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PaccMoTpeHs! pe3ynbTaThl NeTpOPU3NIECKUX HCCIENOBaHMH 00pa3loB BMEIIAIONINX I'PAaHUTOU-
JIOB ¢ TIyOOKHX T'OPU30HTOB MOJIMOJICH-YPaHOBOTO MECTOPOXKICHUS AHTEH, MPUYypPOYEHHOTO K
CrpenbrioBckomy pynHoMy oo (FOro-Bocrounoe 3abaiikanbe). Y CTaHOBJICHO, YTO C TITyOHHOM
B 00pa3max HaOII0aeTCs MOHMKEHNE CKOPOCTEH yIbTPa3ByKOBBIX BOJIH, yMEHBIIAIOTCS 3HAYCHHS
ko3(¢punuenta Ilyaccona u ynpyrux Momynei, 4TO TOBOPUT O PE3KOM CHI)KEHHH CIIOCOOHOCTH
MOPOJ K CONPOTHBICHUIO MEXAHUYECKOMY BO3/€IICTBHIO, MOBBIIIEHUH XPYNKOCTH, TPELINHOBATO-
CTH 1 nmopucTocTu nopoa. Kpome toro, ¢ riryOMHON yBETUUUBAETCS CTENIEHh HAPYILICHHOCTH KpPH-
CTaJUTMUECKON MaTpuLbl. [IoBbIICHHBIE 3HAYECHUS (DPUIBTPALIMOHHBIX MAPAMETPOB yKa3bIBAIOT Ha
YCIIOBUS, OJIaronpusATHBIE AJIsl TUPKYJISILIMK PYJOHOCHBIX paCTBOPOB U pyZoJIoKalu3auuu. B coor-
BETCTBUH C 3THM MOXHO OKHJIaTh YBEJINYEHHE KOJIMYECTBA U MOIIHOCTH PYIHBIX TEJ C TIIyOUHOIA.
OpHaKo peainbHasi CUTyalusi Ha MECTOPOXKJICHUH KapAWHAIBHO HHas — C TIIyOMHOM M KOJIMYECTBO,
W MOIIHOCTh PYAHBIX Tel yMmeHblnaercs. [IpeaBapurenbHble pacdeThl 3HAUCHHH COBPEMEHHBIX
IJIaBHBIX HOPMAJIbHBIX HANpPSDKEHUH MOKA3bIBAIOT, YTO Ha r1yOokux (>750 M) ropu30HTax MecTo-
POXIICHUS TEKTOHHYECKUH PEKUM PACTSIKEHHSI CMEHSETCS] PEKUMOM COKATHSI.

Jlenaercst BBIBOJI O HEOOXOJMMOCTH NMPOBEICHUS WHCTPYMEHTAIBHBIX MCCIEJOBAaHUN Ha-
MpsOKEHHO-Ie(OPMUPOBAHHOTO COCTOSIHUSI TOPHOTO MacCHBa MECTOPOXKACHHS AHTEH W Liesieco-
00pa3HOCTH pa3padOTKU MPOEKTa MOJ3EMHOr0 OYPEHHsT HAKIIOHHBIX CKBAXHH U1 OOHApYKEHHS
CKPBITBIX PYAHBIX TEll.

KioueBble c10Ba: TpaHUTOH[BI, [NIABHBIE HOPMAJIbHBIE HANPSIKEHUS, MECTOPOXKICHHE YpaHa,
neTpou3MIecKre MapaMeTpbl, TEKTOHUUECKHUI PEKUM, YIBTPa3BYK.

BBenenne

MecropoxaeHue AHTeH HaxomuTcs B 3al0alkalbckoM Kpae BOmm3u T. KpacHo-
KaMEHCKa, pacmojoxkeHHoro B 460 KM K IOro-BocToky oT T. Uwmra. JloObrua MoOIuOAEH-
YPaHOBBIX pyJl BeJETCs MOA3eMHBIM crocoOoM. CTpenblloBCKOE PyAHOE MOJe, K KOTOPOMY
IPUYPOYEHO MECTOPOXKICHUE, Pa3MEIICHO B OJHOMMEHHOM KaibJepe, chopMUpOBaBILEHCS B
no3aHeM Me3030€e. 1IITokBepKkOBO-KUIIbHBIE KPYTONAJAIONIME PYJHBIE Te€Ja MECTOPOKICHUS
JIOKAJIM30BaHbI B MMO3AHENAIIC030MCKOM KPUCTANINYECKOM (PyHIAMEHTE KaJbAephl U KOHTPO-
JMPYIOTCS BETBSIMHU Pa3jIOMOB CyOMEpPUANOHAIBHOTO IPOCTUPaHUs, 0Opa3yromux LleHTpans-
HYI0 30HY DPa3jioMoOB. Pa3jioMm, KOHTpOIMpYIOLUMI OpyJE€HEHHUE Ha MECTOpPOKIECHUM AHTEH,
IpOCIeXHUBaeTCs M3 (PyHIaMEHTa B 4YeXOJ BYJIKAHOT€HHBIX IO3JHEME3030MCKHUX IOPO.
[I1BBI, pa3BuTHIE B BHCSYEM OOKY pas3iioMa, MPEACTABISAIOT cO0OW OCHOBHBIE pYJOBMELIAO-
M€ Pa3pbIBbl, OTPAHUYEHHBIE 10 BOCCTAHUIO MOJOLIBOI uexna [J/lasepos u dp., 2008; Ilem-
pos u dp., 2009].

Jl1st HaxoKJeHUsT HOBBIX PYJIHBIX Tel U oOecreueHus: 0e30MacHOCTH BEIEHUSI TOPHBIX
paboT Ha MECTOPOXKJIECHHMM HEOOXOAMMBI 3HAHHS O METPOPU3MUECKUX CBOHCTBAX HOPOJ.
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B nanHON cTarbe OCHOBHOE BHMMAaHUE YACIACTCS YNPYTMM CBOMCTBAM IIOPOJ, KOTOpbIE
BKJIFOYAIOT B C€0s1 CKOPOCTU YJIBTPA3BYKOBBIX MPOAONbHBIX (Vp, kM/c) u monepednbix (Vs,
KM/C) BOJIH, IMHAMHYECKUE MOAYJIH ynpyroct (K — Moxyns oobemHoro cxarus, ['Tla; G —
monynb casura, ['Tla; £ — momxyns FOwnra, I'Tla) n koaddunment Ilyaccona .

B Hactosmiee BpeMsi 0cOObIil MHTEpEC MpeICTaBIsAeT U3yUeHHE U ONpeiesieHHE 3aKOHO-
MEPHOCTEH MPOXOXKIACHUS yJIbTPa3BYKOBBIX BOJIH U€PE3 aHU30TPOIHBIE CPEJlbl, KAKUMHU SIB-
JSIOTCS TOPHBIE NMOPOABL. YJIIBTPa3BYKOBBIE METO/bI OCHOBBIBAIOTCSI HA TECHOW CBSA3M CKOPO-
CTH pacHpOCTPaHEHUs BOJH M UX 3aTyXaHHs ¢ (U3NYECKUMU CBOMCTBAMM U CTPYKTYpOU Be-
mecTBa. IHTEeHCHMBHOE pa3BUTHE YJIbTPAa3BYKOBBIX METOJIOB O0YCIIOBIEHO BO3MOXKHOCTBIO MX
UCIIOJIb30BaHUS JJIsl PELICHUS IIUPOKOTro Kpyra 3a/1ay Npu BbICOKOH TOYHOCTH M3MEPEHUN U
OTHOCHUTEIBHOW MPOCTOTE MIPUMEHSIEMOW annapaTypsl [Avwuxos, 1982].

