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1. Hesm n 3a1a4M 0CBOCHUSI AU CHMIIIMHBI

Henbto ocBoenus nuctuiuiibl «Teopust reopusnueckux Mojeil» SBISETCS MOTydYeHHE
3HaHUH O (PyHJaMEHTAJIbHBIX CBOMCTBAaX (U3MYECKUX TOJEH, MPUMEHSEMbIX B reodusmke, a
Tak)ke 00 0COOCHHOCTSIX UX MPOCTPAHCTBEHHON U BPEMEHHOM CTPYKTYPBHI.

3amaun  JUCHMIUIMHBI: W3yYeHHE MaTeMaTHYeCKOW TEOpUH TeO(U3NYEeCKUX TOJeH,
OBJIaJICHUE METOJAaMH PELICHHs 3aJady O I10JIe OCHOBHBIX BHJOB BO30yAMTENEHl B IMPOCTHIX
MOJIEJISIX CPEJIbI.

1. Goals and objectives of study

The goal of study of discipline “Geophysical field theory” is gaining knowledge about
fundamental characteristics of physical fields, applied in geophysics, as well as about
peculiarities of their spatial and temporal structure.

The objectives of study of discipline are: study of mathematical theory of geophysical
fields, of methods for solution of problems concerning fields of main kinds of sources in simple
models of the medium.

2. MecTo aucuunianHbl B cTpykrype OOIL

Hucummumna «Teopust reousnueckux moneid» oTHocuTCs K BapuatuBHOU yactu OOIT
OakanaBpuata, K 6J0Ky npoduiabHON nmoAroroBku. JucnumnnuHa Oazupyercs Ha Kypcax IHMKIIa
€CTeCTBEHHOHAYYHBIX TUCHUIUIMH 0a30BOI YacTH, BXOIAIIMX B MOIyJH «BpIciias MaTeMaTHKa
u «Pusuka», yutaeMbix B 1 — 3 cemecTpax, a TaKXke IUCLUIUIMH OJOKa OOIIeHay4yHOU
NOJrOTOBKM BapHaTUBHOM YacTu («MaTemaTuyecKuil aHau3», «AHAJIUTUYECKAsh T€OMETPU»,
«JIuneiinas anrebpa», «Auddepenunanbupie ypaBHeHUs», «Teopust pyHKIUN KOMIIJIEKCHOTO
IIEpEeMEHHOro»), uuTaemMplx B 1 — 4 cemectpax. OcBoenue jaucuuiuiMHbl «Teopus
reou3NYEecKUX IMoJiei» HeoOXOOUMO sl JalibHEeHIIero M3y4eHuss METOJOB HHTEepIpeTaliu
reopu3NYecKuX JAHHBIX B paMkKax KypcoB «I'paBupasBenka», «DJIEKTpOpa3BeiKa» H
«CelicMopa3Be/ikay, NpoAoJDKaroIIuxcs B 6 cemecTpe, a Takke NPO(GUIbHBIX IUCLMILIMH
MarucTepckux rnporpamm npoduiis «l eopusukar.

2. Discipline as a part of the curriculum:

The discipline “Geophysical field theory” is included into variational part of the
bachelors BEP, into the block of profile training. The discipline is based on disciplines of the
cycle of natural sciences disciplines of the base part of the BEP, included into modules “Higher
mathematics” and “Physics”, studied in 1 — 3 semesters, as well as on disciplines of the general
scientific block of variational part of the BEP (“Mathematical analysis”, “Analytic geometry”,
“Linear algebra”, “Differential equations”, “Theory of functions of complex variable), studied
in 1 — 4 semesters. Study of the discipline “Geophysical field theory” is necessary for the further
study of methods of geophysical data interpretation in the frameworks of the disciplines “Gravity
prospecting”, “Electromagnetic prospecting” and “Seismic prospecting”, continuing in the 6%
semester, as well as for the study of the profile disciplines of the masters programs of the profile
“Geophysics”.

3. TpeGoBaHus K pe3yJabTaTAM OCBOCHUS JUCHUININHBI
[Iponiecc wm3yuenuss auctumanHbl «Teopus reodusmyeckux moJei» HampaBieH Ha

dbopMUpOBaHUE CIETYIOIINX KOMIIETCHIIN:

YHHMBeEpPCAJbHBIX, B TOM YHCJIE:

a) oowexynomypuuvix (OK):
— CIMOCOOHOCTh K COTPYAHUYECTBY M MapTHEPCTBY, BIAJACHUE PA3BUTOM cUCTEMOM (pritocodcko-
MHUPOBO33PEHUYECKUX, COITMOKYIBTYPHBIX M HPABCTBEHHBIX IIEHHOCTEI; CIIOCOOHOCTh OCO3HABATH
CBOIO POJIb M TIPEJTHa3HAYCHHE B PA3HOOOPA3HBIX MPO(HECCHOHATBHBIX U JKU3HEHHBIX CUTYAIUsX;
YMEHHUE MCII0JIb30BaTh HOPMATHUBHBIC MTPABOBBIC JIOKYMEHTHI B cBoel jaesrenbHocTH (OK-1);
—  CIOCOOHOCTP ~ OPHEHTHPOBATHCSI B COIMAIBHO-)KOHOMHUYECKOHW  MpoOJIeMaTHKE,
aJanTUPOBAThCS K HOBBIM TPO(GECCHOHATBHBIM TEXHOJOTUSM, COIHAIBHBIM SBICHHUSIM U



npoleccaM, yYMEHHE IIepeOlleHHMBATh HAKOIUICHHBIM OMBIT, aHAJTU3UPOBaTh COOCTBEHHBIE
JOCTHXKCHUS 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; CIIOCOOHOCTh TNPHUHUMATh
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 NPOQECCHOHATBHOW O00JIaCTH; CIIOCOOHOCTH
CO3/1aBaTh MaT€MaTUYECKUE MOJIEIH TUIIOBBIX MPO(ECCHOHATBHBIX 3aJ]a4 U UHTEPIPETUPOBAThH
MOJIyYCHHbIE MaTeMaTHUECKUE Pe3yJIbTAThl, BIAJCHUE 3HAHUAMHU 00 OTPaHUYEHUSX M IPaHHUIAX
MPUMEHUMOCTH MOJelieil; CIOCOOHOCTh HCMOJIb30BaTh B MPOPECCHOHANBHON AESITeIbHOCTH
0a3oBbic 3HaHus B o0nactu ¢pusuku (OHK-6);

