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Juceprairist Ha 3M100yTTS HAYKOBOTO CTYIICHS TOKTOpa (histocodii 3a CHEIianbHICTIO
103 — Hayku mpo 3emmo. — HHI «Inctutyt reomnorii, KuiBchkuil HaiioHaabHUMN
yHiBepcureT imeHi Tapaca IlleBuenka, Kuis, 2020.

PoGora 3m00yBaua HampaBiieHa Ha Yy3arajJbHCHHsS Ta BJIOCKOHAJECHHS YWHHOI
METOUKH JIOCTIHKEHB, aITOPUTMIB OOPOOKH, CTBOPEHHS METOJUYHUX PEKOMEH/ 1Al
I TIPOBEICHHA, OOpOOKH Ta 1HTepIpeTalii pe3yiabTaTiB TeopajapHuX JOCIIKEHb
IIPY BUPIIICHHI OKPEMUX 3aBJIaHb 1H)KEHEPHOI reo(131KH, T1APOTe0Iorii, TAI10I0rIi.

V¥ Beryni oOrpyHTOBaHO akTyaldbHICTh TEMU AUCEPTAIIMHOTO JOCIIIIKEHHS, 3B'I30K
po0OOTH 3 HAYKOBUMH MpOTrpaMaMH, TlaHaMu. Bu3HaueHo MeTy, 3aBIaHHs, 00'€KT Ta
IpeaIMeT JOCTIPKeHHs, 3a3Ha4€HO HAayKOBY HOBHU3HY OJIEp)KaHUX pe3yJIbTaTiB,
OKPECIICHO iX TpaKkTUYHE 3HAYEHHs, MOJAHO BIJIOMOCTI Mpo ampolamlilo Ta
omyOIIKyBaHHS pe3yJIbTaTIiB, PO OCOOUCTHI BHECOK 3700yBava, CTPYKTYpy Ta 00CsT
poboTH.

Y nepwomy poszoini «Cyuachuii cman 2eopaoapHux O00CHiONCeHb Npu SUPIULEHHI
3a0ay iHdceHepHOol 2eoqhizuKu, 2i0poceonocii, enayionoeliiy HaAaHO OIS 1CTOPIi
BUHHMKHEHHS Ta PO3BUTKY IreopaJapHUX JOCIIKEHb, OCHOBHUX MyOJIiKallid HA TEMY
po0OOTH, BU3HAYEHO OCHOBHI Cy4acH1 TEHIEHIi PO3BUTKY METOJY IpH BHUPIIICHHI
3a/1a4 1HKEHEPHOI reo(i3UKH, T1IPOTeOIIOT 1, TISII0JIOT1I.

[Tepmmii omwc BUKOPUCTAHHS EIEKTPOMArHITHUX CHUTHAJIB IS BUSBICHHS
nig3eMHnx 00'ekTiB 3'ssBUBCsA y 1910 porl B HiMenbkomy natenTi JletimOaxa 1 Jloyi
(Leimbach and Lowy). CyTb iX MpakTHYHOT'O BUKOPUCTAHHS MOJIsITajia y 3ariin0eHH]
nepenaBaibHUX 1 BUMIPIOBAIBHUX JUIOJIBHUX aHTEH Y BEPTUKAJIbHI CBEPAJIOBUHU 1
MOPIBHSHHI BETMYMHU CUTHAJIIB, [0 TPUIMAaIKCS BUMIPIOBAJILHOIO aHTEHOI0. BinTak,
y Pe3ynbTaTi OTPUMYBAIH XBUJIHOBY KapTHUHY JIJISl TIEBHOTO T'€OJIOTIYHOTO PO3pi3y 3a
paxyHOK TOro, mo OO0’ €KTH Mayid OUIbIIYy eJIEeKTPOIMPOBIAHICTh, HIK OTOUYYHOYE
CepeoBHUIlEe, 1 TOTIWHAIN EJIEKTPOMArHiTHE BHUMpOMiHIOBaHHA. [li aBTOpM Takox
omnucaau HazeMH1 Moaudikallii OKpeMo pPO3TalllOBaHMX aHTEH, 3a JOIMOMOIOI0 SKHX

