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Lt néi dau

Nhdm ddp ting nhu cdu gidng day, hoc tip va nghién ciu Co hoc
Iy thuyét, cuon sich “Co hoc co s6” dupc xudt ban lin diu tién
ndm 1997 vd da duoc tdi ban nhiéu Iin vao cdc ndm tép theo.

Bam sdt chuong trinh cua Bo Gido duc va Ddo tao quy dinh cho
khol cdc ngdnh Ky thudt: x4y dung ddn dung va cong nghiép, giao
thong van tai, thuy lgi vd mot s6' nganh khdc, cdc tic gid di tiéh
hdnh bién soan lai cudn sdch va cé nhiéu b6 sung, sia chiva voi
phuong chim ngdn gon va sét voi trinh d¢ chung cida ban doc.
Lan in ndy cudn sdch mang tén “Co hoc ly thuyét’ va c6 ba phin
duoc bé ' tri 1am hai t4p:

« Tap [ gobm hai phan: Tinh hoc vd déng hoc.

o Tap II: Phdn Dong luc hoc.
Dé ban doc ndm dupe nhitng kiéh thife co' bdn vé co hoc, sau phén
Iy thuyét c6 cdc cdu hoi 6n tap. Cudi mbi phédn cé trinh bay cdch
gidi mot 6" bdi todn. Sau d6 1a cdc bai tdp dupc sdp xép tir don
gidan dén phuc tap.
Trong qud trinh bién soan, cudn sdch khong trdnh khdi khiém
khuyét. Cic tac gid vui mimng nhdn dugc su gép ¥ cua ban doc dé
cudn sach ngdy cang hoan thién hon.

CAC TAC GIA



Phan ba
PONG LUC HOC

Pong luc hoc la phan t8ng quat nhat cla Ca hoc 1y thuyét, trong 46 nghién
ciru mét cach toan dién cac quy luat chuyén déng co hoc cla vat ran dudi
tac dung cla cac iuc.

Né&u nhu tinh hoc nghién cliu sy ¢an bang clia cac vat ran dudi tac dung
cla luc, con déng hoc chi nghién ciu vé mat hinh hoc chuyén ddng cla vat
ran thi ddng luc hoc nghién cliu md&i lién hé gitta chuyén déng cla vat ran
va luc tac dung Ién né.

Dua trén hé tien dé clia Niuton, déng luc hoc thiét 1&p mai lién hé co tinh
chat quy luat gitfa hai dai lugng: c4c dai lugng dac trung cho chuyén déng
clOa vat rAn va cac dai lugng dac trung cho su tac dong cla cac e 1én vat
rén &y. Cac méi lién hé giva luc va chuyén dong dugc bidu dién dudi dang
cac phuong trinh vi phan chuyén dong, cac dinh ly t8ng quat va cac nguyén
ly ¢cg hac.

D& dam bao tinh théng nhat cla chuong trinh Co hoc ly thuyét, trong ddng
luc hoc chung ta van sl dung nhimg Khai niém cd ban clha cd hoc da cb
trong finh hoc, déng hoc nhu vat ran tuyét ddi, fuc, cac dang chuyén déng
cla vat thé.

Ngoai ra, trong déng luc hoc ta con gap médt khai niém mdi la tinh quan tinh
cGa vat ran. Nhu & tinh hoc va déng hoe, trong ddng Iuc hoc cling dudc
nghién citu theo hai dang mé hinh; déng iuc hoc ¢hét diém va déng luc hoc
cd hé.



Chuong 1

CAC KHAI NIEM CO BAN -
HE TIEN BE DONG LUC HOC

§1.1. CAC KHAI NIEM CO BAN

1. Chat diém 13 mot diém hinh hoc mang khéi lugng.

Ta cb thé coi mét vt mang khéi lugng nhung kich thudc khong
dang ké hay rit nhé so véi quang dudng ma né di chuyén duge la
mét chat diém,

2. Co hé (hé chat dié’m) 1a tap hop cac chit diém ma trong dé vi tri
vi chuyén déng ctia mdi chat diém lai phu thudc vao nhiing chat
diém con lai.

Ta coi vt rin tuyét déi 1a mét cd hé dic biét ma trong d6 khoang
cach gitia hai diém b4t ky khéng d6i trong suét qua trinh chuyén

déng.
3. Hé quy chiéu quan tinh (hé quy chifu tuyét dai)
— Hé quy chiéu quan tinh 14 hé quy chifu ma trong dé cac tién dé
Niuton duge nghiém ding.

— Hé quy chiéu quén tinh con goi 1a hé quy chiéu tuyét di hay hé
quy chiéu c§ dinh.
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— Ngudgc lai ta c6 hé quy ehidu khéng quéan tinh.

— Trong k§ thuat hé quy chidu gan vao mét dat duge col la hé quy

chiéu quan tinh (vi ta dé bd qua su chuyén déng cta qua dit)

4. Co hé khéng ty do 1a tap hgp cac chit diém ma trong d6 chuyén
dbng cua cac chat diém thude hé khong nhiing chi phu thude vao
cac lyc tac dung ma con bl rang bute bdi mot s8 diéu kién hinh hoc
va dong hoc cho trude. Ngudc lai ta e6 co hé ty do.

5. Luc va phan loai lfc

Lute 12 mdt dai hugng dge trung cho téc dung tuong ho giita cac vat
va la nguyén nhén gy ra bién di chuyén déng cua vat.

-~ Ngoai cac e khoéng d6i ma ta da biét trong tinh hoe, trong
dong lyc ta con gap luc phu thudc vao thoi gian (nhu ap luc
ciia dong cd tc dung 1én méng may), lue phu thude vao van
tdc (nhu lge cdn cua mdi trudng tac dung lén vat khi
chuyén dong), luc phy thude vao vi tri (nhu lyc dan héi, lyce
hap dén tuong ho).

- Téng quat lyc cb thé phu thude ddng thdi vao thoi gian, van
tdc va vi tri. Khi do bidu thiic tdng quat ctua hyc la

F=F(t0,7). 1.1)
Cac lye trong dong luc hoc duge phan loai nhu sau:
« Phan loai lyc tac dung lén co hé thanh luc hoat dong va phan
lue lign két
_  Phan luc lién két dic trung cho tac dung co hoc cua lién két
lan che chit didm thude hé. Phan Iyc lien két ky hidu N.
_  Céc luc khong phai 14 phan lye lién két goi la luc hoat ddng.
Luc hoat dong ky hiéu F.
« Phan loai luc tac dung 1én hé thanh ngoal lyge va noi lye:
— Ngoai luc 1a nhitng lue do cac vat bén ngodl hé tac dung 1én

chc vat thude hé. Ngoai hie ky hiéu Fe.
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— Néi lyc 12 nhitng lyc do cae vat thude hé tac dung 1én nhau.
N&i luc ky hiu F' . Cac tinh chét cd ban cta ndi lyc:

+ Vectd chinh cta tét ca ndi lue tae dung 1én hé bang khéng:

Y Fi=0.
k=1

+ Mémen chinh clia tit ca cac ndi lye déi véi mot tAm hay

mdt truc nao d6 bang khéng:
> mo(F)=0; > m(F)=0.
k=1 k=1

Cén luu ¥ rdng cic cach phan loai lyc nhu trén chi ¢6 tinh chat
tuong doi.

§1.2. HE TIEN DE PONG LYC HOC

Céc tién dé nay do Niuton trinh biy 1a4n ddu tién vao ndm 1687, da
dat co s6 cho cd hoc cd dién cho nén ngudi ta con goi cd hoc c6 dién
14 ¢¢ hoc Niuton. Céc tién dé Niutdn phat biéu cho mét chat diém.

1. Tién dé 1 (tién dé quan tinh): Mot chat diém gid nguyén trang thai
nghi hay chuyén déng thing déu khi khong ¢6 luyc tac dung 1én né.

Theo tién dé nay, khi khéng ¢6 lue tac dung 1én chit diém thi no sé
chuyén d6ng quan tinh. Nghia 14 khi F =0 thi V =const hay
W=0.

Tién dé nay chi cho ta biét nguyén nhan gy ra bién d6i chuyén
déng 14 luc. Nhung luc Jam thay déi chuyén déng nhu thé nao thi
ta phai xét tién dé 2.



10

CO HOC LY THUYET — TAP HA!: PHAN BONG LUC HOC

2. Tién dé 2 (tién dé co ban cua dong lyc hoc): Gia tée cia mdt chét
diém chuyén dong ¢ cting phuong chiéu véi lye tde dung 1én né va
6 gia tri ty 18 véi lyc Ay:

F=mW. (1.2)

Hé thic (1.2) goi 1a phudng trinh cé ban déng lyce hoc.

Thuc nghiém ching td rang hé s ty 1&€ m chi phu thudc vao vat
dang xét. Trong co hoc ¢d dién ngudi ta coi m 14 hang s8 va khong
phu thude vao van tdc chuyén dong.

Tir ddng thie (1.2) ta thdy:

— Vi mdt vat nhit dinh (m = const) mudn gia toc tang 1én thi luc
tac dung phai ting.

— N&éu lye tac dung khéng d6i, ta thiy m cang 16n thi W cang
giam va ngugc lail.

Nhu vy, m chinh 1a 6 do mdc df quén tinh clia chit diém
nghia 12 mtc d6 chéng lai sy bién ddi chuyén déng cua chat
diém do hie tae dung 1én né gay ra. Vi hing s8 m bidu thi mitc d6
quan tinh cta chat diém cho nén ta goi m 1a khéi lugng quan tinh.

— Trong higng va khoi lugng:

Duéi tac dung ctia luc hit trai dat (trong lugng) tét ca cac vat
khi roi tu do dén gan mit dit déu chuyén dong véi gia téc trong
trudng g . Theo tién d¢ 2 ta c6:

:‘-’.zmé hayng.
g

Tit day ta thay khéi luong m cha vat cé thé tinh qua trong
lugng cua nb.

3. Tién dé 3 (tién dé tac dung va phan tac dung): Luc tac dung tuong
hé gifta hai chdt diém la nhiing luc ¢6 ciing dudng tac dung, cling
cudng d6 va nguge chidu:

F, =-F,. - (1.3)
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Can chd ¥ rdng hai lyc nay khéng phai 1a hé luc can bang vi ching
dit 1én hai chit diém khac nhau.

Tiéen dé nay 1a c0 s§ dé chuyén tit dong lyc hoc chat diém
sang dong luc hoc ¢ hé va né giit vai trd rdt quan trong trong dong
luce hoe,

4, Tién dé 4 (nguyén 1y doc lap tac dung): Mot chat diém chiu tac
dung déng thdi cia nhidu Iyc ¢6 gia t8c bing tdng hinh hoe cac gia
tdc cla chit diém Ay khi chiu tac dung riéng ré cua tiung hje mét.

(4 st khéi luong ctia chit diém 12 m:

mW, =FT; mWQ:Fg: mWw, =}7’:;

H
T
+
m+
+
"

m(W{+WE+.‘.+Wn)

mW =3 F, - R,
k=1

trong dé WZWl—F@d-...-FWn :
Hé don vi co ban:

—  Nuéc ta da ban hanh hé don vi do ludng hgp phap trén cd s6
hé dan vi quéc t& SL

—  (Céc dai lugng co ban trong co hoc caa hé don vi nay la df
dai (m), khéi lugng (kg) va thoi gian (s). Don vi do hje la
Niuton ky hiéu la N,

— Theo F =mW véim = 1kg; W= 1m/s® thi lyc 1a IN.

Vay Niuton 12 luc tée dung 1én chit diém cé khéi lugng 1kg

gay cho né chuyén déng véi gia tdc 1m/s”.

— Quan hé gita kG va N: 1kG = 9,8N = 10N,



Chuong 2

PHUGNG TRINH
VI PHAN CHUYEN PONG

ﬁ

Chiing ta sé xudt phéat ti phuong trinh co ban caa dong luc hge aé
thiét 1ap cac phudng trinh vl phan chuyén dong va tim céch tich
phén cac phucng trinh dy,

§2.1. PHUONG TRINH VI PHAN
CHUYEN DONG CUA PIEM

Xét mét chit diém tu do c6 khai lugng m chuyén déng trong hé quy
chiéu quan tinh duédi tac dung cua Idc F(t,F, 7). Ta lap phuong

trinh vi phén chuyén déng cua diém trong cac hé toa do khac
nhau.

1, Dang vectd

—_— — —_— 2_- +r
Theo phuong trinh F =mW va tit dong hoc ta c6 W = i’ ; =F ta
t
dudc bidu thic
- —_— 2.- -n
F:mwzmii—;”:mf. 2.1)

dt
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Day 1a phucng trinh vi phan cdp hai mo ta chuyén déng clia diém
d dang vectd.
2. Dang toa dd Pé-cac
Chiéu 2 hai v& caa (2.1) 1én cac truc cha hé toa dd Oxyz ta dugc:
mW,=mx=F_ (¢, z2,%, 9. 2);
mW, =mj = F (t,%,5,2,%,3,2); (2.2)
mW_ =mz=F,(xY,2%, ¥.,2),

trong d6: F, F,, F, - hinh chiéu cia luc F';
W, W, W, hay %, ¥,% - hinh chiéu cia W lén cac truc

—

toa do Dé-cac vudng goéc Oxyz.
Ta xét cac dang dédc bigt saw:

« N&u chit diém chuyén dong trong mot mét phéng thi ta 1dy mat
phing dé lam miit phing toa do chita hé truc Oxy. Khi dé ta cb
cac phuong trinh sau:

F, =mW,_ = mx;
(2.3)

F,=mW, =mj.

o Néu chit diém chuyén dong trén mét dudng théng thi ta chon
duong thing 4y lam truc Ox vdi chiéu duong cung chiéu chuyén
ddng. Lic nay phudng trinh vi phéan chuyén déng s& 1a _

F,=mW_ =mx. (2.4)

3. Dang toa do ty nhién

Né&u ta chon hé toa do ty nhién M1nbrdi chiéu phuong trinh (1.2)
]én cac truc toa dd do ta co:

\
F.=mW, =mﬂ;
dt
2
F, =mW, =m—V——; k' (2.5)
p
Fb = me —O,
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2.2.1.

trong d46: F,.F,.F, — hinh chifu cfia lue F 1én céc truc tiép
tuyén, phap tuyén chinh va trting phap tuyén:
W_,W_ W, - hinh chiéu cGa W lén cac truc dy, trong dé
W, ludn bang khéng.

Céc phuong trinh (2.5) 12 phuong trinh vi phan chuyén déng cta
chét diém & dang toa dd tu nhién.

Chii §:

— Né&u chit diém chiu tdc dung ctia nhidu luc thi v& trai cia
(1.2) sé 1a hgp luc caa cac luc ay.

— Cac lyc tac dung theo phudng trang phap tuyvén ludén ¢
trang thai cin bang.

§2.2. HAI BAI TOAN CO BAN CUA DONG LYC HOC

N6i dung ciia dong luc hoc nhim gidi quyét hai bai toan cd ban
sau day:

BAI TOAN 1 (bdi todn thudn)

Bi&t khéi lugng clia diém va quy luat chuyén dong cua né. Tim lyce

tac dung lén chat diém dy.

Gia sit quy luat chuyén dong cia diém cho béi cae phuong trinh:
x=x{t);y = y(@); 2 = z(£).

Muén tim luc F ta phéi tim hinh chi€u ci1a né 1&n céac truc toa dé
theo cac phuong trinh (2.2). Nghia 14 trudc tién ta phai tim %, %,2 .

Sau dé ta xac dinh gia tri cta Iuie F va cic cosin chi phudng cta né
dd1 véi cac truc toa do.
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Vi du 1: Ngudi ta ndng mot vat ning A trong lugng P lén nhanh

din déu nhd mét truc kéo. Hay xac dinh stic cing T cua day.
Bai giai:
« X6t chuyén dong tinh tién caa vat A:

Céc Iyc tac dung 18n vat A 1a trong lugng lugng P cuavatAva
lge cang T cua day.

» Phudng trinh chuyén dong cta vat A (dudi dang vecta):
mw — P+ T, (a)

Ta chon truc y thidng ding
huéng 1én trén rdi chiéu
phuong trinh (a) lén truc y

ta cé:

T P-mW=2w.
g

T:P[1+E].
g

Liacnay T > P.

Hinh 2.1

Khi ha vt xuéng thi gia toc W co chiéu nguge lai nén ldc d6 ta cb:

(2]

Luc nay stic cang T < P.

Khi vat chuyén déng tinh tién thing déu thi W =0 cho nén khi d6
T=P

Vi du 2: Mt xe 6td trong ludng @ chay qua mdt chiéc cau (vong

1én) véi van tée V = const. Ban kinh cong cta cidu 0 gitia nhip la p.
Tim 4p luc cha 6td 1én dinh cAu. Cho @ = 10T, V= 10m/s va p = 50m.
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Bai giai:

Ta xem 6t6 nhu mdt chit diém chuyén déng déu trén quy dao cong
taivitri M.

Cac Iyc tac dung 1én 6t6 bao gém: trong lugng G_é, phan luc do mat

ciu tae dung 1én 6t6 1a N, luc kéo F va luccan R.

N

Hinh 2.2
Phudng trinh vi phan chuyén dong (dudi dang vectd):
mW:é+ﬁ+E+F. *)
Muén tim phan lyc ﬁ, ta chiu phudng trinh vecto (*) 1én phuong

phép tuyén chinh tai M. Khi d6 ta ¢6:

2

mW, =@ - N hay m}-/-—zQ—N;
p

2
Ap Tuc 18n cdu 1a N'= N = Q[1 —V—] .

Nhu vay tai dinh cdu ap lyc clia xe 1én mat cAu nhd hon trong
hudng ban than xe.

Thay tri s6 vao ta cé:

104

N'=10{1 - ——
9,8 x50

]z 7T96T = 8T .
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Vi du 3: Mt chit diém chuyén ddng theo quy luat sau: .

x =gcoskt
vy = asin kst
z=ut

trong dé: a, &, u 12 cac hing 6. Tim luc F téc dung lén chit diém.
Bai giai:
Vi dé bai khéng cho biét dang quy dao nén ta sé tim cac hinh chiéu
cua lyc 1én ba truc chia hé toa d§ vudng goc Oxyz:

F, =mi = -mh%acoskt = ~mk2x;

F,=my= —mklasinkt = —mk2y;

F,=mz=0.

Ta nhan thdy ring
F,=0, F, 20 va F, #0 1

my

nén F nim trén mat

phing song song vl mat

phing xOy. '

M4t khée x va ¥ 12 hinh 0
chi6u cia OM Ién hai /

truc Ox va Oy nén ta cb < T
thé viét:

F=-mk’0OM, .

M (x, yv.2)

\
h
<y

-

Hinh 2.3

Nhu vay lyc F hudng vao truc Oz vi song song véi mit phing xOy
c6 cudng dd ty 18 véi khodng cach tit diém dé dén truc Oz.

2.2.2, BAI TOAN 2 (Bai toéin nguoc)

Biét khéi lugng cia chat diém va lyc tac dung 18n né. Tim quy lut
chuyén dong cia chit diém.
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Ching ta sé nghién citu viée giai bai toan nay trong hé toa 4o Dé-
cac vudng goe. Trong trudng hgp toéng quat lye F 6 thé phu thude
ddng thdi vao thdl gian, van téc va vi tri cda diém, nghia la
F - F(I,F, F). Vi vay phudng trinh vi phan chuyén ddng cha diém
trong toa dd Pé-cic vudng goc co dang:

2

. X ..
mi=m—r—=F.(t,x,y,2,%,%,2); )
dt?

5 = dzy—F ¢ 6,9, 2); (2.6)
my'_m?_ y( :x:y;zsxsysz y > .

2
mz = m~-—E =F,(tx,y2%y2). )
dt?

Dé tim quy luat chuyén d6ng ctia diém ta phai tich phan hé ba
phucng trinh vi phan thudng cdp 2 & trén. Viéc tich phan hé
phuong trinh vi phan nay cd ban phu thudc vao biéu thic cia lyc &
v& phai. V& mat ¢ hoc, nghidm clia bai todn trude hét do tinh chat
ctia Ide tac dung quyét dinh.

Tt Iy thuyét phuong trinh vi phéan ta biét rang khi tich phan mot
phuong trinh vi phén thudng ¢dp 2 bao gid cling cé hai hiing s& tich
phéan. Cho nén khi tich phan hé ba phudng trinh vi phén cdp 2 ta
¢6 6 hang so tich phan. Nhu vay sau khi tich phan thi mdi toa dé
cha diém s& phu thudc vao thdi gian va 6 hing s8 tich phan.
Nghia la:

x= x(t,Cl,CQ,CS,C4,C5,CG);

y=y5(,C,C5,C3,Cy,C5,Co); (2.7

Z22(5,01,02,03,04,05,06).

Hé phuong trinh (2.7) cho ta bigt chuyén déng cia diém xay ra
theo mot ho dudng cong ndo dé, chit chua cho ta biét mdt cach
hoan toan va duy nhit chuyén déng cha diém. Mudn xéac dinh dude
cu thé chuyén déng chia diém ta phai xéac dinh duge 6 hing s6 tich
phan theo cac diéu kién ban ddu, nghia 1a khi £ = 0 thi:
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x(0) = x, 2(0) = x,
¥0) =y, va {30)=3,.
2(0) =z, 2(0)=2,

Nhu vay véi bai todn thd hai (tim quy luat chuyén dong) bao gid
cing cAn phai bi&t thém diéu kién ban dau.

Ta hay xét mdt s6 vi du sau.
Vi du 1: (Lyc phu thude vao théi gian)

Mot vat trong lugng

P bAt diu chuyén N

dong tir trang thai F

ding yén trén dudng 0> -
thing nhdn nim X i3 X

ngang dudi tac dung
cnalge F.Lye F ¢b Hinh 2.4
gia tri ty 18 véi thoi
gian theo quy luat F = k¢. Tim quy luat chuyén déng clia vat.
Bai giai:
Khao sat chuyén déng tinh tién trén dudng thing.
Ta chon vi tri bt diu chuyén dong lam gdc toa d6 va chiu duong
cfia hé quy chidu tring véi chidu chuyén déng clia vat.
Piéu kién ban dau £ =0, x(0) = 0 va %(0) =0.
Tai mét vi tri bat ky trén vat ¢6 cac luc tac dung:
N : phan lyc phép tuyén do dudng thang tac dung 1én vat;
P: trong lugng cua vat;
F lyc tac dung.
Phudng trinh vi phén chuyén ddng ctia vat (dudi dang vecto):

mW=?+ﬁ+F. (a)
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Chiéu dang thie (a) 1én true Ox ta duge:
mW,_ =mi=F=Fkt.

Ma w, o= PVe X
_ dt dt
suy ra: de" =kt;
y " dt - 1
mdx = kt.dt.
Tich phén ca hai vé& ta c¢é:
t2
m:i',:kE+Cl. (b)
Nhung V :gi =x nén:
dt
2 2
mV =m3 k0 5 mdx=| k0, ldt.
dt 2 2
Tich phén hai vé 1dn nita ta duge: -
Bt

Ta xéac dinh céc hang s8 C, va C, theo diéu kién ban dau. Thay
£ =0 vao (b) ta c6 ¥(0)=V =0 ta duge C, = 0 va thay £ = 0 vao (¢}

ta c6 x(0) = 0 ta sé& duge C, = 0.

Vay quy luat chuyén déng cha vat la

Nhu vAy quéng dudng ma vit di duge ty 1¢ vdi lap phuong thot
gian.
Vi du 2: (Lyc phu thudc vin toc)

Mét qua ciu trong lugng P roi xudng theo phuong thing ding
khéng c6 van téc ban ddu. Lyc cdn cha khong khi ty 18 vdi khéi
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lugng va vén tde cha qua cdu theo quy luat R = kmV. Tim van téc
gi6i han va phudng trinh chuyén dong cha qua ciu.

Bai gidi:
Chon gdc toa d¢ tal vi tri qua cAu bét ddu chuyén déng va truc Oy
huéng thing diing xudng dudi.

Diéu kién ban diw: T 1o
Tait=0: ¥(0)=0va y=V, =V =0.
Yy | E-
Céc Iyc tac dung 1én qua cdu: i
P : trong lugng qua cdu; oD
R : lyc cAn ctia mdi truong, '
Phuong trinh vi phan chuyén dong (dudi dang
vectd):
e — Yy
mW=P+R
Hinh 2.5

Chifu ding thitc nay lén truc Oy ta ¢
mW, =my= P-R=mg—-kmV, = m(g - ky).

Ta co:

. dy . dy
= =g-k =dt;

Y4 TETY T ek

——-———d(g_k,y)=-kdt;

g ky

IM = _Ikdg =k Idt :
g-ky

In|g - k3| -InC; = 1ng(‘3ky =—kt;
1

g ky —e™ —»g—ky:CIe'k‘.
G
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T diéu kién ban daut=0thi y =V =0 ta ¢6 C, = g. Cho nén:
g-ky-ge™ >g-get =gll-e ) =ky.

. . g(l_e_kt) g —kt
M = e —— 1_ . *
a V=y Z k( e ™) ™

T (*) ta nhan thay rang khi £ > thi vin tée V khong tang vo
han mad V — g/k cho nén ta goi Vi, =g/k. Nhung ham e “ht

gidm rat nhanh khi ¢ ting lién tyc cho nén chi sau khi vat roi do
mAy gidy thi van t8c d& xap x1 van tdc gidi han véi sa1 s6 y kha nho.

Tt (*) ta cb

?: ‘2(1 e®) nén dy:—‘g—(l—e'“)dt.

Tich phan hai v& mét 1an nita ta cé:

jdy = j% (1—e™)dt = % ja _eMydt:

y=%t+f-2—e'“ +C,.

Tir didu kién ban ddu¢=0thi y=0 tacod

__ £
Co=-5

-kt
g, & u_8& 8, " 1
By Bk & Bl T
YRR TR k[+k k]

Day 1a phuong trinh chuyén déng cla qua cAu dbng thoi 1a phuong
trinh chuyén déng clia vat néng rdi tu do trong khéng khi c6 luc
can ty 18 bac nh&t véi van téc.

Vi du 3: (Luc phy thudc vi tri)

Mot qua cAu nhd khéi lugng m duge gin vao ddu mét 10 xo ¢6 hé s0
ctng 1la C. PAu kia cha 16 xo gin vao tudng c6 dinh. Ngudi ta kéo
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qua cAu ra khdi vi tri cdn bing mot doan la a rdi né ty chuyén

dong. Tim quy luat chuyén déng cla qua cAu.
Bai gidi:
Céc lue tac dung 18n qua cu 1a Iuc dan héi F = -Cr, trong d6 7 1a

vectd dinh vi clia qué cdu va phan lyc do nén tac dung 1én qua cAu

la N.
N
2 F
/ _{’\}____-.
7777, D777 777077 - X
P
a—»l

Hinh 2.6
Phuong trinh vi phén chuyén dong (dudi dang vecto):
mW=F+N+P. ™
Chon truc Ox ¢6 gdc O & vi tr{ cAn béng tinh nhu hinh 2.6. Chiéu
d%ng thitc (*) 1én truc x ta c6

mW,_ =mi =-Cx,

hay ¥=-—x=-k"x, (*)
m

véi ol
m

Diéu kién ban ddu ¢ = 0 thi x(0)=a va %(0)=0. Vi vé& phal chla x

S de dx dx .dx

n v trai chita # nén ta thay ¥ = — = — x— = %x—— ta duge

cdn v& trai chita ¥ nén ta thay ¥ =-— dtxdx - :
dx

¥=x22 = kx> xdt = -k xdx.
dx

Ta 13y tich phén hai vé:
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-2 2
Iidiz—jkzxdxa%z—k2%+ci,

hay
32 = —k2x? + C, voi C, =2C,.
Ta xac dinh C, ti diéu kién ban dau

+=0thi 2(0)=a va x(0)=0 taco C, =k%a®.

Do d6:

= —k%x? + k%a® = k(@ —x7);

& =—-kva? ~x*.

(3 day phai 18y d&u (=) trude can & vi diém chuyén ddng vé phia

am (x<0).

Ta thay x = %ﬁ— vao phuong trinh trén ta cod:

x dx = —kyal-x%;

:Et—_
__ix__=_kdt_

a®—x?

Tich phéan hai v& ta cé:

. X
arcsin= = -kt +C,.
a

Thay diéu kién ban diut=0thi x(0)=a tacd:

arcsinf» =2 _kt hay o s.in[E - kt] =coskt.
a 2 a 2

Vay: x = acoskt.
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Ta thiy qua cdu thye hién chuyén déng dao déng quanh vi tri can
bang vdi bién d6 a.
Ta ciing ¢6 thé giai phuong trinh (*) nhu sau:

X=—k'x > ¥+k*x=0.

Tit 1y thuyét phuong trinh vi phin thi nghiém cha phuong trinh
trén ¢ dang x = C, coskt + C, sin kt . Ta 14y dao ham béc nhat theo
thoi gian ca hai v& ta cé:

x=-kC,sinkt + kC, coskt.
Thay diéu kién ban ddu ¢t = 0 thi x(0)=a va x(0)=0 ta dugc
C, =a va C, =0. Do d6 x = acoskt (trd lai két qua da tim duge).
Chii §: Qua céc vi du vita giai ta thay bude hai caa cac bai toan déu
gidng nhau (thay x = % dé tich phan).
Vi du 4: M6t vién dan

duge bén lén véi van
téc ban ddu V, hgp véi

yi

<4

phuong ngang mot géc :
o. B6 qua slc can cua :
khéng khi. Tim chuyén { H
ddng ctia vién dan. , |

I

|

. R «x
Bai giai: 0 -
. L X
Ta khao sat chuyén
dong cua vién dan va
Hinh 2.7

xem né nhu mot chit
diém. Luc téc dung 1én
vién dan chi cé trong lyc.

Chon hé toa dd xOy c6é géc O tng véi vi tri ban diu cla vién dan.
T‘ruc Ox ndm ngang, truc Oy thing ditng huéng lén trén sao cho
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van toc ban diu 1_/; nim trong mit phang xOy. Chon gbc thdi gian
#ng véi vi tri ban dau. Ta cé:
mW = P. (a)
Chi&u dang thidc (a) 1én hai truc toa dg ta cé:
mx =0 va my =-mg.
Ti daytacd: ¥=0 va y=-g.
Didu kién ban dau sé 13, khi ¢ = O:
x2(0) =x,=0;
#H)=x,=V, cosa;
y(O0) =y,=0;
y=y, =V, sina.
Khi tich phan cAc phuong trinh vi phdn chuyén dong trén ta cé:
x=C, »>x=Ct+Cy;

y=—gt+C, ->y=——;-gtf2 +Ct+C,.
Cac hiing s6 tich phan nay dude xdc dinh tit diéu kién ban dau,
Ta co:

C, =V, cosa; Cy =V,sina; G, =0; C,=0.
Vay phuong trinh chuyén dong cha vién dan c6 dang:

x =(V, cosa)t;

; 1

y={(V, sina)t _Egtz'

Nhu vay, ta thdy vién dan chuyén d6ng trong mat phing thing

dting xOy c6 chita vectd van tdc ban déu \7:, . D& dang thdy ring

quy dao cta vién dan }a mdt dudng parabon di qua gbe toa db cd
dang:
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1
y = xtgal —Eg—(l +tgla)x?.

3]

Muén tim d6 cao H va tdm xa L cia dudng dan thi tai dinh cua
parabon ta cd:

. . V, sina
Vy=y=Vosma—gt=0—>t=-———;
: V2gin? 2 2 2
H:Vosinav"’sma—lg 051;1 aziVo sin"a0 1 tgo‘t 2,
g 2 g 2 g 28 1+tgia

V,sino V? sin2a
g

L =x=2V, cosa

Ti két qua nay ta thay néu cho trude V, thi khi o = 45° s& c6:

2
L Yo
g
Khi o = 90° thi H,, =— V.
2g

Tiy theo dang cta lye da cho ma ta phai thigc hién phép thay bién
s6 khac nhau, ta thay
X = _d_x hay ¥ =x ix_ .
dt dx
Didu kién ban ddu (x,,%,) gilt mdt vai trd rat quan trong vi nd xéc

dinh dang chuyén dong cu thé cda chit diém da cho.

§2.3. PHUONG TRINH VI PHAN
CHUYEN DONG CUA CO HE

Cho mat cd hé c6 n chéit diém, ta xét ch&t diém thit & cia hé. Tuy
theo cach phan loai lyc tac dung 1én hé ma ta c6 nhitng dang khéc
nhau ctia phuong trinh vi phén chuyén déng ctia hé.
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¢ Néu ta phan cac lye tic dyung lén hé thanh ngoai luc va ndi lyc
(ta goi FJz va F‘ 14 hgp luc cha ngoai luc va nol luc tic dung
16n chat diém thi k) thi theo tién dé 2 ta cé:

m,W, = Ff + F{ .
Tudng ty véi cac chit diém khéc thudc hé ta c6 hg phuong trinh

vi phan chuyén dong saw:
et
m Wy = Ff + F{;
T T 4 F
moWo = Fy + 5, (2.8)

m, W, =F¢ +FL.

P,

« N&u ta phén cac lyc tac dung lén hé thanh ldc hoat dong (go1 tat
12 hoat luc) va phan lyc lién két. Ta goi Fk va Nk 1a hgp lyc

cha tat cd Iye hoat dong va phan lyc lién két tac dung 1én chit
diém thit & ta cé:

mkﬁ]: :F;+E; )
my Wy =F + N1;
?TLQW2 -_—F2 +N2', (29)

Viéc tim nghiém cua (2.8) hay (2.9) rét phiic tap néu sb y chat diém
cha hé cang nhidu. Mit khac trong nhiéu bai toan thyc té, ta
khéng cdn phai tim quy lut chuyén dong cua tiing chét diém ma
chi cdn tim mot sé thong s6 dic trung cho chuyén ddng cla cd hé
nhut chuyén déng khdi tam cta hé hay ngoai lyc tac dung 1én hé,
ma khdng cin ding céc phuong trinh vi phén ta c6 thé ap dung cic
dinh 1y cac nguyén 1y cd hoc d céc chuong sau.



Chuong 7

CAC DAC TRUNG HINH HOC KHOI
CUA CO HE VA VAT RAN

§3.1 CAC DAC TRUNG HINH HOC KHOI

Ta nhan thdy chuyén déng clta mot co hé khéng nhiing phu thube
vao luce tac dung 1én co hé ma cdn phu thude vao tdng khéi lugng
va su phan b khéi lugng cta cd hé.

3.1.1. KHOI TAM CUA CO HE

. Khéi lugng cuta co hé
Dinh nghia: Khoi lugng cia co hé bing téng khoi lugng cua tét ca
cac chit diém thude co hé:

Mzimk ) (3.1)
P

Dé dac trung cho su phin bd khéi lugng clia co hé ngudi ta dua ra
khéi niém khéi tam.

. Khdi tam cla co hé
Gia st co hé ¢6 n chat diém c6 khoi lugng my, m,, ..., m, va vi tri
cta chiing duge xac dinh béi cac vectd dinh vi r,ry,..,7, , thita co

dinh nghia sau:
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Dinh nghia: Khoi tam clia co hg 12 mot diém hinh hoe C ma vi tri
ctia né duge xac dinh bl bidu thire sau:

n —_—
D mn
el
Te=""y

trong d6: m, ,a - khéi lugng va vecto dinh vi ciia chat diém thi &;

(3.2)

1

r_(; _ vectd dinh vi ctia khéi tadm C;

M =3 m - khéi lugng clia co h.
k=1

24

Hinh 3.1
Chi6u biéu thite (3.2) 18n cac tryc cha hé truc toa d6 Dé-cac Oxyz ta co:
n
PILTE S
k=1
xo ==
T M
n
Z MmrYk >
k=1
_ . 3.3
yc i 3.3)
rn
2. Mp2
_ k=1
2 = ————M , )

trong d6: Xy, yi 2; — toa dd chia chat diém thi k;
Xe Yo Zc — toa 46 cua khéi tam C.
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Néu co hé dat trong trudng trong lyc thi tu (3.3) ta cod thé viét lai
nhu sau:

i) n
> mpgxy Y, Pr¥k

k=1 -1
X = = .
Mg &
n Fi )
Z mpLyp Z PrYE
ye =*= = . (3.4)
Mg Q
n n
> mpgzy Y, Phzk
_ k=1 k=
20 = = —,
Mg Q J

trong 6. py — trong lugng cha chat diém thi k;
@ — trong lugng cla cd hé.

Nhu vay: néu co hé 1a vat rin dit trong Lrudng trong luc thi trong
{4m vA khdi tAm cda cd hé trung nhau. Nhing khai ni¢m khoi tam
téng quat hon khai niém trong tdm vi khoi tidm ludn ludn tdn tai
con trong tam chi ton tai khi hé dat trong trudng trong luc.

§3.2. MOMEN QUAN TiNH

Mbémen quan tinh cha vat 1a mét dai lugng déde trung cho tinh
quan tinh cia vat trong chuyén déng quay.

3.2.1. MOMEN QUAN TiNH CUA VAT BOI VOI TRYUC QUAY z

Pinh nghia: Mémen quan tinh chia vat 461 véi truc z 14 mot lugng vo
huéng, duge ky higu la J, va bing t6ng cac tich khé& lugng mdi
¢h#t diém thube vat vai binh phuong khoang cach tit chét diém dé
dén tryc z.
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Jz = mkhE- (5)
k=1

Tu dinh nghia nay ta thay J, luén ludn duong.

322 MOMEN QUAN TINH CUA VAT D61 VOI DIEM O

Pinh ng!m: Mémen quén tinh ¢ta vat 461 véi didm O ky hiéu 1a J,
va bing tdng cac tich khdi lugng ctia mbi chat diém thudc vat véi
binh phudng khodng céch tir chit diém d6 dén chem 0.

Jo = karf, | (3.6)
k=1

trong d6: 7, — 14 vectd dinh vi cha cht diém thdt k d6i véi diém O.
Trong hé SI mémen quén tinh cta vat cd don vi la kgm?.

N&u ta goi £, e 24 12 toa do cua chit diém thit & d81 véi hé toa do
Oxyz thi mémen quén tinh clia vat 461 véi cdce truc toa do va d61 voi
diém O sé la:

n
Jy = Z my (52 + 22

e o

k(zﬁ + x%); 8.7)

‘4
Z k(x% +y%).J

Ngudgi ta con dmh nghia cdc mdémen quén tinh tich J, I J 12
nhitng dai lugng duge xac dinh theo cac cong thiic sau:

Jx}' = kaxkyk’ kaykzk N kazkxk (3.8)
k=1

kel
Tit (3.8) ta d& dang chi ra cac tinh chat saw:

Ty = yeidye = oyidx

(3.9
Jo = Z myry = z mk(xﬁ + yi + zg),
k=1 k=1
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3.3.1,

hay:
g, = %(Jx v, +d,). (3.92)

Trong tinh toan k¥ thuét ngudi ta thudng biéu dién mémen quin
tinh ctia vat d6i v6i mot truc bing tich s6 khdi luong cua vat dol
véi binh phuong ban kinh quéan tinh p

J, = Mp®. (3.10)
Nhu vay, ban kinh quan tinh p 12 khodng cach tit tryc 2 dén mot
diém nao d6 ma ta cAn phai tap trung toan bd khoi lugng ctia vat
vao diém d6 sao cho ¢6 mdmen quan tinh béng mdémen quan tinh
cua vat do1 véi truc z.
Momen quéan tinh cla vat rin d6i véi mét truc nao do chinh 13 gidi
han cua (3.5):
n
J, = lim Y Am,h? = [R*dm. (3.11)
1 &

Amy —0
kT

Mémen quan tinh cua vat déi véi mot truc g1 mot vai trd quan
trong trong chuyén dong quay cia vat. Cho nén ta ¢6 thé néi
mdmen quan tinh cua vat dic trung cho quan tinh cha vat trong
chuyén déng quay.

§3.3. MOMEN QUAN TiNH
CUA MOT sO VAT DpONG CHAT PON GIAN

THANH MANH DONG CHAT

Gia st thanh manh AB = a ¢6 khéi lugng M. Dé tinh mémen quan
tinh ctia né ddi vai truc z di qua diu A va vudng géc voi truc thanh,
ta goi dx 12 chiu dai mét phén t& cha thanh va cach truc z mgt
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. " - . 1s i M . -
doan 1a x, khéi lugng cua né 1a dm = udx, trong d6 vy =— la khdi
a
ludng ctia mét don vi chiéu dai etia thanh,

-4

dx

Hinh 3.2

Theo (3.11) ta co6:

=—Ma®. (3.12)

3.3.2. VANH TRON DONG CHAT

Gia sit ta c6 vanh tron dong chat khéi
lugng M ban kinh R. Dé tinh mémen
quan tinh cta né déi véi truc z di qua
tAm C va vudng géc vdi mat phing cla
vanh tron, ta tudng tugng chia vanh
tron thanh cic doan nhd véi mdi doan c¢b

khét lugng m,. Vi cac doan nay déu cach

truc z mot doan bing ban kinh R ctia né
va ta col vanh trdn la tip hdp clc chat
difm c6 khéi lugng m, nén theo (3.5)
ta co:

Hinh 3.3

" 1]
Jo =Y mph = > mpR*=MR*; J, =MR*. (319
k=1 k=1
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Céng thilc nay ciing ding dé tinh mémen quan tinh cia vo tru
ddng chat d6i véi truc ciia né.

1.3.3. TAM TRON DONG CHAT

Pé tinh mémen quéan tinh cua
tAm tron déng chat ban kinh R
khéi lugng M déi véi truc z di
qua tam C va vudng goc vé1 mit
phéng clia né.

Ta chia t&m tron thanh nhing
hinh vanh khén nho ¢6 ban kinh
r, b& réng dr. Nhu vay dién tich
hinh vanh kh#én 14 2ardr va

kh&i lugng mdt don vi dién tich Hinh 3.4
cla tdm tron 46 la y=——.
2nR
Theo cong thic (3.11) thi:
R R 4|R 2
J, = Irgdm = Jr2y2:rtrdr= Znyi—- = ME ;
4 2
Q o u]
1 2
J, =§MR : (3.14)

Cong thitc nay ciing dung dé tinh mdmen quén tinh cta khoi tru
dac ddi véi tryuc cua nd.

Ban kinh quan tinh cha t&m tron dong chét la p = R—zg ¢on ban

kinh quan tinh cia vanh tron déngchatla p=R.
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§3.4. MOMEN QUAN TINH CUA VAT DI vOI CAC TRYC

3.4.1. MOMEN QUAN TiNH cuA VAT b6l vOI CAC TRYC SONG SONG.
DiNH LY HUYGHEN

Pinh Iy: Mémen quén tinh ctia vat d6i véi mot tryc nao do, bang
mdémen quan tinh cua vat déi véi tryc di qua khéi tdm song song
véi truc &y cong véi tich s6 gitia khoi lugng ciua vat véi binh

phudng khoéng cach gitda hai true:

I =dc, + M. (3.15)
z4
z':h
A
/d
ca , .
/ -~ '
s
0 - ’/, —
_____ —e’/ Y Y
M.k
Hinh 3.5

Chitng minh:

Qua khai tam C cha vat ta lap hé toa dd Dé-cac Cxyz va qua O ta
1ap hé toa dd Dé-cac Ox’y'#z sao cho Cx=0x' CyllOy'; Cz1l02' va

céch nhau mét khoang d. Theo cong thic tinh mdémen quan tinh ta c&:

Jep = D.mu(xh + 1) (a)
k=1

Jopy = . mp(X3+y'3) - o)
k=l
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Xét chat didm M, bat ky ¢6 ¥, = yx VA X = X — d.
Do dd:

Tow = Y my(x34y D) =Y myllx, - + ¥4 15
h=1 k=1
k=1 k=1 k=1

Vi 23 myx,d =2Mrcd =0, do xc = 0 - Jo, =d, +Md®. Didu
k=) ' )
phai chiing minh.

Tit dinh 1§ ndy ta thdy trong cac truc c6 cung mét phudng thi
mdmen quén tinh cla vat d6i véi truc di qua khoi tdm C eb gia tri
nho nhat.

