MMPOT'PAMMA YYEBHOU JUCIHUILIMHBI

3JICKTp0pa3BEJIKa Ha MOPCKHX U IIPECHOBOAHBIX AKBATOPUAX

PexomMenayercsi 1J1s1 HANPaBJIeHNUs MOATOTOBKH
020700 «I'eosiorusi», MarucTepcKkas mporpaMmma

«MaJiorinyOMHHAast M IJ1yOMHHAs Te0PU3UKA)

KBamudukanus (cTeneHp) BbITYCKHUKA: MAaruCTP



DISCIPLINE PLAN

Marine and Shallow-Water Areas Electrical Prospecting

Recommended for training programme
020700 «Geology», master program

«Near-Surface and Deep Exploration Geophysics»

Qualification (degree) of the graduate: Master



1. Hesm n 3a1a4M 0CBOCHUSI AU CHMIIIMHBI

[lenbro OCBOEHMS TUCLMIUIMHBL «DJIEKTPOPa3BeAKa Ha MOPCKHMX U NMPECHOBOJHBIX aKBa-
TOPUSAX» SBIISICTCS MOJyuYeHUE 3HAHUN 00 ammapatype U METOAMKE aKBaTOPHBIX HAOIIOJCHHUIA,
00 0coOeHHOCTAX 00pabOTKU M MHTEPIPETALIMU JAHHBIX MOPCKOW U PEUYHOI 3JIEKTPOpPA3BENIKH, a
TaK)Ke€ O I€03JIEKTPUUECKOM CTPOECHUHM OKEaHOB, MOpEH, PeK, 03ep U BopoxpaHwiul . Ha ocHoBe
3TUX 3HAHUI MOXXHO CaMOCTOSITEIbHO OPraHU30BbIBaTh AKBATOPHBIE 3JIEKTPOPA3BEIOYHBIE Pa-

6OTBI, oT H&6J’IIO[[€HPII>1 A0 UHTCPpNPCTALIUA JAHHBIX, U KOHTPOJIUPOBATH UX MPOBCACHUC.

1. Goals and objectives of study

The goal of study of the discipline «Marine and shallow-water areas electrical pro-
specting» is gaining knowledge about equipment and technologies of water area observations,
about marine and shallow-water electrical data processing and interpretation, as well as about
geoelectric structure of oceans, seas, rivers, lakes and water reservoirs. On the basis of this
knowledge it is possible to organize and supervise water area electrical surveys, from data acqui-

sition to interpretation.

2. MecTo aucuunannbl B cTpykrype OOIL

JucuuiuimHa «JIeKTPOpa3Beika HA MOPCKUX U NMPECHOBOAHBIX aKBATOPHUSAX) YNTa-
€TCs B paMKax MarucTepcKoi mporpammsbl « ManorimyOounHas U riyOuHHas reodusukay. Auciu-
IUIMHa 06a3upyercsl Ha 3HAHMAX, MOJYYEHHBIX NMPU U3yYEeHUM TUCHMIUIMH U3 0a30BOM M Bapua-
tuBHOHU yacteit OOII 6akanaBpuara: 6510ka o01EenpopeccnoHaIbHON MOATOTOBKY (JIUCIUILIMHBI
«O6bmas reonorus», «['eorekToHnkay, «['eonorus u reoxumus HeTHU U razay) U OJOKa MPo-
(GWIBHOW MOATOTOBKU (AMCIUILTHHBI «DJEKTpopa3Benka», «MHTeppeTaysi JaHHBIX JJIEKTPO-
pasBenkm», «I'eotepmusi»). Taxke qUCUUIUIMHA Oa3UpyeTcs HA 3HAHUSAX, MMOJTyUYEHHBIX NPH U3Y-
YEHUU JUCHUIINHBI «Teopusi 3JIeKTpOMAarHUTHBIX 30HAMpOBaHMN» (BapuaTuBHas dacte OOII

MarucTparypsl).

2. Discipline as a part of the curriculum

The discipline «Marine and shallow-water areas electrical prospecting is studied in the
framework of master’s program «Near-Surface and Deep Exploration Geophysics». The disci-
pline is based on knowledge, obtained while studying the disciplines from fundamental and op-
tional parts of the bachelors BEP: from the block of general professional training (disciplines
«General geology», «Geotectonics», «Geology and geochemistry of oil and gas») and from the
block of profile training (disciplines «Electrical prospecting», «Interpretation of electrical pro-
specting data», «Geothermics»). The discipline is also based on knowledge obtained while

studying the discipline «Theory of electromagnetic soundings» (optional part of masters BEP).



3. TpeGoBaHus K pe3yJabTAaTAM OCBOCHUS JUCHUIINHBI

B nporuecce n3ydeHust TUCHUILIMHBL «JJIEKTPOPa3BeIKa HA MOPCKHUX M MPECHOBOIHBIX
aKBaTopusax» GOPMHUPYIOTCS FIEMEHTHI CIEAYIOIUX MPo(ecCnOHATbHBIX KOMIETEHIIHH:

- CIIOCOOHOCTH TIYOOKO OCMBICIHBATh M (POPMHPOBATH TUATHOCTUYECKUE PELICHUS TPO-
0J1eM reoJIOTHH MTyTeM MHTErpanuy (yHIaMEHTAIbHBIX Pa3/IeNoB TeO(pU3UKU U CIICIHATH3UPO-
BaHHbBIX reosiorndyeckux 3Hanuii (M-I1K-1);

