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Nhdm ddp ting nhu cdu gidng day, hoc tdp va nghién citu Co hoc
I thuyét cudn séch “Co hoc co s6” dugc xust ban lan diu tién
ndm 1997 va di duoc tdi ban nhiéu lin vao cdc ndm tiép theo.

Bém sat chuong trinh cia B¢ Gido duc va Ddo tao quy dinh cho
kho6i cdc nganh Ky thudt: xdy dung din dung va cong nghiép, giao
théng vén tdi, thiy loi vd mot s0' nganh khac, cdc tdc gid da tién
hanh bién soan lai cuén sich va cé nhiéu b6 sung, sta chia voi
phtong cham ngdn gon va st vdi trinh d6 chung cua ban doc.
Lén in ndy cudh séch mang tén “Co hoc Iy thuyét” v c6 ba phén
dro'c b6 tri lam hai tAp:

o Tap 1 gém hai phan: Tinh hoc va dong hoc.

« Tap 2: Phdn Dong luc hoc.
Dé ban doc ndm dugc nhitng kién thic cof bdn vé co hoc, sau phén
I¥ thuyét c6 céc cau hdi 6n tip. Cudi m6i phan cd trinh bdy cdch
gidi mot s6' bai todn. Sau d6 la cdc bai tdp dugc s&p xép tir don
gidn dén phic tap.
Trong qud trinh bién soan, cudn sdch khéng trdnh khoi khiém
khuyét Céc tic gid vai mimg nhan duwgc su gop y cda ban doc d€
cudn sdch ngdy cang hoan thién hon.

CAC TAC GIA



PhAN MOT=—ww

TINH HOC

Tinh hoc fa phén thur nhét cha Co hoc Iy thuyét, ma trong do nghién
cuu vé lue va didu kign d€ vat rén can bang dudi tac dung cta cac /e,
Trong tinh hoc déi tugng khdo sat la vat rdn chiu tac dung cla cac
fre. Hé litc tac dung 1én vat rén phai thba man diéu kién sao cho vat
rén cén bang, dé di toi két luan chinh xéc vé van dé do, ta phai giai
quyét hai bai toan co ban caa tinh hoc:

e Bai toan thu gon hé luc vé hé luc don gidn hon.

o Tim didu kién d€ hé luc tac dung 1én vat rén can bang.



Chuong 1
CAC KHAI NIEM CO BAN -

HE TIEN DE TINH HOC

§1.1. CAC KHAI NIEM CO BAN

1.1.1. VAT RAN TUYET ©61

Vit rdn tuyét déi la vat ma khodng cdch giita hai diém bdt ky cua
né khoéng doi khi c6 lue tde dung.

Trong thue t& khéng cé vat ran tuyét di. bdi vi khi ¢6 lue téc dung
thi cac vat déu bi bién dang. Néu bién dang 1én thi mat thudng
quan sat duge, con bién dang qua nhd thi mat thudng khéng quan
sat duge. Mat khace trong tinh toan k¥ thuat cé mot 88 trudng hop
sit bién dang cta vat khong anh hudng nhiéu dén két qua tinh
todn, v dé ddn gian bdt qua trinh tinh toan ta ¢ thé coi nhu vat
khéng bién dang, nghia 14 col nhu vat ran tuyét doi.

Trong Cd hoc ly thuyét ta chi khao sat lue tac dung lén vat vin
tuyél dol, ndi gon la vat ran,

1.1.2. WC

”
Luc 1a s6'do su tdc dung tuwong hé giita cde vdt thé. Luc 14 mot dai
lugng c6 hudng va biang thuce nghiém ngudi ta thdy lue duge xace
dinh bai ba yéu té&:
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« Diém datcua lyc;
« Phuong, chiéu cua lug;
» (Cudng dd cta luc.

Lue dude biéu dién bing mbt vectd nhu trén hinh 1.1.

Hinh 1.1
. (i6c A ctia vecto AB biéu difn diém dit cia luc.
+ Phuong, chiéu cua vectd AB 13 phudng, chiéu cua lue.
+ Db dai cua vecld AB la cudng do cta yc.

Dudng thang DE mang vectd AB goi 1a dudng tac dung cua luc. Ky
hicu hicla F.

1.1.3. TRANG THAI CAN BANG CUA VAT RAN VA MOT 5O DINH NGHIA
KHAC

« Can bing la s ding yén cia vdt doi vdi hé quy chiéu dd chon.
Né&u vat dng yén déi vdi hé quy chiéu ¢6 dinh thi cAn bang Ay
701 la cédn bing tuyét déi, con néu vat déng yén dél véi hé quy _
¢hifu chuyén dong thi do 1a cén bing tudng déil. Ta cd thé cot
val cdn bing do1 vl mat dat 1a can bang tuyét doi (nhu vay 1a
ta da bd qua sy chuyén dong cha Trai Pat). Trong tinh hoc La
chi 6t dén su can bang tuyét dol. '

o Hé luc 14 tap hop cia nhiéu lyc cing tdc dung lén mot vdt rén.
K¢ higu (F,,F,..F,)
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« Hai hé Iyc tuong duong la hai hé [yc c6 cing tde dung co hoc
nhu nhau (nghia 1a néu dem hai hé luc lan lugt tac dung Ién
mit vat rén thi trang thai ¢ hoc cua vat ran Ay trong hal
trudng hop sé y nhu nhau).

— -, —

K¢ hiéu hai hé luc wiong duong (F),F,..F, ) ~(P.P,...P,)

« Hop luc cua médt hé luc la mgt lyc tuong dudng voi mot
he lue.

Goi R Ia hgp luc caa hé luc (-T:’:F:E) thi ta c6 thé vidt hé
lge (F},Fy. F, )~ R

« Hé lyc can bang la ké luc ma khi tde dung lén vat rin sé
khong lam thay déi trang thdi chuyén déng cg hoc ma vdt
dang co.

Hé luc can bang con dude goi la hé lye tuong dudng khéng.

Ta viét (ﬁ,F:‘F—',:) ~ 0.

§1.2. MOMEN CUA LYC

1.2.1. MOMEN CUA LUC D81 VSl MOT DIEM

Cho luyc 1_“. tac dung lén vat ran dat tai diém A, 18y mét diém O bil
k¢ v goi OA =r 1a vecta dinh vi diém dat A cia Jue Fdéi v
diém O. Khoang cach d tit diém O dén Juong tae dung cta luc F
goi 14 canh tay don cua luc F d6i véi diém O (hinh 1.2),

Dudi tac dung cua lde F' vt ran sé quay quanh diém O. Ta co:

Pinh nghia: Mdmen cua lue F dol vdi diem O la mél vecto
m.(F) dat tai O
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o (6 phudng vudng gbe v4l mit phdng chda lue F va diém O.

« (6 chifu sao cho tU ngon clia vectd Ay ta nhin th&y luc F hudng
quanh O ngude chiéu kim dong hé.

» Cb tri 36 bang tich 8 cudng do cta luc véi canh tay don cua né
d61 véi diem O.

\m_-o(F)l‘ =Fd=Frsna

hay  m,(F)=FAF (1.1)
‘f ;orl
mF)=FAF =x y z |=
F‘\: F‘)’ FZ

=(yF, —2F)) +(2F, —xF,}] +(xF, = yF )k

Mo (F) = mu.ri + muy.}: + mnzk
trong d6: x, y, z - hinh chiéu cta vecto 7 ;
F., F, F. - hinh chiéu cua vects F:

M, Mg, M, - hinh chiéu cua m, (F) 1én cac true tga do.

ox !

my(F)

Hinh 1.2
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¥ nghia cua vecto m ,(F)

« ¥ nghic cd hoc: Momen cua lye 381 véi mot diém dac trung cho
tac dung quay cua lue quanh diém dé. Tac dung quay nay phu

thude ba yéu t&

+ Vi tri cua mét phang chita lyc va diém 18y mdmen.

+ Chidu quay clia mémen trong mat phing &Y.

+ Cuting d6 cua lyc va canh tay don cua lue déi véi diém dé.

« ¥ nghia hinh hoc: Theo dinh nghia thi d3 dai cua vectd momen
bang hat l4n dién tich tam giac OAB (hinh 1.2).

E(?)‘ =F.d =258,

m,(F)=0 khi d = 0, nghia la dudng téc dung cua lue F di
qua O.
Chu y: Néu xét hé cac luc niam trong cung mot mat phing thi
mémen ctia cac lde d&i v6i mot diém trong mat phang &y chi can
tinh nhu modt luong dai sd (vi trong trudng hgp nay cac veetd
mémen déu vudng gbée vé cung mat phing chita Iyc va diém lav
mémen). Phép so sanh cac vectd cang phuong ¢b thé dua vé phép
5o sanh bing dai s6.
Khi dé ta c6 thé vict
m, (Fy=tF.d (1.2}

trong d6: ddu (+) véi trudng hgp dudi Lac dung cua lyc Fvat quay
quanh O nguge chiéu kim déng hé va 1ay dau (=) vdi truong hop

nguge lai
1.2.2. SU BIEN THIEN MOMEN CUA LUC OI VO O VA O,

Gid stt lye F dat tai A thi mémen ddi véi O la molF) = rAF va doi
vl O, sd e ;m(f) = ;'\ﬁ (hinh 1.3}.
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Ta eb:
OA =r=00, +r,
mo(F) = PAF = (00, + 7 JAF = O0,AF 4 r AF
mo(F)= OO, AF + mo(F)
hav Et, (F) - E{n (}5) = 56{&? {1.1.3)

Vay hiéu hai vectd momen cua
lwe F _déi voi hai diém khac
nhau la mot vectd vudbng goc

voi doan thang néi hai diém

do.
Néu OO,AF =0 hay vectd
00, /I F thi mo(F) = ma (F).

Hinh 1.3

1.2.3. MOMEN CUA Lyc p61 vSI MOT TRUC

Xét mot vat ran cb thé quay duge quanh truc z dudi tac dung cua
hic F dat tai A. Qua A ta v& mat phang xy vudng géc véi truc z va
cat truc z tai O (hinh 1.4).
Phén tich Iue F thanh bai
thanh phéan: F, song song
véi truc z va F, niim trong
mat phang xy. Thanh phan
F, c6 tac dung lam cho vat
chuyén ddi doc theo truc z,
chi ¢6 thanh phan F,, mdi
¢6 tae dung lam cho vat
quay quanh tryc z. Nhu
vay tae dung quay cua luc

F quanh truc z chinh la
tie dung quay cua thanh
phan F..,.

Hinh 1.4



Phin mot. TINH HOC il

Dinh nghia: Momen cua lue F d6i voi truc z 13 lwong dai s6'va

bang moémen cua luc F v d01 bdz diém O. Ky hidu m (F)
mz(F) = +F_d, (1.1)

trong dé: d, - canh tay don cua luc F . d61 voi diém O
m (F)n,o d&u (+) néu L chidu dudng truc 2 nhin thiy lu(:
F hay luc ny quay quanh O nguge chiéu kim déng ho.
d&u (=) trong truong hep nguge lé_li‘ '
¥ nghia ciia m,(F)
» Y nghia ¢d hoc: mz(_ﬁ") dac trung cho tac dung quay cua lue 7
guanh truc z
« ¥ nghia hinh hoc: m,(F) =280, 3, -
Tt (1.4) ta thdy mémen cua lyc F d&i véi truc z bing 0 khi
- Lue }5 song song vdl truc z (vi F, =0}
- Dudng tac dung cua luc F chttrucz (vid, = 0)

Trong ca hai trudng hgp nay thi lgc F va truc z cung trong méL

mit phéang.

1.2.4. DiNH LY LIEN HE GITA MOMEN CUA LYC DI VEI MOT DIEM VA
MOMEN CUA Lc pO1 vl MOT TRUC

Pinh Iy: Mémen cua luc dét véi mét truc béang hinh chiéu lén truc

dy ctia vectod momen cua lic déi vai mét diém bat ky trén tryc.
m,(F)= \E”(F)‘ cosy =m,, (F)
trong do: y - goc gita truc Oz va vectd Mo (-13) (hinh 1.5).

Ching minh: Cho luc F va truc z. Ta vé mat phang xy vudng goc
vl true z va cat truc z tai O (hinh 1.5). v la goéc glita true Oz va
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vecls ma (F) hay la gbc gitia hal mat phang chia tam giac OAB va
OA IBJ" Ta blé’t SOA,Bl = SOAB (:OSY .

Hinh 1.5

;7.'0 (F)\ =280k -

Nhung me(l_z:) =28p4.8, VA
Do d6 mz(}’) = EU(F)I‘ cosY =m,, (?)
Tuong tu d6i vdi cac truc Ox va Oy:

my(l_?.) =m (;_F’.)

ay

m, (ﬁ) =m,, ('I:'")

§1.3. NGAU LUC

1.3.1. DINH NGHIA VA CAC YEU 76 CUA NGAU LYC

a) Dinh nghia 1; Negdu luc 1la mét hé gdm hai lyc song song cung cudng
d6 va ngude chidu. Ky higu (F,, F,) (hinh 1.6).
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b} Cédc yéu to ciia ngau lue

» Mit phing chia hai luc clia ngau Iyc goi 14 mat phing tac dung
clia ngau e,

¢ Khoang cach d gita hail
dudng tac dung cua hai luc
tao thanh ngiu lic gol la
cAnh tay don clia ngau lue.

o Tiac dung cua ngiu lye 1am
cho vat réan chuyén déng
quay. D& biéu dién tac Hinh 1.6

dung quay cua ngiu lue ta

c6 khai niém vecld mémen cla nglu luc.
¢) Dinh nghia 2: vectd mdmen cua ngau hic 1a moét vecld tg do m ¢é:

e Phuong vudng géc vdi mit
phéng tdc dung cia ngiu
Iuc:

« Chiéu sao cho tif ngon cua
veclo Ay ta thay ngau lye
'¢6 huéng quay nguge chiéu
kim d6ng hé;

e Tri s6 bang tich s8 cudng
d6 cia lye vdi canh tay don
d cua néd (hinh 1.7)

El =Fd=F BAsnu.

Hinh 1.7

m = BAAF: = ABAF» (1.5)
Y nghia momen ctia ngau fiuc

« Y nghia ¢o hoc: Mdémen m cua ngau lue die trung cho tac dung

quay cua ngau lyc.

o Y nghia hinh hoc: \E‘ =28 5p
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TU viée biéu dién ngau luc bang vectd momen ngiu lue, nén dé
nhan thay ring: hai ngau luc bang nhau khi hai vects mbmen

ngAu luc bang nhau.

Chi y: N&u cac nghu lye ching ndm trong mot mat phang thi
mémen cua ngau lue chi ¢an tinh nhu lugng dai s6 (xem muc 1.2.1).

m=+Fd

d) Dinh -.{_f: Téng mémen cde lue cua ngdu luc déi vl mét diem O bdt

ky nao d6 bdng vectd mémen ctia ngau Lige dy:

m=m (F)+m, (Fy)

Hinh 1.8

Chitng minh (hinh 1.8): Theo dinh nghia:

m,(F,) = rAF,

|

—_— —_— —

m. (F.)=rAF, v6i F, =-F,
m(F)y«m,(F,) = PAF, + A, = (7 - MAF, = ABAF, = m

m=m. (F)+my(F,)

1 3.2. TINH CHAT TUONG DUONG CUA NGAU LYC

Pinh Iv {: Hai ngau luc co cing mat phéng tic dung cung chiéu

quay va tri s6'mémen thi tuong duong nhau.



Fhan ot TINH HOC 17

Cac hé qua cua dinh 1y 1.

e Hé qud I: Tac dung cha ngau lyc 1én vat ran khéng thay d61 kbl
thay d6i vi tri cta ngau lye trong mat phang tac dung clia 1d.

e Hé qud 2: Tac dung cua ngau e khong thay 481 khi ta thay do
tuy ¥y cuong do ctia lue va canh tay don nhung gld nguyeén
L /0 Mo,

Pinh Iy 2: Tdc dung cua ngdu lwe lén vat ran khong thay déi khi rot

Bl

ngdu luc dén mdt phcing song song udl mat phang tac dung cua no.

1.3.3. HOP HE NGAU LUC

Hé nghu lyc bat ky trong khong gian tudng duong v mot ngau lgc
¢6 vecld momen bing t8ng hinh hec cac vectd momen ctia tat ca cac
ngau lyc thanh phin:

i

M=>m, (1.6)

fo-h

Chu y: Néu hé ngau luc cung ndm trong mot mat phrfmg thi tudng
duong vé mot ngiu luc c6 mdmen bang tdng dai s& mémen cua tat
e cae nglu lge thanh phan:

M=>m, (1.7
k=1

§1.4. HE TIEN DE TINH HOC

141, TIEN BE 1 (V& hai lyc can bang)

Diéu kién can va du dé mot vat rén can bang dudi tac dung cua hai
lyc 1a hat lge dé ¢6 cung dudng tac dung, ciing cudng df va nguge
chidu. Ky higu (F . F, y ~ 0 ¢hinh 1.9).
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Nhu vay ta nhan thay:

e Mbt vat rén duéi tac dung cta mot lue thi khong thé can hing
duige.

« Nghu lucla mot hé lue khéng can bang.

Hinh 1.9

1 4.2. TIEN BE 2 (Vé sy fuong duong cuia hé 1yc)

:ﬂi“‘

Tiace dung cua mdt hé e Jén vat ran
Kkhéng thay ddi néu ta thém vao hay
bét di tix hé luc d6 mdt hé luc cin
bang.

Nhu viy néu hai hé hic khac nhau
bdi mdt hé lhuc cén bing thi tudng
duong nhau

Hé quda cua tién dé 1 va 2: Tac dung

cua mbt lye 1én vat rén sé khong doi
néu ta trugt lue di trén duong tac

dung cua nd.

Hinh 1.10

Chitng minh: Cho luc F tac dung
lén vAt ran dat tai diém A. Ly didm B trén dudng tac dung cua

né va dat tai B hai Juc can bang F],F._ (hinh 1.10) sao cho
Fl = F =—F2
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Theo tién dé 2 thi F ~ (F,.F,.F ).

Mat khae theo tién dé 1 thi hai lye (F.F, ) ~ 0 nén khi bét di hai
lye F.F, chiconlai F, hay (F,,F,,F ) ~F, . Nhu vay tc dung

cua luc F1| gidng nhu tac dung ctia lue F chi khac 1a lue Fi dat tai

B con luc F dat tal A,

1.4.3. TIEN DE 3 (Quy t&c hinh binh hanh)

Hat luc dit tai mét diém bao
@13 ctang c¢d hop luc dat tal
diém d6. Hop lue ay dude xac
dinh boi dudng chéo cua hinh
binh hanh ¢é hai canh 14 hai
luc da cho.

Goi R 1a hop lyc cha hai

lue F,,F, (hinh 1.11) thi Hinh 1.11

R ~ (E—,F2 ). V& mait toan

hoce thi R:?‘,JFE"

Chu v:

» Thén dé nay van dung véi trudng hop hai lue ¢6 dudng tac dung
cét nhau. Khi d6 theo hé qua cta tién dé 2 ta ddi diém dat cac
luc vé diém cit nhau nay.

» T tién &8 nay ta ¢6 thé suy ra cach tim hop luc etia hé n lue ¢o
dudng tac dung cit nhau tai mét diém (goi 1a hé luc dong quy).
Khi dé di diém dit cua tit ca cac lgc vé diém cdt nhau réi ap

dung tién dé 3 cho timg cip luc ti luc E dén luc F_';

fi

o T mdt luc ¢d thé phén tich duge thanh hai luc hay ba lgc theo
cac phudng cho trude.
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1.4.4. TIEN DE 4 (vé luc téc dung va phén tac dung)

Lge tie dung tuong hd gita hai vat la nhung juc ¢6 cang duong tac

dung. cing cudng do va nguge chidu.

ﬁ \\ _ By _
TR RN 2 3
e

Hinh 1.12

Ten dé nay cho ta thdy lue bao gig cang xudt hién tu hai phia.

Néu vat thit nhat tae dung lén vat thi hai mét luc Fl, thi vit thu
i eting tae dung 1én vat tha nhal mot lye F_,l CVE toan hoo oo thé
viel £, = -F, . Ha lge nay khong cin bing nhau vi chung dat len

hai vt khac nhau (hinh 1.1 2.

1.4.5. TIEN DE 5 (Nguyén Iy héa ran)

Mat vt bién dang cén bang dudl tae dung etia mot hé lue thi khy

héa ran né van can biang dudi tac dung cua hié Iue dé.

§1.5. LIEN KET VA PHAN LUC LIEN KET
1.5.1. KHAI NIEM VE VAT RAN TU DO, VAT RAN KHONG TY DO, LIEN KET
VA PHAN LUC LIEN KET

Vit ran ty do la vgt co thé di chuyén tu do trong khong gian ma

khong bi rang budc boi cde vat khdc.
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1.5.2.

a)

Vit ran khéng tu do la vdt bi ngdn can di chuyén bit cac vat
Rhdce. Vat van khong g do duge goy [a vae br hien k&L cOn vl N

can di chuyén clia vat bi lién két duge goi La vau giy lién ket
Didu kidn can trd su di chuyén tu do cia vat dude goi la hén két.
VI du:

o Qua khinh khi ¢iu bay lo ling trong khiong gian fa vl tg do

o VoL dit trén ban 1a val khang wg do. Mat ban 1a vl odv 1ien ket
Ta can hidu ban chit cua lién k&t 1a val gay lién két sinh va lyc
ngan can chuyén dang cua vat bi lién k&t Lyc nay goi la phan Iy
lién k&t. Con lue ma vat bi lién k&t tac dung lén vt gay licn ket
gol 12 ap Iye. Ap lyc va phin lue lién k&t tudin theo uén dé 4 cun
Linh hoe.

CAn chid ¥ 1a chiéu ctia phan lue 1ién két ngude vol chiéu di chuvén
bi cin tré. Trong thuc t& hau hét cac vat ran déu § trang thdii
khong tu do. Vi viy viée xac dinh céc phan lue Hén k&l 1a bad todn
quan trong trong tinh hoe. Ta se khao sat phan lue caa mot =0 lién

KEL san day v gid thigt cace vat 1a vat ran va nhin tuvet don

MOT sG LIEN KET THUONG GAP VA PHAN LUC LIEN KET

Lién két tua

Khi vat tga 1én mat mol vat khac, chuvén dong etia vat chi bi can

trd theo phudng phap tuyén. Phan lue hudng theo phuong phap

tuyén chung gitia hai mat tiép xic va dit tai tiép diém. Ky higu N

{hinh 1.13a).

Chu y:

»  Trusng hop mot trong hai mat ©ép xae 1a mot diém thi phan lue
huéng theo phip tuyén cia mat cdn lai (hinh 1.13b).

+ G61 tua di dong cang 1a dang Lién két tya (hinh 1.13¢).
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o)

Hinh 1.13

b) Lién két day mém
Day mém khoéng gian bi kéo cang.

Phan lye lién két day goi la slc

YIRS IR NI I RIS FIYIENTES

cdng cua day cd phuong doc theo
day, chifu di ra khéi vat bi Hén két.
Ky hiéu T (hinh 1.14),

T."
¢} Lién kot ban I€ tru
Bén & try gbm mot 161 tru tron con
goi 14 truc ban 18 vA mdt vo tru bao _
ngoal 161 tru ay (hinh 1.15a). Hai Hinh 1.14

vat rén duge néi véi nhau bang ban

16 tru. Chuyén dong cta vat bi lién két khong bi ngan can dec theo
truc ban 18, do &6 phan luc theo phudng nay bing khong. Cho nén
phan luc chi ndm trong mat phing vudng géc vdi truc ban 18, ¢6
phuong bit k¥ va ky hisu E. Ta phén tich vects R thanh hai
thanh phan theo hai truc toa dé trong mat phang &y (hinh 1.15b),

G& tua b dinh cting 1a dang ctia ban 1& tru (hinh 1.15¢).
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Hinh 1.15

d) Lién ket ban Jé ciu
Vit bi lién két duge ndi véi mdt qua cAu A xoay duge trong mét hoe
hinh cAu. Phan Iye R di qua tdm qua cdu A ¢6 phuong, chidu bt

ky trong khéng gian. Ta xac dinh dudge R qua ba thanh phan cla
nd theo ba truc toa db thinh 1.18a).-

z|

a) z b)

e )
vl
WA “
N

i:N

\

N

N
. — - = —
S

Hinh 1.16

Lién k&t ¢8i ciing thude dang ban 18 ciu, phan lue R c6 phuone bét ky
vt duge phin lam ba thanh phan theo ba truc toa do (hinh 1.16h).

¢} Lien két thanh

Hai vat duge néi véi nhau bang thanh cing (¢6 thé thing hay
cong) khéng ¢é luc tac dung 1én thanh (trong lugng ctaa thanh
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khéng dang k&), O hai diau thanh cé lién k&t ban 18 (hinh 1.17).
Phan hte ¢6 dudng tac dung di qua hai d4u thanh. Ta ¢é thé ching
minh k&t ludn nay theo tién dé 1. N&u thanh chiu kéo thi phan luc
huéng ra khoi vat khao sat, con phan lye di vao vat khao sat thi
thanh chiu nén.

IR PR T RN IR P IR Y SNSRI RN I R RIS =

R.
!
\ A
lll ——
M,
L |
Hinh 1.17 Hinh 1.18

f) Lién két ngam

Khi vat bi lién két va vat gy lién k&t duge gan cling vii nhau thi
d6 1a lién két ngam (chang han, dinh déng citng vao tudng). Phan

Ite lén k&L gdm mot lue RA va mot ngau lye ¢ veeld momen M4

(hinh 1.18). Néu 1a ngam trong khéng gian thi RA duge xac dinh
bdi ba thanh phin X,,Y,,Z, theo ba truc toa do. Con vecld
M, cling duge xac dinh béi M, M 4y, M, theo ba truc toa do do.
Néu ngam trong mit phéng thi -IZ\' duge xac dinh boi hai thanh
phan X ,.Y, theo hai true toa d6 trong mat phang. Con M, duoe

xac dinh trong mit phang ngam.

1.5.3. TIEN DE 6 (V& gidi phong lién két)
Mot vat ran khing tu do cin bang ¢6 thé col 1a vat ran tug do can Lilng
néu ta thay thé cac lién két bing cac phan lue lién két tudng tng.
Trong trudng hgp nay hé luc tae dung 1én val ran can bang bao
¢bm ca luc chit dong va phan luc lien két.
Tién dé nay gidp ta gial bai toan cin bing 461 véi cac vat ran
khéng Wy do, Lic 1a vat rdn chiu lién két.



Chuong 2
HA! BAl TOAN CG BAN CUA TINH HOC

§2.1. BAI TOAN THU GON HE LUC

2.1.1. BINH LY DOI LUC SONG SONG

Binh Iv: Khi doi song song mét luc F tiz diém A dén diém B tde
dung cua lue lén vat ran khong déi néu ta thém vdo mot ngdu lue

¢6 mémen bang mémen cua luc F ddt tai diém A dét voi diém B.

Chuzng mink: Cho mét lue F tac dung 1én vl ran dat tai diém A
¢in ddi lye F dén diém B thi tat B ta thém vao hai luc can
bang F' va F' sao cho F = F' = -F". Theo (ién dé 2 thi

F ~(F .F",F) (hinh 2.12).

F F

Hinh 2.1

—_— — — j—

Nhu vay (F',F"".F) la mdt hé gdbm mot lue F' va mél ngau hie

(—FH’T‘._F). Ngau luc nay ¢é6 mdmen E=m_'3(ﬁ). Binh ly dude

ching minh (hinh 2.1b).
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2.1.2. THU GON HE LUC KHONG GIAN VE MOT TAM - VECTO CHINH VA
VECTO MOMEN CHINH CUA HE LUC

Pinh nghia: Hé lue khong gian la mot hé lue ma dudng tac dung
ctia cac lue nim bat ky trong khong gian.

a) Phueng phap thu gon

Cho mét hé lue khéng gan (?TE'F:.) Ta lay O lam tam thu
gon. Thu gon h¢ hie nay vé tam O. Ap dung dinh ly dol lue song

song ta 4di song song lyc F vé O, ta dude F' = F, va mdmen
m ., =m.(F,). D3 song song lyc F, v¢ O, ta dude F,’ = F, va

moémen m, = m“(-ﬁ—'z.). Tuong tu doi lue F, vé O, taduge F,' = F

va momen m, =m,(F,). Sau khi d&i song song hé (R, F,...F))
v& O thi ta duge mét hé hye déng quy (F," F.',..F,") va he ngiu

hic c6 cAc veetd momen m, . m......Mm, (hinh 2.2a).

Hinh 2.2
Theo tién dé 3 thay hé luc dat tai O (F,F ... F ) bing mét hic

R, dattai O

E’; =N Fv =) F, (2.1)
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Theo phép hop nghu luc (1.6) thay hé ngau lue bing mét ngdu lyce
Léng hap ¢ vectd mdémen M, (hinh 2.2b)

ML= s =Y m(F) (2.2)
=1 :

b) Vecto chinh va vecto momen chinh cua hé Iuc

. R = ZE 14 vecto chinh cua hé luc (FEE)

. E = Z-m_t.(F_—,) 14 veeld momen chinb eta hé lye da vér tam O

Chu y:

. R khong phu thude vao tam thu gon O (vi bang téng hinh hoe
cua cac luc da cho). R; 12 hgp luc cua hé lue (FI' F .,,,Flll) dat
tai O cht khdng phai 1a hop lyc caa hé luc (E_,'E-F_',.} {glai
thich theo dinh nghia hgp lic).

. E néi chung phu thude vao fAm thu gon O (c6 thé chiing minh
theoc muc 1.2.2). :

¢) Két qu thu gon

Pinh Iv: Khi thu gon hé liie khong guan vé mét tam, ta duge mot lue
va mét ngéu luc. Lue 8y duge biéu dién bang vecto chinh cua hé luc
da cho, con ngau luc c6 mémen bang momen chinh cua hé luc dét

vdi tam thu gon.
2.1.3. XAC DINH VECTO CHINH VA VECTO MOMEN CHINH CUA HE LUC
a) Xdce dinh ﬁ: v _ﬂff: bang phuong pha‘p Zidi tich
Theo dinh nghia E = Zﬁ ta co:

R = ZFM = Z X,
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R =Y F, =YY,
R =3F,=>72,

R . R:.._' R la hinh c¢higu cua R L F, . F, . F, hav X, Y. .

Z, & hinh chi€u cua F, 18én cac truc toa do.

Ta ¢d:

R - vf("fe"“ (R ) (R )

R = \.'“I(ZX::)! =Y, +(Z Z,y (2.3)

Goi a.B.v 14 gbe ma vects R, tac véi cac true Ox, Oy, Oz thi cusin

cua cde goe nay dude xac dinh nhu sau:

R R R

CORM = —= ) cosfi = —& 1 cusy = —= (2.4
R R R

S dung dinh 1y lién hé gita mémen ctia mot lue d6i véi mot diém

vA mémen clia mot lue doi v6l mot truce, ta sé xac dinh duge M,

M, =Y [ F| =S m D

M, =Sl Eoh =S m ()

M, =S ED| =S m. F)

! — 'J — o = ') -
M, = \."(Zm_‘.(F&))" + (Zm_\,(fr‘}))‘ + (ZmE(Ff‘_ NT(2.0)

Gol u, By, 1R goe mi vectd M, wao vél ede true Ox, Oy, Oz thi
cosin cua cae goc nay duge xac dinh nhu saw:

M,
: cosf, =—M'~: CosY, :M—m (2.6)

it o o

[y

coso, =
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b} Nide dinh E.‘ baing phirong phiip hinh hoc (ding da giic luc)

Xét ho ¢6 4 luc (F,.F,.F,,F,) (hinh 2.3a). Tit mot diém A bat ky.
ta 1an lugt vé ndl Lidp cAc vectd tudng Ung song song cung chicu vl
cac veclo EFFE ¢t do dai chinh biang dé dai cic veeto dy.
BDudng giv khie ABCDEA duge tao thanh gol la da glice huc cua b
lue da cho (hinh 2.3b)

Vects AE goi 1a canh déng kin da gide luc va 1a vectd chinh R
cua hé lue da cho. Néu hé cac lue nam trong khong gian thi da gide
e 1a da giac ghénh. Néu hé cac lue nim trong mat phang thi da
oide Jue se 1a da gac phang

D& vt hé ¢b n lde ma 7 > 4 thi ta vé tudng td nhu hé bon hue cho

dén luc F, .

f

b)

Hinh 2.3

2.1.4. CAC DANG CHUAN KHI THU GON HE LUC KHONG GIAN

Thu hé luc khéng gian v& mét tam ta duge mdt lfe va mot ngau
luc. Tage va ngau lue nay duge biéu dién qua vectd chinh va mémen
chinh cta hé déi véi tam thu gon. DE higu ré hon thuce chit tac
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phu thude tAm thu gon O.

dung ctia hé lye khéng glan. ta xét dang chuan clia né qua cac
trudng hop o thé gip cua véctd chinh vd mémen chinh cua hé lue

a) Hé luc cin bing: néu hé lic da chocé R, =0 va M, =0

b) Hé thu vé nglu lye néu R, =0 va I&'ﬁ, # 0. Lac nay -}\Z. khéng

¢) He thu vé hop lue khi thda man mét trong hal trucng hop sau day:

« R =0va E = 0: hé:thu vé& mét luc R, vith& R, chinh la

hop Iie clia hé di qua O.

« R 20va M, =20va M, LR, nghiala R, .M, =0. h¢sc

thu vé mol luc khong di qua O ma di qua 0. Ta ¢6 thé chiing

minh diéu nay va xac dinh ' nhu sau.

Vecto ﬂ.—é’: duge biéu dién bdi ngau luc (E,E;) cting nim trong

mat phéng véi R, sao cho
Rt‘l = R] :_Rz -
Nhu vay canh tay don s& la

00 = d = ¢, He lyc
R

(EEE) cung trong mot
mat phfmg v ch (:R:,h:) ~ 0
nén ta c6 thé bét di hé lyc can
bing (R.,R,) nay. Lic a6 he
chi con lai mot Ide _R: di qua
O’ (hinh 2.4).

mot trong hai trudng hop sau day:

EN

Hink 2.4

d) Hé luc thu vé hé xodn: nfu R, =0va M, =0 thico thé xay ra

e M, // R,: nghu hic ¢ vects M, nam trong mat phing vuéng

ghe val R{', . Tap hgp gém lue R;, va ngiu luc (E,i’-:) g0l 14 hé
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xo@n (hinh 2.5b). Nhu vay khi M, // E thi hé lue thu vé mot

hé xoan. Poan thang di qua O mang hai vecls M, va R, poila

truc xoan (hinh 2.9a)

M, at
a) _ b)
R

0 s ©

Hinh 2.5

Tac dung cta hé lge nay

lam cho vat rdn via quay

vlia tinh tién theo truc xoian

(con goi la chuyén ddmg

xoan &e).

R,

« M, 6 va R, tao v4i nhau mot

goc o nao dé, khi do ta phan
tich M, ra hal thanh phan:

M LR vaM, IR .

Hinh 2.6

Vi E 1 _R: ta thay
M, ~ (E,ﬁ;) sao cho _RT:}?;:—R?Q. Lac nay (;E‘_{:.E) ~

(R“,E,ﬁg) ~ R?; dat  ta1 & cidch O mét  doan
d =00 = —

=

. Lie nay hé thu vé& hé xodn ¢6 true xoin di
R

=

qua O,
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Nhu vay con M, song song vdi R, va hé thu vé hé xoan cd true

xoan khong di qua O ma di qua O’ (hinh 2.6}

2.1.5. DINH LY VARINHONG

Néu hé e co hdp Iiic thi vecto momen cua hop liee d6i vdi mét diém
nao 6 bing téng hinh hoc cde vecto momen cdc lige cua hé Aot vdi
diém dy.

ML (F) =S m,(F) (2.

[
=1

Chitng minh: Gia su hé lic (F F ..... F‘:) ¢ hop 1ge R dat wai A,
Nghia 1a (. F,... F,) ~ T Khids M, (R)=0. Lay ditm O bat
ky lam tim thu gon ta co M Zm“(ﬂ) ‘Theo dinh 1y v& su bién
thién momen cua lue
TV LR o M= Y F = MR ©2.8)
Chiu dang thie (2.8) 1én trucz ta co Mz(ﬁ) = Zmz(ﬁ)

Dinh 1y duge ching minh.

2.1.6. THU GON HE CAC LUC PAC BIET

a) Hé luc phing

He¢ lue phang 1a hé e ¢6 dudng tac dung cua cace lye cung nam
trong mobt mat phang.
R ring thdy rang R, = ZF}\_ nam trong mat phang cha eae lue.

con M, vudng goc vél mat phang chia cac lye. Do dd kh thu gon

hé Tuce phf'mg chi c6 thé xAy ra mdt trong cac {rudng hgp sau dav:

e R =0.M,=0thuduge vé hé lue can bang.

e R ~0.M =0hé thu vé ngau lye ¢ M, khong phu thude vao

tam thu gon O.
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. R?;;;&O. M, = 0 hé thu vé hop hic dit tai O, con néu R?[':io,
M, = 0 (hinh 2.7a) hé thu vé hgp luc dat tai O cach O mdt doan

d=00 =" (hinh 2.7b).
R(J
M,
a)

B

Hinh 2.7
b} Hé lue dong quy

H¢ lye déng quy 12 hé luc ¢6 dudng tac dung cta cac lue di qua
cung mét diém. Khi thu gon hé lue déng quyv vé diém ddng quy O

ta duge mot hic R, di qua O (hinh 2.8). Ta ¢6:

|

L= F, (2.9)
Néu: R, =0.ta co hé luc can bang;

R # 0, 1a ¢ hgp luc dit tai O.

Hinh 2.8
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2.1.7. Vi DU TINH TOAN
Vi du 1: Tai cac dinh cia hinh iap phudng c6 canh la a. ¢6 cac luc
tac dung nhu hinh 2.9. Cudng dé cac luc cho nhu sau:
F =F,=F,=F
F,=F, =2F
Thu gon hé luc nay vé 1Am O.

Bai gidi: Thu gon hé luc vé tAm O 14 tim vects chinh va mémen

chinh etia hé d6i vél tam O.

Chon hé truc nhu ¢ hinh 2.9.

F
24 |
[ a
| . —~
| = F. F
5T& B 4
// i R a
o! /
a
X
Hinh 2.9
R'=>X,-F-F, =0
R,'=>Y,=0

Rz':zzk =F,-F -F,=-F

M, =Y m,(F)=aF, -aF, =0
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Mo_v = Z my (F‘;) - a‘F; - a).l"'.z = QF
Mr;z = Zmz(a) = O

Nhu vay khi thu gon hé lue 6 trén vé O ta duge mot luc B,' song
song va ngude chiéu véi true z, mét nglu luc cb M song song

eting chiéu véi truc y

‘}?”"‘ - F i'i'/j:" - aF

Vi E&(_: 1 R nén hé thu duge vé hop lue di qua O
Vi du 2 (hé lyc phéng): Cho dan chiu lyc nhu & hinh 2.10. Ta ¢6:
V& F = 2F. F,=F,=F.

Thu gon hé luc vé dang toi gian.

Hinh 2,10
Bai gidi: Chon hé truc nhu 6 hinh 2.10.
R =F =2F
R, =-F,— F,= 2F

R=(R)*+(R,)" = 2/2F
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Néu goi o,p la gde gita R tao vl cdce true Ox, Oy thi cosin eua eac
ehe nay duge xae dinh nhu saw

R, \Z_ R, 2 ,
CoRg = = =——1cosPp=—= """ {z1)
R 2 R 2
Hé luc ph;ing cO o+ 0 nén thu duge vE hop lue. Ap dung dinh 1y
Varinhdng ta co (hé tim duge duong tac dung etia hop lue R Ta
thayv dé dang:
m (R = Xrnﬁ(ﬂ,) - —qF, - 2aF, - 1af; - —Sak
Mit khéc néu goi d 1a canh tay dom cua R 4ol véi A, ta cd
my (R)=—-dR
{13}

Nhuvay d= 242a
K&t hap (a) va (b) La ¢6 dudng Lac dung caa B cach A mot khoing d.

Méamen ctia R d61 véi A c6 dau (-).

§2.2. BAI TOAN CAN BANG CUA HE LUC

221, BIEU KIFN CAN BANG CUA HE LUC KHONG GIAN
khong gian can bang la

ay Pinh I¥ 1: Didu kién can ve du dé hé lue
le doi vde mot diem O

veeld chinh va vectd momen chinh cua hé
bt ky nao do bang 0:
R =0 va M, =0
Chung minh:
« Diédu kién can:
Gia thigt (F,, Fy....F,)~0
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Két luan B, = Z:’?: =0 va E = Z;‘;(ﬁ) =0

Ta ching minh diéu kién cin dua vaoe cdc dang chudn khi thu
gon hé lue khéng gian. Thue vay. néu diéu kién trén khong thoa
man thi hé lye khong glan sé tuong duong véi mdt ngau e, hap
e hode hé xodn. nghia I3 khong thoa méan tién dé 1. Vi
R, =0 va M“ =0 hay h¢ can bang.

o Phéu kién du:
Glathiet R, =3 F, =0 va M, = > m (F)=0

K&t luan (F, , F2 o Py )~ 0

Ditu kién du 14 hién nhién vi vectd chinh cua hé lye bing
khéng, khi thu gon hé lgc v& mét diém bal ky ta duge mol ngiu
lue thu gon ¢é mémen bing mémen chinh cla he lue dd7 vai
dicm © (dinh ly bién thién momen) e 14 bang 0. Do d6 N
lue thu gon 14 hai lue can bing theo tién dé 1. Vv hé lde 3 ehe
can bang.

b) Cidc phuong trinh cin bing cia hé luc khong gian

Dinh [y 2: Bidu kién cdn va dy d&& hé lue khong gian cdn bang lo
téng hinh chiéu cia tat cd cde liwe va téng mémen ciia chung doi
vdi ba truc toa dé dong thoi bang 0:

> X, =0 Zm_,(ﬁ.}:o
>y, =0 > m (F,) =0 (2.10)
37z, =0 > m,(F)=0

Chung mink: Tl (2.3) va (2.5) ta ¢6:

VX QY (> 2, =0
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Nhu vay mudn R'=0 vd M, =0 thi cac s hang trong can phi
ddng thai bang 0.

Ba phudng trinh ddu cta (2.10) bao dadm dé vat ran dudi tac dung
cta hé e trén khéng chuyén doi doc theo cac truc toa dd va ba
phudng trinh sau bao ddm dé vat rin khéng quay quanh cac truc
toa dd. Nghia 12 vat rdn cAn bang

Chu y: Néu ngoai hé lue (FHP_,'?:) eon c6 hé & ngau lge val cac
vectd mdmen (E}a,..,,a) tac dung lén vat ran thi khi thiét lap
phudng trinh cdn bing ta cdn luu §:

o Céc phuong trinh hinh chigu 18n cac truc toa do vin gid nguyén.
o Trong cac phuong trinh mémen d&1 véi cic truc toa do ta phai

eong dai s6 thém hinh chidu cla cac vectd mdmen 1én cac truce
toa do.

me(i) + Zm:x =0
Zm}'(ﬁ)+sz_\r =0 (2.11)

Zmz(ﬁ_"k)+ Zmrz =0

trong dé m,, m,, m; 1a hinh chifu ctia vects m; 1&n cac truc toa do.

2.2.2. DIEU KIEN CAN BANG CUA CAC HE LUC KHAC

a) Hé Iuc phing

"Ta chon mat phdng chia cac lye 1am mat phang Oxy va truc Oz
vudng goc vé1 mit phéng chita céc luc. T (2.10) ré rang la:

sz =0; anx(ﬁ):(); Zmy(g)z 0 luén tu thoa man.

Khi d6 difu kién can bang cia hé lye phang con lai

ZX& =0; ZYk =0, Zmz(ﬁ:)=2mo(ﬁ)=0

Do d6 dinh 1y duge phat bifu nhu saw
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» Dang can bang thi nhdt:

Pinh Iv: Bidu kién can va di dé hé e phang cén bang la tong hinh

chiéu tét cd cde lue lén hai truc toa do va tong mémen cia ching

doi véi mot diém bat ky trong mdt phing tde dung cia hé luc

bing 0:

3 X, =03 Y, =00 Y m,(F)=0 (2.12)

o Dang can biang thi hai:

Pinh Iy: Diéu kién can va du dé hé luc phdng can bang la téng

mémen cua cde lue déi voi hai diém A, B bat ky va (ong hinh chitu

ctia cde lize ién truc Ox khong vudng gée voi AB bang 0:

S ma(F)=0: Y mpF)=0:> X, =0 (2.13)

Chung minh:

» Diéu kién cAn: Ching minh nhu dang tong quat.

o Dieu kién d0: Néu hai phudng trinh dau cua (2.13) théa méan Lhi
hé 6 thé thu vé hop lue R di qua ca hai diém A, B. Truc Ox
khong vubng gée vél AB thi phuong trinh thi 3 thoa man ki vi
chi khi chinh ban than vectd R = 0. Nhu vay hé 8 cin bang.

e Dang cin bing thit ba:

Pinh Iy: Diu kién cdn ve di; dé hé luc phdng can bang la (ong

mémen 1t cd ede e déi vdi ba diém A, B, C khéng thdng hang

déng thii bing 0: ,

Zmﬂ(i’) =0; Zm.ﬁ(ﬁ) =0 Zm(_. (E) =0 (2.14)

Chitng minh: Tuong tu dang thd hai.

b} He luc khong gian song song

Hé luc khdng gian song song 1a hé luc ¢6 cac lue song song Lrong
khéng glan.

