GEODYNAMICS & TECTONOPHYSICS

PUBLISHED BY THE INSTITUTE OF THE EARTH’S CRUST
SIBERIAN BRANCH OF RUSSIAN ACADEMY OF SCIENCES

2014 VOLUME 5 ISSUE 4 PAGES 905-917

http://dx.doi.org/10.5800/GT-2014-5-4-0162

EXPERIMENTAL STUDY OF DECOMPRESSION, PERMEABILITY
AND HEALING OF SILICATE ROCKS IN FAULT ZONES

V. Ya. Medvedev', L. A. Ivanova', B. A. Lysov’, V. V. Ruzhich, M. V. Marchuk'

! Institute of the Earth's Crust of SB RAS, Irkutsk, Russia
2 Irkutsk State University, Irkutsk, Russia

Abstract: The article presents results of petrophysical laboratory experiments in studies of decompression phenomena associ-
ated with consequences of abrupt displacements in fault zones. Decompression was studied in cases of controlled pressure
drop that caused sharp changes of porosity and permeability parameters, and impacts of such decompression were analyzed.
Healing of fractured-porous medium by newly formed phases was studied. After experiments with decompression, healing of
fractures and pores in silicate rock samples (3x2x2 cm, 500 °C, 100 MPa) took about 800-1000 hours, and strength of such
rocks was restored to 0.6-0.7 of the original value. In nature, fracture healing is influenced by a variety of factors, such as
size of discontinuities in rock masses, pressure and temperature conditions, pressure drop gradients, rock composition and
saturation with fluid. Impacts of such factors are reviewed.
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OKCIEPUMEHTAJILHOE M3YYEHUE JEKOMITPECCHUU, ITPOHUIIAEMOCTH
N 3AJIEUNBAHUA CUJIMKATHBIX
ITOPO/ B 30HAX PA3JIOMOB

B. A. Me,qne,qenl, JI. A. VBanoBa', B. A. Jlbicos’, B. B. Pyxmql, M. B. Mapqu1

! ncmumym 3emmoii kopbt CO PAH, Hpkymck, Poccus
? Mpkymckuii 2ocydapcmeenHbiii yHusepcumem, Mpkymck, Poccust

AnHoTtarps: PaccMOTpeHBI pe3ysibTaThl eTPOPU3NUECKUX 1ab0pPaTOPHBIX SKCIIEPUMEHTOB 10 W3YYEHUIO SIBJIEHUH eKOM-
MPeCCHH, CBSI3aHHBIX C TMOC/EACTBHEM CKayKOOOpa3HBIX CMeILeHWi B 30HaX pas3/oMoB. V3Mepsiiich U aHAIM3MPOBaINCh
TOC/Ie/ICTBUS JeKOMIIPeCCHU TIPY pery/IMpyeMoM Criafie [iaBaeHui, KoTopast IpUBOJU/IA K pe3KoMy M3MeHeHHI0 ITapaMeTpoB
MOPUCTOCTH W TIPOHMIIAeMOCTH. V3y4yanuchk MpoLiecchl 3aeuyrBaHUs HOBOOODA30BaHHBIMH (ha3aMyl PacKpbIBILErOCs Tpe-
HIVHHO-TIOPOBOTO TpOCTpaHcTBa. IToka3aHo, YTo moc/ie SKCIePUMEHTOB C AeKOMIIpecCrel BpeMsi 3apallliBaHUs TPEIHH U
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rmop o6pasijoB CUIMKATHBIX TIOPOJ, pa3MepomM 3%2x2 cm mipu Temrieparype 500 °C, gaenenun 100 MIla cocTa/sieT mopsigjka
800-1000 yacos ¢ BoccTaHOB/eHUEeM UX IpouHocTH 0.6—0.7 110 OTHOLIEeHUIO K UCXOAHOW. PaccMaTpuBaeTcsl BAMsSIHUE OCHOB-
HbIX ()aKTOPOB: pa3MepoB HapyIIeHWH CIVIOIIHOCTH TOPOJHBIX MacCcHBOB, PT-yc0BHi, CKaukoB I'paJjeHTOB JaBJeHMs,
cocTaBa Mopo/, U HAaChILIEHHOCTH (JIFOM/IOM Ha MPOLIECChI 3a/IeUMBAHHUS B NPUPOAHBIX yC/IOBUSIX.

Kntouesble c1oea: Gpu3rUecKuii SKCrepruMeHT, JeKOMITPeCCHsl, IPOHMIIaeMOCTb, 3a/IeUHBaHKe Pa3phIBOB, 3eMJIETPSICEHHE.

