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Truong PHLN-CS2 Bai gizng CO HQC KY THUAT

MO DPAU
1. Nhiém vu ciia mon hoc:

1.1. Muc tiéu

- Cung cip nhitng kién thtrc co ban vé can bang, chuyén dong ctia vat ran va
cac phuong phap giai cac bai toan Co hoc trong ky thuat.

- Nhirng kién thirc co ban vé tinh chét co hoc cuia vat liéu bién dang va phuong
phap giai cac bai toan vé bén, cing trong cac trang thai chiu tai trong tinh.

1.2.  Yéu ciu

- Sinh vién hiéu 1y thuyét vé cac quy lut cAn bang va chuyén dong cua vat
ran dudi tac dung cia luc.

- Biét str dung cac phuong phap giai bai toan tinh hoc, dong hoc va dong luc
hoc trong k¥ thuat.

- Xac dinh tinh chét co hoc cua vat liéu bién dang, ndi dung tinh toan vé diéu
kién bén, diéu kién cung cho vat ¢ trong cac trang thai chiu luc khac nhau.

- Thanh thao trong viéc xac dinh cac thanh phan noi luc, tng suat va bién
dang, tim mat cat nguy hiém ddi Vol dam chiu lyc don gian, phtre tap;

- Biét lap va giai dugc cac bai toan vé bén, vé cing trong k¥ thuat.

2.M0 ta van tat ngi dung mon hoc

2.1. Phin mét: Co hoc vit rin (Chwong 1 + Chwong 3)

- Tinh hoc: Nghién clru sy can brfmg cua vat dudi tac dung cua hé lyc.

- Bong hoc: Bdng hoc diém va vat ran vé phuong dién hinh hoc khong lién
quan dén luc tac dung bao gom: Pong hoc diém; Cac chuyén dong co
ban cua vat ran; Chuyen dong song phang cia vat ran; tong hop
chuyén dong chat diém va vat ran; dong hoc mot sd co cau phang toan
khép thap.

- Bong lyc hoc: Nghién cuu chuyén dong cua diém va vat ran duéi tac dung
hé luc bao gdm: Cac dinh ludt co ban va phuong trinh vi phan chuyén
déngr co h¢; Cac dinh 1y téng quat dong luc hoc co h¢; Bong luc hoc
vat ran.

2.2. Phdn hai: Strc bén vit ligu (Chwong 4 +~ Chwong 8)
- Cac khai niém, phuong phap xac dinh ndi luc va ng suat
- Noi dung va cach giai ba bai toan vé bén trong céc trang thai chiu lyc:
+ Kéo (nén) ding tam,
+ Xoan thuan tiy,
+ Udn thuan tay, udn ngang phang.
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Truong PHLN-CS2 Bai gizng CO HQC KY THUAT

Chwong 1. TINH HQC VAT RAN

1.1. Cac khai niém co ban va hé tién dé tinh hoc

1.1.1. Cac khadi niém co ban

I. Lyc

Luc la dai lugng ddc trung cho tdc dung tuong hé co hoc gita hai vt
thé vdi nhau.

Céc yé€u td dic trung cho lyc:

1. Pi€m dat: Vi tri thé hién sy tic dung tuong hd.

2. Phuong chiéu: Hudng cia tic dung tuong hd.

3. Cudng d¢ (tri s0): Gi4 tri tdc dung tudng hd, c6 don vi do 1a Niuton (N).
(s)

Budng tac dung clia lyc F
Hinh 1-1

Luyc 1a dai lugng c¢é huéng va biéu di&n biing vectd: Vectd luc. Luc F.
IL. Vat rin tuyét ddi

La tdp hop cdc chét diém ma khodng cdch giita hai chédt diém bat ky la
khéng ddi.

(s)

AB € (S), AB = const
= (S)1aVRTD

Hinh 1-2
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Truong PHLN-CS2 Bai gizng CO HQC KY THUAT

III. Trang thdi cAn biing

Vat rdn & trang thdi can bdng trong mot h¢ quy chiéu khi né ditng yén
hodc chuyén dong thdng déu trong hé quy chiéu dé.

" Trén day 12 ba kh4i niém cd ban clia ¢d hoc, duge ding d€ dinh nghia
mot s6 khdi niém khéc sau day:

1. Hé Iyc: La tip hop céc luc tic dung 1&én mot chat di€m, mot vat hay
mot hé vat khdo sit.

Ky hiéu: (E, E,, ....E,) hay o(F, ) v6ik = 1,...,n

2. Hai hé luc tuong dudng: Khi hai hé luc c¢é cung tdc dung cd hoc thi
hai hé luc d6 tudng duong nhau.

Ky higu: o(E ) ~ ¥(®,), ddu ~ 1a ky hiéu twong duong.

Chii y: Hai hé Iyc tuong duong thi thay th& cho nhau. Trong qué trinh
kh3o sit hé luc, ngudi ta bi€n d8i tuong duong mot hé lu‘c phitc tap vé
mdt hé luc don gidn hon goi 12 dang t8i gidn.

3. Hop lyc: Hé luc twong dudng véi mot Iyc thi luc d6 goi 1a hgp luc
cta hé luc da cho:

Ky hiéu: o(F,) ~ R, R 1a hgp Iuc cla ¢(F, ).

4. Hé luc can biing: Hé lyc khong 1am thay ddi trang thdi clia vat khi
dudc né tac dung.

Ky hiéu: ¢(E ) ~ 0.

* Phdn loai hé luc:

- Hé luc khong gian: BPudng tac dung cac lu’c nim trong khdng gian.

- Hé luc déng quy: Pudng tdc dung céc luc di qua mot diém.

- Hé luc song song: Pudng tdc dung céc lyc song song m§t phuong.

- Hé luc phdng: Dlrdng tdc dung cla cdc lyc nim trong cing mot
mit phdng.

*Phan loai luc:
- Lyc tap trung: Lyc tdc dung 1én mot diém cta vat thé.
- Lyc phén b8: Luc tdc dung lién tuc 1én mdt kich thudc cua vit thé.

Trong bai todn cd ly thuyét ta thay luc phan b8 bing luc tip trung
(twong duong).

- N@i Iyc: Lyc tdc dung giita cdc phin tf trong vt khio sat.
- Ngoai lyc: Luc tdc dung tif mdi trudng bén ngoai 1én vat khio sat.
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Truong PHLN-CS2 Bai gizng CO HQC KY THUAT

1.1.2. Hé tién dé tinh hoc

I. Tién dé 1

Diéu kign cdn va di dé h¢ gém hai luc can bdng la chiing c6 cing
duong tdc dung, cung cudng dj va ngugc chiéu nhau.

(F, F)~0<F,F, cing dudng tic dung, ciing cuding dd va ngudc chiéu.
(F,, F,) dugc goi 12 cip lyc can bing.

Hinh 1-3

IL. Tién dé 2 (thém - bdt cép luc cin bling)
Tdc dung ciia hé luc khéng d8i khi thém vao hay bdt ra mét cdp luc

cdn bdng. _
(®,,®,) ~0
= (B, BBy ) ~ (BL By E,,®,,®,)

Tién d€ nay dua ra phép bién ddi twong duong mot hé uc, d6 1a chii dong
dua thém vao hay 14y b6t ra nhitng cip luc cin bing clia mét hé Iuc.

Hé qua: Tdc dung ciia mdt luc khong dbi khi truot luc trén duong tdc
dung cua lyc.

That vay: Cho lyc F, dit tai A, trén dudng tdc dung ciia F, tai diém
B ta dit vao mot cidp luc cin bing (FB, f*‘é) sao cho FA = FB.

Hinh 1-4
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Truong PHLN-CS2 Bai gizng CO HQC KY THUAT

Theo tién @é 2: F, ~ (F,,F;,F)

Theo tién dé 1: (F,;,F;) ~0 = (E, ,Fy, By) ~ B

Vay thi: F,~F; hay F, 1a F, dugc trugt tir A dén B trén dudng tac
dung cuda né.

Ghi chii: Kich thudc cia vat rin tuyét d6i khong c6 gidi han vi dudng
tdc dung ciia lyc 12 dudng thing khdéng gidi han.

IIL. Tién dé 3 (Quy tic hinh binh hanh)

Hai lyc c6 cang diém ddt thi c6 hgp lue, hop luc c6 cang diém dgt voi
chiing va dugc biéu dién bdng vecto luc la dudng chéo ciia hinh binh hanh
¢S hai canh bén la hai vecto luc dad cho.

Fy

Hinh 1-5
(F,E)~ R, v6i R, =F +F,
Tir d6 ta nhin dugc cdc két qui sau de’iy:
- Né&u hé Iuc o(F, ) ddng quy tai O, ta trugt cdc luc vé dit tai O:

‘= @(E)~ R, v6i R, = TF,
- M6t luc phan thanh hai thanh phan theo hai phudng cho trudc cé
cing diém dit véi né:
Ry~ (E,E); v6i E,F, theo phuong A; va A,,
(T géc va ngon cda ﬁo, v€ cdc dudng song song véi A} va Aj ta
dugc hinh binh hanh ma dudng chéo 1a R,).
Suy ra: M6t lyc ¢6 thé phan thanh n Iyc theo n phuong cho trudc.

Tién dé nay cho hai phép bién d8i tuong duong hé Iuc 1a hop luc va
phéan luc.

IV. Tién dé 4 (tdc dung va phin tdc dung)

Luyc tdc dung va lyc phdn tdc dung ciia hai vat thé thi cung duong tdc
dung, cing cudng do va ngugc chiéu nhau.
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>

Hinh 1-6

Hai luc nay khong tao thanh cédp luc can bing vi tdc dung 1&én hai vit
khac nhau.

V. Tién @é 5 (tién dé héa rdn: xem vat thuc 12 vat rin tuyét d5i)

Vat bi bién dang can bdng khi héa rdn vén can bdng dudi tdc dung ciia
hé luc da cho.

Tién dé nay dung d€ khdo s4t vat thé thuc bing k&t qua ciia khido sat
vat rin tuyét déi.
VI. Tién d@é 6 (gidi ph6ng lién két)

1. Vat tw do va vat chiu lién két

+ Vat tu do:

- Trong mit phing: V4t thyc hién dugc 3 chuyén dong (2 tinh tién theo
hai phuong, 1 quay quanh 1 diém: Bic ty do n = 3).

- Trong khéng gian: Vit thyc hién dugc 6 chuyén d6ng (3 tinh ti€n
theo ba phuong, 3 quay quanh 3 truc: Béc ty do n = 6).

+ Vit chiu lién két: VAt ¢c6 mot hodc nhiéu chuyén dong bi cdn ud
(trong mit phdng bic ty do < 3, trong khong gian bac tu do < 6).

VAt chiu lién k&t con dugc goi 1a vat khdo sat.

Cho hinh v&:

+ Vat tu do: VAt roi xudng (chuyén dong).

+ Vit chiu lién k&t v4i mat dat: Vat khong roi xudng dudc (chuyén
doéng bi cdn trd).

. Vat ty do

; (Vat roi xudng) N- phan lyc lién két
; (lyc phan tac dung)
* P- ap Iyc

P (lyc tac dung)
]
N Vit chiu lién két Vat chju lién két con goi
—{ (Vat can bang) I1a vat khdo sét
S A 77

Ye Lien két

i

Hinh 1-7
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Truong PHLN-CS2 Bai gizng CO HQC KY THUAT

2. Lién két va phan luc lién két

- Lién k&t: Piéu kién can trd chuyén d6ng cda vit chiu lién két.

- Phan luc lién ké&t: Lyc tic dung clia vat giy lién két 1am cdn turd
chuy&n d6ng ciia vit chiu lién két.

Phan luc lién k&t cé cdc y&u td sau:

- Piém dit dat tai noi lién k&t (vi tri ti€p xdc gifta hai vat lién k&t v6i nhau).

- C6 cing phuong ngudc chiéu v6i chuyén ddng bi cén trd.

- C6 cudng @ phu thudc vao hé lyc tic dung 1€n vét khdo sat.

3. Tién dé gidi phéng lién ket ‘

Vat chiu lién két c6 thé xem la vat tu do néu thay cdc lién két vdi vat
bdng cdc phdn luc lién két tuong uing.

4. Lién két va cdc phan luc lién két tuong vng

a) Lién két tua: Phan lyc lién k€t (PLLK) c6 phuong vudng géc ti€p
tuy&n mit tya, c6 chiéu hudéng vao vat khdo sét (hinh 1-8).

(s)

Hinh 1-8

b) Lién két ddy mém: PLLK c6 phuong doc theo diy va hudng vao day
(hinh 1-9).

Hinh 1-9

c) Lién két thanh cung: PLLK c6 phuong doc theo dudng thing di qua
2 diu thanh (hinh 1-10).

d) Lién két bdn 1é tru: PLLK c6 phuong thudc mit phing vudng géc
truc bdn 1€. Phin 1am hai thanh phin vudng géc nhau (hinh 1-11).

ThS Hé Minh Tu
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Truong PHLN-CS2 Bai gizng CO HQC KY THUAT

Hinh 1-10 Hinh 1-11

e) Lién két ban 1€ cdu, bdn I¢ c6i: PLLK ¢6 phuong n¥m tronig khong
gian, phan 1am ba thanh phin vudng géc nhau (hinh 1-12).

(s)

Hinh 1-12

1.2. Ly thuyét vé hé luc

1.2.1. M6 men cua luc va ngdau luc

I. M6 men ciia lyc F 461 véi di€m O
Dinh nghia:
- Vectd md men cla lvc Fd6i véi diém O:
my(F)=TAF y(F)
my(F) LT,F; (T,F,m(F)) tao thinh mot B
tam di€n thuin
- M6 men cia luc F d6i véi diém O:

i, (F) = +hF

h - khodng céch ti¥ dudng tic dung cia F
dé&n diém O.

(+) khi F quay quanh O ngudc chiéu kim
déng hd.
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Truong PHLN-CS2 Bai gizng CO HQC KY THUAT

b
Hé don vi: Nm. (INm = lkg——z— ) )
s

II. M6 men cia lyc F d&i véi truc A

Dinh nghia:
M6 men cia lyc F d6i véi truc A:
m,(F)=+ dF
trong dé: ;

F’ - tri s6 cia hinh chi€u cia F trén miat phing P vudng géc véi A;

d - khodng céch tit dudng thing mang F' d&n truc A;

(+) khi ditng theo chiéu clia truc A nhin thiy F' quay quanh A
ngudc chiéu kim déng hé.

AA

Hinh 1-14a
IIL Lién hé giita md men cta luc F d6i véi truc A va d6i véi di€ém O
Pinh ly: :

M6 men ciia luc (F) déi véi truc A bdng hinh chiéu lén truc A
vecto mé men ciia lyuc F déi véi diém O ndm trén truc A.

i, (F) =i, (F), (O )

Hinh 1-14b
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That vdy: Trén hinh vé& 1-14b tam gidc OA’B’ 1a hinh cua chi€u tam
gidc OAB trén mit phang P.
Theo dinh nghia: |mA (F)l =d.F’ =2dttam gidc OA’B’.
= 2dt tam giic OAB. cos(a)
= h.F. cos(a)
= m, (F)IA

D3&i véi hé toa d6 Pé cadc vudng géc ta cé:
ifi, (F) = i, (F)|_
ift, (F) = iy (F)],

ifi, (F) = 1, (F)

M4 rong: My (@(F,)) = My (F) + My (F) +...... +mgy(E,)
Suy ra: ':Zlﬁ’lo(f‘k)=kz_:l'r; AF,

N&u ¢ (F, ) 12 hé Iyc phing thi: Y, (F, )= 3 +h, F,
k=1

o n
Tuong ty: m,[e(F)]= 3 +d, K,
k=l
Chii ¥:
- N&u dudng tdc dung lyc F di qua O thi mé men cida luc F d6i véi
diém O bing khong.

- Né&u dudng tic dung luc F cit truc A hodc song song truc A thi md men
ciia luc F d6i véi truc A biing khong.

IV. Pinh nghia Ngiu lyc
H¢ gém hai luc song song ngugc chiéu cé tri sé bdng nhau thi tao

thanh mét ngdu luc.
Ky hiéu: ngiu luc (F,F' ) hodc nlim.

A
m
> )
:'/F
d| ~~m
-~ A
Hinh 1-15

ThS Hé Minh Tu
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Truong PHLN-CS2 Bai gizng CO HQC KY THUAT

Trong hinh vé biéu dién mot ngiu luc:
P M M
a I — —l
EP

* Cdc yéu t6 ddc trung cia mét ngdu luc (F,F' ):

- Mit phdng tdc dung cia ngiu lyc: Mat phdng chita céc luc.

- Chi€u ciia ngiu lyc: Chiéu quay clia cdc luc khi nhin vao mat phing
tdc dung; ngiu lyc c6 chiéu duong (+) khi cic luc quay ngude chidu kim
déng hd va ngudgc lai.

- Tri s6 m6 men cia ngiu luc:

m=Fd=F.d
trong d6: d- khodng cach giira hai Iyc con goi 1a cdnh tay don clia ngiu luc.

Ngéu lyc con c6 thé bi€u di€n bing vectd m6 men clia ngiu luc:

m=T7AF

2
Hé don vi clia ngiu lyc: Nm. (INm = 1kg 5-)
S

V. Tinh chit ciia ngiu luc

Dinh Iy 1

Tdc dung cia ngdu luc khéng ddi khi di chuyén ngdu lyc trong mdt
phdng tdc dung, hodc thay dbi tri s6 cia luc va cdnh tay don nhung vin
git nguyén chiéu va tri s6 mé men ciia ngdu luc.

Chiing minh:

Cho hai ngiu luc (F,F) va (E,E) cing nim trong mit phing P.

Véi: m; =m,, trong d6: m; =Fd,; m, =F,d,

Ta chitng minh hai ngéu luc ndy twong duong nhau:

Hinh 1-16

Kéo dai dudng tic dung cia lyc: E,F, cit nhau tai A; F,F; c4tnhau
tai B. _
Trugt F, va F dén dattai A va B.

ThS Hé Minh Tu
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Truong PHLN-CS2 Bai gizng CO HQC KY THUAT

Phan F thanh (E, F,) theo phuong F,va AB.
Phan F thanh (E,F,) theo phuong F; va AB.
= (E,Fl's) ~ (Fsng’ F4j;,)
DE dang thay ring: (E,,E}) ~ 0 va (E,F) 12 mét ngiu lyc c6 canh tay
don 1a ds.

