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NPO NEPETBOPEHHq TAPMOHIIIHI,IX KOEOIIU€HTIB TEOIIOTEHIIIAJ'IY
IIPI{ MAJII{X IIOBOPOTAX CI{CTEMI{ KOOP.trI{HAT

Q Mapue4Ko O.M., tpe a H.n.,2001

Paccuompen Bonpoc cmpozozo npeoapnuonut ?ap$otlu.ect,trx xoeb$u4ue$mos zeonorieaqutun om
sadoqttoi Ba 0ukcapo6o Hfn tnoxf cucm"t xoopdutam x eKomopoi 

'n84oi 
cucme.Me . 3alaqa peue&a 6

sctt4rlmo sude dts t<oe $u4uek tu 2-2o noptdAa c ucnorsoaa uet lavqut cdcpaqe ua nlnes\w aftda
ouuamop$on tracmu me,Llopa unep4ua Ntauembt,.tmo npugoiurn K fipocmo. ! ,tn?opumr! ux,tpeofpalosaqw,

octnaallott! a ucnondjocatruu opmozoEutr'Bbtx nampa4 oM cn!4a3 Rolretr/{bLx epo4etrui.

The gotous tmnslorm ion ol harmonic coellicients of the geopotential tom the fLxed at given cpoch
aefefencelfome to sorne close slstem lrJas cotlsidered This ptoblem x'as sohted ln the closed fom for the 2-ftd
degree harmonic coelficients $'ith addlllonal condlllon lo soe zen twce of th. de|latoric part of the plana('s

lensor of inerlia that leads to a sinple algorilhn oJ rhe banslontution based on the use of orthogonal matrices in
lhe case of llnlte tulations.

nocrlEoBr$ npo6neM! ra iT 3B'e3ol( t BarcrfisnMn HayxoBnMu 3aBAaHfieM$. 3Ha,{ne niaBfiuleHBt
roqHocri na3epHnx cnocrepexeBb nlryl{Hnx cyn},ruuxiB 3eMri i3anyck HoBxx cyayrHxroBnx Miciti CHAMP i
CRACE (Ha op6ir! 3 Br.{coroio B 250-300 kM) nprBBeru ocraHHiM qacoM Ao rri4Buurerroi yBarx Br3HaqeHHr Bapiaqii
3 qacoM rapMoHiqnnx Koe(}iqi€HriB reoloreHuiany m ix BianoBiAsoro reoobuqHoro rpanryBaHHr. BB&(aerbc, Bxe

BcraHoBneHHM OaxroM MoxnkBiclb :rHaxoAxeHH, Bapiauifi HopMoBaHHx mpMoHiqHrx xoe$i(ieHriB ter,,Sr,,l
reonoreHqiary 2-ro noprrky 3 piBHeM roq Hocd t 0 i', t 0_'3 ra oaure (am. r|anp., [5]). npaKrH,r He Bra3r{aqeHHr raKux

06)MosieHHr pirHoMaHirHHvx '{xIlluKaMu, npercraBnrL nprponHo. HoBi nraB xreHi sxMorx ao
a,lropxrMiB, uo BsKoplrcroByrorbcfl, i ueo6xiAlicrb BxHBaHHT crpoflrx reopiii ,fi yHrkHeHEr Bnnxsy
HeMo,terBosaHrx coer$iB. OaHuM 3 Tal{r.{x eoeKris Moxe 6yrn HeAocmrHbo KopexrHe neperBopeHHr Koeoiqiernis

e^,ir,,, lrri rpaauqifiHo 3aranrbcr B Oi'(coBaHift Ha sx6pary enoxy crcreMi Biuixy) np, noBoporax