MOKHA BIJNIYKATH TOKJIATd BOAM a00 X pynHi nokiaaau. [lomanbimmii po3BUTOK



TEXHOJIOT1{ J03BOJIMB MPOBOANTH BU3HAYCHHS CITIBBIIHOIICHHS Yacy MPUXOTY MPSIMOi
XBWII (Bl JpKepena 10 IpuUiiMaya) 70 4Yacy MPUXOAY €JIEeKTPOMArHITHUX XBHUJIb,
BIIOUTHUX B1JI BIAMOBITHUX MEX B I'€OJIOTIYHOMY CEPEJAOBHIII, 110 a0 MOXKJIUBICTh
BU3HAUUTH IIIUOUHY /10 pO3TAIIOBAHUX 1] TOBEPXHEIO 3eMill 00’ €KTIB.

[HTEHCUBHUN PO3BUTOK T'epaJapHOro MeToay posmnodaBcs B 1920-x — 1930-x pp.,
KOJIM EJICKTPOMArHiTHI METOJM Ha 3MIHHIM YacTOTI MOYalad 3aCTOCOBYBATH IS
BU3HAYCHHS TOTYXKHOCTI JIOJIOBOTO IIOKPWBY, 3HAXO/KCHHS TPICHOI BOIU Ta
MOKJIA 1B COJII, JUIA JOCIIIKEHb B IyCTeNl Ta TipCchkux mnopia. ['eopamapHuii MeTo
HaOyB IHTEHCUBHOTO PO3BUTKY Micis [pyroi CBiTOBOI BiifHM 32 paXyHOK BUHUKHEHHS
HOBUX TEPMIHOBUX 3aBJIaHb Ta BUPOOHMIITBA HOBUX reopanapiB. A.Jl. [lerpoBchkuii
O0yB oaHuM 3 niepimux pocaiaaukis CPCP, XTo nmo4yaB po3BUBaTH TEOPIIO reopaapHUX
JOCJIIKEHb 1 MPOBOJIUTH MIPAKTUYHE BTUICHHS PaJl0OXBUILOBOTO METOY («TIHbOBUI
METO/1»), 10 0a3yBaBCsl HA BUBUECHHI BUCOKOYACTOTHUX XBUJIBOBHUX MOMiB. 3 1970-x
pp. Aorenep oOJIacTh 3aCTOCYBaHHS TeOpPaapHOTO METOAY HEYXWJIBHO 3POCTAE.
CporojiHi JOCHITHUKA MAalOTh IIUPOKUN BUOIp TeopagapHoro oOJagHaHHS Ta
TEXHIYHHUX 3aC001B, K1 MOKJIMBO 3aCTOCOBYBATH MPU reO(PI3UUHUX JTOCITIIPKEHHSIX.

B HHI [Inctutyr reosorii reopagapHuid  METOJ  JOCHIIKEHb  IOYaB
BUKopucToBYBaTUCh 3 2013 poky. HaykoBil kadenpu reodizuku BUKOPUCTOBYIOTH
reopanapu VIY sx oauH 3 METOMIB IJIsi OCTIJKEHHS apXEOJOTIYHMX OO0 €KTIB,
MONIYKY M1J36MHUX KOMYHIKAIIii, TOCTII>KEHHS MICIb 3BOJIOKEHHS IPYHTIB.

3a pesynbpTaTamMu aHamizy MmyOiKaiii Ta HAayKOBUX mpaib ((axoBi KypHaIu
BuaBHMITBA Elsevier, HaykomeTpuuHa 6a3a Scopus, AucepTaliii HanucaHi B YKpaiHi)
HAaO0yTO BHCHOBKY, IO TeopajgapHUil MeToJ] € €heKTUBHUM Teo(]i3UYHUM METOI0M
JOCIIKEHb TIPU  BUPIIICHHI MIPUTMIOBEPXHEBUX 1HXKEHEPHO-TEOJIOTTYHUX  Ta
reod13UYHUX 3a7a4. B nmiTeparypHuX JpKepenax onucyrThCsl pi3HOMaHITHI METOUKH
Ta TPUKIAAU 3aCTOCYBaHHS TeOpaJapHOTO METONYy MpPH BUPIMIEHHI 1HXXKEHEPHO-
reO0JIOTTYHUX, T1IPOJIOTTYHUX, JITOJOTIYHUX, CTPYKTYPHO-TE€OJIOTTYHHUX, €KOJOTIYHUX,
rISALioNoriuHux 3aaad. OnHak ICHye MoTpeda y3araJbHEHHS Ta BJOCKOHAJICHHS
ICHYIOUMX METOJMK JTOCHIKEHHS, Ta aJTOPUTMIB OOPOOKH JJIsi BUPIIIIEHHS! OKPEMHX
3aBJaHb, € TOTpeda y po3poOIll METOAMYHUX PEeKOMEHJAIM [Jisi MPOBEICHHS

