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AKTyanbHocTb. MeToa HeCTaLMoHapHbIX 3N1IEKTPOMAarHNTHbIX 30HANPOBAHMUIA WM 30HANPOBAHM CTaHOBIIEHVEM MMONIS ABMIAETCA BOC-
TPeb0oBaHHbIM MHCTPYMEHTOM MPU MOUCKE 11 Pa3BEAKE MECTOPOXAEHUN PA3NINYHOIO TUMa Nofe3HbIX nckonaembix. CoBpeMeHHbIe 3aa-
Yy 3neKTpopasBesnku TpebyioT UCrOb30BaHNS YCTaHOBOK C BOMIbLUMM YMCIIOM MCTOYHIUKOB M MPUEMHUKOB. [ns nogobHoro tna ycra-
HOBOK 3aAja4a MHTePrpeTaLmu NosydeHHbIX AaHHbIX ABISETCA BeCbMa pecypcoeMkon. OTCIoAa BbITEKAET OCTPas HEOOXOAMMOCTb Pa3Bu-
VS MeTof0B 00PabOTKM 1 MHTEPIPETaLmy AAHHBIX, NOMYYEHHbIX B Pe3y/bTaTe MMMYJIbCHBIX 21EKTPOMArHUTHBIX 30HAMPOBaHM. Of-
HVIM 113 BO3MOXHbIX 1yTeu TaKOro pa3suTis MOryT MOC/YXNUTb TPAHCHOPMALMN AaHHBIX 30HANPOBAHMI CTAHOBJIEHNEM B [POCTPAaHCTBO
pelLLeHV BOTTHOBOIO YpaBHEHUS.

Llenb: npymeHnTs MeTOA BOJIHOBOM TPaHCGHopMaLmn K AaHHBIM 30HAMPOBAHNI CTAHOBIIEHNEM, 3aPErCTPUPOBAHHBIM Hafl NPOBOAS-
LMY Cpefamu C HaKMOHHOW rpaHuLeri B MHOrOPa3HOCHBIX YCTaHOBKaX, AN1S MOMy4eHs HOBbIX Ka4eCTBEHHbIX OLEHOK MCCeaqyemoro
re0371eKTPUYecKoro paspesa.

Mertoauka viccnenoBaHus 6asmpyeTcs Ha HOBbIX YACEHHBIX anropuTMax Asis YCTONYMBOro npeobpasoBaHms AaHHbIX 30HAMPOBaHMI
CTaHoOBJIEHWEM B BOJHOBYIO 06/1aCTb. VICXOAHbIE AaHHbIE 1S OTAAAKM NPOLERYP TPaHCPOpMaLn (pacyéTHble KpyBble CTaHOBAIEHUS M10-
119) BbinIv MOMTYHeHbI C UCTOMb30BaHMEM MPorpamMMHoro kKomnnekca MODEM3D, KoTopbIvi npeaHasHayqeH s MpsmMoro MOAeIMpoBaHus
nepexofHbIX MPoLeccoB ANGQOY3unm 31eKTPOMArHUTHbIX Moaeq.

PesynbTartbl. bbiiy nonyyeHsl NceBAOBONHOBbIE TPAHCHOPMAHTbI CUTHAIOB HECTALMOHAPHBIX 371EKTPOMArHUTHbIX 30HAUPOBAHW B
cpenax ¢ HakIoHHOW rpaHuLien, 1 MOCTPOEHbI UX roforpagsl. [1osyqeHHble Habopsl TpacgopMaLivvi MO3BONAIOT BLIAEINTL INHMIO Bbl-
X0[ia HaK/TOHHOrO KOHTaKTa Ha JIHeBHYIO MOBEPXHOCTb. YCTaHOBIIEHO, YTO MepeKkphIBAIOLLME HAHOCH OCIAONSIOT MakCUMYyMb CEBAOBON-
HOBbIX TPAHCHOPMALIMM 1 CHUXAKOT BOIMOXHOCTb TOYHOU JIOKAIN3aLmMm JIMHUM BbIXOAA HaKIIOHHOU rpaHuLbl. PaccMOTpeHo noseneHve
TOPOUAASbHBIX BUXPEBLIX TOKOB B 3aBUCUMOCTY OT BPeMeHW A7 MOAEIN [e0n0rvqeckovi Cpefbl C HakOHHOV rpaHnLen.

Knio4eBble cnoBa:
HecraLmoHapHbIe 31eKTPOMarH!THbIE 30HAMPOBAHWS, NCEBLOBONHOBbIE TPAHC(HOPMAHTBI,
Q-npeobpa3soBaHue, TPEXMEPHas npsMas 3adaya, CPeAa ¢ HakioHHOV rpaHuLeq, roqorpag.