KoopauffirHot crcreMtt, ockira(u rapMoHi,rHi KoeoiuieHrx tCz,,.$,,t vlHq'ors cBoi rHaqenHr npr riHjitHfix

neperBopeHHrx 3ancxHoi Dia qacy 3eMHoi crcr€Mr{ xooptunar.
Arranb ocranHix aoc,liAxeH6 r:a HeBkpirxeni 3taaqi. tx ao6pe BiaoMo, (ara., uanp., [3]) € riJrhxx.uBa

pi3HoEuAx xoM).rarn8HHx noBoporiB. neplxnfi 3 Hux e HecniH,reHHo Maruil floBopor. Apyr-Hi - cKiH{e,{Hnk

noBopm HaBr(ono Qi|rco8aHoi oci. 3ayBaxfiMo, rrro Qa{rnqHo rirbxri nepuxft BxnaAoK Hec|{iHqeHHo Manoro

noBopory rpx nepe$opeHHi rapMoHi,{Hsx roeoiui€H,iB 2-ro noprArry caMe i Bx(opucroBycrLcr B cneuiarblux
3aAaqax cyflyrHxxoBot rcoAe3il 3 flpl[yueHHtM [ 1 , 4], uro koopAr.rHarHa c creMa X' Y' Z' e 6 ?ts'Koro Ao XYZ m
Ma,rorc pbHu rrelo ZZ B opieHraqii rperboi oci , uo € 6rmLKoro - nicrr noBopory noqarKoBoi crcreM, KoopAHHar

-!o r{oop^rHarxD' yD cepeaHLo.o nonbcy

B aaHin po6ori po3rnrH)"ro Meroro,rod,rHo crporufi niaxiA neperBopeHHr rapMoHi.rHr.rx roeoiui€Hris 2-ro
noprAKy reonoreHqiany BiA 3alaHoi !a OixcoBaHy enoxy cHcreMr {oopAxHar Io Aer(oi 6nBbxoi crjcreMH

(mnplioraA, DoB'r3aHol3 Bicclo Sirypn nnaHeru), ,Ka "Apenoye" y,{aci no BiaHoueHHto !o no,rarxoBoi. 3alaqa
po3B'r3aHa B 3aMKq.roMy Br.ffrli ffr rapMokiK 2-ro noprArf 3 IoAaTroBor,o yMoBorc Ha 36€pex€HHr HyrboBrM

criiay aeBia,opHoi qacruHu reH3opa iHeprrii nnaHerH (rm 3a6e3neqy€ 3HaHH, opi€Hrauii iioro roroBHrlx ocet
iHepuil), uro nprcBoar{rL ao rocrarHbo npocroro armprrMy, 3acHoBa}rom Ha BnxopucraHHi oproroHrurhHHx

MarpnuL arrr Brnaarg cKiH'{eHr.{x o6epmHb.
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Iloonanoela 3osdav4t ma iozo poSa'3oK

nonoMir(Hi cllisBiaHonreHHg. Po3rntHeMo nepe,BopeuBt noBlricrro HopMoDaHux rapMoHjttHr'lx {oeoiqi€HriB

(4,,Sr,,1 opv.o.o nopt,qxy, Br3HaqeHnx y rrpufiHtrifi 3eMeii reou€H,px'{Hi; cucreui xoopuaat XYZ, y

cficreMy xoopAuHar X' Y' Z' . ana otpxuarc .!.epeR neF{ui4 cKihve tluil noBopor cvcreMnxyz HaBKoJIo noqarxy

Bilrifty. tloreHqitur lpyroro noptaKy t/, Moxe 6yrt 3an caHqfl y HacrynHiil OopMi
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v,1p1-t nM!' ,'u, 'l xYzct'qe\d,, 2/)
v,@l-!%"' i Hi - rrz'cx"'.cqa,

l.fivt, - Jsc,o -J85,, Jrsc, )
H | ,,-15s,, ../=rs,-., -Jsqo .,[rss., 

I

I J-,rr,, Jrss, z,[se ," )

(Jtse,, Js),, Jrss,, ./iTr, I
u =] 'L8,, -Jrs+, . '6;,0 Jtsa" 

I

I ft., JGE, z,fsv* )

( la)

(lb)

(:2)

(3)

