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ONE OPTION OF CONSTRUCTING THREE-DIMENSIONAL DISTRIBUTION
OF THE MASSAND ITSDERIVATIVESFOR A SPHERICAL PLANET EARTH

Purpose. To build a three-dimensional function of the mass didribution of the Earth's interior according to the
parameters (Stokes congtant to the second order inclusive) of the external gravitationa fied of the Earth without
congdering the minimum deviation from its known density moddsin geophysics. M ethodology. The dassic methods
of congructing mass didribution use only the Stoke's congtants zero and second orders. In iterative methods of
determining the digtribution models the reference modd of density is taken for zero approximation which is agreed
upon by Stoke' s congtants up to the second order indusive. Further, the coefficients of potential expanson to a certain
order are taken into account, but their contribution to the function of mass density does not investigate. This research
provides an attempt to obtain such an estimation. The proposed method is approximate, but in the iterative process a
function of the dendty is nat only used, but also its derivatives. Bringing the order moments of density toward the
controlled values (values that are defined on the surface of a sphere) makes it possible to analyze the process of
successve approximations. Results, In contrast to the second-order modd, which describes the global gross
irregularities, the obtained digtribution function gives a detailed picture of the placement density anomalies (deviation
of three-dimensional functions from the average on the sphere — “izoden”). Anayss of maps a different depths
(2891 km core-mantle, 5,150 km of the inner-outer core) allow making preliminary concdusions about global
redigtribution of mass due to the rotating component of gravity across the radius: its dilution aong the axis of rotation
and accumulation of rejecting it. This is particularly evident for the equatorial regions. On the contrary, there is
minimum deviation in the polar regions of the Earth, which adso have their own judtification since the value of the
rotation force decreases when moving away from the equator. The function of mass digtribution, which is constructed
using the proposed method, describes the mass digtribution better. Originality. This research is in contrast to the
classical results which have been obtained from the Adams-William's equations for the derivatives of the dendty of
one variable (depth), and make attempted to obtain derivatives using Cartesan coordinates. Using the gravitationa
fidd parameters up to second order increases the order of approximation of the digtribution function of the masses of
three variables from two to four through the possihility of restoring the planet's mass digtribution by its derivatives. At
the sametime, in contrast to previous research, geophysical information accumulated in the reference PREM modd is
used, therefore, features of the internal Sructure are taken into account. Practical sgnificance. The received function
of mass digtribution of the Earth can be used as a zero-order approximation when used in the presented algorithm
Stokes congtant of higher order. Ther applications give the possibility to interpretate of the global anomdies of the
gravitational fied, and explore the geodynamic processes degp insde the Earth.
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Introduction

A powerful source for studying the Earth,
including its internal structure [H. Moritz, 1994],
[Fys M., 2014] is information about its gravitationa
fidd [G. Meshcheryakov, 1994, 1991], [Tserklevych A.,
2012]. This fact, in turn, requires the devel opment of
methods for using the parameters of the gravitational
field. It is known [Bullen M., 1978], [Dzewonski A.,
1981] that construction of a spherically symmetric
mass distribution of the Earth uses mass and Stokes
constant second order (polar inertia moment).
Applying expanson coefficients of potential using
spherical functionsis described in artidles [Martinenc Z.,
1986], [Scherbakov A., 1978], [Meshcheryakov G.,
1975], and the functional approach to this problem is
proposed in [Korbunov A. 1., 2015]. In [Moritz G.,
1973], it is proposed to represent the three-dimensional
distribution by harmonic function, consstent with the
coefficients of expanson to a cetain order.
G. A. Meshcheryakov proposed an approximate method
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for congructing three-dimensiona density modes of
the Earth, which takes into account the internal
structure and is accountable to Stokes congtant given
order [Meshcheryakov G., Fys M., 1981]. The degree
of reliability of founded digribution modd can't be
estimated. In this regard, there is need to develop a
technique that make it possble to analyze the
caculation process and to objectively assess the
rdiability of densty function. Such an attempt was
made in artides [Fys M., 2008], [Chernyaha P., Fys M.,
2012], where the problem is reduced to controlled
variables (surface integrals) and is based on founded
derivatives of the dengity function. Their useis not new
in geophysics. Indeed, Adams-William's equation is
widdy used in geophysics [Williams E., 1923], which
describe the change in mass digribution in the mantle
with depth. Later this approach was continued in works
[Mdodenskyy M. C., 1955], [Pankov V. L., 1967].
Resulting density mass model's reflect our understanding
of this type and are consgent with studies of other
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authors [Byzov A. G., 2015], [Mdodenskyy M. C.,
2015], and rdative vaue (derivatives of three
dimensiond functions) are closeto realness.

