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1. He.]'ll/l H 3212441 OCBOCHHA JUCHUIIJIMHbI

]_IeJ'IBIO OCBOCHUA OHUCHUIIIIMHBI «HpHMBIe n O6paTHI)Ie 3aga4u MarHuTOTCIIUIYPUKH
SABIIACTCA HpI/IO6peTeHI/Ie HAaBBIKOB HCIIOJIB30BAHUA W pPa3BUTUA MCTOIOB U HNPOrpaMMHOIO
obecnieueHus AJI1 MOACTIUPOBAHUA U HHTCPIPETAINU MArHUTOTCIIITYPUICCKUX JaHHBIX.

1. Goals and objectives of study

The goal of study of the discipline «Forward and inverse problems of magnetotellurics»
is acquirement of practical skills in usage and development of methods and software for
magnetotelluric data modeling and interpretation.

2. Mecro nucuMiuiaibl B cTpykrype OOIT

Huctmmumna «IIpsimple U oOpaTHBIE 33Ja4d MarHUTOTEIUTYPHKH» UYUTAETCS B paMKax
MarucTepckol  mporpammbl  «MasnornyOuHHass M IyOuHHass — reogusuka»  npopuis
«T'eopmsukay. Jucrumiraa 0azupyeTcs Ha 3HAHUAX, TMOJTYYECHHBIX MPU W3YYCHUHU JUCLUUIUINH
n3 06azoBoil m BapumatuBHOM 4yacteir OOII OakanaBpuara: Oyioka OOIIEHAYYHOW IMOATOTOBKU
(MaTemaTtuyeckue — AUCIUIUIMHBL  «Marematnueckuii  aHanus»,  «/luddepennumansasie
ypaBHEHHA», «Teopuss BEpOSITHOCTM M MaTeMaTH4YeCKas CTAaTUCTUKA», «BprunciaurenbHas
maremaTnkay, «Hpopmaruka») u Onoka mNpOUIBHOM TOATOTOBKH (Treodu3uyecKue
mucuuiuiuebel «Teopust reodusnueckux mnoseiny, «PaanosnekTpoHuka», «JIEKTPOpa3BEerKay,
«HekoppekTHbie 3amaunm reopusukm», «VHTEpHpeTanus MaHHBIX JIIEKTPOpa3Benkm»). B
HauOoJbIIeH CTENEeHU AMCLUUIUIMHA Oa3upyeTcsl Ha 3HAHUAX, IOJyYEHHBIX IPU H3YYEHUU
quciuiuinH - «Teopuss  3JIEKTPOMArHUTHBIX — 30HAUPOBAaHUN» U «OJNEKTPOMAarHWTHBIE
30HAMPOBAHMS MIPU PELLICHUH ITTyOMHHBIX 3a7auy» (BapuaTuBHasg 4acte OOII maructpaTypsl).

2. Discipline as a part of the curriculum

The discipline «Forward and inverse problems of magnetotellurics» is studied in the
framework of master’s program «Near-Surface and 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 analysis», «Differential equations», «Probability theory and
mathematical statistics», «Numerical methods», «Computer science») and from the block of
profile training (geophysical disciplines «Geophysical field theory», «Radio electronicsy,
«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 disciplines «Theory of electromagnetic soundings» and «Electromagnetic
soundings in deep interior studies» (optional part of masters BEP).

3. TpeGoBaHus K pe3yJIbTaATaM OCBOCHUS TUCHUIINHBI
B npouecce uzyuenus aucuuruinibl «IIpsmble u oOpaTHbIe 3a1a4l MAarHUTOTEILTY DK
(bopMUPYIOTCS FIEMEHTHI CIEAYIOUUX MPO(EeCcCHOHATBHBIX KOMITETEHITHI:

- CHOCOOHOCTh TJIYOOKO OCMBICIMBAaTH M (POPMHUPOBATH UArHOCTUYECKHE PpEIIEHUS
npoOsieM TeoJorud MyTeM HHTerpauuu (QyHAaMEHTaJbHBIX pa3/ienoB reopusuku u
CHCIHUATM3UPOBAHHBIX reosiornueckux 3Hanuii (M-ITK-1);

- CIOCOOHOCTH CaMOCTOSITENIbHO CTaBUTh KOHKPETHBIE 33/1a4d HAayYHBIX HCCIEIOBAaHUM B
o0nact reo@u3MKM M pemarb UX C MOMOIIbI0 COBPEMEHHOW ammapaTypbl, 000pyaOBaHMUS,
MH(OPMALIMOHHBIX ~ TEXHOJIOTUH, C HCIHOJIb30BAaHUEM HOBEMILEro OTEYECTBEHHOTO U
3apyoexxHoro omnbita (M-ITK-2);

