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AKTYAJIBHBIE PABPABOTKH: AIIITAPATYPA U KOMIUVIEKCBHI
JIJISI TEO®U3UYECKNUX UCCJIEJJOBAHUIM CKBAKWH HA MECTOPOXJIEHUAX
TBEPABIX ITIOJIE3HBIX NHCKOITAEMBIX 1
INOA3EMHBIX BOJ

PaCCManI/IBaIOTCSI KOMIIJICKCHI Pa3jiIndHbIX METOJOB KapoTaka HJId UCCICAOBAHUA PYAHBIX, YTOJbHBIX U T'HAPOICOJIO-
TUYCCKUX CKBaXXHWH. HpI/IBe,HeHI)I MMPpUMEPLI UCITOJIB30BAHUS CHICHUAIU3UPOBAHHBIX allapaTypHO-MCTOAUYCCKHUX KOM-
IIJICKCOB JId pCHICHUS IUPOKOIo Kpyra reonoro—reo@mnqecxnx 3aJa4 Ha MECTOPOXKACHUAX 30J10Td, XPOMUTOB, ajIMa-
30B, ypaHa, yrijs, IpECHbIX BO.

Kniouesvie cnosa: Kapomaoic, annapamypHo-Memoc)ulteCKue KOMMNJIEKChl, MQCI’I’ZOpOJiCdeHM}Z meep-
ObIX NONE3HbIX uckonaemanlx, zudpozewzoeuﬂ, pyOHble CKBAIJNCUHDbL, CKEAJNCUHHbLE npu60pbl

PaboTel pyIHO-THIPOTEOIOTHYECKOTO HampaBieHus: reodusnku Havatel B0 BHUUTUC B
1970-x rogax. OcHOBHas 3ajjaya JAHHOTO HAmNpaBlieHHs — pa3paboTka HU(POBBIX KapOTaXHBIX
CTaHIIMU U amnmapaTypHO-METOANYECKUX KOMIUIEKCOB (AMK), KOMIIEKTYEMBIX PETUCTPUPYIOIIEH
anmnaparypoi, TeXHOJIOTHYECKHUM MPOTPaMMHBIM OOecrieueHreM, HabOpOM CKBaKMHHBIX IPHUOOPOB
U CIIyCKOIIOJbEMHBIM 000pYyIOBaHMEM JUUIsl BBIMIOJIHEHUS MCCIEIOBAaHUN B HErNTyOOKHMX CKBa)kKMHaX
MaJjioro JuameTpa Ha MECTOPOKICHUAX TBEPABIX MOJIE3HBIX NCKOMAEMbIX U IIOJI3€MHBIX BOJ.

3aMeTHBIN 3Tan BO3POKIACHUS U MHTEHCHBHOI'O Pa3BUTHUS JAHHOIO HAIPaBIEHUs ObLT CBS-
3aH C OCHOBaHHMEM Ha 0a3e oTJeNia paJHOoaKTHBHBIX MeToa0B Kapotaxxa BHUNI'MIC manoro Hayy-
Ho-ipousBoicTBeHHOro npennpusatus «MHTEO» (OO0 HIIT «MHI'EO»), koTopoe B HacrosIiee
BpeMs CTaJIO OAHUM U3 Beaynux B Poccun B 00macti pa3pabOTKH M U3TOTOBIICHHS reopu3nuecKon
annaparypsl pyAHO-THAPOre0I0rHYECKOro U He(Tera3oBoro HampaBiIeHUH reo(pu3nyeckux uccie-
noBanuii ckBaxxuH (I'MC).

[Mpeanpustue «MHT'EO» 6p110 ocHOBaHO B 1999 rony nmox pykooacteom 1.T.H. E.C. Ky-
YypHHa — OJTHOTO U3 BEAYIIMX CIIEHUAIMCTOB B HAIlIeH cTpaHe B 001acTu sinepHoit reodusuxu. [Ipu
€ro HeNOCPEJICTBEHHOM YYacTHM ObUIM Pa3pabOTaHbl M BHEAPEHBI B MPOU3BOACTBO YHHUKAJIbHBIC
CKBa)XMHHBIE TTPUOOPHI, reopru3nuecKkue METOUKH M KapOTa)KHble KOMIUIEKCHI: armapaTrypa CIek-
TPOMETPUUECKOI0 TIaMMa-KapoTa)Kka, CTALlMOHAPHOIO W HMMIYJbCHOTO HEWTPOHHOIO KapoTaxa,
KOMIIbIOTEPU30BAHHBIN aNapaTypHO-METOANYECKHH KOMIUIEKC «AJMas3y, MpUOOph! MIOTHOCTHOIO
U CEJIEKTUBHOIO TramMMa-raMma kaportaxa. Kpome siepHO-reo(hu3nyeckoro, MOJy4YHId Pa3BUTHE
HaMpaBJIeHUs B 00JaCTU AJIEKTPUUECKUX U IEKTPOMArHUTHBIX METOJOB, OBLIO HAJIaXKEHO MPOU3-
BOJICTBO COOTBETCTBYIOIIUX CKBaXUHHBIX IPUOOPOB.

PaszButne anmapatypsl [ IC B 3HaUNTEIHHOM CTENEHU CBSI3aHO C IMTUPOKOMACIITAOHBIM BHE-
JApeHHEeM MPOTrPaMMHO-YIPABISEMBIX WH(POPMAIIMOHHO-U3MEPUTEIBHBIX CHCTEM. B aTOM Harpas-
nennn B OAO HIIIT «BHUUTUC» u OO0 HIIIT «MHI'EO» B HacTosiee BpeMs pa3pabOTaHbl U
ycrenHo (pyHKIIMOHUPYIOT KoMITbloTepru3oBaHHble AMK, npenHazHaueHHbIE Ul PELICHHUS T€0JI0-
IMUYECKHUX 3a7]ad Ha MECTOPOXKICHHUAX TBEPAbIX MOJIE3HBIX HCKOMAEMBIX M MTOJI3eMHBIX BoA. Ob0nanas
OOJIBIINM MOTEHIMAJIOM JUISl PETUCTPAINH, BU3yalu3auuu U oopaboTku pesynsratoB ' IC, AMK
OTKPBIBAIOT HIMPOKHE (PYHKIIMOHAJIBHBIE BO3MOKHOCTH IO YIPABJIEHUIO TEXHOJOTMYECKUM IpO-
LIECCOM ITPOBEJIEHUS CKBAKUHHBIX MCCIIEOBAHNM.

OcHoBy AMK cocTaBmstOT crieayroniue OJ0Ku:

— 1udpoBbIe KapoTaKHbIE perucTparopsl («Bynkan V3» unm aHajgoruyHbie), 0OecrednBaro-
e coop, XpaHeHue U 00pabOTKY JaHHBIX;

—  CIIyCKO-TIOJJb€MHO€ 000pYAOBaHUE C JIOOBIM THIIOM MPUBOAA M TEXHOJOTHUECKUMH AATUH-
KaMU JIJIs1 UCCIIEIOBAHUS CKBaXKUH Ti1yonHo# 50-2000 m;



— KOMIUIEKT CKBOKUHHBIX MMPUOOPOB METKOCEPUMHOTO U UHIUBUIYATHHOTO U3TOTOBIICHUS 110
TEXHUYECKUM TPeOOBaHUSIM 3aKa3uHKa;

— CpPEICTBa METPOJIOTUYECKOTO KOHTPOJIS;

— MaKeT TEXHOJOTUYECKUX U MPUKIAAHBIX TPOrPaMM;

— OopToBo# KOMIBIOTED. [7]

Jliist reopu3NYECcKuX UCCIEAOBAaHUN PYIHBIX U THAPOTEOIOTHISCKIX CKBAXHUH TPe/IararoT-
csl TI0ObIe TUIBI CKBAXKUHHBIX MPHOOPOB A/IEPHO-TEOPUZNYECKUX, DIEKTPUUECKUX U dJIEKTpOMar-
HUTHBIX METOJOB KapoTaxa JJIsl 1IeJICHANPABIEHHOTO U3YYeHHS 3JIEMEHTHOTO COCTaBa FOPHBIX MO-
POl ¥ pyI LBETHBIX, OJArOPOAHBIX U PEIKO3EMENbHBIX METAJIJIOB, IOMCKA U Pa3BEIKU MECTOPOXK-
JIEHUM yTiis, ypaHa, aJiMa30B U MOJ3EMHBIX BOJI, @ TAKXKE ONPECICHUS TEXHUYECKOTO COCTOSIHUS
CKBaYKUH.

