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CHUGNG MG PAU

1-1 Khdi niém vé dong luc hoc cong trinh

Mon dong Iyc hoc k&t cAu cong trinh, hay goi tit 1a dong lyc hoc céng trinh, quan
tdm nghién ciiu dén tdc dung cda (i trong thay ddi theo thai gian va thay ddi theo vi tri
trén k&l cilu cong trinh. Trong phédn (inh Iyc hoc k&t ciu cdng trinh, da ting dé cap dén
tdi trong di dong, nhung thyc chat chi nghién citu sy thay déi vi tri ctia mot nhém tdi
trong sao cho @ vi trf nao do thi tdc dung tinh hoc clia nhém tdi trong dé 1a tdc dung hitu
hi¢u nha't, ma chua xem xét va dé cdp dén nhiing tic dung dong hoc cia tai trong.

Nhitng tdc dung ddng hoc ctia tdi trong chinh 1a nhiém vy nghién ctiu ctia mon dong
lye hoe cdng trinh. PG 1a tdc dong cla lyc quan tinh, lyc ndy phat sinh khi vat thé
chuyén dong, cu thé nhu lyc do trong lugng ban thin k&t ciu, clia tai trong dat hay di
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ddng (rén nd, cling co thé ca chuy€n ddng cia mdi trudng ( nhu khdng khi, nude, ddng .

dat..) 1am &nh hudng d€n cong trinh. Tuy vy trong tinh todn thdng thudng ngudi ta hay
b3 qua lyc quén tinh hodc chi tinh gin ding thong qua hé s§ dong hoc. C6 nghia 1a 1ay
k&t qud do tdi trong tdc dung tinh gdy ra nhan véi mot hé s6 goi 12 hé s& A6ng hoc.

Vi su phdt trién cda khoa hoc k§ thudt, cdc cong trinh cang dudc xay dung hién dai
han (biing vat liéu nhe, thanh mdnh hdn, nhip 16n hon, hinh thidc da dang hon), tdi trong
tdc dung trén k&t cAu ciing I6n hon ... thi viéc tinh todn dong hoc cda k&t c'ﬁ'u c()ng trinh

khong thé b qua ma phai dudge quan tam nhi€u hdn. Mit khédc viéc tinh todn dong hoc.

khd phic tap, doi hoi cOng cy tinh t6an manh. Ngay nay di duge sy hd trg hitu hidu cia
cdc mdy tinh, cho nén nhiéu bai todn ddng hoc trudc kia khong gidi quyst dude thi nay
da dugce gidi quyé&t thda ding.
Pai tugng nghién citu cia dong luc hoc cong trinh kha rong nhu :
- Pong lyc hoc ctia cdc k&t cAu cdng trinh giao thong ( Ciu, him, dutng sit,
dudng 616, sin bay, cdc loai may dung trong xay dung .
- Dong luc hoc cdc k€t cAu xay dung nha cong nghiép, nhd din dung cao tang.
Cdc thdp nang, thdp treo, thap vd tuyén.
- Pong luc hoc cdc cdng trinh thiy dién, ddp, dé chin sdng.
- - POng dat, chan ddng clia moi trudng. “
- DPong luc hoc cdc mdy dit trong cdng trinh xay dyng ( Méng mdy, cdnh tuyéc
bin, bia mdy, nha san ...)
- Bdng luc hoc cia gid, nudc .
- DBong luc hoc clia cdc loai k&t cdu vé méng : TAm, vd, v4 tau, mdy bay, tén lia ...
Dong luc hoc cdng trinh trd thanh mot mén riéng chuyén nghién cifu anh hudng cla
clia dOng hoc d&n cong trinh ti nhitng ndm 30 ctia th& ky thi XX, nhung né chi thuc sy

phdt trién sau khi cé sy ra ddi clia cdc th€ hé mdy tinh dién (. Cho dén nay trén thé

gidi dd hinh thanh nhitng trudng phdi nghién ciu & mot s6 nude nhu : My, Nhit, Lién
X6. Tiép, Puc, Ba Lan .. vd di duge nhiu két qud khd quan trén cdc linh vyc vé
nghién cttu 1y ludn va dng dung .

Trong pham vi gigi han vé thdi gian, phdn nghién ciu cta ching ta chi gidi han &
mot s& vin dé vé cdc phuong phdp cd ban d€ tinh dong luc, cdc bai todn dao dong clia



hé c6 mot hodc mot s§ bac tr do; dao dong cia dim thing, dao ddng cda mot s& hé

phic tap ?
1-2 Cdc phiuong phdp co bdn dé gidi bai todn dao dong cong trinh
Chiing ta nhic lai hai dang cd bdn 12 phudng phdp tinh va phuong phdp ning lugng.

1- Phudng phap tinh

Trén cd s8 cdc phudng trinh tinh hoc quen thude (n€u 12 phing : 3 phuong trinh, néu
1A hé khdng gian : 6 phuong trinh) b3 sung cdc yeu t& tac dung cia luc quén tinh.

Thi du : Ddi vdi hé phing :

2
deX(t
zx >m Y 2
d2Y(t)
< ZY Z =0
0‘u(t)
ZM ZJm(u) =0
dt?
Trong do6 : :
X(t), Y(t) La chuyén vi tinh ti&€n ctia khdi lugng m theo phuong tryc X vay.
(D) La chuyén vi xoay cla kh&i lugng m quanh truc u (truc vudng géc
v4i mit phing x0y).
aZx@ d2y(t)
—m. 5 ; —m.—
dt dt

Céc thanh phin theo phudng X, Y cla lyc quén tinh cGia KhGi
lugng m khi chuyén dong.

2
Jm(uy = J.pudm
. m ,
Moment qudn tmh ctia khoi lugng m doi véi truc u, pu 12 khodng

cdch tir phan t& khoi lugng dyy, dén truc u.

2- Phuiong phdp ndng ligng

Duya trén cd s& dinh ludt bdo toan ndng lugng
' K + U =Const
Trong d6 : K- Pong ning ctia hé khi dao dong.
U- Thé ning cta hé

S p N— R



3- Ngoai cdc phuong phdp trén, doi véi titng bai todn cu thé, két cdu cu thé, tdi
trong tdc dung ...

Ngudi ta c6 thé gidi bai todn dong Iuc hoc cong trinh biing nhitng phudng phép khic
nhau nhim don gidn héa qud trinh tinh todn.

1-3 Bdc tu do ciia hé dan hoi

Pinh nghia v& do ty do ctia hé dan hdi cling tuong tu nhu trong phin cd hoc ké&t cdu,
chi khdc ¢ chd ta xét trén khdi lugng. Do d6 bac ty do clia hé dan héi 12 théng s6 doc
lap cin thi€t d€ xdc dinh vi tri clia tit cd cdc khoi lugng dat trén hé d6 .

Bic ty do clia hé cing nhiéu thi viéc bdo toan ddng hoc cang phiic tap hon. Nhing
hé dan hdi c¢6 khdi lugng phan bs déu 1a nhitng hé cé bac ty do bing vo ciing. Ciing
can quan niém riing viéc phan chia hé theo bac ty do chi 1 1y twdng héa sd lude, con
thuc t& cdc hé déu Ja hé c6 nhiéu bic ty do. Tuy nhién nhiéu trudng hgp thay th€ khong
khdc nhiéu so vdi hé thyc. Hinh v& dudi ddy néu 1én mot s6 trudng hop vé& cdch phan
chia bic ty do ctia hé.
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CHUOGONG 1

DAO PONG CUA HIt CO MOT BAC TU DO

1-1 Phuiong trinh vi phdn tong qudt ciia dao dong

P& thiét 14p phudng trinh tdng quét clia hé c6 mdt bic ty do, ta nghién cifu trudng
h{jp sau day :

C6 mot khdi lugng tip trung m

dit trén dim gidn don AB, coi

Pt ddm 1a vat th€ dan hdi va khong

a Y x c6 khdi lugng. Hé chiu tég dong

/L{\\\\ T vty ,/’;?; ciia lyc kich thich thay d6i theo
GAEU BT ' thdi gian P(t). Hinh 1-1.

’j’ == M Vi tf khoi lugng m khi dao

ty " 1 ddong dugc xdc ‘dinh qua ham s&

v S P ,’,8, y(t) v6i quy uSc khi khdi lugng m

) {! chuyén vi xu6ng duéi 1a duong va

,,l;,;,\ - 1@___ - - —’,’787 vi tri ban diu cta khdi lugng khi

chua dao dong cé toa do y=0.
Trong trudng hdp trén dao ddng
Hinh 1-1 cta khoi lugng m chiu tdc dung
cda cdc luc sau :
- Luc quén tinh cta kh&i lugng Z=-m.y , Ivc ndy dit tai khdi lugng m .
- Luec kich thich P(t) . |
- Luccdn| R=B.y | (con goi 12 luc phan hdi).

Trong do : N

B :He sd ty 18 ddc trung cho sy cdn, don vi 1a E}HS

Y :Van tdc ctia khdi lugng m.

Goi : 811 1a chuyén vi theo phuong chuyén dong tai di€ém dit khdi lugng m do

lyc don vi tic dung tinh tai di€ém dit khdi lugng m sinh ra .
81p 12 chuyén vi tai di€m dit khéi lugng m do lyc don vi tdc dung tinh tai
diém dat cia luc kich thich gy ra. Hinh 1-1b va ¢
N&u.coi chuyén vi clia hé 1a nhd, 4p dung nguyén 1y cdng tdc dung ta viét dugc
phuong trinh chuyén vi y(t) ctia khdi lugng m nhu sau :

y(t)=9011.2— 61 1R+ O1p.P(t)

Hay y() =813.m.5 =8By +01p-P(V)
Chia hai v& cho m.8;, , sau khi bién d6i ta c6 :
§+ 209 + 02y = 02.5;p.P(t) (1-1)
Trong do : @2 = 1 | 2o= _B_ (1-2)
m.dy | m




Phuong trinh (1-1) duge goi 1a phu’dng trinh vi phin t8ng quéi ctia dao ddng clia hé
¢6 mdt bac w do.

1-2 Dao dong tu do khong co luc cdn va cé luc can
1- Dao d¢ng tu do khéng cé lyc can

Dao ddng ty do (hay con goi la dao dong riéng) clia hé 13 dao ddng sinh ra bdl mot
Ie kich ddng bat ky tdc dung trén hé rdi ngung ngay tdc thdi .
T phudng trinh (1 1) vi€t dugc phuong trinh vi phin ctia dao dong tu do khong co

luc ¢cdn :

y o+ 0) .y =0 (1-3)

PAy 13 phudng trinh vi phin c4p hai
khong c6 v€ phdi va c6 hé s6 13 hing
O . -
Nghiém cda phudng trinh (1-3) cé

l a__|

dang:

=) T —
= A.cosot + B.sinot (1-4) ,/7?,\\_{[ Yyit) ,,,".ﬁ.,

A, B ]a nhitng hiing s& tich
phin, xdc dinh bing cdc diéu kién ban
dau.
Pao ham bic nhit cia chuyén v1 y(t) Hinh 1-2
theo thdi gian s& ¢6 dugce vin tdoc cda
khai lugng m.

y(t) = v=—o.A.sinot + ©.B.coswot (1-5)

Khit=0;y=y,vd y = y,=V,
Thay cdc diéu kién trén vao phudng trinh (1-4) va phuong trinh (1-5) ¢6 dugc :

Viay phuong trinh dao ddng c6 dang :

v . (1~
y=Y,.cos0t + —sinwt (1-6)
()
Phuong trinh (1-6) cho thdy dao ddng ciia hé ¢6 hai thanh phdn : Dao ddng phu thudc
chuyén vi ban diu y, cda khdi lugng ty 1§ véi ham coswt, va dao dong phu thudc toc do
ban dau v, ty 1& vdi ham sinot .
Hinh 1-3 cho thiy chuyén dong ctia khdi lugng m theo thdi gian t
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Hinh 1-3 Hinh 1-4

Neu bi€u di&n dao dong bing véc to quay (Hinh 1-4). Trén hinh bi€u thi vécto
OA c6 dd 16n bing y, quay quanh di€ém cd dinh O véi van téc géc a)_lihong ddi (o
goi 12 tan s& géc clia dao dong). Néu d thdi diém ban ddu (t = 0) véctd OA triing vdi
truc y, thi d thoi diém bat ky t véctd OA s& hdp vdi truc y mdt géc 1a ot. Hinh chi€u
clia vectd OA Ién tryc y 1a OA| = y,.cosmt chinh la s0 hang dau cda biéu thic (1-6)
véctd OB c6 do 16n Vy/o va vudng géc vdi vectd OA hinh chi€u clia véctd OB 1én

truc y 1a OB, = ~Y—9—Sin ot chinh 13 s6 hang tht hai cfia biéu thitc (1-6).
()]

Chuyén vi toan phin y clia khéi lugng m dao dong trén truc C Y dugc xdc dinh bing
téng hai hinh chi€u cda hai véctd vudng géc véi nhau OA va OB cing quay vdi vin
toc goc @ cung 1_111;111 dugc k&t qua nhu trén néu xet véctd OC (T8ng hinh hoc ciia hai
véctd OA va OB \fildl gidi la hinh chi€u cda QC trén truc y .

D6 16n clia véctd OC 1a a va dugc tinh bing biéu thic theo quan h& hinh hoc.

(1-7)

6’C Hgp vdi truc y mot goc (ot - €) .
Trong dé :

Phudng trinh (1-6) viét duge dudi dang :

y =a.cos(ot — ) (1-8)




N&u goi 2 12 géc hdp gifta vécts OC va OB thi cong thitc (1-8) cé the viét dudi

dang
T
=a.cos| ot —| ——A

’ [ (2 )J
Hay y =a.sin(ot + 1) (1-9)
Trong do6 :

A = arctg Yo (1-10)

Vo

Cdc dai lugng a; A 12 cdc hiing sG phu thudc diéu kién ban ddu ciia chuyén dong.

So sdnh hai bi€u thitc (1-6) va (1-9) ta thdy t3ng clia hai chuyén dong don didu hoa
12 mo6t chuyén don diéu hoa .

Po 16n cla véctd 6?3 la a dugc goi la bién do dao ddng ; A 13 g6c 1€ch pha gifra
hai dao dong bi€u dién trén hinh 1-3b va 1-3c con ¢ 1a dd 1éch pha cia dao ddng trén
hinh 1-3a va 1-3c.

€
tm =— La thdi gian 1éch nhau giita hai tung d6 cyc dai cia dao ddng trén hinh
@ ) .

I-3a va hinh 1-3c .

Ta cling thiy khi khéi lugng m chuyén vi xa vi trf cén biing nhi€u nhit, tic 13 dat
bién dO yuux thikhi dé vantdc y=v=0 ,conkhiy=0thi y=Vpax - Hay néi
cdch khdc khi th€ ning bing khong (m & vi trf cdn bang y = 0) thi dong ning cyc dai,
dong niing nay lam khdi lugng ti€p tuc chuyén vi, chi dén lic ddng ning gidm bing
khong (v=0) thi th& ning lai dat t6i cyc dai ... qud trinh ctt thé tiép di&n.

Dao dong chiing ta dang khdo sdt 12 dao dong diéu hoa. Sau day ta X6t cdc dai lugng
dic trung cta dao ddng trén, d6 14 tn s8 va chu ki dao dong

Chuing ta nhic lai vai dinh nghia sau :

~  Chu ky dao dpng 1a thdi gian cin thi&t dé khoi lu’dng m thuc hi€én dugc mdt dao

dong toan phan. Ky hiéu chu ky dao dong 1a T.

T= gﬁ (s)
()]
~ Tén s§ dao dong 13 s3 1in dao dong trong mot gidy. Ky hiéu 1 £
= ‘1‘ -2 (1/8)
T 2=

— o =2n.f goi 12 tin s§ vong cda dao ddng riéng (thudng goi tit 1a tdn sé dao

djng riéng) .

Tit bi€u thic (1-2) ¢6 dudc :




a- TAnsd vong cla dao djng riéng :

1 g g
= = = [-=  (1/s) (1-11)
\/m~511 \/P-511 Vi
Trong 46 :

g : Gia t0c trong trudng (ém/s?)
y; : Chuyén vi ctia khdi lugng m do lyc P = m.g tdc dung tinh tai di€m dit khoi
lugng m giy ra. Hinh 1-5a, b .

9 I P=Mg b ‘Lj‘:f

- ’
/{:7\; T~ -.T y'é_ e 7 )/737 / /

Hinh 1-5

Thi du trudng hop 1-5b. N&u xét cd udn doc ta 6 :

e
Yt =511-P=——3—*§*'P
Hay ' B Pole
53
Yo = "m.g
3EI(1 - —8)
Pole
" b-Ténsé dao dong
| o 1 g
f=—=—"- |= .
2 2m \y; (1-12)
¢~ Chu ky dao dong
27
T=""=2g. |IL (1-13)
® g
T biéu thiic y = a.sin(®t+A) c6 y,,;ax =a (1-14)
Vin toc v=y=awmcos(ot+A) cé Ymax = a.0 (1-15)

Gia 8¢ j=—a.n”.sin(ot+A) 6  Ymax =20 (1-16)



1]

Muén xdc dinh gid tri t, xdc dinh toa do thdi gian x3y ra chuyén vi 16n nhit clia khdi
hrgng m ta thi€t 1ap .

Ymax =a.sin(oty, +1)=a

T
Viy Oty A==
2
I =n
14 ty =—(——A)=—
Do do m o 2

Thidu 1-1: ,
Xidc dinh tdn s& vong va chu ky dao djng riéng cia dim trén hinh 1-6. Cho
P=0,75kN; /= 1m; Fy = 4x4cm; E=2,1.10* kN/cm?; g=981cm/s2

r
YA ,
7|’L! - 3
4 4
Hinh 1-6
Chuyé&n vi tinh tai di€m C theo cdch tinh thong thudng ta c¢6 dugce :
3 0P
yl e 4 e s [
256 EJ
vay 256 2,1.10%.21,3
o= |5 = |og1. 222 2 (3) 227 2706 57!
Yt 3 100°.0,75
Chu k¥ dao ddng riéng :
2 2.3,14
=—="—=0(,089 (s)
o 70,6

Thidul-2:

Xdc dinh tin s, chu ky dao dong va chuyén vi cuc dai ctia khéi lugng & diu
thanh (hinh 1-7). P = 3,5kN; /= 1,50m; J=2140cm*; E=2,1.10* kN/cm®. Tai th¥i gian
ban ddu ( t = t,) trong tAm khéi lugng 1&ch vé bén trdi mot khodng céch y, = 1,2em
val ¢é vén tdc chuyén déng Vo =Y, =1,8m/s

I t e
f L N



14

Chuyén vi tinh tai diu thanh do lyc don vi tdc dung
3 150°
3E] 3.2,1.10%2140

+ T4n s8 vong :

L e Y |
@ \/m.611 \ﬁ)ﬁ” \}%' “‘+ . 1._li:’

981 -1 . \ )
= /m=1o4,5 s \
3,50.0,025 ) . \|oe /

+ Chu ky dao dong :

511 =0,025 (cm/kN)

My ='—
T = 2n = 2.3,14 =0,0602 (s)
o 104,5
+ Tan s8 dao dong :
‘ Hinh 1-7
f=to Ll 16667
T 0,0602

+ Bién dd dao dong :

5 vy ) 5 (108 )
=a = +| 2| =127+ = 2,1
Y max Yo ( o ) (104,5) ,1(cm)

1-2 Dao dong tu do cé lyc can

Pé tranh phitc tap cho bai todn dao dong khi xét téi dnh hudng clia luc cdn (Do luc
cdn ¢é nhiéu dang khdc nhau véi nhitng didc trung khdc nhau) ta chi xét trudng hgp lyc
cén ty 1& véi van tdc.

Phudng trinh vi phin ctia dao ddng ty do ¢6 luc cin :

§ + 20y + 0’y = 0. (1-17)
Trong d6 da biét :
200 = AR 0? = !
m ’ m.811

Phuong trinh dic trung cda (1-17) ¢ dang :
S? + 208+ 0’ = 0 (1-18)
Nghiém ctia (1-18) ¢6 dang :

S;= —0c+\/oc2—0)2

Sy =—a-— a? -2
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Viy nghiém ctia phudng trinh (1-17) ¢6 dang tdng quat

, 2 2
y = e_m.(Cl.e a”—omt Cz.e_\/aa_mz'tJ (1-19)

Nghiém cta phuong trinh (1-19) r6 rang phu thugc quan hé ty 1& gitta o. va . Tuy
theo dd 16n clia o v o s& x4y ra ba trudng hgp sau day :

a- ‘Trudng hgp luc cdn nhé (<o)
Pay I trudng hgp thudng x4y ra, khi d6 nghiém

S12 = —ati 0> —a?

Goi| 0] =Vo? -a?

Sl,2 = -~Qx i.0)1
Phudng trinh (1-19) ¢6 dang :

y = e—at.(Cl.ei'(Dl't " Cz.e—i'ml't)

N¢u thay : et = cos oyt + isin ot
Va e M1t = cosogt ~ i.sinoqt

Thi ¢6 thé vi€t phudng trinh (1-19) dudi dang :
y = e ™ (A.cosojt + B.sinwgt) (1-20)
Trong dé: A = C; + C, va B = 1.(C;-Cy) 1a cdc hiing s3 tich phén xdc dinh-
tr didukién ban ddut=0>y=y,; y = y, =V, - Véan td¢ cia chuyén dong.

ot

v=y = ~oe * (A.cosat + B:sinmlt)JE e .o~ Asinot + B.cosm;t)

t

Hay v=—ay+e .o, (- Asinogt + B.cosojt)

Thay diéu kién ban ddu vao c6 dudc :

+
A=Yo ) B=~_~________V0 o

01

Viyco:

] | Yo . Vo .
y=e .|y, |cosot+ Yo sinwqt |+—2.sinagt
®1 O]
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Hay

_ Vo +O0LYg . |
y=e O‘t(yo.cosmltwh——o——go—ﬁsmcoltJ (1-21)
1

- S& hang thi nha' tj 16 vdi cosm;t chi phy thudc chuyén vi ban ddu y..

- 86 hang thit hai t§ 18 v6i sinat phy thudc cd chuyén vi ban ddu y, va tdc do ban
diu v, . Phuong trinh cho thiy ddy 1a dao dong tit ddn. C6 dang bi€u dién nhu
hinh 1-8.

- \\m"
\\
<
O /
— e -’/.//
y

Hinh1-8

Néudit A =C.sing -

B = C.cosq
Vi C=vA? +B?
Va arct A
a = —
¢ gB' |

Thi phudng trinh (1-21) c6 thé viét dudi dang :

o

b sin(o;t +¢)

y=C.e

Hay

2
- + .
y=e %, y% + (Vo Oztyo) sin(wyt + @) (1-22)

0]
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+ Chu ky dao dong :

2n _ 2n
Ty = (s)
\ | Vo2 -a?
+ Tén s6 dao d(_)ng :
2 2
1 o 0~ —o
f=—r=—=——— (1/s)
Tl 27C 27
+ Tan s& vong cia dao dong tit dan :
o, =f2=n (1/s)

Dao dong riéng it din 1a mot dao dong diéu hoa. Nhung bién do thay ddi theo thdi
. -0t PTe A A ~ ~oA
gian Ce va tit dan theo quy ludt s6 mii am.

P& nghién ctiiu do tft ddn ta xét tj 8 giita hai bién do chuyén vi cla khdi hugng
cdch nhau moét chu ky T,

Yn _ Ce ™ sin(oqt +¢)
Yn+1 Ce T ginlo t+Ty)+
1 )T o

Ky hiéu m=

-t
c OLTl

—OL(t-l—Tl )

Suyra:

oc.lefn( Yn J=X
Yn+l1

x, biu thi tdc o tat din c6 tén goi 12 Logarit décrémen clia dao dong vi 1udn Judn
1 mot hang s0. ¢ 12 hé s8 quan trong, do 16n cia né duge do dac bing thyc nghiém
trén k&t ciu thuc (€.
| Mot s& két qué do dac cho thdy :

K&t cdu thép v =0,10-0,5

K&t cdu gd v =0,03-0,15

K&t ciu BTCT y = 0,08 - 0,20 |
Cau thép ¥ = 0,01 - 0,15

Ciu BTCT v =0,31

DAm BTCT v = 0,28

Khung BTCT x =0,12

Thudng thi tAn s& vong o, sap si véi tAn s6 @. P31 vdi trudng hgp (dt ddn xdy ra rit

nhanh, cho nén trong tinh todn ngu’dl ta thudng 18y | ©; 2 ©
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* Anh hudng ciia Iyc cdn téi chu ky dao dong

Ta ¢6 chu ky dao déng ty do :

=28
w

Chu k¥ dao ddng c6 luc can :

T _373_ 27 __%‘I_E__ 1
1 o] /COZ _ OC2 W ,1 (OL)Z
W

T 2
o
- (_
o
C6 nghia 1a lyc cdn s€ 1am cho chu ky dao dong dai hon, dao dong x4y, ra chim
hon dao d§ng ty do .

b-Trudng hgp luc canlén (o> o)

bit . (,02=(X.2—(02

Nghiém cta phudng trinh (1-17) ¢6 dang
—at Wyt —mgt
y=e .(yl.e 2" +yye” 2 )
Hay :

y= e_at '(CI .ChO)zt +Cy .Sh(th)
Hay vi€t duéi dang khdc:

y=4; e M .Sh(\/ ocz - 0)2 1+ 6) (2-23)

Cy; C; xdc dinh tir di€u kién ban dau y va v khi t = 0. Sau khi ¢6 C; va C; thay vao
o

_ + 0.
y=e ™ .(yo.chmzt + Yo T&Yo

shcoztj (2-24)
®3

P4y 1a phudng trinh clia chuyén dong khong tufin hoan : Hinh 1-9 cho thdy ba
dang chuyén dong c6 thé xdyra:
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al yy b) 4y SEL
TSNS Y, y,
“J Y U l =0
v, ' \\ d Y%
~ t tnT""l t
0 o A 0
Ym
ME——
Hinh 1-9
¢- Truong hgp o = o
Khi d6 phuong trinh dic trung ¢6 nghiém kép :
Sl,2 =-0
Nghiém c6 dang :
y =e % .(Clt +C2) (1-25)

Pay cling 1a chuyén déng khdng tuan hoan nhu trudng hgp b.
Qua khdo $dt ba trudng hdp néi trén, trudng hop b va c coi nhu khong xdy ra dao

~dong va trong thyc (&€ hai trudng hgp nay it xdy ra.