[Tpy M3ydeHHH MUHEpAIOB W TOPHBIX MOPOJA OOJbIIOe BHUMaHUE yaeisercs (uznye-
ckoi anm3otponuu. [locne Toro, kak B Hayase XIX Beka B KOHCTPYKIIUIO MUKPOCKOIIA OBLITH
BBEJICHBI IOJISIPU3ATOPHI, MOSBUIMCH METOJbl ONTHYECKON IOJIIPUCKONHHM, 3aHSBIIME Ba-
Heifmee MecTo B nerporpaguu. MUKpOCTPYKTYpHBIE OCOOEHHOCTH CTPOECHUSI MUHEPAJIOB I10-
3BOJIMJIM OCHOBOIIOJIOXKHHKY CTpYKTypHOU Kpuctaymuorpaguu E.C. denopoy (1853-1919)
CO3/1aTh 3aKOHYEHHYIO Kiaccuukanuio 230 nIpoCcTpaHCTBEHHBIX TOYEUHBIX I'PYIMIT CUMMET-
puH, CBSI3aHHYIO C AHM30TPOINHEH ONTUYECKUX, MUAIEKTPUUYECKUX, MArHUTHBIX, YNPYTUX,
TEPMUYECKUX U Jpyrux cBoMcTB. Hanbosee BaKHBIM MpEACTaBIIAETCS M3yYE€HHE aHU30TpO-
UM YIIPYTHX CBOMCTB, TaK KaK C HEH CBA3aHO MOBEACHUE IOJ HArpy3KOH pa3HOOOpa3HbIX
HIPUPOAHBIX OOBEKTOB M MAaTEPUAIIOB.

Ecnu Teopus aHU30TpONUHU YyNIPYTHX CBOMCTB CpeJl JOCTATOUYHO MOAPOOHO pa3zpaboTaHa
B MHOTOYHCJIEHHBIX Tpyaax (cMm., Hanpumep, [Jexnuyxui, 1977; [lempawens, 1980] u ap.),
TO B 00JACTH SKCIEPUMEHTAIBHBIX METOJOB M3YyYEHHUsS YHPYroil aHU30TPOIUH IOJIOKEHHE
3HAYUTEIIBHO XyXke. Mcronp30BaHne Ha NMPaKTUKE ONTUYECKUX IMOJSPU3ALMOHHBIX METOIOB
OTPaHUYEHO, B YACTHOCTH, HETPO3PAYHOCTHIO TOPHBIX MOpoa. IMEHHO 3TO U 00yciIaBIMBaeT
HE00XO0IMMOCTb PUMEHEHUS YIbTPa3BYKOBBIX METO/IOB.

Teopernyeckuii anajaus

AHanu3 pe3yJbTaToB YJIbTPa3BYKOBBIX HCCIEAOBAHUN TAET BO3MOKHOCTH OINPEAETUTh
AQHU3OTPOMHIO YIIPYTHUX CBOMCTB TOPHBIX MOPOJ, CBI3aHHYIO C UX CTPYKTYpPHO-TEKCTYPHBIMU
ocobeHHocTIMU. OTMETHM, YTO YIPYTHE MapaMeTpbl 3aBUCAT HE TOJIBKO OT COCTaBa U CTPYK-
TYPbI TIOPOJI, HO ¥ OT CTENEHU UX JAe(HOpMHUPOBAHUS, HAMPSIKEHHOTO COCTOSIHUS TOPHBIX Mac-
CHBOB Ha pa3HbIX ITyOWHAX ¥ T€OJMHAMUYECKUX 00CTaHOBOK (hOpMHUPOBAHUSI.

CymecTByeT 00JbIIOE KOJIMYECTBO HHCTPYMEHTAIBHBIX METOJOB ONpPE/ACICHUs Harpsi-
KEHHO-Ae(POPMUPOBAHHOTO COCTOSTHUSI MACCUBOB TOPHBIX MOPOJ, CPEIU KOTOPBIX COTJIACHO
[LLIxypamnuk, Huxonenxo, 2012] cnenyet BbIAENATH TPU Kilacca:

reoJOrM4eckKre METO/bl (aHalu3 IeOJOTUYECKMX U T'€OTEKTOHMYECKHX OCOOEHHOCTEH
MacCHBa; OLEHKAa HaNpsKEHHO-Ie(OPMHUPOBAHHOTO COCTOSHHUS Ha OCHOBE BU3YaJbHOT'O OC-
MOTpE TOPHBIX BBIPAOOTOK; OI[EHKA HAMPSKEHHO-1e()OPMUPOBAHHOTO COCTOSIHUS MAacCHBa 110
JMCKOBAHUIO KEPHA);

reoMexaHH4ecKrue MEeTo bl (METOJl pa3rpy3Ku KepHa; METO/ YaCTUYHOM pasrpy3KH; Me-
TOJI IIEJIEBON Pa3rpy3KH; METOJ YIPYTHUX BKIIOYECHUN; METOJ THAPOPA3pPhIBA; METOJ Pa3HO-
CTH JaBJICHUI; METO/ OyPOBBIX CKBAYKWH);

reouznueckre METo bl (YIBTPa3BYKOBOM METO; raMMa-METO/; AIEKTPOMETPUICCKUI
METO/JI; 3ByKOMETPUUECKHI METO/; METO/Ibl, OCHOBAaHHbIE Ha HCMOJIb30BaHUH AP (HEKTOB Ma-
MSTH B TOPHBIX MTOPO/IaX ¥ KOMITO3UIIMOHHBIX MaTepHaiaX, MOMEIAEMbIX B MACCHB).
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HazpanHble MeTOABI MOJYYMWJIM HIMPOKOE PACHpOCTpPAHEHUE KaK y Hac B cTpaHe (Ha-
npumep, Ha JIOBO3EpCKOM peIKOMETAIbHOM MECTOpOXIeHUH, CeBepoypallbCcKuX OOKCHTO-
BBIX MECTOPOXKJICHUAX, TalITaroabCKoM Keae30pyTHOM MECTOPOXKIECHUH U JIp.), TaK U 3a py-
OexxoM (To3eMHbIe uccienoBarenabckue nadoparopun Acné B LBerun, I'pumsens B 1IBeii-
napuu, OHKAJIO B ®unnaunuu, Yaut llen B Kanane u ap.).

Ha mectopoxnenun AHTeH, paccMaTpuBaeMoOM B JaHHOI paboTe, B HACTOAIIEEe BpeMs
HayaThl pabOTHI 110 HHCTPYMEHTAIBHON OLIEHKE HANPSXKEHHOTO COCTOSIHUSA TOPHOTO MacCHUBa
[Pacckazos u dp., 2012] u BexyTCs UCCIAEAOBAHUS MO CO3JAHUIO PACUCTHOW MOJENH €ro Ha-
npsbkeHHO-TehopMupoBaHHOTO cocTosiHUS [Ko3bipes, Cemenosa, Asemucsn, 2014; Il]ykun u
op., 2015; Ilempos u op., 2015].

Manee OynyT nmpoaHaJM3UpOBaHbl JaHHBIE O HAIPSHKEHHO-1€()OPMUPOBAHHOM COCTOS-
HUM MaccuBa IIOPOJ MECTOPOXKACHUS AHTEH B CONOCTaBIEHUM C MX CTPYKTYypHO-
neTpou3nIeCKUMHU 0COOEHHOCTMM.

