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PYBPUKA:

CpaBHuresbHbIe pe3yabTarhl 2D u 3D 31ekTporomorpaduu Ha npuMepe KypraHHoOro
MoruasHNKa KoneBo-10

W.O. Hlanapenko* (MHI'T CO PAH), FO.I'. Kapun (MHI'T CO PAH), E.B. baakos (MHI'T CO
PAH), A.E. lNanarunos (MHI'T CO PAH), Ky3una 3.4. (MHI'T CO PAH)

AnHoTaus

AXTHBHOe pa3BUTHe MeTO/ja 371eKTPOToMOrpauy NpUBEJIO K BO3SMOXXHOCTH UCII0/Ib30BaHUS
TpexXMepHbIX ceTeli HabmogeHuss. OJHAKO BBU/IY Pa3/TMUYHBIX TIPUUHH, TaKHe YCTaHOBKU
WCIIO/B3YIOTCSI HeyacTo. B pabore paccmaTprBaeTcsi cpaBHeHre Habopa 2D u 3D paccTaHOBOK Ha
npyMepe OfIHOTo apxeosiornyeckoro obbekra. Ha JaHHoM o6bekTe B Gosee KpynmHOM MaciuTtabe
Tak>Ke Obla MPYMeHeHa TeXHOJIOTHS MaIoT/TyOMHHOTO 3/IeKTPOMarHUTHOTO KapTUPOBAHUS [IIst
TIOMCKA ¥ JIOKa/IM3aL{|H IPEBHEr0 aHTPOTIOTeHHOT0 00beKTa, /leTalbHOoe H3yueHHe KOTOPOTo
BBITOJIHS/IACh METO/IOM 371eKTpoToMorpaduu ¢ UCIo/b30BaHUeM arrapaTypsl «Ckanax. [To
pe3yJibTaTaM MpOBe/IeHHBIX Pab0T MO>KHO OTMETUTh, UTO Pe3y/IbTaT MHBEPCHH JJaHHBIX Habopa 2D
PACCTaHOBOK ZjaeT GOIBIIYIO /IeTaIbHOCTh HCC/IE0BAHHS, YeM HabOp JAHHBIX CUCTeMbI TPEeXMePHBIX
Habmogennii. OfHako, 1 o 3D u3MepeHHsM MOKHO OTIpeZleTTh CTPYKTYPY 0ObeKTa.
[Tpenmy11leCcTBOM TpexXMepHbIX U3MepeHHHi SIB/IsIeTCSl MeHblllee KOJIMYeCTBO 3a3eM/IeHUH 3/1eKTPO/IOB,
HEe0oOXO/IMMBIX [IIsl TIOKPBITHSI OHOU M TOH JKe TIIOIIA/Id UCC/IeJOBaHUSI.

KrroueBrie ciioBa snekTpoToMorpadusi, apxeoreodusuka, Kyprat, 3D nHBepcust

Comparative results of 2D and 3D electrical resistivity tomography on the example of the burial
mound Konevo-10
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Abstract

Active development of the electrical resistivity tomography method has led to the possibility of using
three-dimensional observation networks. However, due to various reasons, such installations are used
infrequently. The paper compares the set of 2D and 3D arrangements using one archaeological site as
an example. At this site, shallow-depth electromagnetic mapping technology was also used on a larger
scale. Electrical resistivity tomography was performed using the «Skala» equipment. Based on the
results of the work, it can be said that the 2D arrangement provides better research detail than the
three-dimensional observation system. However, the structure of the object can also be determined by
3D measurements. The advantage of three-dimensional measurements is a smaller number of
electrode groundings required to cover the same area of research.

