
feodaiF, r,apmoepaEie iaepo$omsHiMaqHq. Bun. 66 2005

Conclusions. l. Differences of elelation changes in different epochs repeatedly verifys tendency oI
dd earh cru\t \ (r lrcal movemenl irl Lal!ill.

2. Changcs acomplished in reviewed lines globaly agree with ICR4G model (Pelticr' 1998).

3. ln proccss of research of lcvetling elevation changes there must be collditiots carcfully analyzed

[ho eflecl them (locai and g)obal cffect interaction on concrete geodesic point).

4. Speed of earih crus! vertical movement in all tcrritory of Latvia will be able to calculatc afler

imishing of I class levelling.
5. After lcvelling in Baliic States will be rapcatcd, leveljng nctworks should be connccted aid

included in levelling network sysrcm which colels Baltic sea. That would givc a chance in connection with

other geodesic mclhods morc dctailed recognize venicai mo\'ement of the earth cnlst and could give a

Fognoses aboul oncomjDg proccss in future.
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Pacc ompett &Taopumu cog ec lEo?o lpaartuaatrutt cnlmttuKoa'tx a Ha3e.u|rbtx

u3\tep? ui Koppenahr b tu,tap qenpuqecqwt cnocobfufi\ a muk:rtre cnocooutt jslonui
c donoJtHume.rrbHbtrru tteasaecnuftL ua nnocKoi npt:rro!2oir,'tni tucrrrerre KoopiLtHthL npusol8nct

coomcemcn6!\ou$e no lnntu lpas uqoHut lloditbt 4top.rqn d.Tt puc4em0 o6pam b* gecoal'LY

fiafipu4 lpnaHeqnbLx s a\etuir u3rteFeHHbtx adlaqut, doftoxHumerb hL,: apa"tempoa

tL\ alytli4ui s p&rr(lLr hteopuu cnocolitt lcltosufr c doho"t umenbltbt u Heu3aectubt-nu.

Algorithms are considereil for collateral equalizing of s4tellite and grounil'level measurements

bj means Qf correktted an l parametrtcal nethods as v'ell as bJ the method of cotlditinns

with conplimentltry unrknoe s in d plane rectutngular coordinLle s|stem. Corresponiling

coffectiott cquatiotrs are given, Fomulos are given for computing inverse weight t tolrices

for equatized values of measured quantities, adilitional p.lrhmeten d il thei, JunttinLs within

the framework of the theory of nrcthod oJ cokditions with complimentar! unknowns'

flo{rpoelrue noxa'rr'Hhlx rcol($u'recxtx celeii /!rt peneHrt 3:!1a.l xaaacrPa' 
'lDxcHcpHoH 

reor*HH x

lpyrux oclloBbrBacfct KaK Ea Ha3eMHbrx (a3uMyra-;IbHrx' yrnoBblx. JllrtlciiHblx). TaK R noc"lelltee BpeMt 'l
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crryTH! OBLIX x3MepeHrDi npeACTaBJrreMLrX, KaK npaBr'ro. B Asae rlpocrpzurcr:BeHHbrx npnpaqeHtrt Koop-

ld,Har LX, LY, M e rcoueHrprfiecKoi cHcreve KooptnHar. ypasltrlBaHl.re Ha3eMHEx rsMepeHr,ni s
6onsuxHcrse crDAaeB npaK1lrKr,r B PoccrdicKofi Oe4epaqxtt B6rnorHrercq c nnocxxMx nprMoyroirbHErMu

xoopAoHamMH faycca. no3Touy Anr p€ueBfir 3aaaqH coBMegftoro ),?aBt rBaHr,, B rlrocKpn roopAHHarax
Heo6xoar.rMo crDrTHknoB6re r.BMepeHur rl Hx KoBapraqnoHHbre MaTprq6r peAyur.rpoBaT6 rm rrrocKocT6!
cocTastla ypaBreHxr norrpaBoK r perur,tTlr r,x ro Mfioay HarveHbrunx KBaapaToB.

ypNBIr aeHtre arapaMerpnqecrsM cnoco6oM. ypaBHrjrenbHbre Bbrquc?.reHnr B nocJreAHte roAbl
BHnojlrirrrorcr [petMyrqecrBeHHo napaMerpx.tecKfiM cnocoooM, noropbti no3Bomer AoBonbHo ner(o
aBrovar fi rxpoBai b npoue4/py cocraB"'IeHxr ypaBHefixi lonpaBoK.

