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1. lenn u 321244 0CBOEHHS THCHMIIJIHHBI

Llensmu  ocBoeHust aucuuiuMHbl  «lIpakTHyeckas MarHUTOTEIUTYpHKa»  SBISIOTCS
NOJy4yeHHe 3HaHWi 00 OCOOEHHOCTSIX NPUMEHEHUS MAarHUTOTeIUIYPUKH TIPU PELICHUU
Pa3IMYHBIX T'€OJIOTHUECKUX 33/a4 W NPUOOPETEHHE HABBIKOB HCIIOJIB30BAHUS WM PA3BHTHS
METOZOB M  IpOorpaMMHOro  oOecmeueHHst Juii  OOpabOTKM M MHTEpHpeTaluu
MarHUTOTEITYPUYECKUX JaHHBIX.

1. Goals and objectives of study

The goals of study of the discipline «Practical magnetotellurics» are gaining knowledge
about application of magnetotellurics to solve different geological problems and acquirement of
practical skills in usage and development of methods and software for magnetotelluric data
processing and interpretation.

2. Mecto aucunmimubl B ctpykrype OOII

HucuuruinHa «lIpakTudeckass MarHUTOTE/UIypUKa» YHUTAeTCsd B paMKaxX MarucTepcKon
nporpammbl  «ImyOunHas reodusukay npodpmis «l'eopusukay. Jucummmna 6a3upyercss Ha
3HAHUSX, MOJYYEHHBIX NPU W3Y4YEHUM AUCUUILUIMH U3 0a30Boi u BapuatuBHOM uacteir OOII
OakamaBpuarta: Onoka  OOHICHAYYHOW  TIOATOTOBKM  (MaTeMaTHYECKHE  JAUCIMILTAHBI
«Matemaruueckuil aHanus», «uddepenuuansusie ypaBHeHUs», «Teopus BEpoOSTHOCTH H
MaTeMaTHUYeCKasi CTaTUCTHKa», «BwrumciurenpHas matemartuka», «MHpopmaTtnka») um O10ka
npodWIbHOW NOArOTOBKU (reodu3nyeckue IUCUUIUIMHBL «Teopus reou3nyeckux IMoen,
«PammosnekTponukay,  «Jnekrpopa3Benka», — «HekoppekTHple — 3amauMl  TEOPHUIUKN,
«MHTepriperaniusi  AaHHBIX  AJIEKTPOpas3BeikW»). B HauOonplneld cTeneHW AUCHUILIMHA
0a3upyercst Ha 3HaHUSX, TTOJTYYCHHBIX NIPH U3YYECHUH TUCIHUILIHHEI « Teopus 3JIeKTpOMarHUTHBIX
30HAMpOBaHM» (BapuatuBHas yacte OOII Maructparypsl).

2. Discipline as a part of the curriculum

The discipline «Practical magnetotellurics» is studied in the framework of masters
program «Deep Exploration 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 analysisy,
«Differential equations», «Probability theory and mathematical statistics», «Numerical
methodsy», «Computer science») and from the block of profile training (geophysical disciplines
«Geophysical field theory», «Radio electronics», «Electrical prospecting», «lll-posed problems
in geophysics», «Interpretation of electrical prospecting data»). To a considerable degree the
discipline is based on knowledge obtained while studying the discipline «Theory of
electromagnetic soundings» (optional part of masters BEP).

3. TpeGoBaHusi K pe3yJIbTATAM OCBOCHUS TUCHHUIINHBI
B mporiecce nzydenus aucuuminabl «[IpakTryueckas MarHUTOTEIUTYpUKa» GOPMHPYIOTCS
AIIEMEHTBHI CIIEIYIOMUX TPOPECCHOHATBHBIX KOMIETEHIIHIH:

- CHocOOHOCTh TIYOOKO OCMBICIHBAaTH M (DOPMHUPOBATH ITUATHOCTUYECKHE PEIICHUS
npobjaeM TeoJIoTHH IMyTeM HWHTerpauud  (QyHIaMEHTaJdbHBIX pPa3/eNoB TreoDU3uKH U
CTeIUATN3UPOBAaHHbBIX Teoornyeckux 3Hanuit (M-I1K-1);

