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5.4. OIIPEJlEJlEHHE nAPAMETPOB HEOJlHOPOJlHOrO
 
rE03JlEKTPHQECKOrO PA3PE3A
 

5.4.1.	 nJIeBOIUIlUI ØHTepnperaIUUI nepeMeHHbIX
 
reoaJIeKTplflecKHX nOJIeA
 

B HaCTOHmee BpeMH HaH60JIee pacrrpOCTpaHeHHbIM MeTO,lJ,OM pemeHHH 06paT

HOH 3a,lJ,alJH HBJIHe'icH MeTO,lJ, rro,lJ,60pa, cyTb KOTOPOro COCTOHT B orrHcaHHH 

re03JIeKTpK<IeCKOrO pa3pe3a KOHellHbIM IJHCJIOM rrapaMeTpOB H rrOCJIe,IJ,ylOmeM 

ueJIeHarrpaBJIeHHOM rrOHCKe 3Ha'leHlrn 3THX rrapaMeTpOB, MHHHMH3HpYlOmHX 

<l>YHKUHOHaJI HeBH3KH Me)l()J,)' 3KCrrepHMeHTaJIbHbIMH H MO,lJ,eJIbHbIMH rrOJIHMR. 

3<l><l>eKTHBHOCTb MeTOAll rro,lJ,60pa cymecTBeHHo 3aBHCHT OT KOJIH'leCTBa 

HCKOMbIX rrapaMeTpoB H a,lJ,eKBaTHOCTH OIIHcaHWI HMR HCCJIe,IJ,yeMoro pa3pe3a. 

OrrbIT pemeHHH 06paTHbIX 3a,IJ,a'l rrOKa3bIBaeT, 'ITO peaJIbHO MO)I(HO paCCl.JHTbI

BaTb Ha YCTOHtnmOe orrpe',lJ,eJIeHHe 5-10 rrapaMeTpoB. 3Toro KOJIH'IeCTBa rrapa

MeTpoB 06bIlIHO OKa3bmaeTCH ,lJ,OCTaTOllHO B OTHOCHTeJIbHO rrpocTbIX re03JIeKT

pH'IeCKHX cHryamrnx, HarrpHMep rrpH OrrHCaHHH H30JIHpOBaHHoH HeO,lJ,HOpO,lJ,HO

CTH Ha <l>oHe ropH30HTaJIbHO-o,lJ,H0p0,lJ,Horo pa3pe3a HITH rrpH YTOllHeHHH 3Ha'le

HHH OT,lJ,eJIbHbIX rrapaMeTpOB B YJKe H3BeCTHOM CJlO)I(HOM pa3pe3e. 

B Tex JKe CJlyqaHX, KOrAll om.eKTOM HCCJle,lJ,OBaHIDI HBJIHIOTCH CJlO)I(HbIM 06

pa30M pacrrpe,lJ,eJIeHHble B rrpOCTpaHCTBe CTpyKrypbI, IIJIOXO OIIHCbIBaeMble 

He60JIbIIIHM IJHCJlOM rrapaMeTpoB (HarrpHMep, pacrrpe,lJ,eJIeHHe CYMMapHOH 

rrp0,lJ,OJIbHOH rrpOBO,lJ,HMOCTH Oca,lJ,OllHoro '1exna HITH cepHH KOPOBbIX aHOMaJIHH), 

rrpHMeHeHHe MeTO,lJ,a rro,lJ,60pa OKa3bIBaeTCH He3<l><l>eKTHBHbIM. B rrO,lJ,06HbIX 

CJIyqaHx 06paTHaH 3a,lJ,a'la Hepe,lJ,KO MOJKeT 6bITb pemeHa B KJIaCCe rtJIeHollHbIX 

MO,lJ,eJIeH. HaH,lJ,eHHOe B pe3YJIbTaTe pemeHHe JIH60 OKa3bIBaeTCH HH<l>OPMaTHB

HbIM caMO rro ce6e H rrpHBO,lJ,HT K orrpe,lJ,eJIeHHbIM reoJIOrH'IeCKHM 3aKJIIO'IeHHHM, 

JIH60 MOJKeT 6bITb HCrrOJIb30BaHO )J,JlH pe3Koro cOKpameHHH 'lHCJla rrO,lJ,6Hpae

MbIX rrapaMeTpoB TpexMepHoro pa3pe3a. B03MO)I(HOCTH, rrpe,lJ,OcTaBJIHeMble 

IIJIeHOllHbIMH MO,lJ,eJIHMH rrpH pemeHHH 06paTHoH 3a,lJ,al.JH, pacCMaTpHBaJIHCb B 

[Schmucker, 1971; Eep,lJ,Hl.JeBCKHH, )l(u,aHoB, 1981; CMHPHOB, 1980; <DaHH

6epr, 1983; 3HHrep H ,lJ,p., 1987]. HHJKe rrpHBO,lJ,HTCH ,lJ,BaBapHaHTa HHTeprrpe

Tamm aHOMaJIHH B paMKax MO,lJ,eJIeH c HeO,lJ,H0po,lJ,HbIM S- Hl1H ST-cJIOeM. 06a 

BapHaHTa, KaK H ,lJ,pyrHe, paccMoTpeHHble B pa60Te [AB,lJ,eeB H ,lJ,p., 1986a], 

rr03BOJIHIOT rrpOH3BO,lJ,HTb HerrOCpe,lJ,CTBeHHbIH rrepeC'IeT 3JIeKTpOMarHHTHblx 

rrOJIeH B HHTerpaJIbHble pacrrpe,lJ,eJIeHHH rrpOBO,lJ,HMOCTH (HITH COrrpOTHBJIeHHH). 