6) uncmpymenmanwvuvix (UK):
— BIIQJICHUE WHOCTPAHHBIM S3BIKOM B YCTHOH M THCbMEHHOM (hopMe Ui OCyIIECTBICHHS
KOMMYHHKAIIMM B y4eOHOM, Hay4HOH, MpodecCHOHAIbHOW U COIHUAIbHO-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 HCIIOJIb30BAHUSI MPOTPAMMHBIX CpPEACTB U PabOThl B KOMIIBIOTEPHBIX
CeTsAX, MCIIOJIb30BaHUs pecypcoB MHTEpHET; BiIaJeHHEe OCHOBHBIMH METOJaMH, crocobamMu u
Cpe/ICTBaMU TOJTyYeHHUs, XpaHeHus, nepepadborku uadopmarnuu (MK-3);
—  CHOCOOHOCTH  HCIIOJIb30BaTh ~ COBPEMEHHYIO  BBIYHCIHUTEIBHYIO  TEXHUKY  H
CHeIMalM3UpOBaHHOE MPOTrpaMMHOE oOecrieueHue B Hay4yHO-uccienoBaTensckoi padore (MK-
5);

2) cucmemnuix (CK):
— CIOCOOHOCTh K TBOPYECTBY, TOPOXICHUIO HMHHOBAIIMOHHBIX WJEH, BBIIBHKCHHIO
camocrosTensHbIX Tunote3 (CK-1);
— CIIOCOOHOCTh K TMOMCKY, KPUTHUYECKOMY aHAIN3y, OOOOIICHUIO W CUCTEMAaTH3allMd HayYHOM
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-TIPOM3BOJICTBEHHOTO  Mpoduis  JesITeTbHOCTH;, K
MHHOBAIIMOHHOI Hay4HO-00pa3zoBaTenbHol nesitensHocTH (CK-3);

npodeccuonanbubIx (I1IK):
— CIIOCOOHOCTh TIIyOOKO OCMBICIMBATh M (POPMUPOBATH TUArHOCTUYECKUE DEIICHUs Mpobiem
TeOJIOTUM TyTEM HMHTETpanuu (yHIAMEHTAIBHBIX pa3felioB T'eOJOTHH, Te0(PH3UKH, TEOXUMHUH,
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 TIOMOIIBIO COBPEMEHHOW ammaparypbl, OO0OpYIOBaHHWS, HHPOPMAIIHOHHBIX
TEXHOJIOTHUH, C HCIOJIb30BAaHUEM HOBEHIIIETO 0TEUECTBEHHOTO 1 3apyOexkHoro omnbiTa ([1K-3);
— FOTOBHOCTh B COCTaBe HAayYHO-UCCIIENOBATEIHCKOTO KOJUIEKTHBA YYacTBOBATh B COCTABIICHHUH
0T4YeToB, pedepaToB, Oubmmorpaduit 1 0030pOB MO TEMaTHKE HAYYHBIX HCCIIEIOBaHUM, 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);
— CcrocoOHOCTh NMPUMEHATh Ha MpakTHKE 0a30Bble 00IIENnpoQecCHOoHaIbHbIE 3HAHUS TEOPUU H
METOJIOB I'€0JIOTUYECKUX HCCIIEeI0OBAaHUI MpHU pelIeHUH Hay4YHO-TPOon3BoACTBeHHbIX 3anad (I1K-
7);
— yMEHHE WCIOJb30BaTh  YITyOJIGHHBIE  CHEIHAIM3UPOBAHHBIE  MPO(ECCHOHATBHEIC
TEOpPETUYECKHE M MpaKTHUYECKHe 3HAHUS JUId IPOBEACHUS HAyYHBIX (YHIAMEHTAJIBHBIX U
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, TEOKPHUOJIOTHYECKOH, HedTerazoBoil wu
9KO0JIOTO-T€0JIOTNYECKON MH(pOpMALMK JUIsl PEICHUs Hay4HBIX M MPAKTUYECKUX 3a7ay, B TOM
YHCIie HaXOIAIIMXCS 3a TPe/ieiIaMi HeOCPeICTBEHHOM cdepbl aestensHocTH ([TK-11);
— TOTOBHOCTh K MCIIOJb30BaHUIO NPAKTUYECKMX HABBIKOB OPraHM3allMM U YIIPaBJICHHsS HAYyYHO-
UCCIIEI0BATEIbCKUMH M HAYYHO-TIPOWU3BOJICTBEHHBIMU paboTaMy NP perieHnH (pyHIaMeHTaIbHBIX
U [IPUKJIaHBIX reosoruueckux 3amaad (I1K-12).

B pe3ynbTare 0CBOCHUS AUCLUILIMHBI 00YYarOIUiCs JOIKEH:

3Hamb: OCHOBHBIE 3aKOHOMEPHOCTH  (pM3MUYECKMX ToJeH  (rpaBUTAIlOHHOTO,
MarHMTHOTO,  JIEKTPUYECKOrO,  3JIEKTPOMAarHUTHOIO, CEICMHMYECKOTO, TEIUIOBOIO),
CyIIECTBYIOIIMX B CIUIOIIHOW CpeAe, CBOWCTBA KOTOPOM XapaKTEPHU3YHOTCS YCPEIHEHHBIMU
napaMeTpaMy;

yMemp: MATEeMAaTUYECKH OINMUCATh (U3NYECKOE II0JIe, CO3/1aBaeMOE€ Pa3IMUYHBIMU
BO30yAUTENISIMHU, BBIIOJIHIATh MaTEMAaTHUYECKOE MOIETUPOBAaHUE (PU3HMUECKUX TOJIEH;

61a0emp. HaBbIKAMM MAaTEMATUYECKOTO aHalIM3a, METOJaMU YHUCJIEHHOTO pacuera
reopu3nYeckux ImojJed ¢ NPUMEHEHHEM COBPEMEHHOI'O BBIYMCIUTEIHLHOIO IPOrPaMMHOIO
oOecrnie4yeHrs, OCHOBHBIMU TEPMUHAMH Ha aHTJIUHCKOM SI3bIKE.

3. Discipline requirements:
The result of studying the discipline “Geophysical field theory” 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
(1C-5);

awareness of basic legal concepts, skills, understanding of the legal text, the ability to use legal
documents in their professional activities, and the ability to use the legal knowledge to protect
their civil rights and interests (1C-6);




the ability to use the knowledge of Economics in the context of their social and professional
activities (IC-7);
willingness to work with the geophysical instruments, installations and equipment in the field
and in the laboratory (IC-8);
awareness of the primary methods of protection of industrial workers and the public from the
consequences of accidents, catastrophes and natural disasters (1C-9);
independent, methodologically correct use of methods of physical training and health
promotion, willingness to achieve the proper level of physical preparedness for full social and
professional activities (1C-10);
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:
General:
research activities:
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);
production and technological activities :
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);
organizational and management activity:
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 discipline “Geophysical field theory” development the being trained has to:
know: the main regularities of physical fields (gravitational, magnetic, electric,
electromagnetic, seismic, thermal), existing in the continuous environment which properties are
characterized by average parameters;
to be able: mathematically to describe the physical field created by various activators, to
carry out mathematical modeling of physical fields;
master: skills of the mathematical analysis, methods of numerical calculation of
geophysical fields with application of the modern computing software, the main terms in
English.




