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,\ccording to the program of activity of th€ Sr!b-
commission 5 of thc IAG Special Co'nmission 1, a
iisearch was dedicated tothe following 5 items.

J. {:otsbuctioh oJ pie.eris, todi(t dehsit! ptofles,
The recoveD of density iiom seismic velocity was
.oDsider€d in (Lol8enann and Marchenko,2001). The
solurion h bascd on three (differential) equalions,
which restrict tbe possibl€ solulion domai. iri such a
w.y that a reasonable solution will be the result. 'fte
,lensity funcdon can be separated into a hyd.ostatic
main part and in an addiiional small pad due to
chemical/phase johonlogeneities or superadjabatic
lempe€tures. The radial (tD) densily model was based
or a remarkable description ofihe seismic velociti€s by

seneralized Darwin's tunctions without lringularity at
the o gin. General consideration ofsuch famous laws
as Lesendre-Laplace, Roche, and Darwin density
distributions with resp€ct to Clairaut, Williamson-
.\darns. and Poisson equarions ua' done ir
{Marchenko, 1999). The paranreierization of the
hydrcstatic/adiabaric lD density distribndon was
considered in the cases of Roche's law (lvlarohenko,

?000a, 2000b). Causs' Iaw (Marchenko 2000b, 2000c),

^nd 
L,egendre-Laplac€ la\.! (Marohenko 2000d). Jl was

bund that the densily at the origin and se;smic data ar

lhe boundaries of the Earth's densily jumps are

iuftlcient to derive the coefiicients ofpiecewise Gauss

model.'lhe recursive fonnulae were found for th€
solution of direct and nrverse problems. Th€

coDslructed piecewise models for lD density
disrdbdion are in a good agre€rnent wirh the PREM-
density model. causs law was used for the
i erpretation of radial deDsity distribulion of some

Ilanets of the solar system (Marchenko, 2000e).

.!. Stable detemin ion ofpatfrmete$ of totlid .Iet\itt)
rraddr. This problem is considered in (L€lgemann and
Marchenko, 2001), where was noted that grav;ty is the

pivot of nsed .echnique to stable relover densily from
seismic velocily data. ln the paper (Marchenko, 20000
L,egendre'Laplace, Roche and Causs continuous mdial
density djstibulions representing ihe global trend of
pi€cewis€ dersiry profil€ were used for the crealion of
simplest srabilizers for the construction of radial
density distribution. On this ground, th€ operalional
approach wart stldied thal leads !o th€ determinaiic,n of
deisity modd paraneters in the flame of leas! squares

collocarion/rcguldization m€thod. A choice of
recularizatiol Farameler was considered in (Abrikosov.
2000b;2001). which is responsible only for accuracy of
the inillal opemtor. Numedcal lests of this
reauls.izatiol r Corithm lyere fulfilled by (Abrikosov,
2000a) ftr the Earth's piecewise densiry models. based
on Roch€, G rs, and l,€gendre-Laplace laws.

3. Reproducing kenek and solutio ol'varianonal
poblen Tlrc interpretat;on of some reproducing
kernels by neans oI simplesl singularities of densit]
was considered id (Marchenko and Lelgemann, 2001).
Ir was shown that lhe set ofall suitable kemel fundions
can be set up as finite sums oftwo point singularities
(pole, dipole) as well as straighl line singularilies with

density j'uncrions of the form v=|trr. ,q fir'st
connection ro the DaMin law. as a tool to describe the
volume densjty ofradial layered global Earth models, is
of int€res,t in view of the use of collocation for an
;nterprerarion instead of sinple approximation of th€
disturbing potential. Three differen. principles
(misclosure. quasi-solurion and srnoothine functional,
rospectively) were considered in (Abrikosov, 2000b;
2001) for the determination of an upper limir of
regularizatiol parame!€r in the variarional p.oblem of
daia processing. Note here thal this fact (upper limii)
was omitted in the mentioned papers and the necessary