reopajapHuX JOCITIKeHb, BIOCKOHAJICHHI aJITOPUTMIB IS iXHHOI OOpOOKM Ta



igTeprpetamii. IluM  mATBEpKYEThCS  AKTyasIbHICTh BU3HAYEHOI TEMAaTUKU
JUCEPTALIMHOTO JTOCTIKEHHS.

Jpyeuii po30in «Di3UKO-TEONOTIUHI TEPEIYMOBH 3aCTOCYBaHHS TIeopaJlapHUX
JOCTIPKEHb)» OXOIUTIOE TEOPETUYHI OCHOBU METOY, T€OJIOTIuHI Ta (i3HKO-XIMIUHI
3acaid BUKOPUCTAHHS T€0palapHOTO METOY.

["eopanapHmii METO € OJIHI€I0 3 MOAM]IKAIIN eTEKTPOMArHITHUX METO1iB. | 0JI0BH1
Gi3uyHl TPUHIUMOU METOAYy O0a3yloThCsl Ha HACTYMHHUX (I3MYHUX BIACTHUBOCTAX:
BIJIHOCHA [IIeJICKTPUYHA IPOHUKHICTh cepenoBuiia (€) — Oe3po3mipHa GizudyHa
BEJIMYMHA, KA XapaKTepU3ye y CKIIbKM pa3iB CHJAa B3a€EMOJIl JABOX EIEKTPUYHHUX
3apsAlliB Yy JOCTII)KYBaHOMY CEpEIOBHINI MEHINa, HUK y BaKyyMl; ITUTOMHIA
enekTpuunuii omip (p, OM'M) 4d MUTOMA €JIEKTPUYHA TPOBITHICTH CEPEIOBUIIA
(y=1/p, OmY/m=Cwm/M); BimHOCHa MarHiTHa INPOHUKHICTH cepemoBuma (p) —
0e3po3MiIpHUI TapaMeTp, 110 XapaKTepU3ye 3/1aTHICTh CEPEIOBUINA KOHIICHTPYBATH B
co01 Mar”iTH1 CHJIOBI JIIHIT 30BHIIIHLOTO MAardiTHOTO mojs. Ha cporoaHi BBa)KaroTh
JOMIHYIOUOI0 (PI3MYHOIO BJIACTUBICTIO, SIKA BUKOPUCTOBYETHCA B T'€OPATAPHOMY
METO/I1, JIEJIEKTPUYHY MPOHUKHICTh CepelloBUIlla. Bpaxyrouu, 10 BEpXHs YacTUHA
PO3pi3y MpaKkTUYHO HeMarHiTHa (U=1), TOJIOBHMIA BILJIUB HA €JIEKTPOMArHITHUN CUTHAI
Mae JTieJIeKTpUYHA TPOHUKHICTb.

3a pe3yJbTaTaMu monepeaHiX A0CiKEHb BU3HAUCHO, 1110 BOJJOHACUYEHHS TJIACTIB
€ OCHOBHHM (DaKTOpOM, SIKMM BIJIMBA€ Ha 3MIHY JI€JICKTPUYHOI MPOHUKHOCTI 1,
BIJIMTOBIJTHO, HA IIBUIKICTh €JIEKTPOMArHiTHOI XBUJIl. Y BUCOKOYAaCTOTHOMY Jl1ala30Hi,
y SIKOMY TIPAIIO€ Teopajap, BoJa Ma€ BiIHOCHE 3HAYEHHS J1eJIEKTPUUHOT IPOHUKHOCTI
81, M1 CyXuX TIpChbKUX TOPIT 11€ 3HAYSHHS KOJTMBAEThCS B Mekax Bij 2 1o 10 1 3poctae
1o Mipi 3BosIokeHHs. Ha Mexi cepeioBull 13 PI3HOIO T1E€IEKTPUYHOIO MPOHUKHICTIO i
BUHHMKAE BIJOUTTS €JICKTPOMATHITHOI XBWJII. 3TIAHO 3 JaHUMH Yy TMPOAHAIII30BAaHUX
nyouikaiisx, nepenaa y 3% BOJOTOCTI BUKIIUKAE 3HAYHY 3MIHY B aMIUTITY/1l CUTHAITY.