- CIIOCOOHOCTH HMCIOJIB30BaTh YIIIyOJIEHHBIE CIIENUANIU3UPOBAaHHBIE MPO(ecCHOHATbHBIE
TEOpPETUYECKHE M MPaKTHUYECKHe 3HAHUS U1 NpoBeleHHs reou3nyeckux uccienoBaHuit (M-
[1K-4);

- CIIOCOOHOCTh K MNPO(PECCHOHATBHOM HKCIUTyaTalliM COBPEMEHHOI'0 Te0(U3NYECKOro
MOJICBOTO M J1TabopaTOpHOTo 00opyaoBanus u mpudopos (M-TTK-5);

- CHIOCOOHOCTH CBOOOJHO UM TBOPYECKHM TIOJIH30BATHCS COBPEMEHHBIMH METOJaMHU
00pabOTKM W HWHTEPIpEeTalMd KOMIUIEKCHON Teodu3nyeckoil MHpopMalUu A pelieHus



HAYYHBIX U MPAKTUYCCKUX 3a/1a4, B TOM YHCIIC HAXOMSMIUXCS 32 TMpeIeaMi HeITOCPEICTBEHHOM
chepsr aesreaproctr (M-ITK-6);

- TOTOBHOCTbh K HCIOJIb30BAHUIO MPAKTUYCCKUX HABBIKOB OPraHU3AlMU W YIPaBJICHUS
HAYYHO-HMCCIIEIOBATEIIbCKIMUA U HAYYHO-TIPOU3BOJICTBEHHBIMU pa0bOTaMU MPHU PEIICHUU 3374
reo¢pusuku (M-T1K-7);

- TOTOBHOCTh K NPOCKTUPOBAHHUIO KOMIUIEKCHBIX HAYYHO-HCCIICIOBATEIBCKIX U HAYYHO-
NPOM3BOJICTBEHHBIX pabOT MpH perieHun reopusndeckux 3anad (M-I1K-10).

B  pesynbrare ocBoeHms — mucumiuinHbl - «[Ipsmbie  u  oOpaTHble  3amaun
MarHUTOTEILTYPHKI» 00YYarOIIUICS TOJHKEH:

3HATh TCOPUIO PEIICHHS MPSIMbIX U OOpPATHBIX 3374 MArHUTOTEIUTYPUKH;

YMETb IPOBOJIUTH MOJICITMPOBAHUE M HHTEPIPETAINIO MATHUTOTEILTYPHUYECKIX JTaHHBIX;

BJIAJICTh HABBIKAMH MPUMEHEHHUS M Pa3BUTHs METOJOB M MPOrPAMMHOI0 OOCCIICUCHUS
JUTSL PEUICHUS IPSIMBIX ¥ OOPATHBIX 3a/1a4 MarHUTOTEILTYPUKH.

3. Discipline requirements

The result of studying the discipline «Forward and inverse problems of 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 «Forward and inverse problems of
magnetotellurics» the student must:

know the theory of forward and inverse magnetotelluric problems solution;

be able to model 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

O6mas TpynoeMKocTbh AUCHUILTUHBI «[IpsiMbie 1 0OpaTHBIE 331a4U MAarHUTOTEILTYPUKI

cocraBiisieT 3 3a4éTHble enquHunbl Wik 108 yacoB, B TOM 4ncie ayAUTOPHON Harpy3ku 26 4acoB
(;mexruu 13 vacoB, nmpakTHYecKue 3aHATHSA 13 4acoB) M CAaMOCTOATEIbHON PaOOTHI CTYICHTOB 82

yaca.
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[IpomexxyTouHas arrectaus 10 OK3aMeH
Bcero: 3 3E wiu 108 yacos 13 13 82

4.2. ConepxaHue AUCHUIIIMHBI

(1). OnnomepHasi npsimasi 3agaya MT3

agrwdE

VYpasaenus, onucsiBaromue MT mosie B ropu30HTaIbHO-0AHOPOJHON CPELE.

[I1n0ckoe nose B OJHOPOIHOM MOIYIPOCTpaHCTBE. J[JTMHA BOJIHBI, TOJIIINHA CKUH-CIIOS.
AmmuiutygHble U (hazoBble KpuBble M T3, HX CBSI3b APYT C APYTOM.

