Bai giang Co Iy thuyét 2-18402

Chwong 1

NGUYEN LY PALAMBE
1.1. NGUYEN LY PALAMBE POI VOI CHAT PIEM
1.1.1. LUC QUAN TINH CUA CHAT PIEM
Xét chat diém khdi luong m, chuyén dong véi gia toc a dudi tac dung cua

luc F.

—

Ta co: F =ma
suy ra: F+(-ma)=0 (1.1)

bat F' = _ma: goi la luc quan tinh cua chét diém.

Vay: F+F%=0 (1.2)
1.1.2. NGUYEN LY PALAMBE POI VOI CHAT BPIEM

1. N¢i dung nguyén ly

Xét chét diém khéi lugng m, chiu tdc dung cua lyc F, phan lyc lién két R
va chuyén dong véi gia tbe a. Khi do ta co:

F+R=ma
suy ra: F+R+F%=0
Vay: (F,RF¥)~0 (1.3)

Tai moi thoi diém, cac lyc tac dung lén chdt diém va luc quan tinh cua no
ldp thanh mot hé luc can bang.

2. Vidu
Mot qua cdu nho c6 khdi luong m,
duogc treo vao toa xe chuyén dong thang véi

gia tbc a. XaC dinh goc 1éch o gitra day
treo qua cdu so voi phuong thing dimg
(Hinh 4.1).

Bai gidi

Xét chuyén dong cua vat nang.
Cac luc tac dung: Hinh 4.1
+ Trong luong mg .

+ Strc cang T .

bat luc quan tinh: F¥=_ma (F* =ma)

Ap dung nguyén ly Palimbe:
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(mg,T,F%) ~0

suy ra: tgag=—=—=

1.2. THU GON HE LUC QUAN TINH CUA CAC CHAT PIEM
Tap hop céac luc quan tinh cua cac chit diém thudc co hé goi 1a hé lyc quan
tinh (F%, FF,... FT).
Khi thu gon hé lyc quan tinh vé tam thu gon O, ta dugc mot vecto chinh lyc
quan tinh R* dat tai O va mot momen chinh lyc quan tinh M—g{ vOi:
. (1.4)
M gt = Z m, (Fk )

Cha y: R =S"F¥ =-S"ma, =—Ma,

M: Khdi lugng toan co hé.

a. : gia toc khdi tam C.

qKét qua thu gon h¢ luc quéan tinh cua vat ran trong mot $6 truong hop
chuyén dong thuong gap:

1. Vat ran chuyén dong tinh tién

Thu gon hé luc quan tinh vé khéi tam C:

R* = _Ma,
o (1.5)
M =0

2. Tam phing quay quanh truc c6 dinh vudng géc véi tim va di qua
khoi tam C cta tam

Thu gon hé luc quan tinh vé khéi tdm C:

R¥ =0
— _ (1.6)
M =-J.¢

3. TAm phing chuyén dong song phang

Thu gon hé luc quan tinh vé khéi tam C:
R =-Ma,
] (L.7)
M gt = _‘]Cz &
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1.3. NGUYEN LY PALAMBE POI VOI CO HE

1.3.1. NOI DUNG NGUYEN LY

Xét co hé co N chit diém, chat diém thir k c6 khéi lwong m,, chiu tac dung
cua ngoai lyc FTf va ndi luc F—k' , chuyén dong véi gia tde 5; thi lyc quan tinh ctua
cht diém s& 1a F¥ =-m,a, .

Ap dung nguyén ly Palambe cho chét diém thu k:

(R FLRY -0

Vo1 toan hé ta co:
> (FERLRD -0
P}

Nhu da biét trong phan tinh hoc, mot hé luc can bang thi vecto chinh va
momen chinh cua hé luc doi voi tdm thu gon s€ bang khong. Do do:

R=YF+YF+YF =0
M, = Zmo(er)"'Zmo(Fki)+Zmo(qut) =0
Theo tinh chat ndi luc:
SR =0
Zmo(Fki) =0
Nén két qua con lai:
SFE+Y R =0
> mo(FE) + Y my(FF) =0
Mat khac:
ZF—k“{ =R": 13 vecto chinh luc quan tinh.
Zﬁo’(ﬁ) = M—gt: |a momen chinh lyc quén tinh.
Cubi cung ta co:
ZF_f +R* =0

e — — (1.8)
> my(FE)+MJ =0
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Tai moi thoi diém, néu ta dat vao tung chat diém va tung vdt ran cua co hé
cdac luc quan tinh thu gon cua no thi hé gom cdac ngoai luc va cac lyc quan tinh
thu gon tdac dung lén co hé ldp thanh mot hé luc can bang.

Y nghia nguyén 1y:

+ Nguyén ly balambe cho phép chuyén bai toan dong liuc hoc vé giai bang
cac phuong trinh can bang tinh hoc. Phuong phap nhu vay dugc goi la phuong
phap tinh dong lyc hinh hoc.

+ Nguyén ly nay cho phép xac dinh phan lyc lién két, dic biét 1a phan luc
dong luc xuat hién khi hé thuc hién chuyén dong.

1.3.2. ViDU
1.Vidul

Vat nang A, trong lugng P dugc treo vao soi day quan vao toi O, c6 trong
lwong Q, ban kinh R va 1a tru tron dong chat. Tac dung 1én toi ngau lyc M khong
doi. Xac dinh gia toc toi, tim ste cang day va phan luc tai O (Hinh 4.2a).

Bai gidi
W Xét co hé: "
+ Rong roc O. — \\
- A ‘a
+ Vat nang A.

Q\/I D—» >
Céc luc tac dung: ié%\xo

+ Phan luc tai O (X,,Y,).

—Y
= P

+ Céc trong luong P, Q.

+ Ngau lyc M. T .

Dit luc quan tinh: Hinh 4.2a A
t_ P Q

+ M| —chg—ape ?:T

+ F :%aA:%RE

Ap dung nguyén ly Dalimbe:
(P.Q. Xy, Yo, M, F{', M) ~ 0

Hé phuong trinh can bang :

ZFkx=x0=o (1)
> Fy=Yy,—P-Q-FI=0 )
> my(F)=-QR+M -FfR-Mg =0 ©)

Tur (1), (2) va (3) suy ra:
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. ORg
QR*+Pp®
X, =0
_ P?p? + PQ(R? + p%)
Pp’ +QR®

Yo

—

W Xét chuyén dong vat ning A (Hinh 4.2b):

T
((_j’F_:t"-T:) - O ‘ —
ap
Ap dung phuong trinh hinh chiéu theo phuong T :
Q

—

—

T-F*-Q=0 P

2 N
suy ra: T=Q+F% = FZ’QP : Hinh 4.2b
Pp® +QR
2.Vidu2

Vit ning A trong luong P, chuyén dong xudng theo mit phang nghiéng goc
a vé6i phuwong ngang 1am cho vat B trong luong P, chuyén dong.

Xéc dinh thanh phan phan luc ngang cta gd E tac dung lén ling tru EOL
B0 qua ma sat (Hinh 4.3a).

Bai giai
W Xét co hé:
+ Lang tru EOL.
+ Cac vat nang A, B. B_I;
Céc luc tac dung: P
51, E; , trong lugng lang tru 6 , phan

Fat |
] - , AT B
luc tai E N, phan luc nén N .

bit luc quan tinh:

5 5 Hinh 4.3a
+ Fl=-1ta,=-1ta
g g
qt I:)2 2
+ Fy _EaB =—2a(via,=a;=a)

—_— — - — — T

(PP Q. Ne, N, F ) ~0
Phuong trinh can bang dbi voi truc ngang:

D Fy=Ng—FXcosa=0
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suy ra: N. =F COSa=EaCOSa (1)
g

W Xét chuyén dong vat A (Hinh 4.3b):
(RN, T FH ~0

Phuong trinh hinh chiéu 1én phwong 171 :

—Psina+T,+F} =0

suy ra: T1=Plsina—ﬂa (2)
g

W Xét chuyén dong vat B (Hinh 4.3¢):
(P T ) ~0

Phuong trinh hinh chiéu 1én phwong ﬁ :

—P,+T,-F* =0
. PZ

suy ra: T,=P, +Ea 3) Hinh 4.3c
Bo qua khdi lugng rong roc O nén sirc cing cia hai nhanh ddy bang nhau.

T,=T,

‘ \ . P P,
Tur (2) va (3) ta co: P13|na—ga:P2+Ea
Vay: _ P sina-P,
P, +P,

Thay vao (1):

NE =ﬂac05a = HCOS&M
g P+P

3.Vidu3

Thanh dong chat AB = 1, trong lugng P duge
gin bang ban 18 A vao truc quay thang dung OD.
Truc quay OD cuing thanh AB quay déu véi van toc

géc w. Bo qua ma sat, xac dinh goc 1éch o khi
thanh AB & trang thai can bang dong. Xac dinh = .
phan lyc tai A (Hinh 4.4). eq
Bai gidi
Khdo sat thanh AB quay quanh truc OD véi
van toc goc » & trang thai can bang dong. X
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Céc lyc tac dung:
+ Trong luong P .
+ Phan luc tai A (TA, Y:)

bit luc quan tinh:

Vi hé cac luc quan tinh cia thanh AB phan bd tuyén tinh nén hop luc

RY —Ma_ dit tai diém cach diém A mot doan %AB Tacé: h =§| cosa.

Pl )
R*"=Ma" =——w’sina
% 22

Ap dung nguyén ly Dalambe:

(P, X, Y, R%) ~0

Hé phuong trinh can bang:

D Fou=—X,+R*=0

D> R, =Y,—P=0

> ma(F) =R® %ICOSOL— PIEsin o

Tur (1) suy ra: X,=R% =E|Ea)zsina
g
Tu (2) suy ra: Y,=P
T (3) suy ra: EI—a)zsinacz—lcosac—Plsinoz:O
g2 3 2
hay:

. 0
+ Néu sina =0, suy ra: a={

+ Néu I—a)2 cosa —Eg =0, Suy ra: cosa :E% (diéu kién 3
3 2 2 lo 2lw

. I, 1
sina(—w”cosa——¢g)=0
(3 29)

T

(1
2)

3)
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BAI TAP CHUONG 1

Bai 1: Vat nang A trong luong P,, ha xudng theo mit nghiéng cua chém D,
truyén chuyén dong cho vat nang B trong lugng P, nhd mét soi day khong trong
luong, khong dan, vong qua rong roc ¢ dinh O. B6 qua ma sat. Xac dinh ap luc
cua chém D lén mo E cua nén.

s

Bai 2: Momen quay khong d6i M tac dung vao tang quay cia toi ¢6 ban kinh R,
trong lugng P. Vat ning A, trong luong Q budc vao dau soi day quan vao tang
quay , no duoc kéo 1én theo mat phang nghiéng voi phuong ngang mét goc a .

Cho biét hé s6 ma sat truot gitta vt A va mit phang nghiéng l1a f. Ap dung
nguyén 1y Daliambe, x4c dinh gia tdc goc cta tdi va phan lyc tai O, xem toi 13 dia
tron dong chat. ~

Bai 3: Vat niang A, trong lugng P, truot xuéng mit phang nghiéng mot goc «
so voi phuong ngang, 1lam cho toi O quay. Toi O c6 trong lugng Q, ban kinh R,
chiu momen can M . Bo qua ma sat gitta vat A va mit nghiéng. Ap dung nguyén
Iy Palimbe, x4c dinh gia tc gbc cta toi va phan luc tai O, xem toi 1a dia tron
dong chat.
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Bai 4: Cho ba vat nang khéi luong my, my, My nbi voi nhau bang day mém khong
gidn khong trong luong vét qua rong roc ¢6 dinh O. Hai vat M, va M, nam trén
mat ngang nhin, con vat Mj treo thang dimg. Rong roc xem la dia tron dong chat
khoi luong m. Ap dung nguyén 1y dalimbe tim gia téc clia cac tai trong va sic
cang day ndi vat M, v6i Mj. Bo qua ma sat & b truc rong roc.

Ml MZ

Bai 5: Vat 1 ¢6 trong lugng Py roi xudng véi gia toc a; 1am cho dia 2 quay va dia
3 lan khong trugt theo mat phang nghiéng, goc nghiéng a. Pia 2 ¢6 trong lugng
P,, ban kinh r. Pia dong chat 3 c6 trong luong Ps, ban kinh R. Day song song véi
mit phang nghiéng. Tim luc cing cia cac nhanh ddy, luc lién két tai truc O va
luc ma sat tai mit phang nghiéng. Bé qua ma sat 1in va ma sat & 6 truc.

Bai 6: Cho vat 1 ¢o trong lugng P, roi xuéng lam cho rong roc 2 trong luong Q,
ban kinh quan tinh d6i voi truc quay 14 p quay quanh truc kéo vat ning 3 co trong
luong P, di 1én. Kich thudc rong roc cho trén hinh v&. Ap dung nguyén ly
balambe xac dinh gia tdc gbc cua rong roc va phan luc tai truc O.