Key words electrical resistivity tomography, archaeogeophysics, mound, 3D inversion
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BBepenue

Metoj, 3neKTpoTOoMOrpadM akTUBHO pa3BHBaeTcs ¢ KoHla 20-ro Beka. V3HayanbHO H3MepeHUs
TPOBOJJU/TUCH B/IO/b MUHUM (TIpodurist), /aiee 1Mo Mepe Pa3BUTHS TEXHOJOTUN TOSBUIUCH PabOThI C
HabopoM TapasuieNbHBIX TIpoduel, a 3aTeM U TMOJHOCTBIO TpeXMepHbIe CUCTeMbl Hab/roseHus. B
HacTosilljee BpeMsi TpPexXMepHBIe CHUCTeMbl HabJIFOAeHUs MCIOB3YIOTCS HewacTo. IIpUUMH TOMY
HECKOJIbKO: BO-TIEPBBIX, /i1 TUIOTHOW ceTH HabuofeHus: TpebyeTcs arnmapaTypa, MoAJep KUBarolias
MO/IK/TF0UeHre OOMBIIIOr0 KOJIMYECTBA 3/IeKTPOZIOB; BO-BTOPBIX, HE TaK MHOTO 3a/iay, I/le TPeXMepHasi
cucremMa Habmo/leHUH VMeeT TIPEMMYIIECTBO Tepefi TUIOTHOW CeThI0 Tapasule/lbHBIX TIPOQUIei; B-
TPeThUX, CO3/laHHe TMPOTOKOJIOB /Il TPEXMEpPHBIX CHUCTeM Hab/oieHus ciabo pa3Buto U Tpebyer
yCoBepIlleHCTBOBaHuA. I TeM He MeHee, 3D CHUCTeMbI U3MEPEHUS] TIPUMEHSIIOTCS /ISl Pa3/IMUHbIX
3agau. Hampumep, Ans ucciefoBaHusl TpyHTa mof 3Aanuvssmy [1,2], a1 W3ydeHUs] JIOKAdbHBIX
reo3/IeKTPUUeCKUX aHOMasThi [3], AJis pelieHyst apxeoreohr3nyueckux 3azau [4, 5].

Merto/ 1 00BEKT HCC/IeJ0OBAHMUA

B Xojie ONBITHO-METOZMUECKUX TIOMEBBIX paboT ce3oHa 2023 roja MNpPUMEHSIACh TEXHOJIOTHS
MaJIor/TlyOMHHOTO 3/IeEKTPOMAarHUTHOTO KapTupoBaHus (OMK), 0cOGeHHOCTBIO KOTOPOM SIBJISIOTCS TPH
WHYKLUUOHHBIX TIpUOOpa, 3adMKCUPOBAaHHBIX C pAaBHBIM PACCTOSSHUEM Ha  CreLUaIbHBIX
CTEK/IOTUTAaCTUKOBBIX CaHSAX, UTO B COBOKYITHOCTH C BBICOKOTOYHOM CITyTHUKOBOW TIPUBSI3KOM
W3MepeHu CrocoOCTBYeT pPaBHOMEPHOMY PpacTIpe/ie/IeHHI0 TOUeK Hab/ro/leHust TIpU COXpaHeHUuH
JIOCTaTOYHO BBICOKOW TPOM3BOAWTENBHOCTH. B KauecTBe eJWHUUYHOTO TpUOOpa MCIOb3yeTcst
anmaparypa Assi MasnornyounHoro DMK T'eoBu3sep, co3zmanHas Ha 6a3e MHIT CO PAH [6]. Ons
JeTanu3alid aHOMalbHBIX OOBEKTOB OBbLT WCIMOMBb30BaH METOJ, 3eKTPOTOMOrpaduu, KOTOPOMY
MOCBsAIIIeHa OCHOBHASI YaCTh 3TON paboThI.

PucyHok 1. U3mepumenbHas yCmaHo8Kd 8 No/esblX YCA08USIX HA KypP2AHHOM Mo2uibHuUke KoHnego-10.
Annapamypa Ckana 64K15E.
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ITpy TpoBe/ileHUH WCC/e/OBaHUM HAOOPOM Mapasvie/bHBIX MPOGhUIeH
Oblya vcrosib3oBaHa 32-X 37eKTPoAHas 4-X KaHasibHas arnmapaTypa «Ckana 32K4». buutu npoBefieHsI
WCC/IeIOBaHMS TI0 CUCTeMe TapajuiesibHBIX rpodwieit gmHon 31 M, ¢ maroM 1 M 1o npodwio U 2 M
Mexay rnpoduismy, Bcero 20 pacCcTaHOBOK, MCIIO/b30Bajsach JUMNO/bHAs ycraHoBKa. Ha Kaxzom
npodusie U3 32-x 3IEKTPO/IOB ObUIO 3ammcaHo 1o 385 u3mepenuid. UToro, ¢ ucnosb3oBaHueM 640
3JIeKTPO/I0B OBLIO MoJTyueHo 12320 Touek 3armucH.

