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L]:B THANH PHONG
PHAN I: TINH HOC

CHUONG 1:

CAC KHATNIEM CO BAN VA HE TIEN PE TINH HOC

Déi tugng, nhiém vy nghién citu.
Déi trgng: Tinh hoc 14 phan nghién ctfu trang thdi cin biing cia vat rin tuyét d6i dudi tdc
dung cia céc lyc.
Nhi€ém vu:
e Thu gon hé lrc, bién d8i hé Iyc di cho thanh mét hé luc khic tucng dudng v8i nd, nhung
don gidn hon. Hé lue don gidn nhat dudge goi 1a dang t8i gidn cia hé luc,
e Thiét 1ip cdc diéu kién d6i v6i hé Iwe ma dudi tdc dung clda né vat rin cdn biing va goi
14 cdc diéu kién cin bing cia hé lrc,
Cdc khdi niém co ban.

. Vgt rin tuyét doi.

Tap hdp cic chat diém ma khodng cach giita hai chat diém bat ki 1a khéng d6i.

. Trang thdi cin bang cua vit ran.

Vit rin 3 trang thdi cAn bing trong mot hé qui chi€u khi né ding yén hoiic chuyén déng
thing déu trong hé qui chi€u dé.

. Lie.

Luc 12 dai lugng dac trung cho tic dung tucng hé gilta hai vit thé€ véi nhau,
Cédc yéu 6 dic trung cho lyc. B.
e Diém dit: Vi tri thé hién su tdc dung tucng hdé.
e Phuong chiéu: hudng cia tdc dung tuong hd.
e Cudng d6 (tri s8) : Gid tri tdc dung twong hé, ¢6 don vi
do 1a Niuton (N).
Luyc 1a dai ltgng c¢6 hudng, bi€u dién bing vécto: F
Pudng tic dung clia hwe F': 12 dudng thing triing v8i phuong ciia hre,
Cde dinh nghia.

=S

Hinh 1.1: Lyc tdc dyung
tai mat diém.

.Cohé.

Tap hop cdc chit diém hoic cdc vt thé ma trang thdi cd hoc ¢6 lién quan vdi nhau.

2. Heé lye.

Tap hop cdc lre tdic dung 16n mét chat di€ém, mét vt hay mét cd hé,
Ky hiéu hé Iye: (F,,7,,F,,.. F, ) hay (E) i=1:n,

3. Hai hé lyc tuong duong.

Khi hai hé luc ¢6 cung tdc dung cd hoc nhu nhau 1é€n ciing mt ¢d hé thi hai hé lyc d6 tudng
duong nhau.
Ky hiéu hai hé lve (7) va (B) wong duong: (7, )~ (B).

I

4. H¢ lyc eidn bdng.

Khéng gy ra tic dung co hoc nio 1én cd hé tifc 1a khong lam thay d&i trang thai clia vit khi
dugc tdc dung cia hé luc.
Ky higu hé lye (7)) can biing : (7))~ 0.
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5. Hé lyc trie doi.
Déi chiéu tit ci cdc Iyc trong mét hé lue, thu duge hé luc mdi truc d6i vdi hé luc di cho.
6. I¢ ligc triét tiéw.
Hai hé Iyc () va (B) ciing tdc dung 1én mét co hé va cin biing, thi hé Iyc (F, ) wiét tiéu hé
Iye (E) hay ngude lai.
7. Hop liie.
Hé luc tuong ducng v3i mét Iuc thi Iue goi 1a hgp luc ciia hé hye di cho.
Ky hiéu hgp hie R ciia hé hye (7, ): & ~ (7).
8. Phan logi hé lic.
Heé luc khéng gian:
e Hé luc khéng gian téng quit: Pudng tdc dung clia cdc luc nim trong khéng gian.
» Hé luc khéng gian dong qui: Dudng tdc dung cdc luc dong qui.
s H¢ luc khéng gian song song: dudng tic dung cidc lyc song song mét phuong.
H¢é Iuc phing:
e 11é lyc phing téng quit: Dudng tic dung cilia cdc Iwc niim trong ciing mét mat phing.
e Hé luc phing déng qui,
e Hé lirc phing song song,
Hé tién dé tinh hoc.
1. Tién dé 1. (Tién dé vé su cdn biing).
Piéu kién cdn va di dé hé gém hai rc cAn bling 14 chiing c6 o
Hinh 1.2: Tién dé& vé

cing dudng tdc dung, ciing tri s6 vi ngudgce chiéu nhau. st i

(ﬁj,ﬁz)NOQ (E va ]32 cung dudng tic dung, cling cudng

dé va nguge chiéu),
(ﬁj,ﬁz): dugce goi la cip Iuc cdn bing.
2. Tién dé 2. (Tién dé thém bét cap luc can biing).
T4c dung clia hé Ivc khéng ddi khi thém vio hay bét ra cdc cip hwc cin bliing (@I,Qﬁz) ~ 0,

- -

= (7P )~ B T BB,

nr =i
Hé qua: Tac dung cia mot luc khéng déi khi trugt luc trén dudng tic dung cia Iuc.
Thit vay: Cho luc F ddttai A, trén dudng tic dung cia ﬁtai di€m B ta dit vio mét cap luc
cAn bing (F;Fz) sao cho F, = F .
Theotién dé 2: F =(F £, F,);

e Hinh 1.3: H& qud cia tién d& 2,

EE N g F,
Viy thi: F ~F hay F, 1a F dugc trugt tif A dén B trén dudng tic dung cia né,
3. Tién dé 3. (Tién dé hinh binh hanh luc).
Hai lwc c¢6 cing di€m dit thi ¢6 hdp lyc ciing ciing
di€m dit va duge bi€u dién biing véctd luc 13 dudng Hinh 1.4: Tién dé hinh
chéo ctia hinh binh hinh ma hai canh bén la hai Hh, R
véctd luc da cho: (]31,]32)~ﬁ; E +1’32 =R,
Tir tién dé 3 ma réng cdc trudng hdp khic:
e Néu hai luc khong cliing diém dat nhung ¢6 dudng tdc dung cit nhau, ta trugt cdc hue vé

dit tai giao di€m ciia cdc dudng tdc dung,
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e Mot e ¢6 thé phin ra hai thanh phin theo hai phuong che trude ¢é ciing diém dit véi
né: ﬁo w(ﬁf,ﬁz);trong dé }71,}72 duge phan theo hai phucng 4, va A,.
e Mot luc ¢6 thé phan thanh n lye theo n phuong cho trudc.
4. Tién dé 4. (Tién dé tdc dung vi phin tdc dung).

Luc tdc dung va phdn tdc dung cda hai v4t thé thi o
cting dudng tdc dung, ciing cudng d6 va ngude chidy Lot L T;;égl?ﬁi?cddil:i.
nhau.

Hai luc nay khéng tao thanh cap lyc cdn bing néu xét riéng (rng vat,

Hai luc nay tao thanh cap luc cdn bing néu xét hé gém cd hai vit,
5. Tién dé 5. (Tién dé hda rin).

