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The Beginning. The Long Road to Science

1926 1944-1951
Birth in Cherkasy. Childhood ina  Service in aviation units as a
dramatic era. weapons mechanician

1949—1954 1957
Mekh fFM Transfer to the Division of Applied
ekhmat of Moscow State Mathematics — the future Institute

Universny;'fl.rst research under of Applied Mathematics (IPM).
the supervision of L. |. Sedov.

This is not merely a set of facts. It explains Lidov's scientific power. his early
experience called for autonomy, strict discipline, and the capacity to rapidly
immerse himself in unfamiliar challenges.
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Luna-3: the first gravity-assist maneuver (1959)

flonomenue
Nonowenue My 8 HoOMye ' fAywet 8 Mo~
sumna mpaexsmopuu AMC > . Y wenm obréma

The first photograph of the far side of
the Moon

flnockocme opbumsr Jlynel
_ s

MMoromenve
Aynw 6 momenm
cmapma paxemel

D. Amato, R. Malhotra, V. Sidorenko, AJ Rosengren: Luna close encounters compete with the circumterrestrial Lidov-
Kozai effect // Celestial Mechanics and Dynamical Astronomy 132 (6), 35



Lidov-Kozal mechanism

Lidov's model: the double-averaged restricted three-body problem in the quadrupolar
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Classical Kozai-Lidov Effect

Classical Kozai-Lidov effect: the coupled oscillations of satellite’s eccentricity and inclination caused by
the gravity of another body. KL-effect was discovered independently by M.L.Lidov (1961) and Y.Kozali
(1962) in their studies on R3BP in so called Hill approximation (a/a’ <<1)
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Sur l'application des séries de M. Lindstedt
a I'étude du mouvement des cométes périodiques.
Par JF. & Zeipel.

Introduction.
Il et biem conmu que dans le calcul du mouvement

et rentramt dans e eype géneral d'dquitions, qui s étd émdis
| par M. Peincaré dans son iravail >Les méthodes nouvelles

des planétes on pewt se servir de cortaines. wris appelées | d¢ 18 mecusique odlester, ¢ 11, Chapitre X1 Les équations

par M. Pincand lys sfri . L dléments des |
planites s eavent st lem puissanoes
d'une petite quantitd @ de Fardre des masses plasdtaines.
Les coceffcients des diverses puissances de g sont des séries
de Fourier d'un certain nombee dargumsents dependant

| des vasiations séculives forment un systéme canonigue, dont
'Ie degré de liberte est T'unitd, Elles peavest donc fere in-

| dégrées au meyen d'une quadestice & par Qi sfrics rige-
|

airement du temps, Dass les séries dont il 'agit on suppese |

esmentiellement que |es masses des plandtes sont asser petites
par rapport & celle du Soleil.  Mais, dans les apgplications
fites jusy il n #f admis aussi qoe les escentricitds
i les inclinaisons des orbites somt petiies. Les séries de

L
M, Lindstedt sont semiconvergentes. Eramt domnde ensuite |

lenr fmme punement tgonométrique, il est & esperer quielles
représemieromt o menmement des planites avec une trés
grasdi agpranimation pendant des espaces de bemprs exirfme-
ment longues,

En essayent détdier an moyen 36 sfries anslogie
le mogvement dans wn sysieme planétalee, ks exoenbriciés
et Jes imclinmisons étamt quelcongess, on se heorme &
difficolié de résondre d'une maniére génfmale bes équatices
des varintions. séculaires. Quand le degie de liberé de ces
dquations dépesse lunité, Iiniégration ne pest encore Bire
effectuée que dans les voisinages des valeurs masims e mining
de la partie sicohire & de la fonction perturbacice, On
eait que In fonction & et minima, quand les excentricites
el ke inclinaisons <annellent, Clest & couse de cetie poo-
peidtd de la fonction & quiil et possible de former les sdries
g M, Lindibed® reprisentant le mouvement des planétes, dont
ke emcemtricités et les inclinnieons somt petites. Mais o
fonctios & posséde eosvent daitees maxima el minfma
pmand la valear de & e voleise duese wile valesr madma
o minima, il est encore possible de caleules dis séries de
M. Lindsteds représentant le mouvement. Dans les orbibes ainss
obtenmes les excentricltés et les inclimalsoas peuvent dire
considérubles. Clest cela que e me propose de montmer
dems ce mémaire.