C uenpio noxydeHus: Haubosiee NOJTHONH HH(POPMALIMKU O pa3pe3e CKBAKUHBI YCTaHABIMBAECT-
Csl OIpeNieJIeHHbIN KOMIUIEKC reodu3nueckux uccineaoBanuii. CoctaB KOMIUIEKCA 3aBUCUT OT BHUJA
MOJIE3HOTO MCKOMAeMOro, TUIA Py, XapaKTepa BMEIIAIOIINUX MOPOJI, YCIOBUMN 3aJeTaHusl, HaTU4Hs
COIYTCTBYIOIIUX 3JIEMEHTOB, HA3HAYEHHSI CKBAXHUHBI (T€0JIOTHYECKUMHU 3a7jauaMi, TIOCTaBJICHHBIMU
nepes; OypeHueM), reosioro-reohu3nYeckor XapakTepUCTHKH U3y4aeMoro pas3pesa U YCIOBHHA H3-
MEpEHHI.

I'C npumeHsIOTCS Ha BCEX PYIHBIX MECTOPOXKIACHUSX, BKIIOUYAsi METaNIMUecKue (AKenes3o,
XpOM, Mapraserl, HUKeJb, aTlOMUHHI, MeIb, OJIOBO, CepeOpo, OEPIILTUI U JIp.) U HEMETAININYECKHE
MOJIE3HBbIE MCKOMAaeMble (aJIMasbl, yrojib, anaTUThI, (IIOOPUT, HOCPOPHUTHI, KaTUIHBIE COJH, Mpe-
CHBIE BOJIBI | JIp.).

OcHoBHbIM MeToioM ['MIC siBnsieTcs raMMa-KapoTax, KOTOPBIM B COOTBETCTBUU CO CTapoi
Texanueckoit nHCTpyKIKei no nposeneHuto ['MC [11] nmpoBoauTcs BO BceX CKBaKMHAX B 00s3a-
TEIBHOM TOpsiiKe. NHKIMHOMETPHUS JOJKHA MPOU3BOAUTHECS B BEPTUKAIBHBIX CKBAKHHAX TIyOU-
Ho#t 6osiee 300 M M HaKJIIOHHBIX CKBakHHaX TiyouHoi 6osee 100 M. HeoO6XxoaumMoCTh BBITIOTHEHUS
JIPYTUX BHIOB KapoTaxka 0OYCIIOBICHA THIIOM U (PU3NYECKUMHU CBOHCTBAMH Pa3BEABIBAEMOTO TO-
JIE3HOTO MCKOIAEeMOT0 M BMEILAIOLIUX MOPO/JI, PEIIaeMbIMH I'€0J0r0-reoU3NIecKUMH 3aJa4aMi, a
TaK)Xe T'eOJIOTUYECKUMHU OCOOCHHOCTSIMU HCCIeNyeMbIX 00BeKkTOB. [Ipu BhIOOpE parmoHAIBLHOTO
(HE0OXOIMMOTO M JOCTATOYHOro) KoMmruiekca mMeTonoB ['MIC yuuThiBaroTcs Takue (usndeckue
CBOMCTBA TOPHBIX MOPOJI, KAK COMPOTUBIIEHUE, SJEKTPOXUMHUECKAsi aKTUBHOCTb, MOJISIPU3YEMOCTb,
MarHuTHas BOCIPUUMYHMBOCTh, HAMAarHMYEHHOCTb, €CTECTBEHHAs W HMCKYCCTBEHHAas paJHOaKTHUB-
HOCTB, IUNIOTHOCTb, 3()()eKTUBHBIA aTOMHBI HOMEp, TeMIIepaTypa, HEUTPOHHBIE U YIIPYTHE CBOUCT-
Ba. Kak mpaswuiio, no0ast pyaa XoTs Obl 10 OTHOMY U3 3TUX CBOMCTB, a Yallle BCEr0 M0 HECKOJIbKUM
Y3 HUX, OTJIMYAETCS OT BMEIIAIOIINX TTOPO/I.

OcHoBHBIMU 3aa4amu, pemaeMbiMu [ IC Ha pyaHBIX MECTOPOKICHUSX, SIBJISIOTCS:

— JIUTOJIOTMYECKOE PACWICHEHUE Pa3pe30B CKBAKUH;

—  BBIJICJICHUE PYAHBIX HHTEPBAJIOB, OMPEIC/IEHNE UX MOIIHOCTH U CTPOCHUS;

— OIpeAesIeHUE COAECPKaHUS PYIHBIX KOMIIOHEHTOB;

— H3y4YEHHUE FUAPOTreOIOTUUECKOr0 PEKUMA MECTOPOKACHUN U OTJEIbHBIX YYaCTKOB;
— KOHTpPOJIb 32 TEXHUYECKUM COCTOSIHUEM CKBaXXUH. [10]

OCHOBHBIMU METOJAMHU JIUTOJIOTUYECKOTO PACWICHEHHUs pa3pe3a SIBISIIOTCS CTaHAApTHBIN
anektpuyeckuil kapotax (KC, IIC), ramma-kaporax (I'K), kaBepHOMeTpus, KapOTa)k MarHUTHOM
BocripuuMuuBocTd (KMB). Ha ydactkax, r/ie mopucTOCTh M BJIArOHACHIIIICHHOCTH TTOPOJI SBIISFOTCS
CyliecTBeHHBIM (akTopoMm, B komruiekc ['MC BkIOYalOT METOJbl HEUTPOHHOTO KapoTaka
(H'K/HHK), ompenenstomme Bogopoaocoaepkanue cpeapl. OMHUM W3 BEAYIIUX METOJOB TPH
pacWIEHEHUH T€O0JOTHYECKOro pa3pe3a CKBAXKMH BBICTYNAET IJIOTHOCTHOW raMMa-ramMmma KapoTax
(I'TK-IT). Beigenenue u u3ydeHrue pyaHBIX HHTEPBAIIOB OCYIIECTBISCTCS CIEIHAIBHBIM KOMILICK-
com ['MC. Tak, Ha TOTUMETAIITNYECKIX, KOTYSTaHHBIX, METHO-HUKEJIEBBIX U JPYTUX CYIb(OUTHBIX
MECTOPOKICHHSX, a TAK)Ke Ha MECTOPOXKIACHUSIX 30JI0Ta, 0JI0BA, U JIPYTUX 3JEMEHTOB, COMPOBOXK-
Jarommxcs ooraTod cynb(GUIHON MHHEpATU3AKEH, BBIICIICHUE PYIHBIX HHTEPBAIOB MPOBOIUTCS
metonamu KC, T1C, 'K B mporiecce TUTOJIOTMYECKOTO pacujIeHEeHUsT pa3pesa B 1esnoM. Pymsl, co-
JiepiKalle MUPPOTUHOBYIO MHUHEpalu3aluio, pacwieHstorcs Merogom KMB. Jlns onpenenenus
KOJIMYECTBEHHOT'O COJIEpKaHUsI METAJUIOB B PyAax MPOBOJAT CIIEIMAIbHBIE METOIbI KapoTaxka. Ha-
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pUMep, 7S 3JIEMEHTOB, 00JIaaroIuX MOBHIIIEHHBIM cedeHrneM aktuBauuu (Cu, Al, Mn u np.) —
3TO HEUTPOHHBIA AKTUBALIMOHHBIA KApOTaX, IUIS Py TAKEIbIX METAIOB C OOJBIIMM aTOMHBIM
HomepoMm (Cu, Pb, Hg, Sr u n1p.) — peHTreHOpaJuoOMETPUUECKU KapoTax, JJIs SJIEMEHTOB C BBICO-
KHM CEUYCHHUEM IOTJIOMICHHS TeIJIOBBIX HeUTpoHOB (B, Hg, Mn) — HEUTpOHHBII KapoTaxk MO TETUIO-
BBEIM HEHTpOHAM, JJII €CTECTBEHHBIX paauoakTuBHBIX 3neMeHToB (U, Th, K) — cnektpomeTpuye-
ckuit 'K, my1s MarHuTHbIX pyn xene3a — KMB u T. 1. [10]

Bonee monpoO6HO OCHOBHBIE 33J]a4u PYAHOTO KapoTaka U PEKOMEHIyeMble THUIIOBbIE KOM-
miekcel ['MC Ha pyAHBIX MECTOPOXKACHUAX paccMOTpeHHI B [6]. Huxke npuBoasTca nmpuMepsl Ipu-
MeHeHus pa3nuuHbiX AMK B ckBakMHax Ha MECTOPOXKJEHUSX TBEPABIX MOJE3HBIX UCKOMAEMBIX U
MMOA3EMHBIX BOJI.

