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1. Hesm n 3a1a4M 0CBOCHUSI AU CHMIIIMHBI

enssMu ocBoeHUs IUCHUIUIMHBI “‘HexoppekTHble 3amaun  TeO(PU3UKU~ — SBISIOTCS
NOHMMaHHE OCHOBHBIX OCOOCHHOCTEH O0OpaTHBIX 3a1ady reou3uKH W 3HaHUE NPUEMOB,
o0ecreunBarOIIUX HMX JIETAIbHOE M YCTOMYMBOE pelleHHe. 3afaud JUCUHUIUIMHBI - U3y4YeHUE
OCHOBHBIX NPOOJIEM WHTEPIIPETAlMU Te0(pU3nIeCKuX NaHHBIX D BbIpaOOTKa HABBIKOB PEIICHHUSI
oOpaTHBIX 3a/7a4 00 OINpeAeNieHUU CTPOCHMSI 3eMIIM 10 TeO(pU3NYECKUM JAHHBIM C YYETOM
HEKOPPEKTHOCTH UX KJIACCUYECKOU ITOCTAHOBKH.

1. Goals and objectives of study

The goals of study of discipline “lll-posed problems in geophysics” are gaining
understanding of the main features of geophysical inverse problems and gaining knowledge of
the methods, providing their detailed and stable solutions.

The objectives of discipline are to study the main problems of geophysical data
interpretation and to acquire skills to solve inverse problems while investigating the Earth’s
structure using geophysical data, taking into account ill-posedness of the classic formulation of
inverse problems.

2. Mecrto aucunmimubl B ctpykrype OOII

JucrunauHa “HekoppekTHple 3amaun reodU3MKH” OTHOCHUTCS K BapHaTUBHON YacTH
OOII 6akanaBpuata, K 6JI0Ky MpOoPMIbHON oAroToBKH. OHa YnTaeTCs s BCeX mpoduin3anuii
npoduns “I'eopusuka”. JucuumnnuHa Oa3upyercs Ha 3HAHUAX, MOJYYCHHBIX MPU H3yUYEHUU
JUCIMIUIMH U3 0a3oBoil M BapuaTuBHOM uacted OIIIl, 610x0B 00LIEHAYYHOM MOATOTOBKU
(MaTemMaTHYeCKWE  JIUCHMIUIMHBI  “Maremarnueckuii  aHanu3”, “‘JluHeliHas  anreOpa”,
“IIncddepenunansupie ypaBHeHUs , “Teopust BEpPOSTHOCTH M MaTeMaTH4YecKas CTaTUCTHKA”,
“BprunciauTenbHas MaTeMaTtuka”) U MpOoQMIbHON MOATOTOBKH (reo(u3nyuecKrue AUCHUTLIIMHBI
“Teopus reodusnyeckux noiueit”, “Maruuropassenka’, “I'paBupasBeaxa’, “OinekrpopasBenka’,
“CelicMopasBenka’). OcBoeHNe TUCHUIUTHHBI “HekoppekTHble 3a1auu reo(u3uKn’” He00X0qMMO
JUI ANbHEHIIEro M3ydeHus! MUCHUILTMHBI “KoMIiekcrupoBaHue reopu3nIecKux METOJOB” |
npOoMIBHBIX TUCHMIIMH MarucTepcKux nporpamm npoduns “I'eopusuka’.

2. Discipline as a part of the curriculum:

The discipline “Ill-posed problems in geophysics™ is included into variational part of the
bachelors BEP, into the block of profile training. It is studied by all profilizations if the profile
“Geophysics”. The discipline is based on knowledge, obtained while studying the disciplines of
basic and variational parts of the BEP, block of general scientific preparation (mathematical
disciplines “Mathematical analysis”, “Linear algebra”, “Differential equations”, “Probability
theory and mathematical statistics”, “Computational mathematics”) and block of profile
preparation (geophysical disciplines “Theory of geophysical fields”, “Magnetic prospecting”,
“Gravity prospecting”, “Electric and electromagnetic prospecting”, “Seismic prospecting”).
Study of the discipline “Ill-posed problems in geophysics” is necessary for further study of the
discipline “Integration of geophysical methods” and of the profile disciplines of master’s
programs of the profile “Geophysics”.

3. TpeGoBaHus K pe3yJbTaTaM OCBOCHHS AUCHUIIMHBI

[Iporiecc u3ydyeHus IUCHMILIMHBI “HexkoppekTHble 3ajauu TeoQU3UKH”’ HaNpaBieH Ha
(dbopMUPOBaHUE IIEMEHTOB CIEAYIOINX KOMIIETEHIINH!

YHHUBEpPCAJIbHBIX, B TOM YHCJIE:

a) oowexynomypnuix (OK):
— CO0COOHOCTB K COTPYAHUYECTBY M ApTHEPCTBY, BIaJleHHE pa3BUTOM cucteMoit (uiocodceko-
MHUPOBO33PEHYECKUX, COIIMOKYIbTYPHBIX M HPAaBCTBEHHBIX 1IEHHOCTEH; CIIOCOOHOCTh OCO3HABATH
CBOIO POJIb U Npe/IHa3HaueHNe B pa3HO0Opa3HbIX NMPO()EeCCHOHAIBHBIX U )KU3HEHHBIX CUTYALHX;
yYMEHHE UCIIOJIb30BaTh HOPMATUBHBIC MTPABOBbIC JOKYMEHTHI B cBoel nesterapHocTd (OK-1);
—  CHoCOOHOCTH  OPUEHTHPOBATHCS B COLHMAIBHO-D)KOHOMHYECKOW  MpoOiieMaTHKe;
aJanTUpOBaTbCcsl K HOBBIM NPO(GECCHOHATIbHBIM TEXHOJOTUSM, COLMAIBHBIM SBICHUSIM U



mpoleccaM, yYMEHHE IIepeolleHUBaTh HAKOIUICHHBIM OIBIT, aHAJU3UPOBATh COOCTBEHHBIC
JOCTHXKEHUS U TIEPCIIEKTHBBI camocoBepiieHcTBoBanus (OK-2);
— CIIOCOOHOCTh K camMopeajHu3alliM, AaKTHBHOM JKM3HEHHOH mno3uimu u  3(QeKTuBHOM
npoecCHOHANBHOM JEATENIbHOCTH; PAa3BUTHUIO LIEJICYCTPEMJICHHOCTH M HACTOMYMBOCTH B
JOCTIDKEHUM  1eJIeH, CaMOCTOSATENIbHOCTH M HMHHULIMATHUBHOCTH, CHOCOOHOCTh TNPHHUMATh
OTBETCTBEHHbIE pelleHus, 3PPEeKTUBHO ACHCTBOBATh B HECTAHAAPTHBIX OOCTOSITEIHCTBAX, B
cutyanusx npodeccuonanpuoro prcka (OK-5);

