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Lt néi dau

Nhdm dap ting nhu cdu gidng day, hoc tdp vd nghién citu Co hoc
Iy thuyét cuon sdch “Co hoc co s0” duoc xudt bin lin diu tién
ndm 1997 va da duoc tii ban nhiéu l4n vdo cdc ndm tiép theo.

Bdm sdt chuong trinh cua B¢ Gido duc vd Pao tao guy dinh cho
khoi cac nganh Ky thudt: x8y dung dén dung va cong nghiép, giao
thong vén tai, thuy loi va mot s6' nganh khdc, cdc tic gid da tién
hanh bién soan lai cuén sich va c6 nhiéu b6 sung, sia chita voi
phuong cham ngédn gon va sdt véi trinh d¢ chung cua ban doc.
Ldn in ndy cudn sdch mang tén “Co hoc Iy thuyét’ va c6 ba phin
dugc bo tri ldm hai tdp:

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

o Tap II: Phan Dong luc hoc.
D& ban doc ndm diurpc nhitng kién thifc co bdn vé co hoc, sau phan
Iy thuyét ¢6 cdc cdu hoi 6n tdp. Cubt mor phan cd trinh bdy cdch
gidi mot s¢ bai todn. Sau dé Id cdc bai tdp duoc sdp xép tir don
gidn dén phuc tap.
Trong qud trinh bién soan, cudn sich khong trdnh khoi khiém
khuyét. Cdc téc gid vui mimg nhén dugc su gop y cua ban doc dé
cudn sach ngdy cing hodn thién hon.

CAC TAC GIA



Phan ba
PONG LUC HOC

Dang luc hoc 1a phan t8ng quat nhat cla Co hoc Iy thuyét, trong d6 nghién
citu mét cach toan dién cac quy luét chuyén déng co hoc cla vat rén dudi
tac dung clia cac iuc.

Né&u nhu tinh hoc nghién cltu sy can bang clia cac vat ran dudi tac dung
cla luc, con ddng hoc chi nghign clu vé mit hinh hoc chuyén déng cla vat
ran thi ddng luc hoc nghién clitu mdi lién hé gilta chuyén déng clia vat ran
va Iuc tac dung lén nd.

Dua trén hé tién dé cla Niuton, ddng Iuc hoc thiét 1ap mdi lien hé coé tinh
chat quy luat gitta hai dai lugng: cac dai lugng dic trung cho chuyén déng
cla vat rin va cac dai lugng dac trung cho su tac ddng clia cac uc 18n vat
ran dy. Cac méi lién hé gilia Iuc va chuyén déng duoc biéu dién dudi dang
cac phuong trinh vi phan chuyén dong, cac dinh Iy t8ng quat va cac nguyén
ly cg hoc.

D& dam bao tinh thédng nhat clia chuong trinh Co hoc Iy thuyét, trong ddng
luc hoc ching ta van sif dung nhimg Khai niém co ban clia cd hoc da cb
trong tinh hoc, déng hoc nhu vat ran tuyét dai, huc, cac dang chuyén déng
chia vat thé.

Ngoai ra, trong dong Iuc hoc ta con gap mot khai niém mdi la tinh quan tinh
cla vat ran. Nhu & tinh hoc va dong hoc, trong ddng Iuc hoe cling dugc
nghién cliu theo hat dang mé hinh; déng lvc hoc chét diém va déng luc hoc
co hé.



Chuong 1

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

§1.1. CAC KHAI NIEM CO BAN

1. Chat diém 12 mot diém hinh hoc mang khéi lugng.

Ta c6 thé col mdt vat mang khéi lugng nhung kich thudc khong
dang ké hay rit nhé so v4i quang dudng ma né di chuyén duge 1a
mdt chat diém.

2. Co hé (hé chat dié’m) 12 tap hop céc chat diém ma trong d6 vi tri
va chuyén dong clia mbi chdt diém lai phu thudc vio nhiing chit
diém con lai.

Ta coi vat rdn tuyét doi 1a mot co hé dic biét ma trong dé khoang
cach gitta hai diém bat ky khong d61 trong sudt qua trinh chuyén
ddng. '

3. Hé quy chiéu quan tinh (hé quy chiéu tuyét do1)

— Hé quy chiéu quan tinh 1 hé quy chidu ma trong d6 cic tién dé
Niuton dude nghiém dung.

— Heé quy chiéu qudn tinh con goi 12 hé quy chiéu tuyét déi hay hé
quy chidu ¢é dinh.
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—~ Negudgc lal ta ¢6 hé quy ehifu khéng quan tinh.

— Trong ky thuit hé quy chidu gin vao mit d&t duge coi 13 hé quy
chiéu quan tinh (vi ta da bé qua su chuyén déng cta qua dat)

4. Co hé khéng ty do 1a tap hop cac chit didm ma trong dé chuyén
ddng clia cac chit diém thude hé Rhc‘mg nhiing chi phu thude vao
cac lye tac dung ma edn bi rang budc boi mét s diéu kién hinh hoc
va ddng hoc cho trude. Ngude lai ta 6 co hé tu do.

5. Luc va phan loai luc

Lure 12 mét dai higng dée trung cho tac dung tuong hod giita cac vat
va 1& nguyén nhén gay ra bién d6i chuyén dong ctia vat.

Ngoai cac huc khéng doi ma ta da bist trong tinh hoe, trong
ddng lyec ta con gap lic phuy thudce vao thoi gian (nhu ap huc
clia d6ng cd tac dung 1én méng may), hic phu thude vao van
tdc (nhu lge can cla mdi trudng tac dung lén vat khi
chuyén d6ng), luc phu thudc vao vi tri (nhu luc dan héi, lye
hap dan tuong hd).

Téng quat lye ¢é thé phu thudc déng thdi vio thii gian, van
td¢ va vi tri. Khi d6 bidu thile tdng quat cta hic 13

F = F(t.5,7). (1.1)

Céac lye trong dong lye hoe duge phéin loai nhu sau:

¢ Phan loal luc tac dung lén cd hé thanh hic hoat ddong va phan
luic lién két

Phan luc 1ién két dic trung cho tac dung cd hoe clia lidn két
18n céc chat diém thuge hé. Phan Iyc lién két ky higu N.
C4c lde khéng phai 14 phan luce lign k&t goi 1a lye hoat dong.
Luye hoat déng ky hiéu F .

e Phaén loai lue tac dung 18n hé thanh ngoai luc va néi luce:

Ngoai Iuc 1a nhitng Iuc do cac vat bén ngodi hé tac dung lén

cac vat thude hé. Ngoai luc ky higu F°©.
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~ Néi luc 13 nhiing lye do cac vat thude hé tac dung 1én nhau.
Noi luc ky hiéu F* . Céc tinh chét ¢ bdn cta ndi luc:

+ Vectd chinh ci1a tdt ca néi lue tae dung 1én hé bang khéng:

Y Fi=0.
k=1

+ Mbmen chinh ctia tat ca cac ndi lye d6i véi mot tAm hay

mot truc nao d6 bing khéng:

imo(g):O; imI(E‘EFO-
k=1 k=1

Céln luu ¥ ring cac cach phén loai lyc nhu trén chi ¢é tinh chat
tudng doi.

§1.2. HE TIEN DE DPONG LUC HOC

Cac tién dé nay do Niuton trinh bay 1an dau tién vao nam 1687, da
dat cg s6 cho cd hoce ¢8 dién cho nén ngudi ta con goi co hoc cb dién
12 ¢o hoc Niutdn. Céc tién dé Niuton phat biéu cho mot chit diém.

1. Tién dé 1 (tién d& quéan tinh): Mat chat diém gild nguyén trang thai
nghi hay chuyén déng thing déu khi khong ¢6 lye tac dung 1én nb.

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

Tién dé nay chi cho ta bi€t nguyén nhan giy ra bién ddi chuyén
dong 1a luc. Nhung luc 1am thay d6i chuyén déng nhu thé nao thi
ta phai xét tién dé 2.
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2. Tién dé 2 (tidn dé co ban ciia dong e hoc): Gia téc cia mdt chat
diém chuyén dong ¢6 cting phuong chidu véi lye tac dung )én né va
b gié tri ty 1& véi lyc ay:

F=mW. (1.2)

Hé thie (1.2) goi 1a phudng trinh cd ban dong luc hoc.

Thuc nghiém ching td rang hé s6 ty 1é m chi phu thudc vao vat
dang xét. Trong cc hoc ¢6 dién ngudi ta coi m 14 hing 6 va khéng
phu thude vao van toc chuyén dong.

Tir déng thie (1.2) ta thdy:

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

— N&u lue tac dung khong ddi, ta thidy m cang 16n thi W cang
giam v3 nguoc lal.

Nhu vay, m chinh 1a s do mic d6 quan tinh ctia chit diém
nghia 14 muic d8 chéng lai sy bién d&i chuyén dong clha chat
diém do lue tac dung 18n né gay ra. Vi hdng s& m biéu thi mite do
quan tinh cta chat diém cho nén ta goi m 1a khéi lugng quan tinh.

— Trong lugng va khé lugng:

Duéi tac dung ctia luc hit trai dat (trong luong) tat ca cac vat
khi roi ty do dén gadn mat d4t déu chuyén dong véi gia téc trong
trudng g. Theo tién dé 2 ta cé:

I_-;:mé haymzf.
g

Tu day ta thay khéi lugng m cla vat ¢6 thé tinh qua trong
lugng cua né.

3. Tién dé 3 (tién dé tac dung va phan tac dung): Lac tac dung tuong
hé gida hai chdt diém la nhiing luc ¢6 cing dudng tac dung, cing
cudng db va nguge chiéu:

F,=-F,. - (1.3)
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Can chud ¥ rdng hai lyc nay khéng phai 1a hé ldc can bing vi ching
dat 16n hai chit diém khac nhau.
Tién dé nay la co s§ dé chuyén tir déng luc hoc chat diém
sang dong luc hoc ¢o hé va noé giit vai trd rat quan trong trong dong
lue hoe,

4, Tién dé 4 (nguyén ly doc lap tac dung): Mét chat diém chiu tae
dung déng thoi ctia nhidu Iye ¢6 gia tdc bing t8ng hinh hoc cac gia

téc cla chit diém Ay khi chiu tac dung riéng ré clia titng Iue moét.

Gia st khdi lugng caa chat diém 12 m:

trong dé W:ﬁ+@+...+w

.
Heé don vi co ban:

—  Nudc ta da ban hanh hé ddn vi do ludng hgp phap trén cd s6
hé don vi quéc t& S

—  Cac dai lugng co ban trong cd hoc ciia hé don vi nay 1a db
dai (m), khél lugng (kg) va thoi gian (s), Pon vi do Iye 1A
Niutdn ky hiéu la N.

— Theo F=mW véim = 1kg; W= Lm/s® thi lgc 1a 1N,

Vay Niuton 1a luc tée dung 1én chat diém c6 khéi lugng 1kg

gay cho né chuyén ddng véi gia tée 1m/s®.

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



Chuong 2

PHUONG TRINH
VI PHAN CHUYEN DONG

Ching ta s& xu#t phat ti phuong trinh c6 ban cia dong lue hoc dé
thiét 1ap cac phudng trinh vi phdn chuyén déng va tim céch tich
phén cae phuong trinh iy.

§2.1. PHUONG TRINH VI PHAN
CHUYEN DONG CUA DIEM

Xét mot chat diém ty do 6 khéi lugng m chuyén déng trong hé quy
chidu quén tinh duéi tac dung ctua luc F(,F. 7). Ta lap phuong

trinh vi phén chuyén dong cia diém trong céc hé toa d6 khac

nhau.
. Dang vectd
— — —  d*F
Theo phudng trinh F =mW va tit ddng hoc ta ¢6 W = 7 =7 ta
t
dudc bidu thiic
. _. 25 .
FemW=m&l o mi, (2.1)

dt®
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Pay 1a phuong trinh vi phin c&p hai m6 ta chuyén déng cia diém
d dang vecta.

2. Dang toa do Pé-cac
Chiéu ca hai v&€ cia (2.1) 18n cac truc caa hé toa dé Oxyz ta duge:
mW, =mx=F.(txy2xy2)
mW, =my=F (txy2%¥2); (2.2)

mW, =mz=F,({,x,¥,2%7%,2),

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

toa dd Dé-cac vudng goéc Oxyz.
Ta xét cdc dang dac bigt sau:

« Néu chdt diém chuyén dong trong mot mit phéng thi ta 14y mat
phing d6 lam mit phing toa d6 chita hé truc Oxy. Khi d6 ta ¢
cac phuong trinh sau:

F.=mW_ =mi; (2.3)

F,=mW, =mj.

» Néu chit diém chuyén dong trén mét dudng thing thi ta chon
dudng thing &y lam truc Ox véi chiu ducng eting chiéu chuyén
déng. Liic nay phuong trinh vi phéan chuyén dong sé 1a .

F,.=mW,_=mi. (2.4)

3. Dang toa dé ty nhién

Néu ta chon hé toa d6 ty nhién M1tnbrdi chigu phuong trinh (1.2)
1én céc truc toa dd do ta cd:

F.=mW, =mﬂ;
dt
2
F, =mW, =m—V——; (2.5)
P

Fb :me :O,
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2.2.1.

trong d6: F,,F, F, — hinh chifu cha lge F 1én céc truc tiép
tuyén, phap tuyén chinh va trtng phap tuyén;
W_,W_ W, - hinh chiéu caa W lén cac truc dy, trong dé
W, luén bing khéng.

Céac phudng trinh (2.5) 1a phuong trinh vi phan chuyén déng cta
chét diém & dang toa dé tu nhién.

Chii §:

— Né&u chit diém chiu tac dung ctia nhidu luc thi v& trai clua
(1.2) sé 1a hop luc cta céac luc Ay,

— Cac Iuc tac dung theo phucdng 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 thuén)

Biét khéi lugng ctia diém va quy luat chuyén dong cua né. Tim lyc

tac dung lén chat diém dy.

Gia sit quy luat chuyén déng cuia diém cho béi cac phuong trinh:
x=x{th; y =y@); 2 = z(t).

Muén tim Iyc F ta phéi tim hinh chi€u ci1a né 1&n céac truc toa dé
theo cac phuong trinh (2.2). Nghia 1a trudc tién ta phai tim %, 5,2 .

Sau dé ta xac dinh gia tri cta lic F va cic cosin chi phudng cta né
dd1 véi cac truc toa do.
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Vi du 1: Ngudi ta ning moét vat ning A trong lugng P 18n nhanh
dan déu nhdé méot truc kéo. Hay xac dinh siic cing T cia day.
Bai gidi:
» X6t chuyén dong tinh tién cia vat A:

Cac hic tac dung 18én viat A la trong lugng lugng P cha vt A va

lue cing T cua ddy.
» Phuong trinh chuyén dong ctia vat A (duéi dang vecto):

mﬁ; = F’ + '}; . (a)

Ta chon truc y thing ding
hudéng 1én trén r6i chiéu
phugng trinh (a) lén truc y

ta co: y
T—szWz-}iW:
g
T:P[1+Ef—j.
g

Hinh 2.1
Lucnay T > P.

Khi ha vat xudng thi gia t6c W c6 chiéu ngudge lai nén lic d6 ta cé:

2]

Luc nay sitc cang 7' < P.

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

Vi du 2: Mbt xe 6td trong ludng @ chay qua mdt chiée cu (véng

1&n) véi van téc V = const. Ban kinh cong cla ciu d gifia nhip 1a p.
Tim ap lyc ctha 6t6 1én dinh cidu. Cho @ = 10T, V= 10m/s va p = 50m.
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Bai giai:
Ta xem 6t6 nhut mat chit diém chuyén dong déu trén quf dao cong
taivitri M.
Cac luc tac dung lén 6t6 bao gdm: trong lugng é, phan lic do mat
cAu tac dung lén 6t6 1a N, e kéo F va lyc can E.
N
£l F
M —_
7 Q
Hinh 2.2
Phuong trinh vi phan chuyén dong (dudi dang vectg):
mW:é+ﬁ+§+F. *)
Mudn tim phén lue N, ta chiéu phuong trinh vects (*) 1én phuong

phép tuyén chinh tai M. Khi dé ta cé:

2

mW, =@ - N hay m}—/-—=Q—N;
p

N-@-& =Q[1—Yi}.
gp gp

2
Aplucléncaula N'=N = Q(l —V—]
gp
Nhu vay tai dinh ciu 4p lyc chia xe 1én mat cAu nhd hon trong
hudgng ban than xe.

Thay tri s0 vao ta ¢é:

104

9,8 x b0

N'=10(1— ]:7,96?”%8?'.
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Vi du 3: Mot chit diém chuyén déng theo quy luét sau: .

x =acoskt
v = asinkt
z=ut

trong d6: @, k, u 12 cic hing s8. Tim lyc F téc dung 1én chit di€m.
Bai gidi:
Vi dé bai khéng cho biét dang quy dao nén ta sé tim cac hinh chiéu
cua luc 1én ba truc cia hé toa dé vudng goc Oxyz:

F, = m# = -mk2acoskt = -mk’x;

F,=my= —mk2asinkt = ~mk?y;

F,=mz=0.

Ta nhan thdy ring

F,=0, F, 20 va F, #0 )¢

my

nén F nim trén méit

phing song song véi mat

phéng xOy. '

Mt khée x va ¥ 14 hinh 0
chiéu cia OM 1én hai
truc Ox va Oy nén ta ¢
thé viét:

F=-mk’OM, .

M(x, y.2)

<Y

-

Hinh 2.3

Nhu vay luc F hudng vao truc Oz va song song vdi mat phing xOy
¢6 cudng dd ty 18 véi khoang cach tit diém d6 dén truc Oz.

2.2.2. BAI TOAN 2 (Bdi toén ngugc)

Biét khdi lugng cha cht diém va e tée dung 1én né. Tim quy luat
chuyén dong cia chit diém.
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Chiing ta sé nghién cdu viée giai bai toan nay trong hé toa do Dé-
cac vudng goe. Trong trudng hgp tong quat lue F 6 thé phu thude
déng thdi vao thdi gian, van tdc va vi tri cha diém, nghia la
F - F(I,F, 7). Vi vy phuong trinh vi phén chuyén d6ng ctia diém
trong toa d Dé-cac vudng goc co dang:

2

mﬁc=de;=Fx(t,.r,y,z,i,5hé); )
dzy

mji:mwsz(t,x,y,z,i,y,é); > (2.6)
2

m;é:m.i};:Fz(t,x,y,Z,i,}'f,é)- 4

Dé tim quy luat chuyén dong ctia diém ta phai tich phan hé ba
phuong trinh vi phan thuong cidp 2 & trén. Viéc tich phan hé
phuong trinh vi phan nay cd ban phu thude vao bidu thitc cia hye §
v& phai. V& mit o hoc, nghiém clia bai toan trude hét do tinh chat
cia lyc tac dung quyét dinh.

Tit 1y thuyét phuong trinh vi phan La biét riang khi tich phin mét
phuong trinh vi phan thudng ¢dp 2 bao gis cling c6 hai hiing s& tich
phéan. Cho nén khi tich phan hé ba phudng trinh vi phén cdp 2 ta
¢6 6 hing s6 tich phan. Nhu vay sau khi tich phan thi mdi toa dé
cha diém s& phu thude vao thdi gian va 6 hing s8 tich phén.
Nghia la:

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

y=ytC,Cy,C5,C4,Cs,Cq); (2.7

z22(5,01,02,03,04,05,06).

Hé phuong trinh (2.7) cho ta biét chuyén déng cha diém xay ra
theo mot ho dudng cong nao d6, chit chua cho ta biét mdt cach
ho&n toan va duy nhit chuyén déng cha diém. Mudn xac dinh duge
cu thé chuyén déng cha diém ta phai xac dinh duge 6 hiing sd tich
phan theo cac diéu kién ban ddu, nghia 1a khi £ = 0 thi:
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x(0) = x, %(0) = %,
¥0) =y, va {30)=3,.
20) =z, 20) =2,

Nhu vay v6i bai toan thd hai (tim quy luat chuyén déng) bao gis
ciing can phai biét thém diéu kién ban dau.

Ta hiy xét mdt s8 vi du sau.
Vi du 1: (Luc phu thudc vao thal gian)

Mot vat trong lugng

P bat diu chuyén N

dong tir trang thai F

ding yén trén dudng 0> -
thang nhin nim X VE X
ngang dudi tac dung

cua lue F. Luc F b Hinh 2.4

gia tri ty 18 véi thol
gian theo quy luat F = k¢. Tim quy luat chuyén dong clia vat.
Bai gidi:
Khio st chuyén dong tinh tién trén dudng thing.
Ta chon vj tri bit dAu chuyén dong lam gdc toa d6 va chidu duong
cia hé quy chidu tring véi chidu chuyén déng ciia vat.
Piéu kién ban dau ¢ =0, x(0) = 0 va x(0)=0.
Tai mét vi tri bat ky trén vat ¢6 cac lyc tac dung:
N : phan lyc phéap tuyén do dudng thing tac dung 1én vat;
P: trong lugng cua vat;
F lyc tac dung.
Phudng trinh vi phén chuyén d6ng cta vat (dudi dang vecto):
mW=P+N+F. @
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Chiéu déng thie (a) 1én tryc Ox ta duge:
mW, =mi=F=Fkt.

dv., dx
M3 A
. * e T de
A%
: * = ki,
suy ra m—
mdx = kt.dt .
Tich phan ca hai vé ta cé;
t2
m:l‘::k?'i'cl. (b)
dx .
Nhung V=-—"7-= én:
ng 5; =% nén
2 2
mV =mE k0 S mdx=| R v, lar.
dt 2 2

Tich phan hai vé 14n nita ta duge: -

3
mx=%X%+Clt+Cz. {c)

Ta xac dinh cac hang s6 C, va C, theo diéu kién ban diu. Thay
t=0vao (b) tacd x(0)=V =0 ta duge C, = 0 va thay £ = 0 vao (¢)

ta c¢6 x(0) = 0 ta sé duge C, = 0.

Vay quy luat chuyén déng cta vat la

Nhu vdy quing dudng ma vat di duge ty 1é vdi lap phudng thoi
gian.
Vi du 2: (Lyc phy thudc van tdc)

Mt qua cdu trong lugng P rdi xudng theo phuong thdng ding
khong ¢é van tdc ban ddu. Lyc cdn ca khéng khi ty 18 vdi khoi
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lugng va van tde clia qua ciu theo quy luat B = kmV. Tim van téc
gidi han va phudng trinh chuyén dong cia qua céu.

Bai gidi:
Chon g6c toa d6 tal vi tri qua cdu bit ddu chuyén déng va truc Oy
hudng thang ding xudng dudi.

Diéu kién ban diu: 0
Tait =0 y(0)=0 va jf:VJ, =V=0.
I AR
Cac lue tac dung 16n qua cdu:
P trong ludng qua ciu;
R : Iyc cin cha mdi trudng, 3
Phudng trinh vi phan chuyén déng (dudi dang
vectd):
o y
mW=P+R .
Hinh 2.5

Chiéu déng thitc nay 1én truc Oy ta cé:
mW,=mj=P-R=mg-kmV, =m(g-£3).

Ta cd:
. dy . dy
=" = -k =dt,
YA TE T T ek
g-ky
(L8 __ (har = b far
g-ky
1n|g~a'xay]¢lnC1 = lngéky =-kt,

1

g-ky
C,

=e™ 5 g-ky=Cre™.
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T diéu kién ban ddut=0thi y =V =0 tacé C; = g. Cho nén:

2

g-ky=ge™ 5> g-ge™ =gli-e*)=ky.

—kE
M‘ V.—_':_gi]i__):.g_-l_ —kt . *
a y Z k( e™) ™

T (*) ta nhan thay ring khi ¢ >« thi van téc V khdng tang vé
han ma V — g/k cho nén ta goi V, =g/k. Nhung ham e R
gidm r4at nhanh khi ¢ tdng lién tuc cho nén chi sau khi vat roi do
may gidy thi vaAn téc da xap x1 van téc gidi han véi sail s6 kha nhd.

Tu (*) ta cd

y:%:%(l_e—k!) nén dy:—i—(l——e—kt)dt-

Tich phan hai v& mét 14n nila ta cé:
_ g _ okt _g okt .
[ay = jka e*)dt =< fa-e™ar;

_8 g it
y—gt+;é—e +C,.
T diéu kién ban ddu¢t = 0thi y =0 tacé

£
k:

0 =

Day 1a phuong trinh chuyén dong cia qui ciu déng thoi 1a phuong
trinh chuyén déng clia vat ning roi ty do trong khong khi c6 luc
can ty 1é bac nhat véi van téc.

Vi du 3: (Lyc phy thudc vi tri)

Mot qua cAu nhd khéi lugng m dude gin vao ddu mét 10 xo ¢6 hé s§
ciing la C. Dau kia cha 16 xo gin vao tudng ¢6 dinh. Ngudi ta kéo



Phin ba, BONG LUC HOC 23

qua cdu ra khoi vi tri cAn bing mdt doan 14 a rdi né ty chuyén
dong. Tim quy luat chuyén ddng cha qua clu.

Bai gidi:
Cac luc tac dung 16n qua ciu 1a luc dan hél F = ~CF |, trong d6 7 1a
vectd dinh vi clia qua cAu va phan luc do nén tac dung 1én qua ciu

la N.
N
Vi —l-
2 =L
. _{ }____-..
7777, I 77T, N b
P
a—>l

Hinh 2.6
Phuong trinh vi phén chuyén dong (dudi dang vecto):
| mW=F+N+P. )
Chon truc Ox ¢6 gac O § vi tri can bang tinh nhu hinh 2.6. Chiéu
déng thitec (*) 1én truc x ta c6

mW, =mi=-Cx,

hay izngxz—kzx, (*)
m

véi = C
m

Piéu kién ban ddu ¢ = 0 thi x(0)=a va %(0)=0. Vi v& phai cha x

. de dx dx . dx
con vé tral chila ¥ néntathay ¥ = —=—"—x— =x— ta duge
R '

¥ = x% =-kix > xdt = -k xdx.

Ta lay tich phén hai vé:
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[2di = - [R*xdx - 3; = -k? i’;w;,
hay

2% =-kx? + C, véi C, =2C;.
Ta xac dinh C, tif diéu kién ban diu:

t=0thi x(0)=a va %(0)=0 tacod C, =k2a®.
Do d6:

i =-kix® + k%a? = k¥ (a® - x7%);

x=-kva? -x?.

G day phai 18y dau (- trude cin sd vi diém chuyén déng vé phia
dm (x<0).

Ta thay x = %3;— vao phudng trinh trén ta cd:

xzix—=—k a?-x? .
t
__ix__z-kdt_
a®—-x*

Tich phén hai vé ta ¢b:

. x
arcsin— = -kt + C, .
a

Thay diéu kién ban ddu¢=0thi x(0)=a tacéd:

n
C,=—;

)
arcsin > = & _kt hay ¥ —sin E—laaaf]:cosktf.
a 2 a 2

Vay: x = acoskt.
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Ta thy qua cdu thuc hién chuyén dong dao déng quanh vi tri can
bang véi bién 46 a.
Ta ciing c6 thé gidi phuong trinh (*) nhu sau:

¥=-kx > ¥+k%x=0.

Tit 1y thuyét phuong trinh vi phén thi nghiém caa phuong trinh
trén ¢6 dang x = C, coskt + C, sin kt . Ta 18y dao ham béc nhéit theo
thoi gian ca hai vé ta cé:

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

duge ban lén véi van
tc ban ddu V, hgp véi

yi

<4

phudng ngang mot gbc :
o. B6 qua stic can cua :
khéng khi. Tim chuyén { H
ddng ctia vién dan. |

|

|

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

xem ndé nhu mot chit
diém. Luc tdc dung 1én
vién dan chi c6 trong luc.

Chon hé toa dd xOy c¢6 goe O {ng véi vi tri ban d4u cla vién dan.
T‘ruc Ox ndm ngang, truc Oy thidng ding hudng 18n trén sao cho
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van téc ban diu V, nam trong mat phang xOy. Chon géc thdi gian

{ng vdi vi tri ban dau. Ta cé:

mW =P, (a)
Chi&u dang thic (a) 1én hai truc toa dd ta cb:

mi =0 vA my =-mg.
Tidaytacd: x=0 va y=—-g.

Diéu kién ban ddu sé 1a, khit = 0

x(0) =x,= 0;
#0)=x, =V, cosa;
¥(0) =y,=0;

y0)=y, =V, sina.

Khi tich phan cAc phuong trinh vi phin chuyén déng trén ta cé:

x=C, »>x=Ct+C,;

. 1 5

y=—gt+C, ->y=——2-gt +Ct+C,.
Céac hiing s8 tich phan nay duge xac dinh tir didu kién ban diu.
Ta cé:

C,=V,cosa; 3=V, sina; C, =0, C, =0.
Vay phudng trinh chuyén déng cta vién dan c6 dang:

x =(V, cosa)t;

; 1

y=(V,sina)t —Egt2.
Nhu vay, ta thdy vién dan chuyén dong trong mit phing thing
diing xOy c¢b chita vectd vin tdc ban ddu V, . Dé dang thiy ring

qu§ dao cta vién dan 13 mdt dudng parabon di qua gbe toa dd cé
dang:
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1l g 2 2
=xfga———"—{1+1¢ X<,
Yy =xlg 2V( g a)

3]

Muén tim dé eao H va tdm xa L cha dudng dan thi tai dinh cta

parabon ta co:
. ) V,sina
Vv, :szosmu—gt:O—at:-—g——;

: V2 -2
H:Vosinav"’sma—lg 051ln az_;_

2 .2 2
: - i V. sin a:_l_x g a V2
g

g 28 1+tgta ’

V, si V] sin2
L=x=2V cosa oSG _To SO

g g
T két qua nay ta thady néu cho trude V, thi khi o = 45° s8 cé:
V2
Ly =—2.
g

Khi o= 90° thi H,  =— V2.
28

Tuy theo dang ciia Iye da cho ma ta phai thiyc hién phép thay bién
86 khac nhau, ta thay
0= % ey -3
dt dx
Digu kién ban diu (x,,%x,) gilt mt vai trod rat quan trong vi né xéc

dinh dang chuyén déng cu thé cta chit diém da cho.

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

Cho mdt cd hé ¢6 n chit diém, ta xét ch&t diém thi k cha he. Tay
theo cach phén loai lye tac dung 1én hé ma ta ¢6 nhiing dang khac
nhau clia phudng trinh vi phan chuyén dong cua hé.
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¢ N@&u ta phan cac lye tac dung l1én hé thanh ngoai hyc va nédi lyc
(ta goi Fy¥ va F, 1a hop luc ca ngoai luc va néi lyc tac dung
1én chét didm thit k) thi theo tién dé 2 ta c6:
mk-ﬁ; = F; + F;: v
Tuong ty véi céc chat diém khéac thudc hé ta eé hé phuong trinh
vi phén chuyén dong sau:
m Wi = Ff + FY;
??‘IQWZ = er + le, (28)

...........

» N&u ta phén cac lde tac dung 1én hé thanh luc hoat dong (goi tat
12 hoat lyc) va phan lyc lién két. Ta goi F va N, ; 1a hdp lue

cia tit ca lue hoat dong va phan luc lién két tac dung 1én chat
diém tha k ta cé:
ny W; = f:"; + K’: ' W
m Wy = Fy + Ny;
?TLQWQ -——F2+N2', ? (29)

Viéc tim nghiém cta (2.8) hay (2.9) rit phiic tap néu s6 chit diém
cta hé cang nhidu, Mit khac trong nhiéu bai toan thue té, ta
khéng cln phai tim quy luat chuyén dong clia titng chit diém ma
chi cdn tim mot s§ théng sé dac trung cho chuyén dong ctia co hé
nhu chuyén doéng khéi tam cha hé hay ngoai lyc tac dung 1én hé,
ma khéng cdn ding cac phudng trinh vi phan ta c6 thé ap dung cae
dinh Iy ciac nguyén 1y ¢o hoc d cée chuong sau.
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CAC DAC TRUNG HINH HOC KHOI
CUA CO HE VA VAT RAN

§3.1 CAC DAC TRUNG HINH HOC KHOI

Ta nhéan thiy chuyén doéng cia mét co hé khong nhitng phu thude
vaio lue tac dung 1én eo hé ma cdn phu thude vio téng khai lugng
va su phan bd khai lugng cia co hé,

3.1.1. KHOI TAM CUA CO HE

1. Khdi lugng cla co hé
Dinh nghia: Khi lugng cia cd hé bang téng khéi lugng cta tit ca
cac chit diém thude co hé:

M = imk . (3.1)
k=1

Pé dac trung cho su phin b8 khéi ludng cia cd hé ngudi ta dua ra
khai niém khéi tam.

2. Khdi tam cua cd hé
Gid sit co hé ¢6 n chit diém 6 khéi ludng m,, my, ..., m, va vi tri
cua chung duge xac dinh boi cac vectd dinh vi r,ry,...,7, , thi ta c6

dinh nghia sau:
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Pinh nghia: Khol tam clia co hé 12 mét diém hinh hoe € ma vi tri
cua né duge xace dinh bdi bidu thie sau:

— ka;k.
k=1 Iy
P =&+——, (3.2
C Y )
trong d%: m, ,r-'; - khéi lugng va vectd dinh vi clia chit diém thi k;
r_(; — vectd dinh vi cua kho tam C;
M = m, - khéi lugng clia cd he.
k1
24
Hinh 3.1
Chigu biéu thitc (3.2) 1&n cac truc cha hé truc toa 46 Dé-cac Oxyz ta c6:
n
D ompx, )
k=1
xo ==
¢ M
n
Z MpYe >
k=1
b7 % (3.3)
n
Mpzp
k=1
L ] S
c T, )

trong dé: X, i 2; — toa 40 clia ch&t diém thu k;
2o Yor 20 — toa d6 cua khéi tam C.
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Néu cg hé dat trong trudng trong lue thi tir (3.3) ta ¢6 thé viét lai

nhu sau;
i) n
D mpgxy Y. PrXp A
o | _ k=1 .
C = - .
Mg Q@
n s
S mpgye Y. Pek >
k=1 k=1 )
Yo = = ; {3.4)
Mg Q
n n
D mpgzy . P
P k=1 _ k=1 J
C - - -
Mg Q@

trong d6: py — trong lugng ctia chit diém thi k;
& — trong lugng cla cd hé.

Nhu vay: néu co hé 1a vat ran dit trong trudng trong luc thi trong
tAm va khdi tAm ctia co hé tring nhau, Nhung khai ni¢m khéi tam
téng quat hon khai niém trong tam vi khéi tdm luén ludn tdn tai
con trong tAm chi ton tai khi hé d4t trong trudng trong huc.

§3.2. MOMEN QUAN TiNH

Mémen quan tinh caa vat 13 mét dai lugng dic trung cho tinh
quan tinh clia vat trong chuyén dong quay.

3.2.1. MOMEN QUAN TiNH CUA VAT BOI VGI TRUC QUAY z

Pinh nghia: Mdémen quan tinh cia vat doi véi truc z 14 mét hugng vo
huéng, duge ky hiéu 1a J, va bing téng cac tich khé&i lugng mdi
¢hit diém thude vat véi binh phuong khodng cach tit chit diém d6

dén truc z.
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n
J, =D myh;. (5)
k-1
Tt dinh nghia nay ta thiy .J, luén ludn duong.

3.2.2. MOMEN QUAN TiNH CUA VAT BSI VOI DIEM O

Dinh nghia: Mémen quéan tinh ¢ha vat déi véi diém O ky hidu 1a J,
va bing téng cac tich khai lugng clia mbi chit diém thude vat véi
binh phuong khoang cach tit chit diém d6 dén diém O.

Jo :ka’f: _ (3.6)
£=1

trong d6: r, — 1a vectd dinh vi ctia chit di€ém thi k d6i véi diém O.
Trong hé SI mémen quan tinh cta vat c6 don vi 1a kgm?,

Né&u ta goi 2, ¥, 24 1& toa db clia chit diém thit & d6i véi he toa 36
Oxyz thi mémen quan tinh cia vat d6i véi cac truc toa d6 va déi v
diém O sé la:

n
Jp=2. mk(yk +zk)
k=1
n
Jy = z mk(zg + x,‘z); 3.7
k=1
n
J, = Z k(xg +y§).

k

Ngudi ta con dinh nghia cdc mémen quén tinh tich J, J,,, 4, la
nhiing dai lugng duge xdc dinh theo cic ¢dng thic sau:

ny:kaxkyks kaykzk, 2x kazkxk (3.8)
k=1

k=1

]
[

Tir (3.8) ta dé dang chi ra céc tinh chit saw:

Joy = yuid gy =gy oy = s

(3.9
Jo = Z myry = Z mk(xﬁ + yi + zg),
k=1 k=1
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hay:
Jo=—(d, +d, +d.). (3.92)
2 ’ z
Trong tinh toan ky thuit ngudi ta thudng biu didn mémen quin
tinh cta vat d6i véi mét truc bang tich s6 khéi lugng cia vat dai
v3i binh phudng ban kinh quan tinh p:

J, = Mp?. (3.10)
Nhut vay, ban kinh quan tinh p 12 khoang cach tif truc z d&n mét
diém nao d6 ma ta cdn phai tip trung toan bd khdi lugng clia vat
vao diém dé sao cho ¢é mémen quan tinh bing mbémen quan tinh
claa vat dé1 véi truc z.
Momen quén tinh cia vat rin @81 v6i mét true nao d6 chinh 13 gidi
han cta (3.5):

. 2 2
J, = lim 3 Am,h? = jh dm . (3.11)
&mk—b(); £k a

Mbémen quan tinh ‘¢ha vat d8i véi mdt truc gidt modt vai trd quan
trong trong chuyén déng quay cia vAt. Cho nén ta c¢6 thé néi

mémen quan tinh cta vat dic trung cho quén tinh cta vat trong
chuyén déng quay.

§3.3. MOMEN QUAN TiNH
CUA MOT 5O VAT DONG CHAT DON GIAN

3.3.1. THANH MANH DONG CHAT

Gia st thanh manh AB = e ¢6 khéi lugng M. Dé tinh mdmen quan
tinh clia né d61 vdi truc z di qua ddu A va vudng gbée véi truc thanh,
ta goi dx 1a chiéu dai mdt phén t3 cha thanh va cach truc z mot
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. ” - . 1s . M . i
doan 1a x, khé1 lugng cua nb 14 dm = wdx, trong d6 vy =— 1a khal
a
lugng cuia mdt don vi chiu dai eta thanh,

-4

dx

Hinh 3.2

Theo (3.11) ta cé:

J, ==—Ma®. (3.12)

3.3.2. VANH TRON PONG CHAT

Gia sit ta c6 vanh tron dong chat khéi
lugng M ban kinh R. D& tinh mémen
quan tinh ctia 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 cb

khét lugng m,. Vi cic doan nay déu cach

truc z mdt doan bang ban kinh R ctia né
va ta col vanh tron la tdp hgp cac chat
difm c6 khéi luong m, nén theo (3.5)
ta co:

Hinh 3.3

" 1]
Jo =Y mphl=> myR*=MR*; J, = MR*.  (3.13)
k=1 k=1
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Céng thiic nay ciing diing dé tinh mémen quan tinh cta vo tru
ddng chat d8i véi true clia né.

3.3.3. TAM TRON DONG CHAT

Dé tinh mémen quéan tinh cla
tdm tron déng chét ban kinh R
khél lugng M déi véi truc z di
qua tam C va vudng gbéc vé mit
phéng ctia né.

Ta chia t&m tron thanh nhdng
hinh vanh khan nhd ¢6 ban kinh
r, bé réng dr. Nhu vay dién tich
hinh vanh khan 13 Z2rrdr va

khéi lugng mbt don vi dién tich Hinh 3.4
cla tAm tron dé 1a y= -
27R
Theo cong thic (3.'1 1) thi:
R R 4|B 2
J, = Irgdm = Jr2y2nrdr:2ﬂy£— = ME ;
4 2
0 0 0
1 2
J, =§MR : | (3.14)

Cong thic nay ciing dimg d&€ tinh mémen quan tinh ctia khéi tru
dide d61 vai truc cua né.

Ban kinh quéan tinh cla t&m tron ddng chét 1a p= ngg con ban

kinh quan tinh cha vanh tron déng chatla p=R.
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§3.4. MOMEN QUAN TiNH CUA VAT DSt V&L CAC TRYUC

3.4.1. MOMEN QUAN TiNH CUA VAT 8Ol vOI CAC TRUC SONG SONG.
DiNH LY HUYGHEN

Pinh Iy: Mémen quan tinh cta vat d6i vé mot truc nao d6, béng
mdmen quéan tinh cta vat dé1 véi truc di qua khéi tAm song song
vOi truc Ay cdng véi tich s6 gidia khéi luigng ctia vat véi binh
phudng khoang céach gitia hai tryc:

Sy =, + MdE. (3.15)

Hinh 3.5

Chizng minh:

Qua khoi tim C chia vat ta lap hé toa d6 Dé-cac Cxyz va qua O ta
l4p hé toa dd Dé-cac Ox'y'’2’ sao cho Cx=0x";Cy/lQy'; Cz//0z' va

cach nhau mét Xhoang d. Theo cing thitc tinh mémen quén tinh ta cé:

Je. =y my(xp +3i); (2)
k=1

ka(xk"'yk ®)
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Xét chét didm M, bat ky c6 ¥, = v, va &) = x, — d.
Dodd:

oo = zmk(x'i‘hy'i )= ka[(xk -dY +y3 ),
k=1 k=1

Jor = D mu(xp +¥2)+ Y md? —Zkaxkd .
k=1 k=] R=1

Vi 2% myx,d =2Mxed =0, do xc = 0 > Jg, =d¢, + Md*. Diéu
Z. _ ..
phai chdng minh.

Tt dinh ly nay ta thdy trong cac truc ¢é cang mét phuong thi
modmen quan tinh cda vat d6i véi truc di qua khéi tam € e6 gia tri
nhé nhat.

3.4.2. MOMEN QUAN TiNH CUA VAT A1 VI TRUC DI QUA GOC TQA O

Bink [y: Mdmen quan tinh caa vat d6i véi truc A bat ky di qua goc
toa d6 ¢6 biéu thic sau:
Jp=dy cos? oL+ J 0032B+Jz cos? y;
’ (3.16)
~2J 4y cosacos P~ 2, cosPeosy - 2, cosycos a,
trong dé: a, B, y — gbc chi phuong cla truc A.
Chitng minh:
Theo dinh nghia ta c6:
11 n U —3
Ju =y myhi=> m,(OM; -OH}).
k=1 k=1
Ta ciin chd ¥ d&n cac ding thie sau:
Z)—ﬂi ={(OM,)’ =(;;)2 =xit+yivz; =(alryi+ziN

=(xZ + y% + 2} )(cos® o +cos® B+cos® ¥);
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——3 -,
OH ' = (r, )" = (x, cosa + y, cosB + z, cosy)?

(&: 1a vectd don vi chi phudng cia truc A).

<y

Hinh 3.6

n
Ip=> mh[(xz + y}f + z,%)(cos2 o+ cos? B + cos® )
k=1

—(xp cosa + yp cosf + 2z, cos 21
Sau khi khai trién va sip x6p lai cac 8§ hang ta cé:

Jp =y coszohw"ycos2 B+, cos” y

—2eJ 4y, cosacosP - 2, cosBeosy - 2J 5, cosycosa.

Binh 1y duge chitng minh.

