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pyBOAATCA pe3ynbTaTbl aHaMM3a POCCUNCKUX 1 3aPYOeXHBIX MyOMKaLmMY, BbIMOTHEHHOO C LebI0 XapaKTeEPUCTUKY COBPEMEHHOO
COCTOAIHVA BONPOCa NPUMEHEHUS reopu3nyeckmx METOA0B /1S POrHO3MPOBAaHUA TPELMHOBATOCTI KOMNEKTOPOB. [laHo onvcaHue oco-
beHHOCTeV BO3HMKHOBEHMS TPELUMHOBATOCTY B 3aBUCUMOCTY OT €6 reHesinca. OnvcaHbl TEKTOHUHECKME 1 Fe0NIorMyeckmne yCioBus Tpe-
wmHoobpasoBaHus. lpuBeaeHa reonornyeckas Modens 06pa3oBaHus TpelmH. TokasaHa CBA3b MeXAy TPeLyMHaMu 1 PasnoMamul.
OxapaKTepu30BaHbl METOAbI, MO3BOAIOLME U3y UTb TPELMHOBATOCTL KAk B CKBAaXIHE (METOAbI re0pU3NYECKMX NCCIEN0BaHMI CKBA-
XKU1H), Tak Y C MOBEPXHOCTY (110 pe3ysibTaTaM CercMOpa3BeaqodHbixX paboTt). YkazaHbl Hanbosnee BOCTPEOOBAHHbIX 118 PELIEHMS 3TV 3a-
Zay cevicmmdeckue atpubyTsl. puBeneHa xapakTeprcTika UCrosb3yembix MeTonos [MC v onpeaenéH Kpyr peluaembix 3a4a4 Kak s
Hanbosee WMPOKO PacrpoCTPaHEHHbIX BaPUaHTOB re0(m3nYecknx UCCIeAOBaHMA CKBAXMH, Tak W A7 MHHOBALMOHHbIX METOLOB,
npeanaraembix KomnaHuen «LLmombepxey. CaenaH BbIBOA O HEOOXOAMMOCTY KOMIIeKCMpoBaHus MeTogos [VIC. OnmcaHsl gusnde-
CKME OCHOBbI CENICMUYECKIX METOLAOB M3YYeHWs TPELMHOBATOCTY 1 OCHOBHbIE aTpubyTbl. OTMEYEHb! MX BO3MOXHOCTY 1 OrPaHNYeHUs.
Y Ha 3ToVi 0CHOBE O4epH4eH KPYr BOMPOCOB, TPEBYIOLLMX OMONHATENIbHOMO U3YYeHUS.

Llenbto viccrienoBaHus SBASETCS ONPEaENeHUe HanpasaeHU AanbHENLLIMX CCeqoBaHMMA /18 NOBbILEHNS 3HOEKTUBHOCTI reogpm3nye-
CKuX paboT Mpu 3yHeHN TPELLMHHBIX KOIIEKTOPOB MyTEM Co3AaHMs 0630pa reo(u3ndeckx MEeToLoB, NPUMEHSEMBbIX [J15 BblAETeHNS
30H MOBbILLEHWS TPELUMH, NOCIEAYIOLLErO aHan3a CyLLEeCTBYIOLUMX METOAMK M ONpeaeneHns ONTUManbHbIX MyTeu peLleHus Tux 3a4ay.
Pe3ynbTartbl. [100aHaMM31POBaHbI reOBU3NYECKIE METOAbI BbISBIEHMS TPELMHOBATBIX KOJIIEKTOPOB (kak MeTonbl [VIC, Tak v cedcmm-

yeckue atpubyTbl). OrpenenéH Kpyr HEPELIEHHBIX 3aAa4. HaMeyeHo HanpaBeHue AanbHEeLLIMX NCCIEL0BaHM.

KntoyeBble croBa:

KOﬂ}'IE‘KTOp, TPeLMHHO-KaBePHO3HbIE TUI, cevicmMmyeckme aT,OM6yTbI, I'é’Od)VBMLI@CKMG MeToAbl NCCieJOBaHMA CKBAXUH.

BeepeHune

B HE(TempoMBICTIOBOI OTPACIU CIEIMATUCTEI 110
Te0JIOTHH Pas3pabaThIBAlOT TEXHOJOTUI0 M3YUEHUS
00beKTa MCXO/ 13 XapaKTepUCTUK miaactToB. OTHO 13
HamboJiee IIMPOKO MCIOJB3YEMBIX OIIpeJeeHui
npemiaoxkeno T. Ban I'ong-Paxrom. Ilo ero mueHwuIo,
IOZ «2€0J1020-2€0(DU3UYECKOl XAPAKMEPUCMUKOUL
naacma, NOHUMAemcs COB0KYNHOCMb UCXOOHOU UH-
popmayuu o nopodax, ciAzAOWUX NAACT U HACHL-
wanwux ux Gaoudamu» [1]. s Toro urodsl usy-
YaTh TPEIIMHOBATOCTh KOJJIEKTOPOB, HEOOXOAMMO
3HATH YCJIOBUSA (POPMUPOBAHUS U (PUBMUECKLE XapaK-
TEPUCTUKHU HCCIeNyeMbIX pesepByapoB. CooTmet-
CTBEHHO, JJIf (POPMUPOBAHUS ONTUMAJIHHOTO KOM-
TJIeKca Teo(M3NUECKIX METOOB, MCIIOJb3YEMbIX I
IPOTHO3a TPEIIMHHO-KABEPHOSHBIX KOJJIEKTOPOB,
HYJKHO YUUTBHIBATE TAPAMETDPHI U YCJIOBUA MX TPEITH-
HOOOpasoBaHUA.

TpeImuHOBATOCTb TOPHBIX TIOPO — OAUH U3 CAMBIX
BAKHBIX TEOJIOTMUECKUX TTapaMeTPOB TPEITNHOBATHIX
KojumekTopoB. OHA ompefesigeT MPOCTPAHCTBO (T. H.
BTOPUYHAS IOPUCTOCTh AJd KouaekTopos) [2]. Tax
KaK TPELIMHHBIE KOJUIEKTODH OTJINYAIOTCA OT 00BIU-
HBIX TTOPOBBIX KOJLIEKTOPOB, HEOOXOAMMO YUUTHIBATD
ux ocoOeHHOCTH. [[Jd JIyUIero IOHUMAHUA CYTH BO-
poca KPaTKO 0XapaKTepuayeM COBPeMeHHBIe Ipe-
CTaBJIEHW O TEOPUY TPEINHOO0PA30BAHNUSA U Ha €€ 0C-
HOBe 00OCHYeM XapaKTePHbIe UePTHl TPEUMHHBIX
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KOJLIEKTOPOB ¥ BO3MOKHOCTHU Te0(DU3UUECKUX METO-
JIOB JIJIA BBIJIEJIEHUS TaKUX KOJIEKTOPOB.

Tpeutuna, Tpy CETOAHAIIHEM COCTOSHUY M3yUYeH-
HOCTH BOIIPOCA, OTpefeNdeTcsd KaK HeKasd II0BEpX-
HOCTb, CONPAKEHHAA C HAPYIIEHWEM CILJIOIIHOCTH
WM TIOTEPY CLEIIEHUA MaTepuasa (TOPHOH IOPOIbI)
[1]. Takum oOpasom, pasphIBOM Ha3bIBAeTCS IPOIECC
10 TIOTepe CIEIIeHNA TOPHOU mopoAsl. PesyibraTom
HTOTO IIPOIECCA U ABJIAETCA BOSHUKHOBEHNUE TPEIIITHEI
Kak TakoBoi [1, 3-5]. B saBucuMocT: OT HaJIHUMS
WM OTCYTCTBUSA CMEIIEHUA OPOJ 0 00pasoBaBIIIeii-
CS TPEIIVHE OHA MOKET NPEACTABJIATH CO00H J10o
pasJjioM (HapyIleHue) — B CIy4ae Olpe/esseMbIX cMe-
IeHMi TOPOJ BHE 3aBUCUMOCTH OT UX HATIPABJIEHNUS,
100 IPOCTO TPEIHHY (MAKPOTPEIHAHY) — eCJI CMe-
meHne He ycraHoBjeHO [1]. CoOTBETCTBEHHO MOXKHO
TOBOPUTH O TOM, UTO MPUUMHON BOSHMKHOBEHUS TPe-
IIVH ABJIAETCA HAPYIIeHNe CILIOMHOCTY IacTta. [Ipu
5TOM BOBHMKAIOT Da3jMuHbIe OJIOKU, Pas3feeéHHBIE
TPEIIMHAMU, CILIOITHOCTE TIOPOA Hapymaercd. OnHa-
KO KaKue-Iu00 CMeIeHus 9TuX 0JI0KOB He Ompefes-
I0TCA.

IIpoucxosxmenue TpemuH. [Ipu nsyuennn ocamou-
HBIX [IOPOJ] IPYMEHEHYe BHIIIEIIPUBEAEHHOTO OTIPese-
JIEHWS PasphIBa MOYKET OKA3aThCsA IIPOOIeMaTHUHBIM
[3, 6, 7]. IlpuuuHy 3TOTO CJIEAYET MCKATH B TECHOM
CBSI3U T€0JIOTMYECKO 00CTAHOBKY U CTETIEHU TPEITH-
HOBATOCTH MOPOJI.
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Texronnueckue ycaosusa. OqauM us HauboJee Cy-
IIeCTBEHHBIX BOIIPOCOB, KOTOPBIE TPEGYIOT UCCIe0BA-
HUS TPU PEIeHHH BOIPOCOB IIPOUCXOMKICHUSI Tpe-
IMWH, a TaKKe IPU XapaKTepUCTUKe WX CBAZU CO
CTPYKTYPHBIMU U TEKTOHUUECKWMHU YCJIOBUAMHU, SB-
JIseTCSA BOIPOC OIEHKN MHTEHCHBHOCTH PACIpPOCTpa-
HeHud TpenuH. He MeHee 3HAUMMOM IPeCTaBIAETCS
1 3a/1aUa OIpe/IeIeHNs CTeeHN BIUAHNSA TPEIINH Ha
(opMupOBaHUE JOBYIIEK YIIEBOJOPOIOB.

