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McrnoAb3oBaHME METOAQ F€OPAAMOAOKALIMM AASI UICCAEAOBAHUI APEBHETO
MEAHOTrO pyAHMKa «BopoBsckas sima» Ha FO>kHOM Ypane
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Hatanba BacunbesHa PE[JOPOBA™
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AKTYaALHOCTL. HeoThbeMAEMO HacTbio MCCAGAOBAHUM B APXEOAOTUM CTaAM reOhUBNYECKME METOALI, KOTOPbIE MO3BOASIOT M3y4aTh rnorpebeHHble na-
MSITHUKM 6€3 paspylieHmsl TOYBEHHOTO CAOST M AAIOT BO3SMOXKHOCTL BOAEE LIEAEHATNPABAEHHO OMPEAEASITh MECTO GYAYLIMX AOPOTOCTOSIMX 1 TPYAOEMKMX
]PacKONOK apXxeoAoroB. B crenHoii 3oHe KOxHOro Ypasa n Myroaxap M3BeCTHO OKOAO TPEX AECSITKOB APEBHMX MEAHLIX PYAHMKOB, Pa3paboTka KOTOPLIX
MPOMCXOANAA B GPOH30BOM BeKe. B HacTosiee BpeMsi AHO MOKPLITO TOACTLIM CAOEM HAHOCOB, a 6opTa KapLEPOB OMABLIAW. [1PY MCCAEAOBAHMM APEBHUX
PYAHMKOB aKTYaALHO OMPEAEAUTL PeAbed KapLEPOB M AOKAAM30BaTL MECTa AOOLIUM PYAbl BO BPEMSI MX SKCMAyaTaLMM, YTO MO3BOASIET MPOBECTU OLIEHKU
KOAMYECTBA AOOLITOM PYALI U BLINAABAEHHO! MEAN.

Llerb nccreAoBaHMM. BhiaeaeHE METOAOM reopPaArOAOKaLIMM OTPKAIOWMX IPAHMLL MEXKAY PLIXALIMM OTAOYKEHMUSIMM HAHOCOB U CKaALHLIMM MOPOAAMM
MEAHOTO Kapbepa GPOH30BOro Beka «Boposckast SIMa», MOCTpoeHre OGLEMHOV MOAEAM APEBHETO Kaphepa M OMPEAEAEHNE MECTa AOOLIUM PYAbI.
OG6GOCHOBAHME MCIIOAL3OBAHMA METOAQ T€OPAAMOAOKALUMM M METOAMKA MCCAEAOBaHMM. DPHEKTUBHOCTL METOAA F€OPAAMOAOKALIMM 3aBUCUT OT
KOHTPACTa AMUSAEKTPUUYECKONM MPOHMLIAEMOCTM CAOEB B MCCAGAYEMOM Cpeae. B AaHHOM cAyuae 3TO OCAAOUHDLI KOMIMAEKC, MPEACTABA€HHDIN TEXHOT€HHLIMM
rPYHTaMM, U KOPEHHBIE MOPOAbLI, KOTOPLIE U OMPEAEASIIOT MOBEPXHOCTL Kapbepa BO BPeMsi €ro paspaboTku. KopeHHble MOpPOAbl MMEIOT 3HAYUTEALHDIN
KOHTPACT AMSAEKTPUYECKOV MPOHMLIAEMOCTM MO CPABHEHMIO C OCAAOYHLIM KOMIAEKCOM Kak MUHMMYM B ABA Pasa. TO OOCTOSITEALCTBO MO3BOASIET BLIAE-
AUTL OTPKEHMs OT FPAHULIbI KOPEHHDLIX MOPoA. CheMKa METOAOM reopaAnoAOKaLMmM Ha Kaphepe «Boposckas SIma» npobeaeHa reopasapom SIR-3000 no
AEBSITU MapPaAEAbHBIM MPOMUASIM AAMHON 9—20 M C paccTosiHueM Mmexkay Npouasimm 2 m. Ha npohrasix chemka NPOBOAMAACE C IIArOM MEXKAY MMKeTaMmn
0,1 M. AASl KOPPEKTHOM MHTEPIPETALIMU PE3YALTATOB U yYeTa COBPEMEHHOTO peAbecha Obiaa MPoBeAeHa Tornorpaguyeckas chemia. MNocae o6paboTkm
AQHHBLIX CLEMKM Ha MPOMUASIX MOCTPOEHDLI FEOPAAAPHLIE Pa3pesbl.

