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LOINOIPAU .

Co hoc Iy thuyét la mén hoc ding lém co sd cho cdc
mén hoc khdc nhu: Site bén vt lidu, Nguyén lj mdy - chi
tidt mdy, Céng nghe ché tgo mdy, Thily lyc.. Vi ur,“cy,'nd’m
vitng mén co hoc ly thuyét la vin dé co bin cda hoc sinh,
sinh vitn nganh kj thugt céng nghg, x4y dung. Cubn sdch
nay nhdm phuc vy cho chugng trinh dao lgo Pai hoc vdi
thot gian 150 tin chi.

N6i dung chinh cia gido trinh gém bon phdn chmh
trong mbi phdn dugc chia ra lam nhiéu chuong:

Phdn I: TINH HQC '

Chuong 1: Cde khdi ni¢m co bén - Hé tién dé tinh hoc.

Chuong 2: Khdo sat he luc.

Chuong 3: Trong t&m cia vdt rdn.

Thi dy.

Bai tgp.

Phdén H: BONG HOC

Chuong 1: Péng hoc diém.

Chuong 2: Chuyén déng co bin cie vif rdn. )

Chuong 3: Chuyén déng song phdng cda vét rdn

Chutong 4: Téng hop chuyén déng.

Thi du.

Bai tap.

Phén [II: PONG LUC HOC

Chuwong 1: Cde khdi niém ding luc hoc.

Chuong 2: Bdc trung hink hoc khoi lugng.

Chuong 3: Cée dinh Iy téng qudt dong lue hoe.

Thi du.

Bai tdp.



Phdn IV: CAC NGUYEN LY

Chuong 1: Nguyén ly I’Alambert

Chuong 2: Nguyén ly di chuyén khd di

Chuong 3: Pong luc hoc vét rdn

Thi du

Bdi tdp.

Mgc du da rét o6 gdng, va la ldn xudt ban ddu tién, nén
chde chdn npi dung khéng tranh khdi thidu sot. Toi rdt mong
nhdn duge si chi dén, gép ¥ ciia dbc gid, nhdt I& cdc théy b
dang tric tidp gidng dgy mén hoe Co hoc Iy thuydt tai cdc
trudng dgi hoc, cao ddng Rhéi cong nghd, xdy dung,. d8
nhitng lon téi bdn t5i, ndi dung duoc hoan thitn hon.

Chiing t0i tran trong cdm on su ing ho, g6p ¥ cia doc gid!

DBD: 01286252877 L

Email: trantronghil 805@yahoo.com.vn

TAC GIA
Trin Trong Hi
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TINH HOC

Chuong 1
CAC KHAINIEM CO BAN HE TIEN PE TINH HOC

§1. CAC KHAINIEM CO BAN

Kh4i niém cd bdn 1 khdi niém khong c6 dinh nghia.
I Luc

Luc la dai lugng ddc trung cho tdc dung tuong hé co hoc gifda ha; vt
thé véi nhau. . .

Céc y€u td dic trung cho hyc:

1. Piém d3t: Vi tri thé hién sy tdc dung tuong hd.

2. Phuang chidu: Huéng cla tic dung tong hd.

3, Cuftng dd (iri s8): Gid tri tdc dung wong hd, c6 don vi do 12 Niuton (N).

Gl

Budng t&c dyng clia lyc 4
Hinh 1-1
Lafe 12 dai ltgng c6 hudng va biéu didn bng vectd: Vectd lyc. Lyc E.
IL V4t réin tuyét d6i ' '
L2 tdp hop cde chdt didm ma khoang cdch gita hai chét diém bt ky la
khong dbi.



(s}

AB e (S); AB = const
= (8}l VRTP

Hinh 1-2

IIL Trang thdi ciin biing

Vét rdn & trang thdi cdn bdng trong mpt h¢ quy chiéu khi né ding yén
hode chuyén dgng thing déu trong h2 quy chiu d6.

Trén ddy Ia ba khdi niém ¢o ban ciia cd hoc, dugc dung d€ dinh nghia
mot s& khdi niém khic sau ddy:

1. H§ Igte: La tap hop cdc Iyc téc dung 1én mét chi't diém, mat vat hay
mdt hé vat khdo sat. : ‘

Ky higu: (F, B, ...F,) hay ot E) véik = 1,.., n.

2. Hai hé Iyc twong duong: Khi hai hé Iye ¢6 cling tdc dung cd hoc thi
hai hé lye d6 wrong dwong nhau.

Ky hiéu: o(F, ) ~ ¥(,), dau ~ 12 ky hiéu nong duong,

Chi §. Hai hé lyc wong duong thi thay (h€ cho nhau. Trong qud trinh
khdo sit h¢ htc, ngudi ta bign ddi twong duong mjt hé lyc phite tap vé
mt hé Iy don gidn hon goi 13 dang 3i gidn.

3. Hop Iye: Hé Ivc niong duong véi mét lye thi hue do goi 12 hgp luc
ciia hé lwc da cho:

Ky higu: o(F) ~ R, R Ia hyp Iyc cita o(F, ).

4. H¢ Iyc cin bling: Hé Iyc khdng lam thay d8i wrang théi ciia vat khi
duge né tic dung.

Ky hi¢u: o(F, )~ 0.

* Phdn loai h¢ luc:

- Hg lyc khong gian: Puting tde dung céc luc nim trong khong gian.

- Hé lyc déng quy: Pudng téc dung céc Iye di qua mot diém.

- H¢ luc song song: Pudng tdc dung cdc lyc song song mét phudng.

- H¢ e phing: Pudng tac dung cfa cde lvc ndm trong ciing mét
mit phing.
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*Phén logi luc:

- Luc tip trung: Luc tdc dung 18n mét diém cia vt thé.

- Lyc phin b8: Luyc tic dung lién we 1én mot kich thudce cua vat thé.

Trong bai todn cd 1y thuyét ta thay lgc phin b& bing luc tdp trung
(twong duong).

_ N6i Iwe: Lue tic dung gifta c4c phin o trong vt khio sdt.

- Ngoai Iue: Luc tdc dung tit moi trung bén ngoai lén vit khio sdt.
§2. HE TIEN DE TINH HOC (iién ¢ nfong duong dinh lugty
1. Tién dé 1

Didu kign cdn va dii d€ h¢ gbm hai luc can bdng la ching cd cing
duimg tdc dung, cing cudng d va nguge chiéu nhau.

(F. B)~0=F ,E, ciing duding thc dung, cling cubing d va nguge chiéu.

(F,. &) duge goi 1a cap lyc cin biing.

y Fa,

Hinh 1-3

IL Tién dé 2 (thém - bét c4p lyc cén bing)
Tde dung ciia hé luc khéng d6i khi thém vao hay bot ra mgt cdp luc
cdn bdng. I _
{®,8,) ~0
= (F,,F,,...‘..,F',,) ~ (F‘,,FZ, ...... ana&’n&’z)-

Tién d& ndy dua ra phép bién ddi twong dudng mot he lue, d6 1a chii dong
dita thém vao hay 15y bt ra nhitng cip lve cén bling chia mdt hé Ic.

H¢ qué: Tdc dung cila mjt luc khdng Aa8i khi triegr lyc trén dudng tdc
dung ciia lge. g 2



Thdt véy: Cho lyc F, dittai A, wén dudng tic dung cia F, tai diém
B ta dat vao mdt ciip lyc cin bling (Fy, Fy) sao cho F, = F;.

Hinh 1-4

Theo tién dé 2: F, ~(F, B, E})

Theo tién dé 1: (R, B ~0 = (R By~ B,

Vay thi: F,~F, hay F 1a FA dlrdc trugt tr A dén B trén dudng tic
dung cla né.

Ghi chii: Kich thude clia vt rin tuyét ddi khong c6 g161 han vi duding
tdc dyng cda lyc 14 dudng thdng khéng gidi han.
INI. Tién @& 3 (Quy t{c hinh binh hanh)

Hai litc cd cang diém dgt thi cé hop le, hop luc 6 cing difm dat voi
chiing va duge biéu dién bing vecto lwe 1& didmg chéo cia hinh bink hianh
c6 hai canh bén la hai vecto lic dd cho.

Fy

Hinh 1-5
(BB~ R, vai R, =F +F2
Th'ddtanhﬁndtrqccacké'tqud sau day: T
- N&u hé Iuc o(F, ) ddng quy t2i O, ta trugt cdc Iuc vé djt tai O: .



= @(E, )~ R, vi R, = IF,

- M5t Iyc phin thanh hai thanh phin theo hai phuong cho trwdc c6

cling diém dit véi no:
Ro~ (E,F); véi F,F, theo phuong A va Ay,

(Tir géc va ngon ciia Ry, v& cdc dudng song song vOi Ay v Az ta
duge hinh binh hanh ma dudng chéala Ry).

Suy ra: M6t Iyc 6 thé phén thinh n lyc theo n phudng cho trude,

Tién d& nay cho hai phép bi€n ddi wong duong hé lyc 12 hgp hye va
phén lue.
IV. Tién dé 4 (tdc dung va phédn tic dung)

Luc tdc dung vé lite phdn tdc dung cia hai v@t thé thl ciing dudng tdc
dung, ciing cuitng @9 va nguge chiéu rhau.

>

Hinh 1-6
Hai lye ndy khong tao thanh cip Iyc ¢an bling V1 téc dung 1&n hai vat
khidc nhau.
V. Tién dé 5 (ién dé héa rén: xem vit thirc 1a vt rin tuyét d6i)
Vit bi bién dang can bing khi héa rdn vin cén brfing dudi tdc dung ciia
hé lyc da cho. :

Tién & nay ding d€ k.hio s4t vit thé thyc biing két qué cﬁa k.héo sét
vit rin tyét ddi.

VL. Tién dé 6 (gidi phéng lién k&D)

1. V4t ty do va vt chiu lién két

+ Vat tr do: :

- Trong mit phing: Vét thitc hién duge 3 chuyéa d{jng (2 tmh tién Lheo
hai phuong, 1 quay quanh 1 diém: Bgc ty don=3).



- Trong khéng gian: V4t thye hién dude 6 chuyén dong (3 tinh tién
theo ba phwang, 3 quay quanh 3 truc: Béic o do n = 6).

+ Vit chiu lién két: V4t c6 mét hodic nhidu chuyén dong bi cin trd
(trong mit phiing bc t do < 3, trong khéng gian bic ty do < 6).

Vit chju lién k&t con dugc goi 1a vt khio sdt.

Cho hinh v&;

+ Vit s do: Vit roi xuéng (chuyén dong).

+ Vat chiu lién k&t vdi mat dt: Vit khong rdi xudng duge (chuyén
ddng bj cdn trd).

Vit by do
(Vat roi xubing) - phan Iy i kel
{iye phéin tac dyng)
B.apiye
(Ive téc dyng)

N ,‘M&“_‘%ﬂ * VAt chiu ign kat ean goi
(Vat can b 13 v1 khdo sét
= /‘S\
P Lien ket

Hinh 1.7

2. Lién ket va phdn lyc lién két
- Lién két: Diéu kién cdn trd chuyén ddng clia vat chiu lién két.

- Phdn lyc lién két: Lyc tic dung cda vit giy lién két 1am cdn od
chuyén dfng clia vat chiu lién ket.

Phin Iyc lién k&t c6 cac y&u t sau:

- Diém dat dit tzi noi lién két (vi uf i xic gilfa hai vat lién ket vdi tthau).
- C6 ciing phitong nguge chiu véi chuyen dong bi cin rd.

- C6 cuding d6 phu thudc vao hé Ivfc téc dung lén vat khio sél

3. Tién dé gidi phong lien két

Vat chiu lién két c6 thé xem la vat tie do néu rhay cde lign két voi vdt
béing cdc phén luc lién kér titong ung.

4. Lién két vit cdc phin Igc lién két tiuong iing

* a) Lién ké¥ nea: Phin Iye lién k&t (PLLK) c6 phueng vuéng géc né’p
tuyé&n mit ta, cé chidu hudng vao vit khio sdt (hinh 1-8).
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Hink 1-8

b) Lién k&t déy mém: PLLK c6 phuong do¢ theo diy va hudng vao diy
(hinh 1-9).

Hinh 1-9

¢) Lién két thanh cung: PLLK c¢6 phudng doc theo duting thdng di qua
2 dfu thanh (hinh 1-10).

d) Lién két ban 18 try: PLLK c6 phuong thude mit phing vuéong gbe
tryc bin 1&. Phin lam hai thanh phén vudng goéc nhau (hinh 1-11).

Hinh 1-10 g Hinh 1-11
e) Lién két bdn & cdu, bdn 1 ¢di: PLLK c6 phudng niim trong khong
gian, phin lam ba thanh phdn vuéng géc nhau (hinh 1-12).

11



(s}

Hinh 1.12

§3. MO MEN CUA LyC
L. Mé men cda lyc F @51 véi diém O
Dinh nghta:
- Vectd md men cla hye Fdsi vai didm O
my(F)=FAF .
fo(F) LEF; (7,F,&(F)) tao thanh mor
tam dién thuin
- M& men ciia lyc F d6i v6i diém O:
Mg (F) = thF
h - khodng cdch wr duding tic dung clia F
dén diém O,

(+) khi F quay quanh O ngude chidu kim
ddng hd. Hinh 1-13

Hg don vj : Nm. (INm = lkgElz—).
S

IL M6 men cda Iyc F 461 véi trpe A

Dinh nghia:
M6 men ‘clia lyc F d6i Véi truc A: <.
@iy (F) = df
trong daé: .J

F' - trj s elia hinh chigu ciia F wen miit phiing P vudng géc véi A;
d - khodng cdch tir duting thing mang F*déh tryc A;

(+) khi diing theo chidu ‘cda’ truc A ohin tha'y F' quay quanh A
ngude chidu kim ddng hé. - EEUEIE
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Hinh 1-14a
[IL Lién h¢ giifa mé men ciia lyc F 461 véi truc A va d6i véi di€m O
Dinh ly: .
Mé men ciba luc (F) d6i vdi truc A bdng hinh chi€u lén tryc A
vectd md men cia lwe F 67 vdi diém O ndm trén truc A,
B, (F) =i, (F), © e 8)

Hinh 1-14b
That viy: Trén hinh vé 1-14b tam gidc OA’B’ la hinh cua chi€u tam
gidc OAB trén mit phing P.
Theo dinh nghia: [, (F)| = d.F" = 2dt tam gide OA'B’.
= 2dt tam gidc OAB. cos(ot)
- =h.F. cos(o)

_— (‘:'.)L ,

P& vdi hé toa dd Pé cdc vudng géc ta c6:
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i, (F) = iy (F)
iy (F) = iy (F),

i, (F) = m, (),

M4 1ong: By (PEN) =y (F) + iy () +....+ g (E)
Suy ra: kilﬁ!o(ﬁk)=,§f"/\ﬁ‘

Néu ¢ (F,)1a hé lye phing thi: ¥ y(F) = 3. +h, F,
k=1

Tuung ty: i, [p(F )] = 25 +d, E
] k=

Chi y:
- Néu dudmg tic dung ive F di'qua O tht mb men ciia e F dai véi
diém O bling khong.

- N&u dudng tdc dung lye F ot truc A hodc song song truc A thi mé men
clia lyc F a6i véi truc A bing khﬁng

$4.NGAU LycC
L Pinh nghia

H¢ gom hai luc song song ngugc chiéu cé tri s bdng nkau thi tao
thanh mér ngdu luc,

KY hi¢u: ngdu Iyc (F,¥) hoac nliz.
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Trong hinh v& bién din mdt ngu lye:
M

‘ "qa »”) 7

* Cdc yéu 16 ddc trung cita mét ngdu luc (F,F )

- Mat phing tdc dung cia nghu Iyc: Mat phing chita cde hic.

- Chiéu cita nglu Iyc: Chiéu quay ciia céc lyc khi nhin vio mat phing
tdc dung; ngiu lye c6 chiéu duong (+) khi céc lyc quay ngude chiéu kim
ddng hd va ngudc lai.

- Tri s6 mb men ciia ngiu lyc:

m=Fd=F.d
trong d6: d- khodng cdch gilfa hai lyc cdn goi 14 cénh tay don ciia nghu lyc.

Ngu e cdn ¢4 thé bidu dién bing vectd mé men cda ngiu lyc:

m=FaF

2
He don vi ciia ngu lte: Nm. (INm = Tkg )
s

I1. Tinh cha't cta ngiu huc

Binh I§ 1

Tdc dung cita nghu luc khing ddi khi di chuyén ngdu luc trong mat
phdnrg tdc dung, hodc thay d8i tri 56 chia lyc va cdnh tay don nhung van
gii? nguyén chiéu va tri s6 mé men cia ngdu lyc.

Chitng minh:

Cho hai nglu Iye (F, K ) va (B, F) cing niim trong mat phing P.

Véi: f, =,, trong d6: m, =Fd;; m, =Ed,

Ta chitng minh hai ngu lyc ndy tudng dudng nhau:

Hink 1-16
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Kéo dai dudmg tac dung cda lgc: F,E, cit nhau tai A; B,E cdt nhau

tai B.
Trugt F va F dén dattai A va B.

Phin F thanh (F, F,) theo phuong F,va AB.
Phan F thanh (F;, ) theo phuong F va AB.
=(F,F)~(B,E,E,F)
D& dang thy riing: (E,,F}} ~ 0 va (F,,F)) I mdt ngdu lwe c6 canh tay
don I da.
= (B.E)~(F.E)=m=mom,=m,
= Fa.d2 = F3.d5
=>E=f
Ma: 132, F, ciing dudng tdc dungnén F,~ F, twong oy B~ F;
Suy ra: (B, B) ~ (B,E ) = (§,E) ~ (R.E).
Ta dé chifng minh xong.
Binh Iy 2 3
Tdc dung ciia mt ngdu lic khong thay déi khi ta doi ngdu lic dén cde
mdt phdng song seng véi mgt phing tdc dung.

Chiing minh:

A Fy
' sy B F :
P, )
= .
& A Fy
Fy B'
Py

Hinh 117
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Cho ngiu e (F,E)e mp Py, trong mp P; // mp Py tai A’, B’, 1a hinh
chidu clia A, B ta dat hai cap hic can bing (B, B ) ~ 0; (F,F) ~ 0 sa0
cho f-‘2= F ova f“é=l—’{

Lic d6: (F.E)~(F,F.E.E.E,F)
Ma: (E.E)~P
Véi: P=E+[ ditnaiC

va (E,F)~P' véi B'= E+F=-(F+F)vadattai €

=P =-P' hai luc ndy c6 cing duding tic dyng nén (B,F") ~0

Vi (F,, ) 12 mdt nglu Iye ¢6 canh tay don 1a A’B’= AB.

6 F =F, F=F vaA'B'=AB.

Ta chifng minh xong.

Tit hai tinh chat trén ta thay: M@t ngdu luc nhdn mit doan thing bat ky
trong cdc mgt phdng song song vdi mdt phdng tdc dung lam cdnh tay don.
II1. M6 men cic lyc cfia nglu lyc d8i véi mot diém

Cho ngiu lyc (F,F') va diém O:

3 L i
B g A a
f .
¥ i
Hinh 1-18
i (F,F) = Mo (F) + o (F)
=-hF+h'F




M6 men cdc luc cila ngdu hc d6i vdi mot diém bdt ky khong phu thuge
diém I&y m6 men va bing mé men ciia ngéu lyc do.
IV. H¢p h¢ nglulwc o (m, )
1. Hop hai ngdu lyyc
Cho hai nglu Iuc (F,§); (E,.E) c6 vectd mé men 12 My, 1, .
Bua hai ngu Iyc trén vé, nhan doan AB nim trén giao tuyén hai mat
phéng tdc dyng lam cdnh tay don.

F2

Hinh 1-19

., ¢6 diém dattai A = (F,F) ~ F vei F = B+E,.

et}

F.E c6 didm dit i B = (F,B)~ F véi F=F+F = (§+5,)
= (B, (B, By ) ~nl (F,F).
Goi m 1 vectd mo men ctia nglu lye (F,F ) ta c6:
M =BA A F=BA A (§+E)=BA F+BA A §
Ma: @, =BA A F;@,=BA A F
Vay: m =m, + i,
2. Hop h ngdu lyc
M4 rdng cho hgp cda hé ngiu Iuc ¢ (my ) thi ta duge:
¢ (i@, ) ~ngdu lyc 18ng hgp M

Vi M =m, +m, +... +fm, =

M=

my

=
i

18



§5. DINH LY D3I LUC (doi song song mdt Ire d€n mét diém bit ky)
L Dinh 1y
PéE tdc dung ciia mét luc khong d6i khi doi song song dén mot diém bat

ky ta phdi thém vao mét ngdu luc phu. Ngdu lic ndy c6 vecto mo men
béing vecto mé men ctia lite d51voi diém dei dén.
F, ~ (Fy, ngdu lyc M)
F, = Fy; M=my(F,)=BAAF,
I1. Chitng minh
Cho F, d4ttai A, tai diém B ta dit vio mét cip Iyc cin bing (F, F )i
véi Fy=F,.

Hinh 1-20

Theo tién dé 2 ta c6: F, ~(F,, . F )

Theo dinh nghfa: (}—'-‘A,f«}',) tao thinh ngiu liyc.

Viy: i‘A ~ (ﬁB,n](fTA,f‘};))

Goi M 1 vectd md men ciia nl (F,, Fy) ta cé:

m =BA AF, = IEB(FA)

Ta da chitng minh xong.

Diéu nay ciing cho ta trudng hgp ngudc lai (cdn goi 1a dinh Iy ddo clia
dinh 1y ddi luc). Néu cd mét lec va m@t ngdu lyc déng phdng thi ching
tuomg duong véi mot lec bing vdi lyc da cho va ddt & diém khdc.

Pinh 1y dai hte 12 mjt cong cy hitu hiéu d€ bign ddi twong duong mot he
Iy bt ky vé dang chugn (dang (5 gidn) m2 ta s& thuc hién & phiin sau.
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Chuong 2
KHAO SAT HE LUC

Cho hé gém n lye: @(F, ) véik=1..n
§1. VECTG CHINH - VECTG MO MEN CHINH CUA o(F, )

L. Vectd chinh ciia hé lic (F, )
Ky hiéu: R’
Dinh nghia:
R'=F+F+..+F
- N
R'=3F
k=t
Vectd chinh ctia hé Itc ¢( F‘k) chi c6 ¥ nghia hinh hoc. D6 1a vectd

t8ng cla cdc vectd lyc clla hé e, né khong ¢6 ¥ nghia 1a vai rd v4t
1y cia m§t luc.

IL Vectd mé men chinh cia o(F, ) d6i vdi tam O
Ky higu: M,
Dinh nghia: M, =1, (f"])+ﬁ"|u [F‘z)+...+ﬁ1° (l—?,,)
- n n -
My =% M Fu)=3 7 AF
k=1 k=1
i =0Ax (Aqdiém datF, ).
Vectd M, 1a mdt vecid tdng cic vectd md men ciia cic Iyre dBi véi tam O.

Néu 12 mot hé Iyc phing thi ta 6 mé men chinh cita hé Iyc o(F, ) ddi
véitdm O:
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§2. THU GON HE LUC BAT KY o(F,) VE MOT BIEM (TAM
THU GON)
L Binh 1§
Thu gon hg lwc o(F,) vé 1dm O ta duge mft lyrc va mét ngdu luc: Luc

ddt tai tam thu gon O, dugc biéu dién bing vecio chinh cia hé luc. Nedu
Iife ¢6 vecto mé men bling vecta md men chinh ciia hé luc d6i véi tdm O.

o(F )~ (Ro,9M)
Véi: Ry =R; 9 =M,
IL Chiing minh
Ap dung dinh 1y dasi luc, difi cée luc vé tAm O.
Vi E, ta dude: ¥, ~ (F,nlm, )
T dat tgi O; véi F, = F, va nlm, =g (Fy )
Véi hé Iye o(F)
Ta duge: o(F)~(9F; 0(idy)
wong 462 (L, ) - hé Iyc ddng quy 1ai O, ¢6 F, =K
(i, ) - he nglu lyc phu véi i, =g (F,).
1 o(E,) 1a hé lyc ddng quy tai O. Hop o(F)
Ap dung tién dé 3, ta ¢6: cp(R]~ﬁ,,

véi Ro= SR =3F =R
k=) k=l
Viy: Ry =R

2. o(i, )12 h¢ nglu lyc. Hop hé ngiu lyc q:{r“nk)'
(i, ) ~nglu hyc tSng hgp an

Véi: M = My A+ +T,

k
Viy: an = IC'IO
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3. Kégud:  o(F) ~ (o(F), ¢l ) ~ (Ro, )
Véi: “RoTRva G =W,

DBinh ly 44 chitng minh xong. -

Tir két qua thu gon hé lue g(F, ) vé mot tim, ta thdy duge ting: Vecto
chinh vix vecto mé men chinh cia h¢ litc d0% voi mér didm 1a hai dai lugng
ddc tring cho mft hi luc. Cén cit vao hai dai lugng ndy ta c6 k8t ludn vé
cdc dang 131 gidn ciia mét hé lyc bét ky tp(l-:k}

§3. CAC DANG TOI GIAN CUA HE LUC BAT KV o(F,)

Cin cf vao R'vd M, cdia hé Luc tp(ﬁ); hé lue [P(ﬁk) tuong duong
v6i mjt trong cde dang 151 gidn sau day:
L.He¢ Iyc ¢(F, ) cin bling

Néu R'=0va My=0 = q)(l.“k)~0 -

Thitvdy: R'=0= Ky ~0

My=0=>nl 9i~0
Suy ra cp(ﬁ)'—(ﬁo,f')?t) ~0

IL Hg lyc ¢(F, ) wang dugng mt ngdu Iy
R'=0va M, =0 :atp( )-%vé‘l I = Mo—Zmo( )
1L H¢ lye o(F, ) twong duong véi mot hap e

NEuR 20 va M -0:>(p(Fk)-Rové‘1 Ro=R= ZF
k=l
NEu R’ #0vi My =0

R’ vubng goc M qa( ) ~R,véil khﬁng tring véi O
= ZF“.
k=l
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Trong trudng hgp nay thi E.O va cde lye cla ngiu h;c@_ﬁ.nﬁm trong
ciing mit phing theo dinh 1y ddo clia dinh 1y di lyc. Chung twdng dudng
v8i mét Iye dit tai diém I khdc O; duding tdc dung clia R, céch O mdt

doan dudc xdc dinh bing: Ol ===

Quay R'quanh M, géc 7/2 theo chiéu kim ddng hé thi ta dutsc hudng
ctia Ol

1V. Hé Iyc o(F, ) tudng dudng hai hyic chéo nhau
k

R'#0vd Mg #0; R’ khong vubng géc Mo = ()~ (®),0,) 1a
hai lye chéo nhau.

Hai lyc chéo nhau chinh Ia dang chugin ciia hé lyc bat ky <p{l‘=k}‘

Trong trding hop ndy R, va edc Iye clia nglu lye 91 khéng nim trong
cing mét mét phdng nén khong theo dinh ly déo clia dinh 1y d&i luc
duge. P 14 mp tdc dung cla ngiu lyc M = mp P chifa F,,(D, 12 hai l\,rc cla

ngiu lye 97 ; R o khéng niim trong mp P.

Tac6 (R, B )~ ®;: ®; khong nim trong mp P = duding tdc dung
cia d, khong cit &)

(Ro.F, &)~ (@), ;) hai lyc chéo nhau.

@,
R, F
0 (3
P 2
Hinh 1-21

Vé R va M, cila h¢ Ive ofF,).
- Vecto chinh &= 35 cia hé lyco(F,) 12 mot dai Iugng bét bién
k=1

khéng dnh hudng d€n tdm thu gon cla hé luc.
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- Vectd m6 men chinh M, = kﬁxﬁo (R Joda hé heq(F, ) ddi vi tam
thu gon 12 dai lugng dnh hudng bétil tim thu gon cda hg lye. Quy lujt thay
ddi ciia vectd mé men chinh:,

M, =M+, (Ro): (Ro)=10xR, I ngiu Iyc phu khi dasi Ro
dé€n diém I dugc thém vio. .

§4. DIEU KIEN CAN BANG CUIA HE LUC BAT KY o(F,)

L Dinh Iy
Didu kign cdn va dii 48 hé luc ba ky cdn bdng lé vecto chink va vecty
mo men chinh d6i véi mt didm (tdm).cia hg lyc bdng khing.

:p{lufk)~0¢v

Ching minh: Dya viio két qui thu hé Ive bt ky v& tim O ta d& dang
chitng minh dinh Iy trén.
IL Piéu ki¢n cdn biing gidi tich

1. Bink Iy

Diéu ki¢n cdn va dii & mot hg lye bat ky can bdng 13 18ng hink chiéu
cde lidc 1én cde truc toa dg va t8ng mé men cde e déi véi cde tryc toa dp
bdng khong:

ZX, =001 XY, =0(2) 2.Z, =0 (3);
k=l k=l it
n =5 ~ n — - n o
2 (R)<0w@; S, (R)=o 2 (R)=0().
= = -

Sdu phudng.trinh cén biing trén 13 h¢ phuong trinh cin bling cida mét
hé luc bat ky (cdn duge goi 13 he Iyc t8ng quat).

2. Chiing minh
Hinh chiéu cda (F, ) trén cde tryc toa d6 1 X, Yy, Zg.
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Hinh chigu céia R" trén cde truc toa 46 1a R, R.R}.
Hinh chiéu céia My, trén céc truc toa 46 1a My, , Moy, Mo,
Trong hinh hoc gidi tich ta ¢é:

k=1 k=l
R=yz
k=1
MOx=§lﬁx(—k)x=§ﬁx(]}k)
Mc,:k)glmo(ﬁ)a Mmsgﬁ,(“kﬂyzzlm,(ﬁ)
M02=§ﬁz(ﬁ)z=gﬁz(i‘k)
Suy ra:
Ro =0 X, =0 m
k=1
R'=0{Ro, =0&{3Y, =0 @
k=l
o0 (32z,= ®

Mg, =0 }ErTu(F‘d:O (4)

- o n =y
M =04 Mg, =0¢ Er‘r’:y(Fk):O ®)

Mo, =0 |T@,(R)=0 ©

Cic phudng trinh (1), (2), (3), (4), (5), (6) 14 hé phuong trinh ciin bing
tinh hoc c¢6 chita Iyc téc dung. P4 12 cdc phudng trinh tuyén tinh,



II1. Hé phudng trinh cin bling clia edc hé lye dijc biét

1. Hg lyte khong gian dong quy tai O

Chon gdc toa 46 tai diém déng quy, duding tic dung cic Iyc di qua céc
tryc toa A6 nén 18ng mé men cic e ddi véi ba truc (X m,, L, , L,)
duong nhién bing khong, do d6 diéu kién dé hé hye csn bling:

[ixﬁo )
o(F)~0e ZYk—O (2)
ﬁzﬁo 3

2. Hg luc khéng gian song song (//0z)

Céc lyc song song Oz nén cdc phuong trinh (EX, EYy, Zm,) dudng
nhién bling khong, do dé didu kién d€ he Iyc cin bing:

1=
N
=
1l
o
=
=
=

3
n

o(k)~0e

M=
=1
-
—_
E=n
\._,
::7
=
R

=
_n_

™M=
=1l
<
—
el
el
]
(=1
—
Lo
e~

3
n

3. Hg luc phing bat ky (ndm trong mp Oxy)
Céc Igc niim trong mp Oxy nén céc phwong trinh (ZX,, i, , L, )
duong nhién bing khong va Zﬁlz=2m0(ﬁ‘); do d6 didu kién cin

biing clia hé luc:
2 X =0 [6))
o(f)~0e {3, = @

k):mo( R)=0 (3
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4. H¢ lyc phiing déng quy
Chon g&¢c toa d6 Oxy tai diém déng quy, phuong tinh Ziio(F )
duong nhién biing khéng; do d6 diéu kién cén bing cia hé hyc:

[ n
i ‘ 2X=0 O
off)-0 -
XYY =0 (2)
il
5. H¢ Iyc phdng song song (//0y)

Céc luc song song Oy nén phuong trinh =Xy dudng nhién bing khong
do d6 didu kién cin biing cla hé Iyc;
8
2 Y, =0 (Y]

k=1

o(f)~0= T
2, (R)=0 @

Ghi chi: Khi khio st hé Iuc, su phin loai hé lyc rdt1a cdn thigt vi khi
phan loai ding gitp ching ta 13p duge s& phudng trinh cin biing cin di
cho hé Iue trénh duge cdc trudng hop thiét 14p thiva hodc thi&u.
1V. Bai todn tinh hee

Bai todn finh hoc 13 bai todn khio sat diéu kién cin bing cla hé luc
tdc dung 1én mot diém, mdt vit hay mot hé vat. Tir sy khio sdt 46 gidi
quy&t cdc yéu ciu cla bai todn.

Yéu ciu ciia bai todn finh hoc bao gdm hai vin dé chinh:

+ Xdc dinh phén luc lién k€t tic dyng 1én vét khdo sdt.

+ Xéc dinh diéu kién cin biing cia vit khdo sdt: Tim trj s§ cla luc
cho; xdc dinh vi tri cin biing cia vit.

1. Bii todn tink hoc cé thé phén thanh hai logi

Khio st didu kién cdn biing cla hé lye tdc dung 1én mét diém hay
mbt vitrin.

Khao sat diéu kién cin biing ciia h¢ luc tic dung 1én mgt vat.

2. Cdc bude gidi mpt bai todn tinh hoc

Budc 1: Chon vét khdo sdt
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Cin o yéu cdu clia bai todn ma ta xdc dinh vit khdo sdt (di€m, vét
rin, hé vAt).

Budc 2: Pat lyc tdc dung 1én vit khdo sdt

Cdc Iyc cho va cdc phdn huc lién két thay cho cdc lién k&t twdng ng
vdi vit = tp(f-‘k) ~0.

Bude 3: Lap hé phuong trinh cin béing clia hé Iyc ma ta 43 xdc dinh
dude & bude 2. ’

Budc 4: Gidi h¢ phudng trinh cdn biing tim d4p s6 cda bai todn.

3. Bai todn cdn bing cita hi vt

Loai bai todn nay a€ gidi ta phai ding phudng phip tdch vit. Xét cin
bling cia tifng vit thujc hé bling cdch tich vét d6 ra khdi céc lién k&t véi
cdc vat khdc (gidi phong lién k&t). N&u hé ¢6 n vit, mi mat vil wong
Gng 6 mot h¢ phuong trinh cin bling thi ci hé vat ta c6 n hé phudng
trinh cén biing (hoic héa rdn cd hé duwge 1 phudng trinh, vi chi cAn khio
sdtn-1 vit dé duge n-1 phutong trinh nita).

Chil y: Hé phuong trinh cn bling tinh hoe bao gits ciing ¢6 s& phudng
trinh 18n han hogc béng 4n 53 ¢6 trong cdc phutong trinh (gidi dugc).

Néu dn 6 16n hon s6 phuong irinh c&n bling thi bai todn cin biing dé
la bai todn Siéu Tk, d€ gidi bai to4n loai niy ta phii cdn thém cdc
phuong trinh bién dang trong site bén vat liéu,

V. Binh If ba lyfc cin bling
1. Djnh Iy
Ba lyc khéng song song cdn bing thi déng phing va déng quy tai 1 diém.
{(Ejz:i‘:z) -0 ;:.{Dﬁng phing
Khong song song  |Pdng quy
2. Chitng minh
Trén dwding tic dung cita E, chon mot diém O.