Chon h¢ truc Oxyz ¢é true Oz song song vdil cac lue. Kh do tu
(2.10) ta ¢é cac phudng trinh sau tu nghiém:
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X, =05 Y Y, =0: Y m,(F)=0
Do do didu kién dé hé luc khong gian song song cén bang sé la:
32, =0y m,(F,)=0; S m, (F) =0

Pinh Iv: Didu kién cdn va di d¢ hé luc khong gian song song can
bang la toéng hinh chiéu cdc luc lén truc song song vdi chung va
t6ng momen cdc lwe d61 vdi hai tryc con lai bdng 0:

>z, =0: Zm,\_(F,:):o; S m, (F,)=0 (2.15)

(néu truc Oz song song vdi cic luc)

¢) Hé luc khong gian dong quy

Hé luc khéng gian déng quy tai O. Khi d6 lay O lam tdm moémen
va 12 gbe cua hé toa do Oxyz thi ba phuong trinh momen cua (2.10)
tu thoa man. Ta ¢d dinh 1y saw

Dinh Iv: Pidu kién cdn va du dé hé luc khong gian déng quy cén
bing la téng hinh chiéu tdt ca cdc luc lén ba truc toa do déu
bang 0:

> X,=0:2Y,=0: 3 Z,=0 (2.16)

2.2.3. TRINH TU GIAI BAI TOAN TINH HOC VA CAC ViDY

Mot vat ran s& cin bing khi né chiu tac dung cua hé lyc cin bang.
(M4l bai toan vé sy can bang cia hé luc 1a ta tim cac phan lue lién
k&t trong cac phuong trinh c¢an bang cta hé Iy,

Céc budc cin thiét dé giai bai toan tinh hoe:
1) Chon vat xét can bing.

2) Thay tét ca cac lién két bang phan luce lign két tuong Gng. Luc
d6 vat xét cAn bang sé chiu tc dung cha céae lue dd bice vi
phan lue lidn két.

3) Thiét lap cac phucng trinh cén bang cua hé luc tac dung 1én vat.
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4) Giai cac phuong trinh dé xac dinh cic dai ludng cAn tin va
kiém tra lai két qua.

Vi du 1 (d61 véi hé lue khong gian): Mot tAm mong déng chil hinh

chit nhit nang 200N lién kéL véi tudng thing dimg bang ban 18 cin

A, ban & try B va duge git nam ngang nhd soi day CE: A va E

cling nam trén mot dudng thang dung. Cho biét goc ECA vi BAC

déu bing 30°. Cho AB = CD = q; AD = BC = b. Tim phan luc tai A,

B v sace cang T cua dav CE (hinh 2.11).

Bai gidi: Khao sat (Am méng ABCD céan biang.

(Gial phéng lien k&t va dit cae phan lye lién két tdong ting.

Hé luc tac dung 1én t&m ABCD: (P, 7. X ,.Y,.Z, . X,.Yz)~ 0.

Hé toa do duge chon nhu & hinh 2,11, T 1a lge ¢d phuong, chidu
nhu 6 hinh 2.11. Phan tich T ra ba thanh phan:

I
T, = T cos30°cos60° = Y;T

T_\, = Tcos30%0s30° = %T

T, = Tsm30 :%T

Lap cac phuong trinh edn bang clia hé lue:

SX =X +Xg-T, =0
DY, =Y,-T,=0

ZZ-* =L +Zg-P4T, =0

N m (F,) =aZ, —%P+a?‘z =0 ()

> m,(F,) = %P—bn =0

Zmz(ﬁ) =-aX, =0



42 CO HOC LY THUYET -

TAP 1 PHAN TINH BOC, DONG HOC

Z
oo 8 Y
~
- T. .
X; . o N Xa
/Ty T,
7
s 4
y
D
s C
x/ T =3
Hinh 2.11

(Giai hé phuong trinh (a). ta tinh ra duge:

T=200N; Xz=2Z,=0, X, =85N.Y, =150N, Z, = 100N .

Chu y: Khi 1y mémen ctia mét hie ddi vé1 mét true phai dé y dén

trudng hop khi mémen caa lge 61 véi truc bang 0.

Vi du 2 (hé luc phang): Cho dan chiu lue va ¢6 lién két nhu & hinh

212, Cudng 4§ cac luc F, =F, =F, = F.
va B.

Bai gidi: Khao sat dan ¢in bang.

Xée dinh phan luc tai A
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Lap ba phudng trinh can bang:
S m () = 3aY, ~aF, - 2aF, - aF, =0

S my(F,) = -3aY, + 2aF, + aF, ~aF, =0 (b)

S X, =X, +F, =0

m

Hinh 2.12

Gidi hé phuong trinh (b) ta nhan dude:
2 ul

XA Z—F; Y :EF: Y :EF
Nhan xét: K&t qua X, mang diu (), chiing td chitu thye t& cta
X , ngude véi chidu ta gia thiét.
Vi du 3 (hé lye song song): Mot eén truc c6 trong igng @ = S0KN
va trong tdm & C nhu 6 hinh 2.13: tai trong P = 10kN. Hayv xac
dinh phan luc tai A va B.
Bai gidi: Khao sat cdn truc cAn bing.
Cac luc tac dung (ﬁéﬁ:g) (day 1a hé luc phing song song).

Céc phuong trinh cén bang:
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Zmﬂ(ﬁ) =2R, -1Q -oFP =0 }
9]

S my(F) = -2R, +1Q -3P = 0

L

(iai hé phuong trinh (¢) ta tim duge: R, =10kN : B, = 50AN .

4m

Hinh 2.13
Nhan xét: Néu git nguyén @ ma tang tai trong P 1én thi sdc nang
dén vé B, phan luc R, ting lén. con R, giim cho dén i R,=0
v khi do ean true ¢6 kha nang quay quanh B,

Bai toan ¢in gidi quvét 1a cdn truc phai cin bang. Dé giai quydt
van dé nay, ta cin xét dén bai toan don va val lat,



Chuong 7
BAI TOAN PAC BIET CUA TINH HOC

e S SE

§3.1. BAI TOAN VE Sy CAN BANG
CUA PON VA VAT LAT

3.1.1. SU CAN BANG CUA PON

Pon la vat ran c6 Lhé quay duge quanh mét truc ¢d dinh. chiu tac

dung cua hé lyc phang vudng goc vi1 true quay {hinh 3.1}

Khi hé lye tac dung 1én don
thi ¢ & truc O ¢6 phan lyc hén
k&t ? cling nam trong mal
phing véi hé lye. Didu kién
A6 c¢ho don can bang la

o

(EFEE_‘:J ~ . Nhu

vay hé luc (E,E,,‘.,E) ch

hop huce @ can bang vdi phan
lue R . Theo dinh Iy Hinh 3.1

]

Varinhong ta cd:
m (@) =Y m,(F)=-m,(R,)

Ma m,(R)=0.
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Nhu vay Zmﬂ (ﬁ) =0.
(Goi Oz 1a truc quay, thi:
S m, (F=Y m,(F)
Ta ¢6 dinh ly: Piéu kién can va du dé don can biang la tong momen

ctia cdc lie tde dung lén no déi vdi truc quay bang khéng.

3.1.2. SUCAN BANG CUA VAT LAT

Vat lat 12 vau chiu tac dung cua hé hue (Fy, F,,.. F,) va lién két
vdi mat ¢f dinh tai mot s8 vi tri ndo do.

Ta xét trudng hdp vil chiu lién két (hinh 3.2) véi mat ¢d dinh tai
hai diém A, B,

Hinh 3.2

Tai A, B & ¢6 cac phan lyc lién két B, R .

— — —_—

Pidu kien dé vat can bang la: (F.Fy... F, R4 Ry) ~0.

Do sy thay d61 cua hé luc néu trén, ¢ thé xay ra su m#t lién két
tai A hodc B, nghia la B, = 0 hode Rp=0vavatco thé quay dugc
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quanh B hodc A. Diéu kién dé& vat cin bang (nghia 1a vat khong
thé quay dudge quanh A hoac quanh B) 1a tdng mémen cua cac luce
dai véi A hodc B déu bang khong.

Z m, (Ej = 0: dé vat khéng 1at quanh A

_ ] (3.1)
Z mg(F,)=0:dé vat khong lat quanh B

Néu phan tich cae lue tac dung l1én vat ra hai loai: luc lat va lue gid
d8i véi tirng diém va goi tdng momen cla cac lue 14t dél viil ting
diém la mémen lat: cla cac lue giti 13 momen git thi diéu kién can
bang ctia vat 1at ddi véi titng diém la:

Mgi(? b M!{T[{ (32)
D#u bang tuong dudng véi trudng hop can bang gidi han. Trong
trudng hgp val eé kha nang 1at quanh nhiéu diém khace nhau thi
(3.2) phai théa man d8i véi tat ca cac diém.
Vi du: Mét can truc duge bat chat trén xe 6t6 van tai. Trong ludng
cua do1 trong B la P, = 20kN. Trong lugng cia 6té va cén true
khéng ké déi trong 1a P, = 30kN d4t tai diém C.
Xac dinh khodng cach ngin nhét gitta hai true banh xe D, E va gii
tri lén nhét cda tai trong P, ma cAn truc ¢é thé ning dude dé 6L
khéng bi 14t khi ¢6 tai trong cling nhu khi khéng ¢6 tai trong P,
Kich thude cho trén hinh 3.3,
Bai gial
o XéUtrudng hop cd val ning P, ¢an truc bi 1at quanh D:

M, =4P M, =2+ )P, + 1.5P =40+ 20x + 45 = 85 + 20x

Mudn khéng 14t quanh D thi

M,>M, > 85+20x = 4P, (*)

» X6t trudng hop khéng cé vat nang P, cén truc bi 1at quanh £:
M;=2P,=40; M,=(x - 1.5)P, = 30x - 15
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1,5m ! | E m 1
I 4m . X l 2 |

Hinh 3.3

Mudn khéng 1at quanh B thi M, = M, - 30x-45240

{5
30x 2 40+ 45 > x 2 7('} - 983m
[nl

[

Thay vao (*) ta c6 85 + 20 %3- 24P, > P, < %D _ 354N .

Vay Xy, = 2,83m va P, .. = 35.4kN.
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§3.2. BAI TOAN VE LUC TAP TRUNG
VA LUC PHAN BO

Lyc tac dung 1én vat ¢ thé dat tai mot diém cling ¢6 thé phan b
trén mot doan dal hoac trén mot dién tich... D& hidu rd va bidu
dién céc loai lue &y ngudi ta dua ra khai niém ldc tap trung va lhue
phén ba.
e Luc tap trung 1a lyc dit tai mét diém nao dé clia vat ran.
Luc phan bé la lye dat trén mot phan nao dé clla vat nhu trén mét
phin bé mat. mét doan thang nao ds clia céng trinh,
Lue phan b8 duge déde trung bang cusng 4o chia né, 13 s6 lugng luc
dit trén mét don vi chieu dai ¢6 cudng d6 g (N/m) hay s6 lugng luc
dat trén mét don vi dién tich ¢6 cudng 46 ¢ (N/m?...
Dé tién tinh toan cac phan lyc, ngudi ta thay thé lgc phan bd bing
luc tap trung. Ta hay xét mot vai trudng hgp lie phéan bs don gidn,
1. Lajc phan b6 déu trén doan thang AB = a véi cudng do g = const
(N/m) (hinh 3.4).
He lye phan bd' déu dude thay thé bing luc @ dat tai diém gita
cua AB ¢6 cudng 46 @ = aq.
Vé y nghia: Cudng d6 @ chinh la dién tich hinh chi nhat ¢é cac
canh la a vag.

T 1 mqm

Al____a B Al a \B

Hinh 3.4 Hinh 3.5
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9. Luc phén b& tam giac trén doan AB (phan bé tuyén tinh). Cuong
48 ¢ (N/m) cua lye phan bé bifn dl tit 0 dén gia tri cde day G,
{hinh 3.5).

Hé luc nay duge thay thé bf”mg lue é d4t Lal trong tam cua
tam giac ABC. Cuong d6 @ = aqm .. (@ chinh la dign tich tam

giae ABC).

§3.3. BAI TOAN MA SAT

Trong thue té ky thuit. ma sat 1a mdt hién tugng r&t quan trong.
Bii toan ma sat rat phitc tap va né1 chung ngudi ta nghién cdu chu
yéu bang thuc nghiém. Lyc ma sat la phén luc lién két xual hién
khi mét vat ¢6 xu hudng chuyén dong hay chuyén dong trén méat

mdt vat khac. Trong muc nay, chiing ta chi dé cap dén mot 30 vAn
dé ¢g ban nhat vé ma sat da duge nghién cttu ky bang thue nghigm

3.3.1. MA SAT TRUGT
a) Thi nghiém

Datvat A trong lugng P lén mat phang nim ngang. Lyc tac dung
lén vat A la P N (hinh 3.6)., Nhu vay P N ~0. Bude vat A vao 591
day vat qua rong roc va dAu kia cia ddy bude vao dia can. Khi dat
vio dia, qua can ¢6 trong lugng Q vat A c6 xu hudng bi kéo sang
phai. Néu 8 & truc rong roc O ma st bo qua thi sitc céang cua day
bang cudng dé lye Q Tuy nhién thuc nghiém cho thay réang: néu
hic Q kha nho thi vat A ding yén. Tang @ dén gia tri @* thi vat A

bat ddu trugt. Nhu vay khi @ nho hon @* thi vat A cén bang. Digu
do cho phep ta két luan rang phai cé luc tac dung theo phudng



Pliin mor, TINH HOC 51

ngang dé can bang vdi luc é Luyc dé duge goi 13 luc ma sat trudt.
Luyc ma sat trugt phu thude do gdé ghé cia mat truct. Nhu vay
nguyén nhén xuft hién ma sat trugt 1a su gd ghé gita cic mat
tiép xuc. '
N
A

ra

EEE T T e i rrr [.ru EEE e T Ty

=2

LTSI E LIS,

Hinh 3.6
b} Cidc quy luit cia ma sat triot

e Luc ma sat trugt ndm trong mat phang tiép xice chung gifia mat
tua va vat khdo sat, ¢6 hudng nguge véi chiéu chuyén déng hay

xu hudng chuyén déng cha vat. Luc ma sat trugt & nhan cac

LY
gld tri ti 0 dén gia tri gidi han gol 1 luc ma sat gidi han F, -

—

Osmth (3.3)

£

e Cuodng d6 cua luc ma sat gidi han ty 1é véi phan luc phap
tuyén N;

F, =N, (3.4)

trong dé: f - hé 88 ma sat trugt tinh, duge xac dinh bang thuc
nghiém va khéng c¢é thi nguyén, phu thudc vio vat lidu va tinh
chélt vat 1y cua bé mit ti€p xie chii khong phu thude vao dién
tich ti€p xuc.
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. Khivat con can bang thi F,, = Fy, = N .
Khi F, =F, = N thi vat bit ddu chuvén dong va fla he 86
ma sat truct tinh, Khi vat chuyén dong vl van tde cang tang,
hé 86 ma sat néi chung giam dén mét gia tri én dinh. Hé s6 f lue
‘A dang chuyén dong goi la hé ¢6 ma sat trugt dong.

¢) Phan luc toan phin - Géc ma sit

Trong mét s6 truong hop dung phuong phéap hinh hoc dé giai bai

coAan ma sal sé tién 1gi hon. Vi vay ta céin biét khai niém vé goe ma

s4t. Trén hinh 3.7 néu

woi R=F, +N l1a hgp

e cua phan lge phap

|

v T T ond R{___ N

tuyén N va F, . vuong ’ ] N

goc véi N. Thuc chét 5 7

phan lye R 1a phan luc L /
o | ol 7

toan phéan cua lién két | /

tya. Nhu vay R nghiéng

TIIFIRRIETEIIN AT tALEEE FITFTes i e rTrrTirivy.
vdi phap tuyén mot gbc ¢ F

uh

F ts
3 =" Khi
mi g9 = — hi F,, Hinh 3.7

bi€n thién t 0 dén F,,
vhi gée ¢ gita B va N pi€n thién tii 0 dén ¢, (Gra tri ¢, 16n nhit
ma phan lue toan phdn R tao voi phap tuyén duge goi 1a goc ma

PR Y th fN cooa - X - »
sat va kha dé igo, = N =" f. Khi vt cin bang thi phan luc
1

E & trong gboc ma st, con khi vat & trang Lhai can bang gidl han
thi B taovél N gbc e,

Vat A cd xu hudng trugt theo chc huéng khac nhau trén mait
ngang. Néu hé s6 ma sat trugt f theo céac hudng déu bang nhau thi
phén luc toan phan R tao thanh mét mat nén tron xoay got 1a

hinh nén ma sat.
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d) Bai toan can bang khi co ma sat truot

VAt ran muén can bang thi he lue tde dung 1&n né, ké ca hic ma sat
trugt phai théa mén diéu kién can bang nhu ¢ tinh hoe. Ngoai ra
lde ma sal con phai théa man dicu kién:

O<F < fN

s

N&u xét phan lue toan phan R thi né phil ndn trong gée mu =4t
Khi F_ = fN thival vin con § trang thai cin bang nhung dé 1a vi
tri cAn bang gidi han.

Véi cie gia tri F,, théa mén O<F, = fN thi vt van con cin
bing. Nhu vay trong bai toan khi ¢é ké d&n ma sat thi ta tim duge
nhifu vi tri ¢cdn biing goi 1A mién cdn bing. DE xac dinh duge mién
¢in bang nay ta chi can xac dinh duge vi tri can biang 2161 han, (e
la khi F, = fN va tng véi cac vi tri can bing khae 1a F, < /N .
Muén giam fV thi ta giam hé sd f.

Vi du: M6t vt ¢d trong lugng P = 100N nim trén mat phang ndm
ngang. Tim lue (_?' nghiéng g6c o = 30 vé1 phudng ngang tac dung
16n vat va lam vat chuyén dong. Hé s6 ma sat brudt tinh 14/, = 0.6
(hinh 3.8).

Bai gidi: Xét vat @ vi tri cdn bang gidi han.

—— b —t —

Cac luc tae dung lén vat (P Q. N F

gt

Day 1a hé lye ddng quy phing nén ta lap hai phuong trinh can bang:
Z X, =Qcosu-F, =0 (a)
ZY* =N-P+Qsina=0 {b)

T (byta c6 N=P- @sinu

T (a) ta e F,,. = Qeosa = F = [N

T

Qeosa < f(P-@sina)
Qcosa + feinuw) = fP
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SQe— T _goN

{cosa + faina)

Vay moi gia tri @ < 52N thi vat can bang, véi @ > 52N vat se
chuyén déng.

N Q
F. o a
=2
Hinh 3.8

3.3.2. MA SAT LAN

a) Thi nghiém

Ceon lan hinh tru trong lugng P, ban kinh R nim trén mat phang
ngang gb ghé. Dat vao truc C cua con lan mgt luc Q nhd hon F; .
Tal A xudt hién lyc ma sat I'Tm: c6 cuong d6 bang @ can trd su
chuyen doéng cta con lan trén méat phing ngang. Néu xem ph’m e
N ciing dat tai A thi N s& can bing véi P.Con @ va Fm tao
thanh mét ngau luc gay chuyén déng cho con l&n, véi Q du rat nho
(hinh 3.9a).

Trong thuc t& cac vat khdng rdn tuyét ddi nén sé bi bién dang va
tiép xtic véi nhau khéng phai tai mét diém ma ca mdt mién AB.
Véi su tang din cia Q, ap lue cua con lan 18n nén ngang s€ giam
din ¢ A va tang 1én 6 B, két qua la N sé chuyén ddi v8 phia tac
dung ctia lyc Q. N&u @ tang, d6 chuyén doi sé ting cho dén gia tri
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gi6i han k. Nhu vay d vi tri gidi han sé ¢6 hal ngau hue tdc dung 1én
con lan:

e Ngiulue (Q.F, ) ¢6 mémen QK.

MmN

e Ngiu luc (N.P) c6 momen kN .

a) b)
-
R N
Q
C
k
— -
F.. Frs
x Frrerz s rrrr rrerriitiii (it iiiLl FIIXPIIITITITAIY. reliiiisilatiliitistaridd L bl it Ll Terr
Al . —
2 P
Hinh 3.8

Hai nghu luc nay can bang nhau (hinh 3.9b):
k
QR ~kN > @, = EN,
Do d6 néu @ < @,,, thi con l&n can bang. Khi @ = @, con lan & vi tri
cAn bing gidi han (hay goi con lan bét diu chuyén déng). & goi la
hé s ma sat lan, cé don vi cua dd dai va duge xéc dinh bang thuc
nghiém.

b) Cic quy fuit cua ma sat lan

o Trong trudng hop c6 ma sat lan, tai lién két xut hién mét ngau
luc ma sat lan, can trd sy 14n cta con lan.

o Momen M cua ngiu luc nhan cac gia tri (i 0 dén M,y

C<M<M, (3.5)
« M, tylsvoiN:
M, =kN (3.6)
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s - - o ~ k v L) . - . .
Thuc nghiém d& cho thiy, ty s 7 r&t nhd so véi f nén ngudi ta

thudng thay thé& chuyén déng trugt cta vat bing chuyén dong lin
cua né.

¢} Bai fodn can bing khi ké dén ma sat lan

Khi tac dung mét luc 18n con lin thi xuft hién hién tugng lan. Nhu
vay ngoai xu hudng lan, vat con ¢d xu hudng trugt, do db, tai lién
két e6 phan luc phéap tuyén N, luc ma sat trugt F,, va ngau lue

ma sat 1an ¢6 mémen M.

Diéu kién dé cho vat can bing 1a hé luc tac dung 1én vat (ké cd ma

——

sat trugt va ma sat 1an) can bing, dong thai F,, va mOmen cua

ms

ngiu hic ma gat lan phai thoa man:

FSth:fN }

(3.7)
M<M,, =kN

N&u mét trong hai diéu kién trén khong thoa mén thi sé ¢6 chuyén
déng tudng rig. N&éu ca hai diéu kién khéng thoa mén thi vat sé
vira lan vira trugt.

Vi du: Con lin trong lugng P = 500N, ban kinh R = 40cm duge dat
trén mit phdng nghiéng vdl phudng ngang mot goéc o = 30°, Hé s6
ma sat lan gida con lan va mat phéng nghiéng &4 = 0,02cm. Xac
dinh luc @ dé gilt cho con lan can bing (hinh 3.10a).

Bai giai: Vi luc é chua bidt nén ¢b thé xét hai truong hgp:

1. Luc @ nhé: Con lan ¢6 xu hudng lan xudng dudi. Tai diém Liép
xtc 1 xuat hién lue ma sat trugt F,,, va ngau lue ma sat lan M,

Luic tac dung 1én con lan la ﬁ,ﬁ,ﬁ:,é, M,. Ta co:
> X=Q+F, ~Psina=0 (1)

ZYZN—‘P(EOSCI:O (2)
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Y m;(F)= PRsina - 2RQ - M, =0 (3)

M, = PRsina -2RQ <M, =kxN = kP cosa

Q, = %(Rsﬁna ~kcosa) =124 8N

Hinh 3.10

2. Lue @ 16n: Con 1an c6 xu hudng chuyén déng 1én. Lac nay ﬁ
va ngau luc ma sat lan ¢ chiéu nguge lai véi Lrudng hgp luc @
nhé. Tuong tu nhu trén ta xét con lan. T phudng trinh chitu
lén truc y ta ¢6 N = Pcosa. Lap phudng trinh momen do1 véi
diém I (hinh 3.10b):

me(?)=M£+PRsina—2RQ:O

M, =-PRsina+2RQ <M, =kxN =kPcosa
~PRsina+2RQ < kPcosa

P(Rsino + kcosa) = 2RQ

Q. < Q—PE(RSina +kecosa) =1251N
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K&t hap ea hal trusng hgp ta ¢d:
-0, sQ<Q, 5124 9N <@ <1251N

thi con lan can bing trén mit phing nghiéng.

§3.4. BAI TOAN VE SY CAN BANG CUA HE VAT

3.4.1. HE VAT

Hé vat 1a tap hop ctia nhidu vat, duge ndi véi nhau bang cac lién két.
Vi du: Hai thanh AB va CD dugce ndi v6i nhau bang 1ién két tya
tai D va ching ndi véi tudng thang ding bang bin 18 A, ngam C.
Tap hop nay 1a mot hé vat ¢hinh 3.11).

I

O

S PN T A SR LR AL

\

Hinh 3.11

3.4.2. PHAN LOAI LUC TAC DUNG LEN HE VAT

» Ngoai lue 14 luc do cac vat ngoat hé tic dung 1én cac vat thude
hé. Ky hiéu F, .
o N6i lue la luc do cac vt trong cung hé tic dung 1én nhau, Ky

hiéu F, .
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Céac nd1 lde tuén theo tién dé 4. ching c6 ting d6i mot cung duong
vac dung. cing cudng df va ngugce chidu nhaw. Néi de ¢d tinh chat
guan trong sau day: Téng hinh hoc cita cdc noi hic va tong momen

etia chung d6t vdi mot diém hay mét truc nao do déu béang khong:

ZF; =0; Zrﬁ.u(Fﬁ):O:Zmz(F,j):O

3.4.3. CAC CACH GIAI BAI TOAN HE VAT

Ti tion dé 5 ta o6 thé rit ra k&t luan cho sy ¢in bang cua hé vau
Khi hé vdt cén bang thi cdc vat thudce hé sé& cdn bang. Co hat

phuong phap giai bai toan hé vat

a) Phuong phap tich vat

Tach ra xél can bang tiing vat mét. Lue nay mdi vat chiu tac dung
ctia ngoai luc va ndi hye, Vi cée lde tac dung len mdi vat 1a hé luc
phéng. Do d6 mbi vat ta 1ap 3 phuong trinh can hang. Néu hé ¢ n
vat ta ¢6 3n phudng trinh ¢dn bang.

b) Phuong phip hoa ran

Dau tién ta coi toan hé 13 mot vat ran, lic nay hé chi chiu tac dung
elia ngoai luc va ta lap duge 3 phucng trinh cin bang. V4Oi bail todn
hé vat, s8 4n 8 16n hon 3 cho nén ta phail tach ra xét cin bing mot
56 vat nia. Néu hé cé n val thi sau khi hoa ran ta sé tach ra xét
can bing t8i da (n — 1) vat va Lla cd 3(n — 1) phuong trinh, cung vdi
3 phugng trinh ban dau ta ¢ {311."phu0ng trinh cin bang cho ta xac
dinh duge 3n in sb.

Khi giai bai toan hé vat, néu o &n s6 it hon hay bing s6 phudng
trinh cén bing thi dé 12 bai toan tinh dinh. Néu 6 an 86 nhi¢u hon

58 phuong trinh ¢an bing duge goi 1a bal toan siéu tinh.

Trong Co hoe 1y thuyét ta chi xét-giai bai todn tinh dinh.
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) Vidu minly hoa

Vi du 1: M6t dam c6 lién két va chiu lue tac dung nhu ¢ hinh 3.12.
Biét M = 18kNm. @ = 3m, ¢ = 1,5kN/m. Xac dinh phan lyc ta) A

va B.
Y
M
q } -\'};
Y.
X,
At S x
| a | a a I
Q
Hinh 3.12

Bai gidi: Vat khao sat 1a dam AB.

Lue tac dung 1én dam:
(QX,.Y,.Y, M) ~0.
@ = 2ag = 9kN

Heé lye tac dung 1én ddm la hé luc phang. Ta lap 3 phudng trinh
¢An bang:

Zmﬂ(ﬁ_”};): M-2ag+3aYy =0
ZmB(}?k):M+an3aYA =0 (a)

(G141 hé phuong trinh {a) ta 6

X,=0,Y, =5kN: Y, =4kN
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Vi du 2 (bai toan hé vat): Mot hé vat cé lién két va chiu lue nhu
hinh 3.13. Cho P = 5kN, M = 30kNm, ¢ = 0,9kN/m. Tim phan luc
tai A, B, C.

K&t qua bai tean sé thay déi nhu th€ nao khi thay déi vi Lrf cla
ngau lue cé mdémen M trén oo hé,

5m
O}

Y.

M.
4 X,

T I T T e AT T I qa | [T AR a7 adsaaaaenaedv

Hinh 3.13
Bai gidi: Khéo sat hé gém hai thanh AB va BC.
Ngoal luce tac dung 1én hé: (-P;QMZY_;MJl i’?) ~ ]
o Tach vat BC (hinh 3.14). Vi BC = 2CE nén o = 30°.
Luge tac dung 1én BC; (ﬁ.M,lTC,E;,z) ~0.

Tinh BE = 4+/3m .
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('4c phuong trinh can bing:

Z‘X,\, = X4+ Psin30°=0
SY, =Yg+ ¥e — Pcos30°=0 (b)
S my(Fy) =M - 4P+ BEYc = 0

Giai hé phuong trinh (b) ta thu duge:
25v3 5
Y8 N1 Y = 593y

XB = _2,5kN\ YC =

Hinh 3.14

« Tach thanh AB (hinh 3. 1.5) Cac luc tac dung 1én AB:

@.X, YA,MA,X 2 Y ~0.

Chu y: X', Y', cb chiéu ngugc v6i chiéu cua X, va Yy va v

cuong do thi:
X=Xy Ys=Yn
Céc phuong trinh can bang:

ZXa‘r =X, +Q-X'y=0

S Y=Y, -Y'"
Y ma(F)= M, -25Q+5X' ;=0

(c)
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4
o

=]

=i

Hinh 3.15

(iai hé phuong trinh (¢) ta thu dudc:

X, =-TkN Y, = -'“"f EN: M, =2375kNm.



Chuong 4
TiINH PO DAN

Trong chudng 2 ta giai bai toan hé huc phing bing phuong phap
giai tich. Chuong nay ta dung phuong phap vé, dé giai bai todn hé
luc phing. Phudng phap nay goi 1la phudng phap tinh d6. Phudng
phap tinh d8 ¢6 wu diém: tién Igi, nhanh chéng vd dé& nhin nhan
duge két qua nhung c6 nhuge diém 1a k&t qud bai toan lai phu
thude vao cach vé cua ta ¢o chinh xac hay khéng.

§4.1. DA GIAC LUC VA DA GIAC DAY

4.1.1. PA GIAC LUC

Dé don man ta vé da giac luc cla hé lyc phéng gdm ba huc. Danh
ddu cac lie 1,23 (hinh 4.1a). Chon mot diém A tuy ¥, tii A ta vé
dutng giy khic ABCD tao bdi cée lue 1,2,3 ta c6 da giae luc ciia hé
(xem cach vé ¢ muc §2.1) (hinh 4.1b).

4.1.2. DA GIAC DAY

Chon diém O tuy v lam cuc. N&i O véi cac dinh A, B, C va D cta da
gide lue. Goi tia OA 13 tia o tia OB 1a tia 1-2; tia OC la tia
2-3 va tia OD la tia 3.
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. Cach vé da giae diy: Ta chon Qiém M. Ta M vé duong song song
véi lia @ cat dudng tac dung cua lue 1 tail a. Tt a ve dudng song
song val tia 1 - 2 va cAl dudng tac dung luc 5 G b, Ty b vé duong
song song val 2 - 3 va cat dudng Ltac dung cua lue 3 taic Tuc ve
Lludn; song song val tia B Prén dudng nay ta iy mot diém bilt k¥
N, buong gay khuc MabeN got la da giace div ¢o cac canh a, 1-2
9.3, B (hinh 4.1a).

Hinh 4.1

§4.2. THU GON HE LUC
VA DIEU KIEN CAN BANG CUA HE LUC

Trong phan thu gon hé Jue, ta did bift hé lue phang ¢6 thé cAn bang
ho#ic co thé& thu vé hop luc hay ngau lye tuy theo R, va M . Bang

phuong phap vé da gise lye va da gifc day ta c6 thé rat ra k&t qua
Ldong .
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4.2.1. HE LUC THU VE MOT HGP LUC

Heé lue thu vé mét hgp luc néu da gide lue hd. Hop lue duge xac
dinh bdi canh déng kin da gide hye va ¢6 dudng tae dung di qua K

13 giao diém cia hai canh ngodi cing cua da gide day va song song

v6l R caa da giae lue (hinh 4.2),

Hinh 4.2

That vay, trugt cde Juc da cho vé cae dinh clia da gide ddy va phéan
tich moi hie thanh hai thanh phan theo hai canh cua da giace day.
Lie 1 thanh lyc 1 va 1'. Theo dinh 1y vé sy bang nhau cua hai
tam gidc, ta cd Aabe = AABO, do do 1= AQ va 1"= OB . Tuong tu
véi lue 2 va lue 3 ta cb 5= BO va 2'=0C 3= CO va 3"=0D.
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T hé 3 luce Tié ta ¢6 hé 6 hac 1.0, AR 3. 9", Cac lue 1" va
> 9vyva 3 tricét tiéu nhau ting doi mél (theo tién dé 1), Nhu vay
con lai hail lie 1 va 3". Hai lue nay déng quy tai K nén chuing ¢6
hop lue R dat tai K. K chinh la gilao difm cta hai canh « va P cua
da gide day véi R = AD (hinh 4.22),

Vecld AD 14 vectd dong kin eta da giae lue duge xac dinh L hai
Iyc 1" va 3", déng thoi né cing chinh la canh déng kin cua da giac
lue biéu dién hé luc 1.2, 3 (hinh 4.2b).

4.2.2. HE LUC THU VE MOT NGAU LYC

Hé lue thu vé mot ngiu huc néu da gide lue tu dong kin va da glac

day hd. Cac lye cua nghu hic nim trén cac canh o va . Chung
dude xac dinh bang tia o - § (hinh 4.3a).

Hinh 4.3
Theo cach lam nhu trén thi (I, 2, 3) ~ (I'. 3) va 1'=AO.
3"= 0D . Khi da giac lue déng kin thi diém D trung véi A, do do
OD = OA = -AO, nghia la 3"=—1' (hinh 4.3b).
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Hai luc nay tao thanh mot ngu luc, ching dude xac dinh bang tia
a - B. Khoang cach d gitia hat canh « va B eta da giae dav 1i canh
tay dén cua ngau luc.

4.2.3. HE LUC CAN BANG

Diéu kién cdn va dil d& hé luc cin bang 1a da gidc luc déng kin va
da giac day cling déng kin

Nhu § trén da trinh bay, néu da gide lye déng kin ma da giac day
ho thi hé thu v& mét nglu lye. Nhu vay néu da giae day ciing kin
(nghia !a hai canh o v& B tring nhau), thi hai luc cla ngau luc
cling nam trén mét dudng thing, nén ching triét tidu. Do d6 hé lue
can hing.

Vi du: Cho dan chiu lvec nhu 6 hinh 4.4a. Hay xac dinh phan hie
tai A va B,

Bai gidi: Céc luc tac dung 1én dan: F, F,,Y, R, . Luc Y, huéng
lén trén, con R_A. chua biét phuong. chifu. Vi xét dan cin bang nén
(E’FJFBR_;) ~ 0. Nhu vay ca da gidc lyc va da gidc day cia hé
déu déng kin.

Ta dénh s8 14n lugt cac lyc E:i, ?‘;:Q, ?B':f‘ v R_Auzzi‘

anld

Vé da gidc luc: Ldy diém G bat ky vé F, =1=GH . T H vé

|

F, =2 =HI. Tt diém I k¢ dudng Iz song song véi Yy = 3. Nhung
diém ngon ctia 3=Y, va diém gdc cua hic 4= R, chua biét nén
chua xdcdinh Y; =3 va R, = 4.

Vi hé hic cin bing nén da giac lue tu dong kin, nghia 14 diém ngon

cla 4 = R__;,l tring véi diém gée cla lue ff_’; =1.
Ve da gide day: Lay diém O lim cye. Néi O véi cae dinh eta da giac _
tacodcactial —2,2~3,4—1. Vi diém K chua biél nén khéng xac
dinh dugc tia 3 — 4. Ta c¢an xac dinh tia 3 — 4, Muén vay, tit diém A
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14 gde cua }!:— = 4 ké dudng song song v 4 - 1 cat luc _5_’; =1 tai @
v&1 tilt @ ké dudng song song vl 1 — 2 cal _F—j =92 &b Tub ta lai ke
dudng soug song vé 2 =3 cit dudng tac dung cua -ﬁ; =3 taic. N8
cvdl A La de"(__i(: 3 _ 4. Tu O ké dudng song song vl 3 — 4 va cat Tz
tai K. Lue nay IK = ?_E; =3 va KG = T-?: = 4. Nhu vay cac phan

lue Y, vA R, duge xac dinh.

Hinh 4.4
Chii y:
« Luc chua biét hoan toan danh s8 cudl cung.

» Da giac day xufit phat tu diém dat cta lge chua biét hoan toan.

§4.3. DAN

4.3.1. DINH NGHIA DAN

Dan la mdt loai k&t clu cling gbm cac thanh thang (khdng trong
luong) duge ndl véi nhau bang béan 18 0 dau thanh. Cac ban 1é duge

go1 1a nut hay mat dan.
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Khi nghién ciu dan ngudl ta bo qua trong lugng cac thanh, ma sat
d bén 18 va hic tae dung 18n dan chi dat tai cic nat.

Ta chi khao siat dan phang (cac thanh cing nim trong mél mi

] N N g . - - ~ o : " . N N
phang) va dan du thanh, tie 14 dan ma 1Ay &1 bat ky thanh nioe thi
nd khong con 1a k&L cau eting
Nguoi ta xay dung dan dua thanh bang cich lap mdl tam gide cg sd.
sau d6 ghép din hai thanh khae dé ¢6 mot tam giac méi. Do1 vél
dan ndy néu ¢6 m thanh va n nuat thi sy Jién hé gidia s6 thanh va s6
nut la:

m=2n-3

Mdi thanh cia dan chi chiu téc dung cia cac Iue dit 6 ddu mut va
can bang nén ching chi chiu luc kéo hay nén.
No1 dung chinh cia bai toan dan 1a tim luc kéo hay nén. Do tinh
chiit ciu tao, khi giai bai toan dan ta coi nhu da tim duge phan e

)

0 cac gb1 Lua,

Chi y: DE tim luc kéo hay nén tac dung 1én thanh ta tim ang luc
S chia thanh (tie 13 phan luc cua thanh dat 18n cac nat). Ung lue S di

ra khét ndt khi thanh chiu kéo va di vio nat khi thanh chiu nén.

4.3.2. CAC PHUONG PHAP GIAI BAI TOAN DAN

&) Phuong phap tdch nit

Nguvén tic cia phudng phap nay 1a xél ¢dn bang cac niat. M nut
chiu tac dung cua hé lue phang déng quy, ta ¢6 dude hail phudng
trinh e¢dn bang, nén ta chi tim dudge hai an 86 tai md nit. Do dé

dau 11én ta xét niat chi ¢6 2 an s6.
b) Phuong phdp mit cat

Ta tudng tugng cat dan lam hai phin bdi mot mat cit di qua ba
thanh cén tim dng lue va xét ¢dn bang cla mét trong hal phan av.
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Vi cac tng lue chua biét chiéu nén ta gid thiét chiéu cua dng luc
huéng ra khoéi vat khao sat (cor nhu cac thanh déu chiu kéo).
Lap cac phuong trinh cAn bing va gial dé tim dng luc. Bing cac
mat cit khac nhau ta s& tim duge Ung lye trong tdt ca cac thanh
cuia dan.

CAn luu ¥ rang vi hé lue phang chi ¢6 3 phuong trinh cin bing nén
mit cit khéng duge chita qua 3 thanh phal tim Ung luc (qua 3
an s6).

Vi du: Cho dan ¢6 lién két va chiu luc nhu ¢ hinh 4.5a. Tim tng
lue trong cac thanh 1, 2, 3.

a)y

Hinh 4.5

Bai giai: Cac lyce tac dung 1én dan (ngoai lue):
(P,2P.Y5,X,.Y,) ~O.
Trude hét tim phan lyc tai A va B.
X, =X, =0

SY, =Y, +Y;-P-2P=0 a)

Z M4 (}*':) =—aP - (a + acotg30®)2P + (2a + acotg30°)Yy =0
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Gii hé phuong trinh (a) ta co:
X, =0 Y, =127P: Yy = LT3P.
Cét dan bing mat cit di qua ba thanh 1, 2. 3. Xét phan bén trai.

Gih thiét céc thanh déu chiu kéo. C6 cic lye tac dung:

e e e it e

(P.X,,Y,.5.,8,.8;) ~0(hinh 4.5b).

Lap hé phuong wrinh cAn bang:
S me(F,)=—aY, —aS, =0
Z mg (jF:) = a8, + acotg30°P —(a + acotg30?)Y, =0 (b)
ZY;\, =Y, -P+8,sin30°=0

(i4i hé phudng trinh (b) ta thu dudgc:
8, =-127P; 8, = -054P: 8, =173P.

Nhu vay cac thanh 1, 2 b1 nén; thanh 3 chiu kéo.



Chuong 7
HE LUC SONG SONG
VA TRONG TAM CUA VAT RAN

ﬁ

Trong thuc t&, ta thuong gap hé lue song song. Mot vat thé trong
trusng trong luc duge xem nhu chiu tac dung ctia mét hé lde song
song 12 lde hut cua Trai Dat (vi thm Tral Pat ¢ rat xa). Trong
chudng nay, ta tim cach thu gon hé lye song song va dng dung no

dé tim trong tdm cua val ran.

§5.1. THU GON HE LUC SONG SONG

5.1.1. THU GON HAI LUC SONG SONG CUNG CHIEU

Bindi v: Thu gon hai lic song song cting chiéu, ta duge mot hop L
cithy song song va cuny chidu, cb cudng do b(:rnrf Ionv cwong do ¢ Ua
hai {we va dat tol diem chia trong doan thdang noi hai diem ddt

thanh doan ty lé nghich vdi cwong d6 hai luc do.

Chitng minh: Cho hai lyc F ﬁ, song song. cung chiu dat ta A, B

nhu & hinh 5.1, Dau tién ta phal ching minh rang hai luc F,.F,
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c6 hgp luc. Theo tién dé 2 tul 4, B diat thém hai luc T_‘{T_’; doc theo
AB va can bang nhau. Hop cac lue, ta duge @T 14 hgp lue ctaa F”l
va f; @ 14 hop luc caa P_'; va f . Nhu vay:

(F,.F,) ~ (Q,.Q,)

6;67 d6ng quy nén ¢4 hop hie, do do J?'IF: cling ¢6 hop lue.

0 7
I
————— g
—t \\
F
\\.
‘\\ -
~8 T
c I
b b
E
R
Hinh 5.1

Cdch tim hop lue: Trugt luc @@ vé diém dbéng quy O va phan
moi hge ra hai thanh phan nhu cd.

Hai lye F’;F‘, cén bang nén triét tiéu nhau, Nhu vay hop lue cta
—QI—Q_; cung chinh 14 hgp lue ¢ia hai lye F_';?'T; Hoap luc R dat
tai O va R=F\)+FYy, nhung vi F'\ =}T1; Py =F_"2 nén
B-F T,

Trugt lye R dé né c6 diém dat tai C nam trén AB. Xac dinh vi tri

diémn C trén AB. Tam giae OAC déng dang vl tam gide Aa'a nén
ta co:

il § (1)
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Tam gidc OBC dong dang vé1 tam pihc BbY nén:
B _T.
co F,
Chia (1) cho (2) (chu ¥ T, =T, ta oo
ca _F,
CB F|
Nhu vay C 12 diém chia trong doan thing AB thanh hai doan ty 18
nghich vii cuong dd cua hai lye.
Chii y: Vi tri cia C trén AB Khong phu thude vio phudng cia F
va F‘: . Néu quay E,F: quanh A, B thi theo cach lam nhu trén,

hop lue R van dat tai C (hinh 5.22).

y

A C B bg ¢ B
{ i AT:"
{ ! ?
i i
rF. ;
f ——
! R X, X. X, X
O
Hinh 5.2

C6 thé xde dinh C bing gidi tich: Vi C 13 diém chia trong cua doan

L. K C -
AB theoty lé 4= —F—“ nén theo hinh 5.2b:
1

o= ¥a _ :__F‘_i

Tinh ra. ta nhan dudc:

o = x )+ x5 F,
¢ F, +F,
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Tudng Lu ta cd:

_yaF +ypf,

Ye = F,+ F, _
. i {H. 1)
z B re,F,
2(‘ " [ p———
' F,+ F,

5.1.2. THU GON HAI LUC SONG SONG NGUOC CHIEU NHAU

Pinh Iv: Thu gon hai luc song song nguge chiéu va khde cudng do,
dioe mét hop lue ¢o cing phuong, chiéu vdi lice Ldn hon co cuong d¢
bang hiéu cde cuong dé va ddat tai diém chia ngodi doan thang noi
cde diém ddit ciia cde lie thanh nhitng doan ty 1é nghich véi cuong
dé cde lue.

