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YerpoiicTBo A re0djIeKTPHYecKoro NpoguIHpoBaHus
MOYBEHHO-MeP3JI0THOI0 KOMILIEKCA

H300peTenne  OTHOCHTCS K 0OJAacTH TIeoQH3UYECKHX H3MEPEHHH H MOXeT OBITh
HCIOJIB30BaHO I BEPTHUKAIBHOTO JJIEKTPUMYECKOIO 30HAMPOBAaHMS IOYBEHHO-MEP3JIOTHOIO
KOMIUIEKCA, ITOYB, TPYHTOB M HHBIX MUHEpAJIbHBIX 00pa3oBaHHiA.

M3BecTHO yCTpOMCTBO 171 OBICTPOrO M3MEPEHHs DJIEKTPHUYECKOM NPOBOXMMOCTH B
obpasue ropHoit mopozs! [1], mponecc U3MEpEHUs XapaKTEPU3yeTCs TEM, UTO JIEKTPHYECKHE
CUTHAJIBl TMOJAIOTCA OJHOBPEMEHHO B o0Opa3el] M H3MEPEHHbIE  pa3sHOCTH IOTCHIHMAIOB
3aIlIMCBIBAIOTCA B IpPHEMHOM ycTpoiictBe. IIpu 3TOM HEOOXOMMMO MOrpYXEHHE MHOMXECTBA
IHTAIOIHKX JJIEKTPOAOB B aHAJIM3UPYEMBIi oOpasell.

W3BeCTHO yCTPOHCTBO IJISi NEKTPUYECKOM TOMOrpaduyu rpyHTa, KOMOHHMPOBAHHOE C
Oypom [2], mosBonsiolee IPOBOAUTH IIyGOKYH pasBEAKYy TOpHBEIX Iopox. Hemocratkom
yCTpOIiCTBa sSIBIIs€TCS HeoﬁxonnMocﬁs OJJHOBPEMEHHOTO OypeHHs U IMPOBEACHHS dJIEKTPUUECKOM
ToMOrpaguu rpyHTa B ONHOM TOUYKE, YTO JHOPOrO, HE JOCTATOYHO JOCTOBEPHO U
3aTPYAHUTENIFHO IPUMEHHUTENILHO K MaJIBIM FOPH30HTAIBHBIM Pa3HOCaM.

U3zsectHo ycTpoiicTBo, Haubonee 6iH3Koe K 3asBIIsIEMOMY H306PETEHHIO, H BHIOpaHHOE
B KayecTBe MpOTOTHNA [3], BKIIOYAIOIEe CHCTEMY IUI1 H3MEPEHHS I'€OJOTMYECKUX JAaHHBIX,
CPEACTBO I OJHOBPEMEHHOMW MEpeJavyl JJIEKTPHYECKOIO TOKa B TEOJIOTHYECKYIO (OpMAaLiuio
4€pe3 MHOXECTBO D3JIEKTPOJOB H CPEACTBO JUIA CYHTHIBAHHS MHOXECTBA JJIEKTPHYECKHX
CHTH&JIOB, BO3HHKAIOIIMEC B DPE3YJbTATE INIEKTPHUYECKOTO TOKA. YCTPOMCTBO TaKXe HMMeEET
CPEACTBO UL 3aIIUCH DJIEKTPUYECKMX CHTHAIOB M CPEICTBO A 0OpabOTKH 3JIEKTPHUYECKHX
CHUTHAIOB B HA0Op NaHHBIX. YCTPOMCTBO OGecreddBaeT Nepenady SIEKTPHUYECKOTO TOKA B
TeONIOTHYECKOe  O0pa3sOBaHME C KAKAOTO H3 MHOIOYHCIICHHBIX INPHEMONEPEIATIMKOB
T€0JIOTHYECKHX JJAHHBIX ONHOBPEMEHHO HA OCHOBE OOIIEil MPHBS3KH 110 BPEMEHM Ha KaXIOM
IPDHEMONICPEAATIUKE,  JJICKTPHYECKMH TOK €  KaXIOro  HM3  MHOTOYHCIIEHHBIX

IIPUEMOIIEPENATYMKOB T'€OJIOTHYECCKAX JaHHBIX OJHHAKOBOM YacTOTBI M (bOpMBI BOJIHBI, H




- CHHTBIBAHHC OJHOTO HJIHA Oojiee cHrHajma Kak ANICKTPAUYCCKUX JHaHHBIX C TCOJIOTHYCCKHX

obpazoBanmii [3].