OTmeTuM, 4TO 710 HACTOALIETO BpeMs HE CYLIECTBYET OOIEHNPUHSATON TEPMUHOJIOTHH
JUTSL OTICAaHUs HAPSKEHHO-e()OPMHUPOBAHHOTO COCTOSTHHSI MACCUBOB TIOPO. MexIyHapoI-
HBII CO03 TOpHOM MexaHukH (/SRM) npeanoXuwi NpuHATh TepMuHoJoruio no [Hudson, Cor-
net, Christiansson, 2003], koTopast OyAeT HCIIONB30BaThCA M HAMH IPUMEHHUTEIBHO K HAIpsi-
KEHHO-TIE(OPMHUPOBAHHOMY COCTOSTHHIO ITOPOJT MECTOPOKICHHS AHTEH (Tabiuma).

TepMUHBI, UCTIONB3YEMBbIC JUIS OMIMCAHUS HANPSHKCHHO-/IE(hOPMUPOBAHHOTO COCTOSIHUS MACCHBOB
nopox 1o [Hudson, Cornet, Christiansson, 2003]

Hampspokenuss B MaccuBe 70 €r0 BCKPBITHS TOPHBIMH BBIPabOT-
KaMu

HampspkenHo-aegopMupoBaHHOE COCTOSIHHE Cpelsl B OTHOCH-
TEJBHO OOJIBIIIOM T€0JIOTHYECKOM POCTPAHCTBE
HanpspkenHo-1eGopMUPOBAaHHOE COCTOSIHUE CPEIbI 32 MPeIeiIaMu
BITUSTHYSI TOPHBIX BBIPA0OTOK

HanpspkenHO-1epOpMHPOBAHHOE COCTOSIHME CPENbI, BBI3BAHHOC
MepeMenIeHHEeM Te0JIOTHIECKIUX MACC
HanpspkenHo-aepopMupOoBaHHOE COCTOSIHHE CPENBI, BBI3BAHHOE
KOJIOHHOM BBIIICJIC)KAIINX ITOPOT
HamnpsoxerHo-nedhopMupoBaHHOE COCTOSTHHAE CPEABI B HEOOIBIIIOM
Te0JOTHYECKOM MPOCTPAHCTBE

HanpspkenHo-1eOopMUPOBAHHOE COCTOSIHUE CPEbl B 30HE BIIMSI-
HUS TOPHBIX BRIPAOOTOK

[IpuponHbie HANPSXKEHUS, CBA3aHHBIC C TOPHOMPOXOYCCKOH esi-
TEBHOCTHIO

HanpspkenHo-1eopMHpOBaHHOE COCTOSIHHE CPENbl, CBI3aHHOE C
MpebIAyIEed TEKTOHUUECKOW aKTUBHOCTBIO
Hamnpsoxerno-nedhopMupoBaHHOE COCTOSIHHE CPEIbl, 00YCIOBIICH-
HOE TEMIIEPaTypPHBIM BO3ACHCTBUEM

[Ipupoanbie HanpsHKEHUS

Pernonanbabie HaIlpsAKCHUA

Hal'[pﬂ)KeHI/Iﬂ JaJIBHETO I10JIA

TekToHHYECKHE HaIlPpsKCHUA

I'paBrUTaIMOHHBIE HATIPSHKEHUS

JlokanbHbIE HANIPSIKEHUS

Hal'[pﬂ)KCHI/Iﬂ OJIMKHETO IO

HaBe,Z[eHHLIe HaIpsKCHUA

OcraTto4HbIe HaIpsKCHUA

TepmoHanpsKeHUs

HaJ'ICOHaHpH)KeHI/IH HpI/IpOI[HI:IC HAIMPsKCHUA MPEABIAYIUX I'COJIOTHUCCKUX 310X

Pac4yeTHast MozesIb HAaNPSAKeHHO-1e()OPMHUPOBAHHOI0 COCTOSIHMS TOPHOT'0 MACCHBA
[Tpu MozmenMpoBaHUU HANPSKEHHO-AE(POPMHUPOBAHHOTO COCTOSHUSI MAaCCHBOB TOPHBIX

NOPOJT OCOOCHHOCTH MX BHYTPEHHETO CTPOCHMS HEM30EKHO CXeMaTH3HpyloTcs. B unxenep-
HO-T€O0JIOTUYECKON TpaKTUKe Haubojee paclpoCTpaHeHa MOAENb, B KOTOPOH H3ydaemas
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cpella pacCMaTpUBAETCsl KaK OJTHOPO/HAs M U30TpoMNHas. Takoe JOMyIIeHHe Majlo COOTBETCT-
BY€T JIEHCTBUTEIBHOCTH, HO TO3BOJISIET MCIOJIB30BaTh JJIs PELICHUs IOCTABJICHHOM 3a1adu
IPOCTbIE PACYETHBIE CXEMBbl U CIIOCOOBI MOJIENBHBIX MMOCTPOEHUH. PeanbHble MaccHBBI rop-
HBIX TIOPOJI, KaK MPaBUIJIO, HEOJHOPOIHBI U AHU30TPOIHBI MO J1e(hOPMAIIMOHHBIM M IIPOYHOCT-
HBIM CBOMICTBaM, 4TO OOYCJIOBIEHO OCOOEHHOCTSIMM MX MHHEPAJIbHOTO COCTaBa, CTPOCHUEM
KapKaca pa3pbIBHO-TPEIMHHBIX CTPYKTYP, CTENIEHbI0 0OBOHEHHOCTH U IPYTUMH (pakTopamu.

OnpezneneHue napamMeTpoB COBPEMEHHOI'O IMOJISl HAPSYKEHUH B Pa3HBIX TOYKAX 3€MHO-
ro mapa [Zoback, 1992; Fuchs, Miiller, 2001] moka3zano, 4To TOPU30HTAIBHBIE TEKTOHHYE-
ckue HanpsbkeHus 1 coctaBisitor 1040 Mlla. IIpu pacyerax HanpspkeHHO-Ae()OpPMUPOBaHH-
HOT'O COCTOSIHMSI MaccHBa MOPOJ MecTOpokaeHUsI AHTel npuHumanock 7=15 Mlla, 4ro B 1e-
JIOM COOTBETCTBYET BEJIMYMHAM TJIaBHBIX HOPMaJbHbBIX HANpsHKEHUH, yCTaHOBICHHBIM MHCT-
PYMEHTaIFHBIMU W3MEPEHUSIMU Ha yJalieHnn oT balikanbckoi pudToBoii 30HEI (Www.world-
stress-map.org). THCTpyMeHTaIbHBIMI METOJIaMH YCTAHOBJIEH TAK)K€ CIIBUTOBBIM XapakTep
COBPEMEHHOTO TTOJISl HANIPSDKEHUH B peTHOHANBHOM MaciuTtade [Pacckazo u dp., 2014].

Ha ocHOBe 1aHHBIX O CpeIHEM MEXaHU3ME U OPUEHTUPOBKE OCEH TIIaBHBIX HAMpPSKEHUH
C)KaTus U pacTshkeHUs B paiioHe r. KpacHokameHcka o opmyJsiaM, IpeicTaBieHHbIM B [Mo-
nenupoBaHue. .., 2003], ObuUIM BBINOIHEHBI PACUEThl 3HAUCHUI TJIABHBIX HOPMAJIbHBIX Hamps-
YKEHUH JJIS1 CIIBUTOBOT'O CTPECC-PEKMMA, ITPH KOTOPOM

6y=G1>0,=02>0;=03,

I'/I€ G, — BEPTUKAJIbHbIE HANPSKEHUS; Gy, G, — IJIABHBIE M BTOPOCTETIEHHBIE TOPU30HTAIbHbBIE
HaNpsDKEHUs; G|, G2, G3 — [JIaBHbIE HOPMaJIbHbIE (MaKCUMaJbHbIE, TPOMEXYTOUHbIE U MUHU-
MaJIbHbIE) HAIIPSHKEHUS; BCe HampsbkeHus usMepsitores B Mlla.