3.4.3. TRUC QUAN TINH CHINH VA TRUC QUAN TINH CHINH TRUNG TAM

1. Pinh nghia I: Truc Oz duge goi 14 truc quan tinh chinh tai O néu
gy =d, =0.

Tuong tf d8i véi true Ox:
J.=d, =0.
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D41 véi truc Oy:
J,=d.=0.

yx ¥z

2. Pinh nghia 2: Truc quan tinh chinh di qua khéi tAm goi 14 true quan
tinh chinh trung tAm.

Chii y: T dinh nghia 1 suy ra: Néu ¢6 2 truc 1a truc quan tinh
chinh tai O thi true thid 3 vubng gdéc véi ching cling la truc quan
tinh chinh tai O.

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

Binh Iy 1: N&u vit ¢6 true d6i xiing thi truc d61 xting 1a truc quan
tinh chinh trung tam.

Pinh [y 2: Néu vat ¢6 mit phing d6i xing thi mét trong céc truc
quan tinh chinh trung tim vudng gée véi mit phing d6i xdng, hai
truc kia n3m trong mat phing déi xtng.

Pinf Iy 3: N&u mét trong céc truc quan tinh chinh clia vat tai diém
O nao d6 di qua trong tdm cuaa vat thi truc dé 14 truc quan tinh
chinh trung tam.



Chuong 4
CAC DINH LY TONG QUAT
CUA DONG LUC HOC

Trong chuong 2 ta da nghién citu cach giai hai bai toan co ban ciia
déng luc hoe. Chudng nay ta thiét 1ap cée dinh 1y téng quat cha
dong e hoc. Cace dinh Iy nay phan 4nh nhiing méi lién hé cu thé
khéac nhau gitta htc vdi chuyén déng va dude sit dung thuén tién
khi khdo sat cac bai toan déng luc hoe.

§4.1. DINH LY DONG LUONG

4.1.1. PONG LUQGNG VA XUNG LUCONG CUA LJC

a. Bdng lugng clia chit diém va co hé

Pinh nghia 1: Pong lugng cua chit diém 12 mot dai lugng vecto

bing tich s& giita khéi lugng cha chdt diém véi van tdc cla né. Ky
hiéu G

G=mV. (4.1)

Chiéu ddng thic nay 1&n cac truc toa dd Dé-céc ta cé:
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g, =mV, = mx;
gy =mV, =my, (4.2)

q, =mV, =mz,
trong dé: ¢, q,, g, — hinh chiéu cia § 18n cac truc toa do.

ZA

<t
o}

Hinh 4.1

Dinh nghia 2: Dong ludng cta co hé 13 mdt vectd va bang tdng hinh
hoc cac vects dong lugng cha céc chat diém thude hé. Ky hidu Q:

§=Za=2mk‘7§; (4.3)
Qy =ZQkx = kaik
Qy = ZQky = kayk . {4.3a)

Q=D Qpz = ) My
Trong hé SI don vi ctia déng lugng 1a kg.m/s hay N.s.
Ta ¢6 thé tinh dong lugng cha cd hé qua vén t6c khéi tam C. T
cong thie Mr, = ka r,, néu 14y dao ham bac nhit theo thoi
gian ca hai vé& ta c6 Mr, = kai"'k hay MV, = ka‘_/; . Thay vao
d:fmg thiic (4.3) ta cd:

&3 my s - M. o
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Vay dong lugng clia ed hé bing tich khéi lugng clia ¢d hé véi van
toe khoi tAm C cla né. Vecto @ dit tai khéi tam C.

Chii y:

-~ N&u co hé chuyén d6ng nhung khéi tdm cha hé ding yén
thi @=0 vi V. =0,

~ N&u hé chuyén déng phiic hgp thi déng lugng @ chi die

trung cho phin chuyén déng tinh ti€n cha hé cung véi khéi
tam.

— Cong thie (4.4) rdt thuin tién cho vidc tinh ddng lugng cta
vat rdn. Néu cd hé 14 tip hgp cac vat rén thi déng lugng caa
cd hé bang téng hinh hoc ddng ludng cac vat ran.

b. Xung lugng cua luc

Xung lugng cua liuc 14 mét dai lugng dic trung cho tiac dung cia
lde trong mot khoang thdi gian nao dé.

Pinh nghia 1: Xung lugng nguyén td cua lyc F la mét dai lugng
vectd va bang tich s8 gifia khoang thdi gian v6 cang bé dt véi e F

dS=Fdt. (4.5)

Xung ligng nguyén t& dS bao gi¢ ciing hudng theo dudng tac
dung cta lic F .

Bink nghia 2: Xung ludng cia e F trong khodng thdl gian hitu
han ti ¢, dén ¢, ndo d6é bing tdng xung lugng nguyén t8 trong
khoang thdi gian dy:

h -
S= det. (4.6)
p

Né&u F = const thi S = F'.(t1 —t5).

Chiéu (4.6) 1én cac truc toa d6 Dé-cac ta cb:
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S, = [Fdt;
to
41
Sy = [Fydt; 4.7)
to
b
S, = [F,at,
ty

trong dé: §,,8,,8, va F,,F,,F, ]a hinh chiéu cha S va F 1én cac
truc cia hé toa d6 Dé-cic Oxyz.

Trong hé 51 xung hugng ¢6 don vi la N.s

4.1.2. DiNH LY DPONG LUONG CUA CO HE

Gid st hé cé n chit diém. Ta xét chat diém thit & ¢6 khéi lugng m,

chuyén dong véi gia tée W; do tdc dung ctia ngoai lye F . va ndi
hye F:: . Theo tién dé 2 ta cé:

W ot R
m W, =F +F,,

Vi - =
hay m, ddtk =F!+F,;

d o T
_d—t(mkvk):Fk'FFk.
Poi1 véi toan hé ta cé:
V)= F +SF -2 V)= e SF
2, Vi) = 2 Y o (Y my V) === =) Fl+ ) F,

Nhung ZFT‘ =0 nén;

dQ _ e
Ef—_ZFk. (4.7)
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Binf [y 1: Dao ham bic nhit theo thél gian vects ddng lugng cla co
hé bing téng hinh hoc t4t ca ngoai luc tac dung 1&n co hé.

DPing thic (4.7) bidu dién dinh 1y déng luong cha cd hé § dang vi
phédn, Nhan ca hai v& cta (4.7) véi dt rdi tich phan vdi can tucng

ang ta co:

é‘]. . tl — n ‘l—. —
[dQ@= [ Frae=) [Frde=7S:;
Q0 ‘o k=11
Q, Q= ZS: ' (4.8)
oday:  Qq,@; — donglugng cla hé tai thoi didm £, va ¢, ;
S{ - xung lugng cua ngoai e F; trong khoang thoi
glan ti £, dén £,.

Pinf Iy 2: Bién thién déng lugng ctia cd hé trong khoang thdi gian
nao dé bang téng xung ludng cua tit ca ngoai luce tac dung 1én hé
trong kheang thoi gian do.

Chiéu hai v& clia (4.8) 1&n cac truc toa dd Dé-cac ta cb:

le _QOx = ZSEI
Qyy ~ oy = ZS:; 2 (4.8a)
le - Qo =zsiz J

trong d6: @y, R, @0, v2 @,.Q,,,Q;, — hinh chiéu cia @,,Q,1én
che truc ctia hé toa do Dé-cac;

S¢ ,S:y .8} —hinh chiéu cia 8 lén cAc tryc &y.

Céc déng thic (4.8) va (4.8a) biéu dién dinh 1y d6ng lugng ctia co
hé 6 dang hitu han.
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4.1.3. CAC DINH LUAT BAO TOAN DONG LUONG

Tit cac dinh ly dong lugng ta suy ra:

a) N&u t8ng hinh hoc clia cic ngoai luc tac dung lén cd hé bing
khéng thi dong hugng cta co hé khéng déi.

That vay, tit (4.7) ta thiy

d@ <7 dQ

_d?:ZF: =0—>E=0 hay € = const .

b) Néu tdng hinh chiéu céc ngoai luc 1én mot truc ndo d6 bing
khéng thi hinh chi€u déng lugng clia ¢o hé 1én truc dé6 khong déi
{(ching minh tugng ty nhu trén).

Cac két luan nay 1a ndi dung ctia cace dinh luat bao toan déng higng.

¥ nghia:

- Pinh 1y ddng lugng cho ta mdi lién hé giia van tde, lue voi
thoi gian. Né gitp ta xac dinh duge mét trong ba dai lugng
khi biét hait dai lugng con lai.

-~ Dinh I d6ng lugng cdn cho ta tim dude cac tich phan ddu
ctia chét diém va c¢o hé trong modt s& didu kién cha lyc téc
dung. N6 cho phép ta xac dinh vects chinh cta ap hyc dong
chit 1dng tac dung 1én thanh 6ng va ap dung trong nghién
ciiu 1y thuyét va cham.

Chii §:
- Vinéi ge khong e6 mat trong cac dinh 1§ ddng hugng cua co

hé. Cho nén ndi lyc khéng lam bién d6 dong lugng cla
cd hé.

— Khi ap dung dinh 1y d6ng lugng, van tde 1a van toc tuyét doi.

Vi du 1: Mét vién dan khéi lugng m bay ngang véi van tdéc & dén
dap vao mdt xe cat dang ding yén. Xe cat sé chuyén ddng véi
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van téc bao nhidu sau khi va cham néu khol lugng ciia ¢a xe va cat
la M.

T
fn@'

Hinh 4.2

Bai giai:
Hé khdo sat gdm c6 xe cat va vién dan cho nén ta khi duge luc

sinh ra khi vién dan va cham vao xe.

Cac ngoai luc tac dung lén hé bao gdm: trong lugng vién dan
P =mg, trong lugng xe cat Q = Mg va phan lyc do mat dudng tac

dung &n xe 12 _N_'; va N;
Chon truc Ox ndm ngang hudng sang phai.

Téng hinh chi€u cic ngoai lue tac dung lén trén truc Ox bing
khoéng nén @, = const hay 14 @, = @,,. Trong dé Q. = mu la dong
lugng ciia hé trude khi vién dan cham vao xe con §,, 1a dong lugng
ctia hé sau khi va cham. Sau khi va cham ca xe va vién dan citng
chuyén déng v6i van tée V va song song véi mit dudng nén lic
nay ta cb:

Q. =M+m)V.
Thay vao ta duge Q.. = Q..
hay; mu=(M+m)V;

v=_"1¢_
M+m




Prin ba. PONG LUC HOC 47

Vi du 2: Mot vat nang A trong lugng P = 3kN roi khdng van tée
ban ddu xudng mot tdm thép nam ngang tit d6 cao A = 1,5m. Khi
bét ddu cham vao t&m thép van t8e cha vat 1a V = \{2gh v& hudng
xudng dudi theo phudng thing ditng. Thai gian bién dang cia tdm
thép la t = 0,01s.

Tim ap lyc trung binh cia tdm thép tdc dung 1én vat.

Bai gidi:

Ta cot chuyén ddng cta vat
nhu mot chat diém.

Cac ngoai lde tac dung lén
vat 14 trong lugng cua vat
P va phan luc N do t&m h _ﬁ
thép tac dung lén vat. -
Ta goi t 14 thai gian roi caa

vat, thoi gian bién dang )
cua tAm thép 1a . Khi vat &
cham vao tdm thép ngoai ~ et

trong lugng P nd con chiu

tdc dung cGa phan lue N

do t&m thép tic dung va {
huéng thing ding lén Hink 4.3

trén. Vi phan luc nay bién

d8i rat nhanh trong khodng thdi gian rat nhd 14 t cho nén ta coi
nhu mét hic khong d6i (tinh vdi gia tri trung binh) va ky hiéu 1a
N . Ta phai tim N,

Xung lugng clia p trong thol gian (¢ + 1) 1a ﬁ(t +1) huéng thing

ding xudng dubt. Con xung lugng cua N 1a Nt hudéng thing ding
lén trén. '

Van toc cha vat lic ddu v cudl bing khong. Chidu lén phuong
théng ditng ta cé:
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P(t+t)~Nt=0—>N=M=P[1+£].
1 1

Ta phai tinh thdi gian ¢ k& t¥ khi vat rdi dén khi cham vao t&m
thép. Ta cé:

mV -mV, = Pt =mgt.

2gh
Nhung V, =0 cdn V =,/2gh nén tzzz—ﬁ— hay ¢ = 2h va
g

N=P(1+£]:P[1 +l %]
T Vg
T két qua nay ta nhan thiy N s& ting khi A ting hay © gidm

di. Thay cac gia tri cha P, h, g, © vao biéu thitc tinh N ta c6:
N =167,8kN tic 13 4p lyc 18n gép gén 60 14n trong lugng.

ta cb:

Vi du 8: Mot tia nude bén ra tir miéng &ng citu hda véi van tée
u = 10m/s dén dap vao tudng thing ddng theo mdt gbe vudng.
Dudng kinh miéng &ng 1a d = 4cm.

Tim ap lde ctia tia nude 1én tudng néu bd qua sy nén ép ciia nude.

Hinh 4.4
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Bai giai:
Dé xae dinh ap e do tia nuée téc dung 1én tudng, ta di tim phan
lue do tuong tac dung.
Hé khao sat 1a khéi nude gidi han béi che mat cit aa,bb,cc. Sau
khoang thoi gian df khéi nude chuyén déng dén vi tri a'a’,b'8',c'c .
Ngoai lie tac dung 1&n hé chi ¢é phan luc R do tudng tic dung 1én
khé1 nude.
Chon truc Ox ndm ngang hudng tit phai sang trai. Ap dung dinh ly
déng lugng theo phudng Ox:

Q. - Qo = 2S¢, = Rdt;

Q,=0viV, LOx vd Q, =um,

nd?

trong d6 m =p 2 udt .

Do do:

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

trong d6 p 12 khéi igng riéng ctia nude va bing 1000kg/m®.

Thay céc gia tri vao ta c¢6 R = 125,6N. Ap luc ctia nuée 1én tudng la:
R =R - R =R=1256N.

§4.2. DINH LY CHUYEN DONG KHOI TAM

—_—

Ti dinh 1y dong lugng cha co hé %?—:Z;‘E , néu ta thay

dq _dMVy)

@=MV, thitacé — 7 =MW, hay la:

MW, =Y F;. 4.9)
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4.2.1. DINH LY

Khéi tAm cta ¢o hé chuyén dong nhu mdt chat diém c6 khdi hiong
bang khéi luong cd hé khi chiu tac dung ca t&t ca ngoai luc tac
dung lén cu hé.

Chiéu hai vé& cia (4.9) 1én céc truc cta hé toa dd Dé-cac ta cé:
Y 7 ¢ _ e
MWe, = Mxe = ZF’H Zxk
A e _ e
MWe, = Myc ZFky XY | (4.92)

MW, = Méc =Y F* =3 2°

£4

trong d6: W, , W, W, hay %:,¥:.2c — hinh chi€u cia W, lén
- - ¢ e e re ¢ e Y 3
cac truc toa do. JF"Z_I,!—"M,E"Iu hay ka,}"k,Z’z 18 hinh

—_—

chi€u cia F 1én céc truc toa dj dy.

T dinh 1§ nay ta thdy néi luc khéng anh hudng dén chuyén dong
khéi tAm cla cd hé nhung lai anh hudng d&n chuyén déng caa ting
chit diém thude hé. Vi vay khi tim chuyén déng khéi tdm cla co
hé ta khong cdn quan LAm dén ndi hic.

4.2.2, CAC DINH LUAT BAO TOAN CHUYEN DONG KHBI TAM

Tit dinh 1§ khéi tAm ta suy ra:
a) Néu tong hinh hoc céc ngoai luc tac dung 1én cg hé bing khéng
(ZF" =0) thi kh&i tdm ctia co hé chuyén ddéng quan tinh.

Néu liic diu co hé diing yén thi sé ditng yén mai mai.
That vay, tit (4.9) ta thiy néu Y Ff =0-> MW, =0. W, =0
hay VC}' = const.

N&u lic ddu hé ddng yén thi Ve =0.
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b) Néu téng hinh chifu ngoai Iyc 1én mét truc nao d6 bing khong
thi khéi tdm ctia cd hé sé chuyén ddng quan tinh theo truc dé.

Chitng minh tudng tu nhu muec a & trén.

Cac k&t luan nay 1a ndi dung céc dinh luat bdo toan chuyén dong

khéi tam. |

Ap dung Dinh 1y khéi tam thuong ap dung dé giai cic bai toan sau:

~ Biét chuyén déng cac bd phén cha cd hé, tim chuyén dong
ctia bd phan con lai.
— Biét chuyén déng cia cd hé, tim ngoai lyc tac dung lén cd

hé (thudng 12 tim phan luc).

Vi du 1: Mét chiéc thuyén chiéu dai a trong lugng @. Hiy xéc dinh

doan dich chuyén cla thuyén khi mét ngudi cé trong ludng P bit

ddu di tit tay 1ai dén muai thuyén, trong dé e can cla nude ¢d thé

bo qua va lie dau hé ding yén.

Bai gidi:

Hé duge khao sat bao gobm thuyén va ngudi.

Ngoai lyc: trong lugng thuyén @, trong lugng ngust P va lyc ddy

Acsimet N .

Theo dinh 1y khéi tdm ta cé:

M W_’C. -P4 Ej +N. (a)

Chi&u (a) 1&n truc Ox ta nhan duge: MW, =0 vi cac ngoai luc

song song vé1 Oy.

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

%o =0. Vivay x = const, nghia 13 toa dd khéi tdm ciia hé hic dau

va ldc cudi bang nhau: x{ = x,,

& day: x2 — toa do khoi tAm clia hé lic ngusi ¢ ddu 14i cta thuyén;
xc— toa d6 khéi tAm cia hé khi ngudi di dén mii thuyén.
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Ta ¢o:

>.p

o Pi¥p | FE e
Xeo =—Z—}——— va Xg :T (vi1 J":Zpk),

hay: Zpkx}: =Zkak , *)

G day: xp - toa do clia nguoi lie dau (4 vi tri tay lai)

a
Xo=%Xp+—.
@ 2

Khi ngudi di dén miii thuyén thi thuyén dich chuyén mét doan s,
gia thidt sang phai. Ta c6:

Xp = xp +5+a la toa dd cha ngudi khi dén miii thuyén;

__ a o a
xQ —xp""z_-—xp +3+-2—‘.
v4
ot — -

Xa

" Hinh 4.5
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Thay vao (*) ta c6:

Pxp +Qxg = Pxp +Qug;
Px} +Q(x§’, +%)=P[x‘; +s+%]+Q(x;+s+%J

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

B Pa
P+@’

Dau (=) chitng t3 chidu di chuyén clia thuyén ngude véi chidu gia
thiét (di sang trai).

Vi du 2: Mot ddng co dién trong lugng P, = 700N, rdto c¢6 trong
luong P, = 300N quay véi van tée goc n = 980 viph theo chiéu kim
ddng hd. Trong tAm cda roto khong d trén true quay ma lai d cach
ndé mot doan la ¢ = Sem.

Tim ap lyc thing ditng clia déng co tac dung 1én nén ngang nhin
va lue cdt ngang tac dung 1én buléng khi gdn ddng ¢d vao san bang
cAc buléng,

Bai gigi:

—

N
Hinh 4.6

R ///:? ////777///f/77///T/W/////f///////7/ b SIIATI
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He khao sat 14 déng co,

Ngoai luc tac dung 1én hé la trong lugng ddng co P, , trong lugng

réto P, va phan lue do nén tae dung 1én déng co N .

Téng cac luc cit ngang cac buldng khi gén déng cd vao san bang
cac buléng la F..

Sé khong méat tinh tong quat néu ta coi lae ddu khi ¢t = 0 khéi tdm
ctia roto § trén truc Oy. Tai thoi diém ¢ khai tam cha rbto c6 toa d6
la Xg Yo

Lic nay:
X9 = @sing = asin ot
Yo =@ACOSQ = acosml,
. 2nn  2m980
vl Ww=—= radfs
60 60
Ti dinh 1y khéi tAm ta c6:
MW;:E+E+.T\T*+F”. (a)
Chigu déng thic (a) 1én cac truc toa dd ta ¢6:
MWy, =N-P -PB,. (c)

Ta cé:
MWp, = Mip = kaik = mq X + MyXg;
MW, = Myc = Y my¥), = md + mo¥o,
trong d6: m,, m, ~ khéi lugng caa déng co va cna roto;

M = m, + m, — khéi lugng cla toan hé;
X Xz VA Y, ¥» — toa db cdc khéi tAm cla ching.

Theo d&u bai thi kho tam clia déng co 12 mt dim e6 dinh va
tring véi gbe toa dd nénx, = 0 vay, = 0. Do d&:
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- P .
MWe, = moiy =-—2 an? sin of;
g

.. P
MWe, =mgy, = —-E‘?amQ €OSs OF.

Thay vao (b) ta cb:
P, 4 .
F=MW, =-—ao°sinot;

P

=2 ao»® khi sinwt = —1.
8

F,

max

Thay tri s6 ta cé:

2
F,, - 300,98

ma T ge0 " 9
F_. Xhisinot = 1.

n? = 16200N = 16,2kN ;

T {c) ta cb:
P
N=P +P, + MW, =P, +P, ——~aw” cosw?;
g
P .
N_. =P, +P, ~—2a0® coswt khi cosot = ~1.

Ap lde ctha dong co 16n san 1a

N'=-N-o>N=N.

§4.3. DiINH LY MOMEN DONG LUONG

4.3.1. MOMEN DONG LUONG CUA CHAT DIEM VA CO HE

a. D8i vdi chat diém

Dink nghia 1: Mébmen dong lugng cha chat diém d6i véi mét tAm O

nao dé la mét vects. Ky hidu I, :
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lo = mp(§) = mp(mV) = FAmMV . (4.10)
Dinh nghia 2: Mémen déng lugng cta chdt diém d61 véi truc z 1a
mot Iugng dai s8. Ky hiédu {,.

L,=m,(g)=tmV*h. (4.11)
trong d46: mV* — hinh chidu cua vecto mV lén mat phéng (n)

vudng goc véi truc z (hinh 4.7); & 12 khodng cach tit giao diém O
cha m#t phdng (x) véi truc z dén dudng thdng mang vects mV *.

z} M(x.y.z)
i -‘7' —
r q
0 —-
Yy
X
z 4} i mV
|
! |
} |
ﬁL -Jf
! i
| 1
]

\V
/

3

‘i/

Hinh 4.7

Mbémen ddng lugng mang ddu (+) néu ti diém ngon cia truc z ta
thdy mV * quay quanh truc z ngude chifu kim déng hé v mang
déu (-3 n€u nguge lai.
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b. BOi vdi cd hé
Dink nghia 1: Mémen ddng lugng cua od hé dd1 véi mét tim O nao

d6 12 mot vecto va bang téng hinh hoe cac vecto mémen déng lugng
cha cic chat diém thude co hé 461 véi tam d6.

Lo =Y oy = 3 reAm, V. (4.12)
k=1

Dinh nghia 2: Mbdmen dong
lugng ctia ¢d hé d6i véi truc 2z
12 mdt lugng dai s6 va bang
tdng dai s moémen déng lugng
cla tit ca cac chit diém thude
cd hé dé1 véi truc 4y.

L= 1. (4.13)
k=1

Trong hé SI don vi cia mémen
déng Iugng 14 kgm?¥/s.

Tinh mémen dong luong cua vit
rdn quay quanh mét truc co dinh

Gia st vat rin (X) quay quanh

truc z ¢d dinh véi van téc géc

o. Xét chat diém tha k bat ky Hinh 4.8
thudge vat. Theo dinh nghia
ta co:

Lz = izzk = Zmz(mk ﬁ) .
k=1

Khi vat quay quanh truc z thi gi4 tri cua vén toc V, = rno. Mjt
khac vecto déng lugng m, Vk lail vudng gbc vii rk va nidm trong

mit phing vudng gée véi truc quay z cho nén:
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n . n n
L,= Zmz (m,V,)= Zrkmka = Zrkmkrkm; W
k=1 k=1 k=1

L, =Zrkmkrkm=2rfmkm =J,0; > (4.14)
k=1 k=1
L,=d,w. )

Vay, mémen dong lugng efia vat rin quay quanh mét true ¢d dinh
béng tich 8 van t6c géc ciia vat véi moémen quan tinh cla vat déi
v{l truc quay.

Néu cd hé gém nhidu vat ciing quay quanh mét truc z thi:
L,=d, 0, +J,0,+..+d, ,0,. (4.15)
Chii ¥: Ta so sanh céc cOng thic:
Q=MV;
L, =J,,

trong dé: M— déc trung cho quan tinh cla vat trong chuyén dong thing;
J,— déc trung cho quan tinh ctia vat trong chuyén dong quay.

4.3.2. DINH LY MOMEN PONG LUONG CUA CO HE

Gié sii co hé ¢6 n chét diém. Xét chdt didm thut k c¢6 khéi lLang my
chuyen dong vdi gia tdc W do ngoai luc F va ni e F tac

dung. Theo tién dé 2 ta c6:
my Wk =F + F; ,

dv, e i
dtk =F:+F,.

hay m,

Nhén vectd ca hai v& véi r, ta cé:

Am, d;’* _ EA[}E +}:] = AF + AFY . (@)
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Theo phép tinh dao ham mdt tich vectd ta cé:

——(rA V) = %AmV + rA——(mV)

dr = dr
Nhu -—=V ch — V=0.
ng ar cho nén 2 Am
Do dé:
d,.. = o -.d, 5od
——(FAMV)=rA—(mV)=—(,.). :
dr T m )y=r dt(m ) dt(Ok) (b)
Cén RAF® =my(F®) va rAF = my(FY). ©

Thay (b), {¢) vao (_a) ta cb:
d T LT RO .
-CE(lOk) = mO(F,, Y+ mo(Fk) .
Dé1 véi ed co hé ta c6:

Y o) = Y mo i)+ L mg(F)).

b i 3 dr-
Vl sz(F ) 0 Va Z__(IOk) - dtzlo'k :—Etg
nén két qua:
d(L, — —
(dtO) =Y mg(F7). (4.16)

Chi&u ¢a hai vé& cta (4.16) 1én cac truc clia hé toa do Dé-cic, ta
dude:

(L,) zzmx(}:)
(Fe ) | 4.17)

d(Lz) ;
7=Zmz(ﬂ)
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Binh Iy: Dac ham bac nhit theo théi gian momen déng lugng cua
co hé d81 véi mot tdm (hay mdt true) ndo 46 bang téng mémen clia
tdt ca ngoai lue tac dung 1én co hé d6i véi tAm (hay truc) d6.

4.3.3. PHUONG TRINH VI PHAN CHUYEN DONG QUAY CUA VAT RAN
QUANH MOT TRUC CO PINH

Theo dinh 1y ta ¢6 —== Z (EF‘?) ma L, =J_ o chonén:
dlL,) _d
2l = = J,— = F“
dt dt( )= Z 3
Vay:
7,22 g 6= m (FY). (4.18)
F4 dt z F4 k

4.3.4. CAC DINH LUAT BAO TOAN MOMEN BPONG LUONG

Tl cac dinh 1§ trén ta rit ra cic két luan sau:

a. Néu téng mdmen tit ca cdc ngoai luc téc dung 1én co hé ddi vai
tAm O bat ky nao d6 bang khong thi mémen déng luong cha co
hé 451 v6i tAm d6 khong ddi (vé hudng va gia tri).

That vay tit (4.16) ta thay
— dL,
mq(Fy=0 - —2
Z o k dt .
b. Néu téng mdmen cac ngoai luc tac dung 1én co hé d6i vdi mét

truc nao d6 biang khong thi mémen déng lugng ciia cd hé d6i véi
truc d6 khéng déi.

=0 do d6 Ly =const.

Chitng minh tuong ty nhu muc a d trén.
Ap dung:

-~ Cac dinh 1y mémen dong lugng thudng duge ap dung dé
nghién cGu chuyén dong quay cha vat hay chuyén dong
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cua ¢¢ hé bao gdm ca chuyén déng quay va chuyén dong
tinh tién.

—  Céc dinh luat bao toAn mdémen dong lugng cho phép ta xic
dinh van tdc goc hay gbc quay cia mét bd phan nao d6 cta
¢o hé theo van t8ec géc hay géc quay cla cac bd phén con lai.

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

Cé thé ap dung déng
thdi dinh 1y chuyén
dong kho1 tAm va dinh
Iy mémen dong lugng
dé giai bai toan vat
rdn chuyén ddéng song
phdng. Trong mit
phdng chuyén dong
ctia vat ta lap hé toa
dé Oxy, khi d6 phudng Hinh 4.9

trinh chuyén déng cta

khdi tam C dugce tinh theo dinh 1y chuyén déng khéi tam

MW, =S F¢=F°. (4.19)

Chuyén ddng quay clia vat rdn quanh truc z di qua khéi tdm C
vudng géc voi mat phang chuyén déng duge tinh theo:

Je b= me, (F?). (4.19)

Liic nay céc phuong trinh vi phan ctia vat chuyén dbng song
phéng:

a. Dang toa d6 Dé-cac:
MW, :Z e = s
MW, =Y Ff, =F; \. (4.19a)

JCzq-) = ZmCz (er)
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b. Dang tea dé tu nhién:
MW} = Z Ff =F;

MW M ZF" Ff
Je,€ =ZmCz(F:)

Vi du 1: Ngudi ta cudn ddu mdt sgi day khéng

gidn khong trong lugng vao mét rdéng roc b

dinh ¢6 trong ludng @ ban kinh r. Dau kia cla
day budc vao vat ndng A trong lugng P.

Tim gia tc géc cua rong roc khi vat A chuyén
dong thing ding xudng dudi. Coi rong roc 1a
vanh tron déng chét.

Bai gidi:
Hé khdo siat bao gdm rong roc va

vat A,

Ngoal lyc tac dung lén hé: Q, P, E; :

(4.19b)

¢

Hinh 4.10

Ap dung dinh 1y mémen déng lugng dé véi Oz di qua O va vudng

gbe voi mit phing.
Ta c6:

dL —
z m, (F:)

LE—IA+ LB =r(mV)+d,0= r—grm+

P, @y (B3 o
g g g

3 m, (F{) = Pr cho nén:

grzm;
8
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hay: i[wrzmjz Pr;

Vi du 2: Mbt sgi day vat qua rong roc O cb
trong lugng Q bing 1/4 trong lugng P cha
ngudi. Khi d6 mét ngudi trong lugng P nim
vao day tai diém A coén & diém B treo vat
nang c6 cung trong lugng vdi nguoi. Néu
ngudi leo 1én diy v4i van tde a tudng 461 véi
day thi tdi trong B s& chuyén dong nhu thé
nao.

Chit y: Khi tinh mdémen quéan tinh cta rong
roc ta gia thiét khai lugng ctia né phan bd

déu theo vanh.
Bai gldl Hinh 4.11
Ap dung dinh ly mémen dong lugng ddi véi

truc Oz di qua O va vudng gbc vii mét phéng clia rong roc:

dL -
dr:z =) m.(Fy).

Hé khao sat: nguoi A, vat ning B va rong roc O.
Ngoai ltfe E va f’; 14 trong lugng cua nguoi A va trong lugng vét

B, con ﬁ; 12 phén lyc clia truc O va Q.

Tacs: 3 m(Ff)=P,R-PyR=0 (vi Py =Py
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L =L+ L} + L,
trong d6: LS =J 0 ma J, = mR? :—::xﬁ
g

R2.

L? =%—RV;{‘ =%R(G—V3) Wi Va=d+Vy),

7

0 day: V5 1a van téc di 18n caa day va 12 van téc cha vat B;

2 -5 py,,
Coog
L -1+ 124 LC;
P Py P

L :—}A—R(a—VB)Jr

RV, +—R’0=0.
g 4g

Ma Rw =Vy nén:

Vi du 3; Mot tdm tron déng
chat trong lhigng }5, ban
kinh R c¢6 thé quay khéng
ma sat xung gquanh truc AB
thing ding di qua tdm C
cia tdm. Hoi van tdc gée caa
tdm sé bién doi thé nao néu
¢6 mbt ngudi trong lugng é
bét ddu di tit mot diém cach
truc quay méit doan r theo
mot duong tron ban kinh r e

v3i van tde u. _@g/"ﬁﬁ
A

Hinh 4,12
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Bai giai:

Hé khao st bao gdm tdm tron gin vao truc AB va ngudi D,

.

Ngoai lyc tac dung 1&n hé gém trong lugng tdm tron P, trong
lugng ngudi @ va cacphanhyctaiAvaBla R, va Rj.

Chon truc Az = AB ta nhan thdy

Y m(F&H=0
(vi cac ngoai luc déu song song hoic cit Az).
Cho nén L, = const. Nghia 1a L2 =L,, trong d6 L} 13 mbmen
déng lugng cha hé khi ngudi ding yén va van tde géc cha tdm luc
d61a o,.

CAn nhé riang khi tinh mdémen d6ng lugng cha ngudi d6i vdi true z
thi van téc ctia ngudi phai 12 van tdc tuyét déi. Theo dinh 1§ hap
van téc thi:

—_—

V. =ﬁ+ﬁ,

a
trong d6: \7,, =4 1a van t6e tuong ddi ca ngudi con van toc theo
cua ngusi la 17; ¢6 phuong vubng gbc véi r va gia tri la

ro va ¢d chiéu theo chiu clia w. Gia st chidu cha van
tde géc o cung chidu véi u ta sé cb:

V,=u+ro.

Khi ngudi dng yén thi u = 0 va van téc gbéc cla tdm lic d6 12 o,
chonén V, =ro,.

Ta ¢6:

E¥ =L +L¥=d.o, +9—r(rmo);
g
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44.1.

Khi ngudi di véi van téc @ thi;

=L +L*® =sz+9r(u+m}) =[Jz +Qr2}m+§m.
g g g

Thay L, = L] ta dugc: -
[Jz +9—r2]mo =(Jz +9—r2}o+gm;
g 8 4

Fng+Qr2—Qru_o) _ Qru
J.g+@Qr’ © o J.g+Qr

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

van toc goe s& giam khi ngudi di cung chidu quay clua . Nguge lai
van tdc goe sé tang khi ngudi di ngude véi chidu quay cta o.

§4.4. DINH LY DONG NANG

PONG NANG

. Ddng ning cha chat diém va cd hé

Dink nghia 1: Pong nang clia chit diém 1a mdt dai lugng vo hudng
v& bang mot niia tich s6 gida khéi lugng cia diém véi binh phuong
van tdc ca né. Nghia la:

T - %mV2. (4.20)

Pinh nghia 2: Ddng ning cia cé hé n chit diém bing téng dong
nang cua cac chat diém thudce ha.

n 1 .
T=2 5mVi. (4.21)

k=1
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Né&u co hé gdm céac vat chuyén. dong thi dong ning cha cd hé bing
téng ddng nang cha cac vat chuyén déng.

T-3T,.
k=1

Trong hé SI ddng nang c6 don vi 1a kgm?®/s?,

b. Péng ning cla mét sé vat rin chuyén dong

Vit rdn chuyén dong tinh tién _
Ta coi vat rdn chuyén déng tinh tién 1a tap hop n chit diém.
Khi d6:
T=%1myvz.
w1 2
Nhung vi vat chuyén dong tinh tién nén van toc moi diém déu
bang van téc khéi tdm C. Titc 1a V, =V, do dé:

4]

1 1 ) 1
::**:Z?r.e,yf:ng,E 3=§V32m,,=§MV§;

k=1 k=1 k=1
7= pve (4.29)
2 C .

Vay: déng ning cha vat chuyén déng tinh tién bing mét nda
tich s6 khéi lugng ciia vat véi binh phuong van téc khéi tdm C.
Vit ran chuyén dong quay quanh mot truc cd dinh

Khi vat quay quanh truc z ¢6 dinh thi vén tde cha diém M, bat
ky thudc vat 12 V, = r,o. Trong d6 r, 12 khoang cach tiY true z
dén diém M, va o 12 van tdc géc ctia vat. Do d6 ta c6:

> 1 1 1 -
T= Zamka = Zamkrfmz = Engmkrf .

n
k=1 k=1

23
Nhung ka ri =J, 12 mbémen quén tinh cta vat d61 véi truc z.
|
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Do dé: T - észﬁ . (4.23)

Vay: ddng nang chia vat rdn chuyén déng quay quanh mét truc
¢8 dinh bang mdt nia tich s6 mémen quan tinh cla vat d6i véi
truc quay va binh phuodng van tdc goc ciia né.

Vat rdn chuyén dong song phing

Khi vat chuyén déng song phdng thi tai m8i théi diém van téc
céac diém thude vat phan b8 nhu 1a chuyén dong quay tic thdi
‘quanh truc di qua tdm van téc titc thoi P va vudng géc vél mit
phang chuyén dong. Khi d6 4p dung cdng thitc (4.23) ta c6:

1
T:EJPZQ)E’ (*)

trong dé: Jp, 12 moémen quan tinh cta vat déi véi truc z di qua
tAm van tée titc thai P va vudng gbc véi mit phdng chuyén dong
cia vat edn o 12 vAn tée gde clla vAt.
Theo dinh 1y Huyghen ta ¢6:
Jpz = ch + Mdz, (**)
trong dé: d — khodng cach gifia hai truc song song di qua khéi
tdm C va tdm van téc tic thai P.
Thay (**) vao (*) ta dugce:
1
2
Nhung od = @.P.C = V, nén:

r-1g,0° =%(ch « Md*)o? =%J&m2 +—“1§Md2m2.

T- %ch& +%MV§. (4.24)

Vay: dong nang clia vat chuyén déng song phing bing dong
nang cla vat trong chuyén déng tinh tién ciing vdi khéi tdm C
cdng voi ddng nang ctia vat trong chuyén ddng quay quanh tryc
di qua khéi tdm C vuéng géc vdi mat phing chuyén déng
cua vat.
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4.42. CONG CUA LYC

Cong cta e trén mét doan dich chuyén nao d6 12 mot dic trung
cd ban dé danh gia tac dung cla lyc trén doan dich chuyén dé.

z4

M, 5
%
) 3 M,
0 .
y
X
Hinh 4.13

a. Céng nguyén té

Dinh nghia: Cong nguyén t6 cta luc F trén mdt doan dich chuyén
v6 cang bé ds 14 mét dai lugng v6 hudng va duge xac dinh:

dA =F.ds, (4.25)

trong d6: F,= F.cosa ~ hinh chiu caa lye F lén phuong vectd van
téc V didm dat M caa luc F . Do d6 dA = F.cosa.ds.

Tit déng thic nay ta thdy F va ds déu dudng nén déu ctia dA phuy
thudc vao do 16n cha goc a.

~ Néu acx -g— thi dA > 0: lyc 1am ting chuyén dong.
~ Néu o> -g thi dA < 0: Iuc can trd chuyén dong.

- Néu a =g thi dA = 0: Iue L vdi phuong chuyén déng nén

khéng sinh cong.
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Mat khac ti dong hoc ta ¢b ds = Vdt cho nén:
dA = F.coso.ds = F.cosa.Vdt = F.Vdt = F.df ;
dA = F.dF . (4.26)
Déng thitc nay biéu didn edng nguyén td & dang vecta. Ta cé thé
biéu dién (4.26) & dang giai tich:
dA = Fdx + Fydy + Fdz = Xdx + Ydy + Zdz, (4.27)
trong d6: F,, F,, F, hay X, Y, Z 1a hinh chiéu cuaa lyc F lén céc
truc toa dg;
dx, dy, dz - hinh chiéu cia dr 1én céc truc dy.

. Cong hitu han cda lyc F

Dinh nghia: Cong cua lyc F trén mdt doan dich chuyén hitu han ti
vi tri Mo dén M, nao d6 do diém dit ctia lye F vach ra bing tich
phan x4c dinh cla céng nguyén t3 dA trén doan dich chuyén &y.

Asiar; = [ Fds= | Fdf= [ Fdx+F,dy+F,dz. (4.29)

Don vi tinh céng trong hé SI 14 Nm hay Jun
Cong sudt:

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

N=ﬁ=F,@=FIV=FcosaV;
dt dit
N=FV. (4.29)

Don vi tinh cbng suat 1a J/s.

c. Biéu thuec tinh cdng trong mdt s& trudng hgp thuréng gap

» Céng cha trong lyc

Mot chat diém c6 khoi Iugng m khi & gin mit dat c6 trong lugng P
hudng thing ding xudng dudi.



Phin ba. DONG LUC HOC 71

Néu ta chon hé toa d6 Oxyz c6 truc Oz hudng thing diing 1én trén
thitacth: P,=0;P, =0; P,=-P.

Khi d6 eéng cta trong Iuc P s&la;

MoM,

A . = ?dex +P,dy+ P,dz = —szdz = —szdz ;
Mg

zp 20

A . =-P(z,-2,).

MgoM,
Néu ta goi & =|z, —z| thi ta c6:

Ap =+Ph. (4.30)

M (x,y,.2,}

<

Hinh 4.14

Tt (4.30) ta thiy cong cta trong lyc mang ddu (+) khi diém dit eha
lye di xudng va mang dau (-) néu ngude lai. Ta nhan thiy cdng cua
trong luc khéng phu thude vao dang quy dao diém dat cua lye ma
chi phu thude vao hiéu s6 dd cao A.

» Cong cna lyc dan hoi tuy&n tinh

Luc dan héi tuyén tinh tudn theo dinh luat Hic, nghia la:

F=—cr,
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trong dé: ¢— hé sb cling;

7 — vecld dinh vi diém dat cia F = —¢r @61 véi gbe O,

z‘}

Hinh 4.15

Céng caa lye F khi diém dat cta né di chuyén tit vi tri M, dén vi
tri M, 13

A= :]Fd? = —?szd? = __éc’j[d(;)z‘

A= —%’jd(r_‘é) = —%(rgz - rf). (4.31)
f

Trong trudng hop 16 xo, cdng cia luc d¢an hédi 16 xo khi ddu mut cta
né bi€n dang mot doan § so véi trang thai khong bién dang (trang
thai tu nhién) clia né bang:

A=-Sp2,
2
Cang nhu céng cia trong lye, cong cta lyc dan héi tuyén tinh

khéng phu thude dang quy dao diém dit cha lyc ma chi phu thude.
vio vi tri dau va vi tri cudl ctia né.
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¢ Céng cta huc dit trén vat rian chuyén déng quay
Xét hye F tac dung 18n vat rdn quay
quanh truc ¢8 dinh. Khi 46 céng nguyén
t6 cua Wgec F s8 la:dA = F.ds = F.hdo,
vi ds=hde va do la géc quay nguyén
td ctia vat. Mat khéc ta thay F, & lai la
moémen cua Iyc F dd1 vé truc quay z,
nghia la M, = F, h.

Do dé6:

dA =F hdo=M,do.

Néu vat quay mét géc hitu han ¢, thi

cong la:

P Ryl
A= |dA= M, do.
4] 0

Hinh 4.16

Néu M, =constthiA = M,p,. (4.33)

N&u vat chiu tdc dung cta mét ngiu Iyc ndm trong mit phing
vubng gbc véi truc z thi M, chinh 13 mémen ctia ngiu luc 4y.

» Cong cua lyc ma sat trugt

Xét vat chuyén doéng trén mét mat khong nhin. Khi db ¢6 luc ma
sat trugt. Do do6:

M, ‘N"'
A =— | Fpds
Mol ad, 4.3 . v
34
M, (4.34) ms
=~ I fINds.
Mo
Hinh 4.17

Céng cua ldc ma sat trugt
luén dm.
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e Cong cla lyc ma sat tac dung 1én vat chuyén déng song
phéng lan khéng truot

Gi st banh xe trong lugng P ban kinh R chuyén déng lan khéng
trugt trén mit phing khéng nhén.

