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Наведено комплекс maple-програм побудови гофрованих поверхонь обертання, армованих намоткою нитки по лініям геодезичних кривих цих поверхонь. Пояснення у статті.

1. Програма опису рядом Фур’є і побудови поверхні обертання, у якої кривина меридіана змінюється вздовж осі за заданим законом

 N := 17:       # кількість доданків в ряді Фурье
 L := 3*Pi:     # 1/2 інтервалу інтегрування
 m := 1:        # параметр розташування на меридіані 
 h := 5:        # зміщення меридіана від осі     
 k := s -> cos(s);   # закон зміни кривини меридіана
plot(k(s), s=-6*Pi..6*Pi, color=black, scaling=CONSTRAINED, axesfont=[TIMES,ITALIC,16],thickness=5);
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 theta := t -> int(k(s), s=0..t);
[image: image2.wmf] := 
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 plot(theta(t), t=-L..L, color=blue,thickness=4);
[image: image3.png]



 DE1 := diff(x(t),t) = cos(theta(t));

DE2 := diff(y(t),t) = sin(theta(t));

[image: image4.wmf] := 
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[image: image5.wmf] := 

DE2

 = 

d

d

t

(

)

y

t

(

)

sin

(

)

sin

t


 sys := [DE1, DE2];
[image: image6.wmf] := 
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 sol1 := dsolve(sys);
[image: image7.wmf] := 
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 C1 := 0:   C2 := 0: 
  fx := t -> cos(sin(t));
[image: image8.wmf] := 
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 a0 := evalf(1/L*int(fx(t), t=-L..L)); 
[image: image9.wmf] := 

a0
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 for i from 1 to N do
 a[i] := evalf(1/L*int(fx(t)*cos(i*Pi*t/L), t=-L..L)):
 end do:
 COS := a0/2 + sum(a[n]*cos(n*Pi*t/L), n=1..N);
[image: image10.wmf]COS
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 plot({COS, fx(t)}, t=-L..L, color=[red, blue], thickness=[2,5]);
[image: image14.png]



 plot(100*abs(COS - fx(t))/fx(t), t=-L..L, color=red, thickness=2); unasign('t'):t:
[image: image15.png]106





 fy := t -> sin(sin(t));
[image: image16.wmf] := 
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 a0 := evalf(1/L*int(fy(t), t=-L..L)); unasign('t'):t: 
[image: image17.wmf] := 
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 b[i] := evalf(1/L*int(fy(t)*sin(i*Pi*t/L), t=-L..L));    
[image: image18.wmf] := 

b

18

0.


 for i from 1 to N do
 b[i] := evalf(1/L*int(fy(t)*sin(i*Pi*t/L), t=-L..L)):    

 end do:
 unasign('t'):t:
 SIN := a0/2 + sum(b[n]*sin(n*Pi*t/L), n=1..N);
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unasign('t'):t:
 plot({SIN, fy(t)}, t=-L..L, color=[red, blue], thickness=[2,5]);
[image: image23.png]



 plot(100*abs(SIN - fy(t))/fy(t), t=-L..L, color=red, thickness=2,view=0..0.01);
[image: image24.png]001
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 x(t) := evalf(int(COS, t));
[image: image25.wmf](
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 y(t) := evalf(int(SIN, t));
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nab := plot([x(t), y(t)+0.8, t=-L..L], color=red, thickness=5,scaling=constrained):  nab; unasign('t'):t:
[image: image31.png]



 F := s -> int(cos(theta(t)), t=0..s);

G := s -> int(sin(theta(t)), t=0..s);
[image: image32.wmf] := 

F

 ® 

s

d

ó

õ

ô

0

s

(

)

cos

(

)

q

t

t


[image: image33.wmf] := 

G

 ® 

s

d

ó

õ

ô

0

s

(

)

sin

(

)

q

t

t


 prof1 := plot([F(s), G(s), s=0..2*L], color=black, scaling=CONSTRAINED,axesfont=[TIMES,ITALIC,24],thickness=5): prof1;
[image: image34.png]12




 display(prof1, nab);
[image: image35.png]10




 prof2:= plot([F(s), G(s), s=3*Pi*m-0.3..3*Pi*m+0.3], 

color=black, scaling=CONSTRAINED, axesfont=[TIMES,ITALIC,24],thickness=5): prof2;
[image: image36.png]e —
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 prof3 := plot([F(s), G(s), s=2*Pi*m-0.3..2*Pi*m+0.3], color=black, 

