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Abstrcct 'Ihe reg anzation algothm wat deyeloped an the basis of s ch Jit af the nolnal operator, which ts
closed to a system o! Linear equa ons \)ith sai at ffitt matrx. The application of the -famous theo@n on the
specttul expansion ol narmal nnh.ixes le.l ta i toducng ofthe si ptest matnx norn (conkected vth the trcditional
Lltcldean norm) and a oved fon specnl ca dtnon, \,hich proyjdes the determinaion aJ the res tanrahon
parameter. I'roposed apprcrch yreld.\ the replaizahotl pdrumetet, which $ rcsponsible onlyfot a auwac' alan
tnthaloperutot and thercfore, prci)ides a stable inyer.tnn Numerical testine aftv algotithn y,.1,t pert n dh; the
.olstl.rion ofpie&wise den:ity models ofthe Ea h based an Roche's, Gauss', and Legendle Lqptace tais.

lr'1
pt' t t,t,) p,tt'=o, b,'1-]. ll
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Coefficients 4,, ,, were deterrnined for 7 main shelk

b! ca s oflhe golden section technique Stabl€ solu
iion \ras oblained bt ,pplving lhe additional con-
ditrons for pnmarl geodelic consrarrs ard ratios
l,mO(i, €)/O(1, +€)

Recendy piEcewise radial densi8 distriburions
based on Gauss' and Legendre-Laplace models

/ n,\p( ./. r.\ p.ll)=o exp .il. , rt)
\ /, -/

,'{'"t)
b;

bltoduclion

As well-knoq,n, resr ts of seismic radial tomography
ofthe Earth's intenor give ilnpoftafi data lor a deter-
nination of radial de siry distribution. One of t.he ba-
sic equatiors for sllch a delemrination is the lamous
Williamsor-Adams eqx2tion (BulLcn, 1975):

(lIr,otl \ l"C ',:"- '-lPtt'dt {lr
d( t.qre)ir

where p(l) is llle density on the disrarce I ftom the
FJii 

" ccrlrc. Ol, / rs dle (ombinirtion of dre sers-

nuc \rave velocilies l; ard Ia on the sdflc dislance
-116'.r | ,,../.'(,) t)l

Equation (l) $itlr knowlr values O(l) was lls€d

alone up to depth 670 km for constructron of the
PREM model (Dzie*onski and Andenon, 1981)
$here rhe EaJd s densil \\as represerrred b pie.e-
lvise polynon als (in general up to degree 3):

.!L t0\1p(t t P, r.'')-L,,.,] 
^r'0 \^/

H€.c /l is dre EaJth s ne.ur radius, I, 
's 

rhe geoc€nrric

distance ol /'th discontinuity of rhe Earlh s density
( /n = o , 1.., = ,R ). Usage of some addifional data

(srch as density jump auoss the ifiler-outer core
boundary, density al the base of tle mantle. density
below the Mohorovichich disconunuit! etc.) yielded
more or less slable inversion of (D(l) As a resutl_ the

appropriate solution lvns found lor the coefficietus ,/,
within l3 shells seprrrtely.

Grid valu€s of the function (2) in acco.dince
with the PREM were used (l\,larchcnko, 1999) for the
consfuction of piecervise radial dellsih distnbution
based or Roche's nodel:

p(,,r<t<!,)=p,(t)=a, {6)

rrere consrructed (Marchenko, 20004 2000b) for the
s ne ? shells. Coefflcients o, for all disnNsed three

nodels are coincided tlal can be easih see frojn
Trllor expansions of De funclions (5) and (6)). Then
oIh rl'e (oefficients ,, $ere dcrenn red Ironr .eisn c

data for lhe models (5), (6) ad the coefflcients a,

welc ndoptcd rn accordance wt} fie ptecewtee
Roche's distribution. tn such a fornulalion. slable
solutions were obtai ed eve, witho r any addition l
infonnalion. However, mo additioMl condirio s for
the Eifih's mass and mean monlen of inetia were ap-
plied lor dre agreenent with drese global characteris-
tics ofthe planet.

