CHUONG 2. PONG HOC

= Dong hoc la nghién ctru nhimg déc trung cua Chuyen dong (phuong trinh
chuyén dong, quy dao, van tdc, gia toc) ciia mot dbi twong (diém, vat, co hé)
doc lap voi nguyén nhan giy ra chuyén dong.

I. CAC PINH NGHIA

— Gia st chuyén dong cua diém M
xac dinh trong hé quy chiéu cd dinh
R(O, x, y, z). Vi tri ciia n6 dugc xac
dinh biang vecto vi tri ¢ thoi diém t
(hinh 2-1)

X(t)
r=1(t)=4y(t)

z(t)
= Pay la phuong trinh chuyén dong
cua diém M bi€u dién bang phuong
phap vecto va phuong phap toa d6 X
Décac.
= Goi: M(t) 1a vi tri cua diém M & thoi diém t, M, (t+At) 1a vecto ctia nd & thoi
diém t+At, MM, =T —T 13 vécto chuyén vi ctia diém M.

Hinh 2-1

1. Quy dao ciia diém M

= La duong (L) vach ra trong khong gian trong qua trinhqchuyén dong d6i vai
h¢ qui chiéu (R). Néu L la thang ta co6 chuyén dong thang, L la cong ta c6
chuyén dong cong.

2. Vecto vén toc va vecto gia toc

| . MM, T(t+At)-T(t) Ar
= Vecto van toc trung binh: "M At At At

, . V(t+AD-V(D) _ Av
= Vecto gia toc trung binh: Wn = At B At

= Vecto van toc va gia toc tirc thoi bang PP vecto 1a cac gidi han sau:



Ar dr

v=lmv, =lm—=—=7
At—0 At—»0 At dt

- . AV dV >

w=lmw, =lm—=—=v

a0 M a0 At dt

= Vecto van toc va gia toc tirc thoi bang PP toa do Décac 1a cac gidi han sau:

di d/ - = = dX‘.’ dy dz- .- - .-
= +—k=x1+yjt+zk
( )= g g

dv_d e
W = Xi+Vitzk )= X1 + Vi+7k=w_i +w_j+w k
o= (KT yiek ) = K gizkew T w, o,
II. CHUYEN PONG CO BAN CUA VAT RAN
1. Chuyén déng tinh tién

= Dinh nghia: Vat rin chuyen dong
tinh tién néu mot dwong thang AB bdt
ky trén vdt luén cé phwong khéng doi
trong qud trinh chuyén déng (hinh 2-2).

— Dijnh Iy: Trén vat ran chuyén dong
tinh tién, quy dao cua moi diém déu
nhu nhau, van tdc va gia tbc cia moi
diém ¢ mdi thoi diém déu bang nhau,
van toc goc bang khong.

— Cht y: Khi khao sat chuyén dong cua - -
A . <A 5 A 5 r A e B s C
vat tinh tién ta chi can khao sat chuyén
dong ctia mot diém trén vat. \ N,
\ _ \

= Vit c6 thé tinh tién thang hodc tinh tién
tron (hinh 2-3), néu quy dao cua di€ém trén
vat la thang hodc tron.

A Pz

Hinh 2-3



2. Chuyén dong quay ciia vt rin quanh mét truc c6 dinh.

— Dinh nghia: Néu trong qud trinh chuyén déng, vét ran cé hai diém luén luén
co dinh, ta ndi vat ran co chuyén dong quay quanh truc co dinh qua hai diém
do (hinh 2-4).

Hinh 2-4 Hinh 2-5
— Phuong trinh chuyén dong ctia vat: @ = @(t) - chuyén vi goc hay goc quay.
— Phuong trinh chuyén dong cta diém M (hinh 2-5a): s = s(t) = MM = Ro(t)
= Van tdc goc clia vat: o(t) = ((11—@ = ¢ [rad/s hay s
t

Vecto van toc goc® cc')‘ tri s6 br?mg tr,j s6 van tdc g(’)g, nam trén truc quay 01‘”121
vat sao cho khi nhin tr dau mut td1 goc cua nd ta thay vat quay nguoc chiéu
kim dong ho (hoac c6 thé dung qui tac ban tay phai).

