PHAN THU BA: PONG LUC HQC
Mé dau

1. Pong luc hoc 1a phan cudi ciing cua gido trinh Co hoc 1y thuyét, nghién ciu
chuyén dong cua chat diém va hé chét diém co hoc (co hé) dudi tic dung cua lyc.

Chét diém 12 diém hinh hoc mang khéi luong, co hé 1a tap hop hai hay nhiéu chat
diém ma chuyén dong cia chit diém bt ky bi rang budc bdi chuyén dong cua cdc chat
diém con lai thudc co hé. Vat ran tuyét dbi la truong hop dic biét ciia co hé, né gan
v6i thyuc té va ¢6 dp dung nhiéu trong k¥ thuat.

2. Luyc la dai lugng do tac dung co hoc cua vat thé nay lén vat thé khic, dugc dic
trung bang dai lugng vécto, ky hiéu: F . Trong phan Tinh hoc ta gip luc khong bién
ddi (luc tinh). Trong ph?u} dong luc hoc, ta gap luc bién déi, hodc phu thudc vao thoi
gian t (nhu luc kéo cﬁa’dﬁu~méy, ap luc f:ﬁa dong co Ién nén — méng), hodc phu, thudc
vao vi tri 7 (nhu lyc hap dan, luc dan hoi cua 10 xo), hoac phu thudc vao van téc (lyc
can ciia moi truong). N6i chung, trong trudng hop tong quiét luc F 12 ham cua thoi

gian, vi trf, van toc va duong nhién c6 thé ca gia toc. Ta c6 thé biéu thi:
F=F(F7,7)

H¢ luc tdc dung 1€n co hé c6 hai c4dch phan loai: Hodc chia thanh ndi lyc va ngoai
luc; hodc chia thanh luc hoat dong (luc chu dong) va phan luc lién keét.

- Noi lyc 1a céc lyc tac dung twong hd giita cdc chit diém thudc co hé, ky hiéu
F . Ngoai luc 1a luc ngoai co hé tac dung 1€n cac chit diém thudc co h¢ khao sit, ky
higu F .

- Phan lyc lién két 1a luc dic trung cho tic dung cla céc vat gdy lién két 1én céc
chit diém thudc co hé khao sét, ky hidu N . Cac luc khong phai la phan luc lién két tac
dung 1én co hé khdo sat goi 1a lyc hoat dong, ky hi¢u F.

3. Niam 1687, I. Niuton xuit ban cudén “Nhitng nguyén 1y todn hoc cua triét hoc ty
nhién”. Céng trinh nay trinh bay co s& cia Co hoc ¢d dién. Ong da dua ra céc khéi
niém luc, gia tbc va ching minh rang chuyén dong ctia cdc hanh tinh c6 thé duogc giai
thich bang twong tdc hap dan. Sy tiép can ngiy cang chit ché vé mit dinh lugng ciia

co hoc duoc tiép tuc subt trong céc thé ky XVI — XIX va tao thanh Ly thuyét Co hoc
(Co hoc ) dién) ap dung cho moi vat thé thong thuong.

4. No6i dung nghién ctu:
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Noi dung nghién ctru ctia phan dong luc hoc 1a giai quyét hai bai todn co ban.

a. Bai todn I (bai toan thuan): Cho quy luat chuyén dong ctia chat diém hay co hé,
xdc dinh lyc tdc dung Ién chiing.

b. Bai todn II (bai todn nguoc): Cho lyc tac dung 1én chat diém hay co hé va cic
diéu kién ban dau ctia chuyén dong, xdc dinh quy luat chuyén dong cta chat diém hay
co h¢ dé.

Nhu sé& thiy 6 trong chuong tiép theo, do céc lyc duoc biéu dién theo ham s cua
vi tri, cdc van tdc, gia tdc va thoi gian, nén chuyén dong cua chit diém, co hé duoc mod
ta boi mot hé phuong trinh vi phan cip II. Ta thira nhan ring: Véi cdc diéu kién ban
dau (cdc vi tri va van tdc) cho trude thi nghiém 1a duy nhat. Nhu vy, nghiém cua cdc
phuong trinh vi phan va thoa min cic diéu kién ban dau s& 12 nghiém cta bai todn co
hoc vi tinh duy nhat.
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CHUONG I: CAC PINH LUAT CO BAN CUA CO HQC NIUTON -
PHUONG TRINH VI PHAN CHUYEN PONG

1.1. Cac dinh luit cia co hoc Niuton
1.1.1. Pinh luat 1 (Pinh luat quan tinh)

Chdt diém khong chiu tdc dung ciia lic ndo sé dirng yén hodc chuyén dong thang
déu.

Néu F =0 thi V =const

Chéat diém khong chiu bat ky mot tdc dung co hoc nao dugc goi la cd lap va chuyén
dong thang déu ctia né dugc déc trung bdi mot vécto van toc khong doi. Tu d6 c6 thé
suy ra:

Trang thdi ding yén hay chuyén dong thang déu cta chat diém goi 1a chuyén déng
theo qudn tinh ctia né (chéat diém cin bang). Qudn tinh ¢ day duoc hiéu 1a st can lai
su bién doi van toc.

Nhu vay, Pinh luat 1 khang dinh rang: Luc 1a nguyén nhin phd v& trang théi can
bang cua chat diém.

1.1.2. Dinh luat 2 (Dinh luat co ban cua dong lyc hoc)
Du6i tdc dung ciia liec, chat diém chuyén déng cé gia toc cing hwdng véi hirdng
cua lyc va co do lon ty l¢ voi do lon cua lyc.
F =mW (1-1)
F=mW (1-2)
Trong do: W la gia toc ctia chat diém nhan duoc dudi tic

dung cua luc F ; m lakhbi luong cua chat diém, 12 dai luong z

duong, bét bién theo thoi gian va khong phu thudc vio hé M
hiéu. D
quy chicu W =

Ttr dinh luat 2, ta thay:

— Luyc 12 nguyén nhan 1am cho chit diém chuyén dong c6

gia toc. « 0
— Pinh luat da thiét 1ap mbi quan hé dinh luong gitra céc Einh 1.1
dai lugng co ban cua co hoc: Luyc, khéi lugng va gia tbc (mbi
quan hé giita khong gian, thoi gian va vat chat).
— Néu tdc dung 1én chit diém mot luc ¢6 tri sb khong doi, tir (1-2) suy ra: Khoi
luong cuia chat diém cang 16n thi tri s6 cia gia tdc cang nho, nghia 1a cang khé thay
d6i van tdc ciia né. Tir d6 cho thay khéi lugng 13 d6 do quén tinh cia chét diém.
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~ Trudng hop chét diém chiu tic dung dong thoi mot sb lye (F . F ,.... F ) thi
c6 thé thay ching bi hop luc R. Hé thue (1-1) trd thanh:

mW =R hay mW=)> F, (1-3)
k=1
(1-3) goi 1a phuong trinh co ban ciia déng liec hoc chdt diém duéi tic dung cia nhiéu
lyc dong thoi. Hé thirc (1-3) 1a co sé dé thiét 1ap cac phuong trinh vi phan chuyén
dong, cdc dinh 1y tong quét cua dong lyc hoc va nhitng nguyén 1y co hoc sau nay.
— O lan can bé mit trdi dat, mot vat thé c6 khdi lugng m phai chiu téc dung cua
trong luc P. Theo hé thtc (1-1) thi:
P =mg (1-4)
Trong gan ding bac nhat, trong lugng P bang tri s6 cta lyc hiit trai dat tic dung 1én
chat diém. Lyc nay gan nhu déng déu trong mot pham vi ma khoang céch téi mat dat
con nho so v6i ban kinh trai dat. Gid tri cua g x4p xi g = 9,81 m/s*, duong thing dimg
la phuong cua g .

1.1.3. Pinh luat 3 (Dinh luat tic dung va phan tic dung)

Lure tdc dung twong hé gifta hai chdt diém la hai liec c6 + FB//.B/
cung gid, cung cuong do va nguoc chiéu nhau”. ./A/ -

Cho hai chat diém A va B tuwong tic voi nhau. Céc lyc -~ A

twong tic F, va F, (hinh 1-2). Hinh 1-2

Ta c6 hé thirc: F,=-F, (1-5)
Hon nira: EAEXzﬁAZE:O

D@ théay rang, khdc véi dinh luat 1 va dinh luat 2 chi phat biéu cho chat diém, dinh
luat 3 phat biéu cho hé hai chét diém. Do d6 né 1a co s¢ dé nghién ctiru dong luc hoc co
hé.

1.2. He¢ quy chiéu quan tinh va hé don vi co hoc
1.2.1. Hé quy chiéu quan tinh

Tt dinh ludt quan tinh ta théy: Ton tai mot 16p céc hé quy chiéu, ma ddi véi ching
mot chat diém khoéng chiu tic dung cta luc ndo s& chuyén dong thing déu. Hé quy
chiéu d6 14 hé quy chiéu quan tinh (hay hé quy chiéu Galile). Cac dinh luat ctia co hoc
niuton chi nghiém ding trong hé quy chiéu quan tinh. Hé quy chiéu khong thoa mén
cic diéu kién vira néu sé& 1a hé quy chiéu khong quén tinh.

Hé quy chiéu quén tinh thuong diing trong co hoc niuton.
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- Hé quy chiéu Copecnic (hinh 1-3). Hé quy chiéu Cdpecnic dugc xdc dinh nho
st dung hé toa do Cx.y.z., trong d6 C la khdi tAm cta hé mat troi va cdc truc Cx,, Cy.,
Cz. hudng vé ba ngdi sao du xa dé c6 thé duoc coi 1a ¢b dinh. Pbi véi cdc chat diém
chuyén dong trong hé mit troi, véi do chinh xdc cao, hé quy chiéu nay 1a hé quy chiéu
quén tinh.

Zc
Z
*
Zc
Yc

YC _y¢ C

y

C S \

Xc Xc
S ¢ X
Hinh 1-3 Hinh 1-4

- Hé quy chiéu Képle (hinh 1-4). Hé quy chiéu Képle dugc suy ra tir hé quy
chiéu Copernic nhd phép tinh tién. Géc ctia n6 12 khdi tim S ctia mit troi, céc truc Sx,
Sy, Sz chon song song vdi céc truc Cx,, Cy,, Cz.. Thuc t& C va S rét gﬁn nhau. Sai s
trong tinh todn giita hai hé quy chiéu trén 1a khong dang ké.

Mot hé quy chiéu gin véi mat dat, khi tinh dén cdc chuyén dong quay quanh truc
ctia né va chuyén dong tinh tién trén quy dao cua trai dat, khong phai 12 hé quy chiéu
quén tinh. Tuy nhién véi nhimg tinh todn trong thuc té voi sai s6 cho phép, hé quy
chiéu gan voi miat dat duoc coi nhur hé quy chiéu quén tinh.

1.2.2. H¢ thong don vi co hoc

Trong tinh todn k¥ thut, ta thudng ding hé don vi qudc té SI. O nudc ta da ban
hanh hé don vi do luong hgp phdp dya vao h¢ don vi quéc té SL.

Cac dai luvong co ban cua Co hoc 1a do dai, khdi lugng va thoi gian.

Cic don vi co ban twong tng: Do dai 1a mét, ky hiéu 1a m; khdi lugng 1a kilogam,
ky hiéu la kg; thoi gian 1a gidy, ky hi¢u la s.

Cic dai lugng con lai 1a nhimg dai lwong ddan xudt. Chang han, lyc dugc tinh tir
cong thire: F = mW 1a don vi din xuat.

Néu ldy m = 1 kg; W = 1 m/s” thi F = mW = lkg.1m/s* = 1 kgms ™ va goi 1a
1 niuton, ky hiéu 1a N; 1 N = 1 kgm/s”.
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Thir nguyén cua cdc dai lugng co ban la: [d) dai] = L; [khdi luong] = M;
[thoi gian] = T khi d6 thir nguyén cua luc la:

[lyc] = [khéi lwong][gia tdc] = MLT

1.3. Phuwong trinh vi phin chuyén dong ciia chit diém trong hé quy chiéu
quan tinh

1.3.1. Dang vécto

Goi 7 1a vécto xéc dinh vi trf ctia chat diém trong hé quy chiéu qudn tinh, ta c6:
— 4 -
W=—0yrn =7 (1-6)
dt

no__. . 22 n_o_.,
Tu (1-3): mW =Y F,, suyra m?zm%=2F1¢ (1-7)
k=1 k=1

(1-7) 1a phuong trinh vi phan chuyén dong cua chat diém ¢ dang vécto.

1.3.2. Dang toa d¢

a. Toa do Dé cdc

Trong toa d dé cdc vudng géc Oxyz, phuong trinh (1-7) twong duong véi hé:

md—zx—zn“X ; mdzy—iY' md—zz—iz
> G > =" > ="

hay mjc'ziXk ; mj}ziYk ; m'z'ziZk (1-8)
k=1 k=1 k=1

O day: x, y, z 1a toa dg cua chat diém trong h¢ Oxyz; Xy, Yy, Zx l1a céc thanh phﬁn
chiéu cua luc 77; 1€n céc tryuc toa do Ox, Oy, Oz.
(1-8) 1a phwong trinh vi phan chuyén dong cua chat diém ¢ dang toa d6 dé céc.

b. Toa do tw nhién

Néu biét truéc quy dao cia chat diém, chiéu (1-3) 1én hé truc toa do ty nhién M7nb,
ta co:

mWT:iFkT; mWn:iFlm > me:iFkb
k=1 P

k=1

d’s

Theo két qua cua phﬁn dong hoc: W, :? =5; W = ; Wy = 0. Do dé,
t

V2 SQ
2 r 2 ' p p
phuong trinh vi phin chuyén dong cta chat diém ¢ dang toa d¢ tu nhién c6 dang:
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0=) F, (1-9)

c. Toa do cuc

Chét diém chuyén dong trong mat phang, ¢ thé dung toa do cuc. Chiéu (1-3) 1én
truc hudng theo ban kinh vécto 7 va truc vudng géc voi né vé phia ting cia géc ¢, ta
duoc:

L < d >N
m(r—r(p2)=sz,. ; E—(VZ(P):ZFJ«,; (1-10)
=1 r dt k=1

(1-10) 1a phuong trinh vi phan chuyén dong cia chat diém trong toa do cuc.

Ap dung cdc phwong trinh vi phin chuyén dong cta chat diém ¢ trén ta c6 thé giai
hai bai todn co ban ctia dong luc hoc chat diém.

1.4. Hai bai toan co ban cia dong lwe hoc chat diém

1.4.1. Bai toan 1 (Bai todn thudn)

Cho biét quy luat chuyén dong cua chat diém va khoi luong cua no. Xdc dinh luc
tdc dung lén chat diém do.

Trén co sé cic phuong trinh vi phan da biét thiét 1ap ¢ trén, dao ham theo thoi gian
phuong trinh chuyén dong cua chat diém vai so lan can thiét, sau d6 nhan véi khoi
lugng cua chat diém, ta s€ tim dugc luc tdc dung Ién chat diém.

1.4.2. Bai toan 2 (Bai todn nguwoc)

Cho biét lyc tdc dung lén chat diém, khoi luong cua no va diéu kién ban dau cia
chuyén dong. Xdc dinh quy ludt chuyén dong cua chat diém ay.

Nhu da néu ¢ phan mé dau, dé tim quy luat chuyén dong cua chit diém (nghiém
cua bai todn co hoc) phai giai cac hé phuong trinh vi phin cép II: (1-7) dén (1-10) thoa
man céc diéu kién ban dau (vi trf va van tdc ban dau cua chat diém ) cho trudc.

Trong trudng hop tong quat, viéc tim tich phan dai sd cdc hé phuong trinh vi phan
trén néi chung 1a khong thé thuc hién dugc. Chi co thé tim duoc nghiém cua cic hé
phuong trinh nay trong cac truong hop riéng.

Ta minh hoa mdt trudng hop c6 tinh dinh hudng cdc bude tim nghiém duy nhat cta
bai toan co hoc:

Gia sir chat diém chuyén dong duoc biéu dién bai phuong trinh (1-7):

md T i?,{(z, 7, 7) (1)

2 =
dt k=1
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Gia thiét ring: Tim dugc tich phan tong quét ciia né: 7 =7 (1, C1, C: | 2)

O day: Ci va Cala cdc hing tich phan tiy ¥, nhu vay sé quy ludt chuyén dong cua
chat diém xéc dinh duoc s& 1a vo s6. Dicu d6 khong mat y nghia vat 1y, vi chuyén dong
ctia chat diém phu thudc khéng chi lyc tic dung 1én né ma con phu thudc vao diéu
kién dau cua chuyén dong, nhu van tdc ban dau, vi tri ban dau.

Chang han, tai thoi diém ban dau cho biét vi tri va van toc cua chat diém la:

Al =1 VA =7, 3)
Dao ham (2) theo thoi gian ta c6:
V=7 =F(t,C1,Ca) )
Thay (3) vao (2) va (4), ta c6:
{%zﬂ%i}é? )
v, = V(t,,Ci,C2)

Hé (5) cho phép giai duoc cdc hang tich phan Ci, C» phu thudc viao cic thong sb
ban dau cho trudc, nghia 1a:

{é:émwm%> (6)

62 = Ez(to,f‘o,vo)

Thay (6) trd lai (2), ta nhan dugc phwong trinh chuyén dong cua chat diém 1a duy
nhit & dang vécto:

=1Lt 5, V) = £(0) )
Vi du 1. Chit diém c6 khéi lugng m

chuyén dong trong mit phing Oxy c6
phuong trinh chuyén dong dang: M

x=acoskt; y=bsinkt /fyf:a
. . r | y
Trong d6 a, b, k 1a cic hang s6. Xac dinh 0 X
luc tdc dung 1én chat diém d6.

Bai giai:
Phuong trinh quy dao cua chat diém cé Hinh 1-5
XZ y2
dang: —+>—=1
: g aZ bZ

D6 1a mot ellip ¢6 cdc ban truc twong tng 12 a, b (hinh 1-5). Ap dung phuong trinh
vi phan chuyén dong dang toa do dé cac (1-8), ta c6:
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> X, =mi=—mk’acoskt = —mk’x

DY, =my =—mk’asinkt =—mk’y
Do 16n cia lyc tac dung 1én chét diém s& bang:

F=(ZY,)’ +EY,)’ = mk>x* +y> = mk’r

trong d6 r = OM.

Hudng cua luc F duoc xac dinh boi:

coS F, Ox =—&; coS F, Oy =—ZY"
F F

Suy ra lyc F hudng nguoc chiéu véi 7 va ludn ludn di qua O ¢6 dinh, ta cé:

F = —mk’F

Vi du 2. (chuyén dong thang, luc phu thudc vao thoi gian)
Mot vat trong luong P bat dau chuyén dong tir trang thai dimg yén trén mat ngang

nhan dudi tac dung cia lyc F nim ngang cé gid tri ty 18 v6i thoi gian t voi hé so ty 16
k. tim quy luat chuyén dong cua vat.

Bai giai:

Xét vat nhu mot chat diém ¢ vi tri bat ky. Luc
tic dung 1én nd bao gém: Trong luc IB; luc tac
dung F, c6 gid tri 1a F =kt va phan luc phdp
tuyén cua mdt ngang N (hinh 1-6). Theo (1-3), ta
co:

mW=P+N+F
Chon tryc Ox theo hudng chuyén dong ctia chét diém, c6 gdc O tring véi vi tri ban

dau cua nd. Chiéu h¢ thirc trén 1én truc Ox, ta co:

mi=F hay md—Vzkt
dt

Tt do6 ta co: mdV = kt.dt

2
Tich phan hai vé hé thurc trén ta nhan duoc: mV = % +C, (1)

2
Ta c6: Vzﬂ, nén mdx= kL+C1 dt
dt 2
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3
Tiép tuc tich phan, ta c6: mx = % +Ct+C, (2)

Cac héng sb tich phan C,, C, dugc xéc dinh tir cac diéu kién ban dau:

A, =0va i =0 3)
Thay (3) vao (1) va (2), ta dugc: C;=0,C,=0
3 3
Vay quy luat chuyén dong ciia chat diém la: x = i = ket”
6m 6P

Vidu 3. ( chat diém chuyén dong thcfng, lyc tdc dung phu thudc vao vi tri)

Mot vat khdi luong m duogc bin thang dimg 1én trén tir

mit dat v6i van tde ban dau Vo. Vat chuyén dong dudi tac B Fs B _-
dung cta lyc hit cia trdi dat theo dinh ludt hap dan é/sﬂ e m
niuton. Xac dinh sy phu thudc ctua gia tri van toc V vao -~ my
khoang céch tir vat téi tAm trai dat. R

Hinh 1-7

Bai gidi:
Hai chit diém A, B c6 khoi luong m;, m, cdch nhau mot khoang r, tdc dung 1én
nhau mdt luc hit, goi 1a luc hép dan sao cho (hinh 1-7):

N mlm2 N

F,=-G—32¢, (1-11)
r

Trong d6 G = 6,672.107"" Nm’kg ™ 1a mot hang sb vii try, &, 1a vécto don vi clia
truc AB (dinh hudng tir A dén B).