scaling=CONSTRAINED, axesfont=[TIMES,ITALIC,24],thickness=5): prof3;
[image: image37.png]1\ ﬂ/
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 surf1 := plot3d([F(s), sin(w)*(G(s)+h), cos(w)*(G(s)+h)], s=0..25, w=0..7*Pi/4,

grid=[100,50], orientation=[-125, 50], scaling=CONSTRAINED, color=white): surf1;
[image: image38.png]



 surf2 := plot3d([F(s), sin(w)*(G(s)+h), cos(w)*(G(s)+h)], s=3*Pi*m-0.3..3*Pi*m+0.3, w=0..7*Pi/4,

grid=[4,50], orientation=[-125, 50], scaling=CONSTRAINED, axes=boxed, axesfont=[TIMES,ITALIC,24], color=red): surf2;
[image: image39.png]



 surf3 := plot3d([F(s), sin(w)*(G(s)+h+0.05), cos(w)*(G(s)+h+0.05)], s=2*Pi*m-0.3..2*Pi*m+0.3, w=0..7*Pi/4,

grid=[4,50], orientation=[-125, 50], scaling=CONSTRAINED, axes=boxed, axesfont=[TIMES,ITALIC,24],color=green): surf3;
[image: image40.png]



 display(surf1, surf2, surf3, axes=boxed, axesfont=[TIMES,ITALIC,24],axesfont=[TIMES,ITALIC,18]);
[image: image41.png]% ]
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2. Програма побудови геодезичних кривих на поверхні обертання, у якої задано закон зміни кривини вздовж осі .

> N := 9:       # кількість доданків в ряді Фурье
> L := 3*Pi:    # границя 1/2 інтервала інтегрування
m := 1:      # параметр розташування на меридіані 
 h := 5:     # зміщення меридіана від осі     
              #  закон зміни кривини
> k := s -> cos(s) + cos(s/3)/3;
[image: image42.wmf] := 
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k := s -> cos(s):
> plot(k(s), s=-6*Pi..6*Pi, color=black, scaling=CONSTRAINED, axesfont=[TIMES,ITALIC,16],thickness=5);
[image: image43.png]15
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> theta := t -> int(k(s), s=0..t);
[image: image44.wmf] := 
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> plot(theta(t), t=-L..L, color=blue,thickness=4);
[image: image45.png]



> DE1 := diff(x(t),t) = cos(theta(t));

DE2 := diff(y(t),t) = sin(theta(t));
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> sys := [DE1, DE2];
[image: image48.wmf] := 
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> sol1 := dsolve(sys);
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> C1 := 0:   C2 := 0: 
> 

> fx := t -> cos(sin(t)+sin(1/3*t));
[image: image50.wmf] := 
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> a0 := evalf(1/L*int(fx(t), t=-L..L)); 
[image: image51.wmf] := 
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> for i from 1 to N do
> a[i] := evalf(1/L*int(fx(t)*cos(i*Pi*t/L), t=-L..L)):
> end do:
> COS := a0/2 + sum(a[n]*cos(n*Pi*t/L), n=1..N);
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> 

> plot({COS, fx(t)}, t=-L..L, color=[red, blue], thickness=[2,5]);
[image: image54.png]



> plot(100*abs(COS - fx(t))/fx(t), t=-L..L, color=red, thickness=2, view=0..5); unasign('t'):t:
[image: image55.png]o < o =




> fy := t -> sin(sin(t)+sin(1/3*t));
[image: image56.wmf] := 
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plot(fy(t), t=0..2*L, color= blue, thickness=2); unasign('t'):t:
> a0 := evalf(1/L*int(fy(t), t=-L..L)); unasign('t'):t: 
[image: image57.wmf] := 

a0
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> for i from 1 to N do
> b[i] := evalf(1/L*int(fy(t)*sin(i*Pi*t/L), t=-L..L)):    

> end do:
> unasign('t'):t:
> SIN := a0/2 + sum(b[n]*sin(n*Pi*t/L), n=1..N);
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> plot({SIN, fy(t)}, t=-L..L, color=[red, blue], thickness=[2,5]);
[image: image60.png]