Pe3yALTaTbl MccaeAoBaHmMi. [ToCAe MHTEPMPETALIMM HA PA3Pe3ax BLIAGAEHO ABA F€OPAAAPHLIX KOMIAEKCA: HUXKHWIA, KOTOPbLI OOYCAOBAEH KPOBAEN KO-
PEHHBIX MOPOA, Y BEPXHMUA, CBSI3AHHDIN C TEXHOTEHHLIMU MAM MepepaboTaHHbLIMM rpyHTamm. OTMEYatoTCs1 cAabble OTPKAIOWME IPAHMLILI B 30HE BEPXHETO
KOMIIAEKCA, KOTOPbIE MPEANOAOXKMUTEALHO BLI3BAHLI CAEAAMM OTBAAOB, MOrpebeHHLIX KaHas M wypdoB. OCHOBHLIMU «MHAMKATOPaMMU» MPU BLIAEAEHWUU
rPaHMLILI MEXKAY TEXHOT€HHLIM IPYHTOM U KOPEHHLIMM MOPOAAMM HAa FEOPAAAPHLIX Pa3pesax SIBASIETCS CMEHA BOAHOBOM KAPTUHDLI OTPKEHUI B 3TUX Cpe-
AAX, & TAKXKE YTAOBOE HECOTAACHE OCel CUH(PAZHOCTU OTPAKEHMI MEXKAY HUMU. [TOCAE MHTEPMOASILIMM FPAHULL MEXKAY MPOMUASIMM MOCTPOeHa OBLEMHAs!
MOA€ADL peAbedha PyAHMKA B MEPHUOA €T0 PA3PabOTKM. MOLHOCTL HAHOCOB, OOPA30BABILMXCS] K HACTOSILIEMY BPEMEHM, BAPLUPYET B MPEAGAAX Kapbepa Ha
KpomKe BbipaboTku ot 0,5—1 M A0 3 M B 3a6oe. MakcMaabHas TAybuHa Kapbepa B ADEBHOCTM Obira 7 M.

BriBoAbl. [10 pe3yALTaTam reopasapHoOi CLEMKM Ha PYAHMKE MOA TOACTLIM CAOEM BOAEE MO3AHMX HAHOCOB YAAAOCh YBEPEHHO OMPEAEAUTL PEAbEd KO-
PeHHBIX MOPOA. [TocTpoeHa 06LEMHAsI MOAEAL APEBHETO Kapbepa, AOKAAM30BAHO MECTO AOOLIYM PYADL. DTV AAHHbLIE MO3BOAMAM OLIEHWUTL TAYOMHY 1 0OLEM
BLIPABGOTOK B MEPUOA PA3PaBOTKM MECTOPOXKAEHMST MEAU B BPOH30BOM BEKE.

KatodeBble cAOBa: reohM3nHeCcKmMe METOADI, FE0OPAAAP, FEOPAAMOAOKALIMSI, MOAEAL, MEAHDIN PYAHUK, OPOH30BbLIN BeK, KOXKHLIA Ypan.

BEAEHME
B nocneguume fecsatunets reodusnudeckyue METOAbI aKTYBHO VICIIO/NB3YIOTCS P M3y4eHUM apXeOTOrnIecKmx
IaMATHMUKOB [1-3], B TOM 4MCIie M IPEeBHUX MeTa/UTypIrIMYecKX KOMIUIEKCOB. B HacTosIee BpeMs B CTEIIHOI 30HE
IOsxHOrO Ypama n Myromkap n3BeCTHO HECKO/IBKO [IeCSITKOB MEIHBIX APEBHIX PYJHIUKOB PasHOTO TUIA, paspaboTKa KOTOPBIX
IPOVCXOANIIA B 9TI0XY OpoH30BOro Beka [4-9]. ITo mpegBapuTe/IbHBIM pacyeTaM Ha HUX ObUIO ZOOBITO MPUOIUSUTENBHO 55 THIC.
T MEHOIT PyZbl, B KOTOPOI COTEPKAIoch OKOJIO 3,5 Thic. T MeTasta [10]. 3a mporrepiine Beka 60pTa ApeBHIX KapbepOB OIUIBIII,
¥ THO PYAHUKOB VI BBIPAOOTKY C PYAHOI MUHepasi3anueil 6blim 3achlaHbl IepepaboTaHHBIMM TPYHTAMU 1 OCaJOYHBIMI IO~
ponmamu [11]. JI1s1 MccmegoBaHmMIl apXeo/IOrM4ecKuX NaMATHIKOB B IOC/IeHYIe TOABI, B TOM 4MC/Ie 1[I OIpefeneHns penbeda
IPEeBHUX KapbepOB CTa/IM aKTVBHO UCIIO/NIb30BaTh reo(usndeckme MeTOMbI, B YaCTHOCTI METOJ, reopaauonoKaunn [1, 12].

