APXEOJIOT'O-TEO®PU3ZNYECKHUE UCCJIIENOBAHUSA ITOBEPEKbSA KEPYEHCKOT'O
ITPOJINBA

IMymkapes I1.1O.%, MMoporos A.B.2, Bypuuna T.A.?
! Feonoeuueckuii paxynomem MI'Y,
2 [eoepagpuueckuii paxynomem MI'Y

I'eopusnyeckne MeTOIbl JOBOJIBHO ILIMPOKO M YCIEIIHO IPUMEHSIOTCS MpPU pPELICHUU
pa3IMYHBIX apXEOJOTMYECKUX 3a/lad, CBA3AHHBIX KaK C IOMCKaMM OTAENbHBIX IOrpeOeHHbIX
O00BEKTOB, TaK U C MPOCIEKUBAHUEM IpaHHI] MEXAY CIOSIMHM Pa3IMYHOIO COCTaBa U BO3pacTa,
pasINYaAOMUMKCS 10 CBOMM (PU3UYECKUM CBOMCTBAM.

JUia nmpumopckoil monocsl modepexbss KepueHckoro mnposiBa caMOCTOSITENBHBIA HHTEPEC
NpPEICTaBIsIeT PEKOHCTPYKLHUS MajeoTonorpaduu mpuiexamend K aHTHYHBIM —TOPOJHUILAM
TEPPUTOPUU. AKTYAIBHOCTh  MaJIEOTeOMOP(OIOTHUECKUX  HCCIEIOBAaHUS  O0YCIIaBIMBAETCS
U3MEHEHHUSIMHU pelibeda TPUOPEKHOM TOIOCH CYIIN TOJ BIMSHAEM MOBBIIICHUS YPOBHS MOPS 32
nocienuue 1.5 Teic. yer. IloagbemM ypoBHS MOps CONPOBOXAAJCS MacIITaOHBIMU IJIAHOBBIMHU
HepecTpoikaMu KOHTypa O€peroBoil JMHMH, TIOCIEACTBUS KOTOPOM OCOOEHHO 3aMEeTHBI B
BEPILIMHAX OTKPBITBIX OYXT M 3aiauBOB. [IpyMMepbl aHTHUYHBIX IOCEJIEHUH, paclojiaraBLUIMXCS Ha
no0epexXbe M PaclolaraloluXcsi B HACTOsINEe BpeMs Ha 3HAYUTEIbHOM YAAJICHUU OT MOps B
pe3ysibTaTe aKTUBHOI'O HAapacTaHUs MPUMOPCKOM MM0JIOCHl OEperoBoi JIMHUYU IIUPOKO U3BECTHHI Ha
nobepesxbe YepHoro u Cpenn3eMHOro MOpEH.

VYyactok nobepexbsi K ceBepy oT Mbica AK-BypyH mpezacraBisieT coO0l M0JI0Cy HU3MEHHON
CyIIH, MIUPUHOHN 10 2,5 KM, IPUYPOUECHHON K HU30BBSIM IOJMUHBI p. YepybOamku. [IpoBenennoe B
MOCJIEAHUE TOJbl U3yUYEHUE PA3BUTHS ITOTO ydacTKa I0OepexXbsl M0Ka3ajl0, YTO B aHTUYHOE BpeMs
TEPPUTOPUS MPUMOPCKON HU3MEHHOCTH Oblia 3aHsTa ITyOOKMM MOPCKHMM 3ajJMBOM, B BEpIIHHE
KOTOPOI'0 pacroJiarajcsi MeJIKOBOJAHBIM JMMaH. JlpeBHeOeperoBas JIMHUS aHTUYHOTO BPEMEHU
3ajeraeT BOJM3M IMOJHOXHUI YCTYNOB KOpPEHHOro Oepera, OrpaHMYMBAIOIIMX JIPEBHUN 3aMB C
ceBepa U tora. Ha ceBepHoM 6opTy ero Haxoauics 6ocrnopckuii ropog Tupuraka, a Ha FO)KHOM -
Humdpeii. BozmoxHO, uTo BOJIM3M CEBEpHONM OKpauHbI IIaTo, Ha KOTOpoM Haxoautcs Humdei,
pacnojarajgach yHOMMHAaeMas B aHTUYHBIX UCTOUYHMKaX raBaHb Humdest. [oBeienne ypoBHs Mopst
3a mocieAaHue 1,5 ThIC. JET CONMpOBOXKAANIOCH BBIIOJHEHHWEM OEperoBbIMH HAHOCAMHU BEPLIMHBI
3aiMBa U (OpMHpOBaHUE HU3KOM Mopckoi Teppachl. HapacraBmias k ceBepy akKyMyJsTUBHas
Teppaca MOJIHOCThIO OTropouIIa najneo-YypyOamickuii TuMaH 0T MOpsi, IPEBPATUB €ro B 03€po, a
TaK)Ke MPOTAHYJIACh CEBEPHEE, OTTOPOAUB OT MOPSI BOCTOYHYIO OKPAaWHY BO3BBILIEHHOI'O IIATO, HA
KOTOpPOM pacnojioxkeHo Tuputakckoe ropoaume. OOmas mupuHa copMupoBaBLIEHCS
aKKyMYJISITUBHOM Teppachl B BepiinHe Kambini-OypyHckoro 3ainuBa coctaisieT 2-2,5 kM (3UHBKO,
[Topotos, 2013). B HacTodiee BpeMsl TEPpPUTOpPUS MPEACTABISAET COOOM CHUIBHO W3MEHEHHYIO
AQHTPONIOTEHHBIM BO3JEHCTBUEM (KOMIUIEKC CYJOPEMOHTHOIO 3aBOja, OTBajJ LUIaMa TOPHO-
000raTuTeNIbHOr0 KOMOMHATA U T.I.) aKKYMYJISITUBHYIO MOPCKYIO Teppacy, 00pa3oBaHHYIO cepueit
JIPEBHUX OEpEeroBbIX BaJOB, KOTOPHIE OTYETIMBO IMPOCIEKUBAIOTCS KaK Ha TOMOrpaduyecKux
kapTax 50-X rofioB, Tak U Mo a3po(oTOCHEMOUHBIM MaTepHaiaM Havajia 50-X rojos.