1-3 Dao dong cudng biic trong truong hop tong qudt

Phuong trinh vi phan tdng quit ciia dao dong (1-1) da dudc thi€t 1ap trong rauc 1-1.
4+ 205 + 02y =0.8p.P(t)

1- Trudng hgp lvc cdn nhé (<o)

Nghiém riéng c¢ ia phuong trinh (1-1) c6 dang:

—ot

. o . v .
y=yo.e . (cosot +—sinmt +—>.e”* sinojt) (1-26)

Wy ' W1 v
- SG hang dd 1 1a dao dng do d6 1&ch y, so vdi vi tr can biing. S8 hang sau 1a dao
dong do dn1 hudng cla van téc ban dau v,.

- Luc kich thich P(t) s& lam cho chuyén vi ¢6 thém mot sO hang nita .

Xét tai thdi diém. t bat k¥ § trong khodng thdi diém 0 va t néu trong khodng thdi
gian dt thl Iy kich thich s& lam cho t6c dd v c6 gia s8 dv, chinh dv s& lam cho
chuyén vi tdn 3 cong lai thai diém t 6 them mot lugng tuong ty nhu s6 hang thd hai
cia biéu thife (1-26) .
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dy ¥d{y0.e
0
+ ﬂ.e_a(tq).sinwl (t—1)
W
a) l’*“"" QF_"' i
()-« L ;7%7
/74;\7 I /” - ;7,*7
Hinh 1-10
Ap =P.31p
va Ap =PB.3y,
Suyra: P P.EL111
011
Viy:  S=P(1).dr=P(1). OSP4,
011
Hay :

- a
* (cosoit + — sinoqt) + ~2 e ™ sinogt

Vo - .
W1

Cén xdc dinh s6 gia van tdc dv. Gi4
tri xung lugng do téc dong trong
khodng thoi gian d6 s& bliing bién
thién dong lugng tai thai di€m do.
Nghia 14 :

S=P(1).dt=d(mv) (1-28)

P(7) § day biéu thi luc kich thich dat
tai khoi luigng m. N&u P(t) dit & vi tri
bat ky thi ta phai thay bang lyc kich
thich tudng duong IS(T) dat tai khoi
lugng. Nhu hinh 1-10.

(1-27)

(1-29)

P(r)%l—li.dr =d(m.v)

11

Do m khong thay d8i nén

dv = i.P(t).g—Q.d'c

m

Va thay vao bi€u thifc (1-27) ¢6 dugc :

Do

dy =d{yo.e
+ Orp
611 m.mq
02 =1 Vay:

m.511

- a .
O‘t.(coswlt+—.sm0)1t)+——.e at.sma)lt
o

Vo —at .
©1

P(1).e" U= smwl(t 1).dt
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. _ o . Vo —at _.
dyzd{yo.e “ (cosot +—.sinot) + —2.e at.smmlt}
01 01

2
+ m.P(r).e_o‘(t"T) sinoy(t - 1).dt
01

LAYy tict phan ctia biéu thitc trén tif T = 0 dén © = t; ta c6

_ o . Vo  —of .
y=y,.e . (cosoqt + —.sinoit) + —2.e " sino;t
01 01
2 t (1-30)
©“.0 —o(t—1) .
+ ~———1—P—.J'P(1:).e ot T).smcol(t —1).dt
Wy
0 .
Hay
02 8p ¢
y= ae ™ sin(oqt + @) + hadiiad | 2y IP('c).e"a(t—T).sin o1(t—1)dt | 1-3D
(0] 0
Vdi
2 (Vo + O('-YQ)Z N Yo-01
a=_[y5+ 5 ; va tgp = —>——
01 Vo + A.Yo

2- Trudng hop luc canlén (o> o)

Phudng trinh c6 dang :

y= a.e ™ .sh(\/ocz —@? t+ 9)
2 t
2P IP(T).e_Q(t_T) .sh(\/ a? -0 (t- ’C)d‘c) (1-32)

3-Truong h¢p (a=0)

t
y=ae *(Ayt+By)+ 0 8p. [P(0)e D t-)dr (133
0
*Cha y:

Khi thi€'t 1ap cdc bi€u thic ta da coi luc kich thich P(t) khéng tham gia vao céc diéu
kién ban diuy, , v, titc 1a dao dng riéng xdy ra trudce khi dat luc P(t).
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1-4 Dao dong cuong biic cé va khong cé luc can chiju luc kich thich
tudn hoan P(t) = P.sin rt

1- Trudng hgp khéng cé lyc can

a- Phuong trinh dao déng
§ + coz.y = 032.61p.P(t) (1-34)

Tir k&t qua da thi€t 1ap cho trudng hgp dao dong cudng bic khdng ¢6 lyc cdn va thay
P(t) = P.sinrt; oo = 0 ; ®; = 0 $& nhdn dugc nghiém cta (1-34).
t
y =A.cosot + P.sinot + P.d1p.0 Isin o(t = 1).sinrt.dt

0
" LAYy tich phan s& hang thif ba trong cOng tric trén ta ¢6

£

. . ® : r .
jsm o(t —T1).sinrtdt = (sinrt — —.sinmt)
2_ 2 o
0 w —-r
Vo + O
Thay vao nghiém clia (1-34) vachiy A=yq,;B= Yo %Yo s& nhan dugc :
01
Vo . P.5 : |
Y =Y,.cosot + 2 sinot + ——L—(sinrt — —.sinot)
o r2 I
I-—
Hay ®
Vo . Poip r P.0 :
y=y .cosot +—2.sinot — L s1n(ot+——113—.smrt
0 o 2o 2 (1-35)
- 1-—
0)2 0)2

Hai s6 hang ddu cta (1-35) phy thudc diéu kig¢n ban ddu y, ; v, clia hé va cé tan

56 ctia dao dong ty do néu y, = 0 ; v, = 0 thi hai s& hang dé khéng ton tai. S8’ hang

thd ba luén xuA't hién ciing véi daé djng cudng bitc nén né biéu thi dao dong ty do
bam sinh. S& hang thi tu tAn sé lyc kich thich la tﬁn s0 dao d9ng nén biéu thi dao

dong thudn cudng bic.
Néu & thoi di€ém t = 0 hé § vi tri tinh, tifc y, = 0 ; v, = 0 thi ta cé

y =P—'81%—.(sinrt ——r—.sinmt) ' (1-36)
I' 0)
I-=
o
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Thay tich P.Sp = vy
(hinh 1-11) 12 chuyén vi tai khdi
lwvgng m do bién dd P cda lyce kich

9
3
-*_'i‘;

thich tdc dung tinh giy nén, ta s& -
viét dugc : B K
aq P
P
ke 1 A . r . \\ » /:q
Y=Y, .———2-.(5111 It ——.sinmt) r ;7\7 S~ ¥ T,
r o
 [—
(02
Hinh 1-11
(1-37)

P(t) = Psiort

+ D& nhan thy dao dong c6 hai thanh phin, mot phdn dao déng vdi tdn s8 lyc kich

thich r va mot phan vdi tn s& dao dong ty do w.

Mot di€u cdn chi ¥ Ia phdn dao dong riéng (s6 hang thit hai trong cong thic) khi cé
lye cdn di nhd ciing s& m4t din sau mot thdi gian dao dong. Sau d6 hé s& chuyén sang
giai doan dn dinh dao déng theo chu ky va tin s nha chu ky va tdn s8 cia luc kich

thich, tidc 14 :
: , * 1 .
Y=Y¢{.———=-.sinrt

r2

0)2
Hinh 1-12 m6 14 dang dao dong cudng bic khéng ¢6 lyc cdn .
3« L Pein -t

VARV

/‘ - N

(A)
/"‘(! 2N /(3 AN VAN AN NVAN RSN a)
N4 w 7 N

2
N 7 . 7 N\ VI
AN L 8) . //

Hinh 1-12
h- Hé s& dong

Tu phudng trinh (1-37) suy ra ,

(1-38)
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Kg =L*= ! 3 (sinrt—isinwt) (1-39)
Yo X o
(DZ

Trudng hgp r = o tic 12 tdn s clia dao d9ng ty do biing tan s& ctia lyc kich thich
lic nay xuat hién hién tugng céng hudéng.
Tim gidi han ctia hé s6 dong biing cdch 4p dung qui tic Lopitan ta c6 :

1 .
tcosrt — —sinmt

LimK, = 2“? = —(sin®wt — ot cosmt)
I - _;. 2
- =

Biéu dién hém sO %(sin ot — ot.cost) trén hinh 1-13 .

Hinh 1-13

C6 thé thady hé s& dong sé& ting 1én vd han theo thdi gian nhung khong xdy ra tdc
thdi ma ddi hdi mdt thdi gian nhat dinh.
Bién d6 16n nha't clia chuyén dong xuat hién khi |Sin rt‘ =1

.1 :
Ya=Yi (1-40




Khi d6 hé s& dong 1a :

Hinh 1-14 biéu dién quan hé clia hé s6 ddng theo r/o .
 R& rang Ky rét nhay thay ddi v6i ty s6 /o thay d6i, khir = o hay r ~ o thi Kq s& ting
vot. Vi vay ngudi ta phdi chi y thi€t k& d€ tan s6 o va r khdc nhau t5i thiu 1a 25%

| Kd
//
“ 2 F
0s N @
- Ry
Hinh 1-14
Khi r<o thi Kg> 1.
r<<w thi Kd ~ 1.

Va ydzy*t
r>on thi Ky<1.
r>onthiKg—> 0

(1-41)

Nhu vay khi tdn s& cla luc kich thich cang 16n so v6i tin s& dao dong riéng thi hé s¢

dong cang gin bing khong va bién do
dao ddng cang nhd.
Dau cta hé s& dong :
+Khir<othiK;>0

+Khir>onthiK;<0
- Khir< o, K4 >0 nén dao dong
cudng bic va Igc kich thich ludn
ludn ciing pha
- Khir> o, Kj <0 nén dao déng
cudng bic va lyc kich thich 1éch
pha va biing ©

()= Psinrt
a) M PXt)
@

A s

! |
byl P

~ - I‘(u)

//:?;\'7 S~ ~I___y<{_ " /7?7 :

] P I
€ ® 3w
bt T~ | Ya - ;,En

~ ey Ze —

Hinh 1-15




T

C6 hé s0 dong ta c6 thé chuyén bai todn dong vé& bai todn tinh. Vi du chuyén vi yq
cda khdi lugng m lyc bat 1gi nhat.

*
yd =Y -Kqg
Tuong ty cho ndi lyc va dng suit :
Md =Mt'Kd 5 Qd =_Qt'Kd [
o4 =0¢.Ky ;o Td =7-Kyg

c- Hién tugng phdach

Khirroticr/o=1;0+r=20=2r
Dods © — 1 = (0 +1).(0 — ) = 20.(® — )
Thay cdc quan hé trén vao phudng trinh (1-39) ta c6 :
r 0 . r .
Yy =Y¢ .—ﬁ(smrt —~—SInmt)
0 -r ®

2 ® -
y= y:.———L.(Zcos rro t.sin 2t
20(n —1) 2

2
. (r—o
©.S1n t
( 2 )

Uk
Y=Yt ((1)-—1‘)

.cosrt

* 1, (r-m
Ky higu| A(t)=y;. .sm( ').t 1a bién 46 clia dao dong thi:
] (0]

- 2
y = A(t).cosrt (1-42)
Chu ky ciia bién dd dao dong A(t): \

T. = 2n 4¢w .

A - f— (1-43)

5 )
Chu ky ctia dao dbng :
271

T =
r

Ta thiy TAo>>T. ,

Nhu vdy khi r = o thi phuong trinh dao ddng c6 dang theo cOng thiic (1-42). Khi d6
cdc bién d§ dao dong bién d6i theo chu ky Ta. Hién tugng nay 1a hién tugng phach
diéu hoa cta dao djng. Hinh 1-16 bi€u thi chuky Ta .

Hién tugng phédch cling x4y ra khi hé chiu tir hai lyc kich thich trd 1én va ciling cOn
nhiéu nguyé&n nhan giy ra hién tugng phéch.
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Hinh 1-16
2- Trudng hgp cé lyc cdn
a- Phuong trinh dao djng
.. 2.2 o
¥y+20.y +0°.y=0".0;p.Psinrt (1-44)
Nghiém c6 dang : y =Y +Y2 ‘ (1-45)

Trong dé :
- y; : Nghiém t8ng qudt cGa phudng tinh vi phin thudn nhét (Cling chinh la
nghiém cda phuong trinh vi phin ciia dao ddng tu do). Khi a. < o thi :

y1 =e ' (A.cosm;t + B.sino;t) (1-46)
(,01.= (02 - OLZ
- y2:Nghiémriéng ctia phuong trinh vi phan cé v€ phdi cé dang

y7 = C.cosrt + D.sinrt (1-47)
Ti€n hiinh theo cdch gidi phuong trinh vi phin c6 dugc nghiém toan phin sau :
y=e *.(A.cosit +B.sinot) + C.cosrt + D.sinrt

Trong do :

(C o 0)2.61P.P.206.I‘
2 2 2.2
(o) -1 )2+4OL .r (1-48)
D=-— 602.511) .P.(COZ - 1‘2)
| (co2 - rZ)Z +40.2 r?

S& hang ddu chita phin t& e ™ biéu thi dao dong tu do tit din. Hai s6 hang sau biéu
di&n dao ddng cudng bitc.
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N&u bi€u dién nghiém theo hiing s6 tich phan khéc vdi :

a=+D? +C2

C
va tgh= D

Thi nghiém téng quit c6 dang :

y= e (A.cosoqt + B.sinoqt) + A.sin(rt — A) (1-49)
Xdc dinh hiing s& tich phan A; B tir diéu kién :
t=0;y=yova
Y=Yo =Y, _
Sau khi ti€n hanh dao ham va bién ddi, c6 dudc :

A=y, +a.sin}

. (1-50)
B Yo +Yo-0+0.a.sink —arcosi '
4|
Thay vao nghiém toan phin c¢6 dudc :
_ : Vo + 0Ly, +o.a.sinrt —arcosrt .
y=eg M .li(yO +a.sinrt).cos oyt + —2 Yo .smcolt]
w1
+ a.sin(rt — A) (1-51)

Khi & thdi di€ém daunéu : yo=0; v, =0 thi
a.sinrt — arcosrt
@1

y = e ™ .{a.sin rt.cosmot + .sin wlt} +a.sin(rt — )

Thay tri s& ctia a vao cOng thifc trén ta ¢6 :

d1p.P : - :
y = 1P [ sin(rt —A) + e~ (sinA.cosmgt
2 2 .2
1“2 4a0°r
\/(1—‘”2“) e
O ©
o.SinA —rcosi .
+ .SInmqt) (1-52)
01
Hay
k
y = Yt [ sin(rt—k)+e_at.(sink.cosw1t
2 2 2
: o 4o°rx
\/(1“—2—) t—
® Q)

N ol.SInA —rcosA

.sin®qt) } (1-53)
01
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Nhu vay dao dong ctia hé gdm hai phin : M4t phin dao ddng riéng véi tn s6 ),
mot phan dao d6ng cudng bidc v6i tin sd r .
Phin dao dong riéngs& tit dan, do c6 hé s8 ' vi vay khi dao dong cudng bic &
thoi ky 6n dinh s& c6 : '

*

y = A -sin(rt — A)
2 2 2

I 2, 4a”.

(- ___) —-Z—

(D O]

Dao d'éng fur o dao ddng.

‘A/\Aﬂ]\f\ﬂ/\\ﬂﬂ\ T
\/UUU‘ NALRY

Doo dgng cuong 67 c6 Iuc can.

\/\ AN
VARVERVA

\ﬁ /\\ ng (5nphad
W \/ iV

Hinh 1-17
b- Hé s6 dong
1 .
Ky =—%7= - > .sin(rt —A)
Yt "2, .27
\/(1—2) R
® ©
_ : O.SINA —rCcosA .
+e at.(smk.cosmlt+ .smc)lt]
) col
20,
Véi: Y=—
0

Cong thdc (1-56) c6 thé vi€t dudi dang khic néu dit :

Phis
'(—D“ : Chu ky dao dong riéng khong ¢6 luc cdn
27
Tp =-—— | Chu k¥ dao ddng cda luc kich thich
r

(1-55)

Hinh 1-17 cho thdy qu4 trinh v dang

Né&u cho a = 0 (Khdng cé luc cdn) thi
s& nhin dugc k&t qui nhu & phin khong

(1-56)




"

Hé s8 dong c6 tri s6 1n nhat khi [sin(rt —A)| =1

] I
Kg = 2 2 (1-57)
a- ”‘2—)2 + Y2- 5
Tp Tp

Khi d6 dao dong riéng da tdt
- Truong h¢p cong hudng (r=ow )

Khids T=Tp
_l_e
Y 20

RO rang khia=0thi Kg= .

Trong thuc t&€ o # 0 cho nén Kq # oo, tuy vy ngudi ta thi€t k& trdnh cho hai tin s8 ®
va r triing nhau d€ tranh cho hé s6 ddng K4 ting 1dn nhanh d6t ngot.

Hinh 1-18 cho thdy sy thay ddi clia Kq theo ty 1& :

Ky

T r
TP B ()]
Vi cdc mdi trudng cédn khdc nhau. Trén db thi cho thay khi
3. T3
4 Tp 4
Thi K, ting rat nhanh. Trén dd thi mién nay goi 14 mién cOng hudng.
Kt qor o .
s .
4o
Jol -
PrS . -
P e
L5 | -
10 Jommr
05 | .
Sy
oo 0o 55&&7

Hinh 1-18
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c- Hién tugng phach

Khi c6 hién tugng phdch xdy ra phudng trinh dao dong c6 dang :

—abe ot . IO
y = a(l—e “Y.sinrt + 2a.e”* sin(—1

).tcosrt (1-58)

SO hang ddu bi€u thi dao ddng cudng bic khdng c6 luc cin, s& hang thi hai biéu thi

dao ddng cudng biic ¢6 luc cdn ¢é bién d6 :

—at . I—®
A(t) = 2a.e “ sin 5 ¢
Chu ky bi&n ddi ctia bién dé A1) 1a :
27 47
TA = =
L7001 r-o

2

con chu ky cda dao dong 1a T = 27/r so sanh thdy To > T .
Hinh 1-19 biéu dién hién wigng phéch .

e e
e T

b |
4

Hinh 1-19




CHUGONG 2

DAO PONG CUA Hi: CO MOT SO BAC TU DO
2-1 Phuiong trinh vi phén téng qudt ciia dao dpng

Xét mot dam c6 n khdi lugng tap
trung, bd qua kich thudc cta khéi

Pt q lugng va trong lugng ban than . .
o - m A Hé xem nhu cé n bic ty do .
s SN j Kb w7 Hé dao dong dudi téc dung cila
|, 9 Yoo % céc Iyc nhit hinh 2-1.

‘ 2 - Luc qudn tinh do cdc kh&i lugng

f R dao dong . |
- Luc cdn dit tai cdc khoi lugng.
- Luc kich thich.

“Hinh 2-1 .

Ky hiéu Zj =-— my .y (t)lyc qudn tinh do khdi lugng my dao dong.
R (1) : Luc ¢dn dit tai khoi lugng my .
q(t) ; P(t) ; M(t) cdc luc kich thich
Theo nguyén Iy Palambe phudng trinh chuyén dong ctia cdc khdi lugng ¢ dang:
Yk (0 =81121()) = Ry()]+ 8yp [z2 () - Ry (0] + ...
+ 8y {2n () =Ry (D]+ Ay (®) =0
k=1,2,3,...,n) (2-1)
Trong do :
- Sy : Chuyén vi clia kh&i lugng my do lue don vi dat tai khdi lugng m; theo
phuong chuyén vi y; giyra .
- Mp(t) : Chuyén vi cta khéi lugng my do cdc tdi trong q(t), P(t), M)
giyra (coimg=0).
Thay gia tri cdc lyc qudn tinh vao va bién ddi, ta nhin dugc ,
V(O =81 [~ mp.§1(6) = Ry(0] =8 [- ma 2 (6) - Ro(0)] —...
= Okn -[" mp.§, (- Ry (t)]_ Agp(t) =0
Hay : ‘
V() + 8 my 510 + Ry()]+ Spp [+ my. 2, () F Ry (0] +.....
+ 81 [y Fn O+ Ry (O] - Ay () = 0
(n=1,2,3,...n) (2-2)

Biéu thitc (2-2) 1a phuong trinh vi phin t6ng qudt cda dao dong hay phudng trinh
chinh tdc ctia hé c6 n bic ty do diing dé x4c dinh cdc chuyén vi dong yi(t) , ya(t) ..ya(t)
ctia cdc khoi lugng.
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- Truong hgp khéng xét ly'c can

yi (1) + 51{,1-1“1-5}1(0'* Skz.nlz.yz(t)*f-...-l- Slm.mn Ya(t) —Akp(t) =0
(k=1,2,3,...,n) , (2-3)

- Trudng hgp xét dao dfng ty do (khéng cé luc kich thich) thi s& hang
Axr(t) = 0 trong cdc bi€u thife trén

2-2 Dao djng riéng ciia hé cé mdt bac ti do
I- Phuong trinh vi phéin cia dao déng

a- Khong c¢é lyc can

Y () + m1.5k1.y1(t) + m2.6k2.y2(t) +...+my, 'Skn Jp) =0
(k=1,2,3,...,n) (2-4)
Gia st nghiém tdng qudt c6 dang :

n
V(D)= 2y (t) (2-5)
i=1
Vdicdc nghi€ém riéng c¢6 dang
Yki (D) =y Fi(0) (2-6)

(i=1,23,...,n
yii : Cde hling sd chua biét
Fi(t): Cdc ham s0 theo thdi gian t chira x4c dinh.
Xét mot nghiém riéng thi i twong dng vdi cdc khdi lugng ta vi€t dugc :
yi(t) =y F)
y2i() = y2;.F(0) 2-7)

......................

Yni() = ¥ui-F(0

Biéu thiic (2-7) cho thdy ty 1& giita chuyén vi cia cdc khdi lugng khong phu thude

vao'thti gian va 12 mdt sd xdc dinh. Pudng cong tao bdi cic tung d0 yy;, Vol . . . Yai 0
ducing cong dan hdi clia ddm va 12 dang chinh thit i ciia dao ddng riéng.

N

7y m_ o
ST Ta
W T w_yZL'“ Y '

Hinh 2-2



Thay vao phudng trinh (2-4) nhin dugc

yiki By (0 [my8i1.y15 + My 8oy 95 + et My Speg ¥ JE () = 0
Hay
E® _ Yki
F; (t) ml.Skl.yli +..... + mn'skn'yni
Vi 12 mét dai lugng khong ddi. Trong d6 phdn bén trdi phu thude thdi gian t. Phén
bé&n phii phu thudc vao vj tri va trj s8 clia cdc kh6i lugng. Dit gia tri cda mdi v& cia
bi€u thitc trén biing mot dai lugng khéng d6i + %, vi dao dong riéng 1a di€u hoa nén
1y - %
Ta viét dugc :

(2-8)

B (t) + 0f Fy(1)=0 (2-9)
5 2
Va my.0g Yi1i-0f +..... +my 'Skn Yni .0)i2 ¥k =0 (2-10)

Phudng trinh (2-9) ¢6 nghiém
Fi(t)=A;.sino;t + P;.coso;t

Hay Fy(t)=A_ sin(ojt+1;) (2-11)
vei Al =yA7+B} 5 gy =-Ei—
i

Biéu thic Fi(t) bi€u thi ham tudn hoan c6 tdn s vong thi i cda dao dong riéng o,
va pha ban diula A; . .
Phudng trinh (2-10) sau khi thay k=1, 2, ..., n s& ¢6 dang.