PexyppenTHas ¢popMyiia A pacueTa UMIIeJaHCa Ha TOBEPXHOCTHU CIIOMCTON CPEJIBI.
Oco6eHHOCTH MPSAMBIX OJHOMEPHBIX 3a]1a4 METOA0B AJIEKTPOMArHUTHOT'O 30HAMPOBAHUS.

(2). Tpancpopmanun kpuBsix MT3
OrnpeneneHne NHTETPAIBHBIX XapaKTEPUCTUK Cpebl 10 KpuBbIM MT3.
OTtnuune MeTo10B TpaHc(hOopMaIK OT METOI0B UHTEPIPETALINH.

Tpancdopmanuu Monounosa — Jle Boera u llImykepa — Jle Boera.

1
2.
3. Tpanchopmarus Hubnerra.
4
5

Cas3p anredbpandeckux u AuddepeHnnaibHbIX TpaHchopMaIuil.

(3). MocTpoenue u S-unTepnperanusi Kpusbix MT3

1. Tenzop umnenanca, 3pPpeKTUBHBIN UMIIETAHC.

2. BpI0Op ONTHMAaTBHOTO MTapaMeTpa CriakuBaHus KpuBbix MT3.
3. T'anpBaHMYeckHe U MHIYKIIMOHHbIE HCKaXeHUs: KpuBbix MT3.
4. W pnes meToja KOHTPOJIUPYEMON TpaHCHOpPMALIHH.




5.

DOKBHUBAJICHTHBIE Pa3pe3bl, 3aBUCUMOCTH UHTETPAJIHLHON MPOBOAMMOCTHU OT TITyOHHBI.

(4). MonenupoBanue MT-moJisi B IByMepHOii cpee

1
2.
3.
4
5

Mertoab! perieHus NpsMbIX 3aa4 3JEeKTPOpa3Be 1K, MaTeMaTUYECKOe MOJIETUPOBaHHUE.
E- u H-nmonapuszanum, MmexaHu3mMbl 00pa3oBaHMs aHOMAJIHH.

ITocraHoBKa KpaeBoOH 3aa4M, €€ KOHEYHO-Pa3HOCTHAs! alllIPOKCUMAIIHS.

KOHTpO1b TOYHOCTH MOJENTNPOBAHHUS.

Conocrasnenue E- nu H-nonspu3oBaHHbIX, JTOKaIbHO-HOPMaJIBHOM U ()OHOBOM KPUBBIX.

(5). MoneaupoBanne MT-nossi B TpéXMepHOii cpene

1
2.
3.
4
5

OcobeHHOCTH TPEXMEPHO MPSIMOH 3a/1a4i MarHUTOTEILITYPHKH.

Texnomnorust paboTs! ¢ nporpammoit MT3DFwd.

AHanu3 napaMeTpoB HEOJHOPOJHOCTH U aCUMMETPUH.

AHanu3 NOJSAPHBIX IUAarpaMM U UHIyKIMOHHBIX CTPEJIOK.

VY CcTONYNBOCTh KOMIIOHEHT JAAHHBIX K JIByXMEPHOM allPOKCUMALMU TPEXMEPHBIX CTPYKTYP.

4. The structure and content of the discipline

Overall study of the discipline «Forward and inverse problems of magnetotellurics»

content is 3 credits or 108 hours, including 26 hours of classes (lectures 13 hours plus practical
work 13 hours) and 82 hours of independent work of students.

4.1 Discipline structure
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MT soundings
o | Transformations of MT | 1| 5, | 5 2 14 | Practical task
sounding curves
Construction and S-
3 interpretation of MT 10 | 5-7 3 3 18 | Practical task
curves
4 2D MT _f|e|d 10 | 8-10 3 3 18 | Practical task
modeling
5 3D MT field 10 | 11413 | 3 3 18 | Practical task
modeling
Intermediate assessment 10 Examination
In total: 3 credits or 108 hours 13 13 82

4.2. Discipline contents

(1). 1D forward problem of MT soundings

1.
2.

Equations of MT field in horizontally-homogeneous medium.
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.

(2). Transformation of MT sounding curves

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

3. Niblett transformation.

4. Molochnov — Le Viet and Schmuker — Le Viet transformations.

5. Relation between algebraic and differential transforms.

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

1. Impedance tensor, determinant impedance.

2. Selection of an optimal value of MT curve smoothing parameter.

3. Galvanic and inductive distortions of MT curves.

4. The concept of controlled transformation method.

5. Equivalent models, dependence of integral conductance from depth.

(4) 2D MT field modeling

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

Boundary problem statement and finite-difference approximation.