CocraB,lteTct trph !Tom, KaK npaBxilo, Tpfl Brla ypaBueHhi nonpaBoK - yfnoB (HanpaB"'reHrri),

ar.rpeKqrroHHBrx yajroB r,r paccTorHrrt,

Iff cocmBreHqr ypaBHeHBfi DonpaBoK cnyrHfiKoB6'x !3MepeH!fi &'roct(ue nphpaqeHut
Koop4rHar A,t , A1 BLrpaxarmcr $yBK{srMH koop:ldar r, y :

&r: =rz -I; LJtz= !z- lt.
3TrM cBr3rM coorBergrsyror)@aBHeHrir nonpaBoK

u^, =5,, -6., +1,!; D,r. =6,. -5, +1o,,

rAe u^:. \)^) - nonpaBKn K @vepeHHbr\r nprpaqeHxr\r xoopaunar; l*=rlr-ror-Lr.,r:'
!or=yor-yl -Ly, - cBo6ors6re qneH6r; ro, yo, 6*, 6y - coorsercreexxo npu6rmr<ennrre :navenar

KOOpAUHaT r.r nonpaBKr.r K HnM,
ypaBHeHHr [onpaBoK yAo6Ho npeAcmBurr, B MarprrtdoM Brjle:

B&+ L=V. (l)
rae B - Marplrua Koglb$uu{eHTos }?aBHeHrifi no[paBoK; 6,t - aer.rop HeH3BecrHLrx, T. e. DonpaBoK x
npu6.nuxennrrlr 3HaqeHr.rJrM napaMerpoB; I - Bercrop cro6oAnr,rx 'rnetoB; V - BeKrop nonpaBoK r
pe3yrrbraTaM r.r3[repeHr|i,

Coruecruoe peureur.re chcr€vGr ypaBHcHr.rfi (l) Br,rnorHrercq noA yctoBfieM:

V' PV = nin,
rae P - BecoBar Marpuqa, B o6qeM c-ryqae ycmHaBruBaei{iur no OopM}re P=p'7K-t. rAe K -
KOBapraqroHrrru MaTplua.

@opMyrBr lreroAa HarMeHLr[rx KBaAparos &n pe eHllr ypaBHeHui (l) xMeIoT BnI:

N = Br PB t 6r = -N tBrPa. Marprua N I rurercr o6parxoi recoBofi Marpnqei @, ypaaxexusx

napaMerpoB. BbrqHc"'rfiB cpeaHroro KBaaparhqecK,,ro orxu6(A exfifirqbr aeca no fiopny;re

!=Jvt?vl@-k),
rAe 11 - o6uee q]rcno u3MepeHt.fi: t - qrcno Heo6xoAhM6rx u3Mepefirrfi MoxHo BaiTr cpeffrse

KBaAparr.rec.lie o*o6Kr ypaBHeHH.rx napaMerp ot 
^, = 1t.,P = yt,,[t t; 1i = t...t 1.

3auerfiM, qro npx )paBHuBaHrj, ToJrblio cfiyrHfixoBErx onpeAeneHxfi fi3MepeHHbre BeruqrHEr

cgg:asu c seo6xoauvBrMu napaMerpaMn ;'It{Heiuuua tpynxurrux npoqrefiuero Braa B KogQtfuurenru
ypaBHeHnfi [o[paBoK rB.rrrrorcr KoHcraHTaMH (eAuHuuaMH rrn]r nynrMx). flooroMy 3ala.ra oTHcKaH t
nonpaBox K nprl6.nuxexxrru rna.reHucM napaMer?os Moxer 6HTL peuera npu flpol,t3BoJl6n6lx np!t6nt-
XeHHLIX 3HaqeHWX 8e[:taecTfi 6IX.

ypaBsnBssue RoplleJrarB6rM cnoco6oM. Koppe,rarH6rtr cnoco6 3(bihekruBeH npr )?aBHuBanrlr
cqrei c Ma,'rbrM 

"rjcjroM 
rf6bnoqH6rx r{3MepeHni. KpoMe 3Tofo, xopp€narHbrfi cnoco6 qaiqe Bcero
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xcnorL3yerc, Ha IIpaKTnKe Art cTpol oi npeaBapltTerhHoii oqeHxr npoeKroB reoae3Hllecl(tx cflei. no
HeBr3KaM yCrOBrrL,tX ypaBneHufi cyarr o KatrecrBe nonea6lx t43MepeHHii H ao MHornx cryqatx
yc raHaBrrrrBarcT Beca pe ryrbTaToB l.1,vepeHui.

