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1. Heau u 3a71a4M 0CBOEHHSI TUCHUIJIMHBI

[lenpto ocBOCHUS MUCIUIUIMHBI « Teopusi 3JIEeKTPOMAarHUTHBIX 30HAUPOBAHUNY SIBISETCS
MOJIydYEeHUE 3HAHUI O TMOCTAaHOBKE M METOAAaX pEUICHUsS OCHOBHBIX 3aJa4 MHAYKIMOHHBIX
9JICKTPOMArHUTHBIX 30HAMPOBAHHMMA, a TakKe BBIPAOOTKA TOHUMAHHUS 3aKOHOMEPHOCTEH
MOBEJICHUS JJICKTPOMArHUTHOTO TOJII B paMKax JITHX 3a1ad. OTH (yHIaMEHTAIbHBIC 3HAHUS
HEOOXOAMMBI JUIsl YCIICHTHOTO NPUMEHEHHS METOJIOB aHalIM3a W HMHTEPIPETallud JaHHBIX
AJIEKTPOMATHUTHBIX 30HIUPOBAHUMN, TAK)KE paCCMaTPUBAEMbIX B paMKaX JUCHUILIUHBI.

1. Goals and objectives of study

The goals of study of the discipline «Theory of electromagnetic soundings» are gaining
knowledge about statement and methods for solution of basic problems of induction
electromagnetic soundings, as well as understanding of electromagnetic field structure and
variations in the framework of these problems. This fundamental knowledge is necessary for
successful application of methods of electromagnetic sounding data analysis and interpretation,
which are also considered within the discipline.

2. MecTo aucuunannbl B crpykrype OOIL

JucnunnuHa «Teopust 2IIEKTPOMAarHUTHBIX 30HAUPOBAHMI) YHUTAETCS B PaAMKax
maructepckux nporpamm «I'nmyOGunHas reopusukay U «ManorinyOuHHas TeopU3UKaY.
Jucnumimna 0azupyercs Ha 3HAHMSIX, MMOJTYYEHHBIX INPHU M3YYEHUM AMCLUIUIMH U3 0a30BOH U
BapuatuBHOi yactei OOII GakanaBpuara: 6j10ka 0OIIEHayYHON MOJATOTOBKU (MaTeMaTH4YeCcKHue
TUCIUIUINHBL  «MaTtemaTudeckuii  aHanmu3y», «JluneitHas anrebpay, «duddepeHnnansabe
ypaBHEHH», «Teopuss BEpOSTHOCTM M MaTeMaTH4YecKas CTaTUCTUKa», «BbpranciaurenbHas
MaTeMaTHKa») ¥ OJoka NpoQHUILHOW NOATOTOBKM (Teodu3mueckue AucuuIuinHbl «Teopus
reopusnyeckux mnoiuei», «OnekrpopasBenka», «HekoppekTHble 3agaud  reoU3UKUY,
«MHTepnperanus  JaHHBIX  3JeKTpopasBeAku»).  OcBoeHwe — gucuuiuiiHbl  «Teopus
3JIEKTPOMArHUTHBIX 30HAMPOBAaHUI» HEOOXOIUMO I JAajbHEHUIIEro W3Y4YEeHUs AUCLUILIUH
MarucTepckux nporpamm «l myounHas reodusuka» u «MaoriryOuHHas reopUu3nKay.

2. Discipline as a part of the curriculum

The discipline «Theory of electromagnetic soundings» is studied in the framework of
masters programs «Deep Exploration Geophysics» and «Near-Surface Geophysics». The
discipline is based on knowledge, obtained while studying the disciplines from fundamental and
optional parts of the bachelors BEP: from the block of general science training (mathematical
disciplines «Mathematical analysis», «Linear algebra», «Differential equations», «Probability
theory and mathematical statistics», «Computational mathematics») and from the block of
profile training (geophysical disciplines «Theory of geophysical fields», «Electrical
prospecting», «lll-posed problems in geophysics», «Interpretation of electrical prospecting
data»). Study of the discipline «Theory of electromagnetic soundings» is necessary for further
study of the disciplines of the master programs «Deep Exploration Geophysics» and «Near-
Surface Geophysicsy.

3. TpeGoBaHus K pe3yJIbTATAM OCBOCHUS TUCHHUIIHHBI

B mpormecce wm3ydeHHs AMCHUIUIMHBI «Teopusi SJIEKTPOMAarHUTHBIX 30HIHPOBAHUI
(bopMHPYIOTCS AIIEMEHTHI CIEAYIOIUX MPOPECCHOHATBHBIX KOMIETEHITUI

- CHocOOHOCTh TJIYOOKO OCMBICIHBAaTh M (DOPMHUPOBATH TUATHOCTUYECKHE PEIICHUS
npobjaeM TeoJIoTHH IMyTeM HWHTerpauud  (QyHIaMEeHTaJIbHBIX pPa3lesloB TreoDU3UKH U
CTeIUATN3UPOBAaHHbBIX Teotornyeckux 3Hanuii (M-I1K-1);

- CIIOCOOHOCTb CAMOCTOSITETIbHO CTaBUTh KOHKPETHBIE 337a4l HAYYHBIX HCCIIEOBAaHHUH B
oOmacti TeoPHM3WKM W pemaTh MX C IOMOIIBI0 COBPEMEHHOW ammaparypbl, 000pyaOBaHUS,
UHPOPMALIMOHHBIX  TEXHOJOTMH, C HCIOJb30BAaHMEM HOBEHIIErO0 OTEYECTBEHHOIO U
3apy0esxHoro ombita (M-I1K-2);



- CHOCOOHOCTH HCIIONIB30BAaTh YIITyOJICHHBIE CHEIHATHU3UPOBAaHHbIE MPOPECCHOHATBHBIE
TEOPETUYECKHE M MPAKTUUYECKHE 3HAHUS Ul NpOBEIEHHs reou3nyeckux uccienoBaHuii (M-
[1K-4);

- CIOCOOHOCTH CBOOOJHO UM TBOPYECKHM IIOJIB30BATHCS COBPEMEHHBIMH METOJaMU
00pabOTKM W MHTEPIpETAUuU KOMIUIEKCHOH reodu3nyueckod WHPOPMALUU A pEeIICHUsS
HAYYHbIX U MPAKTUYECKUX 3a/1a4, B TOM YUCIIC HAXOASLIMXCS 3a MpeAeIaMH HEeIOCPEICTBEHHON
chepsl nesreabroctr (M-I1K-6);

- TOTOBHOCTb K IPOEKTUPOBAHUIO KOMIUIEKCHBIX HayYHO-HCCIEIOBATENbCKUX U HAy4HO-
IPOM3BOJICTBCHHBIX pabOT mpu perreHun reopusndyeckux 3amad (M-I1K-10).