2 2 2 ’ :
mp.011.0i.y1i + Mpdp.0f.yy +et mMpdpofyn -~y o=
2 2 ‘ 2 ‘
m1.521.c0i Yu o+ m2.522.a)i Yoi  te... + mn.62n O Yni — Yo =

2
mydpp 0.y + Mp8y0.07.¥2; +eeeet MpOpy.0iYni — Ypi =
Hay
2 o S5m0 v S 0ty =
mdy.0f —lly;; + my.012.0j .¥2i Tt Mp .01 Wi -Yni =
2 2 2 _
m1.521.coi Yii + m2.522.0)i —1lyy; +..... + mn.82n NOEEN =
my.8,1.0{ .Yy + my.9,2.05 .Y 2; tot (mn Opn -0 I)Ym =
(2-12)

0

0
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(mISHfui).yli + m2.612.y2i +..... + mn.51n.yni = Q]
my.871.Yy; + (M8 —uj)yg; +.t my, .89, .Y ni = 0
...................................................................................... .
mj.0p1.Y1; + my.0,2.Y2i e + (my 8y —uj)yn = 0]
(2-13)

biy la phudng trinh cd bdn cia dao dong riéng : Piéu kién tdn tai nghi€ém la dinh
thifc cda cde hé 6 ctia phudng trinh phéi biing khong :

2 2 2
(m1811.coi —1) m2.612.a)i ..... mn.81n.coi
, 2 2 2
D= m1.621 ROH 11]2.522 O — 1) ..... my, .5211 HOH _
2.... 2 ...... @19
my.0,;.0f my.0,0.07 ... (mn B -0f -1 -
Hay
(m1611 - Ul) m2.612 ..... mn 81n
L | mp0g (my.85 —u;) ... mpy .87,
D= =0
m1.6n1 m2.8n2 ..... (mn '6ml —ui) (2-15)

Gidi hé phudng trinh trén ta s& ¢ n nghi€ém u; , u,, .. u, va tudng Wng cé dugc mot
phd cdc tdn 8 dao dong riéng @, , @3 , ... ©, . Trong d6 o; 12 tn s§ dao dong riéng thi
nha't hay tin s& ¢d ban.

Phudng triinh (2-14), (2-15) dudc goi 1a phuong trinh tin s§ hay phuong trinh thé ky.
C6 cdc tan s& dao dong riéng ta s& c6 cdc dang chinh cda dao dong.

Xdc dinh phuong trinh chuyén dong tng quét ciia khéi lugng tir cdc cong thifc (2-7)
va (2-11) s& vi€t dugc phuong trinh chuyén dong clia cdc khdi lugng tng véi tin s6 w;

1
N

yi() = yi;.Aj.sin(ojt+2;)
*
¥2i() = yoi.Aj.sin(wjt+2;)

(2-16)

---------------------------------------

Yoi() = Yui-Aj sin(@jt+ ;)]

Thay vao nghiém tdng quat (2-5) ta ¢6 :




©n
V()= Y yii A sin(o;t +1;) (2-17)
i=l1
Pt py = 2K (2-18)
Y1
k=1,2,3,...,n chi thit tu khdi lvgng my
i=1,2,3,...,n chi tht ty tin sd riéng w;

*
vadat G = y1i-A jtalaico:

n :
yr(t)= Zuki.Ci.Sin(O)it+7\,i) (2-19)
i=1 -
P4y la phuong trinh tdng qudt clia dao dong ty do tai khéi lugng my, .

- Xac dinh C;va A;.
Pay 1a céc hiing s8 phu thudc vao diéu kién ban diu cda cdc dao ddng ty do. Khi t=0
tacod:

N .
yr(0)=Y pyi.Cy.sink; (220

i=1 :

n
Y (0)=v(0)= Zuki,Ci.coi.coski

i=1
(k=i,1,2,...,n)
tir 2n phuong trinh trén s& x4c dinh dudc 2n trj s6 cia C; va A, .

- Xdc dinh py;

TU ki = Yid tacd Yy =1

yii
Hé phuong trinh chinh tdc (2-12) ta chia tdt cd cho yy; s& c6 n phuong trinh chud céc
hé s0 . , nhung do py; = 1, vay chi con im (n-1) hé s6 con lai do d6 chi cin phai gidi
(n—1) phuong trinh bat k¥ clia phudng trinh trén. ~

b- C6 k& t6i lyc cdn

Coi luc ¢dn ty 18 véi van toc :
Ry (1) =Bk (V)
Phuong trinh vi phdn cda dao ddng riéng cd dang : .
Yic(©) + 81 [my 510 + By I O]+ oo+ 8pen [ 0 O+ B Fn (0] =0
Nghiém tdng qudt va nghiém riéng c6 dang :

n
Yk )= 2 ¥k (®) va  yg®)=yk F®)

i=1



St dung phuong trinh cho nghiém thut
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i.

Y ki -Fj () + my 'Skl I:Fl (t) + ;?]—LFI () [y15 Foeeeeiiireies +
X : Z (2-21)
+m, 'Skn [Fl (1) + —§~Fl (t) }yn =0
my, 1
Goi B;/ m‘ hiing s& = 2o thi phuodng trmh (2-21) s€ c6 dang :
F (t) +J°(F (t) Yki
F; (t) m1.6k,.yli F o, .+mn.8kn Yni (a)
Cho ding thitc nay bling = — % ta nhan dudgc :
B +2.0.F,(t) + 02 F () =0 (®)

2
+ My Sk 0Of Y — Vi =0

Va

2
m1.5k1.0)i Yt
Nghiém clia phudng trinh (a) ¢6 dang :

-out .k *
F(t)=¢ " .[Aj.sinw;t + Bj.cosm;t

coiz—oc2

R

Vdi (Di =

- Phuong trinh (b) ¢é dang ctia phuong trinh (2-10), cdc nghiém o; (ung xdc dinh

theo phudng trinh tin sG (2-14).
Phu’dng trinh chuyén ddng clia cdc khdi lugng my khi c6 k€ lyc cdn ¢6 dang :

Vi (D) = ZkaP(t) ZYk1 t.[Ai.sinq);kt+Bi.cosm?t]
i=l1

Hay

n
Y= pyg e Cysin(ojt —A;) (2-22)
i=1

Jui» i, A Xdc dinh nhu d phéan trén "

Thi du 2-1:

Cho dam cé hai khéi lugng tap trung my=m,=m — Hinh 2-3. Tim tin s dao djng
riéng .

Hé c6 hai bac ty do, phuong trinh tin s8 ¢6 dang :

(m1.511 - u)
m1.521

Vé bidu dd moment don vi My, M,

m2.512

(m2.522 - ll) '
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5 - 4 0
m Tb/ET:(‘gﬂ!f 11 = Ml Mi = 522 = 243 ﬁf
Vv o ¢ ¢
R i _ 7 3
b) /5 ey (%) 012 =821 =M. My =——.—
A A 486 EJ
] s Zl"'l
©) L4, -J—‘L'LU‘LLLLEUJ)/H;;%) Thay cédc gid trj 811, 622, 812 = 83 vdo
i phudng trinh tn s& va khai trién ta c6 :

Hinh 2-3

u2 - u.(m1 .611 + m2.822) + ml.mz.(811.822 - 5122) =0

2 2
5 4 01 (4 4 7 03
u —u.m.2.~——.——+m | — _— —— =0
243 EJ 243 EJ 486 EJ

Hay

_ 5 ms?
1162 EJ
1 m.¢3
27486 EJ
Suyra:
o= =596 [ 2
u 1.4

— Dang dao dong clia dim tng v4i tin s6 @; (hinh 2-4)
y11() =y11.Aq.sin(o1t+ 1))

* o,
y21(t) =Y91 'Al .sm(wlt + 7\,1)
~ Dang dao dong clia ddm dng véi tn s6 o, (hinh 2-5)

Y12(0)=y12.A%.sin(0yt = A7)

y22(t) =¥99 .A;.Sin(ﬂ)zt - 7\,2)
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Yu .
T T~ Pt U
i T B e 4 pe— ’(L/ S~
Y Yar Y
Hinh 2-4 Hinh 2-5

— Phugng trinh dao dong tdng qudt clia cdc khoi lugng c¢6 dang

¥1 = H11.Cy.sin(ogt + Ap) + ty.Coh.sin(wyt ~ A)

. : (a)
Yo =H21 .C1.81n(c01t +Ap)+ 5% .C2.sm(c02t - Kz)
Tinh cdc hé s6 p:
y .
ppp =2l =1
Yii
va tir hé phudng trinh chinh tdc ta ¢6 dugc
2 2
(m1.811.coi —-1)+m2.512.a)i H21 =() ’
2 2 ®)
m1.621.0)i + (m2.822.0)i - 1).”,21 =0
Suy ra :
. 2 2
_You __m1.611.0)i -1 _ m1.521.0)1
Hap == 7= >
Y11 my.017.0] my.072.07 -1

- Xéc dinh Ci, s, Agy Ay
& thyi diém t=0c6
yi®=y1(® ; y1(=v;(0)
Y20 =y2(0) ; y2()=v,(0)
Tu (a) ta c6 dugc :
y1(t) =01.Cj.cos(ot +Aq) + 07.Cy.cos(mypt — }\,2)
y2() =po1.01.C4 .cos(oqt + 7»1) + 92 .(02.C2.COS(0)2t - 7\,2)
Thay cdc biéu thite trén vao cdc phudng trinh didu kién ban ddu khi t = 0 dé x4c dinh

duge cdc giatrictia Cy, Cy, Ay, Ay .
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Thidu 2-2:
Xdc dinh tin s6 dao ddng riéng ciia dim lién tuc cé hai khdi lugng tap trung
m;=m;, =m (hinh 2-6)

Hé c¢6 hai bic tgy do nén

phuong trinh tdn s6 c6 dang nhu
da vi€t & thi du 2-1.

/771
o ﬁ _+'1 '"’4—" :3
Th?O cdch tinh § cd két ciu — \__//

EJ const ’",

cho dam lién tuc co :

w,)
| "{___’:_v (.

511 =0 2343 e N T~ 7
C == = —

=522 1536 EJ

3 Hinh 2-6
RY4

012 =021 =~ 5y

Thay vao phudng trinh tin s, khai trién va gidi phuong trinh bac hai ta nhan dugc

m.¢> X 1 [48.EJ

48 EJ U m.23

7.m.03 . 1 [109,72.E]
Uy == ; Vay Wy =, [— = |[——F

768.EJ u m.03

Dang dao dong clia ddm véi tdn s8 @y , ® nhuhinh 2-6 b va ¢

2-2 St dung tinh doi xing cia h¢

Pai v6i k&t cAu ddi xiing, khi dao dong dang chinh clia dao ddng ri€ng cling c6 hai
dang : P&i xing va phan ddi xing.

Theo dang chinh cia dao djng rleng luc quan tinh phat smh tai cdc khdi hugng tap
trung c¢6 hai loai : luc quan tinh d6i xing va lyc quan tinh phan ddi xing .

Nhu vdy néu k&t cdu ddi xdng ta, co thé. téch ba1 todn thanh hai loai vd tim tin s&
riéng ing v4i ting loai. C6 hai cdch thu’c hlen '

a-Tinh theo ni¥a hé

Hinh 2-7 cho thdy cdch tinh trén nia tung Ung v4i dang dao dong doi xiing va phan
doi xing.



ny "y "

. I/ n’ ' ”,1
I | 8
S Y SN 3 B S _,.Q,,___.{j ¢
77;7, ’;/7.:7;7, 7.'&/"), "

’ 2
[7 '7'577. e 7:277.
e e S Ni S
. 2 o2
T, I 7 ;ﬂL
. » R > 4 A 2
’ 77
" 2p) m m
0/ 1 9, 3 e!" ]{f’ ___.___."__.ﬁ
J' ’”4- m m, 4 JL m, *m ?
7 )
VARPY 1l Voraei s n? > 77
4
Hinh 2-7

.~ I\? * ’
b- Diing chuyén vi kép

Xét mot doan dim cé khoi lugng phan bd nhu hinh 2-§ (Gid st s6 khdi lugng 1 1¢).
Xét dao ddng ddi xing,

1 . L |
0) \ . ‘ ' 2 l
m Tk ﬂE:LAmn Moy MK ™ |
G S I B B
] 9}( _(/”_ 1 y" yn-? yk ' ,
by ¥ =t
o 0 e e O e W )
C) s ‘zk:‘ f Jzk_: /J/ (
AN T, S
d) . =1 _ ,'Tj
Ay A L 77( )

Hinh 2-8
PatyY, =2y1 ; Yy =2y,

7 M ~ A” M e
Yy goi 1 chuyén vi kép.

A g ’ ~2 -’
s Yk = 2Vk 5 s Y t=2Y -t 1i€0g Yy =y, cdc chyén vi

Phuong trinh ctia chuyén vi kép viét dudc :

2yk = Yk :8k1'7'| -+ 6k2'7’2 +on + Skn.Zn (2-24)




Trong do :
Oki
7k Cép lue quan tinh

Do 7)

2yk = Yy =08k1.(-my.§ 1) +8gp.(-my.§p) +

Hay

Ill
Yy =0k [— —L@2y)

= —Mp Y

“Gu

: Chuyén vi theo phudng cip luc 7 do cdp lyc 7;

tai cdc khdi lugng my.

néntaco:

1 giyra.

+ 8yp.(-my.¥ )

:|+6k2 ["—“’“(23’2)} o+ Opp My ¥ )

(2-25)
T quan hé
Yi=2§1 5 Yp=2§p 5o Ye=29p 5ol Yo =2§,
Suyra:
my _ .
Yy = ~6kl (_“) Y1 - 51(2 (“—)Y2 Teeeeees - (Skn-(mn_)'\fn

Dang phuong tnnh (2-25) tuong tr phuong trinh (2-4) vi viy ¢6 thé tim tAn s& dao
dong riéng ting v4i dang ddi xing theo phuong trinh tin sd .

| m
(—4.511.0)12 - 1] —l 812.(,0i2 .....
my 2 ma 2
D= —2-.(32].(01 [—5——.622.@ ——1) .....
m) 2 my 2
—0,1.07 —~£ 04007 ...
9 nl-Yj 9 n2 Wi
: t
N
T _NJ Come m,
/7 Y, K '7}}7
71:'1

7//;‘;7]\1\',1/[,] I 5= Sy

m‘n;r;.‘ I‘L

(2= ] N
~ I’\ Tj\; @)
Y1 77

Hinh 2-9

(2-26)

2
(m n-Omn-0f —1

Giai phuong trinh (2-26)
s& ¢6 dudc n tan s8 dao dong
ting vdi cdc dao dong doi
xing.

Dang dao ddong phan doi
xting, hinh 2-9. Do khéi
lugng m, khong chuyén
dong do dé khong cin d€ ¥
dén.

Tuong ty nhu 1y ludn d
phin trén ta s& viét duge
phuong trinh tan s§ ng vdi
cdc dang dac dong phdn doi
xuing.
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m 2 2
= —é-] .62| NOK [2*2-522 O N ]) .....

...................................................

Binh thic trén ¢6 cdp (n-1) .

“‘—-8(11—-])] ROH ——'6(11—2)2'0)i ..... ——-—123—

1

my,_ 2
“3-1—-51(11-1)-(01
m,._
~ 62(n—|) O =()
2
.8(n_])(n_1).(0i -1
(2-27)

Gidi phudng trinh (2-27) s& ¢6 cdc tin s§ dao dong riéng ing vdi cdc dang dao dong

phan doi xing .

Chiy: Oy = _Mi -Mk 3 hai phudng trinh ¢6 ¥ nghia nhu sau :

- 0 phuong trinh tinh cho dang dao dong d6i xding d6 1a chuyén vi Eép theo
phuong cip liyc dBi xing z; do cip lyc doi xing z bing mdt don vi gy nén. Con
& phuang trinh (2-27) d6 1a chuyén vi kép theo phudng cip luc phin ddi Xung z;

do cd@p luc phan doi xing 7, = 1 gdy nén.

Thidu2-3:

Ap dung tinh chit d61 xiéng, tinh tin s§ dao dong riéng cfia hé trén hinh (2-3)

a- Tinh trén nia hé

Sd dd tinh nhu hinh 2-10 va phuong trinh tin s8 ¢ dang

D= (1ﬁ.61 1 w? - 1)= 0

Suy ra:

fi“ """" < |
W= 2 1.
m.0q1 aw ) M i 3
6]] =M1.M] T
_L[Lﬁ.{._%._f_ M.q | el
EIl2 3333 363 Jl*”u% -
5P s P .
" 486.E] 162 EJ
Hinh 2-10

Viy

E / EJ
Wy = "1”‘6“‘2——3{ N5,69 '—‘“5‘
Sm.(¢ m./

*)
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S¢ db tinh vai dang phdn d6i xting, hinh (2-11) tudng tu tinh dugc :

1
Dy = [———
2 m-.6] i

63 nt
486.E) "’(i £ | M
3

m. V?’ £3 /S:WLLLWJ; )

b- Diing chuy&n vi kép

811 =M;.M; =

Sd dd quy udc nhu hinh 2-12 . Hinh 2-11

- Tén s6 dao dong riéng
tng vdi dang dao dong
ddi xuing.

- Theo phudng trinh tan s8

Thay vao ¢ :

- Tan s§ dao ddng riéng
tng vdi dang dao dong
phdn déi xing

DZ—%.SH.(O%——IZO

Vﬁy ) I
Eﬁl 1 Hinh 2-12
2
3
811 =M, M, = 2[1.&&%.&{_{_{} 1567
EJ[2 3333 36 3] 486E]

Thay vaota co :

Tan s6 dao dong riéng ting vdi dao dong phan doi xing

D=—r;—1—.611.0)%-—1=0‘
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2[1662( mme} 2
o =—| =. 7 === S —2
EJI{239°89 2°69°39| 486EJ
Suy ra
»  486.EJ
(,02= 3
m./

2-3 Dao dong cudong biic ciia h¢ khi khong cé lyc can chiu luc kkich thich
bat ky P(t)

1- Trudce khi xét bai todn dao dong cudng biic khong c6 lyc can chiu lyc kich thich
bt ky P(t) ta ciAn néu vin tit cdc kh4i niém sau :

- Dang chinh thit i cia dao ddng riéng 12 dao d6ng tng vdi mot tn s w;nao dé.
Cdc dang chinh ctia dao dfng c6 tinh tryc giao va duge biéu thi biing cong thic

D My Y-k =0 (2-28)
k=i

Hay dudc dinh nghfa nhu sau :

- CoOng cia ngoai lvc hay ndi lyc ciia mdt dang chinh ndy trén chuyén vi (Hay bién
dang ciia mdt dang chinh khdc thi bing khong.

- MOt hé tdi trong Py(t) dat tai vi uf cdc khdi lugng my 6 thé phén tich theo dang
tdng ctlia cdc (hanh phén biéu dién theo dang chinh cia cdc dao dong riéng.

P (t) = ZPkl(t) @2)
k=i
n
2 P (D.yg
Vo PO =myyg kel (2-30)
2 miyy
k=1

Trong do :

i :Chisd biéu thi tin s§ dao dong riéng

k : Chiso biéu thi khdi lugng _

- Chuyén vi ctia khéi lugng my do tdi trong gay ra trong hé dao djng cuting bifc c6
thé€ phén tich dudi dang tng ciia n chuyén vi thanh phén.

n
Agp () =D Ay (D) (2-31)
i=1
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n
D Agp(O).my ¥
k=1 (2-32)
n

2
kglmk'y ki

Véi A (D) =Y.

2- Xét mt hé cdé tai trong diit tai cdcvi tri khdi ldgng Py(t) , Pa(t) ... Po(t)

- Phuong trinh vi phin cia dao ddng c6 dang
Y (0 +My8ip F1 (0 + oot My By T (D = Ay () (2-33)

Trong dé :
Akp (t) =0y1 Pr(t) + 81(2-1)2 (t)+...... + Okn Py (1)
Nghiém clia phuong trinh (2-33) ¢6 dang :
n .
yk® =2 vk F® (2-34)
i=1
Fi(t) : Hims& chua biét dugce tinh theo phudng trinh dang
i (1) + 0 F;(t) = H; (1) (2-35)
Trong dé :
n
D Pe(®).yk |
H; (t) = k? (2-36)
2
Z MY
k=1

Nghiém ctia phudng trinh (2-35) ¢6 dang :

t
. 1 :
F;(t) = Aj.sino;t + Bj.coso;t +... + —. jHi (t).sinw; (t —u).du
®j 0
- N&u xét dén lyc cdn thi phan dao dong riéng s& mat di nén nghiém Fi(t) con :

t
1 .
F(t)=—. in(t).smcoi(t —-1u).du
®j
0
Thay gid tri ciia Hi(t) vao ta cé :

Py (0).y 5

t
, F(t)= —1— J Sine;(t —u).du
10
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Cudi cung phucag trinh (2-33) viét duge c6 dang :

o ()= zukl IP1<u>+P2<u>u21 ..+Pn<u>.uni.sinmi(t_u),du

2
i= 1 0 mj +moy le ) 1 P} e (2-37)
Véi by =2k (2-38)

Yii

Ap dung cong thic trén viét cho trudng hgp hé c6 ba bac tu do chiu tai trong Py(t),
Py(t) va Pa(t) dit tai ba khéi lugng my , m; , m3 c6:

yi(t) = Ykl(t) +Yk2(t) + yi3(t)

P u) + P-(u + P2 (u
Hay ¥, (t)_ukl f 1(w) + Py ( )uzl 3(1).131
lo m1+m2M21+m3u31

.sin®q(t—u).du

M2 P(w) + Py (u). Mzz + P3(u).p30
©2 5 my+mypud, +mypd,

.Sinw, (t — u).du

L B3 PL(w) + Py (u). u23 +P3(w).u33

®3 §  my+myp3; +mypds
(k=1,2,3)

sino3(t —u).du

2-4 Dao dong cudng biic ciia hé chiu luc kich thich P(t)=P.sinrt
1-Lyc diéu hoa va bai todn dao dong cudng buc

Hau hét trong thyc t& k§ thuét lyc kich thich tic dong 1én két cau 1a céc luc didu hoa
(lyc thay ddi diéu hoa) céc lyc nay cé dang ctia ham sin hay cosin. Vi vdy chiing ta chi
y&€u xét bai todn dao ddng do tdc dung ctia loai luc nay. Céc lyc tdc dong cé thé 1a
P(t) = P.sinrt ; M(t) = M.sinrt ; q(t)=q.sinrt. Noi lgc, dng suat phdt sinh trong ké&t cdu
cling 12 ndi lyc ¢ng sudt theo thdi gian M=M(t), Q=Q(t), N=N(t), & = o(t), T=(t)

DGi v6i hé c6 mot bac ty do hodc hé ¢ nhiéu bac ty do, ngudi ta ludn chi trong d&n
khd ning hinh thanh céng hudng (hé c6 mdt bac ty do khi r/o = 1; hé ¢ nhiéu bic tu
dokhir=w;,r=w; ,r=wm;..)khi d6 bién d6 clia n6i luc ddng va chuyén vi dong s€
ting dot ngdt 4nh hudng xau d€n k&t cdu, hinh 2-13 cho thdy 4nh hudng ciia hién tugng
cdng hudng .

Ngudi ta thudng tao cdc luc kich thich c6 tin s& nhd hon tin s dao dong riéng, cho
nén hé c6 nhiéu bac ty do ngudi ta chi cAn quan tim d&n tin s6 dao dong riéng thip
nhat w; dé kiém tra hién tugng cdng hudng.

Bai todn dao ddng cudng biic ¢6 2 nhi€ém vu cd bédn :

- Mot 1a ki€ém tra hién tugng cong hudng .

- Hai la v& biéu d6 bién do nodi lyc dong va chuyén vi dong dé€ kiém tra d6 bén, dd

ciing cda cong trinh.
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N sailde) 1
i iy |
\ 1
SN i i :
AN i oy
/ ,l_ AN l “ l!‘
N TN ! 1
PO N /o ' "
| AN | /1\
! : | SNl
[0] i l 1 S
0 } —L h=¢ =« wy
w =1
Hinh 2-13

2- Bi€u thite ndi lyc va chuyén vi djng ,

Ta xét dao dong trong giai doan &n dinh tic 1a khi hé - dao dong <6 cung chu k¥
vdi lyc kich thich, phdn dao dong riéng ma't di do 4nh hudng cia luc cin.
Khi ﬁé dao ddng s& chiu tdc dung cdc lyc sau :
- Cdc lyc kich thich P(t).
- Cdc lyc qudn tinh Z(t) , Zy(t) ... Zy(t) tdc dung tai vi tri cdc khdi lagng tuong dng
va theo phuong chuyén vi ctia khéi Iugng .
Biéu thifc tdng qudt ctia ndi luc dong tai ti€t dién k do cdc ngoai luc giy ra
Sk ()= Skp (t) + Skl L1 (t) + S Zo (1) + ... + Skp-Zy (1)
Do xét dao dong & giai doan 6n dinh cho nén c6 thé viét duge
Sk (t) =Sy .sinrt
Z;(t)y=2Z;.sinrt
Viy ¢6 thé viét biu thic ndi luc dong tdng quat cuc tri khi tdi trong dat cuc tri
Sk = Skp + Sk1.Z1 + Sk Zy + ... + Skn-Zn (2-39)
. Trong d6 :
Skp : NOI luc tai ti€t dién k do bién"dC) clia cdc lyc kich thich tdc dung tinh gay ra.
Z; : Bién do cda lyc quan tinh dit tai khoi lugng i .-
S,; : Noi huc tai ti&t dién k do lyc Z; = 1 tdcdung tinh tai khoi lugng thi i gdy ra.
Chuyén vi cuc dai tai ti€t dién k

Ak = Akp + 5k1.Z1 + SkZ'ZZ +..... + Skn .Zn (2-40)

Trong do :

Axp : Chuyén vi tai k do bién do cla cdc luc kich thich tic dung tinh giy ra

Sk : Chuyén vi tai k do Z; =1 tdc dung tinh tai khdi lugng thd i gy ra.

Biy git cdn phdi xdc dinh cdc bién do clia lyc qudn tinh Z;, Z,, .., Z,. D€ gidi quy&t
van dé ndy ta xét biéu thitc chuyén ddng ctia khdi lugng thi k .



