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Annoranusi. Pabora mocssiena npensapurenbHbiM pesyibratam skcriepumenta FENICS (Fennoscandian
Electrical conductivity from Natural and Induction Controlled Sources soundings) no u3yueHuro riryOUHHON 3J€K-
TPOTIPOBOJHOCTH JUTOChepbl DEeHHOCKaHAMHABCKOTO IUTa Ha Tepputopun Konbckoro moiyoctpoBa n Kapennu
C HCTIONIBb30BAaHMEM 3a3€MJICHHBIX YYAaCTKOB NPOMBIIUICHHBIX JHHUH 3J€KTporepenadn. B pamkax skcrepuMeHTa
FENICS-2019 u3mepeHus BBITOTHSINCH PSIOM OTEUSCTBEHHBIX U 3apyOSKHBIX HCCIIeAoBaTeNeH. lI3mepeHust ¢ KOH-
TPOJIUPYEMBIM HCTOYHHKOM BBIIOTHAIUCH B Tuana3oHe 4yactoT ot 0.1 1o 194.2 I'u, npu yaneHuy TOYKH U3MEPEHUI
OT LIEHTpa UCTOYHMKA Ha paccTosHuu oT 100 1o 875 kM. B xauecTBe HCTOYHUKA NEKTPOMATHUTHOTO MOJISI UCHOTb-
30BaJIMCh 3a3€MJICHHBIEC YYaCTKH NMPOMBIIUICHHBIX JTMHUHN 3JIEKTporepenadyn ¢ reneparopoM Toka «crounuk SHY»
motrHocThIo 10 200 kBT (paspadotka [IDC KHI[ PAH, usrorosutens [II'M PAH). M3mepenus ' KHI] PAH BbI-
MTOJTHEHHI ¢ moMoIbio otedecTBeHHBIX ctanmnii VMTU-10 (OO0 «BEI'Ay, r. Cankt-IletepOypr). [IpeaBapurens-
HBIC PE3yJIbTATHI MPECTABJICHBI C NCIIOJIB30BAHIEM PE3yIbTAaTOB Hpenblayux skcrnepumenToB cepun FENICS B
BHJI€ BEPTUKAIBHBIX KBa3H-ABYMEPHBIX Pa3pe30B M0 TPEM cyOMepHIMOHAIBHBIM MTPOQHISIM, 1 Ha00pa TOPU30HTAIb-
HBIX KBa3HM-TPEXMEPHBIX pa3pe3oB Juis riryouns! 3, 10, 20 n 100 kM, Moy4eHHBIX HHTEPIOJSIIUEH PEe3yJIbTaToOB pe-
HICHHS OJJHOMEPHOW 00paTHOM 3a/auyl B TOUKaX HAOIIOCHUS.

Kiro4eBble ¢cjI0Ba: 4aCTOTHOE 30HANPOBAHUE, DIIEKTPOIPOBOAHOCTD, KAXKYIIIEECs COMPOTUBICHUE, TUTOChE-
pa, ©eHHOCKaHAMHABCKUH IIIUT.
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Abstract. The article is devoted to a preliminary results of an experiment FENICS (Fennoscandian Electrical
conductivity from Natural and Induction Controlled Sources soundings) for studying the deeping electrical conductivity
of the lithosphere of the Fennoscandian Shield on the Kola Peninsula and Karelia using grounded sections of industrial
power lines. As part of the FENICS-2019 experiment, measurements were performed by several domestic and foreign
researchers. Measurements with a controlled source were performed in the frequency range from 0.1 to 194.2 Hz,
when the measurement point was removed from the center of the source at a distance of 100 to 875 km. As the source
of the electromagnetic field, grounded sections of industrial power lines with current generator «Source ULF» with a
capacity of up to 200 kW were used (developed by the Center for the North Power Engineering, Kola Science Center
and Polar Geophysical Institute of Russian Academy of Sciences). The measurements of the GI KSC RAS were
carried out with the domestic stations VMTU-10 (VEGA LLC St. Petersburg). Preliminary results are presented with
the use of data from previous FENICS experiments in the form of vertical quasi-two-dimensional sections along three
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submeridional profiles, and a set of horizontal quasi-three-dimensional sections for depths of 3, 10, 20, and 100 km
obtained by interpolating the results of solving of a one-dimensional inverse problem at observation points.
Key words: frequency sensing, electrical conductivity, apparent resistance, lithosphere, Fennoscandian Shield.