0) oowenayunvix (OHK):
— BIaZieHne pyHIaMEHTAIbHBIMH pa3zieslaMi MaTeMaTUKU, HEOOXOAUMBIMHU I PEIICHUSI HayYHO-
UCCIICIOBATEIbCKUX M TIPAKTHUECKUX 33a7ad B NPOPECCHOHATBHOW O00JIaCTH; CIIOCOOHOCTH
CO3/1aBaTh MaT€MaTUYECKUE MOJIEIH TUIIOBBIX MPO(ECCHOHATBHBIX 3aJ]a4 U UHTEPIPETUPOBAThH
MOJIyYCHHbIE MaTeMaTHUECKUE Pe3yJIbTAThl, BIAJCHUE 3HAHUAMHU 00 OTPaHUYEHUSX M IPaHHUIAX
MPUMEHUMOCTH MOJeJiell; CIOCOOHOCTh HCIONb30BaTh B NMPOQPECCHOHAIBHON NeATeIbHOCTH
0a3oBbic 3HaHus B o0nactu ¢pusuku (OHK-6);

6) uncmpymenmanwvuvix (UK):
— BIIQJICHUE WHOCTPAHHBIM S3BIKOM B YCTHOH M THCbMEHHOM (hopMe Ui OCyIIECTBICHHS
KOMMYHHKAIIMM B y4eOHOM, Hay4HOH, MpodecCHOHAIbHOM M COLMATbHO-KYJIBTYPHOH cdepax
OOIIeHUS; BIIaJICHHE TEPMUHOJIOTHEH CIIEIUAIbHOCTH Ha HHOCTPAHHOM SI3bIKE; YMEHHE TOTOBUTH
myOJIMKaIuy, MPOBOIUTH MPE3CHTALIUU, BECTH IUCKYCCUU U 3aIIMILIATh MPECTaBICHHYIO padoTy
Ha uHocTpanHoM si3bike (MK-2);
— BIIaJICHHE HABBIKAMHU HCIIOJIb30BAHMS MPOTPAMMHBIX CPEACTB U PabOThl B KOMIIBIOTEPHBIX
CeTsAX, MCIIOJIb30BaHUs pecypcoB MHTEpHET; BiIaJeHHEe OCHOBHBIMH METOJaMH, crocobamMu u
Cpe/ICTBaMU TOJTyYeHHUs, XpaHeHus, nepepadborku uadopmarnuu (MK-3);
—  CHOCOOHOCTH  WCIIONIb30BaTh ~ COBPEMEHHYIO  BBIYHCIHUTEIBHYIO  TEXHHUKY U
CHeIHMalM3UpOBaHHOE MPOrpaMMHOE obecrieueHre B Hay4yHO-uccienoBaTensckon padore (MK-
5);

2) cucmemnuix (CK):
— CIOCOOHOCTh K TBOPYECTBY, TOPOXICHUIO HMHHOBAIIMOHHBIX WJEH, BBIIBHKCHHIO
camocrosTensHbIX Tunote3 (CK-1);
— CIIOCOOHOCTh K TMOMCKY, KPUTHUYECKOMY aHAIN3y, OOOOIIEHUIO M CHUCTEMAaTH3alMK HAyYHOH
UH(OpMaLNK, K IOCTAHOBKE 11€JIeH UCClIeI0BaHMsI U BEIOOPY ONTUMAIIBHBIX IMyTeH U METOJIOB MX
noctmwkenus (CK-2);
— CIIOCOOHOCTH K CaMOCTOSITETIbHOMY O0yUeHHIO M pa3padOTKe HOBBIX METOAOB UCCIIEI0BaHUS, K
U3MEHEHHI0O HAYYHOTO W  HAayYHO-TIPOM3BOJCTBEHHOTO  Mpoduis  JesITeTbHOCTH;, K
MHHOBAIIMOHHOI Hay4HO-00pa3zoBaTenbHol nesitensHocTH (CK-3);

npodeccuonanbubIx (I1IK):
— CIIOCOOHOCTh TIIyOOKO OCMBICIMBATh M (POPMUPOBATH TUArHOCTUYECKUE DEIICHUs Mpobiem
TeOJIOTUM TIyTEM HMHTETpanuu (yHIAMEHTAIBHBIX pa3felioB T'eOJOTHH, TeO(PHU3UKH, TCOXUMHUH,
THJPOTEOJIOTHH M HMHXXEHEPHOH TI'eO0JIOTHM, TEOJOTMU TOPIOYMX HCKOMAEMbIX, 3KOJIOTHYECKOM
TeOJIOTUH M CIICHMATU3UPOBAaHHbBIX Teonorndeckux 3Hanuii (I1K-2);
— CHOCOOHOCTh CaMOCTOSITEbHO CTaBUTh KOHKPETHBIE 3aJjauydl HAy4YHBIX HCCIEOBaHUNH U
pemars WX C TIOMOMIBIO COBPEMEHHOW amnmapaTrypbl, O0OpYIOBaHUWS, HWHPOPMAIIHOHHBIX
TEXHOJIOTHUH, C HCIOJIb30BAaHUEM HOBEHIIIETO 0TEUECTBEHHOTO 1 3apyOexkHoro omnbiTa ([1K-3);
— FOTOBHOCTh B COCTaBe HAayYHO-UCCIIENOBATEIHCKOTO KOJUIEKTHBA YYacTBOBATh B COCTABIICHHUH
0T4YeToB, pedepaToB, Oubmmorpaduit U 0030pOB MO TEeMaTHKE HAYYHBIX HCCIIEAOBaHUM, B
HOJrOTOBKE A0KIa0B 1 myonukarmii ([TK-4);
— CIOCOOHOCTh MPUMEHATh Ha MPAKTHKE METONbI cOopa, oOpabOTKH, aHanmM3a U 00O0OIICHUS
(boH10BOH, M0JIEBO# U TabopaTopHO# reonorudeckoi uapopmarun (ITK-5);
— CMoCcOOHOCTh NMPUMEHATh Ha MpakTHKE 0a30Bble 00IIENnpodeccuoHaIbHbIE 3HAHUS TEOPHH U
METOJIOB I'€0JIOTUYECKUX HCCIIEeI0OBAaHUI MpHU pelIeHUH Hay4YHO-TPOon3BoACTBeHHbIX 3anad (I1K-
7);
— yMEHHE WCIOJb30BaTh  YITyOJIGHHBIE  CHEIHAIM3UPOBAHHBIE  MPO(ECCHOHATBHEIC
TEOpPETUYECKHE M MpaKTHUYECKHe 3HAHMS ISl NPOBEJCHHUS HAyYHBIX (QYHIAMEHTAIBHBIX H
npukiaaaeix ucciaenopannii (ITK-8);



— CIMOCOOHOCTh CBOOOJIHO M TBOPYECKH IIOJIb30BAThCS COBPEMEHHBIMH METOAAMH OOpabOTKH U
WHTEPIpETALNUN KOMILJIEKCHOM re0JIOTUYECKO, reopU3NIECKOM, F€OXUMHUYECKOM,
THJIPOT€0JIOTUYECKOH, HH)KEHEPHO-T€OJIOTHYECKOH, TEOKPUOJIIOTHYECKOH, HedTerazoBoil u
9KOJIOTO-T€0JIOTMUECKON MH(pOpMalMK Ui pelIeHHs HAyYHBIX W IMPAKTUYECKUX 3ajad, B TOM
YHCIie HaXOIAIIMXCS 3a TPe/ieiIaMi HeOCPeICTBEHHOM cdepbl aestensHocTH ([TK-11);
— TOTOBHOCTh K MCHOJIb30BAaHUIO MPAKTUYECKUX HABBIKOB OPraHM3allMM M YIPaBJICHUS HAYyYHO-
UCCIIEI0BATEIbCKUMH M HAYYHO-TIPOWU3BOJICTBEHHBIMU paboTaMy NP perieHnH (pyHIaMeHTaIbHBIX
U [IPUKJIaHBIX reosoruueckux 3amaad (I1K-12).