ITo muernuto M. ®punmana u [I. Ctupnca [5, 8] oc-
HOBHBIMH TUTIAMHU TPEIINH ABITIOTC:

*  TPeIIWHbI, BOSHUKINKE B Ipolecce CKJIAIK000pa-
30BaHUA (TeHETUUECKY C HUM CBA3AaHHEBIE);

*  peruoHaJbHbIE TPEUTUHbI, 00pa3oBaHNe KOTOPHIX,
KaK IIPaBUJIO, CBA3AHO ¢ ()OPMUPOBAHUEM JIOKAJH-
HBIX CTPYKTYP.

C numu He BnosHe coraaces k. Xamcow [1, 9].
On mpoBoAW MCCAEIOBAHUA Ha TepputTopuu Apuso-
uel 1 FOTEL. IlosyueHHbBIE pe3yIbTaThl IOKA3aJIH, 9To,
CKOpee BCEro, ILIOCKOCTH COUJEHEHWS B ILTaCTaX U
TPEeNTUHBI 00Pa30BLIBAINCH HA PAHHUX dTAaX Ceu-
MeHTOTeHe3a. A OCHOBHOM IPUUMHON X BOSHUKHOBE-
HUA ABIAJNNCH YCTAJOCTHBIE Aedopmanyu, 00yCiIo-
BJIEHHBIE TPUINBHO-OT/INBHBIMY HATIPIKEHUIMI.

Usyuasa ocagxku Cupneiickoro bacceitna, A. Kyx
[10] BBIfACHMI, YTO pa3pPO3HEHHBIE TPEI[UHBI, cop-
MUPOBABIINECS B IIPOIleCCe CeIUMEHTOreHe3a, MOTYT
UMeTh BechMa [JINTeIbHbIH TIepruof CyIecTBOBaHN,
COXPaHAACH, B TOM UMCJIe, ¥ HA ATATIaX 3aXOPOHEHU
1 KOHCOJMIAIIMY OCAZKOB. OTOT BBIBOJ CTABUT IIOJ
COMHEHIe paHee BhICKasaHHoe cysxiaenue C. IIpaiica
[1, 9] o masI0¥t BEepOATHOCTH CYIIECTBOBAHUSA B MOJIO-
IOBIX 0CAIKaX MOJNTOKUBYIIUX PA3PO3HEHHBIX Tpe-
muH. [lo ero MHEHHUIO, B XOfie TIPOIIECCa YILIOTHEHMS
0CaJIKOB, a 0COOEHHO WX TOCJEAYIOIero AuareHesa,
paHee 00pas3oBaBIIMECS TPEIIUHBI TOMMKHBI 3aJI€UM-
BaThCA.

Pesynprare! moJieBeIx HabmoAeHwi mosBowan I1.
Xappucy IpeIoKATh CBOM BApUAHT TUIMUBAIUAY Tpe-
muH. OH CUUTAeT, UTO CYITIECTBYET [BA OCHOBHBIX TH-
a TPeuTuH:

«a) TPEIIWHBI, KOTOPhle CBA3AHBI C reoMeTpHei
CTPYKTYPHI KoJIeKTopa. OHM MMEIT IOCTOSHHYIO
OPUMEHTAIWIO U YIIOPALOUEHHYI0 CHCTEMY PacIIpocTpa-
HeHUd Ha Bcell mommaau Ha0 e, [lanHasd cBA3H
TPEITUH CO CTPYKTYPOH SBJIAETCA 0COOEHHOCTHIO JIO-
KaJbHBIX YIACTKOB JOCKJIALUIATOTO IEPUO/Ia;

0) TpeuuHLI, KOTOPbIe He CBA3AHBI C TeoMeTpued
CTPYKTYPBI KOJIJIEKTOPA. OTO TPEN[WHBI, BKJOYA-
IOIITMe HeIPaBUIbHbIE MU M30THYThIE PA3PhIBBI PU
OTCYTCTBUY KaKOU-IT100 3aKOHOMEPHOCTH B MX OPU-
enranuu. Taxue TPEITWHBI CBA3AHBI C PA3IUUHBIMHU
TIOBEPXHOCTHBIMH SIBJEHUAMU (OMOI3HAMM, OCETAHN-
eM ILTaCTOB IOJ AeHCTBHEM CHJIBI TAKECTH U T. [I.)»
[1].

leosornueckue ycaoBHA TPEUIMHOOOPa30BAHMS.
Kak mpaBuio, TpeIWHHBIE KOJIEKTOPHI TUIMUYHBI
Ui XPYOKAX TOPOJ, XapaKTepUayIIUXCad MOHHU-
JKEHHOH TTOPUCTOCTHIO ¥ 3aJETAI0INX B CEHCMUUECKT
AKTUBHBIX PETMOHAX C MOBBIIMNEHHOM YACTOTOU IIPO-
SBJIEHUSA TEKTOHUUECKUX mpoiieccos [11, 12]. Bosuu-

KaIoI[ie B 3TUX YCJIOBUAX TPEIIMHBI UMEIOT CPABHH-
TeJbHO 0OJIBIIINE TeOMEeTPUUECKUEe PAa3Mephl, IIPUUEM
KakK I0 IUPKHE, TaK U 10 MPOTAKEHHOCTH, U UX Ua-
CTO HA3bIBAIOT MAKPOTPEINHAMH.

Ecnu ke n1a nCcX0MHON IOPOIBI XapaKTePHBI Hec-
KOJIbKO IIOBBIIIIEHHBIE IIJIACTUYHOCTD M IOPUCTOCTH
(peub B IaHHOM CIy4ae UAET O MEKTPAHYIAPHON II0-
PUCTOCTH), TPEIMHEI UMEIOT He0OIbIIINEe FeOMeTPIYe-
CKIe pasMepsl. «PacKphITOCTE» TAKMX TPEINUH TOME
ke, [lo cBoeMy reHes3ncy OHU ABJIAIOTCA TPEITUHA-
MU paspeiBa. A 10 pasMepaM — MEKDPOTPEIIMHAM.

Kpome Toro, mMeioT MecTo cayuan, KOTAa TPeIu-
HBl BOBHUKAIOT HE KaK CJeJCTBUE PasHOHANPABJIEH-
HBIX TeKTOHWYECKUX HAIPS/KeHU#, a B pesysbraTe
VMEHbIIIeHNS CHEeILIeHUs JacTuIl mopoasl. Takyio pe-
AKI[AIO0 TOPOBI MOJKET BI3BIBAT LIEJIBIN P IPUUKH,
a MMEeHHO:

+ ocreiBaHue 3()(QY3UBHBIX (M MHTPY3UBHBIX) IIOPO
BCeT/Ia COIIPOBOKIAeTCA YMEHbIIIEHeM UX 00bEMa;

+ TIpOIIlecC CKJIagK000pas0BaHusd, 3a CUET YBEJIMUEH-
HBIX HATIPSKEHWH B 3aMKOBBIX UACTAX CKJAJIOK,
TIPUBOAUT K OCJIa0JEHUIO CIETIeHNs 36PEH MOPOJ
Ha 9THX yYaCTKaX;

*  BBbICBIXaHHUE IIOPOJ, COAePKaIINX IIMHUCThIE MU-
HepaJIbl, IPUBOAUT K UX (TOPOJ) paCTPeCKUBAHUIO
BCJIE[ICTBIIE YMEHbIIIeHNS 00bEMa 3a CUET MOTEPU
BOJIBI;

*  TIPOIECCH JEHYAAINM, B XOJ€ KOTOPHIX, 38 CUET
9PO3UK MOIIHOCTb II€PEKPHIBAIONINX OTIOMKEHUI
CTaHOBUTCS PA3JUYHON B PA3HBIX UACTAX CPEJBI.
9T0 MPUBOAUT K (OPMUPOBAHUIO PA3TMUHBIX Ha-
IpsKEeHU# 0 ocIa0JeHHBIM 30HAM.
leomornueckas Momesp TPeN[MHOOOPAa30BaHHUS.

W3BecTHO HECKOJBKO Mojenedl ()OPMUPOBAHUS Tpe-

muH. OXapakTepu3yeM OCHOBHBIE.

BazoBoii MojiesIbI0 00pPa30BaAHK TPEIUH ABJIIET-
ca mogenb Kubabe [12]. Ona mpexpmosiaraer pacuéT
KapT PABHOII BEPOATHOCTY PA3BUTHS TPEIIKUH U BBIAB-
JIeHUe Ha OCHOBE WX aHAJIM3a YUaCTKOB HAMOOJbINeH
BEPOATHOCTH TpeuuHooOpasoBanusd. CyThb 9TOI Moe-
JIA COCTOUT B caefyiomeM. IIpeamonaraercs, 4To o
pesyJIbTaTaM ceJuMeHToreHe3a ObLiu c(DOPMUPOBAHBI
IIJIOCKHUE CJIOW OCAJOYHBIX TOPHBIX IIOPOJ, IPUMEDPHO
mOBTOPSAOIIE (DOPMY HUIMKEJIEIKAIUX OTJIOKEHUH.
Ilanee ¥ HUM OBLIM TPUJIOMKEHBI TEKTOHUYECKIE Ha-
IPAKEHN (B XOfe IPOLECCOB CKJIALK000pas0BaHMsA)
1 TOPHOE faBjeHne (KaK pe3ysIbTaT IPaBUTAIIOHHOTO
BO3IEHMCTBUSA BBINIENEKAIINX OTJIOMKEHU). ITO CyM-
MapHOe BO3/IeiCTBYE U IPUBEJIO, B KOHEUHOM UTOTE, K
BOBHUKHOBEHMIO ceTu TpernuH. Taxum o6pasoM, eciu
MBI TPOAHANIUBUPYEM COBPEMEHHY0 ()OPMY ILIACTOB 1
paccuMTaeM KPUTHUECKUI MOAYJIb YIPYTOCTH B KaK-
IOl TOUKE CPembl, MBI MOJYYUM BO3MOMKHOCTH OI[e-
HUATHh BEPOATHOCTh BOSHUKHOBEHHUS TPEIIWH IPHU
IIpeAIoJIaTaeMbIX cMeIneHuAX. [Ipu 9ToM Hafo IMEeTh
B BHJY, UTO BEPOSITHOCTH TPEUTNHOOOPA30BAHUS II0-
BBIIIAETCSA MPH YMEHBIICHNN KPUTHUECKOr0 MOIYJISI
VIIPYTOCTH.

