












































'Flcosa. + Fycos0; + Facoso; = Reosoy

F,cosPy — F,cosP; — FycosPs; = —Rcosp.

r=R+R

. =0 3F, =0
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LFa =0 X Fy =0;
= =

—T,cos60° + T, cos30° = 0;
T,c0830°+ T cos60° —mg = 0.

T,=25H; T,=434H.






F,cosa - F,cosa = 0.

‘mom(F, F,) = +Fh = +Fh.

mom(F, F,) = —Fh = —Fh.

momg(R) = —Fd = —Fd;
momg(F;) = +Fl = +FI;
momy(F,) + momgy(R,) = —Fd + Fl = —{d — hF = —Fh.
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Fi=F, ..F,=F,

F1”= _Flr eus Fn”= _Fn-
. FIIF2- s F
. m,= mom(F,F}"), mz— mom(F,Fy),
m,= mom(ﬁiﬁ )
R= F +F+...+F,,
F,=F R=F,+F+..+F,

Mo =m] +m2+...+mn.



R=JRE+ R

Fx R, =Zﬁr'

1 i=1

1=

R, =
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iﬁ-x =0 f‘,F,-,, =0; imoma(ﬁ,-) =0.

i=1 =1 i=1

iF,-, =0; imomA(E-] =0 imomB(F}) =0,

i=1 i=1 =1



S mom,(F)=0 ¥ moms(F)=0; Y mome(F) = 0.

i=1 i=1 i=1

5
Y.F, =0; Nycos60°+ X, —20=0;
i=1
5
Y F, =0; Nycos30°+ ¥, —100 = 0;
=l

3
Y momg(F) = 0; —100-10 + ¥, - 20 +20-4 = 0.

f=l

Y, =46 kH, Ny = 62,4xH; X, = —11,2xH.












‘M, = hF = rFsin(F, F) = 2 mnomaau AOAB.



Mo = M,T + M7 +ME

F=xi+yj+2k; F=Fi+F,j+Fk

My, = (yF, - zF,)T +(zF, - XF,)] +(xF, - yF,)k.

M, =yF, - 2zF,; M, =zF, —xF,; M, =xF, - yF,.

M,

R cos{ﬂofhﬁ

Mo: cos(Mp, k) = M,

e

cos(My, i} =

‘mom,(F) =M, = yF, - zF,;

mom, (F) = M, = zF, - xF;

mom,(F) = M, = xF, — yF;
My = JME + M2 + M2




F,.
! =
F
F..
-Fl’= 1
F;
-E’ _ E”“
-’ I?ll
_2
., F‘i’:
_F'l .
.EI:
F..
+
r+ E""
F
.E=

my;
(R)= iy
-momo(ﬁz] )
0
m
0
m LN

mom, .
(F) =
o
on
m



My = imomo(l?,-) = iﬁ-.

i=l =1
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R, =YFyi R, =)Fyi R, =) Fy

i=l i=l i=l
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M, =X my; M, = Zmiy; M, =X m.

=1 i=1 =1



R=,fR3+R§ +R2 =0,

' It n It

ZFm=0; F|y=0; ZFIZ=0;

i=1 i=1 =1

Y mom,(F)=0; Y mom,(F)=0; 3 mom,(F)=0.

i=I i=l i=1



_ 60cos30°-0,5

= =17 H.
B 1,5

_ 360-1-60-0,5-0,5
- 1,5

Z, =360-230+60-0,5=160 H;
X, =—{17+60-0,85}= —68 H.

Zg

=230 H;



Ymomy, (F) = Fy - A,B, - F,- AB, = 0.

=0



nzﬂmomo (E) = imomo (F',) + momo (ﬁ’) =0,
i=1 =1

fo XFE_FC x§=0|
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zs',momA(F}) =0; mga— Nyl =0.
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7 = dr/dt
'E_drds
ds dt
dr/ds
_ ds_
T=—71
di
F=Tx+jy+kz
_ d&F d, - - —dx —dy —dz
V=—=—-IXxi+Vyi+2k)|=i —+ ] ——+k—.
i AL et rad S



T=iv, +jv, +kv,.

v=,fv§+v§+v§.

a= ,’a}f-l- az+aZ.

a=a,T+a,n.
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=g+ ad a = J —aZ, =+/0125% — 0,1 = 0,075 M/c2.
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560 =10t — 27
2
't 10+ fl00—1120-0,075 104
= 0,075 =007
' 14
=———c b= .
4 0,075 © 2T 0075 C
6
t, = ,
250,075 ©
' 6
t, = .
270,075 C
2 42
== =——=0,016 M/c%
% =R 1000 mre

@ = Jal+ a? = 00167 + 0,075 = 0,0767 m/c”.