B pesyaprate ocBoeHus auciuiuimHbl  “HekoppekTHble 3amaunm  reou3uku’
00yyJarouumcs JOJIKEH:

3Hamp: KIACCUYECKYI0 U YCIOBHO-KOPPEKTHYIO IIOCTaHOBKY OOpaTHBIX 3ajad
reo(U3MKN; TEOPUIO PETYJSIPU30BAHHOTO pEIHIeHUs OOpaTHBIX 3a7ay; TEOPETUYECKHE OCHOBBI
METO/IOB pElICHUs] TUHEHHBIX U HEJTMHEHHBIX 3a]1a4;

yMemp: TIOCTPOUTH KiacC TeoPU3NUYECKUX Mojeneil 3emiH, B KOTOpoM Oyzer
BBIMIOJHATBCS TOMCK pelleHus: OOpaTHOM 3ajaud; ONpeNeIuTh HAWIY4YHIMi  crmocol
cTabunu3anuu perieHus: oOpaTHOW 3a7add; BHIOpaTh ONTHUMAIBHBIE METOJBI MHUHUMHU3AINUN
HEBS3KM MOJIETBHBIX W HAOMIOJIEHHBIX JaHHBIX C YYETOM alpHOPHBIX OrpaHUYEHUN Ha
reo(pU3NIEeCKyr0 MOJICIb;

én1ademp: TIONXOJAaMU K TapaMeTpu3aluu TreopU3UYECKuX MofeneH; mnpuéMaMu
IOCTPOEHUS CTaOMIM3UpYyIoOUlero (yHKIMOHATa M BbIOOpa mapameTpa perysspu3alui,
METOJaMHd MUHUMHU3ALUUU THUXOHOBCKOTO (YHKIMOHANAa, OCHOBHBIMH TEpMHUHAMHU Ha
AHTJIMHACKOM SI3BIKE.

3. Discipline requirements:

The result of studying the discipline “Ill-posed problems in geophysics” is the formation
of the following competences:

Universal competencies:

a) cultural (social and personal):
- ability to cooperation and partnership, awareness of the advanced system of philosophical and
ideological, social, cultural and moral values, the ability to understand their role and purpose in
various professional and life situations, the ability to use regulatory instruments in their work
(GC-1);
- the ability to navigate in social and economic issues; adapt to new professional technologies,
social phenomena and processes, the ability to re-evaluate the accumulated experience, to
analyze their own achievements and prospects of self-improvement (GC-2);
- the ability to self-realization, active life position and effective professional activity;
development of determination and perseverance in achieving the objectives, independence and
initiative; ability to make decisions, to act effectively in unusual circumstances, in situations of
occupational risk (GC-5);

b)_general science:
- understanding of the fundamental sections of Mathematics, necessary for solving scientific and
practical problems in the professional field; ability to create mathematical models of typical
professional tasks and interpret mathematical results, the control of knowledge about the
restrictions and limits of the models applicability; the ability to use fundamental Physics in the
professional activities (GSC-6);

c) instrumental:
- foreign language skills in oral and written form for communication in academic, scientific,
professional and socio-cultural spheres of communication, the possession of special terminology
in a foreign language, the ability to prepare publications, presentations, discuss and defend the
submitted work in a foreign language (1C-2);
- possession of skills in use of software tools and work in computer networks, the use of Internet
resources, the possession of the principal methods, ways and means of obtaining, storing and
processing of information (IC-3);



- the ability to use modern computer equipment and specialized software in the research work
(IC-5);

d) system:
- creativity, the generation of innovative ideas, the nomination of independent hypotheses (SC-
1);
- the ability for the search, critical analysis, generalization and systematization of scientific
information, to the formulation of the study purpose and choice of optimal ways and methods of
their achievement (SC-2);
- the ability for independent study and the development of new methods of research, changes in
the scientific and scientific-production activity profile; innovative scientific and educational
activities (SC-3);

Professional competencies:
- the ability to deeply comprehend and generate diagnostic decisions of problems of Geology
integrating fundamental branches of Geology, Geophysics, Geochemistry, Hydrogeology and
engineering Geology, Geology of fossil fuels, environmental Geology and specialized geological
knowledge (PC-2);
- the ability to independently set specific research tasks and solve them with means of modern
facilities, equipment, information technology, with the latest national and international
experience (PC-3);
- readiness to be involved in the preparation of reports, essays, bibliography and reviews on the
subject of research, preparation of reports and publications within the research team (PC-4);
- the ability to apply in practice the methods of collection, processing, analysis and synthesis of
the fund, field and laboratory geological and geophysical data (PC-5);
- the ability to practice basic general professional knowledge of the theory of geological research
methods in solving scientific and industrial problems (PC-7);
- the ability to use specialized professional extended theoretical and practical knowledge to carry
out fundamental and applied scientific research (PC-8);
- the ability to freely and creatively use the modern methods of processing and interpretation of
complex geophysical information to solve scientific and practical problems, including those
beyond the immediate sphere of activity (PC-11);
- willingness to use practical skills of organization and management of scientific-research and
scientific-production works for solution of fundamental and applied geological tasks (PC-12).

As a result of studying the discipline “IlI-posed problems in geophysics” students must:

know: classic (Hadamard’s) and conditional (Tikhonov’s) statement of geophysical
inverse problems; theory of regularized solution of inverse problems; theoretical background of
methods for solution of linear and non-linear problems;

be able to: to construct a class of models of the Earth, within which a solution od inverse
problem will be searched; to determine the best way of stabilization of inverse problem; to
choose optimal methods of minimization of misfit between modelled and observed data taking
into the account prior geophysical model constraints;

master: approaches to parameterization of geophysical models; ways to construct
stabilizing functional and select regularization parameter; methods for minimization of
Tikhonov’s functional; basic terms in English.



4. CTpyKTYypa M coaep:KaHue TUCHUIIMHBI

OO6mIast TpyJ0EeMKOCTh JUCIUIUTHMHBI ““HexoppekTHbIe 3a1aun reoU3nKNn’ COCTABISET 2
3a4€THbIC eIUHMIIBI WU /2 Yaca, B TOM YUCIIEe ayTUTOPHOM Harpy3ku 42 vaca (Jiekuuu 28 4acos
Y CeMUHapHI 14 4acoB) U cCaMOCTOSATEIBLHOM paboThI cTyAeHTOB 30 YacoB.