Bay gid ta xét vat nhu chét diém 6 vi trf bat ky, dudi

, Y — X
tac dung cua lyc hap dan F' (hinh 1-8). Chon truc Ox theo —
hudéng chuyén dong ciia vat, goc toa do tring véi tim trai M. v B
dat. Tu hé thuc co ban cua dong luc hoc, chiéu trén truc -
Ox, ta co; F
mx=—F X

Trong d6, theo (1-11) thi F viét bang: F = iz
X

Khi chét diém & trén mat dét ( tai My, x = R) thi F = P,
do d6 k = mgR*. Tir d6 nhan dugc phwong trinh:
8k’

2
X

D¢ tim van toc V la ham cua x cia chat diém, ta giai
phuong trinh vi phén trén thod man cic diéu kién ban dau:
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X_=Rvax_ =V,
1=t 1=l

Phuong trinh vi phan nhan dugc c¢6 bién phan ly. That vay:

. dV dV dx dv gR2
x:—:—.—z‘/—:— >
dt dx dt dx X

Hay: vdv =—gR2%

Vv X
. s 5 d.
Tich phan dang thure trén, chd y dén diéu kién ban dau: J VdV = —gR’ J —)26
X
R

Vo
) I 1
Suyra: V=V, +2gR| ———
x R

Khi V =0, vt & d6 cao nhat. Ta cé: x|

28R’
V=0 = xmax = g 2
B 2gR-V,

Két qua trén chi ra rﬁng: Xmax tang khi V, tang. Néu V, dat tGi gid tri
A =V, =+/2gR thi x — e nghia la vat thoat khoi lyc hut cua tréi dat.

Liy g = 9,81 m/s?, ban kinh cua trdi dt R = 6,4.10°m, ta c6:

V,, =1/2.9,81.6,4.10° =11,2 Km/s

Gid tri van toc Vg, trén goi 1a van toc v try cap I1.

Vi du 4 (chdt diém chuyén dong thang, lwc phu thude vao vin toc)

Mot qua cau trong luong P roi xudng theo phuong thang dung khong c¢6 vén tdc
ban dau. Lyc can ctua khong khi ty 1€ véi khoi lugng va van tée cia qua cau theo quy
luat R = k.m.V; k la hang s6. Tim van toc gidi han va phuong trinh chuyén dong cua
qua cau.

Bai giai:
Trudc khi gidi bai todn, ta luu y mot vai van dé sau:
Cho dén nay khong cé mot dinh luat téng quat biéu thi luc ma sdt,

nhung c6 céc dinh luat gan ding dp dung cho timg trudng hop. Thuc
té thuong st dung hai dinh luat twong tmg vé6i hai trudng hop gidi han:

~|

Mo——-
a. Lwc ma sdt ty 1¢ voi V doi voi cdc van toc nho.

P 2 1A e 2 A s . A A ’
b. Lyc ma sds ty lé voi V° doi voi cdc van toc lon. P

Khi gidi cdc phuong trinh vi phan biéu dién chuyén dong cua chét
diém, néu ton tai mot nghiém (van toc) khong doi va mic du céc diéu
kién ban dau thé nao di nita thi tat ca cdc nghiém (véan tdc) déu hoi tu
vé van toc nay, goi la van tbe €161 han. Hinh 1-9
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Bay gid ta xét qua cau nhu mot chat diém & vi trf bat ky, chiu tdc dung cia trong
lyc P valuc can R, R =km.V (hinh 1-9).

Ta co: mW =P+R

Chon truc Ox thang dimg hudng xubng dudi, gbc O trung véi vi tri ban dau cua
qua cau. Chiéu hé thuc trén 1én truc Ox, ta duoc:

mi=P—-R=P—kmx=m(g—k)

Hay: jézﬂzg—kic suy ra: dx,=dt
dt g —kx
Tich phan dang thirc trén, ta c6: d(g——kxkx) = —kfdt = g—ki=Ce™"
g —
Ty diéu kién ban dau i _=V,=0, ta nhin dwgc C; = g Do do:

v :jczé(l—e‘k’)

RG rang khi  — oo thiV—>%Tagoi Vghz%

DPé tim quy luat chuyén dong cua qua cau. Tir (*), ta cé: dx = %(l —e*)dt
Tich phan hai vé hé thirc trén ta c6: x=S1+ %e"" +C,
kK k

Theo diéu kién ban dau: x|r:r =0, tadugc: C, = -

kZ

—kt
1
Vay: x=5448 e""—izﬁ[ﬁe ——J

kK Kk

Vi du 5 (chuyén dong ciia mot vién dan gan mat dat)

Mot vién dan khdi luong m dwoc ban 1én tir

mit dt véi van tdcban dau V, lap voi phuong ? T
ngang mot géc .. BO qua strc can cua khong khi. g

a. Xac dinh quy dao cua vién dan. BT |

b. Gia sir cho truée van tée Vo song song a VP i X
v6i mét phang Oxz. Tinh céc gi4 tri géc o dé vién 0 Xp/2 Xp
dan toi duge mot bia ndm & C (c6 toa dd xc, O, Hinh 1-10

7¢c). tur d6 suy ra tap hop cdc di€ém ma vién dan

vdi Vo cho trudc co thé toi dugc.

Bai giai:
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a. Gia thiét trudng trong lyc g =-— glg 12 déu. Chon gbc toa do O trang véi vi tri
ban dau cua vién dan, mat phéng xOz chita vécto Vo (hinh 1-10). Ttr (1-3) ta co:
X=0; y=0; 7=—g

Khi ké dén cac diéu kién ban dau:

X|l=0 = O; y|l=0 = O; Z|t=0 = O; X|t=0 = VOCOS(X; y|t=0 = O; Z|t=0 = VOSina

ta nhan dugc: X =0; X = V,cosa; x = V,cosa.t

'y:();y:();yz()
2

. . . t .
Z=-g,z=Vsina—gt; z = _% + V,sino.t

Quy dao cua vién dan ¢ trong mat phang thing ding xOz chira van téc ban dau
Vo. D6 1a mot parabol, phuong trinh c6 dang:

zZ= —% x* + x.tga
2V cos’a
Mot sb gid tri khéc:

2
=" sin2a
8

Tam ban xp 1a gid tri cua x khi vién danroi vé z=0: x,

2
~ A, on 2 . X N Voo
- B0 cao nhat vién dan c6 dugc tai == va bang: Zp = — sin*a

2g
Do cao cuc dai néu a = 90°.

b. Pé téi mot bia C thi X, zc phai nghiém ding phwong trinh quy dao cia vién

dan:
2
gXc
7, = ——————— +tgo.X
¢ 2V, cos’a 8%e -
Viy a la nghiém cta phuong trinh: C
2 2
gXc . 2 gXc
—=—tgo+x.tgo———5—-2.=0
2V, 2V, 5 X
. 2 2 Hinh 1-11
Bigtsé: A=xl- S8,
2V, \ 2V,

Tir d6: — A < 0: Bai toan khong c6 nghiém, khong thé téi dugc bia C.

— A =0: Bai todn c6 m{t nghiém.
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— A > 0: Bai todn c6 hai nghi¢m.

2
Viy, c6 thé t6i C néu A >0, nghia Ia (hinh 1-11): 7, =——>_x? Vo
2V, 2g

Suy ra: Cdc diém c6 thé téi duoc cua vién dan trong mit phing Oxz déu nam dudi
dudng parabol an toan cé phuong trinh:

2

_ gz x2 +&
2V, 2g

C6 thé giai bai todn trén trong truong hop c6 ké dén luc can khong khi, gia thiét

réng lyc céan ty 1€ véi van téc R =—kmV ,kla héng s6.

1.5. Phuong trinh vi phan chuyén dong ciia co hé

Phuong trinh vi phan chuyén dong ciia co hé trong hé quy chiéu quan tinh dang
vécto. Dé thiét 1ap hé phuong trinh nay ta dwa vao phuong trinh co ban ciia dong luc
hoc (1-3) va viét cho timg chét diém ciia co hé.

Dang ctia phwong trinh vi phan chuyén dong ctia co hé tuy thudc vao cich phan
loai luc tac dung 1€n co hé.

Cho co hé n chat diém. Xét chat diém thir k thudc co hé M, c6 khdi luong my.

—_—

- Néu phén loai luc tdc dung 1€n co hé thanh ndi lyc va ngoai luc, goi F,f va F!
twong tmg 12 hop cdc ndi luc va hop cac ngoai lyc tic dung 1én chat diém thi k, theo (1-
3) ta co:

A W d 7 15 vé 4 : PP A LR n

Trong d6: W, =—", 7 la vécto xdc dinh vi trf cua chat diém My trong hé quy
dt

chiéu quén tinh.

Tuong ty d6i v6i céc chat diém khéc thude hé ta thu dugc hé phuong trinh sau:

mW, = F +F
m, W, = 2i+ 5
m,W,=F +F,
Hay: m W, =F + F (k=1 n) (1-12)



- Néu phan loai lyc tic dung 1én co hé thanh luc hoat dong va phan luc lién két,
goi 77,? va Vk tuong tng 12 hop cic lyc hoat dong va hop cic phan luc lién két tic

dung 1én chét diém thur k. Tuong tu nhu trén, ta nhan duogc:

m1W1 =K'+ N,
mZWQ = F'+ N,

Hay: mW,=F'+N, (k=1,n) (1-13)

Do chua c6 phuong phép tong quét tim nghiém ctia hé phwong trinh vi phéan (1-11)
va (1-12); mat khac thuc té nhiéu trudng hop khong can thiét phai xdc dinh chuyén
dong cua cac chat diém thudc co hé, nén khi gidi cic bai todn dong luc hoc co hé,
thudng ta khong tich phan tryc tiép hé phuong trinh (1-11) va (1-12), ma di tim cic
tich phan dau caa ching. Viéc tim cdc tich phan dau caa hé (1-11) s& duoc phan tich
ky trong chuong céc dinh 1y tong quit cua dong luc hoc. Hé phuong trinh (1-12) s&
dugc sir dung trong phan “Co hoc giai tich” sau nay. Cic phuong trinh vira thiét lap
déng vai trd co ban 1a xuat phat tir ching dé nhan duoc cdc dinh 1y tong quat va nhiéu
nguyén ly co hoc.
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CHUONG II: CAC PINH LY TONG QUAT CUA PONG LUC HQC

A. Hinh hoc khéi lwong

Khao sét chuyén dong cia chat diém, khdi lugng 12 d6 do quan tinh cta né. Khao
sdt chuyén dong cua co hé, ngoai khdi lugng, con phai tinh dén su phin bb cua khi
luong cua hé trong khdng gian, né c6 anh huong tryc tiép dén chuyén dong co hoc cia
co hé.

2.1. Khdi tim ciia co hé

Khoi tam C cua co hé 1a mot diém hinh hoc dugc xac

dinh béi hé thirc: g
" M,
L YmE < e
OC=7 =4 — (2-1) I,
Trong d6: O 1a mot diém bét ky; my, 7 1a khéi luong e y
va vécto dinh vi cda chat diém thr k thudoc co hé, con: x 0)
M = Zn:mk 12 khoi luong toan co h¢ (hinh 2-1). Hinh 2-1

k=1

H¢ thirc (2-1) twong ting véi cdc h¢ thiue trong h¢ toa do dé cdc Oxyz:

n n n
zmkxk zmkyk kazk
_ k=l Cy k=L e k=l

XC M ayc M ’ZC_ M

(2-2)
Trong d6: Xy, Y, z la toa do cua chat diém tht k thudc co hé.
Bay gio ta xét su tong hop cdc khdi tim: Gia sir ¢6 nhidu co hé (chang han hai co
hé) vai khdi tAm tuwong tng C;, C, va khéi luong twong tng M;, M,. Khéi tdm C cia
cdc hé trén xdc dinh bang:

oc = 7. = 06 LM 0C, _ Mg AJ;MZFCZ (2-3)

O day: M = M, + M, 1a khéi luong tong cong céc hé.

Can luu y réng: Néu hé 1a vat ran nam trong truong trong luc, khdi tAm cua vat ran
tring véi trong tAm ca vat tring véi trong tim cia né. Tuy nhién khai niém khdi tim
rong hon khéi niém trong tam. Khdi tim cua vat luén ludén tdn tai, con trong tam cua
né chi ton tai trong trudng trong luc.
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Vi du 1. Cho co céu thudc vé ellip gdm hai con chay A, B ¢6 cing trong lwong Q,
tay quay OC; c6 trong luong P va thuéc AB c6 trong lugng 2P. Biét
OC, = AC, =BC, =/. Coi tay quay va thudc 1a cdc thanh dong chat. Xac dinh toa do
khéi tAm ctia co cau theo géc @ (hinh 2-2).

Bai gidi:

C6 cau thude vé ellip gdm 4 vat ran: Thanh AB, OC; va cic con chay A, B. Khéi

luong va khéi tim ciia chiing xdc dinh ddi véi hé Oxy duoc xdc dinh 1an luot nhu sau:

x, = lcos
2P_C1{1 ¢

m=-—- .
g y, ={sin@
p xzzzcos(p
m, =—; C,
g l .
y22551n¢
x, =0
m3—&:g,c3{ 3 .
g & y; =2[sing@
g 8 y4=0

Goi khdi tam cua co ciu 1a C. Khi d6 theo cdc cong thuc (2-2) ta c6:

_mx Ay x, +maxy +myx,  SP+4Q 0

X

cosQ
m, +m, +m; +m, 3P+202

y,. = my, tnyy, tnsy, +n,y, 5P+4Q£Sin¢)
¢ m, +m, +m, +m, 3P+202

2.2. Momen quan tinh

2.2.1. Dinh nghia

— Mémen qudn tinh ciia co hé doi véi truc z ky hiéu J, la dai lirong vé huéng bang
tong cdc tich cdc khoi lwong my cua moi chat diém thuoc hé véi binh phuwong khoang
cdch d, tw chat diem deén truc:

J.=> md? (2-4)
k=1

Déi v6i mot chat diém cich mot khoang d dén truc z thi: J_ =md’

— Trong tinh todn k¥ thuat thuong st dung khai niém bén kinh quan tinh, ky hiéu
p,, do bang do dai dé tinh mdmen quan tinh ctia hé ddi véi truc z:
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J.=Mp’ (2-5)
Trong d6: M la khdi lugng toan co hé.

Don vi cia mdémen quén tinh 12 kgm?, thtr nguyén cua né [J] = ML,

2.2.2. 2. Mémen quén tinh ciia mdt sé vat dong chat

Thanh méng dong chat dai ¢, khdi lwong M. Ta sé&

: . y
tim momen qudn tinh cia thanh d6i véi truc Az thang géc
v6i thanh (hinh 2-3). Hudng truc Ax nhu hinh v€, phan b A B x
thanh dx cich A mot khoang x, c¢6 khdi lugng dm = pdx , X dx
p= % 1a khéi lugng ctia mot don vi chiéu dai clia thanh. Hinh 2-3
Ta co:
/ L 63
J o, =Jx2dm = pszdx =p—, ViM =p/l
' 0 0 3
el [y
Tur do: Ju = gME (2-6)

— Vanh tron manh ddng chat ban kinh R, khéi lugng M. Ta tim moémen qudn tinh
ctia né ddi véi truc Cz thang géc voi mat phang vanh tron va di qua tim cta né (hinh
2-4). Tt ca cédc diém cta vanh tron déu cach Cz khoang R, nén:

Je, = kaRz :[kaJRZ = MR*

Vay: J.. =MR’ (2-7)

¥4
Cong thire (2-7) cling dugce ding dé tinh momen quén tinh ctia vo try dong cht
ban kinh R, khdi lugng M ddi véi truc cua no.

y

2

Hinh 2-4

— Téam tron dong chat va khéi try dong chat ban kinh R, khdi lwong M. Ta tinh
mdmen quén tinh cta tdm tron d6i véi truc Cz thang gée véi mat tim va di qua tim cia
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né (hinh 2-5). Tach ra mot vanh tron yéu td ban kinh r, rong dr. Dién tich vanh tron:

1a khéi lwong don vi cia dién tich

. M
2nrdr, khoi lugng dm=p27rdr trong d6: p = Pe
tAm. D4i voi vanh tron trén:

dJ .. =r*dm=2mpr’dr

R
Khi dé: Jo. =27p j rdr = %;sz“, vi M =p.xR’
0
) | .
Do dé: Je, = EMR (2-8)

Cong thiic (2-8) ciing dung dé tinh mdmen quén tinh ctia khdi tru dong chat néi
trén ddi véi truc caa no.
— Hinh chit nhat déng chét, hinh nén, hinh cau:
a. Tam chir nhat déng chat, khoi lwong M, cdc canh la a va b. Truc x huéng doc
canh a, truc y hudng doc canh b:
J, = %sz; J, = %Maz (2-9)

b. Nén tron xoay dong chat khéi lwong M, bdn kinh ddy R. Truc z hudng doc truc
non.
J.=0,3MR’ (2-10)
c. Hinh cau dong chat, khéi lwong M, bdn kinh R. Truc z huéng doc duong kinh:
J.=0,4MR’ (2-11)

2.2.3. Mémen quan tinh déi véi truc song song

Pinh ly Huyghen z

Z)

Momen quan tinh cua vat ddi véi truc khdc
nhau s& khdc nhau. Ta chi ra hé thuac: Khi biét
mdmen quén tinh cta vat dbi v6i mot truc nao dé R ——— B
dan qua vat, im momen quén tinh dbi véi truc © | hy
bat ky song song véi né.

Gia thiét truc Cz qua khdi tim C cua vat va
song song voi truc Oz;. Khoang cach gitra hai
truc 1a d (hinh 2-6). Theo dinh nghia:

Jo. = mhis e =D mh? Hinh 2-6
k=1 k=1
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Trong d6: hy, 4 twong ung 1a khoang cich tir chat diém bt ky B dén truc Oz,, Cz.
Tir ABae, tacé:  hl =h” +d’ —2dh/cos,

Dan tr C hé toa d6 ¢6 truc Cx, Cy théng g6c truc Cz va truc Cx cat truc Oz;, nhu
thé Cx // ae. Ta goi toa do cua B 1a xy, yy, z, nhan duoc:
Wcosa, =x, va h; =h’+d’ —2d.x,

Thay h; vao biéu thic tinh J,, , ta c6:
JOZ1 = Z:mkh,:2 +d? [kaJ— Zd[kaka
k=1 k=1 k=1

Tur hé thuc (2-2): kaxk = Mx,.. Do C la gbc toa do, nén xc = 0 va kaxk =0;
k=1 k=1
cubi cling ta c6 hé thirc:

Jo, =J e+ Md’ (2-12)
Hé thuc (2-12) biéu thi dinh Iy Huyghen:

Mobmen qudn tinh cua vdt doi voi truc da cho bang mémen qudn tinh cua vdt doi
VOi truc song song voi no di qua khoi tam C cua vdt, cong voi tich khoi luong cua toan
vdt voi binh phuwong khoang cdch giita hai truc.

B. Cic dinh ly tong quét ciia dong lwc hoc trong hé quy chiéu quén tinh

Viéc giai nhiéu bai todn déng lwc hoc thuan tién hon khi thay phuong phép tich
phan truc tiép phuong trinh vi phan chuyén dong, bang cic dinh 1y - goi 1a cdc dinh Iy
tong qudt cia dong luc hoc. Céc dinh 1y téng qudt cia Pong luc hoc 1a hé qua caa
phuong trinh co ban dong luc hoc, cho mdi quan hé giita cdc dic trung dong luc co
ban (dong luong, mémen dong lugng, dong ndng) voi cic dai lugng co ban do tic
dung cua lyc (xung luong cua luc, mdmen cua luc va cong cua luc).

2.3. Dinh Iy dong lwgng va dinh Iy chuyén doi khéi tim

2.3.1. Dinh ly djng lwong
a. Dinh nghia dong lwgng va cong thirc tinh dong lwgng
Péng lwong ciia chdt diém la dai leong vécto, ky hiéu G, bang tich khoi lwong m
ctia chat diém véi vécto van téc vV ciia né.
g =my (2-13)
Vécto dong luong ¢ hudng theo huéng vécto v, nghia 1a hudng tiép tuyén véi
quy dao chat diém.
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Dong luong cua co hé, ky hiéu la é la téng hinh hoc déng lwong cdc chat diém

thuoc co hé:
0=>"mi, (2-14)
k=1

Neéu co hé gom nhiéu vdat ran chuyén dong, dong luong cua co hé bang tong hinh
hoc dong lwong cua cdc vdt ran chuyén dong thuoc co hé.

Don vi do dong lugng 1a kg.m/s, thir nguyén cia n6 [Dong lugng] = M% .

Dong lugng cia co h¢ con cé thé tinh qua khdi lugng toan hé va van téc tam khoi
lugng cua no.