- CIOCOOHOCTH CaMOCTOSITENIbHO CTaBUTh KOHKPETHBIC 33/1a4d HAayYHBIX MCCIIEIOBAaHUM B
obnactu reopU3uKU U peuiaTh UX ¢ MOMOIIBIO COBPEMEHHOM ammnapaTypbl, 000pyJ0BaHUs, WH-
(OpMaLIMOHHBIX TEXHOJIOTUH, C MCIOJIb30BaHUEM HOBEHIIEr0 OTEYECTBEHHOTO M 3apyOeHOro
omsita (M-T1K-2);

- CIIOCOOHOCTH HWCHOJNB30BaTh YIIIyOJIGHHBIE CIEUANTU3UPOBAHHBIE MPO(EeCcCHOHATBHBIC
TEOPETUYECKHE W MPAaKTHUYECKHE 3HAHUS JJS MPOBEACHUS reou3nueckux uccienoBanuii (M-
[1K-4);

- CIIOCOOHOCTh K MPO(eCCHOHATBHOM AKCILTyaTallii COBPEMEHHOTO T'€0(PU3NYECKOro IMo-
JIeBOTO U JlabopaTtopHOro obopyaoBanus u npubopos (M-ITK-5);

- c10cOOHOCTH CBOOOIHO U TBOPUYECKHU MOJIH30BATHCSI COBPEMEHHBIMU METOAaMH 00padoT-
KM ¥ MHTEPIPETANNN KOMIUICKCHOW TeO(U3NYECKOW WH(POPMAIUHU IS PEIICHUS HAYIHBIX U
NPaKTUYECKHX 3a7ad, B TOM YHCJIEe HaXOSIIUXCS 3a MPeielaMi HEMOCPEICTBEHHOM chepsl aes-
tensHOCTH (M-TIK-6);

- TOTOBHOCTh K HCIOJBh30BAaHUIO MPAKTHUECKUX HABBIKOB OPTraHU3allMU U YIIPaBJICHUS
HAYYHO-HMCCIIEIOBATEIbCKIMIA U HAYYHO-TIPOW3BOICTBEHHBIMU pa0OTaMM TPH PEIICHUH 3a]a4
reodusuku (M-TIK-7);

- TOTOBHOCTh K MPOEKTUPOBAHUIO KOMIUIEKCHBIX HAYyYHO-HCCIEIOBATEIbCKUX U HAYy4YHO-
POM3BOICTBEHHBIX Pa0OT MpH perreHun reodusndeckux 3amaad (M-ITK-10).

B pesynbpTrare 0CBOCHUS AUCIUIUINHBI «JIeKTPOpa3BeKa HA MOPCKHUX M MPeCHOBO/I-
HBIX AKBATOPHUAX» 00yYarOIIUNCs JOHKEH:

3HaTh OCOOCHHOCTH yCTPOMCTBA ammapaTypsl s MOPCKON JEKTPOPa3BEIKU U METOIU-
KU TIpOBeAeHHs paboT; 3aKOHOMEPHOCTH MPOCTPAHCTBEHHOTO paclpeaeNeHus] dIeKTPOMArHuT-
HBIX TOJICH €CTECTBEHHBIX M UCKYCCTBCHHBIX HCTOYHHKOB B OK€AHAX M MOPSX; OCHOBHBIC YEPTHI
T€ODIEKTPHUYECKOTO CTPOCHUSI OKEaHOB U MOPEiA; OCHOBHBIE TEPMHUHBI HA aHTJIMHCKOM SI3BIKE;

YMETh BBIOpATh ONTUMATBHYIO METOJIMKY MOPCKOW MIM PEYHOMN IEKTPOpa3BEIKU, MPO-
KOHTPOJIMPOBATh NPOBEACHIE HAOIIOICHH, BBIMOJIHUTH 00pa0OTKY ¥ MHTEPIPETAIIMIO TaHHBIX,

a TaK¥KEC IreoJIOrMYCCKOC UCTOJIKOBAHUEC IMTOCTPOCHHBIX I'COIJICKTPUICCKUX MOJIeJ'IeI\/’I;



BJIAJIETh METOAAMHU PETUCTPAIH, O0OpaOOTKU U MHTEPIIPETALUH JAHHBIX MOPCKOW 3JIeK-
TPOpPa3BeIKU Ul MOTyUYeHHUsI HH()OPMAIMK O CTPOCHUHU HEPTENEePCIEKTUBHBIX MIENb(OBBIX 30H,

a TaKXKC CPEANMHHO-OKCAHUYCCKHUX Xpe6TOB, a0bHccaabHBIX PaBHHH U 30H CY6I[y1(HI/II/I.

3. Discipline requirements

The result of studying the discipline «Marine and shallow-water areas electrical prospect-
ing» is the formation of the following professional competences:

- the ability to deeply comprehend and generate diagnostic solutions to geological prob-
lems 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 ge-
ophysics, and solve them using modern facilities, equipment, information technologies, most re-
cent 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 re-
search-based work aiming at solving the problems of geophysics (M-PC-7);

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

As a result of studying the discipline «Marine and shallow-water areas electrical pro-
specting» the student must:

know the structure of equipment for marine electrical prospecting and the technologies of
data acquisition; the features of spatial distribution of natural and controlled-source electromag-
netic fields in oceans and seas; the general characteristics of resistivity structure of oceans and
seas; the principal terms in English;

be able to select an optimal method and technology of marine and shallow-water areas
electrical prospecting, supervise field observations, process and interpret the data, give geologi-
cal explanation of the obtained resistivity models;

master the methods for marine electrical data acquisition, processing and interpretation to
obtain the information about hydrocarbon prospective shelf zones, mid-ocean ridges, abyssal

plains and subduction zones.