Marpr{(i H ra il sn:uaqefii B rcoueHrpnqHux ctrcreMax xooparHar XyZ t^ x' y' z' , sl]'.noBiaHoi BeKropH

t7 =lx; Y: zlmil=[x'; ]u'; Z'l aianoeiaarors uuM cxcreMaM ra Micrrrf, lerapmBi KoopaxHar 6ixy,oi

m,rl(l{ P, CM A06}T0|( rpaBi'raui ll Hoi cra,roi C Ha Macy nraHerx M ; 4 - Be,1r'{Ka niBBich eriicoiAa obePraHHt;

r - Bi[craHh Bin noqark) cxcreMr xooprtrHar ro 6ix)qo-r to'rxu: rn", Sr,,r 'a t7, B.,r nosHicro

HopMoBaH; rapMoBiqHi |(oeilirii€Hrx s cucreMax XyZ m X'Y'Z',npllorjyclti^TraccH=Tra.eA-o.
tx BiaoMo, floBopor ltoopaxHar X/Z tsaBlroro no'rarny ria.nixy Moxe 6)'rH BrpaxeHlrfi sepe rpfi warprui

ejreMeHlapHltx noBopo, IB.

[t o o 
IRt(q)=10 nsq sina) 
I,

\0 -sindt cosat )
I cosa, o sindt \t_-lR,ra,)=l 0 I 0 L

1".", " *"", )
("osa3 sina3 0\

R1@1)= -sina1 casal 01. (6)

| 0 o t)
AIr po3B'r3Ky MoxnxBoi HeorHo3Ha'{Hocri y BUoaAIry pi3Hlax noc,riloBHocreii cxiu,eHHtr\ noBoporiB

(sanpnKnaA, R2/ nt,)P''(-vt)+R(-vp)R/ xt,)' ne \" rp lroopa'Harx nonlocv), B (opucraeMo lrefi

rpyftrn 3a3HaqeHst Bl{na,4ol{ 3 xacrynHl'M neperaopeBHiM BeKropa rl
i = Q.r, (1)

(4)

(5)

Ae 3riaHo 3 [3]:

(cos'1 )'(cos0 -t1+t sin ) cos 7(cos 0 - l ) -coslsin?)
Q= sin).cosA(cose -t) cost t(t-catq)+cose -sinLsin9 l, (8)

\ cos)"sinq sinlsin0 cosa )
e Mar?fluerc nosopory, txa 3anocunh sid c(bepu\N1tx ttoopdu+a oci Z's cucmaui koopluHlln XYZ: 0 -

nvnp|asiocnrBF oci Z na) ooa,ond ai.l o.i
JIerKo nepeBipar", uro MarpHuc Q Moxe 6)'r, cqropMoDatla HacrynHxM qtrHoM
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Q=R.(-7)R2(e)Bi(7), (e)

ro6m q9pe'3 nosopo-r HaBxoro OircoEaHoI rtHil6Jat is .l,l|crcv XYZ ta XYZ Ea Iryi ,. TdIi ant o6epHeHoro

nePe riopeHHr n€n(o oTpsMarl
(10)

ocxinbku Bci po3rmHlai Marp[Iri € oprlorcHanDHnMn. niasrasnsun (7) Ta (10) 3 (l), Mx.MoxeMo BBHaqmtl

norEnuiai (l ) apyroro nopr,aKy la B mxil (FpMi

ra Berl.op mpMoniqHm( xo,:qirtlelril .^o =bH ,cff ,sf; ,cS ,s$l ,

i

I

r = er . i = Rr(-,I)Rr(-4 )Rr( ))7 ,

v,@) = !9 @-i' 
1e,1 -t )RzG )Rt( 

^)H\( 
-z 1u1 a p',7 t 1l't'

r.1r1= f,9$,'lw-t)R26a )k'( pFR114n,@ )R.,( tl'' .