4.1 CTpyKTYypa AUCHMILIMHBI
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1 | Maremarnueckue OCHOBBI 7 12| 6 6 | KonTponbHas
pabora
2 | BBenenue B TeOpUIO 7 |36| 8 4 8 | KouTponbHas
o0paTHBIX 3a/1a4 pabora
3 | Meronb! perieHust 00paTHBIX 7 | 7- | 8 4 8 | KonTponbHas
3a1a4 10 pabora
4 | Ilpumepsl peteHus 7 |11-]| 6 6 8 | KonrponbHas
HEKOPPEKTHBIX 3a/1a4 B 14 pabora
reousuke
5 | [IpomexxyTouHas aTTecTamus 7 DK3aMeH
Bcero: 2 3E wnm 72 yaca 28 | 14 30

4.2 ConepikaHue TUCHUTLTHHBI
(1) MaTtemaTn4eckue OCHOBBI

(1.1) BBenenne

O kypce «HekoppektHble 3aaun reodusuxm». [loctaHoBKa MpsIMBIX M OOpaTHBIX 3a/1a4
reopusnku. OCHOBHAS U JOTIOJHUTEIBHAS JIUTEPATYPA.

(1.2) EBK1HI0BO NPOCTPAHCTBO, (PYHKIMOHAJIbHBIE IPOCTPAHCTBA

EBKnMIOBO mpOCTpaHCTBO, HOpMa BekTopa. JIMHEHBIE omepaTopel B €BKINI0BOM
npoctpaHcTBe. Hopma omepaTtopa B €BKJIMJOBOM NpocTpaHCTBE. JIMHeHHble (QyHKIMOHANBI B
€BKJIMJIOBOM IPOCTPAHCTBE. MeTpUdecKkoe IpPOCTPAHCTBO. JIMHEWHOE W HOPMHMPOBAHHOE
JUHeWHoe mpocTpaHcTBa. [ 'miabOeproBo  mpocTpaHcTBO. [lpumepsl  (YHKIMOHAIBHBIX
IIPOCTPAHCTB.

(1.3) JIuneiinbie onepaTopbl H (PYHKIHOHAIBI B PYHKIHOHAJIBHBIX MPOCTPAHCTBAX

Jluneiinble omepaTtopsl B (DYHKIHMOHAJIBHBIX MpocTpaHcTBax. OOpaTHbBIE OMEPaTOpPHI.
[ToctanoBka  3amaun  npuOIMKeHHUs  reousnueckux  JaHHBIX.  DyHKIMOHAIB B
GbyHKIMOHATBHBIX — TpocTpaHcTBax.  Compspk€HHble  omepatopel.  JuddepennupoBanue
orepaTopoB U (HYHKIIMOHATIOB. THUITBI MUHUMYMOB (DyHKIIOHAJIA.

(2) BBenenne B TeopuI0 06PATHBIX 32124

(2.1) Ilpsimble U oOpaTHBIE 32/1a4M B Teo(U3NKe: MOCTAHOBKA M 0COOEHHOCTH

[locranoBka mpsAMBIX H O0OpaTHBIX 3adady, Tpu Bompoca Apnamapa. Ilpumepst
(GopMyIMPOBKH MpPSIMBIX M 00paTHBIX 3a1a4 reopusuku. CyliecTBOBaHHE pEIIeHUs 0OpaTHOM
3amaud. EAMHCTBEHHOCTH penieHusi oOpaTHoW 3anaun. HeyctoitumBocTh pemieHuss oOpaTHOM
3agaud.  YyBCTBUTENBHOCTh  TeO(PHU3MUECKMX  METOAOB. Paszpemaromas  crocoOHOCTb
reo(pu3NIeCKuX METOIOB.




(2.2) OcHoBBI TeoOpuu peryasipu3anuu

VY Cc0BHO-KOppEKTHasT TOCTAaHOBKA OOpaTHBIX 3a/4ay. Perynspusupyronme OmnepaTopsl.
Crabummsupyromue ¢pyHkiuonansl. Oynknuonan TuxonoBa. CTaOUIM3aTOPHI, UCIOIB3YIOIINE
anpuopHyto Mojenb. Crnaxuparomue cradminzaropbl. DOyHKIUOHAT € MHUHUMAIbHBIM
HOCHUTEJIEM rpaJieHTa. BeIOOp ONTHMaNBHOTO MapaMeTpa peryisipu3alyy.

(3) MeToab! penreHusi 00paTHBIX 32124

(3.1) JInneiinbie TUCKpPETHBIE 0OPAaTHBIE 321a4H

CBenenue JuHEWHOM  nuckpeTHOM 3amaun Kk pemenuto CJIAY.  Pemenue
nepeonpenenéHHol  3a7ayd  MEeToJoM  HaumMeHblmmX  kBagpatoB  (MHK).  Pemenue
HemoomnpenenéHHon  3amauu. Vcrmonp3oBaHME BECOBBIX  KOI(M(GUIIMEHTOB B  JIMHEHHOMN
JIMCKPETHOM 3a7ade. MeToa peryisipuzainuu JUHEHHON JUCKpEeTHOU 3a/1aur. OCHOBHBIE TTOHATHS
U GOpPMYIIBI TEOPUH BepOATHOCTEH. MeTo1 MaKCUMalTbHOT'O TIPAaBOIO100uSI.

(3.2) UTepanmoHHble METOAbI PELICHHs JHHEHHBIX 00PATHBIX 32124

[Ipsimble 1 utepanuonHsle Metoasl pemeHuss CJIIAY. Teopuss merona MUHUMAJIbHBIX
HeBs30k (MMH). [Ipumenenne MMH mist pemnenust ypaBHenus: Diinepa. [Ilpumenenne MMH
JUI pELIeHWs ypaBHEHHUs OOpaTHOM 3adayd. YpPaBHEHUS IS PEryJSIPU30BAHHOM JTMHEWHON
3agaun. Pemenue ypaBHeHus Diinepa mas TuxoHoBckoro ¢yHkiuoHamra merogom MMH.
Pemenue ypaBHeHus o0paTHOM peryssipu30oBaHHOM 3a1aun MmeTtogqoM MMH.

(3.3) MeToasbl peleHHsI HeJIMHEHHBIX 00PATHBIX 32124

Henuneitapie obparnbie 3amaun. Metoxa ckopeiimero cmycka (MCC). Beibop amuHbI
urepauronHoro mara B MCC. BeruucnurensHas cxema MCC. Meron Herorona. Merton
Heprorona ¢ mouckoMm 1o HampaBieHutro. Meron comnpsik€Hubix rpaguentoB (MCI). O
PEryasipU30BaHHBIX METOJIaX PELICHUS HEIMHEWHBIX 3aa4.