HenocrarkoM H3BECTHOTO YCTPOMCTBA SBIISETCS] HEJOCTATOYHO BHICOKAs JOCTOBEPHOCTH
UCCIeNOBaHus O0CIeIyeMbIX IUIOIaAeH, 3a CYeT TOro, YTO H3BECTHOE YCTPOHCTBO  HE
TI03BOJISET U3MEPATH JJIEKTPUIECKOE CONPOTHBICHHE Ha HeQHKCHPOBAHHBIX HHTEPBaIaX IIIyOUH
CJIOEB II0YB U IPYHTOB H He 00ecleynBaeT KOMIUIEKCHOCTh HCCIIENOBAaHMS BCEH obCIeyeMoi
IUIOINAAM, YTO B LIEJIOM BEIET K JalbHEHINEMY CHIDKEHHIO JOCTOBEPHOCTH  MOHHTODHHIA,
KpOME TOTO, H3BECTHOE YCTPOHCTBO He TMO3BOJISET OCYIIECTBISATH OBICTpPOE H3MEPEHHE
3JIEKTPHYECKOTO COIIPOTHBJICHHS Ha MAIBIX TI'OPH3OHTAJIBHBIX HHTEPBAJIaX Pa3HOCOB IMUTAIOIIHX
3JIEKTPOJIOB, YTO JIEJIACT €r0 HEIPUMEHHMBIM IS IETANBHOIO UCCIIENOBAHHUS TI0YB U IPYHTOB C
JIMANa30HOM H3MEPEHHUH DJIEKTPUUECKOTO COPOTHRIICHAS Ha ITyOHHax nopsaka 5-10 cm

TexHu4yecKMM pE3yJbTATOM 3aBUIEGHHOTO  yCTPOWMCTBA SBIIETCS MaKCHMaJbHOE
obecrieueHre KOMILICKCHOCTH  HMCCIENOBaHMSA Bced oOcneayeMod IUIOMAAH, IIOBBIIICHHE
JOCTOBEPHOCTH MOHHMTOPHHIa IIPH IUIOMIAJHOM HCCIEIOBAHHM, YTO OOECIIEYMBAETCA 3a CUET
YMEHBIICHHAS. HHTEPBAIOB BEPTHUKAJIBHOTO D3JIEKTPUYECKOrO 3OHIMPOBaHHS, (HKCALUH
reoOMEeTPHUYECKON KOH(Hrypanuu 3JI€KTPOAOB Ha BBHIHOCHOH MaHENIH U YBEIMYEHHE CKOPOCTH
U3MEPEHHUS DJIEKTPUYECKOTO CONPOTHUBJICHHUS, a TAaKXE 3a CYET YBEJIMYEHHE pa3pellarolnei
CIIOCOOHOCTH 3afABISIEMOTO YCTPOHCTBA  INPHM MaibIX BEJIMYMHAX PAa3HOCOB IHUTAIOLIUX
SNMEKTPOLOB, YTO IO3BOJISIET ONPEIACNATh BEIMYMHY IJIEKTPHUECKOTO CONPOTHBIIEHHS, B TOM
yucie, Ha HEOOJBIIHX HHTEpBaTax MIyOWH CJIOEB IOYB M TPYHTOB, a, CJEJOBaTE/IbHO,
obecrieynBaeT KOMIUIEKCHOCTb MCCIIEIOBAHUHM NPH IUIOIIATHOM 00C/IEIOBaHUH BCeil TOYBEHHO-
MEP3TIOTHOM TOJIIM U JaeT 6ojiee JOCTOBEPHEIE CBEACHUS O COCTOSIHMM ITOYBEHHO-MEP3NIOTHOH
TOLIH.