1. BBEJJEHUE

®DU3MKO-XUMUYeCKHe TIPOLIeCChl, TPOUCXOJMIe B
IJIyOMHHBIX CerMeHTaxX 30H pPa3/ioOMOB JIMTOCQephl, rje
(bopMUpYIOTCST pyZHble MECTOPOXKIEHHs, a Takke ouaru
3eMJIeTPSICeHUH, OCTArOTCsl HeJOCTAaTOYHO W3yUYeHHBIMU 10
HacTosiiiero BpemeHnu. OTClo/la BBICOKOBOCTPeOOBaHHBIMU
MOKHO CUWTAaThb 3KCIIepUMeHTa/lbHble WCCIeJOBaHus, C
TOMOIIBI0  KOTOPBIX BOCIIPOM3BOJSATCS W OLIEHUBAIOTCS
pazHooOpa3Hble TTapaMeTphbl eKOMITPeCCHH, TIPOHULIaeMO-
CTH W 3a/IeUMBAHUS TOPHBIX TIOPOJ C YYETOM TeX TePMO-
JVUHAMUYeCKUX M TPUOOXMMHUECKUX YCJIOBHM, KOTOpbIe
TIPe/ITO/IaraloTCsl Ha pa3HbIX INTyOMHHBIX YPOBHSX U B pa3-
JIMYHBIX T'eOJMHaMHUYeCKUX 0OCTaHOBKAX, COTPOBOXK/AF0-
mux Aedopmalvi B 30Hax pas3sioMoB. C MO3ULIMIA TEKTO-
HOQU3UKNA U Me30MeXaHUKU JeCTPYKIUs B uTochepe sB-
JISIeTCST MHOTOYPOBHEBBIM IIPOLIECCOM, T.e. UMeeT MeCTO
TMoC/Ie/ioBaTe/lbHOe O0beHEeHWe MeJIKUX 3apOAbILIEeBbIX
TpeLUH B Oosee KPyIHbIe, KOTOPbIE Ha C/IeflyIOleM Mac-
MITabHOM YPOBHE TaKXXe O0BeAWHSIOTCS /10 CTagui ¢op-
MUPOBaHUsI BHYTPUIUTUTHBIX U MEXIUTUTHBIX Pa3/lOMOB B
ymutocdepe. BaKHO aKIleHTUPOBaTh BHMMaHWe Ha CJiefly-
IOINX 0COOEHHOCTAX [IeCTPYKIUM B jiuTochepe. Mopdo-
norusi OOPTOB MarvMCTpabHBIX Pa3pbIBOB TIPU CUSHUA
pa3HOMacINTabHBIX PA3pPHIBOB HHU3IIETO HePapXU4yecKoro
YPOBHSI BCerjila XapaKTepu3WyeTCsl I11epOXOBaTOCTBIO, TO
€CThb H7lea/ibHO IJIa/IKUX pa3pbIBHBIX HapylIeHUH B reoso-
rMueckol obctaHoBKe He ObiBaeT. CrieZloBaTe/IbHO, PEXKU-
MbI CMellleHHi GeperoB pa3pbIBOB MPU HAIMUUM WCXOAHOU
1116POX0BaTOCTH, KaK TPABUJIO, SIB/ISIFOTCS TIPEPBIBUCTHIMY,
0 uUeM CBH/EeTe/NbCTBYIOT MHOTOJIETHHE BbICOKOTOUHBIE
v3MepeHus cMelleHud B pa3nomax [Ruzhich et al., 1999].
OTOMy TaK)Ke CIIOCOOCTBYIOT pa3HOOOpasHble peXXKUMBbl Jie-
dhopmupoBanusi itocdepsl 3eMJTH TIOZ, BJIUSHUEM 3HJIO-
TeHHBIX M BHE3eMHBIX JHePreTHUecKUX HMCTOUHHWKOB, KO-
TOpble MMEIOT BbIP&)KEHHYIO BOJIHOBYIO Tnpupogy. Ctpoe-
HUe 30H Pa3/ioMOB I1pe/iCTaB/IeHO COUeTaHUeM BBICTYIIOB C
MSITHAMKA KOHTAKTHOTO CKOJIb)KEHUsS] U yUaCTKOB OTHOCH-
TeJLHOTO pacTshkeHMs. TakuMm obpasoMm, B ITyOMHHBIX
cerMeHTax 30H pa3/IOMOB IIPY HEPaBHOMEPHOCTU CMellle-
HUI 111epOX0OBaThIX [0BEPXHOCTeN M B3aUMOAENHCTBUN He-
POBHOCTeH Bcerjia BO3MOXKHBI ObICTpBIE Tepernazbl JjaBye-
HUI U sIBJIEHUS [IeKOMITPeCCHY, TIPUBO/SIIME K CKauK0o00-
pPa3sHOMY CHIKEHHIO JIATOCTaTU4YeCcKOro U (hIoHAHOro
[laBJIeHHs] 1 UHTEHCUBHOMY BOCXO/SII[EMY TeIIOMaccorie-
peHocy. IMeHHO Takue 6aporpaZiieHTHble reoI0ruuecKue

CHUCTEMBI MO/Ie/TUPOBA/IUCH J1aOOPaTOPHBIMU (U3UUECKH-
MU 3KCIlepMeHTaMH. B KauecTBe OOBEKTOB HCCre/i0Ba-
HUSI @BTOPaMH MCII0/Ib30BA/IMCh JIBe TPYIIIbI CHIMKATHBIX
nopozi: amrb0-6MOTUTOBBIE T'PAHOAUOPUTHI (KakK paB-
HOMEpPHO-3€PHUCThIE) U T'PAHUTBI-PANAKUBU (KaK HepaB-
HOMEpHO-3€PHUCTBIE TIOPO/bI).

2. METO/IBI [TPOBEJEHISA SKCIIEPYIMEHTA
U USMEPEHUI

OKCIIepUMeHTBI 110 IeKOMIIPeCCUM CHHMKATHBIX IIOPOZ,
IIPOBOJWINCH C LieJIbI0 TIeTPOXMMHUECKOro MOJe/INpoBa-
HUSI SHJOTeHHBIX MPOL{ECCOB, MPOUCXOAINIMX B 30HaX pas-
JIOMOB B YCJIOBHSIX OBICTPBIX M3MEHEHHI CKOPOCTH CMe-
meHuii. Vcronb3oBanack anmaparypa BbICOKOTO JaBJie-
HUS, TIO3BOJISOINas paboTaTh B /iMara3oHe TeMIlepaTyp
200-800 °C u paBnenuii 20—200 MIla npu ogHOBpeMeH-
HOM Bo3gelicteuu dumonga cuctembl C—O—-H ¢ KoHTpoM-
PYeMBbIM COOTHOILIEHHEM KOMITOHEHTOB ¢ aM(prO0I-01OTH-
TOBBIMHU T'DAaHOJJIOPUTAaMH M TPaHUTaMU parakuBu. Copoc
JIABJIEHUS TIOC/ie HeoOXOMUMON M300apHO-U30TepMUYe-
CKOM BBIJIEP)KKU OCYIIIeCTB/ISIICS Uepe3 CIiel[halbHbIN Kia-
raH, BpeMst copoca gaBnenust ot 100 MIla go atmocdep-
Horo 2-1800 c. MogenvpoBaiuCh pasIWYHbIE DPeKUMBI
Juccrnanyy (0T MOCTeleHHOIro IpUBeJieHHsl CHUCTeMbl K
CTaH/IapTHBIM YCJIOBUSM /10 LLIOKOBOM AeKomripeccun). 1o
Y TIOC/Te 9KCTIePUMEHTOB Ha o0pa3liax orpejesisiiach Mpo-
HUIL]AeMOCTb; KpOMe TOr0, MCCJIe[0BA/IMCh IPOYHOCTHBIE
XapaKTepUCTUKU TopoJ (yAe/ibHasi IPOUHOCTb Ha C)KaTue),
Y TIPOCMaTPUBA/TUCH LITUQBHI.

[Ipy M3y4yeHMM BOCCTaHOBJIEHHSI CIUVIOIIHOCTH 00Opas-
LIOB IIyTeM 3a/leuylBaHusl UX B T'UPOTepMabHBIX YCJIO-
BUSIX TIPUMEHSIMCh CTAHAAPTHBIE aBTOK/IABBl U 9K30K/IaBbI
c pabounM obwemom 200 cM’ mo crexyiomeii cxeme
(puc. 1). O6pas3ipbl, paHee TIO/IBEPrHYThIE IIOKOBOM JEKOM-
rpeccuu B yciioBusx: aapieHue 100 MIla, ckopocTh cOpo-
ca 50 Mlla/c, Temneparypa 500 °C, noMmeljanuck B aBTO-
KJIaB, I/le U NIPOUCXOAWIO UX 3ajeuuBaHle B TeUeHue He-
006X0/IMMOr0 BpeMeHH.