BeeneHue MEPEHHBIX CHI'HAJIOB B KaKyIeecs yAeJbHBIE dJIeK-

B pasBenounoii reousuKe MUPOKO IpUMeHAeTca ~ TPUIECKUE CONMPOTUBIEHNE O, [1] nn saBucumoctn
MeTOJ] HeCTAI[MOHAPHBIX BJIEKTPOMATHUTHBIX 30HAu-  HAKYIENCA IPOAOILHON IPOBOAMMOCTH S, or Kaxy-
POBAHWHI WJIN 30HIUPOBAHUI CTAHOBJIEHUEM IIOJIS meﬁ("ﬂ}‘ﬂyﬁﬂHH H_[2]. B cBsi3u ¢ MHOTOKDPATHO BO3-
(3C), 0CHOBAHHBII HA N3yYeHNN BPEMEHHBIX passép-  POCIIENl IPOM3BOJUTENHLHOCTBIO HPOLIECCOPOB CTAIO
TOK OTKINMKOB OT HMITY/IbCHOIO TOKOBOTO BO30y:ke-  BOSMOMKHBIM COBJAHIE IPOLEAYpP IpeoGpasoBaHus
HUS IPOBOAAIINX Te0JIOrnuecKyX cped. OH spiasercss  CUTHAJA, ONMCHIBAIOIIETOCA ypaBHeHHEM Audysuu,
BOCTPeGOBAHHBIM MHCTPYMEHTOM KAk IpH reojoro- B TPAHCHODPMAHTHI, YIOBIETBODPAIOIINME BOJTHOBOMY
CTPYKTYPHBIX HCCAELOBAHUAX U Ie0JOTHYeCKOM Kap- ~ YPABHEHUIO (mceBRoBONHOBEIE TPaHCPOPMAHTSL). [Ipu-
THPOBAHWH, TAK U IIPU TOUCKAX W DasBefKe Mecro-  MEHEHHE 9T0T0 IPeoGpasoBaHNs MO3BOJLAET HE TOIBKO
POSKJIEHHUI PAsIMYHOTO THIIA IONe3HbIX NCKOmaeMblx, ~ COCTABUTD NIOCTOBEPHOE MDE/CTABIEHNME O CTPOCHUM
IIpu 5TOM A OCTOBEPHOTO IIOCTPOEHUA NpOCTpaH-  MCCIEAYEeMOil Te0IOriiecKoil Cpeabl, HO I JONOJHATH
CTBEHHO CTPYKTYPHI IOA3EMHOI0 IOIyIpocTpancTa  TPAAUIMOHHBEIE METOABI NHTEPIPETAIN [3].
Heo0X0/IMMO UCII0JIb30BATh BeChMa PeCypCoEMKOe -
CJIEHHOE MOJIeJIMPOBaHNUe PeIleHn  KaK IPSMBIX, TaK
1 00paTHBIX TPEXMEPHBIX 3a4au DJIeKTPOLMHAMUKM. [lJ1st IPSAMOTO MOJIEMPOBAHUSA MEPEXOHBIX MPO-
Il BOCCTAHOBIEHUS CTPYKTYPhL CPELbl IPUMeHseT-  LECCOB FUDDY3UH dIEKTPOMATHUTHBIX MOJIEil 0T 3aM-
cA IMUPOKWH CIIEKTP MpoIenyp wHBepcuy uamepen-  KHYTBIX TOKOBBIX KOHTYPOB B IIDOBOAALINX CPEfax
HBIX HA [HEBHOH IOBEPXHOCTM KOMIOHEHT MarHmr-  UcloabsoBanack mporpamma MODEMS3D [4]. Coor-
HOU UHAYKIUA (I/UH/I SI[C, HaBe,t[éHHofx’I B I3MEPUTEJIb- BEeTCTBYIOIIaA IIpAMad 3ajava B KBadCTallMOHAPDHOM
HBIX KOHTYpax). B aToil CBA31 OKA3BIBAIOTCA UPE3BLI- NPUOIMKEHNM DEIIaeTcs BEKTODHBIM METOAI0M KO-
YalfHO MOJIE3HBIMM PA3IWUYHBIE TPaHCpopMamuy nu3-  HEIHBIX SJIEMEHTOB Ha HECTPYKTYPHPOBAHHOM TpPeX-

YucneHHoe pelueHne npsmbix 3agay 3C
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MEePHOH TeTpasApaibHO# ceTKe. MHTerpupoBaHue mo
BPEMEHU BBITIOJTHAETCSA ¢ IPUMEeHEeHIeM HeABHOU cxe-
mbl Kpanka—HuKosicoHa BTOpOro nopsjgKa TOYHOCTH.