(4) MMpumepsbI penieHnsI HEKOPPEKTHBIX 3a/1a4 B reogusnke

(4.1) IlpuMepsI pelieHUsI HEKOPPEKTHBIX 32124 B TPABUMATHUTOPAa3BeAKe

[TocTanoBKa mpsIMBIX M OOpATHBIX 33/1a4 B TpaBUMETpUH U MaruutoMeTpuu. Crenuduka
KOPPEKTHOCTH OOpaTHBIX 3aj7lad B I'paBUMarHuTopaspenke. Ponb anpuopHoit nunpopmanuu npu
pemeHnn OOpaTHBIX 3a1ad. 3ajada O NPOJOJDKCHHH MOTEHIMAIBHOTO TMOJS B CTOPOHY
ucTOYHUKOB. OOpaTHBIE 3a7aud TPaBUPA3BEIKH, CBOISIIMECS K HMHTETPaIbHOMY YPaBHEHHIO
O®penronbma 1-ro poma tuna ceepTku. OrmpexaeneHue (OpMbl Telna MO T'PaBUMETPUUECKUM
JaHHBIM. Bpluncienue pacnpeneneHus IUIOTHOCTH Uil cucTteMbl Tell. [lepecyeT MarHUTHOTO
MOJISI K TIOJTEFOCY € MCTIOIB30BAHUEM aJITOPUTMA PETYIISipU3alui. MeTO bl pelieHusl CTPYKTYPHBIX
3a/1a4 B TPABUMETPUU U MarHUTOMETPUU.

(4.2) Ilpumepsl penieHUs1 HEKOPPEKTHBIX 32124 B 3JIEKTPOPa3BeKe

DnexTpopa3BeOoYHble  JaHHbIE W MeToAsl WX  aHanuza. Krnaccudukarus
TEOdIEKTPUUYECKUX Mozeneld. Meroapl pemieHus MNpsAMBIX 3ajad  anekTpopasBenku. O
COBMECTHOM HWHTEPHPETALMHN HIEKTPUUYECKUX M WHAYKIMOHHBIX 30HAMpoBaHuM. [IpumHuun
JIOTIOJTHUTEITLHOCTH B MAarHUTOTEIUTYPHUKE.



4. The structure and content of the discipline:

Overall study content of the discipline “Ill-posed problems in geophysics” is 2 credits or
72 hours, including 42 hours of class work (28 hours of lectures and 14 hours of seminars) and
30 hours of independent work of students.

4.2 Discipline structure

Kinds of study activities,
including independent work of = —
5 students (labor content in ET LS
@ hours) SZ= 2
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3|8 |5 |8 |2
1 | Mathematical background 7 11-2| 6 6 | Written test
2 | Introduction into theory of 7 |36| 8 4 8 | Written test
inverse problems
3 | Methods for solution of 71 7-1 8 4 8 | Written test
inverse problems 10
4 | Examples of ill-posed prob- 7 |11-]| 6 6 8 | Written test
lems solution in geophysics 14
5 | Intermediate assessment 7 Examination
In total: 2 credits or 72 hours 28 | 14 30

4.2 Discipline content
(1) Mathematical background

(1.1) Introduction

About the discipline “Ill-posed problems in geophysics”. Statement of forward and
inverse geophysical problems. Basic and additional literature.

(1.2) Euclidean space, functional spaces

Euclidean space, vector norm. Linear operators in Euclidean space. Operator norm in
Euclidean space. Linear functionals in Euclidean space. Metric space. Linear and normed linear
spaces. Hilbert space. Examples of functional spaces.

(1.3) Linear operators and functionals in functional spaces

Linear operators in functional spaces. Inverse operators. Statement of the problem of
geophysical data approximation. Functionals in functional spaces. Conjugate operators.
Differentiation of operators and functionals. Types of functional minimums.

(2) Introduction into theory of inverse problems

(2.1) Forward and inverse problems in geophysics: statement and special features

Statement of forward and inverse problems, three questions of Hadamard. Examples of
formulation of geophysical forward and inverse problems. Existence of a solution of inverse
problem. Uniqueness of a solution of inverse problem. Instability of a solution of inverse
problem. Sensitivity of geophysical methods. Resolution of geophysical methods.

(2.2) Basics of the regularization theory

Tikhonov’s statement of inverse problems. Regularizing operators. Stabilizing
functionals. Tikhonov’s functional. Stabilizers, based on use of prior model. Smoothing
stabilizers. Functional with minimal gradient support. Selection of optimal regularization
parameter.

(3) Methods for solution of inverse problems




(3.1) Linear discrete inverse problems

Reduction of linear discrete problem to a solution of linear equations system. Solution of
overdetermined problem using least squares method. Solution of underdetermined problem.
Usage of weight coefficients in linear discrete problem. Method of regularization of linear
discrete problem. Basic notations and formulas of probability theory. Method of maximal
likelihood.

(3.2) Iterative methods for solution of linear inverse problems

Direct and iterative methods of linear equation systems solution. Theory of minimal
residual (MR) method. Application of MR method to solve Euler’s equation. Application of MR
method to solve inverse problem equation. Equations for regularized linear problem. Solution of
Euler’s equation for Tikhonov’s functional using MR method. Solution of inverse regularized
problem equation using MR method.

(3.3) Methods for solution of non-linear problems

Non-linear inverse problems. Method of steepest descent (MSD). Selection of iteration
step length in MSD. Computational scheme of MSD. The Newton method. The Newton method
with the line search. The conjugate gradient method. Regularized methods of non-linear
problems solution.

(4) Examples of ill-posed problems solution in geophysics

(4.1) Examples of ill-posed problems solution in gravity and magnetic prospecting

Statement of forward and inverse problems in gravity and magnetic prospecting.
Specifics of ill-posed problems in gravity and magnetic prospecting. Role of prior information in
the solution of inverse problems. Problem of potential field continuation to the sources. Inverse
problem of gravity prospecting reduced to integral Fredholm equation of the 1% kind of
convolution type. Determination of body shape using gravity data. Calculation of distribution of
density for a system of bodies. Recalculation of magnetic field to a pole using regularization
algorithm. Methods for solution of structural tasks in gravity and magnetic prospecting.

(4.2) Examples of ill-posed problems solution in electromagnetic prospecting

Electromagnetic data and methods for their analysis. Classification of resistivity models.
Methods for solution of forward electromagnetic problems. Integrated interpretation of electric
and induction soundings. Principle of complementarity in magnetotellurics.

5. PexoMeH1yemMble TEXHOJIOTUH

IIpu peanuzanuu nporpaMMbl JUCHMIUIMHBL “HekoppekTHble 3anaun reousuku”
WCIIONIB3YIOTCS Pa3jIM4HbIe 00pa3oBaTeIbHBIE TEXHOJOTUH. AYAMTOpPHBIC 3aHATHS (42 dYaca)
BKJIIOYAIOT JIEKIMU, B TOM YHCII€ WHTEPAKTHUBHbIE U C JEMOHCTpalMedl claioB, a Takxke
HECKOJIbKO ceMHHapoB. CamocTosaTenbHas padoTa cTy1eHToB (30 yacoB) BKIIIOYAET MOATOTOBKY
K HeOOJIbIIMM KOHTPOJBHBIM paboTaM MO YeTHIpEM pas3jenaM JUCLHUIUIMHBL, a Takke
MOJTOTOBKY K 9K3aMEHY.