B pesynbraTe ocBOeHMsA AUCHUILTUHBI «Teopuss 3JIEKTPOMArHUTHBIX 30HAWPOBAHUID)
00yyaroImuics T0JKEeH:

3Hamb  TEOPETHMYECKHME  OCHOBBI  pEIICHHs  MPSAMBIX  OJHOMEPHBIX  3ajad
3JIEKTPOMArHUTHBIX 30HAMPOBAHMM, a TaKXKe MHOTNOMEPHBIX 3aJad MarHUTOTEIUIypPHYECKUX
30HJAMPOBAaHUI; OCHOBHBIC 3aKOHOMEPHOCTH paclpelesieHus] 3JCKTPOMAarHUTHOTO TIOJS B
paMKax 3TUX 33]a4; OCHOBHbIC TEPMUHBI HA AHIVINHCKOM SI3bIKE;

YMemp BHIOpATh ONTHMAJIBHYIO METOAMKY MHTEPIPETAUH JAaHHBIX 3JIEKTPOMAarHUTHBIX
30HMPOBAHUM; MOCTPOUTHh ANPUOPHYIO TE€OIEKTPUUYECKYIO MOJENb CpeAbl, OLEHHUTH
YYBCTBUTEIBHOCTh AJIGKTPOMArHUTHBIX 30HAMPOBAHWN MO OTHOMICHUIO K Pa3IUYHBIM
napameTpam paspesa;

énadems METOJAMU aHANM3a ¥ HMHTEPIPETAUU JAaHHBIX  3JCKTPOMArHUTHBIX
30HJUPOBAHUM.

3. Discipline requirements

The result of studying the discipline «Theory of electromagnetic soundings» is the
formation of the following professional competences:

- the ability to deeply comprehend and generate diagnostic solutions to geological
problems by integrating the fundamentals of geophysics and specific geological knowledge (M-
PC-1);

- the ability to independently set specific objectives in the field of scientific research in
geophysics, and solve them using modern facilities, equipment, information technologies, most
recent experience of domestic and foreign researchers (M-PC-2);

- the ability to use advanced specialized professional theoretical and practical knowledge to
carry out geophysical research (M-PC-4);

- the ability to freely and creatively use modern methods of processing and interpretation
of complex geophysical data in order to solve scientific and practical problems, including those
out of the professional scope (M-PC-6);

- readiness to design complex research and scientific-production projects for solving
geophysical problems (M-PC-10).

As a result of studying the discipline «Theory of electromagnetic soundings» the student
must:

know theoretical basics of the solution of forward one-dimensional problems of
electromagnetic soundings, as well as multi-dimensional problems of magnetotelluric soundings;
man features of electromagnetic field structure in the framework of these problems; principal
terms in English;

be able to select optimal methods for electromagnetic sounding data interpretation;
construct prior resistivity models; evaluate sensitivity of electromagnetic soundings to different
parameters of resistivity model;

master methods of electromagnetic sounding data analysis and interpretation.



4. CTpyKTYypa M coiep:KaHue JUCIUIITHHBI
OObmass TpyAOEMKOCTb JTUCHUIUIMHBI «Teopusi 3JIEKTPOMAarHUTHBIX 30HAMPOBAHUID)
cocrapiisieT 3 3a4éTHble enuHuULbl Wi 108 yacoB, B TOM 4nciie ayAUTOPHON Harpys3ku 28 4acoB
(;rexruu 14 yacoB u ceMuHapbl 14 9acoB) U CaMOCTOSTENBHOM pabOTHI CTY/IeHTOB 80 4acos.

4.1 CTpyKTYypa AMCUMILINHBI
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1 | BBenenue 9 1 2
2 | ®ynpaMeHTaIbHAS MOJIEIND 9 | 23] 2 2 10
WHIYKIIHOHHOTO
30HMPOBAHUS
3 | MarauToBapualMOHHOE 9 4 2 10 | KonTtposbHas
30HIMPOBaHHE pabota
4 | MT 30o8aMpOBaHUE 9 5 2 10
TOPU30HTAILHO-OHOPOTHBIX
cpen
5 | MT 3onaupoBanHme 9 6 2 10
TOPU30HTAIBHO-
HEOJTHOPOJHBIX CPeJl
6 | Apamn3 MT maHHBIX 9 | 78| 2 2 10 | KontponpHas
pabora
7 | Unrepnperanus MT naHHbIX 9 | 9-| 2 2 10
10
8 | [Tose rapMoOHMUYECKOTO 9 |11-| 2 2 10
BEPTUKAIBHOTO MATHUTHOTO 12
JTUTIONST B TOPH30HTAIBHO-
OJTHOPOJIHOM cpefie
9 | CranoBieHHE OIS 9 |13-| 2 2 10 | KonrponbHas
BEPTUKAIBHOTO MATHUTHOTO 14 pabota
JTUTIONST B TOPH30HTATIBHO-
OJTHOPOJIHOM cpefie
[TpomexxyTouHast aTTecTanus 9 DK3aMeH
Bcero: 3 3E nmu 108 gacos 14 |12 80

4.2 ConepsxkaHue THCHUTLIAHBI
(1). BBenenne
1.1. OcHoBHbIe Hay4yHBIe [IIKOJIBI TTO 3JIEKTPOMArHUTHBIM 30HIUPOBAHUSM
1.2. Pexomenmyemasi nutepaTypa (MoHorpaduu, mNepuoiuueckue wu3fganus) u HHTepHeT-

pecypcsl
1.3. CesieHus U3 TEOPUH FICKTPOMATHUTHOTO TTOJIS




Pazmen Bkmouaer wuWHpOpMAIUIO, HEOOXOMUMYIO JJisi TOHHUMAaHHUS JIEKIMA W
CaMOCTOSATENIbHOW  paboThl B XxoA€ Kypca. PaccMmarpuBaercsi UCTOpUS — pa3BUTHUS
ANEKTPOMATHUTHBIX 30HAUPOBAHUN, XapaKTEPU3YIOTCA OCHOBHbIE HayuHble [lIkombr. Jlarorcs
CCBUIKM HAa HWCTOYHHMKHU JIOMOJHHUTEIbHOW WHpopMaruu. HamoMuHarOTCS HEOOXOIUMBIE IS
JTAIBHEUIIEH paOOoThI JIEMEHTHI TCOPHH TTOJIS.