Vit bi bién dang cdn béing khi héa rdn vdn cdn bing dudi tdc dung ciia hé liwc dd cho.
6. Tién dé 6. (Tién dé gidi phong lién kéD),

a- Vat uf do va vit chiu lién két.

i- Vit tif do. Vit thue hién dude moi di chuyén vé ciing bé bat k¥ tir vi tri khdo sdt sang
nhitng vi tri 14n cdn. (3 tinh tién, 3 quay déi vdi 3 truc ciia hé qui chiéu Descartes: 6
bic rw do).

ii- V@t chju lién k&t Vit ¢ mot hodc nhiéu di chuyén bj cdn trd (s6 bic tr do < 6). Vit
chiu lién k&t thudng dugce chon lam vét khio sdt.

iii- Vit gdy lien két. Vit giy 1a difu kién can t1d, han ché& di chuyén cla cde vét khdo
sdt,

iv- Phédn Iyc lidn két. Tdc dung clia nhitng v4t giy lién két 1én vir khio sdt trong duwong
véi tdc dung cia lire va dude goi 1 phan luc lién két,

Phén luc lién két ¢6 cdc yé&u t6 sau
s Diém dir tai ché lién két (vi trf tiép xiic gitta 2 vér lién kér).
e (6 ciing phirong ngude chiéu véi chuyén déng bi can trd.
e C§ cudng d6 phu thude vao cde lye chid dong tdc dung 1&n vt khio sdt,
b-Tién dé giti phong lien két
Vit chiu 1&n k&t c6 thé xem 12 vat i do néu thay cdc lién k&t vai vat bing cdc phdn
lyc lién két tudng tng.
c- Cdc lién két vi phan hic lién két thong dung.
Cdc lién két thye rat da dang va cd tinh chit khdc nhau. dé don gian tinh todn, trén so do tinh
clia két cdu ngudi ta thudng sit dung cdc lién két 1y twdng, Cdc lién két dudi day ngin cdn
hodn toin chuyén déng theo phwong lién két nén con dude goi 14 cdc lién két ciing.
i- ILién két ta : Phin luc lién k&t vudng gdée véi tiép tuyén ctia mar rra (hinh 1.6a). Khi
maot trong cdc mit fiép xiic ndo dé chi 12 mér di€m (hinh 1.6b) thi phan lwe hwdng theo

phdp tuyén clia mat kia.
g a) ?4 b) F c)
i 7 %N

Hinh 1.6: Lién két tura. Hinh 1.7: Lién két gdi di déng.

a)

ii- Lién két 6i di dong (khdp di dong, lién két don): cho phép chuyén déng quay
quanh mot diém va chuyé&n déng thing theo phiong nao dé, chi ngin cin chuyén dgng
thing doc theo phuong dat lién k&t, do d6 phdn lue lién k&t 1a mét lue N theo phucng
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lién két, trén hinh 1.7 14 cdc ky hiéu thudng ding cla lién két nay. Trén hinh 1,7b cho

thay g6i di déng nrong ducng véi mot lién két don,
d) )E;Ft
-Y;

iii- Lién két g6i cé dinh (khdp try, ban Ié try): cho phép chuyén doéng quay quanh mot
truc, ngin cdn moi chuyén déng thing trong mat phing, Lién ket phdt sinh mot phin
lue lién két R di qua truc quay, ¢6 phudng bat ki nim trong mat phing. Trong tinh todn
ta thudng phin phin lyc nay thinh hai thanh phdn X, ¥ vuéng géc nhau, twong duwong
vdi hai lién két don nhu hinh 1.8c, trén cdc hinh 1.8 14 nhitng ky hiéu thuGng ding clia
lién két nay.

Hinh 1.8: Lién két g&icd dinh.

: o e R LB b F o X
Hinh 1.9: Lién két ngam phang.

3
]

Al i 7 %

iv- Lién két ngam phdng (lién két han): ngin can moi chuyén dong thing va chuyén
dong quay trong mat phdng. Phin luc lién két gém thanh phan X va hai thanh phdn ¥,
Y> ngude chiéu nhau (hinh 1.9a), théng thudng ddi luc Y, vé triing véi > s& nhin dude
ba thanh phdn phin luc gém hai thinh phidn vudng gé¢ nhau X, ¥ va mdt thanh phdn
mémen M chéng lai su quay (hinh 1.9b), cdch biéu dién khdc ctia lién két ngam nhu
trén hinh 1.9c. Ta thdy lién két ngim phing twong duong véi ba lién két don.
M3 réng cho khdi niém bai todn khéng gian, xét lién két ngam trong khéng gian s& ¢é
sdu phdn lue lién két trong d6 ba phin luc kién két thee ba phudng vudng séc va ba
moémen phan luc lién két quay quanh ba phudng vuéng gée (hinh 1,10).

Hinh 1.10: Lién kft ngdm khéng gian. Hinh 1.11: Lién két thanh.

v- Lién két thanh cing: lién két thanh citng dude thuc hién nhd cde thanh théa méin
nhitng diéu kién sau: chi ¢é lyc tic dung & hai dau, con doc theo thanh khéng ¢é luc
tdc dung, trong lwgng ciia thanh khéng ddng ké. Whitng lién két tai hai ddu thanh 13
lién két khdp hoac twa. Phin lyc lién két thanh nim doc theo dudng ndi hai diém dit
luc lién két tai hai d4u thanh (hinh 1,11),

vi- Lién két ddy mém: phén luc lién két doc theo ddy va hudng vio ddy nhe hinh 1.12.

z

b R
¥
X
Hinh 1.12: Liénpké’t diy mém. Hinh 1.13: Lién k&t bdn 1€ cdu vi bdn 1€ cdi.
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vii- Lién két bian Ié cdu, ban Ié ¢di: phan huc 1ién két nim trong khéng gian di qua
tAim cAu hay diy ctia ¢6i nhw hinh 1,13, C6 thé phan phdn luc nay thanh ba thinh phin
theo ba tryc vudng géc.

V. Moment cua liic.

VI

1. Moment ctia lye doi véi mpt diém.

Moment ctia Ive ¥ d6i v6i diém o (hinh 1,14) ky hiéu M, hoic ﬁag(ﬁ) biing tich vector ciia
vector 7 =04 vdi lue F dude xdc dinh bdi ba y&u t6: P6 16n (biing tich tri s6 cia luc vdi
cdnh tay don: £ F.d ), mit phing tdc dung (mit phing chita Iyc F va diém O — c6 thé thay
bling phwong phdp tuyén clia mit phing nay); chiéu quay trén mit phidng tdc dung (c6 chiéu
sao cho 7,F va I\Zfo tao thanh tam dién thuin). Moment cia luc F d6i véi diém O dudec tinh

bing gidi tich:

i 7k
M,=m,(F)=FAF=|x y z i 1 )
F. F, F

]

x ¥
Trong dé:

?f]g : 1 cde vector don vi chi phudng cia cdc truc trong hé toa d6 Descartes.

x,y,z va F_ F, F, 1an lugt 1a cdc thanh phin hinh chiéu cia vector 7 va vector F 1én
cdc truc trong hé toa dd Descartes.
Thit nguyénla : N.m,

o

)

GRS —

Hinh 1.14: Moment cia lyc d61 v8i mot diém. Hinh 1.15: Moment ctia Iy d&i v8i mét tryc.