= (E,F)~(§,B)=>m =m,=>m,=m,

= Fy.d; =F3.d3

= E=F
Ma: Fz, E cing dudng tdc dung nén is'2~ E, tuong tu 13;'- E
Suy ra: (E,,E) ~ (E,E,) = (E,E) ~ (E.F)
Ta da chitng minh xong.
Dinh ly 2

Tdc dung ciia mjt ﬁg&'u luc khéng thay dbi khi ta doi ngdu luc dén cdc
mdt phdng song song vdi mdt phdng tdc dung.

Chitng minh:
A Fi
PI
F, B
. P1
Cc Fs
P K F2
F B
Py
Hinh 1-17

Cho ngiu lyc (F,F)e mp Py, trong mp P, // mp P; tai A’, B’, 12 hinh
chi€u clia A, B ta dit hai cdp luc can bing (E,E) ~ 0; (E,E) ~ 0 sao
cho E=F va B =F

Lic d6: (E,E)~ (F,E,E,B,E,E)

ThS Hé Minh Tu
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Truong PHLN-CS2 Bai gizng CO HQC KY THUAT

Ma: (F,F)~P
Véi: P=F+F dittaiC
Va (E,B)~P' v6i P'= F+F=~(F+E)vadittai C
=P =-P' hai lyc nay c6 cing dudng tic dung nén (P,P') ~ 0
Véi (E,,F;) 1a mot ngiu Iyc c6 cénh tay don 1a A’B’= AB.
c6 F =FE, E=F va A’'B'=AB.
Ta chitng minh xong.

Tt hai tinh chat trén ta thdy: Mt ngdu luc nhdn mdt doan thdng bd't ky
trong cdc mdt phdng song song véi mdt phdng tdc dung lam cdnh tay don.

V1. M6 men cac luc ciia ngau luc doi véi 1 diem

Cho ngiu luc (F,F') va diém O:
| 2 I{ h
/\
&

d
B A 0
N, _/
i
F b

Hinh 1-18

ffio (F,F) = fiig (F) + Mg (F)
=-hF+h.F
=(-h+h’)F
=d.F

i, (F,F)= i

‘M6 men cdc lyc ciia ngdu luc d6i voi mgt diém bt ky khong phu thude

diém ldy mé men va bdng mé men ciia ngdu luc dé.

ThS Hé Minh Tu 16



Truong PHLN-CS2 Bai gizng CO HQC KY THUAT

VI1. Hop hé ngiu lue @ (my)
1. Hop hai ngdu lyc
Cho hai ngiu lyc (E,,F ); (E,,E) c6 vecto md men 1a m,,f, .
Pua hai ngiu lyc trén vé, nhin doan AB nim trén giao tuy&n hai mit

phéng tic dung 1am c4nh tay don.

F2

Hinh 1-19
E,F, c6 diém dattai A = (F,E)~ F v6i F = F+F,.
E,F c6 diém dattai B= (F,B)~ F v6i F=F+E =-(F+F,)
= ((F.F), (B, E)) ~nl (F.F).
Goi m 13 vectd md men ctia ngiu luc (F,F') ta c6:
t=BA A F=BA A (FE+E)=BA A E + BA A E,
Ma: m, =BA A E;m,=BA A E
Viy: m =m, + m,
2. Hop hé ngdu lyc ‘
M4 rong cho hgp clia hé ngiu luc ¢ (m, ) thi ta dugc:

¢ (m, ) ~ngiu lyc tdng hgp M

n
Vdi: M =m, +m, +...+m, = Y m,
k=1

3. Dinh ly doi luc song song dén 1 diém bat ky
D& tdc dung ciia mét luc khéng ddi khi doi song song dén mot diém bat

ky ta phdi thém vao mét ngdu luc phu. Nglu luc nay cé vecto mé men
bdng vecto mé men ciia luc déi vdi diém doi dén.

F,~ (F;, ngiuluc M)
F, = Fy; M=ifig() =BAAE,

ThS Hé Minh Tu 17



Truong PHLN-CS2 Bai gizng CO HQC KY THUAT

1.2.2. Cdc dac trung co bdn cua hé luc

I. Vecto chinh cua hé luc
R'=E+ F2+.... + Fn
s n s
R'=Y K
k=1

Do chinh la vecto tong cua cac vecto lyc cua hé luc

II. Vecto mémen chinh ciia hé luc d6i véi tim O

M, =rﬁo(f~])+fﬁo(f~‘2)+...+fﬁo(l—=n)

i =OAx (A diém datF,).

Do chinh la vecto tong cua cac vecto mémen cua cdc luc doi voi tam O

Néu 13 hé lyc phang thi Mémen chinh ctia hé luc d6i voi tam O la:

n i, '“
Mo = Y my(F) = kZlihk.Fk
k=1 =

1.2.3. Dinh Iy thu gon hé lc vé 1 tim

L. Pinh ly
Thu gon hé luc ¢(F’k) vé tdm O ta dugc mét luc va mdt ngdu luc: Luc

ddt tai tdm thu gon O, dugc biéu dién bing vecto chinh ciia h¢ luc. Ngdu
luc c6 vecto mé men bdng vecto mé men chinh cia hé luc d6i vdi tam O.

@(F)~(Ro,9M)
Véi: R, =R’; 9 =M,
IL. Ching minh

Ap dung dinh 1y ddi luc, ddi cdc luc vé tim O.
Véi E, ta dugc: E, ~(F,,nlm, )
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F, dattai O; v6i F =F vanlf, =, (F)
Véi hé luc o(E,)
Ta dugc: o(F )~ (0B ) 9(my))
trong d6: @(F, ) - hé luc ddng quy tai O, c6 13,: =E;
@(m, ) - hé ngdu lyc phu véi m, =m, (Fk)
1. o(E ) 12 hé lyc ddng quy tai O. Hop o(E,)
Ap dung tién dé 3, ta c6: (p(~,'()~f{0

: - n . 1| J -

VGI RO:Z{(=ZI(=R’
k=1 k=1

Viy Ry =R’

2. (m, )12 hé ngiu lyc. Hop hé ngiu lyc ¢(m, )
¢(m, ) ~ngiu lyc tdng hgp I

= zﬁ:lk= tho(k) =M0

3.Kétqud: (R~ (0(F),0(0)) ~ (Ro, M)
V6i: R, =R’ va 9i=My’

DPinh 1y da chitng minh xong.

Tir k&t qua thu gon hé luc @(E, ) vé mot tim, ta thiy dugc ring: Vecto
chinh va vecto mé men chinh ciia hé lyc doi véi mét diém la hai dai lugng
ddc trung cho mét hé luc. Can cu vao hai dai lugng nay ta co két lugn vé
cdc dang t6i gidn cia mét hé luc bdt ky (p(Fk )

II1. Cac dang toi gidn ciia hé hre bat ky

1. H¢ lwc cin b&ng

Néu R'=0 va My, =0 = (p(F1F)~0
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2. H¢ lwe twong dwong véi 1 ngdu luc

) -. i 2\ e n -
R'=0 va My #0 =o(F, )~IUvéi 91 =M, =k2=]ﬁ10(Fk) ,

3. Hé¢ lwc twong dwong voi 1 hop luc
= = - - . - n _
Néu R'#0 va My =0=> ¢ (F)~RoVvéi Ro=R=YF
: k=1

N&u R'#0va Mg #0

R’ vudng goc M, : 9(F )~ R, v6i I khong tring v6i O
- - 1 .
k=1

Trong trudng hgp nay thi Ry va cdc Iwc clia ngdu luc 9 n¥im trong
cung mit phing theo dinh 1y ddo ciia dinh 1y ddi luc. Chiing tuong duong
v6i mot lyc dit tai diém I khdc O; dudng tic dung clia R,cdch O mot

doan dugc x4c dinh bing: Ol = —N.I.—

Quay R'quanh M, géc.n/2 theo chiéu kim déng hd thi ta dugc hudng
cia OI.

4. H¢ luc twong dwong 2 lwc chéo nhau

s —

R'#0va Mo #0; R’ khong vudng géc M, = o(E,)~(®,,®,) 1a
hai luc chéo nhau.

Hai lyc chéo nhau chinh 12 dang chuén clia hé luc bat ky (p(l:“k).

Trong trudng hgp nay ﬁo va cédc luc cda ngiu luc M khong nim trong
cing mdt mit phdng nén khong theo dinh 1y dio cia dinh ly doi luc
dugc. P 1a mp tdc dung clia ngiu lyc M = mp P chita I:“,,(f), 1a hai luc cta
ngiu lyc 91 ; R o khong nim trong mp P.

Ta c¢6 (Ry,F )~ ®,: ®, khong nim trong mp P = dudng tic dung
clia @, khong cit @,.

(Rg,F, @)~ (@, ®,) hai lyc chéo nhau.
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2

0 M

Hinh 1-21
Vé R’ va M, cla hé lyc o(F,).
e n . -
- Vectd chinh R'= Y F, cla h¢ lyco(F,) 1a mot dai lugng bat bién
k=1
khong dnh hudng d€n tdm thu gon clia hé luc.

- n - - L
- Vectd m6 men chinh Mg = 3. i, (F; ) ctia he lyco(E,) d6i véi tam
k=1

thu gon 12 dai lugng dnh hudng bdi tdim thu gon cia hé lyc. Quy luat thay

d8i ctia vectd mé men chinh.,
M, =M, +i; (R ); i (Ro)=10xR, 12 ngdu lyc phy khi dai Ro

d&n diém I dugc thém vao.

1.2.4. Dieu kién cdan bang va cdac phwong trinh cdin b&ng vt rin

L. Dinh Iy
Diéu kién cdn va dii d€ hé luc bdt ky can bdng la vecto chinh va vecto
méd men chinh déi véi mot diém (tdm).cia hé luc bdng khong.

II. Piéu kién can biing gidi tich
Diéu kién cdn va di dé mét hé luc bdt ky cdn bdng la t6ng hinh chiéu
cdc luc lén cdc truc toa dj va t6ng mé men cdc luc dbi vdi cdc truc toa df

béng khéng:

n n n

2Xe=0(@1); XY,=0(2); E_:Zk‘—‘o(?’);
k=1 =1

(p(-F.‘k)~0c> k:l n n
k\é}rﬁ,((l”*‘,():o 4); grﬁy(ﬁk)fo 5); Elﬁlz(f“k)=0(6).
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'II1. H¢ phuong trinh cdn biing cda cdc h¢ lyc dic biét
1. H¢ luc khéng gian dong quy tai O
Chon gdc toa d6 tai di€m déng quy, dudng tdc dung cdc lyc di qua cdc
truc toa do nén téng md men céc lyc d8i vdi ba truc (X m,, XM, 2m,)

duong nhién bing khdng, do d6 diéu kién dé€ hé luc can bing:

>X, =0 (1)
k=1

(B )~0e - :zn_jlYk -0 (2
37,=0 (3)
Lk=1

2. H¢ lyc khong gian song song (//0z2)
Ci4c lyc song song Oz nén cdc phuong trinh (ZXj, ZYy, Zm,) duong
nhién biing khong, do d6 diéu kién d€ hé luc can bing:

-

3.2, =0 M
<p(1"=k)~o@<émx(f~k)=o )
éfﬁy(ﬁk)=0 3)

3. H¢ luc phdng bdt ky (ndm trong mp Oxy)

Cé4c luc nim trong mp Oxy nén cdc phuong trinh (£Xg, Zm,, zm,)
duong nhién bing khong va > m, =) mg (I—;‘k); do d6 diéu kién cin
bing clia hé lyc:

~

>X=0 ¢
¢(Fk)~-o©<éyk=o )
émo (B)=0 ©

4. H¢ luc phdng dong quy
Chon gdc toa dd Oxy tai di€ém dbng quy, phuong trinh Tmo(E, )
duong nhién biing khoéng; do d6 diéu kién cin bing clia hé luc:

) > %X, =0 @
o(R)~0e
. kZ_‘Yk=0 Q@) -
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5. H¢ lyc phdng song song (//0y)

Ciéc luc song song Oy nén phudng trinh X duong nhién bing khéng
do d6 diéu kién cin bing clia hé lyc:

M::

8
Il
o

Y

S
—
;tjl
N
?
o
M= T
=]}

o(B)=0 @

=
I
—

Ghi chii: Khi kh3o sdt hé luc, sy phdn loai hé luc rdt 1a cin thi€t vi khi
phin loai ding gidp chiing ta 1dp dugc s6 phuong trinh cian bing can dd
cho hé lyc trdnh dugc cdc trudng hgp thi€t 14p thira hoic thi€u.

1.2.5. Cac bai todan tinh hoc
Bai todn tinh hoc 12 bai todn kh3o sit diéu kién cdn bing cia hé luc
tic dung 1én mot di€m, mot vat hay mot hé vat. Tir su khdo sat d6 gidi
quyét cdc yéu cau ciia bai todn.

Yéu ciu cia bai todn tinh hoc bao gdm hai van dé chinh:

+ X4c dinh phdn lyc lién k€t tdc dung 1én vat khio s4t.

+ X4c dinh diéu kién cidn bing cda vat khdo s4t: Tim tri s8 cda luc
cho; xdc dinh vi tri can bing clia vat.

1. Bai todn tinh hoc cé thé phén thanh hai logi

Khio s4t diéu kién cin bing clda hé lyc tdc dung 1én mét di€ém hay
mot vat rin. )

Kh3o s4t diéu kién can bing clia hé luc tdc dung 1én mot vat.

2. Cdc budc giai mét bai todn tinh hoc

Budc 1: Chon vat khédo sat

Cin cif yéu ciu cia bai todn ma ta xdc dinh vat khdo sit (diém, vat
rén, hé va). '

Budc 2: Pt luc tdc dung 1én vat khdo sét

Céc luc cho va cédc phan lyc lién k€&t thay cho céc lién két tuong ing
véi vat: = o(F,)~0.

Budc 3: Lap hé phuong trinh can bidng ciia hé lyc ma ta di xdc dinh
dudc & budc 2. .

Budc 4: Gidi hé phuong trinh cin biing tim ddp sd clia bai todn.
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3. Bai todn cdn bdng ciia hé vt

Loai bai todn nay d€ gidi ta phdi ding phuong phdp tdch vat. Xét can
bing cia tifng vat thudc hé biing cdch tdch vat d6 ra khdi céc lién két véi
cdc vat khic (gidi phéng lién két). N€u hé c6 n vat, mdi mdt vat tuong
itng c6 mot hé phuong trinh can bing thi cd hé vit ta ¢6 n hé phuong
trinh can bing (hoic héa rin cd hé dugc 1 phuong trinh, va chi can khdo
sat n-1 vat d€ dugc n-1 phuong trinh nira).

Chi y: Hé phuong trinh cin bing tinh hoc bao gi¥ ciing c6 sd phuong
trinh 16n hon hodc bing 4n s8 c6 trong cdc phudng trinh (gidi dugc).

N&u 4n s6 16n hon s6 phuong trinh cidn bing thi bai todn cin biang dé
12 bai todn Siéu Tinh, dé gidi bai todn loai nay ta phdi cdn thém céc
phuong trinh bi€n dang trong sitc bén vit ligu.

1.3. Ma sat

1.3.1. Ma sat va lwc ma sat

Trong thuc t&€ bé mit clda cdc vat thé khong hoan toan nhin va tron
nhu rin tuyét d6i. Khi hai bé mit clia vat thé ti€p xic nhau do trang thai
g0 ghé va bi lun khi ép vao nhau s& lam cho cdc chuyén dong tuong ddi
(trugt, lan, xoay) clia vat dSi vdi nhau bi cdn trd, hién tugng d6é dugc goi
1a ma sat.

Khi vat c6 chuyén dong hay xu hudng chuyén dong (trugt, lin, xoay)
trén bé mit clia vat thé khac thi ta ¢c6 ma s4t trugt, ma sat lan, ma sat xoay.

Lyc 1am cdn trd chuy€n ddng hay xu hudng chuyén dong khi c6 ma sat
dugc goi 1a lyc ma sat: ma sdt trugt thi c6 lyc ma sat trugt (ky hiéu E,_);

ma sdt lan thi ¢6 ngiu luc ma st 1an (ky hiéu 1\_/IL); ma sat xoay thi cé

ngiu luc ma sit xoay (ky hiéu 1\7[x ). Ta khdo sdt hai dang ma sat 12 trugt
va lan.

1.3.2. Ma sdt trwot va diéu kién céan bang

1. Pinh nghia

Ma sdt trugt la hién tugng cdn khi mdt vdt truot hay cé xu hudng truogt
trén bé mdt cia mot vat khdc.

Khi vat ¢6 xu hudng trugt thi c6 ma sdt trugt tinh. Khi vat trudt, thi ¢é
ma sat trugt dong. Trong gido trinh nay chi khdo sdt ma s4t trugt tinh.

2. Cdc dinh lugt vé ma sdt truot
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Do tinh chat xudt hién d€ l1am cdn trd chuyén doéng hay xu hudng
chuyén dong trugt clia vat nén Iyc ma sat trugt Foms hudng theo ti€p tuyén
v6i mit tya va ngude chi€u véi chuyén déng. C6 diém dat tai vi tri tiép
xuc gifta hai vat thé.

Lyc ma sdt trugt 1a mot luc ¢ tri s8 gidi han.

Nghia la: 0 < Fs < Frnax

Hai dinh luit trén 1a dinh luit Culdng vé ma sit trugt va dudc ching
t bing thi nghiém:

Cho kéo mdt vit ning P bing tdi trong Q thay ddi.

Hinh 1-22a

Khi lyc Q khd nhd thi vat A cdn biing, khi d6 vi c6 luc ma s4t trugt
F ms Xudt hién dé can biing véi luc kéo Q.

Nhung cho Q ting d&€n mot gid tri Q, thi vat bit ddu trugt.

C6 nghia 1a Fp¢ chi ting dén gid tri d6.

Vay: 0 < Fis < Frax

Bing thuc nghiém ngudi ta chitng t3 riing gi4 tri cuc dai nay phu thudc
vao phdn lyc phdp tuy€n cia mit twa va bdn chat cia bé mat tiép xic
ctia hai vat thé.

Tic la: Frmax = f.N
trong d6: f - hé s6 ma sdt trugt phu thudéc bin chat bé mit ti€p xic, nhu:

- Tinh chat clia bé mit: citng, mém.

- Trang thdi ctia bé mit: tron, nham, khd, udt.

f khdng phu thudc vao dién tich ti€p xtc, va 1a hu sd (khdng c6 thit nguyén).

Vay khi 0< Fps < f.N vat cin biing, Fys = f.N vat bt ddu trugt.