3 oAHi€i cropoHU, (lla) npeAcraBrt€ noreHqian ,/r,3onrcaHnfi y ct c&tri XYZ '{ep.3 mp oHiqfli

xoeQiuieurn Q", Sr" cncreMH xlz. 3 isutol crDpoHn, (l lb) np€AcraBlrte norEBuian fz , lanrcaEnf y cscravi xyz

qepB mpMo{iqHi xoeQiuierm Zr,,B2, B cy]creyli XYz. I{i piBHtsrt crlrrl€rr octloBoo att noaaruulrx

neperBopeEr, mpitoHiqH[x xoeoiqie}IriB ,[p]Toro noptAry. KpiM mro, Ten€p Fa BiAMiHy 3iA Bl|naAr(a Hecki{qeHo

Manrx o6epraHL [4] caMe att @M)narlBHom nosopory (8) cHsreltrH xyz 36eph.erhot ynsoslM cnir reBiaropflol
qacrrH{ (3) t€Bopa iHepqil nnaHcfl.t

ftaceF. =Trace[e4el ] =o .

AnmpnrM nepgrsopeEHt mpvo qsux xo€oiqieFriB .[pyroro noptlxy. P@utHeMo

:screMi XYZMicrmb rapMoHf,fHr xoeQtuer|rn Azd,Ezd B<

,=ft*,zr,Er,4r,Er,,f .

B3rBlDn ao yBarx (l lb), 3Haf,reMo HacrynHy aonoMixHy_Marpxulo

Ht =Rt(7)HR{-t)'
3a p$(yHox ,{oro 3'tBrlserbct MoxrllBicrL nprMoro nepqrsopeHHt mpMoHi'{Hl|x KoeOiqieHTiB

. - - . .lr
aerxoro rerropa c, = pio,cir,si',cj,.sirl yB rtni

ct =Rt(1)'a'
AE

R1(7)=

t0
O cos I
0 -sinL
00
00

e oproroHanbHoro Ma'Iptqeo [oBopory (5x5) Ha ryT r- 3po6nBu, ao,qarxoBi fleperaopeHHt, orplaxa€Mo HoBy

40noMixHy Mal?ruio

0l a)

(r lb)

(12)

r€nep B€KTop a, ulo

000
sint 0 0

cos)" 0 0

0 cos2X. sin2l
u -snzL cat zl

03)

(14)

B€Kropa r io

(15)

(16)

rrtu =R2!4 )H^R2(0 ),

0

0

cot0

0

- sine

0

0

sine

coie

( l7)

0E)

AE

2
0

_^E casu

0

3cos2e I
44

.ti s'inu

Ji sin29 .E*"u ..8
44
sinU

2
0

44
0

2

cos2i

0
sinu

2
0

Rs(-4 ) = 0e)



al\=- t=17,i 
.

ft) "/l [Brl
' y3aranlHlo|oqn (22), MoxeMo 3HaiTx llepersopeHtrt 3oHanbstx KooiDiqi€FTit loBirsfiom n-nc nopta(y tn

b\cl€M.| X'Y Z' B Xfz, TaK i 3 XYZ y X IZ'.

rcpmoepahig iaepo6ono3r,i|,a{Ha. Bun. 65. Zn4.

e oFlofotlarbHolo Marpuqerc noBopory (5x5) Ha (yr d. Bpeurri Ml,I flp ]uutlr ao neperBopeH$t aeKropa &
c = [C2s, C21 , S21, fD . S22 ] ca,crei, XyZl

c =R/-|).cu =R/-7)r.s(4 )R1().) z. (20)

B3iBUIr ao yEarn BnacrtBocri tl&x oPromHanbHfix Marptiub, MoxeMo Jrerxo 3anncarx o6epHeH€ nePgrBopeEht

a =R{-1)Re(0 )R t(7) c, (21)

Bir BeKropa c aaaaHoro y cvcreMi XIZ ao BeKropa ! y cucr€Mi XYz. lLrKo flepeBipfiTlr, ulo 3oHaibHfifi

qi€HT apyroro noptAKy Mox€ 6yr{ 3aflncaHnM y Bt IxAi
2

e ,n =lQr,cosn)t Fz,, sin',L) P,.(coso ) ,

azzl I l7r,
9u) zJt 1a,

Q3)

c,o =f{1'(,t,."*,t) +E* si nl) F"^kose) ,

=f@* "^^t $,,i,tm]"\.F*Gose ),

A€ Anr Bcix nx): F^,(t)=J2( n- nl)!l?+ n)! Pnn(r) e xBa3i-HopMoBatri 3a A

iDynxuii JIoxaHApa P,n( r) , ay BrrnsaKy n=o; P"" (l) = P,o (x) ,

IHuii mpMoHi'rHi (o€OiuieHm 2-ro noptat(y Moxyrh 6),na o6qxcneHi 3 piBHtfiHt (20) i fipea€raB.neri y