4. CTpyKTYypa M coepKaHue TUCHUIINHBI

OOmiast TpyA0EMKOCTh TUCIHILIMHBI «JJIEKTPOpa3BeKa HAa MOPCKHUX M NMPECHOBOJAHBIX

AKBATOPUSAX» COCTABJIACT 2 3a4€THBIE CANHUIbI UIN 72 4Jaca, B TOM 4HCJIC aYHHTopHOﬁ Harpys-

ku 28 yacoB (Jiekiuu 14 4acoB U ceMuHaphl 14 4acoB) U CaMOCTOSITEIIBHOW pabOTHI CTYJICHTOB

44 yqaca.

4.1. CrpykTypa IMCUHUIIIHHBI

Bunbl yueOHOI pabOThI, BKIIIO-
qas cCaMOCTOSATENIbHYIO paboTy
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1 | OcoGeHHOCTH TEXHOJIOTHH 11 | 12| 2 2 7
noHHbIX M T3, unteprpera-
nusa anoManui MT-nons B
OKeaHe
2 | Pesynpratel MT3 B okeane, 11 | 34| 2 2 7
pesynbsTatel MT3 B mipu-
OpEeKHBIX 30HAX
3 | OCHOBBI TEOPUH U TEXHO- 11 |56 | 2 2 6
JIOTHs MeToJla TOHHBIX Y3,
MIpUMEPHI IPUMEHEHUS U pe-
3yJbTaTHl IOHHBIX Y3
4 | Mopckue uccieoBaHus Me- 11 | 7-8| 2 2 6 | KoutponbHas
toznoM 3C pabota
5 | Peunsie 30HaMpOBaHUS C 11 ] 9- | 2 2 6
IJIaBaOIIMMH KOCaMU, pyd- 10
HbIE€ M aBTOMATU3UPOBAaHHbIE
cHCTeMbI cOOpa JaHHBIX
6 | 3oHAMpOBaHUS C BEPTUKAIb- 11 | 11-| 2 2 6
HBIMHU YCTAHOBKaMHU U 30H/U- 12
POBaHUS C JOHHBIMHU yCTa-
HOBKaMH




7 | OcoGEHHOCTH TEXHOIOTUU 11 13- | 2 2 6 | KourponbHas
HEIPEPBIBHBIX aKBATOPHBIX 14 pabota
30HAUPOBAHUIN

[TpomesxyTouHas arTecTanus 11 DK3aMeH
Bcero: 2 3E unu 72 yaca 14 | 14 44

4.2. ConepxxaHue QTUCUHILTAHBI

(1). OcobennocTu TexHOJ0TUM JOHHBIX MT3 (MarHnTOTE LNIyprYeCKUX 30HAMPOBAHMIA)

- Bnusgnaue npoBoasiei BOJHON TOMIIIN;
- McTOYHHKHN ¥ cIOCOOBI OAABJICHUS IIOMEX;
- OcoOeHHOCTH armaparypbl 1 METOAUKHU padoT;

- Crioco0bI perucTpanuy JUIMHHOTIEPUOAHBIX BapHUAIIHH.

(2). Marepnperanus anomaauid MT-nmoJsst B okeane
- MT-noJie B TOPU30HTAIBHO-HEOAHOPOIHBIX CPENAX;
- ['eosnexTpuyeckas HEOJHOPOIHOCTH TUIIA TOPCTA;

- beperosoii u ocTpoBHOI 3P HEKTHI;

- I'pad o6paboTku u uHTEepHIpeTanuu MT-1aHHBIX.

(3). Pesyabratel MT3 B okeane

- [IepBeie MT3 B ceBepHoOli yacTu TUXOro okeaHa;

- 'myGuHHOE reosIeKTpuYecKoe CTPOSHUE OKEAHOB;

- MT-uccnenoBanus CpeIMHHO-OKEaHUYECKUX XpeOTOB;

- Jonnsie MT3 B He(Tera30BbIX HCCIICTOBAHUSX.

(4). PesyabTaTtel MT3 B npudpexHbIX 30HaX
- MT3 na Jlansaem Boctoxke CCCP;

- MT3 Ha npoduie yepes SnoHckoe Mope;

- MT3 B KackagHoii 30He CyOayKITNU;

- MT3 na 3anagHom nobepexne Hukaparya.

(5). OcHOBBI TEOPUM U TEXHOJOTUS METOAA TOHHBIX U3 (4ACTOTHBIX 30HAMPOBAHUIN)

- [Ipsimas omHOMEpHas 3a1ada Mmetoa U3;
- BepTukanbHblil 1 TOPU30HTABHBINA CKUH-3((DEKT;

- Kaxxymeecst conporusnenue B merozae /J43;




- Anmmapartypa u MeTouKa padoT.

(6). IlIpumepbl npMeHeHHsI M Pe3yJbTaThbl JOHHbIX U3
- ['eoanexTpruyeckoe cTpoeHnEe OKEAaHUYECKON KOpBI;

- Hounsie U3 npu U3yyeHUH OKEaHUIECKUX pUPTOB;

- Hounsie U3 B HepTEra3oBbIX UCCIEIOBAHUIX;

- MEU'IOFJ'IY6I/IHHBI€ YaCTOTHBIC 30HANPOBAHMA.

(7). Mopckue ucciaenopanust MeToaoM 3C (30HAUPOBAHMIA CTAHOBJIEHUEM I10JI51)
- Amnmaparypa 1 MeToIuKa poBeIeHUS padoT;

- Pacuer KPHUBBIX CTAHOBJICHUSA ITOJIA JJIA MOJAPUIYIOIIUXCA CPEI;

- Meroauka BbIJIEIICHUS BHICOKOYACTOTHOM COCTABIISIOIICH CUTHANIA;

- CoBpeMeHHOE cocTosiHuE MeTo1a Mopckux 3C.