4. CTpyKTYypa M coaep:KaHue TUCHUIIMHBI
Obmas TpynoeMmkocTh aucuuiuinHbl «Teopust reopusznyeckux mojeil» coctaBiser 4
3a4eTHbIE eAuHUIILI uiu 144 gaca.

4.1 CTpyKTypa A¥CUMIIMHBI
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TEOPHH re0PU3NICCKUX pabora
oJIeH
3 | ®usnyeckoe 1mosje: ero 5 7- |18 |6 30 KontponbHas
YPaBHEHHUS U €r0 MOJICIIN 12 pabota
4 | DNEeKTpPOMarHuTHOE ToJie 5 13- |12 |4 30 KontponbHas
16 pabora
5 | [IpomexxyTouyHas arTecTamusi | 5 DK3aMeH
Bcero: 4 3E wiu 144 yaca 44 | 20 80
4.2 ConepixaHue TUCHUTLTHHBI
BBenenue

1). Hesn 1 3a1a4m Kypca

Bsenenue. Llenu u 3agaun kypca. Pekomennyemas iureparypa.

MareMaTH4ecKHMii annapaT TeOpruH reopu3M4ecKNX MoJIeH

2). Anredpa puznyecKknx BeJHIYHH

Jluneiinas 3aBUCUMOCTh BEKTOpOB. Paznokenue Bektopa mo Oaszucy. IIpeobpazoBanue
KOMITOHEHT BEKTOpa MpH cMeHe O6a3uca. CkansgpHoe U BEKTOpHOe Mpou3BeeHus. CMemaHHoe U
JIBOMHOE BEKTOpHOE TpousBeneHus. [lonstue Tenzopa. JluneitHoe npeodbpa3zoBaHUE BEKTOPOB.
OcHOBHBIE TIpaBUJIa MATPUYHOM anreopsl.
3). AuddepennupoBanue puznuecKnx nojei

I'paguent ckangpHoro mnons. IIpou3BoaHas CKaJIpHOTO M BEKTOPHOIO IOJEH IO
HanpasiieHUto. J/luBepreHnus U poTop BEKTOPHOro Mojsi. BTopble mpou3BOjHBIE, JAlIacHaH.
Omnepatop ['amunbToHa, ocHOBHBIE (hopMyITbl AU(PepeHIUPOBAHUS.
4). AuTerpupoBanne pu3nIecKnX moJiei

Ilotok ckangpHoro mnoss. CKalsSIpHBII M BEKTOPHBIM ITOTOKM BEKTOPHOTO IIOJIA.
Hanpspkenne ©  mMpKyssinMsi BEKTOpPHOTO 1mouis. BekropHble (OpMYJIHPOBKH TEOpeM
Octporpaackoro—l'aycca um Crokca. I'pagueHT, IUBEpPreHIMsS W POTOP Kak OOBEMHBIC
npousBoaHsie. Popmyisl I'puna.
5). KpuBoJiuHeiiHbIe KOOPAUHATHBIE CHCTEMbI

IToHATHE OPTOrOHAIBLHON KPUBOIMHEHHOMN cucTembl koopauHat. Koaddumuents: Jlamo.
[Tepexon or neHTpanbHOro 0asuca k JokaabHOMY. [IpeoOpa3zoBaHre KOMIOHEHT BEKTOpa Ipu
cMeHe 0a3uca. DJIeMEeHTH! JJIMHBI, TUIOMAAd U 00beMa B KPUBOJIMHEHHON CHCTeME KOOpIUHAT.
['paauieHT ckalgpHOro MO, AMBEPTEHIINS U POTOP BEKTOPHOTO MOJIS, JIAlJIaCHaH CKAJISIPHOTO U




BEKTOPHOTO TOJII B KPUBOJIMHEHHON cucteme koopauHaT. Cdepudeckue W LWIMHIPUYECKHE
KOOpJMHATBHI.
duznyeckoe 1MoJie: ero ypaBHeHHus ¥ ero MoJe/Iu

6). Bo30yauresu moJist

VYcnoBus cymectBoBanus noss. OnpenesneHne BEKTOPHOTO MOJs 110 €ro JUBEPTeHIUN U
poropy. Mcrounukn u Buxpu nons. I'mapoauHamuueckas uHTepnperauus. be3BuxpeBble H
BUXPEBBIE MOJISL.
7). YpaBHeHHS MOJIst

Oynknusa BrrodeHus (PpyHkius XeBucaiina), pynknus Jlupaka (eIMHAYHBIA UMITYJIBC),
¢bynkuus ['puHa st pemeHust ckamsapHoro ypaBHenus Ilyaccona. Pernenue ckamspHoro u
BEKTOpHOTO ypaBHeHuH [lyaccoHa.
8). IloreHMAJIbI BEKTOPHOT'O MOJIS

CkansgpHbpli W BEKTOpHBIM moTeHnuanbl. KamuOpoBounoe ycioBue Kymona.
[ToreHumanpbHOE M cosieHOMAAIbHOE MoJis. JlamiacoBo mnosne. [IpuHIMN Cynepno3ulu MOJIEH.
Knaccudukanus momei.
9). 'paduueckoe n3odpakeHne MoJiei

I'papuueckoe un3zo0pakeHue TMoJA. YPOBEHHbIE IOBEPXHOCTH, YPOBEHHBIE CIIOH,
BEKTOPHBIE JINHUU U TPYOKHU.
10). Moaenu 6e3BHXPEBOro MOJIst

Cratnueckoe 1ojie. TodeuHBIE M JUNOJNBHBIA HMCTOYHHMKH. JIMHEHMHEBIC HMCTOYHHKH,
norapupmuueckuii noreHuuan. Ilpocroit u aBoiiHOW ciou. OObeMHBIE HCTOYHMKM U HUX
nosspuzauus. Jluneinsli Buxpb. [loBepXHOCTHBII U 0ObeMHBIH BUXpU. Teopembl
9KBUBAJEHTHOCTH (3aMeHa BHUXpel HucTouHukamu), (opmyna Ilyaccona. OcHOBHbIE Mojenu
(mone KojbLa, TUCKA, IJIOCKOro cios, chepuueckoro ciosi, cepsl). HenpepslBHOCTh MO U
HoTeHIMajga U ee HapyuleHus. YpaBHeHue Ilyaccona. IIpsimble m oOparHble 3amaun. 3agadu
Hupuxine u Heiimana. ®ynkuus ['puna. dusnueckwe wunocTpanuy. ['paBUTalMOHHOE,
JNEKTPUYECKOE U MArHUTOCTATUYECKUE TI0JIS. DHEPTUSl.
11). Moaesin BUXpeBOTro M0JIs

JIMHEWHBI BUXpb. DJIEMEHT JIMHEWHOTO BUXPSA. ODKBUBAJIEHTHOCTb JMHEWHOTO BUXPS
OJIHOPOJIHOMY JBOMHOMY ci0K0. PasnuuHble BbIpakeHHs IOl Aunois. KpyroBol JMHEWHBIN
BUXpb. beCKOHEUHBIN NpAMONMHENHBIM BUXpb. I[loBepxHOCTHBINM BUXpb. IlIOCKHMI BUXpE.
OKBUBAJIEHTHOCTh IMOBEPXHOCTHOIO BHXpPSI HEOAHOPOJHOMY JABOWHOMY cior0. ['paHuuHbIe
yCIIOBHS Ha MOBEPXHOCTHOM BUXpe. OOBEMHBII BUXPb.