Any altempt 10 detemine eilher all coefficients q
and ,, or even coefficients d, ottl}' for any model (4)

- (6) wi$oul applyirg odrer additional corditio s 1ed
10 ahe destmction of solutio due to its instabilitr
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(Mrrch€nko,2000b) For this rcason. the goals oftlus
paper are the development a.d apphcatlon of $e
s|e.rul rcchn'quc lor a .table derernrinrlrolr u[ pi,.a-
nreters of densiq distributon from seisnic dala.

l. Basic equations

Below we will suppose that the Earth's interior is sua-
lified b\ M shc[s rrd ir each shell fie den.it) is re-
presented by some continuors funclion with , para-

p,(t) _ p,(t. p i. p,r,..., p,,). (7)

Rewriting t}le eqnahon (l) ,s
4nG a ((\

o(r,,r <r<?,)=o,(/)= , .--.t' p,\t)

,,.. dp,(4
P'."'--';; 'ar

we can see that any @,(l) depends on i.}? para-

neters and a.fter traditional Tallor lineadzation we
conle ro ir sysrem ol hnear equatrons $idr $e quasr

tnar\q iar block matrix

=L+V. (lo)

I'rtt ' l
'lf l,',,,v'a,. Ip,v)/'dr rql

\,-rlr I 
"., 

)

rxr
' x.

l'""
l^,
I
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where A,/ is ( rll, x,'? ) malnx. which consists ol tlle

aertuawes A@,fAn,* (i=1.2..n). 0,, is &e zero

(rr, x, ) natnx. m, is lhe llulnber of gn,en ( nl€as '
red") values of O, (1) ir1 tth shell, X, rs (, x I ) ve€-

to{ of corectrons to parameters of the model (7) tor
the cufrenl i-th shell. L rs th€ veclor of "obsenalion
ninus calculalion". V is $e residual vector.

Del€nnination of parameters of the pigcewise den"
sity distribution (7) reqdres solution of tlle system of
non lmear e,gr]stor,s (8) by iterarior$. On ea.h one,
correclions to pam relers should be obldned as a solu-
rtor ol lneat sy.ten (t0) Obviouslv. such a solution
tnusl be slable in ord€r io proYide a convergence rif
such iterative process.

2, Appnc dion of rcgulatization techn iq ue

ll is well-knorvn thal most general approach to derhre
i stable solution of a ststem of linear equations

AX=L+V (t r)
is Tiklmno\,'s regularization (Tikhonov arld Arseni[
I 986), which bas€d on lninimizallon of fie ne\1 smoo-
thing functioMl

4 =vrc;lv+yxioxt, (t2)

where Xr is the stable estinalion of fte ve.tor X,

C;l is lhe covariance matrrx of measured il2ta, O is

the posilive defined symmeldc nutrix calied by a

stabilizet y > 0 is the regularization paDrneter, the

superscnpr f denoEs re t]rnsposrlion fo, a g\en )
vector X, is the solutiofl ofthe svslem

(Arc;jA + 1o)x, =Arc;ll. (r3)

X0 car be based (for "/ = 0 ) on the us al leasl squa-

res principle.
!r Ue case of a given $abilizer O lhe main prob-

lem consists of dre co putation of an appropriale !a'
lue I. In accordance wilh the generai approach (Iikho-
nov arld ArseniA 1986), $rch value y,pr must be ag-

rced witl the accwac-y of measured daia and col'es-
ponding opemtor, which is reprcsented her€ bv the

No - Arc;,lA. (t4)

Slandard Cet€rmiiation oi 1,/ requires an iteratlve

proc$!, which sfarts ftom the initial value .y 
= 0 and

may lcad to essential djlficulties ir a case of ill-condi-
lioned matrix N0 . For this reason, we shall Ay b use

anotler approach based in parliculdr on some spectral
properties of the nomal matix

