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LGOI NOI PAU

Gido trinh C0 hoc co s tap 1 phdn tinh hoc da duge xudt bdn ndm 2007. bé
phuc vu cho yéu cGu gidng day va hoc tdp, ching toi cho xudt bdn cudn sdch
Co hoc cd s tap 2 phan Déng hoc va Déng luc hoc.

Theo Quyét dink ctia Ban gidm hiéu Truong Pai hoc Kién triic Ha Not, ti
ném 2008 sinh vién sé dude dao tao theo hé théng tin chi. Do do thoi luong
danh cho cdc mén hoc lai mét 1én nita duge rit gon. Mén Co hoc co s6 gom hai
hoc phén: Co hoc co s¢ 1 (Tinh hoc) dinh cho cdc nganh: Xdy dung, Céng
trinh ngém, Kién tric, Quy hogch, Vat lidu, Do thi, Qudn ly xay dung db thi
vdi thii luong 30 tiét. Co hoe co s6 2 (Dong hoc va Béng luc hoc) danh cho
nganh Xay dung, Cong trinh ngdm vdi thoi luong 45 tiét. Vi thoi lugng giang
day trén ldp con it, nén khi bién soan cuén Co hoc co sd t@p 2 nay, ching to! cé’
gdng trink bay cdc vdn dé khd ti mi, dua vao nhiéu vi du minh hoa, nhiéu bai
tap vdi céc dang khdc nhau d€ sinh vién c6 thé ty nghién ciu va rén luyén o
nha. Pde biet, d¢ ddp ing nhu cdu hoc tdp ctia cdc sinh vién khd giéi va phuc
vu cho cong tac boi dudng thi sinh vién gidi, thi Olympic Co hoc toan quéc
hang ndm, ching téi dua vao phdn Iy thuyét mét sé néi dung ndng cao va 40
bai tép chon loc, trong dé ¢ nhiéu bai la dé thi sinh vién giot cua Truong Pai
hoc Kién triic Ha noi, dé thi Olympic Co hoc toan quéc nhitng nam trude déy.

Cudn sdch nay lo tai liéu cin thiét cho sink vién Trudng Pai hoc Kién
Tric Ha N¢i, déng thoi cing lé tai liéu t6t cho sinh vién cde truong dai hoc
k3 thugt khdc.

Chiing t6i xin chdn thanh cam on Ban gidm hiéu, Ban chi nhiém khoa Xéy
dung va phong Qudn ly khoa hoc Truong Pai hoc Kién Tric Ha N§i dd tao
diéu kién thudn lgi dé cuén sdch duge xudt bdn.

Chiing téi ciing chan thanh cdm on cde dong nghiép dé déng gop y kién va
giup do trong viéc hoan thanh cudn sdch.

Vi thdi gian bién soan cubn sdch ¢ han nén chdc chdn con thiéu sét, ching
t6i mong mudn nhén duge y kién déng gop cua cdc ban dong nghiép va cdec em
sinh vién.

Moi y kién xin gui vé phong Qudn ly khoa hoc Truong Pai hoc Kién Tric
Ha Néi.

PGS. TS Diang Quéc Luong
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DONG HOC

MG PAU PONG HOC

Pong hoc 12 phén thit hai cia co hoc co s&. Pong hoc nghién ciu chuyén déng clia
vat thé vé mat hinh hoc, khong quan tam dén nguyén nhan gay ra chuyén déng, ciing
nhu nguyén nhan gay ra su bién d8i chuyén dong cha ching. V& mét phuong dién nao do,
dong hoc duge xem 12 mé ddu clia dong lyc hoc, vi né xdc 1ap nén nhitng khai niém va
sur phu thudc déng hoc co ban. Nhitng khéi niém va su phu thuéc nay rit can thiét khi
nghién citu chuyén dong clia vét thé dusi tic dung cha luc. Khi nghién cifu dong hoc ta cn

hiéu r6 nhitng khdi niém sau day:
1. Hé quy chiéu

Chuyén dong clia vat thé hoan toan c6 tinh chét tuong d6i, phu thuoce vao vit 1dy 1am
méc dé theo dbi chuyén dong. Vi du mot ngudi ngdi trén tan dang chay 1a ding yén so voi
tau nhung lai dang chuyén dong so v6i ngdi nha bén dudng. Nhu vay d€ mo ta chuyén
dong ciia vat thé ta phai chi ro vat 1dy lam méc, vat 1dy lam méc dé theo dbi chuyén dong
cia vt thé chuyén dong duoc goi 1a hé quy chiéu. Dé thuan tién cho viéc tinh todn, ta
thudng gin vao hé quy chigu mot hé toa do. VE sau nay d€ d& cong kénh ngudi ta
thudng 1dy ngay h¢ toa do d6 lam hé quy chiéu.

2. Khong gian va thoi gian

Chuyén dong chia vat thé dién ra trong khong gian va theo thoi gian. Thuc ra khong
gian va thoi gian 13 hai dang tén tai khich quan ctia vat chat, ching phy thudc vao
chuyérr dong cu thé clia vat chat. Trong Co hoc co s& dé don gian ta xem khong gian va thoi
gian khong phu thude vao chuyén dong cla vat khao sat, goi 1 khong gian tuyét déi va
thai gian tuyét doi.

Khéng gian tuyét d6i duge hiéu 1a khong gian Ccolit 3 chiéu trong d6 1y thuyét hinh
hoc ocolit duge nghiém ding. Pon vi co ban dé do do dai 1a mét.

Thai gian tuyét d6i duge hiéu 1a thoi gian troi déu tir qud khid dén hién tai tdi
twong lai, khéng phu thugc vao hé quy chiéu ciing nhu khéng phu thudc vio chuyén
dong clia vat thé. Don vi co ban dé do thoi gian 1a giay. D6i véi cde vat thé chuyén dong
v&i van t6¢c nhd thua nhiéu so véi van toéc dnh sang (khoang 300.000km/s) tirc 13 cic
chuyén déng co hoc trong k§y thuat, cdc khai niém nay hoan toan ¢é thé chdp nhan dwgc
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3. Mo hinh ctia vat thé chuyén dong

Trong dong hoc dé€ nghién citu chuyén déng clia vat thé ta ding hai mé hinh: Dong
diém va vit rin chuyén déng.

Khi nghién ctu chuyén dong cha vat thé, néu kich thudc ciia né khéng can chg ¥
dén, ta c6 thé biéu dién vat thé bing mo hinh dong diém. Péng diém l4 diém hinh hoc
chuyén déng trong khéng gian va theo thdi gian. Néu phai dé y dén kich thude cia vat,
nhung c6 thé bd qua tinh bién dang cia né, thi cé thé biéu dién vat thé bing mé hinh
vt rin chuyén dong. Néu vira phai chd ¥ dén kich thude cia vat va tinh bién dang ciia
né, thi khéng dung duge hai mé hinh trén. P6 1a ddi twong nghién citu ciia co hoc céc
moi trueong lién tuc.

Dua vao hai mé hinh trén, déng hoc duoc chia thanh hai phdn: Pong hoc diém vi
dong hoc vat ran. Pong hoc diém nghién cifu chuyén dong cia vat thé dusi dang mo
hinh déng diém. Dong hoc vat ran nghién ctu chuyén dong cia vat thé dudi dang mo
hinh vat rén. Viéc nghién ctru dong hoc diém ngoai ¥ nghia ty than cia né, con nhim chuén
bi cho viéc khao sét chuyén déng clia vat rin.

Nb6i dung nghién cliu clia dong hoc 1a xic dinh vi trf va cdc dac trung hinh hoc
chuyén dong ctia diém hay vét rén vi vay ta phai hiéu cdc khdi niém sau:

- Thong s6 dinh vi 14 théng s6 xdc dinh vi tri chia diém hay vat ran trong hé quy
chiéu da chon.

- Phuong trinh chuyén dong 1a biéu thitc lién hé gitta cdc théng s6 dinh vi vé6i
thoi gian.

- Van t8c chuyén dong 12 dai luong biéu thi huéng va t6¢ d6 chuyén dong chia diém hay
vét rin & thoi diém dang xét.

- Gia t6c chuyén déng 13 dai luong biéu thi su thay déi clia van t6c theo thdi gian. Gia
t6c chuyén dong cho biét tinh déu hay bién déi chia chuyén dong.



Chuong I
PONG HOC DIEM

L1 KHAO SAT CHUYEN PONG CUA PIEM BANG PHUONG PHAP VECTO

1. Phuong trinh chuyén dong

Gia sit dong diém M chuyén déng trong khong gian, 1dy mot diém O c¢6 dinh V& vécto
T =OM . Vi trf chia diém M s& hoan toan dugc xdc dinh néu biét duge T. Vi vay, ta goi
vécto T 1a véc to ban kinh dinh vi cia M trong hé quy chiéu. Khi M chuyén dong T sé
thay déi vé do dai va hudng, do d6 né s& la ham cua thoi gian t.

=50 (1.1)

Biéu thtic trén 12 phuong trinh chuyén dong cha dong diém vi€t dudi dang vécto.

Quy dao cia dong diém trong hé quy chiéu 1a quy tich chia dong diém trong hé quy
chiéu dy. Phuong trinh (1.1) cfing la phuong trinh quy dao cia dong diém duéi dang
tham s6. Néu quy dao clia diém 12 thing thi chuyén déng goi la chuyén dong thing, néu
qu¥ dao cong thi chuyén déng goi la chuyén dong cong.

2. Van toc caa diém

Gia sif tai thoi diém t dong diém & vi tri M, duge xdc dinh boi vécto ban kinh dinh
viT. Tai thoi diém t =t + At, trong d6 At 12 dai luong rit bé cta thai gian, dong diém &
vi trf M’ duge xdc dinh bdi vécto ¢ . Ky hiéu: Ar=r—1=MM .

Z

=l

Hinh 1.1



Véc to AT md ta gan ding huéng di va quing dudng di duge cia M trong khoang

. s . e Ar .
thoi gian At. Véc to AT goi 1a véc to di chuyén clia dong diém va véc to Ar dugc goi 1a
t

van téc trung binh cha dong diém trong khoang thai gian At.
— AT

Vg = —
tb At

Véc to nay moé ta gin ding huéng di va t6¢ do cia diém M trong khoang thdi gian At
ké tir t. Néu At cang nhd thi d6 chinh xdc cang cao. Do d6, ta dinh nghia véc to van téc
titc thoi & thoi diém t cha dong diém M 14 véc to:

- .. — . AF dr
v=limv,=lim —=—;
A0 &0 At dt

Nhur vy, vén téc clia M tai thot diém t 12 dao him bac nhit cta véc to dinh vi theo
thai gian:

V=T (1.2)

VE mat hinh hoc véc to AT va V,, ndm trén cit tuyén MM’ vi vay khi At — 0 thi véc
to ¥ phai huéng ti€p tuyén vét qui dao ciia dong diém va thuan theo chiéu chuyén dong
ctia dong diém. Don vi do van téc 1a mét/gidy, ky hiéu m/s.

3. Gia toc cia diém

Gia sir tai thoi diém t van t6c cia M 1A ¥, tai

thdi diém ' van t6c cia M la v'.Dai lugng
AV =¥ -7 cho biét su thay déi clia van téc diém
M wong khodng thdi gian At Dai

lugng Wlb =%cho biét su thay déi trung binh

Hink 1.2

cia Vv trong khoang thoi gian At duoc goi 12 gia
téc trung binh clia M tai thdi diém t. Dai luong ndy cang chinh xdc néu At cang bé. Do
d6 ta dinh nghia gia t6c cha diém M tai thdi diém t 1x:

Nhur vay, gia t6c cia diém 12 dao ham bac nhét cia van t6c va 1a dao ham bac 2 cla
véc to bén kinh dinh vi chia diém theo thdi gian:
W=v=T (1.3)
Vi véc to AV bao gid cling hudng vao bé 16m quy dao. Nén véc t¢ w ciing huéng
vao bé 1dm quy dao.



4. Nhan xét chuyén dong ciia diém nho véc to & va v
a) Tinh chdt cta quy dao

Xét tich c6 huéng VAW

Néu 7 A% =0 thi v, w ciing phuong, chuyén dong la thang.

Né&u ¥ AW #0 thi v, w khong cdng phuong, chuyén dong la cong.
b) Tinh déu hay bién d6i ciia chuyén dong

Xét tich v6 hudng: v.W

= Zv.d—v =2V.W
dt dt

5 —2
Vi v2 =(¥) nén tacé %—=d(v)
L

Vay néu v.w =0 diém chuyén dong déu.
v.w >0 diém chuyén dong nhanh dén.
v.w <0 diém chuyén dong cham din.
C6 thé biéu dién tinh déu hay bién ddi ciia chuyén déng nhu trong bang 1.1.

Bang 1.1
Chuyén dong Déu Nhanh ddn Cham din
. \' M W w M A\
Thang __hﬁ———-— —-—.———r-———-\-f— ————
vV Vv
Cong M L& <90° > 00°
w
w

Uu diém ctia phuong phép véc to khi khdo sit chuyén déng cta diém 12 ngan gon,
thudmg duoc dimg trong chimg minh 1y thuyét. Tuy nhién, nhugc diém cha né 1a khong
cho ta céc cong thiic tinh gid tri van t8c, gia téc cla diém.

Nhuoe diém nay s& duge khic phuc néu ta ding phuong phdp toa d6 Dé Cac va
phuong phdp toa dé tu nhién dudi day.

1.2. KHAO SAT CHUYEN PONG CUA PIEM BANG PHUONG PHAP TOA PO
PE CAC
1. Phuong trinh chuyén dong ciia diém
Khao sit chuyén dong clia dong diém M trong khéng gian. Lap h¢ toa do Pé Cic
vuong géc Oxyz. Goi toa do clia M-trong hé-toa.do dé.Jax, y, z. Vi tri cia M s€ hoan toan
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dugc xdc dinh néu biét duge ba toa do nay. Ta chon
X, ¥, z 14 cac thong s& dinh vi clta M. Khi M chuyén
déng cic toa do nay s& thay déi theo thdi gian, do
dé phuong trinh chuyén dong ca M la: " "
x=x0,y=y®,2=20  (14) | ,
trong dé: x(t), y(t), z(t) 14 cdc ham nao d6 cla j
thdi gian. (1.4) ciing 12 phuong trinh quy dao cia
diém duéi dang tham s6.

M (x,y.7)

Hinh 1.3

2. Van toc cia diém

Né&u goi i, 3 , k 12 3 véc to don vi trong ing trén 3 truc toa do Ox, Oy, Oz ta c6:

F=xi+yj+zk
Theo (1.2) van téc cla diém:

V=T=X1+Yyj+2K (1.5)
Do dé hinh chiéu ctia véc to van t6c ¥ 1én 3 truc toa do la:

vy =% v, =¥, V,=Z

~ 1.2 > ~ ,.J . .37 -2 — - n ) .
Do 16n cia van téc v=\!x2+y +z° goila téc dé clta diém.

Huéng clia véan t8¢ duge xdc dinh nhd cdc cosin chi phuong:

¥ = _ Yy = _ Ve
cos(Ox,v)=—=%; cos(Oy,v) =—; cos(Oz,v)=—+
v \ v

3. Gia toc cia diém
Theo (1.3) gia téc clia diém 1a:
dV d e s e m
=—=—(ki+yj+zk)=Xi+¥j+2k (1.6)
m dt( yJ+2k) y)
Hinh chiéu gia t6c lén ba truc toa do: w, =X; w, =§; W, =2

Do 16n cia gia téc:

Cosin chi phurong cta véc to gia téc:

W

. W — Wy -
cos(0oX, W)= ; cos(oy, W) =—=; cos(0oz,w)=—=
w w w

Vi du: Xac dinh qu§ dao, van téc va gia t6c clia di€m giita M cua thanh truyén AB,
clia co cdu tay quay thanh truyén.

Biét OA = OB = 2a va tay quay OA quay déu quanh O vdi van téc géc o (hinh 1.4).
Ban ddu OA = Ox '
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Bai giai:
Dé khdo sat chuyén dong clia diém M ta [ap hé truc toa d6 Oxy nhu hinh vé.
Gia str toa do cua M 1a x, y. Tir hinh v& ta c6:
x =2acos@+acos@=23acos¢ g4
y =asing@
Thay ¢=wt ta dugc phuong trinh
chuyén dong ctia diém M:

x=3acoswt, y=asinot.

Tir day suy ra: -
X y . *
—=cos®ml, —=smmot . Hinh 1.4
3a a

Binh phuong hai V& rdi cong lai ta dugc: (g"*)2 +(4y? =1
a a

Vay quy dao clta M 12 elip véi céc ban truc 12 3a va a.

Van téc cia M: V, =x =-3a0simat, V, =y=ancosot;

V=3 +y? = any/8sin” ot +1

. o L) .. . 2 .
GiatdcciaM: W, =X = -3aw’ cosot , Wy =y =—-an” sinwt;

W= %2 +§° =an’8cos’ ot +1= o

1.3. KHAO SAT CHUYEN PONG CUA PIEM BANG PHUONG PHAP TOA PO
TU NHIEN

Trong trudng hop da bigt quy dao chuyén dong cla diém, ta thudng dung phuong
phip toa d6 ty nhién d€ khao sat chuyén dong clia nd.

I. Phuong trinh chuyén dong

Thong s6 dinh vi: Ldy mét diém O tuy y trén quy o _
dao 1am diém géc, quy dinh chiéu duong dé tinh cung. SN
+

Goi OM=5 I toa do cong clia dong diém trén quy M
dao. Vi tri ¢chia M hoan toan dugc xdc dinh néu biét 5. Hinh 1.5
D6 1a thong s6 dinh vi cia M trén quy dao.

Phuong trinh chuyén dong clia M 12 §=T7(t).

Chii y: 5 néi chung 13 mot luong dai 8, nhung néu chiéu chuyén dong khong déi va
chon ngay chiéu d6 lam chiéu duong thi S luén luén duong néu chon O nam vé phia
duong cta quy dao. Toa dé cong S va quing dudng di duge néi chung ka khic nhau.
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2. Hé toa do tu nhién

a) Hé toa dg tu nhién 13 heé ba truc vudng géc cé gbc 1a dong di€m M.

- Truc ti€p tuyén thuan: ti&p tuyén véi quy dao tai M, hudng duong tring véi hudng
duong di chon trén quy dao. Véc to don vi ki hi¢u 13 .

- Truc phdp tuyén chinh: nim trong mat phing mat ti€p v6i dudng cong tai M, vuong
gée vdi truc ti€p tuyén thuan, hudng vao bé 16m quy dao. Véc to don vi ki hiéula n.

- Truc tring phdp tuyén la truc vuéng géc véi hai truc trén, véc to don vi ki hiéu 12 b,
cling véi hai truc trén 1ap thanh mot tam dién thudin M T i b.

- Mit phing mat ti€p vdi dudng cong tai M: tai M ké ti€p tuyén MT, tai M’ lan cin
véi M ké ti€p tuyén M'T". Tai M ké MT"// M'T". Goi = 13 mit phéang chita MT va MT".
Mit phing mat tiép clia dudng cong tai M dugc dinh nghia 12 gi6i han clia mat phing =
khi M’ d4n téi M.

Néu qu§ dao phing thi mit phing clia quy dao chinh 13 mét phang mat tiép clia quy
dao tai moi diém thugc quy dao.

Hinh 1.6 Hinh 1.7

b) B¢ cong va bdn kinh cong cua quy dao

Do cong clia quy dao tai M 1a s8 duong: k = lim —A—g = d_(_p
AS-0 |AS| |ds
trong dé: AS = MM'; Ap = TMT"

D6i véi dudmg cong bat ki ta dinh nghia: p =— la ban kinh cong clia dudng cong tai M.

Néu quy dao la dudng tron thi: =R 12 bdn kinh ctia dudng tron.

8??“.—-*"'—‘

p=
Néu quy dao théng thi: p=00.
3. Van tdc va gia toc cia diém

a) Vadn téc cia diém

Vi van t6c tiép tuyén véi quy dao nén c6 thé bi€u dién v =v T.

12



trong d6: v_ 14 hinh chi€u clia V 1én truc ti€p tuyén thuan.

[vil=Pl=|5

dr
dt

dr ds
d:> dt

it

- Xétdducna v,

Néu M chuyén dong theo chiéu duong ciia quy dao, Stang theo thoi gian nén 5> 0,
9,7 cung chiéu do dé v >0 vay v va § cling dau. -

N&u M chuyén dong theo chiéu am cda quy dao, s giam theo thoi gian, do d6 $<0,
v.7 tréi chiéu nén v, <0, viy v, va § cling dau.

Do do: v1=§ vAav=%57T (1.7

Nhu vay gid tri V= |V | cho biét toc do cita diém chuyén dong, con déu cta V, cho
biét chiéu chuyén dong cua diém thuan hay nguoc véi chiéu duong da chon.

b} Gia téc ctia diém

Phan tich gia t6c clia diém thanh 3 thanh phén trén 3 tryc ctia hé toa do tu nhién

W =W, +W, + W, = W,i+W,ii+Wb

M}c:lt khac: Eli:-g-(vt‘_f)zv_r:ﬁ.*-vr_.

dt dt
Theo hinh hoc vi phan: 5‘;=£::>%=d—i,-di=v_1ﬁ

ds p ds dt p
Tir d6 suy ra: W=V it —ii =W, +W, (1.8)

p
Trong do: W.=v; W, =v_‘_, W, =0
p

Nhu vay gia téc cha diém c6 hai thanh phan vuong gbc v61 nhau.

Thanh ph4n nim trén truc ti€p tuyén thuan goi 12 gia tdc tigp tuyen: W, =Vv.T

< s . e e 1x -G V-l
Thanh phin nim trén truc phdp tuyén chinh go 12 gia téc phdp tuyén: W, = n.
p
2
Vi fi huéng vé bé 1dm clia quy dao vd — >0 nén gia 16c phdp tuyén W, iuon

huéng vé bé 16m clia quy dao, con gia téc tiép tuyén W, thi c6 thé hudng ciing chi¢u

hay ngugc chiéu véi vén 16 v.
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¢} Y nghia ciia gia toc tiép tuyén va gia toc phdp tuyén

Theo cong thirc W, =v_: ta thdy khi diém chuyén dong néi chung v =0 do dé gia
téc phdp tuyén cia diém W, =0 khi p=cc. Vay chi khi diém chuyén déng thing gia
t6c phdp tuyén clia diém méi ludn ludn triét tiu.

Trong chuyén dong cong ndi chung W, =0. Nhu thé gia téc phdp tuyén phan dnh
tinh chat quy dao cta diém.

Theo cong thitc W, =V _ta thdy W_ =0 khi v, khong doi va W_ =0 khi v, bién
d6i. Nhu vay gia t6c tiép tuyén phan anh tinh déu hay bién déi clia chuyén dong.

d) Mot vai dang chuyén dong dic biét

* Chuyén dong déu.:

Chuyén dong déu ciia diém la chuyén déong cé téc do khong déi: V. = V. = const

Gia tdc ti€p tuyén trong trudng hop nay ludn ludn triét tieu W, =v_=0, con gia téc

Q2

v

P

phap tuyén W_=

d i . 7
Tur cong thire: :iti =V, =V, tacé ds = V_ dt suy ra phuong trinh chuyén déng cla diém:

S=7 + Vit (1.9)

(o]
* Chuyén déng bién doi déu:
Chuyén dong bién ddi déu chia diém la chuyén dong cé tri s6 gia téc ti&p tuyén khong

déi: W_=a = const

dv.
Tir cong thic —-=W_=a suyra: V, =V, +at.

dt
N .. ds : . 2 aa o s
T cong thic . =V, =V, +at suy ra phuong trinh chuyén déng cua diém:
t
at?
§:§;+Vot+7 (1.10)

trong d6: 5, V, 12 toa d¢ tu nhién va t6c d¢ clia diém tai thoi diém ban dau.

Vi V.W =V, W, nén néu V, va W, ciing ddu thi chuyén dong 12 nhanh din déu, néu

V, va W, trdi ddu thi chuyén dong la cham din déu.
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* Dao déng diéu hoa:
Diém thuc hién dao dong diéu hoa c¢é phuong trinh:
s = Asin(kt + o) (1.11)

trong dé: A, k, o 13 cdc hing s6:
Van t6c cha di€ém: V, =5 =kA cos(kt+a)
Gia t6c tiép tuyén: W, =§ = -k Asin(kt + o) = -k’
Vi du 1: Mot con tau chuyén dong cham dan déu trén quy dao tron ¢é bén kinh
R = 600m, quing dudng dii / = 1200m. Lic vao dudng con tau ¢6 van téc
V, = 54km/h, cudi quang dudng né ¢4 van téc la V,= 36km/h. Tim gia t6c toan phédn cla
con tiu khi né chay duge nira quang duong.
Bai gidi:
Gia toc toan phén clia con tau: W = W2+ W2
Chon géc toa do cong la vi trf clia con tau lic bit ddu chuyén dong, chiéu duong cla
quy dao 1 chiéu chuyén déng clia con tau, géc thoi gian 14 lic con thu chay vao dudng
cong, khi dé ta cd s,=0.

Vi -V} =2a(s —sy) = 2as

22
W, =a=-2_"1—_0,052m/s’
2s
Khi di duge nira dudng van téc diém thod man:
V2 = V2 =2as;; V2 = V2 +2as, = 163m%s’ Hink 1.8
Con gia t6c phdp tuyén: W = v._163_ 0,27 m/s®
o 600
Lic dé: W= W2+ W2 =4/(0,052) +(0,27)* =0,3m/s’
Vi du 2: Mot qua dan bay trong chan khong theo quy luat:
X =vgtcosa (1)
yzvotsina—%:— (2)

Tim quy dao, van téc va gia téc clia qua dan. Tim gia téc ti€p tuyén, phdp tuyén va
ban kinh cong clia quy dao liic t = 0 va lic qua dan cé van tdc nhé nhat.

Bai gidi:

Tir (1) suy ra: t=

15



Thay vdo (2) tacd: y =v,sina _ X |_£ 7’(—7
Vo COSQL 2 v(‘) cOs™ o

y = X.tgo B

] )
2v,cos”

Nhu vay quy dao ctia vién dan 1a mot parabol di qua géc toa do va cé bé 16m quay
xuéng dudi. Theo phuwong phap toa do

2 < < Y
be Céc ta co:
- M

V, =X =V,C08Q; A
V(\

V, =y=vgsina—gt; . W

—_ Yy = - — v — o

W, =V, =0; W =v =—g 0 Xy

Wn
Viy gia téc cua vién dan luon khong W, i

’ Hinh 1.9

ddi va huéng nguoc chiéu véi truc y.

e G s s T U C ot e e s
- Tai thai diém t = 0, géc gilta W, va Vyla 5+a > 5 (trong dé o 12 géc gilta V,va
truc Ox) nén chuyén déng cham dén: W, =W,cosa =gcosa .

2 2
Yo __ Yo

W, gcosa

Ban kinh cong cua quy dao: Py =

- Tai thoi diEm V=V : ViV,=constnén V=V, khiV =0

Nhu vay tai thoi diém ndy véc to van téc V song song véi truc Ox, cdn véc 1o gia toc
W song song véi truc Oy, nén hai véc tg V va W vuéng géc véi nhau, do dé W=W,,

2 2 2
v VO COS
Y g |

n

W,r:O suyra: p =

AR
S

Vidu 3: Diém M chuyén dong theo phuong trinh;
X = a coskt () ~—
y = a sinkt (2)
z="nt (3)
trong dé: a, b, k 1a ¢cdc hang sd. a4
M
. Y
Xic dinh phuong trinh quy dao cha diém, quy luat M ° g
chuyén dong cta di€m trén quy dao. Van tc, gia téc cla M
diém va ban kinh cong clia qu§ dao.
* Hinh 1.10
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Bai gidi:
Dé tim quy dao chit diém ta thay t tir phuong trinh (3) vio phuong trinh (1) va (2)
k .k
dugc: X =acos—z , y=asin—z.
b b
Pay 1a phuong trinh dudng dinh 6c. Hinh chi€u quy dao lén mat phéng Oxy 1a dudng
tron tam O bén kinh a: x” + y2 =a®cos> kt+a’ sin” kt =a’
Do dé quy dao clia diém ndm trén mdt tru ban kinh a, nhu hinh vé. Ki hi¢u M Ia hinh
5 . 2 s U v
chiéu ctia M trén mit phing Oxy, tir (1), (2) ta thay sau khoang thoi gian = M' s€ di

2n
hét vong tron nay. Trong thdi gian nay toa do z s€ tang mot lugng: h=b s

Ngudi ta goi h 12 budc cta dinh 6c¢.
Tir (1), (2), (3) ta c6: dx = - ak sin kt.dt; dy = ak coskt.dt; dz = bdt

Goi ds 1a vi phan cuing trén quy dao ta c6:

ds=Jdx? +dy® +dz” =a’k? +bdt
L4y tich phan 2 vé& ta duoc: s =va’k* +b* t + C
Pé xic dinh hing s6 C ta ding diéu kién ban dau s(0) = 0 dugc C=0

Do d6 phuong trinh chuyén dong ctia M trén quy dao 1a s =+/a’k” +b° t, nhu vay M
chuyén déng déu trén quy dao tir vi tri x, = a , y, = 0, z, = 0 véi téc do khong déi

=§=+a’k*+b*

Tir (3) suy ra =z=0

=

—k?acoskt = —k’x

Mat khéc theo (1), (2): W, =

X

o I 2
W, =y =-kasinkt =-k~y

11

Ma x, y lai 12 toa do diém M. Vay W song song v6i mit phang Oxy, nguoc chiéu véi
OM
DoV =constnén W, =v_=0 suyraW, =W= sz +Wy2 +Wf = k24/x> «J—y2 =k’a

Nhu vay gia téc cla diém ciing c6 gia tri khong doi.

Bén kinh cong cia quy dao tai diém bit ky trén quy dao: p.= e ey
i T%Gﬂu BH. KINRI D”A'\!WNCONG NGH?‘#NA\




Chuong IE
CHUYEN PONG CO BAN CUA VAT RAN

Trong chuong niy ta nghién cttu 2 dang chuyén dong don gian nhdt cla vat rin dé 1a
chuyén dong tinh tién va chuyén dong quay quanh mot tryc c6 dinh. Moi dang chuyén
dong phiic tap khéc cia vat rin déu c6 thé phan tich thanh cdc dang chuyén dong don gian
dé. Vi vay ta goi ching 1a cic chuyén déng co ban clia vat ran.

A. CHUYEN DONG TINH TIEN CUA VAT RAN

2.1. PINH NGHIA VA PAC PIEM CUA CHUYEN PONG TINH TIEN
1. Pinh nghia

Chuyén dong tinh tién ciia vat ran la chuyén
dong trong d6 moi dudng thing thuoc vat déu luén
luén khéng déi phuong.

Vi du: Toa tdu hoa chuyén dong tinh tién véi
mit dét khi con thu chay trén dudng ray thang. Tdm
chit nhat ABCD chuyén dong tinh ti€n khi O;A
quay quanh O, va O,B quay quanh O, (hinh 2.1). Hinh 2.1

2. Pac diém cia chuyén dong

a) Dinh ly

Trong chuyén déng tinh tién, moi diém cha vat v& nén nhiing quy dao dong nhét va &
méi thoi diém ching cé véan téc va gia t6c nhu nhau.

Chimg minh:

-Gia st A, B 1a 2 diém bat ky cha vat. Khi
chuyén dong A vé& nén quy dao C,, B v& nén quy
dao Cg, trong dé A va B 12 hai diém thugc vat tuyét
d6i rin nén BA = const. Theo dinh nghia chuyén
déng tinh tién trong qui trinh chuyén dong BA

khong déi phuong. Vi vay BA =const. Nhu vay

Hinh 2.2

néu trugt Cg theo hudng BA mot doan BA thi cac
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diém B s& dén tring véi cdc diém A twong tng, hay quy dao Cp trung khit véi quy
dao C, (hinh 2.2).

- Goi T, , T la céc vécto ban kinh dinh vi cia A, Btacd: 1y =1z +BA

. e e di, di, dBA
L&y dao ham hai v& hé thic trén theo thoi glan ta duoc: —F—=—"+—"
' dt dt dt
. dBA . -
Vi BA =const nén BA =0 Dodé: V. =Vg (2.1)
dt
Pao ham mat 14n nita theo t ta dugc: \_../A = \;/B hay VVA = WB (2.2)

Tir dinh 1y trén ta suy ra céc hé qua sau:

b) Hé qud

- Viée khio st chuyén déng cha vat rén chuyén dong tinh tién duoc thay bang viéc
khéo sat chuyén déng clta mot diém bt ky thude nd.

_ L4y tén qu§ dao cha cic diém thudc vat dé goi tén chuyén dong cta vat.

- L4y van t&c gia téc clia diém thudc vat 1am van téc, gia téc cha chinh vat dy.

Chii $: Chuyén dong tinh tién cla vat ran néi chung la cong, tinh tién thing chi 1a

mot trudong hop dac biét.
B. CHUYEN DONG QUAY CUA VAT RAN QUANH MOT TRUC CO DINH
Dinh nghia

Néu trong qué trinh chuyén dong, vat rin c6 it nhat hai diém c6 dinh,
ta néi ring vat quay quanh truc c6 dinh di qua hai diém 4y.

Vi du: C6i xay, quat trin khi hoat dong 1 cdc vat rin quay
quanh truc ¢6 dinh.

2.2. KHAO SAT CHUYEN PONG CUA CA VAT

1. Phuong trinh chuyén déng

DE xdc dinh dugce vi tri clia vat quay ta dung qua truc quay mit

phing m c6 dinh va mit phang P gén chit véi vat. RS rang 13 vi tri

cta P hoan toan xac dinh vi tri clia vét. Goi ¢ la gée dinh huéng (tir n
dén P theo chiéu ngugc kim déng ho), khi dé ¢ s€ 1a thong s6 dinh vi p
chia vat. Phuong trinh chuyén dong cla vat ¢6 dang: P

® = o(t) (2.3)
Hinh 2.3
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2. Van toc goc va gia toc goc clia vat
a) Vdn téc goc
Khi vat quay, gdéc ¢ bién thién theo thoi gian, dai lugng:
5= _, (2.4)
biéu thi t6c d6 quay vi chiéu quay cha vat, goi la van téc géc cuia vat quay.

.- d . i e s .
That vay, néu ©= Et(e >0; ¢ tang theo thdi gian, vat s& quay ngugc chiéu kim dong ho

(chiéu duong). Néu & < 0, ¢ giam theo thdi gian vat s& quay thuén chiéu kim dong hé

(chiéu am).

Tri s6 van téc géc: o =|o|= do 16n khi @ bién thién nhanh, nghia la kht vat quay nhanh,
. g Y

goi o I téc d6 géc, don vi tinh t6¢c do gbc 1a rad/giay, ky hiéu 1a rad/s hay 1/s.
Ngudi ta con tinh téc d6 géc bing don vi vong/phit. Gia sir vat quay ¢6 téc do géc n
vong/phiit. Khi déi ra don vi rad/s ta duoc:

n2nt nxn
= = rad 2.5
0= ~30 Yk (2.5)
b) Gia toc goc
d® d d?
Pai luong: §=_w=i @ :P
dt  di dt dt-
goi 1 gia téc goc cla vat, ky hiéu: €= B= (2.6)

Don vi clia gia tdc géc 1a rad/s’.
¢) Ddu hiéu nhdn biét chuyén dgng
- Chuyén dong quay 12 déu néu van 16¢ géc khong ddi theo thdi gian:
® = g =const; §=(T)EO_.
- Chuyén dong bién ddi 1 chuyén dong cé van tdc gée thay déi theo thdi gian.

2 di® 2
Xét: ' do? _d(@) )5
dt dt

- . d =
Khi vat quay nhanh dén o’ tang theo thoi gian nén: % =28.e>0

Néu vat quay cham dén o giam theo thdi gian nén 2.6.€ <0

Nhu vay néu @ va € cing diu thi vat quay nhanh din va nguoc lai.

20



@ ®
\/ \./ = \_/
£=0 N E SN
Quay déu Quay nhanh din Quay chim din
Hinh 2.4

3. Vai dang chuyén dong quay dac biét
a) Chuyén dong quay déu

La chuyén dong c6 t6c do géc khong déi. Chon ngay chidu quay ctia vat lam chiéu
duong dé tinh goc ta cé:

= (g + Wyt
¢ =Py + 0 @7

5:650>0:>{_ o
g =

b) Chuyén dong quay bién doi déu
La chuyén dong c6 gia téc géc khong ddi € = § = const, bang phuong phép tich
phan ta tim dugc: =g + gyt

-_ 3

¢ =g + Byt + F’Ozt 2.8)

trong dé: @, 1a van téc géc ban dau, @, 1 goc dinh vi ban déu cua vat.

VZIIN

- Néu g, >0 chuyén dong la nhanh dan.

- Néu g, <0 chuyén déng la cham dan.

¢) Chuyén dong quay dao dong diéu hoa

Phuong trinh dao dong ¢6 dang: @ =@, sin (kt +oc) (2.9)
trong d6:  @,,0, k12 cdc hang 6.

Van tdc gdc va gia t&c géc clia chuyén dong:

£l

= ¢ = ok cos(kt+at)

& = § = —ok” sin(kt + &) = -k
7
&

Hinh 2.5

4, Vécto van toc goc va vécto gia tdc goc

a) Vécto vdn tic géc
* Dinh nghiu: Vécto van téc géc @& 14 véc to ndm trén truc quay cla vat, sao cho khi
nhin tr miii d&n gdc thdy vat quay nguoe chiéu kim déng hé va ¢6 do 16n bang téc do

gbc cua vit.
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* Bidu dién: N€u goi k 1a vécto don vi trén truc quay.

Ta cé: H=

1

b) Vécto gia téc goc

v

(2.10)

* Pinh nghia: Vécto gia toc géc 12 dao ham bic nhdt cia vécto van tdc géc theo

thoi gian:

do

=_ﬁa)

dt

mi

Tir (2.10) suy ra: £ =&k =k

Nhur vay vécto gia téc gbc cling nim trén truc quay.

c) Bi¢u dién tinh bién déi chuyén déng theo vécto vén téc géc va gia téc goc

nén:

3l

Vi 0.€ = .

- Né&u chuyén déng quay 12 nhanh din thi G >0 do d6 & va € cung chiéu.

- Néu chuyén dong quay 12 cham dan thi ®g <0 do dé & va € trai chiéu.

.

Quay déu Quay nhani ddn Quay cham din

Hinh 2.6

2.3. KHAO SAT CHUYEN PONG CUA CAC PIEM THUQC
VAT RAN

1. Qu§ dao va phuong trinh chuyén dong

Xét mot diém M bat ky thude vat ran. Tir M ha MI vuéng géce
véi truc quay. Trong qua trinh chuyén dong cua vat, khoang céch
MI = const (vi vat 12 tuyét déi ran). Do d6 quy dao cua M Ia
dudng tron tam I bdn kinh IM.

Goi O 4 giao diém cha mat phing quy chi€u véi quy dao cha
M, goi goc OIM = ¢. Ap dung phuong phap toa do tu nhién dé
khao sit chuyén dong ciia M (hinh 2.7).

Lay OM =5 lam théng s6 dinh vi. Chon chiéu duong cia quy

dao trung v6i chiéu dwong tinh géc ta ¢6 phuong trinh chuyén
dong cta diém la:

22
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2.11)

(2.12)




g = rQ (213)
2. Vin tdc va gia téc cia diém thuoc vat
a) Vin téc V

Theo phuong phdp vécto van toc cla diém ti€p tuyén v6i quy dao va hudng theo
chiéu quay clia vat, gid tri chia van téc dugc xdc dinh nhu sau:

rlcT)i =1® (2.14)

=T|—

dt

V=l y_‘_ o)

Nhdgn xét: van t6c cia cic diém thudc vat rin
quay quanh mot truc c6 dinh dugc phén bé quanh
truc quay theo quy tic tam gidc vudéng dong dang
(hinh 2.8).

Vi _Vu_Va

IM IN IA

Heé s6 ty 1& déng dang 1a gid tri cia tdc do géc ¢
thoi diém dang xét.

=._...=¢0

b) Gia t6c W Hinh 2.8
W = Wt + Wn
- Gia t6c phép tuyén:
Huéng tir M vao [
W, 2 2.2 (2.15)
Do 16n W, =— =12 = rp?
p r

- Gia téc ti€p tuyén:

W, - Cling chiéu v6i V néu vat quay nhanh dén va nguoc lai.

_ ) dl, _ .
[W,]=|v, =‘a(ra))=r|ﬁ)’=r€ (2.16)
- Gia t&c cha diém:
W= JW +W ,/ m) —r\/a +o (2.17)
£ £

Goi o 12 géc lap bdi W,, va Ml ta cé: tgo = - =—
Wn o~ o

Nhdn xét: Gia téc clia cdc di€ém thudc vat rin quay quanh mot truc ¢ dinh dugc phan

b6 theo quy tic tam gidc ddng dang nhu trén hinh 2.9 véi hé s6 ty 1& 13 Vo' +&°
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Hinh 2.9
¢) Biéu dién vécto vdn toc va gia téc cia diém qua cdc vécto vdn téc géc va gia téc
goéc cua vit
Ldy moét di€m O trén truc quay vé& vécto ban kinh
dinh vi T =OM tir cdc két qua trén ta cé:
dar . _ .
—=V=0OXT (2.18)
dt

Cong thic trén goi 1a cong thic Ole.

W, =ExT; W =axV  (2.19) Hinh 2.10

3. Ciac phuong phap truyén dong don gian trong ky thuat

Trong ky thuat dé truyén chuyén dong quay quanh mot truc ¢6 dinh thanh chuyén
dong quay quanh moét truc ¢6 dinh khac, chuyén dong quay thanh chuyén dong tinh tién,
chuyén déng tinh tién thanh chuyén déng quay, chuyén déng tinh ti€n thanh chuyén
déng tinh tién, ngudi ta thudng dung cic co cdu truyén chuyén dong don gian sau.

a) Truyén déng bing co cdu dai truyén, day xich, banh rdang

Dé truyén chuyén dong quay quanh hai truc c6 dinh song song vdi nhau ngudi ta
dung co cdu dai truyén, xich, banh ring, nhu hinh v& 2.11 va 2.12.

Hinh 2.11. Truyén déng bang dai, ddy xich

24



Hinh 2.12. Truyén dong bang bdnh rang

Vi gia thiét dai truyén khong gian, khong c6 sy truot gita dai truyén v céc truc, cdc
banh rang in khép véi nhau thi van toe cua cac diém ti€p xiic bang nhau.

Truyén dong ciing chiéu quay biéu dién trén hinh 2.11a va 2.12a, ta cd:

el

2

=4 (= ﬂ) cho trudng hop banh rang trong do

V] = rl (.0!: V2 = rzw] Slly ra:

2|

z,,%, 12 56 rang cua banh 1, 2.

Truyén dong trii chiéu nhu hinh 2.11b va 2.12b. Tacé: v, =1y B, = v, =T, @, do do:

= = —ﬂ) cho trudng hgp banh rang.
o, I, Z,

b) Truyén déng bing bdnh rdng, thanh rang
Dé truyén chuyén dong quay quanh mét truc c6
dinh thanh mot chuyén dong tinh ti€n va ngugc lai,

ngudi ta diing co cdu banh rang - thanh ring hay binh
- thanh ma sét nhur hinh 2.13. Hinh 2.13

Vi khong ¢6 su truot gita banh va thanh nén ta c6: V = Ro
¢) Truyén dong bang co cdu cam

DE truyén chuyén dong tinh tién thanh chuyén dong tinh tién hoac chuyén dong quay
thanh chuyén dong tinh tién ngudi ta diing cic co cau cam nhu hinh 2.14.

Hinh 2.16
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Vi du: Banh khia I ban kinh r; quay nhanh dén tir trang thdi nghi. Sau 2 gidy c6
van t6c géc 4nrad/s. Vat B duge budc vao sgi day quin quanh truc ban kinh r = 4cm.
Khi banh I chuyén déng lam cho bdnh khia II ban kinh r, chuyén dong. Biét r; = 6cm;
r, = Scm.

Tim vin toc, gia téc cha diém M trén truc quay, van téc, gia téc cla vat B va vén téc
g6c va gia téc gbc cia banh xe IT lic t = Ss.

Bai gidi:

Vi bdnh I chuyén dong nhanh dan tir trang thdi nghi nén van téc géc cha né duge xdc
dinh theo cong thic:

O =gl=7 :&:ﬂ=2n rad/s*
2

—

®, = 2m.t rad/s.
Vin téc cua M lic t = 5s 1a:
Vy =0, =2m.tr=2mr.5=40n (cm/s)
Gia t6c phéap tuyén va gia téc ti€p tuyén ciia M, B:
5 2
vt (407I)

W! = = 40077 (cm/s?
M r 4 ( ) B

Wy =&,.r =274 = 8n (cm/s?)

Hinh 2.15

vg = vy =407 (cm/s)
Wy = Wy, =8n (cm/s?)
Tim van t6c géc, gia tdc gbéc cha banh II. Tai diém tiép xic, diém M, ca banh I vi

banh II ¢ van t6c bang nhau: V, =V, 10, =50,

2
suy ra O i 6.2mt _ 2,4t (rad/s)
I o 5
€, = [0, = 2,47 (rad/s)
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Chuong 11

CHUYEN PONG PHUC HGP CUA PIEM

3.1 KHAI NIEM VE CHUYEN PONG PHUC HGP CUA PIEM

1. Dat bai toan

Trong chuong I ta di khdo sét chuyén dong clia diém d6i véi mot hé quy chidu ¢6
dinh, trong chuong ndy ta nghién ctu chuyén dong cla diém d6i véi mot hé quy chiéu
dang chuyén déng d6i véi mot hé quy chi€u khdc duge xem 1a c6 dinh. Ta giai quyét hai
bai todn sau day:

Bai todn téng hop chuyén déng: Biét chuyén dong cia diém d6i véi hé quy chiéu
dong va chuyén dong cla hé dong ddi véi hé 6 dinh tim chuyén dong cta diém d6i véi
hé ¢6 dinh.

Bai todn phan tich chuyén dong: Biét chuyén dong clia di€m déi v6i hé quy chiéu c6
dinh, tim chuyén dong clia diém d6 déi v6i he dong va chuyén dong cia hé dong doi véi
hé ¢6 dinh.

.\ Z

2. Pinh nghia chuyén dong '

Gia st dong diém M chuyén dong doi v6i hé quy
chiéu dong Oxyz, chinh hé nay lai chuyén dong doi

vGi hé quy chié€u cé dinh Ox,y,z, .

Ta ¢6 cdc dinh nghia sau: 0O -y
- Chuyén dong tuyét d6i clia dong diém M la
) e o X, Hinh 3.1
chuyén déng ctia né déi véi hé co dinh Ox,y,z, -

- Chuyén dong tuong déi cha dong diém M Ia chuyén dong ciia né dsi véi hé quy
chiéu dong Oxyz.

- Chuyén dong theo [a chuyén dong clia hé dong Oxyz ddi v6i hé c6 dinh O)x y,z, .

Nhdn xét: Thuc ra M chi truc ti€p tham gia chuyén dong tuong déi va tuyét ddi, né
khéng chi dong tham gia chuyén dong theo, nhung do nam trén hé dong nén bi kéo theo
chuyén dong.

- Dé nhan biét chuyén déng tuong ddi cia M can bd qua chuyén dong clia hé dong,
xem nhu hé dong nam yén.

27



- Dé thdy duoc chuyén dong kéo theo clia dong diém ta cin dua ra khdi niém tring
diém M

Trung diém M’ cia M tai thoi diém khéo sét 1a diém thuge hé dong, tai thdi diém dé
dong di€ém M dén triing véi né.

- Mud6n nhan biét chuyén dong theo, cdn bd qua chuyén dong tuong déi, gia dinh
diém M tic thdi dimg lai trén hé dong.

3. Cac dinh nghia vé van téc va gia toc

- Vin t6c va gia t6c tuyét déi cha diém 1a van t6c va gia t6c cha diém trong chuyén
dong tuyet doi. Ki hieula V,, W, .

- Vin tdc va gia t6c twong d6i clia diém 1a van t6c va gia toc clia diém trong chuyén
dong tuong d6i. Ki hieula V., W, .

- Van t6c va gia t6c theo clia di€ém la vén téc va gia t6c cha trung diém M (c6 duge

nh& chuyén dong theo): V, = V3 W, = W,

3.2. PINH LY HOP VAN TOC

1. Pinh 1y: G méi thoi diém vén téc tuyét d6i clia dong diém bing téng hinh hoc van
t6¢ kéo theo va van téc tuong ddi cua nd.

U, =V 4V | (3.1)

Chitng minh: z; |

Cho déng diém M chuyén dong doi véi hé
quy chi€u Oxyz. Hé quy chi€u déng lai chuyén
dong d6i v6i hé quy chi€u c6 dinh Ox,y,z,.
Vi tri cua M d8i v6i hé quy chi€u ¢ dinh duoc
xac dinh bing véc to bin kinh dinh vi

T, = O,M. Vitri cia M déi véi hé quy chiéu

dong dugc xdc dinh biang vécto T= OM. X, Hinh 3.2
Vécto 1§, = 0,0 xdc dinh vi tri géc O cua h¢
quy chi€u dong Oxyz d6i véi hé quy chi€u cd dinh O x,y,z,.
TixhinhvEtacé =T, +T .
Pac ham hai vé& hé thiic trén theo thdi gian ta ¢6:
dn, _dip  dr

= — 4 —
dt dt | dt @)
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Goi i, j,k 14 céc véc to don vi trén hé quy chiéu dong Oxyz cdn X, y, z 14 toa do cua
M d6i v6i hé quy chiéu d6. Tacé: T =xi+Y)+zk
df dx- dy- dz- di dj _dk
—:——1+—lj+-—k+x—l+y—l+zd— (b)
dt dt dt dt dt dt dt

Ap dung céng thic Ole (2.18) cho cic vécto 1, ).k, va goi ®,la vécto van 1o¢ goc

Do dé :

clia hé dong Oxyz ta ¢é:

di dj AR o TV e V(i B e sl xDeviezk )= 6. xT
xgt—+ya+za?-x(coe X 1)+y(mex J)+z(mexk)—me x(x1 +yj+zk)—me XT
. dx- dy- dzo o N s n s . Y
Con o i +Et—_] +-£k 13 dao ham theo thdi gian clia vécto ban kinh dinh vi T =OM
véi 1, ],k khong déi, theo dinh nghia né chinh 12 vécto van toc tuong doi V. cla M.
dr - . -
Thay vao (b) ta co: :ii =V +0,XT (c)
1
. . dfy, & s s .x o e
Trong cong thifc (a) % =V, la van toc tuyét do1 cua M
9% = Vo 13 vén t6c clia O.
dt
Thay tat c4 vao (a) tacé: V, = Vo + @, x T+ V. (d)

Tudng tuong dong diém dimg lai tic thai trén hé dong, khi dé6 M = M* cOn V. =0,
cong thiic (d) trd thanh cong thic x4c dinh van téc clia tring diém M’, theo dinh nghia
d6 I van t6c theo clia M.

chvo+cﬁex? (e)
Thay (e) vao (d) ta duoc cong thic cdn chimg minh: Va = Ve +\7r .

2. Cac truong hop xay ra

- — . M Ve Vp V
- V. va V, cing phuong cing chieu: N LSRN

Khi d6 V, ciing chiéu véi hai véc to trén vaco gid ri: V, =V, + v,.

- - . Ve M V. V,
- V. va V, ciing phuong ngugc chiéu: b Sl -2,

Khi d6 V, ciing chiéu véi véc to ndo dai hon va c6 gid tri: V, = |V, = V|
- \7: L \70 . Khi do \7a la dudng chéo chit nhat ma hai canh la 2

2 TV ol G oiA U2 .y
vécto V,, V.vacogidtri: V, =V +V[ .




- V, va V_ lap v6i1 nhau géc o.

Khi dé Va la dudng chéo hinh binh hanh ma hai canh 14 2 véc to M

., ¥, va c6 gid tri: V, =V2 + VZ +2V.V, cosx

[+ r

3.3. PINH LY HOP GIA TOC
1. binh 1y: O méi thoi diém gia téc tuyét doi cda diém bing tdng hinh hoc gia téc
theo, gia t6c tuong d6i va gia t6c Coriolit cha diém.
W =W, +W +W,
Chitng minh: Pao ham hé thidc (d) theo thoi gian ta cé :
v, dv, dd, _ .. df dv,
. £ (f)

= +—=XT+ @, —+
dt dt dt de dt

trong dé: d;:[“ =W, la gia téc tuyét d6i clia M.