= Van toc ctia diém phan bd theo ludt tam gidc vudng ddng dang (hinh 2-5b):
v=s=Rp=Ro

= Gia toc goc ciia vat: g(t) = (ji—m == [rad/s® hay s?]. Vecto gia toc goc €
t

cling nam trén truc quay.
= Gia toc cua dieém:
- Giatoc phap: w_=s=Re
2
. 4 - K Vv 2
- Giatoc tiep: w, =— =R
p

« LA \ A ) . A , A%
- Gia toc toan phan cta diém: w = RVe> + o', goc tgo = — = —
W,




— Phén doan tinh chét cua chuyén dong quay quanh truc c¢d dinh:

- Chuyén ddng quay déu: néu van tdc goc khong d6i = w,.

- Néu o = o(t) thi chuyén dong goi 1a bién ddi, nhanh dan néu o ting va
cham dan néu o giam.

- C6 thé nhan xét sy :[éng giam cua van tde g(’)c 'Eheo diu hiéu sau: néu
€ =0 thi vat quay déu, € # 0 thi vat quay bién doi, khi ®.€>0 thi vt
quay nhanh dan, o . € <0 thi vat quay chdm dan. Néu ® va & cung chiéu
thi vat quay nhanh dan, ® va € nguoc chiéu thi vat quay cham dan.

= Biéu dién vecto van tdc va gia tbc dudi dang tich vecto:
- Biéu thirc vecto van tdc:
V=OAT; v=orsin(®,1)=oR

Trong d6 vecto v c6 phuong vudng goc véi mit phang (&,t), chiéu theo

chiéu quay ctia van tdc goc.

- Biéu thuc vécto gia toc:

W=W +W =EAT+OAV
I1I. HOP CHUYEN PONG
1. Dat bai toan
= Piém M (hay vat M) chuyén dong so voi vt B, vat B chuyén dong (hé quy

chiéu dong Oxyz) so véi vat A dugc xem 1a ¢ dinh (hé quy chiéu cb dinh
lelylzl), ta co: M

- Chuyén dong cua diém M déi '—'\
véi hé quy chiéu co6 dinh 1a z

chuyén dong tuyét doi, ky hiéu Z,
van toc va gia téc la A "
Vo W, (0,.8,). ﬂ
- Chuyén dong coa diém M ddi
v6i hé quy chiéu dong 1a chuyén N,
déng twong doi, ky hiéu vén tdc X
va gia toc 1a V., W (®,,E,) o \

- ¥,
- Chuyen dong cua hé quy chleu
dong d6i voi hé quy chiéu cb
dinh la chuyen dong theo, ky
hiéu van téc va gia tbe X,

1av,,w, (®,,€,) Hinh 2-7
mn -



2. Hop chuyén dong ciia diém

= Hop van toc: Vecto van toc tuyet doi cia diém bang tong hinh hoc vecto vin
toc theo va vecto vin toc twong doi.

{;M = {’7 + V 2 s
= Hop gla toc: Vecto gia toc tuyét doi ciia diém bang tong ¢
hinh hoc cdc vecto gia téc theo, twong doi va Coriolis. db)

W, =W, W, W, 5,
= Biéu thitc Coriolis: W, =2®, AV, day la gia toc twong L
d6i phu no chi xuéat hién khi chuyén dong lam thay doi b
phuong van toc tuong doi. That vay, w, =0 khi @, =0 9:—
hodc ®,//v, (hinh vé&). K

Vi dy: Thanh OA quay quanh tryc O véi van tde goc ® = 2m rad/s. Trén thanh
co con chay M chuyen dong déu véi van tdc twong d6i v,=5m/s. Tim van tdc va
gia téc tuyét dbi cia M lic OM = 0,2m.

Gidi

Hinh 2-8

A LA n, 3hc o 2 L—a _ —e o
Van toc tuyét doi cua diem M: v, = vy, +V,,

Van toc theo: v¢, = m,OM =21.0,2 = 0,41 m/s

Van toc twong doi: vi, =5 m/s = v*, = \/(0,475)2 +5% =5,155 m/s
Gia toc tuyét doi cia diém M: We, = W, + WL, + Wk,

- Gia tdc theo cia M: Vi chuyen dong theo 1a quay déu nén gia tc theo chi
c6 mot thanh phan gia téc phap, c6 tri so:

we, = wh = OMo® =0,2(27)" = 0,87% m/s?



