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PAA.IAJIbHOE PACIIPEIF,IEHIiE NNOTHOCTH 3EMJIH HA OCHOBE MOIFJM

JIEX-{H.4PA-NANNACA

H3Becrnoe peuenHe WasneHur KJ€po B iDopMe 3a@ra Jlexan4pa-Jlapraca, flurcntr3oBaHo Aru n*piMerp6aqr{r{
palrraiLHoro pacnpelexenlfi [noTt{ocrr{ 3eMDr B paMkz.{ ruapofiarFrecKr_4fia6drfi{ecftofoi reopIrx. orMe\eH_
Hoe pa,Sfiarbfioe PacnpelereHye nrrorHocru paccMqrpeHo 8 ABy.! Bapr.ranraxi lJtk fienpeplrBxoej raK !r ee KycoqHo_
HenpeprBHoe pacnpere,{e1rxe. B p$y$rare 6ru llonv{eH pnx peryppernr6x oopMyx (a,,rJl nnaHerbl co c1[epH-
qecRoi crlarltonKaqrcn). loc'raB.rr,trorir,.{x peEen}re nprr\4oi ! o6paT}Iofi 3araq I{l ;cEoBe ceicMrrecru\ Ir acTpo-
HoMo-reoae3r{qecftni aaHH}rx. llorryqeHnoe Ktco''ro-HenpepbrBHoe parlr{anbHoe pacnpeaenerflre xopo(o cormcv-
ercr c ruore-Il'rc nnmHocrr PRPI\4

the descnption of botl rhe primory atrd seconda.ry
elements of complex inrss distributions, using finire
nurnber of piu_d'rele s, arld ne\ible ril grvcs tLe posr-
bilitv 10 use rnodels of different conplexit| Tire mo-
del conslruclior reduces 10 the soiution of lhe irLveNe
gravity problen

wle dle e\pennrent is {rcLesrfrt. re ir nrque
and stable mod€l of point mlsses for the gjven se1 ol'
dala is constucted, ihe obuined phrsrcal drrd n1athe-
matrcal model gives d€ possibrh[ for a more radicat
way ofsoiving all gravit! and geodeiic problems

ln order to avoid non-uniquerrcss aDd mstabrlily of
tlLe ploblenl ard to find concrele models, hro impor-
lant questions should be dnswercd: how to defi e the
nLa:dmum mber of point nusses ard how to fird a
unique a d slable solution wi u the chosen class oI
ftodels.

11 is obvious rlul rlle bigger d1€ number ol tl€ po_
int nnsses is, drc more Fecise rhe approxi auon lvill
be. lt is dso clear thal th€ idormarion. on wluch the
de sity cross'sectior of the Eorth is modelied. is finite
and the conplex y oflhe Drodel is limited. The appro-
j\rmruon .tr made by grddu.tl,, flakn8 rhe rnodcl mo,e
elaborate, until reachirg a model class, for which ,l
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lcan suarc. nah..l This hodel ts u tq e and iabb fat e s;d set oI dat; and pft \dei the he,, a",,,,pri,i, 

"ttheJield*tth leastnunber afparaneten ofthe so ret Itapprcfl ates the Ltsed abrotute vat,es at the grc,\ty,ilia ean sqltare effat oI about a0 mGal, and anly fo, data ton the IISA tetitory - 3a ncat. The jetd al the
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conpartson h.the el.LpMidal one, h itsJlenb itf antt htgher precision m drlta pracessi E and its-appti;ahan in
ge a ph \'r c. a n d ge a de s,r'.

I ttoluction

The idea ol presentiry lhe eafih's gravitv field . rd its
so rces b] an oplinal model ofpoint m.lsses was pro-
pos€d in 1962 by the outstandiry Bulgariar scientisl
Dr. Dimitar Zidarov (Zid,fov,t992). J. A Weightnun
(1967) $ggested rhal the pojnl masses should be llsed
in geodes\ 'o create r nladlcn,rlic:tl model ol glr|B
field Drc to the adv)ntages of this class of models ro
tbe traditionai decornposition of gra\rit! polential to
sph€rical fuctions the idea go1 a wide derclopmelrt
Wc are nol going !o mention all otthe numerous pub,
lrclriors on rhe abo\e problern. \rr.c ther rete r]in.
It to lhe formal descriplio of the gravif fietd. We
would rccotnmend the works ofMeshcheryakov, Mar
chenko alrd olhen to lrose 10 rhose inlerested i ttre
nrLr'riporI nlodcls ot the geoporer|bt Worlh menDo-
ning arelhe R?pers ofJ Jelev

In our pJper rre olfer.," lpl'rn,rcn oi.rerlirg dll
oplmal poinr Nodel of the Eanh and its gravily fietd
usurg non-reduced gnvltt data.