- CIIOCOOHOCTb CaMOCTOSITETILHO CTaBUTh KOHKPETHBIE 337a4l HAYYHBIX WCCIIEOBAaHHUH B
obmact reoHM3WKM W pemaTh WX C IMOMOIIBI0 COBPEMEHHOW ammaparypbl, 000pyaOBaHMUS,
UH(POPMALIMOHHBIX  TEXHOJOTMH, C HCIOJb30BAaHMEM HOBEHIIErO0 OTEYECTBEHHOIO U
3apy0exxHoro ombita (M-I1K-2);

- CHOCOOHOCTh MCIIONIB30BaTh YIITyOJICHHbIE CHEIMAIU3UPOBaHHbIE MPOPECCHOHATIBHBIE
TEOPETUYECKHE M MPAKTHYECKHE 3HAHUS U MPOBeNeHHsS reou3ndeckux uccienoBanuii (M-
[1K-4);

- CIOCOOHOCTh K MPOodeCcCHOHATHHOW AKCIUTyaTallid COBPEMEHHOTO Te0(hU3UIECKOTO
noseBoro u naboparopHoro obopyaoBanus u npudopos (M-I1K-5);



- CIOCOOHOCTh CBOOOJHO H TBOPYECKH TIOJH30BATHCS COBPEMEHHBIMH METOAAMH
00pabOTKM W WHTEPIPETAIMd KOMIUIEKCHOW Teodu3nueckod HHPOpMAlUM IS pelIeHUs
HAYYHBIX U MPAKTUUYECKUX 3a]a4, B TOM YHCIIE HAXOJSAIINXCS 3a MpeieIaMi HEMOCPEACTBEHHOM
chepsr aesreaproctr (M-ITK-6);

- TOTOBHOCTh K WCIOJIBH30BAHUIO MPAKTHUYECKUX HABBIKOB OPraHU3AlMU W YIIPABJICHUS
HAYYHO-HMCCIIEIOBATEIIbCKUMUA U HAYYHO-IIPOU3BOJICTBEHHBIMU pa0OTaMU MPHU PEIICHUU 33]ad
reo¢usuku (M-T1K-7);

- TOTOBHOCTh K NMPOEKTUPOBAHHUIO KOMIUIEKCHBIX HAYYHO-HCCIICIOBATEIBCKIX W HAYYHO-
IPOM3BOJICTBCHHBIX pabOT mpu perreHun reopusndyeckux 3amad (M-I1K-10).

B  pesynprare ocBoeHuMs — AaucuuIiiMHbBl  «[IpakTHYeckas ~ MarHUTOTEIUTYPHKA»
00yJaromuiCs TOJKEH:

3HaTh OCOOCHHOCTH MPUMEHEHHS U BO3MOXKHOCTH MArHUTOTEIUTYPHKHU TPU TITyOUHHBIX,
MAaJIOTJTyOMHHBIX, He(hTEra30BbIX U T€OTEPMATBLHBIX UCCIICIOBAHUSIX;

YMETh  TPOBOJWUTH  U3MEpeHHus, o0pabOTKy, aHanW3 W  UHTEPIPETALHUIO
MarHUTOTEILTYPHYECKUX JTaHHBIX;

BIIQJICTh HABBIKAMU MPUMECHECHHUS M PA3BUTHUS METOJOB M MPOTPAMMHOIO OOECIICUCHHUS
JUIs 00pa0OTKU M aHAJIM3a JaHHBIX, PEIICHHSI MIPSIMBIX U OOpaTHBIX 337]a4 MAarHUTOTEIUTYPUKH.

3. Discipline requirements

The result of studying the discipline «Practical magnetotellurics» 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 professionally use modern geophysical field and laboratory equipment and
devices (M-PC-5);

- 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);

- willingness to use practical skills of organization and management of research and
research-based work aiming at solving the problems of geophysics (M-PC-7);

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

As a result of studying the discipline «Practical magnetotellurics» the student must:

know the application specifics and possibilities of magnetotellurics in regional, near
surface, hydrocarbon and geothermal exploration;

be able to acquire, process, analyze and interpret magnetotelluric data;

master the application and development of methods and software for data processing and
analysis, for the solution of forward and inverse problems of magnetotellurics.