> plot(100*abs(SIN - fy(t))/fy(t), t=-L..L, color=red, thickness=2,view=0..0.01);
[image: image61.png]001
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> x(t) := evalf(int(COS, t));
[image: image62.wmf](
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> x(u) := .5683145800*u-.3217584015e-12*sin(.3333333333*u)-.3166379618*sin(.6666666667*u)-.1328409360e-12*sin(u)+.3131053504*sin(1.333333333*u)-.1056961291e-12*sin(1.666666667*u)+.9616609285e-1*sin(2.*u)-.3699157818e-13*sin(2.333333333*u)+.3532542722e-2*sin(2.666666667*u)-.4420644870e-13*sin(3.*u);
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> y(t) := evalf(int(SIN, t));
[image: image66.wmf](
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> y(u) := -2.317023996*cos(.3333333333*u)+.1536343124e-14*cos(.6666666667*u)-.6988776439*cos(u)-.4806675302e-13*cos(1.333333333*u)-.2874242636e-3*cos(1.666666667*u)+.2242371465e-14*cos(2.*u)-.4620138921e-1*cos(2.333333333*u)+.7594249781e-14*cos(2.666666667*u)-.1145233504e-1*cos(3.*u);
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> nab := plot([x(u), y(u)+0.8, u=-2*L..2*L], color=red, thickness=5,scaling=constrained):  nab; unasign('t'):t:
[image: image70.png]



> X := [x(u), (y(u) + h)*cos(v), (y(u) + h)*sin(v)]:
> plot3d(X, u=-20..20, v=0..2*Pi, grid=[80,50], scaling=constrained, 

orientation=[115, 70], axes=frame);
[image: image71.png]



> Xu :=[diff(X[1],u),diff(X[2],u),diff(X[3],u)];
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> Xv := [diff(X[1],v),diff(X[2],v),diff(X[3],v)];
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> dp := proc(X,Y) 

        X[1]*Y[1]+X[2]*Y[2]+X[3]*Y[3] 

        end:
> E := simplify(dp(Xu,Xu)):
> F := simplify(dp(Xu,Xv)):
> G := simplify(dp(Xv,Xv)):
> zna := E*G - F*F:
> Eu:=diff(E,u); Ev:=diff(E,v);

Fu:=diff(F,u); Fv:=diff(F,v);

Gu:=diff(G,u); Gv:=diff(G,v);
> eq1 := diff(u(t),t$2) + subs( {u=u(t),v=v(t)} , (G*Eu-F*(2*Fu-Ev)) / (2*zna) )*diff(u(t),t)^2

+ subs( {u=u(t),v=v(t)} , (G*Ev-F*Gu)             / zna        )*diff(u(t),t)*diff(v(t),t)

+ subs( {u=u(t),v=v(t)} , (G*(2*Fv-Gu)-F*Gv) / (2*zna) )*diff(v(t),t)^2=0:
> eq2:=diff(v(t),t$2)  + subs( {u=u(t),v=v(t)} ,  (E*(2*Fu-Ev)-F*Eu) / (2*zna)  )*diff(u(t),t)^2

+ subs( {u=u(t),v=v(t)} , (E*Gu-F*Ev)             / (zna)      )*diff(u(t),t)*diff(v(t),t)

+ subs( {u=u(t),v=v(t)} , (E*Gv-F*(2*Fv-Gu)) / (2*zna)  )*diff(v(t),t)^2=0:
> sys:=eq1, eq2:
> N := 40:
> for i from 0 to N do

vbeg := i*2*Pi/N:  
> ubeg := 1: dubeg := 2.2: dvbeg := 1:
> desys := dsolve({sys, u(0)=ubeg, v(0)=vbeg, D(u)(0)=dubeg, D(v)(0)=dvbeg}, {u(t),v(t)},   type=numeric, output=listprocedure);
> u1 := subs(desys, u(t)); 

v1 := subs(desys, v(t));
> geo1[i] := spacecurve(subs(u='u1'(t), v='v1'(t), X), t=0..13, color=red, thickness=4,numpoints=200):

geo2[i] := spacecurve(subs(u='u1'(t), v=-'v1'(t), X), t=0..13, color=green, thickness=4,numpoints=200):
> end:
> 

> plotX := plot3d(X,u=0..35,v=0..2*Pi, grid=[50, 40], color=white): #, shading=XY):
> display({seq(geo1[i], i=0..N), seq(geo2[i], i=0..N), plotX},  

scaling=constrained,  orientation=[-65, 60]);
[image: image79.png]



