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B 2017 roxy OblIM mpOBEAEHBI MOJIEBbIE UCCIEIOBAHUS METOIO0M JIEKTpOTOMOrpaduu B me-
uiepe Cenbynryp (Kuprusus). B xone 3tux padoT BO3HHK BOIPOC O JOCTOBEPHOCTH IMOJIyYaeMbIX
naHHbIX. [IpoBeneH YncaeHHBIN SKCIIEPUMEHT HA OCHOBE TPEXMEPHOTO MOJEIUPOBAHMS IO OLIEHKE
BJIMSHMS CTEH M IMOTOJIKA NEHIepbl Ha Pe3yJIbTaThl JABYMEPHONW WMHBEPCUH, BBINOJIHIEMOW B MpO-
rpaMMe JUIsl TOJIyIIPOCTPAHCTBA. Y CTAHOBJIEHO, YTO B CIy4Yae pacXOoJAIIMXCS CTEH Melepsl yUET uX
BIIUSIHUS YIIyUILAeT pe3ysibTaT pelieHns oopatHoil 3agaun. To ecTh, TOMIIMHA PBIXJIOTO0 0CAJ0YHO-
IO CJIOS B MEIIEPE U yAEIbHOE AIEKTPUUYECKOE CONMPOTUBIEHUE MOPOJ BOCCTAHABIMBAETCS JyYllle,
YeM I MOJENH JIBYXCJIIOMHOTO MOJIYITPOCTPAHCTBA.
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Field studies were carried out using electrotomography in the Sel’ungur cave (Kyrgyzstan) in
2017. In the course of this work, a question aroused about the reliability of the obtained data.
A numerical experiment based on three-dimensional modeling was performed to assess the influ-
ence of the walls and ceiling of the cave on the results of a two-dimensional inversion using the
half-space program. It has been established that in the case of diverging cave walls, their influence
improves the result of inversion problem. So, the thickness of the loose sedimentary layer in the
cave and the electrical resistivity of rocks are restored better than the inversion model of a two-layer
half-space.
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[IpuMenenue reoPpu3nuecKux METOJOB B apXEOJIOTHYECKUX HUCCICTOBAHUSIX SIB-
JsieTCsl yCneuHou npaktukou [4, 5, 8]. Hanpumep, onpeneneHrne MOLIHOCTH KyJib-
TYPHOTO CJIOSI WJIM BBIJICTICHUE KPYITHBIX KOPEHHBIX OOBEKTOB SBIISCTCS BAKHOU 3a-
naden juisi reopu3MKOB BO BpeMs packonok. Madopmanus o popme u riiyOuHe mo-
pOABl MOKET 3HAYUTEIBHO YJYYIIUTh IJIAHUPOBAHHE apXeOoJOTHMUECKUX padorT.
OnekrporoMorpadus (OT) sensercs 3pheKTUBHBIM METOJOM JIJIsi TAKUX UCCIIEI0Ba-
Huil. KopeHHble ¥ 0OCafioyHble MOPOJbI OOBIYHO OTIWYHBI MO CBOEMY YJIEIHLHOMY
anekTpuueckomy cornpoTtuiieHno (YOC) [3], mo3ToOMy MEXIy HUMHU TOSBIISCTCS
KOHTPACTHAs 10 MPOBOAUMOCTHM TpaHuIa. /[ mOCTpOeHHs pealuCTUYHOW MOJEIU
TpeOyeTcsi MpUMEHEHHE TPEXMEPHOU 3neKkTpoToMorpaduu. BuyTpu nemeps! as Ta-
KOW CHEMKH TOSBIACTCA MPoOIeMa — MPOCTPAHCTBO B JUIMHY B HECKOJBKO pa3 mpe-
BOCXOJIMT LIUPUHY U BbICOTY. Kpome TOro, 35IeKTpUYECKUl TOK MOXKET pacrnpocTpa-
HSATHCSI HE TOJILKO B HHMXKHEE MOJIYIIPOCTPAHCTBO, KaK B MPUBBIYHOM CIIy4yae B IOJE,
HO Y B MOTOJIOK U CTEHBI MEIIEpPbl. ITO BHOCUT CBOM BKJIAJ] B U3MEPEHHbIC JaHHBIE.
B xone nuteparypHoro 00630pa mo TeMe MbI HaIlLJIM HECKOJIBKO CTaTel C pe3ysbTara-
MU HCCJICIOBAaHUM, BBHIMOJHEHHBIX B 3aMKHYTOM MPOCTPAHCTBE — MENIEpe, MUPaMUJIE,
3nanuu [7, 9, 10]. OgHako, HUTIE HE 3aTparuBaeTCs BOIPOC MTPABOMEPHOCTH IIPUMeE-
HEHUSI MPOTrpaMM JBYMEPHON MHBEPCUU JUISl TIOJYIPOCTPAHCTBA B TPEXMEPHBIX Cpe-
Jax, TaKUX Kak memepa. Mbl cuMTaeMm, 4TO JJIEKTPUYECKUE U3MEPEHUsl B Ielepe
UMEIOT CBOM HIOAHCHI U HEOOXOJUMO MOHSTh, HACKOJIBKO BO3MOKHO NPUMEHEHHE
OOBIYHBIX MpOrpaMM OOpaOOTKU JAHHBIX 3JEKTPOTOMOrpaduu B TAKUX CIydasX.
Hwuxe npencraBieHsl pe3yJbTaThl IOJIEBOIO U YUCIEHHOTO SKCIIEPUMEHTA.

