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O.V Seranl, K.R.Tretyrk
RECENT HORIZONTAL DEFORNIATIONS OF THE EARTH'S SURFACE lN CENTRAI ETJROPE

FROM GPS-CAMPAIGN CERGOP
S mnury

Recont horizontal components of deforrrahon of the Earth's suface in Central Europe were computed from tlrc
results of GPs-campaign CERGOP. Charts are presented for distnbution of tlrc doformatior components within dl€

stuilieal network. Tlle values ofthe components are ("1,28 <a 1,28) l0r yar. Obtained values and distribulol ofthe
defornution componenls were compared with some sinilar iDvestigations of Central Europe area as well as witl
other geophysical fi elds.

O.B.CePanr. K.P.Tp"'rnx
COBPEMEHHbIE |OP}43OHTAJEHbIE /TOOPMAIII4H 3EMHOI1 NOBEP)C{OCTH TFHTPAJIbHOi1

EBPOIbI NO PE3YJIbTATAM GPS-KAMNAH}M CERGOP

flo pe3yrbraraM GPs-(atrrnasllx CERGOP DbFnrcrenll coBpeMeHHBIe ropn:ollTanrHlle ltoMnoner{Thl.qeoopif.lqtrn

3eMHoii noBepxfiocTlr llerirpanLHoii BspoBL npnleaeHbr cxeMH pacnPeAeteHrn ftoMnonelrr adbopMawx Ha

repprropfi{ rccnelryeMoi cerlr.3HaqeHr.t l(oMnolreHr Haxo,qmct B Ilpe,qenax C1,28 <r 1,28) 10r rorl
flpoBeAeHo collocraB,rcHr{e 3HaqeHlrii ,r pacnpeaenefiI{I (oMnoi{em coBpeMeHHbrx ,leiDopvr]rJd
nccleaoBaHl,UrM'rr€pprfopfir I-leHTparEHoii EBponH q,qpvrltM reoofilf|lecl{xMr non vlr

ON THE COMPUTATION OF THE REGULARIZATION PARAMETER

O. A, AbriLosov

(National Untue^ilr "Lrir Pl,I@hnic")

Summary Tvo pos-tibititier arc consideletlfor the .letemination ofthe leguLarizatiah paraneter an the baes ofthe

ni!closute ptinciple.

(1)

ln dre paper (Abnkosov, 1 999) tkee diflerent p ncip- .where I is the obsenalon vector, s is the signal vector.
les were applied for drc deternunation of dre reg - which is chancrerized bv the covaria ce atrix C,,.
larization p"rrcmeter rr the \adarional problem of dcl.r
processing. The equations ot otsen ations witiroii a and n is d'" norse I ed or' $'hr ch is characlerized bY the

iystemarii part lMoritz, I 980) w€re considered as covaiance maldx C ,, ' Bv using lhe slznd'lrd

variational principle (Morilz. 1980):
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o, =ntc,)n +Istc's = mi , (z\

with the positive v€ightiflg coefficient 'y:

o<1<- (t)

lhe estirnations for si8nal and noise were obtained in
the following fom:

3(y) =c*(c- +1c,")-'1,

i(T) = yc-(c," +€,,) Il.

By applying the 0e){ principle

p.. e..rrfl=1rc..rvrll=-i".

where e"" (y) is the a posteriori covatrance nratrix of

the estimatrofi (5), two possible values for the
rcgularization parameter were oblained, Tbese are

r=1, (?)

which conesponds to tradiuonal least squares

mllocauon solution ofthe system (1), and

r-(1)=q -2c.9'(y)c.
*a-q t lqtp't la.' 

(14)

E-(r)=C--2rc-q'0)C- (r5)
*/c-Q '(1)Q0a-'(rc-

Supposing thal all matrix€s in the right hard sides of
above expressions har€ a full mnk, we can tr?nsform
(14) alld O5) to

8,"(r) = 8,,(T) = c,"Qr (l)Q(r, )Q '(y)c,,,, (16)

Regula zation porumetet fion the ,nafiii t,,0)
Let us suppose that a value ol the regulariztion
parameler fuIfifls the equality

t,, (y) = c,,. (r7)

By substitution (12) into (l?) we ger

y'c,,Q" (r)Qo)Q '(v)c," =c-, (rs)

and affer otwious transfonnalrons we come to the
equation

Y(1- 2)C- = C- (1e)

This expressors is notling else but the system of
Linear €quatioru reg:ardrng the unknown

x=y{y -2). (20)

Classical leasl squarcs soluion ofthis syslem l€ads to
the value

(4)

(s)

(6)

(8)

wluch realizes tlle soluuon of ( I ) under the nrisclosue
principle.

In the present paper our goal consisls of conside_

ration of some additioMl possibilities for the

deteflninatron ofthe regularization paraneter 1 on the

basrs oflhe misclosue principle-

Basic rclltilnshiqs

By introducirg the nolation

Q(r)=c- + Yc,,, (e)

we can Ewrite the estimarions (4) and (5) as

3(y) =c*Q '(y)l .

i(y) = yc",Qi (y)l .