TpexmepHasi cucTemMa Hab/rOIeHNH, U3MePeHHas! C MIOMOIIBI0 64-X 3/1eKTPOAHON 15-TH KaHaIbHOM
anmaparypel Ckana 64K15E, cocTosina u3 AByX Tapa/uiefbHbIX Kabenmed 1o 32 3/eKTpojia Ha
paccTossHUM 4 M Apyr OT Apyra — Bcero 9 pacctaHoBok. [Ipy 3D uM3MepeHHsIX UCIIONb30BaIUCh
pa3nuuHble JUMOJIbHBIE YCTAHOBKM, UYTO TO3BOJIMJIO KPOMe TOUEK 3allMCH HeNoCpeCTBEHHO TOf,
MVHUSIMHA TIpodusiedd MOyUnTh [OTIO/IHUTEe/NbHbIE JaHHbIe B MPOCTPaHCTBe Mexzay npodusmu. Ha
pucyHke 2 (a,0,B) pecTaBieHO 00/1aK0 ToUeK 3arvcH A 3D paccTaHOBKY U3 IBYX TMapasuie/ibHBIX
npocduneil. Ha pucyHke 2r moka3aHO Kak pacroJjiaraJuch TOcC/eoBaTeNbHO u3MepeHHble 3D
paccTaHOBKH. B Kak[oi paccTaHOBKe M3 64-X 371eKTpozoB Obuto 3ammcaHo 1o 1810 u3mepeHwid.
Utoro no 3D u3MepeHusM c ucrosb3oBaHueM 320 371eKTpooB 66110 mosyyeHo 16290 Touek 3ammcu.
V3mepuTenpHBIN MPOTOKOJ co3/aBancs B mporpamme ERTLab Sequencer.
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PucyHok 2. Cucmema 3D uzmepeHull, CUHUM — MOUKU 3anucu, uepHbiM — 34ekmpoobl. Cnesa obujee
0b1ako mouek 3anucu, 20e, a — niockocmb XY, 6 — nnockocmb XZ, 8 — niockocmb ZY; 2 — cxema
mpexmepHbIX u3MepeHull (8u0 ceepxy), NYHKMUPHble JAUHUU — CXeMAMUYHO NOKA3aHbl
3/1eKmpopazeeoouHble KOChl.

B kauectBe 00BEKTa, Ha KOTOPOM TIPOBOJIMINCE OIBITHO-METOAMUEeCKre paboThl ObLT BBIOpaH
Kypranneiit morunsHUK KoneBo-10 (puc.3a), KoTopwli pacronoxeH B KpacHo3epckoM paiioHe
HoBocubupckoii 06/1aCcT, B OKPECTHOCTSIX OJHOMMEHHOro cejia. ITaMITHUK OTKpHIT B 2015 T. 1 1o
XapakTepy MOABEMHOTO apXeoJIOTHUeCKOro Mareprana OTHeCeH K TaCMOJIMHCKOM KyJ/IbType paHHero
>kesie3Horo Beka (VII-VI BB. fio H.3.) [7]. [TlaMATHUK A/MTeIbHOE BpeMs T0/[Bepraercs pacraiike. ITo
peJibeHBIM [IpU3HaKaM Ha ero TepPUTOPUHN BbIZIe/ISIOTCSI TPU KYPraHHbIX HaChIH, ArameTpoM zo 30
M, BbicoTOM 0.8—-1 M. BecbMa BeposiTHO, UTO pesibeHble TIPH3HAKHU /IPYTHUX KypraHOB MOT/IA OBITH
TIOJTHOCTBIO  YVHUUTOXKEHBI B  XOZle CelTbCKOXO3SIHCTBEHHOW [lesTenbHOCTA. TakuMm obpasom,
NpUMeHeHue BbICOKOIIPOU3BOAUTeNbHON TexHoorud DMK faBano BO3MOXXHOCTb B KOPOTKHE CPOKU
TMOJIYYUTh JIOTIOJIHUTETbHYI0 MHGOPMALMIO 00 N3BEeCTHBIX apXeo0rnyeckKux 06beKTax U 00HapYKUTh
HOBBIE.
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Pucynok 3. Kapma paiiona pabom (a). Kapma omHOcume/nbHbIX 6bICOM aPXE0/N02UUECKO20
namsimiuka (6) u meHeeas Kapma pacnpedeneHusi peaabHOU KOMNOHEHMbl CU2HAAd C
20pU30HMAABbHBIM U 8ePMUKA/IbHBIM Y21dMU UCKYCCMBEeHHO20 oceeleHus 8 126° u 29° (s).

