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YaS Srpuzhak OYa Sapuzhalr O V Swojezhko

INFLUENCE OF NBAR.SURTAC.E GEOLOGICAL INHOMOGENEITIES A]\D METHODS OF IIS
RELAXATION AT ELECTROMETRIC IN\ESTIGATIONS

Surnmary

Using fie malhenratcal rnoilelling of electrometlic observitions over complexes of spifl €llipsoids situa&d on

;,;;" ;;;;;r"* of their ;om.dies are investigated on cun'es of electdcal 
-sounding 

ard profding alld

ftil.;.ff..;; ;;;-uroriorte inluence or near'surface rnho mos€nen ies :ue elaborard
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C rloMolsrc MareMarfiqeo{oro MoAe,?poBa*u 3netrrpoMerplrlecxnx fia6]ToreHlrfi Ha'Il RoMrljrer{caMr

?Jrrrr[coi.qoB EpaqeHnt Ha pa3flellfiIx rMnHax nccneaoBaHo- oco6eHtortr r{x 
-aEoManxi 

Ha xpllBr'rx

.""op*""*t i"*rp*anldi H rpo$uxpoBalor', a r:u€t€ parpa6orano cnocoou e{DqeftnBuoro no'qaBr€Iirlt

Bnxfloa' nptinoBep{xocrHhJ\ HeonHopo!HocTefi

PEKYPEHTHI,Ifi METOA PO3B''3AHE AEEAMIqHI4X 3AAAITCEfiCMIK4

AJI,g CEPtrAOBUNIA 3 IIEPEFYJI'PEI,IMII trOBEPXH'MU'

AB.Mtulnuhxxn

(Kdpn.m.bke iinnhe tte ltcnunvmv zeoltbuxu ixcr66onti| HAH yxpai\u' Ibsis' yxpoiitd)

Pbn e. Pa3z'ttAaenbct dttasunip o duqdA'ti'l a I'-Sr 3ada\a l)Kepeta ceil'lt i\Hu' xButtb Nonenn'mba 3c1)sHok)

ducnorc4iem, a docttibk:vkaHe cepedoauu+e - tttcneMota nnocKux anHopidllac i banpo Hux uap6' t pa3dtteHt

;:;;";;;p,;, noaepnanu odipcauo P.l]la tuoK np' ai 3addqi a ma\oa( pisH'HM d" sw aqeHw (hop lt

Pepezyiltpvot nocepel

Po3rttgaoEct Heo,qHopl.AHe cepeAoB qe' tl(e

MoAeJnoeltct ct,IcreMoro ru1ocKrDt, oAliopl4nt\'
llomonBrDi n EaoiB Ha (o-l) nbnpoaop, B raxoM\

cepeaoalrai noonrprororrct P'SV 06 
'Mru 

\Btr.ri BiD

sorrfl u 3eMn€rpycy, tne po3MiureHe B 3ar'nEHo_

My Enrla,ryy, ! i_oMv llapi A){epeno MoAertroeJ6ct

'rcltsHoro rrcnoKiuioo. ro6ro po n fl-aaclLct le,u{ti
serrop F=(i-r,Fr,Fl,4')r. oreuearaux ntoro e

crpffi(n 3Milllenb 4,4 i flarylxeHL 4,r4 TaK{M

qr{HoM, po3rntrlaer}ct 2D-Br ipHa 3aaa'Ia ABrop

o,qepxar po3B't3ox IIptMoi 3ara'o, robm xBnif,oBe

nore Ha Bi.ILHri noBep\Hi ' -.t , B ljxniHnpllcHii

cxcrevi rcoparHar cepc, naPMerpH aor'rr]nA-

'a"o.o ""peto"n*$ 
i Bornlrqa 3eMnflp1cv [4]'

Ort(e, f,ortr{ at€peno ceiicMi'trtux xBr rE 3naxonrrbct
Ha i-rift rpaHxar i BrnpoMiHo€ ceiicMilHi xBqri P'SV

rum. avnrinAlx lHtreeHHt nepeMiuretltr Ha uilLhiii
floBepxHi B cnerrpa-)rbHiii o6nrcri MarorE Brrjl A:

; (tttl!-d,d,,;. d,td"-Jtod" i rlat
"; =-" i:,t, -,1 A'" 11',1't-tr' d '

o"o" 
F. +dnd\-d'dr F,,116)