S?-f——i(xly 'd'+z]d<)—5{f+""'+il?+>t~(—i—i+ 'd—3+z§
dt 7] vl dt ydt dt
=5<T+y]+zf<+a>ex(ﬁ+y]+z12)=x7+yj+'z'£+aexvr

He thitc X1 + V] + 7k 1a dao ham bac hai theo thdi gian vécto ban kinh dinh vi T clia

diém M véi i, J,k khong déi. D6 chinh 12 gia tSc twong déi cha M. Vi vay ta cé:

dv. = . &
r:Wr+mcx r
dt
. dr . L - -
Theo {(c): By x— = @, % (V, + D, X T) =B, X, + B, x (B, xT)

dt

Thay céc biéu thitc nay vao () ta duoc :

~ dv, do, . . . .=
W, =—L+—2x T+, x(B, xT)+ W, +20, xV,
dt dt

Tudng tuong diém M dimg lai tic thoi trén hg dong khi d6, M = M*,Vr =0,w, =0.
Cong thitc trén tré thanh céng thiic tinh gia téc cla tring diém M’ hay gia t6c theo cua

= dvg

. do, - - (= _=
dong diém: W, +-—e><r+coex(coexr)

dt dt

Con thanh phin W, =26, x ¥, goi 12 gia téc Corislit.
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Thay tdt ca vao (f) ta dugc cong thic can chiing minh.
W =W +W +W_.
2. Cac truong hop dac biét
a) Hé quy chiéu dong chuyén dong tinh tién
Trong trudng hop nay @, =0 nén W, =0 do dé: W, =W, +W,.

b) Hé quy chiéu dong quay quanh tryc c6 dinh véi vdn téc goc®

Khi d6 W, =26 x ¥, . Trudng hop ndy W, s€ biang 0 néu V. =0 hay V.//®.

3. Phuong phap xac dinh gia toc Coriolit
- Néu V vuéng géc véi @: Quay
V. theo chiéu quay ciia ® mét géc 90°
duoc phuong chiéu ciia W, gid tri clia

W._dugc x4c dinh nhu sau:

Hinh 3.3

W, =20.v,sin90° =20.v,

_Néu ¥, khong vuong géc véi @ : Phan tich V, thanh 2 thanh phin V1wV /e

Quay V: theo chiéu & mot géc 90° duge phuong chiéu cita W,.

Gid tri cta né: W, =20.v sina =20.V}

Vi du 1: Tru tron ban kinh R = 2m quay quanh truc ¢6 dinh theo quy luat © = 2t (rad).

Piém M chuyén déng doc theo dudng sinh theo quy luat s = OM = 5t3(m). Tim vén téc,

gia t6c tuyét d6i cia M tai thoi diém t = Ls.
Bai gidi:
Xét dong diém M. Chon hé quy chi€u dong 1a tru. Hé chiéu co
dinh 1a mit dat, van téc tuong d6i V, doc theo OM cé d6 16n:
V. =§=10t=10m/s.
Vin téc theo clia M vudng géc véi V. tiép tuyén véi tru:

V.=V _.=0R=¢R= 4t.2=8m/s

Vay: V, = v +vf =\/82 +10% ~13m/s

Vi &//V, nén gia t6c Coriolit W, =0.

[ =2 F

78I
¢
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Gia t6c twong d6i: W_// V. vacé gid tri: W, =V, =10m/s’
Gia t&c kéo theo: W, = W' + WCT
W huéng tir M dén truc quay, c6 gid tri:
W =W, =0’R=¢’R =4’ x2=32m/s’

WS L W, tiép tuyén v6i tru: W) =eR =R =42=8m/s".

Vi: WS LW LW, nén W, = (W52 +(W2)? +(W, )? =37,6 m/s’

T

Vi dy 2: Xe chuyén dong thing theo quy lut x, = 2t%(m). Trén xe¢ diém M chuyén

NP o« _nr_ TR e
déng trén dudng tron ban kinh R = 2m, theo quy ludt s=0OM = Tt (m). Tim vén t6éc va

“

gia t6c clra M tai thoi diém t; = Is vat, = 2s.

32

Bai gidi:
Chon xe 14 hé quy chigu dong va mat dét 12 hé quy chi€u c6 dinh.

- Tai thoi diém t; = 1s. Diém M O vi tri M ¢6:
— 7R § T
OM, =5, = — = ¢, === —(rad
=5 =S E == )

Van t6c tuong d6i ciia M tiép tuyén véi dudng tron tai M, ¢é gia tri:

- R
Vr=§=£2—-='ﬂ:m/8

Van téc kéo theo cling chiéu véi van tdc tuong doi va cé gid tri:

V, =X, =4t=4m/s

Theo dinh 1§ hop van téc: V, =V, +V,

Vi hai vécto V, v Vr ciing chiéu nén V, ciing cung chiéu va cd gia tri:
V,=V,+V, =n+4=714m/s

Gia t6c tuyét ddi cha diém M duge xdc dinh theo dinh 1§ hop gia téc.
W =W, +W +W,

Vi hé dong chuyén dong tinh tién nén: W, =0

Gia toc kéo theo hudng song song véi truc x va cé gid tri:

W, =X, =4 m/s’



Chuyén dong twong d6i clia diém 1a chuyén dong déu nén gia t6c tuong d6i clia diém
chi c¢6 thanh phin phdp tuyén hudng tir M, dén I
2 2 2
4
W=w=t=C1_ 314 493mys?
R R 2
Vécto gia téc tuong doi va gia téc kéo theo vuodng gée véi nhau nén :

W, = W2+ W2 =42 +4,93* =6,35m/s’

-

Y

R Ar

v
Vr ___-___"\"-3-“

Hinh 3.5

. s e . R R nR
- Tai thoi diém t, = 2s. Biém M & vi tri M, c6 toa dd: s, = 7t2 = 7.2 =nR
52
Suy ra: ¢, === =m(rad)
R
Vin t6¢ kéo theo huéng song song vdi truc X va cé gia tri:
V, =%, =4t=8m/s
Van t&c tuong do6i tiép tuyén véi dudmg tron tai M, va cd gid tri:

V. :é=ﬁ=nm/s
2

Vi \76 va \7r vuéng géc véi nhau nén:

V, =V2+ V2 =82 + 17 =8,6m/s
Gia tdc tuong déi chi ¢6 thanh phin phip tuyén hudng tir M, dén I:

3,147

W =W"= = 4,93 m/s’

% |-
7| H

Gia t6c W,, W, nguoc chiéu nhau nén W, ciing chiéu véi W, va c6 gia tri:

W, =W —-W, =4,93-4=0,93m/s’
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Chuong IV

CHUYEN PONG SONG PHANG CUA VAT RAN

Trong chuong nay ta s& nghién ciu mét dang
chuyén déng phic hop cta vat rin, d6 1a chuyén
dong song phing. Ta s& tim céch phan tich
chuyén dong phic hop nay thanh cdc chuyén
dong co ban va sit dung cdc két qua thu duge &
céc chuong trude dé nghién ciu.

Dinh nghia: Chuyén dong song phéng cha vat
rén 1a chuyén dong trong d6 mdi di€ém M thudc
vat luon luon di chuyén trong mot mat phang P
¢6 dinh song song véi mat phing quy chiéu c6
dinh 7t d& chon trudc.

Nhu vay méi thi€t dién phang S chia vt song
song véi mit phing quy chi€u, déu chuyén dong
ngay trong mat phing c& dinh chita thi€t dién dy.

yd Y

Hinh 4.1

Vi du: Khi xe, tau chuyén dong thing thi mi banh xe thuc hién chuyén dong song
phing, mat phing quy chigu la mat phing ¢6 dinh chon tuy ¥ vuéng géc vdi truc cla

banh xe.

Hinh 4.2

74

Thanh truyén AB ciia co cu tay quay thanh truyén ciing thuc hién chuyén déng song
phing, mat phing quy chi€u la mat phéng c8 dinh, vuong géc véi truc quay clia tay quay
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(xem hinh 4.2). Chuyén dong cla vat rin quay xung quanh mét truc ¢& dinh 1a trudng
hop dac biét cha chuyén dong song phing.

4.1, KHAO SAT CHUYEN PONG CUA CA VAT

1. M6 hinh phéing ciia vat rin chuyén dong song phing

Ta s& chitng minh 12 dé khio sat chuyén déng song phang ciia vat ran, chi cén khao
sdt chuyén dong ciia thiét dién (S) cha vit ran trong mét phing c& dinh P song song véi
mat phing quy chi€u la di. That vay, goi AB la mét doan théing bat k¥ thudc vat, vudng
géc v6i mat phing quy chi€u ¢6 dinh 7 (hinh 4.1). Theo dinh nghia chuyén dong song
phang, méi diém thuéc AB s& chuyén dong trong mot mat phing song song véi mat
phing quy chiéu 7, vi vy trong qué trinh chuyén dong AB s& luon luén vudng géc véi
mit phing 7 hay khong ddi phuong, do d6 AB thuc hién chuyén dong tinh tién. Theo
tinh chat clia chuyén dong tinh tién, chuyén dong cia AB dugc dic trung bdi chuyén
dong ciia mot diém bét ky thuoc né, ching han diém M [a giao diém cla AB va mat
phing P . Néu coi vat rén 1 tap hop vo s6 cc doan AB nhur thé, thi chuyén dong cha vat
duogc dic trung béi chuyén dong cla tap hop cic diém M néi trén. Nghia 1a chuyén dong
ciia thiét dién (S) trén mat phing P ¢6 dinh (xem hinh 4.1). Ta goi (S) la moé hinh phing
ctia vat rn chuyén déng song phing. Tir nay vé sau dé khdo sét chuyén dong song
phing cia vat rén ta chi cdn khao sit chuyén dong cha (S) trong mét phang ¢ dinh P

chia no.
2. Phuong trinh chuyén dong cia vt

Khéo sat chuyén dong ctia mot thiét dién phéng (S) "4
trong mat phing ¢ dinh P cla né (xem hinh 4.3).
Chon trong miit phang P mot hé toa dé c¢6 dinh O xy,
Iy diém O tuy ¥ thude (S) va gin vao né moét hé quy

chiéu dong Oxy c6 cdc truc ludén song song véi cac /%/ //////,
truc tuong Ung cla hé ¢ dinh O;x,y,. Nhu vay thiét W/////////
dién (S) chuyén dong quay tuong d6i quanh cuc O cha 0,4 - x,
hé Oxy con hé dong Oxy chuyén dong tinh tién kéo
theo déi véi hé ¢d dinh O | x,y,, ta cé dinh ly sau:

Hinh 4.3

a) Pinh Iy: Bao gid ciing phan tich duge chuyén dong song phing cla vit rin thanh
hai chuyén dong thanh phin: Chuyén dong quay tuong d6i clia vat quanh cuc O clia hé
dong Oxy va chuyén déng tinh tién cha hé dong d6i véi hé ¢6 dinh O, x,y,.

b) Phuong trink chuyén dong

Cian ct vao dinh 1y trén ta viét duoc phuong trinh chuyén déng cta vat théng qua

phuong trinh chuyén déng cla 2 chuyén dong thanh phin. Goi xg, y, 12 toa do clta O déi
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v6i hé quy chiéu & dinh va ¢ 12 géc dinh vi cla thi€t dién phing (S) d6i véi he Oxy thi
phuong trinh chuyén dong cta (S) trong mat phing P 1a:

Xo = Xo(1); Yo = Yo(t); ¢ =o(t) (4-1)

Hai phuong trinh ddu mé ta chuyén déng tinh tién kéo theo clia hé dong d6i véi hé c6

dinh. Phuong trinh thit ba mé t& chuyén dong quay tuong déi ctia (S) quanh cic O d6i
v6i hé dong.

3. Van tdc va gia toc cia chuyén dong

a) Vin téc

Vi chuyén déng cha thiét dién phang da duoc
phén tich thanh hai thanh phén, nén van t6¢ cia né
cling gébm hai thanh phan: van tdc cla thanh phéan
chuyén dong tinh tién dugc xdc dinh béi van téc
Vo clia cuc O, con van t6c géc ® xdc dinh chuyén 0, % -

B

dong quay tuong déi quanh cuc O cta (S). Hinh 4.4
Vo, =X
Vol . X % @=¢. (4-2)
VOy =¥o
b} Gia toc

Tuong ty nhy trén trang thdi bién déi chuyén déng ctia (S) dugc dic trung bdi gia t6c
W, cia cuc O va gia t6c géc £ cla (S) d6i véi cue O.
- WO =j(‘0 .
Wolew _u 3 E=0=0 (4-3)
WOy =Yo

¢) Anh hudng ciia viéc chon cuc dén cdc yéu to vin 16c va gia toc cia vit rin
chuyén dong song phdng

Vi vét rin chuyén dong song phing bit ky nén néi chung & mdi thoi diém van téc va
gia téc clia cdc diém thuéc (S) sé khdc nhau. :

VizVy &2V, W W, 2 W,

Do d6 van téc va gia toc thanh phdn chuyén dong tinh tién phu thudc vao viéc chon
cuc. Tréi lai, ta s& chiing minh ring van t6c géc @ va gia téc géc € cha thanh phan
chuyén dong tuong d6i cla vat quanh cuc hé dong khéng phu thudc vao viéc chon cyc.
That vay goi ¢ va y 1a cic gbc dinh vi cua (S) d6i véi hé déng Oxy va O’xy.

Tix hinh v& ta cé: y =9 +a, trong dé a = const.

Dao ham 2 v€ theo thoi giantaduge: y=¢ hay &= (4-4)

Pao ham mot 1dn nita hé thic trén theo thoi gian ta dugc: G =o' hay §=¢
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4.2. KHAO SAT CHUYEN PONG CUA CAC PIEM THUOC VAT

4,2.1. Van toc cia cac diém

1. Quan hé vdn toc giita 2 diém
Dinh [y: Van t6c cia diém M bét ki thude thiét dién phing bing téng hinh hoc van
t6¢ cia diém cuc O va van t&c cla diém M trong chuyén dong quay cla thi€t dién phéng

quanh O.
=Vo. * Voo (4.5)
Chiing minh _
. ) Y4 ®
Gid st M 12 mot diém bat ky thuoc thiét dién —

(S), con O I cuc clia hé dong Oxy. Theo dinh 1y
(4.2) chuyén dong cha (S) duge phan tich thanh 2
thanh phan: Chuyén dong quay tuong do6i quanh O
va chuyén dong tinh tién kéo theo cang hé¢ dong
Oxy. Do dé diém M thuoc (S) ciing tham gia vao 2
chuyén dong dé.

Van t8c clia M theo dinh 1y hop van t6¢ [a:
Vm = Vem + Vi

trong dé: van t6c kéo theo V., = Vj,. =V, vi hé chuyén déng tinh ti€n. Con vén tc
twong déi V,,, 1a van t6c ctia M trong chuyén dong ctia (S) quay quanh O ky hi¢u 1a Vo -
Theo cong thic tinh vén tSc cha diém thudc vat rin quay quanh truc cd dinh ta co:
1 OM
V. = Vo 4 Thuén chiéu quay &
Vo = OM.w
Thay vao (a) ta dugc diéu phai ching minh: Vy; = Vg +Vyq

Gia st A va B 1a 2 diém bat ky thuoc (S), néu chon A 1am cyc va theo (4.5) ta ¢6
dirge cong thite 1ién hé van t6c giita 2 diém:

Vg =V, + Vg4 (4.6)
LAB
trong do: Vg, { Thuan chiéu quay &
Vg = ABo
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2. Pinh 1y hinh chiéu van téc

Hinh chi€u van t6c clia hai diém b4t ky thuéc vat
ran chuyén dong song phéng 1én truc qua 2 diém ay
thi bang nhau.

Chitng minh:
Chiéu hé thic (4.6) 1én truc AB véi chu §
Vea L AB. Hinh 4.6
Ta duoc:
heppVg =hougVy @.7)

Néu goi a, B 1a géc lap gitta VA,VB véi AB (hinh 4.6) ta cé:

VgcosB =V, cosa ' 4.7y

3. Su phan b6 van téc ¢la cac diém

Pinh Iy: O mbi thoi diém néu © =0 c6 tén tai va duy nhét 1 diém P thudc thigt dién
(S) ¢6 van tdc bang 0, goi 1a tam vén tdc titc thoi. Khi dé van téc cia céc diém thude S
dugc phan bé giong nhu S dang quay quanh tdm vén toc tirc thoi P véi van toc géc ©.
Néu taj thoi diém dang xét @ = 0, thi tdm van t6c titc thdi & xa vo cling, van téc tiic thoi
cita cic diém déu bing nhau ta néi thiét dién S chuyén déng tinh tién titc thoi.

Chimg minh

* Sur ton tai va duy nhdat clia tdm van téc titc thoi P:

Gia s tai thdi diém dang xét bigt & =0 va van téc V,, cla O. Quay V,, quanh O
theo chiéu @ mot géc 90°, duge nira dudng thing OA, trén OA 1ay diém P sao cho

V,

OP=-C.
w

L 0P

Nguoc chiéu V,;

Khi dé: \7,,0{

Nhu vy V :—\70.

Mait khdc theo cong thifc lién hé van téc (4.5):

Vay P chinh 12 tdm van tSc tic thoi cua (S). .
e ' ® Hink 4.7
Bay gi¢ ta ching minh su duy nhét ciia tam P.

Gia str tai mot thoi diém tén tai 2 diém Py, P, déu ¢6 van téc bing 0.
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Chon P, lam cuc theo (4.6) ta cé: VPz = VPI +‘7P291
Vi VPZ =Vp =0:>VP2P1 =PP,.0=0

Nhumng theo gid thiét @ # 0 suyra PP, =0hay P, =F,
Nhu vay & méi thoi diém chi c6 duy nh&t mot tam van t6c tic thoi P.
* Phan b6 van tdc cha cac diém thude (S):
- Néu @ = 0 chon tam van téc tiic thdi P 1am cuc, theo (4.6) ta co:
LPM
Vi = Vo + Vyp = Vip { Thuan chiéu quay ®
Ve = PM.o

Vay khi ®#0 van t6c cla céc diém duoc phan b6 giéng nhu (S) dang quay quanh
tam van t&c tic thoi P (hinh 4.8a).

_Néu 3=0 gia sit A, B1a 2 diém bat ky thudc S theo (4.6): V5 =V, + Vg,

Trong d6 Vg, = AB.® =0 nén V, = V. Vay khi ®=0van téc tic thoi cla céc diém

thuoc S déu bing nhau ta néi thiét dién S chuyén dong tinh tién tic thoi. Con tm van

t6¢ titc thai P & xa vé ciing vi OP =—L=co (hinh 4.8b).
w

Hinh 4.8

4, Phuong phap xic dinh tam van toc tirc thoi

Néu bi€t duge tam vén t6c tic thoi P cha thiét dién phing ta d& dang xdc dinh dugc
van t6c clia cdc diém. Sau day, ta s& néu phuong phép xé4c dinh tim P.

a) Biét phuong vdn téc cua hai diém A, B

Vi V, LPA; ¥V, 1PB néntir A, B ké cdc dudng thing vuéng géc v6i V,,V; ta sé

duoc P 1 giao diém cha hai dudng nay (hinh 4.9a).
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b) Biét V, //Vy L AB

Vv
Vi: VA: PA(D, VB: PB.w némn: V_A:lf;_“]:
B

Ta thdy tam P 13 giao diém clia AB véi dudng thing néi 2 ddu miit 2 vécto V,,V,
(hinh 4.9b, ¢).

c) Bi¢t V, /IVy LAB

Hai dudng thing vuéng géc v6i V,,Vy song song véi nhau. Thiét dién phang (S)

chuyén dong tinh tién tic thoi, tim P & xa vé cling (hinh 4.9d).

Hinh 4.9

d) Vit ldn khong truot

Néu vat chuyén dong song phang lin khong truot trén mot
mat ¢§ dinh, van t6¢ cla hai diém ti€p xiic bing nhau vi diém
thuéc mat ¢6 dinh cé van t6c bing 0, nén diém thudc vat tiép
xic véi mat tua ciing ¢6 van t6c bang 0. D6 chinh 1a tam van
téc tifc thoi cha vat (hinh 4.10).

4.2.2. Gia toc cua diem Hinh 4.10

1. Quan hé gia téc giita hai diém
Dinh 1j: Gia téc clia diém M bit ki thuoc thiét dién phang S bing tdng hinh hoc gia
téc ciia diém cuc O va gia téc cla diém M trong chuyén déng clia thiét dién phang quay
quanh cuc O.
Wy = Wg + Wyo = Wo + Wiio + Whio (4.8)
Chimng minh:

Theo dinh ly hop gia téc, gia tdc tuyét d&i clia M bao gdm 3 thanh phan.
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WM = WcM + WrM + WCM (a)
Vi hé dong Oxy chuyén dong tinh tién nén gia téc Coridlit WCM =0.
Gia téc kéo theo ciia M: W, = Wy = W,,, vi hé dong chuyén dong tinh tién. Gia
t6c twong déi cla M 12 gia téc cia M trong chuyén dong cua thiét di¢n phéng quay
quanh O, ki hi¢u 1a Wy, , néi chung ¢6 hai thanh phan: W, =Wy = Who + Wiio

_Theo két qua trong phan chuyén dong quay quanh mot truc ¢& dinh cua vat rdn.ta c6:

L OM
Gia tdc tiép tuyén W;O Thuan chiéu quay €
W' =OMse )c
Gia tc phé . =, |HudngtiMvaoO
ia toc phdp tuyén W, {W&O oM

Thay t4t ca vao (a) ta duge: Wy, = Wg + Wiio + Wyio Hinh 4.11

Gia sit A v B 12 hai diém bt ki thudc thiét dién phang. Néu chon A 1a cuc theo (4.8)
ta c6 cong thic lién hé gia toc giita hai diém:
W = W, + Wy, = W, + W, +Wg,
1BA
trong dé: W;A Thuan chiéu quay €;
W' =BAzs
BA
o {Huéng tir B vio A
BA 13 2
Wg, =BA.®

Wga = \/(ng )2 +(W§A )2 = ABVe" +o*

T
i o 13 obe 1ap oiita W A 5. BA _ &
Goi o 12 géc lap gitta Wy, va BA ta cé: tgo = et
BA @

Hinh 4.12

2. Su phén b6 gia toc cta cdc diém

a) Dink Iy: G méi thoi diém, néu van t6c géc & va gia téc gée € cla thiét dign
phing S khong déng thdi bang O thi c6 duy nhat mét diém Q thudc S cé gia t6c bang 0.
Goi Q 12 tam gia t6¢ tiic thoi. Gia t6c cua cdc diém duoc phin bé gidng nhu S dang quay
quanh tam Q véi van t6c géc © va gia t6c géc €.
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Chirng minh
* Sy ton tai cia tdm Q
Gia st tai thdi diém dang xét biét W, @, €. Quay W, quanh O theo chiéu T mot
géc o sao cho tga =i2 dugc nita dudng thing OA. Trén OA ldy diém Q sao cho
®
W,
0Q=—nOo
[2 4
£+
Khi d6 Woo =-W,,. Chon O lam cuc, theo (4.8), ta c6 W, = W, +Wgo =0. Vay Q
la tam gia tdc tic thei.

(hinh 4.13).

Hinh 4.13 Hinh 4.14

* Sw duy nhdt cua tdm Q

Gia str ¢6 hai diém Q,, Q, ma WQ1 W —O. Chon Q, lam cuc, theo (4.8), ta cé:

trong dé: WQ]Q: =Q,Q2\}e2 +o' =0, vi ve? +o* #0 suy ra: QQ;=0vay Q, =0Q,.

Nhu vay & mbi thoi diém chi c6 duy nhat mot tam gia t6¢ titc thoi Q.
b) Su phdn bé gia téc cria cdc diém
Chon tam gia t6c tic thoi Q Iam cuc. Gia sir M 14 mot di€ém bat ki cia S ta cé:

Wyt = Wo + Wiyo = Wy

Nhur vay gia t6c cha céc diém cla S duge phan bé gic‘ing nhu S dang quay quanh tam
Q véi van t6c gbc @ va gia téc géc €.

Chii y:

- Néu @ va g khong déng thdi bing O thi Q 1a mét diém thuoc S.
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-Néu & va £ doéng thoi bang 0 thi Q & xa v6 clng.

- N6i chung tam van t6c tiic théi P va tam gia téc tic thai Q khong tring nhau.

Vi du 1: Tay quay OA quay déu quanh O v6i van t6c géc @, =2 rad/s 1am thanh truyén
AB chuyén dong, con tnrot B chuyén dong trén rdnh thing ndm ngang. Bi¢t OA = 2m,
AOB = 90°: ABO =30°. Tim van téc va gia t5c cia B.

Bai gidi:

Vi OA quay quanh O vdi van téc goc @, nén V, vuéng géc véi OA thuin chiéu @,

Vy=w, 0A=22= 4m/s

Piém B chuyén déng thing nén van téc | W
diém B nam doc theo BO (hinh 4.15). A

Thaph AB chuyén dong song phing ma P
VA I \75 nén tam vén téc tic thoi & xa vd gaN

ciing, AB chuyén dong tinh tién tic thoi:
Vg =V, =4m/s.

Hinh 4.15 Wi

Vi OA quay déu nén W, = W3 huéng tir A dén O va c6 gid tri:
W, = W! = 02. 0A=2".2=8m/s’
Theo dinh 1§ lién he gia tc: Wy = W, + W5, + Wgy (*)
Vi B chuyén dong thing nén gia téc Wy nim trén BO. Gia thiét chiéu nhu hinh vé&
chiéu hé thic (*) 1én phuong AB duge: Wgcos 30° = W, cos60°;
Suy ra: Wy = W, cotg60°® = ?;_5—.8 = g\i—g m/s”.
Vi du 2: Tay quay OA quay déu véi van t6c goc o =3 rad/s Jam cho dia lan khong

trwot trén dudong ngang. Cho OA = J3m, R = lm, ¢ = 60°, OAC =90°. Tim vén t6c
c4c diém C, M, gia t6c clia C va gia t6¢c géc clia banh xe, tai thi diém dang xét.

Buai gidi:

Thanh OA quay quanh O véi van tdc g6¢ ©, nén V A vudng géc véi OA va c6 gid tri:
V, =a,0A = B3 =3m/s

Thanh AC va dia chuyén dong song phing. Vi C chuyén dong thing, nén van toc

diém C huéng song song v6i mat dudng. Theo dinh 1y hinh chi€u van téc:
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Veceos 60° =V,

\%
Suyra: V_ = A __=23=6m/s
cos 60°
Vi banh xe 1an khéng truot, thm vén t6c tic thai cha

banh xe 12 P, nén van téc géc cuia banh xe:

V
Oy, = -Ri = ? = 6rad/s

Van t6c Vi L PM, thuan chiéu & va cé gid tri:
Vuy=PM o, = 6\/5 m/s.

Tam van téc tic thai ciia AC 1a O. Do dé van téc géc
cua thanh truyén AC:

Opc =g—i= 3 rad/s

Hinh 4.16
Vi OA quay déu quanh O nén W, =W} huéng tlr A dén O.
Theo cong thic lién hé gia toc: WC = WA + WEA + WSA (*)

trong d6: W2, - huéng tir C dén A ¢6 gid tri: W2, = AC (040 =3 (v/3) =9 m/s?

W¢, - vuéng gée véi CA cdn W, huéng ndm ngang, chiéu gia thiét nhw hinh vé.

Chiéu he thic (*) Ién CA duge: W, cos60° = WE,

Suy ra: W, =2W¢, =2.9=18 m/s’
Vi dia 1an khong truct trén dudng nén tam van téc tic thdi P ciia né 1a diém tiép xiic
gitta dia va mat dudng:
V., =0,.R
Theo dinh nghia, gia téc géc banh xe duge xdc dinh theo cong thifc:

WZ.

[+

diV,y_
dt\ R

R

d,,
dt

W, 2
€ = ?“' =18 rad/s”

Vi du 3: Pia tron ban kinh R = 1m I4n khoéng truot theo mit phing nghiéng. Tai thoi
diém dang xét tam O ¢6 van téc V, =+/2 m/s gia téc W, =2 m/s>

Tim tam gia téc tikc thoi Q cta dia tai thyi diém dé.

Bai gidi-

Dia chuyén dong song phang lan khong truot trén mat phing nghiéng nén diém ticp

xdc P la tAm vian tdc tdc thoi. Do dé:
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\/ 2
m=—°=—J—_=\/§rad/s

R 1
Gia toc gbc € cua dia:

dt| R|dt R I

Do dé: tga=%=%=1 suy ra o = 45°.
@ 2

Quay W, theo chiéu € goéc o = 45°dugc nira duong thang Hinh 4.17

OA, trén d6 lay:
2 = AL =(0,705m

W,
0Q= 0 =
Je vt V222t V2

Diém Q chinh 12 tam gia téc tic thdi cla dia tai thoi diém dang xét.

43. TONG HOP CHUYEN DONG SONG PHANG TU CAC CHUYEN DONG
QUAY QUANH HAI TRUC SONG SONG

Gia sl vat rin quay quanh truc z cha hé quy chiéu 1t 17

dong Oxyz véi van téc tuong d6i @, , hé quy chi€u dong
Oxyz lai quay quanh truc O,z; ciia h¢ quy chiéu c6 dinh
0,x,y,2, v6i van t6c goc theo ®,. Hai truc O,z va Oz
song song vdi nhau.

Xét chuyén dong tuyét déi cha vat ran déi voi hé quy
chiéu cé dinh ta ¢ dinh 1y sau:

Dinh ly: Téng hop hai chuyén dong quay quanh hai

truc song song cla vat ran, ta duoc chuyén dong tuyét )
dsi 1a chuyén dong song phing cé mit phéng quy chi€u 0,
vudng géc vdi truc quay. Vén t6c goéc tuyét d6i bang

2 © I A Hinh 4.18
tong dai s& van tdc géc twong doi va van toc goc theo. i

B, =B, +B, (4.9)

Chitng minh: Goi giao diém cla cde truc Oz va O,z, véi thiét dien S1a A va B, ta xét

ba trudng hop c6 thé xay ra.
a) ®.vd O, cing chiéu

Vi A nim trén truc quay Oz cla hé quy chi€u dong nén VA LABvaV, =AB.o,.
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Vi B nim trén truc quay O,z; ciia h¢ quy chiéu ¢6 dinh nén V; L AB;V, = AB.o, .

Hai vécto V,,V, ciing vuéng géc v6i AB, nguge chiéu nhau. Tir d6 ta xdc dinh duoc
tam van téc tic thoi P cha thi€t dién S nhu hinh 4.19a.

Tix hinh 4.19a ta cé tri 6 véan tdc géc tuyét doi clia vat:

m. = V_A = & .
* PA PB
2, i 7 ) ra V V
Theo tinh chit cha ti 1& thic: o, =2 tVe _ Va+Vy
PA +PB AB

Thay V,= AB.0,; Vg= AB.w, vao biéu thifc trén ta duge: w, =, +,
Vi ®, va ®, cling chiéu nén tir hé thitc trén ta nhan dugc két qua (4.9).
b) ®, va B, nguoc chiéu quay va cd tri s6 khdc nhau

Khong gidm tinh tong qudt gia st ®, > ©,. Lap luan hoan todn fuong tu nhu trudng

hop (a) ta cé VA VA \78 song song clng chiéu, tam véan toc tifc thoi P duge x4c dinh nhu

hinh 4.19b.

Hinh 4.19

Tri s6 van t6c goc tuyét d6i cha vat:

* PB PA BA
Thay gid tri Vg= AB. @, , V,= AB. ®, vao h¢ thitc trén ta duge: o, =0, — o,
Vi &, va @, nguoc chiéu nhau nén tir trén ta c6: ®, =@, + O,
) ®, =B,
Trong trudng hop nay (hinh v& 4.19¢) V, =V, nén chuyén déng ctia vat 1a chuyén

déng tinh tién: ®, =0.
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4.4. PHUONG PHAP WILLITSE XAC PINH VAN TOC GOC, GIA TOC GOC
CUA VAT RAN CHUYEN DONG SONG PHANG.

WILLITSE (Vilit) 12 ngudi ddu tién sir dung cong thic (4.9) dé xdc dinh van t6c géc
clia vat rin, nén phuong phép nay dugc goi la phuong phép ViliL.

Bai todn: Cho co cdu vi sai trén hinh 4.20 banh I quay quanh O véi van téc goc ©,
gia toc géc g . Tay quay OA quay quanh O doc lap v6i banh rang I véi van téc géc 0y,
gia t6c géc &,. Hai banh-rang I vall lan Khéng truot trén nhau va c6 bin kinh tuong ting
lar,, 1, . Banh rang II quay dugc quanh chét A & trén tay quay. Tim vén téc géc, gia téc
géc chia banh II va van (dc gia téc di€m M & mép banh II va nim trén dudng thang OA
kéo dai.

Bai gidi:

Co céiu vi sai trén hinh 4.20 1a co cdu phéing c6 ba khau chuyén dong. Banh I quay

quanh truc ¢§ dinh qua O. Tay quay OA ciing quay quanh truc ¢6 dinh qua O nhung
chuyén déng doc 1ap véi banh L. Banh II chuyén dong song phéng.

Q] 2

Hinh 4.20

Tim vdn téc goc, gia tdc goc ctia banh 2:

Chon tay quay OA 1am hé quy chi€u dong. Ping trén hé nay cép banh rang I vall 1a
moét cip banh ring an khép ngoai, quay quanh céc truc O va A vdi cdc van toc géc tuong
déi ®,, va ®,, . Theo (4.9):

B, =B ~Bp; By, =By — B -

Ti s6 truyén dong tuong déi gitta hai banh ring la:

trong d6: z,, z, 12 s rang cha bdnh I va banh IL

Cong thic (1) goi 1a cong thic Vilit. Tir (1) suy ra van t6c goc cha banh 1L
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I, + L T
| 2 = =
@, = ®q W,

L) %)

Do tinh chat d6i xing cita co cdu, cong thic (2) luén luén ding.

Dao ham (2) theo thdi gian ta dugc cong thitc x4c dinh gia téc géc ctia banh I1.

Theo (4.6) van t6c cia M la: V,, =V, +V,,,
trong d6: V, LOA; V, =0A.0, =(r +1,) e,
Vya LAM: V,,, = AM.o, = 1,0,

Tr(4)tacd: Vy=V,+ Vy, =1 +1,)0, + 02 =2(r, + )0, — 1,0,

Theo (4.8) gia t6c cia M la:

trong dé: WL LO0A; W; = OAg, = (r1 +r2)80;

_ |Huéngtit Avao O
A | Wa =0A.w] =(r +1,) 0 ’
1AM
Wiyia 1 Thuan chiéu &, Vi

W;.!A = AM-82 = 1'282
- |HudngurMvao A
Wua n 2 2

Wya =AM, =05

Thay vao (5) ta dugc:

2)

(3)

4

&)

Wit =\/(WR +W13|A)2 +(Wf\ +W;4A)2 = \/[(r] +1,) o) +r:,_coﬂ2 +[(r, +1, }€, +r252:|2
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DONG LUG HOC

Chuong I
CAC KHAI NIEM CO BAN VA CAC TIEN PE PONG LUC HOC

1.1. CAC KHAI NIEM CG BAN CUA PONG LUC HOC

Pong luc hoc 1a phén tdng quat nhit cla co hoc co s6, nghién citu chuyén dong clia
vat thé dudi tdc dung cla luc. Khic véi dong hoc, khi nghién citu chuyén déng clia vat
thé chi chd ¥ dén cédc dic trung hinh hoc chia né. Pong luc hoc quan tam dén nguyén
nhén gay ra chuyén dong cé gia t6c la luc va tinh quén tinh ctia vat thé, fim md&i lién hé
giita Iuc va cdc dic trung cla chuyén dong.

Trong dong luc hoc, vat thé duge xét duéi 2 dang mé hinh 1a chdt diém va hé chat
diém. Chat diém 1a diém hinh hoc c6 kh6i lugng. Néu ta cé thé bd qua kich thudc clia
vat thé khi khdo sit chuyén déng cla nd, thi vat thé c6 thé xem li chit diém. Ching
han c6 thé xem méi hanh tinh clia hé mat tréi 12 mot chdt diém khi khao sit chuyén
dong clia né xung quanh mat trdi. Vét thé chuyén dong tinh tién ciing c6 thé xem la
chit diém.

He chét diém hay co hé 12 mét tap hop cac chat diém, chuyén dong phu thudc vio
nhau. Néu khodng céch giita 2 chdt di€ém bt ki clia hé khong déi trong suét thai gian
chayén dong, thi hé chat diém duoc goi I bat bién. Vat rén tuyét d6i 13 mot vi du vé hé
bat bign. He chét diém dugc goi 12 bién ddi, néu khoang cach gitta 2 diém bat ki ciia he
thay déi. Vat bi€n dang 12 mét co hé bién déi.

Dé khdo sdt chuyén dong cla vat thé ta phai chon hé quy chiéu, hé quy chiéu trong
dé cdc tién dé Niuton duge nghiém ding goi 1a hé quy chiéu qudn tinh. Trong ki thuét vi
dnh hudng quay clia qua dat dén chuyén déng cla vat khio sit khong déng ké, nén hé
quy chi€u quén tinh duge chon 12 hé quy chiéu gin lién véi qua dat.

Nhu da biét trong phén tinh hoc, luc 14 dai luong dic trung cho tic dung co hoc tuong
hé giita céc vat. Trong tinh hoc ta xem lyc 14 dai lugng khong déi. Trong dong luc hoc ta
s& gap cdc luc bién déi vé do 16n va huéng, luc c6 thé phu thude vao thai gian, vi tri cia
vat vi vao téc d6 chuyén dong clia né. Do d6 biéu thitc téng quat clia luc 1a:

F=F(.%,¥)
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D61 vai mot hé chat di€ém bét ki ta phan céc Iuc tic dung 1én hé thanh 2 loai: Ngoa
luc va nodi luc.
. Ngoai luc 1a lyc do cdc chat diém, hay cdc vat ngoai hé tic dung lén cdc chét diém
ctia h¢, ki hieu 1a F®
Noi luc 12 luc tic dung twong hd gilta cdc chdt diém cla chinh hé dé, ki hiéu 1a F'.
Su phan loai luc nhur vay chi 12 twong d6i, tuy theo viéc chon hé khao sat. Chéng han, déi
v6i hé 1a con tau thi trong luc 12 ngoai luc, cdn doi véi hé gébm con tau va trdi dat, thi
trong luc lai 1a noi lyc. Vi néi luc timg cap cung phuong nguoc chiéu va ciing tri s6, nén
t8ng hinh hoc cua tit ca cdc ndi luc clia he, téng moé men ciia ching d6i v6i mot tam hay

mét truc bit ki phai triét tiéu.

n i n . n -
SE =05 Y my(F)=0; > m,(F)=0
k=1 k=1 k=1
D6i véi hé chat diém khong tu do (hé ma chuyén dong ciia né bi han ché béi cdc lién
két) ta phan céc Iyc tic dung lén hé thanh lyc hoat dong va phan lyc lién két. Phan lyc lién
két dic trung cho tic dung co hoc clia vat gay lién két lén cac chat diém clia h¢, ki hi¢u 1a

N. Cac luc hoat dong, ki hi¢u 13 F*, F* 1a cédc luc khong phai 12 phan luc lién két.

1.2. CAC TIEN PE PONG LUC HOC

Toan bo 1y thuyét ciia dong Iuc hoc duge xay dung trén hé tién dé do Galile va
Niuton phat biéu. Cic tién dé nay duoc rit ra tir cic quan sat cdc vat thé chuyén dong
va di duoc thuc t€ kiém nghiém 12 hoan toan ding din. Hé tién dé duogc phat biéu cho
chat diém.

1. Tién dé 1 (Dinh ludt qudn tinh)

Chat diém khong chiu tde dung ctia lie nao sé ditng yén hodc chuyén dgng thang déu.

Chuyén dong cia chat diém khi khong ¢6 luc n2o tdc dung duoc goi 12 chuyén dong
theo quén tinh. Nhu vay theo tién dé 1, khi khong c6 luc nao tdc dung lén chat diém thi

né s& chuyén dong véi van t6c V = const, va do d6 gia t6c cha né s€ triét tieu W =0.

2. Tién dé 2 (Pinh ludt co bdn djng liue hoc)
Dusi tae dung ciia hiee, chdt diém chuyén déng voi gia téc cling hudng vor hudng clu
{wc va 6 dé lon ty 1¢ véi dg 1on caa luc:
F=mW (1.1)

Heé s6 ty 16 m 12 khéi lugng ciia chét diém.
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Tir tién dé 2 ta thay:
Luc 12 nguyén nhan gy ra gia t6c.

Khéi luong 1a d6 do quédn tinh clia chdt diém. Khai luong
cang ldn gia téc cang nho, nghia la chuyén dong cang it

bién déi.
M&i quan h¢ giffa trong lugng va khéi luong: Theo (1.1)
ta c6: F=mW.

Hinh 1.1

Mat khéc, thi nghiém cho biét dudi tdc dung cia trong luc P, cdc vat khi roi tu do trén
mat dat (trong chan khéng va & d6 cao khong 16n so véi mat dat) déu c6 ciing gia téc g.

Vi viy ta co:
P=mg (12)

NG&i chung luc khong cling phuong véi van toc.

3. Tién dé 3 (Dinh ludt déc Idp tdc dung)

Dudi tic dung ddng théi ciia mot s6 lyc, chdl diém 6 gia téc bing tong hinh hoc cde
gia téc md chdt diém ¢ diroc khi mi luc tde dung riéng biét.

Gia sir duéi tac dung cta luc F, (k =1,2....,n)chat diém khoi luong m, chuyén dong
véi gia t6c W, . Goi W 1a gia t6c cta chat diém khi né chiu tic dung déng thoi clia tal
cé céc luc F,B,,.....F, theo tién dé ta c6:

W=W+W, +..+W, (1.3)

Nhan 2 v& (1.3) véi khéi lugng m cla chat diém ta c6:

mW =mW, + mW,....+ mW,
Theo tién dé 2 ta cé:
mW, =F  (k=12,...n)
Do d6 hé phuong trinh trén c6 thé viét:
n
W=>F (1.4)
k=1

He thic (1.4) goi 1a phuong trinh co ban cha dong luc hoc chat diém dudi tic dung
ciia mot hé luc. )

4., Tién dé 4 (Pinh ludrt tdc dung va phdn tdc dung)

Nhitng ltc tde dung titong hé gittu -hai chdt diém la nhitng lirc cing ditong tde dung,

trdi chiéu va cring cuong do.
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E, =-F (1.5)
Chi y 1a cic luc tdc dung tuong hd gilta hai chat diém dat 1én hai chat diém khic
nhau nén khong phat la cap luc can bing.

Tién d€ 4 mo ta twong téc cia hai chat diém. Do dé né 14 co s& ciia dong luc hoc hé
chat diém.

Hinh 1.2
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Chuong 11

HAI BAI TOAN CO BAN CUA PONG LUC HOC
PHUGONG TRINH VI PHAN CHUYEN PONG

2.1. HAI BAI TOAN CO BAN CUA PONG LUC HOC

Trong dong luc hoc c6 hai bai todn co ban sau day:

_ Bai todn thudn: Cho biét chuyén dong cla vat thé yéu cdu xac dinh luc gay ra
chuyén dong dé.

- Bai todn nguoc: Cho biét luc téc dung 1én vat thé va cac diéu kién ban diu cua
chuyén déng, x4c dinh chuyén dong clia vat thé dé.

Pé gidi hai bai todn trén cé nhiéu phuong phdp. Mot trong nhitng phuong phidp cé
hiéu qua dé gidi hai bai ton trén d6i véi chat diém 12 diing phuong trinh vi phan chuyén
dong cha chat diém. Vi vay trong phan tiép theo ta s& lap phuong trinh vi phan chuyén

dong cha chat diém.
2.2. PHUGNG TRINH VI PHAN CHUYEN PONG CUA CHAT DPIEM

Gia st chat diém tu do ¢é khéi lugng m chuyén dong dudi tac dung cua céac luc

dang khdc nhau.

1. Dang vécto

Theo phuong trinh co ban clia dong lyc hoc (1.4) ta co: mW = Z Fk
k=1

Trong dong hoc d biét: W =T, trong d6 T 1 vécto bn kinh dinh vi cia chét diém.

Vi vay phuong trinh trén c6 dang:
mr =y F, 2.1)
k=)
Biéu thifc (2.1) 1a phwong trinh co ban cha déng luc hoc dudi dang vécto. D6 ciing 1a
phuong trinh vi phan clia chuyén dong chit diém dudi dang vécto.
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2. Dang toa do be Cac
Chiéu phuong trinh (2.1) 1én c4c truc cha hé toa do Pé Cic vuong géc Oxyz ta duoc:
n n n
mi=)X, ;my=2Y, ;mi=>» Z,. (22)
k=1 k=1 k=1
trong dé: X, Y,, Z, - hinh chiéu cda luc Fk lén céc truc toa do;
X, ¥, Z - toa do cia chéat diém trong hé toa do Oxyz. Hé phuong trinh (2.2) 14

c4c phuong trinh vi phan chuyén dong ca chat diém dudi dang toa
do Dé Cic.

3. Dang toa dé tu nhién

Chi¢u phuong trinh co ban dong luc hoc Ién céc truc cha hé toa do tu nhién M7 iib

ta dugc:

n n

1
mW, => F.; mW,=> F,; mW, =) F,.
k=1 k=1 k=1

Thay gid tri gia t6c ti€p tuy€n va phdp tuyén cla chit diém vao cic phuong trinh trén
ta duogc:

N n mV’l n n
ms =Y R ; =Y Fu;0=)F, . 2.3)
k=1 p k=1 k=1

Céac phuong trinh (2.3) 1a c4c phuong trinh vi phan chuyén dong cta chat diém duéi
dang toa d6 ty nhién. Cic phuong trinh niy thudmg duogc ditng khi biét quy dao chuyén
dong cha chat diém.

4. Giai bai toan thuan doi voi chat diém

Trong bai todn nay ta da biét chuyén dong clia chit diém, cin phai xdc dinh luc tic
dung lén chét diém ay. '

Phuong phdp gidi .

Néu dé bai cho biét gia téc cla chit diém ta chi cdn 4p dung phuong trinh co ban
dong luc hoc @€ tim luc.

Néu chi biét quy luat chuyén dong hay van téc cla chét di€m ta cdn diing cong thic
dong hoc dé x4c dinh gia t6¢ clia chat diém, sau dé s& xdc dinh luc.

Vi du 1: Nguoi ta kéo mot vat ning c6 trong luong P di 1én nhanh dén véi gia t6c W.
Hay xdc dinh sifc cang cna day kéo.

Bai gidi:

Coi vat nang 1a mot chét diém, cdc luc tdc dung 1én chat diém gém trong luc P sic

cang T clia day kéo.
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Ap dung phuong trinh co ban dong lyc hoc chit diém, ta co:

mW=T+B; EW=T+B.
. B T w

Chiéu hé thiic trén 1én truc thing ditng huéng tir dudi 1én, ta duge

P W=T-P

g

P
. . . s W

Tir day nhan duge siic cang cua sol day T =P(l +—g—) nhu vay Hinh 2.1

trong trudng hop vat di 1én nhanh dan, sic cang T clia soi day 16n hon khi vat ding yén.
Két qua nay ciing diing trong trudng hop vat di xudng cham dan.

Néu vat di 1én cham dan hay di xuéng nhanh dén, chiéu cla gia téc W huéng xudng

- rd d ' ~ ~ W b b ” - kd -

dudi va stic cang T cha soi day 12 T=P(1-—) trong trudng hop nay stc cang cua soi
g

day nhd hon khi vat ding yén hay chuyén dong thing déu.

Vi du 2: Tim 4p luc clia 616 1én cdu tai dinh A. Cho biét ' N
616 ¢6 trong luong P va chuyén dong véi van t6c V, bin
kinh cong ctia ciu tai A laR. T ; X
Bai gidi:
P
Coi 6t 1a mét chat diém chuyén dong. Céc lyc tic dung 1
lén 6t6 gbm trong luc P phdn luc phép tuyén N va phén luc e
tiép tuyén T. Hinh 2.2
¢ . ., Po o = =
Ap dung phuong trinh co ban dong luc hoc d6i véi 6 to tacé: —W =N+P+ T
g
R N o P V?
Chiéu 2 v& clia phuong trinh 1én truc phdp tuyén ta dugc: TR P-N
. g
V2
Suy ra phan luc phdp tuyén cua mit duodng la: N=P 1——R
g

Pay ciing chinh 14 4p lyc clia 6t6 1én mat dudng, nhu vay do 16n ciia ap luc phu thude
vio van t6c cla 6 to. Oto chay cang nhanh 4p luc cang nho.

5. Giai bai toan nguoc ciia dong luc hoc doi voi chit diém

Trong bai toan ndy ta da bit duge luc téc dung 1én chit diém va cdc diéu kién ban
diu cda chuyén dong. Cin phai xic dinh chuyén dong cha chat diém.
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Muén vay ta can:

- Tich phén céc phuong trinh vi phan chuyén dong.

- Dung céc diéu kién ban ddu dé x4c dinh cdc hing sé tich phan.

Vi du 1: Mot qua cau nhd khdi lugng m bude vao ddu muit 10 xo ¢é hé s6 cing 1a ¢
dugc dit trén nén ngang tron. Ngudi ta tdch qua cdu khoi vi trf can bing mot khoang a,
r6i dé né tu chuyén dong. Tim phuong trinh chuyén dong clia qua cau.

F

%
,/"'\\J
| K

Hinh 2.3

Bai gidi:

Khao sat qua cdu coi nhur mét chat diém chuyén dong. Qua cau chiu tic dyng cla
trong luong P, phan luc phip tuyén N, Iuc dan héi F clia 16 xo. Chon géc toa dd 12 vi tri
cén bang cla qua ciu.

Vi [0 xo ¢6 d6 ciing 13 ¢, nén khi & toa do x qua cdu bi kéo boi luc F = cx.

Luc F nay luén luén hudng vao vi tri can bang.

Diing phuong trinh vi phan chuyén dong clta chét diém duéi dang toa do Dé Céc ta cé:

mix = —cx

Chia hai vé phuong trinh cho m va dat k? = — tacé: X +k>x =0
m

Nghiém téng Iquét cita phuong trinh nay 1a: x = Acos (kt + o)

Ta sir dung céc diéu kién ban ddu dé xdc dinh cdc hang s6 tich phan A,a

Khit=0:x=a3a; % = V= 0 thay céc dic¢u kién ndy vao (a) ta dugc: a = Acos o

O =Aksina suyrasina =0 = o =0; phu vay: A =a.

Do d6 phuong trinh chuyén dong clia qua cdu la: x = acoskt.

Day 1a phuong trinh dao dong tu do vé6i bién d6 a, tin s6 k, chuky T = Ektt- =2m. ? .

Vi du 2: Vien dan duge bin ra véi van toc ban ddu \70 nghiéng v6i duong rhﬁng nam
ngang mét géc o. BO qua stc can clia khong khi, viét phuong trinh chuyén déng cia
vién dan, bi€t khoi lugng cha né 1a m.
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Bai gidi:

Coi vién dan 14 chit diém. Luc tdc dung 1én vién dan: trong luong P = mg, chon truc
X nim ngang va truc y thing ditng. G6c O triing véi vi tri dau nong sing. Vién dan
chuyén dong trong mét phang Oxy.

v
VO
P
a -
© x
Hinh 2.4
Phuong trinh vi phan chuyén dong ctia vién dan la:
{mi( =0 {x =0
3] 2 am
m§ = —mg y=-g
Tich phan hé phuong trinh trén dugc:
X =c y =—gt+c,
g[z (a)
X =c|l+Cy y=—=-Ct+ey

Céc hiing s6 tich phan ¢, ¢,, ¢; va ¢, dugc xdc dinh tir diéu kién ban du:
Tait=0: Xo=0; yp =05 Xy =Vycosa; Yo = Vpsina (b)
Thay diéu kién (b) vao (a) ta dugc:
Vycosa=Cy; Vysina=0+C;
0=0+C5; 0=0+C,;

Giai bon phuong trinh (c) ta duge: C; =V, cosa; C, = Vgsina; C3 =€, =0.

(c)

X = Vot CosOL

Thay vao (2) ta dugc phuong trinh chuyén dong ctia vién dan: 1,
y= votsina—zgt‘

2.3. PHUGNG TRINH VI PHAN CHUYEN PONG CUA HE CHAT PIEM

Xét hé chit didm gém n chdt diém M, M,, M,,..M,. Gid sir hop cdc ngoai luc va cic
néi lyc tic dung lén chat diém M, 1a F va I-ﬂl(. Ap dung phuong trinh co ban déng luc

hoc d6i véi chit diém nay ta cé: m, W, =F + F. .
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Hé n phuong trinh ting v6i k = 1,2,..., n 12 he phuong trinh vi phan chuyén déng clia
hé chat diém.

Néu phan cdc luc tic dung 1én chat diém M, thanh lyc hoat dong F va phén luc lién
két N, thi phuong trinh vi phan chuyén dong ciia chat diém nay 1a:

m W, =F +N, véik=12,.n

Ta c6 hé gdm n phuong trinh vi phan chuyén dong clia chét diém.

Nhan xét ring tich phan hé phuong trinh vi phan chuyén dong clia co hé la rat khé
khan, mat khac nhiéu khi ta khong c4n bi€t chuyén dong cta timg chit diém, nén khi
gidi cic bai toan co ban dong luc hoc déi véi co hé ta khong tich phan truc ti€p he
phuong trinh vi phan trén ma di tim c4c tich phan ddu cla chuyén dong. D6 la n6i dung
cua chuong III sau day.
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Chuong 111
CAC PINH LY TONG QUAT PONG LUC HOC

Phuong phdp thit 2 dé gidi cdc bai todn dong lyc cha chat diém va co hé 1 dung céc
dinh 1y téng quat dong luc hoc. C4c dinh 1y nay la cdc he qua cda dinh luat co ban dong
luc hoc, cho ta nhiing mé&i lién hé gitra cdc dai luong dac tnmg cho tdc dyng cha luc va
chuyén déng. Nhd c6 céc dinh 1y nay ta c6 thé lap dugc phuong trinh vi phan chuyén
dong cha co hé mot cach gon gang, khong cdn xét timg chat diém ciia nd va trong nhiéu
trudng hop cho phép tim nghiém cla bai toan khong can phai tich phan cac phuong trinh
vi phan chuyén dong.