CobeMka no texHosoru DMK, a Takke mocieayrolasi getanusauus MetofoM O MO3BOMUIM B
TeueHre OJHOro pabouero AHsI TMOAYYUTH MH(GOPMALMI0 O BHYTPEHHEM YCTPOHCTBE H3yUEHHBIX
[IaMATHUKOB [8].

Bokpyr nByx penbeHO BBIpa)KEHHBIX Hacblllell MoruabHHKa KoHeBo-10 BbIZe/SIFOTCS KOJbL{EBBIE
aHOMaJ/liH, KOTOpble MOXKHO MHTEpPIPeTHPOBaTh KaK 3ariaxaHHble pBhI (puc. 3B). B 1ieHTpe 10)KHOTO
KypraHa (UKCUpyeTCsi aHOMaJIisi, KOTOpasi 10 3HAKy M YPOBHIO CMTHaja COBIAZAeT C KOJbLIEBBIMU
aHoMa/nusiMd DBOB. DBeposiTHee Bcero, OHa CBfi3aHa C IeHTPaJbHBIM 3aXOpOHeHWeM. B
Herocpe/CTBEeHHOM O/IM30CTH OT 3THUX KypraHoB 0OHapysKeH ellje OfIH poB. XapaKTepHasi KoJbLieBast
CTPYKTypa OTUeT/IMBO ITPOC/Ie)KUBAeTCsl Ha TeHeBOM KapTe, MOCTPOeHHOM 110 pe3ysbTatam DMK (puc.
3B). BelpakeHHBIX pesibe)HBIX MTPU3HAKOB JIaHHBINA 00BEKT He UMeeT |, TI0-BUANMOMY, Mpe/CTaB/IsieT
co00ii OCTaTKX TIOJTHOCTHIO PacriaxaHHOro KypraHa. Ilosi KypraHoM, pacrioyio)KeHHbIM B BOCTOYHOM
YyacTy TUIOLQJKH, aHOMa/IMM, XapakTepHble [yl PBOB U morpebeHuil He oOHapy>keHbl (puc. 3B),
OJJHAKO T10 [JaHHBIM a3pOOTOCHEMKH Ha 3TOM MecCTe Bblje/isieTcsl Bo3BbllleHHe (puc. 360). Brionxe
BEPOSITHO, YTO OHO UMeeT eCTeCTBEHHOe TIPOHCXOK/EeHHE.

[lanee pacCMOTPUM pe3yJIbTaThl, MOJMy4YeHHbIe NpH JleTamu3aruy MetoZoM OT. PaboTel MpoBoAMINCH
10 TIpUBeJeHHOW BBIIe cucTeMe HabmofeHud. TpexmepHass Mogesnb, TOyueHHasi B pe3y/bTaTe
VHBepCUM AaHHbIX 2D 1 noctpoeHHas B mporpaMMe Voxler, ripefcraBieHa Ha pucyHke 4.
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Pucynok 4. TpéxmepHas e2eosnekmpuueckas mooedb KypaaHa Ha mo2uibHuke KoHeeo-10 no
pe3ynbmamam 2D uzmepeHuli.

Ha TpexmepHOii Mofenu SIPKO BBIJIE/IAIOTCS POB U 1ieHTpa/ibHasi aHOMasiusi, TIPUUEM OHU HMEIOT
6sskue 3HaueHust o YOC, Takke, Kak ¥ 1o AadHeiM OMK. IlpepbiBaHue pBa B HOXKHOW YacTH
KypraHa C BBICOKOM BEepOSITHOCTBIO CBS3aHO CO BXOZOM Ha KypraH. LleHTpasibHasi aHOMaiws,
BbiflesisieMasi TakKe IO pe3ysnbraTaM DMK, cBsiz3aHa C OCHOBHBIM IIeHTPa/IbHbIM 3aXOpPOHEHHeM.
Metoz 3T m03BOJISIeT OMpee/IUTh MOIIHOCTH PBa M I1[eHTPa/JbHOTO 3aXOPOHeHWs: 00a 00beKTa
TIPOC/IEXXUBAIOTCSA 0 TIyOUHBI 1 M.