5. Recommended methodology

Different educational technologies are used during the implementation of “Ill-posed
problems in geophysics” discipline program. Class works (42 hours) include lectures, some of
which are interactive or with slides demonstration, and several seminars. Independent work of
students (30 hours) includes preparation to small written tests on four parts of the discipline and
preparation to the examination.

6. OmueHouyHble cpeacTBa [Jsi TEKYHIEr0 KOHTPOJISI YCIEBAEMOCTH, MPOMEKYTOYHOI
aTTeCTallMi 110 UTOraM OCBOCHUA TUCHUIIJIMHDBI

JInst CTUMYITUPOBaHUSI CAMOCTOSTEILHON pabOThI CTY/ICHTOB B TEYEHUE BCETO CEMECTPa,
M0 3aBCPUICHHWHN KaXA0TO U3 I-IeTBI]f)éX pasaciioB AUCHUINIMHBI ITPOBOAUTCS HeOOoJIbIIIast
NUCEMEHHAs! KOHTpOJbHAs paboTa. YCHENIHO HAmMCaBIIME KOHTPOJbHBIE Pa0OOTHI CTYIEHTHI
JOIyCKalOTCs K 9Kk3aMeHy. CIIMCOK BOIIPOCOB K JK3aMEHY MOYTH ITOJHOCTHIO COOTBETCTBYET
3aroJIOBKaM MoJpa3zesioB AUCIUIUINHBI:
(1)  EBkimaoBO mpoCTpaHCTBO, HOPMa BEKTOpA.



(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

(10)
(11)
(12)
(13)
(14)
(15)
(16)
(17)
(18)
(19)
(20)
(21)
(22)
(23)
(24)
(25)
(26)
(27)
(28)
(29)
(30)
(31)
(32)
(33)
(34)
(35)
(36)
(37)
(38)
(39)
(40)
(41)
(42)
(43)
(44)
(45)
(46)
(47)
(48)
(49)
(50)
(51)
(52)
(53)
(54)

JInHelHbIe OnepaTophl B €BKJIMI0OBOM IIPOCTPAHCTBE.

HopwMma onepaTtopa B €BKIMA0BOM IPOCTPAHCTBE.

JIuneiiHble PYHKIMOHAIBI B €BKJIMIOBOM ITPOCTPAHCTBE.
MeTtpuueckoe NpoCcTPaHCTBO.

HopmupoBanHoe TUHEHHOE POCTPAHCTBO.

I'nns0epToBO MPOCTPAHCTBO.

[Tpumepb!l PyHKIMOHATBHBIX POCTPAHCTB.

JIuneliHble onepaTopsl B PYHKLIMOHAIBHBIX IPOCTPAHCTBAX.
OOpatHble onepaTopsl.

[TocranoBka 3agaun NPUOIMKEHUS re0(PU3NIECKUX TaHHBIX.
@OyHKIMOHANBI B (PYHKIIMOHAIBHBIX POCTPAHCTBAX.
Conpsk€HHBIE OIIEPATOPHI.

JuddepennmrpoBanre onepaTopoB U PyHKIIMOHAIOB.

Tunbl MUHUMYMOB (pyHKITHOHAA.

ITocTtaHOBKa MpsSIMBIX U OOpaTHBIX 3ajjay, TPU BoIpoca Ajamapa.
[Tpumeps! GopMyIHPOBKH NPSIMBIX U OOpPATHBIX 3a/1a4 re0(U3UKH.
CymiecTBoBaHHE peleHHst 00paTHOM 3a1auu.

EnuncTBeHHOCTH pelnienust oOpaTHOM 3a/1auu.

HeycroltunBocTs perieHust oopaTHoil 3a1auu.

YyBCTBUTEIBHOCTH T€OQU3NIECKIX METOJIOB.

Pazpematomas cnocoOHOCTh reo(hru3nYECKUX METOI0B.

VY CIIOBHO-KOPPEKTHAs TOCTAHOBKA OOPATHBIX 3a/1ad.
Perynspusupyromniye oneparopsl.

Crabunmsupyromue yHKIHOHATBI.

Oynkimonan TuxoHosa.

Crabminsatopsl, UCIIONB3YIOIINE AlIPUOPHYIO MOJEINb.
Crinaxuparolye cTabuiIn3aTopsl.

@OyHKIMOHAI ¢ MUHUMAaJIbHBIM HOCUTEJIEM I'PaJUEHTA.

Br160op ontumansHOro napamerpa peryJisipu3aimu.

Caenenue IMHENHON TUCKPETHOM 3aaun K pemeHuto CJIAY.
Pemenue nepeonpenenéHHon 3aqauu METOIOM HauMeHbIuX kBaapaToB (MHK).
Pemenue HemoonpeaenEéHHON 3a1a4Uu.

Hcnonb3oBaHne BeCOBBIX KOA((UIIMEHTOB B TMHEHHON JUCKPETHOH 3a1aue.
Meron perynsipuzanyy JMHEHHON AUCKPETHOM 3a/1a4N.

OcHOBHbIE OHATHS U (HOPMYJIBI TEOPUU BEPOSITHOCTEH.

MeTto MaKcCUManbHOTO MTPABIONOI00HUS.

IIpsmble n utepanonssie Metons! pemieHust CJIAY.

Teopus Meroga MuUHUMAIBHBIX HEeBsI30K (MMH).

ITpumenenne MMH nns pemienust ypaBHeHus Ditiiepa.
[Tpumenenne MMH nns pemenust ypaBHeHHsI 0OpaTHOW 3a/1auH.
YpaBHeHHU U1 PETYIAPU30BAHHON JIMHEWHON 3a1a4H.

Pemenue ypaBuaenus Ditnepa aist TuxoHoBCcKoro ¢yHKuoHaiaa metogom MMH.
Pemenue ypaBHeHUst 00paTHOI perynsipu3oBaHHON 3a1aun metogqoM MMH.
Henunetlinpie oOpaTHBIC 3a1a49H.

Merton ckopeiitiero ciycka (MCC).

Br16op nimnb! ntepanuonsoro mara B MCC.

BrruncnuTenbHas cxemMa MeTo/1a CKOPEHIIETO CITyCKa.

Meton HeroToHa.

Meton HproToHa ¢ TOMCKOM IO HANIPaBJICHHUIO.

Merton conpsk€HHbIX rpagueHToB (MCI).

O perynspu30BaHHBIX METO/IAX PELICHMsI HETMHENHBIX 3a/1a4.
[TocTaHoBKa MpsIMBIX M 0OpaTHBIX 3aj7]ad B TPaBUMETPUHN U MarHUTOMETPHUU.

CHCI_II/I(I)I/IKB. KOPPCKTHOCTH O6paTHLIX 3agad B rpaBUMarHuTopa3BCaKE.

anpuopHON MHGOPMAITUHU TIPH PEIICHUH 00paTHBIX 3a]1ad.

Poib



(55) 3amaua o MPoAOMHKEHHH MOTEHIUAIBHOTO MOJISl B CTOPOHY UCTOYHUKOB.