3.1. PINH LY CHUYEN DONG KHOI TAM

1. Khoi tam cia co hé

Gia sk cho co hé gém n chét diem M|, M,...,
M, cé cdc khéi luong tuong dng 1la m,, m,,..., m,,
Vi tri cla cdc chdt diém d6i véi hé quy chicu
Oxyz duoe xdc dinh bdi cic vécto bdn kinh dinh

Vi §,5,....T,. .
’ a) .1')_mk1 fzghza: Piém hinh hoc C ¢é vi tri dugc Hink 3.1
x4c dinh boi cong thikc.
n
ka?k
L =X (3.1

=W
duoc goi 12 khéi tam cha co hé.
Trong cong thiic (3.1) my, T, 1a khéi luong va vécto ban kinh dinh vi c¢ha chat diém
11
M, thudc hé, M 1a khéi lugng ctia toan he: M= > m,
k=1
Chi&u he thiic (3.1) 1én céc truc cha hé toa d6 D¢ Céc vuong géc Oxyz ta duge cdc
cong thitc xdc dinh toa do6 clia khéi tam C cla hé:

n . n
kaxk kaYk
k=1 k=1
X = Sm—; == z
c ) Ye ;
M M <

n
kazk
_ k=l _

3.1)
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b) Chu y

- Néu co hé 13 vat rén dit trong truong stc hit cha trai dat, thi vi tri Kh6i tam cua co
hé tring véi vi tri trong tam G ca vat. That vay trong cong thic (3.1) ta chi cdn nhan ca
tir va miu s6 vé6i gia t6c trong trudng g, ta s& c6 dugc cong thikc xéc dinh trong tam clia
vat rdn trong phén tinh hoc. Ta s& dua vao tinh chit nay dé x4c dinh khdi tam cta vat
ran. Tuy nhién khéng nén 14n 1én khéi niém khéi tam va trong tam. Khéi niém khéi tam
téng quat hon; khdi tam cita vat luén ton tai, trong khi trong tim clia vat chi ¢6 khi dat
né trong trudng sitc hut trdi dat.

- Néu co hé gbm nhiéu vat ran thi trong cong thic xic dinh khoi tam G, Xy, ¥, Z,, my
twong tng 12 vécto ban kinh dinh vi, toa do clia khéi tam va khéi luong clha méi vat ran

thudc hé.
2. Pinh Iy chuyén dong khéi tam
a) Dinh Iy: Khéi tdm cita co hé chuyén déng nhu mét chdt diém 6 khoi luong bing
khoi luong ciia hé va chiu tdc dung clia It duge biéu dién bang vécto chinl cliu hé
ngoai lwe ddt vao co hé.
n
MW, => F (3-3)
k=1
Chitng minh:
Khéo st co hé gébm n chét diém. Gid sit hop cdc néi luc va ngoai luc tac dung In
chat diém thir k 12 Ei va FY. Phuong trinh co ban déong luc hoc cha chit diém thi k c6
dang: m W, =F +F.

Vi€t phuong trinh trén déi véi k = 1, 2,..., n rdi cong timg v€ ta dugc:

n n no
kawk = E+Z k (a)
k=1 k=1 k=1
n —

Theo tinh chat ciia noi lyc Y F =0
k=1

Theo (3.1) ta cé: > m T, =ML,
k=1

n
Dao ham 2 v€ hai lan theo thoi gian t ta duoc: kaV—Vk =MW,
k=1

thay vao (a) ta dugc: MW, = > F
k=1
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Chiéu phuong trinh trén 1én 3 truc toa dé ta dugc:
n 11 n
v € L ¢ - e
MK, =Y Xi; My, = > Y; Mz, => Z; (3-4)
k=1 k=1 k=1

Pay 1a cdc phuong trinh vi phan chuyén dong khdi tam cha co h¢ dudi dang hinh chiéu.

b) Nhdn xét:

- Trong cong thic (3.3) ta thay khéng ¢6 mat néi luc, nhu vay néi luc kKhong anh
hudng dén chuyén dong cha khéi tam. Khi khao sat chuyén dong cha khéi tam ta khong
cén dé y dén noi luc cha h¢.

- Pinh 1y cho phép ta xéc dinh chuyén dong clia khéi tam khi biét cic ngoai luc va nguge
lai xdc dinh dugc vécto chinh ciia ngoai lyc khi biét dugc chuyén dong clia Khéi tam.

3. Dinh luit bao toan chuyén dong khoi tam

a) Dinh ludt:

Néu vécto chinh ciiu cde ngogi luc tde dung 1én hé ludn ludn bdng 0 thi khéi tam ciia
hé ditng yén hodc chuyén déng thing déu.

11
That vay tir (3.3) suyranéu R, = Z S =0 thi W, =0vaV, =coist
k=1

Néu ban ddu V_ =0 thi khéi tam dimg yén.

Néu ban ddu V_ =0 thi khoi tam s& chuyén dong thang déu.

b) Pinh ludt bdo toan chuyén dong ciia hinh chiéu khoi tim

Néu hinh chiéu vécto chinh ciia cde ngoai lvc tde dung 1én hé 1én mét truc ndo dé ludn
luén béng O thi hinh chiéu khéi tam Ién truc d6 dimg yén hodc chuyén déng thang déu.

n
That vay tlr (3.4) ta thiy néu ZXi =0 thi X, =0vax_ =const hay V= const
k=1
Né&u ban ddu V_ =x_ = 0 thi hinh chi€u cla khdi tam 1én tryc x s€ diing yén, x, = const,
It
tir (3.1) suy ra: Z m, X, =const
k=l

Néu ban dédu %, # O thi hinh chiéu cha khéi tam ¢ 1én truc x s& chuyén dong deéu.

Chi y: Dinh luat bio toan chuyén dong khdi tam thudng duge dung dé xdc dinh dich
chuyén ciia mét bo phian thude co hé, quy dao clia diém thuoc hé.

Vi du 1: Vat A trong lugng P,, vat B trong lugng Py dugc ndi véi nhau bang 16 xo
khong trong lugng. Vat B dugce dat trén nén ngang tron, con vat A dao dong diéu hoa
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theo phuong thing ding vé6i bién do a, tdn s6 vong k. Tim 4p luc clia A va B lén nén. k
phai théa min diéu kién ndo dé B khong rdi nén.
Bai gidi:
Xét co hé gdm A, B. Céc ngoai luc tdc dung 1én hé gém trong luong 13A ) 135 cta hai
vat va phan luc phép tuyén N cha nén ngang. Chon truc y nhu hinh v&.

Ap dung dinh 1y chuyén dong khdi tam duéi dang hinh chi€u (3.4) d6i véi truc y ta cé:

My, =N-P, —Fg ' ty

Suy ra: N=P, +Pz + My (a) AL

Thay vao (3.1): My =m,y, +mgyy Fa g

3~
Do dé: My =m ¥, +mghpg (b) i
B
Vi yg =const— ¥ =0 STTITITITTITT 7T
Gia sir khi can bang trong tam clla A cdch nén mot Pny
doan h, khi dé: Hinh 3.2

ya =h+asinkt—>¥y, = —ak” sinkt

Thay céc gid tri tinh dugce vao (b) va (a) ta dugce:

P :
N=P, +P; ——2ak’sinkt  (c)
g

Y
Gi4 tri ciia N ciing bing gid tri dp luc cia hé 1én nén.
P X

Tu(c)suyra: N =P, +F; +—2 k7
g

P
Nmin =PA +PB '—_Aakz

P, +P;
P,.a

Pé B khong roi nén thi: N, >0 hay k< g
Vi du 2: Cho dong co nhu hinh v& 3.3 phan bé mdy co
trong luong Q, phan quay cé trong luong P dit cich truc
quay khoang a. Gia st phdn quay, quay déu vdi van toc
g6¢ w. Hiy xdc dinh phuong trinh chuyén dong ngang clia
bé may va phan luc cha mat tua lén dong co dit tu do trén
nén ngang nhan tron. Xéc dinh dp luc nam ngang 16n nhat
I1én bu long khi d a at vio nén.
én bu long khi dong co gan chat vao nén Hinh 3.3
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Bai gidi:

Khio sit hé gém 2 phén tinh va dong chia dong co, gia su dong co dat tr do trén nén
tron nhin.-C4c ngoai luc tdc dung 1én hé gbm trong luong Q cilia bé mdy, trong luong
P ciia phén quay, phan lyc phdp tuyén N cha nén.

Theo dinh Iy chuyén déng khdi tam ta co:

MW, =P+Q+N. (a)
Chon hé truc Oxy nhu hinh v&. Chi€u phuong trinh (a) 1én truc X, y ta dugc:

Mx_ =0 (b)

My.=-P-Q+N (c)

Tir (b) suy ra X, = const . Vi ldc ddu h¢ dig yén nén x, =0 hay x_, =const.
Khi khong quay khéi tam C ndm trén truc y nén X, = 0. Goi (x,, ¥), (X5 ¥2) 12 toa do
trung tam cilia phin finh va phin dong. Tirhinh v& 3.3 va (3.1) ta cé:
= Qx, +Px,  Qx +P(—asin@+X,;) _0
¢ P+Q P+Q

sinmt.

Tir phwong trinh trén suy ra: x; = —Lasinq) =
P+Q

Nhu vay phén tinh s& dao déng véi bién do 2 , chuky n
0]

- X4c dinh phan lyc N:
Theo (3.1)": My, = Qy, +Py, _QO+Pacosp _FPa o
2 g g
Suy ra: My.=- B0 osot
8
N .. Pa’
tit (c) suy ra: ‘ N=Q+P+My =Q+P- cosmt
g
Paw’

Gia tri phan luc cuc dai fa: N, =Q+P+

max

2
Paw~

Gi4 tri phan luc cuc tiéula: N, =Q+P-

Paw

Dé dong co khong rdi bé thi: N, >0 hay Q + P - >0

Suy ra: ®< ‘fw
Pa
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- X4c dinh 4p luc ngang:
Gia sir déng co gan chit vao nén, van khao sit hé trén, cdc ngoai luc tdc dung lén hé
gém P,Q,N,T trong d6T1a phan luc ndm ngang. Phuong trinh vi phan chuyén dong

cta khéi tam trén truc x c6 dang: MX_=T

Khi bé may c¢6 dinh x, =0; X, = —asing =-asinot.

Theo (3.1)": Mx, =—@(—‘+—Pxi=£asinwt
g g
. P oo
Suy ra: MX,. =—ao’ sinwot
g

P .
Vay: T = —aw’ sin ot

o

o

Gi4 tri cuc dai clia phan luc ndm ngang la: T, = Eamz. D6 ciing chinh 1a ap luc
g
nim ngang 1én nhét 1&n bu 16ng khi déng co gén chit vio nén.

Vi du 3: Mot ngudi trong luong P dimg
trén miii thuyén dai / trong luong Q. Tim doan  |Y
di chuyén ctia thuyén khi ngudi di tr 14i dén
miii thuyén, bd qua luc can ngang ciia nude. Xy X

Bai gidi: = o
gl YP ;:_J'Q S

Khéo sdt co hé gém thuyén vi ngudi,

ngoai luc tac dung 1én co hé gém cic trong N | I
1
\ 7/

luong P, Q va luc ddy Rcia nuée. Tit ca P e e P
c4c luc déu hudng thang diing. v e 3y e 1 Qe
Chon truc x la truc nam ngang ta ¢6: | —~ ——~ —— ~X — T X,
Hinh 3.4

11

ZXi =0, do dé khéi tam cua hé chuyén
k=1
déng quén tinh theo truc x.Vi ban ddu hé nam yén nén: X, = const.

Goi: X,;X, - toa do trong tam clia ngudi va thuyen lic dau;

Xi3X) - toa do trong tdm ciia ngudi va thuyén ldc sau.

Ta cé: m X, + MyXy = M Xj + MsX5
m,.(x’l —x])+m2 (x’2 —x2)=0 *)
. P
trong dé: m =—; m, :9
g - o
[=] =]
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Goi s 12 doan di chuyén clia thuyén, gi thiét thuyén di chuyén ciing chiéu véi ngudi

ta ¢o: X5 — X, =S.
Vi ngudi con di trén thuyén doan / nén: xj —x; =s+/

Thay vio phuong trinh (¥) ta ¢6:
P
P+Q

[

Ps+)+Qs=0suyra:s=—
Diu am chiing 16 thuc t€ thuyén di chuyén nguec chiéu v6i ngudi.

3.2. DINH LY PONG LUQONG

1. Dinh nghia dong luong
a) Dong liwong clia chdt diém: Dong lugng cua chat diém 12 dai lugng vécto bang tich
khoi luong cha chat diém véi vécto van toc cua né:
G=mV (kg. m/s) (3.5)
b) Péng luong ctia co hé: Dong luong clia co h¢ 1a téng hinh hoc déng luong cia tit
ca cdc chat diém cla né.
3=>"mV, (3.6)
k=1
trong d6: m,, V, 12 khéi lugng va van t6c clia chat diém thit k.
Néu hé gém nhiéu vat thi dong luong cia hé bing téng dong luong ca cdc vat.
Ta cé thé tinh dong luong cha hé qua khéi lugng ciia hé va vin téc khéi tam cua hé.
That vay tir céng thic xdc dinh khéi tam (3.1) sau khi dao ham theo th&i gian ta co:
1
> m ¥, =MV, Vay Q=MV, (3.7)
k=1
2. Pinh nghia xung lugng caa luc
Cho luc F ta ¢é cdc dinh nghia sau:
a) Xung hionyg nguyén t6 cia lre 12 dai tugng vécto biing luc nhan véi khodng thoi
gian vo cling bé dt:
dS =F.dt (3.8)
b) Xung litong hitit han cia lyc 12 xung lugng clia luc trong khoang thoi gian hitu han
B!
S= [Fat (3.9)

5]
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Néu luc F = const thi xung lugng cliané la: S = Ith =F(t,—t,) = Ft
to
Pon vi do xung lugng 12 Niuton.gidy. Ky hiéu la N.s.
3. Pinh Iy dong luong
a) Dang dao ham: Pao ham theo thoi gian dong lugng clia co hé bing vécto chinh
cla cdc ngoal lyc tdc dung lén hé'

ZF (3.10)
k=1

Ching minh:
Gia st co hé ¢6 n chét diém, chat diém thit k, M, c6 khéi lugng m, chiu tic dung coa
hop céc ngoai huc 13 FY va hop céce noi luc Fli . Phuong trinh vi phan chuyén dong ctia M;:
~ e | i
Viét phuong trinh trén cho ca n chét diém réi cong timg vé cta phuong trinh ta dugc:
n n n
- . iy
S m W, =Y F+> F
k=1 k=1 k=1
Theo tinh chit cta noi IL_ICZF; = 0. Mit khdc v& trdi clia phuong trinh trén ta c6 thé

bién déi:
v, n dQ
kaw ZFk v _d m, V, =— Qy a ZF‘*
ot de dt, 5 dt P
Chit y: Ta c6 the chitng minh dinh 1§ bing cdch dua vao dinh 1)’/ chuyén dong khéi
11
tam. That vay theo (3.3) tacé: MW, = > F .
k=1
dv, d 9 M - dQ
dt dt dt
Nhan xét ring dinh Iy chuyén dong khdi tam va dinh 1y dong luong chi 14 hai hé¢ qua
khdc nhau ctia phuong trinh co ban dong luc hoc.

. Tur day suy ra (3.10).

Chi€u hé thic (3.10) 1én céc truc toa do cta hé toa do Pé Cac Oxyz ta duge biéu thitc
chia dinh 1y duéi dang hinb chiéu:

n n n
Q=YX Q,=2.Y Q,=2.Z (3-10)".
k=1 k=1 k=1
trong dé: Qy Q,, Q, - hinh chiu ca Q 1én cdc truc toa do;

%. Yg, Z; - hinh chi€u clia ngoai lyc FIén céc truc.
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b) Dang hitu han
Dinh Iy: Bién thién dong luong cua hé trong mét khoang thdi gian nao d6 bang téng
hinh hoc xung lugng cla cdc ngoai luc tic dung len hé trong khodng thoi gian ay.

~Qy=). ijdt_Zsc (3.11)
k=l
Chitng mind.
n
Tir cong thifc (3.10) tac6: dQ = Frdt
k=1
Tich phan 2 v& hé thifc trén ta dugc:

i n n D)

[dQ jZchz > [Edt hay Q -Qq —ZSC

k= ltO

Chiéu hé thiic trén 1én 3 truc toa do ta duge dinh 1y dong lugng dudi dang hinh chiéu.

1x ox Zskx 3
Quy ZSy ; (3.12)

iz _Qoz = Zsiz .
k=1

Nhdn xét:

- Tit c4c biéu thiic ciia dinh 1y dong lugng ta thay khong cé mit ndi luc, do d6 ndi tuc
khong 4nh hudng dén su bién déi dong lugng cta hé. Khi gidi cdc bai todn ta chon hé
sao cho tit ca hodac mot phin céc luc chua biét tro thanh néi luc.

- Dinh 1y dong luong thudng dugc ding dé xac dinh 4p lyc cla chét 16ng
4. Pinh luat bao toan dong lugng

Dinht ludt 1 - Néu vécto chinh cia céc ngoai luc tic dung Ién co hé tuon ludn bang 0,
thi vécto dong luong ctia he s& khong déi.
n .
Chitng minh: That vay 1 (3.10) suy ra néu ZFIS =0 thi Q=0,do dé Q=const.
k=1
Dinh lugt 2: Néu hinh chiéu véct chinh clia cdc ngoai luc 1én mot truc nao d6 luodn
1uén bang 0, thi hinh chiéu vécto dong lugng cua hé Ién truc dé s& khong déi.

Chitng minh: That vay ti (3.10) suy ranéu »_X§ =0 thi Q, =0, do d6 Q, =const.
k=1
Chit y: Dinh luat bao toan dong luong thudng dugc dung dé x4c dinh van téc cta mot
b phan thudc co hé.
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Ap dung dinh luat bio toan dong lugng dé gidi thich cdc hién tugng chuyén dong
phan luc cla mdy bay va tén lira trong chan khéng va theo phuong ngang.

Coi mdy bay hay tén lira va nhién liéu 12 mét co hé, ngoai luc tic dung lén hé gém
trong luong cta may bay (hay tén la) va nhién li¢u. Hinh chi€u cla ngoai luc lén
phuong ngang luén ludn bang 0, nén hinh chidu dong luong cha hé lén phuong ngang
dugc bao toan. Lic ddu mdy bay ding yén, dong lugng clia né bang 0, nén hinh chiéu
dong lugng cha hé 1én phuong ngang luén bang 0. Khi chuyén dong nhién liéu bi dot
chdy va phut vé phfa sau. D& bao toan hinh chi€u dong lugng cia hé, mdy bay phai bay
vé phia trudc.

Vi du 1: Mot dong nude chay tir Sng ¢6 tiét dién F, doi vao tudng véi van téc V. Xéc
dinh luc ép ctia nude 1én tudng. Ong nude lam véi tudng mot gée a.

Bai gidi:

G

Khéo sdt co hé 1a khéi nude abe. Sau mét thai gian © khd
nho, khéi nudc nay chi€ém vi tri a'b'c’.

Lz

Ap dung dinh 1y dong luong dang hinh chiéu déi véi truc x
nam ngang ta cé:

Q]x _QOX = Zsix (a)
k=1

ISl IIIIAT 77777

Nhan xét ring hai khéi nu6c abe va a'b'c’ ¢6 cliing chung
khéi a'be. Su khac nhau cha dong luong hai khéi nudc nay la:
bong luong cia cic khéi nude bb', cc' duge thém vao, con aa’
bi mét di, nhung vi van téc clia khéi nude bb' va cc’ vuong géc
vdi phuong ngang nén hinh chiéu dong lugng cha hai khoi
nudc nly 1én phuong ngang triét tiéu, con hinh chiéu déng
lugng ctia khéi nuée aa’ 1én phuong ngang la:

2

4

Hinh 3.5

mVsino = FVz‘rysin o hay Q. —Qq, = —FVzrysin a

trong do: khéi luong cua khéi nude a a' duge tinh theo cong thilc: m=FVty, véiy 2
khai luong riéng cia nudc. '

Vi khodng thoi gian T 12 rdt nhé nén c6 thé coi phan Iuc R cla tudng lén khéi nudc 1a
khong ddi. Khi bd qua luc ép céc hat nudc 1&én hé khao sit ta cé:

> Si =Rt (©)
k=l

Tir (a), (b), (¢) taduoc:  —y.FVZ1sina =—Rt

Vay: R = FV3ysina
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Do 16n cha luc nay ding bang 4p luc cba khéi nude 1én tuong.

Ap tuc d6 16n nhét khi sino =1 hay o = 90°, tifc 1a khi 6ng nudc vuong géc voi mat tuong.

Vi du 2: Trén dudng ray thing nim ngang c6 hai toa xe godng, toa I cé khéi lugng
m, van téc V,, toa 2 cé khéi luong m, van téc ¥, . Biét v, > v,. Tim vén toc chung cta 2

toa khi ching gap nhau. Bé qua moi luc can theo phuong ngang, gia thit 1a khi 2 toa
gip nhau chiing cang chuyén dong trong mot thdi gian ngin.

Bai gidi:
Xét co hé gém 2 toa xe. Cic ngoai lyc tdc dung lén hé gém cdc trong lugng Py, P, cua
2 toa v cac phan luc phédp tuyén clia dudng ray. Céc luc nay déu vudng gdc véi truc x

ndm ngang nén Z X; =0.Dodé hinh chi€u déng lugng cua hé 1én truc x khong dai.
Hinh chi€u dong luong cia hé én truc x khi hai toa chua gap nhau 1a:
Qg =m,V, +m,V,
Hinh chi€u dong luong cta hé 1én truc x Khi hai toa gap nhau:

Q, =(m; +m,)V

0 - 7 . - - N le! +m-,Vf,
Vi Q, =Q, nén vén t16¢ chung clia hai toa khi gap nhau aV=————
m; +m,
v, v,
ni, m,
C)__O) ) )
4 7z 4 S

Hinh 3.6

Vi du 3: Mot tau chién c6 khdi lugng M dang déau trén bién. Tir thu 2 qua ngu 161
khoi lugng m, m, dugc phéng ra véi van téc V. Bo qua sic cin ngang ‘cta nudce doi voi
tau va siic can cua khong khi déi véi ngu 101 |

a) X4c dinh van t6c cla thu khi 2 qua ngu 161 duge phéng ra cling mét luc.

b) X4c dinh véan téc clia thu khi qua ngu 16i m, dugc phéng ra trude qua ngu 16i m,
duoc phéng ra sau.

Buai gidi:

a) Trudng hop 2 qud ngie 161 duge ben ra cing lic:

Xét co hé 1a con tau. Cic ngoai lyc tdc dung 1én tau gom trong luong con tau Mg va
luc ddy Acsimet N huéng theo phuong thing ding. Vi bé qua cédc luc cdn ngang nén
téng hinh chiéu cdc ngoai luc 1én truc x nam ngang luén bang 0.
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Hinh. 3.7
Theo dinh luat bo toan dong luong hinh chigu dong luong cia hé 1én truc x khéng déi:
Q=Y (n)
Trong dé Qﬁo) 12 hinh chiéu dong luong cla hé Ién truc x lic ban dﬁ‘u..

Vi ban d4u tdu dimg yén nén Q&o) =0

Goi van t6c thu sau khi khai hda 1a V,, van t6c tuyét déi clia ngw 16i 1a V,. Vi sau
khi ban ngu 161 con chuyén dong trong ndng sing mot thoi gian ngan nén dp dung dinh
1y hop van téc ta co: '

V=V +V =V, +V,

Chiéu 1én truc x ta cé: V,=V, -V,

Hinh chiéu déng luong cla hé 1én truc x sau khi ban:

Q, =[M—(m, +m, )]V, +(m, +m, )(V, - V,)

Thay céc giari tinh dugc vao (1) ta dugc:

[M—(ml +m2)JVe +(ml +r1'12)(Ve —Vo) =0
m, +m

Suy ra V, = —LM—QVO . (2)

b) Truong hop bén ldn lior hai qud ngu 16i: hé ngoai luc trong c4c 1dn ban gém cdc
luc vuéng géc vdi truc X nam ngang nénZXi =0 do d6 hinh chi€u déng lugng cua hé
len truc x trong cdc 14n ban déu duoc bao toan

- Lén thit nhét: Vi ban ddu thu ding yén nén Q° =0. Gia st sau khi ban qua th nhat

van t6c cla tan 1a \76(” khi d6 van téc tuyét d6i cua ngu 16i 1 la:

a ¢ T s}
Chiéu lén truc x ta co: Vo = Ve(” -V,
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Vi vay hinh chi€u dong luong clia co hé sau khi bin qué thi nhat la:

QW =M -m )V +my (V" -v,)=Q¥ =0

<

m
Suy ra: v = HIVO (3)
 Lén bén thit 2: + Truéc khi bén lan 2 van téc ciia tau Ta V("
+ Sau khi bin 14n 2 van téc cha tau 1a V¢
Do d6 hinh chiéu déng luong clia hé 1én truc x trudc va sau khi ban lan 2 1a:

QP (©0)=M-m)V,"
QP (1) =[M~(m; +m,)| V& + m, (V) -V,)

Ap dung dinh luat béo toin déng lugng cho h¢ truéc va sau khi ban 14n 2 ta dugc:

Q¥ (1) =QP ()

hay: [M = (m, +m,)| V& +m, (VP - V) =M-M)VP
Suy ra Véz) = Vél) T . -V, = [-n—ll—+———m2 ]Vo 4)

So sdnh (2) véi (4) ta duoc V¥ >V, c6 nghia 12 khi ban lan luot ting qua, thi sau

khi bin van t&c clia tau 1én hon van téc thu khi ban dong thai 2 qua.
3.3. DINH LY BIEN THIEN MO MEN DPONG LUQGNG

1. M6 men quan tinh

a) Cdc dinh nghia
Cho'mot vat rin va mot truc z ta ¢6 cdc dinh nghia sau:
- Mémen qudn tinh cta vit ran d6i véi truc z 1a dai z4
lrong duong, bing téng cic tich cla khéi lugng cdc 4,
chat diém véi binh phuong kheang cdch clia ching M, (X, Yo Z)
dén truc z. Ki hicu 12 J_ (hinh 3.8). .
]
1

T, =Y md} (kg.nf’) (3.13) o
o k=l -
N N

trong d6: m, va d, - khoi lugng va khoang cdch chatr X
diém M, dén truc z.
Hinh 3.8
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Trong k§ thuat dé tinh mémen quén tinh cla vét rin d&i véi mot truc ta thudng ding
cong thic:
), =Mp? (3.14)

trong dé: p - ban kinh quén tinh cta vat d6i véi truc z, M 1a khéi lugng cha vat.

- Mémen quén tinh ciia mgt vat ran déi véi mot di€ém O 1a dai luong duong duge xdc
dinh bdi cong thic:

n
Jo= Y myr - (3.15)
k=1
trong d6: r, - khoang cdch tix chét diém M, dén diém O.
Néu chon O 1a g6c toa do cia hé toa do D€ Céc vuong géc Oxyz va goi toa do cla
chét diém M, d6i véi hé toa do nay 14 x,, y,, z, (hinh 3.8). Theo (3.13) ta cé:

n
Jx = ka(yi +Zi)
k=1

3]
I, =% m(z; +x{) (3.16)
k=1

n
J, =ka(xi +yi)
k=1
n n "
Matkhdc theo (3.15): Ty = myr => m (X +y; +7)
k=1 k=1
Do d6 ta ¢6 cong thic lién hé gilta mé men quén tinh cha vat ran d6i véi mot tam va

cdc truc toa do 1a:

JO=%(JX+Jy+JZ) (3.17)
b) Mémen qudn tinh ciia mét 6 vat dong chdt don gidn
- Thanh déng chit:
Xdc dinh moémen qudn tinh cua thanh dong 4«
chét ¢6 d6 dai 1, khéi lugng M d6i véi truc di qua Ax, X

dAu mat vi vudng gée véi thanh (hinh 3.9). 2 S
Xk ]

Chia thanh thanh n phan tir doc theo chiéu dai : .
thanh. Xét phan tir M, ¢6 do dai A, cdch truc z Hinh 3.9

mét doan 12 x,. Goi khéi lugng riéng cha thanh trén mét don vi d6 dai la y thi khéi luong
cua phan to nay la: m, = Ax,y.
n " 1 5
Theo dinh nghia: J, =) myx; = Zyx;Axk. Chuyén téng ndy qua giéi han khi s&
k=I k=1

phan tir ra v6 cling va do dai Ax, dén t6i 0 ta duoc:
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1
J, = xzdx=Y—~=
o=

- Vong tron dong chat hay vé tru méng dong chit.

Xéc dinh mémen quén tinh cla vong tron dong chat, khoi lwong M bén kinh R d6i
véi truc z di qua tam v vuong gdéc v41 mat phing dudng tron (hinh 3.10).

Hinh 3.10 Hinh 3.11

Theo dinh nghia mémen quén tinh clia mét vat déi v6i mot truc ta c6:
2 2 2 2 2
I =9 mdf = mR*=MR"
k=1 k=1
Cong thic nay ciing diing cho tru mong dong chit
- Tdm tron déng chdt, hay tru ddc ddng chdt:
Xic dinh md men quén tinh clia moét tdm tron mong déng chat bdn kinh R, khéi
luong M d6i véi truc C, di qua tam va vudng goc voi mat phing cta tdm (hinh 3.11).

Chia t&m thanh nhimg vanh tron nhé ¢ ban kinh r, va rong Ar, , kh6i luong cia vanh la:

m, =27 ArY.

trong d6: y =

12 khéi lugng clia moét don vi dién tich.

o]

R~
Theo cong thitc xdc dinh mémen quén tinh vong tron ta xéc dinh dugc mémen quan
tinh cua tdm:

n

n
2 3
I, = ka . = Zy.flnrk Ar
k=1 k=1

Chuyén téng nay qua gidi han ta duoc:
R | .
Jo, = [y2m’de=—ymR* = ~MR?
) 27 T
Coéng thitc nay ciing ding cho tru dac dong chat.
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¢) Pinh Iy mémen qudn tinh voi cdc truc song song
Dinh lj: Mémen quén tinh cla vat rin d6i véi truc z, ndo d6 bang tdng moémen quén
tinh clia né d6i véi truc C, song song véi z, di qua khéi tam cua vat va tich khéi lugng

chia vat v6i binh phuong khoang céch gitfa hai truc ay.

T, =Je +Md? (3.18)

trong do: 4

C, - truc song song Vdi truc z,va di qua khéi tam
Ccba he.

M - khéi luong cua hé, d 1a khoang cach gitta 2 truc.

Chitng minh:

Ta chon truc X va x, tring nhau, nhu vay cc diém cé
toadd: y=y,z=2z,Xx=x+d

Mémen qudn tinh ca hé d6i véi truc z,: Hinh 3.12

1, = Smd =3 m(x +5])= Em(x-a) + Ly’
=Zm(x2+y2)+2md2—22mxd
Vi momen quan tinh clia hé déi véi true C, 1a:
I, =y m(x*+y*) va > md’* =d*y m=Md*con ) mx=Mx =0

Vi C nam trén truc z nén x. = 0. Cudi ciing ta dugc: Iy =1+ Md?

2. Momen dong lirgng
a) Momen ding luong ciia chdt diém

- Pinh nghiu: Mémen dong lugng cla chét diém déi véi tam O nao dé 1a momen cla
dong luong chat diém d6 doi vdi tam dy.

lp =tho (mV)=FxmV (3.19)

P 1

my

-

=

-—

|

o]
-
Q
]
I
i
]
1
]
!
———r
!
\V\B
<.

Hinh 3.13 Hinh 3.14
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- Binh nghia: Momen déng lugng cla chat diém da6i véi truc z 1a luong dai s8:

1,=m,(mV)=+mV'h (3.20)

A

trong do: V 12 vén t6c clia chat diém, V' I3 hinh chiéu cha V 1én mit phiang vuong géc
véi truc z. [, 18y dau duong néu V' quay quanh z theo chiéu ngugc chiéu kim
déng hé va 14y ddu am trong trudng hop nguoc lai.
- Lién hé momen déng luong ciia chat diém véi mot truc va mémen déng liiong clid
né déi voi tdm ndm trén truc.
Tuwong tu nhu trong finh hoc ta cé:
_ Dinh Iy: Hinh chiéu vécto mémen dong lwgng cia chdr diém doi véi tam O lén truc

z béng mémen déng luong ciia chdt diém doi véi tryc z do.
he, () =he, [ o (m¥) | =, (mV) =, (3.21)
b) Mémen dong luong ctia co hé:

- Mémen déng lugng cia hé d6i v6i mét tam hoac mot truc bing tdng momen dong
luong clia cac chat diém cla hé déi v6i ciing tam &y hay truc dy.

n

Lo = Iy = 2 (Rxm V) (3.22)

k=1 k=1

=]

m,(m, V,) (3.23)

1

LZ

I
I

n
[zk

k

=

- Lién hé giita Lyva L, :

Dinh ly: Momen ﬂéng luong clia co hé di véi mot truc
bing hinh chiéu 1én truc 4y clia moémen dong luong cia co he
d6i véi diém nam trén truc.

Il n - n . -

Thatvay: L, = Y L = 2 hc,(Iy ) =he, 3" =he,L,

k=1 k=I k=1

¢) Momen dong luong ciia vét rdn quay quanh truc cé
dinh doi vdi truc quay

Coi vat quay quanh truc ¢é dinh 1a co hé gébm v6 s6 phan
tr. D6 v61 phén tir thit k theo dinh nghia ta ¢é: [, =fr,m, V,

. _ o= o . _ = 2
V‘l. V, =L@ va ® =71 néntacod: L, =omr

Theo dinh nghia mémen dong lugng cha vat rin d6i véi

truc quay:
€9 y_ Hinh 3.15
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o) o _ " —Cﬁ -
L, =2l =§comkrk~ =m§mkrk‘

k=1
. o0
2 R .
Vi: kark‘ = J,nén cudi cung ta cé:
k=1
L,=]® (3-24)

Néu chon truc z sao cho vat quay theo chiéu duong thi:

o=noval =]o

3. Dinh ly bién thién mémen dong luong:

Bao ham theo thoi giun mémen déng luong ctia co hé dot véi mért tdm (hay mét truc)

bing téng momen cia cdc ngoui lue déi véi ciing tdm (hay cing truc).dy.

% = ér’ﬁo (F) (3-25)
d;‘tz = ém () (3-26)

Cluing minh:
Xét co hé gém n chat diém. Goi hop cic néi luc va ngoai luc téc dung Ién chat diém

thitk 1a B} ;Ef.
. . g o e A A « < d 7 =e |, i
Theo dinh ly déng luong véi chat diém thi k ta cé: d—(mka) =F +F.
: t

Nhan hai vé& ctia hé thic trén v6i vécto ban kinh dinh vi T clia chét diém nay.

- d - - me o~ =i
Ta cé: T /\E(mk\/k) =% AF +T AF, (a)
d —~ d . drg —
Vi EA—(m V. ) )=—(F Am V,)——~Am_V,.
k dt( k Vi) dt(k k Vi) T k Yk

df, - . = - . .. . e
Nhung -—d—k— =V, va V. Am,V, =0vi song song vdi nhau, nén h¢ thic (a) cé the viét
t
d . 5. me.. =&
lai du¢i dang: H—(rk Arm V. )=1 AF +15 AF,
[

Viét hé thitc trén d6i véi k = 1,2.,.., n. Réi cong v& véi vé ta dugc:
n d - n _ n .
Za(rkAmka)=ZrkAF5+ZFR/\F,: (b)
k=1 k=l k=l
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- Dinh nghia: Mémen dong luong clia chit diém déi véi truc z 1a lugng dai s6:

1, =m,(mV)=+mV'h (3.20)

z

trong dé: V 1a van t6c clia chat diém, V' 1a hinh chiéu ca V 1én mit phang vudng géc
véi truc z. £, 18y dau duong néu V'quay quanh z theo chiéu nguoc chiéu kim
déng hé va 14y ddu am trong trudng hop nguoc lai.
- Lién hé momen déng liwgng ciia chdt diém véi mgt truc va momen dong luong ctiu
né doi véi tam ndm trén truc.
Tuong tu nhu trong tinh hoc ta cé:
- Dinh 1§: Hinh chiéu vécto mémen dgng lugng ciia chdt diém dot véi tam O lén truc
z bing mémen déng ligng ciia chdt diém doi véi truc z do.

he, () = he, [ g (mV) | =, (mV) =1, (3.21)

b) Mémen dong luong cia co hé:
- Mbmen déng luong cila hé d6i véi mot tam hodc mot truc bang téng mémen dong
luong clia cac chat diém ciia hé d6i véi ciing tam dy hay truc dy.

N
;lTM'.S

n
Z T Xm, Vk (3.22)
k=

=

L, =Y m,(m V) (3.23)

[
M=

L

z

-
=

- Lién he giita Lyva L,

Dinh I: Moémen dong lugng cia co hé ddi v6i mot truc
bang hinh chiéu 1én truc 4y clia moémen déng lugng cua co he
dsi véi diém nam trén truc.

That vay: L, = anzzk = Z he, (L, )= hczzn:fok =he,L,

k=1 k=I k=1

c) Momen dong luong ciia vét rdn quay quanh truc cé
dinh doi voi truc quay

Coi vat quay quanh truc c¢6 dinh 12 co h¢ gém vo6 s6 phan
tr. D6i v6i phan tr thit k theo dinh nghia ta cé: /,, =£trm, V,

. _ No— o <. _ = 2
Vi: V, = o va ®=1 néntacod: [ =om,r

Theo dinh nghia mémen doéng lugng cla vat ran di véi

ir uay:
e quay | Hinh 3.15
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k=1 k=1 k=1
. o "
Vi: kark“ =J, nén cudi cling ta cé:
k=1
L,=J0 (3-24)

Neéu chon truc z sao cho vit quay theo chiéu duong thi:
o=oval,=J 0
3. Pinh 1y bién thién momen dong lugng:

Bao hdm theo thdi giun mémen déng lugng ciia co hé doi vei mét tim (hay mét truc)

> I Py ? - . ' o [y a “ "
bdng tong mémen cria cde ngoai liee déi vér cang tam (hay ciing truc) dy.

dd% - gfﬁo () (3-25)
d;“tz = gmz () (3-26)

Chitng minh:
Xét co hé gém n chét diém. Goi hop cdc néi luc va ngoai luc tic dung 1én chat diém

thok 1a E;Ff .
. et a2 d - e =
Theo dinh 1y déng luong vdi chit diém thit k ta ¢6: d—(mka) =K +F.
. t

Nhan hai v€ clia h¢ thiic trén véi vécto ban kinh dinh vi T, clia chit diém nay.

- d = . e - =i
Ta cé: I, /\d—(mka) =T AF +T AR (a)
t
d - d — dr, ~
Vi: L A—(mV)=—(T, Am, V,)——X Am_V,.
kg k Vi) dt(k k Vi) dt k Yk
dr, & . & = . ”
Nhung d—= Vi va Vi Am,V, =01 song song v6i nhau, nén h¢ thirc (a) cé the viét
t
- e d = - - -e - i
lai duéi dang: d—(rk Am V )=% AF +1 AF
1
Viét hé thic trén doi véi k = 1,2.,.., n. R6i cong vé& véi vé ta duoc:
bod o . oo . n .
Za(rkAmka)=Zrk/\Fk +Z:rk/\Fk (b)
k=l k=1 k=1
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o4 ~ d& . d -
Vi: —(r, Am, V, )=— T AmV,)=—L
gdt(k k Vi) dré(k/\ k Vi) i

1 11

‘ n _. n .
Va: Y &t AF = Zrﬁo (F;) con Z i AR = Zrﬁo (E!)=0 theo tinh chat clia néi lyc.
k=l :

k=1 k=1 k=t
dL, <. -
Nén (b) c6 dang: —d—tO— => m, (F)
k=l
1&) A Y A a sz o e
Chiéu hé thite trén 1én truc z ta dugc: % = > m,(F)
k=1

Nhén xét:

- Trong céc cong thic (3.25), (3.26) ta thdy khong cé mat noi luc, nhu vay ndi luc
khong anh huéng dén bién thién mé men dong fugng cla co hé.

- Dinh 1y mémen déng lugng thudng dugc ding dé xdc dinh gia t6c cla vat, viét
phuong trinh vi phan chuyén dong clia vat quay quanh truc ¢ dinh.

4. Pinh luat bao toan mé men dong lugng

a) Dinh ludt 1: Néu téng momen ciia cdc ngoui lyc tde dung lén hé doi voi mot tam
luén [uén bing 0, thi mémen dong liiong ciia hé doT véi tam dy sé khéng doi.

- % — e ~ d]: T ‘ =
That vay tir cong thirc (3.25) suy ra néu Z:mo(Fk }=0 thi d_o =0 nén L, =const
t
k=1

b) Dink Iudt 2: Néu téng momen ciia cde ngoai lige tdc dung lén hé doi voi mét truc
Iuén luén bing 0, thi mémen dong luong ciia hé doi véi tryc dy sé khéng déi.

dL —
£=0 dodé L, =const
t

n
That vay, tir cong thitc (3.26) suy ra néu Zrﬁz(ﬁf) =0 thi
k=1

Chii y: Dinh luat bio toin mémen dong lugng thudng duge diing dé xéc dinh van téc
gbc (hodc géc quay) clia mot bo phin chuyén dong cua hé theo van téc (hoac do chuyén
rdi) cua cdc bo phén con lai cua hé.

5. Phuong trinh vi phan chuyén dong cia vat quay quanh mét truc ¢ dinh

Cho vét rén quay quanh truc ¢é dinh z chiu tic dung chia cdc ngoai luc B, F5...,FS.
Ap dung dinh 1y bién thién mémen dong lugng doi véi truc z cho vat ran véi chi y 1a cic
phan luc lién két & 2 & d& A, B cét truc z, nén momen cia né déi véi truc z bang O ta

dL. & _
2 =>"m,(F).
LS

durge:
d
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do < =
nén: J,—=> m,(F 3-27
z dt é z ( k ) ( )
Goi ¢ 1a géc dinh vi clia vatran. Vi & = do vVig= do
dt dt
dﬁ(p n
nén J,—=>»m,[F (3-27y
z dt> E 4 ( k )
hay: 1E=ym,(F) (3-27)"

Cic phuong trinh (3.27), (3.27), (3.27)" la cdc dang
khéc nhau cha phuong trinh vi phan chuyén dong cua vat
quay quanh truc ¢6 dinh.

Hinh 3.16

Tir (3-27)" ta thdy cung cdc ngoai luc tic dung 1én vat,
néu J, cang 16n thi € cang nhé tic 13 van t6c géc bién déi it. Do d6 tuong tu nhu khéi
luong m cla chat diém, mémen quan tinh J, fa d6 do qudn tinh cda vat chuyén dong

quay quanh mot truc ¢é dinh.

Vi du 1: Pia tron déng chit trong lugng Q, bén kinh R c¢é thé quay quanh mdt truc
thing ding AB di qua tam dia vi vuong géc véi dia. Trén vanh dia c6 chit di€m M trong
lugng P. Ban ddu dia quay quanh truc véi van téc géc @, con chit diém nam yén trén
dia. Sau dé chat diém M chuyén dong theo vanh dia v6i van t6c tuong d6i 1a u. Tim van
toc géc cua dia lic dé.

Bai gidi:

Xét co hé gém dia va chét diém M. Céc ngoai luc tdc dung 1én hé gém cic trong
luong Q,P clia dia vi chit diém, cdc phén luc RA,ﬁB tai cdc & truc A,B.

Vi hé ngoai luc gébm céc luc song song va cit tryc $z

1
quay z nén: ZrT“lz(Ff)EO. ZIX B
k=1

Do d6 mémen dong luong cua hé déi véi truc z
khong thay d6i: L, =L (a)

Gia thiét ban dau dia quay quanh truc z theo chiéu
duong va khi chit diém chuyén dong trén dia, dia vén
quay quanh truc z theo chiéu duong,.

Coéng thitc tinh mémen doéng luong cua hé cho ta:
L,=L,(dia) + L (M)

Hinh 3.17
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Tai thoi diém ban dau:

2
LY =15, +m, (mV,) =L R%G, + R, = R (@ +2p)
2g g 2g
Khi chat diém chuyén dong, van téc tuyét doi ctia chét di€m theo dinh 1y hop van t6¢
c6 dang: V, =V, +V,

Vi: \76 va \7r ciing chiéu nén: V, =V, +V, =R.@+utrong do @ 1a van téc géc cia dia.

Momen dong luong ciia he khi chét diém chuyén dong.

e

L,=J,&+m,(mV,)= R” 5+Z®a+uR

2g g
Thay vio phuong trinh (a) ta tim dugc:
_ — 2Pu
T Q2P R

Néu @ >0 vat quay theo chiéu duong va nguoc lai.

Vi du 2: Hai vat nang P, va P, dugc budc vao hai day
quén vao hai ting cia mot rong roc ban kinh r vaR. A

Tim gia t6c géc cla rong roc. Biét trong fuong clia rong l
roc 12 Q va ban kinh quén tinh ctia rong roc d6i véi truc quay P,
la p. P,
Bai gidi: Hinh 3.18
Xét co hé goém hai vat nang A, B va rong roc C.

Cic ngoai luc tdc dung 1én hé gém trong luc 131,132,() va phan lyc 6 truc f{o .
Theo dinh 1§ bién thién momen dong lugng clia hé doi véi truc z qua O tacéd:

d
-(:ELZ =P1r—P2R (a)

Trong d6 mémen dong luong clia hé déi vdi tryc z:

L,=L,(A)+L,B)+L,(C) (b)
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thay vao (b) ta duoc: L, =P+ P,R* +QF32)9 ()
) g

Thay (c) vao (a) ta dugec: —(P]r +PqR +Qp )-— -PR

Pr-PR
Pr* +P,R* +Qp° &

Tir d6 riit ra gia téc cua rong roc: € =

Vi du 3: Tam gidc OAB c¢6 3 canh la 3 thanh déng chit
¢6 ciing khéi lugng m, dé dai /. Tam gidc cé thé quay
khong ma sat quanh truc nam ngang qua O vuéng géc véi
mat phing tam gidc. Tai O ngudi ta gin vio tam gidc mot
15 x0 xoén v6i d6 cling ¢ (Mémen xoin M = -cg). Ld xo
khéng lam viéc khi AB nam ngang.

Ban ddu AB nim ngang va dugc truyén vin téc géc ban
diu wm;, lam tam gidc quay ngugc chiéu kim déng hé.

Tim vin t6c géc, gia t6c gée cna tam gide 12 ham clia géc
¢ lap giita phuong thang diing va dudng cao OH. Hink 3.19
Buai gidi:
Tam gidc OAB la vit ran quay quanh truc ¢6 dinrh ndm ngang qua O.

Céc ngoai lyc tic dung l1én tam gidc gém trong lugng: 3 mg dat tai trong tam ¢ véi

2 3

OC= —OH =— 1-—— = L, ngiu lyc dan hdi ¢cé moé men xodn M = —co.
3 372 3

Phuong trinh vi phéin chuyén déng quay clia tam gidc quanh truc Oz qua O vuodng gée
v4i mat phang tam gidc 1a:

Joup = —3mg fsmcp (1)

trong dé: mémen clia quan tinh cla tam gidc déi véi truc Oz.

m?  ms’ +m(1\/§}' 3,

=—m/
3 12 2

Yo =2Jg, (OA)+1,, (AB)=2. >

Thay vao (1) ta dugc: —g—mlzc'f) = —\/gmglsin p—c@

Suy ra gia téc géc cla tam gidc:

E:c’p:—Zg sing— 2 2
NEY 3m12(p @
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Dé tim vén t6¢c géc @ = ¢ ta bién déi nhu sau:

_do_do do_ . do
dt de dt ' do

o2 e
Thay vio (2) taduge:  ¢dfp = _E(gsmw ﬁif}d@

2

Tich phan 2 v& ta c6: —gcos (|)}+Cl (3)

\/_l|i2\/:m[

: » 4
Thay diéu kién ban dau tai t=0: ¢ =0, $ =, taduge C, =, —ng

.2

Vay: ——-—-4—{ C(PE —gcosq)}-kmz——dr—o
- RN PN NG

f 4
Vin téc g6c clia tam gidc: © == Nt {gc 2\/_ J + Wy _-_Eg
3m

L&y déu duong khi tam gidc quay ngugc chiéu kim déng hé, 14y diu am khi né quay
thuan chiéu kim déng hé.

3.4. DINH LY PONG NANG

1. Cong cia luc

= 2. -3 5 . P oaa N M
Cho luc F bién di, diém dat cha né chuyén dong theo dudng >
cong nao dé. Goi « 1a géc lap bdi lyc F va ti€p tuyén clia dudng /

cong tai diém dit cila luyc. Ta ¢ dinh nghia sau: Hinh 3.20

a) Cong nguyén t& cua luc:

Cong nguyén td dA ctia Juc F tren doan dich chuyén vo cing bé ds cia diém dat luc la:

dA = Fdscosa (3.28)
Vi ds = Vdt nén dA = F.V coso.dt = F.Vdt. Vi: Vdt =
nén: dA =Fdr (3.29)

Gia str hinh chiéu cha Flén céc truc toado 1a X, Y, Z vitoadd chadiem M lax, y, z.
Tir cong thic (3-29) ta cé: .
dA = Xdx + Ydy + Zdz (3.30)

b) Céng ctia luc trén guang duong hitu han:

D& tinh cong cta luc trén quing dudng hitu han M M, nao d6 ta cén tinh téng cong

nguyén t6 cva luc, titc 14 phai tam phép tinh tich phan:
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A=J’dA
VoM

Thay dA tir cong thitc (3.28) dén (3.30) vio ta duge biéu thic tinh cong clia luc dudi

cdc dang khdc nhau:

5

A= j Fcosads (3.28)
S
i

A= [Edr (3.29)
A

A= [ Xdx+Ydy+Zdz (3.30
MM,

) Tinh ¢éng ciia mot 56 lwe déic biét
- Lie vudng géc véi phitong di chuyén (o = 90°): ta c6 cosa =0 va A =0 (hinh 3.21a).

- Lite ndm doc theo dicomg di: Lic nay cosa =% tacé A=+ IFds néu luc cé tri s6

khéng déi thi céong duge tinh 1a: A = £Fs (hinh 3.21b).

M \Y F v M F
' /MTT\L -
y F
a) h)
Hinh 3.21
- Trong lite: Chon truc z 12 truc thing ding huéng Ién trén. .4
Ap dung cong thiic (3.30)' vé6i chii y 1a: X =0; Y =0; Z=-"P ol Mo
4
ta c6: A=- [Pdz=P(zy~z)=%Ph h P
7o 4L — M,
Nhu vay cong cia trong luc khoéng phu thude vao dudng di
mi chi phu thuéc vio do doi thing ding cta vat, 1ay dau Py
duong néu vat di xudng, 1ay ddu am khi vat di lén. l
X
- Lue dan hoi tuyén tinh: Hinh 3.22

Cho luc dan hoéi tuyén tinh dugc biéu dién duéi dang F = —cT trong dé ¢ 12 hing s6.

Theo (3.29) ta co:

i n
— {aw__°C =2, € 2y €2 2
A= 'crd.r— 2-J‘d(r )= 2J.d(r)— 5(1’, -1 )
4 T
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Suy ra cong ctia luc dan héi chia 1d xo khi né bi kéo dan hoac nén lai mét doan A tir

trang thai tv nhién [a: A = —%Af

- Nodu e

Cho ngu luc c6 momen M dat vao vat quay, mat phéng tic dung clia ngéu vudng géc
véi truc quay. Ta di chuyén ngu trong mat phang cla n6 (tic dung cha ngiu khong ddi)
sao cho mét luc cla ngiu cat truc quay. Vi cosa =%l nén khi vat quay mét géc do né

sinh ra cong: : .48
dA = tFds = 2FRdgp = +Mdo E i ,
do ¢
Céng cha ngiu luc 1am vat quay mot goc ¢ la: 'R F
? 0
A=+ [Mdo
0 Hinh 3.23

Néu ngau phét dong cong clia ngau mang dadu duong. Néu 1a ngiu cén, cong clia ngdu
mang diu am:

Néu M = const thi: A =+Mg

2. bong nang

a) Céc dinh nghia

- Déng ndng cia chdt didm: Dong nang cla chit diém la dai lugng duong bang mot
nira tich ctia khéi luong va binh phuong véan téc:

T:%mv2 (3.31)

trong dé: m 1a khdi luong; V 1a van t6c chia chat diém.
- Déng ndng ciia co hé: La tdng dong nang cua tat cd cdc chat diém clia he:
1< 2
T==>mV, (3.32)
213
Pon vi do déng nang 1a kg.m*/S’
b) Dong ndng ciia mét vai vat rdn ¢é chuyén dong ddc biét

- Vat rdn chuyén déng tinh tién:

Khi vat rin chuyén dong tinh tién, & mdi thoi diém van tSc chia moi diém thudc vat
nhu nhau va bing van téc¢ khéi tam C cta vat.