3.4.2. MOMEN QUAN TiNH CUA VAT I VOI TRUC i QUA cOCTQA PO

Dink [y: Mdmen quan tinh ctia vt déi véi truc A bat ky di qua gdc
toa d6 cb bidu thiic sau:

Jr=d cos? o+ cos? B+, cos> :
A x COS ¥ 5 B z COS ¥ (3.16)
~2eJ y cOSQLCOSP — 2/, cosPeosy - 2 5, COSTCOSQL,

trong dé: o, B, y — goc chi phudng caa truc A.
Chitng minh:
Theo dinh nghia ta co:
J, = imkhf - imk(mi _OH1).
=1 k=1
Ta cAn chd ¥ dén cac ddng thitc sau:
OM: = (OM,)* = (;;)2 x4yl vz} =(xf +yr+zi)l

= (x? + ¥} +2z5)(cos” o+ cos? B+cos” 1) ;



38 CO HOC LY THUYET — TAP HAL PHAN BONG LUC HOC

—2 -— .t
OH i = (r,.ii)* =(x, cosa +y, cosP+2, cosy)?
(& : la vecto don vi chi phuong cua truc A).

zh

" A
T
T
H /~
7 M
y ——
o B Tk
0~ . y
S -~
S -
________ i W
X
Hinh 3.6

I
Jp = z mk[(xz + y% + z%)(cos2 o +cos> B +_c052 )
k=1
(2, cos O + yp o8P+ 2, COS P21

- - - A . & Y - l » #
Sau khi khai trién va sap x€p lai cac 8o hang ta c6:

o =y cos o + chos2 B+, cos” y
— 2¢f 4y cOSQLCOSP — 24y, cosPeosy - 2J,, cosycoso.

Dinh 1y duge chitng minh.
3.4.3. TRUC QUAN TINH CHINH VA TRUC QUAN TINH CHINH TRUNG TAM

1. Pinh nghia 1: Truc Oz dugc goi 12 truc quén tinh chinh tai O néu
J,=d,,=0.

Tuong tu 481 véi true Ox:
J,=dJ,=0.
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Dai véi truc Oy:
J.=d_=0.

yx ¥z

2. Pinh nghia 2: Truc quan tinh chinh di qua khéi tdm goi 1a truc quan
tinh chinh trung tam.

Chi §: Tt dinh nghia 1 suy ra: Néu ¢6 2 truc la tryc quéan tinh
chinh tai O thi truc thi 3 vudng géc véi ching ciing la truc quan
tinh chinh tai O.

3. Cac dinh ly vé truc quan tinh chinh trung tam

Pinh Iy I: Néu vat ¢6 truc doi xing thi truc d61 xtfing la true quan
tinh chinh trung tam.

Pinh Iy 2: Néu vat ¢6 mét phang d81 xding thi m{t trong céc truc
quan tinh chinh trung tdm vudng géc vé1 mat phéng déi xing, hai
truc kia ndm trong mat phing déi xing.

Pinh Iy 3: Néu mot trong cdc true quan tinh chinh clia vat tai diém

O nao d6 di qua trong tam ca vat thi truc d6 1a truc quan tinh
c¢hinh trung tim.



Chuong 4

CAC DINH LY TONG QUAT
CUA PONG LUC HQOC

#

Trong chudng 2 ta da nghién citu cAch gidi hai bai toan cd ban clia
déng luc hoe. Chuong nay ta thiét lap céc dinh Iy téng quat cha
dong luc hoc. Cac dinh 1y nay phan 4nh nhiing méi lién hé cu thé
khae nhau giita e véi chuyén déng va duge sit dung thuén tién
khi khdo sat cac bai toan déng luc hoc.

§4.1. DINH LY DONG LUGNG

4.1.1. PONG LUONG VA XUNG LUONG CUA LYC

a. Pdng lugng cha chét diém va co hé

Pinh nghia 1: Dong lugng cua chit diém 1a mot dai lugng vecto

bing tich s6 giita khéi luong ctia chdt diém véi van tdc cla né. Ky
hiéu G

G=mV. (4.1)

Chidu déng thitc nay 1én cac tryuc toa dd Dé-cac ta cb:
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gy =mV, = mx;
gy =mV, =my, (4.2)
q, =mV, =mz2,

trong d6: gy, ¢,» ¢.— hinh chi€u cia § 1én cac truc toa do.

2A

<4
af

X
Hinh 4.1

Dink nghia 2: Dong lugng chia cd hé 1a mot vecto va bang tong hinh
hoc chc vects dong lugng ciia che chat diém thuge hé. Ky hidu Q-

8- 0 -YmTi; @3
Qr = qrx = 2 Mi¥y,
Q=2 qry =2 MpJk - (4.32)

Q= Qpz = ) M2
Trong hé SI don vi cia d§ng lugng 14 kg.m/s hay N.s.

Ta c6 thé tinh déng lugng cia cd hé qua vén tdc khéi tim C. Tu
cong thic Mr, = ka r, , néu 18y dao ham bac nhét theo thai

gian ¢4 hai v& ta c6 M7, = kaﬁk hay MV, = ka\_l,: . Thay vao
ding thitc (4.3) ta c6:
é:ZmJ&:MTfE. (4.4)
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B

Vay dong luong clia co hé bing tich khoi lugng enia ¢6 hé véi van
5 khoi tam C caa né. Vecto @ dat tal khoi tam C.
Chii §:

_ N&u co hé chuyén dong nhung khoi tam cha hé ding yén
thi @=0 vi Vo =0.

_  Né&u hé chuyén dong phic hdp thi dong ludng Q chi dic
trung cho phan chuyén dong tinh tién cha hé cing v6i khoi
tam.

_  Cong thic (4.4) rdt thun tién cho viée tinh dong lugng cua

vat rdn. Néu co hé la tap hgp cac vat rén thi dong lugng caa
cd hé bang téng hinh hoc dong ludng cac vat ran.

b. Xung lugng cla lyc

Xung lugng cta lyc 14 mot dai higng dic trung cho tac dung clia
lyc trong mot Khodng thdi gian nao dé.

Pinh nghia 1: Xung lugng nguyén to cua luc F la mot dai ludng
vectd va bang tich s8 gitia khoang thol gian v6 cung bé dt véilye F .

dS=Fdt. (4.5)

Xung lugng nguyén & dS bao gid ciing hudng theo dusng tac
dung cua lyc F.
Pinh nghia 2: Xung ludng cua lye F trong khoang thdi gian hitu
han tix £, dén t; nao dé bing téng xung lugng nguyén t8 trong
khoang thdi gian 4y:
h
S= [Fdt. (4.6)

to
N&u F = const thi S= F(t, —t).

Chiéu (4.6) 1én céc truc toa df Dé-cac ta cb:
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S, = |F.dt;
to
)
Sy = |Fydt; (4.7)
to
4
S, = |Fat,
to

trong 46: S,,S,,S, va F,,F,,F, 14 hinh chidu cia 8 va F 1én cac

truc cia hé toa do Dé-cac Oxyz.

Trong hé SI xung lugng 6 don vila N.s

4.1.2. DINH LY DONG LUONG CUA CO HE
Gid st hé ¢6 n chilt diém. Ta xét chat diém thit k ¢6 khdi lugng m,

chuyén dong voi gia téc W, do tac dung cia ngoai lyc F; va ndi

e F; . Theo tién dé 2 ta co:

Vv, = o
hay m, dtk =F/ +F,;

d TN e L mi
Lom Vo =F{+F,
P6i véi toan hé ta co:
d o S S e — 40 _ < SF
Yo mV) =3 F 2 F, o G EmVn = = LF e L
Nhung ZE =0 nén:

dQ <7
7 _ZFk ) (4.7)
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Pink Iy 1: Dao ham bic nhit theo thdi gian veets dong lugng cua cd
hé bing téng hinh hoc tit ca ngoai luc tac dung 18n co heé.

Déng thic (4.7) biéu dién dinh 1y déng lugng ctua cd hé & dang vi
phan. Nhan ca hai v& clia (4.7) véi dt rdi tich phan vdi can tuong

ing ta co:

51 . h . n B, -
|d@ = [ Frdt =Y [Frde=35S;
Q0 b k=lt
Q, Qo= ZS: . (4.8)
0 day: Qo ,Ql — ddng lugng ctia hé tai thai diém ¢, va ¢, ;
S¢ - xung lugng cua ngoai lye F; trong khoang thoi
gian tu ¢, dén £,.

Pinhk Iy 2: Bién thién dong lugng cia co hé trong khoang thai gian
nao dé bing téng xung lugng cia tit ca ngoai luc tac dung 1én hé
trong kheang thol gian dé.

Chifu hai v& ciia (4.8) 1én cac truc toa d6 Dé-cac ta co:
le —Qoy = Z SEI
— 2
Quy - Qoy = 2.5, 1 (4.82)
Q, —Qo, =2, S,

'

trong d6: Qo R0y &0, V2 €),,Q,, @, —hinh chiéu cua @,,Q,1én

céc truc cua hé toa do Dé-cac;

J—

S,..S;, .87 —hinh chiéu cia 8 lén cAc tryc &y.

Céac déng thic (4.8) va (4.8a) bidu didn dinh 1y déng lugng cua co
hé & dang hiiu han.
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4.1.3. CAC DINH LUAT BAO TOAN DONG LUONG

Tit cac dinh 1y dong lugng ta suy ra:

2) Néu tdng hinh hoc ciia céc ngoal lye tac dung lén cd hé bing
khéng thi déng lugng cta co hé khong déi.

That vay, tit (4.7) ta thay

dQ <7 dQ
EZZF:: :0_;—a—=0 hay @ =const.

p) N&u tdng hinh chiéu céc ngoai lyc 1én mdt tryc nado doé bang

khong thi hinh chifu ddng lugng cua o hé 1én tryc dé khong dsi
(chitng minh tuong ty nhu trén).

Céc két luan nay 1a ndi dung ctia cac dinh luat bao toan déng lugng.

Y nghia:

-~ Dinh 1y ddng lugng cho ta m&i lién hé gifia van tde, lyc v6i
thoi gian. N6 gidp ta xac dinh duge mét trong ba dai lugng
khi bigt hai dai lugng con lai.

— Dinh Iy déng lugng con cho ta tim dudc cac tich phéin dau
ciia chdt diém va ¢o hé trong mot s didu kién cua lyc tac
dung. N6 cho phép ta xac dinh veotd chinh cta ap lue dong
chat 1éng tac dung 1én thanh #ng va ap dung trong nghién
ctiu 1y thuyét va cham.

Chii §:
~ Vi ndi hye khong c6 mat trong céc dinh 1y dong lugng cua co

hé. Cho nén ngi lyc khong lam bién d8i dong lugng cua
cd hé.

_  Khi ap dung dinh ly dong lugng, van t5c 1a van tée tuyét doi.

Vi du 1: Mot vién dan khéi lugng m bay ngang véi van téc @ dén
dap vao mot xe cat dang ddng yén. Xe cat sé chuyén ddng véi
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van téc bao nhidu sau khi va cham néu khéi luong ctia ca xe va cat
la M.

(O |

')'///////T/////////// ///////
Hinh 4.2 K
Bai giai:
Hé khao sat gém c6 xe cat va vién dan cho nén ta khit duge luc

sinh ra khi vién dan va cham vao xe.

Céac ngoai lic tac dung lén hé bao gdbm: trong lugng vién dan
P= mg , trong lugng xe cat Q Mg va phan lyc do méat dudng tac
dung 1én xe la N1 va N, .

Chon truc Ox nim ngang huéng sang phai.

Téng hinh chidu cac ngoai lyc tac dung lén trén truc Ox bing
khong nén Q, = const hay 14 @, = Q,. Trong dé Q,, = mu 1a dong
lugng ciia hé trude khi vién dan cham vao xe con @, 14 dong lugng
chia hé sau khi va cham. Sau khi va cham cA xe va vién dan cling
chuyén déng véi van tée V va song song vdi miit dudng nén lic
nay ta cd:

Q. =M+m)V.

Thay vao ta duge @, = Qo
hay: mu=(M+m)V;

mu

V= .
M+m
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Vi du 2: M6t vat niang A trong lugng P = 3kN roi khong van téc
ban diu xung mot t&m thép ndm ngang tir d6 cao 4 = 1,5m. Khi
bat ddu cham vao tdm thép van tée cha vatla V = ./2gh va huéng

xubng dudi theo phuong thing ditng. Thdi gian bién dang ctia tAm

thép la t = 0,01s.

Tim ap Iyc trung binh cta tdm thép tac dung 1én vat.

Bai gidi:
Ta coi chuyén déng clia vat
nhu mot chit diém.

Cac ngoai lyc tac dung lén
vat 1a trong lugng cia vat
P va phan lye N do t&m
thép tae dung 1&n vat.

Ta goi t 1a thdi gian roi cGa
vat, thoi gian bién dang
cua tAm thép 1a 1. Khi vat
cham vao tdm thép ngoai
trong lugng P né con chiu
tdc dung cha phan lyec N
do tdm thép tic dung va
huéng thing ding lén
trén. Vi phan ldc nay bién

Hinh 4.3

d6i rat nhanh trong khoang thoi gian rit nhé 12 © cho nén ta coi
nhu mot hye khéng d8i (tinh véi gia tri trung binh) va k¥ hidu la

N.Taphaitim N,

Xung lugng caa p trong thol gian (¢ + 1) 1a ﬁ(t +1) hudng thing

ding xudng dust. Con xung lugng ctia N 1a N« huéng thing ding

Ién trén.

Van tdc ca vat ldc ddu va cudi bing khéng. Chidu lén phuong

théng ditng ta cé:
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P(t+t)~Nt=0—>N=ﬂE-tT—)=P[1+£].
1 T

Ta phai tinh thdi gian ¢ ké tit khi vat rdi dén khi cham viao t&m
thép. Ta cé:

mV —-mV_ = Pt =mgt.

2
Nhung V, =0 cdn V = 2gh nén ¢ =~ = V28" 2h
g

ta cb:

N=P(1+£]:P[1 +l %]

T Vg

T két qua nay ta nhan thiy N s& téng khi A& tang hay t gidm
di. Thay cac gi4 tri caa P, A, g t vao biéu thitc tinh N ta cé:
N =167,8kN titc 1a 4p lyc 16n gap gin 60 14n trong lugng.

Vi du 3: M6t tia nuée bén ra tit miéng éng ciu hda véi van téc
u = 10m/s dén dap vao tudng thing dGng theo mét gée vudneg.

Dudng kinh miéng éng la d = 4cm.

Tim ap Wie cta tia nudc 1én tudng néu bd qua sy nén ép ciia nude.

Hinh 4.4
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Bai giqi:
Dé xac dinh ap ldec do tia nuée tac dung 1én tudng, ta di tim phan
luc do tudng tac dung.
Hé khao sat 1a khsi nude gi6i han béi cac mat cét aa,bb,ce. Sau
khoang thdi gian df khéi nude chuyén déng dén vi tri a'a’, N
Ngoai e the dung 1én hé chi ¢ phan Iic R do tudng téc dung 1én
khé1 nude,
Chon truc Ox ndm ngang hudng tit phai sang trai. Ap dung dinh ly
déng lugng theo phudng Ox:

Q. —Q, =D S° = Rdt;

., =0 vi I_/IJ_Ox va Q,, =um,

nd?

trong dé m =p udt.

Do d6:;

2 2
um = Rdt -»> upij—udt =Rdt->R= p%—uz,

trong dé p 1a khéi lugng riéng cia nude va bang 1000kg/m®,
Thay cic gia trivio taco R = 125,6N. Ap Iyc ctia nuée 1én tudng la:
R=R >R =R=1256N.

§4.2. D|NH LY CHUYEN PONG KHOI TAM

J—

Tu dinh 1y déng luong cha co hé dQ ZE‘E , néu ta thay

dt
(_Q.=Mff_0' thitacé%?=igj—cleW; hay la:

MW, =3 F* . (4.9)
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4.2.1. DINH LY

Kh#i tAm cha co hé chuyén dong nhu mot chat diém c6 khdi lugng
bang khéi lugng cd h¢ khi chiu tac dung cha tat ca ngoai luc tac
dung 1&n c¢ hé.

Chidu hai v& cia (4.9) 1én céc truc ctia hé toa dd Dé-cac ta cb:
MWg, = Mic = ZF:x = ZX‘;
MWe, =Mic =2 F, =2.Y, (4.92)
MW, = Mic =Y F° =22
trong d6: We,, We,, We, hay Zcr¥o.Zc — hinh chifu cia W, lén
cac truc toa do. Jff":_‘r,F};,F:z hay Xi,Y:,ZZ 12 hinh
chi€u clia EE 18n céc tnic toa 4o 4y.

Ti dinh 1y nay ta thdy ndi lyc khong anh hudng dén chuyén dong
kh&i tam cua co hé nhung lai anh hudng dén chuyén dong cua tiung
chat didm thude hé. Vi vay khi tim chuyén dong khéi tdm cua cd
hé ta khong cAn quan Lam dén ndi lue.

42.2. CAC DINH LUAT BAO TOAN CHUYEN DONG KHOI TAM

Tit ¢inh 1§ kh&i tim ta suy ra:
a) Né&u téng hinh hoc céc ngoal e tac dung lén cd hé bang khong

(3 F{ =0)ihl Khéi tam cha co hé chuyén dong quén tinh.

N&u liic diu o hé diing yén thi sé dng yén mai mél.
That vay, tit (4.9) ta thiy néu ZF; =0 - MW; =0. ‘E_N_; =0
hay Vi = const.

N&u lde ddu hé ding yén thi Ve =0.
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b) Néu tong hinh chifu ngoai Iyc 1én mét truc nao d6 bing khong
thi khéi tAm ctia cd hé s& chuyén ddng quan tinh theo truc dé.

Ching minh tudng tu nhu muc a & trén.

Cac k&t luan nay 13 ndi dung cac dinh luat bao toan chuyén dong

khéi tam. |

Ap dung: Dinh 1y khéi tam thudng ap dung dé€ giai cac bai toan sau:

~  Biét chuyén déng cac bd phéan cta cd hé, tim chuyén dong
cta bd phéan con lai.
—  Bi&t chuyén déng cta cd hé, tim ngoai luc tac dung 1én co

hé (thudng 1a tim phan lyc).

Vi du 1: M6t chiée thuyén chiéu dai a trong lugng @. Hay x4c dinh

doan dich chuyén cha thuyén khi mét ngudi cé trong lugng P bt

dau di tit tay 141 d6n mii thuyén, trong dé lyc can cla nude ¢6 thé

b6 qua va ldc dau hé dang yén.

Bai gidi:

Hé duge khio sat bao gdbm thuyén va ngudi.

Ngoai ldc: trong lugng thuyén @, trong lugng nguoi P va lyc ddy

Acsimet N .

Theo dinh 1y khéi tAm ta cé:

M W_’C. =P+Q+N. (a)

Chié€u (a) 1&én truc Ox ta nhan duge:. MW, =0 vi cac ngoal luc

song song vdi Oy.

W, =%, =0, do d6 %, = const. Nhung ldc ddu hé ding yén nén

%o =0. Vi vAy x. = const, nghia 12 toa d0 khai tAm cia hé lic dau

va ltc cudi bang nhaw: x% = x¢,

& diy: x2 — toa d6 khéil tAm clia hé ldc ngusi ¢ dau 14i caa thuyén;
x— toa do khéi tAm cia hé khi ngudi di dén mii thuyén.
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Ta ¢b:

%% =*L':ka va ¢ =Z§5§‘ V6 # =2 Pe)s

*)

hay: Zpaxi =Zpkxk ,

& day: x5 — toa do cta ngudi lae dau (4 vi tri tay 14i)

a
x§=x§3+n2—.

Khi ngudi di dén mii thuyén thi thuyén dich chuyén mét doan s,

gia thiét sang phai. Ta co:

xp =xp+s+alatoa d6 cia nguoi khi d6n mii thuyén;

a _ a
y}
r
a
iangpll Sug — —— _
—PF —+10 I
X o N
P
Xo
a 1
s
‘ l a
— S& ] f——
- gaill SN S
ai N—P—
- xO
P 1
Xo
Q
~ Hinh 4.5
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Thay vao (*) ta cé:

Pxy +Qxg = Px, +Qxg;
Pxs +Q[x§’, +%J=P(x; +s+%J+Q[x;+s+%J

=(P+@Q)s+Pa=0;

Pg
P+@Q

Ddu (-} chiing to chidu di chuyén ctia thuyén nguge véi chidu gia
thiét (di sang trai).

Vi du 2: Mgt ddng co dién trong lugng P, = 700N, réto cé trong
lugng P, = 300N quay véi van téc goc n = 980 v/ph theo chiéu kim
déng hd. Trong tim cda réto khéng § trén truc quay ma lai § cach
né mét doan la a = 5em.

Tim ap lyc thdng diing cia déng cd tac dung 1én nén ngang nhén
va lue cit ngang tac dung lén buléng khi gén déng c¢d vao san bing
cac buldng,

Bai gidi:

—

N
Hinh 4.6

7 ///%'/////// ///////////T/ 777777777777 AT T 777
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He khao sat 14 dong cd.
Ngoai lyc tac dung lén hé 12 trong lugng dong cd E , trong ludng
réto P va phan hic do nén tac dung 1én déng cd N.

Téng céc luc cit ngang cac bulong khi gdn ddng cd vao san bang
cac buldng 1a F.

S& khong mét tinh tdng quat néu ta coi lac dau khi ¢ = 0 khéi tdm
ctia roto & trén truc Oy. Tai thai didm ¢ khdi tam cta réto b toa do
18 x5, ¥

Lic nay:
xg = @sing = asin ok
Yo =QCOSQ= @ cosml,
. 2nn 27980
ol w=—-= rad/s
60 60
Tw dinh 1y khdl tAm ta cb:
MW, =P, + P, +N+F. (a)
Chiu ding thic (a) 16n cAc tryc toa d§ ta cé:
MW, =F; ()
MchzN—Pl—Pg. (©

Ta cé:
MWp, = Mic = ka:':':k = mq ¥ + Mmo¥Xo;
MWg, = Myc = Y my iy = mdi + meYe,
trong d6: my, My - kh&i lugng caa dong cd va cha roto;

M = m, + m, — khoi higng cua toan hé;
x,, %y VA ¥, 2 — toa db cac khéi tim caa ching.

Theo dAu bai thi khéi tam cla dong cd 13, mot diém c§ dinh va
trung vi gbe toa do nénx, = 0vay, = 0.Dodd:
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2

.. P .
MWe, = mgXg =-— =2 o sin ot
g

.. P
MWe, = mgYyy = —-EzamQ cos .

Thay vao (b) ta ¢b:

P :
F=MW,, =-Zan’sinot;

P g .

F_., =—2ao® khisinot = -1
g

Thay tri s6 ta cé:
2

F=300595 12 16200N =162kN;
980 9

F . khisinet = 1.

min

T (c) ta cd:

N=P +P, + MW, =P, +P —&amgcosmt;
L +Fy Sk Sy

max

N_,=P+P;~ £)2—&'.-:92 coswt khi cosmt = —1.
8

Ap lyc cha dong cd 1én san la

N'=-N->N=N.

§4.3. DINH LY MOMEN DONG LUONG

4.3.1. MOMEN BONG LUONG CUA CHAT DIEM VA CO HE

a. D6i vdi chat diém

Pinh nghia 1: Momen dng lugng ctia chat diém d6i vél mét tam O
nao dé 12 mét vects. Ky higu [y :
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(4.10)

Dinh nghia 2: Mémen dong lugng ctia chét diém d8i voi truc 2 13

mot lugng dai s6. Ky hiéu L.

I =m (§)=tmV*h.

trong d6: mV*
vudng goc vii truc 2 (hinh 4.7);
cha mat phang {(m) véi truc z dén

(4.11)

— hinh chiéu caa vecto mV 1én mat phaamg ()

diém O
dudng thAng mang vectd mV V*.

R 12 khoang cach tU giao

z} M(x.y.z)
g -V —
r q
0 — -
y
X
z4

3
/d

Hinh 4.7

Mo6men dong lugng mang dzu (+) néu ti diém ngon cua truc z ta

thady mV v quay quanh truc 2z ngudc chidu kim ddng hd va mang

d&u (-) néu nguge lai.
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b. D&i vdi cd hé
Pink nghia 1: Mémen déng lugng cta cd hé d6i véi mét tim O nao

d6 12 mdt vectd va bang téng hinh hoc cic vectd momen ddng lugng
clia céc chat diém thude co hé d8i vl tam do.

Lo =Y loy = Y riAm, V. (4.12)
k=1

Pinh nghia 2: Momen dong
lugng ctia ¢d hé d6i véi truc z
12 mot lugng dai s8 va bang
tong dai s momen déng lugng
cla tat ca cac chit diém thude
cd hé do1 v6i truc dy.

L,=Y 1. (4.13)
k=1

Trong hé SI don vi ¢cia mémen
ddng Iugng 1a kgm?/s.

Tinh momen dong luong cua vit
rdn quay quanh mot truc c6 dinh

Gia st vat ran (£) quay quanh

truc z ¢§ dinh véi van téc gbe

o. Xét chit diém thi k bat ky Hinh 4.8
thudée vat. Theo dinh nghia
ta co:

Lz = ilzk = zmz(mki;k-) :
k=1

Khi vat quay quanh truc z thi gia tri cia van tdc V, = r,o. Mgt
khac vects dong lugng m,V, lai vudbng goc vé1 r, va nam trong

mit phdng vudng géc véi truc quay 2 cho nén:
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N

” . n n
L, =) m,(mV,) =Y nmV, =Y nmno;
k=1 k=1 k=1

k=1 k=1
L,=d,o. )

Vay, mdémen dong lugng clia vat rdn quay quanh mét truc ¢d dinh
bdng tich s& van téc gée cha vat véi mémen quan tinh cda vat dsi
v{l truc quay.

Neéu co hé gom nhiéu vit ciing quay quanh mét truc z thi:
L,=d,0, +J,0,+..+dJ, ,0,. (4.15)
Chii ¥: Ta so sdnh céc cong thitc:
Q=MV;
L, =J,m,

trong d6: M— d#c trung cho quan tinh cha vat trong chuyén dong thing;
oJ,— didc trung cho quan tinh ctia vat trong chuyén dong quay.

4.3.2. DINH LY MOMEN PONG LUONG CUA CO HE

Gia st cd hé ¢6 n chét diém. Xét chit diém thu: k c¢6 khéi luang my
chuyén dong véi gia toe W do ngoai luc Fe va ndi hje F‘ tac

dung. Theo tién dé 2 ta c¢6:

mka —F“+F‘
dv, e i
hay m, dtk :Fk +Fk

Nhan vectd ¢4 hai v& véi r, ta cé:

v, _ EA[}E +}fj =T AF + 1, AF! . @)

r,Am,
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Theo phép tinh dao ham mdt tich vecto ta ch:

—(rAmV) S Vs rA—(m\"i) .
dt dt

Nhung ar ~V chonén %Amv =0.

dt
Do dé:

d . = _.d, 5. 4d i

& GAMV)Y = FAZ(mV) = — (o) -

dt(r @V) rAdt(m ) dt(lm) )
Con FAF? = mg(F?) v nAF: = mo(F}). (©)

Thay (b), {c} vao (_a) ta cb:
d 7= =y (B
P51 vdi ca co hé ta co:

Z%@{E@{Eg(ﬁ).

. dL,
d dt dt
nén két qua:
d(L, — =
Ldto—)- = mo(F}). (4.16)
Chigu ca hai v& cha (4.16) 1én cac truc cia hé toa do Pé-cac, ta
dugc:
d(L -
R
d(L )

T

=Y m, (F?)

d(LZ) .
T dt =Zmz(Fk) g,

4.17)
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Pink Iy: Dao ham bac nhit theo théi gian mémen dong lugng cia
o hé d6i v4i mot tAm (hay mdt truc) ndo d6 bing téng mémen cua
tidt ca ngoai luc tac dung 1én co hé d6: véi tdm (hay truc) dé.

4.3.3. PHUONG TRINH VI PHAN CHUYEN BONG QUAY CUA VAT RAN
QUANH MOT TRUC ¢S PINH

Theo dinh ly ta cé Al,) = Zmz(F:) ma L, =J,0 chonén:

d(L,) d
27 e Fe
5 =g o= 2= m(
Vay
do .. e
JZE =d, =) m,(F;). (4.18)

4.3.4. CAC PINH LUAT BAO TOAN MOMEN DONG LUGNG

T cac dinh 1§ trén ta mit ra cic két luan sau:

a. N&u téng mémen tit ci cic ngoai lyc tac dung lén cd hé d6i véi
tdm O bat ky nao d6 bang khéng thi mdmen dong lugng cha cd
hé dé1 véi tAm d6 khong ddi (vé hudng va gia tri).

That vay ti (4.16) ta thdy

dLo

Zmo(;'f)=0h> =0 do déb fg:const.

b. Néu tdng mdmen cac ngoai luc tac dung 1én cd hé d6i vdi mét
true nao d6 bing khong thi mémen dong lugng clia co hé d6i voi
truc d6 khéng doi.

Chitng minh tuong tu nhu muc a J trén.
Ap dung:

- Cac dinh 1y mémen dong lugng thudng duge 4p dung dé
nghién c@u chuyén dong quay cha vit hay chuyén déng
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ctia cd hé bao gém ca chuyén déng quay va chuyén dong
tinh tién.

_  Céc dinh luat bao toan mdmen dong higng cho phép ta Xac
dinh van t6c goc hay géc quay clia mét bé phin nao do clua
¢o hé theo van téc gée hay gbc quay caa cac bd phén con lai.

4.3.5. PHUONG TRINH VI PHAN CHUYEN PONG SONG PHANG CUA
VAT RAN

Cé thé ap dung dong
thdi dinh 1y chuyén
ddng khoi tdm va dinh
Iy mdémen déng lugng
dé giai bai toadn vét
rén chuyén déng song
phing. Trong mat
phang chuyén dong
ctia vat ta 1ap hé toa
d6 Oxy, khi d6 phuong Hinh 4.9

trinh chuyén déng cua

Kkhéi tam C dudge tinh theo dinh 1y chuyén d¢ng khoi tam

MW, =S F =F. (4.19)

Chuyén dong quay cla vat rdn quanh truc z di qua khéi tam C
vudng gbc v4i mat phéng chuyén dong duge tinh theo:

Jeb =Y me, (F}). (4.19)
Lic nay cac phuong trinh vi phan cha vét chuyén ddng song
phéng:
a. Dang toa d6 Dé-cac:

MW, = ZFQ = Fy

MW, =Y Fg, =F; }. (4.19a)

¥

JCzq-) = ZmCz (er)
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b. Dang toa d¢ tu nhién:
MW; =) F*=F;f

V2
MW: =M-S=>F;=F;
Pc

Jee =2 me(Ff)
Vi du 1: Ngudi ta cudn ddu mdt sgi day khong
gian khéng trong lugng vio mdt rong roc b
dinh ¢6 trong lugng @ ban kinh r. Dau kia cia
day budc vao vat ndng A trong lugng P.
Tim gia t8c gbc cua rong roc khi vat A chuyén
dong thing ding xudng dudi. Coi réng roc 1a
vanh tron déng chit.
Bai gidi:

Hé khédo sat bao gbém rdng roc va
vat A.

Ngoai lyc tac dung lén hé: Zé, P, ﬁ; :

(4.19b)

¢

Hinh 4.10

Ap dung dinh 1y mémen dong lugng d6i véi Oz di qua O va vudng

goe va1 mat phéng.

Ta ¢b;
dL, e
di =ka(Fk)§

LA+ LB =r(mV)+J 0= r—Igirm+

L =£r2m+9r2m=———(P+Q) r’e.
g g g

ka(F;) = Pr cho nén:

Q,:
g

o]
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dL, p—
dt = ka(F}; )!

hay: —d—[PJrQr2m]=Pr;
dt\ g

P+@
g

rie="Pr;

£ = _Pe_
(P+Q)yr’
Vi du 2: Mbt sgi day vit qua rong rogc O cd
trong lugng Q bing 1/4 trong lugng P cha
ngudi. Khi d6 mot ngudi trong lugng P nim
vao ddy tai diém A con & diém B treo vat
niang c6 cung trong lugng véi ngudi. Néu
ngudi leo 1én day véi van toc a tudng ddi voi
day thi tai trong B s& chuyén dong nhu thé
nao.

Chi y: Khi tinh mémen quan tinh cua réng
roc ta gia thiét khél lugng cha né phan b&
déu theo vanh.

Bai gldl Hink 4.11
Ap dung dinh 1y mémen dong ludng do1 véi

truc Oz di qua O va vudng goc vil mét phéng cta rong roc:

dL -
dt =2 m(E).

Hé khéo sat: ngudi A, vat nang B va rong roc 0.
Ngoai lc E vi E 14 trong lugng cta ngudi A va trong lugng vat

B, con ﬁ; 14 phan lye cua truc O va Q.

Tacs:  S.m (F{)=P,R-PyR=0 (viPy=Pp)
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R _ TA B C
L¥ =L, +L, +L;,

trong do: LS =J,0 ma J, = mR? :—i—ngz;

g
P A

7

3 day: V12 van téc di 1én cta day va 12 van t8c cta vat B;

LB _Ps gy :
g

=LA+ L8+ LS
L¥ =—£A—R(a—V3)+£B—RVB +—€-R2m=0.
g g 1
Ma Ro = Vg nén:

VB+—}‘:VB -a+ Vg =0—->%VB =a;

4
Vy =—a.
B9
Vi du 3: Mot tdm tron dong
chat trong lugng P, ban r, 4z
kinh R c6 thé quay khong Ak 8

ma sat xung quanh truc AB
thang ding di qua tam C
cia t&m. Hoi van téc goc cua

t&m s& bidn d61 thé nao néu

c6 mbt ngudi trong lugng @
bét ddu di tit mot didm cach
truc quay mot doan r theo
mot dudng tron ban kinh r

véi van tde u.

Hinh 4.12
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Bai giai:

Hé khéo sat bao gdm t&m tron gin vao truc AB va ngudi D.

.

Ngoai lyc tic dung 1&n hé gébm trong lugng tdm tron P, trong
lugng ngudh @ va cacphanhictaiAvaBla R, va R,.

Chon truc Az = AB ta nhéan thiy
Y my(F{H)=0
(vi cac ngoai luc déu song song hodc cit Az).
Cho nén L, = const. Nghia 1a L =L,, trong d6 L; 1a mémen

déng lugng cta hé khi ngudi ding yén va van tdc géc caa tdm luc
d61a o,.

CAn nhé ring khi tinh mdmen déng lugng ctia ngudi 461 véi truc z
thi vén téc cia ngudi phai 14 van téc tuyét ddi1. Theo dinh 1y hgp
van toc thi:

AAA

trong d6: V. =i 13 vAn tfe tuong ddi cha ngudi con vén tdc theo
cua nguosi la \_/'; c6 phuong vudng goc véi r va gia tri la
ro va ¢6 chiéu theo chidu ctia ®. Gid s chifu cda van
toe gbe o cling chidu véi u ta sé cd:
V,=u +70.
Khi ngudi dling yén thi u = 0 va vén téc géc caa tdm lic dé 13 o,

chonén V, =ro,.

Ta ¢6:

F4

L =[Jz +Qr2]mo.
8

EM =L +L* =chno+gr(rmo);
g
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Khi ngudi di véi van tée 4 thi:

LY=L +L¥ =sz+9r(u+m}) =(Jz +gr2]m+-gru.
g g g

Thay L, =L} ta duge:
[Jz +9—r2]mo :[Jz +9—r2]m+gm;
g g g

ng+Q?'2 - Qru Qru
W= =@, - ————5 -
J‘,_g+QJ"2 J3g+Qr2

Vay khi ngudi ding yén (u = 0) thi @ =@,

van tdc goe s& giam khi ngudi di cung chiéu quay cua o. Nguge lai
van toc goc & tang khi nguadi di nguge voi chidu quay cia .

§4.4. DINH LY PONG NANG

4.4.1. PONG NANG

a. Déng ning cha chat diém va ca hg

Dinl nghia I: Dong ning clia chat diém 1a mdt dai lugng vo hudng
va bing mot niia tich s& gidta khéi lugng cla &iém véi binh phuong

van tdc cia né. Nghia la:

T:%mv? (4.20)

Pinh nghia 2: Ding nang cla cd hé n chit diém bing téng dong

ning cua cac chit diém thude hé.

T = Z%mka ‘ (4.21)
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N&u co hé gdm cac vat chuyén ddng thi ddng ning cta co hé bing
téng ddng nang cta cac vat chuyén déng.

T-3T,.
k=1

Trong hé SI dong nang c6 don vi 13 kgm?*/s®,

b. Pdng ning ctia mét sé vat ran chuyén dong

Vit rdn chuyén dong tinh tién _
Ta coi vat rdn chuyén déng tinh tién 1a tap hop n chAt diém.
Khi d6:
T-31mvz.
w1 2
Nhung vi vat chuyén dong tinh tién nén van toc moi diém déu
bang van t6c khéi tdm C. Tiac la V, =V, do dé:
i

1 1 1., 1
Tzzgmka:ZEmk 3=§V32m,,=§MV§;

k=1 k=1 k=1

Vay: déng ning ctia vat chuyén dong tinh tién bing mot nia
tich s6 khéi lugng cia vat véi binh phudng van téc khéi tAm C.
Vit ran chuyén dong quay quanh mot truc cd dinh

Khi vat quay quanh truc z ¢ dinh thi van tde cha diém M, bat

ky thudc vat 1a V, = ryo. Trong d6 r, 14 khoang cach tir truc z
dén diém M, va o 12 van téc goc cta vat. Do d6 ta c6:

T = iémka =

n
k=1 k=1

1 2 .2 1 2 < 2
—mkrkﬂ) == kark .
2 2

1
Nhung ka ri =J, 12 mbémen quén tinh cta vat d61 véi truc z.
k=1
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Do dé: T = észﬁ : (4.23)

Vay: déng nang cua vat rédn chuyén ddng quay quanh mdt truc
¢§ dinh bing mot nia tich 8 mémen quan tinh cla vat ddi véi
truc quay va binh phudng van t8c géc ciia nd.

Vit rdn chuyén dong song phing

Khi vat chuyén déng song phing thi tai m3i thdi diém van tdc
cée didm thudc vat phdn b8 nhu la chuyén déng quay tic thoi
‘quanh truc di qua tdm van téc tie thoi P va vudng goe voi mat
phang chuyén dong. Khi d6 4p dung cdng thite (4.23) ta c6:

1
T:EJPZQ)E’ (*)

trong dé: Jp, 12 mémen quan tinh cha vat doi véi truc z di qua
tAm van tée titc thai P va vudng géc vl mit phing chuyén doéng
clia vat edn o 14 van toc gdc cua vat.
Theo dinh 1y Huyghen ta cé:

JIp, = Jo, + MdZ, (**)
trong d6: d — khodng cach gilla hai truc song song di qua khéi

tam C va tdm van tdc tic thoi P.
Thay (**) vao (*) ta dugc:

7=l ot =1, + Md)o? = 1,00 + = Md%e®
9 Pz 9 Cz 9 Cz 9

Nhung od = 0.P.C = V¢ nén:

T- %chof +%MV§. (4.24)

Vay: déng nang cla vit chuyén ddng song phing bing déng
nang ctia vat trong chuyén dong tinh tién cing véi khéi tdm C
cdng véi dong ndng cua vt trong chuyén déng quay quanh truc
di qua khéi tdm C vudng géc vdi mit phing chuyén dong
cua vat.
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4.4.2. CONG CUA LYC

Céng cta lyc trén mét doan dich chuyén nio 46 12 mot dac trung
o ban dé danh gis tac dung cda lyc trén doan dich chuyén dé.

z4
M, E N
v
T = M,
0 —a—
Y
X
Hinh 4.13

a. Céng nguyén to

Dinh nghia: Cong nguyén t&§ ctia lyc F trén mdt doan dich chuyén
v6 cang bé ds 12 mot dai lugng v6 huéng va duge xac dinh:

dA = F.ds, {4.25)

trong d6: F.= F.cosa - hinh chifu cua lyc F 1én phuong vectd van
téc V diém dat M caa lyc F. Do dob dA = F.cosa.ds.

Tir ding thitc nay ta thay F va ds déu dudng nén dau cta dA phu
thudc vao @8 16n cha goe o

-~ Néuacx< -121 thi dA > 0: Iyc 1am tédng chuyén ddng.
~ Néua> _’2£ thi dA < 0: luc can trd chuyén déng.

- Néu o =% thi dA = 0: luc L vdi phudng chuyén déng nén

khéng sinh cdng.
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Mat khac ti dong hoc ta co ds = Vdt cho nén:
dA = F.coso.ds = F.cosa.Vdt = F.Vdt = F.dr;
dA = F.dr . (4.26)

Déng thitc nay bidu difn cong nguyén td & dang vectd. Ta cé thé
bidu dién (4.26) 8 dang giai tich:

dA = Fdx+ Fdy + Fdz = Xdx + Ydy + Zdz, (4.27)
trong d6: F, F,, F. hay X, Y, Z la hinh chi€u ctia luc F 1én céc
truc toa do;

dx, dy, dz - hinh chifu cia dF 1én cdc truc &y.

. Céng hitu han cta lyc F

Dinh nghia: Cong cua lygc F trén mot doan dich chuyén hitu han tit

vi tri Mo dén M, nao do do diém dit cua ldc F vach ra bing tich
phén xac dinh cua cdng nguyén 6 dA trén doan dich chuyén 4y.

M, M, M,
ASTIT, = Mdes der_ dex+de+Fdz (4.28)
4] O

Don vi tinh cong trong hé SI 14 Nm hay Jun
Cong suat:

Pinh nghia: Cong suit 14 cong do lyc sinh ra trong mdt don vi thoi
gian. Ky hidu cong suat 1a N:

N-FA_§ % _FV=FesaV;
dt dt
N=FV. (4.29)

Don vi tinh cong sudt 1a J/s.

¢. Bidu thire tinh cdng trong mot sé trudng hgp thuang gap

« Cdng cna trong Iyc

Mét chét diém c6 khdi lugng m khi & gAn mat dat co trong lugng P
hudng thing ddng xudng dudi.
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Néu ta chon hé toa d§ Oxyz co truc Oz hudng thing dling 1&n trén
thitaeé: P,=0; P,=0; P,=-P.

Khi d6 edng cha trong luc P ssla

Ml Z1 41
A . = Idex+Pydy+Pzdz:—dez=—P [z
MoM, Mg zp 20

A . =-P(z,—2).

Néu ta goi & =|z, —z| thi ta ct:
A, =+Ph. (4.30)

z{i

T Zyp———— My (X0 ¥0:20)
L L ———————————— My(x.y1.24)

<9

Hinh 4.14

Tit (4.30) ta thiy cong cha trong luc mang dau (+) khi diém dit cha
lyc di xudng va mang dau (-) néu nguge lai. Ta nhén thay cong cua
trong Iuc khong phu thuge vao dang quy dao diém dit cha lyec ma
chi phu thude vao hiéu s8 do cao A.

» Cong cna lyc dan héi tuyén tinh

Lae dan hdi tuyén tinh tudn theo dinh luat Hic, nghia la:

F=—cr,
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trong d6: ¢— hé sb clng;

7 — vectd dinh vi diém dat clia F = —¢r @61 voi gbe O,

Zh

Hinh 4.15

Céng cua lue F khi diém dit eda no di chuyén ti vi tri M, dén vi
tri M?_ lfi'

1

A= jﬁ'd? - —jc?d? = r%{]d(;f ;

r

A=—Sdet)y =-L{z -r2). (4.31)

hd
2 2

o TS

Trong trudng hap 16 xo, cdng cla lue dan hdi 16 xo khi dau mut cha
né bidn dang mdt doan § so véi trang thai khong bién dang (trang
thai tu nhién) clia né bang:

A=-S8%,
2
Cng nhu céng cha trong lyc, céng cha lyc dan héi tuyén tinh

khéng phu thudc dang quy dao diém dit caa ligc ma chi phu thude.
vio vi tri ddu va vi tri cudl cia né.
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« Cong ctia Iyc dat trén vat ran chuyén dong quay
Xét hac F tac dung lén vat rdn quay
quanh truc ¢d dinh. Khi d6 cdng nguyén
t6 cha e F sé la:dA = F ds=F.hdo,
vi ds=hde va de la géc quay nguyén
t& cha vat. Mat khac ta thay F. A lai la
mdmen cua lyc F 481 vdi truc quay z,
nghia 13 M, = F.h.

Do d6:

dA = F hdg = M,do.

Néu vat quay mét goc hitu han ¢, thi

cong la:

! ™m
A= [dA= [M.de.
K 0

Hinh 4.16

Néu M,=const thiA =M,p,. {(4.33)

N&u vat chiu tac dung caa mét ngiu luc nim trong mat phéng
vubng goc vdi truc z thi M, chinh 14 mémen cha ngau lyc dy.

e Cong cua lyc ma sat trugt

Xét vat chuyén dong trén mot mat khong nhin. Khi d6 c6 lvc ma
sat trugt. Do dé:

M, o
A I = - IFdeS
Moty o 4.3 [ v
.34
" wsy
=~ J fINds.
Mo
Hinh 4.17

Cong cta luyc ma sat trugt

ludn dm.
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e Céng cua lgc ma sat tac dung 1én vat chuyén déng song
phéng lan khéng trugt

(Gia s banh xe trong lugng P ban kinh R chuyén dong lan khéng
trugt trén mit phéng khong nhan.