. Moment ctia lic doi voi mot truc.

Moment ctia luc F déi v6i truc z dude ky hiéu rﬁz(ﬁ)bﬁng moment ctia hinh chiéu cia luc
nay trén mit phing vudng géc véi truc 14y d6i véi giao diém ciia truc véi mit phing vudng
goc d6. Theo hinh 1.15 lye F dudc phan thanh hai thanh phin .i'*:Z song song vdi truc z nén
~ N A PO = N = 2 ~ 2 4 P

khéng lam vit quay quanh truc nay; F,, ndm trong mat phang Xy vuéng géc vdi truc z, 18y
moment d8i v&i truc z ciing chinh 1a 14y moment déi véi diém o — 13 giao di€m ciia mit
phing xy véi truc z.
Viy nén:

i, (7)=m, () )=+F, d (1.1.2),
M4 réng trudng hdp moment ctia nhiéu luc:

g )= iy Ve i F b (B =S (B )= S 7 AR = d By s k=1:n (113)
oy

i oxyd?
i=1 i=1

Liwu § : m,F, =0 khi dudng tic dung cta luc F di qua diém 14y moment (trudng hap 14y
moment d6i véi mot diém) hodc khi dudng tdc dung cia £ va truc cdn 14y moment z ciing
thuéc mét mat phing (trudng hop 14y moment ddi véi mét truc).
Ngdu lic.

Hinh 1.16: Ngdu lyc.
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. Dinh nghia.

Ngiu Iyc 1a hé gdm hai luc song song ngudce chiéu va c6 cing tri s6 tdc dung lén vit thé
(hinh 1.16),
Ky hiéu: ngau h_rc(ﬁj,ﬁz).

. Cdc yéu té dde trung ctia mft ngdu ligc. Xem hinh 1.16.

Mit phing tic dung ctia ngau hye: mat phing chida cdc luc (mit phing 7).
Chiéu ciia ngdu Iire: chiéu quay ciia cdc luc khi nhin vao mit phing tic dung.
Tri s6 moment ciia ngiu lyc:
m=F.d=F,d (1.1.4),

Trong d6: d—1a khodng cédch giita hai e con goi la c4nh tay don clia ngau lue,

Ngiu life cdon 6 thé biéu dién bling véctd moment:

m=BAAF, A )

3. Cdc tinh chdt cia ngdu lyc.

Téc dung clia ngau hre 1én vit s& khéng thay d&i khi ta thue hién cdc bi€n dbi sau:

Hinh 1.17: D#i ngiu Iye dén vi tri bit k¥
thude mat phing tic dung,

a-Ddi ngdu luc dén vi tri bat kj thude mit phdng tic dung (hinh 1.17).

/\ /\

Hinh 1.18: D3 ngiu lye d€n mat phing / ol / / / / o /
bt ky song song voi mat phing a) 7 F e b 7 E
tic dung cia ngiu lyc, / F ____?___.»"' /

b-D&i ngiu hyc dé€n cdc mit phdng khéc, song song véi mit phing tdc dung (hinh 1,18),

7>/ﬁ

c-Thay déi tri s& clia e vA cdnh tay don nhung vAn giit nguyén chiéu quay va tich s&
F,d =Pk (hinh 1.19),
Dinh Iy doi lie. (451 song song mét lye dén mét diém bat ky thude vat).

e

Hinh 1.19: Thay d8i luc vi cdnh
tay don, chiéu quay va

trj 56 F1.d khéng déi.

o

. Dink Iy.

Téc dung ciia mat luc 1én vit khéng déi khi ta dvi song song e d6 dén mét diém bAt ky
thuéc vt dong thdi thém vao mdt ngiu luc ¢6 moment biing moment cia luc cin ddi di 18y
déi véi diém ma luc s& di chuyén téi.

Lic F, tic dung lén vat tai di€m A (hinh 1,20a) tuong dwong v6i hé gdm hwe F, tic dung

1én vat tai diém B va ngiu lyc ¢6 moment bing moment ciia luc 7, dit tai diém A 14y d6i

F,=(Fa1,)=(F,.m,(F,)=(F,BirF) (L)
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]
Hinh 1.20: Ddi song song Iyc dé€n vi tri bt k¥ thude vat. Hinh 1.21: Thém vio cip lyc cin bing dat tai B,

2. Chitng minh.
Xét ﬁA dit tai A, tai di€m B ta dat vao mdt cip luc cdn bling: (ﬁB,ﬁ;) sao cho ﬁB =ﬁ'A
(hinh 1,21).
Tac6 F, ~ (F,.F.,F,).
Nhung vi (ﬁA,ﬁ;) tao thanh mdt ngau lyc (ﬁAﬁ;)= r?iB(ﬁA)= BA A E,.
Vaynén ., =(F,,m,(F,)) - dinh Iy da dugec chiing minh,
Ngudc lai, néu mét hre vA mot ngiu hre déng phing thi chiing twong dudng véi mét hrc biing
véi lue da cho va dat & diém khéc.
Binh Iy d&i Iyc 14 mot ¢ong cu hitu hiéu dé bién d6i trong dudng mét hé Iuc batky vé dang
chuin (dang t6i gidn) ma ta s& thue hién & chuong sau.
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CHUONG 2:
KHAO SAT HE LUC

I. Thu hé luc vé mét diém.
1. Vector chinh vi vector moment chinh cia hé liic (Fj) déi vdi tém O.

Cho hé gbm » lye: F,.F,,...F, tic dung 1én vit thé tai cdc diém A, 4,,... 4, (hinh 2.1a).

Hinh 2.1: Thu hé hve v& tim O,

Chon mét diém O nio d6é lam tdm thu gon 161 ddi tit cd cdc luc cia hé vé tAm nay. Theo

dinh 1y ddi Iue, ta nhdn duge mot hé luc: F = F,,F, = F,,..,F = F_dit tai tim O vA mot hé
ngéu hwc ¢6 moment bing moment ciia cdc hye F, i=1:n 18y d&i véi diém O:
i, = i ()i, = i () ., = i () (himh 2.1D),

Thay cdc lyc ﬁl , i=1:n dattai di€ém O bing mét lve EO cting dat tai di€ém d6 sao cho:
R=YF=YF (2.1).
i=i i=l

D61 v6i hé ngiu huc, ta thic hién 14y téng hinh hoc ciia ching v nhin dude mét ngiu hre ¢6
moment bing:

M= =3 m,(F) (2.2).
i=1 I=4
Né&u 1a mét hé huc phﬁng thi téng cdc vector moment dude thire hién bdi phép cong dai sé:
Mo=zfﬁo(ﬁ)=2idzﬂ (2.3).
i=1 i=1

ﬁo va MO duge goi 1a vector chinh va moment chinh khi thu hé Irc vé tdm O (hinh 2.1¢).
Luu ¥: Khi thay d6i tAm thu gon khdc nhau thi theo (2.1), cdch tinh vector chinh vin nhu th&
va do d6, gid tri cia vector chinh 13 khéng d&i EO = R, Vector chinh chi mang ¥ nghia vé
mat hinh hoc,