ITepeuuHble daHHbLE

O0paboTKka JaHHBIX ¥ MHTEPIIPETAIMs BHIIOJIHEHA HA OCHOBE PE3yJIbTaTOB M3MEPEHHM, MOTyUYeH-
HbIX B 3kcniepuMeHTax «FENICS-2007», «FENICS-2014» u «FENICS-2019». [lst 3TOro BeIOpaHbI Mpo-
¢umm 1, 2, 3 mokazaHHbIe HA PUCYHKE 1.

KadecTBO perucrparuu CUTHAJIOB POMJUTIOCTPUPOBAHO HAa PUCYHKE 2 Ha MpUMEpe HAOTIOICHUH,
BBIMIOJIHEHHBIX B Touke CAMO3epo Ha yAalleHuu 752 KM OT UCTOUHMKA, OT UeHTpa auHuu JI-401.

W3 pucynka 2 MOXHO BHJETh, YTO HanboJIee OTYETINBO, C IPEBBILIEHUEM HaJl IIyMaMH 110 1-To 1mo-
pAIKa, 3alMCaHbl CUTHAJBI HA TJIABHBIX COMPSDKCHHBIX KOMIOHEHTax By (BocTtok-3aman) m Hx (cesep-tor).
YBepeHHas perucTpaliis CUTHAJI0B HabmomaeTcs B Auamna3one yactot 1-100 I,

Yuem cmamuueckux uckaxceHuil

Hayunoli HOBH3HOH METOIUKH 00paOOTKH MEPBUYHBIX MaHHBIX B dKcriepumenTe « FENICS-2019»
SIBUJIOCH IPUMEHEHHUE CIIO0C00a KOJIMUECTBEHHOI0 yueTa CTaTHUECKUX HCKakeHUH. OcHOBa pa3paboTaHHO-
ro croco0a yueTa CTaTHUECKUX UCKAKEHUH — UCIIOIb30BaHUE U3MEPEHHI TTOJIHOT'O TOPU30HTAIBLHOTO Mar-
HUTHOTO TOJISl B TIpeieNiax IeHCTBUS YCIOBHMA JambHEel 30HbI KBA3UCTAMOHAPHOTO (BOJIHOBOTO) MPHOIIH-
xeHus. TeopeTrueckoe 000cHOBaHNE 0a3upyeTcs Ha YPAaBHEHUSAX TIOJS 3a3€MJICHHOTO JIUIIONS, OPUEHTH-
poBarHOTO BONb oc X (BaubsH, 1965). YpaBHeHUS U1 HAMPSDKEHHOCTH TIPOJIOJIEHOTO OTHOCHUTENHEHO
ocu urons AB sekTpuyeckoro nois £, nonepeyHoro MarHuTHOro mojist A 1 BXOAHOro umMmnenanca Z
umetot Bun (Kamaneraunos, 2012, 2019):
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W3 Beipaxkenwii (1-3) BUIHO, YTO yIIBHOE SJCKTPUIECKOE COMTPOTHBIICHHE HUKHETO MOJIyIIPOCTPaH-
CTBa B I10JIC 3a3EMJICHHOI'O DJICKTPUYCCKOTO JMITOJIS MOXHO OIPEICIIATh KaK U3 dJieKTpudeckoro (1), Tak u
W3 MarHUTHOTO (2) TOJIeH OTAETHFHO U M3 UX COOTHOIICHUH, €CIIM UCIOJIb30BaTh BXOAHON mMrenane (3).
Paznanma mexy cootHomenusimu (3) u (1)—(2) 3aximrodaeTcsi B TOM, YTO HAPSKEHHOCTD AIEKTPUIECKOTO
noJist (1) TMHEHHO 3aBUCHT OT AJIEKTPOCONPOTHBIICHUS, TOT/Ia KaK HAMPSHDKEHHOCTh MAarHUTHOTO TOJIs (2)
U BXOJIHOW UMIENAHC (3) 3aBUCSIT OT JICKTPUUYSCKOTO COMPOTUBJICHUS HIDKHETO MOJIyIPOCTPAHCTBA TIO]
KBaJIPaTHBIM KOPHEM.

