Www.lepnu.ir e

«Jsl Juad>

&b | Joo!

U e S o U s sSew londs po a5 | slanl a8 0 1) cale - Sl -
tiled Jedos g (o) 09)l5 (slog s

275 0P o 2090 Sl plzl (Sl Sl ::I— (dol>) o plu! SIS -
055 (0 )18 oy p 090 S e sl Salu o Sl

2 S8 s ples! S Y

(Yl Yo 0L SulSa Y

il ptlio — o

3l e le Wied o0 I8 A4 SGSK o a5 soly pelas

Bg g0 08, ,5 4 bl gl gam aw flas o jo aS cunl bl cwaie ISG Lad - )
el 4l lasly a5 conl S50 50 5 e S 585 lejipmz o e ogdler o <Y
Lilgs g J—olsd L g g po (qmiid oliwd S5y i Lab p0 bl CoaByo tpzr jo Sl -V

S

i il S g (SHp pSlaaii b gpiangS gl K08 s $9) per SO Sl i -V
r 09.\» <

m -F F m

aja_ws&gla_wy 6‘00[.40[@“;\.?&&'{.MLGA];[&&M)"CAM‘Q)L?LOQ[A:OOLA_&

sl 00l jguaste i
Cuoglio oloul &S > o s plp o0yl fled a5 cal oole 31 gmols: ((S5d) onile -F

0,10 45" Lol e ;2 3l Sl izmen o> Cll( £ ) Wilo 5l oS (6 L p > -V

R o)‘}o.as Ji.p f’L““?| LURTUWFNWE S QT J.,Ln...o w3l b



Www.iepnu.ir i

:6,|oﬁ36a¢c6uc;@5(5

o 90wl o0 50 Siliwl ;o 45 LS

L;)lo).g 6&@—\‘ Gods LgLaoc;%,.oS—\
.9 Py Olej il wijls Jlade Lads aS wiis L_';"Ler’] o3 sl cueS -
gy Ml (oo 3 olael glylo jlade pogde (g0 slo oS Y

1,10y xo (gl ENSYI (551950 (15

L“B):t-;“i‘%‘de“-?ﬁbﬁ)ﬁjtﬁﬁﬁ°°)5‘-§{4e“5é)ﬁ*")° o0l aLdS a5 (5, gkailen
a5 o)kl an Ty ol 4y 5,08 S5 (5)loy eV (sl maz (gl 5 Sl (g0 9ril (oo o
abanlys S8 fuas 4 an sldsy ;0 a5 W1 e Coavdy Y] (g5l axkad ou) |

: JUsi B o

Ll 5l Jol b aS (6,550 95w dhws ) cdo pux SO 5l soglas abais 5 0315 (59,05 5]
IS o

1610y CaeS S i Lod 092

Ceadle S Al g 009 ,lo  sliwl) Gllo aS Loz o)L SO lawg v gl CunS S

D58 g0 03l Gl 098 (o et ol Sz S

—»>
v X UoUU ey

v UI=U o 31l

W-1€pr
AT
b




Www.lepnu.ir e

PO g oilgd =0

:Jgl ol )

A2 (oo deldl 893 S > 4y il &S > >

‘93 ol

2005 (o3l T 4 &5 s Slog b a T b esliie 0,3 S Sl

02 0T
F=ma

slag s anly 0,8 ol
g HPB
Sy Sz DS 0 5 wiply jlade Ja Sl ez 90 Gl Josdl S g s sy s
il oo @lg Lwly SO (59, 50 g dmled (oo Jos
5 Sole Slogy L ),SaSu M g m Sl sz 42 053 99 WsS (o0 a5 g (1S 9B 3k

I ol wl ooy ) Jge s (F) o9 oy Sop aS oo CA>(-FF) cyad! el

3,5 Gle ) Soge 4 0gdh (o )y 40,0 SO (59 (W) laie L

2
w=m.g g =9.81I%

LS Lo

ST sblsy) bl ol e sleasimens
aild oy am b ol (Ll s Sl (sl 5tS als Lo i s Ll (b o

ol Hl.c 5 ewg s, oled &lply sl o ST Q] aaste 4S (Systeme International)



G356
M) o oy a | Ll oS ates loj 5 p iy Job sldlSoe slol LSS picms cal jo 3o S

il a(s ) 4l 9(Kg ) p,56lS o
ALy ganss o (N) s o oS ol o8 IS0 S i (0l 59 5,05 SIS

2
s P/ L plp GBS (o) S6kS S ppm S oS Sl (950 (g S S

2 2 2
— m — _m —1m
1N_(1kg)(14 ) = lkg A a—lA
— >
a= 18/ M:lkg M=1kg —p F=IN
F¥IN
(lose) © pae g Slos
9 oty G
1000000000 = 10 -
e M
1000000 = 10° K
K
1000 =10° oS
0.001=10" o m
0.000001=10"° 9,55 u
0.000000001 = 10™° $b n
1km=1000m 1mm=0.001m 1Mg=1000kg
1g=0.001kg 1KN=1000N

3.82Km=3820m ,47.2mm=0.0472m 3
3.82KN =3082x10"mm

47 2mm = 47.2x10~ mm

oS o B el e p aw 5l i pex Y



P+Q+S=(P+Q)+S=P+(Q+S) SRdy &S 0

i S (o0 Al B axdio s slo p re>  ax el b

! 6)-.’.3% J).m Sl é“)‘a Lm)lo).g @?—Y

Hop S s Jul oyl

P+P=2P=P+P,+..+P, =np

P=P=.=P,
Lo Sy iz Al
-QT sl adlge 4y 9,0 SG A0
AC 2 2
COS0 =—— BC =+ AB” + BC
Sin0 =A—B
B
AB

Tan = —



P, = PCos0, Py = Psinf

a G )l layloy cpl oS (o jLisl asly o g0 Codio lay g lax jaome olacel o
S oo ddzg bt o pladigi by gxlejeme 5y 4 e ] Ll g S o
Crd Gk jlogl e lp 9y SuP D @3B e Al il psles o po IS
3 y5] Candy colio sla JIl 06 sl ls o
Pi=p,» Py =Py P=DPatDpy

p,=pcosf, p =psinb

P EMSYI g3lg%0 3938

:pxi+pyi

0=0,+0, :>18+5=(Pxi +p,)+(Q,+0,)