[Tpy aHATMTHYECKOM pelIeHUH 331a4l 00 OO0IMKX 3aKOHOMEPHOCTSIX COBPEMEHHOTO Ha-
NPSDKEHHO-T1e()OPMUPOBAHHOTO COCTOSIHUS MAacCHBa MPUHUMAIICS ANl TPAHUYHBIX YCIOBUU.
CuuTanock, 4To

— TOJNIA TMOPOJ] MOABEPraeTcsl PETHOHANFHOMY CYOrOpH30HTAIBHOMY CXKATHIO U pac-
CMaTpHUBAeTCsl KaK OJHOPOIHBIN (HETPEIIMHOBATHIN) U30TPOIHBIN, YIPYTo Ae(OpPMHPYEMBIN
MacCCHUB C TOPU30HTAIBHON MTOBEPXHOCTHIO;

— TEKTOHUYECKUIN PEKUM HOCUT CABUTOBBINA XapaKTep — Gx=C1>GC,=02>GC;=03;

— 10JIe HalpsKeHUM, 00yCIOBICHHOE TEKTOHUYECKUMU CHUJIaMH, OJJHOPOJIHO JUISI BCETO
paspesa, a TOpU30HTaIbHbIE HAIIPSKEHNUS, BBI3BAHHBIE TEKTOHUYECKUMU CHJIAMHU, COCTABIISIOT
15 MlIla;

— cpejHee 3HAUYCHHE IUTOTHOCTH MOPOX p coctaBisier 2.7 r/em’, kooddurmenra Ilyac-
cona p — 0.25;

— k03¢ urmert 6okoporo pacmopa E=p/(1-p)=0.33;

— noposoe ¢mongHoe gasiaenue P=0;

— BEJIMYMHBI KacaTeJIbHBIX HAMpPSDKEHHH T, B 00beMe JeQOpMUPYEMBIX MOPOA MPUHH-
MaroTcs B BUIE T.~[(01—03)/2]sin2¢p~5.62+0.02 MIla, rae (6,—03) — muddepeHnuanbHoe Ha-
npsbKeHue; =45° — yroi BHyTpEeHHEro TpeHHs (Yroi Mexay ocsiMu 3¢ (GEeKTUBHBIX HOpMallb-
HBIX Y IVIaBHBIX HOPMAJIbHBIX HAIPSYKEHUI ).

JeiicTByromire B MacCUBE HANPSKEHUS BBIYUCIIAIOTCS MO CIEAYIOMUM GopMyiaM:

c,= pgh, on=Epgh + T, o, =Epgh + uT,

rJie g — CKOpPEHHE CBOOOHOTrO NajIeHNs, M/C’; & — PACCTOSIHHE OT TIOBEPXHOCTH, M.

Pe3ynbTaThl pacyeToB Ui NPUHATHIX UCXOAHBIX JAHHBIX U TPAHUYHBIX YCIOBHUH B Ipa-
¢ugeckoM BUE MPEICTABICHBI HA pUC. | ¥ IPUBEICHBI B COMPOBOXKIAIOIIEH ero Tadiuie, B
KOTOPOH yKa3zaHbl Takxe IiyOuHsl (/, M) paccMaTpUBaeMbIX TOPU30HTOB.
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o Puc. 1. VM3meHeHne 3HaUYe€HUIl HOPMaNbHBIX HamNpshKe-
1 ) HUIl B pa3pe3e MECTOPOXKICHHUS AHTEH Ui MPUHATHIX
TPaHUYHBIX YCIIOBUH (TOPH30HTHI 9—14).

107 I — rpaduK H3MEHEHHs BEPTHUKAJIBHBIX HAMpPsDKe-
~ 3 HUU G,; 2 — TJIaBHBIX TOPU30HTAJBHBIX Gy; 3 — BTOPO-
§ 11 CTETICHHBIX TOPU3OHTAIBHBIX G,

s

S 1 I'opusoHT H, M G,, MIla | oy MIla | o, MIla

9 568 15.3 20.0 8.8

10 636 17.2 20.7 9.4

137 11 690 18.6 21.1 9.9

12 750 20.3 21.7 10.4

147 13 810 21.8 22.2 10.9

§ 10 12 14 16 18 20 22 24 ©,MMa 14 870 23 22.6 11.3

C y4eTroM NmpuBEeIEHHBIX JaHHBIX U IPHU YCIOBHH, YTO IOPOBOE QUIIOUAHOE JaBieHue Py
MOCTOSIHHO, a TuddepeHnnabHbI cTpecc (G1—C3) COCTABISIET MEHEE YEThIpEX 3HAYCHHI
mpeena MPOYHOCTH TOPOJ Ha pacTsbkeHue (Kputepuit paspymienus ['puddura), MOXXHO B
NEPBOM MPUOIMKEHUH NPOaHAIN3UPOBATh XapaKTep U3MEHEHUSI COBPEMEHHOIO TEKTOHUYE-
CKOT'O TIOJISI HAaINIpsDKEHUH B paspese maccuBa. Kpurepuii ['puddura ropoput o Tom, 4To pas-
pylleHUe TPON30MIET TOTAa, KOT/Ia MPU OECKOHEYHO MajioM YAJWHEHUH TPEIIUHBI OYJET BbI-
JeNATHCS OOJIbIIIe YIIPYTOil SHEPTUH, YeM 3TO TpeOyeTcs A 00pa30BaHUs HOBBIX MMOBEPXHO-
creil. CornmacHo npuHimny ['puddura, cymecTByronas B Teje TpEIUHA CTaHET JTABHHOO0-
pa3HO PacIpOCTPAHITHCS, €CITU BHICBOOOXKICHIE SHEPTUH YIIPYTol fedopMalii Ha eUHHILY
ee JUTMHBI TPEB30HIET paboTy Ha pa3phiB CBSI3EH.

B nameii mogenu npu cIBUroBoM cTpecc-pexume u 7=15 MIla ¢ HaubombIeit ckopo-
CTBIO HAPACTAIOT BEPTUKAJILHBIEC HANPSKEHHS G, KOTOPhIE C ITyOMHOM CTaHOBATCA BCe OoJiee
OJM3KMMHU K TJIaBHBIM FOPU3OHTAIBHBIM HANPSKEHUSAM G, B pesysbrare 3T0oro Ha riryoMHax
6osee 810 M (HIKE TOpU30HTA 13) MPOUCXOIUT MEPEXO] OT PEKUMA CABUTA K PEKUMY COPO-
ca— G, > Gy > o,. VIHpIMHU cll0BaMU, Ha 3TUX ITyOMHAX CIABUIOBBIM PEXKHUM FOPU30HTAILHOTO
CKaTHUs CMEHSETCS F€OJMHAMUYECKUM PEXUMOM PACTSHKEHUS, TP KOTOPOM BJIOJIb IJIOCKO-
CTEH pa3IOMOB OyayT MPOUCXOIUTH COPOCOBBIE MTEPEMEIICHUSI.