't"4 "
rc i = o;1.n,

D = (d,,)= A;:tA,L,,A;l .A;ltA,L,A;|. A;'A,LtAl 12)

xapamepncttrlHa Marpnqx cepeaoBrf(a

D,.l = A1L;t Al A,Li'4" =D,' .D'' (3)

Mpameprsr]+tr{a MaTpxlt A,as cepeao}mila HaA

r,,t =Ie 
hhd,.eL\e,,e klt't.etu,o,1 (4)

,4aroHiurHa \(arptl llt

1l-8,p,
-1 -t

2F,d, -2t!,d, -tL,-e, !t,9,
p,a, tL,c, 2tt,ll, 2F'F,

1",
l
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I t P. tzr \ l/(2F.u,lt"'
. I -l -s./()d,l l42F.u.)

/) -1ltt 1n"' ' -1 -s,/,20,' I -llr2F,)

I I, i(2J] ) I l/r2rr'r

o, =(t+\2 tv;)''1, p,=(t+rt'?/v:\t''. (1\

8, =l+pl, p, -MoAvm 3ci?y B r'-roMy mapi, ,r-
roDr{t{Ha i -ro luapy. rl -3MiIrHa MetriH4 r_xBn_

Cnieai-qHouresu (l-o) aaepxaHj. to,Tl rpaHmJi

vifi aparti c napanenhro&s ao BrqsHoi floBep\Hi

A'rop B po6orax [4-61 oAepftaB pelqpeFrHi snpa3lr

anr Bl{|I{aqeHfir paa[xariB (I,,0,, a ]aKox

x, = |t, / tt,.r . PiBHtrnt (1) MotqrL 6]'rn Blrl(oplrc-

mEi rarorr arr ltr3daqeHH' F .

Birciri po6oTu B{eBlt\,'roryeMfl B tnoHii I

Alcrpanii [3], txi po3rnqaror6 cepe.aoBnrte, IIro
vo/rej o.Thct onHoplArfl$'l rnapavN. ere potd'
nes{Mn EeperynrprnMu rloBepxlrtM . I att rarqD(

EltrIaar.jB e anr,yanlnoro ra.qaqa siaHoBrIeHM {opNln
Heper'ynrplfl,-x roBepxons. Ue € Baxjlrr3a npo6neMa,

rak rft rrrzpn, 3 flcrix cKlaaaerhct peanbHe cepe.uo_

Br{qe, He € crporo napanenbHtr\{x, TaKxM qlrxoM.

cniA aocti4rrq Bn[IrB HeperyntpHocri Ha xBldtoBe
flone {a BirLHifi loBepxxi, a raKox 3fiafiTI'r Bmna[
Heper ! ntpHtx noBep\oHh. \4r B .aa,rd cr:lni poi-
rnfireMo Mo,qeJrb cepe,qoDnqa 'lrrap Ha nBnpocropl,

ae lllapn po3arner HeperyntpFolo noBepxnero:

z(rJ=dt+h(t)
Svaevo Blaxc r. oro @xepeno Lercvl'lHlrx

xBnE F 3Ba\oAt{rEct Ha rpaH {i Mitr rlapaMl{. 106-

m Ira xeFeryll'plrii roBepxHi. EyAeMo po3Dltrar&
nor peI{H, ceffcMi'fi x v'Bxnb BiA mKoro At€pena
a,a' Moaeni cepeaoBnqa, 3riAro m6tr{qi l. tla
p{c.l(a) rcperyntpHa lloaepxll' rpeAcmBnefla I

:{/) =d, +lll+sint2r(/- l)/!)1.
2

Ap.=0,25ftM, l,=5rc,{.
HeBar$o no&?t3aru, 4o xapal<fepltcrtr.IH?l

Mdrpr4r D Anr,aatrom Blrnaary Ma€ Blfntal

A= dndtt d$t, B = 4td.z -dnd.r,
ltl =dJv-dydt, N = dnd:t - dn4t

Ajfi Harxoi Mo.aeni cepenoBurqa ,.i = ,r r 
.