Cac luc ma sat tac dung 1én banh xe 12 ngiu luc ma sat lan M, va
va lyc ma sat trugt F .

e Céng nguyén td ctia ngau lyc ma sat lan
dA = -Mdo = -kNdo
(vi M, = kN véi k 13 hé s6 ma sat lan con N 12 phan lyc phéap tuyén).
d .
Do banh xe lin khéng trugt nén do = —;}i, trong d6 dsp la dich

chuyén nguyén té tdim O clia banh xe.

dsop __k

dA = —kN ~ = Ndsg;
R R O
Sy 8, A ksz
—>A=-[dA=- [ZNdsp=-7 [ Ndsg.
R R
S; 5 5

Né&u N 14 hing s6 va chon 8, = 0 thi

A--%ns,.
R

Hinh 4.18 Hinh 4.19
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» Coéng chia lye ma sat trugt
dA = -F, ds = -F, Vydt,
trong d6: Vi - van toc diém dat B caa F.. (vi banh xe lan khong
trugt nén diém dat caa ?;; 12 tAm van téc tdc thoi B).
DoVy=0néndA=0.

Khi vat chuyén dong song phang lan khdéng trugt thi cdng cua luc
ma sat trugt trong dich chuyén ludn ludn bing khéng con cong cia
ngau luc ma sat lan khéc khong. Trong nhidu trudng hgp ta ¢6 thé

bd qua stic can lan vi ty s6 % rét nho.

¢ Cong cua ndi hvic
Xét hai diém A va B thude vat, theo tinh chat ndi lyc thi F, =-F,
va c6 cang dudng tac dung
dA =dA +dAg = F.dr, + Fgdry
_ Fydr, ~Frdry = Fad(rs ~75) = FadBA.
— Né&u la vat rén thi
BA = const — dﬂzO-—)dA:O
_  N&u la vat bién dang thi
dBA=0 — dA=0.

4.4.3. DINH LY PONG NANG £ vOI €O HE

(Gia su cd hé co n chat diém. Ta xét chat diém thit k chiu tac dung
cua ngoal lyc F va ndl lyc F Theo phuong trinh cd ban cua

dong luc hoc:

o e L
m,W, =F, +F,
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hay mkd;; —}? P_‘;.

Nhian v6 hudng ca hai v& véi dr, ta c6:
dV, — (7w i\  Tea— . i
mk—&;’—‘-drk =[F: +F )drk =Fidr, +F.dr,,

—_—

hay m,V,dV, =§mkd(V2) d[ m V2]=dA;+dA;.
Pé1 véi toan hé ta cé:
S 1 e i
kz;d(amkvf}zlcmk + > dAL;
i ¢
d(z2mkV J dT = ZdA +ZdAk,

dT =) dA; + Y dA;} . (4.35)
Binh Iy 1: Vi phan ddng néng ctia cd hé bing téng cdng nguyén to
cua tat ca cac ngoai luc va ndi Iye tic dung 1én hé.

Néu tai vi tri M, co hé ¢6 dong ning T, va tai vi tri M, co hé¢ c6
déng nang T, ta 14y tich phan xac dinh cd hai v& cla (4.35) theo
cén tuodng tng. Ta cé:

7 My My
[aT = |3 da; + JZdAk =3 IdAk vy [dAL;
Ty My My Mo

T, -To=> A;+ > A (4.36)

Pink Iy 2: Bién thién déng ndng cia cd hé trén mdt doan dich
chuyén nao d6 bang tdng céng cha tat cd ngoai lyc va ndi luc tac
dung 1én hé trén doan dich chuyén &Y.

Déng thitc (4.35) biéu dién dinh ly dong nang J dang vi phén con
déng thitc (4.36) biéu dién dinh Iy déng ning & dang hitu han.
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Tit cac dang khac nhau cia dinh 1§ nay ta thay: khac véi cac dinh
1§ tdng quat ma ta da xét 8 trén, trong dinh ly déng nang néi
chung ¢6 mit ¢a ndi luc. N6i cach khac ndi luc c6 thé lam bién doi
ddng nang cua cd hé.

» Trudng hop dac biét khi co hé 1a vt rdn c6 lién két diy mém
khéng gifin hay lién két cling v8i nhau thi ) A; = 0. Khi dé

T, -T, =Y Af.
e Né&ultic ddu hé ding yén thi T, =0 nén T}, = >_Af.
Ap dung:

~  Dinh ly dong nang cho ta quan hé gitta van toe, lyc va dich
chuyén. N6 gitp ta xac dinh dugc mét trong ba dai lugng
khi biét cac dai lugng con lai.

— Dinh 1y ddng ning & dang hitu han thuéng duge ap dung dé
tinh van téc theo dich chuyén, tit d6 ta tinh duge gia tde.

Chi ¥: Khi tinh dong nang thi van téc 1a van t6c tuyét ddi.

§4.5. DINH LUAT BAO TOAN CO NANG

4.5.1. CAC DiNH NGHIA

a. Truong luc

Trudng ke 12 mot phdn khéng gian vat 1y ma trong d6 méi chat
@dm chiu tac dung cla lyc chi phu thude vao vi tri ciia chét
diém 4y.

F=F(@F)=F(x,,2).

Vi du: trudng trong lue, trudng lyc dan héi.
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b. Trudng luc thé

Trudng Idc thé 12 trudng luc ma cdng cla lyuc tac dyng lén chét
diém chi phu thudc vao vi tri ddu va vi trf cudi chit khéng phy
thude vao dang quy dao diém dit cta lyc.

Luc do trudng luc thé tac dung duge goi 1a Iyc thé.

Vi du: trudng trong lyc, trudng lyc dan hoi tuyén tinh.

. Thé& ning

Thé& nang ctia e hé tai vi tef M nio d6 bing téng cdng cha cac lyc
c6 thé tac dung 1én ¢¢ hé khi né di chuyén ti vi tri M dén vi tri O.

ﬂ(M)=ZAka-—-% . . (4.37)

Vi tri O dudce chon tiy ¥ goi 12 géc thé nang cho nén thé& ning cua
¢ hé tai mdt vi tri nao d6 s& sai khac nhau mot hing s cong.

R6 rang thé ning cta cd hé tai vi tri (O) bing khéng. Nghia 1a
TC(Mo) = 0 .

Vi lyc thé chi phu thude vao vi tri cac chat diém cha ¢ hé cho nén
cong ctia né ciing chi phy thuge vao vi tri cac chat diém cha cd hé.
Do d6 thé ning cla co hé ciing chi phy thude vae vi tri cac chat
diém cta co hg. Nghia la:

R = (%), Y1521, %9, Y2 Zaeen Xns Vs Za ) -

4.5.2. DINH LUAT BAO TOAN CO NANG

Gi4 sit 6 hé chuyén déng trong trudng e thé tit vi tri M, dén M,
nao d6. Theo dinh 1y déng nang:

Ty-Ty=Y, Amm, = 2 Amm, + > Apom,
= Apm, - 2 AM M, =T~ T

T2—T1=TE1—1!2-—>T2+TI:2 =T1+TE1 = gonst .
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Dat E=T+n goi 13 cd nang cla hé va bing téng déng nang va
th& nang cua hé thi ta co:

E, = E; =const. (4.38)
Pinh luit bao toan co nang

Khi ¢d hé chuyén dong trong trudng thé thi tdng dong ning va thé
nang ciia cd hé khong déi.

Hé c¢d hoc nghiém ding dinh luat bao toan ed ning dudge goi 1a hé
bao toan. Hé thiic (4.38) can duge goi 1a tich phan néng ludng.

Né&u E = const thi co hé goi 1a hé bao toan;

Né&u E # const thi cg hé goi 13 hé khéng bao toan.

45.3. CAC Vipy

Vi du 1: Mot thanh ddng chdt OA = 2/ trong hugng P quay quanh
truc O trong mat phéng thang dng. Thanh cAn cé van toc goc
bang bao nhidu dé chuyén déng tit vi tri théng ding dén vi tri niam

ngang.

Bai gidi:

Ap dung dinh lujt bdo toan cd

ning tit vi tri OA thang ddng ﬂgé c A"
w . : ) wlh I

dn khi OA ndm ngang ’lL__

lam gbc thé€ nang nén mn, =0,

khi chuyén dong dén vi tri nam

ngang thi T =0. ¢ -
P
Péng ning:
TC = %ngﬂ)z y A |_

Hinh 4.20
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ma g —tarf,
3 8

nén T =lx—1—4é2£m2.
2 3 g

Thé nang tai vi trf nim ngang:

ne =Pl

2 x E I
g

Ta c6: mzszagximS*:l;

=%

2
Vi du 2: M6t vat c6 trong lugng Eé duge budc vao ddu mot sdi day
khoéng giin, khéng trong lugng vdt qua mdt rong roc ¢& dinh B.
Dau kia cta diy bude vao truc con lan E. Con lin E lan khong
trugt trén mat phéng ndm ngang ¢0 dinh. Rong roc B va con lan E
¢6 ciing trong lugng P, ban kinh R va duge coi la dia tron ddng chat.
Tinh déng nang cta hé khi vat A roi xudng véi van toe V. Lidc ddu
hé ding vén.
Bai gidi:
Hé khao sat gdm cac vat
A BvakE.

Phan tich chuyén déng:
vat A chuyén déng tinh
tién, vat B chuyén déng
quay quanh truc ¢§ dinh
di qua O. Vat E chuyén
dong song phéng. Ta c6

déng néng cua hé:

o4

Hinh 4.21



Phién ba. DONG LUC HOC 81

T, = tm v =22y
1
==d
9 «?B
Ma ta co
Jo :l BR2 =l><£R2 1
2 2 g
. vV
can (DBz‘—RA_,
P
nén Tszl lngﬁ_Vi;
22 g R?
1
2JC(DE+ MVC
Vi day khoéng gian nén
. 1Y
VA=chaU)E=—R{‘_.
Cho nén
TE:lxl f— —-—+lx£VZ=§x£Vj;
2 2 g R* 2 g 4
'j[“ke.=TA+TB+TE:l><QVAQ+lx£Vj+§><£ j;
- 2 g 4 g 4 g
Thé=Q+2PVj.

Vi du 3: Mot xe trong lugng é duge kéo 1én theo mit phéng

nghiéng mot géc a nhd lue kéo F huéng song song vdi méit phing
d6. Xe duge dat trén 4 banh ¢6 ban kinh R, trong luong méi banh
xe 12 P va duge coi 1a dia tron ddng chat.

Tim v4n toc caa thing xe khi xe duge kéo 1én mot doan s va gia toc
ctia né. Bo qua luc cdn lan va coi nhu banh xe ldn khong trugt trén
mit phéng. Lic d4u hé ding yén.



82 CO HOC LY THUYET — TAP HAJ: PHAN BONG LUC HOC

Bai giai:

Hinh 4.22

Hé khao sat gdm thing xe va bén banh xe.
Phén tich chuyén dong:

—  Thung xe chuyén dong tinh tién

~  Céc banh xe chuyén dong song phing.
Ltc ddu hé diing yén T,= 0 vihé 1a vat rdnnén ) A} =0,
Ap dung dinh 1y déng ning:
| T,-T, =Y Af + 2 A}
Do d6 T, =Y Af;

T=T, +4T,, ™)

trong d6: T, — dong ning ciia thing xe;
T,, — ddng ning cua banh xe
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Ta cé
V.=V va w—kzz Jz—leRQ:
R R 2 g
Ly ¥ 2 n\l
TzleV‘z+é1(l>-<l><—P—R‘2 V‘ +l><£V2 I;
2 g 2°2 & R? 2 g J
T:leV2+4Ex£V2=Q+6PV2.
2 g 4 g 2g
Cac ngoai luc tac dung 1én hé: @ ﬁ., ﬁ, F.

Ta c6
S A =Ap+Ag+4Ap + Ay.

Vi N ¢6 phudng vuéng goc vl dich chuyén cia xe nén Ay = 0 con

Ap =-Psxsina;
ZA’“' = Fs—-Qsxsina -4Psxsina ={F - (Q + 4P)sinals,

trong d6: s — quing dudng dich chuyén cia xe theo mit phing
nghiéng.

Thay cac gia tri vao biéu thiic (*) ta cé:

§1§(Q+6P)V2 =[F —(Q+4P)sina]s (**)

Tu day ta co:

2 .
V= g [F-(Q@+4P)sinals
GQ+6P"
Khi tim gia toc, dé don gidn, ta tinh dao ham bae nhat theo tho
gian c& hai v& cha (**) va cha § rang
ds |

—=8=V.
dt -
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Ta dugc:

Elg(Q +6P)2VV =[F - (Q+ 4P)sinals .

7 _ [F-(Q+4P)sin al

W=V .
Q+6P g

Mudn cho xe di 1én dugc thi W > 0 hay
F-(Q+4P)sina >0,

hay F>(Q+4P)sina.



5.1.1.

Chuong 7
NGUYEN LY DALAMBE

Céac phuong phap gidi bai toan dong ldc hoc ma ta dd xét: cac
phuong trinh vi phén chuyén dong va céc dinh 1y téng quat doéng
lye hoc déu dya trén co s& tién dé€ 2 cha Niuton. Nguyén ly
Dalambe s& cho phép ta sit dung phudng phép can bang tinh hoc
dé giai bai toan déng luc hoc.

§5.1. LUC QUAN TiNH

LUC QUAN TINH CUA CHAT BIEM

Xét chat diém khéi lugng m chuyén dong trong hé quy chiéu quan
tinh véi gia toc W duéi tac dung ctia lje F . Theo tién dé 2 cua
Niutdn ta cd:

ﬁ=mw hay F+(-mﬁ):0.

Ta thdy chc sd hang & vé trai cia déng thitc nay déu ¢6 cling ddn vi
1a don vi cta lye. Dat F* = —mW va goi 12 Iyge quan tinh cla chét
diém.
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Dinh nghia: Ligc quan tinh chia chit diém 12 mét dai lugng vectd
cung phudng nguge chiu véi vecto gia tdc cua diém va cb tri s6
bang tich s6 khéi lugng cia diém véi gia tée ciia né. Nghia la:

FU - _mW. (5.1)

Chigu biéu thite (5.1) 16n cac tryc cia hé toa a9 Dé-cac ta co:

F% = -mW, =-
Ffr = —mWy =-my;. 5.2)
F¥ =-mW, = -

N&u ta chifu bidu thic (5.1) 1én cde truc cua hé toa do tu nhién

M1nb ta cé:

av
?tz mW, _m_dt__.
t V2 |
FF¥ =—mW, =—-m— . 6.3)

Fb‘*‘ =0 vi W, =0 do W nim trong mit phéng mat tiép.

5.1.2. HE LUC QUAN TiINH CUA CO HE (Hg chét diém)

Xét ¢ hé 6 n chit diém, khi dé mai chat diém c6é mot lyc quén
tinh FJ* =-m, W, . Co hé n chit diém nén ¢6 n Iye quén tinh.

Tap hop t&t cd n lyc quan tinh tic dung 1én co hé dude goi 1a hé luc
quan tinh tac dung lén cd hé.

Khi thu gon hé Iye quan tinh nay vé tam thu gon O bit ky bao gid

ta ciing dude mot lue quén tinh chinh Ro va mdt ngiu luc quan
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tinh chinh ¢é vectd mémen chinh cla cédc lyc quan tinh 1a MY

ma;
B YR W - S,

Ta 6 thé tinh R§ = 3 F qua gia t6c khdi tam C. Khi d6:
RY = Y Ff ==Y m, W, =MW

Hay xét mét s& chuyén déng thudng gip.

a. Vit chuyén déng tinh tién

Vi vat rdn chuyén dong tinh tién nén Wk = W_c. Thu gon hé Iyc

quan tinh vé khéi tAm C ta cé:

RE = FF =S T, -5 m, W, - MW, )
RE =MW,

&(5-4)

ME =Y mo(FE) = Y n AR = =3 roAm, W, = ¥ m, 1AW,

ME = -Mr AW, = 0.
Do ta 18y khéi tAm C lam tAm thu gon nén % =0 nén

ME = -Mr AW, =0.

b. Vat quay quanh truc cé dinh
Xét vat ran c6 mat phang déi xdng va quay quanh truc Oz vudng
g6e vOi mit phing déi xding tai O. Khi thu gon hé lyc quan tinh vé
O thi tai O ta duge mdt lde quan tinh chinh, xdc dinh bdi
R§ = —MWC va mét nghu luc quan tinh c6 mémen bing momen

chinh cua cac luc quan tinh d4i véi tam O.
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ME, =Y mo.(F{") = ¥ mo: (FY)
= —Z hkmkaT = —Z mkhfﬁi
M = —Jgc. | (5.5)

Vi céc Iye quan tinh theo phuong phap tuyén cé mémen déi véi
truc z di qua O bang khéng.
Dé&u (-) cho ta biét chifu cia M nguge v6i chiéu cua ¢
Chu y:
~ Né&u truc z di qua khéi tam € thi R =0 vi W, = 0. Khi do
hé lyc quan tinh thu vé ngau lye véi MZ = -J ¢
— Neéu vat quay déu thi Mg’ =0 vi g = 0 khi d6 hé Iuc quan

tinh thu vé mot lue.

. Vat chuyén déng song phang

Vat ¢6 mit phing d8i xing va chuyén déng trong mit phﬁng déi
xiing Ay. LAy khél tAm C lam tdm thu gon. Thu gon hé cac luc
quan tinh vé khéi tAm C ta dude mdt e quan tinh dat tai C va lyc
dé duge xac dinh bdi céng thiic EE" = vMWC va mdt ngau luc b

mdémen quan tinh chinh M =-dJ¢.
RY = MW,
¢ ¢ (5.6)
ME =-Jde.e

D&u (-) chiing to6 R¥ va MJ c6 chiéu nguge v6i cinéu cia W, va
g ¢ Cz : ¢
g con J, 12 mdmen quan tinh cua vat d6i véi truc z di qua khéi

tam £ vudng goc vdi mit phang 461 xing.
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§5.2. NGUYEN LY DALAMBE

5.2.1. DOI VOI CHAT DIEM

Xét mot chdt diém khéi hugng m chuyén d6ng trong hé quy chiéu
guén tinh véi gia tdc W dudi tac dung cna lye F . Khi d6 ta cd
(F.F%)~ 0. Dy 12 hé lyc déng quy (ciing dit vao mét chat diém)
nén:

(F,F")~0 hay F+F% =0.
Nguyén Iy: Tai mbi thoi diém cac lyc tac dung 1én chat diém va lye
quéan tinh ctia né lap thanh mét hé lyc can bang.
Chii ¥: Néu chat diém khong tu do thi lyc tac dung 1én chalt diém
bao gbm ca phan lyc lién két N . Khi dé:

1_".+ﬁ+F_q‘.=0.

5.2.2. DO VOI CO HE

Gi4 stl cd hé ¢ n chét diém c6 khol lugng my,m,....m, chuyén dong
trong hé quy chifu quan tinh véi gia téc W, W,,... W, dudi tac
dung cta hé luc F,,F,,..F, . Xét chdt diém thd k c6 khdi lugng
m,, gia toc W, dudi tac dung cha luc E . Theo nguyén 1y Dalambe
déi voi chat diém nay ta cé:

(F, F&)~0 hay F, + Ff* =0.
Déi véi toan hé thi

> (F, . Ff)~0

hay (F.F,..F, FF¥ . F¥) ~0. ()
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Neuyén Iy: Tai mbi thdi diém céc lyc tac dung 18n cae chat diém cla
6 hé va cae lue quan tinh clia chiing 1ap thanh mét hé hye cAn bang,

Chi y: Luc E tac dung 18n chit diém thd k2 13 hdp lyc cta lue
hoat déng va phan lyc lién két néu 1a co hé khéng tu do va Fk la

hgp luc ciia ngoai Iye va ndi lye néu co hé la tu do.

§5.3. PHUONG PHAP TINH DPONG

Tit didu kién (F, F,..F, FEFZ .F®) ~ 0. Ta 14y mot diém O bat

ky lam tdm thu gon thi:

—_——— —

(FF,..F, FEFS . Fi*) ~ (By vA Mg) ~0. (b)
trong dé:
Ro= SR+ LR =S + LR+ L -LF + LF =00
Mg =Y moFo)+ X mo(F) + Y mo (Fp)+ Y mo(FE) 6D
=Y mo(FH)+ Y mo(Ef)=0. @

Do tinh chét ndi lye S F! = 0va Y mg(FL) = 0. Khi chiéu (0) va
(d) 1&n céc truc cua hé toa dd Oxyz ta duge:
Roy =Y Fy + LFL =0 )
Roy =2 Fy, + > FEY=0
Ro, =X Ff, + S FE =0
Moy = ¥ moe(F)+ Y mog (FF) = 0
Mg,y = ZmOy(er) + ZmOy(;?Et-) =0

Mo, = ZmOZ(F;) + ZmOz(Fk‘ﬂ) =0 |

(5.8)
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Cac phudng trinh nay goi 1a phugng trinh can b&ng tinh dong. '
Chii y: |
-~ N&u (b) 12 hé lye khéng gian thi khi chiéu 1&n céc truc toa
dd ta c6 6 phudng trinh cdn bang (5.8) 6 trén.
— N&u (b) 1a hé lye phang thi ta chi ¢6 3 phudng trinh cén
bang.
Y nghia cia nguyén ly:
—  Cho phép ta stt dung phuong phap tinh hoc d€ giai bai toan
dong lue hoc sau khi dit thém cac luc quéan tinh,

— Cho ta xac dinh céc phan lyc lién két xuft hién khi hé
chuyén déng. Cac phan hyc lién ké&t trong bai toan dong luc
¢6 chita yéu t& chuyén déng goi 14 phan lyc dong lyc.

Vi du 1: Hai vat ndng A va B c6 trong ludng 1a F{ va }_’._)_ dugc néi
v6i nhau bang s¢i day khéng gian, khéng trong lugng. Mat hc @
song song vdi mat tita tic dung 1én vat A. Hé s8 ma sat trugt gitia
céc vat v6i mat tya ndim ngang 13 £, Tim gia t3c cic vat va sic cing

cua day.
Bai gidi:-
—t —r —
AN . N AN
—- 2 —m- 1 — 7
qt — qt _— qt e
_F“'ms FZ‘ £ms Fi Q ?ms F2 T
5 a—— Be st Ay |—m . a4— Be —»
T T Al il Bl s S
; ; :
Hinh 5.1

Hé khao sat: cac vat A, B va day.

e e — —— — T T T

Céac luc tac dung 1én hé: Q,P,,P. NN, F" F™ F* Ff

e . — ————
e ——t 8 amm—

Ta c6 hé lue can bing: (@ P, P, N, N, F™ FJ* F# ,Fi') ~ 0,
voi Fy™ =fN, =fP;; F;” = fN, = fP,.
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Vi day khong gidn nén hai vat chuyén déng véi gia tée bing nhau:

—_— ——

W, =W, =W
cho nén:
F¥ =£1—W] =5W;
g g
F =§ 5 =&W.
g g

Theo nguyén ly Daldmbe va chi€u 1én phudng ngang ta dugc:
Q-FF -Ff' - fA —fP,=0
B P
S Q- W-2W—fP - P, =0,
g g
W:Q*f(P1+Pz)g-
P +PF
Tir két qua nay ta thiy didu kién dé cac vat chuyén dong duge néu:

Q
P1+P2>f'

Dé tinh stic cang T ta xét riéng vat B. Lic nay céce lyc tde dung lén
vat B gbm ¢6: T.P,,N,,Fy* , F# . Theo nguyén ly Dalémbe thi hé
céc Iye nay cén bing:
(T,P, N, F" F{') ~0,
Chiéu lén phuong ngang ta cé:
P.
T-F™ _-FF =0 hay T=fP,+=W.
g
Thay gia tri W da tinh duge & trén ta duge:

Pl + P2 )
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K&t qua nay cho ta thay siic cAng T khoéng phu thude vao ma sat.

Néu gill cho trong lugng ctia hé P+ P, = const thi T s& nhd khi P,
nhé. Do d6 trong van tdi dudng sit hay dudng séng khi kéo nhiéu
toa hay nhiu xa lan thi cac toa ddu thudng nang con cic toa sau
nhe déan.

Vi du 2: Mot thanh dong
chdt AB = b trong lugng P
dude ndi véi truc théng ding
MN bing ban 1é tai A. Truc
quay vdi van téc géc o,
khong déi.

Tim phéan liyc lién két tai A
va sdc cang T cia day BC dé
giit cho thanh nghiéng vé

truc quay géc o khong déi.

Bai gidi:

Xét thanh AB (hinh 5.2).

Cac luc tac dung gdm: trong

Hinh 5.2

Zigng P, sic cing T cha

day BC, céc phan luc tai A 1a X,,Y, va lyc quén tinh cla cac
diém thudc thanh AB.

Vi hé cac lyc quan tinh cha thanh AB phén b§ tuyén tinh nén
— T . P . - 5 2
R* =- MW, dat tai diém cach A mdt doan bing §AB .

h =§bcosa va RY =MW, :E%mi sino. .

Theo nguyén ly Dalambe thi:
(P,T,X,.Y,,R*) ~0.

Cac phuong trinh cin bing:
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> X=X,-T+R"=0; | (1
YY=-Y,-P=0; (2)
el ] b .
2 ma(F)=Tbcoso~hR* —Posina =0. 3
Tit (3) c6:
2
T:P[bmo sina+-l—tga].
3z 2
Tix (2) c6:
Y,=P.
Tix (1) c6:

2
X,=T-R¥=P b&sina+ltga —Eémg sina;
38 2 g2

X, :%Ptga—%wai sino .

Phén luc lién két X, gdm c6 phan lye tinh la %Ptga va phan lyc
déng luc c6 tri 56 %Pbmﬁ sin.

Vi du 8: Hai thanh CD = EF = b dugc gén vao truc quay AB = 4a.
Thanh CD gén tryc giao v6i AB con thanh EF gén nghiéng vdi AB
mét gée o. Céc thanh CD, EF ndm trong hai mat phdng vudng géc
nhau. PAu mbi thanh gin qud ciu trong lugng P. Bé qua trong
lugng cac thanh,

Xac dinh phéan lue dong Iye tai cac lién két A va B. Kich thuéc xem
hinh vé.

Buai gidi:

Xét truc quay AB, thanh CD, thanh EF va 2 qua ciu:
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P
Fot = Lpe?.
P g

N

P .
F& = —bolsina.

Cac luc tac dung:

(X,.¥,.Z, X5, Y. F& FZ')~0.

Céac phudng trinh ¢dn bang:
X=X, +Xp+F=0; (1

T I
ZZ =Z,=0; (3)

Fy y
ZmAx(Fk)z 4
= 4gY, - (2a + beoso)FE =0(4)

ZmAy(Fk.) =4aXg +aFg =0 (5 Hinh 5.3
ZmAz(Fg)=0-
Tir (4) cb:
gt
Y, :_(2a+bcosa)FE :_(20+bcosa) Xﬁbm‘ﬁ sino.
da 4a
y __(2a+bcosa)Pbm§ sina,
? dag )
T (5) cb:
gt
Xp= By —-1—Pbm§ .
4 4g
T (2) cb:

(2a + beosa)F
Y, =-Y, - Fg = E R,
A g —LE e E




96

CO HOC LY THUYET - TAP HAI PHAN BONG LYC HOC

Y, =Y - th _ (bcosa4;2a)FEq' _ (bcoit;tgj 2a) Pba? sina.
Tit (1) ¢6:
X, -Fg-X,=Fg +711-Fg’ =%Fg‘ =%xg—bm§.
Tit (3) c6:
Z,=0.

Ta thay céc phan luc Xp, Yy mang d&u () nén chidu cha né nguge
chiéu gia dinh.



Chuong 6
CO HOC GIAI TICH

et e ———C—=S

§6.1. CAC KHAI NIEM CO BAN

6.1.1. CO HE KHONG TY DO

Cd hé khong tu do la tp

hop cac chat diém ma A
trong do chuyén dong
cla céac chit diém thude
c¢ hé khong nhitng chi m

phu thube vio luc tac

dung ma con bi rang
budc bdi mdt s6 didu
kién hinh hec va dbng
hoc cho trudc.

Hinh 6.1

Vi du: Cg cdu thanh truyén tay quay (hinh 6.1) 14 o hé khong tu
do. & day ngoai ngau lue m tac dung 1én khau OA, trong juong cac
khau con cb cae diéu kién rang bude v& mat hinh hoc va dong hoc.
Diém A chi ¢6 thé chuyén déng trén dudng tron tam O ban kinh
OA. Diém B chuyén déng trén tryc Ox nim ngang. Khoang cach
giita hai diém A va B 1a khong d6i. Cac didu kién nay doc lap voi
cac luce tac dung l1én co hé va diéu kién ban diu cia chuyén déng.
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6.1.2. LIEN KET

a. Dinh nghia: Lién k&t 1a phitng didu kién rang budce chuyén dong vé
mit hinh hoc va déng hoc cna cd h¢. Nhing diéu kién nay khoéng

phu thuge vao lye the dung va difu kién ban dAu.
b. Phuong trinh lién két: Cac phudng trinh hay bat phuong trinh
bidu thi v& mat toan hoc sy rang bube vé mat hinh hoc va dong hoc

ctia cac chit diém thude co hé. Chung ¢6 dang nhu sau
fj(t!;;sﬁ)zoy (61)

trong do: k tit 1 dénn (L,n), cdni tirl dén s (1,8). Trong d6 s la s6
phuong trinh lién két.

Céac phudng trinh lign két con ¢6 thé viét & dang sau:
fi(t,xk,yk,zk,xk,yk,ék)20. (6.2)

Vi du: Xét chuyén dong ctia chat diém
A khéi lugng m bude vao ddu mot s01
day khéng gidn chidu dai @ con dau kia
pude vao diém O ¢b dinh (hinh 6.2).
Didu kién rang bude vdi chat diém A
luén ludn cach O mot khoang khong 16n
hon @. V& mit toan hoc diéu kién nay
dudc biéu dién nhu sau:

f(t!x,c\syA) = x:i +yi _a2 .‘30
(6.3)

Nghia 12 diém A ludn luén chuyén dong bén trong (ké ca bidn) cha
mit tron tam O ban kinh a. S8 phuong trinh lién két & day 1a 1.

Né&u gia thiét day ludn & trang thai cing (coi OA 13 mot thanh
citng) thi phudng trinh lién k&t c6 dang

f(t,x,y)zx2+y2—02:0. (6.4)
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Tite 1a trong qua trinh chuyén dong diém A khéng thé rdi khéi
dudng tron tAm O ban kinh a.

Néu chiéu dai cha day bién d8i theo thdi gian tic 13 @ = aff) va coi

nhu ddy luén ludn bi cing thi phuong trinh lién két 1a:

fitx,y)=x"+y: -a%()=0. (6.5)

¢. Phan loai lién két: Dya vao dang cia cac phudng trinh lién két ma
ta phén loai cac lién két.

— Lién két giit: 14 lién k&t ma cac diéu kién rang bude duge mé L&
bang cac phuong trinh. Lién k&t giit edn goi 14 lién két hai phia

~ Lién k&t khong giit 1a lién két duge md ta bdi cac bat phudng
trinh, hay con goi 12 lién k&t mdt phia. Vi du: Con lac (hinh 6.2)
s& 14 lién két giit khi OA 1a thanh ciing va 1a lién két khéng git
khi OA 12 day mém.

- Lién két ditng 14 lién két ma trong phudng trinh lién két khéng
chita rd bién s& thoi gian £. Nguge lai 12 lién két khong ding. Vi
du: Con lic c6 46 dai diy thay déi theo thdi gian t{e(t)} 1a lién
két khong ding.

— Lién két hinh hoc (hay lién két hé1éndm) 12 lién két ma trong
phudng trinh lién két khéng chia céc y&u t8 van téec hodc cé
chita cac yéu t& van téc nhung nhd cac phép tinh tich phan ta c¢6
thé dua vé dang khong chita céc y&u t8 van téc.

Né&u trong phuong trinh lién két c6 chita cac yéu t& van toe thi lién
két d6 duge goi 1a lién két déng hoe hay lién két khong hélonsm.

Trong cac phan tiép sau day chiing ta giéi han chi nghién eQtu co
hé chiu céc lién k&t hinh hoc giit va dung. Nghia 1a phuong trinh

lién két c6 dang:

£i(ra) =0 hay £,(x,,75.2,) = 0.
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6.1.3. DI CHUYEN KHA DI VA sO BAC Ty DO

a. Binh nghia: D1 chuyén kha di ctia co hé 1a tap hgp céc di chuyén vd
cing bé ma mdi chit didm cta co hé c6 thé thuye hién dudge dé sao
cho pha hgp véi lién két tal vi tri dang xét.

_ Di chuyén kha di chia chat diém duge ky hidu 87(8x,8y,82) vii 7

14 vectd dinh vi ciia chat diém, con di chuyén thuce duge ky hiéu
14 dr{dx,dy,dz2) .

_ Di chuyén kha di chi c6 § nghia vé mit hinh hoc né khong phu
thudc vao lye tac dung va thoi glan ¢

Vi du: Qua cdu A dit trén mat tya nao do thi lién két giiia qua

cdu véi mit tya 1 lién két tua. Di chuyén kha di clia qua cau la v6

U . 2 " . v e s p
88 cac di chuyén vo cuing bé tai vi tri dang xét.

b. S8 bac tu do
Téng quat ma néi thi déi véi céc
chat diém hay cdc vat thudc cd hé
¢6 thé tén tai nhitng di chuyén kha
di khac nhau. Nhung déi véi méi co ‘>}<‘
hé, tiy thudc & cac lién két, ta cb

thé chi ra mot & xac dinh cac di

chuyén kha di ddc 1ap nhau ma cac
di chuyén kha di khéc s& phu thude Hinh 6.3

vao cac di chuyén kha di djc lap ay.

Chéng han qua cAu ndm trén mit tua c6 vo s6 di chuyén kha di.
Nhung chi ¢6 hai di chuyén d6c lap theo hai phudng vudng géc

nhau la 8r1 va Eir2 con t4t ca cae di chuyén khac déu cé thé biéu

dién qua hai di chuyén kha di ddc 14p &y. Nghia la:

87 = 4,07, + A,07, .
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6.2.1.

Dinh nghia s6 béc tu do:

Gia stt hé ¢6 n chat diém thi 6 3n di chuyén kha di déc 14p nhung
hé lai c6 m phuong trinh lién két. Do dé sé bac tit do cita hé sé 1a
S=3nr-m

Dinh nghia: 56 béc tut do cia cd hé bing s§ di chuyén kha di doc lap
cua hé dé.

Vidu:

— Mot chat diém & trén dudng thdng c6 1 bac tu do.

— Mot chat diém tu do trong khéng gian cé 3 bac tu do.

— Mot vat rin tu do trong khéng glan cd 6 béc tu do.

§6.2. NGUYEN LY DI CHUYEN KHA DI
CONG KHA Di
Céng kha di 1a cong sinh ra bdi lue téc dung 18n chat diém trén di

chuyén trimg véi di chuyén kha di ctia chét diém dé.

Ta ky hiéu céng kha di ctia luc hoat dong F trén di chuyén kha di
1a 8A7 . Céong kha di clia phan lyc lién két N trén di chuyén kha
dila 8AY .

6.2.2. LIEN KET LY TUONG

Dinh nghia: Lién két cia ¢o hé duge goi 1a lién két 1§ tudng néu
tong cdng nguyén t§ clia cac phan lyc lidn két tac dung 1én cd hé
trén moi di chuyén kha di cha ¢ hé déu biing khong. Nghia la:

Y 8AY =Y N,sr, =0. (6.6)
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Chu y: Lién két khong ma sat 1& lién két 1y tuéng. Nhung lién két
ly tudng lai ¢6 thé 1a lién két c6 ma sat (nhu lyc ma sat trugt trong
chuyén dong 1an khéng trugt).

Vi du:

— Néu bd qua ma sat khi vat chuyén ding trugt trén dudng cong
(hay mat cong) ¢d dinh thi céng cha phan lyc lién két béng
khong.

— Né&u bd qua bién dang 8 mién ti&p xde thi khi vat chuyén dong
lin khéng trugt, eéng ctia phan lyc lien két N va luc ma sat
trugt bang khong.

6.2.3. NGUYEN LY DI CHUYEN KHA DI

Neuyén Iy; diéu kién cén va G dé co hé c6 lién két 1y tudng can
bing 12 tong céng nguyén td cha tit ca cac luc hoat déng tac dung
1én co hé trén moi di chuyén kha di clia co hé déu bing khéng.

S 8AF =Y Fysr, =0. (6.7)
Chitng minh:
+ Diéu kién can;

gt: — hé co lién két 1y tudng,

— cén bing:

Theo gia thidt hé c&n bing nén moi chat diém thudc hé can bing.
Xét chat diém thit 2 thude hé chiu tac dung cta luc hoat déng F,
va phan lgc lién két m G trang thai cdn bing, nghia Ia
F, + N, =0. Cho hé mot di chuyén khé di thi ch&t diém thit & c6
di chuyén kha di 8r, . Do d6 84, =(F, + Nj)dn, = 0. D61 véi toan hg

ta co:
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Y84, = Y (F VN7, =0 hay 3 Fybr, + S N.br, =0.
Vi hé c6 lién k&t 1y tudng nén
S N,or, =0 > 3 8A¢ =Y For, =0

+ Didu kién du: gt: —én két 1y tudng,

- ZE&AF = ZFkSrk =0,
kl: hé can bang. >
Theo gia thit hé c6 lién két 1y tudng va Y F,r, =0 thi ta sé phdi
chitng minh hé & trang thai can bang.

Gia st hé can bang (déng nang T= 0) ma trén hé cé cac lyc heat
dong tac dung théa min diéu kién Z F, 6rk = (0. Ta sé chi ra cd hé

s8 can bing mal mal Néu tai thoi diém nao dd c¢d he bat dau
chuyén dong thi bién thién dong nang §T = 0. Theo dinh 1y ddng

nang:

ST =Y Fyor, + S N,8r, #0.
Vi hé c6 lién két 1§ tudng Y. N,8r, =0 nén Y F,8r, #0. Diéu nay
trai vi gia thidt. Vay hé phai can bing mai mii.

Bidu thitc ciia nguyén 1y di chuyén kha di €6 thé vidt & dang gidi
tich:

Z&Af = Z(Fkxﬁxk + Fpy 8yp + szﬁzk) =0

; (6.8)
ZGA;:‘ = Z(Xkﬁxk + Ykﬁyk + Zkﬁzk) =0

vii Fu Fyy Fi bay Xo Yo Z 13 hinh chiu cta lyc F, va
§x,,87,,02; 12 hinh chidu clia 8r, 16n cac truc cha hé toa d Dé-cac.
¥ nghia: nguyén ly nay thiét lap dudgc diéu kién can bing ¢ dang

téng quat cua cd hé bat ky. Né cho phép ta st dung phudng phép
tinh hoc dé gidi bai toan dong lye mét cach tong quét.
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Chu y:

N&u hé 6 litn két Iy tudng thi chi cdn tinh dén cac lue hoat
d6ng con phan luc 1ién két ¢6 thé bd qua

C6 thé van dung nguyén 1y nay dé gidi bai toAn c¢6 ma sat. Lic
d6 lde ma sat coi nhu 1 lyc hoat déng. Tuong ty nhu vay, c6 thé
tinh dude cac phan luc lién két bing cach chuyén né thanh lye hoat
dong.

Hé ¢6 bao nhiéu bac tu do phai ¢6 bay nhidu diéu kién can bang
(6.7) hay (6.8).

§6.3. TRINH TY GIAl BAI TOAN

Xac dinh s6 bac ty do cfia hé, kiém tra diu kién lién két Iy
tudng.

Biéu dién t&t c& cac luc hoat ddng tac dung lén hé.

Cho hé mét di chuyén kha di nao d6 va biéu dién cac vectd di
chuyén nguyén td cla diém dil cac lyc Ja 8r, .

Tinh céng cia cac lyc hoat déng theo cong thite AT = Fyén,.

Lap cac didu kién can bing (6.7) hay (6.8) rdi gidi dé tim két qua.

Vi du 1: Hai ddm AC va CD ndi v6i nhau béng ban 1€ tai C va chiu
tac dung cua luc P dit tai E. Kich thude cho trén hinh 6.4. Tim
phan luc tai gdi tua B, bd qua trong lugng cac dam.

Bai gidi: D& xac dinh phan luc & B ta thay g6i di dong B bang phan
lye lidn k&t Ny. Cho hé mét di chuyén kha di, ta c6 diéu kién can

bang:

AL = NpSsp - Pésp =0. (a)
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=
) a " b
B £y
A — AT
A p‘f /Il/ (j:? Fat
. 2
/""T’:- — T~ e
A = | c Eg0Sp ™~

I\ﬁ'D

Hinh 6.4

Vi hé ¢6 mot bac tu do ma lai ¢ hai di chuyén kha di 8sp va 8sp

nén ta phai tim lién hé gitta ching. Ta co:

bs¢ 8sp. 4

L e e
35, OSp Ly
—£ == 58, ==0s
L, b c pF
Do dé
{
3sp = — x —8sp
a

Thay vao (a) ta co:

[N —Pf’-x?_lss}; 0Ny —Péx-—

4

— N =P-b—x£1-.
B a 4

2

a

Ll :O
&y
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Vi du 2: Cho so dd mét may nén nhu hinh 6.5. Tim lién hé gida
cac luc Q,,Q,. P, khihé canbing (@, = @, = Q va P, = P). Géc a v
B cho trude. Bd qua trong lugng cac thanh.

Bai giai:

Hé khao sat: may nén.

Ap dung diéu kién can bang giai tich

Q.. 8¢, +Q,,8x, + Py 0y; =0. (a)
Ta cé:
X] =QCosu
X9 = acosa + 2bcosf
yg =asina + bsinfi+m
yh -
F
x
Hinh 6.5
Tinh:

By = —asinado;
bxg = —a sin ado — 2bsin 65 = ~(a sin ada + 26sin 38B);
8ys = acosuda + bcosBOP+ 0.
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Vi hé c6 mot bac ty do nén ta phai tim lién hé gitia o va OB. Do A
va B ¢b dinh nén:

AB =%acosa + 2bcosf} = const |

~ 2asin ado — 2bsin f3p =0

—>60L—-——>< smBBB
a sino

Ta tinh &, =Q;

3y =
Thay vao (a) ta ¢
Q,.8x, + @, 8%, + P, 8y, =0,

Q(-asin ada) - Q(-)(asin oda + 2bsin p3p) — Pla cos ada. + b cos pap)=0;
- Qasin oda + Qasin ado + 2Qbsin P3P — Pa cosada — PbeosBdp =0.

sin Bop

sina

hay + 2Q@bsin BdB — Pacos a[— 4 X ] — Pbcosdp=0;
a

(+2Qb sin B + Pbsin fcot got — PbcosB)dp=0.
Do dé:

+2Qbsinp + Pbsinpeot go — PbcosB=0;

2Qb sin p = Pb(cos B —sin Beot ga);

- 2Q
cot gB — cot go

Vi du 3: Ngudgi ta budc hai vat nang A va B c¢6 cung trong lugng
vao hai ddu mét sgi day khong gidn, khong trong lugng. Day di tu
vat A song song v6l mat phang ngang khong nhén, vat qua rong
roc ¢6 dinh C rdi 18ng vio rong roc dong D, sau do lai vat qua rong
roc ¢& dinh E va budc vao vat ndng B. Vat nang K ¢6 trong lugng Q

treo vao truc rong roc dong D.
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Xéac dinh trong lugng P cia méi vat A va B cling nhu hé s6 ma sat
trugt gitta vt A va mat phdng ngang, bi&t rang hé & trang thai cn
bing. Bé qua trong lugng cic rong roc.

Hinh 6.6

Bai giai:
Hé khao sat gdm cac vat A, B, rong roc D va vat K.
Hé c6 hai bac tu do nén cd hai difu kién can bang.

Ta c& dinh vat A, cho vat B roi xudng mot doan dsg, khi d6 vat K
di 1én mot doan 8sq .

Ta cb:
-QBsgy + Pdsg =0. *)
Mait khéc 8sp = 28s4 nén thay vao (*) ta co:
—Qdsg + 2P8sq = (-Q +2P)3sg =0,

hay

~Q+2P =0 vatacd Pz%'
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Ta ¢8 dinh vat B, cho vat K rdi xudng mét doan 3s, thi vat A &i

chuyén moét doan 8s 4 . Khi dé cac Iue sinh cong la:
Qdsq ~ F, 085, =0 ma s, =253,

— Q8sg —2F, B85y = (Q - 2fP)3sy = 0.