* Bai todn cdn bing khi c6 ma sit trugt:

Luc ma sat 1a mgt luc that sy ¢6 tac dung 1én vat. VAy mudn vat cian
bing thi toan thé cic lyc tdc dung 1&€n vit (luc cho, phdn Iuc lién k&t va
luc ma sat) phdi thda man diéu kién cin bing. Ngoai ra lgc ma sat con
phdi thda man gidi han cia né:

F., < fN
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1.3.3. Ma sdt lin va diéu kién cin bang

1. Dinh nghia

Ma sdt lan la hién tugng cdn khi mét vt ldn hay cé xu huéng lan trén
bé mdt ciia mét vdt khdc.

Hinh 1-22b

2. Cdc dinh ludt ma sdt lan

Tuong ty nhu thi nghiém dSi v6i ma sit trugt ngudi ta rdat ra dudc
két luan:

- Khi ¢6 ma sét ldn, tai lién k€t xudt hién mo6t ngiu luc cdn, goi 1a
ngdu lyc ma sdt lan M, n3m trong mit phing chuyén dong cda vat.

- Tri s6 md men ctia ngiu luc ma s4t lin cé mot gid tri gidi han, phu
thugc phén luc phdp tuy€n mit tra va ban chat cia hai b& mat ti€p xdc,
nghia la:

0<M. <M,_=puN.

trong do:
K - hé s6 ma sdt lan c6 thit nguyén ciia do dai, né phu thudc vao
tinh cha't ciia bé mit ti€p xic;
ML < p.N - vétcédn bing;
M| = p.N - vat bat dau lan.
* Bai todn cdn bing khi ¢6 ma sit lan
Khi vat ¢6 hién tugng lin thi ngodi xu hudng lin cdn cé xu huéng
trugt. Do dé kém theo diéu kién:
My <u.N !
Fns <F.N
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1.4. Trong tim cua vat ran

1.4.1. Pinh nghia va cong thirc téng qudt
I. Pinh nghia
Trong tdm cia vt rdn la diém dat trong luc ciia vat rdn. Néu goi P la
trong luc cua vat, C la diém ddt cia P thiCla trong tdm cua vt.
II. Cong thiic xac dinh trong tam
Vit rfn c6 n chit diém, mdi chit diém thit k c6 trong luc P, , thi ta c6 hé
Iuc tic dung 1én chat diém la: (131 ,E,f’, ..... 1_5n ) 12 hé luc song song cung chiéu.

Tir k€t qua thu dudc cia hé lyc song song cling chiéu, ta cé:

(p(l3k)~f’; P=3PB
Trong tdm C cia vat dugc xdc dinh:
+ Dang vecto: = Z—%ﬁ‘—

+ Dang toa d6 Pé cdc: X =-——Zl;:x" ok 5 =———21;:y“ B ——Zl;:‘zk -

1.4.2. Trong tam cua vat rin déng chit

- Vatrin 12 tdim phing déng chat c6 n phén ti:
Xc = 2 SiXy s Ye= 2 Sy s Ze= 2 SiZy .
S S S
S - dién tich tdm phing;
Sk - dién-tich phan tif thif k.

- Vatrdn 12 thanh ddng chit ¢6 n phin ti:
XczszXk; YC=ZLkYk. 7z =2Lkzk.
k L A & L: 7
L - chidu dai thanh;
Ly - chiéu dai phan t& th k.

- Vit ran c6 hinh dang d6i xtmg:

haﬁNé’u vat rdn c;d hinh dang ddi xing qua mét mat phdng, mot dudng
thang hay mét diém thi trong tdm ciia vt rdn né v ’

; s ¢ @t ran nadm trén mdt phdng, d
thdng, diém dsi xung dé. dat phdng, duong
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N&u vat rdn c6 hinh dang phitc tap nhung gdm c4c phan c6 hinh dang
ddi xitng thi ta xem cdc phan d6 13 cdc phan ti¥ cia vat rin ma ta cin xdc
dinh trong tam. -

Né&u vit rdn c6 hinh dang d6i xing nhung trd thanh phic tap do bi
khoét mat di nhitng phan c6 hinh dang dsi xing thi ta xem cdc phin bi
khoét 1a nhitng phan t c6 trong lugng am. Coéng thitc x4c dinh trong tim
c6 dang:

_SXe-FS,X,
- 8-S,

trong d6: Xc - toa d§ vat phdi tim;
S’, X¢- dién tich va toa d6 citia vat chua bi khoét;

Sk, Xk - dién tich va toa d6 phin tit k bi khoét.

¥

. Hinh 1-24.
a) Toa dj trong tdm cung tron; b) Toa d trong tam hinh ré quat

1.4.3. Trong tdm mét s6 hinh thwong gip

1- Trong iadm ciia cung

Xét cung AB ban kinh R c¢6 goc
tam AOB = 2a.- Theo tinh chat dgi xding,
trong tam' cha cung nay nim trén tryc
éx (H.5.6). Ta hiy tim toa d% x. theo cac
cong thite (5.12). Mudn vay, gid thd MM’
12 mdt phan t& trén cung AB ¢6 chidu dai
dl = Rdeo, toa d6 x cia phén. t6 MM s& 1a

x = rcosg. Thay cdc gid tri cha x va dl

vao cbng thde thit nhat cia (5.12) va cha Hinh 5.6

¥ rang tich phén phdi ldy trén toan bd chiéu dai cung, ta cé:
- B’ ‘ 2 o R2 .

=L txdl = B (cos do = 2 2—sin «

=7l L eose L

trong d6: L - 1a chiéu dai cung AB va bang R2a. .
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Tu day ta suy ra: trong tAm ctia cung trdn nim trén truc doéi
xiing cdch tam O mét doan bang:

. = RSH"XG.

o

c

trong aé'géc o do bang radian.

Ta ciing ¢6 thé ¢6 k&t quad nay ma khéng can ding téi khdi niém
tich phan. . .
Theo cbéng thic (5.8), n&u goi Al 1 chidu dai ctia phan té cung,

tacs: = x, = lz x, AL,
L
v6i x 1& toa dd chia phén td Alg, vl dd chinh xdc téi gid tri bac cao:
x; = Rcos @, (& day thay ¢ biang ¢ ).
 Khi 61 x,4l,= RAl,coso, = RAY,
tit d6é suyv ra:
> xph, = RY Ay, = RAB
Do vay, néu biét ring: AB = 2R.sina va L = R.2aqa ta di dén
cdbng thie (5.13).
- 2- Trong tam cta tam gide
Ta dung cac dudng thing song
song vdi canh AD dé chia tam gidc
ABD thanh n dai hep (H.5.7). Trong
tAm cha mdbi dai 5 rang sé& nam

trén trung tuyén BE cla tam gidc. %@xﬂ

Do 46, trong tdm cda toan bd tam A € D

gidc cling ndm trén trung tuyén nay. ' Hinh 5.7
Ta cang ¢6 két qua nhu vidy d61 vdi
hai trung tuyén khsdc.
Do do, suy ra: trong tam cia bdn tam gidc ndm trén giao diém
cde dudong trung tuvén ciia né.
B&i vay, nhu da biét: CE = 1/3 BE
8- Trong tam cua hirh quat
Xét mdt hinh quat OAB ban
kinh R v&i géc tAm bing 2« (H.5.8).
Hay tuéng tugng rang cac ban kinh
ké tO tAm O chia dién tich ca hinh
gquat OAB thanh n hinh quat nhé.
Tai giéi han khi tang s6 n 1én vé

han, cdc hinh quat nay cé thé xem
nhu 12 cdc tam gidc phing vdi trong

tam nam trén cung DE ban kinh
bang 2R/3. Do d6, trong tam cia hinh
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guat OARB s& trung véi trong tdm cha cung DE ma vi tri eGa né dugc
x4c dinh theo céng thdac (5.13). K&t qua la:
Trong tdm cBa hinh gquat n&m trén truc d6i xdng cdch tam O

mét doan bang: x, = EREE_%
oL

4- Trong tam ctia khéi chop

Xét khdi chép tam gide (khéi td
dien) ABDC (H.5.9). D& xac dinh
trong tam cGa khd&i dé, ta dung cac
miat phang song song véi ddy ABD
chia kh&i thanh n mat ciAt phan t&.
Khi tang n 1&n vé han thi ¢ gid1 han
ta c6 thé xem n matAcét dé la nhimg

tam gidc phdng. Trong tdm cda cdc

tam gidc nay nim trén dudng théng
EC, ni dinh E cia kh&i chép véi " Hinh 5.9
trong tam C; cia day. Bdi vdy, trong

tAm ctia toan khéi chép ciing nidm trén dudng thidng EC;.

Ta xdc dinh vi tri ciia diém C. Vi cdc dudng thang C\C; va BE
chia edc canh ctia gée BKE thanh cac phan.ty 1¢ nhau, nén ching
song song nhau va AC,CCy~ AECB. Ngoai ra, vi XKCy = KB/3 nén
C:C, = BE/3. Do dé, ta tim duge: P

cG _ 6% _1
CE CE 3
nén: CC, = %CE = iCi;E | .; . (5.15)

K&t qua nay ciing dung ddi v&i moi khéi cl'fép da gidc va & gioi
han ciing dang d6i vdi ca khdi non. Vay: . : ) '

Trong tam cta khoi chép (hay kh&i ndn) ni"ir;; tréan doan thang
ndi dinh chép (dinh nén) vséi trong tam cia day, va & cach day mot -

doan bang mot phan tu chiu dai cia doan thing dé.
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1.5. Bai tap Tinh hoc vat rin
Bai l.1:

Banh xe O ban kinh R, trong lugng P c6 xu
huéng lan trén mp ndm ngang, hé sb ma sat
lan gitra banh xe O va mp ngang 1a p.

Xac dinh gia tr1 cua luc kéo Q dé banh xe
van can bang?

Gidi:
B4nh xe cin bing:
(P,N,Q,E,.M))~0
=XY=N-P=0 (1)
m; =M_ -QR=0 (2)
M, <pN
(1)> N=P;
- (2> u.N-QR =20
N
=>Q= u?
Bai 1.2:
Hé 3 lyc (Fy, Fy, Fy) dit tai 3 diém A,B,C va
c6 chiu nhu hinh. Biét OA=0B=0C =a
+ Tim diéu kién d§3 hé luc thu vé 1 ngau luc?
+ Tim diéu kién dé hé luc thu vé 1 luc?

Gidi:
Goi i, j, k lan luot 1a vecto don vi theo céc
phuong Ox, Oy, Oz
-Tim 2X, XY, X7
=> Ro =
- Tim Xmy(F) , Zmy(F) , Zm,(F)
=> |\/|O

- Diéu kién thu vé 1 nglu lyc: R, =0 =>F; =F, = F,
- Diéu kién thu vé 1 hop lyc: Ro#0 =>F1#F,#F;

b iyl

J
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Bai 1.3:

Hai thanh AB va BC bd qua trong lugng ciia
thanh. Tai A, B, C 1a céc lién k&t ban 18, treo vao B
mdt vt ning c6 trong lugng 1a P. Hay tim phdn lyuc
ciia thanh AB va BC tdc dung 1én bén 1€ B (trong
SBVL goi 1a #ng lyc ctia thanh AB va thanh BC).

Gidi:
Xeét can bang cua ban 1€ B (nit B)
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vy /m/q
Cho két cau c6 lién két va chiju luc nhu hinh. i

Cho:P=2ga; M=qga’.

Xéc dinh cac phan lyuc tai cic lién két A, B ? 38

03
(=]

Gidi:

- Hop lyc phén bb theo hinh chir nhat nam gitra doan

- Hop luc phan b theo hinh tam giac nam cach goc vudng 1/3 doan
- P9 16n hop luc phan bd bang dién tich hinh phan b

— X¢ét can bang hé luc phang ...

Bai 1.5:

Cot AB c6 dinh vao nén nghiéng 60° va lién
két voi dam CD tai ban 1é B.

C6 dinh dam CD nam ngang bang thanh EF
Bo6 qua trong luong cdt, dam, thanh

Cho AE=EB=BC=BF =1/2FD =a

Xac dinh phan lyc tai A va céac luc lién két tai
B,E F?

Giai:
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Bai 1.6:

Qua cau trong luong P.
Xac dinh suc cang T cua day va phan luc N
cua mat nghiéng tac dung 1én qua cau?

Gidi:

Bai 1.7:

Dim CD dit nim ngang, diu C
lién k&t ban 1€ vdi tudng thing ditng,
dugc gilr can bing nhd ddy EF. Dam vy
chiu tdc dung céc tdi trong cla vit A

va B nhtt hinh vé. c °
. im
Hay x4c dinh phin luc & ban 18 YQ y'e
C, sifc cang ciia diay EF. AI
Cho Q = 10kN; P = 20kN. e

Gidi:
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Bai 1.8:
Ban 1é tai B; Luc P =2 tin; B6 qua trong luong céac thanh, day
Xac dinh phan luc tai A, C va stic cang day EF ?

Bai 1.9:
Khung AB quay quanh O, dau A treo vat nang Q. Hoi luc P bang bao nhiéu dé khung
AB can bang ?

||_ : 2a Ro al a =1|
%

Giai: EE
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Bai 1.10:
Thanh AB va BC lién két tai ban 1& B;

c
Cho Lyc P; =10 kN ; P, =20 kN ; g = 20 KN/m P,
Xac dinh phan lyc taiAva C ? 45°
P Q
N
A | IRIRIT!
RAS ;
) 2m =|l 2m im im

Giai:
Bai 1.11:

Hé sb ma sat trugt 1a f

Hésdmasatlinla p

Xac dinh goc nghiéng o dé khoi tru P ban
kinh R cin bang ?

Giai:
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Bai 1.12:

Mot tim phing khéng trong lugng,
chiu luc P va dugc d8 & vi tri nim
ngang nhd 6 thanh, khong trong lugng
nhu hinh v&. Toan hinh c6 dang khéi
lap phuong canh a.

Tim @ng luc cdc thanh.

Giai:
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Chuong 2. PONG HQC

2.1 Pong hoc diém

2.1.1. Chuyén djng, vin toc, gia téc

I. Toa @6 - Phuong trinh chuyén déng - Phucng trinh quy dao

Toa dj: La céic thdng s& xdc dinh vi tri clia di€m, con dudc goi 1a cdc
thong s6 dinh vi. '

Phuong trinh chuyén dpng: LA cédc toa d6 viét dudi dang phuong trinh
tham s& t.

Phuong trinh quy dao: Khit t trong phuong trinh chuyén déng thi ta
dugc phuong trinh quy dao.
II. Van téc

LA dai lugng dic trung cho sy bi€n thién toa dd theo thdi gian.
III. Gia téc

La dai lugng dic trung cho su bi€n thién vin tSc theo thdi gian.

Toa dd, van tdc, gia téc 1a cdc dic trung ddng hoc cia chat di€m, x4c
dinh chuyén dong cla chit di€m 12 xdc dinh ¢tdc dai lugng nay.

2.1.2. Cac phwong phap xdc dinh chuvén dong diém

I. Phuong phap vecto
Vi tri cia M dudc xdc dinh b3i vecto OM, OM goi 1a ban kinh vectd
ctia di€ém M va dudc ky hiéu 1a R, trong d6 diém O 1a ¢6 dinh.

M
\'J
Quy dao R
W
(e]
Hinh 2-1
1. Toa dp - Phuong trinh chuyén dong
R = R(t)
2. Vén téc: Ky hiéu vén t6c clia chat di€ém 1a V, ta cé:
o B el
At—>0 At dt
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Khi At — 0 thi phuong clia V tring véi ti€p tuy€n v6i quy dao tai M.
Pon vi ciia vén t8c 1a m/s. ~
3. Gia téc: Ky hiéu gia t6c clia di€m 1a W, ta c6:

= lim AY _dv _d°R

a0 At dt  dt?

Khi At—> 0 thi W huéng vé bé 16m ciia quy dao.
Pon vi gia t&c 1a m/s”.
4. D&u hi¢u dén nhén chuyén dong
Né&u: V, W >0 thi chuyén dong 12 nhanh din.

V, W < O thi chuyén dong 12 cham din.

=R

I1. Phuong phdp toa a9 Pécidc
Trong toa d6 Pécac: Toa dd clia diém M 1a: x,y, z.
R=xi+yj+zk

Hinh 2-2

1. Toa dp - Phuong trinh chuyén djng

x=x(t)
y=y®
z=2z(t)
Khi khi¥ t trong hé phuong trinh trén, ta dugc phuong trinh quy dao:
fi=fH X, y)
fh=f(x,y)
Giao tuyén ciia hai mit tru cho bdi f; va f; 12 quy dao clia M.
2. Vén téc
Véi: R =xi+yj+zk
Suyra: V=B_=£‘f+g}‘+_d_z~ (a)
dt dt dt dt
di dj dk
b =————
©on e ~at D
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Ngoai ra hinh chi€u cia V trén céc truc 1a: Vy, Vy, Vy, thi:
V=V i+V,j+Vk ®)
Pdng nhit (a) va (b):

.
*odt
dy
y:;—:y
._—=z
Zodt

Két lugn: Hinh chi€u cia vectd vdn tdc trén cic truc toa do bing dao
1am béc nhit toa d6 tuong Wng theo thdi gian.

Tri s8 cia V: (

V=324 +22

3. Gia toc
= dv = 4R 2, - = =
Vi W=—2W=—r=—((xi+yj+2zk
dt t2 dtz( - )
Hay: W = d’x - d’y- d’z i
dt? dt? 7 gt?
(con -d—l=gi=£l.1£= )
dt dt dt

Ngoaira goi Wx, Wy, W, 12 hinh chi€u ciia W trén c4c truc:
W =W,i+W,j+W,k

d?x dzy '
S - — X - —_——— =\ - -
uyra: W, ———tz =X W, 3 s W, =—5=3%

Tri s8 clia gia t6c:

W=\/Wx2+Wy2+sz =\/5{2+y2+22

II1. Mot s6 chuyén dong thwong gap
1. Chuyén dong thdng déu
W =0=>V =const
Poan dudng di dugc:
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2. Chuyén djng thdng bién doi déu
W" =0; WT'=const

Vin tdc cia diém:
V =V, + W't (nhanh din)

V =V, - W*t (chdm din)

Poan dudng di dugc:.

S=S§, +V0.t:t:12-W't2
3. Chuyén djng tron déu

W*'=0; W" =const

Poan dudng di dugc.
S=S,+V.t

4. Chuyén dgng tron bién déi déu
W* =const; W™= const

V=Vo iwt.t
1 1.2

Ghi chii: Ta c6 thé k&t hgp cdc. phudng phdp v6i nhau dé€ khio s4t
chuyén ddng cla chit di€m.