2. Cdc triibng hop 16i gidn khi thu gon mét hé hic.
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Khi thu hé e v& mat tdm O b4t k¥, ta nhan duge mét vector chinh R va mdt moment chinh

AZ'O. Tuy theo cdc gid tri tim duge cia R va ]\Zfo ma ta ¢6 cdc trudng hgp sau:

a- R=0va M, =0,hélycda cho can bing: (F )~ 0.

b- R0 va M, =0,hé Iy da cho duge thu vé mot hgp hre di qua O: (£ )~ R, Truong hop
nay vit to do ¢ thé chuyén déng tinh ti€n thuin tdy néu tdm thu gon tring vdi trong
tdm cda vat.

c- R=0va M, #0,hé Iye da cho duge thu vé biing mot ngiu lye: (ﬁl )~ M. Trudng hop
nay vector I\Zfo khong phu thude vao tim thu gon O, VAt ty do dudi tdc dung cia hé luc
nay c6 thé€ chuyén déng xoay thudn tdy.

d- R0 vaM_#0,

i- R J_MO ., hé Iwe di cho ciing dugc thu vé biing mét hgp hre R nhung khéng di qua O,
Ching han, hé luc sau khi thu gon nhu trén hinh 2.2a. Trudng hdp niay mit phing tic
dung cuia J\Zfo triing véi mat phing chiia E.Ta thém vio cap lyc cdn bing R ,R") ¢6 tri
s& ding bing R; cing phuong vdi R tai vi tri O’ bat ky trén dudng thing A song song
v8i R ndo d6 thda min:

Khodng c4ch tit O dé€n dudng thing A: d =M /R,
Cap luc (ﬁﬁ’) tao thanh mét ngdu lyc ¢6 chiéu quay ngudge véi M, (hinh 2.2b).
Vi cach chon nhu vay thi ngiu Iuc (fé}%’) ¢6 d6 16n bling A , va ngude chiu véi M,
nén chiing khit nhau va két qui ta nhin dude R dittai O’ nhu hinh 2.2¢.
Tém lai: (R.Ad, )~ (R.a7, (8 8" )~ (B.E)ai, B")~ R,

Hinh 2.2: Bi&n d&i vé hdp luc.

ii- RIA _, hé Iuc di cho dude thu vé hé xofn vit, Ta khéng thé thu hé hc nay vé dang
161 gidn hon nita.

3. Thu gon hé ligc phan bé.

Xét hé huc song song ¢(x) phan b& trén chiéu dai / cia doan AB axy R
5 o & q ,-:\— By A
theo qui ludt nhu hinh 2.3, ] i
Day 1a hé luc song song ciing chiéu nén vector chinh ¢6 phucng, s YYYY Bx
chiéu v6i hé lue g(x) va c6 gid tri: %ﬂ
I
1
R= _!q(x)dx (A Hinh 2.3: Thu gon hé Iye phin b,

Tich phan trén chinh la dién tich ciia biéu d6 phan bd luc,
Moment chinh ciia phdn b8 d&i vdi mét tim nao dé, ching han, d&i vdi diém A diu doan nhu
hinh 2.3 dudc tinh:

M, = [ gl e (2.5).

0



LE THANH PHONG
Viy hé Iue phin b8 ¢6 hop lue R huéng theo hé luc phan bd, ¢6 tri s6 tinh theo (2.4) va
di€m dit cdch ddu mit A mét doan d:

jq(x)xdx
et

T
Iq(x)dx
2]
Cdc trudng hgp riéng thudng gap:
i- Luc phin b8 déu g(x)= g, = const (hinh 2.4a),
Tri $6 ctlia hdp luc tinh theo (2.4):

I I i
szq(xﬁxzjqowczqojdxzqol (2.7).
2] 0 0

(2.0).

Piém dit clia hop luc cdch ddu muit trdi mét doan tinh theo (2.6):

(2.8)
R qfx) R
2 R
do ! 0 qo ‘\r’ 2
a) g; 9 €)
e 5] | | \ 4, \
{ x x
! !

Hinh 2.4: Thu gon hé lyc phin b& dac biét,

ii- Lurc phin b& tuyén tinh tam gidc (hinh 2.4b).
D€ ¥ dén cdc tam gide déng dang ta c6: g(x)=q, %

Tri s6 ctia hgp lue:
I

I I
R =E[q(x)cbr=z[q0?dx=%z[xdx=éqol (2.9),
biém dit cla hop lure cdch dau muit trdi mét doan:
J‘qofxdx g, "
gul b T 8.% (2.10).
]q I iql ’
27 e

Trudng hgp phdn bé tuyén tinh dang hinh thang, ta chia ra thanh hai hdp luc phin bd déu va
phin b& tuyén tinh tam gidc nhi hinh 2.4c,
iii- Luc phan bd bdc hai diém bit ddu 1a dinh cia né (hinh 2.4d.e).

2

Trudng hgp phan b6 16m (hinh 2.4d). Dé thi'y ham cia luc phan bd ¢(x)= ;]—fx .

Tri 6 ctia hgp luc:

) ; L
R=jq(x)dx=j?—§x2dx=lq—20?=§qgl (2.11),
0 o)

biém dit cla hgp lyc caich ddu mat trdi mét doan:

10
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i
e 0t
d=2 _174_3, 2,12).
el (2.12)

1
E‘%l E%l

2
Trudng hgp phan b6 16i (hinh 2.4¢). Him ctda lyc phin bd g(x)= qo[] — ;C—EJ :

Tri 86 cia hop luc:

i 2 3
x / 2
R=£q0(1—l—zjdx=q0[1—ﬁj=§qoz (2.13).
biém dit clia hop luc cdch diu mit trdi mét doan:
TA
]—— xdx ———
I%[ j = QO[Z 124j—31 (2.14)
2 -2 8 ks
Eq()l EQOZ

Mé réng cho nhifng tdi trong phin bd theo thé tich, khi xét d€n trong lwdng riéng cia vit p
hoiic k€ dén luc quan tinh trong cdc chuyén déng c6 gia t6c thi cdc loai ti trong niy phin bd
theo thé tich.
Tri 88 clia hgp luc:

R=jpdV (2.152).

Né&u p = const trén thé tich V7 thi:
R=pV (2.15b).
Piém diit clia hgp luc ndy tai trong tim ciia trudng luc.
I1. Diéu kién cin bing ciia mot hé lige.
I Dinh ly.
Piéu kién cdn va dd dé€ hé luc bat ky cdn bliing 1A vector chinh va vector moment chinh ciia
hé luc 14y d6i vi mot tAm thu gon bat ky bing khéng.

g

l}

By F 0] 7 (2.16).

2. Phuong trinh cén bing.
Tit diéu kién c4n biing cia m&t hé luc trong (2.16) ta chi€u chiing 1én cdc truc toa do sé nhin
duge sdu phuong trinh v6 hudng thudng dudc goi 1a sdu phuong trinh cdn bing cia hé lyc.