N, =Atc;le*ro ( l5)

3. Sohte i poftant propeftiat ofthe nomul rubix
Takirlg into account that both mttrixes O and Nl
(1>0) are positive defined. we may apply well-
Lnoun lh€orerr or dte mdtrix sipechJl expanslon
(Hon1 and JoluNon, 1986) ard tnnsfor the svstetr
(13) ro lhe syslem with diagorlal matrix

(A + yI)YY = U. (16)

Onitting some elementary details ofthese spectr ex-
pamions and conespondhg rransformalions, aote only
that I is unii (rxr) matrix. , is rhe order of svsrem
( l3), A is dre diagonal marrix
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,4. = drag(),r.),r,. 7,,),
ir>0. ),,>0. t =2.3, n, (17)

ir,1"2.. i, are the eigenvaluEs ol the mafix N0.
Now in \1e* of (16) $'e can define (see Hom ard

Johnso[ 1986) , set of our possibte solutions by l'le

IN,l= All l-racer,t ' I,,o. {18)

because such nomr is nothing else but the Euclidean
norm of the marrix ofthe inilial svsleft (l l). hr faca,

because C;i is a synmelric posiiive detureal matrix.

1ve calr apply its spectral expansion to fofm Ure nratrix
B=C;:''zA. Now t is evident No =BrB and

lB;, =ilb; =Trace(No) Asa result we com€

to the remarkable relarionship

lc, 'a l' = 1, r.,. (r"l

Accordng to the norm (18), we slull apply the

feoAe rit

r,61 = o' *ltr"' k =de(A+crl), (24)

and the polv omial in the mrmentoi is rhe 6ist order
dedvalive of (24) regarding d:

L P,rat -- P!,rt

-no"' ,f{,-t ;L,o" o'

Now consid€ring partial sDns oftire polynon al (24)

.9 ..,(ai = a' * tJ ha" 
k 

.

k_1

\r'e can form the sequerce

n - 
sl,o(o),s1,,(cI), sj,,(a)

c. ,9,.0(a) - S,,, (cr) - s,,r(c.) 
\2.1)

,... , si., (") 
- 

r,j(")
S,.,(or) P,(a)

Thfis, we corne to lhe erpession oI rhe norm (22) by
means of tlie logaritlmic derjvative

lF "rl =l-l = lbrdcriA-orr. r2E)I r"\d) ,ld
ard ro dre following ineqoalities:

4. Dd.nnjnution ofthe tegulafiaotion parenaer

ID spite oftrnditional reguladzation melhod (section 2)
we,hrll rr] ru DIild or rJris slrp dre,eguJariroion rt-
gorithm withod irfornalion about accuracy of measu-
rcd data. First, we should rementer lhat our solution
belolgs to such a set. whicir is delined b] ttr€ matrjx
noml (18) - (l9). As a nutler of fact. a most stable so-
hdo of a system of linein equadons in prachce con,
lrcts wilil a possibilirv' of its expansion ilrto a sel of
orthonorfial \'€ctors. This coresponds 10 the mitrix of
a ststem represented by a scalar or the unjt nutrix I.
I such case the parameter of regularizatio .x should
be equll to z€ro. Therefore, we may find the paraltre-
ier cI' from aI agreemen of fie mitial rrutnx { 14) wilh
the conesponding $ril raEix. Consrdering below onlv
a problcn ol in\er.rorl of il|jlirl opcralor qe Lorn< ,o
the follo$rry "ideal ' condidon

Irn-"r;'ll=,r+"r1, (30)

thal leads to the nonlinear eqruttion, which in \liew of
(21) and (28) may be written as

(25)

0<in<n, (26)

factor All/n afi re*rile (16) in the fonn

(I +,rliv' =^1u,

Fu{her nexl relatonshlps are vahd

ll^ + 
"rll = 

"(r 
- 

") ,

t=ftn "=ftr>o
()9)

