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PE XUAT PHUONG PHAP TONG QUAT KHAO SAT
CHUYEN PONG SONG PHANG CUA VAT RAN CO DANG THANH

Duwong Thi Ha", Pham Hiru Kién, Nguyén Hong Linh
Truong Pai hoc Sw pham — DH Thai Nguyén

TOM TAT
Trong bai bao nay, mét phuong phap tong quét dé khao sat chuyén dong song phang ciia vat ran c6
dang thanh duoc dé xuat. Phuong phap tong quat dugc thue hién qua ba budce sau: dau tién, ching
t61 xac dinh toa do va suy ra van tdc, gia tdc cua thanh ran; sau do, .chung t6i xac dinh vén te goc,
gia toc goc; cudi cung xac dinh cdc dai luong vat ly theo cac yeu cau cua tung bai toan. Gia tri cia
phuong phap dé xuét trong bai bao dugc thé hién qua viée giai cu thé mot s bai toan chuyen dong
cua vat ran dang thanh, dac biét la viéc khao sat chuyén dong ngay sau thoi diém ban dau. Bai bao
s& 1a mot tai lidu tt cho gido vién, sinh vién va hoc sinh khi nghién ctru vé cac chuyén dong song
phing cua vét rén c6 dang thanh.
Tir kKhéa: Thanh, véin toc géc, gia toc goc, chuyén dong song phang, vt rdn.
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ABSTRACT

In this paper, we present general method to investigate the planar motion of solid bar. This
method includes three steps. The first step is to determine the coordinates, deduce velocity
and acceleration; the second is to calculate angular velocities and accelerations; the third is to
find out the required physical quantities corresponding to each problem. This method is
applied for studying the behavior of solid bars in the case of planar motion, especially the
time after they start moving.
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MO DAU

Co hoc 1a mot bo phan ctia Vit Iy hoc, nghién
cuiu chuyén dong, bién dang cua cac vat va
tuong tac gitra ching. Vé&i nhiing nghién ctru
dau tién tir thoi Hy Lap cb dai, co hoc di co
rat nhiéu cac thanh tuu quan trong trong viéc
nghién cutu, giai thich cic hién tuong tu
nhiénva 1a co so cho sy phat trién cic nganh
khoa hoc ky thuét va cong nghé nhu ché tao
may, xay dung [1].

Trong co hoc, tiy thudc vao ddi trgng nghién
clru ma c6 thé chia thanh cac phan khac nhau.
Co hoc vat rin 1a mot phén cua co hoc,
nghién ctru chuyén dong cia cac vat c6 kich
thude va hinh dang khong d6i. Co hoc vat
ran, trong d6 c6 chuyén dong song phing cia
vat ran, 1a mot ndi dung kién thuc tuong dbi
khé trong chuong trinh vat 1y phd thong hién
nay dugc phan b trong chwong trinh Vat 1y
16p 12 nang cao, dong thoi ciing 13 ndi dung
kién thirc quan trong trong chuong trinh Vat
Iy dai cuong ctia bac dai hoc, dic biét 1a cac
nganh Vit 1y va ky thuat [1], [2].

Mot vat ran duoc goi la chuyén dong song
phang néu mdi diém thudc vat ran ludn di
chuyén trong mot mit phang song song voi
mot mat phéng ¢d dinh duge chon trude.
Trong thuc té, co nhiéu truong hop vat rin
chuyén dong song phang nhu banh xe lan trén
mot duong cong phing trong mét phing chira
dudng cong, co cau tay quay thanh truyén, co
céu bbn khau ban 18, rong roc dong [2], [3].
Viéc khao sat chuyén dong song phing cua
vat rin 12 co s& quan trong khi khao sat
chuyén dong cia cac vt rin co6 hinh dang
dang dac biét.