Chitng minh (hinh 5.3): F, F, song song, ngudc chidu. dat ta1 A, B.

Cho F, > F,. Tai B dat thém F; ~—F.. Theo mue 5.1.1. ¢6 thé
tim duge mot lue R sao cho 1?; 1a hop lyce cua R v }7’—: te 1a

F, ~(RF,).

R

)

2]

F

Hinh 5.3

Theo tién dé 1 thi F, va F', cén bang nhau. do dé:

—_ —

(F,,F)~(RF, F)~R
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¢ lye da cho thu yé mét hgp hde R (hinh 5.3

Vi F, la hgp e cia R va F', néntacd:

AC _F,
AB R

F =R+ F',:

Bién d61 Lidp ta ¢o:
AC  F,
AB+AC R+F,

Vi F',=F, con AB+AC = CB nén:

CA F,
CB F

R=F -F,

Diém C nim ngoai doan AB.

Tugng tu nhu trén, ta xac dinh duge vi tri cua C (chiy %= b; 14

Ly 1& ngoa):
xAFl _xBFZ (52)
F,-F,

xC:

Chu y: Néu hai lyc song song, nguge chidu va ¢d cudng do bang
nhau thi tao thanh mdt ngau hic, ma ngdu lye thi khong b

hagp luc.

51.3. THU GON NHIEU LUC SONG SONG

—_—— —

Ta c6 he lye (F,.F,.. . F,) song song. cting chifu trong khong gian.
Tugng ty nhu d&1 vél hai lye. ta o kit ludn: hé lge song song cung
chidu c6 hop luc song song, cung chidu vai cdc lue, dat tal tdm cua

hé luc va co cuong do bing téng cudng db cac lye (hinh 5.4).
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80
R F
z AN
\ Y
N An
hY
. \
F, N
hY
AY
\ AY
ZF---- N R it NC
. Y
F. \ }:—:
\ ‘ A, N
Y
/7
\\l | \\} ¥y
A, I N
| X/ N
’ A,
L
)
________ Yo _ . __ -
X
Hinh 5.4

Toa d8 tam C ctia hé lue duge xac dinh nhu sau:

_ Zxka
2.5
zku}(
== (5.3)
Yc sz
.= szFk
o4 sz

Cudng d6 cha hop lue R=Y F,

Xe

Chii y:
« Diém dat C chia hop lue R khong phu thude vao phudng cua hé

luc song song.
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« N&u hé lye song song, c6 chifu LAL ky thi sé& co hop e ki
Z F, =0 . Toa d8 C cing duge xac dinh theo (5.3) nhung tong la
tong dai s6.

« Neu diém dit ena cac luc cung 6 trén moét mat phéng thi tim C
L ” o 2 e
cling nam trén mit phang ay.

§5.2. TRONG TAM CUA VAT RAN

5.2.1. DINH NGHIA VA CONG THUC TONG QUAT DE XAC DINH TRONG
TAM CUA VAT RAN

Trong Lam vat ran la difm dat C cta trong lugng P cua vat. Toa
dé C dude xac dinh:

IR 1 B Vo G
W @ (

Didu nay 6 thé gial thich nhu (5.3). M6l phan tii cua vat ran déu

Xo = Ye

bj Trai DAL hit vé tim bing trong lugng cua phén ta 4y P, . Thu

hé céac luc F’; song song cung chiéu ta duge hop luc Q clng song

song. cung chidu va ¢6 cudng do:
Q=27

Hap lue Q khéong phu thude vao vi tri vas, duge ddt tal tam C cha
hé Tue. Vi vay vat rén chiu lye hit cta Trai D4t bang mdt huc duy
nhit 14 trong lugng ctia vat va luén luén dat tai C.

5.2.2. TRONG TAM CUA CAC VAT DONG CHAT

a4) Khoi dong chiit

Trong lugng cia mdi phan wi P, =1V, do dé:



82 CO HOC LY THUYET - TAP 1: PHAN TINH HOC, BONG HOC

G =7V

trong dé: v - trong higng riéng cua chit tao thanh vau
V.- thé iich ctia phin ta k;
V - thé tich cta ca vat.

Pua cac gia tri vao (5.4), ta b

B fo;er A z}’;-.-vx.- ‘ B Zz.‘\'v‘-f{
=S e Lz =

X c=T v Z¢ (5.5)
b} Mt dong chat
X Zxksk Cy ZJ’;;S»; - Zz;.-sk 5.6)
A ==, ; = == .- - .
c g ¢ S ¢ 5
trong da: S, - didn tich elia phin ta k;
S . dién tich clia cd mat ma ta khao sat.
¢) Poan dong chit
X = Zka.R_" Yo = Z}.IJICLJ[\' e Zzﬁch (:_) T)
e L A 2.

Thuong cae vé& phai duge tinh bang tich phan.

523 CAC PHUONG PHAP XAC BINH TRONG TAM CUA VAT RAN
DONG CHAT

a) Phuong phip doi xiing

Né&u vat dong chit ¢d mot diem, mot true hay mot mat dor xing thi
trong tAm ctia vat & tal diém hay trén true, trén mat dd1 x{ing &y.

Chirng minh: Coi (m) la mat phiing d& xing cua vat. Chia vat
thanh nhiing cip phéan ti d& x@ng qua (1), Hgp trong lugng ting
cap d6 ta duge mot hé lue ma diém dil etin chiing nam teén mit
phéang (1). Hop lye ctia hé lue nay 1a trong lugng () cta vat, cung co
diém dat nam trén méat phéang (n). Trudng hop vat cb truc dé xting
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ta cling chitng minh tudng tu. Ta nhan xét rédng hinh chit nhat,
hinh elip, hinh tron... ¢6 hai true d61 xting (hinh 5.5). Trong tim
clia cdc hinh nay sé 1a giao diém cta hai true d6i xtng. Vi du trong
tdm cua hinh tron ¢ 1dm O.

b) ¢

Hinh 5.5
b} Phurong phip phin chia

C6 mét hinh phéng. Phan chia hinh thanh nhidu hinh nhd c6 trong
lugng ta da bidt, nhu vay:

_ zxksk oy = Zyksk
Zsk . Zsk

trong dé: x,, ¥, S, - toa dd trong tam va dién tich ca hinh phing
thit &.

xe (5.8)

D36t vér hinh khuyét ta
c6 thé xem l1a duge
ghép bdi hinh nguvén
ven va manh bo di dé
ap dung cac cong thuic
da biét (hinh 5.6). Véi
manh bo di, ta col nhu

dién tich cta né ¢6 gid
tri Am. Hinh 5.6
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Ap dung (5.8) dé tinh toa d6 Lrong tam cua hinh:

ﬁ_sl + x,(=8.)

Xp = (5.9}
¢ S +(-58,)
trong do: x,, S, tpa A6 trong tam va dién tich hinh nguyvén:
v, 8, toa 6 trong LAm va dién tich hinh bo di.
Gioi xp, S 18 toa d0 trong tAm va dign tich hinh khuyét, ta co:
xoS+x,8, x:S+x,8,
X, = — = =
‘ S+8S, S,
x, 8, =x.S+x.5,
Nhu viy:
xS, -x,8, x8 -x5, -
o = 2 _ (6.10)
¢ S S, - S,
5.2.4. TRONG TAM MOT 56 VAT THUONG GAP
a) Tam giidc
/ 8 A
Chia tam giac (hinh 5.7)
lam nhiéu Dbang song
song véi canh BD. Trong
tam cuia mdi bang nim AN GINANN
wrén trung diém cta né, / \ \
tie la trén trung tuyén B v %

AM. Vay trong tam cua

ci tam gidc & nam Lrén

duong AM. Tuong tu néu Hinh 5.7

ta chia tam giac thanh

nhiing bang song song vl AD, thi trong tam ctia tam gide s& nam
trén trung tuyén BN. Nhu vy trong tam cua tam giac sé la glao
diém eta cac dudng trung tuyén. Theo hinh hoe ta tinh dude:

CM = %AM G.11)
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b) Hinh chop

Capg bang phuong phap tuong ty, A3 vét hinh ehép. ¢o trong tam
g 21 24 g L, g

nam trén dugng SM ndi dinh va trong tim cua day thinh 5.8):

CM = ]ISM (5.12)

N

Hinh 5.8

c) Cung tron

Cung tron tam O, ban kinh R ¢6 db dai cung AB = L va gbe ¢ tam
2a. True x vudng gée vol day cung AB (hinh 5.9). Nhu vay wrye v Lo
truc dé xing nén Lrong tam C phai nim trén truc x.

- in - . 73
Phan AB thanh nhiing cung nho ab.
N » el ol 2 -3 " ~ - - K -
Goi Al 14 46 dai cua cung ab. Theo cong thite trong tAm cua dudng
dbng chit, ta cd:

ZJAE o
X —__...L . {(H.13)

- e 3= ” -2 [
trong d6: L = 2Ra , x - toa dd trong tam cua cung ab; N
x = Reoso: Al = RAp v8l Ap 14 gbe tam cua ab.
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Thay gia tri vao (5.13) ta duge:
ZRZ COSQPAD
h 2R
e T o B3
Véi ab nho thi 2, duge tinh bang tich phan:

R
Xp = o Z cos AP

R fu g
Xo = o cos pdp =

—{

Rsina

4 T - - ot > ~ x -
Néu « = 5 tite 1a AB bang nua dudng tron thi:

2R
s

Hinh 5.9

d) Hink guar

(5.14)

Chia hinh quat ra thanh nhdng hinh quat nhé va cé thé xem dé la
nhing tam gidc ma trong tam cla ching phan bd trén cung A'B’ ¢6

ban kinh R'= ER (hinh 5.10).

Ap dung cdng thitc (5.14) cla cung tron ta cé:

R'sino 2 sing

o3 3 o

(5.15)
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Néu o =

Hinh 5.10
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M

1. Trinh bay khai niém lye (dinh nghia, cic yéu LY xac dinb va cach
bidu dién luc).
Chtng t6 réng luc tac dung lén vat rin duge bidu dién bang vecto
trugl.

2. Pinh nghia hé¢ ldc tudng duong, hé lye cin bang, hop lye cua
hé lue.

3. Trinh bay tién dé 1 (V& hé hai lyc can bing) va tién dé 4 (Vé luc
tac dung va phan tac dung).
Phat bidu tién 48 2 (V@ su tuong dudng cua hé Tue) va tién dé o
(Neuvén ly hoa ran).

4, ‘Irinh bay Lién dé 3 (Quy tac hinb binh hanh). Phat biéu tidn d¢ 6
(Vé gial phong lién két).

5.  Dinh nghia vat tg do, vat khdng tu do, lién két va phan lye lién két.

Néu cach xac dinh phén ue lién két trong mot 50 ' lién két thuong giap.

6. Pinh nghia momen cua Jue dél vél mat tim va mdmen cua lue doi
v&1 mot truc, Viél céng thac biéu thi m, (ff) va m, (F) Trinh bay
¢ace tinh chét ctia ching.

7. Vit cong thite giai tich xac dinh mémen cua lye déi vO1 mot tam,
Phat bidu va ching minh dinh 1y lién hé gria momen et Jue do
vél mét tim va mdmen cta luc dol vl mét true di qua tam do.

Cong thice xae dinh moémen eua lue Ao va cie true toa do.
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8  Dinh nghia nghu lye va cac yéu t0 ctia nghu lye. Ngdu lye co phai
12 hé lye can bang khong? (6 hop huc khéng?

9. Trinh bay kbhai ni¢m vectd mémen negau lge. Phan bigt vl veetd
bidu didén lge. Dinh nghia s wdong duong cua nghu hyge. Néu cac
tinh chét.

10. Phat biéu va ching minh dinh 1y hgp hé ngau lyc. Phat bidu va
chimg minh dinh 1y dot lue song song.

11. Trinh bay vects chinh va mémen chinh caa hé lue khong sian ki
thu gon vé mol thm.

12. Phat bitu va ching minh dinh ly bién thién mémen chinh.

18. Trinh bay cac trudng hgp xay ra khi thu gon hé lge khong glan ve
dang té1 gian.

14. DPhat biéu va ching minh dinh ly diéu kién cin hang cua hé hje
khong gian. Viet cac phuong {rinh can bang caa hé lue khong U1,
T d6 suy ra cae phudng (finh can bing cia hé lye khong gian
song song: h¢ hue khong gian dong quy, hé luc phang, hé luc phang
30118 30N,

15. Trinh bay bal toan can bang cua din phzﬁng va vat lat.

16. Néu hai phudng phap gjar bai an he vat. "Trinh Lay bai toan s1éu
tinh va tinh dinh.

17. Phat bidu dinh luat ma sat trugt va ma a4t lan. Cach gidi bal toan
an bang khi ¢6 ma sat trugt. ma sat Jan,

18. Pinh nghia trong tam cna vat,



Vi DU TiNH TOAN, BAI TAP
VA HUGNG DAN GIAI BAI TAP
PHAN TINH HOC

I. Vi DU TINH TOAN

Vi du L1: Cho hé gdm cac lyc Pl P, P;;‘ P.l tac dung 1én hinh lap
phuong ¢6 canh 1 a nhu 6 hinh 1.1, biét P, = 10 kN, P, = 1 kN;
P,=4%kN;P,=11kNvdia=30cm=10,3 m.

1. Thu gon hé luc trén vé O.
2. Hé luc nay thu vé duge hgp lyc hay hé xo0in?
Bai giai:
1. Tatinh R va M,

2

R, =YX, =P+ Pcosds” =4~ 11— = 1176 kN
R,=>7Y, =P =10kN

, J2 .
R,=% 2, =-P,—Psinds"=-4 - 11—_- =-11,76 kN
! 2

R, = 0176 + 107 + (11,76)
R =194 kN.
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[
Fol=—aP,=-034=-12kNm

AN 4

M, = Z ",

s D) o)
M, = Zm\,(f“& - aP, + aP, \:— = O.B(PE + P, Q!
. I 4 2 i 2 /
[N
- 03] 4+ 11— = 3.82 kNm
\ 2

- 0
M, = Zmz(Fk ‘ =-aP, =-034=-12kNm
J

M, = M+ MY ML= (12 - (352)% + (~1.2)*

[T 0

M =39 kNin.

I
[
/l
.-'_..I a
P o
/ ! ?
; )
i b _ 4.
TR P Sy
P P,

Hinh L1

2, Tatinh A, ,ﬂ}u =RM, +R M +RM,

S

=11.76(-12)+ 10352+ (-11L.76).(-1.2y=352=0

Nhu vay ta thidy R',=0; M, +» Oma R' .M, = 0, nén hé luc
néu trén khang thu duge v8 hop lue ma thu duge vé hé xoin.

Vi du L.2: Mot tdm hinh vudng ABCD dong chil ning @ (V) duge git

cAn bang d vi tri nam ngang nhd sau thanh chéng.
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Xéac dinh dng lye trong cac thanh do trong lugng tAm giy ra,
néu cac dau thanh duge gan vao tdn va véi nén dat nho cac
ban 1é (hinh 1.2).

!

|

Hinh 1.2

Bai gizi: X6t can bang tdm hinh vuéng ABCD.

—

Thay cac lién két thanh bang céc tng lge S1. 82, Sy, 84, 85, Sq.

Céc lyc tac dung 1én tam [Q S, Sy, S:s. S-I, Ss, SG) ~
A
Chon hé toa d6 Axvz.
Céc phuong trinh can bang:
Z X, = S,c0815° -~ S cos45" = 0 (1
Y, = 8.sindb* =0 (2}

Z Z,= =8, 848, -~ 5,51n45H° + Sgsindd® - 851045 = 0 (3)

A
Zm,x [F;J =aS, +aS, - %Q + a8, sindh” =0 (4}

Zmy(ﬁ] =aS, - 2Q =0 (5)
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Zm:[F;\W = a8, cos4b" =0 (6)
7

T (6) ta c6 S; = 0 va tif (2) ta duge 8,=0
Thav S, = 0 vao (1) ta dudc S, =0
Tt (5) ta dude S, = %

Thav cac gia tri tim duge vao (4)ta ¢6 S, = 0. Tu (3) ta tim dudc
S, = Q2
Vi du L3: Mot hinh chi nhat déng chat nang 20 N gdn vao tudng
nh& ban 16 ciu tal A va ban 1€ tru tai B va dudc gid d vi tri
nam ngang nhd day CE bude tu diém C cua khung dén diém
E déng vao tutng trén duong thing diing qua A, trong 46
ﬁ = B//;;C' = 30°. Hay xéac dinh slic cang cua day CE vi phan
lue 8 A va B (hinh 1.3).

Hinh 1.3

Bai giai: Val xét can bang 1& khung chd nhat ABCD.

Cac hic tac dung lén vit gom trong lugng khung P si¢ cang cua

day T, phan lyc tai A 1a X,a Y4 ZA va phan lue tai B 12 XB,
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7 . D@ voi hc xién T ta phéan tich thanh ba lde thanh phan theo

e — —

ba true toa dé1a T, T,,T,.

f1é cac e tac dung 18n vit can hang:
B. Xy, Yo Zas X T)-0

C'ac phugng trinh cin hang:

X, =Xt Xy- T =X+ Xy - Teas30.sn30" = O (1)
SY, =Y, - Ty= Vo= Teosd0lcosd = 0 (2)
Sz, =Zyt Ly P T+ 7+ Zy— P+ Tsin30"= 0 (3)
S (T ) = 20T, + 207, -aP = 20Tsin0" + 202y ~AP = 0 ()
Sm, (7} = bp — 26T, = bP - 26Tsin30" = 0 &)
2 mz(ﬁ;) = 2aXy =0 (6)

T (6) ta cd X = 0. Tu (56 T=P=20 N
Tiy (4) ta duge Z, = 0. Thay vao (3) ta co:

Z, _P_1oN
S

TR (2 tacd ¥ = Teos 30" = 20% =15N

T (1): X\ = Teos30%.s1n30° = 20 \f}z —5d3 N

Vi du L.4: Cho hai thanh AC va BD ¢0 trong lugng P, va P, dude né v
nhau bang ban 1é 6 D. Chang dude lién ket vai taong bing ban
16 tai A va B, Tai C tac dung mét lue @ nghiéng vé1 truc dam
AC mdt goc 45° vo P,=P,=40kN va @ = 100 kN (hinh 1.42).
Hay xac dinh phén lue tai cac ban 18 A, B va D. Néu do din
thanh AC = BD = 2a.
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Hinh 1.4

Bai giai:  Day 1a bal toan hé vat nén ¢ thé ap dung mét trong hai
phuong phap gial. Nu ap dung phuong phap héa rin dé giii
thi coi toan hé nhu mot val ran va thay cic lién két ban 16 A

va B bing cac phan lic lién két X, Y., X, Y, . Khi d6 cac

Cac phuong trinh cin bang:

ZX,__. =X, +X, +Qcosdd" =0 (1)
ZYk =Y, +Y,-Qsind3" -F, ~FP,=0 (2)
ZmA (}_"';J =aX, - aP,sin80® — aP, - 2a@sindb” = 0 (3)

O dav ¢6 ba phuong trinh chtia bén An s nén ta phai 1ap thém
phuong trinh c¢in bang.
Ta xét can bang BD. Cac lue tac dung (hinh 1.4b),

P, X, 5. X, Y,)-0

C4c phuong trinh can bing:
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SY, =Yy +Y,-P.=0 (5)
S mp(F; ) = Pyasin60 - ¥,2a5in60° + X,2acos60° = 0 ©)
Gi4i cae phuong trinh nay.
Tii (3) ta cb:

X, = P, + P,sin60° + 2@s1n45”

J3 V2

X, =40+ 40391 + 2100 = 916 AN

Thay X, vao (1) ta cé:
X, = —Qcosds’ - Xp= - 100‘/75- ~ 216
X, = -286.7 kN.
Thay X, vao (6) ta cb:
P, X 60°
Yy = -2+ Xpeosb0T _ 44 7kN
2 sin 60°
Tet (2) ta co Y, = Qsind5° + P+ P, - Yy = 6 kKN
T (4)
X,=X;=246 kN
T (5)
Y“ = P-_;. - Y;_; = 40 - 144,? = —104,7 kN
Vi du L5: Cho hai thanh AB va BC lién k&t voi nhau va véi tudng bang
ban 18 tai A, B va C. Tai B tac dung tai trong @ = 10 kN
(hinh 1.5).
Xac dinh @ng lic trong cac thanh, néu bo q'ua trong lugng céc
thanh, biét o = 60° va = 30°.
Bai gigi: Vi bo qua trong lugng cac thanh va d4u thanh 13 cac ban 1€
nén tng lye hudng doc theo truc thanh. Xét can bang nut B

ta co;
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Cac lye tae dung (@ ;w., S;f) ~ {0
Cac phudng trinh cAn bang:
> X, = Spo = Suucos60° = 0 (1)
DY, =-Q —8,,sin60" = 0 (2)

Giai cac phuong trinh (1) va (2) ta cé:

IIT_ b
Te @) 2 8, = -9 =—-10kN: S,y = 22 kN
2 AR - AR J§

Tfl' (1) taco SH(‘ = SAHCOS6(]“ = _—ZO ‘1— = 10 kN

B2 B

T

TIITIIITII T

FIFTrrrra T Iy

T

Hinh 1.5

Cac tng luc ¢6 déu (-) chiing t6 chiéu ctia Gng lue phai 18y ngude
lai. Theo quan diém xét kéo nén thi néu ta guy ude thanh chiu nén
thi tng luc ed diu (-}, con thanh chiu kéo thi tng lue 14y dau (+).

Vi du L6: Cho hé sdu thanh duge néi véi nhau bang ban 18 § dau cac

thanh. Cacluc P, F duge dat tai cac nit A va B,
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Hay xéc dinh dng luc trong cic thanh néu ta bd qua trong
luigng céc thanh va kich thude cho ¢ trén hinh L6.

Bai pidi:
5 1, Xét ¢in bing nut A:

Cac lye tac dung 1én mit A (Ei Sup Sip, SAG) ~ 0. Chon hé
truc nhu ¢ hinh 1.6 va lap cAc phudng trinh can bang:

Z X, = Suu + Spgeosa.sinP =0 (1)
ZY;,, = S geosa.cosB = 0 )
Z Z, =Swn- P-8.,sna=0 (3)

Tit (2) ta 6 S, = 0 thay vao (1) tacd S,z = 0. T (3) ta c6 8,y = P.

5 ¥

S ’I

—_ B EFf | &8

Fo NS h
S

Hinh L6

2. Xét cdn bang nut B.
Céc lue tac dung 1én nit B:
(F. Sho» Sap» Spse S'pa )~ 0 ma S5 = S
Chon hé truc nhu hinh 1.11.6 va lap cac phudng trinh cn bing
Z X, = -8'ys —Sppeosy =0 | (4
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ZYk =F -Sg:=0 (3)
> Z, =-Sye - Sppsiny = 0 (6)
Tu (4) tacd Sypeosy = Sy =8,,=0:8,,=0
Thay vao (6) Sy = 0.
T B tacdSyy=F.

Vi du L7: Xac dinh cac phan luc cla g8l tua va dng luce trong cace thanh
1.2.3vad4caadannéu F=4 N va P=1 N (hinh [.7a).

Bai giai:  Trude tién ta xac dinh phan lde d cac géi tua. Ta xét can bang
cua toan bo dan. va thay cic lién kél tail cic g61 tua A va B
bang cac phan luc lién két.

Hé cac lue tac dung 1én dan
(}_1‘:’ lf_A-‘ z: }_;;'r E)m O

Chon hé truc nhu hinh I.7a va lap céc phudng trinh ¢éin bang:

> X, =X, +P=0 (1)
ZYk =Y, +Y,-F=0 (2)
Zmﬁ(ﬁ_”k)ISaY,,waP —afF =0 (3)

To(tacdX,=-P=-1N.

il

T (3) tacd Yy %(F - P)y=1N.

Thay Yy vac (2) tac6 Y, =4 - 1= 3N.

Mudn xac dinh Gng luc trong cée thanh 1 va 2 ta xét can bang nat
B khi chiu tde dung cua Y, va cic (ng lue trong cac thanh 1 va 2
13§ va §, . Khidstace [v,. S, 8, ) ~0.

Chon hé truc nhu hinh 1.7b ta cé:

> X, =-8,-8,0815°= 0 (4)
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Z Y, =Y, -S.5n45"= 0 ()

TU(Bylacd Yy = S, LN S, =J2Y, =2 N

J2
9

Thay 5, vio (4) ta duge §, = - S, =—-1N

Dé tinh duge (ng lue trong cée thanh 3 va 4 ta x6t can bang tai
nat .

Cac Iye tac dung [S—‘z S, ?) ~ 0,

a2 I

Hink L7

Chiéu 1é&n cée truce toa do da chon (hinh 1.7¢):
> X =8.8n40°- 8, =0 (6)
Z Y =8,+ 8'c0s45° = 0 (7
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T (6) ta c6 S, 2\—/2:::\32\/5‘—11\1&?18 =8,=42 N
Thay vao (7) ta duge 8, = —S'zg =-1N.

Vi du 1.8: Mot thanh thdng AB chiéu
dai { trong lugng P. Dau A
tua 1én mat phing niam
ngang, con di€ém C tua lén
blic tudng thing ditng ¢é

chiéu cac a = -é— (hinh 1.8).

Tim gi tri nhé nhat cia hé
38 ma sét trugt gida thanh

M
>

!

AB vA mit phing ngang A

3
E

khi cadn bang, néu géc
Hinh 1.8

nghiéng gita thanh va mét
phing ngang la o = 60",
Bii giai:
- Xét ¢an bang clia thanh AR,
- Cac lyc tae dung:
Luc da biét : trong lugng f’ cua thanh.

Céc phan lue: tai Cla R, ¢6 phuong vuing géc vér AB va phan luc

phap tuyén N_— lye ma sat tal A 13 F”f‘. Khi dé ta ¢é
[P N, .F- E"]

nms?
Cac phuong trinh c¢an bang:
Chon hé truc toa d6 nhu ¢ hinh 1.8,
ZX’* =F2 - Resina=0 (1)
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z Y, =N4— P+ Recoso =0 ()
— l o
ZmA(FA,): _PT)' cosae +AC.R, =0 (3

Didu kién can bang khi c6 ma sal
TS

max
F, < F™ = fN,

Dodé F..=Risina< F"™ =fNy= f(P -Rycosax)

s

.- ) [ 1
T (3 tacd B, = P—cosot —
2 AC
. a { . Picosa .
ma AC = — = — nén R. = ——— = Peosasinu
sinoe 2sind o {
2sina

R, sina < flP — R.cosa)
Peosa.sing.sing < (P - Peosa.sino.cose)f

Peososin®a < fFP(1 - cosa.s1na)

cosa.sin® a
[z

1 — cos” a.sina
Khi thay o = 60° thi £ 0.48,
Vi du L9: Tim gdc nghiéng a gita mat phang nghiéng khong nhan v

phudng ngang dé khéi tru trong lugng P ban kinh R khong lin
xudng dudi (hinh 1.9). Cho hé 48 ma sat lan bang k.

Bii gii:
X6t can bing khéi tru.
Cac lue tae dung;

(-P'-‘ Nﬁ? ‘Fm.s"- Ml - U
Chon hé true O,xy nhu hinh 1.9,
Céac phuong trinh can bng:

ZX}\, = Psing - F,, =0 (1)
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ZYk =N -Pcosa =0 (2)

ZmA(F;) =M, - R.Psina = 0 (3)
Diéu kién cdn bing khi cé ma sat lan:

M, < M]™ = kN *
T (2) ta c6 N = P.coso. T (3) ta co:

M, = R.Psina < M™* = kN = kDcosa.

nghia la K. Psino < kPcosa hay tgo < —;; :

Hinh 1.9

Vi du L.10: Truc van chiu tac dung clia ngiu luc ¢6 mémen M = 100 Nm.
Ngudi ta ldp banh ham ban kinh » = 25 cm vao truc. Hay tim
xem ma phanh can phai ép 1én banh ham mét e @ ¢hinh 1.10)
bang bao nhigu d€ né nim yén, biét riing hé s6 ma sat tinh f
gilla ma phanh va banh ham bang 0,25.
Bii gidi: Xét can bing banh ham.
Vi déi xting nén lyc ma sit d ma phanh hai bén bing nhau

F,.=fN, maN=@Q.
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Hinh 1.10

Céc Iyc ma st tao thanh ngau lyc.

Dé banh ham ndm yén thi:
S m, =2rF., ~M=0

hay 2rf@ =M
orf  2.0,25.025

Q = 800 N.

Il. DE BAI TAP

HE LUC KHONG GIAN

Thu gon hé lyc khdng gian

h cia hinh lap phuong ta cac dat cac lyc theo phuong

Baj IL1: Tai cac din
cua cac canh & nhu hinh IL.1. Cac e Fx Fi Fu, _I:;l E‘;) Fy

phai thoa mén didu kién nao dé ching can bang.
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B

Fe

I
I
I e
| F. a
I ——
| Fs

/ y

V'
r4 g a
Fa
FEL7 a

Hinh 1.1

Bai IL2: Theo ba canh khéng cat nhau vi khéng song song vdi nhau

cia mdt hinh hép chd nhét tic dung ba hic P bang nhau
(hinh I1.2). Phai c6 hé thic nao gitia céc canh a. b, ¢ dé hé thu
vé hop lue.

2 B

|

|

|

|

(o]
/P‘: . Y
4 P
s
a
b
Hinh I1.2

BaiI1.8: Ba lue P, P:, P3 nam trong cac mit phang toa dd va song

song vdi cac truc toa do, nhung co thé hudng theo phia nay
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hay phia kia. Nhing diéim dat luc A, B va € nam céach goc toa
dd nhing khoang cho trude a. b v ¢ (hinh 11.3).

- (34 Lri cta cac lye nay phai thoa méan diéu kién gi dé ching
thu vé hgp luc? Cac gia tri cta luc phai thdoa mén diéu kién gi
dé tén tai truc x0an di qua gbe toa dé.

Z
¢ B
- b
[&]
2
B y
m
/ P
X
Hinh 1.3

— — —

Bai II.4: Cho cac hic ;’1, P., Ps. Py tae dung 1&n céde canh cha mét
hinh hép chit nhat 6 cae canh bang 3m. 6m, va 2m (hinh
11.4). Biet P, = 2 kN, P, = 3 kN: P, =4 kN; P, = 5 kN. Hay thu
gon hé lyc nay vé tdm O.
Hé luc nay ¢6 thu dude vé hé xoan hay khong?

125.'

2m

.TJI

E;/ 3m
s

&m

Hinh i1.4
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Bai IL5: Taibon dinh A, H, B va D ctia mét hinh lap phuong ta dat bén
lue bang nhau P, = P, =P, = P, = P trong dé lue P, hudng theo
AC. P, hudng theo HF. P, theo BE va P, theo DG (hinh IT.5).
Hay rat gon hé lue d6 vE dang don gian.

F _ a }56"
- P
I —r
| P,
a g
~ |
~
- — yg - - — 1 . _
Pz —
a P,
- a
P
Hinh iL.5 Hinh 1.6

Bai IL.6: Tai cdc dinh cua hinh lap phuong cé canh a = Sem ta dat 6 lue
bing nhau nhu trén hinh 116, mbi lge biang 2 kN, Hiy thu
gon hé lyc nay vé dang don gian.

Can bang cua hé Iyc khéng gian

Bai IT.7: Cho hai huc ;' va é

w Q)

tac dung 1én hai nuat C
A va B cua hé khung /”ﬁ’
cd kich thude va lién :
k¢t nhu ¢ hinh II1.7. 7 |
CacnatA, B.C,Dva A ,,.é},,D @
|
|

E déu la ban 16, Hay |45
xde dinh dng luc 1 E
trong cac thanh néu |
|
|

ho qua trong ludng
¢cua thanh. e

____J__
I
I
L

Hinh 1.7
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Bai IL.8: Mot can truc dit trén xc tdi 3 banh A B.C.ChoAD=DB =
CM = 1m: CD = 1.5m. KI = 4m. Can truc dugc git cdn bing
nhd 4ol tucgng F. Trong higng cAn truc cung déi trong bing 10
kN dat tai diém G trong méat phang LMNF cich truc MN mot
khoiang GH = 0.5m. Vit ning @ ning 3 kN (hinh I1.8).

Hay xac dinh dp lye cda cac banh xe lén dugng ray trong
truong hgp mit phang LMN cua cdn truc song song véi AB.

4m

o]

Hinh i1.8

Bai IL9: Thanh ngang OC 6 trong lugng P = 100 N, da) 2m, chiu tac
= =

dung cla ngiu luc | Q€' | nim trong mat phang nam ngan
) g

Luye Q = 100 N, canh tay don EF = 20 cm. Thanh duge gid 3 vi
trf nan ngang nhd ban 1€ cau tai O v61 hai dav AB va CD. Biév
OB = 0.5m. Hay xéc dinh phan luc tai O va sic cang cud cac
day khi thanh can bang (hinh IL.9).

Bai I1.10: Mot tAm phéng hinh chd nhat ddng chit trong lugng @ dude

il cAn bang trong mit phing nidm ngang nhd hai ban 1& tru
A B va day treo CD (hinh I1.10).

X4c dinh phan Iuc tai A. B va sic cang ddy CD, néu g = 60 cm:
b =40 cm: ¢ = 50 em: o = 30° va @ = 4 kN.
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[CELELR IRy

—

Ql
8

—-—7F
/ Cvy
E

Hinh i1.9

Hinh 1.10
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Bai IL11: Xac dinh ung lyc treng 6 thanh 48 tim phang hinh vudng

ABCD khi tac dung ldc P nim ngang theo canh AD. Kich
thuée cho trén hinh I1.11. Bo qua trong luong tam.

8

Hinh I1.11

Bai 11.12: Trén truc AB nim ngang ngudi ta ein vao banh rang C ban
kiph R = lm va banh rang nhé D ban kinh 7 = 10 em. Cac kich

thuée khae cho trén hinh 11.12.

Hinh 1.12
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Theo chiéu tiép tuyén cla banh rang C ta dat luc nim ngang
P = 10kN; con i banh rang D cling theo chidu tiép tuyén ta
dat luc thang dung Q. Xac dinh luc & va phan lue tai céc 6 do
A va B khi hé can bing.

Bai I1.13: Ngudi cong nhan nang déu tai trong @ = 80 kN nho mot cai
to1 nhu trén hinh IT.13.
Ban kinh cia tay quay R = 5 em: do dai tay quay AK = 40 cm:
AC=CB=50cm.
Xac dinh ap lyc P 18n tay quay va ap lue clia truc gia lén géi
twa A va B trong truong hgp tay quay AK nim ngang, luc P
th agmg diing,

Hinh 113

Bai IL14. Mgt tdm phing déng chdt ABCD trong lugng P(N) o6 dang
hinh 14p phuong gén chil xudng dat nhd 6 thanh (hinh II.14).
Xac dinh Ung luc trong cac thanh giy ra bdi trong Iuidgng cia
tAm néu cac diu thanh gin vao tAm va vio cdc cbt bidn co
dinh nho khép cAu.
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Hinh I1.14

Bai I1.15: Neudi ta quén sgi day gitt tai trong @ vao truc AB ctia mdt cal
14, Ban kinh clia banh xe C gin vio truc 16n gap 6 lan ban
kinh cta truc. Cac kich thude khac néu 8 hinh I1.15. Mot sgi
dédy khac quin quanh vong tron banh xe kéo cang bdi tai trong
P = 6 kN va ddi khéi banh xe theo ti€p tuyén nghiéng v41
phuong ngang mét goc o = 30°

Xéc dinh trong lugng € va phan luc ¢ 8 truc A va B khi gia cédn
bang. Bo qua trong lugng cua truc va ma sat & rong roc D.

0,5m 1m 0.5m

Hinh .15
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HE LUC PHANG BATKY
Can bdng clia mot vat

Bai IL16: DAm nim ngang cta mdt ¢an céu ¢ 6o dai l duge gén khdp g
mot ddu A, con déu B duge treo vao tuong nho day BC. Goc
nghiéng gitia day BC va dam la o Tiai trong P c6 thé di
chuyén theo dim, vi tri cia n6é duge xac dinh bang khoang
céach bifn thién, tii né dén khap A (hinh 11.16).
Tim sic cang ctia day BC phu thude vao vi tri clia tal trong.
B& qua trong lugng cua dam.

%:AEI I é,
X —_—
=

Hinh 116

Bai I1.17: Ngau luc [P, P'] tac dung lén dam céngxon hai dau niam

ngang. T4l trong phan bd déu 1én diu congxon bén trai va ai
trong thing ding @ tac dung tai diém D cha mut thia bén
phai ciia ddm (hinh I1.17). Hay xac dinh phén lyc tai cac gb
tua A va B, n€uP = 1kN: @ = 2kN:g=2kN/mvaa=08m.

—

g — Q

Pl
———T
C{[[{l B D
A m
,AF” = ,,%
a 4 a —_—r ' a L

Hinh 1117
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Bai IL18: Dim AB gan ban 16 tai g6 tua A va d4t trén con lan tai dau B. Tai
diém gifia cha dam téc dung e P = 2 kN nghiéng 45° vdl truc
didm. Tim phan lyc & cac gl tya trong cac truong hop (@) va (b).
Céc kich thude cho trén hinh IL.18. Bé qua treng lugng dam.

|

—P
=y

Al_
ﬂ'%} 450

&)
3
ro
3

Hinh i.18

Bai I1.19: Mot ddm congxon chiu tac dung cha ldc P, nghu luc cb
mémen M va tai trong phan b tuyén tinh vo1 cuong dd cuc dai
la g, (hinh 11.19). Hay xéc dinh phan lyc cia ngam A, néu
a= lm:P=8N:M=16 Nm; g, = 2 N/m; a = 80°.

Vo5 G
4 a>\ M

LE It

L y 1 ‘:-/l' x
7 2a l 2a l 3a_ |

.

Hinh 119

Baj I1.20: Hai tai trong thing ding nhu nhau P = 100 kN dit tai cac
nit C va D cha dan cdu nhu trén hinh IL.20. Cac thanh
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nghiéng déu ldp vdi phudng ngang goc 45°. Hay tim 1ing hic
trong cac thanh 1, 2, 3 va 4 do cac tai trong gly ra.

S

A c
E A P
|

Hinh 11,20

Bai I1.21: Cac luc P va @ hudng thing ding xudng dudi tac dung lén

cic nul C va E cta mdl dan (hinh 11.21).

el

Hinh i1.21

Xac dinh phan lue lién két tai A, B va {ng ldc trong cac thanh,
; . — ——

bé qua trong higng cic thanh, Néu CAF = 90" va DEF = «;

AF=—EF—aq.

Can bang cla hé vat

Bai I1.22: Xic dinh phan hie tai A, B, C va D cta hé diam chiu 1ai ¢6
kich thude cho trén hinh 11.22. Cho biét P = 4 kN; g = 2 kN/m.
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O

q
Aﬁ@\f WHI
i s

| 8m_ | 2m | 5m

- ©

5m |

Hinh 11.22

Bai I1.23: Hai thanh DE va FC néi v6i nhau bang ban 1€ va noél voi
thanh AB bing ban 18 tai E vd F. Thanh AB ¢6 litn k&t ngam
tai A. Hé thanh chiu tai nhu trén hinh 11.23. Hay xdc dinh
phan lyge tar C va mbmen ctia nghu lge tal ngam A, Cho
g =0,6P/1L

4

Hinh 11.23

Bai I1.24: Cho hé thanh cé lién k&t nhu hinh 11.24. Xac dinh phan lue
taiA. Bva C,néuP=5kN: M =30kNmig=09 kN/m.
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5m

Hinh 1IL.24

Bai I1.25: Cho hé thanh cé lién két nhu trén hinh IL.25. Xac dinh phan
luc lién két tai A, B va C, néu P, = 14 kN; P, = 12 kN:
g = 0,9 kN/m; M = 20 kNm.,

q

TWWLJ

L 2m 1m 2m 4@45]
o

Hinh 1.25

Bai I1.26: Trén mit phing ndm ngang nhén ngudi ta dung mot thang
kép gbm 2 thanh AB va BC ndi vél nhau bang ban 1& B va sai
day EF. Mbi thanh c6 trong lugng P = 120 kN va chiéu dai
!/ =3 m. Tai diém D cach B 14 0,6 m cé mdt ngudl trong ludng
Q = 720 N ditng (hinh 11.26),

Xac dinh phan luc ¢ A, B, C va suc cang cua day EF, biét
AE=CF=1m.



BAI TAP, VI DU VA HUGNG DAN GIAI PHAN TiNH HOC 119

brrra st L e 77, TITITI I AT

Hinh If.26

Bai I1.27: Mbt chiéc ciu gbm hai phéin néi véi nhau bing ban 1¢ A
Trong lugng m&i phan 1a P = 40 kN va trong tdm cna chung la
D va E. Trong tai dal trén cAu la @ = 20 kN. Kich thude xem
trén hinh 11.27. Xac dinh cac phan lyc tat A B, C.
,1m], 3m Tmi 4m ﬂﬂT
D@
7

= &
7

4m

Hinh 127

Bai IL.28: Thanh ABC va CD lién két v41 nhau bing ban 18 ¢ C. Ta1 A la
lidn k&t ngam, con tai D 1a gb tya di dong. Phin AB chiu tai
trong phan bd déu c6 cuong do g va nglu huc c6 mbémen M. Tai

diém gitla cta CD c¢6 lyc P tac dung vudng gée vii thanh
(hinh 11.28). Xac dinh phan lyc A va D, bict P = H00 N:
g = 200 N/m va M = 400 Nin. '

q

B ~M

4m

Hinh i1.28
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Bai I1.29: Cho vom 3 khép ABC c6 1ién két va chiu tac dyng cla cac luc
nhu trén hinh [1.29.
Xac dinh phén luc lién két tai A, B va C, biét P = 12 kN,
Q="7kN.

Hinh {129

Bai IL30: Cho ba thanh AB, CD va KE khéng trong lugng lién két véi
nhau bing ban 1& E va thanh BD (hinh 11.30).

f-'q

LCTERTTINY

2m

Hinh 1130

Xac dinh phén luc tai A, C va ndi luc trong cac thanh BD va
EK, bist M = 10 kNm; ¢ =2 kN/m; ED = 1 m; AB=CD = 4 my
AC=BD=2m; ﬁ= 30°.

Bai I1.31: Thanh CD ngam vdi tudng thang ding tai C va dd thanh AB
ndm ngang. Hé chiu tac dung clia cac Jue va ¢6 kich thude nhu
trén hinh 11.31. B4 qua trong lugng cac thanh.
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Xac dinh phan luc tai A va C, bigt @ =8 kN; M = 10 kNm;
g =2kN/m; o= 30" B = 60% AB = CD=4m.
aq

Ll

TR LLLLLLLTCLULULCELEERATT AL

Hinh 11.31

Bai IL82: Thanh dng ch&t AB = 2! trong lugng P co thé quay quanh A.
Thanh nay tua l1én thanh déng chét CD = 21 trong Jugng P va
quay quanh truc ¥ di qua diém giga cia CD. Tal nut D treo
vat nang c6 trong lugng Q = 2P. Diém A va E cing nam trén
dudng thang ding va AE = ! (hinh 11.32).

Hinh .32

Xac dinh géc ¢ gitia thanh AB va AE Kkhi cAn bang. Bo qua ma
sat gitia cAc thanh.

Bai [1.83: Cho vom 3 khép ABC ¢6 1ién két va chiu tac dung cua céc Juc
nhu trén hinh 1I.33.
Xac dinh phan luc 3 A, B, Cvaang luc cia EF, bigt P = 20 kN;
@ =18 kN.
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Hinh .33

Cén bang cua don va vat 1at

Bai IL.34: Nép bao hiém A clia ndi hai duge néi véi don by déng chit
CD = 50 cm, nang 1 N va ¢6 thé quay quanh truc cd dinh C.
Dudng kinh cia ndp d = 6 cm, canh tay don BC = 7 ¢m
(hinh I1.34).

c 8 D
[[A
T
d _ Q
L
Hinh 11,34

Cén phai treo vao dau mat D cha dop bay mot tdi trong &
bing bao nhiéu d& nap tu md ra khi ap luc trong ndi hoi bang
11 at (coi 1 at = 10 N/em?.

Bai I1.35: Mot chiée don ABC, c6 thé quay quanh A duéi tac dung cua
cae lye P, = 100 N: P, = 150 Nu P, = 200 N (kich thudce xem
trén hinh I1.35).

Hay xac dinh luc @ can thiét 38 don cAn bing va gla tri cua
phan lue tai ban 18 A. Bo qua trong lugng don.
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y
c
7K
%ff
e
B
R

RSN

DA x

R
10 10

Hinh 11.35

Bai I1.36: Hai thanh AB va OC ¢6 trong lugng 2p trén mét don vi dai
dudge géin chat véi nhau dudi mot gée vubng tai diém C. Thanh
OC cb thé quay quanh truc nim ngang qua O v6i AC = CB = a:
OC = b (hinh 11.36). Tai cac diém A va B treo cac val nang co
trong hugng P, va P, vé61 P, > P,.