=Y E, =Y X(E)=0. M =Ym, =Ym(E)=0
i=1 =1 i=1
R, =3F, =Y71(F)=0; M,=Xm,=Yml(F)=0, (2.17).
i=d i=]
R=YF,=YE)=0; M, =Ym, =Y m(E)=
i=1 i=]

III. Cén bang ciia cdc hé lige dic biét.
1.  H¢ lyc phing.

11
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LE THANH PHONG
Xét hé luc (ﬁjﬁzﬁ) thudc cling trong miit phing (xy) nhu. Phuong trinh cdn biing hinh
chi€u 1én truc z va cdc phucng trinh cin biing moment d6i véi truc x vad vt théa min, s&
phuong trinh cin biing con ba,
Dang 1:
Hai phuong trinh cin biing hinh chi€u 1én hai truc toa dé vuéng géc u,v va mdt phucng trinh
cAn bliing moment déi vdi di€ém A bat k¥ (hinh 2.5).

B=%H = ZU( =0
i=1 =1
R, =ZHZFW =iV(E)=0; (u Lv). (2.18a).
Hinh 2.5: C4n bing dang th l:; - n
nhit cda hé lye phing, M, =ZmlA =ZmA(E)= 0.
i=1 i=1

Dang 2:
Hai phucng trinh cAn bing moment d8i vdi hai di€m A, B khdc nhau v m6t phuong trinh cin
biing hinh chiéu 1én truc # khéng vuéng géc vdi phweng ndi hai diém A, B (hinh 2.6),

Ru = ;F:,u = ;U(E)= 0’.

M, = Z”u = Zn:mA( =0 (4B Lu).  (218b)
=1 i=1

Hinh 2.6: C4n bing dang thit

hai ciia hé liye phing, MB =Zn:mz15 =Zn:mB(F;.) 0.
i=1 =1

Dang 3:
Ba phudng trinh cAn bing moment di vdi ba di€m A, B vA C khdc nhau bt ki nhung khéng
thdng hang (hinh 2.7).

M, = Zmz,A = ZmA(E)z 0;
=1 i=1
M, = Zn:mijg = Z my(F)=0; (2.18¢).
Hinh 2.7: Cin bing dang thi¥ l? l?
baciahelyephing. | Mo =3 m . = Y me(F)=0. (4 B.Ckhong thdng hing).
i=1 tod

He¢ luc song song trong khong gian.
Xét hé lu‘c(ﬁﬁ'zﬁ;]) trong khéng gian cing song song vdi tryc z nhu hinh 2.8, Cic
phuong trinh cdn bing moment d&i v6i truc z va bdn biing hinh chi€u 1én hai truc x,y (v
théa man, con lai m6t phuong trinh cAn biing hinh chi€u 1én truc z va hai phudng trinh cdn
bing moment d&i véi hai truc x,y.

3 n
Rz_ E,zzzz(i)zo
i=1 i=1
n n
M, =¥m, =Y m(F)=0; (2.19).
= =
Hinh 2.8: C4n biing cda hé lyc song Jn J n
song trong khong gian, My = Z m, = Z my( ) ) =0
IZE i=1

He lyc dong qui trong khong gian.

12
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5.

LE THANH PHONG
Xét hé lu’c(ﬁﬁzfi) trong khéng gian cing déng qui vdi nhau tai O nhu hinh 2.9. Cdc

phuong trinh c¢dn bing vé moment tv théa man, con lai ba phuong trinh c4n biing hinh chiéu
1&n ba truc toa dd vudng goc.

R, Z =3 x(F)=0
i=1
R, Z ZY (F)
i=1
ik 2,05 Chin bk offd B 1

ddng qui trong khong gian, R Z Z Z( i )
i=1

0; (2.20).

0.

Hé luc phing song song.
Xét hé luc (ﬁj}iﬁn thudc ciing trong mit phing (xy) va song song truc y. Con lai hai
phuong trinh c¢dn bing dudi hai dang.
Dang 1: Mét phuong trinh cdAn bing hinh chi€u 1én truc y vA mét phuong trinh cin bing
moment d6i véi di€m A batky (hinh 2,10),

f:fm = (2.21a).

X
Hinh 2.10: C4n bing dang mbt cia i=1 i=J
hé lyc phing song song.

Dang 2: Hai phutdng trinh cAn bling moment d&i v4i hai di€ém A, B, phudng n6i hai diém A, B
khéng vudng gée véi phuong cia luc (hinh 2.11).

MA=IZ’1:ml Zm(1)= :
M =imz,3=;ms( z)=

(4B77y) (2.22b),

X
Hinh 2.11: Cin bing dang hai clia
hé lyc phing song song,

H¢ lic phing dong qui.
Xét hé lu’c(ﬁ%,ﬁz,...,ﬁn) thue ciing trong mat phing (xy) va déng qui tai O (hinh 2.12). S6

phuong trinh cdn bing cdn lai hai, chi€u 1&n hai truc vuéng géc trong mit phing chita hye,

R=YF, =Y x([F)=0
i=i i=1

R,=)F,=>7Y(F)=
i=1 i=1

(2.23).

Hinh 2.12: C4n bing ciia hé
lye phing ddng qui.

Luu ¥: Viéc khdo sdt hé luc, phan loai hé Iuc rdt 14 cdn thi€t vi khi phédn loai ding gidp

chiing ta 1ip dudc s& phuong trinh cin biing cin di cho hé Iuc, tranh duge nhitng trudng hgp
thi€t 14p thira hodc thiéu,

IV. Béitoan tinh hoc.

Bai todn tinh hoc 1a bai todn khao sdt diéu kién cin biing ciia hé Ivc tic dung 1én mét diém,
moét vat hay mot hé vat, tf sy khd o sdt dé gidi quyét cdc yéu cdu cia bii todn, bao gém.
e Xdc dinh phin luc lién k€t tdc dung 1én vit khio sat.

13



LE THANH PHONG
e Xdc dinh diéu kién cdn biing cda vat khdo sit nhu xdc dinh tri s cda luc chii dong hoic
vi tri cAn biing cia vat.
1. Cdc bude giai mot bai todn tinh hoc.
Budc 1: Chon vit khio sat.
Cin cif yéu ciu ciia bai todn ma ta x4c dinh vat khdo sit (di€m, vat rin, hé vit),
Budc 2: Bit luc tdc dung 1én vit kha o sit,
Dit cdc uc chii ddng, loai bé lién két 1én vit khdo st dit vao cdc phin luc lién két niong
tng. Hé gdm cdc lyc chi déng (F;) va phdn luc lién két (i\j’k) cén biing: (Fl Nk)w 0.
Budc 3: Thi€t 1ap phuong trinh cAn biing.
Lap hé phuong trinh cAn biing ctia hé luc (ﬁ Nk) dudgc xac dinh trong dudc budce 2.
Budc 4: Gidi phuong trinh.
Gidi hé phuong trinh cdn bling d€ x4c dinh cdc yé&u cAu dé ra,
2. Baitodn cin bing ciia don phing va vt lgt.

a- Baitodn don phing,
bon ph.’flng 14 mét vat rin quay duge quanh mét truc z ¢6 dinh, chiu tic dung ctia hé lhwe chii
déng (ﬁ ,Fz,...,ﬁn) nim trong mat phing (ch) vudng gbc vdi truc quay cia don (hinh 2.13).
Bai todn don phing 1a tim diéu kién déi véi hé lue chi dong dé cho don cin bing.
Phén luc lién két tai truc quay )20 ; )70 niim trong mit phing (qu)
Khi don cén bing ta c6 (E,FZ,...,F;L,)?O,?O)~ 0 Viét cdc phudng trinh cin bing cho hé,

IX=NF +X,=0, XY=3F +¥,=05 Jm,=>m,,=>m,(F)=0
=1 i=1 i=1 i=1
Cédc phin lyc X, ¥, phdt sinh twong tng d€ 1am cho hai phudng trinh ddu luén théa man.