Jlnst netanuzaiuy peKOHCTPYKIUI 9BOIOLUY 3a rocieanue 3,0 ThIC. JIeT penbeda NPUMOPCKOR
TEPPUTOPUH, HENOCPEACTBEHHO IMPWIEKAIIEH K FO)KHOH M BOCTOYHOM OKpaumHaMm THpHUTaKCKOIro
ropouia, ObUTH MPOBEIEHBI T€0I0ro-reoMopdonornueckue uccueaoBanus (3uHbko u ap., 2011).
Opnako  BBICOKAasT TEXHOI€HHAas  W3MEHEHHOCTb TEPPUTOPUM  3aTPYIAHSET  MPOBEJIECHUE
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apXeoJIOTUYECKUX U TEOJOrMYecKUX OOCIeOBaHUN TEPPUTOPUMU, YTO MPEIONPEIENUIIO0
11e51eco00pa3HOCTh JAOMOJIHEHUSI UX MPUMEHEHHEM Te0(PHU3MUECKUX METOJ0B. MaTepuasbl paHee
NPOBEICHHON 3JIEKTpopa3BeaKku MeaoM srekTporomorpaduu DT (3unbko u ap., 2018) mo3Bonmim
CYLIECTBEHHO AETAJIU3UPOBATH IIPEJCTABICHUS O CTPYKTYPE BEPXHEM YacTH OCaJ0YHOIO 4exja Ha
U3y4aeMOl TeppPUTOPUH, OJHAKO Majas TIyOMHA 3JEKTPO30HIUPOBAHUS HE Jefla BO3MOXKHOCTH
JETAIbHO 0XapaKTepu30BaTh pesibed Oojiee rIyOMHHBIX CIOEB, OTPAXKAIOIIUX peibed TeppUTOpUn
HAa pPaHHMUX »dTamax ToJOLEeHOBOW TpaHcrpeccud. C 3TOM IENIbI0  KOMIUIEKC IPOBOJUMBIX
MCCJIEIOBAHUM OBLI JIOMOTHEH METOAOM BEPTUKAIBHOIO AJIEKTPUUECKOro 30HANpoBanus (B33).

[Ipu npoBemeHuu mOJIEBBIX paboT MeTroaoM B33 HCMOIB30BAMCH AJIEKTPOPA3BEIOYHBIN
reHeparop Astra u snekrpopasBenounsiii uamMeputenab APL-02, a Takke MUTAIOMKUE U MPUEMHBIE
AJIEKTPOJIbI M COEIMHUTENbHBIE TTpoBoa. [Ipu npoBenennu padotr merogom BO3 ucnonbs3oBanack
YeTBIPEXUIEKTPOHAS CUMMETpUYHasi ycranoBka BD3. Ilpu sToM naTyHHBIE IPUEMHBIE SJIEKTPOIBI
M u N, noakiarodeHHblE K HM3MEPUTENIO, PACIOJIaraloTCsl B ILIEHTPE YCTAHOBKH, a CTajbHbIE
nuTaronme 3ekTpoAasl A u B, moakirodeHHble K TeHepaTtopy, B Kaxaod Touke BO3 momaroso
YIAJSIOTCS OT LIEHTPA YCTAHOBKH B pa3HbIE CTOPOHBL. PaccTosiHME OT MUTAIOIIEro 3MeKTpoaa A win
B o uentpa ycranoBku O (T.e. paccrosinue AB/2) Ha3bIBaeTCst pa3HOCOM.