Tbg covariance maldxes ofihese estinutions are

e. (v) = c""e-'(v)eo)e '(v)c-,

t,-1ry = 1"c-q' (1)Qo)Q" (Y)c-,

and the covariance matrixes of elron are

and. in view of inequrlities (3), we get immediately

()ll

(2l)

trace(C-C-)
'= t.*"(C-cJ '

(22)

(10)

(lr)

02)

(r3)

As we calr see. this exprcssion coicldes exaclly ivith
tho expression obtain€d in (Ab.ikosov, 1999) on the
basis ofthe misclosure principle.

Regulai&tion paftrnetet from the matix n,.O,

Now le1 us suppose that a value of the regularization
paraneter fulfills the equality

t.tyl = c,,.

Br substitntion (16) into (23) we gel
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trdce(C.C"")
trace(C C t



c.Q '(1)Q(1')Q'(Y)C," =c-, (24\

and after obviolls transfomatiols we come to the
equation

y(y -2)C- = I'?C,,. (2s)

Excludiru the trivial root 1=0. we can re$rite (25) in
the form

where I is a unit rnatrix, u is the variance oidre sipal,
and d is the larianc€ ofthe measw€d dala errors. With
(31), (32) the expressions (22) and (30) may be
rcwnilen. respectiYely. as

(33)

(34)

y=1+J+;.
2z

Y= 
" t'(1-2)C"" = yC,",

and tr€at€ it as a slstem of linear equations

C *x = C,,,

r€garding the mknowl

2 trace(C

^{

Classical least squrres solulion of the systefi (27)
leads to the value

tm.e{C C )x= " - (2q)
trace(C,,C,,)

and we can see thd in rhe considered case

ln olier words, both values arc the functions of the
relation c/d only in this simplest case. As we can see.

dre function (33) inoeases with the ircrcasing of tle
relation c/d ard has only singularity a1 irfmity,
whercas the finction (34) d€crehdes with &e
increasing of this relalion, has the singulari8 for d=c.
and takes negatwe values if d>c. The discusfed
functions are shown on the Figure l

Fig. 1. Propasation ofthe functton.\ (:3) and (31)
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Discussion

Thus, we have obtained two expressrons for the
compuhrion ol the reglrlan?"uon pararneler in
accoldance with misclocue ple ciple. The vdDe (22)

minimizes the Euclidean norm of the difference
between a priori and a posterion covanance matrix of
the noise vector (Abrikosov, 1999), whereas the value
(30) nrinimizes the Euclidean norm of ihe difercnce
between a pdori covarianbce matsix ofthe noise and a

posteriori covariance mafiix of enorc of the signal
vector estimation. In odrcr wods. the valne (30) Ieads

lo tlle agreemenl of the accuracf esdmation of lhe
signal with the nagtlitude of errors in initial alala. As a
re$rl1, ths value also may be treated as a possible

rcalizatior of ihe isclosure principle.
For b€tter understaflding of tlrc behaviours of the

disc{ss€d values of lhe rcgularization pararneter, il
have a sense to consider the simplest cale

C-, = cI.

C* =,ll,

l5

Fig. 1. Propagation ofthe functton.\ (:3) and (



TIPO OEqHCJIEHI# NAPAMETPY PETYTIPI43AUI1

Po3D'H)'ri ABi Moxfi{Boc"ri Bx3Haqenr[s mpa{clpy peryrrpBardi ua ocnoBi rpxxqnry rieB's3ro.{

O.A. A6pmocoB
O BbFIHCJIEH!]H NAPAMETPA PEf YJUIPIZ3A].II,M

FaccMorpeHlr lBe lo3MoxHocrlr ofpeAeneHnt [apaMsrpa peryrtsplj3allrr{ Ha ocfioBe nprflqxna HeBBrs{
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KoBapiaqifiHa OlrRrir a6o rcBapiaqir a{oManiii
cH.rt{ BarM B{rsaqa.]bcr cepeaHrv rHrqeErrM rcir
,ao6yrri! Ag, Agr &rr aerrrci Bi,qcraHi Y I2l.

*n {rg,ag,, v}=,v {rs,ag, },, (r)

Ae 'P - xl'roBa Biacrarc Ha cdrepi o,ErHo.nroi KyrIi. M -
oneparop MareMarwHoro cno4iBannr-

KoBapia{ir (l) o3xaqa€ cyMicrry 3MiFy i rcftl3y€
crenirs D3aeMnoi Kopenrqii anoMatii clr.lln Barn.

B3a€M{a roperrqir axoManiii qrrx Barn noB',3aHa 3

rceoiqi€HroM mperrqii,, cniBBi.qHosreffirM [2]-

"ou {&,4e,,v}= " {as,^s,, v}6?(^s) (2)

a. o'(Lg)=D- a{crepcir, a6o (oBapiaqi' rlpn

Y=0.
Br.BHa.reHHr (oBapialifuroi Oyxrdi HarJlJI,Ino

npeacr_arneHo Ha prac. L Ha HhoMy noft?BaHo: ,4 i

P - noc arBru r 6r,rr\^ra to{sr ontl{o.rHoi

coepn, Bi^qcrars Mix rkyur Y. a - arn4'r xanp$r1'
ni]dii 1 P, .

cov(fu,Ag,. Y)

tBqc'raHb ftopenrqii
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Puc. 1. Ao qrcHa,leHw kaeaprd4lilat Oytl'.4ii:.


