>
| > with(plots) :
> with(Physics[ Vectors])
[&x, "+, ., ChangeBasis, ChangeCoordinates, Component, Curl, DirectionalDiff, €))
| Divergence, Gradient, Identify, Laplacian,V, Norm, Setup, diff
> Setup(mathematicalnotation = true)
[ mathematicalnotation = true | )

E®APMOI'H
TG€=m-g-L-cos[\|;(r) )sin(0(7))

T =-m-g-L-sin(0(7))sin(y(7))
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METAIITQEH (Precession ¢) ZTPOBOY (EBOYPAX)
TABBAE II. TABPIHAIAHE

Anarroipievog gpovos Yid mhijpn peTanTwo) (precession) ¢

T| precession | ::fso.i!ve[rks[som[ﬁ] (1)) = % +2-Pir=0 ..lﬂl]]

= 63.12003130 s

I;Jrfce:sion :
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I'owvieg Euler .

ATO TO oY
@, =6-cos{o(r)) + y-sin(8(r)) -sin(o(r))

®,=6-sin(o(f)) - y-sin(0(r) ) -cos(p(1))

mn = (1) cos(y(

mt—w( 1)+ ¢lt

)) sin(e

1)) sin(8(z

cas[ﬂ

Amo TNV o)X€on :

‘m o o ]:[m‘_ o, o | &7

@, = (1) sin(yls

(1)) + 8(r) cos(wi(r))

)) — 8(r) sin(w(r))

)

@ =cos(8(r)) ¥+ &

R=

RT =

1 -_}_
(Bivon : e, =

(L
-
-

Ty

b T

.....

f.-
-

(
= (8(r) cos(p(1)) + (1) Sm[e(f]}'fﬂﬂ

cos{ o)) -cos{y(1)) ~cos(6(r) ) -sin( 0(1) ) -sin( (1))

cos[v(l‘) Sm[‘l'
~cos(0(¢) ) -cos(w(z) ) -sin(@(2)) —cos{ @(r) ) -sin( (1)) cos(8(r))-cos(o(r
sin(0(7) ) -sin(o(7))

~cos{ (7)) -sin(8(7))
cos{ @(r)) -cos(w(r)) -cos(8(r) ) -sin(o(r)) sin(w(r)) -cos(8(r))-cos(w(r))-sin(o(r))-cos(o(r)) sin(w(r)) sin(6(r)) sin(o(r))
cos((r)) -sin(@(r) ) + cos(0(r) ) -cos(@(r) ) -sin(w(r)) cos(8(r)) cos((r) ) -cos((r) ) ~sin(@(r) ) -sin(w(r))

sin(0(1)) -sin( (7))

[Mpoxvmret amd To oyfua (T avizg Euler) xotd os1pd neprotpoons -
sin(8(r)) sin( () 1 — cos(¢p(#)) sin(8(2)) 7 + cos(8(r)) & )
@ = o) k+ 8(r)-(cost (1)
= plr) &+ 8(1)(cos(p(1)
I

)i + sin(p r]l;}+wrleg
)7 -+ sin( (r]] (1) [5111[8(}‘]] i
)

=

FABBAY II. TABPTHAIAHT
Nixng 9 BEPOIA

1))+ cos(8(r) ) -cos{ @ (1)) -sin( (1)) sin(0(r)) sin(w(r))
))-cos(w(¢))-sin(@(r)) -sin(w(r)) cos(w(s))-sin(8(z)) |:
cos(8(1))

-cos(@(r) ) -sin(8(r) ) "—

cos( (7)) -sin(8(1)) cos(8(r))

o>

ﬁ
=
e

T (1) cos(8(1)) &=

cos[e ]+ iplr ]} :t



| >

> R = [[ cos(¢()) -cos(w(¢) ) -cos(®

B o _=diff (8(1), 1) -cos(p(t)) +diff (y(1), 1) -sin(0(z) ) -si

(0
> ® =diff (6(1), 1) sin(@(1)) —diff (y(1), 1) -sin(0(r)) -
(6

Elsmpouu.s &ve oTEpE oo ue pe kévipo paloc G wo kiprove Adpaveraxovg dloves G(EnI) , o1 omoiot siver wcmum{mpa\:m oTo oGpa uE apyf 1o G
* » »
Eom T yovioki TeuTnTe Tov edpetes .(H e kot Tov evoapotopévay aidvey ). @=m ¢ + @ -& + o ej

3 n 9
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—\
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—
Tote - Ehc = "I:G
Eivoa ;;=$XE;=(LJ§E]+LJ z,+m;-E;)><el— @ 93+03t-%
E.)_;XE. ug+m e+mg X = 2o e
2 (== 3 ) 2T
S
e =mx e = .

