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u�vxw��*{²�O��{��³{}�l�0vxw���y��²�GwG�Gz��²�t�s�TzM{}´x�x�B�0vxwFµ¶´x�����`·�{i��wGzM�xwG�³|�¸:��vxw��j��¹ºwGzMwG���O�»�}~wG¼½´��g�O��{��x�¡{��¦wi�T��v¦y��Tz«�¿¾

[ts1; tf1] À [ts2; tf2] À [ts3; tf3] À [ts4; tf4] À �-vxwGzMw ts1 À ts2 À
ts3 À ts4 Á �*{}�*wG���0�-{}���0vxwF�����Tz«���qzM{�� �0vxw6Â¥�Tz«��vÃ�T�x���jzM�����0vxzMw5w��²���0wGzM{����x�

tf1 À
tf2 À tf3 À tf4 Á ��vxwF�TzMzM���}�}~Ä��{��*wG���0��Å�Æ

ẋ = vx, ẏ = vy, ż = vz, ṁ = −T/c,

v̇x = −
µx

r3
+

Tx

m
≡ F1, v̇y = −

µy

r3
+

Ty

m
≡ F1, v̇z = −

µz

r3
+

Tz

m
≡ F1,

T ≡

√

T 2
x + T 2

y + T 2
z 6 Tmax = 0.1 N.u�vxw�|#{�´x�x���²z«¸³�G{��x�j���O��{}�x�(Æ

Á �0vxw������Tz<�-�qzM{�� �0vxwFÂ¥�²z«�0vÄÆ
m(ts1) = 1500 kg,

x(ts1) = xE(ts1) = 0, y(ts1) = yE(ts1) = 0, z(ts1) = zE(ts1) = 0,

∆V 2
E − (3.5 km/s)2 ≤ 0

(∆V 2
E = (vx(ts1) − vE

x (ts1))
2 + (vy(ts1) − vE

y (ts1))
2 + (vz(ts1) − vE

z (ts1))
2);

Á �TzMz������T~Ä{��Ç�0vxwF�²���0wGzM{����
i = 1, 2, 3

�T�x�³�xwGy��Tz«��´xzMw�Æ
x(tfi) − xAi(tfi) = 0, vx(tfi) − vAi

x (tfi) = 0,

y(tfi) − yAi(tfi) = 0, vy(tfi) − vAi
y (tfi) = 0,

z(tfi) − zAi(tfi) = 0, vz(tfi) − vAi
z (tfi) = 0,

x(ts(i+1)) − xAi(ts(i+1)) = 0, vx(ts(i+1)) − vAi
x (ts(i+1)) = 0,

y(ts(i+1)) − yAi(ts(i+1)) = 0, vy(ts(i+1)) − vAi
y (ts(i+1)) = 0,

z(ts(i+1)) − zAi(ts(i+1)) = 0, vz(ts(i+1)) − vAi
z (ts(i+1)) = 0,

m(ts(i+1)) − m(tfi) = 0, −(ts(i+1) − tfi) ≤ −90 day;

Á �0vxw��j�j����v&yÈ{�������¾É�²���0wGzM{����³Ê¶Å�Æ
x(tf4) − xA4(tf4) = 0, y(tf4) − yA4(tf4) = 0, z(tf4) − zA4(tf4) = 0,

vx(tf4) − vA4
x (tf4) = 0, vy(tf4) − vA4

y (tf4) = 0, vz(tf4) − vA4
z (tf4) = 0;

Á �0vxw��q´x�x�e�O��{����}~ËÆ
J = −m(tf4)/(tf4 − ts1) → min .Ì {}�x���0z0�}�����0��{}�½�0vxw¥yxzM{}|�~�wG� ¾]��wGzMw¥w�Íxw5�G´n�0wG�F������vxw¥�o�T�x�xw5zl{T�R���0zM���e�����xwG¼½´��}~����Î¸jÅ�Æ

57023.0 < ts1 < 64693.0, tf4 − ts1 < 20 years, m(tf4) > 500 kg.
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ṗj = −∂H/∂j, j = x, y, z, vx, vy, vz, m;

H ≡ pxvx + pyvy + pzvz − pmT/c + pvxF1 + pvyF2 + pvzF3.

Tx = Topt

pvx

ρ
, Ty = Topt

pvy

ρ
, Tz = Topt

pvz

ρ
,

Topt ≡











Tmax, χ > 0,

0, χ < 0,

∀T ∈ [0, Tmax], χ = 0,

ρ ≡

√

p2
vx + p2

vy + p2
vz, χ ≡ ρ − mpm/c.

pj(ts1) = λs1
j j = x, y, z;

pvx(ts1) = 2λs1
V vx(ts1), pvy(ts1) = 2λs1

V vy(ts1),

pvz(ts1) = 2λs1
V vz(ts1), pm(tf1) = λs1

m ;

pj(tf1) = −λf1
j , pj(tf2) = −λf2

j , pj(tf3) = −λf3
j , pj(tf4) = −λf3

j ,

pj(ts2) = λs2
j , pj(ts3) = λs3

j , pj(ts4) = λs3
j j = x, y, z, vx, vy, vz;

pm(tf1) = λA1
m = pm(ts2), H(tf1) = λA1

t = H(ts2),

pm(tf2) = λA2
m = pm(ts3), H(tf2) = λA2

t = H(ts3),

pm(tf3) = λA3
m = pm(ts4), H(tf3) = λA3

t = H(ts4);

pm(tf4) = λ0(tf4 − ts1), H(ts1) = H(tf4) = λ0m(tf4)/(tf4 − ts1)
2;

λs1
V · (∆V 2

E − (3.5 km/s)2) = 0;

λA1
t (ts2 − tf1) = 0, λA2

t (ts3 − tf2) = 0, λA3
t (ts4 − tf3) = 0,

λs1
V ≥ 0, λA1

t ≥ 0, λA2
t ≥ 0, λA3

t ≥ 0, λ0 ≥ 0.
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µ¶��vxwG�*w}Æ7Â¥�Tz«��v
→ 3170221 → 2000043 → 2000074 → 2002483
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