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B pabore npuBoastTcs pe3ynbrarsl npuMeHeHus B 2019 r. merona snekTpoToMorpaduu Ha 1io-
maake 00eBOi CKBaKMHBI MUPHOTO MOA3EMHOIO SAEPHOTO B3pbiBa «KpucTamn», MpoBEASHHOTO B
1974 r. Ha rnyOuHe 98 M B MHOTOJIETHEMEP3JIBIX KeMOPHUIICKIX KapOOHATHBIX MOPOAAx, U Mpujiera-
IOIIEM JIECHOM y4acTke. 3a00p U3 METaJUIMYECKUX CTOJIOOB U KOJIOYEH MPOBOJIOKH, KOTOPHIM OOHE-
CeHa IUIONIA/IKa, ¥ MorpedbeHHble pparMeHTsl 00caaHON KOJTOHHBI 00€BOM CKBaKMHBI CO3/1aBaJIH 3HA-
YUTENbHBIE IOMEXH NIPU 3aMepax. [{s ycTpaHeHus 1ryma npoBe/ieHa JeTalbHasi py4yHas YUCTKA U3-
MEPEHHBIX JAHHBIX KAKYLIErocs YJEIbHOTO AJIEKTPUYECKOr0 CONpOTUBIIEHUs. IHBEepCUsl TaHHBIX
npoBeJieHa B mporpamme Res2Dinv ¢ moiydeHreM reodeKTpUueckuX MoJieNieil — IByMEepHBIX pas-
PE30B BepXHEH 4acTH IeoJorundeckor cpepl Ha riryouny a0 80 m. J{ns yrouHeHus Mozeneil mpoBo-
JUIIOCH MPSMOE MOJICIIMPOBAHUE C UCIIOJIb30BaHUEM nporpammbl ZondRes2D.

KiroueBble c10Ba: 351eKTpoTOMOrpadus, MUPHBIN TOA3EMHBIH SASpHBIN B3pbIB, SKYyTHS, T€O0-

JIoru4ecCKas cpcia, MHOT'OJICTHAA MEP3JI0Ta, TCOTCXHOI'CHHAsA CUCTCMA, F'CO3KOJIOTNICCKHUE UCCIICI0-
BaHHA
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The paper presents the results of measurements in 2019 by electrotomography at the site of the
emplacement hole of the peaceful underground nuclear explosion "Crystal", carried in 1974 at a depth
of 98 m in permafrost Cambrian carbonate rocks, and the neighboring forest area. The fence made of
metal poles and barbed wire around the site, and the buried fragments of the casing of the emplace-
ment hole create significant interference of measurements. To avoid the electromagnetic noise, the
measured data of the apparent electrical resistivity was cleaned manually. Data inversion was per-
formed in the Res2Dinv program. Geoelectric models, namely two-dimensional sections of the upper
part of the geological environment to a depth of up to 80 m, were obtained. To verify the models,
forward modeling was performed using the ZondRes2D program.

Keywords: electrical resistivity tomography, peaceful underground nuclear explosion, Yaku-
tia, geological environment, permafrost, geotechnogenic system, geoecological research

Beeoenue

Bo Bropoii nonoBruHe XX BeKa BO BCEM MUPE AKTUBHO MCIOJIB30BAJIHU SACPHYIO
SHEPrUI0 U1 OCYLIECTBJIECHUS «MHUPHBIX» 3a1a4d. MUPHBIM MOJ3EMHBIA SAICPHBIN
B3pbIB (I151B) «Kpucramn 6bi1 nposeneH B 1974 r. B 8 km oT . Yaaunsiid (AAkyTus)
JUISL CO3/1aHMs HaBajla JJIsl INIOTUHBI HOBOTO XBOCTOXpaHuiuma. [loctaBinennas «Mup-
Has» 3ajlaya He ObUla pelleHa, a B3PbIB, 3aJI0KEHHBIM HAa r1yOuHy 98 M, mpu3Haiu

62


mailto:ushnitski@mail.ru

aBapuitHbiM. Haunnas ¢ 1990 r. oobext [11B «Kpucramny 1 BeI3BaHHBIE UM MOCHE-
CTBUS U3YYalOTCS PSAAOM HAYUYHBIX M MPOU3BOJCTBEHHBIX Opranu3zanui [1-5].