2.2 Chuyén dong co ban ciia vat rin

2.2.1. Chuyén djng tinh tién

V@t rdn chuyén dpng tinh tién khi moi doan thdng thudc vit trong qud
trinh chuyén dong lubn luén song song vdi mt phuong.

C D'
c D aAB/AB phuang ngang
AC /I A'C' phuong thing dimg
Al ' T4m phing ABCD chuyén
B dong tinh tién
B
Hinh 2-5
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L. Pinh Iy

Vat rdn chuyén déng tinh tién khi moi diém thudc vat vé nén nhitng quy
dao ddng nhdt (ddt trung khit lén nhau), tai méi thoi diém cdc diém cé van
téc bdng nhau va gia téc bdng nhau.
II. Chidtng minh

Goi S ¢6 chuyén ddng tinh tuy€n tir vi tri I sang vi tri II.

Hinh 2-6

Khi chuyén dong, diém A v& nén qu§ dao 1a C,, diém B vé& nén quy
dao la Cg.

S chuyén ddng tinh ti€n nén B’A’// BA.

S 1a vatrin tuyét d6i nén B’A’ = BA.

Suy ra: B'A'=BA = const

Viy khi trugt quy dao Cg theo huéng BA mot doan bing BA thi B sé&
triing v6i A va B’ tring v6i A’ hay Cp triing khit vi Ca.

Ngoaira ta cé:

I, =3 +B

Vin t8c ciia di€m A:

v, _dr, _dgp +dBA=\_'fB+O
dt dt dt

Vin téc cia di€m A bing vin tSc cia di€m B.
Tuong ty gia toc clia di€ém A ciing bing gia t6c cia diém B.
WA = WB

Dinh 1y chitng minh xong
IIL. Y nghia

1. Khi khio sdt chayén dong ctia vit rin chuyén ddng tinh ti€n, ta chi
cin khio sit chuyén déng clia mot di€m bat ky thude vit, k€t qui khio
sat ciia di€m dé6 ciing 1a k€t qud cho tdt cd cdc di€m khéc.

2. Vit rin chuyén dong tinh ti€n xem nhu chuyén dong cta di€ém va
chuyén ddng clia di€m con goi 12 di€ém chuyén d6ng tinh ti€n.
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2.2.2. Chuyén djng vit rin quay quanh 1 truc cé dinh

Chuyén dong ciia vt rdn dugc goi la quay quanh mét truc c& dinh khi
trén vt cé hai diém luén lugn ndm yén.

Pudng thing di qua hai diém c¢8 dinh d6 goi 12 truc quay. Moi diém
trén truc quay thi nim yé&n nén truc quay 1a truc ¢ dinh.

A.Khao sat chuvén dong cua vat rin quay

Vu
i =M
g ()
M A/ Wu
M

NS
B
wl

Hinh 2-7

A(AB) - truc quay.

P - mit phing c6 dinh.

7 - mat phing gdn v6i vét quay S.

Giao tuyén ctia hai mit phing n va P 12 truc quay A.
I. Phueng trinh chuyén dgng cia vat quay

Khi vit quay, mat phing 7 gdn vdi vat cling chuyén dong quay quanh
truc A, tao v6i mat phing P mot géc o, néu biét dudc gbc @ thi ta xdc dinh
dudgc vi tri clia mat phdng 7 va cling 12 vi tri clia vat. Vi vdy ta c6:

o=9(t) (rad)

@ dudc goi la goéc quay.
@(t) dugc goi la phuong trinh chuyén ddng clia vat quay.

'I?Ié'u dﬁn% theo chi€u cla truc quay nhin thdy vét quay theo ngudc
chi€u kim ddng ho, ta néi vat quay theo chiéu dudng va lic d6 ¢> 0 va
ngudc lai.
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IL Vin téc géc ciia vat quay - Vectd van téc géc clia vat quay
1. Vin téc géc cia vit quay
Vén téc géc la dai lugng ddc trung cho su bién thién cia géc quay theo
thoi gian. Ky hiéu la o
d(p -
dt
® > 0 khi vit quay theo chiéu duong va ngugc lai.
Don vi cda van t6c géc 1a rad/s ‘hay S, trong ky thuit la: vong/phlit

Taco: o=—

2. Vecto vin toc géc ciia vt quay
Ky hiéu: .

Dinh nghia: Vecto vin téc goc la vecto ndm doc theo truc quay co
chiéu sao cho ditng theo chiéu ciia vecto nay nhin thdy vdt quay theo chiéu
duong; cé tri sé bdng tri sé ciia van t6¢c goc w.

@] =

II1. Gia t6c géc ciia vat quay - Vectd gia t6c géc clia vt quay

1. Gia téc géc ciia vt quay

Gia tdc goc la dai lugng ddc trung cho sy bién thién ciia van téc gbc
theo thoi gian. Ky hiéu la €.
o _. __d&%
dat dt?
€ >0 khi vit quay nhanh dén.

Tacd: €

II
8]
=2
)
<
™
Il
-Gl

€ <0 khi vit quay chim din.
Don vi ciia gia tdc géc 1a rad/s® hay S
Khi €= 0 thi © = const, liic d6 vit quay déu!
2. Vecto gia téc géc ciia vit quay
Ky hiéu: €
Dinh nghia: Vecto gia téc gdc la dai lugng ddc trung cho bién thién
vecto vdn téc goc theo thdi gian.

- do

e_-—

dt
Vectd & nim trén truc quay nén khdng ddi phuong, do d6 £ ciing cliing
phuong véi & (& ciing nim trén truc quay). € c6 cing chiéu hay ngugc
chiéu v4i vectd @ khi vat quay nhanh dian hay chim din, nghia 1a:
Khi vat quay nhanh dan thi £.6 > 0.
Khi vit quay chdm dan thi €& <0.
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IV. Mot s dang chuyén déng quay diic biét
1. Vit quay déu
o =const; € =0.
G6c quay duge xdc dinh: ¢ =¢, + ©.t
2. Vit quay bién doi déu
' €= const

Vin tdc géc cla vat: @ =®, +E.t
— — - 1_
Géc quay clia Vat: 9= +Bot+- &’

®, - vin tdc géc ban diu; @, - g6c quay ban dau.

B. Khao sat chuvén dong cua diém thudc vat rin quay

Moi diém thudc vat quay chuyén dong trén cdc dudng tron ndm trong
cdc mdt phdng vuéng géc vdi truc quay, cé tdm trén truc quay, va cé bdn
kinh bding khodng cdch tit diém doé dén truc quay.

Vi di bi&t quy dao clia di€ém nén khio sit chuyén dong cia diém M
thudc vat quay ta 4p dung phuong phép ty nhién.

1. Phuong trinh chuyén déng ctia diém M

S1a doan dudng di dugc cia diém: S =M M

Ta c6 phuong trinh chuyén dong cla diém M:

S=rp(t)
II. Van téc cta diém M
Ta c6: \_/=9-Si=rd—(p =1.®
dt  dt

Van t8c clia di€ém M c6 phuong vudéng géc vdi ban kinh quay OM =T
huéng theo chiéu chuyén déng va cé tri s6: V =r.0

Ngoai ra véan tdc cia di€ém M c6 thé biéu di&n theo vectd van tdc gdc
®bdi bidu thitc sau: V=GB AT

RO rang, vi |c3/\f|=co.r va khi quay vectd T theo chiéu clia @ thi ta
nhin dugc chiéu clia van toc diém M.

Ta thdy ring van tdc cla di€m vudng géc v6i ban kinh quay, va cé tri
s0 ti 1& bac nhit v8i ban kinh quay, nghia 13 cang xa truc quay thi vin toc
cac diém cang 16n.
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III. Gia tdc cia di€m M
Theo phuong phdp ty nhién, gia t6c clia di€ém M gbém hai thinh phin:
gia toc ti€p tuyén W* va gia tdc phdp tuyén W".
W=W'+W"
trong dé:
W*- ¢6 phudng vudng. géc v6i ban kinh quay, c6 chiéu theo chiéu
quay ctia gia tdc géc € va x4c dinh nhu sau:

Taco: w*=|¥ i(rcT)) —r|9® =r.[g]
dt dt t
Wi=reg

W" - nim doc theo ban kinh quay va hudng tir di€ém M dén tim quay
0, ¢6 tri s6 du‘dc xdc dinh nhu sau:

3

Tacé: W= (m) )
P r

W' =r.0?

W - gia t8c toan phin, c6 tri s& dugc x4dc dinh nhu sau:

Ta c6: W=\/W'2 + W =\/(rs)2 +(l'(z)2)2
W =re? +o*

Ghi chii:

1- Ta thdy ring vén t3c, gia tdc ti€p, gia tdc phdp, gia tdc toan phin ¢6
tri s8 ti 1& thuin bic nhit vdl khodng céch tir diém dén truc quay (béan
kinh quay). :

Vu _ Wy _ Wy _ Wy
i Wy WL Wy oy

2- G6c a. 1a géc hdp bdi gia toc toan phan véi ban kinh quay r, ta c6:
tgo = = L8 _ &
W' re? o
Gé6c o khdng phu thude vao r (vi tri ciia di€m), va d6i véi moi diém thi
bing nhau.

Biéu di&n cédc thanh phin gia tdc clia di€ém theo cic vectd véin tdc géc
va vectd gia toc goéc clia vit quay.
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1. Biéu dién gia téc ticp W~
W' =EAT
s o ek b e o . T
That vay: [EAT|=cersin(E,T) =er sin—-=er
Khi quay vecto Ttheo chiéu quay clia € quanh vectd € mot géc bing
T A A 2 ’ ’, — - ” « e
5 thi ta nhdn dugc phuong, chi€u clia vectd tich EAT, né trung vdi

phuong, chiéu ciia vectd gia toc W*.
2. Biéu dién gia téc phdp W™
Wh=HAV

~ ~ — X ] . - - - 7!
That vay: Ico A V| =o.V.sin(®,7) = a.v. smE = Or.0=r.o’
Khi quay vecto V theo chiéu quay clia ® quanh vectd ® mot géc bing
T ~ A * R 2 , - - « .
) thi ta nhdn dudc phuong, chi€u cilia vectd tich @ AV, né tring vdi

phudng, chi€u clia vectd gia tdc phap.

2.3 Chuyén dong song phing ciia vit rin

2.3.1. Dinh nghia va mo hinh
" I Pinh nghia

Chuyén dpng ciia vat rdn dugc goi la chuyén dong song phdng khi mdi
diém thudc vt ludn ludn di chuyén trong mdt phdng song song vdi mét mdt
phdng c& dinh dugc goi la mdt phdng quy chiéu hay mdt phdng goc.

b)

Hinh 2-8

(a) La c6 co cdu bdn khiu bdn 1€ trong d6 chuyén dong clia thanh
truyén AB 14 chuyén d6ng song phing.

(b) Chuyén dong ciia dia tron tim O lin trén dudng thing 12 chuyén
dong song phing.
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II. M6 hinh ctia vt chuy&n déng song phing

Xét mot doan thing AB bdt ky thugc vat rdn va vudng géc v4i mat
phidng g&c. Vi 1a vat rin nén khodng cdch AB khéng d8i, con A va B ludén
Iudn di chuyén trén 2 mit phing song song véi mit phing gdc, nén doan
thing AB ludn ludén di chuyén vudéng géc v8i mit phing géc (c8 dinh) —
Poan thing AB chuyén ddng tinh. ti€n. Nhu viy moi di€ém thudc doan
thing AB tai mdi thdi di€m c6 van tdc biing nhau va gia t6c bing nhau.

cda mot ti€t dién phing (tdp hdp moi diém
M thudc moi doan thing AB thudc vat va /4
vudng géc véi mit phing gdc) song song véi yAS
mit phing gdc thi bi€t duge vin tdc va gia

tc clia moi diém thudc tit cd doan thing '

clda vit vudng géc v6i mIt phing gbc, c6

nghia 12 bi€t dugc van tdc va gia toc cla é A
moi diém thudc vat rin. ~ Mat phdng géc ~ .

Tir d6 suy ra ring: Néu blet chuyén dong ;/
(S)

Moi tiét dién phdng clia vt song song vdi Hinh 2-9
mdit phdng goc thi chuyén dpng gidng nhau.

Nhu vay bai todn khdo sdt chuyén dong song phing ciia vat rin trong
khong gian dudc dua vé bai todn khio sit chuyén ddng clia mot ti€t dién
phing thudc vét song song véi mat phing gdc hay mit phidng quy chiéu.

Ti€t dién phing S chuyén dong trong Y1 '

hé quy chi€u 1a mit phdng O,x,y,. Va )
ta goi chuyén d6ng song phing cia tiét
dién phing S 12 chuyén dong cda hinh
phing trong mit phing P chita né. Mat

phing P dugc xdc dinh bing hé quy © -x,
chi€u Ox,y, ¢ dinh. Hinh 2.10

2.3.2. Khao sat chuvén dong song phﬁng vt rin

I. Phuong trinh chuy&n ddng cda hinh phing

Xét chuyén dong cda hinh phing S y”L
trong mét phdng O,x,y,.

YA
Tai di€ém O trén hinh phéng S, ta gin 2
vao mot hé truc Oxy (trong qud trinh o} X
chuyén dong clia hinh phing, hé truc toa o, ' -
dd Oxy cling chuyén dong theo, ta goi Oxy Hinh 2-11

la hé truc toa dd di dong hay hé dong).
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Khi chuyé’n ddng, cdc truc cia hé dong sao cho ludn ludn cé Ox//0\x,,
Oy//0,y, (O,x,y, dudc goi la hé truc toa do c& dinh hay hé c§ dinh).
Do d6, ta thdy ring hinh phing S di chuyén quay quanh gdc O ciia hé

" ddng Oxy, dudc goi 1a cuc O. Vi tri clia hinh phing S dudgc x4dc dinh trong
hé déng bing gbc quay .

Nhu.viy rd rang riang vi tri cia hinh phing hoan toan dugc xdc dinh
trong hé ¢8 dinh O,x,y,, néu ta bi€t dugc toa d¢ clia cyc O(X,,Yy,) va goc
quay @ quanh cuc O ctia né.

‘ X0s Yo, @ dudc goi la céc toa do cla hinh phing, cdc thdng s& nay la
ham cla thdi gian, ta c6: X, =X,(1); Yo = Yo(t);® =¢(t) cdc phuong trinh
nay dudc goi 12 phuong trinh chuyén ddng cia hinh phing S hay cia vat
rin chuyén dong song phing.

IL Céc théng s& dong hoc ciia hinh phing

Trang thdi dong hoc cia hé dong Oxy xdc dinh bdi cdc yé&u té dong
hoc 1a van téc cia cuc O (Vo) va gia tdc cla cuc O (Wo) (hé déng Oxy
c6 chuyén d6ng tinh ti€n nén dic trung ddng hoc clia n6é dugc xdc dinh
qua chuyén ddng ciia cyc O). Con chuyén dong quay cla hinh phéng
quanh cyc O duge x4c dinh bdi cdc y&u t6 dong hoc 1a van tdc géc & = o)
va gia t6c géc E=m=0.® va Egoi 1a van t8c géc va gia téc géc cia
h]nh phing S.

Cic dai lugng V,, W,,®,E dugc goi la cdc thong s§ dong hoc hay yéu
t6 dong hoc cia hinh phidng S, trong d6 \70 va Wo thi phu thudc vao viéc
chon cuc O, cdon ®va € khdéng phu thudc vao viéc chon cuc O ma ta s&
chitng minh sau.

2.3.3. Khao sat chuvén dong song phﬁng ciia diém thuéc vit

Ry =R+
T=xi+ y}
trong d6: Ry, R,- céc vectd dinh vi clia di€m M va cyc O;
T,-j - c4c vectd chi phuodng cia hé dong Oxy.
I. Phuong trinh chuyén ddng clia di€m
Toa dd ctia M trong hé O,x,y, 1a XM, Ym-
Toa d6 ctia M trong hé Oxy la x, y
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Ta cé: " XM = Xg + I1cosQ
YM = Yo +18in@

Vix,, ¥, va @ thay ddi lién tuc theo thdi gian, nén:
xMm(t) = Xxo(t) + rcose(t) |
ym(®) = yo(t) + rsing(t)

Céc phuong trinh trén du’dc goi l1a phuong trinh chuyen dong cia diém M.
Yih

W

Yo | - — —

Hinh 2-12
IL. Van téc ctia di€m thudc vat

1. Quan h¢ vin téc ciia diém véi vén téc ciia cuc

Theo dinh nghia ta c6:
- dR,, dR0 dr

VM = —
dt dt dt

=V, +®AT =V, +®AOM

Vi = Vo + Vo

trong d6: Vg, =®AOM (VOM J_aﬁ)

Hinh 2-13

Vom dudc goi 12 van toc ciia di€ém M
quay quanh cuc O véi van téc géc 12 @.
Nhu vay ta c6: Vidn t6c cia diém trén hinh phdng bdng téng hinh hoc
vdn téc cia diém cuc vdi van téc ciia diém dé éuay quanh diém cue.
Ta ciing c6 thé viét:

- S

Vg=V, +V,g
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2. Pinh Iy hinh chiéu vgn téc

Dinh ly:

Hinh chiéu van téc cia hai diém thudc hinh
phdng 1én duong thdng di qua hai diém dé thi
bdng nhau.

VBIAB=\7A|AB

Chitng minh: Xét hai di€m A va B thudc

hinh phdng c6 van t5c 1a V, va Vg, chon Hinh 2-14
di€m A 1am cuc.
Ta cé:
Vg=V,+V,,
Chi€u 1én phuong AB:

m
VpcosB=V, cosa+V,g COSE
VzcosB=V, cosa

Vs lAB= Va IAB
Qua dinh 1y nay, ta d& dang x4dc dinh van tdc clia mot di€m khi xét
dudc phuong, van toc cla né, va xdc dinh van tc clia mot diém bat ky
thudc hinh phdng trong trudng hgp van tdc va dudng di cia diém d6
vudng gbéc v4di nhau.