— — —
X [uge +(.J e + o ejxeBZ—mé-el+mnel

[cm el+l -m e+ll;m ej‘ I§m€51+l @ e+I';m 33+I§m ej+l m“s+I';m sj. .
,Igm ei+.lr -@ e,+I§m e_?+1§m€(mxell+l‘]ml-(mxe,)+lgmg(mx_f3): R R
—Ime+Ime+Ime+Im mre+mre +Im'mem'e +I o @ e, +m e |=
[ 2 C"'éé( 3 E) 11[53';") E';[ 2 ")

g n
=[L- uée Ir] mn ute +Itutu e]+[1 une—r—féuéute Itu } [ ) E)Iéu LJLE;+IW-:J“ (.JE,E):I=
:[I Ué I-m uﬁ—#—ltutu}e + I m +I- mémt I’;mgmé]e [IE c175‘:‘Jét‘31,]+1“ mr] Ej e =
Wy S, — (LK) oy a8+ (16 + (L) o] o+ Lo - (LT ) o o
Tevikevpévec stiodoaigEuler: 1 -0 — (I -I j-(t) ‘W =T
£ & n ¢ nmn t GE
I -0 —(I —Ij-(n ‘W =T
nn & & & L On
I -® —(I—I j-m ‘W =T
t ¢ g€ n) mn & G

3
T _=m-g-L- |\kx 933|=Jn-g-L- |: {siu[ﬂl[i‘}].';i11[1l|1(1‘}];:1 +c05(1|n[r}]siu(ﬂl[r}]32 +r:05{9(r}]3 } x?|

=m-g-L-( ~-sin(0(¢) ) sin(y(1) ) -E; + cos(y(t) ) sin(0(z)) El)}

TG§=m-g-L-cos(w(1‘} )sin(0(7))

T =-m-g-L- sin(0(7))sin(y(?))
Gn

)
® = e( ) cos(o(1)) +w( ) sin(6(1)) sin( (1)) 3)
)
)

©,=6(1) sin(o (1)) — (1) sin cos(¢ (1)) @

B o =diff (y(1),1)-cos(0(2)) +diff (¢(1), ¢

®_=(t) cos(B(1)) + (1)

t) ) -sin( o
)), sin(O(¢
) -cos( () ) -si
sin(y(?) ), cos(y(7) ) -si

(
t) ) -cos( () ) -sin( (1
)) -cos(w(¢)) -sin(o(7)
) -sin( (7)) - )

) + cos(0(
[ -cos(O(¢
-cos(y(7)



[sin(0(¢)) -sin(o(¢) ), -cos((¢))-sin(0(¢) ), cos(0(¢)) ]]:
RT = [[cos( (1)) -cos(y(z))-cos(0(z) ) -sin(o(¢)) -sin(w(¢) ), -
(1)) -sin(¢(2) ) -cos(o(¢)) -sin(y(¢)), sin(6(¢) ) -sin(o(¢)) ],
[cos(w(?) ) -sin(@(#)) + cos(0(7) ) -cos(o(¢) ) -sin(w(z) ), cos
-cos(y(¢) ) -sin( (7)) -sin(y(¢) ), -cos(o(¢)) -sin(0(¢)) ],
[sin(0(z) ) -sin(y() ), cos(w(¢))-sin(0(z) ), cos(0(¢)) ]]:
simplify(R « RT)
1 00
010
0 01
e [1] i
e [2] |=R.| J
e [3] k

€3

+ (cos(y(t)) sin(@(t)) +cos(0(¢)) cos(e@(t)) sin(y(t))) j
+sin(6(1)) sin(w(1)) k],

[ (-cos(6()) cos(w(1)) sin(q (1)) —cos(¢(r)) sin(y(#))) i

+ (cos(8(2)) cos(@(2)) cos(w(z)) —sin(¢(7)) sin(y(1))) j

+ cos( (1) s1n(9(t));c]
[sin(0(¢)) sin(@()) i —cos(()) sin((¢)) j +cos(8(2)) k]
i e [1]

j |=RT.| e [2]

_k e [3]

=[[ (cos(@(£)) cos(w(1)) —cos((2)) sin(o(#)) sin(y(1))) €, + (

-

—cos(e(t)) cos(lu(t)) sin(@(z)) —cos(@(?)) sin(w(t))) e,

es),

)