Pinh Iy

Dong lwong cua co hé bcfng dong lwong cua khéi tam ciia hé, tai dé tap trung toan
bo khoi luong cua co hé:

Q=MYV, (2-15)

Churng minh:

That vay, tir dinh nghia khdi tAm ctia co hé ta c6: ka?k = Mr,.. Dao ham theo
k=1

thoi gian hé thitc trén, thu duge: Y m 7 = M7 hay >.m V, =MV ¢

k=1 =1
Nghia la: 0=M Vg
b. Pinh nghia xung lwong cua luc

— Xung luong yéu 16 cua lyc la dai luong vécto, ky hiéu la d § bcfng tich vécto
luc F véi khodng thoi gian yéu té dt:

dS = Fdt (2-16)
Hudng cua d S theo hudng tdc dung cua luec.
— Xung luong cua lyc F trong khoang thoi gian hivu han tir ty dén t; la:

E=]d§=}?dz (2-17)

Iy Iy

Néu luc F khong ddi ca vé modun va hudng thi: S = f(t1 —1,) (2-18)

Don vi do xung lugng cia luc kgm/s. Thir nguyén cua né la: [xung luong] = M% .
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c. Céc dinh Iy dong lwong do6i véi chit diém
Pinh Iy 1

Pao ham theo thoi gian dong lwong ciia chat diém bang tong hinh hoc cdc lc tdc
dung lén chat diéem ay:

%(mV) =Y F, (2-19)

Churng minh:
Xét chat diém khdi lugng m, chiu tdc dung cua céc luc (E, Fz, s Fn ), Fk =R
k=1

va chuyén dong véi gia toc W . Theo (1-3), tac6: mW = ZFk =R
k=1
Do khéi lwong m ciia chat diém khong d6i theo thoi gian t, ta c6:
— d =\ —
mW ==—(mV)=R
dt
Pinh ly 2
Bién thién dong luong ciia chdt diém trong mét khodng thoi gian nao dé bang tong
hinh hoc xung lwong ciia cdc lyc tdc dung lén chat diém trong khodng thoi gian dy.

mvV,—mV, =S, (2-20)

k=1
Chiing minh: Tir (2-19), ta c6: d (mV ) = Rt = [ ijdt
k=1
Tich phén hai vé ctia hé thirc v6i c4 can twong ng:
mV, 4

[ d(mv)- j[gfk (=3 [Far

mV, o NKT k=1 1,

Hay: mﬁ—m%zZSj

k=1

d. Céc dinh ly dong lwong do6i véi co hé
Pinh Iy 3

Dago ham theo thoi gian dong lwong cua co hé bdng vécto chinh cua hé ngoai lyc
tdc dung lén co hé.

dQ = &
—Q=Q= E F! (2-21)
Chirng minh:
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Xét co hé n chét diém. Goi hop cdc ngoai luc va hop cédc noi luc tic dung 18n chat
diém thtr k thudc hé twong ing 1a FS va F,. Ap dung (2-19) cho chat diém thu k, ta
co:

d( \_ T, 5
E(mkvk):}:;c +F
Viét céc hé thure twong tu cho céc chit diém cua co hé roi cong vé lai, ta duoc:

d . n _E, n _l,
Y (m V) =Y K+ F
dt =1 =1

k=1

Vé trdi ctia h¢ thirc bing: i%(mkvk) :%{i(mj)} = dié =0
k=1 k=1

Do d6 chi can chirmg minh: ZE =0, nghia la vécto chinh —

k=1 = /FB//.B i
A

cua hé ndi lyc tic dung Ién co h¢ triét tieu. Thay vay, xét hai
chit diém A, B bat ky thudc co hé. Cac luc tic dung tuong ho - '/
gitra hai chat diém theo dinh luét 3 niuton:

F,=—F, nén F, +F, =0 (hinh 2-7) Hinh 2-7

Vi A, B bat ky, ta suy ra ZE =0.
k=1
Pinh ly 4
Bién thién déng lwong cia co hé trong mét khodang thoi gian nao dé bang tong

hinh hoc xung lwong ciia cdc ngoqi lyc tdc dung 1én co hé trong khodng thoi gian dy.

0-0,=2.5; (2-22)

Ching minh: Tt (2-21), tacé: dQ = [Zf,jjdr

61 h n __, n I -
Tich phan hai vé hé thirc trén véi can twong Ung: J dQ = J[Z F! jdt = Zijedt
o k=1 k=17,

hy  G-0-3

k=1
Nhan xét:
Céc cong thuc (2-19), (2-20), (2-21), va (2-22) khi viét dudi dang toa do DPécic,
tuong tng c6 dang:

d, . d, d,
D=2 X5 mp) =D Y - (mi)=) 7, (2-19a)
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mi, —miy =Y S, my—my, = > S, mi—miy =S, ; (2-20a)

de — e. dQY — e, sz — €. _
o S2XG =N S =R T (2-21a)
0,-0, =280 0,-0,, =D.50: 0. -0, =>.8¢s (2-22a)

e. Dinh luit biao toan dong lwong

Ta chi trinh bay truong hop d6i voi co hé, con chat diém 1a co hé dic biét gom c6
mot chat diém.

Tir (2-21) suy ra: Néu ZF; =0 thi: Q = const, nghia 12 néu vécto chinh cia cdc
k=1

ngoai luc tic dung 1€n co hé ludn ludn béng khong thi vécto dong lugng ctia co hé s€
khong dbi.

Tu (2-21a) suy ra: ZX . =0 thi Q = const, nghia la néu téng chiéu cua cic ngoai
lyc tdc dung 1€n co hé trén mat truc nao dé (truc Ox) ludn ludn triét tiéu thi chiéu dong
lugng cia hé 1én truc d6 s& khong doi.

Dinh luét bdo toan dong luong gidp ta giai thich mdt sb hién tuong co hoc trong
thuc té, chéng han:

e Chuyén déng nho chan vit ciia tau thuy hay nho canh quat ciia mdy bay

Xét tau thuy chuyén dong tir trang thdi nghi. Khi chan vit quay, né diy mot khoi
nude chuyén dong doc truc vé phia sau. Quan sit chuyén dong cia co hé gdm khoi
nude trén va tau thuy. Néu bo qua tic dung ctia luc can va tong chiéu cic ngoai luc 1én
phuong ngang bang khong. Luc tac dung tuong hd giita chan vit va khoi nudc 1a noi
lyc, ching khong 1am bién déi dong lugng cua h¢. Do dong luong cia h¢ dugc bao
toan, nén khi khdi nuéc bi day vé phia sau, thi tu thuy phai chuyén dong vé phia
trude.

Chuyén dong cta mdy bay cénh quat tir trang thdi tinh ciing duoc giai thich twong
tu.

e Chuyén déng bang phan luc ciia mdy bay hay tén lira trong chdn khéong va theo
phirong nam ngang.

Nhién liéu ctia may bay phan luc hay tén lira bi 6t chdy thanh hoi phut ra phia sau
v6i van toc 1on. Xét mdy bay hay tén Itra va khdi nhién liéu 12 mot co hé. Dong luong
ctia co hé Ay ludn ludn khong ddi va bang khong. Khi budng hoi cta nhién liéu da
chdy c6 dong lugng hudng vé phia sau, nén mdy bay hay tén ltra phai chuyén dong vé
phia trudc.

Nhdn xét: Dé dp dung céc dinh 1y dong luong cua chat diém hay cua co hé can
hoan thanh cic tich phin vé phai cdc hé thirc (2-20) hay (2-22). Nghia 1a tich phan
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theo thoi gian céc ham biéu dién luc tdc dung 1én chét diém hay co hé. Do d6 cdc dinh
1y dong lugng dung giai thudn lgi doi vdi cdc bai todn ma cic lyc tdc dung la khong
doi hodc chi phu thudc vao thoi gian.

DPéi véi co hé, dinh 1y dong lugng khong c6 mat ndi lyc. Nén can chon co hé sao
cho tat ca hodc mot so luc chua biét trd thanh ndi luc va viéc giai bai toan tré nén dé
dang hon.

Dbi v6i céc bai toan ma co hé 1a moi trudong chat 1ong hay chét khi, dic biét bai
todn vé va cham, vi¢c 4p dung dinh ly dong lugng rat hi¢u qua.

Vi du 2. Mot tai trong khdi lwong m ndm trén mit phiang ngang va nhan vén tdc
ban dau V, . Sau do tai trong chuyén dong theo quén tinh va chiu luc can F khong doi.
Xéc dinh thoi gian vat dung lai va quang duong di dugc cua n6.

Bai gidi:

Coi tai trong nhu mot chat diém M. Luyc tdc dung
1én n6: Trong luc P, luc can F va phan luc phap
tuyén N cua nén (hinh 2-8). Chon truc toa do Ox
hudng theo chiéu chuyén dong cua tai trong, gbc O
truing v&i vi tri ban dau cua n6.

Ap dung dinh 1y bién thién dong luong ctia chét
diém trén truc OX, ta co:

ms—mi, = [ (=F)dt
0

Trong d6 x, =V,, khi tai trong dimg lai thi x=0.Do F khong ddi, ta thu dwoc:

-mV,=—Ft =>t= mVy

F F
Mat khdc, ciing tir h¢ thuc trén, ta duge: X = ? =V,——t = dx=Vdt ——1tdt
t m m

Tich phéan h¢ thic vira nhan dugc véi cén tuong Ung: de = J. v, - Etdt)
m
0 0

Suy ra: x=Vjt——.—

Thay gié tri t tim dugc vao, ta nhan dugc quang duong vat di dugc:

mV, _L(mvo jz %

S=V,
F  2m\ F 2F
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Vi du 3. Mot vién dan khdi lwong m duge ban khéi nong sting theo phuong nam
ngang véi van toc V, khéi luong cua sting bang M. Hay tim van tdc giat 1bi cua sting.
B6 qua ma sét (hinh 2-9).

Bai gidi:
2 C A, P .z S b =
Dé loai trir 4p luc chua biét cua khi hoi ta khao st 1l_|:| (T vV

co hé gom dan va sing. Bé qua ma sét, nén ngoai luc X

e A A 5 = - Y
tdc dung 1€n co h¢: Trong lyc ciia dan P =mg, trong

lyc ciia sing Q=M g va phéan luc phdp tuyén N cia Hinh 2-9

mat dat 1én dé sing. Khi d6 tong chiéu cdc lyc nay 1én

phuong ngang (chon Ox) bang khong. Ta c6 sy bao toan dong lugng cia hé theo truc
Ox: Qy = const. Trudc khi dan bay ra khdi nong sing hé ¢ dinh va Qo = 0, nén tai bt
ky thoi diém nao thi Q4 =0. Goi van tdc giat 1ui cda sing 1a # , thi dong lugng cua hé
tai thoi diém dan c6 van toc V la:

Q. =—Mu+mV =0 suy ra: u:m_V

Vi du 4. Nudc chay véi van toc Vo = 2m/s vao dng dan c6 tiét dién bién d6i, ddi
xing voi mat thang dung (hinh 2-10). Dién tich tiét dién dng dan vao 1a F = 0,02m’.
Vian tdc cta nudc chay ra khoi dng 1a V, = 4m/s va nghiéng voi dudng nam ngang géc
o = 30°. Gia thiét dong chay 1a 6n dinh (dimng), xdc dinh thanh phin nim ngang cta
phan luc tong hop do thanh cta doan dng dan tac dung 1én khéi nude chay trong do.

Bai gidi:

Khao sit chuyén dong ctia co hé 1a khdi nudc 90 l l l Vo
abcd trong khoang thoi gian dt. Khi bé qua ma sat 6 b
r r a
gifra khoi nude va thanh Ong, ngoai luc tdc dung 1€n l b

co hé gdbm: Trong luc P, phan luc R cta thanh éng
duoc phan 1am hai thanh phan: Thanh phan nim 30°
— s — ' d
ngang N va thanh phan thang dimg Q theo phuong V7 ¢
- : : s o4 = oA
P, va ap luc (4p suat khi quyén) hai dau ong ¢, va v
1

@, vudng gbc voi ab va cd. Hinh 2-10

Ap dung dinh 1y dong lugng cua co hé trén truc
Ox niam ngang, ta c6:

%:N+P¥+Qx+¢)lx+¢2x=N (a)
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Tai thoi diém t hé chiém vi trf abed, tai thoi diém t; = t + dt hé chiém vi tri
a,;b,c,d,. Céc thé tich yéu td abb,a, va cddc, béng nhau (lugng nudc chdy vao va chay
ra trong cling khoang thoi gian dt). Do d6 khéi lugng ctia ching:

m, =m, = pFV,dt =1000.0,02.2.dt = 40dt

Mit khdc, bién thién dong luong cta co hé trong thoi gian dt bang hiéu dong luong

céc khdi nuée cdd,c; va abb,a;. Thanh phﬁn chiéu trén truc Ox bé‘mg:
de = ml‘/lx - mOV()x
Trong d6 Vo, =0, V,, =V cosa nhu vay:

dQ, =-mV,cos30" =—160cos30° dt (b)
X do 0
Thay (b) vao (a), ta dugc: N = d_tx =-160c0s30° =803 (N)
Phan lyc N ndm ngang c6 hudng nguoc chiéu truc OX.

Dinh ly O-le

Ta xét mot khoi chat 16ng gidi han bai mat bén ong va hai tiét V>
dién ngang phang thang géc véi thanh dng (hinh 2-11).

Goi: S, S, la dién tich cac tiét dién ngang cua 1 va 2; p;, p; 1a
mat do khéi cua chét long & 1 va 2; V. va V, 1a van toc cia chat
long & 1 va 2.

Trong trang thai chay 6n dinh (dirng), nghia 14 van toc tai mdi
thoi diém cta dong chat 16ng khong phu thudc vao thoi gian, thi %
khéi lugng M cua khéi chit 1ong chay trong mot don vi thoi gian
qua bat ky mit cit ciia 6ng 1a khong doi:

M =pVS, =p,V,S, (2-23) Hinh 2-11

Vi

Ky hiéu M \71, M \72 1a vécto dong lugng cia khdi chét 1ong &
tiét dién 1, 2 trong mot don vi thoi gian, khi d6 ¢6 dinh 1y O-le, phét biéu:
“chng vécto chinh cia cdc lwe mat, luc khoi va cdc vécto dong luong cua chat

long chay qua hai mdt cdt 1 va 2 bang khong”.

R,+R, +MV,+(-MV,)=0 (2-24)

Trong dé: ﬁm l1a vécto chinh cdc luc mat (cac luc tdc dung lén cac phﬁn tr chét
l6ng nam trén mat ngoai khdi chat 1ong: Phan luc thanh éng, ...); 3 , 1a vécto chinh
cac luc khdi (céc lyc tdc dung lén cac phﬁn tr chét long thudc khdi chat long: Trong
luc, ...)
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2.3.2. Pinh Iy chuyén dong ciia khdi tAm

a. Pinh Iy chuyén dong ciia khoi tim

Khoi tam ciia co hé chuyén dong nhw mét chat diém, c¢é khoi lwong bang khoi
luong cua co hé va chiu tdc dung cua cdc luc dwoc biéu dién bang vécto chinh cua cdc
ngoqi lyc tdc dung lén co hé.

MWe=YF (2-25)
k=1

Hoac viét dudi dang toa do Décac:

Mi =) X[ Mo =D Y Mz =D 7 (2-25a)
k k k
Chimg minh: D& dang thdy, tr cic hé thic (2-15) va (221):

= v 40 o
Q:MVC,E:ZF,{

k=1

Suy ra: MW . :ZF;

b. Pinh luit bio toan chuyén dong khdi tam

Tu (2-25), néu ZF,f =0 thi \7; = const . Vay, néu vécto chinh cua céc ngoai luc
k=1

tac dung 1én co hé ludn ludn bang khong thi khéi tim cta co hé hoic dimg yén hoic
chuyén dong thang déu.

Tuong ty, néu Y X; =0, theo (2-25a) ta c¢6 %, = const (V,, = const). Nghia la:

k=1
Néu téng chiéu cua cdc ngoai lyc tdc dung 1én co h¢ trén mdt truc nao dé (truc Ox)
ludn ludn bang khong thi hinh chiéu cua khoi tdm cua co hé trén truc d6 sé ding yén
hay chuyén dong deu.
Ap dung cic dinh luét bao toan chuyén dong khéi tim c6 thé giai thich mot s6 hién
tuong trong thuc té:

e Chuyén dong ciia khoi tam hé mat troi: Cac luc hap din giita cdc ngoi sao 1a
ndi lyc, nén cé thé néi: HE¢ mat troi khdng cé cic ngoai luc tdc dung. Do dé c6 thé coi
gan ding: Khoi tam hé chuyén dong thang déu trong khdng gian vii try.

e Tdc dung cua ngc?u luc lén vat. Vat ran tw do dudi tic dung cua ngﬁu Iuc

(F, F’) c6: ZF; = F+ F’ =0. Néu ban diu vat ding yén, khdi tim C cua né sé& ding
k=1

yén dudi tic dung cta ngiu. Vi vay, vat ran chi c6 thé bat dau chuyén dong quay

quanh C duéi tdc dung ctia ngau.
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e Chuyén déng theo mdt nam ngang

- Néu khong c6 ma sit, ngoai luc tic dung 1én nguoi gdm trong luong va phan
luc phép tuyén mat dudng c6 tong chiéu 1én tryc x theo phwong ngang bang khong. Do
d6 néu ban dau nguoi dimg yén, thi di ¢6 su cb gang cta bap thit (ndi luc) ciing khong
gitip cho ngudi c6 thé di lai dugce. Luc ma sdt ¢6 tic dung lam cho nguoi di lai. Khi
budc chan trdi 1én phia trudc, chan phai ¢6 xu huéng trugt vé phia sau va 1ap tirc xuat
hién Iyc ma st huéng vé phia trudc, chinh lyc d6 gidp nguoi di vé phia trude.

- Xe O-t6 hay dau mdy xe lira c6 thé di
chuyén duoc 1a nho ¢6 luc ma sat truot dat vao
diém tiép xiic B giira banh chu dong va mat dudng.
Ap luc hoi hay khi tir mdy phét s& truyén mot
mOmen quay t&i banh chu dong va né cé6 hudng
quay vé phia sau, lyc ma sdt trugt huéng vé phia
trude. Khi lyc nay khong cé hoic khong du dé
th'flng suc can cda banh bi dong (lyc ma sit & banh
bi dong tai A hudng vé phia sau), xe O-t6 hay dau
mdy khong chuyén dong hay ting téc duoc (hinh 2-12). Banh chu dong s& quay tai
chd, ta goi hién tuong pan xe.

Hinh 2-12

e Ham xe. Dé him xe ta tit mdy va cho ma phanh dp chit vdo banh xe. Luc ma
sat gifra m4 phanh va béanh xe 1a ndi lyc. Lyc nay lam banh xe quay cham lai va lyc ma
sdt & diém tiép xuc giira banh xe va mat dudng 1a ngoai luc, nguoc chiéu chuyén dong
cua xe c6 tadc dyng ham xe.

Nhdn xét. Tir (2-21), va (2-25) khi chi y dén (2-15) ta thay, thyc chat dinh 1y dong
luong va dinh 1y chuyén dong khdi tdm 12 hai dang cta cing mot dinh 1y. Tuy vdy, (2-
25) chi st dung thuén tién dbi v6i vat rin va hé vat ran. Khi khao sit mdi truong 16ng
hay khi, hé thirc (2-25) s& mat ¥ nghia.

Vidu$5

Mot ngudi trong luong P ngdi & miii mot chiéc thuyén trong luong Q dai /.
Thuyén dung yén trén mat nude. Bo qua stc can ciia nude. Xéc dinh do dich chuyén d
cua thuyén khi nguoi di té1 miii kia cua thuyén.

Bai giai:

Xét co hé gdm c6 nguoi va thuyén, chiu tic dung

cédc ngoai luc: Trong luc ﬁ, é va phan luc R cua o

v
nuée, ching déu ¢é phuong thiang dimg. Chon truc -
Ox nam ngang (hinh 2-13). Ap dung dinh 1y chuyén P Q

dong khdi tam trén truc Ox, ta c6:

Mix. =0 = Xx. =const Hinh 2-13
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, A A ’ N -0 A
Do luc dau hé ding yén, x. =0, nén suy ra x¢ = const.

Gia str ban dau nguoi va thuyén c6 toa do khoi tim trén truc x 1a x) va x), thi vi

tri khoi tam ban dau cua hé la:

0 0
O = Px; +QOx,

¢ P+Q @

Khi nguoi di toi mii kia cua thuyén, thuyén dich chuyén nguoc lai mot doan d.
Khoéi tdm cua nguoi va thuyén trén truc Ox, khi nay cé toa do:

x,=x'+0-d; x,=x)—d
Khdi tim cta hé c6 hoanh d6 bang:

XCZPx1+Qx2 =P(x1°+€—d)+Q(x§—d) (b)
P+0 P+0

Do x¢ = const hay x. =x{., tir (a) va (b) suy ra: d = PP—E

+0
2.4. Dinh Iy mémen djng lwong

2.4.1. Momen dong lwgng
a. Dinh nghia z

Momen déng lwong ciia chat diém doi véi tam O nao dé la Lo
dai luong vécto, la momen cua vécto dong luong (m\7) cla \

chat diém lay doi voi tam ay, ky hiéu: 1 .

Theo dinh nghia ta c6 (hinh 2-14): -

(y=m ,(mV)=F AmV (2-26)

Moémen dong lwong cua chat diém lcfy doi véi mot truc z la Hinh 2-14
dai lwong dai s6, lo mémen cua vécto dong luong cua chat
diém ldy doi voi truc dy, ky hiéu ( _:

(. =m (mV)=+mVh (2-27)

Trong do: V’ 1a hinh chiu cia V trén mat phang () vudng géc véi truc z, h 1a
khoang céch tir giao diém cta mit phang (m) véi truc z téi gid ciia vécto V’. Gié tri l,
1ay dau dwong (+) néu nhin tir ngon truc z xudéng mit phang () thiy V’ ¢6 chiéu quay
vong quanh tryc z nguoc chiéu kim dong ho, ¢ . ldy ddu am (-) trong trudng hop

ngugc lai.
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Moémen dong lwong ciia co hé ldy doi véi mot tam O hay truc z la tong hinh hoc
hay dai s6 momen dong luong cua tat ca cdc chat diém thude co hé doi véi cung tam

hay ciing truc dy, ky hiéu fo hay L, :

Ly= 1 =D my(mV) = F amV, (2-28)
k=1 k=1 k=1
L=Y10,=>mmV)=> (EmVh) (2-29)
k=1 k=1 k=1

Neu co hé gom mot so cdc vat ran chuyén dong thi momen dong luong cua co hé
doi voi mot tam hay mot truc, bang tong mémen dong lwong cua cdc vat thugc co hé
doi voi cung tam hay cung truc ay.