As an apprcximate conslructron rhe poinr model is
u jversal (( approxirnates arbitrar!, smooth enough
funclions of mass dislnbnlio ). e.\pressive (il allows
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mque and slable solution does rot exist. when that
degree of odei conrplexitv is r€rch€d $21 I'loild
n1ear lhat the whole mfomration has been exploiled
oul of data At the second strge oi the Eoblem solu-
tion, thg urdquelr defined point asses should be rcdi-
stribured to bodies of sjl,en density by applving the
fielhod of the "sweeping" of the masses. proposed by
D. Zidarov (1968. 1984, 1990)

Unique ,nd siable poi t nodels can oily be fornd
by selecdo\ based on minimisation. The squse rne-

thod has an advrnlagc in $is case. Tire convergence
of lhe rteralion procedure h the por ot globai mini-

MathematicAl fom k'tion md
sotuno !'f the pnblent

Th€ mathenalical fornulation of the ifi€xe gmvily
problen is: the absolNe values of earth acceleration
g(?r ) are glven at poinls Pt , i - l, ..., n of the eardfs
surfitce arrd also the relation b€tlveen g",( Pr ) Jnd fte
pafamelers m ol the odel

A unique a stable model m js lo be fo nd,
whose field differs fton1 drc real geologic body 1vlth a

The give values of the earth's acceleratio fonn n
runter o{ dala y and define i n - di ensional vector
Y. The tunction g(?r ) is the operalor solving the
dirccr problenr O The model m is a funclion of
pJrdnelers qr . i= 1..... r lr orde' lo lrrd dre 'Iriq e

dnd stable nodel m we hale 1o deteflil}€ the
operalor @ 

I, the inverse operator of O. To solve this
problem we appiy the automatic seleition *here the
inv€rse operator will be fie Nnimisrtion procedure on
the following obiective frnction

u =ttl(P,t s,,t P,t)')

The nininisatior of the objectire ftnction U uill
be done by the least sqMres neftod (Gauss-Newton
nrethod of mjninisation of the coneclions developed
by us, whjch is mrlcl similar lo re m€thods of
Levenberg and Marq ?tidt.

The oplinul multipoint model found by mr€dllced
data will be the simplesl model possible rvhich descd-
bes the graldtl neu rilh high precisior For exanplc
the normi field calculated by thc Helmefi fomrula was

approxinuled with precision ol 0 007 mcal \rith 9
poinl model with dre pammelels sbow. in the Table L

il is obvious rhat the conshxction of such an opti
lnal mullipo lll model ol reil dara $ould cRale po.si
bilites for quick and precisE solutior of a variety ol
geodelic problenls related to the shape of the geoid

tralcctories of the artilicial

I;+.^ifr.r-,'r lZ-",r-,1!
I 92.9333
2 -92.9336
3 34',7.0124
4 -341.m24
5 311 1312
6 "311 1312
1 1'.79.1034
8 179.?015
9 0.0000

alrd the salellites of the

Ttthle I
f.t\4

-347.0725 -0.0001
14t.0'724 -O.0001
92.9333 -.0.0001

-92.933s 4.0001
-179.?036 0.0000
179.?033 0.0000
311. t 311 0.0000

-311.1311 0 0000
0.0000 0.0000

34019.88378
34019.88368
34019.88363
31019.8838s
34019 88382
34019.88381
34019.88363
34019.88388

126441.t301 I

The proposed method for sohdions of the iNerse
gravlty problem was applied on ?0 I absolute values of
gravit], measured with a gavity penduiu . The basic
parl of lhe dala - 440 measurenle ls - were takell on
USA tenitory The rost of the points (261) are ftonr :

Errope - 87, ANarclica - 56. the Fa-r East - 92.
Ausrralia - 8 and €1c. - 43 (Lejay - 1916. 1938. l9l9:
DDerksen - 1949; Uotila - 1960 )

On the bases of this data we folmd a unique and
stable model with 4 poirt masses with the param€te$
shown in the Trble 2

Table 2._ -_ T_ _-__-T_--

N I \, [(ml Y.Ikml z, lkml I t. \'1. 
_

I 129.069 -452.488 -2).211) 42286.21
2 217.952 ',76.114 3.969 164689.40

-226 5t5 -52.151 ',1.71',7 16r4'7',7 30
-158.0?9 499.096 -30.6s9 30157.03

398609 94

3

4
14

The ield of this model approximat€s the real data
of gravity al the 70 I physical points with mean square
€rror 40.01 Gxl fie error of approxination of &e
Americar dala is 30 mcal. Th€ residuai field car bc
u6ed for q alilalive interpretatron rr gsrlogv We have
constmcted a lnap oI the residx.ll anornalres for the
tenilory of the USA (Fig. I ).