Emte ogHa 0cOOEHHOCTD 3aKITF0YAETCS B TOM, YTO MAarHUTHBIN TATYMK H30JIMPOBaH OT 3eMitd. [1o aToit
MIPUYUHE HHTEHCUBHOCTD U3MEPSEMOI0 MArHUTHOTO TIOJISI HE MOJIBEPIKEHA BIMSHUIO CTATHYECKOTO CIIBUTA,
a KaxyIeecs: COIPOTUBIICHUE, PACCUNTAHHOE 110 MAarHUTHOMY TIOJIF0, MOXET HCIIOJIb30BaThCsI B KAU€CTBE
MepBbI TSI KOMMYECTBEHHON OIEHKH MCKaKEHUH CTAaTHYECKOTO CIBUTA, BIHSIONINX HA SJIEKTPUUECKUE U UM-
rielaHCHbIe HOpMUpPOBKH o (XKamanernunos, 2019, Hesmos 2019).

Kaxyieecs yienbHOE COIMPOTUBIICHUE PACCUUTHIBACTCS JIJISl MOJTyJIEH MOJHBIX BEKTOPOB TOPHU30H-
TaJIbHBIX MAarHUTHBIX U JJCKTPUYCCKHUX IOJICH W UMIIEaHCHOMY OTHOIIEHHUI0 1o ¢Gopmyiam (IlleBros,
1989, 2019).

[TosrydeHHBIE KPUBBIE KaXYIIETOCS COMPOTHUBIICHHS 110 MMITEJJAHCY B TI0JI€ KOHTPOJIUPYEMOTO HC-
TOYHUKA JIONIOJHSUIMCh 3HAYCHUSMHU Ka)KyIIETOCs CONPOTHUBIICHUS 110 UMIICIAHCY TOJSI €CTECTBEHHOTO
MIPOMCXOXKICHHS, HI3MEPEHHOTO B TeX ke Toukax (AMT — mose) B Oosiee NIMPOKOM YaCTOTHOM JTHara3oHe.
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Puc. 1. Cxema pacnonoxxenus: nuratomux jduauid (L1, L2 n L-401) u myHKTOB 30HAMPOBAHUSI B DKCIIEPUMEHTAX
«FENICS-2019» (npoduns I1P-1), «k FENICS-2014» (poduinsb [1P-2) u « FENICS-2007» (ipoduus I1P-3). TIpoduis
ITP-4 («(SVEKAV).

1 — 3a3eMJICHHBIE TPOMBINUICHHBIE JIMHNAY AnekTporepenaun L1 (JI-403), L2 (JI-153/154) u L-401; 2 — Touku 30HAH-
poanus Ha Tepputopun Poccuu (I'M u IIDC KHII PAH, r. Anmatutsl) Ha npodmwisx 1-3; 3 — TOYKH 30HIUPOBAHUS
Ha tepputopuu llBenmn (Yuusepcurer Jlyneo) n @unnsinaun (I'eonornyeckas ciy:x6a @uninstaauu, r. PoBanue-
MH), BBIITOJTHEHHBIE BMECTO TIAaHOBBIX Touek Ha rpoduie SVEKA; 4 — mraHoBbIe TOUKU 30HIMPOBaHMs Ha TIpoduiie
SVEKA; 5 — BeIlOTHEHHBIE paHee TOYKX 30HANPOoBaHus Ha Tepputopun Ounnsuanu (Yausepcuretr Oyiy); 6 — myH-
KTHI 9acTOTHBIX 30HAMpoBaHnit CSAMT, Bemonuennsie 'Y KHI] PAH na npodune SVEKA B 1997 r. (Zhamaletdi-
nov et al., 1998, 2002). Ha pucynke 1, Hapsiay ¢ mpsiMOyTroibHON KoopAnHATHOH ceTkoit ["aycca-Kprorepa npusene-
Ha reorpaduyeckasi ceTka KOOpJMHAT U JaHbl COOTBETCTBYOIIME 0003HAUEHHS B KMJIOMETpax M B rpaaycax. bexe-
BbIM ()OHOM BBIJIeJIeHa 00JIacTh JUIsl KBa3u-3D uHBEpcHH.

Fig. 1. Layout of supply lines (L1, L2 and L-401) and sensing points in the experiments "FENICS-2019" (profile PR-1),
"FENICS-2014" (profile PR-2) and "FENICS-2007" (profile PR-3). Profile PR-4 ("SVEKA").