(20aJ

(20b)

(:21)

116-"I)'ll=
"",'' *lqn - t1too" o 

'

=IflI, -0. (23a)

J" = fl t, = der A > 0, (23b)-', - [ll=2.
wherc the sunl in (23) coven all combimtions of
i dexes /r,1r..1k. 11 is evid€nt th01 the nonn

.I,ati ,ncie:rics ,nd d,e norm llr,r-"r'-'i
decralses f the parameter ()l incrcases

fhe pollrom'dl It rlre d<rornil,alor oI rigtrrl,a,rd
side ()).) is nodung else bur fie detemruunt ol the
llatnx ,t + ol :

ll
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,d'*)={ilg.1' P"(c()
Due lo the ina4raftties (29), we gct

n(l+o)31'
thal iv6 mm€dialeli dle l4p(' limir for (. as

.<-.=9--L*o.err.
Next. in vrew of (27) \re come to corcluEion

the solutions d,!.. ofthe nonlu€ar equalion

.. s;-(d".)nll+.t--)= 
---' i!,.,(di,I

for dfelenl m arc connccted by tlte in€+Eliti€s

C.,,r((1,,r +r)
and get the upper limil of o as a funclion of the order
n ofthe system (13):

n*t zJ7l,i
",' = -i 3 '

( t zrt -zn'-zt,*zz o'
x s1nl -rrcsm -: -

[3 zJr"' -' * +" 3 '

(31)

(32)

(33)

rhal

06)

(37)

(3e)

/7t
; ;="," >cri,;d,,,: >o", =o ,15)

Il is evide rhtl equarion (34) rtla.v be solr'ed in lhe
cl,o6€d form only for rr < 2. so, rva .an itrplove dre

€stimatron (31). $hidr cores?o 15 
'rr 

= 0 . Conside-

ring equalron (34) for m = t and lakng inlo accounl

dre exprcssrons (23). wc comc to the equation

This er}€ssion yields the regulrdzation pararneter c.
for dle nodnal sfsl€m o/onbr n ont nnk I ht lErtJ-
culer.thecaser=I lcrds to zam c.:

dr.r = 0' (38)

dral refleds the obvious facl: no Pgularization for one
linear equation wi$ one unknowD only In 

^ddition,
drc e".linration (37) go€s lo do (13) ifr-r{ol

(l{t

. 6r
i9'".'=""=t-t'

that coflEsponds ro l]l.e castr- ol njn,u-dt enuonal
noma[ ryslet olrank /. Figurc I sho\rs behaviour of

.6 I

'72
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i

0.2

01

00
5 10 15

Flg. I . Upper limit of the parameter (r' for v&ioDs ,t

t4



The sohfion of the non-linear equatio (31) m0y
be based on the rec rsive fomnrla

feoAe3it

out for every piecewise mod€l (4.) - (6) separarcly. h
aii computations onlv two zdditional conditions ifor
the medn densi8 p=5.514 g/cmr and for rhe

dimcnsioirless mear moment o{ lDerria -/-0 32998)
were applied. In spite of small oder ( /? = l:l) oi the
normai system (13), a desl,'rrction of least squares
solution (1 = 0) took place for every lnodel. There-

forc. the application of the devetoped reg ariz.ntion
algorithnr became necessarv.

Construction of a s$bilizer for dre Eartft's radial
densrty distdbution is the complicated s€parale plob-
lem' which rcqnires speciai in1'€srgalio s Tlus. wc
decided lo se here &e simple$ crse (2 = I . whrch is
fanous in the regularizriion theo4, and leads to the
construction oI the so-called qrasi soluiior Afrer this
choice of the stabilizer we havc fomred the sysrem