Mic du chuyén dong song phing ctia vit rin
1a mot ndi dung kién thirc kho va quan trong,
nhung hién nay hau hét cac tai liéu chi trinh
bay co so ly thuyét ma chua dua ra phuong
phap tong quat dé khao sat cac vat rin chuyén
dong song phing [2-5]. Diéu nay c6 thé giy
nhidu kho khin cho ngudi hoc khi hoc noi
dung kién thire nay dac biét 1a viéc van dung

cic kién thuc 1y thuyét va tu di tim dinh
huoéng giai cac bai tdp vat ly va k¥ thuat co
lién quan. Bén canh d6, trong bdi canh day
hoc dinh huéng phat trién ning lyc dang tro
thanh xu hudng gido duc qubc té, bai tap vat
1y ndi chung la cong cu quan trong giup giao
vién day hoc tich cuc, gitip hoc sinh phat trién
nang lyc van dung kién thirc vao thuc tién,
giai quyét cac van dé trong cudc song [6], [7].
Vi vy, viéc lya chon dugc cac bai tap phu
hop va dua ra duoc phuong phap giai tong
quat cho bai bai tap vat Iy noéi chung va viéc
dua ra phuong phap tong quat giai cac bai tap
vé chuyén dong song phing cua vét rin noi
riéng 14 ciéc 1am c6 y nghia thyc tién.

Muc dich chinh cia bai bao nay la dé xuat
mot phuong phap tong quat khao sat chuyén
dong song phing ciia vat rin c6 dang thanh
qua mot sé bai toan cu thé. Chung t6i hy vong
bai béo s& 1a mot tai liéu tham khao tbt cho
giao vién, sinh vién, hoc sinh khi nghién ctru
chuyén dong song phing néi riéng va chuyén
dong cta vat ran noi chung.

PHUONG PHAP TINH TOAN

Xét mot diém M trén vat ran chuyén dong
song phang. Chon hé Oxyz 1a hé cb dinh, hé
0'x’y’z’ ¢6 O' 1a gbe (cuc) hé di dong gin
chat v&i vat rén, vi tri caa diém M trén vat rin
duoc xéc dinh boi véc to ban kinh R (hinh 1):

R=00'+0M=Ry,+R, (1)
trong d6: |(R") ~ [=hang sé.
by
Y 1
2 M
\
= /B »
————— R
;‘DI
R, 7 .
0 x

4

Hinh 1. Biém M trén vit rin chuyén déng
song phdng
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Vin tbc ciia diém M trén vt rin [2-5]:
—  gE — . T
h=E=Vor[6R] @
v6i Vi 12 van tbe ctia gbe hé di dong O, o la
véc to van toc goc clia vat ran chuyén dong
song phang c6 dugc do R thay dbi vé phuong
chiéu; ;akhéng phu thudc vao viéc chon géc
(cuc) O'. Do do, hinh chiéu cia van toc cia
tat ca cac diém thugoc O’M 1én OM deu bang
nhau.
Gia toc ctia diém M trén vat ran [2-5]:
a),1=30 Ty TAmO, (3)

1 ,. d— \ . A 7
trong do i}qD:[?}:R—], voi ?}=f la gia toc goc

cia vt ran, khong phu thudc vao viéc chon
gbc O, 1a gia téc quay ; Ehm= [ET[ETE]] la
gia tdc hudng truc.

TAm vén tdc tirc thoi clia chuyén dong song
phang ciia vat ran [2-5]:

Trén vét rin chuyén dong song phing, ludn
tim dugc mot diem C d€ Ve =0, C goi la tam
van toc tuc thoi (hinh 1). Khi do:

(i) Va=[@.cM], (4)
(ii) Coi chuyén dong song phang 1a chuyén
dong quay xung quanh mot truc quay tic thoi
di qua tam véan tdc tic thoi C, gia toc
E3I=§q[)—§h0 trong do qu vuong goc voi
E]:Ltt_'}-
Phuong trinh ddng lwe hoc vt rin [2-5]:

=& yp-d

R_dt’hj T oAt (5)
v6i R®, My lan luot 1a tong ngoai luc va
tong md men ngoai luc dbi voi diém O cua
vat ran. Khi O tring véi khi tam C thi:

R*=mag; Mp=Ic7. ©)
Ning lwong cia vat rin khi chuyén dong
song phang [2-5]: Khi chuyén dong nang
lwong cua vat rin gém dong ning T va thé
nang U,

E=T+U-T=-mvk+: Lea?, (7)

3

phu thudc vao hé qui chiéu.