Hinh U.36

Xac dinh goéc nghiéng « cua thanh AB véi phudng nam ngang
tai vi tri can bang.
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Bai [L.37: T4m chin ch@ nhat AB ctha kénh tudi rudng cb thé quay
quanh truc 0. Khi mye nudc khéng cao tAm chan déng lai.
Nhung khi muc nude dat téi do cao H thi tdAm chén quay
quanh truc O v md kénh (hinh IL.37). Bo qua ma sat va trong

lugng t&m chén.

Xace dinh dd cao H dé kénh md duge.

Bai I1.38: Mot u dat tua
vao bic tudng da thang
ding AB. Cia thiét ap
lue cha dat 18n wuong
hudéng nam ngang dat
tai 1/3 chiéu cao cta nd
va bang 60 kN/m (trén
mdét  mét chiéu dai
tuong). Trong lugng
riéng cua Ludng da bang
20 kN/m’. Tim bé day
cAn thift c¢ha tuong
{hinh I[1.38).

Ghi chi: Can dy tinh
twong lat nhao quanh
mep AD.

JAaiaaa T SR

Hinh 11.37

yi

Hinth 11,38
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Bai IL.39: Mét thip nude gdm mot bé chiia hinh tru cao 6 m dudng kinh
4 m gin trén bén ot dat d&1 xing va nghiéng so v phuong
nam ngang. Day bé nam ¢ d§ cao 17 m trén muc cac g61 tua,
Trong lugng cua thap la 80 kN: ap luc gi6 duge tinh trén dién
tich hinh chiéu cua mat bé 1én mat phang vudng goc voi
hudng gi6, trong d6 ap lic riéng cia gié bang 1,25 kN/m®. Hay
xé4c dinh khoang cdch cAn thiét AB gitia cac chén cot.

Ghi chii: Khoang cich AB can duge du tinh ki théap lat nhao
do 4p luc g16 theo hudng nam negang hinh 11.39).

r 4m
g .

17m

1A

Hinh 11.39

Bai I1.40: Trong lugng cua cln cau di dong, khéng ké d6i trong 1a Py =
500 kN tac dung theo hudng thing dLIng cach duong thang
qua ray bén phai A Ja 1.5 m. Tai trong cAu P, = 250 kN méc
vio xe tdi. TAm vuon tinh ti dudng thang dimg qua ray phai
14 10 m. Hay xac dinh trong higng nhd nhit @ va khoang cach
16n nhat x ti trong tam déi trong dén dudng thang diing di
qua ray trai B d8 cho caAn cau khéng bi lat vdi mol vi tri cua xXe
t31 khi ¢& chiu tai ciing nhu chua chiu tai: Bo qua trong lugng
riéng cua xe toi (hinh 11.40).
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I
|
I w—
‘ I C R
\ I 1.5m
,;I._x_+ |
| P !
| \ I
I | 10m 1
i
1 ' !
i |
I
BF
FREIEAEY Jf!l!lt!f{lt!!lt!?fl!!!l!ll rtrtsiiid
Hinh I1.40

Hé Iyc phéng déng quy

Bai IL41: Xa ddng chat AB da1 2 m, nang 5 N, tya dAu trén A vao tudng
tron thing dung. Day BC bubc vao ddu dusi B cua xa
(hinh II.41). Tim xem c&n phai budc ddy vffc)ﬁl‘;li&mg 4 khoang
cach AC bang bao nhidu dé xa tao thanh BAD = 45° 0 trang
thai can bang? Tim sitc cang T cua day va phan lue R cta tuong

tal diem A.

C

A

g

|

Hinh i1.41

FA AT A Cra L FrrEre

Hinh i1.42
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Bai 11.42: Mot cAn ciu gom co thap ¢ dinh AB va dan dong BC. Dan ¢6
khdp ban 1& C va duge gitt bing day cap AB (hinh I1.42). Ta1
trong P = 40 kN treo trén dav xich vét qua rong roc tal diéin B
va rang vao toi theo dudmeg thang BC. D¢ dai AC = BC. Bd qua
trong lugng dan va ma sat ¢ rong roc. Xac dinh slic cang T caa
day cép phu thudc vao ﬁ =0

Rai I1.43: Cho mét hé gém 3 vom 3 Khdp. cie kich thude cua ching c¢ho
trén hinh 11.43. Hay xac dinh phan lyc cua céc gditya A, B, C
vi D xuft hién khi thc dung hyc ngang P.

H G E

— A T T

P | 1 b
| | 1
| | 1

A e e =V - - B___._|___. C____|____ 3
[ a | _a a__| a a | a
Hinh 11.43

Bai IL44: Mot soi day CAEBD vit qua hai rong roc nhé khong dang ké
A vd B nam trén mot dudng thing nam ngang AB = [
(hinh 11.44). Tai cac ddu mut C va D cta sgi day cb treo cac
qua can, trong lugng méi qua can 1a P, tal diém E treo qua can
c6 trong lugng Q. B3 qua ma sat tai rong roc va trong lagng
day. Xac dinh khoang cach x tit didm E dén dudng thing AB
tal vi tri cin bang.

Hinh i.44
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Bai IL45: Cin cAu hang BAC nédng vat nang Q = 2 kN bang day xich
vit qua ca(' rong roc A va D. Réng roc D gén chat vao tudng
840 cho CAD = 30° (hmh IL.45). Géc gida cac thanh clia cin
cAu ABC = 60" va ACB = 30°.

Xac dinh ung lyc 8, va S, trong chc thanh AB vA AC.

Hinh .45

Hé luc phéng song song

Bai I1.46: M5l cau congxon gdm dan chinh AB va hai dan bén AC va
BD. Trong lugng riéng Ung v6i mot mét dat cua dan AB bang
1.5kN, con déi véi dan AC va BD bang 1 kN (hinh 11.46).

Xae dinh phan lyc cua 061 tya tai thai diém khi toan bd nhip
bén phai FD chiu tai cha doan tau cé trong lugng 3 kN trén
mot mét dai, cac kich thude tuong tng bang AC = BD = 20 m:
AE=FB=15m; EF =50m.
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20m 15m

50m ., 15m 20m

PP
p -3
m

Hinh iL.46

Bai I1.47: Dadm AE va EB n6i vdi nhau bang ban 18 tai E. Ddu A dﬁc_ic
ngam vao tudng, con ddu B tua trén gdi di déng. Ddm chiu tai
clia ¢dn cAu ning @ = 5 kN mang thém tai trong P = 1 kN tdm
vuon MN = 4m. Trong tim ctia c&n cAu ndm trén dudng thing

diang EM, cac kich
luong ctia dam. Xac

thudce cho trén hinh I1.47. B6 qua trong
dinh cac phan lye tai cac diém A va B khi

cAn cAu cAn béng nidm trong cung mat phing thing ding véi

dam AB.
E "'](f 4m N
|
; 7
1A L B
E E
im|1m
3 4m 8m

Hinf 1147
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Baj I1.48: DAm AB dai 4 m, nang 2 kN ¢6 thé quay quanh truc nim
ngang A va tita dau B 1én dam CD dai 3 m, nang 1,6 kN. DAm
CD tua lén diém tua E v& ndi v6i tudng nhg khép bin 18 D
(hinh I1.48). Tai cac diém M va N dat céc tai trong, mbi ti
trong nang 0,8 kN. Khoang cachAM =3 m: ED=2m; ND=1m.
Hay xac dinh phan hic tai cac goi tya.

], 3m 1 im ] im ] im } 1m 1
g::(.t O - B £ O _
A M c A N L?:\E
J_ 4m [ 3m [
Hinh 11.48

MA SAT

Bai I1.49: Mot thung hang trong lugng P dit trén mat phing nim
ngang khong nhan véi hé s§ ma sat £ (hinh I1.49). Xac dinh luc
@ nhé nh&t cdn phal dit vao thing va géc B nghiéng véi

phuong ngang bang bao nhiéu dé thung dich chuyén duge.

M

-~

I - B
[ —
ECEr Ty e iy o rrs ey n!l TIIITITT

7

LLLL L LrErs

Hinh 11.49

Bai I1.50: Xac dinh luc P dé con lan hinh tru ban kinh R = 60 cm, ning
3000 N lan déu trén mat phing ngang (hinh 11.50). Biét hé s8
ma sat 1an k = 0,6 em. luc P hgp véi phuong ngang gée o = 30°,
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Hinh 11.50

Bai I1.51: Mat khéi tru trong lugng
P, ban kinh R nim trén
mat phéng nghiéng gb
ghé (hinh I11.51). Hé& s6
ma sat trugt cta khoi tru
v&i mit phing nghiéng 1a
f Céan phdi tac dung vao
khél tru ngau lyc b
mdémen M bing bao

nhidu va géc nghiéng a
nhu thé& nio dé khéi tru 8
trang thai cAn bing. B Hinh .51
qua ma sat lan.

Bai I1.52: Mot qua cAu ban kinh R
trong lugng @, dat trén
mat phidng nadm ngang
(hinh I1.52). Hé s6 ma sat

N M
trugt cia qua clu v4i mat —~
phéng bang p, hé s6 ma = a
sat lan la k. Lyc ngang P

1«f

tac dung vae tAm qua ciu

R

o}

phai théa méin diéu kién
nao dé qua cdu lin déu. Hinh 1152
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Bai I1.53: Mot cai thang AB trong lugng P lya vao bue tuong thang

ALY

LLLTELLCURR TN

ding tran va tya 1én san khong nhan nam ngang hinh I1.53).
Luc ma sat tal diém B khong 1én hon pN, trong d6 p la hé s6
ma sat tinh, con N 1 phan luc phap Luyén cua san. Céan phal
dat thang nghiéng mot goc o véi san bang bao nhiéu dé mot
ngudi ¢d trong lugng @ 6 thé tréo 16n dén tan dinb thang.

Hinh 11.53 Hinh I.54

Bai 11.54: Cac ddu mit A va B cua thanh déng chit AB = { lrong lugng

@ c6 thé trugt theo vong tron khong nh&n ban kinh @ nim
trong mit phing thang ding ¢hinh 11.54). Khoang cach OC tu
tAm ctia vong tron dén thanh AB bing . Hé s6 ma sal gitia
thanh va véng tron p.

X4c dinh géc ¢ 1ap bol dudng thang OC véi duong kinh thing
dng cua vong tron khi thanh AB 3 vi tri cAn bang.

Bai IL.55: Mot hinh tru déng chat dat gitta hai t&m OA va OB néi véi

nhau bing ban 1€ tai O. Truc O, ctia hinh tru va truc ban 1€ O
song song v6i nhau déu nim ngang va cing trong mit mat
phing thang ditng. Dudi tac dung cia hai lue tryc déi nam

ngang P dat tai A va B lam hai t&m nay ép hinh try lai. Hinh
tru ¢6 trong lugng Q béan kinh R, hé s6 ma sat trugt gitia hinh
tru v t&m bang p. AOB = 20 va khoang caChAB a (hinh [1.55).
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D6 1dn ctua luc P cAn thda man diéu kién gi dé hinh tru c¢én

bing.

Hinh 11.55 Hinh 11.56
Bai IL56: Xc 6 t6 trong lugng Qedd trén doan dudng nghiéng (hinh
I1.56). Chiéu cao cua trong tAm cach méit nghiéng mét doan A,
khoang cach gitia hai tAm banh xe 1a 5. Hé s8 ma sat trugt cla
cac banh xe va mit dudng Ia f.

Goc nghiéng o cua dudng véi phuong ngang thé nio dé 616 b
thé bi 1at, va khi nao 6t6 c6 thé b4l ddu trugt.

TRONG TAM 1 I I

Bai IL.57. Tim toa d¢ trong tam ////
cua ban hinh vudng ®
cé canh 14 2a bi khoét -
nua hinh tron ban
kinh r = 0,5z. Biét @
a = 3n (hinh I1.57). | /

Hinh I1.57

| 0.52| 0.50 | 0.5 | 0,52
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c6 ban kinh

Bai 11.58: Tim toa 40 trong tam cua hinh tron
néu 0,0 =30cm

R = 40 cm, bi khoét 2 16 tron ban kinh r =10 em,
va 0,0 = 20 cm (hinh [1.568).

Hinh 11.58 Hinh 11.59

Bai IL59: Tim toa 40 trong tam cta tam giac déu ABC, c6 canh
a = 40 e¢m, ¢6 khoét 15 tron ban kinh r = 10 em (hinh I1.59).

Bai IL60: Tim trong tdm cha tidt dién ngang hinh thude thg co kich
thude OA = a; OB = b va dd day AC = BD = d (hinh 11.60).

4
D

. Hinh 1.60
Bai I1.61: Tim trong tam caa tiét didn chit T. Kich thude nhu trong
hinh IL.61.
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2cn_1
i X
E &
§ ! §
5
o
‘Z2cm
Hinh I1.61

. HUBNG DAN GIAI BAI TAP

HE LUC KHONG GIAN

Bai IL.1 (hinh TI1.1);
Diéu kién cin bang:
X, =F, -F =0
Y, =F,-F,=0
Y Z,=F,-F,=0
S m 7 ) =af, - aF, =0 |
S m, (7, )= aF, - aF, =0
S m,\F;) = —aF, + aF,= 0
Tit cac ding thite trén ta suy ra:

F\=F,=F,=F,=F,=F,
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Fs
[
t
' —
| F. a
1
| Fs
/ JU y
V'
V'
, a
Fa
El7 a
B F
Hinh HL1

Bai IL.2 (hinh I1.2):

\

Hinh 1.2
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Mudn thu gon hé luc trude hét ta cAn tinh:
3> X,=P
S Y, =P
>z,=P

M, = bP —cP
M,=-aP
M,=0

538 thu vé hap lyc thi .M =0 hay RM, + RM, + RM: =0

Do &6 ta cb: a=b-c

Bai I1.3 (hinb IIL.3):

Hinh 1.3

Ta hiy tinh:
R‘K:Pl; R,_\.':P'Z; R,Z:P;j
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M, =bP; M,=cP; M,=aP,
Dé thu vé hop luc thi R .M =0, hay

RM, ¥R M,+RM,=0

PbP,+ PP +PaP,=0

hay: i+-b—+i:0_
P P P

Dé thu vé xoin ¢ truc xoan qua goc O thi R' // M, hay:

R‘.\: Rl}' _ Rlz
M, M, M,

hay: = =

Bai I1.4 (hinh II1.4):

L&
I
!
: = 2m
I
. 7 ¥
F s 3m
g P
ém
Hinh I.4

Ta tinh R, = -P, = -2 kN.
R,=P,-P;=5-4=1kN
R,=P,=3kN
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R=JR? +RY+R? = J(-2)" + V" + 3% =14 = 374N
M, =-2P,=-25=-10kNm

M,=-9P -3P,=-22-33=-13kNm

M,= 3P, +6P,=62-34=0

M= [M%+ M2+ MY = J10% + 13% =164 kNm

Mudn thu duge vé hé xodn thi R.M, #0.Tacé:
RM,+RM,+ RM,=-2.(~10)+ 1.(~13) +3.0=20-13=720
Vay thu duge vé hé xoin.
Bai ILS (hinh TI1.5):

N -
Y
H i
N
| 7 e
A o
i < 1 y
/. < a
A
) ~
D a (o4
X .
Hinh N5

Dé thu gon hé lyc trude hét ta tim:

2 op oy
2 2

2op 2 p 2 p 2 pV b
2

pYo s p Yo pXoogpXZop
2 2 2 2

R, => X, =P

R,=>Y, =P
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R, =32, = :3g+PL-Q:PJz
— V2 V2

M, = ()= ap pY =0

x zmx k) ary, 9 2 9

_ 5

M, = my(Fk):_aP‘zg_ P, VQQ = —aPy2
= V2 /2 -

M :Zmz(ﬂ):apz7+apl = ab2

Ta cé:
RM=R M +R,M,+R,M, =0 RLM

Hé thu vé hgp lyc ¢6 cudng d6 2 nam trén duong DG huéng tir D
dén G.

Bai IL.6 ¢hinh II1.6):

Z —
a P,
B
' o
1 ¥ a
|
/,é . Y
£,
Ve a

Hinh IN.6
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CoP,=P,=P, =P, =P, =P;=2kN;a=5cm.

Ta cé:
R, =) F, =P,-P;=0
R,= Y F,=P,—-P,=0
R,=>F,=P-P =0
R=0
M= m, [ﬁ): aP, + aP, = 2aP

M, =S m,(F, )= -aP, - aP; = - 2aP

M, =aP;+a,=2aP

M= M2+ M2+ M? = V4a*P? + 4a*P* + 4aP? = 2aP\3

2P 1 - 2aP
EQP\E

cosct =

cosf =

2aPV3 ) J3 .

1

cosy = __ﬁ__ZaP =
2aPV3 V3

CAN BANG CUA HE LUC KHONG GIAN

Bai I1.7 ¢hinh 1IL7):

» Xét can bang tail nut A:
ZX;, =—8",p + Sypcosdd” =0
> Y, =8u=0
> Z, = Syycosd5” —F =0

« Xét can bang tai nut B:
ZXﬁ = S + Sy c0845° =0
ZYk = Spp + Sppsindd” =0
> Z, =84, -Q=0

(1)

(3)

()

(5)
(6)
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Gidi cac phucng trinh nay ta dugc:
Sue=Q: Sapy=0;Sps= V2 F;

Saw=F =88 = ﬁF;SB(r:F.

r4
Q|
B C
S, S ,p@»
S 7!
S ’ !
A s D 'a
|
2N
Fl S, * :
} |
| E____l___ ,
I Y
] rd
1 4 | a,
‘ 1

Hinh HL7
Bai I1.8 (hinh [11.8):
Hé luc tac dung:

V7, ;. Ne, £.3) - 0

> 2 =N, +Ng+ Ne -P-Q=0 (1)
me(ﬁ]= DBN,+CHP - KLQ-ADN, =0 (2)
S ()= (P + QMD - CD.N; =0 @A)

Giai cac phudng trinh nay ta dugc:

N, =2kN: Ny=T2kN;No=4- kN,
6 6 3
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4m

Q|
Hinh 1.8
Bai IL9 (hinh II1.9):
Hé luc: (E” Y..Z, T, Tep, M, ﬁ) ~0
Z X, =X, + Taysin30° = (1
DY, =Y, - Tuscos30° — Teypeos30° = O (2)
> Z, =Z,+ Tepsin30° — P =0 (3)
S m (F, ) = 1P + 2T,sin30° = 0 (4)

Zmy(m =0 (5)
S m, (?;') =M — 0,5T,,sin30° = 0 (6)
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Gidi cac phuong trinh nay ta dude:
7., =80 N1 Tep= 1000 N.
X, =-40 N : Y,= 54043 N1 Z,= 500N,

T
30
cCvy
Hinh L9
Bai IL.10 (hinh I1IJ.10):
Heé luc cin bang:
(XA, Z, Xy Zp @ TCD)~ 0
S X=X+ X5 - Tepcos30° =0 (1)
Y, =0 @
S Zy=Zy+ 25+ Topsin30° - Q =0 (3)
3 m(ﬁ) _aZy + (a + b)Teysind0” - a+tbo_ g (4)

Zmy(_ﬁ‘_!;) =@ - C.Tepsin30° =0 (5)
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S m,(F, | = (a+ b) Tepsin30° - aXy = 0

Tu (5) ta cd T(‘D = Q = 4 kN.
(14l cac phuong trinh nay ta dude:
J3

Z,=0: X, = 4?3 KN ;

XH:%_ikNvéZAZQkN.

| S - b _AD
Z. 7]
Als ZETL\
/X X/ B d
T.//30°

\\x
/9]
O

Hinh H1.10

Bai II.11 (hinh IIL.11):
7.5.5.5,.5.5.5)~0
> X, =S,5in45° - S,8ind5° = 0
Y, =P+ Ssinds’ =0
Z Z,=8-8,-8,+8,cos45° + S;c0s45" ~ Syc0845° = 0

(6)

(1)
(2)
(3)
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me (F’:) =_aP —aS, - aS,—-aS;sin45" =0 (4)
Zmy(l_g':) zaS,-aS;=0 (5)
Z m, (]FT) =aP + aS,cos1b’ =0 (6)

Giai chc phuong trinh nay ta dugc:

S,=8,=-P;S,=P:8;,=8,=8,=-PJ2.

Hinh 111

Bai I1.12 (hinh [IL.12):
Xét ¢An bang truc AB.

Cée luic the dung (X,, Za» Xp. Zan P, @) =0
Céac phuong trinh can bang:
S X=X+ Xg+ P=0 (1)
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3y, =0 | @
> Z,=Z,+Zz+ Q=0 (3)
Zm(}«_{) = 100Z, + 10Q =0 (4)
S m,[F)=RP-r@=0 (5)
zmz(ﬁ) = _90P - 100X, = 0 (6)

(3141 cac phudng trinh nay ta duge:
7Z,=-90kN:Zz=-10kN.

Hinh fiL.12

Bai I1.13 (hinh I1L1.13):
Xét can bang truc AB.
Chon hé truc toa d6 nhu ¢ hinh 11147, Cac hic tac dung
5 7, %5 7, 5.) -0
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Hinh 11113
Cac phudng trinh cin bang:
Zxk =X, +X;+Q=0

>Y,=0

>Z,=Zy+Zy-P=0
me(}*?‘}): 100Z, =0
S m,[Fi)=aKP -RQ=0

S m, (Fi ) = -100X, - 50Q = 0

(31ai cac phucng trinh (6), (5), (4). (3) va (1) ta dudc:

Xy=~40kN; P=10kN, Zz=10;
Z,=10kN va X, = -40 kN.
Bai I1.14 (hinh 111.14):

Xét cAn bang tAm ABCD.

(1)
(2)
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Cac luc tac dung:

£.5.5..5,.5,.5.,58])~0

Hinh fil. 14

Chon hé truc nhu & hinh T11.14, ta c&:

> X, = -8,c0845° — Syc0845" = 0 (1)
ZY* = S cos45’ =0 (2)
8, =0

Z Z,=8,+8, -8 Sc0s45° - S,c0s45° — S;c0845° ~ P =0 (3)
z m, (Fk) = a8, - a8, - aS;s1n45" — %P —a8,5in15" =0 (4)
> m,

Fk)=a8151n45°—a84—a32+ -;—P =0 (5)
>m.lF

Fk) = aS,cos45° + aS,cos45° = 0 (6)

r——
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Gidi cAc phuong trinh can bang nay ta duge:

2
Bai I1.15 ¢hinh II1.15):
Xét cAn bang truc quay AB.
Chon hé truc nhu ¢ hinh I11.15.
1m 0,5m
7.
|G
Xe e

Hinh I1.15

Céc phudng trinh cin bing:
ZXk =X, +Xg+ Pcosa=0

> Y, =0

> Z,=Z,+Zs-Q -Psina =0

Zm(ﬁk) =1,5Z5 + 0,5Psina - 1Q = 0

(1)
(2)
(3)
(4)
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Zm_v(?r'k]:P.R—r.Q:o (3)

Zmz(ﬁ ] = 0.5P cosa — 15X, = 0 (6)
T (5) va vii R = 6r ta cé:

6r.P —r@ =0 hay @ = 6P = 36 kN

_ 0,5cos 30"

Tit (6) ta c6 X, -
2

= 1,73 kN

Giai phuong trinh (4) ta duge:
Z, =23 kN.
Thay Z, vao (2) ta tim duge Z, = 16 kN.

HE LUC PHANG BAT KY
Cén bdng cua mét vat
Bai I1.16 (hinh I11.16):
Xét can bang dam AB =1
Thay lén k&t biing cac phan hic lién két tuong ung. Ta cd:

X, v.B.T)~o0.

Y
C
|
|
|
v 7
;Z% O o
A OXA X . { E X
=)
i

Hinh i1.16
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Day 13 hé luc phang bat ky:

ZXk=XA—Tcosa=0 (1)

Y Y, =Y, + Tsina -~ P=0 @

S malF, | = iTsina - Px=0 (3)
Tt (3) ta 6 T = —%_,

smda

Bai I1.17 (hinh II1.17):

y
—O-V ——
g [F~ " — 2 =
g P Q
Y“'
c X B
F T ’
a a P a

Hinh .17

Xét can bang dam CD.

Céac luc tac dung: (;(:, Y Yy QF, M] ~ 0, trong d¢6: F = aq va

M =aP.
> X, =X,=0 (1)
DY, =Y4+Y5-Q-F=0 (2)
ZmA(E)=aP+2aYB—3aQ+éaF=O (3)

(3141 céc phudng trinh nay ta dudc:

Yy=21kN; Y,=1,6kN; X, =0,
Bai I1.18 (hinh [I1.18):

a) Xét cAn bing dam AB.



!
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Cac lyce tac dung (Z, ITA, E’., j\};) ~ 0,
Céc phudng trinh cén bing (hinh I11.18a):

ZXk =X, - Pcos45°=0 oy

> Y, =Y + Ny -Psing5"= 0 (2)

S m4lF, ) = 4N, - 2Psinas’ = 0 6

- N = gsin45”

N, = vz _ 0.71 kN.

2
Tit (1) - X, = Pcosd5 va tit (2) — Y, = Psind5® = %Psm 45°
|
Y,= =Psindb
2
R,= X% + Y} =25 =158 kN.
,
E 2 ENR
45° B 45° 45N g
X, A5 X X, 17
45
l_ 2m 1 2m _l [ 2m 2m
Hinh 111,18

b) Tudng tu bai a) ta ¢6 (hinh II1.18b):

E X, =X, - Pcosd5" ~ Rgcosd5” = 0 (1

ZYk =Y, + Rysind5° — Psin45° = 0 (2)

dom, (ﬁ') = 4R;sin45° - 2Psin45" = 0

(3)
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Gial cac phuong trinh nay ta dugce:

R,=1kN R, = X% + Y =224kN.

Bai I1.19 (hinh IIT.19):

1
Q= -ag, = 3N,
2 o

Xét can bang dam: (}T\ Y_\. M, M P, QJ ~0
ZX*! =X, + Peosa =0
ZYk =Y, -Psino-Q =0
ZmA (E.) =M, + M~ 2aPsina — 6a@ =0
Tiz (3) ta ¢o:
M, = 15,86 Nm.
Tu (2) ta co:
Y,=Q + Psinag = 9,92 N.
TU (1) ta tinh duge:

X, =-4 N (X, c6 chifu nguge lai).

= Q G
M
~ B
L/

C X

Nikal

Hinh i1.19
Bai I[1.20 (hinh [11.20):
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Hinh 111.20

Chon hé truc toa dé nhu g hinh II1.20 ta c¢6 cac phudng trinh cin

bing:
> X, =X;=0 (1)
Y, =Y, +Y,-P-P=0 (2)
st[ﬁ') =aP + 2P - 3aY, =0 (3)

Tiu (3)taed Y, =P =100 kN.

Xét can bing tai nit A.

Cac luc tac dung : (17;'. S, §"] ~ 0 (hinh TIL20b).
Céc phudng trinh cén bang:

> X,=8,+8,sind5’ =0 (4)
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ZY& =Y, +8,5in45° =0 (5)

T (5) ta duge:
S,=-V2Y, =-v2.100 = 141 kN

S,= -8, —‘f— = 100\/5‘/2E — 100&N .

« Xét can béng tai ndt @ (hinh I11.20¢).

Céc luc c4n bang:

7. 5,.5])- 0

Cac phuong trinh c4n bing:
z X, = S, - 8,c0845° - §,cos45° = (6)
DY, = Ssinds’ - 8 sinds’ = 0 (7)

T (7) ta cé:
S,=8,=-141 kN
va 8§ =8,
T (6) ta duge: S, =-200 kN.
Bai I1.21 (hinh I11.21):

Trude hét thay cac lién k&t thanh BC va ban 16 A bing cac phéan
lye litn két tuong Gng Ssc, X,, Y, . Cac luc tac dung lén dan

5o, X5, Y5, B. ©) ~ 0 (hinh 111212,

Cac phuong trinh ¢én bing:

ZXJ;:XA ~Spe=0 {1
> Y, =Y, -P-Q=0 (2)
ZmA (ﬁ} = 2atga.Spe —2aQ = 0 (3

T (3) ta 6 Spe = —Qm = Qcotgo.
tga
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~ )
Ll
SEIC
D _—
Y
A o E ar~E .
x. 2 F & g~ T 7 (g X
Hinh 111.21

Tu(2)tacéY,=PF + Q. Thay Spe vao (1) ta dugc:
XA = Sb’(-‘ = QCOth..
R,= J:Ki +Y: = \/(P + @) + Q% cotgta

Mudn tinh Ty, va T ta xét can bang nit E. Khi dé nat E chiu tac

dung cac luc (TEF, Toz, Q) ~ 0. Ta ¢6 (hinh II1.21b):

Z X}( = _TE.J.' - TDECOSG = 0 (1)
I _ Q
SV, = Typsine - Q=0 Thy = —
8in o
Vay:
Ty = —Tpucosa = — Q ?OSG = —Reotga.
Sin &

Dau (-) ching t6 Typ cd chiCu nguge lal.
Tudng ty xét can bing cac mit A, C, D va F ta dude

Tor=Tpe=0; Tar= Trp= —Qeotga ; Tar = -(@ + P):

Tep=Tor = @

81N
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Can bang cla hé vat
Bai I1.22 (hink I11.22):

a) b)
y — — —_—
. E._qQZ 01 YC
Y —
A P .
X: ﬁ\?\ j C D IQ c

Hinh I1.22
* Hoa ran va xét can bang toan hé (hinh T11.22a):
XV, P ¥,.8.6.7) -0
Céc phuong trinh can bang:
ZXk:PcosflS“—XA: 0 (1)
ZYk =Y+ Yy + Y. -Q,-Q, - Psind5" = (2)
> m, (Iﬂ') = 10Y, + 20Y. — 8Psind5° — 12,5, - i?,SQ, =0(3)
Tinh @, =52=10kN = Q..
» Tach, xét cn bang phin DC: (5{}' Y, Q. ?;J ~ 0 (hinh II1.22h):

Cac phuong trinh can bang:

> X,=X,=0 (4)
ZYk:Y(3+Yb_Q1:0 (&)
S mylF)=5v.- 250, =0 )
Giai cac phuong trinh nay ta tim dude:
Y.=5kN; Y, = 5 kN; Xp=0;

Y= 2226 kN : Y, =-4,4kN: X,=28kN;
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Bai I1.23 (hinh ITL.23):
s Hoa rin va xét toan hé ta c6 ¢hinh II1.23a):
(X, Y5 M, P.G)~0
> X, =X, +Q=0 (1)
Y, =Y, -P=0 (2)
S B, ) = M, - 4P - 21Q = 0 )
v Q=4£q=431§ =2P.
e Tach va xét can bang thanh DE:
(X;. Yz, Re. P)~ 0 (hinh TTT.23b).
Z X, = X, + Rpcosd5°=0 (4)
> Y, =Yg ~Resind5° - P =0 (5)
S (P, ) = 8lRcsinas - 4P = 0 ()
Tit (6) ta ¢6 R-= 1,88P.
Ti (3) ta duge M, = 8PL,
VY
B 3l L e Y =
_ E
E C D X,

Iy,

Hinth i1.23
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Bai I1.24 (hinh 111.24):
e Ap dung nguyén 1y héa rén. Xét toan hé AB va BC (hinh IIT 24a).
Céac lyc tac dung:
(%;, 77 M, @ B, M, Ng)~ 0,véi Q=5q =5.09= 45 kN.

Céc phuong trinh cédn bang:

ZXkZXA+Q+Psin0£=O (1)
> Y, =Ya+ Ni-Peosa=0 (2)
ZmA(E]:MA—QﬁQ ~ M+ 8Nqcosae —AKP =0 (3

AK = 4 + 5sina = 4 + 5s1n30" = 6,5m.
¢ Tach ra. x6t can bang thanh BC (hinh 11[.24b).

Cac lyc tac dung: (5(; }TB}M, ﬁ, E) ~ 0.

Hinth i11.24
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Céac phuong trinh can bang:

> X, =Psino+ X;=0 (4)
> Y, =Nc+Yy —Peosa=0 (5)
Zmﬁ(‘ﬁ)=8NCcosa—4P~M=O (6)
T () tacoNo= 2L+ M 20230 0 _757kN
gcosa 8@ 2.1,73
2

véi o = 30° vi canh géc vudng cua tam giac vudng bang nita canh
huyén.

3 J3

Thay N, vao (5)tacd Y, = P——; - Np = 5.—2-— - 721 =-2,88kN.

T {4) ta co: XH=—Psina:—5.—;—=—2,5 kN .
T (2) ta ¢b: Y, = Pcoso. - N = -2,88 kN.

T (1) ta cé: X,=-Q -Psina =-4,5-5._- =-7 kN.

o |

Thi (3) ta dudc:
My=M+2,5Q - 8Ncosa + 6,56P = 24,5 kKNm.
Bai I1.25 (hinh IIL.25):
Che P,=14kN; P;=12kN,
g=09kN; M=20 kNm;
Q=2.0,9=18kN.
e  Hé xét cin biing gbm ADB v& BC (hinh I11.25a).
Ap dung phudng phap hoa rén.
Céc luc tac dung lén hé:

(ﬂ)ﬁrMA)ésgsﬁ.sM!-ﬁg ~0
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(4c phuong trinh can bang:
3 X, = X, - Proosd5’ - Nocos4s*= 0 (1)
3 Y, =¥, -Q —P, - Pysind5” + Nesind5" =0 )
ZmA (F—.'k) =M,-M - 3P, +1Q + 2P cosdh” ~
— 2N c0s45" — 5N(-si;145“ =0 (3
o Tach ra, xgt cn bing thanh BC. Cac hyc tac dung (hinh I11.25b):
&z, 7. 7, Ne. M)- 0

C4c phuong trinh can bang:

S X, =Xy -Necosad’=0 - (4)
S Y, =Yy - Pyt Nesind5"= 0 | (5)
sttﬁ):&N{;sin‘ﬁlT— 1.P,-M=0 {6)
_ a) 2
g (Q . . .
_ B R __ R _
D 5 B g\ N B Nc%/
| - M o v M o X
l 2m | 2m  [im / 2m 1 5 )_(a Y, / 5
&
y 1 im 2m
0 X
Hink H1.25

(i4i cac phudng trinh (6), (5), (4) ta dugc:
N, =1513kN; Yy =134 kN: Xo=10.66 kN.
Thay N vdo cac phuong trinh (1), (2) va (3) ta tim dugc:

Jz

X, = (P + Nc)—2— =(14 + 15,13) 0,7 = 20,4 kN
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Y, = Q + PJP, - N¢) sind5® = 13,01 kN |
M, = 108,73 k}\lm.
Bai I1.26 (hinh 111.26):
¢ Xét can bang toan hé (hinh III.26§).

Cac Iyc tac dung (E, m, EJ., 6) ~ Q.

Cac phuong trinh cin bing:

> Y, =N,+N;-Q-P-P=0 (1)
3 m4(F) = Noax2ins° —%%Eii-cg(m 06)sin45° -
. — P(3 +1,5) sind5° = 0 2)

Tu (2) ta cé: N-=5b2 kN

Tu (1) ta co: N,=408 kN
« Xét cin bing phan AB (hinh 1I1.26b).

Cac lpic téac dung (N—A, 55, 5’., X—B, ?B.) ~ 0

Hinh I11.26

Céc phuong trinh cin bang:
> X, =T-X,=0 (3)
DY, =Ns+Y,-P=0 (4)

ZmB(F) = BPSITH% + 2Tsin 45" — 3N, sm45” =0 5)



164

CO HOC LY THUYET - TAP I: PHAN TINH HOC, BONG HOC

Tit (5) tacé:  T=522kN

T (3) ta ch: X, =522 kN

T {4) ta co: Y, =-288 kN.

DS N, = 408 kN : X, = 522 kN ; ¥, = —288 kN :

N =552 kN; T'= 522 kN.

Bai IL.27 (hinh 1I1.27):

Xét cAn bang toan hé:

Céac luc tac dung:

b

Hinh H1L.27

Céc phuong trinh can bang:

> X =Xy-Xc=0
Z_Yk:YB“‘YC—PI_Pz_Q:O

szE‘) = 10Y, - P, - 4Q - 9P, = 0

T () tacs:  Ye=d48kN
Tix (2) La cb; Xz =52kN
Xét c&n bang phan AEC:

—_—— —— -

Cac luc tac dung (Xﬁ, Y,, X¢, Yo, P
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Cac phudng trinh can bang:

ZX,& =X, -X:=0 (4)
Y, =Y -Yi-Py=0 (5)
ZmA(F):BYC—éiXC—éLPg:O (6}

T (6) ta cé: X.=20kN
Tix (4) ta cé: X,=X,=20kN
T (5) ta cé: Y,=8kN
T (1) ta cb: X, =X-=20kN
pS: X,=20kN; Y,=8kN; Xy =Xc=20kN;
Y,=52kN; Y= 48 kN.
Bai [1.28 (hinh I11.28):

Hinh 1il.28

Xét cAn bang toan hé c6 @ ~ 1y = 800N:
Cac luc tac dung:

b 77 M. 75 M, B,G) -0
Céc phudng trinh cAn bang:
Y X, =X, +Q - Psin30°=0 (1)

Y, =Y, + Yp —Peos30® =0 (2)
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ZmA(F) =M, -2Q - M + Y,(2 + 4dcos30" -

Ta (1) ta.c():

— Pcos30° (2 + 2¢0s30°) + 2Psin30° =0

Xét cAn bang thanh CD:
Cac luc tac dung (3{}’ Y. Y, ?5) ~0

Céc phuong trinh can bing:
> X, =X -Psind0°=0
' Y, =Yy + Yo - Peos30® = 0

. ch(ﬁ") = 2P + 4Y,c0s30° = 0

Tu (6) ta cé:

Tx (5) ta cé:
Tt (2) ta cé:

T (3) ta c:

DS: X, =550N; Y, =144,3 N ; M, = 2288 68 Nm;
Y, =289N; Y, = 1443 N; M, = 228868 Nm.

Y, =289 N

Y.= 1443 N = 1443 N
Y, = 1443 N

M, = 2288,68 Nm

Y, =289 N |

Bai IL.29 ¢hinh I11.29):

Xét can bing toan vom:

. — — — —

Céc phuong trinh can bang;
> X, =X, -X.-Q=0

ZmA[F) =10Y, +4Q - 2,5P =0

Tix (3) ta cé:

Tt (2) ta cd:

Y.=02kN
Y,=11,8kN

(3)

(1)
2)
(3)
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Hinh II1.29

Xét cin bang phan BC:

[ VP —

Cac luc tac dung (JT;, Y, XY, Q)~0

Céc phudng trinh can béng:

Y X=X;-X-Q=0 (4)
S Y=Y -Yy=0 (5)
ZmB(?) =5Y,-Q-5X,=0 (6)

T (5) tacé: Y=Y, =02kN i
T (6) ta cé: Xe=-12 kN
™ (1) ta cd X, = 6:.8 kN
T (4) tacs:  Xp=58kN
DS:X,=58%kN; Y,=11,8kN.
Bai 11.30 (hinh I11.30):
Xét can bing thanh AB véi @ = 4¢ = 8 kN (hinh 111.30b}.
Céac hic tac dung (3(:, 1_’;, g;, é) ~ 0

Céc phudng trinh cin bing:
> X, =X,=0 (1)
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Y=Y -Q+8S,=0 2
ZmA(F) =48, - 2Q =0 (3)
T (3) ta cé: Spp = 522" =4 kN

Tﬁ(B)taCé‘ YA=Q_SBD:8"4=4RN.

y b)
= L
o X

S 'Y. Jo
_ B
X, A ’
E Se
! L 4m _J
L_Im :
Hinh 11130
Xét cAn bing hé gdm AB + CD:
Céc Iuc tc dung (X, ¥, Xy, ¥y, Sgo, M, @) ~ 0
Céc phudng trinh cin bing:
> X, =Xy + X, —Sgzeos30° =0 (4)
D2 Y=Yy + Yo -Q -Sysind0° =0 (5)
Z mc(ﬁ:) =-2X, - 2Q -M + 38,,sin30° = 0 (6)

Tix (6) ta co: Ske=17,3kN

Tu (5) ta cé: Y.=-47kN

Tir (4) ta cé: Xo=-15kN

bS:X,=0kN; Y, =4kN; X.=-15 kN ; Y. = -4,7 kN :
Sgp=4kN; Sge=17,3kN.
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Bai IL.31 (hinh I11.31):
Xét cin bang toan hé véi P = 4¢ = 8 kN (hinh [I[.31a).
Cée lue tac dung (X, Vs, X, Yo, Mc, M. B, @) ~0

Céac phuong trinh cén bang:

> X, =X+ X+ Qeos60" = 0 (1)
>Y, =Yi+ Yo~ P - @sin60°=0 (2
S malF) = -M + Mc - 2P - 4Qsin60° + 4X,c0s30° =0 (3)

60°

o}

yL—(
O X .
i?: .
A
X, M~

Hinh iN.31

Xét cAn bang thanh AB:
Cac luc tac dung (F}Z':, i’:, ATD,M, _P., (3 ~0

Cac phudng trinh cén bang:
Z X, =X, + Qcos60° =0 4)
Y, =Y +Ny-P-Qsin60° = (5)
S 4 (F) = ~4Qsin60° + 2N, - M - 2P = 0 (©6)

Tit (6) taco: N, =26,85 kN

Tt (5) ta co: Y,=-11,93 kN

Tt (4) ta c6: X, =-4kN

T (1) ta cé: X-=0
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Tw (2) ta ¢é: Yo = 26,86 kN
Tu (3} ta co: M.=53,72 kNm
bS: X,=-4kN; Y,=-11.93kN: N,=2685kN;
X.=0,; Yo,=26,8kN; M,= 53,72 kNm.
Bai I1.32 (hinh [11.32).

Xét can bang thanh AB.

Cac lue tac dung (XA, Y. N, P

Phuong trinh can bing:
Z my (FJ = IPsinp - Np2{cose =0 (1)

Hirth 111.32

Xét can bang thanh CD:

Phuong trinh cAn bang: |

S melF) = Neleose - Qlsinp =0 o
B =180 - 2¢ — sinf = sin (180 ~ 253} = sin2¢

T (2) ta cé: N lcosp = Qlsinf = Qlsin2¢
_ Psing

Ta (1) ta co; N(] C

B 2cos0
Psing
2cosp

cos = Gsin2¢ = 2P x 2 x sin@ x cos@
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—> cosY = 1 - = arccosl = 82°50 .
8 8
PS: ¢ = 82°50
Bai [1.33 (hinh I11.33):

Xét can bang toan vom (hinh T11.33a):

Céc luc the dung (X, ¥, Y5. P, §) ~ 0

Phuong trinh cén bang:

ZXk =X, — Pcosd5° =0 _ (1)
Y, =Y, + Yy~ Q- Psind5°=0 2
zmA (ﬁ) = lZYH - 3Q — P6smdb° =0 _ (3)

T () tacé:  Xo=I10V2kN
Ti {3) ta co: Y,;=11,67kN
T (2) ta cé: Y, = 20,43 kN.

Q) 1 B

| 3m_| 3m | 6m |

Hinh 11,33
Xét cAn bang phan BC (hinh I11.33b):
CAc luc tac dung (ﬁ, '}?;', ITC, §;, ﬁ) ~0

Cac phudng trinh cén béang:
ZXk = X - Sgp— Pcosd5° =0 (4)
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Y, =Yo+ Y, - Psind5' =0 (5)
chtﬁ) = _GYB - 48}55‘ - P651n45" = D (6)
Tix (6) ta co: Sgr=-3,65 kN
T (4) ta co: X-=10,5kN
T (5) ta co: Yo=257TkN
DS: X,=10V2kN; ¥, =20,43kN; ¥, = 11,57 kN ;
X =105kN; Y= 257TkN 8z =-3.65 kNm.
Céan béng cua don vé vat 1at
Bai IL.34 ¢hinh I11.34):

Hinh 111.34
Xét can bing nip bao hiém.
Luc tac dung 1én nap la F:
2
F=sp= KT{ r
Diéu kién can bang:

S melF, ) = -50Q + 7F - 25G = 0

(Giai phuong trinh nay ta duge:
2 "
Q- TF 255G _ nd® 7.1_1.10 2510 _ 430N
50 b0 4 50 50
¢ = 430 N.
Bai I1.35 (hinh II1.35):

Xét can bang don ABC.
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Cac lyc tae dung (P, B, P;, X,. Y5, Q) ~ 0.

Cac phuong trinh cén bang:

TX, =X, +Q-P,=0 W)
S'Y, =Y, - P,-Py=0 2
S m,(F) = 20P, + 10P, + 10P, - 50 = 0 (3)

(Giai cac phuong trinh nay ta duge:
Q=110N; X,=90N: Y, =250 N.

Nén R, =X2 +Y? =266 N.

y
c
72Kl
/]
“ 7
)
o777
-é- E’- A Xz X
10 10 Y,

Hinh i11.35
Bai I1.36 (hinh III.36):

Xét cAn bang OC va AB.
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Hinh 111,36
Ta cé: @, = 2pdb; @, = 2pa.

