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BIBHAqEHHfl KPtrTIITIHID( HATIPIDIGHO.AEOOPMOBAHID( 3OH
3A AAHnMU r-EOAp3r,rqHD( CTIOCTEPEIKEIIb

trC. BypaL
(Ieano-cDpaaxieqrxuil depucaena.fi muniunuil yniaqcunem nafumu i zasy )

,{onycrnvo, ulo o6'em, mrrfi un BHBr{aeMo,

Mo)KHa 3MoAeJrrcBarn, ar cy[imHe cepeaoaln{e. I{e
uoxce 6yrra , flri 6roK ripcrrcnx nopig n BHrraAK!'

oporeHHrD( rerroniwrnx pyxir, .u.r p1xin, rmnarucr
niA:euxrur,r rrpo6irrarnrn Kopucxux Kotra,-IuH Ao
noann'rpiqlrH, ran i c,yqi,rrsa $yxaauerrHa nwrra
cnopyAl,I, ulo AeoopMyerbcfi aHac.niJ,or ocigannx
rpyHTy.

.{,orrycrmao raro}Iq rrlo BI{KoHaHi emipll
KOOpA[HaT CUCTeMH nonepeArlbo 3aMapKoBaHrD(

TorroK , utro Ha-re)K:lrb o6'enr)' B MoMeHTI{ Yacy - to Ta

ti. Toai pisHnui KoopAuHar 6yxyrr lBJLnrIl co6oro
napaMerpu rerropir nepeuirqero i npn yl'rori
BcraHoBJIeHIrfl no IIu>( AaHrIx aua;litrqnrx 3ailet(-
HOCTefi, rIa4pHKJra,{, Bnrn{A/ :

Ax = fl( x,y )
rr.r = Ay = f2( x,y )
Az = f3( x,y )

(l)

e MorKn[gicrr BrBHarreHHf, n ix AonoMororc
no,\anonenris rexsopir AeQopMaqift ra HanpyxeHb B

ciqerurrx 06' eKry, Iqo BlrBalaerbct.

Teoperurnoto ocHoBoro qboro lsJlserbcf,
raJrexnicrr, rrta B paMrax reoMerpruHo-dniitHoi
reopii npyNxocri BcraHoBirro€ 3B'rI3oK Mirrt

KoMnoHerraMu reH:opin aednPrraaldi e,, i neHroparalr

nepeuiqenr o qepe3 ronapiarrHi noxiani BeKropa

nepenaiuleHl -V,ork

I ,p - napauerpu Jlaue;
Ir(e) = d"o - nepumfi inrapianr reH3opa

AeoopMaqift;
g'r - uerprunnfi reu':op crrcrer{u Koop,u{Har.
Tarru qruroM, KoMnor{eHfl.I rcH:opin Ae0op-

rtaaqlfi i Hanp)rKeHb B rreBHoMy ci.reHHi o6'erry
MO)Kyrb 6ym nu:rnueni, nrqo Becrlr cflocrepe)IrcHrul
:a ge$oprrrarueio reoaesnrHur\{u lrletoAaun, nepio-
Ar{rIHO BH3rIzIqarOqH KOOpAnHaTr,r nO neBHifr CnOC-

TepenqrnaJrbHifi ciflIi TotIoK . To.{Hicrr ouiuxr.r no ury
AaHI{x Hanpvxeno-le$opMoBaHoro crany o6"erry,
a6o fioro snriru 6yae 3aJlelt€Tlr, oqeBrIAHo, fin siA
roynocri BlBHarreHHr KoopAHHar, rar i ri4 rycroru
cirrur cnocrepe)KyBaHlrx ro.ror i qacrorll c[ocre-
pelKeHb, m6ro o6'euy cuocrepe)KeHb.