[ToBbImIeHNE TTPOMBBOAUTENBLHOCTH BBIUMCIEHWH
0asupyeTcd Ha paclapalieJeHHBIX aJrOpPUTMAaxX, UC-
IOJIb3YIOIINX MHOTOSAEPHBIE mpoteccopsl. [isa mac-
COBBIX PACUETOB IIPOrpaMMa aJlaTUPoBaHa K pabore B
cucreme pacupefneséHHbix Beruucaenuii (GRID-cu-
cTeMa) M OOJAUHBIX Cpejax, OPraHMB30BAHHBIX B
HHIT CO PAH [5]. TectupoBanue Ha roOpH30HTAH-
HO-CJIOUCTBIX CPeJiaX C IPOCTHIMU IO ()opMe HEeOTHO-
POTHOCTAMHK IOKA3aJ0, UTO IJsA IIMPOKOTO KJjacca
MOJieJiell PACUEThI BBITOJIHAIOTCA C BBICOKOH TOUHO-
cTbio [6].

YucneHHoe MoaenvpoBaHme NceBAoBONHOBbIX

TpaHchopmaHT

Ilna npeobpasoBanus gaHHBIX 3C BOCIOIB3yeMCS
oToOpasKeHreM IPOCTPAHCTBA DPEIIeHWN YpaBHEHWS
mudysun V B MPOCTPAHCTBO DPEIIEHWH BOJHOBOTO
ypaBHeHusa U. 9TO0 MOKHO BBHIIOJHUTH, MCIONb3YS
mpeobpasoBanue Jlammaca [7, 8]:

1 7 =

B0 = que‘"u (@da.

B arom nHTErpasbHOM YpaBHEHUM B — cocTaBisio-
Ias MAarHUTHON MHAYKITVY IIEPEX0JHOTO mpotecca, U
(¢) — eé ceBmOBOMHOBAS TPAHC(HOPMAHTA, ¢° — AHAJIOT
BpeMeHU (IpUBENEHHOE BpeMsA) B mpocTpaHctBe U.
IIpu mpeo6pasosauuu (1) ocraércs HeompemgeseH-
HOCTH B BBIOOpE IIePEMEHHOM IPUBEEHHOI0 BpEMEHH.
Eé moompeneneHne MOKET OBITh BBIIIOJHEHO HCXOMS
3 (PUINUECKUX WM KaKUX-Ju00 WHBIX cooOpaske-
Huil. J[1a HaXO0MKIEHWS IICeBJOBOJHOBOU TpaHCHOD-
MaHTHI He00X0MMO PEIIUTh 00PaTHYIO 322Uy C MHTe-
I'PAIbHBIM OIIepaTopoM. MI3BECTHO, UTO €€ peleHue ¢
SKCIIOHEHIIMATbHO 3aTyXalomuM [PH BO3PacTaHUU
apryMeHTa ¢ AZpOM HABJIAETCA HEYCTONUYMBBIM U
HEeo0XO0ZMMO MCIIOJIH30BATh PA3JIUIHBIE METOIBI PETY-
JIAPUBALAN.

00630p MeTOf0B NONYYeHNs! NCEBLOBONHOBbIX

TpaHchopmaHT

B pabote [9] 2151 JaHHBIX HJIEKTPOMATHUTHBIX 30H-
JIUPOBAHUIL ¢ KOHTpOIupyeMbIM ucTouHuKoM (CSEM-
Controlled Source ElectroMagnetic) mpumenero cun-
IyJISPHOE pasjiosKeHme, a IOJydeHHOe «Hexuddy-
3MOHHOE» PellleHne UCI0Ib30BAHO AJIS TOMOTpagmye-
CKOIl mHBepcuu. XOTd TAKOU IMOAXO0[ IPUBOIUT K He-
KOTODBIM TOJIEBHBIM pe3yJbTaTaM, TPaHCHOPMAHTHI
OKa3aJnCh CUJIBHO OCIUJIMPYIONMMU ¥ HEMPUTo[-
HBIMHY ]IS METOLOB 00PabOTKH CeiCMIUECKIX CUI'HA-
qoB. B pabore [10] mokasan cmocol crabuiamsanuu
mpeo0pasoBaHUsA MyTEM MUHUMUBAIUH €T0 L;-HOPMbI
MeTofjaM¥ JIWHEHHOr0 MPOTpaMMUpOBaHuA. pyrue
HOIBITKY CTa0MIN3AIUHU ¢ 0TOOPAKEHNEM IIPOCTPAH-
cTBa pemreHu# AU(P(HYSMOHHOTO YpaBHEHWSA B IIPO-
CTPAHCTBO PEIIeHNH BOJHOBOTO OBLIN IPEAIPUHATHI B
paborax [11, 12]. B HUX B OCHOBHOM KCIIOJIb30BAINCH
MeTOABI PABJI0KeHUs MOJA Ha OasucHble QYHKINH,