)

®



¢ AmO TNV OXéon : 3

ATIO TO oYnua : ‘ ©p © O ‘:‘ o 0 o I-RT

ID_T='I§I-1:05{¢||H] + y-sin(0(7) ) -sin{@(r)) o= ¢(¢) sin(w(#)) sin(8(r)) + ﬁ[r) cos(w(#))

®,=0-sin(@(7))-y-sin(8(r) ) -cos(@(1)) 5 _
0= cox(8(0)) ¥ + & @ = (1) cos(wir)) sin(8(r)) — 6() sin( (1))
: @, = V(1) + (1) cos(8(7)
\. J
> simplify( | rhs((3) rhs((4)) rhs((5)) |.RT)
[sin(0(z)) sin(w(z)) ¢(¢) +cos(w(z)) O(¢),sin(0(z)) cos(w(z)) ¢(t) —sin(w(z)) )
O(1), w(t) +cos(8(1)) ¢(1)
> 0,=O)1] |
(Dgzsin(e(t)) sin(y(z)) ¢(t) +cos(y(z)) 0(z) (10)
> o =021
(Dnzsin(e(t)) cos(w(#)) @(t) —sin(wy(z)) 0(¢) an
> ©,=O)3]
m€=q}(t) +cos(0(2)) ¢ (1) 12)

Ot I'evikevpéveg ESlonoeig Euler ekppalopeves cuvaptioel TV
I'oviov Euler yivovtat :

AAldaCovope v ypuppetossipd i to I oto Elipvika 1.1

ME EZQTEPIKEY POIIEX

| >
> 1[g]-diff (o[&](1), ) = (Iln] =1[E]) -o[n](1)-o[{]() =1,

Ii(o&(t — (I _IC) (on( ) (og(t) =Tge (13)
> 1[n]diff (o[n](0). 1) — (1] ~1[&])-0[&] (0 -0[]0) =1,

In oan(t) — (IC _Ig) mg(t) mc(t) =Ton 14)
> 1[]dif (0[]0, 1) = (1] = 1[n])-0[n]n 0[] =1,

IC (’)g( ) — (I«Z_In) con(t) m&(t) =Tgr a5)

> simplify(subs( [diff (0[E](1), ¢) =diff (rhs((10)), 1), O[E](1) =rhs((10)), @[n (1) =rs(
(1)), o[E](7) =rhs((12) )],(3)))

16)



¢ () sin(0(z)) sin( I§+G cos(w(z)) Ié—cos(e(t)) sin(0(z)) cos(y (1)) (In 16)
1) <‘p(z)2+(cos( )) sin(y(t) (1§+1 —1) 8(1) +sin(6(1))
V(1) cos( (1)) ( —I +1 )) ¢t 1) 0(1) sin(y(?)) (Ii_ln +IC) =Tge

> simplify(subs [diff (0[n](1), £) =diff (rhs((A1), 1), ©[E](1) = rhs((10)), @[n (1) = rhs(
(1), o[L](2) =rhs (12)] (14)))
¢ (1) sin(0(2)) cos(y(z )) 0(t) sin(y(?)) 1 —I—cos(e(t)) sin(0(z)) sin(y(z)) (IE a7

—IC)(f)(t)2+<cos(9(t))cos( (1) (I§+I—IQ)6()+sin(6(t))

v sin(w(0) (=1 =1)) 6(0) +y(1) 6(r) cos(w(n) (L =1 —1L) =75,

(> simplify(subs([diff (o[](0), £) =diff (rhs((12)), 1), 0[E] (1) =rhs ((10)), @[] (1) =rhs(
(11) [f;] =rhs((12)) ], (15)) )

$ (1) cos(0 Ig—i-\u Ig—i-cos \p(t))sin(\p(t))(cos(e(t))—l)(cos(ﬁ(t))—f—l)(lg 18)
—1 't2—2[ —1 ( t)2—£+1—“+i] (6(2)) 8(1) ¢(1
n)<P() (I§ n)COS\U() > > 5 | sin (1)) 0(¢) ¢(2)

+6(1)” cos(w(1)) sin(y(r)) (L—1) ="

I'a I’;= I =1 o csiicoosg yivovior :
- -

> eqi = subs([11€] -1 1[n] -1} (1)
eqIR = §(t) sin(0(¢)) sin(y(z)) I+0(¢) cos(y(z)) I 19)