2 1 el 1 2
Vi viy dong nang cha vatranla: T=—)> m V==V )> m
y g g : 22 KT CZ k
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Do d6: Tlev2 (3.33)
2 C

- Vdt quay quanh mét truc ¢6 dinh :
Gia str vat quay quanh tryc ¢6 dinh z véi van t6c géc @. Coi vat 1a co hé ¢6 vo s8 chat
diém. Chat diém M, c6 khéi lugng m, céch truc quay mot doan 1,, ¢6 vin t6c V, =1, 3.

Theo (3.32) dong ning cha vat ]a:
1 2 _ 1 2 2
T= Ekavk = ?Z—karkoa

V‘lZm WIf =J, 12 momen quin tinh cha vat d6i véi truc
quay, nén déng nang cta vat quay quanh moét truc ¢6 dinh z 1a:
|
T==I® (3.34)
2
- Vit chuyén dong song phdng: Khi vat chuyén dong song
phing & mdi thoi diém vat chuyén dong quay quanh truc tic
thoi z di qua tam van t8c tic thoi P cla vat.
Ap dung céng thic tinh dong nang cua vat quay quanh mot

truc ¢ dinh. Ta ¢é:

Got Cz 12 truc song song véi truc z di qua khéi tam C cha z4 jc,
vat va d 1a khoang céch gifta hai truc, M 12 kh6i luong cda vat,
theo dinh Iy momen qudn tinh d6i v&i céc truc song song ta cé:

1, =T, + M&

1

1 I, 0 +§Md2c02

. 1 2, 2
Nén: TZE(JCz"'Md Jw ZE

Nhung vi P 14 tdm vén téc tirc thoi nén: do =PCo =V,

Do d6 déng nang cta vat rin chuyén déng song phang la:

15 1.
T=—MV?+=Jon. (3.35)
2 2 Cz

Hinh 3.25

Vay dong nang clia vit rin chuyén déng song phing bing téng dong ning cla né
trong chuyén dong tinh ti¢n cling v6i khoi tam va dong nang clia né trong chuyén déng
quay quanh truc di qua khéi tam.
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3. Dinh Iy déng ning
a) Dang vi phdn
Dinh Iy: Vi phdn déng ndng cia hé bdng téng dai 56 cong nguyén 16 ciia cdc ngogl
It va néi luc ddt vao cde chdt diém ciia hé.
dT = idAi +Zn:dAL : (3.36)
k=1 k=1
Chimg minh:
Gi sit co hé gém n chét diém. Goi F‘f,fﬂi 12 hop clia cdc ndi lyc va ngoai lyc tic dung
Jén chit diém thu k. Phuong trinh co ban dong luc hoc cha chit diém cé dang:
m, W, = o+ Fﬁ

Nhan hai v& ctia phuong trinh véi dt, trong d6 T, 13 vécto bdn kinh dinh vi cta chat

v - " - - - N s dv »
diém thi k va chi ¥ gia t6¢ clia chét diém thd k 1a W, = _dti . Ta cé:
dV

Cdt

dv, dr, 1 >
Mat khdc: m,. d—drk =m, d—de =m, .V, dV, —d( m, . E)zd(gmk.\/’k')

Vi FP.d, =dAS va E di, =dA, nén tir (a) ta cé d[%mkaz] =dAS +dA]
Viét hé thic trén véi k = 1,2,...n r6i céng n phuong trinh ta c6:

d[i%mkV]szidAi +idAL
k=1 k=1 k=1

n n )
Cuéi ciing ta dugc: dT = ZdAE + ZdAL
k=1 k=l
b) Dang dao ham
Af dA;}
Chia hai V& cita (3.36) cho dt ta c6: — = Z Z—
k= k= dt
. dAS . . dAl , )
trong dé: k - W, va d—tk=Wk [a cong suat ciia hop cdc ngoai luc va néi luc tic

dung 1én chét diém thit k cta hé. Ta cé dinh 1y sau:
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Dinh 1y: Dao ham theo thoi giun déng ndng ctia co hé bdng téng céng sudt cia cdc

ngoai va ngi luc tde dung lén co hé

—= i We + Zn; wi (3-37)

¢) Dang hitu han
Dinh ly: Bién thién dong ndng ciia co hé trén mot cluyén roi nao dé bang téng dai s6
céng cria ngoai luc va néi luc ddt vao cde chdt diém ciia hé trén chuyén réi dé.

T-To=> Aj+> A} (3.38)
k=1 k=1

Tich phan 2 v&€ phuong trinh (3.36) véi cdc can tuong tng ta duge ngay hé thite (3.38)

d) Nhin xét

- Khéic véi 3 dinh 1y trude trong dinh ly dong nidng néi chung cé mit ndi luce, do dé
ndi chung néi luc ¢é anh hudng téi su bién thién dong ning ciia co hé.

- Néu céc luc 1a khéng déi thi 4p dung dinh 1y dong ning dang hitu han, néu céc luc
bién déi nén diing céc dinh 1y dong ning dang vi phan, hay dao ham.

- Dinh 1y doéng ning diing dé giai cdc bai todn trong d6 c6 van toc, véan téc géc cha
mat bd phan thuoc he, do dich chuyén va lyc tic dung.

Vi du 1: T4m tron dong chét trong luong Q Ian khong trugt trén mat phing nghiéng.
Heé s6 ma sit lan giita tAim va mit nghiéng 1a k, bdn kinh tam tron 1a R, géc nghiéng a.
Tim gia téc tim C va luc ma sat trugt tic dung 1én tdm.

Bai gidi:

Xét co hé 1a tdm tron, cdc luc tdc dung 1én hé 12 trong luong Q ciia tdm, phén luc
phdp tuyén N, luc ma sat trwot F__ va nglu can lan M,.

Pong nang cha hé: T = %MV@ + %Jcmz

Vi tdm lin khong truot nén tam vén téc tiic thdi & diém ti€p xic P nén:

Do dé:
[ 5 L1 .5 Vo, 3. ., 3 .,
T=-MVZ+——MR? - (=2)? =MV = —QV¢
27 “ 22 R T 4gQC
deggVCdVC
2¢g

Hinh 3.26
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Vi tdm lan khong truot, V, = 0 nén cdng clia luc ma sat truot:
dA(F ) = —F,dS; = - F,,. Vpdt =0
Do dé téng cong nguyén t6 clia cic luc tic dung 1én tdm:

> dA, =Qsino.dse —M,.d¢
dsc .k q
thay M, = kN =kQcosa; dop= -R— vao {b) ta dquchAk = Q(sma—Ecos o)ds,

Ap dung dinh ly dong ning dang vi phan: dT = dA,

3 ) k
cho hé ta duoc: —g\/cd\/C = Q(sino ——cosa)dse
2g R
av, . k ds
Chia hai v€ cho dt ta dugc: EQ c —£ = Q(sino. ——cos a)—&
2g dt R
vi ddi =W, va ¢ =V nén sau khi nit gon ta c6:
t t
L 2 . k
Gia toc tam C: W =§g(51noc—§cosa)

Ap dung dinh 1y chuyén dong khéi tam cho hé: MWC =N+Q+ Fms

Chiéu Ién truc x ta duge: MW, =Qsina —F,

Suy ra luc ma sét trugt tdc dung lén tdm:

F.= Qsina—gw =—9(sina+zlf—cosa)
8 38 R

Vi du 2: Vit A nang P, budc vao ddu ™

s¢i day khong gian, khong trong luong.
Diay duoc vat qua rong roc B quay quanh
truc O. Diu day kia budc vao truc banh xe

. M
C lan khong trugt trén mat phang ngang. Fo :
R& N 1oz s \ T /I/ 7
ong roc B va banh xe C la cdc dia tron
déng chat, ban kinh R va trong lugng P,. { P

Hé s6 ma st lan gitta C vA mat ngang 1a
k. Ban ddu hé ding yén. Bé qua ma sét &

tryc rong roc.

Xac dinh van téc ctiia vat A khi né ha {P
xudéng mot doan S. Xdc dinh gia téc cha A. Hinh 3.27



Bai gidi:

Xét co hé gom 3 vat A, B, C. Cdc noi luc tdc dung 1én hé 1a cdc sifc cang cia cdc soi
day néi cdc vat. Vi day khéng gidn nén tdng cong noi luc bing 0.

Cic ngoai luc tdc dung 1én hé gém trong lugng chia 3 vat, phan luc & 6 truc quay Ro
pha;m lyc phdp tuyén ctia nén N, luc ma sét trugt F__ vi ngdu cin lan M,

Trong lugng cha C ¢6 phuong vuong géc véi dudng di nén cong clia né bang 0. Vat C
lin khéng truot nén céng cua luc ma st trugt bang 0.

Trong luong ciia B, phan luc R, c6 diém dit ¢8 dinh nén cong clia ching ciing bing 0.
Nhir vy téng cong cla céc luc tic dung 1én co hé khi A roi xudng moét doan S [a:

g A, =PS-Mo

trong d6: M, =kN = kP, vd p = %

Do dé: 3 Ay =(PR-KkP) > (a)
k=1 R

Pong ning cua hé: T =T(A) + T(B) + T(C) (b)

Pong ning clia A chuyén dong tinh tién:

T(A) = 1P‘v
28

Déng nang clia B quay quanh truc ¢6 dinh:
1 1P, R> V P
T(B) ==T,0° ==-=2—(F) =2V}
T2 2¢ R 4g
Pong nang cia C chuyén dong song phing:

TC) ==-2VZ+-J, 0l =—-2V, c
( ) 9 g ct 9 e 9 g ct 2 28
_ S e LA . Ve Vi
Vi day khong gian nén V. = V, va C lin khong trugt nén: o, "R "R
3P
Suy ra: T(C) ———°V‘
4g

V2
Thay vio (b) tadugc: T= ?A- (P, +2P,)
g

Ap dung dinh 1y dong ning dang hitu han: T—T, = 2A, cho cg hé véi chii ¥ hé ban

dau hé ding yén nén T, = 0 ta ¢é:
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Vi s .
—2 (P, +2P, )= (PR -kP,)—
2 (P, 5 )= (P, “)R (c)

Suy ra: V, = 2—PIR—_—IE-Pz—gs
R(P +2P,)

N e, AV, ds
Pao ham hai v& he thiic (¢) theo thdi gian va chu ¥: o =W, — =

—=V
Adt

A

VvV, W v
ta dugc: A_A (P +2P,)= (P;R—kPg)?A
. PR —kP,
Suy ra gia téc cla A: W, =————¢
R(P, +2P,)

Vi du 3: Hai vat A, B khéi luong lan luot la m, 2m dugc ndi véi nhau bang mat 10 xo
¢6 do cimg ¢, dugc dit trén nén ngang hoan toan tron nhin, ban ddu ngudi ta kéo 2 vat ra
xa lam cho 10 xo gidn ra mot doan & so véi trang théi khong bién dang va tha cho ching
chuyén dong véi van tc ban ddu bing 0. Tim van t6c cila A khi 16 xo hét bién dang.

Bai gidi:

Xét co hé gom 2 vat A, B chuyén dong tinh ti€n. Céc ngoai luc tic dung lén hé gém
trong Iuong 2 vat A, B, phéan luc phap tuyén clia nén tac dung lén A, B.

N6i luc clia hé 12 luc dan héi tuyén tinh.

Goi V,, V; 12 van téc clia A, B khi 1o xo hét bién dang. Ap dung dinh 1y dong nang

cho hé:

T,-T, =D A} + D A} (1)
Vi céc ngoai luc déu vudng géc véi dudng di nén: Z Af =0
Cong cta lyc dan hdi tuyén tinh: ZAi = %CS2
Ban diu hé ding yén nén: T,=0

Pong ning cua hé khi 10 xo hét bién dang: T, = %mVﬁ +-;-(2m)V§

Thay vao (1) ta duoc: -;— m (Vﬁ + 2\.@;2 ) = %CSZ (2)
AT ]
Hinh 3.28
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Goi x la truc ndm ngang. Vi cdc ngoai lyc déu vuéng géc véi truc x nén ZXC =0,

do d6 hinh chi€u dong lugng cta hé nén truc x dugc bao toan:
_ N0
Qx - Qx (3)
Ban ddu hé diing yén nén: Q' =0

Hinh chi€u dong luong ctia hé 1&n truc x khi 10 xo hét bién dang: Q, =mV, —2mVy
Thay vao (3) dugc: Vg=—V, 4)

Thay (4) vao (2) duogc: m[Vi +%Vj ) =¢é

2

Suy ra van t6c ctia A khi 10 xo hét bién dang: V, =3, {32_0
m

Vi du 4: Xe 6 t& dugc mo6 hinh nhu hinh 3.29, chuyén dong trén mit phing nghiéng
véi mat phang ngang mot géc o. Banh truée 1a dia tron déng chidt ban kinh R, khéi
luong m,, lan khéng truct dudi téc dung cha ngdu ¢ moémen khéng déi M. Bénh sau
cling 14 dia tron dong chit khdi lugng m, bin kinh R,, 1an khéng truot, 2 banh lién két
v6i nhau nhd than xe 1a thanh déng chat khéi lugng m,, gin ban 1€ & 2 truc xe. B6 qua
ma sat & cdc truc. Tinh cong sudt clia dong co (duge gin vao bdnh trude va tao nén ngiu
M) dé xe c6 van téc V va gia téc a cho trude. Bo qua ma sit 1an & 2 banh.

Bai gidi:

Xét co hé 12 2 banh va than xe. Céc ngoai luc tic dung 1én hé gém trong luong ciia 2
banh va than xe P,P,,Q, cdc phan luc phép tuyén, cdc luc ma st truot cha mat dudng

tic dung vao 2 banh N|,N,,F,F,, ngiu M tdc dung vio banh 1.

Ap dung dinh Iy dong nang dang dao ham:

O _sw (1)
k
dt

Cic luc N,,N, vudng géc véi dudng di nén khong sinh cong. Do lan khong truot
cong clia cdc luc ma sat trugt cling bang 0.
Cong nguyén t6 cia cdc luc con lai: ZdA, = Mde, — (P, + P, + Q)sino.dS

dA .
ZW = —-&T"-=M031—(P]+P2+Q)sma.V=Mc01—g(m1+m2+m3)sinoc.V (2)

Dong nang cia banh 1 chuyén déng song phing:
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2 2
| P 2 9 RI(V, ”
T = VP 4, 0 =%m1V,’ +%ﬂ2-¢(_'] =3mv

Dong ning ctia banh 2 chuyén dong song phang:

22T R,

e}
T, =a2—m2\/2‘ +5J02.w

2
5 =

| -

B g - o 1 2
Poéng nang cla than xe chuyén dong tinh tién: Ty ==m,V".
. . . 3=5m:

Hinh 3.29

Pong nang cua hé:

3 el 2
T=T,+T,+T; =>mV? +2m,V? +lm3v2 =l(3m1 +3m, +2m;)V"
-7 4 4 - 2 4 - )
d
Do dé: l=%(3m1 +3m, +2m;)Va (3)
] 2 3

Thay (2), (3} vao (1) ta dugc:

%(3m1 +3m, +2m;)V.a=Mae, —g(m, +m, +my)sinaV

Cong sudt cua dong co:
3 + 1' .
W =Mo, :K—(T‘T-m—)+m3)a+g(ml +m2+m3)sma}v

Vi du 5: Cho co hé nhu hinh (3.30) tang quay O bén kinh r,, trong lugng P,. Mot
diu day quén vao tang quay, ddu day kia bugc vao truc C clia con lin cé trong luong
P,, ban kinh r,. Trén tang quay tic dung mot ngiu luc ¢6 mo men M(i). Con lan Clan
khong truot trén mat phing nghieng mot gé¢c o véi mat phing ngang. Day kéo song
song v&i mat phéng nghiéng. Tang quay O, con tan C xem |3 nhitng tru trdn dong chat.
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Bd qua ma sét & truc O. Bb qua ma st lan, coi day la khéng gidn, khong trong luong.
Cho M(t) = M,, — b, trong d6 M, va b 14 cdc hing s& duong, o, 1a tr1 s6 van tdc gée

ctia tang quay. Tim biéu thic van t6c géc cha tang quay 12 ham cia thdi gian. Biét
rang ban ddu hé diing yén.

e M
Bai gidai ‘
Xét co hé gém tang quay va con lin.

Doéng nang cua tang quay:

2 T T g
Dong nang ctia con lian:
1 1 3P
T, =] co mV':-——V

Vi con lan C lan khong truot vi day
khéng gidn nén: Hinh 3.30

I
Ve = 0, =10, >0, =+,
Iy

2 2 1 2]
Doéng ning cia hé: T=T +T, = 4—11—(1)[ + 3P ) o) = EI(D,'
g
. 1 2
trong do: I=—(P +3P)r"
2g
dT do
Suy ra: —=Ip, —+ (a)
Y dt 't
. x d d o
Cong sudt ctangau M: W _9A _Mde ®; = (M, —ba, )@,
dt dt
. = dA P dr - - .
Cong sudt cua luc P, : W= o dtr =P,.Ve =(-Byrsina)a,
2 : 2 2
Coéng sudt cua cdc luc tdc dung 1én hé:
W =(M; - Py sina—bo | )®, =(M3—b631)61 (b)
trong do: M; =My -PBrsina
Ap dung dinh 1y dong ning dang dao ham va sir dung (a), (b) ta ¢6:
dT d(a—-po
_=W_>_(._@=__Bdt (C)
dt o — B,
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trong dé: o= =2M0_P2r1 Slr:(Ig; |3=E:2g-—b——7
1 (P, + 3P, I (P, + 3P, )

Giai phuong trinh vi phén (c) v6i diéu kién ban ddu o, (0) =0 ta duge:

(1) ==(1-eP)

B
3.5. PINH LUAT BAO TOAN CO NANG

1. Truong luc
Trudng luc 1a khoang khong gian vét 1y, trong d6 chét diém chiu tic dung cla luc chi
phu thudc vao vi tri ciia chat diém &y.

Trudng trong lyuc, trudng luc dan hoi tuyén tinh 1a cdc vi du vé trudng luc.

2. Trudng luc thé

Trudng luc thé 12 trudng lyc, trong d6 cong cla lyc tdc dung lén chit diém khong phu
thudc vao quy dao diém dat lyc ma chi phu thu¢e vao vi tri ddu, vi tri cudi ctia diém doé.

Trudng trong luc, trudng luc dan héi tyén tinh déu 1a cdc trudng luc thé.

Luc tic dung trong trudmng luc thé goi la luc the.

3. Thé nang

Thé nang cia chat diém hay co hé 1a dai luong biéu thi nang luong du trit cha chét
diém hay co hé dé. Xét co hé gom n chat diém trong truong lyc thé, quy dinh mét vi tri
nio dé clia co heé 1a vi tri "O". Khi dé thé nang cia co h¢ duoc dinh nghia 12 t6ng cong
ctia cdc luc thé tdc dung 1én co hé khi né di chuyén tir vi trf dang xét dén vi tri "O", ky
hiéu la IT.

Theo dinh nghia trén th€ nang cla co hé & vi tri "O" béng 0.

Nhu vay mét vat trong fugng P & do cao h so v6i mit dat thi th€
nang clia né so v6i mat dat 12 Ph. Néu chon "O" 1a vi tri cén bang finh
chia 10 xo thi thé nang cla lyc dan héi tuyén tinh cla 10 xo khi né bi
kéo ra khoi vi tri can bing tinh mot doan z la:

H=%c[(z+60)z—6§].

O

trong d6: &, = L do vong tinh cla 10 xo; i -
c

c - do cing cua 10 xo (hinh 3.31). Hinh 3.31

Vi ta ¢6 thé chon vi trf "O" cia hé 1a mot vi tri bat ky nén thé€ nang cla hé s€ sai khac
nhau mét hang s6. Nhu vay:
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- Th& nang cua trong luc la: IT=1+Mgh+const (3.39)

ldy dau + néu vét & vi tri cao hon vi tri "O" va ngugc lai.

- Thé nang cla luc dan héi tuyén tinh la: I1= %cr2 +const . (3.40)

) i
Truong hop 10 xo thang: [1= Ecx2 + const , trong d6 x 14 do gidn hay nén cta 10 xo.
- Thé nang ciia ngau luc dan héi tuyén tinh (10 xo x0an) ¢6 mé men M = —co la:
1
[M1= Eccp2 +const . (3.41)
Vi cong cla luc thé tic dung 1én co hé chi phu thudc vao vi trf ddu va vi tri cudi cha
cdc chit diém, nén thé nang cla co hé 14 hdm cic toa dé cic chit diém:
]’—‘[ = 1_'[ (XI’ YI’ Z]:XZ! yZ’ ZZ yoee xn’ Yn! Zn) (342)
4. Cac tinh chit ciia luc thé
a) Cong cuia luc thé khi co hé di chuyén trong truomg luc thé bing hiéu thé nding
cua co hé o vi tri dau va vi tri cudi ciia dich chuyén do.
A =1L - 1L (3.43)
That vay vi cong cia luc trong trudng luc thé khéng phu thuéc vao dang quy dao
chuyén dong nén ta ¢é: AL=A +Apn=A - Ay
Nhung theo dinh nghia thé ning: A,, =7,; A, =7,
Do dé: A, =TI, ~TI,
b) Luc thé co thé biéu dién qua thé ndng nhu sau
oIl oIl orl
Xk =——; Yk =—— Zk =—— (3.44)
2 0y
That vay khi co hé di chuyén tr vi tri {Mk(xk,yk,zk)} sang vi tri lan can
{M'k (xk +dxy,y, +dy, 7, +dzk)} (k =1, 2,..., n) thi theo tinh chét (a), cong cta luc thé
sinhra 1a: dA =T1(x,,yy .2y )= TT(xy +dx,, v +dyy,z, +dz, )hay dA =—dIT (a)

Theo cong thic tinh cong nguyén t6 cia luc (3.30) ta c6:

dA = Zn:(Xkdxk + Y dy, +Z,dz,)

k=1

Con vi phan toan phén cua thé nang:
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Ny 1
dl1= Z[—dxk +%—dyk +2—Hdzkj

k=1\ Y2k K Zy
Thay vao (a) ta dugc: X, =—211; Y, :-é-rl; Z, .o
oKy, 7 9z

5. Dinh luit bao toan co nang

Gié sit co hé di chuyén tir vi tri "1" dén vi tri "2" n&o dé trong trudng luc thé. Theo

dinh 1§ dong ning ta co: T,-T,=A,
Theo tinh chat (a) cla luc thé: A, =TT, -1,
do dé: T,-T, =TI -1,
hay: T, + I, =T, + [1, = const.

Pai luong E =T + I goi la co ning cha co hé.

Vay ta ¢6 dinh Juat bdo toan co ning sau:

Khi co hé di chuyén trong truong lc thé'thi co ndng ciia co hé duge bdo todn.
E=T+II=const (3.45)

Hé co hoc nghiém ding dinh luat bao toan co ning goi 12 hé bao toan, con luc tic
dung 1én co hé goi 12 luc bao toan. Nhu vay luc th€ la lyc bao toan.

Hé thiic (3.45) con duge goi Ia tich phéin nang lugng.

Vi du: Mot try tron déng chat c6 khéi luong m lin xudng theo mot day treo thing
ding quén vio né. Pdu A clia sgi day duoc budc chit va khi tru rot khong van 16c dau
thi day nha ra. Tim van téc truc khéi try khi né roi xudng dugc mét doan h, tim gia téc
cua truc dé va siic cang cia day.

Bai gidi: 1

Xét co hé 13 khéi tru chuyén dong song phang chiu tic dung %4
cha trong lic P va sic cang T. Vi day luon ding yén nén tam
van téc tic thoi cha tru tai diém ti€p xdc B gita day va tru:
Vg=0.

Do dé: dA(T)=T.dSg =T.Vgdt=0.

Ciac luc tdc dung Ién hé 12 luc c6 thé. Nhu vay co hé dang xét
1a co hé bao toan.

Chon vi tri "O" 12 vi trf ban ddu cla tru. Vi tru chuyén dong véi d
van t6c ban diu bang 0 nén theo dinh [uat bao toin co ning ta cé: Hinh 3.32
T+[=T,+I1, =0 (a)
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Doéng nang T khi try roi xuéng mot doan h la:

Py

mR~*
2

1 ., 1. 5, \Y/
T=-mVZ+—-J.0" trong dé w=—S;]. =
5 cT5lc g R C

Do do:

Thé nang cha co hé:
[I=-Ph=-mgh.
Thay vao (a) ta dugc:

%mVé —-mgh=0

Suy ra van téc cua tru khi né roi xudng mot doan h 1a:

gh
V. =2 |8
¢ 3

Pao ham (b) theo thoi gian ta duoc:
3
‘Z‘Vcwc ~gVe =0

Suy ra gia téc cha truc tru la:

We=—g

Lo b

Ap dung dinh 1y chuyén dong khéi tam cho co hé ta cé:
mW, =P+ T

Chiéu (c) 1én truc z ta duge:
-mW =-P+T

Suy ra sic cang ciia day:

T=P-mW, =m(a—WC)=%mg.

(b)

(c)



Chuong IV
NGUYEN LY PALAMBE

Trong hai chuong truée, dé giai hai bai todn co ban dong luc hoc chia chat diém va co
hé, chiing ta d3 sir dung phuong trinh vi phin chuyén dong cla chat di€ém va cdc dinh 1y
téng quét dong luc hoc, d6 1a cac hé qua duogc suy tryc ti€p tir cdc dinh luat NiuTon. Tuy
nhién rét nhiéu bai todn dong luc hoc con ¢6 thé fim dugc 181 giai ngan gon, nhd cdc
nguyén 1y co hoc. Trong nhiing chuong ti€p theo, ching ta s& }an luot nghién citu céc
nguyén 1y dé. Mot trong nhing nguyén 1y co hoc cé nhiéu tmg dung la nguyén 1y
PalamBe do nha bic hoc ngudi Phép phat minh, ma chiing ta dé cap dudi day.

4.1. LUC QUAN TINH

1. Pinh nghia

Luc qudn tinh ciia chat diém 6 khoi lugng m chuyén déng voi gia toc W la dai
lugng vécto c6 chiéu nguoe vol giu téc W v 6 dé I6n bdng tich giitu khéi lugng cua
chdt diém va gia toc cia né:

E, =-mW (4-1)

Vi gia t8c cha chit diém c6 hai thanh phén: Gia téc ti€p va gia t6c phép, nén ta cling
phan luc quén tinh cla chét diém thanh hai thanh phén:

F

qt

T _T =1
Fql = Fql +th

Trong d6 luc qudn tinh tiép ti€p tuyén véi quy dao:
. . dv

1 . T _ _ .

th = —mWT, th =m ’a = m|S|

Luc quén tinh phdp nguge chiéu véi gia téc phdp tuyén:
B B 2
Fy=-mW,; F, :m—‘;—

2. Thu hé luc quan tinh cia-vat rin chuyén dong Hinh 4.1

Coi vit rin chuyén dong 1a mot co hé ¢6 vo s6 chét diém, méi chdt diém c6 mot luc
quan tinh, nhu viy vat ¢6 mot hé luc qudn tinh. Theo dinh 1y thu hé luc khéng gian, Khi
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thu hé lyc quan tinh vé tam O ta dugc mét luc va mot ngdu luc. Luc dat tai tam O vacé

vécto bang vécto chinh clia hé:
R:]t = Z I? = "kawk
k=1
Theo cong thic (3.1): > m, % =ML
Dao ham 2 v& hé thic trén 2 14n theo thoi gian ta duoc:
n — —_—

> m W, =MW,
k=1

Thay vio (a) ta duoc: R’qt =-MW,

(a)

(4-2)

Nhu vay véc to chinh qudn tinh khong phu thudc vao dang chuyén déng cla vat, con
moémen chinh ciia hé luc quan tinh néi chung phu thuéc vao dang chuyén dong clia vat
thé. Sau day ching ta s& tim biéu thifc clia né déi vdi cic dang chuyén dong dic biét.

a) Vit rdn chuyén dong tinh tién

Thu k¢ luc quan tinh vé khéi tim C clia vt ta duge mot Iuc va mot ngiu luc ¢ momen:

1 Tl n I n
Aqt — gty _ - SR - T4 _ - 3 ~ -
M¢& —ch (Fk )—Zrkka = E Lxm, W, = E m, 5 XW, Vi E m, §, =MI-
k=1 k=1 k=1

k=1

ma I la vécto ban kinh dinh vi ctia C cé goc & C nén:
T =0 vay M¥ =0.

Nhuwiay thu hé luc quan tinh cta vat rin chuyén déng
tinh ti€n vé khai tam C cla vat ta duge mot hop luc:

R4 =MW

C

(4.3)

b) Tdm phdng quay quanh truc c6 dinh vuéng géc
véi matphdng tém

Cho tdm phang khéi lugng M quay quanh truc ¢é dinh
z di quaO va vuéng géc véi mit phing tdm. He luc quén
tinh clia tdm nim ngay trong mit phing tim, Khi thu vé
tam O dfluoc mot luc biéu dién bing cong thic (4.2) va
mot ngu luc ¢ mémen:

M3 = 3w, (B )= 2, (Bl )= - Y nem W ==Y m, 78 =T &

k=1

74
Hinh 4.2

trong dé: J, la momen qudn tinh ciia tim d6i v6i truc quay con 1A gia téc géc cha tam.
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Nhur vay:
Thu hé luc quan tink cha tdm phéng quay quanh truc cd dinh vudng géc véi mit
phéng t4m vé tam O ta duge mot luc va mét ngéu luc cung nim trong mit phing tam.

R, =-MW,
MY =-1 .8

(4.4)

Trudng hop truc quay di qua kh6i tam ¢ cla tdm.

Khi d6 W, =0 do d6 R, =0, nén khi thu hé lyc quén tinh vé tam ¢ ta chi duge mot
nglu ¢6 moémen: M =-J.&

c) Tdm phdng chuyén djng trong mdt phdng ciia no

Vi t4m phing chuyén dong song phing nén & méi thdi diém né quay quanh truc
vuéng géc véi mit phing tdm di qua tam van t6c tic thoi P cia tim. Theo két qua phan
(b) thu hé luc quén tinh cha tdm vé tam P duge mot luc EZ;L = —MW:, va mot ngiu cé

R I (R
moémen: M =-J, &
Tiép tuc thu hé nay vé khéi tam c cha tam, ngdu Mg‘ khong déi con luc R’qt dugc

thém vio mot nglu luc phu, theo dinh 1y doi lyc song song, mémen ctia ngiu luc phy la:
i, =, (Ry )=, (ﬁ‘;)ﬂﬁc (B2)
trong dé: ﬁq”t =~MW2 nim trén PC nén m, (R‘; ) =0
ConR.\ = -MW & vuong géc véi PC 6 gid tri R =-MdE nén: i, (R )=Md’e
trong d6: £ 1a gia tdc gbc cla tam.
Hop 2 ngiu Mgt va m_ ta duoc ngiu c6 moémen:

M3 = MY+, =T, 8 +Md*E = (1, +Md* |§+ Md’E = I €

Két lugn: Thu hé luc quén tinh ctia tim phéng chuyén déng

- 2 2 - P e < - 4 I
trong mit phang clia né vé khdi tam C cua tim ta dugec mét lyc va % z|
mot ngéu luc: Z 9

. gt
S w1 =
R, =-MW,;  M¥=-J8 @4.5) 5
pl/ 3 Jc
trong d6: J. 12 mé men qudn tinh clia tdim d6i véi truc z, di qua ,é:
kh&i tam C va vudng géc véi mit phang tam.
K&t qua nay con diing cho trudng hop vét rén chuyén dong song Hinh 4.3

song v6i mit phang d6i xing clia ng.
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4.2. NGUYEN LY DPALAMBE - CAC PHUONG TRINH TINH PONG
1. Nguyén 1y DaLamBe déi v6i chit diém
a) Nguyén ly: Trong chuyén déng ciia chdt diém, cde lte thue si tac dung lén chdt
diém ciing v&i liie qudn tinh cia chdt diém dy ldp thanh mot hé luc cdn bdng.
Ching minh:
Xét chit diém khéi luong m chuyén dong véi gia téc W do cdc luc F,E,,....F, gay
ra. Ap dung phuong trinh co ban déng luc hoc d6i véi chat diém ta c6:
mW =F +F, +...+F
Chuyén mW sang v€& phai v6i chd y 13 —-mW =F' ta duogc:
F+E+...+F +F¥=0
Heé luc (IE[,IE2 ,...,Fn,l_iq‘) 12 hé Tuc déng quy cé vécto chinh triét tiéu nén phai can bang.

Chi ¥ 12 hé luc trén can bing theo tidu chudn cén bing cla hé luc déng quy, nhung
chét diém khong cén bang ma vin chuyén dong véi gia téc W .
b) Cdc phuong trinh tinh déng ctia chdt diém >
Vi hé lyc trén can bang nén theo diéu kién can bang ctia hé luc dong quy ta c6 cdc
phuong trinh cin bing sau:
1 n n
DX +Xy =0, DY, + Y, =0, D Z, +Z,, =0 (4.6)
k=1 k=1 k=1
trong d6: X, , Y, , Z, la hinh chiéu cta luc F, lén 3 truc toa do;
XY g Zq 12 hinh chi€u cta lyc F 1én 3 tryc d6.
Cic phuong trinh (4.6) goi 12 cic phuong trinh tinh dong cha chét diém.

Vi du: Quéi cdu nho khéi luong m duoc budc vao soi diy dai khong gidn OM = [.
Quay OM quanh truc thing ding qua O lam M v& nén quy dao [a dudng tron tam I nam
trong miat phang ngang. Géc lap béi OM va truc thing
diing o = 30°. Tinh vén t8c clia M va siic cang soi day.

Bai gidi:

Coi qua cdu M la chat diém. Cic luc thue sy tdc dung
len M gém trong luong P va stc cing T day, luc-quédn

tinh cia M: Fq[ . Theo nguyén 1y DalamBe (P, T, Fq,) ~0.

Lap h¢ truc toa do tr nhién Mtnb nhu hinh v&. Phuong
trinh finh dong cliia M trén heé truc nay la:

Hinh 4.4
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Tsino—F =0 (1)

Tcosa—P=0 (2)
P 2mg
Tir (2) cé: T= =—=
@ s B
Vi F¥ =mW, =m—=m—;
P fsina
2 me
nén tir (1) ta co: m =Tsino = —=-sino = mgiga

Isina coso
Do dé6: V= /lgtgasino = -21%

2. Nguyén ly PaLamBe doi véi co hé

a) Nguyén Iy: Trong chuyén déng ciia co hé, nhitng luc thye sw ddt vao cdc chat diém
ctia co hé gbom cdc ngoai lie va ndi lue, cang cac lite qudn tinh clia cdo chdt diém ldp
thanh mét hé hec can bing.

Chitng minh: Khio st co he gém n chét diém goi F¢,E 14n luot 12 hop cdc ngoai luc
va noi luc tic dung 1én chat diém thid k cha hé. Ap dung nguyén ly Dalambe cho chit
diém nay ta co:

=e Honqt
Néu hé gém n chat diém ta ¢é n hé luc cin bing, do dé hé luc tic dung lén co he,
goém n hé luc can béng cling phéi can bang:
e ©lopqt
(Fe BLRY) ~0
k=12..n
b} Cdc phuong trinh tfinh dong cua co hé

Nhur di biét trong finh hoc, khi hé luc da can béang thi vécto chinh vd mémen chinh
cta hé phai triét ticu:

R=YFE+>F +R"=0 (a)
k=1 k=1

_ n ~ 1 . -

Mo = i (B )+ Dy (L )+ N =0 (b)
k=1 k=t

Nhung theo tfr_lh chit clia noi luc: ZIE‘ =0, Zr?lo (Fﬁ ) =0 tir (a) va (b) suy ra:
k=l ki
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iﬁf+§'q‘=0; imo(ﬁg)ﬂﬁg‘:o
k=l k=1

Chiéu cdc phuong trinh véc to trén 1én 3 truc toa dé ta c6:
n n N
XE+RY =0 m, (Ff)+M¥ =0

-
=
—

Yi+R& =0 m, (K )+M,% =0 4.7)

= EM:
M= 51V

78 +RE =0 m, (¢ )+ M,* =0

—
~
13

k=

Céc phuong trinh (4.7) duge goi 14 cdc phuong trinh finh déng ciia co hé. Tir cic
phuong trinh finh déng ta ¢é thé tim dugc luc hay chuyén dong. Nhu vay, nhd nguyén 1y
PalamBe ta c6 thé giai dugc cdc bai todn dong luc hoc cliia co hé bing phuong phap tinh
hoc. Ngudi ta goi phuong phip nay 1a phuong phdp tinh déng. Phuwong phép finh déng
thudng duge diing d€ x4c dinh gia t6c hay phin luc & & truc quay khi co hé chuyén dong.

Vi du 1: Hai vat nang trong luong P, P, dugc quén vao 2 y
N Ll N O N . - - h u’ _
t?ng cua r?ng TOC tr(_)ng\ ]uc)’r\lg E}, rt?ng f‘QC cod ban’km \ quin ® g
tinh d6i v6i truc quay 13 p va cic ban kinh tuong ing [A R, 1. ,/
Tim gia t6c géc cha rong roc, phan luc & truc quay va sic R,
cang cta céac sgi day budc hai vit A, B. r o

Bai gidi:
dr gidd TQ

Xét co heé gém rong roc va 2 vat ning, cdc ngoai luc tic

dung 1én hé gém céc trong luong PP, Q clia cdc vat nang )
!

va rong roc, phéan luc & & truc R, . Cdc luc quén tinh tic dung
o[

lén hé gém E¥, EY' cha hai vat va ngiu lyc M® ciia rong roc.

Theo nguyén 1y DalamBe: (f’, .B,,Q,R,, K, E¥ M ) ~0 y B3
Gia sir gia t6c goc € cé chiéu nhu hinh vE& khi d6 céc luc lP‘.
quén tinh vA m6 men quin tinh cé chiéu nhu hinh v& va c6 Hinh 4.5
gia trj la:
pePw Pe proBw, o BRre; Moo
g g g g .
Phuong trinh mémen ctia hé luc trén 14y doi véi tam O la:

> Wg(F)=Pr-PBR-F'r-E'R-M* =0
k=1
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Thay cdc gid tri tinh dugc cta cic luc quén tinh vao phuong trinh trén ta c6:

Pr-P,R-(P? + B,R*+Qp® ) =0
g

' T
Pr-P,R A
Suy ra: E=—07 l 22 = Ta
Pr-+P,R" +Qp”
. A en s Fi
Néu P,r — P,R > 0 thi chiéu & ding véi chicu gia thiét. ! B
Tir hinh vé trén thay Ro c6 phuong thang dimg, viét phuong co
2z
trinh hinh chiéu 1én truc y ta co: A
: P,
n
k=1 1
Suy ra: Ry=P +P, +Q—£(P]r—P2R) Hinh 4.6
g
Ap dung nguyén 1y DalamBe cho vit A ta c6: (P, T,,Ff) ~0.
Chiéu [én truc y ta dugc: Z y, =T, +F' =P =0
Suy ra: T, =P -F"
N N
Ap dung nguyén 1y DalamBe cho vat B tacé: (P, Ty, F)~0
Chiéu 1én truc y ta dugc: 2y, =Tz —B'-P, =0
Suy ra: Ty =P, + Fg
Vidu2: 2

Tam phéng trong lugng P quay véi van t6c géc y_
® =const quanh truc thang diing vuéng géc véi mat N
phing tim qua O. Khéi taim C cia tdm cdch truc quay

mot doan bing a tim phan luc & c6i A va 6 d& B biét  Xs
OA=0B=h b
O a (;_‘ qu__ y

Bai gidi: o
|

Xét co hé 1a tdm phang quay quanh truc vudng géc
v6i tam. Thu hé Iuc quén tinh cla tdm vé tam O ta
duge: qu =-MW, =-MW{ nam trén OC va ngiu haZa  |p

M vi tdm quay déu €=0nén MJ' =-J £=0.

Theo nguyén ly PalamBe: (P,ﬁA,ﬁB,Rq‘ ) ~0.
Hinh 4.7
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Chon hé¢ truc toa dé Oxy sao cho Oy qua C, ta ¢6 phuong trinh:
> X =X, +Xg=0
DY ==Y, -Yy+R, =0
2.2, =2,-P=0
> M, =hYz-hY, -aP=0
>, =hX, —hX, =0

Giai hé phuong trinh trén ta dugc:

A=Pam2_iP; YB=P30>2+1
2g Z2h 2g 2h

Vi du 3: Thanh déng chit OA dai 1, ning P lién
két véi truc thing ding bing ban 1& O vi day AB.
Truc quay véi van t6c géc khong déi ©. Tim sic
cang T cita day va phan luc tai O khi OA lam véi

R

truc géc o (hinh 4.8).

Bai gidi:

Xét co h¢ la thanh déng chat OA, khi OA quay
déu quanh truc thiing diing méi phan tir khéi luong

Am cua thanh cich truc quay mot doan x ¢é luc

quéan tinh la:
QU _ g q _ 2
FP=F" =dmo’x. Hinh 4.8

Do dé hé luc quan tinh cta thanh OA 1a hé luc phan bé theo quy luat tam gidc. Hop

luc RY chand dit tai trong tam tam gidc, vudng géc véi truc quay va cé gia tri:
: P P 7 ., .
Ry, =Ry, =mW =—Wg=———0 sina
8 g 2
Theo nguyén ly PalamBe: (I—’, EO,T,qu y~0

Cic phuong trinh tinh dong cta hé:

DX =Xe+R,-T=0 (n

> Y, =Y,-P=0 (2)
_ !l . 2

Zmo=T.!cosa—P.Esma—qu.glcosa=O (3
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2
T (3) suy ra: T=P lisinowltg(x
3g 2

Tix (1) tim duogc: X,=T-R, =g[3tga—lm2 sinoc]
g

Tu (2) suy ra: Y,=P.
4.3. PHUONG TRINH VI PHAN CHUYEN DPONG CUA VAT CHUYEN DONG
SONG PHANG
Xét chuyén dong chia mot tdm phang trong mat phang cla né chiu tic dung cua céc
luc F,E....,F, nim ngay trong mit phing tam. Thu h¢ lyc quén tinh cia tdm vé khoi

tam C dugc mét luc l—ilqt dit tai C v mét ngéu Mf':l .

Ap dung nguyén ly Patambe cho tim ta c6:

n n
Dods: R, +Y F =0; M&+) i, (F)=0

Theo (4.5) 1‘2;‘=—ch . MY

Thay vao trén ta dugc: Hinh 4.9

MW, =>"F, (4.8)

er.‘5 = Zmdﬁ.(l}l\)
Phuong trinh trén mo ta chuyén dong song phing ctia vat ran.
Chiéu (4.8) 1én céc truc clia hé toa do B¢ Céc vudng géc c6 dinh ta dugc:
M % =D X,
M i =Y, .9)
chq'):ZrﬁC(IEk)

Trong dé: X¢, ye 12 toa do cla khéi tam C, con ¢ 1a géc dinh vi ciia tdim ddi1 véi hé
dong c6 gdc & C cdn hai truc song song vdi hai tryc coa h¢ toa do ¢d dinh. Cic phuong
trinh (4.9) 13 phuong trinh vi phan chuyén dong clia vat chuyén dong song phang dudi
dang toa do Dé Cic.

Néu biét quy dao ctia khdi tam C ta chi€u (4.8) lén cac truc chia hé toa do tu nhién duoc:
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MS. = F;

V2

¢ =>"F, (4.10)

Joc =) mc(F)

trong do: S, V. 1a toa do cong va van t6c clia khéi tam C; p 1a ban kinh cong quy dao

clha C. ‘

Céc phuong trinh (4.9), (4.10) dugc sir dung thudn tién khi gii bii todn thuan vi bai
todn ngugc cla vat chuyén dong song phing.

M

Vi du: Tam tron déng chét khéi lugng m bdn kinh R dugc dit trén mat phing
nghiéng véi mit phing ngang mot géc o. Ban ddu ngudi ta truyén cho tam O mét van
téc V, huéng lén trén. Tim phuong trinh chuyén déng clia tim, gia thiét tdm lan khong
truot trén mat phang nghiéng, bd qua ma sit lan. Hé s6 ma sat truot f ctia mit nghiéng
* phai thoa man diéu kién ndo d€ tdm lan khong truot. Tim thoi gian T tir khi bat ddu lan
dén khi tdm dén vi tri cao nhat.

Bai gidi:

Xét chuyén dong song phiing clia tdm trén mit phing nghiéng. Chuyén dong cta tdm
¢6 thé chia thanh hai giai doan

a) Giai doan 1: Tu khi bat dau chuyén dong dén vi tri cao nhat.

Céc lyc tic dung lén tim gém: trong lirong P, phan
luc phip tuyén N, Luc ma sét truot Fms. Chon hé truc
toa d6 Oxy nhu hinh v&. Phuong trinh vi phan chuyén
déng ciia vat chuyén dong song phang (4.9) c6 dang:

mX, =F_ —Psina (1)
my. =N-Pcoso (2)
J,c=-F, R 3 Hinh 4.10

Xe

Do tdm lan khéong trugt nén: X =Ro—> X, =R - H= R

o J,cX mX
Ti (3) ta c6: Fp =-2t=-"e__ = a
(3) e == < : (a)
5 . . mX : . =2
Thay vao (1) ta cé: mXe =——2—°——mgsma Suy ra : X =?gsmo¢ (b)

.2 . 1 5.
xc_--ggtsmoH—CI xcz—-ggt sina+Ct+C,
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Diéu kién ban ddu: x(0) = C; = Vy; xc (0) = C;, = 0;5
Viy phuong trinh chuyén dong clia tdm & giai doan 1 la: xc =Vt —%gt2 sino

Goi T 1a thoi gian tir khi bit ddu chuyén dong dén khi dat vi tri cao nhat

2 .
Tacd: J'(C(T)=VO—--§-gTsma=0
Y
Suy ra T=§— -2
2 gsino

Vi: y, =R = const nén tir (2) ta cé: my_ =N-Pcosa =0
Suy ra: N = Pcosa =mgcosa | (c)
Dé cho tém lan khéng truot, phai thod mén diéukién F,, < fN

Thay gi4 tri ciia F,, va N tir (a), (b), (c) ta co %mg sino < fmgcosa

Suy ra: f > tgo./3 . Day 1a diéu kién dé tdm lan khong truot di Ién.
b) Giai doan 2: Ti vi i cao nhat tdm lan khong truot di xudng.

Phuong trinh vi phan chuyén dong song phang cta tdm

mX_ =—-F, +Psina 4)
my. =N-Pcosa (5
1, =F,,R ©

Do lan khong truot:  xc =Re—> X, =R > 9= X_Rc.

R . I Joo 1 .
Tix (6) ta cé: E.= ?(p =—R—2-xc =mec ) Hinh 4.11

Thay vao (1) ta dugc: mX_ = —Emiic +mgsino. Suy ra: X, =—§—gsina

Néu chon géc thdi gian va gdc toa do O g vi tri cao nhat cia tdm thi sau khi tich
phan phuong trinh trén ta dugc:

Xe = 1 12 siﬁa
c=3 g :
Twong tu nhu giai doan 1, thay vao diéu kién 1an khong truot:
F..< N, ta ciing c6: f > tga/3.
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Chuong V

NGUYEN LY DI CHUYEN KHA DI

Trong phin tinh hoc ta di tim dugc diéu Kién can bang cla co hé, bao gém céc vat
thé lién két v6i nhau, bang cdch xét can bang timg vét thé, thay thé cic lién két bang céc
phan luc lién két tuong tng. Tuy nhién, néu co hé c6 nhiéu vat thé, s6 lugng cic phan
luc lién két chua biét ting lén, ta phai gidi mot s6 16n cdc phuong trinh can bing.

Nguyén 1y di chuyén kha di dugc trinh bay dudi day khic phuc duge khé khin néu
trén, cho ta cdc diéu kién can bing téng quit clia mot co hé khong tu do bat ky.

5.1. CAC KHAI NIEM VE CO HE KHONG TU DO

1. Lién két

a) Pinh nghia: Lién két 1a cdc diéu kién rang budc chuyén déng cla co hé, khong
phu thudc vao luc tic dung va cdc diéu kién ban dau cha chuyén déng. Cac diéu kién
nay duogc dién ta dudi dang cdc hé thic gira cdc yéu 6§ xdc dinh vi tri, van t6¢ cia chat
diém cta hé va thoi gian. Ngudi ta goi cac hé thic 4y 14 cdc phuong trinh lién két.

Vi dit: d6i voi co cdu tay quay thanh truyén ta ¢6 cdc phuong trinh lién két sau (hinh 5.1).

sz + )/2A =1 A chuyén dong trdn quanh O
(){B«~)<,_.\)2+y}23\:J'2 AB=1
yg =0 B chuyén dong theo truc x

Binh xe tron bdn kinh R tam O chuyén dong lan khong trugt trén dudng thing Ox 1
co hé chiu cdc lién két sau (hinh 5.2): z,, =0;
Yo 2R;
Vp =0 y

Hink 5.1 Hinh 5.2
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b) Phan loqi lién két

Cin cif vio c4c phuong trinh lién két c6 thé phan loai lién két nhu sau:

- Lién két dimg: Néu phuong trinh lién két khong chia 16 d6i s6 thoi gian t thi lién
két duoc goi [ lién két dimg. Nguoc lai 12 lién két khong dimg.

Vi du: Vién bi dugc buoc vio dau day khéng gidn dai /, treo vao mot diém ¢d dinh
chiu lien két dimg v&i phuong trinh lién két: X’ +y* +2° = I°

Hon bi chuyén doéng trén mat ciu c¢6 ban kinh thay d6i theo luat r = r(t) chiu lién két
khong dimg véi phuong trinh lién két:

X+y' +22-r(t)=0
- Lién két hinh hoc: 12 lién két chi rang buoc vé vi tri khong rang buoc vé vin tdc.

Phuong trinh lién két cha lién két hinh hoc chi chida cic yéu t6 xéc dinh vi tri ma
khong chita cdc y&u t6 xac dinh van tdc, hoic néu chia cdc yéu t& van tdc thi ¢4 thé tich
phén truc tiép dé c6 phuong trinh lién ket tvong dirong khéng chifa y&u t6 van toc nifa.

Vi du: Vién bi dugc budc vao day treo vao mot diém cé dinh (hinh 5.3).

_ Lién két dong hoc 13 lién két rang bude céc y&u t6 van téc. 0 ,
Trong phuong trinh lien két ¢6 chita cdc y&u t& van tée. -
- Lién két giit: Néu lién két duoc mo ta chi boi nhiing déng thitc /
thi né duoc goi 14 lién két gilt. Nguoc lai 12 lién két khong gii. !
Trong chuong nay ta chi xét cic lien két dimg, gidt va hinh
hoc. Phuong trinh lién két nay c6 dang: 24 M(x.y.z)
fy (XI’YI’ZI""’xn’yn’Zn)=O (j=1,2, ----- ,s) Hinh 5.3

¢) Phdn loai co hé

Ta phén cdc co hé thanh hai loai co hé tu do va co hé khong tu do.

Co hé khong tir do 12 co hé chiu rang budc bdi céc lién két. Co hé nay lai duoc phan
thanh 2 loai: co hé H6l6nom va co hé khong Holonom. Néu moi lién két cha co hé déu
12 lién két hinh hoc thi co hé dugc goi 1a Holonom. Néu co hé c6 it nhat mot lién ket
dong hoc thi né ¢6 duoc goi 1a khong Holonom.

Co hé khong chiu rang bugc bdi bat ky lién két nao duge goi 1a co hé tu do.
2. Toa do suy rong cua co hé

Trude day dé xdc dinh vi tri cha chat di€m hay co hé ta da dung cdc vécto béan kinh
dinh vi, cic toa do D& Céc, toa do ty nhién clia cdc chat diém. Nhung néu chd ¥ dén ket
ciu ciia hé thi viéc xdc dinh vi trf clia hé cdn don gian hon nhi€u nhd céch chon mot s0
thong s6 dinh vi thich hop cho co h¢ dy.
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Vi du: Vi tri cla vat ran chuyén dong quay quanh mot truc ¢ dinh dugc hoin toan
xac dinh khi bi€t géc dinh vi ¢ clia né. Co clu tay quay thanh truyén cé théng sé dinh vi
14 géc ¢ giita tay quay va truc nidm ngang (hinh 5.4).

Dinh nghia: Cic thong s6 dinh vi cha co hé trong mot hé quy chi€u nao dé duge goi
1& nhilng toa dé suy rong cla co hé dy.

Ta thuong ky hi¢u toa do suy réng cia co hé 1a gy, q,,-..q, . Néu cic théng s6 q;(j = 1,
2,..., 1) doc 1ap v6i nhau va vira di dé xdc dinh vi trf clia hé ta goi chting 14 cdc toa do di
cla co hé.

Néu céc toa do suy rong phu thudc nhau trong cdc phuong trinh lién két ta goi ching
1a cac toa do dur.

D61 véi co hé bét ky ta c6 thé ding toa do da hay toa dé du dé xdc dinh vi tri ctia né.
Chéng han d6i véi co cdu tay quay thanh truyén (hinh 5.4), ta c6 thé chon mot toa do du
lag=¢@hodc2toadddu:q, =0, q,= V.