Purpose

To build a three-dimensional function of the mass
distribution of the Earth's interior without considering
conditions about the minimum deviation from its
known density models in geophysics according to the
parameters (Stoke's constant to the second order
inclusive) of the externa gravitational field of the
Earth. To establish a contribution of the paremetersin
mass distribution function.

Methodol ogy

The dassc methods of condructing mass
digribution use only the Stok€'s congtants zero and
second orders. In iterative methods of determining the
digribution models the reference model of densty is
taken for zero approximation which is agreed upon by
Sok€'s congants up to the second order incdusive.
Further, the coefficients of potential expanson to a
certain order ae taken into account, but did not
investigate their contribution to the mass dendty
function. This research provides an attempt to obtain
such an edimation. The proposed mehod s
approximate, but also, as a function of the dendty is
used, as aso its derivatives. Bringing the order moments
of dendity toward the controlled values (values that are
defined on the surface of a sphere) make it possible to
analyze the process of success ve approximations.

Results

The density distribution of the planet interior d to
the second order inclusive considering geophysical
information [G. Meshcheryakov, M. Fys, 1986]:

d(xl,xz,x3):do(r)+

2
+ é- bmnkank (Xl! X2, X3) ) (1)

m+n+k=0
where do(r) - one-dimensional spherical model of

mass distribution (for Earth - it is a reference model
PREM [Dzewonski A., 1981]) .

The expansion coefficients by in (1) are defined
asfollows [M eshcheryakov G., 1991]:
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where d. =5.514 2/ e - average density of the

Earth, C,, Sy - Stoke's constants.

The function of the mass density of the interna
planet, given in formula (1), defines the features of its
three-dimensional internal  structure. Therefore in
paper [G. Meshcheryakov, 1986] a distribution model
(1) isproposed to be accepted as a base.

This method of finding the derivatives of density
function based on experimental data opens up new
possihilities for investigation of the internal structure
of planets. For this it is presented in the following
form [Fys M., 2013]:

W_1 N a
— = a amWnk(aeXs), 1=123. (5
ﬂ)ﬁ & mn+k=0

The expansion coefficients a;mk in (5 ae
defined by degree moments of derivatives of the
function of mass distribution density within the Earth
and on the surface of the dlipsoid, which have the
next form, in accordance'

pa,s Td

o= X X3 —dt, t=p+qg+s, (6)
pgs = 0X1 231Tx,

Spa s = Rt+lGDX1 Pxatxgtd (X, %, %) ds  (7)

and are defined using degree density moments of the
massinner planet of lower orders:

= pe(i- 11 p.1gs +ae(i- 2)1 g5+
+e(i-3)1p1gs 1+S pg - ®
where p =p+e(i-1),
s =s+e(i- 3),
. 1L, n=0,
=q+el(i- 2), e(n
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s - a surface is described by the eguation

X3 = tag R’ - xlz- x% . For quantities (8) takes

place in the next eval uation:
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here, dyjn, dpex - the minimum and maximum
densities on the surface of the Earth, respectively,
which help to control the computing process.