(2). ®ynpameHTaIBHAS MO/IEJIb HHAYKIIHOHHOTO 30HIHPOBAHHUS
2.1. Mopenu cpeibl ¥ BO30yIUTENIEH TOJIS
2.2. IlpocTpaHCTBEHHBIE CIIEKTPBI JIEKTPOMArHUTHOTO 110JIs
2.3. Teopema Jlunckoii-BanbsiHa
2.4. BepTukaiabHOE 3JIEKTPUUECKOE 10JI€ B 3eMJIE
2.5. CniexTpasbHbBII UMIIEIaHC U CLIOCOOBI €r0 ONpeIeICHHS

B nanHom paznene paccmarpuBaercst GyHJaMEHTaJIbHAs 3aja4a, JeKallas B OCHOBE BCEX
METOJ0B MHIYKIIMOHHOTO 30HIUPOBAHHS - O MOJE, CO3/1aBa€MOM B TOPU30HTAIBHO-CIIOMCTON
cpefie IPOU3BOJIBHOM, PpAacIOJOXKEHHOM B BO3AyXe, CHCTEMOH 3aMKHYThIX TOKOB. 3ajada
pemiaeTcss Ha YpPOBHE IMPOCTPAHCTBEHHBIX CHEKTPOB. [10 pa3mu4HBIM OTHOLICHHUSM CIIEKTPOB
KOMITOHEHT HOJIsl OIpeesieTcs CIeKTPaJIbHbIM UMIIEJaHC, CBSI3aHHBIN C TapaMeTpaMH CIOUCTON
Cpeapl.

(3). MarunToBapnannonnoe (MB) 3oHapoBanue
3.1. Pa3nenenue reoMarHuTHOTO OJISL HA BHEIIHIOK U BHYTPEHHIOK YacTH
3.2. 'mo6ansnoe MB 30H1MpOBaHME: TIEPBBIE OTIBITHI
3.3. IlocTpoenue u UHTEpIIpeTanys KpuBoil riodansHoro MB 30H1upoBaHMs
3.4. MB 3oH1upoBaHue cioco0aMy OTHOIIEHHSI KOMIIOHEHT U IIPOCTPAaHCTBEHHBIX MPOU3BOIHBIX
3.5. CoBpemenHoe cocTosiHME ITyOuHHBIX MB 30H1upoBaHui

Pazgen mocsimieH MeToAy 30HAMPOBAHUS MAHTUU 3E€MJIM C  HCIOJIb30BaHUEM
JUIMHHOIIEPUOAHBIX Bapualuii MarHUTHOro nosst 3emnu. PaccMaTpuBaeTcs BOIIPOC O BBIACICHUN
COCTABIISIIONINX TIOJIA, CBA3AHHBIX C MarHuToc(hepHO-MOHOCHEPHOH TOKOBOW CHCTEMOH U C
TEJUTyPUUECKUMH  (3€MHBIMH)  TOKaMH. AHAJU3UPYIOTCS  HECKOolbko cnocobos MB
30HIUPOBaHUA: TJ00aNbHBIA, OCHOBaHHBIM Ha aHAJINW3€ MPOCTPAHCTBEHHBIX CIEKTPOB
MarHMTHOTO TO0JIsl, U3MEPEHHOT'0 Ha BCEW 36MHOM MOBEPXHOCTH, a TAKKE OTHOIIECHUS KOMIIOHEHT
(30HAJIBHBIN) U TIPOCTPAHCTBEHHBIX MPOU3BOIHBIX (TPaAUEHTHBIN), UCTIOIB3YOIIHE KOMITIOHECHTHI
IOJII M MX IPOCTPAHCTBEHHBbIE NPOM3BOJHBIE B OJHOM TOYKE 3€MHON MOBEPXHOCTH. Jlaércs
IPEJICTAaBICHUE O COBPEMEHHOM COCTOSHMM OOCepBaTOPCKUX M  CHYTHHUKOBBIX MB
UCCIIEI0OBAHUM.

(4). MT 30HaMpoBaHHe TOPU30HTAIBLHO-0THOPOAHBIX CPe/T
4.1. Tlone nnockoii BosHbI, 3a1a4a TuxoHoBa-Kanbspa
4.2. Kpussle MT 30HI1MpOBaHuUS U UX ACUMITOTHI
4.3. Tpanchopmarus Hubnerra
4.4. Pemenne oqHoMepHoi oOpatHoi 3agaun MT 30HaupoBaHus

B uerBepToM pasnene HaumHaeTcs paccMoTpeHue Teopun Merona MT 3onaupoBanus,
OCHOBAaHHOIO Ha M3yYE€HUU MArHUTHBIX U JJIEKTPUYECKUX KOMIIOHEHT MEPEMEHHOrO IO
3emnu. U3 QyHaameHTanbHON MOAETH MHIYKIMOHHOIO 30HIMPOBAHMUS, JJIS YaCTHOTO Clydas
IUIOCKO-BOJIHOBOTO TIOJIsL, IOJIy4aeTcss pemeHue npsmod 3amaun MT 3oHaupoBaHus miis
TOPU30HTAIHO-CIIOUCTOM cpefbl. Kak OCHOBHas XapaKTepUCTHKa FOPU30HTATIbHO-OHOPOIHOM
cpenpl BBoaUTCA umnenanc Tuxonosa-Kanbsgpa. Ananusupyrorcs kpussle MT 30HIMpoBaHu,
CrocoObl X aBTOMATHYECKON TpaHc(opMmalmu, a TakKe UHTEPIPETAlUu C YYEeTOM alpHOPHON
UHpOpMaLINH.