(8). Peunble 30HIMPOBaHNS C IUIABAIOIIUMH KOCAMHU

- OcoOeHHOCTH MPOBE/ICHUSI PEYHBIX UCCIEIOBAHUNL;

- ['eosnekTpruyueckoe CTpOCHHE MPECHOBOAHBIX aKBATOPUI;

- McTopus pa3BuTHs peUHOM 3JIEKTPOPA3BEIKH;

- KoHCTpyKIIMK N1aBaroyMx KOC U METOIMKA U3MEPEHHUI B PyYHOM M aBTOMATHYECKOM PEKUME;

- [Ipumephl NpakTHYECKUX UCCIIET0BAHUM.

(9). 3oHaMpoBaHuUs ¢ BEPTHKAJIbHBIMHU U JIOHHBIMH YCTAHOBKAMM

- TexHuka 1 METOAMKA TOHHBIX 30HIUPOBAHMI;

- [IporpamMmmHoe obecrieueHue At UHTePIPeTaluy JOHHBIX 30HAUPOBAHHIA;
- OcoOEHHOCTH UCIOJIb30BaHUS BEPTHKAIBHBIX YCTAHOBOK;

- HpI/IMepBI IMPAKTUYCCKOro NpUMCHCHHA JOHHBIX U BEPTUKAJIBHBIX YCTAHOBOK.

(10). HenpepbIBHBIE AKBATOPHBIE 30HIHPOBAHUS

- Ocobennoctu TexHoiaorun HA3;

- HA3 kak nBymepHas ssekTporoMorpadusi Ha akBaTOPHSIX;
- O6paboTka manHbIXx HA3;

- NuBepcus nannubix HA3,;

- [Ipumeps! npaktuyeckoro npumenenus HA3.

4. The structure and content of the discipline



Overall study of the discipline «Marine and shallow-water areas electrical prospecting» con-
tent is 2 credits or 72 hours, including 28 hours of classes (lectures 14 hours plus seminars 14

hours) and 44 hours of independent work of students.

4.1. Discipline structure
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2 | Results of MT soundings in 11 (34| 2 2 6
the oceans, results of MT
soundings in coastal zones
3 | Theoretical basics and tech- 11 |56 | 2 2 7
nology of FD CSEM method,
case histories and results of
FD CSEM
4 | Marine TD CSEM investiga- | 11 | 7-8 | 2 2 6 | Written test
tions
5 | Peunble 30HAMpOBaHUS C 111 9- | 2 2 6
TJIABAIOIIUMH KOCaMH, pyd- 10
HBIC 1 aBTOMAaTU3HUPOBAHHEBIC
CUCTEeMbI cOOpa JTaHHBIX
6 | 3oHAMPOBaHUS C BEPTUKAIb- 11 | 11-| 2 2 7
HBIMH yCTaHOBKaMH M 30HIM- 12
poOBaHUA C TOHHBIMHU yCTa-
HOBKaMH
7 | OCOOEHHOCTH TEXHOJIOTUH 11 [ 13-| 2 2 6 | Written test
HEIPEPBIBHBIX aKBATOPHBIX 14




30HIUPOBAHUN

Intermediate assessment 11

Examination

In total: 2 credits or 72 hours 14

14

44

4.2. Discipline contents

(1). Technology of marine MT (magnetotelluric) soundings

- The influence of conductive water layer;
- Noise sources and methods for its depression;
- Equipment structure and observation technology;

- Methods for long-period variations registration.

(2). Interpretation of the oceanic MT anomalies
- MT field in horizontally inhomogeneous medium;
- Geoelectric inhomogeneity of a horst type;

- Coastal and island effects;

- MT data processing and interpretation graph.

(3). Results of MT soundings in the oceans
- First MT soundings in the Northern Pacific;
- Deep resistivity structure of the oceans;
- MT investigations if mid-ocean ridges;

- Marine MT exploration for oil and gas.

(4). Results of MT soundings in coastal zones
- MT soundings in the Far East of the USSR;

- MT soundings on the profile across the Sea of Japan;

- MT soundings in the Cascadia subduction zone;

- MT soundings on the west coast of Nicaragua.

(5). Theoretical basics and technology of FD CSEM (frequency-domain controlled-source

electromagnetic) method

- Forward one-dimensional problem of FD CSEM method,;

- Vertical and horizontal skin-effect;
- Apparent resistivity in in FD CSEM method,;

- Equipment and observation technology.




(6). Case histories and results of FD CSEM

- Resistivity structure of the oceanic crust;

- Marine FD CSEM investigations of oceanic rift zones;
- Marine FD CSEM exploration for oil and gas;

- Near surface FD CSEM studies.

(7). Marine TD CSEM (time-domain controlled-source electromagnetic) investigations
- Equipment and observation technology;

- Calculation of transient sounding curves for polarizable medium;

- Method for the extraction of high-frequency signal component;

- Marine TD CSEM state of the art.

(8). Shallow-water soundings with floating streamers

- Features of shallow-water soundings;

- Resistivity structure of shallow-water areas;

- History of shallow-water electrical prospecting;

- Construction of floating streamers and observations in manual and automatic modes;

- Case histories.

(9). Soundings with vertical and bottom arrays
- Technology of bottom observations;

- Software for sounding data interpretation;

- Features of vertical arrays application;

- Case histories with bottom and vertical arrays.

(10). Continuous aquatic soundings (CAS)

- Features of CAS;

- CAS as a 2-D eater area electrical tomography;
- CAS data processing;

- CAS data inversion;

- CAS case histories.