R=(P,+0)i+(p,+0,)j

So = Sl Ge e iz R)anly RyR o jo JISl slo aidlge a5 0,05 oo xS
T o sy g5 ] ,Blite JISsl (slo alge 6oz gaz 5l
ey el Slilte > 5l solizal L |

R>=P*+Q%+2PQCOS0O

R>*=P>*+Q*-2P0QCOS6O
g 98 3o

R _p _ 0O
Sinr sina  Sinf




Gt
N Jbe

Sloslatwl b1y 13 S 0 0,I6#0N g30N (59 98 9inlp Canugllas
Sy gez (o eVl sl 98 (]

R>=30"+40+2x30x40 Cos110=

R=4IN
0+y=180-70°=110= B+a+40=70 :c

0+y+40+=70°= B+40+a=70
’7 . 30 B+40+a=170
§:n10° sin B | B+a+40+70=180
5 =—-30co0s40°% +30sin40 j° = -22.98i +19.28 j
P

Q =—-40co0s70°% —40sin70°j = —13.681 —37.59 )

R=FP+d=(-2298-13.68)i +(19.28-37.59)

R =-36.66i—18-31/.R =36.66" +18.31” = 41N
¥ Jlo
O Gtz g 0l p mad 0Bl oo Jlid Cos A abals jo eud jglate (59,5 90 LawgiaB SO

R = ZFX =45c0s30° —20co0s12° =38.97i —19.56i =19.41i

py =Y F, =-455in30°% —20sin12% = ~22.5 j — 4.16 j = ~26.66 j

R=4194% +26.66> =32.97

0 =tan™ (ﬁ) =36.04°
28.66



Sy3Gwl

P90 09
R>=P*+Q% +2PCOSO =20 +45% +2x20x45x COS138 =32.97
0,8 S Jobss
Jolss Jlm 5 058 s (o Sl yio g i 3G a5 > 3o (559 gl o3 3o
Jolss Jlo 10 0,3 wil yaw 0,3 ST 35lg (slog s adS aiTy 589 :0iS g (oo o o

R=Y F=0=R=Y (Fxi+Fyj)=0L() F0i+()_ Fy)j=0

I)Z Fx =0 = -300+ 400co0s 60°+200sin 30° = -300 + 200 +100 =0

Sye) Cewds AC 9B (SLelS jo (iiS g 59, JSCO 0

a=tan”' (@) =73.74°
280

ZFy = 0= (TABSin73.74) - 960 + 640Sin37° = 0 = 0.96TAB —960 + 385.16 =0 =

574.84

TAB = =598.79N
0.96

ZFx =0=TAC +598.79c0s73.74 —640cos37 =0 = TAC =343.47TN



Ga5Gaw)
1Lad jo gy

GOg0s adlga Fy = F cOs Oy

23 adlge Fh = Fsin By

Y j97e LF (59,5 aygli=0y

xy 4o LABC 158 daseo aygly =@
Fx =Fhcos¢ = F sinfycos¢

Fz=Fhsin¢ = F sinBysin ¢

&8 il b

F? =(0A)> =(0B)> +(BA)> =F’y+F’h

F*h=(0c)> =(0OD)* +(DC)* = Fx* + F7*

F=\Fx+F*y+F’z

pop opp
F=Fx+Fy+Fz )

F=\Fx+F>y+F’;
Fx = FCos6x
Fy = FCos6y
Fz=FCos0z
9Kgjgi e aSy)loy ayymi b ylg (o ) F (59,

Al 18y 9% (sleygmme slaal jo o 4y a5

2,5 Ol ) Dype &

F =Fxi+ Fyi+ Fzk 3)



(1,2) = F = F(COSxi+cosf , + Cos8_") @
Moy o F Sl b S yso |y F (59508 Ol (o0 Liomd
A =cosOxi+cosOyj+cos@ k  (5)
S oy Sy ilyed 45 55 ol
Ax = cosOx, Ay = cos 6y, A, =cosf, 6)
Nx+Xy+Az=21 @)
sl o1 (S5 e bl oy S sle addge Slayye gsome
(6),(7) = cos” Bx +cos’ By +cos’ 0z =1

F=ra

Fx  Fy  F7
cosBy cosBy cosOz

(2)= F =

Z\));\fu’.o aladi g0 3l as olael axly o 50,8 Ty

Xp
Bly,
Zp

p
EB/B:AB:\/(XB _XA)2 + (Vg _yA)2 + (2, —ZA)2

p P P p
AB=(x, —x, ) + (¥ —ya)J+ (25 —24)k

¥

CIF|

r
¥ Jlo

P4y JSb s esls plas Slplse S5
Semgllas Cosload Jate (rej 4y SIS duw aliwsgi20ke



Www.lepnu.ir e

-3 0 3 0

A0 B|0 c|o D|6

-2 2 -2 0
ez Sl51 2 S

W =m.g =120x10 = 1200N
p p p
AD = (XD - XA)i +(YD—YA)J + (ZD — ZA)k

AD =3+ 65 +2k

IAD =32 +62+22 =7

AD  3p 6p 2p
=——="I+—1+
\AD| 7 7

P ~ BD 6 p 2
50_41—2/5,|BD|_JE,/€BD_—|BD|_m] 4015
p P 6P
77

p p p
CD =-3i +6j+2k,|CD|=7,fCD=—%E) k

L2
7
p
FAD = FAD.fAD = FAD(§i+§j+%k)
7777
3.6, 2

I‘QCD = FCD _ACD = FCD(_7i+7j+7k)

FBD = FBDA,, = FBD(-—

r r
Y F=0-) Fx=0,) Fy=0) Fz=0

3 3
()2 FAD =2 FCD =0 (I) = FAD = FCD

(2)§FAD +7FCD —-1200=0

g Juad

oo plus|

15| Awd 90 Wigdh o0 O)lg o plusl as aS o ldg o

AR



Www.iepnu.ir st

Loy onl g diitad cdo i 53, 2 plac! plo 15 sales: ()15 slog s = I
WIS (oo azg |) o e ()15 LS,
o A5 o2 LS o ) o ez caims LS &3 aS st olag s J3 s slag i o o