JI. Pamcrax [1, 12] passun ugeto Kubabe. IIpu
STOM OH II0Ka3aJ, UTO MCIOJb30BAHHBIN paHee MeTO[
MOJIEIVMPOBAHUS SABJIAJICI He COBCEM YAAUHBIM U IIPe-
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JIOYKUJI MCIIOJB30BATH METO] KOHEUHBIX 3JI€MEHTOB.
KiroueBsIM yCIoBHEM €0 MPUMEHUMOCTH SBJISETCS
co0JTto/ieHre 3aKOHA JINHEWHOCTH JJIf TOPHBIX TOPOJ,
KOTOpbIe (B MepBOM TMPUOIMKEHUY U B 3aBUCHMOCTH
OT COCTaBa) MOXKHO OTOKAECTBIATH C YIOPYTUMU U
YIPYro-BA3KO-ILIACTUYHEIMY MATEPUAIAMHA.

CBfi3b MeXxay TpewnHamMmn n pasnoMmamMmun

TeKkTOHUYECKHE TPEIMHBI B TOPHBIX IMOPOJAX
BCTPEUAIOTCS 3HAYNTEIBHO Yale pasaoMoB. [Ipuum-
HO MX BOBHUKHOBEHUSA ABIAIOTCA IIABHBIM 00pasoM
HANIPSKEHNA, HOABJIAIONINEC Ha 9Talax TeKTOHOTe-
Hesa. OHU, ¢ OJHOM CTOPOHBI, MOTYT OBITh CBA3AHBI C
Pa3IMYHBIMU JIOKAJIBHBIMU TEKTOHUYECKUMU CTPYK-
TypaM#, TaKUMU KaK pasjioMBbl, CKJIAAKHU, a C Y-
TOfl — BOBHMKATH B XOjle HAIDPIKEHUN, CBA3AHHBIX,
HATPUMeD, ¢ ABMKeHueM JuTochepHbIx miut. Takum
00pasoM, MOKHO TOBOPHUTH O TOM, UTO IPUPOAA TEKTO-
HUUYECKUX TPENIuH pasHoo0pasHa M WX BO3HUKHOBE-
HUe MOKeT OBITh 00YCJIOBJIEHO PA3IMUHBIMU NUCTOYHM-
KaM¥ HaIPAKEHWH, UTO IIPUBOAUT K (DOPMUPOBAHUIO
TPENTUH Pa3JUYHBIX MaciiTaboB. BoibmuHCTBO wC-
cJefioBaTeNiell B HACTOAIEe BPEMsA BBIAEJIAIOT TPH OC-
HOBHBIE IIOCJE[OBATENIbHBIE CTAIUU NedopMalui,
IPUBOJAIINE K TOABIEHUIO TEKTOHUUECKUX TPEIIHH,
KaK 9T0 MoKasaHo Ha puc. 1 [6-8, 13].

1. Cmadus ynpyeot degpopmayuu. [Jedopmaruu aToit
CTaVM He IPUBOAAT K paspymenudam nopox. [Ipu
CHATUY HAIPY3KU TOPOJa BOCCTAHABIMBAET U3HA-
YyaJbHble TeOMETPHUYECKNEe XapaKTepucTuku. Ta-
KuM 00pa3oM, MOKHO TOBOPHUTH O TOM, UTO Jedop-
MAI[W¥ TOU CTAAUU ABJIAIOTCI 00PATUMBIMU,

2. Cmadus naacmuueckoii depopmayuu. B ciayuae
TIPEBBIMIEHNS TEKTOHNYECKUMYU HATPAKEHUAMU
mmopora o6paTuMOCTH (IIpefesia YIPYrocTh) mopoia
0e3BO3BPATHO MU3MEHUT CBOU 'eOMETPUUECKHUE Xa-
pakTepucturu. [leopmaruu aToi cTaguy MPUBO-
IAT K 00pasoBaHUIO CKJIAJ0K, HO He MPUBOJAT K
HapYIIeHWIO CILIOITHOCTH mopon. HeobXomuMbIm
ycaoBueM (popMupoBaHuA AedopMaIui aTo# cra-
IVU ABJAETCA He HPEBHIMIEHNEe TeKTOHUYECKUMU
HANIPSKEHUAMY IIPeJIesia IPOYHOCTH IOPO/I.

Puc. 1. Ilpumep opuenmayuu HANPAXCeHUS ¢ HANDPAGIEHUEM Mpe-
wun [14]

Fig. 1. Example of stress orientation with fracture direction [14]

3. Cmadusa xpynkol uau pa3pvléHoil dedopmayuu.
Kax mpaBuio, 910 3aKIOUATENbHAS CTALUA Je-
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(hopMaIuu IOPOJ IOJ AefiCTBUEM TeKTOHNUECKUX
cu. [edopmariuu 310l cTafuy BOSHUKAIOT TOTAA,
Korja mopoja Bener ceds Kak xpymkoe teno. To
€CTh KOTJa TeKTOHMYEeCKHe HANPS/KeHWU CcyIe-
CTBEHHO IIPEBBIMIAIOT BCE IPENEIbI COMPOTHBIIA-
€MOCTH IOPOJBI. ITO IPUBOAUT K MOABICHHIO T. H.
«XPYIKUX» AedopManyii, CBA3AHHBIX C IOTEpei
CILTOIIHOCTY U ()OPMUPOBAHNMEM PABIUUHBIX TEK-
TOHUYECKUX TPEIINH.,

06Hapy)|(e|-|v|e 30H NOBbILIEHHO TPeLmnHOBaTOCTH

IIpamas omenka TpemuHOBaTOCTH. McciemoBa-
HUA KepHa — 9T0 HanboJjiee JOCTOBEPHBIN MeTO B U3Y-
YeHHUH TPEITMHOBATOCTY KOJIeKTopoB. Ho mpu Gype-
HUU TOPHBIE TOPOABI Ie)OPMUPYIOTCA, TMPOUCKOTUT
pasrpysKa HANPSIKEHHBIX COCTOAHUN, BCIECTBUE Ue-
ro 00pasyioTcs HOBbIE (TeXHOTeHHbBIE) TPEIUHEL 1 13-
MeHSeTCs alepTypa paHee CyIIecTBOBABIINX TPEIITHH.
Kpowme Toro, paguyc ucciesoBaHuii y M0 00HBIX METO-
JIOB HE3HAUUTENHHO MPEBBINIAET PAAUYC CKBAKUHBL.

CxBasKHHHBIE METOIBL.

K umm oTHOCATCSA:

TuapoguHaMuuecKme MCCIEIOBAHUSA CKBAMKUH,
KOTOpPbIe IO3BOJIAIOT OIIEHUTh PACCTOAHUE OT CKBa-
JKMH [0 30H MOBBLIMIEHWSA TPEIIMHOBATOCTU. ['MADO-
IIPOCJIYINVBAaHNE CKBAsKWH M TPACCEPHBIE MCCJIeI0Ba-
HUSA MO3BOJIAIOT BBIJIEJNUTH IIPEUMYIIECTBEHHBIE HA-
mpaByaeHna GuibTpanuu. TakKe MOKHO U3YUATh TPE-
IITTHOBATOCTh HA O0HAKEHUAX, IJIe IMEETCS BOZMOIMK-
HOCTh HAOMIOJATh pPACIpPOCTPAHEHWE TPEIIUH W UX
B3aMMOJeMICTBME HA BHAUMUTEJBHOW ILIOIIAAH.
Heo0xo0x1Mo ©MeTh B BU/Y, UTO TOJbKO BHIIIIEOTIMCAH-
HBIX WCCJIEJOBAHWI HEJOCTATOYHO JJIA JOCTOBEPHOT'O
OIIpefieIeHUSA PACIIPe/IeNIEHN CETH TPEIUH B TI0PO/Ie-
KOJLITEKTOpe.

IIpumeHeH1e MeTOmOB reoU3UYECKHX HCCIET0-
BaHUN CKBaKuH. [IONBITKM HAWTH CIIOCOO IPSMOTO
BBIJIeJIEHUS TPEIMHOBATOCTH, a TaKJKe OIEHKH IIPO-
CTPAHCTBEHHOHN ILJIOTHOCTH TPEIIMHOBATOCTH IIPE.-
IPUHUMAJNCH YKe naBHO. CO BTOPOI OJIOBWHEI ITPO-
IILJIOTO BeKa JJIs PeIlleHus 3TUX 3aJaU aKTUBHO IIbITA-
Juch ucosb3oBaTh fanubie TMC[15, 16]. Ograko of-
HO3HAYHOTO PEIIeHUS ATOM MPOOJIEMbI He OJIYUeHO JI0
CHX TIOpP. B 0CHOBHOM 3T0 00YCJIOBJIEHO CJIOMKHOCTIMEI
BBIJIeJIEHNS TPeIuH. Tak, Hanpumep, OKa3anroch, YTo
33/1aua OMMCAHWUSA CHCTEMBI TPEIIVH B CTBOJIE CKBA-
JKVH BeCchMa CJI0JKHA U 9TO HeJlb3s CeaaTh OLHO3HAY-
HO BepHO. B cuiy aTMX IpUYWH pelieHure IpodieMsl,
KaK 3T0 00BIYHO IIPUHATO B re0()usUKe, CTalIN UCKATh
B KOMILJIEKCHPOBAHUY METOZIOB KapoTasKa.