—cos(0(¢)) sin(0(¢)) cos(y(t)) (I_IC) ()2 + (cos(e(t)) sin(y(t)) (ZI—IZ;)
6(1) +sin(6(1)) (1) cos(w(n)) L) § (1) —sin(w(1)) (1) V(1) =1,

> eq2R = subs([1[€] =1 1[n]=1], 17))
eq2R := §(t) sin(0(¢)) cos(y(t)) I—0(¢) sin(y(z)) I (20)

+cos(0(¢)) sin(0(z)) sin(y(z)) (I—I) o(1) + (cos(@(t)) cos(y(z)) (21—14)
0(1) —sin(0(1)) y(¢) sin(y( (0) L) ¢(1) —cos(w()) () V(1) =7,

e
> eq3R = simplify(subs([1[£]= Ll[n]= l.as)))

eq3R = IC({y(t 1) sin(6(1)) ¢(1) +cos(8(1)) (1)) =14, 1)
>
> eqlF = subs([1[]=11[n]=1]. (13))
] eqlF = To, (1) = (I=1) o (1) o (1) =15 22
> eq2F = subs([1[] =1 1[n]=1]. (149))
] eq2F =1To (1) = (L. =T) o) o1 =14, 23
> eq3F = simplify(subs([1€] =1 1] =1}, (19)) )

eq3F =1 o (1) =1 (24)

(G G¢




> m:= 1.521004933
m = 1.521004933
> g:=9.81
g :=9.81
> L:=1.253962274
L = 1.253962274

> m-g-L

i 18.71044431

> M:==m

i M = 1.521004933
| >

> Iz :=0.2993796771

Iz :=0.2993796771

> Ix := 2.554540615
Ix == 2.554540615

> lIy=1Ix
Iy == 2.554540615

>
> EQIR = subs([1=(31), I[£] = (30), 1. = (28)-cos(w (1)) sin(6(7) ) | (19)“)
EQIR := 2.554540615 sin(0(z) ) sin(y(t)) ¢ () +2.554540615 cos(wy(t)) 0(¢)
—2.255160938 cos(0() ) sin(0(¢)) cos(y(t)) ¢(£)*
+ (4.809701553 cos(8(¢) ) sin(wy()) 8(¢) +0.2993796771 sin(0(¢) )
v(t) cos(w(1))) ¢(r) —0.2993796771 y(¢) sin(w(z)) 6(1)
| =18.71044431 cos(y(z)) sin(6(z))
B EQ2R := subs( [1=(31), 1[C]=(30), Ton =-(28)-sin(y(¢)) -sin(0(7) ) ] (20))
EQ2R = 2.554540615 sin(0(¢) ) cos(y (7)) & (1) — 2.554540615 sin(y(z)) 0(z)
+2.255160938 cos(0(¢) ) sin(0(¢)) sin(y(1)) ¢ ()
+ (4.809701553 cos(0(¢)) cos(y(?)) (1) — 0.2993796771 sin(0(7))
v(t) sin(w(2))) ¢(1) —0.2993796771 () cos(w(t)) O(¢) =
| -18.71044431 sin(0(2) ) sin(y (7))
> EQ3R = subs([1= @1, I[L] = (30), 1,,=0], D))
EQ3R = 0.2993796771 W (#) — 0.2993796771 (¢) sin(0(¢)) ¢ (1)
+0.2993796771 cos(0(1) ) (1) =0

>

| >
Apykgg Zovonkeg : .
> iesR == 9(0) = -, D(¢) (0) =0,0(0) =, D(8) (0) =0, y(0) =0, D(y) (0) =2-Pi
-100

icsR == ¢(0) =§,D<<p)(0> =0,6(0) =§,D(e) (0) =0, y(0) =0,D(y) (0) =200

(25)
(26)
@7
(28)

(29)

(30)
31

(32)

(33)

(34)

(35)

(36)



Al pnrua) Exdooon mov Awogopuasy EDiodoeeay (33),(34),(35).
maxfun=5000000 , no t=0..10 11!

Me maxfun=0 £¢yovpe anoteieopoaTikoTnTe .!!!