(5). MT 30HAMpPOBaHHE TOPU3OHTAIBLHO-HEOTHOPOIHBIX CPel

5.1. 'opH30HTaILHO-HEOJHOPOIHAS TE€OITEKTPUUYECKAs] MOJIEIIb, TEH30P UMIIEIaHCa
5.2. Paznienenue nosig Ha HOPMAJIbHYIO U AHOMAJIbHYIO YacTH, TeH30pbl [ puHa

5.3. JIe nomnsipu3alii HOPMAJIbHOTO OIS



5.4. JIuneitaple cBA3u Mex 1y komnoneHTaMu MT nosst u ux oco6eHHOCTH

BBonsTcst B pacCMOTpPEHHE TOPU30HTAIBHO-HEOJHOPOIHAS MOAEIb 3EMIIU U €€ OCHOBHAs
TEOdJIEKTPUYECKAsT XapaKTEpUCTUKA — TEH30p uMIenaHca. Ha ocHoBe aHamu3a MoOAenu C
HEOJHOPOJHOCTBI0 B T'OPU30HTAIBHO-CIOUCTOM Cpele, € IPUBICYCHHEM TEOPHUM METOla
WHTEIPAJIHBIX YPABHEHUM, ITOKA3BIBACTCS, YTO JIMHEHHBIE CBA3U MEXAy KomnoHeHTamu MT
II0JI1 BBIBOAATCS M3 ypaBHEeHMI MakcBesuia. AHaIM3UPYIOTCS CBOWCTBAa TEH30pa MMIIEJAHCa B
OJIHOMEPHOMH, IBYyXMEPHOU U TPEXMEPHON MOJECIISAX CPEIBI.

(6). Anasm3 MT u JaHHBIX
6.1. IlonsipHble AUarpaMMbl ¥ HHBAPUAHTHI TEH30pa UMIIEJaHCa
6.2. '1aBHbBIC 3HAYCHHS U TIIABHBIC HAIIPABJICHUS TEH30pa UMIIEIaHCca
6.3. MeTtonbl pa3eneHus JOKaIbHBIX U PETHOHATBHBIX 3P PEeKTOB
6.4. Matpuna Buze-ITapkuHcona
6.5. JIsyxToueunbie MT matpuiibt

Paznen mocesimen meronam aHanmu3za MT JaHHBIX, MO3BOJISIONIMM BBIICIHTH OCHOBHBIC
AQHOMAJIUU BJIEKTPOIIPOBOJHOCTH, ONPEACITUTh MX PAa3MEPHOCTb M TNPOCTUPAHUE, OLUCHHUTH U
NOJIaBUTh BJIMSIHAE TPHUIIOBEPXHOCTHBIX HEOIHOPOJHOCTEH. BBIBOIATCS M aHAIM3UPYHOTCS
(dopMyIIBI IS OTIpeNeNIeHus TJIaBHBIX 3HAUCHWH W HANpPaBJICHUN TEH30pa MMIIEIAHCa, a TaKKe
BBIJICJICHUS €T0 PETHOHAIBHOM cocTaBistomeii. [loMruMo TeH30pa uMITeIaHca, pacCMaTPUBAIOTCS
orpenenseMble TOJIBKO MO MarHUTHBIM KOMIIOHEHTaM mojs marpuna Buse-llapkuHcona wu
TOPH30HTANILHBIA MAarHUTHBIA TEH30p.

(7). Aurepnperanust MT 1aHHBIX
7.1. Pemenne npsmbix 2D u 3D 3amay MT3
7.2. Pemenue oopatHbix 2D u 3D 3amau MT3
7.3. [IporpaMmbl peleHus NpsIMbIX U OOpAaTHBIX 3a1a4
7.4. 2D uHTepnipeTanys, NPUHIUI HHPOPMAIIMOHHOMN JTOMOJTHUTEIIBHOCTH
7.5. CoBpemeHHas crpaTterus unrepnperanuu MT naHHbIX

JlaeTcs MOHSTHE O COBPEMEHHBIX YHCIEHHBIX METOJaX M MPOTPaMMHOM OOECIeUYeHUHU
JUTSL PEIICHUsT IBYMEPHBIX M TPEXMEPHBIX MPSIMBIX U 00paTHbIX 3amad MT3. PaccmarpuBarorcst
OCOOCHHOCTH JBYX TMoNsipu3anuii, Ha KoTopble pacnagaercs MT-mone B 2D cpene.
[Toxa3piBaeTCsi HEOOXOIMMOCTh HCIIOJIb30BAHMS B XOJIe€ WHTEPHpPETAHs 0O0CUX TMOISIPU3AIHiA,
CPaBHHMBAIOTCS CMOCOOBI MX MapaUIeNbHOM M TOCIeNoBaTeNbHON HMHBEpCHU. B 3akitoueHue
paccMatpuBaeTcst Tpad aHanmuza W uWHTepnperanuun MT-TaHHBIX TPUMEHHTENBHO K Cpelram
pa3IMYHON pa3MepHOCTH.

(8). IoJie rapMOHHYECKOT0 BEPTHKAJIBHOT0 MAarHUTHOTO AunoJisi (BM/) B ropu3oHTaILHO-
CJIOMCTOl cpene
8.1. IlocraHoBKa 3a/1a4M, TPOCTPAHCTBEHHBIE CIIEKTPHI KOMIIOHEHT I10JIS
8.2. [lepexo1 OT MPOCTPAHCTBEHHBIX CIIEKTPOB K KOMIIOHEHTAM I10JISI
8.3. Ilone BM/] B 0iHOPOIHOM MOJIYIIPOCTPAHCTBE
8.4. Meron 30H1MpoBaHus B faibHel 30He BM/]
8.5. Meton 3ou1upoBanus B OmkHel 30ae BM /]
8.6. Oco0eHHOCTH ANEKTPOMArHUTHOTO TIOJISI ITPH FalbBaHUYECKOM BO30YXKACHUN

B stom pasnene, Ha ocHOBE (hyHIaMEHTAIbHON MOJIENU WHAYKLIMOHHOTO 30HIMPOBAHMS,
BBIBOJIUTCSl PELIECHHE 33/Ja4dl O I0JIe TApMOHHYECKOI0 BEPTUKAIBHOIO MArHUTHOTO JIMIIONISA,
aKTyaJIbHOM JJI1 METOJOB 30HIMPOBAHMS C HCKYCCTBEHHBIM HCTOYHUKOM. PaccmarpuBaercs
BOIIPOC O YUCIIEHHOM OIpE/IeJIeHMH KOMIIOHEHT TMOJs, CBOASILEMCS K pacyeTy MHTETPaJIbHBIX
npeoOpa3oBaHUil METOIOM JTUHEHHON (QUIbTpanu. AHAIM3UPYETCs CTPYKTypa MHOJs B Cllydae
OJIHOPOAHOTO MOoJympocTpaHcTBa. OmNUCHIBAIOTCS JBa cHocoba 30HAUPOBAHMS B IOJIE
BEPTUKAJIBHOIO MAarHUTHOTO JUIIOJSA: YacTOTHOINO B JAJbHEW 30HE M TE€OMETPUYECKOIO B
onxueil. [IpoBoauTcs cpaBHEHHWE OCHOBHBIX OCOOCHHOCTEH IMMoJied NMpU HMHAYKIMOHHOM U
rajJbBaHUYECKOM BO30YKJICHHUH.