3. Tém vén téc titc thoi - tdm quay tiéc thoi
Dinh nghia:
Tai méi thoi di€m khdo sdt, trén vdt rdn chuyén dgng song phdng cé
mét diém c6 vdn téc bdng khdng duge goi la-tdm van téc titc thoi.
Goi C 1a tim vén tdc tifc thdi (Vi =0), chon C 1am cyc, ta c6:
Tai thoi di€m d6 vat c6 chuyén dong quay quanh di€m C nén diém C
cOn dugc goi la tdm quay titc thoi.
Tai th¥i di€m hinh phing ¢6 vén t6c géc @ khac O thi tdn tai duy nhit
mot tAim vén téc tifc thdi.
Thuyc vay, gid sit tai thdi diém khio s4t, bi&t van toc VA cla diém A va
vin tdc géc @ clia hinh phing.
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Hinh 2-15

Trén dudng thdng vudng géc véi V, tai A, vé phia nita dudng thing
dugc chi bdi vectd \7A sau khi quay V a theo chiéu cda vén t6c géc &
Va

®
Chon A lam cyc, tacé: Vo =V, +V,.

mot géc —725 ta 14y di€m C sao cho: CA =

Ve vudng géc v8i AC ti_ii C (t¥c cung phuong véi VA ); ¢é chiéu
thudn véi chiéu quay clia hinh phing (chiéu ®); V,. ngugc chidu V, va
cé gid tri:

Vea =0.CA = (Jo.h =V,
()

Vay V¢, tryc d8i véi V, , nghia 1a: Vg, =V,
Dod6: Vo=V, +V,. =V, -V, =0
C 1a di€m duy nhat vi néu tdn tai mot diém C, (\7Cl =0) tai thdi diém
khdo sat, vi C; khédc C thi khi chon C 1am cuc, ta cé:
Ve, = Ve + Ve, =0
Ve=0=V =0

V6i: Vee, =0.CC, =0
* Ma: o #0 nén CC, =0 titc C, phdi tring véi C.
* Cdch xdc dinh tdém v@n téc titc thoi
Tai thoi diém khdo sit, trén mit phing
c6 chuyén dong quay v4i van tdc géc 1a“a>,
v6i diém A (bat ky) c6 van toc 1a V,.
Trong hinh phing ta quay VA theo chiéu s

n
quay clia ® mot géc bing 5 vecto ndy xac

dinh nita dudng thing dugc vé tr A, trén dé6
VA

ta 14y mot di€ém C sao cho: CA = =

Hinh 2-16
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V6i diém C chinh 12 tdim van t6c ti¥c thdi cda hinh phing

+ Sang thdi di€ém khéc, van t8c cia di€m A thay ddi do d6 tAm vén tdc
tirc thdi ctia hinh phing ciing thay ddi.

+ Tai thoi di€m khdo sit hinh phidng c6 chuyén dong tuyét doi quay
quanh tim vén tdc tic thdi.

Chon C 1am cuc, ta ¢6: Vi, = Vo + Vioy = Vieyr» (Ve =0).

Tifc 12 vén t8c cla di€ém M bat ky thudc hinh phdng biing vén t&c cla
M trong chuyén ddng clia hinh phing quay quanh tim vin tdc titc thdi, do
dé C con dudc goi 1a tdm quay titc thoi.

+ Trong trudng hgp khdéng tdn tai tim van tdc tic thdi, c6 nghia 1a

® = 0 khi dé6:
CA=—V—A-—)oo
@

Moi di€m thudc hinh phing c¢6 van tc bing nhau, tai thdi diém nay
vat chuyén dong tinh ti€n.

Vay khi & thdi di€ém nao d6 khong ton tai tim vin tdc tifc thdi hay tim
vén tSc ttc thdi & vd cuc, lic d6 tdm quay cla hinh phing & v6 cyc va
chuyén ddng ciia hinh phéng tai thdi dlem nay dudc goi la titc thoi chuyén
dong tinh tién.

M{t 56" quy tdc xdc dinh tdm v@n téc titc thoi

+ Bié&t di€m thudc hinh phing c6 van tdc bing khong, diém dé 1a tam
van tdc titc thdi.

+ Bi€t v4n t8c cia diém A(V, ), phuong vén tSc ciia diém B( V). Tir
A va B ké hai dudng vudng géc v6i phuong cla V, va Vg, giao diém hai
dudng nay 1a tdm vin tSc¢ tic thdi C.

+ Bi€t vén t3c ciia hai di€m va phuong, dudng vudng géc véi vén tdc
clia hai di€m ké tir hai diém tring nhau (hinh 2-17a va b).

V,+Vg

b) o=
AB

Hinh 2-17
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+ Trong trudng hgp hai dudng vudng gbéc v4i VA, \73 ké tr Ava B

song song nhau thi tdim vén t8c titc thdi & vd cyc lic d6 van toc g6c cla
hinh phing bing 0.

= Vy=V,=V,
Vit titc thdi chuyén d6ng tinh tién.
4. Anh huéng ciia vige chon cuc doi véi chuyén dong quay ciia hinh ph&ﬁg
Xét chuyén dong ciia hinh phing S.

Chon O; lam cuc, ta c6:

Vi = Vo, +& AOM (1) A
\702 = ‘70. +®, 10,0, 2) .

Chon O3 1am cuc, ta céﬁ 0,
Vi = Vo, +®, AO,M 3)

Th€ (2) vao (3):

Vv =V, +@, A 0,0, +&, AO,M 4)
So sénh (1) va (4):
&, ~(O;M-0,0,) =8, A\O,M

OlM - OIOZ = 02M
= &, AO;M =, AO,M = &, =,
Nhu vay, chuyén dong quay ciia hinh phdng ddi v6i moi di€m cyc duge
chon déu gidng nhau, hay khong phu thudc vao viéc chon cuc.

B =g, ="=lg

5. Duong ldn - duong cdn ci

Pudng lin 12 quy dao cla diém C (tAm véan t8c tifc thdi) trén hinh
phing. Pudng cin cit 1 quy dao clia diém C nim trong hé quy chi€u cd
dinh O;x1y1.

Pudng lin dugc goi 12 tdm tich ddng, dudng cin cif dudc goi la tam
tich c¢& dinh.

Tai mdi thoi diém déu c6 mot diém ti€p xic giitta dudng lin va dudng
cin cd, diém d6 chinh 13 tdm vén tdc ti¥c thdi C. Vi vay duong ldn thi ldn
khéng truot trén duong cdn cu.
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B4nh xe O lin khong trugt trén mot dudng thing ¢ dinh. Piém tiép
xdc gita vanh binh xe v6i dudng thing 12 tdm véan tdc tdc thoi C
(Ve =0).

Pudng lin hay tdm tich ddng 1a chu vi cia bdnh xe O, cdn dudng cdn
¢t hay tam tich c8 dinh 13 dudng thdng (hinh 2-18).

/ Puong lan

Pudng can c
C
Hinh 2-18
II1. Gia tdc ctia di€m thudc vat
Theo dinh nghia ta c6:
W =9V
dt

trong d6: Vi =Vo+ Vo = Vo +®AOM =V, +B AT
Nhu vay: Wy, =%(Vo +cT)/\'r°)= Wo OB s ia
=W +EAT+BA(BAT)= Wy +EAT-0F
trong d6:
EAT = WSy - gia tdc ti€p clia diém M quay quanh cuc O;
-0*T = Wgy - gia t6c phap clia diém M quay quanh cuc O.
Nhu vay: Wy, = W + W3y, + Way,
Gia téc ciia diém M bét ky trén hinh phdng bdng téng hinh hoc gia téc

ciia cuc O vdi gia téc tiép tuyén va gia téc phdp tuyén ciia diém M quay
quanh cuc O.

* Taém gia téc titc thoi

Tam gia téc tic thoi la mot diém thudc hinh phdng ma tai thoi diém
khdo sdt c6 gia téc bing khong.

Ciing nhu tAm vén tdc tic thdi, tai mdi thdi diém chi ton tai duy nhat
mdt tAm gia tdc tifc thdi, néu nhu van téc géc va gia tdc géc hinh phing
khodng ddng thdi triét tiéu.
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Khi hinh phdng c6 tdm gia tSc tic thdi thi sy phin bd gia tdc cum céc
di€m thudc hinh phing gidng nhu sy phin bé gia t6c clia cic di€m khi
hinh phing quay quanh tim gia tdc tic thdi.

Tam gia t6c tic thdi cda hinh phidng néi chung khéng tring vdi tim
vén téc tic thdi vi V. =0, nhung V¢ khong 12 hiing s6 thi We #0 (néu
goi tam gia t&c¢ tic thdi 12 P thi néi chung P khong tring véi tAm van tdc
titc thoi C).

2.4 Tong hop chuyén dong ciia diém

2.4.1. Dinh nghia cdc chuyén djng

I. Dit bai toan

MGt doan tau dang chay, mét ngudi dang di trén tau, ding dudi dudng
quan sét chuyén dong clia ngudi di trén tau thi chuyén dong cla ngudi
trén tau 12 chuyén dong phitc hgp, xem ngudi nhu mot cha't diém thi d6 1a
chuyén d6ng phitc hdp clia diém. .

Mot con ki€n bd trén mdt trdi banh dang lin trén sin cd, thi chuyén
dong clia con ki€n so véi sin cd (hé quy chi€u) 12 chuyén dong phitc hgp
ctia diém (con ki€n).

Piém chuyén d6ng phitc hgp (ngudi hay con ki€n) dugc xadc dinh thong
qua cdc hé quy chi€u: Hé quy chi€u gin v6i doan tau, trdi banh dudc goi
12 hé quy chi€u di dong hay hé dong; Hé quy chi€u gin vdi dudng tau,
sén ¢d dugc goi 12 hé quy chi€u c6 dinh hay hé ¢d dinh.

z,A
z
S
" (S)
ﬁ” y
o)
0 R, /X N
5 57
Hinh 2-19
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M - dong diém

Oxyz - hé ddng

Piém M chuyén ddng trong hé dong Oxyz va cing h¢ dong chuyén
dong ddi vai hé quy chi€u 6 dinh O,x,y,2,.
I1. Pinh nghia céac chuyén dong

- Chuyén dong cia diém M trong he déng Oxyz dudc goi la chuyén
ddng tuong d6i. C6 cac yéu t6 dong hoc:

+ Van tdc tudng d6i, ky hidu1a V,.

+ Gia tGc tuong d6i, ky hidula W;.

- Chuyén dong cia diém M trong hé cd dinh O,x;y,z, dugc goi la
chuyén ddng tuyét d6i. C6 céc y&u t& dong hoc:

+ Van t8c tuyét ddi, ky hiéu1a V.

+ Gia t6c tuyét ddi, ky hidula Wr.

- Chuyén dong ciia diém M’ tring diém M va thudc hé dong, chuyen

ddng so v6i hé ¢ dinh dudc goi 1a chuyén dong kéo theo. C6 cic yéu td
dong hoc:

+ Vin t6c kéo theo, ky hiéu 1a V.
+ Gia toc kéo theo, ky hiéula W,.

2.4.2. Dinh Iy hop vén toc va gia tbc

23 k 12 cdc vectd chi phuong cia hé dong Oxyz.
pat. R, =OM ; R;=0,0; T=0M

Tacé: Ry =ﬁ0+f . T=x1+Yyj+2K
Vi x, y, z 12 toa dd clia M trong hé ddng.
I. Pinh 1y hgp vén tdc
1. Pinh ly

Vén téc tuyét di cia diém chuyén dong phitc hgp bing téng hinh hoc
vdn téc tuong dbi va van téc kéo theo cia nd.

U, =V, +9,
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2. Chitng minh

z 4 -
4 s
M
ﬁ“ y
(o)
0, R, ’x N
X i
Hinh 2-20
Tacs: V=V, =Bm _dRo dr
dt  dt  dt
dR, -
=V
dt °
df _d - - - dx: dy-. dz- _di _dj dk
—=—&X1+yj+ZK)=—i+—=j+—Kk+X—+y— 4 z—
g A s S kbt “at
d—x-i'+—d—y}+21_i=vt i+V, j+V _k=V,
dt  dt° dt y
A oy E 2 @AD+Y@AT) +2BAR)

o a Tt
= c'i)/\(x_i'+y:i'+zlz) =OAT
trong daé:
® - vectd vén tc géc clia hé déng Oxyz;
_i., 3, k- cdc vectd chi phuong cia cédc truc hé déng.

Nhu vay: Vi =V, +V, +®AT
V=V, +V,

trong d6: V, =V +®AF =V, +V_ .
véi: \70 - vin t8c cia gdc O clia hé dong;
VOM. =® AT - van 3¢ clia tring diém M’ quay quanh géc O ciia hé dong.
Luu y: . o
- N&u hé d6ng chuyén dong tinh ti€n thi @ =0, lic d6: V, =V,.
- Néu hé dong chuyén quay quanh mdt diém cd dinh O hay quanh mot
truc ¢& dinh di qua diém c& dinh O, lic dé:

Vo=0=V, =GAT=BA0
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I1. Pinh Iy hgp gia tdc
1. Pinh Iy

Gia t6c tuyét dbi ciia diém chuyén dpng phitc hgp bdng téng hinh hoc
gia téc tuong débi, gia téc kéo theo va gia téc Céridlic cia né.

Wy =W, + W, +W,
W, dugc goi 12 gia tdc Coridlic: W, =2(&A V,)
2. Chitng minh '
o _dVy _d’Ry _d’R, N d’t

Ta c6: W, =Wy, =
LA dt? dt?  dt?
dzﬁo .
aF & - = -
va: —=—(x1+Yyj+2zk
s (xi+yj+2zk)

_dzx-i-+d2y]+dzzl-(+2(gd_f+_c_lld_]_‘_gﬁ) a?i | d% . dk

X . X + +Z
dt2 a2~ dt? dt dt dt dt dt dt dt? ydtz dt?

2 2
d;{1+d¥_| dzk W1+W_]+Wk W
dt dt dt

2% g - —_ - ™ - ~
=L B8 | 9 i T g 6T
dt dt dt
i d*) d*k . = = = - o=
=X + +z =x(EAi+0°1)+y(enj—0 ))+z(EAk-0k
o ( )+Y(EAj—0"))+2( )
=EA(Xi+Y]+ZK) -0 (X1 +y)+ZK) = EAT - 0*F

—

véi: *Wo +EAT-0T=W,

*z(gdl LAy di | dz dk

— |=28A(V, i+V, j+V k
dt dt  dt dt dt dt) OV IV, I+ V)

Nhu viy: Wy =W, + W, + W,
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Trong d6 ®va € 12 vectd vin téc g6c va vectd gia toc géc clia hé dong
Oxyz. Con § AT—®”.F 12 cdc thanh phan gia t8c cda tring diém M trén
hé dong. Chuyén dong d6i véi hé ¢d dinh O;x;y;z; d6 chinh 13 c4c thanh
phin ciia gia t5c theo W, .

37 % 7T 7N
W, = W, +EAT -0’ r—WO+WOM.+W0M.
Riéng thanh phan 2(1')/\\7, ¢6 thit nguyén cia gia tdc, va 1a dai lugng

dic trung cho sy bi€n thién cla vin tdc tuong ddi trong chuyén déng kéo
theo ctia hé d6ng dugc goi 1a gia t6c Coridlic Wc :
W, =264V,
* X4c dinh gia tdc ctia diém chuyén ddng phitc hgp
St dung c6ng thifc:
Wr =W, + W, +W,

a) Xdc dinh gia t6¢c tuong doi W,
W, dugc xéc dinh dya trén chuy&n dong cu thé ciia diém trong hé dong
Oxyz ma cd s clia n6 da dugc khao sat trong chiong chuyén dong cla diém.
b) Xdc dinh gia téc kéo theo W,
Dura trén biéu thifc:
W, =W, + VV(;M. + WSM.

Pi€m O 1a géc ciia hé dong. &, 1a van t6c, gia téc géc clia hé dong.
N&u hé déng c6 chuyén dong tinh ti€n:
Lic d6: €=0;6=0 nén W} . =EAOM=0
W — 2 ONM —
va: WOM. =-0°.0M=0

Né&u hé dong c6 chuyén ddng quay quanh mét diém c6 dinh hay truc
c0 dinh, ta chon géc O cia hé dong nim trén diém hay truc dé6.

Liic d6 gia tdc cda diém O: W, =0
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=W =W .+ W .

trong do6: W;M‘ =E§AOM

Vétiss: W) .=OMe

V& phuong: W(‘)M. 1OM

V& chiéu: Quay OM theo chiu quay clia § va quanh & mot g6c g—)
chiéu clia V—VC‘)M. .

WC';M. =-0’.0M

V& tri s6: W o =0’ .OM

C6 phuong chiéu: Nim doc theo OM va huéng tir M dén O.

¢) Xdc dinh gia t6c Coridlic W,

Dua trén biéu thic: W, =26 AV,

N€u hé dong chuyén dong tinh ti€n thi & =0, lic dé: W, =0

Ngoai ra gia tdc W, dugc x4c dinh nhu sau:

- Vé tri s6: W, =20.V,.sin(@, V,)

- V& phuong: W, L mit phing (&,V,)

- V& chiéu:

+ Trudng hgp V, L&: Quay V, trong mit phing chia (&,V,) theo
chi€u quay clia ® mot géc biing %—) chiéu W,_.

+ Trudng hgp \7, khong vudng géc v6i @: Quay hinh chi€u clia \7t trén
mit phing vudng géc vdi @, theo chiéu quay cia® mdt géc béing Zzt— thi
ta nhin dugc chiéu cia W,.

+ Trudng hgp \7} song song véi @ thi sin(®, Vt) =0, Iic nay: WC= 0
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d) Xdc dinh gia t6c tuyét ddi cia diém M: W;

Sau khi xdc dinh c4c gia t5c thanh phin W,, W,, W,, dé€ x4c dinh gia
tc tuyét d6i W, ta c6 thé sit dung phuong phdp giai tich:

Chi€u bi€u thic hinh hoc: Wy = W, + W, + W, 1én cdc truc ciia hé toa
a6 Pécic.
trong d6: Wy ; Wy ; Wy - hinh chi€u ciia Wy

Tri s6 clia Wy dugc x4c dinh:

Wy = \/ Wi +Wr + W
Phuong chiéu ciia W, dudc x4c dinh biing céc cosin chi huéng:

Goi o, B, y géc cia Wy hgp v6i cdc phuong O,x,,0,y,,0,z,, ta c6:

Tx . WT)’ sz
cosa = ; cosP= ; cosy=
T Wr T
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2.5 Bai tap Dong hoc
Bai 2.1.

Cho chat diém chuyén ddng theo phuong trinh:

X = asinot
y = - acosot
z = bt
Hay x4c dinh v4n t6c va gia toc cla chit di€ém.

Gidri.
Theo phuong phap toa do Dé cac, ta co:
- Vin téc chdt diem

- Gia toc chat diem

Bai 2.2:

Vién dan M chuyén dong vdi vén t6c ban diu 1a V, hgp vdi phuong
nim ngang Ox mdt géc a.. Bd qua sifc cdn clia khong khi, hdy xédc dinh:

- Phuong trinh chuyén ddng va phuong trinh quy dao cia vién dan.

- D6 cao h va tdim xa 1 ma vién dan dat dugc.