B xonme mexaucuuIiuiMHApHbIX uccienoBannil nemepsl CenbyHryp B KbIprbl-
crane (puc. 1) 6puTH BeIMOMHEHBI padoThl MeTooM DT [1]. B pe3ynbraTe onpenere-
Ha KPOBJSI KOPEHHBIX TOPOJ, BBIJEICHBI MOTPEOEHHBIC BAIYHBI, TOJIIA PHIXJIBIX
ocaakoB (puc. 2). Tem He MeHee, HEOOXOAUMO OBLIO MOHATH, HACKOJIBKO JTOCTOBEPHBI
pe3yabrarbl. [lo utory paboT 00 OIEHKE BIMSHUS CTEH U MOTOJIKA MeIephbl Ha pe-
3yJbTaThl JBYMEPHON MHBEPCUM MOKA3aldM, YTO TOJIIUHA PHIXJIOTO CJIOS BOCCTaHAaB-
JIMBAETCS 3aHUKEHHOM, a BIMSHUE MOTOJIKA BBIPAKACTCS B MOSIBICHUU JIOKHOTO MPO-
BOJISILIETO cJiosi Ha rryOune [2]. OxaHako, B paboTe MCIOJIb30Bajlach OYEHb MPUOIIH-
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3UTEIbHAsI MOJIENb Meniephl. B cBsA3H ¢ 3TUM B HacTosel paboTe SKCIIEPUMEHT MPO-
BOJMJICS HA MOJENH, OJIM3KOM K peaabHOW, U 0OOHAPYKEHBI HEKOTOPbIE WHTEPECHBIC
acrekTel npuMeHeHns J'T B yCIOBUAX MELIEPHI.

Puc. 1. Cxema pacnonoxenus nemiepbl CenbyHryp (a)
U 3JIEKTpOTOMOTrpadusi BHyTpH neuepsl (0)

a)

My6wHa,

Macwrab, m

| - | LN I B B B B e N B A A N B B B R B N R |
0 5 10 15 0 5 10 15 20 25 30 35 40 45
PaccrtosaHuve, M

IS T ST vac oww

10 20 50 110 250 550 1200

Puc. 2. Pacnionoxxenue npoduiis BHYTpH Iemepsl (a)
Y TEORJICKTPUIECKUH pa3pe3 BA0JIb podust (6):
1- KPOBJISI KOPCHHBIX TOPOJ