X ) Q
h -2fP=0 vat = ez ],
ay Q vatacd f 5P

§6.4. PHUONG TRINH TONG QUAT PONG LUC HOC
(Nguyén ly dalambe — Lagrdng)

Nguyén ly Palambe cho ta ap dung phudng phap tinh hoc dé gidi
bai toan déng luc hoc, con nguyén 1y di chuyén kha di cho phép ta
st dung phuong phép téng quat dé gidi bai toan can bng tinh hoc.
K&t hgp dbng thdi hai nguyén 1y nay, cho ta phuong phap téng
quét dé gidi bai toan déng luc hoc.

Xét co hé n chat diém co lién két 1y tudng, hinh hoc, gili, diing va
dang chuyén dong. Ngoai lyc hoat déng —F: va phan Iyc lién két

N, ta thém vao chit diém thi & luc FT” =-m,, Wk. . Theo nguyén 1y
Dalambe ta nhin duge hé Iuc cin biing. Nghia 14 (F, + F o N,) ~0.

Cho hé mot di chuyén kha di rdi 4p dung nguyén 1y di chuyén kha
di ta cé:

S (Fy + F¥ + N)or, =0;
Y (Fy + F¥)or, + Y N,r, =0.

Nhung hé 6 lién két 1y tudng nén 3 N,5r, = 0. Do dé:
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S (F, + F*)or, =0. (6.9)
Péng thic (6.9) goi 14 phudng trinh tng quat dong luc hoc hay con
goi 12 nguyén ly Dalambe — Lagring va c6 thé phat biéu nhu saw:

Nguyén Iy: néu co hé c6 lién két ly tudng thi tai mdi thoi diém, téng
cong nguyén té cla cic luc hoat dong va lue quén tinh dét vao cd
hé trén moi di chuyén kha di ctia hé d¢éu bang khong.

Ta c6 thé vit bidu thuc (6.9) d dang giai tich nhu sau:

S |Fow + F#)0x, +(Fyy + F&By, + (Fy, + FY Yoz, |=0.  (6.10)
trong d6:  Fy,, Fy, . Fy, — hinh chiéu cla luc hoat dgng F,;
F:’,F:f,Fi’ — hinh chi&u caa lue quan tinh }’F‘. :

8x5,8yp.82; — hinh chiéu cia sr, lén cée truc cha hé

toa dé Dé-cac.

Déng thtic (6.9) biéu didn nguyén 1y ¢ dang vectd con ding thiic
(6.10) bidu difn nguyén 1y 6 dang giai tich.

Vi du 1: M6t con lan A trong lugng @ trong khi ldn khong trugt
xudng dudi theo mat phing nghiéng véi phuong ngang mot géc a,
da nang vat C trong ligng P nhd mét soi day khong gian, khong
trong lugng vAt qua rong roc ¢t dinh B. Khi d6 rong roc B quay
gquanh truc ¢d dinh di qua tAm O cua né va truc glao véi mit
phing clia rong roc. Con lin A va rong roc B 1a nhitng dia tron
déng chat ¢6 cang ban kinh va trong lugng.

Tim gia tBc cua truc con lan.
Bai gidi: He khao sat: con lan A, rong roc B, vt nang C va day.
Heé c6 mot bac ty do.

Céc lyc chit dong: @, P .
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Phén lyc lién két: N, R, .

Cac ldc quan tinh;
F3 =§WC; F =QWA va We =W,
g

M*=de =23R2a .

Hinh 6.7

Ap dung phuong trinh téng quat déng luc hoc:
(Qsina - Fi")8s - 2M %8¢ — (P + F#')3s=0.
Vi 3s = R8¢ nén:

(Qsina—QW]BS—2QR28——[P+£WJSS=O;
8 2¢ R g
Qsina—P—~QW—QR8—£W:O ma Re=W;
8 g g
—>Qsina—P—2Q+PW=O,
hay
_Qsina-P

2Q+ P
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Vi du 2: Mot vat A trong lugng P duge bube vao didu mot sci day
khéng gidn, khong, trong lugng. Day vat qua rong roc ¢f dinh O,
dAu kia cua day cuon vio khéi tru 8 ¢6 trong lugng @, ban kinh R.
Vat A ¢6 thé trugt trén mit phing ngang, hé s0 ma sat gitta vat A
va mat phang ngang 1a f. .

Tim gia téc vat A va gia t6c tdm C cua khol tru khi hé chuyén
dong, bd qua khdi lugng cha rong roc.

Bai gidi:
N
- Ao,
=

A
= m—
Fm

LU
1Tl

5
W I

—

Hinh 6.8
Hé khao sat: vat ning A, khoi tru S va day.

Hé c6 hai bac tu do. Khi gitt khé#i tru 8 khéng quay thi vat A van
chuyén dong. Giit vat A khdng chuyén déng thi khéi tru quay déi
vil sgi day.

Cac luc chl dong téc dung lén hé gbm cb ﬁ, é, F .. Dat thém cac

lic quén tinh qu Rq‘ M¥

Ta ¢b tri s6 cac Iuc quan tinh
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F¥ :EWA; R® =QWC;
& g

MY =J.e= 22 R% (R 14 ban kinh khéi try).
g

Ta cln tinh € qua Wy va W.
Goi vAn tée tAm C chia khéi try 1a f’; cOn vén toc vit A 1a TTA va
béng van téc tiép diém B cha diy va mit tru.
Do dé
Vi=V;.
T déng hoc ta cé:
Ve =V +Vep ;
Ve =Ro=V, -V, =V, -V,;

=VC_VA _)8=WC_WA'
B R

®

Ta thiét 1ap cac diéu kién cln bing sau:

— Git cho khéi tru khdéng quay va cho hé mét di chuyén kha di
8s,. Luc ndy M sé khéng sinh céng. Theo nguyén ly di

chuyén kha dt;
(Q-R¥ -F¥ -F,)8s, =0.
Thay F,_ = fN = fP ta cé:
P
Q*%WC—EWA‘W=O?

P
Q—fP=EWA+§WC' (a)

~ Giit cho vit A ding yén, lic nay khéi tru sé quay quanh diém B
mét géc S¢ (B la tdm van tdc titc thai). Theo nguyén ly di

chuyén kha di:
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(Q-R%")8sc —~ME3p=0 ma 8¢ = Réo;

Q Q 2WC_WA
_Qw |Rso-X g2 ¢ _TAjp=0;
( g "} * "2 R 7

3WC_WA =2g. (b)

Gi4i hai phuong trinh (a) va (b) ta c6:

W Q3P gy _Q+@-P
A ¢ Q+3P

Cac k&t qua nay cho ta thay:

Néu f < EQI; thi vat sé chuyén dong voi gia toc W, .

Néu f >—Q— thi vat A sé dung yén (W, =0). Khi do khéi tryu sé
3P

chuyén dong véi Wp = %g .

Vi du 3: Trén mét mat phing ndm ngang tren ta dat mot lng tru

tam giac ABC c6 trong lugng P, nd co thé trugt khéng ma sat trén

mat phéng d6. Hinh tru tron déng chit trong lugng Q lan khong
trugt trén mit nghiéng AB cua lang tru.

X

NN

////////////////////////////////////////////////g/.
c

Hinh 6.9
Tim gia tdc cha lang tru ABC.

Bai gidi: Hé khao sat gom léng tru ABC va con lin D.



Phin ba. DONG LUC HOC ' 115

Hé c6 hai bac tu do: khi gid cho x khong d6i 8x =0 vacho s, = 0.
Giil cho s, khéng d6i 8s, =0 va dx # 0.

Céac lge chii dong tac dung lén hé: Q.P.

D4t thém cac lyc quan tinh Wa =W;+TW_; ma W, =W 1a gia toc

]

lang tru ABC. Vi ling try ABC chuyén ddng tinh tién nén:

Fi' =-mpW, =(-mpW,)+ (-mpW,) = (_%W;J [—QWZJ ;
F{ = Fg + Ff
Céc lyc quén tinh chia con lin FJ va }‘Ef .
Luc quan tinh caa lang tru qut = —EW.
4

Cho 8x =0 con s, =0 tacd:

~Ftss, — M 8¢+ F)l cosads, +Qsinads, =0.

8s 1 w
Ta thay 80 = —= va M% =J,e=—@R?—=:
a thay 8¢ =—- v . 2gQ 3
_Q QR2 QW cosads, + @sinads, =0;
g R R g
%Wr =W, cosa + gsina. (a)

Cho &s, =0 ¢dn 8x = 0 tacd:
—F%8x - Fdx + Fi cosada =0;

[—f-We Q gW cosa}ﬁx 0;

g 4
—(P+Q)W8+QW,cosa=0. _ (b)
D& tim duge W, thi tit (b) ta co:
W = P+ Q

r

Qcosa
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Thay vao (a) ta duge:

_Wr 3 P+Q
2 2 Qcosa

W, =W, cosa+ gsina ;

3P+ QW, =2QcosaW, cosa +2Qg cosasina ;
(P + QW, - 2Qcos® aW, = g@sin 2u;
[3(P + Q) — 2Qcos” a]W, = gQsin 2u ;

G sin 2o
3P +Q)-2Qcos’ o

W,=W=g

§6.5. PHUONG TRINH LAGRANG LOAI Il

6.5.1. TOA DO 5UY RONG VA LUC SUY RONG

Pink nghia: Toa d suy réng 1a s thong s dgc lap, du dé xac dinh
vi tri cfia ¢ hé trong mét hé quy chiéu xac dinh.
Céc toa dd suy rong duge ky hiéu 1a q,, g, -, .. Pon vi ctia toa dd
suy rong cé thé 12 d6 dai, goc quay hay toa d9 cong...
Nhu ta da biét d6i v6i co hé ¢6 lién k&t hinh hoc, gifi, ditng thi 50
" toa d suy rong bing s bac tu do va bing s6 di chuyén kha di doc

l4p cha cs hé.
Vi tri clia e hé duge xac dinh nhd cac toa df suy réng, nén cac toa
d6 Dé-cac clia cac chit diém thudc co hé c6 thé biéu dién qua céc
toa do suy rong:

xp, = X%{(q1,92,--95)

yk = yk(QhQQ;,qs)

zk = zk(ql:q?:-"rq.g)

hay r, =r,(q,,92,.-» 4} = X,i +y,d + 2,k
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Khi hé chuyén dong thi cac toa d§ suy rong bién déi lién tuc theo
thoi gian . Nghia la:

=q,(t); g2 = q.(1); ... ¢, = q.(D).
Céac biéu thtic trén goi 1a phuong trinh chuyén ddng cua cd hé

trong toa dd suy rong

Dao ham bac nhat theo thdi gian cac toa d suy rong, ta c6 van toe
suy rong tudng tng clia cd hé. Ky hidu van tdc suy réng la
Q1sQgrr0r s+ T O

: _dql.- __dq'z. ; _dqs
e 7R L T

Don vi chia van toc suy rong phu thudc vao don vi clia toa d¢ suy
rong.

6.5.2. LYC SUY RONG

Xét co hé ¢6 n chét diém chiu tic dung cha cac lye Eer ,}T.‘n Vi
hé ¢6 lién k&t hinh hoc nén s8 toa dd suy rong du dé xac dinh vi tri

clia co hé bing sé bac ty do cla ¢d hé dd, nghia la cd hé cb cac toa
do suy rdng ¢,,9y,. G, - Néu cho ¢o hé mdt di chuyén kha di, trong

d6 chi ¢6 toa dé suy rong q, bién déi véi gla s6 8q,, con céc toa dd
suy rong khéac khoéng d61 thi vectos dinh vi r, (q] ,Gg.--q,) CUA CAC

. .2 - . 2 - o - ar
chat difm nhan dude mdt di chuyén nguyén t6 1a 8(r, ), = ~éq—"6q1 i
1

Téng cong nguyén td cla cac lyc tac dyng 1én hé trén di chuyén

8(r,), sé la:

8A, = F.5(r), + Fyd(ry )y + .+ Fo(r, 3

—_—

— or ar ~—or,
84, F —L 1 2 1 n_-i 1
8q, 2, 0" aq 20, 0t a(hsq
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—-or,
84, = [ZFk _i}&?l =Q,5q, ,
k=1 a]l
x— o
trong d6: @, = ZF,, —E
k=1 1
Q. goi 12 Iyc suy réng Gng véi toa 46 suy rong q,;
Tudng tu ta cb cic luc suy réng khac @,, Qs, ..., @,. N&u cho ¢d hg
mét di chuyén kha di ma t4t ca cac toa dd suy réng dong tho bién
d61, khi d6 tdng cong cla cac lye tac dung 1én cd hé trén di chuyén
kha di dé6 sé la:
zaAk = Q1&I1 +Q26q2 oot QsSQs = ZQ_;&?; .
=
Néu cac lue tac dung 1én co hé 1a lyc cé thé. Khi do:

on
D 84, =-bn= —(%Bql +%’1—8q2 ot . Sqﬂ}

Ta cb:
Q=2 0,=--2q--Z
a‘h a‘h a‘h
Vay néu céc lue tic dung 1én co hé 12 luc c6 thé thi lyc suy réng
bing dao ham riéng cha thé nang (vé1 déu “-) theo toa do suy
réng tuong dng.

6.5.3. DIEU KIEN CAN BANG TRONG TQA DO SUY RONG

Theo, nguyén 1y di chuyén kha di, thi diéu kién cin va da dé hé c6
litn két 1y tudng cin bing 12 tdng cong nguyén t6 cla tat cd cac hye

“hoat déng tac dung 1én cd hé trén moi di chuyén kha di cta hé déu

bang khong. Trong toa do suy rong diéu kién d6 sé la:

Z&Ak =Q,8q, +&0q, +..+ Q,8q, =0.
Vi cac 8q,,8q,,...,5, ddc 1ap nhau nén d&ng thitc trén chi théa mian
khi va chi khi:

Q=@ =.=Q=0. (6.11)
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Dinh Iy: Didu kién cdn va dd dé ¢d hé c6 lién két 1y tudng, hinh hoe,
gitt va ditng can bing trong toa 49 suy rong 1a tat ca céc lyc suy
réng tuong ftng véi cac toa db suy réng cla co hé déu bang khong.

S6 cac didu kién cAn bang, bing s6 toa dé suy rong hay s8 béc ty
do cua ¢g hé.

Trudng hgp céac luc hoat dong tac dung 1én hé 1a nhiing lyc ¢é thé
va ham th& ning ¢6 dang n = n{g,,q,,....¢,) ta cd dinh Iy saw:

Pink ly: Dibu kién cdn va di dé hé bao toan cb lién két 1y tudng,
hinh hoc, gili va ditng cdn bang (tai mdt vi tri ndo d6) 14 ham thé
niang dat cye tri tai vi tri d6:

on
L _0G=1...
, g 8)

6.5.4. PHUONG TRINH LAGRANG LOAI I

Tit phucng trinh tdng quat déng luc hoc ta di tim phudng trinh vi
phan chuyén dong ctia cd hé trong toa dd suy rong

S (F, + F™r, = Y Foor, + Y Fér, = Y AT + 3847 =0, (a)

Gia st hé ¢6 s bac tu do va vi tri clia co hé duge xac dinh bdi céc toa
&0 suy réng q,,¢,,...,q, . Theo cong thitc da biét:

zaA,F = Q18QI + Q28Q2 ot Qs&h :
Tudng tit vdi cac Iyc quan tinh ta cé:
Y A" = Q"5q, +Q¥dq, +...+ Q%3q,,
g day: Qf‘,Qf‘ @7 12 lge quén tinh suy réng;
—or, —or, ==,
th th k th th k .. th - qu i i
! Z z aq2 : Z ' aqs
Thay vao (a):
(@, +Q%)3q, +(@, +Q%)3q, +...+(Q, + Q% )dq, =0. ®)
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Vi 8q,,5¢y,....5¢, d6c 1ap nhau nén déng thite (b) chi théa man khi
va chi khu

@ +Q% =0; Q + Q¥ =0;..;Q, + QF =0.

Ta c6 thé dung cac phudng trinh nay dé giai cac bai toan dong e
hoc:

Q =_Q?‘; Q, =-Qf; ... @, =-Q.

N&u ta bidu dién hyc quan tinh suy rong qua dong nang 7' cta hé
thi ta s& nhan dudc cac phudng trinh trén ¢ dang don gian hon.

—oar, &ld|_ - on . dfan
o N W e - S R R emy R — | = |- *
Q Zk"al E{dt[“al e gt 5, ™)
Vi hé c6 lién k&t ditng vdi s béc ty do nén ;': = a(ql,qz,...,qs) nén:

ﬁ_ﬂ_%x@1+arkdeZ+ +fﬁxdqs.

*Tdt oq, dt oq, dt &g, dt’
— dr, on . or, . or, .

s D I (c)

I &
dt aQI ag2 a;s
trong dé: ¢,.4,.....4,1a van téc suy rong ing vdi cac toa db suy rong
/FRLY YRR P

T bidu thic (a) ta thay van tdc Vk duge biéu dién tuyén tinh qua
céc van tdc suy rong ¢, . Do d6 néu dao ham biéu thite (a) theo vin
t6c suy rong ¢; ta cé:

&, o Og

Khi thay d6i thit ty 18y dao ham ta duge:

iﬂ_id_‘_’; _of _ oV, (©)
dt\og, | oq.\ dt | dq; dq

(d)
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Thay (d) va () vao (*) va sau khi thuc hién mdt s& phép bién do1

q,___<_i__8_”l 2__a_nl ¢
QY = [draql(ﬁzm*"*} aql(gzmkvkﬂ-

Theo dinh nghia déng ning cua cd hé —l—m V2 =T nén ta c6 thé
5 MV

ta co:

viét lai nhu sau:

v fa(am) ) o e [dfor) T
@ {55 oo e JEE S

D61 voi cac lue quan tinh suy rong khac, ta c6 cac biéu thice tudng

ty. Vay:
dfor o _, |
dr[aql o
4 _6_T_\_§£—Q
dt\3q, ) ag  C). (6.12)
\
i[aT _£:Qs
dt\dgs ) Ogg J

Pay 1a hé phuong trinh vi phén chuyén dong cha co hé trong toa
dd suy rong, hay con goi 1a phuong trinh Lagrang loa1 II.

N&u cac lyc tac dung 1&n hé 1a hyc ¢6 thé thi:

d [a’f] o7  on |

di\aay ) an on
d aT}_aT:_an
dt\ 49 ) dga  Oqo:- (6.13)
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Do n{q,,qys-qs;) khong phu thuodc chc vAn tbc quy rong

1,4z G, NEN cAc phuong trinh 6 thé viét:

Ta goi L =
c6 dang:

_d_[a(T—n) _AT-m) _ |

dt\ ¢ oq

_d_[a(T—n) _AT-m) _,

dt\  dga oqg b (6.14)
i(B(T—n) AT -m _,

dt aQS aQS

T — = 12 ham Lagrang thi phudng trinh Lagréng loai II

d (oL
dt\ ogy

e
oq

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

~—

(6.15)

Phuong trinh Lagring loai II cho ta phudng phép tdng quat dé giai
bai toan dong luc hoe, dic biét 1a bai toan thiét 14p phuang trinh vi
phan chuyén dong clia hé ¢6 s bac tu do.

6.5.5. CAC TICH PHAN DAU CUA CHUYEN DONG

a. Tich phan nédng lugng

Xét hé c6 n chit diém chiu lién két Iy tudng, hinh hoc, giit va ditng.
Céc lyc hoat déng déu 1a hyc c6 thé. Gia st vi trf ca cd hé dude xéc
dinh bdi s toa @9 suy rong doc lap va dd q,,q5,-- ¢, . Khi 46 phuong

trinh Lagrang loai II sé& la;
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d{eT) o om ... _
—| = |-—=—-— Va1 =1,2,...,8
dt\dq, ) g, oq;

Trong d6 T va « 14 déng nang va thé nang caa hé duge bidu dién
qua cée toa db suy rong doc lap, du.

Ta cé:

— dr, ar,
V :—-—k: L
a2,

Va ddng ning T duge tinh theo cac vén téc suy rong g, :

or,
T = Z m, V¢ w—kaVVk— kaz Z Tt 4

Néu k¥ hidu Zm i~ —* =g, vh duge goi 14 hé s quan tinh cua
o dq; o,
cd hé véi a; = a; thi ddng nang cua hé 1a:

ZZ%% -

i=1 j=1

Vay d6ng ning cda cd hé 12 ham déng cdp bac hai dd1 véi cac vén
tSe suy rong ¢; . Do d6 ta 6 hé thiic sau:

quzq; - oT. @

1

Ta nhén cd hai v& ciia phuong trinh Lagrang (6.13) véi vén tc suy
rong ¢, , rdi 14y tdng ca hai v& theo chi s i tacé:

K ABVECES xS

Vi n(q,gq,..,q;) DN
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ar _om T Py :ié‘_ﬁq_
dt aq | o, 0 &g, Toa
Mat khac:
. dfoT dfer, oT .
tha[a —Za[aqu;}_zazqf,
. dfeT d oT dT (dT oT
—] — | = —2T—— —'.:2———— —_— - & |
Yo 4 T]-sdan-g -2y Ty )
Y4 2L :d_T+z?Z-,.
T\ )T dr T T
. dfeT o . dT < oT. or .
29 e\ G, ) g g, g
on . dT
i Ir e
dT dx dT dn d
S L, S (T+n)=0;
o d @ e e
T+rn=F=h=const. (b)

Vay cd nang ctia hé dude bio toan. Ding thiic trén goi 14 tich phan
néng lugng con k dudge goi 1a hing s6 ning lugng. N6 duge xac dinh
tir didu kién ban dau cha chuyén dong.
b. Tich phan xyclic
¢ Toa dd Xyclic:
Dinh nghia: Toa d6 suy rdng g, nio d6 duge goi 1a toa d¢ Xyclic néu
T 9,2 _ovag,=o0.
oq), g,
Né6i cach khéc: toa dd g, dude goi 1a toa dd Xyclic néu né khong cé
mit trong biéu thitc déng néng, thé ning ctia cd hé con lyc suy
rdéng clia cac Iyc hoat déng ng véi né bing khong.
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Vay néu g, 12 toa dé Xyclic thi phudng trinh Lagrang leai II tng
véi toa d§ nay cb dang:

i[ﬂl =0 do d6 ~a£ = const. ()
dt\ &g, aq

k

Déng thie (¢) biéu dién mot tich phan ddu ena co hé va goi la tich
phén Xyclic.

Can luu ¥ rang hé c6 bao nhidu toa 4 Xyelic thi phai c6 bay nhiéu
tich phan Xyclic.

Vi du 1: Giai bai toan vi du 2 trong chuong nay béng cach ap dung
phuong trinh Lagring loai II.

Bai gidi: Chon toa db suy réng g, = x 13 khodng cach tir vat A dén
diém D c8 dinh nio d6.

g, = z 1a khodng cach tit C dén diém O cd dinh.

L\\\\\\\\V

v

39‘ x

o}

Hinh 6,10

Cho hé mét di chuyén kha di sao cho x bién ddi cdn z khong déi (lic
nay khéi tru déng thoi quay dé cudn day vao giit cho z khong dai).
Nghia la 8x > 0. Khi dé:

8A, = —fPéx do dé @, = fP.
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Tuong tu:
5A, = @bz dod6 @, =Q.

Déng niang cua hé:

T-T, +Ts:

TA-_—‘%X—SiZ,

C:l[lxg]rj 2+_.)<_Q_VC2,
2\2 g

trong d6: Vo =2; V, =%; V, =10.

Ta tinh @ qua cac van tdc trén:

L Ve-Ve izt
r r
T:lxﬁxhlxg[l(z—x)%é?}
2 g 2 gi2
APy Biowy;
ok g 28
£=Q£é‘x+z']=9—(3z-x).
g g\ 2 2g
Ta c6:
%[ﬁ]—g—=%+Qi—(2P+Q)i=2ﬁg;
jt[aT] %’: Qy »32-i=2g

Gizi hai phuong trinh trén day ta duge:

_Q-3fP 5 QrPCS)
Q+3P @ +3P

g.
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Vi du 2: M6t con 14n A hinh tru dong chat khoi lugng m; ban kinh
R, lan khong trugt trén mit phing nghiéng cha ling tryu tam gic
B khéi lugng m, va c6 géc nghidng véi mit phdng ngang goéc
o = const. Lang tru c6 thé trugt trén mit phéng ngang nhin.

Viét phuong trinh vi phan chuyén déng cia cd hé va tim céc tich
phén d4u cha chuyén dong.

YA AV

)
—r

12

R R R R S S NNNRANNNRNNNNNNNY

Hinh 6.11
Bai gidi: Xét cd hé gdbm con lin A va lang tru B. Co hé c6 lién két
hinh hoe, giit, ding va 1y twdng. Hé c6 hai bac tu do.

Chon cac toa d§ suy rong 40 14 g, = x v g, = 8. V6i x 12 hoanh do
khoi tAm cha lang tru ddi véi hé toa d6 ¢6 dinh, con S la toa do
khéi tAm ciia tru tron theo mat phing nghiéng.

Céac Iuc hoat ddng la trong lugng é cua lang tru va trong lugng P
ctia tru tron.

Pong ning; Tw=Tpr+ T
. 1, . 1 , 1 .
Ma Ty =g Ma® con T, =§m1Vo +§J02m .

Trong d6 V, 14 van t8¢ khdi tAm O cfia con lin, ¢dn © 14 van tdc goc
tuyét d6i ctia con ldn d8i véi khoi tim cha nd. Vi tAm O tham gia
hai chuyén dong: chuyén déng tuong doi vdi lang tru va chuyén
ddng theo cung véi lang try, nén:
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trong do: V., =8 va V,=x.

T hinh vé ta cd:

o V.5
R R’
V:=V?+V?+2V,V, cosa = x° +8% +21Scosa ;
1 1 2 1 2 32
Ty=— +— +8? + 2xS cosa +—><— m,R*—-
he = — My %* m (x ) 2%3 R
— ]. -2 3 >y 2 s
Ty = =(m, +my)x +Zm18 +m,xScosa.

Céc e hoat dong 1 lyc thé va thé nang:

n=-m,g8sinu;

on on ]
~—=0; Q¢ =—§S—=m1gsma;

Q =~
oT oT

=05 = 0;
ox oS

6T =(m, +m,)%+m,Scosa;

;(W] (m, +my)¥+m,Scosa;

aT 3
———=—m, S+m XCosSQL;
o8

dfeTy 3 4 .
—| == |==m,8 + mXcosa .
88, 2
Thay vao cac phudng trinh Lagring IL:

%[?’;;J BS_QS cb — mS+mxcosa m,gsina.; (a)
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%[g]_%:@‘ 6 (my +my)é+m,Scosa=0.  (b)

Ta thiy x = ¢, 1a toa dd Xyclic nén ¢6 mét tich phin Xyclic 1a:
(m, +my)%+m,Scosa = h, = const .
Tich phin ning lugng la:
E=T+n= %(m1 +my )i’ +-3m132 +m, &S cosa - m,gSsina = const = h,
T cac phudng trinh (a) va (b) ta gidi ra sé 6

P my gsin 2o

3 < 0;
3(my + mg)—2m; cos®a

& 2(my + mg)gsin 2a

2

. > 0.
3(my +mg) - 2my cos” &

Vay cd hé chuyén dong bién d6i déu.



Chuong 7

PONG LUC HOC TRONG
CHUYEN DONG TUGNG POI

#ﬁ

Trong cac chuong trudc chung ta da nghién cliu céc dinh y, cac
nguyén ly cta dong e hoc trong chuyén d6ng tuyét d6i. Nghia la
chuyén dong d6i véi hé quy chiéu quan tinh (hé ¢6 dinh). Chuong
nay ta sé nghién ciu chuyén dong cha diém ddi véi hé quy chiéu
khong quan tinh (hé dong) khi chiu tac dung cua cac lue.

§7.1. PHUONG TRINH CO BAN CUA
o ~ o
CHUYEN BONG TUONG PO

Xét chat didm M khdi lugng m chuyén déng trong hé quy chiéu
dong Oxyz do tac dung cla luc F, dbng thdi Oxyz lai chuyén dong
s0 v6i hé quy chidu 8 dinh O,xy,z;. Ta ¢An tim su lién hé gitta gia
tdc tuong dol W: vdi cac lue tae dung.

Trong chuyén dong tuyét doi, thi theo tién dé 2 ctia Niuton, ta c6:
mW, = F (a)
T dong hoc ta cb:

szr+W:+W;‘ (b)

[
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Vay:

qu. =m(W;+W;+m)=? ;

mW, = F +(—mW.)+(-mW,_).

2}
fg,h '3'7:
Xy
Hinh 7.1

Goi: @ = —mﬁ 13 Ide quéan tinh theo;

E‘i‘; = —mﬁ’—k; 1a lge quan tinh Kériélit.
Ta cb:

mW, =F + F® + F% . (7.1)

Phuong trinh (7.1) 14 phudng trinh co ban cta chit diém trong
chuyén dong tuong déi.

So sanh (a) véi (7.1) ta rit ra két luan:

— T4t ca cac phudng trinh va dinh 1§ clia co hoc trong chuyén
dong tuong ddi cia chat diém duge thit lap nhu trong chuyén
dng tuyét déi, néu ta thém vio cac lye quan tinh theo F* va
Iitc quan tinh Kéri6lit FZ . Ta phai cfng thém vao F¥ va FE

14 do 4nh hudng chuyén dong ciia hé dong déi véi hé ¢d dinh.
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C covorLiTHYEr- TAPHATREREEREE

_ Céc truong hgp dac biét:

+ N&u hé dong Oxyz chuyén dong tinh tien thi F& =0 vi (;Z =0
nén W, =0.Khidb (7.1) sé la

W =F+ F& . (1.2)

+ N&u hé dong chuyén dong tinh ti&n thing déu thi F¥ =0 va

—

gt _
F¥ =0 ném

mW_=F. (7.3)
Phugng trinh (7.3) giong nhu phudng trinh (a).

Vay: khi hé dong chuyén déng tinh tién thang déu thi phuong
trinh cd ban cta chat diém trong chuyén dong tudng doi giong
hét nhu phuong trinh cd ban cha chat diém trong chuyén doéng
tuyét déi.

Ta xét cac trudng hgp xay ra khi F& #0
Vi Fkor =-mW,, = -—2m€o:A?: : (c)

Tit (c) ta thay F"

P E V. nén cling vubng gbe v tiep tuyén quy dao

tuong 461 do dé:

a. Hinh chiéu cua -T:'Ef: 1én tidp tuyén Mt cha quy dao tuong ddi
hay 1én phudng cia V, ludn ludn bing khong. Do d6 khi chidu
(7.1) 1én M1 cda quy dao tuong doi s€ la

dv,

mW *m—&—t—“F +Fi‘. (74)

b. Cong ctia luc Fg "" trén dich chuyén tuong 461 bat ky bing
khoéng.
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§7.2. DIEU KIEN CAN BANG TRONG
CHUYEN DPONG TUONG pol

N&u chat diém khong co chuyén dong tuong d&i V, =0 va W, =
thi F& =0. Khi d6: |

F+F¥ =0. (7.5)

Phudng trinh (7.5) 12 diéu kién can bang tucng d81 cia chét didm.

Pinh Iy: Dicu kién cAn va 40 dé chat diém cin bing trong chuyén
déng tudng doi 1a t&ng hinh hoc cac lyc tac dung lén chat diém va
e quan tinh trong chuyén dong theo cha chat diém bang khong.

§7.3. ANH HUONG CHUYEN DONG QUAY CUA
TRAI DAT DEN CAN BANG VA CHUYEN PONG CUA VAT

Khi giai phén 16n cac bai toan k¥ thuat, chiing ta col hé quy chiéu
gan vao mat dat 1a hé ¢6 dinh (quan tinh). Nhu vay, ta dd bd qua
chuyén dong cua tréi d&t quay quanh truc cua nd va chuyén dong
cla trai dit quanh mat troi. Tudng dng vol cac chuyén ddng nay,
ta c6 cac luc quan tinh theo ma ta cAn phai dua vao phudng
trinh (7.1).

Ta biét rang chuyén dong quay cla trai dat quanh tryc ctia né mdt
vong hét 23 gid 56 phut 04 gidy. Nén van tde goe:

2n
o=

£ =0,0000729 rad/s.

1. Sy can bing tuong doi trén mat dat — Trong luc

Xét mot chit diém M can bing trén mat dat. Cac lyc tac dung 1én
chat difm 1a lyc hap din F,, . luc quan tinh theo F‘” va phan lye N
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Pidu kién can bing do
v6i mat dat la:
F +F*+N=0,
Vi @ = const nén F¥ chi
c6 thanh phin phap
tuyén hudng thing géc
véi truc quay cla trai dét.
Hgp F¥ va F,, ta duge
mdt Ie goi 1a P.

F; +F¥ = P. ™
Nhu vay chiat diém chiu
tac dung ctaa hai hje P va Hinh 7.2
N c¢An bang nhau nén
chting ciing trén mdt dudng thdng. Luc P goi 14 trong lyc va
hudng thdng ddng tai mot diém ctia mat dat, con mét phéng vubng
goe véi P goi 1a mit phiang ndm ngang.
V& tri s6 thi F¥ = mro® véir 1a khoang cach tir diém M dén truc
quay cta trai dat. Tri s8 cia F¥ rit nhé so vdi F,, vi o rit nhd.
Cho nén hudng cua luc P rit gin véi hudng cia Fy .
Do da dua F vao trong luc P, nghia 13 da ké téi anh hudng cta
chuyén d6ng quay ctia qua dét. Vi vay khithiét lap cac didu kién
cin bing cha vAt doi véi mit dat ta khong cdn xét t6i dnh hudng
chuyén dong quay cta trai dat nita. V6i § nghia dé thi cin bing
tuong d6i véi trai 4t c6 thé coi 12 can bang tuyét doi.
2. Chuyén ddng tuong déi gdn mat dat

Khi tinh dén anh hudng chuyén ddng quay cua trai ddt, chung ta

cAn phai dat thém cac lye F¥ va Fg téc dung lén chét diém.
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Nhung luc E‘F lai chita trong trong luc P (theo *). Mat khac
FY =2maoV,sina ma o 1a vin téc géc cua trai dat khi quay
quanh truc cia né, con « 1a géc gifta van tde tudng déi V, véi true
quay cha trai ddt. Nhung tri s§ cta o rdt bé va khi V, khong da
16n thi FZ réit nhé so véi trong luc P nén ¢6 thé bd qua.

Vi du: Khi V, =700 m/s
vd a=90° thi FX chi
gin bing 1% trong lugng
cla vat.

Vi vay, trong phan 1én
cdc tinh todn ky thuat
khi nghidn cttu chuyén
déng cha vat d6i v4i hé

quy chidu gin vao trai
dat, ta c6 thé coi hé quy

chiéu d6 12 hé quan tinh
(c8 dinh).

Sau day ching ta s& xét
S . B Hinh 7.3
dén anh hudng chuyén

ddng quay cia trai dat d&n mét vai chuyén dong cu thé:
a. Chuyén dong trén mat dét:

Xét mot chat didm chuyén ddng & Bée ban ciu doc kinh tuyén theo
huéng tit Béc dén Nam véi van tdc V, thi W, sé€ hudng sang

phia Déng con F2 s8& hudng sang phia T4y. Chinh lyc quén tinh
nay da gy ra ap lyc phy {am mén nhanh hon dudng ray phia bén
phai ctia dudng xe 1da mét chiéu.

Lyc quan tinh F& ciing 1a mgt nguyén nhén lam 18 bad sdéng bén
phai ctia cac dong séng d Biic ban ciu khi chdy theo hudng Béc —
Nam.



136

CO HQC LY THUYET — TAP HAI: PHAN PONG LUC HOC

Khi chuyén dong tuong dol theo huéng tit Nam 1én Béc thi hién
tugng x4y ra ngugce lai.

Hién tugng léch hudéng khi vat roi thing ding (hay bén 1én cao).

Gid st xét mot vat rdi ty do theo phuong thing ditng xudng miét

dét. Vi vén t8c gée cha qua dit o rat nhé nén lde quan tinh F¥

kor

va Fd' ciing rdt nhd so véi trong lyc P. Ta col van téc tuong d6i

vd FZ  huéng vé phia Déng. Cho nén khi vat rdi tu do, lye F2

kor
d& lam cho vat roi bi 1éch vé phia Péng so v6i dudng thing ding.
Khi ban vat 1&n cao hién tugng sé xay ra nguge lai. Tuy nhién dé
1éch nay sé rat nhé va ta chi nhan thdy khi d6 cao kha lén.

Yy
qt
kor
I3 x
4] -
5
Hinh 7.4 Hinh 7.5

Vi du: Tai vi d¢ 55°47' véi g = 9,816m/s? khi vat roi tit d6 cao
H = 100m thi d6 léch & = 1,2cm.
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§7.4. CAC DINH LY TONG QUAT CUA PONG LUC HOC
TRONG CHUYEN DONG TUONG DOl

Cace dinh 1y téng quat cha déng luc hoc trong chuyén dong tudng
do1 duge thidt lap frén cd s6 phudng trinh co ban (7.1). Nghia 1a

phai dat thém vao chét diém ecde lde quan tinh theo F

qt
i

va hic

quan tinh Kéridlit £ . Can luu § rang:

- Khi ap dung dinh 1y déng nang trong chuyén ddng tuong da1 thi
cong cua lue quan tinh Koriolit FZ  ludn ludn biang khong vi

F&1V,

Sl

— Né&u hé déng chuyén ddng tinh tién ma géc hé dong trang véi
khoi tAm C ea cd hé thi khi 4p dung dinh 1y mémen ddng va
dinh 1y d6ng ning trong chuyén déng tuong déi duge phat bidu
tuong tu nhu trong chuyén dong tuyét dai.

1. Dinh Iy mémen déng lugng trong chuyén ddng tuong doi

(3ia st hé cé n chil diém,
chuyén dong d& véi hé
dong Cxyz. Hé dong nay
chuyén dong tinh tién va
goc 6 tal khol lAm C caa
cd hé.

X6t chidt diem thir & oé

khéoi lugng m, chuyén dong

trong hé déng v6i gia téc
tuong dé1 W, do eac luc

F, . F:j’;, F ;:’:J{. Theo

Hinh 7.6

(7.1} ta ¢b:
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_ gt qt
- Fak + Fek + Fkur,k '

[

Vi hé dong chuyén déng tinh tién nén F , =0 nén:
dv,, d Py
m % on V. V=F, +F% .
Lrn dt( e V) =Fy +F

Nhan vecto ca hai vé véi r, :
d

nA—(m, V) = rAF, +r,AFZ

Theo phép tinh dac ham cua tich vecto:

%(Emkﬂ) :‘fi—’";z\mkﬁ&f\%(mkv_ﬂ;) :
Nhung:

%Amkﬁ =-v:Amk‘7rk. =0.
Do dé:

d, —~ o d— — d, = — 7= —
Et'(rk/\mk Vrk) =E(JC,€)-—— rkAa(mk Vrk) =rkAFak +PkAF;§ .
Péi1 véi toan hé:

PIRAUNERCT) ML TIAED VYIRS XX A

Ta co:
Zaz’\mkﬁ =kaaAW;:—M;gAm =0 vi ’"_c. =0;
d o —_— — e —
-&;(LC):ZQAFB& =Y me(Fy).

Vay.

d(LC

=Y me (F.,k). (7.7)
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Pinh [y: Trong chuyén dong tuong d5i caa cé hé, néu hé dong
chuyén dong tinh tién va gbc cha hé dong trang vol kh&i tam C cta
6 hé, thi dgo ham bac nhét theo thdi gian mémen dong lugng cua
co hé doi vdi khai tam C bing téng mbébmen cua tat ca cac lye hoat
déng tac dung lén cd hé d6i véi khol tAm do.

Khi chidu (7.7) 1én cac truc cha Cxyz ta cé:

ALes) 3 e, (Fon)
d(zfy) _ S mey(Fan) (7.8)

HLes) - 5 ey (o)

2. Pinh Iy dong ning trong chu, yén dong tuong doi cia chat diém

Két mot chit diém khdi lugng m chuyén dong véi W. trén quy dao

-,

tudng d6i do tac dung ctha Ige F v cac lyc quan tinh theo FZ |

lyc quéan tinh Koriolit F; 7 Theo (7.1) ta co:

kor

dv. —

mW, =m—- ~F+F*+FZ .

Nhan vé hudng ca hai v& véi dr, :

—_—

m%d;: L (F+F7 + FIdr, = Fdr, + Fdr, + Fndr, s

kor

JE—

pr =l
Foidr =0 vi Fg, Ldr;

kor



140

CO HOC LY THUYET - TAP HAI: PHAN BONG LUC HQC

mv; —é—mV,ﬁ AT + A%,

r

1
2
Tlr _an =AF" +Aqt ~

Mo eMoM,

(7.9

trong d6: T, va T, la dong néng cua chit diém tai vi tri dau M,

6 van tée V,, va vi tri cudi M, ¢é van tdc V,, trén qu§ dao tuong doi.

Pinf Iy: Bién thién déng ning tudng d6i cha chat diém it vi tri M,

d&n vi tri M, trén quy dao tudng d6i thi bang téng cbng cua cée luc
tac dung va luc quan tinh theo trén doan dich chuyén ay.

Vi du 1: Nua vong tron BCD ban kinh R
quay quanh dudng kinh BD véi van téc géc
®. M6t nhan M trong lugng P trugt khong
ma sat ti diém B sat truc quay theo nia
vong tron véi van tde ban ddu V, = 0.

[
Tim van tdc tuong déi V, tai diém C.
Bai gidi: Xét chuyén déng tuong ddi caa
nhin M trén cung tron BCD. Van toc cha M

khi chuyén dong tit B dén D 1a vén toc tudng
do1 V..

Cac lyc tac dung 1én M 1a: trong lugng P cua
nhAn M, phan lic phap tuyén N va F¢
huéng vudng géc vdi truc quay BD, lye quan
tinh Kéridlit F¥ hudng vudng géc véi mat
phéng hinh vé&. Do d6 chi c6 lyc P va Fe
sinh cong.

Theo dinh 1y dong néng:
T,-T,=A" +A".

Hinh 7.7

Nhung V,, = 0nén T, =0 =T, = %mVﬁ _ AP+ AT
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Ma A® = PR. Ta phai tinh:
c
AY = [Ftdax.
eBC F
Ta cé:

: R
v} . 1 ;
F¥ =mW, =m-—% =mzxo® > A" = jmxm‘adx = EmeR"‘.
o

X eBC
Do do:

émei =PR+-;—mw2R2 -V, =yJ2gR+0’R*? .

Vi du 2: Trong cd cdu hanh tinh tay quay, banh rang déng ban
kinh r khéi lugng M. Tay quay 0,0 = b quay quanh O, theo luat
¢ = at® trong d6 @ = const,

Xéc dinh luc tigp tuyén @ tai
diém tiép xiic giita cac banh
rang.

Bai gidi:

Xét chuyén dong tuong déi cha

bidnh riang dfng d&i véi hé
dong Oxy c6 goe O tai khéi tim
cua banh rang ddng.

Cac lyc tac dung F’, ﬁ, é,? do
0,0 tac dung vao O. - Hinh 7.8
" Ap dung dinh 1¥ mémen dbéng
doi véi O:
(L)
dt

=Y my(F). (1)
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Ma L =dgo0, vé O 12 van téc géc cua banh rang dong quay
. 1 ;
quanh O con J, :ngz.

Banh rang dong chuyén dong song phang nén :

_Yo _b6 _b2at.
" r r r '

1., ,b2at dL’ -
Lr :_MZ__=Mbrt (J= F; &
| =5 Mr* == = Mabrt > —= 3 mo(F) *)
dL’,

Frale Mabr va Zmo(ﬁ) =rQ.

Thay vao (*) ta cb:
rQ = Mabr > Q = Mab.



Chuong 8
LY THUYET VA CHAM

§8.1. DINH NGHIA, DAC DIEM VA
CAC GIA THIET CUA LY THUYET VA CHAM

8.1.1. DINH NGHIA

Va cham 12 hién tuong cic vat chuyén ddéng dén va vao nhau lam
cho van tdc ctia ching bi&én d6i mdt lugng hiiu han {ca vé hudng va
d6 16n) trong modt khoang thoi gian r&t nhd (t 10%s dén 107%).
Khodng thdi gian d6 goi 14 thoi gian va cham. Ky hiéu la t.

Hién tugng va cham gap r&t nhidu trong thyc t&€ nhu khi déng coc,
rén, dap, nghién quéng...