MO,lJ,eJIb c HeO,!l,ll0p0,lJ,HbIM nOBepXHoCTHbIM S-cJIOeM. HHJKe paccMaTpHBaeT

CH MO,lJ,eJIb, COCTOHmaH H3 HeO,lJ,H0p0,lJ,HOrO rroBepXHocTHoro S -CJlOH c HHTerpaJIb

HOH rrpOBO,ll,HMOCTblO S (r) , oKpYJKeHHOrO HerrpOBO,lJ,HmeH aTMoc<l>epoH (a =O) 
cBepxy H roPH30HTaJIbHO O,lJ,HOP0,lJ,HbIM pa3pe30M c y,lJ,eJIbHOH 3JIeKTporrpoBo,lJ,

HOCTblO a(z) CHH3y (z > O). Heo,lJ,Hopo,lJ,HbIH rroeepXHocTHbIH CJIOH MOJKeT pac

cMaTpHBaTbcH KaK S-CJIOH rrpH YCJlOBHH, 'ITO 

IKSlhs~l, hs/IAol~l, hs/A~I,	 (5.4.1) 

me hs - TOJImHHa CJIOH; KS = (-iWlloas)lf2; as - 3JIeKTpOrrpOBO,lJ,HOCTb 

BeiueCTBa CJIOH; A - xapaKTepHbIH rrpocTpaHcTBeHHbIH MacmTa6 H3MemmIDi 

rrOJIH; I AO I - 3<l><l>eKTHBHaH rny6HHa rrpoHHKHoBeHHH HH,IJ,yKUHOHHOH MO,lJ,bI 

rrOJIH B rrO,lJ,CTHJIaIOIUHH pa3pe3 [3HHrep, <DaHH6epr, 1985a]. BeJIH'IHHa Ao 
HerrOCpe,lJ,CTBeHHo CBH3aHa c HMIIe,lJ,aHCOM THxoHoBa-KaHbHpa rrO,lJ,CTHJIalOme
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ro pa3pe3a 

Zii ::: -iwlloAo· (5.4.2) 

3aa,aqa <l>0pMYJIHpyeTcH cneA)'lOIUHM o6pa30M: no H3MepeHHblM Ha 3eMHOH 
nOBepXHOCTH (z = O) TaHreHUHaJIbHblM KOMnOHeHTaM 3neKTpHl(eCKOrO H Mar
HHTHOrO noneH ET (r) H HT(r) H 3aa,aHHOMY noa,CTHnalOIUeMY pa3pe3y 
I a(z), z > Ol onpea,enHTb pacnpea,eneHHe HHTerpaJIbHOH npoBOAHMOCTH 
S (r) nOBepXHOCTHoro cnOH. KaK H3BeCTHO, TaHreHUHaJIbHlUI KOMnOHeHTa 
3neKTpHl(eCKOrO nonH OCTaeTCH HenpepbmHoH npH nepexOAe qepe3 S-cnOH, 
B TO BpeMH KaK niHreHUHaJIbHaH KOMnOHeHTa MarHHTHOrO nonH npeTepne
BaeT pa3pblB, onpea,enHeMbIH nnOTHOCTblO nOBepXHOCTHoro TOKa 

n X HT(r) - n X H; (r) ::: SET(r), (5.4.3) 

ra,e H; (r) - TaHreHUHaJlbHaH KOMnOHeHTa MarHHTHoro nonH Ha HH)f(HeH 
CTopOHe S-cnOH, Le. Ha KpOBne noa,CTHJlalOIUerO pa3pe3a; n - HanpaBneHHblH 
BBepx BeKTOP ea,HHHl(HOH HOPMaJIH K 3eMHOH nOBepXHOCTH. TIoCTaBneHHaH 
3aa,aqa MO)f(eT 6bITb pemeHa, ecnH Bocnonb30BaTbCH B3aHMOCBH3blO Me)f(AY 
TaHreHUHaJlbHblMH KOMnOHeHTaMH 3neKTpHqeCKOrO H MarHHTHoro noneH 
Ha nOBepXHOCTH rOpH30HTaJlbHO-o,!UIOpO,!UIoro pa3pe3a. B pa60Te [EepAH

QeBCKHH, }l{JJ,aHOB, 1981] 3TO a,enaeTCH Ha cneKTpaJIbHOM ypOBHe. 
JlrrH Toro QTo6bl H36e)f(aTb 'lHcneHHoro BbInOnHeHHH npOCTpaHCTBeH

Horo npeo6pa30BaHHH <I>ypbe 3KCnepHMeHTaJlbHO onpea,enHeMblX noneH, 
MO)f(HO Bocnonb30BaTbCH COOTBeTCTBYIOIUeH CBH3blO, cymecTBYIOIUeH B 
npOCTpaHCTBeHHOMnpea,CTaBJIeHHH: 

. n X H; (r) = ET(r)Z(j + f:f( laj, r - r') IET(r') - ET(r)lds'. (5.4.4) 

R 2 

11IITerpHpOBaHHe 3a,eCb BbInOJIHHeTCH Ba,om 3eMHoH nOBepxHocTH;
A 

Zii - HMnea,aHC noa,CTHJlalOIUerO pa3pe3a. TeH30pHoe Ha,po Y( l al. z) TaK)f(e 
onpea,enHeTCH noa,CTHJIaIOIUHM pa3pe30M H HMeeT BRa, 

f(r)::: (nXer)o(nXer)ldGi/dr+Gg/rl+eroerIGi/r+dGg/drl, (5.4.5) 

ra,e er ::: r/r' ;3HaK "o" 03HaQaeT onepaUHIO TeH30pHoro npOH3Bea,eHHH, Le. 