Véi phuong trinh lién két:

rsing — /siny =0

Hoéac chon 3 toa do du la:

§ =X =Y =9
Véi 2 phuong trinh lién két:

Hinh 5.4

X5 FYa =175 X, =1COSQ

Chu ¥ 1a céc toa do suy rong ¢6 ban chat vat 1y bat ky: do dai, géc, dién luong...

3. Di chuyén kha di va so bac tu do ciia co hé

a) Di chuyén khd di ciia co hé

Dinh nghia: Di chuyén khd di ciia co hé la di chuyén vé ciang bé tir vi tri dang xét
sang vi tri ldn cdn ma co hé thuc hién dugc phit hop véi lién két d vi tri dung xét do.

Goi T, 1a véc to ban kinh dinh vi cta chdt diém M, & thoi di€ém khao sét, T, 1a véc to
bdn kinh dinh vi ciia chat diém nay & vi tri M} 1an cén clta M,.

Véc to: 8%, =T, — T, bi€u dién di chuyén kha di ciia chdt diém M,.

Vi du: Xét chit diém chuyén dong trén moét dudng cong. Di chuyén kha di clia chit
diém M duoc bi€u dién bang véc to v6 cling bé 87 ti€p tuyén véi dudng cong tai M.

Xét chuyén déng cia chat diém M trén mét mit cong. khi d6 di chuyén kha di clia
chat di¢ém dugc biéu dién bing véc to vo cling bé &7 ti€p tuyén véi mat cong tai M
(hinh 5.5).
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Hinh 5.5

b) $6 bdc tu do ciia co hé

tinh ctia co hé dy.

Vi du: Xét chit diém chuyén déng trén dudng cong, goi 8, 12 vécto vo cling bé nao
d6 tiép tuyén v6i dudng cong tai M. Moi di chuyén khé di cia chat diém déu duge bidu
dién qua vécto nay: 8T = kgo . Trong d6 A 1a mét s& thuc nao d6. Nhu vay s6 di chuyén
kha di doc lap t6i da ctia chat diém 1a mot, do d6 né cé mot bac tu do.

Xét chuyén dong ciia chét di€m M trén mét cong. Goi 8,5, 12 hai di chuyén kha di
khéng ciing phuong nao dé cta M, khi d6 met di chuyén kha di ciia M déu dugc biéu
dién dudi dang: &1 = klgl + kzgz. Trong 46 A, A, la cdc 6 thuc nao do. Nhu vay chat
diém c6 2 bac tu do, vi né ¢6 hai di chuyén kha di doc 1ap t6i da.

¢) Quy tdc thuc hanh tim s6 bdc tw do ciia co hé

Cho co hé véi r toa do suy rong q;, qs...., 4, va s phuong trinh lién két hinh hoc dang:

0 (41502544, ) =0 (A =12,..5)

- Biéu dién di chuyén khd di cia hé qua cdc g, '

Xét hai vi tri 1an cén clia co hé xdc dinh béi 2 tap hop gia tri cla cac toa dd suy rong
q;»9a5---d,; V2 4},95,-...q;. Theo dinh nghia di chuyén kha di, cdc q;va qg véij=1,2,...1

phai thoa man céc phuong trinh lién ket.
by (ql,qg,...,qr) =0

b (q1502--a;) =0

Ky hieu: 8q, =q; —4q;,--.89, =q; —q, goi la cdc bién phan cua toa d6 suy rong.

Vay: Mot di chuyén kha di bat ky cla co hé duge biéu dién bang mot tap hop nhing
bién phan cha cic toa do suy rong: 8q,,8q,,--,8q, v6i dicu kién:
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8¢, =0, —¢, =0 (a=1,2....,s)

- Quy tdc: Tim s6 bac tu do chia co hé.
Xét hé Holonom véi n toa do suy rong di qy, gs,--- g,
Khi d6 céc bién phan 3q,,8q,,.....5q, d6c lap véi nhau va do d6 cic di chuyén kha di
sau day cua co hé la déc lap vdi nhau.
8;(8q, =0,8q, =0,..,8q; #0,....8q, =0) (j=12....n)
Ngoai ra c6 thé biéu dién moi di chuyén kha di cta hé qua n di chuyén kha di doc

lap nay:

(841,84,-89,) = 2 10,
J=l
Nhu vay n di chuyén khd di §; trén 12 déc 1ap va t6i da.
Vay, d6i v6i co hé chiu lién két hinh hoc s6 bac tr do m ctia co hé ding béing s6 toa
do suy rong du claco hé dy: m=n
Téng quat hon néu céc toa do q; (j = 1, 2,...r) dd chon 13 cic toa do du véi s phuong
trinh lién két hinh hoc 16i da va doc lap vé6i nhau thi s6 bac ty do cha hé la.

m=r—s
4, Lién két 1y tudng, luc suy rong
a) Cong ciia luc trong di chuyén khd di
Cho luc F tic dung lén chét diém M. Goi 8F 1a mét di chuyén kha di bat ky clia chat
diém 4y ta co.
Dinh nghiu: Cong clia luc F trong di chuyén kha di 67 cha chét diém 1a luong dai s6:
3A =F.3T (5.1)
C6 thé biéu dién cong cha luc dudi cdc dang khdc sau:
A = X8x + Ydy +Zz
SA =Fds.cosa

trong d6: X, Y, Z 14 hinh chi€u cha Fleén 3 truc cha hé toa do Dé / i
Cac vuong goc, o 1a gbe lap giita F va van t6c V cta chat diém.

b) Lién két Iy tuong Hinh 5.6

Dinh nghiu: Néu téng cong nguyén t6 ctia cdc phan luc lién két trong moi di chuyén
kha di ctia co h¢ déu triét tiéu thi ta néi riing co hé d6 chiu lién két Iy tuéng.
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Xét co hé cé n chat diém. Goi N, 1a phan lyc lién két téc dung 1én chét diém M,, 8%,

la vécto di chuyén khé di bat ki clia n, theo dinh nghia trén ta cd.
> N, 8% =0 (52)

Vi du: Chat diém M chuyén dong trén mit cong hoan toan tron ¢6 di chuyén kha di 1a
véc to 8T tiép tuyén véi mat cong, con phan lyc lién két N hudng theo phuong phip
tuyén vuong géc véi 57 nén N.OF =0 vi vy lién két nay 12 lien két If tung.

Trong thirc t€ néu bd qua duge ma sat va tinh dan hoi cia vat thé tao thinh co hé thi
da s6 co hé thudng gip thoa min dinh nghia lién két 1y tudng.

C6 thé chimg minh c4c co hé sau day chiju lién két 1y tuong:

- Vat ran tu do

- V&t ran tua lén mit tya rin v nhan

- Vat rin lan khong trugt trén mat tua rin

- Khép néi ban 1€ tron giita hai vat

- Lién két day

- Day mém vit qua rong roc ¢d dinh khong ma sét

- Day mém vit qua rong roc dong v bd qua su truot giira diy véi rong roc.

Chii y: Trong trudng hop khong bd qua dugc ma sit va dan héi clia vat the, ta coi cdc
luc ma sdt va dan héi 12 cic luc hoat dong. Nhu viy vin dung duge khdi niém lién két 1y
tudng cho co hé.

c¢) Luc suy rong

Xét co hé c6 n chét diém. Gia sir cdc toa do di clia co hé 1a q, q,, -..q,- Goi T, 1A

vécto ban kinh dinh vi cha chét diém M, cla h¢. Nhu vay T s& 1a ham cha céc toa do

suy rong va thoi gian t: [, =1, (q,,qz,...,qr,t) .

Do dé bién phan clia 1, cé dang: dr, = si&ql + st 8q, +.. +%6qr
ql qZ r

Ki hieu F, 1a luc tic dung lén chat diém M, clia he. Ta tinh téng cong nguyén t6 cla

cdc luc hoat dong trén mot di chuyén kha di bat ky cha hé:

ZSAk —ZF SE, —ZF [a‘"k 8q, + +%6qu
q; r

2. &F 1. or
F 8q F, —% |&q +....+{ —kJS .
[Z kaq]J 1 [Zk qzj 2 £ kaq q
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pat: Q, =( 3 F, EE‘—J, ..... ;Q, =[ 3 E -@E—J (5.3)
k k=1

11

Ta viét dugc: D 8A, =Q,8q, +Q,8q, +.....+Q,89, = > Q3q; (5.4)
j=!

k=1
Thit nguyén cia Q; 14 [Q;]= [A] nghia 1a né ¢6 thit nguyén cia cong/dé roi.
j

Vi vay ngudi ta goi Q;1a luc suy rong tng vdi toa d6 suy rong q;.

Dinh nghiu: Luc suy rong Q; ing v6i toa d6 suy rong g; 12 dai lugng vé hudng duge
bidu thi bing h¢ s6 clia bién phan twong ting 3q; trong bigu thiic tdng cong clia cic luc
hoat déng tic dung 1én co hé trong di chuyén kha di bit k¥ cha co hé.

Pe tinh luc suy rong Q; c6 thé ding cdc phuong phép sau:

« Cho hé di chuyén kha di bat k¥, tinh téng cong cla céc Iyc hoat déng trén di chuyén
kha di d6, tim luc suy rong Q, theo cong thic (5.3)

« Cho hé mot di chuyén kha di dac biét trong d6 8q; #0; 8q) =0voi k.

Tinh téng cong cla cic luc hoat dong trén di chuyén kha di nay ta dugce

n
zn: > 8A,
BAR :QSq suy ra Q. — k=l
— 1 J qu
Néu cdc luc hoat dong 1 céc luc ¢6 thé va ham thé ning [] duge biéu dién qua cdc
toa do suy rong: [1=11(q,, s, -.-, q,) thi cic luc suy rong duge tinh theo cong thic:
oIl

6qj

Q=- g=12,..r1 (5.5)

That vay theo cong thic tinh cong cta cac luc hoat dong:

n

k=1 k=l k=l
I ’ T r a
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Suy ra: Q= Z‘(LX“ aKk a)’k "’Zs\
k=1 aq; aqj 5qj
Thay X,, Y,, Z, bing cong thiic (3.44) ta c6:
Qj:_z oIl é‘xk+8H8yk+8H oz, |__oll
o\ O, 8q; Oy aq; o, Oq; dq;

J

D6 13 diéu can chiing minh.
5.2. NGUYEN LY DI CHUYEN KHA DI
1. Nguyén |y

Diéu kién can va dit dé co hé chiu lién két dimg va Iy neong cdn bing ¢ vi tri dang xeét
la t6ny cong ciia cdc ife hout dong trong moi di chuyén khd di cria co hé ti vi tri dy deéu

triét tiéu.

> R8i =0 (5.6)

Chitng minh:

- Diéu kién cdn: Gia st co hé can bang & vi tri dang xét. Goi F, va N, 1 hop céc luc
hoat dong va céc phén lyc lién két tac dung 1én chat diém M,. Vi chit diém M can bang
nén W, =0, theo phuong trinh co ban dong luc hoc ddi véi chal diém M, tacé:

F +N, =0
Got &%, 1a di chuyén kha di bat ky cua M ta cd:
F 5% +N,.8% =0

Viét hé thic trén cho n chit diém cta ca hg, réi cong ting v€ ta duoc
] _ n =
> F 8% + ) N85 =0
k=l k=1

Vi hé chiu lién két 1y twdng nén ZNkS?k =0, do dé: ZFkS?k =0.
k=l k=l

- Diéu kién dii: Gia six hé chiu lién két dimg va 1y tudng ta phai chiing minh néu co h¢

n
dang & vi tri can biing va thod mén di€u Ki¢n Z F,8%, =0 thi h¢ s& luon & vi tri can bang.
k=1
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That vay gia sir & mot thoi diém nao dé co hé khéi dong tix vi tri dang xét, thi do bién
thién dong nang cia hé s€ duong. Theo dinh 1Y déng niang dang vi phén ta cé:

1 n 1 Il
dT =Y dA, +> dA} =) Edi + > N.di >0 (*)
k=1 k=1 k=1 k=1

n
Vi hé chiu lién két Iy tudng nén: > N, df, =0
k=1

Vi hé chiu lién két dimg nén di chuyén thire ciia hé s& tritng v6i mot di chuyén kha di

n
clia hé dr, =37, do dé tir (*) ta cé ZFkak > 0. Diéu ndy trai véi gia thiét 1a trong moi
k=1

n
di chuyén kha di ca hé ) F. 8% =0. Vay co hé khong thé khéi dong tir vi trf can bing
k=1
dang xét duoc.

Chit y: Nguyén 1y di chuyén kha di thudng dugc ding d€ tim diéu kién can bang cla
co hé khong tu do, xdc dinh phén luc lién két cha cdc két cdu hodc tim diéu kién can
bing tuong d6i cia co hé.

2. Phuong trinh can bang tong quat cia co hé khong tu do

P tién st dung san nay ta s& viét diéu kién can bing cla co hé khong ty do (5.6)
dudi cic dang khac nhau.

a) Dang vécto:
n —
: z Fé5, =0
k=1

b) Dang toa do Pé Cdc:
Goi Xy, Yy, Z, vd 8x,,08yy, 06z, 12 hinh chiéu cia luc Fk va 8%, lén céc truc cta hé toa

d6 Pé Cac vuodng géc. Tir phuong trinh (5.6) ta co:

n

iSAk = anf:k Bt =D (X, 8%y + Y\ 8y, +Z,5z; )
k=1 k=1

k=1
V1 vay diéu kién cn bing ctia co hé khong tw do duéi dang toa d6 DeCéc 1a

i(xksxk +Y 8y, +2Z,8z,) =0 (5.7
k=1 .

Chii y: Bi€u thitc (5.7) 12 phuong trinh bién phan, né tuong duong v6i mot hé phuong
trinh dai s6.
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¢) Dang toa d¢ suy réng
Gi sir co hé ¢6 r toa d6 suy rong dii. Ta da biét: Z SA, = iQ 5q.
M
k=t j=

Vi c4c toa dé suy rong q; 12 cdc toa do di nén cdc bién phan 8q;doc lap v6i nhau.

n r
Tur phuong trinh: Z 8A, = ZQjaqj =0, ta cé:
k=1 j=1
Q,=0,Q,=0;...,Q,=0 (5-8)

Biéu thitc (5.8) 12 diéu kién can bang clia co hé chiu lién két giit, ding, hinh hec, 1y
tudng dudi dang toa d¢ suy rong.

Vi du 1: Thanh trong luong Q dit trén 2 con lan déng chat trong luong P. Tim luc F
téc dung doc theo thanh dé thanh va céc con lan didng yén trén mat phéng nghiéng géc o
so v6i mat phing ngang. B qua su truot gitta thanh va con lan cling nhu giffa con lan va
mit phing nghiéng. Bo qua ma sét lan (hinh 5.7).

Bai gidi:

Xét co hé gébm thanh va 2 con lin: Néu bd qua ma sit 1an thi co hé chiu lién két ly
tudng. Hé ¢6 mot bac tu do, chon toa do suy rong di q = s. Céc luc hoat dong tac dung
len hé gém trong luong Q, trong lugng P va luc F .

Cho hé di chuyén kha di: thanh dich chuyén lén trén mot doan 8s. Vi tam van téc tic
thdi clia 2 con lin & cic diém ti€p xiic giira con 1an va mat nghiéng nén: V =2V, suy ra:

205 = 8s (a)
Theo nguyén 1y di chuyén kha di, diéu kién can bang cua co hé la:
ZSAk =Fés—Qsinads—2P.sinwds- =0 (b)
Thay (a) vao (b) ta dugc: (F-Qsina~P.sinc}ds =0
Theo {5.8): Q. =F-(Q+P)sina=0
Suy ra: F=(Q + P) sinc.
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Vi du 2: Cho hé dim chiu Iuc nhu a) IQ p
B

hinh v& (5.8). Tim phan lyc & gai C va A B o

moémen tai ngam A. Bé qua trong lugng 2 o

cta cic thanh. ,||« 2 ,|L a ,|L 2a ’IL 2a ’IL
Bai gidi:

. b)
» D¢ tinh duge phan luc & C, ta thdo A

bé goi do C, thay thé né bang phan luc
lién két R.. Ta dugc hé ¢6 mot bac

do v6i mét toa do suy rong di q = ¢ la A
goc lap giita BC va phuong ngang. Cic
luc hoat dong tdc dung 1én hé gém
P,Q, R..
Cho hé mot di chuyén kha di, trong
dé BC quay mét géc 8¢ (xem hinh 5.8b).

Ta tinh téng cong cha cédc luc hoat dong trén di chuyén kha di dé.

> 8A, =2aP8¢-4aR OS¢ = (P-2R)2ad0

Hinh 5.8

Theo (5.8) di€u kién can bang ciia co h¢ la:
Q, =(P-2R¢)2a=0
Suy ra: R.=P/2.

« D€ tinh mémen M, tai ngdm A ta thay lién két ngam béng lién két khép c6 dinh va
ngiu luc M,. Co hé c6 mot bac tr do véi hai toa dd du (xem hinh 5.8¢) q, = ¢, ¢, = .
Cic luc hoat déng tac dung 1én co hé gém P,Q, ngiu M,. Cho hé di chuyén kha di
trong d6 AB quay moét géc 3¢, CB quay mdt géc dy. Téng cong clia cac luc hoat dong
trén di chuyén kha di nay 14 (xem hinh 5.8c¢):

D 8A, =Qado—M,5¢+2Pady (a)
Giira cdc toa do du @, y ¢6 mdi lién hé:
2ad¢ =4ady hay oy = —;-&p

thay vio (a) ta duoc: > 8A, =(Qa—M, +Pa)d¢

Theo (5.8) diéu kién can bang cla co hé la:

Qq, =(Qa~-M, +aP)=0
Suy ra: M, =a(Q+P)
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Vi du 3: Hai thanh déng chit OA, AB, c6 cling do
dai 2!/ trong lugng bang nhau P, = P, = P duge néi véi
nhau bing khép tai A va gin vio trin bang khép & O.
Tai B tic dung luc Q ném ngang. B6 qua ma sit & cdc
khdp néi. Tim céc géc @, ¢, Ip gilia OA, AB véi
phuong thing ding khi he can bang (hinh 5.9).

Hinh 5.9

Bai giai:

Xét co hé gdm 2 thanh OA, OB. Véi gia thiét bd qua ma sat hé chiu lién két 1y tudng.
He c6 2 bac ty do duge xdc dinh bing 2 toa do di: q,=¢;, 92 =9

Cic luc hoat dong tdc dung lén hé gom trong luong P, P, cla hai thanh va luc Q.

Lap hé truc toa do Oxy nhu hinh vé. Cho hé 1 di chuyén kha di OA quay géc 3¢, AB
quay géc 5¢,,. Theo (5.7) téng cong clia céc lyc hoat dong trén di chuyén kha di la:

n n
ZSAk = Z (Xkéixk +Y, 8y, +Z,8z, ) = Qdxy + P8y + P,dy, (a)
k=1 k=1
trong dé: Xg =2sing, +2/sing, —> 6xp = 2![005 0,00, +coscp28(p2]

y, =1cos@, — 8y, =—/sin @3¢,
y, =2l cos @, +/cosp, —> 8y, =—1[2sin@,8¢, +sin @26@2]

Thay vao (a) ta dugc:

> 8A, =20Q[cos 3¢, + 03,80, |- Plsing 3¢, Pl [2sin @3¢, +5in 0,30, ]
k=1
=I[2Qcos ¢, ~3Psing, ]3¢, +/[2Qcos g, ~ Psing, |3¢,

Céc hé s6 clia 3¢, va 8¢, trong biéu thic trén chinh la luc suy rong iing véi cic toa do
suy rong o, , 9,
Q, =/[2Qcos ¢, —3Psin (pl]; Q, = I[ZQ cos @, —Psing, |
Theo (5-8) diéu kién can bing clia cohe 1a: Q, =0, Q, =0

hay: I[2Qcosp, —3Pcos @, | =0 1go, =—23—(§——

1[2Qcos g, —Psing,[=0 - tgo, :%
Chii ¥ 13 ta c6 thé tinh cdc luc suy rong Q,, Q, theo phuong phip dudi day:
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Vi cac luc hoat dong 131 ,1_52 13 cic luc th& con Q khong phai 4 luc thé.
Nén cdce luc suy rong duoc tinh theo cong thitc
oIl oIl

==-—++ *; n ==
N B¢, 0 Q 89,

+Q5

trong dé:T1 - thé niang ctia co hé:
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[1=-Pyy, =Py, +const = P/ cos ¢, — P(2/ cosp, +1cos ¢, ) + const
Q;Q; - luc suy rong tng véi luc khong thé Q duoc tinh tir bidu thie:
BA(Q) =Q0ox; =Q.2/ [cos 0, +cos cpgﬁ(pz]
Vay: QT =2Qlcos@, ; QZ =2Qlcosp,
Do dé theo (b), (c) ta cé:
- Q, =-3P/sing, +2QIcos¢; =I[2Qcos g, —3Psin g, |
Q, = —Plsing, +2Ql cos ¢, =1[2Qcos p, ~Psin g, |
Day chinh la két qua tinh theo phuong phép trén.

(b)

(c)



Chuong VI
NGUYEN LY PALAMBE-LAGRANG

6.1. NGUYEN LY

Nguyén Iy Dalambe-Lagrang 12 két qua cha su két hop nguyeén ly PalimBe va nguyén
1y di chuyén kha di.

Xét co hé n chat diém chiu lién két git, dimg, 1y tuong. Gia st hop cdc luc hoat dong
va hop cdc phan luc lién két tdc dung 1én chit di€m M, cia h¢ Ia E., N, con F = ~mW,
1a luc quén tinh cla chat diém d6. Theo nguyén 1y PalamBe:

(BN, ,E"Y~0 (k=12,.n)

Vi hé luc trén 12 hé lgc can bang nén theo nguyén 1y di chuyén kha di tong cong cla
hé luc dé trong moi di chuyén khé di clia co hé phdi triét tiéu:

n n n
> B8 + Y N 8% + ) 85 =0
k=1 k=1 k=1

n
Vi co hé chiu lién két Iy tuong nén: » N 8%, =0
k=1

Do dé: > F8i + ) Fl'o5, =0 (6.1)
k=1 k=1

He thitc (6.1) biéu thi nguyén 1y DalimBe-Lagrang hay con goi la phuong trinh téng
quat dong luc hoc.
Nguyén ly: Déi véi co hé chiu lien két gify, dimg, 1y tudng, tong cong nguyén té cla
céc luc hoat dong va cdc luc quén tinh trong mo1 di chuyén kha di clia co hé déu triét ticu.
Phuong trinh téng quat dong luc hoc con ¢6 thé viét duéi cic dang sau:
g[(xk # X3 )ox, +{ Yy + YT )oy, (2 + 2 )Szk:| =0 (6.2)

P [(Xy = my Ry )%, + (Y —my ¥y ) By +(Zy -m,%, )8z, |=0  (6.3)
k=l
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Phuong trinh téng quat dong luc hoc (6.1), (6.2), (6.3) la céc phuong trinh bién phén,
chiing tuong duong véi mot hé phuong trinh dai s6.

Pé giai cic bai todn dong luc hoc bing phuong trinh téng quét dong luc hoc ta cin
x4c dinh s6 bac tu do cha co hé. Dit luc hoat dong va lyc quan tinh vao cdc chat di€ém
cla c¢o hé, sau dé cho hé mét di chuyén kha di va tinh téng cong cdc luc d6 trén di
chuyén kha di nay, cho bing 0 ta s& c6 dugc cdc phuong trinh dé tim 4n s6 cha bai to4n.

Phuong trinh tdng quét dong luc hoc thudng duoc ding dé tim gia té¢ hay diéu kién
cén bang tuong d&i cua co hé

Vi du 1: Mdy chuyén vat liéu chuyén
dong nhd ngiu luc ¢c6 mémen khong déi M
tic dung lén puli B. X4c dinh gia t6c chuyén
dong cla biang chuyén. Biét trong luong cia
vat A duge nang 1a P, céc puli B,C c6 cung
trong luong Q, ban kinh r va dugc xem la
céc dia tron déng chit. Bang chuyén hop véi
phuong ngang mot gé¢ o va trong lugng cua
né ¢ thé bo qua, ngodi ra khong cé su trugt
gilta A va bang chuyén, ciing nhu gidia cdc
bang chuyén véi céc puli. B6 qua ma sdt &
céc 6 truc (hinh 6.1).

Hinh 6.1

Bai gidi

Xét co he gém 3 vat A, B, C. Néu bd qua ma sit thi co h¢ chiu lién két 1y tudng. He
¢6 mot bac tir do. Chon toa do suy rong du clta co hé 1a géc quay @ coa hai puli.

Cic luc hoat dong tac dung 1én hé: Cic trong lugng Q cha hai puli, trong lugng P
clia vat A va ngiu M.

Cic lyc quén tinh tic dung 1én hé 1a: Fi, ngMy . ngM{¢ .

Cho hé di chuyén khé di trong d6 hai puli quay mot géc 8¢ thuan chiéu kim déng ho,
khi dé vat A di chuyén lén trén mét doan 8s = rd¢. Theo phuong trinh téng quit dong
luc hoc:

M& — Psinads — My de—-Mi8p~Fi'.8s =0 (a)

Thay 8s = rb¢ vao (a) ta dugc:

(M—prsina~M$ -M¥ —rFi")8p =0

Do tinh chat tiy ¥ cla &¢ ta cé:

M-Prsina—MY -M§ -rF{' =0 (b)
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trong do: M}‘=M§f=J,€=JZ&=QWA;F§‘:BWA'
' r2g g
R Qr Pr
Thay vao (b) ta duge: M- Prsma———-W -—W, =0
g g
Suy ra: WA = M_—_..P_I'-S-llﬁ
(P+Q)r

Vi A nim yén trén bing chuyén nén gia téc clia A ciling 1a gia tc cia bang chuyén.

Vi du 2: Thanh déng chit OA dai /, trong lugng als
P dugc gin bing ban 1€ vio truc quay thang ding ADs
tai O (hinh 6.2). Qua cau nho trong luong Q duoc
gin vao diau mit A cla thanh. Truc quay déu véi
vin toc géc ®. BO qua ma sdt & chét ban 1é ndm
ngang O. Tim hé thic gitra van téc géc ® va géc

O

nghiéng ¢ gilta truc quay va thanh OA.

Bai giai:

Xét co hé gébm thanh OA va qua cdu A. Néu bd
qua ma sdt thi co hé chiu lién két 1y tuong. He cé %/_
mot bac tu do, chon toa do suy rong da 1a gée ¢. vl

Cac luc hoat dong tdc dung lén hé gém trong Hinh 6.2
luong P clia thanh va trong lugng Q cua qua cau. Cic luc qudn tinh cia hé gém luc quén

tinh F{ cla qua cdu, hop luc f{ql cla hé luc quédn tinh phan bd theo quy luat tam gidc

ctia thanh OA (xem hinh va vi du 3 chuong V). R q Vuong géc v6i truc quay va Cat truc

quay tal H sao cho OH :—i—lcoscp. Vi hé luc quén tinh cé hop luc nén:

R, =R MWC“—B L o sina:
g 2

FR‘:QW QWR—QIQ) sin@
g g g

Cho hé moét di chuyén kha di: Thanh OA quay quanh chét ban 1€ géc 8.

Chon h¢ truc toa d6 Oxy nhu hinh v&. Theo phuong trinh téng quit dong luc hoc (6.2)
tong cong cua cdc luc hoat dong va céc luc quan tinh trén di chuyén kha di nay a:

PSYC + QéyA + qu.SXC] + FRLSXA =0 (a)
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Tir hinh v& ta cé:

/ I . .
Ye =;cosq)—>8yc =—;)—smq)6q); Ya =1cos@ —> By, =-IsinQoQ ;
—21 i ) —2l Sg; =/si ) o
X, =3 sing — XI_E cosQ.OP; X, =/sing— 0x, =/cospdy .

. P [ e 2
Thay vao (a) ta dugc: /sin (P(_E -Q+ 3203“ coscp+gm‘ cosp)be =0.
g g

Do tinh chat tuy ¥y cta &, tir phuong trinh trén ta suy ra:

a) sine=0=>¢=0,0=m Ung véi vi tri thing ditng ctia OA.

b) ~ 2 - Q+ cos (P +3Q) =0;Suy ra cos= LT 2VE
PR 21e” (P +3Q)

V6i diéu kién: 3(P +2Q)g < 2/’ (P +3Q) hay o> 32%((;%%

Vi du 3: Hai dia tron dong chat A, B c¢6 ciing khéi lugng m,, ban kinh R. A quay
quanh truc ¢6 dinh nam ngang. B dugc cudn day va roi xudng duéi tic dung clia trong
luc. Day dugc cudn vao vanh dia A ddu day budc vat C khéi luong m,. Gia thiét day
khong gidn, 6 truc A hoan toan tron. Tim gia téc vat C.

Xétcohe 3 vat A, B, C. AN .
He chiu lién két 1y tudng, ¢6 2 bac tu do véi 2 toa &
do da: q, =x,, Q> =X, :
- ql 1 q_ 2 %2 F(qt ng X
Trong dé x, xac dinh vi tri tdm cta B, x, xdc dinh v,
vi tri vat C. Cic luc hoat dong tic dung lén hé gom + [~ 1 My
trong lugng cua A, B, C, cic luc quin tinh gém c¢6 ch B ‘)F
ngM%, ngMJ, F§', F2' . Gia téc géc cla A: , = —RC- Vv,
Vi vay: Hinh 6.3
2]
m R~ W I
M{ =J,§, =——.—5=~mRW,
A TJAA 5 R 2 m R We

Chi€u ién truc x, duge:  Vy=-V,+ V,
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Do day khong gin:  Vp=V VA Vi =R.Bp; ta dugc Vg = -Ve + Ry

V
Suy ra: By = YetVe

R
Dao ham 2 v& biéu thifc trén theo t ta dugc gia téc goc cta B:

VetV | Wi+ W
EB= =

R R
Do dé: M = B%:B:mlsz.WB;WC =%mlR(WB+WC)
F3 =mgWg =m;Wp
Cho hé mot di chuyén kha di dac bigt: 8x, >0; 3x, = 0
Ap dung phuong trinh tong quit dong lyc hoc (6-1) ta c6:
pdx, —Fg'ox, —MJ 3¢, =0
hay: m, gdx, —m[WBﬁxl-—%mlR(WB+WC)%=O
—;—ml (2g-3Wg —WC)ESXl =0
2.5

Trong dé ta di thay géc quay clia B quanh tdm van toc tifc thoi P: 0pg = =

Do tinh chat tily ¥ ctia 8x tir biu thifc trén suy ra:
3W, + W =2¢g

Cho hé di chuyén kha di: 8x =0; 8x,> 0 theo (6.1) ta duoc:
P..5x, —F3.8x, —M18¢, —Mgd¢g =0.

trong dé: 3, = 0y = %

Thay vao trén ta dugc: [ng—mzwc —%m]WC —%ml(W13 +WC)}6)(2 =0.
Do tinh chit thy § chia 8x,, suy ra bi€u thic trong ddu ngoac phai bang 0.

| ng—mZWC—%mlwc—%ml(WB+Wc)=O.
2(3m, —m,)g -

Tur (1) va (2) ta suy ra: We = P—
my +05m,

0y

(2)
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6.2. PHUGNG TRINH VI PHAN CHUYEN PONG CUA CO HE KHONG TU DO

1. Phuong trinh Lagrang loai 11

Phuong trinh vi phan chuyén dong clia co he duéi dang toa do suy réng goi 1a phuong
trinh Lagrang loai II. Xét co hé Holonom cé n chat diém, chiu lién két git, dimg, 1y
tuong duge xdc dinh bdi r toa d6 suy réng dii q,, qa,... g,. Theo phuong trinh téng quat
dong luc hoc (6.1) 1a cé:

> F8% +> F'S%, =0 (a)
k= =1

Tong cong cha céc luc hoat dong dugc bidu dién qua cic toa do suy rong di theo
cong thiric (5.4) nhu sau:

D F8%, =Q,8q, +Q.8q, +....+Q,8q, = > Q;3q; .
=1

k=1

Trong dé luc suy réng clia cdc luc hoat dong duoc tinh theo cong thic:

- Or
Q=Y k%
k=i an

Tuong tu nhu vay téng cong cla cdc lyc quén tinh ciing ¢6 dang:
n T
oqle—s qt
D E¥8i =) Q¥sq;.
k=] =l
trong dé: Qj” 12 luc suy rong cla cdc luc qudn tinh:

ar,

Q' =2 F'—=~. (b)
: kz; 5qj'
Thay vao (a) ta dugc:
2.(Q;+Qi") 8q; =0 (c)
=1

Viq,, qs..., q, 1 cdc toa do da, nén 8q,,8q,,...,8q, doc 1ap tuyén tinh véi nhau, do
dé phuong trinh (¢) twong duong véi hé phuong trinh:

Q,+Q¢ =0 G=12,0) (d)

C6 thé sir dung tryc ti€p hé phuong trinh trén, dé gidi cdc bai todn dong luc hoc cla
co hé. Nhung dé h¢ phuong trinh ¢ dang don gién, ta hdy bién déi cdc Iuc suy rdng cla
luc quén tinh qua déng nang clia co hé.
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Vi luc qudn tinh cia chit diém thi k ¢6 dang:

- dV
Fl'=-m, W, =-m, —&
dt

L dV ar,
nén thay vao (b) ta cé: Q¥ = Z m, —% K (e)
YA dt dq;

V& phii clia (¢) c6 thé bién déi dudi dang nhu sau:
dv, & Ty g 4.
—k —k —‘( )=V — (- ()

dt a dt” " aq; Kt an

Trong dé T, 12 vécto ban kinh dinh vi cla chit diém thit k, né 1a ham cua cic toa do

suy rong q,, Go.., q, va thai gian t. Con V 1a van téc ciia chét diém dé:

_ dr Ot ar . T,
Vo =Tk =T g+ Teg, 4o ohg, (h)
dt  dq, oq, aq,

, dq.
O day, ky hi¢u q; = % (j = 1,2,..,r) 12 van t6c suy rong Ung vdi toa do suy rong g;

clia hé. Pao ham (h) theo toa dé suy réng ta duoc:

V., O
OV k= O G=1.2,.0 ()
aq; oq;
Mat khdc ta cé thé thay ddi thu ty 18y dao ham 1 theo thoi gian t va theo toa d6 suy
rong q;:
& di . ar oV,
( by (Thy= Tk Tk k)

dt 8q; oq; dt dq; Oq;
Sir dung (i) va (k) biéu thiic (f) c6 dang:
dv, ot  d- &) o OV, 1ovi ) 18V
— = e Ve TS AL
aq; dq; Tar| 2 aq; ) 2 dq
Trong céng thiic (¢) dua khoi lugng m, 13 dai luong khong déi vao trong déu dao ham
va chii y tdng cic dao ham bang dao ham cla téng ta duge:

G 5[ mkazJ_a( m@/&}_iﬂ_ﬂ
- dt{aqj 2 2 } aq, 2 2 ) di|aq; | éq;

. 1 R \
trong d6: T = ;Z mka2 la dong nang cua co hé.

dt dq; dt
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Thay gi4 tri Q?‘ bén trén vao (d) ta dugce:

d{oTy) oT .
—|——]-=—=0Q, (G=12,..10 (6.4)
dei &q; ) aq;

Céc phuong trinh (6.4) la hé phuong trinh vi phan chuyén déng ciia co hé dudi dang
toa d6 suy réng con goi la phuong trinh Lagring loai II. S6 lugng cic phuong trinh
khéng phu thuéc vao sé chat diém cila co hé va ding bing s6 bic tu do cta co hé.

Vi dong ning cha co hé 1a ham cla van t6c suy rong nén hé phuong trinh (6.4) 1a hé
phuong trinh vi phén cip 2 d6i véi cdc toa do suy rong q,, G, 5---, G-

Néu cdc luc hoat dong 1a cdc luc c6 the theo (5.5) luc suy rong Q= _at trong dé

J
IT=TI(q,, g5 ,---» q,) |2 th€ nang cua hé thi phuong trinh (6.4) cé dang:
dféery)y T ol'l .
el L T L G=12,..7) (6.5)
de{oq; ) oq; o
bat L =T - ] goi 1a ham Lagrang va chd ¥ 1a th€ nang clia hé khong phu thudc vao

van t6c suy rong ta co:

or_or _dai_oL
%; 84 a4y A
Khi dé hé phuong trinh (6.4) duoc viét lai 12
i) L o, G=12.0. (66
dt{q; ) A
Néu cac luc hoat dong vira 1a luc cé thé va khong thé thi (6.4) c6 dang:
AfoTY A gl =120 67
de{&q;) 95 dq;

trong do: Q}‘ 1 luc suy rong tng véi cac luc khong thé.

2. Cac tich phan dau ciia chuyén dong

Viéc giai phuong trinh vi phan chuyén dong clia co hé tim quy luat chuyén dong cta
co hé 14 rdt khé khan. Tuy nhién néu co hé c6 tinh chit dac biét ta khong cén giai cdc
phuong trinh vi phian ma vén tim dugc cdc tich phin diu ctia chiing. Sau day ta xét hai
truong hop dac biét:

a) Tirnh phdn ndng lugng

X¢t co he Holénom chiu lién két gid, dimg, 1y tuéng, cdc luc hoat dong la cac luc ¢6
thé, khi d6 co nang cua hé duoc bio toin:
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E =T +I1=const ' (6.8)
Hg thic (6.8) chi chita cic toa dé suy rong g; va dao ham béc nhét cta né theo thoi

gian q;, d6 chinh 1a tich phan ddu cia chuyén dong, goi 1a tich phan nang lugng.

b) Tich phdn Xycolic

Toa do suy rong q; ciia he¢ duge goi la toa do Xycolic néu né thoi man cic dicu kién

sau:
aq; 0q;
Néu q; 1a toa do Xycolic thi phuong trinh Lagrang loai II (6.4) c6 dang:
g ﬂ =0 Suy ra: E = const (6.9
dt{ 4q; aq;

Hé thiic trén 13 mot tich phan ddu cta chuyén dong, goi 14 tich phan Xycolic.

Co hé c6 bao nhiéu toa d6 Xycolic thi ¢6 bay nhiéu tich phan dang (6.9).

Vidu 1: Tim AB c¢6 khéi lugng m chiu tac dung cia fuc F theo phuong ngang chuyén
dong tinh tién khong ma sdt doc theo san ngang. Mét con lan c6 khéi tam C ban kinh R,
khéi lugng m_, mémen quan tinh J. d6i v6i truc di qua C va vubng géc v6i mit phang
hinh v&. Tim chuyén dong cda tdm khi con lan 1an khong truot trén tdm. Bé qua ngau luc
ma sét lan gifta con lan va tdm.

Bai gidi

Xét co hé gébm tdm va con ldn, co hé chiu
lién két 1y tuong va cd hai bac tu do. Chon hai
toa do suy rong du la: 0

B F
| HE |
i\ NNRARNRN \\{\ SN NNUURUURA
g, = X, - toa do khéi tam cua tdm; - b
!

g, = X, - toa do khéi tam cua con lan.

bong nang cuatam: T= : mX;‘) Hinh 6.4

Theo dinh 1y hop van téc, van tdc tuyet d6i cia Cla: V. =V, + V..
Chi€u hé thic nay 1én truc x ta duge: X, =X, +V,
Suy ra: ‘ V, =X, —X,

Ca e o V. X,—X
Do d6 van t6c géc clta con lan: o=-—L="2_"1
R
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Dong ning clia con lan chuyén dong song phang:

1 2, 1o 5 1 .o 1 Xy — X ’
1 2 1 Je 5 1T 5 Jo ..
=5 Mok +5R_gx2+5R_gx] ——S %%,
Doéng nang cia hé:
1 J J 2 I
T=T,+T, :E[m+_g)xf +%(mo +R—C2)>'<5 —Ec?_-xzx, (a)
Phuong trinh Lagrang loai II d61 véi co hé ¢6 dang:
dfoTy) T df eT oT
ST o S - g, (b)
del 8%, ) &x, dt{ 8%, ) ox,
J
Theo (a): ﬂ_:[m+—C2JJ'(,—J—C,,)'(¢—>i E =(m+J—gJ5{l—£%—5{f,; £=O
X, R R 7 dtl dx R R® 7 0x
“éil:[mo‘i‘J_gJ*ﬂ“J—gfh_*i 6T =(mo+l_€)iv—J_gi1§£=o;
OX, R*/ = R* dt| 0%, R/ 7 R™  0x,

Céc luc hoat dong tic dung lén co hé gom trong lugng cia tdm, trong Jugng con lan

va lue F. Cho hé mot di chuyén kha di 8x, >0,8x, =0,. Téng céng cha cdc lyc hoat
‘dc}ng trén di chuyén kha di nay 1a: ZSAk =F§x, . Suy raluc suy rong Q, =F.

Cho hé mot di chuyén kha di dx, = 0,8x, > 0. Téng cong cla céc luc hoat dong trén di
chuyén kha di nay 1a: 28A, =0=Q, =0,

Thay cic gia tri di tinh dugc vao hai phuong trinh (b) ta ¢6 hé phuong trinh vi phan
chuyén dong clia co hé:
J J Je ).
(m+l‘-;-)5<1 -<£%,=F; —=5% +(m0 +—C,)x2 =0
R-” R® R~ R~
Bang phuong phip thé ta tim dugc gia tdc clia tdm:

Ic +m0R2

X, = 5
Je(m+my)+mgmR

Né&u F = const thi chuyén déng cla tdm la nhanh dan déu.

Vi du 2: Hai vat ning A,B c6 khéi lugng 14n lugt 1a m va 2m néi v6i nhau bang 10 xo
c6 dé cing ¢ va nim trén mit ngang nhan, thoi diém div ngudi ta kéo hai vat vé hai phia
sao cho 10 xo gian ra mot doan la & r6i tha cdc vat ra khong c6 van t6c ddu. Hay tim vén
tdc clia vat A & thoi diém khi do bién dang cia 1o xo bing 0.
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Hinh 6.5

Bai gidi:

Xét co he gom hai vat A,B, co hé chiu lién k€t 1y tudng c6 hai béc tu do. Chen hai toa
do suy rong di 1a: q, = x, thong s6 xdc dinh vi tri cla A, q, = s thong s& xdc dinh vi tri
cta B ddi véi A.

Céc luc hoat dong tac dung [én hé gém trong luong cla hai vat A,B fuc dan hoi tuyén
tinh clia 10 x0, d6 14 cdc Iuc cé thé, nén co hé 14 hé bao toan.

. 1
Dong ning cia vat A: T, = mei

| . . . .. ;
Péng nang cua vat B: Ty = %mBX% = EZm(xA + s)2 = mxi +2mX S+ ms>

3 ) i
bong nangchahé: T=T, + Ty = Emki +2mX S+ ms*
Vi co hé chuyén dong trong miit phing ngang nén thé nang ciia trong luc bang 0.
g 9 oY o ¢ - ki » by 1
Con thé ning cua luc dan hoéi tuyén tinh coa lo xo la: 11 = ECAZ = %c(s—t'o)2

véi I, 12 do dai tu nhién cia 1o xo.
Vi toa do suy rong X, khéng c6 mat trong biéu thic dong nang va thé nang cta heé
nén x, la toa d6 Xycolic.

Tich phan Xycolic: ﬂ =3mx, +2ms=C, (a)
0% 4
Thay diéu kién ban ddu %, (0) =0,8(0) =0 vao (a) ta dugc C, =0.
. . . . 3.
Vay: 3mxA+2ms=0::>s=——2—xA (b)
Vi co hé bao toan nén cé tich phan nang luong: T+11=C,

Thay gid tri ciia T va IT bén trén vio biéu thifc nay ta duoc:

3 . . . 2
meA +ms+2mxAs+-;-c(s—10)” =C,
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Tir diéu kién ban ddu: X, (0)=0,5(0)=0;5(0)=8+/,. Suy ra: C, = %c&z

W

. . .2 oL 1 a
Vay: —msz +ms” +2mxAs+;C(s——fO)“ =%c:82 (c)

K]

thay gid tri § tir (b) vao (c) ta duoc:
3 .2 1 2 1 2
meA"‘EC(S_[o) =5c6 (d)

Khi 16 xo hét bién dang thi: s = /, do d6 tix (d) suy ra: gmxi = %céz

Do d6 van tdc cia A khi 10 xo hét bién dang [a: V, =%, =38, f;—c .
m

Vi du 3: Thanh lap phuong trinh vi phan chuyén dong cta mot con lac ¢6 khéi luong
m, va chiéu dai /, diém treo clia né nim tai tam cuia dia ¢6 ban kinh r va khdi lugng m,
dia c6 thé 1an khong truot doc truc nam ngang tam ctia dia néi véi diém cd dinh nhd mot
1& x0 ¢6 do ciing c.

Bai gidi:

Xét co hé gém dia va con ldc. D6 12 hé bio toan chiu téc dung clia cdc luc P, F,P,
chiu lién két 1y tedng, dimg, Hol6noém. Chon hai toa do suy rong di 1a:

q, = x - Thong s6 xdc dinh vi tr tam O cda dia tir vi trf khong bién dang clia 15 xo.

g, = ¢ - Thong s6 xac dinh vj tri cita con lac.

Pong ning cua hé:

| 1 1
T zimlvo'-’ + 1t +omy Vs ()
) ; V, x mr’

Véi: Vy =x; o=-2L==; J,=—!

ror 2
Chon hé truc toa do O,xy nhu hinh vé.
Trong d6 O, twong ting véi vi tri tam O khi 10 iy 11,7

xo khong bién dang. Hinh 6.6

Toa do clia con lic: X, =x+/sing — X, =X +/pcoso
y, =1cos@ — v, =—[psing
Vi = %3 +y; =% +2Kpcos@+ 1°¢7 cos” o +17¢” sin” @

V; = %% +20%pcosg+ 1A
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Thay vao (a) ta dugc:

Thé niang cta hé:

T =%m1x3 +%m15{2 +-;—m2(12('p2 +2/kpcosp+X7)

T=%m15{2 +%m2<13¢2 +20kpeos+x°) ®)

2

1= ung]_coscp+%x +const (c)

Fa

Phuong trinh Lagrang loai II cia hé ¢6 dang:

Theo (b) ta c6:

(d)

or 3 . . .3 ] )
3_—=Em,x+m21cpcoscp+m2x :(Eml +Mm, )X + m,/pcosQ
X

d or. 3 - . o
— (=) ={=m; +m, )X+ m,lHcosp—m,/P~ sing;
dt ox 27 “ -

oIl oT oT s
= 0; — =-m,/XPpsing;

—=CX; —= — =11, [sin
ox X oQ 281509

oT 2. .
— =m,{ @+ m,lXcosg;
op - -

d 2.. " L
_(gl;) =M, ¢+ m,/X cos @ —m,/Xpsin @

dt 8¢

Thay vao (d) ta duge phuong trinh vi phan chuyén dong cia hé:

3 . . 2 .
(Eml +m, )% +m,lHcosp—m, /¢’ sing+cx =0

7. . e . .
my!~ G+ m,/X cos @ —m,IX@sin @ + m,/X@sin@+m,g/sme=0

Sau khi it gon ta duge:

(3m, +2m, )% + 2m,lHcos @ —2m,l¢” sino+2cx =0

[p+Xcosp+gsinp=0
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Chuong VII
VA CHAM

Trong chuong III ta dd nghién citu céc dinh 1y téng quét dong luc hoc. Chuong nay ta
s& dp dung cdc dinh 1y d6, dé nghién ciiu nhiing qu4 trinh chuyén déng co hoc, trong dé
xdy ra va dap giita cdc vét thé. Tuy nhién dé dat dugc két qua, khi nghién citu ta cdn dua
ra cic gia thiét don gian héa.

7.1. VA CHAM VA NHUNG PAC PIEM CUA NO

1. Pinh nghia

Va cham 13 qud trinh déng luc dic biét, trong dé van téc chuyén dong cla cédc vat
bién déi dot ngdt trong khoang théi gian vo cliing bé.

Va cham gip nhiéu trong thuc t€, vi du bda dong vao coc, cdc xe hiic vao nhau, vat
liéu roi vao phéu v.v...

2. Pic diém cia hién tugng va cham, cac gia thiét don gian hoa.

a) Thoi gian va cham

Quan sit hién twgng va cham ngudi ta nhén thiy thdi gian va cham (tir hic 2 vét cham
nhau dén khi 2 vat rdi nhau) 12 rit ngén, khodng chimg 10°%, 10” giay. Khi nghién citu
hién tugng va cham ta gia thi€t thoi gian nay la vo cling bé.

b) Vi tri cua vat liic va cham

V1 thoi gian va cham clia 2 vat 12 v6 ciing bé, nén ta c6 thé gia thiét 1a trong thoi gian
va cham vi tri clia vat khong thay doi. That vay goi s 1a quing dudng di dugc cha vat

T
trong thdi gian va cham, 7 1a thoi gian va chamtacé: S= _[th =V'1=0
(o]
¢) Luc va cham va xung luong va cham _
Khi hai vat va cham vao nhau ching tic dung lén nhau nhitng luc rat 16n trong
khoang thoi gian rdt ngan. Nhing luc dé duge goi la luc va cham. Dé ddnh gid tic dung

T
ctia luc va cham ngudi ta thudng ding xung luong clia né S = det =Nt trong d6 N
a

la luc va cham, t 14 thdi gian va cham. Khi 2 vat va cham vao nhau ngoai luc va cham

134



codn ¢6 cdc luc khic tic dung 1én vat, ching han trong luc, lyc can... nhiing lyc nay goi
1a luc thudng d€ phan biét véi luc va cham. Vi cde lyc nay thudng nhoé hon nhiéu so véi
luc va cham, nén xung luong cia ching trong khodng théi gian va cham vé cing bé la
rit nho.

Khi nghién ctfu va cham, xung luong ctia cdc lyc nay cé thé bd qua duoc.

<F 1=0

T
That viy néu goi F 12 luc thudng ta cé: Ith hax
[s]

Khi dé dinh Iy dong lugng viét cho vat lic va cham: mAV =8 (7.1)

Trong d6 S 1a xung luong va cham. He thite (7.1) goi 12 phuong trinh co ban cta hign
tugng va cham.

d) Bién dang va hé sé khéi phuc

Quan sdt hién tugng va cham ta thdy cé hai giai doan:

- Giai doan bién dang kéo dai 1, gidy ké tir liic 2 vat tiép xiic nhau cho t6i lic chiing
hét bién dang.

- Giai doan khoi phuc kéo dai t, gidy ké t lic két thic giai doan bién dang dén lic
két thiic va cham.Trong giai doan nay cdc vat va vao nhau dan dan 14y lai hinh déng cii
dén moét mitc do nhit dinh.

Cin cif vao mifc do khoi phuc hinh déng cfi cha cdc vat va nhau ngudi ta phan cic
loai va cham nhu sau:

- Va chant mém: Khong c6 giai doan khoi phuc. Pic diém cin ban cia loai va cham
nay 12 khi két thiic qué trinh va cham nhiing phén tt ctia 2 vét va cham ¢6 cling van t6¢
phdp tuyén & viing ti€p xiic.

- Vu chami dan héi: Cé giai doan khoi phuc. Néu hinh ddng cii cia vat duge khai
phuc hoan todn thi va cham dugc goi 12 va cham hoan toan dan héi. Dic diém cia va
cham dan héi 12 khi két thiic va cham vén téc phdp tuyén cla nhitng phan tr & 1an céan
vung tiép xic gita 2 vat khic nhau.

Dé phén dnh dic diém khoi phue, ngudi ta dua ra hé s khoi phuc:
k=—= (7.2)
T

det

o

trong dé: S, = la xung lugng va cham trong giai doan bién dang;

2
S, = jﬁdt 12 xung lugng va cham trong giai doan khoi phuc.

T
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Nhu vay theo dinh nghia trén ta cé:
- Va cham mém: k=0
- Va cham dan héi: O0<k<l
- Va cham hoan toan dan héi: k= 1.
Hé s6 k phu thugc vao ban chét dan hdi clia 2 mat va nhau duge xac dinh béng
thuc nghiém.

7.2. CAC PINH LY TONG QUAT CUA PONG LUC HOC AP DUNG VAO VA CHAM

Khi 4p dung céc dinh 1y t(";_ng qudt dong luc hoc vao va cham ta cin luu y dén cic gia
thi€t don gian hod da dua ra trong phén trén.
1. Dinh ly dong luong
Theo (3.11) biéu thitc cta dinh 1y dong luong c6 dang:
Q,-Qy=25; (7.3)

Trong truong hop va cham ta gia thiét bé qua céc luc thudng nén ZSE ¢ day Ia téng
xung lugng cha cdc ngoai luc va cham tdc dung 1én hé va dong lugng cta hé duoc tinh
theo cong thic quen bigt Q = MV, . Cong thitc (7.3) thudng duge ding dé tinh van téc
cla vat sau va cham.

Vi du: Hai toa xe cé khéi lugng m, v m, chay trén mot dudng ray thang véi van
téc V,,V, va vao nhau. Gia thi€t va cham 12 mém. Tim van t6c chungV clia 2 toa xe

sau va cham.