Uucnennoe MoeIMPOBAHKUE MPOBOUIOCH C MOMOIIBIO MPOrpaMMHOIr0 oOecrie-
yenus Comsol Multiphysics. UToObI OLIEHUTH BIUSIHUE MOTOJKA MEIIEPhl, TPOBEICH
YUCJICHHBIN SKCIIEPUMEHT Kak JIJIsi MOJICNIM Telepsl (puc. 3, a), Tak U AJisl MOJyHpo-
ctpaHcTBa (puc. 3, 6). Co3nanHass MOJIEb MEIIEPhl XOPOIIIO OMUCKHIBACT €€ peaibHbIe
reoMeTpudeckue pazmepbl. CTEHbI NElIepbl MAaA0T 1Mo yriioM 70°, MOIIHOCTH Ji€c-
coBbIX oTioxkeHur 8 M. YOC cpenbl ObIIO BHIOPAHO IO JAHHBIM IOJIEBBIX UCCIIEO-
Banuil [1]: 1000 Om'Mm nns kopeHHoM nopoasl U 200 OM'M JUIsl PBIXJIBIX OCAaJIKOB.
DJIEKTPUUECKOE TOJIE PACCUUTHIBAJIOCH ISl TPEXDJICKTPOIHON JIEKTPOPA3BEIOUHOM
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YCTaHOBKM M3 48 amekTpoaoB ¢ marom | m. [lonydeHHbIE B YUCIEHHOM DKCIIEPUMEH-
T€ [AaHHBIE 3arpykaJuCch B IPOrpaMMy JIBYMEPHOW aBTOMAaTHYECKOM HMHBEPCUU
Res2Dinv [6].
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Puc. 3. Mogens neriepsl CebyHTYp ¢ TEOMETPUUYCCKUMU MTapaMeTPaMH,
PHUOJIMKEHHBIME K PEaIbHBIM, H PE3yJIbTAT IBYMEPHON HHBEPCHU
JUISE ATOU MOJIeIH (), MOZIEITb ABYXCIIOHHOTO MOJIYIPOCTPAHCTBA U PE3YJIbTaT
WHBEPCHH I 3TOH Mojieiu (0):

1 — KopeHHBIE MOPOBI, 2 — JIECC

Ha puc. 3, a mokazan pe3ynbTaT AByMEPHOW HHBEPCHH IS TPODUIIS, POXOIsi-
LIEro BJOJIb MIPOJIOJIBHOM OCH melepsl. B aToMm citydae 1ByMepHas aBTOMaTuyecKas
MHBEpCHUs Jajla XOpPOLUK pe3ysibTar. MomHOCTh 0cagkoB U YO BOCCTAaHOBUIMCH
noctaToyHo TouHO. Ha puc. 3, 6 mokasaH IByMEpPHBIN 3JEKTPUUECKUN pa3pe3 IS
JIBYXCIIOMHOroO mnosyrnpoctpaHcTBa. OH OTIMYAETCs OT pa3pesa, MOJYyYEHHOTO IS
MOJIENIM TIEUIePbl, TEM, YTO IPaHMIa MEX/Y OCAIOYHBIMUA U KOPEHHBIMH MOPOJIaMH Ha
riyouHe 8 M BOcCTaHaBIMBaeTcsl HesaBHO, XO0TsA YOC Bepxsero ciog (190 Om-m)
OJIM3KO K 3HaUYCHHIO B cTapToBOM Mojienu (200 Om-m).

CpaBHEHHE T'€OEKTPUUYECKUX Pa3pe30B JUIS MEUIEPhl ¢ PACXOIALIMMUCS CTe-
HaMH U IIPOCTOM JBYXCIOWHOM cpesbl MOKa3auo, YTo Y4ET BIMSHUS CTEH YyJIydllaeT
pe3ynbTaT peueHust oopaTHoi 3agaun. To ecTh, TONIIMHA PHIXJIOTO 0CAJOYHOTO CIIOS
U YACIBHOE 3JEKTPUYECKOE CONPOTUBIEHUE KOPEHHBIX NOPOJ BOCCTAHABIMBACTCS
Jydllle AJs Meepbl, YeM AJIs MOJIYyIpocTpaHcTBa. Takum 00pa3oM, YHCIEHHBINH JKC-
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NEPUMEHT IOKA3aJl, YTO T'€OIEKTPUUECKUE pa3pes3bl, MOTYUEHHBIE 110 TaHHBIM 3JIEK-
TpoToMorpaduu BHyTpH nemepsl CenpyHryp, Aal0T JOCTOBEPHYIO HH(OPMALIHUIO.