(a o b) il ::: ai bl' i, j ::: l, 2. <1>yHKInrn Gi (r) H Gg (r) onpea,enHIOTCH Qepe3 
HHTerpaJlbl <Dypbe-E eccenH: 

00 d ( l ) dkei(r) = f - -. Jo(kr) - , (5.4.6) 
o dk Z~ 21tr 

00 d ( l ) dkeg(r) = f - g Jo(kr) -- , (5.4.7) 
o dk Zk 21rr 

rAe Z~, Z~ - CneKTpaJIbHbIe HMllea,aHCbI noa,CTHJIaIOIUerO pa3pe3a AJIH RHAYK

UHOHHOH H rallbBaHHQeCKOH MOa, nOJIH COOTBeTCTBeHHO. CooTHomeHHe (5.4.4) 
6bIJlO nonyqeHo B pa60Te [ABa,eeB H a,p., 19866] . OHO MO)f(eT 6bITb BblBeAeHO 
H3 MH3KOro COOTHomeHHH, nOJIyqeHHoro B [Dawson, Weaver, 1979] . 

0603HaQaH JIHHeHHblH onepaTop, onpea,eJIHeMblH npaBoH QaCTblO (5.4.4) 
QeiJej ! ( Ia l), H BOCnOJIb30BaBillHCb (5.4.3), nonY'lHM 

nX HT(r) = i(lal)ET(r)+S(r)Er(r). (5.4.8) 
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3TO COOTHOllJeHHe n03BOJIHeT nepeC'IHTIlTb H3MepeHHoe Ha 3eMHOH nOBepXHO

CTH :meKTpoMarHHTHoe nOJIe lET (r), HT (r)\ B HJnerpaJIbH)'lO npOBOlI,HMOCTb 

nOBepXHOCTHoro CJIOH S(r). TIPH npaKTH'leCKOH peaJIH3amfH OllHcaHHoro aJI

ropHTMa He06xolI,HMO H."MeTb npep,CTaBJIeHHe o npOCTpaHCTBeHHOM nOBep,eHHH 

ap,MHTaHCHOro <pHJIbTpa y ( l 0\, r) • ..... 

B pa60Te [ABp,eeB H p,p., 19866] nOKa3aHO, qTO nOBep,eHHe Y( 101, r) onpe· 

p,eJIHeTCH aHaJIHTWleCKHMH CBOHCTBaMH CneKTPaJIbHbIX HMlIe~HCOB Z~, Z1 
B KOMnJIeKCHOH k-nnocKocTH. TaK, )J,JIH pa3pe30B, COp,ep)KlllUHX Ha HeKOTO

POH (CKOJIb yro)J,Ho 60ITbIlJOH) rny6HHe H}J;eaJIbHbIH npoBO)J,HHK, 

Gi(r) == (l/ni)K I (-ir/Ai)[dZ~/dk];~ Ail , (504.9) 

Gg(r) ~ (I/ni)KI(-ir/Ag)[dZf];~Agl' (504.10) 

rp,e 'Iepe3 Ai l HAgl 0603Ha'leHbI 6JIH)I(aHIlJHe K BelUeCTBeHHOH OCH HYJIH 

CneKTpaJIbHbIX HMllep,aHCOB; Kl (t) - <PYHKUHH MaKp,OHaJIbp,a nepBoro no

pHp,Ka. 

COOTHOllJeHHe (504.9) cnpllBe)J,JIHBO npH r ~ I A°I, rp,e I A°I - 3<p<peKTHB

HaH rny6HHa npoHHKHoBeHHH B nOp,CTHJIaIOlUHH pa3pe3 HHp,yKUHOHHOH MOAbI 

nOJIH. )lnH 60JIbllJHHcTBa HHTepecHbIx c npaKTWlecKoH TO'IKH 3peHHH pa3

pe30B I Ai I "-' I AO I. TIOCKOITbKY npH 60ITbllJHX apryMeHTax Z -HO, Kv (z) == 
== (2z/n)-1/2 exp (-z), TO, KaK CJIep;yeT H3 (504.9), HHiJ,YKUHOHHaH qaCTb 

ap;MHTaHCHoro <pHJIbTpa MO)l(eT 6bITb OXapaKTepH30BaHa BeJIH'UiHOH I AO I. 
)lnH nOp,CTHJIaIOlUHX pa3pe30B, B BepXHeH 'IaCTH KOTOPbIX JIe)I(HT BbICOKOOM