[> sysR = EQIR, EQ2R, EQ3R :
> solR := dsolve({sysR, icsR}, numeric, output = listprocedure, maxfun =0)
SOIR = [t=proc(t) ... end proc, y(¢) =proc(?) ... end proc, \ff(t) =proc(?) 37

end proc, 0(¢) =proc(z) ... end proc, é(t) =proc(?) ... end proc, ¢ (¢) =proc(?)

end proc, ¢ (¢) =proc(?) ... end proc]

>
> s0lR(100)

[£(100) =100., y() (100) =62824.8221174724, (y(¢)) (100) =628.232064540726, 38)

0(¢)(100) =0.786575857921940, (6(¢)) (100) = —0.0687207325484587, ¢ (¢) (100)
=10.4811868741577, (¢ (¢)) (100) =0.122425626065090 |

>

4 3

Amartovpevog ypovos Y1d AN p| RETATTOGT (precession) ¢!
T| precession | ==fs.:r£1-'e[rhs|[sa£ﬁ'[ 6](t)) = % +2-Pi,t=0 ..IUU)
T .= 63.12003130 s

. Precession )

> T| precession] ==fsolve(rhs(solR[6](t)) = % +2-Pi, =0 ..100)
= 63.12003130 (39)

precession

S2YNTETAI'MENEX XHMEIQN XTO

AAPANEIAKO XYXTHMA
YNTETAI'MENQN .

INPOXOXH XTO MHTPQO




> RT = [ cos(¢(t))-cos(y(#))-cos(0(z))-sin(o(z))-sin(y(z)), -cos(0(¢) ) -cos(y
(1)) -sin(@(¢)) -cos( () ) -sin(y(z) ), sin(0(¢) ) -sin( (7)) |
[cos(w(¢)) -sin(¢(2) )+ cos(0(¢) ) -cos( () ) -sin(y(z) ), cos(0(¢) ) -cos(p(¢) )
-cos(y(#) ) -sin(@(#) ) -sin(y(?) ), -cos(o(z))-sin(0(z)) |,

a [sin(0(¢) ) -sin(y(7) ), cos(w(¢))-sin(0(¢)), cos(0(¢)) ]]:

| >

[> @ = seq(rhs(s0lR[6](1)), 1=0..63)

>

;> O := seq(rhs(solR[4](t)),t=0..63) :

>

To II siver ) yovia ¥ :
> Il := seq(rhs(solR[2](t)),t=0..63) :
>

> RR = seq( simplify(subs({ (1) = ®[i], 0(¢) = O[i], y(¢) =[i]},
RT)),i=1.64)

> RR[1]
0.8660254038 —0.3535533906 0.3535533906
0.5000000000 0.6123724357 —0.6123724357 40)
0. 0.7071067812 0.7071067812
> RR[64]
—0.5767358832 —0.7393819295 0.3474047831
0.4541538831 —0.6436734344 —0.6159778894 41)
0.6790581503  —0.1974813208 0.7070227411
>
ITAPABOAOEIAEX
>
u cos(v)

> | usin(v)
P +2
u cos(v)
u sin(v) 42)
)
(> RR[11.(42)

43)




0.8660254038 u cos(v) — 0.3535533906 u sin(v) — 0.3535533906 u” + 0.7071067812
0.5000000000 u cos(v) + 0.6123724357 u sin(v) + 0.6123724357 u” — 1.224744871
1.414213562 +0.7071067812 u sin(v) — 0.7071067812 u°
> PARAB = [@3)[1][1], 43)[2][1], @3)[3][1]]
PARAB = [0.8660254038 u cos(v) — 0.3535533906 u sin(v) — 0.3535533906 u”

+0.7071067812, 0.5000000000 u cos(v) + 0.6123724357 u sin(v) + 0.6123724357 u’
— 1.224744871, 1.414213562 + 0.7071067812 u sin(v) — 0.7071067812 uz]

>
> PRR :
> PRR[1]

0.8660254038 u cos(v) — 0.3535533906 u sin(v) — 0.3535533906 u* +0.7071067812

seq(RR[m].42), m=1..64):

0.5000000000 u cos(v) + 0.6123724357 u sin(v) + 0.6123724357 u* — 1.224744871
1.414213562 + 0.7071067812 u sin(v) — 0.7071067812 W’
> [PRRIII[LTI[T], PRRITI[ZI[T], PRRITI3I[T]]
[0.8660254038 1 cos(v) — 0.3535533906 u sin(v) — 0.3535533906 u* + 0.7071067812,
0.5000000000 u cos(v) + 0.6123724357 u sin(v) + 0.6123724357 ut — 1.224744871,
1.414213562 +0.7071067812 u sin(v) — 0.7071067812 uz]

| >

> PARABOLOEIDES = display(seq(plot3d([PRR[n][1][1], PRR[n][2][1],
PRR[n][3]1[1]],u=0..0.7922869910, v=0..2 Pi, style=surface, color = gold,
transparency =0.00), n =1..64), insequence =true) :