Cyrauri cynyrnmoui cucreMu GPS, ry$-
poai uirenip4 upnra,u{ Ar.s BncoKoroqHro( niHifirurx
unuipin, uo .qo3BoJltlorb r nopinnrHo HeBeJII{KI{MH

TplA$arparaMrr Aocrrrr{ roqxocti s sanexHocri siA
porr'ripir o6'exry 2-0.1 uu. po6.nrrr piIueHH-r {iei
3aAa.{l peairbuu\{ i roHxypermro 3AarHr.rM 3 inunflur,r

Mero.4aMH nepyfiuinuoro Kolrrpoitro.
Axanis oAep)KyBaHoi r peeyrrrari o6qrc-

lenr in$opuauii ryo KoMronerrr rensopir Hanpy-
x(eub .[o3BoJrrrr 6iruu o6'eKMsHo Br{rlBJr.nrrr KpH-

rr.mi sorm, Aocri,qnienru {KI{x Mo)Ifia Br,rr(oHarl,r

6iarm Aera.rrruo, d^ u" Mo)KrrnBo AJrr Bcboro

o6'ercry r qirolvly.

lga inocrpar(ii cxa3aHoro Br{qe, po3rm-
HeMo IruraHHrr nporHo3y Hanpy)r€Ho - 4eQopuona-
HrD( 3oH :a uarepialarnru rpa,unuifourx c[ocrepex€Hb
MeroAoM reoMerpr{rrHoro HiseJtrosaggr. fligrpec-
JrHMo rqe pa3, r[o, fix4o xani$ npr{ r{boMy

$ircyrotcr xapaKrepucruKn rapausrpy BeKropa
nepeuiuexr, 3lrina sKoro Haft6imru cyrreBa, Mr{
peKOMeHIyeMo Uefi ,lletoA rilrrfl Anfl rrporHo3y
Kpr,rrurrxlrx 3oH, B rKHx Heo6xiana uocraHosxa 6iirbul
AeraJrbHlrx, KoMIL'reKcH[x Aocni.4xenr. Pa3ou 3 ruu,
ocKirIbKrl r[ixcyerncr luina ri:rrxn oAHoro napaMerpy
BeKTopa nepeuirqeur, To arroprrM o6.nrcneHr xe
rarurfi rporlri:,rrrurft, rK B 3arairbHolry runagxy i, r
paMKa\ nanin IaflOi craTri, e rvroxnlrsistr npl{Becrlr
ruafixe nosxuft BrrBrA po6ouux $opr'rl';r B

KoopAnnarlrouy nurnaai. 3repneuo ynar_v i Ha re, rqo
s rtrboW Brrna,4ry 3'sBrxfrrcrr i MoN.nuricru
no6yAonu sarexxocrefi (l), ,rKi aBroMan+rHo
':aAosinrnfrorr, pirrxruu piaHonan.r (5).

.qe

f/k

e,r= ll2(V,,0'- Vro') (2)

V,{Dk= ( aok/an'+corfuk) (3 )

cr,rMBo.rr Kpucrorfenr, a6o xoe$iuiem
'rs'rr3xocri.

3naroqu KoM[oHenrr.r r€H3opa aerltopuauift
MOXCHa BHpax]tsaTlr KOMnOHeTffH TeH3opa rryrpiu-
nix nanpyNeHb - ph, Br.D(oAf,tr[ 3 ocHoBHoro pinnrnnr
reopii nplrruocri :

vpu'= o
AE

p'r=llr(e)g'r +2lg'l

Bupar(5)xanxeco6oto
ranoHlyna,BHboMy:

(4)

(s)

y3ararhHeH-[Irl
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Aorycrr.rMo, rqo Mn Ma€rlo p$yirbrarr{ cnoc-
TepexeHb :a npociaaxHru Oyxaauerrmoi nJrrrrr{

cnopyAr.r. ari nponoarrbc.{ ro Aocrarrrbo rycrifi,
xorra, B 3araJr6HoMy Brr[aAKy, ne o6on'.sgroBo pery-

"rrrpHifi cirqi 1q.194.

3a Aonouororo cranAaprHrD( nporpaMHrlx
raco6ia orrrr{M:L'rbno arrpoKcrrMyeMo pe3yirbrarr
cnoc'repexrenb 3 rrrM, uo6 uepefi'ru 4o perynrpnoi
cirxlr lnaqeHb ociAaHr peuepia B By3Jrax cirru - 2,,.