N3yuenue meTpodu3nyeckux CBONUCTB TOPHBIX TIOPO/
MIPOBO/INJ/IOCH B JlabopaTopuu (py3vKu He(PTSIHOTO U Ta3o-
Boro myiacta (PHIT) MpkyTckoro rocyjapCTBeHHOTO YHU-
BepcuUTeTa Ha CTaH[apTHOW ammapaTtype Tuma AKM, a
TaK)Ke Ha CO3/laHHbIX B laboparopuy npubopax. Uccrezo-
BaHMsI ObUTH BBLIMOJTHEHB! Ha 00pasijax, U3rOTOB/IEHHBIX B
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I Fig. 1. Installation scheme.

BUJIe LJWIMH/POB AuaMeTpoM d=(2.44-2.51)-107 M, BBICO-
Toit h=(1.0-2.5)-10> M u o6bemom V=(4.9-10.0)-10° m°.
Bcero npoaHaau3upoBaHo MOpsKa cta 06pa3iioB TOPHBIX
ropozi. Oripesie/nsiyioch IIeCTHAALIATh [TAapaMeTpoB, TPeJi-
CTaBJIeHHBIX B Tabuiax 1, 2.

EMKoCTHasg xapakTepUCTHKa IOPOBOTO TMPOCTPaHCTBA
Topo/; u3yuanach 1o rasy (N,) c moMoIrb KosddurmeH-
Ta OTKPBITOM TIOPUCTOCTH, KOTOPBIA OMpeZenscsa o

dhopmye:

K, = (1-@) -100%
pT.tb.

rae Ko, — Ko3(GULMeHT OTKPBITOM MOPUCTOCTH (%); Posp —
00beMHasi IIOTHOCTb MOPO/ibl; Pr¢. — IVIOTHOCTb TBEP/0i
(asel (MUHEpaTbHOM YacTH) obpasiia.

OnpeseneHye 00bEMHOU MJIOTHOCTH 0OPA3IiOB TPOBO-
[WI0Ch TpeMsl He3aBUCUMbIMKA MEeTOJAMHU: T'MpocTaThye-
CKMM B3BelIMBaHHUEM; /IeHCUMepOM; 10 Macce U 00beMy,
Hal/IeHHOMY TIPOCTBIM TeoMeTpuueckuM obmMepoM obpas-
1[0B. T1I0THOCTEL TBep/IOM (ha3bl 0OpA3IOB HAXOAWU/IACH TI0
Macce U 00beMy MUHepaJbHOW UYacTH, KOTODBIA Ompeje-
nisincst Ha pubope KODCIT (KOMIIEKCHBIN OTpe/1eUTe b
(hU3HMUECKUX CBOUMCTB TMOPO/ibl), CO3/IAHHOM B JjlabopaTo-
puu ®HII. MpunHiun feiicTBusi mpubopa OCHOBaH Ha UC-
T0JTb30BaHUM 3akoHa MeHeneeBa-KnanetipoHa, pabounm
areHToM Cay>XuT ras. CrefyeT OTMeTUTb, UTO WCIIO/b30-
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BaHUe rasa SIBISeTCs eMHCTBEHHBIM HaJeXHBIM CIIOCO-
OoM ompesiesieHHs] MasbIX 3HAYEHUH €MKOCTH TOPOBOTO
MPOCTPAHCTBA TMpPe/ICTaB/IeHHBIX 00Pa3i[0B TOPHBIX TIOPOZ,.
TouHOCTb TIPUOOPA OTpeieNsiach TA/IOHUPOBAHUEM.

Ounamuueckue (UIbTPALMOHHBIE) XapaKTePUCTUKA
TIOPOBOTO TMPOCTPAaHCTBa 00pPa3L[0B MCC/IeA0BAIUCE C TI0-
MOLBIO KO3(dunmenTa nponunaeMocty (Ky,), onpezens-
eMoro B ocHoBHOM Ha npubope KO®CII u B eJUHUUHBIX
cnyvasix — Ha YUIIK (yHUBepca/bHBIN HCC/ie[oBaTe/b
TPOHULIAeMOCTH KepHOB) To rasy (N,). MakcumarnbHoe
pabouee naBnenve paBHsiock 0.6 MIla, maBneHue 06ku-
Ma obOpasuoB — 1.11 MIIa npu temmneparype 293 K, T.e.
ycioBUsi (GUbTPALMU ObUTH O/IM3KK K CTaHApTHBIM (J1a-
OopaTopHBIM).

Hnsa HaxoxpeHus K, wucronb3oBanach [By4/leHHas
dhopmya:

I =aQ +bQ?,

rae I — rpaguieHT AaBneHusi; d, b — ¢puiIbTpalMOHHBIE KO-
s durmenTsi; Q — pacxof rasa.

[HanHelit criocob omnpezienenus K, oTinuyaeTcs oT 06-
IeNPUHATOr0, OCHOBAHHOTO HA JIMHEHHOM COMOCTaBJie-
HUM CPEeJIHETO TPa/IMeHTAa JIABJ€HUM W CPEIHETO pacxoja
rasa, mpoxogsiero uepe3 obpaser. Ko3dduimeHTt mpo-
HUI]AEMOCTH PACCUUTHIBA/ICA MO (GUILTPAIMOHHOMY KO-
s¢duimenTy a, onpeaeneHHOMY TrpadUyecKUM WM aHa-
JIMTUUYECKUM CI0COO0OM B KOMOWHMPOBAHHBIX KOOD/MHA-
Tax:

(P1+P,+2Pg) (P1-P;)

ol - £(g),

rge P, — naBneHue Ha Bxoge B obpasely; P, — faBjieHue Ha
BeIXOZle W3 obOpasija; P; — GapomeTprueckoe [JaBiieHUe.
[TonyueHHble TaKuM 00pa3oM 3HaueHHs] PUILTPALIOHHO-
ro Ko3p@uijieHTa a MeHbllle OIpejesieMblX 10 CTaH-
[lAPTHOM MeTO/MKe, I103TOMY K03 (ULIMEHT NIPOHULIAEMO-
CTH, Hal{[JeHHBIH C/1elytomM 0bpa3om:

K= 2Pouh
aF ~

rae W — Bs3kocThb raza (Mlla-c); h — gnmuHa obpa3sia; F —

niomaAs GUAbTpaLvY, OKa3blBaeTCsl BhIllle pacCUUTaHHO-

T'0 TPAIUI[OHHBIM ITyTEM.