IJIs KOTOPBHIX mpeoOpasoBanue (1) MoKeT OBITH BbI-
MIOJTHEHO B aHATUTHUYECKOM Buje. Bee oM 6asupyoT-
¢ TOJIBKO Ha KPUTEPUY BRIUNCIUTEIbHON CTA0MIBHO-
CTM W He YUUTHIBAIOT :KejaeMble (pusudecKue CBOIi-
CTBA PE3YIbTUPYIONINX IMCEBAOBOJHOBEIX TpPaHC(OpP-
MaHT. IIpoGjeMbl perynsapusaiuy pPeIleHus WHTe-
rpajbHOr0 ypaBHeHud (1) moApPOoOHO OMMCAHBI B AUC-
cepranuronHo# padore [13]. B Heit 000CHOBHBI ¥ TIPH-
MeHeHHI nd gaEHBIX CSEM SVD-perynsapusanus u
perynspusaius TUX0HOBAa C PasJIUUYHBIMU IIapaMe-
tpamu. B pabore [14] 61T TPOBEAEH TEOPETHUECKUIT
aHaJIM3 U IPeCTaBIeHbI UACIeHHbIEe Pe3yIbTaThI Ipe-
obpasoBanusa gaHHbIX 3C B IICEBIOBOJHOBBEIE TPaH-
copmanTsl. Ha ux BpeMeHHBIX PasBEPTKAX BhILENE-
HBI 3)QeKTHI oOTpaskeHuA 1 pedpakiuu. B padore [15]
OBLIY TTPOAHAIM3MPOBAHBI IPUUMHBI TIPOCTPAHCTBEH-
HOM JMCIEPCHUU TICEBAOBONHOBBIX TPAHCHOPMAHT U
IpeACTaBIeHa METOAUKA WX YTOUHEHUSI C UCIIONb30-
BaHUeM JIeKOHBOJIIONXHU. [0 «MCIIpaBIeHHBIM» TAKAM
00pasoM 3HAUEHUSIM TOUHEe OIPEIeIAI0TCS TPAHUIIBI
orpysKeHHoTo mpoBogsAiero oosekTa. Li X. Xue G. u
Yin C omucau MeTo[ yBeIMUEHUSA IPOCTPAHCTBEHHO-
TO paspelieHus JJIA CUTHATOB B YCTAHOBKE C OJHUM
TeHePATOPHBIM U HECKOJbKMMU MPUEMHBIMU KOHTY-
paMu, OCHOBAHHBIM HA HPHUHIUINE CYIEePIO3UIINH
[16].

Ilnst 6osiee TOYHOTO BBIYMCIEHUS TICEBIOBOTHOBBIX
tpaHcdopmanT B pabote [17] ommcan anroputm cyodpe-
Iynapu3anuy. DRI PAacCMOTPeH aJbTepHATHBHBIN
IIOAXO, OCHOBAHHBIN HA TaK HA3bIBAEMOM 00PaTHOM
Q-mpeobpasoBaHun. B pesyabraTe mosyyanTesa TPaH-
c(hOpMaHThI, YIOBJIETBOPSAIOIINE CTAHIAPTHON CHUCTE-
Me BOJHOBBIX ypaBHeHU. [ToceqHme MOryT OBITH 1C-
IIOJB30BAHEl B METOJAX CEHCMMUYECKOM MUTPALNY C
0oJiee BBICOKMM IIPOCTPAHCTBEHHBIM paspelneHueM
I1eJIeBBIX 00'bEKTOB [ MOCIeAYIOIIel IPAMOI Ie0JIo-
IUYeCKON MHTEPIpeTAlnd WM YTOUHEHUS Hauajlb-
HO MOJIe/IN B MHBEPCHH.

B crarpax [18, 19] paccMOTpeHbI IPUMEDE IICEB-
JTOBOJTHOBBLIX TpaHc(hopMaHT HecranmonapHoi I/[C B
TUNAYHBIX TOPUBOHTANBHO-CIOUCTHIX Mogenax. On-
HAKO TaKOU MOJENbHOM 0a3bl HeJOCTATOUHO IPU U3Y-
YEHWU TIPOCTPAHCTBEHHO HEOJHOPOAHBIX T'e0JIOTHYe-
ckux cpen. OcoOeHHO 3TO OTHOCHUTCS K CpefaM C Ha-
KJIOHHBIMM TpaHuIlaMu. B aTOM ciiyuae pacmpezee-
HUe ¥ BpeMeHHAas 9BOJIONMS BUXPEBBIX TOKOB OCJI0K-
HAETCA TIOSBJICHNEM TIOBEPXHOCTHBIX 3apAMOB HA IT-
UX I'PAHUIAX U U3MEeHEHNEeM CTeIIeHN 3aTyXaHusI BTO-
PUYHBIX 3JIEKTPOMATHUTHBIX OTKJIMKOB BO BpEMEHU 1
mpocTpaHcTBe. B pesynbTarTe MHBEPCHM TaKUX AAH-
HBIX B PE3YJbTHUPYIOUIEH cpele MOTYT IOSBATHCS
JI0:KHBIe 00BEKTHI U e€ BOCCTAHOBJIEHHAS CTPYKTY-
pa Oyzer paneka ot ucturHO# [20].