B nononHenue yxe BbINOJHEHHBIX paboT Ha oOwbekre «Kpucramm» [6, 7], B
2019 r. ObuIM TIpOBEIEHBI M3MEpeHUs MeToaoM AekTporoMorpaduu (OT). Ha mo-
maake 00eBol CKBaXKMHBI «KpuCTamm» CI0XKHbIE T€OTEXHOTC€HHBIE YCIOBUS IS 3a-
MepoB DT 00yclioBIE€Hbl MPUCYTCTBUEM MOIPEOEHHBIX Ha TIIyOHHE (parMeHTOB 00-
CaJIHOW KOJIOHHBI 00€BOM CKBaKMHBI, ¥ 3a00pa U3 METAIITMYECKUX CTOIOO0B U KOJIIoUeh
IIPOBOJIOKH, BO3BEAEHHOIO BOKPYT IUIOIIAIKM OO€BOW CKBAXKUHBI (pHC. 1, canaToBBbIii
KOHTYp), CO3/Ial0IIMUX 3HAUMTeNbHbIe oMexu. Ha mnonaake 00eBoil CKBaXKUHBI pac-
TUTEJBbHBIA MOKPOB HApYIIEH, MOPOCIb MOJOJBIX HEBBICOKMX JEPEBBEB M KYCTOB
HaO0JI01aeTCsl TOJIBKO HA €€ I0ro-3arajgHoM ydacTke. 3a 3a00poM COXpaHsieTCsl pH-
POJIHBIN TaeKHBIN JaHIIaAQT.

Lenbio Hamel paboThl OBLIO MOCTPOCHUE IBYMEPHBIX F€0IEKTPUUECKUX MOJIe-
JIel BEpXHEW 4acTH reosornyeckou cpeasl noa snuueHtpom I1IAB «Kpucramn» u Be-
pUQpUKaALUSA TOTYUYEHHBIX MOJIEJIEH C TIOMOILBIO YNCIEHHOTO MOJIEIUPOBaHMSL.

Memoouxa uzmepenuii

[Tonessie uzmepenus meroaoM DT, sBistomeiics MoarpUKaLMe MeTo1a COMpo-
TUBJIEHUN [8], BBIMOJHSIUCH MHOTOJIEKTPOTHON 3IEKTPOPa3BEAOYHOM CTaHIUEH
“CKAJIA 48 (npousBonctBo Kb “Onexkrpomerpus” u UHI'T CO PAH, Hoocu-
Oupck) 1Mo 7-mu BIOpaHHBIM TIpoduisiM B 2019 1. (puc. 1). MexanekTpoaHbIi mar
COCTaBIIST 5 M, MPU 3TOM HCHOJIB30BANACh IOJIE-UIIONIbHAS TpsiMasi U oOpaTHas
(TpEXANEeKTpoAHAs) YCTAaHOBKA, C BEIHOCOM YIalE€HHOTO 3JIEKTpojaa Ha 1 KM mepreH-
nukyssipao nipoduiisM. ['myburHOCTh HecnenoBanus nocturaia 80 M. O0muii 06bem
pabot metonom T coctaBui 3805 m.m., B ToMm yucie 300 m.M. KOHTPOJIBHBIX U3MEpe-
HUM.

Puc. 1. Cxema pacnonoxenus npoduieir 9T Ha 00bekTe «Kpucramm» B 2019 1.
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Memoouxa 00padbomKu 0AGHHBIX U MOOETUPOBAHUSA

MaccuB NepBUYHBIX JaHHBIX KaXKYLLErocs yAEIbHOIO AJIEKTPUUECKOTO COIPOTUB-
nenust (YIC) o6pabaThiBajCsl B pyUHYIO C OTOPAKOBKON aHOMAJIbHO HU3KUX 3HAYCHHH,
[0 HaIlleMy MHEHHIO, TJIaBHBIM 00pa3oM, OOYCJIOBIEHHBIX BIUSHUEM METAJTMYECKOTO
3a00pa ¥ morpeOeHHBIX (hparMEeHTOB 00CaJHON KOJOHHBI 00€BOM CKBakKMHBI. Kpome
TOT'0, IPOBOJMIIACH OTOPAKOBKA BEIOMBAIOIIMXCA 3HAUeHHN KaxKy1erocst Y 9C Ha pa3HbIX
ypOBHSIX (3aBUCUMOCTH 3HaueHu# Y IC OT riyOHuHBI OTHOCUTENILHO CPETHErO 3HAUCHUS ).
3areM mpoBoAwiIach MHBEpcHs B mporpamme Res2Dinv ¢ yuérom BiaustHUs penbeda, ¢
MCMOJIb30BaHUEM pOOACTHOM MHBEPCUM CO CTaHAAPTHBIM MeToaoM ['aycca-HpioToHa.
Hcnonb3oBanack 6oee rycrast pac4€THasi CeTKa, 4TO TO3BOIMIIO YIyUIIUTh AETaTbHOCTD
HEOJHOPOAHOM, B TOM YMCJIe N3-3a MPUCYTCTBUS 3a00pa, BEpXHEH yacTu paspesa [9].