[locrenenno yBenuuuBas B Kaxaol Toke BD3 pa3Hoc, MBI TeM caMbIM YBEJIUYUBAEM
[NIyOMHHOCTb MCCIIEI0BAHNUS, U OLIEHUBAEM U3MEHEHUE YEJIbHOIO 3JIEKTPUUECKOI0 CONPOTUBIICHUS
3emsn ¢ riayouHou. Hamu ucnons3oBanucek pasnocsr 1, 1.39, 1.93, 2.68, 3.73, 5.18, 7.2, 10, 13.9,
19.3, 26.8, 37.3, 51.8 MeTpoB (Ha HEKOTOPBHIX TOYKAX MAaKCUMAJIbHBIM pa3sHO cocTaBisul 37.3 wiu
26.8 metpoB). ['yOMHHOCTH HCCIENOBaHUS MOXHO TPyOO OLEeHUTH B 1/3 BenwywHBI pasHoca,
TOYHEE OHA OLICHUBAETCS MPH KOJMYECTBEHHOW UHTEPIPETAIIH.

[Tpu yBennuenuu AB/2 (T.e. IpH yJalleHUU MUTAIOMINX AJIEKTPOAOB) MOJIE B LIEHTPE YCTAHOBKHU
ocnabeBaer. UTOObl YBEPEHHO U3MEPSTh CHTHAN, HY)KHO yBEIWYUBATh JJIUHY MPUEMHONW JTUHUHU
MN, 4YTO OPUBOAUT K MPOMOPLUOHAILHOMY YBEIMUYEHHUIO curHana. Hamu ucnonb3oBaniuch
npyueMHbIe JuHUM JyIuHOM 0.5 M mipu pasHocax ot 1 g0 10 M u anmuHOM 2.5 M npu pazHocax ot 7.2
no 51.8 M. Takum obOpazom, Ha pasHocax 7.2 u 10 M u3MepeHHs HPOBOAMIUCH C OOEenMHU
NPUEMHBIMU JIMHUSIMH, BCE OHH YYUTHIBAINCH TP NaNbHEHIIeH 00paboTKe CUTHATIA.

Ha »rtane o6pabGotku nanHeix B33 ocymiecTBisiercss mepexoa OT H3MEPEHHbIX 3HAueHUi
pasHocTH noTeHnuanoB AU, ¢ yuetom cuiiel Toka | u reomeTpudeckoro ko3g@uureHTa yCTaHOBKU
K, K KaxyIemycst yIelIbHOMY JJICKTPUUECKOMY CONPOTUBICHUIO: px = K+ AU / 1.

Kaxymieecst conpoTuieHue sBseTcs TpaHCPopMaleil H3MEpEHHOr0 CUTHaja, U Mepexo] OT
HEro K HCTUHHOMY COINPOTHBIIEHHIO TPYHTOB OCYILIECTBISIETCA Jajee MNpU HUHTEpIpeTalun
(pemieHnn oOpaTHOM 3anmaun). OpHAKO, KaXylleecss CONPOTUBICHUE JaeT KaueCTBEHHOE
npejcTaBieHne 00 U3MEHEHUSX MCTUHHOIO CONPOTHBIIEHHS C IIyOMHOW W BAoib mpoduis. Ha
PUCYHKaxX ¢ pe3ysbTaTaMu BJOJIb Npoduiiell BHayalle MpPEeACTaBIIEHbl IICEBAOPA3pe3bl Pk, HA
KOTOPBIX MO0 TOPU30HTAIH OTJIOKEHO PACCTOSHUE B0 MPODUIIs, a 1o BepTUKanu — pasHoc AB/2.