MdrynqHitr 4opMi

- rt2

-.t3

B crsrtMi .{ fZ, y Bel(rop
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Q2\

Ano

Q44)

(24b)

llIMiAroM npl'eaHaBi

\2 rtt \1 4t
fn fxt f21 f25

rB \i \. h5

- r24 -f!1 r41 f15

-f25 -4t f15 f55

(25)

\t -(3cos2 e-t)/2,
r," = -'!i cos t sin o cos e ,

tB = -]t 'in 
)" sin 0 cos e ,

tr = (.'lt si"1 e\) / 2,

tu = Ji cos 7 stn l stnz 0,

12, = cos' luz+cose shz 7'
rn = cos t sineqr-cos 8),

ta--coslsineua,
t2t = - stn 7 sin O( 2 cos 

z h\ + 1 ),

ry: = cos2 lcas6+sin' l"uz,

rta = sihLsinekose-2cos2 2h ),
tls = cos A sin0u5,

\a = -(aco'z lsin'z uxtr-cosz e -t1
rs - cos t stn tu?ur.

4s =zcat2 ) sin2 h.l + cos 0,

Q6)

/2,
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1t2 =2cos2 e -1,
u!'cos0-7,

4 = eos&\ +2sin2 )',

us = 2cos2 l. +2 cos 0 sinz'' - L

3riAHo (21), o6ep8eHe tep€rBope8Hr Moxe 6'"tx np€AcreBneHlM oproroHarl'Holo Marprue|o R;, nKa

Br4Haqa€Tsc rpaHcnoHyBaEF M oprcmHanrHoi Marpnui Rai B (25) 3 eJleMerraMt (26)i

a=Rt.c. (28)

PiBHrfl{r (28) pa3o^.t 3 (26), (27) ure uorc"rt poBrntAarncb, HanpuKta!, tr( napaMarpx{Hi piBHtHHt lnt
BpiBHoBaxefiBr pisxrx m6opir mpuoHigrifix l(oooiui€tfiiB .qpyoro noptaxy BeKropa c B C}l.reM.i XYZ He

OiftcosaHy enoxy, npnfiHirnx rx cnocrEpexeHHt ut pi3Hfix rpaBimqifi trx Moaeretr, Heo6xiafii aoaarKoBi yMoBl

lnt rapMoriqHnx xoooi{i€uia 7r, =Er, =n npocro orptMarn 3 (28)' tturo BicL z cniBnaaarl'tMe 3 Bicoo Oirypx

c.
3oyBaxlMo mKoxq qo posaineB8, Marpnqi (19) Hs aBi qacr H

Ree')=RZM"|+Ro, Qe)

(30)

o :q ol4l0 0 0l
I000

0 : 0l4loooJ

l^
400
00t;
400

0

0

sin0

0

(21)

(3t)

3 cos2e $ sin20 Jl cos2€

RL,, =

42
Jl"i,u

20 0 cose
.! J COS ZO

4
0

2
0 - sin9

4
sinze

2
0

cos20

4
0

EiAnoBi,ua€ BtrAiretJHo B (20) ra (21) nocrifiHlx 'ineHiB. ITocrnii i \tetlu 3ycnpi\abmbct tlhbKt y dpa3ax

drt KoeQi4i€xni6 C2n, C22, 522. .|Iaxm 
B cHoEoK npu?BoAxrb ao Heo6xiafiocri 6itbur Acran6Horo BnBtreliHt

rrsvA(ocri 3MiH! Q I , S21 . nunpn-ua po3rntaaroq B JroopanHarlr 9(r) , ,1,(t) rx aerxi $yxxqii Bi.q qacy t, M

npxxoAnMo ao HeBiKoBux (xBa3i-nepio.qnqHsx) 3MiH B (oe$iuieBrax Q1' S21. to.yn"pe"nrr, peKoMeHlaultM

[2] Ix sll3HaqenHr ,fep€ 6€r ete\o t^ani noqor,}Ty sa QopMynaMt [l] a6o [4], ocldrL([ B ocmHHix nprc]"rHi rirsl

Bir(oBi cKnaaoBi.