To determine the value (8) you must know the
function d on the planet's surface. It can be
considered known, and thus calculate (8). The
function d , however, is defined as unrédiable on the
surface s , so the degree moments (8) we will try to
find the approximate degree moments, by using
integral characteristics [Mashymov M., 1991]

1
an :_ndjunkdt )
Ma''t

nk dt | (10)

where Uy, Vi —inside spherlcal function. For this
we use identity:
d Edt :-dildt +ad cosa;ds , (11)
% t % s

here (cosay,cosa,,cosas) - norma vector to the

1 &
Chk = ng O_UnkcIt +c[_£|Vnde =
Mag o
1 = O_Vnkdt + Qj:lvnkds + (13)
|\/|a£| t I’
where
i N i %
Uk = oUpdx , Vik = OVikd% (14)
0 0
Equations (13) contain unknowns s s, which
can still be added to the identities in the form
Spgs =S p+2gs TS pgras *S pgs+2:
p+tq+s30 (15)

According to the calculated values using reference
PREM modd see Table. 1, unnormalized Stokes
constants to the second order, inclusive, and dynamic
compression H [Yatskyv J,, 1980] asgiven in Table 2, we
determine the degree moments | pos (P +q+s£2) of
the spherical planet (tab. 3) and expansion coefficients
bk (tab. 4).

Tabnuys 1
surface, where
x, - 1 1
cosa; =+x— i=123. (12) (ﬁo(r)rzdr dﬂo(r)r4dr
Using the identity (11) in the formulas (10), we 0 0
obtain the following: 1.00006261857919E+0 | 1.65410100398967E-1
Table 2
Unnormalized Stoke's constant and dynamic compression
Coo Coo Co Cx S S0 H
-0.626E-4 1.957E-4 2.793E-6 -2.582E-11 2.582E-11 -9.018E-7 0.327E-2
Table3
Moments of inertia density considering model PREM
00 10°* lopo~ 107* looz  107% l110” 10°° lioy 1078 lgyy 10710
-0.3316 -0.5443 -0.1122 -0.4509 0.1252 -0.2582
Table4
The expansion coefficients b,y considering PREM model
booo 10°* | by 1072 | by 1073 b 107" | by 10°% | by 1077 boyy 10°°
-0.3612 -0.5567 -0.6061 -0.1941 -0.1578 0.2191 -0.4518
Th(? value s-pqs(p+q-+s£4) is det_ermlned 1 a%bz +—2bo +i2bo O +s
approximately using equation (13)—(14). Since the (% 00 20 a2 02 = : 200+

density function of the planet’sinterior is represented
by formula (1), and considering Stoke's constant Cgg,

leads usto the equality:

l1e& 9d 0
Cog =—g- 0— Xdt + gyl ¥ cosaqds ==
M 1Tl [ o
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o =0Coot (200 *+ 30020 * booz )
020 s :

S 5d, Coo *+ (200 *+ Bozo +30002)
002 = s :

Using equality (15), we determines g .
Stokes congtants of the first order allow us to
record for s qus(p+q+s:3) following

_ <1
5210—5012—7,

S120 =S102 = (11, S300 =211,
S030 = 1> S 003 = 2Cy0-
Considering that the beginning of the coordinate
system is located in the center of the masses, we find
that s pgs =0 when p+q+s=3. Hence

S 201 =S 021 = o

S100 =S300 tS120 +S102 =0,
S 010 =S 030 *S 210 *S012 =0,
S 01 =S003*+S201 tS021 =0-
We proceed to determine the values s 45 of the

fourth order when one of the numbers p, g, or s are
odd. Using Stokes constants Cp1,Cps,S,, from

[G. Meshcheryakov, 1991] we, as a result, obtain the
following equality

S103 =4Cs1, S121=Cy1,

S310 =S130 =4Sp, S112 = S,
and

S101 =S301+S121 S 103>
$110 =S 310 *S130 +S112-
To find the degreemoments S . of even degrees

of the second and fourth orders we take Stokes
constants C,g and Cy,:

Czo——dj§<2 (X1+X§);dt =
=1 Ut | (16)
Magt 20
Cyp= dj ( Z)Edt =
84 o
Maet

The consistent application of (11) for the values
(16), (17) in veriables X, X, X3 for a spherica
planet determines the system equation:

Ax=b (18)
® -3-30 0 0%
© 6 0 -1-3 0
G0 0 6 0 -3 -1
A=¢ +
0 1 -10 0 o0
¢ 0 0 1 -3 07
go 0 0 0 -3 15

a85Cy0 0 a8 004 0

¢ ¢6C0 gs 202 =
b= gﬁczo N X_gsozz

¢4C2 + ¢S 400+
12C S0

2Cx g gs 040 &

that has many solutions (det (A)=0). We transform it
totheform

DY =Cygly +Cpoby +5 gg0b3, (19)
IS
@ -3 -3 0 06 ao
¢ 6 0 -1 -3 ¢1s
D=¢C0 0 6 0 -3+, b=¢C1+
¢ + Gt
¢ 0 0 -1 0: {0=
0 0 0 0 -3 %0y
8300 8500 %()04('?
c0r  ¢0r e
b, =¢0 -, by=¢1+,  Y=0Csqppn*.
¢ o7 €13 ¢ -
¢ ot G-+ ¢S 400+
& 15 & 15 & 20

Present system is defined (det (D) ! 0) and its
solution is determined by value S .
calculation we take identities

S 400 TS 220 +S 202 =S 200>
S 040 ¥S 220 +*S022 =S 020>

S004 +S202 +S 022 =S002;
which we transform in following way:

For its

S 400 +5 040 +S 004 * 2(S 220 +S 022 *S 202) =
=S 200 *S 020 S 002 =S 000 - (20)
Consistently solving the system equation
DY, =k (i =1,2,3) , we find [Fys M., 2016] a general
solution in the form Y =Cyy Y2 +Cp,Y2 +5,0Y3, a
substitute in (20), hence s g4 iscalculated
2 S S
Soo0- & 1] (yi+yh+2(y'z+yé+y%))

i=1

5040 = and
(0 +y3+1+2(y3 + 13 +13)
therest SZquZS(p+q+S:2) .
According to the formula (6)(8) we find 1,45 and,

further, expansion coefficients a;mk in (5). Using the
expresson (5) we find derivatives of the densty
function and then a presentation for function d :

Xl d
din (%0, %2, %) = é:.-[[_(XlXZ!X3)dX1+
o %

X2 X3
+ 0T (0,5, %)% + 519 (0,0,%) dx-+dg . (21)
o X o X3
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where dy — is the density value for the center of the
planet [Fys M., 2013].

We note that summands of the formula (21) take
the following form after integration

% qd 2 %
(0 prn Xm = a arlnnk @Wmnk (Xl! X2, X3) Xm )
0

*2 qd 3 X2
N _ S 2 N
0 dx =  a  amk OWmnk (O! X2,X3)dX2 )
o ™ m+n+k=0 0
%3 qd 3 X3
N _ o 3 N
0 dX3 = a Ak OWinnk (O! 0, X3)dX3 )
o X3 m+n+k=0 0

And the analytical image's last relaions will be

of mn+k=0 written as follows:
X
@Wmnk (Xl! X2 X3) Xm =
0
N! N (-2) 3 (2g- D(2p- )N(2Ag- )1 a6 m+186(2 &% "y 87
= a — - — = — = ’
2Vmintkia"adal N 211 ety stg=n-1 (210 m+1)(2y - m) (2 - n)(2t3 - K)! &2y o S0y agp
2
X2
OMimik (0,%, X3) dx, =
0
! vy (2 - )(&s- D1 o 6 a8
2N ?—nﬂn!k!alma’z’a'gf N2 t1+t2+t3=N-|-T(2tZ' n+1)(2t; - n)!(2t- )!&2 o §2 0
29 2 2
2l- k+1
N_Lm N.|.m7+n |
. ) )
Vo (0.0.53) o =N g L) 22 6o
K 3 2 N a&moan g man .k N a?\l m+nag ed3 g
0 My ang, NO&R L A2l - k+1
P G2gs0p Ao 15y NIy (k)

Thus the constructed three-dimensional density
model, as seen in Fig. 1, keeps all basic properties of
the reference PREM modd: jumps value, the depth of
their occurrence, and the character of density changes.