Dé dang chimg minh dinh 1y lién hé sau:

Chiéu vécto momen dong luong cua chat diem hay co hé doi véi mot tam O [én
truc z di qua tam ay bang mémen dong luong cua chat diem hay co hé doi voi truc ay.

chy ly=1; chy, L,=L, (2-30)

Pon vi tinh mdémen dong lwong: kg.m%s, thir nguyén: [momen dong lwong] =
ML
T

b. Tinh moémen dong lwong cua chat diém, co hé doi véi cdc truc toa do
Gia st tai thoi diém khao sat chat diém c6 toa dd x, y, z; cd van tbe \7(56, v, Z), con
Ola géc toa do cua hé¢ Oxyz. Ta c6:
¢ 0o =TA mV =|x y z
mx my mz
Khai trién dinh thic va chd ¥ t61 h¢ thuce dau (2-30), ta duoc:
Co=m(yz—zy); £, =m(zx—x2); L =m(xy — yx) (2-31)

Tir d6, suy ra ddi véi co hé:
L = ka(ykzk - L, = zmk (z% =X 2. L, = zmk(xkyk - X)) (2-32)
k=1 k=1 pay

c. Momen dong lwong ciia vét ran quay xung quanh truc cé dinh
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Gia s vt rin quay xung quanh tryc ¢ dinh Oz véi véan tdc géc . Ta coi
o TT 7. Xét mot phﬁn tr M, thudc vat cé khdi luong my, van tbe \7k va cach truc
quay khodng r (hinh 2-15) theo dinh nghia: L = kaVk'rk
k=1

Do V, =V, = wr, nén:
n n
2
L = ka(a)rk)rk = a)kark =w.J,
k=1 k=1

Khi o T z,taco: L, =—wJ, viy: L =+al, (2-33)

Hinh 2-15 Hinh 2-16

d. Tinh momen dong lwong cua hé

Trong (2-28) da dua ra cong thuc dinh nghia tinh mdmen dong lugng cua hé déi
v6i mot tim (O). By gid ta s& bién doi né, c6 dp dung thuan tién sau ny.

Duyng hé Cx’y’z" qua khdi tim C cta co hé, chuyén dong tinh tién ddi véi hé quy
chiéu quédn tinh gbc tai O 12 Oxyz. My 1a chét diém bat ky thudc co hé, ta c6 (hinh 2-
16):

R=TR
. A e . = dr = =
Dao ham h¢ thirc trén theo thoi gian: Vi = o Vet Vo,
t

Heé thirc (2-28) tré thanh: Lo = Y (7 +F) Am, (Ve +V'i)
k=1

Khai trién va chd y rang: 7. 1a vécto ¢6 ngon va gdc trung nhau, nén 7. =0, do d6

Ve=0, tathudwgc: Lo = I AMVe+Le (2-34)
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J— n — 2
Trong d6: L'c = z 7, Am V', 1a mémen dong lugng ciia co hé trong chuyén dong
k=1
twong ddi 14y ddi v6i khéi tam.
Pinh ly Co-nic 1
Moémen dong lwong cua co hé ld'y doi véi mér tém O nao dé bcfng momen dong
luong cua khoi tdm tai day tdp trung toan bo khoi luong cua co hé lay doi voi tam O,

cong voi momen dong luwong cua co hé trong chuyén dong twong doi doi voi khoi tam
lay doi voi khoi tam.

2.4.2. Dinh Iy mémen dong lwgng

a. Dinh Iy dao ham mémen dong luwong cua chat diem
Pao ham theo thoi gian mémen dong lwong ciia chat diém doi véi mot tam O (hay
truc z) bcfng téng hinh hoc (hay dai $6) mémen ciia cdc luc tdc dung lén chat diém doi

Vvéi tam (hay truc) dy.

e, = L —
=l =Y mo(F,)
p k=l (2-35)
V2 n —
=0 =) m(F,
dt Z ; Z( k)
Chitrng minh: Ta c6: ly =§(7/\m\7)=\7/\m\7+17/\m62—v
t t

—

ViV Am? =0, m = mi =3,

t k=1

dgozf/\md—‘/:}_;/\ 7: ;’.AE:ZEO(F};)
dt dt =1 =1 =1

Do dé:
Dé c6 hé thire thi hai cua (2-35), ta chiéu hé thirc du 1én truc z di qua tam O.

b. DPinh ly dao ham mémen dong luwong cua co hé
Dao ham theo thoi gian moémen dong luong cua co hé doi véi tam O (hay truc z)
bang tong hinh hoc (hay dai s6) mémen cua cdc ngoai lic tdc dung 1én co hé doi véi

tam (hay truc) dy..

i = (2-36)
Lo =S (F)
dt =



Churng minh:
Ap dung dinh 1y mémen dong lugng cho chat diém thir k cta co hé n chat diém, ta

7z

CO:

dl g _ %Ok
dt

= mO(er)+ mO(Fk’)
Trong d6: F, F,f 1a hop cdc ngoai luc, ndi lyc tdc dung 1€n chat diém tht k thudc
co h¢. Lap h¢ thuc trén cho n chit diém va cong vé voi vé lai, ta dugc:

3L, =3, (FF)+ Em ()

k=1 k=1

Hay dio =35 (7)o, ()

DPé nhan duoc hé thic thtr nhat cua dinh ly, ta can chi ra:
>y (F) =0, nghia 1a: Vécto momen chinh ciia hé ndi luc
k=1
tac dung 1€n co hé triét ti€u. -

That vay, xét hai chat diém A, B bat ky thudc hé. Lyc tic
dung twong ho giita chiing Fa, Fp voi Fa=—Fp (hinh 2-17).

Léy O lam tdm léy momen, ta co:

—_—

mO(FA)ﬁ'aO(FB):?A/\FA'F?B/\FB
Thay FAz—FB,taduqc: ﬁo(f’;)+go(ffg):(flg—?/{)/\ﬁg =ABAF5=0

, . Lo & (e
Do A, B bat ky, suy ra: Z mO(Fk’):O. Tu do suy ra: % = Zmo(Fk)
k=1 t k=1
Chiéu hé thic nay Ién truc z di qua O, ta nhan dugc h¢ thuc thtr hai cia (2-36) va
dinh 1y dugc chtrng minh.

2.4.3. Dinh luit bio toan mémen dong lwong

—_—

Tir hé thie ddu cia (2-36), néu Y. m, (F; | =0, thi suy ra: L, = const.
k=1

Viy, néu vécto mémen chinh cua hé ngoai lyc tic dung lén co hé luén ludn bang
khong, thi mémen dong Iugng cua hé doi voi tam ay khong doi.

Tuong tu: Néu tong mOdmen cta cic ngoai lyc tdc dung lén co hé véi mot truc luén
ludn bang khong, thi moémen dong lugng cua h¢ vai truc ay khong doi, nghia la:

Zmz (17,5) =0 suy ra: L, = const
k=1
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C6 thé 4p dung dinh ludt bao toan mémen dong luong dé giai thich nhiéu hién
tugng, chang han: Xét chuyén dong 1én thang ctia mdy bay 1én thang:

Canh quat dit 1én mdy bay khi quay déu khong nhitng day khong khi xudng phia
dudi ma con truyén cho né chuyén dong xody ciing chiéu véi chidu quay cta cdnh
quat. Goi C, 1a tryc thang dung di qua trong tdm C cta mdy bay. Bé qua tic dung cia
khéi lugng khi ding yén bao quanh khéi khong khi dang chuyén dong xody, ta s& co:

kZ:,mCz (F—ke) =0

Slly ra: Lz(hé) = Lz(méy bay) + Lz(cénh quat + khdi khong khi nén) = const

Do ban dau hé khao sit dung yén, nén L,ne) = 0. Nén khi cdnh quat cua mdy bay
quay thi than mdy bay phai quay quanh truc Cz ngugc chiéu véi chiéu quay cta cdnh
quat. Dé 1am mat hién twong khong mong muén ndy, ngudi ta dit tai dudi mdy bay
mot cdnh quat nhd, goi 1a canh quat l4i.

Nhan xét:

- Ciing gidng nhu dinh 1y dong lugng, dinh Iy mdmen dong luong khi nghién
ctru chuyén dong quay cua hé cho phép loai trir cdc ndi luc chua biét tic dung 1én hé.

- Ap dung dinh Iy mémen dong luong ngoai viéc khao st chuyén dong quay cia
hé d6i v6i truc ¢ dinh, ma con s dung né ca trong 1y thuyét con quay, 1y thuyét va
cham va mé rong hon ddi véi cédce vat ran chuyén dong tu do (chéng han nhu: Chuyén
dong cia mdy bay, cia dan, tén Itra, ...).

2.4.1. Chuyén dong duwéi tac dung ciia lye xuyén tim

Cho mét diém O c¢b dinh ctiia mot hé quy chiéu quan tinh.

Mot chit diém M sé& chiu tdc dung ctia mot trudng luc xuyén tim

¢6 tim & O néu tai mdi thoi diém, luc F duoc dit vao M o trén /p\ © F

cuing mot duong thang voi OM.
Hinh 2-18
Trong truéng hop mot Iyc xuyén tam thi m (F ) =0. Nhu
vy, tai mdi thoi diém, OM vudng géc véi vécto ¢, khong ddi. Quy dao cia M 1a

phang, mit phiang quy dao vudng géc véi vécto ¢, va chia diém O (hinh 2-18).

Ngoai ra, ta cling c6:

‘?O‘ = ‘Eo(mﬁ)‘ = const . Do m khong doi, suy ra: ‘Eo(mﬁ)‘ =v.h = const . C6 thé

giai thich két qua nay bang hinh hoc nhu sau: vh = ?h; dsh=2do.
t
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Trong d6: do 1a dién tich tam gidc quat yéu t6 Omb. Tir d6:

vh = Zd—o- = const, hay: d—o-zconst
dt dt

do Y ST Y- SU SN 2 aa A
% duoc goi 1a van toc dién tich, la khong d6i d6i véi mot chuyén dong do lyc xuyén
t

tam. Két qua nay tao ra dinh luat cic dién tich, ton tai trong chuyén dong céc hanh tinh
va 1a mét trong s6 cac dinh luat Képle.

Vi du 6. Qua cdu M duoc budc vao soi ddy BM mém z
nhe khong gidn nhan duoc van tc ban dau v o vudng goc
v6i mat phang ABM. Qué ciu chuyén dong sao cho diy
cubn vao truc AB thang dung va c6 van tdc ludn lubn
vudng géc voi miat phing di qua truc va né. Khoang céch
ban dau tir qua cau ti truc 1 hy. BoO qua kich thudc cua
tryc. Tim van tdc cua qua cau khi khoang céch tir n dén
truc quay la hy ?.

1 JJ 1] ] H—
o]

Bai giai: Nl
Chon tryc z trung véi AB. Qua cu coi nhu chat diém
chiu tdc dung céc luc gém: Trong luc P va phéan lyc cua R
— Hinh 2-19
day T .
Ap dung dinh 1y dao ham momen dong luong cuia chat diém, ta cé:

dj;z =mz(1ﬁ’)+mZ (T") =0

- 1y D = p©
Suy ra /_=const,nghiala: (" =/,

A . h
Do: /" =mvyhy; ¢ =mvh . Thay vao h¢ thuc trén, ta nhan duoc: v, =v, >

Vi du 7. M6t soi ddy mém nhe khong dén, hai diu budc _
hai tai trong, trong luong P va Q, vét qua rong roc dong chat No
ban kinh R trong lugng Py, bé qua ma sit ¢ o truc. Xac dinh ( 0 R
gia tc cdc tai trong khi hé chuyén dong. _ -

Bai giai: l
Khéo sét co hé bao gdm: Céc tai trong, ddy va rong roc. Cic I
ngoai lyc tdc dung 1€n co h¢ 1a: Trong lugng ctia rong roc va cac 6 |X|

—

tai trong: B, FZ, é va phan luc No cia truc rong roc (hinh 2-

20). P
Hinh 2-20

Ap dung dinh Iy mdmen dong luong cia co h¢ ddi voi truc
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dL —
quay cua rong roc Ox, ta c6: 7 £ = me (F,f)
t ra

Trong dé: me (F—;) =m, (E)+ m, (?’) +m, (Q) +m, (No) =(P-0)R
k
Pai luong L, bao gdm mdmen dong lwong cua tai trong va rong roc, bang:
0

L=Jo+Lvr+Lvr
g g

O diy: w=— 1la van téc gbc cua rong roc; R 1a ban kinh cta né; V 1a vén tdc cua

X<

. P P R
tai trong; J, =0,5-LR*, do d6: L, =(31+P+QJ—V
8 8

Thay céc gia tri vira tim dugc vao (a), ta duoc: (P, +2P+ 2Q)2£.C;—V =(P-Q)R
g at

Tirde: w=® =20
dt ~ P+2P+2Q

Vi du 8. Banh cong tic ciia tuabin thuy luyc quay quanh truc thang dung véi vén tde
géc khong di m. Van tbe tuyét ddi cua phan tir nude tai tiét dién nude chay vao 1a V,
hop véi tiép tuyén cia vong tron ngoai ciia vanh banh mot géc o;. O tiét dién nude
thodt ra, phan tir nudc ¢6 van tdc 172 hop véi tiép tuyén ctia vong tron trong ctia vanh
banh mdt géc o,. Bén kinh ctuia vong ngoai va vong trong cua vanh banh 1a ry, r,. Gia
thiét nudc chdy dung trong cic duong dan. X4c dinh mémen quay do nudc chay &
khoang gifra cic canh truyén cho banh cong tic (hinh 2-21a).

Bai gidi:

Xét co hé gdm: Khéi nudc chira diy trong tat ca cdc duong dan giita cdc canh.
Ngoai luc tdc dung 1€n hé: Trong luc P cia khéi nudc, cac phan luc R7 cua cac thanh
duong dan 1én khéi nude. Chon truc z 1a truc quay thang ding va hudng xubng phia
dudi.

a b

- o/ —
al Vl
by

ci d1 \72 b)



Ap dung dinh Iy mémen dong luong ciia co hé dbi véi tru z, ta co:

e (P)+m () ()

Trong d6: m.(P)=0 vi P song song cung chidu véi truc z. Xét mot duong dan,
g 2 g song g g

gia sir tai thoi diém t c6 khdi nudc abed, con tai thoi diém t + dt khdi nude d6 chiém vi
tri a;b,;c;d; (hinh 2-21b). Cac thé tich nguyén td abb,a, va cdd,c, béng nhau vi lugng
nude chay vao va thodt ra trong dudng dan trong ciing khoang thoi gian dt bang nhau.
Do d6 khi lwong ctia chiing ciing bang nhau. Ta c6:

m=m,=m= 2 dt
ng
Trong d6: n 1a s6 duong dan; Q 1a trong luong clia nude chay qua tat ca cic duong
dan trong mot don vi thoi gian.

Do chuyén dong ctia dong nudc la dirng, bién thi€én mémen dong lugng cua khoi
nudc abed doi véi truc z trong khodng thoi gian dt bang hiéu mémen dong lugng cua
khoi nudce cdd;c, va abb,a; doi véi truc z, nghia la:

dL, =m\V,h, —mVh, (2)

O day: m = m; = myp; h; va h, 1a khoang cich tr cic vécto dong lugng m1‘71 va

m,V, toitruc z va: h =rcose,; h, =r,cosc,.

Thay céc gié tri vao (2) tacé: dL, = [2 nV,cosa, — < erlcosa'let
ng ng

Bién thién mémen dong luong cua toan hé dbi véi truc z trong khoang thoi gian dt
bang:

dL. = Z dL, = n% (rV,cosa, — rV,cosa, )dt
k

Thay cdc két qué trén vao (1), thu duge: 2 (RV,cosa, — rVcosa,) = >om.(R,)
g

k
Ciéc 4p luc ciia nudc 1én thanh dudng dan c6 do 16m bang do 16n cua R, , chiéu

nguoc lai. Do d6, nudc s€ tic dung 1én r6to mot mémen quay:
M, = (R,)= (, V.
q __Zmz k _E(”l \cosa, = r,V,cosax, )
k

Chinh nhd mdmen quay nay ma roto cia tudcbin phan lyc quay dugc.
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2.5. Dinh ly dong ning

2.5.1. Dyng ning
a. Dinh nghia

- Dong ndng cia chat diém la dai eong vo hwdng dicong bang mira tich khoi
luong (m) cua chdt diém véi binh phwong van 16c (v) cua no.

Tzlsz
2

- Dong nang cua co hé, ky hiéu T, la tong dong nang cua tdt ca cdc chat diem
thuoc co hé do:

T=% T, = ilmkv,f (2-37)
k=1 i1 2
- Truong hop co hé gom mét so vt rdn chuyén déng, thi dong nang cia co hé la
t6ng ddng ndng ciia cdc vdt ran chuyén dong thudc co hé do.
LZ

Tho nguyén cia dong ndng [T]=M P don vi thuong dung la Jun (J),

2

17 = Ikg—=-.
s

b. Tinh dong nang cua co hé
Tinh dong ning ctia co hé chuyén dong bat ky ngoai viéc ding cong thuc dinh
nghia (2-37), con c6 thé diing cong thirc biéu thi bang dinh Iy sau:

Pinh ly Co-nic 2

Pong ndng ciia co hé chuyén dong bat ky, bang tong dong nang ciia khéi tam tai
do tap trung toan bo khoi luong cua co hé va dong nang cua co hé trong chuyén dong
twong doi doi voi khoi tam.

T = %MVCQ +T; (2-38)

Chirng minh:

_—

7

Tuong tw nhu viéc din ra cong thirc (2-34) (dinh Iy Co-nic 1), thay V =V .+ V,
vao (2-37), ta cé:

_—

r=YomVi=3 m (V. +v;) = > omV +;5mkvk2 +;mkvc,vk

k k k

Xét timg thanh phan: Z%mkvg = %VCZka = %MVC2

k k
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1 ’ ’ N A ~ 5 A R A A A e A
ZamkaZ:TC, la dong nang cua co hé trong chuyén dong tuong doi doi véi khoi

(vi VC' la van toc cua diém C doi voi hé quy chiéu c6 goc tai C, nén VC' =0)

Vay, tadugc: T = %MVCZ +T

c. DPong nang cua vat ran
- Vat ran chuyén dong tinh tién: Vat ran chuyén dong tinh tién thi van toc ctua
moi di€ém thudc vat déu bang nhau va bang vén toc khoi tam V,. cua nd, nén:

1 1 1
T= szkv,f =25mkv§ :EMVCQ (2-39)
k k

- Vit ran quay xung quanh truc c¢b dinh: Vat rin quay xung quanh truc c6 dinh z
véi van tde g6c ®, thi mot diém M, thudc vat céch truc quay khoang ry s€ c6 van
tdc Vi = w.r.. Pong nang cla vat ran bang:
1 1 215
T= ngk"k = Zamk(a).rk) =5 J.0 (2-40)
k k
- Vat ran chuyén dong song phang: Trong chuyén dong song phang, moi dich
chuyén ctia vat déu c6 thé thuc hién duoc béng mot chuyén dong tinh tién cung voi
cuc va mot chuyén dong quay quanh truc qua cuc va vudng géc v6i mat phiang co
SO.
Néu chon cuc 12 khéi tim C cua vat ran, dp dung dinh 1y Co-nic 2 v6i chd y dén (2-
39) va (2-40), ta duoc:
1 2 ’ 1 2 1 2
T=-MV,+T. =—MV. +—J @ (2-41)
2 2 2 -
Trong dé Jc, la momen quén tinh cua vat ran ddi véi truc Cz di qua khdi thm va
vudng géc voi mit phang co so.

2.5.2. Cong cua luc
a. Dinh nghia
o  Céng yéu t6 ciia luc: Cho lyc F bién dbi, c6 diém dit M doi chd trén dudng cong
(C). Goi o 1a géc hop boi luc F va vécto van tdc V cua diém dat luc M; ds 1a dich
chuyén yéu t6 cia M theo dudng cong (C) (hinh 2-22).
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Cong yéu 16 ciia lirc F, ky hiéu dA, khi diém ddt luc z

M doi ché trén dwong cong (C) la dai lwong vé hudng, M ds Er %
xdc dinh boi hé thirc: M/o,/ \\H M,
dA = Fcosa.ds (2-42) ©) Z F
Tu (2-42) suy ra: y
Fds khi a=0 X 0]
dA=< 0 khi a=90°
—Fds khi a=180" Hinh 2-22
C6 thé biéu thi hé thuc (2-42) & cdc dang:
— Dang vécto: dA=Fcosa.ds = F.|dF|cosa= F dF = F Vdt (2-43)
— Dang toa do dé cdc: dA= F .dF = Xdx+ Ydy + Zdz (2-44)
— Dang toa d tu nhién: dA = Fcosa.ds = F.ds (2-45)
e (Cong cua luc trén quang dwong hitu han:
Cong cua lyc F khi diém dit M doi chd trén duong cong (C) tir M, dén M, 1a:
Ay, (F)= limzn:dAk
" k=l
Tong trén 1a tich phan dudng tir My dén M, nghia 1a:
(M)
Ay, = [ dA= [ Feosads (2-46)
Mom, (My)

2
Thur nguyén ctua cong [A] =M%, don vi thuong dung 1a Jun(J), 1J = INm =1
kgmz/sz.
— Cong suét: Cong suat, ky hiéu 1a N, 13 cong sinh ra trong mot don vi thoi gian.
Ta co:

N=B_Eds_ gy (2-47)
dr dt

Pon vi thuong dung: Ot (ky hiéu W), IW = 1J/s

Trong k¥ thuat hay 1ay don vi 1a ma lyc dé chi cong suat, 1 malyc bang 736 odt.
b. Mét sé vi du tinh cong cua lyc
e Cong ciia trong hyc: Gia st chat diém M chiu tac dung cua trong luc P doi chuyén
tur vi tri My(Xo, Yo, Zo) dén vi tri M (xy, Yy, Z1) (hinh 2-23). O gﬁn mat dat, coi P= mg
khong doi va hudng thang dung xudng dudi, song song voi truc Oz. Ta cé:
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= [ Xdx+Ydy+Zzdz = [ (-mg)dz = P(z,~z,) z

AM()MI
oM, 2
Dit h=|z, —z| 1a 46 doi thang dung cua diém dat MO/ M
Iuc, ta duoc: M,
Ay, =*Ph (2-48) P=mg y

Trong d6: Cong liy dau duong (+) néu diém dat
trong luc ha Xuéng, léy diu am (=) néu diém dat trong Hinh 2-23
luc nang 1én.