- Ban kinh cong cia quy dao tai thdi di€ém ban diu (pg) va tai thdi
diém vién dan dat vi tri cao nhat.

Giai:

—_—

"
1
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Bai 2.3
Béinh xe lin khong trugt trén dudng thing
ndm ngang: Cho biét banh xe c¢6 ban kinh 1A R,
khi chuyén dong tim O clia banh xe ¢ van t¢
1a V,va gia téc W, .
Hiy x4c dinh vin tc va gia tdc cla diém
M, M. '

Gidi: 7
Béanh xe chuyén dong .... ?
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Bai 2.4:

Cd cdu tay quay - con trugt: Tay quay OA c6
chiéu dai 1a r, quay quanh truc O vdi vin tdc géc 1a
, thanh AB ¢6 chiéu dai 1a 1, chuyén dong song
phéng. Con trugt B chuyén dong theo phudng thing
ding. Hay x4c dinh vén toc va gia tc con trugt B
(Vg, Wg)?

Giai:
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Bai 2.5:

Mot vat quay chim din quanh truc cd
dinh. & thdi diém khdo s4t, di€ém A c4ch truc
quay khodng R = 0,5m c6 vén t&c v = 2m/s va
gia t5¢ (toan phin) 12 8+/3 my/s%.

Tim vén tdc g6c va gia tdc géc cla vat.

Tim vén tdc va gia t6c diém B cich truc
quay mot khodng r = 0,2m.

Giai:

ThS Hé Minh Tu

66



Truong PHLN-CS2 Bai gizng CO HQC KY THUAT

Bai 2.6:
Qui ciu A treo § ddu sgi ddy dai 1 = 398 mm, dao ddng trong mit

phing thing ditng theo luit: @ =%sin%t. Tim:

| al—

1. Thoi diém d4u tién 6 khi b4t ddu chuyén dong X
dé gia t&c phap cia qui ciu bing khong. ¢
2. Thi di€m déu tién dé€ gia t5c ti€p bing khong. '
3. Gia t&c toan phan ldc t = 2s. A
Giii: Al
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Chuwong 3. PONG LUC HOC

3.1 Cac dinh luit Newton va Phwong trinh vi phin chuyén dong

3.1.1. Cac dinh ludt dong luc hoc
I. Pinh luat I (Pinh luit quin tinh)

Né&u chat diém khdng c6 luc tic dung thi chat di€ém s& nim yén hodc
chuyén dong thing déu.

F=0— V=const (dicbiét V=0)

Moi chat diém ty né khong mudn bi€n thién né€u khdng cé luc tic
dung. Tinh chdt muén giif nguyén trang thdi chuyén dong dugc goi la
quén tinh. Chuyén dong khong c6 luc tdc dung (\7 =const ) dudc goi la
chuyén dong quén tinh, do d6 dinh luat nay con goi la dinh luét quan tinh.
I1. Pinh luat II (Pinh luit cd ban)

Gia t6¢c ma chat di€ém nhin dugc c6 phuong, chiéu tring v4éi phuong,
chiéu ctia luc tdc dung, c6 gid tri ty 1€ véi cudng dd cia luc. ’

mW =F

Biéu thifc trén con goi 1a phuong trinh ¢d bdn dong lyc hoc.

Trong d6 m 1a hé s6 ti 1& ¢ gid tri khong di, né chinh 12 khdi lugng
clia chat diém.

Pinh luit ndy cdn dugdc goi la dinh luit cd ban trong cic dinh ludt cla
dong Iuc hoc vi né néu 1&n duge mdi lién hé gitta luc va chuyén ddng.

- Trong trudng hgp c6 nhiéu luc cung tdc dung lén chat diém, thi cic
Iuc cing tic dung d6 12 hé luc déng quy, goi R 1a hgp lyc, ta cé:

(p(I:"k)~1-1 =>mW=R hay mW= il-?k
k=1

- Cing mot luc téc dung F, néu cha't diém c6 khdi lugng 16n thi gia
t6¢ nhan dugce sé nhd: Luc 1am cho trang thdi chuyén dong bi€n thién
it, chat di€m c6 “dd qudn tinh” 16n, nén khoi lugng 1a s6 do quén tinh
cla chat di€m.

- Vé6i tdc dung cla trong luc, moi Vit rdi v6i gia téc 12 g. Nhu vay
theo dinh ludt cd bédn, ta c6: mg=p
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Vé tri s6: mg=p

Theo hé don vi quy dinh: Khéi lugng, d§ dai, thdi gian 12 nhitng dai
lugng co ban ¢6 don vi (goi 1a don vi cd bdn) dudc tinh bang: kg, m va s.

Nhu viy, luc 12 dai lugng din xud't c6 don vi (goi 12 don vi din

xua't) N:
IN = 1kg.m/s?
Do d6: P=m.g = 1kg x 9,81m/s*> = 9,81N

Vit ¢6 khoi lugng m = 1 kg thi trong lugng 1a 9,81N
II1. Pinh luat IITI (Pinh ludt tac dl_lng‘ va phéan tdc dung)
Luc ma hai chdt di€m tdc dung 14n nhau thi bing nhau vé tri s&, cing
dudng tic dung va ngudc chiéu.
Fo Fa

y po

ya
7

s

Hinh 3-1

Pinh luit nay di c6 phdt biéu trong tinh hoc, khic nhau 1a & day dgi
tugng 12 chit diém c6 thé chuyén ddng con trong tinh hoc ddi tugng 1a
vatrin nim yén. ‘

Luc téc dung bao gid ciing 12 dai lugng tuong hd, né mang tinh rdt phd
bi€n va bao quit, do d6 ciing rit quan trong.

Ta ¢6 tic dung gitta hai chdt di€ém A va B:

F, 12 lyc tdc dung clia A 1én B va ngudc lai la F: F,=-F

V6i m,, Mg, W,, Wy 12 khdi lugng va gia toc clia 2 chdt di€m A va B:

FA = mBWB va FB = mAWA
W,
—mpWp=maWa hay —2=TA
A Mg

Gia t6c hai chat diém giy cho nhau ti 1é nghich véi khéi lugng

cda ching.

3.1.2. Phwong trinh vi phén chuyén déng chit diém

Chat diém M c6 khdi lugng m, chuyén ddng dudi tdc dung cla lyc
@(E,) . Theo dinh ludt cd ban ta c6: mW = ZE,
PRt dzﬁ . A 2 P
+Vo1 W= -d—z, tir dinh ludt co ban ta c6:
t
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d’R  _- P
m? =ZF, hay mR =ZF
Pugc goi 12 phudng trinh vi phin chuyén dong ctia chit diém dang vec td.
+V6i: W ¢6 céc hinh chi€u 1a: W,; W,; W, |

F, c6 cdc hinh chi€ula: X;Y; Z

Chi&u ding thitc vec td'trén 1én céc truc toa 46 P& cdc.
mWx=ZX; mWy=ZY; mW,=ZZ.
Ma: W,=% W,=y; W,=%.
Nén ta c6 cdc phuong trinh: mX =XIX
my=2x2Y
mz=3Z :
Céc phuong trinh nay dugc goi 1a cdc phuong trinh vi phin chuyén
ddng cia chit diém viét dudi dang toa do Pé cic.

+ V6i: W=W'+W"
2 ) 2
trong d6: W* =d—§=S ; W =-Y—
dt p
Ta dugc: mS =ZF* (lyc ti€p tuyé&n)
v2

m? =ZF" (lyc phép tuyé&n)

Pugc goi 12 phuong trinh vi phan chuyén d6ng cta chit diém duéi
dang toa d§ ty nhién.

3.1.3. Hai dang bai toan co ban dong luc hoc

1. Tim luc tdc dung l1én chit diém c6 chuyén dong da biét. Bai todn
nay goi 12 bai todn thit nhat hay bai todn thuén.

2. Tim chuyén dong cia chat diém chiu luc tic dung da biét va cédc
diéu kién diu. Bai todn nay goi 12 bai todn thif hai hay bai todn nghich.

Vi y nghia 1a bai todn cd ban thi moi bai todn khdc déu dugc phan
tich dua vé& thanh nhitng bai todn trén dé gidi.

D&i v6i bai todn thit nhat ta x4c dinh phuong, chiéu, tri s6 cla luc tic
dung cdn bai todn thit hai ta xdc dinh dudc phuong trinh chuyén dong cla
diém. Ta dung dinh luit co ban dé gidi bai todn thi nhat va dung phuong
trinh vi phan chuy&n dong ctia chat diém d€ gidi bai todn thi hai.
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3.2 Céc dinh Iy co bén ciia dong luc hoc vit rin

3.2.1. Piic truwng hinh hoc khoi ciia co hé va vit rin

§1. KHOI TAM CUA CO HE
Co hé 1a tdp hgp clia nhiéu chit diém ma chuyén ddng cia ching c6
li€n quan véi nhau.
I. Kh4i niém vé khdi tam
Khéi tdm 12 mo6t diém hinh hoc dic trung cho
sy phian bd khdi Iugng clia co hé.
Goi C 12 khéi tAm cida co hé, thi C phdi thda

man diéu kién:
L= 2.my G = 2. m
2 my M

0
Vi tri cla khéi tAm phu thudc vao khéi lugng Hinh 3-2

my va vi tri T clia cdc chat diém.

Trong hé toa dd P& cic vudng goc, goi toa dd cia C 1a Xc, Y, Zc, hinh
chiéu cta % 13 x,,y,,2, tacé:

N = kaxk
= M
Y — kaYk
¢ M
7 : 2.myz,
& M

Né&u nhan i s8 va mAu s cho tri sb gia téc trong trudmg g ta nhan dudc:

m, g.x Pi-X *
XC=Z k k=Z k k=XC
Mg P

(Tuong tu cho cac toa dd Yc va Zc)

Xe, Yo, Ze 12 toa d6 trong tam, vay khéi tim C tring trong tim cda cd
hé, ta diing tinh chit ndy d€ x4c dinh khdi tim gi6ng nhu x4c dinh trong
tam. Tuy nhién, khdi tdm c6 ¥ nghia tdng quat hon trong tdm, nhu trong
mdi trudng khong c6 lyc hit (trudng hip din) thi trong tim khdng con ¥
nghia nhung hé van c6 khdi tam.

Khéi tim déng mot vai trd quan trong trong viéc khdo sdt chuyén
dong ctlia co hé. d
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II. Cdch xdc dinh khoi tam
Céc cong thifc va cdc tinh chdt ding d€ x4c dinh trong tdim déu dugc
sit dung d€ x4c dinh khdi tim cia hé.
§2. MO MEN QUAN TiNH CUA VAT RAN
I. Pinh nghia
1. Mé men qudn tinh ciia chét diém
M6 men qudn tinh cia chdt diém doi véi diém béng tich s6 gida khéi
lugng ciia chdt diém vdi binh phuong khodng cdch tix chdt diém dén diém.
Ky hiéu: dJ, = mp?
M6 men qudn tinh cia chdt diém déi véi truc bing tich sé giita khéi
lugng cia chdt diém vdi binh phuong khodng cdch tix chdt diém dén truc.
Ky hiéu: dJ, =mp’
2. M6 men qudn tinh ciia vt rin
Vatridn c6 n chat diém. A
Mé men qudn tinh cia vt rdn
(co hé) ddi vdi mét diém bing téng 7 [~
md men qudn tinh ciia cdc chdt diém
thudc vdt (co hé) déi vdi diém dé.

My(my)

Ky hiéu: 1,=Y mype Pr
k=1

<Y

M6 men qudn tinh cia vat rdn (co X .
‘hg) dbi véi mpt truc bing téng mod #
men qudn tinh cia cdc chdt diém :
thudc vat (co hé) doi véi truc do. Hinh 3-3

Ky hiéu: J,=Y md; .
M6 men quén tinh ludén luén duong. Pon vi m6é men quén tinh 1a kgmz.

II. Lién hé gita mé men qudn tinh cda vat d6i védi cdc tryc va géc
toa do
Tir hinh vé trén, ta c6:

2 .2, .2
dy =xy +yi
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Va: Pr =Xt +Yi+2;
Vay: J, =X mydj =3 m (xi+y%)
Tuong tu: J,=2m, (x,zc +z:)

| Ix =ka(Yi +z§)

Suy ra: Jx+Jy+Jz=22mk(xi+y§+zﬁ)
Vay: T +J, 43, =23 m, pi
Hay: I, +J1,+J,=2],

Téng mé men qudn tinh cia vat ddi vdi ba truc toa dj bing hai ldn mé
men qudn tinh ciia vdt dbi voi géc toa d. ' -
IIL. Pinh 1y Steiner (hay chuy&n truc mé men quédn tinh)

1. Pinh I

Mé men qudn tinh ciia vat d6i véi mét truc bdt ky bdng téng gika mo
men qudn tinh cia vat déi vdi truc di qua khé’li tdm cda vdt va song song
vdi truc da cho vdi tich s6 giita khdi lugng ciia vdt va binh phuong khodng
cdch hai vdt.

J, =1, +Md’
2. Chiing minh

W BN
/,

X
Hinh 3-4
T hinh vé ta c6:

Xy = Xpes Vi = Yie T4 2 =2

J, =Y m, (x2 +y2) = T my (xp + (Vi +9)°)
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=Y myxi, + > m,yz +2Y my,d+ ¥ m,d*
=Y m, (x2, + Yz )+ Md’
_ 2
J, =1, +Md
Vi Ym,.d?> =Md?
Va: 2dYm,y, =0 (toa dé khdi tdm d5i v4i hé toa d§ Cxcyczc)

IV. M6 men quén tinh cta vét rin dic biét
1. Thanh théng dong chdt c6 khéi lugng la M, c6 chiéu daila l, C la

khéi tém
4 Z
2
A /Mk C B
_z:ﬁ._dx
Thanh c6 chiéu daila 1.
Chon Mg 12 doan VCB dx, ta cé:
my =M.dx
1
M i
Suy ra: J,=|—x"dx=-—xXx
R 0
R 1. 02
Viy: J,==—Ml
_ 3
T cong thic: 1, =7, +Md*
2 _ 1,0 1’
=J, =J,-Md*=-MI"-M—
3 4
I, = MP
c 12
Hoic tinh J z tir dinh nghia, ta c6:
1
: 2
5, = [Myax=1Mpl - wmP
¢ 1 31 12

N |-

-
2
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2. Dia tron hay tru tron dong chdt cé khdi lugng la M, c6 bén kinh la R
Chon phén tf M, 12 vdng trdn c6 bé day 1a dp, c6 tdm 12 O, c6 bin
kinh 14 p, ta c6: : Z

RrR? 0
2M [ '

Suyra: J,= _[2 p"’dp IR —p!

my =

1 . Hinh 3-6
Vﬁy' Jz - EMRZ -

3. Vanh tron hay ng tron dong chét c6 khéi liigng la M, c6 bén kinh R.

Chon phin t& My 1a cung tron trén chu vi zh
ciia vong tron dugc chidn bdi géc do. p

? R
T cong thic: J, = 3 m, 1 0 k
Véi: Ig = R s
Ta c6: m ——M—Rdcp Hinh 3-7

* k 2ﬂR e m -
MRZ 2n
Suy ra: J,= j—R do = P
2n
0

Vay: J, = MR?

4. Khéi cdu dong chét c6 khéi lugng la M, c6 bdn kinh la R.
Chon phin tif My 12 hinh cdu c6 bdn

. z)
kinh p, tim O, day dp, ta c6: {

my = 4np’dp
~nR?
3
T3 M s S|
Suyra: Jy= |3—5pdp=C-—7% .
0 } 5R’ 0 Hinh 3-8
vay J0=%MR2
Vdi: I, +J,+J,=2],
2
:>Jx=Jy=Jz=2—JQ=—MR2
3 5
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§3. PHAN LOAI LUC TAC DUNG LEN CO HE
Luyc tdc dung 1én co hé thudng phén 1am hai loai.

I. Ngoai luc
Luyc tit bén ngodi tc dung 1&n co hé ky higu: F°

Goi R"°1a vec td chinh va »-M:, 12 m6 men chinh cia hé ngoai luc thi:
R =3¢
M =S i (B ) =T % AR
IL. N§i lyc
L2 Ic ma c4c chd't diém ciia hé tdc dung 1in nhau, k¢ hiéu: F'.

Goi R" va ICI:, 12 vec td chinh va vec td md men chinh clia hé ndi luc,
ta cé:

Ri=YE =0
M = X g (F) = 0
Téng hinh chi€u va t8ng mdé men clia c4c ndi luc d6i véi bat ky truc
nao ciing bing khong.

3.2.2. Binh Iy vé chuyén dong khéi tim
I. Pinh Iy

Khé6i tdm ciia co h¢ chuyén dong gibng nhu mét chdt diém, mang khoi
lugng cua cd co hé va chiu tdc dung cia ngoai lyc ddt lén co hé:

ch':ZEf

Chifng minh: -

Khdo sét cd h¢ gdm n chat di€m; xét chdt di€m My (my). Theo phuong
trinh c¢d bdn ddng luc hoc, ta c6:

mka = F: '*‘Ei
D4&i v6i hé, ta 14y tng:
SmW, =3FK+XE =YF @
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Theo c6ng thitc x4c dinh kh&i tim, ta d3 biét:

- _ Xmy g
Y
:Mrc =kal'k

Pao ham hai 14n theo t c3 hai V€, ta c6:

a*Mz,  d? -
?=a?zmkfk
d’%
———Z
ch =kawk (b)

So sdnh giita (a) va (b), ta dugc: MWc = Ziif
IL Pinh lu4t bdo toan chuyén déng khéi tam
1. N&u ngoai lyc tic dung 1&én hé b?mg khéng, nghia 1a:
ZF dV

dt
X4y ra hai trudng hop:
a) V, = const : Chuyé&n dong khéi tim cla cd hé dudc bio toan.

=0

—

b) \7c =O:>c:i—?=0:>'r'c=const: Toa d6 kh&i tAm cda cd hé dugc

bdo toan
(kaﬁ()l =(ka?k )0 =
2. N&u ngoai lyc tic dung 1én hé chi€u 1&én phuong nao d6 (vi du:
phuong x), nghia la:

YX:=0=>MxK, =0= %, =o=>d;‘t°

X4y ra hai trudng hgp:
a) X, =const: Chuyén d6ng khéi tAim cia co hé theo phuong x dugc
bdo toan.

b) X, =0=> d:: =

c =const: Toa d¢ khsi tdm ciia co hé theo

phuong x dugc bdo toan
(Zmyx, ) =(Zmyx, h=

Pinh ludt bdo toan chuyén doéng khdi tim ciia co hé gilp xdc dinh
dugc do ddi tuyét dbi clia cac phin ti¥ trong mot cd hé c6 sy chuyén dong
tuong déi giita cdc phdn ti¥ v6i nhau.
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3.2.3. Dinh Iy bién thién dong lwong
I. Khdi niém vé dong lugng
1. Pong lugng ciia chdt diém

Chat diém c6 khdi lugng m, chuyén dong véi van tdc V, dong lugng
clia chat diém 12 mot dai lugng c6 huéng dit 1én chit diém.