(56) OOparHble 3agaud TpaBUPA3BEAKH, CBOJAIIAECS K HMHTETPAILHOMY YPaBHCHHIO
@®pearonsma 1-ro poaa TUIA CBEPTKH.

(57) Onpenenenrie GOpPMbI TeJia MO TPABUMETPUICCKUM JTAHHBIM.

(58) BebruncneHue pacnpeaeIeHuUs MIIOTHOCTH ISl CHCTEMBI TeEll.

(59) Ilepecuer MarHUTHOIO MOJIS K MOJIFOCY C UCIIOJIb30BAHUEM AJITOPUTMA PETYIIAPU3ALIHH.
(60) Meronpbl pelieHHs CTPYKTYPHBIX 33/1a4 B TPABUMETPHHA M MAarHUTOMETPHUH.

(61) DrexTpopa3BemOUYHBIC TAaHHBIC U METOIbI HX aHAJIH3A.

(62) Kiaccubukaius reo3IeKTPHUECKUX MOJCIIEH.

(63) Meroasl pelieHHs TPSMBIX 337124 AIEKTPOPA3BEIKH.

(64) O coBMeCTHO# HHTEPIPETAIIMU IEKTPHUCCKUX U MHAYKIIHOHHBIX 30HIUPOBAHUIA.

(65) IIpuHIMI TOMOTHUTENLHOCTH B MArHUTOTEILTYPHKE.

6. Marking for current performance control and interim assessment during and at the end
of the course
For the stimulation of independent work of students during the whole semester, after each
of the four parts of the discipline a small written test is conducted. Those who successfully pass
these tests are allowed to take the examination. The list of questions for the examination almost
completely corresponds to titles of the subsections of the discipline:
(1) Euclidean space, vector norm.
(2) Linear operators in Euclidean space.
(3)  Operator norm in Euclidean space.
4) Linear functionals in Euclidean space.
(5) Metric space.
(6) Linear and normed linear spaces.
(7) Hilbert space.
(8) Examples of functional spaces.
9) Linear operators in functional spaces.
(10)  Inverse operators.
(11) Statement of the problem of geophysical data approximation.
(12)  Functionals in functional spaces.
(13) Conjugate operators.
(14) Differentiation of operators and functionals.
(15) Types of functional minimums.
(16)  Statement of forward and inverse problems, three questions of Hadamard.
(17) Examples of formulation of geophysical forward and inverse problems.
(18) Existence of a solution of inverse problem.
(19)  Uniqueness of a solution of inverse problem.
(20) Instability of a solution of inverse problem.
(21)  Sensitivity of geophysical methods.
(22) Resolution of geophysical methods.
(23) Tikhonov’s statement of inverse problems.
(24) Regularizing operators.
(25)  Stabilizing functionals.
(26) Tikhonov’s functional.
(27)  Stabilizers, based on use of prior model.
(28)  Smoothing stabilizers.
(29)  Functional with minimal gradient support.
(30)  Selection of optimal regularization parameter.
(31) Reduction of linear discrete problem to a solution of linear equations system.
(32) Solution of overdetermined problem using least squares method.
(33)  Solution of underdetermined problem.
(34) Usage of weight coefficients in linear discrete problem.
(35) Method of regularization of linear discrete problem.



(36) Basic notations and formulas of probability theory.

(37) Method of maximal likelihood.

(38) Direct and iterative methods of linear equation systems solution.

(39) Theory of minimal residual (MR) method.

(40)  Application of MR method to solve Euler’s equation.

(41) Application of MR method to solve inverse problem equation.

(42) Equations for regularized linear problem.

(43)  Solution of Euler’s equation for Tikhonov’s functional using MR method.
(44)  Solution of inverse regularized problem equation using MR method.

(45)  Non-linear inverse problems.

(46) Method of steepest descent (MSD).

(47)  Selection of iteration step length in MSD.

(48) Computational scheme of MSD.

(49) The Newton method.

(50)  The Newton method with the line search.

(51) The conjugate gradient method.

(52) Regularized methods of non-linear problems solution.

(53) Statement of forward and inverse problems in gravity and magnetic prospecting.
(54) Specifics of ill-posed problems in gravity and magnetic prospecting. Role of prior
information in the solution of inverse problems.

(55) Problem of potential field continuation to the sources.

(56) Inverse problem of gravity prospecting reduced to integral Fredholm equation of the 1%
kind of convolution type.

(57) Determination of body shape using gravity data.

(58) Calculation of distribution of density for a system of bodies.

(59) Recalculation of magnetic field to a pole using regularization algorithm.
(60)  Methods for solution of structural tasks in gravity and magnetic prospecting.
(61) Electromagnetic data and methods for their analysis.

(62) Classification of resistivity models.

(63) Methods for solution of forward electromagnetic problems.

(64) Integrated interpretation of electric and induction soundings.

(65)  Principle of complementarity in magnetotellurics.

7. Y4yebGHO-MeTOoAMYECKOE U HMH(POPMALIMOHHOE 00eceueHue TUCIUIIIMHBI:
7. Methodological and informational support:

a) OCHOBHas JUTEpaTypa:

a) primary list of books:
- TuxonoB A.H., ImutpueB B.U., I'nacko B.b. MaremaTtnueckue MeTObI B pa3BEIKE MOJE3HBIX
nckomaeMbeIx. M.: 3aanne, 1983. 64 c.
- Jmutpues B.U. (pemaxTtop). BplumcnurenbHble MaTeMaTHKa W TEXHHKAa B Pa3BEJOYHOU
reo¢pusuke: CripaBounuk reopusuka. M.: Henpa, 1990. 498 c.
- XKnanoB M.C. Teopusi 00paTHbIX 3a1a4 U peryispuszanuu B reopusuke. M.: Hayunsiii mup,
2007. 712 c.
- Imutpues B.U. O6pathHbie 3anaun reopusuku. M.: MAKC Ilpecc, 2012. 340 c.

0) IOMOJIHUTENbHAS JIUTepaTypa:

b) secondary list of books (bibliography):
- Tuxonos A.H., Apcenun B.Sl. Merons! pemienns HeKOppeKkTHbIX 3a1ad. M.: Hayka, 1986. 288
c.
- Slnosckas T.b., [Topoxosa JI.H. OGparusie 3agaun reopusuxu. JI.: U3a-so JII'Y, 1983. 210 c.
- Tarantola A. Inverse problem theory. Amsterdam — Oxford - New York - Tokyo: Elsevier,
1987. 613 p.

B) IporpammHoe obecrieuenre u UHTepHeT-pecypcChl:

c) software and Internet-resources:



- http://www.agora.quru.ru/display.php?conf=geophysical_seminar -  caiir = HayuHO-
00pa3oBaTeIbHOrO CeMUHapa «MaTeMaTHu4eckoe MOJSIMPOBaHNE TeO(U3UUECKUX MPOIECCOB:
IpSIMbIC U OOPATHBIC 3a]1a4M.

- http://www.inverse-problems.net/ - caiit MexxyHapoIHOM acCOMMAIIMH 10 OOPATHBIM 3a1a4aM.
- http://mtnet.dias.ie/main/ - caiiT MarHUTOTEILTYPUUYECKOTO COOOIIIECTRA.