Do d6 d€ don can biing thi céc lye chii dong (7, F,.....F,) phii thda man phudng tinh thi ba,

Viy: Diéu kién cin va di d€ don phdng cin biing 1a tdng moment cia cdc luc chi dong 14y

% n

d6i véi truc quay triét tiéu.

Hinh 2.13: Bén phing. Hinh 2.14: ng dyng

ctia don phing, A

: %TTTTT TTMT/j o
i [Pl

Hinh 2.14 12 m6t ting dung ciia don phing. Van an toan A dudc ndi vio don CD tai B. Néu
4p suit an toan va kich thudc dudng kinh van, cdc tay don BC, BD di cho, ta cAn thiét k¢
trong ltgng ciia vt ning Q cAn thi&t d€ khéa van,

b- Baitodn vat lt.

Vit 14t 1a vat rin quay dugc quanh nhiéu truc ¢8 dinh. D€ don gidn, ta xét trudng hop hé luc
phing (E,FZ,...,FH) tdc dung lén vit (hinh 2.15). Véi nhitng diéu kién cu thé, hé lyc chi
doéng c6 thé tao ra sy mat lién két tai mét trong hai di€ém A hodc B. Phin Iyc lién két lic nay
tai noi lién k&t bi mat s& biing khong, khi d6 vat s& mit cdn biing va s& (rd thainh mot don
phidng. Baitodn vat 1t 1a tim diéu kién d&i v6i hé luc chi déng dé€ khéng xay ra mat lién k&t
quanh A va B, Piéu kién d€ v4t khéng 14t quanh A 14 né vdn cdn cdn biing va lién két tai B
vAn con hoat déng (NB > 0):

14
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mA(/VB)Z 0
i, (F)= m, (N, )+ 2n'(F, )~ 5ms(F,, )= 0
= 5% (F,. )~ 2" (F,)> 0 = st (F, )2 2 (F,).

Cac luyc I?;C gitt khong cho vat 14t quanh A c6 chiéu quay nhu trén hinh 2.15, phdn luc NB
d6ng vai trdo gy lat. Khi chudn bi 1at phin lwvc N, bit ddu bing khong. Tudng tr khi xét 1at
quanh B.

Vay: Diéu kién can va di d€ vat khong bi 1at 1a t6ng moment gay 14t khong 16n hon t8ng
moment gitf lai.

Hinh 2.16: Ung dung
clia vat lat.

Hinh 2.15: VAt 14t

Hinh 2.16 12 mot &ng dung ciia vat 1at. CAn truc ¢6 nhitng khéi lugng qui ddi P, P, va doi
trong P, , céc kich thue thi€t k& da cho. Can khdo sat ddi trong P, va vat ning cAn mang Q
dé€ can truc khong bi 1at quanh A hoic B.
3. Bai todn cdn bang ciia hé vit.
Loai bai todn nay d€ gidi ta phai ding phuong phép tdch vat. Xét can bing cda tirng vat hay
ting nhém vat thudc hé bing cdch tdch vat (nhém vat) dé6 ra khdi cdc lién k&t v6i cdc vat
(nhém vat) khéc tie 1a gidi phong lién két. N€u hé ¢6 n vat, mdi mot vat twong dng ¢ mot
hé phudng trinh cAn bing do d6 c4 hé vatta c6 n hé phuong trinh cin bing.
DPé€ ¢6 15i gidi don gidn, it bi sai s6t va rit ngan thdi gian gidi, cAn lvu ¥ hai nguyén tic sau:
e Khi thi€t 14p phuong trinh cdn biing hinh chi€u: nén chon phudng chi€u c¢é nhiu 4n sd
(phdn luc lién két) vudng géc nhat. Vi vy, phuong trinh thi€t 1ap c6 chifa it 4n s& nhat.
e Khi thi€t 14p phuong trinh cAn bing moment: nén chon diém (truc) 14y moment c¢é nhiéu
4n s8 (phéan luc lién k&L) di qua nhat, ldc d6 phuong trinh thi€t 1ap ¢6 chia it 4n s& nhat.
4. H¢ tinh dinh va hé siéu tinh.
Khi s& phuong trinh cin bing tinh hoc cin thi€t (thy thudc vao dang ciia hé Ivc, nhu khong
gian, phing, ddng qui ... vd s& vat khdo sat ¢6 trong hé) 16n hon hodc bing s 4n c6 trong hé
(giai dugc) thi duge goi 1a bai todn tinh dinh.
Tréi lai, khi s6 phuong trinh cAn bing tinh hoc cdn thi€t it hon s& 4n ciia bai todn thi d6 1a bai
todn siéu tinh. Mudn ¢6 di s& phudng trinh dé€ gidi ta dua thém vao cdc phuong trinh twong

thich bi€n dang, dién t4 bi€n dang thuc ctia vat (dugce dé cap trong phan stic b&n vat li¢u).

Hinh 2.17: Hé tinh dinh
va si€u tinh.

.
Trén hinh 2.17, ta ¢6 h¢ Ivc phang tdc dung I&én thanh ABC, do d6 thit 1ap dugc (51 da 1a ba
phuong trinh cdn bing tinh hoc. G hinh 2.17a ¢6 ba 4n s6 cAn imX,,Y,,Y., biing vdi s§

phuong trinh can biing nén ddy Ia bai todn tinh dinh. PJi vdi hinh 2.17b, s6 4n s& clia bai
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todn 1a b6n X,.Y,,Y. vd X,.,16n hon s6 phuong trinh cin biing thiét 1ap dugc nén day 1a bai

todn siéu tinh.

V. Dinh Iy ba lic cén bing.

1

Dinh ly.
VAt rﬁ;n w 'Zo c4dn biing dudi tic dung ciia ba Iuc khéng song song nim trén ciing mdt miit
phdng, thi dudng tdc dung ciia ching déng qui véi nhau tai mét diém.,

(F.F.F)-0;

(FJ,FZ,FS) béng phing; = (1,?2,133): boéng qui.

(F Fz, Fs) Tung d6i mot khéng song song nhau.