DJIeKTPOMAarHuTHOE ToJie

12). DyieKTpOMarHuTHOE 10Jie B BAKYyMe

OnexkTpuueckoe mnoje B omnbiTax Kynona. Bo30yautenun moCTOSSHHOTO 3J€KTPUYECKOTO
noJis. J[BUJKEHUE DJIEKTPUUYECKUX 3apsAJ0B. 3aKOH COXPAHEHMsI KOJIMYECTBA DJIEKTPUYECTBA.
MarnutHoe mosne B onbitax Kynona. 3akon buo-CaBapa-Jlamaca. 3akon Awmmepa o
B3aUMOJIeHiCTBUM TOKOB. B0o30ynuTenu moctossHHOro mMarHuTHoro mois. 3akoH @apanes. Tox
cMmemenus. Cucrema ypaBHeHHI MakcBesa B BaKyyMe.
13). Di1eKTPOMArHUTHOE 0JIE B BEeLECTBE

Makpockonuueckass Mojnens BemecTtBa. CBOOOIHBIE U CBsA3aHHBIC 3apsiabl. 1ok
npoBogumocTH. [lonspuzannonusiii Tok. Tok HamarHuuuBaHua. VIcTOYHMKHM U BUXpH mons D.
Hctounuku u Buxpu nois H. CtopoHHue Bo30yauTenu mojs. YpaBHEHHUS MOJS B BEIIECTBE.
Penakcanusi cBOOOJTHBIX 3apsOB B OJHOPOJHONM cpene. 3apsasl B HEOJHOPOIHOW cpene.
KycouHo-o1HOpOIHBIE CpE/Ibl, TPAHUYHBIE YCIOBHUSL. MarautHoe  BO30yXJIeHUE  TOJS.
Mogenu »IeKTpOMarHUTHOrO moiisi. ['apMoHMYeckne KoJeOaHUs 3JIEKTPOMAarHUTHOTO TOJI.
VYpaBHeHus: MakcBesna B cilydae TapMOHUUYECKOTO BO30YKACHHUS.
14). YpaBHeHuUsI 2JIEKTPOMATHUTHOIO MOJISI 1 €r0 MOTEHHATIOB

Paznenenue YpaBHEHUH Makcgenna. DIIEKTPOIMHAMUAYECKHUE MOTEHIINAIBI
IIEKTPUYECKOTO THUIA. DJIEKTPOJUHAMUYECKHE MOTEHIMAIbBI MarHUTHOro TUna. CTanuoHapHOe
noJie B 6e3rpaHUYHON OHOpOoaAHOM cpene. DyHkuus ['puHa 11 ypaBHeHHs [ 'enbmrosbla.
Pemenune ypaBHenust ['enpMmrossna Juisi ckausspHoro mnoteHuuana. CrIeAcTBHs W3 peELICHUN
ypaBHeHul ['enpMronbia. Beraucinenne nosis B KyCOYHO-OJIHOPOAHOM Cpejie.



15). CTangapTHbIe MO/IeJIM YJIeKTPOMATHUTHOTO TOJIS

DNEeKTpUYECKH IUIOIL B OE3rpaHMYHONM OJHOPOJHOW cpene. PemieHune ypaBHEHHS
['enpMrosbua i 3J€KTPUUECKOT0 IUIois. BiavkHssS 30HA 3eKTpudyeckoro aunodis. JlampHss
30Ha 3JIeKTpUYecKoro aumnons. Mmneaanc. MarHuTHbIN AMIIONb B O€3rpaHUYHON OJHOPOIHOMN
cpene. BepTUKanbHBI MAarHUTHBIA JUIIONb HAJ OJHOPOJHBIM IOJYNPOCTPAaHCTBOM. Ilnockas
BOJIHA B OJHOPOJHOM cpene. [laneHne miockoi BOIHBI Ha IUIOCKYIO TPaHMIly JBYX cpel. 3ajada
TuxonoBa-Kanbspa.

4. The structure and content of the discipline:
Overall study content discipline “Geophysical field theory” is 4 credits or 144 hours.

4.1 Discipline structure

Kinds of study activities,
including independent work of | & =
S students (labor content in S _ a5
3 hours E529
: ) S38 L
T 3 |3 o2& E 8
O [72]
£ Section of the discipline 2|2 <« |3 SSEE
> — —
= g | % ¥ |5 |2 |€%5¢
¥ S |2 |5 sset
=|g8|=|8 |€ |g |g72¢
g2lE|E |8 |8 |¢®
38|58 |8 |£
1 | Introduction 5 1 4
2 | Mathematical tools of the 5 2-6 10 |10 20 Written test
geophysical field theory
3 | Physical field: its equations 5 7- |18 |6 30 Written test
and models 12
4 | Electromagnetic field 5 13- 112 |4 30 Written test
16
5 | Intermediate assessment 5 Examination
Total: 4 credits or 144 hours 44 |20 80

4.2 Discipline content
Introduction

1). Aims and tasks of the discipline

Introduction. Aims and tasks of the discipline. Recommended literature.

Mathematical tools of the geophysical field theory

2). Algebra of physical values

Linear dependence of vectors. Decomposition of vector using basis. Transformation of
vector components corresponding to change of basis. Scalar and vector products. Triple and
double vector products. Tensor concept. Linear transformation of vectors. Main rules of matrix
algebra.
3). Differentiation of physical fields

Gradient of a scalar field. Directional derivatives of scalar and vector fields. Divergence
and curl of vector field. Second derivatives, Laplace operator. Hamilton operator, basic
differentiation formulas.
4). Integration of physical fields

Flow of a scalar field. Scalar and vector flows of a vector field. Tension and circulation
of a vector field. Vector formulation of Ostrogradsky-Gauss and Stokes theorems. Gradient,
divergence and curl as volume derivatives. Green’s formulas.
5). Curvilinear coordinate system




Concept of a curvilinear coordinate system. Lame coefficients. Transition from central to
local basis. Transformation of vector components during basis change. Elements of length,
square and volume in curvilinear coordinate system. Gradient of scalar field, divergence and curl
of vector field, Laplace operator of scalar and vector fields in curvilinear coordinate system.
Spherical and cylindrical coordinate systems.