R
@)

[ s

Bai 7: Soi day nhe khong dan vat qua rong roc tam O, ban kinh r, trong luong Py,
mot dau bude vat A trong lugng P, dau kia budc vao tdm I cua banh xe B ban
kinh R trong lugng Q. Vat A roi xudng lam banh xe B lan khong truot trén
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duong ngang. Xac dinh gia toc cua vat A néu bo qua ma sat lan va ma sat ¢ 6
truc rong roc, banh xe va rong roc xem nhu nhirng dia tron dong chat.

10
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Chwong 2
NGUYEN LY DI CHUYEN KHA Di

2.1. CAC KHAI NIEM VE CO HE KHONG TU DO
2.1.1. PINH NGHIA CO HE KHONG TU DO

La tap hop cac chat diém ma trong chuyén dong, ngoai lyc tdac dung, vi tri
va vdn téc cia chiing con bi rang budc béi mét sé diéu kién hinh hoc va dong
hoc cho truoc.

Vi du xét co cau bon khau nhu hinh 5.1.
DAy la co hé khong tw do vi n chju nhimg diéu ¥
kién rang budc v€ mat hinh hoc:

+ Ae(0,,0A)

+ Be(0,,0,B) 025

+ AB=const

Hinh 5.1

Cac dicu kién nay doc lap vai cac luc tac
dung lén co cau va cac dicu kién dau cua chuyén dong co cau.

2.1.2. LIEN KET. PHUONG TRINH LIEN KET. PHAN LOAI LIEN KET

1. Lién két

L& cac diéu kién rang budc co hé vé mat hinh hoc va déng hoc.

2. Phwong trinh lién két

a. bBinh nghia:

La cac phuong trinh va bat phuong trinh biél;l thi qvé mit toan hoc mdi rang
budc vé mat hinh hoc va dong hoc doi voi cac chat di€ém thude co hé. Ching co
dang :

fo (6 X0 Y1 Zuso Xy Vs Zo Xy Vir 2o X0 V0 2,) 20 (@ =1,9) (2.1)
hay dudi dang tat:
f (6 Xes Yir 2o X, Vi 2) 20 (2.2)

b. Cac vi du minh hoa:

Xét co ciu bon khau & vi dy trén. Cac khau OA va O,B c6 chiéu dai twong
tmg 1a r, va r,, khau song phang AB c6 chiéu dai |. Vi tri clia co cau duoc xac
dinh qua céc toa d¢ cua hai diém A va B.

Diéu kién dé diém A khong roi khoi duong tron (O, 1,):
fl(t! Xpr Yar Xgs yB) = Xi + yi - r12 =0
Diéu kién dé diém B khong roi khoi dudng tron (O, 1,)

11
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fo(t Xas Yar Xgs ¥g) = (Xg —@)* +(Yg —b)* =1/ =0
Vi a, b 1a cac toa do cua O,, (a=00,,b=0)
Piéu kién rang budc vé khoang cach hai diém A va B khong doi:
fa(t, Xar Yar Xg) ¥a) = (X = X2)* + (Y5 = y)* =17 =0

Nhu vdy, ta c6 ba phuong trinh lién két biéu dién cac diéu kién rang budc

d6i voi co cau bdn khau. Trong trudng hop niy s = 3. 7T T~ N
Xeét chuyén dong cua chat diém M, k}léi lwongm / \
budc vao dau mét soi day khong gién chiéu dai 1, con [ \
dau kia budc vao diém O co dinh (Hinh 5.2). \ )
Diéu kién rang budc voi chat diém M ludén luén \ © ) /
cach O mot khoang khong 16n hon I: \ N
~ —
f(t, Xy, Yy ) =X, +y5 —12<0 -
Hinh 5.2

S6 phuong trinh lién két ¢ day s = 1

Néu gia thiét dy luén & trang thai cang (coi OM la mot thanh manh) thi
phuong trinh lién két ¢6 dang:

f(t Xu, yM):XﬁA +y§/| -1?=0

Néu chiéu dai ctia day bién doi theo thoi gian (tc 1a 1=1(t)) va coi nhu day

ludn ludn bi cang thi phuong trinh lién két 1a:
ft Xy, yM)les/I +yr€/| —|2(t):O

3. Phan loai lién két

a. Lién két giir va khéng giit:

Néu cac diéu kién rang budc duoc thé hién bang cic phuong trinh thi lién
két goi la lié,n két gitr, ngugc lai néu bang cac bat phuong trinh thi lién két duoc
goi la lién ket khong gitr.

b. Lién két dirng va khéng dieng:

Néu phuong trinh lién két khong chira rd bién thoi gian thi lién két duoc goi
la lién két dung, nguoc lai néu chira ro bién thoi gian thi 1ién két 1a khong dung.

c. Lién két holonom va khéng holonom:

Néu trong phuong trinh lién két khong chira cac yeu t6 van tdc hodc co
chtra cac yéu t6 van toc nhung nh¢ phép tich phan dwa vé dang khong chira cac
yéu td van toc thi lién két dugc goi 1a holonom. Néu cac phuong trinh lién két
chira cac yéu t6 van toc nhung khong thé loai trir nhd phép tich phan thi duoc goi
Ia khéng holonom.

O day chung ta chi khao sat d6i voi cac co hé chiu lién két holonom, gitt va
dung, tirc 1a phuong trinh lién két c6 dang:

fa(Xliyl’Zl""' Xn1yn7zn):0 a:ﬂ (23)

12
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2.1.3. DI CHUYEN KHA DI VA SO BAC TU DO CUA CO HE
1. Di chuyén kha di
Di chuyén khé df ctia hé 1 tap hop tat ca A

cac di chuyén v6 cung nho ma cac chat diém

thudc hé co thé thuc hién du:c_)’g sao cho phu hop ST

vOi cac lién két tai mot thoi diem da cho.

Di chuyén kha di cia chat diém dugc ky Hinh 5.3
hiéu & F( phan biét vdi cac di chuyén thuc dr) '

Vi du: Qua ciu A dit trén mat nao do thi lién két cua qua cau véi mat tua
do 1a lién két tya (Hinh 5.3). Di chuyén kha di 1a cac di chuyén vo cung nhé nam
trong mat phang ti€p xuc.

2. S0 béc tur do ciia co hé

S6 bac tu do cua co hé bﬁng s6 di chuyén kha di doc lap cua h¢ do. Gia st
hé c6 N chéat diém thi c6 3N di chuyén kha di doc 1ap nhung c6 s phuong trinh
lién két. Do do s6 bac tu do ctia co hé s& 1an = 3N —s. Trong thyc té nguoi ta
xéac dinh s6 bac tu do cia co hé qua viéc phan tich kha ning chuyén dong doc 1ap
cua co hé.

Phuong phap thuc hanh xac dinh s6 bac tu do ctia co hé:

+ Néu can tré mot di chuyén kha di doc 1ap ma co hé ding yén thi co hé co
mot bac tu do.

+ Néu can trd hai di chuyén kha di doc 1ap ma co hé moi dimg yén thi co hé
¢06 hai bac tu do.

2.1.4. TOA PO SUY RONG CUA CO HE

Tap hop céc thong sb6 du dé xac dinh dugce vi tri ciia co hé trong mot hé quy
chiéu xac dinh duoc goi la cac toa do suy rong cua co hé.

Céc toa do suy rong duoc ky hiéu la q,, q,,..., q,. Cac toa do suy rong co
thé 1a toa do Pécac cua cac chat diém thudc co hé, goc quay hay toa do cong, ...

Vi tri cia co hé dugc xac dinh nho céc toa do suy rong nén cac toa do
Décac cua céac chat diém thudc h¢ c6 thé biéu dién qua céc toa do suy rong.

X =X (ys Uy oy Q)
Yi = Yi (@, Qs Gy) (2.4)
2, =2, (Qy, Uz Q)
hay: =1 (0, Greves Gy) (25)
ChU y: S6 bdc tir do bang s6 toa dé suy réng ciia co hé.

Xét truong hop con lic kép nhu hinh 5.4, ta c¢6 thé xac dinh vi tri ctia con
lac kép bang cach chon toa do suy rong nhu sau:

13
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{ql =@
0, =v

Céac toa do Pécac cta cac chat diém thudc
co h¢ dugc biéu dién thong qua chiing nhu sau:

X, =ksing ; y,=1Icose

Xg =l;sinp+1,siny ; y, =1 cosp+I,cosy

2.1.5. CONG KHA DI

Hinh 5.4

Cong kha di 1a cong sinh ra boi luc tic dung 1én chét diém trén di chuyén

kha di cua chat diém do.

Cong kha di cua lyc hoat dong F? trén di chuyén kha di la 6A®

Cong kha di cta phan lyc lién két R trén di chuyén kha di 13 sA®

2.1.6. LUC SUY RONG

Cho co hé di chuyén kha di {87, }. Khi do, biéu thiic cong kha di s& la:

N N
ZSAk = Z F .oF = Z(Fkx.est + Fyy 8y, + F,.82,)
k=1

Chon cac toa do suy rong du: q;, qos-.-» -

Tu bi€u dién cta toa do Décdc qua toa do suy rong :

Xk =Xk(t'q1’q2""7qn)
Yy ZYk(tanqz ----- qn)
z, =2,(t,9,,0,,...9,)

Ta co:

Z 5(1.
Z a0

L 02,

6Zk = ZE

i=1

Thay vao biéu thic clia cong kha di, ta duogc:

Soh -3 3R

=1 [ k=1
Trong do:

Q=Y (F. 2o F

& o ag, T ag, T g,

ayk 0z, o
aqi + sz- aqi ):|5q| = ;Qiﬁqi (2.6)

0z N . O
8yk kz k) z k
k=1 6q

2.7)

14
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duogc goi 1a luc suy rong tuong tng véi toa do suy rong q;.

Chu y: Doi v6i co hé holonom va cac toa do suy rong du thi {8q;}trong
(2.6) doc lap doi véi nhau. Con trong truong hop toa do suy rong du thi gitta cac
{0q;}c6 quan hé phu thuoc:

ZW =0 p=1s

Thit nguyén cua luc suy rong:

_[A]
Q=

Vi vay, néu toa do suy rong la d6 dai thi luc suy rong c6 thit nguyén cta luc
thong thuong, con néu toa do 1a goc thi luc suy rong c6 thit nguyén cua ngau luc.

PHUONG PHAP TINH LUC SUY RONG
Phuong phap 1

Dua truc tiép vao biéu thic

N OX ay 0z N £ o
Qi: (Fx k+F . : 7" k)
é “aa  “og, i kzll “oq,

Yéu cau: Phai tim hinh chi€u cta cdc luc 1én cdc truc toa do Décic va toa
do diém dat cta luc viét trong toa do Décéc thong qua toa do suy rong.

Vi du: Xét con lic kép chiu tic dong
ctia luc F va c6 trong luong : Q,P. Do dai
cac thanh: OA =R, AB=1, OC, =5s,, OC, =
s, (C,, G, 1a trong tam ctia thanh OA, AB).

- Chon hé truc toa do vuong goc
nhu hinh vé.

- Toa do suy rong du la : ¢ ,y.

- biém dat cta cac luc.

+ P dat tai C,(x,, y,):
ﬁ{Px:o {xlzslsinqo
Py =P Y; =5, C0S¢

+Q dat tai Cy(Xy, yo):

5 Q, =0 X, =Rsing +s,siny
Q,=Q y, = Rcosp +s, cosy

+F dat tai B(x, y3):

E F,=F X; = Rsing +1.siny
F, =0 Y, = Rcose +1.cosy
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Do P, = Q,= F, = 0 nén ta khong phai tinh dao ham riéng cta x,, X,, y; theo
céc toa do suy rong q), .

Thuc hién cic phép tinh sau:

%:—sl.sinq) %:0
0 oy
%:—R.singy %:—SZ.Siny/
op oy
6£= R.cose aﬁzl.cosw
op oy
Thay vao biéu thic Q, , ta co:
Q, = 8y1 +Q,.—= Y. +F, ———P.sl.sin(p—Q.R.singa+ F.R.cosg
op op
Q, = 8yl +Q,. 6y2 X—:—Qs2 siny + F.l.cosy
oy
thmngphde

Dua vao biéu thic cong kha di
N N
A, = Z F,.OF = Z(Fkx.éxk + Py Yy + Fp02,)
k=1 k=1

Yéu cau:
- Biéu dién cic toa do Décéc theo toa do suy rong.

- Tinh bién phan ctia toa dd Décac theo cac bién phan cua toa do suy
rong.

- Thay vao biéu thitc cong kha di. Khi d6, cac dai luong ding trudc
cac bién phan cla toa do suy rong chinh la luc suy rong.