(9). CranoBJieHHe OJISI BEPTUKAJIBHOT0 MATHUTHOTO JUTIOJISI B TOPU30HTAIbHO-CJIONCTOM
cpene
9.1. CrexTpanpHblii METOJ] pacyeTa HEyCTaHOBUBIIETOCS MO
9.2. O pacuere nojs st ABYXIETICBOM YCTAHOBKH
9.3. Cranosnenue noiast BM/I B 01HOpOIHOM MOJTYTIPOCTPAHCTBE
9.4. Ananm3 craHoBieHus 1ot BMJI B manbHe# u OJIMoKHEH 30HaX
9.5. KpuBble kaxyIiencs mpoBOANMOCTH

[Tocneanuii pasnen MOCBAIIEH TEOPUM METOJa 30HAMPOBAHUS CTAHOBICHHEM IIOJIA.
PaccmaTtpuBaercs MeToa pacuera HEYCTaHOBUBILIETrOCS IIOJiA, OCHOBaHHBI Ha ®ypbe-
npeoOpa3oBaHUU pPEUICHUs, MOJYyYaeMOro B YacTOTHOH oOmactH. ONMCHIBAIOTCS MPHHLIUIBI
pacuera Tmoyig AN IIUPOKO HCIOJIb3YeMOM Ha MpaKTHKE [BYXIETIEBOW YCTAaHOBKU C
COBMEILEHHBIMHM M Pa3HECEHHBIMM MUTAIOIIEH U NPUEMHOM NETISIMU. AHaIU3UPYETCs I0JIe Ha
MOBEPXHOCTU OJHOPOJHOTO TMOJYNpOCTpaHCTBa. PaccmaTpuBaioTcss Moaudukanuu MeToja
CTAHOBJICHUS TOJIS B NabHEH 1 OnmxHen 30Hax. OOCyx)paeTcst cnocod MOCTPOSHUs], Ha OCHOBE
MOJIEBBIX JAHHBIX OJMKHEH 30HBI, KPUBBIX KaXKyIIeHCs MPOBOJUMOCTH.

4. The structure and content of the discipline

Overall study of the discipline «Theory of electromagnetic soundings» content is 3
credits or 108 hours, including 28 hours of classes (lectures 14 hours plus seminars 14 hours) and
80 hours of independent work of students.

4.1 Discipline structure

Kinds of study activities,
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1 | Introduction 9 1 2
2 | Fundamental model of 9 23| 2 2 10
induction sounding
3 | Magnetovariational sounding | 9 4 2 10 | Written test
4 | MT sounding of horizontally- | 9 5 2 10
stratified medium
5 | MT sounding of horizontally 9 6 2 10
inhomogeneous medium
6 | MT data analysis 9 | 78| 2 2 10 | Written test
7 | MT data interpretation 9 | 9-| 2 2 10
10
8 | Harmonic field of vertical 9 |11-| 2 2 10
magnetic dipole in 12
horizontally-stratified
medium
9 | Transient field of vertical 9 |13-| 2 2 10 | Written test
magnetic dipole in 14
horizontally-stratified




| medium

Intermediate assessment 9 Examination

In total: 3 credits or 108 hours 14 |14 80

4.2 Discipline contents

(1). Introduction
1.1. Main scientific schools on electromagnetic soundings
1.2. Recommended literature (monographs, periodical publications) and Internet resources
1.3. Some formulae from the theory of electromagnetic field

The section includes information, necessary for the understanding of lectures and for the
independent work during semester. The history of development of electromagnetic soundings is
considered, main scientific schools are characterized. Links to the sources of additional
information are provided. Elements of the field theory, required for further work, are reminded.

(2). Fundamental model of induction sounding
2.1. Models of the medium and field generators
2.2. Spatial spectra of electromagnetic field
2.3. Lipskaya-Vanyan theorem
2.4. Vertical electric field in the ground
2.5. Spectral impedance and ways of its definition

In this section we consider the statement of the fundamental problem, forming the
background of all induction sounding methods theory — about the field, created in horizontally-
stratified medium by the arbitrary system of closed currents in the air. This problem is solved
using spatial spectra of field components. Using different ratios of field components spectra, we
define spectral impedance, connected with the parameters of layered medium.

(3). Magnetovariational (MV) sounding
3.1. Separation of geomagnetic field to external and internal parts
3.2. Global MV sounding: first experiments
3.3. Construction and interpretation of global MV sounding curve
3.4. Component ratio and spatial derivatives methods of MV sounding
3.5. Modern state of MV soundings

The section is dedicated to a method of the Earth’s mantle sounding using long-period
variations of the Earth’s magnetic field. A problem of field separation into two parts, connected
with magnetosphere-ionosphere current system and with telluric currents in the Earth, is
considered. Several ways to perform MV sounding are analyzed, they are: global, based on
computation of spatial spectra of magnetic field, measured in the Earth’s surface; and also
component ratio (zonal) method and spatial derivatives (gradient) method, using field
components and their spatial derivatives at one point of the Earth’s surface. Modern state of
observatory and satellite MV studies is considered.

(4). Magnetotelluric (MT) sounding of horizontally-stratified medium
4.1. Plane wave field, Tikhonov-Cagniard problem
4.2. MT sounding curves and their asymptotes
4.3. Niblett transformation
4.4. Solution of one-dimensional inverse problem of MT soundings

In the fourth section we begin to study the theory of MT sounding method, which is
based on usage of magnetic and electric components of the Earth’s alternate field. From the
fundamental model of induction sounding, for the particular case of plane-wave field, we obtain
the solution of the forward problem of MT sounding in case of horizontally-layered medium.
Tikhonov-Cagniard impedance is introduced as the main characteristic of horizontally-layered
medium. MT sounding curves are analyzed, as well as ways of their automatic transformation
and interpretation using prior information.