IaguM KpaTKy XapaKTepuCTUKY HamboJee BOC-
TPeOOBAHHBIX IPU U3YUEHUHN TPEIIMHOBATOCTHA METO-
nos I'HC.

Memod camonpoussonvroii noaspusayuu (CII).
W3mepseMbIM TapamMeTpoM B 3TOM METOJe SABJAETCS
PasHOCTDb IIOTEHIINAIOB MEKIY HEMOABUIKHBIM dJIEK-
TPOJIOM, DPACIHOJOKEHHBIM HA IIOBEPXHOCTH, U II0-
ITBIKHBIM DJIEKTPOJOM, IePeMEINaeMbIM [0 CTBOJY
cKBasKuHbBI. Ec/u B CKBa)KMHE BCTPEUAIOTCS IIPOHKIIA-
eMble Iopojibl, To 3HaueHue CII MeHAeTCS ¥ OTKIOHSA-
eTcsd OT ypoBHA (poHA (MuHMM rJivH). [Ipuuém ato aB-
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JIeHUe BO3HUKAET B CJIyYae HAJUUUA U HOPUCTHIX, U U
TPEIMHOBATEIX mOpoj. OmpejeneHre MPUPOALI aHO-
MaJIMii — HOPUCTOCTH WX TPEIIIMHOBATOCTD — BOBMOIK-
HO WCXOfd W3 aHAJINW3a Te0JIOTUUECKUX XapaKTepu-
cTuK paspesa [17, 18].

[IprunHO# BOSHUKHOBEHUA OTPUIATENbHBIX aHO-
majuii CII siBisieTcs MOBEIIIIEHNE CTEIeHN (DUILTPYe-
MocT: OypoBOro pacTBopa. Takum 06pasoM, MOMKHO
TOBOPUTH, UTO IJIS CAydYas PAsBUTUA TPEUTHHOBATO-
CTH ATU aHOMAJIUY UMEIOT QUIbTPAIMOHHYIO TPUPO-
ny. OmHAaKo, B CHJIY TOTO, UYTO TAKWeE K€ aHOMAJUN
BOBHUKAIOT U 32 CUET OKUCIUTENHHO-BOCCTAHOBUTEb-
HBIX IIPOIIECCOB IIPY HAJIUYUY B IOPOZE U B TPEIUHAX
IUPUTA U JIP., 9TOT (aKT, a TaKIKe TO, UYTO B KapboHa-
Tax TaHHBIA MeTon He paboTaer, 3aCTaBISET C OCTO-
POYKHOCTBI0O OTHOCUTHCA K PE3YJbTAaTaM BBIJEJIEHUS
TPEIIWH C €r0 IIOMOIbI0, 3aCTABJIAET WMCIOIH30BATH
€T0 TOJIbKO B KOMILIEKCE.

T'amma-memod. YpoBeHb eCTECTBEHHON PafuOaK-
THUBHOCTH CaM 110 cefe HUKAK He CBA3aH CO CTEIEeHbIO
TPeIuHOBaTOCTH T0poA. OMTHAKO OH OJHO3HAYHO CBSA-
3aH C KOJIMYECTBOM IVIMHBI (KAK XOPOIIETro copbeHTa
EP9) B cpene. Takxe HA ypoBeHD KOHIeHTpanny EPY
B Cpeie BIUAET ¥ KOJIMUECTBO COPOMPOBAHHBIX HA CKe-
JleTe TOPHOW TIOPOJBI PAaJMOAKTHBHBIX MUHEPAJIOB,
MOTABIINX TYAA B CAITY QUIBTPAIIMT BOJBI IO TPEIITH-
Ham [18, 19]. IloaTomy mpu ompeieIEHHBIX YCIOBUAX
TIOBBINIIEHYE €CTECTBEHHOW PAIMOAKTUBHOCTH TI0 JTaH-
HBIM TaMMa KapoTaka MOYKET CIYKUTH TOCTOBEPHBIM
IPUBHAKOM HAJNYMA TIOBIIEHHOH TPEIIMHOBATOCTH.

Kaseprnomempus. [lpumenenue atoro meroga ['MC
IJI TPOTHO3a TPEN[MHOBATOCTHA OCHOBBIBAETCA HA
TOM, 4TO B CHJIy O0Jiee BRICOKOTO JlaBJeHus OYPOBOTO
pacTBopa (110 CPaBHEHUIO C ILJIACTOBBIM JABJIEHUEM) B
30HAX TOBBIMIEHHON TPEIMHOBATOCTH HTPOUCXOIUT
yCKOpeHHOe (DOPMUPOBaHWE TJIMHUCTON KOPKHU, 3a
CUéT «3aJaBIUBAHUA» OYPOBOTO PACTBOPA B T'OPHYIO
mopoay. B arom ciryuae mo pesysbTaTaM KaBepHOME-
TpUU (PUKCUPYETCa YMEHBIIEHNe AUaMeTpa CKBasKu-
HBl. EcTecTBeHHO, UTO NaHHAA MeTOAWKA paboTaer
TONBKO TIPY OYPEHUY HA TVIMHUCTHIX PACTBOPAX JuGO
Ha PaCTBOPAX CO CIENMATbHBIMY JOOABKAMH.

Tepmomempus. Ilpumenenue aroro merona I'MC
JJIs OTIPEZIeJIEHUS CTEIIeH! TPEeIMHOBATOCTY OCHOBA-
HO Ha TOM, YTO CYIIIECTBYET PasHUIlA MeK Iy TeMIIepa-
Typoii OypoBOTO pacTBopa (Kak IPaBUJIO, OH XOJIOA-
Hee) U TopHO# cpensl [15, 16]. Ilpu mupkyaamuu pa-
CTBODPA B CKBasKMHe HamboJee 3HAUMMO TEMIIEPATypa
OyJeT MOHMKAThCA HAPOTUB IIPOHUIIAEMOH (Tperu-
HOBATO) YacTu paspesa, KOTOpas, TAKUM 00Pa3oM,
MOKeT OBITH 3a()MKCUPOBAHA UYYBCTBUTEJIHHBIMU
CKBQ)KMHHBIMY T€PMOMETPAMU, 00/1aJaioIuMy HU3-
KO¥ TeMJIOBO MHEPINeld U XOPOIIel UyBCTBUTEIHHO-
CTBIO.

Haxnonomempus. IIpuHIIUT UCTIOIB30BAHUA 9TO-
T0 METOjia /IS ONpe/eJeHrus TPEIMHOBATOCTH OCHO-
BaH Ha TOM (haKTe, UTO MPOHUIIAEMASA 30HA XapaKTe-
pu3yeTca HECKOJBKO MOBBIINEHHON ITPOBOAWMOCTHIO
[15, 16]. IIpu nu3mepeHUN CONPOTUBIEHNUS B IIPOIIECCE
BpAIIleHNA 30H]A HA KaXKJOM U3 YeTHIPEX OalIMaKoB
npu OJArONPUATHBIX YCJIOBUAX MOKHO 3aQUKCHUPO-

BaTh Pa3HOHAIIPABJEHHBIE TPEIIVHBI, KOTODPHIE TOJI-
JKHBI TIPOABUTHCA, KaK OBIJIO OTMEUEHO BBIIIE, TOHK-
JKEHYEe COIPOTUBJIEHNSA, 10 CPABHEHWIO CO CILJIONTHOMN
Cpemoii.

Memodv T'HC 0ns onpedenenus nycmomHocmu.
Kak mpaBuiio, B 8Ty I'DYIIY BKJIOYAIOTCA aKyCTHUE-
CKHU, HEUTPOHHBIA M ILJIOTHOCTHOW KapoTaiK, KOTO-
pBIe TI03BOJIAIOT, C OAHON CTOPOHBI, OIIEHUBATH TPE-
IITTHOBATOCTb, & C APYTOi, TPy OJATOMPUATHBIX YCJIO-
BUAX, (DUKCUPOBATH HAJWYKE BTOPUUHOM IMYCTOTHO-
cru (akycTuueckuit Kaporax)[16, 19].

Axycmuueckuil memod. PusnvecKoil 0CHOBOH €ro
IPUMEHEHNUS JIJIA OLeHKY TPEI[MHOBATOCTH ¥ BTOPUY-
HOHM ITYCTOTHOCTH ABJIAETCS HAJIUUNE TEOPETHUYECKOH
CBS3YU MEKIY UX HAJMUMEM 1 0COOEHHOCTSAMY PacIpo-
CTPaHEHUA B Cpejie YIPYrux BoaH. HecMoTpsa Ha oue-
BUHYIO CBSA3H MEXKY OTUMU TaPaMeTpaMu, TOMyIeH-
HbIe IPAKTUYECKUE PE3YJbTATHl B HACTOAIIEE BPEM
He CTOJIb 04HO3HAUHbI. OJHAKO OOJIBIITMHCTBO CIIeIa-
auctoB [20, 21] cumraeT UMEHHO 3TOT MeTO Hanboiee
TIepPCIeKTUBHBIM JJIS IPUMeHeHus B JajbHeinieM B
KauecTBe ocHOBHOrO Meroga ['MIC mna perucrparum
TPEINHOBATOCTH.

K ero ocHOBHBIM JOCTOMHCTBAM MOYKHO OTHECTH
BOBMOKHOCTH YBEDEHHOT'O DAsfesIeHUA IIOPOJ IO MX
aKyCTHYECKUM CBOMCTBAM U CPABHUTENbHO HEBBICO-
KYI0 YYBCTBUTEJBHOCTh K HEOJHOPOJHOCTAM CTBOJIA
CKBaKIHEI.