AnnapatypHo-MeTOoAHYeCKNH KOMILJIEKC
JJISL MCCJIeJ0BAHMA 30JI0TOPYAHBIX MECTOPOKICHUI

Tab6muma 1
Amnmapatypa JJi UCCIeI0BaHUS 30JI0TOPYIHBIX MECTOPOXKICHUN
Meton 'NC Annaparypa HN3mepsiemble
napamMeTpsbl
'K I'KM-36/43/48 MO/, MxP/q
KC KCII-I'K-43 Px, OM'M
[1C KCII-43 AU, MB
Kapotax BeI3BaHHOM BIIPM-43 Pk, OM'M
nossipu3aruu (BIT) BIIPM-T'K-43 AU, MB
HOJIIPU3YEMOCTb, %o
PenTtrenopagnoMeTpuieckuii Ka- PPK-43 Coneprxanue
potax (PPK) 3J1€MEHTOB, %o
KapoTtaxx MarHuTHON BOCTIpUUM- KMB-11-43 Karma, en.CH- 107
yuBoctu (KMB)
Kasepaomerpus (J1C) KM-43-1 JlnaMeTp CKBaKUHBI, MM
HNuxnuHoMeTpHUs CHUM-42 3eHUTHBIH yroi, °
A3umyT, °

Pannonansubeie kommiiekebl I'MC nns noucka M pa3BeAKH 30JI0TOPYIHBIX MECTOPOKIACHUM
pa3pabaThIBAIOTCS ¢ YIETOM CIIeU(PUKHA UX (HU3UKO-TEOJIOTHIECKUX YCITOBUH.

30J10TOPYIHbIE MECTOPOKIEHUSI BO3HHMKAIOT NPEUMYIIECTBEHHO B pallOHax pa3BUTHA Ipa-
HUTOMJIOB, HEOOJIBIIIOE UX KOJIMYECTBO ACCOILMUPYET C OCHOBHBIMU U YIBTPAOCHOBHBIMU MOpPOAA-
MH. 30J10TO 00pa3yeT MPOMBIIIJICHHbIE KOHIICHTPAllUU B TIOCTMarMaTHYeCKHX, TJIaBHBIM 00pa3oM,
TUIPOTEPMANIbHBIX MECTOPOXKACHUAX. B 3K30r€HHBIX YCIOBHSIX BUAMMOE 30J0TO SIBISIETCS OYEHb
YCTOHYMBBIM JIEMEHTOM M JIETKO HAKAIJIMBAETCs B pocchlsaX. Ho axe B MPOMBINUIEHHBIX PYAHBIX
U POCCHIITHBIX MECTOPOKJIEHHUSIX KOHIIEHTPAllMH 30J0Ta BeChbMa HE3HAYUTENIbHBI, BHIPAKAIOTCS B
JECSTUTBICSYHBIX JIOJIAX MPOLEHTA, IO3TOMY IMOUCKU €T0 CBSI3aHBI C ONPEEICHHBIMU TPYIHOCTS-
MHU.

OcnoBHbIMU 3aga4amu ['IC mpu mouckax pyaHOTO 30J10Ta SABJISIOTCS:

— YTOYHEHHUE T'€0JIOTMYECKOr0 CTPOEHUS M3y4aeMbIX IUIOUIaJeH U AajbHENIIas JJOKaIU3aus
PYJIONEPCIEKTUBHBIX YYaCTKOB Ha OCHOBE KOCBEHHBIX IMOMCKOBBIX KPUTEPHUEB (CTPYKTYPHBIX, JU-
TOJIOTO-(aIIaTIbHBIX, MAarMaTHYECKHUX );

— BBIJIEJCHUE U OKOHTYPHBAHHE PYAOJOKATU3YIOUIMX U PYJOBMELIAIOLUIUX 30H THUAPOTEp-
MaJIbHOM TTPOPabOTKH;

—  BBISIBJICHHUE 30H CYJIb(QHUIHON U TpagUTUCTON MUHEpATH3AIINH;

— KapTHpOBaHME KBApILIEBBIX KM U 30H OKBapLIEBaHUs FOPHBIX MOPOL. [3]

JUist Ka)/10ro pernoHa XapakTepHbl CBOU (PU3UKO-TE€OJIOTHUECKUE OCOOECHHOCTH MPOSBICHHUS
U JIOKAJIM3AI[UH 30JI0TOTO OPYAECHEHUs, onpenesstonye pauuoHanbabie koMiiekcsl ' UC u TexHo-
JIOTHM TIPOBEACHUS TIOUCKOBBIX reojoro-reodusnyuecknx pador. [IpakTuuecku Be3ne B MpUMEHse-
Mble koMmruiekchl ['MIC Brmrowarorcs: ctaHmapTHbeIN snekrpudeckuin kapotax (KC, I1C), ramma-
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kapotax (I'K), kaBepHOMeTpusl, a Takke KapoTax MarHuTHOU Bocnpuumunoctu (KMB), BbI3Ban-
Ho#t nonspuzanuu (BII), pentreHopagnomerpuueckuii kapotax (PPK).

Ha puc. 1 mokazaHbl pe3ynbTaThl MPUMEHEHHUS KOMILIEKCA TeO(PU3NIECKUX METOJOB IO
CKBa)KMHE 30JI0TOPYIHOTO MecTopoxkaeHus, rae BII — BbI3BaHHasi mossipu3anisi TOPHBIX HOPOJ
(monsipuzyemocts, %), KMB — kaporax MarautHoi BocnipuumunBocTH (Kamnna), I'K — unTerpans-
HBIJ raMMa-KapoTax, a Takxe aekrpuueckue Mmetosbl — KC u IIC. Tlo pesynbsratam ['MMC ckoppek-
TUPOBAHbI TPAHUIBI UHTEPBAIOB OCHOBHBIX JIUTOTUNOB ropHbix nopoj. I[lo BIT u KC Boigenenst
aHOMAJIMH PYIHON MUHEpaIN3aluu C TOHWKEHHBIM YI€TbHBIM 3JEKTPUUECKUM COTPOTUBIIEHUEM U
MOBBIIICHHOW MOJSPU3YEMOCTbI0. AHOMAIHMH C MOBBIIIEHHON MarHUTHOW BOCIIPUUMYHUBOCTBIO OT-
HECEHBI K MUPPOTUHOBOW MUHEPATU3AINH, C HU3KOW — K ITUPUTOBOIA.

Ha puc. 2 npuBeneH mnpumep HCIOJIB30BAHMUS PEHTTEHOPAAMOMETPUUECKOTO KapoTaxa
(PPK) nnst u3yueHus paspesa CKBaXHHBI 3010TOpyaHOro mectopoxiaeHus. Ilo PPK Breigenen
MBIIIBSAK, ACCOLUUPYIOLUIUICS ¢ 30J0TOM. KOJOHKM JIMTOJIOIMUECKOrO COCTaBa TOPHBIX MOPOJ MO
paspe3y CKBa)XMHBI C BBIJICIEHUEM MHTEPBAJIOB PYAHBIX BKPAIUIEHUH MOCTPOEHBI MO JTAHHBIM U3Y-
yeHus kepHa. CoaepKaHue MBIIIbSIKa OIIEHEHO B MPOIEHTaX M0 KaJIMOpOBKe mpudopa.