The allempts fbr construciing a more conrplex and
srable model did no1 give results, which meaN dral
mosl of tlre ilrJornatio have been exUacled fiom th€
given se1 of dala and rhat rhe nfomraiion about the
residMl field is insufficienl to sol.le the irve$e
problenl. The residual field, fiou€ih, could be used for
qualilruive interyrclatron in geology. For that purpose
$e hr\e co'nprled .r n p ol $e reridurl omales oI
dle teritory of the USA. 'I'1rc comparison with rhe
maps of tle free-air anomaly (Frg.2) and the Bouguer
anomaly (Fig.3) slrcws that the residual anomalies arc
close ill p€ttem 10 dre fiee-ai ano{u ies. Tllat is



USA RESIDUAL ANOMALY MAP AFTER APPROXIMATION
OF THE GLOBAL GMVITY FIELD WTH 4 POINT MASSES
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USA FREE.AIR ANOITALY MAP

natural bccause .eal verrical gradierr lor Ihe lerriton
ol Ire USA r( ctose rrr v; ti ro rhe llom[t \edrl3t
BrJdient. The difference is thal the global gravr$ field,
which ls subuacted from tlle neasurcd fie1d, is a field
of ar opli al, nol ao rdeal nodcl of the Earth. Thal
mears dral the residual field will be rcduced befter
fron anomaU€s of lron-gcological origin. For olher
areas of drc Eanh, though. the drfferences belwcen

__rd r€e *a-"b!,,..
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bolh anomeli€s can be cor$idemble
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USA BOUGUER ANOMALY MAP
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Crotlt AB,q€B, CiMeoH Koc.itB€n. BedcraB CmtHoB
oI]T1]MA,{htrA Mo.EJrb roqKoBm{ MAc fPABITArIIIhloro nort 3E\4m.

NOEY,4OBAHA 3A A5COMOTHIIMH 3H,A.iIEHHJIMH CUJI BA|I4

Onr!fl{anbHi napaMerpfi rorlioBix Mac rno6aJllHoro rpaliralrilrHoro no,I' 6ynn eBHaqeHi J BHxopHfiaHHt!

Meroa! HaiiMerilutjx $aapariB 3a a6coJnorHlrMH 3HaqeHBI crilx Barn More$ 3 MlHiManhHo]o dnbrdfiro
napaMerpiB npeacraBnr€ a6co.,troriri 3HilqeHHt cr,firi Batfi 3 cepe4rlorc klaaparfitrHoro noMuxnoro 40 Mfln, a

rr,rbr(x Ha reprropn CIIIA l0 Mfa! none rc6yaoBauoi Moae c 6rfi!1(1lM ro no-rt pe0epeHq-enircoiar'

CmtH ABAcB. CIoIeoH Kocr-{HeB, BejlnctnB Crotnor
OMHMA,'IbHA' MOAEJTb TOqYIIHbIX MACC IPABHTAqIZOI{HOTO NOJI-q 3EN1]M,

NOCTPOEHHA' IIO AFCOJ-1}OTT{bA4 3HAqEHI,IJM CVNbI T fiYECTLl

OnrrMi lHErc raparL{erp mveltrrlrx Macc rrc6a"'rEtroro rpaBma{IroHHoro nont 6}Irx onpeaeneE c

ucllon!3o3aHrleM Meroaa HarlMeHlltrnx I{Ba,EparoB IIo a6cojtrt}TAlrM 3saqeHI{JIM CIIJIEI TJrtecrfi. MoaeJB c

r{ru{Mar}HbrM I(or1{'recrBoM napaMcrpoB npeAcraBnter O6cojmrnHe 3laqefirrt cHrEI r,)rccrfi co cperfieir
Baaparnqecnoii otrx6xoi 40 :ufan, a ro!6rc Ha rEpprropnx ClllA - 30 Mfan note nocrpoeHnofr Moaenn
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