KET QUA VA THAO LUAN

Ap dung cho vat rin c6 dang thanh khi
chuyén dong song phing, chung t6i dé& xuat
phuong phap téng quat gdm cac bude sau: (1)
xac dinh toa d9, suy ra van tdc va gia tdc; (2)
xac dinh van tdc goc va gia toe goc; bude (3)
xac dinh cac dai lwong theo cic yéu cau cia
ting bai toan. Pé thdy duoc gid tri cua
phuong phép tong quat khao sat chuyén dong
song phang ciia vat ran c6 dang thanh, ching
t6i tién hanh giai cu thé mot sd bai toan nhu
dugc trinh bay ¢ dudi day:

Bai toan 1: Mot chiéc thang xép gdm hai chan
duoc gan voi nhau boi mot khép ndi ¢ dinh va
mét soi ddy nim ngang & gan day duoc dit
trén mot bé mat nam ngang, chan thang tao voi
bé midt mot goc bang 60° nhu hinh 2a. Biét
rang cac chan la déng déu, gidng hét nhau va
bé qua moi ma sat. Sgi day dot nhién bi cit,
hiy tinh ngay sau khi day bi cit:

1) Gia téc cua khép nbi, gia toc goc quanh
khdi tam cua thanh.

2) Ap luc tai chan thang.

)

Hinh 2. a) thang xép, b) cdc luc tic dung lén mot
chén thang

Huwong din: Do tinh chat ddi xing cac lyuc
cua hai chan thanh tac dung Ién nhau tai khop
nbi A 1a ndm theo phuong ngang va gia toc
ay cia diém A hudng thing dimg xudng
dudi, nén a,=0.
Xét mot chan ciia thang xép. Céc luc tac dung
1&n n6 dwoc mo ta nhu hinh 2b. Goi L 1a chiéu
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dai ciia chan thang va acla gia toc cua khoi
tam C tai thoi diém tirc thoi day bi cat. Ta c6:
mg-N=mac,
F=mag,
1 o 1 T
5 NLcos60"-- FLsmn60" =18
Suy ra;
mg-N=mac,
F=mag,
- I .
N- ~.-“32FL=§ mL#&
Toa do cua diém A theo toa d6 cta diém C
X =HEp- %Lcnsﬂ
}"ak:yc—l‘_ Lcos8
%y =+ L(Bsin6+6" cos6)
1 - P 1.2)
¥ =¥ L{Bcost-6 sinf)
Tai thoi diém ngay sau khi cit day
0=60%0=wm=0, vi vay ta co:

O=ac+ 2 Lh
Y13

24Ty Lé
Xét diém B: O thoi diém ngay khi soi day bi
cét, n6 chi ¢ thanh phan gia tdc theo phuong
ngang, nén agy = 0. Ta co:

Ep=Hp- % L (E'l'sin EI'—EI': cos EI')

= 1. /- .2 (1.4)

5 =F+3 L (Bcose-8sind )

1. ..

= ag, =ac, _ZLG =0 (1.5)
Viy tim dugc:

Aoy = ZL@,aCX = TLG (1.6)
Tur (1.1), (1.3), (1.5) va (1.6), ta tim dugc:
=30 3
0=—:a, =—-0.

aL' %" g"

Bai toan 2: Thanh dong chit AB dai 2L,
trong lugng P. Pau A tya trén san nim ngang
nhin va lap véi san goc 60°, dau B duoc treo
bing soi diy BD thing dung khong dén,

khong trong luong (hinh 3). Tai mdt thoi
diém nao d6 day bi dbt dut va thanh bat dau
chuyén dong.

1) Xac dinh ap lyc cua thanh lén san ¢ thoi
diém thanh bat diu chuyén dong.

2) Tinh van toc khdi tim C cta thanh phu
thudc d cao h so véi san.