TdK n &Nepeno 3Ha\onxrbct na BeperyltpHifi

flolep)(lri z(/), m D:.1 =D;'=A'L;'(d'+h(,))A;'
ocrjnlK!,' Marprqr Zi) € aiaroHa-,rbHa, ro Marplrlr

,ir e Marpurrelo flpocroi crptxnpn. A qe o3HA',Ia..

Ilro aiaroHa.,rEHi eneMeHT{ Marpnn ,;i € B.'IaCHL{MU

jHaqeHrurMlt. a croBflui Marpfiqi ,ai' € BnacHllMn

BersrpaMH Marptql D, r 
. Tarro,,r vr,rxor"r:

Ae Ld,=d,-d,1, M,=h,-h,,\'
PiBHrrHr (1) 3arftllJeMo B MarprrqHoMv Bltrti:

(12) MoxHa 3artrrcart:

u:t't, - x2 + G / B)!. + (M / B)x a

u::a) -\+(N / BJri+G/ B)x^

Ms oaepxa.rln. 3 oasi€i flopoHr! pexllelrrHe
pi3nsHHr, ! rKoMy Bi,qcyrEiii BeKrop F. ro6m Bfi-

u@'=Gi.

in I
ae u "r =rul^'.ulor)' c =]

l-r u

Dftx, = X-.,x, ,

U(o) =con.r/I,Gxt. (12)

An' Beft'mpa r; = (l , xr, '., r. )r , rrkoprcroryrcqn

( l3)

t 4:1, r 'l

I /(2F, ) I 16r
l/( 2F,F, )

1/(2F,0, rl

(u

B B1

EB

( )

!e rj -croBnqi Marprllri Ar',i=l*1,

Marpury ,"] =Di' rgoaurrc,I !o Aiarolranbnoro

BnAt B 6a3r BnacHxx Berropi! rj i !.,racHrx{ 3Ha'IeHb

2,, 3a aonoMoroioPiBHflrM (11).

ocKirrrrx F = D"i.r . ro 3aBtqn Moxsa ti!i6pa-

rn rioHcratlry,, qo6 B 3aaaHoMy ryocropi 3 6a3oro r j ,

vr.ro Mlcue cnlssrrHouelu F .at'rrr Iorr

F = DtlF = Dtt const\ j = cokrtDtt t i = cansL t\ j
Marp{qHe piBE n'{' (10) ryrBoArrrct Ao Burntqv.

(e)

B 3arr{bHoMl BHnaaIq. toill{ Bci Drapl po]AlneHi

rsperyrrpru{Mx no3€pxlnMlr z,(r) = d, +h,(t\.
(i=1,...,/') xapak, epIrcIIl.IHa MarpHlrt npllBorlrlr6ct
ao BllrrrIy:
D = A::,A.,1,(^rt, + M,).1t...A;:.A,L,( ct,+M,)Ai

. ...4\t AtLj@t + 4) Ai

D = A;14Ltdt +hv:DAat ,
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4KJn zG)=drr;{l+sin(2,qF3)/w)l d,=3Km

t=0 zsl(r. w=5rn

P c l(a).IAepeno cerctu \Hux xeLttb po?rh4eve Ho

Hepeeyntp ia noeepxHi z(r), 
'Ka 

pudint€ tdpu

LtorreEe &r{(epeno. a 3 ApYroi cropoHn, aase
cniBBiAHornenHr Moxfia lanficaru, fi(

Tatuu4tt 2

Km
z(r),

Km
z(r),Km

(nicnr o6epramr)

0
I
2

3

3.20
3.05
3.00
3.t2
3.20

1.11
3.01
2.90
3.O7

3.18

iI<

tt ^ - x" +tA I B\x. +t,l{ I B)x"' t l5t
't t'w tr' u\ot -tt+tvlBtxl+lAlBlxa

PosB'r3yroqx HeriHinHe piBHnH{t (14) BiaHocHo

z(/r, o{epxn r Mo BHirsr Hepeln p,roi floBep\Hi. tr.

noKf,3aHo B ra6 rl{l! 2. Hir ptrc I r6r r lr Bl noKa]aHo z i

nepevioremn Ha BinrHrfi noBep\Hr'

3riAl{o (t) Art MoAeni cepeAoBl{qa b ra6nnqi I i
OopMn HepervfirpHoi ro3epx{i. n{ H.l plrc.l(a)-
napaMcrpr rxepera F }[6npa€Mo 3 Bru(oprlcraHHmlt