Etferrnnuoro piruenn.a uiei qacrruu saAa.ri
Moxxa Ao6urscb rilrxN npx nporno:ynamd 3a
p$yJIbTaTaMH CnOCTepex{eHb noJro}I(eHHr c:rpyK-
ryprrrx dnift pemer[y rroBepxoub, rqo aeQopvr]torr-
cr ( I ) i sryqeni rtpu noAaJrrrrnD( cnocrepe)KexHrx B

x 3ontx rrnr nixifi cirrur cuocrepe)r(yBan[x rovor. I-{e

crocyerbcs i roro nuna4rcy, KoJrH Ann anpoxcrrrrauii
rvrr{ Kop}rcryeMocr raKr,rr\{H cylacHHMH 3aco6aMr,r, rx
nporpar"rHnfi KoMrrJreKc SERFER tlipuu Golden
Software IC.

BnxoAr.nr : uassnoi iHtltopnauii, Ber(rop
nepeviqeHr roqoK ciqem{r, Ha rroMy posuirqeni

crrocrepelr(yBani penepn - o . 3aAzttrlo s srrrrAi

o = (u=0;v=0; o: =rrr*( x,y);) ( 6)

Ae u,v,(o - flepeMir{eHHfl rro Koop,u{Harax x,y ra z
siAroriAHo.

Bua $yuxuii o* 6yAeMo ruyr€rl{ s numflAi
6iry6i.nroro noriHonay :

6, += A 13 y3+B ;2y3+g;.1y'+Dyr+Exry,+Gx3y+Fx3+
Hx1y2 +'Ix\, +Iixt +Lxy? + Mxy iN* + Cly + Py2 + R

(7)
BusHawnao no $opuyri ( 2 ) nounoxexru

remopa aeQopuauifi. B uauouy BrraAKy BoHrI

MZIIOTb BnrntA :

all=01 e12 = 0; en = 0, e33 = 0 :

e13 = l/2(3dx2y3+ 2Bxl+ Cy3 + 3Ex2y2+ 36;2y
+3Ff +2Mxl +lt5y +2Kx +Ly2 +My +N ) ;

e2 = 1/2(3Axty' * 3B*'y' + 3Cxyz + 3ry + 2Ex3y
+6x3+2Hx1 +If + 2Lxy +Mx+2Py+O) ; (8)

3siAcu KoMnoHenrn Temopa Harrpyxerlb
su:Ha.reHi : piurxuru fyxa ( 5 ) varuul"rb B cBoro
qepry Bmr.sA:

prt : o',p22 = oi p32 = o ; pr2 = o ;

ft =Zwrr; pr3 = 2per: : (e)
VMosu pinxorarn ( 4 ) s aeraprosifi cuc-reMi

KoopAHHar 3am{uryrrct s surntAi:

feoae:in

ap" la*+ ap"ny + aptsldz = o;
Ap" rc*+ fu"lq + apz3bz = o', ( l0 )
aptt la*+ af'lfu + apsslaz = o ;

Ocrinrru ueprui gna pirnxnHx ( 10 ) ne
3:urgr(aTb riA z, ro BoHrr Bxroxyrorrcq rororurro i s
Hac 3',1rBJIrI€Tbc.fi MoxJmBicrb 3a,uarn ana.nirrmr,rfi
BEpa3, sKHfi e po:r'rsrou ( l0 ). Anx rl6oro
po3rrurreMo rpere 3 pinHxxr ( l0 ) s apaxynannru ( 8)
i(9)rsrrr{Ai:

6Axy3 + 2By3 + 6E:'y2 + 6Gxy + 6Fx + 2Hy2 + 2ly +
zr i oax3y + 6BxJ, + 6Eay i 6Dy + 2Ex3'+ zrl* +
2Lx+ 2D= 0;

3ei.aru oAep)KrrMo:

A=0 ;B=0 ; H= 0 :E=0 ; G= _C ;L= _3F;
I=-3D;P=-K; ( ll )

Ilicar uroro ga:rexcnicrr ( 7 ) uoxna
3arrlrcarr{ r nnrr.sAi :

ro* = c(xy'-x3ypn1l-:x!+F(t'-3xy2)+
+ K(x'-y')+Mxy+Nx+Oy+R (12)

B Hauouy Burra.rucy Mlr MoxeMo crc,'racrr,r n
pirnrnr nury ( 12), ae n - xinrxicrr ry:nia cirxn,
Tor'ry e Morcursicrr 3HaxoAxeHrur 8-url roerli-
uienrin, u{o BXoAflrb r pinHrHrur ( 12) cnoco6ou
nafuienrulx xraAparir. IIIe par niguitluo, ulo
snafuegi 3a AorloMororc qrx Koe0iqienTis 3HarreHIUI

reH:opir getpopuauiil i Hanpyxeur uo t[oprrayaax ( 8 )
i ( l0 ) aBToMarrrrrno ra,{onilnrnorr yMoBH pirxo-
naru(4).