HbIR CJIOH, napaMeTp 

"Ag = VT/Zo', (504.11) 

rp;e T - nonepetrnoe conpOTHBJIeHHe nOp;CTHJIaIOlUerO pa3pe3a. HeTpy)J,HO y6e

lI,HTbCH, 'ITO IlJHpHHa raJIbBaHH'IeCKOH 'IaCTH ap;MHTaHCHoro <pHJIbTpa MO)l(eT 

cYlUecTBeHHo npeBOCXOlI,HTb IlJHPHHY ero HHp,yKUHOHHOH 'IaCTH. TaK, )J,JIH 

nOp;CTHJIaIOlUerO pa3pe3a, COCTOHlQerO H3 Op,Hop0p,Horo BbICOKOOMHoro CJlOH 

MOlUHOCTbIO hr, HMeIOlUero :meKTponpoBop,HOCTb aT' H H}J;eaJIbHo-npoBop;H

lUero OCHOBaHHH, npH hrvw/loai ~ l, T = hr/ar, Zo == -iw/lohr, CJIep,o

BaTeJIbHO, IlJHpHHa HHp,yKUHOHHOH 'IaCTH <pHJIbTpa Ai COCTaBJIHeT Ai == Ao = 
=hr,BToBpeMHKaK "Ag = (-iw/loar)-1/2. " 

TIpHBep,eHHbIe oueHKH nOKa3bIBaIOT, 'ITO ap,MHTaHCHbIH <pHJIbTP Y( lal, r) 
3KcnOHeHUHaJIbHO 3aTyxaeT npH 60JIbllJHX r, 'ITO n03BOJIHeT npH BbI'IHCJleHHH 

i (I a \) ET OrpaHH'IHTbCH HHTerpHpOBaHHeM no KOHetlHOH 'IaCTH 3eMHOH no

BepXHOCTH. I1HTepnpeTaUHH npH 3TOM MO)l(eT 6bITb BbInOJIHeHa no nOJIHOMY 

nOJIIO 6e3 BbIp,eJIeHHH ero aHOManbHOH 'IaCTH. OCTaHOBHMCH KOPOTKO Ha BO

npoce O KoppeKTHOCTH onHcaHHoro anropHTMa. 113 (5.4.8) cnep,yeT, 'ITO B 

lQ1aCcenneHOtlHblX MOp;eJIeH TOtlHO 3ap,aHHOMY Ha 3eMHOH nOBepXHOCTH Mar

HHTOTeJIJlypWleCKOMY noJUQ IET (r), HT (r), r E R2 
\ OTBeqaeT elI,HHCTBeHHoe 

pellJeHHe S(r). HaKOHeu, npHHHMaH BO BHHMaHHe xapaKTep oc06eHHOCTH 

y.(l a\, r) "-' 1/r 3 npH r 40 [Dawson, Weaver, 1979], MO)I(HO nOKa3aTb YCTOH

'IHBOCTb oT06pa)l(eHHH 

.fOo}): C\R 2
; C2

) 4 CO(R2
; C2 

). (504.12) 

3p;ecb Ck (R 2 ; C2
) - MeTpH'IeCKOe npocTpaHcTBo KOMnJIeKCH03HatlHbIX BeK
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TOpHhIX rrOJleH, orrpe)J,eJIeHHhlX Ha )J,BYMepHOH IIJlOCKOCTH. TIpocTpaHCTBO HMeeT 

paBHoMepHylO MeTpHKY, )"IHThIBalOIl.\YIO rrpOH3BOiJ,Hhle BIIJlOTh )J,O k-ro rropH)J,Ka 

BKJlIO'ffiTeJlhHO. l13 (504.12) CJleiJ,YeT, 'ITO rrpH HHTeprrOJlHmm 3KcrrepHMeHTaJlh

HhlX rrOJleH HY)l(HO 06ecrrelIHTh HerrpephlBHoCTh BTOPhlX rrpoH3Bo)J,HhIX. 3TO 

MO)l(eT 6hITh )J,OCTHrHYTO rrpHMeHeHHeM CIIJlaHH-IDlTeprrOJlHU!ill. 

OrrHcaHHhlH BhlllIe aJlrOpHTM 6hiJl peaJlH30BaH B BH)J,e rrporpaMMhl Ha H3hlKe 

FORTRAN-77. BpeMH, He06xo)J,HMOe )J,J1H rrOJlyqeHHH 3HaqeHHH S, rro HeCKOJlh

KHM rrpo<pHJlHM rrpH HaJlH'ffiH IIJlOll.\aiJ,HhlX )J,aHHhIX 06 3JleKTpOMarHHTHhlx 

rrOJlHX He rrpeBOCxO)J,HT 5 MlUI )J,J1H rrpoueccopa c 6h1CTp0)J,eHcTBHeM OKOJlO 

300 ThlC. orrepa~H B ceKYJi,lJY. TIporpaMMa TeCmpOBaJlaCh Ha MO)J,eJlH, COCTOHB

llIeH H3 rrOBepXHOCTHoro S-CJlOH c HHTerpaJlhHOH rrpOBO)J,HMOCThlO 

S x = {So A Il - (l - A -I )(x2/a 2 +y2/b2) \, x 2/a2 +y2 /b2 ..;;; I, 
( •y) S 2 I 2 + 2/b2 ;;;' lo, x la y <?, 

r)J,e So =800 CM; A =10; a = 1,6 . 105 M; b =3,2' 105 M, H rrO)J,CTHJlalOll.\erO 

TpeXCJlOHHOrO pa3pe3a c rrapaMeT;aMH hl == 5 . 104 
M,OI = 3,3 . 10-2 CM/M, 

02 = 3,3' 10-3 CM/M, h2 = 5, 10 M, 03 :=: 3,3 CM/M. 