] 10 20 40 50 60 70

30
p (P*6371x10" w)

Fig. 1. Graph of density distribution of the Earth
on the model PREM, which is obtained by the
method described in the article

However, in contradigtinction to the model d,
(Fig. 2, a, Fig. 3, a, Fig. 4, a), the density anomaly
d., (Fig. 2, b, Fig. 3, b, Fig. 4, b) is more structured,

and gives a more detailed picture of the placement of
the masses. Firg of all, there is a redistribution of
masses at different depths. Thus, from obtained
“izoden” maps the property movement of the masses
toward the surface is followed, which is caused by the
rotating motion of the planet. We note that such
displacements are characteristic throughout the radius
of the Earth. On the contrary, at the axis of rotation,
dilution of the mass is observed in depth. This is
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illugrated by the “izoden” map in Fig. 3, b (2 891 km
depth, core-mantle boundary) and Fig. 4, b (5150 km
depth, inner-outer core boundary).

Consequently, using the method described above,
and considering classical and iterative methods, we
obtain a density model, which gives a more detailed
picture of the mass distribution insde the planet,
using the sameinitial data.

Originality and practical significance

This work is in contrast to the classical results
which have been obtained from the Adams-William's
equations for the derivatives of the dendty of one
variable (depth), that made an attempt to obtain
derivatives in Cartesian coordinates. Using the
described method of the gravitational field parameters
up to second order increases the order of
approximation of the distribution function of the
masses of three variables from two to four by the
possibility of restoring the planet's mass digtribution
by its derivatives. At the same time, in contrast to
previous  research,  geophysica information
accumulated in reference PREM modd is used,
therefore, are taking into account features of the
internal Structure.

The received function of mass distribution of the
Earth can be used as a zero-order approximation when
used in the presented algorithm Stokes constant of
higher order. Their applications give the possibility of
interpretation of the globa anomaies of the
gravitational fiedld, and explore the geodynamic
processes deep indde the Earth.
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Fig. 4. Map of density anomalies of the Earth’sinterior at a depth of 5150 km

Conclusions

1. The proposed method for approximate
construction of the mass distribution of the Earth, in
contrast to the conventional, allows better use of
information about the gravitational field of the planet.

2. In contrag to the dasscd approximate method
for determining the dengity, the proposed technique allows
us to contrd the calculation process, and, therefore, to
esimatethe degree of rdiahility of such congruction.

3. The constructed “izoden” map a some
depths allow us to previoudy conclud about the
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moving mass of the planet due to the rotating
component of gravity.
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OJIMH BAPIAHT IIObY OB MOJEJII TPUBUMIPHOI'O PO3IIOALTY MAC HAJIP
TA MOTI'O MOXIJIHUX J1J151 COEPUYHOI TNTAHETHY 3EMJISA