Diéu kién can bing:

Zmo(ﬁ)= Q, %sina + (%cosa + bsina]Q] + (P(acosa + bsina) —
w[%cosa - bsinm]Q1 ~ (acosa - bsina)P, =0

Q.

0 [ - T

: . . a a
sina + @bsina + G bsina + EQI cos ~ EQI cosd +
+ P,acosa ~ Pyacosa + Prbsina + P.bsina =0

[%—2 +2Q, + P, + Pglbsina = (P,—P)) acosu

tga = sina _ @ P,-P,
cosa b %2 + 2@, v P, + P,
Thay @, = 2pb ; &, = 2pa tacod:.
tgo = g (5 —F) =8 P, -FA
& 1 b P +P,+ plb+4a)

-§2pb +22pa+ P + P,
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Bai I1.37 (hinh [11.37):
Xét t&m chén AB: ;
Khi canh cita AB md thi ?VA =0.
Ta ¢6 Zmo(F)z Px -hN, =0.

ViN,=0nénPx=0->x=0 LycPdatta %q

.Nénh—l H

sina 3 sina

Tacb AC =

=x=0— H = 3Ahsino.

I

= ARATAR LA AL ALY AR

A

Hinh 111.37
Bai I1.38 (hinh II1.38):

Ta xét su can bing cla tudng da (vé tiét dién gilia tuong).
Goi ap lyc cha dat 1én tutng la P = 60.1.
Goi @ 13 trong lugng toan phin bg tudng da: @ = 20.a.h.L.

Khi tugng bi 1at quay quanh A thi lac do6 N = 0. Ta xét ldc gay lat
quanh A 14 P nén:

M, = %h.P - %h.GOI _ 20hl

Luc g1t M, = Q‘% = 20a.h.Z% =10a*hl.
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Piéu kién can bing M, > M, hay:
10a%hl 2 20kl > a = J2 = 1,41 m.

N a
| 1
B
£
=l Js
5
1 A J
&
Hinh 1i1.38

Bai I1.39 (hinh I11.39):

Xét cAn bang cua thap nudc.

Cac lgc tAe dung la ﬁ, é, N, .

Mfzp(H ﬁ]
5
AB
M: o
=@ 5

Khi mét can bang thi ﬁ; = 0.
Piéu kién can bang: M, 2 M,

%ABZP[H + %]——)ABZ]ﬁm
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"
.

H=17m

Hinh Hi.39

Bai I1.40 (hinh I111.40):
e Xét khi c6 vat ning D
M,=1550+10.25
M, =325 kNm
M,=Q@ +x).
Diéu kién can bing: -
M,z M,
Q3 +x)=325 {n)
e Xét klu khing ¢é vat nang (}5 = 0):
M, =Qx
M,=(3+1,5) 50=225kN.
Dréu kién cén bang:
M, > M,
225 = Qx (b)
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(3341 hai bt ding thie (a) va (b) ta dudc:

100

Qmin - _'3

kN VA Xy, = 6.70 m.

!

rirersrrrararrrrritErrEaaEELEEl FITITIT

Hinh i11.40

Hé lyc phdng déng quy
Bai IL.41 (hinh I1L.41):
¥ét cdn bang thanh AB.
Cac lde tac dung ((5 ;NT; ﬁ’.) ~ (0. Cac lye nay phai déng quy tai [
néu AC = AD = 2sin4b”.
AC= 2.1/-2_2— =2 -141m.

Cac phudng trinh can bang:
> Xy =N, ~Tcosg =0 (1)
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ZYk = Tsing— @ =0 (2)
Ymalfi)= 2@ - aN, o0 | (3)
N, = Q
A 2 -
y

Hinh 41

Thay vao (1) ta co:

Tcosep = % .

T (2) ta dude:
Tsino = .

4 2
T?cos®p + Tesin®e = T(cos’e + sin’@) = %— + Q% = 5%

2
T= 53 :%J_zﬁ,f)QkN.
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Bai 11.42 (hinh IT1.42):

Hinh iit.42
Xét cin biang nit B.

Céac lue tac dung 1én B (T_. @ P. ’E) ~ Q.

Cac phuong trinh cdn bang:

P P P
X =Qsin— + Psin—-T,sin—-7T=20 1)
Z p = @5 2* 2 13 9 (
P P .
ZY,; :Pcosg + T cos—g— - Qcosg =0 (2)

T (2) ta ob: Q=P+T =2PviT =P
 =2P=240=80kXN.

Twu (1) ta suy ra:
7= Qsing - sosin-fg kN,

Bai I1.43 (hinh I11.43):

Tach ting val dé xét cin bing:
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e Xét cAn bing clia vat AH
Cac luc (RA, P.Ny ) ~ 0. Bay 1a hé ba luc ph;ing déng quy La o

S X, =P - Rycosdd” - N cos15” =0 (1)
Y, = Nysindd' - R,s5indd" =0 (2)
Suvra Ry =Ny = Pi)_z— :
c
Hinh i1, 43
o Xét can biang cha HBG. Tuong tu nhu trén (ﬁ RT_; -E?,:] ~ 0 v
ddng quy tai B. Ta cé:
S X, = N'ysin4d” - N, sind5” =0 (3)
(4)

ZY,{ =R, - N',cos4d" - Ncos45” =0
Suy ra N,y = Ny va Ry=P.
o Xét cdn bing cha GCE. Tudng td nhu trén LK?-'? E:. _I\TE‘) ~ () v
déng quy tai C*, doi xdng véi C qua GE.
ZX-*‘ = N', cos45’ — Ng cos45” =0
T Y, = Nsindb’ + Npsindd' - R.=0

Yuv ra N =Ny v Re= P,
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e Xét cAn bing chia ED chi ¢ R, va N'; cAn bing:

R, =N'y = P% ..
Bai IL.44. (hinh Hi.clfl):
Xét can bing tai nut E'.
Céac luc tac dung: (é_j, T_‘;, E) ~0
ZXk =T cosa -T,cosa =0 (1)
>Y, =Tsina+ Tysina - Q=0 (2)
Tu(Dtach: T\ =T,=T=P

Q

. . Q
a7 =6 h = e =
sing = @ hay sina ST ~ 5P

Hay x:L

Hinh .44
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Bai IL.45 (hinh 111.45):

Xét cin bang rong roc A.

Cac luc tac dung: (@ Q_, Q—_: m] ~ Q.

Chon hé trye nhu hinh I11.45
> X, = Q.- Tjc0s30" — Qros30"= 0
STV, =@, - @sind0° + Tyysin30° = 0.

Vi Ty =@ nén Q, = 0vaQ,=-2Qcos30"
Q, = -3,46 kN,

Hinh i11.45

Hé lyc phéng song song
Bai I1.46 (hinh [i1.46):

Ta b

Q,=20m. 1 kN/m=20kN: P =203=60 kN,
Q.=80m. 1.5 kN/m=120kN P, = 153= 45 kN.

Q. =20 m.1 kN/in = 20 kN;
» Xét toan hé CD (hinh I11.46a).

Ap dung phuong phap hoéa rén.
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Céac lue tac dung 1&én hé:
@.3.@, PP Ve %o, Mo, N7, Mg 0.

C4c phuong trinh cin bang:
ZX,z =X, =0 (1)
ZY,,‘.zN(,+NE+NF+N”—Q]—Q._,—QH—P,—PB:O (2)
ch(ﬁ) = 35N, + 85N, + 120N, — 10Q, - 608, -

-925P,-110 (@, +P)=0 (3)
a) 1 20m . 15m | 50m L 16m = 20m
J 1 1 \ 1 |
N ~
C
Xorbpn \ A E
b) 10m , 10m
N A
—
X A X,
@

Hinh if.46

e XéL can bing dan phu AC (hinh 111.46D).

b ———r | et mm— —
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Céc phuong trinh cén bang:
S X, =X~ Xe=0

Vi X.=0->X,=0
SV, =Ne+Yi-Qy=0
S, () = 10@, - 20N = 0

o Xél can bing dan pha BD (hinh 1L46¢). Céac e tac dung:

(1)

%, Y2 P @ Np )~ 0
{*ac phuong trinh can bang:
X, =Xy=0>X=0
SY, =Y+ Ny-Q -Pi=0
S mg(Fr) = 20N, - 10 (P + Q) =0

Tt (9) ta co:
_ 10 +@) 8970 _ g e

N 2
Y 20 B
T (6) ta o
Ne= 108y _ 20 _jokN
20 9

TV (2) ta co:
Nyt Ne=Q + @, +Q,+ P+ P - No—N,=215kN (a)
Tix (3) ta co:
35N, + 85N, = 10Q; + 60Q, + 92,6P, + 110 (@, + P) — 120N,
35N, + 85N, = 15562.5 — TN + 17N, = 31125 kN (b)
(3143 hé hai phuong rinh (a) va (b ta duge:

(TN, + 17Ny = 31125
{7NE + TN =15050
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10N, = 16075 — Ny = 20972 _ 160 710
10

Ny=215-N,=215 - 160,7 = 51,3 k.
Vﬁy ).r\'r(- =10 kN, ND =40 kN . N‘JL‘ =54.3 kN ' N; - 160? kN.

Bai I1.47 (hinh IIL.47):

a)y y
AIA 4m N
A = 7
’@Z "
— K B. X
My X0 £
* Jm|1m|
p 4m 8m
¥
Yo .
N
N Bl x

x|
E m
oy

8m

Hinh 111.47
e X6t toan hé AE, EB va can truc (hinh 1I[.474a).
Cac luc tac dung 1én hé; [X_A. ﬁ, M,. FB', ﬁ é)~ 0.
Cac phudng trinh c4n bang;
> X, =X,=0 (1)
Y, =Y, +N,-Q-P=0 (2)
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S mulF ) = My v 12N, - 1Q - 8P =0 (3)
e Tach ra xéL céan bang can Lruc, |
Cae lue tae dung:
P.Q. N, N.)~o0.

Cac phudng trinh can bang (hinh TTT.47b):

Y, =N+ Ng-P-Q=0 (4)
S m,(Fy ) = 2Ny - 1Q - 5P =0 (5)

e Ta x6t cAn bang dam CB.
Cac luc tac dung:
N, Ny, X5 75 0

Cée phuong trinh c¢an bing:

Y, =Y+ Ny-Ny=0 (6)

> X,=-X;=0

S melfy ) = 8N, - 1.V, = 0 (7
T (7) La cd: Ny = %N'K = %,5 = 0625 kN

Thay vao (2 tacd Y, =Q+FP-N,=5+1-0,625
Y, =5375 kN
Tz {3) ta cd
M,=4Q + 8P - 12N, = 4.5 + 8.1 - 12.0,625
M, =205 kNm.

i

Bai I1.48 (hinh I11.48):

ZYA' =Ny+Ny,+N,-@,-Q,-P-P=0. (1)
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> my LF_,;] = 5N, + TN, - 6P -5bQ,—- 3P -2Q,=0
e TAach ra, xét thanh AB (hinh JI1.48b}:

V.. & B Ng)~0

SY, =N+ N, -Q -P=0

S mylF,) =P+ 2@ - AN, =0
Tw (4) ta co: N,=12kN,
T (1) va (2) ta co: Ny =41 kN

N,=0vaN,=N,=16kN.

3m im ] im im im
— N
N, - E — N:
. B E P
e M L 1
A Q. C A EJ: N D
! 4m l 3m l
m im
¥y
N I8 I
A — B O X
Q.
Hinh 11,48
MA SAT

Bai I1.49 (hinh 111.49):
X6t cae lde tae dung:

B.N.GF,)-~0

(2)

(3)
(4)
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> X, =Qeosp-F, =0 (1)
Z:Y;f =N+QsinB-P=0 (2)
TU(2) taco N=FP - @sinf}, ma F° = fN =f(P - (sinf).
Dé thung ¢6 thé chuyén dong dude thi goc ma sat cye dat g, = f.

F
hav gy = % = f . hay § = arctgf.

P

1+ f? .

T (1) va (2) ta cd: @, =

N

—
Q

| “1

Fr | N

FEETTAT I T ErrrT AT

LR Ry fr

8

Hinh I11.49 Hinh 111.50
Bai IL50 (hinh II1.50):
Ta x¢t cian bang con lan:
(.. N.Fo. M)~ 0
ZX*‘ =Peoso - F,, =0 (1)
> Y, =N+Psina-Q=0 (2)
Z Me (F_";\) =kN - M, - RPcosa =0 8
T (D tacd:  N=@Q -~ Psina,
T (3) wa b M, =kN - RPeoso = 0 vi con lin Ian deu.
Vay kN = RPcosa + APsina = PP (Rcosa + ksina)
p= kQ

Reosa +~ ksina

=57.2 N,
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Bai I1.51 (hinh I11.51):
Xét cin biang khéi Lru

(M, P, N, F )~ 0, vi Fy = N

FEFELY ¥

> X,=F, -Psina=0 (1)
DY, =N - Peosa. =0 (2)
Zmﬁ- (E) =-M,+ EPsina =0 (3)

T (3) ta cd: M, = RPsina.

Tt (1) va (2) ta cb: tga = £

Tu (Dtach: F,,=Psina<F_ =[N,
Do dé tga < £ Vay a < arctgf.

Hinh 11,51

Bai I1.52 (hinh 111.52);

Xét can bang qua cau, ta co:

YY,=N-Q=0 (1)
S m, (7} =RF,, ~kN=0 @)
S mulF ) =RP-kN=0, (3)

trong do. F, = iWN=n@viN =Q.

k k
Chonénp> — vaP=Q.—.
nén [ 7 va QR
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AL CRTEE TR TR

C e Er s Er S Er sy CLLELEEELLd '

f)

Hinh H1L52 Hinh I11.53

Bai IL.53 (hinh 111.53):
Xét can bang thang AB =1

Cac luc tac dung:
(P.6. N, N7, Fo)~0
Chon hé truc nhu hinh I11.53

ZXI::NA_FHmZO (l)
DY, =N,-P-Q=0 (2)
ZmA (F;) ={ Nycoso — F,,.Lsino - Pécoso& =0 (3)

T (2) ta cb: Ny=P+Q

T (3) ta ob; N,-F tgo - g =0 hay

P p_P 2Q + P
5‘1”“.1. a=N—- — =P+ _ = 4 - el
g 5Ty Q 5 3 Q 5
20 + P
Q_ =F <F,=pnNg=p P+
dtgo
tea > 2 + P

TP+ Q)



192 GO HOC LY THUYET - TAP || PHAN TINH HOC, BONG HOC

Bai I1.54 (hinh 111.54):

Hinh 111.54

GoiAB =1
Xét can bang thanh AB.

Cae Iue tae dung:

Ta 6.
A _ . @B —
Fm.'lx - LLN! ' Fm;lx - LWB '
T didu kién can bang cua hé luc phang ta ¢6 dang cin bing
sau day:
Téng moémen cac lye tac dung lén heé 481 véi ba didm A, B, C khéng
thang hang bang khéng:

Zm\(ﬁ) =0: Zmﬁ(ﬁ] =0va ch(__ﬁ‘:) =0
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C4c phusng trinh can bang:

S m,|Fy ) = Qbsing - aF, - aF,l =0 1

ZmA (ﬁ] = Nplsinp - le cosp - Q— cosp =0 (2}

> mp (1?[) = N sinp - [ F2 cosB + Q_ump =0 (3)

L&

T (1) ta co: Qbsing = a(FA + F;fsJ ap (N, + Np)

pV, + Ny = EQSin(P‘
Tu (2) ta ci: Ny, (sinfd — pcosf) = gcosq}
T (3 ta e N, (sinp + peosf) = %cosnp
Qcos A Qcoso

Npy= — vaN, =
2(sin P — pcosf) 2(sinf + umb{})

Thay vao (*):
H'{ Qcosy . Qcose B EQsin(p
LQ(sinB + peosP)  2(sinP — pcosP) @

Qcomp{ 1 1 1 5
2

t +
i i sinf3 + pcosp sinB—ylcosBJ a

CO3Q Msin B —pcosP + s+ peos [3“ b
P = -] = Zosing
2 \_ sin“ B~ n cos” f3 ] a
: 28 5 .
" co{scp — smEB — =2 sing
2 gin®f-pcos’f @

P b
Ta ¢6: sinp = —
a

1

LLCoS @ = sing

=

(é} —p4Q - sin® B)
a

= —@sing
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cotge = — — =

2 2
c:()tg(Q:%(1+p }—p.
o

Bai 11.55 (hinh [11.55):

Hé khao sat gdm cac thanh OA, OB va hinh tru true O,. Vi hé déi
x{ing nén ta chi cn xét thanh OA. D61 vé1 thanh OB La ¢6 két qua
tuong tu.

Hinh HI.55

» Tach xét riéng hinh tru (hinh HI1.55b).

(3i4 sii hinh tru chuyén déng di 1én. Khi d6 céc luc tiac dyng P du 1dn

nis? ms

(Q‘!E:ﬁ;rf‘c FD]'"O.
Cée phuong tinh cin bang:

Z X, = Nycosa — Nycosa + FP sina - FC sina=0 (1) -

Ry

ZYk = Npsino + Nesina - @ — FE, coso— F2 cosa =0 (2)

ms
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S my (Fy) = RFZ ~ RFES, =0 3

(Gial cac phuong trinh nay ta dude:

R = 2N, (sino — (1cosw)
e Tach xét riéng thanh OA (hinh III.55¢).

e . Ty,
Cac lue tac dung: (R< P, N, F'fiyJ ~0

b

Zm(, (TF‘:): - P%cotga + NpRcotgo = 0 )
aP .
No= g~ Ne

® = 2N, (sinu - feosa) = % {sino - feosa)

Pl = _Q_I%. % _—1_
a sina - fcosa
Khi lue P khéng da 1én thi hinh tru roi xudng, cac hic ma sat co
chiéu nguge lai, lic dé:
P2 = @ . __._1—.__._
¢ sina+ fcosa
Vi P, > P,, nhu vay luc P phai théa man P, < P £ P, khi tga > f, do
d6 sina > fecosa. Ta co:
QR y 1 QR 1
a sina + fcosa a sina — fcosa
Khi tga < fthi
sina < feoso

PZQR 1

X
a sina + fcosa

Bai I1.56 (hinh I11.56):
Xét can bang 6t6:

o Cac lyc tac dung: [é N, F*, N,, Fni] ~0
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F2 o= N, F.'fs =Ny

[

S X = @sma - FA - FE =0 (1)
Z Y = Ny+ Ny —Qeosu=10 (2)
Z"”’A (F) = h@sino — 2 Qeosa =0 (3)

Khi & trang thai toi han thi Ny = 0.

Hinh i11.56

T (1) Lta cO: @sina = FA + FE < f(Ny+ Ny st khong trugt.

FLi%

T (2) ta co: Qeoso = Na+ Ny

S5 Qsino < f N+ Np) = fQeosa
tga < f khong trugt
tga = f bit dau trugt

tga > f trugt

Khi 1at quanh A thi M; = AQsino: M, = %Qcosa

Mudn cho khéng lat thi:

M,zM, » %Qcosa > h@sina, hay tga = —2{)};
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b £ 2 r s ™
tga = —- hat dau lat va tga > — thi lat.
37 2h

“h 2

- . . . : b . .
Do dé s trugt ma khong 1at khi f < tgu < o st 1at ma khong

Zh

trucgt khi b < tgo < f
2h

Bai IL.57 (hinh 111.57):
a=3nvar=0.>5>a

Chon h¢ true Oxy nhu ¢ hinh I11.57. Ta cé:

S, = 4a® x, = a~?
O ,
LS = — . — A x, =2
2 4
x5, xS,
= SR 2 18 em.
S, - S,
Y
]
X
8
<
1
'y -
< !
1
7
<
o
[l
(=)
— I
Hinh 11157 Hinh 111,58

Bai I1.58 (hinh [11.58):

Chon hé truc Ixy nhu d hinh [11.58.

V&1 R = 40cm, »r = 10 em

[0
H
i

=aR*= 740" = 1600x . x =40 cm
=8, =t =710" = 1000

n
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x, = 10 cm va x, = 60 cm
xS - x,8, - x,5,

Ta cé: Xp = = 40,7 cm
S-S -5

Bai IL.59 (hinh II1.59):

Chocanha =40 cm var =10 cm.

Chon hé Oxy nhu ¢ hinh II1.59. Ta c6:

a2~/§ . a3
S = v = - cm
. 4 6
S, =nr* x,=10cm
g -
Xe = x_.x.l—S'l = 12}84 cm
S-85
4
A

Hinh 111.59

Bai T1.60 (hinh II1.60}:
Chia tiét dién thanh hai hinl chit nhat OBDF va ACEF va ky hiéu
14 hinh (1} va (2).
S
Ta co: Xe = Lﬁ
2.5

yo = _Z_Hs.kyl‘r

c Z Sk
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Dién tich 8, = db.

Lo o

. . d .
Trong tim hinh (1) la x, = > vay, =

Dign tich S, =@~ dy d.

Hinh .60
Trong tam hinh {2):
xi:d‘i' EL__'_d Vﬁyg: é
2 2
d (a—-d)d
Sox, + Sy, a‘.2+---2--- :
%= Sx, ¢S 2 2 i(a-d)d
Sy + S bd + ad - d°

f‘i+ bd - d*
2a + b - d)

l‘-(l =
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b d
Sy +S,y, PGy tle-bdy

TS S, (a+b dd

Qa+b-d)

Yo =

Bai IL.61 ¢(hinh I11.61):

¥
> (3
0 o
3 : —_{2F B
% e ‘L‘?— ""x
=
Lo L&)
. o]
42_0.m Zcm
Hinh l1.61

Chia Liél dién thanh ba hinh ch@ nhat (1), (2) va (3).
Chon toa d6 nhu ¢ hinh I1.61. Ta cé:
S, =20.2=40cm*

x,=-lcm
S,=20.2= 40 ¢m?
x, = 10 em

S,=152=30em* {x, = 21 cm)
5, +S,+8,=40cm®+ 40 em® + 30 em? = 110 em®

- S+ Syxy + Shx, —40 + 400 + 630 =9cm.

X
( S -8, +8, 110




PhaN hal =—————
PONG HOC

A. MO PAU

Péng hoc la phan thir hai cta Co hoc ly thuyét, ma trong do nghién
ctu chuy8n dong cua vat thé nhung khéng quan tam dén khdi iudng
va luc tac dung, tuc 1 chi nghién cuu chuyén dong vé mat hinh hoc.
Két qud nhan duoc trong phan ndy 1a v6 cung quan trong vi: |

o NO l& cd 80 chinh xac va cén thiét phuc vy cho cac nghién ciu
hoan chinh vé chuyén ddng trong phéan déng luc hoc

o NoO phuc vu cho cac bai toan ky thuat va cong nghé khi chi can
thiét 1ap cac méi quan hé thuén tuy vé dong hoc

Do vét thé quanh ta v6 cung da dang vé hinh hoc nén dé thuén tién

ngudi ta phdi md hinh hbéa ddi tugng nghién cuu. Hai mo hinh déng

hoc dudc st dung trong phén nay la:

« Bong diém la diém hinh hoc chuyén dong trong khong gian theo
thoi gian. N6 ta mo hinh dudc st dung dé nghién ciru chuyén déng
clia cac vat thé co kich thudc nhd so voi pham vi khdo sat

o Vat ran chuyén dong ia tap hop vé s6 dong diém co khodng cach
gitta hai diém b&t ky khong déi trong subt qua trinh chuyén dong.
D& don gidn khi trinh bay ta thudng goi tit dong diém la diém va
vat ran chuyén dong 1a vat ran.

Chuyén dong la su thay d6i vi tri trong khdng gian theo thoi gian.

Khong gian va thoi gian lai 1a hai khai niém rét rong va phong pht. Vi
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vay trong phan nay ta han ché quan niém dé€ hiéu cac chuyén dong
can khdo sat fa:

e Nghién cuu chuyén dong 1a xac dinh vi tri va cac dac trung dong
hoc cla diém hay vat rén so véi vat chon lam hé quy chiéu. Trong
do hé quy chiu gan chat vac mat dat la quan trong va thudng
duge st dung.

o Hé truc toa do 1a hé toa d6 nao d¢ duoc gan vao hé quy chiéu dé
thuan tién khi tinh toan.

o Thoi gian duge quan niém Ia thdi gian troi déu va tai mot luc xac
dinh nao do goi la thai diém.

B. PHUONG TRINH CHUYEN DONG VA CAC DAC TRUNG BPONG HOC

D€ xac dinh vi tri cda diém hay vat can phai co cac thdng s6 xac dinh

vi tri goi 1a théng s& dinh vi. Cac théng s6 nay thay d6i theo thoi gian

va mor lién hé gitta cac thong s6 dy duoc goi la phuong trinh chuyén

déng. Chang han: mot diém chuyén dong trong mat phdng can biét

hai théng s {x, y) va phuong trinh chuyén dong la méi lién hé:
x=x(t); y =yt

o Van toc thudng ky hiéu la V ia dai fugng noi ién hudng va toc dé
chuyén déng ctia diém. Khi vat chuyén déng quay ta co khai niém
van t8c goc ky hidu 1a o .

» Gia toc 14 dai luong dac trung cho su bién dbi clia van téc, thudng
ky hiu 1a W cho diém va & 13 gia t6c goc cta vat chuyén dong
quay.

o Quy dao chuyén déng cla diém ja quy tich cac vi tri clla déng
di€m trong mot hé quy chiéu xac dinh néo do.

Xac dinh cac dac trumg déng hoc cha diém hay vat la ndi dung cd ban

nhét trong phdn dong hoc ma chung ta 1an lugt nghién cuu trong cac

chuong (tif chuong 6 dén chuong 9).



Chuong 6
DONG HOC DIEM

M

6.1.1.

Trong chuong nay ching ta nghién cau chuyén ddng cia diém
trong h¢ quy chiéu da xéc dinh. C6 nhiéu phuong phap khéc nhau
dé khdo sat chuyén déng clia diém, song ba phudng phap thuong
duge stt dung la:  pheiong phap vecto, phaiing phep toa ds DE cde va
phucing phadp toa di tir nhion,

§6.1. PHUONG PHAP VECTO

Phuong phép vectd 1a phuong phap téng quiat nhat d€ khao sat
chuyén dong. Tinh uvu viét néi bat clia phuong phap nay 1a: cde dac
trung déng hoe duge bidu dién don gian. dé hidu va chinh xdc dud;
dang vectd. Vi vay phuong phap nay thusng xuyén duge st dung
dé nghién ciu vé& mat 1y thuyét cho cd chudng nay ciing nhu cac
chudng sau:

PHUONG TRINH CHUYEN PONG

Ta hity khdo sat chuyén déng clia diém M trong hé quy chiéu cfy
dinh Oxyz (hinh 6.1). Tai mdi thoi diém vi tri clia diém M sé hoan
toan duge xdc dinh béi veets 7= OM . Vectg 7 dudge gol 1a vecto
dinh vi cia diém M trong hé& quy chiéu Oxyz. Khi diém M chuvén
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ddng. veetd 7 sé Lidn thién lién tue theo thai gian ca vé hudny va
d6 dai. N6 1 ham sd cua thot gian ¢

i=r(t) (6.1

ot

Hinh 6.1

Phudng trinh (6.1) 1a phudng trinh chuvén dong cua diém M viét
dué dang vecld. Péng thoi phuong trinh {(6.1) cing la phudng
trinh qu§ dao cua diém M trong hé Oxyz vidt dudi dang tham 0.
Quy tich cac &iém ngon cua vects dinh vi 7 trong hé Oxyz chinh la

quy dao cua diém M.

6.1.2. VAN TOC CUA DIEM

Vectd vin t8e cua diém 1 dal hugng dice trung cho sy bién doi cua
veclo dinh vi 7 theo thoi gian. Do viy dé xée dinh veelo van toc
ching ta can khao sat sy thay déi cta 7 6 1an can thoi diém 7 nao

dé.

Gid it Lai thai digin ¢, dong didm & vi tri M duge xée dinh boi veetd
dinh vi 7 =0M .
Ta1 thal ditm lan cin £, =+ Af ddng diém 6 vi tri lan can M, duge

xéc dinh béi veetd dinh vi r, = OM, (hinh 6.2)
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Vectd MM, =r, -F = Ar md ta gan dung huéng di va quing duong

di cia diém M trong khoang thdi gian nhd Ar va duge gol 1a vecto

—_—

. o . o Ar P T Sy s o :
dich chuvén. Ty sb " ky hiéu la V, . got la van tée trung binh

cia diém M trong khoang thot gian A7, Khi A¢ cing nho thi V),
cang biéu dién chinh xdc vects van téc trong khodng M va khi
At -0, V, sCtién dén van t8e tde thét cda diém M tai thoi diém

£, Ky hicula V

—~ . Ar df
Vo=lim— = (6.2)
At AL dt
z
My
~= M _
Ar v,
F"‘
r
O
b 4
X
Hinh 6.2

Nhu vy, vectd vin L8c tie thdi cta diem M bing dao ham bac
nhét theo thai gian cha vects dinh vi 7

DPé biéu dién gon hon ngudi ta ding didu chdm thay cho ky hiéu
dao ham theo Lhdi gian:

LA T Rpiae VoY
el ot dt
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\ . - . P S . Dboda
T (6.2) ta nhé&n thay don vi do van téc cua diém M 1la: —————
Thai gian

chéng han mét/gidy (ky hidu m/s) hoac (km/h).

—

Tt hinh 6.2 ta nhan thdy Ar va V,, cung hudng véi MM, , khi M,
dan dén M: cat tuyén MM, dan dén ti€p tuyén tai M, vi vay van

tdc tiic thdi cua diém M luén hudng theo ti€p tuydn véi quy dao
tai M.

6.1.3. GIA TOC CUA PIEM

Vectd gia tée cha dong diém M dace trung cho su bidn d6i clia vectd
van toe V. Do vay tuong tu nhu dél véi van L8c, dé xac dinh gia
toc, chung ta khdo sat sy bién déi ctia van tée tai lAn can thdi
diém ¢.

Gia s tai thoi diém ¢
diém & vi tri M, van tde
duge xie dinh 1a V.

( thoi diém lﬁrz can v
t, =t+Ar dong diém ta p
vi tri M, van téc 1 171 y
(hinh 6.3). M,
AV = 1_/: Vv dac trung

cho hifn déi van tée

trong khoang thoil gian v

) . e AV
nho Ar. Ty 86 — ky
¥ A ¥
. — . Hinh 6.3
higu ta W, , goi la gia

t8c trung binh ¢la diém M trong khoang thai gian Af. Va khi At

—_—

ddn dén khong W,, sé d&n t6i gia L8c tic thdi tai thoi diém ¢ va ky
hicu la W,
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o AV dV 5
W= i e ===V
Im 7" g
— 2_ e
hay W-dr_; (6.3)
dt”

Don vi dé do gia tée 1a do dai/(thdi gian)”, Chéng han: m/s* hay km/h*.

VY& mat hinh hoc; Tu hinh 6.3 ta nhan thavy AV va Wu ludn
huéng vé phia }6m clia dudng cong quy dao. Do vay gia toe tle thol
cua diém M trong trudng hgp t6ng quat ciing ¢6 hudng nhu vay.
Trén dav ching ta da st dung vectd va dao ham vects dé biéu dién
cac dac trung ddng hoc cua diém M. Can ¢ vio V va W 6 thé

xac dinh duge tinh chéit chuyén déng ela diém M la nhanh dan.

cham dan hay déu.

N&u diém chuyén déng nhanh déan thi V ting, do d6 V* = VvV
~ .. . . f o =

ting ddn theo thoi gian. T doé suy ra %(V)‘ =92V.W =0. Vaw:

¢

« N&u V.W >0 thi M chuyén déng nhanh dan;

« Néu V.W <0 thi M chuyén déng cham dan:

o N&u V.W =0 thi M chuyén déng déu (van tée khéng déi).

§6.2. PHUONG PHAP TOA DO DE CAC

Vi phuong phap nay nguoi ta khao sat chuyén déng cta diéin M
trong hé toa 4o D& cac vudng goe Oxyz (hinh 6.4}. Tinh vu vigt ndn
bat cua phudng phép nay la dé dang xac dinh dude cic dac trung
déng hoc cia diém M v& dinh tinh vi dinh lugng. Do vay phuong
phap nay duge su dung cho ca nghién cdu ly thuyét cing nhu giai
cAe bai toan cu the.
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6.2.1. PHUONG TRINH CHUYEN DONG

Vi trf etin diém M trong heé toa d6 DC cdc vudng goc Oxyz s¢ hoan
toan xac dinh néu biét ba toa do x, y, z. Khi diém M chuyén dong
cac toa dd nay sé thay d6i lién tuc theo thoi gian va 1a cic ham vo

hudng cua £

x :x(t')l
v =y (6.4)
z =z(t)[

Phuong trinh {(6.4) 1A phudng
trinh chuyén déng cta diém
M trong toa do DE cac Oxye.
Déng thol phuong trinh nay
cling 14 phuong trinh quy dao
viét dudi dang tham sd cua
thol gian ¢, Khi khit ¢ tit (6.4) O

i

ta nhian duge phudng trinh
quy dao dud dang thong
thudng. - Hinh 6.4

6.2.2. VAN 16C

Ta goi van tée tic Lthai cua déng diem M 1a V' va hinh chiéu cua
vectg van toe 1én ba true toa 40 DE cac AV, V,, V.. Véi .,k la

cAc veeto don vi cia ba truc toa d§. Ta da biét

szf+y}+z}; _ (a)
Mat khac
= dr d < “ T tdx - (.fy s dz -
V—=— - Ry ——| + 2 k b
ar @ YT T (®)

Vi i,k 12 céc vectd hing s0. Chifu hai v& etia (b) 1én cac truc toa

a6 DE céc ta ci:
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dx . d , dz . .

x:_:x;vy y y:Vz:_:z (6'0)
dt dt dit

Vay hinh chifu vects van téc cia diém 1én mot truc toa do nao dé

bang dac him bac nhat theo thdéi gian cua toa db tudng ng Biél.

hinh chiéu ctia vecto véan tdc V ta tim duge gia tri cua V theo

cdng thie;

W' = VE+VE+vE =i 4 7 4 2 (6.6)
Goi a, B, v 1a goc hap boi V vdi cac true toa dd Ox, Oy, Oz thi:
1'% \%
coso = —>; cosf= —=; cosy = —= (6.7)
V \% V
CAc gia tri nay con goi 1a cosin chi phudng cla vectd van toe.

6.2.3. GIATOC

Hoan toan tugng tu nhu xdc dinh van tée. Goi hinh chiéu cta vecto
gia t8e tie thai 18n cdc true toa do 1a W, W, W, va s dung két

— 2
qua cta phan truge W = ﬂ = d— ta nhan dudgc:
dt dr®
dv, dx _
Yodt o de?
AV, dty
W =—2L="2 =3 6.8
YT de a C (©:8)
_dv, d‘a
=T dt  dt

Vay hinh chifu vecto gia tdc cia diém 18n mét truc toa db ndo d6
bang dao ham béac nhat theo thdi gian hinh chiéu vects van tdc lén
truc 4y hay dao ham béc hai theo thdi gian cua toa df tuong Ung

Gia tri va hudng cta vecto gia tée duge xac dinh theo cdng thic:

“«_V’l:\[Wf + W)+ W} =\/1‘2 + 3¢+ 3¢ (6.9)
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6.3.1.

Got ey, [3,. v, 18 goe hgp bat W v6i cac trae toa 6 Ox, Oy, Oz Lhi :
W W, W,

coso, = —Wi cosf3, :-W}; CosYy = 1F (6.10)

§6.3. PHUONG PHAP TQOA DO TU NHIEN

Phuone pbap toa dd tu nhién duge su dung dé nghién ctiu chuyén
dong cia diém khi da bigt dudng cong quy dao cua nd. Bing
phuong phap nay cac dic trung déng hoe duge md ta bai cde dai
lugng c6 lidn quan mat thiét véi cdce tinh chat hinh hoc cua duong
cong qui dao. Do vay no giap ta quan sit chuyén dong cla diém
mdt cach dé dang néu ta tudng tugng ding tad diém chuyén dong
trén dudng cong quy dao da bict

Dua vao hinh hoc vi phén ta lap hé toa df ty nhién ¢6 pie toa d6 ¢
M véi cie truce tidp tuyén thuin, phap tuvén chinh va truang phap
tuyén. Cae vects don vi trén cac truc nay lan lugt ky hidu la <. n, b
(hinh 6.3). Ching lap thanh tam dién thuin b =7~ Mat phing

chia cic veetd don vi 1,7 dude goi 1A mal phang mat tiép.

PHUONG TRINH CHUYEN DONG

Trén dudng cong quy dao ta chon diém O ¢d dinh lam géc va dinh
chiéu dudng cho quy dao vé mdt phia clia gic O. Vi tri caa M trén
quy dao s& hoan toan xic dinh khi bigt cung OM = 8. Do d6.S duge
goi 14 toa dé cong hay hoinh 49 cong cua M. Khi M chuyén dong
thi S bi€n d&i lign tuc theo thoi gian &

S = Sft} (6.11)
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Phudng trinh (6.11) 14 phuong trinh chuyén déng cua diém M
trong toa d6 tu nhién.

a

=}

Hinh 6.5

6.3.2. VAN T6C CUA DIEM

D& xac dinh van tdc ta xét su
bién thién cha toa 4o cong S.
Gid st tai thoi diém ¢ dong
didm ¢ M, vi tri duge xac
dinh bdi cung OM = S. Tai
thai diém 1an cén ¢, = ¢ + At
déng diém & tai M;, vi tri
duge xac dinh bdi cung
OM, = 8, = S+AS (hinh 6.6).

Hinh 6.6

Ty 80 = =V, la gia tn trung binh cia van toc trong khoang thai
gian At. Gia tri cha vén toc tuc thai tai thoi diém ¢ duge xac dinh:

V=lim oo = — =8 (6.12)
Al-»0 Af dt

Vay gia tri van tdc ctia difm tai thoi diém ¢ nao do bang dao ham

bAc nhit theo thoi gian cla toa do cong S trén quy dao.
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Nhu da biét & trén, phuong cta vectd van téc V. ludn luén t1€p
tuyén vai dudng cong quy dao tai M. Do dé chidu cla vects van Lo
V phu thube vio diu caa gia tri V = S

e N&u S > 0thi V huéng theo chicu dugng cua quy dao:
e N&u S <0thi V huéng theo chidu am caa quy dao.

Nén V =81 (6.13)
6.3.3. GIA TOC CUA DIEM

T biéu thitc W= %‘{— nén khi dao ham bié¢u thie (6.13) theo ¢ ta

duge:
W:ﬂ:i(s%')zﬁhsgj_
dt dt dt dt
Trong hé toa dd tu nhién ngusi ta da ching minh dudc
dt 1.
_:_n,
ds p
& day: p - ban kinh cong cua quy dao.
Vi viw:
di dS di 1.
e x—=8-n
dt dt dS p
— A - - e . - e , 2
LoD s i gmasestaosie
¢ dt p p
— .. V' B ~
SW=8St+—n=Wi+Wn
P
Véi
. 2
W =S:dv' %Y v
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Vav gia tée ctia diém trong hé toa dd tu nhién gém hai thanh phin
tiép tuyén va phap tuyén chinh:

dv s e L o w NN
e W = ar ool la gia toe tiép, nam trén tiép tuyln cua quy dao.
3 t "

dae trung cho su bién dbi gid tri cta van tée theo thii gian:

o

o W, =-—— ludn luén dudng nam trén phap tuyén chinh, goi 1a
p
gia téc phap tuyén, die trung cho su thay d&i phuong cua
van toc.
Vi true Ltiép tuyén va phap tuvén chinh vudng gée véi nhau, ma
(g2 Y

W =W, +W, va WiW, nén W= W*+ W’ :\/S2 N TR

Lpy

6.3.4. CAC CHUYEN BONG DAC BIET

Cée chuyén déng dac biét duge phan tich trén cd 80 cac dang dac
biét clia dudng cong quy dao va gid tri cda van tde, gia tde ma ta
thutng gip trong doi sdng k¥ thuat.

a) Chuyén dong thing

Chuvén dong thang 1a chuvén déng ¢6 quy dao 13 mot dudng
thang. Hai trudng hop ddc biét thudng gap trong chuyén déng
thang:

o Chuvén dong thing déu 1a chuyvén dong thang c¢é van tée la
hang 6 (V = const). Quang dudng di § duge xac dinh theo cing
thie:

S=8 +V (6.15)
trong d6: S, - toa dd ban ddu khi¢ =0,

» Chuyén déng thdng bidn d61 déu 1a chuvén dong thang ¢6 gia tri
gia t6c khéng 461 (W =const). N&u gia tri cla gia tde duong thi
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ta ¢6 chuyén dong nhanh dan déu, nguge lai ta ¢é chuyén dong
cham dan déu. Trong {rudng hgp nay ta cb cong thic xac dinh
vAn tée va quing duong di dude tal thoi glan ¢ nao do:

VoV + W S=8,+Vi+ W% (6.16)

b) Chuyén dong cong phing

Chuyén dong cong phéang 12 chuyén déng c6 quy dao la dudng cong

phéng. Ta c6 hai dang chuyén dong cong phing thutng gép:

« Chuyén déng cong déu la chuyén dong cong ¢o pid tri van toc
khéng déi (V = const). Trudng hgp niy quang duong di duge
tinh theo cdng thic:

S=8,+Vt (6.17)

« Chuyén dong cong bién d&i déu (¢6 thé 1a nhanh dan déu hay
cham dan déu) 1a chuyén dong cong ¢ gla L gia LGe Liep khong 4ot
(W, = const). Trong trudng hgp ndy van tde va quang dudng d1
duge tinh theo cong thie:

2

VeV +W.;S=58,+Vit W, % (6.152)

Quang dudng S mang dfu (+) néu di€m chuyén ddng nhanh dan
&6u vA mang diu () khi diem chuyén déng cham dan déu (S, va Vv,
14 quang duong va van tée ban ddu khit = 0).

Ngoai ra, vé mat cac dac trung hinh hoc cua quy dao nguol ia con
quan tam dén moét vai dang déc biél cua quy dao cong phéng
thudng gap nhu saw:

. Quy dao 1a dudng tron ban kinh R. Khi d6 db cong & = 11% ban

. .t » 1 . Vi
kinh cong la hang s6 p=—=Hva W, =-—.
k R
« Quy dao cong la dudng elip co hai ban truc a va b duge md ta boi
2 2

phuong trinh quy dao —z + %T =1.
a
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§6.4. Vi DU MINH HOA

Vi du 1: Mot diém chuyén dong theo hé phudng trinh:
x=BtF+]
y = 3 -1 (a)
(x tinh bing mét. ¢ Linh bang gidy)

Hiay xac dinh:

a) Quy dao chuvén dong cta ditm:

b) Gia tri va hudng ctia vectd van toé

¢) Gia tri va hudng el vectd gia toc.

Bai gidi:

a) Khu £ tit he phudng trinh chuven ddng (a) ta nhan duge phudng

trinh quy dao:

Quy dao 1a moét phan cia dudng thing dude md & trén hinh (hinh 6.7).
Pong diém xuft phat ta M, (1, ~1) (Ung v61 thoi diém xuat phat
t =0} va chuyén dong theo huéng M P & dAn ra xa vo tan kin thot
gian t tang dan.

b} Van tée duge xae dinhe

Vx::fc:12t‘,

V,=y=6L:
V= Vi vy =6Vat (mis).

Vai £ > 0. Vova V, > 0 do vdy V 1udn co chitu nhu trén hinh
(hinh 6.7).
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P

: w
. S
- M, v
///
24
Hinh 6.7

¢) Gia téc dude xac dinh:

W, =x=12 m/s%

W, =y=6 m/s"
Do vay ‘W‘ =65 m/s: Do W, va W, luén mang dau dudng nén
chiéu cua vecto gia tée ludn o6 chidu mé ta nhy trén hinh 6.7.

Vi da 2: Chuyén dong ctia diém theo dudng xoén 6¢ mé té bdi hé
phuong trinh:

x=2¢
y=-20+1 {b)
2=t -t

(x, y, z tinh bing mét; ¢ tinh bang giay). Hay xac dinh cac thanh
phin gia t6c va ban kinh cong p theo thdi gian £

Bai gidi: T hé phuong trinh chuyén déng (b) ta nhan dugc:



Phin hai, DONG HOC 217

£=2
y = ~4t
z=2t-1

\17\ = 2082 — 4t +5 (mls)
=0

5= -4

12’ _9

Wl =245 (m/s?)

_dv _ 200t-1)
Coodt Joort—4t+5

Wn :VIIWZ _W‘Z‘ — ﬂ = |—- 96 o
dt  \20¢* -4t +5

Ban kinh cong

. . 3
Vi (208° -4t +5)%

W, 7%

Nhu vay diém chuyén dong vé1 gia eri gia t5e toan phén la hang s6

Y

nhung van tdc, gia toc tiép tuyén, gia tée phap tuyén va ban kinh
cong quy dao phu thude vao thdl gian t.