8.1.2. CAC DAC PIEM CUA QUA TRINH VA CHAM

a. Bic diém tha nhat

Va cham xay ra trong khoAng thoi gian rit bé (tit 10723 dén 107°s)
nhung van tdc lai bién d81 hitu han nén gia tdc va cham rat 1én. Vi
vay khi nghién cltu va cham ngudi ta dya vao xung luc va cham.

S = j’ﬁdt. (8.1)
0

trong d6: N —lgc va cham con tla thdi gian va cham.
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b. Dic diém thir hai
Thoi gian va cham rit nhd nén trong qua trinh va cham cac vat
(hay chat diém) cta hé di chuyén khéng dang ké.

c. Dac diém thu ba

Mic du thdi gian va cham rit nho. Nhung quéa trinh va cham lai
di2n ra theo hai giai doan:

— (iai doan bién dang: xay ra trong thoi gian 1, ké ti lac hai vat
c6 van toc khac nhau bat ddu tiép xde nhau cho dén khi cac vat
bi bién dang 16n nh&t va lde nay cac vat cé van toc nhu nhau:

- (iai doan phuc héi: kéo dai trong thoi gian 1, k& tir khi hai vat
¢b van tde bang nhau cho d&n khi ching cé van tdc khac nhau
va tach rd1 nhau.

Can cd vao mdc dd khoi phuc hinh dang c cia cac vat khi va
cham, ngudi ta phan loal va cham thanh va cham mém va va
cham dan hdi:

— Va cham mém 1a qua trinh va cham khong c6 giai doan phuc
héi, Dic diém cla loai va cham nay 1a khi két thuc va cham
nhiing phan ti cia hai vit & mién tiép xdc cd cung van tdc phap.

— Va cham dan hdi 1 qua trinh va cham ma sau khi va cham, cac
vat khoi phuc lai mot phan hay toan b hinh dang trudc kh1 va
cham.

N&u hinh dang cua vat dude khoi phuc lal hoan toan thi va cham
dé dudce goi 1a va cham hoan toan dan hoi.

Dac diém cta va cham dan héi 14 khi két thic va cham van toe
phap tuyén cia cic phéan ti tai mién tiép xvc 1& khac nhau.

8.1.3. CAC GIA THIET CUA LY THUYET VA CHAM

Va cham la hién tudng x4y ra rit phic tap. Tyén cd s6 cac dac
diém cha va cham, ta dua ra cac gia thiét sau day nham don gian
héa quéa trinh tinh toan:
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a. Giathiét 1
Vi luc va cham réit 16n nén khi nghién cu va cham ngudi ta bd
qua cac luc thong thudng nhu: trong luc, ap luc... ma ta chi quan
tam dén lyc va cham. '

b. Gia thiét 2

Trong qué trinh va cham céc vat (chit diém) di chuyén khéng
dang ké, nén gia thiét riang: trong qua trinh va cham cac vat ding
yén tai ché.

c. Gia thiét 3
Do qua trinh va cham xay ra theo hai giai dogn: bién dang va phuc

hdi nén dé tién so sanh hai giai doan dé ta tinh cic xung lugng va
cham trong tlng giai doan:

S, = [N.dt; S, = [Nydt. (8.2)
Q o]

trong dé: F; va E 12 luc va cham trong giai doan bién dang va
giai doan phuc héi.

Ta goi £ 12 hé s§ phuc héi thi:
Sl

k=—.
S,

8.3)

Hé 88 phuc héi 2 phu thudc vao nhidu y&u t& va dude coi 12 hing s6
trong sudt qué trinh va cham.

Dua vao hé s6 phuc héi £ ma ta c6 thé phéan loai va cham;
0 <k < 1: va cham dan héi;
k = 1; va cham hoan toan dan héi;

k = 0: va cham mém.
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8.1.4. CAC NOI DUNG CAN GIAI QUYET KHI NGHIEN CUU VA CHAM

Khi nghién citu va cham ta cin xdc dinh cac dai lugng sau:

a. Vén tde cac vt eta cd hé sau va cham.
b. Xung lugng cla cac lyc trong khi va cham.
c. Su tiéu hao nang lugng khi va cham.

§8.2. CAC DINH LY TONG QUAT CUA PONG LUC HOC
TRONG LY THUYET VA CHAM

Néi chung c6 thé ap dung céc dinh 1y téng quat clla déng luc hoc
trong va cham. Nhung do déc diém cha hién tugng va cham va do
6 su tidéu hao nang lugng khi va cham nén ta khong thé ap dung
dinh 17 déng nang dudc.

8.2.1. DINH LY BONG LUONG

Tacb
R -@ =25
trong d6: S§ — téng xung lugng va cham ngoai.

Do ¢o hé va cham thuong 1a vat rén hay hé vat rén nén Z’é = MV; .

Cho nén:

——

@, =Mif_[; va QT=MVE.
Do dé:

MU; - MV, =Y 5. (8.4)
trong d6: M 1a khéi lugng ciia co hé con Up va Ve 1a van téc khéi

tdm cua c¢o hé sau va trude va cham.
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Dinh Iy: Bién thién ddng lugng cla co hé trong va cham bing tdng
hinh hoc xung higng cae lyc va cham ngoai.

8.2.2. DINH LY MOMEN PONG LUCNG

Theo dinh Iy mémen déng lugng d8i v6i co hé:

dl. & _
== m(F),
dt o

mdmen déng lugng cha co hé d6i véi diém O ¢ dinh con

— [ — . ]
m,(F;)= ZrkAF,f 12 téng mémen cha cic lyc va cham ngoai
1 k=1

M= 5|

E o
I

¢ dung 1&n hé d8i véi diém O:

j«v ]

t

P — e B
dL, =y m,(F)t =y r,AFdt —» [dL, = [¥ roAFfde;
k=1 k=1 = 0

L
I En [Fide- TRAS - Tl G
0

LI =S m, ). (8.5)
Chiéu (8.5} 1&n cac truc toa d§ Dé-céc ta ¢é:
12, Ly =Y mp(S9)
L2y~ I, = T may(SE) b (8.6)
L,-L,= Zmoz(g)
Dinh [y: Bién thién mdémen déng lugng cGa ¢d hé d6i véi modt tdm

(hay mét truc) trong thdi gian va cham béng téng mdémen xung
lugng cua cac lye va cham ngoai d8i véi tam (hay truc) dé.

Néu vat quay quanh mét truc c¢8 dinh ta c6:
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J, o, —J,0, =Zmz(§§), (8.7

trong d6: ®, va ©, l4 van tdc gbéc cia vAt quay quanh truc z tai

thti diém sau va trude va cham. J, 12 mémen quan tinh ctia vat déi
v{i truc quay.

8.2.3. DINH LY DONG NANG

Trong va cham ludn xay ra sy tiéu hao nang lugng, do mét phan
ddng nang bién thanh nhiét ning va mét phan déng ning chuyén
thanh niing lugng giy ra bién dang. Vi vay théng thudng nguoi ta
khéng s dung dinh 1y déng ning dé nghién clu va cham ma
thuong chi st dung dinh 1y déng lugng va dinh 1§y mémen ding
lugng.

Trong va cham ngudi ta quan tdm dén lugng doéng ning bi tidu hao
AT. Néu v6i muc dich 1a gdy bién dang (vi du trong rén, dap) thi
phai tim céch tang lugng dong nang bi tidu hao. Nguge lai néu
nhdm muc dich 1am dich chuyén nhu déng coc, déng dinh thi phai
lam giam lugng déng ning bi tiéu hao khi va cham. Chinh nhg
lugng déng nang cén lai sau va cham nay sé lam cho co hé di
chuyén.

§8.3. VA CHAM THANG XUYEN TAM CUA HAI VAT
CHUYEN DONG TINH TIEN

Xét hai vat ¢6 khéi lugng m, va m, chuyén déng tinh tién dén va
vao nhau véi van téc V, va V, hudng doc theo dudng thang néi
khdi tAm hai vat. Biét hé s phuc héi k.

Héy xac dinh:
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— Van toc khoi tAm hai vat sau va cham 14 u, va u—2 ;
- Xung lugng cta cac lue va cham trong tiing giai doan;

~ Lugng mit ddng ning trong va cham.

Ching ta dda vao dinh ly dong lugng trong va cham va viét
phudng trinh va cham cho tung vat trong cac giai doan va cham,

— Trong giai doan bién dang:
+ Phuong trinh va cham cia vat thi nhat:

mi — mlvl = ‘—Sl . (88)
+ Phudng trinh va cham cua vat tha hai:

molt — m2V2 = Sl - (89)
- Trong giai doan phuc hdi:
+ Phuong trinh va cham cta vat thi nhat:

myit, —mai =-S,. (8.10)
+ Phuong trinh va cham cia vat thit hai:
Theo (8.3) ta ¢6

S, = kS,. (8.12)
Véi naAm phudng trinh (8.8); (8.9); (8.10); (8.11); (8.12) ta xéc dmh
duge 5 an s6 u, uy, Uy S, Ss.

Tu (8.8) va (8.9) ta dugc:
_mV, +m,V,

(8.13)
m, +my
Thay (8.13) chlta u vao (8.8) va (8.9) ta cé:
8, = m,m,

——(V, -V,). (8.14)

m, +m,
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Tt (8.12) ta tinh duge:

8, =kS, = k22 (v _V,). (8.15)

my +m,

Thay (8.13) va (8.15) vao (8.10) va (8.11) ta ¢é:

u, =V, —1+k)2272 (v _v,); (8.16)
ml + m,
=V, —(1+B)—272 (v, _V,). (8.17)
m, +m2
T (8.16) va (8.17) ta tinh dugc:
po_ Y2l U (8.18)
V,-V, V,

Trong d6 V, va u, 1a vin téc tudng to1 cha vat tha hai @61 voi1 vat
thi nhat sau va trudce khi va cham.
Tinh lugng mét dong nang trong va cham. Goi T, va T, 1a déng
néng cua ¢d hé trude va sau va cham:
1 1
T, ==m,VZ+=-m,V;},
1 2 171 2 272

1 1
T, =—mul + =myu;.
2

2
Lugng ddng nang bi tiéu hao:
1 ;
AT =T, -T, :%ml(vlhuf)JrEmz(Vg —u?). (8.19)

Sau khi bién d6i lugng déng ning bi tiéu hao 14 AT tinh dugc theo
edng thic:

AT = Ly T™Ms

2 my+m,

L=k )V, - V,)°. (8.20)

Ta xét cac trudng hop xay ra:

~ Trudng hop va cham mém & = 0 thi:
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1 nL,m
AT:—X—-—l—z
my +mg

(V, - V)P (8.21)
- Trudng hop va cham hoan toan dan héi & = 1 thi:
AT =0. (8.22)

Nghia 14 trong va cham hoan toan dan hé&i d¢ng nang cua hé
khong bi tiéu hao.

— Trudng hop vat thit nhat va vao vat thit hai ban dau ddng yén

V, = 0. Khi dé:
AT =L MM _phyyr- T2 q_p)T,, (823
“2my+my m, +my
véi T - %le{? . (8.24)

T, 14 dong ning ciia hé trude khi va cham.

D& bidt ty 18 giita dong néng bi m4t di trong va cham so v6i dong
ning caa cd hé trude khi va cham ta tinh ty s&:
AT __my (1-k%). (8.25)

T, my+my

Trong rén, dap: nhim muc dich 1am cho vat bién dang cang nhiéu
cing t6t nén dong nang bi mat di cang nhiéu cang lgi. Ta goi hiéu
suft cha qué trinh rén, dap 1a ng:

=2 M qopy=—loq-r). 820
T, m +m, ™
My

Nhu vay khi n, cing 16n thi cang lgi cho cong viée rén, dip. Nghia

-\ m = 7 -~ » . oo ’ ~ .2 2
14 =L cang nhd. Muén vay thi m, phai l6n hon m, rat nhiéu lan.
my

Do d6 khdi lugng ctia de phai 16n hon khéi lugng clia biia nhigu
lan. D& tang khai lugng de ngudi ta thudng gin chit de vao nén.
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Trong déng coc: nhdm muc dich lam cho coc di chuyén cang lan
sdu vao dit cang tét. Mudh vay thi déng nang b1 tiéu hao trong va
cham cang it cing t6t. Khi d6 hiéu suit clia déng coc 6 1a:

T _
g=te AT AT ™ g gyl Gk e
To T:> m; +m, 2
1+ —
, m,
Dé hiéu suit déng coc m, lén thi . cang bé cang lgi. Nghia 1a
m,

khéi lugng biia m, phai lén han khéi luong coc m, nhiéu 14n.

Vi duy: Bia déng coc ¢6 khéi lugng m, rai ty do tit dd cao k& so véi
dau coc. Khéi lugng ciia coc 1a m,. Sau mot 14n va dap coc di xudng
mét doan S. Tim lyc can trung binh cta d4t tac dung 1én coc. Gid
thiét 14 va cham mém & = 0.

Bai giai: Pay 12 bai toan va cham
thidng xuyén tdm cla hai vat chuyén ]
dong tinh tién.

Hién tugng va cham nay xdy ra theo h
ba giai doan:

— Giai dogn 1: ké t khi bia rdi ty do

tit 46 cao A dén cham vao diu coc véi | S

-

van tée V. I

— (Gial doan 2: 14 qué trinh va dap giita m,
btia va coc ké tit lic biia dap vao ddu
coc v6i van tdc V, vicocco van tée Vo= v - borroe
0 cho dén khi ké&t thic qua trinh va
dap bui va coc ¢6 cling vAn téc u. W%

L A - » » )
— Giat doan 3: ké t& khi bda va coc ¢ Y
cing van téc u cung lin sdu mét doan
S rdi ding lai.

Hinh 8.1
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Trong giai doan 1: xac dinh vén téc V, ctia bda khi bat ddu cham
viio d4u coc nhg dinh ly dong nang:

élef —0=mgh—>V, =2gh.

Qua trinh va dap thing xuyén tdm cla bia va coc khi va cham
mém k = 0 thi van t6c u lic k&t thic va cham:
m,V, m,

U=y =Uy = = 2gh .
m, +m,y m,+m,

Ta goi Fy, 1a lyc can trung binh do nén dat tac dung l1én coc va col
14 hing s&. Ap dung dinh 1y déng nang cho giai doan nay:

s
Mgy e - _mytmy o
0 o OJF,bds_ FpS — Fy ==L o=5u’s
2
Fop = ™ Xll‘

§8.4. VA CHAM CUA VAT QUAY QUANH TRUC cO PINH

Xét mot tA&m phéng khéi lugng M cb khéi tam C ndm trong mit
phing d8i xing Oxy va quay quanh Oz ¢6 dinh vudng goc v61 mit
phang xy. Xung lyc va cham S tac dung nim trong mit phang de
xing tai diém K va nghiéng véi truc OC gbc a. Gia thiét ban dau
OC = ¢ nam trén dudng théng diing va van tée goc cha tdm phang
1a o,

Xac dinh van t6c o cla t&m sau va d&p va xung lyc cua phan lyc 8
tai truc quay Oz. ' '

Ta xét chuyén dong quay cuia vat.

Céc xung lyc va cham ngoaila 8 va S, .
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Ap dung dinh ly déng lugng (8.4) va
phuong trinh vat quay (8.7):

Mu,-MV,=5+8,; (a)

JOZ(‘U_JOZ(‘DO :Zmoz(sz), (b)

véi: V., va U, 1a van toc khéi tdm
C cla tAm trude va sau va cham; Jp,
12 mémen quan tinh ctia tAm 461 véi

truc Oz; ©, va © 12 van t8c goc cua
tam trudc va sau va cham.

Chiéu hai v& clia déng thiie (a) 1én
cac truc Ox va Oy ta c6:

Mu, - MV, =Ssina+S,,; (c) Hinh 8.2

¥?

0=Scosa+8,,. (d)
Tix (b) ta viét:
Jo,(0—w,)=hSsina . (e)
Véi Vi = aw, va ue = ao. Thay vao (c) ta cé:
Ma(w-w®,)=Ssina+8,,. (f)
Va ti (d) ta cé:
S =-Scosu.

ay

Tt phudng trinh (f} va (e) ta tim duge:

S, = S[Mah —1]sina;
JOz
S =-Scosa.

ay

Tu {e) ta cé:

hoo
o=0,+—>Ssina.
0z
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Nhu vay dudi tac dung cta xung va cham S thi tai truc quay Oz
xuft hién hai thanh phin cha xung S, 1a S,, va S, .

Hai xung nay c6 tdc dung pha hoai rat lén d6i véi & truc. Ta hiy
tim, diéu kién dé & truc khéng xuft hién hai thanh phin cta xung
nay khi vat chiu tédc dung ciia xung va cham 8 ¢6 gia tri tay .

Muén vay:
Soy =—Scosa=0;
S, = S(Mah —l]sina =0. "
JOz
T (*) ta suy ra:
cosa=0 s>a=> va Mah—le—)th—O’—.
2 Jo, Ma

Tit cac két qua nay ta thay diéu kién dé€ khong xuit hién cac xung
phan lyec tai cac 6 truc khi vat rdn chiu tac dyng cla xung va cham
c6 gid tri bat ky 12 khéi tdm C phai ndm trén mit phng d6i xting
vudng gbéc vdi truc quay. Xung lyc S phai ndm trong mit phing

déi xng vudng géc véi truc quay va di qua didm K nim trén OC
D . aa o, J
thda mén diéu kién OK = h = 29%
Mea

Diém K x4c dinh nhv trén duge goi 1a tAm va cham.

Vi du: X4c dinh tdm va cham cGa mdt thanh déng chdt AB = b,
quay trong mit phing thing ditng quanh diém O ¢5 dinh (hinh 8.3)
Bai gidi: Gia sl truc quay O cach ddu A mét doan A0 = x. Goi K 1a
tdm va cham cach ddu B mét doan KB=y. Dit OK=h va OC = q.
Theo biéu thitc

OK =h Y0
Ma

Tabiét  J,, =dg, + Ma?;
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—>h=

J o, + Ma® -—ic—'z—-t-a
Ma Ma

b b 1
Thay: hea+l oy a=2-x; Jo == Mb
ay a+2 Y a 2 Xx Cz 12

*)

N . 7 . - ~ T A P
vao biéu thic (*) va qua mot s0 bién dbi ta cb:

1 1 ) *k
IZLE—yJ[E—xlzb . (**)

Tu (**) ta thdy khi cho bidt x thi x4c dinh duge y va ngude lai. Hai
théng s6 nay ¢ th& hoan vi duge cho nhau. Diéu nay c¢6 nghia la
tAm va cham va truc quay c6 thé thay d6i vi tri cho nhau.

A —-Jq A —J< AEO j _..—\II(
£
|y
0 [~ N-?O“J
C c
=] s
. o [~
K o
'r-|{\"}
BEBL —f gl
a) b) c)
Hinh 8.3

. =3 k) . 1 - [y LI -
* Néu gia st choy = 0 thi x :Eb tdc 12 khi tAm va cham K nam
tai -mé)t diu B cna thanh thi tryc quay O & cach dau kia mot doan

bing %b Véi b 1a chifu dai thanh (hinh 8.3b).

Didu nay dugc xac nhan trong cic truong hop: khi cdm bua, cAm
riu, cdm cudc dé chb tay cAm khong bi dau (khéng xudt hién xung
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phan lyc) thi diém cAm cha tay (truc quay O) phai céch dau kia

N | N - . .
mdat doan bang 3 chiéu dai can bua.

* Néu cho x = 0 thi y =%, nghia 14 truc quay O nam tai mt dau
thanh thi tdm va cham K nim cach truc quay O mot doan
OK :%b. Trudng hgp nay thdy rd trong mAy nghién bua dé

nghién vat ligu. Muén truc quay cta baa khéng xudt hién xung
phén lyc ta cAn phai cho vat lidu nghién va cham véi baa tai diém

cach truc quay bing % chifu dai can bia (hinh 8.3¢).
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@ o oA e W

~

10.

11.

12.

CAU HOI ON TAP
Céac khai niém: chéit diém, hé chit diém (co hé), co hé tu do va
khong tu do.
Vat ran tuyét d6i, hé quy chiéu quan tinh va khéng quan tinh.
Luyec va cach phéan loai Iue.
Céc tién dé dong lyc hoec — ¥ nghia ting tién dé
Hai bai toan co ban ciia déng lic hoc.

Phudng trinh vi phin chuyén dong cla chit diém trong cac dang:
vectd, toa dd Dé-cic, toa dé ty nhién.

Phuong trinh vi phén chuyén d6ng clia co hé.

Dinh nghia khéi tdm cha cd hé, trong tAm clia vat ran. Dinh nghia
mdmen quén tinh clia vat rén d&i véi mét truc va modt diém

Céng thitc mémen quan tinh cha mot s§ vat déng chat don gidn.
Dinh 1y mémen quan tinh ctia vat d81 v6i cie truc song song (dinh ly
Huyghen)

Dinh nghia dong ludng cia chat diém va co hé. Cong thic tinh dong
lugng cia hé qua van tc khél tAm. Dinh nghia xung lugng nguyén
6 va xung lugng hitu han ctua lye.

Phéat biéu va ching minh dinh 1§ dong lugng cia co hé. Néu céc
trudng hop bao toan déng ludng ctia co hé. Vai trd cua ndi luc va
ngoai luc d8i véi sut bién d6i dong lugng cla cd hé.

Phat biéu va chitng minh dinh ly khéi tam. Néu cac trudng hgp bao

toan chuyén dong khéi tAm. Anh hudng cha ndi lye va ngoai lyc dén
chuyén déng khoi tAm ciia cd hé.
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13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Dinh nghia mémen ddng lugng cta chat diém va cd hé d61 véi mot
d¢iém va mot truc. Tinh mdmen dong lugng clia vat ran quay quanh
mét truc. Phat biéu va ching minh dinh 1y mémen dong lugng cua
co hé d6i véi mot diém va mét truc.

Viét phuong trinh vi phin chuyén ddng quay cua vat rdn quanh mét
truc ¢8 dinh va phuong trinh vi phin chuyén dong song phing cha
vat rén. Cac dinh luat bao toan mémen dong lugng.

Dinh nghia dong nang cla chit diém va cd hg¢. Cong thiic tinh dong
néng clia vat chuyén dong tinh tién, chuyén déng quay quanh mét
truc ¢6 dinh va chuyén dong song phang.

Pinh nghia ¢ong nguyén t6, cong hitu han va c¢dng caa luc dan hoi
tuyén tinh, lyc dat 1én vat rén quay, luc ma sat trugt va luc ma sat
tac dung lén vat chuyén déng song phéng lan khéng trugt. Khi nao
tdng cdng cha ndi lye bing khéng.

Phat biéu va chiing minh dinh 1y dong nang cha cd hé. Anh hudng
ctia ndi lue va ngoai Iye d6i véi su bién déi déng nang cua cd hé.
Trudng hop nio téng céng cua ndi lyc khae khong.

Dinh nghia trudng lyc thé, th& niang. Cong thic tinh th& nang caa
trong luc va lyc dan hoi tuyén tinh. Phat biéu va chitng minh dinh
luat bao toan cd ning.

Dinh nghia co hé khéng ti do. Pinh nghia hén két va phén loai cac
lién két, phuong trinh lién két va phdn lyc lién két. Cho vi du.

Dinh nghia di chuyén kha di. Cho vi dg. Dinh nghia s bac tu do, 6
bac ty do cda vat rdn chuyén déng tinh tién, chuyén déng quay
quanh mét truc cd dinh va chuyén dong song phéng.

Dinh nghia toa do suy réng cha cd hé khong tu do, so sanh véi cd hé
ty do. Cho vi du minh hoa, Dinh nghia lue suy réng va cach tinh lue
suy rong. Cho vi du.

Dinh nghia lién két 1y tudng. Cho vi dy.
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23.
24.
25.

26.

27.

28,
29.

30.

31.

32,
33.
34.
35.

36,

37,

Phat biéu va chiimg minh nguyén ly di chuyén kha di.

Diéu kién cAn bang cta co hé trong toa d6 suy rong dn,

Dinh nghia lge quan tinh cia chdt diém. Két qua thu gon hé luc

quén tinh cla vat rdn chuyén dong tinh tién, chuyén déng quay
quanh mdt truc ¢§ dinh thing géc véi mit phing cha tdm, cha tdm
phang chuyén déng song phang.

Phat biéu va chiing minh nguyén 1y Dalimbe cho chit diém va
co haé,

N6i dung ctia phudng phap tinh dong. ap dung phuong phap nay dé
nghién ctiu chuyén déng quay cha vat rdn quanh mdt truc cd dinh
(phan luc 6 truc quay, phan lyc ddng luc va phudng phap triét tidu
phan lye dong luc) chuyén déng song phing cia tdm phing.

Phuong trinh tdng quat déng luc hoc.

Viét phudng trinh Lagring loai II va trinh bay cd s¢ cha phudng
phép thiét 1ap né. Phuong trinh Lagrang loai II cho hé bao toan.

Céc tich phan d4u cia chuyén dong, tich phan nang lugng, toa 45
Xyclic va tich phan Xychic.

Thiét lap phuong trinh ¢o ban clia chuyén ddéng tudng ddi. Cac
truong hgp dac biét.

Diéu kién c4n bing trong chuyén déng tudng déi.
Céc dinh 1y téng quat trong chuyén ddng tudng di.
Dinh nghia va cham, cac dic diém va gia thiét vé va cham.

Cac dinh ly téng quat cha dong luc hoc 4p dung cho va cham. Su
mAt dong nang trong va cham.

Va cham thing xuyén tdm ctia hai vat chuyén déng tinh tién. Noi
dung bai toan va néu két qua.

Va cham cia tdm phang quay quanh truc ¢8 dinh thing géc v6i mat
phing cta tdm. Tam va cham. Néu mét vai ap dung.



Vi DU TINH TOAN, BAI TAP
VA HUGNG DAN GIiAl BAI TAP
PHAN DONG HOC

. Vi DU TiNH TOAN

PHUONG TRINH VI PHAN DONG LUC HOC CHAT DIEM

Vi du I.1: Ta phai udn 6ng theo dudng cong phing nao dé qua cdu nhd
M dat tai mdt diém bat ki trong 8ng vAn ndim yén so vdi ng khi
éng quay quanh truc Oy véi van téc gée o khdng d6i (hinh 1.1)
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Bai gidi: Xét chuyén dong cha qlia cau M.
Céc lde tac dung ﬁﬁ . Ta co:
mW =P+ N (*)
Chiéu (*) 1én truc A ta co:
-mW, cosa =—Psina =-mgsina, véi W, = x0?;
xo® coso = gsina;
w? _sina _

—Xx igo = Ell ;
g cosd dx

) X
dy =%xdx - Idy = I%xdx;

y= t—zgxg +C.
Vay dng phai udn theo ﬁ@t dudng cong phéng Parabol
Vi du 1.2: Mgt chit diém khdi lugng m chuyén dong trén mat nhén nim
ngang Oxy duéi tac dung cua luc F‘(t) song song véi truc Ox. Gia
tri ciia luc thay d81 theo quy luat F(f) = bt?, trong d6 & = const > 0.

Van tdc ban dau V, léch géc o < g— d61 véi duong tac dung cta lue F . -

Tim phuong trinh quy dao chuyén dong cua diém.

Bai gidi: Xét chuyén déng cha chit diém. Ta c6:

mW = F. ' (™)
Chiéu (*) 1én céc truc toa do ta cd:
mW, -mi=F=>bt" (a)
mW, = m3 =0 ®
di
smo = bt
mdzx = bt dt

3

Imdx: Ibtzdtﬁmizb—;—+cl.
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Didu kién ban dauf=0: x(0) =0; %{0) =V, cosa.

Thay vao ta c6

mV, cosa = C|

. ) dx -bt?
va: mx=m-—=——+mV, cosa;
dt 3

K
mdx = [%— +mV, cos a]dt :

bt.’i
Imdx = e +mV, cosa |dt ;

bt*

+mtV, cosa+C,.
12

mx =
Thay diéu kién ddu tac6é C, =0 va
bt*

mx =——+mtV, cosa.
12

Tit (b) 5=0-y=Cs.

Y i
//’/

v ~

¥ //

/
v

il

/4
a -

4] v X
Hinh .2

Didu kién ban dau ¢t =0: y(0)=0; (" V,sina:

yz(éy?:CB ady:CSdt:VOSinadt;
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Idy = JVO sinadt —» y =tV sina+C,.
T diéu kién ban ddueé C, =0

ythOsina—H:—‘)f—

thay vao (¢)
Sina

(e

4
mx=-£ _y_ +mV, cosa—:)f—
12

V,sina , Sina

4
b y
> X=———""—"—| +ycotga
12m{VOsin0.] yeore

Vi du L3: Chat diém khéi lugng m chuyén dong tit trang thai ditng yén

va vi tri x, = ¢ theo duong thang dudi tac dung cia lyc kéo ty 18 véi
khodng cach tir diém dén gdc toa d6 F, = -C,mx va khoang cach
Q. =C,mx®.

Tim quan hé gifta C,, C, va @ dé chit diém chuyén dong dén goc
toa dg thi dirng lai.

Bai gidi: Xét chuyén déng cla diém M.

M
— - -~ -
0 F Q X
Hinh L3

Cac hye tac dung @,? Ta cé:
mW =Q+F;
mW, =mi=Q, -F, = C,mx® - C,mx
—»i=Cx*-Cx.

Mit khac ta c6:

x=xgx~=02x3 -Cx.
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Tu day:

» 2 4 2
idi = (Cyx® Cwdxo =0, E-c-+B.
2 4 2
Diéu kién ban ddu ¢ = 0: x(0)=¢; #(0)=0

2 4
nén B-¢,2 -¢,%;
2 4
2 4 2 2 4
e x X @ a
o X0, 0, =-Cy—;
9  tgq P g P4’

Khi ditng lai tai gfc toa d6 thi x=0 va x=0 nén

2 4

a a
Cl —2' _C2 'I = 0,
a’ a’
hay cl—cz_zgzoﬂcﬁcgg.
DINH LY DPONG LUONG

Vi du L4: Ngudi ta cho nude chay vao mgt kénh dao c6 1i&t dién thay d6i
nhung déi xdng qua mat phang thdng ding. Van toe V, = 2m/fs co
phudng hgp véi phudng ngang mot goc 90°. Dién tich tiét dién chb
nude chay vao la 0,02m* Vén t6e khi nude chay ra khoi kénh 1a
V, = 4m/s va tao vdi phuong ngang goc o = 30°.

Xac dinh thanh phan phan lyc ngang ctia thanh kénh.

Bai gidi: Xét khéi nude gidl han boi cac tiét dién aa, bb.

Ngoai lyc tac dung lén Khéi mude 13 phan lic do thanh kénh tac
dung 1én gém hai thanh phén thing ding R, va thanh phan nim

ngang E .
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Sau khoang thdi gian dt, tist dién aa dich chuyén dé&n a’'a’ va bb
dich chuyén dén b’b’. Bién thién déng lugng trong khoang thoi gian
dt 1a: |

Q, -Q, =(R, +R,)dt.

Vo

Hinh L4

Vi chi cin tinh thanh phdn nim ngang R, nén khi chidu 1én truc
Ox ta duge:

Q,, = R.dt ma @, =V,,dm =V, cosadm.
Ta cin tinh dm. Ta théy:

dm = ysV dt — ysV dtV, cosa = R dt,
hay R, =vsV,V, cosa.

Viy = 1000kg/m® 1a khéi lugng rigng ciia nude nén khi thay cac tri
s& ta duge:

R, =1000x0,02x2x 4% = 1000 % 0,02x4+/3 = 138,56 N .
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DINH LY KHOI TAM

Vi du L5: Dong co dién trong lugng P dat td do trén san nhin nam
ngang. Ngudi ta gdn mot diu cta thanh dong chat dai 2/ va nang p
vao truc cua dong cd dudi mot gbe vudng, con ddu kia gan vao tai
trong Q; van toc goc clia truc bang o (hinh L.5).

Hay xac dinh:
1. Chuyén déng ngang cta dong cd

9. Luc cit ngang 16n nhét R tac dung 1én cc buldng néu ta gan vo

dong co vao nén bing cac buldng.
Bai giai:
1. Kbi khong gén dong cd véi nén bing bulong:
MW, =0— V¢, =const.

Lic ddu hé dtng yén Vg, =0 x¢ =const. Lic ddu OA =Cy

nénxd =0; x5 =05 x; =0; x3 =0.

Hinh L5
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Khi QA quay mét géc ¢ =ot thi dong co dich chuyén sang phai

mét doan s. Khi do
Xp=8; %, =s+{sinnt; xq =g+ 2ismnwi;
Ps + p{s+{sin @) + Q(s + 2/{sinwt) =0;

__(p+2Q)!

sin of
P+p+Q

Péng co dich chuyén theo chiéu nguge lal

Bién db (p+2Q)
P+p+@Q
Chu ky T-2%
w

2. Khi gén déng cd véi nén bang céc bulong thi luc tac dung lén
bulbng huédng theo truec x 1a:
Rx ZMWCx zzmkfék ;
P p

R=R, =—Xp +—:Ep+%3c'Q;

xp =03 x, ={sin@ = {sinwt;
Xg =2/sing = 2/sinwf;

Xp =0; :'x':p = —lw* sinot ;
g = 2o’ sinot;

p Q

R =£55P + =k, +—Xg =P sinot;
g g g

- Q 2in? sinot = —[ﬂ] o> sinot ;
g g

:p+2Q£m2,v6i sinwt=-1.

4

Rm ax



Phén ba, BONG LUC HOC 169

DINH LY MOMEN DONG LUONG

Vi du L.6: Chat diém A khéi lugng m, chuyén dong trén mit tdm tron

nam ngang khdi lugng m, ban kinh r, doc theo day cung CD véi
phuong trinh A A =x =bsinkt, trong d6 % 14 hing s6 va b duge

cho trén hinh 1.6. T4m c6 thé quay khéng ma sat quanh truc thang
ditng di qua tim O.

Xac dinh van tdc goc chia tAm tai thoi diém ¢, bit réng khi £ = 0 thi
tdm ditng yén.

Bai gigi: Hé khao sat gdm t4m tron va chit didm A.

Ap dung dinh 1y mémen déng lugng déi véi truec Oz di qua tdm O
va vubng géc vé mat
phang ctia tdm:

dL, =Y m,(F).

Ngoai lue tac dung 1én hé ‘

gdm trong lugng tAm tron
la P, va trong lugng chat —_—
diém 1la P,. Ta thdy

Zmz(F;) =0 vi cac ngoail ]_b_

lyc déu cit hay song song

vl truc quay Oz. Vi ldc
d4u hé ditng yén nén:

L -1 —0. Hinh 1.6
=L+ LY,

. 1
trong d6 L) =J,» ma J, =5m2r2;

IA —0AmVA ma VA = VAL VA,
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. A . N o . s n .
Ta c¢6 V. = & =bkcoskt con VA = OAw v6i @ 14 van tée goc claa

tAm tai thoi diém ¢.

Vay:
LA =0Am V2 =0Am, VA +bm, V2,
L? = 0Am,0Aw + bm i = OA*m, 0+ bm bk coskt ;
L* =0A*m, 0+ b°m, kcoskt .

Nhung :

OA? =b% + %% hay OA% =b% + x* =b% + b’ sin” kt;

LA = b*(1 +sin’ ktym,o+b m kcoskt =0;
o1 o
LY = §m2r2m+bz(1 +sin? ktym,w+b*m, kcoskt =0.

Giaira ta co:

—kb®m, coskt

@ = .
%m2r2 +m, b2l +sin® kt)

D#u (-) chitng to chiéu clia ® nguge vii chidu chuyén dong cla chit
diém A.

DINH LY DONG NANG

Vi du L.7: DAu mdt sci day khong dén, khong trong lugng dudce budc vao
diém O c& dinh, day vong qua rong roc dong 0, rdi vit qua rong roc
¢& dinh O,. DAu kia cda day bude vao vat A khdi lugng m,. Vat B
khoi lugng m, duge treo vao truc rong roc dong O,. Cac rong roc
duge coi 1a dia tron ddng chat khoi lugng m ban kinh R. Hé sd ma
gat gitta vt A v mét phing nghiéng vdi phudng ngang goc a laf.

Tim vén téc goc cha rong roc O, khi vat 4 chuyén déng dudec mét

doan s.
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id Il 4

VY

Hinh 1.7
Bai gidi: Hé khdo sat gdm cac rong roc Oy, O, va cac vat A, B: rdng roc O,
chuyén déng song phang, réng roc O, chuyén déng quay quanh
truc ¢ dinh di qua tdm rong roc, cac vat A, B chuyén dong
tinh tién.
Ap dung dinh ly dong nang:
T, -T, =Y A{ + T A
Do ban ddu hé ditng yén nén T, =0 va do diy khdng dén nén
ZA,‘; =0. Do dé:

T, =Y A . *)

Ngoai luc tac dung: P,,Pp, Q. F, . N .

ms?

Gia st vat A trugt xudng mot doan 14 s thi rong roc O, di 1én mot
doan la s,

ZA; =P,ssina-F__s-(Pg+Q)s,;
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5
sﬂ=~2* va F, . =fN=fP,cosa;

Py=m,g; Pp=m,g; @=mg.

ZA; =m,gssina - fmygscosa —(m, g + mg)% ;

ZAe = %[Zmz(sina —feosa)-(m, +m)]s.

Déng nang ctia hé:

1 1
T, =lm2Vf; Ty ==mVy; Ty =—-J0,001;
2 2 2
1 1 1 1
T, ==mVZ +=J, 0 =-mV? + ~mR%w?
Iog e T gt g e, e

Ta phdi tim van tSc géc cha réng roc O; la ®, nén ta déi
Vi, Vy,Vp va @y theo o).
Do réng roc O, chuyén ddng song phing c6 didm M 1a tAm van toc
titc thoi nén:
T, =lm24R2m§; Ty =—m,R’e?;
2 2
T, :lng +—1~mR2co§ _ LR = L mR%w? =§mR2m,,
2 4 2 4 4

vi: Oy =—=——"=20,;,;

T=T,+Tp +T, +Ty;
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T =2m, Rzm,+2m R2m1+ ng 2+ mR 0},

T R’}

(Tm +2m, +8my,);

er = %[2m2(sina —feosa)—{(m; +m)s. -

Thay vao (¥} ta co:
R%w?

(Tm +2m, +8m,) = —[2m2 (sina — feosa) ~(m, + m)ls;

1 J2[2m2 (sina — f cosa}~{m; + m)ls

Oy =
R Tm +2m, +8m,

Vi du L.8: Mgt mémen quay M khong déi tac dung 1én tay quay OA lam
cho OA khéi lugng m, quay quanh truc ¢d dinh O vubng géc véi
mit phing ndm ngang. Tay quay OA truyén chuyén déng cho
banh xe II bian kinh r khéi lugng m,, banh xe nay an khdp trong
véi banh xe I ¢8 dinh ¢6 ban kinh R = 3r. Coi banh xe II 14 dia tron
déng chit, tay quay OA 14 thanh déng chét.

1. Tim van t8c gée cia OA theo géc quay ¢ cua nd
2. Tim gia toc gbc chia OA.

Bai gizi: Hé khao sat gébm thanh OA
va banh xe II. Ap dung dinh
l§ dong nang

T, -T, =Y Af + D A,

Lic didu hé ding yén nén
T, =0,tacéd ZA}; =0 nén:

T = ZAIZ ; (a)

Ty =Toa + Ty s Hinh LB
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1 . 1 o My
Toa :;Jomfm :‘2_(2’")2‘51‘0320,«;

=

4?"2 2 2 !
Toa :Tm@o nglr Wo4 >

1 g 1 .
Ty ZEmQVj +§Jﬂmff ma Vg =2rmgy -

Vi H 1a tAm vén tdc tic thoi cua banh xe 1T nén:

V, 2r
Wy =——=—Wp, = 2004 ;
=g - Loa OA

1 ;2 1 1 g v 1 g 1 y 9
Ty =—m,V, +—x—m,r‘o}, =—m.,{2ro +—m,r (2w :
=My ¥a T X5 nEy z( o) PR (2wg, )

1 L 1 2 2 : 2 .2
Ty =§m24r- oA +Zm2r 4w, = 3Mar o,

2 2
2 22 o 2oy T ®oa
Ty =§m1r Waa +3Myr g, = (2m, +9m,) 3 ;

[¥

!‘Z(D

2
30"‘ = Mo; (b)

ZAB = Mo —> (2m, +9m,)

1 3Mo

Woa = g i -
r\Z2m, +9m,

Muén tinh gia toc thanh OA thi 14y dac ham bac nhat theo thai
gian ca hai v€ cta (b) vdi chd ¥ rang ¢ = 0y, VA GOy =5, ta cé:
2

3M
2r2(2m, +9m,)

Wps =8pa =

NGUYEN LY DALAMBE

Vi du L9: Rong roc trong lugng P (N), ban kinh R ¢ thé quay duge

quanh truc Oz ¢d dinh, O ddu cudi clla mét sgi diy cuén quanh
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rong roc, ngudi ta bude vat A trong lugng Q. Bd qua ma sat d § truc
O va cho biét ban kinh quan tinh clia rong roc déi véi truc Oz 1a p.
Hay tinh gia téc gée clia rong roc va phan lge 3 & true O néu cho
vat A rdi thdng ding. Tim stic cang T

Bai gidi: Xét hé gbm c6 rong roc O va
vat A. Réng roc quay quanh
truc ¢§ dinh qua khéi tam, vat
A chuyén dong tinh tign. Dat
1én roéng roc va vat A cac Tuc
quan tinh thu gon:

Mg =J.¢ :£p28;
g

Fe=9w, _Qw; _Qp,
g " g " g

Heé luc tac dung 1én hé;

RS
— o —

PQX Y, FI MZ. Q
Lap céc phuong trinh tinh dong: Hinh 1.9

DY, =Y, +F¥ _P-Q=0;
Y me,(F)=M& +F*R_QR=0.

Thay cac gid tri cia F{ va M vao, gidi ra ta cé két qua;

8=_&R§_; X, =0:
Pp? + QR?
Y - P*p* + PQ(R® +p2)'
’ Pp? + QR?

Mubn tim stc cang 7' clia day, ta cit day va dit 1én vat céce luc:
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SY, =T+F{-Q=0->T=Q-F.

Thay gia tri € vao, tinh ra;

:Lpg_.
Pp? +QR*

Vi du L.10: Vat A trong lugng P, chuyén d6ng xudng theo mait phang
nghiéng géc o v6i phuong ngang lam cho vat B trong lugng P,
chuyén ddng. Xac dinh thanh phan phan lyc ngang cua go E tac
dung 1én ling tru EOL

T
B
7 — - “ oy RN o
i Y 77I7I777777777777777; 7777777777777, f
a) ' b) )
Rinh L10

Bai gidi: Co hé gom c6 ling try EOI va cac vat A, B.

Luc tac dung 1én hé E’,E’,)_(; trong lugng cda hinh ling tru,
thanh phdn phan luc Ng.

B qua lyc ma sat. Dat thém 18n cac vat lgc quén tinh (A va B déu
chuyén ddng tinh tién).

g g

e =Py _Bwwiw, -w, =w)
8 8

Lap phuong trinh cén bang déi véi truc ngang:
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Y X, =Xg-F{ cosa=0;
qt Pl
- Xy =F} cosa =—Wcosa.

Rong roc O c6 thé bo qua khéi lugng nén stc cang T cua hai nhanh
day bang nhau.

Lap phudng trinh hinh chiéu 1&n truc song song vél i‘_"‘; (hinh 1.10b)

T, +F*-Psina=0-7, =P sina—iW.
g

Lap phuong trinh hinh chiéu 1én tryc song song vai ’E (hinh 1.10¢)

T,-P,-F§ =0T, _p,+Pw,
g

Vi T, =T, nén:

JF’lsirmt*El—W:P2 +§W;
g g
P, sina— B,
> W="v——"g;
P +P,

P, s -
XE :iWCOSQ = Pl COS&-M
4 P+ P,

Vi du L.11: Thanh AB dai 2/, hai dAu gin hai tai trong cb cing trong
lugng P. Thanh quay déu v van tdc gée o quanh truc Oz di qua
diém giita O cha thanh. Géc a = const. B8 qua trong ligng caa
chanh va kich thude cia tai trong. Xac dinh phén lye & cac § truc
€, D khi thanh nim trong mit phang Oyz.

Bai gidi: Hé gdm c6 truc CD, thanh AB va hai tai trong A, B
Céc Iye tée dung 1én hé: P, X¢. Y. X0, YD, Zp.

Thanh AB quay déu nén:
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Wi =W, =0, L
., YC
WI =W; =/lo’sina. ’C/d"b—'———‘ r
;(.. B F‘_—;‘aa

Cac luc quan tinh: ¢ = —

P awﬁ 7 m
Fit = ol sina ; 0 £

g — !