4. CTpyKTYypa M coaep:KaHue TUCHUIIMHBI

OOwiast TpyAOEMKOCTh AMCHUILINHBI «IIpakTHueckass MarHUTOTEIUTYPUKa» COCTABISET 3
3auétHple equHULbl uin 108 daco, B TOM 4Hcie ayAUTOpHOU HArpys3ku 36 4acoB (Jekiuu 12
4acoB, MPAaKTUYECKHE 3aHATHS 12 YacoB M ceMuHapbl 12 4acoB) M CaMOCTOSATENIBHOM PabOTHI

CTYJIEHTOB 72 Yaca.

4.1. CtpyKTypa M CHHILIHHBI
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OCHOBBI U3MEPEHUI ITpuem npak-
1 p 0] 1] 2 2 8 PHCM TIPaK?
JICKTPUICCKUX CUTHAJIOB THY. 3aJaHAN
O6paboTka Mpren Thak-
2 MarHMTOTEITypPUUECKUX 10 | 2 2 2 8 p pate
THY. 3aJaHUI
JTAHHBIX
Ob6cepBaTopckue
3 HaOJIIOJeHUS 10 3 2 4
AJIEKTPOMArHUTHOTO TTOJIS
OnHoMepHad IIpsiMas 3a1a4a ITpuem npak-
4 | AHOMEpHAA P A 101 4| 2 2 8 PHCM TIPaK?
MT3 TUY. 3aJaHuU
Tpanchopmanum KpUBBIX IIpnem npak-
5 pancopmanuu kp 10 | 5 2 | 2 8 PHCM TIPaK?
MT3 TUY. 3aJaHuU
IToctpoeune u S- IIpnem npak-
6 p 0] 6| 2 2 8 PHCM TIPaK?
uHTeprpeTanus Kpubix MT3 THY. 3a1aHUN
MonaenupoBanne MT-mons B IIpuem nipax-
7 ACIHMp € 10 | 7 2 | 2 8 PHEM TIpai
JIBYMEPHOI1 cpenie THY. 3aJJaHUI
HNuBepcusa CHHTETUYECKUX
8 P 10 | 8 2 4
MT-naHHbBIX
I'nyounusie MT
9 y 109 | 2 4
HCCIIETOBAHUS
MaorinyOuHHBIE DIIEKTPO-
10 y p 10 | 10 2 4
MarHUTHBIE UCCIEI0BAHUS
HedTterasosrie 3exkTpo-
11 b P 10 | 11| 2 4
MarHUTHBIE UCCIIEI0OBAHUS
I'eorepmanbusie MT
12 p 10 | 12 2 4
HCCIIETOBAHUS
[TpomexxyTouHasi aTTecTanus 10 DK3aMeH
Bcero: 3 3E unu 108 gacosB 12 |12 |12 72

4.2. Conep:xaHue U CUUIIMHBI

(1). OcHOBBI H3MepeHHUSs IJICKTPHUYECKHUX CHTHAJIOB
1. ®uiptp ®HY. Cxema. Pacuet yacToTsl cpesa.
2. @unbtp ®BY. Cxema. Pacuet yactoTsl cpesa.




OmnepannoHHblil ycunutenb. Cxembl BKIIOUEeHUS (TuddepeHIaabHbIi BX0I, TOBTOPUTED).
CornacoBaHue KacKaJIoB CHCTEM M3MEPEHUS [0 BXOTHOMY/BBIXOIHOMY COIPOTHBIICHHUIO.
5. [I'panyupoBounas xpusas, AUX nu3mMepuTenbHOro KaHajia.
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(2). O6padoTKa MATHHTOTEIYPHIECKHX TAHHBIX

1. CnocoObl MoaydeHHsI CIIEKTPAIbHBIX XapaKTEPUCTUK H3MEPEHHBIX CUTHAJIOB.

2. [Tloctpoenne nMITeJaHCHBIX OIICHOK. VIMITeJaHC KaK 9acTOTHAs XapaKTePUCTHKA pa3pesa.
3. OtOpakoBKa U OCPETHEHHE KPUBBIX KOMIIOHEHT T€H30pa UMIIEaHCa.

4., OpHOTOYEYHAs M CHHXpOHHAs 00paboTKa TaHHBIX.