explamtion can be fomd padly in (Marcheiko and

Tartachynska, 2002; 2003). An optimom point model
of the global gavity field lvas compiled in (Avdev el
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al.. 2000) on th€ basis of absotL're vatu€s of emvity
data. The field of rbe opdmum point modet is ctose in
values 10 the field ofrhe reterence € ipsoid (rh€ nomal
grality fie,d), and that olthe res;duat anomalies - to the
ftee.'r inomari(s. S,ngular point hdrmonic funflions
r'al:al m'rlhpol< porenriatr and the corespJrded tenrct
iu' . r'on.l lrom I to 8 degree $ere u5ed succe,stult)
for the geoid consrrudion from airbome (AGMASKO
J:iU-project) and nrarine gravimetry dau in rhe
Skagerrak (Marchenko et at.. 200t; 2002). Two
solutions for gravity anornalies inverted fiom
GEOSAI, ERS-2, nnd TOPDOPOSEIDON atrime.ry
are evalualed by (Marchenko and Tarachynska, 2002;
20{)l) in the Biack sea area by the collocatjon and
regula.iation approaches based on kemet functions,
ul'ich drc de\clbcd b) sinsJta. pornr harnrcn;c
lln.r:on, a\ $el . Cumparton qirh independcnr marine
I4zvimcry data indicates a better accordance of the
;nretuxl Aravit] anomali€s by means of the
r':g{lari4tion method. A good quantitalivo agr€enenr
ol gravity anomalies invened fiom ERSI&ERS2
dhinretr! in the Antarcric area with other sotutions
(Marchenko et. al., 2003) has a certain rheoretical
meaning: reproducing ke'nel of point sinsula ries was
used successfully in th€ fiame ofsuch insrable problem
as the inversion of SSH data leading to a mor€ stabl€
process of gravity anomalies recovery by rhe
regularization method.

4. Con!rcssible Jluid Eafih at.t gra,ititionat-
vistoelasti. peftufiations. ln three papers (Wolt and
Kaufmarnr. 2000; Madinec el at., 2001; Wotf and Li,
2001), the problem of toad"induced, gravirationat-
viscoelastic perlurbalions of a compressibte earrh
initially in hydros0aric equilibriun is considered.
Whseas Wolf and Kaufnann (2000) are conceried
with the plane-eadh approximation of the problem,
Woif and Li (2001) derive an €xplicit solurion ofthe
ptrLurbation equarions for tr spher,cat eann con(isr;rs
of d compositionally homogeneous manrle surrouoding
a fluid core. The densiry stratification is given by
DaNir's law, which can be shown to sarisl), rhe field
{}qualions governing the initial stare. The generatized
Droblem for a sphericat earth consisring of
conrposi(ionally homogeneous shetts is sotved by
lilartinec er al. (2001) 

'rsing 
propagator matrices. Novet

i'ealures of lhe earth nrodels considercd in $e rhree
papds are the following: (a) the injtiai densjry
..r,rificarion appl;e5 ro compo.;riondlt) ho.nogeneoLs
l,)r s or shell\ dd is consisrcnr s irh rhe as,rmpljon ot
conrpre'lsibility (previous analytic solutions of rhe
perturbation equalions apply ro earth mod€ts wirh
laycru or shells of homoseneous densitv), (b) the
gra\ il ational-viscoelasric perturbations are assumed io
be compressible. The p€ru.bed srate is thus consistenl
whh the initial state and no singu'a.ities result jn the
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solutions to the perturbalion equations. (c) the sole
approximation admitted is thar the p€rturbarions are
constained by the assum ion of local
incomp.essibilily. This approximation k almost perfect
n€ar the fluid limit ofthe matorial but less sarisfactory
near lhe €lastic linrit.