Ky hiéu: k
k =mV
Mm oy K
Hinh 3-9

2. Ppng lugng ciia co h¢, vit rdn

Pong lugng clia mdt cd hé hay cia mot vat rén thi bing tong dong
lugng cia cédc chit diém thudc co hé hay vat rdn, ciing c¢6 nghia 1a dong
lugng ciia co hé bing tdng ddng lugng clia cac vat thudc co hé doé.

Ky hiéu: K
K= Zf( — z'mk\?k
m,,V, - khéi lugng va van tdc cla chat diém M thudc cd hé - vat
Trong hé toa dd Pécac:
K,= kavkx =2 my Xy
K,= kavk, =2 m ¥y
K,=2mV, = 2 myZ,
Kx; Ky, K - hinh chiéu ctia K trén céc truc x, y, z 12 toa d§ cla chat
diém Mk.
Pon vi clia ddng lugng: kgm/s
Tir biéu thitc:
P3&i véi co hé hay vét rdn, C 12 khdi tim, ta c6:

2 my T
M

L
Hay: M.T, =X m %
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Pao ham hai v€ theo t:

dt _ < 95
dt =2my dt

Pong lugng ciia cd hé bing dong lwgng clia khdi tim mang khéi lugng
ciia ci cd hé, tir diy cho ta phuong phdp don gidn dé€ x4c dinh dong lugng
ctia cd hé bing cdch xdc dinh djng lugng kh@i tdm cla cd hé. Ta cé:

- Pong lugng clia vat chuyén dong tinh ti€n:
K =MV,
- Dong lugng clia vat rin quay quanh truc di qua kh&i tam:
K= M\"/c =0
- Pong lugng ciia vatrén chuyé&n dong song phing:
K =MV,
II. Khdi niém vé xung lugng
Xung lugng 1a mot dai lugng c6 huéng dac trung cho sy tdc dung cla
lyc theo thdi gian.

1. Xung lugng nguyén té ciia litc (con goi la xung luc)
bai lugng ddc trung cho sy tdc dung cia luc trong khodng thdi gian
khdng xdc dinh v6 cling bé dt. Goi F 1a Iyc thi xung luc 1a ds .
ds=Fdt (Ns)
Xung lugng cla lyc phu thudc vao luc va thdi gian tic dung.
2. Xung lugng cia luc )
La xung lugng ma tdc dung cia lyc trong khodng thdi gian xdc dinh
duge (hitu han), goi thdi gian d6 1a t, thi: '
t=t -1ty
Ky hiéu xung lugng clia luc 12 S thi:
S= f; F.dt
Néu lyc F khong ddi thi:
S= F.t|:) =F(t, —ty) =Fit

Don vi cia xung lugng: Ns
Né&u IN = 1kgm/s® thi: 1Ns = 1kg m/s
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Trong hé toa do Pécéc, thi xung lugng dude x4c dinh nhy sau:
Sx=Xt;S,=Y.t;S, =7t
trong dé: S, Sy, S, - hinh chi€u cda S trén c4c truc;
X, Y, Z - hinh chi€u cla F trén cdc truc.
IIL. Pinh 1y bié€n thién dong lugng
1. Dinh ly
D¢ bién thién djng lugng cia co hé trong khodng thdi gian hitu han
bdng téng xung lugng ciia cdc ngoai luc tdc dung lén co hé trong khodng
thoi gian do, nghia la:
Kl —Ko = Zgi
2. Chitng minh
Xét chd't di€ém M c6 khdi lugng 1a m chiu tic dung cla ngoai luc F°
va ndi lyc F'thi theo phudng trinh ¢d bdn ddng luc hoc, ta cé:

mW =F +F
hay: md—v—Fe +F
dt
va: m(dV) =(1":e +Fi)dt

D3i vdi co hé gdm n chit diém thi 14y tdng 1&n ta c6:
Y d(m V) =3 (F +F )dt
d¥m,V, =Y Fdt+Y Fdt

= dK = Y Fdt

Tich phin hai v€ cdc cn tich phin tudng ing, ta cé:

f(‘ dK = ['¥ Fedt=3 (' Fdt

St

M:

hay: K, -K,=
k

1
Chi c6 ngoagi luc mdi cé tdc dung lam bién thién xung lugng co hé.
IV. Pinh luit bdo toan dong lugng

a) N&u ngoai lyc tdc dung lén co hé bing khong thi dong lugng cla co
hé dudc bdo toan, nghia 1a:

Y E =0 thi K, =K, hay (kaf/k )1 =(ka\7k )0
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b) N€u hinh chi€u clia ngoai lyc 1én mét phuong nao dé bing khong
thi ddng lugng clia cd hé theo phudng d6 dudc bdo toan, nghia la:

Y. X; =0thi Kx(]) =K, hay (X myx, ), =(ka)'<k)o

Pinh Iy nay dung xdc dinh vdn téc cia co hé la tdp hop cdc vat chuyén
dong tinh tién.

3.2.4. Dinh Iy bién thién Mémen dong lwong

L. Khéi niém vé mé men dong lugng
Chat di€m M c6 khdi lugng 12 m, chuyén dong véi vén tSc V, nhu ta
da bi€t chat di€m c6 dong Iurgng 1a k =mV .
1. M6 men djng lugng ciia chét diém
+ M6 men ddng lugng cia chit di€m d6i véi diém O:
-l;, =t (k) =FAKk=FAmV
+ MO men d9ng lugng cla chat di€m d6i véi truc z:
| 1, =m, (k) =+hk’ = +hmV’
V’ - hinh chi€u ctia V xudng mit phing P vudng géc véi truc.

L4y ddu (+) khi hinh chi€u nay quay quanh truc z ngudc chiéu kim
ddng hd.

Nhu trong tinh hoc ta ciing 6 dinh Iy lién hé m6 men dong Iugng dGi
vGi diém va dbi véi truc nhu sau:
i, (k) = My (k) .1 (Oe2)
Pon vi cia m6é men d6ng lugng: kgm?¥s. -
2. M6 men dong lugng ciia co hé - vit rin

M& men ddng lugng clia cd hé dGi v6i di€ém O bing tdng mé men
ddng lugng cia cdc chdt di€ém thudc hé ddi véi diém O:

L=, =% Am,V,
Mo men dong lugng cia co h¢ ddi vdi truc z biing tdng mdé men dong
lugng cla cdc chat diém thudc hé d6i véi truc z:
L =YT-SthmV

*Mb men ddng lugng cla vat rin quay quanh truc ¢ dinh:
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Vit quay v6i van téc géc 1a @.
Tacé: V. =n.0.
L,=%twnl,.
J,- md men quén tinh clia vat quay déi véi truc quay z.
Tri dai s6 clia L, trang vdi tri dai s8 clia v4n t6c géc @.
IL. Pinh Iy bi€n thién mé men dng lugng cta hé cd
1. Dinh ly

Dao ham theo thoi gian mé men dong lugng ciia co hé bdng téng mé
men cia tdt cd ngoai lyc tdc dung lén co hé. Nghia 1a:
d

Ei’o=zﬁ.‘0(1—:‘e)
de o =
‘E{LZ "Zmz(F )

2. Chiing minh .
Xét mét chat diém My thudce co hé, theo phuong trinh co ban dong luc

hoc ta cé:
mkwk=?:+ﬁllc
do _d o _ze
2 —V, =—m, V, =F +F
Hay: C e Ve T g e T T Tk

:Z%(mkvk)=zf?§+zf?{ “TE v F =0)
Thuc hién nhin c6 huéng E, v6i hai ve:
5 A%Z(mkvk)=?k ATF
d " - -
‘&;Z(r’\mkvk)’:zrk ~E

d = o =
vay: Lo = iio(E)

I11. Pinh luit bdo toan mé men djng lugng
Néu ) m, (-F,f)= 0= -:—f,o =0=> L, =const . M6 men dfng lugng cla
t

¢ hé ddi véi diém O dugc bdo toan:
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> G Am V), =2 Ay Vi,
Néu Y m, (fﬂf) =0= -c%f,z =0= L, =const. M6 men dong lugng clia

cd hé d6i véi truc-z duge bdo toan:
(& £ humy Vi) = (2 hemyVido
IV. Phudng trinh vi phan chuyén ddng cia vit quay
Né&u ¢6 vat quay’ quanh truc z, 4p dung dinh 1y bi€n thién md men
ddng lugng cia vat ddi vdi truc z, ta c6:

L.=®1
d - d , _ do =
. —L =—(®J,)=—1J,=¢],
Suy ra: = dt((o z) qt 2
d- -
Hay: —L, =0¢lJ
y dt z (p z
Vay: J, =2 m,(F)

Pudgc goi 1a phudng trinh vi phdn chuyén ddng ciia vat quay.

Pinh ly nay ding xdc dinh gia téc goc cia co hg tdp hgp cdc vdt quay
quanh truc cé dinh.

3.2.5. Dinh Iy bién thién dong ning

I. Khdi niém vé dong niing

Mot cha't diém khi chuyén dong - c6 véin tdc - thi c6 mo6t dong lugng.
Khi ta ngirng tdc dung lyc thi chat di€ém vin con ti€p tyc chuyén dong.
Viy chét di€ém khi chuyén dong c6 mang mot ning lugng, ning lugng
nay gitip né duy tri chuyén ddng. Ning lugng d6 dugc goi 12 dong ning.
P3&i v6i moi cd hé thi né vin c6 mang ban chit nhu viy.
1. Pjng ning ciia chét diém

DPéng ndng la dai lugng vé hudng - duwong, phu thudc vao khdi lugng va
tri s6 ciia vdn téc.

T=Lmv?
2

Pon vi cia dong ning 1a: kgm?/s’.

2. Péng ndng ciia co h¢ - v§t rdn

P6ng ning clia c¢o hé (vat rdn 1a co hé dic biét) bing téng dong ning
clia cdc chat diém thudc co hé (ddng ning clia hé ciling bing tdng dong
ning cla cdc vat thudc hé). '
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1

1
T= ngka = EkaVﬁ

* Pong ning clia mo6t s§ vat ¢6 chuyén dong dic biét:
a) Vit rin chuyén dong tinh ti€n
1 1
T= EkaVkZ =Eka.Vc2
12
T=-MY,

Péng ndng ciia vat duogc tinh nhu dong ndng ciia mot chdt diém mang khoi
lugng ca vat.
b) V4t rdn quay quanh mét truc ¢ dinh z: V6i vén t6c géc 1a o.
T= %kavg = %ka.rkzm2

T =%sz2

J, =Y m,r} - md men quin tinh cla vat d&i véi truc quay.

c) Vit rin chuyén dong song phing
Vit rén quay quanh tim vé4n t8c titc thdi P (P con goi 1a tAm quay tirc

thoi), do dé:
ly 2
T==J,.0
) P
Ta ciing c6 thé tinh theo cdng thitc khéc, goi C 12 khdi tim cia vat
Tir d6: T= %Jcmz +%Md2m2

e 2.1 2
T==J,.0"+=M.V,
2 3 ¢

Péng ndng cia vdt bing téng déng ndng ciia vdt trong chuyén dong
quay quanh khéi tdm cdng dpng ndng cia vt trong chuyén dong tinh tién .
cia khoi tam.

I1. Khai niém vé céng cia luc ‘

Céng cia luc la dai lugng ddc trung cho tdc dung cia lyc khi diém dat
doi ché. Céng duong goi la céng hoat déng (cbéng sinh ra lam cho co hé
chuyén dong). Céng dm goi la cbéng cdn (céng sinh ra cdn tréd chuyén
dong cua co hé).
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Hinh 3-10

1. Cong nguyén té ciia lyc
Céng nguyén t6 ciia lyc la cong ciia luc sinh ra trén d¢ doi v cang bé

cua lyc.
Ky hiéu: dA;.
- Dang vec to: dA; = Fdr
- Dang ty nhién: dA; = F.ds.cosa

- Dang toa 40 D& cdc: dA; = X.dx +V.dy +Z.dz
Trong d6: X, Y, Z; dx, dy, dz - hinh chi€u ctia Fva cia dr trén céc truc

toa dd.
2. Cong ciia lyc trén mt dogn dudong (hitu han) S=MyM,
Ky higu: A:.
MoM
T = g
Dang vec to: Ag= gF.dr

Fcosa.ds

Dang ty nhién: A

1)

(7| DI,

Dang toa dd D& cdc: Az = _E; Xdx + Ly‘ Y.dy+ E' Zdz
. 0 0

trong d6: X, YoZo - toa do cia Mo: Mo (X0, Y05Zo)-
X1»Y1,2; - toa do ciia Mj: M (X,,Y;,2)-

Ghi chi:

- Cha't diém chiu téc dung cia mot hé lyc () thi: @)~ R véi:
R=YF

Do d6: dA; =Y F df =Rdf
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-N&u F Ldf = cosa=0= dA; =0.
o 2 . g . _ 1
-Néu F tring v6i df = Ap =+ [ Fdr=+ (' Fas.
-Né&u F=const=>A=%F.S.
Don vi cliacéng1a J: 1 J=1Nm = 1 kgm?/s%.
Thit nguyén cdng clia htc ciing thit nguyén clia ddng ning.

3. Céng ciia cdc luc ddc biét

Z
a) Céng ciia trong luc 1

- MOFC
Ta c6 : Mg (Xo, Yo, 20) ; M (X,y,2); P(0,
0, -P) P

Do d6: Ap = [ Zdz= [ —Pdz -~
A; =-P(z—-2,) = -Ph X

— =
=

Co6ng cda trong luc khéng phu thudc vao dudng dich chuyén ma chi
phu thudc vao vi tri ddu va vi trf cudi. Cu thé 1a phu thudc vao hiéu s6 do
caoh=12z; - z,.

b) Céng ciia lyc dan héi

—

% = OM,;%, = OM
Luc dan héi:
E, =-Cf
C - hé s6 dan hdi hay hé s6 cing;
f=0'M - bién dang thém.

i

" Tacé: Ag = EFdh.dr= L:— Crdr .=—%Cr2 =——%C(r12 —roz)
i

Chon : L=0=>r -1 =r.

Ta nhin dudc: A!—:‘jh = —-3—Cr2

N&u dudng chuyén ddi tring v6i dudng thing huéng tAm O, goi dudng
thing huéng tim 12 Ox, ta cé:

A- =——%(-Z(x,2 —-xg)

Chon X tng v6i F=0 thi: A; = -%sz v6i X = X; — Xg
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¢) Cong cia ngdu lyc
Cho ngiu lyc (F,F') c6 md6 men: m=F.r

- Céng clia ngiu luc (F,F'):

P .

Viy: Ay =m¢
Cong clia ngiu lyc bing mdé men cia ngiu lyc nhin géc quay.
d) Cong cua luc ma sdt
- Cong ctia lyc ma st trugt:
A; =-F, S=-fNS

Fnu
Fpns - hé s8 ma sdt trugt;
N - tri s& phdn lyc phdp tuy&€n clia mit tua;
S - doan dudng di dugc.
- Cong ctlia ngiu luc ma sdt 1an (vat lin khong trugt):
Vit lin dugc mot doan 1a ds: ds = R.do

Viy: dAy, = %N.ds

% - mgt dai lugng rdt nhd nén cong clia ngiu lvc ma s4t 1an khéng

dédng ké, thudng dudc bd qua.
4. Cong sudt ciia luc
Céng sudt cia lyc la cong cia lyc sinh ra trong mét don vi thoi gian.

- Cong sudt cia lyc F:

(o
>
os]}
[a N
=t}

Ny BT 5y

Don vi clia cong sudt 12 Watt (W): 1 W = 1J/s = 1 Nm/s = 1 kgm%s’
Céng sudt ciia co h¢ la téng cong sudt cida cdc luc tdc dung lén co hé.
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III. Pinh Iy bi&€n thién déng ning
1. Dinh ly dang dao ham hay vi phédn
Dao ham theo thdi gian déng ndng ciia co hé bdng téng céng suét cia
co hé.
dT
a2
Chitng minh:
Xét chdt di€m M thudc cd hé, tif phuong trinh cd bdn ddng lyc hoc:
m, W, =F +E
= imk\-’k =K +E
dt :
Nhin v6 huéng hai v€ véi \7,( , ta dudc:

%mkvk.vk - (B +E)5,

d(1 ,) 1. dvZ 1 av, dv,
Vii —-m, V¢ |=—m, —%-=—m,V, 2—£ =m, V, —&

dt(zmkk)2kdt AL TR A ™
- Ldf1 2) _mio . med

D&i vdi ca hé ta 14y tdng cia hai vé:

d(1 B L
z—(—mkv3)=2Fkvk+2F:vk

dt\ 2
: d 1l 2 = =e;
Hay: aZEmka =2 EVi + 2KV,
) AT cmic . omed
Vay: E':szVk +2EVi=XNg

Pinh ly chitng minh xong.
Pinh Iy nay ding xdc dinh gia téc (gia téc goc) hodc lyc tdc dung lén
co hé.
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2. Pinh ly dang hitu hgn

Bién thién dong ning clia cd hé trong mdt khodng thdi gian nao dé6
biing tdng cong clia c4c ngoai luc va ndi lyc sinh ra trong cdc chuyén doi
\tng vdi khodng thdi gian d6: '

Chiing minh:
Ti: ‘g YEV, +YEV,
Suy ra: dT=YEV,dt+ Y EV, dt
Ma: 9, =3 ¥, at=df,

dt
Cho nén: dT =Y F 4t + 3 F df,

Tich phan hai v€& theo cdc cdn tuong iing.
T, 7 Se 4= F 2 e
fodT=% PRt +3 [, Fdi,
Viy: Ti-To= TA, +TAg =TA
Pinh 1y chitng minh xong.
Pinh ly nay diung xdc dinh vén téc (vdn téc géc) ciia co hé.
Ta nhén thdy nodi lyc clia cd hé c6 1am bi€n thién dong ning cla cd
hé, chi ¢6 d6i v6i vat rin tuyét doi thi:
.. =0
Ay
IV. Lién hé giira van tdc (van t6c géc) vdi gia tdc (gia tdc géc) cha vat
chuyén déng tif trang thai nghi
1. Vgt chuyén dong tinh tién

S=%Wt2;V =Wt=V=25W
2. Vit quay quanh truc cé dinh

(p=%8t2;(0=8t=> O =./20¢

Ghi chii: Né&u bai todn xdc dinh van t8c va gia toc, d€ viéc gidi don
gidn hon thi tinh gia t&¢ trude.
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3.2.6. Dinh ludt bdao toan co nang

I. Trudng lyc

La khodng khong gian, trong d6 chit diém chiju tic dung ciia lvc chi
phu thudc vao vi tri clia chat diém.