55k

ylo p o pd
T erl 9,005 90 Gl e Al
il 318 A Cwlu lo g SO aSQgP o 90 (g,lo p O yalols  ples
Sl y Cawd (558 5l ool b o] g 45wl (0 9908Q P dio U o palols ls-)
OO—d A Sz 9 (1) sl 510 olael j3 cuiSSl ez 45T D90 cp T (oo Sy
Al soU o e Cad CuiSl Cga wll (0 Q) o Ko b Ce o il

5&.’1 O 445‘) UG QP (go3e ).’OLM ‘._J).‘al‘ab L» S ﬁ‘ﬁ ‘._J).‘al‘ab )L\.O.o -y

U = PQsin® 50=0->sin0=0-U=0
U=0«P=0 —0=180—>sin80=0—->U =0
o2 bl 50 s5l5eq 9P
S 3olo ()15 0 9550 40 olml 98 -)
OxP=—(PxQ) .ol ul sldio gz 00 o 5w a9l;

SLp 59, nQ=0xP .2k sy, 5 =POxP

VY




Www.iepnu.ir i
Lol @olo () 3o )50 50 G pdy @)Y Cools Y

Px(Q+0,)=PxQ,+PxQ,

B sl 4t s )l o palol>

pop
AxA=0 ixi=0 ixj=k ixk=j
Jxi=—k jxj=0 Jxk=i
kxi=j kxj=—i kxk=0

b=, +P,+P).0=(0,+0,+0,)
P+ = (P, +P, +P)*(Q,+0, +0,)

=P (Q,ii+Q,ij+0.ik)=PQ k—PQ,j
=P (Q,ji+0,j.j+Q.jk)=P0Ok+0Q,0,i
=P (Q.ki+Q k.j+0Q, kk)=P.Q xP.0,

bxh=(P0.-P.0)i-(P.O.-P0)j+ (PO, - POk

S0 s solas )] ely B b sl aler 45 oS ol L6 ala, 4 5]
S el a oS Ol 2y Oyge 4 ply o]y ) opalols e cans s 5o

Dl 08 e bl @

i j k )
u=|p, P, P =(py z—sz.y)i‘—H(szQz; pzf?j+(:ny -P0.)
0.0,0 i(=j) " ==j (k)" =

(FEI0 0 pd 9,10 0 90 GOus 90 b

VY




GG
oS Ol a3l agly wa L aSE Jlop 0 b pluge soue Lol sgate
b w=Pxd ol ke 45 cal goue
1 0o (G A pealP (69, Qo p 0sd (0 S g
U=AK=AxACs00=A
4S50 Qg0 slejloy aS 05l e a1l 90 (A oS iy yeS
PO=0= PLO sl o delaie lgin yio b sl ols L5ls o alols

(A.f )aidges o paS ailiwd o g0 )15 Jlie lgim

Lil=1 i.j=0 i.k=0
Ji=0 jj=1 k=0
K.i1=0 k.j=0 k-k=1

So bl oo b oSy slajls o palol>
P=p,+P,+P, 5 0=0,+0,+0,
PO=(P, +P,+P,)Q,+0,+0,)
=(P.Q.ii+PQ,i.j+P.Q.ik
+(P,Q.ji+PQ,j.j+P0.jk
+(P.Q.ki+PQ k.j+PQ kk)=PQ +PQ +PQ.
P05 99 Oy gl S
0}

185 =PQcos0 =P 0 +P QO +PQ = cosb = P_Q

PxQx+P}'Qy +PZQZ _ Px Qx + Py QY +
PQ POQ'PQ PQ pQ

cosf =

V¢



Sy3Gwl

= cosO =11, + mm, +nn,

o= ooaline puomen aid )l (o) Gleagle wgiewS n gm gL ol o aS

dalaie 38 Gy adal; ;0 Ll sold ugienS a5 g0 40 b g0 84S 08 5

Ll, +mm,+nn, =0 VU]

:LCb)L)).g 3_'>1o u)..o uo‘9:>

bPH=0F Zel 3ol Slmle eilE )
ﬁ.(§+ E) = #Qp+ bk Cewl Bolo 6 pdy ae5 9B =Y
Jbe

by e B=—10j+12k § A=10i+20j+3k I3, 9
p . :
C ool dlos |y B g A oy 90 A3 o palols _ il
Mo 85 e agly - o

P .

p P
B loypolaal 59,4 Jlop_ o

GINU = AB = (10i 420 j +3k)(=10j +12k) = (10 x 0) + (20)(=10) + (3)(12) = —164

) Al=

10% +20% +3% =22.56 | Bl=+/(=10)? +(12)? =15.67

6 =117071° = 1170710

o)/'L:E:

U=ABcosO = —164 =22.56x15.62c0s6 = cosh = _ —l6d
22.5x15.62
2)C = Acos o= 22.5¢c0s117.71 = ~10.46
—%8 —en—1046(1 12Ky og gk

B

\o



Gyiltim)
Pabads Jo gy o ,olnS

= ool Ol o b g s pl S il Clo g S 2 F (65,05 05 250
D g
i XS oo JaieA 4 1,(0) a0 Sl ai aST Yo bogs o1,A 6
QoS A G e ylaas s s
S G ifgr G)lop Dyge 40 Jox [[F (Go s jolidS ealsS o I

MO =rx f =rFsin@ = Frsin0 = Fd

as bled pwx ;0 aSST pode F (55,0 0l o F il las 50 (gog0e alolé d a5
2 dem oz Bl Giaren WS (oo sbml g8 Sl a3 sl js oS >
sloml ez 50 2l (ood (55150 8 T b g 9IS e @lad 1) 95 5l as oS (659000
el 0uls 00ls yeore Jg> gy M joliS 1) ol Sl oS o
= Ok () oo oy alold 5 (Fg o 955 (S1) SIS Sl s 5o