Vi (R.E.E)~0= My =Y ai, (R,B,B)=0
=i (F) + g () + g (F) = 0
O« Gudng tdc dung cla Fnén my(F,) bing khéng, vay:
g () +ilig (Fy) = 0 = g () =- iy (F)
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Phuong cla 1-710(1‘:2) va mg(F,)ting nhau va vudng géc vdi mat
phing chita O va F,F, c6 nghia 1a E,,F, ciing niim trong mét rﬁalphéng.

F, va F khong song song. Viy (B.F)~F = (FE)~0 F ciing
duomng tdc dung voi F ma F ddng phing va dong quy véi F,F. vay R
ciing d6ng phing va ddng quy véi B, F;.

§5. BAI TOAN CAN BANG CO MA SAT

Trong thyc 1€ bé mat clia cdc vt thé khong hoin todn nhén va trdn
nhu riin wyét d6i. Khi hai bé mat cda v4t thé ti€p xidc nhau do trang thai
6 ghé& va bi hin khi ép vao nhau s& lam cho cédc chuyén dong wong d6i
(trugt, lin, xoay) ciia vt di véi nhau bi cdn rd, hign trgng dé duge goi
la ma sdt.

Khi vt c¢6 chuyén dong hay xu hudng chuyén ddng (trugt, lin, xoay)
trén bé mat chia vat thé khac thi ta 6 ma st trudt, ma sdt lin, ma st xoay.

Lyc 1am cin trd chuyén déng hay xu hudng chuyén dong khi c6 ma sdt
duge goi 1 lyc ma sdt: ma st trugt thi c6 lyc ma sét trugt (ky higu F b
ma sdt Lin thi ¢6 ngdu luc ma st lin (k§ hiéu M, ); ma sét xoay thi c6
ngiu lyc ma sdt xoay (ky higu M, ). Ta khdo sdt hai dang ma sdt la trugt
va lin.

1. Ma st trugt

1. Dinh nghia

Ma sdt truot 12 hién tugng cdn khi mgt vdt trugt hay cd xu hudng trugt
trén bé mdt ciia mft vt khdc.

Khi vit ¢é xu hudng trugt thi ¢é ma st trugt tinh. Khi vit trugt, thi c6
ma sét trugt dong. Trong gido trinh nay chi khdo sdt ma st trugt tinh.

2. Cdc dinh ludt vé ma sdt trugt

Do tinh chit xudt hién dé lam cidn tud chuyén dong hay xu hudng
chuyén dong trugt clia Vit nén luc ma sdt trufght F s hUtGng theo ti€p tuyén
v6i mat ta va ngugc chiéu voi chuyén dong. C6 diém dat tai vi tf Gi€p
xtic giifa hai vt thé.

Lifc ma sdt trugt 12 mdt lye c6 iri 50 gidi han.
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Nghia la: 0 < Fys < Frux

Hai dinh Iufit trén 13 dinh lu4t Culdng vé ma st trugt va dudc chifng
13 béing thi nghiém:

Cho kéo mot vit niing P bling tdi trong Q thay ddi.

Hinh 1-22a

Khi Iyc Q khd nh thi vat A cin bling, khi d6 vi ¢6 Iye ma st trugt
F g xuflt hién d€ can biing vai lye kéo Q.

Nhung cho Q tang d€n mét gid trj Q; thi vat bt ddu trugt.

C6 nghia 1a Fy chi ting d&n gid i do.

Viy: 0 = Fs < Foax

Biing thyc nghiém ngudi ta chitng t3 riing gid trj cyc dai nay phu thudc

vao phin luc phdp tuy€n cla mit tya va bin chit cla bé mit tiép xiic
clia hai vat thé,

Titc 1a: Friox =N
trong d6: f - he s& ma sdt trugt phu thude ban chat bé miit tiép xidc, nhu:

- Tinh chit cita b mit: citng, mém.,

- Trang thii cia b& mét: tron, nhdm, khé, wét,

fkhong phu thude vio dién tich ti€p xdc, va Ia hurss (khdng co thirnguyén).

Viiy khi 0< Fins < £.N vit cin bling, Fyy, = £.N vét bt ddu trurg,

* Bai todn cdn bing khi ¢6 ma sdt trrgt:

Lyc ma s4t 12 mot e thit sy c6 tic dung l&n vit. Viy mudn vt cin
bling thi todn thé cdc Iuc tdc dung lén vit (e cho, phdn hc lién k&t va

Iyye ma sdt) phdi thda man didu kién can bling. Ngoai ra lyc ma sét con
phdi thda min gidi han cia né:

Fps S EN
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1I. Ma sit lin

1. Dinh nghia

Ma sét lian 1a hign tigng cdn khi mét vat lan hay 6 xu huong ldn rén
bé mdt ciia mpt vét khdc.

M
P L

Hinh 1-22b

2, Cdc dinh Iudt ma sdt ldn

Tuong tw nhut thi nghiém ddi vdi ma sdt tugt ngudi ta rét ra dugc
két lndn:

- Khi c6 ma sdt lan, tai lién kél xuft hign mdt ngdu luc cdn, goi 1
ngfu lye ma sdt1an M, nfim trong mdt phing chuyén dong cla vit.

- Tri s6 m6 men clia ngau lyc ma sdt lin cd mot gid tr gidi han, phy
thuge phéan lyc phdp tuy€n mat tya va bin chit cia hai b& mat ti€p xic,
nghia la:

0 <My M= kN

trong do:
p - hé <& ma sat lin c6 thd nguyén ctia dé dai, né phu thufc vao
tinh chat ciia b& mat ti€p xics .
Mp < p.N - vitcin biing;
My, = u.N - vAt bit ddu lan.
* BAi todn ciin bing khi c6 ma sit lin
Khi vit c¢6 hién tugng lin thi ngoai xu huéng lin cdn c6 xu hudng
trugt. Do d6 k&ém theo didu kién:

Mp< N
Fus <FN
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Chwong 3
TRONG TAM CUA VAT RAN

§1. TAM CUA HE LUC SONG SONG CUNG CHIEU
1. TaAm c1a hai lyc song song ciing chidu
1. Hop hai lifc song song ciing chiéu F,, F,
Cho hai lye F.E, dattai A va B trén duting thing AB, dat cip luc cin
bling (P, F') ~0 = (¥, F,)~F, . B,F)
Tacé: (F,P)~R;(F,.B)~R, = (F.B)~ (K, Ry
PLyi P

R

Hinh 1.23
Trugt R, R, vé dit tai [ (duding tic dung cia R, R, cdt nhau tai I).
Tai L, phin R, va ii thanh hai thanh phin theo hai phuong song song
véi F,F, va song song vdi AB,
Ry~ (F,B), v& mat hinh hoc F/=, va B= B.
R,~(E,B), vé mit hinh hoc F; = F, va B/=P".
= (R, Ry~ (BB B) ~ (F.E) v (B.B)~0.
viy (F.E)~(F,B)~ R vi B',F) cing diém datai L.
hay: (f;',.f‘z)'“ R
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véi: R=F+F=E+R

va: ETE =R=F+E

Puting tdc dung cia R cét AB tai €, biing phép tinh déng dang ta dé
dang xéc dinh dudc C& =§ ha —C—'i\. = -i.
CB T
Diém C chia trong doan AB phy thude vio tri s6 ciia F va F, ma
khong phu thudc vio phudng cda F va F, nénCl1a diém dat cla hgp lyc
R, déng thdi 12 tim ciia hai e Fy va F, song song va cing chigu.

2. Tém cila hai lc song song cing chiéu
Goi: T. 14 toa 46 clia diém C

%,hlawadbciaAvdB

Ta cé: %—=*%=>(?i'ﬂ)Fl='(?z'i)-F2

Wyt

- _ER+E5
" TTR+R

Trong toa d0: § (Xe Yo Zo), § X, Y1, Z1), (X2 Y2, Z2)

¢ = ] ’Yc

_EY,+EY, , _EZ+EZ,
F+F ' F E+F '
viy: (§.E)~R véi R=F1+F,
R dgttaiCvei ¢ =Tt B
E+F
IL TAm cita hé Iyc song song eing chidu ¢(F,)
1. Hop ciia hé lifc song song ciing chiéu ¢( E)

Dinh li: H¢ luc song song cang chiéu twong duong mét hop lwe song
song eiing chidu véi he, 6 tri 56 bing 18ng tri 58 cde luc thuge hé va ade
tai diém C duge goi la 1dm cda hé luc.

o(R)~R véi R= SR
=]
Dinh li ching minh d& dang tir k&t qui hop cha hai lyc song song cing chiéu.
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2. Tém cila ke ligc song song ciing chitu (T @(F,)

Ciing tir k€t qud xdc dinh tim cia hai lye 77 ta c6 cong thife x4c dinh
tam C ciia hé lyc 71 o( B ) nhut sau:

- Dang vectd

% _Ei+BR+ . 4RL o
F+E+..+F iF

- Dang toa 3 Pé cac:
LEX, YC=ZFkYk ZC=ZF"Z"',
ZE ZF YF,

§2. TRONG TAM CUA VAT RAN

1. Pinh nghia

Trong tdm ciia v@t rdn [a diém adt trong lyc cida vat rin. N&u goi P la
trong lge ciia vit, C la diém dd1 cda P thi C 1a trong tim cda vét.

IL Cdng thifc xdc dinh trgng tim
Vét rén ¢6 n chit diém, mdi chit diém thit k c6 wong yc B, , thi ta c6 hé
Iuc t4c dung Ién chilt diém Ia: (B,,B,,B,.... B, ) 12 hé e song song cling chiu.
Tir k&t qud thu duge cia h§ lyc song song ciing chiu, ta ¢6:
m(ﬁk)~1"; P=3B,

Xe=

Trong tdm C clia vit duge xdc dinh:
+ Dang vectq: I =Z—;’er-

+ Dang toa d6 D& cdc: X =-Z—l;‘5-’-(l; Y. =-Z'%; 7 =~Z~%i;

- Vétrin 12 tim phing déng chit c6 n phin ui:

XC=ZSS[;"5.’ YCZZSS:)&; ZC=ESSka;

S - dién tich tim phing;
Sk - dién-tich phdn o thd k.



- Vatrdn 13 thanh ddng cha't ¢6 n phin ti:
X =2kag; YCZELkYk; ZC=ZL“ZIS;
L L L
L - chiéu dai thanh;
Ly - chiéu dai phéin o thif k.
I1L. Trong tAm vét rin cé hinh dang ddi xing )

Néu vt rdn c6 hink dang d6i xing qua mdt mat phdng, mt dudng
thing hay mot diém th trong tdm cia var rdn ndm trén mit phdng, duing
thdng, diém ddi xing do.

N&u vit rén c6 hinh dang phic tap numg g8m céc phdn ¢6 hinh dang
dGi xting thi ta xem cdc phin d6 12 cdc phdn tf cia v4t rin ma ta ¢dn xdc
dinh trong tim.

Né&u vét rén ¢ hinh dang 481 xifng nung wd thanh phifc tap do bi
kho&t m&t di nhitng phin cé hinh dang ddi xing thi ta xem cic phén bj
khoét 1a nhifng phén ¥ 6 trong lugng dm. Cong thitc xdc dinh trong tim
¢é dang:

%, - SXeESX,
-Z8,
trong d6: Xc - toa d§ vat phdi tm;
$’, X¢.- dién tich va toa d6 cla v4t chua bi khoét;

Sy, Xk - dién tich va toa d9 phin ti¥ k bi khoét.

Hinh 1-24,
a) Toa d¢ trong tdm cung tron; b) Tou d§ trong tdm hinh ré quat
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THI DU

Thi dy L1: Bdnh xe O bén kinh R,
ong luvng P ¢6 xu huéng lin trén mét

binh xe O'va mat phiing nim ngang 12 p.
Hay x4c dinh gid trj cia Q binh xe vin
cdn cin b¥ng?.
Bai guii
Bénh xe‘éa"n'bing»
(BN, Q% M) ~
=IY¥=N-P= 0 n
£, = M, - Q. @)
M, <(N
(= N=P,
(2)-» uN-QRz=0
wN

=Qs
Q R

Thi dy L2: He gdm céc luc B,,B,,P,,B, t4c dung Ién hinh 1ap phuong c6
4kN;Py=11kN;a=0,3m.

canh 13 a nhu hinh v&. Py = 10 kN; P, = 4kN; P =
+ Thu gon hé Iye trén vé A.

+ H¢ Ivc ndy thu v& duge hgp yc hay hé xoin.
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Bai gidi:
Thu gon hé lvc trén v& A

W2

R, =IX =P, +P,cos45° =4+11===11,76 KN
R,=I¥ =P =10 kN

R, =EZ=-P,—P,sin45° =-4—11%=—11,76 kN
R, =4/(11,76)* +107 +(11,76) =19,4 kN

M, =Efiy=—aP,=-12kNm

M, =Efiy = aP; +aP4:£i - 0,3[?2 +P,

%)

=q3(4+11‘—§}= 3,52 kNm

M, = Iffi, = -aP; = ~0,3.4=-12 kNm
Hé Iy nay thu vé dudc:
Ry Mg = RyMy + RyMy + R M,
= 11,76(-1,2) + 10 x 3,52 + (-11,76)(-1,2)
=352
Ry M 20 = hé lyc thu dugc hé xodn.
Thi do L3
Hé 3 lye (E,F,, ) dattai 3 diém A, B,C
va ¢6 chidu nhu hinh v&. Biét OA = OB =
OC=a. =
+ Tim didu kién d€ hé lyc thu vé mdt
nghu luc, _ i
+Tim didu kién d€ he Iuc thu vé& mdt Iuc,
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Bai gidi:

2
2. X=(F,~F)cos45°=(F, —Fa)izq—

V2

ZY=(F-K)cosd5*=( ~F)~

V2

Y. Z=(F, -F)cos45° = (F, - F,)

= Ro= %[(r-2 ~B)i+(F-F)]+ (R -F)|

V2

T m, (F)=Facosd5° = F'aT

N

¥ m, (F) = Facos45° =an7
> m, (F)=Facos45° = F,a%

=M, =T[F’l +F2_|+F3k]

Tacé:  RoMy=0; My =0
+ Piéu kién 6€ hé Iyc thu vé mit ngiu Iye chi cin dva thém didu kién:

Ry=0 2 F=F,=F;

+Bidu kién a€ hé Iyc thu v& mot Iyc chi cin dva them didu kién:
io #0 = F =F, #Fs.
Thi dy 1.4 3
Hai thanh AB va BC b3 qua rong lugng cia §
thanh. Tai A, B, C 12 céc lién két ban 1§, treo vio B 3
mdt vit nding c6 trong lugng 1a P. Hay tim phin e 3
ciia thanh AB va BC tdc dung lén ban 1& B (trong {
SBVL goi 13 ting Iyc cila thanh AB va thanh BC).
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Bai gidi:

Xétchn biing ciia bin 1& B (niit B).

Cdc lyc tdc dyng:

+ Lute kéo ciéia day treo vt nang: T.

Teotiss T=P.

+ Phdn lyc ciia thanh AB: §,5.

+ Phdn lyc clia thanh BC: Se

Ta ¢6: (T, Spp, Sac) ~ 0. Péy 1a hé
Ivc phiing dbng quy cin bling.

Hé phuong trinh cin bing:

TX = Spccos 60°— Sap=0 (1)
TY = Spccos 30°-T =0 (2)
T=P
Gidi hé phuong trinh trén:

2P
Tit pt (2) = Spe = mw -7 / (

PJ3

Tit pt (1) = Sy = Spc 00560° = %ﬁ'TT

PV3 o 2R3

Dépsﬁ': SAB='3_; Spe = 3

Thi dy 1.5: Cho két cu ¢6 lién két va chiu lrc nhy hinh v&. Xdc dinh
céc phin Iyc ta cc lién k€t A, B. Cho: P = 2qa, M = ga®.
4 p
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Bai gidi:

Hé lyc tdc dyng gém: (X,,¥,,R,,R,P,M)~0

1 1 3
=—qAB=—-q3a=—-qa
R 251 Zq a Zq

IX=X,=0
ZY=Y,-R+Ry-P=0 (1)
I, =M-P.5a+Rg.3a-R2a=0 (2)

Tt pt (2) aRBaEE*'i”'_ng'_N_‘=4qa

3 1
Tipt(l) =Y,=R+P-R, =Eqa+2qa—4qa:-5qa
Két qua: XA=O;YA=-q?a;RB=4qa

Chi j: Trong bai todn ndy c6 phiong Lﬁ.nh EX =Xx=0,diéuniycéy

nghia 1a hé n lyc né€un-1 lue 13 song song thi Iy con lai ciing song song
v8i cdc luc d6.

“Thi du 1.6

C6t AB dugc c8 dinh F
vao nén & ddu A va
nghiéng 60° v6i nén,
Dim CD lién két véi E
cft bdi bidn 1€ B va
dugc d8 nim ngang
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nhd thanh BF (2 ddu 13 bin 18). Pdu D treo vit ning P. Bé qua trong
lugng cda c6t, dim, thanh. Cho: AE = EB =BC =BF =15FD =,

Tim phén lyc tai A va cdc Iyc teong hd tai B, Eva F.

Bai gidi:

¢ B s /§EF D
|( S p_a som—t |
| ¥y Ky F
)
| % P
| £

A

WP B0

- Xét can bling cla thanh DC. Hé iue téc dung gbm (Xg, Va:Ber B) ~0

EX =Xjg +S5gc0830°=0 (4)]
ZY =Yg + S 8in30°~P =0 2)
Img = Yz.a+P22=0 3)

Tu(3) - Yy =-2P

Tir (2) = Sgp = 6P

Tix (1) — Xy =—»{3.6P=-3PJ§

- Héa rin cd hé. Hé Iyc tc dung gbm: (X 70 M,,B)~0
X=X, =0
Y=Y, -P=0

ﬂYA =P
£, =M, —4aP =0
= My =4aP
Két qud: Xg =-3V3P; Y = -2P; Sgr = 6P; Ma = 4aP; Xa = 0; Ya=P
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*Ngodi ra ta c6 thé xét cin bing thanh AB,véi hé Ivc cin bing:
Xy, Y, M, X5, 92,500~ 0

trong d6 : Xj = Xg, Yy = Yp,8 =Sg 1 d6 12 lye téc dung vi lyc phan
tic dung, ta cling tim duge X, Y, , M, .

Thi dy L.7: Mét qui ciu ¢6 trong luong I3
P, dat twa twén mat phing nim nghiéng vai
phudng ngang géc o duge gidf cin biing nhy
sgi ddy budc vao tuding. Tim sic cing Tcda
diy va phin Ivc N ciia mit nghiéng tdc
dung 1én qua cdu. Cho P va a.

Bai gidi: ,

Khido st cin bing clia qui cdu O.

Céc lyc téc dung:

+ Trong lugng qua cdu: P.

+ Stfc céing ciia diy OA: T.

+ Phin Iy tya clia miit nghiéng: N,

Tacé: (P, T, N)~0; hé lyc diing quy tai O.

Hé phudng trinh ¢4n biing:

IX = Nsina — Teoso =0 (1)
ZY = Tsinat + Neoso, - P =0 2)

Ta ¢6 thé ldp hé phuung trinh cén bing, bing hinh chifu céc luc rén

cdc truc Ox’, Oy’:

ZX'=-T+Psina=0 (1"
ZY’=N-Pcoso.=0 2')
Gidi h¢ phuang tinh cin bing sau:
Titpt (1') = T = Psina,
T pt (2') = N = Pcosa
Ddp 0 T = Psina; N = Pcosa.
Nhdn xét: RS ring trong bai todn ndy hg phudng trinh sau cho ta gii
tim fn s6 mét cdch d& dang hon ddi véi he phuong trinh cin bing trén.
Do d6 phuong trinh cin bing bling hinh chi€u c6 thé thy §. Chon truc dé
chi€u sao cho trong phuang trinh cin bing 6 4n s6 it nhit,
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Thi dy L8

Thanh déng chit AB ¢6 chiéu dai 1a 1, trong lwgng
P, ddu A tya vao tuiing thing ditng, thanh dude gidf
cén bing & vi tri hop véi phuong niim ngang gée 45°
nhis budc vio sgi diy BC. Xdc dinh diém C budc diy

viio tuding dé thanh AB cin biing.
Bai giagi: .
Tit hinh v& ta nhén thay:
G 1a trung diém cda AB
=1 la trung diém ciia BC
= A la trung di€m ctia DC.
Viy AC = AD = [cos45°

Thi da 1.9

Dim AB dat nim
ngang, chiju tdc dung cia
lyc P nghiéng gdc 45° so

19
o
-
o

@

tai giffa ddm. Hay xde

A

v6i phwong nim ngang S
|
I

dinh phin lyc § cdc gdi

twa A va B tic dung 1&n ddm?
Bai gidi:
Khio sdt cdn bling ciia dim AB.
Céc Iyc tdc dung:
+ Luyc cho: P
+PLLK & B: Ny

-
+PLLK & gfi A: R, A/

Tac6: (P,Ng. R )~0




Theo dinh Iy ba lutc phdng cén biing thi hé lyc ndy ddng quy. Vay
dudng tdc dung céia R, di qua I, va hop vdi phudng nim ngang géc o.
Heé phudng trinh cén bing:
ZX =Racosa - Pcos45° =0 (€]
ZY = Rpsina - Pcos45° + Np=0 (2)

2 % 1
trong dé: coso =——, siha=—
. N NG

2
© P
Tit (1) :>RA=M=——22—=£JI_O
cosa 2 4
N
' . V2 P 0
Tix (2) =>NB=Pcos45"—RA5ma=P.7#Z.T;

B2 P52 P
=T—:.7§F=zﬁ

Didp 56: Ry = %J]TJ, Rp = %Ji

Thi du L10: Ddm AB 44t n¥m ngang trén hai gdi nya A, B va tic dyung
1én dim mdt lyc P = 15kN, m6t ngiu lyc m = 20kNm. Hiy xdc dinh phdn

Iyc tai cdc g6i da.
[
L
AL B
2 s
; 2m 2m
Bai gidi:
Y, ] §
[
A X B
: 2
Lo 2m ! 2m _
i e 1
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Khdo sét cin biing cla dim AB.
Cic lyc tdc dung:
+ Lue cho: f’,r?l .
+ Phin lye & g5 d0 B: Np.
+ Phin e & g6i do A: X, Y.

Ta c6: (®,n15,Ng, X, Y2~ 0
Day la h¢ Iyc phing.
Hé phudng trinh cén biing:
EX=Xa=0 (1)
SY=Ys-P4+Np=0 3}
If,=-m-P2+Npd=0 &)

Gidi he phudng trinh cin bing trén:

Tirpt(1) = Xa=0

m+2P _ 20+2.15 =EkN =12,5kN.
4 4 5
Tipt(2)= Ya=P-Np=15-125=25kN.
Bdp 56 Xa=0; Ya=25kN; Ngp = 12,5kN.

Chii §: Trong bai todn ndy c6 phudng trinh X = X4 =0, diéundycod ¥
nghia 12 hé n lyc néu n-1 lye 1a song song thi lyc cdn lai cling song song
véi cdc e d6.

Thi dy L11

Dim CD dat nfim ngang, dfu C a"
lién k&t ban 18 v6i tuding thing ding,
duge gill cin bing nhd day EF. Dim
chiu tic dung céc ti trong clia vt A
v B nhu hinh v&. _

Hay xédc dinh phin lyc & bin ié
C, siic cang cda diy EF.

Cho Q = 10kN; P = 20kN. =

- Titpt(3)=>Ng=




Bai gidi:

YC,J Ter

X e @5

1,5m T{ im Im

Te

Khido sdt cdn biing cda ddm CD.
Ciéc lye tdc dyng:
+Aplucclia vitB: Q
+ Luge kéo cita vit A: Ty, T = P = 20kN
+ Sttc cang cla ddy EF: Ty,
+ Phén Ivc d bin 18 C: XC,?C
Ta c6: (Q, Ty, Tgr, Xe, ¥e) ~ 0: hé Ic philng.
Hé phuong winh cin bing:
IX =X - Tprcosd5° =0
LY = Ye— Q- Tp + Tgpcosd5° =

IMe =-2,5.Q ~ 3,5.Tp + 1,5c0845°. T = 0

Gidi hé phuong trinh trén:

+Tirpt(3) = Ty
pi3) 1,5.cos45° N3
L,5.—
2
z95:);/§kN

+Ti pt{1) = X¢ = Ty cosd5° = 2 2 BN

5 2 L5
9504
15

_25Q+3,5T, _2,5.10+3,5.20 95J"kN

¢8)
2
3)



Adng chdt, tim O va Oy, bin
kinh Rj, Rz (R; > Ry), trong
hudng Py, P2 (Py > P2) twa vao
nhau & B va ciing dude treo
vao di€m O nhd hai diy OA,

0A; + Rz = Ry + Rz (do d6
00,0, la tam gidc déu).

+TUpt(2)=>Yc=Q+Tp- Tgrp cos45°

=10+ zo_ﬂl’:_ 2kN
L5 2 1.5

500,

15

Yc<0= Y, co chiéu nguge véi hinh vé.

a6 X =20k v = Wi 7, - 20

15

Thi du L12: Hai qui cdu

va OAj. Biét OA| + Ry =

Tim géc nghiéng O cia

OA; v6i dudng thing ding
khi he cin bing.

Bai gigi:
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Xét qua cdu Oy hé lue cin biing téc dung: (B, T,, N)~0
% iy (F) =B.OH, ~-N.OH=0

= B (R, +R,)sin8-N(R, +R2)§= 0

= N= in@

2PV3
3
Xét qua cdu O chiu ba lyc cin bing t4c dung: (B,, T,, N')~0
T, (F,)=P,0,H, -N'OH=0

= Pz.(Ri+R2}sin(60°—6)-N'.(Rl+R2)% =0
= N'=£23£sin(60°—0)
N =N =P,sin8=P,sin(60°~0) :uge=_PZ£

2P +F,

Thi dy 1.13: T4m phing ddng chit hinh vudng c6 trong lwgng P, dugc dat
nfim ngang va gilf cin bing nhd lién k&t bin 18 & A, B v treo vao diy CE,
diy CE hop v6i phuong thing déng géc 45°,

Hay xdc dinh phdn lyc & A, B va sife cing clia diy CE.




Bai gidi:

Khéo sit can bling ciia tfm phing ABCD.
Hé hye tée dung: (P, T,Z5. K, 20 Xa Ya) ~0.
Piy 12 hé lvc khdng gian.

Hé phuong trinh cdn bing:

IX = Xa + Xp - Teos™45° =0
TY=-Teos’45° + Ya=0
$7=Zs+Zp- P +Tcosd5°=0
Em, =-P.a/2 + Tcos45%.a + Zp.a =0
Zmy =P.af2 + Teosd5%a = 0
Tm,=-Xga=0

Gidi hé phuong trinh céin bing:

Tirpt (6) = Xp =0

Tir pt(5) = T=_P._=P_~@
2c0s45° 2

Tupt ()= X, :Tcosz45°=&i~—5w.%=%_2—

M
@
3
)

(5}

(6)
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22
Tpt (2) = Y, =Toos? 45° =¥

Tit pt (4) = Za—‘z'—TW 45°—§—% {

Tapt(3)= Z, =P-Tcosd5° =P ~—r.——=—

P2 P2, P P2

2
Bdp sé: XA=T;YA= i ;ZA:E;XB=0;ZB=U:T=

Thi dy L14: Thanh ngang
OC c6 trong lugng P =
1000N, dai 2m chju tdc dyng
cia ngdu lyc (Q, -Q) ndm
trong mit phing n¥m ngang,
Tri s6 Q = 100N, cénh tay
don EF = 20cm. Thanh dugc
git nim ngang nhd bin 1&
cdu tai O vdi hai diy AB va
CD. Bi€¢t: OB =0,5m, & = 30°.

Haly x4c dinh phén Iyc tai O v stc cling ciia céc dity khi thanh cin bing?.

Bai gidi:
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Thanh OC-cin biing, ta c6:
Xyo Yo 2o T Ty . B)~0
m = EF.Q = 20.100 = 2000Ncm = 20Nm
TX =T, sin30° X, =0
TY =-T, cos30° - Tzc0s30° +Yo=10
TZ=-P 4T 5in30°+ Z,=0

Zm, = Ty5in30°. OC - P.-O?C =0

Zm, =m - T, 5in30°.0B =0
Két qud: T;=80N; T, = P = 1000 N; X, = -40N;
Yo =540 +/3; Z,= 500N.
Thi dg L.15: Thanh AB va BC lién két vdi nhau bling bin 1£.B, A 12
bdn 1&, C 1a g6i ufa con in, thanh AB dugc gilf céin biing nhd diy EF, iue

P = 2 14n tdc dung 1én thanh BC. Hiy xdc dinh phin Iyc tai A, C v sifc
ciing diy EF. B qua trong lugng céc thanh.

Bdi gidi:
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Py 12 bai todn cin biing ciia hé vit gdm: thanh AB, thanh BC, tich
ting thanh ra &é khdo s4t.
a) Khdo sdt edn bdng cila thanh CB
(Thanh CB khio sét trudc vi hé phwong trinh cin bling ¢6 s& phucng
trinh va 56 4n G bing nhau).
Hé lyc tdc dung: (P, N, Ng)~0: hé lyc phing song song.
Hé phuong trinh cin bing:
TY=Ng-P+Nc=0 M
E:’TIB =-1.P+2Nc=0 (2)
Gidi hé phuong trinh cdn biing:
Tipt(2) = Ne=P2 =1 tdn.
T pt(1) = Np=P-Nc=1tdn.
b) Khdo sdt cdn bdng cia thanh AB
_ Hé lyc tdc dung: (ﬁ’B,’T‘,iA,?A}-O: hé Iyc phiing.
(Luu : Ny va ﬁ;, 12 lye tic dung va fhén Iye tdc dung clia hai thanh
AB vi CD). N} =Ng =1 tdn.
Hé phuong trinh cin bling:
IX =X — Tcosd5° =0 3
EY = Y, + Tsind5° - Ny =0 @)
2, =Tcos45°1 - N.2=0 (5)
Gidi hé phuong trinh cin bling
2N, 2

=——=2J2 1
cosd5® 1 V2 o

2
2

Tirpt (4) = Yo= Nj; — Tsind5° =1 - zJi.—z_ =-1tdn

T¥pt(5) = T=

Tirpt (3) = Xa = Tcosd5° = zﬁ.g =21tin

Bdp 557 X5 =2 tn; Yp=-1t8n; N = 1 tdn; T= 242 tin.
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Thi dy 1.16: Khung AB quay quanh O, ddu B treo vt ning Q. HOi lye

P tic dung vio diu A bling bao nhiéu d€ khung AB cén bling.
Ry

1 2a

a | a___%
OA l 4
P
A
=
Bai gidi:
}F 2a j Rﬂ a 1 a t
B
o
’% P
A
.

Khéo sit cin bing clia khung AB.
Hé luc tdc dung: (’T,l_’,ﬁ,,)-u 0
(Vi khung AB quay quanh O nén @8 tim diéu kién cin bling ta chi cdn
|ap phuong trinh cin biing tdng md men céc lyc 46 vai diém O 1a d0).
Ta ¢6: Y, =2aP-aQ=0
Q

=P=—=,

- DPdpsé: P=

NMlel
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Thi dy L.17: Thanh AB va BC lién k&t nhau biing bdn 1& B, hé dudc

gilf c&n biing nhi cde lién k&t nhv hinh vé. Cho biét P, = 10kN; P, =
20kN, q = 20kN/m.

Hiy xdc dinh phin lyc 6 bdn 18 A va C.

Py

45°

Py

»
!
|
-

‘Dung phudng phép tdch vit:
a) Khdo sdt cdn bdng lcﬁa thanh AB )
Hé Iye tde dyng: Lye cho B,Q (e t4p wung wwong duong cda Iye
phin b8 q: Q=q.l=40kN).
_ Phdnlyc iénkét: X,,¥,,X,, ¥,
Ta cé: (I_’,,(-j,ia,?A,f(B,?B) ~0
Hé phudng trinh cin bling:

IX=Xa+Xp=0 D
XY=YA+Y3ﬁP1—Q=0 (2)
Yim, =-Q3+4Yg-2P=0 (3



(Hé phuong trinh cén biing nay ¢6 3 phuong tinh can birig nhung c6 4
4n: Xa, Ya Xg, Yp. DE gidi dugc cin 1p thém cdc phuong tinh cin
biing 46 1a cdc phudng trinh cin bing khi ta xét ti€p cdc vit cdn lai).

&) Khdo sdt can blng thank BC

Hé lyc tac dung:

+ Lyc cho: By

+ Phin lye ien ket Xy, ¥a X Ye.

Hé PTCB: Y

X =-Xp-Xc=0 (C]
IY = Y, - P+ Yc=0 &)
Iffig= - Pp. 1. cosd3°+ Y.2.c0845°
— X 2.c0545° =0 (6)
Xp=Xp; Yp=YB
(Biy gid ta 43 ¢6 hg 6 PTCB trong d6 ¢6 6 fn: Xa, Ya Xg. Y8, Xc, YO
Gidi hé PTCB trén:

2P, :3Q _ 20:120 -

Tlth(2)=>YA=-YB+P1+Q=-35+10+40='15kN

Tirpt(3) = Ya =

Tirpt (5) = Yo =Py + Yg =20 +35=55kN
Tit pt (6) = Xc = 2Yc ~ Py = 110 - 20 = 90kN
Tir pt (4) = X} = Xp = Xc = -90kN (X, va Xy nguge chidu hinh v&)
Tir pt (1) = Xa = - Xp = - (-90) = 90KN )
Bdp 56 X = 90KN; Y = 15KN; X = SUKN; Yo = SSKN.
Thi dp 1.18: Trén mjt cla thanh OA nghiéng vdi phuong r;hm ngang
g6c o dat mot vit ning B ting dén géc o bing cdch cho thanh OA quay
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quanh O cho d&n khi v4t bdt diu trrgt. HE s6 ma sat tnrgt giita vét va
mit cla thanh OA 14 f, xdc dinh g6c o lic d6.

Khdo sdt vat ndng B:
+He Iyc tdc dung: (B,N,E )
+ Vit chua wugt: (B,N,E,) ~0.

H¢ phudng trinh cén bling:
ZX = Fp - Psinat = 0 (1)
ZY=N-Pcosa=0 @)
Fims = N (V1 khio sdt ldc vit bt ddu rugr)  (3)

Gidi hé pt trén: : -

Ti pt (2) = N =Peosa

Tit pt (1) va (3) = {N- Psino.=0

Hay: ) f.Pcosat - Psinot =0

=tga=f=>a=arctgf
DPdp 56: o = arctgf.