B reopanionokauny 0CHOBHBIM (PM3MYECKMM IIapaMeTPOM [JIA pacWICHEHN TOMIIM IPYHTOB U Pa3ie/ieHNsA HeOTHOPO-
HBIX CJIO€B SBJIACTCA AUIIEKTpUYecKas MPoHUIaeMocTs [13-14]. s ocafouyHbIX MOPOJ IIPY €CTECTBEHHO BJIAKHOCTY 3HA-
YeHVsI JUSTEKTPUIECKOIl IPOHNI[AeMOCTI B METPOBOM [Mana3oHe 9/IeKTPOMATrHUTHBIX BOMTH KOIeOmoTest ot 12 no 30, a ms
KPUCTA/UINYECKUX TTOPOJ 3HAYEHVS JVIMIEKTPUUECKON IPOHNUIIAeMOCTI COCTaBIAIT 3-6 [15]. CregoBaTenpbHO, MEXAY Kpu-
CTA/IMYECKVIMU KOPEHHBIMM OT/IOXKEHVSMM U 0CaJJOUYHBIM KOMIUIEKCOM HaO/II0fjaeTCsl 3HAYUTE/IbHBIII KOHTPACT CBOMCTB. ITO
II03BOJIACT IIPEANIONOXKUTD 3¢ (PeKTMBHOCTD VICIOIb30BAHNUA IFeOpaflapHOil ChEMKY Y OIpefie/leHNs OTPa>KeHUII OT KOPEHHBIX
IOPOJI, KOTOPBIE OIPENENAIOT IIOBEPXHOCTD Kapbepa BO BPEMsA €T0 SKCIITyaTalliMN.

B pabore mpoBeneHo reodusnuecKoe UCCIeOBaHIE MEFHOTO Kapbepa OpoH30Boro Beka «Boposckas SIma». C moMOIbi0
MeTOJIa TeOPaAONOKaI[MN ONIpefie/ieHbl OTpaskalolllyie TPAHNIIBI MY PBIXIBIMU OTIIOXKEHMAMMY, CKOMMBIIMMUCS 32 IPOIIef -
IIe BeKa Ha [jHe Kapbepa, ¥ CKa/JIbHBIMM [IOPOfiaMM. B pesyibraTe yaanoch BOCCTaHOBUTD penbed ApeBHEro Kapbep, ompere-
JINTh MeCTa paspaboOTOK U OLIEHUTb 00BeM HOOBITON PYHBDL.

Onucanne pyAHMKa

PynHuk pacmonoxeH B cTenHoit 30He IO>xHOTO Ypara, B 5 KM K ceBepo-BOCTOKY OT ITocenika 3uHrelickmit. @opMa Kapbepa
okpyrnasi ¢ fuamerpoM 30-40 M u rnybuHoit 3-4 M (puc. 1, A). Ero okpyskaeT mpepsIBUCTHIIT Bajl BbicoTolt 0,8-1,5 M n mmpu-
Hoit 5-15 M. HasBanue pynHuka «Boposckas fmMa» cBA3aHO C ero UCIIOIb30BaHMEM Ha PaBHUHHO OTKPBITOI MeCTHOCTHU Kak
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PucyHok 1. PyaHuk «BopoBckas fima». A — coBpeMeHH I BUA pyaHuka; b — pasbuBka reopagapHbix npodunen Ha He kapbepa.
Figure 1. "Vorovskaya Yama" ore district. A — up-to-date look of the ore district; 5 — marking of ground-penetrating radar profiles at the bottom of the pit.
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PucyHok 2. CoBpeMeHHbIN penbed pyaHuka. a — penbed pyaHuka B 3D-cdopmarte; 6 — kapTa ¢ U30NnHMAMM OTMETOK penbeda. 1 — KaHaBbl U
nx 0603HaveHust cornacHo [9]; 2 — nonoxeHne reopagapHbIX NPOgUNen 1 X Homepa, CTperka ykasbiBaeT HanpaBneHne CbeMKM.

Figure 2. Up-to-date relief of the ore district. a — relief of the ore district in 3D-format; 6 — map with structural contour of the relief. 1 — ditches
and their keys according to [9]; 2 — position of ground-penetrating radar profiles and their numbers, the arrow indicates the survey direction.

MecTa /I YKPbITV: BOPOBAHHOTO CKOTa. Bay 1 Kapbep IMOKPBITHI CTEITHOM PACTUTEIbHOCTDIO U MMEIOT NOCTATOYHO MOIHDIN
TYMYCHBII C/IOM.