Cac luc ma sat tac dung 1én banh xe 14 ngAu luc ma sat lan M, va
va lde ma sat trugt F .

e Cong nguyén t6 ctia ngiu luc ma sat lan
(vi M,= kN véi k 13 hé s6 ma st lan con N 13 phan lyc phép tuyén).
Do banh xe lian khong trugt nén do = E‘;i, trong d6 dsp la dich

chuyén nguyén t& tdm O cta banh xe.

dSO k
dA =-kN -2 =—— Ndsp:
R RO
S, 8, A Sy
—»>A=- IdAz— IENdSO =-— INdSO
S 8 8

N&u N 14 hing s8 va chon 8, = 0 thi

A--%Ns,.
R

Hinh 4.18 Hinh 4.19
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» Cang cuia e ma sat trugt
dA =-F, ds=~F, Vgpdt,
trong d6: V, - van t8c diém dat B cha 3’; (vi banh xe 1in khéng
trugt nén diém dat caa F’; 14 tAm van téc tic thei B).
DoV,=0néndA =0.
Khi vat chuyén dong song phing lan khéng trugt thi ¢dng cua luc

ma sat trugt trong dich chuyén ludn ludn bing khong con cong cta
ngiu luc ma sat lan khac khéng. Trong nhiéu trudng hop ta ¢6 thé

T r a w - ¥ e k e a7
bo qua stc can lan vi ty s6 7 rat nho.

¢ Cong cha ndi huc

——

Xét hai diém A va B thugc vt, theo tinh chat néi lyc thi Fj = -F,
va ¢ cing duong tac dung

dA = dAL +dA =F,dr, + Fpdr,
= Fpdry —Fadrg = F,d(r, ~r5)=F,dBA.
— Néu la vat rén thi
BA = const — dﬂzO-—)dA:O

— Neéu la vat bién dang thi

dBA 20 — dA=0.

4.4.3. DINH LY PONG NANG D01 VOI CO HE

Gia sl cd hé ¢6 n chat diém. Ta xét chit diém thit & chiu tac dung
cia ngoai lyc F; va ndi lye F ; . Theo phudng trinh cd ban cta

dong lyc hoc:

W eI
m, W, —Fk +F,
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dV, T
dtk =F;+F. .

hay m,,

Nhéin v hudng ca hai v& vdi dr, ta cé:

dV

drk —[F9+F‘)drk -F* d:",z +F! drk ,

—_—

hay m,V,dv, =—mkd(V2) d( m V2]=d.A;+dA;;.
D61 véi toan hé ta cb:
S 1 e i
;d(amkvf}zlmk + > dA;;
i ¢
d(z2mkVJ dT =) dA;+ dA;;

dT = > dAf + > dAf. (4.35)
DPinh Iy 1: Vi phan déng nidng cia co hé bing tdng céng nguyén to
cua tdt ca cie ngoai lyc va ndi Iue tie dung 1én hé.

Néu tai vi tri M, co hé ¢6 dong nang T, va tai vi tri M, co hé cé
doéng nang T, ta 4y tich phin x4c dinh ¢4 hai vé& ctia (4.35) theo
cén tuong tng. Ta c6:

7 M Mo
[ar= [ das+ JZdAk_Z IdAk+2 faai;

Ta My . MCI My

T, -Ty=Y A;+ D A;. (4.36)

Pinh [y 2: Bién thién déng néng cua cd hé trén mét doan dich
chuyén nao d6 bing tdng céng cha tat ca ngoai lue va ndi luc tac
dung 1én hé trén doan dich chuyén 4.

Déng thitc (4.35) biéu dién dinh 1y dong nang d dang vi phan con
déng thitc (4.36) biéu dién dinh 1y déng nang & dang hitu han.
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Tl cac dang khac nhau caa dinh 1y nay ta thay: khac véi cac dinh
Iy tong quat ma ta da xét & trén, trong dinh 1y déng ning néi
chung ¢6 mat ci ndi lye. N6i cach khac ndi luce c6 thé lam bién dsi
déng nang cua ¢d hé.

» Trudng hdp ddc biét khi co hé 1a vat rén c6 lién két ddy mém
khéng gidin hay lién két ciing véi nhau thi ) A; =0. Khi d6

T,-T, =) A;.
* Néultc ddu h¢ ding yén thi T, =0 nén T, = > A; .
Ap dung:

~  Dinh Iy ddng ning cho ta quan hé gifta van tée, luc va dich
chuyén. N6 gitp ta xac dinh dudc mét trong ba dai lugng
khi biét cic dail Iugng con lai.

~  Pinh 1y d6ng ning & dang hitu han thudng duge ap dung dé
tinh vén tdc theo dich chuyén, tit d6 ta tinh duge gia tée.

Chi ¥: Khi tinh dong ning thi van tc 1a v4n toc tuyét A6l

§4.5. DINH LUAT BAO TOAN CO NANG

4.5.1. CAC DiNH NGHIA

a. Truong luc

Trudng hyc 12 mét phdn khéng gian vat 1y ma trong d6 méi chat
diém chiu tac dung cha luc chi phu thudc vao vi tri cia chét
diém &y.

F=F(F =F(x,y2).

Vi du: trudng trong lue, trudng lyc dan hai.
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b.

4.5.2.

Trusng luc thé

Truong hic thé 13 trudng Iuc ma cdng ctiia Idc tic dung 1én chét
diém chi phu thude vao vi tri ddu va vi tri cudi chii khéng phuy
thude vao dang quy dao diém dit cta luc.

Luc do truong luc thé tac dung dude goi la lye thé.

Vi du: trudng trong lye, trudng lue dan héi tuyén tinh.

. Th& néng

Thé& nang cha cd hé tai vi tri M nao d6 bing tong edng caa céc lue
c6 thé tac dung 1én cd hé khi né di chuyén ti vi tri M dén vj tri O.

M)=> A s . ' 4.37
(M)=>’ YV (4.37)
Vi tri O dude chon tiy ¥ goi 14 géc thé nang cho nén thé ning clia
cd hé tai mdt vi tri ndo dé s& sai khac nhau mét hang s6 cong.

R4 rang thé nang cia cd hé tai vi tri (O) bing khéng. Nghia 1a

Vi lue thé chi phu thuée vao vi tri cac chédt diém cha co hé cho nén
¢ong cta né cang chi phu thude vao vi tri cde chit diém cha co hé.
Do d6 thé ning ctia ¢ hé cling chi phu thudc vao vi tri cac chit
diém cta cd hé. Nghia la:

T =72y, Y1215 %2, Yo Zgsees Xy V¥no 2 ) -

DINH LUAT BAO TOAN CO NANG
Gia sit co hé chuyén dong trong trudng luc thé tif vi tri M, dén M,
nao dé. Theo dinh 1y dong ning:
To-Ty = Amm, = 2, Ama, + 2 Asom,
=D Ay, -2 AMm, =T - T

T2—T1=TE1—1!2-—>T2+R2 =T1+1'El = const .
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bat E=T+= goi 14 ¢d nang cla hé va bing téng ddng nang va
thé& nang cua hé thi ta cé:

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

Khi ¢¢ hé chuyén dong trong trudng thé thi tdng dong ning va thé
néng cia cd hé khong ddi.

Hé cg hoc nghiém ding dinh luat bao toan cd ning dude goi 13 hé
bao toan. Hé thic (4.38) cdn duge goi 14 tich phan niang lugng.

Néu E = const thi co hé goi 14 hé bao toan;

Néu E # const thi cg hé goi 14 hé khéng bao toan.
45.3. CACViDU
Vi dy 1: Mét thanh déng chit OA = 2/ trong Iugng P quay quanh

truc O trong mit phdng théng ddng. Thanh cén 6 van tdc gée
bang bao nhidu dé chuyén dong tit vi tri thdng ding dén vi tri nim

ngang.

Bai giai:

Ap dung dinh luit bao toin co

ning tit vi tri OA thing ding T) ______ c A’
d6n khi OA ndm ngang LT - ——===1
TC +TCC =TC| +T[C- . L(?i‘y dlém C Z P

lam gdc th& nang néa =n, =0,

khi chuyén déng dén vi tri ndm

ngang thi T = 0. “m_
P
Béng nédng:
1
T.==d o, A
C 9 0z

Hink 4.20
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ma J, =1412£,
3 g
nén T, L L P
3 g
Thé nang tai vi tri ndm ngang:
ne =Pl
Ta cb: gxfﬁmz:Pz-»Exim?:l;
g 3 &
0= 2
2

Vi du 2: Mot vat ¢d trong lugng a dude budc vao ddu mdt sgi diy
khéng gidn, khéng trong lugng vt qua mét rong roc ¢ dinh B.
Dau kia cta ddy bude vao truc con lan E. Con lan E lan khéng
trugt trén mat phing ndm ngang ¢6 dinh. Rong roc B va con lan E
c6 eling trong lugng P, ban kinh R va dudge coi 12 dia tron dong chit,
Tinh ddng nang cha hé khi vit A rdi xudéng véi van téc V,. Liic dau
hé ding yén.

Bai gidi:

Hé khéo sat gdm cac vat
A BvAE,

Phan tich chuyén déng:
vat A chuyén déng tinh
tién, vat B chuyén dong
quay quanh truc ¢d dinh
di qua O. Vat E chuyén
déng song phing. Ta c6
ddng ning cia hé:

Ty =Ty + T + Ty,

o4

Hinh 4.21
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T, = tm,vi=1.%yz,
S2 2 g
1
TB“EJD(’J.ZB
Ma ta cb
J,=tmur? =1 PR?,
2 g
\ Va
on =4
c Wg %
2
nen B_lx_l_ng?'},i;
2 2 g R
Vi didy khéng gidn nén
v
V, =V, va =4
A c Va Op )
Cho nén
2
TE—lxl 532&_4_1 P A_3 P
2 2 g R 2 g 4 g
TM=TA+TB+TE_~ QV‘=‘ 1.2y
' g
Thé=Q+2PVj.

Vi du 3: Mot xe trong lugng é duge kéo 1én iheo mit phing

nghiéng mot géc o nho luc kéo F hudng song song v4i mit phing
d6. Xe duge dit trén 4 banh ¢é ban kinh R, trong lugng mbi banh

xe 14 P va dude coi 1a dia tron déng chat.

Tim van tdc caa thung xe khi xe dude kéo 1én mét doan s va gia tdc
cua nd. Bo qua lyc can lan va coi nhu banh xe ldn khong trugt trén

mit phing. Lic ddu hé ditng yén.

Ly

VA,
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Bai giai:

Hinh 4.22

Hé khao sat gbm thing xe va bon banh xe,
Phan tich chuyén déng:

—  Thung xe chuyén dong tinh tién

~  Céc banh xe chuyén dong song phéng.
Lic ddu h¢ ding yén T,=0vihé la vt rAnnén ) A} =0.
Ap dung dinh 1§ dong nang:
| T,-T, =Y Af + Y Af.
Do dé T, =Y Af;

T =T, +4T,,, *)

trong d6: T, - dong nang cta thung xe;
T,. — déng ning ctia banh xe
7, - tx 2y
2 g
va T, = LN +}-ng.
2 2
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Ta cé
Vo=V vam—izz;e}z—leRQ
R R 2 g
v, 13 2 \I
T:leV‘z+4rlxlx£sz—‘+lx£V2 ;
2 g 272 g R T2 J
T:le172+4Ex£V2—Q+6PV2
2 g 4 g 2g

Céc ngoai Iyc tac dung 1én hé: . P, N, F.
Ta cé
ZAz :AP+AQ+4AP +AN‘

Vi N ¢6 phudng vudng géc véi dich chuyén clia xe nén Ay = 0 edn

A, =-Psxsina;
> A} = Fs—@sxsina -4Psxsino =[F - (@ + 4P)sinals,

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

Thay cic gia tri vao bidu thiie (*) ta cé:

Elg(Q +6P)V2 =[F —(Q + 4P)sinals (**)

Tu day ta cé:

2g .
= _ Pis
V \{Q+6P[F (@ +4P)sinuals

Khi tim gia tde, dé don gian, ta tinh dao ham bae nhat theo thdi
gian ca hai vé caa (**) va chi ¥ rang
ds

—=8=V,
dt -
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Ta duge:

-2—1§(Q +6P)2VV = [F - (@ + 4P)sinals .

W=V=[F—(Q+4P)Sina]
Q +6P

Mubén cho xe di 1&n duge thi W > 0 hay
F-(@Q+4P)sina >0,
hay F>(@+4P)sina.



Chuong 7
NGUYEN LY DALAMBE

Céc phuong phap giai bai toan déng Iitc hoc ma ta da xét: cac
phuong trinh vi phin chuyén déng va cac dinh 1y téng quat déng
lye hoc déu dya trén cd sd tién d€ 2 ctia Niuton. Nguyén ly
Dalambe s& cho phép ta sit dung phudng phap can bing tinh hoc
dé gidi bai toan déng luc hoc.

§5.1. LUC QUAN TINH

5.1.1. LUC QUAN TiNH CUA CHAT DIEM

Xét chat diém khoi lugng m chuyén ddng trong hé quy chidu quan
tinh véi gia téc W duéi tac dung clia lic F. Theo tién dé 2 clia
Niuton ta co:

F=mW hay F+(-mW)=0.

Ta th&y cac s6 hang & vé trai clia ddng thitc nay déu c6 ciing ddn vi
la ddn vi cta Iye. Dat F¥ = -mW va goi 1a lye quan tinh cha chat
diém.
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Dinh nghia: Lidc quan tinh ctia chdt diém 12 mét dai lugng vecto
ciing phudng nguge chidu véi vects gia tde clla diém va cb tri 6
béng tich s6 khéi lugng ciia diém véi gia tée etia né. Nghia la:

F = -mW. (5.1)
Chi&u biéu thic (5.1) 1én cac truc ctia hé toa d6 Dé-cac ta cé:

F% = _mW, =-mi

F =—mW, =-mjy. (65.2)

F¥ = _mW, =-m3

2

Né&u ta chidu bidu thic (5.1) 1én céc truc ctia hé toa d6 tu nhién

M1nb ta cé:
av
HeomWe=om Gy
Vz
FF,‘?‘r =-mW, =-m—:. (6.3)
P
Fit =0

Fb‘*‘ =0viW,=0do W nim trong mat phaemg mat tiép.

5.1.2. HE LUC QUAN TiNH CUA CO HE (Hé chét diém)
Xét co hé ¢6 n chit diém, khi d6 mbi chat didm c6 mdt luc quan
tinh F = —mkﬁf: . Co hé n chat dim nén ¢6 n lyc quén tinh.

Téap hdp tat ca n lye quén tinh tic dyng 1én cd hé dude goi 1a hé lyc
quéan tinh tac dung lén cd hé.
Khi thu gon hé Iuc quan tinh nay vé tAm thu gon O bt ky bao gio

ta cing duge mdt Iyc quan tinh chinh R va mdt ngdu lue quan
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tinh chinh ¢6 vectd mdmen chinh cua cde luc quan tinh 1a M

ma;
RY <> Ff MY =3 mo(F3).

Ta c6 thé tinh R =) F{ qua gia t8c khai tam C. Khi dé:
RY =Y Ff == m,W, =-MW,.

Hay xét mét s8 chuyén déng thudng gip.

a. Vat chuyén déng tinh tién

Vi vat ran chuyén dong tinh tién nén Wk = I_’Vz Thu gon hé lyc

quén tinh vé khéi tAm C ta cé:

ﬁ:2ﬁ=‘zmkﬁ=‘zmkﬁc‘:—MW_c )
RE =-MW,

&(5-4)

Mgt = Zm—c(%‘:‘;) = ZEAW = ‘Za/\mkﬁ = kaa./\ﬁc.

MZ = —Mr AW, =0,
Do ta 18y khéi tAm C lam tam thu gon nén ;(J: =0 nén

Mg = -Mr AW, =0.

b. Vat quay quanh truc cd dinh
Xét vat rdn c¢6 mit phing d61 xdng va quay quanh truc Oz vudng
gée vOi mit phing d6i xing tai O. Khi thu gon hé lyc quan tinh vé
O thi tai O ta duge mét lde quan tinh chinh, xic dinh bdi
R_g‘. = —MFC va mdt ngdu luc quan tinh c6 mémen bing mémen

chinh cua cac luc quan tinh déi véi tdm O.
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Mg, = Y mo:Fi') = ¥ mo. (Fy)
= —Z hkmkaT = —Z mkhfﬁi
Mg =—Joe. | (5.5)

Vi céc Iye quén tinh theo phudng phap tuyén cé mémen déi véi
truc z di qua O bang khong.
Déau (-) cho ta biét chiéu cuia ME ngude véi chidu cua ¢
Chu y:
~ Né&u truc z di qua khéi tdm C thi R* =0 vi W, =0. Khi d6
hé lyc quan tinh thu vé ngau lue vt MZ = -J ¢,
— Neéu vat quay déu thi Mg’ =0 vi g = 0 khi d6 hé Iuc quan

tinh thu vé mot luc.

. Vat chuyén déng song phing

Vat ¢6 mit phing d6i xdng va chuyén déng trong mit phﬁng déi
xiing 4y. LAy khél tAm C lam tAm thu gon. Thu gon hé cac luc
quan tinh vé khéi tAm C ta dude mét lue quan tinh dat tai C va luc
dé duge xac dinh bdi cbng thiic EE" = vMWC va mdt ngau luc b

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

D&u (-) ching t6 R¥ va MZ c6 chiu nguge v6l cinéu cia W, va
g ¢ Cz : ¢
g con J, 132 mdmen quan tinh cua vat d6i véi true z di qua khéi

tam £ vudng goc vai mit phang 481 xing.
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§5.2. NGUYEN LY DALAMBE

5.2.1. POI VOI CHAT DIEM

Xét mét chdt diém khéi hugng m chuyén déng trong hé quy chidu
quan tinh véi gia tdc W dudi tac dung caa lyc F. Khi d6 ta cé
(F,F%)~ 0. Day 13 hé lyc ddng quy (ciing d4t vao mdt chat didm)

-~

nén:
(?,ﬁ)- 0 hay F+ F% =0.

Nauyén Iy: Tai mbi thoi diém cac e téc dung 1én chat diém va lue
quan tinh cia né lap thanh mét hé hic can bing.

Chi y: Né&u chat diém khong tu do thi luc tdc dung 1én chit diém
bao gébm ca phan Iyc lién két N . Khi dé:

F+N+F% = 0.
5.2.2. DO VOI CO HE

Gié stt cd hé ¢6 n chit diém 6 khoi lugng m,,my,...,m, chuyén dong
trong hé quy chifu quéan tinh v6i gia téc Wl,W;,...,Wn dudi tac
dung cha hé lyc F,,F,,.,F, . Xét chdt diém thdt & c6 khéi luong
m,, gia tdc W, dusi tac dung cla luc _F: . Theo nguyén 1y Dalambe
d6i voi chat diém nay ta cé:

(F, Fi)~0 hay F, +F% =0,
D61 véi toan hé thi

> (F,.F#)~0

hay (F,F,..F, F'FZ. F%) ~0, (a)
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Nguyén ly: Tai mbi thdi diém cac lyc tac dung 1én cie chat diém cha
ca hé va cac lye quan tinh ciia chiing 14p thanh mét hé hic can bang,

Chii y: Luc F, tac dung 18n chat diém thd & 13 hop luc cha lue
hoat déng va phan luc lién két néu 14 co hé khong tu do va Fk 12

hgp luc clia ngoai Iic va nodi lue néu cg hé 1a tuy do.

§5.3. PHUONG PHAP TINH PONG

Tit diéu kién (F, F,..F, F*FZ .F%) ~ 0. Ta l&y mét diém O bat

ky lam tdm thu gon thi:

(F.F,..F, FUF$ . F*) ~ (R, va M) ~0. (b)
trong dé:
Ro=SFi+ XF =S+ LF+ LF =X + LF{ =00
Mg =Y. moFp)+ X mo(F) + X mo(Fp)+ X mo(FE) 5.7
= 3 mo(EE)+ Y. mo(Ft)=0. (@

Do tinh chdt ndi bye S F! = 0 va ¥ mo(FL) = 0. Khi chidu (¢) va
(d) 1&n cac truc cua hé toa d6 Oxyz ta dugc:
Roy =2 Fy, + L FL =0 )
Roy = 2. Fg, + S FEY =0
Ro, =Y. Ff +3 F¥=0
Moy = ¥ moe(F) + Y mog (FF) = 0
Moy = % moy(Fy)+ T moy () =0

Mg, = ZmOZ(F;) + ZmOz(qu‘) =0 )

(5.8)
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Cac phudng trinh nay goi la phuong trinh cdn bing tinh dong. '
Chi ¥:

T A

- N&u (b) 1a hé luc khong gian thi khi c¢hi€u 1én cac truc toa
dd ta c6 6 phudng trinh cdn bang (5.8) & trén.

— Né&u (b) 13 hé luc phing thi ta chi ¢6 3 phudng trinh cén
bang.
Y nghia cua nguyén ly:
— Cho phép ta st dung phuong phap tinh hoc d€ giai bai toan
déng luc hoc sau khi dit thém céac lye quan tinh.

-~ Cho ta xac dinh céc phan luc lién két xuit hién khi hé
chuyén déng. Cac phan luc lién két trong bai toan déng luc
¢6 chiia yéu t& chuyén déng goi 14 phan luc dong luc.

Vi du 1; Hai vat ning A va B c6 trong lugng la E va }_’z. dudc néi
v6i nhau bang s¢i day khéng gian, khéng trong lugng. Mét luc @
song song véi mit tita taic dung 1én vat A. Hé s6 ma sat trugt gitia
chc vat voi mat tya ndm ngang 1a £, Tim gia tdc cac vat va sic cing

cua day.
Bai gidi:-
—t —r —
AN . N AN
—-— 2 — 1 —_ 2
qt at - qt =
?_-—ms FZ‘ ';:-ms Fi Q 'j':"'ms F2 T
3 - ——] B{I L o} As —— > a———1 B” ——a
Bl 77 e i Ll L 777 Bl e il
L Y Yo e
7 ; 7
Hinh 5.1

Hé khao sat: cac vat A, B va day.

—. . — —— _—— = e

ey — ——— Am—

voi F™ =fN, =fP; F;” =N, = fF,.
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Vi day khong gidn nén hai vat chuyén déng véi gia tée bing nhau:

W, =W, =W
cho nén:
F3 =£1-W, =iW;
g g
Fz‘?‘ =§W2 =&W.
g g

Theo nguyén ly Daldmbe va chi€u 1én phudng ngang ta duge:
Q-FY -Ff' -fA - fP,=0
>Q-Bw-Lwopm om0
g g
W Q- fBP
P +P
Tir k8t qua nay ta thay didu kién dé cac vat chuyén ddng duge néu:

Q
P1+P2>f'

Dé tinh siic cang T ta xét riéng vat B. Liic nay cac luc tac dung 1én
vat B gbm cé: ?‘,E’;,m,Fzm,F;" . Theo nguyén 1y Palambe thi hé
cac Iye ndy can bang:

(T,P,.N,,F/ F§*) ~0.
Chiéu lén phuong ngang ta cb:

T-F® -FJ =0 hay T=ﬂ32+%w.

Thay gia tri W d& tinh duge d trén ta dugc:

__ QP
P+P
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K&t qua nay cho ta thay svc cang 7 khéng phu thudc vao ma sat.

Néu giii cho trong lugng cia hé P, + P, = const thi T s& nhd khi P,
nho. Do dé trong van tai dudng st hay dudng séng khi kéo nhidu
toa hay nhiéu xa lan thi cdc toa didu thudng nang ¢dn cic toa sau
nhe déan.

Vi du 2: Mot thanh dbng
chit AB = & trong lugng P
dude ndi véi truc thing ditng
MN bing ban 1€ tai A. Truc

B
quay vdi van tdc géec @,
khéng déi. RY
Tim phan lyc lién két tai A
va sdc cang T cta day BC dé
git cho thanh nghiéng v&
truc quay géc o khong déi.
Bai giai:
Xét thanh AB (hinh 5.2).
Céac luc téc dung gém:_.trgng Hinh 5.2

lugng P, stic cang T cda
day BC, cac phan luc tai A 13 X,,Y, va lyc quén tinh cla cac
diém thudc thanh AB.

Vi hé cac lue quan tinh ctia thanh AB phéin b8 tuy&n tinh nén
Taat 7 eyl R ~ B 2
R% =— MW, dat tai diém cach A mét doan bing EAB .

h=2bcosa va R® =MW, :Eémi sinot.
3 g2

Theo nguyén ly Palambe thi:
BT XY RT) ~o0.

Céc phuong trinh cin bing:
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> X=X,-T+R"=0; | ey
YY=Y,-P=0; (2)
Y. ma(F) = Thoosa~ hR™ — P Zsina =0. @
T {3) cb:
2
T=P| —Zsina+—tgu |.
T (2) c6:
Y, =P
Tt (1) cé

2

X,=T-R% =P ba, sina+ltgu —Eémg sina;
38 2 g2

X, :%Ptga—%waE sina.,

Phén Tt lién két X, gdm c6 phan lyc tinh la %Ptga va phan luc
déng lc c6 tri s6 %Pbmﬁ sine.

Vi du 3: Hai thanh CD = EF = b dudge gén vio truc quay AB = 4a.
Thanh CD gén tryc giao véi AB con thanh EF gin nghiéng véi AB
mét goc a. Céac thanh CD, EF ndm trong hai mat phéng vudng géc
nhau. Pdu mdi thanh gn qua cdu trong lugng P. Bd qua trong
lugng cac thanh.

X4ac dinh phan lye dong lye tai cac lién két A va B. Kich thudc xem
hinh vé.

Bai giai:

Xét truc quay AB, thanh CD, thanh EF va 2 qua cau:
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EE:lmz'

[

gt _
Ff =

Fit =£bw§ sina.
g

Cac huc tac dung:

(X Y0 Z, Xy, Yg F& F¥)~0.

o= E
Céac phudng trinh c¢an bang:
X=X, +Xp+F=0;, O

DY =Y, +Yp+F{ =0; (2
Y Z=Z,=0; (3)
ZmAx(I_?;) =
=—4a¥y, - (2a + beosa)FE =0(4)
S o (Fy) = 4aXz +aFg =0 (5) Hink 3.3
T (4) cb:
V. - (2a +bcosa)Fyf _ (2a+bcosa) y P
B da 4a
v o (2a + beosa)Pbo? sin o
B dag '
T (5) co:
gt
X, =-T8 o _ L ppe?
4 1g
T (2) co:
gt
Y, =Y, - F% (2a + beosa)Fy Ry

4q

bo? sina;
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Y, =~Y Fqlt _ (bcosa—2a)FE‘?‘ _ {beosa—2a)
AT g tEeg ~— =

Pbo’ sina .
da 4ag
T (1) cé:
1 5 5 P
XA :th—Xﬂ;:th'szgt=Zth22XEbﬂ)g.

T (3) cb:
ZA :0.

Ta thay cac phan luc X Y, mang ddu (-) nén chidu cta né nguge
chiéu gia dinh.



Chuong 6
CO HOC GIAI TiCH

§6.1. CAC KHAI NIEM CO BAN

6.1.1. CO HE KHONG TU DO

Cd hé khong tu do la tap

hop cac chit diém ma A
trong d6 chuyén dong
cla cae chat diém thudce
cé hé khong nhitng chi m

phu thubdc vao lic tac
dung ma con bi rang
budc béi mot s6 didu
kién hinh hgc va déng
hge cho truée.

Hinh 6.1

Vi duy: Cd cdu thanh truyén tay quay (hinh 6.1) 12 ¢¢ hé khong tu
do. O day ngoai nglu lue m tac dung 1én khau OA, trong hugng céc
khAau cdn c6 cée diéu kién rang bude vé mit hinh hoc va dong hoc.
Diém A chi ¢6 thé chuyén déng trén dudng tron tdm O ban kinh
OA. Diém B chuyén déng trén truc Ox ndm ngang. Khoang cach
gita hai diém A va B 1a khong d6i. Cac diéu kién nay dbc lap véi
cée luce tac dung 18n cd hé va diéu kién ban diu cda chuyén doéng.
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6.1.2. LIEN KET

a. Dinh nghia: Lién k&t 1a nhiing didu kién rang budc chuyén déng vé
mit hinh hoc va dong hge ciia ¢g hé. Nhiing diéu kién nay khéng
phu thude vao lye tac dung va diéu kién ban dau.

b. Phudng trinh lién két: Cac phudng trinh hay bAt phudng trinh
biéu thi v& mat toan hoc sy rang budc vé mit hinh hoc va déng hoc
cha cac chit diém thude co hé. Ching ¢6 dang nhu sau:

fi(t.n.V,) 20, ®.1)

trong dé: k tix 1 dénn (i_,?l), coni tdr1déns (I,_s). Trong d6 5 1& s8
phuong trinh lién két.

Céac phudng trinh )ién k&t con cb thé vist & dang sau:
Fi(t, 2y, y0, 25, %5, %4,2,) 2 0. (6.2)

Vi du: Xét chuyén dong cta chit diém
A khéi lugng m bude vao ddu mét sgi
d4y khong gian chiéu dai a con ddu kia
bube vao diém O ¢& dinh (hinh 6.2).
Diéu kién rang budce vdi chat diém A
ludn ludn cach O mdt khoang khéng 16n
hon a. V& mit toan hoc diu kién nay
dude bidu dién nhu sau:

flt,x,,y4)=x5 +y5 —a® <0. Hinh 6.2
(6.3)

Nghia 13 diém A 1udn ludn chuyén dong bén trong (ké cé bién) cha
méat tron tdm O ban kinh e. S8 phiuong trinh lién két & day 1a 1.

Né&u gia thi€t ddy ludn & trang thai cing (coi OA 13 mét thanh
citng) thi phuong trinh Yién két ¢6 dang

fit, e, v)=x"+y* —a®=0. (6.4)
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Tite 1a trong qua trinh chuyén dong diém A khéng thé rdi khéi
dudng tréon tAm O ban kinh a.

Néu chiéu dai cta day bién dbi theo thdi gian te 1 @ = a(®) va coi
nhu day luén ludn bi cing thi phudng trinh lién két 1a:

fit,xe,=x"+y" -a*(t)=0. (6.5)

c. Phan loai lién két: Dya vao dang cia cic phudng trinh lién két ma
ta phéan loai céc lién két.

— Lién két giii: 1a lién két ma cac diéu kién rang bude dude md L&
bang cac phudng trinh. Lién két gift ¢on goi 1a lién két hai phia

- Lién ké&t khéng giit 12 lién két dugec md ta boi céae bat phuong
trinh, hay con goi 1 lién k&t mét phia. Vi du: Con ldce (hinh 6.2)
& 14 lién két gitt khi OA la thanh ciing va 1a lién két khong giit
khi OA 12 ddy mém.

- Lién két dirng 13 1ién két ma trong phuong trinh lién két khong
chita o bién s& thoi gian £. Nguge lai 1a lién két khong ditng. Vi
du: Con lic c6 48 dai day thay déi theo thdi gian Ha(®)} 1a lien
két khong ding.

— Lién két hinh hoc (hay lién két héléndm) 1a lién két ma trong
phuong trinh lién két khéng chita cac y&u t& van tdc hodc cb
chita cac yéu t8 van tdc nhung nha cac phép tinh tich phan ta ¢6
thé dua vé dang khéng chita céc yéu t8 van tac.

Néu trong phuong trinh lién két cé chita cac yéu t& van tde thi lién
két d6 duge goi 1a 1ién két déng hoe hay lién két khong hdlondm.
Trong cac phan tiép sau day chiing ta gidl han chi nghién eitu co
hé chiu cédc lién k&t hinh hoc git va ditng. Nghia 1a phudng trinh
lién két c6 dang:

f,(;;:)=0 hay f;(xk,yk,zk)zo.
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6.1.3, DI CHUYEN KHA DI VA sG BAC TY DO

a. Dinh nghia: Di chuyén kha di cta co hé 14 tap hop céc di chuyén vé
cling bé ma mébi chit diém clia co hé 6 thé thue hidn dude dé sao
cho pht hop vdi lién két tai vi tri dang xét.

— Di chuyén kha di cha chit &iém duoe ky hidu 87(3x, Sy, 8z) véi F

12 vectd dinh vi ctia chdt diém, con di chuyén thue duge ky hidu
1a dr{dx,dy,dz).

— Di chuyén kha di chi 6 ¥ nghia v& mat hinh hoc né khéng phu
thuéc vao lye tic dung va thoi gian ¢

Vi du: Qua cdu A dit trén méat tua nao d6 thi lién k&t giita qua

cAu v4i mit tya 14 lién két tua. Di chuyén kha di clia qua cdu la vo

e - A ~ 5 - . - - -
80 cac di chuyén vo cung bé tai vi tri dang xét.

b. S8 bac tu do
T6ng quat ma néi thi d8i v cac
chat didm hay cac vat thude cd hé
¢ thé tdn tai nhitng di chuyén kha
di khac nhau. Nhng d8i véi mbi co %‘
hé, tiy thudc & cac lién két, ta cb

thé chi ra mdt sb xac dinh céc di

chuyén kha di déc 14p nhau ma céc
di chuyén kha di khéac s& phu thude Hinh 6.3
vio cae di chuyén kha di doc lap &y.

Ching han qua cAu nim trén mit tua c6 vo s§ di chuyén kha di.
Nhung chi ¢6 hai di chuyén doc lap theo hai phudng vubng géc
nhau 1a 8r; va 8r, cdn tdt ca céc di chuyén khac déu c6 thé bidu
difn qua hai di chuyén kha di ddc lap &y. Nghia la:

BF =X, 07, + A,0r, .
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6.2.1.

Dinh nghia s6 bac tu do:

Gia st hé ¢6 n chat diém thi ¢6 3n di chuyén kha di ddc lap nhung
hé lai ¢c6 m phuong trinh lién két. Do dé s8 bac tit do ctra hé sé& la
S=3r-m

Pinh nghia: S6 bac tu do ciia cd hé bing s6 di chuyén kha di dde lap
cua hé dé.

Vidu:

— Mot chit diém & trén dudng thing ¢6 1 bac tu do.

— Mét chat diém tu do trong khoéng gian cé 3 béc tu do.

— Mbt vat rin tu do trong khong gian cé 6 béc tu do.

§6.2. NGUYEN LY DI CHUYEN KHA DI
CONG KHA DI
Cong kha di 12 cong sinh ra bdi luc téc dung 1én chat didm trén di

chuyén trang véi di chuyén kha di ctia chat diém dé.

Ta ky hiéu céng kha di cia luc hoat dong F trén di chuyén kha di
1a 8AF . Cong kha di clia phan luc lién két N trén di chuyén kha
dila 8AY .

6.2.2. LEN KET LY TUONG

Pinh nghia: Lién két clia ¢o hé dude goi 1a lién két 1y tudng néu
tdng céng nguyén td cla cac phan lyc lién két tac dung 1én co hé
trén moi di chuyén kha di ca cd hé d8u bdng khong. Nghia la:

Y 8AY =Y N,or, =0. (6.6)
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Chu y: Lién két khéng ma sat 1a lién két Iy tudng. Nhung lién két
ly tudng lai ¢6 thé la lién két c6 ma sat (nhu lye ma sat trugt trong
chuyén déng lan khong trugt).

Vi du:

— Néu bd qua ma sat khi vat chuyén dong truct trén dudng cong
(hay mat cong) ¢d dinh thi céng cta phan luc lién két béng
khong.

— Né&u bd qua bign dang ¢ mién tiép xvic thi khi vat chuyén déng
lin khéng trugt, cong cua phan luc lién két N va luec ma sat
trudt bang khong,

6.2.3. NGUYEN LY DI CHUYEN KHA DI

Neuyén Iy: diéu kién cAn va &0 dé co hé ¢ lién két 1y tudng cén
bing 12 téng céng nguyén t8 cha tit ci cac luc hoat dong tac dung
18n co hé trén moi di chuyén kha di ctia co hé déu bang khong.

> 8AT =Y F,6r, =0. (6.7)
Chitng minh:
+ Diéu kién cin;

gt: — hé co lién két 1y tudng,

— cén bing:

kl: Y 8AV =D Fyén, =0.
Theo gia thiét hé cin bing nén moi chat diém thudc hé can bing.
Xét chat diém thit k£ thude hé chiu tac dung cta luc hoat dong F,
va phan lgc lién két N, & trang thai can bing, nghia 1a
F, + N, =0. Cho hé mdt di chuyén kh di thi chat diém thi & c6
di chuyén kha di 87, . Do dé 84, =(F, + N,)r, = 0. D&t vdi toan he

ta co:



Phin ba, DONG LUC HOC 103

S5, - 3P+ Noor, - 0 hay S Foor + 3 Noors <0,
Vi hé ¢6 lién két 1y tudng nén
S NS, =0 Y847 =3 For, =0.
+ Diéu kién di: gt: — lién két 1y tudng,
— Y 3A7 =) F,br, =0;
kl: hé can bang. \
Theo gid thiét hé c6 lién ket Iy tudng va Y F,6r, = 0 thi ta sé phai
chitng minh hé & trang thai cin bang.

(Gia st hé cAn bang (déng ning T = 0) ma trén hé c6 cac lyc hoat
dong tac dung théa min didu kién Z F,6r, =0. Ta sé chi ra cd h¢

s& cAn bing mai mai. Néu tai thoi diém nao d6 co hé bit ddu
chuyén dong thi bién thién dong nang 8T = 0. Theo dinh Iy déng
nang:

§T =3 F,or, + 3 N,dr, #0.
Vi h c6 lién két 1y tudng 3 N,8r, =0 nén 3 F,8r, # 0. Diéu nay
trai véi gia thiét. Vay hé phai can bang mai mai.

Bidu thitc clla nguyén 1y di chuyén kha di c6 thé viét & dang gidi
tich:

Z&Af = Z(Fkxﬁxk + Fkyﬁyk + szﬁzk): 0

; (6.8)
ZﬁA}f = Z(‘Xkﬁxk + Yy + Zkﬁzk) =0

véi F, ,F, F, hay X, Y, Z, 1a hinh chifu cia luc F, va
§x;, 8y, ,82, 12 hinh chidu ciia 8r, 1én cAc truc chia hé toa do Dé-céc,
¥ nghia: nguyén 1y nay thiét 1ap dude diéu kién cin bing ¢ dang

téng quat ctia cd hé bat ky. Né cho phép ta st dung phudng phép
tinh hoe dé giai bai toan ddng lue mét cach téng quat.
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Chu y:

Néu h¢ c6 lién két ly tudng thi chi cAn tinh dé&n cac luc hoat
déng con phan lyc lién két ¢6 thé bo qua

C6 thé van dung nguyén 1y nay dé giai bai todn ¢6 ma sat. Ldc
dé lge ma sat coi nhir 13 lue hoat ddng. Tudng tu nhu vy, cé thé
tinh duge cac phan luc lién két bing cach chuyén né thanh lue hoat
dong.

Hé ¢6 bao nhidu bac tuy do phai ¢6 bay nhiéu didu kién cin bang
(6.7 hay (6.8),

§6.3. TRINH Ty GI1AI BAI TOAN

X4c dinh s8 béc tu do ctia hé, kiém tra didu kién lién két ly
tudng.

Biéu dién tat c& cac luc hoat déng tac dung 1én hé.

Cho hé mét di chuyén kha di nao 46 va biéu dién cac vectd di
chuyén nguyén t8 clia diém dil cae lyc Ja 8r, .

Tinh cong cua cac luc hoat dong theo cong thiic ﬁAf = Fkbﬁ

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 néi véi nhau bang ban 18 tai C va chiu
tac dung cua lue P dat tai E. Kich thudc cho trén hinh 6.4. Tim
phan luc tai gdi tua B, bd qua trong higng cac dam.

Bai gidi: Dé xac dinh phan hic & B ta thay g6i di ddng B bang phan
e litn két Ny. Cho hé mot di chuyén kha di, ta ¢6 diéu kién cin

bang;

AL = Npdsp - Pésp =0. (a)
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I
' a e
B c E
A,%‘ % B
A f‘f /IL ()2
. P
_-“"T’-:- : - T~ e
A " | 85, _%b c E¢ 08 ~~__

Hinh 6.4
Vi hé c6 mét bac tu do ma lai ¢6 hai di chuyén kha di 8s, va 8sp

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

§S_C—8_S§;__)asczz_1683;

4 a a

Osc _ 8sp Ly 4
—— =—=— 88y =8p = =0ds;.
A b C P g B

Do d6
L
3sp = L3 L 8s5.
2
Thay vao (a) ta co:

NBSSB “‘PSSP :NBSSB —PEX?_SSB =O;
1

2

[NB —P-f)—x?-]ﬁsB =0 Ny —Péx—é—z[}
a

2 a
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Vi du 2: Cho so d6 mét may nén nhu hinh 6.5. Tim lién hé gita
cac uc Q,,@,.P, khihé canbing (@, =Q,=Q va P,=P). Géc a v
B cho trude. B qua trong higng cac thanh.

Bai giai:

Hé khao sat: mAy nén.

Ap dung didu kién can bang giai tich

Q) 00, +Q,, 8%, + Py 8y, =0. (a)
Ta cé:
X =Qacosa
x9 =acosa + 2bcos
ys =asina +bsinf+m
vk -
&
X
Hinh 6.5
Tinh:

dxy = —asinady;
Bxg = —asin ada — 2bsin B&f = (@ sin ado + 2bsin 35B);
dys = acosada + bcos BB+ 0.
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Vi hé ¢6 mét bac tyy do nén ta phai tim lién hé gitia da va 6B. Do A
va B ¢6 dinh nén:
AB =2acoso + 2bcos = const ;

—Z2asinada — 2bsinfop=90

aﬁa:wéxSi?BSB.
a sina
Ta tinh &, =€;
sz =-@;
P, =-P

Thay vao (a) ta cé:
Q,,0x, +Q,, 8%, + P, 8y, = 0;
Q{-asinada) — Q(—)(asin ada + 2bsin BaB) — Placosada + beosPop) =0 ;
- Qasin ada + Qa sin ado + 2Q0b sin BdB — Pa cos ada — PhcosBdP =0.

hay + 2Qbsin 3B - Pa cos a[— L4 x 21 BB

: ]—PbcosBSB:O;
a sing

{(+2Qbsin B} + Pbsin Beot go — PbeosB)dB =0.
Do dé:

+2Qbsin B+ PbsinPeot go — PbcosB =0,

2Qb sin B = Pb(cos B —sin Beot ga);

_ 2Q
cot gB — cot gar

Vi du 3: Ngudgi ta budc hai vt nang A va B ¢ cung trong lugng
vao hai ddu mét sgi day khéng gidn, khong trong ludng. Day di tu
vat A song song v6i mat phing ngang khong nhin, vat qua rong
roc ¢f dinh C rdi 16ng vio rong roc déng D, sau dé lai vat qua rong
roc ¢d dinh E va budc vao vat ning B. Vat ning K ¢d trong lugng @

treo vao truc rong roc déng D.
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Xac dinh trong lugng P cia mdi vat A va B ciing nhu hé s8 ma sat
trugt gitia vat A va mit phang ngang, biét réng hé 3 trang thai can
béng. Bé qua trong lugng cac rong roc.

Hinh 6.6

Bai gidi:
Hé khao sat gdm cac vat A, B, rong roc D va vat K.
Ha c6 hai bac tu do nén c6 hai diéu kién cin bang.