Luw y: bing cach nay ngudi ta IAm thi nghiem d& x4c dinh hé s6 ma
st trugt £,
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Thi dy L,19: X4c dinh géc nghiéng
o dé kh&i tru trong Iugng P ¢6 bdn
kinh R dit trén mit phing nghiéng
can bing, HE¢ s6 ma sdt trigt, 1an
gifa khdi tru vd mit nghiéng 13 {

vd J.
Bai gidi:
Khio s4t khdi tru O cin biing:
+ Hé luc tic dung: (B,N,F,,, M)~ 0

+ Hé PTCB: X =Psinat - Fps =0 n
LY =-Pcosau+N=0 (2)
Tma = - PRsinac+ My =0 3)

Fus <f.N; Mp < pN

T pt (2) = N = Pcosa
Tit pt (1) = Psina - fPecosa <0 = 1ga <f

Tir pt (3) = PRsina - pPcosa <0 = tga s%

Thutng thi % it bé so véi f nén didu kién d€ cin bing: tga S%

N&u ting din o thi vit s& lan (khi tga < ). Khi tgo > £ thi vét s€ vira
1&n, viYa trugt.
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Thi dy 1.20

Mat tdm phing khéng trong Iugng,
chiv lyc P va duge d8 & vi tri nim
ngang nhd 6 thanh, khdng trong lugng
nhu hinh v&. Todn hinh ¢é dang khéi
iap phucng canh a.

Tim {ng lyc céc thanh,

Bai gidi:
Tdm phing cin biing:

Lép hé phuong tiinh cin bing:

EX =-5,c0845°-8;c0s45°=0 [¢))
ZY =P-S,c0s45°=0 2
ZZ=-8 -8y -84 -8, c0s45°~8, c0s45° -5, c0s45°=0 (3)
Im, =-Pa-8;a-5;c0s45°a~S,a=0 4
Im,=5§.a+8a=0 5)
Im, =P.a+8;c0s45°a=0 (6)

Gidi h¢ phuong trinh
PL(2) —8,=P\2
PL(6) —8,=-Py2
Pt(5) -8=-5,
P1(3) —8=-P
Pt(4) —S,=P
::'Sl:—i’
Pt(l) —8,=PV2
Két qué: 8)=-P;8;=P2;5;=-P;
S4=PJ§;Ss=-P«E;SG=P.
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Thi dy 1.21: Hiy xdc dinh toa d trong tim ciia mot tdm ddng chit v&
trén hinh. T4t ¢4 kich thudc d3 cho tinh bing cm.

=

[

e

Bai gidi:
Dung céic truc toa d9 va chia tm phing thanh 3 hinh chi¥ nhit, goi C
12 trong tim cla t§m phing, ta cé:

Xy =-1cm;xp=1cm; X3 =5cm.
y1= lem;yz=5cm; y3=9cm.
S, = 4 cm? Sy = 20cm? Sy = 12em’.

Dién tich cia tim phing:

S =Sy + 5, + S3= 36em’.
Thay c4c cong thifc bing s§ da tinh due vao cde cOng thife ta dugc:
_5Si+%,5,+ x;S; _~4+20+60 .1

X
d ] 36 9
Y.= YiS +¥,5 +¥sSy _ 4+100+108 =5-§cm
B 36 9

Két qud: C(Z% cm;S-g- cm)
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BAITAP
Bai I-1: Thanh AB lién két véi thanh BC bing bn 18. B, A 12 ban 18,
CC’, DD’la cdc thanh ciing. Cho g =0,5 kN/m, P=2 kN vdA M =2 kNm.
a) Xdc dinh phdn lyc lién két tai B, C tdc dung 1én thanh BC?
b) Xdc dinh phén ly¢ lién k&l tai A, B, D tdc dung Ién thanh AB?

P
q
M
NEEEEERRREREL i \C
R |
2m 2m 2m } 2m

PN
Bai I-2: Két ciu c6 lién k&t Pl W
va chiu Ifc nhut hinh vé. ChoP=

A ]
AN C
2qa, M = ga’, Xde dinh cdc "] 5 | @ a |
phin Iyc tai cdc lién k&t A, C? | '

Bai I-3: Dim CD nim ngang, 99,

& o ar i o2 -—E Q
A la g6i ¢d dinh, B 13 g6i tya ”HI”]
con lan. Xdc dinh phidn lyc lién ¢ ¢ P D
k€t tai A vd B. Cho P = 0,25
kN, Q = 2 kN,
q=2kN/m,a=0,8m. EF=a.

Bai I-4: Mot ddm ddng chat 0
trong lugng P = 600N dai 4m
twa mbt diu trén sin tron va A
tya lén bd thing tai B. Dim
hep v6i phudng thing ding
gée @ = 30° va dugc gilf cdn
bling & vi tri d6 nhy diy AC.
Bd qua ma sdt.

Xéc dinh site cing T va &
phédn Iy tai B va C.
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Bai I-5;: Dam AB dii 6m trong
lugng Q=10kN ngam vao tudng
tai A cdn diu kia budc sgi ddy
vit qua rong roc vd budc vit
ning P = 6kN. Géc gilta nhdnh
diy BC v6i phudng ngang la o =
30°. Trén nita dim bén phdi téc
dyng hé lyc phan b3 hinh tam
gi4¢ Qmax = 2KN/m. Con trén nita
ddm bén trdi tdc dung nglu lyc
¢6 mé men M = 20kNm.

X4c dinh phdn Iyc tai ngam A.

Bai 1-6: C6t dién ABC dugc
chon vao nén ngang tai B, Tai
diém C cia ¢t c6 gin dén trong
Tgng Q = 1kN. Trong lugng cot
dién 1a P = 4kN. Cjt dién chiu tic
dung 4p luc cia gié 1a F = 1kN
dit tai dinh A. Xdc dinh phdn Iuc
lién két 1ai B,

Bai 1-7: Mot don AOB c6 thé
quay quanh truc O c& dinh. Bon
dudc ganh rong roc tai dlu B cla
né va dge giit cin bing nhd d6i
trong P dat rén ddn cdch tryc
quay O khoéing OG = a, Phuong
clia don lap véi phudng ngang
mot géc o.. Xée dinh sitc cing cla
hai nhénh-diy CD, EF.

- C
10m§
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Bai I-8: Mgt ddp nudc c6 mit
¢t ngang 12 hinh thang vudng vai
d4y nhé a va ddy 16n 1a b. Trong
lugng riéng vit liéu lam dip la y.
Trong lugng riéng cia nudce 13 y,.
Xiéc dinh diéu kién cin bing clla
déip. Khi nudc sfp tran qua dép.
Cho d6 cao cia ddpla h. A

| I

I
o

gttt

Bai 1.9: Cho so d8 phing ciia
cin cfu dat rén hai dudng ray A
va B. Trong lugng cdn cdu la P =
S00kN dit tai trong tdm G. Tai
trong cdn néng 13 vit ning M c6
trong lugng p = 250kN va trong
lugng d6i tong L 1a Q. Kich
thudc cho trén hinh vé. Hiy xdc
dinh trong lugng Q clia d6i trong
L t8i thi€u va khodng cich lon
nhdt Xmax d€ dat 461 trong L khi
cén cdu cin bing.

bdp 58" Qumin = 1000/3 kN; Xmax = 6,75 m.

Bai I-10: X4c dinh phin lye lién k&t tai A, B, C, D mdt dim o6 kich thide
va chiu Iyc nhut hinh v& va bd qua trong Iugng tdm. Cho ! = 6m, a = b = 2m,
o =60° go=0,5 kN/m, M = 2kN,

I ] b !

Ddp 56 Xu= 173 kN; Ya=0,5kN; Ng = 1,5 KN;
Xc=Xa; Yo=1kN; Np=2kN.
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Bai I-11: Thanh AD trong lugng khong
dfing k& gdn vio tudng bling bin 18 A va nfa
1én by tudng tai B. MOt hinh try trong lugng
P b4n kinh R tura 1&n thanh tai C va 1&n tudng
tai E. Cho AB = 3R, o = 60°. Xic dinh phén
Iuc tai A, B,CvaE.

Bip 56: X5 = 2(1-ﬁy;yA=

2P 2P P
Np=—-;Nc=—=;Ng=—=.
B 3 C VG E \}E

Bai I-12: Thanh ddng chit AB dai 2L trong
Iigng P ¢6 th quay quanh bin 1€ A va tfa 1én
mit C ciia thanh CD. Thanh nay c6 ciing chiéu
dai 2L va ¢6 thé quay quanh truc ndm ngang di
qua diém chinh gidfa B cia n6. Cic diém A
vi E nim wrén dudng thing ding va AE =
L. Tai diém D treo tdi trong Q = 2P. Bé
qua ma sét, X4c dinh géc ¢ khi cin biing.

Pdp 6 @ = arcos1/8 = 82°50.

Bai 1-13: Cho mét
khung dan nhu hinh v&. —
Tai nit A chiu tic dung
cha Q lap v6i phudng
ngang mft géc o = 30°.
Tai con trugt D cia cd c&u chiu tic dung lfc P nim ngang. Xdc dinh lién
hé gitaPva Q, phﬁnh_rc cdcthanh 1,2,3,4 khi hé cn bﬁng.

2QJ‘ B Qpr

Pdp 56: 8, =
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Bai I-14: Mot cdu gém hai
nhip AB va BC lién k&t vdi ,
nhau biing bin 1& tai B. Nhip o 8 ¢
AB dii 12m trong lugng P = 600kN, nhip BC dai 4m, trong lwgng Q =
200kN. Nhip AB chiu lién k&t g&i c8 dinh A vA lién k€t con lan tai D.
Nhip BC chiu lién k€&t con 1n tai €, AD = 8m. X4c dinh phan Ivc lién ket
tai A, D va C va luc tdc dung tudng tic bén 1€ B.

Pdp 567 Xa=0; Nc= 100 kN; Xg=0; Y, = 100 kN;
Np =600 kN; Yg = 100 kN.

Bai I-15: Choe mét sd d6
xudng gdm hai nia vdm AO
vd BO ndi vdi nhau bling bin
1& O. Mgt dan CD diit rén hai
g6i tya miii nhon tai C va D.
Trén din CD dit cdn trye
trong lugng P = 60 kN. Trong
lugng vat niing cda cdn tryc 13
Q = 15 kN. Kich thudc cho
trén hinh v&. Xic dinh phén AL
hyc lign ket tai A, B, C, D,

Bdp 567 X5~ 3kN; Xp = 3kN; N¢ = 30kN; X = 3kN:
Yo~ 43KN; Y~ 32kN; Np = 45kN; Yo = 2kN.

Bai I-16: So db rdng roc dé nang i
trong P gbm h¢ théng rong roc dong A,
B va rong roc ¢f dinh O. Cd cdu chiu
tic dung lyc kéo Q tai nhdnh diy clia
rong roc dgng B, Xdce dinh sitc ciing cdc
nhédnh day 1, 2, 3, 4, 5, 6, 7 khi cd ciu
cin bliing. C4c nhdnh diy: nhdnh 3 song 1 -2

song nhdnh 4; nhdnh 6, 7 song song i"---i
nhanh 5. T 1 11
Bipsé: T =Ty = ,‘I‘3=T4:§;
P



Bai I-17: Thang AB twa vdo tudng
nhdm thing ding va sin ngang nhdm,
hé s& ma sdt gilta thang v tudng 12 f;,
gifa thang va sin ngang 14 f. Trong
lugng cda thang va ngudi diing trén né
1a P dat tai C . Xdc dinh géc o 16n nhét
14p bdi thang vdi tudng tai vi i cén
bling va thanh pbin phin lyc tai A va

B ttng vdi gi4 tri g6c d6. CA = %AB.

Bai 1-18: Mot cot tron thing
ditng CD x6 qua 16 héng tai ddu A
cha thanh niim ngang AB, d6 day
18 x4 1a b = 2cm i trong P treo

f\
1
|
]
i
vao thanh cdch truc cft mt |
1
c
d

khoang céch a. Cho hé s ma st
thanh véi ¢bt 1a f = 0,1. Xdc dinh
khodng céch a d€ thanh & vi trf céin bling?

Bidp 56: a 2 10cm

Bai 1-19: Cho so d6 ¢o cu phanh tay, tdc dung e Q vudng géc véi

cén phanh AH, Tai trong P treo trén ddy vAt qua rdng roc 8 dinh F va

cudn vao ting trong clia rfng tang téi bén kinh r, ting ngodi wOng tang

t8i ¢6 ban kinh 13 R ti€p xic vdi m4 phanh. Cho hé s& ma sit gitta md

phanh E véi iréng tang t6i 12 f. Kich thudc cho trén hinh v&. Xéc dinh lién
hé gifra Q va P khi co cdu cin bang.b




Bai 1-20: Ngudi ta éjué’n sdi diy o treo tai trong Q vio tay quay cia
truc t3i AB. Bdn kinh banh xe C 16n gdD 6 lén bdn kinh tay quay. Mt sgi
day khdc quin trén banh xe duge kéo cing bdi téi trong P = 6kN v
nghiéng véi phiong ngang gée o = 30° Xdc dinh gid tri tdi trong Q va
phin Iyc tai cdc & true A, B tdc dung 1én tryc 13 khi truc céin biing bé qua
trong Iugng truc vA ma sdt gilfa cdc truc va diy.

Bai I-21: Mot tdm chit nhit
ABCD dugc giif cin biing nim ngang
nhd cédc thanh 1, 2, 3, 4, 5, 6 nhu hinh
v&, Xac dinh \ing lyc cdc thanh trén,
Cho trong Iugng tdm 1a P, bd qua
trong lugng cdc thanh va IA = IB.

Pdp 56: 8) =853 = Pldcosu,
S3=56=0,85=54=Pi4.

Bai I-22: Ding i € kéo xe
ABC 1én theo mit phing nghiéng
géc o so véi mat phdng ngang.
Trong lugng xe 12 P cdn Iyc Q 12 Iyc
kéo xe song song mit phing
nghiéng. Tim m&i lién hé gitta P va
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Q phin lyc ta tai ba banh xe khi cn biing. Cho chiéu cao clia xe 1 h=1m,
ABC Ia tam gidc cin: CA = CB. Trong tdm G ciia xe cdch ddy m6t doan
0,5m; cdch thanh sau 0,5m va cdch mfii C 13 1m.
Pip s6: Q = Psina.
Bai 1-23: Hai banh xe nén 0,0’ &n kh6p ring vdi nhau. Banh xe O cé
tryc quay n&im ngang bdn kinh r, chiu tdc dung ngiu c6 md men M. Binh
xe nén O’ ¢6 truc thing ditng, bén kinh r°, chiu tdc dung ngiu c6 md men
M’. Biét luc &n khdp bénh ring ciia banh O 14¢ dung 1én binh O’ AR
nghiéng mdt géc a vdi ban kinh CO va mit phing ROC nghiéng gdc B
v6i mit phing chifa banh xe O. Cho AO’ = a, BO" = b. Tim lién hé gilta
M va M’ khi hé cén b¥ng v x4c dinh phdn lyc 12i § 49 A va B.

M M

Pdp s8: —=—,
ror

XA=;-E-(r'cosa—hsinmsinﬂ);

=Rcosa, Xp= L(r ‘cosct—asinosinf);

RasinocosP | ‘R= M M
ab  rsingcosp rsinocosp’
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PHAN II
PQONG HOC

Churong 1
PONG HOC PIEM

Chuyén dong cfia mot chit diém hay ciia mt vat th€ duge xdc dinh khi
hiéu 8 quy ludt chuyén dong cla chit diém hay cia mot vit thé dé.

§1. CAC KHAI NIEM PONG HQC

L Toa dj - Phueng trinh chuyé€n dgng - Phuedng trinh quy dao

Toa dj: La cdc thong s§ xdc dinh vi tri cla diém, con dude 20i 1a cédc
théng s& dinh vi. o

Phuong trinh chuyén djng: La céc toa 9 vi€t dusi dang phitong trinh
tham s6't.

Phutong trinh quy dgo: Kh t trong phudng trinh chuyén déng thi ta
duge phuong trinh quy dao.
IL. Van téc

LA dai lvgng dic tung cho syt bién thién toa do theo thdi gian.
IIL. Gia tdc

La dai Iwgng déc trung cho sy bién thién van 3¢ theo thai gian,

Toa d9, vén t6c, gia t6c 1a céc dic tning ddng hoc cla chit diém, xdc
dinh chuyén déng ciia chit &i€m 13 xdc dinh cdc dai Iugng nay.
§2. CAC PHUONG PHAP XAC BINH CHUYBN BONG

1. Phuong phdp vectd

Vi tri clia M duge xdc dinh bdi vecto OM, OM goi 13 bén kinh vecto
clia diém M va dugc k¢ hiéu 2 R, trong d6 di€m O 12 ¢& dinh.
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Hinh 2-1

1. Tea d) - Phulong trinh chuyén djng

R = R(t)
2. Vén tée: K§ hidu vén tdc clia chdt diém 12 V, tacé:
O L
A0 At dt

Khi At — 0 thi phucng clia V tring vdi tiép tuyén véi qu dao tai M.
Pon vi clia vén tSc 1a mJs.
3. Gia toe: Ky hiéu gia t8c cia diém 1 W, ta c6:

Khi At-> 0 thi W hudng vé bé 16m ciia qu¥ dao.

Don vi gia tc 1 m/s”,

4. Ddu higu dén nhan chuyén djng

N&u: ¥V, W >0 thi chuyén dong 12 nhanh dén.

¥, W < 0 thi chuyén déng 1 chim dén.

11 Phuong phép tea 8 Bécdc

Trong toa d& Décdc: Toa 49 cila difm M 1a: x,y, z.

R=xi+yj+zk




1. Tpa 83 - Phuong trinh chuyén ding
x=%x
y=y@®
z=2z(1t)
Khi khtt t trong hé phuong trinh trén, ta dugc phudng trinh qui dao:
fi=fi(x,y)
fa=f2(x,y)
Giao tuyén cila hai mat tru cho bdi f) va {3 1a quy dao clia M.
2. Vin toe

Vai: - ﬁ:xfﬂ(}%zﬁ
- dR dx - dy—. dz -
: Ver——=—ij+—=j+—k
Suyre T P TE %
di dj dk
on S=H2-Xap
@ dt dt dt )
Ngoai ra hinh chi€u cia V tén cdc tryc a: Vy, Vy, Vy, thi:
V=V i+V,j+Vk (b)
Pdng nhit (a) va (b):
Vl=£=x
dt
dy
V, ===y
atY
dz
V,=—=i
ot

Két lugn: Hinh chi€u cla vectd vin tdc trén céc trc toa d6 bing dao
him bic nhft toa 45 twong Ung theo thai gian,

TrisS ciia V:
Vayxt+y +2*
3. Gia t6¢
. = & o PR & o o o
Vdi: W=I:>w=?:a_z.(x,+yj+zk)
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Hay: W=7 D 0k

Y el
di dj _dk

oo = a="

Ngoii ra goi Wy, Wy, W, 12 hinh chigu cla W trén cdc truc:
W= W,i+W,j+Wk
d¥x dy d’z
Suyra: W =—=X ;W =—5=¥:; W, =__§
4 ar e T Ty
Trj s6 cla gia toe:

W= W2 W2+ W2 =824y 2

IIL Phuong phép tg nhién

Phuong phép toa dé t nhién 1a ding " . M
qu§ dao cia diém lam hé quy chi€u dé m
khdo sdt chuyén dong cia di€m. Quy a0

M2 diém c& dinh nim trén quy dao,
cungS=+MyM cho ta biét dugc wa db
clia didém M. S dugc goi 1a doan dudng ma M di dugc.

1. Hg tryc t¢ nhién

Hé truc toa 46 t nhién 12 mdt hé truc toa 46 vuﬁng g, o gic clia hé
g4n v6i dng di€ém M va ba tryc:

a) Truc tiép tuyén

Truc ndy trang véi ti€p tuy€n quy dao tai M, ¢6 vectd.chi phudng 14 %
hudng theo chidu chuyén dong.

b) Truc phdp tuyén chinh

True ndy vudng géc vdi trye tép tuyén v nEm trong mit phing mit
€p tai M (mit phdng chita doan cong v6 ciing nhd 14n cén diém M), truc
¢6 vectd chi phuong 14 fi huéng vao bé 16m ciia quy dao.

¢) Truc tring phdp tuyén

Twc ndy vudng géc véi hai tryc trén, cé vectd chi phuong la b 530
cho: b=% Ad.

Hinh 2-3
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Hinh 2-4

2. Hai dai lugng dic trung cho duing cong
a} Bé cong: L2 dai lugng v6 hudng, duong: K al

b) Bdn kinh cong: La dai lugng v6 hudng, dudng: p=—=— (b4n kinh
‘ P

cong 13 bén kinh cda mét doan cong v& ciing bé I4n cdn cha diém M
doan cong ndy duge xem nhu [a mot cung phing va tron).
B cong cang nhd thi ban kinh cong cang lon.

3. Toa 4§ - Phuong trink chuyén dong

8=5@
4. Vén téc
v-2-%
Dang vectd: \Y :lVl{- L
5. Gia the
Theo djnh nghia: W— [“] ) d” ||
diS| 42¢ .
. .
& _d& d_‘vud_g‘_
do |dS||dt|
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Suy ra: W=—2?+—.ﬁ
It P
Hay: W=W + W W=Awe 4w
trong dé:

2
Wr =%1-§—.i dude goi 1a gia t6c ti€p (tuy€n), nim theo 1i€p tuyé&n

cla quy dac 12 dai lugng dfc trung cho sy bi€n thién vé dé 16n
clia vin téc.

G dv d%
C6 tri 50: e ==
) dt  d?

, ;
w" =%.ﬁ dude goi 12 gia t8c phdp (tuyén), né vudng géc vi tiép

tuy&n ciia quj dao va hudng vio bé 16m cla quy dao, 13 dai ludng
diic trung cho sy bi€n thién vé phuong cla vén 18c.
v?
Gia tdc phap c6 trj s8: W" = o
Khi chit diém ci}uyén dong thdng (p — o) khi d6 W" =0
1V. Céic chuyén d¢ng thudng gap
1. Chuyén dgng théng déu
W =0= V=const
Poan dudng di duge:
S=8,+¥t
2. Chuyén dong thing bién déi déu
W =0; W'=const
Vin toc ciia diém:
V =V, + W't (nhanh din)
V=V,— W't (chim ddn)
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Poan duding di duge:

§=8,+ ‘v'(,.ti%\’\/f‘t1
3. Chuyén djng tron déu

W'=0; W"=const

Poan duding di dugc.
S=8,+Vit

4. Chuyén dgng tron bién dbi déu
W' =const; W"=const

V=V, Wit
s=s‘,+vﬂn%\a\r‘t2

Ghi chii: Ta c6 thé két hop cdc phuong phép vdi nhau aé khdo st
chuyén dong ciia chit diém.
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Chuang 2
CHUYIN PONG CO BAN CUA VAT RAN

A. CHUYEN BONG TINH TIEN COA VAT RAN

§1. PINH NGHIA

Vat rdn chuyén dgng tinh tién khi moi dogn thdng thuge vit trong qud
trink chuyén déng luén luén song song véi mt phuong.

C D
o D AB# A'B' phuong ngang
AC If AC' phuong thing dimg
A ) T4m phing ABCD chuyén
B ddng tinh ti¥n
A
Hinh 2-5

Tdm phing ABCD trong qua trinh chuyén dong ¢ cic doan thing luén
lubn song song vdi phucng cho trude nén tm phing chuyén dong dinh tién.
§2. TINH CHAT CUA CHUYEN DONG TINHTIEN
1. Dinh Iy

Vat rdn chuyén dgng tink tién khi moi diém thudc vdt vé nén nhitng quy
dao déng nhdt (dgt tring khit lén nhau), tai mdi thoi diém cdc diém cé vén
téc béing nhau va gia t6c bdng nhau.

11. Chifng minh
Goi S ¢6 chuyén d6ng tinh tuy&n tif vi tri I sang vi tri IL.
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Hinh 2-6

Khi chuyén déng, diém A vé nén quy dao 1a Cy, diém B v& nén quy
dao 13 Cg.

S chuyén dong tinh tién nén B'A'// BA.

S 1a vat rdn tuyét ddi nén B’A’ = BA.

Suy ra: B'A*= BA =const

Véy khi tnfgt quy dao Cp theo hudng BA mét doan bing BA thi B s&
tring vdi A v2 B’ trdng v6i A’ hay Cg triing Khit vdi C4.

Ngoai ra ta ¢6:

f, =%, +BA

Vin t8c clia diém A:
o _di, di, dBA
Vy=—A=—B:—-V, 40
Aa T a dat B

Vin tdc cda di€m A bling van tdc cda diém B.
Tudng ty gia t6c cia diém A ciing bing gia t6c clia didm B.
W, =W,
Binh 1§ chitng minh xong
1L Y nghia
1. Khi khio sdt chuyén dong ciia vit rdn chuyén dong tinh tién, ta chi

cin khdo sdt chuyén dong cla m6t didm bat ky thuge vat, két qua khdo
sdt cita di€m d6 cling 12 két qua cho tit ¢4 cdc didm khic.

2. Vit rdn chuyén déng tinh ti€n xem nhy chuyén déng cia di€m va
chuyén d6ng ciia diém con goi 12 di€m chuyén déng tinh ti€n.
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B- CHUYEN BONG QUAY QUANH MOT TRYC ¢O PINH
CUA VAT RAN

§1. DINH NGHIA

Chuyén dng cita var rdn duge goi 1& quay quanh mt fruc c& dinh khi
trén vdi c6 hai diém ludn ludn ndm yén.

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

§2. KHAO SAT CHUYEN DONG CUA VAT QUAY

Hinh 2-7

A(AB) - truc quay.

P - mit phiing ¢ dinh.

7 - mét phing gdn v6i vat quay S.

Giao tuyén cia hai mit phing m va P 12 tryc quay A.
1. Phudng trinh chuyén ddng ciia vit quay

Khi vit quay, mit phing 7 gén véi vat cling chuyén ddng quay quanh
truc A, tao vdi mit phéng P mot géc ¢, néu bi€t dugc gée @ thi ta xdc dinh .
dugc vi td clia mat phing m va cling 12 vi trf clia vat, Vi vy ta cd:

2=0() (rad)

@ dugc goi la gbc quay.
§(t) dugc goi 1a phuong trinh chuyén dong clia vat quay.



Néu ding theo chidu ctia truc quay nhin thdy vit quay theo ngugc
chiéu kim d8ng hd, ta néi vat quay theo chiéu dudng va lic d6 §> 0 va
ngudc lai.

I1. Viin t8c géc clia vt quay - Vectd viin téc géc cia vit quay

1. Vén t6c géc ciia vt quay

Vin t5c gde la dai lugng ddc trung cho su bién thién cda géc quay theo
thavi gian. K higu 1 o

I

Tacé: o= I =0

@ > 0 khi vit quay theo chiu dudng va ngudc lai.

Bdn vi ciita viin tdc goc 1a rad/s hay S, trong kj thudt 13: vong/phit.

2. Vecte viin tie ge ciia vit quay

K¢ hiéu: 6.

Dinh nghia: Vecto van t6c géc la vecto ndm doc theo truc quay cd
chidu sao cho ding theo chidu ciia vecto ndy nhin théy vt quay theo chiéu
dutomg; cd tri s& bding tri s& ciia van 18e gée @,

|8=e
TIL. Gia tdc géc ciia vit quay - Vectd gia téc goc ciia vit quay
1. Gia téc géc ciia vat quay
Gia 18c gdc 1& dai lugng diic trumg cho sy bién thién cia van téc goc
theo thoi gian. Ky higu la €.
— do - - =
Tacd: €=——=0 hay E=— =9
m y @

£ > 0 khi v4t quay nhanh dén.
€ <0 khi vit quay chim din.
Don vj ciia gia t6c g6c 1 rad/s® hay §2
Khi €= 0 thi © = const, ldc d6 v4t quay déu.
2. Vecto gia téc géc eiia vit quay
K§ hiéu: &
Dinh nghia: Vecto gia t6c géc la dai higng ddc trung cho bién thién
vecta v@n tdc gée theo thoi gian,
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E=

dt

Vectd @ niim trén truc quay nén khong déi phudng, do d6 € cling cling
phuong v6i @ (E cling niim trén truc quay). & c6 cling chiéu hay nguge
chiéu véi vectd & khi vit quay nhanh din hay chdm din, nghia I3:

Khi vit quay nhanh dédn thi £&> 0.

Khi vit quay chim dén thi £& <0.
IV. Mot s8 dang chuyén ddng quay diic biét

1. Vit quay déu

@=const; € =0,
Gée quay duge xdc dinh: § =y + O
2. Vit quay bién d6i dén
' €= const

Vin tic géc cla vit:  B=d, +E.L
Géc quay cla vat: a=¢n+ﬁot+‘;‘ﬂz
@, - vén tdc géc ban ddu; - goc quay ban du.

r -4 9 a

§3. KHAO SAT CHUYEN DPONG CUA BIEM THUQC VAT

Moi diém thude vit quay chuyén dng trén cde duong tron ndm trong
cdc mdt phdng vudng gde vdi truc quay, cd 18m trén truc quay, va cd bdn
kinh béing khodng cdch tix diém dé dén truc quay.

V1 d3 bi€t quy dao cla diém nén khio st chuyén dong cla diém M
thudc v4t quay ta d4p dyng phudng phédp tf nhi€n.
1. Phuong trinh chuyén dgng ciia difm M

S12 doan duding di dugc cla difm: § = MM

Ta ¢6 phuong trinh chuy€n dgng ciia diém M:

S=rg@®
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1. Véan t6c ciia diém M
- dS  do

Tacs: V =I=rd—‘: =

Vin tdc cila diém M c6 phiong vudng gée vdi ban kinh quay OM =T
hutng theo chiéu chuyén déng va c6 tri s6: V =r.0

Ngodi ra vén t8c cla di€m M c6 thé bi€u dién theo vectd vén toc goc
@ bdi bidu thitc sau: V=@Aaft

RO rang, vi |[®AT|=wr va khi quay vects F theo chiéu cliz & thi ta
nhén dugc chiéu cda vén t6c diém M.

Ta thdy ring vn e clia diém vudng géc voi ban kinh quay, vA c6 tri
s6 i 1€ béc nhit v6i bdn kinh quay, nghia 1a cing xa truc quay thi vin t5c
cdc diém cang Ion,

IIL Gia t6c chia diém M

Theo phuong phip tf nhién, gia tdc cda diém M gdm hai thinh phin:

gia t8c ti€p wyén W* va gia t6c phdp uyén W",
W=W+W"

el

I

trong dé:
W*. c6 phudng vudng. gbc vdi ban kinh quay, c6 chidu theo chidu
quay clia gia t8c g6c € vi xdc dinh nhyt sau;
dv| |d _
=|=—(®)|=r.
o)
Wi=re

W" - n¥m doc theo bén kinh quay vi hu6ng tir diém M dén tim quay
0, ¢6 tri 58 duge x4c dinh nhu sau:

Taco: W'=

ar| =

2 2 2
Ta c6 W"_L=V_-(m} =ro?
p T r
W = .o’

W - gia t5¢ toan phén, 6 tri s& duge xéc djnh nh sau:
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2
Ta c6: W=\/W'1 sw &\f(m}z +(rmz)
W=rye +ot
Ghi chii:
1- Ta thiy cing v4n tdc, gia tdc ti€p, gia tde phép, gia t0c todn phin cé

trj & ti 1& thudn bic nht vdi khodng cdch tir di€m dén truc quay (bdn
kinh quay).

My W Wy Wy
Vi WY W§ Wy oy

2- Géc o 1a gée hgp bdi gia t8c toan phdn véi bén kinh quay , ta c6:

Gée o khéng phy thudc vao r (vj trf cla di€m), va d&i vdi moi diém thi
bing nhau. g
Bi€u di&n cdc thanh phin gia tdc cia di€m theo cdc vectd vén t8c géc
va vectd gia tic géc clia vit quay.
1. Bi¢u di¥n gia te tiép W*
W' =BT
That viy: [ AT|=ersin(E,T)=ex sing =er
Khi quay vectd Ttheo chiéu quay clla £ quanh vectd € mit géc bing
g thi ta nhén dugc phuong, chidu cila vectd tich EAT, nd tring véi
phucng, chiéu clia vectd gia tdc W*.
2. Bidu difn gia t6c phdp W"
W =BAV

Thét viy: [Eﬁ A \_Fl =@V.sin(d,V)= m.v.sing*—- O.ro=ro’

Khi quay vectd V theo chiéu quay clia & quanh vectd & mét géc bing
12:- thi ta nhin dugc phuong, chiéu cla vectd tich GA¥V, nd trang voi

phuang, chiéu cda veetd gia t6e phap.

81



Chuong 3
CHUYEN DONG SONG PHANG CUA VAT RAN

§1. KHAI NTEM MO HINH KHAO SAT

L Pinh nghia
. Chuyén dgng cita vit rdn dugc goi la chuyén dgng song phdng khi méi
didm thudc v@t ludn luén di chuyén trong mdt phdng song song vdi mét mdt
phdng c6 dinh duge goi Ia mt phdng quy chiéu hay mdt phing géc.
L

B

Hinh 2-8

(a) La ¢6 cd cfu bén khau bin 1& trong d6 chuyén dong clia thanh
truyén AB 13 chuy€n déng song phing.

(b) Chuyén dgng cla dia trdn tim O lin trén dudng thing 1 chuyén
ddng song phing. o
I1. M hinh ciia v4t chuyén dgng song phing

Xét mot doan thing AB b4t k¥ thude viL rén vi vubng gée voi mat
phiing g6c. V1 1a vt rin nén khodng cich AB khong ddi, cdn A va B ludn
1ubn di chuyén trén 2 miat phiing song song v6i mit phing géc, nén doan
thiing AB 1udn Iuén di chuyén vudng géc v6i mit phdng géc (¢ dinh) —
Poan thing AB chuyén déng tinh. ti€n. Nhv viy moi diém thuge doan
théing AB tai m3i thdi didm cd vin tdc bing nhau vA gia t8c biing nhau.
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Tir d6 suy ra ring: N&u bi€t chuyén dong
clia mot i€t dién phing (tip hop moi diém
M thudc moi doan thing AB thudc vit va
vudng géc vdi mit phing goc) song song vdi
mit phdng gdc thi bi€t dude vin e va gia
tdc cha moi didm thudc t4t c& doan thing ’
cha vit vubng goéc vdi mat phdng gdc, c6
nghia 13 bigt duge vén tdc va gia t0c cla
moi diém thude vt rin.

Moi tiét dign phdng ciia vt song song voi Hinh 2-9
miit phdng géc thi chuyén dpng gidng nhau.

Nhu v&y bai todn khdo sit chuyén déng song phing cla vt rin trong
khong gian duge dua vé bai todn khio sdt chuyén dng clia mét i€t dién
phing thube vit song song véi mit phing gdc hay mit phdng quy chiéu. -

Tiét dién phing S chuyén dong rong ¥ :
hé quy chi€u 1a mat phing Ox,y,. Vi )
ta goi chuyén dong song phing ciia tiét
dién phing S 1a chuyén déng ciia hinh
phing trong mat phing P chita n6. Mat
phing P dugc xdc dinh biing hé quy G *
chi€u Oyx,y, ¢& dinh. Hinh 2.10°

§2. KHAO SAT CHUYEN BONG CUA HINH PHANG

1. Phueng trinh chuyén dgng ctia hinh phﬁng
Xét chuyén ddng cda hinh phing S K

trong mt phing O;x,y;. y
()
Tai d&iém O trén hinh phing S, ta gin
vho moOt hé truc Oxy (wong qud trinh i
chuyén dong cda hinh phing, he truc toa o, : %
d6 Oxy ciing chuyén dfng theo, ta ggi Oxy Hink 2-11

I3 hé truc toa d6 di ddng hay hé dong).
Khi chuyé'n déng, céc tryc cia hg dfng sao cho ludn lubn ¢ Ox// Oyx,,
Oy 0y, (0,x,y; dugc goi 12 hg tryc toa df ¢ dinh hay h¢ ¢6 dinh).
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Do d6, ta thdy ring hinh phing S di chuyén quay quanh goc O cla hg

" dong Oxy, duge goi 13 cyc O. Vi trf cda hinh phiing S dudce xdc dinh trong
hé dong bing géc quay ¢ .