Vi du: D6i vé6i con lac kép trén, biéu thiic ciia toa do suy rong c6 dang
D A =Py, +Q, + F.o
cac bié€n phan dugc tinh nhu sau
Y, =5,.C0Sp = dy, =—S,.Sinp.dp
y, =R.cosp+5S,.cosy = dy, =—-R.sinp.dp —s, siny.op
X; = R.sing +1.siny = dk; = R.cos@.dp +1.cosy.oy
Thay vao biéu thiic cong kha di, ta ¢6
ZéAk = P.(=S,.5In 9.0p) + Q.(—R.sin pdp — s, sinwoy) + F(R.cospop + | cosyoy)

= (F.cosp —P.s,.sinp —Q.R.sinp)dp + (F.l.cosy —Q.s,.Siny)dy
Luc suy rong nhan duoc

16



Bai giang Co Iy thuyét 2-18402

Q, =F.R.cosp—P.s,.sinp-QRsing
Q, =F.l.cosy —Q.s,.siny
Phuong phap 3
Néu ta chon céc toa do suy rong dua thi bién phan clia cac toa do suy rong
du doc lap v6i nhau. Do d6, ta ¢6 thé tinh ting luc suy rong riéng ré bang céch
chon cdc di chuyén kha di dic biét.
- Pétinh Q,, ta chon: 8q, =0,..., 8q,; =0, 8q; # 0, 8q;,; = 0, ..., 8q, = 0.
- Tinh cong kha di cua cac lu’c trong di chuyén kha di dac blet da chon

2.0A(3q;)
Ma: 2.0A(8q;) = Q;.9q;
Suy ra
D A ()
== 2.8
Q== (28)

Vi du: Talam vi du d6i vé6i con lac kép trén

Dé€ tinh Q,, , ta chon: 8¢ # 0, 8y = 0 (tic cho thanh OA di chuyén mot géc
8¢ con thanh AB chuyén dong tinh tién). Cong kha di nhan duoc

DA (89) = P.(=s,.5in 0.5¢) + Q(—Rsin pSp) + F.(R.cospsp)
= (F.R.cos¢ — P.s,.sinp —Q.R.sin @)d¢p

Suy ra
> A (5p)
op

Dé tinh Q,, , ta chon: 8¢ = 0, 8y # 0 (tdc gilt thanh OA ¢6 dinh cho thanh
AB quay quanh A). Biéu thiic cong kha di nhan dugc :

D A (Sy) =P.0-Qs,.siny.Sy + Fl.cosy.oy

= (F.l.cosy —Q.s,.siny)dy

Q, = =F.R.cosp—P.s,.sinp—Q.R.singp

Suy ra
D A (Sy)
oy

Nhdn xét: Phuong phéap 2 va 3 duogc st dung nhi€u nhat dac biét 1a phuong
phép 3 khi toa do suy rong duoc chon la du.

Q, = = F.l.cosy —Q.s,.siny

Chii y: Ngoai ba phuong phdp néu trén ta con c¢6 thé tinh luc suy rong nhu
sau. Khi cac luc tac dung Ién co hé vira 1a luc c6 th€ va khong thé.
6H *

Q =T Qi

X (2.9)
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Trong do6:

I1(q;, 9s5---9,) 1a ham thé nang cua co hé

Q; 1a luc suy rong cua cic luc khong thé

Vi du: Ta lam vi du d6i vé6i con lac kép 6 trén.
Vi Q,P 1a cdc luc c6 thé nén ta c6 ham thé niang

IT=-P.y, —Q.y, +const

—P.s, cosp —Q(Rcosg + s, cosy) + const
=—(P.s, + Q.R)cos¢p —Q.s,.cosy + const
Nhung do F 1a luc khong thé nén ta tinh Q, theo biéu thiic trén
> OA(F) = F.%; + F, .8, = F(R.cospdp +1.cosysy)

Q. =F.R.cosg
Vay "
Q, =Flcosy

Q, = _Z_H+Q‘”* = —(P.s, + Q.R)sinp + F.R.cosp
¢

Q, = —Z—E+QW* = -Q.s,.siny + F.l.cosy
2.1.7. LIEN KET LY TUONG

Lién két duoc goi 1a 1y tudng néu tdng cong cua tat ca cac luc lién két trong
moi di chuyén kha di cia co hé déu bang khong.

D AT=0 (2.10)

Vi du: Néu bo qua ma sat, khi vat truot trén duong cong ( hay mit cong ) ¢b
dinh s& c6 cong ctia phan lyc lién két twa N bang khong.

2.2.NGUYEN LY DI CHUYEN KHA DI
2.2.1. NOI DUNG NGUYEN LY
7 Piéu kién can va di dé hé 6 lién két Iy twong cdn bcing o vi tri da cho la
tong cong nguyen 1o cdc luc hoat dong trong moi di chuyén kha di cia hé déu
bang khong.
>N =3 Rt =0

(2.11)
Churng minh

1. Di€u kién can

+ Gia thiét hé c6 lién két 1y tuong va can bang.
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+Két luan > oA =0

Theo gia thiét hé can bang nén moi chat diém thudc hé cling can bang dudi

tac dung ctia luc chii dong va phan lyuc lién két. Xét chat diém th k chiu tac dung

cua luc hoat dong F_k"; va phan luc lién két R—k

Vi chét diém thr k can bang nén FTf‘ +R, =0
Trén moét di chuyén kha di bat ky Sr, nao do, ta co:

A, =(F'+R)oT, =0

Xét toan hé: 3 6A = S (FF +R)dr, =0
hay: SFAsr, + 3 Ron, =0
Do h¢ chiu lién két Iy tuong nén > R.8r, =0

Do dé: S oA =S Risr =0

2. Piéu kién du
+ Gid thiét > oA =0
+ K&t luan hé can béng.

Gia thiét hé chiu lién két 1y tuong va can bang, c6 tong cong nguyén tb cua

cac luc chu dong tac dung l1én hé thoa man ZW =0. Khi d6 néu hé ¢ trang thai

can bang thi s& can bang mai mai. Néu & mot thoi diém nao d6 hé bat dau chuyén
dong thi bién thién dong nang ST >0. Do d6 > AT +> A7 >0. Theo gia thiét
hé chiu lién két 1y tuéng nén Y AF =0. Tir d6 suy ra > oA? >0, diéu nay trai
gia thiét. Vay hé phai ¢ trang thai cAn bang.

Chuay:

+ Néu hé chiu lién két ly tudng thi chi can tinh dén céc luc hoat dong con

phan luc lién két co thé bo qua.

+ Néu c6 ma sat ta coi lyc ma sat 1a luc chu dong.

2.2.2. PIEU KIEN CAN BANG CUA HE TRONG TOA PO SUY RONG

19

Diéu kién can bang:

ZdA\( :Qlé‘ch"'Qz&lz +"'+Qn&:|n =0 (2-12)
Do &, &,,..., &, doc 1ap v6i nhau nén dang thirc trén chi thoa man khi:
Q=Q,=..=Q,=0 (2.13)
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Vay diéu kién can va du dé h¢ co lién két 1y tudng can bang trong toa do
suy rong la tat ca cac luc suy rong twong ing vdi cac toa do suy rong cua hé bang

khong.
S6 cac diéu kién can b?mg béng s6 toa do suy rong hay s6 bac tu do cua hé.
Truong hop cac luc hoat dong tac dung Ién h¢ 1a nhitng luc co thé va ham
thé nang c6 dang I1=TI(q,, q,,..., q,) ta co diéu kién can bang nhu sau:

Mo i=1n (2.14)
oq;

2.2.3.ViDU
1.Vidu 1

Cho co h¢ duoc bieu dién nhu ¢

hinh v€. Day mém ménh, nhe va khong 2—4

gidn dugc budc vao vat A, vong qua C E
rong roc ¢ dinh C, rong roc dong D,
rong roc cd dinh E, cubi cung duogc
budc vao vat nang B. Tai truc rong roc
dong D co6 treo vat K c6 trong lugng Q.
Cho biét hai vat A, B ¢6 cung trong
lwong P. Xac dinh P theo Q va xac dinh
hé sb ma sat truot £ gitra vat A va mat || |||K
phang ngang dé hé can bang (Hinh 5.5).

ﬁB
B

Hinh 5.5

Bai gidi
Khao sat co hé gdm cac vat A, K, B.
Hé c6 hai bac tudon=2.
0, =S4
g, =Sg

bé viét cac dicu kién can bang cua co hé, ta tinh cac luc suy rong Q,, va

Chon céc toa do suy rong:

+ Tinh lyc suy rong Q,, : Cho co hé di chuyén kha di &, >0 va &, =0
__ _-F +9s. 2
Zé‘Ak - I:ms&A_'_Q&k _( Fms+ 2)&A_( fP+ 2)&A

Do &, =28, , suy ra: Qm=_fp+%

+ Tinh lyc suy rong Q. : Cho co hé di chuyén kha di &, >0 va &, =0

> o8, = P, ~Qa, = (P- )%,
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Do &, =2, , suy ra: Qs = p_%
Piéu kién can b::ing cua co hé:
QsA:_fP+%:O ) QsB:P—%:O
p_Q
suy ra: 2
f=1
2.Vidu 2

Cho hé didm gom hai thanh AB va BD néi v6i nhau bang ban 1& B, lién két
v6i tudng nhd ngam A va v6i mat nam ngang nho gbi tua ¢6 con lan D. Trén
dam AB c6 tai trong phan bd déu cudng d6 q N/m, tai diém giita cia dam OD c6
tac dung lyc tap trung P. Chiéu dai dim AB bang 2a va chiéu dai ciia BD 1a 4a
(Hinh 5.6a).

Tim phan Iyc tai gbi D va ngam A. Bo qua ma sat.
Bi gidi

Khao sét co hé 1a dam ghép. Co hé khong co bac tu do.

B Tim phan luc tai D: Ta giai phong lién két tai D, thay bang phan luc WD
twong tng.

Co hé mot bac tu do.

Chon toa do suy rong la goc dinh vi ¢ cua thanh BD ddi v6i thanh AB.

Tinh Q,: Cho co hé di chuyén kha di Sp=0 (Hinh 5.6b).

> A, =P, —Ny&, = P2adp— N, 4adp=(P2a—N,4a)sp

suy ra: Q,=P2a-Ny4a
T diéu kién can bang : Q, =

: P
suy ra: N, = n

B Tim phan lyc lién két tai A:

Giai phong lién két tai C, thay bang cac phan luc X_,;, Y:, m, tuong Ung.

Co hé ba bac tu do.
0. =Xp
Chon céc toa do suy rong: q,=¢
Q; =y
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Vé6i x, 1a hoanh @6 diém D, ¢ la goc dinh vi ctia thanh BD so véi truc
ngang OX, y la goc dinh vi ctia thanh AB d6i véi thanh BD.

q
C j—P-
A Fa B C §D
2a 2a ! 2a !
Hinh 5.6a
~2-"Q(Q=2aq) - Np
A&i E B C D
2 0P SSc Ss
D
Hinh 5.6b
Ya
mA Q —P>
E B C D
Hinh 5.6¢ I
Y, dXp
m, Q —P>
E B C D
A= O
5s,| XA |95k 5. 3¢
Hinh 5.6d

Hinh 5.6e
_Y>A .
e} — N
ol T
E B C D
A —
XA
Hinh 5.6f
Tinh Q,;: Cho co hé di chuyén kha di &, =0, & =y =0 (hinh 5.6c¢).
ZdAk = XA5XD
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suy ra: Qp =X,

Tinh luc suy rong Q,: Cho co h¢ di chuyén kha di & =0, &, =dy =0

(Hinh 5.6d).

ZSAk = Pos. +Qdsg —Y,05, + M0 = P2ad¢p+Q5ad¢p—-Y,6ad¢p+m,d¢

=(P2a+Q5a-Y,6a+m,)d¢
suy ra: Q,=P2a+Qb5a-Y,6a+m,

Tinh lyc suy rong Q,: Cho co hé di chuyén kha di &y #0, &, =& =0

(Hinh 5.6e).
D A =QKe —Y, K, + M, Sy =Qady —Y,2ady +m,Sy
=(Qa-Y,2a+m,)oy
suy ra: Q,=Qa-Y,2a+m,
Tu diéu kién can béng cua hé:
Qw=0,Q,=0Q,=0
Ta nhan duoc:

Xa=0 i Y,=Qs- i m-aP+Q)

B Cha y: Co thé dong thoi giai phong lién két tai A va D. Lic d6 co hé c6
bon bac tu do (Hinh 5.6f). Chon cac toa d6 suy rong : X,, Yy, @, ¥ va tién hanh

tinh cic lyc suy rong Q,,, Q,,. Q, va Q, . Tur diéu kién triét tiéu luc suy rong ta

xéac dinh dugc cac phan lyc lién két N, X,,Y,, m,.
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PHAN BAI TAP CHUONG 2

Bai 1: Cho hé dim chiju lién két va kich thuéc nhu hinh v&. Bé qua trong luong
cac dam, bieét q=8kN/m, M =20kNm. Ap dung nguyén ly di chuyén kha di, tim
cac phan lyuc tai A va C.