D 4y
B
\ ¢
| pIF N
&0 A x

Hinh 3. Thanh AB trudc va sau khi ddy dirt
Huéng din:
1) Ap luc ciia thanh 1én san

Chon hé truc toa d6 c6 truc thang dung di qua
khéi tam C. Cac lyc tac dung 1en thanh AB

gom trong luc P va phan luc N (hinh 3).
Phuong trinh dong luc hoc cho vat véi truc

quay di qua khdi tdm C:
ma, = N-P (2.1)
- 1 2
NLsinp = Iy:§mL (2.2)

Khdi tam C chuyén dong doc theo truc Oy, toa

d6 khoi tam C tai thoi diém bét ki

=—Lp'sinB
=a,=a,=—Lp"sinp—Lp"?cosp  (2.3)

O thoi diém ban dau: t = 0; p = 30°% p’=0.

Suy ra: N(0)=4/7P.

2) Van toc ctia khdi tim C theo h:

Yo =Lcosp= v,

Dung dinh ly dong nang:
1 ., 1 Y
W, ==mv. += Lo o, = —= 2.4
d2C2CCLsinB()
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1 1
Suy ra: W, =Em(l+mjv§ (2.5)

O thoi diém dau: W4(0)= 0.
Trong luc thuc hién cong

A=P(h,—h) (2.6)
Ap dung dinh 1y bién thién dong ning, ta co:

a1 g =P @D
2 3sin”“

s L*—h?
Va sin®p = —

Tinh toan duoc:

6 _ 2_ 2
v, =\/ g(h, 2h)(Lz h ) 2.8)
4L°-3h
Bai toan 3: Cac qua cau m; VA m,, m, va ms
dugc ndi voi nhau boi cac thanh cimg nhe
cung chiéu dai L va duoc bd tri nhu hinh 4.
Khéi lugng cua cac qua cau my va m, 1a m,
khéi luong cua qua ciu m, 1a 4m. Goc giita
hai thanh c6 thé thay d6i tw do. Ban dau giit
hé nim trong mit phang thang ding va goc
giita hai thanh bang 90°. Xac dinh gia toc ctia

qua cau 4m ngay sau khi tha hé.

L'

Hinh 4. Hé vét rén cia bai todn 3
Huéng din: Theo phuong ngang ngoai luc
bang khong nén khéi tim cua hé khong thay
ddi theo phuong ngang. Chon hé toa dd co truc
Oy di qua khéi tdm cta hé, chiéu dwong truc
nam ngang Ox Ung véi chuyén dong cua cac
vat. Goi @ 1a goc hop boi thanh ndi qua cau
véi truc Oy (hinh 4). Toa d9 cia céc vat la:

. 1_ . 1_ .
%=z Lsino, x3=- Lsing, X3=-Lsina

v,=Lcosa. (3.1)
Suy ra:
}'i1=§ L(Eicc:su.—&:'sinmj,
i _«.=é L(Eicc:su—c'x:sina],
}'§3=% Litic osa—&:sinm]. (3.2)
fg'z——L[iisinu—&: cosa).
Ap dung dinh 1y dong ning
A=AE,
V6&i A=mgl{cosog-cosa),
AE=tm(x}+ixi+4x2+30).  (33)
Suy ra:
3 2g(cosog-cosa)
=
L( % cosio+1)
. gsinoyg
(0= —g=
L(5cos“ogtl)
_gsina,cosa, _ g

‘(0
%(0) 5cos’a,+2 9

Bai toan 4: Hai thanh dong chét gidng nhau,
mdi thanh c6 khdi lugng M, chiéu dai L dugc
nbi khép voi nhau va tao thanh hinh chit V
16n nguoc nhu hinh 5. Pau duéi cua thanh
bén trai duoc gén véi san qua mot ban 18, dau
bén phai c6 thé truot khong ma sat trén san.
Ban dau gilt hé sao cho 0 = 45°. Tha nhe hé,
bo qua moi ma sat.
1) Tinh phan lyc cua san 1én thanh bén phai
ngay sau khi tha.
2) Tinh tbc d6 gbc cua mdi thanh khi chung
1ap véi san goc 0 (0 < 6 <459).
Huwéng din: Chon hé toa do Oxy nhu hinh vé
5. Toa d0 cua trong tdm G; va G; cua hai
thanh 1an luot la:

Xy = iLcusﬂ x;=%Lcusﬂ

Vi = iLsinB’ }'2=%_Lsinﬂ
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Hinh 5. Hinh vé minh hoa bai toan 4

Goi a la gia toc cia Gy (co thanh phan nam
ngang a,=%; va thanh phin thing dung
a,=¥,). Tai thoi diém ngay sau khi tha, G, c0
gia toc a, VvOi ap=% =3% =3a, Va
ay,~¥,= ¥, =a,. D) 16n gia tdc goc cua hai
thanh bing nhau.