(OO (L

N AN

Hinh 7.1
Bai gidi:
Xét hé gom 2 toa xe. N&u bo qua cdc ngoai luc thudng tic dung 1én hé thi:
xS =0
Do dé hinh chi€u déng lugng ctia hé 1€n tryuc x dugc bao toan:
mV, —m,V,={(m, + myV
VvV, —-m,V,
Suy ra: V= u
m, +m;,

Néum V, >m,V, thi V > 0 hai xe chuyén d6ng sang phai sau va cham.
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2. Pinh Iy bién thién mémen dong luong

Theo (3.25) dinh 1y mémen dong luong c6 dang:

dC, & =
2 =2 Mo(F) (a)
k=1
trong dé: L, = > m, (mk\7k ) 12 momen dong luong cla hé déi véi diém O.

k=l
L = -2
Con ZrﬁO(Ff )12 tdng moémen ctia cdc ngoai lyc tic dung 1én hé dai véi diém O.
k=l

Tir (a) suy ra: dl:o = Zmo (13[‘: )dt . Ldy tich phan 2 v€ voi cdc can tuong ing ta dugc:
k=1

a n t2 n t

2 n - n =
trong do: |3y (E Jdt = |2 (G xFe)a=2 Fox [Rat=3 7xS; = > (St )
1, k=1 t, k=1 k=1 k=1 k=1
Trén day khi dua T, ra ngoai déu tich phan ta da sir dung gia thiét trong thoi gian va
cham vi tri ctia vét khong thay ddi: T, = const nhu vay dinh 1y mémen déng luong trong

va cham ¢6 dang:

Lo (2)- Lo (1) = Y. o () (7.4)

k=1
Trong d6 véi gia thi€t bé qua céc luc thudng, §i I3 xung luong cla ngoai luc va
cham. Chiéu (7.4) lén truc x ta dugc dinh ly moémen dong luong ddéi véi truc x.

n

L, (2)-L, (1) =2/, (5) (7.5)

k=1

Vi du: Hai vat rin quay déc lap véi nhau quanh cing mot 6 truc ¢6 dinh. Mémen
quén tinh cia chiing d6i véi truc quay 13 J,, J, van t6¢c géc dai s6 d6i véi truc z 1a @, 0,
Hai vat duoc ghép véi nhau vi ciing quay nhwr mot vat ran véi van tée goéc @ . Tim ©.

Bai gidi:

P 2 =z A + - Jl 6] J'y 6’»

Xét co hé gom 2 vit ran. Néu bo qua cic | woweooaas AR AT RN
luc thuéng thi mémen cita xung lugng va | ]
cham ngoai d6i véi truc z bang 0. Do dé
moémen dong lugng cta hé doi véi truc z

Hinh 7.2

dugc bao toan:
1o+ La,=J+1)w

Suy ra: o=
Y J+J,
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7.3. VA CHAM THANG VA XUYEN TAM CUA HAI VAT CHUYEN PONG
TINH TIEN

1. Pit vin dé

Cho hai vat rin M, va M, chuyén dong tinh tién va vio nhau. Néu dudng phdp tuyén
cta hai mit tai diém ti€p xic tring véi dudng ndi hai khéi tam va mang c4 hai vécto van
t&c \7] va \7,_, ctia hai vat khi bat ddu va cham thi va cham duoc goi 14 thing va xuyén
tam. Dac diém ciia va cham nay 1a sau khi va cham hai vat M, va M, vin chuyén dong
tinh ti€n theo phuong ci.

D€ gidi bai todn va cham thing xuyén tam cla hai vat chuyén déng tinh ti€n ta ding
mo hinh sau ¢(hinh 7.3).

Hai qua ciu déng chit khéi lwong M,,M, chuyén déng tinh tién theo dudmg néi tam
C,, C, véi cdc van téc V,V, dén va cham nhau. Biét hé s6 khoi phuc la k. Tim véan tdc
U,,U, clia 2 qué cdu sau va cham, xung luong va cham va lugng mat dong ning AT qua
va cham.

2. Giai

Goi hinh chi€u vén téc cia 2 qua cdu ngay trudc khi va cham 1én hé truc x 1a V,,V,
khi két thic giai doan bi€n dang la U va sau khi két thiic giai doan khéi phuc 1a U,,U.,.
Theo dinh 1y déng luong ta cé:

m, (U-V,)=8,=-8

Giai doan bién dang:
m, (U=V,}=5,=5

m, (U, -U)=83, =-§

Giai doan khoi phuc: . ,

Theo dinh nghia hé sé khéi phuc ta ¢é:

S =kS (e)
5y L Sk . Sy, S -
Hinh 7.3

Tir 5 phuong trinh (a), (b), (¢), (d), (e) tim duoc:
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U= m,V, +m,V, _ m, U, +m,U,

m|+m2 m,; +1m,

U, =V, - (1+k)—=2—(V, - V;)

m; +m,
=V, kK)—=2—(V, -V, 7.4
U, =V, +(1+k) 1+m-,( 2) (7.4)
s:ﬂf_“z_w ~V,|
m, +m,
S =2 |y, U,
m; +m,

3. Xac dinh hé s6 khéi phuc k bing thyc nghiém

Nho két qua & phén trén ta ¢6 cong thiic méi xdc dinh hé 36 khoi phuc k:

S_l U =G, _ U, (7.5)
S| |v,-v,| v

r

k=

trong d6: U, =[U, -U,|; V, =
Xuyén tam ngay sau va cham va ngay truéc va cham.

Dua vao cong thic k = %—'—cé thé x4c dinh hé s6 khoi phuc k bang thye nghiém.

r
Vi dyu: Tha mot vién bi khong van t6c dau tir 6 cao b, xudng mat phing nim ngang
c6 dinh. Ngay truéc va cham van t6c clia vién bi la:
V, =4/2gh; viV,=0nén V, = y2gh,
Sau khi va cham vién bi ndy 1én d¢ cao h, do d6 van t6c clia né ngay sau va cham la:
U, = 2gh, viU,=0nén U =,/2gh,

JE

U,
Do do6: N
Ve 2gh, \J 1

4. Luong mat dong nang trong va cham thing xuyén tam cua hai vat chuyén

dong tinh tién

N6i chung trong va cham bao gid ciing c6 mét lugng dong nang cha co he hod thanh
nhiét niang, Luong mét dong nang nay giy ra bién dang du.

Ta hiy tinh luong mat dong ning trong va cham thing xuyén tam cda hai vt chuyén
déng tinh tién. AT =T, - T, trong dé T,, T, 12 dong nang cla hé ngay truéc va ngay sau

khi va cham:
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) ¥ 2 2
m,Vy N m,Vy _mUjp . m,U;

T, = ;T =
) 2 TP 2 2
3 m, 2 2
trong doé: AT = —-2—(\/I - -U3)
Thay gia tri U,, U, tir (7.4) vio biéu thic trén ta duge:
T=—T0M )V, - V,) (7.6)
2(m; +m,)

Ap dung cong thic nay vio trudng hgp va dap ciia bia lén vat dang ding yén ta cé:
Van t6c cla bia ngay trude va dap fa V|, clta vat chiu dap 1a: V,=0.

m,m,

Do dé: T"———(i-—k )V’
2(m, +m,)
. s an - sy . A mIV12
Goi T, 1a dong nang clha hé ngay truée va dap: T, = >
2
va AT my (1—k2)= -k
m2

Khi diing bida rén kim loai lugng mat dong ning AT lam bién dang vét rén 1a hira ich

AT 1-K?
nguoi ta goi: N=—-= 14 hiéu suit cia biia ren.
T, m;
1+
m;

Pé tang hiéu sudt clia bua rén, phai giam ti s6 m /m, nghia 12 khoi lugng cuia bia rén
phai nhé thua khéi lugng téng cong clia de va vat rén nhiéu lan.
1

Vidu:néu L= —_vak=0thi n=90%.
my

Khi diing bida dé déng coc hay déng dinh, luong AT 1a vo ich ta dinh nghia hi¢u sudt
cla bia déng la:
2

T,-AT . AT 1-k

—l-="==1=

T, T,

m
[+—L
m,

- . - L] - 7 - 9 9 m ~ ~ are 7 .’ -
Muén tang hiéu sult cua bia phai tang t1 s6 —L nghia 1a khéi lugng cla bia déng
m;

phai 16n hon khéi luong cha dinh hay coc nhiéu lan.

Vi du: Neu = 10vak= 0,2 thi n=90%.
mz
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7.4. TAM VA CHAM CUA VAT RAN QUAY QUANH MOT TRUC CO PINH

1. Dat van dé

Cho vit rin quay quanh mot truc ¢4 dinh z. Néu téc dung lén vat xung luong S, & g6i
d& s& xudt hién céc phan lyc dong luc va cham do 2 § truc tac dung vao vat, tic la Xuét
hién xung lugng va dap S,,S, & hai g6i d& tryc dy. Va dap phat sinh & cdc gdi dg lam
tiéu hao nang lugng vo ich va lam hu hai g6i d& va truc quay. Vi vy mét bai toan duoc
dat ra la tim diéu kig¢n dé khi tic dung xung lyc va dap S lén vat quay, s&€ khong lam
xudt hién céc xung luc va dap S, va S, tai céc 6 d5. Duéi day dé don gién ta s& giai bai

todn trong mo hinh phing va phit biéu két qua doi v6i mo hinh khong gian.
2. Giai bai toan phang

Gia st vat dang quay v6i van t8c géc ®,. Tac dung lén

vat xung luong S . O truc s& xudt hién xung lyc va cham §o

vi van tc géc cha vat ngay sau va cham la ©,. Ap dung c

dinh 1y déng luong cho vat ta co:

62—61=§+§0 (a) 5 o

trong dé Q] = Mv((:l); QZ — MV((:?) (b)

\ B4
Chon truc Oy di qua khéi tam C cla vat goi ala goc lap Hinh 7.4

b&i xung luc S va truc y. Chi€u (a) [én 2 tryc X, y ta co:
MVE —~MV) =Ssina + S,

hay Md(®, —®, )} = Ssina + S, (c)
0=-Scosa+Sg, (d)

Muén cho S, =0 thi S, =S, =0.

Tix (d) ta thdy dé S,, = O thi cosa =0 suy ra o = 90°.

Theo dinh 1y mémen dong lwong: L,, —-L;, = mz(g)

Vi: L,=),8; Ly, =J,8 vam,(§)=Sa
Nén phuong trinh trén cé dang: J, (('132 -6 ) =Sa.Suyra @, -® = %3

Thay gid tri ©, —®, vao (c)khicho S, =0 va sina = sin90° =1.
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Ta duge: MdE =S suyraa= !, (7.7)
J Md

Két lugn: Viy dé€ cho xung lugng va dap §06 0 truc triét tiéu ta phdi tic dung S

4

vuéng géc vdi dudng thing OC tai diém K cich truc quay mot doan a =

biém K d6 duoc goi 12 tam va cham clia vat quay dé&i véi truc quay.

Vi du: Tim tam va cham cfia thanh déng chal chiéu dai 1 véi truc quay qua ddu thanh

vudng géc voi thanh dé.

Bai gidi ) , :
Vi thanh dong chat nén khéi tam C nam gifta thanh, do dé c ‘ i
+ s 1]
d= é— va momen quan tinh ctia thanh déi vdi truc z 1a: : 2, :
] 3 i
2 2 ' '
M b _MP M2, Hinh 7.5

z

J,=——. Vivaya= = :
3 Md 3 2 3
3. Két qua caa bai todn khong gian
Dé cho khong xudt hién xung lugng va dap & céc 8 truc quay phai thoa man céc dién
kién sau day:
- . . ) . 2N
- Truc quay phai 1& truc quén tinh chinh tai mét diém O
bét ky cia né.
- Xung luc va dap S phai tdc dung vuéng géc véi mit
phing # qua truc quay va khéi tam C ctia vat.
- Goi K 1a giao diém cha S v mit phing n, HK = a 1a
khodng céch tir K dén truc quay. CN = d 1a khoang céch tir

z

Md 7
Hinh 7.6

khéi tam C dén truc quay thi a phai thod man: a =
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BAI TAP BONG HOC

1. PONG HOC PIEM
1. Mot diém chuyén dong theo phuong trinh:
X= 10003271:%; y = IOSil'lle:% (x, y tinh bing cm, t tinh bang giay).

Tim qu§ dao clia diém, tri s6 va huéng vén téc, cling nhu tri s6 va huéng gia toc cla diém.
Dép s6: Quy dao vong tron ban kinh 10cm, van t6c v = 4n cm/s huéng tiép tuyén
quy dao theo chiéu ngugc chiéu kim déng hé quanh O. Gia téc W = 1,6 t%cm/s* va

hudng vao tam O.

2. Cho phuong trinh chuyén dong clia chat diém, xdc dinh phuong trinh quy dao va
luat chuyén dong theo quy dao? Biét rang goc toa d6 1a vi tri ban ddu cta chat diém.

x =3t . .
a) { , Ddp s6: Quy dao 4x — 3y = 0. Luat chuyén dong: S= 5t
y =4t”

X = 5cos 5t . . 2 , 2
b) , Ddp s6: Quy dao x* + y* = 25. Luat chuyén dong: S=25t
y = 5sin 5t~

3. Viét phuong trinh chuyén déng cla pit
tong léch tam trong co cdu thanh truyén tay
quay (hinh v&). Khoang céch tir tryuc quay cua
tay quay téi dudmg dén huéng clia pit tong la
h, chiéu dai ciia tay quay OA = r. Chiéu dai
cha thanh truyén AB = /. Truc x cé phuong
theo hudng chuyén dong cua pit tong, gdc toa
do 14y & vi tri xa nhét cha pit tong vé phia bén phai.

Hinh bdi 3

Cho biét: i=7\.; E=k; Q=0agt.
r r

Pdp sé: x=1 [\/(}H-I)z -'S —\/7\.2 —(sin(p+k)2 —coscp:\
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4. Tim quy luat chuyén déng clia thanh AB, biét ban kinh
binh xe léch tam 1a r va truc quay O & céch tam clia dia mét
khoang OC = a. Truc Ox huéng doc theo thanh, géc toa do

, . a
O 6 truc quay va —=X.
r

Ddp 56: x =acos@ + ry/I-A? sin” @

5. M6t qua can duge ném tlr mady bay chuyén déng theo

i
ot”

phuong trinh: x =V t; y=h —22—

Hinh bai 4

O day truc Ox chon theo phuong ngang, truc Oy chon theo
phuong thing ding huéng lén trén. Xdc dinh van t6c cha qua cu khi né roi xudng dat ?

VOor———»

Dap 560 V=4/V§+2¢gh; COS(V,T)=ﬁ; 1 Vv,
o T8

cos(¥,7) = -2

Vo +2gh \

6. Vién dan chuyén déng trong mit phing thing ding
theo phuong trinh:

Hinh bai 5

x = 300t; y = 400t — 5t* (t tinh theo giy; x, y tinh bing mét).
Tim: a) Van to¢ va gia toc tai thdi diém déu.
b) D¢ cao va tdm xa ciia dudng dan.
¢) Bén kinh cong clia qu¥ dao tai thdi diém ddu va diém cao nhat.
Dap s6: V,=500m/s; W = 10m/s*; h = 8km; S = 24km:; P, =41,67km; p = 9 km.
7. Tim ban kinh cong quy dao & thoi diém diu cla mot dong diém chuyén dong theo
phuong trinh: x = 2t; y = t* (t tinh bang giay; x, y tinh bing cm).
Ddp 507 p, =2m.
8. Co cdu tay quay thanh truyén véi OA = AB =7 = 60cm. Biét ¢ = 4~nt (hinh v&). Tim

~ . 0 2 1 - - . - Kl
quy dao di€m M cha thanh truyén. (MB=§). Tinh vén t6c, gia t6c cua M, bin kinh

cong clia quy dao tai vi tri ¢ = 0.
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2 2

Ddp 56~ Quy dao elip 150 + L= 1; V = 80ncm/s; W = 1600n*/s%; p, = dcm.

2 202

le

Hinh bai 8 Hinh bai 9
9, Banh xe lan khong trugt theo dudng ndm ngang, mot diém trén vanh xe c6 chuyén
dong Xicloit v6i phuong trinh: x = 20t —sin20; y =1 - cos20t (t:s: x vay:m).
Tim gia t6c vi ban kinh cong cba diém, xéc dinh gid tri cta ban kinh cong Nct=0.
Ddp s6- W huéng tix M vé C; W = 400m /5% po=0.
10. Chuyén déng cta diém cho boi phuong trinh:

. 1
X =V L cosog, y= Yot. SINCLg — Egt2

Trong d6 Ox nim ngang, Oy thing diing, V,, g va o < 7/2 1a nhiing hang 6.
Hay xdc dinh: a) Quy dao ciia diém;
b) Toa do vi tri cao nhat;

¢) Hinh chi€u cha van téc 1én céc truc toa do khi chét diém nam trén
truc OX.

Ddap s a) Prabén y = xtgoyg — ——g—q x*
2v,cos” o,
2

v
b) x ==2sin2a,; y=—-sin20,
2 0 Y 2g

<
(SIS

¢) V,=V,cosa V=%V sinay

11. M6t diém trén vanh banh xe chuyén dong
theo phuong trinh: s = 0,1¢ (t tinh bang giay va s
biing mét). Ban kinh ¢da banh xe bing 2m. Xdc
dinh gia t6c phdp va gia toc ti€p ciia diém tai thoi
diém van téc ctia né v = 30m/s.

Ddp s6: W, =450m/s’; W, = 6m/s”. Hinh bii 12
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12. Thanh OB quay qhanh truc O voi ¢ = AOB =2t (rad) va truyén chuyén dong dén
thanh AD. Diém A va C chuyén déng doc theo céc truc toa d6. Xéc dinh vén téc va gia
16¢ diém D cla thanh tai thdi diém ¢ = 60°. Biét AB= 0B =BC=CD = 12cm.

Dap 56~V = 41,57 cm/s; W = 127 cm/s”™.
13. Chit diém chuyén dong theo vong tron ban kinh r theo luét sau: S= Vgt — %a[z.

Xdc dinh tri s6 gia t6¢ cha diém, thoi gian cdn thiét dé tri s§ gia t6c d6 bang a, 6
vong di dugc clia chit diém ciing nhu van téc cia chit di€m & thoi diém nay.

4 VO2
' d4anR

, 1 Vo . ax
Ddp 56: W = a2+P(VO—at) W =akhit=—2; S6 vong: n= vav=0.
- a

14. D4u tiu hda cé van téc ddu 15m/s va trong 30 giay ddu chay dugc 600m. Biet
chuyén dong chia n6 12 bién déi déu. X4c dinh van téc va gia toc cla tdu hoa & cudi giay
thit 30. Néu tdu hoa chuyén dong theo dudng tron ban kinh r bing tkm.

Ddp s6- V =25m/s ; W = 0,780m/s’.

15. Mot tau hda chuyén dong cham dén déu theo cung tron bdn kinh 800m. Véi van
téc dau v, = 54 km/h. Sau khi chay dugc 800m thi né ¢ van t6c 18 km/h, tinh gia tc

toan phdn cta tdu lic d6 va ldc ban ddu cling nhu thoi gian tau da chay.

Dap 56> W = 0,308m/s* : W = 0,129m/s* T = 80s
IL. CHUYEN PONG CO BAN CUA VAT RAN

16. Bénh ¢ bat ddu roi khoi vi trif finh quay véi gia téc gée khong doi, qua 10 phit
déu sau khi bat ddu chuyén dong, né cé van t6c géc bang 120 vong/phit. Hoi banh da
quay dugc bao nhiéu vong trong 10 phiit d6?

Pap s6- 600 vong.

17. Bénh xe c6 truc ¢6 dinh quay véi véan t6c géc ban ddu 2 wrad/s quay dugc 10 vong
thi dirng lai do ¢6 ma sét & & truc. Hay xéc dinh gia t6c géc € clia banh xe, xem nd la
mot hing s6.

Ddp sé- & = 0,1 nrad/s®, quay cham dén.

18. Khi tit dong co, cinh quat clia méy bay c6 vén téc gée tuong (ng n = 1200 vong/ phat,
quay duoc 80 vong thi dimg. Hoi tir thai diém tat dong co dén khi dimg hét bao nhiéu thoi
gian, néu ta xem cdnh quat quay cham dan déu.

Ddp s6: 8 giay.

146



19. Con l4c dao dong trong mit phing diing quanh truc nam ngang c6 dinh O. Tir vi tri

can bing & thoi diém ban ddu dén lic né dat d6 Iech cuc dai o = ;ﬂ:g rad phai mat 2/3 gidy.

a) Hay viét quy luét dao dong ctia con lac, xem ring né dao dong diéu hoa?

b) O vi tri n3o con lac cé véan tdc gbée cuc dai va van tdc géc d6 bing bao nhiéu?
P T . 3
Ddp 367 a) ¢ =—sin—ntrad t rad.
16 4
. ) 3,
b) O vi tri thing ding; ., = 6—47t rad/s.

20. Mot co cdu culit dugc moé ta nhu hinh vé.

Hay xéc dinh van t6c géc va gia 16 gée cha cu lit OC

& thdi diém khi cp=%, néu thanh AB chuyén dong véi

van tc u = const va thdi diém ban ddu ¢ = 0. ] L
,
v u u” Hinh bai 20
Pap s6: o=—; e=——7.
21 21

21. Mot tai trong dugc bude vao soi day quin vao truc nim ngang. N6 dugc nang lén
nhanh dén d¢éu khong cé vén tc ban ddu. Trong t gidy d4u, né dugc nang 1én doan h(m).
Hay tim gia t8c géc cla truc néu ban kinh céa né 1a r (m).

. 2h .
Ddp s6: e=—$ z
2
A
N
2 R Va
h
S Hinh bai 21 Hinh bai 22
l____l'—-_,

22. Piém A nim trén banh dai chuyén dong véi van 16¢ 50cm/s, diém B nam trén
cling ban kinh véi diém A chuyén dong vé6i van téc 10cm/s, khoang cich AB = 20 cm.
Hay x4c dinh van t6c¢ géc © va dudng kinh bénh dal.

Pdp s6° ® =2 rad/s; d = 50cm
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23. Bénh da c6 ban kinh R = 2m r&i khéi vi tri yén tinh quay véi gia téc géc khong
déi, sau t = 10 giay cdc diém nim trén vanh c¢6 van téc v = 100m/s. Hiy tim van téc, gia
téc ti€p va gia t6c phdp cla cdc diém trén vanh tai thoi diém t = 15 giay.

Ddp s6° v =150 m/s; w, = 11250m/s” ; w, = 10m/s’
24. Géc nghiéng gilta bdn kinh va gia t6¢ toan phan cta diém trén vanh banh di

bing 60°. Gia téc tiép ciia né tai thoi diém dang xét w, = 10+/3 m/s>. Hay x4c dinh gia
téc phép cia diém cich truc quay mot khoang r = 0,5m. Bdn kinh banh dA R = im.

Pdp s6- W_ = 5m/s*.

25. Truc A ¢6 ban kinh R = 10cm quay dugc nho mét A R
qua cén treo vao nd bing moét soi day. Chuyén dong clia qua ‘&‘

cén theo phuong trinh x = 100t*(cm). Trong dé x 12 khoang
céch tr qua can dén dudng ndm ngang cd dinh OO, x tinh
theo cm, t tinh theo giay.

Xdc dinh van t6c géc o va gia t6c gbe ¢ cua truc cling
nhu gia t6c toan phin w cla diém trén bé mit cla truc tai
thot diém t bat ky.

Ddp s6- o = 20t rad/fs; € = 20 rad/s’

W =20041+ 400I4 Cm/SZ Hinh bai 25
26. Qua ciu A treo trén mét soi day cé do dai / = 398 cm dao dong trong miit phing
thang ding quanh truc O nam ngang ¢6 dinh theo phuong trinh ¢ =g—sin§t (¢ tinh

theo rad; t tinh theo gidy). Hiy xdc dinh:
a) Thoi diém gin nhat sau khi bt ddu chuyén déng, tai dé gia t6c phap cla qua
céu bang 0.
b) Thai diém gén nha, khi gia toc tiép bing 0.
¢) Gia t6¢ toan phan khi t = 1/2 gidy
Ddp 567 a) t = 1 giay; b) = 2 gidy; ¢) w = 282,95cm/s
27. Cho co céu truyén déng nhu hinh v&. Biét vat (I) chuyén dong véi phuong trinh:

x =2 + 70t*em (1 - gidy), R, = 50cm, 1, = 30cm, R; = 60cm, r; = 40cm.
X4c dinh van t6c, gia t6c tiép, gia téc phdp va gia tdc toan phén clia diém M khi vat
(I) di duge mét doan: S = 40cm.

Ddp s6: V = 118cm/s; Wy =156cm/s; W, = 346cm/s*; W = 379%cm/s™
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(L

Hinh bai 27

i e (0 > A " 4 A r .. s e - -~ 4 - rd
28, Hiy tim ti s6 K = 24 cfia van t6c géc d6i voi cic banh xe rang khia co bén kinh
[0
1

I}, Iy, I3, T, dugc gin véi nhau nhu hinh vé. MBS rong cho trudng hop n banh rang?

Wy ®

bap s6: K=—= -+t -r'—; K=(-D"" 5%
W

Iy L, o

1

Hinh bai 28 Hinh bai 29

29. Trén hinh vé biéu dién so dé truyén chuyén dong day da phic tap. Puli II va 111
gin chung mét truc va hai puli 4y dugc coi nhu mot. Xéc dinh s& vong quay trong mot
phiit ciia puli IV, bit ring puli I thuc hién chuyén dong quay 500vong/phut. Puong kinh
céc puli 1a d; = 200cm; d, = 500cm; d; = 300cm; d, = 100cm.

Pdp 56 n, = 600 vong/phit.

30. Trong co ciu ctia mdy chi bdo, kim chuyén dong tir thang
ring clia chot 1, truyén cho bdnh ring 2, trén truc clia né gan
chit v&i banh xe ring 3, méc véi banh rang 4 mang theo kim.

Ban kinh cta cdc bdnh xe ring tuong g bang r,y, 13, Iy.

Xic dinh van téc géc clia kim, néu chuyén dong ciia chét cho
trudc bing phuong trinh: x = asin(kt).

I

.
!
!

f
|
|
|

I
|
|

R
t

Ddp s6: o, = ak coskt. X

A

Hinh bai 30
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31. Tryc truyén dong béng ma sat I quay 600v/ph vi chuyén dich theo chiéu miii tén,
sao cho khoang céch d thay déi thee quy luat d = (10 — 0,5t)cm (t tinh theo giay).

Hay xac dinh:

a) Gia t6c cua tryc IT phu thudc vao khoang cich d.

b} Gia t6c toan phén clia diém B trén vanh banh II khi khoang céch d = r, biét bén
kinh cha céc banh xe ma sit: r = Sem; R = 15cm;.

. 50
Pdp 567 a) €= ?Erad/sz; b) w =30nv1+400007> cm/s

l )
! TIE oy, T
S ——

f 0 77
OO Iy
| (W
I B ﬂ_'[_jkd "

Hinh badi 31 Hinh bai 32

32. Co cdu t0i (hinh v&) 1am cho tai trong P dich chuyén thing ding khi quay tay
quay a = 400mm. Do bé phan hdm bi hong, tai trong bat thinh linh roi xuéng véi phuong
trinh x = 5t* (x - cm, t - gidy), truc x huéng xudng dudi theo day. Duong kinh cia tréng
d = 200mm; s6 ring cla co cdu toi nhw sau: z; = 13; z, = 39; z; = 11; z, = 77. Hiy xic
dinh van t6¢ va gia téc ciia ddu tay quay a sau khi chuyén dong duoc 2 giay.

' Dap 56V = 16,8 m/s ; W = 705,6 m/s’.

III. CHUYEN PONG PHUC HOP CUA PIEM

33. Trong co cdu thanh trugt tay quay, thanh trugt BC
chuyén dong tinh tién, con tay quay OA c6 d6 dai / = 20cm
quay vdi van t6c géc khong déi n = 90v/ph. Pdu A gin ban
1€ v6i con chay truot trong ranh cta con truot. Con chay lam
cho thanh truot BC chuyén déng tinh tién thuin nguoc.

i
[

¢

o)

A C
& |

Hay xdc dinh van téc v cia thanh truot, khi tay quay lap 3

vdi truc thanh truot mot géec xOA = 30°.

E

Ddp s6- v =0942m/s. Hinh bai 33

150



34. Mdy diéu chinh ly tim Oét quay xung quanh truc thang ding, véi van toc goc
©=10s"". Do su thay déi luc dit vio mdy, cic qua cdu tich khdi truc va lam cho cdc
thanh gan véi chuing c6 vén t6c géc @, = 1,25 tai vi tri dang xét. Xéc dinh van t6c tuyét
ddi cha céc qua cdu tai cac thi diém dang xét, cho biét d6 dai ctia cdc thanh / = 50cm;
khodng cach giia céc truc di qua cic diém treo cla ching 2e = 10cm, cic géc tao béi

céc thanh véi truc mdy diéu chinh o) =@, =0 =30°.

Ddp s6: V =306m/s.

.__
8
)

%7» - i

Hinh bai 34 Hinh bai 35 Hinh bai 35

35. Khi tay quay OC quay quanh truc O thing géc v6i mat phang hinh vé thi con
chay A di chuyén doc theo OC va lam cho thanh AB chuyén dong trong ranh thang ding
K. Khoang cach OK = /. Xédc dinh vén 16¢ con chay A déi v6i tay quay OC theo van toc

g6c o va gde @ cha tay quay.

Bap s6: V. =lotge/ cos.

36. Mua roi theo phuong thing ditng, nhung hanh khach ngoi trong 6 10 thdy hat mua
roi theo phuong hop véi phuong thing ding géc 40°. Biét 6t6 chuyén dong theo mot
dudng nim ngang véi van téc 72km/h.-Tim vén téc clia cdc hat mua roi ty do?

Bap 56 V =238 m/fs.

37. Mot ban tru réng ban kinh r = [0cm, chuyén déng tinh ti€n trén mat phang ngang
¢6 dinh véi van toc V| = 30cm/s. Thanh CD tua trén mét bén tru chuyén dong theo ranh
K thang ditng. Xdc dinh van t6¢c diém C cla thanh d6i véi ban tru va tim khoang céch
CE tir C dén dudng kinh AB khi vén t6c cia thanh bang V, = 40cm/s.

Bdp sé: V, = 50cm/s; CE = 6cm.

38. Cho co cau chuyén dong trong mit phing hinh v€, tay quay OC dai b quay quanh
truc ¢ dinh O theo luat ¢ = ot (o= const), truyén chuyén déng cho thanh BD quay
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quanh tryc ¢6 dinh qua B nh& con chay C doc theo BD. Tim van t6c tuyét d&i, van toc

‘ Ao o < ol g T
kéo theo, van toc tuong d6i cua con chay C tai thoi diém t = 20’ biét OB = a.
®

ab

. b
Pipsé:V,=ob; Vo=@ ——ro-u; V. =0 —=—
va® + b va?+b’

Hinh bai 38 Hinh bai 39

39. Xe chuyén déng nhanh din déu vdi gia t6c 49,2cm/s>. Trén xe cé dit mot déng co
dién, réto ban kinh 20cm quay véi phuong trinh ¢ = t'(rad). Tim van t6c tuyét déi va gia
t6c tuyét d6i clia diém A trén vanh réoto liic t = 1s, biét litc d6 A c¢6 vi tri nhu hinh vé.

Dap s6: V , = 78cm/s; W, = 74,6cm/s”
40. Mait phang nghiéng AB, chuyén dong thing véi gia toc khong déi 0,1m/s” theo

truc Ox. Trén AB cé vat P truot xuéng véi gia t6c khong déi 0,12 m/s®. Vian téc ddu
clia mat phang nghiéng va clia vat déu bing 0. Vi tri ddu clia vat c6 toa do x =0; y =h.

Tim quy dao, van t6c va gia toc tuyét doi cua vat P.

Ddp s6° y=h —%; v=0, 1\/5 tm/s; w =0, NG m/s™

45°n B X
0 7 77777 >

Hinh bai 40 Hinh bai 41

41. Cho mot dia tron bén kinh R quay déu véi vin t6c gé¢ &, = const quanh truc di
qua tdm v truc giao v6i mdt phiang dia. Trén day cung AB cich truc mot doan h ¢é
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diém M chuyén dong tir giita day cung vé6i van téc V, = const. Xdc dinh van toc va gia
téc tuyét dé6i cuia diém M theo khoang cdch OM = x trén day cung.

om v = W2 (w2 h2 V2 :
Pap sé. V, = v0+(x +h )m0+2vomoh,

W, = \jwi (x2 +h2)+4m§vfJ +200v h;

A 2 2
42. Tam chit nhat ABCD quay quanh canh CD theo luat @, = %(rad) . Piém M chuyén

dong doc theo canh AB theo phuong trinh: OM = S, = asin (n/s) t{cm). Xéc dinh gia tri van
t6c va gia t6c tuyét d6i chia diém M tai thdi diém t = Is. Cho DA = CB=acm.

DPdp s6- V, = an/2 cm/s; W, = a2 /4 cm/s%.

C B B C
L1t M
N @
o \L' o
D A A D
Hinh bai 42 Hinh bai 43

43. Hinh vudéng ABCD c6 canh Za quay quanh canh AB véi van tdc géc khong
déi o, = nﬁs'].DQc theo dudng chéo AC diém M dao dong diéu hoa theo quy luat
OM = x = acos (7t/2)t cm. Xéc dinh gia toc tuyét doi chia diém M khit=Isvat=12s.

Dap s6- W, = a5 em/s% W,,=0,44a 7> em/s’.

44, Trén truc quay cla dong co dién thanh OA
dai / quay theo phuong trinh ¢ = ot (@ = const).

Pong co dien khong gan chit véi nén, thuc hién
dao dong diéu hoa theo phuong trinh:

x = a sinmt. Xdc dinh gia téc tuyét ddi cla diém

C e 4 T
Ataithdiditmt= —s.
20

Ddp 56~ W, = 0> Na> +1* . Hink bai 44
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45. Tay quay O;A = 0,5m clia mo6t hinh
binh hanh néi ban 1€ O,ABO, quay quanh
trye ¢ dinh O; véi van 16¢ géc o, = 2ts™.
Doc theo canh AB cia hinh binh hanh 4y c6 0, p
con chay M chuyén dong theo luat AM = S 4,,}.‘
= 5t* (S tinh bang mét, t tinh bing giay).
Xéc dinh gia tSc tuyét d6i chia con chay M
tai thoi diém t = 1s, khi &y ¢ =30°?

N

Hinh bai 45

Ddp 56 W_ = 6,05m/s%.

46. Diém M chuyén dong déu trén hinh nén tron xoay cé truc OA ti dinh doc theo

duong sinh dén ddy véi van tc twong d6i V,, géc AOM = ot . Tai thdi diém t = 0 khoang
cach OM, = a. Nén quay quanh truc clia né v6i van téc géc khong déi . Xac dinh gia
toc tuyét d6i cha diém M.

Ddp s6: Gia t6c nam trong mat phang thing géc véi truc quay, Iap tir tam gidc véi cic
canh W, = 0 (¢ + V, t).sina vd W =2V, @.sina.

M
AANNNY 60° /M&I
== — =< ————— =
V77772 0 \17777771
Ol mOZ

Hinh bai 46 Hinh bai 47
47. Mot dia quay quanh truc O,00, 1a dudng kinh cia dia véi van t6c géc o = 2ts™.
Diém M chuyén déng tir tam O theo ban kinh dia theo luat S = OM = 4¢® (cm). Bdn kinh
OM lam véi OO, mét géc 60°. Xdc dinh gid tri gia tc tuyét d6i clia diém M tai thoi
diém t = 1s?
Pdp s6- W, =35,56cm/s’

48. Can ddy AB chuyén dong nhanh din déu, sau 4s né truot tir vi tri cao nhat xuéng
moét doan h =4 ¢m lam cho cam bén kinh r = 10 em truot trén nén ngang. Tim van téc

va gia toc ctta camn lijc dé.

. 3 2
BDdp 5s6: V, = Ecm/s; W, =0,406 cm/s’
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Hinh bai 48 Hinh bai 49

49. Mot tam gidc vuong c6 géc nhon o truot theo mét ngang véi gia téc khong déi W,
1am cho thanh AB chuyén dong trong ranh thing déng. Tim van t&c va gia t6¢ clia thanh.
Ddp s6- W = W tga; V=W, .L.iga '
50. Tay quay OA c6 chiéu dai / quay déu quanh truc O véi
vin tdc géc o, 1am con trugt A chuyén dong trong ranh cua
culit K va culit K chuyén dong lén xudng. Tim van toc va gia
té¢ cua culit K cling nhu van toc va gia téc clia con truot A I ‘ :
déi vé6i culit K tai thoi diém tng véi vi tri ¢ =30°. Ko |
A A0

Ddp s6: V, = —;—lmo cmy/s ; V, = ——2—10)0 cmy/s;

3

W, = 7@3 cm/s%; W, = %lw% cm/s?

Hinh bai 50
[

IV - CHUYEN PONG SONG PHANG CUA VAT RAN

51. Banh xe nho ban kinh r lan khong truct trén banh xe 16n ¢6 dinh ban kinh R nho
tay quay OA quay qua truc O di qua tam banh xe 16n vdi gia t6g gbc khong dbi ¢,
Thanh lap phuong trinh chuyén dong clha banh xe nhé véi céch chon diém A 1a tam
binh xe nhd 1am cuc. O thoi diém ban ddu t = 0 van téc
géc clia tay quay OA 12 @, = 0 vA géc quay ban ddu cia né
lag, =0.

p o R+r 5
BDdp 61 @ =———5pt”;
2r

X, =(R+ r)cos{s0 %J

¥Ya =(R+r1)sin (80 %J

Hinh bai 51
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52. Tay quay OA quay déu quanh truc O di qua tam cla banh xe rang khia cé dinh
ban kinh R véi van téc géc © = const lam banh xe rang khia nhé béan kinh r 1an khong
trugt bén trong banh xe ¢ dinh. Lay diém A 1am cuc, lap phuong trinh chuyén dong cua
banh xe dong?

(R—r)cosa)t ; ya =(R-r}sinot

Ddp 36: o, =[5—1Jwt; XA
T

Hinh bai 52 Hinh bai 53

53. Tay quay OC quay déu quanh truc O ¢6 dinh vé6i vén téc géc o = const 1am thanh
AB cla co cdu elip chuyén déng. Ldy B lam cuc lap phuong trinh chuyén dong cua
thanh ABnéu OC=AC=BC=r.

Bap s6: 9 =wgt; xg =2rcoswgt; yg =0.

54. Doan thing AB chuyén déng trong miit Va
phéng hinh vé. Tai thoi di€ém ndo d6 van téc V, A/ . v,
cla diém A hop v6i doan thing AB géc 30° va * ° -
biang 180 cm/s, huéng van tdc¢ diém B lic dé tring Hinh bii 54
v6i huéng clia doan thang AB. Hay xdc dinh van

t6c Vg clia diém B.
Ddp s6: Vg = 156 cm/s.
55. Doan thing AB chuyén dong trong mat
phang hinh v&, ddu A luén luén & trén nita dudng
tron CAD, con ban than doan thang luén luén di
qua diém cé dinh C cia dudng kinh CD. Hay xéc
dinh van t6c V. cta diém trén doan thing tring
véi diém C, khi ban kinh OA truc giao véi CD,
biét rang van t6¢ diém A Iic dé bing 4m/s.

Dij]) .3'(5’: VC = 2,83 m/s_ Hinh bai 55
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56. Ong chi ban kinh R 1an khéng truot trén mat
phing nidm ngang HH’. Quanh 13i hinh tru bén kinh r

c6 quan chi va diu B clia né trong khi 6ng chuyén T
dong c6 van t6c u theo dudng nam ngang. Hiy xdc 5, 5
dinh vén t6¢c V cua truc éng chi.
B u
P R - 7
Bdp s6: V=u . 77T A, 77
R-r 4 A H
57. Hai thudc song song cling chuyén déng vé mot Hirh bai 56

phia v6i cdc vén téc khong déi V, = 6 m/s va V, = 2 m/s. Giifa cac thude ngudi ta dat
dia tron ban kinh a = 0,5m, dia lan khong trugt theo cc thude. Hay tim vén tdc géc cua
dia va vén téc thm cha nd.

Didp s6: © =4 rad/s; Vo =4 m/s

Hinh bai 57 Hinh bai 58

58. Tay quay OA quay véi van t6c géc ©, = 2,5 rad/s xung quanh truc O cia banh xe
rang ¢6 dinh bdn kinh r, = 15¢m, va lam cho binh xe rang ban kinh r; = 5cm gan trén ddu
A cha né chuyén dong. Xéc dinh gid tri va huéng cla van téc cic diém A, B, C, D va E
ctta banh xe rang dong, néu CE L BD. Gia thiét khong c6 su trugt gitfa hai banh rang.

Ddp 56+ V 5 = 50cm/s; Vg =0; V=100 cm/s; V= Vi = 70,7 cmy/s.

59. Hay tim van téc cia con chay B trong
co ciu tay quay léch tim tai hai vi tri nam
ngang va thing ding cla tay quay, khi nd
quay xung quanh truc O v6i van t6c géc
o = 1,5 rad/s, cho OA = 40cm, AB = 200cm,
OC = 20cm.

Ddp 6V, =V;3;=6,03 cm/s;

V, =V, =600 cm/s. Hinh bai 59
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60. Hiy x4c dinh van t6c géc clia thanh AB va tay quay O,B cila co ciu bon doan
OABO|, khi ¢ = 90° va tay quay O,B 14 dudng kéo dai clia doan OO, . Tay quay OA c6 van
t6c géc © = 3 rad/s, OA=0O\B= %AB

Dap 56: 0= 3 rad/s; ©gg =5,2rad/s.

o) 4“01
Hinh bai 60 Hinh bdi 61

61. Dia phing c6 ban kinh R = 0,5m 1an khéng trugt theo mat phing nghiéng. Tai
thdi diém khao sat tam cba dia ¢6 van 16c V, = lm/s va gia téc W, = 3 m/s*. Tim van
téc géce clia dia, van téc clia cc diém C, D, E, gia t6c gbée ca dia, gia téc cdc diém B, C.
Biét BD L CE; CE song song véi mit phing nghiéng.

Ddp $6: o = 2radfs; € = 6 rad/s; W = 3,16 m/s’.
Ve=Vg= \/5 m/s; Vp =2m/s; Wy = 2m/s®

62. Co cdu hanh tinh cé tay quay OA quay véi van tdc géc
®, = const 1am cho banh I bén kinh r lan khéng trugt theo vanh
trong cla banh ¢6 dinh, ban kinh R = 3r. Tim: Van tdc céc diém
C, D, E thuoc banh xe I va gia t6c cdc diém B, C: Cho BD L CE.

) Hinh bai 62
Ddp s6: Veo=Vg = 212 W, Vp =4ro,
WB=6rmg;WC=2r\5 o o
63. Co cdu bén khau nhu hinh vé. Cic thanh AB va CD
cung dé dai 40cm. Thanh BC dai 20cm, khoang cich AD bing B
20cm. Tay quay AB quay déu véi vin tSc goéc o, )
Tim van t6c gbéc vi gia t6c gdéc cua thanh BC lic @, (
ADC =90°.
A
20 - > /d'77777777777

P 8
Bap s6: wge = gcoo; €Re :?mo.

Hinh bai 63
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64. Con lan 2 tang ban kinh R = 20cm va
r = 10cm lan khong truot theo mit phing ngang. B,
Ting trong dugc cuén day va buéc vao vat M.

Tim gia t6c diém cao nhat A ldc t = 1s. Khi vat
M roi xudng véi van t6c V = 3t m/s.

Ddp s6- W, = 4426 m/s’. W tao véi dudng

2 - - < . - >
thang ding mét géc B; cosP = N Hinh bai 64

65. Co cdu 4 khau nhu hinh v&. Tay quay OA quay déu véi van toc géc o, = 4rad/s.

OA =r = 0,5m; AB = 2r; BC = r+/2 . Tai thdi diém OAB=90°; ABC =45°x4c dinh
van téc gdc, gia téc géc cac thanh AB va BC.

Dipsd: o, = 2rad/s; €,, = 20rad/s”; wge = 4rad/s; g5 = 8rad/s™;.

9y
0 A
L/ L
C
LY
hY
Y
45° \
—
!
B € /!
A P
Hinh bai 65 Hinh bai 66

66. Tay quay OA dai 20cm, quay déu véi van téc géc w, = 10rad/s, thanh truyén AB
dai 100cm, con chay B chuyén dong theo phuong thang ding. Tim van téc géc, gia toc
g6c clia thanh truyén va gia t6c con chay B tai thoi diém tay quay va thanh truyén vuéng
gdc vai nhauw, géc o =45°.

Bdp s6: ®, .= 2 rad/s; €, 5= 16 rad/s%; Wy = 565,6 cm/s’

67. Mot thuée vé elip ¢6 AB = 2/ = 20cm duoc truyén
chuyén déng nhe& tay quay OC quay quanh O véi van t6c
géc khong déi o, = 2"'. Biét BC = AC = /. X4c dinh gia
toc 2 diém A va B va gia t6c cla tam van tdc tic thoi tai

thoi diém khi ABO =30°.

Dap s6° W, = 40cm/s; W = 69,3cm/s’ W = 80cmy/s?

»

Hinh bai 67



68. Mot con lan bdn kinh R ¢6 thé lan khong
trugt trén mat phing ngang nh& soi day budc vao
tai trong M. Tai thoi diém khdo sét, soi day ¢é van
toc V va gia t6c W. Tim gia t6c clia hai diém miit
dudng kinh thing ding tai thoi diém d6 va gia 16c
diém D trén con lan tring véi day.

Bdp 56" W = &7_;
R—r)"
R 2 2 4
Wy = 9\/4W (R-r) +V*;
(R—r"
244
Wy = w2V

(R-r)"

69. Banh xe II ban kinh r, = 0,2m lan khoéng
truot trén bianh xe ¢6 dinh r; = 0,3m duge truyén
chuyén déng nhd tay quay OA tai thoi diém khao
sdt tay quay cé van téc géc w = 1s™' va gia téc géc
g = - 45, X4c dinh gia t6c diém D trén vanh bdnh
dong voi ban kinh AD vuong goc vl OA.

Ddp s6: Wy = 3,58 m/s”.

70. Tay quay OA quay véi gia tdc géc khong
doi g, = 5 rad/s’ va tai thoi diém khao sét c6 van
toc géc w, = 10 rad/s; Bi€t OA = r = 20cm.
0,B=R =100cm; AB =7 = 120cm.

Xd4c dinh van téc diém B, diém C va gia téc
(ti€p va phdp) clia diém B khi OA va OB thang
dimg.

Pdp s6° Vg = V=200 cm/s;

Wg =400 cm/s’;

W5 =370,45 cm/s’

B
Vy \'
D‘ w o S
C

M

Hinh bai 68

Hinh bai 70

71. Tay quay OA quay déu vdéi van téc géc © = 8 rad/s. Biét OA= 25cm; CA=CB =

50cm; DE = 100cm. O thoi diém khio sit CDE =

90°; BED =30°. OA vi OB thing

hang, vuong géc véi BE. Tim vén tdc géc cdc thanh AB va DE, gia téc céc diém B va C.
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” s
: _ : - i ¢ |
Ddp s6: osg=2radfs;  o0pg=0,5rad/s; o A < = r
Wy = 2000cm/s* W = 1800cm/s’. @
D
72. Banh rang ban kinh r kep gitta 2 thanh khia
song song chuyén déng nhanh dian vé cung mot
phia. Liic khao sit cdc thanh c¢é van téc V1, V2 va
gia toc W1, W2. Tim vén tdc, gia téc tim O va
gia t6c diém A cla bénh rang ti€p xic véi thanh Hinh bai 71
khia L.
2
. V,+V W, + W. Vv, -V
Dap s6- Vy =—1—2; W, =——-2; W, =W, WAy=—£—l——'2-)—
2 4r
LN M
pd —
NS A NN
*0
pzis B L,
NS\ — NANNNNNNNN
WZ VZ
Hinh bai 72
73. Tam giéc déu ABC c6 canh = 40cm, chuyén dong & .
trén mat phang Oxy sao cho cic dinh A va B di chuyén A
theo cdc truc Ox va Oy. Tim gia téc dinh C tai thoi
diém khi canh AC song song véi trygc Ox. Biét
A
W, = 20/3 cm/s?, Wy = 10cm/s® va chiéu cia W,, Wy !
nhu hinh v&. o Wo X
B

Ddp s6: W = 26,46 cm/s’.

74. Tam gidc déu ABC chuyén déng trong mat phang
hinh vé. Gia t6c cta dinh A va B tai thdi diém dang xét
bing 16m/s’ va huéng theo cdc canh clla tam gidc. (Xem
hinh v&). Hiy xac dinh gia téc¢ ctia dinh thi ba C.

Ddp s6: W =16 cm/s” va hudng theo CB tit C dén B.

C B
Hinh bai 74
161



75. Hinh vuéng ABCD ¢6 canh a = 2cm chuyén dong A
trong mat phang cta hinh vé. Liic khao sit diém A vi diém W, W,
B ¢6 vécto gia toc nhu trén hinh vé, tri s6 W,= 2cm/s’; Y -
Wg =42 cm/s*. Tim van toc goc, gia tdc géc cua ABCD ///
v gia téc diém C liic dé. o

.
Ddp $6: o= V2 radfs; &= Irad/s® b
Hinh bai 75

W, = 6cm/s s We hudng tir C dén D.
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BAI TAP BONG LUC HOC

L HAI BAI TOAN CO BAN CUA PONG LUC HOC PHUONG TRINH VI
PHAN CHUYEN PONG CUA CHAT PIEM

1. Mot xe godng c6 khdi luong 1a 700kg dang chay xudng déc doc theo dudng ray

théing va nghiéng v6i mat ngang mot gdc 15°. D€ giit cho xe chay déu ta dung day cap
song song v&i mat déc. Vin tée chay déu ciia xe 12 1,6 m/s. Xdc dinh lyc cang clia day cip
lic xe chay déu va khi né bi him dimg lai trong 4 gidy. Hé s6 can chuyén dong tong cong la
f=0,015 va lic him coi ring xe chay cham dan déu.

Ddp s6- S, =1676,IN; 5, = 1956N

2. Mot mdy bay ¢é khéi lugng 2000kg bay thing ngang vdi gia toc 5m/s*. Luc can
ctia khong khi ngugc chiéu véi van téc va ti 1é v6i binh phuong clia vén toc, ¢o cuong do
12 0,49N, khi van téc cé gid tri 1a 1m/s. Xéc dinh Juc kéo clia cénh quat mdy bay iic nod
dat t&c dé 200m/s, luc nay tao v&i hudng bay mét géc 10°.

Ddap s6: F = 30057N

3. Mot cdi sing quang thuc hién dao dong diéu hoa thing ding véi bién do a = Scm.
Tim tan s6 k nhé nhit cla sing dé cdc hat quang bat dugc 1én khoi mat sang.

Dap s6- Ky, = 14rad/s.

4. Mot vat niang roi xuéng giéng mo khong van e ddu. Sau thoi gian 6,5 gidy nguoi
ta nghe tiéng va dap clia vat vao ddy giéng. Cho biét van téc cta tiéng dong 1a 330m/s.
Tim chiéu sau cha giéng mo.

Ddp 56> 177,6m

5. May bay bé nhao thang ding dat dugc vin toc 1000km/h. Sau dé ngudi ldi dua
mdy bay ra khéi huéng boé nhio va vach thanh mét cung tron ban kinh R = 600m trong
mot mét phing thing ding. Trong lugng nguoi 1di la 800N. Hoi ngudi 14i di ép 1én ghé
ngdi mét luc cue dai bing bao nhiéu.

Dap 56+ 11.300N,

6. Chit diém M duoc ning 1én theo mit nghiéng khong nhan hop voi phuong ngang

mot goc o = 30°. O thai diém diu ¢é van toc vy = 15m/s. Hé s6 ma sit trugt = 0,1. Xidc

163



dinh quang dudng di dugc ciia chit diém cho dén khi dimg hén va khoang thdi gian di
hét quang dudng do.

. \A
Ddp s6: S = 0 -19,55m; T= Yo ——=2,16s.
2g(fcosa. + sino) g(fcosa + sinq)
7. Chit diém M khéi lugng m chuyén dong v, o

dudi tic dung cua trong luc trong mit tru nhin
- P - x s g R & T 5
¢6 ban kinh R. O thoi diém diu ¢, = ~» oon

vén téc bang 0. Xéc dinh van téc cha chit diém
va phan luc ctia mat tru khi ¢ = 30°,

o 343
Dipsé: V=%3JR; N == -ms Hinh bai 7

8. Mot vat M trong luong 10N dugc treo bing soi day dai 30cm tai diém O ¢6 dinh.
Vit M chuyén doéng vach thanh dudng tron trong mit phing nim ngang, trong dé soi
day hop véi dudng thing diing mot géc 60°. Xdc dinh van téc V clia vat ning va sifc
cang T cua sgi day. ‘

' | Ddp s6- V =212 cm/s; T=20N

C B D
STTITT77 7777777

Hinh bai 8 Hinh bai 9

9. Tai trong A va B c6 trong luong P, = 200N va Pg = 400N dugc ndi véi nhau bang
10 xo nhu hinh v&. Tai trong A dao dong di€u hoa theo
phuong thing dimg véi bién do lem va chu ki
T = 0,25s. Hay tinh 4dp luc 16n nhit va nho nhat cua tai
trong A va B 1én mit nén CD. P

Bdp s6: R, = 728N; R, = 472N.

