuy@n vi cfia nit
3.1.3. Hé thic ma trin gifra véc to ti trong vi véc to chuyén vi clia cic nit.
Phuong trinh cén bing

Dang ma triin cia phuong phap thinh 1ap true tiép ma trén 4o clmg tong thé

38
46
43
51
53
56
57
57
60

6l
63

69

69
72
73
77
77
79
79
81
100
102

104
104

106
109

112
415



3.2.1. Anh hudng ctia md men uén, luc cit va lue doc dén chuyén vi cia phin tr 112
3.2.2. Ma trdn do ciimg cuia phin tix 113
3.2.3. Céc gid thiét khi tinh he phing ¢6 nat cimg 117

3.2.5. X{r 1 rudmg hop phan tir chiu tac dung cda thi trong tap trung
hodc tai trong phan b 119
3.2.6."I'rinh tur tinh hé phing ¢6 nut cung 20
§3.3. Thuat an Iip trinh tinh h¢ phﬁng cOnut clmg 139
3.3.1. Thudt toan tinh dim lién tuc (CT23) 139
3.3.2. Thuit toan tinh h¢ khung phing (C'124) 141

Chuong bén
HE DAM GIAO NHAU

§4.1. Hé thuc ma trdn gidra vée to ndi lue va vée to chuyén vi cta phiin tir,
ma trin dd cimg cla phin P44
§4.2. HE thic ma triin gitta véc Lo tai trong va vée to chuyé,n Vi ¢cua cac nut 117
§4.3. Trinh ty tinh an hé dim giao nhau [ 48
$4.4. Thudt 1o4n 1ap trinh tinh h& dam truc giao (khong xét dén anh huomg clia lue ¢ty 161

Chwong nam
HE GOM CAC PHAN TU KHONG CUNG THE LOAI

§5.1. Ma trin d0 cimg cla phin 1 ¢6 nda hinh vong ron 164
§5.2. Ma trin d6 cdmg ctia phin (¢ ¢6 nira hinh vong tron rong hg dim giao nhau 167
§5.3. Thidu 171
$5.4. Thudt toan 1ap trinh tinh dam Hén we twén géi tra din hoi (CT26) 183

Chuong sau

HE CHIU TAC DUNG CUA CAC NGUYEN NHAN
NGOAI TAI TRONG

$6.1. Mot 56 nguyén tic chung |
6.1.1. Hé chiu tie dung cia nhiét dd |
6.1.2. Truong hop ché tao khdng chinh xac 187
6.1.3. Trudng hop gbi tua bi Lin !
$6.2. Thi du

§6.3. Thudt wan 1ap trinh tinh gian phﬁng chiu tac dyng cua nhiét 46 (C'127) 199
§6.4. Thudt toan 1ap teinhb tinh gian phfmg ché tao khong chinh xac (CT28) 200



Chuong bay

DANG MA TRAN CUA BAI TOAN ON BINH TRONG
HE PHANG CO NUT CUNG

§7.1. Matrin dé cing cla mot ph?m w 202
§7.2. Khai niém ve st mit 6n dinh dan hdi. DAu higu mit 8n dinh 207
§7.3. Trinh tu x4c dinh hé $8 tai trong gidi han 209
§7.4. Cach chon gia tri ban diu hop 1 cua he $6 tai rong 211

7.4.1. Phuong phap R Wood [13] 211

7.4.2. Phuong phap M.R. Horne [14] 213
§7.5. Thi du 214
§7.6. Dang bién dang mat én dinh 228

Chuong tam

DANG MA TRAN CUA BAI TOAN DAO PONG
TRONG HE PHANG CO NUT CUNG

§8.1. Duo dong w do khdng ¢6 lie can, dao dong tw do ¢6 luc cin, dao dbng cudng bic 230

$8.2. Ma trin do cing clia mét phan tir 231
$8.3. Trinh tur tinh 04n tan s6 rigng cta hé phang cé nit cimg 235
§8.4. Cach chon gid tri gin ding cta tin s co ban 238
$8.5. Thi du tinh (04n 240
§8.6. Trudmg hop khéi lrong tap trung 257
§8.7. Tan s4 co ban cia khung nhiéu ting 260
§8.8. Tin s6 co ban cla he dim g1a0 nhau 260
§8.9. Dang bién dang ciia dac dong 265
Chuong chin