AnmnapatypHo-MeTOAMYeCKHIl KOMILIEKC
AJISl MCCIIeJOBAHUS MEeCTOPOKACHUI XPOMHUTOB

Tab6muma 2
AnmnapaTypa i1 UCCIIEI0BAaHUS MECTOPOKICHUN XPOMUTOB
Meton 'NC Anmaparypa HN3mepsiemble
napamMeTpbl
I"amma-kaporax (I'K) I'KM-36/43/48 MOJ1, MmxP/4
[TnoTHOCTHOM raMMa-ramMmMa 2ITK-I1-48 ITnotHOCTH (p), T/CM’
kapotax (I'TK-IT)
CeneKTUBHBIN TaMMa-raMma I'TK-C-43 DddekTuBHBII aTOMHBIN HO-
kapotax (I'TK-C) Mep (Zro), a.e.
Kasepnomerpus (/1C) KM-43-1 JlnameTp CKBaKWHBI, MM
NuxnuHOMeTpus CuUM-42 3eHUTHBII yrou, °
A3umyr, °
CrnexrpomeTprudecKkuit NHI'K-C-43 DneMeHTHbIN cocTas, %
MMIYJbCHBIN HEUTPOHHBIN
ramma-kapotax (MHI'K-C)

XapaktepHas 0co6eHHOCTh XpoMHTOB (FeO-Cr,03) — ux TecHasi CBsI3b C YIbTPAOCHOBHBIMU
MOPO/IaMHU, CEPIICHTUHUTAMU, JYHUTAMH ¥ IEPUIOTUTAMU, CPEIM KOTOPBIX U 3aJIeraloT pyAHbIe Te-
na, uMerorue Gopmy TUH3 H KUl [0 MAarHUTHBIM, JIEKTPUIECKUM U YIIPYTUM CBOHCTBAM XPOMHU-
THI €200 OTIMYAIOTCS OT BMEIIAIOIINX MOPOJ, HO BBIIEISIOTCS MO MIOTHOCTH (4-4,8 T/em® — s
XpoMHUTOB 1 3,1-3,2 r/eM’ — st YIABTPAOCHOBHBIX TIOPOJ) U AP (eKTUBHOMY aTOMHOMY HOMepY (19
— Yy XpOoMUTOB U 12,5 — y mepuaoTUTOB U AYHUTOB). Kpome Toro, Xpom 00J1a1a€T MOBBIIICHHBIM Ce-
YEeHHEM 3aXBaTa TEIUIOBBIX HEMTPOHOB ¢ MUCIyCKaHHMEM XecTkoro (8 M»sB) ramma-usnyuenus. Ta-
KM 00pa3oMm, JJisl BBIJIEJICHUS UHTEPBAJIOB XPOMUTOB B pa3pe3ax CKBaXHH U OLEHKU COZIEpKaHHM
pexomenaytotcs aaepHo-reopusndeckue meroast I TK-IT, I'TK-C u UHI'K-C. [10]

Ha puc. 3 mpuBeneHbl pe3ynbTaThl MCHOJIB30BAaHUS CIIEKTPOMETPUUYECKOTO HUMITYIHCHOTO
HelTporHoro ramma kapotaxka (MHI'K-C) ¢ nenbto nouckoB xpomutoB. Ha maHmere npuseneHo
COIIOCTABJICHHE PE3Y/IbTATOB 1O JABYM COCEIHHM CKBa)XMHAM B OJHUX IiiyouHax. [lo cyeram B co-
OTBETCTBYIOIIMX OKHaX OIpPENEIEH KOMIUIEKCHBIH MHTEPIPETALMOHHBIN MMapaMeTp sl BbIACICHUS
xpomuToB. ComnocraBieHo cojepxkanue xpoma no kepHy u no ['MMC. MccnenoBaHusi BBINOJHEHBI
cKBaXMHHBIM nTpubopom MHI'K-C-43.



AnmnapaTypHo-MeTOAMYeCKHIl KOMILIEKC
JJIS1 HCCJIEJOBAHUS MECTOPOK/IEHUI ypaHa, B T. Y. THAPOreHHOr0 TUIIA

Tabmuma 3
AnmnapaTypa i1 UcClieIOBaHUS MECTOPOKICHUM ypaHa
Meton 'NC Anmaparypa HN3mepsiemble
napamMeTpbl
'K I'KM-48 M3/, MxP/g
KC KCII-T'K-43 Px, OM'M
Ic KCII-43 AU, MB
Kaporax HeiiTpoHOB HCII-KH/-60 Conepsxanue ypana (Cy), %
nenerns (KH])
Kasepnomerpus ([1C) KM-43-1 JlnameTp CKBaXKMHBI, MM
NHayKnmoHHbBINA KapoTax HK-42 VY nenpHas aeKTpruyuecKas
(MK) MIPOBOIUMOCTS (G), MCM/M
NuxnuHOMeTpus CuUM-42 3eHUTHBII yro, °
A3zumyr, °
Tepmomerpust OTC-10Y Temnepatypa, °C

ITpumenenne metonoB ['MIC Ha ypaHOBBIX MECTOPOXKIECHUSAX PETJIAMEHTHPYETCS CIEHallb-
HBIMH MHCTpYyKUUsMmu [ 1, 4, 8, 12].

IIpu oTpaboTKe MECTOPOXKACHUH ypaHa, B TOM 4YHCIE, IUIACTOBO-WH(UIBTPALIMOHHBIX C
MPUMEHEHHEM CII0Cc00a MOJ3eMHOT0 CKBaXMHHOTO BhilenadnBanus, [ IC sSBisOTCS OCHOBHBIM, a
3a4acTyl0 W €JMHCTBEHHBIM METOJOM IIOJIyd4eHHUs Hambosiee mosHoi uHpopManmu o0 0COOEHHO-
CTSX TE€O0JOTMYECKOro pa3pe3a M XApaKTEPUCTHKU YPaHOBOIO OpyJeHEHHMs. Tak, ramMmma-KapoTax
(I'K) mo3BouisieT ¢ BBICOKOW TOYHOCTBIO ONPEIENATh MOIIHOCTh, KOHIIEHTPALMIO U CTBOJIOBBIE 3aI1a-
CBI ypaHa, JIaHHbIe dJeKTpudeckux MeTo10B Kapotaxa (KC, I1C) sBastoTcss OCHOBHBIMH TSI TIOJTY-
YeHUs1 MHPOPMALIUK O JTUTOJIOTO-CTPATUTPAPUUECKOM CTPOCHUH pa3pes3a U OLEHKH (pUiIbTparroH-
HBIX CBOMCTB IT'OPHBIX MOPOJ.

Ha puc. 4 nokxazan npumep Bbiaenenus Meronamu 'K, KC, IIC nponykTuBHOro nHTepBana
C XOPOIIUMH (PUITBTPALIMOHHBIMU CBOMCTBAMH.

[Tpumenenne merona 'K Ga3upyercst Ha MpennoIOKEHUH O MOCTOSHCTBE KOd(QuIreHTa
paZMoaKkTUBHOIO paBHOBecus B pyAe. OJHAKO B YyCIOBHUSX IUIACTOBO-UH(UIBTPALMOHHBIX MECTO-
POKIEHUM ypaHa HapyLIEHHE PaJUOAKTUBHOIO PAaBHOBECHS — BECbMa XapaKTEPHOE SIBICHUE, I1O-
3TOMY OCHOBHBIE MapaMeTphl MOJCUETa 3a1acoB (TOHHAX U CpeJlHEEe COAEpKAaHHUE ypaHa), Oompee-
nsiemble ¢ omonrsio ['K, MoryT umers 3HaunTenbHbIE TOrperHocTU. [Ipobaemsl psMoro ompese-
JIEHUsl COJEpKaHWsl ypaHa pPEHIaroTCs METOJIOM KapoTaka MIHOBEHHBIX HEUTPOHOB JEIEHUS
(KH/I), Bo3HUKAIOUIMX B pe3yibTaTe 0OJydeHHs] YPaHOHOCHOH 3alieH ObICTPHIMH HEHTPOHAMHU C
sHepruen 14 MhB, ncnyckaeMbIMU UMIYJBCHBIM T'€HEPATOPOM HEUTPOHOB. BBICTphIE HEHTPOHBI
3aMeJIAIOTCS 10 TEIJIOBBIX YHEPTUl, U BBI3BIBAIOT JIeJICHUE siiep ypaHa-235. Omnpezaenenue conuep-
JKaHHUsl ypaHa-238 OCHOBAaHO Ha CYIIECTBYIOIIEM B IMPHUPOJAE MOCTOSHHOM COOTHOIICHUU MEXKITY
nu3oTonamu ypana-235 u ypana-238. Takum oOpa3om, mpumeHenne metona KHJI uckmouaeT mo-
IPEIIHOCTH, BBI3BaHHBIE HAPYILIEHUEM PAJUOAKTUBHOIO PAaBHOBECHUS MEXKIYy NMPOAYKTaMHU pacraja
ypana (Ra-226), 00ycIOBJICHHOM HX pa3IMYHON MUTPAIMOHHON CTIOCOOHOCTHIO. [2]

Ha puc. 5 npuBenen npumep ucnons3oBanuss KHJ Ha ypaHOBOM MeCTOpPOXKIAECHUU THAPO-
rennoro tuna (Pecrybnmka Kazaxcran). OnpeneneHa MaccoBast 10J1sl ypaHa C y4€TOM BIIMSHUS BO-
JOPOJIOCOJIEpKAHUS Cpelibl MpHU A0O0BIYE METOJIOM MOJ3EMHOI0 BhILIeNauynBanus. HTepnpeTaly-
OHHBIM I1apaMETPOM SIBIISIETCSI BPEMEHHOE pacIpe/ielIeHNE HaATEIUIOBbIX HENTPOHOB. [lomyueHHble
pe3yabTaThl TPOU3BOACTBEHHBIX HctbITaHuil anmapatypbl LICIT-KH/I-60 moka3anu BBICOKYIO -
(EKTUBHOCTH MPU OLIEHKE CTETIEHU BBHIPAOOTAaHHOCTH MPOJYKTUBHBIX IJIACTOB YPAHOBBIX MECTOPO-
SKIECHUN.