[lon wmHTEpmperanyell NaHHBIX Mbl IIOHUMAaeM pelleHue OOpaTHOW 3ajaud, KOTOpOE€ JaeT
Ie0dJIEKTPUUYECKYI0 MOJIENb, T.€. 3aBUCHMOCTb CONPOTHUBIEHHS OT TJIyOMHBI, COTJIACYIOUIYIOCS C
Ha00/IeHHBIMU JaHHBIMU (T.€. ¢ AU mnu ¢ px). Ilpu 60mb11om pacctosHun Mexay Toukamu BO3
MBI NpeHeOperaeM BIUSHUEM HEOJHOPOJHOCTEH MEXIy HHUMH, U CUMTAEM CpPEdy CIOUCTOM moj
KaKI0H TOukoH. OObequHSS KOJOHKHM C 3aBHCHMOCTBIO CONPOTHUBIIEHUS OT TJIyOMHBI BJIOJIb
npoduis, Mbl IOJTy4aeM reo3JeKTpUUecKHUe pa3pesbl, KOTOPbIEe IPEICTaBICHbI 171 BCeX Mmpodueil.

BcenencrtBue HEKOPPEKTHOCTH pelieHuss oOpaTHOM 3amadu reo(U3uKd MO OAHUM H TeM JKe
JAHHBIM MOXHO IIOCTPOUTh MHOKECTBO SKBMBAJICHTHBIX Mojenell. UToObl BBIOpaTh U3 3TOTO
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MHOXECTBAa Hambojee pEATMCTHYHYIO MOJIeNb, HCIOIB3YETCsS amnpuopHas wuHpopMamus 00
U3y4aeMol cpejie, HalpuMep, O MOJOKEHUH TEX WIIM MHBIX TPAaHMII WIIK BEPOSITHOM CONPOTUBICHUU
TEX WU UHBIX TPYHTOB.

OO0paboTka u WHTEpHpeTanus JaHHBIX BO3 1Mo paccMOTpEeHHOW METOAMKE OCYIIECTBISIACH C
nomonipto nporpammbl  IPI2Win. Ona oOnagaer pa3BUTHIM IOJIB30BATEIBLCKUM TpadUuECKUM
untepdeiicom. O6patHas 3a7aya B 3TOM MporpaMMe perraeTcs METOJOM Ioadopa, T.€. pelleHue
noJlyyaeTcsi myTeMm Imepebopa OOJbIIOro uuciaa Mojaeneil U BbIOOpa U3 HUX TeX, KOTOpbIE
o0ecreunBarOT MUHUMAJIbHYIO HEBSA3KY HAOJIOJIEHHBIX U MOJENBHBIX JaHHBIX, U B TO K€ BpeMs
SBIISIOTCS JOCTaTOUYHO PEATMCTUYHBIMHU.

[IpoBeeHHOE AIIEKTPO3OHAMpPOBaHHE MeToJoM BO3 paccmarpuBaio B KadecTBE OCHOBHOM
3aJaud TOJIydeHHE Mpo(uiei, MOIHOCTHI0 OXBATHIBAIOIINX ITOBEPXHOCTHBIM CIIOH PBIXJIBIX
OTJIOKEHUH M TIO3BOJIAIOIIMX OXapaKTepu30BaTh peibed IMOBEPXHOCTH KOPEHHBIX MOPOJ Ha
ydacTke, mnpujerawromiemM c tora kK Tupurakckomy ropoauurty. IlpoBenennsie B 2017 romy
reo(usnvecKe UCCiIeI0OBaHus METOI0M 3JieKTpoToMorpaduu (3unbko u ap., 2018), HecMoTpst Ha
JIETAbHOCTh TMOJYYEHHBIX MNpOoGuMIeh, XapaKTepHU30BaIM IMOBEPXHOCTHBIN CIIOM CpaBHUTEIHHO
HEeOOJIBIION TTTyOMHBI U HE TIO3BOJISUIM CBSI3aTh OTMEYaeMbIe HEOJHOPOIHOCTH B IMIPOCTPAHCTBEHHOM
KapTUHE paclpeesieHus MPOBOAUMOCTH ¢ Tonorpadueii mpea-rojaolueHoBON MOBEPXHOCTH.

Paspes Kaymeroca conponmaciia
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Puc. IlceBnopaszpes Kaxyuierocsi CONpoOTUBICHHS U TE€OINEKTPUUECKUN pa3pe3 1Mo npodutro 3

B cBs3u ¢ 3tuM nccnenoBanus mMerogoM BO3 B kakoi-TO 4acTH MOTYT pacCMaTpUBaThCS Kak
JIOTIOJTHSIIOIIME paHee MpoBeaeHHble ODT-30HIUMpOBaHUSA, W, HECMOTPS Ha CBOIO OrPAaHUYECHHYIO
JETAIbHOCTh, MO3BOJIAIOIIME TONYyYUTh Oosiee TIOyOMHHBIM pa3pe3, KOTOpbIi B JaHHOMU
re0JIOTUYECKON CUTYallMU IMOJHOCTHIO XapaKTepU3yeT KaK paclpesieseHHue MOIIHOCTEH U oliiue
YepThI CTPOEHUS TOJIOILICHOBBIX (PBIXJIBIX) OTJIOKEHUH, TaK U pelbed) MOBEPXHOCTH MOACTUIAIOLINX
ux Ooyiee JpPEeBHUX OTJIOKEHHUH, KOTOpble HAa JAaHHOM Y4YacTKe MpPEJICTaBICHBI MOKPOBHBIMHU
CYTJIMHKaMH, NIEPEKPBIBAIOIINMU TOJIIIY IVIMH IT03JHETO MUOLIEHA.