Modeling accuracy control.

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

.U"P.‘-*’!\’H

(5). 3D MT field modeling

Features of 3D MT forward problem.

Technology of MT3DFwd software application.

Analysis of inhomogeneity and asymmetry parameters.

Analysis of polar diagrams and induction arrows.

Robustness of data components to 2D approximation of 3D structures.

agbrwbnE

5. PekomeHayeMble TEXHOJIOTHH

[Ipn peanmuszauuu nporpammsl  aucuumiuHbel  «IIpsMble u  oOparHble 3aj1auu
MarHUTOTEILTYPUKH» HCIOJNb3YIOTCS Pa3IMuHble 00pa3oBaTelbHbIE TEXHOJOTUU. AYIUTOpPHBIE
3aHATUS (26 YacoOB) BKIIFOYAIOT JIEKI[MHM, B TOM YHCJE WHTEPAKTHBHBIE W C JEMOHCTpaImen
CIAlIOB, a TaKkkKe MpakTHyeckue 3aHsTus. CamocrosiTesbHas paborta cTyaeHTOB (82 wyaca)
BKJIIOYA€T IMOBTOPCHUEC MATCPUAIOB J'I€KIII/II71, BBITTOJTHCHHUE TPAKTHYCCKUX SaI[aHI/If/'I, a TaKXeE
MIOATOTOBKY K DK3aMEHY.

5. Recommended methodology

Different educational technologies are used during the implementation of «Forward and
inverse problems of magnetotellurics » discipline program. Class works (26 hours) include
lectures, some of which are interactive or with slides demonstration, as well as practical tasks.
Independent work of students (82 hours) includes revision of lecture materials, practical tasks
solutions and preparation to the examination.

6. OmneHoYHbIe CpeACTBA Jsl TeKYIIero KOHTPOJS YCNEeBAeMOCTH, MPOMEKYTOUHOM
aTTECTAIMH 10 HTOTraM OCBOECHMS JUCIHMILINHBI

BLIHOHHI/IBHII/Ie HpaKTI/IquKI/Ie 3adaHuA CTy,Z[eHTI)I }IOHyCKaIOTCSI K 3K3aMeHy. CHI/ICOK
BOIIPOCOB K 3K3aMEHY COBNAAAET C MPUBEAEHHBIM BBIIIE CIHUCKOM TEM, IPEICTaBICHHBIX B
pasaene 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-MeTOoquYecKOe U HMH(OPMAIIMOHHOE o0ecriedeHune JUCIUTIHHbI
7. Methodological and informational support

a) OCHOBHAsI JIUTEpaTypa:

a) primary list of books:
1. bepaumueBckuit M.H., Jmutpue B.M. Marnutoreutypudyeckoe 30HIUPOBAHUE
TOPU30HTAIBHO-OJHOPOIHBIX cpea. MockBa, Heapa, 1992, 250 c.
2. bepmuueBckuit M.H., mutpue B.W., Hosuko JI.b., Ilactryman B.B. Anamuz wu
HMHTEpIpEeTaIs MAarHUTOTEILUTYpUYECKUX TaHHBIX. MockBa, uanor-MI'Y, 1997, 161 c.

0) 10MOJIHUTEJIbHAS JINTepaTypa:

b) secondary list of books:
1. ITymkapes ILIO., SIxosneB A.I'. OgnomepHas npsimas 3agada MT3. M: MI'Y, 1999. 17 c.
2. [Tymkapes I1.1O., SxoBnes A.I'. Tpancdopmaruu kpussix MT3. M: MI'Y, 1999. 14 c.
3. [ymkapes IL1O., SIxoBneB A.I'. Iloctpoenne u S-untepnperanus kpuBbix MT3. M: MI'Y,
1999. 14 c.
4. Ilymkapes ILIO., SlkoBneB A.I'. MoaenupoBanue MT-nosist B IByMEpHOH Cpele METOAOM
KOHEUYHBIX pazHocTed. M: MI'Y, 1999. 26 c.
5. bepnnuesckuii M.H., Imutpues B.U. Mogenu u metoasl MaruutoTesrypuku. M: Hayunblit
mup, 2009, 680 c.
6. XKmanoB M.C. I'eomsuueckast 3meKTpoMarHuTHass Teopus U MeTonsl. M: Haywnsrii mup,
2012. 680 c.
7. Chave A.D., Jones A.G. (Editors). The magnetotelluric method: Theory and practice.
Cambridge University Press, 2012. 552 p.
8. Bahr K., Simpson F. Practical magnetotellurics. Cambridge University Press, 2005. 270 p.