OwibTpallMoHHbIN  Ko3dduieHT b XapakTepusyeT
CTPYKTYpPY TIOPOBOTO MPOCTPaHCTBAa TOPOJ, U CTeleHb
TypOy/IEHTHOCTH MTOTOKA rasa.

TouHOCTb OTpefesieHus1 TIPOHUIIAEMOCTH 3aBUCUT OT
repMeTUYHOCTH M30JSIUK 00paslia ¥ UyBCTBUTENBHOCTU
MpubOPOB, OTpe/ie/SIOLINX Mepernas AaBjieHrs] Ha KOHLaX
obpa3iia ¥ pacxof ra3a. I'epMeTHYHOCTE B SKCTIEPUMEHTaX
MpoBepsiiack Mo (GWIbTPALUKU Ta3a IPU MaKCUMasbHO
BO3MOYKHBIX Tlepernafax JAaBJeHusi uepe3 HerpOHULaeMbIi
obpa3elr-3Tasion. MUHHUMATBEHO BO3MOXKHOE OTIPe/Ie/IIeMOe
3HaueHWe npoHuIaeMoct — 1-10° ém°. B Komnekimu
Tpe/ICTaB/IeHHBbIX 00pa3I0B HaUMeHbIllee 3HaUeHHe KOo3gd-
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¢uLeHTa TPOHMLIAEMOCTH OTpeZiesieHo o obpasyy I'-4 u
COCTaBUJI0 Knp=2.4-10‘3 ¢M°, T.e. B ZBa pasa mpeBbIIIaeT
MHMHUMa/bHO BO3MO)KHOe 3HaueHue.

KonebaHue npoHUIIaeMOCTH UCC/Ie/[0BaHHBIX 00pa3L{oB
3HauMTeNBbHOE: pa3bpoc 3HaueHwmii gocturaer 3000 ¢m’.
[n1s1 06pasLioB ¢ MUHMMa/IbHOM TIPOHULIAEMOCTBIO OMpejie-
JNIAUTACH CPeJHUN PaJnyC Karmuisapos (1op) Ry, uucsio mop
Ha eJJHULTY TIOBepXHOCTH 00pasiia n, CyMMapHasi 10BepX-
HOCTb TIOPOBBIX KaHAIOB S, yZenbHas TOBEPXHOCTb Ha
enuHUIly 0O6beMa obpasia Syzttl Y Ha eJJUHUIY 00beMa To-

POBOr'O MPOCTPAHCTBA Sy .
CpefHuii paZlyC MOp pacCYUTHIBAJICS 0 opmyie:

- 8Ky, T2
Re= =
on

rae T — U3BUIMCTOCTb MOPOBLIX KaHA/IOB. [I1s Haxoxze-
HUs TapameTpa T HeO0OXO[MMO TIPOBOAWTD JOTIOTHUTE -
Hble HCCiefjoBaHus oOpasilja, KOTOpble TOKa He Oblu
OCYILLeCTB/IEHbl B CWIY TEXHUUECKUX TPYAHOCTEMH, M03To-
My BO BCeX pacueTax I IpUHUMaeTCsl PaBHBIM eJJUHULIe.

Pasmepbl mop Mambl U usMmensitotrcsi oT 0.02  mo
0.70 mkm. Yucso mop Ha eHUIYY TTOBEPXHOCTH obpasija
oTIpeziesisiaioch 1o dopmyre:

KonT

n = —=7 1012.
TR}

[Ipy MMHMMa/ILHBIX 3HAYEHMAX Ry UMC/IO MOp JJOCTH-
rano 6-10° n/m’, uTo roBOPUT 06 OJZHOPOAHOI CTPYKType
TIOPOBOr0 TIPOCTPAHCTBA MCC/IefyeMbIX T[OPHBIX IIOPOZ,
TIpe/ICTaB/IeHHOW OTPOMHOM MacCOW upe3BbIYaliHO MaJlbIX
Top.

YaenbHasi TIOBEPXHOCTh B eJuHHLe oObeMa oOpasia
paccuuThIBasaCh uepe3 TUAPABINUECKUNA paauyc 1o (op-
MyJie:

_— ZKon

Sya, = e

Tak Kak TOBEpXHOCTb JIeKTPOCTaTHUECKH 3apsDKeHa,
OYeBH/IHO TO, UTO HCC/aefyeMasi TIOpofia MOXKeT CTaTh XO-
POLLMM KaTaau3aTOpOM INOBEPXHOCTHBIX sIBJIEHUH Ha rpa-
HHLIaX Ccpe[.

Y nenbHast MOBEPXHOCTh HA eAWHULY 00BbeMa TIOpOBOTO
NIPOCTPaHCTBA OIpeZiensiaach 1o popmyJie:

SY/ILZ =

2w

EcTecTBeHHO, UTO OHa 3HauuTe/NbHO Oosblle Sy, HO
umeeT Gosiee TIaBHBINA XapakTep Koyie0aHWH, UTO TO3BO-
JisieT ¢ 6OMBIIoN [JOCTOBEPHOCTHIO pa30MBaTh 00pa3ilbl Ha
TPyMNIBI C OIM3KUMU a/iT€3MHOHHBIMU CBOHCTBAMH.

[nst 06pasLjoB, y KOTOPBIX MPOHHUL[AeMOCTb Pe3KO yBe-
JIMYMBAjIaCh, BMECTO TSATH MOC/IEJHUX MApaMeTPOB OIlpe-
JIeJISUTUCD TLEeCThb [JOTIOJTHUTE/bHBIX TTapaMeTPOB, XapaKTe-
PU3YIOILIUX TPELUHOBATOCTb. [IpU He3HAUMTEe/NbHBIX U3-
MeHeHHUsIX K, paCcCUUTBIBA/INCh BCe XapaKTePUCTHKU.

OnpepeneHye pacKpLITHS TPELWH b, U [IJTUHBI CUCTEMBI
TpeLIVH | 0CyIIeCTBIAIO0CE 10 3aKOHY ByccuHecka:

Y
12u Al

AP
rie b, — pacKphITOCTb TpeLUH; +; — TPajiMeHT JlaB/eHus;

Q — pacxogj rasa; | — iyiiHa CUCTeMbI TPellyH.
IToBepxHOCTHas! IJIOTHOCTH TPeLUH (p) orpezessiiach
1o ¢opmyre:

pzlg,

rae F — iomaas ¢unbTpanuy obpastia.