AnnapatypHo-MeTOoAHYeCKHH KOMILJIEKC
JJISL KCCJIeIOBAHMSI MECTOPOKIEHU KUMOEPJIMTOBBIX Py (2J1Ma30B)

Taonuua 4

AnmnapaTypa JiJIsl KCClIeIOBaHUS MECTOPOKIECHUN aliIMa30B

Meton TUC

Anmaparypa

HN3mepsiembie napaMeTpbl

["amma-kxaporax (I'K)

I'KM-43/48

MD]I, mxP/gac

CnekTpoMeTpUIEeCKHUt
ramma-kapoTax (CI'K)

CII-T'K-C-73/90

U, Th, K, %

IInotHOCTHOIT raMMa-ramma
kapoTtax (I'TK-IT)

I'TK-II-48
I'TKM-43

ILnoTHOCTS (p), T/eM’

Kaporax KC, I1C

KCII-43, KCII-I'K-43

pPx, OM M, AU, MB

NHayKImoHHBINA KapoTax

VY nenbHas aneKTpuydecKas

(1K) MK-42 POBOANMOCTS (G), MCM/M
Kaporax marHuTHOI 1aS
BocripuuMuuBocTu (KMB) KMB-I1-43 Kammna, en.CH-10
MarsmToMeTpis MCIIT HOJIHLIE/I BEKTOp F€OMAarHuT-
HOW MHIYKIMU, H T
NuknunomMetpust CH1M-42 VYromn, a3umyr, °
Kasepnometpus (J1C) KM-43-1 JlnameTp CKBa)KUHBI, MM

OCHOBHOW KOMIUIEKC U TIOMCKOB KUMOEPIUTOB BKIIOYAET CHEKTPOMETPHUYECKUI ramma-
kapotax (CI'K), kapotaxx MaruuTHON BocipuuMuuBOCTH (KMB) 1 CKBaXXMHHYIO MarHUTOMETPHIO.
JononnutensHo mMoryT npoBoauThes annekrpuueckuit (KC, I1C), unaykumonnsiit (MK) u miotHo-
ctHOM ramma-ramma kapotax (I'TK-II), a Taxke kaBepHomeTpus. Ha puc. 6 mpuBeneH npumep
npuMeHenns AMK aiist morcka KUMOEPIMTOBBIX TPYOOK Ha MECTOPOXKIACHUAX anMa3zoB Skyrtuu. B
reoJOrM4ecKOM OTHOIIEHUM pa3pe3bl CKBaXMH B pallOHaX TMOWCKOB IMPEACTaBICHBI PAa3IMYHBIMU
Pa3HOBUAHOCTSIMU U3BECTHSKOB, JI0JIEPUTOB, AJIEBPOJINTOB, IECYAHUKOB U APYTrUx nopon. Pasmnu-
HbI€ TUIBI KUMOEPIUTOB B OOJBIIMHCTBE CIy4YaeB YBEPEHHO OTIMYAIOTCS OT BMELIAIOMIMX MOPOJ]
10 COJIEP’)KAaHUIO ECTECTBEHHBIX PAJMOAKTHUBHBIX 3JIEMEHTOB — TOpHs U Kayiud. B uyacTHOCTH, CO-
JiepyKaHue Kaliusl BO BMEMIAIOIINX MOpoJax BapbUpyeT B npeaenax 4-8 %, Torna kak B pa3iu4HbIX
TUNax KUMOEpIUTOB OHO yMmeHbltaercs 10 0,1-0,2 %. HanpoTtus, conepxanue Topusi B KUMOEpIu-
Tax 3aKOHOMEpHO Bo3pactaeT oT (3-5)-107™ % m0 (6-20)-10™ %. J[aHHbIH TPHU3HAK MTO3BOISET YBe-
PEHHO BBIJIENIATH aJIMa30HOCHBIE 00pa30BaHuUs M0 pa3pe3aM CKBaXHH, O YEM CBUJETEIbCTBYIOT Ma-
tepuaisibl [ IC 1o mpeAcTaBIeHHOM CKBaXXKMHE B MHTEepBAIaX ucciuenoBanui 132-158 m u 207-211 m
(cm. puc. 6).

[ToBBIllIEHHBIE MarHUTHBIE CBOICTBA KMMOEPJIUTOB MOCITYKHIM MPEANOCHUIKAMH BKIIIOYE-
Hus B komiuieke ['MIC metonoB KMB u ckBaxkxnHHOM MarHuToMeTpud. I1o JaHHBIM 3THX METOJ0B
MIPEJICTaBIseTCS] BO3MOKHBIM OOHApY)KEHHE MAarHUTHBIX TPYOOK, B OKOJIOCKBAXMHHOM IPOCTpaH-
CTBE — BbIJICJICHUE HETPOIYKTUBHBIX JaeK U TY(HOBBIX TPYOOK, a Takxke nuddepeHnuanms kumoep-
TUTOBBIX 0OpazoBanuii o tumnam. Jlanaeie ['TK-II mMoryr ObITh MCHIONB30BaHBI IJIs pa3feicHUs
KUMOEPJIUTOB Ha PHIXJIbIE U TUIOTHBIE PAa3HOCTH, @ B KOMIUIEKCE C aKyCTHYECKUM KapoTakeM — s
KOJMUYECTBEHHBIX OMNpeAeNeHuil (U3NKO-MEeXaHUYECKUX CBOMCTB BMEILAIOLIUX MOPOJ, MH(OpMa-
U1 O KOTOPBIX MMEET OO0JIBIIOE 3HAaUE€HUE MPH OTKPBITONH KaphepHOU JOOBIYE aIMa30HOCHOM MOpo-
TIBL.

Ha puc. 7 nokasansl pe3ysbTaThl UCIOIb30BAHUS CIIEKTPOMETPUUECKOIO ramMma-KapoTaxa
(CI'K) Ha MeCTOpOXXJIEHUU aJIMa30B JJIS BBIICICHUS KUMOEPIUTOBBIX Opekunii. MHTEpBaibl KUM-
OepIHUTOB BBIJICTICHBI 10 MpEBBINICHUI0 conepxkanus Topus (Th) Ham comepxkanuem kamus (K) u
ypana (U). AHOMaluu COTOCTaBIIEHBI C COIEpKaHUEM alIMa30B M0 KepHY. JIuTomornyeckass KOJIOH-
Ka mocTpoeHa mo kepHy. Kaporax marautHoit BocnpunMmuuBoctu (KMB) ucmonp3oBan aiis oTOMB-
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ku TpannoB. Meroasl KC, TIC, CT'K, KMB npumensitotcst AJis JIUTOJIOTMYECKOTO PacuIeHEHUs Teo-
JIOTUYECKOTO0 pa3pesa U paz/ielieHuss KUMOEPIUTOB 110 TUIIAM, BBIJICICHUS KUMOEPIUTOBBIX TeJ, 00-
JIATAFOIIUX TOBBIIIEHHON raMMa-pagloaKTUBHOCTHIO U HAMAarHWYEHHOCTHIO.