Vi (1) =01 Z1 () +8yn.Zy(t) +..... + Ok -Zk (£) +...... +6kn-Zn(t)+Akp(t)
(2-41)

X6t k&L ciu dao dong trong giai doan &n dinh va chiu luc kich thich P. %mll Viy
chuyén ddng cla khdi lugng thit k ¢6 dang
Y (t) =A.sinrt
Pao ham bic hai yi(t) va tir biu thic luc quén tinh

Zi () =-my.§ () Tavidtduge: Zy(1)=my.r>Ay.sinrt

Hay Zi ()= mk.1'2.yk(t)
. Zy (t
Rit ra i () = k() (2-42)
my.r :

Thay biéu thiic trén vao (2-41) ¢6 dugc :

Skl.Zl(t) + 6k2'22(t) + ...+ Skk -

5 L)+ oo. + 0y Ly () + Akp(t) =()
miy.r

Do ¢ giai doan dao dong &n dinh cdc yé&u t& phu thudc thdi gian déu thay ddi theo
chu k¥ lyc kich thich do do
Zy (t)=7Zy.sinrt
Akp(t) = Akp .sinrt

G (hai diém khi lye va chuy&n vi dat cye tri, phudng trinh chuyén ddng ¢6 dang

1
(Sk].Z] +8k2'22 +....+ 8kk - 3 -Zk +....+6kn.Zn +Akp =0
mg.r :
(k=1,2,..1n) (2-43)
Hay
¥ 3 ?
) i 'Zl + 512.Z2 + /+ Sm.Zn + Alp =0
621.Z1 + 6;2 .Z2 + e+ 82“.Zn + A2p =0 }
et ietertverea i —ts ereteeresnesraatrn rraeseson narsraans (2-44)
Opn1-Ly +0p2.Zo + +8nn Zy +ADpp =0‘
Trong do :
* 1
8, =| Sk - (2-45)

my.r
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Hé phudng trinh trén 12 hé phuong trinh chinh tic d€ xdc dinh bién do cla cdc luc
qudn tinh. Gidi h¢ phudng tiinh sé& ¢6 cdce nghiém Zy, Zy, ..., Z,.
Chiy: 7Zx>0 Chiéu clia luc theo chidu gid thi€t ban diu.
Zx < 0 Chiéu clia Ivc ngudc lai.
C6 cic lye Zy, cde luc kich thich s& duge dit vao hé va tinh theo cd hoc két cAu thong
thuong, ta s& c6 duge ndi luc va chuyén vi 16n nhat trong trang thdi dong tai mdi tiét
dién clia két cau .

3- Sy hinh thanh kha niing céng hudng

Tir hé phuong trinh chinh tdc, tim bi€u db lyc quan tinh theo quy tic Krame viét
dugc:

7, =2k (2-46)
D
Dy : Dinh thic suy tir dinh thite D biing cdch thay cot thit k cia D biing cdc s& hang
tv do nhung ddi dau
D : bioh thic cia cdc hé s0
Sau khi thay gid tri cdc 8y bing quan hé (2-45) vao va bién ddi c6 dude

(811.m1.r2 — 1) 512.m2.r2 E‘Sln.mn.r2
D= 1 ‘ 621.m1.r2 622.m2.r2 -1 62“.mn.r2 _
mjy.my......my, 2 i s e,
Opp-my.x Oy -my.x (‘Snn mn-r2 -1

(2-47)
Khi r = o; phin trong clia dinh thifc s& trd thanh phuong trinh tin s, khi d6 dinh thic
D=0 va Zx=o.
Nhu vay khi tan s8 lyc kich thich r tring v§i mdt trong cdc tn s dao dong riéng oy
thi déu x4y ra hién tugng cong hudng.

Thi du 2-4 :

Vé bi€u d6 moment dong clia dim nhu hinh 2-14. Cho biét P = 5kN, s¢ vong
quay clia métd n = 450vong/phiit, G=10kN. DAm cé chiéu dai /=6m, J=8880cm* ,
£=2,1.10* kN/em? , gia t&c trong trudng g = 981 cm/s® . Bé qua khdi Iwgng phin b
cha diam . -

. a- Tim tin'sé dao dong riéng

DAm c6 hai bac tu do. TAn s& dao dong riéng da tinh & thi du trudc c6 .

0
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(O3] =5,96 —-E% 5 00 =22 —F:I—-
m./ m.03
m=S-1% _ i 0okNs?/m
g 981
Vay o) = 52,5571 Wy = 203571

b- Tinh bi€u a6 lyc quén tinh cé
ES
8| 1'7‘1 -+ 6‘|2Z2 + A]p =()
*
62].21 + 62222 +A2P =0

Theo cdch tinh cia cd hoc k&t ciu c6 :

4 0

11 =80 =——.-—=1,908.10"* m/kN
=222 = 5437 E)
3
8]2 =821 =—z-—.—€—=1,67.10_4 m/kN
486 EJ |
1 1 ' 1
811 =022 =611 ——
m.r
Do r= 27n _ 2.3,14.480 _ 50 s_l
| 60 60
811 =853 = 1,908.10‘4.———1——2—
1,02.50

Ap =M. Mp =5.1908.107% m

Agp =My Mp =5.1,67.107% m
 C6thé tinh truc ti€p

'AIP = P.611 va Azp = P.522

Thay cdc gid tri da tinh dugc vao phudng trinh ta gidi dugc :
Z;=5196P=2598 kN
Zo =513.P=25,65 kN

¢- Tinh bién d§ ctia moment dong va hé s& dong K, vé bi€u @6 moment dong
theo bi€u thiic

Md ."—‘T\—/II.ZI +M2.Zz + MP

W e —
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Hoic tryce ti€p vé theo sd dd tdi trong .
Hé so dong :

d- Biéu d6 moment téng
cong

M. =My +M;

M", : Biéu dé moment tinh
do trong lugng ctia khoi lugng
cOng trinh gy ra .

Trong thuc & ngudi ta xic
dinh hé s& dong K, bing cdc
cOng thdc kinh nghiém trong

cdc qui trinh.

d:Mdsz
M. Mp
Theo hinh v& ta ¢4 ty 1€ ndy 16n nhi't tai vi trf khdi lugng m; .
Viy
54,855
K =229 _ 16,4
d max 333
Pit) = P8inrt
(]) i m.z_-— m,:m
A b
G I O (s
A ‘ ER
n
b | l(
Yot N
AT JJ;L =3
] 6.67 5
z +0 |
¢ | W
/’Cx\l\u LL U kgfﬂ
5547 54.855

Hinh 2-14

¥
MtC = Mth + Mt

Hay M. =Mp.K4q+M;
Bi€u dd M, va M, v& trén hinh 2-15.

Ngudi ta xem tdi trong nhu
tdc dung tinh dé v& biéu dd M,
(hay Mp ) va sif dung cdc cong
thiic

@ { é
ST 3, @
)] @
ANM
78,41 . 74856

Hinh 2-15
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CHUGNG 3

DAO PONG CUA KET CAU KHUNG
VA DAM LIEN TUC

3.1 Khdi ni¢m

Tinh dao ddng ctia k&t cAu khung va ddm lién tuc c6 thé thyc hién duge bing hai
phuong phép tdng quat : Phuong phép chinh xdc va phuong phip gin ding.

- Tinh theo phuong phdp chinh xdc néu ta xem xét diy di cic yéu t5 s& din
dén viéc gidi bai todn c6 s6 bac ty do biing v cling theo sd db bién dang, kém theo
vao d6 1a céc dang ctia bi€n dang va luc quén tinh. Mot bai todn nhu vay s& qud phifc
tap, cho nén khi tinh theo phuong phdp chinh xdc ngudi ta vin tim ¢ cdch don gidn héa
dang céc gid thi€t c6 thé chdp nhdn dugc ma vAn thu dugc 151 gidi tin cay.

- Tinh theo phuong phdp gin ding nhim don gidn bi todn thuc t& vé mot s6 so
db don gidn hon dé d& dang tinh todn hon. ,

Tém lai c6 thé gidi cdc hé phic tap (trong d6 c6 hé khung va dim lién tyc) biing
nhicu cdch khdc nhau, trong d6 ¢6 mot s6 phuong phdp thyc chit gidng nhu céc phuong
phdp cia cd hoc két cfu tinh lyc hoc, mdt s6 1a cdc phuong phap khdc, dic biét chi
diing d€ gidi bai todn d6ng hoc.

3-2 Tinh dao dong ciia khung siéu tinh bang phuong phdp chuyén vi
1- Dao déng cudng biic

Diing phu’éng phédp chuyén vi d€ tinh todn ddng hoc ciing tudng tu nhu gidi bai todn
tinh, chi ¢6 diéu khdc biét 12 cdc 4n s& chuyén vi dudng va chuyén vi géc & bai todn
dong 1a y&u td phu thudc thdi gian t.

Hinh 3-1 cho thiy dang k&t cdu cd bén, 4n s8 cd bdn clia phuong phip chuyén vi
trong bai todn dong hoc.

Néu lyc tic dong trén hé 12 Iyc di€u hoa vdi tdn s8 r thi cdc chuyén vi va phdn luc
dong cla cdc lién k&t phu 8 hé co ban ciing thay d6i theo tin sb r.

Tuc la:

Z;(t)=7Z;.sinrt
Rk () = Rik.sinrt

Diéu kién dé€ hé co bdn lam viéc gidng hé thyc 1a phan lyc tai c4c lién k&t phu phai
bing khong.

R;(t)=Rjj.sinrt + Rjp.sinrt +.... + Ry, .sinrt + R;p.sinrt =0

Dt Rin.s‘inrt —r

Z, .sinrt

Thay vao phuong trinh trén va bién ddi ta s& nhan dudc :
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1j1.21 +1j0. 2oy + oo+ 1.2y + Rip =0 - (3-1)
' (i=1,2,..,n)
Trong do6 :
. ,Zi :9 Céc tri sb Plen' dd chua psinrt J Bsinrt
biét cia cdc chuyén vi géc hay a)

chuyén vi thdng tai cdc nit cda
khung (Tai cdc lién k&t phu
thém vao) .

ri : Tri s6 bién d6 clia phdn

lc tai lién k&t thit i do chuyén fL
vi dong .Zg(t)=1.sinrt tai lién i G M
két phu thtt k gdy ra & hé co Psinrt gsinrt
bén. b) /!n Co. Ji u“’m__*;..?
’ A A ” P [T o /3 o
Rip : Tri s6 bién dd clia phan /Z Z,sinrt
lu'C tai lién E\et phAu thi ’1 doA cédc Z,sinrt Z,simrt Zi Sinet
tai trong dong gdy ra § hé cd
ban.
Tu phuong trinh (3-1) ta cé , o ,
5 K ' 771
thé cd dudc hé n phudng trinh
chinh tic dé tinh cdc 4n sd co
Hinh 3-1

bdn Z; . Cdc hé s6 va s6 hang ty
do cta phuong trinh duge xdc -
dinh theo phuong phdp dd bi€t cia phuong phdp chuyén vi. Bing 3-1 va bing 3-2 cho
cédc gia tri bién d6 moment udn va luc cit & dau cdc phan tf miu.
Bién d6 moment ddng dugc xay dung theo cong thic :
M =M. 7, + MY Zy +....+ M3 Z, + MY?
Céc biéu d6 Q% , N% dudc suy ra tit biu dé M% nhu cdch tim thong thudng cia k&t
cAu tinh.
- Né&u hé 1a két cdu d6i xiing thi ta c¢6 thé tinh theo phudng phdp don gidn hod di
biét.
- Né&u lyc dong tdc dung 14 thay d8i bat k¥ thi phdi phén tich t3i trong thanh chudi
lugng gidc sau d6 tinh vdi ting s6 hang riéng va cdng cdc k&t qua lai.

2- Dao déng riéng

Khi khong c6 Iyc kich thich trong biéu thic (3-1) Ry, = 0 ta s& c6 dugc phudng trinh
chinh tic clia dao ddng riéng.
rll'Zl + 1‘12.Z2 +....+ rln.Zn =0
1 .Z] + 1‘22.22 +....+ Iy, 'Zn =0
(3-2)

...............................................

rnl.Zl + I'nz.Zz +....+ I'nn .Zn =0
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Piéu kién hé c6 nghiém khi

rll 1‘12 rln
I I .. I

D= 21 22 2n -0 (3-3)
I'ni I'n2 <« Thn

Khai trién dinh thic (3-3) s& din d&€n phuong trinh xdc dinh théng s6 A=k./ tit 46 suy
ra tin s6 can tim .

/  :Chiéu dai cda thanh.

k :Hé s8 clia tirng thanh phu thudc khdi lugng, tin s8, d6 citng cda thanh.

Thidu 3-1:
V& bi€u @6 moment uén ddng clia khung cho trén hinh 3-2. Cho biét EJ=hs ;
Kap=0,6m™" ; Ko=0,3.m7" v kog = 0,5m™".
Chon hé co bdn nhu hinh 3-2b. Phuong trinh chinh tic c6 dang
rll.Z] + RIP =0
Theo bang 3-1 ta tinh dudc phédn lyc don viry; .

4E] 1 1 1
fy= ZT'”IO‘) = 4EJ.[€—.u1(?»ab) + e—-ul(%ac) + Z—-ul(Kad )J

ab ac ad
Trong d6 :
a -~—3m—y psinrt
4q 7 a T % bg Aab = Kap. Z2p=0,6 . 6= 3,6
M) _ _ _
- sl 4m I Aad = Kag- 0a=0,5.4=20
‘ Tl bdng 5 trong phan phu luc ta tim duge

£, gid tri cia cdc ham s& vong.
b & Bsinrl _ _ .
O, ;o g 4P, Hian = (36) = 042845

7 i 7
ny(1,2) = 0,99505;
1y (2,0) = 0,96083;
C

Do dé :

1y = AEJ(:.0,42845 + .0,99505 + —.0,06083) = 2,24151 EJ
H 6 4 4

Theo bdng 3-1 ta cling tinh dugc

P [ 9.60477%0,98416 — 9,36399)(1,766823]
0,6 9.60477% — 8,92147x9,36399

Rip =M, = = -1,18Q4 P
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Béng 3-1
o Sodd Tri 58 bién 46 moment | Tri s§ bién dd luc cit
Map=M(0) | Mp=M(/) | Qu=Q(® | Qu=Q(/)
/\/?.Mn.b Mbq
al Bt b) 4EJ 2E] GEJ 6EJ
4, -~ ) — ) | — ) | 8 |- &)
1 QusF 4 10, / / ’? ‘2
Mab
T M 6EJ 6EJ 12E] 12E7
2 ’] —— Q) | st | —— '(A) | — &)
| , ! % AN AVE &
Qab r_‘ »‘ Qba
M.
7y asiart ~ f’“ 3EJ 3EJ 3EJ
3 l t$~*\\;—‘“ - .‘—":”//’ZEX} —/—‘Hs()\‘) 0 —_; .85(;\.) - '/—2_'.8'5()\.)
cha ( h%’ qu
3E] 3EJ 3El]
4 - .Hg(A) 0 — £6(\) |- —&)
/ 2 / 3 / 3
3E] 3EJ 3E]
5 -— (D) 1) — (N | — &5}
/ 2 / 3 i 3
{;_&\_ NS EJ EJ R
6 - e — D) [ o) | — &N 0
Q, / / r?
= !
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Bdng 3-1 (Ti€p)

Cong thife xdc dinh bién d6 cia

TT S9do Noi Iuc va chuyén vi
. P
M, a } Psinrt My M, =E'[Ck'Dk(l--a) ‘Dx-Ck(l—a)]'-Al
7 4 £
| 4 } 11) Q, =P[Cy Crgoy =Ba Dty J: Ay
P
Q, F 4 %01 M; ="1‘(‘~[Dx-cka —Cx-Dka]5A1
Q, =P[BA~Dka _CA‘Cka]:Al
M 51/7"'& h”‘ MO :—M] =—g2—[C}\(A}\ —1)‘“Di]A1
{ju v TIIE) > K
2 q
J( ) Q, =-Q, 21-[Cx-Dx ”Bx-(Ax *1)]3A1
Q1" - "r
P
vy (gt ) M, =I(—.[Dx.Bk(]_a)—Bx.Dk(l_a)].A2
3 2’ i . Q. =P'[A7t'Dk(l—a) _Ck'Bk(l--a)]:AZ
01
}T ? E Q =P-[Bx-cka —AA-Dka]¢A2
Q| 1@ P
Y| =——][C, D,,-D, C,]:A
I kz.EJ[A k 3 Cra ]84,
M, == [C,.Dy B, (A, -D]: 4,
M, gsinrt k
{ [IXTTTIT) Q =3 ar 4y -n-ci]ia
4 ’ }ylf 7 . q
Q, ) ny Q, =E.[Ak.(AA ~D~B,.D, |4,
r i Y
' q 2 ~
Y =—.D;.-C, (A, -D|:A
1 k2.EJ[A PRCESY )] 2
P
. M, =E.[Ax.cm_n, ~Dj Dy |1 A5
M, l.‘ Psiart M, b
’ ' ¥ \ Y, = e '[Bk'Dk(l—a) “CA-Ck(l—;.)]:A3
5 zy v/ L
M, =_-[Cx-Aka —Ak'Cka]:AJ
Q, | L- iQI k
Q =P-[Dx-cka _BX'Aka]:Afi
MO =E(12——‘D)" :AB
M (ZSl'n'rt‘
/"; '7“7“ " U 1 M M1=—%.[AK.DA+BX.CA]:A
6 K;} ?Jo _,-’ v
- Y, = [cy Dy =R, (A, ~D):A
o 7y =5 Ay
Q, f~ P _70,‘ ETk

Q, =E~.[Di —Bi]:A3
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Bang 3-2

CAC HAMSO

2’ A, C,—-B; A shisini

A B,.C, —A, D, A\ chisin)—shi cosi
p )= e S 2 - L )= . =1,
4 C;-B,.D, 4 1—chi.cosA 6 C; -B,.D, 6 1-chi.cosA
A D A shA —sinA A2 C A’ chi —cosi
Hy(A)=—. 5 . - < > 82(7‘): P ~ = . :H4(7\")
2 C, -B,.D, 2 l-chAi.cosh 6 C;—-B,.D, 6 1-chicosA
)= 22 D} —A,.C, A shisini e 0= X A,B, —C,.D, > shi.cosA-+ch\.sini
Hs 6 CZ-B,D, 6 1—chhcosh YT 2B D, 127 1-chh.cosh
3 C A*>  chi—cosi 2 B A>  shi +sink
w, () == A = S (Y T yp— =
3 C,—-B,.D, 6 1-chi.cosi 12 C;, —B,.D, 12 1—chA.coshA |
(K)_& D2 - B? 2 N shA.sin A - (}L)__kz A,.B, —C,.D, A° shi.cosA+chi.sind
Hs 3 A, D, -B,.C, 3 “chisini-shi.cosn =~ ° 3 A,.D,~B,.C, 3 chisini—shi cosi °
. 22 B 22 shi, + sin &
es(\)=——. A = . =pn,(\)
3 A,D,—B,.C, 3 chi.sinA—sh\.cosA
l m__xz A,.B, —C,.D, _2* shi.cosA-+chAi.sinh . (7&)—7“3 Ci—-A;, X 2chi. cos _
He '3°A, D, -B,C, 3 chisinh-shhcosn & =6 3°A, D, —E,.C, 3 chhsink—shicosh
) A’ A A chX + cosA
g.(A)=——. A = : =g, ()
3 A,.D, -B,.C;, 3 chA.sinA—shA.cosi
: A\ B, % shA +sin } '
H7(7\*):_ . & = . ; ; 87(7\‘):86(7\*)
3 A,.D,-B,.C, 3 chisinA—sh\ cosk
6 ()= 2 B,.D,—-A7 ¥ 1+ ch\.cosA
7 3'A,.D, -B,.C, 3 chhsink—shi cosh
A; -C; : .C, —A,.D, .sin — shA.
L) = ) N _a 2chk COSA L e () =22, B‘k C, 2D 2 chA s.mfu shi.cosA
A,.B, -C, D, chi.sin’A +shi.cosh A, B, —C,.D, chA.sinA 4 shA.cosi
A
() = A N _a chA + cosA

A, B, —C,.D, ch\.sinA-+shA.cosA
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Do dé :

7, = Rip _ 1,18024.P _ 0,526536—1)—
rn; 2,24151.EJ EJ
V& biéu d6 moment uén dong :
- D&i vdi thanh a-b :

kab = 0,6 ; Xab =3,6.
Céc diéu kién ban ddu & diu trdi clia thanh .
y(@)=0

y'(0)=2Z; = 0,526536.%;M(0) =M;.Z; + Mp

M; =4.—E6—J~‘O,42845 =0,285633.EJ

M3 =Rip =-1,18024.P

M(0) = 0,285633.E1x0,526536.% —1,18024.P = -1,02984.P

Luccit:

Qo=0Q1.2; +Qp
T bdng3-1tacé:
2 2
GEJ EJ Aab-(Crap-Arap =By )
81(3,6) = ——6-. 2 a =

2 N 2
:_EJ_ 3,67.(9,60477x8,70801 — 8,92147 )= 0,1672.EJ

62 9,60477% - 8,92147x9,36399
Tu bdng3-1taciing cé:

Q =-

-
P

CranCapy ~BranD
Q =Pyt g
Cy =By Digp
_p 9,60477x1,66823 - 8,92147x0,98416
9,60477% —8,92147x9,36399

=0,83145.P

. Do dé

Qo= 0,1672.EJXO,526536.% +0,83145.P=0,919488.P

T phuong trinh bién do chuyén vi va ndi luc ctia thanh thing khi dao ddng cudng
~ bifc ta vi€t dugc phuong trinh bién d6 moment udn dong trong thanh ab nhu sau:
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Khi0<z<Va:

M, (z) = —O,6EJxO,526536%.DkZ ~1,02984.P.Ay, + 9@—3‘;&531@
= -0,315929.P.Dy, —1,02984.P.Ay, +1,53248 P.By, @
Khi % <7 <1
AQ P
M- (2)=M1(2) + —2 Br(,_.y =M (z2) ——B
2(2) =My(2) . Dk(z-a) 1(2) 06 k(z_%)

=M;(2) - 1,666667.B (b)
k(Z*E)

- P&i véi thanh d-a :
Kea=0,5 5 Xaa=2,0
N&u chon gdc toa d6 & dau trdi, ta c6 cdc thong s§ ban dau.

y(0)=0; M(0)= 3?.;12(2).21 = %.1,05922){0,52654.% =0,278861.P

y'(0)=0; QUO)= —6—E{.€2(2).Z4 = —6—EJ—.1,08572X0,52654.—1—)—— =-0,214378.P
42 16 EJ

Ta c6 phuong trinh moment uén dong:

M(z) = 0,278861.P.Ay, —(—)’3-(1-)5537—8.P.BkZ (©)

- Pdi véi thanh a-c :
Kae =0,3 5 Auc=1,2
Chon gdc toa d6 & diu c, ta c6 thdng s& ban dau :

y(0)=0; M(0)= —2—4I—E£ 1,00744x0,52654.]—§3 =(,265229.P

y'(0)=0; Q)= —6—}?—. 1,01075x0,52654.% =-0,199575.P
4

Ta c6 phuong trinh moment udn dong:

. M(z) = 0,265229.P.Ay, — 0,66525.P.By, (d)

LAn luot cho z nhitng gid tri khdc nhau, theo bdng 4 trong phan phu luc ta d& dang
x4c dinh gid tri cia cdc ham s& vong va tir d6 suy ra moment udn d6ng tai cdc tiét dién
khdc nhau trong mdi thanh theo cdc phuong trinh (a) , (b), (c) va (d).