. Nhu.vdy r ring ring vi tri cla hinh phing hodn toan dudc xdc dinh
trong hé ¢ dinhO,x,y,, néu ta bi€t dugc toa d cda cyc O(x,, ¥p) va goc
quay @ quanh cyc O ciia nG.

- Xg» Yo, © dude goi 1A céc toa d§ ciia hinh phing, cdc thong sd nay la
ham cla thdi gian, ta c6: X, =Xq(1); ¥o = Yo(t)i§ =(t) cdc phuung trinh
nay ditde goi 1a phucng trinh chuyén déng ciia hinh phing S hay ciia vét
rdn chuyén dong song phing.

I1. Cdc théng s6 ddng hoc ciia hinh phing

Trang thdi dfng hoc clia hé dong Oxy xdc dinh bdi cdc y&u 1§ dong
hoc 1a vén t6e clia cye O (V) va gia tdc ciia cre O (W) (hé dong Oxy
¢6 chuyén déng tinh tién nén dic ting ddng hoc clia né duge xdc dinh
qua chuyén d¢ng ciia cuc O). Con chuyén dong quay cia hinh phﬁn_g
quanh ey O duge xdc dinh bdi céc y&u t§ dong hoc 12 vén (8¢ géc B=5
va gia tic géc E=m=0.D va Egoi 12 vin 8¢ géc va gia t6c géc cla
hinh phdng S.

Céc dai lugng V,, W,,&,E duge goi 1 céc thong s6 dong hoc hay y&u
t§f dong hoc ctia hinh phdng S, trong d6 ¥, va W, thi phu thudc vio viée
chon cyc O, cdn @va € khéng phu thudc vio viée chon cuc O ma ta sé
chifng minh sau.

§3. KHAO SAT CHUYEN PONG CUA BIEM THUQC VAT
Ry =R+t
_ F=xi+y]
trong d6: R,,,R,-"cdc vectd dinh vj cda di€m M va cyc O;
i..j- cdc vects chi phirdng cia hé dong Oxy.

L. Phong trinh chuyén dgng ciia diém

Toa 4§ cia M trong h¢ Oyx,y, 1a xm, Ym-

Toa d{ cia M trong hé Oxy 13 x, ¥

84



Ta cé: XM = X + TCOSP
YM = Yo +15ing
Vix,, ¥, v @ thay d6i lién tuc theo th¥i gian, nén:
Xm(t} = xg(t) + rcose(t)
ym(t) = yo(t) + rsing(t)
C4c phuong trinh wén duge goi 12 phuong trinh chuyén dong ciia diém M.

ik
y

Tl — o gy | O

A d 10
Wl TeAel

TiX x
R 1o

[} Y Y %

Hink 2-12

1. V4n t6c ciia diém thuje vit

1. Quan h¢ v@n t6c ciia diém vdi v@n téc ciia cifc

Theo dinh nghia ta c6:
g, =By R, d
dt dat  dt

o kAt S AT
Tog = Vo + Vs

trong d6: Vg =&A0M (‘:’OM Lm)

Vo duige goi 1 vén t8c cla di€ém M
quay quanh cyc O véi vén (8¢ gée 12 B.

Nhut viy ta c6: Vdn 43¢ ciia diém trén hinh phdng bing téng hinh hoc
vén téc ciia dim cuc vdi van 1de ciia didm 46 quay quanh diém cuc.

85



Ta cling cé thé viét:

V=V, +Vy

2. Pinh I hinh chitu v@n tdc

Bjnh ly:

Hinh chiéu vin t6c ciia hai diém thudc hinh
phdng lén duimg thdng di qua hai diém dé thi
bing nhau.

Vs ’AB” anm

Chitng minh: Xét hai difm A va B thudc
hinh phdng c¢6 van tdc l:i V, v& Vg, chon Hinh 214
diém A Iam cyfc.

Ta c6:

V=V, +V,s
Chi€u 1én phuong AB: .
VgcosPp=V, cosa+V,g cos%
Vgcosp =V, cosa
Vs IAB= VAIAB
Qua dinh 1§ ndy, ta d& dang x4c dinh vin tFc cla mot diém khi xét
duge phudng, vin t8c ciia né, v xdc dinh vin t8c cita mot di€m bit ky

thugc hinh phing trong truting hgp vin t6c va dudng di cia didm d6
vudng géc vdi nhau.

3. Tdm viin téc tifc thii - tdm quay tic thii
Dinh nghia:

Tai mdi théi diém khdo sdt, trén vit rdn chuyén dgng song phing cd
mdt diém cd vin 16¢ bdng khéng duge goi I tam vin 16c titc thoi.
Goi Cla tdm vin t8c tifc thifi ( V.. =0), chon € lam cye, ta ¢6:
Vi =V + Vo = Vi, =BxCM
Tai thoi diém d6 vit c6 chuyén d0ng quay quanh diém C nén diém C
con dige goi 12 tdm quay nic thai. : !

86



Tai thi diém hinh phing ¢6 véin t6¢ géc G khdc 0 thl tdn tai duy nhit
mdt tAm vén tdc tife thdi.

Thyc viy, gid s tai thdi diém khdo sét, bi€t vén t6e fr’A cha diém A va
vin tdc goc & cila hinh phing.

Hinh 2-15

Trén dudng thing vubng gée voi V, tai A, vé phia nifa dudng thdng
duge chl bdi vectd ¥, sau khi quay V, theo chidu ciia vén t6c goc @

mbt géc % ta 14y diém C sao cho: CA = %’ﬁ-
Chon A lameye, tach: Vo=V, +Vye
V,c vudng goc voi AC tai C (wic ching phudng vdi V,); ¢6 chidu
thuan v6i chi€u quay cia hinh phing (chidu &); V,c nguge chiéu V, va
c6 gid tri:
oa =0.CA i v,
(1]
Viy Ve, tnic d6i véi ¥, , nghia 1a: Ve, =V,
Dodé: Vo=V, +V,c=V, -V, =0
C 12 diém duy nhat vi néu tén tai mot didm €y (Vg =0) tai thdti diém
khéo 8ét, v6i C; khic C thi khi chon C lam cuc, ta c6:
=V, +VCc =0
Vc =0= VCC. =0
Véi: Vg, =0CC =0

Ma: 0 nén CCy =0 tiic C; phii tring vdi C.
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* Cdch xde dinh tdm vin toe tite thiri
Tai thdi diém khdo sat, trén mit phing
6 chuyén ddng quay véi van ¢ gée 12 @,

A - Vi
vdi didm A (bdt k§) c6 vin t8c 1a V,.
Trong hinh phing ta quay V,theo chiéu 8

quay ciia ® mot géc bing % vectd ndy xéc

dinh nita duding thing dudc vé tir A, trén dé
. \Y
ta 18y mét diém C sao cho: CA=—& Hinh 2-16
w

Vi diém C chinh 1a tim vén t8c tic thdi cia hinh phing

+ Sang th¥i di€m khic, véin tdc clia diém A thay ddi do 46 tim vin t5c
tifc thi ciia hinh phing cfing thay ddi.

+ Tai th¥i dim khdo sit hinh phing c6 chuyén dong tuyét ddi quay
quanh tim vén t8¢ tic thdi.

Chon C lam eyc, ta c6; Yy = Vi + Ve = Vi, (Vo= 0).

Tic 12 vin t8c cia di€m M bit k¥ thube hinh phing bing vén téic clia
M trong chuyén dong cia hinh phing quay quanh tdm v&n tdc tifc thdi, do
d6 C cdn duge goi 12 tdm quay tic thei,

+ Trong trudng hop khong t8n tai tim van t6c ufc thai, c6 nghia la
@ =0 khi d6:

CA=~\—"1~>m
@

Va: Vit =V + Vo =V +BAOM =V, =¥,

Moi diém thuge hinh phing c6 von téc bing nhav, tai thoi didm nay
vét chuyén déng tinh ti€n,

Viy khi 8 thdi diém nac d6 khong tén tai tim vén 13c e thoi hay tim
vén t8¢ tife thdi & v0 cife, lic d6 tim quay cia hinh phdng & vd cyc va

chuyén dong ciia hinh phing tai thi diém nay duge goi la site thoi chuyén
dng tinh tién. '

M0t 58 quy tde xdc dink tdm vin 18 titc thoi

+ Bigt di€m thugc kinh phing ¢6 v4n 15c bing khong, di€m d6 1a tAm
vén td¢ tifc thasi.
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+ Biét véin (dc clia diém A(V,), phutdng vin t8c cia diém B( Vg). Tit
A va B ké hai dudng vudng géc véi phuong clia V, va Vy, giao diém hai
dudng nay 1a tim vén toc tifc thai C.

+ Bigt viin t6c ciia hai diém va phudng, dubing vudng géc voi vin tde
ctia hai diém ké tiY hai diém tring nhau (hinh 2-17a va b).

vﬂ
< - 8
e
a) el Vg b) o=tatls
AB AB
Hinh 2-17

+ Trong trudng hop hai dudng vudng géc véi \7’,\, \75 ké tr Ava B
song song nhau thi tim vén tdc tic thafi & v6 cye lic d6 vén tdc goe clia
hinh phing biing 0.

=V =V=V;

Vit nfc thdyi chuyén déng tinh tign.

4. Anh hutdng ctia vige chon cyic dii véi chuyén dpng quay ciia hinh phing

Xét chuyén ddng cda hinh phing 8.

Chon O; 12m cyc, ta c6:

Vy =Vo, +8,A0OM (1)

Vo, =Vo, +8 A00, )
Chon O 12m cuec, ta ¢6:

Vi = Vo, +8, AO,M e
Th& (2) vao (3):

Vo =V, +8 700, +, AO,M “@
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So sdnh (1) va (4):
o, A(Q—M‘m)=az "\62ﬁ
OM-0,0,=0,M
= & A0M=d, A\O;M= &, =8,
Nhu vy, chuyén déng quay ciia hinh phing d6i véi moi diém cue duge
chon déu gidng nhau, hay khong phy thudc vao viéc chon cuc.

D, =g, =+ =g

5. Puimg liin - dudng cdn cit

DPudng lin 13 quy dao ciia diém C (tim vén tdc tic thdi) trén hinh
phing. Pudng cin cf 12 qu§ dao cla diém C nim trong hé quy chiéu ¢§
dinh Ox1y,

Buong lin duge goi la tim tich dfng, dudng cin cif dude goi 1a tim
tich ¢d dinh,

Tai mi thdi diém déu c6 mét diém tiép xdc gita dudng lin va dudng
cin cif, di€ém d6 chinh 12 tam vin (8¢ ufc thai C. V1 vay duimg lan thi lan
khéng truzgt trén dudng cdin cit. '

Biinh xe O lan khong #ifgt trén mot dudng thing & dinb. Diém ti€p
xic gifa vanh binh xe v6i dudng thing 13 tAm vén t6c ntc thdi C
(i”"c =0). = v

Budng Lin hay tim tich ddng 13 chu vi cla bdnh xe O, cdn duding can
ctt hay tim tich od dinh 13 duding thing (hinh 2-18).

/ Butmg ¥Ein
0

L]
Budng clin cir
1/7'777
Cc
Hinh 218



111 Gia téc ciia di€m thuje vt
Theo dinh nghia ta ¢6:

T\
W, =—M
M7
trong 86: Vi =V + Vo = Vo +®AOM =V +B AT
PR T ER N /- S
Nhi vay: W, _T(V°+wAr]“T+—Ar+&ME{

=Wy +EAT+BA(BAT)= Wy +EAT -0l f
trong d6:
EAT =Wy - gia t8c tiép clia diém M quay quanh cyfe O;
—?F = Wy - gia t6c phép cia diém M quay quanh cuc O.

Nt vay: Wiy = Wo + Wepg + Wiy

Gia téc cda diém M bdt ky trén hinh phdng bdng t8ng hinh hoc gia 16¢
cila cuc O vdi gia tdc tidp tuyén va gia t8c phdp tuyén cia diém M quay
quanh cuc O.

* Tam gia t6c tic thii

Tdm gia téc tic thdi 1a mgt diém thugc Rink phdng ma tai thoi diém
khdo sdt ¢ gia t6c bdng khong.

Ciing nhy t3m vin tdc tie thdi, fai m&i thdsi di€m chi tdn tai duy nhdlt
mbt tim gia tic titc thisi, n€u nhyf vin 16¢ g6 va gia t6c géo hinh phing
khong ddng thdi trigt tiéu. :

Khi hinh phing ¢6 t4m gia tSc tifc thai thl sy 'phan bS gia t8e cum cdc
di€m thubc hinh phing gifng nhu st phan b gia 8¢ cda cde di€m khi
hinh phng quay quanh tim gia t3¢ tifc thisi.

Tam gia 8¢ tic thdi clia hinh phdng néi chung khéng tring vdi tdm
vin tdc tic thdi v VC =0, nhung V¢ khong 12 hing s6 thi W¢ =0 (n€u
goi tAm gia t&c ufc thoi 13 P thi n6i chung P khéng tring véi tim vén dc
nic thai C).
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Chwong 4

TONG HOP CHUYEN PONG
TONG HGP CHUYEN BONG CUA PIEM

§1. CHUYEN PONG PHUC HQP CUA PIEM
1. Dit bai todn

M6t doan tau dang chay, mdt ngudi dang di trén tau, ditng dudi duding
quan sat chuyén dong clia ngudi di trén tau thi chuyén déng cla ngudi
trén tau 12 chuyén dong phifc hgp, xem ngudi nhet mot chit diém thi dé 12
chuyén ddng phic hgp cia didm.

M4t con ki€n bd trén mot trdi banh dang lin trén sn ¢, thi chuyén
ddng ciia con kién so vdi san cd (hé quy chi€u) 12 chuyén dong phic hop
cilia diém (con kién).

Diém chuyén ddng phite hop (ngudi hay con ki&h) dude xdc dinh thong
qua cdc hé quy chi€u: Hé quy chifu gin vdi dodn tiu, tréi banh duge goi
12 h¢ quy chi€u di dong hay hé dong; Hé quy chigu gén v6i duong tau,
sdn ¢4 duge goi Ia hé quy chi€u ¢f dinh hay hé c§ dinh.

¥




M - déng diém

Oxyz - hé ddng

0,x,¥,2, - hé cf dinh

Pidm M chuyén dong trong he dong Oxyz vi cing hé ddng chuyén
d6ng ddi vdi he quy chiéu c6 dinh O,x,,2;.

IL. Dinh nghia cdc chuyén djng

- Chuyén dong clia di€ém M trong hé ddng Oxyz duge goi la chuyén
déng twong di. C6 cdc y&u td dong hoc:

+ Vin t6c twdng d5i, ky hicu 1a V,.

+ Gia t6c tiong 463, ky hiénla W;.

- Chuyén ding ciia diém M trong hé ¢§ dinh Oyxy;z, dugc goi la
chuyén dong tuyét ddi. C6 cic y&u 1 dong hoc:

+V4n tc tuyét ddi, kg higu 1a Vy.

+ Gia tc tuyét d6i, ky higu 13 Wr.

- Chuyén déng chha diém M’ tring di€ém M va thudc hé dong, chuyén
dong so voi hé cf dinh dugc goi 1a chuyén dgng kéo theo. C6 cdc y&u 18
ddng hoc:

+ Vin tdc kéo theo, kf higula V,.

+ Gia tdc kéo theo, ky hidu la W,.

§2. HGP CHUYEN PONG CUA BIEM

Goi 1, J,k 12 céc vectd chi phuong ciia hé dong Oxyz.

Dat: RM ﬂOM Ry= 0,0; F=0M

Tacé: Ry =Ry +7; F=xi+yj+zk

Véi %, y, z1a toa d0 cla M trong hé dbng.
L Dinh 1§ h¢p vin tfc

1. Bjnh ly

Vén t8c tuyét d6i ciia difm chuyén dgng phitc hop béng téng hink hoc
van t6c tuomg ddi va vdn 16c kéo theo cita nd.

V=V, +V,

93



2. Chitng minh

Z
z s
M
Ry y
g
o, R ’x
::,./ i
- Hinh 2-20
- o _dR, dR, df
Ta cé: =V =...—&3_°+_
.- TTMT t o dt
dRy o
Zo_v
t o
T_d dy- dz- di dj dk
—=—(Xi+yj+zk)=—1i+ t—k+X—+y—+z—
i e e i A e
dx dy-.- r T o
EI+IJ+?k_W“1+V'YJ+V'k_v‘

Ly yﬂ+z%1"-= (BAD+YEA]) +2DAK)
=6M(x‘i'+y-j+z1—<)ﬁ?w\f
trong d6:

& - veetd vdn tdc gée clia hé déng Oxyz;
1,], k- edie veeld chi phitong ciia ede truc hé dong.

Nhit viy: VT:%+\‘?D+€JA¥
Vi=V,+V,
trong d6: V, =V, +BAT=Vo+V_
véi: V, - véin t6c cia g O cila hé dong; ‘
v wt =®AT - vin 6 cda tring diém M’ quay quanh g8 O clia hé dong,
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Luu y:
- N&u hé dong chuyén dong tinh tién th =0, lic d6: V, =V,,.

- N&u hé dang chuyén quay quanh mdt di€m cg dinh O hay quanh mot
true ¢8 dinh di qua diém ¢8 dinh O, lic d6:
V=0V, =dAf=BA0M
11 Binh 1§ hop gia téc

1. Dink I§
Gia t8e tuyét d6i cia didm chuyén dng phitc hop bdng tong hink hoc
gia 18¢ tuong dd, gia 18¢ kéo theo va gia téc Coridlic ciia nd.
=W, + W, + W,
W, duge goi 12 gia tde Coridlic: W, =2@AV,)
2. Chiing minh

Tacs: W, =W, =—2%= e Shesbale. O
A TTUMT g e d? df?

mé: gl

dx— B dz- dxdi dy di g dk) 4 4 dk
[étt dd e N e

2z 2 -
*l?ui—{; ?ﬂzk W, T+W, J+Wk W,

di .
Con —=wAl
" &
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- x_+y_+zﬁ=x(EAI+mz-i')+y(sA}:—m2})+z(EAl_(—m2E)

e T det al?
=EAXT +Y]+2K) -0 (X1 +Y] +2K) =E AT— 0T
véi: Wy +EAT -’ T =W,
spfdxdi oy i dz dk =2BA(V, I +V, J+V, K
dtdt dtdt dt dt

=2BA ‘7[ = WC

Nhu viy: Wy = W, + W, +W,

Trong 46 @va € la vectd véin tic gbe va vectd gia t8c gdc ciia hé dong
Oxyz. Con EAT-’F 12 cdc thinh phin gia t6c cia tring diém M' trén
hé dong. Chuyén dong d6i véi hé c& dinh Oyx,y,z; d6 chinh 14 c4c thanh
phén ciia gia (8¢ theo Wk .

W, =Wo+EnT-a’F=Wo+W? . +WP
Riéng thanh phin Z(J—JA‘?I ¢6 thif nguyén clia gia tdc, va Ia dai lugng

diic trung cho si bién thién cla v4n 16 twong d6i trong chuyén dong kéo
theo clia hé ddng duge goi I gia tic Coridlic W,:

W, =264V,
* Xdc dinh gia 1c cda di€m chuyén ddng phitc hop
Stt dung céng thic:
Wy =W, + W, + W,
a) Xdo dinh gia t6¢ tuomg d6i W,
W, duge xdc dinh dya trén chuyén dong cu thé cla diém trong hé dong
Oxyz ma ¢d s ciia né g4 duge khiio sdt trong chuong chuyén dong clia difm.
b) Xdc dinh gia tdc kéo theo W,
Dua trén biéu thite:
W =W+ W2 .+ Wi



Diém O 1a gbc clia hé ddng. &, 12 van t8c, gia tdc goe cla hé dong.
N&u hé dong cé chuyén dong tinh ti€n:
Lic dé: E=0;0= OnénW AOM=0
- W = e OM =
va: Wi . =-0".0M=0
=W, =W,

N&u hé dong cé chuyén ddng quay quanh mét di€m cd dinh hay truc
c& dinh, ta chon g&c O cia hé dong nim trén di€m hay truc d6.

Liic d6 gia (Gc cla diém O: W, =0
S W =W+ W
trong dé: W(';M =§A0M
VE tri s8: W;M. =0Mze
Vé phuong: W7 . LOM
Vé chiéu: Quay OM theo chidu qiay cla & va quanh & mot géc §—>
chiéu cia W} .
W . =-0’.0M
Vétiss: W . =0lOM
C6 phudng chiéu: Nim doc theo OM va huéng tir M dén O.
¢) Xde dinh gia téc Coridlic W,
Dyfa trén biu thite: W, =234V,
Néu hé dong chuyén dong tinh tiéa thl =0, ldc d6: W, =0
Ngodi ra gia tdc W, duge xdc dinh nhu sau:
-V trf 8t W, =20.V,.sin(®,V,)
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- V& phuong: W, L mat phing (&,V,)

- V& chiéu:

+ Trong hop V, L@: Quay V, trong mit phdng chita (,V,) theo
chiéu quay clia ® mot gée bliing 1;~~> chidu W,.

+Trudng hop V, khong vudng géc vdi &: Quay hinh chidu clia V, trén
mit phing vudng géc vdi &, theo chiéu quay i mét géc bling % thi
ta nh&n duce chidu ciia W,.

+ Trirdng hgp V, song song vi @ thi sin@, V,) =0, lic nay: W,=0

d) Xdc dinh gia t0¢c tuyét doi ciia diém M: Wy

_ Sau khi xdc dinh c4c gia t6c thinh phdn W,, W,, W,, d€ xdc dinh gia

tdc yét dsi W, ta c6 thé sit dung phirong phdp gidi tich:

Chi€u biéu thifc hinh hoe: W, = W, + W, + W, 1&n c4c truc ciia hé toa
d6 Pécidc. :
trong d6: Wi ; Wy ; Wy, - hinh chi€u clia W, .

Tri s§ clla W duge xdc dinh:

Phwong chiu clia Wy dugc x4c dinh bing cdc cosinhl hudng:

Goi o, B, v goe cla Wy hop vdi cdc phuong O,x,,0,y,,0,z,. ta ¢6:

cosu:WT"' cosf = L} cosy =
W W T Wy
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THf DY

Thi du TL1
Cho chét diém chuyén d6ng theo phudng trinh:
X = asinot
¥y = - acoset
z=bt
Hiy xdc dinh vin t6c va gia tdc cda chat diém.
Bid gidi:
Theo phuong phip toa 40 Pécdc
1. Vén t8c cla chdt diém, ta cé:
Vi = X = am.cosmt
Vy = ¥=aa.sinot
V,=i=b
V= Jv: +V2+ V2 = /2’0’ (cos? ot +sin’ ot) +b? = Valw? +b?
2. Gia tdc ciia chdt di€m.

W, = %= - an’sinot
W, = y=aw’cosat
W,=i=0

W= 1}whwhwz =+l

- Ta nhén thy W, ngugc diu véi x vd Wy nguge du véi y nén W la
gia tdc hudng tim. -

DPdp 56 1. V=+alo® +b%.
2. W=an’,
Thi do 11.2
Vién dan M chuyén dong véi van tdc ban diu 13 V, hgp vdi phung

n¥im ngang Ox mdt géc o BS qua sifc cdn cla khong khi, hay xdc dinh:
- Phuong triinh chuy&n dong va phudng trinh qu dao clia vién dan.



-B§caoh va tam Xa I ma vién dan dat dugc,
- Bén kIn_ ! ng clia quy dao tai thdi di€m ban ddu (pp) va tai thoi
diém vién dan dat vi tri cao nhét,

Bai gidi:

}
1 1

1. Phuong trinh chuyén dgng - quy dao cia vién dan

a) Phudng trinh chuyén d6ng clia vién dan

Vién dan chuyén déng roi ty do trong mit phing Oxy, gia tdc cla
vién dan:

W=g SWy=0,Wy=-g
dv,
Tacé: W, =§¥L:> V, = [Wdt=[0dt=C,
Tai: t=0= V® =V cosa = C, =V, cosa

= V, =V,cosa
Mi: v =2
: A J'V,dt = IVO coscudt
x= Vycosat+ C,

Tai: t=0=x=0= Cy=0
Vay:  x=Vycosa.t

v,
- - y -
Ta f"s‘ W, _W:’Vf = [W,dt = [-gdt=~gt+C,
Tai: I—ODV Vosmo:=>C3 Vpsine

Vy= -gt+VDsmot.
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Ma: V,= :—): = y= [V,dt= [(~gt+Vysina)dt

y= «%gl’ +Vysinet+C,

Tai: t=0= y=0=C,=0.

Viy phuong trinh chuyén déng cta vién dan:
x =V cosa.l
y= —%gt2 +V, sinout

b) Qu¥ dao clia vién dan
Khi¥ t trong phuong trinh chuyén ddng, ta c6:
X
- V,cosa

1 x? 5
+Vysing,

Sy=s-—
=73 g\fg cos’ o V, cosa

1 g

2
—— X" +igax
2V} cos’ o

y=

Phuong trinh trén 13 phuong trinh qu§ dao cda vién dan. Viy quj dao
1a duding parabol.

2. Xdc dinh df cao h vi tdm xa |

a)Pdcaoh

& 46 cao h, vin t8c clia vién dan nim theo phuong ngang. -

Do d6: Vy=0

Hay: —gt+ Vosina =0
S Vpsina
2 5in? V,sina
Vay: h s--;gmyﬂrvnsina.—o-——
g
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. h= —1—\}’02 sin® o
2g

b) Tdm xa 1
& vi tri cham d4t, vién dan dat tim xa nhdt1a 1 lic d6: y = 0.

Hay: -%gt2 +Vpsinat=0

(Vo sino —%gt)t =0

=1p=0
f =2Vasmu

_
Viy: 1= Vycos. 2050
, 8

1 ZEVOZ cosusina:—‘isin&:
g g
3. Bdn kinh cong quy dao tai thoi diém ban ddu la (py) va & vi tri cao
nhélt (o)
a) Bin kinh cong tai thdi di€m ban diu: py

2 2
Tac6: W"=v—=:»p=-v—
p w"
Vi V2
Po= 5=
Wy Weosa
S,
W=g=p,= Y
g.coso
R ]
b) Bén kinh cong & vi tri cao nhit
, V2
Ph=i{':;

Vh=Vi=Vocosa; Wy =W=g—
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202
jph:\fgcos o

Pdp sé: 1) x = Vycosat; Y = -%g‘t2 +V,sinat

y=—lw—g~—x2 +tgox

2V} sin’a

Thi dy 113 '

Banh xe 1an khopg trugt trén dutng thing
nim ngang: Cho bi€t binh xe ¢6 ban kinh 1A R,
khi chuyén dong tim O ciia bénh xe c6 vén tc
Ia ¥, va gia tdc W,.

Hiy x4c dinh vin tdc va gia t6c cia diém
M, Ma. ‘

Bai gidi:

Bénh xe chuyén dong song phing, tim vin tdc tifc thyila C.
1. Xdc dinh van tbe va gia téc cila M; ' .

a) Vén to¢ cla difm My: ‘:’Mi'

hi
WDHI

Bénh xe chuyén dong song phing,
tAm védn tdc tic thari 1a C.
Vin tdc goc clia banh xe: .

@ ¢6 chiéu dm (-).
Tac: Vi, =o.CM; = %ZR =2V,

—

Vy, =2
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Vi, c6 phuong vudng goc véi CM, cing chidu véi V.
b) Gia 18c ciia diém M;: WM] ;
Chon O 1am cy, ta ¢6:
Wy, =Wy + W, + WSMI
trong dé: Wf'm, =e0M;.

Vai: (0] =%mé R =CO = const.

Do d6: g=—=——1__ W

WSM] ¢6 phidng vudng géc v6i OM|, c6 chidu dudc xdc dinh qua
chiéu quay ca .

2
B, =02.0M, = %.R
n Vz
oMy = R

Wi, hutdng t M, dén 0.

Nhuvay: W, =J(W°+WSM1 )2 +(W8Ml )z

V4
Wy, = 1/4\«:‘,2 8- %,/4R=wg Ry
Goi a 14 g6c hgp bdi WMI v4i phitong nim ngang, ta c6:

tgo = —_Z_WL_._
%,}4R’w; v
2RW,

tgo =
;E4R1wg +Vy
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2. Xdc dink van téc va gia 16c cia Ma: \—’M:,;WMz

(Ta ti€n hanh cdc budc gidi nhu 61 véi diém M)
; Bdp 567 1) Viy =2V,

2) Wy, =%J4R2W§ +V§

Thi du IL.4

Cd ciu tay quay - con trudt: Tay quay OA cd
chiéu dai 1a r, quay quanh tryc O v6i vén tdc géc 12
©, thanh AB c6 chidu dai 1a 1, chuyén déng song
phéng. Con trugt B chuyén dong theo phudng thing
ditng. Hay xdc dinh vén tSc va gia tdc con trugt B
(Vg Wy )?

Bai gidi:

Xét chuyén déng cia thanh AB.
Thanh AB chuy&n dng song phing, chon diém A lam cyc.

Ta cé: Va=r.o

Vi W, =W, + W]

Tay quay OA guay déu: o =const = e=0

Do d6: Wi=0

va: W! =r.o? (W) hudng tif A dén O)
Vay: W, =W
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1. Van t8c cia diém B: Ve
Vy ¢6 phuong thdng ding, k& dudng vudng géc véi phudng cla V, va
‘\_/A tr B va A, hai dudng niy cit nhau tai C (C 12 tdm vén toc tic thoi).

Piém A quay quanh C nguge chiéu kim ddng hé nén diém B ciing quay
quanh C ngudc chidu kim déng hé.
Vin t6¢ géc cla thanh AB: 3, .

o =Ya_re_r

Mlea 1T
Vay: Vg = mAB.LJE
Vp = rov2
2. Gia t6¢c cila diém B: Wy
Ta ¢6: Wy =W, + Wi, + Wig (A)
trong d6: W, =W," =to’
Wig =¢,5.AB

2 r2 ]'2
Wi =025 AB a]—zmz.l = Tm2

- Chigu biéu thifc (A) 1én phuong AB, ta c6:
Wy cos45° =Wy,
2

2 2
WBTermz:; WbarTwsz

- Chi€u biéu thife (A) 1én phuong n¥m ngang (huSng ti¥ trdi sang phéi).
" 0=-W, cos45°+ W}, cos 45°— W, cos 45°

2 ,
Wi =W, - Wi, =r0’ —Llln)2 = r(l—%)wz
) Wi rf r
=g =—>08 =1 2 |p?
A= AB 1( J"’
Bdps6: 1) Vy=r.aov2.
2
2)w3:'Tm’J5.
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Thi dy 11.5

M4t vt quay chim din quanh tryc cf
dinh. O thdi diém khio sdt, diém A cch truc
quay khodng R = 0,5m ¢6 vin tdc v = 2m/s va
gia t8c (toan phin) 1a 8+/3 m/s2,

Tim vén t6c géc VA gia to¢ goc clia vat.

Tim vin t6c va gia toc diém B cdch tmye
quay mdt khodng r = 0,2m.

Bai gidi:
1. Vin téc géc va gia t6c géc cla vit
- Vin tde g6e clia vat:
o= A/ e 4rad/s
R 05

- Gia tdc g6c ciia vit:
2
Wy =W W, = [WE A - 928 =82 mis’

= g:ﬂ:%]-?—_-[ﬁﬁmdjsz

R ,
2. Vén 1éc va gia tdc diém B
Vo _r 022 v 2y _08ms
V, R 05 5 5
Wo_r 02 2 4 2y 1688 .
W, R 05 5 5 .
Pipst: 1) 0 =4 radis ; & =162 radss”;
‘2)VB=0,8mfs;WB=l—%Em.’sz.
Thi dy IL6

Qui cfu A treo & ddu s¢i day dai 1 = 398 mm, dao dfng trong mat
phing thing ding thee luit: @ =18t-si.n%t. Tim:
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1. Thsi diém ddu tién tir khi bdt ddu chuyén dong
d€ gia tdc phip clia qui cdu biing khéng.

2. Thoi di€m dau tién dé gia tdc tiép bing khong.

3. Gia tic toan phin hic t = 2s.

Bai gidi:
1. Thoi diém ddu tién d€ gia 16c phdp bing khéng
2 3
LA I
W= Hp=— —t =>e= H=——:sin—t
L Thae R T

2 2
Gia t6¢ phip: W' = L’ = 398.{;‘—6] cos? gt

Khi: W'=0o poszgt:ﬂ < casgt=0
T=Zikmk=0,1,2,
2 2

Thoi diém ddutiénthik=0=t=1s
2. Thoi diém ddu tién dé gia 8¢ 1iép biing khong

. 5 -’ m
Gia t0c tiép: W' =1Le = 398.| —— |sin—t
32 2
: . .o
Khi w =0<:>sm5t=0

& —t=knk=1,23.

ST

Théidié’mdﬁu&énlﬁﬂgvdi:k:l:%l:ﬂ:ﬂ=2&
3. Gia 16¢c toan phén lic t = 25
o N ) n
Khi W*=0va W" =398 % cosz-i-.zz:’W":IS{]cmlsl

Gia tGc toan phin: W = W" = 150 em/s?
Pdp s6: 1)t=1s.
2)t=2s.
3) W = 150 cm/s*.
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BAITAP

Bai tap I1-1
Cho phudng trinh chuyén dong ctia diém M:

x=1()cos(2—nt]
5

. [2n
=10sin| —t
Y [s )

(x, y,  tinh bing cm, t tinh bling s):

Tim qu§ dao, vin tdc, gia tSc cda didm M.
BaitapI1-2

Mét xe chuyén dong trén duding trdn bén kinh R = 400m véi vin tde
diu Vo =18km/h. Xe chuyén ddng nhanh dén déu va 1 phut sau dat dude
vén t6¢c 72 knvh. Tim gia t6c ti€p, gia téc phip, gia (8¢ wan phin cla xe
va doan duding ma xe & dugec sau 20s k& 1 lic bit ddu chuyén ddng?.
Bai tap 113

Cho ¢o ciu tay quay thanh truyén OAB tay quay OA = | = 10cm quay
quanh O véi quy lujt ¢ = 10t lam cho con chay B chuyén dong theo
mdng trugt nhd thanh truyén AB = 1. M trung ¢iém clia AB.

a) Lip phudng irinh chuyén dgng cia B va clia M.

b) X4c dinh qu¥ dao clia M.

¢) Tim véin t6c cia B va M,

Bai tip -4
Hai diém cing bit ddu chuyén dong tir mot di€m wén vong tron bin
kinh R = 16m theo hai chidu nguge nhau. Piém thi nhilt chuyé&n dong
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theo ludt S = Wi+ 2sin§t , trong d6 W = const con didm thi 2 ¢6 gia t6c

phip W"= 4. Khi hai diém gip nhau thi gia tdc cia diém tht 2 14
4/5 m/s%. Tim W va thiti diém gap nhau,
Bai tap II-5

Mot diém chuyén dong nhanh ddn
déu trén m3t nghiéng AB sau d6 chim A
din déu trén mat ngang va cubi cing
ditng lai § C. Biét AB =8|, BC=8; va
thdi gian diém chuyén dong tir A dén C
1a t. Tim trj 6 cdc gia t6c W, va W, khi diém chuyén dong trén AB vi
BC. Lic ddu & A vén t8c clia di€m bling 0.