)~

3
\\Jn

| 1.5m
|

Bai 2: Cho hé dam c6 kich thudc va chiu lién két nhu hinh v&. B6 qua trong
lugng cac dam. Biét g =5kN/m, F = 20kNm . Ap dung nguyén ly di chuyén kha di,

2m 2m |

- O (
20
O

tim phan luc tai A, C, D. q E
60°
. Y VYV ¥ ‘ C /< D
| Im _| 2m | 2m | Im | 1m |

Bai 3: Cho hé thanh nhu hinh v&. Thanh AB ¢6 trong lugng P. Hoi trong lugng Q
cua thanh BC va luc F phai 1a bao nhiéu dé hé can béng ovitrivaa= 60°va 0 =
30°. Cho AB = BC = 2L.

P

Bai 4: Tim trong luong P; va P, ctia hai vat ning duoc giit cin bang trén cac mat
nghiéng nho vat nang trong lugng P, néu vat nang P; va P, dugc budc vao 2 dau
ciia mot soi ddy, soi ddy nay di tir vat ning P; qua rong roc O; gin trén truc nim
ngang dén rong roc dong O mang vat ndng P, sau d6 vong qua rong roc O, cung
tryc voi rong roc O; va cudi ciing dén vat ning P,. Ma sat, ciing nhu khi luong
cac rong roc va day bo qua.
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Bai 5: Hai thanh dong chit OA va AB ndi véi nhau bang ban 1& A dugc treo vao
tuong nhd ban 18 O. Tai diém B ¢6 luc F tac dung theo phuong ngang hudng tir
trai sang phai. Cho OA = 2l;; AB = 2l,, trong luong cua cic thanh OA va AB lan
luot 1a P, va P,. Tim cac goc 1éch @, va 0 cia cac thanh OA va AB lam véi
phuong thang dimg dé co hé ¢ trang thai can bang.
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Chuong 3
PHUONG TRINH VI PHAN CHUYEN PONG CUA CO HE

3.1. PHUONG TRINH TONG QUAT PONG LUC HQC
3.1.1. PHUONG TRINH TONG QUAT BPONG LUC HOC

Xét co hé gom N chat diém chiu lién két 1y tuong. Ngoai lyc hoat dong
F® va phan luc lién két R, ta thém vao chat diém tht k lyc quan tinh
F® =—m 4, . Theo nguyén Iy Palimbe cho chit diém k ta co:
(F:.R,.F*)~0

Cho hé mét di chuyén kha di roi 4p dung nguyén 1y di chuyén kha di, ta co

DAY AT+ A =0 (3.1)

Nhung do hé chiu lién két 1y tuéng nén > A =0 do do
ST+ AT =0 (3.2)
Vay ta cb S (B2 +F v, =0 (3.3)

Pang thire (3.2) goi 1a phuong trinh tong quat dong luc hoc.

Néu hé chiu lién két Iy tuéng thi tai moi thoi diém tong cong nguyén to
cua cac lgfc h‘oat dong va cdc lyc quan tinh dat vao hé trén moi di chuyén kha di
cua hé déu bang khong.
3.1.2. ViDU

1.Vidu1

Tai dia C ¢ dudi tac dung mot mémen quay M. A~ M4
Xac dinh gia toc cua tai trong A trong luong P; duoc D i R
kéo 1én trén, néu trong luwgng cuia doi trong B 1a P,. Cac 01!! :
-

dia C va D ddng chét cing ban kinh R, trong luong Q. [~ AL
Bé qua khoi lugng cua day. : .
-, q
Bai gidi 1%
- Xét co hé gbm: Pia C, D, tai trong A, B. B
- Hé c6 mot bac tu do A .
- Chon toa do suy rong doc lap la x(dd dich _ P,
A 9 I th Y 1
chuyén cua tai trong A). A :
- Céc luc hoat dong tac dung 1én co hé:
Q.. Qp. PP, M
- Luc quan tinh: F{ :&aA, F :&aB
g
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iy a
Vo1 ap=ag =a=¢R => SZE

Tu do ta co M?:chgz%RZSZ%, M(g:JDZs—%

Ap dung phuong trinh tong quéat dong luc hoc ta 6

DTOAL + > BAT = 8A(Q. ) +3A(Qp) + SA(P,) + SA(R,) + SA(M) + SAM &) +5AM ) +
+3A(FM) +8A(F) =0

D SA=—Pdx+ P25x+|v|%—MgtS—F:(—Mg‘g—;—F,f‘SX—FB‘“ShO

Mqt qt
:ZSA:(—P1+P2+%—TC—MTD—F:“—FB‘“)ESX:O
Mqt Mqt
Do &x 0 suy ra: _P1+P2+M__c__o_|:/gt_|:8qt =0
R R R
M + (P, - P)R

Thay vao ta thu dugc két qua nhu sau: a= (P.+P, + QR
2.Vidu?2

Hai vat nang M;, M, ¢6 trong lugng tuong ing
P1, P, dugc budce vao hai day quan vao hai tang cua

X
:

mot toi ban kinh R, r. D& nang vat ning M; lén, tac QF
dung lén to1 mot momen quay M. Tim gia tdc goc cua K‘ - 2
to1 quay. Biét trong luong cua toi 1a Q va ban kinh q
, , Ke o ge \ =qt o}
quan tinh do6i1 véi truc quay 1a p. qu A ~
Bai giai M, -
- Hé c6 mot bac tu do. ~ M,
- Céc lyc hoat dong tic dung Ién hé: P2w
Pl’ Pz’ QM R Pl
- Cac luc quan tinh: qut
F =ﬂal =—re
g g
F = ia2 = &Rs
g g
M3 =J.e :gng
g 1
Cho h¢ mdt di chuyén kha di ung vo1 to1 quay mot goc ¢ theo chiéu
M, ta co:
D A} + > AT =P,3s, —P3s, + Md¢p— F,*3s, — F"8s, —M38¢p=0
Véi ds, =rdp, 3s, =Rop

Thay vao ta thu duoc két qua nhu sau:
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M +P,R—Pr
T PR 1Qp +Pr?
; p-+Pr

3.2. PHUONG TRINH LAGRANG II
3.2.1. PHUONG TRINH LAGRANG II
Tir phuong trinh tong quat dong luc hoc, ta 6

DAY AT =0 (3.4)
Gia st hé c¢o6 n bac ty do va vi tri cua n6 dugc xac dinh boi cac toa dd suy rong
Qu Q2,-- -5 G-
Theo cong thirc da biét DA =Q&, +Q&, +...+Q K,
Tuong tu véi cc luc quan tinh ta cling co6
D SAT =Q8q, +Q5'da, +...+Qaq,
Thay vao (3.4) ta cé
(@ +Qf o, +(Q, + Q5 oa, +... +(Q, + Q7 Jsa, =0

Vi 8q,,89,,.., 8q, doc lap nhau nén dfmg thirc trén chi thoa man khi va chi khi

Q+Q"=0
Qz +Qgt =0
(3.5
Q, +Q,§‘t =0
Mat khac, qua mdt ) phép bién ddi toan hoc va co hoc ta ¢
d(oT oT
T —| — | —— 3.6
° {dt(aqi] aqi} 49
Thay (3.6) vao (3.5) ta thu duoc
d(oT or
—|=-]-=-=Q
dt(aq1 aq,
dfar)_ar
dtleg, )] oq, 3.7)
a(a o,

Hé (3.7) duoc goi 1a phuong trinh Lagrang II, mé ta chuyén dong cta co hé.
Trong d6 Q1, Qy,..., Qn 1a cac luc suy rong Gng véi cac toa dd suy rong la qy,
J2,...,qn. d2 duogc xac dinh & chuong trudce.
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3.2.2. TICH PHAN PAU CUA CHUYEN BONG
1. Tich phan nang lwgng

Khao sat co hé chiu lién két holondm, giir, ding va Iy tudng co n bac tir
do, Cac luc hoat dong la céac lyc the. Khi d6 co nang cua co h¢.

E=T+II=const=h (3.8)

Ping thuc (3.8) dugc goi 1a tich phan nang luong, con h duge goi la hing
sd nang lugng, n6 duogc xac dinh tir diéu kién dau cta chuyén dong.

2. Tich phan xycolic
Toa do qs dugc goi la toa do xycolic, néu:
oar _, o1

=0, =0, Q,=0 3.9
o, aq © 39)
Luc nay phuong trinh Lagrang II ing véi toa d nay c6 dang nhu sau
Aoty = T _¢ (3.10)
dt aq 8qS

Pang thire (3.10) 12 mot tich phan dau cia co hé, duoc goi 1a tich phan xycolic.
3.2.3. ViDU
1.Vidu 1

Mot con lic toan hoc khdi

S
Jj

lwong m,, dai I dugc ndi vao con truot " O. A
A khoi luong m;. Con truot dugc noi 3 MW o F@ X .
vao tuong bang 10 xo c6 dd cung c.  : hY

Cho biét con trugt A c6 thé truot G
khong ma sat trén nén nhan. Thiét lap
phuong trinh vi phan chuyén dong cia
co hé. Y

Bai gidi

Cohéco2bactudo:n=2

g, =X
q,=¢

d(oT) oT
dt ( ox j ox Q
d(oT ) oT
Tl A | T A = Q(p
dt\ o¢p ) OJo

Ta c6d dong nang ctaco h¢: T=Tp+ Tg

Chon toa do suy rong:

Phuong trinh Lagrang I1
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1 .
T,==-mVi==-mx>
2
1
Te —Eszé
Xg =X+ 1sin o, Xg =X+1cosop
Mat khdc Yo =lcose, Vo =—lsin oo
= Vi =X: +yi =% +2Ixpcose+1°¢p°
Vay thay vao ta thu duoc
T= %(ml +m,)X? +%m2I2('p2 + M, IXpCcose
oT : .
&z(ml+m2)x+m2kpc05(p
d(oT . . 2
atl o =(m, +m,)X+m,lpcose—m,lp”sine
I _y
OX
oT

a—,:mzlzc'p+m2|>'<c03cp

d(oT 2. " .
—| — [=m, "¢+ m,IXcosp —m,Ixpsin e
dt\ op

oT

=—m,IXpsin @

Tinh toan luc suy rong: Chon gbc thé nang 1a O

oIl «
=——+

O OX <

aH *

Qtp - o0 +Q<p

_1.e
Tach: H_ECX —m,glcosp+C

Dé tinh Iyc suy rong ctia cac luc khong thé ta co:
D 8A = F(t)dx
= Q.=F(), Q,=0
Vay ta tinh dugc
Q, =—-cx+F(t), Q, =-m,glsine
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Thay vao phuong trinh Lagrang II ta dugc:

(m, +m,)X +m,lpcosp — m,lp?sing = —cx + F(t)
Xcosp + 1+ gsing =0
2.Vidu 2 i i i . .
Tay may chuyén dong trong mat phang thang dung, gom hai thanh dong
chat AB va BD nbi véi nhau bang ban 18 B. Thanh AB nim ngang, khdi luong
my, chiu tic dung cta luc nam ngang F(t), truot doc trong ranh E nhin tron.
Thanh théng BD c6 chiéu dai 21 khéi lugng My, chiu tac dung cua ngﬁu luc c6 mo

men M(t)(Hinh 2). Thiét 1ap phuong trinh vi phan chuyén dong cua tay mdy theo

X
F(t) I:A A B
(
Wfﬁ
E ¢ M(t)

cac toa do suy rong X, @.

Bai gidi
Cohéco2bactuydo:n=2

q, =X
q,=¢

d(oT) oT
a(&)‘&—‘?x
d(oT) oT
12 |-2-=Q,
dt\ op ) oo

Ta c6 dong nang cia coh¢: T=Tpag + Tgp

Chon toa do suy rong:

Phuong trinh Lagrang I1

1 1 1
TAB :Eml)'(z, TBD :EmZVéz +E‘]CZO‘)2
Xe, = X+Ising, X. =x+lcospd
Y, =1coso, Ve, =-lsinep

2 .2 .2 .2 .. 2.2
Ve, =Xg, +Ye, =X +2lcosoxp + 1797, Jo, =

Thay vao ta c6 dong nang cta co h¢

T= %(m1 +m, X% + mzlcos(p}(('p+§mzlz(p2
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oT : .
ol (m, + m,)x+m,lpcosep

d(oT o .. 2
a[&j=(ml+mz)x+m2I(p005(p—m2I(p sine
ar
-
ﬂ=m2I>‘<coscp+£m2I2('p
oq 3

0

dafor =m.IXcosp—m.Ix¢psin +ﬂmI2"
dt\ a6 2 ¢ 2AXQSINO 32 ¢

oT .
— =-m,IXpsin e

Tinh toan luc suy rong

aH *
=——+
9 OX <

oIl «
Q, = _% +Q,

Taco IMT=-m,glcosep+C

Pé tinh luc suy rong cia cac luc khong thé ta co:
D 8A=F(t)dx+ M ()3
= Q =F(), Q,=M()

Vay ta tinh dugc

Q, = F(t), Q, =-m,glsine+M(t)

Thay vao phuong trinh Lagrang II ta duogc:

(m, +m,)X+m,lpcose —m,lp? sin @ = F(t)

4 . .
m2|5('COS(p+§m2|2(p =-m,glsing+ M(t)
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PHAN BAI TAP CHUONG 3

Bai 1: Thanh lap phuong trinh vi phan chuyén dong ciia mot con lic ¢ khoi
lugng m, va c6 do dai I, diém treo cia nd nam tai tdm cua dia tron dong chat ban
kinh r va co khdi lugng m, . Pia c6 thé 1an khong truot doc theo truc ngang, tim
cua dia ndi véi gia ¢ dinh nhd mét 16 xo ¢6 dd cung C.