Four pe pas trop compliquer Texposition je me limi-
wrai d'abord & un ces special en sdmettant guune masse
infiniment petite |mstéroide, comebe, satellde ou métdorite)
el aitinde par le Soleil @ por sne planise perturbatrice se
monvast aitour du Soleil dars iin coreks. Dand Féude o
mouvement d'un sl corps em o8 remend 4 un epedme ca-
nonkyue J'équatsars difrentiollcs ayant wois degrds de lberid

nométrigues d'un eenl sngument,  Male quoiqee Péslsesce do
s wiricn sl (WEORIrGE, OF i SR eS SR gENERL cnimsent
Tarm lytiguesnent beers cosfliclents.  Adnsi, en cheschant
e v bes serhes de M Lindstedt on est forcd, méme
dlane o cas relatlvement simple, de limiter le peobléme ot
d'sdmetmie quian se towve dans le voisingge d'une vabeur
maxima o mizima de la parte séculaive de la foncton
perurbatrice.

Au chapitre [l pows montrons comment les séties de
M. Lindstedt pevent alors dtre calenldes. La méthode v
exposte o l'svaniage de pomeoir e appligede dane I
pratique

s Je chapitee ssfvant s troment quekjues emdes
aur b fomction & niévesealres ow willes pour les recherches
des prawims ¢ manlma de ceme fonctos.

Les recherches sur les maxima et Jes minima de [a
partie sécelaire de In fonction perturbatrice, esposies au
chapitre IV, prouvent que des orbites & grndes inclinaisms
et ayunt des excentricités toujours petites me peuvent exiser

| gu'en debors de la plandte perturbatrice. A Vintéreur de

l'orbite de cette planéte @ ne pest
ayani des inclimaisons dépasant une o
i rapport & des dess grands swes, Cette limise est d'environ
30" mupris du Soleil, décroit quind e asgmente ot s'ennulle
ymand @ == 1. Pour les orbites & prandes inclinaisons et
& lintéricur 3¢ la plantte pertrbatres la limite supérieure
de Texcemriciié est considérable — mdme s lo limite in-
ficheure est petite — et se mapproche de Pumité, quand
Vinclinalsos est voisine de go”. Une telle orbite sera sous
certeings conditions bouleversée par |n planite perterbatrice,

Je dis, par définition, quene oty et stable oo que
le monvemant ¥ est slable), i ole ne cospe jamais ni le Soleil
mi Forbate de la planite pertiirhstrios ¢t & be ravom vectenr
sl Lowjours aw dissoe d'une lmie fine e Amie.

Les étedes mentiomnées an chapitre IV m'omt permis
oussi d'éablic quiil peut exister des orbiies de comites i
momvement stabde dépendant de 6 constamtes arbitraires
dintdgration.
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von Zeipel, 1910

ozal effect
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1961 r, MCKYCCTBEHHBIE CIIVTHUKHM 3EMJIN B

M. Jd. Judoes

DBOJIOIS OPBUT HCKYCCTBEHHBIX CHYTHUKOB INIAHET
HOJ JIEMCTBHEM I'PABUTAIMOHHBIX BO3MY IIEHITT
BHEIIHHUX TEJI

. 8

Jlo mocaefHero BPeMend B PadOTAX, [OCHANWEHHBIX HBOJIONHMH  OPOuT
UCKYCCTBeHHEIX CIYTHHKOB, TMOAPOGHO HCCJAEJOBANNCH BIMAHMC Ha OpOMTY
CHYTHUKA OTAMTHS IPABNTANHONHONO HOIS Semam 0T LEHTPAJBHOTO M BINA-
Hie TOPMOKEHNA CHyTHHKA B aemuoii atmocdepe. B mexoroprix paborax yum-
TEBaAHCh N Gojsee ToHKHe HSHHEKTH OBONIOINN, CBA3AHANE ¢ BPAIIEHIEM 3eM-

Lidov, 1961

THE ASTRONOMICAL JOURNAL VOLUME 67, NUMBER 9

Yosuwme Kozar*
Smithsonian Astrophysical Observatory, Cambridge, Massachusells
(Received August 29, 1962)

NOVEMBER

Secular Perturbations of Asteroids with High Inclination and Eccentricity

Secular perturbations of asteroids with high inclination and eccentricity moving under the attraction of
the sun and Jupiter are studied on the assumption that Jupiter’s orbit is circular. After short-periodic terms
in the Hamiltonian are eliminated, the degree of freedom for the canonical equations of motion can be

reduced to 1.