Jlnis BepuduKaluy MoJIy4eHHBIX MOZENEH MPOBOAMIOCH YUCIEHHOE MOJIEINPOBa-
HUE ¢ ucrnosib3oBanueM nporpamMmsl ZondRes2D u Res2DInv. B nepBoii pemanach npsi-
Masi 3a/1a4a, a BO BTOPO MPOBOIMIIACH MHBEPCHUS MOITYYEHHBIX CHHTETHUECKUX JAHHBIX.

Pezynomamot usmepenuii

Paccmotpum nipoduns 2 aimHOM 595 M, KOTOPBIN MPOXOAMI OT y4acTKa HETPO-
HYTOM TaiiTu Ha BeIcOTE 0K0JIO 330 abc. M M 3aKaHUMBAIOIIETOCs Y pycia pyd. YaxaH-
briceiTTax Ha BeicoTe 300 abC. M., C IBOIHBIM NIEpECEUCHUEM METANIMYECKOT0 3a00pa
(puc. 2). B pesynbpTaTe MHBEpPCHH M3MEPEHHBIX NAaHHBIX Kaxymierocsa YOC ObUT TO-
CTpOEH JABYMEPHBIN T'€0IEKTPUUECKUI pa3pe3 ¢ yu€ToMm pernbeda (puc. 2).

B BepxHeii yactu pa3pesa npociexuBaercsi ce30HHO-Talbli cioi (CTC) momHo-
cThio 2-3 M, T1ie YOC MeHsITCs OT AecsITKOB 10 coTeH Om M. Hike Habmromaercs cy-
niecTBeHHOe Bo3pacTanue Y IC 1o 10°~10* OM*M. MOIIIHOCTB 3TOTO CJIOS HA TUTOMIAIKE
00€BOIi CKBaKMHBI COCTABIISIET OKOJIO 20 M, a B HETPOHYTOM Ta€KHOM y4acTKe 3a 3a00-
POM IpOCTHpaETCs Ha BCIO TITyOouHy paspesa (80 m). B mpenenax murommaaku 60eBoi CKBa-
YKUHBI 3TOT BBICOKOOMHBIN CJIOW HMXKE€ CMEHSIeTCS Ha mpoBoasmui cioi ¢ YOC a0
10 OM*M. M0O>XHO JOMYCTUTb, YTO B HAIIEH T'€OAIEKTPUUECKON MOJIEIIN UMEHHO MIOMEXHU
OT METAUIMYECKOTO 3a00pa MPUBOAAT K IOSBICHUIO» 3TOTO MPOBOMASAIIETO cliof. Tem
Oosee, uTo BIMSHHUE 3a00pa 0ueBUAHO TpociekuBaercs Ha 100 M u 425 M nipoduist 2
(puc. 2, orreHku cuHero) Ha riryouny 10 60 M. C 11ebio BRISCHEHUS IPUPOIBI 3TOTO CIIO0S
W/WIW TIOATBEPKICHHS JIOXKHOCTH €r0 aHOMaJIbHO HU3KUX Y OC MPOBEIECHO YMCICHHOE
MoOJIeTUpoBaHue JaHHBIX DT ISl TEORNIEKTPHUECKUX Moierel, chOpMUPOBAHHBIX HA OC-
HOBaHWU anmpUOpHON HH(POpMaIUK (T€OTOTHs U 3a00D).