FAUI A
P . —
gt _ & A =
Fi' =—lo"sina. W o
gt L E’-
“h A an — i

Nhan thady F} = F§" . )
Cac phuong trinh cén - Y, y
bang: x °
> X, =X +Xp=0; Hinh 1.11

SY, =Y+ Yy + Ff —Ff =0;

> 2Z,=2,-P-P=0;

me(g): (a+b)Y, —(b+lcosa)Fa' +(b—lcosa)Ff =0;
Sm, (F)={(a+b)X, =0;

>om, (F)=0.

Giai ra duge:

X.=X,=0;2Z,=2P;

Y. =Y, = Pl 0" sinZa

’ gle+b)

Vi du [.12: Rong roc O trong lugng @ ban kinh R quay duge nho vt treo
K trong lugng P. Mémen can & 6 truc 1a M. Rong roc duge dat 1én
d4m AB chiu lién két va ¢6 kich thude nhut hinh 112, Xéc dinh:

1, Gia tdc vat treo K.

2. Ap luc déng luc tai cac gbl tua A va B.
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Bai gidi: Cd hé gbém c6 ddm AB, rong roc O va vat K.
Céc luc tée dung lén hé: P, M, X,.Y,.

/—%ﬁ;ﬁ
- O — - —
Ya M Y, Xq
B —
A
2 2R R 4R Z
T Y o
K %
W, l K
P

Hinh 1.12
Dat thém céc lye quan tinh: vat K chuyén dong tinh tién, rong roc
0 chuyén ddng quay quanh tryc di qua khéi tdm:
P
F¥ =—Wg;
_ g

M® =J gz_Q_Rﬁﬂriz_@W i
o T o0g" R 2g °
Téch riéng rong roc. Tai O lién két ban 18 try nén hé lyc tac dung

1én rong roc va vat Kla: PQMX,Y, F' MY

Lap phuong trinh mdémen do1 véi O:

P QR

Y mo(Fy) = PR- WiR Wy =M, =

Tinh ra:

_(PR-M)2g
K™ ReP+Q)
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Ho rén. Hé luc téc dung lén hé: P, OMX, Y, Yo F& ME.
C#e phuodng trinh can béng (khong ké cac lyc tinh P.Q M)
S X, =X,=0;
Y, =Y, + ¥, +§WK -0;

Y ma(F,)=-TRY, —5R-§WK —%Wx ~0.

Tinh ra:

Q_4PWK; YB =._19£+_jQ_WK‘

X,=0;Y,=
A 47 14g l4g

Vi du L.13: Thanh EN dai /, trong lugng P gan vubng goc val truc quay
va néi véi thanh NF dai 2/, trong lugng 2P. Hé quay quanh truc y
v6i van téc géc ® = const. Gée o = 30°, AE = FB = lem, { = 243 cm,
P = 10N. Xac dinh 4p Iyc dong lyc tai cac 8 truc A va B.

—y — —— — —— ——

Dit céc Igc quan tinh 1én EN, FN. F}* ¢6d9 lon:

FF‘ =BWI” =£x£m2.

g 2
Laje quén tinh cua thanh FN phéan b8 tam. gide. Thay hé lyc phén
b& bing lyc tap trung Ff dit tai H vacb d6 16n:

F¥ =-2£Wé‘ _ 2P Gin30%? = =0’
g

g
(W7 va WS déu bing 0 vi chuyén ddng quay déw). Cac hye déu

vudng goc va cat trucy nén;

Y, =0; 3m,F)=0.



Phan ba. DONG LUC HOC 181

Z4

A"Cw £

—

Xa

Hinh .13

Chi con 4 phuong trinh can bing:

3 Z,=Z,+Zy-FF -F¥ =0
> m (F,)=8Z, -1Ff -3F% =0
> m,(F,)=-ABX, =0

Tinh ra:

Vi dy I.14: Con lan déng chit c6 ban kinh r trong lugng P nim trén san
nhin ndm ngang. Ngudi ta cudn day vao tang quay ctia né rdi kéo
day bang lyc F nghiéng mét géc o so véi phudng ndm ngang. Ban
kinh tang quay bdng e, ban kinh quan tinh cla con lan bing p.
Xéc dinh quy luat chuyén déng cia truc con lan.

Bai gigi: Vat khao sat: con lan
Céac lyc tac dung 1én con lan:

+ Trong lugng con lin P ;
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+ Luc kéo }?'.;

+ Luc ma sat F

ms

+ Lytc quén tinh F¥ =-mW, ¢6

tri s8 F¥ =mi=—%,
4

+ Ngéu lye quan tinh

M = Jg=-J%;

+ Phan luc phap tuyén N: Hinh L14
> X=Fcosa-mi-F, =0, (1)
S mo(Fy)=aF +d,6~rF,, =0. 2)
Thay (}6:}— va Jzzmpgzgp2
r 4
ta eo:

rFcosa~rmi =rF
aF +J,p =rF,, '

T hai déng thdc trén ta cb:

P ,i P .
aF + —p? X _ rFcosa —r—X;

g r g
£p2 £+r£5é =rFcosa—aF:
g r g

2(p2 + 1Y - FGreosa—a);
g r

. E _ grF(rcosa-a)
dt Pt +r?)
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_g_rF(r COS QL :a_)

dx : _
P(p* +r%)

dt;

P ;{g?‘F(FZOSOtQ—G)dt: ng(thosal—a)t:
o P(p +r ) P(p "rrz)

. _dx_grF(reosa—a),.
dit P(p® +r%)

_ grF{rcosa-a)

dx —
Pp? +r?)

tdt ;

x 3 o _

Pip?+r?)

_ grF(rcosa -a) 2
2Pt +rh

NGUYEN LY DI CHUYEN KHA DI

Vi du L.15: Cho cd cdu tay quay thanh truyén nhu hinh 1.15. Bo qua ma
sat. va cho bidt OA = R; AB = 1. Tim sd lién hé giita luc P va
moémen M @8 hé can bing & vi tri nhu hinh L15.

Bai gidi: Cd hé chiu lién két ly tudng. Cac hyc chii dong tac dung 1én hé
14 P va ngau luc ¢c6 mdémen M.

Hinh L15

Cho hé mét di chuyén kha di: OA quay goc O, ¢on con chay B di
chuyén doan 8x . Theo nguyén ly di chuyén kha di thi (cd hé c6 mot
bac tu do):
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D 8A] = Mso-Péx=0.
Tim su lién hé gitta 8¢ va dx:
Goi OB =x=Rcosog+ {cosB.

Theo hinh vé
AE = Rsing = {sin®. *)

[.dy vi phan hai vé:

Reosodp = {cos050;

50 = F£0050 5
{cosH
2 2 JQ__'R‘B o2
Ma cos(:‘lz\/J AE :J S cp.
/ /
Vay: 80 = —10C08Q 8¢:

V& -R%sin% ¢
8x = —Rsin ¢3¢ - /5in 050 = — R sin ¢3¢ — R sin 0 (k& dén (*)):
Rcoso
V& -R%sin’ ¢

14— 110080 }‘S(p.

V¥ —R%sin® ¢

Thay cac gia tri vao phuong trinh céng, ta co:

M= —PRsin(p[l+ Ecose J

V& - R?sint ¢

Ddu () chitng té 13 trong di chuyén kha di trén, ngiu luc ¢

dx = —Rsin g ~ Esin ¢ 50 ;

ox = ~Rsing)

moémen M 14 chu déng, ¢on lye P 1 lyc can.

Vi du 1.16: Cho hé thanh chiu lyc va chiu lién két nhu hinh 1.16. Cho
P, =2kN; P, = 6kN; P, = 3kN. Tinh phan luc tai A, B, D.
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Bai gidi: Hé da cho khong ¢6 bac tu do nao vi c6 diy di cae lién két va hé
cAn bang.Dé st dung nguyén ly da chuyén kha di tim phan lyc tai
A, B, D ta lan lugt gial phong lién k&t tai cac gol tya, thay vao dé
cac phan lyc tuong Ung.

2 7 3
5
E F B H D
A ! —0—
c
7 Z. ’
i a a ‘ a ’ a ’ 2a \ 2a
| il T L T 1
b) g g
=~ A
85,41 -~ D
Ssef ™~ F B H
A E c g gé
i / -
Ya
,/’?‘“"‘“-..
| ’ - —
c) _5_ /// | Pz I %
\‘/ 556' SSF e
-~ | a5l i PR
L7 8s, | i sy TTm=e D
] =
A% E c F TB H Z}/
v
g -~
— -
C) ? Pﬂ /” I
7 P |
T - |
L [
£ c . ’/” ‘SSH |
< — D
%ﬂ“-ﬁ I (SSE f ‘SSF’]I “," =] H
| - g ?..
-.__‘_{r// o]
Hinh 116

1) Tinh phan lyc tai A: bd o di dong A, thay phan lyc Y, tudng
{tng. Cho hé mdt di chuyén kha di theo Y4

S 8AL =Y,8s, - P8sg =0.
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Theo hinh 1.16h; s, = 28sp

Vay

P
2Y 885 - Pdsy; =0-Y, :—él— =1kN .

2) Tinh phan huc tai B: tam tuong tut nhu trén
> 8A{ =Yy8s; — P85y — Pyosp — Pydsy = 0.

Theo hinh I.16¢:
1 5
Bsp =—88,; 855 =88,
ETG Sci 08p 6 Se

2 1
88, =—08,; 88;; =—08 .
8~ g% n = 3%c

Thay vao, tinh duge Y, = 10,5kN .

3) Tim phan luc ¢ D: D 12 g6i ¢6 dinh nén ¢é X—1; va }TD X, =0vi
hé Iyc tiac dung 1én hé 14 hé lue song song védi truc y, chi ¢c6 X,
song song véi truc x nén né bang 0. Dé tim Y, ta thay géi ¢d dinh
D bing géi di ddng thang ding va phan luc Y, tuong ting. Cho hé
mét di chuyén kha di theo Y.

D 8AL =Y ,85, — PySsy + Pydsp + Pdsy =0,

Theo hinh I.16d:

68 Z%Ssc; Oy =205y =205

Thay cac @ma tri vao tinh ra duge Y, = -06kN

Vi du L.17: Cot AB chiu lién két ngam tai A va chiu lye nhu hinh 1.17.

Tim phan e tai A.

Bdi gidgi: Cot AB can bang.
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Phan lue tai ngdm A la: X_A.,ﬁ, M,.

Giai phéng lién két tai A, thay vao cac phan lyc tudng {ing va st
dung nguyén 1y di chuyén kha di.

o 7 7 F
- 5 _3m ™B et B —= 8
- \ M
O O 7 7
\
: L3
f L i rs Iy
& a "\
\
Ya & =l ‘.'P.. Yok
\ %: ]
F M \ =
\ ) . ‘l Mﬂ A
A /7’/, g
A X, 7 ;
a) b) c) d)
Hinh .17

1) Tinh M, bdo ngam A thay béng géi ¢6 dinh va nglu lhic c6
modmen M, sao cho ¢6t AB ¢6 thé quay dude quanh A. Cho ¢6t mét
di chuyén kha di quay quanh A mét géc 8¢ theo chidu M,:

ZBA;; =M 8¢~ Pdsz — Pds; =0 (hinh I.17a);

dsp = hég; 8s; = adp.

Thay vao, tinh dude

M, =Ph+a).

2) Tinh X,: thay ngam bing gdi di déng ngang va X, tuong dng
(hinh 1.17b). C6t ¢6 thé di chuyén theo phudng ngang nhung khéng
quay quanh A:

D 84, = X ,8s, + Pésg =0,

Vi 85, =8sg néntinhra X, =-P.
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3) Tinh Y,: thay ngam bang hai g6i di dong thing dung. Cot cb thé
di chuyén thang ding va khéng quay quanh A:

D 8A, =Y,8s, — Ps; =0;

Vi du L.18: Tinh lyc P dat vudng goc vao ddu A ctia tay quay OA dé hé
can bing khi c6 Iyc @ = 4800N tac dung vao dia C. Cho R, = 3cm,

R, = 12cm, R; = 4cm, R, = 16cm, R; = 3cm. Tay quay OA dai
R =18cm.

Hinh 1.18
Bai gidgi: Hé c6 mdt bac tu do. Cho hé mét di chuyén kha di theo luc P.
ZﬁAk =Pds, -Qds, =0
S(POA = 6(P1 ; 8SA = RS(Pl .
Theo eéng thite truyén quay:

&:&,_,Sﬂz._}?l—)&[)g =8¢y :—-{2-1—5(p1;
m2 Rl 5(P2 Rl R?__
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dp, R, R, R\R,
2 =1 580, =8¢, = ;-0¢; = 59, ;
50, Ry’ Ps = 0Py R, @3 R,R, Py
R, R;R
8sp = R8¢, = ————280, .
c 5" TR,R, 1

Thay vao, tinh. ra
R,R;R,
RR,R,

P-= Q =50N .

PHUONG TRINH TONG QUAT DONG LUC HOC

Vi du 1.19: Hai tai trong M, trong hrdng P,, M, trong lugng P, trec vao
hai sgi ddy mém khong din cudn vao hal tang quay cang truc c6
ban kinh R,, R,. Tai trong chuyén déng dudi tac dung cua trong
luong (P, > P,). Bé qua khéi Jugng cac tang quay va day. Xac dinh
gia téc cua tang quay.

Bai gidi: Co hé gdm c6 hai tang quay va hai vat M, M,

Ha ¢6 mot bac ty do. Ly tac dung 1én cd hé: E,_PZ,E

m} -0}
=
L]

Hinh .19



190 CO HOG LY THUYET - TAP II: PHAN DONG LUC HOC

Pat thém lyc quan tinh 1én cac vat M, M,. C4 hai vat déu chuyén
déng tinh tién véi gia téc nhu hinh L.19.
P, P,

F# =21W =—LRpe;
g g
P P

F =-tW,="2Re.
g g

Cho hé mét di chuyén kha di 8s, va diing phuong trinh téng quat
déng ldc hoc:

ZﬁAk = P,3s, — Fy*3s, — P,bs, —F"'8s, =0.

T cd ciu, ¢6 thé tinh duge:
s, = R,8¢; 8s, = R,8¢.

Thay vao, ta cb:
P, P,
P, R,50 —ngaRz&p -PR3p-—ReRdp=0.
4

Tinh ra £=— . .
R;P, + R{ P,

Vi du 1.20: Mot hé rong roc dude treo hai vat M, trong lugng P, = 100N
va M, trong luong P, = 80N. xéc dinh gia t6c W, cua M, va sic
cang T ca nhanh day 2. B6 qua trong lugng diy va rong roc.

Bai gidi: Hé c6 mot bac td do.

Cac lyc hoat dong tac dung 1én hé la: P, P, .

Cac lde quan tinh cua cac vat:
po By e Loy
g g
Cho hé mét di chuyén kha di 8s, va sit dung phudng trinh tdng
quat dong luc hoc, ta c6:
> 84, = P,3s, — Ff'8s, — P35, —F%8s, =0.



Phzin ba, BONG LUCHOC 191

Rong roc O chuyén ding song
phing, nén:

bs, =28s,: W, = 2W,.

Thay vao v tinh ra

P
w, =222 =850 o gy
2R, 4B mis*

Tinh T: cat day
SY, =T+F-P,=0.

Thay W, vao FJ tinh ra:

85 P2 =57N .

T= 4P2P1 Hinh .20

Vi du 1.21: Hai vat A va B c6 trong
lugng P, P, duge budc vao sgi
day vong qua hai rong roc C,
D. Bé dua vat A 1én, ngudi ta
tac dung vao rong roc C mot
ngiu hie c6 mémen M khong
doi.
Cac rong roc C, D c6 cung
trong lugng €, béan kinh R.
Tim gia t6c vat A. Bb qua khéi

lugng day.

Bai gigi: Co hé gébm c6 hai rong roc
va hai vat A, B. Hé c6 mdt béc
g do.

Hinh .21

Cac lue hoat déng tac dung lén co hé EF,@@M .

Pat lyc quan tinh 1én cac vat. Cacvat A, B chuyén ddng tinh tién
con hai rong roc chuyén ddng quay quanh truc di qua khéi tdm.
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Fj‘z—}iWA;Fg‘—P Wz P 2W,;
g g g
ME — ME = Jee = 2x 2R 9 gw, .
c ct = 2 g 2Xg A

Cho hé mot di chuyén kha di 8s, va dung phudng trinh tong quat

déng lyc hoc:

> 84, = Mdo - M&o¢—Fj‘8s, — P8sy - ME3¢—F§'dsy + P85 =0
*

Thay dsp =0s, = Rd¢ vao (*) tinh ra:

M+ R(P, - P))
RQ+P +P)

W, =

Vi du L.22: Vit A c6 trong lugng P dugc ha xubng nho sgi day khong
dan, khéng trong lugng vat qua rong roc D ¢d dinh khong trong
Iugng cudn vao banh xe B lam cho truc C lan khdng trugt trén
dudng ray ngang. Hai banh xe B va C 16ng vao nhau, trong lugng
chung 14 @ va ban kinh quén tinh déi v truc O 1a p. Tim gia tdc
ctia vat A.

Bai gigi: Hé c6 mot bac ty do
Céc lue hoat dong tac dung 1én hé: P.Q
Dit luc quan tinh: vat A chuyén dong tinh ti€n, banh xe B chuyén

ddng song phﬁng.

4]

F¥ =£WA; Fé :QWO; M¥ =J08=Qp28.
g g g

T 13 tAm van téc titc thdi cia banh xe B:

W, =W =(R-rne—oe= Wa .
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Hinh 1.22

W = Rr W, (O va A déu chuyén dong thang).
—-Fr

Cho hé mét di chuyén kha di 0s,, dung phudng trinh téng quat
déng lue hoe:

D 84, = Pbs, -~ Fi'ss, - Fgs, - M%8p=0;

r 8s
s, = 85,5 8o = —2—
_poan 0% R-r
Thay tdt ca cac gia tri vao phuong trinh cdng, ta tinh dugc:
W - Pg(R-r)?

T PR - QR 1Y
PHUONG TRINH LAGRANG LOA! I

Vi du L.23: Mot chét diém khéi lugng m chuyén déng theo vong xuyén
ban kinh a. Trong khi vong xuyén quay quanh dudng kinh théng
ding AB véi van tée géc o do ngiu lyc M. Momen quén tinh ctia
vong xuyén déi véi dudng kinh nay 1a J.

Hay lap phuong trinh vi phan chuyén ddng chia chit diém va xéac
dinh ngau Iue M cén thiét d€ giit cho van téc goc khong déi.
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Bai gidi: Hé khao sat; vong xuyén va chat
digm.
Hé ¢6 hai bac tu do.
Chon cac toa d¢ suy rdng g, =¢ va

g, =9.

Dong niang cua hé:

7=Lmve gz,
2 2

Ta tinh Vvﬂ‘:ﬁ‘i“_f‘; ma V, =apsinb

. Hinh 1.23
va V,_ =ab. "
Vi V: 1 V,. nén:
V) =VE+V] =a®8 +a®’ sin® 0,
T - T;-,-«n(.c.v?é2 +a%¢p” sin’ ) +%J¢2.
Ta c6: £=0;
o9
— =ma’p sin® 6+ Jp;
== = ma®p® sinBeosh; @ =ma’f.
0 0
Ta co:
y =acosd - dy = —asin 060 ;
3A, = Py = mg(—usin880) = —amgsin 080,
Qy, = ~amgsin®; 3A, = Mdop; Q,=M;
d aT aT 2" 2 .2 . .
—| = l-—=—=Qy > ma“0—ma ¢ sinbcosd = -magsinf;
dt(@@] P @, 9 &

ad - ap® sinQcos = —gsin0;

ab - ad® sinBcosB + gsin0 = 0;
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d(aTW aT

-—=Q, > ma’psin® 8+ Jo+ 2ma’®(dsinBeost = M.

1\ ) 3

#(J + ma®sin® 0) + 2ma’pdsin@cosd =M .

Momen M cin thift dé cé van toe gée khong doi la:

M= 2m,a2(j)9 sinBcosH .

CHUYEN DONG TUONG DO

Vi du 1.24: Cén phai ting vén
toe goc cua Trai Dat khi
quay quanh truc cia né
lén bao nhiéu lan dé tai
mbt diém trén mit dat ¢
xich
dao chit diém khong cd
trong lugng niia. Biét ban
kinh Trai Dat
R = 6379km.
Bai gidgi: Xét chat diém ty do M &
gAn mat dat. Cac Ilyc tac
dung:
P trong lugng cua chat
diém;
F4' - Iyc quan tinh theo phép tuyén.
Theo didu kién cén bing tucng déi:
P+ F& =0
Chiéu (*) 1én phap tuyén chinh ta co:
¢ t 2
P - F§' =0 P=Fgy =mRo,,

Hinh 1.23

*)
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_ 2 _ 2
hay mg—mqud ag—qud.
Gol . la van tdc géc clia Trai Dat quay quanh truc cua né dé
trong lugng P = 0 khi & xich dao:
@ = ko, VO k 12 hé 56 3 16,

Khi dé;:  Rw? =Rk20?

qd>
k:\/EX%:\/gXH—}——:\{EXMX—GOZ}LT,OS lﬁn
R (,l];l;d R . _2_n._ . R 2?.[
24 x 60 60
LY THUYET VA CHAM

Vi du 1.25: Mot dia tron déng chat ban
kinh R, kh& lugng m nam yén
trén mit phang nhin nadm ngang.
Tai mét thoi diém nio d6 c6 mot
va cham § vanh dia, xung luc va
cham § nidm trong mit phing
cua dia va huéng theo dudng
thing cach tam C cua dia mot
khoang 1a a. Xac dinh vi tri cla
tam van tée tde thoi P tal thoi
diém k&t thic va cham.

Hinh 125

Bai gidi: Xét va cham cta dia tron. Ap
dung dinh ly déng lugng

Gu-G, -3 55
Do lde dau dia nam yén nén :

Q] =0;

Q2 =mVCq ':S .
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Vi sau va cham vén téc khéi tam C cta dia song song véi xung luc
S va c6 tri s6 biang

ve, -5
- m

Theo dinh 1y mémen déng lugng do6i vdi truc zC di qua khoi tAm C
vudng goc vdi mit phang cia dia va Lo =0. Ta cb:

L,c,=aS;

ch2 = ,c0,.
Vi vay:

1 p2
EmR o, =aS=amVg,;

Ve, R?
w, 2a
. Ve, R?
Mat khae Vg =CPoy »>CP=—2=—.
= Wa 2a

Vay tAm van toc tic thoi P & cach khéi tdm C cia dia mot doan

R2

d=CP= .
2a
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II. BAI TAP

XAC DINH LUC THEO CHUYEN DONG CHO TRUGC

Bai IL.1: Mot vat nang M c6 trong 0
lugng P = 10N treo vao dau
mot soi ddy dai 30cm, dau kia
ctia day budc vao diém O cd
dinh. Khi chuyén dong vat M
vach thanh dudng tron trong
méit phéng nam ngang, lae d6
sgi dAy hgp véi duong thang
dung mét goc 60°.

<4

Xac dinh van tde cua vat
ning va stc cing T cua sgi
day.

Bai 1L.2: Otd ¢6 trong lugng @ =
10000N chuyen dong trén
mét chiée cAu vong 1én véi van t6c V = 10m/s, ban kinh cong cla
cAu tai diém gida 1a p = 50m. Hay xac dinh ap lyc cta 6td 1én ciu
khi né di qua diém gidia ciu. '

M
Hinh 1.1

Bai 11.3: Chuyén déng ctia chat d¢iém nang 2N duge cho bdi phm_mg
trinh x =3cos2nt (cm), y =4sinmt (cm), trong d6 ¢ tinh bang
gidy. Xac dinh hinh chiéu
cha luc tiac dung lén chat
diém phu thude vho toa do
cua no.

Bai [1.4: Cac vat A va B c6 trong
lugng P, = 20N va Py = 40N
duge néi véi nhau bing 16 xo
nhu hinh 1L.4. Vit A dao
ddng tg do theo phudng
thang ditng v4i bién d§ lem C B D

v chu ky 0,25 g1dy. W

A\[\\\\N i

Tim 4p luc 16n nhit cha vat
A va B 1én mat nén CD. Hinh i1.4
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Bai IL5: M4y bay b6 nhao thang ding dat dude van tde 1000km/h, sau
dé ngudi lai dua may bay ra khdi huéng bé nhao va vach thanh
mdt cung tron ban kinh R = 600m trong mit phing thang ding.
Trong lugng ngudi 1ai 12 800N. Héi ngudi 1ai da ép 1én gh€ ngoi
mét lue cue dai bang bao nhidu,

Bai IL.6: Hay xac dinh chu ky dao déng tu do cia tai trong € bi nén
gitta hai 1d xo ¢6 hé 86 cling khac nhau 1a C, va C, ¢hinh 11.6),

LA LAl A AL LI L e
C2
C2
c
¢,
T - e O
FHH wAx i po
Hinh 11.6 Hinh 1.7

Bai IL7: Hiy xdc dinh hé s8 clng C cia 10 xo tuong duong véi 10 xo kép
gbm hai 16 x0 c6 hé s6 ciing khac nhau 1a C, va C, gén néi ti€p véi
nhau. Déng thoi chi ré chu ky dao dong cla téi trong @ treo vio 16
xo kép d6 (hinh I1.7).

Bai IL.8: Tdi O quay véi gia tde goc € kéo vat M khéi lugng m. Hay xac
dinh sdc cing cua ddy (hinh I1.8).
.. : 1 5, . o
Bai IL.9: Tai O quay theo quy ludt ¢ = T)-at‘I kéo vat M khéi lugng m

chuyén dong 1én trén mit phing nghiéng véi phuong ngang gée a
v hé s0 ma sat trugt gifia vat va mat phing 1a f (hinh 11.9). Hay
xéac dinh slc cang cta sgi day néu ban kinh cua toi la R.
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Hinh 1.8 Hinh 1.9

Bai I1.10: Cho co cau diéu tiét ly tAm nhu hinh
11.10. Vat M khdi lugng m gén véi truc
quay bang badn 18 béi hai thanh AM va
BM. xac dinh dng luc trong cac thanh
néu bo qua trong lugng cac thanh va vén
tdc @ = const, do dai AM = MB = |
AB = 2a.

PHUONG TRINH VI PHAN PONG LUC HOC
CHAT BIEM

Bai IL11: V4t nang 2kG dude ném thang ding
lén trén véi van tdc 20m/s. N6 chiu tac

dung cua lue can khéng khi (tinh béng Hinh 1110

kG) va c6 dang 0,04V, trong dé V tinh

bang /s, g = 9,81m/s”. Hay tim xem sau bao nhiéu gidy thi vat
dat vi tri cao nhAt.

Bai I1.12: M6t may bay dang bay ngang, suc can ¢ia khdng khi ty 1& véi
hinh phudng van téc va vdi van téc 1m/s thi lyc can bing 0,05kG.
Luc kéo khdng d8i bing 3080kG 1ap véi phudng bay mét g 10°.

Xac dinh van tdc 1dn nhit cia may bay.
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Bai I1.13: Mot vat roi xudng mat dat tit dd cao khong 6 van tée ban
ddu. Bd qua stic can cua khong khi va coi siic hut cha trai dat ty 1é
nghich véi binh phuong khoang cach ti vat dén tam trai dat.

Tim thdi gian T dé vat roi cham dat va van toc V cua nb dat dudc
sau khoang thoi gian dé. Bi&t ban kinh trai ddt bang R va gia tée
trong trucng bang g.

Bai IL14: Chat diém khéi lugng m chuyén dong thang. Su phy thuge
quing dudng dich chuyén véi van tée chuyén dong duge xac dinh
theo bidu thdc: x = aJV —b, trong ddavabla hang so.

Hay tim khoang thoi gian cAn thiét dé van toc cia déng diém tang
lén gdp hai 1in van tdc ban dau cta nd.

Bai 11.15: Mbt hinh try tron khéi
lugng m duge nhin chim

vio chit léng ndm yén ¢6 T == =

mét do bang p theo phuong - — — _ }__x_
théng ding (hinh I11.15). Tai SR b R

thoi diém ban diu try tron
diing yén va day duéi cia
tru tiép xuc vO1 mat chét '

1éng. Chidu cao cua tru Hinh 115

bang h, dién tich mat cht

ngang mat day bang S.

Bd qua lyc can va gia thiét ring m = pSh. Xac dinh vin toc cua
tru d thoi diém khi day trén ctia tru tring véi bé mat chat long.

Bai I1.16: Mét vat nang duge ha xudng theo mit phang tran nghiéng vl
phuong nim ngang mot goc 30°. Tal thei didm ban dAu van tdc cua vat
bing 2m/s. Hay tim xem vét di duge 9,6m hét bao nhiéu thoi glan.

Bai 11.17: Toa tau dién chuyén dong trén dugng nam ngang vai van tée
36km/h.
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Héi phai mét bao nhiéu thdi gian va quing dudng di bang bao
nhiéu dé toa tau 6 thé diing lai bing phanh ham. Biét ring luc
can chuyén doéng do phanh ham 14 300N trén 1kN trong lugng tau.

Bai IL.18: Chit diém ning M di chuyén 1én doc theo mit phing khéng
nhin nghiéng véi phudng nam ngang mot gée o = 30°. Tai thai
diém ban ddu van tde ctia didm 14 V, = 15m/s, hé s6 ma sat f = 0,1.

Bai I1.19: Mét vat roi khéng van téc ban dau trong khéng khi. Stte can
ctia khéng khi 1a R =k*PV?| trong d6 V la van tdc cha vat, P 14
trong lugng cua vat.

Van tée clia vat bing bao nhiéu tai thoi diém ¢ sau khi vat bat dau
roi. Tim gia tri etia van t6c do.

Bai I1.20: Vat thé cé trong lugng P = 10N chuyén déng dudi tac dung
cla lue thay d61 F = 100(1-t) N, trong d6 ¢ tinh bing gidy.

Sau bao nhiéu gidy thi vat thé ding lai néu nhu van toc ban diu
cua n6 V, = 20cm/s va lue ¢6 hudng trung véi hudng van tée. Quing
dudng di cta vat cho dén khi diing bing bao nhiéu.

Bai I1.21: Tai trong P dude ném 1én v8i van VA
tde ban dau V, va nghiéng mét gbe a
véi phudng nim ngang sé chuyén ~
déng dudi tac dung cla trong lugng va M
luc can ctia khéng khi R ty 1& bac nhét A
vGi van tée theo quy luat R = RPV. \

Tim dd cao cye dai k cha tal trong so .
LS 0 ';

véi vi tri ban dau.

Bai I1.22: Mot sgi day din hdi gin chit tai
diém A rdi ludn qua mdt vong nhan cd
dinh O. QuA ciu nho khéi lugng m
(gam) gan chit vao ddu ty do caa nb.
D6 dai day lae chua bi dan 1a AO =1
Dé dan dai day ra duge lem cin phai

A
SIS

OOV

Hinh #.22
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dat mot lue k2 m din. Kéo soi ddy OA dén B sao cho AB = 20A roi
truyén cho né van téc V, vudng gbe véi AB (hinh 11.22).

Xac dinh quy dao cia qia cdu, bo qua tic dung cua trong lye va col
sitc cang cua day ty 1& véi dé dan dai cua né.

DINH LY DPONG LUONG

Bai IL.23: Hé s6 ma sét trugt gitia banh xe 6t0 va nén duong phai bing
bao nhiéu dé 6td dang cd van téc V = 72km/h ditng lai duge sau khi
bat ddu ham 6 gidy. Néu trong lugng 6td 1a P.

Bai I1.24: Trén mo6t mat sin nim ngang A dang chuyén dong quan tinh
vl van tde V, ¢d xe dich chuyén véi van toc tuong déi u, . Tal mot
thai didm nao d6 xe B duge ham lai. Hay xac dinh van tdc chung

ctia xe B va san A sau khi xe B duge ham. Bi&t khé lugng cda san
la M. cta xc 1a m.

Y <i

—— - A\

| Vo \.

A o
03 ®) >>\<60

L L I  d

Hinh IL.24 Hinh 11.25

Bai 11.25: Hay xac dinh ap luc 1én gdi tya A cua khuyu dng c6 dudng
kinh 20cm. Truc 6ng nAm trong mat phéng nim ngang (hinh 11.25
nhin tit trén xudng). Nudc chay trong dng vdi van téec 4m/s, Van tdc
nude khi vao 6ng hop véi van tée nude khi ra khoi ng mét goc 60°,

Bai I1.26: Tir dau 6ng ciu hoa cd tiét dién 16cm® phut ra mdt dong nude

nghiéng moét géc o = 30° so v4i phudng ngang va vdl van toc 8m/s
(hinh 11.26)
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Hiy xac dinh ap lyc ctia dong nude 1én tuong thing ding, gia thidt
ring bd qua tac dung clia trong lyc 1én dang ctia dong nude.

-/
-/
M
. /4

Hinh 11.26

v
&

Bai IL27: Mot vat trugt xudng khong ¢6 van tdc ban diu theo mit
phing khéng nhin va nghiéng véi phuong ngang mbt géc o = 30°
Biét hé s§ ma sat u = 0,2. Xac dinh khoang thdi gian ¢ dé vat di
duge doan ducng [ = 39,2m.

Bai I1.28: Doan tdu niang 400kN dén chan déc ¢6 dd dée i = tga = 0,006
(trong d6 o la goc déc) cé van tde 54km/h. Hé s6 ma sat (hé sd can
téng hop) khi tdu chuyén dong bing 0,005. Sau khi tdu 1én déc
duge 50 gidy, van téc cla nd giam xudng con 45km/h. Tim luc kéo
cha dau tau.

Bai I1.29: Dé xéc dinh trong lugng cua doan tau gdm dau tiu va cac toa,
ngudi ta dat mét luc k& Chi s8 trung binh cta luc k& trong 2 phat
14 100,8kN. Trong khoang th# gian d6 doan tiu dat van tdc
V = 57,6km/h (lac d&du doan tdu ddng tai chd). Hé sd ma sat
u = 0,02. Hiy tim trong ludng doan tau.

Bai I1.30: Trén cdu phao A khé&i luong M, mét 6t6 khai ludng m chuyén
déng theo quy Juat 8¢) = b(at + e™ — 1). Bd qua lice can ngang cia
nudc va tac dong cia dong chay;

Xac dinh: a. Van t8c V, cla cdu phao néu cAu phao khéng duge neo
vao ba.

b. Stic cang T clia cac day cap dung dé gilt cAu phao khéng chuyén
dong.
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DINH LY KHOI TAM

Bai IL.81: Lang tru tam gidc vudng ABC trong ludng @ dit trén nén
ngang nhan. Trén canh AC dat vat M trong lugng P, ndl véi sgi
day vong qua rong roc va cudn vao tru D. Vat M trugt theo mit AC
kéo tru D lan khong trugt trén mat AB (hinh IL.31).

B
rr il el
Q c
Hinh .31

Xac dinh dich chuyén ngang clia lang tru khi M di duge doan s,
trong lugng tru D 1a P, va géc ACB = «, bé qua trong lugng rong
roc A.

Bai I1.32: Ta dat lang tru B ddng chit 1én lang tru A dong chédlt dang
nim trén mit phing ndm ngang. Tiét dién lang try 14 cic tam giac
vudng, trong lugng ling tru A gip ba lan trong lugng lang tru B.
Gi4 thiét ring ling tru vad mat phdng ndm ngang déu tran 1y
tudng (hinh 11.32).

g B

i__

Wl Il

Hinh 11.32
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Xae dinh d6 dai s ma lang tru A di duge khi lang tru B trugt theo A

chém dén mat phang ndm ngang.

Bai IL.33: Hay xac dinh dich chuyén clia ¢in cdu ndi nang tai trong
P, = 2kN khi thanh niang A0 = 8m quay mét géc o = 30° dén vi tri
thing ding. Trong luong cin cdu P, = 20kN (hinh I1.33). B& qua

slic cAn ngang cua nudc va trong lugng thanh ning. Luac ddu hé

ding vén.
A i
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Hinh 1133 : Hinh H.34

Bai I1.34: X4c dinh ap luc 1&n d4t cda may bam dé x4 nude khi né chay
khéng tai, biét rang phan than D ¢8 dinh va d€ E ¢6 trong lugng
P,. Tay quay QA = a c¢6 trong lugng P,, trong lugng ranh B va
pitténg C bing P,. Tay quay OA 13 thanh déng chét quay déu véi
van tée gée o (hinh I1.34)

Bai IL.35: Thanh déng chdt AB dai 20 ¢6 dAu B tua 1én mit phéng nhin
nam ngang va nghiéng mot gée o (hinh I1.35).

Xac dinh phuong trinh quy dao diém A khi thanh roi xubng mit
phéng ngang.
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Hinh 11.35 Hinh 1.36

Bai IL.36: Ba tai trong P, = 20kN, P, = 15kN va P, = 10kN néi v6i nhau
béng s¢i diy khéng dan, khéng trong lugng, day vat qua cac rong
roc ¢d dinh M va N. Khi ha tai trong P, xudng thi P, dich chuyén
vé phia bén phai theo day trén cia hinh thang ABCD cua thap cut
cé trong lugng @ = 100kN, cdn tai trong P, dude nang lén theo
canh bén AB. Bé qua ma sat gitia thap cut ABCD via san. Hay xac
dinh chuyén dich ca thép cut ABCD véi san, néu tai trong P, ha
xuéng duge 1m.

Bai I1.87: Xdc dinh dich chuyén clia 6t6 ty d8. O thdi diém ban dau
dling yén khi thung xe trong lugng 4T tit vi tri ndm ngang quay
quanh truc O vudng goc vé1 mat phing (hinh 11.37) mot goéc o = 30°
so v6i phuong ngang. Trong luong xe khong ké thung xe bang
1,5T. Vi tri khoi tam C cla thing xe duge chi trén hinh 11.37 v6i
OA = 2m; AC = 50cm. Bd qua céc Iyc can chuyén déng.

¢ @\__/©\_J

A

Hinh 11.37

Bai I1.38: Lang tru DEFH c6 khol lugng 6m dit trén mat nhin nim
ngang. Mit DE nghiéng véi phudng ngang goc 60 Con lan dong
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ch&t C khéi hugng 2m lan khong trugt nhad day kéo cubn guanh nd
va dude budc vio mit trong A. Trong A cb khdi lugng m ban kinh r
cudn day quay theo quy luat ¢ = 0,5et”, rong roc B ¢6 khéi lugng m.

Xéac dinh quy luat chuyén dong cha ling tru néu khi ¢ = 0 lang tru
dting yén. Coi khéi tAm cha tréng va rong roc dat tal truc quay

cua no.
8 ) B
23)
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Hinh 11.38 Hinh 11.39

Bai 11.39: Ban déng chit ABC ¢6 dang hinh tam gidc vudng can ¢6 canh
huyén AB = 12cm. Ta dat dinh A cla ban trén mit phing nim
ngang nhén sao cho canh huyén thing diing. Sau dd @6 cho ban rot
tu do duéi tac dung cha trong hie.

X4c dinh quy dao cua trung diém M thudc
canh goc vudng BC.

DINH LY MOMEN DONG LUONG

©

Bai I1.40: Mot sgi day vét qua rong roc khoi
lugng cta né c6 thé bé qua. Mot ngudi nim

vao day tai diém A, con tai diém B treo tai Aog @ B
trong ¢b cung trong lugng voi nguol (hinh <
1L.40). N&u ngudi leo 1én day véi vén toc a

tudng d6i véi day thi tai trong sé chuyén
d6ng nhu thé nao. Hinh i1.40
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Bai I1.41: M6t ban tron ndm ngang z 4
quay khéng ma sat xung quanh 4
truc thang ddng Oz di qua tam
O chia né. Mot nguoi trong lugng
@ di trén ban ludn ludén cach truc
Oz mot khoang bing r vél van
tde¢ u khéng 481 ¢hinh 11.41). Hoi
khi dé ban sé quay quanh truc

Oz v6i van téc géc @ bang bao

nhiéu. Coi trong lugng P ca ban
phan bd déu trén dién tich hinh
tron ban kinh R. Tai thdi diém 2@2
ban dAu ban va ngudi ¢ van tdc )

bing khong. Hinh 11.41

Bai IL42: Vat M khoi hugng m, duge néi véi sgi day cudn vao tréng O
khi lugng m,, ban kinh R. Gan vao O thanh manh OA va tac dung
ctia lue @ tai dAu A 1am cho tr8ng quay va kéo vat 1én (hinh I1.42).
Xac dinh luat chuyén déng ctia vat M va siic cing T ciia day treo,
Coi tréng 1a khai tru trén dong chét.

—t—
Q

w

LTSI 7 /A7 Y
Hinh #1.42
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Bai I1.43: Stc cang cua nhanh din vA nhanh bi
din cuia dal truyén lam quay banh dai

T
¢6 ban kinh  r = 20cm va trong lugng R
P = 3.27N ¢6 gla tri tuong Gng T, = 10,1N,
T, = 505N (hinh 11.43). Mémen caa lyc
cin phai bing bao nhiéu d& banh dai T
quay vdi gia tée goc € = 1,5rad/s (col banh Hinh 11.43

dai 1a dia tron déng chit).

Bai I1.44: M6t ¢6 thé dang ding yén, nhd mémen khéng déi M né quay

quanh truc thing ding c¢d dinh, khi d6 ciing xudt hién mdmen cua

lye can ty 1& véi binh phudng vén tde goc quay cla o8 thé

M. =ow?. Mémen quan tinh ca 8 thé ddi vdi truc qua bang J.
c : ¥

Tim quy luat thay déi van tée goe.

Bai IL.45: Pia tron déng chat khéi lugng m; quay quanh truc AB vd1 van
tdc goe ban ddu @, . Trén ban kinh cha dia, mét chéat diém M khai

lugng m, chuyén dong tit O véi van toc khéng d6i u (hinh I1.45).
Xac dinh van toc goc clia dia theo thdi gian £ va van tdc géc ®; khi

M t6i vanh dia. Tai thdi diém ddu M & tai tAm dia, bo qua ma sat

tai cac 6 truc.

84l
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Hinh H.45 Hinh i1.46
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Bai IL46: Qua cdu A khdi lugng m gén vio dau thanh AB = { va gin véi
truc quay 0,0, Ca hé théng dit trong binh chira chat long

(hinh 11.46). Luc cén cua chat 16ng tac dung 1én qua cau ngugc v
van téc goc va cb gia tri Rg = amo (o 12 hé s6 ty 18). Biét rang van

t8c goc ban dau la o, . Hay xac dinh khoang theoi gian T d8 van téc

goc giam di mot nita va s vong quay trong khoang d6.

DINH LY DPONG NANG

Bai I1.47: Ngudi ta kéo cang mdt sgi déy viat qua hai rong roc kha bé A
va B nim trén cing mot dudng thdng ndm ngang cich nhau mot
khoang AB = 2/ (3 hai dAu day treo hai tai trong M bang nhau.
M1 tai nang P (N). Sau db treo tai trong M, nang P, (N) vao diém
C ctia day 8 gitta hai réng roc va cho né rei khong van t6c ban diu.
Hay xac dinh khoang cach ldn nhét 2 ma tadi M, ha xudng dudc.
Gia thift ring day da daiva P, < 2P.

74117777747 ///6////// YL
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Hinh 11.47 Hinh 11.48

Bai 11.48: Té&i A c6 trong lugng P trong khi ha xubng dudi nhd sgi day
khéng dan, khéng trong lugng vAt qua rong roc ¢d dinh D khong
trong lugng va cudn vio banh dai B1" 1 cho truc C 1an khéng trugt
theo dudng ray nim ngang. Banh d. 3 ban kinh R gén chit vio
truc € ban kinh r. Trong ludng téng c¢ong cua chung bang @, ban
kinh quan tinh déi véi tryc O truc giao vdl mat phdng hinh vé
bang p. Hiy tim gia t6c cua tai trong A.
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Bai I1.49: Vat A trong lugng P, dugc budc vao day khong ddn vl qua
rong roc c& dinh D trong lugng P, va cubn vao con lan hinh tru B
trong ludng Pft Vat A chuyén dong xudng theo mit phing nghiéng
vil phudng ngdng moét goc o lam cho rong roc D chuyén ddng va
con lan B lan khéng trugt l&n trén theo mat phdng nghiéng vdi
phuong ngang mdt géc B (hinh 11.49).

D

Hinh 11.48

Xac dinh van téc vat A phu thude vao doan duong
dich chuyén s ctia nd, néu ban déu hé ding yén.
Rong roc va con lin duge xem 1a cac hinh tru trén
déng chat c6 ciing ban kinh. Bé qua khéi lugng day
va cac luc ma sat.

Bai I1.50: Gidi bai toan trén khi c6 ma sat trugt f va ma
sat 1an £, ban kinh cia con lin bang r.