B) IIporpammHoe oGecnieyeHue:

c) software and Internet resources:
1. MT-Corrector — mporpamMma peJaKTHPOBaHUA U CIiIaXkuBaHus KpuBbix MT3;
2. MTS-Prol - maker mporpaMm JjIsl aHaIM3a U S-MHTEPIIPETaliui KpuBbIX MT3;
3. IGF_MT2D — nporpamma i pemerns 2D 3a1au MarHUTOTEITY pUKH.
4. MT3DFwd — nporpamMa [uist perieHust npssMbix 3D 3a1a4 MarHUTOTEILTY PUKH.

8. MartepuajibHO-TeXHUYECKOe o0ecneyeHrne TUCHUIIMHBI

s MaTepuambHO-TEXHHUYECKOTo olecrneueHus AucuuiiuHbl «IIpsimple u oOpaTHbIe
3aJauu MarauTOTCIIITYPHUKHU) HCIOJIB3YIOTCA  JICKIHHUOHHBIC ayauTopun H ounbInoTeKa
reojoruueckoro akynaprera MI'Y, a Takke KOMIBIOTEPHBIN KJIACC OTAENICHUS Te0(U3HKH.

8. Necessary facilities and equipment

For the material and technical support of the discipline «Forward and inverse problems of
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. Kpartkoe coaep:xkaHue JUCHMILUIMHBI (AHHOTALUA)

Pemraercst onHomepHast mpsimas 3agada MT3, BeimonHsercs TpaHchopMaius KpUBBIX
MT3, noctpoenue u S-untepnperanus Kpubix M T3, monenupoBanue MT-nosi B AByMEPHOU U
TPEXMEPHOU Cpeie.

9. Discipline content (annotation)

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 and three-dimensional medium.



10. Y4eOHO-MeTOAMYECKHE PEKOMEHIANUM /JIsi 00ecneYeHUusi CaMOCTOATEIbHONH PadoThI

CTYAE€HTOB
TeMbl 111 CAMOCTOSITEILHOH PA0OTHI CTY/IEHTOB:
- Marnutoreitypudyeckie (GyHKIIMH OTKIIUKA,

- ['1aBHBIE 3HaUYEHNUS U TTIaBHBIE HAIIPABJICHUS TEH30Pa UMIIEAAHCA;
- Paznenenue 1OKanbHBIX U PErHOHATBHBIX MATHUTOTEILTYPHUECKUX AP PEKTOB;

- MarnuroBapuaniioHHbIe (PYHKITUN OTKIIHKA;

- JIBe K1laccu4ecKue MOJIeNIM TEOPUHN UCKAKCHU;

- Mozaenu reodsieKTpUuecKUuX CTPYKTYP B OCAJJOUHOM YeEXJIE,
- Moaenu riryOMHHBIX T€03JICKTPUUECKUX CTPYKTYP;

- Mopaenu riayOMHHBIX pa3ioMOB,;

- [ToctanoBKa 0OpaTHOM 3a1a4H;

- MaTepnipeTanioOHHas MOJEINb;

- Ctparerus UHBEPCHUH.

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.

PaspaboTunkmu:

['eonornueckuit pakynprer MI'Y  noueHT

(mecTo paboThI) (3aHUMaemasi 10HKHOCTD)
Pabounii Tenedon, MoOHIBHBIN TenedoH, e-mail:
8(495)939-4912, 8(905)703-7950, pavel_pushkarev@list.ru

['eonornueckuii pakynaprer MI'Y  noueHT

(MecTo paboThI) (3aHMMaemast TOJIKHOCTB)
Pabouwnit Tenedon, MoOMITBHBIH TenedoH, e-mail:
8(495)939-4912, 8(495)922-2836, nordwest@mtu-net.ru

IKCHEPTHI:
['eonoruueckuii pakynprer MI'Y
(MecTO paboThI)

JOLCHT
(3aHI/IMaCMa}I ,Z[OJ'I)KHOCTB)

WNuctutyT okeanonorun PAH
(mecTo paboThI)

HAYYHBIH COTPYTHUK
(3aHMMaemast 10JKHOCTB)

ILIO. ITymkapes
(MHMLIMATBL, (PaMUITHS)

A.T'. SIkoBneB
(MHULIMATBL, (haMUITHS)

A.A. boGaues
(MHULIMATBL, (haMUITHS)
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