(3). ObcepBaTopcKkue HADTIOAEHHUS 3JIEKTPOMATHUTHOTO TOJIst

1. Amnmaparypa st ©3MEPEHUS apaMeTPOB AIEKTPOMArHUTHOTO TIOJISI B 00CEpBAaTOPHH.
2. YCTpOWCTBO M 0OCOOEHHOCTH (PYHKIIMOHMPOBAHHUS T€OMarHUTHOM 00CEepBATOPHH.

3. Ceru reoMarHuTHBIX 00CEPBATOPUI U MUPOBBIE IIEHTPHI JaHHBIX.

4. OO6aacTH KCHOJB30BaHKs 00CEPBATOPCKUX JTaHHBIX.

(4). OnnomepHasi npsimasi 3agaya MT3

VYpaBHeHus1, onuceiBaromye MT 1ojie B ropu30HTAIIBHO-OJHOPOIHOM CpeJie.

[Inockoe none B OJHOPOIHOM MOJIYIIPOCTPAHCTBE. JJIMHa BOJIHBI, TOJIIIMHA CKUH-CIIOS.
Awmmuutyabie 1 (hazoBbie KpuBble M T3, BX CBSI3b APYT C APYTOM.

PexyppentHas ¢popmyia as pacuera UMIEIaHca Ha TOBEPXHOCTH CIIOUCTON Cpebl.
OcoOEHHOCTH TPSAMBIX OAHOMEPHBIX 33/1a4 METOOB JIEKTPOMArHUTHOTO 30HMPOBAHUSI.

s E

(5). Tpancpopmanun kpuBsix MT3

Omnpenenenne MHTErPAIbHBIX XapaKTEPUCTUK Cpeabl o KpuBbiM MT3.
OTimune MeTo10B TpaHchopMaIK OT METOI0B UHTEPITPETALIHH.
Tpanchopmanms Hubnerra.

Tpancpopmanun MonounoBa — Jle Boera u llImykepa — Jle Boera.
CBs3b anredpanueckux u 1updepeHInanbHbIX TpaHchopMarHii.

agrwbdE

(6). MMocTpoenue u S-uHTepnperanus kpuBbix MT3

Tenszop umnenanca, 3pPeKTUBHBIN UMITEAHC.

Br160op ontumansHOro napamerpa criaxxuanus Kpusbix MT3.

[NanpBaHnYecKue M UHIYKIIMOHHbIE HCKa)keHUs KpuBbIX MT3.

Wnes meTona KOHTPOIUPYEMOM TpaHC(hOpMaLIHH.

OKBUBAJIEHTHbIE pa3pe3bl, 3aBUCUMOCTH UHTErPaIbHONW MPOBOAMMOCTH OT ITyOUHBI.

arONE

(7). MoneaupoBanne MT-nossi B IByMepHOii cpene

Mertob! pereHus NpsMbIX 3aa4 3JIEKTPOPa3BeIKHU, MaTeMaTUYECKOe MOJIETUPOBaHHE.
E- u H-nonsgpu3zanuu, MmexaHu3Mbl 00pa30BaHUs aHOMAJUH.

IToctaHoBKa KpaeBoOH 3a1a4M, €€ KOHEUHO-Pa3HOCTHAs! allIIPOKCUMAIIHS.

KoHTpons TOYHOCTH MOAETHPOBAHNS.

Comnocrasnenue E- u H-monspu3oBaHHBIX, JTOKaTbHO-HOPMAIBbHOM U ()OHOBOM KPUBBIX.

agbrwbnE

(8). UnBepcusi cunrernueckux MT maHHBIX

1. Mertons! ananusa u uaBepcuu MT nannbsix. Beidop crpaterun untepnperaunu MT naHHBIX.
2. Hcnonb30BaHUE CUHTETUYECKUX JTAHHBIX U1 Pa3BUTHS METOAMKH MHTEPIPETALINU.

3. JIByxmepnas naBepcusi MT maHHBIX MPH HATHYHHA TPEXMEPHBIX CTPYKTYD.

4. TpéxmepHas unBepcust MT 1aHHBIX, TOTYYEHHBIX Ha OJIMHOYHOM MPOQHIIE.

(9). 'nyomnnsie MT ucciaenoBanus

1. Mertoasl uccnenoBaHusi MAHTUHHOM 3J€KTPONPOBOAHOCTH.

2. Pe3ynpTatrhl r100agbHBIX M PETHOHATBHBIX UCCIIEIOBAHUNA MaHTUHHON
3IEKTPONPOBOAHOCTH.



3. CnyTHUKOBBIE HAOMIOACHHUSI TEOMAarHUTHOTO TIOJIS.
4. Tlpupoaa KOpOBBIX AHOMAJIUI AJIEKTPOIIPOBOTHOCTH.
5. PesynpTaThl N3ydeHUs KOPOBBIX aHOMAIUH 3eKkTporpoBogHocty CeepHoli EBpasumn.