(41) in which N = AtC;]A is oblaircit withour any

additional tansforrMtions.
Paramelers oilhesc models (from s€ismic d2ta) ba,

sed on drc poposed regularation aigoritlnn are pre-
sented in the Table L Nole agarn rat our algor{hm is
conr'ecred or ) wlrh rhe condrlon ller. uh.fh pro\r
des re delermiiution oi the regularization pardneler
in vie$ of irversion of iritial nomllll operator There-
fore, se ]nal sav that stablization of our solutiolrs dg-
pcnds on lhc total ,ccumcy of rhe in1egraldifterenrial
operalor (1) and the conesponding density pamneteri-
zatior (4). (5), or (6). Such a conclusion is confimred
by good agreemenl ofthe coeff(cienrs lll for differem

modcls lvithin the same shells, since these coei'ficrents
car be rreated as the flultlical continuation of pallial
nodels to the Earlh's center ar = p,(1 =0).

Table 2 consists of the vrlues of Ea{h s densi$
tud densrl turnp. al fie ddopred disconrir'urb radir
according 10 constructed pjecewise radial modets. For
comparison, lhe lable shows also srrch values complr-
1ed ftom PREM nLodel. All these chaaderistics of ra-
dial density distribtltion agree lbr ditrerent models and
r,r'e can sec better agreenelrl ol lhe densill, jumps for
t\\'o pol\,noniial flodels (PREM and Roche s oles)
and for two ror-polynomial nodels (ca ss ard
Legendrc-Laplace ones) Such resulls nuv be expla!
ned by the adoplcd differen! parmneteriz{nons of the
densily. To our surprise, we Iound almost 1he sMre va-
ldes ofsun ofj mps for all disflssed mod€ls. These
sums arc shown in the lasl row of the Trble 2 together
rlith the accrmcy €stimations computed hom ihe dala
of Table L Note thal 1he densirv .juDrp 0. I g/cm3 ,f lle
mdius 6356 knl was taken into accoDnl for PREM

odel jn addilior to the .jDmps shown in the Table 2.

I ,;. P:\".,,)-* =; r."; r;dr (10)

lvlll Lhe in1ia1 lalue A0 =c.,.r Co 'ergence of
i&rairons mry be proved in elenrcntary wry on the
grou d of above considered propenies of poll omials
(24) and lhc ineq* rlres (:15)

S. F\a.7i.al asprcrs
'l; cr.ts rnro cc.our'r tlnr drJ norn. ut t) pe ( l8/ rs m\ r-
narf of normal matrix. we mnsl nole that in prlcttcg
lve need in spectral tansfornlation only for stabilizer
Q tll?Ir leads to the svsteu

(N o 'iI)Z, = a. (11)

becomes valid \r'ith a given pl ecisio e>0

6. Numerirat lesults

The equatron (I) li.as used i the case of PREM model
onlr beiow the radius l=5701 krll. ln this study rve
decided to use il widrir the \\,hole Ea h (rrp to l=n=
6371 kD). Thus, oul. alal, se.t.!vas represeded by 94
values of Ihe fixrcrio (2) ,n accordance \tilh PRIM
Stranfidtior oI the Eefli s interior by 7 shells was
ljten liom $€ papei {Marcheuko. 1999)

Wilh tlle nentro ed stratificatror\ the sinultrneous
detenrinrtion of 14 paraneten {a,,r,} was c?DTied

,rll = lN]] = rrace ft (12)

Thus. the reguiariz€d sohrion Z, ofihe system (41)

is nolhing else bi{ $ell-kro{rr qu.rsi-sol rion (Tikho"
nov and Arsenift 1986) oI conesponding svsten of

Using lhe nornmlzatioD as ir (20):

\= -1N (I])
llNlltlt

we can rewrit€ recursive formula (40) in most
appropriale form

(44)

and ther conpute such estlnutron of d, for which the

lN.ar)'j
l-.,,r. 