HE KHONG GIAN CO NUT CUNG

§9.1. Ma tran dé cimg clia phin tir trong hé toa d6 riéng 267
§9.2. Ma triin xoay 269
§9.3. Ma trin dd ctimg cua phfm tr trong hé toa do chung 269
§9.4. Trinh wy tinh toén hé khong gian ¢ nii cing 272
§9.5. Trrdmg hop tiét dign khong déi ximg. Tam cat 282

9.5.1. Tam ¢il 282

9.5.2. Ma trin d6 climg cta phin td 6 tiét dién khéng déi ximg 282

§9.6. Mu (riin dd cimg ciia phin t& khi tinh thn s6 co ban eda h€ khong gian ¢6 nit cling 283

417



Chwong muoi
DANG MA TRAN CUA PHUONG PHAP LUC

§$10.1. Mot 86 cdng thitc tang quat : 286
10.1.1. Cong thic tinh ndi luc va chuyén vi 286
10.1.2. Cong thirc tinh chuyén vi tai cic nit. Diéu kién bién dang lién tuc 87

§10.2. Phuong phap luc 4p dung cho hé gian 288
10,21 Gian tinh dinh 288
10.2.2, Gian siéu tinh 291

§10.3. Phuong phap luce ap dung cho hé phiing ¢6 nit clng 292

§10.4. Phuomg phép luc ap dung cho hé dam giao nhau 290

Chuong muwei mot
DANG MA TRAN CUA PHUONG PHAP PHAN PHOI MO MEN

$11.1. Mot 36 ¢ong thire co ban 300
§11.2. Truong hop khung khong ¢6 chuyén vi ngang 302
$11.3. Trudng hop khung ¢6 chuyén vi ngang 305
§11.4. Bon gidn héa dang ma trin cla phuong phap phin phdi md men 308
§11.5. Thut toan {ap trink tinh khung khéng ¢6 chuyén vi ngang theo phuwong phap

phan phdi mé men (CT29) 3l
$11.6. Thudit toan 14p trinh tinh khung 6 chuyén vi ngang theo phuong phap phiin

phéi mé men (CT30) 3z
§11.7. Thudt wan 1ap trinh tinh khung khéng ¢6 chuyén vi ngang theo phuong phap

md men don gian hoa (CT31) ' 313
BAI TAP 315
PHU LUC 329
TAI LIEU THAM KHAQ 413

418



TINH KET t;ﬁ'u
THEO PHUONG PHAP MA TRAN

Chiu trdch nhiém xudt ban

BUI HUU HANH

Bién tdp : TRRN CUONG
Ché ban . VIET HUNG
Bia . NGUYEN HUU TUNG
Stea ban in HUY HOANG

419



In 1000 cudn, khé 19x27cm, tai Xudng in Nhi xuit ban Xay dung. Gidy chiip nhan diang ki
xudt ban s&: 60/XB-QLXB-46 ngay 28 thang 01 niim 2004. In xong nép luu chiu thang 05
nam 2004,



6X6-6X2

o 1773 - 2003
XD- 2004 3

Gia : 68.000°



	TÍNH KẾT CẤU THEO PHƯƠNG PHÁP MA TRẬN
	MỤC LỤC
	1. CÁC KIẾN THỨC CƠ BẢN VỀ ĐẠI SỐ MA TRẬN
	2. HỆ GIÀN
	3. HỆ PHẲNG CÓ NÚT CỨNG
	4. HỆ DẦM GIAO NHAU
	5. HỆ GỒM CÁC PHẦN TỬ KHÔNG CÙNG THỂ LOẠI
	6. HỆ CHỊU TÁC DỤNG CỦA CÁC NGUYÊN NHÂN NGOÀI TẢI TRỌNG
	7. DẠNG MA TRẬN CỦA BÀI TOÁN ỔN ĐỊNH TRONG HỆ PHẲNG CÓ NÚT CỨNG
	8. DẠNG MA TRẬN CỦA BÀI TOÁN DAO ĐỘNG TRONG HỆ PHẲNG CÓ NÚT CỨNG
	9. HỆ KHÔNG GIAN CÓ NÚT CỨNG
	10. DẠNG MA TRẬN CỦA PHƯƠNG PHÁP LỰC
	11. DẠNG MA TRẬN CỦA PHƯƠNG PHÁP PHÂN PHỐI MÔ MEN
	BÀI TẬP
	PHỤ LỤC
	TÀI LIỆU THAM KHẢO