(10). Manor;iyOMHHBIE JIEKTPOMATHUTHbIE MCCJIeI0BAHUS
Annapatypa u metoauka Aynno-MT3 u Pagno-MT3.

Bo3mosxnoctu OM3 npu pemeHnn pa3iinyHbIX MaJIOTTyOMHHBIX 33/1a4.
[Tpumenenne M3 nipu u3bIickaHuAX 1Mo CTpouTenbcTBO DK/ B Kysnke (Mcranus).

1

2.
3.
4.

[Ipumenenune Ayano-MT3 npu nporrose noazemMusix Boa B Mcrmum (I'perus).

(11). HedrerazoBbie 3JIeKTPOMATHUTHbIE UCCJIET0BAHMS
3amauu, pemaembie OM MeTogaMH NP HEPTETa30BBIX UCCIIETOBAHUSIX.
MT wuccnenoBanus Mo ONOPHBIM U PETHOHATIBHBIM MPODUIISIM.

o~ E

(12). I'eorepmanbubie MT ucciienoBanusi

agrwbdE

4. The structure and content of the discipline

MT uccnenoBanus Ha TaitmbIpe.

MT uccnenoBanus B [Ipukacnuiickoil BajuHe.
[IpuMeneHnne MeToa BEI3BAHHOW MOJISIPU3AIUU IS KAPTUPOBAHUSI YTIIEBOIOPOIOB.

®uznueckre 0OCHOBBI NpuMeHeHust M T3 117151 u3ydeHus reoTepMalibHbIX PECYPCOB.
['eosniekTpruyeckass MOJEIb TUIIMYHOW Ir€O0TEPMAIIBHOM 30HbI 1 METOJAMKA HHTEPIPETALIH.
MT wuccnenoBanus reoTepManbHoOi 30HbI XeHrui (Mcnanaus).
MT wuccnenoBanus reorepmaiibHo 30Hb1 TpaBane (Mtamus).
Bosmoxnoctu MT3 npu uzydeHun reoTepMaibHBIX pecypcoB MIaTHOPMEHHBIX 00IacTei.

Overall study of the discipline «Practical magnetotellurics» content is 3 credits or 108
hours, including 36 hours of classes (lectures 12 hours plus practical work 12 hours plus
seminars 12 hours) and 72 hours of independent work of students.

4.1 Discipline structure

Kinds of study activities,
including independent work of
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1 Basics of electric signal 10 1 9 9 8 Practical task
measurements
2 Magnetotelluric data 10 | 2 2 | 2 8 | Practical task
processing
3 Observatory measurements of 10| 3 9 4
electromagnetic field
4 | 1D forward problem of MT | 4 | , | 5 2 8 | Practical task
soundings
5 Transformatlons of MT 10 | 5 2 2 8 Practical task
sounding curves
6 Construction and S- 10 | 6 2 2 8 Practical task




interpretation of MT curves
7 2D MT field modeling 10 | 7 2 | 2 8 | Practical task
8 Inversion of synthetic MT 101! s 5 4
data
9 Regional MT studies 10 9 9 4
10 Near surface elt_ectromagnetlc 10 | 10 9 4
studies
11 Hydrocarbon elec_tromagnetlc 10111 2 4
exploration
12 Geothermal MT exploration 10 | 12 9 4
Intermediate assessment 10 Examination
In total: 3 credits or 108 hours 12 |12 |12 72
4.2. Discipline contents