MceBAoBONHOBbIE TPaHCPOPMaHTLI B Cpepax
C HaKNOHHOW rpaHuLien

PaccMoTpuM KOHTPACTHBIE Te09IeKTPUUECKIIe MO-
JIeN ¢ HAKJOHHOHN TpPaHUIeH, BHIXOAAIIEH HA ILIO-
CKYIO THEBHYIO IIOBEPXHOCTD (BePXHee MOJIYIPOCTPaH-
CTBO IIPEAIIOJIaTAaeTCs HEIPOBOAAIINM U HEMATHUT-
HbIM). [lIocKas KOHTaKTHAS OBEPXHOCTD Pa3HesIseT
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3000 m
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1302
5 OM-M/ 100 Omm

Puc. 1. Modenu cpedvt ¢ HAKIOHHOL ZpaHuLeill

Fig.1. Models of medium with inclined boundary

JiBa MPOBOAAININX HEMArHUTHBIX IMOJY0ECKOHEUHBIX
CEeKTOpA C YIeIbHBIMU 3JIeKTPUIECKUMY COIPOTHBIIE-
HuaAMy (YOC) 5 u 100 Om-M. YTJIbI HAKJIOHA TPAHUIIBI
cocrasasior 30°, 45" u 60° (puc. 1).

BribepeM IOBEPXHOCTHYIO YCTAHOBKY, COZEp:Ka-
IIYI0 OAMH MCTOUHUK U HAOOP IPUEMHUKOB, PACIIOJIO-
JKEHHBIX HA JUHEHHOM IIPOQIIe, IePIeHANKYIIPHOM
HAKJOHHOH rpaHuie. VICTOUHUK IIpeAcTaBIAeT co0oi
KBaJPaTHLIN TOKOBBIM KOHTYD €O cTopoHOoH 500 M n
PACIIOJIOKEH HA OBEPXHOCTH CPEbI ¢ BEICOKUM YIC
(100 Om-m). Ero menTp HaxoguTcsd Ha YIAJeHUN
3000 ™ oT BEIXO/Ia HAKJIOHHOTO KOHTAKTa Ha TI0OBEPX-
HOCTH. [I[pnéMHVKY — KBaZipaTHBIE ETJIN CO CTOPOHOM
100 M, pacmoJI0:KeHbI 0 TPOMUIIIO C IATOM MEXKIY
nerrpamu 50 M. IlenTp Hambosee yIaJEHHOTO MPH-
éMHIKa HaxomauTcs Ha paccrosguuu 6000 M Ha mHEB-
HOU TToBepxXHOCTH IpoBogsariero (5 OmM-M) ceKTopa.

Kax nsBectHo [1], mocsie MTHOBEHHOT'O BBIKJIIOUE-
HHUA MOCTOSHHOTO TOKa cujoit 1 A, Tekyiero B rexe-
PATOPHOM TeTJIe, M0 AHEBHOU TOBEPXHOCTHIO BOSHU-
KaeT aHAJOTMYHBIN 1Mo (popMe TOPOMIAJbHBIA TOKO-
BhII BUXph. C TeueHMeM BpeMeHHU OH PacIpoCTPaH:-
eTcsl BIUIy0b W BIIUPD IPOBOAAIIETO MOJYIPOCTPAH-
CTBa, UBMEHAA CBOI0 KOHGUTYPAIINIO U aMILIUTYY B
3aBHCHUMOCTH OT IIPOCTPAHCTBEHHOTO PaCIIpe/eaeHns

100 Om-m 60° 100 Omm

5 Omm : \

VOC B cpeze. [Ipu 9TOM MHTEHCUBHOCTH HABEIEHHBIX
BUXPEBHIX TOKOB CHUKAETCHA 3 CUET IIePexXofa YacTu
HJIEKTPOMATHUTHON SHEPTUY B I)KOYJIEBO TEILIO.

Breném mexapToBy cucTeMy KOOPAMHAT C HAUAJIOM
B TOUKe IepecevdeH s THeBHOM T0OBePXHOCTH, HAKIOH-
HOTO KOHTAaKTa 1 JuHeiHOTo mpoduid. Ock X coBma-
JIaeT ¢ JMHEWHBIM NpPOo(QuIeM, a oCh 7 HaIpaBieHa
BepTuKaIbHO BHU3. Ha puc. 2, 3 moKasaHbl B BePTH-
kKajapHOM ceuenuu (X0Z) pacupeneneHus aMILIATY]
SJIEKTPUUECKOTO TI0JISA B PA3IMUHbIE MOMEHTHI BpeMe-
HU IocJie BBIKJIIOUEHNS TOKA B MCTOUHUKE (TOKAa3aH
TOHKUM TPAMOYTOJbHUKOM), BBHIUHCIEHHBIE B IIPO-
rpamyme MODEMS3D.