Vay, cong cua trong lyc khong phu thudc vao quing
duong di cua diém dit Iyc, ma chi phu thudc vao vi tri dau
va vi trf cudi cua diém dat luc.

e Cong ciia lyc dat lén vt rdan quay xung quanh truc co
dinh (hinh 2-24):

Gia st vat ran quay xung quanh truc ¢ dinh z, dudi tic
dung cua lyc F. Ta tinh cong cua lyc F khi vat quay

duoc mdt géc o.

Ta c6: dA=F.ds=F.Rdp; do: F,R=m(F), nén
dA=m_(F)dg.

Hinh 2-24

— \ 2 —_—
Khi vat quay dugc mdt géc @, cong cua luc F' bang: A= I m_(F)de
0
(2-49)
Néu mZ(F) =M =const thi AM o =M. p

Khi vat quay dudi tic dung cia ngau, thi M, & hé

~

thire trén duogc hiéu 12 gfa tri ctia ngau luc di cho.

e Cong cua lwc dan héi: Xét tai trong M trén mat M
ngang va gan vio 10 xo (hinh 2-25). Hudng truc Ox

J N IR PP SN O M,
theo phl,l’OTlg ngang,‘ goc O ‘Frung voi vi tri 1’11%1'[ cua lo )%O 1A
chua bién dang. Khi M ¢ vi tri bat ky, thi tai trong chiu
tdc dung luc dan hdi F hudng vé O. Theo dinh luat

Huc, ta co: Hinh 2-25
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F=C|Al|=C|x

, C1a dd cung cua 10 xo.

Cong cua lyc dan hdi F khi tai trong dich chuyén tir My(xo) dén M, (x;) bang:

(M) Xy
Ay = J (—Cx)dx =—C | xdx = %(xg —Xx) (2-50)
(M) X0

® (Cong cua lyc ma sdt: Do F, = fN va c6 huéng nguoc chiéu van téc V, do
d6 (hinh 2-26):

(M) (M)
Ay == [ Fuds== [ fnds (2-51)
(M) (M)

Cong cua lyc ma sat F | lu6n ludn am.

Hinh 2-26 Hinh 2-27

® (Cong cua luc ma sdt tac dung lén vdt lan.

Xét banh xe 1an khong trugt trén mit phang ngang (hinh 2-27). Cong cua luc ma
sét trugt F bing:

dA=-F, dS, =—F, V,dt

Do B 12 tdim van tdc tirc thoi: Vi = 0, nén suy ra: dA = 0. Theo cich giai thich nay
thi cong yéu td ctia phan luc phép tuyén N ciing bang khong.

Tuy nhién, ddi véi ngdu ma st lan tao boi (P.N) c6 M, =kN (k 1a h¢ s6 ma sat
lan), thi:

dA(M ,)=-M,dp=—-kNdp=—kN dzc

(2-52)
Trong d6: dSc 1a dich chuyén yéu tb cia tim banh xe. Khi N khong doi, ta c6:

A(M,)=-kNp= —%NSC
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2.5.3. Dinh ly dgng ning

a. Dinh Iy vi phan ddng néng ciia chat diém:

Vi phdn dong néng cia chat diém bang tong cong yéu 16 ciia cdc lyc tdc dung lén
chat diém dy.

d(m;/ J =>"dA, (2-53)

Chitng minh: Xét chat diém c6 khéi lwong m, chuyén dong dudi tic dung cua céc
Iuc E, E, s f’: . Theo phuong trinh co ban ctia dong luc hoc, ta c6:

szZFk hay mi—‘szFk
k k

Goi dF 1a vécto di chuyén yéu té cua chit diém trong hé quy chiéu quén tinh.
Nhan v6 hudng d7 vdi h¢ thuc trén, ta dugc:
dv

- dF = > F.dr hay mvVdV = dA,
t k k

2
Chi ¥ ring V' =V?, hé thuc trén viét duoc: d(m;/ ] =Y dA,
k

b. Dinh Iy bién thién dong ndng cia chat diém:

Bieén thién dong nang cua chat diém trén mot chuyén doi nao do bang tong dai so
cong cua cdc lyc tdc dung lén chat diém trén cung chuyén doi ay.
1 1

Emvf —EmVOZ =D A" (2-54)
k

Churng minh:

Tich phan hai vé hé thirc (2-53) theo cédc cén twong (mg cua cdc bién tai My va M,
ta nhan duoc hé thurc (2-54).
c. Dinh Iy vi phdn dong nang cua co hé:

Vi phdn dong nang cua co hé bang tong cong yéu to cua cdc ngi luc va ngoai lyc
tdc dung lén co hé ay.

dT =) dA, + ) dA; (2-55)
k k

Churng minh:
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Xét co hé n chét diém. Goi cong yéu t6 cua hop cdc noi luc va hop céc ngoai luc
tdc dung vao chat diém thtr k 1a dA! va dA!. Ap dung dinh 1y vi phan dong ning cho

chat diém nay, ta co:
mV? ;
d| ==+ |=dA, +dA;
2
Lap cdc h¢ thic trén cho ting chat diém cua hé va léy téng tung vé, ta duoc:

1 .
d[Z—mkazJ =dT =) dA + ) dA;
k 2 k k
d. Dinh Iy bién thién dong ndng cia co hé:

Bién thién déng néng ciia co hé trén mét chuyén doi nao dé bang tong dai sé cong
cua cdc ngi lyc va ngoai lyc tdc dung lén co hé trén cung chuyén doi dy.

T-T,=> A+ A (2-56)
k k

Chirng minh:

Goi cong cua ndi luc va ngoai luc tdc dung vao chat diém th{ k cua co hé trén mot
chuyén doi nao d6 1a Al va A. Ap dung dinh ly bién thién dong ning cho chét diém
nay trén cting chuyén doi, ta cé:

1 » 1 2 i e
5 mVy — 5 m Vo, = A+ A

Lap hé thuc trén cho ting cht diém thudc co hé va cdng tung vé lai, thu dugc:
1 1 ; .
ngkvé - Zamkvozk = Z A+ Z A,
k k k k
Hay: T, =T, = > A + DA
k k

e. Dinh Iy bien thién dong nang doi voi vt ran
Bién thién dong nang cua vat ran chuyén dong trén mot chuyén doi nao do bang

téng dai 56 cong cua cdc ngoqi lyc tdc dung lén vat ran trén cung chuyén doi cfy.
T-T,= A (2-57)
k
Chirng minh:
Vat ran 1a truong hgp dac biét ctia co hé. bé chtrng minh h¢ thiurc (2-57), ta chi can

ching minh: Tong c6ng ndi lyc ciia vat ran trén mot chuyén doi bat ky bang khong,
nghiala: D A =0.
k
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Xét hai chat diém A, B bat ky thudc vat ran. Cac ndi luc
tdc dung 1€n ching tao nén tirng cdp tryc doi nhau theo dinh
luat tic dung va phan tic dung cua Niuton (hinh 2-28). Ta
cO: _

> dA; =dA(F ,) +dA(F ) = F,.d7, + F,.dF,
k

Do dF, =V dt, di, =V ,dt, do d6:

Hinh 2-28

dA(F ) +dA(F ,)=F,(V,~V,)dt=F,V ,di=0

_—

ViV ,, =V , -V, vudng géc vdi AB (theo dinh 1y co ban ctia dong hoc vat rén).
Do A, B batky, suy ra: Y A; =0
k

Nhin xét:

Ddi v6i co hé bat ky, trong cdc dinh ly dong lugng va mémen dong Iugng cua hé,
khong c¢6 mat cia ndi lyc trong cic h¢ thirc biéu thi cdc dinh ly. Con ndi lyc c6 méit
trong cédc hé thirc biéu thi céc dinh 1y dong ning. Tuy nhién, an phan lyc lién két nhu
la ngoai luc van c¢6 mat trong cac h¢ thuc biéu thi céc dinh ly trén, con ddi véi céce dinh
ly dong ning, néu bé qua ma sat an phan lyc lién két s& bi loai trir trong céc hé thirc
cua dinh ly.

Vidu9:

Vit ¢6 trong lugng P roi khong c6 van tdc ban dau vao mot 10 xo tir 46 cao h. Tim
d6 co 16n nhat caa 1o xo A, néu dd co tinh ctia né dudi tic dung cua vat nay bang A,
B6 qua khoi lugng cua 10 xo.

Bai giai: !

Khao sdt vat nhu chat diém M. Lyc tic dung 1én — M, Eﬂ
chat diém: Trong lugng P trén do chuyén doi tir M, dén i h
M; va Iyc dan hi 1o xo F , trén d6 chuyén doi tr M dén 4
M; (hinh 2-29). Ap dung dinh 1y bién thién dong nang
cua chat diém khi n6 chuyén doi tr My dén M;, ta c6:

lme —%mVO2 = ZA,i”"M'
k

2
Trong d6: Vo=0; V; =0;

> Al = A(P)+A(F )
k

Hinh 2-29
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Hay: Y A"™ = P(h+4) —%C/’LZ
k

O day: C 1a do cing cia 16 xo, dugc tinh tir hé thic: P =CA . Thay cic két qua
vao hé thirc trén, ta dwoc phuong trinh x4c dinh A: 4> —24.4-24h=0

Giai phuong trinh nay ta dugc: A=A, + A’ +24h
Rorang: A>A;khih=0,tacé: 1=24,.

Vi du 10. Banh xe I trong lugng Q, ban
kinh r 1in khong truot trong banh xe II ¢b
dinh trong mit phing thang ding va truyén
chuyén dong cho tay quay AB trong luong
P. Tai thoi diém dau tay quay & vi tri 1ap mot
géc o = 60° so voi phuong thing dimg va
khong c6 van tdc ban dau. Xéc dinh vén tdc
gbc cia tay quay tai thoi diém né di qua vi
tri cAn bang. BO qua ma sit ¢ O truc, tay
quay AB coi 12 thanh dong chat dai ¢, banh
xe I coi nhu dia dong chat (hinh 2-30).

Bai gidi:

- Khao sét co hé bao gdm tay quay AB
va banh xe L.

Hinh 2-30

- Ngoai lyc tdc dung 1én co hé: TD, é, ﬁ, Ra.

- Noi lyc tdc dung 1én co hé: Tai B ¢6 1 d6i noi luc.

Ap dung dinh 1y bién thién dong ning dbi vdi co hé ta cé:

Tl—To=iA,f+iA,i (*)
1 1

n

Tinh ) A, : Vidich chuyén ciia dicm dit cia doi ni lyc nay nhu nhau, hai lyc
1

nay lai tryc doi (cung gid, cung cuong dg, nguoc chiéu) nén cong sinh ra cta ching c6

tri s6 tuyét ddi bang nhau nhung nguoc diu nén: Z A =0.
1

- Tinh Y40 Y A = A(P)+A(0)+ A(N)+ A(R4)

— pr Pl
A(P)=Ph, = 7(1—cos60°) =
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—\ _ _ o :Q_g
A(Q)=P.hy=00(1-cos60") 5

A(ﬁ) =0 (do phuong cua lyc N L phuong dich chuyén cua diém dat
luc).
A(Rx)=0 (do diém dat cia R4 ditng yén).

Ta cé: ZAZ =PT£+%: P+20
1

l
2 4

- Tinh 7,: T, =0 (tai thdi diém ban dau co hé ding yén).
- Tinh T,: T, =T,"" +T

Gia st khi qua vi trf cin bang tay quay AB ¢6 van toc géc o, van tdc géc cta banh

N . !
xe I'la oy, tacod: @, =—.
r
2 2
Ta cé: TiAB :la)zJAz la)2£€_ :% 2
2 2 g 3 o6g
legv2+la)2‘l =g(wf)2+l(%j2272=3Q€2 a)2
boog B2 g 20 r ) 2g 4g "

2 2 2
4 o + 3Q¢ o = (2P +90)¢ .

Suyra: T, =
6g 4g 12¢

Thay céc két qua vap (¥) ta c6:

(2P +9Q)¢* o = P+2Q£ suyra = 3g(P+20)
12¢ 4 \/ (2P +9Q)/

Vi du 11. Hai thanh ddng chiat AB va BC nbi véi nhau bang ban 1& B. Mdi thanh
dai 2¢ va c6 ban kinh quén tinh d6i véi truc di qua khdi tim va vudng géc véi thanh 1a
p. Chiing duoc dyng trén nén nhin nim ngang nho diy FG. Tai thoi diém nao d6 day
bi dut. Bo qua ma sit & ban 1&. Tinh van toc ciia diém B 1a ham cua khoang cich OB
(hinh 2-31a).

Bai gidi:

Xét co hé 1a hai thanh AB va BC. Do tinh chat d6i xing, thanh chuyén dong dudi
tac dung cia trong lyc, nén diém B s& chuyén dong theo phuong thang dimg. Ngoai
Iuc téc dung 1én hé gdm: Céc trong lyc P va phan lyc phép tuyén tai A, C1a N , va

N ¢ - NOi1 lyc chi ¢6 ¢ ban 16 B khong c¢6 ma sat.
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Hinh 2-31a Hinh 2-31b

Ap dyng dinh 1y bién thién dong ndng cta co hg, tacé: T,-T, =D A + > A’
k k
Do b6 qua ma sdt ¢ ban 1& B, nén: » A; =0; Ty = 0 vi ban dau hé ding yén. H¢
k

thirc trén tr¢ thanh: T = Z Al (a)

k
Trong d6: Y A{ = A(P)+A(P)+A(N ,)+A(N )
k
O day A(ﬁ A) = A(ﬁ C) =0 vi N " N ¢ vuong goéc véi phuong dich chuyén cia
diém dat luc, con khi B ¢6 toa do (0, y) (hinh 2-31b) thi:
B+ A(P)=2p"=Y _ pir—
A(P)+A(P)=2P 5= Plh-y)

Vay: D A =P(h-y) (b)

k

Pong ning cua hé khi B(0, y) bang: T, =T, + T, = 2T, = 2(2i v} +%JEZ(02J
g

K la tAim van toc tirc thoi cua BC, nén:

Do 39, ta duoc:

P 0 p° +p> P
=2l =2V S+ = 5 Vs ()
2g 407 —y= 407 —y 40—y g

g(h—y)4r* —y?)
P+ p?

Thay (b), (c) vao (a), suy ra: V, = \/
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gh
0+ p°

khi B roi t6i nén thiy = 0, nén vén toc ciia né bang: V, =2/

Vi du 12. Trén con lan hinh try ban

kinh R trong lugng P, ngudi ta quin soi

ddy mém nhe khong dan va vat qua
rong roc O roi budc vao tai trong D
trong lugng Q (hinh 2-32). Xéc dinh
van toc va gia toc khdi tim C cua con

lan khi né doi dugc quang dudng S, ban

dau hé dang yén. Hé s6 ma st 1an gitta
con lan va mit phang ngang 13 k, ban Hinh 2-32
kinh qudn tinh cta né déi véi truc quay
bang p. Bo qua khdi luong rong roc O, gia thiét con lan lin khong truot trén mat
ngang.

Bai giai:

Xét hé gém con lan, tai trong D, ddy va rong roc O. Dé xéc dinh Vg, ta ap dung dinh
1y bién thién dong ning cta co hé:

-Ty=> A+ A (a)
k k

Trong trudng hop nay: To=0va Y A =0;
k

T,=T,+T,
(P
TD—QVE, con T,=—V+—|—p’ &
2g A
+ R 5 - NP A A ) e A VC N
Do diém B cua con lan la tim van toc tic thoi, nén: @ = ry vaV,=V,=2V.. Do

do:

1 p°
T, =¥{4Q+P(I+FHVCZ

Téng cdng cdc ngoai lyc dugc thyc hién chi do luc é va ngﬁu Iuc (ﬁ, F) Do
V, =2V,, nén dich chuyén thang démg h cua tai trong D 1a A =25 va A(é) =0.2S5.
Mit khdc vi N = P = const, cong cta ngiu lyc ma sit lin M, = kN bang:

A(M():—%PS.Véy: ZA§=2QS—%PS
k
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Thay cédc gia tri tim dugc vao phuong trinh (a), nhan dugc:

Rl Py o(r0-k
2g{4Q+P[1+RZHVC (ZQ RPJS

Suy ra: V,. =\/ 285 (20~ kP)R (b)

40R* +P(R* + p*)
2o s N R ds .
Dé xac dinh W¢, dao ham (b) theo t va chi y rang V. = R ta tim duoc:
t

_ (20R-kP)R
€ 40R*+ P(R* + p?)

2.5.4. Dinh luit bio toan co nang

a. Dinh nghia

- Truwong lyc: Phan khong gian trong d6 mdi chit diém chiu tic dung ctia luc chi
phu thudc vao vi tri ciia né goi la truong lyc. Theo dinh nghia:

sz(x, v, z2)=X(xy, z).7+Y(x, v, z).7+Z(x, ¥y, z)Tc

- Truong lyc thé: Trong trudng luc néu tén tai ham: U =U(x, y, z) sao cho
théa man diéu kién:

(2-58)
thi truong luc d6 goi 1a truong lyc thé. Ham U =U (x, y, z) dugc goi 1a ham lyc.

Trong trudng luc thé, cong cua lyc khdng phu thudc vao dang duong di cua diem
dat luc, ma chi phy thudc vao vi tri dau va vi tri cudi cua nd.

M M
That vay, ta co: AM(,M (F)Z I Xdx+Ydy+ Zdz = J‘aa—l;dx+aa—l;dy+aa—lzjdz

M, M,

— T dU=U(M)-U(M,)=U(x,y,2)=-U(x,, ¥o» %)

hay viét don gian la: A=U-U, (2-59)

- Thé nang: Trong trudong luc thé, ta chon diém My(xo, Yo, Zo) cb dinh. Gia tri
ctia diém M, 12 U,. Thé ning cua truong luc thé tai vi tri M(x, y, z), ky hiéu la 7; 7 =
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(X, ¥, z) 12 céng cua lyc sinh ra khi chit diém dich chuyén tir vi tri M(x, y, z) bat ky
dén vi trf My(Xo, Yo, Zo). Goi gid tri ham tai vi trf M(x, y, z) bat ky 1a U, khi d6:

n=Uy,-U (2-60)
7 dugc goi 1a ham thé; luc F trong truong luc thé goi la lyc thé. Tir (2-38) va (2-60)
suy ra:

o or on

T y=9%. 7 9% 2-61
ox dy 0z (261

Do dé: Ay (F)=A=m,-7 (2-62)

b. Binh luat bao toan co nang

Gia st cac ndi lyc va ngoai luc tdc dung 1én co hé khdo sat 1a nhitng luc the, khi
d6, moi dieém cua co hé cong cua céc lyc dat 1én né bang:

A=A (Fki)+Ak (er) =U, ~Uy =7y — 7,
Dbi vai tat ca cdc ndi va ngoai lyc tic dung 1én cic chat diém thudc hé, ta cé:
SA=YA(F)+ XA (F)=Yr,-Y 7 =7-7
k k k k k
Ap dung dinh 1y bién thién dong ning ciia co hé trong trudng hop niy thi:

T-T,=Y A=m,-7
k

Suy ra: T + & = const (2-63)

Ky hiéu: E =T + x, goi la co ndng. H¢ thirc (2-63) tr¢ thanh E = const. Co hé¢ thoa
man diéu kién nay goi la h¢ bao toan. H¢ thirc (2-63) 1a tich phan nang luong, né biéu
thi dinh luat bdo toan co nang va dugc phat biéu nhu sau: “Trong truong luc thé, tcfng
doéng nang va thé nang ciia hé khong doi”.

Vi du 13. Soi diy dong chét c6 chiéu dai L, mot phan
nam trén ban nhin nam ngang, chuyén dong duoc dudi tic
dung cua trong lugng phan kia caa dy treo lirng ngoai ban.
Hay xdc dinh khoang thoi gian dé day truot khoi ban. Biét
rang tai thoi diém ban dau chiéu dai doan day treo lung

bang ¢, con van toc ban dau bang khong.

Bai giai:

Hinh 2-33
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Xét h¢ 1a day d@)ng chat chiéu dai L. Goi % c lavan tde trong tam cua day, con S la

quing duong di duoc cta trong tim phan treo ling ngoai ban (hinh 2-33). Ta c¢6:
2
T = —m;/‘: V. =8

Chon vi tri miit du6i day khi tudt khoi ban 1am gdc tinh thé nang, khi dé:

25(L-S) (L-2S)L
mg + mg

L L

Ap dung dinh ludt bao toan co nang, ta duoc:

T+7m=const=C = Sz+2‘iL(L2—252)=C

Tai thoi diém ban dau: t=0: S =0:; S=§.Nén suy ra: szgL(ZLz—Ez) do d6:
2
d—Sz\/C+i(2SZ—L2)= L [soo €L
dt 2L JL/g g 2
[12 2
Tu d6, ta nhan duoc: t:\/Z d—S:\/ZlnM
4 /4 g

) \S? =17 4

S e 1O |

|

Chu y:
Cic dinh 1y tong quét ctia dong luc hoc trong hé quy chiéu quén tinh duoc thiét 1ap
trén co s& phuong trinh co ban cia dong luc hoc trong hé quy chiéu quén tinh (1-3).