10. Mot vat c6 trong luong P dat trén mit nghiéng a

hc’ X = ~ 2 -~
nhan hop voi phuong nam ngang mot géc o va duge Hink bai 10
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budc vio 1o xo ¢6 d6 citng c. Ld xo song song vdi mat nghiéng. Xéc dinh phuong trinh
chuyén dong clia vat néu thdi diém ban ddu n6 dugc budc vao diu 16 xo chua bi giadn va
duge truyén van téc ban ddu huéng xudng va song song véi mat nghiéng. Géc toa do &
vi trf can bang tinh cta vat.
. A\ p c
Ddp s6. X = L sinKt——cosa.cosKt; K= ch
K c P
11. Ngudi ta ném mot vat c6 trong lugng P hudng théng 1én véi van téc V. Hoi tai
trong s& dat do cao H bang bao nhiéu va khoang thdi gian dé dat d6 cao d6, néu sic can
ctia khong khi biéu thi bang K* PV, trong d6 V 12 van téc cla tai trong.

ln(V0 K*+1) T= arctgK'V,

Pdp s6- H= ;
b 2¢K*> gk

12. Mot sgi day dan héi duge budc vao didm A ¢& dinh, con ddu kia luén qua vong
nhin O ¢6 dinh vi buc vio qua ciu nhd M cé khéi luong m. D6 dai clia day chua din
OA= . Dé kéo dai day mét doan Icm cin dat mot luc k’m. Kéo soi day OA dén B sao cho

AB = 20A rdi truyén cho né vén 3¢ V,, vuéng géc v6i AB. Xic dinh quy dao cila qua
céu, bb qua tdc dung cta trong luc va xem siic cang clia day ti 1& v6i do dan dai ciia né.

- k2X2 2
Pdp 56 Elip ~——+2-=1
;o
Ay v4
Bl __ %
~s
v
3 \M M .:T-g'
A} -"'-.\
A ~
1 ~
O ' X AN
Weideer\n > h \
7 A
P \
1
\
A
I 0 X
Hinh bai 12 Hinh bai 13

13. Mot chat diém M khai lugng m duge ném theo phuong ngang ¢ d6 cao h so v6i mat
dit van t6c V. Gia thiét sic can ctia khong khi R=-kmV R =—kmV . Nghién ctru
phuong trinh chuyén dong chia diém.

e-—*kl)

v
Dips6- x=-2(l-e*y: y=h-EtsE(-e™
, y=h-St+ 5 (-

165



14.Vat M treo trén 10 xo dugec gin vio dinh A ¢6 dinh
chuyén dong trong mit phing thing ding theo cung tron din
huéng véi dudng kinh AB = 1. D6 dai tu nhién ciia 1d xo bing
a, d¢ climg 16 xo phai thoa man di€éu kién sao cho khi tac dung
moét luc diing bang trong lugng ciia M thi né nhan duge do gidn
diing bang b. Xdc dinh phuong trinh chuyén déng cla vat M
trong trudmg hop / = a + b. Bo qua trong lugng cta 1d xo va ma sar

trugt. Néu tai thoi diém ban ddu géc BAM = @, vi vat ¢6 van téc

Hinh bai 14

ban didu V,, ti€p tuyén véi cung tron va huéng xudng dudi.

o V
Pdp 6% © =@, cos /—‘3{— 0 sin, |2t
1 =19 ; \/E ;

15. Mot vit nang roi tu do khong van téc dau. Stic can cua khong khi ti 1& vdi binh
phuong vén t6c. R =k*PV? trong d6 k 12 hiing 56, V 1a van téc, P 13 trong luong ciia vat. Xdc
dinh vén téc cla vat tai thoi diém t v gii han cha véan téc.

i fe]

ckgl _ e—kgt

] .
E kel L o-ket” gh

. |
Pdp s6: V= —
k
16. Dan duoc ban ra tir khau dai bdc dat ¥4
trén phdo dii ¢6 do cao h, muc tiéu bin 13 B
ciach phdo dai mét doan a. Xac dinh géc o -

nghiéng o, gilta nong phdo va phuong

I
It T

ngang dé vién dan ban tring muc tiéu, biét

van téc ban diu cua vién dan 1a V. Bo qua

sttc can cua khong khi. |

Hinh bai 16

- | ol o)
Ddp s6: tgo, = —[Vg + \/vg +g(2ljh—ga” )}

ga

17. Tir mot do cao h khd 1én, mét vat ning rot khéng vén toc dau xudng dat. Sirc hit
cita qua dat dsi véi vat dé ¢d do 16n ty 1¢ véi binh phuong khoang cach tir vat dé dén tam
qua dat. Tim thoi gian T cén thiét dé vat roi cham mit dét va van téc roi lic d6. Ban kinh
cha qua dat 12 R va gia téc trong trudng & ngay mat dit la g.

e e I2gRh 1 —
Bdp s6: V= g ; T=— Rth \/Rh+R+harccosR h
R +h RY 2¢ 2 R+h

166



IL. CAC PINH LY TONG QUAT PONG LYC HOC

18. Hay xac dinh dich chuyén clia cén truc néi nang tai trong P, = 2t, khi thanh nang OA
quay mét goc 30° dat dén i trf thing ding. Trong lugng cha cin truc P, =20, chicu dai cia
thanh nang OA = 8m. B0 qua stic can cha nuéc va trong luong thanh OA.

Ddap s6: 0,36m

A
B
E
K
30 A
P, I

- 0

e ————— v 60°
———— > A= D L
— e - TS S S

Hinh badi 18 Hinh bai 19

19. Hai vat nang A va B ¢6 khéi lugng 1a m, va m, duge néi v6i nhau bang mot soi day
mém, nhe vi khong gidn, va duoc dit trén cdc mat KL va KE ctia tang tru DEKL. Ling tu c6
khéi luong m, dugc dat trén nén ngang nhin va cing. Tim di chuyén cuia lang try khi vat A
trugt xudng theo mat nghiéng KL mot doan dai S, ban dau h¢ dimg yén.

(m; cos60°+m,) S

Ddp s6: Lang try dich chuyén sang trii mét doan A =
m, +m, +m;

20 Thanh déng chit AB = 2/ ¢6 ddu A tua trén mat ngang nhén. Xdc dinh quy dao
chuyén dong ctia khéi tam C va ddu B cha thanh, néu gia thiét ldc dau thanh ditng yén.

2

- ~ 4 A A ~ » ~ F) . P X~
Pdp s6- Diém C chuyén déng trén dudng Oy. Quy dao cua B 1a elip: ?—+ y}' —=1
F 3
Y B B
M
C 2
C
A O X A X
Yl " 7 S o
Hinh bai 20 Hinh bai 21

167



21. M6t tim dong chét ABC c6 hinh dang 12 mot tam gidc vuéng can, canh huyén AB
dai 12cm dugc dat thing ding tua dinh A trén mit phing ngang nhin khong ma sat.
Ngudi ta tha cho tdm phang dé xuéng duéi tdc dung cla trong luc. Hay x4c dinh qu¥
dao clia diém M nam chinh giita canh bén BC.

Chui y: Trong sudt thoi gian chuyén déng dinh A 1uén luon nim trén mat ngang

Ddp s6: Quy dao la cung cla elip: 9(x — 2)* + y* =90

22. Banh bi dong ciia 6t6 lan c6 truot theo mat dudng nim ngang dudi tic dung cha
luc F biéu dién nhu hinh v&. Xdc dinh quy luat chuyén dong khéi tam clia banh xe néu
h¢ 58 ma sat truot bang f, con F = 5P, & day P 12 trong luong cita banh xe. O thoi diém
dau banh xe ding yén.

Pap s6- xc = 2gft*

Hinh bai 22 Hinh bdi 23

23. Banh xe chi dong clia 6td lan c6 truot theo mit dudng nim ngang dudi téc dung cla
moémen quay tdc dung 1én né. Hay xdc dinh quy luat chuyén dong khéi tam néu hé s6 ma
sat trugt bing f, & thdi diém dau banh xe dilng yén.

fot’
BDdp $6° xc = _g2

24. Trén tim D duge dit trén san nam ngang nhén ¢6
dat co cau mdy, cdc thanh dugc lién két v6i nhau nho
con trugt chit thap C ddm bao cho thanh chuyén déng A___
tinh tién. Tay. quay OA doéng chét dai /, khéi lugng m

=

-

<.

quay quanh truc O véi vén t6c géc khong déi o. Khéi |

. . .. P |
lugng thanh AB bang 4m, con trugt C bang 2m, khéi _ 9 —
lugng clia cdc két cau khdc con lai bang 20m. Ban didu
hé dimg yén. Hay xdc dinh: | f

.'
1) Quy luat dich chuyén ngang cfia tim D. D

. . . T,
2) Ap luc N(t) ciia tim D 1én mit san.
Hinh bai 24
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3) Tim van t6c géc quay t6i han dé tdm D bt ddu "nhay" trén san.
Pap sé- 1) S(t) =-é—(1 —cosmt);

2) N(t) = 27mg — 6,5 mo°/sinot;

f54g
3) Q)Eh = 1727 .

25. Bén trong 6ng tru tron khai lugng M ban kinh R ¢6 qua
cdu A khdi lugng m. 6ng tru ¢6 thé chuyén déng tinh ti€n theo
mit phing nim ngang nhin. Xdc dinh phuong trinh chuyén
déng chia tam 6ng try néu ban dau ¢ = 0, v4n t&c qua ciu béng

V, cdn 6ng nam yén.

m(vyt—Rsing)
M+m Hinh bai 25

Dap s6: S=

26. Hiy x4c dinh 4p luc clia may bom nuéc 1én nén dat khi né lam viéc khong tai.
Biét trong lugng phin ¢6 dinh ciia mdy D va méng E cla nd 1a P. Trong lugng tay quay
OA = a bing P,, trong lugng méng trugt B va pitténg C bing P, tay quay OA [a thanh
déng chat quay déu vdi van téc géc .

2
Dap s6- N=P, +P, +P; +-aZ£-(P2 +2P,)cos ot
g

: E -
SPPTP P77 R P77l sl rrssy

Hinh bai 26 Hinh bai 27

27. Mot dong co dién trong lugng P dat tu do trén méng nhan. Trén tryc mo to gan mot
thanh déng chét hop véi phuong nim ngang mot géc 90°, thanh ¢6 chiéu dai 2/, nang P.
Diu kia cha thanh gin mét qua cdu trong luong Q, van téc géc cia tryc quay la o.
Hay xac dinh:
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a) Chuyén déng ngang clia mdto.
b) Ap luc 16n nhit cha déng co 1én buléng khi bét chit déng co vio méng mdy bing

cic buléng ay.

. s o {(P+2 .2
Ddp so6: ay Dao dong diéu hoa véi bién do (P+2Q) va chu ky i
P+P+Q ©
b) Ap luc 16n nhit ctia dong co 1én bulong: R = P+2Q o™

g
28. Mot qua lyu phio trong lugng 120N dang bay véi van téc 15m/s thi nd v& Iam 2

manh. Van t6c cla manh thit nhit ¢é trong lugng 80N bay vé hudng chuyén dong véi

van tdc 14 25m/s. Xac dinh van t6¢ clta manh thi 2.
Ddp s6- Sm/s vé huéng nguge chiéu chuyén dong clia manh thit nhat.

29. Nong sing dai bdc dat nam ngang trong lugng 110 KN trong luong vién dan bang
540N. Vin toc vién dan lic ra khéi miéng siing V = 900m/s. Xdc dinh van téc giat lui
cha nong siing & thoi diém vién dan bay ra.

BPdp 56> Van t6¢ giat 1bi cha ndong sing 12 4,42m/s,
huéng nguoc chiéu véi chuyén déng clia vién dan.

30. Mot chiéc xe con trong lugng 2400N chuyén dong thang déu véi van tée 3,6km/h.
Mdt nguoi trong lugng 50N nhay lén bac xuéng theo phuong vuéng géc véi chuyén
dong ctia xe. Xdc dinh van tdc cta xe va ngudi sau ldc dé.

Bdp 56-V =2,98my/s

31. Cho co hé gom vit nang A c¢6 trong luong P, dit trén mat nghiéng clia mot lang

tru ¢6 trong luong P,. Géc nghiéng ciia mat lang tru

A
v41 mat ngang la a. Ling tru duoc dat trén mat ngang
nhin nhu trén hinh v& Ban ddu vat nang ndm yén u
twong déi trén lang mat lang tru, con chinh ling tru
TP TR . o o
truot ngang sang phai voi van téc V. Sau dé cho vat __ L ~

A trugt xudng theo mat nghiéng cia lang tru vdi van
t6c tuong déi u = at. Tim van téc cla lang tru. Hinh bai 31

. P
Bdp 56 V=V,;- ——ucosa.
P +P,

32. Hay xdc dinh thanh phén nim ngang N cla 4p luc nuéce thém 1én géi tua cia khuyu
oéng c6 dudng kinh d = 300mm, trong 6ng ¢é nudc chay véi vin téc V = 2m/s.
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Dap s6- N =289 N.

33. Mot ngudi ¢6 khéi luong m di trén thuyén khdi Tugng
M véi van téc tuong d6i u. Xdc dinh van téc thuyén theo
thdi gian, néu coi luc cin cua nude khong déi va bang R.
Biét tai thi diém ddu thuyén va ngudi ding yen.

. mu —Rt
Ddp 56 V=—-——
M+m Hinh bai 32
34. Véi cic diéu kien bai todn trén gia sit ldc dau thuyén c6 van téc V. Hay xéc dinh
sau bao lau thuyén cé van téc bang 0. Do dai clia thuyén L bang bao nhiéu dé bai todn

c6 thé giai dugc véi gid tri vén téc u bt ky.

(m+M)V0—mu_L>(m+M)3v§
R " 4mR

Pdp s6- t=

35. Thuyén va ngudi dang chuyén dong véi van t6c V, bd qua siic can cia nude. Xac
dinh dich chuyén S ciia thuyén néu ngudi di trén thuyén véi van (8¢ tuong doi khong déi
u vé phia miii thuyén. Trong lugng clia ngudi 1a P, cla thuyén 12 G. Véi gid tri ndo cita v

thi thuyén khong dich chuyén.

[VO(P+G)—PU]
P+G

. . . Vo (P+G
thuyén khong di chuyén khi u = YoP+G)

Pdp sé° S=

36. Nudc chay vao mot doan 6ng doi xing véi mot v
2 3 » - . . n 2 ER A Iy v
mat phiang thang ding cé ti€t dién thay doi v van toc

V, = 2m/s lam thanh mot géc a, = 90° vé6i phuong nam

ngang, tiét dién 6ng tai ché vao 12 0,02m*. Van téc nuée

lic ra khéi 6ng V,= 4m/s lam véi phuong nam ngang
gbc o, = 30°. Xdc dinh thanh phén phdn fuc ngang cla Sy/
thanh 6ng tic dung lén dong nudc. Vi

Ddp s6: F = 138,3N. Hinh bai 36

37. Hay xéc dinh thanh phin nim ngang clia dp luc tia nudc 1én cdnh ¢6 dinh cla
tuabin. Biét Iuu luong thé tich nuéc 14 Q, trong lugng riéng 12 y, van téc nudc dap vao

canh tuabin 12 V, van téc nude chdy rala V, lam véi phuong nim ngang maot goéc o.

Ddp s6: N = lQ(Vl +V, cosa)
g
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Hinh bai 37 Hinh bai 38 Hinh bai 39

[}

38. T4m tron déng chat nim ngang cé ban kinh R va khéi lugng M c6 thé quay khong
ma sit quanh truc thing ding AB. Trén mit tim céch truc AB mét doan r c6 mét ngudi
kh6i luong m bat ddu di trén dudng tron ban kinh r véi van tc tuong doi so véi tim 12 V.
Hoi lic dé tim s& quay véi van t8c géc 12 bao nhiéu, biét rang ldc ddu hé ding yén.

2mrv

Ddp s6: = —————
P 2mr + MR?

39. Mot soi day vit qua rong roc, khéi lugng clia né c6 thé bd qua. Mot ngudi ndm
vao day tai diém A, cdn tai diém B treo tai trong cing trong lugng véi ngudi. Néu ngusi
leo Ién diy v6i van toc tuong d6i u, thi tai trong s& chuyén dong nhu thé nao?

Pdp s6: Tai trong kéo 1én theo day véi van téc v zg

40. Ong CD nim ngang c6 thé quay tr do quanh truc thing BJ|R
diing AB. Trong 6ng ¢6 qua cdu M nim céch truc quay mot doan M
MC = a. O mot thdi di€m nio d6 truyén cho 6ng van téc géc ban ¢ FE==——== -
dau o,. Hay x4c dinh véan t6c géc o clia 6ng tai thoi diém khi qua
cdu rdi khoi 6ng. Bi€t momen qudn tinh cla 6ng déi véi truc quay
bing J, L 1a do dai cla 6ng, bd qua ma sit, xem qua cdu nhu chat Auﬂf
diém kh6i luong m. Hinkh bdi 40

J+ma®

Dap s6: @ =
JmI?

©p

41. Xe con clia cdu truc quay chuyén déng vdi van téc tuong déi khong déi V dsi véi
tdm vdi. Moto dung dé quay cdn cdu, tao ra mémen quay khong déi m, trong suét qui

trinh lam viéc. Xdc dinh van téc géc © cha can truc phu thudc vao khoang cich x tir xe
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con dén truc quay AB, néu trong Iuong cla xe con cling tai
trong bang P, J - moémen quén tinh cla cén tryc (khong ké xe
con) d6i v6i truc quay. Can truc bit ddu quay & thdi di€m khi
xe con céch truc quay AB moét doan X,

mg  X—Xg

Pdp s6: o= P
J+—x2 7
g
ABE
42. Vat ning B khéi luong m; dugc nang 1én nhd 01 quay Hinh bai 41

ciia truc quén day cé kh6i luong m,, bén kinh ciia n6 1a R,
chiéu dai tay quay OA = /. Tay quay chiu tic dung cda luc G
khong ddi dat vuéng géc véi tay quay. Tim quy luat chuyén
dong cha vat B va stic cang T cha day toi. Luic ddu hé ding
yén, coi tryc toi 1a mot tru tron déng chat, bd qua khai luong
cua day va tay quay.

(GI —m,gR)t? m, (m,gR +2G/)
1 T=—112

Pdp s6: S= ;
(m, +2m,)R (m, +2m,)R

Hinh bai 42

43. Mot mo to dién chiu tic dung cia mot ngéu lyc tong
hop (phat dong va can) ¢6 momen quay 14 M = a — bw, trong d6 a, b 1z céc hing s
duong con @ 12 van t6c géc moto. Mémen quén tinh ctia roto déi véi truc quay hinh hoc
12 J. Tim biu thic van t6c géc @ trong qué trinh m& mdy tif trang thai ding yén.

. a -2
Padp s6: = i—e

44, Nguoi ta ding him tay dé him mot binh a P

xe ban kinh R dang quay v&i vén téc géc o, nhu b

hinh v&. Tim luc P cén thiét phai tic dung & ddu
tay ham d€ banh xe dimg han sau thdi gian T cho
trude. Tim xem trong thdi gian dé banh xe con
quay thém bao nhiéu vong nita? Hé s6 ma sat
truot ciia ma ham 12 f, bd qua d6 ddy md ham.

9'14\_ R
3

Jogh ) _ 9T Hinh bai 44
afRT 4m

45. D& him nhanh mot vo ling 16n ngudi ta dung hdm dién. Khi vo ling chuyén dong
dong dién cam (ing gay nén mot momen ham téc dung vio vo ling va cé gid tri ti 1€ véi

Pdp s6: P =
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vén téc V clia di€m trén vanh vo lang M, = kV, trong d6 k 1 hé s6 i 1&. Mémen can do
ma sat gy ra & truc vo ling bang M, coi nhu khéng déi. Vo lang c6 dudng kinh D, cé
momen quén tinh d6i véi truc quay 12 J. Lic bit ddu ham vo lang c6 téc do gée . HOi
sau bao lau thi v6 lang dimg han chuyén dong, bé qua tic dung cua trong luc.

Pdap sé: T = ﬂ 1+ —kaO
kDl 2Mm,

46. Trén truc AB ¢6 gin diing tam vo6 lang C véi moémen quén tinh d6i véi truc quay J
va tréng D bdn kinh R. Trén tréng ¢6 quin mét soi day manh, ddu day treo var nang P.
Cho mémen quén tinh cha truc AB va tréng 12 J,. Bb qua ma sat & & truc va trong luong
day treo.

a) Tim gia t6c vat ning.

b) Tim mémen quén tinh J clia vo lang C, néu biét sau théi gian T vat roi mot doan h.
Biét rang ban dau hé diing yén.

2 o] “
. - PR-T- -
Ddap sé:a) W= L; b)) = -J, _PR
- 2h g
F+Jy+—

A D B
| 7nsnrzr iz} | rrrrrrrrds]
[ C i
ISRES [ NNNNX]
e
Hinh bai 46 Hinh bai 47

47. Con lan hinh try ¢6 ban kinh r = 30cm va nang 3920N chuyén dong dugc nho mot
ngudi tic dong luc P khong ddi huéng doc theo AO. Chiéu dai AO = 1,5m; chiéu cao
clla A so v6i mit phiang nim ngang bing 1,2m. Bé qua ma sit & 6 truc, hily xdc dinh luc
P, biét ring véi luc ndy sau khi di duoc 2m ngudi d6 da 1am cho truc con lan ¢é vén téc
80cm/s (1ay g = 980cm/s?).

BDdp 6> P= 120N

48. Mdy chuyén vat li¢u chuyén dong nhd momen khong doi M tdc dung lén puli B,
Xdc dinh van tdc chuyén dong clia bing chuyén phu thuoc vio goc quay ¢ cua puli. Biét
trong luong cua vat A dugc nang 1a P, cic puli B va C ¢6 cung trong luong Q, ban kinh r
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vi dugc xem 12 dia tron déng chat. Bang chuyén hop véi phuong ngang mt géc o va
trong lugng ciia né cé thé bo qua, ngoai ra khong cé su truet gilta vat A so vdi bang va
giita bing so véi céc pult.

M —Prsino
P+Q

Ddp s6: V = 2go

Hinh bai 48 Hinh bai 49

49. Mot ngiu luc ¢6 momen quay M khong déi tidc dung lén tang cua t&i ¢6 bén kinh
bing R va c6 trong lugng 1a P,: Quén vao tang tdi mot soi day mém nhe va khong gidn
réi bude ddu miit tr do cha day vat nang A c6 trong luong P, dé kéo né 1én theo mit
phang nghiéng c6 géc nghiéng 1a o so vé1 mat phing ngang. Hé s6 ma sit trugt déng
giita vat va mit phing nghiéng 1a f. Tang 167 duoc xem la mot try tron dong chat.

Tim biéu thitc van téc géc cla truc to1 ham theo géc quay cla no.

Pap s6-w=—
R P, +2P,

2 M-P,R(sinot+fcosa)
= 8¢

50. Mot soi day khong gian khéng trong
luong duoc budc vao diém O c6 dinh, ddu kia vat
qua rong roc dong Oy, réi vit qua rong roc cd
dinh O,, cudi ciing budc vao vat A khéi lugng

m, chuyén déng trén mat phing nghiéng véi

phuong ngang moét géc o. Tai tam rong roc O,

cé treo vat B khéi lugng m, hé s6 ma sat truot
giita vat A v mit tua bang f. Céc rong roc la cdc
dia tron déng chit bdn kinh r, khéi lugng m.

Hirnh bdi 50

Xdc dinh van téc gée cua rong roc O khi vat A di chuyén mot doan S.

2m,(sinat —fcosa)~(m; + m,)

S

Ddp s6- o, = (28
‘ r?(2m, +8m, +7m)
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51. Thang kép ABC c6 khép ndi B dung trén san nhin
nam ngang, chiéu dai AB = BC = 2/. Céc trong tam nim
tai trung diém I va K ctia cdc thanh, ban kinh quén tinh
cla mbi thanh d6i v6i truc di qua trong tam bang p.
Khoang cidch tir B dén san bing h. Tai thai diém nao dé
day EF bi dit va thang bit ddu roi. B4 qua ma sit & khép
B, hay xdc dinh:

a) Van t6c cua diém B khi né va xuéng san.

b) Van t6c clia diém B khi né cich san mét doan h/2.

Ddp s6:- a) V, =21 zgh -

I“+p

52. Con lac Eliptic gém con trugt M, khéi luong m, ndm trén mit phing ngang nhin,
va qua ciu nhé M, ciing ¢6 khéi luong m ndi vé6i con trugt nhd thanh AB. Thanh AB ¢6
chiéu dai /, c6 thé quay quanh truc di qua A. Tai thdi di€m ban ddu thanh AB ¢6 vi tri
ndm ngang va quay xuéng khéng cé van téc ddu. Xdc dinh van t6c géc ciia thanh tai thoi
diém khi qua cdu & vi tri thdp nhat. Bé qua khéi lugng thanh AB va kich thuéc qua cau.

Trd loi: Van t6c géc clia thanh @ = 2\/%—

SO

Hinh bai 52 Hinh badi 53
5§3. Trén mat phiang nim ngang nhén dit ling tru tam gidc ABD c6 khéi luong m véi

g6c o = 30°. Hinh tru tron déng chét khéi lugng m lan khong trugt doc theo canh AB cua
liang tru. Xdc dinh van téc tam C clia hinh tru tai thdi diém khi né ha xuéng dé cao h. Ban

J7gh
3

ddu hé nam yén.

Pdp s6: Ve =

54. Momen quay M, =M, — ae trong d6 M,, o [a cdc hing s6 duong, o vén toc g6c
cia tay quay OO, tdc dung 1én tay quay OO, clia co c4u hanh tinh dat trong mat phing.
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nam ngang. Khéi lugng tay quay bang m, clia banh xe déng bang M. Xem tay quay Ia
thanh déng chat, banh xe déng 1a dia tron dong chét ban kinh r. Hiy xdc dinh vén t6c
gdc clia tay quay. O thoi diém dau ca hé ding yén. Ban kinh banh xe ¢ dinh bing R, bd

qua luc can.

_gq .
Bdp s6- (1)=E/[--0-(1—€ It I :(—+5MJ(R+r)'.
o

Hinh bai 54 Hinh bdi 55

55. Co cdu hanh tinh ndm trong mat phing nim ngang, tay quay OO, quay véi van
t6c géc khong ddi wy. O mot thoi diém nio d6 tit dong co, dudi tic dung clia moémen
can M- clia luc ma sét tdc dung lén truc cla banh xe déng, ca hé s& dimg lai. Hiay xac
dinh khoang théi gian ham d6 va géc quay ¢ cla tay quay quay dugc trong khoang thdi
gian d6. Néu tay quay la thanh dong chat trong luong P, banh xe déng 12 dia tron dong
chit ban kinh r trong lugng Q, ban kinh banh xe ¢6 dinh bang R.

. J J 2 3 2
Dap 56: 1= —Tay; <P=lr—Too5; Ir -1 E+——Q (R-r)".
RM. 2 RM, g\l3 2
56. Bén thanh nhu nhau AB, BC, CD, DE dai /, khéi lugng m dugc néi véi nhau bing cic
ban 1€ va dugc giit can bang nhd day mém BD B R b

[

trén mat san nhan ném ngang. Khi day bi diit,
céc thanh bat ddu ha xuéng. Hiy tinh van téc clia
diém B phu thu6c vio d6 cao h tir né dén san,

“néu taj thoi diém ddu do cao né bing hy,

. 3g(h, —h
Ddap s6: vg =1 IM <
[+3h* Hinh bdai 56
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III. NGUYEN LY PALAMBE

57. Vat A ning P néi véi rong roc O nang Q bédn kinh R nhd mét sgi day. Réng roc
dat trén dam DB vit A roi xuéng va mémen can & tryc rong roc 13 M. Tim gia t6c vat A
va dp luc déng luce tai cde g6i D va B. Bé qua trong luong ddm DB.

. PR - -
Pdpss: W, :ngﬂ; N, __10Pa+QR o N = QR 48leA
R(Q+2P) l4ag l4ag
CE
D B ‘ A

{1 1)

al]
’II, a '|I' d4a

I, 2a
Hinh bai 57 Hinh bai 58

s

E x H
e L i

‘...._
N

M

A

58. Vat A trong luong P, trugt xudng mat phang nghiéng. Vit A néi véi vt B trong
lugng P, nho s¢i day vét qua rong roc C ¢6 trong lugng khéng dang ké. Heé hai vat dat trén
lang tru ECH. X4c dinh thanh phan dp luc ngang ctia lang tru 1én mép E cha nén.

L P, sina—P
Ddp s6:N =P, -1 ———2 cosat
P +P,
59. Trén mot truc nam ngang AB ta ldp hai thanh cing chiéu dai 7 vuéng géc véi truc
v nim trong hai mat phing vuéng géc véi nhau. O Y4
ddu cudi mdi thanh gan cdc qua cdu D va E. khéi o
lugng mo1 qua cau la m Xac dinh ap luc dong 11:IC 7a ala, 2
cua truc AB lén cidc géi A va B khi truc quay déu ]
v6i van t6c géc khong doi w; cde thanhcé vitrinhu 222 M 10 | _*/ _ By

=
trén hinh v&. Cic qua ciu coi nhu chat diém, khéi 777772 0} WmB
lugng cdc thanh bo qua. A

X

J5

Ddp s6:N, =Ng = Tmlm' Hinh bai 59

60. Mot thanh manh déng chit duoc gin bing ban 1é vao mét truc quay thing ding
tai O. OA = a, OB = b. Truc quay déu véi van téc¢ géc o, chét ban I¢ nam ngang. Bd qua
ma sit. Tim hé thic giita t6c do géc © va géc nghiéng ¢ giifa truc quay va thanh AB khi
chuyén déng da én dinh.

3g a-b
20° a® —ab+b?

Dap s6: cos =

178



Hinh bai 60 Hinh bai 61 Hinh bai 62

61. Mot thanh déng chit trong luong P, dai / quay v6i van t6c géc khong déi o
quanh tryc thang dimg, vuéng géc v6i thanh do6 va di qua ddu mut cba thanh. Hay xdc
dinh sifc cing ca thanh & thiét dién nam ngang céch truc quay mot doan a.

Pap s6: E=

62. Mot tdm hinh chi nhat déng chat trong luong P quay déu quanh
tryc thing ding véi van téc géc khong ddi o. Hiy xéc dinh lyc x€ tim
theo huéng vudng géc v6i truc quay trén ti€t dién di qua truc quay.

7]
Paw~

Pdap s6- S=
g

63. Mot dia trdon déng chat, ban kinh R, trong luong P quay quanh
truc thing ding nim trén dudng kinh véi van t6c géc khong déi .
Hay xéac dinh luc xé dia theo dudng kinh tring véi truc quay.

2PRe*

ng

Pap s6: S=

64. Truc thing diing AB quay déu véi van téc géc ®. Thanh dong
chit OD chiéu dai /, trong luong P, ddu O gin ban 1€ vao tryc, dau D
gin véi 16 xo ndm ngang DK. Xéc dinh luc dan héi 15 xo, phan luc tai
A va B d€ gii cho thanh OD nghiéng mot gée 45° véi truc AB. Cho
biet OB =0,2], OA =/,

. P ]\/5(,02 } P\/E o]
Bdp s6° F=— -1y =——l:31 13- 2:|;
ap s 2[ 3 B 12 glw ( \/—)

Z,=P; Y, =—l:2£§[3g+«/2_1c02:|

P(I2 —az)m2
2gl

Hinh bai 63

53[5

oR\

N
K

Y

e

Hinh bdi 64

{79



65. Thanh dong chit AB =/, khéi lugng m, ddu A gén ban i€ véi thanh ngang CA = a.
Thanh AC gan chat véi truc dang quay déu véi van t6c géc ©. Dau B ciia thanh AB gin
v6i 10 xo BD, ¢6 chiéu dai tr nhién bing a. X4c dinh do ciling ¢ clia 15 xo0, d€ véi van téc
g6c dd cho thanh AB léch véi phuong thing dilng mot géc a. Lo xo coi nhur nim ngang.

3a+2/sin a)cosoc—Sgsina:[

o [wz(
Ddp sé:c=m .
3fsin2a

66. Khdi lang tru tam gidc A trong luong P, dugc dat sat chan tuong, trén mat
nghiéng cia lang tru tao géc a v6i phuong ngang c6 tru tron B déng chét ban kinh r
trong fugng P, 1an khong truot xudng dudi. Hé s6 ma sdt lan giita A va B1a k. Tim gia
t6c cla truc C clia tryu B va phén luc cla A vio tudng va sin. Hé s6 ma sdt truot gilta A
va B phai thoa man diéu kién gi dé B lan khong truot trén A.

, - 2P .
Ddp s6- W, =—§§(rsma—kcosa); N, =—2;08a(rsma—kcosa)
r r
2P, si - tgo | 2Kk
Ny =P +P, _M(rsma—kcosa); -
S 3 3r

e

ASLMLLLALERRRRNN

Hinh bai 66 Hinh bai 67

Hinh bai 65

67. Con lin hinh tru hai ting cé bdn kinh R va r. Ngudi ta cuén quanh tdng nhé sci
day roi kéo day bang mét luc F c6 gid tri va phuong khéng déi. Khi d6 con lan chuyén
dong 1an khong trugt trén mat phang ngang. Biét con lin cé trong luong P va bén kinh
quén tinh d6i vdi truc cba né la p. Ban diu con lan ditng yén. Xdc dinh quy luit chuyén
dong cla truc con lan.

Rg(Rcosa—g) 2

2( P+ Rz)

. F
Ddp s6: x =—
P

68. Thanh dong chdt AO =/ nang P quay
duge quanh O trong mat phing thang ding. e L

Tai thoi diém ban ddu, thanh AO & vi trf nim  #o

ngang va tai dau A cé van t6c V,. Khi thanh

Hinh bai 68
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quay dén vi trf thing diing thi lién ket tai O bi pha v&. Xdc dinh quy dao cha khéi tam C

trong chuyén dong ti€p theo ciia thanh OA.

2gx% 1

vg -3gl 2

Pap sé: y=—

69. Mot thanh ning déng chét dai /. DAu mdit trén caa
né duge treo vio mot truc nim ngang O. Dang nam O vi
tri can bing thing ding, thanh nhan dugc van tdc géc

®y = 3\/% . Sau khi quay duge nira vong né tich ra khéi

truc O . X4c dinh quy dao trong tim va van t6c géc quay
© clia thanh trong chuyén dong tiép theo clia né.

2. _ |38

. !
Ddp sé6: Parabol: y, =———X_; 0=
P 5o Yo =5 T3 !

70. Mot thanh déng chat AB c6 trong lugng P duge
treo vio diém O nhd hai day ¢6 chiéu dai bang nhau va
bang dé dai clia thanh. Xdc dinh sifc cang ciia mot trong
hai nhanh day tai thoi diém nhanh kia bi dut.

Pdp 56:T =0,286P

71. Mét thanh méanh déng chét c¢6 chiéu dai 2/ va trong
luong P ndm trén hai g6i d& A va B. Trong tam C cba

F
H 0 X
¥ e
1
\ i
\,,._ 11
..-H C{)
11
11
(N}
11
11 Ao
=)
Hinh bdi 69
0
A B

Hinh bai 70

thanh niim céch déu hai g6i d6: CA=CB=a. Aplucfinh C 75 7 ]
trén méi gdi d& bing P/2. Tim sy thay ddi 4p luc trén gbi Hink bai 71
do A tai thoi diém khi géi do B bi roi tic thoi.
e TVA i tliae o . e ax s I* —3a°
Ddp 567 Do bién thién cla dp lyc tai goi d§ A bang ————P
2(F +32°

72. Tru tron déng chat ban kinh R khéi lugng m nim
yén trong mit phing nim ngang khong nhén, chiu tic
dung cha luc Q va moémen Mcé gid tri bing:
Q) = 0,12mg(t+1); M(t) = 0,241ng(t2 + t). Hé 88 ma
sdt trugt bang f = 0,14. B6 qua ma sdt lan. Hay xéc dinh
thdi diém t; thay déi chiéu téc dung cila luc ma sat truot

va thai diém t, vat bit ddu chuyén dong lan cé truot.

Hinh bai 72
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73. Truc C ctia try trdn déng chit ban kinh r ndm & vi trf thdp nhét bén trong 6ng tru

nam ngang c6 bin kinh R dugc truyén van téc ban ddu V, cé gid tri bing

4 L ) , .
V, = E(R—r) g . Hay xdc dinh vi tri géc ¢ t6i han dé con lin con chuyén dong lin

khong trugt bén trong 6ng tru néu hé s& ma sat trugt f = P B6 qua ma sat ian.

Ddp s6: ¢ = 45°

Hinh bai 73 Hinh bai 74
74. Thanh déng chit AB dai a dat trong mat phing ding hop véi phuong ngang mot
g6c @, ddu A tua trén tudng ding nhin, diu B twa trén san ngang nhin, sau dé cho
thanh chuyén dong khéng vén téc ban dau.
1) Xac dinh van t6c géc, gia tc gdc cuia thanh.
2) Tim gia tri géc ¢, - gbéc hop giita thanh va san ngang ma tai dé thanh bétldéiu roi
khoi tudng dimg.

) . 3g, . ) . =3
Dap 567 1) cp=\/—g(smcp0—sm(p) : (p::z—gcoscp
a a

2) sing, = %sin 03

IV.NGUYEN LY DI CHUYEN KHA DI

75. Xac dinh mai lién hé giita cudng dé clia cdc luc P va Q trong méy ép dang nem
nhu hinh v&. Luc P tdc dung vio ddu miit tay quay vd hudng vuong géc véi mit phing,
chita dudng tam cia truc vit va tay quay. Budc cha truc vit 1a h, géc dinh ném la «,
chiéu dai tay quay bang a. Bé qua ma sét.

Ddp s6- Q=P 2ma

htga
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Hinh bai 75

76. Palang gém c6 rong roc c§ dinh A va n rong roc dong. Khi h¢ & trang théi can
bing, hiy x4c dinh ty s6 gifta tai trong dugc nang Q va luc P dit vao diu day vit qua

rong roc ¢6 dinh A.

.o Q
Ddap sé6: —=12
P39 p

Hinh bai 76 Hinh bai 77

7. Cho hé co ciu mdy kich nhu hink v& chuyén déng cla tay quay OA, qua cic banh
rang 1,2,3,4,5 dugc truyén sang thanh khia cla kich. Tim luc P cén dat vuéng géc véi
tay quay tai ddu miit ciia né dé€ khi kich can bang thi lyc nang cta né bang 4710N. Ban
kinh cdc banh ring 12: r, = 3cm, 1, = 12em, r; = 4cm, 1, = 16cm, 15 = 3cm. Chiéu dai tay
quay R = 18cm.

N11505

Dép s6: P=Q = 49N

[Ty

78. Cho co ciu tay quay thanh truyén nim trong mat phang thing ding. Xic dinh
moémen quay M tdc dung lén tay quay khi tay quay nghiéng vdi phuong ngang mot géc
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o dé can bing téng dp luc hoi lén xilanh F. Tay quay va thanh truyén coi nhu nhiing
thanh déng chét cung chiéu dai / va cing trong luong P. BO qua ma sat.

Ddp 56- M =1(2Fsino—Pcos @)

e

Hinh badi 78
79. Tim céic trong luong P, va P, clia hai vat duoc gilt can bing trén cdc mit phing -
nghiéng vdi mit phing nim ngang mot géc ¢ va B nho vat P. Cdc vat ¢6 trong luong P,
va P, duge budc vao hai ddu mot soi diy manh nhe, khong gian.

Bo qua khéi lugng clia cdc rong roc va ma sat.

Pdp sé: P, = p ; Py= p
2sino 2sinP

A C

Hinrh bai 79 Hinh bai 80

80. Cho co hé duoc biéu dién nhu hinh v&. Day mém, méanh, nhe va khong gian duge
budc vio vat A vong qua rong roc c6 dinh C, rong roc dong D, rong roc ¢6 dinh E, cudi
cling duoc budc vao vat ning B. Tai tryc rong roc dong D ¢6 treo vat K c6 trong luong Q
cho biét hai vat A, B c6 cling trong lugng P. Xéc dinh P theo Q va xdc dinh hé s6 ma sat
truot f gifta vat A va mat phing ngang dé hé can bang.

Ddp 6 P=-§- f=1
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81. Cho hé ddm nhu hinh vé& tim cdc phan luc
tat A vi B. Cho / = 2m, a = 2m, b = 1m,
q = 4,9.10°N/m. Bd qua trong lugng cita cdc dam.

ANNNLARNNY

,__
5
L
—
3
o]
o
A

- A —_ . — AN T.
Dap 56 X, =0; Y, =0,36.10'N; Hink bii 81

M, =0,73.10°Nm ; Ny = [ 1.10°N.
82. Mot dim ghép AD va CD nim trén 3 gdi tua. Trén ddm tdc dung céc luc thing
déng ¢6 tri s6 P; = 20KN; P,= 60KN; P; = 30KN. Kich thuéc cho trén hinh vé. Xac
dinh phén luc céc gbi tya A, B, C. B6 qua trong lugng cila cic dam.

Bdp s6: R, = 10KN; Rg = 105 KN; R¢ = - SKN.

N a>
=53
-
I
=~
L
: %
[\
=+

GF-
IS
B

.\r

Hinh bai 82

83. Cho hé dim chiu luc nhu hinh v&. Tim phén luc & g6i tya C va ngam A. Cic kich
thuée nhu trén hinh v&. Bd qua ma sat va trong luong clia cdc dam.

. P
Pdp s6: Re =5; X,=0; Y, :Q+§; M, =a(P+Q). Trong dé: Q = 2qa.

Py
P A
1A C
4 4 [ 8]
A C 4
(@) 0 3 a | b | ! | b
B O
‘][, 2a l- 2a 4|, 2a ﬂL P,
2.
Hinh bai 83 Hinh bai 84

84, Khung chiu lyc nhu hinh v& dang & trang théi can bing. X4c dinh phan luc tai A
va B. B6 qua ma sat va trong lugng cua khung.

. P,h P.h P,h{a+b
Pap s6: NB: 3 ;XA=P2; YA':P]__::;—; MA=PIa__“(T._).
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85. Ddm hai nhip nhu hinh vé& dang & trang
thdi can bing. X4c dinh phan lyc tai A va D.
Bo6 qua ma sdt va trong luong ctia cac dam.

bdps6: X, =Fcosa;M, =Fasino;
__ Fsina _ Fsina

Ya= 2 » Np = p)

86. Cho co cfu mdy ép nhu hinh vé. Ngiu
luc tdc dung lén vé ling ¢6 mémen bang M.
Nho truc vit duge cat ren nguge chiéu ma céc
con chay B va C déng thot tién gin hoac 11
xa nhau. O vi tri co csu ma BD vi OD tao vdi
dudng thing ding lan lugt géc y va a, xdc
dinh luc S tdc dung vao vat chiu ép. Cho biét
budc cua truc vit 14 h. Bo qua ma sat va trong
lugng cia céc chi tiét.

Pap s+ § = omaty) M
sinycosa h
87. Trong co céu cén lic khi tay quay OC
lic quanh truc nam ngang O con trugt A di
“chuyén doc tay quay OC va truyén chuyén
dong cho thanh AB theo huéng thing ditng K.
Cho cic kich thuée nhu sau: OC=R; OK =1L
Tim luc Q cén thi€t dat thiang géc véi tay
quay OC tai diém C dé co ciu can biang khi
¢6 luc P tic dung lén thanh AB tai B va phan
{uc tai ranh truot K.

. P/
Ddp s6: Q=————;
Rcos™ ¢
QR sin 20
k 2o 5]
M, = QRsin® ¢

88. Mot mdy ép gém boén thanh néi véi
nhau biang cdc ban 1€ nhu hinh v&. Goi P 1a
phan luc vét chiu ép tic dung lén ban ép C.
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Tai D va E ¢6 hai luc téc dung Q, =—Q, = Q tai vi tri ma cc géc o, § dd xdc dinh. Tim

mdi quan hé gitta P va Q.
Dap s6- P= 20
cotgP —cotga

v. NGUYEN LY PALAMBE - LAGRANG

89. Thanh DE c6 trong luong 12 Q tua trén ba con lin nhu nhau va cé cling trong
luong 12 P. Thanh chiu tdc dung luc ngang F huéng vé bén phéi. Coi nhu khong Xay ra
hién tuong trugt gifta thanh va cic con l4n ciing nhu gilta con ldn va nén ngang. Tim gia
t6c ciia thanh DE. Coi céc con lan nhu nhiing khdi tru dong chét. Bb qua ma sdt lan.
8gF

Ddp s6: W =
8Q +9P

90. Mot soi day nhe, khong gidn, mét diu budc vao vat A, sau dé vat qua rong roc B
¢6 dinh, rong roc dong C, rong roc c6 dinh D va budc vao vit E ¢é thé trugt trén mat
phing nam ngang. Vat K duoc treo vio tim rong roc dong C, c6 trong luong Q. Hé s6
ma sdt gitta vat E va mat phing ngang 1 f. Ban dau co hé ding yén. X4c dinh diéu kién
dé vat K c6 thé tut xudng. Tim gia téc ctia vat K, b qua khéi Tugng clia cc rong roc va
st trugt gifta day va rong roc.

Q-P(1+f)

Q+2P

Dap s6:Q>P(1+f); W=g

Hinh bai 90 Hinh bai 91

91. Hai vat A vd B c6 trong lugng béng nhau va bang Q chuyén dong doc hai mat
phang nghiéng véi mit phéng ngang cic géc o va p. Mot day nhe, khong gidn c6 mot
déu dugc buoc vao vat A sau dé duge vat qua rong roc c6 dinh O, choang qua rong roc
dong K réi vét 14n nita qua rong roc 6 dinh, néi vao vat B. Mot vit C cé trong luong P
duoc treo vao tam ciia rong roc K. Bé qua ma sdt va kh6i lugng clia cic rong roc. Tim
gia t6c W cia vat C.

P-Q(sinc +sinf)
P+2Q

Pdp sé: W=g
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92. Lang tru A trong lugng P truot theo mit nghiéng clia ling tru B trong luong Q.
Mat nghiéng nay hop véi phuong ngang mét gée o Hiy xdc dinh gia téc cha lang tru B.
Bo6 qua ma st giita lang tru B va mit phing nim ngang.

Ddp s6: W = gPhsin 20_&
2(Q+Psin- a)
F

B

ST PSS A S SIS IS S P IAST

W L O Al

Hinh bai 92 Hinh bai 93

93. Tam khdi luong m; ndm trén mét phang ngang trén t4m lai c6 mot tru méng khoi
luong m, lan khéng trugt. Xic dinh gia t6c W cla tdm va gia t5c W, clia tam tru mong,

néu trén tdm c6 lyc F tdc dung nhu hinh v&.

. 2F F
Dap s6 W =————— W, =——
2m,; +m, 2m, +m,

94. Hai hinh try ¢6 cing ban kinh R dugc quin day va vit qua rong roc 1y tudng.
Khéi lugng ciia hinh tru thit nhat 14 m; va phan b déu trén vanh. Hinh tru thi hai dic

déng chit c6 khéi lugng m,. Hinh tru thit nhat lan
khong truot trén mat phing ngang, hinh tru thi hai ] _’F_I\
tha roi thang ding. '

. . e . . e o s 7777 P77 7
X4c dinh gia toc truc, gia t6c géc cia mébi hinh

tru va luc cang cla day.

Dip s6° W, =—28 W, - ﬂm_'im?_)g, Hinh bai 94
3m, +2m, T 3m; +2m,
m,g e = 2mg T = 28

g, = = . , T= .
" R@Bm, +2m,) R(3m, +2m,) 3m, +2m,
i 2 1 2 1 2

95. Cho mét mdy sang, duge mé hinh 12 mot thanh cing AB déng chat, khéi luong
my, duge treo nhd hai thanh manh cing, cung chiéu dai L, bo qua khéi lugng.

Thanh OM, chiéu dai e, bé qua khdi luong, ddu muit clla né gin chit diém M, c6 khoi
lugng m, quay déu quanh O véi van t6¢ géc oy, (OA = OB). Bo qua ma sdt tai cdc 6 truc
quay. Co hé chuyén dong trong mit phing thing ding.
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1. Lap phuong trinh vi phan chuyén dong cla co hé theo ¢ la géc nghiéng cla thanh
treo so v6i phuong thang ditng. (DC = AB).

2. Khdo sat dao dong bé cha sang AB, trong trudng
hop khong céng huong véi diéu kien ddu @(0) = G;
¢ (0) = 0 khi 1dy sin¢p = ¢,cos o =1.

Ddp 56

1. (mg +m)Lip+mea} sin(p—wgt) =—(mg + m)gsin®

Ho, ) H .
—sinQt + —5——sinwyt

- 2 2
Q" — ) Q" —wy Hinh bai 95

Dé khong c6 hién tuong cong hudng thi g = Q° = %.

2. 9=

96. Lap phuong trinh vi phan chuyén dong cla con lic toin hoc ¢ khéi lugng m,
duoc treo vao déu ty do chia mét day dan hoi ¢6 do dar khi can bing 14 / va c6 do cimg

dan hoéi lac.

Ddp 56" (1+z)(ﬁ+22¢+%sin(p=0 o
. .2 C g _ (p
7—(1+2)¢> +—z+2(1-cosp)=0
(1+2)¢" +—2z+=(1-cosq) : .
trong d6: ¢ - géc léch clia day treo d6i véi phuong thing ding; |
z - d6 din tuong déi cia day so véi chiéu dai khi can bang. |
M
|

Trong diéu kién dao dong nhé, phuong trinh chuyén dong cta con
lic duoge viét nhu sau: Hinh bai 96

z=Asin(\/Et+oc} @=Bsin(\/§t+BJ
m {

trong d6: A, B, a, p phu thuoc vao diéu kién dau cha chuyén dong.

97. X4c dinh chuyén dong ciia hé gém hai khdi luong m,, m, c6 thé chuyén dong
tinh tién doc thanh nhin nam ngang Ox. Céc khéi lugng duoc néi véi nhau nho mot 1o
xo0 c6 dé citing c. Khoang cdch giita hai khéi tam clia
hai khéi lugng khi 15 xo khéng Iam viéc 1a /. Trang
thai ddu clia vat dugc xdc dinh bang gid tri cua van

téc va toa do khoi tam cla vat khi t = 0; x;, = 0;

X =Up; Xp = 1; %, =0. Hink bai 97
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m, U,

P 1 : 1 mu, .
Ddp s6° X, = ————(m,uyt+ sinkt); X, —1=———(mu,t ——sinkt) ;
m, +m, - m, +m, k

k= le [_1_+ 1 ] y
m, m, A
98. Mot thanh manh déng chit AB cé trong lugng P va do dai 9
2/, ddu A truot theo dudng thing dimg, con ddu B truot trong miit
phang ngang. Thanh lap phuong trinh vi phan chuyén déng cha
thanh va tim c4c tich phan diu cla chuyén dong. B

0] —— —— =
Ddp s6- Phuong trinh vi phén chuyén déng. 9
3g X

»—6%sinpcosp =—Zsinpva Osin’ o+ 20¢psinpcosp =0
41 Hinh bai 98

trong d6: @ - géc nghiéng giifa thanh véi dudng thing ding;
6 - géc gitta hinh chiéu cha thanh trén mit phang ngang véi truc Ox.

Céc tich phéan dau: Bsin’ o=C,;

L2 An . 3 ) . ;
¢ +96° sin’ cp+5§coscp =C,. V61 C, va G, 1a cac hang s6 tich phan.

99. Mot ddm c6 tiét dién vuong, khéi luong M bi
khoét mot 16 hinh tru ban kinh R dugce néi véi thanh ¢é c _
dinh nh& mot 16 xo ¢6 do citng C va ¢é thé trugt khong 2/ VVVWVY
ma sét doc theo phuong ngang. Doc theo bé mat clta 16
lan khéng trugt moét hinh tru déng chit khdéi luong m,
bén kinh r (r < R). Thanh lap phuong trinh vi phan
chuyén dong clia hé.

s ik
Hinh bai 99

Ddp 56: (M+m)X +m{R—r)coseé—m(R—r)sine¢p” +cx =0
-;—m(R—r)zc'f>+m(R—r)COS(pii+mg(R—-r)sin<p=0
trong dé: x - hoanh do ctia trong tdm dam;
@ - gbc giita doan thing ndi tam ctia 16 va tim cla tru véi dudng thing ding.

100. Mot dam ¢é khéi uwong M duge ndi vdi cac tuong 6 dinh nho céc 160 xo do
cting nhu nhau ¢, ¢6 thé truot khong ma st doc san ngang. Mot vat ¢6 khoi luong m
duge budc vao dau day va dugc treo vao khéi tam clia ddm. Day duge xem 12 manh va
khéng gidn. Thanh lap phuong trinh vi phan chuyén dong chia hé.
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Ddp 56: (M +m)X +m! cos pp —m/sin (> +2cx =0 ¢ c

Ip+cosp.X+gsing=0 Z ?

trong d6: x - hoanh do khéi tam cua ddm; ¢ - goc "

lech cha soi day d6i véi phuong thang ding.

Hinh bai 100

101. Xe A c6 khi luong m chuyén dong thing theo
phuong ngang. Mot chdt diém B c6é khéi luong m
chuyén déng trong 6ng c6 bin kinh R. Bo qua ma sat
trong 6ng, khoi luong cdc binh xe va ma sat 1an. Thiét
lap phuong trinh vi phan chuyén dong cla cd hé theo
cac toa do suy rong s va @.