Physical field: its equations and models
6). Field generators

Conditions of existence of a field. Definition of vector field using its divergence and curl.
Field sources and vortices. Hydrodynamic interpretation. Curl-free and divergence-free fields.

7). Field equations

Heaviside step function, Dirac delta function, Green’s function for the solution of scalar
Poisson’s equation. Solution of scalar and vector poisons equations.

8). Vector field potentials

Scalar and vector potentials. Coulomb’s gauge. Potential and solenoidal fields. Laplace
field. Principle of fields superposition. Fields classification.
9). Field graphic representation

Field graphic representation. Level surfaces, level layers, vector lines and vector tubes.
10). Models of curl-free fields

Static field. Point and dipole sources. Linear sources, logarithm potential. Simple and
double layers. Volume sources and their polarization. Linear curl. Surface and volume curls.
Equivalence theorems (replacement of curls by sources), Poisson’s formula. Basic models (fields
of ring, disk, flat layer, spherical layer, sphere). Continuity of field and potential and its
violations. Poisson’s equation. Forward and inverse problems. Dirichlet and Neumann’s
problems. Green’s function. Physical illustrations. Gravity, electric and static magnetic fields.
Energy.

11). Models of divergence-free fields

Linear curl. Element of a linear curl. Equivalence of linear curl and homogeneous double
layer. Various expressions of a dipole field. Circular linear curl. Infinite rectilinear curl. Surface
curl. Two-dimensional curl. Equivalence of surface curl and inhomogeneous double layer.
Boundary conditions on a surface curl. Volume curl.

Electromagnetic field
12). Electromagnetic field in vacuum

Electric field in Coulomb’s experiments. Generators of an invariable electric field.
Movement of electric charges. Charge conservation law. Magnetic field in Coulomb’s
experiments. Bio-Savard-Laplace law. Ampere’s law about electric currents interaction.
Generators of a constant magnetic field. Faraday’s law. Displacement current. Maxwell’s system
of equations in vacuum.

13). Electromagnetic field in a substance

Macroscopic substance model. Free and bound charges. Conduction current. Polarization
current. Magnetization current. Sources and vortices of D field. Sources and vortices of H field.
Foreign generators of field. Field equations in a substance. Relaxation of free charges in a
homogeneous medium. Charges in inhomogeneous medium. Piecewise-homogeneous mediums,
boundary conditions. Magnetic generation of a field. Models of electromagnetic field. Harmonic
oscillation of electromagnetic field. Maxwell’s equations in case of harmonic field generation.
14). Equations of electromagnetic field and its potentials

Division of Maxwell’s equations. Electrodynamic potentials of electric type.
Electrodynamic potentials of magnetic type. Stationary field in infinite unbounded medium.
Green’s function for Helmholtz equation. Solution of Helmholtz equation for scalar potential.
Consequences from Helmholtz equations solutions. Field computations in piecewise-
homogeneous medium.

15). Standard models of electromagnetic field

Electric dipole in infinite homogeneous medium. Solution of Helmholtz equation for
electric dipole. Near-field zone of electric dipole. Far-field zone of electric dipole. Impedance.
Magnetic dipole in infinite homogeneous medium. Vertical magnetic dipole above a



homogeneous half-space. Plane wave in a homogeneous medium. Incidence of a plane wave on a
plane boundary of two mediums. Tikhonov-Cagniard problem.

5. PexoMeHyemMble TEXHOJIOTUH

[lpu peanm3anuu OporpaMMbl JUCHUIUIMHBL  «Teopust TeopU3NYECKUX MOJIEi»
UCMOJB3YIOTCSL pa3nyHble O00pa3oBaTelbHbIE TEXHOJOTMM. YacTe JeKIUi npoBOAMTCA C
UCIIOJIB30BAaHUEM IIEPCOHAIBHOIO KOMIIBIOTEPA, IIPOEKTOPA U CIELHUAIBHBIX BBIYMCIUTEIBHBIX
oporpaMM, MoJenupyromux reopusnyeckue nois. CamoctosTenpHas paboTa CTYIEHTOB
nojpasymeBaeT paboTy IO PYKOBOJCTBOM IpenoaaBarened (KOHCYJIbTallUM M IOMOIIb B
OCBOCHHMH TEOPETHYECKOT0 Kypca M PEUICHHWHW 3a/la4) M WHAWBUIYAIbHYIO paboTy CTyJIeHTa B
KOMITBIOTEPHOM KJIaCCe OTAEIECHUS Te0OPU3UKU U OMOIMOTEKE re0J0rnueckoro (pakyibTeTa.

OcHOBHBIE TEMBl CEMHHAPCKUX 3aHATUH: BEKTOpHAs W TEH30pHas anreodpa,
TG pepeHMpOoBaHNEe ¥ HHTETPUPOBAHUE BEKTOPHBIX U CKAISPHBIX I0JIeH, KpUBOJMHEHHbIE
CHUCTEMBl KOOPJMHAT, PACUeT CKAJSIPHBIX M BEKTOPHBIX IOJEH OT pa3iIu4HbIX HCTOYHHUKOB,
3a[]a4H 110 JIEKTPOJUHAMUKE.

5. Recommended methodology

Different educational technologies are used during the implementation of “Geophysical
field theory” discipline program. A part of lectures is conducted with a computer, video projector
and special computational software for geophysical fields modeling. Independent work of
students includes both work under lecturer’s guidance (tutorials, help in learning theory and
solving tasks) and individual work in the computer class of the Geophysical department and in
the library of the Faculty of Geology.

The main topics of seminars are: vector and tensor algebra, differentiation and integration
of scalar and vector fields, curvilinear coordinate systems, computation of scalar and vector
fields of different generators, tasks of electrodynamics.

6. OueHouHble cpeacTBa JJsl TEKYLIero KOHTPOJISI YCIeBAeMOCTH, IPOMeKYTOYHOM
aTTeCTALMH 110 UTOraM OCBOCHHS JMCIUIIIHHBI
B teuenue npenopaBanust aucuuiinHbl «Teopus reodusnyueckux mMoJeil» B KayecTBe

GopM TeKyIlIero KOHTPOJIs YCHEeBAEMOCTU CTYAECHTOB HCIIOJB3YIOTCS KOHTPOJIbHBIE PaOOThl U
OIPOC BO BPEMS CEMUHAPCKUX 3AHSATHUU.