OueBuaHO, YTO Xapakrep AehOPMAIMOHHOTO MMOBEACHHS IOPOJl U KHHEMATHUECKHE Xa-
PAKTEpUCTUKU Pa3pbIBOB 3aBUCAT OT BEJIIMYMHBI TAHIC€HUMAIbHBIX HaNpsDKeHW. B Hammx
pacuerax, nposefieHHbIX N0 [Jaeger, Cook, 1979], xacaTenbHble HANPsKEHUs T, IPUHUMA-

auch paBHBIMU ~5.6240.02 MIla. OGpIyHO mpeamnoiaraercs, 4YTo YpOBEHb TaHTE€HIMAIbHBIX
HaNpPsDKEHUH U, CIIEI0BATENbHO, BEPOSTHOCTD PA3BUTHS CIIBUTOBBIX IIEPEMELIEHUI B pa3pbIB-
HO-TPEIIMHHBIX CHCTEMaX C IIyOWHOW YMEHbBIIAeTCs, YTO OO0YCJIOBJICHO YBEIUYMBAIOIICHCS
JUTOCTATUYECKON Harpy3koil. OgHAKO TEOPETUYECKHE 3aKOHOMEPHOCTH 4YacTO HE COTrjacy-
IOTCSI C peaJIbHOM re0JIOrMYECKON CUTyaluel, Koraa ¢ TiyOuHON IpeapacioiokKeHHOCTh pa3-
PBIBOB MJIM OTAEJBHBIX UX CEIMEHTOB K CABUIOBBIM JMCIOKAIMsIM Bo3pacTaeT. Takue ycio-
BUSI BO3HUKAIOT, TJIABHBIM 00pa3oM, M3-3a MEPEOPUCHTUPOBKH (BUPralliu) MIIOCKOCTEH cMme-
CTUTENIEH U M3MEHEHNUs YIJIa UX BCTPEUU C OCBIO IVIaBHBIX CKUMAIOLIUX YCUIUH (G =Gy IpU
CIBUTOBOM TEKTOHHYECKOM pexknme). Ha rimyOokux (>750 M) TOpHU30HTaX MECTOPOKICHHS
AHTel B yCIOBHSX MPaBOCTOPOHHETO CIBHra U MPU OPHUEHTUPOBKE OCH TJIABHBIX TOPHU30H-
TaJbHBIX HanpspKeHun Sy mox yriaom ot 50 no 80° k nuuuu mepunuana [[lempos u op., 2009,
2015] mambosee mpempacroyiOKEHbI K CIABUTOBBIM JUCIOKAIMSAM CETMEHTHI Pa3iOMOB H
KpYIIHbIE€ TPELIUHbBI, KOTOPbIE OpUEHTUPOBaHbI B HanpasieHusax B-CB-3-103 u B-HOB-3-C3.
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Pe3ynbpTaThl aHaTUTHUECKOTO pelIeHHs 3aladyd 00 OOLIMX 3aKOHOMEPHOCTSIX COBpe-
MEHHOTO HaNpPsHKEHHO-Ie()OPMUPOBAHHOTO COCTOSIHUS T€O0JOTHUECKON Cpeabl MECTOPOXKIe-
HUsL AHTEU CBOJATCA K CIIEIYIOLIEMY.

1. B ycloBusiIX pPEerHoHANBHOTO CYyOTOPH30OHTAIBHOTO C)KATHSA B TOJIIE TPAHUTOB Ha
riyounax 6onee 810 M HaOmromaeTcss CMEHa CIBUTOBOTO TEKTOHHYECKOTO peXuMa cOpoco-
BbIM. B pesynbpTare 3TOro BO3pacTaeT BEPOATHOCTh COPOCOBO-CIBHUTOBBIX MEpEeMEICHUN
BJIOJIb TUIOCKOCTEH OCHOBHBIX Pa3JIOMOB.

2. VBenuuuBaromascs ¢ TMyOWHOHN JUTOCTaTHuYeCKas Harpy3ka YMEHBIIAeT YpOBEHBb
TaHTEeHIIUAJIbHBIX (CKOJOBBIX) HAMPSHXKEHUH, HO B YCIOBUAX MPABOCTOPOHHETO CABHUTA U MPHU
OpUEHTUPOBKE ocH Sy nox yriaoMm oT 50 1o 80° k TMHUM MepUAMAHA TPEIPACIION0KEHHOCTh
Pa3pbIBHO-TPEIIMHHBIX CTPYKTYpP, OPUEHTHUPOBaHHbIX B HampaieHusx B-CB-3-l03 u B-
FOB-3-C3, k auciokauusiM CIBUTa BO3pacTaer.

OTHU BBIBOJBI TPEOYIOT HHCTPYMEHTAIBHOIO NOATBEpKAeHHS. OHAKO BEPOSATHOCTD HU3-
MEHEHUS] T€0JIMHaMUYECKOro peXrMa ¢ TITyOMHOH BBICOKA, YTO MOKAa3bIBAIOT M3MEPEHUS B
MOJI3EMHBIX HCCJEI0BAaTEeNIbCKUX J1a00paTOpUAX, PACIOJIOKEHHBIX B TPAHUTHBIX MacCHUBax
[Ask, Stephansson, Cornet, 2001].

Huxe npuBoaarcs pe3yabTaThl NETPOPUINISCKUX HUCCIECTOBAHUI BMEIIAIONINX TPaHu-
TOHUJIOB MECTOPOXKICHHSI AHTEH, KOTOPhIE TaK)Ke CBUICTENHCTBYIOT O CMEHE JedOopMaIuoH-
HOTO peXXHMMa OT CIIBUTOBOTO (CkaThe) K cOpocoBOMY (pacTsiKeHHE).

Tunbl BMelalomux I'PAaHUTOUI0B MECTOPOKIACHUA AHTel

[Tox rpanuTOMIaMu MBI IOHMMAEM BECh KOMIUIEKC IPAaHUTOB Pa3jIMYHOIO COCTaBa OT
JIEUKOKPATOBBIX J0 MEJIaHOKPAaTOBBIX Pa3HOBUIHOCTEH, KOTOpBIE PAa3/IMYalOTCs KaK IO IeT-
porpauueckoMy COCTaBy M TEKCTYPHO-CTPYKTYPHBIM OCOOEHHOCTSIM, TaK M IO MeTpOoH3H-
yeckuM napamerpaM. Ha MectopoxneHun AHTeH BMEIIAONIMMH MOPOAAMHU SBISIOTCS Tpa-
HUTOH/IbI, IOJBEPTHYBIINECS METAaCOMaTHYECKUM M Je(OPMALMOHHBIM NPeoOpa3oBaHUIM
Pa3JIMYHOIO TUIIA U UHTEHCUBHOCTH (pHUC. 2).