TIPOBO)J,HMOCTh nOBepXHocTHoro CJlOH H3MeHHJlaCh, TaKHM 06pa30M, B 

A·10 pa3. MO)J,eJlh B036Y)l()J,aJlaCh IIJlOCKOH BOJlHOH. PaCqeT npHMoH 3a)J,aqH Bhl

nOJlHHJlCH no ceTKe 64 X 64 Y3Jla c nOMOll.\hlO nporpaMMbl, KOTopaH HCnOJlh

30BaJlaCh )J,J1H npOBe)J,eHHH OIlHcaHHhIX B n. 4.1.2 paCqeTOB rrOJlH MrU-HCTOIIHH

Ka "XH6HHhl". PaCqeT 6hlJ1 BhIIlOJlHeH Ha nepHO)J,e T = 1200 c. HaH)J,eHHhle B 

pe3YJlhTaTe pellIeHHH npHMoH 3a)J,aqH TaHreHlllIaJlhHhle KOMrrOHeHThl 3JleKTpH

qeCKOrO H MarHHTHoro rrOJlH HCrrOJlh30BaJlHCh )J,J1H pellIeHHH 06paTHoH 3a)J,a'ffi 

no onHcaHHOMY aJlrOpHTMY. Ha pHC. 5 A.l npHBe)J,eHhl 3HaqeHHH S, orrpe)J,eJleH

Hhle rro )J,BYM npo<PHJ1HM x = O, Y = O o)J,HoBpeMeHHo c MO)J,eJlhHhIM pacrrpe)J,e

JleHHeM S. KaK BHiJ,HO H3 pHcyHKa, 3HaqeHHe HHTerpaJlhHOH rrpOBO)J,HMOCTH 

6hiJlO BOCCTaHOBJleHO c TOIIHOCThlO)J,O )J,OJleH rrpoueHTa. 

HaPH)J,y c TpexMepHhlM 6hlJ1 pa3pa60TaH I1.BYMepHhlH aHaJlOr OIlHcaHHOH 

BhlllIe nporpaMMhI. TIPH pellIeHHH 06paTHoH 3a)J,aqH )])IH E-nOJlHpH30BaHHoro 

nOJlH Heo6xo)J,HMaH )J,J1H onpe)J,eJleHHH npOBO)J,HMOCTH nOBepXHOCTHoro CJlOH 

HH<popMa~H CBO)J,HTCH K pacnpe)J,eJleHHIO BepTHKaJlhHOH KOMnOHeHThl Mar

HHTHoro nOJlH B)J,OJlh npo<pHJlH. UeHCTBHTeJlhHO, npe)J,nOJlaraH, 'ITO CHCTeMa 

KoopiJ,HHaT Bhl6paHa TaKHM 06pa30M, 'ITO OCh OX HanpaBJleHa B)J,OJlh rrpo<pHJ1H, 

OCh OY COBrra)J,aeT c HanpaBJleHHeM rrpOCTHpaHHH, a OCh OZ HanpaBJleHa B 

my6h 3eMJlH, HeTpy)1,l:lO onpe)J,eJlHTh pacnpe)J,eJleHi:\e ropH30HTaJlhHOH KOMno

HeHThl :meKTpHqeCKOrO rrOJlH 

x 
Ey(x) = Ey(xo) + iw1J.o f Hz (x')dx'. (5.4.13) 

X o 

rOpH30HTaJlhHaH KOMnOHeHTa MarHHTHoro rrOJlH TaK)I(e MO)l(eT 6hlTh BOCCTa

HOBJleHa rro BepTHKaJlhHOH KOMnOHeHTe c nOMOll.\hlO rrpeo6pa30BaHHH Kepua 

[Siebert, Kertz, 1957] 
x Hz(x')' dx' 

HxCx) :=: Hx(xo) - f , (5.4.14) 
X o x - X 7T 

TaKHM 06pa30M, )J,J1H BOCCTaHOBJleHHH KOMnOHeHT Ey (X) H Hx(x) no Hz(x) 
)J,OCTaTOIIHO 3HaTh HOPMaJlhHhIe 3HaqeHHH 3THX nOJleH. B CJlyqae E-rrOJlHpH30
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Puc. 5.4.1. npHMep TeCTHpOBaHlPl TpeXMepHoli nporpaMMbI onpe,[J.eneHlPl HHTerpanbHoli
 
npoBo,[J.HMOCTH S oca,o;O'lHOrO '1exna. cO,[J.eplKamero 3nnHOTH'lecJ<YIO Heo,[J.Hopo,[J.HOCTb.
 
Pacnpe,[J.eneHHe S B,[J.OIlb npoq>Hneli x =O. y =O
 
1 - MOAenbHoe pacnpeAeneHHe S; 2 - pe3ynbTaT pewelfHR 06paTHOH 3aAa'IH
 

Puc. 5.4.2. MO,[J.ellb (a) H npHMep TeCTHPoBaHHl'l ,!J.BYMepHoli nporpaMMbl onpe,[J.eneHlPl
 
HHTerpam.Holi npoBo,[J.HMOCTH BepxHeli TonIUH (6)
 
1 - MOAenbHoe pacnpeAeneHHe HHTerpanbHoH npOBOp;HMOCTH; 2 - pe3ynbTaTbi pewe

HHR 06paTHOH 3aAa'IH
 

BaHHoro nOJUI aJIrOpHTM OnpeAeJIeHHJI Sex) OKa3hIBaeTCJI 6JIH3KHM K aJIrOpHT

My pa60ThI [Schmucker, 1971]. TecTHpoBaHHe ABYMepHoH nporpaMMhI onpe

AeJIeHHJI S BhInOJIHJIJIOCh Ha MOAeJIH, npHBeAeHHOH Ha pHC. 5.4.2 [Green, 

Weaver, 1978]. 