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

Ta cé:
- Q3sg + Pésy = 0. ™*)
Miit khdc 8sp = 28s4 nén thay vao (¥) ta co:
— QSSQ +2Pbsg = (-Q +2P)8s4 =0,

hay

~-@+2P =0 vataco P:%.
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Ta ¢8 dinh vat B, cho vat K rdi xudng mét doan 3s, thi vat A &i

chuyén mot doan 8s 4 . Khi dé cac Iue sinh cong la:
Qdsy ~ F, 85, =0 ma s, =253,

— Q8sg —2F, 85y = (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 ddng luc hoe, cdn nguyén 1y di chuyén kha di cho phép ta
st dung phuong phéap tdng quat dé gidi bai toan can bing tinh hoc.
K&t hgp dbng thai hai nguyén 1y nay, cho ta phuong phap téng
quét dé gidi bai toan déng luc hoc.

Xét co hé n chat diém co6 lién két 1y tudng, hinh hoc, gili, ding va
dang chuyén dong. Ngoai luc hoat déng F, va phan lyc lién két
ﬁ; ta thém vao chat diém thd k luc Ff" = —-m,, Wk. . Theo nguyén 1y
Dalambe ta nhan duge hé lyc can bing. Nghia 1a (F, + F o N—,,) ~0.

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

S (F, + F¥ + N, )sr, =0;
Y (F, + F9)or, + Y. N,r, =0.

Nhung hé 6 lién két Iy tudng nén 3 N,5r, = 0. Do dé:
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S (F, + F*)8r, =0. (6.9)
Péing thie (6.9) goi 1a phuong trinh téng quat déng hiuc hoc hay c¢on
goi 12 nguyén ly Dalambe ~ Lagrang va cé thé phat biéu nhu sau:
Nguyén Iy: néu co hé 6 lién két 1y tudng thi tai méi thai diém, tdng
cdng nguyén té cua cac luc hoat déng va Iue quan tinh dit vao co
hé trén moi di chuyén kha di cia hé déu bang khong.

Ta c6 thé viét biéu thic (6.9) § dang giai tich nhu sau:
S |(Fi + F#)ox, +(Fyy + F¥ )8y, + (F,, + FT)oz,|=0.  (6.10)

trong d6: F,,,F, .F,, - hinh chiéu cla lyc hoat dong E‘: :
Fz‘, Fk"“,Ff‘ — hinh chifu cta Iue quan tinh Ff" :
8x,,8yp,82; — hinh chiéu cia 8r, lén céc truc cha hé
toa do Dé-cac.
Déng thiic (6.9) biéu didn nguyén 1§ & dang vects con ding thiic
(6.10) bidu dién nguyén ly & dang giai tich.
Vi du 1: Mét con lan A trong lugng @ trong khi I&n khong trugt
xudng dudi theo mat phéng nghiéng véi phuong ngang mot goc a,
da nang vat C trong higng P nhd mét sdi day khong gifin, khong
trong lugng vat qua rong roc ¢d dinh B. Khi d6 rong roc B quay
guanh truc ¢d dinh di qua tAm O cua né va tryc glao v4i mit
phing cla rong roc. Con lin A va rong roc B 1a nhitng dia tron
déng chat ¢6 chng ban kinh va trong lugng.
Tim gia tdc cia truc con lan.
Bai giai: Hé khdo sat: con lan A, rong roc B, vat ning C va day.

Hé c6 mét bac ty do.

Cac lyc chu dong: é, P.
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Phan lyc lién két: N, R, .

Cac ldc quan tinh;

Fg =§WC; Fg =§WA va Wy = W,

M = J =2 R,
2g

Hinh 6.7
Ap dung phuong trinh téng quat dong lie hoe:
(Qsina - F{*)8s — 2M¥ 8¢ — (P + FF)3s =0.
Vi 8s = R8¢ nén:

(Qsina—QW]SS—2QR28——[P+£WJSS=O;
8 2¢ R g
Qsina—P——QW—QRs—EW:O ma Re=W;
14 g 8
—>Qsina—P—2Q+PW=O,

hay

WzQsmot—P
2Q+ P
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Vi du 2: Mot vat A trong higng P dude bude vao diu mot sgi day
khéng gidn, khong trong luong. Day vit qua réng roc ¢ dinh O,
dau kia clia day cut}fn vao khél tru 8 ¢6 trong lugng @, ban kinh R.
Vat A ¢6 thé trugt trén mit phang ngang, hé sé ma sat gitta vat A
va mat phing ngang 1a f. .

Tim gia tdc vat A va gia téc tAm C ca khéi tru khi hé chuyén
déng, bé qua khéi lugng eda rong roc.

Bai giai:

=

Fa

Hinh 6.8

Hé khao sat: vat ning A, khé) tru S va day.

Hé c6 hai bac tit do. Khi gitt khéi tru S khéng quay thi vat A vin
chuyén dong. Giit vat A khéng chuyén dong thi khéi tru quay déi
véi sgi day.

Céc lyc chii dong tac dung lén hé gbm ¢ P,@, F,.. Dat thém cac
ltc quén tinh FY RY MY .

Ta cb tri s6 cac ldc quan tinh
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F¥ :EWA; R® =§WC;

MY =Jee= % R% (R 12 ban kinh khéi tru).
Ta cén tinh € qua Wy va We.
Goi van tée tAm C ctia khdi try 14 f’; con van toc vit A 1a ITA va
bing van toc tip diém B cua day va mit tru.
Do d6
Va=Vs.
Tu ddng hoc ta cé:
Ve =V + Vg ;
Vep=Ro=V,-V3 =V, -V,;

Ye-Va L We-Wa
R R

®

Ta thiét 1ap cac didu kién cin bing sau:

— (it cho khéi tru khoéng quay va cho hé mét di chuyén kha di
ds,. Lic ndy MZ sé khéng sinh cong. Theo nguyén ly di

chuyén kha di;

(@ -R¥ -F¥ -F, )85, =0.
Thay F,, = fN = fP tacé
g g

P Q
-fP="W, +=W..
Q-fP g A+g c (a)

Q-

~ Giit cho vat A ditng yén, lac nay khéi tru sé quay quanh diém B
mbt géc 8¢ (B 14 tdm van tdc tic thai). Theo nguyén 1y di

chuyén kha di:
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(@ -R*")3s, ~-MZ8p=0 ma 8s, = Rég;
c c c

[Q.—%WC]RS(‘)_QRE‘MS@ = 0,

2g R
3WC - WA = 2g . (b)
(Gi4i hai phudng trinh (a) va (b) ta cé:
Q-3 . Q+(2-)P
_ & —o Ww.oxtia /)
A~ Qrap Vi e =T 3p ¢

Cac két qua nay cho ta thiy:

Néu f < % thi vat s& chuyén dong véi gia tée W, .

Néu f >Q— thi vat A s& ding yén (W, =0). Khi d6 khéi tru sé
3P

chuyén déng véi W, = % g.

Vi dy 3: Trén mot méat phéng ndm ngang tron ta dat modt ding tru

tam giadc ABC ¢b trong lugng P, nd ¢ thé trugt khéng ma sat trén

mit phing d6. Hinh try tron ddng chit trong lugng @ lan khéng
trugt trén mat nghiéng AB cta ling tru.

S ///7///7///7//777/777//”///77//77///7///sz
c

Hinh 6.9
Tim gia tdc cha ldng try ABC.

Bai gidi: Hé khao sat gém lang tru ABC va con lan D,



Phin ba. DONG LUC HOC " 115

Hé c6 hai bac ty.do: khi gidi cho x khéng d6i 8x = 0 va cho 8s, # 0.
Giit cho s, khéng d6i 8s, =0 va dx# 0.

Cac luc chi déng tac dung l1én hé: Q.P.

Dat thém cac luc quan tinh Wa =W;+W_; ma W, =W 1a gia tdc
lang tru ABC. Vi lang tru ABC chuyén ddng tinh tién nén:

%§=—mDW ={- mDW)+( mDW)_(_;gw) [_% )

et _ prat L gt
FY =FL + Kl .
Céac lyc quan tinh cta con lan FJY¥ va Fi .
- . L - P ITr
Luc quéan tinh cia lang tru qut =-—W.
g

Cho 8x =0 con 3s, =0 tacd:

~F38s, - M¥3p + FZ cosads, +@sinads, =0.

ds 1 W,
Ta thay 8¢ = — =J,8=—QR?—L:
a thay 8¢ =— . 2gQ 7
—Q-Wrﬁ . —-—l—QR2E1x§+QWe cosads, + @sinads, =0;
g 2g R R g
§W,, =W, cosa+ gsina. (a)

Cho &s, =0 con o =0 tacd:
- F5x - Fox + F cosadx =0;

[——W Q W cosa]ﬁx 0;
b4 g
-(P+&HVW, +QW, cosa=0. (b)
DE tim duge W, thi tit (b) ta c6:
w -l

Qcosa
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Thay vao (a) ta duge:
3 W - 3 N P+@Q
2 2 Qcosa

3P+ QW, =2QcosuW, cosa + 2Qg cosasina ;

W, =W, cosa + gsina ;

3(P+QW, — 2Qcos® aWe = g@sin 2a;
[3(P + @) - 2Qcos” a]W, = gQsin 2u;

g Gsin 2a
3(P+@Q)-2Qcos’ a0

[

§6.5. PHUONG TRINH LAGRANG LOAL I

6.5.1. TOA PO SUY RONG VA LUC SUY RONG

Pinh nghia: Toa dd suy rong 12 s6 thong s6 doc lap, di dé xac dinh
vi tri ca cd hé trong moét hé quy chiéu x4c dinh.
Céc toa dé suy réng dudc ky hiéu 12 q,, q,, ..., ¢,. Don vi ctia toa dd
suy rong c6 thé 1a db dai, gée quay hay toa d6 cong...
Nhu ta da biét d6i véi co hé ¢6 lién két hinh hoe, gilt, ding thi s6
" toa dd suy rong bing s bac tu do va bing s§ di chuyén kha di déc

lap ca cd hé.
Vi tri clia ¢ hé duge xac dinh nhd cic toa df suy rdng, nén cac toa
d6 Dé-cac clia cdce chit diém thude co hé c6 thé bidu dién qua cac
toa do suy rong:

xp = %%{(g1,92,.-,qs)

Y = Y (91,9, 4s)

2 = zk(QI!qu"'!QS)

hay r, = 7,(qy,@grer G} = Xpd + ¥, ] + 2,k .
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Khi hé chuyén déng thi cic toa d6 suy rong biénh déi lién tuc theo
thdi gian . Nghia la:

g1 =q,(t); @2 = qo(8); ... g, = q.(D).
Céc biéu thic trén goi 13 phudng trinh chuyén ddng cia cd hé

trong toa d6 suy réng

Dao ham bac nhit theo thdi gian cac toa dé suy rdng, ta co van tée
suy rdng tudng ing ctia cd hé. Ky méu van tdc suy réng la
g1:Ggs-q,. Ta co:

_%q, . . _dq,, . _da,

QI_“ dtsq?._ dts'" QS dt

Don vi ctia van tée suy rong phu thude vao ddn vi cla toa dd suy
rong.

6.5.2. LUC SUY RONG

Xét cd hé ¢6 n chit diém chiu tic dung cha cac lye F,,F,,..F, . Vi
hé ¢6 lién k&t hinh hoc nén s& toa d6 suy rong di dé xac dinh vi tri

clia ¢o hé bing s6 bac tu do ciia ¢d hé d6, nghia 12 cd hé ¢é cac toa
dd suy réng ¢,,qs,..-.q, . N&u cho co hé mdt di chuyén kha di, trong

d6 chi ¢6 toa d¢ suy rong q, bién doi véi gia s 8q,, cdn cac toa do
suy rong khac khéng d6i thi vects dinh vi r,(g,,¢5....,q,) clia cac

P .2 - . 2 ,\ . - 5;
chit diém nhan dude mdt di chuyén nguyén t8'1a 8(r, ), = —*8q, .
1
Téng cong nguyén t§ cha cac luc tac dung 1&n hé trén di chuyén
8(ry), séla:

84, = F,8(ry), + Fy(ry), + .t FL0(r, )y

—or, . =on —or,
GAl :Flgél—aql +F25;i—6q1 +"'+Fn é-q:sql,

1
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—Br
8A, :{ZFk 53‘]&11 =@,3q;

) ) 1

no__, a_q
trong d6: @, = Z‘Fk T, ;
k=1 1
&, goi 1a Iyc suy rng Gng vdi toa 49 suy réng q,;
Tudng tu ta cé cac luc suy rdng khac @,, ., ..., @,. Néu cho co hé
mét di chuyén kha di ma t4t ca cc toa dd suy rong déng thdi bién
ddi, khi d6 tong céng clia cac lye tac dung 18n cd hé trén di chuyén
kha di d6 s& 1a:
ZGA,, =Q,8q, +Q,8q; + ... +Q,8q, = ZQJ&L' .
=
Néu cac hic tac dung 1én co hé 14 lye c6 thé. Khi dé:
z&ﬁk =-dn= —(in—&q1 +ﬁ—8q2 ot _ai&h].
aql GQ2 aqs
Ta cb:

&, =_E_Tt_; @, =—"'a’ﬂ—; Q, =- on .
aql aqE aqs
Vay néu cac lye tac dung 18n co hé 1a hic c6 thé thi lye suy réng
béng dao ham riéng cta th& ning (véi ddu “—) theo toa d§ suy
rong tudng dng.

6.5.3. DIEU KIEN CAN BANG TRONG TOA DO SUY RONG

Theo nguyén 1y di chuyén kh3 di, thi diéu kién cdn va dd dé hé c6
lign k&t 1y tudng cin bing 14 tdng cdng nguyén t8 clia tat cd cac huc

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

béng khong. Trong toa d6 suy rong didu kién dé sé la:
Z&Ak =Q,3q, +Q,8¢q, +..+Q,8q, =0.

Vi cac 8g,,5q,....,5q, doc 1ap nhau nén ding thic trén chi théa man
khi va chi khi:
Q] :Qg'——...:Qs:O. (6.11)
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Pinh Iy: Didu kién cdn va di dé ¢d hé c6 lién két 1y tudng, hinh hoe,
giit va ditng cdn bidng trong toa d§ suy rong 14 tat cd céc lyc suy
réng tuong ftng véi cac toa dd suy rong cha cd hé déu bang khong.
S6 cac diéu kién can bang, bang s8 toa dé suy rong hay s6 bac tu
do cua cd hé.

Trudng hgp cac lyc hoat déng tac dung lén hé la nhing lyc ¢6 thé
va ham thé ning c¢6 dang = = n(q,,q5,....q,) ta c6 dinh Iy sau:
Pink Iy: Diéu kién cin va da dé hé bao toan cb lién két 1y tudng,
hinh hoe, gilt va ditng cdn béng (tai mét vi tri ndo d6) 12 ham thé
ning dat cyc tri tai vi tri dé6:

on

—=0@G=1.
e v

6.5.4. PHUONG TRINH LAGRANG LOAI li

Tit phuong trinh téng quat déng luc hoc ta di tim phuong trinh vi
phén chuyén dong cta cd hé trong toa d6 suy rong

S (Fy + F)or, =Y Fyor, + Y Feor, = 3 847 + Y847 =0, (a)

(Gia st hé c6 s bac tu do va vi tri clia co hé duge xac dinh bdi cac toa
dd suy rong q,,q,,...,q, . Theo cdng thitc da biét:

ZSA,F =@Q,8q, +Q8q, +...+ Q5.
Tudng tit v cac lue quéan tinh ta cé:

z&if‘ =Q"5q, +Q¥3g, +...+ Q™ 3q,,
g day: Qf‘,Q:“ - @% 14 luc quan tinh suy réng;

—=on, —or, ==,
th th k. th — th_@__ . th - qu____;_&_.
1 Z 3 Z & » Z & aqs

2

Thay vao (a):
(@, +Q?t )8q, +(Q, +Q;H)&I2 +..+(Q, +Q Wq, =0. (b}
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Vi 8q,,8q,,....,8q, d6c lap nhau nén ding thite (b) chi théa man khi
va chi khi:

QL +Q% =0; @y + Q7 =0;..:Q, + Q¥ =0.

Ta c6 thé diing cac phudng trinh nay dé giai cac bai toan dong luc
hoc;:

Q=-Q": Q,=-Q: .. @, =-Q.

Néu ta biéu dién lyc quan tinh suy rong qua dong nang T cha hé
thi ta s& nhan dude cic phudng trinh trén 6 dang don gian hon.

: —or, |d{ . on . dén .
QY =—kaWka%=—§[a;[mkrk E;—i—}‘mkrk a[b;_tﬂ ™)

Vi hé c6 lién két ditng véi s bac ty do nén ;': = a(ql,qz,...,qs) nén:

o _dr, _on dq or, dg,  on dg,
YT dt aq, dt &, dt dq, dt

¥

— dr, or, or, or,
V,=—2="tg +Ltg,+..+-24,, ¢
kb dt aql ql 6q2 QQ ms QS ()

trong d6: ¢,,4,....,g, 1 vin tdc suy rdng Ung vdi cac toa dd suy rong
q1.92r- G-

Tit biéu thitc (a) ta th&y van téc V, duge biéu didn tuyén tinh qua
cdc van téc suy réng ¢;. Do d6 néu dao ham biéu thite (a) theo van

toe suy rong ¢, ta cé:

aql 6Qi aqi
Khi thay ddi thit ty 18y dao ham ta dudc:

dfon)_ o [dn]|_on oV @
dtl g, | oq.\ dt | dq; ogq;
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Thay (d) va (e) vio (*) va sau khi thuc hién mdt s6 phép bién déi

ta co:
d 8 (&1 O (el :
@ _ | = Zm, V2 |-— ~m, V2.
@ [dtaql[mz ' ”J oq, [;2 ' *ﬂ
Theo dinh nghia déng ning cta co hé Z—;—mka =T nén ta c6 thé

viét lai nhu sau:

w__|d[oT) oT __pn_|d[oT|_oT
@ [dt[&h) aqj_’Q‘ ? [dt(aql] aql}

D4i véi céc lte quéan tinh suy réng khéc, ta cé cac biéu thie tuong

tu. Vay:

dfory o _g, |

dt\dq, ) oq

dlerY or

atl3g;) 20, |

2) o2 (6.12)

dafor)_of _g,

dt a‘is a‘i’s SJ

Day 1a hé phuong trinh vi phan chuyén déng cta cg hé trong toa
dd suy rong, hay con goi 14 phudng trinh Lagrang loai I,

Né&u cac lyc tac dung 18n hé 1a lyc c6 thé thi:

d [aT oT  on |

dtleq, ) aq o
dfor) or _ &
dt\ 34, | oqs  0q . (6.13)




122

 COHOC LY THUYET - TAP HAL PHAN BONG LUC HQC

Do n(q,,95.--.q,) khdéng phu thudc chc van téc quy rong

dy,d0,- G, N8N chc phuong trinh c6 thé vidt:

a4
dt

HT-m)) aT-m)
an ) om
oT-m) &T-m)
a2 gy

aT-m)) ol -m) _

s s

0

0

0

5

(6.14)

Ta goi L = T - = 1a ham Lagriang thi phuong trinh Lagriang loai Il

c6 dang:

o
Oy
A

........

|

R
oq

_&;:0}.
oL

- =0
a5

(6.15)

Phuong trinh Lagring loai I cho ta phuong phéap téng quat dé giai
bai toan dong hzc hoc, dic biét 1a bai toan thiét 1ap phuong trinh vi

phén chuyén déng cia hé c6 s biac tu do.

6.5.5. CAC TiCH PHAN DAU CUA CHUYEN PONG

a. Tich phan néng lugng

Xét hé c6 n chit diém chiu lién két 1y tudng, hinh hoe, gitt va ditng.
Céac Iuc hoat déng déu 13 huc c6 thé. Gia sl vi tri cta cd hé duge xéc
dinh béi s toa d6 suy rdng dde lap va du q,,g,,...,¢, . Khi d6 phuong

trinh Lagrang loai II sé& la:
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d{eT) aT ot ... _
—| = -—=-="v6ii = 1,2, ..., 8
de\dq, ) 8q; &g
Trong d6 T va = 13 doéng nang va thé nang cia hé dude biéu dién
qua céc toa d6 suy rong dbe lap, dua.
Ta cé:
T/'; _ g?‘_k — z ark
dt gt
Va dong nang T dugce tinh theo cdc van tée suy rng ¢, :

T = Z—mka H—kaV v, = imkzark 2;"
—l J=1

. & A
Néu ky higu Y m, —ii{n“— =@, vi dude goi 12 hé s6 quan tinh cla

o a0 Y

cd hé véi a; = a; thi dong ning clia he la:

Vay d6ng niang cia ¢6 hé 12 ham déng cfp bac hai d8i véi cac van
toc suy rong ¢;. Do do ta c6 hé thiic sau:

ququ - ZT (a)

Ta nhén cad hai v& cha phudng trinh Lagrang (6.13) véi van téc suy
réng ¢, , roi 14y tong ca hai v& theo chi s6' ta cé:

dfeT LT oo
qugg[aqi]—zqfa— Zaqiq,-

Vi n(q,.q5,...,q,) nén:
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fﬂ:.‘?’iq +ﬁq + +ﬂq :Zsla_“q_
dt &g, dq, &, " Hog
Mat khac:
. dfoT dor or .
Lo G za{Ee ) 25
_dfear d .- oT . . dT (dT oT
— — | = —2T~ e — :2———— —_— —g. |
2dig, 2, 2 )Zaqiq‘ dt [dt Zaq,.q‘]’
z-,_‘i(é‘z :d_T+z?Z-,.
K7 oq, ) dt aql.q"
. dfer or . dT < oT . or .
e R T N
on . dT
MR
dT dn dT dn d
& L, S (T =0;
@ a a @t
T+n=F=~h=const. (b)

Vay ¢d ning clia hé duge bio toan. Ding thiie trén goi 1a tich phan
néing lugng con k dude goi 1a hing s8 nang lugng. N6 dude xac dinh
tir diéu kién ban dau cna chuyén déng.

b. Tich phan xyclic

« Toa dé Xyclic:
Pinh nghia: Toa d6 suy réng q, nao d6 duge goi 1a toa dd Xyclic néu
oT .
—= =0, o =0vag,=0.
oq, gy,
N6i cach khac: toa dd g, duge goi 1a toa d6 Xyclic néu né khong cé
mit trong biéu thitc ddng ning, thé ning cia cd hé cdn e suy
rong clia cac luc hoat ddéng ng véi né bing khéng.
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Vay néu ¢, 1a toa dd Xyclic thi phudng trinh Lagrang loai II ung
vA1 toa dd nay c6 dang:

i[ﬁl] =0 do dé ~a£ =const . (c)
at | g, &),

Dang thie (¢) biu dién mét tich phan ddu cia co hé va goi 1a tich
phan Xyclic,

Can luu ¥ ring hé c6 bao nhiéu toa @6 Xyclic thi phai ¢é bay nhiéu
tich phéan Xyclic.

Vi du 1: Giai bai toan vi du 2 trong chudng nay bing cach 4p dung
phudng trinh Lagring loai I1.

Bai gidi: Chon toa d§ suy réng q, = x 1a khoang cach tit vat A dén
diém D c8 dinh nao d6.

g, = z 1a khoéng cach tir C dén diém O cd dinh.

L\\\\\\\\Y

3{" x

<

o4

Hinh 6,10

Cho hé mét di chuyén kha di sao cho x bién déi con z khéng déi (lic
nay khél tru dong thdi quay dé cudn day vao giil cho z khong d61).
Nghia la &x > 0. Khi d6:

8A, = ~fPx dodé @, = fP.
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Tuong ty:
A, = @8z dodé Q, =Q.

Péng nang caa hé:

C=-1— lxg r2w2+—1-><—Q—V§,
2\2 g 2 g

trong dé: Vo =2, V, =%,V =ro.

Ta tinh © qua cac van toc trén:

UJ_VC_VE Z—x,

r r
T:—X*x2+%xg[%(z x)2+22],
TP, Q.

x g 2g
ﬁzﬂ(z‘x+g]=9_(3z—x)
&2z g\ 2 2g
Ta c6:
%[g)_%zg—»Q'z'—(ZP+Q)i=2fpg;
dfaery oT R
—_—] —_— - —_—— = 3 - =2 B
dt[@é] Pl A

Giai hai phuong trinh trén day ta duge:

. Q=3P . Q+PE-f)
*=osapf Vit o ap ¢
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Vi du 2: Mgt con lin A hinh try dong chét khi Iugng m, ban kinh
R, lan khéng trugt trén mit phing nghiéng cla ling tru tam gic
B khéi lugng m, va c6 géec nghiéng véi mat phing ngang gée
o = const. Lang tru c6 thé trugt trén mit phdng ngang nhin.

Vigt phuong trinh vi phan chuyén dong ctia cd hé va tim céac tich
phéan d4u cla chuyén déng.

ra

)7

1 -
Q

BN ENNNNNMMNARMANANEANAN NN AN NN RN A

2

Hinh 6.11

Bai gidi: Xét cg hé gébm con lin A va lang tru B. Co hé c6 lién két
hinh hoc, giit, ditng va 1y tudng. Hé c6 hai bac tu do.

Chon cac toa &9 suy rong dia 14 ¢, = x va g, = S. V6i x 142 hoanh 49
khdi tdm ctia lang tru déi v6i hé toa d6 ¢6 dinh, con S 1a toa dd
khéi tAm clia tru tron theo mat phing nghiéng.

Cac lyc hoat ddng la trong lugng é cua lang tru va trong lugng P
ciia tru tron.

Péng ning: Tw=Ty+ Th

Ma Ty =lm2:i:2 con T, = llef +1J02m2.

2 2 2
Trong d6 V, 14 van toe khdi tAm O chia con lin, ¢dn o 14 van tdc géc
tuyét doi ctia con lin d61 véi khdl tdm cha né. Vi tAm O tham gia
hai chuyén déng: chuyén dong tuong d6i véi 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:
V., S

SRR
V:=V?+V?+2V,V, cosa =%’ +8% + 228cosa.;
1 S*
lm it +im (x* +S2+2xScoscx)+l><—m R —
2 2 R

)

Ty =

T\ = l(ml +my)x’ +%mlS2 +m, xS cosct .

Céc e hoat dong 1a Iyc thé va thé nang:

n=-m,gSsina;

QI :—-%zo; QS :—%=m1gsina;
eT
oS

. or
ox
?E =(m, +m,)%+m,Scosa;

%(?‘Z] =(m, + m, )5E+m1§cosa ;

aT 3
==m, S+m XCosSQL;

o8 2
d[aT] 3 4 .
=—-m,S+m¥cosa .
a8 2

Thay vao cac phudng trinh Lagring IL:

%[%Jw%—QS ¢6 =m, 8+ micosa=m,gsina; (a)
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_—é‘;:Qx b (m, +my)i+m,Scosa =0, (b)

dt

d [8’1’] aT
o
Ta thiy x = g, 1a toa dd Xyclic nén cé mét tich phdn Xyclic 1a:
(m, +m,)i+mScosa = h, =const .
Tich phin ning hugng la:
E=T+n= %(m1 +my)i’ +§-m132 +m, xS cosa — m,gSsina = const = A,
Tt cAc phudng trinh (a) va (b) ta giai ra sé co:

mygsin2a <0

X=-
3(my + mg)—2my cos® o

2(my + mo)gsinZa

S = > 0.

3(my +my) - 2my cos? o

Vay cd hé chuyén déng bién d6i déu.



Chuong 7

DONG LUC HOC TRONG
CHUYEN DONG TUONG POI

Trong cac chudng trude ching ta dd nghién ciu cie dinh ly, céc
nguyén 1y cua ddéng Ide hoc trong chuyén déng tuyét d6i. Nghia 1a
chuyén dong déi v6i hé quy chifu quan tinh (hé ¢d dinh). Chuong
nay ta s& nghién citu chuyén dong clia diém d61 véi hé quy chidu
khéng quén tinh (hé déng) khi chiu tic dung cta cac luc.

§7.1. PHUONG TRINH CO BAN CUA
CHUYEN PONG TUONG POl

Xét chdt diém M khéi lugng m chuyén déng trong hé quy chidu
déng Oxyz do tac dung cta ldc F , ddng thdi Oxyz lai chuyén ddng
50 v6i hé quy chiéu ¢8 dinh Oxy,z,. Ta cdn tim sy lién hé gita gia
toc tuong dé1 W: v cac e te dung.

Trong chuyén dong tuyét déi, thi theo tién dé 2 clia Niuton, ta cb:
mW, = F (a)
‘Ti d6ng hoc ta cb:

W =W +W +W,_,. (b)

a
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Vay:

mW; :m(W;+W;+m)=? ;

mW, = F +(-mW.)+{(-mW,_).

2}
fg,h '3'7:
X
Hinh 7.1

Got: ch' = —mﬁ 14 lge quén tinh theo;

E‘i‘; = —mﬁ’—k; 1a lge quan tinh Kériélit.
Ta cb:

mW, =F + F# + F% . (7.1)

Phuong trinh (7.1) 14 phuong trinh co ban ctia chit diém trong
chuyén ddng tuong dai.

So sanh (a) véi (7.1) ta rit ra két luan:

— T4t ca cac phudng trinh va dinh 1§ clia co hoe trong chuyén
dong tuong ddi ctia chat diém duge thiét 1ap nhu trong chuyén
dong tuyét déi, néu ta thém vio cic lyc quan tinh theo F¥* va
Iic quén tinh Koriolit Fi . Ta phai ¢dng thém vao F7 va FZ

12 do 4nh hudng chuyén déng ciia hé déng doi véi hé ¢ dinh.
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— Céc truong hgp dac bidt:

+ Né&u hé dong Oxyz chuyén déng tinh tién thi FZ =0 vi c-:;; =0

_—

nén W, =0.Khido6(7.1) sé la;
mﬁz =F+ }7’3’? . (7.2)

+ Néu hé déng chuyén déng tinh tién thing déu thi F =0 va

F¥ =0 nén:
mW. =F. (7.3)

Phuong trinh (7.3) giéng nhu phudng trinh (a).

Vay: khi hé dong chuyén dong tinh tién thing déu thi phuong
trinh cg ban cfia chét diém trong chuyén dong tudng d6i gidng
hét nhu phuong trinh ¢d ban cia chit diém trong chuyén déng
tuyét déi.

——

Ta xét cac trudng hgp xay ra khi F& = 0

—

Vi F& =-mW,,_ =-2ma,AV, . (c)

kor

T (¢) ta thiy FF 1 V. nén cling vubng goc véi tiép tuydn quy dao
tuong do1 do dé:

a. Hinh chiéu cua -I:’E;: 16n tiép tuyén Mt cla quy dao tuong déi
hay 1&n phudng ctia V. ludn ludn bing khéng. Do d6 khi chiéu
(7.1) 1én M1 cia quf dao tudng doi sé la:

dv,

mW,. =m=2r < F,+FY. (7.4)

b. Cong cha lgc FY trén dich chuyén tuong 48 bat ky bing
khoéng.
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§7.2. DIEU KIEN CAN BANG TRONG
CHUYEN DONG TUONG POI

N&u chit diém khéng cé chuyén déng tuong déi V; =0va W =0
thi FZ =0.Khi dé: |

F+F% =0. (7.5)

Phudng trinh (7.5) 1a diéu kién cin bing tudng d6i cia chit diém.

Pinh [y: Diéu kién cdn va da dé chit diém can bing trong chuyén
dong tudng déi 1a téng hinh hoce cac luc tac dung 18n chat diém va
Iigc quén tinh trong chuyén dong theo chia chit diém bang khong.

§7.3. ANH HUGNG CHUYEN BONG QUAY CUA
TRA! DAT DEN CAN BANG VA CHUYEN PONG CUA VAT

Khi giai phan ldn céc bai toan k§ thuat, ching ta coi hé quy chiéu
gan vao mat dat 1a hé 8 dinh (quan tinh). Nhu vay, ta dd bé qua
chuyén dong cia trai ddt quay quanh truc cla nd va chuyén déng
cha trai dit quanh mat troi. Tudng dng véi cac chuyén ddng nay,
ta c6 cac luc quan tinh theo ma ta cAn phai dua vio phuong
trinh (7.1).

Ta bi&t ring chuyén dong quay cla trai dit quanh truc ctia né mot
vong hét 23 gio 56 phit 04 giay. Nén van tdc géc:

27
o=
86164

= 0,0000729 rad/s.

1. Su can bing tuong ddi trén mat dat — Trong luc
Xét mot chét diém M can bang trén mat dat. Cac lyc tdc dung lén
chit diém 1a luc hép din F,, , luc quén tinh theo F# vi phén lyc N
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Piéu kién can bang d61 A
véi mat dat la: N
F +F#+N=0,
Vi ® = const nén F¥ chi
cd thanh phédn phap
tuyén hudng thing goc
vél truc quay cua trai dit.
Hop F va F,, ta dude
mot Tye goi 12 P

Fu+F¥=P. (»
Nhu vay chit diém chiu
tdc dung ca hai lic P va Hinh 7.2
N can bang nhau nén
ching cing trén mdt dudng thing. Luc P gol 14 trong lhic va
huéng thing ding tai mot diém cta mat d4t, con mat phing vudng
gbe véi P goi 1a mit phing ndm ngang.
V& tri s8 thi F¥ = mro? v6i r 1a khoang cach tit diém M dén truc
quay cia trai dat. Tri s8 ctia F¥ rat nhé so véi Fy, vi o? rat nhd.
Cho nén hudng ctaa hic P rit gin vii huéng cia rﬁ‘; .
Do da dua F? vao trong luc P, nghia 13 da k& tdi anh hudng chia
chuyén déng quay cla qua d&t. Vi vay khithiét lap cac didu kién
cdn bing cha vat doi véi mit dat ta khong cdn xét tdi anh hudng
chuyén déng quay cha trai d4t nita. V4i § nghia d6 thi cin bing
tuong d6i véi trai dat e6 thé coi 14 cén bing tuyét d6i.
2. Chuyén déng tuong ddi gdn mat dat

Khi tinh d&n dnh hudng chuyén déng quay cla trai dat, chuing ta

cdn phai dit thém cic hic F¥ va FZ

kor

tic dung 1én chdt diém.
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Nhung luce E,‘F lai chita trong trong luc P (theo *). Mat khac
FY =2moV, sinoe ma o 12 van téc géc cua trai dit khi quay
quanh truc ciia né, con « 1A goc gifta van toe tuong ¢61 V, véi truc
quay cua trai dat. Nhung tri s cia o rat bé va khi V, khéng da
16n thi F¥

kor
Vi du: Khi V, =700 m/s
va a=90° thi FZ chi
gdn bang 1% trong lugng
cla vat.

rat nhé so véi trong luc P nén c6 thé bd qua.

Vi vay, trong phén lén
cac tinh toan ky thuat

khi nghién cttu chuyén
déng cta vat doi vdi hé
quy chiéu gin vao trai

A4t, ta c6 thé coi hé quy
chiéu d6 1a hé quan tinh
{cd dinh).

Sau didy ching ta s& xét
S . . Hinh 7.3
dén anh hudng chuyén

ddng quay ctia trai d4t dén mét vai chuyén dong cu thé:
a. Chuyén déng trén mdt dat:

Xét mot chat didm chuyén dong 8 Bée ban cAu doc kinh tuyén theo
huéng tit Bdc dén Nam véi van téc V, thi W, sé hudng sang

phia Péng cdn FF s& hudng sang phia Tay. Chinh luc quan tinh

nay dA gdy ra ap luc phu }am mdn nhanh hon dudng ray phia bén
phéi clia dudng xe l1a mdt chiéu,

Luyc quan tinh F cling 12 mdt nguyén nhén lam 13 bo séng bén

phai ctta cic dong sébng d Bic ban cAu khi chay theo huéng Béc —
Nam.
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Khi chuyén déng tuong d6i theo hudng t& Nam 1én Béc thi hién
tugng xay ra nguge lai.

Hién tugng léch huéng khi vat roi thing dung (hay bén 1én cao).
Gia st X6t mot vat rai tu do theo phuong thing ding xubng mit
dat. Vi van e goe clia qua dit o rat nho nén lue quan tinh Fo

kor

va F¢' ciing rdt nhé so véi trong lue P. Ta coi van tdc tudng déi

va F2 huéng vé phia Déng. Cho nén khi vat rdi tu do, luc F

kor kor

da lam cho vat roi bi léch vé phia Péng so v6i dudng thing ditng.

Khi ban vat 1én cao hién tugng sé xay ra ngude lai. Tuy nhién dé
léch nay s rdt nhd va ta chi nhan thdy khi d cao kha l6n.

o
¥

Hinh 7.4 Hinh 7.5
Vi du: Tai vi d6 55°47" v6i g = 9,816m/s® khi vat roi tit dd cao
H = 100m thi dd léch 3 = 1,2cm.



Phén ba. DPONG LUC HQC _ 137

§7.4. CAC DINH LY TONG QUAT CUA PONG LUC HOC
TRONG CHUYEN DPONG TUONG DI

Cae dinh 1y tdng quat cua déng luc hoe trong chuyén dong tuong
doil duge thidt lap frén cd s phudng trinh ¢ ban (7.1). Nghia la

. . R e L2 . . . N
phai dat thém vao chit diém cae lge quan tinh theo F¥ va lye

i

quan tinh Kéridlit FJ . Can luu y rang:

- Khi ap dung dinh 1y déng nang trong chuyén déng tuong dai thi

cong cua luc quan tinh Koriolit F,% luén ludn bang khong vi

— Néu hé déng chuyén ddng tinh tién ma gbe hé dong tring véi
khoi tAm C cda co hé thi khi 4p dung dinh 1y mémen dong va
dinh 1y d6ng nang trong chuyén déng tudng d6i duge phéat bidu
tuwong tu nhu trong chuyén déng tuyét doi.

1. Binh ly mémen ddng lugng trong chuyé°n ddng tueng dodi

Gia st hé cé n chal diém,
chuyén dong d6i véi hé
dong Cxyz. Hé déng nay
chuyén déng tinh tién va
gbc 6 tai khoi LAm C cua
cd hé.

Xét chat diém tht & o
khdi lugng m, chuyén dong

trong hé déng véi gia tée

tusng d61 W, do cac luc

F,.  FI F..  Theo

Hinh 7.6

(7.1) ta ¢b:
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- dv I —
- rk qf qt
m, W, =m, dr o g +F L

e

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

v, d, . = Tz
my dtk :'&E(merk):Fak +F:.3:'

Nhan vectd ca hai v& véi 7, :
-~ d —_
T‘kA—é;(merk)z rkAFak +rkAFqu .

Theo phép tinh dae ham etia tich vectd:

d = — dr,, o — d, —
E(rkAmkV,k):d—;Amerk+rkAa(mkV,k).
Nhunag:
dr, o e —
"'&‘f‘/\mk Vrk =VrkAmerk :0 .
Do db:

d—~ = d.— —d o = = =
P& v6i toan hé:

d— dci d— i o, =
Za(lck) =E(Z£Ck):a(LC)=ZrkAFak +ZrkAmk Wek .

Ta co:
S Am W, =3 m AW, = -Mr AW, =0 vi rp =0;
d — —_— —— e —
-&?(LC):ZQAFB& :ZmC(Fak).

Vay.

d(L)
dt

=Y me(Fy). (7.7)



Phén ba, BONG LUC HOC 139

Pinh [y: Trong chuyén déng tuong ddi cha co hé, néu hé dong
chuyén dong tinh tiéh va gc cta hé dong trang véi khéi tAm C cha
co hé, thi dao hAm bac nhat theo thdi gian mémen ddng lugng cta
co hé d6i véi khéi tam C bang téng mdmen cda tdt ca cle luc hoat
déng tac dung lén co hé do1 véi khol tam dob.

Khi chiéu (7.7) 1&n cAc truc cha Cxyz ta cd:

9!%:%2 = Z mMey (I‘:k.)
d(;‘fy =S mey (Fap) b (7.8)
dles) - Z mey (};';)

dt J

2. Pinh Iy dong nang trong chuyén dong tuong doi coa chat diém
Xét mot chat diém khéi lugng m chuyén dong véi f’ﬁ trén quy dao

tuong d61 do téc dung cta hye F va cac lye quan tinh theo F:;: ,

luc quan tinh Kéridlit F, Fot

kor "

. Theo (7.1) ta ¢b:

——-d\T

r

+ Fkar '

Nhan vé huéng ca hai v& véi dr, :

d;’ dr, =(F + F% + Fg

)dr -—Fdr +Fq‘dr +F‘7’dr

kor

Fq‘dr =0 vi F"’ _Ldr

kor

d;’r dr, =3 md(¥,)? —d( ]=dAF+dA§‘;

Ty,

Id[ sz) jdAH jd.A

MM, MoM,
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1 :

—mVyi -=mV2 = A" + A%,

Z 1r g

T, -T, =A". +A" |
MoM,| eMoM,

(7.9

trong d6: T,, va T, la d6ng ning ctia chit diém tai vi tri ddu M,

¢6 van tée V,, va vi tri cudl M, ¢b van téc V., trén quy dao tuong déi.

Pinh [y: Bién thién déng nang tuong d6i cia chat diém i vi i M,

dé&n vi tri M, trén quy dao tudng d8i thi bang téng céng cha cie luc

tac dung va luc quan tinh theo trén doan dich chuyén &y.

Vi du 1: Nuia vong tron BCD ban kinh R
quay quanh dudng kinh BD véi van téc goc
. Mdt nhan M trong lugng P trugt khong
ma sat ti diém B sat truc quay theo nda
vong tron véi van tée ban ddu V, = 0.

L 3
Tim vén tdc tudng dai V, tai diém C.
Bai gidi: Xét chuyén déng tuong d6i cada
nhin M trén cung tron BCD. Van toc caa M

khi chuyén dong tit B dén D 12 v4n téc tudng
46 V..

Céc lyc tac dung 1én M 1a: trong lugng P cia
nhAn M, phin luc phap tuydn N va FY
huéng vudng géc vdi truc quay BD, luc quan
tinh Kéridlit F¥ hudng vudng géc vi mat
phing hinh v&. Do d6 chi ¢6 lyc P va F¥
sinh céng.

Theo dinh 1y ddng nang:
T, -T, =A" + A",

Nhung V,,=0nén7,=0->1T, = 5 me, AF

Hinh 7.7

gt
+AF.
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Ma A® = PR. Ta phai tinh:
[
A% :IFq’dx.
eBF\C B e

Ta cé:

: R
v? : 1 :

F¥ =mW, =m--=mxo’ > A = jmxw‘adx =~ma’R*.
x eBC o 2

Do dé:
émvﬁ -PR+ -;—mmzRg >V, =\2gR+o'R" .

Vi du 2: Trong co cdu hanh tinh tay quay, banh ring déng béan
kinh » khél lugng M. Tay quay 0,0 = b quay quanh O, theo luit
@ = at” trong d6 @ = const.

Xac dinh luc tiép tuyén @ tai
diém ti€p xiic gilta cic banh
rdang.

Bai gidi:

Xét chuyén dong tuong déi cia

banh riang déng d6i véi hé
déng Oxy c6 goc O tai khél tdm
cua banh rang dong.

Cac lyc tac dung ﬁ,if.,é,? do
0,0 tac dung vao 0. - Hinh 7.8
~ Ap dung dinh 1y mémen déng
déi véi O:
AL,

= 3 mo(F). &
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Ma L’ =dJ, o, véi ©, 14 van tée goc cha banh rang ding quay

quanh O cén J,, :%MrQ.