BrcHaqeHflt xynB dra r. nptfiuarcqri rinor€3y IIpo cniBnaliHri oci Oit]?tt 3 nortpH[Mu xoopalrHamMn d,"

m r, ra cepeAHLoi oci o6epmEHt nnasefl! Bu3Barrnrro Kyn o=epm x'4, va ocHoBi aaHnx xoopAfiHal nomocy Jp

my, , BrKopncmB],'xtq,| po3B't3ok coep!'rHtx nptMoK)'rHltx $rryrHn&b ZZG'tuZEZ (puc.l)' w lr.-pn3BoAnrL ao

apocTlix cnlBBlAHouieH6

tan2 x, + tan2 y p = tan2 0 o,

^ -tanyrlall l^ =- ,

(32)

(33)
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lany p = -sin lrlan9 r.

., cos:trcosyr
cosa n = -j:=--::-=-:

lt sin' xt sin' Yt

69

(34)
tant T = cos 1,lan9 , .

Z

(35)
Ha ocHoBi(33), (14) nerKo

Puc. I. Io su3HaaeHdn xYnia er na 7P

3anficarx renep i {DopMy.,ry !.nt srcHaqeBx' 
'r:

Pesynsrarn ra B cRoBXn

Ant aflpo6au'i orpnMaHoro utrcptrrMv nep€rBopcHHe rapMorri'rHux (o€O;uieHriB noreHqiana rta nepuoMy

"*nicyn"o6,n"n"ni.uu"cHH'KyTiBdl'4HaocHoBisiAoMoropo3B''3xyIERSEoP(IERS)93C014n'XooplluHaT;;;;; ,,, ;, .auonnx , a'"npe'nicrio B 0 05 poKv T a 
.Bt{(opxc-*l-' illil 11']:-1:^5) 

Ha lpvroM} cT ani

6yrJBa,,racb Moaenh pyxy cepeaHloro norrccy 3eMlri 3 Oirrbrpaqierc BinoBoi ra loBronepionxqHux cKnaaoaux tx

-"-*oooo"nu, xn yn',ax i *yn gr' )r' Ta6nt{ui I' 2' 3' 4 iJrocrpyrcrb pe3yl;T arr'{ o}ph€-auanbv !"rt cuaaoRux

pyxy norloca 3eMni, qo 3acHoaaBr He r bl(x Ha rpaaxuiMHtx napaMerpax !" /lr ue n 3taeev|-'x 0n' 4 nicte

B ,$ieuut 3 nxx BixoBI'{x KoMnoHeBT 
Ta6'u!, I

Tu6nuun 2

Pe3ynbrrrn aHanby .x,(t) "" 
i1l!gl-LT1l9l99q

AMnniTyaa
(Miniccxy'ta',)

9.71',796

t59.84429

86.97983

30.t5760

t.l8l56
0.99963

Pe3y,rbtarn aHa'i3y |{oopa!I111-i?qll"'1-!!31''-l:62'9:999q
Bx,raa B %

(MiniceIqBAtr)

7.03681

158.545',t2

80.00463

3l.)4',154

L18398

0.99903
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Puc.2. 3MiHa 3 \acov 41(, lota . (to = ts97)

I -a molenb; - - 2-zo ttoienb
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Ta6iu4t 3

Puc.3.3MiHa 3 ca.ou 8r(r) 10'"1 (ro-l9a7)