(1). Basic of electric signal measurements
1. Low-pass filter. Scheme. Determination of cutoff frequency.
2. High-pass filter. Scheme. Determination of cutoff frequency.
3. Operational amplifier. Switching on schemes (differential input, repeater).
4. Measurement system cascades matching in input/output resistance.
5. Calibration curve, amplitude-frequency characteristic of a measuring channel.
(2). Magnetotelluric data processing
1. Methods for calculation of measuring channel spectral characteristics.
2. Impedance estimation. Impedance as a frequency response of a medium.
3. Editing and averaging of impedance tensor component curves.
4. Single site and remote reference data processing.
(3). Observatory measurement of electromagnetic field
1. Equipment for electromagnetic field parameters measurements in an observatory.
2. Structure and operation of a geomagnetic observatory.
3. Geomagnetic observatory networks and world data centers.
4. Fields of application of observatory data.
(4). 1D forward problem of MT soundings
1. Equations of MT field in horizontally-homogeneous medium.
2. Plane wave in a homogeneous half-space. Wavelength, skin depth.
3. Amplitude and phase MT curves, their connection with each other.
4. Recurrent formula for calculation of impedance on the surface of a layered medium.
5. Specifics of 1D forward problems of electromagnetic soundings.

(5). Transformation of MT sounding curves

1
2.
3.
4
5

Determination of integral parameters of the medium using MT sounding curves.
Difference between transformation and interpretation methods.

Niblett transformation.

Molochnov — Le Viet and Schmuker — Le Viet transformations.

Relation between algebraic and differential transforms.

(6). Construction and S-interpretation of MT curves

1.

Impedance tensor, determinant impedance.




Selection of an optimal value of MT curve smoothing parameter.
Galvanic and inductive distortions of MT curves.

The concept of controlled transformation method.

Equivalent models, dependence of integral conductance from depth.

asrwN

(7). 2D MT field modeling

1. Methods for solution of electromagnetic methods forward problems, numerical modeling.
2. TE-and TM-modes, mechanisms of anomalies formation.

3. Boundary problem statement and finite-difference approximation.

4. Modeling accuracy control.

5. Comparison of TE- and TM-polarized, locally normal and background curves.

(8). Inversion of synthetic MT data

1. Methods for MT data analysis and inversion. Selection of MT data interpretation strategy.
Application of synthetic data for the development of interpretation methodology.

2D MT data inversion in presence of 3D structures.

3D inversion of MT data, obtained at a single profile.

H~own

(9). Regional MT studies

1. Methods for mantle conductivity studies.

2. Results of global and regional mantle conductivity studies.

3. Satellite observations of geomagnetic field.

4. Nature of crustal conductivity anomalies.

5. Results of studies of crustal conductivity anomalies in Northern Eurasia.

(10). Near surface electromagnetic studies

1. Equipment and technologies of Audio- and Radio-magnetotellurics.

2. Possibilities of electromagnetic soundings in near surface problems solution.

3. EM soundings for engineering study prior to construction of railroad near Cuenca (Spain).
4. Audio-MT soundings for groundwater prognosis in Isthmia (Greece).

(11). Hydrocarbon electromagnetic exploration

1. Problems solved by EM methods in hydrocarbon studies.

2. MT soundings along regional profiles.

3. MT soundings in Taymyr peninsula.

4. MT soundings in Precaspian depression.

5. Application of induced polarization method for hydrocarbon mapping.

(12). Geothermal MT exploration

Physical basics of MT method application for geothermal resources exploration.
Resistivity model of a typical geothermal zone and interpretation methodology.
MT studies of Hengill geothermal zone (Iceland).

MT studies of Travale geothermal zone (ltaly).

Possibilities of MT method in studies of geothermal resources of platform regions.

asrONOE

5. PexoMeHyemMble TeXHOJIOTUH

IIpu peanuzanuum nporpaMMbl JUCHMIUIMHBL  «IIpakTHdeckas MarHUTOTEILTYPHKa
UCIIOJIB3YIOTCS pa3finyHble 00pa3oBaTelbHbIE TEXHOJOTHMHU. AyAUTOpHbIE 3aHATUA (36 YacoB)
BKJIIOYAIOT JIEKIMU, B TOM YHUCJIE WHTEPAaKTUBHBIE U C JIEMOHCTpAIMel crlaioB, a Takxke
MpakTUYecKue 3aHsaTHs U cemuHapbl. CamoctositenbHas pabora cryaeHTtoB (108 wacos)
BKJIIOYAE€T MOBTOPEHHE MAaTEpUaloOB JIEKIHH, MOJrOTOBKY K CEMUHapaM, BBIIIOJHEHHE

MPAKTUYCCKUX SaﬂaHHﬁ, a TaKKC IMOATOTOBKY K OK3aMCHY.