Vecto W<, huéng tir M vé O.
- Gia tbc tuong d6i cia M: Vi chuyén dong tuong d6i 13 chuyén dong
thang déu véi van toc v, = 5 m/s = hang, nén gia toc twong dbi Wi, =0.
- Gia toc Coriolis ctia M: chiéu cua gia toc Coriolis 1a chiéu Vi, sau khi
quay 90° theo chiéu kim dong ho. Tri sé cua gia toc Coriolis:
wy, =2m, v}, sin90° =2.21w.5 = 20w m/s
- Gia tdc tuyét dbi cua M ¢ tri s bang:

= (0.8 ) +(20m)" = 63,326 ms®

3. Hop chuyén dong tinh tién cia vat

= Dinh ly: Hop hai chuyén dong tinh tlen dong thoi cua mot vat ran 1a mot
chuyén dong tinh tién vé6i van tdc bang tong hinh hoc van tdc cua cac chuyén
dong thanh phan.

Vo=V, 47,
4. Hop chuyén dong quay dong
thoi quanh hai truc giao nhau

= Pinh 1y: Hop hai chuyén dong
quay dong thdi ctia mot vat ran
quanh hai truc giao nhau la mot
chuyén doéng quay quanh truc tuc
thoi di qua giao diém co vecto van
tbc goc bang tong hinh hoc hai van
téc goc thanh phan.

b, =&, +0, Hinh 2-9
o, s1n6
ooe ~sin d,
= Mot diém M bat ky c6 ban kinh OM = r, theo dinh nghia 1a:
V.M)=®, AT

Vi du: Tim van toc va gia toc tuyét dbi, theo, twong d6i ctia con truot (2). Biét
®; = const, ¢ = 60° (hinh 2-10).

Giai
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Chuyén dong ctia (3) so vé6i gia 1a chuyén dong tinh tién. Chuyén dong ctia con
truot (2) so voi (3) 1a chuyen dong twong d6i. Chuyén dong cua (2) so voi gia
(4) 1 chuyén dong tuyét doi.

Ta co: V,=a.0 ;

V; = v,.c0860° = a.m,/2;
Ve = V,.8in60° = a.01+/3 /2

Vi chuyén dong theo 13 tinh tién nén
w, =0, do do:

—

W, =W,=W_+W,_

Chiéu phuong trinh nay lén phuong |

thang dung va nam ngang, ta co:

W, .COS6OO_W —a. (’01 /2 Hinh 2-10

-w".sin60’=w_ =a.o; 2312
Vay o thol gilem nay con trugt (2) trugt cham vé phia trén, con (3) tinh tién
nhanh dan vé phia trai.
IV. CHUYEN PONG PHANG (SONG PHANG)
1. Pinh nghia:

Vat ran chuyen dong phang khi khodng cdch tir méi diém cia né dén mot mdt
phang quy chiéu cé dinh luén luén khéng doi.

Vi du: thanh truyén BC cuia co cau tay quay con trugt (hinh 2-11a) co chuyén
dong phang vi khoang cach tir mdi diém trén thanh dén mit phang hinh v€ luén
khong d6i trong qua trinh chuyen dong cta co cau. Hop phan chuyén dong trén
mit ban ciing c6 chuyén dong phang (hinh 2-11b).

B C6 chuyén dong phang A/

Hinh 2-11
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2. M6 hinh nghién ctru caa bai toan

— Xét doan thang AB cua vat ran vudng goc Vol
mat phang quy chiéu (hinh 2-12). Khi vat ran
chuyen dong phang = AB chuyen dong tinh tién =
chi can xét chuyén dong cta 1 diém M trén AB. Tap h= hifg
hop vo s6 cac doan AB s& tao ra mot tdp hop cic

diém M néi trén, nghia 1a boi chuyen dong cua thiét

dién (hinh phang) S trong mat p}lang chtra n6 (song Hinh 2-12
song v&1 mat phang quy chiéu co dinh).