(5). MT sounding of horizontally inhomogeneous medium
5.1. Horizontally inhomogeneous resistivity model, impedance tensor
5.2. Field separation into normal and anomalous parts, Green’s tensors
5.3. Two polarizations of the normal field
5.4. Linear relationships between MT field components and their features

Horizontally inhomogeneous model of the Earth is introduced together with its main
characteristic — impedance tensor. Analyzing a model with inhomogeneity in the horizontally-
layered background, and using integral equations method theory, we show that linear
relationships between MT field components can be derived from the fundamental Maxwell’s
equations. The behavior of impedance tensor in one-, two- and three-dimensional models is
considered.

(6). MT data analysis
6.1. Polar diagrams and invariants of impedance tensor
6.2. Principal values and principal directions of impedance tensor
6.3. Methods for the separation of local and regional effects
6.4. Wiese-Parkinson matrix
6.5. Two-point MT matrixes

The section is dedicated to methods for MT data analysis, which allow revealing major
conductivity anomalies, determining their strike and elongation, evaluating and suppressing the
influence of near-surface inhomogeneities. We derive and analyze formulae defining principle
values and directions of impedance tensor, as well as its regional component. Besides impedance
tensor, we consider Weise-Parkinson matrix and horizontal magnetic tensor, which are
determined using magnetic field components only.

(7). MT data interpretation
7.1. Solution of forward 2D and 3D MT problems
7.2. Solution of inverse 2D and 3D MT problems
7.3. Programs for the solution of forward and inverse problems
7.4. 2D interpretation, principle of informational complementarity
7.5. Modern strategy of MT data interpretation

We briefly discuss the basics of modern numerical modeling methods and consider the
methods and software for the solution of two- and three-dimensional forward and inverse MT
problems. Features of two polarizations, into which MT field split in 2D medium, are reviewed.
The necessity to use both polarizations for the interpretation is shown, ways of their parallel and
successive inversion are compared. In conclusion, the graph of MT data analysis and
interpretation is considered with application to mediums of different dimensionality.

(8). Harmonic field of vertical magnetic dipole in horizontally-stratified medium
8.1. Statement of the problem, spatial spectra of field components
8.2. Transition from spatial spectra to field components
8.3. The field of vertical magnetic dipole (VMD) in the homogeneous half-space (HHS)
8.4. Method of sounding in the far zone of VMD
8.5. Method of sounding in the near zone of VMD
8.6. Features of electromagnetic field in case of galvanic excitation

In this section, on the basis of the fundamental model of induction sounding, we derive
the solution of the problem on estimation of the harmonic vertical magnetic dipole field, used in
methods of controlled source sounding. We consider the question of numerical evaluation of
field components, which is reduced to integral transforms calculation using linear filtering
method. Then we analyze field structure in case of homogeneous half-space. Two methods of
sounding in the field of vertical magnetic dipole are considered: frequency sounding in far zone
and geometrical sounding in near zone. Main features of the fields created by inductive and
galvanic excitation are compared.



(9). Transient field of horizontal magnetic dipole in horizontally-stratified medium
9.1. Spectral method for transient field calculation
9.2. Two-loop array field computation
9.3. Transient field of the VMD in the homogeneous half-space
9.4. Analysis of the VMD transient field in far and near zones
9.5. Apparent conductance curves

The last section is dedicated to the theory of time-domain sounding method. We consider
method for transient field calculation, based on Fourier transform of the solution, obtained in
frequency domain. Then we discuss the principles of field computation for widely used two-loop
array with coincident and separated loops. Field on the surface of the homogeneous half-space is
analyzed. Modifications of time-domain method for far zone and near zone are considered. The
way to construct apparent conductance curves using near zone field data is discussed.

5. PexoMeHyemMble TEXHOJIOTUH

[Ipu  peanuzaumu  mporpamMmbl  AUCHUIUIMHBL  «Teopuss  3JIEKTpOMarHUTHBIX
30HAMPOBAHUID HCIONB3YIOTCS pa3inuHble O00pa3oBaTelbHbIE TEXHOJOTHH. AYIUTOPHBIC
3aHATUA (28 YacoB) BKJIIOYAIOT JICKIIMHM, B TOM YHCIE€ WHTEPAKTHUBHBICE W C JIEMOHCTpaluen
claiiioB, a Takxke cemuHapbl. CamocTosaTenbHass paboTra cTyAeHTOB (44 daca) BKIIOYaeT
MOBTOPEHHE MaTepuasa JIEKI[UH, MOJTOTOBKY KOHTPOJIbHBIM paboTaM, a TakKe MOJATOTOBKY K
JK3aMEHY.

5. Recommended methodology

Different educational technologies are used during the implementation of «Theory of
electromagnetic sounding » discipline program. Class works (28 hours) include lectures, some of
which are interactive or with slides demonstration, and several seminars. Independent work of
students (80 hours) includes revision of lecture materials, preparation to written tests and
preparation to the examination.