5. Ea.rh's ren\T oJ i"cnia and the.aftapnting
tpa.e/timp denitr distribution. An e\acl Ltojed
solution for lhe derennination of rhe Sanh.s pnncipat
axes of ineria was deriv€d by (Ntarcherko and
Abrikosov. 1999;2001) as the co.rcspond;ne sotution
of (a) timo-independert and (b) time-dependenr
eigenvalueeeigenvectors problenr in the canonical
form. In the lasr case this canonical quadraric fom is
defined b) re.npral rariar.oni ol rhe hannonic
coefticients and alw.rys remains finite, even wirhin
infinfle nme rnl€^al. A h)perbo ic mJJet tor t"armonrc
coeficients ofthe 2nd degrc€ was constnrcled insread
of the standard linear modet. A quadratic form
described .bc Eanl's dynamical figure was used by
(Marche.ko and Abrikosov, 2000a; 2000b) for the
c.eation of d iuxiliary function rcpresented by rhe
product of I Seneralized quadraric torm and some
power funclion regardins any real degree r of a cufenr
radius.3D densiry distribuiion and Dawin.s law of
(lD) radial density wirh a cedain .eal - were obraised
under the assunrFion thar rbis auxitiar!, function can
fulfill Pojssc,n's equation. Such disrriburion mat be
t.eated now as 3D model of DaMin's kind with a
singularity ar the origin. Appticalion of the seodetic
fundamental constanr-s rogether with Lauricella.s
approach to lD Da in's law leads ro the etobat lrend
ofthe Earth's r.tdial de.sity wirhour such singutarity.
tvechanial a d gcona Mt paradaers of ttre EMh
associared $ lh fie dcgree 2 coejfiLienr, ot tne
geopotential ard thc Earth s ino.ria iensor w€re
estinraled by (Marclenko and Sch ntzer, 20021 200t)
from Ihe lcascsquare. ddjJsrmen. of sra\narionai
harnonic coeffiuienrr or 5econd degr€e or fuJr gtobal
gravity field models (JCM-3; EGM96r cRlM5,Sl:
GRI\45-SICHlr and si\ diffcrenr \atues tor rne
dynanical eilipriciry (Wi iams, 1994: Souchav &
K;Iosnia. tqa6: Harma.rn er al. t09/. Fre,aEnon;L dt.
looS: Roosbeek & behant, toq8. Valhesr.2000r a
lmnslormed .o , ornmon lalue ot prece(ion cor 5unt.
Closed exact exFessions for the dererminarion ofrhese
panmeters including relarionships tor a risorous error
propagalion are developed and based on rhe exacr
solution of the eigenvalueeigenvector probtem. These
fom)dlae r're app)i.d lo detenrine (at )raric .onponenr,
and "ccuraq ot rl,c frnh , tensol of rnedia al epo.h
and (b) the variation with time ofthe Earrh,s tensor of
inerlia and 15 d,curac). ba\ed on g:ren irfomar;on on
the secularand periodic variations ofthe second desree
harmc.ic coeniLi:mr Resut's ut rnis simulkn;*
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adjustment at epoch (1997) of rhe mentioned
t)ammerers are given in the zero-frequency-tide system
(see, also !!!_f/people.poluei.lvi\,.utsc5/). Ire
ct'olktlon with time of the dynarnio figure of the Eaih
was found in (Marchenko and Schwintzer, 2002; 2003)
trom th€ mean pole path and rhe obsewed secular rate
ofchange in the second-desree zonal co€fficienr J,. The
secular chsnse oI the adjusted va'ue of d)namical
cllipticity was €stimated iioln th€ observed secular
vaiation of J?. 3D mass densiry disiribution
oorresponded to tlrc time-dependent Earth's inertia
teDsor is construcied through these adjusted geodetic
and atronomical fLrndatnenral constdts by
(\4archenko and Yarenm,200l) applying the well-
known solution ofth€ Cartesian momenrs problem (see,
Gtafarend er al., 2000) ofrhe mass densiry distriburion
siven by Prof. Meshch€ryakov in 1970-1980 for a staric
case. Ihe gtimation ofa'r influe.ce ofunc€nainties of
principal fundmental constants on accuracy of 3D
density distribulion of rhe sphedcal and €llipsoidal
Ea.th was made on rhe ground of rhe developed
lbmnrlae fo. the corrcspondins rigorous error
propagation. A solur;on of ihe time-dependent
Cartesian nDmenls problem of rhe 3D density
ilishibution together with the mentioned consistent ser
olthe Earth's mecharical and eeometrica' parameters
js applied to determin€ (a) 3D densiiy variations with
linrc within rhe spherical Ea.th (Mechenko, 2001) and
(b) 3D density variations ith tine within the
ellipsoidal Eanh(March€nkoandYarema, 2003).
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