ITepBbie nccnenoBanus pygHmKa nposefeHsl B. B. 3aiikoBeim, I. b. 3panoBuuem u A. M. IOmuHOBBIM B 1995 T. [16]. Hemo-
CPEJICTBEHHO B Kapbepe, a TAKXKe II0 ero 6opram reoyoramy ObIIO HPOIAEHO HECKOJIBKO KaHaB M LIypgoB, OTOOPAHBL IIPOOBI
PYA ¥ IOPOJ Ha MIHEPAIOTIeCKIte, ITeTporpaddecKyie 1 reoXxummdeckue anaa3sel. [1o pesynrpraTam NCCIeTOBAHNMIT COCTAB/IEHB
reojorndeckue paspesst [17]. B HacTosiiee BpeMs KaHaBbI Ha [IHe Kapbepa, IIPOIiIeHHbIe Te0/IOTaMI, 3aTAHYThI IPYHTOM (puc. 1).

C TeKTOHMYECKUX ITO3ULIUIT PYJHNUK PACIIONOXEH B BOCTOUHOM 60pTy MarHUTOrOpCcKoi OCTPOBOAY KHOI CUCTEMBI JIeBOH-
CKOro BO3pacTa. B IpeBHeM Kapbepe 0OHapy»KeH CepIIeHTVHITOBBIN MeTaHX U Ha JIHe BBIPAOOTOK BCKPBIT SIOBUIT IPAHATOBBIX
nopop. PynHble MIHepasbl IpeCTaBIeHbl B OCHOBHOM Ma/IaXMTOM U a3ypUTOM. Ma/laxuToBble THe3/la ¥ HeOOJbIINe SKIIKU
MaJIaX|Ta COREP>KATCsl B 06/IOMKaX POAVHIVITOB KOPBI BEIBETPUBAHNSL. B KOT/IOBaHe Cpey MeCYaHO-IIMHIICTHIX C/I0eB 0OHApY-
JKeHa IPecBa, 1je6eHb, 06710MKY 6a3a/IbTOB I CepIeHTNHNUTOB. Kapbep nmeeT mI10cKoe [HO U aCUMMeTPUYHbIE OPTa: TOIOI NI
BOCTOYHBIIT MMeeT HeOO/Mblyto KpyTu3Hy 20°-30° 1 KpyTOil 3amajiHblii CKJIOH, KPyTHU3Ha KoToporo gocturaer 70°-80°. Ha 3a-
IIaJTHOM CKJIOHe OOHaPy KeHbI OCTATKY APEBECUHBL, II0-BUJIMOMY, B IIePUOJi Pa3pabOTKM 3TOT Kpall KOTTIOBaHa ObII 3aKpeIIeH.
MOoIIHOCTh HAHOCOB olleHeHa B 1-2 M. ITo MHeHMIO aBTOpOB paborsl [17], penbed Kapbepa 1 OTBANOB CBUAETENbCTBYIOT 00
OJIHOJT TeXHOJIOTMYECKOJT STI0Xe X GOPMUPOBAHNUA.

ITpu apxeoornvIecKux MCCIefOBAHMAX OblIa HalieHa KepamMyKa. Ky/IbTypHBIT C/1oi AIMHOI 0K0Io 8 M 6bIT 06HApyKeH
Ha CeBEPHOM OTBaJIe PYAHNUKA B €r0 BOCTOYHOIT yacTu. CI0it BK/IIOYAJI 1B TOPU30HTA, EPEKPBITHIX OTPA6OTAHHOI TOPOOIL. B
HIDKHEM TOPU30HTe OBUIN HallIeHbl KOCTH JOMAIIHIX XBOTHBIX U 30712, @ B BEDXHEM — OCTATKIU CTPOUTENbHBIX KOHCTPYKIIMIL.
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PucyHok 3. PesaynbraTbl reopagapHbiX UCCrefoBaHUi no npo-
dumnio 2. a — pagaporpamma; 6 — paspes, NOCTPOEHHbI MO rpaHULam
MNHTEHCUBHbIX OTPaXXeHWUW PadMOBOSH; B — reonornyeckuini paspes no
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npocnoun norpebeHHbIX Noys; 3 — gpecsa v wWwebeHb; 4 — CyrnuHku; 5
— POAMHIUTBI C MPUMa3kaMn MeAHbIX pya; 6 — 6aszansThbl.