[ns egvHOW TPEIIWMHHOW CUCTEMBI TIOBEPXHOCTHAsI
TJIOTHOCTD TPEIWH COBMa/jaeT ¢ 00beMHOM, TO3TOMY T1/10-
111a/lb TIOBEPXHOCTH TPELIVH MOXKHO OIpeZeUTh Clleflyto-
1M 00pa3oM:

S= vaoﬁp,

rae S — IOl b TIOBEPXHOCTH BCEX TPEIIUH B 00pa3slie;
Vosp — 00BbEM 00pastia.

YnenbHasi TIOBEPXHOCTh eWHUILI 00bema obpasiia
paCcCUUTBIBAIACh MO hopMyJie:

Sym, = 2P
YjenpHas MOBEPXHOCTL B eMHMLE 0OhemMa MOpPOBOro
TPOCTPAHCTBA OMpeieNsach Mo GopmyJie:

S, = ——,

ML) op

I

rae Vi, — 00BbeM 1op B obpastie.

OubKy H3MepeHust Bcex (PU3MYeCKUX CBOKCTB B a0-
COJIDTHOM Bpra)KEHI/II/I B 24 pa3a MeEeHbIlIe MUHUMAJ/IBHBIX
orpe/ie/IeHHbIX 3HAUEHHI COOTBETCTBYIOIIMX [1apaMeTpOB,
T.e. BCe OMNpe/[e/IeHHUs SB/ISIFOTCS 3HaUMMbIMHU.

3. PE3VJIbTATHI UCCJIEJOBAHWIT 1 UX AHAJIA3

B 6Gosee paHHMX 3KCIIEPUMEHTax IO [eKOMIIPeCCHU
CW/IMKATHBIX pACIUIaBOB OBIZIO yCTAHOBJEHO, UTO TIPU
orpejie/leHHbIX pekuMax (B 3aBUCHMOCTH OT CKOPOCTH
cOpoca ZiaBieHus) 3a cueT BCKUIAHUS PacrijiaBa U pe3Koro
yBenJeHus ero o6beMa (MHOT/A TOUTH [IeCATUKPATHO T10
OTHOLIEHWIO K TIePBUYHOMY) TMPOUCXOAUT CTPYKTYPHUPO-
BaHHe TIOPOBOTO TIPOCTPAHCTBa ()OPMUPYIOLIErocs: CTeKia
[Letnikov et al., 1990]. Tlpu IIOKOBOW [[€KOMTIPECCUU
BO3HHMKa/N CTOJAOWK pacrijiaBa, MPOHU3aHHBIA CHUCTEMOM
TOHKUX KanWUISPOB, BBITSHYTBIX BJObL [AJWMHHOW OCU
(puc. 2). Takum nyteM ¢opMUpOBanack BbICOKO3(Ddek-
THBHasl cucTeMa (pJIHOMHOrO MaccorepeHoca, peaausalys
KOTODOH B TIOZABEPTIIENCs eKOMITPeCCUH MarMaTHuecKon
KOJIOHHE BecbMa BeposiTHa.
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Puc. 2. TIpoBogsiye CTPYKTYPBI B TPAHUTHOM paciuiaBe rocie copoca gaenenust. T=850 °C, P=2500 at™., ckopocTb cbpoca aaB-

I sienus 2500 aTm/c.

I Fig. 2. Conductive structures in granitic melt after pressure drop. T=850 °C; P=2500 atm; pressure relief rate = 2500 atm/sec.

C 5To¥ TOUKHM 3peHMsi MHTepeC IpeZCTaB/sieT Tpobiie-
Ma (M3UUECKOTO COCTOSIHUSI TOPHOUW TIOPO/IbI TIPU CHSITUN
JIUTOCTATHUECKOro U (urougHoro faBneHus. [Ipeanonara-
JIOCh, UYTO JIeKOMIpeccusi 00paslioB CHUMMKATHBIX TIOPOJ,
ToOMelllaeMbIX B YC/IOBUSI BBICOKMX TeMIlepaTyp W JaBiie-
HHM, COOTBETCTBYIOIIUX TJIyOOKUM TOPHU30HTaM 3eMHOMN
KODbl, TaKXe IpUBeJeT K Ompeje/eHHbIM W3MeHEeHUsM
MopoBoro npocrpaHcTBa [Medvedev et al., 1995; Balyshev
et al., 1996].

ITpy MHUKPOCKOMWYECKUX HCC/IeJ0BaHUsAX ampubos-
OMOTUTOBLIX TPAHOIVOPUTOB, TOJBEPTHYTHIX ITIOKOBOK
JIeKOMIIPeCCUM, CPaBHUTENBHO C WCXOAHBIMU MOPOJAMHU
00OHapy)XMBAIOTCS CeAylolie u3MeHeHWs. B OuoTute
OTUeT/IMBee TPOSIB/ISAIOTCS TPEIUHbI CrIalfHOCTH, U TIOBCe-
MECTHO TI0 3TUM TpelllHaM BBIJIe/ISIeTCs MeJIKUM pyJHBIN
MUHepaja YepHOro IjBeTa (MarHeTUT WM remartur). Ye-
YUKW OMOTHUTA CTAaHOBSITCS PACIIeNIeHHbIMH, OH Kak Obl
«pa3byxaeT», OJJHAKO 1IBET €ro He MEHSeTCs, a OCTAeTCs
KODWYHEBBIM WM CBET/I0-KOPUUYHEBLIM, KaK 1 B MCXOJHBIX
rnopoax. B miarnoknasax MmoyTyd B Ka)KOM 3epHe T0sIB-
JISTIOTCS1 TOBOJIbHO 1ivpokue (1o 0.02 MMm) HeMuHepaiu3o-
BaHHBIE TPEIWHLI. B KPYMHBIX 3epHax HaOmoaaeTcst 10 6—
7 TpeLIVH, PacCeKarL[uX 3ePHO TIOJHOCTBIO WM TIOUTH
Mo/iHOCThI0. Hepenko KpyriHble TpeLUHbI COMPOBOXKZA-

10TCs1 O0o/iee MeJTKUMH «OTepPsIoIUMI». 3epHa aMmubosia
pa3butel rpyObIMM CcyOmapasie/lbHBIMK - TPEL[UHAaMU, B
KOTODBIX 3aMeTHa (XOTsl U He TOBCEMECTHO) XJIOpWTH3a-
Lius, BO3HUMKIIAs 3a BpeMsl POBeZleHUs] SKCIepUMEHTa,
YTO TIpe/iCTaB/sieT HeCOMHEeHHbIN MHTepec. YacTo Habmo-
JJAIOTCST He OTKPBIThIe TPEIIVHBI, a 30HBI, rAe ampudon
nedopmupoBaH. IlluprHa Takux 30H mopsgka 0.012 mm.
MHorve KpynHble TpelLjUHbl He TOMbKO pacceKkaroT OT-
JleflbHbIE 3€pHA, HO M TPOXOJAT CKBO3b BCE MUHEPAJIbI
uiuda. 3aMeTHO yBeIMYMBAeTCsl TIOPUCTOCTE TOPOABI 3a
CYeT U TpelLyH, U J0BOJbHO KPYITHBIX Me)X3epHOBBIX 0P
OBaJILHOW (JOPMBI, TIPUYEM pa3Mep TIOCTeJHUX JOCTHUTaeT
0.8 Mm.