Mot cich tuong ty, cdc dinh 1y tong quét cua dong luc hoc trong hé quy chiéu
khong quén tinh (trong chuyén dong twong d6i) ciing duoc thiét 1ap dwa vao phuong
trinh co ban cia dong luc hoc trong hé quy chiéu khong quén tinh. Trong truong hop
nay, lyc tic dung 1én chat diém va co hé phai ké thém vao lyc quén tinh kéo theo va
luc quén tinh Coridlit. Tuy nhién, d6i véi dinh 1y dong ning do cong cua luc quédn tinh
Coriélit ludn ludén bang khong, nén luc nay khong c6 mit trong céc hé thiic biéu thi
dinh ly.
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PHAN PHU LUC

(Danh riéng cho Sinh vién cdc nganh Cong trinh va Co khi)

CHUONG I: PONG LUC HQC VAT RAN

1.1. Chuyén dong tinh tién ciia vt rin

Vit ran chuyén dong tinh tién thi moi diém thudc vat s& chuyén dong nhu nhau, do
d6 phuong trinh vi phan chuyén dong cua tim khdi lugng sé& 1a phwong trinh vi phin
chuyén dong cua vat ran chuyén dong tinh tién:

MWe=YF (1-1)

k=1
Trong d6: M va We 1a khdi luong clia vat rén va gia toc ctia tim khoi lugng, {I‘?E}
12 hé ngoai lyc dat 1én vat ran.
(1-1) viét dudi dang toa do dé céc:
MXC:Zn:X,f; M'yC:Zn:Y,f; M'z'czzn:Z,f (1-1y
k=1 k=1 k=1

, Duva vao (1-1) hay (1-1)" ¢6 thé giai dugc hai bai todn co ban cua dong luc hoc vat

ran.

<X A A N 37 3R AL % 2 A . A s g ¢ N
Chii y: Di€u kién can va du dé vat ran chuyén dong tinh tién la M ¢ =0 va @, =0.

1.2. Chuyén dong quay ciia vét rin quanh médt truc c6 dinh

1.2.1. Phuwong trinh vi phan chuyén déng
Xét vat ran chuyén dong quay xung quanh mot truc cb

N

dinh dudi tac dung cua hé ngoai luc g@)m (Ff, E,..E ) va

phan luc lién két & hai d truc 1a Na, N (hinh 1-1).

Ap dyng dinh 1y dao ham moémen dong luong ddi véi

truc ta co:
dj;z B 1:1 " (;E) (-2
Hay o1 = m, (F) (1-3)
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>om(F)
Tu dé ritra: €= =+= N

Z
n —_—
— Néu Z:mZ (F,f) da cho thi J, cang 16n, € s€ cang nho va ngugc lai, cho nén vat
k=1

ran chuyén dong quay xung quanh tryc c¢6 dinh thi J, déng vai trd nhu khdi lugng cia
vat ran chuyén dong tinh itén. Vi thé nguoi ta coi J, — s6 do quan tinh cua vat ran
chuyén dong quay xung quanh truc c¢b dinh.

— Néu Zn:mz (I‘?,E) =0 thi e=p=0 = w=const, vit quay déu quanh truc.
k=1
Phuong trinh chuyén dong c6 dang: ¢ = @, +at
— Néu Zn:mz (17;) = const thi € = const, vét rin quay bién doi déu, phuong trinh
k=1
chuyén dong c6 dang: @ =@, + @yt + %et2
Trong d6: @, 12 géc quay va van tdc géc ban dau. Tir (1-2) ta c6 thé giai duoc

hai bai todn co ban ctia dong lyc hoc vat ran.

1.2.2. Xac dinh phan lgyc dong lwe & hai
gbi d& ciia truc quay c6 dinh

Duéi tic dung cua hé luc hoat dong Xs

(FT", Fj", s Fn") vat ran chuyén dong quay xung

quanh truc z c¢b dinh véi ® va € nhu hinh vé
(hinh 1-2).

Xéc dinh phan luc Na, N5 & céc géi do tai
thoi diém khao sat.

Theo nguyén ly Palimbe ddi véi vat ran thi

hé ngoai luc dat 1én vat cing vdi lyc quan tinh

ctia cdc diém thudc vat 1ap thanh hé lyc cin bang.
Ta c6 hé phuong trinh cin bang:

Hinh 1-2
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F}(a+ﬁA+ﬁB+R_q;:O

n
k=1

S (1-3)
Z;’lo(Fka)+l7’lo (NA)+;10(NB)+MZ[ =0
k=1

Ta chon truc Ox, Oy gén chit vé&i vat ran, 7,7 va k la ba vécto don vi trén ba
. —_ _— t ~ - - - -
truc Ox, Oy, Oz. Xéc dinh R, Mo va mO(NA), mo (NB) :

Tacs: R =-MWc=M(ey.+'x.)i+M(0y —ex.) ] (a)
Mo =§;’lo (ﬁ):_g(’i /\mka) ®)
=(eJ -7 )i+(eJ +a’T ) j—el k

%o(ﬁA):aYAY—aXA7 (c)
mo(Ns)==bY, i +bX, j d)
Thay (a), (b), (c) va (d) vao (1-3) roi chiéu hé phuong trinh nay lén ba truc toa do
da chon ta cé:
DX+ X, + X+ Mx @ +My.£=0
DY +Y, +Y, + My @ —Mx.e=0
> Zi+2,=0
> (F)+av,~bY,+e] ~a?), =0 (1-4)
>om, (FE) —aX,+bX,+&] +@'J =0
Zmz (FTf)—eJZ =0

Vi hé toa d§ Oxyz gén chat vao vat, nén xc, yc, Jx, Jy, va J, khong doi. Phuong

trinh cudi cua (1-4) khoéng chtra phan lyc chinh 1a phuong trinh vi phan chuyén dong
quay cua vat quanh truc ¢b dinh. 5 phuong trinh con lai xdc dinh 5 thanh phan phan
luc ¢ hai gbi 45 A va B, cdc thanh phan phan luc khong chi phu thudc vao ngoai luc
ma con phu thudc vio @ va £ cua vat.

Thanh phan phan lyc phu thudc vao o va € duoc goi 1a cc thanh phan phan luc
dong lyc. Tur (1-4) cho my = € = 0 ta c6 phan lyc tinh.
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Pé tim cdc phan lyc dong luc ta cho ZX,f =0, ZY; =0, me(F—,f):O va
S, (F;) —0 & cdc phuong trinh (1), (2), (4), (5) cua hé (1-4) ta ¢6:

X4+ Xg+Mx.@+My.e=0
Y!+Y! + My @ —Mx.€ =0
aY, —=bY, +eJ -] =0

—aX, +bXy+€eJ +@'J, =0

(1-5)

Tir (1-5) ta thay: Néu o va € 16n thi thanh phan phan lyc dong luc 16n, cho nén
trong k¥ thuat ta mubn né triét ti€u, khi do ta co:
Mx @ + My € =0
My @ —Mx.€=0

1-6
el ,—w'J =0 (1-0)

el +@J =0

Tir (1-6) néu @' +&> #0 thi tir hai phuong trinh dau ta ¢6 x¢ = yc = 0 do d6 truc
Oz phai di qua tdm khdi lugng C va tir hai phuong trinh cubi ta ¢ J,, = Jy, = 0do do
truc Oz 12 tryc quén tinh chinh d6i véi diém O cua vat.

Viay diéu kién dé céc thanh phﬁn phan lyc dong luc triét ti€u khi truc quay Oz la
truc quan tinh chinh trung tam.

Vi du 1. Banh xe niang 300KN c¢6 trong tdm & cdch truc nam ngang mot khoang
Imm. Tim cdc phan lyc tai 6 d&, khoang céch giita banh xe va hai 6 d& bang nhau,
cho biét truc quay déu véi n = 1200 v/p, banh xe c¢6 mit phang déi xang vudng géc
vOi truc quay (hinh 1-3).
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Bai giai:

Chon géc toa do O la giao diém tAm banh xe véi truc quay. Truc Ox cua hé dong di
qua tam khdi luong C, truc Oz va Oz, tring vdi truc quay.

Do dé xc=—-1vayc=0.

Vi banh xe ¢6 mit phang dbi ximg vudng géc véi truc quay nén momen qudn tinh
ly tam béng khong: J,, =], =0.

Vi (‘0z1200v/p=407[l do d6: € =¢ =0 taco: zA:—g;zB=§
S

Phan luc tinh hoc sé béng: Xi :g =150KN; X; =150KN . Dya vao (1-5) ta co:

L = x4 x;
0=Y'+Y]

l l
OZ_EYAd _EYBd

l /
O:—EXX +§X;

e . P
Giai hé phuong trinh ta c6: X{ = X3 = —gxcﬁ =-240KN; Y/ =Y =0

Ta thdy phan luc dong luc 16n bang 1,6 1an phan lyc tinh hoc. Huéng cua ching

trong cic thoi diém theo hudng vécto ocC.

1.3. Chuyén dong song phang ciia vt rin

Duéi tdc dung cta hé ngoai luc (Ff, F, .., F,f) vat Y

rin chuyén dong song phang.

Pé tién cho viéc khao sdt ta chon tAm khoi lugng C

cua vat ran lam cuc, h¢ quy chiéu Oxy c0 dinh trung voi

mat phang cb dinh cta hinh phang (hinh 1-4). o X

Phuong trinh chuyén dong cta vat ran la: Hinh 1.4

Xe =X (0); Yo = Y (0); 9= @(2) (1-7)
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Ap dung dinh Iy chuyén doi khdi tim va dinh Iy dao ham momen dong luong cua

co hé theo thoi gian ta ¢6 phuong trinh vi phan chuyén dong song phing cua vat ran:

Mi. =) X;
k=1

My =>Y¢ (1-8)
k=1

JeP= Zm& (EE)

Tu hé (1-8) c6 thé gidi dugc hai bai todn co ban cua dong lyc hoc vat ran.

Néu biét trudc quy dao tim khéi lwong thi hé phuong trinh (1-8) ¢6 thé viét dudi

dang toa d¢ tu nhién:

Ms. =) FT
k=1
2 n
MV—C=ZF,;’" (1-9)
Pe ‘o

_—

Trong dé: sc, Ve, pc 1a toa do cong, van tdc va banh kinh cong cua tam khdi luong.

Vi du 2. Mot con lan ¢6 trong lugng 1a P, ban kinh la R lan khong trugt trén mat

phang nghiéng, nghiéng mot géc o so v6i phwong nim ngang. Tim gia tdc cua tim

con lan va hé s6 ma sét truot nho nhét dé con 1an lan khong trugt, bd qua ma sét lan

(hinh 1-5).

Bai giai:
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Con lan chuyén dong song phang, chon tdm khéi luong C lam cuyc.

Goi F 12 tri s6 luc ma sét truot nho nhat dé con lan lan khong trugt. Chon hé quy
chiéu nhu hinh v&. Phuong trinh vi phan chuyén dong ctia con lin c6 dang:

E)'éc =Psina—-F

8
0=N —Pcoso (a)
¢J., =RF
2
Tacé: V., =x. =w.R,do d6 X. =&.R; J, :I;i
8
Thay vao phuong trinh cudi cta (a) ta c6:
2 .
e PR _Rpp = F=L ep=Lie (b)
2g 2g 2g

Thay (b) vao phuong trinh dau cua (a) ta co:

Py .
Pi =psing-Tle o 5 - 28502
8 28 3
Vay F = Psino
Tt phuong trinh (2) cua (a) ta c6 N = Pcosa.
Psina

Diéu kién dé con lan khong trugt 1a: F < fN hay

< fPcosa = f Zétga

1
Vay f.i =§tga'.

1.4. Chuyén dong quay quanh mdt diém cd dinh cia vét ran

1.4.1. Mo men dong lwgng va dong nang

a. Mo6 men djng lwgng

Van toc cua dieém bat ky thudc vat: v =@ A7 . Do d6 md men dong lugng cua vat
ran doi véi di€m co dinh O bang:

Lo =37 nmy, =X Am (OAT)=0Xmr’ —XmT, (7, A @)
k k £ ¢
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Chiéu hé thirc nay 1én hé truc dong Oxyz (gan lién véi vat ran), ta duoc:
L =0 %mk (x°+y;+2)) —%m,{xk (@Ox, +@,y, +0,7,)=
=, %mk(y,f + Zf) -, %mkxkyk - %mkxkzk
Hay: L =0 J -oJ —-oJ _  teong tytaco:
L=-0J.,-0J +0l_ (1-10)
L=-0J,-0J +0J,

Néu hé Oxyz 1a hé truc quéan tinh chinh ddi véi diém O thi cic mdmen tich quan
tinh (mdmen quén tinh ly tim) bang khong va ta c6:

L=0J, ,=Ap; L,=0,J, =Bq;, L. =wJ_=Cr (1-11)
O day ky hiéu: J =A, J =B, J_=C.
b. Péng niing ciia vt ran
Pong ning cta vat ran tinh theo cong thirc:

1 g - _lg (- =
T =§§mkv,f =5§mkvk :E%mkvk (DAT)=

| B - 1 1
:Ega)(rk/\mkvk)zz % mkvkzz
T do, ta co:

T= ;[J o +J @ +] 0 -2] 00 -2] 00 -2] a)a)] (1-12)

yz Uy oz
Néu hé Oxyz 12 hé truc quén tinh chinh d6i véi diém O thi:

T = ;[Jxxa)x+JWa)v+J o |= ;[Ap2+Bq2+Cr2] (1-13)

2z

1.4.2. Phwong trinh dong luc hoc O-le

Goi Mo la vecto mémen chinh cua h¢ ngoai lyc tdc dung 1€n vat ran do6i voi diém
co dinh O, ta co:

Mo =§n70(F2) (1-14)

dLo —
dt

I
S

Theo dinh ly dao ham mdémen dong luong ta c6: (1-15)
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Ky hiéu: % 12 dao ham cia vécto a theo t ddi v6i hé co s¢ (hé cb dinh); % 1a
t t
dao ham cua vécto d theo t dbi véi hé dong (dao ham cuc bg), thi:

a_da ., ong (1-16)
dr dt

Ap dung cong thiic (1-16) dbi voi phan tréi cua (1-15). Ta c6:
da _da | onTo (1-17)
dr dt

Thay (1-17) vao (1-15) nhén dugc:

d;‘) +@ALo=Mo (1-18)
t

Chiéu hé thttc (1-18) 1én hé truc dong Oxyz va bé diu ky hiéu dao ham cuc b, ta

duoc:

dL

“+o L -wl =M,
dt J J
dL,
~t+o L -0l =M, (1-19)
dt ' i
aL, +olL -—oLl =M,
dt A J

Néu hé truc dong Oxyz 1 hé truc quén tinh chinh d6i v6i diém O thi:

L =J o =Ap; Ly = Jyya)y =Bq; L, =J o, =Cr
Afl—p-k(C—B)qr:Mx
; )

Phuong trinh (1-19) tr¢ thanh: B%%— (A-C)yrp=M (1-20)

Cﬂ-%(B—A)pq:MZ
dt

Céc hé thuc (1-20) do O-le d3n ra dau tién vdo nim 1765 va duogc goi la céac
phuong trinh dong lyc hoc O-le.

Hé (1-20) két hgp véi ba hé thire ddng hoc Ole tao thanh hé sdu phuong trinh vi
phan thuong phi tuyén ddi vé6i sdu an sd: Wy, Oy, ®, va @, Y, 0. Tich phan hé nay ta
dugc cic ham tuong ung chta céc hang sé tich phan. Cdc hing tich phan duoc xdc
dinh khi cho biét vi trf va van téc géc ban dau cua vat ran. N6i chung M,, M,, M, la
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ham cua t, @, y, 6, ®,, ®,, ®,, nén thuc chét viéc tich phan h¢ phuong trinh da chi trén
1a rt kh6 khan ngay ca d6i v6i truong hop riéng.

Mot s6 bai todn riéng da dugc nghién ciru:
a. Truong hop Ole — Poanhxo: Xét khi Mo=0

b. Truong hop Lagring — Poanhxo: Xét khi A=B va trong tdm ciia vdt rdn nam
trén truc doi xung dong luc.

c. Truong hop Covalepxki da dwoc xét vao nam 1905.

Xét khi A = B = 2C va trong tdm cua vat ran nim & mat phéng xich dao cua
Ellipx6it quan tinh.

Nhirng nghién ctru tiép theo ciia nhiéu tic gia khdc da chi ra rang: Ngoai ba
truong hop khao sat ké trén, doi véi cdc trudng hop khéc, khong c6 trudng hop nio
ton tai tich phan dai sb.

Mot s6 tic gia tiép theo di tim céc truong hop ton tai tich phan dai s6 riéng, nghia
l1a céc tich phan c6 trong diéu kién ban dau chon dac biét nao do, chéng han nhu: Héc,
Chanplughin, ....

1.5. Ly thuyét gin diing ciia hién twong con quay
1.5.1. Khai niém. M6 hinh con quay trong gia cac dang

Vit thuan chat quay nhanh quanh truc d6i xtmg, truc nay
6 thé d6i huéng trong khong gian, goi 1a con quay.

Nguoi ta tao ra con quay bang hinh tru dic hodc hinh

xuyén duoc lién két sao cho mot trong cédc diém cua truc quay
ludn ludn cd dinh. Nhing lién két nhu thé duoc thyuc hién,
chang han, nhd mot cdi gid va dugc goi 1a gid cdc dang. Mo
hinh con quay (Gyrdxcdp) trong gid céc ding c6 ciu tao nhu
sau (hinh 1-6):

Hinh 1-6

Réto: La banh da nang quay rat nhanh quanh tryc di xtimg
vat chat. N6 1a bo phan chii yéu cia Gyrdxcdp. Roto dugce treo trén gia d& goi 1a gid
céc dang.

Khung trong: 1a vong tron A dong chat ma duong kinh CD cta né 1a truc quay cta
banh da (R6to). Puong kinh IK L CD la truc cua chinh no.

Khung ngoai: Vong tron A dugc treo vao vong tron B ma duong kinh EF cta né c6
thé quay tu do quanh hai 6 tryc gin trén gid da.

226



Céc vong tron lién két sao cho: CD L IK L EF va cit nhau tai O.

Hé thdng gid treo dugc mo ta trén 1a gid cdc dang. Cic khung treo A, B c6 thé 1a
cic hop kin chan khéng. Céc vong tron ddng chét cé thé duge thay bang cdc khung
chir nhat.

Pé: La vat mang gid cdc ding trong d6 treo Gyrdxcdp. Néu dé bat dong, Gyroxcdp
10 rang c6 ba bac ty do. DPé c6 thé cb dinh hoac di dong.
1.5.2. Ly thuyét gan ding cia hién twong con quay

Nhitng con quay c6 van tdc géc quay riéng w=¢ rat 16n quanh truc ddi xtng vt
chét ¢6 nhiéu dp dung trong k¥ thuat.

Trong trudng hop nay, 1y thuyét co ban (Iy thuyét gan ding) cua hién tugng con
quay phdt biéu nhu sau:

Vi con quay nhanh (w; 16n) c¢6 thé coi ba huéng quay: Quay riéng, tién dong va
chuong dong gan nhu tring nhau. Didu nay ¢ nghia 1a: O thoi diém bat ky vecto van
toc géc tic thoi @= @ va vécto mdmen dong lugng hudng theo truc dbi xtng vat

chat ciia con quay. Ta c6: Lo=1J @, (1-21)

Gia thiét gan ding trén, cho phép néi dén sy dich chuyén cua tryc con quay so véi

su thay d6i hudng cua vécto Lo.

Ap dung Dinh Iy Mdmen dong luong ta cé:
— B.1B
dLo —
=M 1-22 -
dt ? ( ) Vg aY G
—_— F_
O day: Mola mdomen chinh cta cdc ngoai luc tdc \ h
dung 1n con quay d6i véi diém O. . Q ]
- ] ] Mo
Goi mut vécto Lo la diem B. V¢ trai cua (1-22) cé / \,/
thé xem nhu véan tc ¥, cta diém B (Hinh 1-7).
Hinh 1-7

V,=Mo (1-23)

Pinh 1y (Pesans): Van toc ciia mit vécto mdmen dong lugng bang ve tri sO va
hudéng mdémen chinh cac ngoai lyc doi véi diém O.
Tu d6: Néu xét con quay dang can bang ¢ thoi diém nao d6 trén tryc ctia né tic

dung mot lyc F ; mOdmen cua lyc nay doi voi diem O la Mo s€ vudng géc vdi truc
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con quay. Theo (1-23) diém B s& nhan duoc van toc Vg =Mo va truc khi dé6 nhan

dugc géc 1éch nho Ay trong khoang thoi gian At trong mit phang géc véi luc F .

Vay, dudi tdc dung cua luc F , truc con quay bat dau léch nhung khong vé phia
lyc tdc dung ma theo hudng cua vécto mémen Mo (thang géc véi luc F ). Ta c6 mot

ddc tinh quan trong cua con quay quay nhanh.

By gid, néu tai mot thoi diém nao d6 nging tic dung luc F . Trong diéu kién
binh thudng nhu di biét trudce, khi nging tic dung Iyc vat van phai chuyén dong theo
quén tinh. Tuy nhién trong truong hop nay, khi F =0thi Mo=0 vado d6 vy =0.
Nghia 1a: Khi ngimg tic dung lyc thi truc con quay khéng tiép tuc dich chuyén. Ta
nhan dugc dic tinh quan trong nira ciia con quay quay nhanh (khong c6 tinh quan tinh
chuyén dong cua tryuc cua nd).

Nhiing diéu md ta trén c6 thé di dén két luan: Téc dung céc lyc tic thoi, thyc té
khong 1am thay d6i huéng cua truc & con quay quay nhanh. Nhitng con quay ndy cé
tinh 6n dinh bdo toan hudéng cua truc ciia né. Day 1a tinh chat rit quan trong ciia con
quay duoc dp dung rong rai trong k¥ thuat.