Figure 3. Results of ground-penetrating radar studies on profile
2. a — radargram; 6 — section built along the boundaries of intense - e
reflection of radio waves; B — geologic cross-section along the VK-4 4 EpOBNA KOPEHHLIX NOpog
ditch [3]; 1 — up-to-date topsoil; 2 — interlayers of fossil soil; 3 — rotted
rock and breakstone; 4 — loams; 5 — rodingites with adhesion of copper ~ PucyHok 4. Pesyniratbl 06paboTku 1 MHTepnpeTauum no npocunio 8.
ores; 6 — basalts. Figure 4. Results of processing and interpretation according to profile 8.
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B siMxax ObUIM HaiffieHbl (parMeHTbl KePaMUKY CPYOHO-a/IaKyIbCKOro Tuia. PparMeHTs! MOCYAbl OTHOCUINCD K CUHTAIITUH-
CKO-IIETPOBCKOI KY/IbType, YTO JIa/I0 BO3SMOXKHOCTb apXeojIoraM OTHECTH 3Tallbl pa3paboTKM Kapbepa K 3I0XaM CpefHel 1
o3gHert 6poHssl (0koo 1700-1300 et fo Haleit 9pbI).

MerToaMKa reopasapHoO CLeMKM

7151 reopajiapHOIT CheMKU MCIIoNb30Bacs reopazgap SIR-3000 (GSSI) ¢ anrennoit 400 MITy. ITpegBapuTenpHO /1S TOCTPO-
eHIs KAPTBI COBPEMEHHOTO0 penbeda pPy[HIKa IIPOBefieHa HUBENMMPOBKa Kapbepa. Tomorpaduieckas cbeMKa IpoBejeHa Ha II0-
may 3500 m?. Paccrosiame Mexx iy TpodusimMm TonorpaduaecKkolt CbeMKI ObUIO 2 M, @ MEX/[Y TOUYKaMy M3MepeHMit 1o Ipodu-
mo — 1 m. CoBpeMeHHBII1 penbed PyAHIKA IIOKa3aH B BIfie 00beMHOT0 1306paxkeHus (puc. 2, a) 1 Ha IJTaHe B BUJe M30IMHMIT (puC.
2,6). Kapbep nmeeT MaKcHMabHYO ITyOUHY 4 M B 3aIIa/{HON YacTV KOT/IOBaHa. A MaKCHMasIbHasA BBICOTA Baja 1,3 M yCTaHOB/IeHa
B ceBepHOM oTBaste. Ha puc. 2, a ¢ 06beMHBIM 1300pakeHNeM Kapbepa MOXKHO OTYeT/IVIBO YBUAETb OCTATKY OT IPOKOIIAaHHBIX B
1995 1. pasBenouHBIX KaHaB. [eopamapHas cheMKa ObIIa IPOBEIeHa Ha TIOJIOTOM JIHE Kapbepa Ha rorormazan 16 x 20 m. Habmone-
HIIsI BBIIOJTHEHBI Ha 9 IPOQUIIsX, [/IMHA KOTOPBIX BapbMpoBanach ot 9 1o 20 M. MexxnpoduibHoe paccTosiHye — 2 M, a IIar Io
npodutio Mexxay Toukamu Habmofenus — 0,1 M. Ilepen c6opom faHHBIX ObUIYM BEIOPAHBI CTIEAYIOLIE TTaApaMeTPbl CheMKI: OKHO
BpeMeHM — 90 HC, 41CIo BBIOOPOK Ha KaxAyIo Tpaccy — 1024, popmar cbopa JaHHBIX — 16 paspsmoB, 41C/I0 Tpacc Ha MeTp — 10,
YJCIIO TPACC B CEKYHAY Ha KaXX0Jl TouKe Ipous — 64.

JJaHHBIe, ITONTy4YeHHbIe Ha IPOPUIAX, 06pabaTbIBaIICh 0 OAMHAKOBOI CXeMe ¢ IIOMOIIBI0 IPOrPaMMHOr0 0becIedeHns
RADAN 7 (GSSI) (Radan 7, User Manual, Geophysical Survey Systems. New Hampshire: Inc. (GSSI), 2015. 273 p.). Tax xak me-
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PucyHok 5. Mogenb pyaHuka. a — penbed OpeBHEro pyaHvKa B Mepuog ero akcniyataumm Ha nnaHe B Buae M30NMHUN; 6 — MOLLIHOCTb COBpe-
MEHHbIX HAHOCOB. [TyGUHbI AaHbl OTHOCUTENBHO COBPEMEHHOIN MOBEPXHOCTMU.