3Hafiaerrro uiHiuyrra r[ynrcuii siA 8 rprme-
AeHHx BHrrIe tlliHHr.rx 3 Bl{pa3y :

S(C;D;F;K;M;N;O;R)=I,-rt*ao*ttr,,-r*;t ( 13 )

Burcopncrorl. otlu yMoBlI encrpeMyMy Ant
Symuii 6ararrox trrriHnux, oAepxnMo nacrynni
piarunun:

1stx,=0 ,

a6o n xoop.unHarnoMy surrrAi ;

Z=,f.I,=,*f{z;, - C(x,y,3^- x,3yr) - D$,3 -3x,21) -
-F(x,' - 3xyr') - K(x,'- yr') - Mx,yr - Nx, - oy, - R) *
*(x,y,' - xi'yl) = 0; ( 14 )
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Puc.I. Pesynbm&tnu ouuipi.o ocidaruo tttvudwvennruoirutumu PB zanepiod 1983-1996 p.

3siAKLI:

C(L=rN* l=r"t(x,yrt - x,'y,)a*) + D(I,=rN^ Z,=,tt(yr' -

-3x,2y,)a*) + F(U, ;*' I,=,Nt(^,' - 3x,y,:;a*; r
+K(r,=rN*r,=rNv(x,-y,2)a*)+M(r,=rN*
I,=rNY(x,y,a*;+
+"N(I,=,N* Z,=rNt x,a* + o(I, ,N* Ir='u'y,a* +

+R(t,=lN^tr=,"t"*=2,=,""t=,t"uu* ( 15 )
AE

u+=(x,[3_x,3-yl)

flpu nreeAeui pieu.rHHa 3 yMoBH dS/dD = 0
:arajlbnufi BIIrJI'A 6yAe raruu-tKe. tK ( 1,5 ). ri,rlrcr'r

flps Hesiror'difi R roe$iuiem Aopinrnoe Nx*Ny, ae Nx
i Ny - nironicrl nysrir cirru rirnogiano no ocrx X i
Y.

Tarcunr rrr,ruoM n pesynrrati pospaxyrudr r,,rn

oAep)Kr{Mo 8 ninifisr.rx anrebpaivruo< pinurar ni4noc-
Ho 8-uu snriHnnx C,D,F,K,M,N,O,R. Cucreua
po3B'r3yerbcs MeroAoM fayca ': ru6opo*r roJroBHoro

eneMeHTy rro pqAKax. Iliacranlrnowr :HafrAeHi
3HaqeHHr n tlopuym ( 8 ) i ( 9 ) rnafiaeuo uryraHi
3HaqeHH.fl napauerpin rensopir ge$opil{ardfi i
Hanpyxenb, ananigyro.ru rxi uaerao ruory nugi:rnru
rprruvHi Hafp]DKeuo-Aer[opuonani 3oHH. .{errce
yrBJrerrHt npo rovrdcrr piureHH-r Morr(eMo oreplr€Tu 3

po3pa\THrry MacHBy'

dij=lzu-co*(x,,y,)l (16)

.ne c'l*(x"y,) po3pixoByrorbcr sa Qoprvry.norc ( 12 ) r
Bur(oprrcranHf,M :HafiAeHrx noeQiqiexrin. Atts
imocrpauii Moxull{Bocrefi pospo6:reHoro Ha ocsoni
onncaHoi Burqe reopii fiporpaMnoro KoMruIeKcy
npI{BeAeMo [pI{KJraA ornrrsr HanpyxeuO-aeQop

a* = (y,'- 3*,1).
Ans dS/DF = 0

Am dS/dK = 0

ArIt aS/AM=0
Ant aS/aN = 0

Ant asiao = 0

Ar-n aS/AR = 0

a* =x,3-3x,yr
a* =x,t-y.,'
a* = x,yl

a* =X,
a* =y,
a*:l
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craHy $yHAaMeHrrroi nlll{m oAHoro 3 pearoopHr.fx

nizrz\insH5 AEC. flnan ra aKcuuoMerprlrHa noBepxrrr
MoAeJri (l) ,{e0opMoBanoi noeepxni IUtrrrI{
no6y,Uoaanoi 3a rraarepianauu reoAe3ruHrD(

cnocrepex(er{E 1983-1996 p.p. rprneAeHi na puc.1.