5. Recommended methodology

Different educational technologies are used during the implementation of «Practical
magnetotellurics» discipline program. Class works (36 hours) include lectures, some of which
are interactive or with slides demonstration, as well as practical tasks and seminars. Independent
work of students (108 hours) includes revision of lecture materials, preparation to seminars,
practical tasks solutions and preparation to the examination.

6. OueHoyHble cpeACcTBA ISl TEKYIIEro KOHTPOJISI YCIEeBAeMOCTH, IPOMEKYTOYHOM
aTTecTALMHU M0 UTOraM OCBOECHMS JMCIUIIHHBI

Brinonausmnime IMPAKTUYCCKUC 3aJaHus CTYACHTBI AOIIYCKAKOTCA K 3K3aMCHY. Crucok
BOIPOCOB K SK3aMEHY COBIAJAeT C MPHUBEAEHHBIM BBIIIE CIUCKOM TEM, IPEICTaBICHHBIX B
paznene 4.2.

6. Marking for current performance control and interim assessment during and at the end
of the course

Students who solved all practical tasks are allowed to pass the examination. The list of
questions for the examination coincides with the list of topics, presented above in section 4.2.

7. Y4yeOHO-MeTOAUYECKOe M MH(OPManMOHHOe o0ecnevyeHne TUCHMIIIUHBI
7. Methodological and informational support

a) OCHOBHAsI JIUTEPATypa:

a) primary list of books:
1. bepmuueBckuit M.H., [mutpues B.M. Marauroremnypudeckoe 30HAUPOBAHHE
TOPU3OHTAIILHO-0IHOPOHBIX cpea. Mocksa, Henpa, 1992, 250 c.
2. bepauueBckuit M.H., JmutpueB B.W., HosukoB JI.b., Ilactrynan B.B. Ananmuz u
MHTEPIIpETALMs MAarHUTOTEIUTypUYecKuX JaHHbIX. MockBa, J{uanor-MI'VY, 1997, 161 c.

0) J0MOTHUTeIbHAS JINTepaTypa:

b) secondary list of books:
1. Bbob6posuukoB JI.3., Kagpipo W.H., IlonoB B.A. Dnexrpopa3BemouHas ammaparypa Hu
obopynosanue. M.: Heapa, 1985. 336 c.
2. CeménoB B.FO. O6paboTka NaHHBIX MarHUTOTeJUTypudeckoro 3onaupoBanusi. M.: Henpa,
1985. 133 c.
3. HeuaeB C.A. PykoBo/ICTBO [JIs1 CTallMOHAPHBIX T€OMarHUTHBIX HabmoneHuit. Mpkyrck: UC3D
CO PAH, 2003. 92 c.
4. ITymxkapes I1.1O., SkoBnes A.I'. OnHomepHas npsmas 3agaya MT3. M: MI'Y, 1999. 17 c.
5. Ilymkapes I1L.1O., fIkoBneB A.I". Tpanchopmarnmu kpusix MT3. M: MI'VY, 1999. 14 c.
6. ITymkapes ILIO., SIkoBne A.I'. Iloctpoenue u S-unrepnperauus kpussix MT3. M: MI'Y,
1999. 14 c.
7. Ilywmkapes I1.1O., SxoBneB A.I'. Monenuposanue MT-nonsg B JByMEpHOH cpene METOIOM
KOHEYHBIX paszHocteir. M: MI'Y, 1999. 26 c.
8. bepauuesckuit M.H., Imutpue B.. Monenu u MeToasl MarHuTOTeILTypuku. M: Hayunsrit
mup, 2009, 680 c.
9. XXnanoB M.C. I'eousnueckast 3meKTpoMarHuTHas Teopus U MeToAsl. M: Hayunbiii mup,
2012. 680 c.
10. Chave A.D., Jones A.G. (Editors). The magnetotelluric method: Theory and practice.
Cambridge University Press, 2012. 552 p.
11. Bahr K., Simpson F. Practical magnetotellurics. Cambridge University Press, 2005. 270 p.