IIpy >TOM BaXXHO OTMETUTb, YTO MPOBOAUMBIA KOMIUIEKC T€0J0ro-reopu3ndecKux
UCCIIIOBAaHUI HAIpaBlieH HAa PEKOHCTPYKIIMIO MajleoTonorpaguu 10KHOH okpecTHOCTH TupHTaky,
KOTOpasi MOXKET pPacCMATPUBATBCA B HEKOTOPOM pPOJE <«IIPUIIOPTOBBIM PaliOHOM» B CBS3U C
PacIoyIOKEHHBIM BOJIU3U FOr0-BOCTOYHOM OKpaWHBbI TOPOAMIA KOMIUIEKCA pbI003aCcOIOYHBIX BaHH
(3unbKO U Ap., 2011).
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[IpencraBieHHble pe3yNbTaThl 3JIEKPOPA3BEIOYHBIX PAOOT, PACCMOTPEHHBIE B KOHTEKCTE C
IIPOBEJCHHBIMU paHEE TIEO0JOrMYECKMMH MCCIEAOBAaHUSA 3TOrO pailoHa, IO3BOJISIIOT BHECTH
CIIEAYIONINE YTOYHEHHUS B CYIIECTBYIOLIME TIPEACTaBICHUN O TOMOrpaduu I0KHOM OKpaUHBI
Tuputaku B aHTUUHOE BpPEMSI.

Marepuansl Meroga BO3 mokaszanu, 4To B Ipeaesiax TEPPUTOPHUM, MPUIICKAIIECH K FOXKHOU
OKpauHe  THUPUTAKCKOrO  TIOpOAMINA,  HAOJIOJAETCS  CPABHUTEIBHO  BBIDOBHEHHBIH U
MIOJIOTOHAKJIOHHBIA B CTOPOHY MOpS peibed MOBEPXHOCTH KOPEHHBIX mopox. [lo-Buammomy,
yCTheBas 4acTb JPO3MOHHOM [OJIMHBI, B HACTOAIIEE BpEMS 3HAUUTEIBHO CHUBEIHMPOBAHHOM,
pacnosaranach BOJIM3U I0r0-3aMaHON OKparuHbl TOPOAMILA, I IPOTATUBANIACh I0XKHEE B IIpeieax
II0JIOCBI, 3aHATOM B HACTOSIILIEE BPEMS aBTOJIOPOKHOM MarucTpajiblo U MpUiIexkallell K Hel ¢ 3amaja
nojoce. B CBA3M ¢ IUIOTHOM 3aCTPOMKOM 3TOM 4YacTU TEPPUTOPUHU, IPOBECTU IIOJHOLICHHBIC
oOcreoBaHUS HAa HEll He MPEJCTaBIIAETCS BO3MOXKHBIM. B X016 MOpCKO TpaHCrpeccHu BO 2 ThIC.
JI0 H.3. MOpE€ BIUIOTHYIO MPHUOIU3UIIOCH K KOpEHHOM OopTam naneo-UepyOaiickoro 3aianBa, uToO
COITPOBOKIANIOCH Pa3MBIBOM BOCTOYHOTO OOPTa IIIaTO, HA KOTOPOM HaXOJUTCS TOPOJIMIIE, a TaK e
¢dopMHpoBaHUE Y3KOW HAHOCHOH TOJOCHI B BEpIIMHE HEOONBIIOW OyXTOYKH, 0Opa30BaHHOM
u3ruboM KOpeHHOro Oepera K IOTYy OT  ropoauia. Bo3MOXHO, 4YTO €€ BO3HUKHOBEHHUE
MPeIONPEeNINIOCh OOLIMM MOHUKEHHEM KOPEHHOTO pelibeda B yCTheBOM YaCTH JAOJTHHBI PYUbs.