B nojBepruyThIX 110KOBOU [€KOMIIPECCUM MUKDPOK/IN-
HOBBIX I'paHUTaxX Hab/IIO/Al0TCsl aHA/JIOTMYHbIe SIBJIEHUS:
o0We MeKMX BHYTPH3€PHOBBIX TPELVH, PacrpocTpa-
HEHHBIX I10 BCeM C/lararoliM MopoJy MUHepaiaM; pa3BU-
THe Oosiee KpymHbIX (0 0.12-0.15 MM) MeX3epHOBBIX
TPeIUH, TepexOoAsIiX B TOPbI, U CKBO3HBIX cyOmapar-
JieJIbHBIX TPeIlYH, CeKYIIUX Bce MUHepasbl Lutrda.

W3 m3yueHHBIX (HM3UYECKUX CBOWCTB Hambosee 3ako-
HOMEPHO U OJJHO3Ha4yHO 3aBUCUT OT pEXHUMa CHATUS [aB-
JIeHWsI TIpPOHUIIaeMOCThb opoz (puc. 3). Ilpu 3ToM B Ciiy-
Yae MaKCHMaJbHO OBICTPOTrO TIpUBE/IeHUs] CHCTEeMBI K
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Bpemn cbpoca fgaBneHws, cek.

Puc. 3. Vi3mMeHeHVe TPOHMLIAEMOCTH M OTKPBITOM MOPUCTOCTH
B IPaHO/IMOPUTE B 3aBUCUMOCTH OT pPe>KUMa cOpoca /1aBieHusl.

Fig. 3. Changes of permeability and open porosity in granodio-
rite samples depending on pressure release mode.

CTaHJAPTHBIM YCJIOBUSIM IPOHULIAEMOCTb I'PAaHOANOPUTOB
Bo3pacraeT oT 0.00797 m/] B KOHTPOJILHOM 3KCIIepUMeHTe
mo 0.11383 m/l B obpasijax, MOIYUYeHHBIX IIPU IIIOKOBOM
(cHATHe gaBieHHsl 3a 2 CeKyH[pl) [eKOMIIpDeCcCHH, T.e.
Gosee uem Ha MopsAoK (cM. Tabs. 1): AJist TPAHUTOB paria-
KMBH, cooTBeTcTBeHHO, oT 0.0233 m/l n pgo 3.300 m/]
(Tabmn. 2). Vcrionb30BaHbl CpeiHME 3HAUEHUS TI0 PSY KC-
MepYMeHTOB.

Cpepuuii paguyc KanwuisipoB Ry (cm. Tabm. 1) cra-
owteHO pacter oT 0.040 go 0.169 u 0.204 MKM C yMeHb-
IIIeHHeM BPeMeHU [IeKOMIIPeCCUU U OJHOBPEMEHHBIM I10-
BbILLIEHWEM TIPOHULIAEMOCTH, MPU 3TOM pacyeTHOe YKUC/IO0
TOp pe3KO yMeHbILAeTcs, UTO CBSI3aHO C METOAMKOM pac-
yeTa, IIOCKOJIbKY BK/aJ B IIPOHULIAEMOCTb KallWUISPOB
00/TBILIOTO CeueHus Ha TTOPSIJKY BBIIIE «CIIETIBIX» WUIH TI0P
MUHHUMAJbHOTO pa3mMepa.

Y rpaHoguopuToB KO3(GGULMEHT OTKPBITOW TIOPUCTO-
CTU TIPAKTAYeCKH OJWHAKOB B MCXOJHBIX 00pasijax u co-
craBssieT 4.4-4.7 %. B KOHTPOJIbHBIX 3KCIIepUMEeHTax (CM.
Tabsn. 1, obpa3upl 1-6) kK03UIMEHT TMpaKTUYECKU He
MeHsieTcsi. C yBe/lMyeHHeM CKOPOCTH [eKOMIIPECCUU [0
500 aT™/C pe3Ko yBenMUMBaeTCs pa3bpoc 3HaueHWH KO-
(UIMeHTa OTKPBITON MOPUCTOCTH, YMEHbBINAsICh B 00pas-
1jax C MaKCUMarbHbIMU 3HaueHUMU MPOHULIaeMOoCTH. Be-
pOsiTHee BCero, 3TO CBfI3aHO C TeM 0OCTOSITeNIbCTBOM, UTO
NpY WU3MEepeHUM IIPOHMLAeMOCTH IPOMCXOAUIO 3HauM-
TeJbHOe 00kaThe o0pasiia, YTo U 00yCIOB/TMUBAIO YMEHb-
IIeHNe U3MepsieMOro 3HaueHHs1 OTKPBITOM MOPUCTOCTH.

OTMeTuM, UTO IIOKOBasi [J€KOMIIPeCCHSI TIPUBOAWT K
CTPYKTYPUPOBAHHIO, BBIPA’)KEHHOMY He CTOJIBKO B KOJTHUe-
CTBEHHOM yBeJIMUeHUH TOPOBOT0 MMPOCTPAHCTBA, CKOJIBKO
B KaueCTBeHHOM H3MeHeHuM ero KoHpurypaimu. Tak, npu
MaJIbIX CKOPOCTSIX J€KOMIIPECCHU TPOHHUI[AeMOCTh 3HaUU-
TeJIbHO yBenuuuBaeTcss (cM. Tabm. 1, obpasipl 1-6), HO
OTCYTCTBYET CHCTeMa TpeIyH 1o obpasily. C yBennueHu-
eM ckopocTH gekomripeccuu 10 30 MIla/c HaunHaeT dop-
MHUDPOBAThCS CHUCTEMA IOP WM MHUKPO- M MaKpPOTPEIIVH,
vMetoliasi J0BOJIbHO OTUeT/IMBYIO TIPOBOJSIIYIO0 OpUEHTH-
poBKy (cM. Tabn. 1, obpasipl 41-46). Tlpu ganbHeiiiem
YMEHBIIIEHUH BpeMeHHM cOpoca JiaB/ieHus U COOTBETCTBY-
IOL[eM YBeJMYeHUH CKOPOCTH [IeKOMIIPeCCHU TTPOUCXOAUT
3aKOHOMEepHOe yBeuueHue TTPOHULIAeMOCTU U BeJTMYUHBI
packpeiTus TpemyH b, 10 0.3 MKM (cM. Tabm. 1, oOpasisl
31-36.)