Bai tap I1-6

B [S

Mot diém chuyén ddng trong mit phing xOy, gia 1dc cdia 06 ¢ hinh
chi€u: Wy = 4 em/s?, Wy = 2t em/s®. Tim phuong trinh chuyén dong ciia
di€m. Cho biét liic t = 2s, viin 18¢ cha diém v = 1242 cm/s va 1am véi cic
trye Ox va Oy nhifng gée bling nhau.

Bai tap I1.7

Vét quay quanh tryc c§ dinh theo phudng trinh: ¢ = 1,52,

1. Tinh chd't chuyén déng § céc thoi diém 1, =1s va ty = 2s,

2. Vin t8c va gia tdc clia di€m céch tryc quay mt khodng r = 0,2m &
nhitng thei diém trén.

Bai tdp I1-8

M6t cd ciu 4 khiu c6
dang hinh binh hanh. Tay
quay OA dai 0,5m quay véi
vin tdc géc @ = 2t rad/s.
Dgc theo AB con trugt M
chuyén dong theo lujt: a =
AM=5%(@:m;t:s). Tim van 8¢ va gia tdc tuyét déi cda con trgt

_lic t = 2s. Cho biét hic d6 ¢ = 30°.
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Bai tap II-9

Vanh tron bén kinh R = 20cm quay
trong miit phing ciia n6 quanh truc O vdi L
van t8c géc khbng ddi o, = 3 rad/s. Diém R
M chuyén déng trén vanh theo luit s =
cung OM = 5at cm. Tim van toc va gia t6c
tuyét d6i cia diém M lic t=2s.
Bai tép I1-10

Nira dia tron bdn kinh R = 40cm quay déu
véi viin t8¢ gée @, = 0,5 rad/s quanh dudng
kinh AB. Piém M chuyén dong theo vanh
dfa v8i vin t&c khong ddi u = 10 cm/s. Tim
vin tdc va gia tGc tuyét a8 cda diém M
lic géc AOM =45°.
Bai tap II-11

Tam gidc vudng OAB chuyén dong
trong mat phing hinh v& quay quanh O
véi vin 1c goc khong ddi o, = 1 rads.
Piém M chuyén dong tr A dé€n B vdi gia
t6c khong d6i bing 2cm/s’, vin t6c ddu
bing 0. Tim vin 8¢ tuyét d6i va gia e
tuy8t ddi clia M lic t = 0,5s, biét Iic ndy
OB =BM =4cm.
Bai tap I1-12

V&u ¢6 dang nita hinh tedn bdn kinh r
chuyén dong phing tinh tién ngang sang
phii véi vén tdc khéng ddi V 1am cho
thanh tya 1én n6 phai chay doc theo rinh
thdng ding. Tim gia téc cda thanh thing
ditng g véi lic @ = 30°. -




Bai tap [1-13

Cam la mét dia trdon bdn kinh R, tam C
quay déu quanh truc ¢& dinh vudng géc mit
phing hinh v& va di qua O véi vén 8¢ op lam
cho cin ddy AB chuyén d6ng doc theo ranh
K. D6 1éch tim OC =%J§. Tim vin t&c va

gia t6c cia cdn ddy tai thdsi diém dng véi
o =30° @ =45°
Bai tap II-14

M6t cd ciu culit OA quay quanh tryc di
qua O vdi phudng trinh: ¢ = S5t ~ 0,52 Méat
con chay M chuyén dong doc theo rinh cia
culit véi phuong trinh § = OM = 0,5t (S tinh
biing cm, t tinh biing gidy).

Tim vén t8c va gia tdc tuyét ddi cia con
chay M tai th¥i di€m t = 25,
Bai tap II-15

Hinh chit nhit ABCD quay quanh canh CD
véi van t6c o =§rad}'s = const,Doc theo canh
AB dim M chuyén dong theo quy luft
§= asing-t (cm). Cho biét DA = CB = a (cm),
Hay xdc dinh gia iS¢ tuyét d8i cda difm M
tai thdi di€mt = 1s.
Bai tap [I-16

Tay quay OA ¢6 chidu dai 1 = 10em quay
d8u véi vin 1c gbc wy = 6 radss Iam cho con
gt A tragt doc cén 1fe O;B. Lic OA nim
ngang @ = 30°, Tim v4n téc, gia ¢ cla A

trugt doe cdn Ifc? Tim vén t8c gbe, gia tsc
goc cda cdn 1ic? :
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Bai tap II-17

Cén AB chuyén dong nhanh din déu
tif trang thdi nghi, sau 4 gidy trugt 6 vj
trf cao nhat xudng doan h=4 cm 1am cho
cam c6 bdn kinh R = 10 cm trugt ngang.
Xic dinh vén t8c, gia t&c clia cam tai vi
iri trén?,
Bai tip II-18

Cd ciu 4 khiu ban 1 nhy hinh vé.
Cho OA =13 AB = 2r; O,B = r+2. Lic
OA thing ditng, cdc diém OBO, cing
nim trén duwdng ndm ngang, khi dé
thanh OA cé vin téc géc 1a o, va gia
e géce,= w2 3

Tim vén t8c géc vi gia tdc géc cha
thanh AB?.

Bai tip 11-19

Hé rong roc nhu hinh vE. 3 thai
diém vit (1) dudc ning 1én vdi vin téc
¥, gia t§¢ W,. Vit (2) hg xufng véi
vin t8c ¥,, gia tdc W,. Rong roc dong
¢d ban kinh R. Tim vén t8c rdng roc
dong, van t8c va gia toc tim C, gia téc
diém B?.
Bai tap 11-20

Vat M rdi xuéng theo quy huit x = 2¢
(x tinh bing m, t tinh bing s) lam
chuyén ddng rdng roc 2 vi rong roc dong
1. Rdng toc 1 ¢6 bédn kinh bling 0,2 m.
Tim gia t3¢ c4c di€m C, B va D trén vanh
ctia rdong roc 1 hde t=0,5s; 0B L CD.
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PHAN III

PONG LUC HQC

Churong 1
CAC KHAI NIEM CO BAN PONG LUC HQC

Bong Ivc hoc 1a mdt phin cla cd hoc 1§ thuy&t, nghién cttu syt lién hé
gifta Iuc va chuyén déng.

§1. CAC PINH LUAT PONG LUC HQC

Ly thuyét cda phdn dong luc hoc duge x3y dung tif nhiing dinh ludt cd
ban do Newton ldn ddu tién thiét 13p mét cach hoan chink, nén con duge goi
12 nhifng dinh ludt o8 dién vi n6 dya trén khdi niém thisi gian va khong gian
tyét d5i, mot khdi niém ma ngdy nay da c6 bi€n d8i, ty nhién n6 vin con
diing cho hiu h&t trong céic tratmg hp thyc 1§ va k§ thuat thudng gip.

Déi twong ciia cdc dinh Iudt dong Ite hoc 12 chét didm.

L. Pinh ludt I (Pinh ludt qudn tinh)

Néu chit diém khong c6 lvc téc dung thi chit diém s& nim yén hoic
chuyén d6ng thing déu.

F=0-—»V =const (d4cbi¢t V=0)

Moi chit diém ty n6 khong mudn bi€n thién n&u khong c6 lye tic
dyng. Tinh chit mudn’ gilf nguyén tang thdi chuyén dong duge goi 1
quén tinh. Chuyén dgng khong c6 lyc tdc dung (V =const) duge goi 12
chuyén ddng qudn tinh, do d6 dinh luéit ndy cdn goi 1a dinh luAt quén tinh.
11. Binh luit XI (Pinh luit cd bin)

Gia td¢ ma. chit diém nhin dugc c6 phudng, chiéu triing véi phuong,
chiéu cila fyc tdc dung, ¢6 gid t tj 16 vdi cudng 48 cha luc.,

mW =F
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Biéu thifc trén cdn goi 1A phuong trinh co bin dng luc hoc.

Trong d6 m 12 hé s6 ti 1& c6 gid tri khéng di, né chinh 14 khéi lugng
cda chélt diém.

Pinh luit nay con duge goi la dinh ludt co bin trong cdc dinh ludt cia
déng lwc hoe vi né néu 1én dude méi lign hé gifta luc va chuyén dong.

- Trong trudng hop c6 nhiéu lyc cing téc dung 18n chat didm, thi cde’
Ivc citng téc dung d6 13 hé lyc déng quy, goi R 1a hgp luc, ta c6:

9E)~R>mW=R hay mW=3F
k=l

- Citng mot Iuc téc dung F, néu chi't diém cé khéi lrgng 16n thi gia
16¢c nhin dudc s& nhé: Lc 1am cho trang thdi chuyén dong bi€n thién
it, chd't di€ém c6 “d6 qudn tinh” 16n, nén khéi lugng 12 s6 do qudn tinh
cda chit diém,

- V4i tdc dung cda trong luc, moi vi1l roi vdi gia t8c 1a §. Nhu viy
theo dinh ludtcd bdn, ta cé: mg=p

Véuisd:mg=p

Theo hé don vi quy dinh: Khéi lugng, do dai, thdi gian 12 nhilng dai
Igng cd bdn c6 don vi (goi 12 don vi cd bdn) dugc tinh bing: kg, m vi s.

Nhu vy, Ige 1a dai lugng din xuft c6 don vi (gei 1a don vi dfin
xudt) N:

IN = lkg.m/s’

Do dé: P =m.g= kg x 9,81m/s* = 981N

V3t cé khéi ludng m = 1 kg thi trong hegng 12 9,81N
TIL. Dinh luat 111 (Bjnh lujt téc dung vi phan tic dung)

Lic ma hai chit diém téc dung l4n nhau thi bing nhau vé tri s&, ciing
dudng tsc dung v nguge chiéu.

Fe A

2z 2z

Hinh 3-1

Dinh luft nay d3 c6 phét bidu trong tinh hoc, khdc nhau 13 & diy d6i
tugng 1 chit diém c6 thé chuyén dong cdn trong tinh hoc ddi tugng 13
vitrin nim yén.
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Lutc t4e dung bao gidf cling 12 dai lugng twong hd, né mang tinh rat phd
bién va bao quat, do d6 ciing rit quan trong.

Ta 6 tdc dyng gita hai chdt difm A va B: -

F, 13 Iuc tic dyng ca A 1én B va nguge lai 1a E;: E, = -,

Vi f,, g, W,, Wg 13 khi lugng vi gia tdc cla 2 chit diém A va B

Fa= mbB va FB = mAWA
= mpWp=maW, hay &=ﬁ
W, my
Gia t6c hai chdt diém giy cho nhau i 1& nghich vdi khdi lugng
clia ching.

§2. HAI BAI TOAN €O BAN - PHUGNG TRINH VI PHAN
CHUYEN PONG

L Hai bai todn cd bin

Trong ddng lyc hoc, hai bai todn sau ddy dugc goi 14 hai bai todn
cd bdn:

1. Tim Iyc tic dung 1én cht diém c6 chuyén djng di bi€t. Bai todn
nay goi 1a bai todn thif nhat hay bai toén thuin.

2. Tim chuyén dong clia chit diém chiu lyc tic dung 44 bi&t va cdc
diéu kién ddu. Bai todin nay goi Ia bai todn thi hai hay bai todn nghich.

Véi § nghia 12 bai todn co bin thi moi bai todn khic déu duge phin
tich dva v& thanh nhitng bai ton trén € gidi.

D3 v6i bai todn thit nhét ta xdc dinh phuong, chidy, t 6 cla lye tie
dung cdn bii todn thi¥ hai ta x4¢ dinh duge phuong trinh chuyén dong cia
diém. Ta ding dinh luit cd ban d€ gidi bai todn thif nhat va ding phutng
trinh vi phan chuyén dng cilia chat diém d€ gidi bai todn thi hai.

IL Phudng trinh vi phiin chuyén dfng ciia chit diém
Chit diém M c6 khdi lugng m, chuyén dong dusi téc dung cda luc
®(F,) . Theo dinh ludt cd ban ta c6: mW = ZF,

.5 &R
+Vii W= -&-‘121, tir dinh ludt cd bin ta c6:
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d?R - P .
m?=2ﬁ hay mR = ZE
Pudec goi 1 phudng trinh vi phiin chuyén d6ng cia chat diém dang vec to.
+Vdi: W6 cdc hinh chi€u la: W, ; W,; W,
E, ¢6 cdc hinh chidu la: X; Y; Z
Chi&u ding thifc vec td trén 1&n cdc truc toa do Dé cdc.
mWy=XX; mW,=ZY, mW,=ZZ
Ma: W, =% W,=¥% W,=i.
Nén ta ¢6 cdc phudng trinh:  m¥ =XX
my=ZY
mi=XZ ]
Céc phuong trinh nay duge goi 12 cdc phudng trinh vi phédn chuyén
déng ciia chit diém vi€t dudi dang toa 46 Dé cdc.

+ Vdi: W=W+ W
28 . 2
trong d6: W' :gzs LW v
dt
Ta dugc: m§=3F (lyc ti€p tuyén)
Vi

m—=XF" (lyc phép tuy&n)
p

Pugc goi 1a phuong trinh vi phén chuyén déng ciia chat diém dudi
dang toa d§ ty nhién.
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Chuwong 2
PAC TRUNG HINH HQC KHOI LUGNG

§1. KHOI TAM CUA CO HE
Co h¢ 1a tip hgp ctia nhidu chdt diém ma chuyén dong ciia chiing ¢6
lién quan vdi nhau,
1. Khéi niém vé khéi tam
Khdi tAm 12 mét di€m hinh hoc ddc mmg cho
st phidn bd khdi lugng cla ed hé.
Goi C 1a khéi tim cila cg hé, thi C phai thoa

min diéu kién;
= 2m g - Zm i,
2my M

0
Vi ti ciia khéi tim phu thuge vao khéi lugng Hinh 3.2
my va vi trf T, cda cdc chdt ¢iém.
Trong h¢ toa d) D& cac vudng géc, goi oa d6 cla C Ja X, Yo, Ze, hinh
chiéu cia %, 13 x,,y,,2, tacé:

X.= kaxk
M
\ Zmyy,

M
RN
& M

Néu nhan tf s8 va miu s8 cho trf s6 gia the trong trudmg g ta nhin dugc:

Xo = Zmex, Ty X, -
Mg P

(Tuong tf cho cdc toa 49 Y va Z¢)
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Xe» Yo, Ze 1 toa d6 wong tam, vy khéi tim C triing trong tim ciia cd
hé, ta ding tinh cha't nay dé xdc dinh khéi tim giéng nhu xdc dinh wong
tam. Tuy nhién, khGi 1im c6 ¢ nghia tSng quédt hon trong tAm, nhu trong
mdi trudng khéng cé Iyc hit (trudng hdp dén) thl ong tim khong con ¥
nghia nhung hé van c6 khdi taim.

Kh&i tim déng mét vai trd quan trong trong viée khdo sdt chuyén
d6ng clia co hg.

II. C4ch xac dinh khéi tAm

Céc cong thite va cdc tinh chit ding d€ xdc dinh trong tim déu dude
sit dung dé xdc dinh khdi tim cia hé.

§2. MO MEN QUAN TINH CUA VAT RAN

L. Pinh nghia
1. M men qudn tinh cia chit diém
MG men qudn tinh ciia chét diém di voi diém béng tich s& gida khdi
ligng ciia chdt diém vdi bink phuong khodng cdch tit chét diém dén diém.
Ky higu: dJ, = mp’
M6 men qudn tinh cia chdt diém 35 véi truc bing tich s giita khoi
lugng ciia chdt diém vdi binh phuong khodng cdch tit chdt diém dén truc.
Ky higu: dJ, =mp?
2. M6 men qudn tinh cita vt rin
V4t rén c6 n chat diém.

M6 men qudn tinh cda vdt rdn
(cor hé) d&i voi mét diém bing t1ng
mé men qudn tinh ciia cdc chdt diém
thuge vat (co hg) dét vdi diém dob.

n
K¢ higw: I, =Y mpp
k=1

Mo men qudn tinh ciia vit rdn (co
.h) @5 véi mdt truc blng téng mo
men qudn tinh cha cdc chdt didm
thuge vt (co h@) dBi voi truc do.
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Ky hiéu:

< 2
I, =2 mdy
k=l

M@ men quén tinh luén luon dwong. Bon vi mé men quén tinh 13 kgm?,

IL Lién hé gita mé men quén tinh clia vt d6i vdi cdc tryc va géc

toa d§

Tif hinh v& trén, ta ¢6:

Va:

Viy:

Tudng ty:

Suy ra:
Viy:

Hay:

3 dy e
di =% + ¥
Pooda a5
Py =Xy +yi+z;
2 i acd
S, =Zmdy =Fm, (xk +Yk)

J,=¥m, (xﬁ +z§)

3, =Em, (v +2d)

41,41, =28 m, (xi +y} +z§)
T, 43,47, =2% mp?

L+I,+1, =21,

T6ng mé men quén tink cia vt di vdi ba truc tpa dg bing }uu 1dn mé
men qudn tink clia vat d6i voi gée toa dp.

IIL Binh Iy Steiner (hay chuyén tryc mé men quén tinh)

1. Binh Iy

M6 men quin tink cia vat d5i vdi mft truc bét k) bdng téng gita mo
men qudn tinh ciia vit d6i véi truc di qua khdi tdm cia vdt va song song
vdi truc dd cho vdi tich s& gita khoi lutgng ciia vit va bink phuong khodng

cdch hai vgt.
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2. Chitng minh

TN
/

%,
Hinh 3-4

TU hinh v& ta c6:
Xy =X Vi = Yie 82 =2

1, = Zmy(xt + ¥4 = Ty (X + (Ve +4)°)
= )kaXL + T m e + 22 MY d+ 2 m,d?
=¥ m, (x3 +y,)+ Md?
I,=], +Md’
Vi: Y m,d* = Md
Va: 2d¥muy,. =0 (toa d§ khéi tim d6i v3i hé toa d§ Cxcyeze)

IV. M men gquén tinh ciia vat rén dac biet
1. Thanh thing dong chit cé khdi lugng la M, cé chiéu dai la |, C la
khdi tam

Z 1z,
e Lrd —
A yt o —
| -
Hinh 3-5
Thanh ¢6 chiéu dai la 1.

Chon My 12 doan VCB dx, ta co:
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mkf-h—:[-dx
M 1M |
Suy ra: = [=xldx ==—x
a1 31|,
" 1o
Viy: I, ==Ml
3
T cong thiic: ), =1, +Md?

2
=1, =1, -Me = IME ML

1, =Lwmp
P

Hodc tinh Jz, tlr dinh ngha, ta c6:

1
2
2 %‘lwxzdx = b—f»xj

o
3

-
il
R

2

a2
A
3 12Ml

2. Dia tron hay try trim déng chét c6 khéi lipng li M, ¢6 bén kinh Ia R

Chon phén ¥ My 1a vang trdn ¢6 bé day 13 dp, ¢6 tim 12 O, ¢6 bin
kinh 12 p, ta ¢6:

z M,

m, = 2npdp 2y~pdp

dp
2R? < 0
KoM 2M [ =
Suy ra: I.‘=]'2-RTpldp=—
0

4
2P
4R" |,

St =—MR , Hinh 3-6
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3. Vanh tron hay éng tron dong chit cé khoi lugng la M, c6 bdn kinh R.

Chon phin ti¥ My Ia cung trdn trén chu vi

ctia vdng trdn duge chin bdi gée de.
;
Tir cong thite: J, = ¥ my 5 ~__)
Vai: =R
Ta c6: m ——Mﬁqu: Hinh 3-7
' KR e
xM mR? [
Suy ra: 1= [—R*dop=—r-r
¥ ’ DI 2n c 2n (Pﬂ
vay: 1, =MR?

4. Khéi cdu ddng chdl c6 khéi lgng la M, c6 bdn kink 12 R.

Chon phin ti My 12 hinh cfu c6 bin
kinh p, tim O, day dp, ta c6:

z

m, = 4M anpldp . ®
Zar?
3
R M R X
Suyra: J,= j'BEJ—.p"d;:P:——;ps .
i R SR |y Hinh 3-8
vay: ], =%MR2
Véi: I 41, +1,=2)
2, 2.3
=1,=1,=], =L =5MR

§3. PHAN LOAI LUC TAC DUNG LEN CO HE
Litc tdc dung lén co hé thudng phin 1am hai loai.

1. Ngoai ly'c
Lufc it bén ngodi tac dung 1én eo hé ky hiéu: F*
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Goi R"la vec td chinh va M} 12 md men chinh ciia hé ngoai lyc thl:
R" =2
M; = ity (F )= L5 A
II. Ni lgre
La lfc ma cdc chilt diém cia hé téc dung 1in nhau, k¥ hiéu: '

Goi R" va M, 13 vec to chinh va vec 1 md men chinh cfia hé noi e,
ta cé:

R=3H =0
Mp = ity (F) =0

Téng hinh chi€u v2 t8ng m6 men cia cdc ndi lye 46 vi bt ky troc
ndo cling biing khéng.
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Chuong 3
CAC PINH LY TONG QUAT PONG LUC HOC

Céc dinh 1y 8ng qudt dong lyc hoc 1 cdc hé qué ctia cdc dinh lujt
ddng Ive hoc, dic biét 1a cia Pinh ludt II (Pinh ludt cd ban djng luc hoc,
mW =F). C4c dinh I nay gidp ta gidi quy€t cdc dang cla hai bai todn
¢d bin dong lic hoe mdt cdch higu qué trong tiing truding hdp cu thé.

31, PINH LY BIEN THIEN PONG LUGNG
I. Khdi niém vé dgng lugng
1. Péng lugng ciia chit diém
Chit diém c6 khi Iugng m, chuyén déng vai van e V, dong lugng
ctia chat di€m 13 mdt dai lugng c6 hudng dat 1&n chalt diém,
Ky higu: k
F=mV

Mm) v K
Hinh 3-9
2. Bong lugng ciia co kg, vat rdn
Pong lugng cia mot cd hé hay cla mdt vit rin thi bing t6ng dong

ltgng ciia cdc chal diém thuGc cd he hay vat rén, ciing c6 nghia 1a dong
Iwgng clia cd hé biing t3ng dong lugng ciia cdc vit thude cd hé do.

Ky higu: K
E=Yk=FIm¥V,
my., ¥, - khoi lugng va van t6c cia chit diém My thude co hé - vt
Trong hé toa 46 Décéc:
' K, =ZmV, =Fm%,
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K, = kavky =Xmy,
K, =2mV,, =Xmz,
Ky, Ky, K; - hinh chi€u cfia K trén céc truc x, v, z 12 toa d8 ciia chil
diém My.
Bdn vi clia dong lugng: kgm/s
Tit biéu thife:

K= % mk‘-’}k

B3i v6i cd hé hay vatrin, C 12 khéi tim, ta c6:
= _ZmE
LEY:

Hay: Mi=Ymi

Pao ham hai v€ theo t:
dg a5,
ME=¥m &
3 LT dt
MV, =¥ m,V, =K
Bong lugng clia ca he bling déng lwng ciia khoi tim mang kh&i Iugng
clia ¢d co hg, tir diy cho ta phuong phip don gidn d€ x4c dinh dong lugng
ciia ¢d hé bling cdch xdc dinh dong lugng khéi tim ciia co he. Ta ¢6:
- Bdng lugng ciia vit chuyén dong tinh tign:
K=MV,
- Béng lugng cda vit rin quay quanh tryc di qua khdi tim:
K= MC’c =0
- Bdng lugng cda vét rdn chuyén dong song phing:
K =MV,
1. Khdi niém v& xung lugng
Xung legng 12 mét dai lugng c6 hudng dic trung cho sy tdc dung cilia
Iyc theo thdi gian.
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1. Xung lugng nguyén 16 cita lyc (con goi la xung lic)
Pai lwgng dic trung cho sy tic dung cia lyc trong khodng thdi gian
khéng xdc dinh vd cing bé dt. Goi F 13 Iuc thi xung Iyc lads .
di=Fdt  (Ns)
Xung Itgng clia luc phu thude vao luc va thoi gian tic dung.
2. Xung lugng cita lic
L2 xung lugng ma tdc dung ciia Ivc trong khodng thdi gian xdc dinh
dugc (hitu han), goi thdfi gian d6 a ¢, thi:
t=11~1p
Ky hiéu xung lugng ciia lirc la § thi:
§=['Fat
Néu lyc F khong ddi thi:
S= I"?.||: =F(t, —t)=Fu1

Pon vi clia xung lugng: Ns
N&u IN = lkgm/s? thi: INs = 1kg m/s
Nghia 1a thif nguyén cia xung ludng va dfng lugng giéng nhau.
Trong hé toa d§ Pécdc, thi xung Iugng dude xdc dinh nhu sau:
Sy=Xt;S,=Y1;8,=Zt
trong d6: Sy, Sy, S - hinh chi#u ciia S trén céc truc;
X, Y, Z - hinh chi€u ciia F wén cdc truc.
L. Pinh I bién thién djng lugng
1. Djnh ly
D§ bién thién dgng lugng cia co hé trong khodng thoi gian hitu han
béng téng xung lugng cia cdc ngogi lic tdc dung lén co hé trong khodng
thdi gian dd, nghia la:
Izl = f(o =X s;
2. Chitng minh
Xét chat di€m M c6 khdi lugng 12 m chiu tdc dung clia ngoai luc P
va ndi lyc I thi theo phudng trinh co bin ddng lye hoc, ta c6:
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mW =F +F
Wz o
hay: ma- =F +F
va: m(dV)=(F° +15‘i)dt
B6i v6i co hé gdm n chat di€m thi 13y tdng 1én ta c6:
Zdm V)= Z(?: +F )'dt
dymV, = Y Edt+ ¥ Fat
= dK = ¥ Frdt
Tich phan hai v& cdc cin tich phin tidng wing, ta c6:
[k = [ SRa=3 [Fa
hay: K -K, =ki|§§
Chi ¢d ngoai lic méi ¢d tdc dung lam bién thien xung lugng co he.
IV. Dinh lut bio toiin ddng lugng

a) N€u ngoai lyc tdc dung 1én cd hé biing khong tht dong lugng clia cd
hé dugc bio toan, nghia Ia:

YF=0th &, =&, hay (Zm¥, )I =(Zm ¥, )D
b) N&u hinh chi€u cda ngoai lite 16n mot phudng ndo dé biing khong
thi ddng lugng cla co hé theo phuong d6 duge bio todn, nghia 13:
¥ X; =0thi me = K,m hay (¥ m,%, )' =(¥m,x, )0
Dinh I nay ding xdc dinh vin téc cia co k¢ la 1dp hop cdc vit chuyén
déng tinh rién. ¢
§2. PINH LY CRUYEN BONG KHOI TAM
1. Djnhl§

Khdi tdm ciia co h¢ chuyén dgng 8idng nhu mot chdt diém, mang khsi
lugng cida ed co h¢ va chiu tdc dung ciia ngoai lge ddit lén co hg:

MW, - BF



Ching minh:
Khéo sdt co hé gbm n chit diém; xét chft di€ém My, (my). Theo phiong
trinh cd bdn ddng lyc hec, ta c6:
W, =R +E
D6i véi he, 1a 18y tdng:
Im W, =TK+ZE~ZF @
Theo ¢ong thife xdc dinh kh6i tim, ta da biét:
= Mr, =3 m,r,
Pao ham hai lin theo t ¢d hai v€, ta c6:
d:Mi s 5 2m

?-Z *da

MW, = Zm, W, (b)
So sénh gilfa (2} v (b), ta duge: MW, = T B
IL Binh lugt bdo toan chuyén d¢ng khi tam

1. N&u ngoai e téc dung 1én hg bing khong, nghia :
dV

X4y ra hai trudng hgp:
a) V. =const : Chuyén dgng kh6i 1am cl.‘,ia ¢d hé duge bio toan.

b) Vc=0:%t-=0=:>r¢=const: Toa d6 khdi tim ciia co hé duge
bdo todn

(zmkﬁc.)| = (zmkfk )o -

129



2. Né&éu ngoai Iyc tic dung ién hé chigu 1&n phudng nio d6 (vi du:
phudng x), nghia la:

dx,

IX; =02 MK =028, =022 =0

X4y ra hai trudng hop:
a) X, =const: Chuyén dong kh&i tm clia cd hé theo phuong x dudc
bio todn.

b) x,=0= d;: =0=X_ =const: Toa dﬁ) kh&i tdim cla co hé theo

phuong x duge bédo toan
(kaxk)] =(Zmx, )u =
Binh lugt bdo toin chuyén d6ng khdi tam cda co hé gidp xdc dinh
dugc dj dosi tuy@t d6i cla cdc phdn tf trong mot cd hé ¢6 sy chuyén dong
tdng ddi gilta cdc phin tf vdi nhau. L
Ta d& dang gidi thich vi sao thuyén chuyénh dong khi c6 ngudi di
chuyén trén thuyén v.v... Cling nh x4¢ dinh dugc 46 ddi ciia thuyén khi
bi€t dugc di chuyén cilia ngudi.
inh 1§ nay ding xdc dinh chuyén doi cia co hé.
§3. PINH LY BIEN THIEN MO MEN PONG LUGNG
L. Khdi ni¢m v& m6 men dfng lugng '
Chit diém M c6 khsi Iugng 1a m, chuyén dong v6i van tde V, nhuta
d% bi€t chat diémc6 dong hrgng 134 k=mV.
1. Mé men djng lugng cila chdt diém
+ MO0 men déng lugng ciia chit diém déi véi didm O:
b=, (K)=FAk=Fam¥
+ Mo men dong lugng ciia chit diém d6i véi tryc z:
‘ T =i, (k) = thk' = thmV’
V' - hinh chiéu cda V xudng m3t phing P vudng géc véi iruc.
L&y dilu (+) khi hinh chi€u nay quay quanh tryc z nguge chiéu kim
ddng hd,
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Nhu trong tinh hoc ta ciing ¢6 dinh 1y lién hé md men déng lugng d5i
vdi diém va 481 vai trye nht sau:
ﬁl(f{)=mn(1'<}z :(0s2)
Pdn vi cila mé men ddng lugng: kgm®s.
2. Mé men dfng higng ciia co hé - vt rdn
M& men déng Wwdng ciia cd hé ddi v6i diém O bling téng mé men
dong lugng clia cic chat diém thude hé dai voi diém O:
I:o =Z?o =X Amkvk
M5 men ddng lugng cia cd hé d5i véi truc z bing tdng md men ddng
Iugng cda cdc chit diém thudc hé ddi véi truc z:
L, =Z1=ZTthmYV;
*M6 men déng lugng cla vit rdn quay quanh tryc ¢6 dinh:
Vit quay vdi vin tdc géc 1a B.
Tacé: Vi =p.o.

Dodé: L,=F+rmV, =¥ fmno0=10) mJ =i,

L,=%nl,.
1, - mé men qudn tinh cia vit quay d6i véi truc quay Cad
Tri dai s& ciia L, tring vdi trj dai s6 clia van 8¢ gbc &.
IL Pinh I§ bi&n thién mé men dfng Iugng ciia hé cd

1. Dinh Iy
Dao him theo théi gian m6 men djng lugng cia co he bing 16ng mé
men cila tdt cd ngogi lc tdc dyng lén co hé. Nghia 1a:

" AT
A7 _vm (e
il Ly =Y. my(F)

d i
aL;Zm,(F‘)
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2. Chiing minh
-Xét mot chat diém My thue o hé, theo phuong trinh cd bén dong hre
hoc ta cé:

m, W, =F +F
Hay: m, EV-’ =im\7 =F+E
y: L k ¥ o%

=T o(m %)=+ TR =XF 1 TF =0)
Thyc hién nhin ¢6 hudng§, vdi hai vé&:
L. d = B i
i AEZ(mka)=rk AYF
d s o o i
EZ(r’\mkvl]*zrk AF
d - .
Vay: 3 Lo = Zig(Fo)
III. Binh luit bio todn md men dong Iugng
Néu ¥'m, (Fﬁ]= 0= d%];, =0=> L, =const. M& men ddng lugng ciia
cd hé d6i vdi di€m O duge bio toan:
ZGAm V) = TG am V),
Néu Y m, (ﬁf)r—O:%i, =0=T, =const. Mé men dong lucng ciia
c¢ hé ddi vdi truc-z duge bao toan:
(£ hameVy); = (T + hamg Vi
1V. Phudng trinh vi phiin chuyén dong cia vat quay

N&u c6 vit quay quanh tryc z, dp dung dinh 1y bién thién mé men
dong lugng cda vit déi vdi truc z, ta c6:

L,=aJ,

d- d ds
Suy ra: —L,=—(®&J,)=—.J, =E.
y a =g ®) =53 =8,
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Hay: -g{i‘, = a]z

Viy: 1,6=2m,(F)

Pudc goi la phiong trinh vi phin chuyén dgng clia vit quay.

Dinh Iy nay ding xdc dinh gia t8c géc cia co k¢ 1dp hop cde vt quay
quanh truc cé dinh.
§4. DINH LY BIEN THIEN DONG NANG
1. Khdi niém vé déng niing

M6t chat diém khi chuyén déng - 6 vin tSc - thl cé mdt dong lugng.
Khi ta ngitng tdc dung Iyc thi chdt diém vin con tiép we chuyén dong.
Viy chét diém khi chuyén dong c6 mang mdt ning lugng, ning lugng
niy gidp né duy td chuyén déng. Néing lugng dé duge goi 12 dong néng.
P6i vdi moi cd hé thi nd vin ¢6 mang bin chit nhu vay.
' 1. Ding ning cha chdl difm

Péng ndng la dai lugng vo huong - duong, phy thuge vao khoi lugng va
tri 56 ciia vdn téc.

T=lmv?
2

Pon vi clia d6ng ndng 1a: kgm/s”.

2. Pong néing ciia co h? - vét rdn

Déng ning ciia co hé (vit rdn 14 cd he dic bigt) bing tdng d6ng niing
ciia cdc chit diém thudc cd hé (d6ng ning cilia hé ciing biing 1éng dong
niing cda cdc vit thude hé). i

“Im Z—lz-mkvf =";“ka"‘:
* Pong ning cla mot s& vat c6 chuyén dong dic bigt:
2) Vit rin chuyén dong tinh ti€n
i =%kavf :%ka'vnz
T=%MV:
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Ding ndng cita vit dugce tink nhu dgng nding ciia mpt chét diém mang khéi
lugng cd var.
b) Va4t rdn quay quanh mft truc e dinh z: V6i vén téc géc 1 o

1 1
T:E‘zmk\’f = Eka.rkzmz
T=1sz2

2

J, =¥ m, 5} - m6 men qudn tinh ciia v4t ddi véi truc quay.
¢) Vatrdn chuyén déng song phing

Vit rén quay quanh tim vin t3¢ tic thisi P (P con goi 12 tm quay tirc
théri), do d6: .

1. 2
==Jp
M
Ta ciing c6 thé tiph theo cong thife khdc, goi C i khéi tim clia vit
Tp =J. +Md?
Tir d6: T=-;—Jcm2+%Mdzmz

| 1
T==J.0 +=MV2
2767 Tgie

Bgng ning cia vit bing t6ng dpng nang ciia v@t trong chuyén dong
quay quanh khoi tdm cong déng ndng cia var trong chuyén dgng tinh tién
ciéa khéi tam.