_do _d%
dt dtt’
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a, T +a,n.
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blBl=v3M=MB-(0; C1C1=UCM=MC‘0).
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E(P)
d d —dx -dy —dz _di _dj dk
—{ —(xi+y+zk) =i —+ =+ Ek—+x—+y = +2—.
i G A el brad it et ek

_ dx- dy—
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X— =XV, =X®OX1 =OXXi;

dt
dj ® X yf; dk B x zk
—=  Z— =0 X zk,
T AT
joodk oo o
+y—+z—=0X|xi +yj+zk]=0Xp.
Yot (=T +y7 +2K) P

Ty =T +BXP)+7,.
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v = Jv§+ vi+ 20,0, cos(ﬁ,. F,).









g = m.hn.






© =vp, [PP, = vp [PP..

PR _o,
PP, ®,

Tpe =D, +7, =7, +0=7,.


















mX=F; my=F,; mi=F,

ma, =F,; ma,=F; ma,=F,

'x =rcoskt; y=rsinkt.

v, = X =—krsinkt; v, =y = krcoskt.

a,=10, =—k’rcoskt ay = ¥, = —k*rsinkt.
F; = —mk®coskt; F, = —mk*sinkt.

F = JF? + F? = mk?*r~Jcos kt +sin? kt = mk>r.



= —sinkt =-%.
T

X

cosq =

v
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x
=—coski=—— cosp=
I

F.. =—-ma.

ma=F+F+..+F,
0=F +F +..+F,—ma.

FE+E+..+E +F, =0.






k _ Kk _ Kk _
Y mom (F’)=0; Y mom, (F’)=0; > mom,(F’}=0.
i=1 i=1 i=1



Zmax Zm.y, Zm,z

= . = _i=1
Xe=———1i ¥c= Zop ="
I I I
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mxe = Zmlei myc = ZlerF mzp = mezx-
i=1 i=1 i=l

. . . R
miC =Z'niii; mj;c =2Hlfy|'; mfc =ZH!,Z,

=1 =l =1



’ k i3 i3 i3 i3 k
mic=2FE+YFlimjc=)FE+) F); mic=YFE+F].

=1 i=1 i=1 i=1 i=1 =1

’ k k k
mic = Y FE; mje =Y FE; mic=) FE.

i=1 i=1 i=1



' 2 2
mi. =y FE: my. =Y FE,
=1

i=1

mic =0; myc =—-myg—mg+N.

X gan + Mo X2 gan .

Fem = m+m
i
Y Xy o + MaX5 k0n
Xexom = m + m, .

Xipaw =00 Xpuee = —ABsin30° =—8-%=—4 M

Xipor =P =1 Xy =-1L

Xy g + My Xy gpg = MY X gon + MoXpgnq)

mb + my(—4) = my{b — )+ my(—1); myb — oy, - 4 = myb — myl — myl;
'—2000- 4 = -20000{ — 2000% 1= (4-2000}/(20 000 + 2000} = 0,36 M.









‘A= mgH =1200-9,8.2800 =32828000 H-m = 32,82 MH - M.

A= EAS;cos o,

A=Y3A.



’ n

A, = lim Y EAS;cosaq,.
noee =1
AS—0

Az = IFcosa ds.
MMo

|
5

BA =

A2 = [(Fdx + F,dy + F.dz),
MM,

' b
Az = [(Fx+Fy+Ez)dt.
4



FE,FE, ... EE,

8AF = FEdS, = FErdo = MEdo.

54 =Y54F =¥ MEdg = dg3 ME,
ZME =M}



3A =Y 3AF = MPdg,

’ o
YA = | MEd.
™

A= Mdecp = ME(g, — 9,).
L]

‘N = Frcoso.