VYKa3aHHBIA TEXHUYECKHH pE3yJbTaT JOCTHIAECTCS TEM, YTO YCTPOMCTBO COHEPXKHUT B
KOpIyce AOMOJHHUTENbHBIE BBIXOABI [UIS INHTAIOIMMX M IPHEMHBIX 3JIEKTPOJOB H HMEET
INIACTHKOBYIO IaHENh C pa3MEIIEHHHIMH Ha HeM neppOpHpOBaHHBIMM OTBEPCTHSIMH Ha
paccrosaun 10 cM apyr ot apyra ¢ ¢uKcaTropaMu 3JIEKTPOAOB. 3HAYHUTEIBHOE YBEIHYEHHE
CKOPOCTH HM3MEpPEHHH 3JIEKTPUYECKOrO COIPOTHUBIICHHS HOCTUraeTcsi TEM, 4YTO IpHEMHBIE
DJIEKTPOABI Pa3HOCATCS IO TOPU3OHTANBHOH IUIOCKOCTH IPH MOMOIIM IJIACTHKOBOH MaHETH ¢
¢uKcaTOpaMH JJIEKTPOJOB. MexaHH3UPOBAaHHOE pa3HECEHHE JJIEKTPOJOB obecreyuBaeT
NOBHIIIEHHYI0 TOYHOCTh M BBICOKYIO CKOPOCTh H3MEPEHHS 3JIEKTPUYECKOTO COMPOTHBIEHUS
O0YBBI Ha HHTepBajiax rIyouH 10-50 cM npH BEPTUKAIBHOM 3JIEKTPHYECKOM 30HAUPOBAHHH.

CymHocTb H300peTeHns noscusercs Our.




Ha @ur. mnpuBemeHa cxema 3aBSIIEHHOTO YCTpOMCTBA JJIs TI€O3JIEKTPHYECKOrO
npoUIHPOBaHUS HOYBEHHO-MEP3JIOTHOTO KOMILIEKCa

VCTpOHCTBO  COAEPXKHUT: |1 — IIACTHKOBBIA KOpPIyC, 2 — MHJUIMBOJLTIMETD, 3 — OJIOK
namaTd, 4 — H3MepAIoIiee YCTPOMCTBO, 5 — HCTOYHHMK IHTaHMsA (OaTtapes), 6 — BBIXOX
IHTAOMEro 3JeKTpoaa A, 7 — BBIXOX HPHEMHOro 371eKTpoga M, 8 — BBEIXOA IPHEMHOTO
anextpoaa N, 9 — BeIXoA muTaroiero 3nexrposaa B, 10 — nmeperocHas Monens ¢ huKcaTropamn
3NIEKTPOAOB, 11 — 12- ¢hukcaTopsl NEpeABUTaOIUXCS MUTAOIIMX 3JIEKTPOIOB.

PaGora 3asBmsieMOro ycTpoHCTBa OCYIIECTBJIAETCS  CIEAYIOIMM  00pa3oMm:
3JMEKTPHUYECKHM TOK OT UCTOYHHKA MUTAHUSA (5) MojaeTcsi Ha MUTAIOLIUE JIEKTpoasl A (6) u B
(9), yriayOneHHble B MHHEPAIBHYIO 4YacTh HOYBBI, IpUeMHbIe »jekrpoasl M (7) u N (8)
U3MEPAIOT HAIIPSHKCHUE JIEKTPHYESCKOTO II0JIs, HABEACHHOIO NMUTAOIMUMH 3JIEKTpoAamMu A u B.
Jns yckopeHus IMpouedypbl W3MEPEHHH YCTPOHCTBO COAEPXKHT IUIACTHKOBYIO IEPEHOCHYIO
nanenb (10), coeMHEHHYIO C KOpIIycOM IUTacTHKOBOH mTaHroi. Ha nepenocHoil maHenu
pacroyoeHsl (UKCaTOphl nuTalomux tekTpopoB (11, 12), xoropble pasHOCATCS IO
BEPTHKJIABHOM JIMHUM 30HAUPOBaHUS H (QHUKCHPYIOTCS Ha IUIACTHKOBOH IIaHEIM B
COOTBETCTBYIOIMUX OTBEPCTHAX. [locie ¢puKcanuy MUTAIOMMX NEKTPOAOB Ha IIAHEJH Yepe3 HUX
IPOIYCKAIOT JJICKTPHYSCKHiA TOK M Ha IPHEMHBIX IeKTpoaax M u N puKCHpYIOT HanpsDKeHHE
anekrpuueckoro moiisi. COOTBETCTBYIOIINE NaHHBIC (GHKCHPYIOTCA MHIUIMBOJIBTIMETpOM (2),
H3MEPSIOIINM ycTpoiicTBoM (4) U pukcupyrorces B 610Kke nmamatH (3).
3asdBICHHOE YCTPOHCTBO OBUIO ampoOHpOBAaHO B IOJNEBBIX YCIOBHUAX MHOJSIPHOH TYHHApPEHI, B
YyacTHOCTH, JSIMano-HeHenkoro aBTOHOMHOIO OKpyra. B pe3yibraTe 3KCHEpHMEHTOB OBLIO
TIOJTBEPXKIEHO JOCTHOKEHHE YKa3aHHOTO pe3ynbraTa: MOBBIIIEHHE CKOpOCTH
SNMEKTPOPU3NYECKHX H3MEPEHHH, IIOBBIIICHHE 3a CYeT JTOro, HHGOPMATHBHOCTH U
JIOCTOBEPHOCTH OOCIEAYEMBIX HAa INPHUTOJHOCTH JUIS CTPOHTENHLCTBA IOYBEHHO-MEP3JIOTHBIX
TTOJIIII.