YV mpemvomy po3zoini: «Memoouka npoeedenHsi 2eopadaprux 00CNi0diCeHb O
BUPIUEHHS 3a0ay [HICEHEePHOI 2eoqhizuxu, 2i0poceonodii, enayionoeliiy 3a3HAYEHO
pEeKOMEeH Iallii o mapaMeTpaM HallalllTyBaHHS Teopajapa, iarna3oHu poOounx 4acToT,
MPOAHANII30BAaHO  BUKOPUCTAaHI BUJAM AaHTEH IS OTPUMAHHS  HaWKpaioi

1H(pOPMATHBHOCTI reopagapHUX AOCIIKCHb JUIS BUPIMICHHS 3a7ad JUCepTaIliifHOT



poboTtu. ExciepuMeHTaIbHUM TUIIXOM BH3HAYEHO ONTHMAJIbHI HAJAIITYBAHHS IS
oOJiaiHaHHs, TPOIEAYpH OOpOOKHM 1 iX HaJlAIITyBaHHS, SKI JO3BOJISIOTH BHAUIUTH
00’€KTH TIOIIYKYy TIpM BHPIIICHH] 3a7a4 1HXXEHEPHOI TI'eoJIorii, TiJIPOreoJIorii,
rsioniorii.  3100yBay 3acTOCOBY€E Tpoleaypu oOpoOKH, SKi OMUCaHI B HAYKOBHUX
nyOJiKamisax, aje migiopadi onTuMalbHI HAaOOpU (PIIBTPIB Ta iX HaAJAIITYBaHHS IS
BHpIIIEHHS OKpeMuX 3a7a4. CrovyaTKy 3acTOCOBYBABCS CTaHAAPTHUM Tpad oOpoOKH:
BCTAHOBJICHHS «HYJIS 110 Yacy», AekoHBodrowisa (deconvolution), koperyBanus hopmu
xBWJIl (wavelet optimization), nmpurHiueHHs: ¢GoHOBUX JiHIMHUX mymiB (background
removal), MIACWIEHHS CUTHANy, 4YacTOTHAa inabTpamis naHux. /[ BuguieHHs
XapaKTEepPHUX OCOONMBOCTEH OO’€KTIB BHU3HAYEHO 1H(GOPMATUBHICTH  TaKUX
IHCTPYMEHTIB OOpOOKM JUIi BHUpPILIEHHS BIANOBIIHUX 3a7ad: 1) aBTOMaTHYHE
MIJCUJICHHS — 32 aHaJII30M PO3paxoBaHO1 MporpaMoro Synchro aBToMaTuyHO1 PyHKIIT
HiJICWIICHHs, 3700yBayeM Oyiu BHSBJIEHI MyCTOTH B MacuBi rimcy. llpouenypa
ABTOMATUYHOTO MiJICUJICHHS B MyOJIKaIlIsIX 3aCTOCOBYETHCS VIS T1JICUJICHHS] CUTHATY
no mmOuHI npoduUTo, a TMpu JUCepTaIlifHOMY JOCTIHPKEHHI BH3HAYEHO
iHhopMaTUBHICTh (YHKIII aBTOMATUYHOTO TIJCUJICHHS JUIsl BUSIBICHHS MYCTOT. 2)
KOJIbOPOBl ~ MaJITPU — BUAUICHHS XapaKTepHUX aMIUNTyI BIIOUTTA IS
IIPOCTIKOBYBAHHS IIAPYBATOCTI T'€OJIOTTYHOTO PO3pI3y Ta JbOAY, 30H HAMOKAHHS
I'PYHTY, JIOKaJI13a1is apXeoJIOT1YHUX 00’ €KTiB; 3) putbTp ['1160€pTa — BUIIITICHHS MiCIlh
13 MAaKCUMaJIBHOIO €HEPTI€0 BIIOUTTS Ta 1HII IHCTPYMEHTH, SIKI OMKMCaH1 B pO3ALIL 3
Ta pPe3yJIbTaTH 3aCTOCYBAHHS HABEICHO y rpadiyHUX T0JaTKaX 10 TUCEPTaIlii.