6. OueHouHble cpeacTBA AJsl TeKYLIero KOHTPOJS YCNeBA€MOCTH, IPOMEKYTOYHOM
aTTeCTALMH 110 UTOraM OCBOCHHS JMCIUIIIHHBI
JUis CTUMYJIUPOBAaHUS CaMOCTOSITENILHOM pabOThl CTYJIEHTOB B TEUYEHHE CEMECTpa,
OPOBOJATCS TpU HEOOJbIINE TMUCHbMEHHbIE KOHTPOJbHbIE pPAOOTHL. YCIEIIHO HalKMCaBIINe
KOHTPOJIbHBIE pa0OThI CTYACHTHI IOIYCKAIOTCS K 3K3aMEHY.
Crnucok BOMpOCOB K DK3aMEHY:
dyHaaMeHTalbHask MOJIEb UHIYKIIMOHHOTO 30H/IMPOBAHHUS, IPOCTPAHCTBEHHBIE CIIEKTPHI.
Teopema JIunckoli-BanbsHa.
BeprukanbHOE 37€KTpUYECKOE MOJIE B 3EMIIE.
CriexTpasbHbII UMIIEIaHC U CIOCOOBI €ro ONpeesIeHHs.
Pasznenenne reoMarHUTHOTO 1OJIS HA BHELIHIOKO M BHYTPEHHIOKO YacTH.
I'mo6ansHoe MB 30H11poBaHKE: TIEPBbIE OIBITHI, HHTEPIPETALMS KPUBOW 30HANPOBAHMUSL.
MB 30H1upoBaHuE cioco0aMu OTHOIIEHHS KOMIIOHEHT U IPOCTPAaHCTBEHHBIX TPOU3BOHBIX.
CoBpemeHHOE cocTosiHME ITyOuHHBIX MB 30H1IMpOBaHMIA.
[Inockas BonHa, 3ana4a TuxonoBa-Kanbspa. Kpussle MT 30H11pOBaHNs, NX aCUMIITOTHI.
9. Tpaucdopmanus Hubnerra.
10. Pemenuie ogHOMEpHOH 00paTHO# 3a1auu MT 30HaMpOBAHUS.
11. T'opu3oHTaIbHO-HEOIHOPOHASL ~ T'eOdJIEKTpUUYecKas Mojenb. PasgeneHue Tois  Ha
HOPMAJIBHYIO 1 aHOMAJIBHYIO YacTH, TEH30pbI | puHa.
12. JIge nossipu3aiui HOpMaJILHOTO TOJs. JIMHelHbIe CBSI3M Mex Iy KoMoHeHTamMu MT nons u
UX OCOOEHHOCTH.
13. TonsipHble AUarpaMMbl 1 HHBapUAHTHI TEH30pa UMIIEJaHCA.
14. I'maBHbIe 3HaU€HUS U TJIaBHbIE HAPaBIEHUS TEH30pa UMIIe/IaHCa.
15. Metobl pa3/ieneHus JOKAIbHBIX U PETHOHANBHBIX 3()()eKToB.
16. Marpuna Buze-IlapkuHcoHa.

NoakowhE
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17

18.
19.
20.
21.
22.

23.
24.
25.
26.
27.
28.
29.
30.

6.
of

. AByxToueunsie MT marpuisl.

Pemenne mpsimbix 2D u 3D 3agau MT3.

Pemenne oopatabix 2D u 3D 3amau MT3.

2D unrepnperanys MT ganHbIX, TpUHLIKI HHHOPMAITMOHHOMN TONOTHUTEIBHOCTH.
CoBpemenHas crparerus unTeprperaunu MT naHHBIX.

[TocranoBka 3amaun o nojge BMJI B I'CC, npocTpaHCTBEHHbIE CHEKTPbl KOMIOHEHT MOJISI.
[Tepexo OT MPOCTPAHCTBEHHBIX CIIEKTPOB K KOMIIOHEHTAM TIOJISI.

[Tone rapmonuyeckoro BM/I B 01HOpOIHOM MOTYIPOCTPAHCTRBE.

Mertoapl 30HIUPOBAHUS B JaIbHEH U OJMKHEH 30HE TapMoHnYeckoro BM/I.
Oco6eHHOCTH 3IIEKTPOMArHUTHOTO T0JIS TIPU TaIbBAaHUYECKOM BO30YKICHHUU.
CrexTpallbHbI METO/ pacyeTa HEYCTAHOBHUBIIETOCS MTOJISL.

O pacuere CTaHOBJIEHUS MOJISI IBYXIIETICBON YCTaHOBKH.

Cranosnenue nojis BM/] B 0HOpPOIHOM MOJyITPOCTPAHCTBE.

Ananu3 cranoBnenus oyt BM/] B nanbHel u OnvkHEH 30HaX.

KpuBble kaxy1ieics: mpoBOJUMOCTH.

Marking for current performance control and interim assessment during and at the end
the course
For the stimulation of the independent work of students during the semester, three small

written tests are conducted. Those who successfully pass these tests are allowed to take the
examination.

NoabkowhE
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The list of questions for the examination:
Fundamental model of induction sounding, spatial spectra.
Lipskaya-Vanyan theorem.
Vertical electric field in the ground.
Spectral impedance and ways of its definition.
Separation of geomagnetic field into external and internal parts.
Global MV sounding: first experiments, interpretation of sounding curve.
MYV soundings by means of components ratio and spatial derivatives methods. Modern state
of deep MV studies.
Plane wave, Tikhonov-Cagniard problem. MT sounding curves, their asymptotes.
Niblett transformation.
Solution of one-dimensional inverse problem of MT sounding.
Horizontally-inhomogeneous resistivity model. Field separation into normal and anomalous
parts, Green’s tensors.
Two polarizations of normal field. Linear relations between MT field components and their
features.
Polar diagrams and invariants of impedance tensor.
Principal values and principal directions of impedance tensor.
Methods for local and regional effects separation.
Weise-Parkinson matrix.
Two-point MT matrixes.
Solution of forward 2D and 3D MT problems.
Solution of inverse 2D and 3D MT problems.
2D interpretation of MT data, principle of informational complementarity.
Modern strategy of MT data interpretation.
Statement of the problem of VMD field in homogeneous half-space, spatial spectra of field
components. Transition from spatial spectra to field components.
Field of a harmonic VMD in a homogeneous half-space.
Methods of sounding in far and near zones of a harmonic VMD.
Features of electromagnetic field in case of galvanic excitation.
Spectral method of transient field calculation.
Calculation of two-loop array transient field.
. Transient field of a VMD in a homogeneous half-space.



29. Analysis of VMD transient field in far and near zones.
30. Apparent conductance curves.

7. YueOHO-MeTOoAuYecKoe U MH(OPMaIlMOHHOE o0ecreyeHHue TUCIUTIHHbI
7. Methodological and informational support

a) OCHOBHasI JIUTEpaTypa:

a) primary list of books:
1. XKnanoB M.C. DnekrpopaszBenka. M.: Henpa, 1986. 316 c.
2. bepmuueBckuit  M.H., Jmutpumes B.M. Maraurtoremiypudeckue 30HIAPOBAHUS
TOPU30HTAIBHO-OAHOPOAHBIX cpea. M.: Henpa, 1992. 250 c.
3. bepawueckmit M.H., JImutpue B.W., HosukoB J.b., Ilactryman B.B. Anaim3 wu
MHTEPIIPETALNS MarHUTOTEITyprudeckuX JaHHbIx. M.: [luanor-MI'VY, 1997. 161 c.