D9 oo GLNM) fe o (g cuns gy jgliiS g

1ygllS Lol b g (59 g amdd

S iS5 05l (e Gl Djge ao Sebly azmio S o a5 gy sl

o 4l ples Jo> g0 slo adlie layglisS pex Jol> plp abadi o Jo> g0

m,+m, =rxF, +rxF, Sl

V1



m=rx(F, +F,)

200 £MLSl 4y o200 AB a8 olacel JOP=100N (54,0
P’ 4.9.‘3.0 Ml?bo g.:}lho RG] PR Jl.o.c‘ ).W.L~c

Cé,b a0 3l cuio cyz LOC dlaisl 0P (59,0

.bc S g slegols eginnS
00 00'2 bC = (02.0)i+(0.1-0)j
() ()l = Z.U)1 . ]
= 0.2 =92 804 g m= 01 447
J0.04+001 +/0.05 J0.05
p
noc = 0.894i +0.447 j
p
D AB o slpoly egiS
A2 g Y AB =(0—02)i +(0.2—0)
0 0.2 B BT
a=— 02  _ =02 _ ~0.707, p=_92 _ 0.707
J0.04+0.04 /0.08 0.08

nAB = (=0.707i +0.707 j)

pop op
FAB = FnAB =100x) - 0.707i +0.707 j) = =7.07i + 7.07 j

Y
Fof = FABnoc = (=7.07i +7.07 j) x (0 — 894i + 0.447 j)

ARY



=(=7.07x0.894+7.07x0.447) = -3.16 N

mo=rxF

. r=xi+yj+zk < ML: l . TJ\{-A){B [)f‘
F=F +F,+F,

ronylomo abul, o 6 A b

mo = mxi + myj + mzk
mx = yFz —zFy
my = ZFx — xFz
mz = xFy— yFx

mB=r—xF=(r,—r;)xF

i J k i jk
MF =|xA/ByAl/ BZA| B mo=|x z 2
Fx Fy Fz F F F,
XA/ B = XA - XB, YA/B=YA-YB, ZAIB=7A-7B

ZFZ=0 oz 90 bluw ;o
MO = (XFy — YFx)k
S,k amo o as sl pl 5l Slomo yoe Cudie
e N, 4 bled) ] QLS axio 7,
G mo o e oo Sislusl ez 0 s>

YA



O, 1) 0 Kl o> 00 Joo

MB=rA/BxF

MB = (XA — XB)Fy — (YA— YB)Fx
A abais Jo> 260N (5955 59] CuiS Canmgllas
B abhii o)l Y X jee (59 4500 dlewg (Al
Cabii )07 9X sloygome (595 4 p dhowy (o

s>
(!

Fx= —%(260N) = 240n

Fy= %(26ON) =100N

Dgd 3,lg € aladi U osls slacel b 51 Loz slactel jol, 260N (5,0 ol (b
5
F, =—260=240N
13
F. =%260=100N
MA=F x33+F x0=100x3.3=330N.M

0 4.8 33
B
20

48i+20

V48 +20% =52
r%:(4.8—3.3)i+2j =1.5i+2

M, =rxF =(240i+100 ) x (1.5i + 2.j) = =240 x 20k + 100 x 1.5k = —330n0m

FBC = FBC — ABC =260 x

=240i +100 j

AR



Sy3Gwl

:)b).gmh.l.’.i.ﬁms\.ilf‘\.wg,:,é

U‘éﬁc\m&é‘ég)‘él‘ab

e aS o, g0 Bl Cralols sl canl O hle Lalides G5 4w O 40

aS o palols ol ail oo ol 500 oy g0 (25 oyalols g suil
el Ol JB o5 Jobes Lails, 51 G 5o Lasgieadly (oo (30 (S

(PxQ).R=R(PxQ)=—R.(0xP)

o palols s Gezadly (ood oY SN 358 O )le o ol cule,; Cdids o

1457 0,5 Sl Olg (o0 rigred Cewl pogie g PX(QR O)90
PxQR=PQxR
3 GyesS 4SSl gy oy as palols o H0 50 g dhis Sbale (g8 &S
Slesleiwl b g8 oo 09y .08 o attie 05 Juol> o yalol> (goas ass
a8 olaslis ol laws
PP P

PxeR=|0.0,0.
R.RR,

:)bﬁdm@)l.';«,:).a'.bab

o palols lawgs 095 gail 5l (So aS oy 90 (& 1 palol> 5l e e
Oyle 5l S awgi g oo o SO Jols all oas Gl S0 Yo g0 >
29 o0 Ol pj Jolae

(PxQ)xR=-Rx(PxQ)=Rx(QxP)



Www.iepnu.ir i
il Sl Px O xR ailo gl atailyo |y o)l &g 0o 3l 0e2g bxul o
djdjj wl_> u‘g_iks_‘ow‘w.@{«.ocw‘ ol g,;)..éw.a)o )‘0).3 99 r:‘AS diu‘ Oo9

(PxQ)xR=RPQ—-RQP
Px(QxR)=PRQ-PQR

g7 SO Jgo g SO yollS

0L yyea 51 Jlor &l o MO 10 4l Jyo F (58 ol

Syge 41,0l jome Jo>F (5o pimol HolitS o 2o Hlai o )

oS (g0 ol Gy pmo HsLLiS gl

cells paples s lid A Lol slassl jo 4SS sy S
mol=A—mo=A(rxF

9o G (535 2 ol S pgal oy Sy yalisS
W CA_.»J-}F,I’,)«MLA G5 aw u).«a )‘ 9 S| )Jliw‘ OL J?F 69)-*-’ )3|.. AEPLY
Ly ol
AX Ay Az
MOL=|X Y Z
F.F,F.
ol J15, sloaols wginS =4z, Ay, Ax