Figure 5. Model of the ore district. a — relief of an ancient ore district during its operation on the plan in the form of structural contours; 6 — thick-
ness of recent fluvial sediments. Depths are given relative to the recent surface.

pemaz BbICOT Ha mpoduisax gocturan 1,5 M, TO [/Is1 KOPPEKTHOI MHTEPIIPETALUN Pe3y/IbTaTOB B HAOIOEH s BBOAMIUCH 110~
HpaBKI 3a penbed. PenakTupoBaHue 3anycaHHOI Ha TPOMULAX MHPOPMALUM 3aK/TI0YaI0Ch B KOPPEKLMY TTO3SULIUN HY/IeBOIL
r1y6unbl. Kpome Toro, mpoBefeHa GpuibTparyist JaHHBIX, MUCIIONb30BAINCh BEPTUKANbHBII GuibTp B fuanasone 100-800 MI,
a TakKe IJIs yazneHusa GoHa TOPU3OHTA/IbHBLI (BMIBTP, MaKCUMasIbHAs IIVHA GUIbTPaA BBIOVPanach B COOTBETCTBUM C YUCTIOM
Tpacc (CKaHUPOBAaHMI).

Pe3syabtatnl nccaeaoBaHmin

ITocrte 06paboTKY M MHTEPIPETALNY PE3y/IbTATOB Fe0OPajAPHOIL ChbeMKI ObIIN IOCTPOEHBI Pa3pe3bl Ha MPOPUIISX, @ 3aTeM
IIOCTPOEHA MOJie/b APEBHEro Kapbepa. B kayecTsBe mpumMepa Ha puc. 3, a IOKa3aH IreopajlapHblil BOIHOBOI paspes IO INpo-
¢umo 2. IIpodunp yactiyHO coBmazaet ¢ kaHaBolt BK-4, mporigenHoit panee reonoramu [18]. Ha pagaporpammax moxasaHsl
aMIUIUTYJbl OTPayKEHHBIX 3IEKTPOMATrHUTHBIX BOMH, IPMYeM MONIOKUTENbHAA YaCTh BOJHBI 3aKpallleHa YePHBIM 1IBETOM, a OT-
puLarenbHas — 6enbiM (puc. 3, a). Ilo ocu opayHAT IpuBefeHO BpeMs IIPOXOfa BOJIH OT AaHTEHHBI 0 OTPa’kalolljeil IPaHNIIbI 1
06parHO K IpueMHUKY. /s ITepexoia OT BpPEMEHHOI IIKAJIbI K IIKaJIe PaCCTOSHMII (11 1yOuH) HeoOXOANMO OLIEHITH CKOPO-
CTH 9/IEKTPOMATrHUTHBIX BOJIH, KOTOPBIE 3aBUCST OT AMIIEKTPUUECKOI MIPOHNIIAEMOCTH B TpyHTaxX. [jist 9Tvx wesest 6bumn uc-
HI0/Ib30BAHBI PE3y/IbTaThI F€OJIOTMIECKOIT ChbeMKI B IIypde, IPOIIIeHHOM [0 KOPEHHBIX Opof. MeTofoM mopdopa napamMeTpoB
ObLIN HalifieHbl HeoOXonMMbIe KO3 PUIVIEHTHI epeBoyia BpeMeHy B paccTosanuA. [llkana rimy6yH Ha pagaporpaMmmax IpuBefe-
Ha OTHOCUTE/IbHO CaMOJl BBICOKOJ OTMETKM Ha Ipoduie.

VIHTepnpeTanus NOMTy4eHHBIX BOTHOBBIX Pa3pe3oB 3aK/II09alach B BBIEICHNN OTPaKAIOMUX rpannll. [I1a o6Hapy>KeHus
TPaHMIbl MEX/y TEXHOT€HHBIM TPYHTOM ¥ KOPEHHBIMU IIOPOJAMM Ha IeopaJapHbIX paspes3ax OJHMMM M3 BaXKHENIINX IpU-
3HAKOB SIBJIIIOTCS CMEHA BO/THOBOI KaPTIHBI OTPAXKEHMUIT B 9TUX CPEiax U YIJIOBOE HECOrmacue oceil CMHPAasHOCTI OTPaXKEeHMIT
Mexnay Humu. Ha mpusefieHHOM paspese Hamboree KOHTPACTHbIE TPAHUIIBI MBI JOIIOJTHUTEIBHO OTMETV/IM YePHBIM I1[BETOM
(puc. 3, a).