&)-
(45)
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Trble l. Parametersofconstrudedmodelsof Ea'sradial distdbution

Shelts

I <12t1.5

122r.s< I <1480.0

1480.(}< I <5701.0

5701.0<l <590.0

s9?0.0<1<61510

6151.0< 1<6116.6

6146 6<l <63?l 0

l3 062

10.004
12.451

t().016
6.i86

l{.030
5.935

to.o38
5.680

t0.{J40
5.933

!0.041
6.s92

10 042

2.980
t0.00,t

2.9t6
10_012

1.595

ro.008
1.540

10 017
1.585

1{ 023
r.6?0

t0 02t
2.n6

t{I.034

13.063

10.002
12.3 33

n).008
6.fiO

J{r.015
6.347

to.020
6.071

10.020
6.424

l{).02l
6.662

a0 021

0_82E

ro.002
0.867

1l}.004
o.697

ro.$3
0.?60

a0.010
0.820

1cr.0l4
0.E77

a0.014
1.O29

10.020

r3.066
3).003
12.2i4
rs.0l4

6.s11
ltm1

6 036
10.035

5 793
r0.016

6.086
10 0-?7

6 625
10.038

h,

2.023
i0.001

2.(n4
10.008

t.632
ii.006

L713
a0.0r6

t.825
1{ 023

t.9l I
10.021

10.032
R.trl.s. of seismtc dala
fitting, km'?/s'?

Regubd?-ation
pal'amellr $lue

5.52

0.48

5.13

0.49

5ll

0.48

On the groDnd ol obiarned numedcal rcsulls we
can conclude th{l the applicatlon of rhe de\.elopcd
rcgularration algorhhrn lcd ro lhe rehable del€rmina-
lion of the global trerd of lhe Eddr'$ radial dcnsit!
dstribuDon fiom lhe seisndc drtd with different
prramele.i?atioos. h is imporrafl ihat dtis atgor hnr
allowed lo use lhe frmdammlal equalion (l) wilhin
whol€ Earth's rn1€nor for a st ble dclerminalior of
pararnelers of drscrssed piecewis€ ndlal models

Cohclusions
Thus. $€ de! eloped the rcgulari"ation al8onthm based
on $tch fir of ihe nmrEal op€rator, rxhich is closd io a
svstem ot lin€ar equdtions wilh scalar or mit matrix.
The application of tbe famous th€orem on the spectrdl
expa.sion ofnoEDal matrixes lcd 10 irfioducing oI tie
simplesl matdx nolm (18) and allowed form the con-
diuon (30), ilhich Fovides tlle detemtinatlon of the
rogul2nizarion paramet€r-

Trbk 2. Ch.ractensrics ofthe Earlh s radidl d€lsity disoibution
Values of the &ndN o end

PREM Roche s {.1
Radius l.

kn,

0.0

l22t.5

1480 0

5?01 0

59710

6 t51.0

6146.6

6368.0

13.088
12.764
12.166
9.901
5.566
,l.3Et

t.992
3.724
3.54i
3.436
3.360
3.381
2.900
2.600

0.59{t

1337

0 389

018l

0.0?6

0 481

r3.062
12.'l'i5
l2 138
9.914
5.621
4.349
4.O31
3.853
3.4t4
3.339
3.331
.3.165
2.192
1 163

0.597

4.281

0.i12

0 i79

0.006

0.971

13.061
l2.7lE
12.o02
9.860
5.109
4.412
4.021
3.845
3.362
3.243
3_135
2.99i
2 328
23t1

o.136

4 151

0.451

0.481

0.108

o 665

13 066

i',II o?8?

zi:1 4.0?8

ii:i 0536

: l:! o 4o5

t11'" 
o.ost

',\11 064l

2.360

t6

Ian 6162 6-554 i O Osd 6.59410_032 6.49810.r)52



Developed algorithm nay be treated as firose that
vields :r best approximadon of nonnal operator by tui
ofhogoml one in liew of the nonn (18) , (19)
Actually, assuming in (20) A=I, !v€ come
immedidely 10 rhe conditio. (10) in the form

feoae3it
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l/(l+d)=l+cr, (+6)

dral glves cr=o, \.vhich coincjdes exactly wilh (381.
Thus. Irr addiuon lu I t8 r we (n see 4a Hgtlanzurnl
'o. rhe tlamal .,yttcr. "1th th" tna4it ptopor4,nat to
the untt matnx. Asa rcs.ul1, wc crn say ll)at in view of
the general theory Gildonov and Arsenin, 1986), our
apFoach yields the r"egrla/ization paftneteL \.thnh rs
responsible o llfat an acaracy aJ an ihitiat operatot
ind dHelore provides a stable inversion.