ITpumep 1

BeIcTpOTa M KOMIUIEKCHOCTH 0OOCienoBaHUs oOecmeumBacTCs TEM, 4YTO IHTAIOIIHE
NEKTPOIBl Pa3HOCATCS HE BPYYHYIO, a C HCIIOIHb30BaHHEM IepOpUPOBAHHON IIACTHKOBOH
MaHeaH C (QHUKCATOpaMH 3JIEKTPOAOB, C IOMOIIBIO KOTOPOH 3JEKTpOAbl (GHKCHPYIOTCS HpH
OIlpeIeJICHUN HHTEPBAIbHON KOH(GUTYpalli BEPTHKAIBHOIO 3JIEKTPHUECKOTO 30HAMPOBaHHUA Ha
MOBEPXHOCTH ITOYBEHHO-MEP3IOTHOTO KOMILIEKCA. IIpu mnpoBeneHMH BEPTHKAIBLHOTO
SNEKTPUYECKOTO 30HIMPOBAHHS ITOYBEHHO-MEP3NOTHOTO KOMIUIEKCAa ONTHMAJbHBIM SBISETCS
pa3HeCeHHE NHUTAIOIUX JJEKTPONOB Ha Mayble paccTosHus, a mMeHHo - 10-50 cM, uro

ofecrieunBaeTcsi HaIMIUEM (PUKCATOPOB HA BEIHOCHO# IUIACTHKOBO# NAHEIH YCTPOHCTBA.
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I/I3Mepanp1 JJIEKTPHYCCKOE CONPOTHUBJIICHHE IMOYBCHHO-MCP3JIOTHOIO KOMILICKCA C

MaJIbIMH pa3HOCaMH MHUTAKOLINX JJIEKTPOAOB, Sa(bHKCI/IpOBaHHBIX Ha INTACTHKOBOW IaHENH, YTO

HO3BOJIMIIO MPOBECTH IKCIIPECC-3TICKTPHUUCCKOE 30HJAMPOBAHHC HaA I‘JIY6PIHHBIX HHTEpBaJIax

BCPTHKAJIBHOI'O JICKTPUYECKOI'O 30HAUPOBAHMS 10 10 cm

I/IsmepeHne 3JIEKTPHYECKOI'0 COIIPOTHUBIICHUSA IIOYB Ha pa3HOCAX IMUTAIOIIMX J3JICKTPOJIOB

10-200 cM B MOYBEHHO-MEP3JIOTHOM TOJILIE IOTyOCTpOBa SIMaI IpuBeieHbl Huxe B Tabune 1.

Paccrosinue MECXIY IATAIOIUMHU JJICKTPOAaMH Benuuuna AJICKTPHYECKOI'0O COIPOTHBJICHH A,
AuB OM'M
10 45
20 23