- I -a 
^todab; - - 

2-ea 
^aaaer6

PByn6Tarr| rHanby HA 31962 ro
nepior

(zpod,cu)
Oa3a

trpaAyq{)
B{liaaB Vo

l
2

3

4
5

30.91255

L18634
1.00306

0.59435

0.54348

4.12893
33.42689
18.16092

9.70166
9.80459

342.40
75,79

245.62
231.34

54.63

l.l
6',7.4

19.9

5.8

Cirin 3ayBaxnrx, uro fia BiAMiHy BiA Bllnarxa roopauHarlpl/ norrcca! B pe3ynh|irri a{anby 0,, bcaMe M, 0n

3'rBnr€rr,cr aoBronepioarrqsa I(oMnoHeHm 3 nepioaoM 6inr 6 poxiB, ocKirlrfl mka x xoMnoHeHm Brainrclbcr i B

Iosrori 2r, uro siAnoBiAae cepelHLoMy nonrccy 3eMni, m B noaaihlnoMy Br4xop]l.croayl,ajr'.;,ct 2 Mo{eni. nepaa 3

Hl,rx onucye Bi(oBy Ta AoBronepioAxrrHy - 3 nepioAoM B 30 pokiB- cKtaAoBi, a dpr?a - BikoBy m qoBronfpioArLrHy

-rK cynepno3|iuito 2 r(oMnoHehr 3 [epioaaMM B 30 m 6 poftiB - clcna4oBi. B uinoMi o6naBi Moleri npercmBnt|oTb

p)n cepeaHroro nonlo€a 3 m"Hicao $aqolo nix 0.01", uro BilnoBiaae ouiHmM IERS. TaKnM q HoM, no6y,qoBaHi

Moaeri 6yrn ocHoBoro Anr o6'rncneHHr dr, ,, Ta nepeBipka rinore3u npo cniBnaaiHHt oci 4irypr m cepelHhoi oci

o6epraHH, rlnaHerx urrxoM npsBeaeHHr rapMoHiqHux xoeoiqieHriB Moaeti ECM96 I2l ao "oci oirypn". Puc. 2, 3

i.nroc, pyoru :vixu (o€{iuieHriB Vr,1t1 n E,,1t1 B qaci, tr(i 3a noBuHHi 6yrr HynhoBuMlr.

flpaxr rto 7,, =a,, 'O tir*" B enoxy 4itcauii Mo,qeni EGM96, uro BianoBiAae 1986p., i Mr-t npnxoaxMo ao

BrrcHoBxy npo aKryanhHicrh cneqia.rLHoro B[3HaqeHH, oci Qiryp, 3a aaHtMn cyfi]'rHfi(oBl4x cnocr€po(eHb

6einocepeaH bo Ha oc HoBi 1an pononoBanoro an rop mvy neper aopexnr C-.,. . S-r,, ,

KpiM rom, Fa nplr&neai no6yaoBaHlrx MoaeJrefi pyxy cepeaflEoro nonloca B npxnyureHHi fioro 36iry 3
norrocou oci $irypr rroKa:,aHo, ulo Bxx6aHH, anapdry HecKiace4Ho 'vanlt o6epmatb M, o6quctelrqa Marpugi Q

n|'TaTx ! 1962 ro 2000p.

],ls ,racrorr.l IIepioa
(poxI,l, (MinicerryHAr..)

Oa3a
(rpaaycr)

Bx"raa B %

I

2
3

4

3r.06963
6.40091
1.18520

1.00021

t2.98052
32.92274

145,82',703

69.48315

6t.78
164.29

341.80
t63.27

0.6
3.9

'7',t.8

11.6
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AO I|OrBli HeHyJr6ororo 3haqeHE -10i1(a€ro 6inhue) cniay (12) AesiaropHoi qacrxHfi reBopa iHepuii

i. r.rlo Bxe 3Haxollrrbct Ha nopo3i To'rHosri BIEHaqeHL ce3oBHrx mpiouifi Koeoiui€FTiB noretiuiaiy 3a AaHI'lMl't

KoBxx cnocrqrcxer$. IliAcyMloBolo qacr Bolo po6ml| e aflpo6aqit 3aM*Ryrxx 4opMyn flepcrBopeHE