JlaHHBIE IEKTPOTOMOTpa(PHH MOKA3BIBAIOT HAIWYHE Y3KUX 30H MOBBIIICHHOW MTPOBOIMMOCTH B
10JIOCE, HEMOCPEICTBEHHO MpHJIeKallleld K F0KHOM OKpauHe IOpOoJuIla, KOTOpble B HACTOAILIEE
BpeMs IOYTH COBHAAAIOT C JUHUEH TEIUIOTPACCHL. ITU MOJIOCHl HE UMEIOT OTPAXKEHUSI B KOPEHHOM
penbede U, BOZBMOXKHO, CBS3aHBI C BPEMEHHBIMU MPOTOKAMHU B YCTHEBOW 30HE JPEBHETO PYyubs,
JPEHUPOBABILIETO OBPAr M BIIOCIIEACTBUY MTOIPEOESHHBIMU ITOJ1 TOJIIEH 00Jiee MOJIOIBIX HAHOCOB.

BoinonHenue HaOMIOAEHUM OCIOXKHSUIOCH TEM, YTO B HEKOTOPBIX MECTax MPUXOJUIOCH
MpeooseBaTh 3apOCHIME TyCTHIM KYCTapHHUKOM YYacTKH, a TJe-TO HaONMIOJeHUs 0Ka3aioch
HEBO3MO3KHO BBIIIOJIHUTH U3-3a 3aKPBITOCTH, 3aCTPOIKH, 3aacalbTUPOBAHUS YACTH TEPPUTOPHUH.

[Tomumo »3TOro, Ha ydacTKe BeCbMa HMHTEHCHBEH YpPOBEHb TEXHOTE€HHBIX IIOMEX. OJTO
IPOSIBIISIETCS. KaK B HEOJHOPOJAHOM BEPXHEM CJIOE, COJAEp)KAIllEM camble pa3Hble BKJIIOUEHUS, OT
NPOBOJAIIMX IIHAJ IO BBICOKOOMHBIX ITYCTOT, 3aMyTHSIOIIUX 00pa3 Gosee riy0oKo 3ajeraroInx
CTpyKTYp. Tak ¥ B ypoBHE 3JIEKTPOMarHuTHOro 1nois, co3aasaemoro JIDII u npyrumu o0bekTamu,
U OrpaHMYMBAIOIIETO BO3MOXKHOCTH HW3MEpPEHHUs ciabbIX CHUTHAJIOB Ha OOJBIIMX pa3HOcax,
OTBEYAIOIIUX OOJIBIIIUM TITyOMHAM HCCIIET0BAHMUS.

Tem He MeHee, B pailoHe pa0OT yaanoch MONy4uTh AaHHble BO3 nocratodHo Xxopoirero
Ka4yecTBa, U OLEHUTh OCOOEHHOCTH TI'€OAJIEKTPUUYECKOI'O CTPOEHUS 0 TIyOMH B MEpBbIE JECATKU
MeTpoB. bbuid, B 4acTHOCTH, BbIIEJIEHBl KOPEHHbIE TJIMHBI H0KHEE TOpPOJHMIIA, BCKPBITHIE paHEe
OypenuneM. IlpoBenena mnpenBapuTenbHas, HAaBEpHOE, JOBOJBHO TIpydas cTpaTUQUKALUSL
BBIILIEJIEIKALIETO pa3pesa.

PaGora BeImonHeHa mo mporpamme «llameokynumarbl, pa3BUTHE NPUPOAHOM cpeabl U

JIOJITOCPOYHBIN MPOTHO3 €€ pa3BUTHs» | NpH nojaepkke rpaHToB PIO-PODU Ne 17-05-41041 u
POOU 18-05-00296.
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ARCHAEOLOGICAL AND GEOPHYSICAL STUDIES OF THE COAST OF THE KERCH
STRAIT

Pushkarev P.%, Porotov A.2, Burnina T.?
! Faculty of Geology of Lomonosov MSU;
2 Faculty of Geography of Lomonosov MSU

Geophysical methods are quite widely and successfully used to solve various archaeological
problems associated both with the search for individual buried objects, and with tracking the
boundaries between layers of different composition and age, differing in their physical properties.

For the coastal strip of the Kerch Strait, the reconstruction of paleotopography adjacent to the
ancient settlement sites is of independent interest. The relevance of paleogeomorphological studies
Is determined by changes in the topography of the coastal strip under the influence of sea level rise
over the last 1.5 thousand years. Sea level rise was accompanied by large-scale planned
restructuring of the coastline contour, the consequences of which are especially noticeable at the
tops of bays. Examples of ancient settlements located on the coast and currently located at a
considerable distance from the sea as a result of the active growth of the coastal strip of the
coastline are widely known on the coast of the Black and Mediterranean Seas.