Since there is an energy integral, the equations can be solved by quadrature. When the ratio of the semi-
major axes of the asteroid and Jupiter takes a very small value, the solutions are expressed by elliptic

functions.

When the z component of the angular momentum (that is, Delaunay’s H) of the asteroid is
a certain limiting value, there are both a stationary sohmon and soluuons correspendmg to lib,
‘The limiting value of H increases as the ratio of the jor axes i i

smaller than
ration cases.

inclination drops from 39°2 to 1?8 as the ratio of the axes increases from 0. 0 lo 0 ‘)5

Kozai, 1962

ding limiting
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Did von Zeipel's paper remain in obscurity?

362 2020MNRAS.494L...6D  2020/05 @ =

On the orbital evolution of 2020 AVs, the first asteroid ever
observed to go around the Sun inside the orbit of Venus

de la Fuente Marcos, C.; de la Fuente Marcos, R.

363 2020AJ....159..101B 2020/03 F = E

Dynamics of Planetary Systems within Star Clusters: Aspects of
the Solar System’s Early Evolution

Batygin, Konstantin; Adams, Fred C.; Batygin, Yuri K. and 1 more
364 2019MEEP....7....11 2019/11 3 =

The Lidov-Kozai Oscillation and Hugo von Zeipel
lto, Takashi; Ohtsuka, Katsuhito

365 | 1996MNRAS.278.108... 1996/02 @ :

Dynamical evolution of Halley-type comets
Bailey, M. E.; Emel'Yanenko, V. V.




Further development of Lidov (1961)

Double averaged restricted Double averaged restricted
circular three-body problem for three-body problem in the octupole
arbitrary ratios of the \ / approximation. Flip theory

semi-major axes

Lidov (1961) Katz, Dong, Malhotra (2011),

Vashkovyak (1981) / \ Lithwick, Naoz (2011)

Double averaged restricted Double averaged general
circular three-body problem; hierarchical three-body
the field of one body is problem
non-central

Lidov, Ziglin (1976
Lidov, Yarskaya (1974) idov, Ziglin ( )



Double averaged restricted circular
three-body problem for arbitrary
ratios of the semi-major axes
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Classification of the families of e—w integral curves (a < 1), M.A.Vashkovyak (1941-2022)
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Hill case

c —total angular moment, G, —

the angular moment of the outer}

body Ly
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Double averaged general hierarchical
three-body problem

Classification of motions: Lidov, Ziglin (1975)
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Different evolutionary pathways

Bifurcation diagram of the inner pair

(Zhao, 2013)
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Double averaged general hierarchical
three-body problem

Bifurcation diagram
(Zhao, 2013)
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Classification of motions
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Bifuraction diagram
(Palacian, Sayas,Yangus, 2013)
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Research into the dynamics of
telecommunications satellites

Some qualitative patterns and estimates of the orbital evolution of Molniya-1 satellites. Cosmic Research,
1975, Vol. 13, No. 6 (with A.A. Soloviev).

On the orbital evolution of a geostationary satellite. Cosmic Research, 1973, Vol. 11, No. 3 (with M.A.
Vashkovyak).

On quasi-stationary stable circular orbits with a daily period. Cosmic Research, 1982, Vol. 20, No. 1 (with
M.A. Vashkovyak).

A semi-analytical method for computing spacecraft motion near a collinear libration point. Cosmic
Research, 1976, Vol. 14, No. 6 (with M.A. Vashkovyak and A.P. Markeev).
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Studies of periodic solutions

A family of spatial periodic orbits in the vicinity of the Moon and planets. Doklady of
the Academy of Sciences of the USSR, 1977, Vol. 223, No. 6

l
r
@ Investigation of families of spatial periodic orbits in the three-body problem. Cosmic
,u[ﬂ;} Research, 1979, Vol. 17, No. 3, p. 323 (jointly with V.Yu. Rabinovich).
*j Tyna Method for constructing spatial periodic orbits in the Hill problem. Cosmic Research, 1982,
) Vol. 20, No. 6.
// If
// Families of spatial periodic orbits of the Hill problem and their stability. Cosmic Research,
O'gerns 1983, Vol. 21, No. 1 (jointly with V.A. Lyakhova).