Ha utx rrrarepia:rax .rirro npocdaKoayeDcl
na-mxigrr aHoMaJrbHHx 3oH ociAaxHr n p-ni peuepir
5, 6a, 7, 8, rouy o6'elcnnna oqinra eKcrurya-
rardfiHoi naaiimocri o6'erry HeMo)KrrHBa 6es oqimor
rrarpy)Kerrb B ultx 3ogax .llpu po3pa{ygmx
npnfruaan o=0.15 i E=2.43x1010 fla. Olepxani
p$)'Jrbrarr.r iruocrpyorror na puc.Z. Ananis fioro

feo-leT ir

[oKa3ye, qo n $yn4auerrHift nnrri 6noxy npncyrni
Hanpyru po3T{ry, a,:re Hasirr B aHoMaJrbHHx 3onax ix
Beiurrll{Hn a p-ui 20 Mrn, Iqo rianoriaae npy)KHoMy
rnnr-v i BilKrtroqa€ nonyrpiqnn. Ocrcirnrn aHorraamHi

roxn ociAaxr n p-ni penepir 5,6a,7,8 yrBopnJrucb qe B

1985 p. trpaKrr$Iuo He 3Miruororrc.r, a caMa

$ylraauenrna rrJrr ra pinxonaipuo ocirr€ : rnsuAKicTro,

ffKa 3a ocramri ABa poKH craHoBr{rb 3 uu. na pin ,ro
Bce qe Eae Moxrm{sicrr 3aKJtroytrru, Iuo
ercruryaraqiftHa Haaifrnicrr OyngaMeHTy PB
6escyunirxa.

Pmc.2. Pery,rrraru ouiurr rranpyxeuo-Ae$opMoBaHoro crany QyH4auenrnoi rururu
( xoun o nenma \t z mew opa nanpy z)

K.Burak
PROGNOZ OF INTENSIVE DEFORMED ZONES AS TTIE RESULT OF GEODETIC OBSERVATIONS

Summary
The possibility of determination of tensor components of internal stress is shown on the basis of modern of
mechanicmodelsof solidmedium. The solution came into use thank to formulas of covariant differentiation of
displacement vector is received by approximation of geodetic dimension. The formulas for high-exact geometrical
levelling are reduced to coordinate kind. Here is given the example of calculation of stresses of foundation plate.

K.Elpax
NPOTHO3 HAI]P.'IXTEHHO-AE<DOPMI,IPOBAHHbIX 3OH IIO AAHHbIX TEOAE3I4IIECK]4X

HAENIOAEH14IZ
Pesrcue

Ha ocHoaanr{n coBpeMeHxbrx rvloAerefi uexaHnrlr cnJlolunoft cpe4oI IloKa3aHa BooMo:xnocrb
oilpeAeJlenr.r.s KoMrroHeHr reH3opa BHyrpeHHLrx Haflpgxcenlift. Penreirue [onyr{eHo c }rcrroJrbaoBaur{eM

$opr"ryn KoBapr{aHrHoro an$$epeHu}rpoBaHrs BeKropoB rrepeMellleHlrfi, ne;ruvnnnt Koropbrx olpeAeneHbr
arrpoKcr,nr[poBanueM pe3yJrbraroB reoAe3uqecxux uauepennfi 4e$opuaqufi.IIts qacrHoro

cryvas,na6lroAeulrft 3a oceAanr.rev cpopr"rynll lpfiBeAerrbr K KoopAIlHarHoMy eu4y. fian fipr.rMep pacqera
Hanpaxennfi $yn4aueurnofi nlurnr.

fiMpyr

6'1