PaclleThI BhffiOJIHJIJIHCh Ha nepHOAe T = 1000 c c nOMOlllhlO nporpaMMbI 

KOHe'IHO-pa3HOCTHoro MOAeJIHpOBaHHJI [BapeHUOB, fOJIy6eB, 1985]. Pe3YJIh

TaThI pellleHHJI o6paTHoH 3aAalJH npHBeAeHhI Ha TOM >Ke pHC. 5.4.2. KaK BHAMO, 

BOCCTaHOBJIeHHOe pacnpegeJIeHHe S xoporno corrracyeTCJI c TeCTOBhIM. 

MOAeJlb c nOBepXHoCTHbIM ST-cJlOeM. 06hI'lHO S-CJlOH HMHTHpyeT HeoAMO

POAHbIH OCa,rJ,O'IHhIH lIeXOJI. HeoAHOPOIJ,HhIH BblCOKOOMHhIH CJlOH, BKJllOllalOIUHH 

HeOIJ,HopOIJ,HOCTH 3eMHoH KOphI H BepxHeH MaHTHH, MO>KeT 6hITh HMHTHpoBaH 

BKJllOlleHHeM B MOAeJlh T-cJIOJI. Heo6xo,!l;HMOCTh HCnOJlh30BaHHJI IlJIeHO'IHbIX 

MOAeneif c T-cnoeM AHKTyeTCJI urnpOKHM pacnpocTpaHeHHeM pa3JIOMOB B 

3eMHOH Kope, 30H nOBhlrneHHOH :meKTpOnpOBOIJ,HOCTH B Kope H BepXHeif 

MaHTHH, HeOAHOp0IJ,HOCTeif <pYHAaMeHTa. HeOIJ,HOpOIJ,HOCTH BhICOKooMHoro 

CJlOJI, c OAHOH CTOPOHhI, CYllleCTBeHHO BJIHJIIOT Ha <P0pMHpOBaHHe 3JIeKTpO

MarHHTHhIX noneii Ha 3eMHOH nOBepXHOCTH [3HHrep, <I>aHH6epr, 19856], c 
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APyroH - npOBO)J)llUHe BKJlIOqeHHH B KOpe HBepXHeH MaHTHH 3eMJIH caMH no 

ce6e HBmllOTCH Ba)l(HbIMH o6'beKTaMH HCCJIeAOBaHHH rny6HHHoH re03JIeKT

PHKH, 

HH)I(e paccMaTpHBaeTcH MOAeJIb, COCTOHll\aH H3 HeOAHOp0ll;HOro nOBepx

HOCTHoro S-CJIOH, nOA KOTOPbIM pacnOJIO)l(eH HeOAHOpOAHbIH T-CJIOH, nOACTH

JIaeMbIH CHH3y ropH30HTaJIbHO-OAHOPOAHbIM pa3pe30M c YAeJIbHOH npOBoAH

MOCTbIO o(z). OTMeTHM, ~o BbICOKOOMHbIH CJIOH MOll\HOCTbIO hr, HMeIOll\HH 

3JIeKTponpoBoAHoCTb Or, MO)l(eT paccMaTpHBaTbcH KaK T-CJIOH npH YCJIOBHH, 

'ITO 

hr/A ~ l, l"rlhr ~ l, (5.4.15) 

me "r = (-iWllo Or)I/2. 3Aecb, KaK H paHee, A onpeAeJIHeT MaCllITa6 npo

CTpaHCTBeHHbIX H3MeHeHHH nOJIH BAOJIb 3eMHoH nOBepxHoCTH. 06paTHaH 3aAa'la 

AJIH TaKOH MOAeJIH <!>0PMYJIHpyeTcH CJIeAYIOll\HM 06pa30M: no H3MepeHHbIM 

Ha 3eMHOH nOBepXHOCTH (z =O) TaHreHLGlaJIbHbIM KOMnOHeHTaM 3JIeKTpH'le

CKoro H MarHHTHOrO nOJIeH Er(r) H Hr(r) H 3aAaHHbIM HHTerpaJIbHOH npoBO

lI;HMOCTH nOBepXHOCTHoro CJIOH S(r) H nOACTKJIaIOll\erO pa3pe3a lo(z), z >01 
onpeAeJIHTb pacnpeAeJIeHHe nonepe'IHoro conpOTHBJIeHHH T(r) BbICOKOOMHOrO 

npOMe)!()'TO'IHOrO CJIOH. 

BOCnOJIb30BaBllIHCb COOTHOIlIeHHeM (504.3), HeTpYAHO nepeClJHTaTb H3

MepeHHoe Ha nOBepXHOCTH 3eMJIH MarHHTHoe nOJIe nOA S-CJIOH (Ha nOBepx

HOCTb T-CJIOH). TaHreHLGlaJIbHaH KOMTIOHeHTa 3JIeKTpH'leCKOrO nOJIH Ha Bepx

HeH nOBepXHOCTH T-CJIOH OCTaeTCH npH 3TOM TaKOH )l(e, KaK H Ha nOBepXHOCTH 

3eMJIH. npH nepexoAe '1epe3 T-CJIOH OCTaeTCH HenpepbIBHoH TaHreHUHaJIbHaH 

KOMnOHeHTa MarHHTHoro nOJIH, CJIeAOBaTeJIbHO, pacnpeAeJIeHHe nOH KOMno

HeHTbI Ha nOBepXHOCTH nOACTHJIaIOll\erO pa3pe3a COBnaAaeT c H;(r), HaHAeH

HbIM H3 (504.3). npH nepexoAe qepe3 T-CJIOH TaHreHLGlaJIbHaH KOMnOHeHTa 

3JIeKTpH'leCKOrO nOJIH TepnHT pa3pbIB 

Er(r)-E;(r) == -"Vr(Tjz)-iWllohroX H; (r) , (504.16) 