0) IOTIOJIHUTEIbHAS JTUTEPATypa:

b) secondary list of books:
4. XKnano M.C. I'eopusudeckasi dJIeKTpOMarHuTHas Teopus ¥ Metoapl. M.: HayuHwii mup,
2012. 680 c.
5. bepanuesckuii M.H., Imutpues B.1. Mozaenu u metoasl Maruutoreutypuku. M.: Hayunbrit
mup, 2009. 680 c.
6. Kostyn A.A. CTpoeHre KOpbI U BEpXHEH MaHTHH Ha ceBepo-3amnaje Boctouno-EBpomnetickoit
1aT(OpPMBI TI0 JAHHBIM MarHUTOTEIUTypudeckux 3oHaupoBanuid. JI.: U3n-Bo JII'Y, 1989. 284 c.
7. Banbsan JI.JI. DnektpomaruutHsie 30HAMpoBanus. M.: Hayunsiii mup, 1997. 219 c.
8. Cunopos B.A. mnynbcHas HHIyKTHBHAs dNeKTpopassenka. M.: Henpa, 1985. 192 c.
9. CgeroB b.C. Teopus, MeToguka u HHTEPOpPETALUs pPE3yIbTaTOB HU3KOYACTOTHOM
MHAYKTUBHOM 3JiekTpopassenku. M.: Henpa, 1973. 256 c.
10. Kaydpman A.A. Beenenue B Teopuo reopu3nueckux MeTo10B. YacTp 2: 371eKTpOMarHuTHbIE
nosist. M.: Henpa, 2000. 483 c.
11. DnexTpopas3Beaka: crnpaBoyHUK reodusmka (B 2 tomax). Ilog pen. Xmenesckoro B.K. u
bonnapenko B.M. M.: Henpa, 1989. Kuura 1 - 438 c., kaura 2 — 378 c.
12. DnexTpoMarHuTHbIE HUccienoBaHus 3eMHbIX Henp. [lon pex. Crnmuaka B.B. M.: Hayunsiii
mup, 2005. 245 c.

8. MartepuajibHO-TeXHUYECKOE o0ecneyeHne TUCHUIIMHBI

s MaTEPUATIbHO-TEXHUUECKOT O obecrieueHus JVCLIUTUIMHBI «Teopus
AIIEKTPOMAarHUTHBIX 30HIAUPOBAHUI» HMCHOJIB3YIOTCS JIEKLIMOHHBIE ayJIUTOpPUHM M OHOIMOTEKa
reosiornyeckoro ¢axkynaprera MI'Y.

8. Necessary facilities and equipment
For the material and technical support of the discipline «Theory of electromagnetic
soundings» lecture rooms and the library of the Faculty of geology of MSU are used.

9. KpaTkoe cogep:kanue TUCHHUIINHBI (AHHOTAIMSA)

PaccmarpuBaercss (yHmameHTanpHas MOJENb HHIYKIIMOHHOTO AJIEKTPOMArHUTHOTO
30HIUPOBAHUS, BKIIOYAIONIAss TOPU3OHTAIBHO-CIONCTOE HIKHEE MONYMPOCTPAHCTBO H
HETPOBOJISIIIEe BEpXHEE MOJIYMPOCTPAHCTBO, B KOTOPOM pACIOJaraeTcs 3aMKHyTas CHCTeMa
CTOPOHHHX TOKOB. Kak dacTHble ciydyau ATOW 3a/auyd, IMOJYYarOTCSI OJHOMEpHBIC 3a/adyu
METOJIOB 30HAUPOBAHUS: TIyOUHHOTO MarHUTOBapUAlMOHHOTO (MB3),
MarautoTemnypudeckoro (MT3), yactorHoro (U3) u cranosnenuem mnouns (3C). Uccnenyrorcs
OCHOBHBIE 3aKOHOMEPHOCTH AJIEKTPOMArHUTHOTO TIOJISI B PaMKax ATHX 3a1a4. [[pUMEHHUTENBHO K
metony MT3, paccmaTpuBalOTCs Takke ABYXMEpHbIE M TpPEXMEpHBIE 3anadyu, naércs
UHpOpPMAINHS 0 METOaX aHAIHM3a U MHTEPIPETANH TaHHBIX.

9. Discipline content (annotation)
The fundamental model of induction electromagnetic sounding is considered. It includes
horizontally-layered lower half-space and resistive upper half-space, containing a system of



closed foreign currents. As particular cases of this problem, we obtain and solve one-dimensional
problems of sounding methods: deep magnetovariational (MV), magnetotelluric (MT),
controlled-source frequency domain (FDEM) and time-domain (TDEM). The main features and
regularities of electromagnetic field in the framework of these problems are considered. With
regard to MT sounding method, two- and three-dimensional problems are considered, and
methods for data analysis and interpretation are discussed.

10. Y4eOHO-MeTOAMYECKHE PEKOMEHIANUH JJIsi 00ecleYyeHUusi caMOCTOATEIbHON PadoThI
CTYJIEeHTOB
Temsbl U1 caMOCTOATENIBHOM paboThI CTYICHTOB:
- MarnuroTemtypudeckue GyHKIUHA OTKITUKA;
- 'naBHbIC 3HAYEHUS U TJIABHBIC HANIPaBJICHUS TEH30pa UMIIEaHCa,
- Paznenenue TOKaIbHBIX U PETHOHAIBHBIX MAaTHUTOTEILTYpHUECKHX ()P EKTOB;
- MarautoBapranoHHbIe (YHKIIUU OTKIIUKA;
- JIBe KJ1laccu4ecKue MOJIeNIM TEOPUM UCKAKEHUH
- Mozenu reodsieKTpUuecKUuX CTPYKTYP B OCAJJOUHOM YEXJIE,
- Monenu riayOuHHBIX T€03JIEKTPHUUECKUX CTPYKTYD;
- Moaenu riryOMHHBIX pa3ioMOB,;
- [ToctaHoBKa 0OpaTHOM 3a1a4H;
- MaTepnperanoHHas MOJEINb;
- Ctparerus UHBEPCHUH.

10. Educational and methodological recommendations for self-study
Topics for independent work of students:

- Magnetotelluric response functions;

- Principal values and principal directions of impedance tensor;

- Separation of local and regional magnetotelluric effects;

- Magnetovariational response functions;

- Two classic models from the distortion theory;

- Models of geoelectric structure in a sedimentary cover;

- Models of deep geoelectric structures;

- Models of deep faults;

- Statement of the inverse problem;

- Interpretational model;

- Inversion strategy.
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