Banh riang déng chuyén doéng song phing nén :

:KQZE)_('[):bZat_
"r r r’
r 1, b2at L, F
L, = 5 Mr — = Mabrt > — =Y my(F); )
dL’” =
2 = Mabr va Y m,(F)=r@Q.

dt

Thay vao (*) ta c6;
r@Q = Mabr -» @ = 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. PiNH NGHIA

Va cham 13 hién tugng céc vat chuyén d6éng dén va vao nhau lam
cho van tdc chia ching bign d&i mét lugng hitu han (ca vé huéng va
dd 16n) trong mdt khoang thdi gian rdt nhd (t 107%s d&n 107%).
Khoang thai gian d6 goi 12 thoi gian va cham. Ky hiéu 1a 1.

Hién tugng va cham gip rat nhiéu trong thuc t& nhit khi déng coc,
rén, dap, nghién quing...

8.1.2. CAC DAC PIEM CUA QUA TRINH VA CHAM

a. biac diém tha nhat

Va cham x4y ra trong khodng thoi gian rat bé (tit 10%s dén 107°s)
nhung van tdc lai bién d61 hitu han nén gia tdc va cham rat 16n. Vi
vay khi nghién cliu va cham ngudi ta dda vao xung lue va cham.

S = jﬁdt. (8.1)
0

trong d6: N — luc va cham con t 14 thdi gian va cham.
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b. Bic diém thir hai

Thai gian va cham rdt nho nén trong qua trinh va cham cac vat
{(hay chat diém) cia hé di chuyén khéng dang ké.

¢c. Pac diém thi ba

Miic 40 thoi gian va cham rat nhd. Nhung qua trinh va cham lai
dién ra theo hai giai doan:

— (iai doan bién dang: x3y ra trong thoi gian 1, ké tit ldc hai vat
¢6 van toc khac nhau bat dau tiép xic nhau cho dén khi cic vat
bi bién dang 14n nhat va lic nay cac vat ¢6 van téc nhu nhau:

- Giai doan phuc hdi: kéo dai trong thdi gian 1, ké ti khi hai vat
¢6 van tée bing nhau cho dén khi chiing cé van tdc khac nhau
va tach roi nhau.

Can cd vao mic dd khdi phuc hinh dang ¢t cla cac vat khi va
cham, ngudi ta phan loai va cham thanh va cham mém va va
cham dan héi:

~ Va cham mém la qua trinh va cham khong c6 giai doan phuyc
héi. Dac diém cta loai va cham nay 1a khi két thic va cham
nhiing phin ti cia hai vat 3 mién ti€p xic c6 cing vin téc phap.

—~ Va cham dan héi 12 qua trinh va cham ma sau khi va cham, céc
vat khéi phuc lai mat phan hay toan hg hinh dang trude khi va
cham. ‘

Né&u hinh dang cta vit dude khdi phuc lal hoan toan thi va cham
dé duge goi 14 va cham hoan toan dan héi.

Dac diém cia va cham dan hdi 14 khi k&t thic va cham van tée
phap tuyén clia cac phén ti tai mién ti€p xic 1a khac nhau.

8.1.3. CAC GIA THIET CUA LY THUYET VA CHAM

Va cham la hién tugng xay ra rit phutc tap. Trén ¢ s6 cac dac
diém cha va cham, ta dua ra cic gia thist sau ddy nham don gian
héa qua trinh tinh toan:
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a. Giathiét 1
Vi luc va cham rit 16n nén khi nghién ctu va cham ngudi ta bo
qua cac lye 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 cac vat (chit diém) di chuyén khong
dang ké, nén gia thiét ring: trong quéa trinh va cham cac vat ding
yén tai chd.

c. Gia thiét 3
Do qua trinh va cham xay ra theo hai giai doan: bién dang va phuc

hdi nén dé tién so sanh hai giai doan d6 ta tinh cic xung lugng va
cham trong tung giai doan:

j‘f\f_' di; S, = j'—dt (8.2)

trong dé: 17{ va E 1a hyje va cham trong giail doan bién dang va
giai doan phuc héi.
Ta goi k£ 14 hé s6 phuc hdi thi:

p=SL

S, 8.3)

Hé s6 phuc héi & phu thudce vao nhidu y&u t8 va dude coi 1a hing s6
trong sudt qua trinh va cham.

Dua vao hé s§ phuc hdi 2 ma ta c6 thé phan loai va cham:
0 <k < 1: va cham dan hdi;
k = 1; va cham hoan toan dan hdi;

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 xac dinh céc dai lugng sau:

a. Van tde cac vat etia cd hé sau va cham.
b. Xung lugng cla cac lyc trong khi va cham.
¢, Su tiéu hao ning lugng khi va cham.

§8.2. CAC DINH LY TONG QUAT CUA PONG LUC HOC
TRONG LY THUYET VA CHAM

Néi chung ¢6 thé ap dung céc dinh 1y tdng quat eta déng luc hoc
trong va cham. Nhung do dic diém clia hién tugng va cham va do
6 su tidu hao nang lugng khi va cham nén ta khéng thé ap dung
dinh 1¥ déng ndng dugc.

8.2.1. BINH LY DONG LUONG

Tacb

Q% -Q =35
trong dé: E’E — téng xung lugng va cham ngoai.
Do ¢o hé va cham thudng 12 vat rin hay hé vat rdn nén @ =MV, .
Cho nén:

ZQ; =M ff_c: va Q_; =M ?; .
Do dé:

MU, -MV, =Y S;. (8.4)
trong d6: M 14 khéi lugng cha cd hé con Ug va Vo 12 van toe khéi

tdm cua c¢o hé sau va trude va cham.
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Pintk Iy: Bién thién déng lugng clia co hé trong va cham bang tong
hinh hoc xung higng cae lyc va cham ngoai.

8.2.2. DINH LY MOMEN PONG LUONG

Theo dinh 1y mémen dong lugng d6i véi ed hé:

dL 2 =
(4] — Fe ,
at ;mo( ;,)

mdmen déng lugng clla cd hé 361 véi diém O ¢d dinh cdn

— R, — .
m,(F) = ZrkAF,f la téng mémen cha cic luc va cham ngoai
1 k=1

M= &

E o
I

¢ dung 1&n hé d6i véi diém O:

—
j«v ]

T
dL, =Y m,(Fo)dt =Y rAFfdt » [dL, = [3 rAFsdt;
k=1 k=1 Iy )

L
L1l - S rafFidt- Y rASE = Y mi5D;
1]

L-L =Y m, 8. (8.5)
Chiéu (8.5) 18n céc trye toa dd Dé-cac ta c6:
I3~ Ly = Y mox(S9)
2, - IL, =Y mg,(SE) . (8.6)
Ly - IL, = my(SP)
Dinh Iy: Bién thién mémen dong lugng clGa cd hé d&i véi mt tdm

(hay mét truc) trong thdi gian va cham bing téng mdémen xung
lugng ciia cice luc va cham ngoai @61 véi tAm (hay truc) dé.

Néu vat quay quanh mét tryc ¢8 dinh ta cé:
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J,0, —J,0, =Zmz(§§), (8.7

trong d6: w, vA ®, 13 vAn tdc géc cha vat quay quanh truc z tai

thi diém sau va trude va cham. J, 14 mémen quan tinh cla vat déi
v{i truc quay.

8.2.3. DiNH LY DONG NANG

Trong va cham ludn xdy ra sy tidu hao ning ludng, do mdt phan
ddng nang bién thanh nhiét nidng va mét phan déng ning chuyén
thanh ning lugng gy ra bién dang. Vi vy thong thuong ngudi ta
khéng s dung dinh 1y déng niang dé nghién ctu va cham ma
thuong chi st dung dinh ly déng luigng va dinh ly mémen ddng
lugng.

Trong va cham ngudi ta quan tdm dén lugng déng ning bi tiéu hao
AT. Néu v6i muc dich 14 giy bién dang (vi du trong rén, dap) thi
phai tim cach tang lugng déng nang bi tidu hao. Ngude lai néu
nhdm muc dich 1am dich chuyén nhu déng coe, déng dinh thi phai
lam giam lugng ddng ning bi tiéu hao khi va cham. Chinh nhd
lugng ddéng 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 khai lugng m, va m, chuyén dong tinh tién dén va
vao nhau véi van téc V, va V, huéng doc theo dudng thing néi
khdi tAm hai vat. Biét hé s8 phuc héi k.

Hay xac dinh:
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— Van toc khél tAm hai vit sau va cham 1a u, va u—2 ;
- Xung lugng cua cac lde va cham treng titng giai doan;

~ Lugng méit déng ning trong va cham.

Chung ta dua vao dinh ly déng lugng trong va cham va viét
phuong trinh va cham cho tung vat trong cac giai doan va cham,

— Trong giai doan bién dang:
+ Phuong trinh va cham ctia vat thit nhat:

mi — mlvl = ‘—Sl . (88)
+ Phudng trinh va cham cia vat tha hai:

molt — m2V2 = Sl - (89)
- Trong giai doan phuc hoi:
+ Phudng trinh va cham ctia vt th nhét:

myit, —mai =-S,. (8.10)
+ Phuong trinh va cham ctia vat thit hai:
Theo (8.3) ta cé

S, = kS,. (8.12)
Véi nam phudng trinh (8.8); (8.9); (8.10); (8.11); (8.12) ta xac dmh
duge 5 an s u, 1y, Uy Sy, Ss.

T (8.8) va (8.9) ta dugc:

_ m,V, +m,V,

(8.13)
m, +my
Thay (8.13) chtta 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, k2 v _vy.

my +m,

Thay (8.13) v&a (8.15) vao (8.10) va (8.11) ta ¢é:

u, =V, —(+ k) —2 2y, _V,);
m, +m,

U, =V, —(1+ k) -T2 (v, _ V)
ml +m2

T (8.16) va (8.17) ta tinh dugc:

Uy ~U, u

r

V,-V, V.°

r

(8.15)

(8.16)

(8.17)

(8.18)

Trong d6 V., va u, la vin tdc tuong té1 cia vat thd hai doi v vat

th nhéat sau va trude khi va cham.

Tinh lugng méat déng nang trong va cham. Goi T, va T, 1a dong

nang cua cd hé trudc va sau va cham:
1 1
T, =—m, V2 +=m,V;,
2 2

1 1
T, =§m1uf +§m2u§.

Lugng ddng nang bi tiéu hao:

AT =T, -T, :-;—ml(Vlzhuf)+%m2(Vf —uf). (8.19)
Sau khi bién d8i lugng déng ning bi tidu hao 13 AT tinh duge theo
edng thic:
AT = 1xM™Ma__piyy, _v,)2. (8.20)
2 m +m,

Ta xét cac trudng hop xay ra:

~ Trudng hop va cham mém % = 0 thi:
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AT = 1 x—-——mlmz

= (V, - V)%, (8.21)
2 m;+m,
- Trudng hgp va cham hoan toan dan héi £ = 1 thi:
AT =0, (8.22)

Nghia la trong va cham hoan toan dan hé doéng ning ciua hé
khéng bi tiéu hao.

— Trudng hgp vat thit nhit va vao vat thit hai ban diu ding yén

V, = 0. Khi dé:
AT :lM(l_kQ)Vlﬂ -T2 k)T, (8.23)
"2my+my, m, +mg
véi T - %lef . (8.24)

T, 13 ddng ning cta hé trude khi va cham.

Dé biét ty 1& giita d6ng ning bi mat di trong va cham so véi dong
ning cta co hé trude khi va cham ta tinh ty s&:
AT My g2y, (8.25)

T, m;+m,

Trong rén, dap: nhdm muc dich 1am cho vit bi&n dang cang nhiéu
cang tot nén dong nang bi mat di cang nhiéu cang Igi. Ta goi higu
sufit ctia qué trinh rén, dap 1a n; :
m
= —Az = —'—-———-—2 (1 - kz) =

1
T m+m,

(]

1

(1-%%). (8.26)

AL |

My

Nhu vay khi n, cang 18n thi cang lgi cho céng viée rén, ddp. Nghia

1a 7L cang nhd. Mudh vay thi m, phai I6n hon m, rdt nhiéu l4n.
m,

Do d6 khéi ludng ctia de phai ldn hon khéi lugng ciia bia nhiéu

1an. D& tang khéi luong de ngudi ta thudng gan chit de vio nén.
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Trong déng coc: nhim muc dich 1am cho coe di chuyén cang lin
sAu vao dat cang tét. Mudn vay thi déng nang bi tiéu hao trong va
cham cang it cAng t6t. Khi d6 hiéu suit ctia déng coc sé 1a:

1

m
My ==l = (1k?) =
m, +m,

(1-%?). (8.27)

1+—2
m,

Dé hidu suft déng coc m, 16n thi 2 cang bé cing loi. Nghia 1a
m,

khéi lugng bia m, phai lén hdn khéi lugng coc m, nhigu 14n.

Vi du: Bua déng coc ¢é khéi lugng m, rdi ty do tit dd cao k so véi
dau coc. Khéi lugng cia coc 1a m,. Sau mot 14n va dap coc di xudng
mot doan 8. Tim lyc can trung binh cua d4t tac dung 1én coe. Gia
thi€t ]a va cham mém k& = 0.

Bai gici: Day 14 bai todn va cham
thdng xuyén tdm cla hai vat chuyén ]
dong tinh tién.

Hién tugng va cham nay xay ra theo
ba giai doan:

— Giai doan 1: ké ti khi biia rdi tu do
£t db cao h d&n cham vao diu coc véi | s

-

van tée V,. |

— (Giai doan 2: 14 qua trinh va dap gida m,
biia va coc ké tit lde bia dap vao ddu
coc v6i van tée V, va coc ¢6 van tée V, = 777777 77
0 cho dén khi két thic qua trinh va
dap bua va coc ¢é cling van téc u. W%

— Giat doan 3: ké tit khi bda va coc ¢ Y
cung van téc u cung lan siu mt doan
S rdi diing lai.
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Trong giai doan 1: xéc dinh van téc V, clia bda khi bat ddu cham
vao dau coc nhd dinh ly déng nang:

%lef ~0=mgh->V = @
Qua trinh va dap thing xuyén tdm cta bia va coc khi va cham
mém k = 0 thi van tdc & lic két thic va cham:

u=u =u, = mYy ™ J2gh .

m,+my m;+m,

Ta goi Fyy, 12 lyc can trung binh do nén d4t tac dung 1én coc va coi
12 hing s6. Ap dung dinh 1§ d6ng nang cho giai doan nay:

S
oy tmy e L i tmy
0-——tu’ = OjF,bds_ FpS > Fp == tu?s
2
Fy = ™ Xfl‘

§8.4. VA CHAM CUA VAT QUAY QUANH TRYC CO PINH

Xét mot t&m phang khol lugng M c6 khéi tam C ndm trong mat
phing ddi xiing Oxy va quay quanh Oz ¢§ dinh vudng géc véi mit
phing xy. Xung luc va cham S tac dung ndm trong mit phéng d6i
xung tai diém K va nghiéng véi truc OC géc «. Gia thiét ban dau
OC = @ nim trén dudng thing ddng va van téc gbc cla tim phing
13 o,.

Xéc dinh van t6c o clia tdm sau va dap va xung luc cia phan lye &
tai truc quay Oz. '

Ta xét chuyén dong quay clia vat.

Cac xung lyc va cham ngoai Ja 8§ va S, .
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Ap dung dinh ly dong lugng (8.4) va
phuong trinh vat quay (8.7):

Mu,-MV,=8+8,; (a)
Jp.0—Jp,0, =2 my (S5), (b)

—_— —

véi: Vo, va Uy 1a van tdc khéi tAm

C cla t&m trude va sau va cham; Jp,
12 mdmen quan tinh eda tdm 41 vl

truc Oz; ©, va © 12 van t6c gbc cua
tdm trudc va sau va cham.

Chiéu hai v& clia déng thiic (a) 1én
cac truc Ox va Oy ta c6:

Mu, - MV, = Ssina+S,,; (0 Hinh 8.2

0=Scosa+8,. (d)
Tit (b) ta viét:
Jo.(0—w,)=hSsina . (e)
Véi Vi = aw, va ue = aw. Thay vao (¢} ta co:
Ma(w-o,)=Ssina+8S,,. {f)
Va t {d) ta cé:
S, =-Scosua.

ay

Tit phuong trinh (f) va (e) ta tim dude:

S, = S[Mah ~1]sina;
[47]
S =-Scosa.

ay

T {e) ta cb:

hoo.
»=w,+——>Ssina.
0z
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Nhu vay duédi tac dung ctia xung va cham S thi tai truc quay Oz
xudt hién hai thanh phan cia xung 8§, 1a S, va S, .

Hai xung nay ¢6 tac dung pha hoai rat 16n d6i véi 6 truc. Ta hay
tim. difu kién d€ & truc khéng xuét hién hai thanh phin cta xung
nay khi vat chiu téc dung cua xung va cham S cé gia tri tuy ¥.
Muén vay:

S =-Scosa=0;

ay

S, =S(Mah—1)sina:0. "
[#73
T (*) ta suy ra:
cosa=0 s>o== vi Mah—le—)th—O’—.
2 J o, Ma

T cac k&t qua nay ta thiy diéu kién dé khéng xuit hién céc xung
phan luc tai cac 8 truc khi vat rén chiu tic dung cha xung va cham
c6 gi4 tri bat ky 14 khéi tAm C phai ndm trén mat phing déi xing
vudng goc vdi true quay. Xung lyc S phdi ndm trong mit phing
déi xGng vudng géc véi truc quay va di qua diém K nam trén OC

théa man diéu kién OK = h = &.
Mea

Diém K x4c dinh nhu trén duge goi 14 tAm va cham.

Vi du: Xdc dinh tdm va cham cla mét thanh déng chdt AB = b,
quay trong méit phing thng ding quanh diém O ¢f dinh (hinh 8.3)
Bai gidi: Gia st truc quay O cach ddu A mot doan AO = x. Goi K 1a
tAm va cham cach ddu B mét doan KB=y. Dat OK=h va OC=a.
Theo biéu thite

OK =h =0
Ma

Tabiét  J,, =dg + Ma®;
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2
__)thCZ+Ma =ch+a'
Ma Ma

b b 1
Th . h.__ -_— : - = ; = 2
ay a+z-yia=y-xiJg = Mb

N . A - - ~ rENTY A -
vao biéu thic (*} va qua mdt s8 bién ddi ta cb:

e

*

**)

Tu (**) ta thdy khi cho biét x thi x4c dinh duge ¥ va ngude lai. Hai
théng s6 nay c¢é thé hoan vi duge cho nhau. Diu nay c6 nghia la
tdm va cham va truc quay ¢ thé thay d6i vi tri cho nhau.

A ——_\T A ﬁﬁ AS0 -
k4
) o
% ™
0 )
0 _._QF
«
ol —% . c c A
£
) e
K KH
=,
gl BEBL — g U
a) b)
Hinh 8.3

_.._\nk

c)

* Néu gia st choy = 0 thi x :%b téic 1a khi tdm va cham K nam

tai mét ddu B cha thanh thi truc quay O & cach dau kia mdt doan

bing —éb . Vi b 13 chifu dai thanh (hinh 8.3b).

Diéu nay duge x4c nhan trong cac trudng hop: khi cAm bia, cam
riu, cAm cudc dé chd tay cAm khdng bi dau (khéng xudt hign xung
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phan lye) thi didm cAm cha tay (truc quay O) phai cach diu kia

o ¥ ]- - - - -
mot doan béang 3 chiéu dai can bia.

* Néu chox =0 thi y =%, nghia 14 truc quay O ndm tai mét dau

thanh thi tdm va cham K nam cach truc quay O mdt doan

OK=—§—b. Trudng hop nay thdy rd trong may nghién bua dé

nghién vat liéu. Mudn truc gquay cua bda khéng xudt hién xung
phén le ta cAn phai cho vét lidu nghién va cham véi bia tai diém

cach truc quay bang % chifu dai can bua ¢hinh 8.3¢).
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CAU HOI ON TAP

1. Céc khai niém: chat diém, hé ch&t diém (co hé), co hé ty do va
khéng tu do.

2. Vat ran tuyét d6i, hé quy chiéu quan tinh va khéng quan tinh.

3. Luc va cach phan loai lye.

4. Cac tién dé€ déng lyc hoe — ¥ nghia ting tién dé

5. Hai bai toan co ban ciia déng luc hoc.

6. Phuong trinh vi phan chuyén dong cta chit diém trong cac dang:
vectd, toa dd Dé-céc, toa dd ty nhién.

7. Phuong trinh vi phén chuyén d6ng clia co hé.

8. Dinh nghia khéi tAm cta cd hé, trong tAm clia vat ran. Dinh nghia
mémen quén tinh cla vat rdn d6i voi mét truc va mét didm

9. Céng thitc mdmen quan tinh cha médt s§ vat déng chit don gian.
Dinh 1y mémen quan tinh cfia vat 481 v4i cac truc song song (dinh 1y
Huyghen)

10. Pinh nghia ddng lugng cha chit diém va cd hé. Coéng thic tinh dong
lugng cua hé qua van téc khél tAm. Dinh nghia xung lugng nguyén
6 va xung lugng hitu han caa lue.

11. Phat biéu v& chiing minh dinh 1§ dong lugng ctia cd hé. Néu cac
trudng hop bao toan déng lugng cla co hé. Vai tré cta ndi lyc va
ngoai luc d8i véi su bign d6i dong lugng cla co hé.

12. Phat biéu va chitng minh dinh 1y khai tdm. Néu céc trudng hgp bao

toan chuyén dong khoi tAm. Anh hudng cha noi lyc va ngoai luc dén
chuyén déng khoi tAm cia cd hé.
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13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Dinh nghia mémen déng ludng cia chdt diém va cd hé d6i véi mot
diém va mét truc. Tinh mémen ddng lugng cla vat ran quay quanh
mét truc. Phat bidu va chitng minh dinh 1y mémen déng lugng clia
¢d hé ddi véi mot diém va mét truc.

Viét phuong trinh vi phan chuyén déng quay clia vat rdn quanh mét
truc ¢& dinh va phudng trinh vi phan chuyén déng song phéng cla
vat rén. Cac dinh luat bo toaAn mémen ddng lugng.

Dinh nghia déng nédng cla chit di€ém va cd hé. Céng thiic tinh déng
nang ciia vat chuyén dong tinh tién, chuyén déng quay quanh mot
truc ¢ dinh va chuyén déng song phing.

Dinh nghia ¢éng nguyén t8, céng hitu han va céng cda lye dan hoi
tuyén tinh, luc dat 1én vat rdn quay, luc ma sat trudt va luc ma sat
tac dung lén vat chuyén ddng song phéng lan khéng trugt. Khi nao
téng cong ctia ndi lyc bang khéng.

Phat biéu va ching minh dinh 1y déng n#ng cha cd hé. Anh hudng
clia ndi lue va ngoai lue d6i vdi su bién d61 ddng ning clia cd hé.
Trudng hop nao tdng cong cia ndi luc khac khong.

Dinh nghia trudng lyc thé, thé niang. Cong thic tinh thé ning caa
trong luc va lyc dan hdi tuyén tinh. Phéat biéu va chitng minh dinh
luat bao toan co nang.

Dinh nghia co hé khong tu do. Pinh nghia lién két va phén loai cdc
lién két, phuong trinh lién két va phan lyc lién két, Cho vi du.

Dinh nghia di chuyén kha di. Cho vi du. Dinh nghia s8 bac tu do, 88
bac tu do cha vat rdn chuyén dong tinh tién, chuyén déng quay
quanh mdt truc ¢ dinh va chuyén dong song phing.

Dinh nghia toa dd suy réng ciia co hé khong tu do, so sanh véi cd hé
ty do. Cho vi du minh hoa. Pinh nghia lye suy rdng va cach tinh lue
suy réng. Cho vi du.

Dinh nghia lién két 1y tudng. Cho vi du.
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23.
24.

25..

26.

27.

28,
29.

30.

31.

32,
33.
34.
35.

36,

37,

Phat biéu va ching minh nguyén 1y di chuyén kha di.
Diéu kién cAn bang cQa co hé trong toa d6 suy rong da.

Dinh nghia lye quan tinh cha chét diém. Két qua thu gon hé lyc
quan tinh cha vat rdn chuyén déng tinh tién, chuyén déng quay
quanh mot truc ¢§ dinh thing géc véi mit phéng cha tdm, cda tdm
phéng chuyén déng song phang.

Phat biu va chitng minh nguyén 1y Daliambe cho ch&t diém va
co haé,

Néi dung ctia phudng phap tinh déng. ap dung phudng phap nay dé
nghién citu chuyén déng quay cta vat rén quanh mét truc cd dinh
(phan Iuc 6 truc quay, phan ldc dong lue va phuong phap triét tidu
phan lyc dong Iyc) chuyén déng song phéng cia t&m phing.

Phuong trinh téng quat déng luc hoc.

Viét phudng trinh Lagrang loai II va trinh bay co sé cia phudng
phap thiét 14p né. Phuong trinh Lagring loai II cho hé bo toan.

Cac tich phan d4u cia chuyén déng, tich phin nang lugng, toa dd
Xyclic va tich phan Xychc.

Thiét lap phudng trinh ¢g ban cla chuyén déng tuong ddi. Cac
truong hgp dic biét.

Piéu kién cin bing trong chuyén ddng tudng déi.
Cac dinh 1y tdng quat trong chuyén d6ng tuong d6i.
Dinh nghia va cham, cac dic diém va gia thiét vé va cham.

Cac dinh 1y téng quat cha d6ng luc hoc 4p dung cho va cham. Sy
mét déng ning trong va cham.
Va cham thdng xuyén tdm cha hai vt chuyén dong tinh tién. Noi

dung bai toan va néu két qua.

Va cham cta t&m phang quay quanh truc ¢8 dinh thing géc v6i mat
phéng cua tdfm. Tam va cham. Néu mét vai ap dung.



Vi DU TINH TOAN, BAI TAP
YA HUGNG DAN GIAl 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 ong theo duding cong phing nao dé qta ciu nhd
M dat tai mbt diém bat ki trong 6ng vAn ndim yén so véi ong khi
éng quay quanh truc Oy vdi van téc gée o khong @61 (hinh 1.1)

Hinh L1
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Bai gigi: Xét chuyén dong cla qlia ciu M.
Cac lye tac dung 1-3 N . Ta cé:
mW =P+ N *)
Chiéu (*) Ién truc A ta cé:

-mW, cosa =—Psino =-mgsina, véi W, = xn?;

xw® coso = gsing;

w* _sinoc_t dy

g cosa dx

2 - 2
dy =2 xdx > Idy = Im—xdx;
g g
2
y= 2_x2siC.
28
Vay &ng phai udn theo mét dudng cong phang Parabol
Vi du 1.2: M6t chat diém khéi lugng m chuyén dong trén mat nhin nim
ngang Oxy dudi tde dung caa luc ?"(t) song song v truc Ox. Gia
tri cia luc thay ddi theo quy luat F(2) = bt?, trong d6 b = const > 0.
Van toc ban ddu V, léch géc o < g— dé1 véi dudng tac dung cia lue F.-
Tim phuong trinh quy dao chuyén déng cia diém.
Bai gidi: Xét chuyén dong cha chat diém. Ta ¢b:

mW =F. ' (*)
Chiéu (*) 1én cac truc toa db ta co:

mW, =mi=F =bt" (a)

mW, =mj =0 ()

> mo-= bt*

mdx = bt?dt

3

Imdx=_[bt2dt—+m:t=%+cl.



Phin ba. DONG LUC HOC 163

Diéu kién ban ddu¢=0: x(0)=0; %(0) = V, cosa .

Thay vao ta ¢6

mV, cosa = C|

. . dx -bt?
v me=m-—=——+mV, cosa;

dt

K
mdx = (%— +mV, cos a}dt :

bt?
Imdx =5 +mV, cosa |df;
bt*

mx =

+mtV, cosa+C,.
12

Thay diéu kién diu ta c6 C, =0 va
bt
mx =——+mtV, cosa.
12

P4

Tt (b) 5=0-3=C,.

Yi
/’/
- F
- »~———m
v ~
[ //
/
ra
i
/2
a [
0 T x
Hinh 1.2

Pidu kién ban ddu ¢ =0: »(0)=0; (" :V sina:

5’2%203 -—)dy:CsdtZVOSinO‘.dt;
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Idy = JVO sinadt > y=tV, sina+C,.
T diéu kién ban dducé C, =0:
y:tVOsina—>t=—y—

thav vao (c
V sina Y ©

[

4
m:c=i _y__ +mV, cosa—:)f—
12{ V, sina V,sina

4
b ¥
> X=—|—"1| +¥ycotga
12m[Vosina] yeore

Vi du 1.3: Chit diém khéi lugng m chuyén déng ti trang thai diing yén

va vi tri X, = @ theo dudng thing duéi tac dung cta luc kéo ty 18 véi
khodng cach tit diém dén géc toa d6 F, = -C,mx va khoang cach
Q, =C,mx>.

Tim quan hé gifta C,, C, va a dé chit diém chuyén dong dén goe
toa dd thi dirng lai.

Bai gigi: Xét chuyén déng ca diém M.

M
—_—t - - -
0 F Q X
Hinh L3

Cac Iye tac dung @,F Ta cb:
mW=Q+F;
mW, =mi=Q, -F, =C,mx” -C mx
- i=Cx*-Cx.

Mat khac ta cé:

X=x

&

_ 3
=Cyx” -Cix.
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TU day:

iﬂ 4

Biéu kién ban ddut = 0: x(0)=a; %(0)=0

2 4
nén B=C, 2 -¢,%;
2 4
2 4 2 2 4
X X X a a
S oY o N MY o S o R
9 2 4 i 2 1 2 2 4 »

a [
Gy Gy =0
0:2 az
hay Cl‘cz—i—io-—)clzcz._z_

DINH LY BPONG LUONG

2

Vi du L4: Ngudi ta cho nuéde chay vao mot kénh dao c6 tit dién thay déi
nhung d& xdng qua mit phing thing ding. Van tée V, = 2m/s ¢
phudng hgp véi phudng ngang mét géc 90°. Dién tich ti&t dién chd
nudc chay vao la 0,02m® Van tée khi nude chay ra khoi kénh 1a

V| = 4m/s va tao vdi phudng ngang goc o = 30°.

Xac dinh thanh phan phan lye ngang cta thanh kénh.

Baj gigi: Xét khéi nude gidi han bdi cac tiét dién aa, bb.

Ngoai lue tac dung }én khéi nude 13 phan lde do thanh kénh tac

dung lén gdm hai thanh phin thing ding RT; va thanh phan nim

ngang E .
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Sau khoang thdi gian dt, tiét dién aa dich chuyén dén a’a’ va bb
dich chuyén dén b’b'. Bién thién ddng lugng trong khodng thai gian
dt la: |

— . —

Q, -Q, =(R, +R,)dt.

Y

Hinh L4

Vi chi cén tinh thanh phdn nim ngang R, nén khi chigu 1én truc
Ox ta dugc:

@, =R, dt ma @, =V, ,dm =V, cosadm.
Ta can tinh dm. Ta thay:

dm =vsV dt — ysV dtV, cosa = R dt,
hay R, =ysV,V cosa.

Vi y = 1000kg/m?® 14 khdi lugng riéng cua nude nén khi thay cée tri
s6 ta duge:

R, =1000x0,02x2x 4% = 1000 x 0,02 x 4/3 = 138,56N .
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DINH LY KHO1 TAM

Vi du L5: Déng cd dién trong lugng P dat ty do trén san nhin nam
ngang. Ngudi ta gin mot du cha thanh déng chat dai 2/ vA nang p
vao truc cia dong co dudi mdt géc vudng, con diu kia gan vao tai
trong @; van t6c géc cha truc bing w (hinh 1.5).

Hay xac dinh:
1. Chuyén déng ngang cla ddng co

2. Luc cit ngang 16n nhit R tic dung 1én cdc buldng néu ta gén vo
ddng cd vao nén bang cac buldng.

Bai giai:
1. Khi khéng gin dbng c¢d véi nén bang buldng:
MW, =05V, =const.

Lic ddu hé dlng yén V,, =0 x, = const. Lic ddu OA =Cy

nénxg =0; x&zO; x;=0;x§=0.

Hinh L5
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Khi OA quay mét goc ¢ =t thi dong ¢d dich chuyén sang phai
m&t doan s. Khi dé

Xp=8;x,= s+{sinat; xg =s+2{sinwt;

Ps+ p(s+isinwt)+Q(s+2{sinwt)=0;

__(p+2Q)
P+p+@Q

Péng cd dich chuyén theo chiéu nguge lai

sin ot .

Bign do (p+2Q)
P+p+@
Chu ky T 2%
w

2. Khi gin d6ng cd v6i nén bang cac buldng thi lyc tde dung lén
buléng hudng theo truc x 1a:

R, =MW, = kafék :
Q

R=R,<Li,+P:% +%5,,

g g
xp=0; x, =/{sing ={sinwt;
Xo =2{sin¢ = 2/sinwi;

Xp=0; xpz—fmzsinmt;
XQ =20 sinomt;

Q@

R =£.iép +£5ép +—=kg =P ye? sinot ;
4 4 g

p+2Q
g

Q@

~ X2/ sinwt = —[ }sz sin ot ;
g

R :—Ej-—zig—fmz,véi sinwt =-1.

max
g
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DINH LY MOMEN DONG LUONG

Vi du L.6: Chat diém A khéi lugng m, chuyén dong trén mit tdm tron

nam ngang khoi lugng m, ban kinh r, doc theo diay cung CD véi
phudng trinh A_A = x =bsinkt, trong d6 % 1a hing s6 va & dude

cho trén hinh 1.6. T&m c6 thé quay khéng ma sat quanh truc thang
ditng d1 qua tim O.

Xac dinh van tdc gbe cia t&m tai thoi diém ¢, biét rang khi £ = 0 thi
tAm ditng yén.

Bai gidi: Hé khao sat gdm t&m tron va chit diém A.
Ap dung dinh 1y mémen dong lugng déi véi truc Oz di qua tam O
va vudng goc vé1 mat
phéng ctia tdm:

dL, =3 m,(Fy).

Ngoai lye tac dung lén hé \

gom trong lugng tdm tron
la P, va trong lugng chat R
diém 1a P, Ta théy

Zmz(F,f) =0 vi cac ngoai 1 b

lge déu cit hay song song

vl truc quay Oz. Vi lac
dau hé ding yén nén:

LI -0 Hinh 1.6
L =L+ L2,

1
trong 6 L) =J,0 ma J, =5m2r2;

IA =0AmVA ma VA —VALVA,
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- A . N o s a o .
Ta c6 V = x =bkeoskt con V2 = OAw véi o 14 van tée goc cla

t4m tai thai diém ¢.

Vay:
L2 =0Am V2 =0Am, VA +bm, V23,
L* = 0Am,0Aw + bm i = OA’m, 0+ bm bk coskt ;
L2 =0A*m 0+ b*m, keoskt .

Nhung :

OA? =b” + x® hay OA? =b% + x? =b% + b sin® kt;
LA =b*(L+sin® ktym, @ + b m  kcoshkt = 0;

LY = —m,rio+ b*(L+sin’ ktym,0+ b*m, kcoskt =0 .

R

Giai ra ta co;

~kb*m, coskt

=

ém2r2 +m b2l +sin? kt)

Dau () chitng té chifu clia » nguge vdi chifu chuyén déng caa chat
diém A.

DINH LY DPONG NANG

Vi du L7: Dau mét sgi ddy khong din, khong trong lugng duge bude vao
didm O cf dinh, day vong qua rong roc dong O, rdi vat qua rong roc
¢d dinh O,. Pau kia cda day bude vao vat A khéi lugng m,. Vat B
khdi lugng m, dudc treo vao truc rong roc dong O,. Cac rong roc
dudge coi 1a dia tron ddng chat khéi lugng m ban kinh R. Hé s6 ma
sAt gilia vat A va mit phing nghiéng vdi phuong ngang gée o 14 f.

Tim van téc goc cua rong roc O, khi vat A chuyén dong dude mét

doan s.
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i i1 44

VY

Hinh L7

Bai gidi: Hé khao sat gdbm céc rdng roc Oy, O, va che vat A, B: rong roc O,
chuyén déng song phing, rong roc O, chuyén ddéng quay quanh
truc ¢ dinh di qua tdm rong roc, cic vat A, B chuyén déng
tinh tién.

‘Ap dung dinh ly déng nang:
T, ~T,=> A5+ A;.
Do ban ddu hé ditng yén nén 7, =0 va do diy khéng dén nén

> A} =0.Dodé:

T, -3 A *

Ngoai luc tac dung: P,, Py, Q. F, .. N.

(Gia su vat A trugt xudng mét doan 1a s thi rong roc O, di 1én mét
doan la s,

EA,f =P,ssina-F__s-(Pg+Q)s,;
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5
So =5 va F, =fN=fP,cosa;

Py=m,g; Pp=m,g; @=mg.

> A; =m,gssina - fmygscosa—(m, g+ mg)% ;

ZAe = %[Zmz(sina —fcosa)—(m, +m)]s.

Ddng nang etia hé:

1 1 1
Ty =—m2Vj; Ty :—m1V§§ Ty :—Josz,;
2 2 2
_ 1 g 1 2 _ 1 2 1 2 2
T, ——2-mVO} +§JOIU)I ‘EmVO. +ZmR w7 .

Ta phai tim van tdc géc cha rong roc O; la o, nén ta déi
V4, Vg, Vp va oy theo o, .

Do réng roc O, chuyén déng song phéng c6 diém M 14 tAm van toc
titc thoi nén:
Vo, =Raoy; V,=Vy =2Ro;; Vz=V, =Ro,;

T, =%m24R2m2; Ty =%m]R2m§;

T, = 2mV3 +-mR%} = = mR%} + - mR%} = > mR%};
2 14 2 4 4

Ty zlJozmi =%x%mR2mi, =%mR24m? = mRzmi,

2

V 2Ro
5 —_ A _ I _ .
vi: Wy = =——"=2wy;;

""RTR
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T:2m2Rzm,+2m R2m1+ ng 2 +mR’0y;

T R*w?

(Tm +2m, +8m,);

ZA; =%[2:?’L2(sincf;—)"cosu.)~(m1 +m)is. -

Thay vao (*) ta c6:
R%w?

(Tm +2m, +8m,) = —[2m2 (sina — fcosa) - (m, + m)ls;

o = 1 2[2m,(sina - f cosa) —-(m,; +m)]s
"R Tm +2m, +8m, '

Vi du L8: M4t mémen quay M khéng d6i tac dung 1&n tay quay OA lam
cho OA khéi lugng m, quay quanh truc ¢d dinh O vudng géc véi
mat phidng ndm ngang. Tay quay OA truyén chuyén déng cho
banh xe II ban kinh r khé&i lugng m,, banh xe nay an khép trong
v banh xe I ¢6 dinh ¢6 ban kinh R = 3r. Coi banh xe II 1a dia tron
déng chat, tay quay OA 14 thanh ddng chat.

1. Tim van tdc gbc cua OA theo géc quay ¢ clia nd
2. Tim gia tfc géc cta OA.

Baj gidf: Hé khao sat gébm thanh OA
v banh xe II. Ap dung dinh
1§ d6ng nang

T -7, =ZA§+ZA;.

Lic ddu hé ding yén nén
T,=0,tacé » Aj =0 nén:

T, ZZAE ; (a)

Ty =Toa +Ty; Hink 1.8
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1 . 1 9 ML,

Toa =—dJ 05, ==(2r Lol ;

(47} 2 4 2 3 OA
2

Toa :%mlmg =§mlr2m%A;

1 ; 1 .
Ty :Emng +§Jﬂmff mé V4 =2roga -

Vi H 14 tAm van téc tde thoi ciia banh xe 1T nén:

4
® ‘VA _2r
=5 =

R

1 , 1 1 g 1 1 \ .
Ty ==m,V:+—x—m,rio? ==m,2rog )" +—m,r* (2w, }*:
1=y MVt g X o0y =5 5(2rwpy ) P (2wg, )

Woa = 20045

1 u 2 1 24,2 . 2 2
Ty =§m24r- VoA +Zm2r 4Wpa = 3MaT Wy ;

3 2 9 o . 2 2 rgméﬂ .
Ty =—mrowg, +3m,r-og, =(2m, +9m,) 3
r20)2
> Af = Mg —> (2m, +9m,) 30‘1‘ = Mo; (b)

1 3Mo

Woa = g a "
r\Zm, +9m,

Muén tinh gia téc thanh OA thi 14y dac ham bae nhét theo thai
gian ca hal vé cta (b) vdi chd ¥ réng ¢ = wyy VA @y =85y, ta co:
2

~ 3M
2r2(2m, +9m,)

Woa =Epa

NGUYEN LY DALAMBE

Vi du L.9: Réng roc trong lugng P (N), ban kinh R ¢6 thé quay duge

quanh truc Oz c¢d dinh. O ddu cudi cua mét sgi diy cudén quanh
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réng roc, ngudi ta bude vat A trong lugng @. Bd qua ma sat & 8 truc
O va cho biét ban kinh quan tinh cla réng roc déi véi truc Oz 12 p.
Hay tinh gia toc gée clia rong roc va phan lue 3 8 true O néu cho
vat A roi thing ding. Tim stte cang T

Bai giai: Xét hé gbm c6 rong roc O va
vit A. Réng roc quay quanh
truc ¢d dinh qua khéi tdm, vat
A chuyén dong tinh tién. Dat
lén rong roc va vat A cac lyc
quan tinh thu gon:

Mg, =J,e =2 p%:
g

ro = Qw, _Qw; Qg
g " g Vg

Hé luc tac dung 1én hé:

P.Q.X, Y, Fi M. g
Lap cac phuong trinh tinh dong: Hinh 1.9

DY, =Y, +FI-P-Q=0;
> mg,(F,) =M% + F*R-QR=0.

Thay cac gia tri cia Ff' va M§ vao, gidi ra ta ¢6 két qua:

g =_____QRg ; X, =0;
Pp® + QR*
y - Pi"+ PQ(R® +p?)
° Pp? + QR®

Mudn tim sic cang T cla day, ta cit day va dat 18n vat cae huc:
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Y, =T+F{-Q=0->T=Q-F}.

Thay gi4 tri € vao, tinh ra;

:Lpg_.
Ppt +QR?

Vi du 1.10: Vat A trong lugng P, chuyén dong xubng theo mit phing
nghiéng gbc o véi phudng ngang lam cho vat B trong lugng P,
chuyén déng. Xac dinh thanh phin phén luc ngang cta g E tac
dung 1én ling tru EOI.

4

1

a) ' b) )

Rinh L10
Bai gidi: Co hé gbm c6 lang tru EQI va cac vat A, B.

Luc tac dung 1én hé E,E,X; trong lugng cua hinh ling try,
thanh phin phan lyc Ng.

B6 qua lyc ma sat. Dat thém 16n céc vat Ige quan tinh (A va B déu
chuyén ddng tinh tién).
b
F_:t = —‘I?l—WA - _IW ;
g &

Fg =%WB =%—W Vi W, =Wy =W).

Lap phuong trinh cén bing d8i véi truc ngang:
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3 X, =Xp-Ffcosa=0;

- Xy =F¥ cosa =£Wcosa.
g

Réng roc O cb thé bd qua khéi lugng nén sic cang T caa hai nhanh
day bing nhau.
Lap phudng trinh hinh chiéu 1én truc song song véi i‘_"‘; (hinh 1.10b)

T, +F{ -P sina=0-T, =P, sina—iW.
g

Lap phuong trinh hinh chiéu lén truc song song véi ’I_‘£ (hinh 1.10¢)
T,-P,-F§ =0T, =P, +£2—W.
g
ViT, =T, nén:
P sina*zl—W =P, +£2—W;
g g
P sina-F,

P +PF,

- W=

H

P P sino- P,

Xpe="LWcosa=P cosa-— -2

£ ' P +P,

Vi du I.11: Thanh AB dai 2/, hai ddu gin hai tai trong c6 ciing trong
lugng P. Thanh quay déu véi van téc géc o quanh truc Oz di qua
diém gitta O cta thanh. Géc o = const. Bd qua trong lugng cla
thanh va kich thuée cha tai trong. Xac dinh phan lyc d cdc & truc
C, D khi thanh nim trong mit phng Oyz.