F 69, pl alads Slaise =2Y.X

F 69)’*" GLQ 4.0J§.o =Fz,Fy,Fx

. WW-iepl?l{ MBL = A.MB = . —(rA/ Bx F)
WA\ N FAIB = rA—rB

AR




Www.lepnu.ir e

Ded oo peoy A OB las cll gyl oailes

A Ay Az
MB=\xA/ByA/BZA/B
Fx Fy Fz

B A dbE o cdo o Sy Sl gleml &S LIS

Cemsgllao .ably ST=10KN  iS Cot &S (oo Jain B alads

A3k o Sl p S LZ jexe Jo> T (g5, Mz jglils

0 12
Al B0 :J>
0 9

.Q).:fu.oﬁ)«bb (0] 4.'4:.5.39'1‘ 45%#‘6‘49&0)4«)9-05 MO )\oﬁ

0 F=15j(m)
_ . _ . _ k
p=28 _ 12200t O0=15+O=0" 5660707+ 0424k
AB J12% 4152 492

79 =10n =5.66i —7.07 j + 4024k
MO = Px fz (157) x (5.66i —7.07 j + 4.24k)
= (—15x5.66k + 15 x 4.24i)
mz = mo k = (ENglish)kz = —~A¥ 4kN.m

DS oo Jes bz ez g OB oMz a5 Cenl )] By e Cdle
9 T b hsS
s SO sl o 4 cpadl e g (g5lsee Golun (595 90 I Jol> j5liiS
gl 0 0ileS JyoS aiuns 28y
® Nww.iep]?l’-z;‘




Www.iepnu.ir i
m=r,x(F)+ryx(+F)=(r, +ry)xF
r=(r,+ry)
m=rxF

m = rFsin@ = Fd

Cwd 00eld 59, 5IM Cpz el F gF sl gl s Ll gog0e alolid oS

ol ks oS

o ypalols aS o ;0 by e (59580 oS Sed g F polie 38l o b
&)A.uwyﬁu]a&‘emo?y&;u])odrw‘wbwb@i

S3leme Slmio | SLalaS |5 5500 gy Al Ay dzgi e Wil oo uli LS
SR M il S Sy il 2Vl ez 5 SllSS iled (o Joe K005

LD <

W-i€pz
O WP,

=

ey o5 (yim g0

L oles omo 0iS o0 Joe [00SG L (g5lae yue Slrans o aS ) Sl S
Fo oo, 5,0 M, heS () UK 50 e 5,5 aax ba)ls n oS 55 sole i3

o=l A co Jes ool oolalis & jgay dbo 90 0 F, slag s Sl 0 M, LisS g

Yy



G356
solailizs (0 ) JSi j0 a5 Sygar M ) oyLi,oly gen Jolo b oles o 1y isS 90

S S5 M s Sl Guyb J1 0l on |y s ol 05 e el e

5,8 a8l wsl (o Fy B )0 oS

19y ,lo p JUSI

o Ol o ) Sl @ly g8 amio j0 a5 555 ST g ateie hsS S

2,5 has ol 958 S

1939 S Acgozxo wiul y

aladi 4y 093 Olilaes lei oo HF (595m ;@ 3 30 oal cols lis S 4o

Ol 0 aSFd 195 S5 g oaile Coli g, olasl aSul  Jog e w0ls Jlal 0 olgzds

58,5 aslol ol ayail o F Sl C8ge Bo 5l gl sg5L d

\R4



Sy3Gwl

R=Y F=F+F,+..
M :X:nqznal +m2+...:Z(r><F)

163l gk0 (S gy Ac goxo

SOAE Rz Jol> b ol g)lade sl (g3lgke slog J.u]).a aS Sl C“é"ﬁ

Cowdo u}u.’)b M )‘ oolaz! L> MT); ).a‘ L M».:Bj.o ML’ ° LQ9)..4 A.CM
S y9iS xaz Jol> plp Wl co 5 9o 0 Jom anl  jsliad el o

il jgme ples Jo ol sl adlge
R=F +F,+F

XR=FX, +F,X, +FX,
YR=FY, +F,Y, +F.Y,

R=YF
¥ - LD
R
Yo L)
R

IS (g8 gy ul




A0
atlpail Lag s ol o ljlgaM Lo bsS anly Jlop a5 (Jge 50
CAS e Joe (698 4 paie Jl a3 olael 3 a5l (2555 g sl Jol>
25 oo
S5 45 S 93 40KN (590 (S 55 3 Jlie
PSS Billae ail o 18KN L ol olaS™ 2 iiS
9 Seia 5 2 0)ly (S5m0 s Cengllae 1S oo
AB L3 b ol Sl ool adolis alais

F, =F,=1559-9;
r=Y F=40j+1559%~9j+15-59j-9j=31-2i-58-0;

R=4/(31.2)* +(580)* = 65.86KN
6 =tan™ (ﬁ) =61.7°
31.2
M¥ =Y rxF = (8)ix(40)j+(39)x (15.59 9 ) + (7i + 24 j) x (15.5% ~9 j)
MF = (=320-561—-63—-374)K = (-1.318KN)K
rxR=M" = (X)ix(31.2i—58.0,) = —1.318k
~58XK =—1.318k — x=22—TM
CiS A MA (BsS 5 g VO Jlader g9y Joli A alail )5 950 hsS o

3 Joloe (59— g5 ot 0 |y 55 = o5 e (2] ALl o0 250NM

S oKl D abais

A\l



AB =9i+20j-12k, AB =25m
0 9 9 12
A0 B|20 C|0 D6 F=9i+20j-12k, F =25N
12 0 0 0

AC=9i—12K, AC=15M
M, =150i—200k, MA =250N.M
M,=M,+SxF
v
S=DA=12i—-6j+12k
i j ok
MD =MA+|12 =6 12 |= MA+ (+72—240)i + (108 —144) j + (=240 + 54)k

9 +20-12

D abad ;o piwew S905 s Lo

MD = (1500i — 200k) — 168i — 36 j — 186k
MD =—18i —36j — 386k
F=9+20j—12k

Pk Jnad

: u.l.»o ‘ch.’>| Jol.:&'

sl (55 > sole ez b g 0,3 a5 el (550w b g Joles sespie popie

Yv



Gyl
Sy Jolas sl BI5 5 3Y Ly ol Lyl Jolss o 5 ulo iy a5 iy S
D9l (g0 LS 25 D30 4y celio pur