Bai IL.51: Phii ha tai trong P véi gia téc W bing bao
nhiéu dé nang tai trong @ nhd hé palang nhu hinh

IL51. V& didu kién nao tai trong P chuyén déng
déu. Bé qua khoi lugng cac rong roc va diy cap.

Ghi chi: gia toc clia tai trong @ nho hdn gia toc cla

Hinh 11.51

t&i trong P bén lan.
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Bai IL52: Diu clia mot s¢i dAy mém bude vao mot diém ¢ dinh. Day
vat qua mét rong roc dong co khoi lugng M ban kinh R va mémen
quan tinh J. Rong roc ¢d dinh ¢b cung khéi lugng M ban kinh R va
mémen quan tinh ;. PAu kia cua diy bude vao vat A ¢ khé& lugng
m. Tim gia téc caa vat A néu coi doan diy tu do thang dtng. Lae

dau he¢ ding yén.

/7 s

Hinh 11.52 Hinh 11.53

Bai IL53: Vat A trugt trén mit nghiéng [ v gbe nghidéng o, va van tie
dAu bing khong, vat di duge quang dudng s, t&1 C roi trugt 1én mit
nghiéng II vél géc nghiéng o, va dung lai sau quang ducng
di duge s,. Tim quang dudng s, néu bidt géc ma sat trugt gitta vat A
va hal mat nghiéng 12 ¢, va @, (gia thidt ring o, > ¢,) (hinh I1L.53).

Bai IL.54: Banh xe I khoi lugng m,
chuyén déng lan khéng trugt trén
mat cong ¢& dinh II nha lién két
v&i thanh AB bing ban 1€ tai A va
B (hinh IL.54). Thanh AB = ! d6ng
chit ¢6 khéi lugng m,. Ban dau
a, =60° va h¢ ding yén. Hay xac

dinh van téc géc @ cia thanh AB

Cpa T y N
khi hé qua vi tri cdn bang ung vl 7

o = 0. Banh xe I ¢6 ban kinh R vi Hinh 11.54
hé chuyén dong trong mit phéng
thdng ding.
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Bai IL55: Co cdu tay quay thanh truyén OAB chuyén déng trong mit
phang nidm ngang dudi tac dung ennia ngau luc cd momen
M = const. Tai vi tri khéo sat V, = u. gbc AOB = 3;; . Hay xéc dinh
van toc diém A khi hé g vi tri nam ngang (O, A, B thing hang) biét
ring OA va AB 1a hai thanh déng chat c6 khdl lugng la my va m,
(hinh I1.55).

—
U

AR

T AT
Hinh IL35
Bai 11.56: Banh xe kép khéi lugng M v mbmen guéan tinh véi tdm C la
J. Banh xe chuyén dong lan khong trugt trén dudng ngang nhd tac

dung cha hai lye F, va F, nhu hinh IL56. Xac dinh gia t5c cha
Kkhéi tam C bidt cac ban kinh 1a R, rva Fy > F,. Lic dAu hé diing yén.

T T Y

Hinh 11.56 Hinh 1.57

Bai TL57: Bang truyén vat ligu duge md t3 trén hinh I1.57. Khoi lugng
vat tai A 1a m,; hai banh xe, mBi banh ¢6 khéi lugng m, ban kinh R
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dudge xem la dia tron dong chat. Khéi lugng cua bang truyén l1a m,
duge col la déng chat va phan b6 déu. Bang truyén chuyen dong
dudi tae dung cia mémen M = const. Xac dinh van tie goc o theo
ghc quay ¢ va gia 8 goe &, gia thiét ban dau hé ddng yén, goc
nghiéng 14 a. Bo qua sy trugt cta A trén bing.

Bai IL58: T&m phéng khéi lugng M dat trén hai con lan nhu hinh 11.58
M3i con lan khéi lugng m, ban kinh R va duge xem nhu dia tron
dbng chat. He chuyén déng nhd tac dung lic F = const . Xac dinh

gia tdc cia tdm néu gia thiét cac con lan chuyén dong 1lan khong

truigt va he s6 ma sat lan la k.
W

GIEGH

7////////////////////////////////////////

i

Hinh I1.58 Hinh 11.59

Baj 11.59: Co ciu truyén déng nam trong mit phéng nam ngang chuyén
déng duge nhd tay quay OA néi truc cla ba banh xe bang nhau [,
I1, II1. Banh xe I ¢6 dinh, tay quay OA quay quanh O véi van 8¢
goc . Cac banh xe ¢6 ctng trong lugng P va ban kinh r, trong
lugng tay quay 12 @ (hinh 1.59).

Tinh déng ning chia ¢d ciu, Xem céc banh xe 13 dia tron dong chat,
con tay quay 1a thanh déng chat. Cong cia nglu lue dat vao hanh
xe 111 bang bao nhiéu.

Bai IL.60: Co cfu vong tron ngoal luAn dat trong mat phéng nim ngang

chuyén dong dudc nht mdémen quay khoéng d61 M tac dung vao tay
quay OA (hinh 11.60).
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Xac dinh van téc goe cda tay quay phu thude vao géc quay cia nd.
Cho biét banh xe I ¢8 dinh c6 ban kinh r,, banh xe déng II c¢6 ban
kinh r, trong lugng P, tay quay OA c¢b trong lugng @. Xem banh xe
la dia trdon ddng chit va tay quay la thanh dong chét.

ANNNNNNNNNNNNNN

Hinh 1.60 Hinh 1L671

Bai 11.61: Mémen quay khéng 461 M téc dung vio tang quay cua toi cd

Bai

ban kinh R trong lugng P,. Tai trong P, buje vao dau A cta sgi day
cudn vao tang quay, nd duge kéo lén theo mit phéng nghiéng véi
phuong ngang mot goc o (hinh [1.61).

Tang quay cia tdi dat duge van téc gée bae nhiéu, sau khi nd quay
duge mot gée ¢. Hé s0 ma sat trugt gita tai trong va mit phang
nghiéng bang p. B qua
khél lugng cia didy va

c
xem tang quay nhu la A 5 g
N N A . >
hm}n tru \Lron dong sz s
chét. Lie ddu hé dtng 777 77777
yen.
I1.62: Trén truc AB EHIIF
.. . . N E
nguol ta gan ding tim
vilang € ¢6 mobmen Hink 11.62

quan tinh d8 vdi truc
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quay la J va tréng D ban kinh R. Trén tréng 6 cudn mét sgi diy
treo vat nang P. Cho mémen quan tinh cta truc AB va tréng D 1a
J.. Bd qua ma sat 3 6 truc va day treo (hinh 11.62). Tim:

a. (Gia toc eta vat ning.

b. Mémen quan tinh J ciia vélang C néu biét sau thai gian ¢ vat roi
mét doan h. Ban dAu hé ding yén.

Bai I1.63: Toa goong trong ludng P lan theo ray dat trén dudng AB. sau
d6 theo vong I1on lai dudi dang dudng tron BC ban kinh a. Hai ta
phii tha godng khéng c¢d van tic ban diu tir do cao A bang bac
nhidu dé goong c6 thé di hét dudng tron ma khong tach rdi khoi
né. Xac dinh ap luc N clia goong 18n dudng tron tat diém M véi gée
MORB = ¢ (hinh I1.63).

Hinh 11.63

Bai I1.64: Thanh déng chit AB=1=1,2m A
trong lugng P c6 thé quay khéng ma _,%4

sal quanh truc nam ngang O cach 0

dau A mat doan OA :-;]i-.f. Thanh

]

duge gilt ¢ vi tri nidm ngang rol sau
dé tha cho chuyén déng. Xac dinh

van toc dau B khi thanh chuyén .
déng dén vi tri thing ding.

Hinh i1.64
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Bai IL65: Mot mémen quay M, = M, - ae {trong do M, va a 14 cac hang
s6 dudng con o 12 van téc géc clia tay quay 0,0) tac dung lén tay
quay O,0 cta ¢d clu hanh tinh dat trong mat phing nim ngang.
Khdi lugng tay quay 1a m, cia banh xe dong la M. O thoi diém ban
dAu hé ding yén. Bo qua lyc can.

Hay x4c dinh van tdc géc clia tay quay 14 ham cua thdi gian ¢. Coi

tay quay la thanh déng chit, banh xe déng la dia tron déng chit
ban kinh » con banh xe cd dinh ¢6 ban kinh K.

N
N
N
N
N .
N o
§ r—T—a
BN | v R
N @
r1
)
L-d
Hinh 11.65 Hinh 166

Bai 11.66: Nhd soi day vat qua rong roe, tai trong P v6i phu tai P, da
Jam cho vat A ¢6 trong lugng @ ndm trén mat phing khéng nhin
nim ngang BC dich chuyén ti vi tri ddng yén. Khi ha xudng mot
doan S, tdi trong P di qua vong D, vong nay gat bd phu tai P,. Sau
d6 chi con tai trong P ha xudng thém mét doan S, thi ding lai.

Hay xac dinh hé s6 ma sat dong gilla vat A va mat phéng BC. Bo
qua khoi lugng cia day, clia rdng roc va ma sat tai rong roc. Biét
@ =0,8N; P=P,=0,1IN; S, = 50cm; S, = 30cm.

Bai I1.67: Mot cai thang kép ABC c6 béan 1€ tai B dude dung trén san

nhin nim ngang. D5 dai AB = BC = 2a. Trong tAm cac thanh d tai

trung diém D va E. Ban kinh quan tinh cua md&i thanh déi véi true
di qua trong tdm bang p, khoang cach tu ban 18 B dén mit san
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bang h. Tai thai diém nao
dé thang bit dau radi do
dit day chang FG. Bo
qua ma sit tai ban 1€ B.
Xac dinh:

a, Van téc caa diém B khi
n6é cham mat san.

b. Van t8c cua diém B khi
né cach mat sadn mot

y h
khoang —.
g 2

A

Bai I1.68: Trong ¢o clu tdl vi
sal ¢6 hai true hinh tru K,
va K, véi ban kinh tudng
Gng r, va ry; momen quén tinh ddi véi truc 0,0, tudng thg la J, va
J, chiang gén lién vao nhau va quay duge nhd tay quay AB. Rong
roc dong C treo vao sgi diy khong dan va khong trong lugng,
nhanh trai ciia day cudn vao truc K, con nhanh phéi cudn vao truc
K,. Khi quay tay quay AB thi nhanh irai cia day loi khoi truc K,
con nhanh phai cudn vio truc K, Tai D ¢6 trong lugng P treo vao
rong roc C; mdmen quay khdng déi M tac dung vao tay quay AB.

Hinh i1.67

K Kz

Hinh .68

Tim van téc goc clia tay quay khi nang tai trong 1én mét doan bing
S. Lic dau hé dang yén. Bé qua khéi lugng tay quay va rong roc.
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Bai 11.69: Tang quay B trong lugng P, ban kinh r, quay quanh true O.
Pau modt sgi diy khong dan khéng trong lugng cudn vao tang quay
con dau kia eta day budc vao truc C cla con lan trong lugng P,
ban kinh r,. Mt nglu lyc ¢c6 mémen M(¢) tac dyng vao tang quay.
Con lan C lan khbéng trugt trén mat phing nghiéng véi phudng
ngang géc o, Bd qua ma sat & truc O vA ma sat lan. Hé s6 ma sat
trugt gitia con lin va mat dudng la f. DAy kéo song song vil mat
phang nghiéng. Tang quay dude coi 14 tru tron dong chat.

Cho M{®) = M, ~ bo,. Trong dé6 M, va b 14 cac hing s6 dudng, @, 1
tri s§ van toc goe cla tang quay. Tim biéu thic van tde goc cua
tang quay 12 ham clia thai gian. Biét rang lue dau hé dang yén.

IONOUSNNNNNNNNNANN

Hinh 11.69 RHinh ILT0
Bai IL70: Mot rong roc kép trong lugng @ ban kinh R va r ¢b thé quay
quanh truc ¢& dinh di qua O. M6t s¢i ddy khong dan khéng trong
lugng cudn vao rong roc kép C. Mot dau day buge vao vat B trong
lugng P,, ddu kia cda day budc vao truc A cia banh xe dong chit
trong lugng P, ban kinh R va c¢6 thé chuyén déng lan khéng trugt
trén mit phing nghiéng véi phuong ngang goc o. Ban kinh quan

tinh cta rong roc kép déi véi true O 1a p (Jp = sz). Bé qua ma
8

sat lin va ma sat 6 truc quay O. Lic dau hé ding yén.
Tinh gia téc vat B:

a. Véi diéu kién nao vat B chuyén déng hudng xudng dudi (kb1 nao
huéng 18n).

b. Trudng hdp ndo vat B chuyén dong thing déu.
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NGUYEN LY DALAMBE

Bai II.71: Vat A trong lugng P, chuyén déng di xuéng 1am cho vat B
trong lugng P, chuyén ddng trén mat ban ngang nhan. Bé qua

trong lugng ca rong roc G, cho biét trong lugng clia ban la Py,

Xac dinh ap luc clia ban 18n nén ngang ¢hinh I1.71).

e
sy

L¥]

A
l 7 3
TTP7TITT 777777777 7R 7777 7777777777 77777
N
Hinh 1L.71 Hinh IL72

Bai IL.72: Hai thanh ddng chit CD va EF ¢6 ciing chiéu dai ¢ va trong
ludng P, duge gén vudng gée vél truc AB nhu hinh 11.72. Hé thanh
quay quanh truc z véi van t8c géc @ khong dédi.

Cho thanh AC = CE = EB = 1m. Xac dinh ap luc déng luc tac dung
lén hai 6 truc A, B.

Bai I1.73: Rong roc C quay nhd vat treo P, M 13 mdmen can & 8 truc C.

Trong lugng réng roc 14 @, ban kinh R va duge xem nhu dia tron
déng chét.

Hay tim; 1. Gia tde vat P.

2. Phan luc dong luc trong cic thanh AC va BC (hinh 11.73).
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5m
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Hinh 1.73 : Hinh 1174
Bai 11.74: Xac dinh phan hie tail céc 6 truc A, B ctia can truc quay khi

. ) e A 1k 1 >
nfing vat E trong lugng 3kN véi gia tbe bang 3 g . Trong lugng cua

cAn truc bang 2kN va dat a1 trong tam C cua nd. Trong lugng xe
con I} bang 0,5kN. Can tryue va xe con khong chuyén déng. Céc
kich thude nhu hinh [1.74.

Bai I1.75: Thanh doéng chat KL dai 2/, trong

4

lugng P duge gAn vao truc quay thing :

ditng AB, quay nhanh dan déu véi gia B Yn% -

the goe & tai diém gitta cua thanh vi /\L

hop véi true quay mot goc a. Xac dinh i

ap lue dong ldce cua truc AB 1én & truc Ve

A va B. Tai thoi diém dédu cd hg diing \

vén, OA =0B = R (hinh T1.75). Cs

' 2 K "Jp N
Bai [1.76: Mot thanh dong chidt AB chiéu dai i E .

I, khéi lugng m gén vio thanh CA bang AN T

ban 16 A. Thanh CA gin truc quay Hink 1175

thing ding. Truc vudng goc quay v6i
o, = const (hinh 11.76).
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Xac dinh stic cang T cia dAy BD giit cho thanh AB nghiéng vdi
phuong thdng ding géc o khong d6i. Néu géc = g viCA=a

—4[ |k
T [

1]

!
0 D
o, C /
~JA %

S £

Lagle
Hinh I1.76 Hinh H.77

Bai IL77: Hai thanh ddng ch&t OD va DE c6 ciing chiéu dai [ va khéi
lugng m duge gan véi nhau tao thanh géc vudng. Thanh duge gén
vao diém giita O cla truc quay AB sao cho mit phing ODE vubéng
géc véi AB. Truc AB quay v6i van tie o, = const.

Xac dinh phan luc toan phén tai 6 d3 A va B (kich thudc che trén
hinh IL.77).

AL SAALLL SIS AL

NGUYEN LY DI CHUYEN KHA DI

Bai I1.78: Mot cd hé gbm c6 rong roc ¢§ dinh
A va n rong roc dong. Xac dinh ty s6
gifta tai trong duge nang @ va luc P

dit vao ddu diy vit qua rdng roc cb
dinh A dé hé cin bang (hinh IL78).

Bai I1.79: Cho mdt ¢o cdu thanh trugt. Khi
tay quay OC quay quanh truyc nam
ngang O thi con chay A chuyén dich Hinh 1178
doc theo tay quay OC lam cho thanh
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AB chuyén déng trong rinh
théng ding K. Cho biét OC =R,
OK = [. Tai C cAn phai dit lue @
vudng goc vdi OC bang bao
nhiéu dé cAn bing véi luc P
tac dung vao thanh AB nhu
hinh I1.79.

Bai I1.80: Truc kéo vi sai c6 hai ting
A va B gin chiat véi nhau
chuyén déng nha tay quay C dai
R. Vat niang D trong lugng @
duge treo vao rong roc déng E.

Hinh H.79

Khi quay tay quay C dé kéo D 1én thi nhanh day trai nha ra khoi
tAng B vi nhanh diy phai cuén vao tdng A. Ban kinh cta hai tdng
dé lan lugt 1a R, va R, (v6i R, < Ry). Tim lyc P can dit vudng goc
véi tay quay tai ddu mut ca né dé giit cho hé can bang (hinh 11.80).

Hinh i1.80

Bai I1.81: Cho hé ddm nhu hinh I1.81. Tim cc phan hyc tai A va B. Cho

bigt ¢ = 4,9N/m.

TN
p3
9]

&

2m 2m i

im

T

Hinh il.81
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PHUONG TRINH TONG QUAT DONG LUC HOC

Bai I1.82: Hail vit nang P, va P, duge budc
vao hai day cudn vao hai tang cua mot
51 ban kinh r, R. D& nang vit ning P,
lén, ta tac dung lén tdi mbét mbmen
gquay M. Tim gia téc gdc cua t61 quay.
Biét trong lugng cia tdi la @ va ban
kinh quén tinh déi vdi truc quay 14 p
(hinh 11.82).

A
Bai I1.83: Cho mdt ¢d cAu nhu hinh 1I.83.
VAt A co trong lugng P. Trong lugng g l?;"
chung cua trong B va banh xe C 1a @, lﬁ'
2

ban kinh quan tinh 481 vdi truc O 1a p.

Tim gia toc cta vat A khi né ha xudng. Hinh i1.82

Hinh 11.83

Bai I1.84: Con lan A lan khéng
trugt  trén  mat phﬁng
nghidng mjt gbéc a vl
phuong ngang lam vat C
irong lugng P duge néng
1én nhd rong roc B. Con lan
A va rong roc B la hai dia
tron déng chit cling trong
lugng @ va ban kinh R. Hinh 11.84
Xéac dinh gia toc vat C.
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Bai I1.85: Thanh DE trong ludng @ duge dat trén ba con lin hinh tru A,
B, C c6 cung trong lugng P, ban kinh R. Tac dung lygc F lén
thanh, b qua su trugt gidia thanh va cac con lan, cing nhu gilia
cac con lan véi mat phdng ngang. Céc con lan la try tron dong
chat. Tim gia téc cia thanh (hinh I1.85).

D E =

Ag Be Ca

el

Hinh i1.85

Bai I1.86: Vat B trong lugng P lam chuyén dong con lan A hinh tru trén
déng chét trong lugng @ ban kinh R nhd day mém cudn quanh con
lan vit qua rong roc ¢8 dinh D va bude vao vat B. Xac dinh gia toc
vat B khi con lian lan khéng trugt, hé s§ ma st lan la f, bo qua
khéi lugng rong roc D (hinh I1.86).

i ’ \ S

| TR A IS

Hinh 11.86 Hinh 11.87

Bai IL87: Mot ling tru A c6 trong ludng P trugt theo méat bén tron cta
ling tru B c6 trong lugng @, mat nay hgp véi phudng ngang mot
géc a. Hay xéc dinh gia tdc cha ling tru B. Bd qua ma sat gidia
lang tru B vd mit phing nAm ngang (hinh 11.87).

Bai IL.88: Trén mit phing nim ngang nhin ta dat lang tru tam giac
ABC cé trong lugng P. N6 ¢ thé trugt khéng ma sat trén mit
phing d6. Hinh tru tron dong chit trong lugng € lan khong trugt
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trén mat bén AB cha ling tru (hinh I1.88). Hay xac dinh gla tic

ctia ling tru.

c o B
o

Hinh 1i.88

PHUONG TRINH LAGRANG LOA! I

Bai 11.89: Mot con léc eliptic gdm c6 con chay A khéi lugng m, trugt
khéng ma sat trén mait phing ndm ngang va gia ciu nhd khéi
lugng m, ndi véi con chay bing thanh AB chiéu dai l. Thanh c6 thé

quay quanh truc A gén lién vdi con chay va vudng goc vl méit
phéng (hinh 11.89).

Hay thiét lap phudng trinh chuyén déng cha con lae, bd qua khé
lugng ctiia thanh. Tim céc tich phan dau eta chuyén déng.

A m P
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Hinh 11.89 Hinh 1.90

Bai 11.90: Hay lap phuong trinh chuyén « ;cua con l4c gbm mdt chat
didm khoi lugng m treo 1én mt sgi day c do dai bién ddi theo quy
luat cho trudce [ = {(#).
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Bai IL.91: Hay lap phuong trinh chuyén dong cia con lic gdm chit diém
kh&i lugng m treo trén day cuén vao hinh tru ¢8 dinh c6 ban kinh
R. B8 dai ctia phan diy budng thong tai vi tri cdn bang la L. Bd qua

khéi lugng cta day.

o
W

Hinh 11.91 Hint 1.92

Bai [1.92: Lang tru A trong lugng P trugt trén mét bén tron cua lang tru B
¢6 trong hugng Q. Mt bén nay hdp véi phusng ngang mét goc .

Hay xac dinh gia toc ca lang tru B. Bé qua ma sét giita lang tru B
va mit phing ndm ngang. Tim céc tich phan dau clia chuyén dong.

Bai 11.93: T4Am phing AB khéi lugng M chiu tdc dung cua luc F = const
theo phuong ngang sé chuyén dong tinh tién trén san ndm ngang
nhin. Mdt con lan khéi lugng m ban kinh R ¢6 mdmen quén tinh
461 vai truc di qua khoi tam thing goc véi mat phéng con lan 1a J¢.
Con lan dit tu do trén t&m AB. Xac dinh gia tdc clia tim AB va gia
tée tdm C cua con lan. '

A B F

W/l

Hinh .93

Bai I1.94: Lang tru A khé lugng m, c6 thé trugt trén mit phéng nim
ngang nhéin. Theo mit nghiéng cua ldng tru hgp véi phudng ngang
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mét géc a, mdt con lan
B khél ludgng my chuyén
dong lidn khoéng trugt.
Quanh con ldn ngudi ta
cuén ddy mém khéng
dan. Dau kia cha day
buéc vao diém D cla
thanh CD gén cing vao
lang tru. Truc cua con

lan vudng gbéc, ¢on phan

day DE song song véi I ITII7 7T I TTI 77

mit nghiéng CK cla Hinh 11.94
lang tru. Con lian xem
nhu tru tron dong chat.

Xac dinh gia téc cia ling tru va gia tée khoi tAm cla con lan d6i
vdi lang try, tinh siic cing cha day. Biét my = 2m, véi m, = 5,1kg;
o = 30°

ar

Xy
o
Y o L L I A

Hinh 11.95
Bai I1.95: Theo mit phing nghiéng ctia lang tru (1) hdp véi phudng
ngang mét goc o, mdt khéi tru tron déng chat (2) cé khdi luong m,
chuyén déng lan khong trugt 1am cho lang tru dich chuvén trén
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mat phéing nhin nidm ngang, lam cho 16 xo (3) bién dang. Ld xo (3)
gén vao tudng thing ding, c6 hé s& cling C. Khéi lugng cla ling
tru m,. Tai thdi diém ban ddu 16 xo chua bi bién dang.

Hay thiét 1ap phuong trinh vi phéan chuyén déng ctia hé, gée toa dd
x; tinh tit vi tri ban ddu.

Bai I1.96: M6t thanh déng chit AB trong ludng P dude gén bang ban 18

B vao truc con 1&n trong lugng @ ban kinh R. Con lan c¢6 thé lan
khéng trugt trén mit phang nim ngang doc theo truc Ox, Hé khao
gt trong mat phang thang ding méd ta nhu hinh 11.96. B qua ma
sat gilta con lan va mit tya. Con lan coi 14 tru tron dong chat.

Thanh lap cac phuong trinh vi phan chuyén d6ng ctia hé. Tim cac

tich phan ddu clia chuyén dong.

VS

zzz
=¥

Q

bt

Hinh {1.96 Hinh 11.97

Bai I1.97: Thanh dong chat AR = g trong luong P chuyén ddng trong

mat phéng thidng dung dudi téc dung cia trong luc. Pdu A cha
thanh gin vao con chay A ¢6 thé trugt khéng ma sat trén mit
phﬁng nghiéng véi phudng ngang géc a. Bé qua trong lugng con
chay A.

Thanh lap phuong trinh chuyén déng clia hé.

Tim didu kién d€ ¢6 chuyén dong trugt ma khéng quay ciia thanh AB.
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PONG LUC HOC TUONG B

Bai IL.98: Cac qua ciu B va D clia mdy tiét ché ly tim O4t c6 khoi ludng
m {hinh 11.98).

Tim géc nghiéng o dé xac dinh vi tri cin bang tuong doi cua thanh
AB néu cd ciu may tist ché ly tim quay véi van tée goc o con chiéu
dai AB = . B6 qua khéi lugng cua thanh,

v}

Ak

Hinh 1.98 Hinh 11.99
Baj I1.99: Didm M c6 khéi lugng m chuyén dong khong ma sét trong ong
hinh ban nguydt ban kinh R va quay quanh dudng kinh thing
ddng véi van téc gbe @ = const ¢hinh 11.99).

Xéac dinh van téc tuong d8i V, phu thude vio goe ¢ la goe gitta OM
va truc quay. N&u ban dau ¢ = @, va ¢=0.

Bai I1.100: Qua ciu A c6 khéi lugng m = 0,2kg chuyén ddng trong dng
thing ndm ngang va duge gin tryc giao véi truc quay thang diing
& dAu &ng. Mot 16 xo ¢6 dd cing € = 4kN/m néi qua cAu véi truc
quay. Dd dai cia 16 xo khi chua bién dang la @ = 3cm.
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a. Xac dinh quy luat bi&n d6i van ]
tdc géc « cua éng khi né quay Alk
quanh truc d& sao cho qua céu

chuyén déng trong dng véi van tdc A
tuong d6i khong déi V, = lem/s, néu  [TYWW—— T
tai thdi diém ban diu § cach dau =1

dng mét khodng b = 5em.

b. Tim ap Ive do qua ciu tac dung

» . Hinh 1L.100
1én thanh 6ng khit = 1s.

Bai I1.101: Diém treo cia con lic toan hoc ¢é d6 dail chuvén déng theo
phuong thiang ding vdi gia téc khéng 481 (hinh 11.101).
Hay nghién citu chuyén dong cla con lac trong hé toa dé gin vao
diém treo khi gia tdéc di€m treo hudng 1én va khi gia téc diém treo
hudng xubng.

Hinh 1L 101 Hinh i1.102
Bai I1.102: Trong mét toa tau dang chuyén dong theo dudng thiang ndm
ngang c6 mét con lic dao déng bé difu hoa.
Hay xéc dinh:
a. Gia t8c W caa toa tau.

b. Tim hi¢u s8 chu ky dao ddng cla con ldc. T: chu ky dao dong cua
con lée khi toa tau ding yén va T, 13 chu ky dao ddng cia con ldc
khi toa tau chuyén déng véi W.
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Bai 11.103: Mot chit diém rdi ty do trén Bic ban ciu tit d§ cao cach mit
dat 500m. Chu y dén su quay cla trai dat quanh truc cia né va bo

qua hic ean cua khong khi.

Hay xac dinh diém roi xudng léch vé phucng Péng bao nhiéu. Dia

diém roi tai vi tuyén 60°.

BAI TAP VA CHAM

Bai I1.104: Dau biia A cia may déng cge rdi tix dd
cao h = 4,905m va dap xudng cii de B gin
trén mot 10 xo. Trong lugng dau bua la 10N,
trong lugng de 1a 5N.

Hay tim xem sau khi va cham de chuyén
déng v6i van téc bing bao nhiéu néu nhu dau
bia eung chuyén dong vdi né.

Bai I1.105: D& nén chat dat dudi méng cdng trinh
ngudi ta dung bda déng coc, déng cac coc co
trong lugng P; = 50N xudng dit. DAu bia
nang P, = 450N rei khéng cé van tdc ban dau
tl d6 cao k = 2m. Hé s8 phu hdi bing khong.

A |

2

Hinh 11.104

Sau 10 14n va dap, sau cing coc xudng siu duge & = bem.

Xace dinh Ije can trung binh cua dat khi déng coc.

Bai I1.106: Hay xéc dinh tAm va cham caa

bia ban hinh chi nhat. Chiu cao cia &=
bia bang A (hinh 11.106).

Bai I1.107: Hai qua cidu c6 khéi lugng m,

va m, treo trén hai sqgi diy song song
¢6 chidu dai I, va I, sao cho tAm cua

ching nam trén cung moét dd cao.

418

vy

L

Qua ciu thit nhit dude duge dua léch
khoi dudng théng ding mot géc «,
réi tha khoéng van tée ban dau ¢hinh I1.107).

Hinh l.106
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¢
A %
/% ?(
/ Y
% Dy
/ AN |
/ 5 2
/ \
/! N\
| —r’f\/
- /
S0 S
-
m, my
Hinh IL.107

Xac dinh goe léch gidl han o, cta qui cAu thi hai néu hé 50 phuc

héi bang k.

Baj I1.108: Thanh déng chit OA =

khéng dan héi, vat B ¢6 khéi lugng m (hinh 11.108).

Xac dinh quing dudng ma vat B di dugce.

B
m Il— A
77 PR S s

Hinh #1.108

a khéi lugng M dau O duge gén bing
ban 16. N6 roi khong van tdc ban dau tit vi trd nam ngang dén vi tri
thing ding dap vao vat B lam cho né chuyén dong
khéng nhin ndm ngang. Hé s& ma sat trugt 1a u.

trén mat phéng
Coi va cham la

c

]

D
______..T.__

Hinh H.109
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Bai 11.109: Con lac xa kich ding dé xac dinh van tdc vién dan gdm hinh
tru AB treo vao truc nam ngang 0. Hinh tru hd ddu A va chia diy
cat. Khi vién dan bay vao hinh tru sé 1am con lic quay quanh true
O mbt goc nao didy. Cho biét M 13 khéi lugng con lac; OC = h la
khoang céch tit trong tAm € cta nd dén truc va p 1a ban kinh guan
tinh 46 vdéi truc O; m 1a khéi lugng vién dan; OD =a la khoang
cach tit dudng tac dyng va cham d&n truc O va a la goc léch cua
con lc.

Hay xac dinh van t8c V cta vién dan, gia thiét ring truc O cla con
Jic khong chiu Anh hudng va cham ah = p*.



236 CO HOC LY THUYET — TAP Il: PHAN BONG LUC HOC

Ill. HUONG DAN GIAI BAI TAP

XAC DINH LUC THEO CHUYEN DONG CHO TRUGC

Bai I1.1 (hinh 1I1.1)

0

Xét vat M.
Cac lyc tac dung: P,T;

mW =P+T;

T = 2P = 20N;

. B
Vieesy

va V =210cm/s.
Bai I1.2 (hinh 111.2)

Hinh i1
Vat khao sat: 6t6

Cac hic tac dung: ,ﬁ ;

N =7960N ~ 8000N .

N

Hinh il1.2

Bai IL3

Tact: X =mk= g%x = 0,08xN; Y =my =-0,02yN .

4
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BaiIl4
N 2n
T=028snén k= =8x;
T
¥4 =sin8nt;
Ny =T28N; N, . =472N.
Bai IL.5
mW=P+N;
2
g P
)
N =8001 +ﬂ’8— =11300N .
0,81 x 600
Bai I1.6 (hinh I11.6)
Pr=Cx, + Cixs.
Do lye dan héi khi ddy va khi kéo déu c, 0
¢6 doan dudng dan hdi bing nhau.
Nén ta co:
Q
P.=(C,+ Cyx =Cx;

x
C=C+Cy |

,m
T=2 A W=, —;
T ma o C
A ' Q Z
Vay T=2n |————.
Vg(C, +C,) Hinh 1.6

Bai IL.7 (hinh IIL.7)
Py=Cux + Cx,y = Cx;

x=x X,
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Bai IL.8

1 1 1

+_
cC ¢ C,
Clc2

S C= }
Ci+Cy

T:ZKJE:% QC,+Cy)
C gC.C,

mW =T +P;
T =m(g+cR).

Bai IL.9 (hinh II1.9)

W=Re=Rp=Ra;

|

mﬁszs+§"+_P5;

T= mg(fcosa+sina+%}

Hinh H1.8

HE

Y=

Hinh L7
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Bai 11.10 (hinh ITL.10}
W, ~MHo? =o’NE-d”
iV =B + S + P
Sy sino—Sauy ginot~ P =0;

S pr COSTL— Sy cosa-mW, =0;

mi .
Say = '—'(afﬂz +8);
2a

mi ;
S =" (an® - g).
2a

PHUONG TRINH Vi PHAN

BaiIL11 (hinh 11111}
Xét chuyén dong clia vt nang.
Céc lyc tac dung: -13,}!:; :
Ta cé:
mW, =my = _P-Ry=-mg—ky;
t =5,1In(1,41) = L,7s.
Bai IL12 (hinh I11.12)
P = Zcos10° va goi Re = aV?
Khi bay thi

Al
|
!
! —r
II| S
bW
| n o
H i~ o M
1
'|
i SBM
|
|
i
gl
Hinh H1.10

1

Hinh .11

Z
/__

P Hutng bay

Hinh 112
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Bai I1.13 (hinh 111.13)
mW = F | ?

e
[R+t-»F"

y: khodng cach tu vat dén mat dat.

Nén khi y = A thi: ///r///
¥ 3
F =mg vaa =mgR%;
Hinh HL.13
gR’ @
“Ret-oF
v h
ydy = gR* ; (1)
J §m+hyf
_ 2gRh
R+h’

2 2
v __ 8 ¢,
2 R+h-y

2

Khi ¢ = 0: y(0) = 0; (©)=0; C-—g

. y
R |-2& ﬁ
nen V=R T \NRvh-y

j ?R 28_g;. *
5l ) d R+h
Pl bién va dat R+h _1 =y tinh dudc tich phan ™
Yy
1 |R+ h R-h
— JRA .
=% o7 { + ar cos B h]
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Baill.1l4
x=adV -b.
Ta cé V=% nén x=avx-b;
ak a dx
i=—= hay ————=dt.
2% 2(x)%
Piéu kién ban dau: ¢t = 0
Z
x0 =0, 7, =2, v, =&
a a
Xac dinh hang s8 tich phan C
2z 2 1
r-_8 +a_=2{1__}.
oz TR
a
Bai I1.15 mi=P-N

trong d6 N =pgSx; m =pSh.

1's A
.. x . X ]
= g[l - }J - dex = Jg(l - Eldx :

V=Jgh.

Bai I[1.16 (hinh 1I1.16)
S = Vot+%g152.

Ta o

g, = gsina = gsin30° :%g;

igt2+Vot-—S:0.

Hinh fil.16

Giai phuong trinh nay theo ¢
ta ¢cé £ = 1,16s.
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Bai IL17

Luyc ham P=mW.

W =0,3g—>t=1923,4s;
3g

S :Vut—lix2 ~lyi-169m.
21 2
Bai I1.18 (hinh J11318)
- g

Xét chuyén déng cua M.
Cac lie tac dung: %
-}—)?E‘Fm« ! —

L F
mW=P+N+F_, -
Piéu k]én dﬁu = 0, Hinh i1.18

x(0)=V,=1bm/s;

% =—-g(fcosa+sina)t+Cp;

Cl = Vo;
= Yo - =2.61s;
g(f cosa +sina)
L Vo =19,55m.

B “2_‘,; (f cosa +sina)
Bai I1.19 (hinh I11.19)
Xét chuyén dong cla vat A.

Céc luc tac dung: _P.,E :
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v
1 j d(ky) J PN ]+kV e)kgg ) 0 x
kg ; 1- 1-RkV
Chon didu kién ban dau: ¢ = 0; R
y(0)=0; y0)=0;
1 g8t oM 1
V:EQk;.rrJre—kgt '_)Vgh:};’ P
Bai I1.20 (hinh I11.20) ¥
mW=P+N+F; Hinh 119
mW, =mi=F =100001-12);
i 100, L 100, 1002 o
dit m m m 2
C =V, o
0 2 r
_10_ _oe +V, =0, F .
m m % -
) 0
Khi dung lai ¢ = 2,028 ry
) dx 100 100 22 Hinh il1.20
x= - ———+V
dt m m 2
x= 100 100}! +Vit+Cy, = Cy =x;
Zm om
8 = 692cm.
yl

Bai IL.21 (hinh I11.21)
Xét chuyén dong cia tai
trong P:
mW =P +R;
mW, = my = -mg(l+ ky);

y=-g(l+ky}:

m&

Hinh 11121
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f ydy :_g’]d .
T I

V, sina

h= - %ln(l +kV, sina).

kg kg
Bai 1122 (hinh 111.22)

Xét qua cAu M:

mW = F =-k’mF .
Chidu (1) 1én Ox va Oy:

(1)

W, =#=-k’x (a)
W, =y=-k%y (b)
¥y —_
Nghiém cua (a) va (b} la: v
ghie (a) va (b) . 8 (Dee
x=C,coskt+C,sinkt; N M
y =C, coskt + C,sinkt . T ‘\\
Diéu kién ban dauw: ¢ = 0; S
. F \
=0: -V -
x(O) L] .x:(O) o 777/////_ G 1 _;._
y(©) =1; y(0)=0; Z
7
v . a1¢
x=-2sinkt; y=1Icoskt 7
g 7
k 2 P é A
INLZ2NN 1} o1 7777777
v, {
Hinh 111.22

Pay 12 dudng elip.

D|NH LY DPONG LUGNG

Bai I1.23 (hinh J11.23)
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le _QOI = _Fmst ma le =0 —_
VU
do 616 ditng lai £ I - — -
P Vv, ' ﬁ% G iy
EVOZfPt—)f:E:O,E;E;Q. —N"‘ “P /r-—ﬁ-
Bai I1.24 (hinh II1.24) Hinh #11.23

Hé khao sat: san A va xe B.

Ngoai Ie:
PAepgaN; 8 T
le = an ; | E ; E ; T/.;
le:(M+m)V; () PB
iy L L
QOI:m(uO+VO)+MVO; _INT ‘r& _hT
Vev .2 .. Hinh fl1.24
" m+M "

Bai IL.25 (hinh II1.25)
)St_k_h(’ﬁ nudc giéi han bai
aa,bb:
Sau thoi gian dt dich
chuyén dén a'a',b'd".
@: - 5[: - Rdt;
(V, =V, cos60%dm = R dt,

d?
ma dm :yVﬂ-4—dt;

Hinh 11.25

V,sin60°dm = R dt;

2

2
R, = ",’T‘[%V2; R, = Yn%\/?_)vg;

— R=JR!+R; =51,2kG.
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Bai 11.26:
Gidi tudng tu bai 11.27 ta c6 N = 9,05kg.
Bai [1.27 (hinh I11.27)

mW=P+N+F,_; *)
mW,_ =mi=Psina-F,:
mi = mg(sina —pcosal;
¥ = g(sino — peosa); (*)
mW, =my=N-Pcosa=0; {b)
biéu kién ban dau: ¢t = 0;
x(0y = 0; x(0) =0; -
w ,-?' . 0
C,=0,C,=0; v
2
x = g(sing —pcosct)—;
2 —
P
L=39%2m s
T 7 77777777777
thit=T —T =5s. - 7
Bai I1.28 Hinh H1.27

Ap dung dinh 1y dong lugng ta cé:
m(V, -V,)=t{P-Q(sina + feosa)],

trong d6: Q- trong lugng doan tau,
P- e kéo doan tau.
P= Q{Kl—;& +(sino + mcosa)] =2,36kN .
g
Bai I1.29

Ap dung dinh 1y dfng lugng, ¢o:

P- chi s6 trung binh cta lyc ké;
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R trong lugng doan tau.

V,=0; V, = 57,6km/h;
Pt 3000kN.

Qy, - P-p@r Q=1
g RN
I

Bai I1.30 ¢(hinh TT1.30)
Hé gdm ciu phao va 6to.

Ngoai luc: éﬁ,ﬁ,iﬁ

Hinh {i1.30

Khi chua neo cau phao vao b thi T = 0.
Q -Qy =Y Fit—@Q, =const > @, = Q.

QOxZO_—)le':O;
lez—MV+m(u—V)=O—+V=ﬂ-u—;
M
u=_9;
v u=—"_8§-= mab (1-e™).
M+m M+m M+m

Khi neo cAu phao vao bd bang day cap thi site cang T+0
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S .
Qhe:(M"'m)V: (M+m)ﬁ=m8;
T=%=m§—)T=a25me_m‘

DINH LY KHOI TAM

Bai I1.31
Hé khao sat; lang tru va vat M.
Ngoai luec: (Q,E,E,ﬁ) 1 0x.

Mx: = const — x. = const;

QA+£(A+Scosa)+&[A+lSsina]:0;
g g g 2

_ 2P cosa+ Pysina

B AQ + P +Py)

Bai IL32 (hinh II1.32)

Iy

. . b
3
X = const - xo = const ; P — X
A -]
e 1 o _ . X4
Xo =X Zpkx} = Zpkxk . VALY /4///1(//////////////77,
g-a- b g N
- y
Bai I1.33 \ X5
. ) 777777777 73777 A7 7777 7777
Gial tuong tuy bai I1.34. Il B S
A B
Px} +P,x; = Px, + Pyx,;
e T T Hinh 111.32
4P 4% 2
S = 1= =0,36m.

P+P, 2+90
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Bai IL.34 (hinh II1.34)

Ngoai lue: E,FE,E N
7/ N
— _ . . . . { 0y
MW, =3 Ff=N+P +P,+P; ,—‘lﬁm
8 Tl A
Y
MW, =P, +P, +P, - N g
—>N=P +P,+P, - MW,, *l
p
2
P, P
N=P +P+P, -3, -3, c
¥, =const; 5 i
a E
Yo = ECOS(P = '2—005 wt VAL, //////////IZ// SIS SIS
N
¥y =acoswt+h; Y
aw? Hinh 1i1.34
N=P +F+P, - (P, +2P,)coswt

2g

Bai I1.35 (hinh I11.35)
Xét thanh AB = 2a.
Cac luc tac dung: ﬁ,?\? .
> F¢, =0 nén khéi tam C chuyén
déng doc truc Oy.

Xy =aACO3A,

¥a =2asina

2 2
Hinh Hi1L.35
N [x_A] + [Q’_A_] -1,
a 2a

Bai I1.36 (hinh [11.36)

Ap dung dinh 1y khéi tAm. Ngoat lyc tic dung: E,Eﬁ:,é .
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Ta cb
Zpkx: :Zpkxk' ™

Trudc khi dich chuyén:

Px®+ Px’ +Pyx" +Qx" . == ¥
T hems AT ? 5 7
- AN,
Sau khi dich chuyén: A
e x{
Pox +Pyx, + Pyxy +Qxg. . x| V8
Qy x5
0, » L A,
x] ' toa d{? P 1 lic dau, TI7T7 77777777 7777, 777777, 7
1) L—D
x°=x"+d; = ==
a 1 —| [ ™
—_- L X
xO:x“‘}‘e; F:?“
2] L X3
xi =x" +a— fcos60°; - =
3T ! Qy *
A
x} — x‘]’ 4+ S; 7 PE AL LA P P
Hinh It1.36
x, =x"+S5+d-1;
Xg = x:’ +8S+e;
X =x'1’ +S+a-Q+f)cosB0°.
Thay vao (*) va giaira ta cé:
P, + P, cos60° 20
§=—-2_3 = =0,138m .

P +P+P,+Q 145
Bai I1.37 ¢(hinh I11.37)
Xét xe 6to:

Ngoailye N,,N,,P.Q.
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x :xc

‘ }"I
Zpkx: :Zpkxk 0 gl

e
. x5 "C
x; =8+x" cosa ~ ACsing od E=—A
) J

|

x' =8+x° l

L £ | Rl'- R,"

1 2 1
l'g

AC =0,5m; b c
I 1% % A
| el

OA =2 = xo, [ \ X 1% ]

L | 0‘ PN
| DI
o o 1 1
Px » + Qx i - Pxp + Qx". ://////////////T////// SIS //T///// o
N2 NI’
1
Pl 2+0,6-- .
2+90,9 9 V3 Hinh i11.37

8= =0, 39m.