Vi du 3: Mot diém chuyén déng trong mat phang theo hé phuong
trinh:
x=asint L

_ {c)
y = 2a cos2t]

(a la hing s6, ¢ 12 thoi gian).
Xac dinh quy dao va phén tich chuyén dong trén quy dao
Bai gidi: T hé phudng trinh chuyén dong (¢) ta cd:

- 4
y = 2acos2t = 2a{l - 28in’t) = Za---x
53
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Quy dao chuyén déng 1a mdt phan cta parabol mé ta trén hinh 6.8.
G161 han cuaa parabol duge xac dinh ti phuong Lrinh chuyén dong
da cho:

|x Sa:’y‘?Qa

4
Ban diu dong diém xuét
phat t M (0. 2a) sau dé
chuyén déng vé phia
difm A va téi A lae

M. (0, 2a)

AN

Ticp 46 diém O

o =

chuyén dong nguge lai
qua M, Iuc ¢, =7 va td

2 3 .
diém B lac ¢, = ~2£ ril

lai quay lal M, luc I \
f,=2n.  Qua  trinh i \

chuyén déng tiép theo
duge lz%p lai nhtf da néu Hinh 6.8
va diém chuytn déng

tuan hoan vél chu ky 2w,

Vidu4: Vat A chuvén déng theo phuong thiang ding nhd lng vio
thanh ding ¢8 dinh va nél véi soi day mém vat qua vong roc O
Sau d6 truyén cho ddu day B mét van tde u (u 12 hing s8). Hay xac
dinh van tée, gia tdc cua A theo w vax (hinh 6.9).
Bai gidi: Xét tam giac vudng OAH ta cd
i J .
x=+0A" —a”  OA = AB — ut ()

Do viy:

x = J(AB—uf)* —a* (b)

Van toe diém A:
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V = — = - == ——
dt  J(AB-ut)’ -a*

Tu (b) ta suy ra;

AB =+a® +x* - _F_—

Do vay:
17 . )
V,=V=-"+a’+x*
X

Gia tée diém A:
_ dV _ d [E ,l'——z

T

w2 o= Zya s x
dt dex 3

Tinh dao ham va chu ¥:
“ Hinh 6.9

B . “
r=V=-Zia*+x"
x

Ta nhin két qua:
v R
W, =W = av._ ue
dt x*




Chuong 7
CHUYEN PONG CG BAN

CUA VAT RAN

M_ﬁ

Trong chuong nay chung ta khao sat hai dang chuyé én dong co ban
nhatl cla vat ran: chuyén dong tinh tién va chuyén dong quay
quanh tru,c c6 dinh. Hal chuyén d6ng nay thudng hay gip trong
thyc té, trong cac nganh ky thuat, cdng nghé. Nhing kél qua
nghién cdu trong chuong nay 1a cd sd dé khao sat cac dang chuyén
déng phitc tap hon ctia vat ran, dong thdi su dung dé phan tich
chuvén dong phitc tap thanh céc dang chuyén dong ed ban cta vatr an.

§7.1. CHUYEN DONG TINH TIEN CUA VAT RAN

7.1.1. DINH NGHIA

Chuyén dong tinh tién cua vat rin la chuyén déng sao cho mot
doan thing bat ky thude vat ludn ludén chuyén dong song song val
chinh no.

Vi du 1: T4m bang chil nhat A trugt trén dudng thing nam trong
mit phiang (xOy). A chuyén dong tinh ti&n. vi mo1 doan thang MN
bat ky ludn chuyén déng song song véi chinh né (hinh 7.1).
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X
N
A/
I——
M
y Frrr d . L . L Ed L Cd FEAIEET Lt LR P FFFF NI FTINrry FEEREEE
Hinh 7.1

Vi du 2: Tdm phdng ABCD chuyén déng nhd ¢d cdu tay quay 41
khau (hinh 7.2). Tam ABCD chuyén déng tinh tién.

D cC

“ ]
o

Hinh 7.2

7.1.2. TiINH CHAT CUA CHUYEN DONG TiNH TIEN

Pinh Iv: Khi vit ran chuyén déng tinh tién, moi diém thuée vat
chuyén dong gidng hét nhau, nghia la tai méi thot diem vdn toc va
gia toc ciia moi diém thuée vat déu bang nhau, quy dao cua mo
diém co thé tinh tién dé tring khit lén nhau.

Chitng minh: Gia sit vat rdn (£) chuyén déng tinh tién so vdi hé
quy chidu (Oxyz). Néu 1&y trén vat hai diém A, B bat ky thi AB
luén chuyén déng song song vdi chinh nd, do vay AB = const . Theo
(hinh 7.3):

rp =1, +AB (a)
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Hinh 7.3

LAn luot dac ham bac nhét va bac hai dang thic (a) theo thol gian

vachay AB = const ta nhan duge:
V, =V W,=W,. (7.1)
Do AB lubn song song véi chinh nd (AB// A\B, // A,B...) nén néu ta

tinh tién quf dao (1N cha A sao cho A =B thiA, =B, A, =B..., A =B,
tde 1a (1) trang khit 1én (Ty) 12 quy dao cua B.

7.1.3. NHAN XET

Tir cac tinh chit dac bigt ¢a chuyén dong tinh tién ta di dén két

luan:

o Khio sat chuyén déng tinh tién cia vat rin chi can khao sat
chuvén dong clia mot diém bét ky thude vat.

o Chuyén ddng tinh tién cua vat vian ¢ thé col nhu mot diém

chuyén déng ma thoi.
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§7.2. CHUYEN PONG CUA VAT RAN QUAY QUANH
TRUC CO DiNH

7.2.1. DINH NGHIA

Chuyén ddng cha vat ran quay quanh mét true ¢6 dinh la mot
chuyén ding ma trong sudt qui trinh chuyén déng trén vat ¢o 2
diém luén ludn ding vén.

Vi du:

o Céanh clia quay quanh truc di qua 2 ban 1& (hinh 7.4a);

« Tam phing quay quanh truc AR (hinh 7.4b).
3 0 e

Aff

off

Hinh 7.4

7.2.2. KHAO SAT CHUYEN DONG QUAY CUA VAT RAN

a) Phuong trinh chuyén dong

Gia s vat rdn quay quanh truc Az (hinh 7.5a). Dé xac dinh vi tri
cua vat tai thdi diém ¢ ta chon mat phing (n,) ¢d dinh va chia truc
quay lam mat phiing ghc. Dong thoi gan vao vat mat phang ()
chda truc quay. Khi vat quay mat phang (m) cling quay theo va vi tri
clia né xac dinh vi tri ctia vat. Gée nhi dién gidia (n) va (n,) 1a gée quay
@ ciia vit. Khi vat quay thi ¢ bién déi lién tuc theo thii gian &

9 = o) (7.2)
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b} c)

|\ \§

JT‘,(P

]
o

-1 A A,

Hinh 7.5

Biéu thic (7.2) 1a phuong trinh chuyén déng quay cha vat ran
quanh truc ¢d dinh. Géc quay @ thudng tinh bing rad hay sb vong
quay. Dé xac dinh chiéu quay ca vat, ngudi ta quy ude goc ¢ > 0
néu tiy diém ngon cua truc quay ta thay vat quay ngudc chiéu kim
déng hd va ¢ < 0 khi ngude lal

b) Vin toc goc cia vit

PE dic trung cho chuyén dong quay ctia vat ran quanh mét truc cd
dinh ngudi ta dua vao khai niém van tée goc va gia tée goc. Sau
khoang thoi gian At = ¢, — ¢ gbc quay @ cua vat bién d61 mot lugng

Coa e N
Ap = ¢, - ¢ Ta g ty s0 —g(i—) =, 12 vAn toc goe trung binh cua vat
trong khoéng thii gian At. Khi At — 0 thi @, — o la van téc goc

ctia vaL tai thai diém ¢

d
®= hm w,, =1im— Se 00

A o) N0 AF df (7.3)

Vay van tdc goe cua vat quay guanh truc ¢6 dinh ¢6 gia tri bang
dao ham béac nhit theo thoi gian cua géc quay ¢.
Don vi dé tinh van tdc goc 1a rad/s hay 1/s hodc s™.

Tix (7.3) ta thiy:
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e Néu o> 0thio> 0 vit quay ngude chiéu kim dong hé:
e N&u © < 0 thi vt quay thuan chiéu kim déng hé.
DE biéu thi d6 nhanh cham, chiéu quay va truc quay (ngay c¢a khi
truc quay di déng) ngudi ta bidu dién van tdc géc w bing vectd van
t8c gée @ ¢hinh 7.5). Dé 1a vecta-cd:
e Phudng ¢ trén truc quay;
o Chiéu sao cho tit diém ngon cua veeld ay ta thay vat quay ngude
chiéu kim déng hd;

» (i tri bang g—tﬂ =¢.

dt
Trong ky thuat ngudi ta cdn biéu din van toc goe bang s6 vong
quay trong mét phut, ky hiéu bang n vong/phit. Ta c6 biéu thie
lién hé gitia van téc goc o val n;

@ = 2391 I rad/s
60 30

¢} Gia tic goc

1é dac trung cho sy bign d6i cla van tée goe theo thdi gian ta c6
khai niém gia tdc géc. Ky hidu &. Tuong ty nhu d61 véi van tbe goe:

do di¢ . '
el T = 7.4
ar a7 74

Vay gia tc gée cia vat quay quanh truc ¢ dinh ¢é gid tri bang dao
ham béac nhét theo thdl gian cia van tde gée hay dao ham bac ha
theo thai gian cua goc quay ¢.

Dan vi tinh gia t8c goc 1a rad/s® hay 1/8* hodc s

Tuong ty nhu van tde goc, ta biéu dién gia tée gée bing vectd €.

N#éu goi k la vecto don vi eta truc quay z thita cé © = wk . Khi dé

- dUJ -~ T . . ,\r . - - L N
£= Ek =gk, Viy vecld gia t6c gbéc nam trén truc quay, chiéu va

gia tri cia né duge xac dinh boi ddu va gia tri cua € (hinh 7.5b).
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Dé ¢6 ddu higu nhén biét tinh chdt cha chuyén dng quay ta xét

dau ~Cg-((ﬂz) Vi _Cf_(mz) =2we nén ta cé két luan:
di et

e Khig =0 vat rdn quay déu;
» Khi we > 0 vat rédn quay nhanh dén va khi dé € cing chiéu véi
o (hinh 7.5b);

+ Khi we < 0 vat rdn quay cham dan va & ngude chifu vdi &
(hinh 7.5¢);
d) Cidc chuyén dong quay dic biét
» Chuyén déng quay déu la chuyén déng quay ma van tde gée cbd
gia tri khéng ddi (w, = const), Vi © = o, = const cho nén:
Q= ¢, + of (7.5)
(9, 12 gée ban dau khi¢ = 0)
« Chuyén d6ng quay bién d6i déu la chuyén ddng quay ¢d gia tdc
g6c khong déi (e = const). Khi dé:
©w=qw,+el

1 1 (7.6)
=@, tof+ —ct’ = ot —gt”
=9 2 Q. ot ty

Go6c quay ¢ mang ddu (+) néu vat quay nhanh dan déu va mang
d&u (-) khi vat quay cham dén déu (v, va @, 12 van téc gée va
gdc quay ban dau khi £ = 0).

7.2.3. KHAO SAT CHUYEN DONG CUA DIEM THUOC VAT

Gia st ¢6 vat rdn chuyén dong quay quanh truc z ¢f dinh. Ta 14y
mét diém M bat ky trén vat cach truc guay mét doan CM = k. Khi
vat quay quanh true z ¢§ dinh thi diém M vach nén quy dao 1a mat
duong tron tdm C ban kinh A nidm trén mat phing di qua C va
vudng gée vdi truc quay. Vi biét trude dang quy dao cua diém M
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nén ta st dung phuong phap toa d6 tu nhién dé phan tich chuvén
dong ciua diém M.
a) Phuong trinh chuyén dong

Cheon mét diém O trén dudng tron tam C ban kinh A lam géc toa
dd va chon chiéu quay nguge chiéu kim ddng hd lam chiu dudng.

Vi tri ctia diém M dude xéc dinh bdi cung
OM =8 = ho(t) (7.7)
b) Vin toc cia dicm
Ta cé:
V=8=h¢=ho (7.8)

Vay van tdc cia diém bat ky trén vat ran chuvén déng quay quanh

5
truc ¢6 dinh ¢6 gia tr] bang tich 8§ van tdc gée cta vat véi khoang

céach tir diém dé dén truc quay.

Hinh 7.6
Trén hinh 7.6b biéu dién su phin bé van tée cic didm trén mat
phang vudng goc vél true quay Az. Gia tri cua van toe ty 1¢ vél
khodang cach A ti diém khio sat dén truc quay.
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¢) Gia toc cia diem

229

Diém M chuyén déng trén dudng tron tam C ban kinh A nén trong

truong hgp tong quat gia t5c cia didm M c6 hai thanh phan:

Wy = Wiy + Wi,
Wy = he;
Wy = B’
nén W, = hve® + o’
T difm A trén truc quay ta ve vecld AM =7 Tacd

Vy = OAF ! W.:; = EAF VA W: = HAV = BA(DAF)

724, KHAI NIEM VE TRUYEN CHUYEN DONG

Hinh 7.7

(7.9)
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Chung ta da nghién ctu ha chuyén déng co ban la chuyén dong
tinh tién va chuyén déng quay quanh méot truc ¢& dinh. Do nhu ciu
cta k¥ thuat va coéng nghé nguoi ta phal dung mot s6 co cHu dé
truyén chuyén déng. Truyén chuyé én dong tinh tién thanh chuvén
ddéng tinh ti€n (hinh 7.7a}. Truyén chuyén déng tinh ti€n thanb
chuyén dong quay (hinh 7.7b). Truyén chuyén dong quay thanh
chuyén déng quay bang tiép xuc (hinh 7.7¢), bang diy céroa
(hinh 7.7¢), bing banh rang (hinh 7.7d).

Céng thite truyén chuyén dong:

Ro, =R,wy > Ky =— = -=%_% (7.10)
trong d6; R,, R, - ban kinh;
Z,, Z, - sb rang cla cac banh rang 1 va 2;
K., - hé s6 truyén chuyén dong, mang dau (+) néu hai banh
réng quay cing chiéu (tiép xc trong) va mang dau ()
néu hai banh rang quay ngude chidu (1i€p xic ngoai).

Vi dw Vat A chuyén ddng trugt theo mat nghiéng, nhd sg1 day
khong din truyén chuyén déng quay cho banh xe kép (), banh xe
kép (D truyén chuyén déng quay cho banh xe (I1) bang tiép xuc
ngoai (hinh 7.8). Tai thoi diém t vat A c6 van toe va gia toe V,, W,
Hiy xéc dinh van tdc goc cua banh xe (III) va van tée, gla tde cua
diém M.
Theo cac cdng thitc vé truyén chuyén ddng ta co:
14 do, W :
wlz_A-;g]:_—l:_i (8.)
R dt R

Chiéu ctia @, va g, thuan theo chieu V, va W,

9y By
w, K,
do dé W, = _ ok, va g, = _ak (b)

2"""R, R,
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D&u () thé hién cac chifu quay nguge nhau.

T (2) va (b) ta nhan duge gia ricua o, v €,

Hinh 7.8

Van tdc va gia toc cha M duge xac dinh theo cae ¢éng thie o ban:

V:\-f = R2(02 = % VA

Wy =W, +W,

W.: :REbZ:%WA:

W, =R, = R{V‘i
# TR, R

o . Lo 2
— R RV
WM\ — Sw, | | S
R R,R
Nhu vay tai mdi thoi diém céac dic trung déng hoc caa cae banh xe
(D) va (11) déu xac dinh duge theo van tée v gla toe cua vat A



Chuong 8
HOP CHUYEN DONG CUA DIEM

M

Trong chuong 6 ching ta da khao sat chuyén déng ctaa diem déi
v6i mdt hé quy chidu ¢d dinh. Chuong nay chung ta khio sat
chuyén déng ctia diém d6i véi mot hé quy chidu ma hé quy chiéu
nay lai chuyén déng d8i véi hé quy chiéu ¢d dinh khac. Trong
chudng nay ta sé thiét lap mé&i quan hé gida cac dac trung dong
hoc V.W cla didm d6i véi cac hé toa dd khac nhau. Co thé néu

mét vail vi du dinh tinh nhu saw:

Vi du 1: Mot chiée thuyén chuyén dong so véi mat nude sing.
trong khi d6 mat nude la chuyén ddng so vdi ba sdng (hinh 8.1a).
Vi du 2: Dong diém M chuyén dong doc thanh OA trong khi thanh
OA quay quanh diém O cd dinh (hinh 8.1b).

%

BRI L s e ey ALY

Hinh 8.1
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§8.1. KHAI NIEM VA DINH NGHIA
VE CAC LOAI CHUYEN DONG

X6t chuyén déng cua
diém M d&i véi hi dong
Oxyz, déng thdi hé toa dg
nay cung vol diém M lai
chuyén déng d8i véi hé
toa dd ¢ dinh O,x 1,
(hinh 8.2).

Dinh nghia 1. Chuyén

déng cua diém M déi véi
hé toa do cd dinh Oxy 2,

gol la chuyén déng tuyét

d6i. Van tdc va gia tic
ctiz didm M trong chuyén
déng tuy@t doi goi la van
téc va gia tée tuyét doi.

Ky hiéu ZWG Hinh 8.2
— d —— dr
V = — (O M=—"2=F 8.1
o =g QM= =n b
W::d%O]M): d f“’ i ©.2)

dt’ dt?

Pinft nghia 2: Chuyén dong cia diém M d61 véi hé toa dd dong Oxyz
goi 14 chuyén déng tudng déi. Van tée va gia te cha diém M trong
chuyén déng tucng d6i goi 14 van tée va gia tde tuong dol. Ky hiéu

V.. W

gy P

Ta ki hitu i,k la cic vectd don vi cia cac true Ox, Oy, Oz cua he
toa d6 dong Oxyz. Tea dd cua diém M trong hé toa dd nay lax, v, 2.
Khi dé vectd xic dinh vi tri ciia diém M trong hé toa d¢ dong la:
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— d . dr dx- dy- dz,
V = (OMY="—="i{+ 2 j+—k 8.3
a7l T T TR T ®3)
Céc vectd i, 7.k 1a cc vectd hiing
—  d? ——. d¥% d*x; d'y- dz;
Wr:—"—,(OM):—TZ - + ——— +—(k (84)
dt? det di? | de? I a

Dinh nghia 3: Chuyén déng cia hé toa dd dong (goi tat 13 hé déng)
d6i véi hé toa do c6 dinh (goi tit 1a hé ¢ dinh) goi 1a chuyén dong
theo. Van tdc va gia toc cta diém M trong chuyén dong theo goi 1a

van tde va gia toc theo. Ky hig¢u V, W,

D& thiét 1ap dudge cdng thilc tinh van téc theo va gia téc theo ta dua
vao khai niém trang diem M*,

Vay tring diém M* 13 mét diém c8 dinh nao do6 thuge hé déng ma
tai thdi didm khéo sat dong diém M chuyén déng dén tring véi no.
Van téc va gia tde cia trung diém M* doi voi hé ¢§ dinh tai thoi
diém khao sat 1a van téc va gia tdc theo:

ﬁ :fw:'? W; = Wy

Ta cb:
OM*=00+OM*=00+x*i+y*j+2*k
— —— d = di dj dk
V,:V *:_‘OO ¥ 2 T
e M dr( )+ x a7 At a4
Do

x(f) = x*(@); y(t) = y*(); z(t) = 2*(£) nén ta cb:

— — d == di dj dk _

V.=V, :&?(OIO)”EE’L%_J;”E (8.5)

— —— 4 d%  d'j d%k

We =W, 3—"7(0 O)+x~-~,}—+ Tt 2 (86)
YT g art Cdetdr
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Khi gidi céc bai toan Ap dung ta thuong ding chuyén déng tudng

d&i cua diém M lai trén hé dong. sau dé tinh van tée va gia Lée caa

diém M do hé dong chuyén dong déi vé1 hé o8 dinh gay ra.

Phan tich cac vidu:

Trong vi du 1 (hinh 8.1a):

Van téc v gia tée cua thuyén so véi by séng 12 van tée va gia tde
tuydt do1 V, W,

Vin tdc va gia tée chia thuyén so v4l mat nude 1a vin tde va gla
toc tuong do1 VW,

Van L6 va gia téc cia nude so vl bd séng 1a van téc va gia Ldc
theo V,. W,

Trong vi du 2 (hinh 8.1b):

Quy dao tuong 461 1a doan thang OA (quy tich cta céc vi wi ma
diém M vé trén thanh OA)

Tring diém M* la diém c6 dinh thuje thanh OA ma tai tha
diém khao sat diém M chuyén déng dén trung vl né. Trung
di¢m ludn ludn thay d6i trén OA.

Quy dao tuvét dbi 1a dudng xodn 8¢ trong mit phing ¢ dinh
chia OA.

§8.2. PINH LY HOP VAN TOC

8.2.1. DINH LY

Tai mdi thoi diém. van tdc tuyél dé etia diem biang tong hinh hoc

vAn toc tuong d6i va van tac theo:

V.=V, 4V,



Phin hai. DONG HOC 237
Ching mink: Ti hinh 8.3, ta cé:
O.M =7, =0,0 +OM
O1M:_.T OO+xL +y;+zk (8.7)
Hinh 8.3
Pao ham bigu thie (8.7) theo ¢ ta dugde:
iiz—(OO)+rd—l+y£J— @er_x“riiz;er_z};
dt dt dt df dt dt dt dt
Theo (8.1), (8.3) va (8.5) ta dudc:
‘._/: = ﬁ + ‘.7: (8.8)

Dinh ly dude ching minh.

8.2.2. Vi DU MINH HOA

Vi du: Dong sbéng chay véi van tde V 6 o143 tri khong d61. Hai ba

sbng song song nhau va cach nhau mét khoang /2 (hinh 8 8.4). Nguoi

ta lal mdt con thuvén qua song vdl van toe tuong do1 .

Xac dinh huéng cla van tic @ dé thol gian sang séng la ngin

nhat. Véi didu kién dé xac dinh vi tri cap bén cua thuyén.

Bai giai: Xét chuyé én ddng cua thuyén:

hé ¢f dinh Oy, Hé d(”mg

14 dong nude. Chuyén dong cua thuyd &n déi voi ba song la chuye én
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dong tuyét d6i. Chuyén déng clia thuyén déi véi dong nude la
chuyén déng tuong déiva V, =g va vV, = V.

Theo dinh 1y hop van téc

V, =V, +V, =i+V *)
Chiéu ding thitc (*) 1&n cac truc O x, va Oy, ta cb:

V.= usinga+VvaV, = ucosa
Ta tich phéan lén v6i didu kién ban dau:

Khi ¢t =0, x(0) =0, y(0) = 0 ta dugc :

. x . :
xzd—zusma+V~éx:(usma+V)t
t

y = (ucosa)t

h

LCOsE

Khi thuvén cap bén thiy = A = (ucosajt — ¢ =

¥

S B L LIRS E TS ]f L T L LI LS

r g

W

L R LI L L T A A R AR A AR R Y

1 X,

Hinh 8.4
2 . h
Néuag=0Lthicosa =1 — ¢, =—
L
Vi tri cap bén ctia thuyén sé lui xuéng phia ha luu mét doan so véi

e 41 1%
vi tri xult phatla x=—h.
u
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§8.3. DINH LY HOP GIA TOC

8.3.1. DINH LY 1

Tai méi thoi diém gia téc tuyét doi cua diem béng tong hinh hoc
gia téc tuong doi, gia téc theo va gia téc Koriblii:

W =W, + W, + Wy (8.9)
Chitng minh: Theo hinh 8.3, la co:

O,M:573’+xf+y}+zﬁ (8.10)
Dao ham bidu thic (8.10) theo ¢ hai 1An. Lac ndy x, v, 2 va i,k
déu bién déi. Ta cb:

d’ t o gf d*) d2k+dzx7 dly - d*z

—(O\M) = - (0,0)+x——+ Lbz— — i+ — —
g o T g Yt T T
oy g7 . T =
‘2|d_1c_h,+d_yddi+§z_ﬁ
\d.c dt dt dt dt dt)

— (dxdi dyd] dzdk) .
Coi Wo =9 &2 & HH P22 va theo (8.9). (8.10) va (8.6) ta
o e [dtdt dtdt+drdflw 0 (8.9). (8.10) v (5.0) ta

¢6 diéu phai chling minh:

W =W +W, + W, (8.9)

o

8.3.2. CONG THUC XAC BINH W,

Khi hé déng Oxyz chuyén déng quay quanh mdt true vé1 van tde

goc w, thita co:
Wy = 20,AV, @11

Tit (8.11) ta thdy néu hé dong chuyén ddng tinh tién thi W; = 0.
Khids: W, =W +W, (8.12)
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8.3.3. DINH LY 2

Néu hé dong chuyén déng tinh tién thi gia tée tuyét doi cua diém
tai moi thol diém bdng tong hinh hoc gia téc fuwong doéi va gia

téc theo.
T (8.11) ta thay W; =0 khu
. ;J_L = hé¢ dong chuyén dong tinb t1&n:

. V0o,

Hinh 8.5 Hinh 8.6
Quy tic thye hanh xac dinh Wy -
o Truong hgp V; L 5: (hinh 8.5). Ta quay vectd V; guanh vectd
5: theo chifu quay cua o, di mdt goe 7;_ ta ¢b phudng chiéu
cia Wy .

+ Trudng hop T/T va El_)-: hop véi nhau mét ghc o 4% (hinh 8.6) ta

phén tich vecto V, thanh v va V! sao cho vV 1 w, con

Vo, . Sau do quay V! quanh o, theo chidu quay cua né di

-~ - n - - k) T
mot goc 5 ta c6 phuaong chiéu cua Wy .
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8.3.4. Vi DU MINH HOA

Vi du 1: Lang tru tam giac OAB chuyvén déng tinh tién trén mat
ngang véi gia tdc W, = 3 m/s”. Dge theo mat nghiéng, vat D trugt
xudng theo luat s = 2¢ (s tinh bing mét, ¢ tinh bing gidy), nhd lién
k&t day vat qua rong roc O lam vit E chuyén déng theo phuong
thdng diang (hinh 8.7a). Hay xac dinh gia t8c tuyét do1 cua D va E
tal ¢t = 28, cho a = 60°.

8]

b
p) } c)
!
f —
Wi W,
|
I
e »
— E W,
w,
g‘n?mmm

Hinh 8.7

Bai giai; Hé dong 1a lang tru OAB chuyén dong tinh tién. D va E
12 hai diém chuyén déng phiic hop. Ap dung cdng thuc:
Wa=W,+W,,

& day: W,= 5 =4mis®, Wy =Wg =W,

W, =W, =3 m/s’ WS=Wg=W,.

[

Tl

Do vay ta nhan dugc két qua theo hinh 8.7b va hinh 8.7c tuong
ung la;

Wy :\/Wf +W? -2W,W, cos60” =3,6 m/s*

We=yW>+W}! =5 m/s”

Vi du 2: Xe con A cla cin cAu chuyén ddéng véi van toc khong doi
V. = 2 m/s. Can cAu quay quanh truc Oz véi vén tdc goc khong adi
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30 . . Y N o

n:--«9 vg/ph (hinh 8.8). Hay xac dinh gia L6c tuyét dé1 cua xe A
T

khi OA= 2 m.

Bai gidi: Hé dong 1a cdn cfu chuyén dong quay. Ap dung cong thac
hop gia toe:

Wﬂ :Wc +Wr +1_I/_K
trong dé: W, W W’ =0Ae! con W =0 do o=const
W, =0 (vi V. 1a hiing s8)

W =125, AV, 1=20,V,.

Theo (3.8}

W =1:_$%A +ﬁ:’ + Wk

W 1= 0A D) + 2w, V,)? =4 +16 =20 =447 m/s’
Thay OA =2 m, V,=2mis o, :éngég = 1 rad/s, ta nhan dugc

ket quas W = Wal= 447 /5"

z
W,
—t A iy
1 w. / v

Hinh 8.8



Chuong 9 ]
CHUYEN DPONG SONG PHANG

CUA VAT RAN
-_—

Trong chugng 7 ta dia khao sat hai dang (‘huyén déng co ban ciia

vAt ran. (‘huong nay ching ta khdo sat chuyén dong song phang
cla vat ran 13 dang chuyén déng thuong gap trong ddi song va
ky thuat,

§9.1. DINH NGHIA VA Vi Dy

2.1.1. DiNH NGHIA

Y ~ 2 3 ~ s N Py :
Chuyén d9ng song phang cda vat ran la mét chuyén déng ma
trong d6 méi diém thude vat ludn ludn chuyén dong trén mot mat

phdng song song val mat phdng 7, ¢6 dinh cho trude,

9.1.2. Vi DU MINH HOA

1. Mét banh xe chuyén déng lan khoéng trugt trén mét dudng
thang nim ngang. Chuyén déng caa banh xe nay 13 chuvén

déng seng phéng (hinh 9. la).
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4

9 (g c&u thanh truyén tay quay <6 thanh truyén AB chuyén dong
song phing (hinh 9.1b).

a) b)

Q.

Frrdorrrred erre s rrre R TITRIAIAT O

Hinh 9.1

9.1.3. MO HiNH CHUYEN BPONG SONG PHANG

Xeér mit vt vin ¥ chuyén dong song phang. LAy doan thang AB
bat ky thude vat rén Y. sao cho AB L #, ¢& dinh. Vi Y la vat ran nén
AB = const. Mat khac vat 2 ¢ huyén déng song phéng nén cac diém
A va B ludn ludn di chuyén trong hai mit phang song song nhau.
Vi vay AB ludn ludn song song v6i vi tri ban dau cua nd, cho nén
chuyén déng cua AB 1a chuyén déng tinh tién, do do chuyén déng
ctia doan AB duge dic trung bdi chuyén dong cua diém M 1a giao
diém cua AB vdi mét phing n song song v0l mat phang m, ¢6 dinh
(hinh 9.2a). Ta col vat ¥ la tap hop cua cac doan AB cho nén
chuyén dong song phéng cla vat 2. duge dac trung bdi chuvén dong
ctia hinh phang (S) 1a tiét dién clia vat 2 vl mat phang n. Nhu
vay viéc khao sét chuyén dong song phang, caa vat ran trong
khéng gian dugde dua vé khao sat chuyén dong phéng ctia hinh
phing (S) trong mat phéng = (hinh 9.2).
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= ¥

Hinh 9.2

§9.2. KHAO SAT CHUYEN DONG CUA VAT RAN

9 2.1. PHAN TICH CHUYEN DONG SONG PHANG THANH CAC CHUYEN
PONG CO BAN

Xét chuyén déng cua
hinh phing (8) trong
mit phing = (hinh 9.3).
Chon hé ¢d dinh Oxy,
va pan vac hinh phang
(S} doan AB. Vi tri doan
AB xac dinh vi tri hinh
phiang (S) d& vél hé
O xy,; Mat khac vi tr
doan AB duge xac dinh
bol toa do diém A (xa,
yu) va géc o. Bay gid
ta gin vao A hé toa

Hinh 9.3

d6 ddng Axy sao cho
Ax /1 Ox, Ay 1/ Oy
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Chuyén déng ¢tia hinh phang (S) duge phan tich thanh hai chuyén
d6ng thanh phn:

« Chuyén dong tinh ti&n cung vl hé dong Axy so0 v&i hé ¢6 dinh
Oxiyr

« Chuyén dong quay quanh A cua hinh phang (8) doi vé hé
dong Axy.

Nhu vay chuytn dong song phzjmg cia vat rin bao gig cung cb thé

phén tich duge thanh hai chuyén déng cd ban: chuyén dong quay

tugng dd1 quanh cye A thudc vat dél véi hé dong Axy va chuyén

dong tinh tién cua hé dong Axy cung véi cic A d#1 véi hé cf dinh

Opyr

9.2.2 PHUONG TRINH CHUYEN DONG

Ti sy phan tich & trén thi vi tri oda hinh phing (S) d6i vai hé cd

dinh Ox,y, duge xac dinh hai 3 thong s6
dinh vi tri cua hinh phéng (8) hay doan AB trong chuyén dong

dinh vi. D6 1a goc ¢ dé xac

tuong 461 quay quanh A va cac toa db (X, Ya) € x4c dinh vi tvi cua
hé dong Axy 451 voi hé o8 dinh Oy, Khi hinh phfmg S) chuyén
ddng thi cac thong s6 dinh vi nay bi¢n d81 lién tuc theo thdi gian .
Vay phuong trinh chuyén dong song phf?’mg cia vat rén la

xp = X0 ya= YAl @ = @ (& 9.1)

§9.3. KHAO SAT CAC PIEM THUOC VAT

Xét chuyén dong cua &iém B bat ky thude hinh phiing (S). Ta Jay
diém A niao dé lam cye r&i bidu dién cac dic trung déng hoc cua B
theo cuc A. Diém cuc A ¢b thé chon bat ky song t&6t nhat nén chon
&iém da bist duge mot vai dac trung déng hoc.
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9.3.1. XAC DINH VAN TOC DIEM

Nhu & trén ta da phén tich chuyén déng song phidng cta hinh
phing (S) thanh hai chuvén déng thanh phian: chuyén déng quay
tuong déi eling v6i hinh phing (S) quanh cue A va chuyén dong
tinh tién theo cing véi cue A. Khi d6 van tdc cia diém B &1 véi hé
¢d dinh Oxy, (hinh 9.4) 14 van L6c tuyét doi ?ﬂ. . Van tée cha diém
B ciing véi hinh phing (S) quay quanh cuc A 1 van tde tudng d6]
V. =V,, .

Hinh 9.4

Do chuyén déng theo 14 chuyén dong tinh tién ciing véi cue A nén
V, =V, . Theo dinh ly hgp van téc:

?;:-ﬁ+‘i7;hay“v;:ﬁ7m (9.2)

Gia tri. phuong chiéu cua Vy, duge xde dinh nhu sau. Veets Vg,
¢6 phudng vudng goc véi BA, cb chicu theo chiéu cua o va gla tri
bang BA x o.

Vay van téc cha diém B bat ky thudc hinh phing (8) bing téng
hinh hoe clia van tée cue A va van tde cua diém B trong (hm én

ddng quay cua hinh phang (8) quanh cuc A,
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Nhu vay khi biét van tdc géc clia hinh phéng (S) 14 © va van tée
cua cuc A thi cé thé xdc dinh duge van tdc cua diém B bat ky theo
cdng thidc (2.2),

9.3.2. DINH LY HINH CHIEU VAN TOC CUA HAI DIEM
Dinh Iy: Hinh chidu vén tée hai diém bét ky thude hinh phing lén
doan thang néi hai diém do thi bing nhau.

Chitng minh: Vii hai diém A va B bat ky thude hinh phéng ¢6 van
toe V, va V. Theo c¢ong thic (9.2) ta ob:

Vg =V + Vi
Chiéu ding thic nay 1én AB ta c6:

hCAB-V-l; = hcaaﬁ + hcaarm-

Do V. LAB nén he,, Vi, =0 (hinh 9.5),

4
A
v
- o VB
B X
Hinh 9.5 Hinh 9.6
Vay kcAB‘i—/,; = hcABv: hay Vycosp=V, cosa (9.3)

Dinh ly hinh chiéu van tdc biéu dién bdi (9.3) cho ta xac dinh dudce
van téc clia diém B bat ky khi biét phudng van toc cGa noé va bist
van toc cuc A (hinh 9.6):

Vaisina=Vycosa - Vi =V, tgo
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9.3.3. TAM VAN TOC TUC THO!

a) Pinh nghia: Tam van t&e tdc thoi 1a mot diém P nao d6 thude hinh
phang (S) ma tai thai diédm khao sat ¢6 van tée bang O (V =0).

b) Chiing minh sy ton tai cua tam vin toc tiic thoi

(3i4 st tai thdi diém ¢ ndo 46 ta ¢6 van e cua cde A la V, va van
tée goe cua hinh phing (S) 1a ©. Quay guanh cuc A nua dudng
thang chia vectd VA theo chifu quay cha o di mdt goc -2— ta cb Ax,

7.
trén Ax lay diém P sao cho A \ \ D& dang nhan thay Fang
Vo = VitV _V, -V, =0 (hinh 9,73).

Nhu vay tai moi thoi diém trén hinh phing (8) 16n tai duy nhat
tAm vAn tac tie thoi P. Né&u chon P lam cye thi van tde cia diém M bit
ky trén hinh phang tai thoi diém do dudge xac dinh theo céng thice

VM = V‘D +VMP nhung VP =0 nén VM = V_.wp (9.1)

Hinh 9.7

V,, LMPva Vy = Vyp = MPx0 (a)
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P61 véi diém N ta ¢ Vyy = Vyp maVy LNP nén gia tri
Vy =V =NPxow ()
T (a) va (b) ta cb:
1'% Vi .
o= =N (9.5)
MP NP
Nghia 12 van téc cac diém trén hinh phéing (S) ty 1¢& véi khodng
cach ti diem d6 dén tam van tode tde thal £ (hinh 9.7b).
Theo céng thite (9.4) thi van tée cac diémn trén hinh phang dugde xAc
dinh giéng nhu van tdc cac diém thude vat rin chuyén déng quay
quanh truc tie thii di qua tAm van tée tie tha P,
¢} Xie dinh tim van toc tife thoi P

Tit cac két qua nhén duge ¢ trén ta thiy vai trd quan trong cua
vige xac dinh tAm van téc tic thoi 1a: khi dd biél tim vén Ldc tie
thdi P v van tac goc @ cua hinh phang (S) thi van téc cac diém
duge tim thiy dé dang theo cng thic (9.4) ma khong can phai su
dung econg thie vects (9.2). Quy tdac thue hanh xic dinh tAm van
tde tie thai P dua trén tinh chit co ban la: diém P phai nam trén
duong thing vudng goée véi phudng van tde cua diém thudc hinh
phing va gia tri van tdc ty 1& véi khoang cach tu diém d6 dén tam
vaAn toc tie thoi P. Do d6 ¢6 thé tim tAm van tde tie thoi P theo quy
tac thuc hanh nhu sau:

o Truong hop 1: Biét mot diém trén hinh phing ¢6 van Lde bang 0.
Khi hinh phiing chuvén ddng lin khong trugt trén moét duong
hay mat ¢d dinh thi diém tiép xdc ¢6 van Lée e thdi bang 0 (vi
céc tifp diém cta hai vat khi khéng trugt trén nhau phai cé
cling vAn téc ma vat thit 2 lai ¢ dinh), vay diém ti€p xve cta
vat v6i mat tya 14 tAm véAn tée tie thai P (hinh 9.8a, b).

o Truong hop 2: Bict vin (8¢ diém A vit phuong van tée cia diém B.
Phuong van téc ciia A va B khong song song nhau (hinh 9.8¢).
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Dua vao tinh chdt V,1AP va V,1BP. Tt A va B ta ke cac
dudng vudng goc v T/: va Vy . (hao diém cua chung la tAm
van toe P.

« Truong hop 3. Bi&t van Ldc cac diém A va B c6 phuong song song

. .V PA . . .,;J , R
nhau. Do tinh chat ‘—]‘i =242 ta thay P la giao diém cua duomng
B

AB véi doan néi cac dau mut cac vecld V, va Vy (hinh 9.8d, e).

N&u giao diém P ¢ vO cing. hinh phang chuyén déng tinh tién
t@c thai w = 0va V, = Vy (hinh 9.8g. b).

b
aj} )
P
P
e)
v,
T
P
I
_ I
V B P. :
w=0 'l A @ =0

Hinh 9.8
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9.3.4. XAC DINH GIA TGC CUA DIEM

Xac dinh gia 8¢ cua diém B b#l ky Lrén hinh phcmg (8) theo gu
{&c cuc A ta dua trén cd sd phan tich chuyén ddng cua diém B trén
hinh 9.9. Ltic nay diém B dong thdi tham gia hai chuyén dong:

« Chuyén dong tinh tién theo hé dong Axy (¢6 cuc A):

» Chuvén dong cung hinh phéng (S) trong chuyén déng quay
tudng d61 quanh hé déng Axy (co cuc A) véi van toc goc o va gia
tGe goc €.

Hinh 9.9

Theo c¢ong thic hgp gia tde W_.’u = WT + W + ﬁ trong dé vai trd cua
W; 1a W_B , W: la W; (hé dong chuyén dong tinh tién va ta chon
A lam cuc). Val tro TTVT la gia toe cua diém B trong chuyén déng
tudng doi cta hinb phﬁng (S) quay quanh cuc A, Ky higu W};‘
Con @- — 0 vi h¢ dong chuyén ddng tinh tién.

Ta co:

Wy =W, + War =W, + W+ W (9.6)

IRy
Trén hinh 9.9 vé vA minh hoa cac thanh phén gia tde:

w'o= BAw® va W = BAe
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9.3.5.

Két lnan: Theo cong thite (9.6) va cde minh hoa trén hinh 9.9 ta
thiy mudn tim gia tdc diém B bat ky trén hinb phang ta can phai
biét cac véu té:

o Giatéc cuc A (W, );

o (ha t8c gée & va van t6c o cda hinh phéng;

e Khoang cach AB.

Khi da bift cac y&u td néu trén, viée xac dinh gia téc diém B bat ky
duge xac dinh theo céng thic vectd théng thuong. Trudng hop
khong thé xac dinh true tiép dude gia tée gbe £ nhung lai biét duge
phudng cia gia téc Vi_f.g cua diém. Khi dé ta ¢o thé chidu dang thic
vectd (9.6) 1én hai phuong nao d6 dé dude hai phuong trinh dai 56
xac dinh hai 3n s81a e va W, .

TAM GIA TOC TUC THOI

Pinh nghia: TAm gia toc tde thdi 1d mot diém Q nao dé thude hinh
phing (S) ma tai thoi diém khao st c6 gia tdc bing 0 (W =0).

Néu @ 1a tim gia téc tdc thoi, ta 14y @ lam cue, khi dé:

Wy =Wy + W2+ Wi =W’ + W (do W, =0)

MY

W:Q =MQuw*; W' =MQ:

M

Nén Wy = MQVe? + o' ;
el

tgn=—
)
Vay gia téc cia diém trén hinh phing biing gia tdc etia né khi hinh
phing quay quanh tam gia t8c tic thoi Q.
Gia tri gia tée cac diém trén hinh phing ty 1& v4i khoang cach tu
chung dén tam gia tdc tie thoi @

W W W o
MQ—NQ—IQ—...— £ +w
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Hinh 9.10

b) Cidch .\‘;f("dfnb tam gia t6c tic thoi
Né&u biét gia toe WA' ctia mot diém A nao d6 thude hinh phang. van
L8e gbe o va gla tde goe € ta ¢b thé tim dude tim @ nhu sau:
le

e Xac dinh géc p theo cong thic tgp = —\) (hinh 9.10a).
®°

s Quay vecto _W: quanh A theo chidu & di mét goc i ta duge nua
dudng thing AB. Trén AB 18y mdt diém  sao cho
W,

QAzi

Nhu vay Wy, = —1_47:‘ Ta cod

— e % m—— — —

W, =W, + Wy, =W, - W, =0 (hinh 9.10b).

Can luu ¥ ring, viéc xac dinh gia tdc clia diém trén hinh phang
qua tam gia t8c tic thdi @ phite tap hon nhiéu so védi cach xéc dinh
van toe qua tdm van tde tie thdi P, do vay phuong phap niy it
duge su dung.

Két Iuim: Nhin chung cac bal tap trong chuong nay 1a da dang va

phiic tap. Tuy nhién néu chu y dén cac ndi dung ¢d ban, cic céng
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thite ¢ ban ta sé thay d& hidu va dé van dung dé giai cic bai toan

d6. Cu thé 1a:

e Mudn xac dinh van tdc cta di€m (rén hinh ph;gmg._ bude diu tién
14 cAn xac dinh tAm van tdc tic thai P. Tu do dé& dang xac dinh
van toc cla diém bat ky va van tde gée et hinh phing.

« Mudn xéac dinh gia tée clla diém B DAL ky can dua vao edng thie
(9.6). Né&u ¢6 thé xae dinh ngay duge gia 16c goe cua hinh phéng
(S) thi chi cAn cdng vectd. Trudng hgp khéng xac dinh true tiép
duge £ thi phai chiéu dang thite vectd (9.6) 1én hai phucng nao
d6 dé c6 hai phudng trinh dai s réi t dé ta xae dinh duge hai
An $6 cAn Lim.

e Ludn ludn nhd ring, trong chuvén déng song phang moi yéu to
cAn xac dinh déu mang tinh chat titc thai (nghia 1a xét tai mot
thai diém va tai mat vi tri nao do).

§9.4. Vi DU MINH HOA

Vi du 1: Binh xe tdm O ¢6 ban kinh R chuyén déng lin khong
trugt trén mit nghiéng. Tai mét thoi diém nao dé ta bift van Lo
va gia tée cta tam O 1a V,,, W, . Hay xdc dinh van toe, gia toc cac

diém A, B, C, P trén hinh 9.11.