Bai gidi: Hé gém c6 truc CD, thanh AB va hai tai trong A, B
Cac lyc tac dung lén hé: P, X, Yo, Xp,Yp,Zp.

Thanh AB quay déu nén:
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W, =W, =0 z1r =
Wi =W} =/o”sina. %'V_’-_T 1
;(.. B f‘_—;&a
Cac hue quan tinh: <3 —
P awB 7 m
Fo = "o sina g a
- /
FAUI A
P, —
F¥ = —lo*sina. W
g 4 a
gt )3 E’-
T 4 a~ — i
Nhan thay FT = Fg . )
Cac phuong trinh cin ™ Y, Y
bang: X °
DX, =Xo+X,=0; Hinh 1.11

DY, =Y+ Yy +FY -F{ =0;

3 Z,=Z,-P-P=0;

me(ﬁ) = —(a+b)Y, —(b+lcosa)F +(b-Llcoso)F¥ =0;
S m (F)=(a+b)X. =0;

>om,(F,)=0.

Giai ra duge:

i_? o .
Y. -Y, :_P ®”~ sin 2o
’ gla+b)

Vi du 1.12: Rong roe O trong lugng @ ban kinh R quay duge nha vt treo
K trong lugng P. Mémen can & & truc 1a M. Rong roc duge dat 1én
dAm AB chiu lién két va ¢6 kich thude nhu hinh 1,12, Xac dinh:

1. Gia tdc vit treo K.

2. Ap luc déng hic tai cac gbi tua A va B,
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Baji gidi: Cd hé gom c6 ddm AB; rong roc O va vat K.
Cac lue tac dung lén hé: P, Q,M,T(&,ﬁ.

%
/ Nx};ﬂ i Mﬂqr
M
4] - a -
s Y:AI 0
B[]; — A -
2 2R R 4R 7@5 Xa ol
o | V=2 o Feo 1@
Xe]
VVKl K K
P L?

Hinh 112

Dat thém cdc lge quan tinh: vat K chuyén déng tinh tién, rong roc
O chuyén déng quay quanh truc di qua khéi tam:

F¥ =£Wxi

_ g

M =g =L gl QR y
o o 2g R 2g K

Téach riéng rong roc. Tai O lién két ban 1€ try nén hé lyc tac dung
16n rong roc va vat K la: P,@Q.M, X, Y, F&* M#
Lap phucdng trinh mémen déi véi O:
> mo(F,) =PR—£WKR—QEWK -M, =
g 28
Tinh ra:

_(PR-M)2g
K ReP+@)



180 CO HOC LY THUYET - TAP {l: PHAN BONG LUC HOC

Ho# rén. Hé lyc téc dung 1én hé: P.Q.M.X,.Y, ¥, F' M.
Cée phuong trinh can bing (khéng k& cac lye tinh :5,(—{3, M

3Y, =Y, +YB+§—WK -0;

g 2g
Tinh ra:
Xa=0;,Yy =Q_4PWK; Yy =“LO1Z—+QWK.
g

Vi du 1.13: Thanh EN dai /, trong lugng P gin vudng goc vdi truc quay
va nél véi thanh NF dai 2/, trong lugng 2P. Hé quay quanh truc y
v6i van toc géc o = const. Gée o = 30°, AE=FB = lem, { = 2v3 em,
P = 10N. Xéc dinh ap lue déng lye tai cic 8 truc A va B.

—_— —— —— —r ———

Bai giai: H8 luc tac dung léncohé: P2P, X, Z, X5, Zp .

Dit cac e quan tinh 18n EN, FN. F* ¢6 dd 16n:
P P L,

qut :EWIR =-§X—(ﬂ

Luc quan tinh caa thanh FN phéan b8 tam. gidc. Thay hé luc phan
bd béng lic tap trung FF dit tai H va 6 d6 1dn:
Fg =—2£W5 =Eglsin30°m2 =Em2.
g
(W; va W/ déu bing 0 vi chuyén ddng quay déu). Cac luc déu

vubng gboc va cat truc y nén:

Y, =0; 3 m,(F)=0.
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Z,

Lo
\s

A -

—

Xa

Hinh 113

Chi con 4 phuong trinh can bang:
ZX,& =X,+X;=0;

3 Zy=Zy+Zg-FF -F§ =0
S m (F,)=8Zy -1Ff -3F% =0
Y m,(F,)=-ABX,z =0

Tinh ra:

8543

4g

35V3
W .

g

o', Zy =

Vi du I.14: Con lan ddng chit c6 ban kinh r trong lugng P nim trén san
nhin nim ngang. Ngudi ta cudn diy vio tang quay cia né rdt kéo
day bang luec F nghiéng mét géc a so véi phudng nim ngang. Ban
kinh tang quay béng a, ban kinh quan tinh cha con lan bing p.
Xéc dinh quy luat chuyén dong ctia tryc con 1an.

Baij gidi: Vat khao sat: con lan
Cac luc tac dung l1én con lan:

+ Trong ludng con lan P ;
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+ Lute kéo F

S

—_—

+ Luc ma sat

ms Y

+ Lyc quéan tinh F¥ =-mW, c6

tri s§ F¥ =mi =—%;

g
+ Ngau lge quan tinh

M% = —Je=-J%:

+ Phan Iic phap tuyén N: Hinh 1.14
> X=Fcosa-mi-F,, =0, (1)
S mo(Fy) = aF +J,6-rF,, =0, 2)
. i P
Thay (ngc— va J, =mp? =—p°
r g

ta cé:

rFecosa~rmi =rF
al +J,5=rF,,

Tit hai déng thdc trén ta cé:

aF +J—Pip2 X _ rFcosa ~r£3’c’;
g r g
P

Zpt O rFcosa-aF ;
g r g

£(p2 ) - Freosa—-a);
g r

. dx  grF(rcoso-a)
X=——=
dt P(p® +r?)
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_ grflreosa—a)

dx : .
P(pz +r)

dt;

i '-{ng(r?osa(—a)d _ ng(r?osal—a)t_
s Po*+r®) P(p® +r?)
:d_x B ng(rcosa—a.)t_
dt P(p® +r*)

_grF(rcosa-a)

dx ———tdt;
P(p* +r*)
x 3 . .
x = [dx = [EECOSA_0) .
. 5 OPp*+r?)

‘e grF(recoso - a) 42
2P +r?)

NGUYEN LY DI CHUYEN KHA DI

Vi du L.15: Cho cd cfu tay quay thanh truyén nhu hinh 1.15. B6 qua ma
sat, va cho biét OA = R; AB = [ Tim sy lién hé giita luc P va
moémen M dé hé can bing & vi tri nhu hinh 1.15.

Bai gidi: Co hé chiu lién két ly tudng. Cac lye chu déng tac dung 1én hé
14 P va ngau luc c6 mémen M.

Hinh L15

Cho hé mét di chuyén kha di: OA quay gée S0, con con chay B di
chuyén doan 8x . Theo nguyén 1y di chuyén kha di thi (cd hé ¢6 mot
bac tu do):
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> BA) = Mbo-Pdx=0.
Tim sy lién hé gilta ¢ va 8x:
Goi OB =x=Rcosq+ {cos8.
Theo hinh vé
AE = Rsing = /sin®. )

.4y vi phan hai vé:

Reosodp = {cos880;

50 = 20595
feos?
2 _ ap? /2~ R2gin?
Ma 0059:\/‘5 AE :J R sin cp.
/ /
Vay: 80 =200 s,

8x = —Rsin ¢3¢ — {sin 636 = — R sin ¢3¢ - Rsin ¢80 (ké dén (*)):
Rcoso

{2 —R%sin’ ¢

14— 110080 }‘S(p.

Ji2 —R¥sin®¢

Thay cac gia tri vao phuong trinh céng, ta ¢o:

M= —PRsin(p[1+ Fcoso ]

dx = —Rsin@dp ~ Rsing 50 ;

dx = ~Rsing

Ji2 - R*sin%o

D&u (-) chitng t6 la trong di chuyén kha di trén, ngiu luc c6
momen M 13 chu ddng, ¢on lye P 1a luc can,

Vi du 1.16; Cho hé thanh chiu luc va chiu lién két nhu hinh 1.16. Cho

P, = 2kN: P, = 6kN; P, = 3kN. Tinh phén lyc tai 4, B, D.
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Bij gizi: Hé da cho khéng c6 bic tu do nao vi c6 day di cée 1ién két va hé
cAn bang. DE st dung nguyén Iy di chuyén kha di tim phan luc tai
A, B, D ta lan lugt giai phéng lién két tai cac géi tua, thay vao dé
céc phan lye tuong Ung.

2) g &
B
F B H b
Aw £ o
> c
d £ .
a a _' a a Za 2a
el Bt | hail g |

a

E JC‘.; F /”’ ! .D
AT~ 1 8s M Ss,l =" B H
9 R e .
Hinh .16

1) Tinh phan lyc tai A: bd gdi di déng A, thay phan lye Y, tudng
ttng. Cho hé mdt di chuyén kha di theo Y,
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Theo hinh 1.16b: 8s, = 28s,

Vay

2Y \8s; —P sy =0 Y, :%— =1kN .

2) Tinh phan lue tai B: 1am tudng tu nhu trén
D 8A) =Yp8s, — P8sg — P,bsp — Pydsy =0.

Theo hinh 1.16¢:
1 5
O8p =—88-; 88, = —8s,:
ETG Sci 08p 6 Se

2., 1
b5y 2568(7; Bsyy 2563(3.

Thay vao, tinh dude Yz = 10,5kN .

3) Tim phén lyc 8 D: D 1a géi e6 dinh néne6 X, va Y, . X, =0 vi
hé lye tac dung 1én hé 1a hé lue song song véi truc y, chi 6 X,
song song véi truc x nén né bing 0. P& tim Y, ta thay géi ¢8 dinh
D bing géi di ddng théng ding va phan luc Y, tudng ting. Cho hé
mét di chuyén kha di theo Y,,.

D 8A[] =Y 35, — Py8sy + PySsp + Pdsy =0.

Theo hinh [.16d:

b8 Z%Ssc; Oy =205y =205

Thay céc gia tri vio tinh ra duge Y, = -0,5kN

Vi du L17: Cot AB chiu lién k&t ngdm tai A va chiu lyc nhu hinh 1.17.

Tim phan Iye tai A.

Bai gidi: Cot AB can bing.
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R

Phan lde tat ngm 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.

2

b ol —r—
P P
"8 » "B e —=8
\
\
\
i
3

7 ‘.l B P [
’ L3
- 7 I !

I
27" %, )

a} b) c) d)
Hinh 1.17

1) Tinh M, bdé ngam A thay bang gbi c¢6 dinh va ngiu luc cé
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 duge

M, =Ph+a).

2) Tinh X,: thay ngam bing géi di déng ngang va X, tuong dng
(hinh 1.17b). Co6t ¢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 goi di dong thing ding. Cot co thé
di chuyén th&ng ditng va khoéng quay quanh A:

D 8A; =Y,8s, — Pds; =0;
dsy =0s; oY, =P.
Vi du L.18: Tinh lyc P dat vuéng géc vio ddu A cha tay quay OA dé hé
can bang khi c6 luc @ = 4800N tic dung vao dia C. Cho R, = 3cm,

R, = 12¢m, R, = 4cm, R, = 16em, B; = 3cm. Tay quay OA dai
R =18cm.

Hinh L.18
Bai gidi: Hé c6 mét bac ty do. Cho hé mét di chuyén kha di theo lyc P.
D 8A, = Pds, -Qds. =0;
8poa =8¢, ; 854 = Rbo, .
Theo ecdng thite truyén quay:

&:&,ﬂﬁﬂz-{?&—)(ﬁq}a :Sq)g :"Iil_a(pl;
(’32 R1 5‘P2 Rl R2
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d¢; R, R, R\ R,
—==—=9 89, =8¢, = =080, = = 8, ;
8P R3 0% P R, ¥ R2R4 ?
R R.R
88~ = Rr)a(p =_1__3_5_5(p .
Thay vao, tinh ra
R R.R
P15 50N .
RR.R, @

PHUONG TRINH TONG QUAT PONG LUC HOC

Vi du L.19: Hai tai trong M, trong lugng P,, M, trong lugng P, treo vao
hai s¢i didy mém khong din cudn vao hai tang quay cung truc ¢d
ban kinh R,, R,. Tai trong chuyén déng dudi tic dung ciaa trong
lugng (P, > P)). B6 qua khéi lugng cac tang quay va diy. Xae dinh
gia tdc cua tang quay.

Bai gigi: Co hé gém c6 hai tang quay va hai vat M,, M,.

o
—
=
-
£

Hinh 1.19
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Dat thém lye quan tinh 1&n cac vat M, M,. C4 hai vat déu chuyén
dong tinh tién véi gia tée nhu hinh 1.19.

P, P,

F# =21W ="LRe;
g g
P P.

FYf =W, =-2R.z.
g £

Cho hé mét di chuyén kha di 8s, va ding phuong trinh téng quat
déng luc hoc:
> 84, = P,8s, — F}'8s, — P,8s, - F\"8s, =0.

T cd cdu, ¢6 thé tinh duge:
8sy = R,8¢; 83, = R,80.

Thay vao, ta co:
P, P,
P, R,80 —;RQGRQSLP -P Rbp-—ReR6p=0.
g

_ BBy - PR,

Tinh ra g=— . .
R;P, + R P,

Vi du L.20: Mot hé rong roc dude treo hai vat M, trong lugng P, = 100N
va M, trong lugng P, = 80N. xic dinh gia tc W, cda M, va sic
cang T c¢a nhanh day 2. B6 qua trong lugng diy va rong roc.

Bai giai: He co6 mot bac td do.

Cac Idc hoat dong tac dung 1én hé la: I_’l.,ﬁ:; )
Céac lde quan tinh cua cac vat:
P P,
F¥ =W, Fj} =—=W,.
g g
Cho hé mét di chuyén kha di 8s, va sit dung phudng trinh téng

quat dong luc hoc, ta co:

> 84, = P,8s, - Fj'8s, — P,ds, —Fy"8s, = 0.
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Rong roc O chuyén ddng song

phang, nén:

os, = 28s,; W, =2W,.

Thay vao va tinh ra
_2P-h
27 4P+ P,

2g =2,8m/s?.

Tinh T: cit day
Y, =T+F-P,=0.

Thay W, vao F}* tinhra:

3P, P.
T= Zﬁzg = 57N Hinh 1.20
Vi du L.21: Hai vat A va B ¢ trong
lugng P,, P, dudc bude vao sgi
diy vong qua hai rong roc C,
D. Dé dua vat A 1én, nguoi ta
tac dung vao rong roc C mat
ngau Iyc c6 mémen M khéng
dai.
Cac rong roc C, I ¢6 cung
trong ludng @, ban kinh R.
Tim gia tdc vat A. Bé qua khéi
lugng day.

Bai gigi: Co hé gébm c6 hai rong roc
va hai vat A, B. Hé ¢6é m{t bac
tu do.

Hinh .21

Cac lue hoat déng tc dung 1én co hé EF,@Z} M.

bat lic quan tinh 1&n cac vat. Cac vat A, B chuyén déng tinh tién
con hai rong roc chuyén ddng quay quanh truc di qua khéi tAm.
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e -Bw  ry By By
g 4 g
Mgt :Mg‘ :JCE :lXQRQE——-'];X-Q—RWA
2 g 2 g

Cho h¢ mét di chuyén kha di 8s, va dung phudng trinh téng quat

ddng luc hoc:

D 8A, = MSo- M{8¢—F'8s, - Pi8s, —Mop-F¥8sy + P,dsy =0
"

Thay &8s =8s4 = R8¢ vao (*) tinh ra:

MR, -P)
AT RQ+P 1P Y

Vi du 1.22: VAt A c6 trong lugng P duge ha xudng nhd sgi day khong
dan, khong trong lugng vit qua rong roc D ¢d dinh khéng trong
Ivgng cudn vao banh xe B lam cho truc C lin khéng trugt trén
dudng ray ngang. Hai banh xe B va C 16ng vao nhau, trong hugng
chung 1a @ va ban kinh quan tinh d&i véi truc O 1a p. Tim gia toc
ctia vat A,

Bai gigi: Hé ¢6 modt bac ty do
Céac luc hoat ddng tac dung 1én hé: -15,(3

Dit lye quan tinh: vat A chuyén ddng tinh tién, banh xe B chuyén
ddng song phfmg.
o

Fo =Lw pe - Qw me —ge=-Dpr.
g g g

114 tAm van toc tic thoi etia banh xe B:

W, =Wy :(_R—r)s—)azgv‘" ;

~r
%, :Ef“*voz'g‘vy:g}_v‘q?
oI MI Mr MI
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i
S

H-23

-
il

Hinh 1.22

W = Rr W, (O va A déu chuyén dong thing).

Cho hé mét di chuyén kha di 8s,, dung phuong trinh téng quat
ddng lue hoe:

D 8A, =Pds, ~Fi'ds, ~F8s, -~ M50 =0;

r 8s
8s, = Bs,41 8p = —2—.
o TR, AT R
Thay t4t ca céc gia tri vao phudng trinh cdng, ta tinh duge:
Pg(R-r)?
A

TPR-1 Q% r)
PHUONG TRINH LAGRANG LOAL! Il

Vi du 1.23: Mot chat diém khéi lugng m chuyén déng theo vong xuyén
ban kinh a. Trong khi vong xuyén quay quanh dudng kirh théng
ditng AB v6i van téc goc o do ngiu lyc M. Mbmen quéan tinh cia
vong xuyén déi vdi dudng kinh nay la J.

Hiy lap phuong trinh vi phén chuyén d6ng cha chat diém va xéc
dinh ngdu lue M cin thiét dé giit cho van tée goc khong doi.
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Bii giai: Heé khao sat: vong xuyén va chit
digm.
Hé ¢6 hai bae tu do.
Chon céc toa d§ suy rdng ¢, =¢ va

g, =9.

Dong niang caa hé:

1 2 1 .
T=-mV}!+-J¢p°.
2 2

Ta tinh Vﬂzﬁﬁt‘l_/; ma V, =a@sinb

: inh 1.2
va V_ =ab. Hinh 1.23
Vi V: 1 V,. nén:
V) =VE+V] =a®8® +a®’ sin® 0,
T - _;-m(.c.v?é2 +a%p® sin® 0) +%J¢2.
Ta cé: gz{);
g
2. 2 .
<= =ma“p sin‘ 6+ Jo,;
¢
or = ma®¢® sin Bcosd; @ =ma’f.
&0 0
Ta c6:
y=acos8 - dy = —asin B30,
d3A, = Pdy = mg(-2sin086) = —amgsin 030,
Q, = ~amgsin®; 34, = Md¢p; @, =M ;
d({éT) aT 95 9.2 . :
— = |-—===Q, > ma“0-ma“¢° sinbcosH = —magsini;
dt(aﬂ] e @, ¢ &

ad —ap®sinOcosd = -gsinB;

ab - ap® sinBcosh + gsin0 =0;
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d{aeT T ..
E[Z—] —%— =Q, > ma’@sin® 0+ J§ + 2ma”pfsinBeosd = M .

¢, op

3(J + ma® sin® 0) + 2ma’(OsinBcosd = M .
Mémen M cin thift dé cé van tée gbe khong déi la:

M =2ma*(pbsin6cosH .

CHUYEN BONG TUONG DOI

Vi du I.24: Can phai tang van
toe goc cua Trai DAt khi
quay quanh truc cua né
lén bao nhitu lan dé tai
mo6t diém trén mit dat §
xich
dao chit diém khéng c6
trong lugng nda. Biét ban
kinh Trai Dat
R = 6379m.

Bai gidi: Xét chat diém ty do M &
gin mat dat. Cac luc tac

dung:;

P - trong lugng cta chit

Hinh 1.23

diém;
FE‘}r ~ Jue quan tinh theo phap tuyén.
Theo diéu kién cin bang tucng d6i:
P+ Fg =0 *)
Chiu (*) 1&én phap tuyén chinh ta cé:
pP-Fd-0>P=F% :mR<o§d
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_ 2 _ 2
hay mg—mqud ag—qud.
Goi o. la van tdc goc cha Trai Dat quay quanh truc cua né dé
trong lugng P = 0 khi 6 xich dao:
v = kg, vO1 k12 hé 6ty 16.

Khidé:  Rus=Rk*];

g 1 8 1 g 24x60x60 <
o B L 8,1 g 24x60x60 o 00,
R e, VR _ 2 R oa -

24x60x60

LY THUYET VA CHAM

Vi du 1.25: Mot dia tron dong chat ban
kinh R, kh&i lugng m ndm yén
trén mit phang nhin nam ngang.
Tai mét thdi diém nao d6 cé6 mot
va cham ¢ vanh dia, xung luc va
cham S nidm trong mit phing
cua diza va huéng theco dudng

thing cach tam C cua dia mdt
khoang 1a a. Xac dinh vi tri cla -
tam van tdc tie thai P tal thol T

diém két thic va cham.

Cr . 9 . < Hinh L25
Bai gidi: Xét va cham cua dia tron. Ap

dung dinh 1y dong lugng
G, -0, =35} .
Do lic dau dia nim yén nén :
Q,=0;
@y =mVg, =8.
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Vi sau va cham van téc khéi tam C cta dia song song véi xung luc
S va ¢6 tri s bang

VC‘) :E )
= m

Theo dinh 1y mémen déng lugng d6i véi truc zC di qua khdi tam C
vudng gbc v4i mat phang caa dia va L,c, =0.Tact:

L,c,=as;

LzC2 = Jsz2'
Vi vay:

1
~mR%w, =aS=amV, ;
2 2

Ve, R?
©w, 20
, Ve, R?
Mat khac Vg =CPo; »CP=—2="—.
= Wy 2a

Vay tam van téc tiic thoi P & cach khéi tAm C cua dia mdt doan

d=cp=E_

2a



198 CO HOC LY THUYET - TAP 1I: PHAN DONG LUC HOC

II. BAI TAP

XAC DiNH LUC THEO CHUYEN DONG CHO TRUSC

Bai 1I.1: Mgt vat nang M c6 trong 0
lugng P = 10N treo vao ddu )
mét soi ddy dai 30em, dau kia
cua day budc vio diém O b
dinh. Khi chuyén dong vat M
vach thanh duong tron trong
mét phéng nam ngang, hie do
soi day hop véi dudng thing J
dithg mot gée 60°. H

60

<i

Xac dinh van te cha vat
nang va stc cang T ciaa sgi M
day.

Bai H.2: Ot6 c6 trong luong @ =
10000N chuyén déng trén
mét chiée cAu véng 1én véi van tée V = 10mv/s, ban kinh cong ctia
cdu tai diém gitta 12 p = 50m. Hay xac dinh ap hie cta 6t6 1én cau
khi nd di qua diém gida ciu. '

Hinh H.1

Bai IL3: Chuyén doéng clia chat diém ning 2N dude cho bdi phudng
trinh x = 3cos2nt (cm), y =4sinmt (cm), trong d6 ¢ tinh bing
gidy. Xac dinh hinh chiéu
cia luc tédc dung 1én chat
diém phu thude vao toa do A
cla né.

Bai I14: Cac vat A va B ¢6 trong Z
lugng Py = 20N va P,; = 40N
duge ndi véi nhau bang 15 xo
nhu hinh 114, Vit A dao
dong tu do theo phuong
thang ditng véi bién d6 lem C B

va chuky 0,25 g1dy. I Y

Tim ap luc 16n nhit cta vat
A va B 1én mit nén CD. Hinh 11.4
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Bai IL.5: May bay b6 nhao thing ding dat duge van tde 1000km/h, sau
dé ngudi lai dua may bay ra khdi hudng bé nhao va vach thanh
mét cung tron ban kinh R = 600m trong mat phing thing ding.
Trong lugng ngudi 1ai 14 800N, Héi ngudi 1ai da ép lén ghé ngdi
mét lue cuc dai bing bao nhiéu.

Bai II.6: Hay xéac dinh chu ky dao déng tu do cta tadi trong @ bi nén
gitta hai 1d xo ¢6 hé s8 cing khac nhau la C, va C, ¢hinh 11.6).

LIS S LA LA YL AL I S A A e e
C2
C2
c
¢,
B (T S O —
FHH S
Hinh 11.6 Hinh IL.7

Bai IL.7: Hiy xac dinh hé s8 ciing C cta 1o xo tuong duong vdi 10 xo kép
gdm hai 10 xo ¢6 hé s6§ cting khéc nhau la C, va C, gn néi tiép véi
nhau. Déng thdi chi rd chu ky dao ddng cta tai trong @ treo vao 10
xo kép d6 ¢(hinh IL1.7).

Bai IL8: To1 O quay véi gia tée goc € kéo vat M khai lugng m. Hay xac
dinh slic cing cua day (hinh I1.8).
. ' 1 1 - - e
Bai I1.9: Tai O quay theo quy luit ¢ = T)-at‘I kéo vat M khéi lugng m

chuyéan déng 1én trén mit phing nghiéng véi phuong ngang géc o
va hé s ma sat trugt gifta vat va mét phing 1a £ (hinh 11.9). Hay
xac dinh sic cdng cta sgi ddy néu ban kinh cua tadi la R.
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Hinh 1.8 Hinh 1.9

Bai I1.10: Cho co cdu diéu tiét ly tAm nhu hinh
11.10. Vat M khéi lugng m gén véi truc
quay bang ban 1& bdi hai thanh AM va
BM. xac dinh Ung lue trong cac thanh
néu bod qua trong lugng cac thanh va van
tdc @ = const, d6 dai AM = MB = |,
AB = 2a.

PHUONG TRINH VI PHAN PONG LUC HOC
CHAT BIEM

Bai IL11: Vit ning 2kG dude ném thang ding
lén trén véi van tdc 20m/s. N6 chiu tac

dung cta luc can khéng khi (tinh bing Hinh IL10

k() va c¢6 dang 0,04V, trong d6 V tinh

bing m/s, g = 9,81m/s%. Hay tim xem sau bao nhidu gidy thi vat
dat vi tri cao nhét.

Bai I1.12: M6t may bay dang bay ngang, stc can ¢iia khéng khi ty 18 véi
binh phudng van tdc va vdi van toc 1m/s thi Iyc can bang 0,05kG.
Luc kéo khong ddi bang 3080kG lap vdi phuong bay mét géc 10°.

Xac dinh van téc 1dn nhat cia may bay.
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Bai IL.13: Mot vat roi xudng méat dat (it do cao A khdéng ¢6 van tée ban
dau. Bé qua siic can ctia khéng khi va coi site hat cta trai dét ty 1@
nghich vdi binh phuong khoang cach tit vat dén tAm trai dat.

Tim thdi gian T dé vat rdi cham dat va van téc V ctia nd dat duoe
sau khoang thoi gian d6. Biét ban kinh trai dat bang R va gia téc
trong trudng bang g.

Bai I1.14: Chat diém kh6i lugng m chuyén dong thiang. Su phu thude
quiing dudng dich chuyén véi van tée chuyén déng dude xac dinh
theo bidu thic: x =avV - b, trong d6 @ va b 12 hang s6.

Hay tim khodng thdi gian can thist dé van tdc cia doéng diém tang
1én gdp hai lan van tée ban dau clia né.

Bai I1.15: Mdt hinh tru tron khéi
lugng m duge nhin chim

vao chit 1dng nﬁm_ vén o6 == == plipied ettt
mét do bdng p theo phusng — — 17— x| T T
thdng ding ¢hinh I1.15). Tai - — — L1— —L

thoi diém ban diu tru trén
ding yén va day duéi cta
tru tiép xuc vl midt chét B

léng. Chiéu cao cua tru Hinh 1115

bing h, dién tich mat cit

ngang mat day bang S,

Bd qua lue can va gia thiét rang m = pSh. Xac dinh van tée cta
tru § thoi diém khi day trén clia tru triing véi bé mit chat 1éng.

Bai IL.16: Mt vat nang dude ha xudng theo mit phéng trdn nghiéng véi
phuong ndm ngang mét gée 30°. Tai thdi diém ban diu van tdc cla vat
bang 2m/s. Hay tim xem vat di duge 9,6m hét bao nhiéu thoi gian.

Bai IL17: Toa tau dién chuyén dong trén dudng ndm ngang véi van téc
36km/h.
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Hdi phai mat bao nhiéu thdi gian va quing dudng di bang bao
nhiéu dé€ toa tau ¢6 thé ding lai bdng phanh ham. Biét rdng luc
can chuyén déng do phanh ham 12 300N trén 1kN trong lugng tau.

Bai IL.18: Chat diém niang M di chuyén 1én doc theo mit phang khong
nhan nghiéng vé8i phucng nam ngang mét géc o = 30° Tai thoi
diém ban diu van tdc ctia diém 1a V, = 15m/s, hé s6 ma sat f= 0,1.

Bai I1.19: M6t vat roi khéng van tée ban ddu trong khong khi. Site can
clia khong khi la R =£*PV?, trong @6 V 1a van tde cha vat, P 1a
trong lugng cua vat.

Van tée ctia vat bang bao nhiéu tai thdi diém ¢ sau khi vat bat ddu
roi. Tim gia tri cua van tdc dé.

Bai I1.20: Vat thé ¢6 trong lugng P = 10N chuyén dong dudi tic dung
cha lye thay d8i F = 100(1-t) N, trong d6 ¢ tinh bing gidy.

Sau bao nhiéu gidy thi vat thé ding lai néu nhu van téc ban ddu
cta n6 V, = 20cm/s va Iiie e6 hudng tring véi huéng van tde. Quing
dudng di cha vat cho dén khi diing bing bao nhiéu.

Bai I1.21: Tai trong P duge ném 1én véi van
tée ban didu V, va nghiéng mdt goc a
véi phuong nim ngang sé& chuyén ~
déng dudi tae dung cua trong lugng v M
luc can caa khéng khi R ty 18 bac nhat A
véi van téc theo quy luat R = kPV . i

Tim dd cao cuc dai & cua tai trong so \
PSS

x ¥

véi vi tri ban dau.

Bai 11.22: M6t sqi diy dan héi gin chit tai
diém A ro1 ludn qua mdt vong nhan cd
dinh O. Qua ciu nho khéi lugng m
(gam) gan chit vao diu tu do cha nb.
D6 dai day lae chua bi dan 12 AO =1
Dé dan dai diy ra duge lem cAn phdi

OOOONIONNONNNANY

SIS

Hinh #.22
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dat mét lge k2 m din. Kéo sgi ddy OA dén B sao cho AB = 20A ri
truyén cho né van tdc V, vudng goe véi AB (hinh 11.22).

Xac dinh quy dao ctla qua cau, bo qua tac dung cua trong lye va coi
sitc cAng cua diy ty 1& vi do dan dai cia né.

DINH LY DONG LUONG

Bai I1.23: Hé s86 ma sat trugdt gitia banh xe 6t6 va nén dudng phai bang
bao nhiéu dé 6t6 dang c6 van téc V = 72km/h ditng lai duge sau khi
bat ddu ham 6 gidy. Néu trong lugng 6té 1a P.

Bai I1.24: Trén mdt mat san ndm ngang A dang chuyén dong quan tinh
vl van tdc f/': ¢é xe dich chuyén véi van toc tuong 461 u_; . Tai mét
thii diém nao d6 xe B duge ham lai. Hay xdc dinh van tdc chung
chia xe B va san A sau khi xe B dude ham. Bigt khé lugng caa san
1a M, ctha xe 1a m. |

Y <i

.\ I () () j_— ﬁ% <60°
e

Hinh i1.24 Hinh 1125
Bai 11.25: Hay xac dinh ap luye lén gd1 tya A ciia khuyu dng cé dudng
kinh 20cm. Truc 8ng nam trong mat phing ndm ngang (hinh 11.25
nhin ti trén xudng). Nudc chay trong dng vdi van téec 4m/s, Van tdc
nuée khi vao 6ng hgp véi van tée nude khi ra khoi 6ng mét goc 60°,
Bai I1.26: Tir dau 6ng cu hoa cd tiét dién 16cm® phut ra mdt dong nude

nghiéng mot géc o = 30° so véi phudng ngang va véi van tdc 8m/s
(hinh TL.26)
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Hay xac dinh ap luc cla dong nude 1én tudng thang ditng, gia thict
ring bd qua tac dung ctia trong luc 1én dang ctia déng nude.

./
./
M
. 7.

Hinh 11.26

v
A

Bai IL27: Mat vat trugt xuéng khoéng 6 van tdc ban diu theo mat
phing khéng nhin va nghiéng vdi phudng ngang mot gée o = 30°
Biét hé s6 ma sat u = 0,2. Xac dinh khodng thdi gian ¢ dé vat di
duge doan ducng [ = 39,2m.

Bai I1.28: Doan tau ning 400kN dén chan déc ¢6 dé déc i = tga = 0,006
(trong d6 o la goc déc) c6 van tde 54km/h. Hé s6 ma sat (hé sd can
tdng hgp) khi tiu chuyén ddng bang 0,005. Sau khi tiu l1én déc
dude 50 gidy, van tdc clia nd gidm xudng con 45km/h. Tim luc kéo
cha dau tau.

Bai I1.29: Dé xac dinh trong lugng ctia doan tdu gdm diu tiu vi cac toa,
nguoi ta dat mdt Iuc ké. Chi sd trung binh cta lyc k& trong 2 phut
la 100,8kN. Trong khoang thdi gian d6 doan tiu dat van tdc
V = 57,6km/h (ldc ddu doan tdu ding tai chd). Hé s ma sat
p = 0,02. Hay tim trong luong doan tau.

Bai I1.30: Trén ciu phao A khéi lugng M, mét 6t6 khéi lugng m chuyén
déng theo quy Juat 8¢) = blat + e™ — 1). Bé qua luc cdn ngang cua
nudc va tac déng ciia dong chay;
¥Xac dinh: . Van tde V, ca cAu phao néu ciu phao khéng duge neo
vao ba.

b. Suc cang T clia cae diy cap dung dé giit cAu phao khéng chuyén
dong.
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DINH LY KHOI TAM

Bai IL.31: Ling tru tam gidc vuéng ABC trong lugng @ dit trén nén
ngang nhin. Trén canh AC dat vat M trong lugng P, ndi véi sdi
day vong qua réng roc va cudn vao tru D. Vat M trugt theo mit AC
kéo tru D 1lan khong trugt trén mit AB (hinh I1.31).

Hinh 11.31

Xac dinh dich chuyén ngang cua lang tru khi M di duge doan s,
trong lugng tru D 14 P, va géc ACB = «, bb qua trong lugng rong
roc A.

Bai I1.32: Ta dat lang tru B dong chit 1én lang tru A dong chit dang
nam trén mit phing ndm ngang. Tiét dién ling tru 1a cdc tam gide
vuéng, trong lugng ling tru A gip ba 1an trong lugng lang tryu B.
Gi4 thiét rdng lang tru vd mat phdng ndm ngang déu tron ly
tudng (hinh 11.32).

g B

L!—%

.|

A !
Wl lliddds

Hinh 11.32
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Xac dinh d6 dai s ma lang tru A di duge khi lang tru B trugt theo A
chém dén mit phing ndm ngang.

Bai I1.33: Hay xac dinh dich chuyyén clia cin c¢Au néi nang 1ai trong
P, = 2kN khi thanh nang AQ = 8m quay mdt géc o = 30° dén vi tri
thang ding. Trong lugng cin ciu P, = 20kN ¢hinh I1.33). B4 qua

siic ecdn ngang cia nude va trong lugng thanh néng. Luc ddu hé

ding vén.
/.r-‘-
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Hinh 11.33 : Hinh H.34

Bai IL34: Xac dinh ap lyc 1én d4t cia may bom dé xa nudc khi né chay
khong tdi, biét rang phan than D ¢ dinh vi d&€ E ¢d trong lugng
P,. Tay quay OA = a c6 trong lugng P,, trong lugng ranh B va
pitténg C bing P,. Tay quay OA 1a thanh déng chat quay déu véi
van tée gée o (hinh 11.34)

Bai I1.35: Thanh ddng chdt AB dai 2/ ¢6 dAu B tua 1én mat phéng nhin
nam ngang va nghidng mot gic o (hinh I1.35).

Xéc dinh phudng trinh quy dao diém A khi thanh roi xubng mit
phang ngang.
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i
——— e — -

m

Hinh 11.35 Hinh 11,36

Bai I1.36: Ba tai trong P, = 20kN, P, = 15kN va P, = 10kN néi v6i nhau
bing s¢i day khong dén, khéng trong lugng, day vt qua cac rong
roc ¢5 dinh M va N. Khi ha tai trong P, xudng thi P, dich chuyén
vé phia bén phai theo diy trén cua hinh thang ABCD cia thap cut
c6 trong lugng € = 100kN, cdn tai trong P, duge ning 18n theo
canh bén AB. Bé qua ma sat giia thap cut ABCD va san. Hay xac
dinh chuyén dich cta théap cut ABCD véi san, néu tai trong P, ha
xudng duge 1m.

Bai I1.37: Xac dinh dich chuyén cta 6t6 tu dé. O thdi diém ban déau
ding yén khi thung xe trong lugng 4T ti vi tri nim ngang quay
quanh truc O vubng géc v8i mat phing (hinh 11.37) mét goc o = 30°
so v8i phuong ngang. Trong ludng xe khéng ké thang xe bing
1,5T. Vi tri khéi tAm C cla thing xe dudge chi trén hinh I1.37 véi
OA = 2m; AC = 50cm. Bd qua cac Iuc can chuyén déng.

Hinh 11.37

Bai I1.38: Lang tru DEFH ¢6 khéi lugng 6m dit trén mat nhdn nam
ngang. Mat DE nghiéng véi phuong ngang gbc 60°. Con lan dong
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chat C khé hagng 2m lan khéng trudt nho ddy kéo cudn quanh nd
va dude bude vio mat trong A. Tréng A 6 khéi lugng m ban kinh r
cudn day quay theo quy luét ¢ = 0,5¢¢, rong roc B ¢6 khéi lugng m.

L]

Xac dinh quy luat chuyén dong cta ling tru néu khi ¢ = 0 lang tru
ding yén. Coi khél tAm cda tréng va rong roc dit tai truc quay
cua no.

Pl

Hinh 11.38 " Hinh 11.39

Bai 11.39: Ban ddng chit ABC ¢6 dang hinh tam giac vudng cén ¢6 canh
huyén AB = 12em. Ta dat dinh A chia ban trén mat phing nidm
ngang nhin sao cho canh huyén thing ding. Sau &6 dé cho ban roi
tu do duéi tac dung cia trong life.

Xée dinh quy dao cda trung diém M thude
canh géc vudng BC.

PINH LY MOMEN DONG LUONG @
“ ¢

Bai I1.40: Mét sgi day vat qua rong roc khoi
lugng ca noé ¢ thé bo qua. Mot ngudi ndm

b B

vao day tai diém A, con tai diém B treo tai  Ag
trong 6 cung trong lugng voi ngudi (hinh %

11.40). N&u ngudi leo lén day vdi vin toc a
tuong 451 véi day thi tai trong sé chuyén
dong nhy thé nio. Hinh 11.40
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Bai I1.41: Mét ban tron nidm ngang
guay khéng ma sat xung quanh
truc thang ding Oz di qua tdm
O cta n6. Mot nguoi trong lugng
@ di trén ban lubn ludn cach truc
Oz mot khoang bing r véi van
téc u khéng d6i (hinh 11.41). Hoi
khi d6 ban s& quay quanh truc
Oz v6i van tée goc o bang bao
nhiéu. Coil trong lugng P clda ban
phan bd déu trén dién tich hinh
tron ban kinh R. Tai thoi diém
ban ddu ban va ngudi ¢é van tdc

bing khéng, Hinh i1.41

Bai I1.42: Vat M khéi lugng m, duge néi véi sgi day cudn vao tréng O
khoi hugng ms, ban kinh R. Gan vao O thanh manh OA va téc dung
cua lue @ tai dAu A 1am cho tréng quay va kéo vat 1én (hinh I1.42).
Xac dinh luat chuyén déng ctia vat M va stic ciing T ciia day treo.
Coi tréng 1a khéi tru tron ddng chat.

—t—
Q

T AT
Hinh 11.42
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Bai I1.43: Stc cang cua nhanh dan va nhanh bi
dan cta dal truyén lam quay banh dai

¢O ban kinh

r = 20cm va trgng lugng

P = 3.27N c¢6 gia tri tudng Gng T, = 10,1N,
T, = 5,05N (hinh 11.43). Mémen cta luc
cdn phai bing bao nhiéu dé banh dai

gquay véi gia te géc € = 1,5rad/s (col banh

dai 12 dia tron dbéng chat).

7

Hinh 11.43

Bai I1.44: M6t ¢6 thé dang dung vén, nhd mémen khéng d8i M né quay

quanh truc thang ddng cd dinh, khi d6 ciing xuit hién mémen cua

luc can ty 1& vdi binh phudng van tée géc quay cha cf thé

M, = am?. Mémen quan tinh cha ¢ thé ddi véi truc quay bang J.

Tim quy luat thay ddi van téc gée.

Bai 11.45: Pia tron dong chat khoi ludgng m; quay quanh truc AB véi van
tdc gbe ban ddu . Trén ban kinh cha dia, mét chat diém M khai

lugng m, chuyén ddng tit O véi van toc khéng déi u ¢hinh I1.45).
Xac dinh van toc goc clia dia theo thai gian £ va vén tdc goc ©, khi

M t6i vanh dia. Tai thdi diém ddu M & tai tAm dia, bé qua ma sat

tai cac 6 truc.

B4\l

_r®

2 4%

Hinh .45

=4

e — — — -

—_— . = —

F————=

Hinh i1.46



Phin ha, DONG LUC HOC - 211

Bai I1.46: Qua cdu A khdi lugng m gén vao ddu thanh AB =1 va gén véi
truc quay 0,0,  Ca hé théng dit trong binh chia chit long
(hinh 11.46). Luyc cén cua chat 1éng tae dung 1én guia cAu ngude véi
van toc goc va ¢o gia tri Re = omo (o 14 hé s6 ty 18). Biét rang van
tée goc ban dau la @, . Hay x4c dinh khodng thdi gian T dé van tée

goc giam di mol nia va s8 vong quay trong khoang dé.

DINH LY DONG NANG

Bai I1.47: Nguti ta kéo cang mdt soi ddy vat qua hai rong roc kha bé A
va B nim trén ciing mdt dudng thdng ndm ngang cich nhau mot
khoang AB = 2/. O hai diu diy treo hai tai trong M bing nhau.
Mbi téi nang P (N). Sau d6 treo tai trong M, ning P, (N) vao diém
C cua ddy 6 gitta hai rdng roc va cho né roi khéng van téc ban diu.
Hay xac dinh khoang cach 1dn nhdt 2 ma tai M, ha xudng dugc.
Gia thiét rang day da daiva P, < 2P.

c

r
'W/A‘K 7ﬁ T

Hinh 1147 Hinh 11.48

Bai 11.48; T3l A ¢6 trong lugng P trong khi ha xung dudi nhd sgi day
khéng dan, khdng trong ludng vt qua rong roc ¢d dinh D khong
trong lugng va cudn vao banh dai B1" » cho truc C 1an khéng trudgt
theo dudng ray nim ngang. Banh d&. 3 ban kinh R gén chit vio
truc C ban kinh r. Trong ludng téng ¢dng ctia ching bang @, ban
kinh quan tinh d&1 véi truc O trde giao véi mat phing hinh vé
bang p. Hiy tim gia t8c cua tai trong A.
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Bai I1.49: Vat A trong lugng P, duge bude vao day khong dan vat qua
rong roc cd dinh D trong lugng P, va cudn vao con lan hinh tru B
trong higng P,. Vat A chuyén déng xudng theo mat phing nghiéng
vdl phudng hgang mét géc o lam cho rong roc D chuyén dong va
con lan B lan khéng trugt lén trén theo mat phing nghiéng véi
phudng ngang mot géc B (hinh 11.49).