Ha puc. 8 mpencraBieH reosoro-reopu3ndecKuii pa3pes Mo CKBaKUHE, BCKPBIBIIEH KHUM-
Oepnut 1 KUMOEpIUTOBYIO Opexunto. KumOepnutsl BeIeSIOTCS Ha QoHE KapOOHATHOTO IOKOJIS
noHmxenneM 3HadeHuit mo meroxy CI'K (mo 2,3 mxP/4), mopoasl kumOepIuTOBOM OpeKdInu pacro-
3HAIOTCS TIPH BU3YAIIbHOM aHAN3€, HECOOTBETCTBUEM PEIEPHBIX TUIACTOB MPHU KOPPEISAIUU pa3pe-
30B ckBaxkxuH. Metoasl KMB, UK, MarHuTOMeTpusi MPUMEHSIIUCH KaK JIOMOJTHUTEIbHbBIC IS U3Y-
YeHus PU3UIECKUX CBOMCTB MOPOo. [9]

AnnapatypHo-MeTOAMYECKHI KOMILJIEKC /151 IPOBeIeHus!
THAPOre0JI0rH4eCKNX U HHKEHEPHO-Te0JJ0rMYeCKUX U3bICKAHN I

Tabmuna 5
Anmaparypa Ui THAPOTeoIOTUYECKUX U
WHXEHEPHO-T'€0JIOTHUECKUX UCCIIETOBAaHUN
Metoa I'NC Annaparypa Hsmepsiembie
napamMeTpbl
INamma-kaporax (I'K) I'KM-43/48, I'TP-43 M3/, mxP/gac
Kaporax KC, I1C KCII-43, KCII-I'K-43 Px, OM M, AU, MB
NHayKnmoHHbBINA KapoTax UK-42 VY nenpHas ayeKTpruyUecKas
(MK) MIPOBOIUMOCTS (G), MCM/M
HeliTpoHHBIi KapoTax LICII-2HI'K-43/ K. o
(HI'K/HHK) [{CTI-2HHK-43 w70
PesuctuBumeTpus I'TP-43, TP-43 YoC, Om'm
Tepmomertpust OTC-10Y, I'TP-43, TP-43 Temneparypa, °C
Or6op cTBOMOBOH IICII-76 ITpo6Ga 1 1 xuakocTn
KHUJIKOCTU
Kasepnometpus (/1C) KM-43-1 JlnameTp CKBa)KWHBI, MM
Axyctuueckuil kapotax (AK) [TAPYC-48 At, MKC/M
NuknunomMetpust CUM-42 3EHUTHBIN yrs)n,
CKBaXUH A3uMyT,

B mHacrosimee Bpemst s meneidl BOJAOCHAOKEHUS, THIPOTEONOTHYSCKUX M WH)KEHEPHO-
TCOJIOTMUECKUX HMCCIIeIOBAaHUM OypeHHE CKBaXMH B OOJBIITMHCTBE CIydaeB Bemercs 0e3 oTOopa
kepHa, mo3ToMy ['MIC cTaHOBSITCSI OCHOBHBIM U €IMHCTBEHHBIM UCTOYHUKOM WH(OpMAIIUU TS pe-
LIEHUSI TUAPOTEOIOTMYECKUX 3a7a4, CPEAN KOTOPBIX:

— JINTOJIOTMUYECKOE pacUICHEHHE Pa3pe30B CKBAXKUH;

—  BBIJICJICHHE BOJIOHOCHBIX TOPU30HTOB, OMPE/ICIICHNE NX MOIIHOCTH U CTPOCHHUS;

— OIIGHKA TPEIIMHOBATOCTH, MMYCTOTHOCTH U KaBEPHO3ZHOCTHU TOPHBIX MOPOJ, MEPECEUCHHBIX
CKBRKMHOMW, BBISIBIICHHE TPENIMHOBATHIX, 3aKAPCTOBAHHBIX U JIPYTHX OCIAOJNIEHHBIX HHTEPBAJIOB
paspesa, a Tak)Ke€ TEeKTOHUYECKUX HApYyIIEeHU;

— ompeaencHue (PU3UKO-MEXaHUYECKUX CBONCTB TOPHBIX TMOpOA H  (UIBTPAIMOHHO-
€MKOCTHBIX CBOMCTB BOJIOHOCHBIX TOPU30HTOB (TIOPUCTOCTH, KO3 UIIMEHTA PHITBTPAILIUN);

— ompeaeneHNe MUHEPAIU3AINH MTOI3EMHBIX BOJI;

— U3y4YeHHUE DJIEMEHTOB TUHAMUKHU MOJI3EMHBIX BOJI;

— HU3Yy4YEHUE TEXHUYECKOTO COCTOSIHUS CKBaKUH. [10]

Kommnekc wmetomoB T'MC mpu  pasBenke TOA3EMHBIX BOJ[ 3aBHCHT OT T€0JIOrO-
TUJIPOTEOJIOTUYECKOTO CTPOEHUS pa3pe3a MECTOPOKIACHHSI, TEXHOJIOTHH MPOXOJIKA U KOHCTPYKIIMH
CKBR)KMH Ha BOAY. BHE 3aBUCHMOCTH OT Ha3HAYEHUS CKBaXHUH (ITOMCKOBO-Pa3BEIOYHbBIE, IKCILTya-
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TallMOHHBIE, HAOMo1aTeNnbHbIe U T.11.) KoMIuiekc [ IC momkeH obecrnieunBaTh WH()OPMAIIHIO O T€O-
JIOTO-THJIPOT€0JIOTMYECKOM CTPOCHUH M THApOXUMHYecKuX ycnoBusax. ' C npuBnekaroTcs Takxke
JUIsL yrIpaBiieHus 000pyIOBaHUEM CKBaXHH, aHaN3a 3()()EKTHUBHOCTH MEPONPUSTHHA MO AETINHU-
3anuu (PUIBTPOB, OLIEHKU paclpeesieHus] BOJIONPUTOKOB U T. 1.

JUig u3y4yeHus: reoJoru4eckoro CTPOEHUs pa3pe3a CKBAXKHUH, OLEHKH JINTOJOTUYECKUX Xa-
PAKTEpUCTHK MOPOJ M aHAIM3a UX U3MEHUYMBOCTU B Ipejaesiax MecTtopoxzaeHus B koMmruieke I'MC
BKJITOUarOT cTanaapTHbIN 3nekTpokapotaxk (KC, I1C), 'K, HelTpoHHBIE METO/IBI KapoTaka, KaBep-
HOMETPHIO — JUISl U3yYEHUs TEXHUUECKOTO0 COCTOSIHUS CKBaXUH. JlJI BBIIETIEHUSI BOJJOHOCHBIX KOJI-
JIEKTOPOB, OLIEHKH MUHEpPAIN3ALUU U AUHAMHUKH MTOA3EMHBIX BOJ JOMOJIHUTEIBHO MPOBOAAT PE3U-
CTUBUMETPHUIO, TEPMOMETPHIO, aKYCTHUECKHI KapoTax, pacxoJIOMETpHUI0, OTOOp MpoO BOABI MPO-
000TOOPHUKOM.

Ha puc. 9 npencrasnen npumep npumenennss AMK nis penienns mouckoBbIX U THIPOTeo-
JIOTMYECKUX 3a]a4 Ha OJHOW U3 IuIoma el ApXaHreabCKOro aaMa3oHOCHOro pernoHa. C arToil 1e-
JpI0 B cocTaB nouckoBoro kommuiekca ['MC Ha anma3zbl AOMOTHUTENBHO BKIFOUYEHBI METOABI TEp-
MOMETPUU U PE3UCTUBUMETPHUH. B 1aHHOM ciydae Aake MO COKpaIleHHOMY KOMIUIEKCY NpeaCTaB-
JI€TCA BO3MOXXHBIM MPOBECTU JIMTOJIOTMYECKOE PACWICHEHUE pa3pe3a U BBIIEIUTh BOJOHOCHBIN
TOPHU30HT.

Ha puc. 10 noka3ansl pe3yJabTaThl UCCIEAOBAHUS BEpXHEW YacTH pa3pes3a komruiekcom ['MC
C LIENbI0 OIEHKH KO3()(HUIIMEHTOB MOPUCTOCTH, TPOHULIAEMOCTH U JIUTOJIOTMYECKOTO COCTaBa ToOp-
HBIX Topoa. Komriuiekc MokeT ObITh MCIOJIB30BaH MPU KapTUPOBAHWU BOJOHOCHBIX FOPHU30HTOB B
THJIPOTEO0JIOTUH, NTPU KOMILJIEKCHBIX MCCIEAOBAHUSAX HAa YPaHOBBIX MECTOPOKIACHUSX IJI1 OLIEHKH
€MKOCTHBIX XapaKTEPUCTUK TOPHBIX NOPOA, JUIsl U3YUYEHHs XapaKTEPUCTUK TOPHBIX MOPOJ MPU UH-
KEHEPHO-TEOJIOTMYECKUX U3BICKAHUSAX U CTPOUTENBHBIX paboTax.