5. PexoMeHyemMble TeXHOJIOTUH
[Ipu peanuzanuu mporpaMMbl JUCHHUIUTHHBI «DJIEKTPOPa3BedKa HA MOPCKHUX U MPECHO-

BOAHBIX AKBATOPUAX) UCIIOJIB3YIOTCA pa3JIMYHbIC 06pa30BaTeJ'ILHLIC TCXHOJIOT'HH. AYI[I/ITOPHBIC



3aHATUA (28 4acoB) BKIIIOYAIOT JIEKI[UU, B TOM YKCJIE MHTEPAKTUBHBIC U C JEMOHCTpAaIUEl ciaii-
JIOB, a TaKkxke ceMuHapbl. CamMocTosATeNnbHas padoTa cTyIeHTOB (44 yaca) BKIIOYAET OBTOPEHHE
JIEKIMA ¥ U3Y4YEHHUE JOMOTHUTEIBHBIX MAaTEPHAIOB, IMOJATOTOBKY K KOHTPOJBHBIM paboTaM M K

OK3aMCHY.

5. Recommended methodology

Different educational technologies are used during the implementation of «Marine and shal-
low-water areas electrical prospecting» discipline program. Class works (28 hours) include lec-
tures, some of which are interactive or with slides demonstration, and several seminars. Inde-
pendent work of students (44 hours) includes revision of lecture and additional materials, prepa-

ration to written tests and to the examination.

6. OueHoYHBbIE CpeaCcTBA JAJIsl TEKyllero KOHTPOJIA yCIeBAeMOCTH, IPOMEKYTOYHON aTTe-
CTALMH 110 UTOTaM OCBOCHMS IMCIUILIHHBI
JU1st CTUMYJIMPOBAHUS CAMOCTOSITETIHHON Pa0OTHI CTYJICHTOB B TEUECHHE CEMECTpa MPOBOIST-
Csl JIB€ IMCbMEHHBIE KOHTPOJIbHbIE paOOThl. Y CIEUIHO HalKCaBIINe KOHTPOJIbHBIE pabOTHI CTY-
JIEHTBI JOIIyCKAIOTCS K DK3aMEHY .
Crnrcok BOMpOCOB K 9K3aMEHY:
ITone3Hbie CKONIaEMbIE MOpPEN U OKEAHOB
Oco6EeHHOCTH Pa3IMYHBIX METOJJOB MOPCKOM 3JIEKTPOPa3BEIKH
Bnusiaue Bognoro cinost Ha MT none
Amnmnaparypa 1 METOJMKa IpOBeAeHHs paboT MeToA0M JOHHBIX MT3
Crnioco0sl perucTpanuy JUIMHHONEPUOAHbIX Bapranuit MT-nosns
MT-none B ropu30HTaIbHO-HEOAHOPOHBIX Cpeaax;
MT none Haj reodJeKTpUIECKON HEOJHOPOIHOCTBIO THIIA FOPCTa

BbeperoBoii u octpoBHOM 3¢ HeKTHI

© 0o N o g bk~ w D

['eosnexTpuyeckoe CTpoeHrne BepXHEH MaHTUX 3eMIIH T10]] OKeaHAMU

[EEN
o

. [Ipumenenne MT3 npu U3yuyeHUH OKEaHWYECKUX pUPTOB U B HE(YTETa30BbIX UCCIIEJOBAHUSIX

[EEN
[EEN

. Pesynbratel MT3 B npuOpexHbIX 30HaX

[EN
N

. BepTukanbHblil 1 rOpU30HTANBHBINA CKUH-3¢dekT B MeTonax U3 u (U3

[EN
w

. Kaxymeecs conporusnenue B metone 143

[EEN
IS

. Anmapatypa 1 MeToauka Habmroaenuit merogom {43

[EEN
o1

. 'eonmoruyeckoe u TCORJICKTPUICCKOC CTPOCHUC 3€MHOM KOpPBI OK€CaHOB

[EN
(2]

. Meronuka u pe3ynbratsl IU3 B pupTOBBIX 30HaX OKEaHOB

[EN
\‘

. Y3 B HedTera3oBbIX UCCIETOBAHUIX

[EEN
(o0}

. Amnmapatypa 1 MeTOIMKa POBEIEHUSI MOPCKHUX padboT MeTooM 3C



19.
20.
21.
22.
23.

Pacuet xpuBbix 3C A1 NONSIPU3YIOLIUXCS CPENT
TexHOI0rus BBICOKOPA3pEIIAIOICH IIEKTPOPA3BEIKU
OCO6EHHOCTH PEYHBIX AJIEKTPUUECKUX 30HIUPOBAHUN
KoHcTpykius miiaBaromux Koc sl pyyHoro coopa JJaHHbIX

ABTOMaTH3WPOBAHHBIC KOMILJIEKCHI cOOpa IaHHBIX: U3MEPSEMBIC TIOJIsA, pa3MelleHne 00opy-

JIOBaHUS HA CyJTHE U 32 KOPMOM, pabovne 4acTOThI, TITyOMHA UCCIIEAOBAHMS, TPUHIUITBI 00pa-

OOTKM U MHTEPIIPETALUN

24

. ITpuMepbl IpakTUYECKOT0 NPUMEHEHHUS C IIOMOIIbIO AaBTOMATU3UPOBAHHBIX KOMILIEKCOB.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.