BUBJTMOrPA®UYECKMI CMINCOK

1. AnpoGamust komriekca reopuszndeckux MeroqoB B nemiepe Cenbynryp (Ksipreiscran) /
JI.B. lIu6uzos, A.W. KpuBomankun, I[1.C. OcumoBa, B.B. Onenuenko, A.B. I'puropesckas,
b. Buona, T. YapreiHos, K.A. Kono6osa, C.B. IInaiinep //Teopus n mpakTuka apXeoIOrHYeCKUX
uccnenosanuid. —2017. — T. 20, Ne 4. — C. 169-177.

2. Ocurnosga II. C., Onenuenko B. B., I{lu6uzos JI. B. IIpoGiema npumMeHeHUsI METOJ1a dJCK-
TpoToMorpaduu npu 30HAMpoBaHnK B nieniepe // Uarepakceno ['eo-Cubups. X1V MexmyHap. Hayd.
KOHTp.: MexayHap. Hayd. koH(. «Henponons3oBanue. ['opHoe neno. HampaBieHust M TEXHOIOTUH
MOMCKA, Pa3BEAKH M pa3pabOTKH MECTOPOKICHHUN MOJIE3HBIX UCKOMAEMBIX. DKOHOMUKA. | 'e0dKoIo-
rusi»: ¢6. marepuanoB B 6 T. (HoBocubupck, 23-27 ampens 2018 r.). — HoBocubupck: CI'YIuT,
2018. T. 4. —C. 48-52.

3. ITapxomenko O. WM. DnekTpruyeckue cBocTBa ropHbIX nopod. — M.: Hayka, 1965. — 164 c.

4. Integrating geomorphology, geophysics, sedimentology and geochronology — a multi-
proxy geoarcheological investigation at the Early Upper Paleolithic site of Crvenka-At, Vrsac (Ser-
bia) / J. Bosken, W. Chu, P. Fischer, N. Klasen, C. Zeeden, I. Obreht, U. Hambach, D. Mihailovic,
F. Lehmkuhl // EGU-2018. European Geosciences General Assembly: Proceedings of the Conf.
(Vienna, Austria, 8-13 April 2018). — Vienna, Austria: EGU, 2018. — EGU2018-7874-1.

5. Deiana R., Leucci G., Martorana R. New Perspectives on Geophysics for Archaeology:
A Special Issue // Surveys in Geophysics. — 2018. — Vol. 39. — Ne. 6. — C. 1035-1038.

6. Loke M.H. Tutorial. RES2DINV ver. 3.59, Rapid 2-D Resistivity & IP inversion using the
least-squares method. — Malaysia, Geotomo Software, 2010. — 148 p.

7. High resolution geophysical and topographical surveys for the characterization of fumane
cave prehistoric site, Italy / M. Obradovic, N.A. Zeid, S. Bignardi, M. Bolognesi, M. Peresani,
P. Russo, G. Santarato // Near Surface Geoscience 2015. 21* European Meeting of Environmental
and Engineering Geophysics: Proceedings of the Conf. (Turin, Italy, 6-10 September 2015). — Tu-
rin, Italy: EAGE, 2015. -4 p.

8. Slepak Z., Platov B. Geophysics in Archeology. — Cham: Springer. — 2019. — 303-311 p.

9. «Illuminating» the interior of Kukulkan’s Pyramid, Chichen Itza, Mexico, by means of
non-conventional ERT geophysical survey / A. Tejero-Andrade, D. Argote-Espino, G. Cifuentes-
Nava, E. Hernandez-Quintero, R.E. Chavez, A. Garcia-Serrano // Journal of Archeological Science.
—2018.-T.90.-C. 1-11.

10. Non-destructive electrical resistivity tomography for indoor investigation: the case of
Kapnikarea Church in Athens / G.N. Tsokas, P.I. Tsourlos, G. Vargemezis, M. Novack // Archeo-
logical Prospection. —2008. — T. 15. — Ne.1. — C. 47-61.

© B. B. Onenuenxo, JI. B. [{ubusos, I1. C. Ocunosa, 2019

115



	Титул_№2
	Т.2_№ 2_секция_2
	Содержание
	Титул_№2