Puc. 2. Tumbr npeoOpa3oBaHHBIX TPAHUTOUIOB MECTOPOXKACHUS AHTEH: HEM3MEHECHHBIH OMOTHTOBEII
rpaHuT (a), BRICOKOTEMIEPaTYPHBINA KBaPII-KAIUIIIATOBBI METACOMATHT (KAIUIINATHT) (6); KaTakia-
3UPOBAHHBIN U OPEKYUPOBAHHBINA THAPOCIIOIUCTBI METACOMATHUT (6); MHTEHCUBHO OpEKYNPOBAHHBIN
TUAPOCITIOAN3UT C 30HAMH OkBaprieBaHus (2). @ortorpaduun numdos, Ha KOTOPHIX IudpaMu 0003Ha-
4yeHsI mosieBoit mmart (/), kBapi (2), 6uotur (3), MukpoxiuH (4), ruapociona (), rarnoxias (6)
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MeTtoauka uccjae10BaHui

WccnenoBanusi mpoBOAWINCH Ha TOpU30OHTAaX 9—14 MectopoxaeHusi AHTEH, pacroyio-
KEHHBIX Ha ryOmHax ~568, 636, 690, 750, 810 u 870 M ot moBepxHOCTH (CM. Taba. Ha
puc. 1). Ha xaxaoM 13 rOpU30HTOB OBLIM OTOOpaHBI KOJUIEKIIUM OPUEHTHUPOBAHHBIX B IPO-
CTpaHCTBE O0OpPAa3IOB BMEINAIOMIMX TPAHUTOMAOB. J[1st 1abopaTOpHBIX M3MEpEeHUil 00pa3Ibl
ObUIM MpE/ICTaBIEHBl B BUJE OPUCHTUPOBAHHBIX KyOOB ¢ rpanbpio He MeHee 50 mm. OOpasiisl
pa3Meyanrch ¢ HAHECEHUEM Ha HMX KOOPAMHATHBIX oceil X, Y u Z B JeBOM JE€KapTOBOM CHC-
TeMe KoopauHat (puc. 3).

Puc. 3. Cxemarnueckoe wu300paxkeHHe 00-
pasna, Ha KOTOPOM NPOBOAMIINCH YIbTPA3BY-
KOBBIE M3MepeHus. UepHas cTpenka Ha Bepx-
HEH TpaHu HAHOCHUTCS NpU 0TOOpe oOpasua u
nokasbiBaeT HampasieHne Ha Ceep; (P
PSAIOM CO CTpeNKoi — HOMep oOpasma. 1, 2,
3 — IUIOCKOCTH NPO3BYYHBAHUS

YA

Jnsa xaxnoro HanpasieHus (X, Y, Z) u3aMepsiiich CKOPOCTH YIIPYTHMX BOJH C IOMOUIBIO
KOMILJIEKCa, COCTOSALIETO U3 FeHepaTopa-NpueMHUKA YIbTPa3ByKOBBIX CUTHANIOB Panametrics
PR5072 (CHIA) u maps! uznyvareneid P- u S-BosH ¢ coOcTBeHHOM yacToTor 1 MI'. Bee us-
MEpeHUs MPOBOJMINCH Ha 00pasliax B JIBYX COCTOSHUSIX — BO3AYIIHO-CYXOM M BOJIOHACHI-
meHHoM. [Ipocyiika 00pa31oB mpoBoAMIIach B CymMIbHOM mkady npu remnepatype 80 °C u
pOJOJIKalach B T€YEHHUE TpeX yacoB. BogoHacklenne oOpasia JOCTUTaIoCh IyTEM €ro Io-
Ipy’KEHHUs] B BaHHY Ha 6—7 CYTOK IpPH IOCIIEIOBATEIFHOM MOMJIUBE BOJABI. 3aMETHM, YTO C
Y4€TOM OCOOEHHOCTEH CTPYKTYpbl TPELIMHHO-IIOPOBOIO MPOCTPAHCTBA I'PAHUTOMIOB TaKOM
METO/]I BOJIOHACBILIEHUS SIBJISIETCS ISl HUX ONTUMAaNbHBIM [[lempos, Hacumos, 2014]. K Tomy
e, OTKPBITasi TPEIIMHOBATOCTh U MOPUCTOCTH BCeX 00pa3ioB He mpeBbimana 1 %.

CKkopocTH yInpyrux BOJIH, U3MEPEHHbIE B BOJOHACHIIIEHHOM COCTOSIHUH, 0oJiee COOT-
BETCTBYIOT 3HaUCHHSM UX CKOPOCTEH B MacCUBE, YEM CKOPOCTH B CyXHMX 00paslax, Tak Kak
CUCTEMBI TPEIINH, BO3HUKIINE MIPH KOJJIEKTOPCKOW padoTe U MOCieayroleld TeXHOIoTnye-
CKOll 00paboTke 00pa3LoB, 3aOJHAIOTCS BOOM. BenencTsue Manoi MOPUCTOCTH BIMSHUE
BOJIbI HAa 3HAYEHUSI CKOPOCTH KaK MPOAOJIbHBIX, TAK U MONEPEYHBIX BOJIH HE3HAUUTENIBHO.

C mpuBIEYEHHEM JAHHBIX O TUIOTHOCTH 00pasioB 1o (opmysaMm, MPeICTaBICHHBIM B
[Bypmucmpog u op., 2009], BBIYUCIAIUCH, MOAYIH 00beMHON yrpyroctu K (MOIynb 00beM-
HOTO CkaTus), cnpura G, FOnra E u xoaddunment [lyaccona p:

K=p(Vy—4/3Vs), G=pVs,
E=pVe@Vit —4VARWVF = V) = [(G2)BVE: — AV — V),

w= (Ve = 2VHR2(Vp = V).
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B 51X (hOpMyIax p — MIOTHOCTH OGPA3LOB, I/CM; Vp — CKOPOCTH IPOIOTBHBIX BOJH, KM/C;
Vs — CKOpOCTP TOTEpPEUHBIX BOJIH, KM/C; Moaynb FOHra E paccuMTaH npu agunabaTHYECKUX
YCIIOBHSIX.

3aBUCUMOCTH OT TIIyOWHBI cpenHux 3HadeHuit Vp, Vs, K, G, E u | B MaccuBe MOPOJ
npecTaBiIeHbl Ha puc. 4. Moayau ynpyrocTH pacCUMTaHbl JUIsl BOJOHACKHIIEHHOTO 00pas3ia,
MOCKOJIbKY MX 3HAYCHHs, MOJy4aeMble B 3TOM cliydyae, Oosee OJIM3KM 3HAUYCHHUSIM MOJIYJIeH B
ycinoBuax MaccuBa. IIpencraBnsiemble 3HaU€HUS BBIYMCICHBI KaK CpelHUE apu(pMETHUUYECKHE
JUIS KaXI0ro o0pasia 1o TpeM HarpaBlICHUSIM, KOTOpBIE 3aTeM ObUIM yCPEIHEHBI Ul BCEX
HCCJIEOBAaHHBIX 00Pa3IIOB.

[OpU3OHTLI
[OpU3OHTLI

14

10

"

opu3oHTbI
[Opn30HTI

12

13

14

0.1 02 03 04 0.5 p 10 20 30 40 50 60 70 80 G,K E [Ma

Puc. 4. I'padyky 3aBUCIMOCTH CpeTHMX 3HAYCHUH CKOPOCTEH MPONONbHBIX Vp (a) W monepedyHsix V
(6) BoxH, kKO>hdunmenta [lyaccona p (6) u Mmoxyneit ynpyrocta G, K, E (¢) OT TiIyOHHBI B MacCHBE
nopon. Ha a—6: I — cyxoe cocrosiaue oOpasiia, 2 — BOJOHACKIIEHHOE. [ OpH30HTANBHBIE OTPE3KH Ha
rpadukax — AUAara3oH CPETHEKBAIPATUYHBIX OTKIOHEHUHA OTIPEAEIIEMbIX BETUIHH
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PaccmoTtpuMm moppoOHee KaxIblii U3 MapamMeTpoB. 3HAUYEHUS CKOPOCTEH MPOIOJIBHBIX
BOJH Vp (cM. puc. 4, a) Ha Topu3oHTax 9—11 coxpaHsAIOTCS MOYTH O€3 U3MEHEHHUsI, COCTABIISIS
~5.5 KM/C B CyXOM COCTOSIHUU M ~5.7 KM/C B BOJOHACHIIIEHHOM. Pa3HuIIa MEXIy CKOPOCTSI-
MU, 3aMEPEHHBIMU B CYXOM M BOJOHACBIILIEHHOM COCTOSIHUM, MUHUMaJIbHa Ha ropu3oHte 11,
rae oHa paBHa ~0.1 km/c (B ocTalibHBIX ciydasx — ~0.2 Km/c), 1 MakCMMallbHa Ha TOPU30H-
te 14. Ha ropusonrax 12, 13 ckopocTy MpoAOIbHBIX BOJH B 000MX CITydasiX HAUMHAIOT PE3KO
CHWKAThCS, JOCTUTAsl Ha TOpU3OHTE 14 3HadeHHs 5.4 KM/C B CyXOM COCTOSTHUHU U 5.2 KM/C B
BOJIOHACBHILIIEHHOM (pHuc. 4, a).