Onpeqeleurlc ,*lcla u srraa yctoBu6rx ypaBHeHHi B feo.qe3tqecxtx cerrlx c Hai€MHbIM coclaBoM

rsMepeHr.ri H3y.reHo r,r npelcraBneHo B reoae3uqec(ofi nureparype, flpr.r lcno,rr:ooaruu xe
cIryTHr,iKoBLlx n3MepeHufi Bo3HuKaroT HoBBre Blrarr ypaBHeHr,rfi. PaccMoTpuM tx,

Ecnx B reole3uqecKoi cerr., BbrnoJlHeHr,l rBMepeHrrrr ror6Ko nrocRtx nptpaljlell i KoopAliEar, To

arr npuparqeHufi A{ B o6ureM BuA€ r,orrroHHbte ycnoBtt 6yayr xMcrL Br{A: ItA",=9-on"

3aMKr{yrbrx noruroHoB; ltAr, +.r-," -:r-"" =0 -.q:rg pa:ouxrr}'rttx tloJll,troHoB. I4x nHHcaptj3aut t

npuBoahl x )cnosHbrM )paBHeHmM nonpaBox unaa liuo fo =0.3recb l-tu. - c)""u

[onpaBoK nprrparuenri, KoropHe Bxoarr B AaHfiltfi noruroH, l,kBecrHo, qro Heat3xH (D] Bblqxcttrorct

rryreM rroacraHoBKn p*yjrbraroB u3MepeBfii B ycnoBrGre ypaBHeHlrg, B HaueM clry.ra€, Ilojlarat, qro

Arl - pesy;trarlr a:uepeHrfi, HeBr3lsr 6yayr llMer; Blu: o, =IlAd -Am 3aMklryrbrx noniroHoB,

o:, =!tArl+.t""--.rko' - anr pa3ovKr{yr6rx norrroHoB. 3HaK "+" 6yaer B cryqae coBnaAer.rt

8a[paBneHut xoaa t, norl oHa, B npoTIrDHoM cnygae 6yacr 3HaK "-",

AHa,torhqH6re ycroBHbre ypaBHeHun MoxHo cocraBrrrL aff npxpaqeHl,Ifi A)r

Tarlv o6pa:ov, qucro noJltroHHLlx ycnoBr6lx ypaBHeHlli nonpaBoK 6yaer paBHo yABoeHHoMy

vac,ry rr6rrrouno urvepeHl6rx 6aircHLrx nrHLri B cerr.
Ecl, ro cropole cnl-THrrtoBoro [ocrpoeulrg tBMepeuo ]t npr,tBeaelo Ha ri:rocxocrl pacctoenrle d ,

r-
To yclroBlre 6y.ler ur"reru rr; /Ar'?+Ay'?-d=0. tioxoAr $3 o6uux npaBxJi cocraBJrelitrt ycIIoBHLrx

ypaanenr,ri rtonpaaox 6yaeM xMert coorBercrBy'oqee ycroBHoe ypaBHeHxe:

au&+bua]-ud+o=0,
Lx A"-

tAe4 =- =COS(,, =-;= Snq,; 0 -AupeKquolrHBx yron.
174

Eoal no cropone cryTHttt(oBoro nocrpoeH t lr3MepeH rrxpekuroHH6lt )/Ion, To Llcxo,qt t3
l\x

TpeboBaHhr auctg 
- 

- d = u oyAcM HMSI! cnelylouee ycIoBHoe ypaRHeHtte nonpaBok:

^1,
4u,!+ru^r-uq+o=0,

rae

- Av .. sin q - sin ocoso ,, Ax ,, cos o " sln ocoso
a= p,2 --p":iii:=-p"" --" I b-p"=-p"-:.:-p" 

-: 
p"-2o6265.'d' d Ax d- d Ay

flpeAcraB,ltt lr3McpeH nuii ropraorraa lurrii yt o, K:u( pa3Hocrb Alrpe(quoH Hbrx yrnoB 0 = ct, - cr,

tr, ronr3yrcb dopMynoii (2), floryquM cieA)'roqee ypaBHeHue nonpaBox:

.,,u,\,, +r2D^r,1 -41D&, ,ru^J., up +o) = 0.

Boree croxGr,rii Bun xMeror ycnoBHLre ypaBHeHrt B c-.ryrae, ectltTpailnllxoHllHe r€oae3lqecKie
xjMeperu, BbrnorHcHbr Hc no 6aslcuurrr ,'rvrrHtv cn' tHr.rKoBofi celx.