Y F=0, M rxF)=0
Eolo Eml Lreo
B - Zmz=0

é‘)‘ (- )‘09.04

nnl S & o IS 4 S5 4 8 Jyab 55 1 ol5] e sl fogos
9l 0 2 0 ) e Uheyd 4dB jsb 4 L laged ()l
Ot 5 e Gl G 5 oS o0 e et sb | GSuie Sl )
S (oo e | oad e (S ik a5 oS (o0l S0 plal ples
S e d S oo oL S5l i Jlaga (65, 1) ()1 slog i aen-Y
Bl paie (2, ey s sbiuly 5 (S
Ly 50 planarl 4 st ool (S Ygano a5 Jogome (2 )15 (slag i
= oLt ST ez (59) 1) o oo ltd 055 Sl OS] e 28 > | il

X

YA



Www.lepnu.ir

&/:“’(é)ut]rug/@/‘/)jaéﬂﬂ/




Sy3Gwl

BB 4 g Jlail glag

QY}Q‘;:@ Slaws

odd Jadio s3> (59, 5 )]

olfc\.._i»&e.s

9y Sl 00l ooy lias S o aS 8‘53‘

s o JUE 1y olas b 52 950 5 (5 L3

*

;i».l.c" c olfc\.:.i}'—\

o Sl asly o 8 6QI}T4SL5LAuJL43\ S5
ﬁoww)o&.@gjol.\:.a\,m)ou_‘,”ﬁj ailgs
oo ,5 golilas Yl ams Jlal 1) 5 e

il i eSS il con il e ail sl

S

ke S5 b Shake Jlasl ¥

F o7 P9y Wlg o0 5 Jlail S
Jlio ;0 &M J1gS g VC (50 (S

%k

58 sl ¥

= JLo.cl ).;Q., Slass! J.;lf& .L:.wj.? as &9y
S 5O (kS (G9ym SO O g ddeod 09

K

2y Slhasl LB olows; b g iy i (LS -F




Www.lepnu.ir 5o

Slaws odds Jatio s3> (59, p il °lf“~.:55€',93
T ;o Sg0c g Sl (g Lid 6 lgen yulod (59, stio zolaw
obes

K

S 9 wlew allge S oo Sl o zglaw 25 golaw

Jw.:L) ) ‘)‘QN (§Oges 4.0.]3.4 5 og)’LC J.«J

K

MQHﬂ)ol)éj)Qd‘%bJLd\& Lg‘WL»JLa.s‘

05){_1.3 6‘ d._o.>-l.w W) ¢J‘“"9‘> JLa.:‘ s_i: ..\JLo.; <

WS oo Jo 35y s e

K

(S 39 00plS A5 jge0 50 P8 1 3 )lg (g $8 Jes
Sl el (g)Lid 05l 00,08 aSiS y50 50 5
Elaek e s At VI L el | i

a1y o3lail s )1 Jsb o3 (5955 5l

K

AR




Www.lepnu.ir e

13131 e g3 31 (S A3gw

ojlw dc oo N J{IPOWCSIARIVS:

b b

Slas Jss -y

gac Wi 5l S o ol acgoze SO-Y

vy




Www.lepnu.ir e
o sl = Seslind Ll 5l e U slo Joall oS

Y g4mme =R OYoleo =3

R>3= el R=4>3-5n=4-3=1
R<3= (230 auie) Slasbl
R=3=> 8 raad R=2>3

R=3=-n=3-3=0

ol Bl Jopzme £ 5l eSS a5 Cnl vae £ OV olae olasd gow 4w > o
Sl el plSouinl all sae # 5l i SYspome 519 canl a8l plSouin]

el e 0l OYolae (golue (g saef DY gpome olaws

R=6—> e
R>6—> u.uuol.a
R<6— Sl

S8 aman o w anil (Gilge daer (Jg ol e i DY gemme 4T S yg0 50
s g8 BB LS g ol

PO 90 o e SO (6l

A bLiggo L SG ol 4SS g 4y atin wilyy o (25 4SS slodasdl S

< >
< >
—

<« 5

Yy




36wl
3,0 3gzg alolas olSwd joz wix Ll punngd o0 1) OYolas o (6l 1Y
Jolss dloles du-)
Y Fx=0Y MA=0,) MB=0,Y FX =0,) Fy=0.) MO =0
2l oo 05 ST plp o o 6l ESgSy
odls 0olwilis &g (s5lae (Slg s Lawgi o1 das o g
Shais Sleals 4S5 slo Jaall S ol ons I35 UK 40
DS dwle |y B g A 0 S e
W =m.g = 200x10 = 2000N = 2KN
+) MA=0-
—~Byx3+2x3.5-2x6+1x8-3x5=0— By = 6KN
— Y Fx=0—Ax=0
— Y FY=0—5-AY+6-2-3+2-1=0
Cont =) mb=0—-2x3+2x0-5+3x2-2x3+1x5=0
0.k
s 30 GRS 0d 00 5y S o Ll )0 (6,0 (51 300Lb 59 4y (Al S

)_Q..aTz W"_""U""’“SOK)'Q( a)Q)LmLSAlOo 4.>9|)ds‘l)u—‘é‘dm‘5d.>9.’80 =

Y¢



Sy3Gwl

Al 400Lbft 5l iw A aladi oo jle beS jlade oS 2

al, =0

— Y Fx=0Ax—80cos10°=0— Ax="78.8Lb —
+7TY Fy=0AY -300-80sin10°=0— AY =314Lb T
) MA=0MA+80cos10°x (16F1) =0

b)T2 #0,MA =2600Lb.FT

MA =-1260Lb.FT

+MA =0.(80¢cos10°)(16 ft) — (T, cos20°)16FT) + Ma =0
1260 —T, cos 20° x16 = 600Lb.Ft =0
T, =43.9Lb,T, =1273.7Lb

a5 S8y Cowl +600LD.ft | S>oS A alads Jo> ol czF
439Lh <T,

Py o S gl ol Yol

— ) Fx=0= Ax=0
+TZFy=O:>Ay+%—P=O:>Ay=%T

Y MA=0= ByxL-PxL/=0=B/=F/1

Yo



R
aw bggo b Su - ol AT g9 @y aty wiilys 0 (2 4SS Sledadl uSe
s oo ) Doz | SYobee Jo sl W sl Joee

tJole doleo auw -

Zszo, ZFyzO, ZMAzO

Ax =0, ay+pl/2—p=0+BYxL— PxL/2=0—
AY=P/2T By=pP/27

Ly Ole e e 500 ol Aol jem wix Il 5l s Lol
Y FX=0,) MA=0,)_ MB=0

SO 270N 590 AxQolul & Sen (gl axan

50081 Niw (gl Aozl alS (65, p A bl

IS et 098 00 (5)ISS LS 90 Al

LA ahii o Jeddl 5o 5 BS540 hiS

0 8 0 8 6 0 0
A0 B0 C|-5 D|-5 E|0 F3 Gl 4
0 0 0 0 0 2 -8

6 3 2
T.,.=T.,.(—i+—j+—k
EF r 7 7] 7 )