[Toxoxast kapTrHA HAOMIOAACTCS W JIJIT CKOPOCTEH MOMEPEUHbIX BOJIH (CM. puc. 4, 0).
Pe3koe cHMKEHUE CKOpOCTEW HaUYMHAETCsl ¢ TOpu30HTa 13 — ecau Ha ropuzoHTax 9-12 3Haue-
Hue Vg B cpeaHeM cocTaBisieT 3.26 KM/C B CyXOM COCTOSIHMHM U 3.27 KM/C B BOJOHACHIIICH-
HOM, TO HIDKe Topu3oHTa 13 5Tm 3Hauenus 3.11 km/c u 3.2 KM/c COOTBETCTBEHHO. MUHU-
MaJIbHbIE PACXOKIEHUSI CKOPOCTEH Vs, onpeaeneHHbIX A1 00pa3lioB B CyXOM U BOJOHACHI-
[IEHHOM COCTOSIHHSIX, OTMEUYEHBI Ha ropu3oHTe 11, MakcuManbHbIe — Ha TOPU30HTE 14 .

Takum o0pa3om, Ha ypoBHE TOpU30HTOB 12—14 Habmromaercs majgeHHe CKOPOCTEH Kak
MPOJOIBHBIX U MOMEPEYHBIX BOJIH. ITO TOBOPUT O TOM, YTO HA ITUX OTMETKaX MacCHUB BMe-
HIAIOIINUX TPAHUTOUOB HAYMHAET TEPSITh CBOIO LIEJIOCTHOCTh — MOBBIIIAETCS TPELIMHOBATOCTh
Y YBEIUYHBACTCS MOPUCTOCTD MOPOJI.

Jnsa koapdunmenta Ilyaccona p (cMm. puc. 4, ) oTMedaercsi cieayromas 3aKoHoOMep-
HocTh. Ha ropusonrax 9—-11, kak u B ciiyyae co CKOPOCTSMHU MPOJIOJIbHBIX BOJIH, 3HAUEHUS L
OCTAIOTCSI PUMEPHO B OJTHOM JuamnaszoHe U B cyxoM (~0.23) u B BojmoHackimeHHOM (~0.26)
COCTOSIHUM, HO HAYMHas ¢ TOPU30HTA 12, MPOUCXOIUT UX pE3KOe NOHWKEHUE. B utore, Ha ro-
pusonte 14 3nauenus p pocturaior 0.16 B cyxom cocrosiuuu u 0.22 B HaceiiieHHOM. OTMe-
YEeHHOE 03HAYAEeT, YTO HUKE TOPU30HTA 12 XPYNKOCTh BMEIIAIONIUX TPAHUTONI0B MECTOPOK-
JICHUS TIOBBIIIAETCS.

PaccMoTpum auHaMuuYecKrue MOIYIH yOpyTrocTH (cM. puc. 4, 2). Eciiu Mmoaynb cnsura G
COXpaHsieT MPUOTU3UTENBHO onuHAKOBBIE (~28 ['Tla) 3HaueHUs Ha BCEX TOPU3OHTAX, TO MO-
nysb o0beMHOro ckatusi K u Moaynb FOHra E ¢GakTHuecKu MOBTOPSIOT IMOBEICHUE CKOPO-
CTeil mpOAOIBHBIX BOJH (cM. puc. 4, a) u ko dunnenta p (cm. puc. 4, ). UHbIMH cli0BaMu,
Ha ropus3oHTax 9-11 3HaueHus 3TUX ABYX MOJYJEH OCTAlOTCS MPUMEPHO OJMHAKOBBIMH —
K=51 I'lla, E=71.4 I'Tla, — HO HM)KE TOPHU30HTA 12 MPOUCXOIUT 3aMETHOE YMEHBIICHUE HX
3HaueHUN — K ropu3oHTy 14 3Hauenus K manator no 39 I'Tla, 3Hauenusa E no 62 I'Tla (cm.
puc. 4, 2).

[TocnenHee CBUACTENBCTBYET O PE3KOM YMEHBIICHUH € TIIyOMHOM CIIOCOOHOCTH TOPOA
K CONpPOTUBJICHUIO MEXaHUYECKOMY Bo3zeicTBUIO0. K TOMy e mopoasl cTaHOBSATCS Oolee
XPYNKUMH, TPEIIMHOBATHIMU M MOPUCTHIMH. Takast 0OCTaHOBKA CO3/aeT OJIaronpusiTHBIE yC-
JIOBUSL TSl IUPKYJISILIMKA PYJOHOCHBIX PACTBOPOB.

B cooTBeTcTBUHM € 3TMM KOJMYECTBO W MOIIHOCTH PYIHBIX TeNl C INIyOWHOW JOJDKHA
yBenMuuBaThCs. OHAKO MBI MOXKEM CYJIUTh TOJIBKO O COBPEMEHHOM COCTOSIHUM BMEUIAOIINX
nopoJi. Bompockl peKOHCTPYKITUU YCIIOBUH MaJeOTEKTOHUYECKONW M Maneo(UIbTPAIMOHHON
00CTaHOBKHU THAPOTEPMATIBLHOTO Py1000pa30BaHUS HA MECTOPOXKACHUN AHTEH TpeOyIoT cre-
[IUAJIFHOT'O PACCMOTPEHHS, IPH KOTOPOM TOTy4YEeHHBIE HAMU NETPO(PU3MUECKHE MOTYT COCTa-
BUTH NHPOPMAIIMOHHYIO OCHOBY JIJISl IOCTPOEHUH.

PacyeTsl COBpEMEHHBIX INIaBHBIX HOPMAJIbHBIX HAIPSDKEHUN B pa3pe3e MaccuBa IOKa-
3bIBAIOT, YTO Ha TITyO0oKuX (>750 M) ropu30oHTax MECTOPOKIAEHUS (TOPU30HT 12 M HUXKE) MO-
KET MPOUCXOAUTh CMEHA PeXMUMa MPABOCTOPOHHETO CIBUTa TEKTOHHUECKUM PEXUMOM cOpo-
ca [Munaes u op., 2013]. Tloka 3Tu pacueTsl HE MOJIKPEIJICHbI 3KCIIEPUMEHTAIbHO, HO OHU
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COOTBCTCTBYIOT OCHOBHBIM TCHACHIIUAM, Ha6JIIOIIa€MBIM B UCCJICOOBATCIIbCKUX IMOA3EMHBIX JIa-
0OpaTopusiX, pa3MEIICHHBIX B IPAHUTHBIX MAacCHBaX, HANpPUMEpP, B TOJA3EMHOM J1TaOOpaTOpuu
Acné (IIBenus) (puc. 5).
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Puc. 5. Xapakrep u3MeHEHUs 3HAUCHUH TJIABHBIX HOPMAJBLHBIX HAIMPSDKCHUH B pa3pe3e TPaHUTOB TO/I-
3eMHOM HCCIIEN0BATENLCKOM TabopaTopru Actié (C UCTIOMB30BaHUEM MaHHBIX U3 [Ask, 2003])

[1o COOTHOIIEHHIO BEIUYHH G, G; U G, BBIIEISAIOTCS TOPU30HTHI MOPOJI C PA3THUYHBIM
TEKTOHUYECKUM PEKUMOM. PacdeTsl NeHCTBYIONIMX HANPSHKEHUN BBIMOIHEHBI 10 (hopMysiaMm,
npuBeeHHBIM BhIte, ipu pg=0.026 MIla/m; peanbHbIe 3HaYEHUS Gy, G, U G, OMPEICICHbI
METOJO0M TUApPOpa3phIBa.