3. Khio sat chuyén dong ciia ca vat (thiét dién S)

= Trong mat phéng chira S 1ap hé truc O;xyy;. ¥4 \ LY
Lap h¢ truc Oxy qua cuc O nao d6 song song
v6i O1x,y, va hé truc Ox’y’ gan chit v6i S va
c6 thé quay cung chiéu voi S quanh O.
Phuong trinh chuyén dong cta vat ran:

Xo = Xq (1)
=Yo(t)
¢ =¢(t)
= Chuyen déng phang da dwoc tach ra lam 2 Hinh 2-13
chuyen déng co ban dong thoi: chuyén dong

tinh tién cung véi cuc O (chuyén dong theo) va chuyén dong quay twong doi
quanh cuc O (chuyén déng twong doi).

= Van toc va gia toc cua vat:
Vox =X0>Voy = Yo,y =0
Woy =X05Wo, =¥0,€, =0

= Chu y: vén téc va gia toc
trong thanh phan chuyén
dong tinh tien thi phu thuoc
vdo vi¢c chon cuc, con van
toc géc va gia toc goc trong
thanh phan chuyén déng
quay thi khong phu thuoc
vao viéc chon cuc (xem hinh
2-14).




4. Khao sat chuyén dong ciia cac diém thudc vat

Dinh Iy: Vin téc cua diém M thudc vit bang
tong hinh hoc vidn toc cia cue O va vén toc ciia
diem M trong chuyén dong quay twong doi
quanh cuc O.

Vi = Vo Vyos Vo = ®, AOM
= Vi ¢6 thé chon cuc mot cach tuy y, cho nén

cong thurc trén cling 1a cong thac lién hé¢ gitra 2
diém A, B bat ky, ta co6:

Hinh 2-15
Vg =V, + Vg, Vg =0, AAB

= Hinh chi€u van téc cua 2 diém thudc vat ran 1én truc di qua 2 diém do bang
nhau:

he, vy =he, v,

= Tam van toc tirc thoi “P” (TVT “P”): O
méi thoi diém luon ton tai mot diém trén hinh
phdng ¢é vin toc twong déi bang 0. Diém dé goi
la TVT cia hinh phang, ky hiéu la “P’. Co thé
néi TVT la diém tai d6 van toc tuyét doi cia vit
khdo sat va vit quy chiéu bang nhau.

— TVT c6 tinh duy nhit. Chtrng minh qua hinh
2-16.

Vi =Vp+V,p =Vps VAPZAP(Dp

Vg = Vp + Vg = Vi Vi = BPo, /

ot

= Vay vadn toc moi diém thuéc hinh phang dwoc \
phadn bé nhir vat quay xung quanh truc qua TVT “P”  ~ P !
VGi vin toc géc tuyét doi ®, Hinh 2-17

ol

= Phwong phap thwe hanh xac dinh TVT:
- Biét phuong vén toc hai diém A, B (hinh 2-18a)
- Biét vén toc hai diém A, B cung vudng goc véi dudong AB (hinh 2-18b, ¢)
- Biét van toc hai diém A, B song song va bang nhau (hinh 2-18d).

13



- Hai dudng cong phang lan khong truot 1én nhau (hinh 2-18e)

8) k} o 4

]

Hinh 2-18

= Vi du: Cho co cAu nhu hinh 2-19. Tim vén tdc diém C va van toc gbc cua
thanh BC.

Giai
Céch 1: Lay B 1am cuc, ta c6: V. =V, + Vg
Trong do: v, co6 phuong vudng goc vo1 AB, va co tri
sO vg = ABo.
V. ¢0 phuong song song vo1 AC va v, ¢O
phuong vudng goc véi BC.
Tirhinh v&, tacd: v, =v,/cos30° =2aew/3/3;
A :VB/2:aw\/§/3
Van toc goc ctia thanh truyén BC: oy = v, /BC=0/3
Cach 2: Dung phuong phap TVT “P” (hinh v&) Hinh 2-19

Van toc goc cia BC: @, =v,/PB=w/3

Van toc cua diém C: v, = @, PC = 2aon/3/3

Chiéu cua v.,0,. nhu trén hinh vé.
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