I Khdi ni¢m vé céng ciia lyc

Cdng cita lirc la dai ugng dde trung cho tée dung cita luc khi diém dar
dori ché. Céng dutomg goi I cong hoat déng (cong sink ra lam cho co h@
chuyén dong). Céng am goi la cbng cdn (¢ng sink ra cdn trd chuyén
dong cia co h¢).
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1. Céng nguyén 16 ciia lyc

Céng nguyén 16 ciia lye la cong cia lyc sinh ra trén d¢ dii vé cﬁng bé
cia lyc.

Ky higu: dA;.
- Dang vec to: dA; = Fdf
- Dang t nhién: dA; =F.ds.coso

-Dangtoa 4§ Pé cde: dA; = Xdx+V.dy + Z.dz

Trong dé: X, Y, Z; dx, dy, dz - hinh chiéu cla Fva clia dF trén cde truc
toa do.
2. Céng ciia e trén mit dogn dudng (hitu han) S =MM,
K higu: A;.

Ap= [ dA;
MoM
Dang vec td: Ap= g?.df

Dang n.hién:r Ap= JFcoscz.ds
5

Dang toa 80 D& cic: Ay = I:; Xdx + E: Ydy+ f; Zdz

trong d6: Xy, Yo, Zp - toa dd ciia Mg: Mo (g, Yo:20)-
X1 ¥po2; - toa d0 clla Mz My ( xl,yl,z,).

Ghi chii:

- Chét diém chiu téc dung ctia mot hé Iuc o(E,) thi: tp(Fk) R véi:
. ) R=XF

Dodé: “dA; =Y dF =Rd7

_Né&u FLldr=cosa=0= dAF =0.
. Né&u F triing véi d_‘;:’A'F=¢EF-dT=if:F.ds.

.NEu F=const=A=+FS.
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Pon vj cda congla J: 1 J=1 Nm = 1 kgm¥/s?.

Thit nguyén cong cia Iye cdng thif nguyén cla dong ning.

3. Céng cita edc lyc ddc bigt

a) Céng cia trong lyc i

Tac6 : Mo(xo, Yo, 20) ; M (x,y,2); B (0, ﬂ: h

0, -P) P
Dods: Ay = [ Zdz= [} -Pdz. Y

A; =-P(z-2z,)=-Ph X

Cong cila trong Iuc khéng phu thude vao dudng dich chuyén ma chi
Phy thude vio vi ri ddu va vi uf cudi. Cu thé I phu thude vao hiéu s& do
cach=2) - zg,

b) Céng cia lue dan hi

% =0M,;5 =0M
Lyc dan héi:

By =—Cf

C - hé 8 din hdi hay hé s8 cifng;
T=0M - bién dang thém.

2 ; Lo
Tacé: Az = EF,h.dm E- CF.d'r'z—ZCr’L =—5C(r,2 -5)
Chon : $=0=>r,2—r§=r2.
. RIS
Ta nhén dugc: Apﬁ —»ECr

N&u dudng chuyén ddi trdng vei duding thing hu6ng tam O, goi dudng
thdng hudng tim 1a Ox, ta c4:

As, z—%é(x;—xﬁ)

Chon xo ttng véi F=0 thi: Ay, =—%sz vdix=x;~xq
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¢) Céng ciia ngdu litc
Cho ngiu hye (F,F*) c6 md men: m=F.r
- Céng cita nglu Iye (F,F'):

Ag :A{irj') =Ap +A;

=A. =+tFS=+Frp=mp

(23

Viy: A=mo
C6ng clia ngiu luc bing m6 men clia nglu Iyfc nhin gée quay.

d) Céng ciia lyc ma sdt

- Cong chia lyc ma sdt trigt:

As =—F,S=-INS

Frs - hé 58 ma sdt trugt;

N - trj 58 phdn lyc phdp tuy&n clia mat twa;

S - doan dudng di dugc.
- Céng clia ngiu lyc ma sdt lin (vit lin khong trugt):
Vit lin duge mot dogn 13 ds: ds = R.do

das
R

Ma: do

. =
Viy: dAyy, = NS
% - m6t dai lugng rit nbd nén cong clda ngiu luc ma sdt 1in khong
déng ké, thuding dugc bd qua.
4. Cong sudlt ciia lvc
Céng sudit cika lyc 12 céng ciia lyc sink ra trong m@t don vi théi gian.
- Cong sudt cla lue F:
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- Cong suit ctia nghu e f:

Bon vi cia cong sudt 1a Watt (W): 1 W=1J/s = | Nm/s = 1 kgm%s’
Cong sudt cia co h¢ 12 16ng cong sudt cia cdc luc tde dung lén co hé.
HI. Pinh Iy bi&n thién djng ning
1. Dinh lj dang dgo ham hay vi phéin
Dgo ham theo thoi gian dgng ndng cila co h¢ bing téng céng sudt cia
co hg.

Chitng minh:
Xét cht diém My thudc co hé, tir phudng trinh co bdn dbng Iue hoc:
m W, =F +F
= ii-m,‘\?k =R+F
dt
Nhén v6 hudng hai v& vdi V,, ta duge:

dod s s
VeV =(Fk +Fk°)-\ﬁ‘
dV, = s
MV =R+ BV,
wi 41 v - 5'-‘-’Bz-=1mv 2% _p v
LE T T e 2 e m
Vay: df1 2 Tt “e_
dy: 3™V =RV, +EY,

D31 v6i ¢a hé ta 14y tdng cita hai vé: 5 3
d ] ity ey
5 (3me )-SRV Y,
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dol s G
Hay: E{ZEmkv: =XRV+XEV,
. aT _ =iy Tl
Vay: Et—=ZﬂVk+EFka=ZNﬁ
Pinh 1 ching minh xong.
Dink Iy nay diing xdc dinh gia t6c (gia t6c géc) hodc luc tdc dung lén
co hé.
2. Pinh Iy dang hitu hgn
Bién thién déng niing cla cd hé trong mét khodng thdi gian ndo d6
bling téng cong cla cdc ngoai lyc vi ndi e sinh ra trong céc chuyén ddi
itng v&i khodng thei gian d6:
T-Ty=TAg, +TAy =TA,

Chitng minh:

iy p—— —
Tir: I=2Fkvk+zﬁv,‘
Suy ra: AT =Y BV di+ TRVt
Ma: 9, =‘t_":=>\7km=d'q;
Cho nén: dT =Y Fe i, + T B dr,

Tich phén hai v& theo cdc cén tudng dng.
j;::dT:EEF{df+ZERdﬁ(

Viy: T1—T0=2Ai:+EAE=ZA§‘

Binh 1 ching minh xong.

Binh Iy nay ding xdc dinh vén tdc (vdn tdc goc) cia co he.

Ta nhin thdy ndi lyc cia cd hé cé 1am bi€n thién dong ning cla cd
hé, chi c6 d6i vdi vitrin wyét ddi thi:

ZA;{=0
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IV. Lién h¢ gitra van téc (v4n t6c géc) vdi gia tac (gia t6c géc) cla vit
chuyén dgng tit trgng théi nghi
1. Vit chuyén ding tinh tién
s=%wﬁ;v: Wt=V=25W
2. V4t quay quanh truc cé dinh

o] =%£t2;w=et=>m=\/ia
Ghi chii: N&u bai todn xdc dinh vin tdc va gia tdc, d€ viéc gidi don
gidn han thi tinh gia t6c trudc,
§5. TRUONG LYC - THE NANG - DINH LUAT BAO TON CO' NANG
L Trudng lyc

La khodng khéng gian, trong dé chst diém chiu tdc dung cia Iue chi
phu thude vio vj trf cda chit didm, :

IL Trudng lyc the

La truting e, trong d6 c6ng ciia lyc tic dung I&n chdt di€m khong
phu thude vao quf dao didm dit cia hye ma phu thude vao vj ti ddu va
cudi clia chit didm,

Luc cia trudng lye goi 1a e thé,
IIL. Thé ning

1. Binh nghia

Thé ndng ciia lyc thé F & Vi tri M (ki higu 7z ) blng cong cia lyc thé
F téc dung 1én co hé khi n6 chuyén ding tix vi trl M vé vj tri 0 (0,0,0).

a) Thé niing trong legng B
= _AF =—Ph=-m]
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P
h
0 2 —"
Hinh 3-11
b) Thé niing lyc dan hdi
v A
bl
2\ i
X
M°
Hinh 3-12
me =-Ap = —[—iCx1)= lez
i m 2 2

trong dé: x - bién dang.

* The ning ciia co hé & vi tri M (ki hi€umy ) bling tdng cong clia cde
Iyc thé téc dung 1én cd hé khi ede e di chuyén tif vi i M vé vitrf 0.
P Z j dA.

M MO B

IV. Tinh chit clia lyc the
1. Ténh chit thit nhat

Téng cong cia cdc lrc thé khi co hé di chuyén trong trudng lyc the -
bing hiéu thé ning cia vi tri ddu v vj trf cubi cia cd hé trong di .

chuyén dé.
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k=T MMy
Thue vy, ta cé:
L n n
E ﬁi = Z I dA; +z dAl-:k :TEM| _ﬂMZ
ka'MIMZ k=1m,0 k=l M,0

Vi cOing ciia cdc It thé khong phy thude vao dang qu¥ dao cédc chat
diém ciia co hé.

Z | dAg —AM,M,’E JdA —AM,"'Z .{dA* =Ay,
k=1 MM, k-]M

2, Tinh chét thit 2

Luc thé ¢6 bidu thife sau:
an on on
By=~7——; F,=——— ; F =-2T
T ax, By 8y, T oz

Thye viy: .
Gid sit cd he di chuyén tir vj i M(x,,¥y.2,) sang vi tri lin cdn
M'(xy +dx,,y, +dy,, 2, +dz, ). Theo tinh chit thif nht 1a ¢6:
Ay =Ty T == (T Ty ) = —dre
Ma: Ay =dA
=S dA=-dn
Mt khdc, cong nguyén t8 duge tinh theo cong thitc:
dA = 3R dx, +F, dy, +Fdz, )
Con vi phan todn phin cita ham the ning cé dang:
dn= E(%dxk + %dy, + %dzk]
Tit d&ng thifc: dA = -dn, ta nhin duge:
L =-§‘k—;ﬁg-- F“’_Ma-z:
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V. DBinh 1y bdo toin cd niing

Khi co hé chuyén ddng trong trudng lyc thé thi cd ndng cla cd hé duge
bdo toan.

E=T+ n =const

Chitng minh:

Gid sit cd hé chuyén dong trong truding e the uir vi tri ddu My dén vi
tri M ndo dé.

Theo dinh 1§ dfng nang, ta cé:

i
T-Ty=Y Ay
el
Mzt khic trong trudng I thé theo tinh chit thif nhdlt ta c6:

iAﬁk =§. | dAg =y =Ty,

| k=1 MM
Viay: T-Ty=mtp ~Tpm,
Hay: T+ my =Ty +my,

THIi DU

Thi dy I11.1
Mt pittdng chuyén dong theo ludt:

T
X =[cosml + Ecos Zml)cm

Trong d6: r 1A chiéu dai tay quay OA, 112 chiéu dai thanh bién AB.
Cho bi€t trong lugng clia pittdéng B 13 P. Tinh 4p Iuc 16n nhdt 1én mat
pittdng (pittdng dit nliim ngang).

Bai gidi:

Xét chuyén dong ciia pitténg B.

Pitténg chuyén déng theo phudng ngang.

Xdc dinh gia 8¢ W.

Ta c6: W=W,-%
re
trong d6: % =—rosinmt —Tsin 20t
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ZmZ
% = -10? cosmt—-—~—] cos 2ot

Viéy: W, =-ro’ [cosmw%cos 2ootJ

Thay vao phudng trinh c¢ bdn dong lye hoe
mW=F
trong dé: F- 4p lyc 1én mat pittdng:
“PBry? [cus ot +§cos 2mt) =-F
g
Ap Iye 1én mit pittdng 16n nhét khi:
coswt =1 va cos2mt =1.

P r
Viy: Foux =§m)2 (HT}

Thi du I11.2

Ngudsi ta ha xudng gi€ng sau vit ning M c6
khéi hgng m = 280kg. Vat chuyén dbng nhanh
din déu, 10s ddu di duge 35m. Tinh sic cing ciia
ddy cdp treo vit.

Bai gidi: T
Khdo sdt vat nang. M

Lifc tdc dyng 18n vat: B,T. ] w
Chon gc toa dj 1a di€m bit diy, ta c6: _& P

So=0; Vo =0 (vat chuyén dgng tir nght)
1, 25
=—Wt s,
S 2W =W o
$=335m ; t=10s
5
W— —07m."s

Theo phuong trinh cd bin dong lye hoc
mW = E—F = I—’ +T
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Ta ¢6: T=P-mW
Hay: T=mg-mW=m(g- W)=280(9,81-0,7) kg m/s?
T =2250N

Thi du 1113

Mat vit ¢6 trong lugng P duge ném thdng ding 1én |
trén vGi v4n t6c ban ddu 12 V,. Xdc dinh d§ cao (5i I
da vit c6 thé dat t6i va thdi gian dé vat dat dén d¢ v,
cao d6 (b6 qua siic cdn cia khong khi).

Bai gidi:
#* Khio sdt vit:
Luc tdc dung 1én vit: B,
Chon gdc toa d6 12 diém bit ddu.
TiY phuong trinh ¢¢ bin ddng lye hoc:
mW=F
Hay: mi=-P=-mg ‘
i=-g
== [-gdt=-gt+C,
Lict=to=0thi 2=3,=V,=C;=Vp
Viy: z=-gt+V,

== [(-gt+Vy)dt= “';'gtz +Vpt+C,

Lict=0thiz=2p=0=>Cz=0

Viy: z=—%g12+vot

Khi vitdat d€n @5 caohthiz=0:
-gt+Vo=0
Ly %

145



1 Vi V,
Viy: h=-—g—2+V,—2
ay 28 32 0 g
1.2
h=—
2g ¢

1
Bidp 56: P§ cao dat duge: h= ?Vg
8

Théi giandatdg caoh: t, = Yo
Thi dy I11.4
Chit di€m c6 khdi lwgng m chuyén dong trong mét mat phing nim
ngang dudi tdc dung cia Iyc ludn hudng v& di€m O ¢8 dinh F=-k’mr,
trong ¢6 T 14 bdn kinh vec tg, k 12 hé s8 i 1&. Tim phuong trinh chuyén
dong va quf dao ciia diém.
Biét ring & thiti difm t = 0, th! %, =Ly, =0;%p = 0;§, = V.
Bai gidi:
Khio sdt cht di€m. Phudng trinh vi phin chuyén d6ng cia chit diém
mf = -k’mf
= mi = -k’mx
my =-k’my
hay: i=klx=¥+k’x=0
) §=—k’y= j+k¥y=0
Nghiém ciia cdc phuong trinh vi phén Ia: .
x = Ccoskt + Cysinkt (a)

¥ = Czcoskt + Cysinkt ()]
% =- Cjksinkt + Cykcoskt (c)
¥ = -Cksinkt + Cskcoskt (d)

" Dya vao diéu kién ddu dé xéc dinb céc hé 56 Cy, Cz, Cs1, Cs.
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Tai thti diém ban ddu, t=0:

x=xg =l=>C; =1 (a)
y=Y0 =0=>C3=0 (b)
)'(:)'(0=0:C2=0 (c)
. . V,
) ) ¥=¥%=Y =:'C-1-=‘k2 ’ @
Viy phuong trinh chuyén dong cia chit diém:
x = lcoskt
Y,
=—Lsinkt
7
Quy dao cia chit diém (khir t), ta c6:
P g S
i =coskt; A sinkt
) k
Ky -
=>—+ =1 la phuong trinh quff dao.
A
k
Viy quy dao 1 &lip c6 hai bén tryc 12 1 y
va E A
k ol
Thi dy IfL.1 va 1112 J2 bai todn thi nhit. —
Thi dy 1.3 va 1114 12 bai todn thi hai. & Py

Thi dy HL5

Hai toa tau c6 cliing trong lugng 1a P. Mot toa chay véi van e 12 u
d€n cham vAo toa kia dang nim yén dé dfy n cing chuyén ddng. Hiy
x4c dinh van t6c cc toa sau lic va cham?

Bai gidi:

Khio sdt cd hé gdm hai toa tau.

Ngoai Iyc tic dung 1én hé gbm trong higng toa v2 phin Iyc cla mat
tya duding ray tdc dung 1&n tai cdc bénh xe. Céc luc nay déu c6 phuong
vubng géc véi phuong nim ngang. .

147



Ta cé: >X*=0
) Viy theo phuong nim ngang (phuong x) déng lugng ciia cd hé dudc

bdo todn, nghia la:

(X myx, ) (ka?‘k)o

Liic sau, cd hai toa ciing chuyén d6ng nén vin (5c cia chiing bing
nhau, ta goi vn 16¢ 14 V thi: (m; + mp)V = m, .u.

m,
m, +m,

V= u

Thi du L6

Mot vdi nudc chdy trong 8ng ¢4 duding kinh d, hgp vdi phuong nim
ngang mét géc o Vdi nude phun ra véi vin tdc 13 V vao tuding thing
ditng. Hay xdc dinh dp lyc cla nude 1én wdng.

Bai gidi:

Khéo sét khéi nuge chﬁy trong thifi gian t, vily khéi lugng clia khai mrdc:
m=—DNVty

trong d6: “—dz - dién tich mieng 6ng nude;
V.t - chiéu dai kh6i nuge chdy trong thdsi gian t;
v - khéi hutgng riéng cda nude, (kg/m ).
Goi NIa phin lvc cda tudng 1én kh6i nuge,
Ap dung dinh 1y bi&€n thién dgng lugng, ta c6:
K=Ky =ZS% (K =0)
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Hay: -mVYcoso = -N.t

nd?

4

V.ty.Veosa = Nit

2
Viy: N:%Vz.y.cosu

K, - d0ng ligng khai nude hic viva ra khéi 8ng;
K, - dong ligng khdi nude Lic cham mit wong, lic dé6 Vy = 0
nén K., =0;
N - phin Iyc ciia mat tuding.
Do d6 4p lite clia khéi nudc 18n mil wong Ia N cdng phudng, nguge
chifu va ciing tri s6 vdi N.
Thi du I11.7
Mot vién dan c6 khdi lwgng 12 M = Skg chuyén dong theo phucng
ngang c6 vén tdc V = 500m/s, dang lic chuyén dong thi kich nd tichra
lam hai manh, minh phia sau dimg lai va roi xudng ddt, con mot minh
1i€p twe chuyén dong vé phia trude cling phidng vdi phudng ban ddu. Hoi
vén tdc clia minh ti€p tuc chuyén dong, biét ring minh nay cb khdi
lugng 1a m = 1kg?
Bai gidi:

v
P, ? Py

Khao sét cd hé 12 vién dan.
Ngoai lyc thc dung 1én h¢ 1 trong lugng ta cd: ¥ X =0. Viy theo
phudng ngang dong lugng clia hé duge bdo todn,
Kx(l] b Kx((!)
Hay: (ka*k)I =(Zmk, ),
trong d6: V,- vin toc cda ménh dan 1i&p tyc chuyén dong;
V,- vén tdc ca minh dan dimng lai, V2=0.
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Vv
Viy: vl:(m'*'—m3)=%5(}0=z,5ooms
m,

V[ =2.500 m/s
Thi dy LIL8 o
Thuyén c6 chiéu dai 1, mdt ngudi di tr ddu d€n cudi thuyén. Hiy x4c
dinh d% doi clia thuyén. Cho biét trong lugng cda thuyén la Q; trong
lugng ciia ngudi 1a P. BS qua sife edn ciia nude, ban diu hé ding yén.

Bai gidi:

Khio s4thé gdm thuyén va ngui.

Ngoai lyc tde dyng 1én hg: Trong htgng cta thuyén Q va trong lugng
cia ngudi B, Iy ddy cda nuwdc N, ce hge nay déu vudng géc vdi
phudng ngang, do dé:

ZX =0

Hg ban du ding yén nén tga d¢ cla hé theo phuong x dugc bio toan,
nghia Ja:

(kaxk)] =(Emkxk)n
Goi § >0 1a d§ ddi cia thuyén,
Xugors X1y Xngoy »Xngry 12 192 04 Iic dlu va Iic sau cia thuyén va ngudi,
fa cG:
Xy = Xyo) + 5

Xnqy = Xpqy +1+8

. Q P
Viy: —g-(x,w)+S]+E(xnm+l+s)=%x,@+§—x“(m
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=QS+P(1+85)=0
=Q8+Pl+P5=0
=(Q+P)S+PI=0
Pl
TQ+P
Ta thiy S mang diu trir, vy gid thuy&t S > 0 13 sai, nghia 13 thyc €
thuyén i lai mdt doan 12 S.

S=

P
Dép sé: S=-——1
4 Q+P

Ta nhin théy: V& két qui 46 dsi S thi o s6 1 khéi lugng ciia phén tir 6
chuyén dong tiong 48 trong he, cdn miu s5 1a t3ng kh&i lugng ciia cd hé,
phan s& nay tao thanh mt hg s& nhan véi di chuyén tudng ddi trong hé.

Thi dg 119

Ling try A c6 trong lugng 14 Pa trfgt rén mat nghiéng clia ling try B ¢6
trong lugng [a Py, tir trang théi nghi cho d&n khi lang try A cham m3t phing
nfim ngang. Hay xédc dinh d§ disi clia lang try B trén mé.t'phﬁng ngang.

Bai gidi:

-0 1P; "

Khio st co hé gbm hai ling try A v2 B, ngoai Iyc tdc dung 1én hé
vuong géc vai phudng OX, nén theo phuong ndy tea 40 khei tim ciia hé
dude bio toan (hé ban ddu nlim yén Xc=0=Xc= const).

D6 ddi S clia B nguge hudng voi di chuyén clia A (S < 0), 45 doi tudng
a5 cia A 12 (b - a) theo phuong X.

Qua vi du 4 ta c6 thé vi€t ngay: 8= —fﬁ-—(b—a)
) Py +Ps
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Thét vay:
GOl X0y X aw»XayXeqy 12 102 40 ldc ban ddu va lic sau cda ling
try A, lang try B:
Xaqy =Xpg +(b-a)-S
Xp(y = Xg(o) —S
Theé vio: (Tmyx, ) =(Lmx, )y- taco:

P, P, P, P
?‘(x‘m, +(b-a) _S)+EB("B(0) 75) = _;'xA(m +EBXB(D}

= Pa(b-2)~PaS-P5.85=0
PA(b—a)—(PA+PB)S=O

P
Viy: =—=t _(h-
dy s P“PB( a)

Bdp s6: S=—TA__(h—4)
P, +P
Déi vdi dang bai todn ndy ¢6 th vidt ngay két qué ma khdng cin phii
tnh todn, didu cdn Ivu § 13 phdi xdc dinh dugc cdc di chuyén twong d6i
trong ¢d hg theo phuong ma khdi tam cda co hé duge bdo toan.

Thi dy II1.10
Bia rdn bén kinh R, trong lvgng P, dia quay quanh truc thing ding
vdi vin t0c g6c 12 wp. MOt xe con c6 trong lugng p chuyén déng theo

vanh ciia bdnh véi vin tdc Wong d8i I §. Hay x4c dinh vin t6c géc o
lic by gidf cla dia.

Bai gigi:

H¢ khdo sét gdm dia tron vi xe con, hé& ngoai Iyc
tic dung 1&n h¢ gdm trong Iwgng ca cdc vit va phin
Iyc clia truc quay, nén ta c6:

T\, (F)=0

Viay m6 men dong lugng cda hé d6i véi truc 2 1a

dugc bdo toan, nghia Ja;

i;:{1) = Ez{u} *)
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Goi vin 18c géc clia dfa lic sau 1a o, ta cé:
L= Ela) +I’::(n
trong d6: f."l[,)- md men ding lugng clia dia lic sau:
— 1 1
Ly =t 0= Em,R?m = z—gp.le

Ly~ m6 men dong lugng cila xe lic san, van 15¢ hic sau cla xe:

Vlizu+aeR

12
Ly =mV'R= ER(u +oR)

Vay: L= %BRZ.nHBR(u +0R) = %(ZP + p)Rz.m-l'lpR.u
g g g g
Con: L= _'i(o) +Lig)
trong d6: L, - md men dong lugng cla dia lic diu
= 1P
Ly =T = 'Z'ERzmo

L% - md men d6ng lugng ciia xe con lic ddu

™ _Pyop_P _Pp2
Bl _gv ; _ng,,.R_ gR o,
Viy: Lyony= iPR’.mo + l.pR’!.mo L MR,
2 g 2g
Tit biéu thitc (*) suy ra:

1 2 1 1 2
—(2P+p)R°.0 =——pR.u+—(2P+p)R" .0,
23( p) gp 2g( PR

2
Viy: o —2pRu + (2P+pz)R 0,
(2P+p)R
- 2p
T PR
. 2p
Dép 56 0 =) ———2—
ip $0: =, (2P+p)Ru
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Thi du I11.11

Mét 1o xo ¢6 chiéu dai 20cm, mudn nén vao lem cdn mot lyc bing
2N. M6t vién bi c6 kh&i lugng m = 30g sé& bay ra khéi &ng vdi vin tée
ban ddu bing bao nhiéu, n€u 1d xo bi nén 10cm? Ong dat niim ngang.

Bai gidi:

Xét chuyén dong cia vién bi. Lyc tic dung 1&n vién bi gbm: Luc dan
héi ciia Id xo, trong Iifc ciia vién b, phén Iuc ciia thinh dng, rong d6 chi
¢6 lytc dan hdi F 1a sinh cong.

Ta c6: F=cx
Luc)
c-dfaingld xo: ¢ = -
istig Chiéudai |
c= L 20*.’]E
lem m

Ap dyng dinh 1j bién thién dong ning:

T —To=ZAR
To=0
T, ==mV?

1 5 1 of 1
Nhu viy: —mV?=—cx?| ==cl®
2 27 |,
2
Suy ra: ve=ol
m
C
V=\/—_- =J 200_,,10.10‘2
m 30.10
V=8,16m/s

Bdp 56: V = 8,16m/s
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Thi dy .12

Ngudi ta quin mot sgi diy manh quanh mét hinh tru tedn cé khdi
Iugng 1a M. Pdu B ciia ddy duge gin chit, thi cho hinh try roi khong c6

vin t8c ban ddu. Ban kinh cda hinh tra 12 R.

Hiy x4c dinh vén t6c, gia tdc 1im O cda hinh tru sau khi try ha xubng

mit doan h? (f’o f Wo .
Bai gidi:
Xét chuyén dfng cia hinh tru.
Hé lyc tic dung: P,T

Trong d6: T - lyc cing cla ddy khéng sinh
cong Vi diém dit khong chuyén ddfi (A 1a tim vin A

8¢ tirc thdi: V, =0).
- X4c dinh v4n t6c Vy:

Ap dung dinh 1§ bién thién ddng ning dang hitu han:

T-T, :EAH
T, =0

1...2. 1. 2
T, =—MV, +=J@
1 2 [ 2 Q

trong dé: m=%;]u=MR2

12, byre Ve
Suy ra: T, =EMV° +EMR =T
T, =MVg
ZAF,‘ =A; =Ph
Viy: MV{?

=Ph
ﬂvo"J%'—'Jg_ﬁ

* X4c dinh gia tSc W,
Theo céch théng thuding, ta c6:
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v
V==Wit=—
0 WD
1V? 1v: 1
h=e—2 W =-—==¢g
BT ARG
1
W,y =—
o 25

Ap dung dinh 1y bi€n thién déng ning dang vi phén (dao ham).
dr .
—=3%FE.V,
P 2ZF.V,
d 1y _
= E(Mvn )=P¥,

Hay ZMV;..%'11 =PV,

2£vnwo =PV, =W, :—l-g
g 2

” 1
Bdp s6: V;=gh ; W, =Eg
BAITAP
L PINH LY BONG LUGNG

Bai tgp III-1. Cho cd hé gdm vit ning
A trong lugng P, dit trén mit phing
nghiéng ctia ling try B ¢6 trong lugng P;.

Gée nghiéng cla mat ling try vai mit "
ngang R o. Lang try dat wén mit phing T Yo
ngang nhiin nhir hinh vé: ban diu vt niing

dat nim yén trén ling tru, con ling try trugt sang phdi véi vén t8c V.
Sau d6 cho vat A trugt xudng mit phing nghiéng ling try vdi vin 6¢
twong d6i u. Xdc dinh vin t6c cla ling try.

Bdp s6: V=V, P ycosa
P +P,
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Bai tap 11-2. Cho hop Iy R cla tt
¢k céc Iuc téc dung lén Piston thay ddi
theo thesi gian theo quy ludt R = 04P(1 -
Ku), trong d6: P- trong luig piston, - thisi
gian, K- hing sd { 18 bing 1,6 5.

Xdc dinh vén tdc piston tai thdi
diém t; = 0,55, néu tai thdi diém ban
diu 1o = 0 piston c¢6 vin e Vo =
0,2m/s.

Bai tap 111-3. Mgt 6t6 trong lgng P
chuyén dong theo phuong ngang véi
van t8c Vg =15m/s thi him phanh va
chiu tic dung lyc cdn tdng cdng bing
1/10 trong lugng cla 6t6 vd theo
phwdng chuyén déng. Xdc dinh khodng
thdfi gian 6t6 chuyén dgng tlf ldc ham
phanh dén lic ding hin va xdc dinh
quing dudng S Ot6 di dugc trong
khodng thdi gian do.

I BINH LY CHUYEN PONG KHOI TAM

Bai tap I11-4. Ling tru B ddng chat
dat Ién Hing tru A ddng chit dang nim
trén mit phing ngang nhin. Tiét dién
ngang céc lang tru la cdc tam gidc
vudng. Trong lugng lang try A gdp ba
lin trong ludng lang trg B. Gid thuyét
céc lang try déu nhén tron.

Pip s6: V = 1,4m/s

PSR,
Fe

[ }—

X

Pép s6: t=15s; S =1125m

777

IR BO—

X4c dinh 86 dich chuyén ngang L ciia 1ang tra A di dudc khi ling tru B

trugt trén A chém 16i mat phiing ngang.

- a-b
Pdpsé:L=——
ip 56 3
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Bai tap II-5. Xdc dinh dich chuyén cda
c4n cdu ning tii trong P2 = 20 kN, Khi thanh Py
OA ciia cdn cdu quay duge mét gée o = 30°
dat i vi tri thing ding. Trong lugng cia .
toan cdn célu 1a Py = 200 kN, chiu dii thanh T—]
OA = 8m. Bd qua sic ¢cdn nuGc va trong
lugng thanh.

Bdp 56: Dich chuyén sang trdi 0,36m

Bai tdp III-6. M4y cit kim loai gdm co
cdu tay quay thanh truyén OAB, mdt 1uGi
dao dfng gdn vao con chay B va mot udi
dao c6 dinh g¥n vio d€ C, 86 dai tay quay
OA =r, trong ltgng P, d dai thanh truyén
AB =1 v6i kh6i Iwgng bd qua. Trong lugng
con chay B va Iudi dao dfng 1a P;. Trong
lugng d€ C v vé D 1a Py, Tay quay OA coi
12 thanh ddng chit quay quanh tryc O véi
vin t6e géc @ = const.

Xdc dinh &p lyc 1én nén dit mdy. Gia thuy&t vl << 1.

&
Bdp s6: N=P +P,+P, +(2“—[(P, +2P,;)coswt +2P, %coszmt]
8

Bai tdp II-7. Tdm tam gidc vudng cin
ABC tai C, v6i canh huyén AB = 12cm, dat
thing ding va tiép xic vai sin nhin tai
dinh A sao cho canh huyén thing ding.
Xdc dinh quy dao diém M trung di€m canh
BC vach ra khi cho t&m roi dudi tdc dung
cla trong ligng t&m. Gid thi&y trong qud
trinh chuyén dong cia tdm, dinh A lusn
t€p xiic v6i san ngang,

ot 2
Bdp 56: Pogn cung elip L)-(i+-y——l

10 90
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1L BINH LY MOMEN BONG LUGNG

Bai t4p I11-8. Mot tdm trdn nim ngang ¢
thé quay khong ma sit quanh truc thing
ding z di qua tim O clia n6. Mt ngudi trong
ludng Q di wén miit tim theo dudng wdn tim
O, bén kinh t v6i vin t8c uiong d6i khong
ddiu.

Hdi tdm tron quay v6i vin tdc goc bling
bao nhi€u? N&u tdm tron c6 bén kinh R,
trong lugng P. & thdi diém ddu, tdm trdn va
ngudsi déu ddng yén.

2Qr
Pdp s6: 0= u
3 PR2+2Qr?
Bai tgp II-9. Naudi ta ding b , P

phanh tay d€ him mot bénh xe I = a
dang quay véi vin tdc géc wo. # £
Tim Iuc P ¢4n thi€t aé tic dyng 2%
1én tay phanh tai A d& binh xe ( i
ditng hin sau T gidy va fim xem ;\nq
trong khodng th¥i gian nay binh
xe quay thém dugc bao nhiéu
vong nifa,

Bip s6: ?:__onb; L

RiTa 4n

Bai tap III-10. M4t banh da dong cd bt
diu quay quanh tryc ¢§ dinh nhd mgt ngiu
Iyc phdt déng c6 md men M. Khi chuyén \
déng, banh di cbn chiu tic dung ngdu Iyc M
¢dn o6 mémen i 1& voi binh phudng vin tdc M -
géc Mc = aw” (o- 12 hiing s6 1 18). Cho md A
men quén tinh cia bdnh d2 voi truc quay 0]
Id J. Xdc dinh bidu thic vin tSc géc cia
bénh da 1a ham theo thoi gian va gi t vin
t6c géc gidi han clia nd.

pt_ f 4
Ddp 56: 0= -n—lf——lgwg,,:JE;vﬁi ﬂzz ma _ const
a e+l I J

C
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Bai tap II-11. Qui ciu A niim trong binh lz

chita chat 16ng va gdn vao diu thanh AB chiéu AR [
dai 1 quay quanh truc thing ding 0,0, v6i vén e o]
tdc géc ban ddu wy. Lic cdn tic dung 1én qui cdu
ti 1€ vdi vén t6c gée: Re = amo vdi m 13 khéi
lugng qui cdu. a = const 12 hé 56 1§ 1&. B3 qua
kh6i htgng thanh va truc quay. Hai trong thdi gian
bao ldu vin 6c g6c gidm di hai l4n va m &
vong vit quay dugc.

Bdp sé: T=lln2;n=ﬂ'3—

o 4o

Bai tdp M-12. B€ xéc dinh md men qudn tinh J cila vit thé cho trude

déi vdi truc AB nao d6 di qua trong tim G ciia nd, ngudi ta treo né biing

cdc thanh AD va BE. Hai thanh nay gin chit vio vit va 16ng vao truc

DE. Sau d6 cho vit thé dao ddng bé va xdc djnh duge thoi gian T cia

mgt ndia chu k. Cho trong lugng cla vat 1 P, khodng cdch gifta hai truc

AB va DE 12 h. Bé qua khdi lugng thanh. Xdc dinh J?,
D

IV. PINH LY PONG NANG

Bai tdp ITI-13. Mt bia mdy khéi lugng m = 200kg trong 1 phiit ddp
dugc 84 14n, hanh tinh bia 13 S = 0,35m. Higu sudt c6 ich clia biia mdy
M =0,7. Xdc dinh ¢éng sut Iy thuyét cia ddng ca.