8 4 8

2.1, 2
T.. =T, (—i+—j——k)=T,.(——i+—j——k
s = Ty ( J ) =Ty ( 3 31 3 )

12 127 12

6. 3 2
T+) MA=0— (4i)x (=270 j) +(6i) x (—— i+ = j+ = K)T
()% (2270) + (6i) x (=it — &+ — KT

2 1. 2
+ @) x(—=i+=—j—=k)T..=0
(8i) x ( 31 31 3 7y

v



= —1080K +gTEFK —%TEFJ +§TBGK +?TBGJ =0

12 16
_7TEF +?FBG =0

T, =315N
T, =101.3N
18 8

7TEF +§T + g —-1080=0

Y F=0, A+T, +T,;, -270j=0

6. 3. 2
A.+a, +A, +315(-=i+=j+—=k
xi YI ZK ( 7 7 7 )

+(101.3)(—%i+%j—2/3k)—270j =0

AX —gx315—§(101.3)]i+[AY+%—315+%x101.3—270]j

+[AZ +%(315) —%(101.3)]1{ =0
Ax—270-67.5=0, Ax=338LbN
Ay +135+33.8-270=0, Ay=101.2N
Az+90-67.5=0, Az=-225N
2 Sede DB pojly BB ASS (5955 sl adge S e
+Y MA=0
—600x3-300x9+GY x9=0

GY =500N T

Yv



+TZFY=O

GY + AY =0 — AY =-500 — AY =500N {
cont:

+Y MC=0
300x9+600x3.500x9=0K
(5"; LgLQ)SJA 9 ww LgLQ)SJA : od)l.mf C’,‘L@s).u
G 90 e olSS1L,S

b SO oSS

s A a pily (o |y Bos ol S e B 0 Ty B eSS 5,9 S
cud Sty By Sl 2 ey Sl G0 Gy s il S e g e (0 (yLS
s e s AW, AW, AW,

- W=Aw, +Aw, +...+ Aw,

Y MY :XW =Y XAW, Y Mx:YW =) YW
Y MY :XW = X AW, + X, AW, +...+ X AW,

Y Mx:  Iw=YAW,+Y,AW, +..+Y,AW,

YA



Sy3Gwl

s a5 Sl le popa (R s e oplail g il Gl L sl lslass ST

&l o
W= [dw, XW=|xdw, yw=]ydw
g S oSGSI,S
Y my=xw=) xAw
Y mx,yw=Y yAw
bsbs g zobw (cwsin sla3S

Y my:XA=X,AA +X,AA +..+ X A,
Y mx:JA=Y,AA +Y,AA, +..+Y,A,

%A = [ XdA YA = | ydA

XL = deL YL = ijL

bsbs 5 zohw Jol layglecs

0, = | XA 0, = [vdA
0, = XA Q, =YA
59LeiS sl o, jeme S s Loasile s b A asile xbaw g

2570 Ol 9y = G (i 55 50 9 WL (o0 o pl 97 Ol S (]

3,ls 1,8

A



Sy3Gwl

J=oe 50 W (€) bl o 55 0 il o, jemme 90 glylo o b e S

ML, asls )‘)9 u)Lc; )9 g 63)14

4 da ghwsp el blie STansS o )00 S d cod]) A gl

5 Aib A bld 052>9( Y) g (X) Slabw 4 dA” mhaw sj> Sy 9x Olaise

QX=QY=0 < ,guas]

b Y X JS 6l
6h h atb e
2 3 3
% %k %k
m% 4%% 4%% opls &,
m% 4%71 ’ 0 yls o
b: % % L
* *
Za% 2% 3% ol o3
4a% 3% 0 o
a% 3hlo 3% ot Jl il




Www.iepnu.ir EU

RS e |y ) ambo (rdaw 55 56 Dlatse

e * X 7 XA 7a
I 8 0.5 4 32
I 4 3 0.5 12 2

Z 12 R - 16 34

XY A=) XA— X)(12)=16 > X =1.33m

YZA: ZYA —Y(12)=34—>Y =2.83m

b

X =0 Q)LB."‘ Sl

o A Y YA
| 56.06 2.54 144

II 48 2 -96
Z 104.6 48
YZA = ZYA

Y (104.6) —: 48

Y =0.459m

: Jl

x=0 & el

¢




Www.lepnu.ir e

ol A Y yA
I 60*15=900 7.5 6750

II 45%45=202%*5 (5% +15)=37.5 75937.5
I11 BIEIE (+15) =325 | -28437.5
Z 24250

YY A=) YA—Y #2050 =5450 — Y = 26.46CM

10CM 40CM 10CM - Jbe

X=0 o)l cde Jis

gl A Y YA
I 60*30=1800 15 27000

I |-2%10%2=—100 | ©=333 -3333
III 15*%30=450 15+30=45 20250
IV 80*10=800 5+60=65 52000
Z 2950 98916.7

¢y



Www.lepnu.ir e

YY A=) YA=Y %2950 =98916.7 ¥=33.53Cm

155 JISE gy 4 (ot L3S w0 (sl

IS (ke el 35y

0S et B el a1, D snelay tlie colins 35750 iy
AlSiite lgi g 398 (o0 (2,8 Sdie 0asl p Golate X b 9xe