YV uemeepmomy po3oini «Pezyromamu 3acmocy8anHs 2eopadapHoco mMemooy npu
BUPIUEHHT 3a0aY THICEHEePHOI 2eoi3uKu, 2i0poeeoiodii, 2eoekonoliiy MPEACTaBICHO
pe3ynbTaTH 3aCTOCYBAHHS TEOPaJapHOTO METONY [Jisi BHUBYEHHS BHYTPIIIHIX
HEOJHOPIAHOCTEH B JHOJOBHKAX (TIOTYXHICTh JIbOJOBOTO IMOKPUBY, IIapyBaTiCTh
JTHOJIOBUKIB, MOHITOPUHT TIPOIECIB PO3BUTKY TPIIIMHYBATOCTI Ta 30H HAKOMHYCHHS
BOJIOTH), JOCJIPKCHHS ICTOPUYHMX TaM’SITOK (BUSIBJICHHS MiJ3€MHHUX XOJIB, MICIIS
CKYITYEHHSI apXeoJOTIYHUX 00’€KTIB, KPUNT), AUISHOK PO3BUTKY 3CYBHHX TPOIIECIB,
BU3HAUEHHS JUISTHOK 3BOJIOKEHHSI IPYHTY, 3HAXOJDKEHHS MiA3€MHUX KOMYHIKAIIii,
IPaHULIb MK IIapamMu MOPI.

HaykoBa HOBHU3HA:




1. Ynepwe minrotoBieHl 3BENCHI METOAWYHI peKOMeHmarii mo oOpoOii Ta
IHTepIpeTalii reopajJapHUX JOCHIKEHb ISl 00 €KTIB 1HXXEHEPHOI Treodi3uKH,
TAPOreosorii, TIAioorii. 3 BpaxyBaHHSAM LEHTPAJIbHOI YACTOTH CUTHAIY, KPOKY,
TTIMOMHHOCT JIOCHIKeHb, aMIUNTYJAHUX Ta YaCTOTHHX OCOOIMBOCTEW OTPUMAaHHUX
JAHUX HABEJIEHO METOAMYHI PEKOMEHJAIII] M0 MOJIbOBOMY Ta KaMepajJbHOMY €TaIy
reopagapHUX JOCTiKCHb.

2. ¥Ynepwe po3po0IECHO METOAMKY MOHITOPUHIOBHX CIIOCTEPEXKEHb 3a
HEOJIHOPIAHOCTAMHU Y JIbOJAOBOMY MOKPHUBI 13 3aCTOCYBAHHSIM T'€OpPaJapHOrO METOMIY
JUIA  JTOCHIJKEHHST OCTPIBHUX JIbOJIOBUKIB APTeHTHHCHKUX OCTpOBIB (3axigHa
AHTapKTHKA).

3. OTpuMaHi HOBI T€OJIOT1UHI PE3yIbTATH, 30KpEMa BIIepIIIe:

3.1. JocmiKeHo NOTYKHICTh OCTPIBHUX JIbOJOBUKIB HA APreéHTUHCHKUX OCTPOBAX,
Apxinenar Bimerenbma, 3aximHa AdTapkTuga. Haiibinpimia MNOTYXHICTH JIBOTY
CIIOCTEPITa€eThCS Ha JIbOJOBUKY 0. ["aminnes 1 cknanae 35.3 m.

3.2. BusiBneHo mapyBaTy OyJ10BY JIbOJIOBHKIB Ha ocTpoBax [aminzes, Bintep, Ckya
(3axigHa AHTApKTUIA).

3.3. BusiBieHo 3a JaHUMU TeOopalapHUX AOCHIHKEHb PIYHY AMHAMIKY 3MIH Yy
BHYTPIIIHIA CTPYKTYpl JIbOJOBUKIB Ha ocTpoBax [aminnes Ta Bintep (3axigHa
AHTapKTH[A).