Pe3ynbpTaThl THIpaBIMYECKUX TECTOB (METOJ THAPOpPA3pbiBa) B CKBAKMHAX IMOKA3bIBa-
10T, UTO PEXHUM B30poca mpeodiagaeT NpuMEpHO 10 riayOuHbl 250 M, a HIDKE OH CMEHSIETCS
pexxumoM casura. Jlanee, mpumepHo co 510 M MpoMCXOAUT OOpaTHBIM MEPEXO] HA PEKUM
B30poca, KOTOPBIl COXpaHsAeTcs, 10 KpaitHel mepe, 1o riryounsl ~750 M [Ask, Stephansson,
Cornet, 2001].

OTMeTHUM, YTO XOTS KaXK/1asi TE€0JOTUYECKAs CUTyallusl YHUKaIbHa, TPAHUTHBIE MAaCCUBbI
nabopaTopun Acrié U MECTOPOXKJIEHUS AHTEH BO MHOTOM CXOXXH IO CTPOCHHUIO U CBOMCTBaM
nopon [Jlasepos u dp., 2008].

BriBoaBI

PesynbTathl ucciaenoBanuii Ha oOpas3ax, OTOOpAaHHBIX U3 Pa3HbIX TOPU3OHTAX IPAHUT-
HOI'O0 MacCHBa MECTOPOXIEHUS AHTEH, MOKa3bIBAIOT, YTO HayuMHasg npumepHo ¢ 750 m oT
JTHEBHOM MOBEPXHOCTHU, IPOUCXOAUT CHUKEHHE CKOPOCTH YJIbTPa3BYKOBBIX BOJH, YMEHbIIIA-
1orcs Kodpdunuent I[lyaccona u ynpyrue Momyiau. DTO CBHIETENBCTBO TOTO, YTO MOPOJBI
CTaHOBSTCA OoJyiee XPYNKUMHU, TPEIIMHOBATHIMU U MOPUCTHIMU, BCIEACTBHE YETO MPOUCXOIUT
pe3Koe CHI)KEHHE UX CIIOCOOHOCTHU K COTMPOTHUBIICHUIO MEXaHUYECKOMY BO3JICHCTBUIO.
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B o0cTaHOBKE MOBBINIEHHBIX 3HAUYCHUH (PHIBTPAIIMOHHBIX MMapaMETPOB JOJIKHBI CO3/Ia-
BaThCS YCJIOBHSI, OJIArONPUATHBIC AJIS HUPKYJSIUA PYJIOHOCHBIX pacTBOPoB. OHAKO BOIPO-
Chl PEKOHCTPYKIIMH YCIIOBUH IMaJCOTEKTOHUYECCKOW M Majaeo(GuIbTpallMOHHOW OOCTaHOBKHU
THIIPOTEPMAIBHOTO PyI000pa30BaHUs HA MECTOPOXKACHUU AHTEW TpeOyroT CIenUalbHOTO
paccmotpenus. [lonyyeHHble HaMu TeTpo(PU3NUECKHE AaHHBIE MOTYT CTaTh MH(POPMAIMOH-
HOM OCHOBOM ISl TAKMX MOCTPOCHHIA.

[IpeaBapuTenbHble pacyeThl COBPEMEHHBIX TJIABHBIX HOPMAJbHBIX HAMNPSIKEHUU B pas3-
pe3e MaccrBa MOKa3bIBAIOT, YTO HAa MIyOOKHX TOPU30HTaX MectopoxaeHus (>750 m, ropu-
30HT 12 ¥ HMXKE) TEKTOHMYECKUN PEXXUM CIIBUra CMEHSIETCsl peKUMOM cOpoca. PacueTs! nmoka
HE TOJIKPETUIEHb UHCTPYMEHTAIbHBIMU JJAHHBIMHU, HO B II€JIOM COOTBETCTBYIOT TEHCHIIMSIM,
HAOMI0JTaeMBIM B €BPOIEHCKUX MOA3EMHBIX HCCIEI0BATEIbCKUX J1a00paTOPHUAX, Pa3MeEIICH-
HBIX B TPAHUTHBIX MaCCHBAX.

[TomydeHHbIe MaTepHalibl YKa3blBalOT HA HEOOXOAMMOCTh MHCTPYMEHTAIBHBIX HCCIIE-
JOBaHWM HamNpsHKEHHO-AE(POPMUPOBAHHOTO COCTOSHUSI TOPHOTO MACCHUBA MECTOPOXKIICHUS
AHTeH 1 11e51ec000pa3HOCTh pa3pabOTKU MPOEKTA MOA3EMHOT0 OypPEHUS HAKIIOHHBIX CKBAKUH
B LIEJISIX OOHApYXEHUsI PYIHBIX TeJll, BO3MOXKHO, CMEIICHHBIX B PE3yJIbTaTe TEKTOHHYECKOU
JeSATEIbHOCTH.
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STRESS-STRAIN STATE AND VARIATIONS
IN THE ELASTIC PARAMETERS OF THE HOST
GRANITOIDS AT DIFFERENT DEPTHS,
THE MO-U ANTEI DEPOSIT, TRANSBAIKAL

V.A. Minaev, V.A. Petrov, V.V. Poluektov

Institute of Ore Geology, Petrography, Mineralogy and Geochemistry, Russian Academy of Sciences,
Moscow, Russia

Abstract. The results of petrophysical studies of the host granitoids samples from deep levels of the molybde-
num-uranium Antei deposit, the Streltsovskoe ore field (SE Transbaikal), are considered. With the increase in
depth, the samples observed demonstrated the decrease in velocity of ultrasonic waves and the reduction of val-
ues of the Poisson's ratio and elastic moduli, that suggests a sharp decline in the ability of rocks to resist me-
chanical stress and increase in their fragility and fracture porosity. The degree of disturbance of the crystalline ma-
trix also increases with the depth. The higher values of flow parameters imply conditions that are favorable to the
circulation of ore-bearing solutions and ore localization. Accordingly, an increase in quantity and thickness of ore
bodies with the depth can be expected. However, the real situation in the deposit is totally different. Both the quan-
tity and the thickness of ore bodies decrease with the depth. Preliminary calculations of the modern normal stresses
indicate the change in tectonic regime from tension to compression at deep (>750 m) horizons of the deposit. Thus
the instrumental studies of the stress-strain state of the Antei deposit should be conducted and the project on the di-
rectional drilling for detection of hidden ore bodies should be developed.

Keywords: granitoids, main normal stresses, uranium deposit, petrophysical parameters, tectonic regime, ultra-
sound.
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