AwnasioruuHbie SBIEHUS HAOJFOAAIOTCS [jisi TPAHUTOB-
parmakuBy (Tabs. 2), XOTS BJMsSHME [IeKOMIIPECCUM Ha
CBOICTBa MOPOBOT0 MPOCTPAHCTBAa OTMEeYaeTCsl IPU MeHb-
IINX ee CKOpOCTsx. BeposiTHee BCEro, 3TO IMPOUCXOZUT
BBU/ly 3HAUMTE/JILHOTO Pa3/vuMsi B Pa3Mepax KpHUCTa/IIOB,
C/IararoIux o0pasiibl rpaHHTa-parlakKuBH.

CrefiyeT Takke OTMETHTb, UTO TIPH I1I0KOBOU /IeKOM-
Tpeccuy U W3MeHeHUM CTPYKTYPhI MPOCTPAHCTBA 3aKOHO-
MEPHO YMeHBIIaeTCsl TPOYHOCTEL 00pasiioB. st rpaHoAu-
opuTa 3Ta 3aBUCHMOCTb HMeEEeT HeJMHEMHBbIN XapakTep
(puc. 4), uro TMOAUEpPKHBaeT 3HAUMMOCTb CKODOCTH [ie-
KOMITPEeCCHH.

B mocneayrouiemM ObIIO TIPOBE/IEHO 3ajsieyrMBaHue 00-
pasL[OB, TO/[BEPTHYTHIX IIIOKOBOW JIeKOMITPECCUU CO CKO-
pocteto 50 MIla/c npu HavaneHOM gAasiaeHud 100 MIla u
temiiepaType 500 °C c Lesbro orpefesieHrst BO3MOKHOCTH
BOCCTAHOBJIEHUsI TIPOUHOCTHBIX CBOHCTRB TOPO/IBI B THAPO-
TePMaJTLHBIX YCIOBUSIX.

B nipupoze 3aneuriBaHue TPeIUH MOKET TIPOUCXOAUTE B
pe3ysibTaTe [1eHCTBUSL pa3MUUHbIX MporeccoB. OCHOBHBIM
(hakTOpOM, OTIpeZie/ISTFOIIMM 3aKPhITHEe MHUKDOTPELWH, $B-
JisieTcsl HeOAHOPOTHOCTh TI0JIsl HarpsDKeHUH, BbI3bIBAIOIIAs
pacTBOpeHUe Bell[eCTBa B 30HaX KOHLIEHTpALUX Haripspke-
HHH, ero MepeHoc U OTJIOXKeHWe Ha OopTrax TpeluH. IIpu
NoJbeMe THAPOTepMabHOTO PacTBOpa B pe3yJibTaTe OXJia-
JKIeHUs1 paCTBOPMMOCTb KpeMHe3eMa U APYTuX KOMITOHEH-
TOB yMeHbILIAaeTCsl, UYTO TPUBOJUT K BBITIAJIEHUIO 0CafKa,
OCa)KJEHUIO ero Ha CTeHKax TPeLIMH W 3apacTaHui0 Wiv
3a/leunBaHUIO TpeluH. KpoMme TOro, ympyrue u [pyrve
(hu3ryeckre CBOWCTBA TIOPOJ, BO3MOKHOCTU MaCCOIepPeHo-
Ca CBs3aHBI C TeOMeTpHel TOPOBOrO MPOCTPAHCTBA M 00-
I[el TIOPUCTOCTRI0 M TIPOHMIIAEMOCTHIO. V3yueHHBIe TIpo-
L[eCChl, BbI3bIBalOIIE W3MeHeHHe MOPQOIOTUM TpeLUH,
MOT'YT CKa3bIBaThCS M HAa BEIMUMHE 3TUX XapaKTEPHUCTUK.
JKcriepuMeHTa/IbHO TI0Ka3aHo [Kotelnikova, Kotelnikov,
2008; Geguzin et al., 1988], uto 3ameunBaHie 3aBUCUT
OT TemriepaTyphbl, COCTaBa (itOMAa U OpUEeHTalUX TpelLu-
HBI. DTOT TIPOIIECC B CWIMKATHOM Cpefie MOXXeT TPOWCXO-
IuTh nyTeM Auddy3ud yepe3 pellleTKy W TPaHCIOpTa Ma-
Tepyasa MaTpHLbl BZAOJb TIOBEPXHOCTH pasrpaHUyeHust
TBepJoe — GUIIOU], Wi HEeroCpeICTBEHHO uepe3 (uiton] u
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I Fig. 4. Changes of granodiorite strength depending on pressure release rates.

He TpeOyeT BOB/IeUeHMsI HOBOTO MaTpUYHOTO MarepHasa.
IIpu stom Mopdonorus TpelyHbl u3MeHsietcs. Cyire-
CTByeT pasHOCTb XMMHUUYECKOI'O IOTeHLana MeXay Iepe-
JBUTAIOIIAMCS. KOHLIOM TpPEeLUHBbI U ee CTeHKaMW BCJIe/l-
CTBUE HEPOBHOCTE} [M0OBEPXHOCTH TPELMH:

Ap=y(Ce—Cm)<,

e y — MOBePXHOCTHAs SHeprusi, Q — MOJIEKY/ISIPHBIA 00b-
eMm, Ce, Cm — KpHBH3HA [MOBEPXHOCTH y TeperuboB U B
cpeziHeli yaCTH COOTBETCTBEHHO. AHA/M3 YpPaBHEHHs I10-
Ka3bIBaeT, UTO MepeHoC BeliecTBa MPOUCXOAUT OT BbIMTYK-
JIBIX WM BOTHYTBHIX YUYaCTKOB C OOJIbIIION KPUBH3HOM IMO-
BEPXHOCTH K BBIMYK/BIM UYacTAM C HU3KOH KPUBH3HOM.
Pa3Has IIOTHOCTh JUC/IOKAL[MI Ha CTEHKAX TAKKe SBJIEeT-
Cs  TIPUYMHOM PA3HOCTM XMMHYECKOro TOTeHIrasna
[Geguzin et al., 1988]. B 31oit paboTe MoKa3aHo, UToO pas-
Mep CY)Kalollelcss TOpbl B TEPMOTPaJUEHTHOM I0JIe
YMEHBIIIAeTCsI 10 KPUTHUECKOTO 3HAUEHUS:

Y-D ~ (VT)-1/2.