K&t qua tinh todn dudc ghi trong bing 3-3. Bifu db bién d6 moment udn dong vé
trén hinh 3-3. Pudng dift nét trén hinh v& 12 bi€u d6 moment udn tinh do lyc P tdc dung

tinh géy ra.
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Bdng 3-3
. Tung dobi€u d6 moment udn ddng
Thanh ab Thanh da Thanh ca
0 —1,0298.P 0,2789.P 0,2652.P
1 -0,1263.P
2 -0,6606.P -0,1418.P -0,1329.P
3 ~1,2066.P |
| 4 —0,4665.P -0,5059.P -0,5239.P
5 —0,4848.P
6 -1,5175.P

D€ kiém tra k&t qui tinh todn, ta thyc hién ki€m tra diu kién cin bing nit a — hinh
3.4, |
- 0.5059.P - 0,5239.P + 1,0298.P =0

dr abfi=

o6F
Ve o5 a \/.0301’
0150  chan ' }
.. Dudng chdmchdm
(Nh&n vl s:nr‘.i’),‘.lg 0,265P b’é\& dign bl‘étl ds"
mgmen {inh S0 524 P
Hinh 3-3 Hinh 3-4

Thidu3-2:

Cho khung cé kich thuéc nhu hinh 3-5. X4c dinh tin sé dao dong riéng va vé
bi€u d6 moment uén ddng do luc P quay véi tdn s6 dao dng cudng bidcr =10s™ .
Cho biét EJ=4.10" kNm?® va trong lugng mdi thanh 1a 80 kN

1- X4c dinh tan s dao dong riéng

Vi hé d6i xing nén d€ 1am don gidn bai todn ta cé thé x4c dinh tin s6 Gng vdi cdc
dang dao dong doi xitng va phdn doi xing .

a- Trudng hgp dao dong d6i xiing P& nghién citu dao ddng ddi xing ta cé thé van
dung kh4i niém chuyén vi kép hoic 4p dung cdch bi€n ddi so dd tinh d€ tinh véi
ntra hé. Né&u ding cdch tinh vdi nita hé ta ¢6 so dd tinh nhu hinh 3-6a. Hé cd bin
¢6 dang nhu hinh 3-6a. Phuong trinh tdn s& ¢ dang:

Rii=0
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7 C 2
AV & ~—.Jn7—<‘: » ,
: 7 CE ;
% 7 Mj ”F\\_ﬂ;l{
d § T AN/
g '
| ) \
aT ko) /7%77b"‘- \
I — 9, o
Hinh 3-5 Hinh 3-6
Theo cdc s6 liéu cho trong bdng 3-1 ta c6 :
4E] EJ
rpp =——p1(Ma) +—Hg(hic)
6 3
. {1
Trong dé : AMa=kt ;5 Mc=k-=—A
2 2
A A
Hay - chi.sinh — shh.cos R N

+ =,
1~ chh.cesh 2 b2 sin b cos
2 2 2 2

Sau khi bién d8i vé cling mot bi€n s6 X ta dugc phudng trinh :

2ch.sinA —2shA.cosA — shA +sinA =0
Hai nghiém diu (ién ctia phuong trinh :

7\,1 = kl.f = 3,56 s 7»2 = kz.f = 7,43
Tir d6 ta d& dang xdc dinh dugc tan s6 dao dong riéng theo cong thifc ta da biét :

2 4

o =K2. /J 356 /10410 6 _607 (1)
2 4

0, =12, /EJ 743 /10410 6 _ 9655 (s

b- Trudng hop dao déng phan d6i xing. So d6 tinh cé dang nhu hinh 3-7a. Hé cd
ban v& trén hinh 3-7b. Phusng trinh tan s&

I 112
1 122

D= =0

St dung cdc s6 liu trong bing 3-1 ta ¢6 thé xdc dinh duge céc phdn lyc don vi nhu
sau
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o b
/\ )_151‘ 5_(_125 .(Fg-é‘—’
Dy I} ZZV i /727
3m S
-_’ C 1 ¢ ‘-EL“

LJ
x
d
=
2R
I_:\
2

O n d mbar

Z 5
(5
—
I_ a a ‘ []—}—"—_S,,?;
—L 1 \\’/

12E7,
8- Beh) g

Hinh 3-7 Hinh 3-8
Tir diéu kién cin biing moment tai nit 1 khi ndt 1 chuyén vi géc z; = 1.sin 1t , ta
co: |
11 =2 )+ s ) ®
Tir diéu kién can bing ctia thanh ngang bi cdt khi nit 1 chuyén vi géc = 1.sin rt
nhu hinh 3-8b, ta ¢ :

6EJ EJ
1) =——-€A)=——.£1(A) b

Tir didu kién cin biing ciia niit 2 khi chuyén vi géc zp= 1.51n rt nhu hinh 3-8c,
tacd:

6EJ EJ
roy = ——62—81(7\,) = ——6—.81(7\.) (c)

Tir didu kién cin biing clia thanh ngang b ct khi z,= 1.sin rt nhu hinh 3-8d dong
thdi ¢6 chd ¥ d&€n dnh hudng clia khéi lugng m cda thanh ngang ta cé

12EJ m./
1 =—5€3(A).—~ 2
4 4
Tadacé ﬂm% M B E”L3
2 2 07 2x6
- 4
Suy ra Iy = 14];«,] £3(A) - EJ.?»3 (d)
6 2x6

Thay cdc s8 liéu vita im dugc vio phuong trinh tan s6 ta ¢4 :
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2 ) EJ
—EBIlpM)+Elps(=)  ——g1(d)
_13 2 6 4=0
EJ EJ EJ\
—— &\ 2 ga () — ——
g c1M) 13533,

Nghiém thit nhat ctia phuong trinh ¢6 gid tri A1=1,79. Do d6 tin s6 thif nhit cia dang
dao dong chinh bing :

2 4 2
1,792 [10x4x10%x6 1,79% . 5 .
w7 = . - 10°4/3 =15,42 (s
™36 \/ 30 36 )

So sénh tin s6 nay v4i tan s§ thit nhat oita dang dao dong d8i xing ta thay tin s6
tng vdi dang dao dong phan ddi xing 12 tin s& cd ban.

2- V& bi¢u d6 moment uén dong

Phan tich tai trong theo phudng ditng va phudng ngang ta c6 thé chia bai todn di cho
thanh hai bai todn : khung chiu tdi trong ddi xing P.sinrt vd khung chiu tdi trong phdn
ddi xdng P.cosrt

a- Trudng hop khung chiu tai trong ddi xdng : SJ d6 tinh v6i nita hé ¢6 dang nhu
hinh 3-9a. H& cd bdn vé trén hinh 3-9b .
Céc dic trung cd ban :

a) ?B.S:'nrt b) ‘ipsmr{‘
A 2
o 4____..@ m___}c t’:g | =4/
3 ¢ EJ
6m _| Mg =k£=024.6=144
14
1 e al_ Me =k =024.3=072
Phuong trinh chinh tdc
Hinh 3-9 1121 +Rip=0
Trong 36 :
4E] EJ

fip == (L44) + =g (0.72) =5,588652.E

Ryp =M (Theo sd dd 5 trong bang 3 -1)
_ P Gy Ao = A Cro
2k A, B, —Cy Dy
-P 0,26020.1
2,024 (1,01141x 0,72198 — 0,26020 x 0,06282)

Rip =

=-0.75730P




Suy ra:

V& biéu d6 moment udn trong tifng thanh :
- Thanh 1-c : Cic théng s& ban diu

21 = 0,12865.

P

1
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y0)=0 ; y'(0) =z, =012865.5

1

M(0) = M;.Z; + M = %1,.“8(0,72)11 ~0.75730.P = —0.50929.P

= EJ
Q0)=Q;.Z; +QP = ﬁ.ﬁg(l).zl +P.
Ta cé phuong trinh moment udn déng :

M(z) = —KEJ.

0,12865.P
1

Dy, —0.50929.P.A,, +

By, -Ako =Dy Cko
Ay.B) —C, D,

=0.51335.p

0.51335.P
——— By,

=(~0,18526.Dy, ~ 0.50929 A, +2,1389.By, P

TU phuong trinh nay, ta d& dang vé& bi€u d6 moment udn dong trong doan thanh 1-c.

Psinrt

225907

a5093p
032250 \- |

[ ARV AT

0.06412pP

. 7,0,509_3;3

QY

Fiviy S8

NRN

| a
026/3P a

‘Tacd

é# (Mhan vo’r( sfnrt/)_,é

Hinh 3-10

Jo-

D3i v6i doan thanh c-2 ta suy ra theo
tinh chdt d6i xitng . Hinh 3-10
- Thanh a-1 : Chon géc toa do tai
diém a. C4c thong s0 ban diu

y(0)=0 ; y'©) =0
M(O) = 2.i.M2(l.,44).Zl
P

=2x1x1,01550x% 0,12865.—
1

=0,26129.P

Q(0) = -%'—‘.82(1,44)11

— ix1,02241x0,12865.5
1

=-(,13153.P

M(z) = (0,26129.A, — 0,54805 By, ).P

Biéu d6 bién d6 moment udn trong toan hé vé trén hinh 3-10.
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b- Truong hgp khung chiu tii trong phdn doi xitng
So db tinh ntra hé c¢é dang nhu hinh 3-11a. Hé c¢d bin vé& trén hinh 3-11b. Phuong
trinh chinh tdc ¢6 dang :
I11-21 + 11229 + RIP =0
Ih1.21 +1p0.29 + R2P =0

D& x4c dinh cdc phan lyc don vi ta
c6 thé dung cdc cong thifc (a) ; (b) ; (c)
; (d) d4 14p & trén, trong d6 cin cho

a) Peosrt b) Peosrt
1 C 3 . c_,TZ A= 1,44
. )] ] {; 9] . A ’ , :
/72)7 1717 Két qué .
Im |
| )
6m r1=9,948521 ;
a a =11 = —'0,962221 ;
TN 717 .
19 =0,22878.1
Ciéc sd hang tu do
Hinh 3-11

P
Rip=05 Rop=-=

Do d6 hé phuong trinh chinh tic ¢6 dang :

0,94852.1.Z; - 0,90222.1.Z, +0=0 Y

. P S &
- 22217 1Zy ——= inel T
0,96222.1.7Z1 +0,22878.1.Z, 5 0 Psine ﬂjl_l

S \ R gv it} b R
Nghi€m cua phuong trinh : ;lj "/n 9756P

P P
7, =0356337.— ; 7, =3,684218.5 03201
i i
166360
V& biu d6 moment udn trong cic thanh.

-zli) soqnp
Cling thuc hién tuong tu nhu trén ta dugc két .

qud nhu sau :
Phuong trinh moment u6n trong thanh 1-c . Hinh 3-12

M(z) = (=0,513125.Dy, +2,134373 A, — 2,946654 By, ).P

Phudng trinh moment trong thanh ding :
M(z) = (-3,043061.A, + 3,837304 By, ).P

Bi€u dd bién d6 moment udn dong trong trudng hdp tai trong phan d6i xiing vé trén
hinh 3-12.
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3-3 Tinh dao déng ciia khung theo phuong phdp géan diing

Céc phuong phép gan ding trong mdt chiing mirc nao d6 ¢6 th€ vin dung dé tinh
dao dong cia khung. Trong muc nay gidi thiéu phuong phdp thay th& khdi lugng dé
bi€n d6i so d6 khdi lugng phan bd theo chicu dai thanh vé mdt s6 khdi lugng tip trung .

Lam nhu vy, ta d3 dua bai todn c6 vd ciing bic ty do vé bai todn ¢ mot s& bac tu
do. Vdi sd dd mdi ta c6 thé 4p dung 1y thuyé&t da nghién ctu & phin trude d€ tinh dao
d6ng riéng, dao ddng cudng bic .

a) m m-m, b) my = ,nlh, mhs
T T ‘o= __ e gt 4
¢
: =z z A m . mhk A
= ~ 2
. —m f * m
h = - \ m5= fnq_ A\/7'7,4,:—5_;"
- mh
. { m’ -mo, m6= P -
b ) n 7.7 il 7
14
Hinh 3-13

Khi thay th€ khdi lugng ngudi ta thudng diing nguyén tdc canh . Nghia 13 tip trung
cdc khoi lugng phan b6 trong mdi doan d3 chia vé trung tim ctia mbi doan (Hinh 3-13).
Ap dung phudng phép nay d€ tinh tin s6 dao dong riéng thit nhat, thudng cho sai s
khodng qué 1+2% : sai s0 nay ting nhanh khi tinh cdc tin s cao hon.

Khi tinh dao ddng cudng bic, luc

o) L3 ,,,__‘P () qt) {J {gf,,h kich thich ¢6 tAn sc‘)”r nhd hon tin s6 dao
' ' [ i dbng riéng ; thi k€t qud khd chinh x4c.
& AR Piéu nay c¢6 thé thod min dugc d6i véi
t’“G’" o 6m 6’"*‘1 nhi€u cong trinh xay dung.
777 J — n Thidu3-3:

Vé bi€u d6 moment ddng cia
khung chiu tdc dung cia mdt nhém
lvc kich thich cé cting tin sé (Hinh 3-
14). Trong lugng ciia tirng thanh 1a Q,
khéi Iugng phan bé cda tirng thanh l1a
m=Q/g.

Cho biet P(t) = 60.sinrt kN

q(t) =30.sinrt kN/m

EI

m/

r=0,319 EJ=hs

Hinh 3-14



66

P& tinh theo phudng phdp gin ding ta thay th& khdi lugng phin bd bing cdc khdi
Iugng tip trung & gifta va & ddu thanh (hinh 3-14b). Vi cdc nit va cdc goi clia khung
khong c6é chuyén vi nén khong cin xét d&€n cdc khdi lugng tap trung tai d6 .

Trong tinh todn sau ndy, ta st dung tinh chit ddi xing cla k&t cdu va tdi txong
(hinh 3- 14c¢).

1- Tinh cdc hé sé va s6 hang tu do

Pé tinh chuyén vi trong khung siéu tinh, ta ding cdng thiic :
TAO NF. _ NA. WO
S —
Trong d6 cdc bi€u d6 mang chi s& © & phia trén 1a bi€u 5 moment udn trong hé co
bdn tinh dinh suy ra tir hé siéu tinh da cho.

Ap dung phuong phdp di quen biét ta dé dang v& dudc céc bi€u d6 cén thlet nhu
hinh 3-15

a)

e V':}nmmm

)

" _ [ERSRRREBAIRL! P
/;;7 U ) it GW : Z=t './:&7
/7(;7 r:(n 4117 G) /T

| Oz ] f)
| i) N
R e . o |
2.1 Q) 75 i’*
A T E L,
@4’)
/"/r

Hinh 3-15
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Sau khi nhan biéu dd ta dugc :

EJ.o;; = 1,88 ;
EJ.5,, = 5,63 ;
EJ.03 = -0,75 ;
El.Ap =123,70 ;
EJ.Ayp =-22,50

2- Xdc dinh c4c tin s6 dao ddng riéng

Vi két cdu d6i xing va tdi trong cling d6i xing nén ta chi can tinh cdc tin s& &ng vdi
dao dong ddi xting d€ kiém tra kh4 ning cong hudng. Nh vay chi cdn tinh vdi hé nhu

hinh 3-14 1a dd.
Phuong trinh tin s& ¢6 dang :

m
(511.1111.(02 -—1) 812.—22—.(1)2

621.m1.0)2 (622.%.@2 -1

m
531.1’[11.(02 532.3—2—.(1)2

Trongdé:m1=m2=m3=m/2=m*

Thay cdc gid tri vita tim dugc & trén vio phuong trinh tin s6 ta duogc :

EJ.83;
EJ.512
EJ.023
EJ.Azp

= 3,00
= —-1,13
1,13

=202,

m3 2

513.————.(0

2
msz 2

623.—.(0

(533.

2

m
m3 2
2

(1,880-1) -0,565 —0375
~-1,130  (2,815-1) 0,565 |=0
- 0,750 0,565 (1,50 -
Trong d6:
=i
m .®
Gidi phuong trinh tdn s6 trén ta dugc k&t qud :
>\,1=3,55 3 7\,2=1,5 ;>L3=1,14
tr(c)tacd:
o2 B
: m*.Xi

Suy ra :

o; =0,531 /-I::% ; 09 =0816
m

E-J— ; co3:o,937\f
m m

50

)
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So séanh vdi tAn s luc kich thich da cho ta thdy :

20319 2 20319 [ 20,60, <0

% m’

V& bi€u @6 moment ddng
TU hé phuong trinh dung dé x4c dinh bién dd clia cdc lyc quén tinh, ta cé :

E 3
6\;1'21 -+ 612.22 + 613.Z3 -+ AlP =0

~

8
821 'Zl + 822 .Zz- + 823 .Z3 + A2P =0

631.21 + 532.Z2 + 633.23 + A3P =0

J

Trong d6 :

% 1 1 1 7,94

m r* EJ 03192 EJ
\
* 1 1 2 14,01
822 = 522 - = —-[2,63 - =
* , EI 03192 A EJ

m
—.r
2

N A
833 =833 — L 1(3,00— 2| 1664

m* , BT 03197) B
L

Thay cdc s6 lidu vira im dugc & trén vao hé phuong trinh chinh tdc ta dugc :

~794.2, 113272, -0,75Z3 +123,7=0
_113.Z; —14,01.Z, +1,13.Z3 +202,5=0
- O,75.Z1 + 1,13.22 - 16,64.Z3 -225=0

Giai phuong trinh ta dugc :
Zi=139kN ;Z,=13,27kN ; Z;=-1,03kN

Biéu db bién dd moment ddng vé dugc theo

biéu thic sau :
962

N A M4 =13 9M; +1327M, - 1,08M3 + M,

,,3,””1111” \ 84 ”HJ!]; l"““,lmn Trén hinh 3-16 biéu didn két quéd cudi cling
674 , _.‘\' 4 1 ciia biéu d6 moment dong. ‘

PQ T@'; 3 . Pé&i chi€u cdc tung dd cia biéu d6 moment

tinh Mp trén hinh 3-15 véi cdc tung d6 cda biéu
. d8 moment dong trén hinh 3-16 ta c6 thé tinh
Hinh 3-16 dudc hé s& dong nhu sau :




69

— DGi v6i ti€t dién & gilta nhip 1 hay nhip 3

M 67,4L
\ Kg=—d =1,28
‘ M, 52,5
— D31 vdi ti€t dién & gitta nhip 2
65,9
K4 =—""==139
, 50,0
— D3&i vdi ti€t dién & hai dau ciia nhip 2
96,2
Kg = =113
85
Sau khi khdo sdt thém cdc ti€t dién khdc ta thdy hé s& dong 16n nhat cia khung 1a
Kdnn‘('— 1 39

Trong tinh todn thyc t& cdc cong trinh thong thu’dng, d€ cho don gién, ngudi ta tinh
theo trang thdi Iyc tinh rdi nhan 1&n v6i mot hé s& ddng da dugc quy dinh sn. Dya trén
cd s§ ly ludn va thic nghiém, ngudi ta cling tim ra dugc nhiéu cong thic kmh nghiém
d€ tinh hé s6 dong.

3-4 Tinh dao dong ciia dam lién tuc theo phuong phdp chuyén vi

HE co bdn khi tinh dao dong
cia dim theo phuong phédp
t chuyén vi c6 thé chon nhu cich Rsinet R, Sinrt
tinh thong thudng nhu khi tinh véi J[ % ’ Zut
| tai trong tinh. Hinh 3-17. T m“ <
; Trong trudng hgp dao dong _m-hl*_ 12 { L., } [_',_l
cudng bic, phuong trinh chinh tdc :
vi€t cho diéu kién phin luc tai
lién k&€t i & hé cd bdn c6 dang nhu

sau : Hinh 3-17
4 LiGi—1)-Zi-1 + Tji-Zi + T 41)-Zi+1 +Rjp =0 (3-4)
s Theo bdng 3-1 ta tim dugc cdc hé s6 13 cdc phan luc do cic chuyén vi don vi Z; = 1
giyra:
2EJ;
Lii-1) = ——.Hp (X))
¢;
4EJ; 4AEJ
b Ljj = =g )+ —2E 0 (i)
| 4 i+1
|
| 2EJ;
i GiGi+1) = — Mo (Aiz1)

2iv1
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Né&u & hai dau ddm lién tuc cé khép tua (tifc gbi chdt) thi

3EJ 4E]J
I1 =—*1‘-H5(7»1)+*—l+l1(7v2)
4EJ -1 3E]
Mo-Dn-) == =y (Ap—p) + —ps(hy)
n-1 n

S8 hang tu do Rip trong phuong trinh (3-4) phu thudc dang tai trong va ¢6 thé tinh
theo bang 3-1.

Phuong trinh (3-4) con goi 1a phudng trinh ba géc xoay .

Khi nghién ctfu dao ddng riéng thi phuong trinh chinh tic cta dim lién tuc c6 dang :

TiGi-1)-Zi-1 + T -Zj + G(+1)-Zi41 =0 (3-5)

Ciing nhu trudng hgp khung, sau khi lan lugt viét cdc phudng trinh (3-5) cho t4t cd
cdc lién k&t phy trén dam, ta thi€t 1dp diéu kién tdn tai cdc chuyén vi z; va & dugc
phuong trinh tin s& dudi dang dinh thifc clia cdc hé s& phii bing khong.

T phudng trinh tan s8 ta xdc dinh dudc cdc thdng sd trong d6 c6 chifa cdc tin s& dao
ddng riéng.

D&i vdi cdc dim lién tuc d6i xting, khi tinh dao dong riéng ta c6 thé tdch 1am hai bai
todn d€ tinh : Bai todn x4c dinh tan s6 ¢ng véi dang dao dong ddi xing va bai todn x4c
dinh tan s Ung vdi dang dao dong phan ddi xing.

Thi du 3-4: ‘
Xdc dinh cdc tin s6 dao dfng riéng cia dim lién tuc hai nhip cé tiét dién khéng
ddi, mang khéi lugng phan bé déu. Hinh 3-18
‘ Phudng trinh dao dong riéng theo phuong phdp chuyén vi :

‘ 1 'Zl =0
3E] 3E)
1 Hay 1,7, = (7-“5(7») =M (7»)]-21 =0
C6 thé x4y ra hai trudng hgp
° 1- N&u chuyén vi Z; # 0, ta c6
Fon-2 4shA.sin A
SR ps(A) = =
(M a 6¢chA.sinA —shA.cos)
/I?’ ? ”}?' P 7{’ Do d6 sin A=0, Viy A = in
o P e i=1,2, ... ). Ta ¢é dugc :
77 I\\ ~~~~~~~~~ /?}7 /77}7 .2 2
1-.n” |EJ

) = ]
ST T Loy T 4
A . N 1 m
Cong thic trén xdc dinh cdc tn s& Ung véi

Hinh 3-18 dang dao ddng phdn d6i xtng (hinh 3-18b) .

- 2- Néu chuyén vi z; = 0 (nghiém tim
thudng) ta dugc k&t qud nhu trudng hgp ddm c¢6 mdt ddu ngam, mot ddu khdp, tucng
ttng v6i dang dao dong d6i xing (hinh 3-18c). Trong trudng hgp niy ta c6 thé ding
phuang phép luc d€ gidi.
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CHUONG 4

DAO PONG CUA KET CAUDAN VA KET CAU VOM
4-1 Dao dong ciia két cdu dan
1- Dao djng riéng cia dan

Pic di€m trong tinh todn dao dong cla dan 1a xét d&n khdi Iugng phan b ciia thanh
(di€u nay dugc bd qua trong cdch tinh dan cla clia co hoc k&t c&u thong thudng). D&
gidm bt phitc tap, khi tinh dao dong dan ta coi khdi lugng phan b6 cida cdc thanh duge
chia déu va tap trung tai cdc ti€t diém. Gid thiét cdc ti€t di€m 12 khdp 1y twdng, khong
¢6 ma sdt vin dugc 4p dung.

Néu dan ¢6 C ti&t diém, nhu vay s& c6 m khdi lugng tap trung tai cdc tidt diém d6.
Goi Lo la lién k&t don ndi véi dat, ta s& c6 s6 bic ty do ctia dan khi tinh dao dong la :

W=2C-Lo (4-1)

K&t cdu Dan vé& trén hinh 4-1 ¢6 bic
tw do bing :

W=2x7-3 =11

Nhu vdy viéc tinh todn dao dong
riéng cda dan di chuyén tir hé c6 bic ty
do bing v6 cling vé so db bai todn hé
c6 béc ty do hitu han ( hé c6 mot s6 bic

Hinh 4-1 tir do ) c6 thé dp dung céc biéu thic tinh
tdn s6 dao dong riéng clia hé c6 mot s&
bac ty do cho két cdu dan.

Chiing ta nhdc lai phuong trinh tin s& cin phdi x4c dinh cdc chuyen vi don vi 8, doi
v6i k&t c&u ddm, cdng viéc nay khd thudn 1di, nhung v6i két cdu dan 1a cong viec ddi
“hdi nhiéu cong sifc .

Dé€ d3 phuc tap, chiing ta ti€n hanh nghién cdu tinh dao dong dan hdi theo mot
hudng khéc .

Xét mot tiét diém thi I, c6 khoi lugng tdp trung my, gid stt c6 u thanh ik quy tu tai i.
Xét sy can bidng dong clia ti€t diém i. C4c lyc tic dung ta1 igdm :

~ Cdc lyc qudn tinh theo phuang thing ding ( — m. }’1 )

— Cdc Iuc quin tinh theo phuong ngang ( — m;.X; )

~ Céc ndi luc ddng cla cdc thanh quy ty taii ( Ny )

Viét phuong trinh cin bing dong cia ti€t diém i (hinh 4-2)

ZX=—mi.Xi + ZNik.COSOLik =0

u (4-2)
ZY = —mi.yi + ZNik.sinocik =0
u
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Hinh 4-2 Hinh 4-3
Bay gid xét m6i quan hé gita cdc ndi luc Ny vdi chuyén vi tuong tng cla ching
(Hinh 4-3)
Ta da c6
EF,
Nix =—K Alj
ik
Tl’OI’lg do A€ lk = Ellk —_ Klk

£ -cosatiy = £ .cosOjk + X — X
f’ik.SinOL’ik =€ik-5m0°ik +yk —Yi
TU (4-4) ta suy ra duc'c
r Y2 2 . 2
(£ )* = (U5 cosa + xi — x;)” + (£i -sinok + Yk — Vi)
2 2 .
Hay: (0 )" = €5 + 205 (xk —x; ).cosay +(yx ~y;)sina ]
2 2
+(Xk —Xi) +(Yk —Yi)
Thay (4-5) vao (4-4) va bd qua cdc dai lugng v6 cling nhd béc cao
2 . 2 ) 2
A s (ke-xi)° 5 (k-vi)
Ta nhén dudgc :
Al = (Xk - Xi)-COSOLik + (Yk _Yi)-Sino‘ik
Thay (4-6) vao (4-3) ¢6 :
EFj
Lix

Nik = (xi — xj )-cosoy + (Yx — yi)sinoy

(4-3)

(4-4)

(4-3)

4-6)

4-7)




Thay (4-7) vao (4-2) ta dudgc :

3

—m;.X; + Z .ll(k .[(Xk —Xj ).COSOLik + (yk - yi).SanLik].COSOLik =0
i
i EF,; e
—m;.§; + ), f'llc [(xx = x; )cosay +(yk —yi).sinaik].sinocik =0
u 1 J

Pit nghiém cda (4-8) dudi dang :

x;(t)= ai.sin(o)jt + 7\,J)
yi(t)= bi.sin(cojt + kj)
Do dé6 : "

Xi(t) = —coiz.ai .sin((njt + 7\,J) = —(Dj?'-xi

.. 2 . 2
. yi(t):-(Dj .bi.Sln((Djt+7\,j)=—-(Dj Yi
Thay vao (4-8) viét dudgc :

mi.co?‘.xi + Z‘fl(“[(xk —x; ).cosa + (yx —¥j )sinay fcosay =0
u Tk  (4-9)
[(xx = xj )cosay +(yx —yj )sinoy |sinoy =0

J

ik
Biéu thitc (4-9) dudc goi 14 phuong trinh chinh tic clia dao ddng riéng ciia dan. N&u

dan c6 W do tr do ta s& ¢c6 W phuong trinh chinh tic. Phuong trinh (4-9) 1a thuan nhat
va tuy&n tinh, diéu kién c6 nghiém 1a dinh thic cda cdc hé s§ phdi bing khong.