[nst cpaBHeHuUs1 pe3y/bTaToB 110 2D u 3D r3MepeHUsIM UHBEPCHs! JaHHbIX BbITO/HSAIACH C TIOMOLbIO
nporpamMmMbl Res3D. HaubGonee uH(oOpMaThBHBIE cpe3bl Ha riaybuHax 0.5 w 1 M MoOKa3aHbl Ha
pucyHKe 5. Ha cpesax mnpefcTaB/ieHbl pe3yJbTaThbl, MOJyYeHHble MPHU HWCMOIb30BAHUM YCTaHOBKHU
[ITmombepike.
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PucyHok 5. Cpe3bl 01 MACCUB08 O8YMEPHbIX U MpexXMepHblx OAHHbIX HA 08yx 21ybuHax: a — 2D

O0aHHble Ha 2nybuHe 0.5Mm, 6 — 3D OauHble Ha 2aybuHe 0.5m, 8 - 2D OaHHble Ha 2aybuHe 1m, 2 — 3D
OaHHble Ha 2nybuHe 1m.
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KoHLleHTprueckuil KOHTYp DBa, SIBHO BBIJe/SIOIIMICS 110 pe3y/bTaTam
uHBepcuM Habopa 2D gaHHBIX (pHC. 5a), Ha 3D aHHBIX CUTbHEe NCKaXKeH JIOKAaTbHBIMA aHOMaJTUSIMU.
LleHTpasibHOE 3aXOpOHEHHE XODOILIO TMPOSIB/SeTCS M0 pe3yabTaTaM obenx cucteM HabsmozseHus. Ha
riybuHe 1 M KosblieBasi CTPYKTypa pBa elije 00Jbllie NCKa)keHa, BEPOSITHO 3TO CBSI3aHO C TEM, UTO ero
riy6uHa He rpeBbliaeT 1 M. O61as kKaptuHa 1o 2D faHHbIM 6osiee rajiKasi, OHAKO KOHTYD pBa U
L[eHTpa/IbHasl aHOMaJT|sI TaKkKe BoIZessitoTcst o 3D cucreme Hab/rO1eHUT.

BbiBobI

Mo pe3ynbTaTaM MPOBE/IEHHBIX PAOOT MOXKHO CKa3aTh, UTO WHBEPCHS JJAaHHLIX Habopa MmapasuieibHbIX
npouieil faeT OOMBIIYIO JeTalBHOCTh WCCIEAOBAHUS, UeM CHUCTeMa TPeXMEPHBIX HalJIFo/IeHUH.
OpHako, W 1o 3D u3MepeHWsIM MOXKHO OTpe/IeIuTh CTPYKTYPY apXeojorndeckoro 0OBeKTa,
BbI/IeIUTh LEHTPaJbHOEe 3axXOpOHeHWe. B paccMOTpPeHHOM Ciydae COKpallleHHe KOJMUYecTBa
npodusielt 3a CUET MeXXKaOeTbHBIX U3MEPEHHH - 3TO OCHOBHOE TIPEUMYIIIECTBO TPEXMEPHOW CUCTEMBI
HaOJ/TIO/IeHNs], TaK KaK SKOHOMHUYECKH BBITOJ[HO COKpAIllaTh KOJIWYECTBO 3a3eMJieHuN 0e3 moTepu
TJIOTHOCTH TOueK Habmogenusi. [1o3ToMy criefiyeT TIPOJO/DKUTE WCC/IeloBaHMe BO3MOKHOcTed 3D
HaOJTFO/IEHUIA: U3yUaTh YYBCTBUTELHOCTD, CO3/IaBaTh HOBbIE U3MEPHUTE/bHBIE TIPOTOKOJIbI, TTPOBO/IUTh
MaTeMaTh4yecKoe 1 pU3rueckoe MO/ieMpOBaHKe, YCKOPSITh TIPOLIeCC W3MepeHHH.
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