«AMCM)» Conference Didicated tu
Memory of Professor K.V. Kholshevnikov

St.-Petersburg
August 19 — 24, 2024

K.V. KHOLSHEVNIKOV and THE EULER-
LAMBERT PROBLEM OF CONSTRUCTING
THE ORBIT OF ABODY BASED ON ITS
TWO POSITIONS

V.V. Ivashkin
M.V. Keldysh Institute of Applied Mathematics, RAS
August 19-24, 2024



contents

1. Happy Memory of K.V. Kholshevnikov ................... 3
2. The mitigation problem of Ensuring the
Asteroid-Comet Safety of the Earth.....cccceeeeeeen...... 4

3. The Euler-Lambert problem determining the orbit of

a body according to ItS twWo POSITIONS ..eeeeeerinneeeeecennnn.. 5
4. Main ldeas of the Okhotsimsky-Egorov method............ 6
5. Basics of the  Okhotsimsky-Egorov  method
algorithm. ... ., 10
B. CONCIUSIONS. . ciiiiiienetiiiiieneteeeeeneeteessenssseeiionnsscannnns. 14
7. RETBIENCES titiiiiinneeeeieeennnineeeeeeeesnnniieeemimmmiieeenninnnnn. 15

2117



1. Happy Memory on
Konstantin Vladislavovich




2. The Mitigation Problem of Ensuring the
Asteroid-Comet Safety of the Earth

[Sannikova T.N., Kholshevnikov K.V.,

Chechetkin V.M. Using the Gauss Avera-
ging Method for Analysis of a Celestial
Body Deflection by a Low Thrust // ISSN
621.396. Ecological Bulletin of Research
Centers of the BSEC. 2013, N4, Tom 2, cc.
144-147]



3. The Euler-Lambert Problem of determining the
orbit of a celestial body by its two positions

|K.V. Kholshevnikov, V.B. Titov. The
Problem of two Bodies. St. Peters-
burg, State University. A Text-book.
2007. 180 p.]. Chapter 4 "Determi-
ning orbits*“. P. 4.3. Determining the
Orbit by the Positions. 4.3.2. Deter-
mining the orbit by two positions [1].



4. ldeas of the Method — 1 —
Firstly, it was L. Euler who
stated the Euler-Lambert
problem and solved it for one
»  casein 1743. 1. Lambertin
Vg / 1761 — 1771 rr. developed it.

\/ o The E.-L. problem is im-
i portant for Astronomy and
Pac. Astronautics. It was worked
Fig. 1 gives a out a lot the Methods to solve
flight between it ([1-6], et al.).
Points P, P,.
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4. ldeas of «ballistic»> Method to solve the E-L problem -
2.

It Is clear Method If the parameter of orbit family for flight

between two given points is an angle @, of inclination of
Initial velocity V, to the initial transversal. Fixing this

angle @, gives this velocity ckopocts V, by the D.E. Okho-
tsimsky formula:

1 —cosyp

¥

26, =
T . .
(T—l — cﬂsqﬂ) cos?8,; + sing - sinf,cosH, 1
2

here value B4 Is ratio of initial velocity squared and initial
parabolic velocity squared.



4. Ideas of Okhotsimsky-Egorov Method to
solve the Euler-Lambert problem — 3 -

The Inclination of Initial velocity to transversal
and the Value of initial velocity determine
completely the orbit for flight between two given
points. Varying the angle @,, we find its value, for
which the flight time is equal to the given time, this
solves the problem. This idea of solving the
problem firstly, obviosly, has given V.A. Egorov.
That i1s why, we suggest to call this method of
solving the Euler-Lambert problem by the
Okhotsimsky-Egorov Method.
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4. ldeas of Okhotsimsky-Egorov Method to
solve the Euler-Lambert problem -4 -

ot

Figure 2 9/17



| 5. Basics of the Okhotsimsky-Egorov method algorithm-1|-

Some characteristics of algorithm:

1. Two value of flight angle and two orbites are defined

2. A parameter of flight orbit family is an angle 8, of
Inclination of initial velocity to initial transversal. This
angle determines the velocity value by formula.

3. This angle and flight orbit for given flight time t,- t, are
determined by iterations. For initial step, for this angle
we take, for example, an angle value 8,, for minimal
Initial velocity.

4. For the flight at a single revolution, solving the
problem exists and the solution is one, the only.




5. Basics of the Okhotsimsky-Egorov method
algorithm-2-

« Chords=pP, P,

s = \/r% + 1% — 2115, COS @ (2)
* Minimal value of semi-major axis a,
o ay,=(r,tr,+s)/4 (3)

 Minimal constant of energy and minimal initial velocity

2
. ho:‘ﬂ/ao;V%0=r_f+ho (4)
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5. Basics of the Okhotsimsky-Egorov method algorithm

-3-
Minimal initial Velocity parameter:

Vo
i —
Bio =3 /e

*«Optimal» angle for minimal initial velocity:

o Sin @ B10 sin ¢
tg0.g = - 0 6
1—7T2 COS @ 9910 1-cos @ 10 ( )

()

°t92010 = -

Fixing (in the cycle, from the family) an angle of the
Inclination of initial velocity to initial transversal

.61 — 610 + Ag, AgmmSAHSAHmax .................... (7)
*The Initial velocity, by D.E. Okhotsimsky formula (1):

1 —cosg
261 =

T _ _ ’
1 _ cos cos?8, + sing - sinf,cosf
"~ 1 1 1
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5. Basics of the Okhotsimsky-Egorov method
algorithm -4-

*Varying the angle &, of inclination of initial
velocity (by I. Newton, for example), we find
Its value, for which the flight time is equal to
the given time At :

* At(04) = Atgiy - (8)
*This solves the problem.



6. Conclusions

1. D.E. Okhotsimsky Results on the dynamics of
ballistic motion can be used, , in accordance
with the ideas of Egorov V.A., as the basis for
the method for solving the Euler-Lambert
problem.

2. We suggest to call this method of solving the
Euler-Lambert problem by the Okhotsimsky-
Egorov Method.

3. The Okhotsimsky-Egorov Method attracts
our attention by its clarity and good
convergence of Iterations.
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