2 \
mi.a)j Vi +Z
u

(4-10)

D((Dj) =0
Biéu thitc (4-10) goi 12 phudng trinh tan s§ dao dong riéng cla dan. Gidi (4-10) s&
nhin dugc cdc tin s6 dao ddng o; cda dan.

2- Dao dong cudng bic ciia dan

Trudng hgp dan chiu lyc kich thich P.sinrt dit tai cdc ti€t di€m (cdc khGi lugng tap
trung) phuong trinh chinh tic dao dong cudng bifc clia dan c6 dang da biét

8;‘1.21 + 612.22 + ... + 51n.Zn + AIP =0

"
09121 + d99.Zy +...... +094-Zp +Ap =0 [ 4-11)

............................................................

* .

6n1.Z1 + 6n2'22 R LR + Snn .Zn + AnP = OJ
Gii hé phuong trinh (4-11) ¢6 dudc Z;, Zy, ... Zn. NGi lyc dong cdc thanh trong dan
- dudgc tinh theo cong thifc :
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Ni =Ni1.Zl +Ni2'22 +...+Nin.Zn +NiP (4-12)
Trong d6 :
Luc doc trong thanh bitky tht i ciadandolycZ;=1giyra.
N;p: ' Luc doc trong thanh tht 1 bat ky clia dan do bién dd cia cdc lyc kich
Nij : thich tic dung tinh gy ra .

N&u diing cdch tdch tiét diém — xét can bing dong nhu dd 1am & phin tinh dao dong
riéng ta cling cé dudc :

ZX = - mi.iii + ZNik.COSOLik + Pix.sinrt =0
u 4-13)
ZY =— mi.yi + ZNik'Sinaik + Piy.sinrt =0
u
Thay (4-7) vao (4-13) ¢6 dugc :

S\

mi.rz.xi + Piy .sinrt + ZEFik .[(xk - xi).cosocik + (yk - yi).sinocik].cosocik =0
ik
) EF, }
m; -1'2-Yi + Pjy.sinrt + Z——‘L.[(xk —X;).cosoy + (Vi —yi)sinay ].sinocik =0
! u “ik J
(4-14)

Trong mot s8 trudng hdp vdi cdc dan don gidn c6 thé tinh gan ding bing cdch bd
qua chuyén vi ngang clia cdc ti€t diém dan .

Thi du4-1:
Xic dinh ndi Iyc dong cdc thanh clia dan chiu tai trong nhu hinh 4-4

PEE) MO) P
pa ~ / \ /£ - }
4m
//\f{ \;{ \;{ B
”f om }ZZL Z,’ Z:- Veael

Hinh 4-4

.o A , EF , )
Cho biét tAn sd cta luc kich thich r=k. |— (k : la hé so thay dé6i).
m

P(t)=20sinrt kN ; mj=m, =m; EF =hs
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1- X4c dinh cdc chuyén vi don vi trong phuong trinh tin sé va sé hang ty do
trong hé phuong trinh chinh tic d€ tim lyc quén tinh (hinh 4-5). C4c cong thic dé
xac dinh :

j//,: 7 - 8

JATAVAVAN

/

N, N, ]
8 =2 3, 711

N N | v
hip =g L / \ \/ \/ \

4 A M A ? z )"-
bé cho tién Igi ta 14p bang tinh

9 C)
(bang 4-1) — > (M,
& ‘"% \49‘/ \w / \/ \9
_ Y4 210/

-L\

Icd 77 ” !
P=20
Hinh 4-5
Béng 4-1
— — — = — — — —
Thanh | / N, N, N, N;.¢ N;.£4 |N,.N,Z N, .N,f N, N,/
1-2 6 0,375 0,750 22,50 0,841 3,375 1,688 50,63 101,25
2-3 6 1,125 1,500 52,50 7,594 13,500 10,125 354,39 472,50
6-7 6 -0,750 -1,500 -45,00 3,375 13,500 6,750 202,50 405,00
7-8 3 -1,500 -1,500 -60,00 6,750 6,750 6,750 270,00 270,00
1-6 5 -0,625 -1,250 ~37,50 1,953 7,813 3,906 117,18 234,38
6-2 5° 0,625 1,250 37,50 1,953 7,813 3,906 117,18 234,38
2-1 5 -0,625 0 -12,50 1,953 0 0 39,06 0
7-3 5 0,625 0 12,50 1,953 0 0 39,06 0
z= 26,375 52,750 33,125 1190,0 | 1717,51

K&t qua tinh dugc trong bdng 4-1 12 mdi tinh cho nita dan. Do tinh chi't d6i xdng cda
k&t cAu va tai trong, nén ta c6

511 —-—1-—X2><26375—5275
EF

105,5

1 -
Sy =—=—x%x2x52,750 =
22~ gp

1 66,25
O19 =——x2x33125=——=0

AIP =LX2X1190=-2—3-—8—Q
EF EF

Asp =—1—><2x1717,51=ﬁ
EF EF
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2- X4c dinh cdc tin s6 dao dong riéng :

Trong bai todn nay lyc ddng téc dung ddi xing, nén ta chi cén tinh tan s riéng Ung
v6i cdc dang dao dong ddi xing.
Phuong trinh tin s6 ¢6 dang :

(m1.81; - ) %;-512

=0
m
m].621 (—72-.522 —u)

(52,75 ) m 66,25
—_—m—-u _—
EF 2" EF

Hay

66,25 (2 1055 \~°
EF 2 EF
Gidiratacé:
=99,58. =
EF
u =5,92.—-—
2 EF

Do dé :

= =0,1002 ( Ty
\/ 99 58 m ‘\l
g = 0,4105 -l
"2 = \Lz \/5,92.m ( )

3- X4c dinh ndi lyc dong

Hé phudng trinh chinh tdc c6 dang

£

611.Z1 + 612.Z2 + AIP =0
621.21 + 6;2.22 + Azp =0

Trong dé

1

m.r

11 1
8oy =899 — =—(1055-—
270273 =l 2 )

; 1 1
81 =01 ———==—(5275~—
11 =011 >~ g 1(2)
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Thay cdc s6 lidu vita im dugc vao hé phuong trinh trén ta dugc :

(52,75 -

66,25.21 + (

k2

Nghiém ctia hé phuong trinh :

Z4

Zy

1

_ 7640.k% —23520.k*

! j.zl +66,25.Z, +2380=0

105,5 - —].22 +3435=0
k2

2-211k% +1176k*
_ 3435k% -23520.k"

T 2-211k% +1176 k%

kN

kN

7

~

S

N&u cho k cdc gid tri khdc nhau (Tic 1a cho tin s r cac gia tri khdc nhau) ta s& xdc
dinh dudgc céc tri s6 Zi, Z, tuong @ng (xem trong bing 4-2)

Bdng 4-2
k 0,05 0,07 | 0,1002 | 0,12 0,37 | 0,4105 | 0,45 1,00 0
C.H.1 C.H.2
Z,(kN) 7,95 22,90 0 -80,20 | -43,55 ) -0,03 | 19,40 | -20,00
Zr(kN), 5,71 16,40 o -56,20 | -6,01 0 -35,58 | 20,75 | -20,00

Ta c6 thé ding bidu thdc (4-12) hay ding cdch tinh tryc ti€p dé xdc dinh ndi lyc
dong trong c4c thanh cla dan dng véi cdc gfa tri r khdc nhau. Khi tinh tryc ti€p, can chi
y dé&n chidu chia cdc Iyc quan tinh Z; . Trén hinh 4-6 bi€u di€n cdc Iyc qudn tinh va céc
lyc dong tdc dung trén dan tudng tng vdi hai trudng hop khi k = 0,05 va k =0,12 (Theo
k&t qud bdng 4-2) .

Béng 4-3 ghi lai k&t qué tinh ndi lyc ddng cdc thanh trong dan dng vGi cdc gia tri k

khéc nhau.
Béng 4-3
Thanh Nbi lyc dong dng voi céc trj s8 k (KN ‘
k=0 k=005 | k=0,07 | k=0,1002 | k=0,12 | k=037 | k=0,1105 | k=045 | k=1,00
1-2 22,5 29,76 43,29 Cong | -49,72 1,67 Cong | —4,41 -3,34
2-3 52,5 70,01 | 102,87 | hudng | —122,00 5,51 hudng | -4,33 0,46
6-7 45| -59,53| -80,78 1an 1 99,45 -3,34 14n 2 8,22 0,67
7-8 -60,0 | -80,49 | ~118,96 - | 114,60 4,31 -1 -6,16 0,22
1-6 -37,5| -49,61 | -72,31 - 82,87 -2,78 - 7,32 0,55
6-2 37,5 49,61 72,31 - -82,87 2,78 - =732 -0,55
2-7 125 | -17.47| -26,81 - 37,62 14,71 -1 -12,48 -0,38
7-3 12,5 17,47 26,81 - 37,62 -14,71 - 12,48 0,38
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Qua k&t qud tim dugc & trén ta rit ra
=008 mdt vai nhin xét :

57
N \\"{}'/ \(’/\ a- Khik 9 0 titc r 30 Dao dong

cudng bic bién doi chdm dan tdi trang

,a__ 201N p =20 /’ 20 thdi tinh. T6i lic d6 Z;=Z,=0 ndi lyc 16n
I( 012 nhit trong cdc thanh tinh theo tdi trong

hang 1a N; =Njp

o) 2 tinh Pl.=P=20kN. Trong trudng hogp
y ndy cong thitc (4-12) chi con mot s§
7}’77 * el
P20 /Lzal«/v ﬂ—ZO
b- Khi k = oo, titc 1a khi r=>o :
Z1=Z,=-20kN, ldc ndy bién do cdc tdi
Hil’lh 4'6 n « . ~ A Al
trong dong coé tri sO 20kN, nén ndi

Juc ddng céc thanh trong dan c6 tri s N;=0 .

c- Tit bang 4-2 ta thay khi k > 0,1002 Thi cdc lyc qudn tinh Z,, Z, d6i diu, diéu
d6 chitng td pha cda cdc lyc qudn tinh cling nhu pha cia dao ddng 1éch vdi pha cia tdi
trong kich thich ldc nay cdc Iuc qudn tinh khi dat t6i gid tri bién d6 s& ngudc chiéu véi
bién d0 P clia tdi trong dong (xem hinh 4-6b) .

Trén hinh (4-7) bi€u dién sy bi€n thién clta ndi luc trong thanh 1-2 twong Wng vdi cdc
gia tri k khdc nhau theo cdc s8 liéu ghi trong bing 4-3.

4- Hé so6 dong

Hé s6 dong clia ndi lyc trong cdc thanh duge xdc dinh theo cong thic

Kg=od
N
A Trong dé :
(,(ﬁff) . Ny : Noi lyc dong
60 } : trong cac thanh dugc
I ’ xdc dinh theo coOng
oL/ | thifc 4-12
20 I I N : No&i lyc do
{ 03 /! o5 06 ar 08 ag 1o bi€n do cia tdi trong
ar; a2 /.-"a4; i ddng tdc dung tinh giy
.20 ! I ra, ndi luc nay chinh la
| ! dai lugng Nip trong
e | cdng thitc (4-12)
-60 : II Ngoai ra ngudi ta
| I | con ding ky hi€u 1+p
\ ! dé€ biéu thi hé s6 dong.

Hé s6 Ky cla cdc
thanh tuong dng vdi
cac gia tri k khac nhau

}
Hinh 4-7 ghi trong bang 4-4
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Bédng 4-4
Thanh He 56 ciia ndi luc K4
=0 k=0,05 k=0,07 k=0,12 k=0,25 k=0,37 k=0,45 K=1,00
1-2 1 1,32 1,93 -2,21 -0,11 0,075 -0,200 -0,015
2-3 1 1,31 1,96 -2,32 -0,20 0,105 -0,025 -0,009
6-7 1 1,32 1,93 -2,21 -0,14 0,073 -0,200 -0,015
7-8 1 1,31 1,98 -2,41 -0,24 -0,210 0,100 -0,004
1-6 1 1,32 1,93 2,21 0,11 0,075 -0,195 -0,015
6-2 1 1,32 1,93 2,21 -0,11 0,075 -0,195 -0,015
2-7 1 1,40 2,14 -3,00 0,55 -1,180 1,000 0,030
7-3 1 1,40 2,14 ~3,00 0,55 -1,180 1,000 0,030

Chu thich : Trong thyc t€ thudng hay gip trudng hdp r < 0; ( k < 0,1002) ; lic nay
Kg= 1+ p > 1, nén ndi luc ddng s& 16n hon ndi lyc tinh. Phan i6n trong dong luc hoc
cong trinh, viéc tinh todn vdi cdc trudng hop r > o, c6 tdc dung nghién citu Iy thuyét
nhiéu hon 1 tdc dung thuc tién.

4-2 Tinh dao djng ciia két cdu dan béng phitong phdp gin diing

C6 nhi€u phuong phdp gin ding d€ tinh dao dong cta k&t cdu dan, & day chi gisi
thiéu hai phifong phdp hay diing : Phuong phdp ddm tuong duong vi phuong phdp thay
th€ khéi lugng.

1- Phudng phdp dam tuong duong

Noéi dung ctia phucng phédp 1a : Thay hé dan bing mot dim dic ti€t dién khdng déi,
didm nay cé d@o Vong 16n nhét gi6ng nhu d6 vong 16n nhit cia dan (do tinh tai). Hai hé
nhu vay s& c¢6 tin s6 dao dong tuong duong. Nhu vay trude khi tinh tin s6 cd bdn cla

~dan, ta ciin im do cing EJ clia dim tuong duong.

- Do vong tai diém k clia dan dugc xdc dinki theo :

Ny.N
Syp = Z—IEF—P-.Z (4-15)
~ D0 vong tai diém k cda didm tuwong duong
g5 al’
384 EJ
AN / A
Jra \{/[\\L/ l\v//l\\i// 1\\1/%‘7 const “-16)
“ D ”74]1 Hinh 4-8 m 4 cich
by 2 2 ' thay th€ dan bing dim
- g
/4‘%{\'\4 13 -~%4 [ 1 LJJ tudng duong
I+ e —b;m((/a'ngd'tfd ng

Hinh 4-8
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Cho &p = f tlr d6 riit ra duge do ciing clia dam

4 .
- l%'e .’ 4-17)
384 .
Z kNP

. EF
C6 d6 cing EJ d& dang tinh dudc tin s6 dao ddng cd bdn o, clia din .
2
o= B (4-18)
32

Thay (4-17) vao (4-18) ¢6 dudc :

Hay
(4-19)

g : Gia tdc trong trudng
Phuong phdp dim tudng dudng cho két qua kh4 chinh xdc d6i vé6i cdc dan gidn don

c6 bién song song .

Thi du 4-2 :

Xdc dinh tin s0 dao dong co bin cla dan vé trén hinh 4-9. Cho biét
E = 2.10* kN/cm?; cdc thanh bién ¢é //F = 5cm™ ; cdc thanh xién ¢6 / /F = 10cm ™

Liy diém 3 (gitta dan lam diém dic tnrng ta c6 ):

S3p = Z pe 110,3.g.107°

6
m1=1,13,/g10 =107,5 7Y

mne 7

-/nm---— SN/ Yi RS ST T, } R

Hinh 4-9
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Thidu4-3:
Xdc dinh tin s6¢ cd ban clia din chiu trong Iugng bdn than nhu hinh 4-10. Cho
E = 2,15.10° kN/cm?.

155N 35 3 SRR 1/ 35 3 Iy 315
| { 220 ¥ 220 | ss0 { 50§ 150}

L

f 3 A -
JROMV‘?\ /\\5 /,& 2 )Kx) % 4 &,
iq A F:Jwi //?:240"" r20em?

7 : <
/57)7 ) 81 26‘/3/<N g y26,3 | 104 ’6,3 26,3 Ak
b 7.20"} 7.20—=fe—7.20 —~] 720 —le 200 o]

woZ/=+

Hinh 4-10
Vi dan d6i xung, tdi trong tdc dung d6i xdng nén tinh trén n¥a hé sau nhin doi
(chiéu dai thanh 9-10 14y bling mdt nlta) cdc thanh c6 gid tri ndi Ivc Np hay Ny-bing 0
thi khong ghi trong biang 4-5. Ta tinh dugc

Nk-Np ) 213279

. =1,232 (cm)
F 215x10%

Va cé dugc :

S V1232

Bing 4-5
Thanh é Np N, Nk.Np.é Nﬁé
2-4 4,30 ~350,0 0,945 1590 4,29
4-6 3,27 ~525,0 ~1,890 3250 11,68
2-7 4,13 ~313,0 ~0,760 1055 2,56
2-8 4,80 241,0 0,760 889 2,77
, 4-8 7,20 ~171,5 | -0,760 956 4,16
| 4-9 9,60 105,0 0,760 769 5,54
6-9 11,55 35,0 0,76 311 6,66
7-8 6,00 196,5 0,173 558 1,34
8-9 3,00 459,0 1,120 1956 6,05
9-10 1,50 546,0 2,370 1945 8,43
| > =13279 53,48
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2- Phuong phap thay th& khéi lugng

o) phuong phédp dugc coi 1a chinh x4c ta d3 dwa khdi lugng phadn bd cla cdc thanh tip
trung vé€ cdc ti€t diém. Trong phuong phdp gin ding nay ta s& dua cdc khdi lugng tap
trung nay vé cdc ti€t di€ém lya chon ma c6 thé dic trung cho dao d6ng clia dan.

Thidu4-4: .

Tinh tin s8 c¢d bdn ctia dan trén hinh 4-10 khi thay khéi Iugng thay th& bing mét
khdoi Iugng & gitta dan.

Khéi lugng toan dan duge chia theo quy udc : M6t niva tdp trung & hai g8i con mot
nita tap trung & ti€t di€m gitta dan kh&i lugng nay c6 gi4 tri :

2
M=t (155+2x35+2x314+435+2x263)= 210 _02018 | KNS
g 2 981 cm

Ap dung cong thitc x4dc dinh tin sd trong bai todn c6 mot bac tu do, ta ¢6 :

T
w=
m.511
Trong d6 :

811 : 12 do vong & gitta dan do P = 1 gy ra. Cdc sd liéu tinh 8;; ghi trong c6t cudi clia
bang 4-5. K&t qua : '

611=—-—19~7—7=49,8.104 (cm/kN)
2}15><10
Vay
4
CDlz\/ 10 =303 (s)
0,2218x 49,8

K&t qua x4p xi v6i tri s6 tim dugc theo phuong phdp dam twong dudng clia thi du 4-3.

Thidu 4-5:

Xic dinh tan sé dao dong
c¢d ban cha dan cho trén
/ \M A hinh 4-11. Cho bi€t mdi
thanh trong dan d@éu cé khéi
o paw lugng biing m, ta nghién ciu
mot s6 cdach thay thé& khéi

lvgng khac nhau

Hinh 4-11 1- Chuyén t4t ca céc khéi
~ lugng vao tat cd cac ti&t
diém (Hinh 4-12a) nhu trong phudng phap chinh xdc
2- T4 trung cac khdi lugng vé cic ti€t di€m thudc bién trén nhu hinh 4-12b
3- Tap trung c4c khai lugng vé cdc ti€t diém thudc bién dudi nhy hinh 4-12¢
4- Tap trung mot m¥a khdi lugng chia toan dan dit tai giita dan nhu hinh 4-12d




83

25m m 4.rm 250
/\\/ m
[y
¢) dj
175 . \/ 1,75m 3,75
r1h 3,7_’5'177 3.78m 3‘:75/77 ,/,’, ; ’ ‘7 75m hre

Hinh 4-12
Lan lugt xdc dinh cdc tdn s8 cd ban theo cdch tinh da bi&t d6i vdi cdc sd db trén, ta
dugc két qua :

So d 4-12a o =0,1040.EF
m

Sd db 4-12b o] = 0,1082.EE
m

S0 dd 4-12¢ o] =0,1002. 2%
. ) m

Sa db 4-12d oy = 0,0973. 58
m

Qua nhitng k&t qué nay ta thdy : Khi chi cin xdc dinh tin s6 o; , ta ¢6 thé thay thé
cdc khoi Iugng bing mot khdi lugng tap trung m & gitta dan 12 dd. Con trong trdng hop
cin xdc dinh cdc tan s cao hon mdi cin phai thay thé& cdc khdi lugng bing s6 khoi
lugng nhiéu hon

4-3 Dao dong cra két cdu vom
1- Mot 56 khai niém

Vom la mot thanh cong ¢6 i€t dién thay d&i hoic khong ddi khai lwgng ban than clia
vom phén bd trén chiéu dai vom. Nhu vy vom 12 hé cé v6 s6 bic ty do. P& viéc tinh

n
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todn khong qud phuc tap ta c6 thé quan niém tinh vom theo céc sd 46 tinh trén hinh

4-13 va 4-14

Hinh 4-13

a)
n=g
b
nN=2
h’)
c)

Hinh 4-14

Nhu vdy s6 bac t do clia k&t cAu phu thudc so dd khdi lugng va dang truc dugc
chon. Bai todn tinh dao ddng clia vOm sau khi chon theo hinh 4-13 hoidc 4-14 sé& trd lai

bai todn tinh dao dong clia hé c6 mdt s6 bac ty do.

2- Tinh dao dong riéng ciia két cdu vom

Do chinh x4c khi tinh dao ddng cla vom phy thudc vao s6 khdi lugng tip trung Iua
chon va vi tri clia cdc khoi lugng d6. D€ don gidn nhung van phdi ddm bio y&u ciu cin
thiét. (vi du tim tan s& dao ddng cd badn) Can cin ctt vao dang dao dong tuong L’mg véi
tAn s8 cd badn d€ chon vi tr c4c khdi lugng tap trung thay thé.

Hinh 4-15 va 4-16 cho thay cdch Ira chon vi tri khéi lugng u Wng le tin s6 co ban

o ctia ddm don v vom khong khdp va hai khdp.

r'1|11|11111|111

n

L

ml ml L

?——;

3
ES

NN

Hinh 4-15

ny
mS _/:‘;"::-:T{
4 ‘)!), - mi \\
/’,’ H \ <
ms ¢ | "'g
8
” | JAY
|
[ 2 IO 4 [
I I 2 |

S= chied dai eung vom

Hinh 4-16
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Chii § : Cdc khéi lugng tap trung & géi dim don hay chan vom khong cé dnh
huéng dén dao dong ciia két cau :
Sau day 12 m6t s8 thi dy 4p dung.

Thi du 4-6 :
Tinh tin s6 cd ban clia vom tron hai khép trén hinh 4-17

Hinh 4-17 Hinh 4-18
Véi vom hai khép khi dao dong vdi tin s8 cd bdn o; vom s& cé bi€n dang phan d&i
xtng. Do két cAu & dang ddi xing vi vdy ta s& tinh vOm theo sd dd nira hé nhu hinh
4-18.
K&t ciu c6 hai bac tr do. Nén phudng trinh tdn s§ c6 dang

(M.811 - u) M.512 ~0
M.821 (M.622 —-u

P& tinh cdc hé s (cdc chuyén vi don vi) clia dinh thifc ta 14p hai sd d6 trén hinh
4-19a, b

al 0,293R| 0.7(77& 4C:a293 b) lc=q7a7
—
%f - ”[’
o P=t |
N |
x . |
S ]
N ,l\
— |
RIS S, _4;(tf,}J
71707
Rzt [ 0
A=0707 A=0Q7107

Hinh 4-19
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Thuc hién cdc phép tinh ta nhan dugc :

% 1 9 % 1
811 = [—-(0293 R.sina)® Rdayy + [ —[0,707(1 - cos oty )R Rdat,
o B o BJ
3 Y 3 %
=0,0858.E__. J.sin2 ojdoy + 0.5R _[(1 cosocz) doy = 001925 R3
EJ o EJ
% 1 ) % 1
899 = I~———.(0,7O7.R.sinoc1) Rdo| + J——.[R.sh oy —0,707.R(l—cosocz)]z.Rdocz
o BJ o EJ :
T i
0583 74 2 RS %4 2 0.5R3 74
= .J.sm odoy +—. _[sm apday + _[(l cosocz) day
El 5 JEA 0
3 % 3
-2. m— J(l cosay ).sinayday = 0,1604.— R
EJ 0 EJ
% Ly
81 = [—=.0,707x0,293.sin” oy R°dat; + [ —.[R.sinay —0,707.R(I - cosaip)]
o B o B
x0,707.R(1-cosay).Rday
n/ 7%
/4
:_1_.0,2072.R3. .[sinz oydoy I-O707 R3, _[smoaz(l—-cosocz)docz
EJ
0 0
%
; 05 3 R>
! —R7. {(—-cosa ) do, =0,0530.—
TR 2 EJ

0

Thay céc tri s6 vira tim dugc vao phuong trinh tan s0 ta ¢6

(0,0193-2) 0,530 | _
0,0530 (0,604 -1)

Trong dé
| _ EJ BJ

b
“R2M RZMo?
Phuong trinh tin s& cho hai nghiém, trong d6 nghiém 16n ¢6 tri $& Amax = 0, 178

Vay
EJ EJ
®OMin =01 = — =273, 3 (a)
Avax MR M.R

| Sau day ta tim gin ddng tan s8 ; theo sd dd truc gdy khdc nhu trén hinh 4-20a
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Q)
M §
f
\:3“ “. N !
A { o
o \\ | ,'§
N
LIASN
/AN BN N RN
> i
[;zm azorn |
| |
Hinh 4-20

Liic nay hé chi c6 mdt bac tu do va cdng thitc xdc dinh tin s6 ¢ dang .