2. Chiing minh.

Dung hai Iuc nao d6, ching han Fj va FZ. Theo diéu kién cia

dinh 1y, cdc luc ndy ddng phing va khéng song song, nén dudng

tic dung cla hai Iyc nay cit nhau tai difm O nao dé (hinh

2.18). Trugt cdc lyc F, va F, vé diém O 1di hgp lai duge hgp o ————

lyc R dat tai ©. Do d6, (FJ,F;,FS)N (I_éE) Néu vit cin biing Hinls . BB lewein.bing

thi theo tién dé 1 K va F3 12 cap luc cdn bing nén ching c6é cling dudng tdc dung, hay

dudng tic dung cla FS di qua di€ém O. Viy nén dudng tic dung clia (FzeFz) déng qui véi

nhau tai mét diém.

Trong mét s6 trudng hdp nhd vin dung dinh 1y ba hre

cidn bing lam cho viéc giai bai todn don gidn hon,

Ch&ng han, trén hinh 2.19 ta di bi€t phuong cia P va

]‘\7,: giao nhau tai D, Nh& dinh 1y ba luc cén biing ta biét

duge tai A c6 phan Ic lién két R, ciing phai di qua D, 7 .

Hinh 2.19: Ung dung dinh 1§ ba Iyc cin bing.

Vidy 2.1

DAm AC dude d3 biing g6i ¢ dinh tai B va g6i di déng tai C, biét g6i di dong hgp véi

phuong ditng mét gée 307, chiu Iwe va kich thude nhu hinh 2.20a. Xdc dinh phin luc lién két

taiBva C,

P= 100KN1 20KHm 30° P:lOOKNl LiKN'm \&§0°
®) A B
.AlIEl she 3m e YB' " (I:\I;\
Hinh 2.20: Cho vidu 2.1.

Gidi.

Xét ddm AC (hinh 2,20b), D& dang nh4n thdy diy 1a hé luc phing,
2y =-M-P. ]m—NC cos30.3m=0,

= N, =- (250KN.m+100KN.m)= 700 ¥N ~-1347KN . Nc nguge chiéu da chon.

fm 33
Zin.=—-M-PIm+Y, 3m=0.
1 650 9 p
=Y, = 3—(250KN.m + 100KN.4m)= = KN = 2167KN . Yy cing chiéu da chon.
H

X=X, N.sin30=0.
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=X, = iNC = —ﬂKN —-67,4KN . Xp ngudgc chiéu da chon.

2 33

Vi du 2.2.

DAm AD lién két, chiu luc va céc kich thudc nhu trén hinh 2.21a. X4c dinh phin luc tai B va
Dtheoq.a
M=2qa’

|P 3qa E IP 3qa E

Hinh 2,21: Cho vidu 2.2.

Gidi.
Xét dim AD (hinh 2.21b). D& dang nhin thi’y ddy 1a hé luc phing song song.
2my,=M-Pa+qgdaa-Y,.5a=0,
1 3
=¥,=—\2ga’ - 3qa’ +4ga’ )==qa.
D 5a( g q g ) 5@
Zmp=M-P.6a—qg4a4a+Ny5a=0.

= Ny = ;—a(quaZ + 18qga’ +]6qa2): %qa.

Vidu 2.3.
Thanh citng tuyét d6i AK dude gifing bdi cdc thanh BC, MN va KQ. Thanh chiu mét luc tdp
trung P dit tai A theo phuong thing ding. Cac kich thude nhr hinh 2.22a. Xdc dinh cdc phan
luctai B, M, K,

Pa . 2a i Nk
! N
a) b)
A IB soMM, K

Hinh 2.22: Cho vidu 2.3.

Gidi.
Xét thanh ctiing AK (hinh 2,22b),
1/2 V2
T X=-N, cos60° — N, cos45° =0= N, :—mNM:—7NM (a).
Sm, =—Pa+N,, sin60°’.2a—N, sin45°.3a=0=—P+~/3N —iN =0 (b)
B M K M
ZmM=—P.3a—NB.2a—NKsin450.a=0:>—3P—2NB—‘/2§NK=0 (c).

Thay N, tit (a) vdo (b):

—P+ 43N, - ‘F( {NMJ=0:>N

P . Thanh MN chiu kéo.

2
M oJ3+3

2
Thay N,, vio (a):
v2 o 2 V2

N, =—"7 P=- P . Thanh KQ chiu nén.
¥ 2 2J3+3 2J3+3

Thay N, vao(c):
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3W3+4
- P|=0=N,=-
2W3+3 J S NERE

P . Thanh BC chiu nén,

—3P—2NB—Q( V2
2
Vidy 2.4

Cho hé gém hai thanh CA, CB lién két va chiu Iu'c nhu hinh 2.23a. Xéc dinh phin luc lién két
tai Ava B,

Hinh 2.23: Cho vidu 2.4

Gidi.

Xét cdn bing ciia khdp C (hinh 2,23b), Nhin thay ddy 14 hé hrc phing déng qui.

2X=—NA.sm30+NE.sm45=0:NA=‘]E//22NE=J§NB (d).
2Y=NA.COS30+NB.COS45—P=0:>€NA+gNB=P (e).
Thay N, tir (d) vao (e):

E\ENB+£NB=P:>NB= V2 P= V2 10T ~ 5,18T

2 2 3+l 3+1

Thay N, vio (d):

P

= N, =v2N, = 10T = 732T .

2 2
NEFS RERNERS
Vidu 2.5.

DAm phu CH dudc d8 trén didm chinh ¢6ngxén AC tai C. Cdc kich thuéc, tdi trong, va lién

két nhu hinh 2.24a. Xdc dinh phdn luc tai A, C, E.

Bi€t: q=1,2KN/cm; P, = S0KN; P, = SOKN; M = 100KN.m;a = Im.

P,
c) C = H
P. Ye i
q P, C : Ma P, Ny
2 AP L e |-
A 3 B = A B C
a a a a |
Y .

Hinh 2.24: Cho vi du 2.5,
Gidi.
Xét dam phu CH (hinh 2.24c).
Zin.=-M+P,.a-N,2a=0

=N, = i(— M+P,a)= i(— 100KN.m+80KN.m)=—-10KN . N,, ngugc chiéu di chon.
2a Zm

S, =-M-P,a+Y.2a=0=Y. = 21 (M+P2.a)=%(JOOKN.mMOKN.m): 90KN .

a m
Xét dim chinh AC (hinh 2.24b).
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2m,=-M,+P.2a+Y.3a+q2aa=0

=M, =P.2a+Y..3a+q.2a.a=100KN.m+ 270KN.m+1,2.10° KN.m = 490KN.m .

XY =Y,-P-Y.—q2a=0 =Y, =P +Y.+q.2a =50KN +90KN +1,2.10°.2KN = 380KN .
Vi du 2.6.

Thanh ddng chit AB c¢6 trong lugng P, ddu A twa vao tudng thing ditng nhdn, thanh dudc giit

cin biing nhd s¢i day BC hgp vdi phuong thing ditng mot géc 30° (hinh 2.25a). Xdc dinh

g6éc nghiéng « cia thanh va tudng dé€ c6 can bing.

b)

Hinh 2.25: Cho vi du 2.6.