Ha pmc. 2 BupHO, 4TO 1O MOMEHTa BPEMEHU
t=4,5 MC 3JIEKTPUYECKU! BUXPb B BUJE TOPOUIA C
KBABWKPYrOBBIM CEUEHHWEM DPACIPOCTPAHAETCS TaK
JKe, KaKk B OJHOPOZHOM moJaympocpancTee ¢ YIC
100 Om-m (mepBas dasa pacupoctpanenus). Kak meo-
ITHOKPATHO YKA3bIBAJIOChH B IUTEPATYPE, TUHUU TEpe-
MeIIeHNs IeHTPOB JIEKTPUUECKOTO BUXPA HAKJIOHE-
HBI IIOJ YIJIOM IIPEMepPHO =26 rpafycoB K IHEBHON
noBepxHocTH. [Tocse BEIIEYKa3aHHOTO MOMEHTA Bpe-
MeHM TOABJIAETCS BAMWSHUE HAKJIOHHOHW TPAHUIIBI
(Bropas (pasa pacupocrpanenus). OHO BRIpasKaeTcs B
CYIIIECTBEHHOM YMEHBITIEHUY TTyOUHBI JIEBOTO IIEHTPa

MNcTtoyHmk 500x500 m

0 |
-500-
=
N
-1000- 5 OM'M
45°
-1500 1 T I T I I I I
-2000 -1500 -1000 -500 0 500 1000 1500 2000 2500
X, M
0.02 _ WMsonuHua 10%-0it OKPeCTHOCTU MaKCUMyMarnbHOW amnnuTyabl
aneKkTpuyeckoro nons B MomeHT spemerun 0.02c.

Puc. 2. Modens cpedol u usorunuu 10 %-0il okpecmHocmu MaxcuMyMarvHol auniumydv. drexmpuieckozo noas. Hemounuk nad wacmoio cpe-

Ovt ¢ ¥YIC 100 Om-n

Fig.2. Model of medium and contour lines of 10 % locality for amplitude maximum of electric field. The field source is located above the part

of the medium with 100 Ohm'm electical resestivity
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3NeKTpUYeckoro nomns B MomeHT Bpemenu 0.01c.

Puc. 3.
cYIC50mn

Fig. 3.
of the medium with 5 Ohm-m electical resestivity

AJIEKTPUUECKOTO BUXDPA W ero JajbHeHIeM pacipo-
CTpaHeHHUH TaK e, KaK B MOJyIpocTpaHcTse ¢ YOO
5 Om-M. OTMeTHM IIPH 3TOM, UTO CKOPOCTH MOTPYIKe-
HUSA [EHTPOB 3JIEKTPUUECKUX BUXPel YMEHbIIAIOTCA:
nuis jeBoro menTpa ¢ 4-10° 1o 1-10°m/c (100 Om-m) u ¢
5,2:10* 10 0,35-10* m/c (5 Om-m); A1 TPABOTO IIEHTPA
¢ 4-10° 1o 0,53-10°m/c. Takum obpasom, eciu B mIep-
BOI (pase PacIpOCTPAHEHUS IEHTPBI DIEKTPUUECKUX
BUXpei JIe}KaT B TOPUBOHTAJIBHON IIJIOCKOCTH, TO BO
BTOPO# (Dase OHMU JiesKaT B IJIOCKOCTHU, HAKJOHEHHOH B
CTOPOHY MeHee TIPOBOJAIIEH Cpe/Ibl.

Ha puc. 3 mabiomaeTcsa CyIeCTBEHHO OTJIMYHASA
KapTuHa. BugHo, uT0 10 MOMeHTa BpeMeHu t=4,5 Mc
JieBas 4acTh HJIEKTPUUECKOT0 BUXPS PACIPOCTPAHACT-
¢ TaK JKe, KaK B OJHOPOJHOM IIOJIYIPOCPAHCTBE C
¥Y9C 5 Omm (mepBas dasa pacmpocTpanenus). OTme-
TUM TPU 9TOM, UTO CKOPOCTH MOTPYKEHUS JIEBOTO
IleHTpa yMeHbInaered ¢ 5,2-10* 10 0,35-10* m/c. Torga
KaK Ha TPAaeKTOPHUIO IBUKEHU IIPABOTO IIEHTPA YiKe ¢
paHHUX BpeMéEH (t=7 MC) HAUMHAIOT BAUATH IOBEPX-
HOCTHBIE 3apAbl, WHIYIMPOBAHHbIE HA HAKJIOHHOMN
rpanure. Bo BTopoii ¢ase pacnpocTpaHeHUA IPaBhIi
IIEHTD 9JeKTPUUECKOr0 BUXPS JBUKETCS BIOJb Ha-
KJIOHHOTO KOHTaKTa, MefJIeHHO TuhGyHIUPYS B cJa-
0OTIPOBOJAIIIH CEKTOP HUIKHETO IOJTYIIPOCTPAHCTBA.