D

Hinh I1.48

Xac dinh van tde vat A phu thude vao doan dudng
dich chuyén s ctia né, néu ban ddu hé ding yén.
Rong roc va con lan dude xem 1a cac hinh tru tron
déng chit ¢ ciing ban kinh. Bé qua khéi lugng day
va chc Iue ma sat.

Bai 11.50: Giai bai toan trén khi ¢6 ma sat trugt f va ma
sat l1an f,, ban kinh ctia con lan bang r.

Bai IL51: Phai ha tai trong P véi gia téc W bang bao
nhidu dé ning tai trong @ nhd hé palang nhu hinh
IL.51. Véi difu kién nao tdi trong P chuyén déng
déu. Bé qua khéi lugng cac rong roc va diy cap.

Ghi chii: gia tde cua téi trong @ nhd han gia tde cla
tai trong P bén lan.

Hinh I1.51
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Bai IL52: DAu ctiia mét sdi ddy mém bude vao mdt diém cf dinh. Day
vat qua mét rong roc dong ¢6 khéi lugng M ban kinh R va mémen
quéan tinh J. Rong roc cd dinh ¢6 cung khéi lugng M ban kinh R va
mémen quan tinh ;. DAu kia ctia diy bude vao vat 4 cé khéi lugng
m. Tim gia t8c cha vat A néu coi doan day tu do thang ding. Lue
dau hé ding yén.

ﬂ%{. Z

Hinh 11.52 Hinf 11.53

Bai I1.53: Vat A trugt trén mit nghiéng I v6i gée nghidng o, va van tdc
dAu bang khéng, vat di dude quang dudng s, t61 C rdi trugt 1én mat
nghiéng I véi géc nghiéng o, va ding lal sau quing dudng
di dudge s,. Tim quang dudng s, néu biét géc ma sat trugt gitta vat A
va hai mat nghiéng 1a ¢, va ¢, (gia thiét rang o, > ¢,) (hinh I1.53).

Bai I1.54: Banh xe I khéi lugng m,
chuyén déng lan khéng trugt trén
mat cong cf dinh II nhd lién két
viil thanh AB bing ban 1€ tai A va
B (hinh I1.54). Thanh AB = déng
chédt cd khél lugng m,. Ban dau
a, =60° va hé ding vén. Hay xac

dinh van téc géc @ cua thanh AB

khi hé gqua vi tri cAn bang dng véi
o = 0. Banh xe 7 ¢d ban kinh R va Hinh 11.54
hé chuyén dong trong mit phing

thing ding.
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Bai I1.55: Co cdu tay quay thanh truyén OAB chuyén doéng trong mit
phdng ndm ngang dudi tac dung cta ngau lyc cé momen

M = const. Tai vi tri khao sat V, = u. géc AOB = 3;- . Hay xac dinh

van téc diém A khi hé § vi tri ndm ngang (O, A, B thing hang) biét
ring OA va AB 14 hai thanh déng chat c6 khéi lugng la m, va m,
{hinh I1.55).

Hinh 11.55

Bii I1.56: Banh xe kép khéi lugng M va mdémen quan tinh véi tdm C la
J. Banh xe chuyén d6ng lan khéng trudt trén dudng ngang nhd tac
dung cta hai lyc FTl va ?; nhu hinh I1.568. Xac dinh gia t6c cha
khdi tAm C bidt cac ban kinh 1A R, r va F| > F, . Liic d4u hé ding yén.

Hinh 11.56 Hinh IL.57

Bai IL57: Bang truyén vat liéu duge mb ta trén hinh I1.57. Khéi lugng
vt tai A 14 m,; hai banh xe, mdi banh c¢6 khéi lugng m, ban kinh R
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duge xem 12 dia tron dong chat, Khéi lugng clia bang truyén 1a m,
duge col 1A ddng chit va phan b déu. Biang truyén chuyén dong
dudi tae dung cua mdémen M = const. Xac dinh van téc géc o theo
ghc quay ¢ va gia t0c gbe g, gia thidt ban dau hé diang yén, gac
nghiéng 14 a. Bo qua sy trugt cia A trén bing.

Bai IL58: T4m phang khéi lugng M dit trén hai con 1an nhu hinh 11.58.
Méi con 1an khéi lugng m, ban kinh R va duge xem nhu dia trén
ddng chat. Hé chuyén dong nhd tac dung lue F = const . Xac dinh
gia toe cia tAm néu gia thiét cac con l4n chuyén dong lin khong
trugt va hé s6 ma sat lan 1a .

I
M v F I s
.
T @
¢ | e
Hinh [1.58 Hinh .59

Bai 11.59: Cd cdu truyén déng n&m trong mit phing nim ngang chuyén
déng dude nhd tay quay OA ndi truc clia ba banh xe bing nhau I,
II, II1. Banh xe I ¢& dinh, tay quay OA quay quanh O véi van 8¢
goc . Cac banh xe ¢6 cang trong lugng P va ban kinh r, trong
lugng tay quay la @ (hinh 1.59).

Tinh d6ng ning cta cd ciu, xem cac banh xe 1a dia tron dong chat,
cdn tay quay 1& thanh déng chat. Cong cua ngiu Iue diat vae banh
xc 11T bang bao nhiéu.

Bai IL60: Co ciu vong tron ngoai luan dit trong mat phang nam ngang

chuyén d6ng duge nho mdémen quay khong doi M e dung vao tay
quay OA (hinh 11.60),
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Xac dinh vin tdc goce cha tay quay phu thude vao géc quay cua né.
Cho biét banh xe I ¢& dinh c¢6 ban kinh r,, banh xe déng II c6 ban
kinh r, trong lugng P, tay quay OA ¢6 trong lugng @. Xem banh xe
la dia tron dong chit va tay quay la thanh dong chat,

ANNNNNNNNNNNNNN

Hinh 1.60 Hinh .61

Bai I1.61: Mémen quay khong d8i M tac dung vio tang quay cla toi cd

Bai

ban kinh R trong lugng P,. Tai trong P, budc vao dau A cta sdi day
cudn vao tang quay, né dude kéo 1én theo mit phéng nghiéng véi
phuong ngang mit géc o (hinh I1.61).

Tang quay cua tdi dat dude van tdc gée bao nhidu, sau khi né quay
dude mot goe ¢. Hé s6 ma sat trugt gidta tai trong va mat phing
nghiéng bang p. Bé qua
khol lugng caa diy va

c

xem tang quay nhu la A 5 5
hinh tru trén déng 2z A

) S  — —
chat. Lic diu hé dang 77 777
yén.
I1.62: Trén truc AB IlHII_..

.. s . ” E P
nguol ta gan ding tim
volang C ¢6 mbémen Hink 11.62

quan tinh déi vdi truc
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gquay la J va tréng D ban kinh R. Trén tréng c¢6 cudn mot sai day
treo vat nang P. Cho mdémen quan tinh cha true AB va trong D 1a
J,. Bé qua ma sat 3 8 truc va day treo (hinh I1.62). Tim:

a. (3ia tde cua vat ning.

b. Mémen quan tinh J c¢iia vélang C néu biél sau thoi gian ¢ vat roi

mét doan h. Ban dau hé ding yén.

Bai I1.63: Toa goong trong lugng P lan theo ray dit trén duong AB. sau
dé theo vong 16n lai dudi dang dudng tron BC ban kinh a. Hdi ta
phai tha godng khéng cd van tdc ban dau tit dd cao A bang bao
nhidu dé goong cé thé di hét dudng tron ma khéng tach roi khéi
né. Xac dinh ap lue N clia godng 18n dudng tron tai diém M véi géc
MOB = ¢ (hinh I1.63).

Hinh .63

Bai I1.64: Thanh dong chit AB=1=12m A’
trong lugng P e6 thé quay khéng ma %

sal quanh truc nam ngang O cach -

didu A mdt doan OA :-;]i-.f. Thanh

dudge gitt d vi tri nim ngang réi sau
dé tha cho chuyén déng, Xac dinh

vin téc dau B khi thanh chuyén 5
déng dén vi tri thang dimng.

Hinh I1.64
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Bai IL.65: M{t momen quay M, = M, - ao {trong 46 M, va « 1a cac hang
s6 duong con o 1a van téc gée cia tay quay ,0) tac dung 1én tay
quay 0,0 cla ¢d cAu hanh tinh dit trong mat phing ndm ngang.
Kh& lugng tay quay 1a m, clia banh xe dong la M. O thoi diém ban
dau hé dimg yén. Bd qua lyc can.

Hay xac dinh van t8c géc ctia tay quay 1& ham clia thai gian . Coi

tay quay 1a thanh déng chél, banh xe dong 1a dia tron déng chat
ban kinh r ¢6n banh xe ¢d dinh ¢6 ban kinh R.

PSS g

N
N
N
Y
N ]
N
§ f_J‘_"\
DX e v By
N 17
1
I
L_d
Hinh 1,65 Hinh .66

Bai 11.66: Nho soi day vAt qua rong roc, tai trong P véi phu tai P, da
lam cho vat A ¢6 trong lugng @ nédm trén mat phing khong nhin
nidm ngang BC dich chuyén ti vi tri ddng yén. Khi ha xudng mét
doan S, tai trong P di qua vong D, vong nay gat bd phu tai P,. Sau
d6 chi cdn tai trong P ha xudng thém mot doan S, thi diing lai.

Hay xac dinh hé s6 ma sat dong gitta vat A va mit phing BC. B
qua khdi lugng cia diy, clia rong roc va ma sat tai rong roc. Biét
@ =0,8N; P=P,=0,1N; S, = 50cm; 8, = 30cm.

Bai I1.67: Mot cai thang kép ABC c¢6 ban 1é tai B duge dyng trén sin

nhan ndm ngang. D6 dai AB = BC = 2a. Trong tAm céc thanh d tai

trung diém D va E. Ban kinh quan tinh cia méi thanh déi véi truc
di qua trong tim bang p, khoang cach tif ban 1&é B dén mat san
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bing h. Tai thdi diém nao
d6 thang bt dau rdi do
dut day chang FG. B6
gua ma sat tal ban 1é B.
Xac dinh:

a. Van téc caa diém B khi

né cham mét san.

b. Van tée cua diém B khi
né cach mat san mot

khoang % .

Bai I1.68: Trong co ciu tol vi
sal ¢d hai truc hinh tru K,
va K, v&i ban kinh tudng
ing r, va ry; mémen quéan tinh d& véi truc 0,0, tuong thg 1a J, va
J, ching gén lién vao nhau va quay duge nhd tay quay AB. Rong
roc dong C treo vao sdi diy khoéng dan va khong trong lugng,
nhanh trai clia day cudn vao truc K, cdn nhanh phai cudn vao truc
K,. Khi quay tay quay AB thi nhanh trai cua diy loi khoi truc K|
con nhanh phai cudn vao truc K,. Tai D ¢6 trong lugng P treo vao
rong roc C; mdémen quay khéng déi M tac dung vao tay quay AB.

Hinh I1.67

Hinh 11.68

Tim van tdc géc clia tay quay khi ndng tai trong 1én mét doan bing
S. e dau hé ding yén. Bd qua khél lugng tay quay va rdng roc.
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Bai IL1.69: Tang quay B trong lugng P, ban kinh r; quay quanh truc O.
Pau mdt sgi diy khong dén khéng trong lugng cudn vao tang quay
con dau kia cva day budc vao truc € cha con lan trong lugng P,
ban kinh r,. M6t ngiu lde ¢6 moémen M(¢) tac dung vio tang quay.
Con lan C lan khéng trugt trén mat phing nghiéng véi phudng
ngang géc o. B6 qua ma sat 8 truc O va ma sat lin. Hé 56 ma sat
trugt gita con ldn vd mat dudng 1a £, Day kéo song song vdi mit
phang nghiéng. Tang quay dude coi la tru tron dong chit.

Cho M{t) = M, — bo,. Trong d6 M, va b 1a cac hing s8 dudng, @, 1
tri s6 van tée gée cha tang quay. Tim biéu thie van tdc goc clia
tang quay 12 ham cta théi gian. Biét rang lic dAu hé ddng vén.

ENNNNNNNNNNNNNNNN

Hinh I1.69 Hinh 11.70
Bai I1.70: Mot rong roc kép trong lugng @ ban kinh R va 7 ¢6 thé quay
quanh truc c8 dinh di qua O. Mdt soi diy khong dan khéng trong
lugng cudn vao rong roc kép C. Mat dau diy budc 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 c6 thé chuyén déng lan khong trugt
trén mit phing nghiéng véi phuong ngang géc «. Ban kinh quan

tinh ctia rong roc kép doi véi true O 1a p (J, = Esz). B qua ma
g

sal 1an va ma sat & truc quay O. Lie d4u hé ding yén.
Tinh gia t8c vat B:

a. Véi diéu kién nao vat B chuyén ddng hudng xudng dudi (khi nio
hudng 1én).

b. Trudng hgp nao vat B chuyén dong thang déu.
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NGUYEN LY DALAMBE

Bai IL1.71: Vat A trong lugng P, chuyén déng di xuéng lam cho vat B
trong luong P, chuyén déng trén mat ban ngang nhin. Bé qua

trong lugng ca rong roc O, cho biét trong lugng cia ban 1a P,

Xac dinh 4p luc cia ban 18n nén ngang (hinh I1.71).

a8
=3 ;
.

=3

2

A
l 3 2
PP PIAA A AL PLE P A AL A e
N
Hinh 1.71 Hinh 11.72

Bai I1.72: Hai thanh d6ng chat CD va EF ¢6 cling chiéu dai ¢ va trong
luong P, dude gin vudng gée véi truc AB nhu hinh 11.72. Hg thanh

quay quanh truc z véi van téc géc o khong déi.

Cho thanh AC = CE = EB = 1m. Xac dinh ap luc déng luc tac dung
Ién hai & truc A, B.

Bai I1.73: Rong roc C quay nhd vat treo P, M 1a mémen can ¢ 6 truc C.
Trong lugng réng roc 14 €, ban kinh R va dugc xem nhu dia trdn
déng chat.

Hay tim; 1. Gia tdc vat P.

2. Phan Iiie dong luc trong cac thanh AC va BC (hinh 11.73).
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by
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Hinh I1.73 . Hinh I1.74

Bai 11.74: Xac dinh phan e tai cac 6 truc A, B ctia cén truc quay khi
. . UV | ,

ning vat K trong lugng 3kN vl gia toc bang gg. Trong lugng cua

cAn truc bang 2kN va dat tai trong tam C cia né. Trong higng xe

con I bang 0,5kN. Can true va xe con khéng chuyén déng. Cac
kich thude nhu hinh 11.74.

Bai IL75: Thanh déng chit KL dai 2/, trong
lugng P dude géin vao truc quay thing

ditng AB, quay nhanh dan déu véi gia B 4n% 3

toc goe £ tal diém giffa cda thanh va /\L

hgp vé1 truc quay mét goe . Xae dinh i

ap lue dong luc ctia lrue AB lén & truc V&

A vi B. Tai thdi diém dau cd hé diing 3

vén, OA =0OB = ﬁ (hinh T1.75). (o}

2 K h}ﬁ =N

Bai I1.76: M6t thanh dong chit AB chiéu dai %E ]

{, khéi lugng m gin vio thanh CA bing FA

ba? l¢é A. Thanh CA gan truc qua,sf Hinh 1175
thang dang. Truc vudng gbe quay véi

0, = const (hinh 11.76).
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Xac dinh sic cing T cua ddy BD giit cho thanh AB nghiéng véi
phuong thdng diing gée o khéng déi. Néu géc :g vaCA =a.

/

0 N
\T/ C?

Latle

Hinh 11,76 Hinh .77

o

Bai IL77: Hai thanh déng chai OD va DE cb ciing chiéu dai / va khé
lugng m dude gin v6i nhau tao thanh gdc vudng. Thanh duge gén
vao diém gifta O cla truc quay AB sao cho mit phing ODE vudng
gbéc véi AR. Truc AB quay véi van tée o, = const.

Xac dinh phan luc toan phén tai 6 4 A va B (kich thudc cho trén
hinh I1.77).

LA LLALLP A L A AL

NGUYEN LY DI CHUYEN KHA DI

Bai I1.78: Mot cd hé gbm ¢6 rong roc ¢8 dinh
A va n rong roc dong. Xac dinh ty s&
giita tai trong duge ning @ va lgc P
dat vao ddu day vat qua rdng roc cb
dinh A d€ hé can bing (hinh I1.78).

Bai I1.79: Cho mdt cg cu thanh trugt. Khi
tay quay OC quay quanh truc nidm
ngang O thi con chay A chuyén dich
doc theo tay quay OC lam cho thanh

Hinh I1.78
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AB chuyén déng trong ranh
théng ding K. Cho bigt OC = R,
OK =[. Tai C can phai dat luc @
vudng goe véi OC bang bao
nhiéu dé can bing véi luc P
tac dung vao thanh AB nhu
hinh T1.79.

Bai I1.80: Truc kéo vi sal ¢6 hai ting
A va B gin chiat v6i nhau
chuyén déng nhs tay quay C dai
R. Vat néng D trong lugng Q
duge treo vao rong roc dong E.
Khi quay tay quay C dé kéo D 1én thi nhanh day trai nha ra khdi
tang B va nhanh diy phai cudn vao tdng A. Ban kinh cta hail tang
d6 14n luct 1a R, va R, (v6i R, < Ry). Tim lyc P can dat vudng géc
v4i tay quay tai ddu mut cta né 48 gilt cho hé cin bang (hinh 11.80).

Hinh IL.79

Hinh 1180

Bai I1.81: Cho hé ddm nhu hinh IL1.81. Tim c4c phan hyc tai A va B. Cho
bidt g = 4,9N/m.

NNNN]
h
9]

S

2m 2m _L im

Hinh iL.81
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PHUONG TRINH TONG QUAT DONG LUC HOC

Bai I1.82: Hai vit nang P, va P, dugc budc
vao hai ddy cudn vao hai tang cia mot
t5i ban kinh r, R. D& nang vat ning P,
lén, ta tac dung lén tdi mdt mémen
gquay M. Tim gia tde gbe cua tol quay.
Biét trong lugng ciia toi la @ va ban
kinh quan tinh d81 vdi truc quay 1a p
(hinh 11.82).

Bai IL.83: Cho mdt ¢d cdu nhu hinh 11.83.
Vat A ¢6 trong lugng P. Trong lugng 7 , l
chung cta trong B va banh xe C 12 @,

_.‘U*

. o+ N _P-
ban kinh quéan tinh dé6i vdi truc O 1a p. :

Tim gia tbc cla vat A khi né ha xudng. Hinh i1.82

Hinh 11.83

Bai IL84: Con lan A lan khéng
trugt trén mat phﬁng
nghiéng mdt gbc o vai
phuong ngang lam vat C
trong lugng P duge néng
1&8n nhd rong roc B. Con lan
A va rong roc B 14 hai dia
tron déng chét ciing trong
lugng @ va ban kinh R. Hinh 11.84
Xéac dinh gia téc vat C.
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Bai I1.85: Thanh DE trong lugng @ duge dit trén ba con 14n hinh tru A4,
B, € c¢6 cung trong lugng P, ban kinh R. Tac dung lyc F 1én
thanh, bo qua su trugt gitia thanh va cac con lan, ciing nhu gilia
chc con lan véi mat phdng ngang. Céc con lan 13 tru tron déng
chat. Tim gia téc cua thanh (hinh I1.85).

Hinh i1.85

Bai I1.86: Vat B trong lugng P lam chuyén dong con 1an A hinh tru tron
dong chat trong lugng @ ban kinh R nhé diy mém cudn quanh con
lan vat qua rong roc ¢6 dinh D va bude vao vat B. Xac dinh gia téc
vat B khi con ldn lan khéng trugt, hé s§ ma sat ldn 12 f, bo qua
khéi Iugng rong roc I ¢hinh I1.86).

-1 ’ e

Hinh 11.86 Hinh 11.87

Bai IL.87: Mot lang tru A c6 trong ludng P trugt theo mit bén tron cta
lang tru B ¢ trong lugng @, méat nay hgp vél phudng ngang mot
géc o. HAy xéc dinh gia tde cda ling tru B. Bd qua ma sat gida
lang tru B va mit phiing nAm ngang (hinh I1.87).

Bai I1.88: Trén mit phing nidm ngang nhin ta dat lang tru tam giac
ABC c¢6 trong lugng P. N6 c6 thé trugt khong ma sat trén mit
phing d6. Hinh tru tron ddng chat trong lugng @ lan khéng trugt



Phin ba. DONG LUC HQC 227

trén méat bén AB caa lang tru (hinh 11.88). Hay xac dinh gia tdc
cua lang tru.

7% o B

Hinh 11.88

PHUONG TRINH LAGRANG LOAI |

Bai IL89: Mot con lic eliptic gém c6 con chay A khéi lugng m, trugt
khéng ma sat trén mit phdng ndm ngang va qla cdu nhd khai
lugng m, ndi véi con chay bing thanh AR chiéu dai I. Thanh c6 thé
quay quanh truc A gén lién v8i con chay va vudng géc véi mat
phéng (hinh I1.89).

Hay thiét lap phudng trinh chuyén dong cta con lde, bd qua khéi
lugng cua thanh. Tim céc tich phan ddu cha chuyén déng.

A m,
y
I e B - 0 -
! I
|
| P 4 !
| l /
|
| m
| l
1 8
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¥x 1
Hinh 11,89 Hinh 11.90

Bai 11.90: Hay lap phuong trinh chuyén «  ; ciia con lic goém mét chét
diém khéi ludng m treo 1én mét soi day cé d6 dai bign d6i theo quy
luat cho trude I = I(F).
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Bai I1.91: Hay lap phuong trinh chuyén ddng cha con ldc gdm chat diém
khéi lvgng m treo trén didy cudn vao hinh tru c8 dinh cé ban kinh
R. B9 dai ctia phan day budng théng tai vi tri can bang 1a 1. Bd qua
khél lugng etia day.

Hinh i1.91 Hink 1.92

Bai I1.92: Lang tru A trong lugng P trugt trén mit bén tran cla lang tru B
¢6 trong hugng §. Mét bén nay hgp vé1 phucng ngang mét géc o.

Hay x4c dinh gia toc cha lang tru B. Bé qua ma sat giita lang tru B
va mit phing ndm ngang. Tim cac tich phan dau cia chuyén déng.

Bai 11.93: T4m phéng AB khéi lugng M chiu tac dung ctia luc F = const
theo phudng ngang sé chuyén dong tinh tién trén san ndm ngang
nhin. Mét con lan khoi lugng m ban kinh R ¢6 mémen quan tinh
d81 véi true di qua khéi tdm thing goc véi mit phing con lan 1a Je.
Con lan dat tu do trén tAm AB. Xac dinh gia téc clia taAm AB va gia
tdc tam C cna con ldn. '

A B 7

Hinh 11.53

Bai IL94: Lang tru A khéi lugng m, ¢6 thé trudt trén mat phdng ndm
ngang nhan. Theo mat nghiéng ciia lang tru hgp véi phuong ngang
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mbt goc a, mdt con lan
B khdi ludng mp chuyén
déng lan khéng trugt.
Quanh con lan ngudi ta
cuén didy mém Kkhéng
dan. Dau kia ctia day
budec vao diém D cia
thanh CD gin ciling vao
ling tryu. Truc cua con
lin vudng géc, con phan

diy DE song song vdi
mit nghiéng CK cla Hinh 11.94
lang try. Con lin xem
nhu tru tron dong chit.

Xac dinh gia tdc cha lang tru va gia téc khéi tdm cla con lin dé
vdi lang tru, tinh stc cing cha day. Biét my = 2m, v6i m, = 5,1kg;
o = 30°

(h

Xy

(44
[ L L e e e

Hinh 11,95
Bai I1.95: Theo mit phing nghiéng clia lang tru (1) hdp véi phudng
ngang mot goc o, mbt khéi tru tron déng chit (2) cé khdi lugng m,
chuyén déng lan khéng trugt lam cho lang tru dich chuyén trén
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mat phing nhdn n&m ngang, 1am cho 16 xo (3) bién dang. Ld xo (3)
gan vao tudng thing ding, ¢6 hé s8 cing C. Khéi lugng cla ling
tru m,. Tai thdi diém ban didu 16 xo chua bi bién dang.

Hay thiét lap phucng trinh vi phén chuyén déng clia hé, gde toa do
x, tinh t vi tri ban dau.

Bai I1.96: M6t thanh dng chat AB trong ludng P dude gén bang ban 1é

B vao truc con lan trong ludng @ ban kinh R. Con lin c¢é thé lan
khéng trugt trén mit phang nim ngang doc theo truc Ox. Hé khao
sat trong mat phang thing ding md ta nhu hinh 11.96. Bé qua ma
sat gilta con lan va mit tya. Con lan coi 12 tru tron déng chit.

Thanh 1ap cac phuong trinh vi phan chuyén déng cha hé. Tim cac
tich phan ddu clia chuyén déng.

VS

ez
=¥

Q

T4

Hinh 11.96 Hinh 11.97

Bai I1.97: Thanh dbng chat AB = ¢ trong lugng P chuyén dong trong

mat phing thing dung dudi tac dung cta trong luc. Ddu A cha
thanh gin vao con chay A ¢6 thé trugt khéng ma sat trén mait
phing nghiéng véi phuong ngang géc a. Bd qua trong lugng con
chay A.

Thanh lap phuong trinh chuyén déng clia hé.

Tim didu kién d€ c6 chuyén d6ng trugt ma khéng quay ciia thanh AB.
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PONG LUC HOC TUONG pOI

Bai IL98: Cac qua cdu B va D clia may tigt ché ly tAm Oéat ¢6 khéi luong
m {(hinh 11.98).

Tim géc nghidng o &8 xac dinh vi tri cin bang tuong d61 ctia thanh
AB néu cd cAu may tiét ché ly tAm quay véi van tée géc o con chiéu
dai AB = I. B6 qua khéi lugng cta thanh.

vt

Ak

=Y

Hinh 11.98 Rinh 11.99
Bai I1.99: Diém M c6 khdi lugng m chuyén dong khéng ma sat trong ong
hinh ban nguydt ban kinh R va quay quanh dudng kinh théng
ddng véi van tée gbe o = const (hinh 11.99).

Xac dinh van toc tudng d8i V, phu thude vao goc ¢ 1a goc gita OM
va truc quay. Néu ban ddu ¢ = @, va ¢ =0,

Bai IL100: Qua cdu A ¢6 khéi lugng m = 0,2kg chuyén ddng trong éng
thdng nim ngang va dude gin tryc giao véi true quay thing ding
& dau 6ng. Mat 16 xo ¢6 d6 cling € = 4kN/m ndi qua cau vdi truc
quay. Dé dai cia 16 xo khi chua bién dang 12 @ = 3cm,



232 €O HOC LY THUYET - TAP Ii: PHAN BONG LUC HOC

a. Xac dinh quy luét bién déi van ]
tdc goéc @ cna dng khi né quay A\l
quanh truc dé& sao cho qua ciu

chuyén déng trong éng véi van tdc A
tuong d8i khéng ddi V. = lem/s, néu WWW—E3 = x
tai thdi di€ém ban ddu & cach dau =

dng mot khoidng b = 5em.

b. Tim 4p Iue do qua cdu tac dung

. ] Hinh H,100
lén thanh 6ng khit = 1s.

Bai I1.101: Diém treo clia con ldc toan hoc ¢6 &9 dail chuvén dong theo
phuong thang ding véi gia t6c khong ddi (hinh 11.101).
Hay nghién citu chuyén dong clia con lic trong hé toa dé gin vao
diém treo khi gia toc diém 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 déng theo dudng thang ndm
ngang ¢é mdt con lac dao dong bé difu hoa.
Hay xéc dinh:
a. Gia t8c W cha toa tau.

b. Tim hi¢u s8 chu ky dao dong clia con ldc. T: chu ky dao déng cla
con lée khi toa tau ding yén va T, 12 chu ky dao dong ciia con lée
khi toa tau chuyén déng véi W.
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Bai I1.103: Mt chat diém rdi ty do trén Bic ban cdu tir dd cao cach mit
d4t 500m. Chd y dén sy quay cua trai dat quanh truc ciia né va bo
qua lyc ean ctia khong khi.

Hay xac dinh diém roi xudng léch vé phuong Péng bao nhiéu. Dia
diém roi tai vi tuyén 60°.

BAI TAP VA CHAM

Bai I1.104: Diu biia 4 ctia may déng coc roi tit do
cao A = 4,905m va dap xudng cai de B gin
trén mét 10 xo. Trong lugng dau bia 1a 10N,
trong lugng de la 5N.

TA 1

Hay tim xem sau khi va cham de chuyén
déng véi van téc bang bao nhiéu néu nhu dau
bia cing chuyén dong véi né.

Bai I1.105: Dé nén chat dat dudi méng cong trinh
ngudi ta dung bia déng coc, déng cac coc cbd
trong lugng P; = 50N xudng dit. Dau bia
nang P, = 450N rdi khéng cé van téc ban dau Hinh 11104
tit 44 cao kA = 2m. Hé s8 phu héi bing khong.

Sau 10 lan va dap, sau cung coc xudng siu duge § = Sem.

VOIS,

Xéac dinh Iyge can trung binh ctia ¢4t khi déng coc.

Bai I1.106: Hay xac dinh tAm va cham cia

48

bia ban hinh chii nhét. Chiu cao cla &=
bia bing A (hinh I1.106).

Bai I1.107: Hai qua cdu c6 khéi lugng m,

Ca .
va m, treo trén hai sg1 dy song song L.
¢6 chiéu dai I, va I, sao cho tidm cua M

ching nidm trén ctung mét dd cao. 1
Qua ciu thit nhat duge dude dua léch
khdi dudng thing ding mot géc o,
rol tha khéng véan tde ban diu ¢hinh [1.107).

Hinh l.106
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Hinh 11.107

Xac dinh gée léch gidi han o, cha qua cdu thit hai néu hé s8 phuc

héi béang k.

Bai I1.108: Thanh dbng chat OA = a khéi lugng M ddu O dude gén bang
bén 1. N6 roi khdng van t8¢ ban dau tir vi tri ndm ngang dén vi tri

thdng ddng dap vao vat B 1am cho né chuyén dong trén mat phing

khéng nhan ndm ngang. Hé s8 ma sat trugt 1a p. Coi va cham 14
khong dan héi, vat B ¢6 khéi lugng m (hinh I1.108).

X4ac dinh quing dudng ma vat B di duge.

Ava

Oﬁz—/‘_“

B
m J A
2

Hinh 11.108

-
(s
A \ B
c
D .
&®-——{--———¢-—1
a
Hinh 11.109
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Bai I1.109: Con lic xa kich diing dé xac dinh van téc vién dan gbm hinh
tru AB treo vao truc nam ngang O. Hinh tru hd ddu A va chia diy
cat. Khi vién dan bay vao hinh tru sé& 1am con lac quay quanh truc
O mbt géc ndo didy. Cho biét M 1a khéi lugng con lac; OC = A la
khoang cach it trong tdm C cfia né dén truc va p 1a ban kinh quan
tinh déi véi truc O; m 1a khéi lugng vién dan; OD = g la khoang
cach tir dudng tac dung va cham d&n truc O va o ] goée léch cua
con ldc.

Hay xac dinh van téc V ciia vién dan, gid thiét rang truc O ctia con
1dc khéng chiu anh hudng va cham ah = p*.
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I. HUONG DAN GIAI BAI TAP

XAC DINH LYC THEO CHUYEN BONG CHO TRUGC

Bai IL.1 ¢(hinh II1.1)
Xét vat M.
Cac luc tac dung: P, T';
mW=P+T;
T = 2P = 20N;

. B
My

va V =210cm/s.
Bai I1.2 (hinh I11.2) Hinh N1
Vat khéo sat: 6to

Cac lue tac dung: ,ﬁ ;

N =7960N = 8000N .

N

Hinh iL.2

Bai IL3

Tacé: X = mi = 52—155 - _0,08xN; Y = my = ~D,02yN .

4
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Bai IL.4

T=0,25s nén k=i:=8:rt;

¥4 =sin8Snt;

N, =P, +Pp+myy,;

Ny = 128N 5 Ny iy = 472N
Bai IL.5

e ——

mW=P+N,;

2
N:P+£V_-

H

g P

277.8°2

N =8001+
0,81 x 600

]: 11300N .

Bai I1.6 (hinh II1.6)
Pr=Cix, + Cixs.

Do Iiic dan héi khi day va khi kéo déu 0
c6 doan dudng dan hdi bing nhau.
Nén ta cé:

Pp=(C, +Cpx =Cx;
C=C,+0Cy . :

m

T=2 A wm=.—:

T 1ma o \/—C'
: 4

Vay T =2=n ——Q———
Vg(C, +C;) Hinh L6

Bai IL7 (hinh II1.7)

Py =Cux, + Coxy = Cx;

x=x, tx5;
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Ma T =2x =9on | "L 27 L I

Hinh Il.7
BaiIL.8

mW =T +P;

T =m(g +cR).
Bai IL9 (hinh II1.9)

W=Re=Ro6=_Ra;

"‘il

F

(fcoso:+sma+§£}
g

’.{

-
N

W
/f
r1

Hinh H1.8
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Bai I1.10 ¢hinh IT1.10)

Al
!
W, = MHo® =" VI’ ~d” ; ; N
. e | Sim
mW:SAM+SBM+P; i W; >
Sy sina—Spy sina-P=0; H{_ o M
S aar coso— Sy, cosa-mW, =0; : -
: SBM
Sau = _nﬁf_(awz +8); :
2a 5l
mi .
Sam = E;(amz -8). Hinh 111,10
PHUONG TRINH Vi PHAN
Bai I1.11 (hinh I11.11)
Xét chuyén dong ctia vat ning. vy R
Céce lyc tac dung: P, R . 0 y
Ta cé: —-
_ P
mW, =my=-P-R,=-mg—ky;
Hinh .11

t=5,1In(1,41) = 1,7s.

Bai I1.12 (hinh I11.12)
P = Zcos10° va goi Rp = aV*
Khi bay thi

- - 2 Z
P - RCmax =a anx ; /
10"
P =" .
Vinax = ;‘ P Hudng bay

‘ Hinh 11,12
= 13—(3—91{—) =246m/s
0,05
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Bai I1.13 (hinh I11.13)

mW =F;
—_— al
[R +(h~- y)]2 ,
v: khoang cach tit vat dén mit dat.

Nén khi y = A thi:

F=mgvaa=mgR*

Hinh 11113
___eR* . dv
[R+h-pf ~dt’
h
ydy = gR* |-———"——; (1)
'[ J(R+h y)?
:Qth’
R+h’
> 2 2
y __8R o
2 R+h-y
. . gR®
=Q0:y{0)=0; =0; C=-
Khiz=0:9(0)=0; y(0)=0, R
nén y= 28 4

h dy _-T %g .
J*__T_—_JR\ijLhdt' ®)

P61 bién va dit ﬂRJrh—l:u tinh dugce tich phan (*)
Y
1 |R+ R+h R-h
T=%\ 2z { 2 arcohR+h]
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BaiIl.14
x= aﬁ—b.
Ta c6 V=x nénxza\/;—b;

a dx

ax
t =—— hay ———— =dt.
* 22 Y z(x)%

Diéu kién ban ddu: ¢ =0

b b*
x(0y=0; yV, ==, V| =—.
a

2

Xac dinh hang s8 tich phan C

2 2
T=-2 +a—=9——[1—i].
A G
a
Bai I1.15 mi=P-N

trong d6 N =pgSx; m=pSh.
X v ) X
ng[l_}:)_) dexza[g(l—gjdx;

V=ygh.
Bai I1.16 (hinh 111.16)
S = V(,t+%gltg.

Ta o

g, = gsina = gsin 30° =%g;

igt2+VOt-—S=0.

Hinh fil.16

Giai phuong trinh nay theo ¢
tacét=1,16s.
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Bai IL.17

Luycham P=mW.

2% =0,3g—>t=1—023,4s;
3g

S:V”t——l-itg =1V0t=16,9m.
21 2

Bai IL.18 (hinh J11318)

4
Xét chuyén déng ctia M.
Cac luc tac dung: e
P.NF,_ . -
S, F
mW = P + N + Fms . o
Piéu kién ddu £ = Q; Hinh .18
x(0) = 0;
x(0)=V, =15m/s;
x=-g(fcosa+sina)t+C;
C,=V,;
- Voo _961s:
g{f cosa +sina)
- Y% =19,55m.

:Eg(fcosa+sina)

Bai IL.19 (hinh I11.19)

Xét chuyén dong clia vat A.

Cac luc tac dung: ﬁ,ﬁ .
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t
j d(ky) = Jdt ~ 1+£V = oMt 0
kg 1-k%y% 4 1-kV

2}

Chon diéu kién ban ddu: ¢t = 0;
y0) = 0; y0) =

1 o8 g 1

Vs e Ve =70 5
k€!.+e H kb P

Bai I1.20 (hinh II1.20) ¥

mW=P+N+F; Hinh 1119
mW, = mi = F =100(1-1);
dx 100 100

== (1-t) > & _-—t—l—ogf—+cl;
dt m m m

C =V,

N
2 —
100 _100;.; 4V, =0. ! F
m m 2

Khi ding lai ¢ = 2,028 lP

_dx 100 100 #2 Hinh 1.20
— =tV
dt m m 2

100 100
Zm Gm

S = 692cm.
Bai I11.21 (hinh I11.21)

L

Dq‘

P4V t+C, 5 Cy = x;

Xét chuyén ddng cia tai
trong P:

mW =P +R;
mW, =my=-mg(l+ky);

y=-8(1+ky);
Hinh 1121
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Q

. g h
f ydy.=—gfdy;
L}

V, sina 1 +ky
b= V, sina ]
kg kg

Bai 1122 (hinh 111.22)
Xét qua cAu M:
mW =F =-k>mF .
Chiéu (1) 1én Ox va Oy:

(1)

W =i= —k%x (a)
W, =y= ~ky (b)
¥y —
Nghiém cua (a) va (b) la: v
§ 8 (D=
x=C, coskt+C,sinkt; q TN
y =C,coskt +C, sinkt . T ‘\\
Diéu kién ban daw: ¢ = 0; S
=0 WM =1 - Fooi
x(0) = 0; %(0) =V,; N hcer L
y@) =1; 30)=0; 2
ale
x =2 . y=lcosht 7
k 7
Y
1 2 2 ; A
INECA RN A 77T
v, !
Hinh fi1.22

Piy 1a duong elip.

D|NH LY DONG LUONG

Bai I1.23 (hinh 1I1.23)
Cac lyc tac dung: ﬁ F’—

N,
Q, =35 =

£

(P+2N+F,_)t.
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le _QOI = _F‘msil ma le =0

Vo
do 616 ditng lai Pl —
P 1% .
—V, =fPt =—¢ (339, l—- Y= -
Bai I1.24 (hinh 1I1.24) Hinh 1i1.23

Hé khao sat: san A va xe B.

Ngoai Iye:

PAepgaN; B -L%
le:an; E; i; T/.;

Al Y. ——
Q,,=M+m)V; R

A
Q. =mlu, +V,)+MV,; N h;; N
Vv + " o, Hinh ii1.24
" m+M°

Bai IL.25 (hinh I11.25)
Xét khoi nude gidi han bdi
aa,bb:
Sau thoi gian dt dich
chuyén dén a'a'\b'}b'.
6{ - 5; - Rdt ;
(V, -V, cos60°)dm = R _dt,

d?
ma dm :yVn-4—dt;

Hinh 11125

V,sin60°dm = Rydt :
2 2
R, :"{ﬂ%v2; R, :yn%ﬁvg;

— R=R!+R:=51,2kG.
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Bai 11.26:
(Gial tuong tu bai 11.27 ta c6 N = 9,05kg.
Bai I[1.27 (hinh IT1.27)

mW=P+N+F,_; )

mW,_ =mi=Psina-F,;

mi = mg(sina — peosal;

¥ = g(sino - pcosa); %)

mW,_ =my=N-Pcosa=0; {(b)
Diéu kién ban dau: ¢ = 0;
x(0}=0; x(0)=0;
C,=0,C,=0:

2

. 4
x = g(sina —pcosa)? ;

il

L =392m
thit=T - T =5s.
Bai I1.28 Hinh 1.27

Ap dung dinh 1y déng lugng ta cé:
m(V, -V, )=t{P - Q(sina + fcosa)],

trong d6: Q- trong lugng doan tau;
P-luc kéo doan tau.
P= Q{Kl—;& +(sino + mcosa)} =2,36kN.
4
Bai I1.29

Ap dung dinh 1y déng lugng, cé:

P: ¢hi sd trung binh ¢tia lyc ké;
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R: trong lugng doan tau.

V,=0;, V,=57,6km/h;
Pt 3000kN.

=(P-hQ) > Q=

Qy,
g + 1

Bai I1.30 (hinh T11.30)
Hé gdm cAu phao va 6td.
Ngoai hic: @ﬁ,ﬁ,iﬁ

Hinh 11,30

Khi chua nco cAu phao vao by thi T =0.
&, ‘@J’ :Zcht - Q, =const > Q,, =Qy,:

QOxZO_—)le:O;
@, =—MV+m(u—V)=O—+V=fi-u—;
u=_8;
m m s mob it
8= (1-e™).
M+m

V: =
M+m M+m

Khi neo cdu phao vio bd bang diy cap thisttccing T # 0
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Q.= M+myV=(Ms+m)—5
i (M +m
ngQ—“zmgﬁTzaQbme‘““
dt

DINH LY KHOI TAM

Bai I1.31
Hé khao sat: lang tru va vat M.
Ngoai luec: (Q,E,E,ﬁ) 1 Ox.

Mx. = const — x, = const;

Q

2P cosa+ Pysina

B AQ + P +Py)

Bai I1.32 ¢hinh T11.32)
MW(: = ﬁ + E’: + PT, ;

mS;

—A+£(A+Scosa)+-{)?-[A+lSsina]:0;
g g g 2

Xo =const > xp = const

X :xclr - Zpkxf :zpkxk;

A

fo

|— XBD—-

x4

Y7 /,‘///T//////////////,?Z
P N

4 ""-_-... x =]

XA

g-a- b .
4
Bai I1.33

o . 7//////////4

Giail tuong ty bai I1.34. ry
A

Pxl +Pox] =Px, + Pyx,;
L B L LYV

P +P, 2+20

——

N

’///' IS /'/g/ 1

-

7

Hinh 111.32
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Bai IL34 (hinh I11.34)

Ngoai hie: E,FE',E' N
. —_ . . / 0\'.
MW, =Y Fi=N+P +P,+Py; L
8 1= A
]
MWy, =P, +P, +P,- N g
> N=P +P, +P, - MW,, *l
=]
P,. P ’
N=P +P+P, -2y, ——23,; c
g g T
¥, =const; g |
—Ecos —Ecosmr' L5
y‘), - 2 (p 2 » 'r‘&" /]
¥y, =acoswt+h; Y
aw? Hinh 11,34

N=P +P,+P, -

28 (P, +2PF,)cos ot
Bai I1.35 (hinh I11.35)
Xét thanh AB = 2a.
Cac luc tac dung: ﬁ,?\? .
> Fy, =0 nén khéi tam C chuyén
ddng doc truc Oy.