Bai 2: Cho co hé nhu trén hinhrvé. Con ,lén tam C 1:21 tru tron déng ch:élt, khdi
lugng m, lan khong trugt trén tam A. Tam A c6 khoi lugng m,, chuyén dong
khong ma sat trén nén ngang. Cac 1o xo c6 do cing lan lugt 1a ¢, va c,. Khi
x, =0 VA x, =1, cac 16 xo khong bién dang. Chon toa do suy rong cho hé 1a x, va
X,. Thiét 1ap phuong trinh vi phan chuyén dong ctia co hé.

~ e, e,
B‘éi 3: Qho co hé chuyén dong trong mat phang th:?lng ding nhu: hinh ve. Thant}
dong chat OA trong lugng P =m,g, chiéu dai |, néi véi gia c6 dinh bang ban 1é
O, khéi tim C,. Thanh manh AC khdi luong khong dang ké, chiéu dai 1,, ndi
voi thanh OA bang ban 1& tai A (céac truc khép vuong goc mat phang hinh v&).
Quad cau nho C trong lugng Q =m,g (coi nhu chat diém). Thiét 1ap phuong trinh
vi phén chuyén dong ciia h¢.

e

| Ee

/>
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Bai 4: Theo mat phang nghleng cua lang tru (1) hop véi phuong ngang mét goc
a , mot khdi try déng chat (2) c6 khéi luong m, chuyen dong lan khong truot
lam cho lang try dich chuyén trén mat phang nhin nam ngang va 16 xo (3) bién
dang. Lo xo (3) gin vao tuong thing ding, co hé sb cimg ¢. Khi x=0, 10 x0
khong bién dang. Khéi lugng cia lang try 1a m, .

Thiét 1ap phuong trinh vi phan chuyén dong ctia co hé theo cac toa do suy rong X
va s.

- o

IR N

Bai 5: Thanh lap phuong trinh vi phan chuyén dong ciia mot con lic c6 khoi
lugng m, va c6 do dai I, diém treo cia nd nam tai tdm cua dia tron dong chat ban
kinh r va c6 khéi lugng m,. Pia c6 thé lan khong truot doc theo truc ngang, tim
ctia dia ndi voi gia ¢ dinh nhd mét 10 xo ¢6 dd cung C.

Bai 6: Cho co hé nhu trén hinhrvé. Con ,lén tam C 1:21 tru tron déng chét, khdi
luong m, lan khong truot trén tam A. Tam A c¢6 khoi lwong m,, chuyén dong
khong ma sat trén nén ngang. Céac 10 xo c¢6 do cing lan luot 1a ¢, va c,. Khi
x, =0 VA x, =1, cac 10 xo khong bién dang. Chon toa do suy rong cho hé 1a x, va
X,. Thiét 1ap phuong trinh vi phan chuyén dong cta co hé.

S S

34



Bai giang Co Iy thuyét 2-18402

Bai 7: Cho co hé chuyén dong trong mit phang thang dung nhu: hinh v€. Thanh
dong chat OA trong lugng P =m,g, chiéu dai I, ndi véi gia cb dinh bang ban 18

O, khéi tim C,. Thanh manh AC khdi lwong khong dang ké, chiéu dai 1,, ndi
v6i thanh OA bang ban 18 tai A (céac truc khop vuong goc mat phang hinh v&).
Qua cau nho C trong lugng Q =m,g (coi nhu chat di€ém). Thiét 1ap phuong trinh

3:8 :

vi phan chuyén dong cua hé.

y C
Y

Bai 8: Tay may chuyén dong trong mit phang thang dimg gom thanh dong chat

AB va vit ran G ndi voi nhau bang ban 1& B. Thanh AB nam ngang, trong lugng
P, chiu tac dung ciia lyc nam ngang F(t), trugt duoc trong rinh E nhéin tron. Vat
ran G c6 trong luong Q, khoang cach tir diém treo B dén khéi tim G 1a a, md
men quan tinh cia vat G ddi véi truc di qua diém B cua né 1a Jg, d@)ng thoi vat
ran G chiu tac dung ctia ngdu luc ¢c6 mé men M(t)(Hinh 2). Thiét lap phuong

trinh vi phan chuyén dong cta tay may theo cac toa do suy rong x va .

I;’
Fo Y B
(
I T
7 M)
Rc

Bai 9: Cho con lan 1 hinh tru dong chét ban kinh R trong luong P lian khong
truot trén mat nam ngang, tdm cua dia ndi véi tuong ¢ dinh nhd mot 10 xo ¢ d6
cimg c. Thanh AB = | ddng chat trong lrong Q ndi ban 1é tai A. Hé chuyén dong
trong mit phang thang dimg(hinh 2). Thiét 1ap phwong trinh vi phan chuyén dong

cua co h¢ theo cac toa do suy rong x va (p

S
SR

(@)

A

SRR 7
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Bai 10: Vat 1 ¢ khéi lwong mg, c6 bién dang 13 cung phan tu dudng tron, ban
kinh R, c6 thé truot khong ma sat theo phuong ngang. Pia tron dong chat C, ¢o
khdi lugng m, ban kinh r, lan khong trugt theo cung tron AB. Bo qua ma sat
lan(hinh 2). Viét phuong trinh vi phan chuyén dong ctia co hé theo céc toa do suy

A 1 0.
rong x va A ¢

D B
Ll
o ¥

Bai 11: Trong xa 1 khoi luong my, c6 khoét theo chiéu doc mdt ranh tru c6 ban

kinh R, mot hinh tru tron déng chét 2 ban kinh r, khéi lugng m, lan khong truot
trong ranh. Truc rdnh va tryc hinh try 2 song song v&i nhau. Xa 1 chuyén dong
trén mat phang ngang nhin dudi tac dung cia lyc ngang F(t), luc dan hoi tuyén
tinh cta 10 xo c6 d6 cimg c(hinh 2). Thiét 1ap phuong trinh vi phan chuyén dong

cua co h¢ theo toa d0 suy rong x va o.

% X
"”ﬁ c F(t)

At

(@) (@)
e S

Bai 12: Vat 1 co khdi luong m; dat trén nén ngang nhén. Con lic 2 ¢6 khbi luong
m, quay duoc quanh truc A, mdé men quén tinh déi véi truc qua khéi tam G 1a J,
khoang cach AG = L. Lo xo ¢6 d6 cing c, khi x = 0 10 xo khong bién dang(hinh
2). Thiét lap phuong trinh vi phan chuyén dong cta hé theo toa do suy rong x va

Q.

e

SRR

R
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Chuong 4

VA CHAM CUA CAC VAT RAN

Va cham 1a mdt hién tuong co hoc hay gap trong ky thuat. C6 nhiing va
cham c6 hai, ta khong mong muon ( va cham cuta hai 60t0o, ... ), nhung cling cé
nhitng hién tuong va cham cé lgi, dugc st dung trong k¥ thuat ( bia déng coc,
cidc mdy va rung, ... ).

4.1.CAC GIA THIET GAN PUNG TRONG QUA TRINH VA CHAM
4.1.1.Dinh nghia

Va cham cuia cdc vdt rdan la su tiép xiic bdt thinh linh ciia cdc vt rdn, gdy
nén su thay doi cdc ddc trung co hoc cia cdc vdt thé nay : vdn toéc cdc diém va
vdn téc géc cua cdc vdt rdan va nhau thay doi mot luong hitu han trong mot
khodng thoi gian rdt bé.
4.1.2.Cac dac diém cia qua trinh va cham

1.Thoi gian va cham

Trong qud trinh va cham giita cdc vat rin, thoi gian va cham rat bé. Ky hiéu
t, 1a thoi diém ddu va cham, t, 1a thoi diém cu6i va cham, ta c6 At =t, —t, rat bé.

2.Su bién dang va khoéi phuc khi va cham

Trong qua trinh va cham, cdc vat ran va nhau va bi bién dang & viing ti€p
xuc. Mic do va trang thai bién dang phu thudc vao ban chit dan hoi cua hai mat
va cham vao nhau. Quan sét cdc vat thé va cham, ta thay : Liic d4u cac vat thé bi
bién dang & vung ti€p xtc, sau dé do tinh chit dan hoi cua vat liéu, ching khoi
phuc lai dan hinh dang cii. Can ci vao tinh chat dan hoi cta vat liéu, nguoi ta
phan loai va cham nhu sau :

- Va cham mém : khong ¢6 giai doan khoi phuc.

- Va cham dan hoi : c6 giai doan khoi phuc.

- Va cham tuyét d6i dan hoi : Cac vat thé khoi phuc lai ding hinh ddng cii.

3.Luc va cham va xung luc va cham

Khi hai vat ran va nhau, cdc luc lién két xuat hién & cac vat va nhau trong
thot gian va cham duoc goi 1a cac luc va cham. Céc loai luc hoat dong khac tac
dung Ién cac vat rdn va cham duoc goi 1a cdc luc thong thudong. Ky hiéu luc va
cham la ﬁ(t).

Do qua trinh va cham xay ra trong khoang thoi gian rat nho, van téc cac
diém thay d6i mot lugng hitu han, cho nén cdc luc va cham c¢6 tri so rit 16n va
bién thién rat nhanh. Vi vay, nguoi ta thuong danh gia tac dung cta luc va cham
qua xung luong cua ching.
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Dinh nghia : Xung luong cua luc va cham trong thoi gian va cham
At =t, —t, duoc goi la xung luc va cham.

t2
S = jﬁ(t)dt @.1)
t1

4.1.3.Cac gia thiét gan ding

+ Ving ti€p xtc bién dang clia cdc vat ran 1a mot viing nho so véi dién tich
bé mat clia c4c vat ran va cham vao nhau. Do d6, ta c6 thé sit dung mo hinh hai
vat ran tiép xidc diém khi tinh todn va cham ctia cdc vat ran.

+ Trong qud trinh va cham, do thoi gian va cham At rat bé, su thay doi vi tri
céc vat thé va cham 1a nho. Do do, ta c6 thé bo qua dich chuyén trong va cham.

+ Céc luc va cham 16n t6i mic c6 thé bd qua tic dung clia cc luc thong
thudng ( trong luogng, stic ddy cua gid, Iuc can khong khi, ... ) trong thoi gian va
cham.
4.1.4.M0 hinh co hoc cua hai vat rin phang va cham

Xét hai vat ran 1 va 2. Trong thdi gian va cham, chiing ti€p xidc vé6i nhau tai
diém P. Ta ky hiéu P, 1a diém thuoc vat ran 1, P, 1a diém thudc vat ran 2, tai thoi
diém va cham ching trung nhau tai P.

1.Mat phang ti€p xic va duong va cham

Khi hai vat ran cham vao nhau, & diém tiép xtc P, chiing c6 chung mot mat
phéng tiép tuyén goi la mat phang ti€p xdc. Pudng phép tuyén chung véi mat
phéng ti€p xiic tai P goi la dudng va cham, ky hiéu Pn.

Mait phang
ti€p xuc chung

"
.C2
2

(E)

2.Su phan loai va cham
a.Va cham xuyén tdm va va cham khong xuyén tam :

»

D‘
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Né&u duong va cham di qua C,, C, thi va cham duoc goi la xuyén tam.

Néu duong va cham khong di qua C,, C, thi va cham duoc goi la khong
xXuyén tam.

b.Va cham thang va va cham xién

(E)
Néu van toc ¢ diém ti€p xuc P doc theo huéng dudong va cham thi va cham
duoc goi 12 va cham thang. Nguoc lai khi van téc & diém tiép xidc P khong trung
vGi huéng ctia duong va cham thi va cham dugc goi l1a va cham xién.
c.Va cham nhdn ( khong cé ma sdt ) va khong nhdn ( cé ma sdt ) :

th R1
R
_duong . ' 2 ‘duong
va cham — ' va cham
: R ' :
In
R R ——
2 Ry
R._=-R,

n — 2n
R =-R, —  —
Rn = _th

Va cham dugc goi 1a nhin néu luc va cham gitta hai vat thé doc theo huéng
ctia duong va cham. Nguoc lai, khi luc va cham cé thanh phan ti€p tuyén khac
khong, va cham duoc goi 1a khong nhan.