1.5.3. Mémen Gyroxcdp. Hiéu ing Gyrd

a. Trudc hét ta xét chuyén dong cua con quay dudi tic
dung cua luc. Goi M o 1a Momen chinh cua luc d6i voi
diém c6 dinh O thang géc vai truc quay riéng (z) ctia con
quay.

Piém B cia truc nay cé van tde: Vp = Mo va chinh
truc s& quay quanh diém c6 dinh O. Khi b6 qua sy quay
chuong dong (theo 1y thuyét co ban) thi chuyén dong cua

truc (z) canh diém O 1a tién dong, nghia 12 quay quanh

truc { vé6i van toc géc @, . Hinh 1-8

Ta co: \73=(7)2/\51§; 51§=Zo=](7)1

i

dodé:  J(@,A®)=Mo (1-24)

Mo6men dong luong Lo=J @, dugc coi la da cho, nén phuong trinh (1-24) cho

phép: Khi biét M o(r)xac dinh @, va nguoc lai: Khi biét @, xac dinh Mo(r).
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b. Ta chuyén xét bai toan: Néu biét van toc géc tién dong @, (dai luong J @, cling da

cho) thi tir (1-24) s€ xac dinh duoc M o(t)- gay nén sy quay tién dong.

Gia str con quay thuc hién quay tién dong cudng burc véi van toc géc @, thi Mo s&
gdy nén céc 4p luc 1én truc gan con quay, nhitng lyc nay ciing tao thanh ngau véi vécto

Momen ﬁcw - goi 1a Mdmen con quay: MG)W) =—Mo (hinh 1-9)
Tu (1-24), Ta co6:

MGyro =J(67)1 Aﬁ)z)

. (1-25)
M, =Joo,sinb
Hién tugng trén (su xuét hién mémen Gyrd) goi 1a hiéu tng Gyrd.
N6 duoc xdc dinh bang quy tic -
260066060 sau day: Néu mot Roto 4o Q
uay voi tbe do o, 16n quanh truc doi A B
q,yq e A fl , . w4 Joy, ,I L .
xtrng cua nd, bi madt thiét bi khic buoc - F—=—— = === (C ........ —
phai quay véi téc do @, quanh mot 7 L[ JJ w 77
truc khéc, khdc véi truc ddi xtg Roto B
s€ sinh ra mot ngﬁu Iuc voi mOmen Q
MGy~ ¢6 xu huéng kéo @ dén
Hinh 1-9

trung @, theo quang dudng ngan nhat.
Nhén xét:

@, c6 do 16n gan 10* + 10" rad/s nén J 16n, @, du rat nho ciing sinh ra M 6o 160
lam pha huy r6to. Hon nta J nho, nhung , 16n ciing s€ pha hong ro6to. Do dé trong
cic thiét bi c6 kha ning thyc hién ciing mét liic hai chuyén dong quay quanh tryc cit
nhau thi phai chii y dén sy suat hién mémen Gyroxcop.
¢. Hiéu itng Gyro c6 lpi: Ung dung hién tuong xuat hién mémen Gyrd khi mot thiét
bi thuc hién hai chuyén dong quay quanh 2 tryc cit nhau; nguoi ta ché tao 6-t6 mot hé
théng banh; xe Itra; xe dién mdt duong ray.

Ché tao cic bd diéu khién hudng bay cho cdc dung cu bay: Mdy bay khoéng nguoi

141, tén lura, tram ty dOng, thuy 16i, tau ngdm, c4c vii khi dinh hudéng trén cdc phuong
tién di dong: Mdy bay, xe tang, tau thuy ....

d. Hiéu img Gyro cé hai: Céc tude bin khi gin trén gid d& bi rung s& dua dén giy
truc, gdy gid do, hong bu 16ng, gay canh tudc bin.

Cic loai phuong tién van tai khi chay trén nhitng qui dao cong d& bi 1at d6, 6 bi &
cdc 0 truc treo banh xe dé bi pha hong, cic truc banh xe bi hdng.
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Canh quat cta cic loai quat c6 tubc ning can cho quay theo tudc ning véi toe do
thap nhat dé han ché giy cdnh, hong bac, hong truc.

Khi treo quat tran, céc loai mii khoan tdc do 16n v.v... phai treo vao 6 dd c6 thé
quay ty do, trdinh Mdmen Gyroxcop phat sinh khi tdc dong budc ching phai d6i hudéng
quay.

1.5.4. Vi du ap dung

Vi du 1. Mot réto cua dong co dién
dat trén tdu c6 tryc quay nam ngang
AB. Truc AB thang géc véi tryc cta
tau 0,0, va ching cit nhau & trong
tam roto. MOmen quén tinh cua roto
dbi véi truc AB bang J, @ 1a van toc
gbc quay cua roto. Xdc dinh gid tri
16n nhat coa ap luc dong lyc Ién céc
g6i A va B khi su lac bén cua tau xay
ra quanh truc 0,0, theo quy luat diéu

hoa ¢ =g, sin(%t} khoang céch
giita cdc gbi AB = h (hinh 1-10). Hinh 1-10

Bai gidi:

Khi tau lic ngang truc AB ctia Roto thay doi hudng cua n6. Do d6 xay ra hién
tugng con quay. R6to cua dong co dién la con quay véi truc déi xung AB. Ta biéu
dién vécto @ doc AB va Mdmen chinh dong luong Lo = J @.

Khi lac ngang tai thoi diém da cho, vécto @ hudng doc truc 0,0, tir O; dén O,.
Ta co:

dt T
_ 2,
a)lmax - T

Momen con quay xdc dinh theo cong thirc (1-25): Mo=1J (OA@)

t

Mo Trong truong hop nay hudng theo phu:ong,thallng dtng xubng dudi. Momen
con quay tao nén 4p luc dong luc con quay I1én cac goi do A va B.

—G —G ~ s ) .
Céc dp luc nay (Na va Np) tao thanh ngau ndm trong mat phang vudng géc voi

M ¢ nhu hinh v&. Do d6 ta c6:
NG = N0 = Mo _ J 0w, sin (@, @, )
A B h h
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_ 27,

Tmax —

, @), , nhan duoc:

Thay: sin(®,a )=sin%=l ;

NG = N© _ 27, J w

A max B max
T

Vi du 2. Giai bai todn trén trong trudng hop tau thuc hién chuyén dong xodn quanh
tryc thang dung KL véi van toc géc @, .

Tra loi: Cac 4p luc (Ni va Ng) tao thanh ngiu lyc ndm trong mat phing thang
M, Joo

ding va: N{ =NgJ =—G=""t1,

g A max B max h I’L
Vi du 3. Banh xe rang non II ban kinh Ry = 20cm 16ng ty do trén thanh OA. Thanh
nay noi cung ¢ diém O véi truc thang ding OO, (hinh 1-11). Khi quay truc OO, véi
van toc géc ® = 4x rad/s, banh xe rang non II lan theo banh rang n6n I ban kinh: R, =
1,2 m. X4c dinh ty s6 phan lyc dong luc cuia banh rang I véi phan luc tinh cia né néu
ban kinh quan tinh banh II bang p = 18cm, bd qua khdi lugng thanh OA.

R’ R°

Trd i —=——=2,6.
R

Vi du 4. Bo banh xe c¢6 trong lugng P = 14000N, ban kinh a = 75cm va ban kinh quan
tinh d6i voi truc cia né p = \/ﬁ a, chuyén dong déu véi van téc V = 20m/s theo
duong vong c6 ban kinh R = 200m nam trén mat phang nam ngang (hinh 1-12). Hay
xdc dinh dp luc ciia banh xe 1€n dudng ray néu nhu khoang cich gitra ching L = 1,5m.

Tra loi: R = (7000 = 2210) N.

/II

I ﬁ-l
AN T
/_/ //// O \\_\
Py ~ R>
S v
f

=

IEIT

=
N -

—

LS
I

Hinh 1-11 Hinh 1-12
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CHUONG II: LY THUYET VA CHAM

2.1. Vacham va cdc gia thiét gin ding

2.3.1. Pinh nghia: Va cham 1a qué trinh dong luc dic biét ma van tdc ciia cdc chat
diém thudc co hé thay doi mot lugng hiru han trong khoang thoi gian vo cling bé. Vi
du: Qua béng va cham vao nén ri ndy 18n; bia va dap vao de....

2.3.2. Luc va xung luc va cham F

Goi 7 la thoi gian va cham, AV la luong bién thién van tde
ctia chat diém M trong thoi gian va cham.

. N |- -
|
|
|
|
|
{

<. T AV . < , L, a:A . 2
Do d6: Wi, =—— la gia toc trung binh cta chat diém , né c6
T

gid tri rat 10n. o)
S¢ di nhu vy la vi trong qud trinh va cham, ngoai lyc thong
thuong tdc dyng lén cdc chat diém cdn ¢6 phan lyc lién két moi Hinh 2-1
xuat hién khi bat dau va cham va mat di sau khi va cham dat 1én
chit diém, phan lyc ndy duoc goi 1a luc va cham va ky hiéu1a N .
Luc va cham c6 tri sb rat 16n va bién thién rat nhanh trong thoi gian va cham, nén

dé danh gid tic dung ciia né ta diing xung lugng E(N) cua né hay gia tri trung binh
ciané N trong thoi gian va cham (hinh 2-1).

Ta c6: E:jﬁdrzﬁ*.r (2-1)
0

2.3.3. Gia thiét gin ding caa Iy thuyét va cham

a. Bo qua tdc dung cua lyc thong thuong

Theo dinh 1y bién thién dong lugng ctia chat diém trong thoi gian va cham ta c6:

mAV = jfdr + j.ﬁdr (2-2)
0 0

Trong do: F 1alyc thong thuong dat 1én chat diém M.
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Ta co: <F, .T; Fux la dai lugng hiru han thuong khong 16n, con T thi la

j.fdz'
0

dai luong rt nho, nén xung lugng cua luc thong thudng rat bé so véi xung luong va
cham ma ta c6 thé bo qua.

Phuong trinh (2-2) duoc viét: mAV = [Ndr =§ (2-3)
0
D6 1a phuong trinh co ban cua 1y thuyét va cham
b. B6 qua dich chuyén cia chat diém

Goi s 1a dich chuyén cua chat diém trong va cham, ta c6: s = <V . T

j.de'
0

Vi Vi, 12 dai luong gidi han ma T 1a dai lugng rat nho, cho nén ta c6 thé bo qua
dich chuyén cia chit diém trong va cham.

Viy luc va cham chi 1am thay dbi van tdc ctia chat diém M trong va cham ma
khong lam thay doi vi tri cua nd.

c. Bién dang va hé sé khoi phuc

Thuc té ta thdy qud trinh va cham duoc chia 1am hai giai doan: Bién dang va khoi
phuc.

—  Giai doan bién dang kéo dai T, giay ké tir khi hai vat thé va cham tiép xuc nhau
cho dén khi két thiic bién dang.

—  Giai doan khdi phuc kéo dai (T, — 7,) gidy ké tir khi két thiic bién dang dén két
thic va cham. Giai doan nay cic vét thé va cham dan dan léy lai hinh dang cii.

Nguoi ta chia va cham ra hai loai:

— Néu khong c6 giai doan khdi phuc, va cham dugc goi 1a va cham mém. Pic
diém cua loai nay khi két thiic va cham thi nhitng phan tir ciia hai vat thé ¢ viing tiép
xtc ¢6 cung thanh phan van toc phédp tuyén.

—  Néu c6 giai doan khoi phuc thi va cham goi 12 va cham dan hoi.

Pé biéu thi dic diém khoi phuc ta dwa ra khai niém hé sé khoi phuc k va xédc dinh
bang biéu thirc:

k= 5 (2-4)
Sl
Trong do: S, = J Ndt 1a xung lugng va cham & giai doan bién dang.

0

S, = INd 7 la xung lugng va cham ¢ giai doan khdi phuc.

7
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RO rang néu: k=0 thi va cham 1a va cham mém.
k =1 thi va cham hoan toan dan héi.
0 <k < 1 thi va cham dan hoi.

Hé sb k phu thudc vao ban chat vat liu dan hoi cua hai vat thé va cham va xéc
dinh bang thuc nghiém.

2.2. Céc dinh Iy tong quat ciia dong luc hoc ap dung vao va cham

Duya vao gia thiét ve luc, dich chuyén va bién dang, trén co s¢ phuong trinh co ban

mAV =S tasé xdy dung cdc dinh Iy tong quat cho 1y thuyét va cham.

2.2.1. Pinh Iy bién thién dong lwong

Bién thién dong lugng cta co hé trong thoi gian va cham bang tong xung lugng va
cham cta ngoai luc dat 1€n co h¢ trong thoi gian do6.

Churng minh:

Ap dung dinh 1y bién thién dong lwong cia co hé, ta c6: 0- éo = ZSTf
k=1

hay M‘_/:c _MVCO = ZTS‘E (2‘5)

k=1

Trong dé ZS—,f la xung lwong va cham cua ngoai lyec.
k=1

Vi du 1. Hai qua cau c6 khéi lugng 1a m;, m, =N/

X ~ A - 2 M S e A Vi 0 V> X
chuyén dong trén mdt phang ndm ngang nhan vdi van O O+
tbe \71, V, va cham vao nhau. Gia thiét va cham mém
(k = 0) tim van tc chung V cua hai qua cau sau khi va Hinh 2-2
cham.
Bai gidi:

Co hé gdm hai qua cdu. Bo qua tidc dung céc luc théng thudng ( P, P, va
Ni, N»).
Ap dung dinh 1y bién thién dong luong ciia co hé chiéu 1én truc x ta c6:
Mx,. —Mx.,=0
mV, +m,V,

hay (m, +m,)V-mV,+m\V,=0=V =
m, +m,
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2.2.2. Pinh Iy bién thién mémen dong lwong

Bién thién mdmen dong lugng cua co hé ddi véi mot tam hay mot truc trong thoi
gian va cham bang tong mémen xung lugng va cham ngoai luc dat 1€n co hé cung lay
doi véi mot tdm hay mot truc dé trong thoi gian va cham.

Churng minh:

Theo dinh ly dao ham moémen dong luong:

=S () =Xl )

k=1 k=1

Tich phén hai vé ta c6:

Lo-Lo —!;(rk AF )dr Z{rk Eidtj = ,; mo (55 (2-6)
Chiéu dang thic nay 1én truc Oz ta c6:
oL = 3m (1) hay (@ -a)s = 3m(55) @7)

Vi du 2. Vit rin chuyén dong quay xung quanh truc ¢é dinh Oz
Vo1 van téc géc @y. Tac dung 1€n vat xung lugng S nhu hinh vé.
Tim vén toc gbc cua vat sau va cham (hinh 2-3).

Bai gidi:

Ap dung (2-7) taco: wJ, —ayJ, =m, (§)

m(5) m.(5)
= Aw=0-0,= ; = 0=+ T Hinh 2-3

Z Z

2.2.3. Pinh Iy mit dong ning (dinh Iy Cacnd)

Trong va cham khong dung dugc dinh luat bdo toan co ndng vi mot ph?}n dong
nang cua co h¢ bién thanh nhi¢t nang, mat khac khong dung dugc dinh 1y bién thién
dong nang vi khong tinh dugc cong cua cic ngoai luc va cham.

O day ta c¢6 dinh 1y Cécné:

1 = = 2 .
T -T,= zim" (Vi=Vio) & trudng hop tirc thoi bo lién két
AT = = (2-8)
T,-T,=3 +m, (Vo =V, ) 0 trutmg hop tirc thoi dat lien két
= 2
k=1
Nguyén nhan mé‘g dong niang 1a do bién dang du va kém theo biéq d6i nodi nang cua
co h¢. Trong thuc t&: Nguoi ta st dung va cham gay bién dang dé ren kim loai va
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nghién vat liéu. Pong thoi 1am giam bién dang dén mirc ti thiéu dé tang dich chuyén
nhu déng dinh va déng coc.

2.3.  Ap dung céc dinh Iy tdng quét vao mdt sd bai toan

2.3.1. Va cham thing xuyén tim cia hai vat chuyén dong tinh tién

Va cham théng xuyén tam cua hai vat chuyén dong tinh tién 1a va cham sao cho
phép tuyén ctia hai mat tiép xic di qua tim khdi luong C;, C, va tring véi phuong van
tdc cua hai tim.

a. Bai todn: Xét va cham thang xuyén tdm cua hai qua cau c6 khéi luong m; va
m, chuyén dong tinh tién c6 van toc trude khi va cham 1a v, va v,, hé sb khoi phuc la
k. Tim van tdc u,, u, sau khi va cham, xung lugng va cham va luong mét dong nang
AT trong va cham (hinh 2-4).

Bién dang Khéi phuc
- NIZ - = dex - = N/IZ
NZI N—;mdx ﬁ;Zl
Hinh 2-4

Ap dung dinh 1y bién thién dong lwong cho mdi qua ciu & giai doan bién dang:

mw—v,)=3S, ==
(a)
m,(u—v,)=S,=3S
Trong d6 u 12 van tdc chung ciia hai qua cau khi két thic bién dang.
O giai doan khoi phuc:
o o
m,(u,—u)=3S,=S5
Phuong trinh xdc dinh hé s6 khoi phuc 1a: & :% (2-9)

Giai h¢ (a), (b) va (2-9) ta co:
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_my hmyy, muy +myu,

m, +m, m, +m,
u,=v, —(1+k). v, —v,)
m1+m2
u, =v, +(1+k). v, =v,) (2-10)
m, +m,
m,.m
S=—1"2 |y, —y
m1+m2| v
§ =" |, —u,|
m; +m,
b. Xdc dinh hé s6 khoi phuc bang thwce nghiém
T 2-10) tacs: k=2 =|2Zl) Y (2-11)
S |v,=v| v,

Trong dé: u,, v, 1a van toc twong do6i cua hai qua cau va cham thang xuyén tam sau
va trudc va cham.

Thi nghiém: Tha vién bi xuong khong van toc ban dau tir d§ cao h; xudng san nam
ngang cO dinh. Sau khi roi vién bi bi bat lai véi d§ cao h, roi lai roi xuong. Tim h¢ so
khoi phuc k.

\2gh,
Theo (2-11) vi v, =u; =0, nén ta co: O<k=Lr=to g \/72<1
v, v,

Vay OSk:\/hZSI
hy

c. Xdc dinh AT trong va cham thang xuyén tam cia hai vdt chuyén déng tinh tién
O trudong hop tic thoi dat lién két, theo (2-8), ta c6:
_ My (o> o
AT =T,-T, =2 (v} —u? )+ 2 (v2 ~u) (a)
2 2
Thay gié tri uy, u, tr (2-10) vao (a), rit gon ta c6:
mm,

AT =——=—
2(m, +m,)

(A—k>)(v, —v,) (2-12)

Ap dung (2-12) vao hai bai toan thyc té:

— Biia ren kim logi: Ta c6 v, 1a van toc ban dau cua bua, v, = 0 1a van toc tam
kim loai chiu ren.
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m,m,

1_k2 2
2m +m2)( i

Viay tur (2-12) ta c6: AT =

Goi T} = %mlvf la dong nang cua bua trudce khi va dap.

_AT (k)

Goi 77 12 hé s hitu ich. RS rang mudn ting 1 thi phai giam ty sd

0 1+ﬂ
m,

m A 5 , 5 . 5 A A e A 5 N A
—L hay khoi lwgng cuia biia phai nho nhiéu 1an so véi khoi luvgng cua de va vat.
m

2

—  Biia déng coc: Khi bia déng coc thi AT 1a vo ich, nguoi ta goi hé sé hiru ich

la:
_TL-AT 1-k*
TO 1+ﬂ
m,

Muén ting 1 thi phai ting ty s6 -, do d6 phai ting khdi luvong ctia ba.
m,

2.3.2. TAm va cham ciia vt rin quay xung quanh mét truc c6 dinh

Duéi tdc dung cua xung lugng va cham

S, vat ran chuyén dong quay xung quanh

truc ¢6 dinh AB, thuong tai 6 5 A va B xuét S, EB
hién xung luong phan luc S, S5 lam tidu |

< N P £. oax YO V4
hao ning luong va phd hdéng gbi dg, truc U‘ a g/ ° K y
quay. Cho nén phai tim diéu kién dé khi tic Ty T
dung xung luong va cham 1én vat chuyén . i -~ S
dong quay thi s& khéng xuat hién xung luong | A
phan luc Sa, S5 tai & dd (hinh 2-5). §¢/u”

Ta xét vat c6 mat phang doi xting Oxy va Hinh 2-5

VETI'[W gin vao truc quay AB vudng géc voi mat
phang nay.

Chon Oy di qua tam khdi lwong C cta vét rin véi OC = a.

Gia st trudce lic va cham vt rin dimg yén (@, = 0). Khi tic dung xung lugng va
cham S nim trong mat phang Oxy thi xung luong phan lyc S4, Ss xudt hién tai 6 d&
A, B.

Theo dinh 1y bién thién dong lugng tacé: Q—Q,=S+S4+Ss (a)
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Trong dé: éo =0; é =MV
Ve la van tdc tam khéi lugng cua vat sau va cham.

Tu (a) diéu kién dé Sa=S5=0,néu S=MVc suy ra xung lugng va cham S ¢6
hudng cung véi Ve hay L v61 OC (truc Oy).
Taco: S=MV.=M.aw, (b)

Mt khdc tir (2-7), ta ¢6: (@ —@,)J, = m. (57 ) d6i v6i bai toan nay ta c6:

k=1

_ m,(S)  sh
o =m |S) > w=—-=— c
1¥ z z( ) 1 JZ JZ ( )
\ N . J
Tur (b) va (c) ta cé: h=—+= (2-13)
M .a

Cic diéu kién khi xung luong va cham S tic dung 1én vat quay xung quanh mot
truc c6 dinh ma khong xuat hién xung lugng phén lyc tai 0 truc la:

—  Xung lugng va cham dit ¢ trong mat phang Oxy va mat phang nay 1a mait
phang doi xtng cua vat.