Bemopa rt. Hanpwc&r4 ant i =4, ro6m ant !eR-

mpa r. i ,i = F2. Fj = -Fa. &rt HaEIoro r{na'qlg'
3alaroTEcr ra naparsrpr sorHlrura 3eMteTpycy:

F1= Fz=0.5n, 4 =-4 =20*!05Pa nia crpl6-
(aMn 3Minl€Is 4,-f_, po3yMieMo noABlt Kkr no

po3proy; a nia crpn6ftaMn HanpttrrcIs-napv 3cyBHIn
crur Ha oAr,rH lqo molql

orxq 3anponoHoBana Meroalrru po3! 
'3ye 

3a[a_
.ri no yro'rHeHHo xapalTepr,rc"fl{r Moreni cepe,qoBll-
qa, llo 6yno noxr3aHo B po6orax [4-6]. a raKox,qa€

o)l(nlcicrh Bo3Ha'rarH dJopro depe^.]J'pHoi no-

Dep{Hi. Mr oAeprcdflr pe(ypeffrHe piBntHHt (13) all,I
n€peMiqpnE Ha Binbniii noB€p)ali. B tKoMv Bi,rcYrH€

,e&eperro. rqo e ncicxrra npoxon ,4rlt po3B'BnsHt

A[HaMi'mrd 3aaa'r ceicMir,4 lqo i 6yae nor.€3a o B

HacryrHrx po6max. Cnia rar(on{ tqe pa3 Bia3Ha. rrli,
Itro jalla.ra Blllta|qeHHr (IlopMn Hepen,upHoi
rroBepxni € aKryam,xa Toiry aBrop B HacrvnHloi
po6ora\ poir.uuarwe flpo6revx srrlHaqeH{t l!o\ i

6ijlLtr1e loBepxofiL 3 BftftopfisrallrrrM. po3po6neuoro

sBropor{ pkypeHrHoro Mero.qy.
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"'konnoHeHna 

nepe iulertttt Eo Binb in noRepx i dllt odeti cerydoauuta wap Ha nisnpocnopt,
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D. V.Malraskiv
THE RECIJRSIVE METHOD FOR TIiE SOLUTION OF D1NAMICAL SEISMIC PROBLEMS

FOR A DOMAIN WITH IRREGULAR SURFACES

2-D dvnamic problem is considered The sounre of seismic waves is modeled by she{r dislocation The nlcdiu!
sudii is nodeled by rhe syst€m olplain homogeneous and isotropic layers scparaled bY inegular nierfaces' The

direcl problem solution is oblained arld the equation for deteffnnirg the shape of the ifterface.

.{. B. Marnur(xii
PEK}"PEHTHbtrZ METOA PEIIIEHH',44IIAMUtIECKIiX 3A.{Aq CEI1CMNKIj

&IUl CPE&I C HEPETYJIqPHbMA IOBEPICTOCT'\,,II.I

paccMArpnBaerc, lByM€pHar anHaMn rHar P-SV 3?!4a'la. Hcro'rHlr ce;cMr.re€rorx Boirfi Moae.'mp) erc,l crBtrroBoi{

&rcnotrirqfieii- r nccneayeMot cpeAa - caeMoii n"locftllx orHopoaHllx fi tr3orponHHx c,IoeB. Ioroplre pa3aerl€nLr

nepery,aqpnbrMn noBepxnocrtM!. noiry IeHo PeDJeHre nptMoi 3a$'rx. a ral{xe lpaBHer{ue a'rt onpeaeres

OopMbr Hep.rt rtpHoii noBcpxnocrn

MATEMATI,IqHI CNIBBI,{HOIXE[TH' AJT' BEI{TOPIB BI3E BLq
TIP'MOJIIHIiiHITX ATIOMAJIIi1 EJ'IEKTPOIIPOBIAHOCTI

IO. IoloancLKnii

(kryntncbke qindirafl 
' I{.nunynr reo4,iluxu i .C l.Ct66omi a HAH vkpaivu)