Pemienue npsiMoii 3aa4u AJ1s1 JOHHBIX 30HIUPOBAHUI

Tunbl TOHHBIX YCTAHOBOK M KPUBBIE JIOHHBIX 30HIMPOBAHUI

Pewenne npsiMoit 3a1auu 11 BEPTUKAIBHBIX YCTAHOBOK

Oco0eHHOCTH KPUBBIX I BEPTHUKATbHBIX YCTAHOBOK

Hcnonp30BaHne BEPTUKAIBHBIX YCTAHOBOK JJISl pacUJICHEHUSI BEpXHEH 4acTH pazpesa
Ocob6enHoctu TexHojorun HA3

Tuns! ycranoBok HA3

Mertoaunka Beimonnenus HA3

HA3 xak anekTpuueckas ToMmorpadusi Ha akBaTOPHIX

O06pabotka manaeix HA3

[Tpumeps! npakTuueckoro npumenenus HA3

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

of the course

For the stimulation of the independent work of students during the semester, three small

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

amination.

© © N o gk~ w0 DR

10.

The list of questions for the examination:

Mineral deposits in the seas and oceans

Special features of marine electromagnetic prospecting methods
The influence of water layer on MT field

Marine MT equipment and observation technology

Methods for long-period MT field variations registration

MT field in horizontally inhomogeneous medium

MT field above the geoelectric inhomogeneity of a horst type
Coastal and island effects

Resistivity structure of the Earth’s mantle beneath the oceans

Application of MT soundings for oceanic rifts studies and hydrocarbon exploration



11. Results of MT soundings in coastal zones

12. Vertical and horizontal skin-effect in on-shore and marine FD CSEM soundings
13. Apparent resistivity in FD CSEM method

14. FD CSEM equipment and observation technology

15. Geological and geoelectrical structure of the oceanic crust

16. Application of FD CSEM method in oceanic rift zones

17. FD CSEM exploration for oil and gas

18. TD CSEM equipment and data acquisition technologies

19. Calculation of TD CSEM sounding curves for polarizable medium

20. High-resolution electromagnetic prospecting technology

21. Features of shallow-water electrical soundings

22. Construction of floating streamers for manual data collection

23. Automatic data collection systems: measured fields, equipment onboard and on the water,
working frequencies, exploration depth, principles of data processing and interpretation
24. Case histories of automatic systems application

25. Bottom soundings forward problem solution

26. Types of bottom arrays and curves of bottom soundings

27. Forward problem solution for vertical array

28. Features of vertical array curves

29. Vertical array application for near-surface study

30. CAS features

31. CAS array types

32. CAS observation technology

33. CAS as water area electrical tomography

34. CAS data processing

35. CAS case histories

7. YueOHO-MeTOANYeCKOe U HH(OpMaLHOHHOE o0ecTieYeHre 1M CIMIIJIMHbI
7. Methodological and informational support
a) OCHOBHAsI JIUTEPaTypa:
a) primary list of books:
1. bepnnuesckuiit M.H., XKnanosa O.H., )Knanos M.C. I'nybunnas reosnexkrpuka B Oxeane. M.:
Hayxa, 1989. 80 c.
2. Banpsn JILJIL., [Hunosckuit I1.I1. ['myOuHHas 31€KTpONpPOBOIHOCTh OKEAaHOB U KOHTHHEHTOB.

M.: Hayxka, 1983. 88 c.



3. MHcTpyKIus 1O 3JE€KTPOpa3BeKe: Ha3eMHas, CKBaXXUHHAs, IIIAXTHO-PYJHUYHAS, a3p0-, MOP-
ckas anekTpopassenka. JI.: Henpa, 1984. 352 c.
4. XKnano M.C. I'eopusmndeckast dJIeKTpOMarHuTHas Teopus ¥ Metoapl. M.: HayuHsii mup,
2012. 680 c.

0) 10MOJIHUTEJIbHAS JINTepaTypa:

b) secondary list of books:
1. JlurBuroB D.M. BBenenue B Mmopckyro reodusuky. C-I16.: Henpa, 1993. 184 c.
2. Mopckue reodusnueckue uccienoBanus. Pen. Manosunkuii SI.I1. M.: Henpa, 1977. 375 c.
3. CouenbHukoB B.B. OCHOBBI T€OpUH €CTECTBEHHOT'O AJIEKTPOMArHUTHOTO MOJisi B Mope. JI.:
I'mppomereousnar, 1979. 216 c.
4. Kanunun B.B., Kanunun A.B., Monun U.H., Mycaros A.A., Bnagos M.JI. Pe3ynbTaTsl KOM-
TUIEKCHBIX Te0()U3MUEeCKUX MCCIeN0BaHUN Ha akBaTOpUU p. MockBbl. «HXKeHEepHAasi TeOI0THs»,
1985, Ne 2, c. 98-107.
5. bo6auer A.A., Bonkos C.U., Komapos JI.JI., Monun W.H., Mrounep A., [lepsaro E.B., llles-
HuH B.A. KoMIiekcHbIe akBaTOPHBIE AJIEKTPOPA3BEAOYHBIE UCCIICIOBAHMS B BOCTOYHOW YacTH
I'epmanun. Pa3Benka u oxpana Heap, 2004, Ne 5, c. 22 — 27.
6. bobauer A.A., 3aitieB [I.A., Moaun .H. DnekTpomeTrpudeckue UCCIeJOBaHUS Ha TEPPUTO-
PHUH XBOCTOXPaHWJIHIIA TOPHO-000TaTUTENBHOTO KOMOMHAaTa. Pa3Benka u oxpana neap, 2006, Ne
12.
7. Monun N.H., Aunpees M.A., Akynenko C.A., ApxxanneBa U.A., Kaig M.A. 'eopusnyeckue
uccinenoanus Ha ocTpoBe [lop-baxein B pecniyonuke TyBa. BecTHrK MOCKOBCKOTO YHUBEPCH-
teta, Cepus 4 «['eonmorusi», 2010, § c.
8. AnnpeeB M.A., bonsmakos JI.K., Komapos O.U., Mogun U.H. DnexrpomeTrpuueckue muccie-
JIOBaHMsI Ha TIepexoJax Tpacc MPOEKTUPYEMBIX TPYyOOIPOBOIOB Yepe3 BOAHbBIE MpPErpaabl METO-
nom HHB. Tpy6omnpoBoausrii Tpancnopt, 2009, Ne 2(14), c. 23-25.
9. Bnano M.JI., Kaniuaun A.B., Kanuaun B.B., Moaun 1.H., MycatoB A.A. Metoauka, Tex-
HUKa U PEe3yJIbTaThl KOMIUIEKCHBIX T€O(U3MUECKUX MCCIEAOBaHUI Ha akBaTopuu p. MockBbl. B
kaure: «I'eonornueckue npobiaemsl MockoBckoit arnomepanuny. M3n-Bo Mock. yH-Ta, 1991, c.