IInomnocmuoii memod. PusanuecKoin OCHOBOM
IPUMEHEHNUSA IJIOTHOCTHOTO METO/IA [IJId OTIPeIeIeHIA
TPEIUHOBATOCTH CJIYKUT OYEBUAHASA CBA3H MEXKIY
TPEIMHOBATOCThI0 (IIOPUCTOCTHIO) M IJIOTHOCTBIO
[15, 19]. Yem Bolme TPeIIWMHOBATOCTb, TeM HIUIKE
IJIOTHOCTb, UTO IPOSBJIAETCA B YBEIUUEHUN CKOPOCTH
cuéra. OCHOBHbIE OTPAHUYEHUSA B MPUMEHEHUH 9TOTO
meroga I'MC cBsA3aHbI ¢ TeM, UTO 30H[] HE OPUEHTHUPO-
BaH U He Bpallaercd. B cuiy aTux orpaHMYeHun, MO-
JKET 0Ka3aThCs, UTO TPEIMHOBATOCTH OYAET yCTaHO-
BJIEHA TOJIBKO C OJTHOU CTOPOHBI CTBOJIA CKBAKUHBL,

K mpeumymectBam miotrHOCTHOTO Merona [18]
MOJKHO OTHECTM BO3MOKHOCTH KOJUUECTBEHHOTO
OIpe/eJIeHUSA BeJIMYMHBI ITYCTOTHOCTH.

Heiimpounbie memodvl. HeTPOHHBIN KapoTaix,
TaK JKe KaK U IJIOTHOCTHOH, TI03BOJISET U3MEPATD 00-
myto mycrotHOCTb [15-17, 19]. [l1a Hero xapakTep-
HBI Te )Ke HEJOCTaTKU W OTPAHWUYEHWS, UTO W JJId
IJIOTHOCTHOTO KapoTaska. OfHAKO, B OTJIUYME OT O~
CJIe[HEeT0, HeUTPOHHBIE METOABI (3a CUET (UKCAIUU
TIOBBIIIIEHHOTO COJIEPIKAHUA BOJOPOJA B IOPOJE) IO-
3BOJIAIOT 0OJiee YBEPEHHO (MKCHUPOBATH OTKPHITHIE
TPEIUHEI.

Creasxcunnulii. menesusop. Ilpu mcmonbp3oBaHUM
CKBasKMHHOTO aKyctuueckoro remesusopa (CAT) ome-
parop IMOJyYaeT aKyCTUUYECKYI0 DPAasBEPTKY CTBOJA
CKBaJKUHBI, TJle TPEI[NHAM, KaBepHaM, IIyCTOTaM U
JIPYTUM HapYIIeHUAM CILIONIHOCTH IHOPOJ B SBHOM
BHUJI€ COOTBETCTBYIOT YYACTKY M3MEHEHUS WHTEHCHB-
HOCTY BOJTHOBOW KapTwHBI. MeTo[ XapakTepusyercs
BecbMa BBICOKOI paspelaiolneil cIrocoOHOCThIO U B
pAfie CIyYaeB MOKET IOMOYb OTKA3aThCA OT HEIpe-
DBIBHOT'O 0TOOPA KEPHA.
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Cumraercs, YTO STOT METO]| ABJIAETCA €AUHCTBEH-
HBIM PSAMBIM METOJOM U3YUEHUS TPEINHOBATOCTH B
OTKPBITOM cTBOJIE. Tak:xe He0OX0AMMO OTMETUTH, UTO
JOCTOBEPHOCTH MOJIYyUaeMbIX HPHM HCIOJb30BAHUU
CAT pe3ysbTaToOB MOKHO IOBBICUTD IIPH UCIIOJIB30BA-
HUM KEPHOBBIX JAHHBIX.

OTnenpHO HANO OCTAHOBUTHCA HA COBPEMEHHBIX
MeTO/aX BBIJIENEHUs TPEL[HH, IpeIaraeMbIX KoMIIa-
uuent «IlLmrombep:xe».

Sonic Scanner: 3D axycmuueckoe 30H0uposarue
[22]. Iupoxuit yacTOTHBIN CLIEKTD U3IydaTesnell, uc-
I0JIb3yeMBIX B IaTdopme Sonic Scanner, m03BOJIAET
DETHUCTPUPOBATEH BOJHOBLIE TI0JIA C BEICOKUM OTHOIIIE-
HUEM CHUTHAJ/IIYM HEe3aBHCHMO OT HHTEPBAILHOTO
BpeMeHM PacIpoCTpaHeHus BOJIH B II0POjie, UTO yCTpa-
HseT He00XOAUMOCTb MHOTOKPATHBIX PEHCOB. ¥ BeIU-
YyeHHasd, TI0 CPABHEHMUIO ¢ OOBIYHBIMU aKYCTUUECKUMU
npubopamMu, aHTeHHA TPUEMHUKOB, KOTOPAsA COCTOUT
u3 13 cranuuii mo 8 asMMyTAJIbHBEIX IIPUEMHUKOB B
KaKJ0i, 1 OOJBIION AUAMA30H PACCTOSHUNA MEMXIY
MOHOTIOIbHBIMY U3JIyUATeIIMU U IPAEeMHUKAME II0-
3BOJIAIOT TOJYYATh PAAUANbHBIN TPOGUIL H3MeHe-
HUS WHTEPBATbLHOTO BPEMEHU PAacIPOCTPAHEHUS TIPO-
JOJBHOU BOJIHBI TI0 MEPE yAaleHUd OT CTEHKU CKBa-
JKUHBI BrUy0b Iiacra. AHAJIOTMYHBIN TPOQUIb A
[IOTIEPEYHO BOJMHBI MOJIyUaloT GJ1arogaps 3aBACHMO-
CTH TJIyOMHHOCTY M3MePeHMs U3TUOHON BOJHEI OT Ya-
CTOTHI CUTHAJIA TTOCPECTBOM MHBEPCHUM €€ TUCIIePCH-
oHHOM KpuBo#. [losyuaembre mosieBbie JaHHBIE TO3BO-
JIAIOT TPOBECTH KJIACCU(DUKAIMIO aHUZOTPOIMHU TLIA-
CTa, OTIPEZIEIUTH e€ TUII I XapaKTep.

FMI (asumymanvholil sexmpuieckuil MUKpou-
mudxcep ). Emé omHOM METOAMKOM, TpeII0oKeHHON
romnanuen «I1lmomMbepskes 1A N3YUEHNS TPEITITHO-
BaTOCTHU B CTBOJIE CKBAKWHBI, ABJAETCA UCIIOJb30BA-
HIIe a3UMYTaJIbHOTO 3JIEKTPHUECKOTO MUKPOMMHUJIKE-
pa [23]. Ou ob61amaer JOCTaTOYHO BHICOKUM pasperie-
HueM (He 6oJiee 5 MM 110 BePTUKAJIU U TOPUSOHTAJIN) U
03BOJIeT paboTaTh B 3aMOJHEHHBIX OYPOBBIM pa-
CTBOPOM Ha BOJIHOI OCHOBE CKBA:KMHAX, UTO JeJaeT
ero Upe3BHIUANHO momesdHbIM. OfHAKO B CJaydae wuc-
[I0JIb30BAHUSA IOJMMEPHBIX PACTBOPOB 3(PpeKTUB-
HOCTB ATOTO METO/Ia CYIIIeCTBEHHO CHUKAELTCS.

Quanta Geo (a3umMymanrvHblil 3NeKMPOMAZHUNM-
HbuLll murpoumudxcep ) [24]. dra anmapaTypa UCIOIb-
3yercA A TPOBeJeHUA CTPYKTYPHOTO aHAIN3a,
OI[EHKY €CTECTBEHHOW M TEeXHOTE€HHOW TPEINHOBATO-
CTH TIOPOJ, OIIEHKY BTOPUYHOM TOPUCTOCTH KABEPHO-
TIOPOBBIX KapOOHATHBIX KOJJIEKTOPOB, YTOUHEHUSA 3()-
(heKTHBHOHN MOII[HOCTH KOJIJIEKTOPOB B YCIOBUAX TOH-
KOTO TepecjavBaHusa MMeCYaHO-TIMHUCTHIX OTJIOMKe-
HU, OIeHKHU a3MMyTa MaKCHMAaJbHOTO TOPU30HTAIb-
HOTO HATIPAKEHW, POBEJEHUA CEIUMEHTOJIOTHYe-
CKOTO aHaJM3a, BBICOKOTOUHOM IPWBASKU KepHA IO
ryouHe (TOYHOCTH COCTABJIAET 3—H €M), a3UMYTaJb-
HOTO OPMEHTHPOBAHUS KepHa. B 3aBUCHMOCTH OT Teo-
JIOTO-TeXHOJIOTMUECKUX YCJIOBUN M3MEPEHWH IpuMe-
HAIOTCA DJIEKTPUUECKHe, 3JeKTPOMATHUTHBIE WU
VIBTPa3BYKOBBIE TIACTOBBIE MUKDPOMMUKEPHI.

OBMI (Asumymanvhblll 3JeKmpoMazHUmMHbLL
murpoumudrep ) [25]. B reosoruyeckoit mHTEpIPETA-
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AU UMUKA MCIONb3YIOTCA IS ONpeeeHnus BHY-
TPUILIACTOBOI CJIOMCTOCTH ¥ TEKCTYPHBIX 0COOEHHO-
cTeil TOPOAbI, MPUUEM pasMep OTHAEIbHO B3ATHIX 9JI-
€MeHTOB MO:KeT He mpeBsimaTh 1 cm (0,4 moiima). OT-
MeUeHBI TaKKe HaOMI0IeHNA Ha UMUIKAX OTKPBITBIX
1 3aJI€UeHHBIX TPEIKH, padMep KOTOPhIX MeHee 1 cM.