4. Yoockonaneno mMeronuky BUKOHaHHS, OOpOOKH Ta 1HTEpHpeTauii reopagapHux
JOCIiKeHb. BU3HaueHO pPEKOMEHIOBAHHWI TMEpeNtiK Mpoleayp st oOpoOku Ta
IHTeprnpeTalli reopaJjapHuX NaHUX AJIs BUPIMICHHS 3a7a4 1HXEHEPHOi Treo(i3ukH,
TJISIITI0JIOTIT Ta T1POreosIorii.

KiouoBi_cjoBa: reopagap, 1HXKEHepHa Treodi3uka, JbOJOBUKH, TJISAII0IOTIS,

AHTapKTH/a, apXEO0JIOTis, T1POreoIorisl.



ANNOTATION

Chernov A.P The application of ground penetrating radar for engineering
investigations in geophysics, hydrogeology and glaciology. I'eopanapuuii metox mpu
BUpIIIEHHI 3aJa4 1HKEeHEPHOI reodi3uKu, rigporeosorii, rsmiosorii. — Qualifying
scientific work on the rights of a manuscript. Thesis for a scientific degree of Doctor
of Philosophy in specialty 103 — Earth Sciences (10 — Natural Sciences). — ESI
“Institute of Geology”, Taras Shevchenko National University of Kyiv. - Taras
Shevchenko National University of Kyiv, Kyiv, 2020.

The research is devoted to generalization and development of a current investigation
methodology, processing algorithms, manual recommendations for a field work,
processing and interpretation of the ground penetrating radar (GPR) investigations for
engineering geophysics, hydrogeology, glaciology.

In the introduction the relevance of the research topic and connection with scientific
programs are justified. Aims, objects, scientific novelty of the results and its practical
benefit, information about publications and presentations of the main results, personal
contribution of the Ph.D. candidate, structure and content of the manuscript are
specified.

The first chapter “Current state of the GPR investigations for solving problems of
engineering geophysics, hydrogeology, glaciology” represents the origin and
development of the method, review of publications, the modern trends of GPR method
development are mentioned.

The first description of electromagnetic signals use for location of buried objects
appeared in a German patent by Leimbach and Lowy in 1910. Their technique
consisted of burying dipole antennas in an array of vertical boreholes and comparing
the magnitude of signals received when successive pairs were used to transmit and
receive. In this way, a crude image could be formed of any region within the array
which, through its higher conductivity than the surrounding medium, preferentially
absorbed the radiation. These authors described an alternative technique, which used
separate, surface-mounted antennas to detect the reflection from a sub-surface interface

due to ground water or to an ore deposit. An extension of the technique led to an



indication of the depth of a buried interface, through an examination of the interference
between the reflected wave and that which leaked directly between the antennas over
the ground surface.

Intense development of the method started in 1920-1930", when electromagnetic
methods with variable frequency of the signal were applied for measurement of the ice
thickness, investigation of salt deposits, desert sand and rocks. Ground penetrating
radar method was developed rapidly after World War Il, because of urgent research
topics and technological development of the manufacturers. Petrovskiy A.D. was one
of the first researchers of GPR method in the USSR. He started to investigate
theoretical aspects of the approach and practical use of radio wave method (“shadow
method”), which was based on investigation of high frequency fields. Since 1970" the
range of topics for GPR investigations is raising steadily. Nowadays there are many
GPRs and following technical devises, which can be used for geophysical
investigations.

Researchers from the NSI Institute of geology started to use Ground penetrating
radar method in 2013. VIY GPR is applied in combination with other geophysical
approaches for archaeological investigations, underground utilities localization, areas
of soils with higher moisture content.

According to the information in publications (Elsevier, Scopus, dissertations of
Ukrainian scientists), GPR is productive geophysical method for solving near surface
problems of engineering geology and geophysics. There are different methodological
approaches for the GPR investigations in engineering geology, for hydrogeology,
lithology, structural geology, ecology, glaciology, which are described in publications.
However, there is a need in generalization and development of current practical
methodology for GPR investigations. Development of processing flow for exact
objects, instructions for the field work, processing and interpretation stages should be
obtained. Therefore this Ph.D. research was organized.

The second chapter “Physics and geological conditions for application of ground
penetrating radar method” contains theoretical, geological and physical background
of GPR method.