1
Q)l = —m
JM.81q
b€ xdc dinh chuyén vi don vi 8;; ta v& bi€u dd M; nhu hinh 4-20b va dp dung cdch
nhén bi€u d6

2x0,765.R x0,541.R _2_.0’541 R= ~1__()’149R
2E] 3 EJ

. o = 1 : =2.59 /—~EJ—3 (®)
\/M.~—.O,149.R3 MR
EJ

So sdnh (b) vdi (a) ta thdy nhitng k&t qua nay chénh léch nhau 9%. N&u ting s6 canh
clia truc gdp khic thi k&t qui tinh chinh xdc hon. Song néu chi cin tim o, thi vin ¢ thé
diing k€t qua trén .

Vay

Thidu4-7:
Xdc dinh tan s6 dao dong riéng ctia thanh gay khuc cho trén hinh 4-21

H€ c6 hai béc ty do. Dya vao phuong chuyén vi cla cdc khdi lugng, ta ¢6 thé tinh
dugc chuyén'vi don vi 8 trong phuong trinh tin s8. T hinh 4-21 ta thdy khdi lugng mg
chuyén vi theo phuong 1-1 théng géc véi thanh AB, con khdi lugng mc chuyén vi theo
phuong chua bi€t, n€u tinh gan ding, ta c6 thé coi khdi lugng me chuyén vi thdng géc
véi doan BC. Mudn tinh chinh x4c hon, ta phai k€ d&n thanh phin chuyén vi clia mc

y theo phuong doc theo doan BC. Sau day ta s& tinh theo hai cdch quan niém nay.

1- Coi khéi lugng mc chuyén vi thang géc véi doan BC (Phuong 2-2) phuong trinh
tan sd c6 dang

(m.511 - u) » m.612 -0
m.821 (m.822 —u
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Céc bidu dd moment don vi d€ x4c dinh cdc chuyén vi don vi ¢6 dang nhu hinh 4-22.
Sau khi 4p dung cdch nhan biéu db, ta d&€ dang xdc dinh dugc

EJ.51 1= 55,58 3 EJ.822 = 43,70 s EJ.612 = EJ.821 = 44,36

Hinh 4-21 Hinh 4-22
Thay nhitng k&t qua vira tim dugc vao phuong trinh tan s, ta cé
(5558 -1) 4436 J

4436 (43,702

Trong dé
A= Bl u= EJZ
m m.o

Ké&t qud

7\,1 = 94,40 s 01 = *El— = 0,104 E‘Jl (S-l)

\ A{.m ' m
Ay =488 ;o =o,453.JE—J ™)
m

2- Coi chuyén vi ca mc c¢é phuong chua x4c dinh. Trong trudng hgp nay ta phén
tich chuyén vi ciia mc thanh hai thanh phén theo 2 phuong bat k¥ tiy ¥ chon sao cho
viéc tinh todn dugc don gidn. G day ta phén tich chuyén vi cia mc theo phuong vudng
g6c vdi doan BC va theo phudng doc theo doan BC.

. Lic nay bai todn vin chi & hai bic ty do, nhung vi c6 ba thanh phdn chuyén vi tuong
{ng vdi ba luc quan tinh nén phuong trinh tin s8 ¢6 dang :
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(m.8;1 —u) m.d19 m.dq3
m.821 (m.622 - u) m.623 =0

i m.531 m.632 (m.833 —u

Cdc chuyén vi don vi tim dudc & trén vin
diing cho trudng hgp nay. Bay gid ta chi can
tinh thém mot s6 chuyén vi don vi. T hinh
4-22 va 4-23ta c6

EJ.833 =4,36
EJ8;3 =-15,53
E18y3 =-12,38

Thay nhitng sG liéu trén viao phudng trinh
tin s0, ta 6 :

Hinh 4-23
(55,58 -2) 44,36 —-15,53
44,36 (43,70-1) —-12,38 |=0
—15,53 -1238  (4,36-1)
Trong d6 :
A= B u= EJ
m m.o?
K&t qud
7\,1 =97,55 , 7\,2 =6,19 s 7\‘3 =0
Vay

or=——— B 0101 /B
97,55 Vm m

0y =——— 1B 0402 /B 1)
. 76,19 V m m

So sdnh véi két qud tim dugc trong trudng hgp trén ta thiy cdc gia tri cda o, sai
khong ddng k€, con cic gid tri clia w, sai kém nhau 13%. Qua hai cdch tinh trén, ta rit
ra nhan xét :

Trong trudng hgp vom thodi, khi tinh tan s6 dao dong riéng thit nhat m, ta cé thé coi
phuong chuyén vi cia céc khdi lugng trén vOm vudng géce vdi truc vom.

4-3 Tinh dao djng cudng bic ciia két cdu vom

Khi tinh dao dong cudng bic clia vom, ta cling diing sd dd khai lugng thay the nhu
khi tinh dao dong riéng. Nhi€ém vy co bdn & day 1a xdc dinh cdc Ivc quédn tinh do Iuc
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ddng giy ra. Nhu da trinh bay trong cdc phan trudc, hé phuong trinh chinh tic dé xédc
dinh bién d6 cdc luc qudn tinh khi vom chiu cdc luc dong bién d8i theo ham P.sinrt
cling ¢6 dang nhu hé phudng trinh quen thudc.

STI'ZI +612.Zz + ...... +51n.Zn +A1P =0
¥
821 'Zl + 622.22 +...... + 62n 'Zn + Azp =0 (4-20)

............................................................

Trong dé :

* 1
Oji = djj —

mj.xr

Hé phuong trinh nay c6 thé dp dung cho k&t ciu bat ky, nhung can chi § riing s§ &n
s0 khong nhat thi€t phdi bing s& bac ty do, ma bing s& luc quin tinh (ciing tuong ty
nhu phuong trinh tan s& dd gip trong thi du 4-6).

Noi lyc dong cuc dai trong vom duge x4c dinh theo biéu thic sau

Sk = §kl 'Zl + §k2'ZZ +o + §kn .Zn + SkP (4-22)

Thidud4-8:
V& bi€u d6 moment dong ctia vom ba khép chiu Iyc kich thich nhu trén hinh 4-24

Zy(fu 25inrt (kN) ET = const

Hinh 4-24
Dé cho don gidn, ta thay truc vom biing truc gay khiic nhu trén hinh 4-24b.

1- Dao dong riéng

Hé ¢6 hai bic ty do va d6i xiing nén c¢6 thé dao dong theo hai tin 3 riéng : Mot tdn
s8 tng véi dang dao dong dbi xdng, mot tan s Ung vdi dang dao ddng phan ddi xing.
Hé c6 ba khdi lugng tap trung, hai khoi lugng & bién cd phuong dao dong dic biét
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(Phuong'1-1 va phuong 2-2), cdn khdi lugng gitta c6 phudng dao dong chua bi€t, nén ta
phén tich thanh hai thanh phin theo phucng ding va phuong ngang.

a) Dao dong ddi xing

Lic ndy céc cip lyc qudn tinh s& d61 xing va cdc bién do don vi c6 dang nhu hinh
4-25a , b. Phuong trinh tan s8 ¢ dang :

m
—0B11 — ko)
(2 11 u) m.ogp

————.521 (m.622 —u

Hinh 4-25 L
Trong d6 cdc hé s3 811, 532 va 812 duge xdc dinh theo cdc bi€u dd My va My

Két qua
EJ.611 = 9,5 ) EJ.622 = 6,08 ) EJ.612 = 7,6 s EJ.821 = 7,6

m m
=—u=
El  Elp?

V2 thay cdc tri s6 vita tim dugc vao phuong trinh tan 8 ta c6

(1.9,5 B, xj 76
2 o
- %.7,6 (6,08 -

Dit A

Phuong trinh nay c6 nghiém kép. Ta thdy khi A = 0 thi hang dudi cia dinh thic ty 1€
v6i hang trén, do sy ty 1€ cda tung d M; va Mz. Do d6 phuong trinh théa man vdi mot
nghiém A = 0. Nghiém con lai c6 gid tri A = 10,83

Suy ra tn s6 ng vdi dao dong ddi xing .

co:-—l—-—.‘/-Fﬂ:osoét.JE-J- s
J1083 Vm m
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b- Dao dong phan déi xiing :

Céc cip lyc quén tinh phdn ddi xing va cc bidu db donvi Ma, My vé& trén hinh
4-25c¢, d. Tl cdc bi€u d6 don vi ta xdc dinh dugc :
EJ.633 =38 N EJ.644 = 1,52 ; EJ. 534 =EJ. 843 7 60

- Phuong trinh tin s :
1
(—«.38 § x] 76
2 ~0

L6 (1,52 -
2

Trong trudng hgp nay cdc tung d6 clia biéu dd Ms ciing ty 1& véi cdc tung do cla
bi€u dd Ma nén ciing Iy ludn tuong ty nhu trén, ta thay phuong trinh trén ¢6 1 nghiém
f A =0 ;nghi€m con lai c6 gid tri A = 20,52 .

; Suy ra ®= L =0,221.
| . 20,52 V

] ~ D@&i chi€u két qué vira tim dugc trong hai tru’dng hop trén ta thd'y dao dong c6 dang
phdn d6i xtng 12 dao ddng tng vdi tin s6 cd bin @, . Do dé, luc kich thich tic dung
phdn d6i xing s& nguy hi€m hon, vi hién tugng cong htong thit nhat khong x4y ra doi

, vOi tai trong d6i xdng.

\ 2- Dao déng cudng biic

/ Phan tich t4i trong thanh hai nhém : Nhom tdi trong d6i xing (hinh 4-26a) phét sinh
ra trong hé cdc Iyc qudn tinh d6i xing, nhém tdi trong phdn doi xing (hinh 4-26b) phit
sinh ra trong hé cdc luc qudn tinh phdn d6i xitng (hinh 4-25c¢, d).

a- Dao djng d6i xing

Bi€u d6 moment do tdi trong ddi xing gy ra v& trén hinh 4-26a .

Hinh 4-26
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Tir cdc biéu dé nay va cdc biéu dd M;, M, ta xéc dinh dugc
EJ.AXP = 7,60 y EJ.AZP = —6,08

Céc hé sd cla phuong trinh chinh tic

m.r EJ k2
* 1 1 1
879 =099 — = —.(6,08 - —j
m.r EJ k2

Trong d6 :
m
k=12
EJ
Viy phuong trinh chinh tic d€ x4c dinh bién d6 c4c Iyc qudn tinh d5i xing cé dang

(9,5 - %}zl ~7,60.Z, +7,60=0
k

1

~760.Z1 + (6,08 - -—].zz ~6,08=0
k2

Gidi hé phuong trinh trén ta s& xdc dinh dugc cdc bién d6 Z, , Z, cla luc qudn tinh.
Céc bién d0 Z; , Z, phy thudc vao k titc 13 phu thudc tin s r ciia luc kich thich .

b- Dao dong phin déi xiing

Biéu d0 moment do tdi trong phdn d8i xing giy ra ¢6 dang nhu trén hinh 4-26b.
Trong trudng hop nay ta c6 : ‘

EJ.Asp = 30,40 ; EJ.Ap = 6,08

533 =533 - 2 L(38*-2—)

m.r2 CEJ k2
1 1 1
Saq =844 — = —.(1,52 - ——)
m.r2 EJ k2

Hé phudng trinh chinh tic :

2
(38 — 7]23 +7,60.Z4 +30,4=0
k
, 1
7,60.Z3 + (1,52 - —2]Z4 + 6,08 =0
k
Gidi h¢ phuong trinh trén ta s& xdc dinh dugc cdc bién d6 Zs, Z4 ciia cdc lyc quin

tinh phén ddi xtng. Cédc biéu dd nay phu thude vio k, tic 13 phu thude tdn s r cla lyc
kich thich
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Trong bdng 4-6 cho céc gia tri bién dd Z, cia céc Iyc quén tinh tudng dng vdi cdc gia
tri k khac nhau

Bdng 4-6
k 0,10 0,20 0,221 0,25 0,28 0,304 0,32 1,00
CH.1 C.H.2
7 0,04 0,22 e 0,73 1,97 0 1,10 4,35
Z -0,07 -0,18 © -1,17 -3,15 @ 6,55 5,32
Zs 0,19 1,97 © ~-3,56 -1,95 @ -2,33 -0,81
Zs 0,08 0,90 © —1,34 -0,74 0 1,58 -0,16
c- Bi€u @6 moment déng
Biéu d6 moment dong dugc xdc dinh theo cong thic sau :
My = M;.Z{ + My.Zy + M3.Z3 + My.Zg + ME + MPX
d =M1.Z1 +My.Z + M3.Z3 + My.Z4 + Mp" + Mp
Trén hinh 4-27 v& bi€u 48 moment d6ng wng v6i cdc gia tri k khdc nhau
. . A L37 —tung T0
A K=010
3,64
L »
g 59
UH X=020
\/(*
" N
Cinghudng tn1 !
' ' K=0221

1
] | |

Hinh 4-27

Nhan xét : Khi gin cong hudng ( gin bing ®; ) cdc tung do cla bién do Mg ting
1&n rat nhanh.

Sau khi vuot qué 1 14n c6ng hudng, biéu d6 My ddi ddu. Piéu d6 ching td ring c6 sy
léch pha gifta dao dong cudng biic ca vom va lyc kich thich.
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4-4 Dao ding ciia cdu vom khi c6 k& dén anh huéng ciia trong lugng
mdt cdu

Trong cau vom, dic biét 1a cdu vom

@ m BTCT, trong lugng ctia hé mit ciu cé

TI° L 11011 khi I6n hon trong lugng ban thin cida

/‘gg T o vdm. P8i véi nhitng trudng hgp nay khi
~.

tinh dao d6ng clia vdom ta khéng thé bd

N qua dnh hudng ctlia trong lugng mit ciu.
Gid sd xem xét vOm cho trén hinh
4-28a. SA dd tinh vdm cé dang nhu trén
by Mmoo m m m o m, hinh 4-28b. N&u ké dén cic khdi lugng
n,gr—::‘I_‘“I;wIA;I——_. I*‘/‘]ﬁ\n m; ca bd phdn mit ciu thi s§ béc tu do
1 = cla hé khong ting 1én ma vin bing s6
\

™, oy bic ty do ctia phdn vom bén dudi, bdi vi
hsf‘/ n \r” chuyén vi cla céc khdi lugng m; trén
mit ciu hodn toan phu thudc chuyén vi
cdc khéi lugng trén truc vom.

Tuy vy, Bai todn vin phidc tap hon
trudng hgp khong xét d€n dnh hudng cla trong lugng mit cdu, bdi vi cdc khdi Iuwgng
thuéc vom néi chung c6 thé chuyén vi theo phuong bat k¥, trong khi d6 cdc khdi lugng
thudc bo phan mit cdu chi cé khd ning chuyén vi theo phuong thdng ditng. Ching han
khdi lygng m4 thudc phan vom cé thé chuyén vi theo phudng ditng va phuong ngang,
nhung khdi lugng m; thudc phan mit cau chi c6 thé chuyén vi theo phuong thing ding.

Ngoai ra khi k€ dén cdc khoi lugng cia mit ciu s& phuong trinh cAn biing dong s&
ting l€n, nhung trong dé c6 mot phuong trinh khong dbc 14p.

Trong trudng hdp cdc khdi lugng my, ms, my , cla vom so vdi khdi lugng cia két
cdu nhip cau, ta c6 thé chuyén ching 1&én trén dé nhip vao cdc khdi Iugng tip trung
trén mit ciu. Cdch 1am gin ding nhu vy phd hgp vé6i gid thuyét 1a bd qua cdc thanh
phan ngang clia Iuc quén tinh dit & cdc khi Iugng thudc phan vom. Trong thuc t€, vom
thudng 1a vom thodi nén gid thiét trén c6 thé chdp nhin dudc véi mot sai s6 tuwong doi
nho .

Hinh 4-28

Thi du 4-9 :
V& biéu d6 moment dyng clia vom hai khép c6 dudng xe chay vé trén hinh 4-29,
truc vom c¢é dang duong Parabén bic hai

i=fr—f—.z(€ —Z)

£2
Vé6i géc toa d6 dit & gbi trdi cia vom vd f// = 1/5 . Cho Elym = hs ;
m; = my=m3=my=m/4 . So do khdi Iugng nhu trén hinh 4-28b. Tan s8 cia luc kich

thich
r= 0,015, fg
m
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q(f) fosinrt (KNf)

éf BEERERES
6! o

65 = 6 |18m

o 0
T T e e !

1 {

L IRE ’ 45m |

l ! !

Hinh 4-29 Hinh 4-30

Hé da cho 1a hé d6i xiing chiu tdi trong bt ky. D€ tinh todn dugc don gidn, ta phan
tich tii trong thianh tii trong ddi xitng ( hinh 4-30a) va tdi trong phdn d6i xing
(hinh 4-30b) va 14n lugt xdc dinh ndi lyc cho ting trudng hgp.

1- Trudng hop tii trong doi xdng (hinh 4-30a)

Trong co hoc k&t cdu ta di bi&t truc hgp 1y clia vom ba khdp chiu ti trong phan bd
déu trén toan chiéu dai nhip cé dang dudng cong bic hai.

Do d6 d6i véi truc vom hai khdp cé dang dudng cong Parabdn, n€u bé qua bién
dang nén do luc doc truc gy ra thi khi chiu tdi trong phin b& déu trén toan nhip,
moment tai tat cd cdc ti€t dién trén vom déu bing khong.

2- Trudng hgp tai trong phdn ddi xing (hinh 4-30b)

Hinh 4-31 Hinh 4-32
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Khi tdi trong tdc dung phdn d6i xing, moment udn & dinh vom Mc = 0, do d6 ta c6
thé xem hé lam viéc nhu mot vom ba khdp. D€ cho don gin, ta ap dung cédch tinh gin
ding bang cdch chuyén tat cd cdc khdi lugng clia vom 18n mit cAu, 6 tri s6 nhu nhau
1a m/2. Sd dd khéi lugng nhu hmh 4-31. Hé c6 hai bic ty do va ¢6 hai cAp luc quén tinh.

a- Tinh cdc tin s6 riéng : Tir cdc bi€u dd moment don vi trén hinh 4-32 ta x4c dinh

4
i

dudgc

1
— _EJl8;;=352x2
1000

1
— _EJ8,, =320x2
1000 %2
~1—.EJ.512 =2.82x2
1000

Phuong trinh tin s§ cla dao dong riéng

m
Siq - 3
(2><2 1 ) 2x2 12

, =0
m m

.0 ——.099 —

2x2 21 (2x2 22 u)

EJ EJ

" mx1000" 1% 1000 x &2

Va thay cdc tri s6 vao phudng trinh trén ta c6
(1,625-1) 1,41
1,41 (1,6-1)

Gidi phuong trinh nhéan dudc :

A =3,022 ; A, = 0,202
Suyra:

o 1 EJ EJ
01 = ——— | == =0,0182, |

L7 1000, Vi m

1 EJ EJ

- = 0704, /2

>~ fi000A, Vm m
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{
b- V& bi€u d6 moment déng : H& phuong trinh chinh tic d€ xdc dinh bién 46 céc
luc qudn tinh c6 dang

STI'ZI + 612.22 + AIP =0

521.21 + 5;2.Z2 + Azp =0

Ta co

2
EJ.5}, =EJ5 - 2 251 = (3250 - k%j
m.r

- 2
EJ.85, = B8y — 2 ZEJ - (3000 - —25)
LY k

Biéu dd moment Mp do tdi trong tdc dung tinh gy ra c¢6 dang nhu trén hinh 4-33. Tit

bi€u @6 nay va cdcbiudd M;, M, tadé ding xdc dinh dugc
1
—.EJ.AIP =1000x2 s -——I———EJAZP =993 x2
1000 1000

Thay cdc s6 liéu vira tim dudc vao phudng trinh trén ta cé

(3250 = %}zl +2820.Z, +1000.10° =0
k

2

K2

r=0,015.1fE
m

Tdcla k=0,015-tacod

— Zl + 0,50.22 +177=0
Z1-2,02.Z5 +352=0
Gidi phudng trinh c6 dudc
Zl=349 kN ) Zz =347 kN
Biéu db noi luc ddng My dudc vé theo biéu thitc
Md = 349.—M1 + 347.M—2 + MP

2820.Z; + (3200 - ).zz +993.103 =0

Khi
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— KN,

" o WA
I I P O

4500

-fiLIlZJ 4500
A, %%m

Hinh 4-33 Hinh 4-34

K&t qud v& dugc trén hinh 4-34 so sdnh biéu d6 moment dong My v4i bi€u db
moment tinh Mp, ta thdy cdc tung d6 chénh 1éch nhau hon hai lan.

My 9720

22 2216
M, 4500

d=




N
-




BANG CAC HAM SO ANH HUOGNG
PE TINH PONG LUC HOC CUA KHUNG VA
DAM LIEN TUC PON GIAN

Bi€u thitc clia cdc him s& dnh hudng

chkz +coskz shkz + sin kz
Agg = > Byz =
2 2
chkz — cos kz shkz — sin kz
Cxz = , i Dyz =
2 2
y  Dao ham cfia cdic him 8 :
dA kz dC k
2 k= _ D . —=X£_ - kB
dz k. dz : k7.
dB kz dD k
—— Kz _ kA . — X - k.Cy,.
dz kz dz kz

Tich phin clia cdc haim s :

IAkZ.dz-——%{—.BkZ ;. [z k.dzz—E-,BkZ _(;kzz
IBk dz = %{—-C kz ; IZ.B Kz -4z = %.C Iz Dkl;z
ICk.dz =-11(—.Dkz ; IZ.C kz dz__lz(__Dkz Akl;/
[Dy.dz = %{—.A kz i [2D g dz = %.A 2 ikzz
Lién hé giffa cdc ham s8:
C% _B,D, = l—ch?g.cosl

Ay Dy ~By.Cy =2i(sh7»cos) —chA .sinA
Azx - sz =chX.cosA

Ay By —Cy.Dy =—2-1—(ch7».sin7» + shA .cosA)

2A,.Co =B2+D?%,

, By .Djy ~A%- ~51—(D+ch}\'.cosk)
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kz Akz Bkz Ckz Dkz