Meta. 3a mnapaMerpamu (CTOKCOBUMH TMOCTIHHUMH JI0 JOPYroOro MOPSAKY BKJIIOYHO) 3OBHIIIHBOTO
rpaBiTaniiiHoro moist 3emui moOyayBaTH TpuBUMIpHI (yHKHIi po3mominy mac Hagp 3emii 06e3 yMOBH Hpo
MiHIMaibHe ii BIAXWJIEHHS BiA BifoMOi B Teodi3uili MOjeNi TyCTHMHU Ta BCTAHOBUTH BHECOK KOE(IIi€HTIB
po3kiany moreHmiany B pa3i ix yrouHeHHs. Mertogmka. Kiacuyni meroan moOyJOBH pPO3MOALTY Mac
BUKOPHCTOBYIOTh TIJIBKA CTOKCOBI IIOCTiifHI HYJIBOBOTO Ta JPYroro MopsiAKiB. Y iTepamidHHUX criocodax
BU3HAYEHHS MOJIENIbHUX PO3IOJUIIB 32 HYJIbOBE HaOJMKEHHs OepeThesi pedepeHIHa MOneNnb TYCTHHH,
y3ro/PKeHa 31 CTOKCOBHMHU TOCTIHHMMH JI0 JPYroro IOpsAKY BKIouHO. Jlami BpaxoByrOTh KoeQillieHTH
PO3KJIaqy TOTEHIANy MO0 BH3HAYCHOTO IOPSIKY, ajie MPH I[bOMY HE IOCHIHKEHO TXHIH BHECOK y (DYHKIIiO
TYCTUHA Mac. Y po0oTi 3po0ieHo crnpoOy OTpUMaHHs Takoi OIIHKH. 3ampolOHOBAaHMW METO/ TaKOX
HaOIKeHHH, aje B iTepauiifHOMy Npoleci BAKOPUCTOBYETHCS He Jiniie (YHKIS TYCTHHH, ajle TaKOX 11 TOXiIHi.
3Be/IeHHSI CTENICHEBUX MOMEHTIB T'YCTHHH 10 KOHTPOJIHOBAHUX 3HAYEHb (BEMHYMH, BH3HAUCHHX HA IMOBEPXHi
KyJi) Jlae MOXJIMBICTh aHaNi3yBaTH MpOIeC MOCTiIOBHUX HaOmwkeHb. PesyabraTn. Ha BiaMminy Bimx momeni
JIPYroro MOpSIZIKY, sIKa OMKCYE TPyOi I1100anbHI HEOMHOPITHOCTI, OTPUMAaHa (QYHKIsSI pO3IOALTY Ja€ AeTalbHIITY
KapTHHY PO3MIICHHS aHOMaJii rycTHHU (BiIXWICHHS TpUBUMIipHOI (yYHKINI Bix ycepemHeHoi mo chepi —
“i3omenc”). AHani3 kaptT Ha pi3Hux rubuHax (2891 kM sapo-manTist, 5150 KM BHYTpIIIIHE-30BHIIIHE SIAPO) JAE
3MOTy 3pOOUTH MONEepeHi BUCHOBKYU IPO TII00aNbHIN EPEPO3IIOIiIT Mac 32 paXyHOK 00€pTOBOI CKJIaJ0BOI CHIIH
TSDKIHHSI TI0 BCbOMY pajiiycy: 1i po3piJKEeHHs B3/IOBXK OCl 00epTaHHs Ta CKYITYEeHHsI NpH BiaxwuieHHi Bix Hel. Lle
O0COOJIMBO TIPOSIBIIIETBHCSL  JUIsl  €KBaTopiaibHUX —obOsactedl. HaBmaku, B TOMSpHUX YacTUHAX —3eMii
CIOCTEPIraeThcsi MIHIMyM TaKOTO BiJIXHMJIGHHS, IO TAKOXX MAa€ CBOE IOSCHEHHS: BEJIMYMHA CHIM OOCpPTaHHS
3MEHIIYETHCSI TIPU BiAxoxi BiJ ekBatopa. [loOymoBaHa 3a JONOMOrOIO 3aIllpOIIOHOBAHOTO METOAY (yHKIist
PO3IIoALTy Mac TOBHiNIE omucye po3noiin mac. HaykoBa HoBu3Ha. Ha BiqMiHy BiJl KJIaCHYHUX PE3YIIBTATIB,
OTpPUMAaHUX 3 PiBHAHHS Anamca-Binbsamca 1y MOXiJHUX TYCTHHH OJHi€T 3MiHHOT (IIMOHMHM), B poOOTI 3p0bJIeHo
cnpo0y oJepkaTH MOXiTHI 32 AEKapTOBUMH KOOpJMHATaMHU. BUKOpUCTaHHS B ONMCAHOMY METOJI IapaMeTpiB
IPaBITAI[iIHOTO TONS 0 APYTOro MOPSAAKY BKIFOUHO 30LIBIIYE MOPSAOK ampoKCUMAIll (BYHKINT pO3MOaiTy Mac
TPHOX 3MIHHHUX 3 JBOX /IO YOTHPHOX 32 PaXyHOK MOXKJIMBOCTI BIJIHOBJIEHHSI PO3IOALTY Mac HaJp IUIAHETH 3a ii
noxigHuMu. Ha BiaMiHy BiJ momepenHix AOCTiKEeHb, TYT BHUKOPUCTOBYETHCS TeodizuuHa iHQopmaris,
akymyiaboBaHa B pedepenniii moneni PREM, a ToMy BpaxoBYIOThCS OCOOJIMBOCTI BHYTPIIIHBOI CTPYKTYPH.
[pakTuuna 3HavymicTb. OTprMaHy (byHKLu}o posnoniny mac 3emii MOXHA BHKOPHCTATH SIK HYJIbOBE
HaOIKEHHS B pa31 BXKMBaHHS B IOJJAHOMY aJ'Il"OpI/ITMl CTOKCOBHX MOCTifHUX BHIIUX TOPAAKiB. [i 3aCTOCYBaHHS
Jla€ MOXKIIMBICTh 1HTEpIPETYBATH TI100ANIbHI aHOMATi IPaBiTAI[IIfHOTO TOJIS Ta BUBYATH MIMOWHHI T'€0IUHAMIYHI
MIPOIICCH BCEPEAMHI 3eMITi.