Taxum 06pasom, KCIOJIB30BAHNE JJIA PELIeHN 3a-
Jlau MHBEPCUU TaKUX KMHEMATUUYECKUX XapaKTepu-
CTUK, KaK CKOPOCTH DACIIPOCTPAHEHUS 3JeKTpuue-
CKUX BUXpell, He IPeJCTaBISeTCS BOBMOKHBIM 13-32
UX CUJIBHOMN 3aBUCHMOCTHY OT BPEMEHH.

Ha puc. 4 npuBefeHbBI BpeMEHHBIE PA3BEPTHKU
9JIC, HaBeI€HHBIX B IPUEMHUKAX TEKYIINMHU B CpPelie
BTOPUYHBIMYU BUXPEBBHIME TOKAMHU U IIOBEPXHOCTHBI-
MU 3apsgaMd, TpXA PasJIUUHBIX PACCTOSHUSX (pasHo-

Modens cpedvt u usorunuu 10 %-Ui okpecmHocmU HAKCUMYMAILHOU aMnIUMY0bl dNeKMPULeckozo nors. Hemounuk nad wacmuvio cpedv

Model of medium and contour lines of 10 % locality for amplitude maximum of electric field. The field source is located above the part

€ax) OT MCTOYHWKA [0 NPUEMHUKA (ITU(P KPUBBIX).
Pasmoc 3000 M cOOTBETCTBYET BBIXOAY HAKJIOHHOTO
KOHTAKTa Ha II0BePXHOCTD Ha JuHuu (X=7=0 m).

1
0.1
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1E3
1E4
O 4es
& 166
o)
1E7
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1E-9 \
1E-10 |
1E-11 3 | | | : | i
1E-6 1E-5 1E-4 1E3 0,01 0,1 1

Bpems, ¢

Puc. 4. 3]]C 6 mnozopasHocHol yemaroske (Hak.ioH eparuybl 30°)

Fig.4. EMF for multispacing array (30" incline of boundary)

B cootBerctBuu ¢ (1) 471 yCTAaHOBKY ¢ (MKCUPO-
BAHHBIM DPa3HOCOM OBLIM BBIYKCJIEHBI IICEBJOBOJIHO-
BbI€ TPaHC(OPMAHTHI B 3aBUCKMOCTH OT IIPUBEAEHHO-
ro BpeMeHU. AJITOPUTM pacyéToB OMMCAH B paboTax
[18, 19]. Ha puc. 5 moxasaH ux CBOZHBIN HAOOp A
MHOT'OPa3HOCHOH YCTAHOBKU.

IToxosxad KapTUHA HAOTIOAAETCA A IPAHUIBL C
HakjgoHOM 45° (puc. 6). IIpu 5TOM SKCTPEMYMBI IICEB-
TIOBOJIHOBBIX TPaHC(HOPMAHT U3MEHSIOT CBOE MMOJIOKe-
HUe TpH Iepexofe TPUEMHUKOB Yepes HAKJIOHHYIO
rparuny (paszoc 3000 m).

ITocTpoum romorpadsl ICEBIOBOJTHOBBIX TPaH-
copmartuii (puc. 7), CBA3aB ¢-BPEMSA €TI0 IKCTPEMYMa
(och OpAMHAT) M PACCTOSHME MEMKJIY MCTOUHMKOM U
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Fig.5. Pseudowave transformants (30" incline of boundary)
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Fig.6. Pseudowave transformants (45 incline of boundary)
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KaKIbIM TpuéMHUKOM (och abcmucce). Ha rogorpagax
OTUYETJMBO BBIZENSETCS BBIXOJ KOHTAKTA HA II0BEPX-
HocTh — KoopauuaTta 3000 m. JleBwle uacTu rogorpa-
¢os (ot 500 10 3000 M) g1 cpen ¢ PA3IUUHBIM YTIIOM
HaKJIOHA TPAHUIBI OJUHAKOBBI U COBIIAJAIOT C T'OM0-
rpad)oM Ha TOBEPXHOCTH IPOBOJAIIETO MOJYIPO-
crparctBa ¢ YOC 100 Om-m. ITocse mepexozna mpuém-
HUKOB uepe3 TPaHUIy rogorpadbl AJIS PasIUuYHBIX
VIJIOB PAacXogaTcsa Mexnay coboit. [Ipu sTom yrox Ha-
KJIOHA Tofiorpada Bo3pacTaeT ¢ yBeJIMUeHHeM HaKJIO-
Ha TPAHMUIIBL.