B) [IporpammHoe oGecneueHue:

c) software and Internet resources:
1. MT-Corrector — mporpaMma peJaKTHPOBAHUS U CTIIaXHBaHUs KpUBBIX MT3;
2. MTS-Prol - maker nporpaMm Jjsl aHanu3a U S-MHTEpIpeTanun KpuBbix MT3;
3. IGF_MT2D — nporpamma i pemenns 2D 3amaq MarHUTOTEILTY PHKH.



8. MarepunajbHO-TEXHUYECKOE o0ecnedeHne TUCHUNINHBI

Jis  MarepualibHO-TEXHHUYECKOro — obecriedeHuss — aucuuiinHbel  «[IpakTudeckas
MarHUTOTEIUTYPUKa» HCIOJB3YIOTCS JICKIIMOHHBIE ayJIUTOPUU W OHOIMOTEKa T€O0JIOTHYECKOTO
dakynprera MI'Y, a Takke KOMIBIOTEPHBIN KJIACC OTACICHHS T€O(DU3UKH.

8. Necessary facilities and equipment

For the material and technical support of the discipline «Practical magnetotellurics » lecture
rooms and the library of the Faculty of geology of MSU are used, as well as the computer class
of the Geophysical department.

9. KpaTtkoe cojep:xaHue JUCHHUIUIUHBI (AHHOTALUA)

PaccmarpuBaioTCsi  OCHOBBI  U3MEPEHHUS  DJCKTPUYECKHX  CHUTHAJIOB, 00paboTKa
MarHUTOTEIUTYPUYECKUX JTaHHBIX, METOJUKA 00CEpBATOPCKUX HAOIIOJACHUHN JEKTPOMAarHUTHOTO
noiisi. Pemaercs ogHoMepHas mpsimast 3amada MT3, BeImonHseTcss TpaHcopMaIis KPUBBIX
MT3, noctpoenue u S-unrepnperanusi kpuBbix MT3, mogenupoBanue MT-nosist B 1BymMepHOM
cpene. OOcyxar0Tcss BOIpockl HHBepcuH cuHTeTnueckux MT-nanneix u npumenenus MT3 npu
[IyOMHHBIX, MAJOTTTyOUHHBIX, HE(TEra30BbIX U T€0TepMaIbHBIX UCCIEIOBAHUSX.

9. Discipline content (annotation)

We consider the basics of electric signals measurements, magnetotelluric data processing,
observatory measurements of electromagnetic field. One-dimensional forward problem of MT
sounding is solved, transformation of MT sounding curves is performed, as well as construction
and S-interpretation of MT curves and modeling of MT field in two-dimensional medium.
Problems of synthetic MT data inversion and application of MT soundings fir regional, near
surface, hydrocarbon and geothermal studies are discussed.

10. Y4yeOHO-MeTOAMYECKHE PEKOMEHIANUM /s 00ecneYeHUusi caMOCTOATEIbHOH PadoThI
CTY/ICHTOB
TeMbl 17151 cCaMOCTOAITEILHON PA0OTHI CTY/ICHTOB
- MarauroTteinypudeckie pyHKINH OTKIIMKA,
- ['1aBHBIE 3HaUEHNUS U TTIaBHBIE HAIIPABJICHUS TEH30pa UMIIEAAHCA;
- Pa3ienenue nokanbHBIX U PETUOHATBHBIX MAarHUTOTEIUTYpUUYECKUX 3(PPEKTOB;
- MarnuToBapHalimoHHble GYHKINN OTKIIHMKA,
- JIBe kiaccuyeckrue MoJIeNH TEOPUN UCKAKECHUIH;
- Monenu reo3neKTpUuecKuX CTPYKTYp B OCaJJOUHOM YEXJIE,
- Monenu riiyOuHHBIX Te03JEeKTPUUECKUX CTPYKTYP;
- Mojenu riayOMHHBIX pa3IOMOB,;
- [ToctanoBka oOpaTHOI 3a1a4u;
- UHTepnpeTaninoHHas MoIeb;
- CtpaTerus UHBEPCHH.

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

- Magnetotelluric response functions;

- Principle values and directions of impedance tensor;

- Separation of local and regional magnetotelluric effects;

- Magnetovariational response functions;

- Two classic models of the distortion theory;

- Models of resistivity structures in the sedimentary cover;

- Models of deep resistivity structures;

- Models of deep faults;

- Statement of the inverse problem;

- Interpretational model;

- Inversion strategy.
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