The coastline north of Cape Ak-Burun is a lowland land strip, up to 2.5 km wide, confined to
the lower reaches of the valley of the r. Cherubashka. Conducted in recent years, the study of the
development of this section of the coast showed that in ancient times the territory of the coastal
lowlands was occupied by a deep bay, at the top of which was located a shallow estuary. The
coastline of ancient time lies near the foot of the ledges of the indigenous coast, bounding the
ancient bay from the north and south. On the northern side of it was the city of Tyritake of
Bosporus, and on the southern side - Nymphaion. It is possible that near the northern outskirts of
the plateau on which Nymphaion was located, the harbor of Nymphaion mentioned in ancient
sources was located. The sea level rise over the last 1.5 thousand years was accompanied by the
execution of coastal loads by the top of the bay and the formation of a low sea terrace. The
accumulative terrace growing to the north completely fenced off the Paleo-Churubash estuary from
the sea, turning it into a lake, and stretched to the north, separating the eastern edge of the elevated
plateau on which the Tyritake fort was located from the sea. The total width of the accumulative
terrace formed at the top of the Kamysh-Burunsky Bay is 2-2.5 km (Zinko, Porotov, 2013). At
present, the territory is a strongly modified anthropogenic impact (shipyard complex, dump of
sludge from mining and processing plant, etc.) accumulative marine terrace formed by a series of
ancient coastal shafts, which can be clearly seen both on topographic maps of the 1950s, and on
aerial survey materials of the early 1950s.

In order to elaborate the reconstruction of the evolution over the past 3.0 thousand years of the
relief of the coastal territory directly adjacent to the southern and eastern outskirts of the Tyritake
settlement, geological and geomorphological studies were carried out (Zinko et al., 2011).
However, the high technogenic variation of the territory makes it difficult to conduct archaeological
and geological surveys of the territory, which predetermined the expediency of supplementing them
with geophysical methods. The materials of the earlier survey with electrical resistivity tomography
(ERT) method (Zinko et al., 2018) allowed for a thoroughly detailed understanding of the structure
of the upper part of the sedimentary cover in the study area, but the small depth of electrical
sounding does not make it possible to characterize in detail the relief of the deeper layers reflecting
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the relief of the territory in the early Holocene stages transgressions. To this end, the complex of
research conducted was supplemented by the method of vertical electrical sounding (VES).

When carrying out field work using the VES method, an Astra electrical prospecting generator
and an APL-02 electrical prospecting meter, as well as current and potential electrodes and
connecting wires were used. A four-electrode symmetrical VES array was used. In this case, the
brass potential electrodes M and N, connected to the meter, are located in the center of the array,
and the steel current electrodes A and B, connected to the generator, at each VES point are removed
from the center of array in different directions. The distance from the current electrode A or B to the
array center O (i.e. the distance AB/2) is called the spacing.

Gradually increasing the spacing at each VES site, we thereby increase the depth of the
observation, and we estimate the change in the electrical resistivity of the earth with depth. We used
the spacing 1, 1.39, 1.93, 2.68, 3.73, 5.18, 7.2, 10, 13.9, 19.3, 26.8, 37.3, 51.8 meters (at some sites
the maximum was 37.3 or 26.8 meters). The depth of the observation can be roughly estimated at
1/3 of the spacing, more precisely it is estimated by quantitative interpretation.

With increasing AB/2 (i.e. when removing the supply electrodes), the field in the center of the
array weakens. To confidently measure a signal, it is needed to increase the length of the receiving
line MN, which leads to a proportional increase in the signal. We used receiving lines with a length
of 0.5 m with spacing from 1 to 10 m and a length of 2.5 m with spacing from 7.2 to 51.8 m. Thus,
measurements at 7.2 and 10 m were measured with both receiving lines, all of which were taken
into account in further signal processing.

At the stage of VES data processing, the transition from the measured values of the potential
difference AU, taking into account the current strength | and the geometrical array coefficient k, is
carried out to the apparent electrical resistivity: [la=k - OU /L.

The apparent resistivity is a transformation of the measured signal, and the transition from it to
the true resistivity of the soil is carried out further in the interpretation (solution of the inverse
problem). However, apparent resistivity gives a qualitative picture of changes in true resistivity with
depth and along the profile. In the figures with the results along the profiles, pseudosections of pa
are shown on top, where the distance along the profile is plotted horizontally, and the AB/2 spacing
is shown vertically.