Ground penetrating radar is one of the electromagnetic methods. The main physical
principles of the method are based on several physical properties of the medium.
Relative dielectric permittivity of the medium (&) — dimensionless physical property
that shows the factor by which the electric field between the charges is decreased in
the material relative to vacuum. Specific electrical resistivity (p, ohm-m) or specific
conductance of the medium is the reciprocal of electrical resistivity y=1/p, (ohm’
YYm=S/m). Relative magnetic permeability of the medium (un) is dimensionless
parameter, which describes magnetization that a material obtains in response to an
applied magnetic field; it is the ratio of the permeability of a specific medium to the
permeability of free space. The upper part of the geological medium in most occasions
Is non-magnetic (u=1), therefore relative dielectric permittivity is the main influencer
on the results. Therefore, nowadays relative dielectric permittivity of the medium is
considered the main property that considered during the GPR investigations.

Results of the previous investigations show that water saturation is the main factor,
which regulates the variation of dielectric permittivity and velocity of electromagnetic
wave. For ground penetrating radar high frequency range, dielectric permittivity of the
water is 81, for dry rocks it changes in the range between 2 — 10 and rises if moisture
content is higher. The reflection of electromagnetic wave happens on the border
between parts of the medium with different dielectric permittivity. According to the
data in publications, 3% change of the moisture content leads to recognizable change
of the amplitude.

The third chapter “Methodology of GPR investigations for solving problems of
engineering geophysics, hydrogeology, glaciology” depicts recommendations for the
equipment settings, description of the applied antennas and their informativeness for
solving problems of Ph.D. thesis. Results of the experiments help to obtain optimal
settings for the field work, processing flow and its settings, which allow to localize
objects of investigation for solving problems of engineering geology, hydrogeology,
glaciology. The major applied processing tools are described in the publications, but
the aim was to obtain optimal processing flow and tools settings for solving problems
of the Ph.D. research. First of all, standard processing flow was applied: time zero

correction, deconvolution, wavelet optimization, background removal, signal gain,



frequency filtering. For identification of informative features of the objects, there are
several tools for solving of the exact problems: 1) “auto gain” function in Synchro
software is applied for identification of the voids in gypsum. This tool is described by
authors of the publications as an approach just for a signal gain along the depth of the
profile, but during this Ph.D. research Auto gain was successfully used for voids
identification; 2) color palettes are used for highlighting of specific amplitudes of the
signal for layering identification in the rocks and ice, zones with higher moisture,
localization of archaeological objects; 3) Hilbert filter is applied for identification of
the areas with maximum reflection energy and other tools are described in the chapter
3 and results are shown in the appendixes.

The fourth chapter “Results of ground penetrating radar application for solving
problems of engineering geophysics, hydrogeology, glaciology” represents the results
of GPR application for investigations of heterogeneities in glaciers (the ice thickness,
its layering, monitoring of crevasses and water saturation development), of historical
heritages (localization of the underground passages, archaeological objects, crypts),
sites of landslides development, identification of the underground areas with higher
moisture content, utilities searching, borders between layers in the rocks and soils.

The novelty of the study:

1. For the first time generalization of methodological recommendations for the
processing and interpretation of the GPR data for the objects of engineering
geophysics, hydrogeology, glaciology. A central frequency of an antenna, step of
measurements, depth of the investigations, amplitude and frequency spectrum of the
data were considered for field work and processing flow methodological summary.

2. For the first time methodology for monitoring observations of heterogeneities
inside of the ice for investigations of ice caps on Argentine islands (West Antarctica)

3. New geological results were obtained:

3.1. The thickness of the ice caps on the Argentine islands (Wilhelm Archipelago,
West Antarctica). The maximum thickness of the ice was 35.3 m on Galindez island.

3.2. Layering of the ice caps on the islands Galindez, Winter, Skua (West Antarctica)

was identified.



3.3. Annual interglacial dynamics of the ice caps on the islands Galindez and Winter
(West Antarctica) was identified.

4. The methodology of field work, processing and interpretation of GPR data were
improved during the research. Processing and interpretation flow for solving problems
of engineering geophysics, glaciology and hydrogeology were obtained.

Key words: ground penetrating radar (GPR), engineering geophysics, ice caps,

glaciology, Antarctica, archaeology, hydrogeology.
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