Construction of families of three-dimensional periodic orbits of the three-body problem
via KS transformations. Proceedings of the 10th International Conference on Nonlinear
Oscillations. Varna, 1984.
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Flights to collinear libration points and
station-keeping of spacecraft on nearby
libration-point orbits

Single-burn transfer to a quasi-periodic orbit near the Earth—Sun L, libration point and
related topics. Cosmic Research, 1987, Vol. 25, No. 2 (in collaboration with V.A. Lyakhova
and N.M. Teslenko).

Investigation of trajectories for flights to a halo orbit near the Earth—Sun L, libration
point using the Moon's gravity. Astronomy Letters, 1991, Vol. 17, No. 12 (with V.A.
Lyakhova and N.M. Teslenko).

Analytic method for computing motion along a halo orbit and the problem of
O SR shielding the SC from solar radiation in the Relikt-2 project. Cosmic Research,
1994, Vol. 32, No. 1 (with M.A. Vashkovyak and V.A. Lyakhova).
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Missions to asteroids

Solution of the multiple-asteroid flyby problem via an optimal-correction algorithm. Cosmic
Research, 1988, Vol. 26, No. 4 (jointly with V.A. Zhirnov).

On the problem of encounter with several asteroids. Cosmic Research, 1989, Vol. 27, No. 1
(with V.A. Zhirnov).

Flights to several near-Earth asteroids (comets) using lunar gravity assist. Astronomy Letters,
1995, Vol. 21, No. 2 (in collaboration with N.M. Teslenko).
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_Study of quasi-satellite orbits
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a: Sun-centered reference frame with the orientation fixed in the absolute space. The quasi-satellite and the
planet move around the Sun with the same orbital period in elliptic and in circular orbits respectively.

b: Sun-centered frame rotating with the mean orbital motion of the planet.

A.Yu.Kogan (1990): quasi-satellite orbits are the trajectories of restricted three-body problem which
are (1) located far beyond the Hill's sphere surrounding the minor primary body and (2) much less

distant from it than from the major primary

http://adsabs.harvard.edu/abs/1990dres.iafcy....K
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Study of quasi-satellite orbits

Perturbation theory and analysis of the evolution of quasi-satellite orbits in the restricted three-body
problem. Cosmic Research, 1993, Vol. 31, No. 2 (with M.A. Vashkovyak).

On quasi-satellite orbits in the restricted elliptical three-body problem. Astronomy Letters, 1994, Vol.
20, No. 10 (with M.A. Vashkovyak).

On quasi-satellite orbits for the experiment aimed at refining the gravitational constant. Astronomy
Letters, 1994, Vol. 20, No. 3 (with M.A. Vashkovyak).
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Sketch of the ellipsoid representing Phobos. The
interior and exterior dashed lines are, respectively,

the region of influence and the Hill shpere

Spacecraft “Phobos”
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Study of the effect of solar radiation
pressure on spacecraft motion

Secular effects of orbital evolution under the influence of light pressure. Cosmic Research, 1969, Vol. 7, No. 4,

Method for accounting for the effect of light pressure forces in the semi-analytical computation of satellite
motion. In: Mathematical Support of Space Experiments. Moscow: Nauka, 1978, pp. 149 (with E.Ya. lvanova).
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Lidov — a pioneer of the theory of
guaranteed estimation

On a priori estimates of the accuracy of parameter estimation using the least-squares
method. Cosmic Research, 1964, Vol. 2, No. 5

Minimax methods for estimation. KIAM Preprint 71, 2010.

The fundamental problems of minimax estimation are described and the solving methods are
set forth. The linear programming based solutions (Ch. |) are proposed for the minimax
estimation problem under uncertain correlation of measurement errors (Ch. Il), for the
problem of generalized impulse correction (Ch. Ill), and for the problem of the optimal design
of measurement experiments (Ch. V). In concluding comments a comparison of the author’s
results with the investigations of other researchers is presented.
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CONCLUSION

M.L. Lidov possessed a unique combination of depth of theoretical
analysis and efficiency in solving applied problems.

(4236) Lidov
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Thank you for your attention!
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Link to the chronological index of Lidov's works
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The glass of tea

Early 1960s. A meeting concerning the R-500 (Proton) launch vehicle project.
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