Mpodunb 2 (TPExaneKkTpoAHas yCTaHOBKA)
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Puc. 2. I'eoanekTpuueckuit pazpe3 no npouiito 2 moJy4eHHbIN B pe3yabTaTe
M3MEPEHUN METOJIOM IEKTPOTOMOrpaduu TPEXINEKTPOIHON YCTAHOBKOM
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Pesynvmamot mooeauposanus

[Ipexxe Bcero, Mbl MPOBEPWIIM BIUSHUE 3a00pa Ha pe3ynbTarT MHBEpCcHH. Jlis
3TOro ObUIa COCTaBJ€HA FOPU30HTAIBHO-CIOUCTAs MOJENb, COOTBETCTBYIOIIAS pa3-
pe3y HETPOHYTOrO TaeXKHOTO ydacTka (puc. 3), B KOTOPOM BBIACIUIN BEPXHUM CIION
MOIIHOCTBIO 2 M ¢ YOC 100 OM'M, COOTBETCTBYIOIINI CE30HHO-TAIOMY cioto. [lon
HUM Obu1 3a7aH BTOpoil 20- MeTpoBbiii cioit ¢ YOC 10 kOM M, a ero noAcTuiian Tpe-
tuii cnoit ¢ YOC 2 kOm-M. B BepxHeMm croe 3a1anu q8a 00beKTa, UMUTHUPYIOIINX Me-
TaJUTMYEeCKUM 3a00p, pazmepom Kaxa0ro 4x2 M ¢ YOC 0.1 Om-m.
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Puc. 3. T'eodnekrpuyeckas MOAENb CPebl C TPOBOASIIMME BKIIOUEHUSIMH,
UMUTHUPYIOIUMHU 3200D

[Ipsimas 3apaya OT pemanacs B nporpamme ZondRes2D mist TpE€XaneKTpoaHOM
YCTAHOBKM C MapaMeTpaMH, KOTOPbIE COOTBETCTBYIOT IOJIEBBIM M3MEPEHUSAM (MEXK-
ANEKTPOAHBIN Iar 5 M, AynHa podusist 595 m). beutn Moay4deHbl CHHTETUYECKUE AaH-
Hble Kaxymlerocss YOC, KOoTopble MOJIBEPriM UHBEpcUU B nporpamme Res2DInv. B
pe3yabpTaTe MoJTyYyeHa CUHTETHUECKasl IBYMEpHasl reodJieKTpuieckast MoJienb (puc. 4),
KOTOpas MoKa3ajla pacpocTpaHeHue aHoManuil HU3kux Y JC, reHepupyeMbIX 3a7aH-
HBIM «METAJUTMYEeCKUM 3a00poM», Ha BCIO IIyOuHy paspesa. [Ipu cpaBHeHHH C T€o-
ANEKTPUUYECKON MOJENbIO, OJYyYEeHHON Ha OCHOBE U3MEPEHHBIX HaHHBIX DT Ha mpo-
¢une 2 (puc. 2), ICHO YBUJANM CXO0XKECTh aHOMANUK HU3KUX Y IC 3aJaHHOTO «MeTall-
JUYECKOT0 3a00pa» M YyYaCTKOB MEPECEUCHUs PEATBHOTO METAINTUYECKOTO 3a00pa Ha
wiomaake oovekra «Kpucramm. [lpu 3ToM HECOMHEHHO SIBHBIE Pa3IUYMsl dTUX T'€0-
ANEKTPUYECKUX MOJAEJEN MPOCIEKNUBAIOTCSA B UX LEHTPAIBHON YaCTH.
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Puc. 4. I'eoanekTpruyeckuii pa3pe3 NOJyUYECHHBIN B PE3yJIbTaTE MHBEPCUU JAHHBIX
PACCUMTAHHBIX JJISI MOJEJIH C MPOBOSIIMMH BKIIOUYCHUSIMU, UMUTHPYIOIIUMU 3200D
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CrienyromumM 1aroM CHHTETUYECKYIO0 MOJENIb OCJIOXHUIM BBOJOM Ha pasHbIe
ryOWHBI €€ IICHTPAJIbHOM YacTH HECKOJBKO MPOBOASIINX OOBEKTOB PA3IUYHON
¢opmbl ¢ HU3kUMU YOC (1.8; 3 u 11 Om'Mm) (puc. 5).
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Puc. 5. I'eoanexTpuueckas MoJIeNb CPEbl C BKIIOUSHUSIMU, UMUTUPYIOIIUME 3200D
U TIPOBOASIIMMH O0BEKTAMHU