80-137.

8. MartepuajibHO-TEXHUYECKOe o0ecneyeHne TUCUUIIMHBI
JlJis MaTepuallbHO-TEXHUYECKOTO O0eCTeueHus] TUCIUILIMHBL «DJIeKTpopa3Beika Ha MOp-
CKUX M TIPECHOBOJIHBIX aKBAaTOPHUAX» HUCHOIB3YIOTCS JEKIMOHHBIC ayJUTOPHH W OMOIHMOTEeKa

reojoruueckoro (axyiaprera MI'Y.

8. Necessary facilities and equipment



For the material and technical support of the discipline «Marine and shallow-water areas

electrical prospecting» lecture rooms and the library of the Faculty of geology of MSU are used.

9. KpaTtkoe cojep:xaHue JUCHHUIUIUHBI (AHHOTALUA)

AHAM3UPYIOTCS 0COOCHHOCTH METOJIOB 3JICKTPOMArHUTHOTO 30HIUPOBAHUS (MAarHUTOTEJI-
JypPHUYECKOTO, YACTOTHOTO M CTAHOBJICHUEM I10JIs1), IPUMEHSAEMbBIX B OKEaHaX M MOPSIX C LEISIMH
U3yYCHUS WX TJIyOMHHOTO CTPOCHHUS M MPOTHO3a MECTOPOXKICHHUH yrieBoaopoaoB. [IpuBoastes
CBEIICHUSI O CBOMCTBAX AJICKTPOMATHUTHBIX IMOJICH B OKeaHaX W MOpSX, alapaType, METOANKaX
HaOJr0IcHNH, 00pabOTKe U MHTEPIPETALUH JaHHBIX. PaccMaTpUBAIOTCS FEOICKTPHUSCKHE MO-
nenu abuccanbHBIX PaBHUH OKEAaHOB, CPEIMHHO-OKEaHWYECKUX XpeOToB, 30H cyOmykimu. O0-
CYXK/Ial0TCSl BOBMOYKHOCTH METOJIOB 3JICKTPOPA3BE/IKH MPU TOUCKE M PA3BEIKE MOPCKHX MECTO-
POKICHUHN YTIIE€BOIOPOIOB.

PaccmaTpuBaroTCsi 0COOCHHOCTH MPOBEICHUS PEYHBIX UCCIICIOBAHUI U T'€03IEKTPUIECKOTO
CTPOCHUS IPECHOBOAHBIX aKBaTOpHid. [IpUBOAMTCS KpaTKasi HICTOPHUS Pa3BUTHS PEYHOM DIIEKTPO-
pa3BeAKU. AHAIM3UPYIOTCS KOHCTPYKIIMH IUIABAIONIUX 3JICKTPOPA3BEIOUYHBIX KOC M METOIMKA
u3MepeHuil. PaccMaTpuBarOTCsl BONPOCHI TEOPUH, TEXHUKH, METOIMKA U TPOrpaMMHOE obecrie-
YeHHE 30HAUPOBAHUI C BEPTUKAIbHBIMU M JIOHHBIMH YCTaHOBKaMHU. PaccMaTpuBarOTCst 0COOCH-
HOCTH HEMPEPBIBHBIX aKBATOPHBIX 30HIMUPOBAHMUS, BOMPOCH TEXHHMUYECKOTO HUCIOIHEHHUS, METO-
nuKa u nporpamMuoe obecrnieuenre HA3. TIpuBoasaTcst mpuMephl MPAKTHUECKUX HCCIICAOBAHHIMA

Ha NPECHOBOJAHBIX aKBATOPUSAX.

9. Discipline content (annotation)

We discuss marine modifications of electromagnetic sounding methods (magnetotelluric,
controlled-source in frequency and time domain), applied in the oceans and seas to study their
deep structure and for hydrocarbon prognosis. Features of electromagnetic field in marine envi-
ronment are analyzed. Equipment, observation technologies, data processing and acquisition are
considered. Resistivity models of oceanic abyssal plains, mid-ocean ridges, subduction zones are
presented. Possibilities of electromagnetic methods in hydrocarbon exploration are discussed.

Features of shallow-water areas investigations and resistivity structure are considered. Brief
history of shallow-water electrical prospecting is presented. Construction of floating streamers
and observation technology are discussed. Theory, technology, equipment and software for
soundings with vertical and bottom arrays are considered. Features of continuous aquatic sound-
ings (CAS), problems of their technology and software are discussed. Case histories of shallow-

water areas are presented.