8. MarepuajibHO-TEXHUYECKOE o0ecredeHne U CIUNINHBI
Jlis MarepuanbHO-TEXHHUYECKOro olOecredyeHusl NUCHUIUIMHBL «HekoppeKkTHbIe 3aaauu
reo(pU3UKN» UCTIONB3YIOTCS ayAUTOPUU U OUOIHOTEKa reoorudeckoro gakyinprera MI'Y.

8. Necessary facilities and equipment
For the material and technical support of the discipline “Ill-posed problems in
geophysics” lecture rooms and the library of the Faculty of geology of MSU are used.

9. KpaTtkoe cojep:xaHue JUCHHUIUIMHBI (AHHOTAIHSA)

PaccmoTpen maremarudeckuil ammapar, JIEKallMii B OCHOBE PELIEHMS] HEKOPPEKTHBIX
3a7a4 Teo(pU3UKH, BBOIATCA (YHKIMOHAJIbHBIE INPOCTPAHCTBA, JHMHEWHBIE ONEPATOpPhl U
¢ynkunonansl. OOCyXKmaeTcsi TMOCTAaHOBKAa M TPSAMBIX M OOpaTHBIX 3aJad B Teo(U3HUKE,
U3J1araloTcsl OCHOBBI TEOPHM peryispuzanuu. PaccmarpuBaroTcs pas3ivuHble UTEPaLMOHHBIE
METO/Ibl PELLIECHUS JIMHENHBIX U HEJIMHEHHBIX 00paTHBIX 3aaa4. [IpuBoasTcs npuMepsl pereHus
HEKOPPEKTHBIX 3a/1a4 B IPaBUPA3BE/IKE, MATHUTOPA3BEIKE U AIEKTPOpa3BEIKe.

9. Discipline content (annotation)

Mathematical tools, used to solve ill-posed problems of geophysics, are considered,
functional spaces, linear operators and functionals are introduced. Statement of forward and
inverse problems of geophysics is discussed, regularization theory basics are presented. Different
iterative methods for solution of linear and non-linear inverse problems are considered.
Examples of solution of ill-posed problems in gravity, magnetic and electromagnetic prospecting
are given.

10. YueOHO-MeTOAMYECKHE PEKOMEHIAIUM AJsi ofecredeHHs] CAMOCTOSITEIbHOIl PadoThI
CTY/ICHTOB
Tembl 17151 CaMOCTOATEIBLHOI Pab0ThI CTYCHTOB
OOpaTHble 3aJa4l T€OTEPMUKHU:
- [locTaHoBKa 3a1a4M pEKOHCTPYKLIUU NAJIEOKINMATA;
- Penyxuus 3aaun K MHTErpajibHOMY YpaBHEHUIO;
- Pemenue o6paTHoit 3a1auu.
OOpaTHble 3a1auy PaBUMETPUU U MAarHUTOMETPHHU:
- MaTemaTnueckne MOJI€Iu TPaBUMETPUN U MATHUTOMETPHH,
- [IpoomxeHue rpaBUTallMOHHOTO TOJIS;
- OnpeneneHyie HEOAHOPOAHOCTH 0 IPABUTALMOHHOMY IOJIIO.
OOpaTHbIe 3a1a41 IEKTPOPA3BEAKU Ha IOCTOSTHHOM TOKE:
- OOpaTHas 3a7jaua BEpTUKAIBHOTO AJIEKTPHUUECKOTO 30HAUPOBAHUS,
- OnHoMepHast obpaTtHas 3a1aua B3,
- BepTukanbHO€ 21EKTpUYECKOE 30HANPOBAHUE KBA3UCIOUCTBIX CPEN;
- DIIEKTPUYECKOE 30HANPOBAHNE HEOJHOPOIHBIX CPEI.
OOpartHble 3aauu T€03TEKTPUKU:
- O6partHas 3aJa4a MarHUTOTEJTYPUIECKOTO 30HANPOBAHUS;
- OmHoMepHas oOpartHas 3agaua MT3;
- YCTONYMBOCTB ONPEEICHUS HHTErPAIbHON IPOBOJUMOCTH;
- KBasnogHomepHsbIit MeTo1 peteHust oopatHoi 3aaaun MT3;
- IsymepHas oOparHas 3anaya M T3, 6MMoJaIbHBIN METOS;
- TpexmepHas oOpartHas 3anaua MT3,;
- MarauroBapralioHHas oOpaTHas 3aJaua;


http://www.agora.guru.ru/display.php?conf=geophysical_seminar
http://www.inverse-problems.net/
http://mtnet.dias.ie/main/

- MHOTOKpHUTEpHalbHBIE 00paTHBIE 3a/1a41 T€03JIEKTPUKH.
OOparHble 3a/1a4 JIEKTPOMArHUTHBIX 30HIUPOBAHUN:
- YacTOTHOE 30HIUPOBAHHE CIIOMCTHIX CPEJI;
- DIIEKTPOMAarHUTHOE ToJIe B IajbHE 30HE;
- O6parHas 3aja4a 4aCTOTHOT'O 30HUPOBAHUS CIIOMCTON CPE/bI;
- TpexmepHas obpaTHas 3a7a4a 3JIEeKTPOMAarHUTHOTO 30HAUPOBAHUS JIOKATbHBIM UCTOYHHKOM;
- KBaszurpexmepHbie 00paTHBIC 3a/1a4H 3JEKTPOMATHUTHBIX 30HIUPOBAHUM;
- OGpatHble 3a/1a4M 3JEKTPOMArHUTHON a3pOpa3BeIKHU.

10. Educational and methodological recommendations for self-study
Topics for independent work of students
Inverse problems of geothermics:
- Statement of the problem of palaeoclimate reconstruction;
- Reduction of the problem to integral equation;
- Solution of the inverse problem.
Inverse problems of gravity and magnetic prospecting:
- Mathematical models of gravity and magnetic prospecting;
- Continuation of gravitational field;
- Estimation of inhomogeneity using gravitational field.
Inverse problems of electric prospecting:
- Inverse problem of vertical electric sounding (VES);
- One-dimensional inverse problem of VES;
- VES of quasi-layered mediums;
- Electrical sounding of inhomogeneous mediums.
Inverse problems of geoelectrics:
- Inverse problem of magnetotelluric sounding (MTS);
- One-dimensional inverse problem of MTS;
- Stability of estimation of integral conductance;
- Quasi-one-dimensional method of MTS inverse problem solution;
- Two-dimensional inverse problem of MTS, bimodal method,;
- Three-dimensional problems of MTS;
- Magnetovariational inverse problem;
- Multi-criterion inverse problems of geoelectrics.
Inverse problems of electromagnetic soundings:
- Frequency sounding of layered mediums;
- Far-zone electromagnetic field;
- Inverse problem of a frequency sounding of layered medium;
- Three-dimensional inverse problem of electromagnetic sounding using local source;
- Quasi-three-dimensional inverse problems of electromagnetic soundings;
- Inverse problems of airborne electromagnetic prospecting.
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