KoHTpobHBIE BOIPOCH! K DK3aMEHY:
CrnoxeHue 1 YMHO)KEHHE BEKTOPOB.
Martpuupl, IECTBHUS HAaJl MaTPULIAMHU.
[Tepexon ot onHOTO Oa3uca K Ipyromy.
ITpeoOpa3oBaHue KOMIIOHEHT BEKTOPA IIPU CMEHE 0a3MCOB.
Ten3op, 1MHElHbIE BEKTOPHBIE (YHKIIUN BEKTOPHOTO apryMeHTa.
JuddeperurpoBanue CKaIsIpHOTO MOJIsA, TPATUESHT, IPOU3BOHAS MOJIS 110 HAIIPABICHUIO.
Omnepatop ['ammiibTOHA (OMIEpaTOp «HAOIAY).
JuddeperurpoBanre BEKTOPHOTO MOJIS.

['pajmenT ckanspHbIx noneii: grad(a+b), grad(ab), gradF(a), grad (A- I§).
. JluBeprexHuus moieii: diV(A-i- é) div(a,&), div(,&x I§)
. Porop nouneii: rot(,&+ I§) rot(a,&), rot(,&x I§)
. Bropble npon3BoiHbIE CKAISIPHBIX U BEKTOPHBIX ITOJIEH, JIallJIaCHaH.
. Teopema Octporpaackoro-I'aycca u ee BeKTOpHBbIE (OPMYITHPOBKH.
. Teopema Ctokca u ee BEKTOpHbIE (HOPMYITUPOBKH.
. Teopems! I'puHa.
. IloHsITHE KPUBOJIMHEWHBIX KOOPAMHAT, KO3 PUIreHTs! Jlamn.
. Ilepexon oT neHTpaabHOro 6a3uca K JOKaJIbHOMY M 00paTHO.
. I'paiveHT CKaIspHOro NOJs B KPUBOJMHENHON CUCTEME KOOPAMHAT.
. JluBepreHnyst BEKTOPHOTO MOJIsl B KPUBOJMHENHON CUCTEME KOOPAUHAT.
. POTOp BEKTOpPHOTO 10JIs1 B KPUBOJIMHEWHOM cUCTEME KOOPAHMHAT.
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22.
23.
24.
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33.
34.
35.
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60.
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70.
71.
72.
73.

JlanutacuaH CKaJsipHOTO I10JIS B KPUBOJIUHEHHON CUCTEME KOOPAUHAT.
[unuHapudeckas cucteMa KOOpIUHAT.

Cdepuueckas cucreMa KOOpAMHAT.

INapmonnueckas GyHkuus, teMMa 00 e€ peryasipHOCTH Ha OECKOHEUHOCTH, TEOpeEMa O
TOKJI€CTBEHHOM HYJIE.

Teopembl eIMHCTBEHHOCTH ONPEEICHUS CKAJIIPHON U BEKTOPHOM (DyHKLINU.
CkansipHbie BO30YyAUTEIN TOIS.

BexTopHbie BO30y1uTeNs MOJIS.

Oynknusa Xepucaiiaa u pynknus Jupaxa.

@yukuusa ['puna s ckamsspHoro ypasHenus Ilyaccona.

Pewmenune ckansapuoro ypasHenus Ilyaccona.

Pemenne BexkropHoro ypasuenus Ilyaccona.

CkanspHblii OTEHIIMA O€3BUXPEBOIO MOJIS.

BekTopHbIli TOTEHIIMAI BUXPEBOIO MOJIS.

Knaccudukanms momeit.

N300pakeHne CKaIsipHOTO MOJIS.

I'padmuueckoe n3006pakeHNUE BEKTOPHOTO MOJISL.

be3BuxpeBoe BekTOpHOE 1MOJIE B TpadiueckoM n300paKeHUN.

BuxpeBoe nosne B rpaduueckoM U300paKeHHH.

[Tone TOYEYHOrO0 HCTOYHUKA.

[lone MUMoABHOrO UCTOYHUKA.

JIMHEHBIN UCTOYHUK, ITOJIE OJHOPOJHOIO MPSIMOJIMHENHOIO HCTOYHHKA.

beckoneuHbIi 0THOPOAHBIN MPIMOIUHENHHBIN HCTOYHUK. JlorapupMuyecKuiit mOTEHIUAL.

[Tosie 0THOPOAHOIO KPYroBOrO HUIMHIPA.
[ToBepXHOCTHBIN UCTOYHUK, MTOJIe KPYTOBOTO JUCKA. [ paHUYHBIEC yCIOBUS.

beckoHe4Hast INIOCKOCTh ¢ TOCTOSIHHOW ITOBEPXHOCTHOM IJIOTHOCTBIO. | paHUUYHBIE yCIOBUS.

JIBOITHO# MOBEPXHOCTHBIM HCTOYHHK (JIBOMHOMW CJIOW, TUMOJIBHBIN CIIOMN).
JIBOWHOI CJIOM B BUJE AUCKA C ms = const. [ paHUYHBIE yCIOBUSI.
ITone ogHOpPOIHOM Cepsl.

[TonspuzoBaHHBIi 00BEMHBIN HCTOUYHUK. [ paHUYHBIE YCIOBUS.

ITone 0AHOPOIHO MOJIAPU30BAHHON CPEpPHI.

JInHenHbIN BUXPB.

ONEMEHT JTUHENHOTO BUXPSL.

DKBUBAJICHTHOCTh TUHEHHOTO BUXPS OJTHOPOTHOMY JTBOWHOMY CIIOIO.
Pa3nuuHble BBIpa)KEHUS 1O JUIIOIA.

KpyroBoli TUHENHBIN BUXPb.

beckoHeUHbIN TPAMOJIMHENHBIA BUXPB.

IIoBEpXHOCTHBIN BUXPb.

IInockuii BUXpBE.

OKBUBaJEHTHOCTh IOBEPXHOCTHOI'O BUXPS HEOJHOPOJAHOMY JIBOITHOMY CJIOIO.
I'paHnYHBIE YCI0BUSA HA TOBEPXHOCTHOM BUXDE.

OObeMHBII BUXPb.

OnekTpuueckoe nojie B oneltax Kyinona.

Bo30ynureny nocToSHHOTO 3J€KTPUUECKOTO MOJIS.

JIBM>KEHUE DIEKTPUUECKUX 3apsI0B.

3aKOH COXpaHEHUs KOJIMYECTBA dJIEKTPUYECTBA.

MaruutHoe nose B onsitax KysoHa.

3akoH buo-Casapa-Jlannaca.

3akoH AMIIepa 0 B3aUMOJIEHCTBUU TOKOB.

Bo30ynureny nocTOSHHOTO MarHUTHOTO TMOJIS.

3akoH Dapajes.

Tok cMmemneHus.

Cucrema ypaBHeHUI1 MakcBeia B BaKyyMe.