3.Pinh luat Niuton va Poatxong vé va cham

a.Dinh ludt Niuton

V.
Py
Vp / .

. In _dudng _duong
| P, va cham va cham
|

_—
V.
Py
Truéc va cham Sau va cham
. Vi, =V
Taco: e=——F2 P —const 4.2)
Voon — Vpin

Vpy, Vp, : Van toc cua P, P, truGe va cham.
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V'e, V'p, 1 vAn toc cua P, P, sau va cham.

e : hé so khoi phuc ( hé s6 va cham ). Hé s6 nay phu thudc vao tinh chat cua
vat liéu cdc vat va cham, thudng duoc xdc dinh bang thuc nghiém.

b.Dinh ludt Poatxong :

Thoi gian va cham duoc chia lam hai giai doan : giai doan bién dang
(t, <t <t.) va giai doan khoi phuc (t; <t<t,).

Ky hiéu §£ la xung luc va cham trong giai doan bién dang, S_; la xung luc

va cham trong giai doan khoi phuc.

Taco: e= % =const, e :hé so khoi phuc ( hé s6 bién dang ).
1

Né&u va cham nhdn ( khong c6 ma sat ) thi e=e.

Do do6 ta dung ky hiéu e dé chi hé s6 khoi phuc Niuton ciing nhu Poatxong.
Nhdn xét :

+ Vacham mém : e = 0.

+ Va cham tuyét doi dan hoi: e = 1.

+ Vacham dan hoi : 0 <e < 1.

4.2.CAC PINH LY TONG QUAT CUA PONG LUC HOC
TRONG QUA TRINH VA CHAM
4.2.1.Dinh ly dong lugng

Dinh 1y dong luong ctia cohé : Q, —Q, = ZS_E 4.3)
ZST? : tong xung luong cia céc ngoai luc Ek‘; .

Trong bai todn va cham, do bo qua cac luc thong thuong nén ZST? 1a téng
xung luong cic luc va cham ngoai.

Mait khac :

Q=Mve(t), Q=Mv(t) (44)

V6i M 1a khéi lugng toan co he, v (t,), Vo (t,) 12 van toc khdi tam chia co hé
trudc va sau va cham.

Dinh 1y : Bién thién dong lugng ciia co hé trong va cham bing téng xung
luong cac luc va cham ngoai.

MVe (t,) ~MVe () = 3 S¢ (4.5)
4.2.2.Dinh ly momen dong lugng

Dinh Iy momen dong lugng doi véi co hé c6 dang :

NG 4.6)
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L, : momen dong lugng co hé doi véi diém O.

S my(FS) =D AF : tdng momen clia cdc ngoai lyc va cham tdc dung
1én co hé doi véi diém O, r, : vecto dinh vi clia chat diém M, d6i vé6i diém O.

diy = > my(F)dt= 3 (r A F)dt

Tich phan hai v€ trong khoang thoi gian va cham At, ta c6 :

. 2 e I .

LY L0 =3 [(h ARt =1 ARt =" ASF =" m(Sy)

1 tl
Do bo qua su dich chuyén trong va cham nén Fl; =const .

S_ké : xung luong cta luc va cham ngoai tac dung lén chat diém M, .

Vay: L -L§ = 3 my(S0) (4.8)
Tudotaco:

L0 -1 =3 m (D) (4.9)
Trong truong hop vat ran quay quanh truc ¢d dinh, ta ¢6 :

Y0, - 3,0, =y m,(S;) (4.10)

4.3.VA CHAM THANG XUYEN TAM

CUA HAI VAT RAN CHUYEN PONG TINH TIEN
4.3.1.M06 hinh co hoc

Cho hai qué cau dong chat, khoi lugng m;, m, chuyén dong tinh tién véi van
toc \71 \72 (v, >V,) cung huéng theo dudng va cham, dong thoi cling 1a dudng
xuyén tam C,PC,. Tim van t6c khoi tam hai vat sau va cham \Z : v_; va luong mat
dong nang AT qua va cham. Cho biét hé s6 khoi phuc la e.

- —_— —_

V] ) u V) \D)
—~ — —
II | H
’ | | ’ |
m, | | m, m,  m, my | | m,
V \Y4
Bién dang Khoi phuc

Céc giai doan va cham
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+ Giai doan bién dang: xay ra trong khoang thoi gian tir t, — t., bat dau tir
liic hai vat ti€p xiic nhau, c6 van toc khac nhau v,, v, va két thiic khi ching c6
van toc bang nhau u. Goi xung luc va cham trong giai doan nay la §£ .

+ Giai doan khoi phuc: xay ra trong khoang thoi gian tir t? —1,, bat dau tir
Itc hai vat ¢6 van toc¢ bang nhau u va keét thic khi hai vat roi nhau va ¢6 van téc
\Z, v_; . Goi xung luc va cham trong giai doan nay la St

Do bd qua ma sdt tai diém ti€p xtic P nén §; §2 huéng theo duong va cham
C,PC,.
4.3.2.Cac phuong trinh va cham

Dua vao dinh ly dong lugng trong va cham, ta vi€t phuong trinh va cham
cho tirng vat trong c4c giai doan va cham.

Trong giai doan bién dang :

+vatl: mu-my, =-S5,

+vat2: mu-my, =S,

Trong giai doan khoi phuc :

+vat1l: mv,—mu=-S,

+vat2: my,-mu=S,

Dinh luat Poatxong :
S, =eS;
Két qua :
g = Ve + MV, 4.11)
m, +m,
=> g, ="M _y) (4.12)
1 m2
—> 5, =65, —e 1My _y) (4.13)
1 2
vi=v,—(1+e) il (v, —V,)

= T, (4.14)
V,=V, —(1+e) , (v, —Vv,)

1 2
4.3.3.Xac dinh lugng mat dong nang qua va cham
Biéu thitc dong niang hé hai qua ciu trudc va sau va cham 1 :

1 1
T, = 5 m,v7 + 5 m,v>

1 o 1 ,
T, :EmlvarE m,v'*
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2
1-e° mm,
2 m+m,

1 , 1 ,
=> AT =T,-T, =Eml(vl2 —vf)+5m2(v22 ~v?) = (v, —V,)?(4.15)

Cong thic (4.15) biéu dién luong mat dong niang qua va cham.

bai luong n = AT dugc goi 1a hé s6 hiéu dung va cham.
1

Xét trudong hop riéng, khi v, =0 ( vat ran thit hai ding yén ). Khi dé biéu
thitc (3.12) c6 dang :

1-e> mm
AT =—#v12, T, =£le12
2 m+m, 2
T, m, +m,

Trén co s cong thic (3.13) rit ra mot s6 két luan tng dung quan trong nhu
sau :
+ Khi m; ( khoi luong vat va cham ) >> m, ( khdi lugng vat bi va cham )
m2
m, +m,

<< 1 => AT nho.

Vay khi déng coc, déng dinh, ... khoi lugng bua phai 16n hon khoi luong
clia coc, ctia dinh nhiéu 14n dé€ gidm nang luong bi tiéu hao vao bién dang.
+ Khi m, ( khoi lugng vat va cham ) << m, ( khoi luong vat bi va cham )
m2
m, +m,

~ 1 => AT lon.

Nhu vay khi rén, cat thi khoi lugng de phai 16n hon khoi lugng bia nhiéu
lan dé tang nang luong tiéu hao st dung vao bién dang.
4.3.4.Vi du
! Dé gia c6 nén mong, ngudi ta ding bia déng coc
l]]:mlml xuéng nén dat. Bda c¢6 khoi luong m,, roi khong van toc dau
' tlr do cao h so véi ddu coc, coc ¢6 khoi lugng m,. Sau moi
lan va dap, coc di xuéng mot doan d. Tim luc can trung binh
cua dat lén coc. Gia thiét va cham cua bua va coc l1a va cham
mém.
Bai gidi
Do va cham 1a mém nén chi c6 giai doan bién dang va
hé s6 khoi phuc e = 0. Ap dung dinh luat bao toan co nang,
tim duogc van toc cta bida trude khi va cham :

2
m12V1 =mgh = v, =,/2gh

Van toc cua coc v, =0
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Két thiic qua trinh va cham, van t6c chung clia bia va coc lau :

U= mv, __ M \/ﬁ

m+m, m +m,

Sau khi bia va coc nhan dugc van toc u thi cung ldn xuéng mot doan d roi

dimg lai. Ap dung dinh 1y bién thién dong ning dang hitu han

O—%(m1 +m,)u® =-F,d

2 2
S F, - (m, +m,)u _ m h
2d (m +m,)d
4.4.VA CHAM CUA VAT
QUAY QUANH MOT TRUC CO PINH
4.4.1.Dat bai toan

Xét mot tam phang, khoi luong M ¢6 khai
tam C nam trong mat phang doi xing Oxy va quay
quanh Oz c6 dinh vuong géc véi mat phang xy.

VY =

Xung luc va cham S tac dung nam trong mat
phang doi xiing tai diém K va nghiéng géc véi truc
OC mot goc « . Gia thiét ban ddu OC = a ndm trén
duong thang ding va van toc géc clia tAm phang 1a

@, .

Xac dinh van t6c géc @ cua tdm sau va dap

y" va xung luc ctia phan luc 6 tai truc quay Oz.
Ap dung dinh 1y bién thién dong lugng ta c6 :
Mve —Mug =S+, (4.16)
Trong d6, M la khoi lugng cua tam, E \TC la van t6c khoi tam C cua tdm
trude va sau va cham.
§(; : xung lugng va cham cua phan luc tai O.
Chiéu dang thitc (9.16) 1én hai truc Ox va Oy, ta c6 :

Mv. —Mu. =Ssina + S, (4.17)
0=-Scosa+S,, (4.18)
Ap dung dinh 1y bién thién momen dong luong ta c6 :

Jo,0— 3,0, = Moz (S) (4.19)
=> J,,(w—aw,)=Ssina.h (4.20)
Véi u;. =aw, va v. =aw. Thay vao (4.17)

=> Ma(w—-w,)=Ssina +S,, 4.21)
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Tu phuong trinh (4.18) => S, = Scosa

Tu phuong trinh (4.19) va (4.20) :
Mah

=> §,, =Ssina( -1)

0z

Tur phuong trinh (4.21) taco :

0=+ Ssina 4.22)
0z

Nhu vay, duéi tac dung ctia xung luc va cham S thi tai truc quay Oz xuat
hién hai thanh phan cua xung luc phan luc dong S_(; la STX va STY Hai thanh
phan xung luc nay c6 tdc dung pha hoai rat 16n d6i véi 6 truc.

Diéu kién khong xuat hién phan luc va dap & truc quay (S, =S,, =0)

Sey=Scosa=0 => «a =% (4.23)
s, =Ssina(MN _1y_g - Mah ) p_Jdo (4.24)
0z 0z Ma

Vay, diéu kién dé khong xudt hién xung phan luc va dap & truc quay khi vat

ran chiu tac dung clia xung luc va cham S 1a : xung luc va cham S phai vuong

géc véi duong OC va diém K cach O mot doan h=0OK = #
a

Dinh nghia tam va cham : Diém K trén duong OC ma OK = "\]/l—"; duoc goi la

tam va cham cua vat ran quay.
4.4.2.Vi du

X4c dinh tam va cham clia mot thanh AB = b, quay trong mat phang thing
ding quanh diém O ¢6 dinh.

Bai gidi
An — Al — Azog.ﬁ_

V7.7.77280e .
¥ 5
oQ V7.%7.7774
|| d
< O — S
Clo —L o Cle Cle

2b/3
~
0

Kle e
r)
>
B~ —— B=K“Y ——+ gl —1
hinh a hinh b hinh ¢
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Gia st diém O céach dau A mot doan OA = x. Goi K 1a tam va cham, cich
dau B mot doan KB =y. Pat OK =h va OC = a.
Theo biéu thic :
J
OK=h=-% a
Ma (a)
Ta biét : J,, = J, + Ma?

Jo +Ma®  J,

Ma Ma
b b Mb?
Thay : h=a+—-— yA=—=X; Jog =—
ay 2 Y 2 ST

Thay vao biéu thiic (a) va bién doi ta cé :

1 1 ,
12(5_ yj(z—x)zb (b)

Tu (b) ta thay khi cho biét x thi xdc dinh dugc y va nguoc lai. Hai thong s6
nay c6 thé hoan vi dugc cho nhau. Diéu nay c6 nghia 13 tam va cham va truc quay
c6 thé thay dai vi tri cho nhau.

P .9 2 ~ b s N . A > . A A
+ Néu gia su cho y=0 thi x= 3’ tic 1a khi tAm va cham K nam tai mot dau

B ctia thanh thi truc quay O & cach ddu kia mot doan bang % Véi b 1a chiéu dai

thanh ( hinh b).
Diéu nay dugc xdc nhan trong cdc truong hop : khi cam bua, cam riu, cam
cudc dé chd tay cam khong bi dau ( khong xuat hién xung phan luc ) thi diém

cam cua tay ( truc quay O ) phai cdch d4u kia mot doan bang % chiéu dai can
bua.