UBI (yavmpa3syxo60il 6bL.cOK0PA3PEULAIOULUTL MU-
kpoumudicep ) [26] O mo3BoJIAET TOSYUATh XapaKTe-
PUBYIOIIeCcS BHICOKMM paspelleHreM aKyCTHUeCKue
n3o0paskeHus (MMUIKM) CTBOJA CKBAKUHBI, 3am0J-
HEHHOTO OYPOBBIM PACTBOPOM HA BOXHOM MU He(TH-
HOU OCHOBe. MIMUIKM IIO3BOJIAIOT OMpPENeNATh Ha-
KJIOHHBIE ILIACThI, TPEITUHBI U IPYTUe SJeMeHTH 3a-
JIeTAHUSA TLIACTOB, BCKPBITBHIX CKBaMKWHOU. ToUHBIE
M3MEpeHUs CeYeHUS CTBOJIA CKBAKUHBI MO3BOJIAIOT
ClieJIaTh BBIBOJBI O CTA0MIBHOCTY CTEHOK CKBasKUHBI 11
OBAJIbHOCTH CTBOJIA.

Tem He meHee He00X00UMO NPUSHAMb, UMO Oaxce
amu memoduku, 83amole no 0maoesbHOCMU, He 0alom
803MONCHOCMU 00HO3HAUHOZ0 BblOeNeHUS MPEWUH U
OUeHKU MPeuuH08amoCcmu KoJLieKmopos 8 yesomM.

Kommurexcuposanue merogos I'C. Kak 65110 oT-
MEUEHO BBHIIle, NMPH WU3YUEHWM TPEIMHOBATOCTA B
CTBOJIE CKBAYKMHBI MBI CTAJIKMBAeMCsA C IPOOJIEMOii,
TUIUYHOH /I re0(DU3UKY B 1I€JI0M, a IMEHHO — IIpaK-
ruuecku HU ofuH MeTo; ['IC (BO3MOKHO 3a UCKJII0UE-
HueMm CAT) He MOKeT KapTUPOBATH €€ B MOHOBapUaH-
te. COOTBETCTBEHHO, PEIIEHUE ITON TPOOJIEMBI TAKOE
JKe, KaK U IJIA IPYTUX 3ajiay, CTOAIINX Iepel reodu-
3MYECKUMH METOJaMU, 8 MMEHHO — KOMILIEKCHPOBa-
uue [16, 27]. Takum 06pasom, 3)GeKTUBHOCTD pelre-
HUS 3aJ1a4 BBIJEJIEHUSI TPEIINH B CTBOJE CKBAaKUHBI
HATPSAMYIO 3aBUCUT OT KauecTBa (hOPMUPOBAHUS MTOK-
cxoBoro kommiexca ['MC.

Kax moxasbIBaiOT BHIIIEIPUBEAEHHBIE Pe3yJIbTa-
THl AHAJIK3a COBPEMEHHBIX CIIOCO00B OIIPeAeTeHUsT
TPEIIMHOBATOCTH, WCCJAEJOBAHNUA B CTBOJE CKBAYKH-
HBI, OHU BCE-TAKU I03BOJIAIOT C OIIPEEeNEHHOM JoIei
YBEPEHHOCTH (KOTOpas PE3KO IOBHIIIAETCA B CIyUae
MCII0JIb30BAHNUA CKBAKMHHOTO TEJIEBU30DA) BBIEMATD
TPEIIWHLI U OLEHUBATh TPEI[AHOBATOCTH KOJIIEKTO-
poB. OgHAKO 9TOT0 HENB3A CKA3aTh O CIIOCO0aX OIEH-
KU TPEIMHOBATOCTHU IIPU NPOBEJEHUN II0JEBBIX T'e0-
(usuyeckux (ceficMopasBefouHbIX) pabor. Heobxo-
VMO MMETb B BUJY, UTO BOBMOKHOCTH OIIEHKHU Tpe-
IIIMHOBATOCTY HA HTOM JTAlle TIO3BOJIUT CYIIECTBEHHO
IOBBICUTEL JOCTOBEPHOCTH IPOTHO3a KOJJIEKTOpA I,
KaK ciaeficTBue, 3Q)(eKTUBHOCTh re0()U3nUeCKuX pa-
00T B I[€JIOM.

O06Hapy:keHUe U 30H MOBBINIEHHOW TPEINHOBATO-
ctu. CeiicMuueckue Metosl. CeficMuuecKue nccieno-
BaHUA MOUKHBI TO3BOJNUTH 3HAUMUTENBHO CHUBUTH
HEeOIpeeJéHHOCTh NPHU OIeHKe TPel[HHOBATOCTH.
HecpaBHEHHBIN ILTIOC TAKUX UCCIENOBAHNI 3aKJII0UA-
eTcs B TOM, UTO cOBpeMeHHas TpéxmepHas (3D) cetic-
MUUYecKas CheMKa PaBHOMEPHO OXBATHIBAET 3HAUM-
TeJbHYIO ILIOMIAIbh HAJl MECTOPOKIEHNEM, He3aBUCH-
MO OT HEpaBHOMEDPHO DACIOJOKEHHBIX Ha ILIOIALN
cKkBakuH [27, 28].

Ilo ceficMuueckuM MaTepHaiaM CIOKHO CKa3aTh,
CKOJIbKO MMEHHO TPeIMH HAaXOAUTCH B ILIACTe U Ka-
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KOBa IIPOCTPAHCTBEHHAS OPHEHTAIMS KaKJONH U3
HHUX, HO MOXKHO BBIJI€JIUTh 30HbI IOBIIIEHHON TPEIIy-
HOBATOCTH ¥ IOIBITATHCS ONPEeIUTh UX MPerMyIIe-
CTBEHHYIO a3UMYTAJIbHYI0 OPHEHTHPOBKY.

du3nyeckme 0CHOBbI 4NN BblAENEeHNs TPELLUH
Mo CeNCMUYECKUM JaHHbIM

Amanusupys XapaKTEePUCTWKWU YIPYTUX BOJH B
30HAX TPEI[MHOBATOCTH, MOKHO CAEIATh BBIBO, UTO
Hambojiee UYBCTBUTENbHBIMU SBIAIOTCA JUHAMUUE-
CKHe MapaMeTphl IIPOJOJbHON U MOIIEPEUHON BOJIHBI
[20], a umeHHO — aMILIUTY[A, 3aTyXaHUe U SHEPTUS
(puc. 2). Becbma 4yBCTBUTENBHBI K 30HAM TPEIITITHO-
BaTOCTH (B CBA3Y C MX BBICOKOM MPOHUIIAEMOCTHIO) AB-
nsroTesa mapamerpsl BoaH Croyrau—Jlamba. Ha mpu-
BeIEHHOM PUCYHKE XOPOIII0 BUAHO, UTO 00JIACTH C 13-
MEHEHHBIME XapaKTepucTHKaMu (coekTp u (opma)
aKyCTHUYECKOTO CUTHAJIA COOTBETCTBYIOT 30HAM ITOBBI-
IIIEHHOH TPEIMHOBATOCTU. JTO JKe YBePeHHO (puKcu-
pyeTcsa u Ipu aHanu3e GasoBol KOPPEIANNY (a IMeH-

HO — B BHfe oOJacTeil e€ HapyIIeHHs, 0COOEHHO B
00J1acTH TIOTIePEYHBIX BOJIH) U BOJHOBOM KapTuHe (1Ia-
JIeHUe aMILTATY] TPaKTHUECK! BCeX BOJH).

HanpagneHus pa3sutia ceiicmopassesku
NPV KapTUPOBaHWV 30H MOBbILIEHHON TPELLMHOBATOCTH

AsumyransHbiii aHaaM3 ammauTyx P- u S-BoaH.
S. Crampin, V. Grechka, H.B. Lynn u gpyrue [29-34]
IpeaJIaraloT TeXHOJOTHM a3WMYTAJbHOIO aHAIM3a
ammutys (AVAZ), ocHOBaHHBIE Ha a3MMYyTaJbHOI
aumsoTponuu P- u S-BOMH, MJIS M3YUEHUS 30H IOBBI-
IIIEHHOM TPeIXHOBATOCTH.

Ananu3 arpu6yToB BOJHOBOTO MOJA. JTa TEXHO-
JIOTHS aHAJIN3a CeICMUUECKUX JAHHBIX Ha CETOIHII-
HUH IeHb CYMTACTCSA ONHON 13 HanboJjIee MepCIeKTHB-
HBIX, KaK oTMeuaeTcsa B paborax [2, 35—45]. Ho npu
STOM OHA K€ ABJAETCS U OJIHON 13 HarMeHee paspabo-
raHHbIX. CeficMuuecKye aTpudyTHl ABJIAIOTCA Han0o0-
Jiee PacIpoCTPAaHEHHBIMY ¥ OOIIeOCTYIHBIMY, KaXK-
IBIi U3 HUX MOAUEPKUBAET ONMPeNeNEéHHYI0 XapaKTe-
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Puc.2. 00600weHHas cXena usMeHeHU AKYCMUYeCKUX Napamempos 6 paspese, npedcmasieHHom wepedo6arueM NiACmos ¢ pA3LULHbLI MUNOM
nycmommuozo npocmparcmea [20]: Kn — koap@uyuenm nopucmocmu, Vp — ckopocmb npodosbHoll 80.iHbL; Vs — ckopocmb nonepeyHoi
80aHbL; Ap — annaumyda npodonbHoll 60aHbL, AS — anniumyda nonepewHoll 60HbL; Op — KOIPPuUYUeHm 3amyxanus npodosbHol 60.-
Hbl; QS = KOI((uyuerm samyxanus nonepeunoil goanst; AL — annaumyda eoarn Cmoynau—Jlaméa; PKI - pasosas koppersyus dua-
epamm; BE — sonnogas kapmuna