3AeCb E;(r) - TaHreHLGlaJIbHaH KOMnOHeHTa 3JIeKTpH'leCKOrO nOJIH Ha HH)!(HeH 

nOBepXHOCTH T-CJIOH, T.e. Ha KpOBJIe nOACTHJIaIOll\erO pa3pe3a; 

jz == divr(oX H;) (504.17) 

- BepTHKaJIbHaH KOMIIOHeHTa rmOTHOCTH TOKa. C APyroH CTOPOHbI, paCnpeAeJIe

HHe TaHreHLGlaJIbHOH KOMIIOHeHTbI 3JIeKTpH'leCKOrO nOJIH Ha HIDKHeH nOBepx

HOCTH BbICOKOOMHoro CJIOH E;(r) MO)l(eT 6bITb npH 3aAaHHOM rrOnCTHJIaIOll\eM 

pa3pe3e BOCCTaHOBJIeHO no TaHreHUHaJIbHOH KOMIlOHeHTe MarHHTHOrO nOJIH 

H;(r) c rrOMOll\bIO COOTHOIlIeHHH, 06paTHoro K (504.4): 

E;(r) = Zoo X H; (r) + f Z(lol, r - r')o X lH;(r') - H;(r)\dr', (5.4.18) 
R 2 

me TeH30pHoe HAPO 2(1 O\, r) onpeneJIHeTCH COOTHOIlIeHHHMH, aHaJIOrH'lHbIMH 

(5.4.5) - (5.4.7;, c 3aMeHoH B HHX cneKTpaJIbHbIX a)J.MHTaHCOB nOnCTHJIaIOll\e

ro pa3pe3a I/Zk' l/Zi Ha erreKTpaJIbHbIe HMnenaHCbI Z~, Zi· 
OnpeneJIHB c nOMOll\bIO (5.4.17) BeJIH'lHHY CKa'IKa Er (r) - E; (r) ropH

30HTaJIbHOH KOMIIOHeHTbI 3JIeKTpH'leCKOrO nOJIH H HHTerpHpyH (5.4.16) BnOJIb 

npOH3BOJIbHOrO KOHTypa 'Y, MO)I(HO HaHTH 

Tjz == - f !Er(r) - E; (r) + iWlloh r O X H; (r)\dr + const. (5.4.19) 
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Puc. 5.4.3. IIpliMep TecTlipoBaHWI nporpaMMbI onpeAelIeHWI nOnepe'lHOrO COnpOTIiØ
lIeHWI HeoJJ;ll0poAHoro BbICOKOOMHoro CJlOll, 3alIeraIOU\ero nOA HeoAHopoAHbIM oca
AO'lHbIM '1eXlIOM 

a - pe3ynbTaT pelleHHlI 06p3THOH 33g3'11i; jn - p3cnpegeneHHe BepTHK3nbHblX TOKOB; 
8 - MogenbHoe p3cnpegeneHHe 

3TO COOTHOlJlemle Il03BOJIHeT OIlpell.eJIHTb IlOIlepetIHOe COIlpOTHBJIeHHe T(r) 
BbICOKOOMHOrO CJIOH, IlOCKOJIbKY paCIlJ!ell.eJIeHHe TOKOB IlepeTeKaHHH Me)l(}J,Y 

IlOBepXHOCTHbIM S-CJIOeM 101 IlOIl.CTHJIaRlIUHM pa3pe30M la(z) , z > OJ H3BeCTHO 

1013 (5 A.I 7). fIOCKOJIbKY IlOCTOHHHaH HHTerpHpOBaHHH COBIlall.aeT co 3HalieHH

eM Tj z B HaliarrbHOH TO'IKe KOHTypa, ueJIeC006pa3HO BbI6HpaTb KOHTYP "{ TaKHM 

06pa30M, lIT06bI OH HallHHaJlCH JIH60 B TOliKe c H3BeCTHbIM 3HalleHHeM T, JIH60 B 

TO'IKe, rll.e jz = O. 
OCTaHOBHMCH Ha BOIlpoce O KoppeKTHOCTH OIlHcaHHoro arrropHTMa. CYlIleCT

BOBaHHe 101 ell,HHCTBeHHOCTb OIlpell.eJIeHHH Tjz (101, errell.0BaTeJIbHO, T B TO'IKaX, 

rne jz =1= O) IlpH TOtIHO 3all.aHHbIX IlOBepXHOCTHbIX. nOJIHX BbITeKaRlT 1013 O}J.HO

3HallHOCTH IlepeClieTa nOJIeH c 3eMHOH nOBepXHOCTH Ha 06e nOBepxHocTH BbICO

KOOMHoro CJIOH 101 1013 0}J.H03HatIHOCTH OIlpell.eJIeHHH BepTHKaJlbHbIX TOKOB j z , 
TeKYJl.lHX lIepe3 erroH. KaK 101 BbIlJle, IlOJIO)f(HTeJIbHO pelJlaeTCH 101 BOIlPOC 06 

YCTOHlIHBOCTH onpell.eJIeHHH T KaK CJIell.CTBHe YCTOH'IHBOCTH oT06pa)KeHHH 

,e-I( \ a\): C2 (R 2
; C2

) --+- CO (R 2
; C2 

), 

(5.4.20)
div?": C2 (R 2 ; C2

) --+- CO(R 2 ; C2 
). 