Ha puc. 11 npuBenen npumep npumeHenust komriekca ' IC B ruiporeosiorn4ecknux CKBa-
KUHAX OJHOIO M3 aJIMa30HOCHBIX pernoHoB fxyrun. Kommiekc Bkimodaer ramma-kaporax (I'K),
HeWTpoH-HeUTpoHHBIH KapoTtax (HHKT), Tepmomerputo (T), kaBeprometpuro (KB), pesuctuBumMeT-
puto (Pe3). Pagnoaxktuasle metoas! (I'K, HHKT) nmo3Bosstor usyuaTh pa3pesbl CKBaXXHH € IPOBeE-
JICHUEM CTPATUTPAPUIECKON W JTUTOJIOTMYECKOM KOPPEAINU, ONpeaesIeHneM TIUHUCTOCTH. Hell-
TPOH-HENUTPOHHBIN KapOTaXK UCIOJIb3YETCS TaKXKeE AJIs OIPEJEICHNs BOJIOPOAOCOIEPKAHUS, TOpHUC-
TOCTU. TepMOMeTpHsl BBINOJHAETCA I ONPEACIICHHUs] TEMIIEPATyphl MO CTBOJIY CKBa)XKUHBL. Pe3n-
CTMBMMETPUS BBITIOIHIETCS JJIl H3MEPEHHUs YAETBHOTO AIEKTPHUECKOTO CONPOTUBIICHHUS OypOBOTO
pacTBOpa, 3aN0JIHAIOLIETO CKBAXUHY, JUIS BBISIBICHUS KOJUIEKTOPOB. 10 JaHHBIM pe3uCTUBUMETPUN
U pacxoJIOMETPUU BO3MOXKHO BBIJIEJIEHHE BOJOHOCHBIX TOPU30HTOB M OIpeneneHue (GuibTpanuoH-
HBIX CBOMCTB IUIACTOB (IIOPUCTOCTH). Pe3ynpTaT u3MepeHus MeToja KaBEPHOMETPUU — OTPaKEHHE
M3MEHEHMsI IMaMeTpa CKBAXKUHBI 10 TIyOHHE, onpeeseHre KaBepHO3HOCTH nopo. C 1enbio KOH-
TPOJISl HAMPABJICHUS CTBOJIA CKBAXHMHBI, B Ipoliecce OypeHHsl MPOBOIUTCS HHKIMHOMETpUS. [9]

OTnu4uTeNbHON 0COOEHHOCTBHIO THAPOTEOTOIMYECKUX CKBAKUH ABISETCS UX Masas riryou-
Ha, HEe npeBblmaromas, kak npasuio, 400-500 M. [IpuMeHenue ag uccieloBaHUN MaJOMETPax-
HBIX CKBRXXHH CJIOKHBIX W JIOPOTUX METOJOB KapoTaka (TJIaBHBIM 00pa3oM, sJIEpHO-
reodusnuecknx) HepeHTabenbHo. [Toatomy mnsa nposenaenust [ IC Ha Bomy yaie Bcero mpuUMEHs-
torcsa metoasl KC, 11C, I'K, kaBepHOMETpUS, pacXOAOMETPHsl, PE3UCTUBUMETPHS, 3HAUUTEIIBHO pe-
xe — HTK/HHK, I'TK-I1, akyctuaeckuii kapoTtax. [10]

B nocnennue roasl ['MC mupoko HCMosb3yroTCs UM MPU MHXXEHEPHO-T€0JIOTMUYECKUX H3BbI-
CKAHMSX B LIEJSAX JOIMOJHEHUS T€0JOTMYECKON U TMAPOre0IOrMYeCKON TOKYMEHTAlUN MIPU U3yde-
HUM Pa3pe30B U YBSI3KU JIAHHBIX Ha3€MHBIX reo(pU3nuecKux HaOMIOIEHHH C Te0JIOTHYECKUM CTpOe-
HueM paspesa. C MOMOIIBI0 Pa3IuyHbIX METOJ0B KapoTa)ka PEIIAIOTCS HE TOJBKO TPAJAUIIMOHHBIE
3aJ]auy 10 MCCIIEJOBAHUIO YYacTKa TNIAHUPYEMbIX CTPOUTENIBHBIX paboT, HO M CHelHalbHbIe 3a/a-
YM, CBSI3AHHBIE C U3YYEHUEM COCTaBa, COCTOSHUS U CBOWCTB IOPOJ B €CTECTBEHHOM 3aJIETAHUU.
Bonpmoe paznooOpasue komruiekcoB u MetooB [ MIC aiist mHkKEHEpHOUW reoloTuH, 3HAYUTEILHOE
KOJIMYECTBO 3a/1a4, PEIIAEMbIX C UX MOMOUIbIO, O3BOJISIET TOBOPUTH O KApOTAXKE, KAK O CAMOCTOSI-
TEJNBHOM 00J1aCTH HCCIeIOBaHUs IPY MHXKEHEPHBIX U3BICKAHHSIX.

[Tpu ucnonp3oBanuu ctanaapTHbIX MeTofoB Kapotaxa (KC, I1C, I'K) u ckBaXMHHBIX TpH-
60poB, MeTonuka U TexHuka nposeneHust | UC MHXEHEPHO-TE0NOTNYECKHX CKBAXHH U 0COOEHHO
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MHTEpHpeTaIys MaTepuaIoB OTJIMYAETCS OT OOBIYHBIX Ie0(PU3MUECKUX HCCIeOBaHUH crienuduye-
CKUMH 0coOeHHOCTAMHU. [103TOMy maHHBIA BUJ paboOT perinaMeHTHPYeTCs CHelHaibHON MHCTPYK-
nuen. [5] JlokyMeHT conepkuT Tunosble Komiuiekcbl ['MMC ¢ yueToMm perraeMbIX HHYKEHEPHO-
reoJIOTMYECKUX 3a/ad, TpeOOBaHMA, MPENbABISIEMblEe K pa3IMYHBbIM KapOTaXXHBIM MeTOJaM IpHu
NPUMEHEHUH MX COBMECTHO C HAa3eMHBIMU IeO()M3MYECKMMM METOJIaMHU WCCIICAOBAaHHM, BKIOYas
MMPOCKTUPOBAHUE M OpTaHU3AIMIO PadoT, 00pabOTKy pe3yJabTaTOB, OTYETHOCTh, YKa3aHUS 10 KOH-
Tpoito u nposepke kadyecta [ MC.

AnnapaTypHo-MeTOAMYeCKHIl KOMILIEKC
AJISl MCCIIeJOBAHMS yIlepa3Be0YHbIX CKBAKHH

Tabmuma 5
Anmnaparypa Juis UCCIeI0BaHUs yIiiepa3BeJOUYHbIX CKBaKUH
Meton 'NC Anmaparypa HN3mepsiemble
napamMeTpbl
INamma-kaporax (I'K) I'KM-36/43/48 M3/, mxP/4
KCII-I'K-43
KC KCII-43 Px, OM'M
I1C KCII-T'’K-43 AU, MB
[InoTHOCTHOM raMMa-ramMma 2ITK-I1-48 ITnotrOCTH (p), T/CM’
kapotax (I'TK-IT)
CeneKTUBHBIN TaMMa-raMma ITK-C-43 OddekTuBHBII aTOMHBIN HO-
kapotax (I'TK-C) Mep (Zro), a.e.
Axyctuueckuil kapotax (AK) [TAPYC-48 At, MKCc/M
Kasepnomerpus (J1C) KM-43-1 JlnameTp CKBaXKMHBI, MM
NuknunomMetpust CH1M-42 3eHUTHBIN yrod, °
a3UMYT, °
'K I'TP-43 M3/, mxP/4
PesuctuBumeTpus TP-43 YoC, Om'm
Tepmomerpust OTC-10Y Temnepatypa, °C

Kommnexe I'MC npu pa3Beke MCKONAEMBbIX yIJIeW MpU3BaH peliaTh CIEAYIOLIUE Ie0JIoro-
TEXHUYECKUE 3a]Jauu:
— JIUTOJIOTUYECKOE pacUICHEHHE pa3pe30B CKBAXKUH;
— BBIJIEJICHHUE YTOJIbHBIX IIJIACTOB, ONIPEAEIEHUE UX MOILIHOCTU U CTPOCHHUS;
— OIpeleeHue 30JbHOCTH YIJIEH;
— OIpEAEICHUE JIEMEHTOB 3AJIETaHUS YTOJIbHBIX I1J1aCTOB;
— BBIJIEJICHHE B pa3pe3axX CKBaXMH TEKTOHMUECKHUX HApYIIEHUH YTroJbHBIX IIACTOB;
— U3yYEHHUE TEXHUYECKOTO COCTOSHHUS CKBAXKHH.