Fig.2. Generalized scheme for changing acoustic parameters in a section represented by alternation of strata with different types of porosity
[20]: En — coefficient of porosity; Vp — velocity of the longitudinal wave; Vs — transverse wave velocity; Ap — amplitude of the longitu-
dinal wave; As — amplitude of the transverse wave; ap — attenuation coefficient of the longitudinal wave; as — shear attenuation coef-
ficient; AL — amplitude of the Stoneley—Lamb waves; ®K]] — phase correlation of diagrams; BK — wave pattern

203



V13BecTra TOMCKOTO NOMUTEXHUHECKOTO YH1BEpCUTeTa. HXMHUPKHT reopecypcos. 2019. T. 330. N2 6. 198-209
Opexos A.H., AMaHn Maxrya Mapk M Bo3MOXHOCTH reodu3anyeckx METOA0B A8 NPOrHO3MPOBaHNSA TPELLMHOBATOCTI KONNEKTOPOB

PHUCTUKY BOJIHOBOTO II0JIs, CBA3AHHYIO C TPEIIMHAMI.
Ha mpakTuke aHanus ceiicMUYeCKMX aTPUOYTOB IIIH-
POKO TpUMeEHAeTCA HPU IIOMCKEe MEeCTOPOIKIEHUI
VTJIEBOJIOPOZIOB, OIIEHKE CTPYKTYPBI, OIIPe/IeIEHUN CO-
J1, 00HAPY:KEeHUM CTPYKTYPHBIX Hecorymacuil. Tak:xke
OH II03BOJIAET OIPEeNUTh OPUEHTAI[AI0 CTPYKTYPHI,
MOKEeT BBICTYNATh KaK MHAMKATOP TpemiuH. Jlomo-
HUTEJBHO 3TOT METOJ JaéT BO3MOMKHOCTH BBIJENATH
pycsia, XapaKTepu3oBaTh TEKCTYPhI, OIPeeaATh Ha-
Jquune KapOOHATOB B Paspese, BLICTYIIATH B POJIM WH-
JIWKATOPA JIUTOJOTUY U YTJIIEBOLOPOLOB, IIPOTHOSUPO-
BaTh KOJLIEKTOD, €ro IeTPoQuandyecKme CBOICTBA.
[TonyueHHbIe JaHHBIE MOTYT OBITH UCIIOJIB30BAHEI IIPU
MofieIMpOBaHMuK pe3epByapa. C METOIUUECKON TOUKHI
3peHUs, Pe3yJbTaThl aHAIU3a aTPUOYTOB BOJHOBOTO
TIOJIST MOTYT OBITH MCTIOIb30BAHBI 1A YMEIeHus IIIy-
Ma. OgHaKo 0co0yI0 aKTyalbHOCTh aHAIN3 CeicMuye-
CKMX aTpuOyTOB mMproOpeTaeT B CAydYaax JOKaIusa-
U KOJLIEKTOPOB B KapOOHATHBIX U TEPPUTEHHBIX
paspesax B JIOBYIIKAX OCHOBHBIX THUIIOB. B ycioBusx
CJI0KHBIX KOJLIEKTOPOB, TPEIMHOBATHIX B 3ala HOl
Cubupu, aHamm3 ceficCMUUECKUX aATPUOYTOB WTPAIOT
BaJKHYIO POJIb B IIPOIECCE KAPTUPOBAHYSA, BBIIEJIEHA
PasJIOMOB ¥ IPOTHO3UPOBAHUA MIPOAYKTHBHOCTH KOJI-
JIeKTopoB [46].

Hawubosee pacupocTpaHEHHBIMU U O00IIEJOCTY-
ITHBIMU aTPUOyTaMU IJId PEeIleHns dTON 3agaun (Kap-
MUPOBAHUU 30H TOBLIULEHHOU MPeuuH08amocmu)
ABIAIOTCA TeOMeTpPUUYecKue aTpubyThl, TpemMyIe-
CTBEHHO HAIlpaBJIeHbl HA aHAJIN3 TeOMETPUU CercMu-
YeCKOT0 TOPUBOHTA, UTO ABJAETCA IPAMBIM MPH3HA-
KOM Halnuus TpeIiuHoBaTocTH. K reoMeTpuuecKumM
aTpubdyTaM OTHOCUTCA OOJBINAS YACTh BCEX IPHMe-
HAIOIIUXCA HA IpaKkTuKe MeTonoB. Hambosee mudop-
MATHBHBIE U3 HUX CJAEIYIOIINE:

Amp
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Coh
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05

Epususna — aBngeTcsa Mepoii CTPYKTYPHOH nedop-
Malyu, aHAIU3UPYeT (POPMY CelicMIUEeCKOT0 TOPU30H-
Ta U TIOKa3bIBAET, HACKOJIBKO OH M30IHYT B HEKOTOPOK
TouKe. ATpUOYTHI KPUBU3HEI HAUAJIN AKTUBHO HCIIOJIh-
30BaThCA JIA IPECKA3aHUA MAJIOAMILIUTYIHBIX Pa3-
PBIBHBIX HADPYIIEHWH 1 30H TPEIITMHOBATOCTH C T€X TI0D,
Kak ObLIa IIPOJIEMOHCTPUPOBAHA KOPPEJAINA 3HAUE-
HUU KPUBU3HBI ¢ PaspbIBHBIMU HapyineHusamu [47]. Ilo
MHEHWI0 aBTOPOB paboTsi [14, 47, 48], kpuBu3Ha — pe-
BOCXOZIHAA Mepa majeofedopManuii, TPUBOIAIINX K
pacTpecKuBaHUIO MOPOJ. [laHHbIA aTPUOYT TO3BOJIAET
He TOJIBKO KapPTUPOBATh TPELTIHOBATEIE 30HBI, HO U CY-
IUTH O TJIOTHOCTH TpeluH. CBA3h KPUBUBHBI C ILJIOT-
HOCTBIO TpEIIWH 0asupyeTcd Ha CIEAYIOIIUX TPex
IIPE/IIOIOMKEHUAX: TOPOJIa XPYIKAA U IT03TOMY IIOJ-
Bep:KeHa TPEIMHO0OPAZ0BAHNIO; POCT KPUBWSHEI
IIPe/IIoIaraeT POCT HANPSMKEHWA; POCT HANDAKEHUS
TIpeJIoJIaraeT PocT ILIOTHOCTH TpemuH. PaspaboTka
OCHOB BBIUKCJIEHUS KPUBUIHBI 110 CeiCMUUECKIM JJaH~
ueiM BeimostHeHA S.Chopra u K. Marfurt [48] u mpen-
IoJIaraeT BBHIUYMCJIEHNE MCKOMBIX IapaMeTPOB TOJBKO
BJIOJIb OTPAKAIOIUX TOPM30HTOB. HecMoTpsa Ha paAf
IIPAKTUYECKUX TIOJOKUTEIBHBIX TIPIMEPOB MCIOTIb30-
BaHMA TaK HA3bIBAEMON IIOTOPMB0HTHON KPWBUSHEI,
OHA COZEPIKUT PsAJ HemocTaTKoB [14]. MHOrMMY aBTO-
pamu [14, 47] GbLI0 TTOKa3aHO, UTO PA3IMYHBIE MEPHI
KDUBUBHBI (KPUBU3HA A3UMYM, CPeOHAL KPUBU3HA,
MAKCUMALLHAA KPUBU3HA Kmax, MUHUMNANLHAA KDU-
susna Kmin, l'ayccosa Kpu6U3HA U T. JI.) IMEIOT BBICO-
KYI0 KOPPEeJANUIO C PA3PHIBHBIMU HAPYIIEHUAMU, HO
nHGOPMATUBHBIMU JJI KapTUPOBAHUSA TEKTOHUUE-
CKOI1 HApyIIeHHOCTH ABJIAIOTCA HauOOJIBIINE TOI0KI-
TeJbHAS ¥ OTPHUIIATEIbHAA KPUBUSHEL.

Fozepenmnocmo ([Jucnepcusi) mo3BosisgeT BbIfe-
JINTH HECOOTBETCTBYE CUTHAJIA TI0 JIATEPAIN 1 YKAZhI-

Puc. 3. IIpunep ucnonv3osanus cpesa Kyoa KozepeHmuocmu epexenu npu t=1,2 ¢ na zopusornme 015 8bl0eseHUS PA3NIOMO8 U MPEUSUHOBAMbLY

301 [41,42]
Fig. 3.
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Example of using slice of time coherence cube at t=1,2 s on the horizon to isolate faults and fissured zones [41,42]
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BAeT Ha HEOJHOPOAHOCTH BCJIEJCTBHE 30H Pa3jOMOB,
TPENTUH U Pa3PBIBHBIX HAPYIIEHU, KAK 9TO IIOKA3aHO
Ha puc. 3. KosQPuiimeHT KOrepeHTHOCTH BIEPBHIE
BBezieH B 1930 r. amepurauckum MareMaTuxkoM Hop-
oeprom Bumepom. C Tex mop KOHIEMIHS, MOJOMKEH-
HAas B OCHOBY 9TOT0 aTpuyTa, Oblja yCIenTHo aganTi-
POBaHA JJIS MPUMEHEHHUs B PA3INYHBIX 00JACTAX 3HA-
Huii. [To ganHbIM pasauuHbIX aBTOpoB [11, 40, 45, 49]
9TOT ATPUOYT YCIEITHO MPUMEHSeTCS B TOM WX HHOM
BHUJie B ceficMopasBeKe MPY BHIABJIEHUN U KapTHPO-
BAHWM MIEPEUMCIEHHBIX CTPATUTPADUUECKIX U CTPYK-
TYPHBIX IIEPEPHIBOB.