10. YuyeOHO-MeTOAMYECKHE PEKOMEHIAIMM 1Jsi o0ecnedyeHHsl CaMOCTOSTeJbHON pPadoThI
CTY/ICHTOB
TeMbl 111 cAaMOCTOSAITEJILHOM Pa0OTHI CTYI€HTOB
MopcKoil MarHUTOTEIUTYPUUECKUIA METO/I:
- OCHOBHBIE XapAaKTEPUCTUKH JIOHHOTO JIEKTPOMarHuTHOr0 000py10BaHuS,
- CpaBHEHUE Ha3€MHBIX U JIOHHBIX 3JIEKTPOMAarHUTHBIX aHOMAJIUI;
- [IpakTueckuit npumep: mopckue MT nccnenoBanuss B MEKCUKaHCKOM 3aJIMBE.
Mopckue 31eKTpOMarHuTHbIE METO/IbI C UCII0JIb30BAaHUEM YIPABIAEMOr0 HCTOYHHKA:
- DIeKTpopa3BeKa Ha MEJIKOBO/IbE;
- DieKkTpopasBeika Ha OOJBIINX TTyOMHAX U B OKEaHaX;
- Ucnonbs3oBanue Mopckoro Meroaa OM 30HIUpPOBaHUS € YIIPaBISIEMbIM UCTOUHUKOM JUISI MOP-
CKOM pa3Beiku He(TH U rasa,
- aTepnperanys JaHHBIX METOJ1a MOPCKOro DM 30HAMPOBAHUS C YIPABISEMbIM HCTOYHUKOM,
- IlpakTrueckuil mpuMep: WTEpallMOHHAs MUTpAlUs JaHHBIX MOPCKOro DM 30HIUpPOBaHUS C
YIPaBIsi€eMbIM HCTOUHUKOM JJIs1 Ta30BOM IPOBUHLUHU TpoIiib.
PeuHoil anekTpopa3Be0UHbIi KOMILIEKC:
- DIeKTpUYeCcKUe 30HIMPOBaHMsI HAa MaJIbIX peKax,
- DIEKTpUYEeCKHe 30HIUPOBAHHS B HETITYOOKHUX MOPSIX,
- BrinosiHeHHE 3JIEKTPOMETPUUECKUX MCCIEA0BaHUN Ha IIEpexo/iax pek,
- Pe3ynbraThl a5eKTpoMeTpHUYECKUX UccaenoBaHui Ha o3epe Tub B Kamyxkckoii o6nacty,
- PesynpraTel HA3 Ha o3epe Tepe-Xoub B TyBe,

- Pe3ynbTaThl Hcce0BaHMd HA MOMMEHHBIX 03¢epax peku Kuszpa.

10. Educational and methodological recommendations for self-study
Topics for independent work of students
Marine magnetotelluric method:
- Main characteristic of seafloor electromagnetic equipment;
- Comparison between land and sea-bottom electromagnetic anomalies;
- Case study: marine magnetotellurics in the Gulf of Mexico.
Marine controlled-source electromagnetic methods:
- Electrical exploration in shallow water;
- Electrical exploration beneath deep oceans;
- Marine CSEM method for offshore petroleum exploration;
- Interpretation of marine CSEM data;
- Case study: iterative migration of Troll Gas Province marine CSEM data.

Shallow-water electrical prospecting complex:



- Electrical soundings on small rivers,

- Electrical soundings in shallow seas,

- Electrical observations on river crossings,

- Results of electrical studies of the lake Tish, Kaluga region,
- Results of CAS of the lake Tere-Khol, Tuva region,

- Results of studies of Zhizdra river floodplain lakes.

Pa3paboTunku:
['eonmoruueckuit pakyaprer MI'Y  moueHT ILIO. ITymkapes
(MecTo paboThI) (3aHUMaemast IOJDKHOCTh)  (MHUIIUAAIBI, (haMIIINS)

Pabounii Tenedon, MoOMILHBIN TenedoH, e-mail:

8(495)939-4912, 8(905)703-7950, pavel_pushkarev@list.ru

['eonmorunueckuit paxynsrer MI'Y  mpodeccop WN.H. Moaun

(MecTo paboThI) (3aHUMaemast 10JKHOCTb)  (MHULMANbI, (paMIIIns)
Pabounii Tenedon, MoOMILHBIN TenedoH, e-mail:

8(495)939-4963, 8(916)636-6352, imodin @yandex.ru

JKCHEePTHI:

['eonoruueckuit pakyaprer MI'Y  noueHT B.A. Kynukos

(MecTo paboThI) (3aHUMaemast IOJDKHOCTh)  (MHHUIUAMBI, (paMUIIN)
Wuctutyt okeanonorun PAH Hay4HBIA COTPYIHUK J.A. AnekceeB

(MecTo paboThI) (3aHUMaemast IOJDKHOCTh)  (MHHULUAMBI, (paMIIINA)

[Tporpamma ogo6penHa Ha 3aceganuu YdyeHoro coBera ['eonoruueckoro gakynsrera MI'Y

(mpotoko Ne oT ).

Developers:

Geological faculty of MSU Associate professor P.Yu. Pushkarev
(place of work) (position) (initials, surname)

Office phone number, mobile phone number, e-mail:
8(495)939-4912, 8(905)703-7950, pavel_pushkarev@list.ru
Geological faculty of MSU Professor I.N. Modin

(place of work) (position) (initials, surname)



Office phone number, mobile phone number, e-mail:
8(495)939-4963, 8(916)636-6352, imodin@yandex.ru

Experts:

Geological faculty of MSU Associate professor V.A. Kulikov
(place of work) (position) (initials, surname)
Institute of Oceanology of RAS Researcher D.A. Alekseev
(place of work) (position) (initials, surname)

The program has been approved by Academic Council of Faculty of Geology of MSU
(protocol No. from ).