Céc lyc tac dung Ién cac thanh duoc biéu dién
trén hinh 5. Phuong trinh chuyén dong quay
cua thanh 1 quanh A:

2

mg%cos45° —QLcosa = mL

Y. (41)
Phuong trinh chuyén dong quay cta thanh 2
guanh G,

2
N£c05450 —kainoc _mL
2 2 12

Y. (4.2)

Phuong trinh dinh luét II Newton cho chuyén
dong cta khdi tim cta thanh 2 theo phuong
ngang va phuong thing ding Ia:

Qcosa. =m3a, (4.3)
mg+Qsina—N=ma, (4.4)
aX:ay:acos45°=ag;a:%. (4.5)

Tir (4.1) dén (4.5) suy ra:

7mg

BT

2) Str dung dinh ludt bao toan co nang cho hé
ta s€ tim duoc:

3 (\/15_8"1 e)

() (1+3sin’0)

Bai toan 5: Mot thanh méanh dong chit co
chiéu dai L = 2m va khdi lugng m duoc dung
thang dimg trén mdt phang nhin nim ngang.
Sat dau dudi cia thanh c6 mot vat nho cing
khéi lwong m (hinh 6). Thanh bit du d6
xudng theo chiéu nhu hinh v&. Tim véan tdc
16n nhat cta vat nho.

"

Hinh 6. Hé vt rdn cia bdi todn 5
Hwéng din: Trong qua trinh d6 xudng, khi
con chua tach khoi thanh thi van tdc cta vat
nho b?mg van toc cta dau A. Khi van téc cia
vat dat gi4 tri 16n nhat thi vat tich khoi A.

Ki higu G 1a khéi tdm ctia h¢ AG = L/4. Do
khong c6 ngoai lyc tac dung 1€n hé theo
phuong ngang nén G chi chuyén dong theo
phuong thing dung.

Xét hé khi thanh 13p vd&i phuong ngang goc a.
Toa d6 khéi tim theo phuong thang dung la:

L .
yG zzs|n(1
L (5.1)
=V, =-Y. =——0C0S0. = ——®COSO
G Yo 4 4

Ap dung dinh luat bao toan co ning:

L . 2mvs |
2mg—(l-sina)=—S+-Sw®?. (5.2
94( ) 2 2 (6.2)

Tinh m6 men quan tinh ctia hé do6i voi G, ta
tim duoc:

y _\/3gL(l—Sin0L)COSZoc 53)
© N2 3cosa+5 '
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Doc theo phuong GA, ta cé:
VgSina =V, cosa .(5.4)

Tu @6 tim duoc:

3gL (1-sina)sin’ o

VA:\/ oL ( _)2 . (65)
2 8—-3sin“a

Br:ing cach tinh dao ham, tim cuc tri, tim duoc

van tdc cuc dai tai A la:

v, =0,82m/s;o = 45,4".

KET LUAN

Chuyén dong song phing cua vat rin dang
thanh c6 thé duoc khao sat bang phuwong phap
téng quat v&i ba budc: xac dinh toa dd, suy ra
van tdc va gia tdc; xac dinh van tdc goc, gia
tdc gbc; cudi cung xac dinh cac dai luong
theo cac yéu ciu cua timng bai toan.

Str dung phuong phép nay chung ta c6 thé giai
duoc cac bai toan vé chuyén dong song phing
clia vat rin dang thanh, 1a co so dé hoc sinh,
sinh vién cac nganh vat Iy va ky thuat khi
nghién ctru vé chuyén dong song phing cua

vat ran ciing nhu khao sat chuyén dong ctia cac
chi tiét may c6 chuyén dong song phang.
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