30 67

40 223
50 456
100 900
150 1500
200 2700
[Tpumep 2

I/I3MepSIJII/I JJICKTPHYECKOEC CONPOTHBJICHUC IOYBCHHO-MEP3JIOTHOIO KOMIUICKCA C

pasHoCcaMH MHTAIOIMIUX 3JEKTPOAOB C HHTICpBAJIaMH 110 50 CM, 3a(ancnp0BaHme Ha

IUTACTHKOBOM IMAHEJIM, YTO MO3BOJIMIO IIPOBECTH 3KCIPECC - IJICKTPUYCCKOE 30HAMPOBAHUC HA

TTyOHHHBIX HHTEPBATAX BEPTUKATBHOTO MEKTPHYESCKOro 30HIMpoBanus 10 50 cM

HBMCpCHI/Ie 3JICKTPHUYECKOr0o CONPOTHUBRICHHA II0YB Ha pa3sHOCaX NUTAOHIUX 3JICKTPOJIOB

50-500 cMB IOYBEHHO-MEP3JIOTHOM TOJIIE HOIYyOCTPOBa SIMai npuBeieHs! B Tabnuue 2

PaccTosiHHE MEXY MUTAIOLHMH 3JIEKTPOAAMH
AuB

BenmuurHa 37€KTPHUUECKOrO CONPOTHBIICHHS,
OM M

50 67
100 780
150 820
200 970
250 1230




300 2500
350 3900
400 . 4500
450 4700
500 12009

Pe3ynbTaThl HMCIBITAHMN TOKA3add, 4YTO 3aj4BJEHHOE YCTPOMCTBO IO3BOISCT C
TIOBBIIICHHOM CKOPOCTBIO M HAa HEGOJNBIIMX HHTEpBAlaX IIyOWH MPOBOJHTH BEPTUKATLHOE
MEKTPAYECKOH 30HIMPOBAHHE IOYBEHHO-MEP3IOTHON TOJIIHM, 4TO obecrednBacTcs PuKcamme
PasHOCHMBIX MHTAIOIMX SEKTPOAOB HAa BHIHOCHOH MIIACTHKOBOH NAHENH, MPHKPETUICHHOH K
KOpIIYCY YCTPOKCTBA, ¥ IIO3BOJISIET HONY4aTh GOMBIIYIO HHGPOPMATHBHOCT U JIOCTOBEPHOCTH O
COCTOSIHMH TIOYBEHHO-MEP3JIOTHBIX TONII IS MX aHATH3a Ha MPHTOHOCTH Ha OOCIeXyeMBIX

IUIOIIAAAX PAHOHAJIBHOCTH CTPOMTCIIBCTBA.
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2. Tarent US 2016/0223703 Borehole while drilling electromagnetic tomography advanced
detection apparatus and method
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sources (IIPOTOTHI)




((YCTPOﬁCTBO AJIH T€OIJIEKTPHYECKOro leOd)l‘lJ'lllpOBaHHﬂ MO4YBE€HHO-MEP3JIOTHOI'O
KOMILJICKCA»

®opmyna n3obpeTeHus

YCTPOHCTBO OIS TEOINEKTPUYECKOr0 MPOQIIHPOBAHMS ITOYBEHHO-MEP3JIOTHOTO KOMILIEKCA,
colepkaiee Kopmyc, Oarapero, 00K maMsTH, CPENCTBO 3allMCH JJCKTPUYECKUX JAHHBIX,
cpencTBo 0OpabOTKH AJIEKTPHYECKUX CHTHAJIOB B HA0Op JAHHBIX, BBIXOIABI AJS NHUTAIOMUX U
H3MEPSIONINX JJIEKTPOIOB B KOPIIyCe, JIEKTPHYECKUE IIPOBOJA, COSAMHSIOIIUE ITHUTAIOIUE H
H3MEPSIOIIHE 3JEKTPOIBI CO CPEACTBOM 3aIIUCH 3IEKTPUUYECKUX JNAHHBIX, OMIUYAIOULCECA MeM,
YTO K KOPIYCYy YCTPOHCTBA MEXAY OTBEPCTUSAMH, BBIBOJSLIMMM IHTAIOMIKME JJIEKTPOABI B
MOCPEICTBOM ILIACTHKOBOTO MPO(HIIL ¢ 3NEKTPUUECKUMH NPOBOJAMH C IMOMOIIBIO Pe3bOOBBIX
COeIMHEeHH TPUKpEIUIeHa IUIACTHKOBAas TaHeJ b C pa3MEIICHHBIMH Ha Hel nepdopupoBaHHBIMU

OTBEPCTHSIMH Ha paccTosHHH 10 cM apyr ot apyra ¢ GpuKcaTopaMH 3/1€KTPOJIOB.




YCTpoiCTBO M1 re03JIEKTPHUECKOTO
npodUIMPOBAHMS TOYBEHHO-MEP3IOTHOTO
KOMILIEKCa
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