Knmiouosi cnosa. moteHiian, rapMoHiuHa (yHKIS, TpaBiTamiiiHe moje 3emiti, MOJEIbh PO3MOIiTY Mac,
CTOKCOBI TIOCTiHHi.
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OJIMH BAPMAHT IIOCTPOEHM TPEXMEPHOI'O PACHPEJEJIEHUA MAC HEJIP
N ET'O ITPOMN3BOJHBIX U1 COEPUYECKOU ITJIAHETHI 3EMJIA

Henwb. Ilo mapamerpaM (CTOKCOBBIM IOCTOSHHBIMH IO BTOPOrO IOPSIIKA BKIFOUMTENIHHO) BHEIIHETO
TPaBUTAIMOHHOTO IOMsSI 3€MIIM TMOCTPOUTH TPEXMEpHble (GYHKIUM pachpeefeHds MacC HeAp 3eMIId He
YUIUTBIBAas YCJIOBHUS O MHHMMAIBHOM €€ OTKIOHEHHHM OT H3BECTHOH B reo(M3MKEe MOJENU IUIOTHOCTH H
YCTAHOBUTH BKJIAM KO3()(DHUIMEHTOB pa3iioxKeHus TIOTECHINANa MpU uX yrouneHud. Mertonuka. Kiaccuueckue
METO/IbI MOCTPOCHUS PACTIPE/ICICHHUST MacC UCIOIb3YIOT TOJIBKO CTOKCOBBIC MOCTOSHHBIC HYJIEBOTO W BTOPOTO
MOPSAIKOB. B HTepalMoOHHBIX METOMaX OIMpeNeNICHUs MOIEIbHBIX paclpeneieHHi HYIEeBbIM MPHOIIKEHHEM
cuuraercs pedepeHiiHas MoJIeNb MIOTHOCTH, KOTOpasi COIIaCOBaHa CO CTOKCOBBIMH MOCTOSHHBIME IO BTOPOTO
MOpsIKa BKITIOUUTENbHO. Jlanmee, yUMTHIBAIOTCS KOS(D(UIIMEHTH Pa3IOKEHUS MOTEHIMANA ONPEACICHHOTO
MOps/IKa, HO TIPH 3TOM HE MCCICAYETCS WX BKIIAA B (DYHKIMIO MIIOTHOCTH Macc. B paboTe mpuBeaeHa MOMbITKA
MONyYEHHsT TaKOH OIEHKH. [IpeayoKeHHBIH METON TakkKe MPUONMKCHHBIH, HO B HTEPAIIMOHHOM IPOIEcCce
HCTIONB3YETCS HE TONBKO (DYHKIHMS IUIOTHOCTH, HO U €€ Mpou3BojaHble. [IpuBereHHe CTEMEHHBIX MOMEHTOB
IUIOTHOCTH K KOHTPOIUPYEMBbIM 3HAYCHWSIM (BEMTHYMHAM, YTO ONpEACNICHBl HA MOBEPXHOCTH Iapa) aaeT
BO3MOXHOCTh aHATU3UPOBATH MPOIECC MOCIEN0BATENbHBIX NPpUOImKeHuil. Pe3yibraThl. B oTinune ot Momenu
BTOPOT'O MOPS/IKA, OMUCHIBAIOINIEH rpyOble T100aabHbIe HEOMHOPOIHOCTH, MONYyYSHHAs QYHKIMS paCIIpeneTCHHsI
JMaeT TOAPOOHYIO KapTHHY pa3MEIICHHs AaHOMAlui IUIOTHOCTH (OTKJIOHEHHS TpPEXMEpHOH (GYHKIHUH OT
ycpemHeHHol mo chepe — “u3omeHc”). AHanIM3 KapT Ha pasHbIx rayouHax (2891 kM sapo-mantus, 5150 km