Ddp 567 N = 2,747TkW

Bai tgp 1114, Ding cin cfu bsc than & xa lan 1én by, Thing béc
than c6 khé&i lwgng 1000 tdn va bée dude 600 kg trong mét 1dn. C4n boc
d3 600 tdn than trong 12gid. Thing chifa than méi 14n bac phdi kéo 1én
d6 cao h = 10m. Tim cOng suit Iy thuyé&t cia déng cd.
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P2

T 1

Bai tap I11-15. Cho cd cdu truyén
déng nim trong mat phing pim
ngang chuyén djng duge nhd tay
quay OA ndi truc cla ba bdnh xe
biing nhau L, 11, II1. Bénh xe I cG dinh,
tay quay OA gquay vdi vin t8c géc o.
Trong lugng ciia mdi banh xe bling P, bén kinh 1 r, trong lugng tay quay
OA 13 Q. Tinh dng niing ciia he.

Ddp s8: T = —(33P+8Q)

Bai tgp 1116, Choco ciu ' A
tay quay thanh truyén OAB:
tay quay OA = r, khdi lugng

m; quay quanh truc O v6i
vin G gﬁc ® = const. Qua ¢
thanh truyén AB = 1, khéi
lugng khong ding ké, chuyén dgng truyén cho con trugt B cé khoi lugng
m; chuyén dgng doc theo rdnh trudt niim ngang.

Xic dinh bi€u thic dong néng ciia cd cdu tay guay thanh truyén 12
hiam theo géc quay @ va vin t6c goc cia tay quay OA.

0’ 1 r sin 2¢
m, +m,|sing+-— TR

I-Lsm [
_I
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Bai tgp III-17. Bénh dai 16n ctia hé thdng truyén dong quay vdi van
tc géc o, ban kinh cia né 1a R va md men quén tinh d&i véi true quay la
J1. Bdnh nhé ¢6 bén kinh r va m0 men quén tinh d&i vdi tryc quay clia né
14 J;. Trong lugng day xich trén cdc bdnh dai 12 Q. Tinh déng ning cd hé.

2 U 2
Dip sé" T=w—{J, +Jz(§~) +Qij‘
2 r g

Bai tip III-18. Cic truc quay I va
I ciing cdc puli va céc banh ring gin V/A
trén chiing ¢6 md men quén tinh twong
ing J; = 49 kgm®, J, = 39,2 kg.m®.
Ti 58 truyén d0ng K2 = o /og=2/3. At
Héi sau bao nhiéu véng truc 11 sé M V774
quay véi tdc dd ny = 120 vdng/phit.
Né&u hé phét déng t rang thdi nghi nhd m6t m6 men M = 490 Nm téc
dung 1én truc I. Bé qua ma sdt.
Ddp 56: N =234 vong

Bai tip I1-19. M{t con 1an déng chdt hinh
try trdn ¢ ban kinh r = 30cm, khéi Iwgng m =
392kg chuyén déng lin khéng trgt trén mit
phing ngang do ngudi ddy véi lvc P c6 phudng,
chiéu khong ddi doc theo thanh AO = 1,5m.
Chiéu cao ddu A so voi nén ngang khong ddi
biing 1,2m. B3 qua ma sdt & tryc v ma sit &
lin cda nén. Xdc dinh cuding do luc P sao cho
khi ngudi ddy di duge 2m thl tryc con lin dat
vin t8c v = 0,8my/s. B3 qua trong ludng thanh,

P

BPhpss: P=117,6N
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Bai tap I1-20. Tim gia tSc géc clia tay quay trong ¢0 cilu cho trén
hinh v&. C4c bdnh 1 v 2 c6 ciing ban kinh, banh 1 ¢& dinh, bénh 2 djng.
Coi tdm trdn ddng cha trong lugng Q ndi véi nhau bling dai truyén mém,
trong lwgng bé qua. Tay quay OA = ndi truc cdc banh 12 d8ng chit chiv
tdc dung clia mé men M khong déi quay dc ldp quanh truc clia binh 1.

1 2
0 A
3gM
Pdpsére=——————
P e IQ)P

Bai tap ITI-21. M6t t3i kéo gdm hai téng K; v Kj c6 bén kinh lin
lwgt 12 1, va rp ghép cing véi nhau va gin véi truc nim ngang tfa trén
hai 8 43 O, va O,. Khi tic dung vio tryc quay mot ngdu lye M thi tréng
K; cufn diy va tréng K thd day. Hai nhdnh ddy ndi v6i nhau qua rdng
roc déng C mang vt ning D ¢6 trong lugng P. Md men quén tinh cla céc
wdng K va K, d6i truc quay 13 J; v2 J, twong ving. Bo qua khdi Iwgng
rong roc va diy. Xdc dinh vin 8¢ géc cia tryc quay khi v4t nang D duge
kéo 1én m6t doan h. Gid thi&t ban ddu hé didng yén.

IM-P(5 - 1)
0 -5)[P( —1)* +4g(J, +1,)]

Pdp 5620 :2\/2@1
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Bii tip II-22. Thanh dng chit AB
dai 2m roi xudng va ddu A trugt trén nén
ngang nh&n. Tai thdi diém ddu thanh & vi
tri thing ding v ding yén. Xdc dinh vin
t6c khéi tAm cla thanh 12 ham céa d§
cao h clia né so vdi san ngang.

Bai tap I11-23. Khéi hinh tru déng
chat bdn kinh R trong lugng P dit uén
mit phing nghiéng so vdi phutong ngang
mét géc o sao cho duding sinh cla ndé

vudng géc vdi mat phing nghiéng. Cho
hé s6 trugt, 1in gita khéi hinh try va
mit phing nghiéng 13 f va k twong dng.
Xdc dinh g6c a d€ hinh try lin khong
trirgt trén mat phing nghiéng.

Pdp 56 o= arclg[3f—2i]£)

Bai tdp IIT-24. Mot con ldn trong
lugng P bdn kinh R lan khong trugt trén
mit phing nim ngang nhd luc kéo T
tdc dung vio ddy cudn vao ting trong %l%’ Ca
clia con lin ¢6 bdn kinh r vA nghiéng '
véi phudng a. Cho hé s6 ma s4t giita ‘f
con 1an va mit phing 12 f. Xdc dinh
Iwe chuyén @6ng cla con lin.

TR(Rcosa—a) !

Ddp 562 % = P %) =

Bai t4p ITI-25. Trén truc ndm ngang, ngudi ta 14p cing hai thanh cing
chiéu dai [ vudng géc véi tryc va niim trong hai mit phdng vudng gdc voi
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nhau. O ddu mBi thanh gén céc qui cdu E va D cling khdi ugng m. Xdc
dinh dp lfc dong lyc 1én & truc A va B khi truc quay déu vdi van tfc @.
Kich thudc cho trén hinh v&, bd qua kh8i lugng céc thanh.

bx

w

Bai tip 111-26, Cho hai thanh
OD va OE chiéu dai 1 trong lugng
khong ddng k& c6 gén hai qui cdu
khéi hegng m tai diém D va E tuong
{ing dugc gin vao truc thing dimg 2
sac cho OD vudng gdc vdi truc 2.
Thanh OE l4p vdi tryc z mft géc @
va niim trong mit phdng vudng géc  x- -
v6i thanh OD. Céc thanh cling céc e *__
qua cdu quay quanh truc z vdi vin t8c géc @ = const. Xac, dinh dp lue
dong luc tai & truc A va B, coi cdc qud ciu Ja cdc chdt didm.

Pdp sd: X, =Xy ——% Y, *%[H:sma‘msu]

Yp —%[I-ism U.COSO‘.]
. a
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Bai tap I11-27. Thanh ddng chit AB trong
Iwgng P dai ! duge ngam chiin vao tryc thing
ditng vdi géc Kch . Truc O;0 mang thanh AB
quay véi vin tdc géc @ khong ddi. Xdc dinh
phédn lyc tai ngm A.

Bai t4p IT1-28. Ngudi ta 16ng vio hai diu clia truc giita xe dap hai tay
quay nhu nhau AC vd BD ¢6 ciing chiéu dai /, irgng lutgng Q va 15p v6i
nhau m§t gée 180°. Tryc AB dai 2a trong lugng P quay vdi vin tdc
gd¢ w = const, tyfa trén hai § 43 E va F dit d8i xing cdch nhau khodng
2b. Xdc dinh 4p Iwc 3 § E va F khi quay AC thing dlrng 1én trén, Coi cdc
tay quay 12 déng chil.

' VT,
T ||
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PHAN IV

CACNGUYENLY

Chuong 1
NGUYEN LY D’ALEMBERT

Nguyén 1y D’ Alembert lam cd sd d8 hinh thanh mét phuong phdp gidi
bai todn dong lye hoc bling cdc phudng trinh ¢cén bing, phuong phdp ndy
goi la phuang phép tinh - dong.

Nguyén 1y D' Alembert dyfa trén cd 3 12 lyc quén tinh cia chét diém,
ciia cor hé. Lyc quén tinh 12 hye do (luc khdng 6 thifc - khong c6 tic dung
1én vat thé).

§1. LUC QUAN TINH

L Ly quén tinh ctia chit di€m

Chift diém dudi tdc dyng ciia Ic F chuyén dong v6i gia t8c W thi I
quén tinh cda chat diém:

Fql ——mW = —mw " :F{t)qt +i_—';(n)qt

Viy: Lic qudn tinh ciia chit diém 1a vectd dit 1én chat diém, c6 ciing
phuong, nguge chidu vdi gia téc cia cht diém.
X% =-mX
Dang Pé cic: Y'=-my
‘ Z*=-mi

P =—mit

.2
Dang tu nhién: Fma—_mEg
p

Fowt g
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1L Lyc qudn tinh ciia co hé
Cd hé gdm N chit di€ém My, My,..., M, ta ¢é hé lyc quén tinh: o(F")
vo&i B 12 e qudn tinh cia chit diém thit k clia co hé:
' B'= m W,
Thu hé lyc o(F") vé tam O ta duge:
o(F") ~ (FY, M)
Vi =Y E =T -m %, =-MW,
EmE =M = Tm W, =MW,)
MY =T io(F') =L & Am,w,
Mg - ngiu Iyc quén tinh -
IiL. Life quén tinh cia vét rin
1. V@t rdn chuyén djng tinh tién
L4y kh6i tim C lam tim thu gon:

OB~ E2,ME)
E¥ =MW,

chl =-ZhAmW, =3 W, Ami,
Vét rin chuyn déng tinh tién: W, = W,..
Mg‘l =W AmE =ZWC AR = ch\zmkﬁc
=Wc AMI; =WCAM.6:0

Do d6 thu gon hé luc quin tinh ciia vat chuyén dong tinh ti€n v& khéi
tam C, ta duge mot Iyc dit tai khdi tim C,

R = ~-MW,
2. V@t rdn quay quanh truc ¢& dinh & qua khét tdm C cita vit
E¥ =-MW. =0

MY =-1,.8
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3. Vét rdn chuyén djng song phing
Vit c6 vin tde gbe ® va gia tde goc €.
L4y kh&i tim C clia vit 1am tAm thu gon.
Ta ¢6: W, = We + Wi +Wh = We +EAE ~0'F
an = *ch
W =T Am,,
=-FF am, EAT -0'F)
Ma: T i am(-0’)=0
=M =-3F am (EAT)
=-¥Ym E=-J&
Do d6: Thu gon hé lifc quan tinh cda vit chuyén déng song phing vé
khéi tim C, ta dude mét lye dat tai khGi tam C va mét nglu lyc:
B =-MW,
M = -IE
+ Lue qudn tink (vai trd 1a lyc): Dit i kh@i t3m cila vat, nguge chiéu
gia tdc clia vat.
+ Ngdu luc qudn tinh: Nim trong cdc mat phing song song miit phing
‘chita gia t8¢ gée vimguge chidu gia tdc gée clia vit.
§2. NGUYEN LY D’ALEMBERT
1. D61 véi chit didm
Cde Iye tdc dung 1én chdt diém (cde ldc cho, cdc phdn lyc lién két) va
litc qudn tink ciia chdt diém Igp thanh hg lyc can bdng.
&, B, F, F~0
I1. P8i véi co hé
Cdc luc tdc dung lén co hé (cdc lyc cho, cdc phdn lyc lién két) va luc
qudn tink ciia co hé ldp thanh k¢ lgc can bdng:
@(F ), w(N,)6(F ") ~0
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Tir 46 ta lip cdc phuong trinh can biing dude goi la cdc phuong trinh
cén bing tinh - déng, né gitip gidi bai todn ddng lwc hoc. Phuong phép
nay goi la phudng phép tinh - déng.

§3. XAC DPINH PHAN LUC TRUC QUAY

Khdo sdt vit r%I_n quay quanh mot truc ¢§ dinh oz dui tic dung cla
céc lye hoat ddng E,F,,..E,, c6 vin tdc gée & va gia t6¢c gdc E.

Cdc ngoai It tdc dung 1én vit rin bao gdm cdc lwc hoat ddng
F.E,..F, va cdcphin e § ruc R, va Ry.

Hinh 4.1

Chon hé tryc toa dé gdn Lidn vao vat Axyz, c6 truc Az triing véi truc
quay. HE litc quén tinh ciia v4t rdn thu gon vé tim A dude mot luc Fl'va
ngdu lve MY

Theo nguyén Iy D’ Alembert:
F.Fypn B Ry R, B M)~ 0
Ta ¢6 hé phuang trinh céin bing tinh - dgng:

ZX=FF, +Ry, +Rp, +Myce + Mxo? =0 )
ZY=FF, +R,, +Rp, + Myce® —Mx e =0 [¥))
2Z=FEF, +R,, =0 ' 3
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Ty =Y m, (R)+m, (R, )+m (Rg)-I,0" +1,8=0 o

):’ﬁy=zmy(ﬁk)+“‘y(ﬁal+mv(ﬁﬁ)”ﬂ"’z”yz5=0 >
Ztﬁz=2mz(l_7k)ﬁ.lzs=0 ©)

Vi hé truc toa d6 gdn lién vio vit quay nén cdc dai lugng xc, Yo, Jz
I, 1a khong adi.

Nhut viy: Ta nhan duge sdu phucng trinh.

- Phuong trinh cudi cing khéng chifa cdc phdn lye & trye, ma cho phép
xdc dinh chuyén dong ciia vit quay, dugc goi 1a phudng trinh vi phin vat
quay quanh truc c6 dinh Z:

¥ m, (f)-1e=0

- Niim phudng trinh con lai cho phép ta xéc dinh cdc phin lye & tryc
tai A va B.

TX =T F, +R,, +Rg +Myce+Mxc @’ =0 03]
TY =T, +Ryy +Rp, +Myc o’ -Mxce=0 @
$Z=F R, +Ry =0 )

zrﬁx=25,(Fk)mx(ﬁ,\)mx(ig)-wa%Jng:o “4)
Zr_ny=Zﬁy(ﬁ)+ﬁ1y(ﬁA)+ﬁy(§e)+J,,mz+Jy1r.=0 (5)
- Chu ¥ ring céc phin luc § truc phy thude vao cdc lye hoat dong va
cdc y&u t6 dong hoc clia vit rin, tife vin t8c gée & va gia 8¢ géc T cla
vit quay.
Thanh phin ciia phn Iyc 8 truc chi phy thude vio cdc y&u 8 dong
hoc ciia vt quay (& va ) dude goi 13 phdn lvc ddng lye cia & truc.
BE lam séng td didu nay, ta biéu dién phén lye § truc duoi dang:
R, =R} +RS; Rp=Rj+Rj
trong d6:
RY.,RY- cdc thanh phin khéng phy thube vao chuyén déng, tic
khéng chita o, & dugc goi 1a cdc phin luc tinh;
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RY,RS - cdc thanh phin phy thude vao chuyén dong, tic chia o
vi & dude goi 12 cdc phin luc ddng luc.
= (F Fypenrer B, Ry, RELRp, R, FF M)~ 0
Ma: (BB, By R RE )~ 0
= (R}, Rp.E,M1)~0
Ta ¢6 hé phuong trinh:
T X =R%, +RE, +Mxco® +Mye=0
Ty=R}, +RE, + My’ —Mxe=0
ym, =m, (I‘{‘;)+mx (ﬁg)—.ly!wl +1,0°=0
i, :my(ﬁi)+my(ﬁ"n)+1ws+lz,m2 =0

Céc phuong trinh trén duge goi 1a cdc phuong trinh xdc dinh phin luc
déng luc.

Viée xudt hién cdc phén lyc dong luc lam gidm d6 bén, d6 chinh xdc,
ning suit vi gdy hu hdng mdy. Chinh vi vay, cén phdi triét tiéu hoac
giam cdc phin luc déng lyc. Pidu kién cdn va dd dé€ wiét tiéu cdc phin
Iwc ddng Iuc 14 truc quay phai thda min céc didu kién:

Xc=Yyc=0
-Tyz =Ix=0
Titc ia tme quay phdi qua trong tAm va 13 truc quén tinh chinh. N6i

khdc di ¢€ wiét tieu hoan toan phdn luc ddng luc, truc quay phai 1A truc
quédn tinh chinh trung tim.

Ghi chii: Gidi bai todn theo nguyén Iy D'ALEMBERT ta phdi dat luc Ién
hé khdo sdt: Lyc tdc dung 1én co hi va lyc qudn tink ciia co hé.
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Chuong 2
NGUYEN LY DI CHUYEN KHA DI

§1. CAC KHATI NIEM €O HE KHONG TU DO

1. Co hé khéng ty do

La tdp hop cdc chdt diém ma trong chuyén dgng vi tri va vdn t6c cia
chiing bi rang budc bdi mgt s& diéu kién hinh hoc va djng hoc cho trude.

I1. Lién k&t - phuong trinh Jién két - phin logi lién két

1. Lién két

La nhitng diéu kign rang bugc cde chdt diém cita co hé vé mdt hinh hoc
va ddng hoe (vi trf vt v@n 16c clla cde chit diém thugc co hg).

2. Phuong irinh lién két

La cdc phitong trink va bt phiong trink bidu thi vé mdt rodn hpe moi
ring buge vé m@t kinh hoc va déng hoc d6i vdi cde chdt diém thudc co k¢,
chiing c6 dang sau:

£ (x,,y,,z,,...,xn,y".z“,Xl,yl,2,,...,5&,\,3':“,2“,1)2 0,a=l.a

trong d6: a - s& phudng trinh lién k&t clia co hé.

Ciic phuong tinh lign ket dugc viét dudi dang it sau:

fy (xk,yk,zk,ik,yk,ik,t)z 0,a=l.a

D& minh hoa, ta khdo sét chuyén dong cila con Mc todn hoc gbm chilt
diém M, khi lugng m, budc vao ddu diy méanh, khong gidn, c6 d dai 1,
con diu kia duge bude vio mét diém O c6 dinh.

Pidu kién rang budc ddi véi chuyé&n dong cia con lic Ia cht diém M

luén Judn céch diém 8 dinh O mot khodng khéng 16n hdn 1. V& mat todn
hoe, didu kién nay duge bidu dién nhu saw:
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f(xps yar )=x2+y =1 <0

Téc 12 diém M luén ludn chuyén dong
bén trong (k& ci bién) cila mat trdn tdm O,
bdn kinh |, § diy s& phuong trinh lién két
bing mét, tfca = 1.

Néu gid thi€t ddy iubn luén & rang thai
céing, tfc xem OM 1A mét thanh minh cing,
thi phudng trinh lién k€t c6 dang:

f(xyt)=x+y' -2 =0 Hinh 4.2

Tic trong qué trinh chuyén dong, diém M khong thé rdi khéi dudng
tron tAm O, bdn kinh 1.

Trong trudng hdp chiéu dai ciia day thay ddi theo thdi gian, tte 1 = I(t)
va gid thi€t ddy ludn ludn & trang théi cing th] phuong trinh lign k&t dugc
Vi€t nhyr sau:

f(x,yt)=x*+y -P(t)=0

3. Phén logi lién két

a) Lién két giit va khdng giit

NEu cdc diéu kién ring bude dude mé 1 biing nhitng phuong trinh thi
lién k&t dugc goi 1 gilr hay lién két hai phia, cdn trong trudng hdp dude
mé td biing nhiing bat phuong trinh th lién ket dude goi 12 khong giif hay
lién k€t mét phia.

b) Lién két ditng va khéng ditng

Néu phuong trinh lién ket khong chifa bi€n thdi gian thi lién k&t dugc
goi Id dimg, trong trudng hop ngude lai 12 lign két khéng dirng. Truding
hgp con e ¢6 46 dai thay adi theo thi gian, ta c6 lign k&t khong difng.

¢) Lién két hdlonom va khong holondm

Néu trong phirdng trinh lién k&t khong chifa céc yEu (6 vén tdc hodc
<6 chifa cde y&u § vin t6c nhung nhis cde phép tich phan dua dudc vé
dang khong chifa cic y€u t§ vén tc thi lién ket duge goi Ia holonom.

Con trong phuong trinh lién két chita cdc y&u 18 van toc khéng khd tich
thi lién két duge goi 1a khong holondm,
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& day, chiing ta chi giGi han viéc khio st ddi vdi cdc cd hé chiu lién
k€t h6londm, gilf va ditng, tie phuong trinh lién két clia chiing cé dang:

fo (xhYI’Z1---A,XN=}'N,ZN)=0, a=l..a

ML Di chuyén kha di - S6 béc ty do - Tea df suy ring

1. Di chuyén kha di ciia co h¢

La tdp hop céc d dbi vo cling bé cla co hé, co hé di chuyén tir vi tri
dang xét sang vi tri 14n cin phi hdp véi cdc lién két (khong pha v3 cic
lién két).

Di chuyé&n khi di duge ky hiéu bdi 87,8x,8y,87,8s,80.....; (T la vectd
dinh vi clia chit diém, s 1a doan dudng di dugc.....).

2. Bdc ty do cila cd hé

La s6 kha ning chuyén dong ddc 14p ciia co hé.

- Chi't diém t do trong mat phing ¢6 2 chuyén déng tinh ti&n.

- Chi't diém tuf do trong khong gian c¢é 3 chuyén dong tinh tién,

- V4t rin w do trong mat phing c6 2 chuyén dbng tinh ti€n va 1
chuyén d6ng quay quanh mot diém.

- vat rdn ty do trong khong gian ¢6 3 chuyén dong tinh ti€n va 3
chuyén d6ng quay quanh ba tryc.

Ky hiéu s8 bic ty do cia cd hé 1a §, ta cé:

- Co hé 1a cdic cht diém trong mit phing: S =2n-a.

- Co hé 1a céc chit diém trong khong gian: S = 3n-a.

- Co hé Ia cdc vat rin trong mit phing: S =3n-a.

- Cd hé Ia cdc vat rdn trong khong gian: S =6n-a.

n - s6 cht diém (vt rén) trong ¢ hé.
a - 56 phuong trinh lién két.

3. Toa 4§ suy rong ciia co h¢

Tip hop céc théng s& xdc dinh duge vi tri clia od h¢ trong mdt hé quy
chigu dugc goi 12 cdc toa df suy rong clia co hé.

Tip hgp cdc thong s8 doc l4p du d& xdc dinh dudc vi i cla cd hé
trong m&t hé quy chi€u dugc goi 1a cdc toa db suy rong di ciia cd he.

Céc toa 46 suy rong duge ky hifu I q;,4;,...4, -
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Bin chat vit 1y cda toa d6 suy rong 1a bat k¥, do d6 thif nguyén ciia
né la do dai hodc l1a goc.

Vi tri clia ¢ hé duge xdc dinh nhd céc toa 46 suy rdng, do dé céc toa
49 Dé cdc ciia cd hé dudc bidu dién qua cic toa 4§ suy rng:

X =% (91, Qz5r001 s, 1)
D (L CTH PR Y
2, =7, (45,92,- G5 1)
Hoic viét & dang it gon:
5 = 5 (), qg5eGsst)
Néu cdc 1pa d0 suy réng 1a doc 1dp, ta ¢ toa db suy rong di, ching
duge ky hiéu qua q, qa, ... 4s. Trudng hgp ngudc lai, ta ¢6 toa 4§ suy

rong du qy, G2, v Qe (M > S).
Ta xét trudng hgp con lic kép:

Hinh 4-3

Bé xdc dinh vi tri clia con lc kép, ta c6 thé ding m6t trong cdc thp
hop cla cdc thong s8 sau:
{"MY.\”‘B:)'B}i {XA!YA"'F}I{CP"‘F}'“‘
Cic tga 40 P8 cdc cia cdc chit diém cla cd hé, tie {Xas¥arXp:Yp) s

d@éu ¢6 thé dugc biéu dién qua mét trong céc t4p hdp néu trén. Trong 3
tap hop cla cdc toa do néu trén thi hai tAp hop ddu c6 cdc thong s6 1a
khéng ddc 14p vdi nhau, IS

a
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Thfe viy, d8i véi tip hap {x,, ¥4, X, ¥} 12 c6:
X2 +y2 —0A? =0, (xi,—xﬁ)2 +H{ya=vaY —:AB2 =0
Con d8i véi tip hap {x4, Y.y} thi:
xi + yi -0A?=0

Chi c6 tdp hop thit ba {p,y} céc thong s6 g vay (I‘léc 14p v6i nhau.
Cic toa dj Dé céc cla cde chit di€m cda co hé duge biéu dién qua
chung bdi cic hé thnfc sau:

=0Acosg
Ya .-OAsmrp
xp =OAcosp+ABcosy
i =0Asing+ ABsiny

Viy {g,y} 1a cdc toa dd suy rong dd ciia cd hé con lc kép, edc tip
hap{X,,Ya - Xp: ¥} VA {Xa,¥a,w} 12 cic toa 4O suy rong dut.

Bic t do cila cd hé va 56 toa d suy rng dii clia co h¢ thi bling nhau.

IV. Céng khi di - Lyfc suy rfng

Céng ciia luc F trong di chuyén khd di 6F dugc goi Id cong khd dT cia
luc F:

Kf higu 8A;: 8A; = FoF

Cho co hé gém n chiit diém di chuyén khd di 5%. Theo cong thife
" cbng kha di s& 1a: |

‘ll =
T 8A, =‘§ £ 8% = 5 (8%, +Fy By, + F.8z,)

trong d6: T =% (§1,d;,.d,) - céc vectd dinh vi ciia ch4t diém trong hé toa

d9 suy r(;flg
= Vx phan déng phﬁn clia him vectd T, bing:
57=3 s
o E Yo

trong d6: &q; - gia s aﬁa toa 49 suy rdng q,.
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N _ N n . 3F )
= Y8A, =Y F85 =2 ZFk%'Mi =}:(Fu5xk +E8yy +Fk:62k)
k=l

k=ls=1 i

Chon céc toa do suy rdng dd qj, g2, «os 9o
Ta tinh dudc:

x oz
oxy =Ea‘:8‘lii SYk“—“ZaayT':&q‘; 53k=25:;‘55h

Khi thay céc dai lugng niy vao biéu thitc cng khd di & trén va sau khi
sdp x€p lai cdc s6 hang, ta duge:

3 Xy &y Y 0s5a.
284, = El:g[ﬁ‘, 20, ) e 2, +F,—= P ] q; EQ.aq, (a)
trong d6: Q, = Z(Fn%ﬂ:ky Oy Ny R, J % i, o ®
2q; ) k= ;

bugce goi 1 lyc suy rfng tuong dng vdi toa d suy réng g;.

Chii §: .
1. Céng thife (a) vin con diing cho trudng hgp cdc toa d suy rong du.
2. Lyc suy rong Ia dai lugng vo huéng, thit nguyén cia lyc suy rong la:

A )
[Q]= % Ban chat vét I§ cla lyc suy rdng phu thudc vao bdn chit vt

1§ cia toa d6 suy rdng tuong dng, ching han, néu toa dd suy rong 1a 6
dai thi lyc suy réng 12 luc, n€u toa df suy réng 1a géc thi luc suy rong 12
ngéu lgc v.v...

‘3. Cdc phudng phdp tinh lyc suy rdng.

a) Dya vao bidu thitc

3yk N
L >:]( EN +F“‘aqi] &5,

Theo cong thic tinh cdng khé di ciia cdc lyc trong toa df Pé cic, bidu
dién céc toa dd P& cdc theo toa d6 suy rong, tinh cfc bi€n phén ciia toa
d% Pé cic theo cdc bi€n phén ciia toa O suy rong va thay vao bidu thite
clia cOng khd di. C4c dai lugng ding trudc cdc bi€n phin clia c4c toa do
suy réng trong biéu thite cng kha di chinh 13 cdc Iye'suy rdng.
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b) Trong trudng hgp chon céc toa 40 suy rong dd, cic bién phin cia
toa d§ suy rong la ddc 1dp vai nhau.

Dua vao tinh chi't trén ta tinh t¥ng lyc suy réng riéng Ié bing viéc tinh
cong kha di ciia cde lc trong céc di chuyén khd di cda toa d§ suy rong
tudng tng.

Pé tinh luc suy rong Q; ing v6i tpa 45 suy réng q;, ta chon di chu:ié’n
kha.di 8q, # 0, con cdc di chuyén khd di con lai bing khong:

8q, =0; 8q, =0; ... ; 8q;. =0; 8q; # 0; &;,, =0.....

Tic 13, ta chi cho toa d§ suy réng q; bi€n thién mdt higng 8q,, cdn cic
toa d6 suy rong khdc duge giif khong déi.

Tinh cong kha di ciia c4c luc trong di chuyén khd da chon, ta ¢6:

28A (Sq‘) =Q;bq;

Do d6: Q _Z8A(a)
8q;
*Minh hoa
Tinh Iyc suy réng cla cdc Iuc hoat dong gdm lyc Fva cdc trong lugng
Bva Q ciia cdc thanh OA v AB cia con léc kép. Cho OA=R, AB =1,
OC, = §,.AC;z = s;. Trong @6 C| va Cy 12 cdc trong tim cha cdc thanh

OA va AB.

Bii gigi:
a) Ap dung phutcng phap thit nhdt
Difa vao bidu thifc : -
axl( _j_ N - ﬁ
o + R —
o Z[ oo J &N,

Chon cdc toa do suy rong di 13 (p_va v,
Chon hé truc Oxy nhu hinh 4-4, cdc he hoat déng c6 diém dit
Ci(x1y1); Calx2.y2); B(x3.y2).
§ F'{P" = 0; x, =s,sing
{Py = B yy=scos¢
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_ [Q, = 0; x, = Rsing+ s,siny
Q Q, = Q;y, = Reosp+ szcosw' B
- [E = F; x; = Rsing+ lsimy HG
F, = 0;y; = Reosg+ lcosy
Thuc hién cdc phép tinh sau: Y2 &
2

=Rcosp; —2=5,c05y | B F

—2=Rcosp; =lcosy

Hinh 4-4

le 2|® 2|®

=-5,sing;

in
=—szsuu:1

=-Rsing;

I
4

W
]

E]

PR 2R 2R o2

=-Rsing;

ol 2ip

8y,
99
Viy:

Q= QL+Q,,?:;+F =FRcosg—(QR +Ps, )sing

Q,=P anrQ %+F %x—\lll Fleosy —Qs, siny

b) Ap dung phuong phdp thit hai

Tim hinh chi€u cdc lyc trén céc'truc toa d6 Pé cde va bidu thite cdc

toa 46 Pé céc clia cdc didm dit ctia cdc Iye theo toa d¢ suy rong, sau d6
dp dung cdng thic:

ToAs =§[§I(F&.E+ 2’; +Ea—hJ =3Q8
Bidu thic cong khé di clia cde lyc c6 dang:
2.8Ay =Pby, + Qdy,+Féx;
DE dang tinh dugc: 8y, = -s, sin q:"éq:; By, =-Rsinpdp s, siny dy;
bx, = Rcosq)ScpHcoswéw
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Viy: T8A, =[FRCOS(|)—(QR+P515)SinCp}5q)+(FICOS\]J'“QSI siny) by
=Q,=FR cos¢—(QR +Ps,)sing; Q, =Fleosy—Qs, siny

Oi"‘ X * % X

1
(D

e,

A .
Yo N ¢,

Hinh 4-5

¢) Ap dung phitong phdp thit ba

Bé tinh le suy rdng Qg ta chon di chuyén kha di: 8¢ = 0; 8y = 0, tic
cho thank OA di chuyén quay quanh truc qua O vdi géc S, con thanh AB
tinh ti€n.

Céng khd di ciia cde lue trong di chuyé'n kh4 di d chon bay gid 1a:

ZﬁA(§¢)=—P51smq:Sq)—-QRsmtpﬁ(p+FRcomp5(p
T dé: Q, =25§q§&p =[FReosp~(Ps +QR)sing]

Pé tinh lyc suy rong Qy ta chon di chuyén khi di nhu sau, 8¢ = 0;
Sy # 0, tic gilf ¢d dinh thanh OA, cdn cho thanh AB di chuyén quay &y
quanh truc qua A. Cong khd di clia cdc lyc trong trudng hop nay dugc
tinh nhu sau:

- 3 8A (8y) =-Qs, sinydy + Flcos ydy
SA(by ,
Do d6: Q, =Z‘—&£—}:(Flcosw.—Qsz siny)
Chid §:

- Phwrong phép th ba rét thuan nén, khi cic toa db suy rdng dugc chon
1a da.
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- Khi céc Ite déu c6 the va ham thé ning IT duge bi€u dién qua cac
toa d6 suy rong.
H{xk (‘-]p--qu )syk (qI!"'an )szlr. ("-11>----€ln )J =H(qqu-"-’qn) thi cdc
luc suy rfng dugc tinh theo cong thitc:
0l eiR)
V. Lién két Iy tuéng
Lién k&t duge goi 12 lién két 1y wdng néu tdng cong cda cdc phin lye
lién két trong moi di chuyén kh df ciia cd hé bing khéng.
TEAL=R, 81 =0
trong dé:
R, - Iuc lién két tdc dung 1&n chat diém My thude co hé;
8%, - di chuyén kh3 di cita chit diém M.
Trong thyc t€, n€u bd qua duge ma sit va tinh dan hdi ciia cdc vt thé
tao thanh cd h¢ thi cdc lién k&t thudng gip la lién k&t Iy twdng,
Vidu:
1- Vit rdn ty do 12 cd hé chiu lién ket Iy tdng. Didu nay dugc rit ra
tit tinh ch4t tdng cfng clia c4c ndi e cia vat rdn (chiing 13 lyc lién két

gilfa cdc cht diém thudc vt rin) ludn luén bling khong trong bt ki
chuyén dong nio cda vitrén,

2- Hai vat rin ludn [udn tya vao nhau trong qué trinh chuyén dong va
ma sit gita chfmg bd qua 14 cd hé chju lién k&t Iy nidng. Trudng hop
riéng 1A hai vat trugt khong ma sdt d6i vdi nhau hodic nGi ban 1€ khong
ma sét voi nhau cling 12 céc o hé chiu lign k&t Iy twdng.

'§2.NGUYEN LY DI CHUYEN KHA pi
I Nguyén I di chuyén kha d¥

D4i vdi co h¢ chiu lign kit holonom, gid, ditng va Iy nudng, didu kién
ednva dii dé co h can bing 1 1dng cong khd di cia cdc luc chi d&ng ciia
co h@ trigt tiéu.
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L8A, =ZR 85 =0
wong d6: F, - Iic chil dong tc dyng 1én chilt diém My thube cd he.
8%, - di chuyén khd di cda chit difm My.