+ Néu cho x=0 thi y= %, nghia 1a truc quay O nam tai mot dau thanh thi

tam va cham K nam cdch truc quay O mot doan OK = %b. Truong hop nay thay

10 trong may nghién bua dé nghién vat liéu. Mu6n truc quay cua biia khong xuit
hién xung phan luc, cin phai cho vat liéu nghién va cham véi bua tai diém cdch

truc quay bang % chiéu dai cén bua ( hinh ¢ ).
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Chwong 5
DAO PONG TUYEN TiNH HE MQT BAC TU DO

Dao dong la mot qué trinh thay di theo thoi gian ma c6 mot dic diém nao
dé lap lai it nhat mot lan.

Dao dong la mot hién twong pho bien trong thién nhién ciing nhur trong k§y
thuat va san xuit. Nghién clu ly thuyet dao dong cho phép van dung giai quyét
cac bai toan dao dong thuc té, ly thuyét dao dong da tré thanh mot yéu cau cua
can bo k¥ thuat, diac biét 1a cac nganh co khi, ché tao may, xay lip may, giao
thong van tai, xay dung, cau duong, thuy loi, kién tric, .

Trong pham vi bai giang, thong qua nghién ctru dao dong tuyen tinh cua hé
mét bac tu do, ching ta s& tiép can cac khai niém co ban ban dau ciia mén hoc
quan trong nay.

5.1 Dao dong tu do khong can
5.1.1 Cdc thi du vé thiét Iip phwong trinh vi phin dao dong

Thi du 1: Dao dong cia mot vat ndng treo vao 10 xo. N
Xét vat nang co khdi lugng m treo vao 10 xo c6 hé )
ctmg c. Bo qua khéi luong cua 10 xo.
Dong nang va thé nang cua h¢ c6 dang L C Vi tri
T=Lme m=lex . CB
’ 2 2 X N %
Thé vao phuong trinh Lagrange II % %
W R
dfeTy ot __on N m N
dt OX x
Ta nhan dugc phuong trinh dao dong ctia hé
SRS
mX+cx=0
Thi du 2: Dao dong cua con lac toan hoc © N |
DPong ning va thé ning ctia hé c6 dang @
T=%m(>‘<2+y2)=%mlng2 Q

IT=-mgy =—mglcose

Thé vao phuong trinh Lagrange loai hai ta ¢6 phuong trinh sau
@+ %sin p=0

Truong hop con lic dao dong nho, ta c¢6 sing ~ ¢ . Khi d6 phuong trinh dao dong

nho cua con lac todn hoc c6 dang.
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¢+%¢=0

5.1.2 Tinh todn dao dong tw do khong cdin

Néu st dung ky hiéu @ = (1.1)

Thi phuong trinh dao dong tu do khong can c6 dang

4+wiq=0 (1.2)
Nghiém cua phuong trinh (2.1) c6 dang

q =C, cosm,t +C, sin w,t (1.3)
Trong d6 Cy, C, 12 cac hang sd tuy . Cac hing sb nay duoc xac dinh tir diéu kién
dau

t=0; a0 =a, 40 =4,
Pé xac dinh cac héng s6 C4, C, ta dao ham (1.3) theo thot gian

q = —C,m, sin w,t + C,m, COS w,t (1.4)
Thé cac diéu kién dau vao (1.3) va (1.4) ta duoc

Ci=qo C,= 3)—2 (1.5)
Chu ¥ nghiém (1.3) ciing c6 thé viét dudi dang

q = Asin(o,t + ) (1.6)
Trong d6 A va o 13 cac hang s tiy y. Do hé thiic

sin(w,t + ) = sin w,t cosa + sin o cos w,t
Nén tr (1.3) (1.5) va (1.6) dé dang tinh dugc

.2
A=,C}+C; = |q¢ +(q—oj, tga G a)oq—o (1.7)

@q C, Jo

Biéu thirc (1.6) ta théiy dao dong tu do khong can ctia hé mot bac ty do dugec mo
t4 boi ham diéu hoa. Vi vay dao dong tu do khong can con duoc goi 1a dao dong
diéu hoa.

* Nhan xét, dao dong tw do khong can cua hé mot bdc tw do la dao dong diéu hoa
c6 cdc tinh chat sau:

- Tan s6 riéng va chu ky dao dong khong phu thudc vao cac diéu kién dau ma chi
phu thudc vao cac tham s6 cua hé.

- Bién d6 dao dong 1a hing sb. Bién d6 dao dong va pha ban dau cua dao dong tu

do khong can phu thudc vao cac di€u kién dau va cac tham sé cua hé.
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Viéc xac dinh tan sb dao dong riéng (1.1) 1a nhi€ém vu quan trong nhét cua bai

toan dao dong tu do.
5.2 Dao dong tu do c6 cian

Quan sat hé dao dong, ta thiy dao dong tu do noi chung tit dan theo thoi gian d6
la anh hudng cua lyc can. Hai loai luc céan phé bién nhét 1a lyc ma sat nhot ty 1€
bac nhit vdi van toc va luc ma sat kho.

e Tinh toan dao dgng tw do c6 ma sat nhgt
Xét dao dong ctuia h¢ nhu hinh v&. Do c6 thém lyc can nhét ty 1€ bac nhét véi van

tdc, nén phwong trinh vi phan dao dong cua hé 1.

m¢ +bg+cq=0 (2.1)

Néu ta dwa vao cac ky hiéu
: q
2_C. _ E %
@ = 26 = - (2.2) ‘% —1b
U m

Phuong trinh (2.1) c6 dang % A

G+ 280+ w2q=0 (2.3) MM
Phuong trinh déc trung cua (2.3) 1a

A +200 +wf =0 (2.4)

Tuy theo quan hé giita & VA o,, c6 thé xay ra cac trudng hop sau
8 < w, (lyc can nho): A, =—8FiyJag - 57
8 > w, (luc can 16n): Ay, =—0F6 )

a) Trwong hop thir nhat & < w, (lwc can nhg)
Nghiém tong quat cta phuong trinh vi phan dao dong (2.3) c6 dang
q=e*(C,cosamt +C, sin wt) (2.5)

Trongd6  w=+a} -6° (2.6)
Céc hing s6 C; va C, duoc xac dinh tir diéu kién dau
t=0: q(0)=do 4(0) =g,

Tur cac diéu kién dau dé dang xac dinh dugc

C=qp c,=do % 2.7)
w
Pé bién doi bicu thic (2.5) ta dwa vao cac hang sd A va B xac dinh theo biéu
thirc sau
C, = Asinp C, = Acosp
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T désuyra A=,C+C} tgﬂ:%
2
Biéu thic nghiém (2.5) bay gio c6 thé viét dudi dang
q = Ae *sin(at + B) (2.8)

Ttr biéu thirc nghiém (2.8) ta thdy: Khi luc can du nho, hé thue hién dao dong tat
dan. Do léch Ae? giam theo luét s6 mi, tiém can toi khong. Dao dong dugc mo
ta boi phuong trinh (2.8) 1a dao dong ho hinh sin.

bé dic trung cho do tat dan cua dao dong tu do c6 can nhét, ta dua vao
khai niém d6 tit 16ga. Do tit 16ga A duoc xac dinh boi hé thic

q(t)

A=In =0T
qt+T)

bo tit l6ga dac trung cho do giam “bién d0” dao dong tat dan. Trong thuc té ta

thudng xéac dinh ty s hai bién d6 dao dong sau k chu ky
q(t) e’ T

qt+kT) et

Tur do ta suy ra

A=oT =90 __ *)
k' qt+KT)

b) Truong hop thw hai 6 > o, (lyc can lon)
Nghiém tong quat ctia phuong trinh vi phan (2.3) ¢6 dang

q=Ae?sh(y/6° —wit+ p) (2.9)

c. Truong hop thir ba 6 = w, (luc can toi han)
Nghiém tong quat ctia phuong trinh vi phan (2.3) ¢6 dang

g=e?(Ct+C,) (2.10)
Chuyén dong cua hé 1a tit dan, khong dao dong. Trong mot sb tai liéu ngudi ta
con st dung khai niém do can Lehr(Ky hi¢u D) dugc xac dinh boi hé thirc

D= o __ b b
o, 2mo, 2Jmc

Phuong trinh vi phan dao dong tu do ¢6 can nhét (2.3) c6 thé viét dudi dang

4+2Dw,q+w.q=0

Do hé thic /o -2 = w,y1-D? chuyén dong cia hé dugc phan thanh ba
truong hop sau:
D<1(6 < w,): d6 can nho
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D =1(6 = w,): d0 can t6i han

D>1(6 > w,): d6 can 16n
Can cr vao do can Lehr ta c6 két luan: Khi D<1 chuyén dong cuia hé 14 dao dong
tat dan, khi D>1 chuyén dong ctia hé tat dan, khong dao dong.

Ta c6 hé thirc lién hé gitrta do tat l6ga va do can Lehr

A=oT=27—2 _ (*%)
V1-D?
Thi du 3: Gin mot khbi R
lwong m vao dau thanh. Gan 3 A

vao thanh cic phan tor can a

va dan hoi nhu hinh vé. Bo

qua khdi luong ciia thanh.

o =]
T

- Phai chon do 16n cua hé so6

can b nhu thé nao dé hé co

l<
O
o

kha nang dao dong nho?
- Xac dinh do can Lehr D

can thiét dé sau muoi dao dong. bién d6 giam con 1/10 bién do cia chu ky du,

sau do6 xac dinh chu ky dao dong.

Loi gidi
Ap dung dinh 1y bién thién moomen dong lugng d6i véi truc di qua A va do ¢
nho x4p xi sing ~ @, cose ~ 1, ta thu dugc phuong trinh vi phin dao dong cua hé.

. b . ¢ g
+—p+(—+—=)p=0
¢ 4m(P (m Za)(P

—p+28¢p+wip=0

Trong d6 2821, oaf,:£+i
4dm m 2a

Dé hé c6 kha nang dao dong nho thi & < ,. Tir d6 suy ra

Chu ky dao dong tu do
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21 27 27 2am
== ~— =21

® _mow/l— D? ~oao 2ac+gm

5.3 Dao ddng cwdng birc ciia hé chju kich dong diéu hoa

T

5.3.1 Cac dang kich dong va phwong trinh vi phan dao dong
a) Kich dong luc
Trén hinh v& 13 md hinh dao dong khdi lwong — 16 xo0

F(t
T()

chiu kich dong luc. Gia st F(t) = F sin Ot , trong do F . m

1a gia tri cuc dai cua ham F(t). D6i voi mé hinh nayta Y

=
co T J_
C b

R

1 l l *
T ==my? ==cy?;,  D=>hy? = F(t
;™ T=20 5 0 Q (t)

Thé cac biéu thire trén vao phuong trinh Lagrange II T
d(or) oT ol od .
_ | —-——=—— 4 Q
dt\ oy

Ta dugc my + by +cy = Fsin Ot (3.1) S

Chia hai vé (3.1) cho m va dua vao ky hiéu JEEE !

A e: ﬂQt
A F o . B T S NGRS
y =—, bién d6i (3.1) vé dang y m,
C 1

V+2 +wly =} glsith (3.1a)

, . L. 7. . . Ry c I:__|b
b) Kich dong boi khoi lwong léch tam

M6 hinh nhu h‘mh vé. RO ’to c6 khoi luong 1€ch T
tdm m,, quay déu vdi van toc goc Q.