ITocTpoeHHBIIT IO JaHHBIM reopagapa paspes 1o mpodumo 2 (puc. 3, 6), Ha KOTOPOM IIPUBEEHBI IPAaHNUIIBI MHTEHCUBHBIX
OTpaXXeHWM PaJiIOBOJIH, XOPOLIO COITIACYeTcA ¢ paspe3oM (puc. 3, B), HOCTPOEHHBIM reojoramu 1o kanase BK-4 [18]. Yerko
MPOCTIEKNBAETCA HVDKHAA IPAHNIIA MKy HAHOCAMM M KPUCTa/IZIMYEeCKUMU IIOPOJaMI, OTMEYEHHBIMM Ha T€OTIOTMYECKOM Pas-
pe3e KaK pOFMHTUTHL U 6asanbThl. JTa TPaHNUIIA HOTPY)KAETCA HA 3 M B CepefjiiHe pa3pesa. Bbllire BbIe/IEHO MHOTO IIPepPBIBU-
CTBIX TPAHML], CO3[JAHHBIX OCAIOYHBIMI TOPOfiaMU (CYTIIMHKM), M TEXHOTEHHBIMU V/IM TIlepepaboTaHHBIMY TPYHTaMH (fpecBa u
me6ens).

ITo pesynbpraraM MHTepIpeTaLy FeOpaJapHBIX JAHHBIX HA BCeX IPOQMIAX BBIEIEHO [1Ba KOMIUIEKCA: HVKHMIL, COOTBET-
CTBYIOLVIIT KPOBJIe KOPEHHBIX ITOPO], ¥ BEPXHII, CBA3aHHDII ¢ HaHOCaMU. [JTy61Ha 10 HYDKHe IpaHULbl BapbUPYeET OT 3 10 7 M.
Ha npodmsix 7-9 B 0cafjo9HOM KOMIUIEKCE OTMEYAIOTCS CTAGOKOHTPACTHBIE OTPAKAIOLIVe TPAHMIIBI U YIJIOBOE HECOI/Iacye
ocell cH(A3HOCTH C/I0EB, BbI3BAHHbIE CTIEAAMI OTBAJIOB, TOrPeOeHHBIX KaHaB 11 MIyp¢OB, KOTOPbIe OBUIN MPOII/IEHBI IIPY I€0-
JIOTMYECKOM U3YIEHUN PySHMKA.

Ha puc. 4 mpuBeieHb! pesyabTaThl 00pabOTKM U MHTepIIpeTanuy Ipodus 8 ¢ MoIoKeHNeM HorpebeHHbIX OTBAJIOB U Ka-
HaBbl, IlepeceKaoNINX IPOQUIIb.

ITony4eHHble Ha TPO(UIAX TaHHbIE O IIOTOXKEHNY OTPaKAIOIIVX I'PAHNI] OT KPOB/IM KOPEHHBIX IIOPOJ, OBUIN VICIIO/Ib30BAHBI
IS TIOCTPOCHMA MOJIe/IV PyAHUKA BO BpeM: ero pabotsl (puc. 5, a). [Imy6uHa kapbepa IpeBHeT0 pyIHIKA B BOCTOYHOI YaCTH CO-
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CTaB/s/Ia 4 M, B LIEHTPA/IbHOI YacTu — 6 M, @ MaKCHMaJIbHas IIIyOMHA 7 M OTMedeHa B 3arafgHoil yacti. CriejoBaTenbHO, MOXKHO
CHenaThb BBIBOJ, UTO YIbTPabasUTOBBIN MacCCHB ¥ PYHOE TEJIO MMEIOT 3allajiHOe MaJieHIe.

CormocTap/ieHyie COBPEMEHHBIX ) JPeBHUX IPAHNUL] PYSHMKA IIO3BOJIAET OLIEHUTh MOIIHOCTh HAHOCOB, 00pa30BaBILNXCS
K HacrosAmeMy BpeMeHn (puc. 5, 6). TonmyHa sTuxX rpyHTOB BapbupyeT B Ipefenax ot 0,5-1 M Ha 60pTax Kapbepa U Jio 3 M
B KOoT/I0BaHe. [IpryeM MOIIHOCTD HAHOCOB YBENMYMBAETCA OT 1 M B BOCTOYHONM 4YacTy 10 3 M B 3aIaJIHOM 4acTyU KOT/IOBaHA.
Bo3Mo)xHO, OCHOBHasI OOBIYA METHOI PY/AbI IIPOBOAMIACH B 3alIalHOM Kpae Kapbepa. O6beM HaHOCOB B IpefieaX IJIOALN
reopafapHoit cbeMKH cocTapisieT npuMepHo 700 m°. Tlo faHHBIM, IpUBeReHHBIM B paboTax [18-19], mpoBeneHa oleHKa KOMu-
JyecTBa JOOBITOI PY/IbI, KOTOPast COCTABIIANA OPUEHTUPOBOUHO 4700 T MefHOII pyabl. IIpu conep>xannu B pyzie oT 1 5o 3 % Menu
u koo Puimente uspnederns 10 % 13 sTOro pygHUKA MOIJIO OBITH IIOTYYEHO NPUOIUSUTEIBHO 5-15 T M.