Tim céc tich phan ddu. Cho biét ban dau hé¢ ding

yén va chdt diém & tai vi tri By,
Ddp s6- Phuong trinh vi phan chuyén dong: Hinh bai 101
(M +m)s—mR cos@.() =—mRsin 9> —§cos@+R.H=gsing
Cic tich phan dau:

Tich phén xycolic: (M +m)$—mR cos@.¢ =C,

Tich phan nang luong: %(M +m)s? +-;—mR2('p2 —mR cos p.5¢ ~mgR(/ —cosp) =C,
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MOT SO BAI TAP CHON LOC

Bai 1. Tru tron dic dong chat khai lugng m lan khong truot trén mat tru tir vi trf duge xdc
dinh bGi géc @,. Xdc dinh 4p Juc phdp tuyén cla tru tron 1én mat tru ¢§ dink nhu ham cha
g6¢ ¢, néu ban ddu try nam yén. Bo qua ma sét lan. Tim quy luat chuyén dong ciia tru khi @
nhé (Khi ¢ nhd 14y sin ¢ = @).

Didp s6: N:%(?cosgg—é‘rcosqpo),go:goocoskt; k=

PPl 7777777777777, 7z s 7

Hinh bai 1 Hinh bai 2

Bai 2. Rong roc B ¢6 trong luong Q ban kinh R ¢6 thé quay quanh truc nam ngang O.
Mot day khong gidn khong trong luong vit qua rdng roc, mét dau day kéo vat ning A
trong luong P nam trén mét nghiéng géc o so v6i phuong ngang cia lang tru D trong luong G
¢6 dinh boi go chin E. Ddu kia clia day budc vao khéi tam C cla con 1an déng chét ¢6 cling
trong luong Q va bén kinh R. C4c nhanh day song song véi cdc mat tuong dng. Cho hé
s6 ma sdt truot gilta lang tru véi cdc vat trén chung 14 f va hé s6 ma sat lan la k.

B6 qua ma sdt & cdc 6 tryc. Con lan va rong roc xem nhu 12 nhiing dia tron déng chit.
Gia thiét con 1an chuyén déng lan khéng truot.

1. Xéc dinh van t8c A khi né dich chuyén trén mat nghiéng dugc doan S va tim gia
téc cha vat. Vai diéu kién ndo thi vat A dich chuyén xudng. Ban ddu ¢ hé nam yén.

2. Xac dinh 4p luc cda ling tru 1én mit ngang va lén go E v tim stic cang trong cdc
nhanh day ciing nhu phan luc & truc rong roc.

3. Gia sir sau khi A dich chuyén dugc doan S néi trén thi day dit. Tim doan dudng
ma khoi tdm C cita con lan di duge trong hai trudmg hop:

a) Con lan véan tiép tuc chuyén dong lin khéng trugt. Liic nay hé s ma sat truot f
phai thoa min diéu kién gi?

b) Diéu kién vé lan khong trugt khong théa man.

4. Gid str khéng c6 go E trén mat ngang va ling tru dich chuyén tu do trén mat ngang
nhdn. Xdc dinh dich chuyén clia ling tru khi vit A dich chuyén xudng trén mat nghiéng méot
doan S.
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2g[P(sina—fcosa)—-EQ]S P(Sinot—fCOSOt)—Il;"Q

Pap sé: 1) V, = . W, =
ps6- 1) Vi P+2Q AT8 P+2Q
R_ .
Q <¥P(sma—fcosa); f<tgo
W
2y T, =P{(sina—fcosa)——“l} TB=T——Q—WA;
g 2g
Xo5=T Q : = inw;
o= A(1—cos,0L)—§—W ; Y, =Q+T,sina;
g

W W
Np = (P+2Q+G)-P—*sina; N =(Pcosa+Q)—*
g g

v? V2
3} a. Sl:3—R-—A; f>£ b. Sl=—l; f<21(—
4k g 3R 2fg 3R
4) A=_P_°9.5°‘_+QS
P+2Q+G

Bai 3. Con lic todn hoc dugce dit trén mot xe con chuyén dong theo phuong
ngang. Truc quay cha con lic vuéng géc vdi phuong chuyén dong clia xe dé con lac cé
thé dao dong trong mat phing thang ditng Oxy. Thoi diém dau con lic & vi trf thdp nhat

va ¢é van toc goc 1a o

2) Chice xe con phai chuyén dong véi van t6c V(t) nhu the n2o dé khi 0<t< 2—“- con
g

lac quay quanh diém treo v6i véan téc géc khong déi.
b) Hay x4c dinh lyc F cén dat vao xe theo phuong ngang dé thuc hién chuyén dong

d6, néu cho khéi lugng clia xe 12 M, khoi lugng cha con lac 12 m.

Dip s6: a) V() =V, +-5-In|coswet|;  b) | F|= (M +m)giget +mleg sinwyl
(7

)i
y j W
I w
| 0
[ B y C
~
N B
O O - (7) o X NI 7777 /X
o)
Hinh bai 3 Hinh bai 4
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Bai 4. Thanh déng chét AB c6 trong luong P dai 2L, nim trong mit phing thing déng c6
dau A va B trugt khéng ma sét doc theo truc y va truc x. Vit C ¢6 trong luong Q duoc néi véi
d4u B bang mot s¢i day khong gian khong trong luong. Vit C truot trén mat phing ngang
doc theo tryc x véi hé s6 ma sét truot déng f. Ban ddu thanh AB tao véi truc y mot gée ¢, va
cho roi khéng van téc ban dau. Xéc dinh van ¢ géc va gia té¢ géc clia thanh theo géc @.
3g[P(cos g, - cosp)+20f (sing, —sin )]

2L(P+3Qcos’ @)

7 .
3g[Psin @ —20f cosp + 20Le’ singcos gaJ
1

4L(P +3Qcos’ )

Bdp 56 0’ =

£ =

Bai 5. Khung hinh vuéng, gém 4 thanh déng chat ciing do dai L, khéi luong mbi
thanh 12 m, gan chat v6i nhau va ¢6 thé quay tron quanh truc ¢8 dinh nim ngang qua O
vuong géc v6i mit phang khung. Tai O gin mot 16 xo xoin vdi do cing ¢ = const ¢6 mé
men xoan M = -cq. Ld xo khong lam viéc khi dinh B & vi tri thap nhat. Ban ddu B & vi
tri thdp nhat va dugc truyén mot van t6c V, nam ngang.

1. Tim van t6c géc va gia tc gdc cla khung 12 ham cia géc ¢ lap gitia OB va
phuong thing diing.

2. Tim gid tri V, d€ OB c6 thé dat téi vi tri nim ngang vé bén phai.

3. Xdc dinh 4p luc cia truc quay 1&n khung theo géc ¢ va tinh gid tri d6 khi @ = _275

Pdp s6:

2
> 12ng/§+ 3cm _
5 20m

3) R, =4m L2 (cos@® —sin (p¢2) ;

R, =—4m Lv2 (sin(p('|5+coscpcp2)—4mg
‘ 2 2
Khi (p=E taco: R, = \/_ L 12ﬁg— e ; Ro= 3Cﬁﬁ—§mg
2 5 20mL g 10L 5

194



Bai 6. Thanh AB déng chit tiét dién ngang khong ddi, dai 2a, khdi lugng m duge dat
trong dudng tron nhdn, ¢é truc ndm ngang qua O ¢ dinh. Géc AOB vuong gée tai O.
Trudng hop dudng trén dilng yén.

1) Tinh vén t6c géc ¢ va gia t6c géc @ cha thanh, bi€t rang tai thdi diém ddu , =0,

P(0) = % , ¢(0) =0.

. * ’ . ﬂ'
2) Xdc dinh phan luc tai A, tinh gid tri ciané khi ¢ = 5

3) Gia sir dudng tron quay déu quanh tryc nim ngang cua
né vdi van téc géc w,. Tinh van téc goc tuyét doi, gia téc goc
tuyét d6i cta thanh. Khdo sét vi tri can bing tuong doi cla
né, xdc dinh phan luc tai A.

- = 3 . ..
Bap sé- 1) 5:i\/;—g[singp—£} 7 :4—gcosgo . Hinh bai 6
a a

2

)N, =-;—P(10x/§sinqa-—x/§cosqo—6).

3) Q=a, i\}g’—g[singp—ﬁ} §=5:3—gcos¢;

2a 4a

, 2
2N, = iPsinqo—chow“y—EP +m| aw, *2am, 2 Smg”‘[“)

L4y ddu (+) khi géc ¢ tang ddn, 14y déu (-) khi géc ¢ gidm dan.
Bai 7. Xe bén banh, trong lugng than xe bing Q, cdc bdnh xem nhu tru tron dong
© chdt ban kinh r, mi bdnh trong lugng P. Mémen cht dong dat vao truc sau ¢6 dé 16n
M = const. Téng hgp luc cin ngoai F = —0.¥ ¢6 dudng tic dung di qua trong tam C, con
hé s6 ty 1& o 12 hing s6 duge cho tir thuc nghiém, V1a van tdc khoi tam thing xe. Xe
dang chay vdi van tdc khong déi trén dudng thing nim ngang va sau dé leo 1én déc ¢6
do déc B theo dudng déc chinh.

a) Tinh van t6¢ khi xe chay ¢6 van t6c khéng déi trén doan dudng thing.

b) Tim biéu thitc clia van téc, gia téc tai moi thdi diém bat ky khi xe trén mat déc.

¢) Tim diéu kién cia mémen M dé xe vugt duge doc ¢6 do dai tuy .

d) Tim 4p luc cia hai banh xe sau lén mat dudng déc khi xe da di trén doan dudng
nay véi thoi gian da 16n.
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e) Tinh lyc ma st trugt gitta dudng déc va
cic banh sau, khi thoi gian da 16n, tim diéu
kién dé cdc banh sau lan khéng trct. (Bb
qua ma sdt lian v ma sét & cdc 6 truc, cac
kich thudc cho trén hinh vé).

Dap s6:

Bai 8. Mdy i dat cé so dé nhu hinh 1. Banh
xe la mot dia tron déng chat, ¢ bin kinh R, ¢6 TN
khéi lugng m,, chiu tdc dung cua ngiu lyc co =¥
mémen khong d6i M, lin khéng trugt theo b
dudng ngang ¢6 dinh. Pau i ¢6 khéi lugng m,,

Hinh bai 7
a) V=£~,
or
b)V=M+Q+4PsinB{exp(— ga tJ—i}
ar o Q+6P
Q+6P Q+6P

c) M > r(Q + 4P) sinf.

d) N, = ﬁ{Q(h sinB+bcosB) + 2P[ (a -+ b)cosB+2rsinB+oV'h

e) FX =aV’ +(Q+4P)sinp;

(a+b)[ aV* +(Q+4P)sinB]
Q(hsinB+bcosp)+ 2P| (a+b)cosP+2rsinB +aV'h]
. M Q+4P
Tar o

f>

A% sinf3

M

Y Q

khéi tam C chuyén déng theo phuong ngang, hé Hinh bai 8

50 ma sat truot dong f va ti€p xdc véi dudng tai

diém D céch C theo phuong ngang mét khodng ciach d<fR. Thanh néi tdm bénh xe va
ddu i dugc xem 1 cimg tuyét d6i va khéi Iugng duge bod qua. Cho: OC = L va bo qua

ma s4t & truc O.

1) B qua ma sit lan giita banh xe va dudng. Hay x4c dinh chuyén dong cuia déu ti.

2) Xdc dinh phén luc 8 truc O?

3) Xdc dinh nglu luc M dé banh sau lin khong truot (hé s§ ma sat tinh 12 f,).
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BPap 56"
M(L +d—fR)—fRP,L
R(1,5m; + m, XL +d-fR}

1. Gia téc We =

m, (L SRLP + ML +d-R)_ 6 i g —pL/(L+d-R)
R(L,5m, +m,)(L+d—fR) "

Y,=P,-N, = %%—f;} Y, huéng xudng dudi. Vi N, = P,L/(L+d~fR)
+ —_

f,R[P,(3m, +2m, {L +d - —fR)+P,(fR—d)3m; +m,)— m,fRLP,
[2(m; +m,)](L+d— fR)

3. M<=

Bai 9. Mot khung ABCD cé mémen quén tinh doi véi truc AB 1a J. Trén ranh truogt
CD con truot khéi lugng m bj chét tai E cich AB khoang cdch a va ca hé quay déu
quanh truc thang diing vé6i van téc goc o, Taj mot thoi diém xdc dinh ngudi ta diéu
khién 1am chét bat 1én dé con truot tir do.

1) Xdc dinh van t6¢ géc ctia khung khi con trugt nim cdch truc quay AB khodng cich
x trong trudmg hop cé k€ va khong ke dén ma sdt trugt ctia ranh trugt CD?

2) Gi4 sir con truot lién két v6i thanh AB boi mot 16 xo tuyén tinh ¢6 do ciing ¢ vacd
chiéu dai khi chua bi bién dang bang L. B6 qua ma sit truot gilla vat va ranh trugt. Hay
x4c dinh van t6c cha con truot doc ranh C (van t6c tuong déi). Tinh hé s6 cing ¢ dé vat
dén dugc vi tri cdch truc quay khoang cich b cho trude (b > a). C6 nhan xét gi doi voi
trudmg hop khi tai vi tri ddu 10 xo bi nén (a <L)? va bi kéo (a > L)?

AR *38

jo) E M D Uaw M
c ¥ a - { c .,% s
] (] [ c
i | -‘—---—l-l3
X ¢ X il
AT A
Hinh bai 9a Hinh bai 9b
T+ 2
Dip s6° m(x)— ma? e C<_I+ma7. m(b+a) 0)(2)
J +mx? J+mx~ (2L-b-a)

Néu lic ddu lo xobinéna<L thib>L.

Néu lic ddu 16 xo bi kéoa >L, dé con trugt khi niit bat 1én ¢6 thé ving ra xa.
2

maa;

(L—a)

2
mogacla—-L) - c¢<
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Bai 10. Chiéc xe hai bdnh ¢6 bdnh xe / lan
khong truot trén mat phang nim ngang, con
bdnh xe 2 lan c6 trugt trén mit phing nim

ngang. Bdn kinh ciia hai bdnh xe déu bing R,
khér lugng ctja ching tuong tng la m, va m,. Hinh bai 10

Bénh xe / chiu tic dung cia mé men M va tim

banh xe 2 chiu tic dung cha luc F nim ngang. Hé s6 ma s4t truot doéng gilra cdac bdnh
xe v6i mat dudng la f. B6 qua ma sét Ian va khai luong cia khung 3. Céc banh xe duoc
coi nhu cédc dia déng chat. Xéc dinh gia t6c clia khung vi gia t6¢ géc clia hai banh xe.

Bdp s6° W,, =W, = 2MHFR-magRD - _2Mg
P e e T T R Gmy v 2my) 2 BT R

Bai 11. Mot co cdu hanh tinh ndm trong mat phang ngang nhu hinh v&. Co ciu
chuyén dong tlr trang théi finh do tic dung clla mét ngiu luc phét dong cé mé men M,
khong doi dat vao tay quay OA. Tay quay OA xem 12 mét thanh déng chat, thiét dién
khéng d6i va c6 khéi lugng 1a m,. Céc banh ring 7, 2, 3 xem 12 ba dia tron déng chat,
giong nhau vé kich thudc, bin kinh méi dia 12 r, khéi lugng méi dia 1a m. Trén banh
rang 2 chiu tic dung cta ngu luc can cé mé men M, ty 1€ bac nhit v6i van t6c g6c .,
hé s6 ty 16 12 b.

1) Xéc dinh van téc géc tay quay OA duéi dang ham cla thoi gian.

2) Xéc dinh van t6c, gia téc cta diém K (gizo diém cla phén kéo dai tay quay OA va
vanh bdnh xe 3) & thoi diém tuy y.

3) V& quy dao diém K khi tav quay OA quay dugc mot géc 45°.

Ddp 56+ 1) @(1) = %(1 ~e);

M,  15M, _
I (8m, +33m)yr?’

trong dé: o =

p= ab 2b Hink bai 11

I @my+33myrt

DV, =dro. W] =dre=drae™; W] =4ro’.
3) Quy dao diém K dugc tao nén bing cich tinh ti€n cung AA’ dé A frl‘mg K.

Bai 12. Thanh ddng chat AB c6 khéi Iuong m va chiéu dai 4L dugc quay trong mat
phang thang ding quanh bén 1€ A ¢6 dinh, bb qua ma sat, xem hinh v&. Ban 1é A cdch
san ngang mot khoang 5L. Dau B clia thanh ¢ gin mot khéi luong m, c6 kich thude
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khong dang ké. Tai thoi diém du, gia si thanh & vi trf thing dimg ddu B & dudi va 6
van toc goc w,.
1) Tim van téc géc, gia toc goc cha thanh va phan luc lién ket tai A khi thanh nam
ngang d4u B bén phai.
2) Khi thanh dén vi tri nim ngang thi ddu A cla thanh 3‘?‘
.

dugc gidi phéng khdi lién két vA chuyén dong trong mat
phing thing ding duéi téc dung cia trong lugng cha thanh.
Gia st van toc géc clia thanh trude va sau khi giai phéng lién |

,\,. N - o , . . (DU EA
két 13 nhu nhau. Tim van tc géc @, sao cho khi thanh roi s
xuéng san ddu A cham san va thanh thang ding.

. 2 98’ - 9g
Dipsé- ) @’ =w; ——=; E=——"=—3 B
p s 1) ° " T6L 32L O—*
. 9 5 STIITTIIITTTTTATITTTANTTIT?
X, = 6mL(a)5 ——g—] LY, =2mg. _
32L 16 Hinh bai 12

2 2
2) a)gzi _9.+1M)_ k=0,1,2, ...
4014 4+3=x{l+4k)

C E
AALLLLARERELARARIRNARRLTS LS AR

Bai 13. Vat M cé trong lugng Q = 100N duge dat
trén mot tdm phing BD c6 trong luong P = 25N. He
dugc git can bang & vi tri nghiéng tng véi géc
@ = 30°nhd ba sgi diay AB, BC va DE. Tinh gia téc cta
vat M va tim phing BD ngay sau khi day AB bj cat dit
trong céc trudng hop sau:

\\\\‘\\\\\\\\\\\\\
2

Hinh bai 13

1) Vat M duge ghép ciing véi tam BD.
2) Vit M c6 thé trugt ¢6 ma sat trén tim BD véi hé s6 $,

V3

ma sdt dong gitta chung la f = e

Bdp s6: 1) W, :%g;

343
2) WBD':O’Sg;WMx:Eg; WM}-=_0,4g .

Bai 14. Ong AB dai L ¢6 khéi luong 6m quay xung
quanh truc thang ding O,0, lap v6i né mot géc 60°. D
Trong 6ng cé qua cau khéi lugng m, lic ddu né diing

Hinh bai 14
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yén trong &ng tai diém gita cla doan CB. Van t6c géc ban ddu ctia éng 14 o,, CB =
2L/3. B6 qua khéi luong truc quay, ma st trong 6ng va & cic & truc quay. Tim gia téc
gbc cia 6ng tai thoi di€ém qua cdu dén dau B cha 6ng.

Ddp 56+ &, =— 2;’3

\/30(211,@5 —40&y
L
Bai 15: Lang try tam gidc vudng A trong luong P, dugc dit sdt chan twong. Trén ﬁ1€_1t

nghiéng cla ling tru tao géc o véi phuong ngang ¢6 tru trdon déng chat B ban kinh R
trong luong P, 1an khong truot xuéng dudi. He s ma sdt 1an gilta A vaBla k.

™~

Hinh bai 15a Hinh bai 15b

) Tim 4p luc ctia lang try A 1én nén ngang va tudng.

2) Hé s6 ma sit truot f gilta A va B phai thod man diéu kién gi dé B 1an khong trugt
trén A.

3) Gia skt khéng c6 tudng chan, dé A c6 thé chuyén dong tr do trén nén ngang nhin
va gia thiét trong lugng clia A va B bing nhau P, =P, =P.

a) Xdc dinh van t6c kh&i tam C cla tru B tai thoi diém khi né ha xuéng mot doan h
theo phuong thing ding, gia thi€t ban ddu hé ding yén.

b) Tim gia toc lang tru A.

2P, .
Pap sé: 1. N, = %(r sinx —keosa)cosa; Ny =P +P, — 3—2(r sin o — kcosa)cosa
T r

2. ’f>—1-tga+—2-E
3 3r

2 .
3.y, = [A23005 0w, o Boin2e
3—cos" 2(3—cos )

Bai 16. Tam gidc OAB c6 ba canh 12 ba thanh déng chit cung khéi lugng m, dai /.
Tam gidc c6 thé quay khéng ma sdt quanh truc nam ngang qua O vuéng géc v6i mat
phing tam gidc. Tai O ngudi ta gin vao tam gidc mot 1o xo xodn v6i do cing
¢(M = —c@). Ld xo khong lam viéc khi AB nim ngang. Ban ddu AB nim ngang va duoc
truyén van téc géc ban ddu @,1am tam gidc quay nguoc chidu kim déng hé.
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1) Tim van t6¢ géc, gia tdc géc cha tam gidc 12 ham cua o X
%

\ B

gbéc @ lap gilta phuong thang dimg va dudng cao OH.

2) Tim gid tri 0, dé OH c6 thé dat t6i vi trf nam ngang.

3) Tim phén luc & & truc quay khi OH nam ngang. 4
4) Gia sir khi OH nim ngang, & O mt lién két. Tam gidc
chuyén dong dudi tac dung cla trong lyc. Tim chuyén dong A
ciia tam gidc sau khi mat lién ket 6 O. _
Hinh bai 16

Ddp s6:

2

2g . 2cosp » 4 - e i )
l. e=—sm@-— —; o=1% |log—-——= g(l —cos@)+ 14y dau (+) khi
J3 ¢ 3ml” \ﬁ \@[D - Z\BmJ

khung quay nguoc kim déng ho.

2 c02>-i— ——C—n?.-—+g
C 0T f3r| 83ml

. .7 . ) 4g CT
3. R =\/§ml cos@— @ sin =\/_3.ml O, ——F—— ;
X (¢ o—@ ) \i 0 \/5'[ 6m12:] .

2 CTT
R =—\/§ml Aein@+ @~ cos®)—3mg =—=-—m
y (§sing+§~ coso) g N g

]

- gt tl , 4g e’ I a
4.0uf dao: Yo = ——, [0 —————7 > k¢ == O =4 (W T T 3
Quy daot Ye 2 \/3 0 \/5[ 6ml” c \/5 0 \/gf 6ml”

Bai 17. Con lan C la tru tron déng chét, khoi lugng m, ban kinh r, duge kéo lan
khong truot di 1én theo mat phéng nghiéng géc a voi mat phang ngang nhd hé théng i
nhu hinh v&. Toi B gém hai tdng, méi tdng 12 mot tim tron déng chit, c6 khoi tam & tryc
quay hinh hoc O,. Khéi luong va ban kinh tuong ting clia ching 12 m,, m; va 1, 1;. R to
cha dong co A duge xem nhu mot try tron déng chat ban kinh r,, khéi lugng m,, quay
quanh truc déi xing qua O,. B6 qua khéi luong cha dai truyén va ma sat & cac & truc. Bo
qua ma sit lan. Ngau lyc téc dung lén truc dong co c6 tri s6 momen M.

a) Tim gi4 tri nhé nhat ciia M dé co hé can bing.

b) Gia st M =a—b®, trong d6 a, b 1a cdc hing s6 duong, @, 12 tri s6 van téc géc
cla dong co, gia sit ban dau hé ding yén.

- Tim biéu thic vén téc géc @, cta dong co ]a ham cha thdi gian.

_ Gid skt khi @, =@, thi day budc truc con an bi dit. Tim phuong trinh chuyén

dong tiép theo cla con lan C, bi€t ring sau khi day dut, con lan van lan khéng truot.
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Heg s6 ma sit truot f gita con lan va mat m,

nghiéng phai thod man diéu kién nao dé con
lan khong truot.

Bdp s6:
L .
0 Hinh bai 17
¢ - 0r 2
20 =|1-e £ |véic=a-mg==; K={m;5 +[m21"2 +(mn; +3m)r32}l_2
b r, e
| gtz nr *
3. Giai doan 1: Con lan lan Ién, phuong trinh Xc = V;I—-3—sinoc Vi V, =13 5!
I

. . A - N . L p
Giai doan 2: Con lan lan xuéng, phuong trinh Xe =-g§—smoc. Hé s6 ma sit truot

i
f>§tga.

z
Bai 18. Tam tron dong chat khéi lugng M bén kinh R nim 5 % E
ngang quay quanh truc thang ding léch tam véi do léch 13 a.

Trén mép tim c6 moét ngudi ding, van téc gée ban diu cia "]
tdm l& @, coi ngudi 12 mot chat diém cé khéi luong m. Bo
qua ma sit & § truc.

Xdc dinh cong can thi€t ma ngudi thuc hién dé di tir E

dén truc quay.

2
P i _ O 2 2
Ddp s6: > A = 2—§-[J+m(a +R)’ m(a +R)ﬁ] . Hink bai 18

Bai 19: Mot co cdu hanh tinh chuyén dong
trong mét phang ding. Tay quay OA cé khéi
luong duge bé qua, quay déu quanh truc O véi
van téc géc w. Banh 2 c¢é khéi lugng m, 13 mét
dia tron dong chat c6 ban kinh r 1an khong trugt
trén banh 1 ¢6 bdn kinh R va dugc gin cling véi
bé mdy, né dugce dat tv do trén nén ngang.

1) Tinh khéi lugng m, clia b¢ mdy va banh 1

dé bé may khong bj bat Ién khéi nén?

Hinh bai 19
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2) Tai thoi diém ddu tay quay OA nam & vi trf ngang bén phai va lic dé bé mdy ding
yén, cdc 10 xo ¢6 do ciing ¢, va ¢, khong bi bién dang. Khao st haj trudng hop sau:

a. Bb qua ma sét gilfa b¢ méy va nén. Khdo sat chuyén dong ctia bé may?

b. Giifa bé mdy va nén cé ma sdt kho véi hé s6 ma sat trugt dong 14 f. Viét phuong
trinh vi phan chuyén dong cla bé may? Bo qua ma st tai khdp va truc quay.

Ddap 56
R+
1) my >m{( r)mz—l}
g
2) a x(t)=——(coswt—coskt)  khi k?>wm.
k™ —w
x(t):k_) —(cosot+m)+coskt) khi k? <o
Bl 1)

b. %+k*x = Hcosaot—f(g—Hsinot)signX

C,+Xy m(R + 1o’

=const; H= =const.

trong do: k* =
m, +m my +m
Bai 20. Thanh déng chét AB dai 2L trong luong P, ddu A tua trén san nhin nam ngang
va lap véi san mot goc 60°, dau B duge treo bing sgi day BD thdng ding khong trong
lugng va khong gidn. Tai mot thoi diém nao d6 day bi dit va thanh bit diu chuyén dong.
1) Xdc dinh 4p luc cla thanh 1én san ¢ thoi diém thanh bét ddu chuyén dong.
2) Tim van t¢ khéi taim C clia thanh phy thuge vao dé caohso
vGi san.

3) X4c dinh quy dao ddu B ctia thanh. B
" Pdp s6: Ap luc ctia thanh 1én san: N = %P; c
o 3g(\3L—2h)(L2 ~h?)
Vian téc khoi tam C: 'V, = = > ; 60°
417 —3h" A
X2 2
Quy dao ddu B 13 elip: 2= +—2—=1. Hinh bai 20
L= 4L°

Bai 21. Mot tim AB c6 khéi lugng m chiu tic dung clia luc F theo phuong ngang
chuyén dong khong ma st doc theo san ngang. Mot con lan ¢6 khdi tam C, ban kinh R,
khéi luong m, mémen quén tinh J d6i véi truc di qua C va thing géc véi mat phang ddy
cha con lin. Con lin duge gilt ding yén trén tim AB bang soi day cing khong gian,
khong trong luong, moét ddu day budc vao tam C con lan, mét ddu budc vao thanh ding
clha tdm AB.
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a) Tim gia t6c cia tim AB va siic cang cta day (gia thiét day luon cing).

b) Gia st con lan dugc dat ty do trén tdm (khong cé day buoc). Ban ddu hé dimg yén.

Tim chuyén dong cila tdm khi con lan lin khong truot trén tdm, bo qua ngiu luc ma
sét lan gilta con lan va tAm.

¢) Xdc dinh h¢ s6 ma sit trugt giita con lin va (
tdm dé con l4n lan khéng truot d6i véi tim AB.

. F F
Dap 567 a) Wy = ; T= L
m +my m +m,,

2
by x, =Lt mRDF

% +x,(0).
2 (m+m0)Jc+mm0R2 :

JcF

cy f> -
gl{m+my)Jc +mmyR~]

Bai 22. Hinh tru tron déng chat ban kinh r khéi
Iuong m lan ty do trén mat tru ¢ dinh bdn kinh R.
Chuyén dong bit ddu t vi tri cao nhit khéng cé van
t6c ban diu dudi téc dung.cia trong luc. Bd qua ma
sat 1an, cho hé s8 ma sat tr&q’t Iaf.

1) Trén mién gid tri cua géc ¢ (hinh v&) thoa min
di€u kién lan khéong trugt ¢lia hinh tru nhé trén hinh
tru 16n, hily x4c dinh van t6¢ khéi tam C ciia hinh tru
nho, phan lyc phdp tuyén N va lyc ma st F tdc dung
1én hinh tru nho theo géc .

Hinh b&i 22

2) Tim gid tri ca @ dé tru 1an khéng truot.
3) Chitng minh rang f_ﬁ'nh tru nhé khong thé tadch khoi mat tru Ién trude khi né bat dau
truot véi mot gid tri hitu han cla f.

Dap s6: 1) V, ;,\/gg(R+r)(l—cosgo); N=%mg(7cosgo—4); F =%mgsingo.
J143377 -1
111 '

Bai 23: Trén pha A kh6i lugng M, c6 6t6 B khéi luong m chuyén dong d6i v6i pha
theo quy luat s =b(az +e™ —1), trong d6 b, @ 12 cdc hing s6 duong. Tai thoi diém

2) ¢ <2arctg

ddu pha A ding yén. Xéc dinh vén t6c ciia pha A phu thudc vio théi gian & hai trudng
hop sau:
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1) B4 qua lue can cuia nuée.

2) Luc can clia nuéc téc dung lén pha la: R =—v. (trong d6 x4 1a hing s6 duong,

)

véi diéu kién a #

+

ba(l—e™™).

Ddp s6- 1. Bo qua lyc can cia nuée: v, =
+m

2

mbex By i A
@ paim " ¢ IV =

) °
e
:—_._ /_.l_ —= o
o= _—— AN LR RN RSN NN

Hinh bai 23 Hinh bai 24

2. C6 tinh lyc can cia nudc: v, =

F

Bii 24. T&m c6 khéi luong M dat trén hai con lan hinh try tron dong chit cing khoi
Juong m, ban kinh r, hai con lan ¢é thé lan khong trugt trén mat phing nghiéng goéc «
véi mit phing ngang nhd lyc F tic dung vao t4m. Gia thiét tim khong truot trén cac con
lan, hé s6 ma sét lan cia mat nghiéng la k, gia sir hé chuyén dong len.

1) Tim gia t6c cha tém? Luc F phai thoa man didu kién nao dé hé chuyén dong lén.

2) Tim luc ma sét trugt tdng cong do mét nén tdc dung lén cdc con lan va luc ma sét
truot tng cong clia cdc con 1an tic dung vao tam.
3) Hé s6 ma sét truot gifia nén va con lan, gilta con lan va t4m phai thda man diéu

kién nao dé ¢6 lan khong trugt.

4|:F (M+m)gsmo¢——§—(M+2m)coso¢]

Pap sé: 1.W =

4M+3m
2. (F, + F,,)=F—(M+2m)gsina— (M +m)W
3. f, > £ (M +mW —tea 3 fy >___F—mW —iga
(M +2m)gcoscx T mgcosa

Bai 25. Cho co cdu nhu hinh v&. Cic vat A,B c6 trong luong P, P,. Rong roc ¢d dinh
O 12 t&m tron déng chit trong lugng Q, bdn kinh R. Rong roc dong C 1 tdm tron dong
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chdt trong luong Q,, bdn kinh R/2. Ngiu M c6 mémen khong déi. Ngiu can c¢é moémen
M, =kV, trong d6 k 13 hang s6 duong, V 14 gid tri van t6c cha diém nim trén mép rong
roc O. Gia thi€t day mém khong gidn, ban ddu hé ding yén.

1) Tim vén t8c chia A 1a ham thoi gian t, van téc giéi han ca A va gia t6¢ cha A.

2) Tim 4p luc tén & truc O.

3) Tim sitc cang cua cic day HE, OD.

Ddp 56 1.V, :%(1-3-1')\/61 a:(ﬁ—%+%} \OJ/

ﬂ:i;ﬂ,: ;

R (8P +2P, + 40, +3Q,)
pe S _(p L MAR G O
. B "2 R)EKY B '

w
2. Ry =R+PA+0 +0, +ﬁ(1”2 +0, -2R)

Hinh bai 25

1 W 1 w
N=-(R+0)+2QA+30,); T,=—(R+0)+_ QR +0)
2 8g 2 8g

Bai 26. Hinh tru tron A déng chat khéi lugng 2m c6 thé 1an khéng truot theo mat
phiing nim ngang khong nhin. Truc C clia né dugc gin véi 10 xo cé do cimg ¢, ddu cudi
cta 1o xo gin v¢i vat B khéi luong m, ndm

trén mit phing ngang nhin. Ban ddu 10 xo bi

kéo ddn mot doan li A, sau d6 tha ra khéng cé B
van téc ban ddu. Xic dinh van tdc truc ¢ cla NN

N

hinh tru & thdi diém khi bién dang cta 16 xo N

bang 0. Bé qua ma sdr lan.

Hinh bai 26

, A
Dap s6- V, == |-
2 V3m

Bai 27. Tam tron déng chat khéi lugng m, bdn kinh r, ¢6 thé chuyén déng lin khong
trugt bén trong vong tron c6 dinh ban kinh R diit trong mit phang thang ding. Bd qua
ma sét lan. Ban ddu ngudi ta truyén cho tam C clia tdm van téc ¥, . Ban dau tam C ndm
trén dudng kinh ndm ngang AB.

a) Tim phan lyc phdp tuyén N va luc ma sat truot F,, tic dung vio tdm theo g6c ¢.

Vén t6c V, phai thoa min diéu kién nao d€ tdm lin t61 diém cao nhit D.

206



=2 7, ~ ' e - g by ~ by - 1 i hd e TR
b) Gia sir hé s6 ma sét trugt giita tdém va dudng tron 1a f = 3" V, phéi thoa min dicu

kién nao dé tfm c6 thé lan khong truot trong dudng tron?

c) Cit bo cung AD clia dudng tron. Sau khi dén D, tim tiép tuc chuyén dong trong mat
phing théing ding. Hoi tdm c6 thé tiép xuc véi dudng tron tai A va tiép tuc chuyén dong
trong dudng tron dugc khong? Bo qua tic dung clia va cham gtita tdm va dudng tron.

2
mV,

. . 1 2 7
Pdp sé:a. N= +%mgsm ¢; B = —-é-mgcosq); Vo Zgg(R—r)

R—-r1
72
3

b. Vg-z——z—g(R—r)

c. Tam khéng thé ti€p xic véi dudng trdn tai A va ti€p tuc chuyén dong
trong dudng tron dugc.

Hinh bai 27 Hinh bai 28

Bai 28. Vit A c6 khéi lugng m duogc kéo 1én nhds céc truc quay 1 va Il c6 cing ban kinh
r v mémen quan tinh déi véi truc quay riéng bang J. Céc truc quay chiu tdc dung cia cic
ngdu luc c6 momen l4n luot 1a M, va M,. Bé qua khéi lugng céc rong roc va ma sit tai cac
& truc. Coi céc day 1a nhe, khong bi gidn, kKhong bi truot trén cic vanh rong roc. Tinh:

1) Gia t6c cia vt A.

2) Siic cang trong nhanh day treo rong roc O,.
2M, +M, —Smgr

Bai 29. Tay don mang khdi Tugng tap trung m,, m, tai hai ddu va gin khdp ban 1€ vao
vanh clia mot dia tron déng chét bén kinh R, khéi luong m, chiu tdc dung momen

M = M~b¢; M,, b 12 cic hing s duong, ¢ la van téc goc cha dia. Khoang céch tir
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khéi lugng tap trung dén khép twong tng 12 /., I,. Bé qua Yhm,
khéi luong, tay don cé thé quay tron quanh truc thing
ding qua khdp. Bia quay quanh truc thing ding vuéng
gbc véi mat phang clia né qua O.

1) Lap phuong trinh vi phan chuyén déng ctia co hé
theo géc ¢ va y.

2) Gia st mI =m,l,, tim quy luat chuyén dong ctia

co hé vdi diéu kién diu.
@(0) = 0,9(0) = 0,w(0) = 0,y7(0) = w, .

3) X4c dinh van t6c géc Q, = const cua dia, khi gia s né quay déu, dé cé su can

Hinh bai 29

bing twong d6i cia tay don, khéo sat su can bing tuong déi dé.
Dap 56

1. Phuong trinh vi phan chuyén déng:

R? [%+ (m; +m, )J('|5+R(m]t'l —m,/; )sin(y — @)y +R(m/, —=m,/, )cos(q;—q:))lij2 =M, -bp

R(m/; —m,b )sin(y —@)§+(m,/} +m,5 ) —R(my, +myh ) cos(y — 9)p” =0
2. Véi céde didu kién dau: ¢(0) = 0,¢(0) = 0,(0) = 0, (0) = @, .
Phuong trinh chuyén déng:

M A N AM A 2
Q= bo (r_'_:"b_e A J_b—zo;y/:wof; vl A=R ,:?+(m, +m2)J

3. Vant6c géc Q, = %; R(ml, —m,l, ) ycos(y —p) =0
Bai 30. Mot tru tron déng chit ¢6 tam A, ¢6 trong luong P, ban kinh R 14an khong
trugt trén mit phing nghiéng ciia lang tru tam gidc B. (Pudng sinh clia tru tron A luén
vudng goéc v6i canh ddy chuyén dong cla ling try). Ling tru tam gidc B c6 trong fuong
P, vh c6 géc nghiéng so v6i mit phang ngang la
.. B6 qua ma st truot giita lang tru va mit phing
ngang. Xdc dinh lyc F cén tic dung vio thanh
CE cia lang tru theo phuong nam ngang 1a bao
nhiéu dé:

a) Try tron A van diing yén trén mat nghiéng.

Hinh bai 30

b) Tru tron A lan 1én phia trén cla ling tru.
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¢) Tru tron A 1an xuéng phia dudét.
Pdp s6: a) F =(F, +P)iga;
b) F>(P +P)ga;

¢) F<(P +P)ge.

Bai 31. Cho hé théng i gém tryc I Ja dia tron dong
chat khéi lugng m,, ban kinh R chiu tic dung mémen M
quay tron quanh O dé kéo rong roc II, ciing la dia tron A

déng chat, khéi lugng m,, ban kinh r= % , chuyén dong

lén trong mit phing thing ding. Thanh AB c6 chicu dai
2L, déng chat, khéi luong m,, €6 tl}é quay tron quanh tam Hink bai 31
A cha rong roc IL. Mot 10 xo xoén tuyén tinh, do cing

¢ = const, mét ddu gén vao tam A, con ddu kia gén vio thanh AB. Khi thanh AB & vi tri
thing ditng (6 = 0) 16 xo khong bi bién dang. Xem day cap luén cing, bo qua khoi
luong, khong gidn va cé phuong ludn luén song song v6i phuong thing diing.

1) Lap phuong trinh vi phan chuyén dong clia co hé theo goc ¢ va 0.
2) Gia sir truc quay I quay déu vdi vén tdc gdc ,, khao sat chuyén dong cla thanh

AB quanh A véi gia thiét 6 bé (sind ~ 8) va cho c4c diéu kién ddu 6(0) = 8,,68(0)=Q.

3) Khi truc quay I quay déu, xédc dinh phan lyc déng luc theo phuong thdng ding clia
ban 1é A tdc dung 1én thanh AB.

Ddp 56~ 1. Phuong trinh vi phan:
TZiRL sin O + %m3Lzé =~cB-Lgm;sin0

(4m, +3m, +2m,) R
8

+%RL(sineé+cose.éz) = M-Bzﬁ(m1 +m,)

2
2. 0= Asin(kt +d) véi A = (9“ fgj;tga=-9_0

3. Y¢ = —m,L(cos9.6% +5in60) .

Bai 32. Thanh thing dwoc gén cing véi banh ring 1 bén kinh R chuyén déng tinh
tién ngang. Thanh va bdnh rang } niam trong mat phing ding va c6 khéi luong chung
bing m,. Banh rang 2 ban kinh r, kh6i lugng m, an khép véi banh ring 1, lién két voi
bénh rang 1 nhd thanh khéng trong lugng 0,0, ndi tam hai banh rang. Thanh O,0, quay
khéng ma st quanh truc nAm ngang qua O, lam binh ring 2 lan khong truot trén banh
ring 1. Téc dung vao thanh ngang luc F = Fcoswt nim ngang. Coi banh rang 2 la dia
tron déng chat. -

209



1) Lap phuong trinh vi phén bhuyén ddng cha hé.

2) Gia st tai thoi diém ban ddu chia he ¢(0) = 0,¢(0) = 0. Tim phuong trinh dao dong
nho cua 0,0, @ = ¢(7) quanh truc ndm ngang qua O,, véi gia thiét sing ~ @,cosg ~ 1
khi ¢ nho.

Ddp s6: 1. Phuong trinh vi phan chuyén dong cla heé:

(m, +m, )i —my(R+r)dcos@+m,(R+r)p’ sing = F, cosat

%(R+r)q')'—jc'cosgo+gsinq9=0

2F,
2 2

2. = 4 (coswt —coskt) véi 4= :
k- (3m, +m, (R +r)

2 _ 2(m, +m, )g
"~ Gm, +my)R+7)

Hinh bai 32 Hink bai 33

Bai 33: Cho mot thanh gdy khic OAB ¢6 gdéc vuong tai O, cdc doan OA, OB duoc
xem la cdc thanh manh dong chit, twong ing ¢ chiéu dai 2a, 2b va khéi luong m,, m,
lién két v6i d€ D nho ban 1€ (khong ma sit) O va 1o xo xoin cé do cling xoédn bang
¢ = const. Thanh chiu tdc dung mémen can ty 1¢ tuyén tinh véi van t6¢ géc cla thanh,
vGi hé s ty 1& a. D€ D ¢6 khéi lugng my, chuyén dong theo phuong ngang va vi tri clia
né duge xéc dinh nhé toa do X, con vi tri clta thanh gay khic duge xdc dinh nho géc 6 12
g6c gilta doan OA va phuong ngang, & dé vi tri ndm ngang cita OA dng véi vi tri can
bang tinh.

1) Viét phuong trinh vi phan chuyén dong caa hé.

2) Khio sat trudng hop d€ D chuyén dong véi van téc V = V,, + Hsin Q, trong dé
Vo Hy va Q la cdc hang s6 dé biét, con t 1a thoi gian, xem 6 bé, Iy sin 9 =0.cos 0 = |,
B qua cdc v6 ciing bé tir bac hai trd lén, gia thiét hé s6 can bé. Xdc dinh dao ddong bé
cha thanh gay khiic OAB quanh truc O trong ché d6 binh én {(ling véi thoi gian t—> o).
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3) Dé don gian cho tinh toan, 1dy o = 0 trong cong thic tinh bién do cia géc quay
clia thanh gdy khic. Hiy tinh gia tri ctia h¢ s6 cing xo4n ¢ dé géc quay cuia thanh gy
khic OAB khong vuot qué gid tri cho trudc 0, titc @ < 6, trong d6 0, 12 héng s6 di cho.

Ddp 56"

1. (mg+m;+m,)X—(am, sin6+bm, cos0)0 —(am, cos§ —bm, sin 6)0° =0

, L4 2\ in0)+ud=0
—{(am, sin6+bm, cosO)X +—§(mla +1m,b" )8 —c(0, —0)+g(am, cos@—bm, sin®)+ub =

.. h 2n0)
2. Dao dong bé 6 = A cos(Xt —g) VOl A= \/ ; lge =

(k-] +4n%0? Koo

h
3.Dgcing c2 m2gb+%(mla2 +m2b2){e—-+QzJ
0

Bai 34. Thanh AB chiéu dai /, gin ban 1€ véi hai con trugt A va B ¢6 cling khéi luong m.
Con trugt A trugt theo phuong ngang, con trugt B trugt theo phuong thang diing. Mot soi
day khong dan budc vao B va quan vao hinh try tron déng chét khéi lugng M. Lap phuong
trinh chuyén dong clia co hé. Bo qua khéi luong cia thanh.

Dip 567 38 —1pcosp+Ig*sing =2g
21(2m + M cos’ @)@ - 2MS cosp —IM¢’ sin 2¢ = 4mg cos @

4 (LSS LS

AR A R

Hinh bai 34 Hinh bai 35

Bai 35. Co cdu hanh tinh dugc dat trong mat phang nam ngang. Vanh tron dong chét |
kh&i luong M va khung cting tam giéic ¢6 thé quay doc lap quanh truc thang diing O. Tdc
dung 1én vanh trdon 1 moé men M,, khung 2 mé men M, khong d6i. Tai cac dinh A, B clia
khung 2 gin ban 1& vao tam céc dia trdn dong chit 3, 4 ¢6 cling khéi luong m va ching
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1i€p xtc voi vinh 1. Hé chuyén déng tir trang thii ding yén. Xdc dinh vin téc géc cha
vanh tron 1 12 ham phu thudc vao thoi gian. Biét M = 2m, bén kinh cic dia tron bing r,
ban kinh vanh tron R = 3r, bd qua khéi luong clia khung.

10M, —3M,

bPdp'ss: w = 3me?

Bai 36. Theo mat phing nghiéng clia ling tru 1 khéi luong m, hop v6i phuong ngang
mot géc o tru tron dong chét 2 khéi lugng m, chuyén dong lin khéng truct 1am cho lang
tru dich chuyén theo mat phang ngang nhin nim
ngang 1am 10 xo 3 bién dang; 16 xo 3 duoe gin vao
tudng thing dimg, cé hé s6 cimg bing c. O thoi
diém ddu 10 xo chua bi bién dang. Thiét lap
phuong trinh vi phan chuyén dong ciia he.

e

Toa d6 goc x, tinh tir vi tri dau.

N7

Pdap s6° (m, + m))X, —m, X, cosa+cx, =0
p 3ot (my +m;)%, —m, X, ! Hinh bai 36

—2X,cosa +3%, —2gsina =0

Bai 37. Mot nira dia tron déng chét ¢6 bén kinh R, khéi lugng m, va khéi tam C, lan
khong truot theo dudng ndm ngang c6 dinh trong mit phing ding. Tai A mot chat diém
6 khéi luong m, (m,<<m,) gin ciing véi dia. Tai thoi diém ddu OA 6 vi tri ndm ngang

(6,= 0) va nhan dugc van t6c ban diu o,.

B

L. Viét phuong trinh vi phin chuyén déng clia vat?

2. Gia stir géc O giita duong kinh AB va phuong
ngang 1a bé (1dy sin @ =~ 0; cos 6=~ 1; m, =0 vachi A
giit lai vé cing bé bac 1), hdy x4c dinh chuyén @
dong cuia vat va phan luc mat dudng tic dung lén
dia OC & vi tri thang ding (vi tri thap nhét). Cho
OC =4R/3n.

Ddp s6-

Hinh bai 37

I. Phuong trinh vi phan:
[(1,5m,R* — 2m,) — 2R(m,ecos@+ m,Rsin 6))6
+2R(m, sinf - m,Rcos0)8* +m,gsin@ - m,gRcosf =0

8g

2. Phuong trinh dao dong bé cla dia: 8 = Do sinkt v6i k2 = -8 ___
k (97 —16)R

3. Phan Iyc mat dudng: X(t,) = 0; Y(t,) = -m,ew,” +m g.
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Bai 38. Mot co ciu gém banh xe 1 va 2, 12 nhiing dia tron ddng chit, twong ting ¢4 bin
kinh R, vi R,, khéi luong m, va m,, dt trong mat phing ding. Tay quay, bd qua khi
luong, gin véi 10 xo xodn tuyén tinh cé hé s6 cing xodn ¢ ( ngdu luc 16 xo M, = -cg), dau
kia ctia 16 xo gan vé6i tam clia banh 1. Banh xe 1 lan khéng truot trén nén thang ngang c&
dinh. Banh xe 2 lan khong trugt doi véi banh xe 1 va tai O c6 lyc F tic dung theo phuong

ngang, huéng sang phéi. Chon céc toa do suy rong 1a x va ¢, trong d6 x 1a toa d¢ (theo
phuong ngang) tam bédnh 1, con ¢ 1a géc nghiéng cua tay quay vdi duong thang ding.

1) Bd qua ma sdt tai cic khép quay, hay viét phuong trinh vi phan chuyén déng cuia
co hé?

2} K€ dén ma sdt tai khdp O giita tay quay OA va banh 1 (ngdu luc can ti 1é véi van
téc gé¢ tuong d6i v6i he s6 1a b = const).

Viét phuong trinh vi phan chuyén dong cta co h¢?

Dap s6:

1. Khi bd qua ma sét tai cdc khdp quay, phuong trinh vi

phan chuyén dong cta co hé:

,5(m +m )X +m,L(0,5—cos )¢ +m, L’ sing = F

m,_,L(O,S—coscp)iiH,szLz(b=—cq>+m2gLsin(p I
2. K& dén ma séat tai khép O, phuong trinh vi phéan é* !

chuyén dong cia co hé: Hinh bai 38

1,5(m1+m3))'{+m,_,L(O,S—cos(p)('[i+mzL(])2 sing = F—Eb-{R—-HpJ
1

m,L(0,5—cos@)X + I,szLz(p:—C(p+m2gLsm(p—b[R—+(pJ
!

Bai 39. Mot he thong chuyén tai gém mang AB Ia thanh déng chét, ¢6 chicu dai 2L,
khoi lugng m,, quay khong ma st quanh ban 1€ A duéi tic dung cla ngdu luc M. Mot
tdm chif nhat déng chat, ¢6 khoi luong m, chiéu dai 2a va chiéu cao 2h trugt doc méng.
Chon cdc toa do suy rong di 1a @ va u, trong dé ¢ 1a géc nghiéng cua mang AB vai
phuong ngang, con u 12 toa do khéi tam cla tdm doc médng AB. Tai thoi diém dau khdi
tam tAm nim trén dudng OA con mdng ndm ngang. Co hé chuyén dong trong mit phing
thing ding.

1) Bo qua ma st gifta mang v tam, hay viét phuong trinh vi phan chuyén dong cia
co hé?

Cho cong thic tinh m6 men quén tinh tém chi nhat: J = mh*/3; J, = ma’/3.

2) D& don gian, xem tdm Ia chdt diém truot doc mdng vé6i hé s6 ma sat truot dong la f.

1o
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Vit phuong trinh vi phan chuyén déng ciia co he?
Bap s6-

1) Phuong trinh vi phan chuyén déng cia co he:
4 o [4nt+a® L.
l:g m,L +m(—-3+—a+ u“]:,qw mhil + 2muug =

=(myL +mu)gcos @+ mghsinp—M

Hinh bai 39

- . -2 .
mh@ + mii ~mud~ =mgsine.

2) Phuong trinh vi phan chuyén dong clia co hé khi don gian:
4 2 2. .
(EmOL' + mu')q)+2muucp ={myL + mu)gcosp~M;

J " M- Lcosg)f
—’f‘icfwmﬁ—muqb':_( mygl cosg)

u u

+mgsing .

Bai 40. Sang rung I ¢é khdéi lugng m, dwoc treo
nho hai thanh cimg (OA = DB = b) va ¢6 khéi luong
khéong ding ké (AB = OD = a). Pia tron déng chat 2 |
6 khoi lugng m, ban kinh r, 1an khong truot doc trén } "’ y : M
mit sang. Ngiu luc ¢ mé men M tdc dung lén thanh . ~2 5

, AN _ [ —
OA. Chon céc toa d6 suy rong 1A géc nghiéng ¢ cua ; @
thanh OA véi phuong ding va doan dich chuyén u 7
clia khéi tam dia trén mat sang. Co hé chuyén dong Hinh bai 40
trong mat phang ding.

O D
RSSARRNNN AN VAN

1) Lap phuong trinh vi phéan chuyén dong clia co hé?
2) Xdc dinh phan luc do mat sang tdc dung lén dia (tinh theo ©,d,u,1)?
Ddp 36 1. Phuong trinh vi phan chuyén dong ciia co hé:
(mg +m)b° + mbeos.ii = —(my, +m)bgsing+M; mbcos@.i+1,5m.ii—mbe” sinp =0
2. Phan lyc do mat sang tdc dung lén dia:
Phén luc phdp tuyén: N = P+ mbdsin @ + mb> coso
Phan luc ti€p tuyén: F, =0,5mii
3[M —(m0 + m)bgsin(p]— mb’¢” sin 20
[B(mo + m) —2mcos” (p] b’

trong dé: ¢ =

2(mgy +m)b’¢? sin+(m, +m)gbsin2¢p - 2Mcos ¢
[3(1110 + m)—2m cos” cp}b

i=
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