KQNOX

u cos(v)

> u sin(v)

u cos(v)

u sin(v)
u'3
(> RR[11.(47)
0.8660254038 1 cos(v) — 0.3535533906 u sin(v) + 03535533906 u /3
0.5000000000 1 cos(v) + 0.6123724357 u sin(v) — 0.6123724357 u /3
0.7071067812 u sin(v) +0.7071067812 u /3

> KRR = seq(RR[m].a47, m=1..64) .
> [KRR[1)[1](1], KRR[11[2](1], KRR[11[3][1]]

43)

44)

45)

(46)

“7)

(48)



[0.8660254038 u cos(v) — 0.3535533906 u sin(v) + 0.3535533906 u /3 , 49)
0.5000000000 u cos(v) + 0.6123724357 u sin(v) — 0.6123724357 u /3,
0.7071067812 u sin(v) + 0.7071067812 u /3 |

B

> KONOS = display(seq(plot3d([KRR[n][1][1], KRR[n][2][1], KRR[n][3][1]], u=0
..0.7922869910, v=0..2 Pi, style = surface, color = gold, transparency =0.00), n =1

L ..64), insequence = true) :

| >

> KNS := [48)[1][1], 48)[2][1], 48)[3][1]]
KNS = [0.8660254038 u cos(v) — 0.3535533906 u sin(v) + 0.3535533906 u /3, (50)

0.5000000000 u cos(v) + 0.6123724357 u sin(v) — 0.6123724357 u+/ 3,
0.7071067812 u sin(v) + 0.7071067812 u /3 |

s s Z T

0.7922869910 (51)
0.7922869910 cos(v)
> 0.7922869910 sin(v)
1.372281324
0.7922869910 cos(v)
0.7922869910 sin(v) (52)

1.372281324
;> KTRR = seq(RR[m].52), m=1..64) :

> KTRR[64]
-0.4569403375 cos(v) — 0.5858026841 sin(v) + 0.4767370957
0.3598202135 cos(v) — 0.5099740885 sin(v) — 0.8452949536 (53)
0.5380089386 cos(v) —0.1564618814 sin(v) + 0.9702341033
>
> KYKLOSTOMHS == display(seq(spacecurve( KTRR[n][1 ][1] RR[n][2][1],
KTRR[n][3][1]],v=0..2-Pi, color =green, thickness =3 ), n ..64), insequence
| =true) :
>
0
> 0

1.372281324




0

0 (54)
1.372281324
> KKTRR = seq(RR[m].;54), m=1..64) :

>

> KENTROKYKLOYTOMHS := display(seq(pointplot3d([ KKTRR[n][1], KKTRR[n][2],
KKTRR[n][31], symbol=solidcircle, symbolsize= 10, color =green), n=1..64),
insequence = true) :

YHMEIO KYKAOY TOMHX

0.3961434955 2

> evalf| | 039614349552
1.372281324
0.5602315038
0.5602315038 (55)
1.372281324
| > SKTRR = seq(RR[m].55), m=1..64) :
> SHMEIOKYKLOYTOMHS = display(seq(pointplot3d([SKTRR[n][1], SKTRR[n][2],

SKTRR[n][3]], symbol = solidcircle, symbolsize = 10, color = green), n=1..64),
insequence = true) :

AKTINA KYKAOY TOMHX

0.3961434955 /2

> evalf| | 039614349552
1372281324
0.5602315038 ¢
0.5602315038 ¢ (56)
1372281324

> AKTRR = seq(RR[m].(56), m=1..64) -
> AKTRR[1][1][1]
0.2871029666 ¢ + 0.4851747150 57

_> AKTINAKYKLOY = display(seq(spacecurve([AKTRR[n][1][1], AKTRR[n][2][1],
AKTRR[n][3][11]],t=0..1, thickness =3, color =green), n =1..64), insequence = true)

>

KYPIOX AZONAX



0
0 (38)
z

> KAZRR = seq(RR[m].(s8), m=1..64) -

> KAZ = display(seq(spacecurve( [ KAZRR[n][1][1], KAZRR[n][2][1], KAZRR[n][3][1]],

L z=0.2.0, linestyle= 13, thickness =2, color =blue), n =1..64), insequence = true) :
>

. KOPY®H NAPABOAOEIAOYZ
g (59)

> KPAR == seq(RR[m).(9, m=1..64) :
> KPAR[64][1][1]
0.694809566200000 (60)