B mepBrIx paboTax 0 JaHHOMY HAIIPABJIEHHIO
[14, 47, 48] Obin mpepoKeH cmocobd pacuyéra T. H.
«MT'HOBEHHOI» KOTePEHTHOCTHU. [IJIs 9TOTO MCII0Ib30-
BaJICsA HAOOP CeCMOTPACC U €IUHEIN OTCUET BPEMEHM.
Iasee aTOT mOAXO0J OBLT ycoBepIIeHCTBOBAH [12] pu-
MEHUTEJbHO K MOHATHUIO aHAJUTHYECKOTO CHTHAJA
(orubarorreit) ceiicMmueckoil Tpacchl. [[aA pacuera
MTHOBEHHOH KOTEPEHTHOCTM YKAa3aHHBIE aBTOPBI HC-
nosb3oBasu ceiicMorpaMmmbl OCT (o01riet cpeguHHON
TOUKHM), KOTOPbIE IPEIBAPUTEIHHO OBLIH HCIPABJICHEI
TyTEéM BBEJEHUA CTATUUECKUX U KHHEMATHUECKHX TI0-
IIPaBOK, UTO [JABajJO BO3MOKHOCTh BHIPABHUBAHUS
CUTrHAJIA.

ITo cocToAHMIO HA CErOAHANTHUIN T€Hb JJIA pacué-
TOB UCIONB3YIOTCS YiKe T. H. «OKOHUATENbHbIE celic-
MUYeCKUe M300pasKeHus». ITO TaN0 BO3MOMKHOCTH
ONTUMUBUPOBATH AJTOPUTM PACUETOB TaKMM oOpa-
30M, UTO CTAJ0 BO3MOJKHBIM KaK CYI[ECTBEHHOE CO-
KpallleHye BPeMeHM BBIYMCIEHUH, TaK U IIOJyJeHIe
0oJiee yCTOMYMBLIX PE3YIBTATOB II0 IPUYMHE YIyUIlIe-
HUS OTHOIIEHWS CUTHAI-TI0MeXa 1 BO3MOKHOCTH HC-
TOMb30BAHUA 00Jiee TPOTSKEHHBIX BPEMEHHBIX WH-
TEPBAJIOB.
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Fig. 4.
and fissured zones [41,42]

B pabore [35] aBTOPBI 15 pacyeTa KOrePeHTHOCTH
IPEJJIOKIIN MCIOJb30BaTh (DYHKIWI0 B3aUMHOU
KODPPEJIAIUY CMEKHBIX CeCMUUECKHX Tpacc. 3aTeMm
OBLIO TIPEJJIOKEHO MCIIOJB30BATh KOIP(MUIMEHT II0-
nobus [42] u cobcTBeHHBIE 3HAUEHUS KOPPEIAIMOH-
Hoii Marpuibl [41]. Bce Tu moaxombl 3aTeM OBLIN
alaliTUPOBAHBI K yUETy HAKJOHA OTPAKAIOIUX I'pa-
Hut [41]. TlosgHee sty anropuT™Mbl OBLIM 3aMEHEHBI
MeTOJUKAaMHU PacuéTa ¢ MCIONb30BAHMEM CTATHCTUK
BBICOKOTO TIOPSAIKA BKYIIE C 00beIHHEHNEM CMesKHBIX
ceiicMoTpacc B T. H. «CymepTpaccy», JOKaJIbHYIO
CTPYKTYDPHYIO DHTDPOIMIO, & TAK/KE CKAHMPOBAHUEM
HAKJIOHOB OTPAYKEHHBIX BOJIH.

Arpubyr Ant-Tracking, 3amaTeHTOBaHHBIA KOM-
nauuein [Ilmombepske [50], ocobo meHUTCA 32 TEXHO-
JIOTHMIO TIPOCJIEKUBAHUS PA3PHIBHBIX HAPYIIIEHU, 30H
BBICOKOU TLIOTHOCTH TPEUTUH U KOPUIOPOB TPEIIUHO-
BaTocTd. MeTos BKJIIOUaeT B ce0s HeHPOHHBIE CETH C
00yueHNeM g CO3LAHUA CUHEPTETUUECKOTO MCKYC-
CTBEHHOTO WHTEJJIEKTA HA OCHOBE IIOBEJEHUA KOJIO-
HUM MYpaBbeB, UTO WMHUTHUPYET IBUIKEHME IIOTOKA
(hrronza mo TpemmHAM.

3aknoyeHne

Hawubosree TOUHBIME CIIOCOO0M s O0HADYKEHUS
30H MOBLIIIEHHON TPEIMHOBATOCTH CUMTAIOTCSA CKBA-
JKMHHBIE M3MepeHus. ['IaBHBIM HX HeZOCTATKOM SB-
JAeTCA MaNdblid pajuyc MCCAETOBAHUSA W HEBO3MOMK-
HOCTh HCIIOJB30BAHMSA Ha dTame MPOTHO3UPOBAHMUS
KOJLIEKTOpA [0 pe3yJbTaTaM IOJIEBBIX Treo(uamue-
ckux pabor. CyIiecTByOIIe METOIbI BhIEIEHUS TPe-
IIIMHOBATOCTH IO CEHCMUYECKUM METOAM SBJIAIOTCS
IOCTATOUHO TOUHBEIME, HO KOCBEHHBIMHU. JTO BEI3BAHO
TEM, UTO MHOJKECTBO APYTUX ABIEHUI, HAIPIMED, 30-
HBI BRIKJIMHUBAHUH, INTOJOTHUECKHE 3aMeIeHN, Ja

IIpuep KOMNICKCUPOBAHUS MPeX CelicMUuecKux ampudymos (Haudonee noLOKUMeLbHAA KPUBUSHA, k1, U HAUOOIbULLS OMPUYAmes-
Has KPUBU3HA, k2, U KOZepeHMHOCMb ) HA 20pU30HMe 015 8bl0eNeHUS PA3N0MO08 UL mpewuHosamoLx 30K [41,42]

Example of using slice of the most-positive and most-negative principal curvatures and coherency time slice at t=1,2 s to isolate faults
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1 IIPOCTO apTe)aKThl, CBA3aHHBIE C TPOBEJEHUEM II0JIe-
BBIX CEHICMOPAa3BeJOUHBIX PAbOT, JAI0T CEACMUUECKUI
OTKJIUK, CDABHUMBIH C OTKJIMKOM OT TPEITHHOBATOCTH.
Ilnsa HamboJIee TOTHOTO TIOHNMAHUA PACTIPOCTPAHEHMS
TPEINHOBATOCTH B UCCJIEAYEMON IIOPO/ie HEJOCTATOIHO
TOJBKO CeHCMHUYECKUX TAHHBIX, HEOOXOZMMO KOM-
ILIEKCUPOBaHME CeHCMOPas3BeIKY C Pe3yIbTaTaMu Apy-
T'MX MCCJIeI0BaHWIA, COEPKAIITIX NH()OPMAIIHIO O Tpe-
muHax. OueBUIHO, UTO MCIONB30BAHNUE B IPOTHOCTH-
YECKHUX IIeJIIX OJHOTO (JIF000r0) CeCMUUECKOTO aTpPH-
OyTa Hem30e:KHO MPUBEAET K MOJIyUEHUIO HEJOCTaTOU-
HO JOCTOBEPHBIX pesyabTaroB. IlosToMy, Ha HAaIl
B3IJIA, HanboJiee ePCIeKTUBHBIM HAIPABJIEHIEM UC-
CJIEOBAHUN B 9TOH 00J1aCTH SABJAETCA WHTETPAIUs
(KOMILIEKCHPOBaHNE) HECKOJIBKUX aTPUOYTOB, KaK 9TO
MOKasaHo Ha puc. 4. OueBMIHO, YTO IPU TAKOM IIOIX0-
Jie TIOBBITIIAIOTCSA JOCTOBEPHOCTD U JIETATLHOCTD OI[EHK !
30H C MTHTEHCUBHO PA3BUTOM TPEIIMHOBATOCTHIO. I10 Ha-
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IIeMy MHEHUIO, IeJec000pPasH0 KOMILIEKCUPOBAHIE
KaK MUHHMYM JBYX CIIOCO00OB OIEHKU MHTEHCHBHOCTHU
pasBUTHUA TPEITNH, HanpuMmep, aHaaus ['MC u ananus
CeficMUYeCKUX aTpudyTOB.

Taxum 00pasom, oueBUAHA HEOOXOAUMOCTD JAJb-
HeHIero maydeHusd WHGOPMATUBHOCTU CeillcMuUue-
CKUX aTPHOYTOB C IIEJHI0 IIOUCKA MyTeH MOBBIIIEHIA
() (HEKTUBHOCTY METOAWK BbIJEJEHUA TPEIMHOBATO-
cT. 9P(HEKTUBHOCTh CENCMUUECKOTO aTPUOYTHOTO
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This article presents the results of an analysis of Russian and foreign publications, performed in order to characterize the current state
of an issue of using geophysical methods to predict reservoir fracturing. The paper describes the peculiarities of fracture occurrence de-
pending on its genesis. The authors have characterized tectonic and geological conditions of crack formation and the relation between
cracks and fissures. The text also provides a geological model of cracking. The paper introduces the characteristic of methods which al-
lows tstudying the fracturing both in a well (the methods of geophysical surveys of wells) and from the surface (according to the res-
ults of seismic exploration) and the features of the most demanded seismic attributes for solution of these problems. The description is
given and the range of tasks to be solved is determined both for the most widespread variants of well logging and innovative methods
offered by Schlumberger on the basis of well logging methods. A conclusion is made that well logging methods need to be integrated.
The physical bases of seismic study methods of fracturing are given and the main attributes are described. Their capabilities and limita-
tions are determined and as a result the range of issues demanding additional research is outlined.

The aim of the research is to identify the areas for further research in order to improve the efficiency of geophysical work in studying
fractured reservoirs by creating a review of geophysical methods used to identify the areas for increasing fractures, further analysis of
existing methods and determination of the best ways to solve these problems.

Results. The article analyzes geophysical methods for identification of fractured reservoirs (both well logging methods and seismic at-
tributes). The circle of unsolved problems is defined. The direction for further research is outlined.

Key words:
Reservoir, fissured-cavernous type, seismic attributes, geophysical methods of well logging.
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