By data interpretation, we understand the solution of the inverse problem that gives the
geoelectric model, i.e. dependence of resistivity vs depth, consistent with the observed data (i.e.,
with AU or with pa). With a large distance between VES sites, we neglect the influence of
inhomogeneities between them, and consider the medium as layered under each site. Combining the
columns with the dependence of the resistivity vs the depth along the profile, we obtain geoelectric
sections, which were constructed for all profiles.

As soon as the inverse problems of geophysics are ill-posed, using the same data, it is possible
to construct a set of equivalent geoelectric models. In order to choose the most realistic model from
this set, a priori information about the geological structure of the studied area is used, for example,
the position of certain boundaries or the likely resistivity of certain soils.

The processing and interpretation of VES data according to the considered methodology was
carried out using the IPI12Win program. It has an advanced user interface. The inverse problem in
this program is solved by the trial-and-error method, i.e. the solution is obtained by considering a
large number of models and choosing from them those that provide the minimum discrepancy
between the observed and model data, and at the same time those that are quite realistic.
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Electric sounding carried out by the VES method considered as the main task the obtaining of
profiles completely covering the surface layer of loose sediments and making it possible to
characterize the relief of the surface of bedrock in the area adjacent to the Tyritake settlement from
the south. Geophysical surveys conducted in 2017 using ERT (Zinko et al., 2018), despite the detail
of the profiles obtained, characterized the surface layer of relatively small depth and did not allow
to associate the observed heterogeneity in the spatial pattern of the conductivity distribution with
the topography of the pre-Holocene surface.
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Fig. Pseudo-section of apparent resistivity and geoelectric cross-section along profile 3.

In this regard, studies by the VES method in some part can be considered as complementing
the earlier conducted ERT survey, and, despite their limited detail, allowing to obtain a deeper
section, which in this geological situation fully characterizes both the distribution of thicknesses
and the general structure of Holocene (loose) sediments as well as the surface relief of the more
ancient sediments underlying them, which in this area are represented by cover loams overlapping
the basement of the Late Miocene clay.

At the same time, it is important to note that the geological and geophysical research complex
being conducted is aimed at reconstructing the paleotopography of the southern neighborhood of
Tyritake, which can be considered in some way a “port area” due to the location near the
southeastern edge of the ancient settlement of the fish bath complex (Zinko et al., 2011).

The presented results of electrical exploration, considered in context with the geological studies
previously conducted in this area, make it possible to make the following clarifications to the
existing ideas about the topography of the southern margin of Tyritake in ancient times.

The results of the VES method showed that within the territory adjacent to the southern edge of
the Tyritake settlement, there is a relatively flat and gently inclined towards the sea surface relief of
the bedrock. Apparently, the mouth part of the erosion valley, now significantly leveled, was
located near the southwestern outskirts of the settlement, or stretched to the south within the strip
currently occupied by the highway and to the west adjacent to it. Due to the dense development of
this part of the territory, it is not possible to conduct full-scale surveys on it. During the sea
transgression in 2 thousand BC. the sea came close to the aboriginal sides of the Paleo-Cherubashky
Bay, which was accompanied by erosion of the eastern side of the plateau on which the settlement

was located, as well as the formation of a narrow alluvial strip at the top of a small cove formed by
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the bend of the indigenous coast south of the settlement. It is possible that its occurrence was
predetermined by a general decrease in the root relief in the mouth of the valley of the stream.

ERT data show the presence of narrow zones of increased conductance in the strip directly
adjacent to the southern outskirts of the settlement, which now almost coincide with the line of the
heating main. These bands are not reflected in the root relief and, possibly, are connected with
temporary channels in the mouth area of an ancient stream that drained a ravine and subsequently
buried under a layer of younger sediments.

The implementation of observations was complicated by the fact that in some places it was
necessary to overcome areas overgrown with dense bushes, and it turned out to be impossible to
make observations in some places because of the closeness, building up, and asphalt of part of the
territory.

In addition, the area has very intense level of man-made noise. There is a heterogeneous top
layer containing a wide variety of inclusions, from conductive sleepers to high resistivity voids that
cloud the image of deeper-lying structures. Besides, there is a high level of the electromagnetic field
created by power transmission lines and other objects, and limiting the ability to measure weak
signals at large distances, corresponding to large exploration depths.

Nevertheless, in the work area, it was possible to obtain VES data of fairly good quality, and to
evaluate the features of the geoelectric structure to depths of the first tens of meters. In particular,
indigenous clays to the south of the settlement, previously drilled, were identified. A preliminary,
probably rather rough stratification of the overlying incision was carried out.

The work was carried out under the program “Paleoclimate, development of the natural
environment and long-term forecast of its development” and with the support of grants from RGO-
RFBR No. 17-05-41041 and RFBR 18-05-00296.
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