0,00 1,000000 0,000000 0,000000 0,000000
0,10 1,000004 0,100000 0,005000 0,000167
0,20 1,000067 0,200003 0,020000 0,001333
0,30 1,000338 0,300020 0,045001 0,004500
0,40 1,001067 0,400085 0,080006 0,010667
0,50 1,002604 0,500260 0,125022 0,020835
0,60 1,005400 0,600648 0,180065 0,036006
0,70 1,010006 0,701401 0,245163 0,057183
0,80 1,017071 0,802731 0,320364 0,085375
0,90 1,027348 0,904922 0,405738 0,121595
1,00 1,041691 1,008336 0,501389 0,166865
1,02 1,045130 1,029204 0,521764 0,177096
1,04 1,048778 - 1,050143 0,542558 0,187738
1,06 1,052643 1,071157 0,563771 0,198801
1,08 1,056733 1,092250 0,585405 0,210292
1,10 - 1,061057 1,113427 0,607461 0,222220
1,12 1,065625 1,134694 0,629942 0,234593
1,14 1,070444 1,156054 0,652850 0,247421
1,16 1,075525 1,177513 0,676185 0,260710
1,18 1,080876 1,199077 0,699951 0,274471
1,20 1,086507 1,220750 0,724149 0,288711
1,22 1,092427 1,242539 0,748782 0,303440
1,24 1,098648 1,264449 0,773851 0,318665
1,26 1,105177 1,286487 0,799360 0,334397
1,28 1,112027 1,308659 0,825312 0,350643
1,30 1,119207 1,330970 0,851708 0,367412
1,32 1,126727 1,353429 0,878551 0,384714
1,34 1,134599 1,376042 0,905846 0,402557
1,36 1,142833 1,398815 0,933594 0,420951
1,38 1,151440 1,421758 0,961800 0,439904
1,40 1,160433 1,444876 0,990466 0,459426
1,42 1,169821 1,468177 1,019596 0,479526
1,44 1,179618 1,491671 1,049194 0,500213
1,46 1,189834 1,515365 1,079264 0,521497
1,48 1,200482 1,539267 1,109810 0,543387




kz Akz Bkz Ckz Dkz
1,50 1,211573 1,563387 1,140836 0,565892
1,52 1,223122 1,587733 1,172347 0,589023
1,54 1,235139 1,612315 1,204347 0,612789
1,56 1,247637 1,637142 1,236841 0,637200
1,58 1,260631 1,662224 1,269834 0,662266 -
1,60 1,274132 1,687571 1,303332 0,687997
1,62 1,288155 1,713193 1,337339 0,714403
1,64 1,302713 1,739101 1,371862 0,741494
1,66 1,317820 1,765305 1,406905 0,769281
1,68 1,333489 1,791817 1,442476 0,797774
1,70 1,349735 1,818648 1,478580 0,826984
1,72 1,366573 1,845810 1,515224 0,856921
1,74 1,384017 1,873315 1,552415 0,887596
1,76 1,402082 1,901175 1,590159 0,919021
1,78 1,420783 1,929403 1,628464 0,951206
1,80 1,440136 1,958011 1,667338 0,984163
1,82 1,460155 - 1,987013 1,706787 1,017904
1,84 1,480857 2,016422 1,746821 1,052439
1,86 1,502258 2,046252 1,787447 1,087780
1,88 1,524374 2,076517 1,828674 1,123941
1,90 1,547221 2,107231 1,870511 1,160931
1,92 1,570817 2,138411 1,912966 1,198765
1,94 1,595177 2,170069 1,956050 1,237454
1,96 1,620320 2,202223 1,999772 1,277011
1,98 1,646264 2,234887 2,044142 1,317449
2,00 1,673024 2,268079 2,089171 1,358781
2,02 1,700621 2,301814 2,134869 1,401021
2,04 1,729071 2,336109 2,181248 1,444181
2,06 1,758394 2,370983 2,228318 1,488275
2,08 1,788609 2,406451 2,276091 1,533318
2,10 1,819734 2,442533 2,324580 1,579324
2,12 1,851788 2,479247 2,373796 1,626306
2,14 1,884792 2,516611 2,423754 1,674280
2,16 1,918766 2,554645 2,474465 1,723261
2,18 1,953730 2,593368 2,525944 1,773264

o/



kz Akz Bkz Ckz Dkz
2,20 1,989704 2,632801 2,578205 1,824304
2,22 2,026709 2,672963 2,631261 1,876398
2,24 2,064767 2,713876 2,685128 1,929560
2,26 2,103899 2,755561 2,739821 1,983808
2,28 2,144126 2,798039 2,795356 2,039159
2,30 2,185472 2,841334 2,851748 2,095628
2,32 2,227959 2,885466 2,909015 2,153234
2,34 2,271609 2,930460 2,967173 2,211995
2,36 2,316447 2,976338 3,026239 2,271927
2,38 2,362494 3,023126 3,086232 2,333051
2,4'10 2,409777 3,070846 3,147170 2,395383
2,42 2,458318 3,119525 3,209073 2,458944.
2,44 2,508143 3,169187 3,271958 2,523752
2,46 2,559276 3,219859 3,335847 2,589829
2,48 2,611745 3,271567 3,400759 2,657193
2,50 2,665573 3,324338 3,466717 2,725866
2,52 2,720788 3,378200 3,533740 2,795869
2,54 2,777417 3,433179 3,601852 2,867223
2,56 2,835486 3,489306 3,671075 2,939950
2,58 2,895024 3,546608 3,741432 3,014074
2,60 2,956059 3,605117 3,812947 3,089615
2,62 3,018618 3,664861 3,885645 3,166599
2,64 3,082732 3,725872 3,959550 3,245049
2,66  3,148430 3,788181 4,034689 3,324990
2,68 3,215742 3,851820 4,111086 3,406445
2,70 3,284698 3,916821 4,188770 3,489442
2,72 3,355330 3,983219 4,267768 3,574005
2,74 3,427669 4,051046 4,348109 3,660161
2,76 3,501747 4,120337 4,429820 3,747938
2,78 3,577598 4,191128 4,512932 3,837363
2,80 3,655253 4,263453 4,597475 3,928465
2,82 3,734748 4,337350 4,683481 4,021272
2,84 3,816115 4,412856 4,770980 4,115814
2,86 3,899392 . 4,490008 4,860006 4,212122
2,88 3,984612 4,568844 4,950592 4,310225




kz Akz Bkz Ckz Dkz

2,90 4,071813 4,649405 5,042771 4,410156
2,92 4,161031 4,731730 5,136580 4,511947
2,94 4,252304 4,815860 5,232052 4,615630
2,96 4,345669 4,901836 5,329226 4,721240
2,98 4,441166 4,989701 5,428139 4,828811
3,00 4,538835 5,079497 5,528827 4,938377
3,02 4,638715 5,171269 5,631332 5,049976
3,04 4,740848 5,265061 5,735691 5,163643
3,06 4,845275 5,360918 5,841948 5,279416
3,08 4,952039 5,458888 5,950142 5,397334
3,10 5,061183 5,559016 6,060318 5,517435
3,12 5,172751 5,661351 6,172518 5,639760
3,14 5,286788 5,765942 6,286787 5,764350
3,16 5,403340 5,872839 6,403171 5,891246
3,18 5,522454 5,982093 6,521716 6,020491
3,20 5,644176 6,093755 6,642470 6,152129
3,22 5,768555 6,207878 6,765483 6,286205
3,24 . 5,895640 6,324515 6,890802 6,422764
3,26 6,025482 6,443722 7,018480 6,561853
3,28 6,158132 6,565553 7,148569 6,703519
3,30 6,293641 6,690066 7,281120 6,847812
3,32 6,432062 6,817318 7,416190 6,994781
3,34 6,573450 6,947368 7,553832 7,144477
3,36 6,717860 7,080276 7,694103 7,296951
3,38 6,865347 7,216103 7,837062 7,452259
3,40 7,015969 7,354911 7,982767 7,610452
3,42 7,169785 . 7,496763 8,131279 7,771588
3,44 7,326853 7,641724 8,282659 7,935723
3,46 7,487234 7,789860 8,436969 8,102914
3,48 7,650990 7,941236 8,594275 8,273221
3,50 7,818184 8,095922 8,754641 8,446705
3,52 7,988880 8,253987 8,918134 8,623428
3,54 8,163143 8,415501 9,084823 8,803452
3,56 8,341040 8,580537 9,254778 8,986842
3,58 8,522640 8,749167 9,428069 9,173665

/63
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kz Akz Bkz Ckz Dkz '

3,60 8,708010 8,921467 9,604769 9,363988
3,62 8,897223 9,097513 9,784952 9,557879
3,64 9,090350 9,277382 9,968695 9,755410
3,66 9,287464 9,461154 10,156074 9,956651
3,68 9,488641 9,648908 10,347167 10,161677
3,70 9,693957 9,840727 10,542057 10,370563
3,72 9,903490 10,036695 10,740824 10,583386
3,74 10,117319 10,236895 10,943553 10,800223
3,76 10,335526 10,441416 11,150329 11,021155
3,78 10,558193 10,650346 11,361239 11,246263
3,80 10,785405 10,863774 11,576373 11,475632
3,82 11,017247 11,081793 11,795821 11,709347
3,84 11,253808 11,304496 12,019676 11,947495
3,86 11,495177 11,531978 12,248032 12,190164
3,88 11,741446 11,764336 12,480987 12,437447
3,90 11,992707 12,001669 12,718639 12,689435
3,92 12,249055 12,244078 12,961088 12,946224
3,94 12,510588 12,491665 13,208437 13,207911
3,96 12,777405 12,744537 13,460790 13,474595
3,98 13,049606 13,002798 13,718254 13,746377 :
4,00 13,327295 13,266557 13,980938 14,023360
4,02 13,610576 13,535927 14,248954 14,305650
4,04 13,899557 13,811018 14,522413 14,593354
4,06 14,194347 14,091948 14,801433 14,886583
4,08 14,495058 14,378832 15,086131 15,185449
4,10 14,801803 14,671790 15,376627 15,490067
4,12 15,114699 14,970945 15,673044 15,800554
4,14 15,433865 15,276420 15,975507 16,117029
4,16 15,759421 15,588342 16,284144 16,439615
4,18 16,091491 15,906840 16,599084 16,768437
4,20 16,430201 16,232046 16,920462 17,103622
4,22 16,775680 16,564093 17,248412 17,445299
4,24 17,128057 16,903119 17,583072 17,793603
4,26 17,487469 17,249263 17,924584 18,148668
4,28 17,854050 17,602666 18,273091 18,510633

~
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kz Akz Bkz Ckz Dkz
4,30 18,227941 17,963473 18,628740 18,879639
4,32 * 18,609284 18,331833 18,991681 19,255831
4,34 18,998223 18,707895 19,362065 19,639356,
4,36 19,394908 19,091814 19,740049 20,030364
4,38 19,799489 19,483744 20,125791 20,429010
4,40 20,212120 19,883847 20,519453 20,835449
4,42 20,632960 20,292284 20,921200 21,249842
4,44 21,062168 20,709221 21,331201 21,672352
4,46 21,499909 21,134827 21,749627 22,103146
4,48 21,946350 21,569275 22,176653 22,542394
4,50 22,401662 22,012741 22,612458 22,990271
4,52 22,866020 22,465402 23,057224 - 23,446952
4,54 23,339600 22,927443 23,511137 23,912621
4,56 23,822586 23,399049 23,974385 24,387460
4,58 24,315161 23,880410 24,447164 24,871660
4,60 24,817516 24,371720 24,929668 25,365411
4,62 25,329842 24,873177 25,422100 25,868912
4,64 25,852338 25,384982 25,924664 26,382363
4,66 26,385205 25,907340 26,437570 26,905968
4,68 26,928646 26,440461 26,961030 27,439936
4,70 27,482873 26,984558 27,495261 27,984481
4,72 28,048097 27,539849 28,040486 28,539820
4,74 28,624539 28,106556 28,596931 29,106175
4,76 29,212419 28,684907 29,164826 29,683773 -
4,78 29,811966 29,275131 29,744407 30,272846
4,80 30,423411 29,877465 30,335912 30,873629
4,82 31,046991 30,492148 30,939588 31,486364
4,84 31,682947 31,119427 31,555682 32,111296
4,86 32,331526 31,759550 32,184450 32,748676
4,88 32,992979 32,412774 32,826152 33,398760
4,90 33,667563 33,079357 33,481050 34,061810
4,92 34,355539 33,759565 34,149417 34,738092
4,94 35,057176 34,453670 34,831526 35,427878
4,96 35,772746 35,161945 35,527658 36,131446
4,98 36,502528 35,884674 36,238100 36,849080

A

(95"



kz Akz Bkz Ckz Dkz
5,00 37,246805 36,622143 36,963143 37,581067
5,02 38,005868 37,374645 37,703086 38,327705
5,04 38,780013 38,142478 38,458231 39,089292
5,06 39,569542 . 38,925948 39,228889 39,866137
5,08 40,374763 39,725365 40,015375 40,658553
5,10 41,195990 40,541045 40,818012 41,466860
5,12 42,033545 41,373313 41,637128 42,291384
5,14 " 42,887756 42,222498 42,473057 43,132457
5,16 43,758956 43,088937 43,326143 43,990420
5,18 44,647487 43,972972 44,196732 44,865620
5,20 45,553698 44,874954 45,085181 45,758409
- 5,22 46,477943 45,795240 45,991852 46,669148
5,24 47,420586 46,734194 46,917115 47,598207
5,26 48,381996 47,692189 47,861347 48,545959
5,28 49,362552 48,669602 48,824932 49,512790
5,30 50,362638 49,666821 49,808263 50,499088
5,32 51,382648 50,684240 50,811740 51,505254
5,34 52,422983 51,722262 51,835770 52,531695
5,36 53,484053 52,781298 52,880770 53,578825
5,38 54,566277 53,861765 53,947165 54,647068
5,40 55,670080 54,964093 55,035387 55,736857
5,42 56,795898 56,088715 56,145877 56,848632
5,44 57,944174 57,236078 57,279087 57,982844
5,46 59,115364 58,406635 58,435475 59,139950
5,48 60,309928 59,600849 59,615510 60,320420
5,50 61,528340 60,819191 60,819670 61,524732
5,52 62,771080 62,062144 62,048442 62,753371
5,54 64,038640 63,330200 63,302323 64,006837
5,56 65,331522 64,623859 64,581820 65,285635
5,58 66,650238 65,943633 65,887451 66,590284
5,60 67,995309 67,290044 67,219743 67,921311
5,62 69,367270 68,663625 68,579234 69,279255
5,64 70,766663 70,064918 69,966473 70,664665
5,66 72,194043 71,494478 71,382019 72,078102
5,68 73,649971 72,952870 72,826444 73,520138




kz Akz Bkz Ckz Dkz
5,70 75,135043 74,440671 74,300330 74,991357
5,72 76,649830 75,958470 75,804271 76,492352
5,74 78,194940 77,506866 77,338873 78,023732
5,76 79,770986 79,086474 78,904754 79,586115
5,78 81,378595 80,697916 80,502544 81,180135
5,80 83,018407 82,341832 82,132887 82,806434
5,82 84,691072 84,018871 83,796438 84,465672
5,84 86,397258 85,729698 85,493867 86,158518
5,86 88,137642 87,474990 87,225856 87,885657
5,88 89,912917 - 89,255437 88,993101 89,647787
5,90 91,723791 91,071744 90,796313 91,445620
5,92 93,570985 92,924630 92,636215 93,279884
5,94 - 95,455234 94,814830 94,513547 95,151319
5,96 97,377290 96,743092 96,429062 97,060680
5,98 99,337919 98,710179 98,383529 99,008741
6,00 101,337903 100,716871 100,377733 100,996286
6,02 103,378039 102,763963 102,412473 103,024120
6,04 105,459142 104,852266 104,488566 105,093061
6,06 107,582042 106,982607 106,606844 107,203944
6,08 109,747585 109,155832 108,768156 109,357622
6,10 111,956637 111,372801 110,973369 111,554963
6,12 114,210081 113,634393 113,223366 113,796855
6,14 116,508815 115,941506 115,519048 116,084202
6,16 118,853758 118,295054 117,861336 118,417928
6,18 121,245847 120,695970 120,251166 120,798973
6,20 123,686039 123,145208 122,689497 123,228298
6,22 126,175308 125,643739 125,177303 125,706882
6,24 128,714649 128,192554 127,715581 128,235726
6,26 131,305078 130,792666 130,305347 130,815849
6,28 133,947632 133,445105 132,947637 133,448290

103
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BANG CAC HAM SO
Pl TINH PONG LUC HOC CUA KHUNG VA
DAM LIEN TUC PON GIAN

Bing 5
A () Ha(A) Ha(A) = &1(A) | pa() = £5(A) 1s(A) He(A) = g5(A)
0,00 1,00000 1,00000 1,00000 1,00000 1,00000 1,00000
0,10 1,00000 1,00000 1,00000 1,00000 1,00000 1,00000
0,20 1,00000 1,00001 0,99999 1,00001 0,99999 0,99995
0,30 0,99998 1,00003 0,99993 1,00004 0,99995 0,99977
0,40 0,99994 1,00009 0,99978 1,00013 0,99984 0,99927
0,50 0,99985 1,00022 0,99945 1,00032 0,99960 0,99821
0,60 0,99969 1,00046 0,99887 1,00067 0,99918 0,99630
0,70 0,99943 1,00086 0,99790 1,00124 0,99847 0,99313
0,80 0,99902 1,00146 0,99642 1,00212 0,99740 0,98828
0,90 0,99844 1,00235 0,99427 1,00339 0,99582 0,98121
1,00 0,99761 1,00358 0,99126 1,00517 0,99363 0,97133
1,10 0,99651 1,00525 0,98719 1,00758 0,99065 0,95797
1,20 0,99505 1,00744 0,98184 1,01075 0,98673 0,94035
1,30 0,99317 1,01026 0,97496 1,01483 0,98167 0,91762
1,40 0,99079 1,01384 0,96627 1,02000 0,97525 0,88882
1,50 0,98784 1,01828 0,95547 1,02643 0,96723 0,85289
1,60 0,98422 1,02375 0,94223 1,03433 0,95734 0,80859
1,70 0,97983 . 1,03039 0,92618 1,04394 0,94525 0,75455
1,80 0,97455 1,03838 0,90692 1,05551 0,93060 0,68920
1,90 0,96826 1,04791 0,88400 1,06933 0,91298 0,61071
2,00 0,96083 1,05922 0,85694 1,08572 0,89188 0,51698
2,10 0,95210 1,07255 0,82520 1,10507 0,86671 0,40552
2,20 0,94189 1,08819 0,78815 1,12778 0,83678 0,27334
2,30 | '0,93000 1,10646 0,74512 1,15436 0,80120 0,11685
2,40 0,91622 ©1,12776 0,69533 1,18536 0,75891 -0,06838
2,50 0,90027 1,15252 0,63789 1,22146 0,70855 -0,28792
2,60 0,88187 1,18127 0,57178 1,26345 0,64838 -0,54885
2,70 0,86064 1,21465 0,49582 1,31227 0,57610 -0,86042
2,80 0,83618 1,25340 0,40859 1,36906 0,48864 -1,23499
2,90 0,80797 1,29844 0,30844 1,43520 0,38175 -1,68954
3,00 0,77540 1,35089 0,19336 1,51241 0,24937 -2,24817
3,10 0,73772 1,41217 0,06090 1,60282 0,08256 -2,94636
3,20 0,69399 1,48404 -0,09197 1,70914 -0,13252 -3,83881
3,30 0,64300 1,56877 -0,26908 1,83484 -0,41847 -5,01472
3,40 0,58322 1,66931 -0,47534 1,98444 -0,81502 -6,63059
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A wi(A) Ha(A) Ha(A) = £1(A) | La(A) = &5(2) Hs(A) He(A) = &5(A)
3,50 0,51261 1,78959 -0,71717 2,16396 -1,39906 -8,98897
3,60 0,42845 1,93491 -1,00321 2,38160 -2,34150 -12,76199
3,70 0,32694 2,11269 -1,34530 2,64874 -4,11481 -19,80676
3,80 0,20271 2,33351 -1,76031 2,98173 -8,68384 -37,84496
3,90 0,04780 2,61310 -2,27304 3,40484 -47,55538 -190,68801
4,00 -0,15008 2,97580 -2,92177 3,95573 19,46756 72,58918
4,10 -0,41099 3,46151 -3,76880 4,69608 9,17015 32,01492
4,20 -0,77004 4,14023 -4,92322 5,73425 6,39342 20,98443
4,30 -1,29502 5,14721 -6,59517 7,27962 5,09273 15,74347
4,40 -2,13568 6,78169 -9,24895 9,79563 4,33068 12,60740
4,50 -3,70212 9,86351 -14,15534 14,55212 3,82358 10,46034
4,60 -7,66551 17,73462 -26,49224 26,72594 3,45603 8,84763
4,70 -37,94775 78,23843 -120,37444 120,43073 3,17211 7,54805
4,80 18,30477 -34,33281 53,83898 -53,97575 2,94125 6,43993
4,90 8,34376 -14,48301 22,90532 -23,25225 2,74520 5,44965
5,00 5,74862 -9,37158 14,78663 -15,36248 2,57221 4,52887
5,10 4,54448 -7,04949 10,97123 =11,79661 2,41419 3,64329
5,20 3,84172 -5,73831 8,70237 -9,80006 2,26523 2,76656
5,30 3,37489 -4,90802 7,15699 -8,55222 2,12066 1,87670
5,40 ,3,03685 -4,34539 6,00243 -7,72326 1,97654 0,95373
5,50 2,77590 -3,94830 5,07780 -7,15559 1,82925 -0,02214
5,60 2,56393 -3,66194 4,29505 -6,76502 1,67518 -1,07206
5,70 2,38420 -3,45455 3,60123 -6,50316 1,51046 -2,22019
5,80 2,22596 -3,30668 2,96183 -6,34091 1,33058 -3,49580
5,90 2,08186 -3,20607 2,35258 -6,26051 1,13003 -4,93603
6,00 1,94654 -3,14497 1,75508 -6,25142 0,90164 -6,59010
6,10 1,81579 -3,11863 1,15419 -6,30816 0,63564 -8,52590
6,20 1,68609 -3,12451 0,53635 -6,42908 0,31810 -10,84107
6,30 1,55421 -3,16184 -0,11165 -6,61594 -0,07184 -13,68257

1,41697 -3,23150 -0,80379 -6,87382 -0,56726 -17,28379

6,40




Ti€p bang 5
A U (A) g3(M) g4(A) gg(A) g7(A) gg(A)
0,00 1,00000 1,00000 1,00000 1,00000 1,00000 1,00000
0,10 1,00000 1,00000 1,00000 0,99998 1,00000 0,99999
0,20 1,00002 0,99995 1,00002 0,99974 1,00007 0,99987
0,30 1,00011 0,99975 1,00009 0,99869 1,00038 0,99936
0,40 1,00034 0,99921 1,00027 0,99585 1,00119 0,99799
0,50 1,00082 0,99807 1,00067 0,98988 1,00290 0,99509
0,60 1,00170 0,99599 1,00139 0,97901 1,00602 0,98981
0,70 1,00315 0,99257 1,00257 0,96110 1,01116 0,98112
0,80 1,00537 0,98732 1,00439 0,93362 1,01906 0,96779
0,90 1,00862 0,97968 1,00704 0,89361 1,03057 0,94837
1,00 1,01316 0,96902 1,01074 0,83772 1,04667 0,92125
1,10 1,01931 0,95462 1,01575 0,76214 1,06850 0,88458
1,20 1,02743 0,93569 1,02234 0,66264 1,09733 0,83630
1,30 1,03792 0,91135 1,03083 0,53448 1,13462 0,77412
1,40 1,05125 0,88064 1,04157 0,37238 1,1 8201_ 0,69549
1,50 1,06794 0,84252 1,05495 0,17050 1,24142 0,59757
1,60 1,08859 0,79583 1,07141 -0,07768 1,31504 0,47721
1,70 1,11391 0,73933 1,09144 -0,37944 1,40540 O},33090
1,80 1,14470 0,67166 1,11557 -0,74297 1,51549 0,15468
1,90 1,18194 0,59133 1,14442 -1,17751 1,64887 -0,05591
2,00 1,22675 0,49673 1,17870 -1,69362 1,80980 -0,30593
2,10 1,28054 0,38609 1,21920 -2,30347 2,00346 -0,60126
2,20 1,34499 0,25746 1,26683 -3,02127 2,23621 -0,94869
2,30 1,42221 0,10867 1,32266 -3,86381 2,51603 -1,35628
2,40 1,51485 -0,06265 1,38794 -4,85132 2,85300 -1,83370
2,50 1,62631 -0,25921 1,46412 -6,00856 3,26008 -2,39277
2,60 1,76099 -0,48401 1,55296 -7,36650 3,75427 -3,04824
2,70 1,92479 -0,74051 1,65655 -8,96474 4,35821 -3,81896
2,80 2,12566 -1,03267 1,77743 -10,85528 5,10279 -4,72963
2,90 2,37473 -1,36510 1,91871 -13,10847 6,03118 -5,81363
3,00 2,68795 -1,74324 2,08425 -15,82277 7,20554 -7,11762
3,10 3,08906 -2,17360 2,27887 -19,14159 8,71851 -8,70948
3,20 3,61495 -2,66408 2,50873 -23,28409 10,71440 -10,69289
3,30 4,32616 -3,22447 2,78172 -28,60530 13,43037 -13,23567
3,40 5,32940 -3,86709 3,10821 -35,72483 17,28492 -16,63059

"



Ti€p bing 5

A Ha(X) €3(A) e4(M) g6(A) £7(M) gg(A)
3,50 6,83166 -4,60787 3,50200 -45,83658 23,09053 -21,44157
3,60 9,29380 -5,46784 3,98191 -61,58705 32,65718 -28,91840
3,70 13,99082 -6,47565 4,57418 -90,27965 50,99398 -42,50963
3,80 26,22732 -7,67158 5,31656 -162,26386 98,94485 -76,54495
3,90 131,07642 -9,11447 6,26517 -764,08214 510,81629 -360,74411
4,00 -50,02016 -10,89446 7,50722 269,20394 -200,99664 127,06118
4,10 -22,35037 -13,15768 9,18569 108,34702 -92,44855 51,05063
4,20 -15,00173 -16,15895 11,55200 63,46715 -63,77643 29,79274
4,30 -11,65411 -20,38805 15,09226 41,20977 -50,85045 19,21004
4,40 -9,77808 -26,92539 20,88286 27,08607 -43,73384 12,46116
4,50 -8,60964 -38,72544 31,87389 16,70067 -39,42788 7,47031
4,60 -7,83952 -67,82154 60,09392 8,25541 -36,72143 3,38788
4,70 -7,31942 -286,43151 277,75548 0,86831 -35,03654 -0,20327
4,80 -6,96999 117,88148 -127,58412 -5,95313 -34,06730 -3,53645
4,90 -6,74570 45,47061 | -56,28453 -12,51442 -33,64169 -6,75683
5,00 -6,61931 26,03475 -38,05188 -19,02403 -33,66108 -9,96388
5,10 -6,57441 16,55684 -29,87725 -25,63813 -34,07118 -13,23259
5,20 -6,60156 10,62835 -25,36136 -32,48520 -34,84733 -16,62508
5,30 -6,69622 6,33368 -22,59903 -39,68111 -35,98716 -20,19784
5,40 -6,85771 2,89633 -20,82580 -47,33980 -37,50728 -24,00677
5,50 -7,08877 -0,06147 -19,67771 -55,58199 -39,44286 -28,11152
5,60 -7,39562 -2,74869 -18,96187 -64,54397 -41,84956 -32,57972
5,70 -7,78837 -5,29338 -18,56902 -74,38778 -44.,80780 -37,49207
5,80 -8,28201 -7,78152 -18,43542 -85,31456 -48,43033 -42,94897
5,90 -8,89804 -10,27615 -18,52452 -97,58373 -52,87433 -49,08009
6,00 -9,66722 -12,82790 -18,81763 -111,54197 -58,36095 -56,05894
6,10 -10,63399 -15,48127 -19,30912 -127,66960 -65,20737 -64,12602
6,20 -11,86424 -18,27902 -20,00417 -146,65849 -73,88132 -73,62791
6,30 -13,45902 -21,26563 -20,91818 -169,55035 -85,09851 -85,08656
6,40 -15,58074 -24,49068 -22,07750 -100,00765 -99,33059

-197,99870

-