Bai gidi: Van t8c cla céc diém A, B, C, P dude md t& trén hinh
(hinh 9.12a):

V. —
(“:EO? Vp=0:V, =2V, V, =V, =+2V,

(Gia tdc cla cae diém A, B, C, P dude md 14 trén hinh 9.12b, Trong
trudng hop nay xac dinh trye tiép duge gia téc goc:
o d(n_i(V_OJ_ 1dV, W,

" di dt\R) R dt R
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Hinh .11

Do vay gia toc cua cac diém xac dinh theo cong thic edng vecto (9.6);

_-_. T n .
W, =W, + Wio + Wao !

Cho nén:

Wg:@;+W§U+W§O;

V2
WE, = —2;
BO R
Wgo =W

Vay: \WE\:V4W5+%

_ T noo
We —WO+WCO+WCO,
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VQ
Wn :__O:
co R
Weo =W,
2
. A%
W, = Wf+[Wﬂ+-L]
R

V2
wr =2
PO R
ngo = Wo

Do dé:

Hinh 9.12

Vidu 2: Tay quay OA dai 0,2m quay déu quanh O véi vén toc goc
®, = 2 rad/s. Nhd thanh truyén AB lam cho banh xe O, ban kinh

r, = 0,1m quay quanh O, (hinh 9.13).
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a) Hay xde dinh van tée diém B, diém T 1i trung diém (hinh 9.13a)
cta AB v6i AB = 20A = 0.4m tai thoi diém mé ta trén hinh 9.13.

b) Xac dinh gia tée géc cua thanh AB vi gia tée diém B.

by A

Hinh 9.13

Bai gidi:

Chuyén ddéng cua thanh AB 14 chuyén déng song phang. Phuong
va chiéu van tdc cua cac diém duge md ta trén hinh 9.13a. Tam
van Loe tie thai 14 O, do vay van tée goc ctia thanh AB 1a

Vs

Wap = ===, =2 radfs.
AR OA i

= _ u . 1 r - . - .
Dé thay rang sina = 5 — o =30°, Do vy ta nhanh chong xac dinh
dude van L8 caa diém B va diém 1

Vy, = ABw 5 coso = ABw, cos30° =0.693m/s
V,=0lw,p = %AB(D“ =04m/s

Van toc goe ciia banh xe O, duge xac dinh

Vv 19:
w, =2 = 0693 =6,93 rad/s
n 0,1
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b) Gia t6c ciia diém B duge tinh theo cic A:

W, =W, + Wiy + Wis (a)
hay Wi+ Wy =Wi+ Wpa + Wga (b)

"Trong bitu thue (b) da biét:

Wg =‘—::i:9%%£2—=4,8mf32;
Wi = OAw”> =0.8m/ s
Ta co: Wj =0 do o, =const
» = ABwiy = 1.6m/s’

Con hai dai lugng chua piét la Wg, = ABe ., va Wg.

Chitu ding thice vecto (b) lén hai phuong x, y trén hinh 9.13b dé
duge hai phuong trinh dal o8 xac dinh Wj, va Wjy.

Chiéu (b) 1én Bx:
~ W} cosa—Wgsina = Wlsina - Wga
Wy = ~5914m!s”

Chiéu (b} 1&n By:
~Wg sina + Wz cosa = ~W] cosa+ Waa
Wga = 5,121?:*’.',;'32

Wi, 5121
AB 04

W, = y(W3)? +(WaY = J(6.914)° +(48) =7.62m/s".

—128s7"

Ma Wy, = ABsp =5121m/s* > =
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ﬁ

10.
11.

Néu muc dich nghién ciu cta phén dong hoe va dac trung déng
hoc cla dong diem.

Trinh bay tom tdt ba phudng phap nghién ctiu chuyén déng cua
di8m. so sanh cac phuong phap dé.

Ndu chc cong thie xac dinh van toc va gia tic cua dong diem ma ta

thuong si dung trong cac bai tap

Dinh nghia chuyén dong tinh {i6n cta vat vin; tinh chat co ban

ctia chuyén déng tinh tién; cho vi du minh hoa.

Binh nghia chuvén déng cua vat rAn quav quanh truc ¢6 dinh.

khai niém vé van tdc gbe. gia tde goe v cach bidu dién bang vects.

Néu céc cong thic xac dinh véan the va gia tde cua diém thude vat

rén khi vat chuyén déng quay quanh tryc c6 dinh.

Khai niém vé chuyén déng phic hgp cua diém, cac dinh nghia
phan loai, cho vi du minh hoa.

Khai niém vé trung diém cta dong diém, tai sao can dua ra khai
niém nay, cho vi du minh hoa.

Dinh 1y hgp véan tde va vi du ap dung
Dinh 1y hop gia tde, ¥ nghia cua céc thanh phin gia toc.

Binh nghla chuyén déng song phang clia vat ran, néu vi du minh
hoa, so sanh chuyén déng song phang v@l hai dang chuyén ding cd
ban da hoc trong chudng 7.
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12. Phuong phap phén tich chuyén dong song phﬁng thanh hai chuyén
dong cd ban, néu 4p dung clla phucng phap nay.

13. Cbéng thic xac dinh van tdc cia diém thude hinh phing. dinh 1y
hinh chiéu van tdc ctia hai diém.

14. Dinh nghia tAm van tée tite thaoi va néu cic phuong phap xac dinh.

15. Neéu cbng thiic xac dinh gia téc cia diém thude hinh phing va cach
van dung né dé gidi céc bai toan cu thé.



Vi DU TiNH TOAN, BAI TAP
VA HUGNG DAN GIAI BAI TAP
PHAN PONG HOC

IV. Vi DU TINH TOAN

Vi du IV.1: Phudng trinh chuyén déng cia diém:
x =3¢ - 1,5¢
va y=6t—3t"-2
(véi ¢ tinh bang giay: x, y tinh
bing em).
Tim phuong trinh quy dao,
van oc va gia toc ciia diém khi

4
{=1s. /
o 1 - - - «B
Bal giai (hinh IV. 1) ' /
[
Kht bién s& thoi gian ¢ trong ]
cac phuong trinh chuyén dong © 1.5 x
ta c6 phueng trinh quy dao:
2x = 6t — 3¢t
y=6t- 3t -2 /A(O,QJ
Ty hat phuong trinh nay cho

nhau ta dude:
2—y=2 Hinh IV.1
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Day la dudng thing khéng qua gdc toa db O.
Piém bit ddu xust phat (khi £ = 0) tai diém A0, -2).
Ta céb:
x=3-3t=3(1-1 > ¥=-3
y=6-6=6(1-1) — F=-6
Ta thdy trong khoang 0 < ¢ < 1thi x >0va ¥ > 0 nénx vay tang
theot. Khit=1thi x =0va y =0, nén V=0, con W = 0. Do d6

diém xuat phat tit A chuyén déng vé phia B. Sau dé lai chuyén
ddng vé phia A.

V= yfx? + 3% =82(1-02+62(1-£)* = V45 (1-Hemis

W= yx? +3° = (-3)? +(-6)® = 9+ 36 = 45 cm/s?

Vi du IV.2: Tu cac phuong trinh chuyén doéng cua diém:

x = 3+ dcost

i

va y =2+ 4sint

Tim phuong trinh quy dao va
quy luat chuyén ddéng cla
diém trén quy dao dé.

Bai gidi (hinh IV.2)

T cac phuong trinh chuyén
déng ta cb:

x—3=4cost va y—2=4sinf
Binh phuong hai v& réi cong Hinh IV.2
lai ta dudc: '
x-3)+{y-2Y=4"=16
Piy 1a phuong tinh duong tron ban kinh B = 4 va toa dé té_m I'la

I(3, 2). Muén tim quy luat chuyén déng ctia diém trén quy dao ta
st dung cong thiic: '
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ds= i’ + 3'dt
s = i‘-ds = ]l\/jcz + yidt

Ta cé:

x = —4sinf va y = Acost

ds = 4% sin®t + 4% cos? t dt = Jd*dt = 4dl
4
5= J4dt = 4t .
Vi du IV.3: Mot vien dan chuyén déng trong mit phéng thing ding
theo phudng trinh:
x = 258,
y =230t — 5t°
(¢ tinh bang gy, x,y tinh biang mét).
Hay tim:
a) Quy dao. van tdc va gia toe tai tho diém ban dau.
b) D6 cao va tdm xa cta dudng dan.
¢) Ban kinh cong cia quy dao tai diém cao nhit.

Bai gidi (hinh IV.3)

Hinh V.3
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. X . .
ayTacHt= o thay vao phuong trinh (2) ta duge:
25
X x*
=230—-5
I 25  25*

Quy dao 1a mdt dudng parabol d&i xing.

e Van tdc:

N

x =25
y =230 - 10¢

V= 4/25° +(230 - 100)°
Tai théi diém ban ddu £ = 0 thi V.= 231,35 m/s.

e (ia tdc:

W=x*+y° ma x=0vay=-10
W =10 m/s®.
b) D& tim d6 cao ta nhan xét thay tai dinh parabol thi vectd van

tdc ctia vién dan song song véi truc Ox nén hinh chiéu vecto van
t8c 1én truc Oy bang 0.

Vivay V,= y =230-10{ =0, nén¢ =123 s

D4 cac nhit cua dudng dan la:

H=y.  =23023 523 =93%5=2645m
H=2645m

Tam xa nhat cua dudng dan la
§ =X, =25.23.2=1150m
§=1150m

¢) Ban kinh cong cua quy dao:

Ta cé: W, = JW? - W}
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W. = ﬂ =2 (£10)(230 - 10£)—— < W=10 m/s®
dt 9425 + (230 - 108)*
, (230 - 108)* 25 25
W = ot 107230100 1025 _ 250
\ 957 +(230-100°  V %

o= v? Ve [25% + (230 - 108)7 1%
W, 250 250

n

Tai diém cao nhit cua quy dao i = 23 s, nén:

(253)i1‘.-'2 25:‘]

= =62,5m.
250 25.10

Vi du TV.4: Mot doan tau bat dau chuyén dong nhanh din déu trén

doan dudng cong ban kinh R = 800 m va khi di duge doan
dudng s, = 600 m thi dat van téc 36 km/h.

Tim vain toc va gia tée cla doan tau gl diem gitda doan

duong ;.

Bai giai: Ta chon gbc toa d6 cong tai vi tri doan tau bit ddu chuyén
dong nén s, = 0 va V, = 0. Vi doan tau chuyén dong nhanb dAn
déu nén quang dudng di dudc:

1 P | )
s=s,+Vi+ Wi = — W m
2 2
. v . 1%
ma W.,= — nén = —
t W,
) 1., V¢
Do db s= —W,—
2 W*
hay VE=2sW.,.

Tai cudi doan duong s, thi V# =25, W, con ¢ gitia doan duong s, la

8, =

Sy
2
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Gia téc phap tuyén tai gitta doan dudng s;:

V}Z 2
wo=Ye YL w=
= R 2R

1%
28,
(iia 16c toan phin:

W= JW!+w! = V?l Lz + % = 0,1 m/s* = 0,1 m/s’

89

W =0,1 m/s%.
Vi du IV.5: Mot co cdu culit OA quay quanh truc di qua O dude md ta

- 1 o - & ~
bang phuong trinh ¢ = 5¢ - 53‘ . Mét con chay M chuyén ddng

“F - o + 1 .
doc theo rdnh ctia culit v8i phuong trinh s, = OM = Etd
(3, tinh béng cm, con ¢ tinh bang gidy).
Tim van L6¢ va gia tdc tuyét di cua con chay M tai thai diém
t=2s.
Bai gidi (hinh IV.4): Phan tich chuyén déng ctia con chay M:
e Chuyén dong ctia con chay M doc theo OA4 14 chuyén dong tuong
déi va 1a chuyén ddng thing.

« Chuyén déng clla M cung v8i OA quay gquanh O la chuyén déng
kéo theo.

Hop hai chuyén ddng nay ta cé chuyén dong tuyét d6i ctia M.

Tinh V, va W, khit=2s.

Ta co; V.=5 = th =6 cm/s

*

[l

W, =§ =3t=6cm/s’
Ta thay V, va W. déu dudng nén cung huéng tit O dén A.

Dé tim V, va W, ta phai tim trung diém M*.

Khit=2sthiOM*=5. = =.2" =4 cm.

bS] —
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Vay V.= OM*w va W) =0OM*e ; W = OM*w’

[

p=w=5-t=5-2=3radls; = ¢ =-1rad/s’
nén V.=43=12cm/s ; W' =4 em/s”
W =4.3* = 36 cm/s”

Phudng chiu cie vecto van L& va gia 16e biéu dién trén
hinh IV .4.

Hinh 1V.4

Vi?;LVT néntheov’a:ﬁﬁtﬁ thi ta co:

[

V, JVE+ VE =46 +12% =134 cmis
Tinh Wy =20, AV, ; W= 20.V,=2.3.6= 36 cm/s®.
Do hé dong chuyén dong quay nén:

WQ=W,_+WQ+W_7.=H_7:+W_’:+W_';’+E-V_’K

Cac vecto c6 phuong chigu nhu ¢ hinh IV.4. Ta ¢é;
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W, = (WS —W,)% + (Wg - W)?

W, = J(36-6)7 + (36— 4)?

W, = ¥30% + 32% = 43,86 cm/s”.

Vi du IV.6: Tam chit nhat ABCD chuyén déng trong mat phing thing

Bai gidi:

déng nhd hai tay quay OA va 0O.B ¢6 d6 dai bang nhau
R = 30cm quay quanh hai truc O, va O, vudng gdc vdi mat

phang nam ngang theo quy luat ¢, = 3 nt’. Doc theo dudng

chéo AC ¢6 diém M (hinh 1V.5) chuvén dong theo phuong trinh:
CM=S =16-2t+2
X4c dinh van tée tuyét d61 va gia tée tuyét dél cta dieém M khi
1

t= — s,
2

Phéan tich chuyén déng: Chon CA lam hé dong cé gde toa dd

12 C. Chon 0,0, lam hé ¢d dinh.

Chuvén dong cua diém M doc CA la chuyén dong tuong déi.

Chuyén dong cia ABCD quay quanh QA va O.B 14 chuyén déng

theo va 1a chuyén déng tinh tién. Chuyén déng cha M d6i véi O,,

0, 1a chuyén dong tuyét déi.

Ta c6:
V= =8%-2=14cm/s khit= %s
W.=§ =32 cm/s®

Khi t= %s thi = %n[%}ﬁ - - oo

Tach: o= ¢ = %n.BtQ = 8nt’ = 87[(
\

1

\2
J = 2n rad/s
2

£= $ = 160t = 161~ = 87 rad/s’
2
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Tinh V,: V.= R.w=302n= 60T cm/s
Ta thay f/—; 1 -V_: . nén V, = v"er + Vf = \,."rl_él! + (6()n)£

V. = J196 + 35.494,36 = /3569056 = 188,91 cm/s.

Hinh IV.5

Vi hé dong chuyén déng tinh tién nén:

WQ=T+W:=W?+WU” + W' ma

W' = R.o®= 30 (2n)* = 120n” cm/s*

W' = Rs = 30.81 = 2407 cm/s*

i

v W =32cmist VIW, LW' LW nén:

L4

W, = W2 + (W) « (W? = 32" = (240m)* + (12077’

W, = 1024 + 567912.96 + 1399846,2 = 1403,2 em/s”.

Vi du IV.7: Mt dia tron ban kinh R quay déu vdi van toc gée o, = const
quanh truc di qua tdm O, cua dia va tryc giao vé1 mit phing
cua dia. Trén day cung AB céch truc quay mét doan & c6 mot
diém M chuyén ddng ti gita diy cung véi van téc V, = const.
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Xac dinh vén toc va gia toc tuyét déi cha diém M theo khoang
ciach OM = x trén day cung (hinh IV.6).
Bai gidi: Chon truc Oz di qua tdm O, lam truc e dinh va 1a truc quay

ctia tim, truc OB lam truc toa do dong.

Hinh IV.6

Khi d6 ta thiy:

« Chuyén dong ctia M doc theo OB la chuyén déng tugng déi va la
chuyén dong thang, déu.

» Chuyén dong cua diém M chng dia tron quay quanh Oz la
chuyén déng theo.

« Chuyén déng ctia diém M 461 véi Oz la chuyén déng tuyét doi.

Vay van toc tuong ddicta M2 V, =V, .

V.=re véi r=Jh® +x"

Ta co;

—
v, = \/VJ:2 + V2 +2V,.V,cosa = \}lvf + rfo, + 2V, ro, a
r

2 2 2 @
V, = JV + (B% + xt)ol + 2V, ho,
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do CcOosQL =

Vi hé d6ng chuvén déng quay quanh O,z nén theo dinh 1y hgp gia
t8e ta co:

W, =W, « W, « Wy =W, = W/ + W+ Wy
Do chuyén déng tudng d6i 1a thang déu nén W =0

W' =re=0viw®,=constcon W' = ro?

Wi =20,V = 20,V,

c6 phusng chi@u nhu hinh IV.6, nén W, = W' + Wy .

Ta c6;

W, = \/(Wun)z + {(We)? + 2W! W, cosa

1

. Py .
\/rzmj +402V? + 2rol 20,V, cosa

f

W, = \ha +xH ol + 40’V + 4(:).f:VE,h :

3 €

Vi du IV.8: Banh xe clia toa tau dién chuyén déng trén doan thang nim
ngang véi gia tde tam O 1a W, = 2 m/s?, Tai thoi diém dang xét
¢6 van toc V, = 1 m/s. Banh xe lin khéng trugt trén dudng ray.
Xac dinh gla t8c caa cac diém ddu mut cua cac dudng kinh
réto tao véi dudng thang ding maét goe 45°, bist rang ban kinh
banh xe 14 R = 0,5 m, con ban kinh réto 12 »= 0,25 m (hinh IV.7).

Bai gidi: Xét chuyén déng song phang ¢lia banh xe tdm O.

Theo céng thie xac dinh gia tdéc mot diém thudc hinh phing:

T . [
Wy =W, + Wyo + Wy

ta co: o —MOe=re,

- - 2
o = MO = ro,
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S TN T T T e

Hinh 1v.7

Ta tinh w, va g,. VI Pla tAm van toc tic thoi eiia banh xe nén:

_Vy oo _do, . _d(V,} 1
w,= —= vig, = £, = —| —i=—W,
R di dt\ R R
W s
Va v =TE, = r—= =025-" =1 m/s
¥ MO o R 5
. Vv? 1% .
7 2 ]
=ro, =r— =0, — =] m/s”
MO i 0’ 0:52

Xét diem M :

_ t n
WM1 =W, + WM.O T VYuo

Chiéu ca hai v& dang thize nay 1én cae tryc x va y, ta c6:

Wyx =-W, + Wy ;cos45° - Wit 0 cosd5°

i

~—2+1—-—1— ~2 m/s®
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1£+}%—-2—=\/§m!52

WMI)' = W;;'lo Sll’l 45” +W;410 Sin 450 2
We, +Wy, =v4+2= V6 = 2,449 m/s".

D&i véi diém M, tinh tuong tu ta cd:
WMS = W‘Ml = 2,449 msz,

Véi didém My Wy, = Wy + Wao + W, ,

tach Wy, =-W, - Wip,o cosd4b” — Wiy, o cos45°®

2 ‘F: 2+ J2) = ~ 3,414 m/s*

=-z-1-——1—

E By

Wsz = W‘{f._)o gsinds° — Wﬁ-_,o sin 45° 1_2_ - 17

Wy, = W, + Wi, = 3414 m/s*

Véi didm M,

— - .
Wy, =W, + Wyo * W0

Wy, ==W, + Wio cosd45® + Wy o cos45°

= —2+1-‘£ —1-‘C ~ _~9+1,414 = - 0,586 m/s”

WM.]J" = WJ{;.(O Sil’l 450 - Wz‘:f.;o Sil’l 450 = 0

Wy = (Wi, + Wi, = 0586m/s"

Vi du IV.9: M6t con lan hinh tru trén ban kinh r lin khong trugt trong

ong tru cf dinh sao cho vén t5c¢ cua tam C hinh tru cé gia tri

khéng d6i bang V. Xac dinh gia t6c cua diém tiép xuic gida con
lan va éng tru A va clua diém B d6i xing duong kinh véi A

(hinh IV.8}.
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Bei gidi: Ta nhan thy tAm C cla tru ron vach ra quy dao la dudng

tron ban kinh R - r.

Tru tron chuyén dong song phang va diém A 13 tim van tdc tie thoi.

. LN .
Ta cb: wm= — vae=0,viV=const.
r

Vi tdm C chuyvén dong trén duong tron néwn;

Wo = WS + W

2
Nhung WS = %l:- =0.con W = Rl _____
: ; -

Hinh IV.8

Theo cong thice:

W_.A = “T( + Woe = We + Wi = Wie » Wie = We + Wi

—_— ———

do W, =0va Wi, =0vie=0,
vay: W, =Wa + Wi..

V‘J
A al AN it _
[ace: Wi, =—.

Ta thay WZ va Wj. ciing phuong, chiéu nén:
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w? h '{/7 o -
Ac H r r
R

W,= — — -V~
r{R-r)

Tinh déi véi diém B;

WB = W(n Wae

. . V*
ma Wi =

Hai vects WS va W2, ciing phuong, ngude chiéu, nén:
C BC oy

" " VLJ Vz (2!' - R) ‘Vr!
Wom We = Wao = g =T " Ry

ZT—R V2.
riR~-r)

T

V. DE BAI TAP
DONG HOC PIEM

Bai V.1: M6t diém chuyén déng theo phuong trinh che trude.
phuong trinh qu§ dao va chi ra hudng chuvén déng:

Alx=3t-95 y=4-2¢
byx = 24¢ y =87
cla = o8l - 5 = deos 1

d) x = 2 — 3cosdt y =4smbt - 1.

Tim
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Bai V.2: Theo cic phuong trinh chuyén déng diém cho trude, hay xéc

dinh phudng trinh quy dao cla diém:

a) x=208+5 b) x=4f - 2¢*
y=15£+3 y =3t - 1,5¢
¢) x=3cost+5 d) x=a
¥ = dsint y=bt
e) x =23+ 4cost fy x = 5cost
y =2+ Bsint y = 3 - 5sint.

Bai V.3: Theo cac phudng trinh chuyén déng cha diém cho trude, tim

quy dao cha diém va chi ra quy luat chuyén déng cia diém
trén quy dao, trong d6 khoang cach tinh tit diém ban dau:

a)x =3¢ y =4

b) x = 3 sinf ¥y = 3cost

¢) x = acos’t y = asin’t.
d) x = 5cosht? ¥ = —5sinbt*

Bai V.4: Hay tim quy dao clia chuyén déng diém nhan dugde bing cach

Bai V.5:

Bai v.6:

Bai V.7:

hop hai dao déng true giao khac tén sé:

a) x = asin2wt ¥ = asinwt

b) x = acos2w¢ ¥ = acosot.

Mot dau bia dap vao coce, sau dé chuyén déng ciing véi coc
trong thdi gian 0,02 gidy méi ditng hén; coc d4 nhan sau
xubng dt duge 6 cm. Hiy xac dinh van tdc ban diu cla coc,
coi réng né chuyén dong cham din déu.

Mét tau dién chuyén déng theo dudng thing, trong thai glan
ting t6c quing dudng di ty 1& bac ba véi thai gian. Trong mét
phut diu tau dién di duge 90 m.

Tim vén tdc, gia tc tai thoi difm t = 0, ¢ = 5s va thidt lap
dudng cong cta khodng cach, vén tdc, gia tdc.

Mgt tau hoa cé van tde ban dau 54 km/h trong khoing 30 gidy
déu né di dude 600 m. Ta coi chuyén dong ctia tau la bicn dai
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Bai V.8:

Bai V.9:

déu. Xac dinh van téc va gia tée tal cudi giay thi 30 néu tau
chuvén dong trén duong vong ban kinh r = 1000 m.

Mot tau hoa chuyé én dong cham dan déu trén cung tron ban
kinh r = 800 m va di duge quang duong s = 800 m v vin toe
ban dau V, = 54 km/h va van tée cudi ciing V = 18 km/h.

Hay xac dinh gia tc cua tau tal diém diu va didm cudl quiang
dudng, ciing nhu thoi gian di hét doan duong Ay.

Mot tau hoa roi ga c6 van tée nhanh dan déu sau 3 phut dat
van téc 72 km/h, ducng tau dat trén mot doan duong cong )

ban kinh R = 800 m.
Tim gia toe tiép tuyén, gia t6c phap tuyén, gla 16c toan phéan
ctia tau sau khi roi ga 2 phat.

Bai V.10: Mot qua dan chuyén déng trong mat phing thing ding theo

Bai V.11:

Bai V.12:

phuong trinh :

x = 300t y=400¢ - 5t* (¢ tinh bang giay; x, ¥ tinh bang mét).
Hay xac dinh:

a) Van téc, gia toc tai thot diém ban dau.

b} D6 cao va tam xa.

¢) Ban kinh cong cua quy dao tai diém ban dau va diém cao

nhAat.

Bom roi tit may bay chuyén déng theo phudng trinh

= 40t y = 4,9¢” (x, y tinh theo mét; ¢ tinh theo gidy). Chon gdc
toa d6 tai diém bom bat diu rai, truc Ox nam ngang, truc Oy
huéng xudng dudl.

Ha\ tim phuong trinh gquy dao ctia bom va xac dinh thdl glan
_ tdm bay xa cua bom theo phuong ngang. Bi&t rang may
bay bay & dd cao A = 3000 m.

Cho cd ciu nang vat ning nhu hinh V.12. Ngudi ta cudn day
vao rong roc 1 ban kinh r) va rong roc 2 ban kinh r,. Tax dau C
ca day treo vat nang 3 va lal diu A cta day budce vat ning 4.
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Vit nang 4 chuyén déng xudng theo mait phang nghiéng lam

cho rong roc kép quay va val nang 3 duge ning 1én.

Hinh V.12

Co1 day khoéng gidn, tim van téc va gia tée cla vét nang 3 néu
vat nidng 4 chuyén déng theo quy luat 8 = at’. Lic diu hé
diing yén.

Bai V.13: Hay tim xem thanh BC da ha xuéng mét doan bing bao nhiéu
khi dfu B ctia né tua 1én nita dudng tron ban kinh 7 = 30 em,
Néu v&u chuyén déng thuan nghich véi van tde V = 5 em/s.
Thai gian thanh ha xuéng ¢ = 3s. Tai thdi diém ban dau thanh
g vi tri cao nhét (hinh V.13).

C

B
———d Assasaan
TETRTET, —1

Hinh V.13
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Bai V.14: Moy banh da bat dAu roi khoi vi tei vén tinh quay v6i gla the
g6e khong d8i. Qua 10 phut dau. sau khi bat dau chuyén déng
né ¢ van tée gée bang 120 velph

Hi banh da dé quay duge bao nhiéu vong trong 10 phut &67

Bai V.15: Khi tdt déng cd, canh quat cia méy bay ¢ van toc goc la
= 1200 vg/ph quay duge 80 vong thi dime. Hét tl thoi diém
it dong cg dén khi dung hét bao nhiéu thai glan? Ta col nhu

canh quat quay cham dan déu.

Bai V.16: Dau bda déng coc roi tit db cao h = 2,5 m thdl gian ning bia
lén d6 cao dé gép ba thai gian bia roi. Trong mot phut baa
dap bao nhiéu l4n néu ta xem rang bia roi ty do véi gla toe
9_.81 m!’:—: .

Bai V.17: Truc A ¢6 ban kinh R
= 10 cm quay duge nho
qua cAn P treo vao
bang mot sgi diy. Qua
can chuyén déng theo
phuong trinh x = 100¢,
trong d6 x 13 khoang

cach tit qua cén dén

dudng nim ngang cb
dinh 0O, (x tinh bang
em: £ tinh bang giay).

IO e

Hay xdc dinh van toc _
) S Hinh V.17
goc @ va gia toc goc €
ctia truc cling nhu gia
t&e toan phan W cua Qiém trén bé matl cva trye tad thoi diém ¢
bt ky (hinh V.17).

Bai V.18: (/g cdu cla xe tdi (nhu trong hinh V.18), lam cho tai wong £
chuyén dong thing ding, khi quay tay guay a. Do b phan
ham bi héng, tai trong bat thinh linh roi xudéng. Phudng trinh
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chuyén déng clia tai trong x = 52 em (¢ tinh bang gidy). True
Ox hudng theo ddy xudng phia dudi. Dudng kinh cua Lrong
d = 200 mm. S6 ring cla ¢ cAU tdi nhu sau: Z, = 13; 2, = 39;
Z,=11, 2, = 77,

Hay xac dinh van tée va gia tée cia diém diu tay quay c6 dd
dail @ = 400 mm sau khi chuyén déng duge 2 giay,

N
Hinh V.18
Bai V.19:Chat diém chuyén dong theo hinh xoin &e cho bdi phuong
trinh x = 2cos4t; y = 2sindt, z = 2¢, trong d6 do dai do bing mét.

Xdc dinh ban kinh cong p etia quy dao.

Bai V.20: Trong co cdu déng hd chi kim chuyén déng cua cot do (1)
truyén cho banh rang (2) trén truc cia banh rang nay gan vao
banh rang (3) an khép véi banh rang (4) mang kim déng hé
chi (hinh V.20).

Hay xac dinh van téc gée clia kim néu chuyén dong ctia cot do

duge cho bdi phuong trinh x = asinkt (a, £ 1a hiang s8), con ban
kinh ctia cic banh rdng tuong tng la r,, r,, r.
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Hinh V.20 Hinh V.21

Bai V.21: Trong cd ciu clia cai kich khi ta quay tay quay A thi cac banh
rang (1), (2), (3), (4) va (5) sé quay, chiing 1lam cho cdt B ¢o
khic rang cia kich chuyén dong (hinh V.21).
Xdc dinh van tdc cua cdt néu tay quay A quay 30 .vg/ph. 56
rang ctia cac banh Z, = 6, Z, = 24: Z, = 8 Z, = 32 Ban kinh
banh ring (5) lar, =4 cm.

Bai V.22: Mbt soi day khong din cudn vao tdng ngoal cua rong roc kép
I. Biu kia cua day budc vao vat A. Rong roc | truyén chuvén
déng cho rong roc IT (hinh V.22) nho dai truyén,

O — - - - -

Hinh V.22
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Tim:
a) Van tde géce va gia toe goe cta rong roc LI khi vat A chuyén

- 2 ., ~ o ~ 1 ¥
déng thang ding xudng dudi theo phuong trinh x = ;i“

bh) Van tée va gia toc cua diem B trén mit cua rong roc L

CHUYEN DONG PHUC HGP CUA DIEM

Baj V.23: V&u tam giac chuyén dong tinh Lién, mac déin ctn né nghiéng
véi true Ox mot goe a. Hidy xac dimh gia tOc cua thanh tya trén
viu va trugt Lty do trong cac & dd. bist ving viu chuvén déng
vdi gia toc khong dé1 W, va thanh tua ludén ludén vudng goe voi
Ox (hinh V.23).

- B a)
IVJ
| W,
PPy }\ [
L ]
TR Prerrrrrd
O X
Hinh V.23

Bai V.24: Trong co cfu thanh trugl tay quayv. thanh trugt BC chuyén
déng tinh tién, cdn tay OA e6 do dai / = 200 mm quay va1 van
tc g6 khong doi n = 90 ve/ph. Dau A odn ban 1€ voi con chay
trugt trong rinh cua thanh trugt. Con chay lam cho thanh
trugt BC chuyén déng tinh tién thuin nghich {(hinh V.21).

Hiy xac dinh van tdc V ena thanh trugt khi tay quay Law val
true thanh trugl mot goc xOA = 30,
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]

- o

Hinh V.24 Hinh V.25

Bai V.25: Mot may tiét ché 1y tam O4at quay quanh true thing dimg v
vin tée gée Lidt ché w = 10 rad/s. Do thay déi lue dat vao méay
cAc qua ciu tach khdi truc va 1am cho cace thanh gin véi chung
ch van toe goe o, = 1,2 rad/s tai vi tri dang xét (hinh V.25).

Hily xac dinh vén toe tuyét doi cla cie qua cAu tai thoi didm
dang xét, biét d§ dai ctia cae thanh 1a ! = 50 em, khoang cach
gila cac truc di qua cac diém treo cha chung 14 2¢ = 10 em.
Céce gée tao bdi cac thanh véi truc may tiét ché:

oy = oy = o= 300

Bai V.26: Mat phing AB nghiéng vdi méit phing nim ngang mat gée 457
va chuyén d6ng thing song song truc Ox védi gla téc khong déi
1 dm/s*. Trén mat phing AB, mét vat D chuyén dong xufng
véi gia tée tucng dé1 khéng ddi V2 dm/s?, Van tde ban diu ctia
mat phing nghiéng va vat bing khéng: vi tri ban dau cia vat
cé toa ddx =0, y = h (hinh V.26).
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Py N 8

R L L rEr T Errrrsry i rrrrrrrd

X

El L rr TP rrrrrrrrs

Hinh V.26

Xac dinh quy dao van téc va gia tdc cia chuyén dong tuyél déi
cua vit.

Bai V.27: Trén xe tdi dang chuyén déng theo phuong nam ngang vé phia
bén phai véi gia toc W = 49,2 em/s®, ngudi ta diat moét dong cd
dién ¢6 roto khi hoat déng quay theo phuong trinh ¢ = £% géc ¢
do bing radian, ban kinh réto biang 20 cm (hinh V.27).

Hay xac dinh gia téc tuyét déi cua diém A ndm trén vanh cia

réto khi ¢ = 1s. N&u thoi diém dé diém & tai vi tri nhu trén
hinh V.27.

L L A rE s a g rrrrrriserr CEiiLcal

T Y TrTIErI AT I IR Y I TR TR T

Hinh V.27 Hinh V.28
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Bai V.28: Mot dong cd dién quay theo quy luat o = ol (w 13 hing sd).

Ngudi ta gan thanh OA c6 do dan [ vudng goc vol truc cua no.
Trong khi d6 dong cd duge dat ty do nén thuc hién dao ding

diéu hoa theo phuong nam ngang trén bé may theo quy luit

x = asinot (hinh V.28).

Hay xac dinh gla téc tuyét 461 cta diém A tai thdi diém

B

L= 5,

el

&)}

Bai V.29:Hinh chii nhat ABCD quay quanh canh CD véi van téc

i : .2 A ~
m = 5 rad/s = const. Doc theo canh AB diem M chuyén déng theo

quy luat & = asin gc (em). Cho biét DA = CB = a cm (hinh V.29).

Hay xac dinh gia tdc tuyét d6i ctia diém tai thoi diém ¢ = 1s.

|l
c
D
a
i
Hinh V.29

o /3
AN

2a
C
~ 7
~ s
~ M
~ s
~ /s
by Vi
0\ V4 {E”
’ 2a
/s
I ~
rs ~
s N
’ N
i ~
D
_/w

Hinh V.30
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Bai V.30: Hinh vuéng ABCD c6 canh 2a quay xung quanh canh AB v6&i
van tée goe khong doi o = n4/2 rad/s. Doc theo duding chéo AC

diém M dao d6ng theo quy luat £ = acos gr {em) (hinh V.30).

Hay xéc dinh gia toc tuyét déi ctia diém M khit = 1sva khit = 2s.

Bai V.31: Hinh xuyén réng ban kinh r gin chat vao truc AB sao cho tim
cua truc ndm trong mat phang ela true hinh xuyén. Hinh
xuyén dungr day nude chuyén déng theo chidu mai tén véi vin
tdc tuong d6i khong d6i u. True AB quay theo chidu kim déng
hé néu nhin tit A dén B. Van téc géc clia truc 12 = const. Hav

xae dinh gia tri gia tée tuyét déi cta cae diém 1, 2, 3 va 4
(hinh V.31).

Hinh V.31 Hink V.32

Bai V.32: Theo cac diéu kién ctia bai V.31, chi thay déi 8 chd mit phing
cua truc hinh xuyén vudng gée vdi truc AB (hinh V.32). Hay
xéc dinh cdc gia tri nhu ¢ bai V.31 trong hai trudng hop:

a) Chuyén dong kéo theo va chuyén déng tuong ddi eiing hudng;

b) Céc chuyén dong thanh phin nguge hudng nhau.
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Bai V.33: Qua cdu M chuyén dang tit diém O trén diy cung AB cua dia
tron quay quanh dudng kinh vuéng goéc véi day cung AB theo
quy luat ¢ = 3t - 0,5t rad (néu nhin ti N v& H ta thiy dia
tron quay quanh dudng kinh nguge chiéu kim ddng hé). Trong
lae d6 diém M chuyén d6ng tit O (hinh V.33) theo quy luat

OM=8, = 4singt (cm, s).

Tim van t6c va gia tdc tuyét doi cha diém M khit=0vat=1s.

z

W

Hinh V.33 Hirth V.34

Bai V.34: M6t dia tron quay quanh truc di qua tAm O va vudng gbc vi
2 - A 2 2 2. 38 2
mit phing cha dia theo luat ¢ = Et'ﬂ . biém M bat ddu chuyén

ddng doc ban kinh OA theo quy luat OM = S, = 4¢* — 10t + 8 (cm).
Tim vén téc va gia toc tuyét do1 cua M (hinh V.34) khi¢ = 1s.
Bai V.85: Qua cdu P chuyén déng véi van tdc V=1,2 m/s tif A dén B dgc
theo day cung AB clia dia tron quay quanh truc z di qua tAm
O clia n6 va vudng goe véi mit phéng cla dia (hinh V.35).
Xac dinh van t6c va gia tc tuyét d8i ctia qua cdu khi né & cach
tam O mot khodng ngin nhat 1a 30 cm. Tai thdi diém nay van
téc gbc clia dia 12 © = 3 rad/s, va gia toc géc cham din bang
8 rad/s?.
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30

Braro s s rreri e L

B A

Hinh V.38 Hinh V.36

Bai V.36:Lang tru tam giac OAB trugt
khéng ma sat trén mat phfmg
nam ngang theo phudng trinh
x = t* (m, s). Trong khi dé
mot diem M chuyén déng doc z
mat nghiéng OA theo quy luit
OM = 8= 5t - £ (m, s). Goc D§
OAB = 30° (hinh V.36).
Tim vAn téc va gia toe tuyét
ddicia M khit=1s. M
Bai V.37:Thanh OA gén vao truc CD 30°
tao thanh géc 30°. Mat diém o
M chuyén déng doc OA theo
quy luat OM = 8, = 2¢° (m, 8).
Khi 46 truc CD (hinh V.37) Cw
quay véi quy luat ¢ = 8t — ¢’
(rad).
Tim vén téc va gia tdc tuyét Hinh V.37
46 cha diém M khi¢=1s.
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Bai V.38: Niia dudng tron ban kinh R guay quanh dudng kinh théng
dtng AB theo quy luat o= 4r-02¢% (rad). Khi 6 diém M

(hinh V.38) chuyén dong trén nita dudng tron nay v31 phuong
trinh: OM =S, =10n sin%t (cm/s).

- ~ Al N . et - s - L2 . 2 ~
Tim van tdc va gia toc tuyet déi cua diem M khi ¢ = 3 {s) néu

R = 30cm.

o

|2
Hinh V.38 Hinh V.39

Bai V.39: Hinh xuyén réng ban kinh R tam C quay quanh tryc 0,z theo
quy luat ¢ =5¢- 4¢? (rad} sao cho mat phéng hinh xuyén
yubng gée véi truc quay O,z. Diém M (hinh V.39) chuyén dong
trong hinh xuyén theo phudng trinh

OM=3S, = }Sénz“ (cm/s).

Tim van tdc va gla toc tuyét d6i cua M khi ¢ = 2s, néu
R =a=30cm.
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CHUYEN DONG SONG PHANG CUA VAT RAN

Bai V.40: Hai thanh A va B song song cung chuyén dong vé mét phia vl
van (8¢ V, # Vy. Gita hai thanh ¢6 mdt dia tron tam C ban
kinh R chuvén dong lan khong trugt theo cac thanh thinh V.40}.

Hay xac dinh:

a) Van toc tAm C va van t8c gbe cua dia theo Vy, Vi

by Tt 46 suy ra k&t qua khi cac thanh cung chuyén déng vé
hail phia khac nhau.

Hinh V.40

Bai V.41; Tay quay OA = 30 cm guay quanh tryc O véi van toe goc
o, = 2,5 rad/s truyén chuyén dong cho banh xe ban kinh 7= 10 cm
nhé thanh AB = 3043 em. Cho banh xe lan khéng trugt trén
dudng nam ngang (hinh V.41).

Hinh V.41

Hay x4c dinh van tdc gée banh xe BC., van tdc cac diém Bva C
khi OA vudng géc vé1 AB.



Phin hai. BONG HOC ' 293

Baj V.42: Tayv quay OA quay vii van tée
goe o, = 2,5 rad/s quanh truc

O cta banh xe ¢ dinh ban r,

-l

A
. . s e N I
kinh r, = 156 ¢m va lam cho - Y 7 P
P
banh xe ban kinh r; = 5 cm -5 \
gan trén diu A cta nd chuyén s/

Pa 7
dong lan khdéng trugt trén >l
banh xe ¢6 dinh (hinh V.42). \<

\"—;—-_rf""/

Hay xé4c dinh van tde cac diém
A, B, C, D va E cua banh xe Hinh V.42
dong néu CE vudng géc voi BD.

Bai V.43: Hai vat nang M, va M, bude
véio hé puli bén rong roc. hay v
x4c dinh van toc cla cac diém
th&p nhét cha chc rong roc [ va
il thudc cum di ddng, van tic I

ghc cua cac rong roc do va van

toe V, cha vAt nang M, néu

vat M, ha xudng vii van toc

V, = 12 cm/s; r, = 6 emj-

r, =9 cm (hinh V.43). 7

Bai V.44: Tay quay OA = 35 cm quay
gquanh O lam thanh AB va con
chay B chuyén dong (hinh V.44). 1

Tim van tdc, gia te con chay
B. van toc géc, gia toc goc
thanh AB tai thoi diém OA 6 vi

. ) M.
tri thang dung, néu o, = 4 :

Hinh V.43
rad/s; g, = 8 radfs’ va o = 30%
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Hinh V.44

Bai V.45: Tay quay OA = 30 cm quay
qguanh truc O véi van tée goc
0, = 0,5 rad/s. Banh xe ban kinh
ry = 20 em lan khéng trugt trén
banh xe ¢6 dinh ban kinh
ri = 10 em lam cho thanh
truyén CB = 20+/26 cm gén véi
né chuyén déng (hinh V.45),
Hay xac dinh van téc géc cua
thanh truyén CB va van téc cac
diém B va C khi ban kinh AB
tryc giao v4i tay quay OA.

Bai V.46: Banh xe tAm O lin khéng trugt

trong mit phéng thdng ding c
theo mot dudng thing nghiéng ’
vdl phuong ngang mdt goc a.

Hinh V.45

Xac dinh gia t8c cac diém ddu

mut clia hai dudng kinh vuéng géc véi nhau ma mét trong hai
dudng kinh cta banh xe song song véi dudng ray. Biét ring tai
thol diém dang xét van téc tdm O ctia banh ke 1a V, = 1 m/s,
gia toc cia tAm nay la W, = 3 m/s? bdn kinh banh xe 13
R = 0,5 m (hinh V.48).
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Hinh V.46 Hinh V.47

Bai V.47: Tay quay OA = 20 cm quay quanh O theo quy luat ¢ = 10¢ rad
(t Linh theo giay) va lam cho thanh AB = 100 cin chuyén déng.
Con chay B chuyén dong theo dudng thang ddng.

Tim van t8c gbc va gla tée goc cua thanh AB ciing nhu gia téc
con chay B khi thanh bién AB va tay quay OA vudng gbc
véi nhau va hgp véi truc ndm ngang nhitng géc a = p = 457
(hinh V.47).

Bai V.48: Tay quay OA quay quanh truc ¢t dinh O theo quy luat
o(t) = * - t (rad) lam banh xe ban kinh r 1an khéng trugt trong
gng tru cb dinh ban kinh R nhd thanh truyén AB. Tai thol
didm £ = 1 s cd cdu d vi tri nhu 6 hinh V.48,

Hay xac dinh vén tée va gia tdc cua cac diém B, C va xac dinh
gia toc goe thanh AB va gia tdc goc banh xe, néu OA = AB =
R=2r=1m.
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Hinh V.48

Bai V.49: Thanh AB chuyén déng trong mat phing thdng ding vé1 dau
A chuyén dong theo phuong ndm ngang, ddu B chuyén dong
thdng ding. Tai thoi diém khdo sit ddu A o6 Vi = 10 emfs,
W, =20 cm/s*. Bigt AB = 20 em va o = 30° {hinh V.49)

Tim gia téc diém B va gia tdc géc thanh AB,

o W,
A

Hinh V.49

Bai V.50: Trong cd cdu O4t tay don 0,A quay quanh truc O, va nhd
thanh bién AB truyén chuyén déng cho tay quay OB dat tu do

trén truc O. Banh xe I ciing duge dat 18n truc O. Mot ddu cla
thanh truyén AB gén vao banh xe II (hinh V.50).~
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Hay xac dinh van tdc géc cua tay quay OB va banh xe [
khi o = 60°, B = 90°. Biét r, = r, = 30v3cm; OA = 75 em,
AB = 150 cm va van téc goe cia tay don w, = 6 rad/s.