1 — grounded industrial power lines L1 (L-403), L2 (L-153/154) and L-401; 2 — sensing points on the territory of Rus-
sia (Gl and CES KSC RAS, Apatity) on profiles 1-3; 3 — sounding points on the territory of Sweden (Lulea University)
and Finland (Geological Survey of Finland, Rovaniemi), performed instead of the planned points on the SVEKA
profile; 4 — planned sounding points on the SVEKA profile; 5 — previously performed sounding points in Finland
(University of Oulu); 6 — CSAMT frequency sounding points performed by the GI KSC RAS on the SVEKA profile in
1997 (Zhamaletdinov et al., 1998, 2002). Fig. 1, along with the rectangular Gauss-Krueger coordinate grid, shows the
geographical coordinate grid and gives the corresponding notation in kilometers and degrees. The beige background
marks the area for quasi-3D inversion.
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Puc. 2. I'padukn crieKTpambHOM MIIOTHOCTH MOIIHOCTH IO PE3YJIbTaTaM PETUCTPALMH CUTHAJIOB B Touke CaMo3epo
Ha yJajgeHuu 752 KM OT UCTOYHHUKA.

Fig. 2. Graphs of the power spectral density according to the results of the registration of signals at the Syamozero
point at a distance of 752 km from the source.

Pe3yabmambl UHEEPCUU KPUBLIX KAXYULe20CA CONPOMU6AeHUSs

[Tocne koppeKHHK 3a cTaTUYECKUE UCKaKEHHS BBITIOJIHSIACH HHBEPCHS ¢ TOMOLIbI0 AuddhepeHu-
anpHOU TpaHchopmaru MonouHoro-Brera 1 myTeM perieHusi oTHOMEPHOM 00paTHOH 3a/1a4H 4YacTOTHO-
I'0 30HINPOBAHHUS C JUIIOJIbHBIM HCTOUHMKOM METOAOM COIPSIKEHHBIX TpaJueHToB. [lanee, Ha clleayIoleM

L,L2; 2-% 3%, 4. 5% 6°

Puc. 3. KBa3u-tpexmepHasi MOJIENb AJICKTPOIPOBOIHOCTH JIUTOC(HEPHI HA OCHOBE OJTHOMEPHBIX HHBEPCHIA TI0 METOLY
CONPSDKEHHBIX IPaJINeHTOB. bexeBbIM ()OHOM Ha JIEBOM PUCYHKE TT0Ka3aHa IJI0Ia/lb MOCTpOoeHus kKBazu-3D mozenuy,
MoKazaHHoit cripasa aust riyoun 3, 10, 30 u 100 kM.

Fig. 3. Quasi-three-dimensional model of the electrical conductivity of the lithosphere based on one-dimensional in-
versions by the method of conjugate gradients. The beige background in the left figure shows the construction area of
the quasi-3D model shown on the right for depths of 3, 10, 30 and 100 km.
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3Tare MPOU3BOUTCS MOCTPOCHUE KBA3U-TPEXMEPHOW MOJIEIIM HA OCHOBE IIOCTPOCHHBIX KBAa3H-J[BYXMEPHBIX
paspe3oB. Ha mepBoM 3Ttane KBa3u-TpeXMEpHasi MOJICIb MPEACTABISCTCS B BUJIE CEPUHM TOPU30HTAIBHBIX
cpe3oB. Pe3ynbraT Takoi 00pabOTKM NPUBEICH HUKE Ha PUCYHKE 3.

Mojienb XapakTepUu3yeTcsi OTHOCUTEIbHO HEOOJBIIUM JIMANIa30HOM M3MEHEHHUH YAEIbHOrO 3JICK-
TPUYECKOTO compoTuBieHus B nmpeaenax 10%-10° Om M ms rmy6un 3, 10, 30 u 100 kM. C riryOuHO# KOH-
TPACTHOCTBH pa3pe3a YMEHBIIIAeTCs, YTO CBHUJIETEIILCTBYET O TOMOI'eHH3aInK BeriecTBa. [IpencraBinennas
MOJIeJIb SIBJISICTCS CAMbIM TIEPBBIM NpuOmkeHueM. [l ee 1opaboTKu TpeOyeTcs: MPOBEACHHE OOJIBIIIOrO
00BeMa PacyeTHO-METOINIECKIX M BEIYUCINUTENBHBIX paboT, MPEeIyCMOTPEHHBIX HA TPETHH dTal peau3a-
uuu npoekta 18-05-00582.

Pabota BeimonHena npu ¢puHancoBoil nogaepxxke POOU, npoext Ne 018-05-00528, a taxxe B pam-
Kax roc3aaanus MunucrtepctBa obpazoBanus u Hayku PO — rema ' KHI] PAH Ne 0226-2019-0052 un
tema LI13C KHI PAH Ne 0226-2019-0067.
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