Gidi.
Xét thanh AB (hinh 2.25b). C4c phan lyc lién két N,, T, va tdi trong P tr§ thanh hé ba lyc
cAn bing nén chiing phdi déng qui véi nhau tai mot di€m ching han, di€m D trén hinh 2.25b.

Vi P di qua trung di€m cda AB nén d€ y cdc dudng trung binh trong tam gidc ta c6:
DC=DB; AC=AK.

KB
Trong tam gidc AKB: 1ga = — .
g g 8 XA
KB KB KB
Trong tam gidc CKB: 1930° = == = — = 21g30° = — L
g £ & KC 2KA 8 AC ®

243

So sdnh (f) va (g) suy ra: tga = 2tg30° = T .

Vidy 2.7.
TAm phing OABC hinh chit nhit ddng chit c6 trong lugng P dudc giit cAn bing & vi tri nim
ngang nhd khdp ciu tai O, khdp ban I€ tai C (quay dugc quanh truc y) va didy BD. Bi€t canh
OA c6 chiéu dai bing a, dudng chéo BO hgp véi canh AO mdt géc 60°, ddy BD nim trong
mit phing thing ding qua OB va nghiéng mot géc 45° so véi OD (hinh 2.26a). Xdc dinh
phédn lyc tai O, C va stc cing cua day.

Nz z
DA Df,

Hinh 2.26: Cho vidu 2.7.

Gidi.
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Khdo sdt cdn bing clia tim phing OABC (hinh 2.26b).
Hé lvc tic dung 1én tim cdn bing: (P.T.Z,.X,.Z,.X,.Y,) ~0.
Phéin suc cing T thanh ba thanh phan doc theo ba truc toa dé vuéng géc:

V2 V6 V2

T.=Tcos45% cos60° = TT; T, =Tcos45" sin60" = TT; T, =Tsin43" = 7T.

Cédc phuong trinh cdn biing ctia hé luc khéng gian s& 1a:

ZX=X0+XC—gT=0; ().
zY=YO—‘fT=0; (k).
zz=ZO+zC+‘/2§T—P=0; ).

\/§——T 3 4 .“‘f:o; (m).

ZmyzﬁT.a—P.gzm (n).
2 2
zm,=X.a «/§—£T f+£T (o).
. ) V2 .
T (o) = X, =0, Tu’(n):>T=7P; T (m) = 2, =0,
Tfr(l)DZO:éP; Ttr(k):;YO:fP; Tﬂ(h):’xozép-

BAI TAP CHUONG 2

2.1. Trén hai mit phing nghiéng nhin AB vi BC vuéng géc vdi nhau dit mét qua cidu déng
chi't ¢6 trong hwong 60KN , X4c dinh 4p luc clia qud cdu 1én cdc mit phing, bi€t mit phing BC
hdp véi phuong ngang mét gée 607 (hinh 2.27).

Pdpsé: N,=352KN; N, =30KN,

2.2, Hai thanh AB vA AC néi v&i nhau va ndi vao idng bliing cdc bdn 1€ (hinh 2,28). Tai khép
C tdc dung Iuc thing ding P =100KN . Xé4c dinh phan luc cia cdc thanh 1&n khép C.

Ddpsd: N, =866KN;, N, = 50KN .

Hinh 2.29,

Hinh 2.28.
2.3. Hai thanh AB va CD c6 ciing chiéu dai ndi véi nhau tai C va ndi vao tudng tai B, D biing
cdc bdn 1€, Trong lugng ciia cdc thanh biing nhau Q=+40KN, Tai diu A tdc dung luc
P =100KN hgp véi phuong ngang mot géc 457 (hinh 2.29). X4dc dinh phidn luc tai B, C va D,
Pdpso: X, =287KN; Y,=6KN; X, =216KN; Y, =145KN; X, =+2/6KN; Y. =%l05KN .
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2.4. Thanh déng chit AB cé chiéu dii 2a vi trong lugng P, ddu A tya vio tudng thing dtng
nhin va hdp véi trdng mot gée 457, thanh dude gi? cdn bing nhd sdi didy BC (hinh 2.30). Xdc
dinh vi tri cia di€ém C d€ cé cén bing.

V2

Pipsd: CA=—"a.
P 2

I

Hinh 2.3(; Hinh 2.31.
2.5. Vong nhdn B tredt khéng ma sdt trén ddy thép udn thinh cung tron nfim trong mat phing
thing ditng. Treo vio vong B vit nang P va bude vio dé sdgi ddy BAC vit qua rdng roc ¢& dinh
A & vi tri cao nhi't ciia cung thép, tai C treo vao vit nang Q (hinh 2.31). B qua trong lrdng ctia
vong B va ma sdt cia rong roc, hdy xdc dinh géc 3 tim ¢ cda cung AB va chi 18 diéu kién c4n
bing.

Didp sé: an%Z% khi Q>2P; @, = ding v8imoi @, F.

2.6. Thanh AB ¢ chiéu dii AB= 350cm , trong lwgng F = 200KN chiu lién két tai A bing bin 1€,
diu B treo vit ning P=50KN va tua trén qud cdu nhin tai C. Quad ciu cé trong lwdng
Q=100KN bdn kinh r =20cm (hinh 2.32), Tim phdn Ivc tai A, E, D va lyc ép cida thanh 1én
qua cdu,

PdpsS: X, =9375KN; Y, =1959KN, N, =9375KN; N, =1541KN; N.=1082KN ,

Hinh 2.33.

Hinh 2.32.

2.7. Cot AB cé chiéu cao h=6m. Pdn B dide ngam c6 dinh xudng dong séng. Ap lire ciia nrde
1&n ¢t phin bd theo qui ludt tam gide, Tai chin c6t 4p luc clia nude ¢ = 2KN/cm (hinh 2,33),
Xdc dinh phdn Irc tai ngam B.

Bipsé: X, =600KN; Y, =0; M_ = I200KNm .

M=100KN.m M=3qa?
IESUKI)I( 454 P-2qa q
60° w?
X L N i
L 3m | 2m | [ a 2a | 2a i
Hinh 2.34. ——

2.8+2.9, Xéc dinh phdn Irc lién két tic dyung 1&n dim cho trén hinh 2.34 va2.35,
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- Hinh 2.37.
2.10+2.11. Xéc dinh phdn luc lién két tic dung 1én dim cho trén hinh 2,36 va 2.37.
A . g
i
p P=29a FTTT TN TR,
el B c
30
7 C
Hinh 2,38, 45 Hinh 2,39,

3 P

1 a

2.12+2.13. X4c dinh phdn luc lién két tic dung 1én dim cho trén hinh 2.38 va 2.39.

M:an2

€

! A B C q b,
L' a J’ 2a | A B
! L : % Hinh 2,41,

Hinh 2.40.
2.14+2.15. X4c dinh phin Iyc lién két tdic dung 1én dim cho trén hinh 2.40 va 2,41,

A

Hinh 2.42.

Hinh 2.43.

D
. I .

2.16+2.17. X4c dinh phdn luc lién két tic dung 1én dim cho trén hinh 2.42 va 2.43,
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