A
F iy

Hinh V.50

Bai V.51: Xac dinh van tdc, gia toe tiép, gia téc phap cha diém B ctia co
c&u truyén chuyén déng (hinh V.51) khi OA 0 vi tri théng
dtng. Cho tay quay QA quay quanh O vl gia tdc goc khéng
d6i e, = 552 va tai thoi diém khao sat ¢é van tée goe o, = 10s b
Biét OA = 20 em, O,B= 100 cm va AB = 120 cm.

AR

)
g
i : z==j

Hinh v.51
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Bai V.52: May mai chuyén dong nhd ban dap OA = 24 cm, dao déng
quanh O theo quy luat ¢ = gsingt (rad). Géc ¢ tinh tir duong
nim ngang. Vién da mai K chuyén déng quay gquanh O; nho
thanh truyén AB. Truc O va O, ciing vudng gbc v41 mit phang

hinh V.52. Tai thdi diém ¢ = 0 thi OA va OB ndm ngang. Géc
OAB = 60°. Xac dinh:

a) Van toc diém D trén bé mat vién da mai K

b) Gia tdc diém B cta vién da mai K néu OB = 0,6R = 12 cm.

Hinh V.52 Hinh V.53

Bai V.53:Hai thanh CA vaA CB ndi v4i nhau bang ban 18 C. Tay quay
0,A = 0,B = r quay cing chiéu nhau vdi van téc géc khong dol o,
Xac dinh van tdc va gia toc diém C khi tay quay O,A va O.B
nim ngang trén cing mét dudng thing (hinh V.53). Néu tai
thoi diém d6 gée CAQ, = CBO, = 45" va khoang cach 0,0, = 2r.
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V1. HUGNG DAN GIAI BAI TAP

Bai V.1: Tt cée phugng trinh chuyén déng ta bién déi
a) x =3t -5 Jx =6t - 10
y=-2t+4;  By=-6t+12
=2 +3y~-2=0

Duong thdng 3y +2x - 2=0 bit ddutaix=-5vay =4

b} x =2t y =87 = 2x*
Nhanh phai cta parabol y = 2x° va b4t diu tai gbe toa d6 x = 0,
y=0.
s 2 2 2
c) (— + Z) :1‘Elip~—+y—:1vébétdéutaix=0;y=3.
5 3 25 9
_ oy 2
d) x—2 =—cosbt va yr1_ sin5t. Elip (x-2) + (1 1.

9 16

Diém bét ddu chuyén dong tai vi tri:

x=2vay=-1L
Bai V.2 (hinh VI1.2):
x =20t +5
a) '
y=15t* +3
3x = 60¢% + 15
Ta cb: 4y = 60t + 12
3x -4y =3

DAy 1a phudng trinh dudng thang khong di qua goc toa do. Diém
xudt phat tit A(5, 3). Quy dao 12 nita dudng thang (hinh VI.24a).

=4t -2t
b) x t 2‘
y=3t*1,5tZ
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3x =12t — 6¢°
4y =12t — 6t>
3x—Ay =0

Day 1a phuong trinh dudng thang di qua goc toa dé (hinh VIL.2b),

quy dao la nda dudng thang:

—wo<x<2va-w<y<lh

¥y
e 4
// |
/, I
. I
O ,/ ]
- ) X
P
x =5+ 3cost
y = 4sint
x—95 ‘
( 3 ) = cos? ¢
Ta c6:

(2}-] = sin® ¢
4

Céng hai v& ta dudgc;

=2 2
(x - 5) L2
g 16

=1

Quy dao 14 dudng clip.

1,5

N - — —

Hinh VI.2
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& x =at”
y = bt
Ta co: = —Z— Thay vao ta duge:
y' _ @
Xx=0——5 =T
S !

Quy dao la parabol thinh VI.2¢):

a [ a 9 I 3
x = —2—ya hayay’=bx > ay - bx=0

x =3 + 4cost (x—f\ os? t
-—(b
(—3) '\ /'
y =2+ 5sInt [ ]

Vayv quy dao 1a elip ¢6 phudng trinh:

(x-3° =" _,

16 25
x = Bcost : (xT y
— =cos
4
y-3 ? o
'y =3-5sint [__5—] = st
L =37 3)* ) X
=1. hay x*+{y— 3)"=25.
2% 25 F A & =3

Quy dao la dudng tron ban kinh bang 5 véi tAm O(0, 3).

BaiVv.3:
a) x = 3t ; y=4t' = 4 -3 =0

dx = 6tdt ; dy = 8tdt
ds = J(?x)2 + (dy)* = J(36r2 +64t2).(dt)* = 10tdt
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s = ]ds = ]1ordt = 5t .

ul 4]
b) x = 3sint : y=3cost = x'+y‘=9

dx = Beostdt ; dy = -3sintdt

ds = \J9(cos® t + sin” £)(de)? - 3dt © ¢ =3t

c) X =acost ; y=asin¥ — xt+ty=a
dx = —2acostsintdt dy = 2acostsintdt
ds = V2a 2sintcost.dt; = av2sin?¢.

d) x = 5cosdt’ ; y = BsinSe

= x'+y*=25
dx = -50¢.sIin5¢%d¢
dy = 50t.cosbt?dt ; 5= 95¢
Baivd4:

a) Theo bai ra
X = asin2wf va y = asinet,

Ta bién ddi:

x = Zasinwt.coswt = 2asinwf, V1-sin? ot

Thay sinot = Z, ta cd:
a

e
x =2y 1—[2}-] :@- a’ - y*
a

a2x2 — 4y2 (a2 _yz)_
h) Ta cé:

X =acos2wt ; y=gcoswt
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Thay cos20t = 2cos’et — 1, do dé:

x = a(2cos’wt — 1) = 2acos’et —a

P b
., 2
x=2a—cos‘mr—a:L—a
a a
ax=2y-a’> = 2-ax-a =
Bai V.5: Ap dung cong thic
. V-V
s:Vr,t+lWOtz ma W, = — &
2 t
V-V .
= sﬂV,t+-1— o tzz-l-(V+V_,):
2 t 2

Khi ding laithi V=0néns = %V(,t . Vay,

V. = ZTS=6mfs.

I

Bai V.6 (hinh V1.6):
Theo bai ra ta c6:
s=kt? ; khit=1ph
thi s = 90 m, vay & = 90 m/ph’,
s=908 = §=2708=V
§ =540t =W
Khit=0 = V,=0; W,=0.

Khit=5 s= Lphl
12

2
V,= 270(%2) - 188 m/ph ;

W. = 540 x L 45 m/ph”,
12
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540 - 270 1 90

480 4 240 4 80 - /
42042104 70 - _/ -
360 4 180 1 60 - ' /

300 4 150 | 50 W= 540! ./

240 4 120 1 40
180 4 80 4 30 4
120 4 604 20 - / =270t

604 304 104 /

Hink V1.6
Bai V.7: Theco ¢ong thie
V-V

s=Vi+ %Wrtg, ma W.= z “

v-v.
Vay. s=Vri+ 1 L. t° = l(VU + V)t
2 £ 2
V= %-S- -V, =25 mls
W, = 25-15 = 0,33 m/s*
2 =2
w,o= Y 25 0625 mss

~ 1000
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W = 0,708 m/s®.
Bii V.8: Ta d6i 54 km/h = 15 m/s va V=18 km/h = 5 mfs.

Tacé s=Vi+ %Wﬁ,

ma; W.= V-V
¢
V- 9
chonén: s=V i+ 1 £ t° = l(V + V)t
2t 2
po_2s 2800 _gn
V+V, 5b8+15
V-V -15 s
Dods: W= LYo =218 = 0125 mis”

£ 80

N2
Gia tdc todn phan W= JW? + W?E = ,’{%} +(=0,125)" .

9 2
Tai diém dau W, = [%566] + (-0,125)* = 0,308 m/s”.

u 2
Tai diém cudl W = \,(50—0] +(-0,125)* = 0,129 m/s?,

Bai V.9: Ta ¢6:
V.=0: V=72km/h=20 m/s

L

po VoV, V20 1 e

‘ t £ 360 9

Vew.t= 12,60 =22 s
9 3
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2 2
‘,Vn = V_ - 40
o 9.800

W= W2+ W = '91—2 + -47 = 0,25 m/s®.

Bai V.10: Tit cac phuong trinh chuyén déng ta bién dai duge:

= Z m/fs*

) .
x = 300¢ y:,loot_atz; y= 400—:&2 3 ng_)
300 3007

V,=x=300; V

¥

= 3 =400 ~ 10t

W.=%x=0 ; W=35=-10

¥

V= /3007 + (400 - 106)* : £=0: V=500m/s

W = 10 m/s”

5, =X, Khiy=0thit=0vat=280s

mnx

s = x.,.= 300.80=24000 m = 24 km

s

yo. khiy=400-10t=0: t= ilf’(—? =405

H=y,_,=400.40 - 5.40° = 8000 m = 8 km

_dv _

4
dt  dt
B . 5 , 107 (400 -~ 106)* 3000
W,= JW?-W? = [10* - 3 =~y

_vi_v' _[s00%+ (00 —100* "
" W, 3000 3000 :

-10(400 -10¢)
v

T

[\/300“ (400 - 10t)”j =

Khi¢=0thip, = 41,67 km

Khi ¢t = 40 s thi p = 9000 m = 9 km.
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Bai V.11 ¢hinh VL.11):

0]
X
e
X
Y
Hinh VI.11
x = 40¢
Ta cé; )
y =49t
Phuong trinh quy dao l1a:
: x2
y=49t =49
40
y = 0,00306x>
TAm bay xa cia bom theo phudng ngang:
9
4:2 xZ =y= h
40
2
Do dé: x= 40"
4,9
L =40 3—0%9- = 989,74 m
Thoi glan rdi: £ = X - 989,74 =27,74
40 10

Bai V.12 (hinh V.12):
V.= 8 = 2at.
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v
0, =W, = A
Ty
r
Ve=rw = r—% = L2t
ry r,
r
We= 20—
Ty

Glc

Hinh VI.12

Bai V.13 (hinh VI.13):
Tacbx=vt=5x3=15cm
=Xty oy =t -3 =30 - 152 > y = 1543 = 25,98 em
h=r-y=30-2598=402cm

Hinh V.13
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Bai V.14: Theo phucng trinh
' 1 . . w—w,
¢ = ot t Zgft, ma g= -
2
Ta cé:

_ 1 @-w, 4 _ 1 - _1
p=wtt 5 —-t——t = ?2(0)+Q")t o, =07 0= —zm,t
onN = = 221060 = 120m.10.60

2 30 2.30
N = 600 vong.
Bai V.15: 84 vong quay la Z.
Tach: £7 nt
2
—Z—Z— = 160 h=8s
n 1200
Bai V.16: Ap dung cong thitcs = Vi + }ng%

Do V,=0,néns= —%g:2 =h.

2 /
tr:ﬂ' = _E B tnﬁng = Str(ji = 3 2_8‘
g g

€

D o or
Iflt‘mg wgng = tl'lii + tm'mg = ’i‘i + 3 |E = 4 |£$—
| Ve ve Ve

ttﬁ'ngcﬁng: 4 %S' =4 ‘2"_2—,§ = 2,8 s,
' g 9.81

95 1An va dap trong mot phat 1a:

Z:go— =91 lan.
2.8

»

309
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Bai V.17 (hinh VI.17):

Tacé o= = =102

= KX

I

¢ = 20t rad/s

£= ¢ = 20 rad/s®

W,=Ro*; W.=Re
W= Rye? +0?
= 200v1+400¢* em/s?. i~

Hinh VI.17

Bai V.18 (hinh VI.18):

il

Hinh V.18

T quan hé: Ve=x =10t

ta co: r=£i— =10cm
2
(,)4:_‘_/_?1:_]._(15 :>‘ qut
r 10
W —ém =
3 Z 4 3

(=¥}
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; Z .

W, = gimz: ?i._‘l-md: 1?_3.9_3 = 21t
Z Z. Z, 13.11

V, =168 m/s

o, =21t; & =21 rad/s*

W, = ayel + o =40y217 + (21)*
Khi ¢t = 2s: W, = 404217 + (42)" = 17059 m/s*.

Bai V.19: Dang chuin eua chuyén déng theo dudng xodn e cb phuong
trinh chuyén dong la:
x=acost; y=asint; z=ct
thi khi dé ta c6 do cong k:
1 a

h=—=— ?(p-bénkinhcong)
pa’+c

Ap dung vao bai toén:

= Qcosdf ; y = 2s1ndt | z:le-éH

vac=

-
i
=
o]

1l
]

1
>

Bai V.20 (hinh V1.20):

Ta cé van tdc cua cot:

: ra . ry X
x = akcoskt Wy = G
r, Py Ty
X r, ak
W, = — =g w, = —=.— coskt

Ty A
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Hinh V.21

Hinh vi.20

Bai V.21 (hinh VL.21):

. an 30=n
Ta c6: W= — = ——— =]
30 30
zZ
0, = 212 = w,
Z,
2y 2y Z
W = Wy, = ==y = —>.——®,
Z4 Zfl 2
Vs = ryos raé.é-ml
4 2
v,= B8 _ (285 cmis.
32.24
Bai V.22 (hinh VI.22):
Ta cé: Va=x = ¢
Va
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Hirth VIL22

CHUYEN DONG PHUC HOP CUA DIEM
Bai V.23: Thanh AB chuyén déng tinh tién di 1én nén V_V: d1 1én la gin
tde tuyét déi. ﬁ_" doc theo canh DE (hinh V1.23) la gia toc
tuong doi. W, 1a gia toc theo. Ta cb
V\_’{ = W tga = W tga

W, = W cosa = Wcosa



314 CO HOC LY THUYET - TAP |: PHAN TINH HOC, BONG HOC

Hinh V1.23
Bai V.24 (hinh VI.24):
Ta cd: 0 Woa
' I { .
_nmn 90=n 30 v
0op = T == = 37
30 30 B

£ =200 mm=20cm:
Vi=lo

Ve = V,sin30° = %lm = 520.%

I
|
[
|
|
|
|
|
|
=307 = 94,2 cm/s = 0,942 m/s. '
i
|, iC
Bai V.25 (hinh VI.25):

Ta Cé., qua cidu A quay‘ quanh O la Hinh VI.24

chuyén déng tuong 461 V, = .o, ¢6

phucng vuéng géc véi OA khung cling OA quay quanh MN 13
chuyén déng theo:

V.= (e +51n30% w

Vi V.1V

[

=V, +V,

3
jsv)
N
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nén V.= (V2 + V!

Vay: V. = Jdon)? + e + 1sin30 )0

VvV, =306 m/s = 306 cm/s.

N L

.Hu;fruunuuunnuuuulu e rrerreard L erfired

Hinh V125 Hinh VI.26

Bai V.26 (hinh VI.26):

Chuyén dong cia vat D doc theo AB la chuyén déng tusng 461 cb
W, = J2 dm/s’.

Chuyén dgng AB cung vat D theo phuong nam ngang la chuyén
déng theo (tinh ti&n) voi W, = 1 dm/s® = const.

Ta cé: s, = lWJ2 = [2—152
2 2
J2oVeN2 . 1
xrz.‘:,——=————£ =—f
2 2 2 2
x, =8 =t =
2 2 2
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X, :lWe.fz _ Ly

2 2
X, =X, + X, Sl el

2

yu:h'yr_-h__tz
Yo = - -'2_
V, = Jxl+yl = J@0% +(-t) = t/5 dmis
W, = 5 dm/s?

Bai V.27 (hinh VL.27):

— ‘ =]

VG

IR T TR TR R AL L N ET

Hinh V127

Ditm A chuyén ddng quay quanh O la chuyén déng tudng dél.
Diém A chuyén déng cung véi xe theo phuodng ndm ngang Ja
chuyén déng theo. Vi vay ta co:

W, =W -kﬁzﬁg+ﬁ+ﬁ,

a [
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ma W' =Re va W! = Ro®
w= ¢ =2t=2radls’
Khi¢ = 1s. ta ¢o:
£= @ = ¢ = 2 rad/s’
R=02m
W' = Rw®=0,2.2° = 0,8 m/s*
W= W, = 0,492 m/s*
Chiéu 1én cac truc x va y, ta cd:
W, =W, + W sin30° - WS cos30°
J3

=0,492 + l[],4 -0,8—
2 2

=0,482+0,2-0.692=0

W,, = W' sin60° + W cos30" = 0,4@ + 0,8%

uy

= 0,346 + 0,4 = 0,746 m/s* = W,.
Bai V.28 (hinh VI.28);

Khit= = thi OA 1 Ox.

[
Chuvén déng clia A quay quanh O 1a chuyén déng tuong d6i,
chuvén déng ca déng co ciing hé dong Oxy la chuyén déng theo.
Ta co:

W = 0Ae” =l

W, = % = —qo’sineof
T

W.=-ao® khi t= —
20

W, = J(WH? + W2 = 0?JiI* +a” .
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y C B
Ap oo
: M
— w7 W
1]
[
0
D
’ N A
K
Hinh V128 Hinh VI.29

Bai V.29 (hinh VL.29):
o Chuyén dong cha M doc AB la chuyén ddng tudng d6i va thang.
e Chuyén déng clia ABCD quay quanh Kz 1a chuyén dong theo.
o Chuyén déng ciia M d61 v6i Kz 1a chuyén dong tuyét doi.

Ta eé:
o=@, = r = ¢onst
P 2
e=m =0
V, = é,=a£cos£t10khit=1s
2 2
2 2

W, = §,=wan—sinﬁt=—af— khit=1s
4 2 4

V. /l®, nén Wy =0
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m
V.=V, =a— cm/s
2

V,=V,= a% cm/s

Bai V.30 (hinh V1.30):

2a
B C
we
z
9 2a
W,
A y
A W, D
XA st
Hinh V1.30
a)Khit=1s
5, =£=0

w, = t+2 rad/s = const
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V,=-a—-: W =0

¢ r

W' = ao’, =2an

2
2

=92nZ2a

S

w3

W, =20V, i‘f—

— 2
—4an

W, = (W + Wi = an? 5 cm/s’

b)Khit:2sthiOM:S,.:—a
V,.=5=0

o

. T
W,=§ =a—
4

AM =« 2—a=a(\/§—l_):0,41a

d = AMsind5° = 0.41a ng_ =0,2a2

W, = do’ = 0,2&«[‘2_‘211:2‘
Khif=2s thi V., =0, nén W; = 0 va huéng vuong goéc vd mat
phéng hinh vé ra ngoai.
Ta cé:
Wo=W+ W, + Wy *)
Chibu (*) 1&n cac true cia hé Maxyz (hinh V1.30), ta ¢6:
W,=W,=0
W,, = W,sind5’ - w" = -0,39 an’
W, = W cosd5° = 0,17 an®
W, = 0,44 an® cm/s®.
Bai V.31 (hinh VL.31):

Ta chon hé ¢& dinh 12 truc AB.
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Hinh V.31

Hé dong c6 gbe tai tAm O ctia hinh xuyén. Chuyén déng cia hat
16ng trong hinh xuyén quanh O 1a chuyén dong tuong d6i. Chuyén
d6ng cta hinh xuyén quanh AB la chuyén déng theo. Chuyén dong
ctia hat 1ong 46t voi AB 1a chuyén dong tuyét doi.

Ta cb:

hay

Nhung

Tai (1) ta cb:

—

W =W, + W, + Wg,
e o T L W L W e W
WG*W,,+W,+WE+W€+WK.

W =0viu=constva WS =0,vie,= const,

oW no W
W, =W+ W'+ W
2

i N ] [’
wr =2 conW! =ro; W, =W, = 2ro:
?" W ey A o

no_ 2
W, =3ro,

st

WK :0,
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. oy
b _ H no__ i
nén W, =W -W' =ro, -—
r
Tai (3) tacd Wy, =0,
=
nén W =W* -W* =3rn? + —
ay £y r i r

Tai (2) va (4) ta co;

W, = 20.u, ¢d6 phudng vudng goc vl mit phiang hinh vé, hudng ra
ngoai. Nhu vay:

W' LW LW,

I

W, =W, =W + (W + (W)

2\ 2 N
W, =W, {u_) + (Zrod)? 1+ Que,)’ = (u_ + 2rm;‘f)J

r Lr

Bai V.32 (hinh V1.32):

Chon truc Oz d1 qua O va vudng goéc vl mat phéng hinh vé 1am hé
¢6 dinh.

Hé twwa d6 Owxy lam hé déng. Hé dong chuyén ddng quay nén
cO Wy .

a) Céac chuyén dong thanh phén cling hudng:
W, =W +W, + Wy =W + W' + W + W + W,

Nhung & =V, = const, nén W' =0 vi @, =const nén W =0

. n n
W, =W"+ W + W,
"
Tacs: W/ =—con W) =W = rBw?
- :

Tai diém (1) ta co:
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')

_ n 7 . 2 u i
w, =W, -~ W - Wy =ro; —T-/Ju{oo

43

Tai diém (3) ta co:

" w .
W o =Wr-W"-W = 3rey 4+ — + 2uo
¢y ’ K, u r

i1y

Hinh V1.32
Ta thily gia toc tai diém (2) bing tai diém (4).

Tacs: W, =W'+ W + W .
1 1 E] 4

a,

Chiéu dang thic nay 1én céc truc O,x va Oy ta duge:

1

R
W, =W cosa + Wy, macosa= —==—=

£y,

2
113 .
+ 2w, = — + Ro? + 2u.w@,

R

= u—z— + Rsf5—m2
R 3]

e
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W, =-W’'sina ma sinm::—2ﬁ-—=i
4y 4 ‘ngR JS_
= - RV50? —2- = - 2Rw’
V5

g 2

w, = \/(W%)z + (W, ) = \/[% + Rw? + 2ue, | + 4R 0!

W, =W, .

a-

b) Trudng hop cée chuyén dong thanh phan ¢6 hudng nguge nhau.
Khi d6 ta thay u = —u clia W,.

Tai diém (1) ta c6:
W, = W2+ W + Wy
2

W, = Ro? - . 2uw,
! R

Tai diém (3) ta cé:

- n n
W, =W +W" + Wy

o,

2
W, = Ro? + 2 - 2ue,
B

Gg

Tai diém (2) va diém (4) ta co:
W, =W,

(14

2 Y
Waz = WM = \/[% + Ro? - 2um0] + 4R

Bai V.33 (hinh VI.33):

a) Khi ¢t = 0 (hinh VI1.33a), ta co:
0=¢p=3-t=3(rad/s)
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e = = -1 (rad/s?)
OM*=0M=0

V.=0; V,=d4lcosit=2n
2 2

=<

TV 4V, >V, =V, =21
W.=0 W= -2rtesin_t=0
- 2 2

W,ZZQUJBVrZ.‘ZxBxQn:lQn

W, :FWZ+_W:+W;E—>WG =W, =12r (em/s%)

Hinhk V1.33
b) Khit =1 (hinh V1.33b), ta cé:
0= 0 =3 -f=2 (rad/s)

g= ¢ =—1 (rad/s?)
OM*=0OM=4cm;V,=0OM*©

V, =8 cm/s; V.= 4Ecos£t:0
2 2

— —

vV, =V, +-\_/': > V,=V,=8cmls

Wr =40'=16 WS =4

U
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1

W,= - 2n£sin£t =-n"
2 2

W,=0

W, =W/ +W, + W, + W,

S W, = WO+ (W + W, )? = (@) +(16+1%) =

= /6852 = 26,2 cm/s®
Bai V.34 (hinh VI.34):

Khi¢ =1 thi OM* =2 ¢m.

Ta co:
¢ = 2t = 2rad/s
i =4t = 4 rad/s”
V=8 =8-10=-2cm/s
V.=OM*x ¢ =2x2=4cm/s

—_—

Tu V, :\—/:+Vc,nhUHg17rLff: nén

Vo= \ﬁ")z +(Vt')2 = \[(2)2 +(4) = 245 em/s
W.= 8 =8 cm/s?

W' =OM *x 0® =2x4 =8cm/s’
W:=0OM*xg” =2 x4 =8cm/s*

W, =20V, =2x 2 x 2=8 cm/s*

W, = W' =W + W, + W,

W, = JW W) + (W, - W)*
= J(B-8)% +(8-8) =0
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s i

Hirnh VI.34 Hinh VI.35
Bai V.35 (hinh VI.35):

Ta cé:
V,=0Pw, = 0,3 x 3=0,9 mfs
V,.= 1,2 m/s
Tit V. =V.+V,,ma V,//V, cungchidu

>V, =V, +V,=12+09=21m/s
V,=1,2 m/s=const - W, =0
W* =03 x o0 =0,3x9=27m/s’

Wi =08x8=24m/s

Wi=20,xV=2x3x1,2=172m/s*

W, = J(W))? + (W + W))?
= J24% + (72 + 27)* = 10,186 m/s?

Bai V.36: Tinh V, (hinh VI.36a)
V.= 8,=5-3%*=2m/s
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V.= x,=3t"=3m/s

1% :V,,+1_/';

Q

V, = JVf + V2 + 2V x V, x cosf
+ V7

V, =\/Vf P -2V xV, x cosu

L

= \/22 + 32 —2><2><3§ = 1,6 m/s.

30

CELCEEd CEbErrrrrrrrrrrrarrsssrsssal

A

Hinh VI.36

Tinh W, (hinh VI.36b):
W,=§,=-6t*= -6 m/s*

W, ="/W,2 + W} +2W, xW, xcosa

B

=.[6% + 6% +2><6><6~2—:11,6m1’52‘

Bai V.37 (hinh VL.37):
Ta cé:
V.= 8,=6t2= 6 mis
W.=8,=12t =12 m/s?
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w=¢ =8-3t"=5radls

£= § = -6t = -6 rad/s

t=1s
OM*=2m,
a) 7 b) z

2

Hinh VI.37

Tinh V, (hinh VI.37a):

V.= o= OM* x sin30° = 5 x 2_l = 5m/s

— e

v :V.+ﬁ' ma V}LVL

irs ¥

Nen V,= \/V,2 +V7: = J6? 1 52 7.81 m/s
Tinh W,:
W Wf+W_*‘__”+W_.U‘+W: {a}

W,= 8§, =12t = 12 m/s* (hinh V1.37h)

W =0® x OM* x sin30° = 5% x 2— =25 m/s’
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W' =woxOM™*xsin30" =6 ><-2é = 6m/s*
_@:25:/\17—)‘/1/,\, = 2w, x V, x 5in 30°

Wk:2x5x6%=30m152

Chiéu (a) 1én céc truc cia Mxyz, ta c6:

W,=W' - W,=6-30=-24m/s’
W,, = W,cos60° - W = 12%— - 25 =19 m/s*

5

W,, = W,sin60° = 1273 = 63 m/s?

W, = JW2 + W2 + W2

= J24% +19% + (643)F = 3932 mss?.
Bai V.38 (hinh VL38);

Khi ¢ = % (s) thi M =0 (hinh VI.38a)

o= (_P-_—4 —0,4f :4 —%0,8 ‘:3,73 (rad/s)

g = =-04(rad/s?

V, =V, =Ro=112cm/s =1,12m/s
V, =8 =10rnZcost %t = 2n? cos ™
4 4 2 6

V. = 2 7% /3 = 21,36cm/s = 0,21m/s

Il
=
+
=
o+

=
‘D—
o]
<
&
=
T
=
3

i

)



Phin hai DONG HOC 331

o x|
1l
=

B

@
~l
Hinh V1.38

— . ——. — —

W, =W+ W+ W! + WS (hinh V1.38b)

\% 2 ,
Wr=—"-= 0217 1 47mss?
R 03

W' =8= —3113 einlr=—27" sin = -01m/s?
y 4 8 o

W = Ro? = 0,3x3,73% =4,2m/s”

W, =Re=03x4= 1.2m /s

W, = W+ W22+ (W) + (W)
=147 +42)” + (0.1 +(12)°

W, = 3215+ 0,01+144 = /33,6 =58m/s”
Bai V.39 (hinh VI.39):

Khit=2()thi M =B

15 » 4
a3t = -@ "
8] 8

Vr=3=
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£=2(s) thi V,=S:1123n

V, =70.7cm/s = 0,7Tm/s _
V.,=20o mi o=¢0p=5-8t=-11 {rad/s)
V.=03%x11=33m/s

J—

Va :VT_}_‘_];__}VG :Vr+Ve-_—3,3+O,7=4ma"rS

VE 2 .
W =— = 07" _ 1,63m/s*
B 03

e r
W :S:ant:iﬁﬂt:-‘i}éﬂzo.'?nlfsz
8 4 2

W, =an’ =0,3x11% = 36 3m/s?

W, =ae=03x8=21m/s*
W, =20V, =2x11x0,7=154m/s*

W :‘/(Wrn +Wk _Wen)2+(Wr'. +W,Tu‘.)'_{

a

W, = (1,63 +154 - 36,3) + (0,7 + 2.4)°
W, =1951m/s”
P ax &
01 pAid
a
v,
wE

Hinh V1.39
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CHUYEN DONG SONG PHANG

Bai V.40 (hinh VI.40):

a) Hai thanh chuyén dong cung phia.

Tt edng thie: 0= = =—=>=——

Ta cé: Ve —2—5 va 0= —_——.

__VA_VB' 2 1_”VA"VB

Hinh V1.40
Bai V.41 (hinh VL41):
Ta c6 OA chuvén déng quay quanh O. Thanh OA va banh xc
chuyén dong song phang. Ta tinh:
V, = OAw, = 30.2,5= 75 cm/s

_0A 30
tgo = — =
AB 30

|

&
-
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Podéd: a«=30

V.= Vycosa = Vycos30®

v
Vay: V, = A
s B c0s30°
=
VB = E = -]:EQ = 865 CmJ'JS
NG
2

RHinh Vi41

Wap = ""Yi— = 10— 0,83 I‘ade. Vi API =90 CIn;
AP, 90

P, la tam van tée tie thol eta banh xe, nén
\% 150 15 .
Oy = —- = — =866 rad/s

r Y310 3
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Ta tinh: Ve=V,v2 =86,542
Ve =122,47 em/s.
Bai V.42 (hinh VI1.42):
Tay quay OA quanh O ta cd.
V,=0Ae,=(r+r)o,= 15+ 5) 2,5

V, = 80 cm/s.

Hinh V.42

Diém B 14 tAm van téc tic thoi clia banh xe nén V= 0. Ta co:
V), = 2V, — 2x50 = 100 eny/s
V.=V, =V,J2 =502
Ve=V,=707cm/s
Bai V.43 (hinh V1.43):

Ta xét rong roc I P, la tm vin (He tite thol cua rong roc L nén
V=2V, (hinh VT1.43b).
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Diém thap nhal cua rong roc I la E thi V= V2 Vo, -

Xét rong roc 11, P, 14 tAm véan tde tie thol cua rong roc LI (hinh

V1.43¢).
2 Vl VO] Vl VOI
Ta cé: = — =
CcpP, O,P, 4/3r, 1/3rn,
V, = éch,1 .
dodé: V, = —Yl— = E =3 cm/fs
! | 4

a)
c)
v
v
Vi
P,
I
Ve
E
I
b4

Hinh V1.43
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Van téc diém thip nhat enia rong roc [11a Vi 8 1

V., = HPgw,= JO,H* + O,P} o,

y? T
— 0, TN 1y — - V10w, — B, V1

| ¢
\;i ?‘._f +l T; Fa
V= 9,48 cm/s.

Thay V, =3 cm/s vao trén ta ¢o:

= () |
) J

w, = 0,5rad/s va Vi = \/IQV(-)] = W2

VE = 4,23 Cme
Vg, =V, =3 em/s.

Bai V.44 (hinh V01.44):
Tay quay OA chuvén déng quay quanh O, ¢on OB chuyén déng
song phfmg‘

Ta co: V,=0Aw, =30 »4

V, = 140 cm/s

Hirth VI.44
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Tam van tde tdc thol P, nén w,, = 0
va Vi =V, =140 c/s.
Chon diém A lam cuc, ta cé:

Wy = Wy + Wy = Wi+ W+ Wiy + W, e

Taco W, = OAg, = 35.8 =280 cm/s”
W2 = OA.0? = 35.42 = 560 cm/s?
Woy = BAg,p s Wga =0 v 04p=0
Chiéu (1) 1én phudng AB ta cé:

W,c0s30° = Wi cos30° + W, sin30°

W,= Wy + W] tg80° = 280 + 560 —= = 603,4 em/s’
J3

Wy = 603,14 cm/s®.

Chiéu (1) lén phudng vudng géc AB ta cé:
Wsin30" = Wp, + Wisin30° - W, cos30”
Wiy = Wgsind0” + W cos30° - W s1n30°

1 J3

= 6034.— + 560, — - 280l = 646,66
2 2 2

Wi, 646,66

Wi, = BAGw nén g = BA -
B4 Gap NED S4B ™ Tpa T T

gap = 9,24 rad/s”.
Bai V.45 (hinh V1.45):

Ta thay OA quay quanh O ¢d dinh. Banh xe I lin khéng trugt
{rén banh xe I ¢4 dinh va 1a chuyén déng song phing. '

Thanh BC chuyén déng song phang.
Tacod: V,=0A.w,=30.0,5=15cm/s
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Vycos4h5° =V, nén
V,=42V, = 1542 cm/s
Ve _ Ve

“sc= Bp~ CP’

Tacs: AC= CB* - AB® = |/20°.26 — 20

AC=205=100cm

Hinh V1.45
Mit khéae, AC=BM = MP = 100 cm, nén CP = CM + MP.
Vay CP =20+ 100=120cm va BP = BM 2 = 10042 cm, cho nén:

V §
Ve _Ye .y _CPy 120 o5

BP CP BP ° 100v3
= @! =18 cm/s vi Wge = KC_ :£:0‘15 rad/s.
100 CP 120
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Bai V.46 (hinh VI.46):
Banh xe chuyén déng song phang lin khéng trugt trén mat

nghiéng ¢d dinh, nén:

W;\; = i?o' + Waro
Wy = W, + Wi + Wiio
Hinh V1.46
Ta cé: Wi, = MOw® = Ro”,
\ v,
ma w=—=,
' R
L v: o v? ‘
cho nén: Wi, = Ro® = R.—% = -2 = 2m/s*
A Rz R

‘ SRETIAR.
ma w=&E= — -
dt\ R )
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Vay: Wyo = Re = RT{’ =W, =3m/s"

e Ta xét diém M, ta c6:

_ n 1
WM] =W + WM,O + WM,o

i

chiéu déng thic nay 18n cac truc Ox va O,y (hinh VI.46), ta ¢6:
WMII :Wo _Wﬁ}lo :3_320

Wy, = Wio =2 m/is”,
Vay: Wy =2 m/s’

o Ta xét didm M, ta cb:

TS - .
Wi, =W, + Wyo + Wy o

Wy =W, + Wi, =3+2=5m/s’

ax o

Wy, = Wi + Wi, =52 +3 = V34 =5,83 m/s’
Wy, =583 m/s®.

o Ta xét diém M, ta cé:

WM;} = WB + Wﬁao + Wﬂ}ao

WM;;I :Wo +W;"30 =3+3:61n1"’52
WM;;J" = - W;;rdo = _2 m.fsz

Wy, = 6,32m/s*

e Ta xét diém M, taco:

—

T n T
Wy, =W, + Wyo + Wyo

Wy =W, -Wyo=3-2=1mfs
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Wy, =~ Wy o = -3m/s’

4

Wy, = \/W?:j’_,x + Wy, = Y1+3% =410 = 3,16 m/s’
Wy, =316 m/s”.
Bai V.47 (hinh VI.47):

Ta ¢ = 10¢, ta cé:
@,= ¢ = 10 rad/s.

V,=0A. o, = 20.10 =200 cm/s.

Hinh v1.47
Ta ¢6: AB=AP=100ecm
o= Ve Vs
87 AP  BP
V, 200
=24 -2 z9rad
“an= ap T 100 SRR

Theo e¢dng thite:

_ n T n T +*
WB_WA+WA+WBA+WBA= (*)
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ma W2 = OAw? = 2000 cm/s®
con Wi =0vie=0dow,=const

W72, = BAwl,=100.2% = 400 cm/s® va Wy, = BAeas.

BA
Chiéu (*) 1én truc BA, ta co:
W,cosd5° = W, = 400 cm/s”. Do d6 Wy = 4002 em/s’
Wy = 40042 cm/s? = 565,6 em/s?,
Chiéu (*) 1én AP ta cé:
—Wpysind5s = - W, + Wy,
o

V2 21600 em/s?

Wi, = W) - Wy sindb” = 2000 - 4002,

2

Eag = Wiy _ 1600 _ 16 rad/s®
BA 100

Bai V.48 (hinh VI.48):

Hinh V1.48

Ta c6: p=t"—t
0,= ¢ =2t-1
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Khif=1sthi o,=1rads
§ =g, = 2 rad/s’
Ta tim V,
V,=0Aw,= 1mis
Wi = OAw? =1 m/s*
1= OAe, = 2 m/s®
Thanh AB chuyén dong song phéng. Tai thoi diém khao sat ¢6 tAm

van tdc tie thoi & vo cye nén wag = O va V; = V, = 1 m/s. Lic nay
thanh AB chuyén dng tinh tién tic thol.
Chon diém A 1am cuc, ta cé:

Nhung qui dao cha diém B va diém A 13 quy dao cong nén:

Wi+ Wy = Wi + WY + Way + Wy (a)
2
Tabié’t Wg .—_E:j_, :21’11}'52
r 0,5

Chon hé truc Oxy nhu ¢ hinh VI.48. Chi&u biéu thdc {(a) 1&n cac
truc Ox va Oy, ta ci

W5 = -W;
Cho nén: Wi = Wi =2 m/s’
cdn Wis =0dowa=0

Wi = -Wi +Wg,.
Do dé: Wi, =Wg + Wy
Wi = BAegy=2+1=3 m/s”*

= Was _ 3 _graa
BA 1

Vay: £aB
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Ta cé:
s =2m/s’ va Wi =2m/s* nén
Wa= J(W5)F + (WP = 2V2 m/s’,
. Tinh We.
Muén tinh W ta xét chuyén dong song phang ctia banh xe. Diém P
14 tAm van tdc tic thai ciia banh xe.
Ta cé:
Vo= VuV2 = V2 mis
Wy, = Ezi = 2 rad/s
r ;
. %( ) = %[V—f] = %W& = 6—2: = 4 rad/s”
Chon diém B lam cyc ta cé:
Wo =Wy + W + Weg + Wy )

Ta biét:
Wi =2m/is* ;. Wi =2m/s’ ; WS = CBuj,
Wi = rmgx =0,64=2m/s ; WS = CBe,

n
WCB

roy, =0,5.4=2m/s*;
Wi = CB.g, =0,54=2m/s?

Chiéu ding thic (b) 1én cac truc Ox, Oy da chon, ta co:
We,=-W5 -Wi =-2-2=-4m/s’
We, = Wy + Wig =2+2=4m/s*

Do dé;

We= JW2 + W2 =442 mis’
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Bai V.49 (hinh V1.49):

Ta cé:
% =AP =10cm
g = %:% = 4 rad/s
Wa =Wy + Wiy + W,
ma a1 = BAwl, = 2047

Was = 320 con/s?;
W,, =AB.sup
Chi€u (a) 1én BA, ta ¢6:
W,s1n30” = Wycos30" + Wy,

W5 = 674,64 cm/s®

Hinh VI.49

(a)
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Chiéu (a) 1én phuong vudng g6 AB, ta cd:

WBCOSSOO = "WASin?)On + W.é}\

Wgs = Wpeos30® + W,sin30” = E‘ﬁ’f-l,fi—\gé + 20-;—

¢z BA = Wy, =594,2

Bai V.50 (hinh VI1.50):

Tay quay OA chuyén ddng quay qua
déng song ph%ng. BO chuyén dong quay

nh O, Thanh AB chuyén
quanh O. Ta cd:

V,=0,A.0,=756= 450 cm/s
Chiéu 1én doan thing AB, ta dugc:

V, = V,cos30° = 450—“/2E — 99543 cm/s

- Vs 22-5—@ = 3,75 rad/s.

Wop — BO 60.J§

v-’\ 30 609 01

I - ™
C ™.
—_-"‘)-O _____________ M__--.‘
il ;

Hinh V.50
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Ti¢p diém C cta hai banh xe, con P 1a thm vén tée tic thd cua
hinh phing AB.

Ve _Va
CP BP
Do dé:
cP
V":Eﬁ £

BP = ABtg60° = 15043 con CP = 15043 - 30¥3 = 12043

CP 12043 4
V.= =——V, = V. = 299543 = 1803 cm/s
" BP %1043 7 B
W, = V—C = 18043 =6 rad/s.

o 3043

Bai V.51 (hinh V1.51):
OA quav quanh O cd dinh. 0,B quay quanh O, ¢& dinh AB chuyén

dong song phing. Ta cé P., nén wyy =0 thanh AB chuyén dong
tinh Lién tie thoi.
VB = VA - OA(DO = 20 x 10 = 200 cirs
Wo =W, + Wy, > WE + W = WL+ Wi+ Wgy + Wa ()
V2 2
Wi =B - 200

= = = 400 em/s”
0B 100

W) = OAw? = 20 x 10° = 2000 cm/s’

W; = OAe, =20 x 5= 100 cm/s”

Wj, = BAw)p =0do o, = 0.
Chiéu hai v& ciia (*) 1én Ax, ta cd:

Wi sino + Wy cosa = Wy sino + Wy cosa
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sin o SNt
T _ W W1 n
CosSQ CcOsa

Ta tinh:

3 "' _ t-(-
sino = _2‘.0_:% vA cosq = m:Js6 1 ’)é.)

120 -

36
Wi =100 + 20?0'1 _ 400 370 cm/s’
9.9 9.9
6"
6

Wi =400 cm/s® va V), = 200 em/s.

W,
Ac
W;
4758
AT
¥
&, —_— —
1T~ Wa., We
o W saaaasasan
O - - - - - - - - Stfee -]
,& [—— B - Frsrrrrerra
s W; o
s X A
/ Y
E 0.
Hinh VI.51
Bai V.52 (hinh VI.52):
T ®R_ W £
Wpa = @ = — x —CcO8—f = — (vG1¢£=10)
AN
2
.
e=p = ———x—sin—£=0
2
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x?
Vi=OAw =24 ~. =9x2
' 12
ViP,, nénw,, =0
Vi=V,=2rn"

VB _

V,=Ro =R
poROEREER

2Vy = an?

Tinh Wy:

Wy = W, + Wy, hay Wi+ Wi =Wi + W7 + W, + W2, (%)

Vaz 3 (211:2 )2 n‘]

Wg = =3 em/s? Wi, =0

0,B 12

Hinh V.52
Chiéu hai v& ctia (*) 16n By, ta cé:

Wz cos30” — Wy sin30° = W7 ¢os60°



35

Phin hai, DONG HOC

N3 el gl .
WB_'QJ_:WA§+WB§_>WB:

Wy = }én‘i 7 =429 emls”.

Bai V.53 (hinh VI.53):

Hinh V153

a) Tinh V, (hinh VI.53a).

Xét chuyén déng song phéng cua thanh AC, liy A 1am ey, ta cd:

Vo =Va+ Vea (a}
Tuong tu vél thanh BC:

Ve =Vs+ Ve b)
Cho (a) bang (b) ta cb:
Vit Veu ()

Ve 4 Vor =V + Ves

Chiéu (¢) 16n truc Cx, ta cd: Vea = Ven
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Chiéu (c) 1én truc Cy, ta cé:

V2 V2

"VCA '—2—:—VB +VCB_2_

Mé. VA:VB:?"(UO‘—)VA‘:zV(H—':_?
> Vi=Va V2 _ 2

w
]
5 =3 ——2VZ2rw,e =re, o Wy =

Chiéu (a) 1&n truc Cx, ta cé:

V, —-V(»AQ \@ J_r

= ro,
2 2 2
Chiéu (a) 1én truc Cy, ta co:

Ve, =0
Vay: Vo=V = ro,
V. 110,0,

b) Tinh W, (hinh VI.53b)

Liy A lam cuc, ta cé:

_ T n
We =W, + W, + W,

(1)
Lay B lam cuc, ta cé:

We = Wy + Weg + Wiy @
Cho (1) bang (2), ta cé:

Wa 4 We + Woy = Wy + Wey + Wey 3

Chiéu (3) 1én AC, ta cé:

ﬂ‘\/i n RJ_
Wi - W = = W5 2 Wy
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V2 V2

—> WCTB :W;7_W(14 +W§7

. V2 N2,
Wi, = CBe . = ro -r—w: +ro.—=r ®
CB CB o 9 9 o o 9 p o

2
9
Zr\/_ZMECH:r:/E_Q—mi — Ecp = 9

Tudng tu, ta cé:

mz

— a

Eea =
4

— —_— {DO
Wae = Wpe — ?

Ta c6:

V2 .

no_ 2 a5 noo_
Wi =ro; va W2, = r?mu

Weg = Wey = r@mf

Chiéu (1) 1&én Cx va Cy, ta c6:
Weo = WL — WS, cosdb” ~ Wi, cosdb” =0
We, = Wi, sin45° — W/, sind5% =0

Vay. We =0.
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