Baxxnocts ['MMC Ha yrompbHBIX MECTOPOXKIEHHUSX OOYCJIOBJICHA OECKEPHOBBIM OypeHUEM
CKBa)XMH WJIM MaJIBIM BBIXOJIOM KE€pHa IpU OYypEeHUU U3-3a XPYIKOCTHU yriist. B aToM citydae mo naH-
HbIM OypeHUs HEBO3MOXKHO TOYHO YCTAHOBHUTH MOIIHOCTH YTOJBbHBIX IUIACTOB U OMNPENENIUTh UX
cBoiicTBa. biaronpustHeiMu Tpeanocsuikamu A npuMmeneHust [MIC ciyxat pasnuuust $uznde-
CKHX CBOWCTB yIJIel W BMEUIAIOMIMX MOPOJI — IJIMH, apTHITUTOB, aJI€BPOJIUTOB, IECUAHUKOB.

dusnuecKkue CBOMCTBA yIiiel 3aBUCAT OT CTENEHU MX MeTaMop(u3Ma, BIaKHOCTH U MUHE-
pansHOTO cocTtaBa. [lo ctemenn metamopdu3Ma pazimuyaroT: Oypeie yriu (CoAep)KaHue yriepoja
60-70 %, Bnaxuocts 10 40 %), kameHHbIe yriu (conepxkanue yriaepona 80-95 %, BnaxHOCTb 10 5
%), aHTpauuThl (conepkanue yriepoaa 6onee 95 %, BraxkHocth 0 %). BaxHol XapakTepuCTUKON
YIS SIBJISI€TCS 30JIbHOCTh — IPOLIEHTHOE COZIEP>KAHUE B YIJI€ HErOPIOYMX KOMIIOHEHTOB (IJIMHO3€EM,
KpEMHE3eM), SIBJISIFOIIUXCS PUMECHIO0 BMEIIAIOIINX MOPO/I.

[To cpaBHEeHHIO ¢ BMEIIAIOMMMH TIOPOAAMU KaMEHHBIE M OypbIe YIIIH XapaKTepH3yIOTCs MO-
BBIIIICHHBIM YIEIbHBIM 3JieKTpruueckuM conpoTtusiienreM (YIC). YOC yraeit Bo3pacTaer ¢ yBeIu-
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yeHueM creneHn Metamopduszma ot 10-200 Om M y 6ypsix 10 50-1000 OM M — y KaMEHHBIX YTJIEH.
[Tpu nepexone k antparuram Y IC pesko magaet 10 5-0,01 Om-m. C yBenIudeHreEM 30JbHOCTH CO-
MPOTUBIICHHE OypPBHIX U KAMEHHBIX YTIIel YMEHBIIAETCS, aHTPAIIUTOB — YBEITMYNBACTCSI.

Anomanuu [1C nan antpanuramu gocturatotr 400-600 mB, Han kameHHbiMu yriasimu — 100
MB, Han OypeiMu — 50 MB.

EctecTBeHHas paJMOakTUBHOCTH YIjel, Kak MpPaBUJIO, HIKE, YeM BMEHIAIONIMX TecuaHo-
TJIMHUCTBIX TTOPOJ.

IlnotHOCTS yrieit (1,15-1,75 r/cM’) 3HAYMTENBHO MEHbIIE, YeM y BMEIIAIOMIKX MOPOJ, H
pacTeT ¢ yBeIMUYEHHEM CTEIEeHH MeTaMop(u3Ma U C YBEITHYEHHUEM 30JIbHOCTH. DTO (HU3UUECKOe
CBOMCTBO OJTHO3HAYHO OTIMYAET BCE THUIIBI YIJIeH OT BMEIIAIOUINX MTOPOJI.

Yrau 06naaT CpaBHUTEIBHO HU3KUM 3(P(PEKTUBHBIM aTOMHBIM HOMEPOM (Znep) — y YHC-
TOro yriepona Zsp paBHO 6, y BMemaromux nopoa — 13-15.

Ha kaBepHOrpammax yriim OTMEUYarOTCs Kak 30Hbl YBEJIMYEHHOT'O IUAMETPA.

Takum o0pazom, MuHUMaTBbHBIA KoMIIeke [ MIC Ha yroib JOKEH BKJIIOYATh B KAYeCTBE
ocHoBHbIX MeTobl: KC, TIC, I'K, I'TK-II, AK, kaBepnomeTpun, a takxe [ TK-C ms oneHku 3071b-
Hoctu yriel. [10] Ilpu uccienoBaHuy CKBaKMH B OCJIOKHEHHBIX YCJIOBHSX, KDOME OCHOBHBIX Me-
TOJOB KapoTa)ka MPUMEHSIOTCS AOMOIHUTENbHbIE TUMIOBbIE KomIuiekehl | UC, yka3annbie B [11].

Ha puc. 12 npuBeneHsl pe3ynbTaThl HCIOJIB30BaHUS KOMIUIEKCA METOIOB i TOHCKa
YTOJIBHBIX IIJIACTOB B TEPPUI€HHOM paspese. Mcnonbs3oBan crangapTHbiil koMiuieke metonos (KC,
I1C, T'K, kaBepHomeTpus — JIC), 1OMOTHEHHBIN METOJJaMU CEJIEKTUBHOTO U MJIOTHOCTHOTO TamMMa-
ramma kaporaxa (I'TK-C, I'TK-II), KMB, tepmoMeTpun, THKIMHOMETPUU. YTOJBHBIE TUIACTHI BbI-
JIEJICHBI IO aHOMAJIUSAM CTaHIApTHOTO KomIuiekca ¢ mpusiedeHueMm metonoB ' TK-C, I'TK-II.

fekk

Amnmnaparypa u texnosnoruu I'MC, cozgannsie u passuBaecmble B OAO HIIIT « BHUUTUCY u
OOO HIIT «MHI'’EOy, nanpaBieHsl Ha TOBBIMIeHHE Y()PEKTUBHOCTH Pa3BEIKH U Pa3padOTKU Me-
CTOPOXKACHHUIA pa3NWYHBIX TIOJNE3HBIX HCKOMAeMbIX. B Hacrosmiee BpeMs ammapaTypHO-
METOJIMYECKUE KOMIUIEKCHI IUPOKO MPUMEHSIOTCA Te0U3NYECKUMU MPEANPUATUIMU B TPOU3BO/I-
CTBEHHOM pEXHME M TO3BOJIIOT pellaTh aKTyalbHBIC 3aJauH, CTOSIINE MEPEe]l Te0JI0oropa3Be10y-
HOM oTpacipio PO.
KonrakTHas undopmanus:
452614, Pecnyonuxa bawkopmocman, e. Okmsaopwvckuil, yi. I opvkoeo, 1
OAO HIII « BHUUTUCy»: men/pakc (34767) 5-28-29
E-mail: info@vniigis.com, market.vniigis@mail.ru
Hnumepnem-catim: vniigis.com
OOO HIIII « MHI'EO»: men/paxc (34767) 5-23-76
E-mail: ingeo41(@mail.ru
Hnmepnem-caiim: www.ingeo41.ru
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Kommniekc I'MC Beimonuen anmnapatypoit HCII-I'K-C-90, KMB-11-43, KPUC, MCIIT'.
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ramma-kapotaxka KCII-43, KCII-I'K-43, 'KM-36/43, xaBepaomepom KM-43-1, ¢ npuBiieueHreM
anmapatypsl pagnoaktuBHOTo KapoTtaka LICII-2HI'K-43, a taxke KoMIieKCHOro mpubopa pes3u-
CTUBUMETPHUHU, TaMMa-KapoTaxka u Temrepatypsl I'TP-43.
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Puc. 11. I'eosioro-reopusnueckuii paspes

[V

THAPOr€oJ0riI€CKOM CKBaKUHbI

Kommnekc 'MC Boimonuen annapatypoii 'KM-48, LICII-2HHK-43, KM-43-1, KPUC.
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Puc. 12. Ilpumenenune kommiaexkca meronos 'MC
JJIS1 MOMCKA YroJIbHBIX IUIacTOB Ha UykoTke

Kowmmnexe ['MC BrirouaeT B ce0st METOIBI, /ISl BBITIOJIHEHUS KOTOPBIX 33/1€HCTBOBAHBI MPH-
0opsel AekTpudeckoro U ramma-kapotaxa KCII-43, 'KM-36/43, npuOopbl MIOTHOCTHOTO U Ce-
nexktuBHOTO TamMa-ramma-kaporaxa 2I'TK-I1-48, I'TK-C-43, kaBepaomep KM-43-1, npubop ka-
potaxa marHuTHOW BocHpUUMUYHUBOCTH KMB-L-43, CKBaXKUHHBIA SJIEKTPUUYECKUH TEPMOMETP
ITC-10Y, unknuHomeTp maruutomerpuueckuiit CUM-42, a Takke KOMIUUIEKCHas! CKBaKUHHAs all-
naparypa KCII-I'K-43, I'TP-43.
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