T :%moy2 +%mlvl2
Do X, =ecosQt; X, =—eQsinQt

y, =y+esinQt; vy, =y+eQcosQt

Nén Vi =X+ Y2 =y +2yeQcosQt +e’Q?
T= %my2 +m, yeQcosQt + % m,e’Q’ trong do6 m = mg+m;
Céc biéu thirc thé ning va ham hao tan
1, 1, .,
[T==cy"; d==Db
2 y 2 y
Thé cac biéu thirc vao phuong trinh Lagrange loai 2, ta dugc

my + by + cy = m,eQ? sin Qt (3.2)

52



Bai giang Co Iy thuyét 2-18402

Bién dbi phuong trinh trén ta co

V420 + iy = Q7 3A/sith (3.2a)
Trong do6 §/: LR
m, +m,

¢) Kich dong bang lyc dan hoi
Trén hinh v€ 1a mo6 hinh hé chiu kich dong luc dan hoi tuyén tinh. Bé qua ma sat
truot dong(u=0). Cho biét u(t) = usin Ot

Phuong trinh vi phan dao dong cua hé c6 dang sy X

\ I u(t)
]
MX + bX + ¢, X + Co[x —u(t)] = 0 % E?b M‘
x\ |
A P 1]
Do u(t) =usinQt néntacod %_/[/I/Ic_l m Co
A T s
mX + bX + cx = ¢, usin Qt (3.3

Trong d6 C =C1+Co

£ . A C » \ - A 2. X
Neéu ta str dung ky hi¢u x = +0c u thi phuong trinh (3.3) bién d61 duogc vé dang
1 0
%+ 20% + 02X = wf Xsin Ot (33a)

d) Kich dong dong hoc

Trén hinh v€ 1a m6 hinh chiu kich dong dong hoc. Gia st

diém chén ctua bd 10 xo va can nhét chuyén dong theo qui —

|
S,
=

Ap A \ _hs \ . N " y

luat diéu hoa u(t) =usinQt. Phuong trinh vi phan dao dong . J_

cua hé c6 dang C b
my+b(y—-u)+c(y—-u)=0

, A U.(t)

Thé u(t) =usinQt; u(t) =0QcosQt vao phuong trinh trén ooy

ta duoc
my + by + cy = ((csin Qt + bQ cosQt) (3.4)

Chia hai vé (3.4) cho m ta duoc
§ 4280 + 02y = @y § (@, sin Ot + 252 cos Ot) (3.42)

a)O
Trong d6 y=1u
e) Kich déng bang lic can nhét
Hinh v€ dudi 1a m6 hinh hé chiu kich dong bﬁng luc can nhét. Mat truot nhan

tuyét ddi(p = 0). Phuong trinh vi phan dao dong ctia hé c6 dang
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m¥ + b, X + cx + by [x —u(t)]= 0

Cho biét u(t) =dsinQt; u(t) = 0Qcox2t khi dé phuong trinh trén c6 dang

mX + bx + cx = b,UQ cos Ot (3.5

v&i b=bg +b; | § X T,
LA % - %H
Chia hai v¢€ (3.5) cho m ta dugc % b
I
X+ 2K+ wf X = kacosQE%: ,ll/l_/|c m _[b (3.52)
b s

Trong d6 X = Fou

Qua céc thi du trén ta thiy: Phuong trinh vi phan dao dong tuyén tinh cta hé mot

bac tu do chiu kich dong diéu hoa c6 dang

mg +bg +cq =H,sinQt + H, cosQt (3.5b)
Hoac 4+ 280 + w?q = h,sinQt +h, cosQt (3.5¢)
Chu ¥, néu ta sir dung d6 can Lehr D thi phuong trinh (3.1a) ¢6 dang nhu sau

J+2Dw,y +aoly = wf §sinQt (3.5d)
Trongdd  wf=— p-9__b

m w, B 2\/c_m
5.3.2 Tinh toan dao dong cwong birc khong cdn
Phuong trinh vi phan dao dong cudng birc khong can cuia hé mdt bac tu do
c6 dang
mg + cq = H sin Ot (3.6)

Ta dua vao cac ky hi¢u o, =—; h= H thi phuong trinh (3.6) c6 dang
m

<
m
4+ w.q =hsinQt (3.7)
Nghiém téng quat cua phuong trinh nay bao gdm nghiém tong quat cuia phuong
trinh vi phan tuyén tinh thuan nhit va mot nghiém riéng ctia phuong trinh c6 vé
phai. Bé giai phwong trinh vi phan (3.7) ta xét hai tredng hop.
Q= omo(xa cong huong) va Qrwmg(gan cong hudng).
- Khi Q# @ ta tim nghiém riéng cia (3.7) dudi dang
q = AsinQt (3.8)

Thé (3.8) vao phuong trinh (3.7), so sanh véi cac hé sd cua sinQt, ta c6

A= vo1 Q# Q)

wf - Q?

Nghiém tong quat cta phuong trinh (3.7) c6 dang
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q(t) =C, cosw,t +C, sin a)0t+%sin ot (3.9)
wy — €
Céc hing sb C; va C, duoc xac dinh tir didu kién dau. Gia str t = 0; q(0)=qo;
d(0) = g,.Thé cac diéu kién nay vao biéu thirc (3.9) va dao ham cia nd, ta co
o do hQ
Ci=qy C,=—-———F7——
1 qO 2 C()O a)o (a)g _ QZ)
Vay nghiém (3.9) c6 dang
qo .. . h :
t) = g, Cosw,t + —sin w,t — Sin w,t + ————-sin Qt 3.10
q(t) = a, I O g (0F —07) " -0 (3.10)
Néu bo qua cac thanh phan dao dong tu do trong (3.10) ta c6 biéu thirc xac dinh

trang thai binh 6n ctia dao dong cudng birc.

* h - H -
t)=———sinQt=————sinOQt 3.11
Tt biéu thire nghiém (3.10). Khi g, = g, = 0; biéu thirc nghiém (3.10) c6 dang
h . Q .
t) = Sin Qt — —sin w,t 3.12
q( ) 0)5 _Qz ( 6!)0 wo j ( )

Ta xét truong hop khi tan sé Q cua luc kich dong rat gan véi tan s6 dao dong tu
do wo. Ta dua vao ky hiéu Q - @y =2¢

Trong d6 € 13 mot dai luong vo ciing bé. Bo qua cac sd hang bé ¢& & trong biéu

thirc q ta co
. . Q+ . Q-
q= thz (sinQt —sin w,t) = 22hQ2 cos——— 0 tgin 22"y

w, — —

0 o “’Oh o (3.13)
. +

= ~sin ¢t cos Dot~ SN E st
i —Q 2 2Q¢

Do & 1a mot vo cung bé nén ham sinet bién thién cham, con chu ky cua nd 2n/e
rat 16n. Trong trudng hop ndy c6 thé xem biéu thirc (3.13) 1a qui lut dao dong
v6i chu ky 27/Q va bién d6 bién ddi (h/2Qe)sinet. Hién tuong dao dong nay goi
1a hién tugng phéach.
- Xét truong hop Q—wg(e —0). Khi do, ta co thé thay sinet bang et trong
biéu thuc (3.13) va ta c¢6 hé thirc

q=- ht cos w,t (3.14)

20,

Nhan xét: - Truong hop xa cdng huong Q= wy
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- Trudng hop gan cong huong Q~wy. Trong trudng hop nay khi Q

= mp +2¢ ta ¢d hién tuong phach, khi Q= wq ta c6 hi¢n tugong cong hudng.
Thi du 4: Banh xe O lan khong
truot trén mit duong gd ghé

luon song. Van tbc tim O cua y
banh xe luon khong d6i 1a v = ===

60 km/h. Mat duong lugn séng

¢6 phuong trinh 13 s = ésin(“_LX) T
S
$s(t)
N —

voi §=2 cm, L= 100 cm. Xé&c

dinh bién do dao dong cudng —L .

buic thang dtmg cua vat thé M ¢ khéi lugng m, ndi véi truc banh xe bang 10 xo
c6 do cung c. Biét réng bién dang tinh ctia 10 xo dudi tac dung cua vat thé 1a 8, =
10 cm.
Loi gidi
Tir didu kién cin bing tinh ¢5,=mgtasuy ra ¢ =19
0

Phuong trinh vi phan chuyén dong cta vat M c6 dang

my+c(y-s)=0 — y+w§y:m§§sinn—Lx

Véi wi="=T9 _9 _gg1 152
m md, o,
™Mot vei 0= =195 _166,
L L
Khi d6 nghiém ri€ng cua phuong trinh trén la
2 A A
y=AsinQt,vei A= 20 S _ 2 _oo75cm
‘(’30 -Q ‘ ) 0 ‘1_ (16,6m)
B oTO 98,1

5.3.3 Tinh toan dao dong cwiong birc co ma sat nhot
Céc phuong trinh vi phan dao dong tuyén tinh chiu kich dong diéu hoa cua hé
mot bac tu do c6 ma sat nhét co thé viét dudi dang nhu sau

4+ 28 + w.q = h, sinQt + h, cosQt (3.15)
Ta tim nghi¢m riéng ctia phuong trinh nay dudi dang

g’ (t) = M sinQt + N cosQt (3.16)
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Thé (3.16) vao phuong trinh (3.15) rdi so sanh cac hé sb cta sinQt va cosQt, ta
rtt ra hé hai phuong trinh dai sé tuyén tinh dé xac dinh M va N.
(¢ — Q%)M —280N =h,
200M + (w? —Q°)N =h,
Giai rat a duogc
M = (@} —Q)h, + 25N,
(¢ —Q%)? +45°Q°
_=280h, +(wf —Q%)h,
(@} — Q%) +45°Q°

(3.17)

Nghiém tong quat ctia phuong trinh vi phan (3.15) 13 tong ctia nghiém riéng
(3.16) va nghiém tong quat ctia phuong trinh vi phan thuan nhat.

q(t) = Ae * sin(wt + B) + M sin Qt + N cos Qt (3.18)
S6 hang thir nhét cta biéu thirc nghiém (3.18) biéu dién thanh phan dao dong tu
do tit dan. Hai s6 hang sau c6 tin sd Q cua ngoai luc biéu dién thanh phan dao
dong cudng burc cua h¢.
Thanh phan dao dong cudng birc (3.16) c6 thé biéu dién dudi dang

q (t) = gsin(Qt + @) (3.19)

Trong d6 §=VM?*+N? = h +hy i +hy (3.20)

J@2 —0?)? +45°07 w2\ /1—n?)? +4D%?

g =N
=M

O day, ta dung ky hiéu 7 = ﬁ D= i So sanh phuong trinh vi phéan (3.15) v6i

20 20
cac phuong trinh vi phan (3.5b), (3.5¢) va (3.5d) ta rat ra cac h¢ thic sau:
- Truong hop kich dong luc hodc kich dong qua 10 xo

4=Vin,D)y;  V, =[(l—n2)2+4D2n2F
- Truong hop kich dong dong hoc
4=V,(n,D)Y; V, =41+ 4D*n?V,
- Truong hop kich dong boi khéi lwong 16ch tim
G=V,(n,D)y;  V,=n%,
Cac ham V4, V,, V3 duge goi 13 cac ham khuéch dai(hay cac hé s6 dong luc).
Thi du 5: B phan lam viéc cua mdy dam dat c6 khoi luong M tua trén céc 10 xo

nhu hinh v&. Khéi lugng vo may 1a m. O b phan 1am viée c¢6 hai khdi lwong 1éch
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tam(mdi khéi luong 1a m,/2) quay véi sd vong quay 1a n. Hay chon cac tham sb

cua may sao cho may lam viéc ¢ vung cong hudng va trong qua trinh lam viéc vo

may khong ndy 1én khoi dat.

m m,
o)
: c
n/ m,/2 % l(M+m)g
R
i\ %
@ @ § M_m2 % cx/2 T T cx/2
T TS W f
c/2§ |—|—|b éc/z SN N
R R
S
a) b) c)

Loi giai: M0 hinh co hoc cua bg phéan lam viéc cua may nhu hinh b. B) phéan nay
dao dong quanh vi tri can bang tinh. Toa d6 cia m, 12

X, = X+ecosQt
Phuong trinh vi phan chuyén dong ctia mé hinh may lam dat 13

MK +bX +cx = Q’m,ecos Ot

—> K+ 20X+ 0 X =Q*X, cosQt  voi X, =

Nghiém ctia phuong trinh nay theo (3.19) c6 dang
X = X,V, Cos(Qt — )

T]2
Voi V, = = —
J@-n*)* +4D™

Khi cén nho, hién tuong cong hudéng xdy rakhin =1

2
min c min
Qr0, >_——~ ——)Cz( )M

30 \M 30

~

2D
Dé don gian bo lyc can. Khi d6 phan luc phap tuyén ciia nén tac dung 1én vé may
hinh c.

Khi cdng hudng V,

N =(M +m)g—cx

1 .
DoV, 55 Men ta cé
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CX
N =(M+m)g—cx_.=(M+m)g———=
min ( )g max ( )g 2D

Diéu kién dé vo may khong ndy khoi nén
N, >0>M+m)g>2 D> 0
2D 2(M +m)g
5.3.4 Mt vai nhin xét vé tinh chit dao dong cwing birc khi c6 ma st
Qua cac tinh toan trén ta c6 mot s6 nhan xét vé tinh chét cua dao dong
tuyén tinh c6 can nhét chiu kich dong diéu hoa & trang thai binh 6n nhu sau:

- Dao dong cudng birc khi c6 can xay ra voi tan s cua luc kich dong.

- Bién do dao dong cudng birc khong phu thudc vao cac diéu kién dau va
thoi gian. Do d6 dao dong cudng buc khong tit dan vi luc can.

- Khi Q = o bién d6 dao dong cudng birc tuy kha 16n, nhung van la dai
luong hitu han. N6 chua phai 1a gia tri 16n nhat trong cac gia tri ciia bién
do.

- Trong dao dong cudng birc cd can nhdt luon xay ra su I€ch pha gitra pha
dao dong va pha cua luc kich dong.

- O xa ving cong huong, bién do dao dong cudng birc véi luc can nhé
khong khac may so voi bién d6 dao dong cudng birc khong can. O ving

gan cong huong luc can ¢6 mot vai tro rat quan trong.
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