— Xung lugng va cham S cung hudng véi Ve va vudng géc voi mit phing chira
truc z va tam khoi lugng C cua vat.

—  Xung luong va cham S dat cach truc quay Oz mét khoang h = A;Z (6 vé phia
a

¢6 tam khdi lugng C). Piém K 1a tAm va cham khi xung luong va cham S dat tai K thi
khong xudt hién xung lugng phan lyc tai 6 d3.

Vi du 3. Tim tdm va cham cia thanh dong chét chiéu z
dai ¢ d6i v6i truc quay qua dau thanh va vudng géc voi
thanh 4y (hinh 2-6).

0]
Bai giai: D,
Truc quay Oz la truc quén tinh chinh cua thanh tai
diém O ciia né. Hinh 2-6

Tam khdi luong C cta thanh & tai trung diém cua

@
|~

thanh, nén a = g

M/?
Viy: OK == =%:%
M .a M'E 3
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CHUONG III: PONG LUC HQC CUA CHUYEN PONG TUONG POI

Trong cic chuong trudc, ta di khao st chuyén dong cua vat thé (chat diém va co
hé; vat ran va hé vat ran) trong hé quy chiéu quédn tinh (c6 dinh). Tuy nhién, cdc thi
nghiém cho phép ta nghiém lai rang: Mot hé quy chiéu chuyén dong c6 gia téc dbi voi
hé quy chiéu qudn tinh khong phai 12 hé quy chiéu quén tinh. Chuyén dong cta vat thé
d6i v6i hé quy chiéu trén goi 13 chuyén dong twong d6i (chuyén dong dbi véi hé quy
chiéu khong qudn tinh). Nhiéu bai todn thuc té ki thuat can phai khao sét trong hé quy
chiéu nay va cho ta 10i giai don gian hon.

3.1. Phwong trinh via phin chuyén dong cia chit diém trong hé quy
chiéu khong quén tinh

3.1.1. Thiét 1ap phwong trinh vi phan chyén déng twong doi cia chit diém

Chéat diém M, khdi lugng m, chiu tdc dung céc luc (Fl,FZ,...,Fn) chuyén dong
trong hé quy chiéu quan tinh véi gia toc W . Ta xét chuyén dong cia chat diém M
trong hé quy chiéu khong qudn tinh chuyén dong bat ky c6 gia toc d6i voi hé quy
chiéu quén tinh.

Phuong trinh co ban cta dong luc hoc trong hé quy chiéu quén tinh: mW = ZFI(
k=1

Tir dinh 1y hop giatoc: W =W, = W, +W.+We
Ta thu duoc: mW, = ZFI( + (—mWe) + (—ch)
k=1

—qt

pat:  F. =-mW, goi 1a luc quan tinh kéo theo;

—at — — — R L A1 N 2 A .
F¢ =—mWe =-2ma. A V_ goi la lyc quén tinh Coridlit. Lyc nay chi ton tai

néu chit diém chuyén dong dbi véi hé quy chiéu khong quén tinh va hé nay chuyén
dong quay ddi v6i hé quy chiéu qudn tinh.
Nhu vay, trong mot hé quy chiéu khoéng quén tinh chuyén dong cé gia toc dbi véi
hé quy chiéu quén tinh, phuong trinh vi phan chuyén dong ctia chat diém c6 dang:
et

mW,=Y Fi+F. +Fc (3-1)

k=1
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Goi 7 1a vécto dinh vi ctia chat diém trong hé quy chiéu khong quén tinh, ta c6:
pd dzl_’: n —qt —qt
mr = m=— =Y Fi+F. +Fc (3-2)
k=1

(3-2) 1a phuong trinh vi phan chuyén dong ciia chit diém trong hé quy chiéu khong
quén tinh & dang vécto.

Cdc truong hop dac biét:

—  Néu hé dong chuyén dong tinh tién: o, = 0 khi 46 Wc = 0, suy ra Fe =0,
phuong trinh (3-2) c6 dang:

—  Néu hé dong chuyén dong tinh tién thang va déu, hoic chat diém dung yén trén
hé dong ta c6 nhitng trudng hop didc biét duge xét riéng ¢ cdc phan dudi ddy:

3.1.2. Phwong trinh cin bang twong ddi cia chat diém (diéu kién cin bing twong
doi)
Chét diém khong chuyén dong déi voi hé khong quan tinh V. =0, khi d6 vé trai

cua (3-1) va lyc quén tinh Coridlit triét ti€u. Ta nhan dugc:

SF+F =0 (3-3)
k=1

(3-3) 12 phuong trinh cin bang twong ddi. Nhu thé, can bang cua chat diém trong hé
quy chiéu khong quan tinh chi c6 thé giai thich bang cach dua thém vao luc quén tinh
kéo theo.

3.1.3. Nguyén ly twong ddi cia co hoc ¢ dién

Chét diém M chuyén dong trong hé quy chiéu khong quén tinh dudi téc dung cia
hé luc (F1,F>,...,F.). Hé quy chiéu ndy chuyén dong tinh tién thing va déu déi vei
hé quy chiéu quan tinh, khi d6: F . =0, F » =0. Hé thic (3-1) tré thanh:

T
k=1
H¢ thirc nhan dugc tring véi hé thie (1-3). Nhu thé hé quy chiéu chuyén dong tinh

tién thang déu d6i voi hé quy chiéu quén tinh ciing 13 hé quy chiéu qudn tinh va duong
nhién ton tai mot 16p cac hé quy chi€u quan tinh. Tat ca cdc hién twong co hoc xay ra
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trong hé quy chiéu chuyén dong tinh tién thang déu ddi v6i hé quy chiéu quéan tinh
cling hoan toan giong nhu ching xay ra trong hé quy chiéu quan tinh.

3.1.4. Anh huwéng sw quay cia trai dat

—  Suw bao mon cdc dwong ray: Xét mdt tau hoa
khéi lugng m tién vé phia bic doc theo kinh tuyén
véi van tbe AVT trong mot vung c¢6 vi do 0 thudc ban
cau bac (hinh 3-1). Trdi dat quay quanh truc tir tdy
sang dong, mdt vong trong 23 gid 56 phit 4 gidy, nghia
1a van toc géc clia né bang:

= 2z
86164

Coi tau nhu chat diém, gia toc Coridlit ciia n6 la:

=0,0000729 s

w c= 20 4\7; |

Gia téc niy hudng vé phia tay theo tiép tuyén cua vi
tuyén. Ap luc cua tiu thong qua cdc banh xe do luc
quén tinh Coridlit gy ra hudng vé phia dong (bén phai) theo hudng tau chay va bang:

Ff =2mwAV,; d61on: FS =2maV,sin@
Thay s6 voi: m = 2.10° kg; V, = 100 km/h; 6 = 45° ta dugc F¥ =5,7KN .

Ap luc nay phai bi khir boi céc dudng ray, ray bén phai s& bi bao mon hon.

—  Hién tuwong Berer (16 bo song): Giai thich twong tu dbi voi cdc dong song chay
trén bac ban cau. Do dong chay khong léch ngang, nén & cic dong song chay tir xich
dao 1én bic ban ciu, dong nudc tic dung vao by sdng mot lyc tir trdi sang phai va bo
bén phai cdc song nay bi x6i 16 nhiéu hon. Hién twong nguoc lai d6i vai céc tau chay
va dong song chay tir xich dao vé Nam bén ciu.

—  Sw léch hueéng ciia vt roi tw do gan mdr ddt: Do van tde géc @ cua trdi dat c6
gid tri rat bé, nén do 16n cua luc quén tinh Coridlit va lyc quan tinh kéo theo dat 1€n vat
roi ciing kha bé so voi luc hdp dan. Ta coi mot cich gan ding: Van tdc tuong ddi AVT
ctia vét roi hudng theo dudng thang dimg vao tim trdi dat. Khi d6 gia tbc Coridlit hudng
vé phia tdy va lyc qudn tinh Coridlit huéng vé phia déng. Do tic dung cua luc ndy, vat
roi ty do gan mit dat s& 1éch vé phia dong so voi dudng thang dung. Do 1éch d6 c6 thé
tinh theo cong thirc xap xi:

9 2H 3/2
A= QP8cosv | 2
3 g
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Trong d6 0 1a vi d¢ dia phuong; H 1a d¢ cao roi cua vat.

—  Nhiéu hién twong co hoc khdc, nhwe: O Béc ban cau, gi6é bac c6 khuynh hudng
thdi léch vé phia tay, sy 1éch huéng chuyén dong trong mit phang ngang, sy thay doi
gia tc trong truong theo vi do, ... ciing duoc giai thich va dua ra hé thirc xap xi bang
cach tuong tu. Ta ¢6 thé minh hoa: Huéng 1éch cia gié miia; hudng chay vong cua cic
dong nudc bién va dong khi; cling nhu chiéu xody cta gié bdo va gi6 16¢ trén céc hinh
v¢€ (hinh 3-2).

B B B

b T~~~ ~ \b T@@D

T~ ~— —~ —
N N N
a) Gié mua dong: b) Gio mua ha: c)

- Bic ban cau: Gié - Bic ban cau: Gié - Dong nudc bién, dor
mila Pong — Béc. mila Pong — Béc. khi.

- Nam bin cau: Gi6 - Nam bédn cau: Gi6 - Chiéu xody cua gid béo.
mua BDong — Nam. mua Pong — Nam.

Hinh 3-2
Vidul

Piém treo cua con lic toan hoc chuyén dong trén
duong thang dimg véi gia téc khong doi w. Hay khao
sat chuyén dong cua con lac d6 dbi véi hé truc toa do

tinh tién cting v6i diém treo (hinh 3-3).

Bai giai:

Khao sit chuyén dong cua chat diém M ddi véi hé
truc toa do Oxy, gbc O gan vao diém treo.

Céc lyc tadc dung 1én chit diém g@)m: Trong luc f’;

phan lyc N cua day va lyc quén tinh theo ?f; , huéng

clng chiéu voi luc p, ﬁ:—mv?. Do hé dong

Hinh 3-3

X A . e ~ —qt
chuyén dong tinh tién, nén Fc =0.
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Hé thirc co ban ctia dong luc hoc trong hé quy chiéu khdng quan tinh viét cho chat
diém M:
mW =P+N+F"
Dé khu N, chiéu phuong trinh trén truc tiép tuyén, ta cé:
ms =—Psinp—F*sing

Do s=/¢ nén § = /¢: Phuong trinh trén sau khi rit gon, nhan dugc:

p+5W ingp=0
. . A S g+W
Khi ¢ khd bé, sing = ¢, tanhan duoc: @+k @=0, k= /
Z A n Y < . R 27 V4
Con lac thyc hién dao dong di€u hoa véi chuky: T=—=27
k g+W

Trudng hop diém treo cua con lic ¢6 gia tde w huéng xudng dudi. Gia thiét W <
g, ta c6 phuong trinh dao dong bé cua con lac:

. g-W
+
v l

¢=0
—  Néu W < g, chu ky dao dong caa con lac: T = 77[ =2z

~ NéuW=g, tacé: $=0,9=C,, 9p=Cit+C,

Cho rang, tai thoi diém ban dau t = 0, con ldc 1éch khoi vi trf thang ding mot géc
@p = o va khong c6 van toc tuong doi ban dau ¢(0) =0, khi d6 ¢ = a.

Nhu véy, néu diém treo ciia con lc roi tu do thi con lac & can bang twong dbi. Ap
dung (1-14) tadwoc: P+N+ F . =0

—qt

Do P= mg, F =-mg,suyra N = 0, chit diém M & trang thai mét trong lugng.

e

Truong hop di€ém treo cua con lac c¢6 gia toc W hudng xudng dudi va gid st W >
g, ta ¢ con lac ngugc. Chu ky dao dong cua con lac:

2r L
=—=27
k g+WwW

T
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Vidu 2 z
Mot chét diém khdi lugng m, ¢6 thé chuyén dong e
khong ma sit trong miat phang xOz. Mit phang d6 Fc M/ N
quay xung quanh tryc thang ding Oz, véi van tc —a

gc:)c khéng’ d(;)iqw. Ti’m quy luat Fhuyén d‘(f)ng twong P v %0 y
doi cua chat ,diém, n?:u tai thoi diém ban dau né dung } o
yén tuong doi tai diem Mg(Xo, Zg). Xac dinh phan luc X0
N ctia mit (hinh 3-4). X
Hinh 3-4

Bai gidi:
Xét chat diém M chuyén dong trong mit phang xOz. Lyc tic dung gom: Trong
luong P, phan lyc phdp tuyén ciia mat N va céc luc quén tinh th, 7*:? H¢ thuc co

ban cua dong luc hoc chit diém trong hé khong quan tinh, trong truong hop khao st
c6 dang:

mW,=P+N+F . +F.

Trong do: POz, N vudng géc voi mat phang xOz va ciing chiéu vdi truc Oy;

=4t 4t e -4 <A 7 N : A
F,=F,=-mW,_; |F,|=mx&’, chicu huéng cung chieu tryc Ox;
- — T tex 3 Can e, [T :

F . =-2mw AV, huéng nguoc chiéu truc Oy, c6 d0 1on: | F .| = Zma)|x|

Chiéu hé thirc co ban Ién hé Oxyz, thu dugc:

mx = mxa@’
my=0=N—-F"
mz =—mg

Phuong trinh tht hai cia hé trén cho ta gidi N: N = F' =2ma|x|
Hai phuong trinh con lai, sau khi tich phéan, ta c6:
x=Ce” +C,e”

2
=-8L icu+c,
2

Khi chii y diéu kién ban dau tai t = 0, suy ra: C, =C, = %; C,=0; C, = z,. Phuong

trinh chuyén dong cta chét diém M trong mat phang xOz la:
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x = x,ch(arx)

gt’
0y

Phan luc N cua mat c6 do 1on: N = 2ma)|x| = 2mxoa)2sh(a)t)

3.2. Cic dinh Iy tong quat ciia dong luc hoc trong chuyén dong twong doi

Cic dinh 1y dong lugng, mdmen dong lugng va dong ning thiét 1ap mbi quan hé
giita cdc d6 do co ban ctia chuyén dong véi cdc do do co ban tic dung luc trong hé quy
chiéu quén tinh duoc din ra trén co s¢ phuong trinh co ban:

mW = Fi (1)
k

— — — — — —qt — —qt

Vi W=W,+W,.+Wc thay vao (1) va dit. -mW.=F., -mWc=F¢, ta ¢6
phuong trinh dong luc hoc Coridlit:

mW,=Y Fi+F. +Fc 2)
k

Diéu niy c6 nghia 1a: Ngoai lyc di cho, can thém vio céc lyc quéan tinh kéo theo va
luc quén tinh Coridlit ca chat diém.

Duya vao nhan xét trén, & day ta khong thuc hién cac phép bién ddi todn hoc chat
ché&, ma chi dua ra dang cic dinh Iy téng quit cta Pong luc hoc co hé trong hé quy
chiéu khong quén tinh sau:

3.2.1. Dinh ly dong lwgng

%:ZFZ +> Fa+> Fa (3-4)
k

k k

3.2.2. Dinh Iy mémen déng lwgng

0 Y o (FL )+ Lo (FE )+ Lo Fi) (3-5)
k k

k

Néu hé quy chiéu dong c6 gbe tring v6i khdi tim C cia co hé va céc truc Cx //
O,xy, Cy // Oyyy, Cz // Oz, cia hé quy chiéu quéin tinh O;x;y,z; (hinh 3-5) thi do

—_—

. =0, nén:
—qt — —r
Foa="2w.AV;=0
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Suy ra: Z;ic(l??k)zo
k
Mait khac:
ZEc(I?Zzi)= Z?k AFg = Z?k A(—mkW;) :Z?k A(—mkWe)
k k k k

=WenD> mi =W.AM7. =0 (do 7. =0)
k
Do d6, nhan duoc: Z,4 zi

e _ 5 e () (3-6)
a4

Két lugn: Trong hé quy chiéu dong

fre

(khong quén tinh) c¢6 goc tring véi khdi

tam cua co hé va chuyén dong tinh tién doi

v6i hé quy chiéu cb dinh (quéan tinh), thi L -
dinh 1y mOémen dong lugng cua co hé dbi
v6i khéi tam C c6 dang twong ty nhu trong

) .; Hinh 3-5
hé quy chiéu quén tinh.

Vi du 3. Tinh lyc 4n khép giita hai banh riang hanh tinh. Co cdu dat trong mat
phang nim ngang, tay quay OA quay vdi véan toc géc o va gia toc géc €. Banh xe dong
II coi nhu dia dong chat trong lugng P,. Biét gc dn khép 13 o, ban kinh cdc banh ring
la R; va R, (hinh 3-6).

yi

Hinh 3-6 Hinh 3-7
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Bai giai
Khao sat chuyén dong cta banh ring dong II. Hé quy chiéu dong gan vao khdi tim
A 1a Axy, chuyén dong tinh tién dbi voi hé quy chiéu c¢b dinh Ox,y;.

Luc tic dung 1én banh ring II gém: P>, phan luc tai A: R4, lyc an khop
O =T+N (hinh 3-7).

Ap dung dinh 1y bién thién moémen dong luong ddi véi hé quy chiéu dong:

dLa =Z;1AZ(FZ)=T.R2 =Q.R, cosa (1)
di
Tacs: [, =J, 0= LRtk , BREIR), 2)
' ' 2 g R, 2g
Thay (2) vao (1), ta nhan duoe: 0 = 2RFTR)
2gcosa
3.2.3. Dinh ly dgng ning
dr’ =Y ' (Fi)+ Y an’ (Fi )+ Y aa’ (Fa )
k k k
Vi dA’ (1?2;) = F&V,di==2m(@. AV, )V,.dt =0
Suyra: dT’ = ZdA" (Fk)'f'z dA’ (I?Zzi) (3-7)
k k

Nhu vay, trong dinh 1y dong nang khong c6 mat cua lyc quan tinh Coridlit (nghia
1a khi 4p dung, khong can tinh cong cia lyc nay).

3.3. Phuwong trinh Lagriing loai II trong hé quy chiéu khong quén tinh

Tir phuong trinh Lagrang loai II trong hé quy chiéu cb dinh, suy twong tu, ta viét
duoc phuong trinh Lagring loai II trong chuyén dong twong ddi ddi v6i hé chiu lién
két giit, 1y twong, holéném cé N bac tu do:

%@Qgg -0/ (F)+ (Fi )+ (F) 39

Trong dé:
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q:, q; - Toa do suy rong va van téc suy rong cia co hé trong hé quy chiéu khong

quén tinh.

Q[(Fk); Qi"(I?Zzi); o/ (F?k) - Céc lyc suy rong cua céc lyc hoat dong, cic luc
quan tinh theo va cdc luc quén tinh Coridlit rng voi cdc toa do suy rong g, trong hé
quy chiéu khong qudan tinh.

T, - Pong ning cua co hé trong chuyén dong twong dbi.

Khi co hé can bang (V« =0), thi T, =0, vd Q' (f%k) =0. Do d6 suy ra diéu kién

can bang tuong doi:

0/ (Fi)+Q/(Fii)=0; i=L N (3-9)

Mot cich tuwong ty, doc gia c6 thé viét phuong trinh tdng quat cia Pong luc hoc
trong chuyén dong twong di.

Vi du 4. Mot chat diém c6 khéi lugng m chuyén
dong theo dng vong tron ban kinh a, dong thoi vong
tron quay déu quanh tryc thang dimg véi van toc géc .
Bo qua ma sat, thanh l1ap phwong trinh vi phan chuyén
dong cua chit diém (hinh 3-8).

Bai gidi

Pé nhan duogc 10i gidi cua bai todn, cé thé viét
phuong trinh Lagrang loai IT d6i voi hé quy chiéu cb
dinh, trong d6 dat diéu kién dng tron quay déu.

O day, ta st dung phuong trinh Lagring loai II
trong chuyén dong tuong doi.

Khao sit qua cau M nhu chat diém. Do bé qua ma
sdt nén lién két dat 1én M 1a 1y tuong.

Cic lyc hoat dong tic dung vao chat diém Ia f’:mg, cdc lyc quan tinh theo

—qt —qt 2 Ay t , ~ ., , .
F. =F. (do vong tron quay déu) va lyc quén tinh Coridlit F ¢ hudng vudng goc voi
mat phang hinh vé&, ra phia ngoai.

Vi tri chit diém duoc xdc dinh ddi voi hé dong boi mot toa do suy rong da q = 6.

Phuong trinh Lagrang loai II c6 dang:
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%(ggj—%:Qg(m§)+Q0(I?Z;)+Q9(cht) ()

Trong d6: T. = %me; V.=§=af;suyra T = %mazéz.

Ta co: aT’ =0; a—Tf':mazé; i(aT.’jzmazé 2)
00 06 dt\ 06

Pé tinh céc luc suy rong & vé phai cta phuong trinh (1), ta cho chét diém mét di
chuyén c6 thé véi géc 80 va co:
_ O0A(mg) _ mgsinf.a b

Q,(mg) = 5 5 = —mgasin @ 3)

oy SA(FL) g
0, (F Zn) == Fo co;:.a % _ ma’ sin @ cos 6.0 4)

Qg(I??) =0 )

Thay (2), (3), (4), (5) vao (1), nhén dugc phuong trinh vi phan chuyén dong tuong
d6i ctia chét diém la:

é+(§—a)zcosé?jsin9=0
a
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