Makpockomnnyeckast MOJIEIb BEIIECTBA.
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CBoOoHbIC U CBSI3aHHBIE 3apsIbI.

Tox MpOBOJIUMOCTH.

[Tonstpu3aliuOHHBIN TOK.

Tox HaMarHM4YMBaHUs.

Hcrounvku u Buxpu nois D.

Nctounuku u Buxpu nojs H.

CropoHHue BO30yIUTENH MOJIS.

VYpaBHeHHUs 1107151 B BELIECTBE.

Penaxcaiust cBOOOIHBIX 3apsSA0B B OTHOPOAHOMN Cpee.

3apsiibl B HEOJAHOPOIHOM Cpeie.

Kyco4uHO-01HOpOIHBIE CPEJIbl, TPAHUYHBIE YCIOBHUS.

MarautHoe BO30YXICHUE OIS,

Mopenu 31€eKTpOMarHuTHOTO MOJIS.

["apmoHnueckue KojaeOaHusl 3JIEKTPOMArHUTHOTO TIOJIS.
VYpaBaenust MakcBesia B ciiyyae rapMOHUYECKOTO BO30YKIEHUS.
Paznenenue ypasHeHuii Makcsesuia.

DIIEKTPOANHAMUYECKUE TOTEHIUAIBI AJIEKTPUUECKOTO TUIIA.
DNeKTpOAMHAMUYECKHE NOTEHIIMAIbl MATrHUTHOTO THUIIA.
CranuonapHoe 1oJie B 0e3rpaHuYHON OJJHOPOIHOM cperie.
Oynkuusa ['puna nis ypasHenus I enbsmromnsia.

Pewenue ypaBHenus ['enbmronbiia s CKaJIIpHOTO MOTEHIMAA.
CnenctBus U3 penieHnid ypaBHeHui ['enpmrosbia.

Boruucnenue nosst B KyCOYHO-OAHOPOJHOM CpeJie.
DIIeKTPUYECKHI TUTIONH B O€3rpaHUYHOMN OJTHOPOIHOM cpene.
Pewenue ypaBHenus ['enbMronbiia s 3J1€KTPUUECKOTO U0
binkHAS 30HA 2IEKTPUYECKOTO JUIIOJIA.

JlanbHss 30HA 3IEKTPUUECKOrO AUMOJI.

Nmnenanc.

MarHuTHbIM TUNoNbs B 6€3rpaHUYHON OJHOPOTHOM cpeie.
BepTukanbHblil MArHUTHBIN JUTIOJb HAJT OJHOPOIHBIM MOJTYIPOCTPAHCTBOM.
[Imockast BoJHA B OTHOPOJHOM Cpelie.

[TageHne nI0CKOM BOJIHBI HAa INIOCKYIO MIOBEPXHOCTH pa3jieiia ABYX Cpes.
3anaua TuxonoBa-Kansspa.

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

of t

he course
During the study of “Geophysical field theory” discipline to control the current progress

written tests and oral tests during seminars are used.
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Questions for the examination:
Addition and multiplication of vectors.
Matrixes, operations with matrixes.
Transfer from one basis to another.
Transformation of vector components during basis change.
Tensor, linear vector functions of vector argument.
Differentiation of a scalar field, gradient, directional derivative.
Hamilton operator (“nabla” operator).
Differentiation of a vector field.

Gradients of scalar fields: grad(a+b), grad(ab), gradF(a), grad(ﬂ- I§).

_Field divergence: div(A+8), div(aA), div(AxB).
. Field curl: rot(,&+ E), rot(ali), rot(,&x I§).
. Second derivatives of scalar and vector fields, Laplace operator.

. Ostrogradsky-Gauss theorem and its vector formulations.
. Stokes theorem and its vector formulations.
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Green’s theorems.

Concept of curvilinear coordinates, Lame coefficients.
Transfer from central basis to local and back.

Gradient of a scalar field in curvilinear coordinate system.
Divergence of a vector field in curvilinear coordinate system.
Curl of a vector field in curvilinear coordinate system.

Laplace operator of a scalar field in curvilinear coordinate system.
Cylindrical coordinate system.

Spherical coordinate system.

Harmonic function, lemma about its regularity at infinity, theorem about null equation.
Uniqueness theorems of the definition of scalar and vector functions.
Scalar field generators.

Vector field generators.

Heaviside function, Dirac function.

Green’s function for the scalar Poisson’s equation.

Solution of a scalar Poisson’s equation.

Solution of a vector Poisson’s equation.

Scalar potential of curl-free field.

Vector potential of divergence-free field.

Classification of fields.

Scalar field graphic representation.

Vector field graphic representation.

Curl-free field graphic representation.

Divergence-free field graphic representation.

Field of a point source.

Field of a dipole source.

Linear source, field of a homogeneous rectilinear source.
Infinite homogeneous rectilinear source. Logarithmic potential.
Field of a homogeneous circular cylinder.

Surface source, field of a circular disk. Boundary conditions.
Infinite plane with constant surface density. Boundary conditions.
Double surface source (double layer, dipole layer).

Double layer in the shape of disk with ms = const. Boundary conditions.
Field of a homogeneous sphere.

Polarized volume source. Boundary conditions.

Field of a homogeneously polarized sphere.

Linear curl.

Element of a linear curl.

Equivalence of linear curl and homogeneous double layer.
Various expressions of a dipole field.

Circular linear curl.

Infinite rectilinear curl.

Surface curl.

Two-dimensional curl.

Equivalence of surface curl and inhomogeneous double layer.
Boundary conditions on a surface curl.

Volume curl.

Electric field in Coulomb’s experiments.

Generators of an invariable electric field.

Movement of electric charges.

Charge conservation law.

Magnetic field in Coulomb’s experiments.

Bio-Savard-Laplace law.

Ampere’s law about electric currents interaction.



69. Generators of a constant magnetic field.

70. Faraday’s law.

71. Displacement current.

72. Maxwell’s system of equations in vacuum.

73. Macroscopic substance model.

74. Free and bound charges.

75. Conduction current.

76. Polarization current.

77. Magnetization current.

78. Sources and vortices of D field.

79. Sources and vortices of H field.

80. Foreign generators of field.

81. Field equations in a substance.

82. Relaxation of free charges in a homogeneous medium.
83. Charges in inhomogeneous medium.

84. Piecewise-homogeneous mediums, boundary conditions.
85. Magnetic generation of a field.

86. Models of electromagnetic field.

87. Harmonic oscillation of electromagnetic field.

88. Maxwell’s equations in case of harmonic field generation.
89. Division of Maxwell’s equations.

90. Electrodynamic potentials of electric type.

91. Electrodynamic potentials of magnetic type.

92. Stationary field in infinite unbounded medium.

93. Green’s function for Helmholtz equation.

94. Solution of Helmholtz equation for scalar potential.

95. Consequences from Helmholtz equations solutions.

96. Field computations in piecewise-homogeneous medium.
97. Electric dipole in infinite homogeneous medium.

98. Solution of Helmholtz equation for electric dipole.

99. Near-field zone of electric dipole.

100. Far-field zone of electric dipole.

101. Impedance.

102. Magnetic dipole in infinite homogeneous medium.
103. Vertical magnetic dipole above a homogeneous half-space.
104. Plane wave in a homogeneous medium.