IL. Trudng lyc th&

La trudng luc, trong d6 cong cia luc tdc dung lén chit diém khong
phu thudc vao quy dao di€m dit ctia Ivc ma phu thudc vao vi tri diu va
cudi clia chét diém.

Luyc cia trudng luc goi 1a Iuc thé.

III. Th& ning

1. Dinh nghia

Thé nang ciia lyc thé F & vi tri M (ki hiéu 7Tz) bdng céng ciia luc thé
F tdc dung lén co h¢ khi né chuyén dgng tix vi tri M vé vj tri 0 (0,0,0).

= [ dA;
MO

a) Thé& ning trong lugng P

-y A
M
PY
h
. .
Hinh 3-11
b) Th€ ning lyc dan hdi
_ FERIE Y
ni:dh = —A'—:dh == —(——2—Cx )— 2 Cx

trong d6: x - bi€n dang.
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X

NN

MO

V><

Hinh 3-12

*7Thé' nang ciia co hé & vi tri M (ki hiéun,, ) biing tdng cong cla cic
luc thé tic dung 1én co hé khi c4c luc di chuyén tif vi tri M vé vi tri 0.

Tag = dA.-
a-Efon

IV. Tinh chit cda lyc th&

1. Tinh chét thit nhat

Téng cong clia cac lyc th€ khi cd hé di chuyén trong trudng lyc thé
bing hiéu th€ ning cia vi tri ddu va vij tri cudi cia cd hé trong di .
chuyén dé6.

kzl [ dAg =3 [dAg+3 [ dA; =my -

M|M2 k=1 Mlo k=1 MZO %

s

Vi c6ng cda cdc luc th
diém ciia cd hé.

,
3
o

ng phu thudc vao dang quy dao céc chat

n n n
Pat: 3 [ dA. =Ay,;Y [ dA. =A, + dA.
k=lM|£/l2 e Exm,jo T kz=:lmzo & ?

2. Tinh chat thit 2
Luyc th€ c6 biéu thifc sau:

& Rgmeeee— g Rome——
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Thuc vay:
Gid s co hé di chuyén tir vi tri M( Xy>Yx>2Z ) sang vi tri 14n cén
M’(x +dx,,y, +dy,,z, +dz, ). Theo tinh chat thi nhit ta c6:
Apm =Ty — Ty == (T — 7y ) = —dm

Ma: Ay =dA

=> dA=-dn
Mit khic, cong nguyén t§ dugc tinh theo cdng thifc:

dA = ¥(Bydx, +EFydy, +E.dz, )

Con vi phén toan phan ciia ham thé€ ning c6 dang:

‘o on on on
dn= dx, + dy, +—dz
Z(axk oy < o “J
Tit ddng thitc: dA = -dn, ta nhin dugc:
Fkx=“ﬁt—;F =—E;sz=—ﬂ.
29 Oy 0z,

V. Pinh Iy bdo toan cd ning
Khi cd hé chuyén dong trong trudng lyc thé€ thi cd ning cla cd hé dugc

bdo toan.
E=T+ n = const
Chiing minh:
Gii slt co hé chuyén donyg trong trudng luc thé i vi tri ddu Mg dén vi
tri M nao dé6.
Theo dinh 1y ddng ndng, ta c6:

n
T-T,=3Aq
Mit khéc trong trudng lyc thé€ theo tinh chai't thi nhit ta c6:

n n
‘(ZﬂAii:Z J. dAri:ﬂM—TtMo

k=1 MMO
Hay: T+ my =Ty +my,
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3.3. Bai tap Pong luc hoc
Bai 3.1:

Mot pittdng chuyén ddng theo luit:

r
Xi= (cos ot + Zl-cos 2cot) cm

Trong d6: r 1a chiéu dai tay quay OA, 11a chiéu dai thanh bién AB.
Cho bié€t trong lugng cda pittdng B 13 P. Tinh 4p lyc 16n nhit 1én mit
pittdng (pittdng dit nim ngang).

Gidi:
Xét chuyén dong cia pittong B (theo phuong ngang)
- Xdc dinh gia toc Wy

- Thay vao pt co ban dong luc hoc

Bai 3.2:

Ngudi ta ha xudng gi€ng siu vit ning M c6
khéi lugng m = 280kg. V4t chuyén dong nhanh
dan déu, 10s ddu di dugc 35m. Tinh sifc cing clia
day cdp treo vit.

Gidi.
Khao sat vat nang; luc tdc dung lén vat: ...

———— T
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Mot vat 6 trong lugng P dudc ném thing ditng 1én |
trén v6i van t6c ban ddu 13" V,. X4c dinh d¢ cao t6i V,

da vt c6 thé dat t6i va thdi gian d€ vit dat d&€n d6
cao d6 (bd qua siic cdn cia khong khi).

P
Gidi:
Bai 3.4:

Chat di€m c6 khdi lugng m chuyén dong trong mot mit phing nim
ngang dudi tdc dung clia luc ludn huéng vé diém O c6 dinh F=-k’mr,
trong d6 T 12 ban kinh vec td, k 12 hé s6 ti 16. Tim phuong trinh chuyén
dong va quy dao cla diém. '

Bi€tring & thi di€mt=0, thi xo =Ly, =0;%,=0;y,=V,.

Gidi:
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Bai 3.5:

Hai toa tau c6 cling trong Iugng 1a P. M6t toa chay véi van téc 13 u
dén cham vao toa kia dang ndm yén dé ddy n6 ciing chuyén dong. Hay
x4c dinh vén t6c c4c toa sau liic va cham?

Gidi:
Bai 3.6:

Mot vdi nudc chdy trong dng ¢6 dudng kinh d, hgp v6i phuong ndm
ngang mot géc a. VOi nudc phun ra vdi vén tdc 12 V vao tudng thing
ditng. Hay x4c dinh dp luc cia nudc 1€n tuedng.

Gidi:

> Y
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Bai 3.7:

Mbt vién dan c6 khdi lugng 124 M = Skg chuyén dong theo phuong
ngang c6 vén tdc V = 500m/s, dang hic chuyén dong thi kich nd tdch ra
1am hai manh, manh phia sau dirng lai va rdi xuéng dit, cdn mdt manh
ti€p tuc chuyén dong vé phia trudc ciing phuong v6i phuong ban ddu. Hoi
van tdc cda manh ti€p tuc chuyén dong, bi€t ring manh ndy c6 khdi
lugng 1a m = 1kg?

Bai giai:

Bai 3.8:

Thuyén c6 chiéu dai 1, mot ngudi di tit diu dén cudi thuyén. Hay xac
dinh d6 ddi ca thuyén. Cho bi€t trong lugng cda thuyén 1a Q; trong
lugng ciia ngudi 1a P. B3 qua sifc can clia nudc, ban ddu hé ditng yén.

y% N

@ —x
P v,

Bai giai:
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Bai 3.9:
Ling tru A c6 trong lugng 1a P4 trugt trén mat nghiéng cla ling tru B c6

trong lugng 12 Pg, tif trang thai nghi cho dén khi lang tru A cham mat phing
nim ngang. Hiy x4dc dinh d0 ddi cia ling tru B trén mat phing ngang.

Bai gidi:

Bai 3.10-
Pia trdn bdn kinh R, trong lugng P, dia quay quanh truc thing ditng
v6i van tdc géc 1a wg. MOt xe con cé trong Iugng p chuyén dong theo
vanh clia banh v6i vén t8c tuong d6i 1a . Hiay x4c dinh véan tdc géc o
lic bay gid cuia dia.

Bai gidi:
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Bai 3.11:

Mot 16 xo ¢6 chiéu dai 20cm, mudn nén vao lem cin mot luc bing
2N. Mot vién bi c6 khdi hrdng m = 30g s& bay ra khdi dng v6i vén tdc
ban ddu bing bao nhiéu, néu 10 xo bi nén 10cm? Ong dit nim ngang.

Bai giai:

Bai 3.12:

Ngudi ta qudn mot sgi diy manh quanh mdt hinh try tron cé khéi
lugng 12 M. Pau B clia diy dugc gin chit, thi cho hinh tru roi khong c6
vin t6c ban dau. B4n kinh cda hinh tru 12 R.

Hay xéc dinh v4n tc, gia t6c tim O cilia hinh try sau khi tru ha xudng
mot doan h? (V,; W, ?).

B
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3.4. Nguyén ly D’Alembert

3.4.1. Lwc quan tinh

I. Lyc qudn tinh cta chit diém
Chat diém dudi tic dung cta luc F chuyén dong vdi gia t6c W thi luc
quén tinh ca chit diém:

FU = —mw = -mw' —mw" = F(at 4+ F(mat

Viy: Luc quén tinh ciia chit diém 1a vecto dit 1én chat di€m, c6 cing
phuong, ngudc chidu véi gia t8c clia chat diém.

X" =—mX

& - wqt =

Dang Pé céc: 1Y¥=-mYy
Z%=-mz

FOM% = —m§7
-2

in = s _
Dang t¢ nhién: JFM = —m=q
p

FO =0

IL. Lyc quén tinh cda co hé
Cd hé gom N chit diém My, M,,..., My, ta ¢6 hé lc quén tinh: o(E")
véi F,ﬂ‘ 1a lyc quén tinh cda chat di€m thit k cia cd hé:
. B'= m, W |
Thu hé luc ¢(F') vé tim O ta dugc:
o(F) ~ (E¥, M%)
- Véi: B =YF =Y -m, %, =-MW,
' Em 5 =M = Y m, W, ::MWC)
1\712,‘ =Yg (F) = -2 R AmW,

Mg - ngdu luc quan tinh
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I11. Lytc quén tinh cda vat rin
1. V@t rdn chuyén djng tinh tién
L4y khéi tim C 1am tdm thu gon:
o) ~ (B, M)
R =-MW,
| ME=-Y% AW =) W, Am, T,
Vit rdn chuy?‘an dong tinh tién: Wy = WC.
=We AME. = W AM.0=0

Do d6 thu gon h¢ luc qudn tinh cda vat chuyén dong tinh tién vé khéi
tdm C, ta dugc mdt lyc dit tai khéi tim C.

' ch: = "MWC
2. Vit rdn quay quanh truc cé dinh di qua khéi tam C ciia vt
F¥ =-MW, =0
ME=-I,&

3. Vat rdn chuyén djng song phing
Vit c6 van tdc gbc @ va gia toc goc €.
L4y kh6i tdm C ciia vat lam tam thu gon.
Ta c6: Wy =W+ WL +Wj =W +EAT —0°F

F&' = -MW,

ME = -3 % Am W,

=-Y% Am (EAT, —0’%)

Ma: Y i Amy (-0’ ) =0

=S ME =-35 Am(EATL)

==y mkr,fé =-J€

Do d6: Thu gon hé lyc quén tinh cla vit chuyén dong song phing vé
kh&i tim C, ta dude mot luc dit tai khdi tim C va mot ngiu lyc:
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Fql = —MWC
M3 =-JE

+ Luc qudn tinh (vai trd 12 lyc): Pat tai khGi tim cia vat, ngugc chiéu
gia tc cia vat.

+ Ngdu luc qudn tinh: Nim trong cdc mit phing song song mat phing
'chita gia toc gbc vangude chiéu gia toc géc cla vat.

3.4.2. Nguyén Iy D’Alembert déi véi chit diém

Cdc luc tdc dung lén chdt diém (cdc luc cho, cdc phdn lyc lién két) va
luc qudn tinh ciia chdt diém I@p thanh hé luc cdn bdng.

(E>F2"”9Fn ,.F.‘qt) ~0

3.4.3. Nouyén Iy D’Alembert doi véi co hé

Cdc luc tdc dung lén co hé (cdc luc cho, cdc phdn luc lién két) va luc
qudn tinh ciia co hé 1dp thanh hé luc cdn bdng:

(0(F), w(N,),¢(F*)) ~0

Tir d6 ta 1ap cac phuong trinh can bang duoc goi la cac phuong trinh can bang tinh -
dong, gitip ta gidi bai todn dong lyc hoc va day chinh la phuong phép tinh - dong.

3.4.4. Xac dinh phan lwc truc guay

Khdo sét vat rin quay quanh mdt truc ¢§ dinh oz duéi tdc dung cla
cdc lyc hoat dong F,E,...,, ¢6 vén tc géc @ va gia tdc goc €.

Céc ngoa1 lyc tdc dung 1én vat rdn bao gém cdc luc hoat dong
F,,Fz, F va c4c phin luc § truc R va R

Chon hé truc toa d§ gin lién vao vat Axyz, c6 truc Az tring véi truc
quay. Hé luc quin tinh cia vat rin thu gon vé tim A dugc mdt luc I—?‘}f va
ngiu lyc MY,
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(Esiﬁ‘z, ...... ,F"’RA’EBsﬁﬂt,Mth)va

" Tac6 hé phuong trinh can biing tinh - dong:
ZX:-EFkx +RAX +RBX +MyC8+Mme2 =0
ZY “':ZFky +RAy +RBy +Mycm2 —MXCS -0

>Z=%F,+R,, =0

Yy =Ym, (f-‘k)+mx(fiA)+mx (I'il-:,)—Jyzco2 +], €=0

>, =Zmy(Fk)-t—my(ﬁA)+my(ﬁB)+Jum2 +J,£=0

Vi hé truc toa dg gdn lién vao vt quay nén cic dai lugng xc, yc, J

J, 1a khong déi.
Nhu vdy: Ta nhdn dugc sdu phuong trinh.

(1)
(2)
3)
)
(3)
(6)

ZX»

- Phuong trinh cudi cing khong chita cdc phén Iyc 8 truc, ma cho phép
xdc dinh chuyén dong clia vt quay, dugc goi 12 phuong trinh vi phan vat

quay quanh truc c§ dinh Z:
>m,(E)-J,e=0

- Ndm phudng trinh con lai cho phép ta x4dc dinh cdc phén luc & truc

tai A va B.
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2. X=YF,+R,, +Rg +Myc e+ Mxc0? =0 (1)
ZY=ZFky+RAy+RBy+Myca)2—Mng=0 2)
>Z=YFE,+R,, =0 (3)
ZITIX=Zr?1x(Fk)+rﬁx(f{A)+ﬁ1x(ﬁB)—Jﬂm2+szg=0 (4)
Zlﬁy=Zr?1y(f‘k)+rﬁy(l-{A)+rT1y(ﬁB)+sza)2+Jyzg=0 (5)

- Chi ¥ ring cdc phan Iuc 6 truc phy thude vao céc luc hoat dong va
cdc y€u td dong hoc ciia vt rdn, tic van tdc géc @ va gia tdc géc € cla
vét quay.

Thanh phén cdia phdn Iyc & truc chi phu thudc vao cic yéu t& dong
hoc ciia vt quay (@ va €) dudc goi 1a phén Iuc dong lyc cia & tl'l_lc.“

D€ lam sdng td diéu nay, ta biéu di&n phan lyc & truc dudi dang:

R, =R} +R{; Ry=RL+R{
trong dé:
R} ,R}- cdc thanh phin khong phu thudc vio chuyén dong, tic
khdng chita o, € dudc goi 1a cdc phan luc tinh;
R4,R§ - cdc thanh phin phy thudc vao chuyén dong, tic chita ©
va € dudc goi 1a cac phan luc dong luc.
= (F,E,.....E,,RL, R4, R5,REEX, M3 )~ 0
Ma: (§.E......E,R.,,R,,)~0
= (R$,RE,F,M¥)~0
Ta c6 hé phuong trinh:
Y. X =R{, +R§, +Mxco? +Myce=0
> y=R{, +R{, +Myco? -Mxce=0
> m, =m, (ﬁf\)+mx (I-i‘,’s)—Jyzmz +J,0%=0
Y, =m, (Rﬁ)+my (ﬁg)+Jyzs+szm2 =0

Céc phuong trinh trén dugc goi 1a cdc phuong trinh xdc dinh phan luc
ddng luc.

Ghi chi: Gidi bai todn theo nguyén Iy D’ALEMBERT ta phdi dat luc lén
hé khdo sdt: Luc tdc dung lén co hé va lyc qudn tinh cia co hé.
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3.5. Bai tap D’Alembert

Bai 3.13:

Rong roc niang trong lugng P, ban kinh R ¢cé
thé quay quanh mét truc Oz c§ dinh. & diu
cudi mdt sgi ddy quin quanh rong roc, ngudi ta
budc vét A trong lugng Q bd qua ma sit & truc
O va cho bi€t ban kinh quén tinh cda rong roc
doi v6i 6 truc Oz 12 p.

Hiy tinh gia tdc gbc cia rong roc va phin

luc & 8 truc O néu cho vt A roi thing ding.
Tim sic cang T.

Bai gigi:
a) Xdc dinh gia téc.goc ciia rong roc

Xét hé gdbm c6 rong roc O va vit A.
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Bai 3.14:

Ngudi ta quan mot s¢i day vao hinh tru trdn C c6 khdi lugng m, diu B
dugc budc chit, khi ddy x4 ra hinh tru rdi xudng, khdng cé vén toc diu.
Hay xdc dinh van t5c tdim ciia try hinh tru (V.) sau khi tru d6 ha xudng
dudi mot doan h va tim sic cing cia diy AB?.

Bai gidi:

1. Tim gia tdc:
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Bai 3.15:

Ngudi ta budc vat ning M; c6 trong lugng Py va
vat M, c6 trong lugng P, (P, > P;) vao 2 ddu cida sgi
ddy mém khéng gidn vit qua rong roc O. Hiy tim gid
tri gia t8c clia cdc vat ning va sic cing cla cdc diy ?
bd qua khéi lugng rong roc va day.

C)
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Bai 3.16:

M0t vét ning A trong Iugng P; ha xudng
du6i theo mat phing nghiéng so v6i mat phing
ngang mdt géc a clia lang tru D 1am cho vat B
trong Iugng P, chuyén dong nhd chiing néi véi
nhau bdi mdt diy khong gidn c6 trong Iuwgng
khong déng k& vit qua rong roc C. Khdi lugng
bd qua.

Xéc dinh ap luc nam ngang ciia go E.?

Bai giai:
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