(> KPAR[64]
0.694809566200000
—1.23195577880000 (61)

1.41404548220000

(> KORYFHPARABOL = display(seq(pointplot3d( [ KPAR[n][1][1], KPAR[n][2][1],
KPAR[n][3][1]], symbol=solidcircle, symbolsize= 10, color =red), n=1..64),
insequence = true) :

KENTPO MAZAX

1.253962274
0
0 (62)
1.253962274

> KMAZ = seq(RR[m].62, m=1..64)

> KMAZ[64][1][1]

V& dia AN



0.435632491814553 (63)

=> KENTROMAZAS = display(seq(pointplot3d([KMAZ[n][1][1], KMAZ[n][2][1],
KMAZ[n][3][1]], symbol=solidcircle, symbolsize =10, color = yellow),n=1..64),
insequence = true) :

KYPIOX AZONAX ¢

X
> 0
1.253962274
X
0 (64)
1.253962274

> KAXRR = seq(RR[m].64), m=1..64):

> KAXRR[64]1[1][1]
-0.5767358832 x + 0.4356324918 (65)
> KAX = display(seq(spacecurve([KAXRR[n][1][1], KAXRR[n][2][1],
KAXRR[n][3][1]],x=-1.0..1.0, linestyle =3, thickness =2, color =blue), n=1..64),
insequence = true) :

: KYPIOZ AZONAZX 1
j)/ (66)

1.253962274
> KAYRR — seq(RR[m].66), m=1..64):

> KAYRR[64][1][1]
0.4356324918 —0.7393819295 y 67)

> KAY = display(seq(spacecurve([KAYRR[n][1][1], KAYRR[n][2][1], KAYRR[n][3][1]],
y=-1.0..1.0, linestyle =3, thickness =2, color =blue), n =1..64), insequence = true) :

BEAOX KYPIOY AEONA { .11




subs|z=2.2,1 0

z

0
0 (68)
2.2
ZARROW : (RR[m].68), m=1..64) :
ZARROW[641[1][1]
0.764290522820000 (69)
BELOSZ = display(seq(arrow([ZARROW [n][1][1], ZARROW [n][2][1],

ZARROW [n][31[1]], width=0.02, head length =0.05, shape = cylindrical arrow), n
=1..64), insequence = true) :

BEAOX MAZAXY !
]
)

KENTROMAZAS = display(seq(pointplot3d([KMAZ[n][1][1], KMAZ[n
KMAZ[n][3][1]], symbol=solidcircle, symbolsize =10, color = yellow
insequence = true) :

BELOSM = display(seq(arrow([KMAZ[n][1]1[1], KMAZ[n][2][1], KMAZ[n]1[3][1]],
[0, 0,-0.5], color =yellow, width=0.02, head_length =0.05, shape = cylindrical_arrow)
,n=1..64), insequence =true) :

1011,

!
2
n=1.64),

[

PAR = plot3d(PARAB, u=0..0.7922869910, v=0..2-Pi, style = surface, color =red) :
KN = plot3d(KNS, u=0..0.7922869910, v=0..2-Pi, style = surface, color = blue) :
0O = pointplot3d([0, 0, 0], symbol = solidcircle, symbolsize=10) :
axX = spacecurve([x,0,0], x=-1.2..1.2, linestyle =4, thickness=1) :
axY = spacecurve([0,y,0], y=-1.2..1.2, linestyle=4, thickness=1) :
axZ = spacecurve( [0, 0, z], z=-0.2..2.2, linestyle=4, thickness=1) :
ARaxX = arrow([1.2,0,0], [0.2,0, 0], width=0.02, length=0.2, shape
= cylindrical _arrow) :
ARaxY = arrow([0, 1.2,0], [0, 0.2, 0], width=0.02, length=0.2, shape
= cylindrical_arrow) :
ARaxZ == arrow([0, 0, 2.2], [0, 0, 0.2 ], width=0.02, length= 0.2, shape
= cylindrical_arrow) :
tX = textplot3d([1.5, 0.0, 0, "x"], font = [arial, bold, 14]) :
tY = textplot3d([0, 1.5, 0, "y"], font = [arial, bold, 14]) :
tZ = textplot3d([0, 0, 2.5, "z"], font = [ arial, bold, 141]) :

display(PAR, KN, OO, axX, axY, axZ, ARaxX, ARaxY, ARaxZ, tX, tY, tZ, axes = none) :
display(PARABOLOEIDES, KONOS, KYKLOSTOMHS, KENTROKYKLOYTOMHS,
SHMEIOKYKLOYTOMHS, AKTINAKYKLOY, KAZ, KORYFHPARABOL,
KENTROMAZAS, KAX, KAY, BELOSZ, BELOSM, OO, axX, axY, axZ, ARaxX, ARax?,
ARaxZ, tX, tY, tZ, scaling = constrained, axes = none, title
="METAIITQZXH (Precession ¢) XTPOBOY (XBOYPAX)\nXABBAZ I'1. TABPIHAIAHX",
titlefont = [ arial, bold, 14 ], orientation =[55,75,0]) :