Q@+P
Bai I1.38 (hinh [11.38)
Haé khao sat: cac vatA, B, Cva D.

—_— — —t o —

Ngoai luc tac dung: @, P, B, P N .

MW=§+E+g+ﬁ+ﬁ; (1)

Zpkx: :zpkxi; o n .

Yy r[[////////////////////// YA
P X

x}sz+S-lsin80°; ’ : 0
x° =0,
- 1
x! =x?+8; :
]
xl=x+8; x =8¢ 6 il
€ “ * - Y Errrr ey VAT Tt iy A
R N .
I= _2_" ma ¢ = 0,5et%; Hinh 11,38

Bl S P, Ro

g - .8 = - 0,025Ret?.
2AQ+ P, +P,+ Py HQ+P +P,+ F)
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Bai I1.39 (hinh II1.39)

Tai A khong ¢6 luc ma sat.

Nén trong tam 1 chuyén dong thing

dung xudng phia dudi.
Ta c6:

x; = const = 2em;

a .
Xy :Ecosqa; Yy = asing;

a a .
Xy =X, +§coscp:2+§c05(p,

a® = 90;

az]

(xp - 2)? :?cosz 0;

y? =a’sin®g;

Hayy —2)° +y° =90,

DINH LY MOMEN DONG LUCNG

Bai I1.40 (hinh II1.40)

dL, e
dr :Zmz(Fk );

S m (Ff)=0;
L =12 =0;

Hinh 11.39

/J?:sh
S
[y}

L =0 vi lic diu hé ditng yén;

2 =

P P

L¥ =2—RV,-—Ra=0;
g

g

Vy =

!

A 1L
Hinh 1il.40
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Bai 1141 (hinh 111.41) 24
dL.

— :Zm{,(ﬁfl)l bl

Zm:(ﬁﬂ:") =0
[J‘E -t I.fr:_:

L, J.or 1‘9 (1 + re)
g

o - 2Qu
TP 2Qw h
Bai [1.42 (hinh 111.44) Hinh 1141
Ly Oz di gua O va vuong goe Vil
it phéng hinh vé.

V 1A van toe vat M

=y m (F)
dt Z U
véi S mAF =mgR-aQ.
4 2F
: _m, ! ™y

W = e = _E{G_Q. __in]_éili) (*)
Rtm., +2m)

Tich phan 2 14n (%) vdi diéu
lkién diu bang khang, Ta ¢
_ (aQ-mgh)

S =- g
Rinr, +2m))

T-mg+mW

Rim, +2my)

Hinh 11.42
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Bai I1.43 ¢hinh II1.43)

dLz - -
@z Ffy, 7,
dt 2. (F) o
- A

Sim (Fiy=(T, -T)r-Mc;

L, szm:ir?S: i

2 5 ,

Hinh i11.43

M. =T, —Tz)r—ﬁrza =1Nm.
2g

Bai I1.44 (hinh I1].44)
Zmz(}f) =M -aw’;

L,=d,0;

g, g
M - ow®

Dit B:Qx/aM;

M ™ 1
®= |-
o e” +1 Hinh 1i1.44

. Bai IL45 (hinh 111.45)
Zmz(g‘:) =0;
L,=const; L, =L°;
L =dJ,0,;
L, =sz+m2(OM)2m;
L, =(J, +mu’tHo=J,0,;

m,R’w,

m,R? + 2m,u’t*
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Khi M ra tdl vinh dia thi B = w?

mo,
W, = —
my o+ 2y
L2
R
I’j a % B f Wi
Dzlﬂ' F/
VA
A
o
8 £
[
—
o
o4l
Hinh 111.46

Hirh 111,45

Bai 11.46 (hinh I11.46)
Goi o 1 goe quay cua thanh AB:
m=@

d Lz :
M= (FF
(it Zmz( i)

tha. -
— ma”Q = —aum).

Tinh thot gian T

{o 0
- ~
¢ a
a
T=="In2.
.

Tinh 0 vong quay

. .«
do = odt —> do=-—do.
a

_25
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LAy tich phin 2 v& v4i ¢in tuong Ung:

1 m,
o=——
a 2
SO vong quay n = 2%,
Ama
DINH LY BDONG NANG
. . - YL LALL L L 7
Bai 11.47 (hinh I11.47) Y “C {7 i
ZA;:'_01 \E\“\@////
va S =17 ;-E--Zl _ I"J“‘IF:
(3 T L]
S Af = Ph-2PWIE + P -1)=0: \
M M
4PP1 . -
h = - P P
AP - P;
Hinh Ii1.47

Bai 1148 (hinh 111.48)

Ap dung dinh ly déng nang (c6 thé dung phudng trinh téng quat dé

gial, xem phan sau)

Ty, =T = ZA; : ()
> Ap=PS;
Tyo =Ta +Thes

>
_Fl_l V?

e 2
T, = 1Q r°v, +l§)3 Vi

g —_——

2g ' 2g(R-r 28 (B-0)

T, - ZED Qr 0y _ pg;
2g(R~r)

_g P(R -r)*
P(R-1r)? ++Q(r* +p*) ‘
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2 o

T N / T

o4

Hinh i1.48

Bai 11.49 (hinh 1I1.49)

Hinh 1i1.49

8P, + 4P, + 3P

T . i VQ;
hé 16g A

: S
> Aj = P sina8, - P, sinpS, véi S, :—2A—;

Y A; =P sina- Dy sin B)—SEA— T :ZA,': ; *)

V, -2 28 (2P, sina — P sinB)S, '
8P, + 4P, + 3P,
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Bai I1.50
Khi ¢6 ma sat trugt véi hé s6 f v ma sat 1an c¢é hé s8f, va ban kinh
con lan r thi phai tinh céng cua cae Iuc ma sat.

ZA" = P,Ssina - fPScosa — P, gsinB— )‘},Pzécosﬁ.
r

Déng ndng cua hé van tinh nhu bai trén. T d6 tinh duge V.
Bai IL51 (hinh 111.61)

T, -T, =Y A{+3 Ai;

T :Th‘_._,:ZA";
ZAe :PS_QSI :(_4{:)_&__@8‘
Vi 5, :§;
4
16P+Q .,
T =T +T, =———=V3:
hé ptig 322 P
v, :VQ ;
va V] ZVP -V :4VQ;
16P+QV§ :(4P_Q)S;
32g
: 4P -Q
Wp=Vp = 16P+Q 1g . Hinh I11.51
P chuyén déng déu
’m o
WlJ:O _)P:"Q_.
4
Bai I1.52 (hinh II1.52) -
Q
(Gial tuong ty bai trén A
: V3 S B
J+4J, + R (dm+ M =(2m-M)g—;
[ ! (4m )]SR2 (2m )gQ >

2R*G(2m - M)

W, =V, = _ _
AT AT T4 ad, + RY(Am + M) Hinh 1152




Phin ba. DONG LUC HOC 259

Bai I1.53 (hinh II1.53)

s

7

o,

Hinh 111.53
Ta c6 quan hé giiia hé s6 ma sat trugt va goc ma sat
fr =180 fr =t89,.

Ap dung dinh 1y déng nang

lBVg =(Psina, - Pf, cosa, )8 ; (a)

2g
1P_, .
—~2——VC =—(Psina, - Pf, cost,y)S, . (b)
8

Thay f, va f, 0 trén vao (a) va (b) ta cé:

_ cos @, sin(oy — @)
cosp, sin{a, +¢,)

S,
Bai I1.54
T = Thé = ZAJ: ’ ™

7, 2_23'”27?&%2;

ZA" = %3(21?11 +m,).

Thay vao (*) ta co:

= 3g(m, +2m,)
N I@m, +9m)
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Bai IL55 (hinh I1IL.55)
T=T,=>A;: ("

uZ
T, = ?(m1 +3m,);

2
T ;?(ml +my )

S Af =M 0 A >

:»‘C}

(1

SMn+(m, + 3m2)u2
Vy= : Hinh H1.55
m, +m,

Bai IL.56

Goi Vi 12 van tde khéi tdm C khi né di chuyén mét doan 1a S.

T,=0va Y A, =0;

leThfZA;; (*)
. S S

ZAk :FIE(R+r)—F2§(R—r);

J + MR® Ve

1 1
T, =~MVE+=d g0’ = ‘
hq_ 2 C 2 Cz 2R2 C

Thay vao (*) réi tinh dao ham theo t:

w._v.  R@+D-FR-1)_(F-F)R+F +F)r
cTe J + MR? J + MR® '

Bai IL57
T, =T, = ZA“ .
R%a®

2
ZAE = Mo -m,gRosina=(M -m,gRsma)e;

T, =Ty +T,, + Ty, =(my +my +my)

ang
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o 2(M -m,gRsina)o |
(m, + +m,)R* ’

M —-m,ghsina

(m, +m, + m,)R*

Diéu kién d€ 6 chuyén déng M > m;gRsina.

Bai I1.58
2
p MMV G 3 af - FS - = S(M +2m)g
k
4[}«" Ko 2m)g}
W = :

d4M +3m
Bai I1.59 (hinh L{1.59)

Hé khéo sat: tay quay OA, banh xe 1
va 1L

+ 00, chuyén dong quay quanh O;

+ Banh xe II chuyén dong song
phing;

+ Banh xe I1 chuyén déng tinh tién.

g a3p Hinh 1iL.59
Ty = _Qi__rzmzm :
Bai I1.60 (hinh I111.60)
T, =T = ZAE ; *)
ZAe =Mo;
T = Toa + Ty e

TOA :%Q(rl +rz)2m%m;
5
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3P

2. 2
TH :Z——(ﬁ +1"2) Woa »

2@+ 9P

2 2
"= g (ry +1,) @

Thay vao (*) ta ¢o:
2 ’ 3gMe
Woa = A9 L9P
ro+r, 2@ +9P
Bai I1.61 (hinh I11.61)
T‘l ’TU :ZA; +ZA;E 3

T, =0, Y A, =0;

Hinh 11.60

T :Thé =ZA: 3 *)

-

Ty =Ta +Ts :——-—-——2P2 + B R0®;

4g
> Ap=Mo- P,sinoS - F,,S
—[M - PyR(sino + f cos a)lo. Hinh .61

Thay vao (*) ta co

o= 2 g[M - P,R(sina + f cos)jo
R 2P, + P, ‘

Baj 1162 (hinh I11.62)
T, =Ty = LAL ™)

T, =T +Tp+Ts =%[§R2+JO+J})2;

2
S Aj = Ph va o :11;—2,

h: dcf) dich chuyén cha vat E.
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W:V:—PL- c
BR2+JO+J Lo | P .
& o o
S A 7
wo o PR? ,
T 2
R +dg+d £
g —r
22 P
_>J:PRT Py Hinh 111,62
2h g ¢

DiINH LUAT BAO TOAN CO NANG

Bai I1.63 (hinh I111.63)

Hinh .63

Ap dung dinh luat bao toan cd ning.

Xét xe godng tai vi tri M phu thude goc ¢.

Céac luce tac dung: FJ.,}).,F;?‘
N +Pcosa—F¥ =0, (a)

COSCL = T— = —COS(;

V2
N=£—M+Pcoscp.
g a
Ta cé Ty +mp =T, +74- (h)

TaiAcé T,=0,n,=Fh.
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TaaMcd Ty =1£V¢2{;
2g °

ny = Pla+acosa) = Pa(l-cosa).

Thay vao (b) duge Vﬁ, r6i thay vao (a) ta duge

N:P(%—2+3005q)).
a

Muén vudt qua diém C khéng bi roi thi N = 0 tai d6 ¢ = anén
cosw = -1, Ta dude A=25a.

Bai I1.64 (hinh [11.84)

A
T ZT. ,; ]
c t g c the (2) A . s
1 ¢
me=0; T =—d,0°; TR 5
e
I 1
_P—: —
e 4 mg4 » H
u g
T.=0; J, =i££2.
48 g Hinh Il1.64

Thay vaoc (a) va chi y V, =-§lw

ta co:

Vi =§g3—>VB =4,76m/s.

Bai IL1.65 (hinh II1.65)

dT =) dA® vi Y dAl =0.
ZdA: =dA =M do=(M, -aw)ndt;

Vo, =(R+r)o;
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Vo,

r r

(R + r)m X

H

w, =
T, :l(lm+?—M](R+r)2m2;
243 2

dT :(lm+§M](R+ M odo .
3 2
Pat

J g =[%m+%M](R+r)2;

dT:JRwdmadedA;
J piodw = (M, —awn)odt;

_do g
(M, - o) Cdy Hinh i1.65

Tym nguyén ham va xac dinh hiing 6 tich phan theo diéu kién dau:
t=0; w(0=0;
m=¥—“(1—e'm) voi B =—-.
o Jr
Bai 11.66 (hinh [11.66)
Ap dung dinh 1y déng nang.

Trén doan S;:

T, _]QV2+1_}:Z&V2;

28 2 8
1 i
T, ZEE-‘(Q+P+P1)V ;
Y Aj = (P +P)S, ~fQS, =P+ P - fA)5::

§l_g_o@+P+P1)V2 _(P+ P, - fQS,.
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S SN ANOUMAIERNANANN

Hinh I11.66

Trén doan S,
1 .
T, =0: T, =—§(Q+P)V“; > A; = PS, - fQS,;

(@ + PP +P —fQ)S,
Q+P+P ’

—é(Q+P)V2 _ PS, - fQS, = -

_(Q+P)(P+P1)S1 +{Q+P+P)PS, 0.9
QU+ P)S, +(Q+ P+ P)S;] a

i
Bai I1.67 (hinh 111.67)

Xét thanh AB
T +m =T, +my; *)
T,=0; m, :PE;
2
Ty :-l-Py; T, =1Jm2 +l£Vg;
2 2 2g

T, = l—Ei(p2 +at)o® :l—}l(p2 +a?o?;
28 . 28

coscpz-‘y——> p= y ;
2a 2a8n 9
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x :__5*2_#:,_5’_2___2__5*_2_#: 3
4a’sinfo  4a’(l ~cos” @) 9 y° aa® -y’
da ].-'—4_2
a

Hinh U1.67

Khi B cach san mdt doan % thi yp :%

Vo=t __?316(12—}12
B=YBT 9\ g’

Khi B cham san thiyg =0

V, =5 =20 ngfa‘i

Bai 11.68 (hinh 111.68)
T, =T = 2. 8% *)
ZA}: = Mo -PS;

Ty =T, +T, +Tp:
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T, —éJa‘” :
T, = 1,0
2
7, - L Py,
2g
Ta cé;
S, <55
{ 2
S, -8 r-r
S 221 B Th .
€=y g T

2
Ty =[4g(J, +J,)+ P(r, — 1, )21% :

Mo-PS =2M-P(r, -n)8.

Thay vao (*) ta cé:

Hinh fi1.68

m:2\/¥ 2M ZP(r, - 1) |
[4g(J, +J,)+ P(r, —r)](r, -r)

Bai I1.69 (hinh 111.69)
dT =Y dA"
ZdA:' = Mdo - P, sinadS, ;
dSq =rde:

ZdAf =(M -nP,sina)do ;

T =T, + T, = é(a + 3P0l ;

(*)
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dT = 1 (P, +3P,)rlwgdo, .
28

Thay vao (¥) ta duge:

1 2
— (P, + 3P o do, =
2g

={(M - n Py sina)do

=(M - n B sino)o, dt;

QL(Pl +3P)rtdw, = (M - rPysina ~bo, )dt .
g

bat 2—1~(P1 +3P)rf =B vA M, -nP,sina=A;
8
__dm—1:_édt_
A - by, p

Diéu kién dau:

F=0; w(0)=0;
A —pt
=—(1- .
N b( e )

Bai I1.70 (hinh 111.70)
Tl = Tflé = ZAL, '

> A; =P8z - P,8;sina;

ZA" = (Pl - B Sil’lOLE]SB ;
r

Hinh 11169

Ty =Ta+ T+ T
. Vi
T,, =——(2P,r? + 3P,R* + 2Qp?) L
© Adg r

--1—(211’1;1*“‘a +3P,R* +2Qp*)
4g

-8
P2

V; rP -P,sinaR

r

™
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W, - 22 rP, — P, sinaRt

r - - -
2P,r* +3P,R* +2Qp

Hinh IN.70

Diéu kién dé vat B &i xuéng: Wy > 0 hay rP, - PysinaR >0 va
Vp(0)20.

Dé B chuyén dong thing déu thi Wy =0hay rP, — P,sinaR =0.

NGUYEN LY DALAMBE

Bai IL.71 (hinh III.71)

P
g N,
P 5 OER T
gt _ 12 . 2
FB - WB *
g
Wy =W, =W. g |
Xét vat A ob: A
: J
T =P -1W. LI
g
X6t vat B ¢6: TIITTITITTII7TTT 77777 7777777777077 777777,
£,

T, =21W. Hinh .71
g
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Do T, = T, nén tinh dudc

ULE B
P +P

P2

N=P +P,+P,+——.
P +P,

© Bai I1.72 (hinh T11.72)

gt _ gpqt _
FCU =Fir —'S:_(ﬂo-

Cac phan lyc tai A va B:

Lap cac phuong trinh cin bang clia
hé lgc khéng gian va gidi ra két

qua
X, = Pa of;
38
Pa
Y, :_BE&)Q; Zy=0 Hinh Hi1.72
Xy = _@m2, Yy = _fﬁwi
6g 38
Bai IL1.73 (hinh [11.73) Ay P
————— 48
. 45°
Fj = i)'Wz:' ;

g n S
Mg‘ZEREJZQ_RWD_ s G \J d
2g R 2g K M,

Lap céc didu kién can bing cha hé al 5
luc phang gom cac lye: 3

—_—

(84c:8pe s Me, MY QP Fi)~0. Hinh .73
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Ta tinh dugc:
_2g(RP-M) P

) = ; Sae =—Wp;
I3, RQ+2P) AC g D
P2
SBC =-——W,
g
Bai IL.74 {(hinh IIL.74)

1 1
Wﬁzgg,th— EWE_EPE
+3XX=0
+2Y =0
+EmA(F) =0

X, =-Xp=53kN

Y, =65kN

Hinh I1L.74 Hinh .74
Bai I1.75 (hinh II1.75)
£=const néncd w==«t.

Do lic dau hé ditng yén
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(Fg: )T = %‘Esin ac = éPaa sina ;
(F&)

(Fé:’j )T = é Paesina ;

. . 1 oy .
= Esmamz =-— Pac’t’sina:
no 2g 2 4g

(Fé” )n = ;—gPaa%g sina.

Lap cac phuong trinh cén bang clia hé luc khong gian sé tinh duge
cac kél qua

2 22,42
A :Pa gsin2o; Y :Pa‘igtsin%t; Z,=0;
sgh 6g
2 2 2.2
3 :_Pa gsin2a; Y =—Msin2a.
6gh Bgh
Bai I1.76 (hinh I111.76)
Cho AB = b;
dFY =w(a+Esina)dm,;
dm:ydé_,zidél
gb
. b k
ZmA(Fk)sz—P—z—sina—dequ,cosazﬂ
£}

] a Cé:
bw? sin 2 Hinh IN.76
[t

T:%m(gsincwramf, coso + 3

Khi oo =0 tacé T:-;—ma(oﬁ.

Bai IL.77 (hinh II1.77)

XéL toan bd truc quay AB.
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Cac luc tac dung:

(X_A.sYA!XB:YBsZB‘quc"Fqu’E’E) ~ 0.

‘ b s
F :m%wﬁ; Fj :macn}i\/g; ¥
‘ } A
_..1%”?_"
X & A
sina——l—‘ cosa—i ’

Céac phuong trinh cfn bing:
YX=0 S m, (Fy)=0
YY-0  YmJF)=0
2Z=0 Y m,(F)=0

T che phuong trinh can bang nay ta

ch:

Hinh .77

X, =—Eé(g+ami);
4a

Y, = —M(g + ami)
da

Xz :m—b(g—acoﬁ) Yy :E’m—b(g—amﬂ);
da da

Zy =2mg.

NGUYEN LY DI CHUYEN KHA DI

Bai 1178 (hinh I11.78)
Haé c6 1 bice ty do:
Cho hé mét di chuyén kha di 38,
S 84, = P8S, -Q38, =0.
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Vi céc rong roc chuyén dong song phang
r . Q n
8SP =2 SSQ N —P' =2".

AL AL AL A I e

Hinh i11.78 Hinh HL79

Bai IL.79 (hinh I11.79)
Cho h¢ mét di chuyén kha di 68

ESAk =QdS, - PoSp =0; *}
(R-r)dy
08¢ s COSQ 55,
¥
50 = 88 cos” g ‘
{
Pl

Thay vao (*) ta ¢ @ = ————.
Rcos’ o

Bai I1.80 (hinh II1.80)

Hé ¢6 1 bac tu do:
Cho hé moét di chuyén kha di 8Sp.
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> 84, = PR5tp+%R16(p—%R28(p=0;

p:fe! "R2Q_

2

Q
f 2

Hinh I1.80
Bai IL.81 (hinh II1.81)

Muéh tinh phan lyc tai B: thay lién két B bing :Vj; . Réi cho hé di
chuyén 8¢ (géc quay quanh €). Tinh dugc:
| 15Q  15%x49x3

N, = = 11N .
- B™ 9 2

Muén tinh M,: thay lién két ngdm 6 A bang goi ¢d dinh A va M,.
Cho hé di chuyén kha di 8¢, (géc quay quanh A) réi viét phudng
trinh tinh cong:

3x4.9

M, =39

=74Nm.
2

I
I

l~—~_ 4
C

RE
‘!__1m

NN

2m 2m

Hinh Hi.gf
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Dé tinh X,: ta thay ngdm A bing g1 di ddng ngang va phan huc X,
Cho di chuyén kha di X, rdi viét phuong trinh tinh edng: X, ~0.

Tinh Y, thay ngam A bing gdi di dong thang diung va phan luc Y.
Lap phuong trinh tinh cong: ¥, =3.7N .

PHUONG TRINH TONG QUAT BONG LYC HOC
Bai T1.82 (hinh I11.82)
He ¢6 1 bac tu do:
Cac Iye tac dung 18n hé:
Q.P.P, M.R, .

Céac luc quan tinh:

P P,

FI'=L1W, =—Lre;
g Ii'{:;E-!

P P A
Ff =—%Wy ==X Re; 5

g & _ 7

. . o

M =0 zg_ng : lg A
Sy = R&p; 88, = rdp; Hinh 1182

S 84, =(P, - F{")8Sy + (M - M )30~ (P + Fi88, =0;

M+P,R-Pr
£= 2 .y
P,R* +Qp* +Pr?

Bai I1.83 (hinh II1.83)
Hé co 1 béc td do:
F;Er = EW"\‘ Fr?t = QWO ;
g g

W :——RW"L'M‘“:J 3:9 p* W,
i R.{.r‘ Lf3 nz gR+r
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Y b4, = P*‘BW,«; BSA_Q P W,8S, -Qp*'W,8p=0;
g gR+r ’

_ P(R+r)2g
PR+ +Q(p* +RY) '

A

AL

Hinh 1i1.83
Bai I1.84 (hinh III.84)

Q P
Fy = Vas F& =2 Ve

MY =Jdge :QR2 :
B B:tnB 2g €p

M =J e, -2 R ;
A AGa 28 ?A

w

WA:WC;5A=55:~R—A; Hinh 111.84

> 84, = (Qsina - F')8S, - M$8¢, - M§80, - (P+FI)8S, =0
sina - P

W, = g—Q
2Q+ P

Bai I1.85 (hinh II11.85)
Cac e quan tinh:

Q P
F.g;: :EWDE; Fft :EWA;
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MY =dJ e, :ﬁR%A;
2g
1 W
Re=W, =—W,.: e =—22,
AT g DR 2R

Y84, = (F - Fg,)55 ~3F}'8S, ~3M§30=0;

Hinh I11.85
Bai I1.86 (hinh II1.86)
Gidl tudng ty bal trén:
2RP -
y, L 2RP=£Q |
R(8P +3Q)
T
Py
7T - =
W, 7ol R x
Frrrrr el vl LA LLE LS L AL L F
N
Hinh I11.86 Hinh {1.87

Bai I1.87 (hinh [11.87)
Hé gém lang tru A v B.

Hé c6 2 béc tu do: Lie cht dong P,Q.
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Cac Iue quan tinh:

- 9w,

Fg =-2W,
g

rg--Lw
g

W, =W,

Colx = constcon S, cé 88, =0

> 84, = PsinadS, + F; cosodS, —F188, =0;

W, =W, cosa+ gsina . (a)
Coi S, = const cho x bién thién véi dx = 0

> 84, = Fl cosodx - Fi'dx - Fi 60 =0

F# cosa-F§ —-FI =0. (b)

(iial hé (a) va (b) ta duge:

WB = We = g PSln ?ao M
2(G + Psin™ a)
Liang tru B dich chuyén

sang trai,
Bai I1.88 (hinh I11.88)
(3ia1 tuong t bai trén
Qsin2a
3P +Q) - 2Qcos” o .

W=g

Lang tru B dich chuyén sang PI77Z77 7777777777777 PPl r el s 77

Lril. Hinh I11.88
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PHUONG TRINH LAGRANG LOAI I

Bai IL89 (hinh T11.89)
Hé gém con chay A va qua cau B,
Hé c6 2 bac tit do.

Chon toa dd suy réng g;=y5 92 = @-

1 9
T, =T, +Tg; Ta :—2-m]j/“;

hé

Ty Z%szﬁa %mz(lzfvz + 3% + 2147 cos @)

- 1 ). + 9 .+
The =%m1y2 +§m2(l"©2 +y° +2l¢ycos}.

Tinh: y
oT O.aT_aT_aT. Alm,
— =W, "y oy 4o [ ¥
vy %% o——LH -
on @
Qy = 0 ) T~ = 0 ' li !
Q, = -mglsing. i 6
[
Thay vio cac phudng trinh: ¥x
dfory_or _ Q.. Hinh 111.89
de\ &¢ ) O !
Ta cd:
[+ Ycosp+gsing =0.
Thay vio phuong trinh:
d{aoT)| oT
4(0) T g,
dt\ oy ) &
Vi or =0; @, =0; el =0 nén y la toa d8 xyclic. Hé cé mot tich
Ay ’ ay

phan xyclic 1a:
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——=m,y+m,¥+m,lpcose = const = h,

&y
Tich phén ning lugng ctita hé ¢6 dang:
E=T+n= %(ml +my)y° +—12—r.ﬂ.',2».’2('p2 +mylyipcosp—m,glcosp =const = h,
Bai I1.90 (hinh II1.90)
Hé c6 2 béac tu do:
Chon toa dé suy rdng: ¢, = 0; g, =1t}

Ta cé:

E3

X, =1Ising;
%, =lsing+Ipcose;
¥a =lcoso;

YA ={cosQ-Ipsing;

VE=P %

T =%mvf :%(F +1%¢?); Hinh i11.90

n=-mglcoso.

Tinh céc dao ham riéng rdi thay vao hé phuong trinh Lagrang loai
Il ta c6:

liv+ 2lp + gsing = 0.
[ -1¢p* —gcos@=0.
Bai I1.91 (hinh I11.91)
Hé ¢6 1 bac ty do: Chon g =9.
Ta co:

x, = +r0)sin0+rcos;
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¥a = (£+r8}cos(}—rsin8;

vf = (I + r0)?6°

=i :}—ng :E(E +r8)202:
2 A2

ZaAk = -—mgdya
— —mg(l + ro)sin 660;

Q, = ~mg{l +r)sinb .

=
tion & va i[ﬁ?i}

Hinh 111.91

o0 8o dt\ 80
d(eTy oT
ths A0 —| — |——— = ta dudc:
1y vao dt[ae} P Q, ta duge

(I + ro)d +rd% + gsind=0.

Bai I1.92 (hinh [11.92)

X B ¥4
777, //////////////////////////////// 7

Hinh .92
Hé c6 2 béc ty do.
Chon g, = x; @3 = S
Cho di chuyén dx =0 cd:
on
=0; —=0.
< Ax

T, =Ts + T3 _1Q g +l£(k2 + 8% +28,kcosa).
’ 28 28
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Tinh:

&

R B AT
ox ' 88,7 o a8,  dt Ldtl a8, )

Thay vao cac phudng trinh:

AR
dtlox) ox 7 dtleS, ) 8, Y
Ta duge hé phuong trinh sau:
(@ +P)x+ Pgr coso =0 (a)
.‘écosa+§r —gsino=0. (b
Giai hé phuong trinh (a) va (b) ta duoe:
P Pgcosasina  Pgsin2a

Q@+ Plsina  2Q+P’sina)

¥ mang ddu (+) chilng td lang try B dich chuyén sang trai theo

chiéu duong clia truc x khi lang tru A chuyén déng xudng dudi; x 1a
on

toa do xvelic vi gzo; Q,=0: —=0.
ox Ox

Tich phan xyelie 1a:

Q+Pa’:+£Srcosa=const=hl.
g
Tich phan nang lugng ¢é dang:
E=T+n= %Q-xz + %E(jc2 +5? +28 xcosa) - PS, sina = const = h, .
28 28

Bai I1.93 (hinh I11.93)
Hé khao sat: tAim AB va con lan C.
Hé c6 2 bac tu do. Chon ¢, = xy; ¢, = x, 14 khoang cach (it dau A
cua thanh AB dén tam C ctia con 1an

Cho 8x, #0 ¢dn x, = const .
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PEEEE e TP F e AL =

Hinh 111.93
Tuong ti cé: &, =0;
Thf-‘ = TAB +TC
1, .0
TAB = —2~Mx1 \
1 s 1 ‘
T.=—d .o’ +-mVE;
c T gMYe

o .
Vo =2 + Xy,
Vi Vi =x, va Vi =x,van t8c tudng d6i va van tée theo song song
. . X,
cung chiéu o ===
R

1 a1 L ..
Ty :§(M+m)x{ +-2‘(ch + mR)x5 + mx %,

Tinh cac dac ham riéng:

or T T T d(ar}_ d[a’I‘}

o, ok, oty o, dt\o%, )

dt

3
Thay vao cac phudng trinh:

dfor) o o dfoT) oT g
delat, ) ox, 0 dt\ox, ) o,

Ta cé hé phudng trinh:
(M + m)x, +mx, =F; (a)
mR%%, +(Jg, +mR*)i, =0, (b)

Gi4i hé (a) va (b) ta dugc:
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(ch + mRz )F

¥, =W,p = ;
b AB JCZ(M+m)+n’.'Jl/IR2

i mRQF:
27 J., (M +m)+mMR?
%, mang dau (-) ching t4 khi thanh AB chuyén déng sang phai thi

truc con lan C chuyvén dong tuong doi sang trai.

Gia toc tuyét doi cua truc C la

We =% +%, = Je X -
J e, (M +m)+ mME

Ta c¢6 x, 12 toa dd xyclic. Tich phén xyclic la:

Jo, +mR*) . ,
(—-C"—R--Z——lgc2 +mx, = const.

Bai I1.94 (hinh I111.94)
Hé gbm: lang tru A va con lan B.

Chon g = x; gz = S.
R. =0; Qs =mpgsinag;

Tinh
Thf; = TA +TB;
1 b 3 e g
Ty =§(mA+mB)x +7}-mBS +mpxS cosa
Tinh:

oT or oT of .

-

_8?‘ 887 8x 0 88
_d_[eﬁ_"] g(fﬂz]
dilax ) dtleS)

Thay vao cac phuong trinh:
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i(@]_ﬁan.
dt\éx ) &
(). g
dt\as) o8 %

Ta duge hé phudng trinh sau:

(mA+mB)jé+mBScosa:0; {1)

ZmB;';écosa+8mBS—2gmB sina =0, (2) Hinh 111.94
Giai he (1) va (2) ta dugc:
¥=283m/s?; 8§ :%g —49m/s®.
Tinh s(c cing:
F? =mgS =4998; F¥ = myi=-2886.
Chiéu 1én phuong S:
S, =T+F"+F"cosa—Pysina=0—->7T=25N,

Bai IL.95 (hinh II1.95)
Hé ¢6 2 bac tu do.

Chon g, = x5 gy = xy;

Te = T +T1,;
.

Vi=x; 0==2;

17X R

V=&l +x - 2x,x,c080;

1 . o ]_ s .2 1 -2
The :?Z—mlxl +§m2(x] + X5 —2X, %, cosc.c)+ZmQ;vc2 ;

n = écxf +myg(H - x, sina);



288 CO HOC LY THUYET - TAP IIl: PHAN BONG LUC HOC

0

Ll

o
T TP R e Al e R e A i F ol PPt TSP S

Hinh i.95
Tinh cAc dao ham riéng:
or or . T
ox, | Bx, ok Bk,
d [g} d [BT\_ on . om

PAC

¥

&, ) Ox, 0%y
Thay vio cac phudng trinh:

dfery or __en.
delax, | ox, ox,
d(oT) or _ o
de\lox, | ox, oxy

Ta ¢6 hé phudng trinh:
(my +my)¥, +my¥, cosa+Cx =0
3%, — 2%, coso—2gsina=0.
Bai I11.96 (hinh [11.96)
Chon toa d suy réng g, = x: 4y =05
Th(’; = +TAB ;

2
V: :—4—{'p+5c2 +ax(peose;
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.2
Td=lQ5¢2+llQR2_x_?_3Q'?-
2¢g 22¢g R 1g

P, 11P 5.,

-1
Top =——
47 0g 212 g

1P{a® . 1 P ,.
T ==—| ¢ +%% +agicosg |+~ —a’¢p?;
[ (P] 24 ¢ ?

2.2
Thé=39—:&2+l£ 22 i +ajicosg|;
1z 2gl 3

Q,=0:Q, =—%Pasincp.

o

V2 c " x
AR
A

Hinh 11.96
Tinh:
£=0,
oy
oT 3@Q. P. P 3Q+2P. P .
— =X+ —X+—aQCosp=—_——"X+—aPCosQ,
& 2¢ g 28 2g 2g
o

=—LP¢i:sin(p; ng =~1—Pa2¢.
o 28 o 28

Thay vao cac phudng trinh:
d{aeTy oT N .. .
——|-—= — 3%coso+ 2ap =3gsino.
4 t[ Y ] 5 Q, o+ 2af =3gsnQ
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Ta thiy x =g, 14 toa 43 xyclic. Tich phan xyelic cia hé cé dang:
(3Q + 2P)x + Papcosp =const = h, .
Tich phAn nang lugng cia hé ¢6 dang:

2.2
E=T+n== Q 24 e
44 2g

Bai IL.97 (hinh I11.97)

[x +axdcose + ]—é—aPcoscp=const=h2.

Hé gdm: con chay A va thanh AB.
Hé c6 2 bac ty do. Chon ¢ =S5 g3 = ¢;
1 Q 1P 9
Tia =Tug ==Je,0° +=—V&;
he AB =5 ¥ Cz 2 g ¢

2

V=82 +%l—('p2 —aS¢cos(p-a);

Tie =£a2¢2 +lfs'2—l£as'¢cos(cp~a); .
"8 2g 2g

Qs = Psina; @, = —%Psin(p.

x4

Hinh 11197
Tinh:

o . or T or d(@} i[a'r)

38~ 80’ a8 e dt\aS) dt\ao)
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Thay vao phuong trinh:
d (T T 5. L9 :
a[%j - -((_g =Qg > 25— adcos(p -~ o) + a®? sin(p - o) = 2gsina.
Thay vio phuong trinh:

d{eTy oT . .. ‘
‘(E[a(p)——a-a = Q(p ~> ZaLp—BScos((P—Ot)JrSgsma =0,
Diéu kién de cd chuyén déng trugt ma khong quay: ¢ = 0va $=0.

Khi d6 S = gsina

PONG LUC HOC TUONG poI

Bai 11.98 (hinh I11.98)

Xét chuyén dong tuong doi
clia qua cau Bt

—_—

Céc lc tac dung: P,F% . N

P+F¥+N=0 (%

Chicdu (*) 1én truc Br:

F* cosa — Psina =0

Hinh ill.98

COST = £
Iw®
Bai 11.99 (hinh 1I1.99)

Xét chuyén dong tudng déi cta diém M trén cung BA.
C4c luc tac dung: PN F* FZ.

1 o 1

5 mvV3 - Emeo = A, +AY;

VrD :O;



292 CO HOC LY THUYET — TAP : PHAN BONG LUC HOC

1 2 1 9 o _
5 mV. = mgR(cos¢q, ~cose) —EmR“mg (sin® ¢ —sin® @, ):

V, = R\fmz(sin2 @-sin” @, )+ %g(cosq)” —CoSYP) .

v

Hinh .99

Bai I1.100 (hinh II1.100)
Chon hé Oxyz nhu hinh vé.

Chuyén déng ciia A doc Ox 1a chuyén déng tuong déi:

mW =P+N,+N,+F¥ +F3 +FZ +F, V, = const > W, =0

kor dh r
BN LN P N
P+N1+N2+Fen+Fer+ka+Fdh—O (1)
Fé —Fu=mW, —cx=0 (@) —mxo’ =cx

N,-P=0(p) —>N,=P

F'+F¥ -N =0 () x=x,+V,t

Ta cb: W= ox, + V,D) *)
mia+x, + V1)
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F4 I
112 Ny N
AT ek
X
\/.__lm Y ’A ?; ,.—E:r
4 o

Hinh . 100
T +* d(’) A .
[ (*} »>e= ’ ré1 thay vaoe {¢)

N, =mW_+mW, 2mo V, +mla+x, +V, ).

o

_ V,Jmcld(x, + V.t)+a)
l 2\/(1:“ +V.t)a+x,+V.t) ‘

Khi £ = 1s thi N, = 0,5N.
Bai I1.101 (hinh I11.101)

Chon hé dong Oxy c¢6 gde trung
diém treo O.

Chuyén dong tudng d&i cua M
quanh O

Cac luc tac dung lén M: P, T F¥

mW,=P+?+E.

Hinh 1i1.101

Xét trudng hap diém treo O di lén
vii gia toe W,

mW =mlj=-Psing-F* sing =-m(g+ W)sing;
SINY = Q.

. g+W

o+ (sz—)(;HkQ{p:O;
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Tl-——gE:Qﬂ;’ ! .
k, g+W

Xét trudng hgp khi gia tée hudng xuéng W < g

T, =2n’ ! .
g-W

Truéng hgp W=gthi $=0-¢=C,t+C,.

Néut =0 thi ¢0)=a va ¢(0)=0->C, =a; C, =0,; p=a =const
con l4c can bang tuong déi (khong dao dong).

Bai 11.102 (hinh II1.102)

Xét dao dong bé quanh O cta con lic.
Cac luc tac dung 1&n M: ﬁ,iFﬁ‘

dd,) _

W—Zmo(ﬁ);

mI2$ = PLsin(p + o) — Wcos{(¢ + o).

Bién ddi sin(p+a) va cos(p+a) véi

Hinh 1. 102

chi ¥ singp=~@ va cosp=1;
.1 . 1 .
(p+z(gcosc1+Wsma)(pz—E(Wcosa—gsma);

_gcosa+Wsina
L

k2

Con lic dlng yén thi W = gtga va W =103em/ s®

T1:2n=2n\j L = L =T+cosa ;

k geosa+ Wsina sin‘a
geoso+g - -

cos

T-T, =T(1-+Jcosa).
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Bai I1.103 ¢hinh 111.103)

Xét chuyén dong caa diém trong hé
dong Oxyz
¥ =2gtocosq; X =—-§;

il

—qu)t—cos ;

y 6 Q;
[

x=h-—gt".
23

Xét néux =0 ~>h:égt‘2:

yzgmh g}lCOS(p=126m.
3 V&g

BAI TOAN VA CHAM

Bai I1.104 (hinh I11.104)
V, =2gh: V5 =0;
maV,+mgVy =(my +mpu;

= maVa =mA'2gh=654mI.q.
M, +Mmg My +My ’ '

Bai I1.105 (hinh I11.105)

V, =+2g8h Vo =0,

Ap dung dinh ly dong nang:
1P+ P,
2 g
7 _1P1 + P, Pi2gh P:-fh
9 g8 (P +B) &P +P)3

¢ _ .
ug =Fuo;

Hinh H.103

N

r 1
I J—

TIPSl

Hinh Ifl.104

T

Hinh 11,105
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Bai 11.106

J s . 2
Theo ¢ong thiic x = —%- Thay cacgiatritacé x=—h.
aM 3

Bai I1.107 (hinh Tf1.107)

Hinh if1.107

\'A =J2gl,(1—cosa1) =2/gl, sing?—l;

V,=0;u,=2 glzsin%;

(1+kym,V, =(m, +m,)u,;

a, Q+&ym, (I, . o
n—=-—-——— /—sin—.
2 my+my, 2

Bai I1.108 (hinh 111.108)

Dinh 1y dong nang:

1. 4, 1 1., . 3g
é’JOzU)z:‘z—Mga;Joz:gMaz;U.}E:T;
M./3gl
JOz(O:JOz&+le; Ve ="7""-:
{ M+3m

2

=g+ Vit V=pgt+ V..
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Khi V=O;S=Sm"x;r=h;
4
B V2 3 3M
MY 2“g' 2“(M + Sm)2 .
H -107
ﬁj:::::::::ﬂ ﬂ f
[£2\WSS
I A \ B
5 c
o m
K o
Hinh iti. 108 Hinh I1.109
Bai I1.109 (hinh I11.109)
Dinh Iy mémen déng lugng:
mVa = (Mp® + mae*)w. (1)
Dinh 1y déng nang:
2
(Mp* +ma2)% = g(Mh + ma)(1 - cosa); (2)
1-cosa = 2sin” & ;
2
. O Pl 3
Mp? + ma? 2s1n§\/g(Mh+ma)(Mp“ +ma’)
V - N = ;
ma ma
p’ =ah;

V:anz\/ﬁ_
2Va

m
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TAI LIEU THAM KHAO

#

1. Nguy8n Trong Chuyén, Nguyén Van Dao, Ngé Van Théo, Nguyén Thé
Tién. Co hoc ly thuyét. Nha xuét ban Dai hoc va Trung hoc chuyén
nghiép, Ha Néi, 1969.

2. Tran Hiru Duén. Co hoc 1y thuyét. Nha xudt ban Bai hoc va Trung hoc
chuyén nghiép, Ha Néi, 1870.

3. Pinh Thé Hanh, Nguyén Thé Hung, Nguyén Trong. Co hec ly thuyét.
Trudng Pai hoc Xay Dung, Ha Néi, 1982.

4. Nguyn Van Binh, Nguyén Van Khang, B3 Sanh. C¢ hoc. Nha xuét
ban Pai hoc va Trung hoc chuyén nghiép, Ha Néi, 1990.

5. Nguyén Vén Pinh, Lé Dodn Hong. Nguyén Nhat Lé, D6 Sanh. Bai tap co
hoc. Nha xuat ban Bai hoc va Trung hoc chuyén nghiép, Ha Noi, 1990.

6. Phan Van Cuc, Nguyén Véan Tinh. Cg hoc Iy thuyét. Nha xuat ban
Khoa hoc va Ky thuat, Ha Noéi, 1991,

7. Nguyén Trong Chuyén, Phan Van Cuc. Bai tap cd hoc ly thuyét. Nha
xuat ban Khoa hoc va Ky thuat, Ha Noi, 1894,

8. BDinh Thé Hanh. Cd hoc cd s6. Nha xudt ban Gido duc, Ha Noi, 1996.

Dinh Thé Hanh, L& Ngoc Chén. Bai tap cd hoc co s8. Nha xuét ban
Gido duc, Ha Néi, 1996.

10. Nguyén Trong, Tong Danh Dao, Lé Thi Hoang Yén. Co hoc co sd.
Nha xuat ban Khoa hoc va Ky thuat, Ha Néi, 1997,

11. N.A. Brajnichenko, V.L. Kan, B.L. Minchberg, V.IMorozov, G.N. Usakov.

Cbornik zadach po teoretichexkoi mekhanike. Uzdarteixtvo
“Vuskaya skola”, Moxkva, 1967.

12. 1.V, Metserxkii, Cbornik zadach po teoretichexkoi mekhanike.
Uzdarteixtvo “nauka” glavnaya redakixyafiziko — matemati chexkoi
literaturu, Moxkva, 1968.

13. A.A Yablonxkii, Cbornik zadachii dlya kurxovuc rabot po teoretichexkoi
mekhanike. Uzdartelxtvo “vuskaya skola”, Moxkva, 1972.



Phdn ba. DONG LUC HOC ) 299

MUC LUC
Trang
LI NOUDAU oo eeeeseres e 3
Phdn ba. DONG LUC HOC

Chomg 1. CAC KHAI NIEM CU BAN — HE TIEN DE BONG LUC HOC .oooeer oo 7
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