N =Mgo= Mg,

A= | (Fdx+F,dy+Fdz) mu A= j’(F,,x +F,y + F.2)dt.
MyM 3}

NolmAA_dA

at—0 At dt
dA —dF — _ — . — . _
N=E=F'E=F v=5KXx+ yy"l' 'w



J= Irzdm =Y r*m,.

IJYOZ =2m,-x,-2 ¢ Jrop =Zm.-7-? ¢ Jaox =szYf2 ;

Jy =Y miy? + 23 J, =Y m(z} + xtk J, = > m(x?+y2);

Jo =Y my(x? +y}+23),

Jo = Zmr(-’f% +yi+z})= Jroy+ Jyort Jroxi
Jo+Jd, + 1, =2 miix} + y + 23) =24,



szl = m;hf H szc = mfrf.
R=xteyh s B=(y-df +x} = 1f =2y d+ .

-le = Zmiriz - 22 m;yd+ medzr

le = ch —2d2m,-y‘,- +d22m,-.

-le = JzC + mdﬂ'



’ 2R
Jc = | phdSR* = phR?2nR = mR®.
1}

§ = ﬁ(t& - tl)'

S=Fit,-t,).

ty
S = lim 3 AS, = lim 3 FAt, uau § = [Fadt.

Aty 0 Aty 0 :
1



to I I
S; = [Fdt; S, = [F,dt; S, = [Fdt.

f f L)

S=,/S§+S§ + 52,

cos(5, T)=5,/S: cos(5. )=S5,/S; cos(S, K)=S5,/S.




Imig - mﬁl = ng

E = Zmﬂ_);.



K=Y m7 =Y (md5 jdt) = d(meﬁ)/dt.

K = my,,

K, = Y muy, = muey; K, =Y muy, = mog,; K, = Y mu, = e,

dK, fdt = mdve, fdt = mic;
dK, [dt = mdvey, [dt = myc;
dK, jdt = mdvc, [dt = m3c.

.miic =2Fifi mye =ZF§-' mZe =2Fif-

dK, Jdt =Y FE; dK, jdt = FE: dK, [dt =3 FE.

-RE =2EEI



n.|°-'
~| =
il
o)
_'-'H

RE =0, dK/dt =0, K = const.






R, = mjoee K, = (4Gfg)o(ly2) = 2(G/g)ol

Il?z =m,7 K, = (G/g)vz = (G/g)oal.

_ Y mr, _G (1/2) + Gyt _ 4G(1f2) + GI 06l

F,

©  Ym G, +G, 41G+G
K=mi; K= Gi*Gs 4 061= 3(G/g)el.
g
_O = F x F



d d —, dr d
—(FXmP)=—Xmb +T X—m? =
di dt dt

Xmr+Txma=0+TxF=M,.

'~‘-'I

droldt = Zﬁ;o,

dL fdt = ¥ My dL, fdt =3 M,; dL, fdt =T M,






Id_ — —
Lo =ME + M,
dt (8] 0 0

d— _ —
ZEL;O =Y ME +3 M,

d— _ d o — _
ZEL,O =Y Mf uan aZ.IL,@ =y ME,.
YL,

d - — —
EIO=ZM:5=MOE-

dL, /dt = ME; dL, jdt = ME; dL, fdt = ME,

ME, ME, ME



_dvdS _dv

ds dt

v,
ds

_dv

dt



‘mvdv/dS = F, mam mydy = FdS,
HAM d(mv2/2) = FdScos(F. T).

d(me*f2) = 3A.
F.=YF
5A=Y 34,
.d(va/Z) =Y 84,

. N B
mTvdv = Z rEdScos(E. f).
% M,

mv§/2 - muff2 =Y 8A,.



k K k
mXc =Y FE; my. =3 F5; mé. =) FE.

i=l =1 i=1

EeFeor ke
FE, FE, FE

ILz = mevm = Zm;mv;r; =Zm;mrf =

=Yy mir? = wJ,.



dL, fdt = 3 ME mau d(J0)fdt = ME,

J.dofdt =Y ME uau Je =Y ME.

T§=Y ME.

J.6=ME,