METAIITQZH (Precession 9) EZTPOBOY (EBOYPAY)
TABBAX II. TABPIHAIAHE




METAIITQEH (Precession ¢) ZTPOBOY (ZBOYPAY)
TABBAZX II. TABPIHAIAHE




APXIKEY EYNOHKEY YTPOBOY

METATITQXH (Precession ¢) ETPOBOY (EBOYPAY)
TABBAZX IL. TABPIHAIAHE

Efvtpo palog

Tpogupn kopfov

> 5] = odeplot( SolR, [t, (1) ], 0..63, color = blue, labels = [t, 0(1) ], title
="KAONHZH (NUTATION 6) XTPOBOY \nZABBAZX I1. TABPIHAIAHX", titlefont
_ = [arial, bold, 14]) :
> display(sl, gridlines)




KAONHXZH (NUTATION 0) XTPOBOY

0.7872
0.7870

0.7868

0.7866

hnv

0.7860 -

“u

0.7854 - T T T T T T T T T T T
0 10 20 30 40 50 60
t

M

0.7858 -

0.7856 -

> sla = odeplot( solR, [t, diﬂ(@(t), t) ], 0..63, color = blue, labels = [t, é(t) ], title
='"TQNIAKH TAXYTHTA KAONHZHZ (NUTATION 6) ZTPOBOY \nXABBAX I1.
_ I"TABPIHAIARY", titlefont = [ arial, bold, 14]) :
> display(sla, gridlines)




TONIAKH TAXYTHTA KAONHZHZ
(NUTATION 0) X TPOBOY
TABBAZX I1. TABPIHAIAHZ

0.06 -

0.04 1

d
-+ 00
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i
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-0.06 1

(> 52:= odeplot(solR, [t, ©(t)],0..63, color =red, labels = [t, ¢ (t) ], title
="METAIITQXH (PRECESSION ¢) ZTPOBOY \nXABBAZX I1. TABPIHAIAHY", titlefont
= [arial, bold, 14]) :

> display(s2, gridlines)




METAIITQXH (PRECESSION ¢) XTPOBOY

YABBAX II. TABPIHAIAHX
6-
5_
4
®(1)

34
2
1-

0 10 20 30 40 50 60

t
> s2a = odeplot(solR, [t, diff (¢ 1)1, 0..63, color =red, labels = [t, ¢ (1) ], title

="TQNIAKH TAXYTHTA METAHTQZHZ (PRECESSION ¢) ZTPOBOY \nXABBAZ
I1. TABPIHAIAHY", titlefont = [arial, bold, 141]) :
> display(s2a, gridlines)



TONIAKH TAXYTHTA METANTQZHE
(PRECESSION ¢) X TPOBOY

W" | Wh

t

0.18
0.16
0.14
0.12

fro s "n 'v

0.06
0.04

hv

0.02 1

> 53 = odeplot(solR, [t, dijj‘(\y(t), t) ], 0..63, color =red, labels = [t, \If(t) ], title
='"TQNIAKH TAXYTHTA IAIOITEPIETPO®HE XTPOBOY \nXABBAX IT.
_ T"ABPIHAIARYY", titlefont = [ arial, bold, 14]) :
> display(s3, gridlines)




I'QNIAKH TAXYTHTA IAIOIIEPIETPO®HX

XTPOBOY
YABBAX II. TABPIHAIAHX

628.30 -

628.28 1

628.26

628.24

— ——— —
—
—————

628.22

628.20

628.18

>

YXTHN ITEPINITQXH METAAHX XTPO®OPMHX O XPONOX
HAHPOYX METANTQXHY TEINEI XTO AIIEIPO .

Etowy1d tqv I'n ,0 ypovog mifpovg perantmong givar
=26.000 ypovia. .!
AMLG Ko i KAOVNIOM) €ivon apenTéa .

>
>