BoiBOALI

ITo pe3ynbTaTaM NpOBefIeHHBIX Fe0(DU3NYeCKIX CCIeJOBAHNIT Ha pyHIKe «BopoBckas SIma» IO TOICTBIM CTI0eM 0Cafod-
HBIX [IOPOJ 11 IepepabOTaHHbIX IPYHTOB YHA/IOCh YBEPEHHO ONPENeNUTDb pebed KopeHHbIX nmopof. [TocTpoeHa Moe/b Apes-
HETo Kapbepa, OIpefieieH0 MeCTo Harbojiee MHTEHCMBHOTO MeCTa HOOBIUY PYAbL. DTU HaHHBIE IO3BOMIIN YCTAHOBUTD, YTO BO
BpeMs pa3paboTKy Kapbepa B 6POH30BOM BeKe ITyOMHA PyHMKA TOCTUTaNA 7 M, a U3 JOOBITOI PY/bI MOITIO OBITH BBINIABICHO
ot 5 1o 15 T menu.
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Using the ground penetrating radar method for research
of the ancient “Vorovskaya Yama” copper mine in the South Ural

Vladislav Vital’evich NOSKEVICH’,
Natal’ya Vasil’evha FEDOROVA"

Bulashevich Institute of Geophysics of the Ural Branch of RAS, Ekaterinburg, Russia

Relevance. Integral to research in archeology, geophysical methods allow the study of buried monuments without destroying the soil layer and
provide an opportunity to more accurately determine the place of future expensive and laborious archaeological excavations. In the steppe zone of
the Southern Urals and the Mugodzhar Hills, about three dozen ancient copper mines are known, the development of which took place in the Bronze
Age. At present, the bottom is covered with a thick layer of sediment, and the sides of an open pit have earthflows. In the study of ancient mines, it
is important to determine the relief of pits and localise the sites of ore mining during their operation, which allows us to estimate the amount of ore
mined and copper smelted.

Purpose of the research. The determination of reflecting boundaries using the ground penetrating radar method between loose sediment deposits
and copper-bearing rocks of the Bronze Age copper mine called ‘Vorovskaya Yama’, design of a three-dimensional model of an ancient open-pit mine
and determination of the ore mining site.

Justification of the ground penetrating radar method and research methods. The effectiveness of the ground penetrating radar method depends
on the contrast of the dielectric permittivity of the layers in the studied environment. In this case, it is a sedimentary complex represented by man-
made soils, and bedrock, which determine the surface of the pit during its development. The bedrock has a significant contrast in dielectric permittiv-
ity compared with the sedimentary complex at least twice. This circumstance makes it possible to determine the reflection response from the bedrock
boundary. The ground penetrating radar survey at the Vorovskaya Yama open pit was conducted by radar SIR-3000 in nine parallel profiles with a
length of 9-20 m and a distance of 2 m between the profiles. In the profiles, the survey was carried out with a step between surveyor stations of 0.1
m. To correctly interpret the results and take into account the current topography, a topographical survey was carried out. After processing the survey
data, geological radar sections were formed in the profiles.

Results of the research. After interpretation, two georadar complexes were identified in the sections: the lower, which is caused by the roof of the
bedrock, and the upper one associated with man-made or processed soils. There are weak reflecting boundaries in the zone of the upper complex,
which are presumably caused by traces of surface dumps, buried ditches and pits. In identifying the boundary between man-made soil and bedrocks
on georadar sections, the main ‘indicators’ are the change in wave patterns of reflections in these environments, as well as the angular unconformity
of the axes of synphasic reflections between them. After interpolating the boundaries between the profiles, a three-dimensional model of the relief
of the mine was designed during the period of its development. The thickness of sediment varies within an open pit at the edge of the working from
0.5-1 m to 3 m at the bottomhole. The maximum depth of the pit in antiquity was 7 m.

Conclusion. According to the results of the georadar survey at the mine, it was possible to confidently determine the relief of bedrock under a thick
layer of later sediments. A three-dimensional model of an ancient open-pit mine was designed and the place of ore mining was localised. This data
allowed us to estimate the depth and volume of workings during the development of a copper deposit in the Bronze Age.

Keywords: geophysical methods, georadar, ground penetrating radar, model, copper mine, Bronze Age, South Ural.
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