BHYTpEHHEe-BHEIITHEE SAIPO0) MO3BOISAET CASNaTh MPEABAPUTENHHbIC BBIBOBI O TTI00ATEHOM MEepepaclpeieeHH
Macc 3a CYeT BPAIIAIOLICHCS COCTAaBIAIONICH CHIIBI TSDKECTH IO BCEMY PaJHyCy. €€ Pa3KIKeHHs BIOIb OCH
BPAIICHHUS ¥ CKOIUICHHS MPU OTKJIOHEHHH OT Hee. ITO 0COOCHHO MPOSBISAETCS ISl SKBATOPHAIBHBIX 00JacTel.
HanpotuB, B MOMSIPHBIX YacTsAX 3eMIIM HAOIIOMAeTCs MHHUMYM TAKOrO OTKJIOHEHHsI, YTO TaKXKe UMEET CBOE
00BSICHEHHE. BEJIMYMHA CHIIBI BPALICHHUS YMEHBINACTCS TIPH OTXOAE OT 3KBaTopa. IloCTpoeHa € MOMOIIBIO
HPEITIOKEHHOr0 MeToAa (GYHKIMS paclpe/eNieH|s Macc, MOJHee OMMCHIBAeT pacmpeneieHue Macc. Hayunas
HOBU3HA. B omiMune OT KIIACCHYECKHX PE3yAbTATOB, TONYYCHHBIX W3 ypaBHeHHs: Amamca-Bumbsmca st
MPOU3BOMHBIX IUIOTHOCTH OMHOW mepeMeHHo# (rmyOuHbI), B paboTe MNpEANPHUHATA TOMBITKA TOMYYUTh
MPOU3BOMHBIC MO JEKAPTOBBIM KOOpAWHAaTaM. Vcmonmp30BaHWE B  OMHCAHHOM METOAEC IapameTpoB
TPaBUTAIMOHHOTO MOJIS IO BTOPOrO MOPS/IKA BKIIOUHTEIBHO YBEITHYMBACT MOPSIOK AMMPOKCUMAIMH ()YHKIIHH
pacrpesieNieHus MacCc TpeX IEPEeMEHHBIX C JABYX JI0 YeThIpeX 3a CYEeT BO3MOXHOCTH BOCCTAHOBJICHHS
pacrpesienieHus MacC Henp IUIAHETHI MO €€ MPOM3BOJAHBIMHU. [IpH 3TOM, B OTIMYHME OT MPEABIAYIIHX
UCCIIEIOBaHNUH, 3/1ECh UCIOIb3YeTCs reodu3ndeckas HHGOpManus, akKyMyITHpOBaHHas B pedeperHoi Moaenn
PREM, a moToMy, YYHTBIBAIOTCSI OCOOCHHOCTH BHYTPEHHEH CTpYKTypbl. IIpakTHdeckasi 3HAYHMOCTb.
IMony4ennas QyHKIMS pacrpeneaeHus Mace 3eMIIH MOXKET ObITh HCIIOIb30BaHA KaK HYJICBOE MPHOIIKEHHE TIPH
HAJTMYUU B MPEACTABICHHOM aJrOPUTME CTOKCOBBIX MOCTOSIHHBIX BBICHIMX MOPsAAKOB. Ee mpuMeHeHue naer
BO3MOXHOCTh HMHTEPIPETUPOBATh TJI00ANbHBIE AHOMAIWH TIPABUTALMOHHOTO MOJNS W HW3y4aTh TIyOHHHbBIC
re0IMHAMHYECKHUE TPOIIECCHl BHYTPU 3eMITH.

Kuiouegvie c1o6a. TOTEHIMAN, TapMOHHMYECKass (YHKUIWs, TpaBUTAlMOHHOE IOJIe 3eMIH, MOACIb
pacrpeneneHust Macc, CTOKOBBIE IOCTOSIHHBIE.
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