Psb e. Int natcHeHH' aHa atbHoi tloeediH\u eeknapie Bbe a 3d\apnancbKoMv cen. oatnuBHu ! npa,uHi

paHiwe 6yno qucrosre e pu/ry4eHut, tllo 6 3oHi Tepe,tauctrozo punaJr! noKatbaaaHa a9oMatrit wiHNoi

enernponpoeinHacnt. k ,wa np \u$on nacndHoev 3adaqi ek 3a 6ida t/'tu ty apHw i etacHu Bekmapa BBe

odHitt 3 dsax aHovanin o6\xt.tuntu staLHuE 6ek op Bi:]e ipvzoi a ott lit. R po6onl Aae hca Pue traK li.l
3a)a'ii dtn e nad*y tnaeri pt oniHinHlx nPoeidH Ki6 HaeeAeno npuKtadu kap (n1wakiq c)np lratlhn

Bc u'n

AoBrsrlnla,ri craqioHapfli cnoc1epexcfitu 6yx-
ronoar6fin\ Bapiaqifi norr i ara,rit

Be^ToPiB Brr no6!roB.JHt{x H:r i)i
MOI{,XBT(-rL nOUrTml{

vD[ irHovatllHorc noBeaiHl\oro ur{j\ BerroplB i

ceiicvorercroFi.rHrrMr sBr.{uav [1, 2l KoMnoHelrrx
BeKrop, Br,e - ue KoeoiuicHrH rrHixHol .ov6rhirrr'r
Mix aMfl, ryAaM! 6yxronoai6HHx Bapiaqiii Hera-

arHiTHOtO norlt:

B 3aranEfioMy rnnaaKy. Korr,r I OopMylarfit
cnocTeperg,laFoi Bapiaqii c\rrreBfii !t(na.4 BHoorrL
He jiJrh,t ovi'rHi, a.re i cMloclo rr iHsvm$BHt

xapah.repncrrrl{r cepeAoBrflqa, I{oMrIoHeFrli a i b €
[oMnne(cHu]\{s BenIre}1HaM . aaru rM B raft{x
Bnfla4xa\ npocre ili3trese Brir.ryMa\eHlu aocrrB
Ba)r{rio. UIHaK a rov} rrilff(oBoMy BUnaIKl'. xon
pezhTrBgrMr{ xaparrepncrr{r{aMr r{oxHa 3HexrrBarr.
semop floSyAoBaHnii Ha rioMnoneHrax a (Hanpfl\r qa

nrBH,q/ b rH nprM HU c\ir) Bnar)' B ro ruj
cnoflepeacHu n"rpr Bir loHr nilBHUcHor
enemponpoBiaxocri. Ta .{acrl{ori Brmarax Mamrb
Mic(e. 3oKperrr. (onx B perioEax cnocrepexeHb €

cHnrHo BrrfiIryri r(Ba3ir.IiHiiiHi afioMlll]ji erel(Tpo-
flpoliasocri. Ha ManrirorpaMA qe nporB"rr.TLct

ru.rb(ocn LlrH+]]HHX au B.ix
(olrflone}fr X, Y, Z 6yxronoAi6Hnx Baprallii.

Ani ]a(apnarcbr.oro npomH) rar\oio KlJlr.n.
HiiHoro rHoMzr.I(o c Birovr Krpndn 6Ku dHovarir
ar€nponpoBiMocTi. uurr rcrclnocrLcr. Ir{o HanprM
nep€BaxHoi 6illrnofii fiopaxoDaHlrx Bemopi! Bi3e

Z=aX+bY (l)
ne X. Y. Z - aMrlrlnl.su Bapiaqii BianoBi^r,rx
KOMnOHeIIT] A, b - koMfloneHrt Belcropa Bjse

lHmflr {i (oe4)i[ieHra Ha3{Brtor} repeaa'
Barlr Mu Ol'Irl(IrirMn reoMarHirHoro norr, a6o ro '
uoHema { Bemopa iIqYKIrii. 3Micr 3Haxo,qxeHHt

ulr)l 0)Hlllrrfi norurra. E rorrv. uro BoHx € dilHurqMu
llnbrx .rircrorH 6vn?l,!lo.roi xBrnr i He . uexarL Br:1

ii norup,l3auti. 3arlllq o'orcb He3MisHnMn 3, ylroBH

HBMiHnocri BHyrpiuHix napal(ErpiB cepeaoBltqa.
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