OIlHcaHHaH cxeMa oIlpell.eJIeHHH nonepetIHoro COnpOTHBJIeHHH BbICOKOOMHO

ro- errOH }J.JlH )J)lYMepHbIx MOll.eJIeH 101 H-nOJIHpH30BaHHoro IlOJIH 6bma peaJlH30

BaHa B BHne IlaKeTa IlporpaMM. TeCTHpoBa~llie nporpaMM BbIDOJIHHJIOCb Ha )J)lYX 

MOll.eJIHX, npHBell.eHHbIX Ha pHC. 504.3, Ha nepH0ll.e T = 3600 c. OGe MOll.eJIH 

BKJIRlllaJlH npoBo}J.HII.(HH IloBepXHOCTHbJH CJIOH MOIIJ,HOCTbRl hs = 103 M 101 

:meKTponpoBO}J.HOCTb, paBHYRl l CM/M, BCRlny BHe HeO}J.HOpO}J.HOH BCTaBKH lJlH
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PHHOH 4,2.105 M. B npeAenax BCTaBKH :meKTponpoBoAHOCTb H3MeHHJIaCb no nH

HeHHOMY 3aK0HY OT l CM/M Ha KpalO AO 0,25 CM/M B lI,eHTpe BCTaBKH. 

HeOAHopoAHbrH nOBepXHOCTHbrH cnOH, no cymecTBY, Hcnonb3yeTcfl B onHcaH

HOM anropHTMe KaK HCTO'lllHK BepTHKanbHoro TOKa j z , Hcnonb3yeMoro AJIfl 

3OHAHpoBaHHfl BbICOKOOMHOro cnOfl, pacnOnO)i(eHHOrO HenocpeACTBeHHO iloA 

nOBepXHOCTHbIM. 

BbICOKOOMHbrH cnOH B 06eHX MOAenflX HMen MOl1l,HOCTb h T = 104 M H 

3neKTpoIIpoBOAHOCTb 10-3 CM/M BHe BcraBKH (my6HHHoro pa3J10Ma). 

BCTaBKa HMeeT B lI,eHTpe 3neKTponpoBoAHOCTb 4.10-3 CM/M. B nepBoH MOAenH 

BCTaBKa oAHopoAHa H HMeeT IllHpHHY 7.104 
M, BO BTOPOH MOAenH HMelOTCfl 30

HbI nHHeHHoro H3MeHeHHfl 3neKTponpoBOAHOCTH OT MaKCHManbHoro 3Ha4eHHfl 

K HopManbHOMY. II1HpHHa 3THX 30H cocraBnfleT 2,5 .104 M. nOA BbICOKOOMHbIM 

cnoeM pacnOnO)i(eHO oAHopoAHoe nonynpoCTpaHCTBO c npOBOAHMOCTblO 

a = 0,1 CM/M. Pe3ynbraTbI perneHHfl 06paTHoH 3aAa'IH npHBeAeHbI Ha pHCYHKax 

BMeCTe c MOAenbHbIM pacnpeAeneHHeM nonepe'lHoro conpoTHBneHHfl BbICOKO

OMHoro cnOfl. Ha pHcYHKax IIpHBeAeHbI H pe3ynbTaTbI paC4eToB BepTHKanbHOH 

KOMIIOHeHTbI nnOTHOCTH TOKa j z' CooTBeTcTBYlOl1I,afl IllKana paenOnO)i(eHa 

cneBa. KaK BHAHO H3 pHCYHKOB, HeCMOTpfl Ha 3Ha'IHTenbHbIe OClI,Hnnmurn 

B j z , HCTO\lHHKOM KOTOPbIX flBnfllOTCfl norpeIllHOCTH perneHHfl npflMOH 3a.u.a'IH 

H OIllH6KH anIIpoKCHMarum nonfl, Mo.u.enbHoe H BbI'lHcneHHoe paCIIpe.u.eneHHfl 

IIOtIepe'lHoro COIIpoTHBneHHfl Hennoxo comaCYIOTCfl. MO)I(HO paCC'lHTbmaTb, 4TO 

IIpHMeHeHHe H3J10)i(eHHOH MeTOAHKH npH HccneAOBaHHH aHOManHH B BbICOKO

OMHOH TOnl1l,e ocaA04HOrO 4exna, 3eMHOH KOpbI H BepXHeH MaHTHH OKa)i(eTCfl 

3<P$eKTHBHbIM. 
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Fig. 5.4.1.  Test of a 3D inverse code for determining ubsurfaceconductance; 
                  the subsurface layer includes an elliptically-shaped inhomogeneity;
                  conductance is recovered along two profiles, i.e. x=0 and y=0.
                  1 - conductance of the model, 2 - recovered conductance
Fig. 5.4.2.  A 2D model (a) and testing results of a 2D code determining
                 subsurface conductance (b).
                 1 - distribution of conductance in the model,
                 2 - recovered distribution of the conductance

Fig. 5.4.3.  A 2D model and testing results of a 2D code determining
                 the transverse resitance of a heterogeneous resistive layer
                 underlying a heterogeneous conductive subsurface layer.
                 a   - recovered transverse resistance,
                 b   - distribution of the transverse resistance in the model;
                 Jn - distribution of the vertical current
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