Sleilio Ly, 5l ooliinl b ogd oo 5,8 XAY &g colus

X b

(h—y):Z: toa )l sl

_ 2
AY:JYdA:bgythYb(hh y)dy:bh6

:>§:ﬁ
3
YU o oadools )lis o Caons SO illao Da=Ydx coluw a0 @3B paic S
Dl oo Gy gy Dyg0 43S X Slaite 0gh oo ol

AY:deA: )?j:ydx:j:xydx

Bl el 555 S5l 5 k=(9) 5 V=) G il L

ad _a’bh — a
— — —A
3—X , X—/I

AY = [vaA= 3%? = La(%)ydx

. e /‘ — ﬁ 1 . L&
S8 JS5l 5 y=bC) ) sa3Sile L

¢y




Sy3Gwl

M3 —aie bw lg oo JKO Cnly o Connd j0 0dl colo Ll B8l paie )

S a18,5 ISy X7 (sl b paie 350X lase [xdA apuloes ;5 503 o3liiul

VT X+(“;x):(“;x) b el ol alols ol

AY:jdi:Yf(a—x_dyzjj(“;x)(a—x)dy
Dl oo Candy pj dolae 51T lade
AY:ijA:Yj:(a—x)dy:j:y(a—x)dy
by (59 00 Y b,
o s e Se ply SHp oS o ole ]%/[ ey 3)lg 00 Sl
Lol plp dx Job
W= LLWdX(l) wdx = dA(2) @.)=>W=[dA=4A
Sl C o0y sla )b ol g, GlxS 4 W3S e )b opl &S et Wb J>
abais Jo> W sbaS W3S aie Jobao ;L P Sl alais 0551 Cowsy sl 085 oo
S 0 )18 0 ahi Je>dw > ol sla sl ggame b pl e 1O
(OPYW = [ xaw (1)
dw=wdx =dA, W =A )

(1),(2) = (op)A = LL XdA = XA = LL XdA

¢e



Syl
b onl (S 5eoslo J8 58 pete [ SS90l g0 S p 9)lg 00 lS b gl 4 cpl s
s g ol (gwaia S50 51 (331 b g el b (i 5l b pln 58 e
WS oo
Oy by 28 4SS glo Jooll (oS aule Cunsglla
+ZMA:O—>BY><L—WL><§:O:>BY:W%T
— Y Fx=0" - Ax=0

+TZFY=0—>AY+W1—W=0—>ZY=Wl
2 2

+¢COm:+ZMB:0:>W§XLX—WLX§:0.K

+H) MA=0

+16%2-MA=0—-> MA=32N.m

+TY FY=0—-5AY-16=0—AY =16N T

+ZFx:0%Ax:O

+¢ZMA:O:>—2*3—1*%*2—1.5*6+BY*5:0

BY =327KN T

¢ 0o



Sy3Gwl

+TZFY=0%AY+3.27—1—2—1.5=0:>AY=1.23KN

Cont:0

+Y MB=0
—-1.23*Y +1%43+2*%2-15*1=010.K
1 ojlw Julxi
sleg i ataii a5 (il LS g pw bS o pus SO Joles b alinds Jgad (o
P lelbe divs poplss (oY w8 S (o p 0 ) Gl e 2 0)ly (2
)l S g oo 4 e Ceond wiz Sl St sl ojle ol b oS w050 b
Rl asl o, S i | o5l 2 0)ly () Slag s il kS & ls alies (il o
359l S a5yl 0 a5 Jate o2 | o5l ciliie slpiend a5 oo 1) olag s
s oo 15 (sl 5 ol ¢ S L5 0 o5l JS S
o 8350 (st sl ojlu gl
lgiislo ¥ lgol5 -Y lal 5 -
b 5 glgil
asloas LSis e gols dcgozmo 5l a5 Sl ol ool slaly o)
Higd (o0 0dilgs ool slaly > b g (late o acgezns
ay sbael (6, nSo Al a5 0ol b3 Sy LSS 1S e ol 2
Aleays 5 Jate ;505
S yo g 22l (o0 00l &5 &5 Sl > (o) e slal Y

¢



KHUVE N Jobee
M =3 / 7 :
M =4 ) DM +R<2J >D=(M+R)-2j
j=3 M +3<2j
R=3 22 M +R<2J - N=0 B ,
R=3 . 4+3<8 dls 5l G b
_ j=4 3M+R>2J > N<O0
M+3<2j

PRV

ol 5 36T sl

Jole Jolss g Jato ig,-)

Oyl «6,Lad g9y b g 0,0 09y (LaiS (69, b gae SO 0 LS sla s jo

WS e Jozi 1) S s 9010 0925 ale Slaiel jo (69,05 G hatd o
M=9J=6R=3=>M+3=2j=9+3=12=2x6=12

Lol e 55 2yl Bl S LS e
— ) Fx=0"= Ax=0

+(MA=0=-10x5+(¥ x10=0=>CY =5NT

+TFY=0= AY+5-10=0=[AY =5N T
cont =() MB=0=>5x10-10x5=0,0.K

el 5 Jolss

Aoy S +T Y. FY=0—-AFsin60°+5=0= AF =5.7IN e

Fog,S +Y FX =0 —FAsin60°+ab=0=> AB=2.88N S
+TY FY =0—5.77sin60° - FBsin60°=0= FB=5.71N

—>Y FY =0 — FAsin60° - FBsin60°— FB =0 = i

2x5.77 xsin 60° — EF =0 = EF = 10N & Lz

E 09,5 +TY FY=0— FB-10=0= EB=10N PYEE

1A%



Www.lepnu.ir e

— Y FX=0—-ED+FE=0=-ED+10=0= ED =10N s s

+—>ZFY:O—>BFsin60°+BDsin60°—BE:O:>
B 09,5 5-77%0.87+BD*0.87-10=0=

BD =5.7TN S

— Y FX =0£ BF cos60°+ BC cos60° + BC — BA =0
—~5.77C0560°+5.77C0560° + BC —2.82 =0 =
BC =2.88N

e

B ot puSs
+TZFY:0:>—Ax—150:0—>Ax:150NT

+ 1Y FY=0-565-3)*3-156=0= F(5-3)=250N &S

&/)‘”(é)dﬂ]ﬂ/g/‘/@/‘»gsz&b‘/

¢A