- npu BrrrropncToByBariHi o6roBoProBsHoro anapaTy KiHqeBIlx o6epratl6 - 3oHanl, t|x mpMoHitlHvx

B lJrr aoBh6Hom noptrKy. P cyH(r 4-ll inrccrpylorl MoxnfiBi Bapia{il 3oHarbHl'x mpxoH|qtlux

iqieFriB pbHoro nopta(y llpn nepexoai Bia OixooBaHol cncreMr XyZ Ao "oci oiry?ti"' nonox€HHt tKoi

Ha6ruxeHo no6yaoBaHnH[ MoaeJ$MIl pyxy oepenHoro loJlroca, qo BiAo6paxaora, oaICrHqHo,

iro pi3firx nepioar{x 3MiHn cepeaHboro nomoca 3eMni.
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Puc.4. 3!'tiBa 3lacotr A..lt)t A\D\to= tvet)

Puc.6. 3MiHa s aacola An()lAs(ta=1997)

Puc.s. 3mi,!a s qaco t 1nQ\ r7,"(r" =rqt)

Puc.7.3 i4a 3 uacota Atu\t)t A6\to= teetl

Puc.g,3 iqas\dco a Aot4\Io=1997tPuc.8. 3,raiua 3 lacon kOtT^Q" =t99,
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I-,'IOTOB B.M.. TPET-flK K.P.
HauioHa, Lnnii ylriBepcurer ' J'k BiBcbKa non irexH iKa"

OUIHKA BIIJII,IBY AOAATKOBOTO BIAEI4TT' GPS-CIITHAJIIB HA
TOqHICTb BI{3HATIEHIIfl MICIIEIIO"{OXEHHS

@nnm@ 8.M.. TDemK K.P.

B cmambe npedJfizaemct opu2uhaft oe lcmpoicrnao lnt ucuel@utut CPS npue trukoa a lctoeuax
pocnorrc.tcequn oqmeltttht oxono ompdkantt\ut nfiepxtncmei. Ilpusei,en lemLahnun atMul

<enepu.riteumrtbtblr uct lenosdtun. nodqepkksaemct sotmo c$oc,ttb ucnorhlosa ua Jcmporcmga dnn

uccnedosartun GI]s e kpqe amaqecto pencu'xe. lenamfitt coomqemcmsyoque shtsodbl

The origi al.levicefot inve igdion ofGPS rcceivet{in the cohdition Athen ontena is located neu rcJlecting

sutaces is proposed in lhe adicle, The detalled an yses of erpercmental e'o s arc ptesented. The possibilit! oJ

using the tleice for i restigation of CPS i cinemotic mode is undedined ConesPonding conclade! are nale.

IlocraHoBr€ npo6neMx, Br{r{oHaHH, CPS-BIrMipiB y yMoBax p@TauyBaHHt aHTeHr 6int Bia6xBarclr|x

noBcpxoHb (criHs 6yax xiB, oropoxi, Bo,qHi noBepxHi) nprBolrir6 ao aomrKoBoro Bj!6urrq Bi! Hr\ crrHa,liB, tKi

npr{iiMarcrhcr aHreHorc npnfiMa.{a i nepe.qaErLct B o6po6l} B"MipiB. Ui curHa,rs npt'rsoatrb ao rrctBU ooxx6o( y

BuMipax i3HaqHoa Miporo Moxyrh cnorBopKBarn ocraroqH E pe3yrbmr' y HacraHoBax i3 npoBeaeHH, CPS [qt
ycyHeHDr aoaar(oRoro Bia6Bfit c[.HanjB p€(oMellsylorb aHreHy npstMal{a po3ra[loByBarx y Mrcutx 13

BiacyrHiMu Bia6riBarcqxMx noBepxrrtMt{. [,tt OinbrpyBaHHt CPS-cxfta,riB, si[6rrt4x Bia Bolrrxx I nircrnnalot{trx

noB€pxoR6, Hrxrfto qacTfiHy aHreHx ocHauryrcrb cne anbHnMx KirhutMt, tKi nepeuKo.cxalorb npoxonxeHHK)