X4 =acosa,

¥4 =2asina

2 2
Hinh Hi1L.35
a 2a

Bai I1.36 (hinh I11.36)

Ap dung dinh Iy khéi tam. Ngoai lye tac dung: 151',}_32'1_3;,@ .
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Ta cb
Zpkxf :Zpkxk' *)

Trude khi dich chuyén:

[y o i tl
Pl + Pyx + Ppx| +@Qx)

Sau khi djch chuyén:

Pix; + Pyx, + Pyxy + Qxg.

x": toa 4o P, lic dau;

x° =x'1’+d;

x" =x"+e;
0 1

xy =x" +a-fcos60°;

x, = x‘l’ +8; TTT77P 770777777777 7777777 7 77777 777
x, =20+ S+d-1; Hinh 111.36
xg=x) +S+e;

xp=x" +8+a-(Q+f)eos60°.

Thay vao (*) va gial ra ta c6:

By + Pycos60° 20
P +F +P+Q 145

=0,138m .
Bai I1.37 (hinh II1.37)
Xét xe 6t6:
Ngoai lue N_l‘,}—\fj}?’,é_j .
MW:ZF:E+E+§+@;
MW, =0;
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X :xc

¢ ¥
Zpkx: :Zpkxk GL_”

xL = S+x: cosa ~ ACsina

o} o

x' =8 +x°
& &

AC =0,5m:
OA=2= x(:,

1 o _ 1 1
Px? +qu —Pxp +QxQ

1
P(2+0‘5§_‘/§] Hinh 111.37
g=— =(,39m.
Q@+ P
Bai I1.38 (hinh [11.38)
Hé khao sat; cac vat A, B, C va D. . . 1\
Negoati luc tae dung: é,ﬁ,ﬁ,ﬁ:ﬁ " DE X F
o — . 5 17
MW,=Q+P, +P,+P,+N; (1) ’

& ?5'1__"5_‘
Zpkx: zzpkxl§ 4

7 "
Yy r/[[///////77////////////77// ]
B

x} =x" +8 -1sin30°; ’ ——0
x* =0;

x =x0+8;

x; =x° +8; x‘ =5

{= % ma ¢ = 0,5et”; Hinh il1.38

Pl S P, Ro

- £ 8= =0,025Rgt®.
20Q+P +P,+ P 4Q+PF +P,+P)
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Bai I1.39 (hinh [11.39)
Tai A khéng c6 luc ma sat.

Nén trong tiAm I chuyén dong thang
ding xudng phia dudi.

Ta ¢b:

x; = const = 2em;

a .
Xy :Ecosqa; Yy =asing;

a a Hinh 111.39
Xy =X; + gcoscp =2+ acoscp;

Y

DINH LY MOMEN DONG LUONG

Bai I1.40 (hinh I11.40)

dL,
dt

3 m, (Ff)=0;
M-I =0;

:Zmz(;’*‘f);

L2 =0 vilic diu hé ding yén;
Lt-é = 2£RVB —ﬁRa =0;
g g

Hinh 111.40
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Bai 11.41 (hinh 11141}
a'L

— 7 = Zm (F
Zm:(ﬂ;’) EXE

[J‘: -t I.fr_j_:
L, J.w+ 39 (¢ + #m) ;
&
Qe
(P -2 )
B3ai 1142 (anh T11.42) Hinh .41

Liav Oz di qua O va vudng goc vai
mat phing hinh vé.

V1a van tée vat M
dL- —Zrn (F;\

v Zm (Fy=mgR-a@ .

i, 1 2
L. =- —3—.)—1 RV .

7 - (J’P
W= o= (QQ __i}_?.]_i_}._ &)
P(m._, +2m,)

Tich phan 2 14n (%) vaéi diéu
kién diu bang khang. Ta cé:
(&Q -m, h)

h{m, + Zm )

T-myg+mW
B m)(m)f.{R 5 )aQ)

Rim, +2my) Hinh i11.42
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Bai 11.43 ¢hinh I11.43)

dLz e b
P Foy: 2
dt 2. FD) "
- A

Y m (Fy=(T, -T,)r-M;

L, sza'J:ir?s; T

: o2 ;

Hinh 1i1.43

M. =T, —Tz)r—ﬁrza =1Nm.
, 9g

Bai I1.44 (hinh I11.44)
Zmz(}E) =M —ao’;
L, =dJ,n;

2 aM
J

M M 1
Y iy e
o e +1 Hinh .44
« BaiIL.45 ¢(hinh I11.45)

Zmz(g‘:):O;

L,=const; L, =L’

Dit B=

3

L =dJ,0,;
L, =J2m+m2(OM)2m;

L, =(J, +mu’tHo=dJd,0,;

2
o m,R o,

m,R* + 2m,u’t*
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Khi 8 ra td vanh dia thi I? = wi

]
o4l

Hinh I11.45 Hinh 11146
Bai I11.46 (hinh I11.46)

(Goi ¢ 14 géc quay cua thanh AB:

mw=Q

dLz ;

— = 2 mF)
dt

— maH = —auma.

Tinh thot gian T

do I
o Tt
0 a

a
T==In2

«

Tinh =0 vong quay
2 QU

. . a
do=aodt > ddo=-——do.
a
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LAy (ich phiin 2 v& vdi edin tuong ng:

1w,
o=——
o 2
SO vong quay n = a9
A
DINH LY DONG NANG
ai 1 7 LA 7
Bai 11.47 (hinh 111.47) - “ 2 \TB
ZA;:_-O; \E\ﬂﬁjz’/
va 8= ht -1 IR
L Tt 1
STA; = Ph-2PWI kY -1 =0: '
M
APPI M
h = . B g
AP - Pf
Hinh 147

Bai T1.48 (hinh 111.48)

Ap dung dinh ly dong nang (¢6 thé diing phuong trinh téng quat dé
gial, xem phan sau)

T, =T = ZA; : )
> A =PS;
Lo =Ta +Tpes

'y drri @
po Py 1@ TVE 10 Vi

R o f T o
g " 2gR-rY 28 (R0

_ P(R -r)” +Q(r: +p7) V?_pS:
2g(R~r)”

_g P(R-r)
P(R-r? ++QG* +p*)
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£f o

TN S

o4

Hinh .48
Bai IL49 (hinh 1I1.49)

Hinh 1i1.49

8P, +4P, +3P, _,,
16g

Ty
e ' : o S,
ZAk = P sinaS, - P;sinBS, véi 8, =

3 Af = (2P, sino - P, sinﬁ)%t Ty = 2 AL ")

V, =2 [2g (2P, sina ~ P, sinB)S '
8P, +4P, +3F,
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Bai I1.50
Khi c6 ma sat trugt voi hé sé f va ma sat 1an c6 hé s8 £, va ban kinh
con lan r thi phai tinh ¢ng ciia cac Iuc ma sat.

> A} = P,Ssina - fP,Scosa — P, gsin B- )"(,Pzécosﬁ .
r
Déng nang ciia hé van tinh nhu bai trén. T d6 tinh duge V.
Bai IL51 (hinh 111.51)
T-T, :ZAE +-ZA", ;

T =T, :ZA";
ZA“ZPS_QS1:(_48&__@S‘
Vi Slzﬁ;

4

16P+Q .,
T, =Tp +Ty, =——2V};
hé P (4} 32g P
K:ZVQ;
va V) =V, »V, =4V,
16P+Q s _(P-Q) g,
32g
4P -Q

p=Vp= m‘lg . Hinh i1.51

P chuyén déng déu

m;0aP=§. “
Bai I1.52 (hinh I11.52) ~
Q
Giai tudng td bai trén A
v? S F
[J+4d, + R*(dm + M) —4 = 2m - M)g—;
8R* 2 <

2R*G(2m - M)

W, =V, = _ _
AT AT J4ad, + RE4m + M) Hinh 11152
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Bai I1.63 (hinh II1.53)

s

7

o,

Hinh 111.53
Ta c6 quan hé giita hé s8 ma sat trugt va goc ma sat
fi =t80.; [, =tgo,.

Ap dung dinh 1§ déng nang

lng =(Psina, — Pf, cosa )8 ; (a)
2g
1P ., .
“"2"_Vc =—(Psina, - Pf, cosa,)S, . (b)
g

Thay f, va f; 0 trén vao (a) va (b) ta c6:

S, - COs (@, sin(c, — @) .

cos®, sin{a, + ©,)

Bai I1.54
T, =T, =S A}; *)

2 9
Th.;i :—-—-——-—m21; 4 22&}2;

ZA" = %Z(le +m,).

Thay vao (*) ta cé:

o= 3g(m, +2m,)
Viem, +9m)
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Bai 1155 (hinh IIL55)
T=T,=Y A;: (9

uZ
T, = ?(m1 +3my);

2
A

T, =—(m, +my,);
s B8
A =M—; 0 g .“.‘ e W
2 iw *l D
v, (1)
Vo= 3Mn + (m, +‘3nfn2).',.t2
A m, +m, : Hinh I1.55

Bai IL.56

Goi Ve 12 van tdc khoi tdm € khi né di chuyén mt doan 1 S.

T,=0va ZA; =0;
S AL =R 2R -Fy SR,

1 1 J+ MR _,
To =—MV:+ =, 0> =2""2VEF,
LI cTy c:® o R C

Thay vao (*) roi tinh dao ham theo t:

W, v, BRI FR 1) (F -F)R+(F +Fyr

J + MR® J + MR®
Bai IL.57
2 .2
T‘Jaé :TA +Tbx +Tb{mg :(ml +m2 +m3)R2(D 1

ZAE = Mo -m,gRosina. =(M -m,gRsina)o;
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2(M ~m,gRsinajo

’

(m, + My +my)R*

M -m ghsina

(m, +m, + my)R*

Diéu kién dé c6 chuyén déng M > m, gRsina .

Bai I1.58

2
SAMEIM Y v ar- FS - £ S0 +2myg

T

4[1‘7' - % (M + .‘Zm)g}
W

4M +3m
Bai I1.59 (hinh 1{1.59)

Heé khao sat: tay quay OA, banh xe I1
va III.

+ 00, chuyén dong quay quanh O;

+ Banh xe II chuyén ddng song
phing;

+ Banh xe 11T chuyén ddng tinh tién.

8 33p Hinh 11158
T = _Qi__r“fm?m .
Bai IL60 (hinh 111.60)
Th;_é =T =er§ *)
er =Mo;
Ts =Toa + Ty
1Q

Ton == (r +1,)  @h ;
6g
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3P .
Ty =——(r +1,) @5 ;
4.8

_ (2Q +9P)

rorr) iwk, .
12g oy +7

hé
Thay vaa (*) ta c6:
2 3gMo
Woa = ‘
ro+r, {20 +9P
Bai IL61 (hinh JI1.61)
T =T, =2 A0+ 2 Ay
T, =0; ZA; =0;
T, =Ty = DAL *)

2P, + P,
4g

Hinh {il.60

»

> Af =Mo-FsinaS-F,S
=[M - P,R(sina + f cosa)lo. Hinh 1161
Thay vao (*) ta c6:

2 g[M -~ P,R(sina + f cosa) o
B 2P, + P, .

{0 =

Bai I1.82 (hinh I11.62)
N =T,= ZA:; (*)

T =Te+Tp +T =%[£R2+Jo +J)co2;
' g

2

S Af = Phovh o =2

R’

h: dé dich chuyén cla vat E.
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PR*

W = V = P . C
~R*+do+d o |° i
g S J, T,
9
W = i’i = P PR of
" PR J,4d dlbs
g ' —
92 F
%J:PRT _ERQ_JO Hinh {1162
2h g
DINH LUAT BAO TOAN CO NANG
Bai I1.63 (hinh 111.63)
Hinh Ni.63
Ap dung dinh luat bao toan cd ning.
Xét xe godng tai vi tri M phu thudc goc ¢.
Céc lge tac dung: ﬁ,ﬁ,Fft
N+ Pcosa-F¥ =0; (a)
COSEL = M~ = —COSQ;
VE
NPV, Pcose.
g a
rPaCé TM-i-T[MZTA-%TEA. (b)

TatAceé¢ T,=0;,n,=>Ph.
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TaaMcdt 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 = O tai d6 ¢ = anén
cos®w=-1, Ta dude h>=25a.

Bai I1.64 (hinh [11.64)

A
T ZT. ,; ]
c t g c the (2) A . s
1 ¢
Ten :O* TC':f_J{;zmz; ” v
2 HC.
bls P—=m i ”
u g
T-=0; J, =i£lg.
48 g Hinh Il1.64

Thay vao (a) va chi y V, =-§lw

ta co:

Vi =§g3—>VB =4,76m/s.

Bai IL.65 (hinh I11.65)
dT =) dA® vi Y dAl =0.
ZdA: =dA =M do=(M, -aw)ndt;
The =To0, +Ts;

Vo, =(R+r)o;
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J&_(th)m‘

1 ¥
r r

Ty :l[lm+%M](R+r)2w2;

243

dT:[%m+%M](R+r)2mdw .

Dt

J g =£%m+%M](R+r)2;

dT = J podo — dT =dA ;
J poodo = (M | - aw)odt ;

de B -—1—dt
(M, -aw0) Jp Rinh 11,65

Tim nguyén ham va xac dinh hing s§ tich phan theo didu kién dau:
t=0; w0)=0;

m=¥a—"(1—e’ﬁ’) véi B:-:i'—.
Bai I1.66 (hinh I11.66)
Ap dung dinh 1§ déng ning.
Trén doan Sy
T, 1Q v 1P+P

= oLV

28 2 g

T, = (Q+ P+ POV
2g
S Ap =(P+P)S, - fRS, =(P+P, - fQ)S,;

éljg-ugzuupl)v2 —(P+P - fQ)S,.
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Hinh IN.66

Trén doan S,:
1 o e
T,=0;T =_;(Q+P)V“§ ZAk = P8, - f@S,;

(@+P)P+P —fa)s,
Q+P+P ’

—%(Q+P)V2 - PS, - fQS, = -

(Q+P)YP+P)S, +(Q+P+P)PS,

f = T QP + @ P DS, Y
Bai I1.67 (hinh III..GT)
Xét thanh AB
T +m =T, +7,; ™)

T,=0;, =n, :PE;
2

1 1 P_.
n, =—Py; T, ==Jw? +1—V5;

2 2 2g
T, ==—(p* +a”)o? =——(p* +a®)o*;
cosqmz‘y - (= Y
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A o -4 . G

(:p2: y = y - y“ y R
4a? gin® 4a’(1 - cos® . 2 aa? — 2’
a’sin’ (1~ cos® ) 4a_>(1 y J ¥

Hinh 1167

Khi B cach san mot doan % thi yg :—g

gh 16a® - h*

| 1
V = = — [~
8 =BT 00 ot +a?

Khi B cham san thiy, =0

V=¥ =2a Ugh R
p°+a

Bai I1.68 (hinh I11.68)
T, =Ty =2 A;; *

ZA}: = Mo - PS;
Ty =T, +T,+Tp:
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T2 —'ngUJz
2
TD:E-EVZ‘
2g
Ta cod;
s(,:sfs1
' 2 Hinh f11.68
S, -8 r, =7
S - 2 1 _ 2 1 :
C > 5 {

Vp=Ve :Sc =n2;r103;

2z
©
Ty, =l4g(J, +dJ,)+ P(r, _rl)zlgg;

M¢-PS =2M - P(r, -1,)S .

Thay vao (*) ta cé:

mzz\/Qg 2M - P(r, - 1)) |
[4g(d, + )+ P(ry —r))(r, —11)

Bai I1.69 (hinh 111.69)
dT =Y dA®; *)
ZdA:’ = Mdo - P, sinadS,;
dSe = rde;

S dA® = (M -r,P,sina)dg;

The =T + T, :é(ﬂ +3P)R o}
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dT = 1 (B, +3P)rwpgdo, .
28

Thay vao (*) ta duge:

1 2
— (P + 3P o do, =
2g =

=(M - nPBysina)de <
=(M - n B sina)w,dt; Hink 111.69

2i(pl +3P)r2dw; = (M — 1, Pysino —boy)dt .
g

bat 2—1~(P1 +3P ) =B vA M, -rnPsina=A;
8
——%———édt.
A - bw, p

Diéu kién dau:

t=0; w0)=
A —pt
=2a- .
0] 5 1-e™)
Bai I1.70 (hinh 111.70)
> A; =P8 - P,S;sina;
ZA" = [Pl - P, Sil’lOLE]SB ;
r

Ty =Ty + Ty +T¢;
2
Ty ——(2Pr +3P,R? +2@Qp* )%;

2
P
——(2Pr +3P,R” +2Qp’ )V 4 PrsmmRSB;

i
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rP, — P, sinaR

2P r® +3P,R* +2Qp*

Hinh #1.70
Dicu kién dé vat B di xuéng: Wy > 0 hay rP, - P,sinaR >0 va

Vp(0)20.
Dé B chuyén dong thing déu thi W, =0hay rP, - P,sinaR = 0.
NGUYEN LY DALAMBE

Bai IL.71 (hinh II[.71)
P,

t 1 .
Fe=21w,; _
g N,
P 5 OEER T
] . Ml
Fg = _zWB '
g
WB = WA = W . F;,
Xét vat A ¢b:
: A
T, =P -1W. L
g
Xét vat B o6 TIPITITIITITTFTT 7777777777 7777777777777,
£ Hinh fiL.7
T,=—*W, nh .71
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Do T, =T, nén tinh dugc
Pl

W = ¥ ;
B+P*
P2
N=P +P,+P + :
P +P
© Bai I1.72 (hinh I11.72)
Pa
Fa& —pat - 2% 2
{84 2] EF g 2 o ?‘;
T shE—
Cac phan lyc tai A va B: xs/
XA\ Y0, Z,,X5,Y5. £ Frr
Lap cac phuong trinh cin bang ctia
hé luc khong gian va gidi ra két

qua
X, = —@m2 ;

3g

Pa
Y, =—6-—m2; Z,=0 Hinh 111.72

8
X, :—@mQ; Yy, =_£Ew"

3g

Bai IL.73 (hinh I11.73)

. 45°
F§ = E)'Wz:v ;
g

f =

W, Q 2 |a
vy - Qg Wo Qo
© T9g R 2g P P

Lap cac diéu kién can bang cna hé b
luc phang gém cac lue:

v

(SACsSRC‘sMCsMg!:QrPngt)""0' Hfﬂh"’?a
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Ta tinh dudgc:
2g(RP - M) P
y =t § e = — Wy
I3} R@Q+2P) AC D

PV2

Spe = =W, .
g

Bai IL74 (hinh IIL.74)
1 P 1

Wi =§g; F¥ =“g£WE :EPE
+2X=0

+2Y =0

+Zm,\(ﬁ) =0

XA = _XB = 5,3kN
Y, =6,5kN

o

§ 7ot m =4 d_lo

&

’X ol

Hinh .74 Hinh .74
Bai I1.75 (hinh II1.75)

e=const néncdé w==¢t.

Do lic dau hé ditng yén
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(Fg: )T = %‘Esin oL = éPaasin o
(Fg)

(ng )T = é Paesino ;

= Esin o’ = —}— Pag’tisina;
no 2g 2 4g

(Fg‘ )n = ;—gPas2t2 sina.

Lap cdc phuong trinh cdn bang clia hé luc khong gian sé tinh duge
cac két qua

2

22,2
A= a gsinZa; Y :Pci—gtsinEa;ZA-—-O;
6gh 6gh
2 2 2.2
B =—60hasin2a; Y, :—P(;;—a}:sichx.
g &

Bai I1.76 (hinh 111.78)
Cho AB = b;

dFY = w’(a+Esina)dm;

dm = yd§ :idﬁ;
gb

b
ZmA(Fk) = Tb—P—gsina— jd.quécosa =0
¢

Ta ¢é:

1 : 2 b’ sin 20 Hinh 111.76
T= Em(gsmcx +aw, oSt + ——— .

Khi o =0 tacb T:%mawg.

Bai IL77 (hinh II1.77)

Xét voan b truc quay AB.
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Cac ldc tac dung:

(ZSYA!XB!YB!ZB'E=FAW’E=E) ~ 0.

b . b —
F' =m—w’; F& :m—(n}i\/g;
1 2 Il 2 2

sinazjl_g;cosa:\/—g-. .

Céc phudng trinh can bang:
Yx-0 ym(F)=0
SY=0  Ym/(F)=0
2.2=0 ¥ m.(F)=0

T céac phuong trinh cn bang nay ta

co: Hinh .77
X4i= ——é(g+am(2, :
Y, =—§ﬁ§(g+am§)
da
Xy =" (g a0t ¥, = 228 (g - ao);
da da

Ly =2mg.

NGUYEN LY DI CHUYEN KHA DI

Bai 1178 (hinh II1.78)
Hé c¢6 1 bic tu do:
Cho hé mét di chuyén kha di 88,
> 84, =P8S;, -Q88, =0.



Pihin ba. DONG LUC HOC 275

Vi cac rong roc chuyén déng song phang

38p =2"88,; %:2" )

Hint il.78 Hink IL.73
Bai IL.79 (hinh II1.79)
Cho h¢ mot di chuyén kha di 8S,

D 8A, =Q3S, - P8S;, =0; ™)
(R-r)dy
= y ¢ =
COSQ Ry 08P 53,
2
50 = 88p cos” @ ‘
!
Pl

Thay vao (*) ta ¢c6: @ = —
Rcos® o

Bai I1.80 ¢(hinb 111.80)
Hé ¢6 1 bac tu do:
Cho hé mét di chuyén kha di 8Sp.
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D 84, = PR5tp+%RIE>(p—§R28(p=0;

R, -R
p="1" g
5 Q

JQ
F 2

Hinh I11.80
Bai I1.81 (hinh IT1.81)
Muéh tinh phan luc tai B: thay lién két B bing N . Réi cho hé di
chuyén 3¢ (gbe quay quanh C). Tinh duge:

N, = 15Q _15x4,9x3

=~ 11N,
—_- 2 2

Mudn tinh M,: thay lién két ngam 6 A bang gb1 ¢d dinh A va M,.
Cho hé di chuyén kha di 8¢, (géc quay quanh A) r8i viét phudng

trinh tinh cong:

3¢ 3x49
MA—Q_ 5 =7T4Nm.

P~

M

SO TR
p=4
]

R

2m 2m | 1m
bl

Hinh .81
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Pé tinh X,: ta thay ngdm A bang gb1 di ddng ngang va phan lue X,
Cho di chuyén kha di X, rdi vidt phuong trinh tinh cong: X, = 0.

Tinh Y,: thay ngdm A biing g&i di dong théng ding va phan luc Y,
Lép phuong trinh tinh cong: Y, =3,7N .

PHUGNG TRINH TONG QUAT BONG LUC HOC
Bai I1.82 (hinh I11.82)
Heé ¢6 1 béc wa do:
Cace Ige tac dung 18n hé:
Q.P P, MR, .

Céc ldc quan tinh:

P
Fl'=—1W, :ire;
g g
Fg =iWn - B Re, .
g g ;,’-
. - For
M:ft = JOZS = _Q" ng : F a
g
Sy = Rdg; 88, =rdop; Hinh I11.82

Y 84, =(P, —F§)8Sy +(M -M )8¢— (P, +F{')38, =0;

. M+P,R-Pr
PR +@Qp* +Pr?

Bai I1.83 (hinh II1.83)

Hé c6 1 béce tu do:

Fy :EWA: Fr :'@W ;
g g

RW, ?
w ———A‘M‘“:J”zazg P W,

":R«{--r' ¢ gR+r
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: P Q p’ 2
oA, =| P-—W, 8S, —— W,6S8, - W,8p=0;
z & [ 2 A] A g R+r A0S, ~Qp°W, 8¢ =0

_ P(R+r)2g
PR+ +Q(p* +R*) '

A

AT

Hinh 1i1.83
Bai I1.84 (hinh III1.84)

P
Fe - Qw ; F& = —W,;
A g A C g C

MY =Jdge :QR2 :
B B:tnB 2g €p

M% =J,e, -2 R ;
A AGa 28 ?A

WA:WC;EAch:};—A; Hinh 11.84

D 8A, =(Qsina—F{)8S, ~M¥3¢, ~-Mys0, ~(P+F)8S, =0
sina - P

WA =gQ—'.
2Q+ P

Bai I1.85 (hinh II1.85)
Cac e quan tinh:

Q P
F.gf!: :EWDE; Fft :EWA;
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Mff = 4,84 :2£R28A:

1 W
Re=W, =-W,.: g=—2E.
o DE 2R

4

ZﬁAk =(F - Ff,)38 -3F{8S, -3M %8¢ =0;

8F
W, =—" o
DE T aQ 9P ®

Hinh I1.85
Bai I1.86 (hinh II1.86)
(Giail tudng tu bai trén:
2RP - le
BT Sran o8
R8P +3Q)

M

\‘ s
i‘:;
W, P
Py
4 — _-J‘
A el LA ~ X
N
Hinh .86 Hinh .87

Bai IL87 (hinh [11.87)
Hé gom lang tru A va B.

Heé c6 2 bac ty do: Luc chit dong P,Q.
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Céac Iyge quan tinh:

g =2,
g

FE=-Lw.
g

Fg --Lw.
g

WL’:WB

Colx = const con S, ¢6 88, = 0

ka = PsinadS, + F! cosadS, - FI8S, =0;

W, =W, cosa+gsina. (a)
Co1 S, = const cho x bién thidn véi &x z 0

> 84, = F{lcosadx - Ff'dx - Filox =0

Ficosa-Ff§f -F¥ =0. (b)

(Giai hé (a) va (b) ta dudgc:

W, -W, =g Psm‘20f.0 ‘
2(62 + Psin™ a)

Lang tru B dich chuyén

sang trai.
Bai I1.88 (hinh I1L.88)
(iai tuong t bai trén
sin 2
P+ @) -2Qcos’ o .

W=g

Lang tru B dich chuyén sang  777777777777777777777 7777777777777 777777

Lral. Hinh [il.88
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PHUONG TRINH LAGRANG LOAI II

Bai I1.89 (hinh T11.89)
Hé gém con chay A va qua cau B,
Hé ¢6 2 bac tuy do.

Chon toa dd suy rdng g;=y; @3 = ¢.

1Ty
Tyhe =Ty +Tg; Ta :—2-m]y“:
Ty :%mzvga :ém.Z(lzd)z + 5% + 2lgycosn);
1 .9 1 9.9 .9 P
Thg=§m1y +§m2(l O° + ¥ +2lpycosg).
Tinh y
o . o o o Al
a")} k) a(p ¥ @ 1 a{.p‘ o
&
Qy :0; ,\_'__01
ay

@, =-myglsing.

- — m— e — e ——— ——

Thay vio cac phudng trinh: x
dafaory or Q.. Hinh 115,89
dt\ o4 ) o r

Ta cd:

{p+yecoso+gsing=0.

Thay vao phuong trinh:

afor)_er g

dt uyJ &y

Vi %:0; Qg =0; %n_:[] nén y la toa d6 xyclic. Hé eé mdot tich
> P

phan xyelic 1a:
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——=m,y+m,¥+m,lpcose = const = h,

Oy
Tich phén ning lugng cia 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 bac td do:
Chon toa dé suy rong: ¢, = ¢; g, =1(1)

Ta cé:

E3

X, =1sing;
%, =lsing+Ipcose;
¥a =lcoso;

Ya ={cosqp-lpsing;

Vf:32+32'2;

1

T = Eme = —;—(22 +12¢%); Hinh 11.90

m=-mglcosq.
Tinh cic dao ham riéng réi thay vao hé phuong trinh Lagrang loai
II ta cé:
lip+2lp+ gsing =0.
[-1p° —gcosp=0.
Bai I1.91 (hinh IIL.91)
Hé ¢6 1 bac tit do: Chon q=9.
Ta co:

x, = +r0)sin0+rcos;
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a4 = +r8)cosf—rsind;
Vi=(l+r0)*0"
1 e 1, oo
> T =-mV*==-(l +rb)9°;
2 A9

Z SA;; = —mgoy 5
= —mg(l + ro)sin 650;

R, = -mg{l+rb)sinb.
or or . d (GT)

Hinh i11.91

Th——:.
0 % A

d(aTy &T
ths 0 —| — |~ — = ta dugc:
Ve dt[@e] a0 4 ta

(I + re)f + rd? + gsin6=0.

Bai I1.92 (hinh I11.92)

Hinh 11,92
Hé ¢é 2 bac tu do.
Chon ¢, = x; ¢ = 8,.
Cho di chuyén &x =0 cd:
on
=0; —=0.
< ox

Cho 385, #0 cb: Qg = Psina

T,, =T, +T —1Qx +—-—(x +8%+28 xcosa).
sttt =57 2z

hi
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Tinh:

or  oT  oT . oT . d[@T}_ d{aT]

o' 3S, o a8 dikar) dr| o,

Thay vao céc phudng trinh:

i(@]_EZQ Ldfol ) T 4
dt\ox) ax 7 delas | es, Y

Ta dudc hé phuong trinh sau:
(Q+P):’c’+P.§r cosa =0 (a)
jécosa+§r —gsina=0. (h)

Giai hé phuong trinh (a) va (b) ta duodc:

P Pgcosasina  PgsinZa
Q+P’sina  2Q+P’sina) '

¥ mang ddu (+) ching td lang tru B dich chuyén sang trai theo

chidu duong cia truc x khi lang tru A chuyén d6ng xudng dudi; x 1a
on

toa do xvelic vi gzo; Q,=0: —=0.
ox Ox

Tich phan xyclic la:

Q+Pi+£Srcosa=const=hl.
g
Tich phan nang lugng ¢d dang:
E=T+n= %sz + 1Eg(jc2 +82 +28, icosa) - PS, sina = const = h, .
2g 2g

Bai I1.93 (hinh I11.93)
Hé khao sat: tdm AB v con lan C.
Hé ¢6 2 bac ty do. Chon g, = x;; g, = %, la khoang cach Lt dau A
ctia thanh AB dén tam C cta con lin

Cho 8x, 20 ¢dn x, = const.
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X, -
,———ﬁ A B T
7777/77L7777777/777777777777777777;/-7—7*X

Hink 111,93

Tudng tf cé: Q. =0;

Tht} = TAB + TC
Ty = - Mi?,
AB 9 1

1 s 1 .
T =—Jo o +=mVE;
c~y c:® 9 c

Ve =%, +%,.
Vi V) =x, va V§ =%, vin tdc tuong d61 va van tde theo song song

N P X,
cung chiéu o = —é :

1 21 Y ..
Ty =§(M+m)x1“ +§(ch + mR* x5 + mi %, .

Tinh cac dao ham riéng:

ar ar  oT . ar d[ar)_ d[a’I‘}

EJxl’é’xg’gg‘&:’E Et_gx:

ax,
Thay vao cac phudng trinh:

dfory or o dfoT) or _
delog, ) ox, 7 deldw, ) &,

Ta cd hé phudng trinh:
(M +m)x, +mx, = F; (a}
mR*%, + (J, + mR*)i, =0. (b)

Giai hé (a) va (b) ta dugc:
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286

¥ o<W _ (ch+mRz)F
! AB Je (M +m)+mMR*’

P mRQF:
2 Jo (M +m)+mMR®
%, mang ddu () chitng t6 khi thanh AB chuyén déng sang phai thi

truc con lan C chuyén dong tuong d6i sang trai.

(Gia toc tuyét d61 cua true C la:

Wi =% +%, = eI 5
J e, (M +m)+ mMRE

Ta ¢6 x, 1a toa do xyclic. Tich phén xyclic la:

Jo, +mRY)Y . .
—(—-C"—R-—Q——z% +mx, = const.

Bai I1.94 (hinh I11.94)
Hé gdm: lang tru A va con ldn B.

Chon g, = x; g, = S.

Tinh Q. =0; Qg =mpgsina;

Th(t,‘ = TA +TB;

Th@ —%(mA + mg)i?2 +§-m332 + mB:chcosa

Tinh:
3 aS’ aa_:'l aS!

ox
_d_(ﬁZ] 4
dtl o ) deleS)

Thay vao cac phuong trinh:
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d{ely orT
)
d(aT] 6T

as) as

dt Qs

Ta dugc hé phuong trinh sauw:

(mA+mB)jé+mB§cosa=0; (1)

2mB;';écos—:oL+Srﬂ,BS—ng,B sina=0. (2) Hinh 1i1.94
(Giai hé (1) va (2) ta dugc:
%¥=283mls?; S= %g =49m/s®.
Tinh sic cing:
F% —m 8 =4998; F¥ =mz¥ = -28,86.
Chiéu 1én phuong S:
Y8, =T+F* +Ffcosa—Pysino=0->T=25N.

Bai I1.95 (hinh I11.95)

Hé cé 2 béac tu do.

Chon ¢y = x5 qu = X3

Thé =T +T,;
X,

Vi=x,; 0==%;

1 1 R

V=%l +%2 —2x,x,co80;

1 ., 1 .2 |
Too = =M 22 + = my (&7 + %5 — 2%,%, COSO) + — My X, ;
2 2 - 4

€

n :éfo +my,g(H —x, sina);
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Hinh 111,95

Tinh cac dao ham riéng:

o, or, or. o

ox, ox, ox,  bry
dfor) dfer) o on
dtl ax, dt

o ’ - -
ox, oy ox,

Thay vao cac phudng trinh:
d ( ar ]_ ar _ om

de\ox, | ox,  ox,

b

dfery or  om
dt| o, J ox, D,
Ta ¢6 hé phuong trinh:
(my +my)¥ +my,x,cosa+Cx, =0;
3x, - 2X,cosa—2gsina=0.
Bai I1.96 (hinh I11.96)
Chon toa d§ suy réng g, = x; q, =@;
Th{z = Tcl +TAB;

2
V= —4~('p + %% +ax@eose;

o
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.2
7, =142, 11Qp & 3Q .
2 g 22g R 4g

. 1P 9 11P 22
T = —— +——a 3
AB € 212 ¢ ¢

pPlat . . 2.

T,y =~ £_¢* +4" +adicosy +i£a2¢.2;

2.2
T,, _ﬁQiz +l£(a_§’_+j;2 +a¢j:costp}

Q, =0;Q, :—%Pasin(p.

o

2 c T x
Q -
A

Hink Hi.96
Tinh:
£=0;
oy
or 3qQ. P. P . 3Q+2Pp. P
— =X+ —k+—aPCoSP = ——— X+ — aAPCOSP ;
& 2g g 28 2g
oT )
— =——Ppzgsing; =—P
a0~ 2gl0Esine 5 o

Thay vao cac phudng trinh:
o) am

¢

- —_ — 3% +2ap =3 1 .
7 %0 Q, Xcos@+ 2ap = 3gsin@
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Ta thdy x =q, 14 toa d6 xyclic. Tich phan xyelic ctia hé cé dang:
(3@ + 2P)x + Pagcoso = const = h, .

Tich phan nang lugng cia hé c6 dang:

2.2
i*?:i"+1t=§gsfc2+12 2% + azdcosp+ 22
4g 2g

1
]—EaPcoqu = const = hy.

Bai IL97 (hinh I11.97)

Hé goém: con chay A va thanh AB.
Hé c6 2 bactu do. Chon ¢, =8; g, = ¢;

Thé :TAB :—lé‘JCz(ﬂz +%§VCQ,

2

Vi=82 +%—(’p2 —aS¢cos(p—a);

The $? —lgaS(bcos((pua); ~
g 2g 2g

€

Qg = Psina; @, = —%Psin(p.

x4

Hinh 11197
Tinh:

of _,. or or o, d(aTJ_ d[aTJ
E a(.P'

%"_ 1 ua(_P’ aSs Eaaa_s- :i?
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Thay vao phudng trinh:

b3 .- .
%(%] ~ % =Qg — 25 - ahcos(p - a) +ad” sin(e — o) = 2gsina.

Thay v&ao phuong trinh:

d (o
EE{;;J_%E =Q, - 2a¢- 38 cos(p—a) +3gsino =0 |
Diéu kién dé ¢6 chuyén ddng trudt ma khéng quay: ¢ =0 va $=0.
Khi d6 S = gsina
DONG LUC HOC TUONG DOI

Bai IL98 (hinh I[11.98)

Xét chuyén dong tuong déi
clia qua cau B:

Céac luc tac dung: P, Ff‘,ﬁ

P+FV% +N=0 (%
Chiéu (*) 1én truc Br:

F# cosa ~ Psina =0

COSO = E_ Hinh 11.98
Io*

Bai I1.99 (hinh 111.99)
Xét chuyén dong tuong déi ctia diém M trén cung BA.

Céc luc tac dung: 'I_",K’,Ff’ ,Fq‘

kor ¢

1
.2

Vv,
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1 2 1 g " s
5 mV,, =mgR(cosq, ~cosq) —5,':'21:;’“::5:2 (sin” ¢ —sin® @, ):

V, = RJ&)Z(sin2 @-sin” g, )+ %g(cosq)” —CosSYP) .

v

Hinh .99

Bai IL100 (hinh IIL.100)
Chon hé Oxyz nhu hinh vé&.

Chuyén dong cia A doc Ox 1a chuyén déng tucng ddi:

mW, =P+N, + N, + F¥ + F& +F% +Fy, V,=const »W_=0

r

?+E+E+F§‘+Fj‘+ﬂ‘§r+}?ﬁ;=0 (1)
Fé _Fu=mW, —cx=0 (8 - mxo® =cx

N,-P=0() —N,=P

th£’+ka,—le0 () x=x,+ Vit

Ta cé: W= ox, + V,b) *)
mia+x, +V 1)
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F4 I
112 Ny N
AT el
X
\/__.«m ¥ A T Eo
4 T

Hinh IN.100
T +* d(’) A .
[ {*} > e= ’ ré1 thay vaoe {¢)
Ny =mW_+mW, 2mo V, +mla+x, +V, t)e:

_ V,mcld(x, + V,t) +a]
l 2\/(1:“ +V.t)a+x,+V.t) ‘

Khi £ = 1s thi N, = 0,5N.
Bai I11.101 (hinh I11.101)

Chon hé ddng Oxy c¢6 gde trung
diém treo O.
Chuyén dong tuong ddi cua M
quanh O

F}mr = O’

F? — _mW .

&

Cac lyc tac dung lén M: P, T F¢

mﬁzf’+?+g"‘..

Hinh i.101

Xét trudng hgp diém treo O di 1én
vii gia toe W,

mW =mlp = -Psing - F¥ sing = -m(g + W)sing;
SINY = Q.

. g+W

G+ = 0=0-¢+k9=0;
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Tl-——gEZQR’ ! .
k, g+W

Xét trudng hgp khi gia tée hudng xubng W< g

T, =2n’ ! .
g-W

Trusng hgp W=gthi $=0->¢=C,t+C,.

Néut =0 thi ¢0)=a va @0)=0->Cy=0a; C;=0; p=a=const
con 14c can bing tuong d&i (khéng dao déng).

Bai 11.102 ¢(hinh II1.102)

Xét dao déng bé quanh O cta con léc.
Cac luc tac dung 18n M: ﬁ,iFe""

di,)

W_Zmo(ﬁ);

mLQ('{J = PLsin(p+a)-Wceos{p+a).

Bién d6i sin(p+o) va cos(o+a) véi

Hinh 1. 102

chi ¢ sing =@ va cosp=1;
. 1 . 1 .
(p+z(gcosc1+Wsma)(p=—£(Wcosa—gsma);

_gcosa+Wsina
L

k2

Con l4c diing yén thi W = gtgo va W =103em /s*

T1=2n=2n\[ L = L - =TVceosa |
g

k cosa+ Wsina sin’ a,
geoso+g -

cos

T-T, =T(1-+cosa).
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Bai I1.103 ¢hinh 111.103)

X6t chuyén dong cha diém trong hé ©
déng Oxyz
¥ =2gtmcose; X =-g;

il

1] tl
y= ngEcosqm;

Y
’ y
|
x=h-=—gt°.
23

Xétnéux =0 ~Hz:%gtiz:

9 ok Hinh 1.103
y==wh '—— cos® =12¢cm .
3 g

LA

BAI TOAN VA CHAM
Bai I1.104 (hinh I11.104)
V, =.|2gh: V, =0;

L

m V,+mgVy=(m, +mgu;

vV m,J2gh
Ma¥a _Mav2E =654m/ls. Hinh il1.104
My +Mp My +My

AT AL

Bai 11.105 (hinh II1.105)
V, =28k ; Vo =0;
myV, +moVe ={my,+mgu.
Ap dung dinh 1y dong nang:

1P+ 5
2

g )
uc =F,8;

P,+P, Pl2gh  P!n 6 Hinh 11,105
g5 (P +P) g(P +P)s il

F, =
th T o
2
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Bai 11.106

J L 2
Theo ¢ong thite x = —%. Thaycacgidtritacd x=—h.
aM 3

Bai I1.107 (hinh Ti1.107)

Hinh if1.107

Vv =J2gl,(1—cosa1) =2/gl, sing?—l;

V,=0,u,=2 glzsin%:

(1+kmV, =(m, +m,)u,;

a, (A+km, (§ . o
n—==-—w—— |—sin—.
2 my+my, 2

Bai I1.108 (hinh 111.108)

Dinh 1y déng néng:
1 g 1 1 : 3z
—d g0 == Mga; Jg, =-Ma*; o® =2
9 Oz 9 ga 0z 3 1
M3gl
JOzconOZ&+le; Vie=T7——:
{ M+3m

2

S= —Hg%+ Vit V=pgt+V,.
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Khi V=0:S:Snm;r=h;
ug
_VE 3MY
i 2||Jg_ 2“(M + 3m)2 .
H ii-107
ﬁj:::::::::z ﬂ f
AR\
' A \ B
5 c
o m
s A
Hinh Ill.108 Hinh 111,109
Bai I1.109 (hinh I11.109)
Dinh 1¥ mémen dbéng lugng:
mVa =(Mp® + ma®o . (1)
Dinh 1y déng nang:
2
(Mp* +ma2)% = g(Mh+ma)(1-cosa); 2)

, 1
l-cosa =2sin”

b

rof R

2sin%\/g(Mh +ma)(Mp® + ma*)

Mp? + ma®
= ®
ma ma

v

p’ =ah;

V:MQHEJE
m 2Va
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Tién. Co hoc ly thuyét. Nha xudt ban Dai hoc va Trung hoc chuyén
nghiép, Ha N&i, 1969,

2. Tréan Hiw Duén. Co hoc 1y thuy&t. Nha xuat ban Pai hoc va Trung hoc
chuyén nghiép, Ha Néi, 1970,

3. DPinh Thé Hanh, Nguyén Thé Hing, Nguyén Trong. Co hec ly thuyét.
Trudng Bai hoc Xay Dung, Ha Ni, 1982,
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9. Dinh Thé Hanh, Lé Ngoc Chén. Bai tap cd hgc co sd. Nha xuat ban
Gigo duc, Ha N&i, 1996,

10. Nguyén Trong, Téng Danh Dao, Lé Thi Hoang Yén. Co hoc ¢o sd.
Nha xuat ban Khoa hoc va Ky thuat, Ha Noi, 1997,

11. NA. 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 redaktxyafizike — matemati chexkoi
literaturu, Moxkva, 1968.

13. A.A.Yablonxkii, Cbornik zadachii dlya kurxovuc rabot po teoretichexkoi
mekhanike. Uzdartelxtvo “vuskaya skola”, Moxkva, 1972.
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