154 ;

1,0
<
3
%
g- 0,5 1
o

0,0 -

T T T T T T T v T T 1
0 1000 2000 3000 4000 5000 6000 7000
PasHoc, M

Puc. 7. Todozpagul 6 cpede ¢ HakIOHHOU epauyell (Wudp Kpueblx —
Y20 HAKJI0HA )

Fig.7. Travel-time plot for the medium with incliened boundary (le-
gend — incline on boundary )

Ha puc. 8 mokasams! 1Be 3epKajbHbIE PACCTAHOB-
K1 UCTOUHUKA U HpI/IéMHI/IROB OTHOCHUTEJIbHO JINHNN
BBIX0/]a KOHTAKTa Ha MOBEPXHOCTH, a TAK/Ke COOTBET-
CTBYIOIIUE IICEBJI0OBOJNHOBRIE TpaHC(OpPMaHThI. Kpac-

| 1500 m
30°,
5 OM-M)/

100 Om-m

3000 4

2500

I

!
% i

2000

I

bETaEtTT

|

|

|
(
\

|

|

|

1000

08 10
qg-Bpems, V¢

Puc. 8. Ilcesdosonirogble mparcdopmarmol (ucmoyHuk pacnoazaemes 6 1500 u (caesa uau cnpasa ) om ymecma 6v1x00a HAKJIOHHO20 KOHMAK-

ma Ha N08ePXHOCTY)

Fig.8. Pseudowave transformants (field source is located at 1500 m (left or right ) from the exit to the surface of inclined boundary)
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HBIMU JUHUAMY BbIJIEJIEHO MECTO BBIXO[a HAKJIOHHO-
r0 KOHTaKTa Ha THEBHYIO IOBEPXHOCTb.

PaccmoTpuM Ty Ke camyio MOJeJb ¢ fo0aBIeHTEM
otHOcuTeabHO MajoMoIHbIX (100 M) HanocoB ¢ YOC
50 Om-m. Ha puc. 9 moxasaHs! ICeBIOBOJIHOBLIE BOJI-
HOBOBBIE TPAHC(OPMAHTEHI.

Hanocpl mpakTnuecKku He BIUAIOT Ha OIpe/iesieHue
MeCTa BBIXO0fla HAKJOHHOTO KOHTAKTA, €CJIM UCTOYHUK
DACIIOJIO}KEH HAJi BHICOKOOMHBIM CEKTOPOM CPEIBI.
Ecnu se nCTOUHNK HAXOJUTCS HA TOBEPXHOCTH 00JIee
TIPOBOJAIIEr0 CEKTOPA, TO BEIXOA KOHTAKTA IO HAHO-
CHI CTAHOBUTCS MPAKTHUECKY HE3aMETHBIM.

3aknoyeHne

BTOpI/I‘{HBIe BUXPEBBIE TOKU, NHAYIIMIPDOBAHHEIE B
HpOBO,Z[ﬂU.IefI cpene ImocJjie OTKJIYEeHUd HNCTOYHHKA,
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APPLYING PSEUDOWAVE TRANSFORMATION IN TRANSIENT ELECTROMAGNETIC PROSPECTING
FOR RECOGNITION OF INCLINED GEOLOGICAL BOUNDARIES
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Relevance. Transient electromagnetic soundings is the method in-demand of electric survey applied for mineral deposits prospecting.
Modern geoelectric problems require the usage of multichannel devices. For such devices the processing and interpretation problem be-
comes very resource intensive. Thus, the further development of interpretation methods is highly recommended. One of the possible ways
of such development is the usage of wavefield transformation for transient electromagnetic data.

The main aim of the research is to apply the wavefield transformation to the transient electromagnetic data measured in multireceivers
systems in conductive media with inclined boundary for obtaining new qualitative estimations for the geological media on study.
Method of research is based on new numerical algorithms for the stable wavefiled transformations of transient electromagnetic soun-
dings data. Input data for transformation checkout (calculated three-dimensional curves of transient electromagnetic field response)
was received using MODEM3D software package, which is designed for direct modeling of transient electromagnetic fields.

Results. Pseudowave transformations of transient electromagnetic soundings for the conductive media with inclined boundary were ob-
tained. These pseudowave transformations are used to plot travel-time curves. The resulting sets of transformations allow allocating the
outcrop of the inclined contact on the surface. It is established that overlapping sediments weaken the maxima of pseudowave transfor-
mations and reduce the possibility of exact localization of the outcrop of the inclined contact. The behavior of toroidal vertical currents
depending on time in the media with inclined boundary was considered.

Key words:
Transient electromagnetic soundings, pseudowave transform, Q-transform, three-dimensional problem,
medium with inclined boundary, hodograph.
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