3aTeM CHOBa MOBTOPWJIM MPOLEAYPY HPSAMOro MOAEIUPOBAHUS B MPOrpamme
ZondRes2D c nocnenyroieit 00paTHON MHBEPCHUEH MOTYUYCHHBIX CHUHTETUYECKHX JaH-
HbIX B porpamme Res2DInv 1 nosy4uiin COOTBETCTBYIOIIY IO T€03JIEKTPUUECKYIO MO-
nenb (puc. 6). CormiacHo 3Toil Mozenu, 00beKThl | U 2, HaxondIIuecs MPaKTUYECKU
MOJIHOCTBIO BO BTOPOM ciioe, (hopMupyroT aHoMaiinio HU3Kkux YIC Ha BCIO TIIyOUHY
paspesa. [Ipu aTom BusiHue o0bekTa 3, MOTrpy>KEHHOTO MOJHOCTHIO B TPETUH CIIOH, Ha
re0dJIEKTPUUECKYIO MOJIENb B IIEJIOM 0Ka3aJoCh HE3HAUUTEILHBIM, HECMOTPA Ha OoJee
HU3KHE ucxoaHo 3aaanubie YIC no cpaBHeHHIO ¢ oObekTamu 1 u 2 (1.8 OM-M BMecTO
11 u 3 Om'Mm). [lomyyeHHast CHHTETUYECKAS TE€O3JIEKTpUUECKasi MOJEIb OKa3alach IO-
00HOM MOJIENH, TOJYYeHHON MTPU MHBEPCUU U3MEPEHHBIX JaHHBIX. UTO JaeT ocHOBa-
HUE MPEIOJI0KUTh, YTO BBISIBICHHbIE aHOMAINHU HU3KUX YIC B LIEHTPaIbHOW YacTH
npoduiisa 2 (puc. 2) He CBsI3aHbI C TIOMEXaMU, BBI3BAHHBIMU METAJUTMYECKUM 3a00pOM,
WX UCTOYHUKAMHU SBIIIOTCS IPYTHE OOBEKTHI, BOZMOKHO TaJIbIE TIACTHI, HACHIIIICHHBIC
COJICHOU BOJIOH, WJIM METaJNIMYECKUe (KEJIE3HBIC) AIEKTPONMPOBOANIUE (HpPAarMEeHTHI.
CornacHo HalIero MpeanoIoKEHUs, MPOBOAAIIASA 30Ha B IEHTPAIbHOM YacTH pa3pes3a
npoduiis 2 Moriia BOSHHUKHYTH BCJIEACTBUE JETPAAllid MHOTOJIETHEMEP3JIBIX OTIO-
eHUU Ha riayouHax 10 20 M.

rnybuHa, m
oy

10°

10

103

50 100 150 200 250 300 350 400 450 500 550 75
paccrosiHue, m

Puc. 6. 'eoanexkTpuueckuit pa3pe3 MOJIyYEHHbIN B pe3yJbTaTe MHBEPCUU JAHHBIX
PACCUMTAHHBIX JJISI MOJAEJH C BKIIOUCHUSIMU, UMUTUPYIOIIUMU 300D
U TIPOBOJISIIIIUMU 00bEKTAMHU
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Buoieoownt

Mertannuyeckue OOBEKTHI: 3a00p U MOrpeOeHHBbIE (PparMeHThl 00CaTHON KO-
JIOHHBI O0EBOM CKBAXXMHBI 3aTPYAHSIOT UHTepHpeTanuio nanHbeix JT, co3naBas reo-
AIEKTPUYECKUE aHOMAINU CBEpXHU3KUX Y DC. BMecTe ¢ TeM, MHIUBUYaIbHbIA MOI-
X0J1 K KaXKJJOMy Ha0Opy MEPBUYHBIX TAaHHBIX Kaxytierocs Y OC Mo3BOJISIET BBHITIOJIHUTh
WHBEPCHUIO HA XOPOIIIEM YPOBHE.

O} heKTUBHBIM UHCTPYMEHTOM J1JIs BepU(DUKAIINY [TOJTYUYSHHOU B pe3yJibTaTe UH-
BEPCUU T€O3JIEKTPUUYECKON MOJIENIN SIBIISIETCS MPAMOE MOJECIUPOBAHUE C TOCHELYIO-
el UHBEPCUEH CUHTETUYECKUX JAHHBIX.

bnazooaprnocmu

PaGota BeinonHena npu noaaepxke rpanta POOU Ne 18-45-140020, no rocy-
napctBeHHoMy 3amannro MMI'M CO PAH, no rocyaapctBeHHOMY 3aka3y Ne
®.2019.473808 B pamkax mporpammbl «ObecrieueHrne SKOJIOTMIeCKOi 0€30IMacHOCTH,

PaAIlMOHAILHOTO MPUPOJIONONB30BAHUS U Pa3BUTHE JECHOrO Xo3siicTBa PecnyOauku
Caxa (Skyrtus) Ha 2018 — 2022 rr.».
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