(2)
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CRcreMy ycnoBHLlx ypaBHeHrfi flonpaBoK B MffprfiHoi 3anr.rcu Moxrro 3anrrcar6:

AV+W=o, (3)
r el - Marpfiqa KogOOrtq]reHToB ycnoBHrrrx vpaBneHrii; y- BeKrop oonpaBoK: W BekTop HeBr3o(.

npuBeAeM OopMyJt6t MeroAa fiafiMeHrllxfix KBalparoB Anr perlreHur cr.tcreM6r (i,.
N = AQAT; k=_NrW; V=QArk,

rle N -- Marprrqa KogtbouqxeHToB HopMztrr6H[,rx ypaBHeHr{fi; Q - o6parl,1.a'. BecoBar Marpuqa

rr3McpoHuoro BeKropa, C = P r;k eerrop n.ppcrrar.

OqeHKa -ro,JHocrr,r no pByn6TaraM ypaBHfiBaHur BLrnojrHrercr no paHee nphBeAeHHbrM

QopMyna,v, npr 3ToM o6parHHe Beca ypaBfieurr6rx 3Ha'{eHuil t3MepenHbrx BeruquH rBjrrlorct
AsaroRaJrLHErMr,r 3.lreMcuTaMu coorBercrsyloqei o6parnoi BecoBoi M.rpur\Et Qx=QoQ, me

Q^= E - QA' u-t,q, t - eauHrrrHar Marprrrra.

ypaBHnBaHr€ cnoco6on ycnonrii c AorronHrrerbllbtMIl Hefi3BecrrrbrMli. Ilpu ,tcllor63oBaHIrB
Kopp€narsoro crroco6a MoKHo Ha3HaqarL lononHHTerlH6re Het€BecrHHe. Taxoi cnoco6 nonlArur
Ha3BaHle cnoco6a yqroBui c lonorHurerr,H6rMr.r Hex3BecTHbrMu, OH no3sorrer ynpocrnTb cocTaBrel re
ycroBHbrx ypaBHeHfii, qacro rjcnon*yercr Anr ypaBrrnsaxxr c oueHr,tBaHueu cncreuarrrecmrx ouru6ox,

I,lgeecrno, qro ypaBHeHHLre 3HaqeHr,tr r8MepelrHL,rx senr{'rhH ,vj (i = 1,2, ..., r) KaK gneMeHTBr

BekTopa X n AononHrTenbHLre He,l38€cTH6rc t iQ = 1, 2, ..., to) xax 3neMeHT6r BeKrcpa f o6pa3yroT

cucr'eMy ypaBHcHLfi cBr3J{ g(X,a)=0. Jlfincaprtauar AaHH6rx ypaBaeHrli nprBo.qnr. K cucreMe

ypaBHeHnii nonpaBox Br,qa

AV + B6x+ L =O, (4)

aAe ,4=+. B=:-l-. I = g{ X'. to } ssrrracreHbr no u3BecrH6lM pe3yrrEraraM [3MepeHHi X' u

np{6,luxeHHrrM flapaMerpana lo ; y, 5,1 - nonpaaxu coo'LrercrBeHHo K X' u /o .

Pexr€Hne ypaBHeHlrfi (4) do MeroAy HarjMeHlnlrjx kBalparoB ocynlecrorlerca no rfopuy,rau:

6, = -@r pLB)r Br pLL: k = -pt(B6x+ L); V = eAr k,
ve Pr. = (AQAT )-t ; k - Beroop xopperrar..

Bonpoc6r or.leHKr,r roqHocrr,t B paccMarprjBaeMoM cnoco6e ypaBHxBaHrjr pa3pa6qraH6r
npr.rMcHxrenbHo K peuenuro HopMarrbHbrx ypaBrreHfiI no ajtropHTMy faycca, xoTq coBpeMeHsarr reopnt
oqeHKrr roquocrrj 6a3rpyerc, Ha Mre6pe Marpr.ll],

B paMKaxTeopu ,qaHHoro cnoco6a no;ryuensr OopM),Jbr Br,rquc,leHtl o6parnux eecoerx varplu
ypaBHeHHhlx 3Ha,rexrli rBMepeHHEx aerrqxH 0, , aonoaxure,,runex napauerpoa Q I ux Synxuld Q.
(Dopvy,rrr rvcrcr cre4 |out}rii era:

Qx = @ - QAr PLPBA)Q; Q, - @1 PLD | 
|

Q;, ,,

B OopMynax (5) Pu = E - B(B' PLB)' B' P,.

B 3a(rroqeH[e 3aMerhM, ll1o npltBeAeHH6re B pa6ore ypaBHeHru fi npeanoxeHHbre OopMynLl
oqeHKr.r roqHocrli noATBep)qteHH pe3ynb'mmMx )?aBHr.rBarrur Ha pean6HLrx o6aeKTax,

=f a, -0A'P,80,1 ,, -llc0) la0)1,, [l*l'l-l-e,s'e,ee 0. | *' llaxl lall""ll*t 
l