NLmencrl restrng ofrhe algon un $as performed
lor rhe con.rructron olpiece!l ise densitt models ot he
Eanl bas€d on Roche's, causs', and Legeralre-Ldp-
lace ln$s. B.r the w;l1. in proccssing of seismic dala
the regularization is using lraditionally, iu particular.
for constrllclion of in\/erce con',,olution operators
(Hatton, et al , 1986). Fjnallv, rle shonld note llu! be-
canse proposed regularization algoritlu rlas develo-
ped on t]rc basis of stirbie mlenjon of , rlornal opera-
tor. then it may be applied for wide spectnrm ofprob-
lems comected with solution of ill-conditioned sys-
tems of nomlrl eqludolrs.
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rrpo crrril{E BH3HAL{E-*" *"&1TffffiHr.D( MolprrErz rycrr.{r{4 3EMrr

Perurpn3)'roqqii arrcpftrrr po3po6rcnrdi m ocHoli anporcrMaqii xopMarrbrroro oneparopa_ ,fta € 6nr4rrcto ao
cucreMn niHinHrrx prsHrn! 3i c(arr{pHoro a6o oarHrqHoro Ma1?I'I]eIo. 3acrowealxr icopenr,po cnexrpanEnnft
po3braA l{opMarrbHrrx MaTpru$ nprBBero Ao Bae,rcrHr HaiinpocriDroi MaTpn nloi fiopMt! tloB,'3aHoi 3 Tpa4fltiii-
HOro EircriroBoro HopMoro, ra cneqia*fioi wosu A.rr.! Br'.Haqefirlq napaMerpa peryffp*aqii. rapaMcrp perynr-
pfiruqii B*Haqeffo ,irue 3a ro.rHocflo llrxiAnoro oneparopai rqo :a6e:nevye iom cr;riry inrepciro anioptnv
npmecromHo npu no6yAoii ftyc{olo-HelspepBB{x MoAenefi rycru}nr 3eMni 3a 3aroHa { pollla. lavca Ta

oE ycroriquBoM orpuluirrerwa mro3ptr6l"ii"i1A,%Hbrx MorErDi rlqot.Hocrrz 3EMjM

Perlxrpx3yrour{ii anroplrM pa3pa6oraH Ha oc}roBe nrmpo^cnMarrnr{ Hoplrairlnoro oneparopa, b,''3*ofi ,. cficre]re
JlI reiHlrx rpaB'eHni co c*arupnoii ]!{x e4r.{HrrHoii Marpl{{eii. Ilpn'enemn reope*r,r o crrarpanbHoM pa3no-
xeHrrx Hoprun,rlnHx iiarplq nprBeno ri Bre,teHrso rpocreihxd MfipI{.I]Ioi xopMrl, cB,l3arHoi c rpaAnqnoBnoti
EBxrnnoBoi sopMoii, , cneqxar'I6lroro ycmlrjr Aar oqpcxenexn mpan erpa peryr4trrca4{n. napa,uerp perynj-
plsaqlrn onpeaeneH To:*Ro ua ocfioBe roq$ocrn cxoanoro ofleparopa, irao o6ecne.umer ero ycroirurnym nr_
Bepcl{o. AnropmM afipooupolaH npn llocrpoenxfi riycosHo-HenpepHBEtrx voAereii Il;rmHocrn 3evrn IIo 3a,
Koq0Nr PoIII . faycca n ,rlerrarrApa-,rlanr^ca.
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