Chitng minh:

1. Piéu kién cdn

Gid thiét oo hé cin bing. Xét mot chit diém My thudc ca hé chiu thc
dung ciia lyc chii dong Fk va lyc lién két R, Vicd hé cin bing nén moi
chdt diém ciia co hé phdi cén bling, tfe 1a: B +R =0

Nhén v6 hudng hai v€ cia ding thic nhin duge vdi &% va 14y tng
theo &t cd cdc chat diém cda hé cd, ta c6: T ESE, + TR, 8% =0

Do cic lién két cla hé 12 If urdng, nén: TR, 8% =0

vay: TESE =0

P6 1a diéu cdn ching minh.

2. Pidu kign di .

Gid thi€t cd hé chiu lign ket hdldnom gilt, dimg va 1y wing, <6 téng
cong khi di clia cdc lyc chl dong bling khéng. Ta ching minh riing cd hé
méi mai cin bing tai vi tri & cho. ;

Thuc vay, gid si c6 chat diém My (it nhit 13 mot) cia cd hé dudi tdc
dung cila lyc chit dong F va lyc lién Kkét R, chuyén dong ¥ vi ui ddu
diftng yén, di chuyén cia né duge ky hiéu bdi dF, (%, 1 vectd dinh vi ciia
chit diém My), c6 ciing phuong véi lyc téc dung vdo chit diém My 12
&, =F +R, vichat die‘_’rh chuyén dong tir trang thdi diu ddng yén.

Do lién ket dit 1én hé 12 ding, nén phuong cla di chuyén thyc tring
véi mot trong cdc phuong ciia di chuyén khi di nén ta chon di chuyén
Kha di cia chat diém My tring vai di chuyén thifc clia nd.

Vi véy, chiing ta ¢6: ®,8% =(F+ Ry )85 =B85 +R,35 >0
LAy tdng hai v& adi vdi cic chift di€m thude co hé va chi § diéu kién
vé lién k&t Iy tudng nén ¥ R, 8% =0 nhung 12 nhin dugc 3E 8% >0.
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Piéu ndy méu thudin vdi gid thi€t. Vay khong thé cé chit diém nio
ciia cg hé chuyén dong tiY vi tri cdn biing, tic 13 cd hé mdi mai ndm §
vi tri cin biing. )

1L Piéu ki¢n céin bing ciia cd hé hélémdn ty do

1. Dinh Iy 1 .

Diéu kign cdn va di d€ co hé chiu lién kér holéném gid, dimg va ly
tudng cdn biing la tat cd cdc hic suy réng chia ca hé éng vdi toa db suy
rgng di, phdi déng thiri trigt tiéu.

Thét viy: Gid sif cd hé h616n6m c6 n bic ty do, vj trf clia né duge xdc
dinh biing n toa df suy rong dil qi, ga, .., g, Nhu @& bi&t, biéu thifc cong
khi di cia cdc lye hoat ddng trong toa d suy rfng di ¢ dang:

T8A, = TE =§Qiaqi

trong dé: Q; - Iuc suy réng clia cd hé ng vdi toa 46 suy rong q;.
Biéu kién cin bling ciia cd hé theo nguyén Iy di chuy&n kha di 58 13:

éQi&li =0

céic toa df suy ring Ia dil, nén ding thic trén dudc thyc hién khi vi chi khi:
Qi=0; (i=1,...,n)
2. Dinklj 2

Didu kign cdn va di d€ co h2 chju lién két holondm, gik, ding va Iy
wdng bdo todn cdn bing tai mot vi tr ndo dé 1 ham thé’ ndng dat cuc tri
tai vi tri do: [ ’

Trong tndng hop céc lie chd dong 12 nhdng Iyc ¢6 th& va ham th€
nang c6 dang F1=I1(gy;, qy,..qy), ta nhn duye dinh I tén.



Chuong 3
PONG LUC HQC VAT RAN

§1. PHUONG TRINH D'ALEMBERT - LAGRANGE

Khi cd hé chiu lién k&t Iy tudng chuyén dong, tdng céng kha di cla cic luc
chit dong tic dung 1&n cd hé v clia cdc I quén tinh clia co hé biing khéng.

T5A, +TSAY =

Thit viy: X6t cd hé c6 chju lién k&t 1y widng, chiu tic dung cda cic
Iy chil dong F,B..... F, va cdc e ign ket R, Ry, R,

Ap dung nguyén 1y D'alembert, gid s tic dyng lén chét diém cdc lyc
quén tinh E*,E...,E, ta dugc he lyc ciin bing:

(F BB (RLE,,- R, (BLES.LED) ~0
Khi cd hé c¢én biing, 4p dung nguyén Iy di chuyén khd di cho cd hé d6,
ta duge
TBA, + T OAT+ T 8AN =0
Nhung cd ﬁe chju lién k&t 1y tidng, nén: ¥ 8A% =0
Do d6 ta ¢6 phuong trinh: 384, + L.8AF =
- Phuong trinh trén c6 thé bidu thi dudi dang sau:
T (R -my % )85 = 0
¥ (Fy —my %, )6%, + (B —my 3, )8y, + (K —my2y) bz, =0
- Phuong trinh:
T5A, +Y0A] =0

Pugc goi la phudng trinh tdng quét dong lyc hoc.
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§2. PHUONG TRINH LAGRANGE 11
1. Phuong trinh Lagrange 11
Dang phudng trinh:
df eT oT
wm) Ao
Chiing minh:
Xét chit diém thit i clia cd hé. (D€ bat rudm ra § ddy ta khong vi€t chi
& i kém theo cdc dai lugng nira).
Phuong trinh vi phin chuyén dong ciia chit diém 13: m¥=F.
Nhan 2 v€& vdi di chuyén khd di 8T ,ta c6:
miSt =F8F =5A
o

Mat khic: Br=3 —8&
an qx

Thé vao ta dugc:

mrz_&h FZ—qu hay Z(mr F)af Bg, =0

k—l k

Do cdc 8q, khdc khdng, nén cdc thiva s§ cia né phdi bing khéng,

nghia 1a:
(1‘1{1"'—F)—ar_—n()haymi':—ai=f5i
Bay, 8q. &g,
vi s O _d ;ﬁ}_;i(ﬁ
x Aty g, dt\ dqy
Ngoai ra ta cdn cé:
& _a
L2 P P
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trong d6: T= E% mt? - dong ning cda cd hé;
n .
Q- e suy rong Qu =zr«.§—.
1 k

I Phuong trinh Lagrange II trong trudng hop cic ye the

i{ﬁ&}_f’k -0
dt |84, | fag
Chitng minh:
Trdng hgp céc lyc the thl cong ciia I the bing d6 bi€n thién th€
ning:
dA = dU = - d[1hay 8A = 6U = - aI1
all
Q=7+
YT o,

& day I 12 th néng ciia hé con U [2 thé ham cila h§
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Nhr viy phudng trinh Lagrange Il trd thanh:
d [BTJ 8T Al

a2, ) o, oq,
.. dT _9T-I)
Lai do IT khéng phu thude g, nén: —=——""
d £ P! k a4, ad,

Vi phuong trinh Lagrange II trén vi€t lai dugc:

E{ML_MZO
dt EQR 3 qu

Bi€u thitc L = T -I1 13 ham Lagrange, ta ¢6:

dt | 8, B,
THIi DY
1. Thi dy nguyén Iy D’Alembert

Thi du IV.1

Rong roc ning trong lugng P, ban kinh R ¢6
thé quay quanh mét true Oz & dinh. & diu
cudi mét sgi diy quan quanh rong roc, ngudi ta
bude vt A trong lugng Q bd qua ma sét § tryc
O va cho bi€t bdn kinh qudn tinh ciia rong roc
d8i véi 8 truc Oz 1a p.

Hay tinh gia t6c gbc cla rdng roc va phin
ltc & 8 truc O néu cho var A rdi thing difng.
Tim sifc cing T.

Bai gidi:

a} Xdc dinh gia téc goc cia rong roc
Xéthé gdm co rong roc O va vit A,

Rong roc quay quanh true ¢§ dinh qua kh6i tim O va vubng goc vdi

mit phing hinh v&, vit A chuyén ddng tinh 1i€n.
Bitlén rdng roc va vit A cdc lye quén tinh thu gon:
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M =Jua=£pls
g
F =gwA .-.Qw' =9g;
g g g
Hé e tic dung 1én hé: (B, Q, X, Yo, FY, Mz%)~ 0

Lip cdc phuong trinh finh dfng:
X, =X, =0

SY, =Y, +F'-P-Q=0
¥m,(F)=M¥+F'R-QR =0

Thay céc gid tri cda Ff' va MJ' vao, gidira ta cé k€t qua:

eaRE
Pp? +QR?
b) Phdn luc & 6 tru
% -0 v PP HPQR? +p")
== =l Pp? +QR?
c) Sitc cang cia ddy

Mu6n tim sitc cang T clia ddy, ta cit diy va dit 1én vAt A cdc e tdc

LY, =T+F'-Q=0=>T=Q-F
Thay gid trj & vAo, tinh ra:

__ Qrp’
Pp’ +QR?

i Ddpsé: 1. e=

2.%,=0; Y=

dung va sifc cing clia diy. Xét chuyén dong clia vit A. ta c6:

|
QRg
Pp? +QR?!

Pp? +PQ(R’ +p%)
Pp?+QR*

Q]
Pp’ +QR?
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Thi du IV.2
Ngudi ta quin mét sdi day vao hinh try trdn C cé khdi lugng m, ddu B
dudc bude chit, khi diy x4 ra hinh try roi xung, khang cé véin t&c ddu.
Hay xde dinh vin t6c tdm ciia try hinh try (VC) sau khi try d6 ha xudng
dudi mdt doan h va tim sife cing clia ddy AB?.
Bai gidi:
1. Tim gia t6c¢:
Xét chuy€n ddng clia khdi try, theo dinh 1y:
T| - T°= ZA
trong d6: T, = 0;
3
T ==>mV?;
1 4m c
ZAR =A; =Ph=mgh

3
zm\’g =mgh= VC=v=2\/%

2
= Wc=3g

2. Tim stfc cing cla diy: ¥
Xét chuyén dong cBa khi tru, theo nguyén Iy
D’Alambert: (P, T,F¥,M#)~0 A 4

=q
Fa

ZY=T+F!-P=0
=T+mW-P=0 ‘ F

2 1

=T= m; l—=|= =

g [ 3) 3"13
Thi du IV.3

Ngudi ta bude vit niing M; c6 trong lugng Py va
vat M ¢6 trong lugng P; (P > Py) vao 2 ddu clia sgi
diy mém khong gidn vt qua rong roc O. Hay fim gid

trj gia t6c clia cdc vt niing va sic ciing cilia cdc diy ?
bé qua khdi lugng rong roc va diy.
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Bai gidi:
1. Tim gia tdc ciia cdc vt ning
Xét chuyén déng cla vit My, theo phudng
trinh ¢¢ bdn DLH:
m, W, =P +T,
=>mW, =T -R

ST =mW R =0 W B (@)
g

Xét chuyén dong cla vit My, theo phuong
trinh cd bdn BLH:
m,W, =B, +T,
=m,W,=P,-T,
P,
=T, =P -mW, =P, '“Ezwz b

Véi: W =W,=W
Vi bd qua ma sdt, bd qua khi lugng rong roc nén: Ty =T,
Tit (a) va (b) ta c6:

B wap=p-22w
g B
B-P

= W =W,=W=
B +Ph

E

PP,

=T=T,=
1727 p+p,

Thidu IV 4

Mot vét ning A trong lugng Py ha xudng
dudi theo mit phing nghiéng so voi mat phing
ngang mdt géc o cla ling try D 1am cho vt B
trong lugng P; chuyén dong nhd ching néi v6i
nhau bdi mét day khéng gian ¢6 irong lugng
khoing déing k& vit qua rong roc C. Khoi htgng
bd qua. '
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Xiéc dinh 4p luc niim ngang clia g& E.

Bai gidt:

Xét chuyén déng ciia ca hé, theo
nguyén Iy D’ Alembert:

=EX=N, -F'cosa =0

N, = F cosat =EWA cose
8

Tim WA :
~Xét chuyén dong clia vit A theo nguyén 1§ D’ Alembert:
(ﬁileF:I,i—i}" 0
Chi&u 1én phudng chuyén d6ng cia vat A:
T+ FY -Pysina=0
= T=-F +Psina= P, sina—ﬁWA
= .
- Xét chuyén dong cla vit B theo nguyén 1§ D’ Alembext:
B.FLT) ~0
Chi€u i&n phuong chuyén déng cita vt B:
T, - th -Pa=0
'=T=F +P,
T, =Ty, WA"_"WB =W

- W=P' sino.—P, 2
P +P,

Thay vao = N, =P25§m_“‘_1’z_g ‘
- B+P,
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2. Thi dy ngayén If di chuyén khj di

Thi dy IV.5

Tinh luc P dat vudng goc vio ddu A ciia tay quay OA:d€ hé cén bling
khi ¢6 lwc Q = 4800N tdc dyng vac dia C. Cho Ry =3 ¢m, Rp = 12 cm,
R3;=4cm, Ry=16cm, Rs =3 cm. Tay quay OA dai R=18 cm.

Bai gidi: .
Heé c¢6 1 béc ty do. Cho hé mOtdlchuyenkhé ditheo lyc P, -
Y o5, =P85, ~QBs.=0

89ys =00, 85, =R3p,

Theo cBng thifc ty s8 truyén: LW,
o, R

EEL Ry
5‘1’2 R1

&pj 8;;}2=—LS(pl )

‘5gy Ry
8¢, R,

”5“’?-5“?"11'35“” 23:8”’}_ i
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RR;:R
204

, RR,R
'.I'hay vio, tinh ra: Px—ilﬁ—:ifQ=50N
Thi du IV.6
Trong lugng clia ddm 1 P. Trong Ivgng bénh lin 12 Q. Xde dinh lyc F
tic dung d& gii¥ cho n6 cin bling trén mit phing nghiéng géc o so vdi mat
phing ngang, bd qua ma s4t.
Bai gidi:

Hé c6 mét bic ty do=> Hé c¢6 mbt toa dé.suy réng, chon toa dd suy
rdng qx = S, cho hé di chuyén kha di 5s.
Tdng cOng khd df cla cdc Iye:
T 8A = Fés~Psinc 8- Qsinads =0
= Fds=Psinads+Qsinads
= F=(P+Q)sina
Thi dy IV.7 .
Vit A trong lugng P, duge giff c4n bing trén mat phdng nghidng 1 gée
o nhd bue vao dllu ciia s¢i ddy vong qua rdng roe D vi réng roc dong E
treo v4t néing C ¢d trong lugng Q, mot ddu khic clia diy budc vao vt
niing B ¢6 trong lugng P> ndm cin bAng trén mat righieng goc p.
Tim quan hé gitta céc trong ligng Py, P, Q khi hé can bling, bd qua ma sat.
Bai gidi: '
H¢ c6 2 bic ty do'=> H¥ c6 2 toa d suy rong, chon toa d§ suy
rdng q; = Sa; gz = Sg cho he di chuyén khd di 8.
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- Tinh lyc suy ring Qg, cho 854 # 0 va 8Sp =0
T8A =P sin o 85,4 - Q8S.=0
Ma: 854 =1285;

=P =—
2sing

- Tinh Iyc suy rong Qg cho 88, =0va $Sp#0

T5A = Pysin p6Sp - Q8S=0

Ma: B8Sp =288,
Q
P, =
2= 2sinp
Thi dy IV.8

Diing i kéo vit A lén déc nghiéng géc o 50 véi mit ngang, V4t A cé
trong lugng P. Hé s8 ma sét truot gilta vit A vi mit phing nghiéng 12 f.
Téc dung 1&n trye t3i ngiu yfc phét ddng 6 mé men M. Bdn kinh truc tdi
1aR. L

Tim diéu kién af kéo dugc vt 1én tif rang théi nghl. B3 qua ma sdt I}
8 tryc kéo va trong lugng diy.

195



Bai gidi:

Cd hé ¢6 mot bic ty do = HE c¢6 mét toa d§ suy rdng, chon toa do
suy rong la géc quay clia tdi: g = ¢. cho hé di chuyén kha di 8¢,
* D& dm didu kién cin bing cia vt A
- Vit A s4p trugt 1én
ZSA(E, ) = M8g - (Psina + Fry)ds
Vi Frs = £.N = f.Pcosa, 8s = R.5¢
= T8A(Fg) = [M - P(sina + feosca)R15p
Luec suy rdng dng véi toa dd suy réng ¢:
Q¢ =M - P(sinax + fecosa)R =0
Vdy d€ vt khong trgt 1én cdn phdi c6: M < P(sina + feoso)R
- Vit A sip trugt xudng
Truting hgp vit A sép trugt xung Idc d6 lyc ma sdt s& hudng 1én
M - P(sinat - fcosc)R = 0 .
* D€ vt khong trugt xudng cdn phai thye hisd didu kien:
M 2 P(sina - feoso)R
Nhur viy vat A eén bling thi phdi thod min didu kien sau:
P(_sinq: -feosg)R<M < P(sinof +Ifcosu)
Thidy IV.9. -
Tim h¢ thitc lién hé giita md men M cita ngiu Ivc tdc dung Ién tay
quay ciia cg cfu tay quay thanh truyén va 4p luc P 1én piston khi ¢dn

biing. Cho bi&t chiéu dai cia tay quay OA =r, chifu dai cia thanh truyén
AB={,g6cAOB=g. -
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Bai gidi:
Ap dung nguyén 1y di chuyén khd di: -

T 5A =0 Y.6A =Mdg+Pox =0 m
Ma x =r-cos@+ £ —rsin’p =>8x = —rsingdp| 1+- Jeney ‘
¥ a fe ‘ ¢y —risin’p )

cos@
Thay vio (1) ta duge: M=P-r- sm(p[l+7—=.=]
£ —sin’e

3. Thidy dOng Iyfe hoe vslrﬁn.

Thi du IV.10

Mot hé rdng roc dude treo hai vAtnang M, trong
lugng Py = 100N va M, trong lugng P, = 80N, Xdc
dmh gia t8c W, clia vit Mj vd sic cing T cia
nhinh diy 2. B3 qua trong lwgng dﬁy va 1dng roc.

 Bai gidi:

1. Tinh W,.

Hé ¢6 mtbdctrdo. .

Cic lyc hoat d6ng tdc dung 1én hé 1a: f’l " 1"’2 §

Céc ytc quén tinh cda cc vat: L

=Bw E =Py,
g g

.Cho & ot di chuyén khd d 8s; va-sit dung phaong ‘trinh t6ng qudt
ddng lyc hoc, ta c6: B
Z8A, =P8, ~Fy'ds, ~ Bds, - "85, =
Rdng roc O chuyén dong song phing, nén: s, =26y, = W, =2W,.
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Thay vio va tinh ra: wl'x%?zg =2,8 m/s’

2. Tinh T.

Cit day 2: XY, =T+F'-Pp,=0.

Thay W, vao B' tinhra: T=212 =57 N

4BP,

Thi dy IV.11

Hay thiét lap phuong trinh vi phin dac d6ng cda ch&t diém M trong
lugng P treo bing soi day c6 chidu dai a khong déi bing phuong phip
Lagrange II.

Bai gidi:

Con 1d¢ ¢6 mdt bic tr do, vi trf cila né dugc xbc
dinh bdi géc ¢ nén gy = ¢. Truyén cho géc ¢ mot s6
gia dudng 8¢, ta s& thiy trén dg ddsi nay chi c6 trong
lyc P sinh cdng bing 8A, = (-Pasing)sy, trong d6
a=0A.Dod6Q; =- Pasing.

Djng ndng ¢iia con e T = -;—.Ti,co2 = %J,,q';’
+ Phuong winh Lagrange 1 ¢6 dang:

dior) or 4
i3y Eme o

g_:o. .a_T.=J o= _d_(ir.)gj (']
o & diap,
Thay cdc dai Iugng nay vao phudng trinh (*).
Ta cé: 459 = -Pasing
= 1,0 + Pasinp = 0

Chit y: V1 trong Iyc P 12 Iyc 6 thé, nén c thé 14p phuong trinh
Lagrange 11 du6i dang;

i(ﬁ}uﬂ_,o
dt\ép) oo

trongd6: L=T- I

198



Hudng trye O, thing ding xudng phia difdi.
Trong trudng hgp niy ta ¢6 I1=- PZ = - Pacos

1. 2 aT . dL :
L =—J.0* + Pacosg; ——=Jo; ——=-
2 o 08 a¢= o¥; % Pasmrp_
= Jo +Pasing =0

Thi dg IV.12 .

Déu cudi sgi diy 13 mét con lin ddng chilt B c6 trong lwng Py, sgi
day duge v4t qua rong roc ¢8 dinh O, ¢dn ahu diy con lai m4c vdo vit A
¢6 trong lugng Py trudgt rén mat phing n¥m ngang c6 hé 6 ma sét tnigt
f. B4 qua trong lugng ciia rdng roc va sgi day.

Xéc dinh gia t6c clia Vit A vA gia tfc khGi tim € chia con Hin

Bai gidi: :

Hé ¢6 2 bic ty do = Héc6 Ztoa

i)

d6 suy rong, chon toa 4 suy rong
chohé:

G =%4q2=Y-
Phudng trinh Lagrange II abi voi
hé nay s€ la:

d(aT) &T
E[Eﬂ‘“’q*

S By
dt\ay ) dy L]
- Bong niing cliahé:
T=Tw+ Ty - .
1

}_EL,,: +=J @
2g e

1P, .,
trong 46: Tvg.= 5%_"2; Tw =
Vin t8c v, cia tim Kkhdi tru gdm vin t8c twong d6i (461 vdi diy) bling
va vin t6c theo bling X,

N =AY
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Con vin tdc gée cla khdi tru bing:
@ = ¥ (r 12 bdn kinh ctia kh&i tru),
r

; 1

M0 men quan tinh ctia khéi tru di véi tim C; J, =5% .
' B Rl 1,

Cudi cling ta im duge:  T= %g-wﬁ[(x +3)? +5Yz]

" Do dé:

o, (3L () by
=0, % (x+ yJ:: (ay] 28(2x+3y)

& _Pa. . P, . d(ar) P2y Bie, o
=0, ==X+ Z4+y) > —| — =25+ E+y)
% g( g B

23 9|y

- Tinh Q. va Q,

Trudc tién ta truyén cho hé mét @9 doi khd di sao cho chi ¢6 toa d6 x
thay ddi va c6 s& gia 5x > 0, cdn y = const.

Trén 49 ddinay, chi c6 Iy P; va Fy, (Fras = fp2) sinh cong:
8A) = (P - fPy)8x -
Sau d6 truyén cho h¢ disi khi di sao cho chi ¢6 toa d6 y thay d8i v c6
sG gia 8y > 0, cdn x = const. Trén dd dai ndy 5A; = P, 8y.
Do d6: Lye suy rong Q, = (P, - fP;) va Qy=P;

Thay céc dai lugng vao phuong trinh Lagrangell ta dugc cdc phuong
trinh vi phén chuyén dgng ciia hé:

Pr+P)X +p1y=(P, - fPg

2K +3§i=2g
Gidi cdc phudng trinh, ta im dugc:
%= P +3sz . ..=2(1+f)P2 »
Py +3PR, B +3p,.

Dods: W, =%, W, =i+§
(¥ chi cho ta gia t8c trong d6i cia khii tim khéi try).
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BAITAP
A- BAI TAP NGUYEN LY D’ALEMBERT

Bai tép IV-1. Mot qui cdu nhd c6 tong lugng P treo vho toa xe
chuyén dong ngang véi gia t6c khong d6i W . Day treo qud ciubj l&ch di
gbc o so véi phuong thing difng fuong tng vdi trang théi can bling tuong
d6i cia qué cdu. Xdc dinh gia ¢ ciia toa xe.

Pdp s6: W = giga.

Bai tap TV-2. Mot vAt ning A trong lugng Py ha xuéng dudi theo mat
phing nghiéng so vdi mat phdng ngang
mét géc o cla lang try D 1am cho vit B
trong luwgng Py chuyén dfng nhd ching
ndi v6i nhau bdi mot diy khong din trong
lugng khong déng k€ vit qua rong roc C
khoi lugng bd qua. Xdc dinh dp luc nim
ngang cia ling try 1én g& E cla san. Coi
mit phing nghiéng nhin trdn.

Dép so: Nz}’]Mcosu
P+P

Bai tgp IV-3. Hai thanh minh d8ng chét ¢d chidu dai z

OA = 4, OB = b n6i cing véi nhau dudi mét gée vudng. | g
Pinh O n&i bling ban 12 biing chdt ngang trén truc thing

ding. Truc nay quay vdi vén t6c gée khong d8i @. Tim A

mdi lién hé gita ® va gbc o @o bdi thanh OA véi i
phutong thing ding. ‘

b?cosp—-a’sing

BPdp s6° @ =3
S 8 b —a’)sinZe

Bai t4p IV-4. M6t cdn tryc quay c6 kh6i lugng bing 2000kg ¢6 khéi
14m C. Xe ti D c6 khdi Iugng 500kg. X4c dinh cdc phin hyc danAva B
trong trudng hop sau: cdn tryc va xe i difng yén. Ngudi ta kéo vét
ning E c6 kh6i lugng 3000kg theo phudng thing ding véi gia tc

W= —l%g (g- gia t0¢c trong trudng). -
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Biip s6: Xp=-Xp=52.1kN, Y, = 63.7kN.

Bai tip IV-5. M6t may toi dit trén mdt ddm CD dé kéo vit niing khdi
ltgng m = 2000kg lén trén theo phuong thing ddng véi gia tc W = 0,5
m/s*. Ddm CD d4t trén hai g&i tra mai nhon tai hai ddu C va D. Gid
thuy&t bd qua khdi lugng cia dim, diy va mdy t3i. Kich thude cho trén
hinh v&. X4c dinh 4p lyc phu do luc qudn tinh cia vit ning tai C va D,

m 5m
71
¢ D

[t

Bai tap IV-6. Xe godng trong lugng P lin theo duding ray nhy hinh vE.
Hai phdi thd xe godng véi van 1dc ddu bing khdng tir dd cao h bing bao
nhiéu d€ xe di hét duing ray vong trdn bén kinh R ma khéng tdch khéi n6.

Dépsﬁ:N:P[z—;’--—2+3coquJ; h2>2,5R.
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B- BAI TAP CO HQC GIAI TICH
1. Nguyén Iy di chuyén kha d

Bai tap IV-7. Truc kéo vi sai c6
hai ting A va B gin chiit vdi nhau
trén truc chuyén djng nhd tay quay
OC = R. Vit nang D trong lugng Q
reo trén rong roc dong E. Khi tay
quay OC guay thi nhédnh diy bén trdi
thd ddy va nhdnh bén phii quin diy
dé nang vit D lén. Bén kinh hai ting
A va B lin lugt 1 r; v 1z (r3 > r). Tim cudng 4o lye P cin thiét dat
vudng géc vdi tay quay tai C aé gidt hé c4n bing. Cho Q =7503N, rp =
12cm, 1= 10cm, R = 60cm. '

Pdp s8¢ P=QZ—1=117,5N
p Q =y

Bai tgp IV-8. Khi tay quay OC clia
¢ cfu ranh trugt quay quanh trye O
vudng géc v&i mat phing hinh vE thi
con chay A dich chuyén doc theo tay
OC lam thanh AB chuyén dong trong
rinh thing ding K. Tay quay OC dai,
khodng céch OK = 1. Tim cudng dd lyc
Q cén thist dat vudng gée tay quay OC tai C dé co cfu cin bling néu tai
B t4c dung lyc P hudng thing difng 1én wrén. ‘

Pdpsé: Q =—~r-ll—

o Recos’ ¢

Bai tap IV-9, Cho mot s¢ d6 cén ban véi A c. D
Kich thude aha hnh vE, Tim méi lién he L2 telel
giita d8i trong p va vit céin P khi cd cducén Eg el
bling va tim méi lién hé giffa kich thude clia P
cén ban khi ¢in biing. '

. 2 " Pb 1 b+c E .'0

Pd 6’.‘ T — R F
p*E a'd b .
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2. Nguyén Iy D’Alembert - Lagrange

Bai tdp IV-10. Ling tru A ¢6 trong
lugng P trugt theo médt bén nhén tron cia
lang try B ¢6 trong lugng Q. Mt ndy hgp
vdi phudng ngang géc a. Xdc dinh gia (8¢
ciia ldng try B khi né trugt khéng ma sat
theo mit niim ngang.

g Psin 2o
2(Q+Psin’ o)

Ddp 58: Wy =

Bai t4p IV-11. Cho cd c4u diéu 1ié1 ly tim nhu
hinh v&. Cdc vt ning A, B coi 1a chit diém c6
trong Iugng cdng 13 P, con d8i trong D ¢6 trong
lugng Q. Céc thanh c6 chiéu dai 1 bd qua khi lugng
dugc treo cdch truc quay mot doan a. Cho do ciing
15 xo 12 C va khi ¢ = 0 thi 16 xo khéng bj bign dang.
B& qua ma sdt va khéi lugng 1d xo. Tim bifu thite
lién hé gitfa vin t8c géc o cda truc quay véi géc
md ¢ cla cdc thanh.

Ddp 55 o*=g 2+ Q+ 26U ~cosg),

P(a+/sing)
Bai tdp IV-12. Thanh DE c6
trong lwrgng Q nim trén ba con lin

D E
- -
A, B, C c6 uong Iugng P. Luc F
nim ngang hudng vio bén phai dat °
¢ | A

vao thanh, 1dm cho thanh va céc
con lin chuyén déng. Gid thiét
khéng c6 sy tnuot gitta cdc con lin vA thanh cling nhv céc con 1an v mit
phing ngang. X4c dinh gia (Gc cia thanh DE. Coi mBi con tan 12 hinh ty
trdn ddng chét va bd qua ma st lin. :
3. Phuong trinh L§grange logi 2

Bai t4p IV-13.Ciac banh xe 1, 2, 3 an khdp
V@i nhau nhu hinh v& va chuyén ddng dudi tac
dyng clia ngiu c6 mé men M;, My, M3, Tim
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gia tdc goc cla binh xe thif nhdt. Cdc bénh coi 12 dia tron ddng chit ¢6
kh6i ludng va ban kinh 1dn lugt 13 m;m,,my VA 53035
b T
2 Ml‘—le“LMJ]
5 I,
7 (m, +m, +my)

Ddp 56 § =

Bai tap IV-14. Cho cd c&u hanh tinh vi sai gdm 3
bdnh xe. Bdnh 2 bj tay quay kéo di 1an khéng trugt
trong bénh xe 3 ¢§ dinh va truyén chuyén dong cho
banh xe 1 quay quanh truc ¢& dinh Oy. Tay quay chiu
tic dyng cla nglu phdt dong M, binh 1 chiu tdc
dung ciia ngAu cin M. Cho banh 1 quay gép 10 ldn
1y quay. Coi cc banh xe 12 tdm trdn ddng chat, cing b& day, cling vt
lidu. Xdc dinh gia tic tay quay, cho m6 men quin tinh binh 1 a8i vdi trye

0O, 1 J, khdi lugng thanh bd qua.

. M-10M,
Ddp sé: g, = B0

Bai t4p IV-15. Thiét lgp phuong trinh
chuyén dong ciia con 14c gém mdt ddy dail
mét diu treo chét di€ém M c6 khdi lugng m,
con diu kia treo vao diém O chuyén dong
trén mat phing nghiéng vdi phuong ngang
mét gée c. Gid thiét bé qua khdi lugng clia
day, va con ldc chuyén déng trong mit
phing thing difng.

Bépséf‘iﬁ+%sh1q:+%oos(q)—a)= 0

Bai tap IV-16. Xdc dinh quy lJuft chuyén
dong cia vién bi B chuyén dong trong tng
méng OA dang quay déu trong mit phing nim
ngang vdi van 10 goc @. Tai thdi diém ban
ddu vién bi B cch tryc guay O mt khodnga o
vA c6 véin ¢ doc theo tryc Sng biing khong.

Bdp s6: x = achat
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Bai tdp IV-17. Tay don mang tai diu muit cda
minh, cdc khéi lugng tip trung m;;m, dugc gén
ban 1& vdi vinh tron cda dia ddng chi't ban kinh R.
Khodng cdch tir cdc khai lugng dén bn 1€ 12 1;7,.
Dia quay quanh truc thing ding vubng géc mat
phéing dia nim ngang vdi vin 3¢ géc o = const. Thist
13p phwong tinh chuyén dong cla tay ddn. BS qua
khdi lugng clia tay don. Truc quay tay don song song truc quay cda dia.

Bp 587 {(m, 1} + m, ) - Re? (my], —m,L, ) cos(y —at) =0
Bai tap IV-18. Mot chat diém khdi lugng m & bén
trong 8ng nh&n c6 duding tryc 14 vong trdn bdn kinh a.
Ong quay tr do quanh tryc di qua dudng kinh thing
ding va ¢6 md men qudn tinh 461 truc quay 12 J, Thi&t
1ap phuong trinh chuyén d6ng ciia ¢ hé khi &ng quay
dudi tdc dung ciia nglu lue phit déng ¢6 md men M
khéng ddi.
Dip sd"

{(J +ma’ sin® 0)i + 2ma2dpsin Ocos® = M

ma’d—ma®p® sinBcosd + mgasin0 =0

Bai t4p TV-19. Bia trdn ddng chit khdi lvgng
M, bin kinh R c6 thé quay quanh truc nim
ngang clia n6 di qua O. M6t chit diém khéi
lugng m, treo trén dia bdi sgi diy AB dai L
Thi&t 1ap phudng trinh chuyén dfng clia co hé.

DPdp sé: _
M) ..
(m+?]R2w+mR1ip¢os(¢_w)+ mRIf\j:)z sin(p~y)+ mgRsinp=M

MRAY cos(p~y )+ mi§r—mRI(G) sin(p ~y) + mg/ siny =0
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MUC LUC
Lévi néi ddu

PHAN I - TINH HQC

Chuong 1: CAC KHAI NIEM CO BAN HE TIEN BE TINH HOC
§1. Céc khdi niém cd bdn
L Luc
II. Vért rdn tuyér d6i
111, Trang thdi cin bing
§2. Hé tién d€ tinh hoc
I Tién dé 1
10. Tién ¢é 2
III. Tién dé 3
IV. Tién dé 4
V. Tién a8 5
VI, Tién dé 6
§3. MO men cia luc
1. M6 men cida Iy F d6i véi di€m O
II. M6 men cda Iye F 81 véi truc A
TII. Lién h¢ gitta md men ciia ye F 46 véi truc A va di v6i didm O
§4. Nghu Iyc
L. Pinh nghia
11 Tinh chdt ciia ngdu Ive
[11. M& men cdc lyc cia ngfu lyc d8i vdi mot diém
IV. Hp h¢ ngdu lre @(m, )
§5. Dinh I ddi e
1. Binh Iy
1. Chitng minh
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§3.Cc dang t5i gidn cia hé hyc bt ky @(F,) _ ) 22
1. Hg Iy (F,) cdn bing in 22

I Hé lvc (F, ) wong dueng mét ngdu Iy : Yoo
11, Hé lyc (T, ) twong duong véi mt hyp hye )
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