105. Incidence of a plane wave on a plane boundary of two mediums.
106. Tikhonov-Cagniard problem.

7. Y4yebGHO-MeTOoAMYECKOE U HMH(POPMALIMOHHOE 00eceueHue TUCIUIIIMHBI:
7. Methodological and informational support:
a) OCHOBHasI JIUTEpaTypa:
a) primary list of books:
- Anmpniue JI.M., JlaeB JI.C., Kapunckuii A.Jl. Teopus moneit, mpuMeHsIEMBIX B pa3BeAOYHOM
reo¢pusuke. M.: Henpa, 1985.
- Kaypman A.A. Brenenne B Teoputo reodmmdeckux metonoB. M.: Heapa, Y. I, 1997, Y. II,
2000, 4. I11., 2001.
- Kynpsisues FO.U. Teopus nons u ee npumenenue B reodusuke. JI., Henpa, 1988.
- OBunnHukoB M.K. Teopus nons. M.: Henpa, 1979.
- bynax E.I'., [llyman B.H. OcHoBBI BekTOpHOTO aHanu3a u teopus nois. Knes: HaykoBa nymka,
1998.
0) OTOHHUTENIbHASI JIUTEPATYpa:
b) secondary list of books (bibliography):
- Kounn H.E. BekTopHOe ucunciienne u Hayana TeH3opHoro ncuucienus. JI.: OHTH, 1934.



- TuxonoB A.H., Camapckuii A.A. YpaBHeHus MaTematudeckoil ¢usuku. M.: M3n-so MI'Y,
1999.
- Jlanpay JIJL., JIlupmun E.M. Teopus monst. M.: Hayka, 1988.
- Tamm U.E. OcnHoBsl Teopun aektpuyectsa. JI.: TOCTEXU3AT, 1949.
- Crpatron JIx. Teopust anextpomaruerusma. JI.: TOCTEXU3 AT, 1948.
- Oeiiaman P. OeitnmanoBckue aeknuu mo puszuke. M.: Mup, T. 5, 1966, T. 6, 1966.
- bypcuan B.P. Teopus 31€KTpOMarHUTHBIX IIOJIEHM, NMPUMEHSIEMBIX B dJEKTpopasBenke. JI.:
Henpa, 1972.
- Hukutun A.A. TeopeTndeckue ocHOBBI 00paboTku reodusnyeckoi nHpopmanuu. M.: Hexapa,
1986.

B) IporpammHoe obecrieuenrie U HTepHET-pecypehl:

c) software and Internet-resources:

CreunanbHble BBIUHCITUTENIbHbBIE KOMITBIOTEPHbIE MIPOrPaMMBl, CO3/I1aHHbIE
COTPYAHMKAMH M TIPETIOIaBaTeNIsIMU Kadeapbl TeopU3UKH reojoruueckoro pakynprera MI'Y.

8. MarepuajibHO-TeXHUYECKOE o0ecredeHne TUCIUNINHBI

Jliis MaTepuanbHO-TEXHHYECKOro obecredeHus: AUCUUIUINHBL «Teopust reopuznyeckux
MOJIEN» HUCTIOJB3YIOTCS: crienuanu3upoBantas ayautopus ¢ 11K u KoMIbIOTEpHBIM IPOEKTOPOM,
KOMIIBIOTEPHBIN Ki1acc, 6ubnuoreka reonorudeckoro paxynprera MI'Y.

8. Necessary facilities and equipment

For the material and technical support of the discipline “Geophysical field theory” lecture
room with a computer and video projector, computer class and the library of the Faculty of
geology are used.

9. Kparkoe conep:xanue IMCUMILIUHBI (AHHOTALMS)

PaccmaTtpuBaeTcs MareMaTHYeCKHil ammapaT TeOpuHM reopU3MdecKux IMoJiel: anredpa
busnyeckux BenWYMH, Au(PPEpeHIMpoBaHNEe ¥ HWHTETPUPOBaHWE (PUIMICCKUX TIOJIEH,
KPUBOJIMHEHHBIE KOOpAMHATHBIE cHCTeMbl. lccrienyroTcss BO30yauTenu, YypaBHEHHS U
MOTEHIMAIBI TIOJISI, BOMPOCHI TpadUyuecKoro M300paKeHHs TOJIeH, Mojaenu Oe3BUXPEBOrO M
BUXPEBOTO MOJIEH. AHATM3UPYIOTCS JIEKTPOMArHUTHOE 0JI€ B BAKYYME U BEILIECTBE, YPAaBHEHUS
AJIEKTPOMATrHUTHOTO TOJISI ¥ €T0 MOTEHIIMAJIOB, MOJIETTH JIEKTPOMATrHUTHOTO TIOJIS.

9. Discipline content (annotation)

Mathematical tools of the theory of geophysical fields are considered: algebra of physical
quantities, differentiation and integration of physical fields, curvilinear coordinate system. Field
generators, equations and potentials, graphic representation of fields, models of curl-free and
divergence-free fields are studied. Electromagnetic fields in vacuum and in substance, equations
of electromagnetic field and its potentials, models of electromagnetic field are analyzed.

10. Y4yeOHO-MeTOAMYECKHEe PEeKOMEHAANMH AJs o0ecreYeHHs CaMOCTOATeIbHOH pPadoThl
CTY/IEeHTOB
Tembl 17151 caMOCTOSITEILHON Pa0dOTHI CTY/1ICHTOB
- PaznioxkeHne rpaBUTallMOHHOTO TOTEHIIMAJIA B PSIJ;
- KpaeBble 3a1aun 351€KTPOCTAaTUKH;
- [Tone HaMarHMYeHHBIX TENT ;
- DJIEKTPUYECKUI U MarHUTHBIM TUIIOJIN HAa IOBEPXHOCTH OAHOPOIHOIO MOJYyIPOCTPAHCTBA,;
- [Inockue BONHBI B CIIOUCTOH cperie;
- CHeKTpaabHOE NMPEACTABICHUE OIS,

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

- Expansion of gravity potential in series;

- Boundary-value problem of electrostatics;



- Field of magnetized bodies;

- Electric and magnetic dipoles on the surface of a homogeneous half-space;
- Plane waves in a layered medium;

- Field spectral representation.
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