B ciiyuae 3aseurBaHUs 3Ta 3aBUCUMOCTh SIBJIIETCS TIPO-
SIBJIEHHEM TIOPOTOBOCTH I10 OTHOILIEHHWIO K PacTBOPEHHIO
OOKOBBIX CTEHOK TpeIWHbBI. [IpakTHYeCcKH U3 U3M0XKEeHHO-
ro CleAyeT, uTo 4eM OO/bllle HEPOBHOCTEM B TPEIWHE,
TeM Mejibue 00pa30BaHHbIE BK/IOUEHHS. ECM MI0THOCTD
aucnokauii Huska (105-106 cm”), OHM TIPaKTHUeCKH He
BJIMSIFOT Ha TiepeMellleHre CTYTeHU pacTBopeHus. B ciy-
Yyae CWIBHOAWCIOIMPOBAHHOTO KPHUCTaljla MOXHO CUM-
TaTb, UYTO AWCJIOKALMN TaK MHOTO, YTO OHU PaBHOMEPHO
pacrpe/iesieHbl BJ[0JIb MTOBepXHOCTU. CTyIieHHd pacTBoOpe-
Hus (pocTta) Torja 06pa3yroTCs BBIXOAAMU JMCIOKAIWH, U
TepeMelaTbCsl 3TH CTYIIEHH MOTYT, €CM PaCCTOSIHUe

MEXIy AMCIOKALUsIMA He MeHbIIIle itaMeTpa KpUTHUeCKO-
ro 3apogsiia. [Tokasano [Nichols, Mullins, 1965], uto tipu
3a/leyrBaHMM TPEIIUH C 0o0pa3oBaHHEM BK/IOUEHHWH 10
OTHOLIIEHUIO PACCTOSTHUS MeX/y BK/TIOUEHHSIMH K PaZinyCy
MR MOXHO CyZIWTh O TipeoOJiaZiaHuu (hOpMbI Maccorepe-
Hoca: ripu A/R=12.96 umeet mecto guddysus uepe3 Kpu-
CTaJUTMYECKYIO peLIeTKy, eI OTHOLIeHWe paBHO 9.02 —
muddysus uger yepe3 mopoBbiid pacTBop, rpu AM/R=8.89
nipeo6siazjaer o6MeH moBepxHOCTb-Gurony. 3.A. Koresnb-
HukoBa [Kotelnikova, Kotelnikov, 2008], pabotasi ¢ ripus-
MaMH, BBITIMJIEHHBIMK W3 MOHOKDHCTa/lla KBapla W IMoj-
BEPrHYTbIMU TepPMOYZapy [Jisl TOyuYeHUs] CeTH TPeLVH,
MoKasazia, uTo B C/ydae 3ajeurBaHUs (rouzoobpasyro-
Ieil CMechbl0 Pa3HOTO COCTaBa CpefHsisl BeJuunHa MR asist
500-600 °C coctapuiaa 9.0, yTo oTBeyaeT MaccoobMeHy
yepe3 irounz,.

[TockosbKy B HallleM ciydae IpeJiosiaraeTcsi epeHoc
BelllecTBa uepe3 (JIrOM/, 3aMOJHSIOMWIWN TIOPBI, [ OIH-
CaHWsI €ro MOXXHO BOCMO/Ib30BaThCs BHUOM3MEHEeHHOMN
cxemoii, npeasiokeHHol S.E. ['ery3uHbIM € coaBTOpamMu
[Geguzin et al., 1988] nnsi OLUEHKU CKOPOCTU [IBUKEHUS
BK/IFOUEHUN B TEpPMOrpaJIMeHTHOM Toje (TOT >Ke THII
MaccoriepeHoca), U JOIMO0JHEHHON ypaBHeHUsMU [Smith,
Evans, 1984] nns ompefeneHvst BpeMeHd o06pa3oBaHUs
TepBbIX BK/IOYEHWH TpU 3a7euuBaHUU. [IIMHY 3aieueH-
HOT0 yyacTKa L. MO)KHO oTipeZiesinuTh:

L=A[(t exp(-Q/KT))/T],

rge A U ® — KOHCTAHThI, 3aBUCAIIHe OT HayaAbHOM reo-
METPUM TpeIuHbl; Q — SHeprus akTUBAL[|M, [/ KBaplia
1o oueHKaMm [Smith, Evans, 1984] paeHa 50 k[I>k/MOJib;
T — abcosroTHasA TemmnepaTypa; k — KoHcTanTa bosbijMaHa;
t — BpeMsi.
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TOI‘,Z[EI CKOpPOCTh TiepeMelleHUA 3aMbIKaHUA TpPEIIWHBI

(v):
v=A[(Q/KT)/T] = B (Y-Y*)(0c/0T)AT,

rie 3 — ko duiyenT, onpeesieMbIi SKCIIepUMeHTaTBEHO
MO0 yIJIy Hak/OHa Ha rpaduke v—R. AHanu3 3TUX 3aBUCH-
MOCTel TIPUBOJIUT K BLIBOJY, UTO CKOPOCThH TiepeMellleHust
3aMbIKaHUsl TpeImuHbI ((haKTUUeCK CKOPOCThH 3aJ/ieunBa-
HUsT) JIMHEMHO 3aBUCUT OT INMPWHBI TpeluHbl. B pabore
[Nichols, Mullins, 1965] noka3aHo, 4To Ko3(duuyeHT 3
MPSIMO 3aBUCUT OT TUVIOTHOCTH AMC/IOKaLMid B KpUCTase.
Takum o0Opa3oM, 3aseurBaHHe B CHUIBHOAWCIOLMPOBAH-
HBIX KPUCTa/NIax MpoucxoguT Obictpee. CKOpOCTh 3ajie-
YuBaHUS SIBsieTCss (YHKIMeN TeMriepaTypbl, BpeMeHU U
KOHL|eHTpal[uM1 pacTBopa.

3.A. KorenbHukosoi ¢ A.P. KorensHukoBeIM [Kotelni-
kova, Kotelnikov, 2008] Gblia npoBejieHa Cepyst YKCITePU-
MEHTOB C T[eJTb0 pa3paboTku criocoboB 00pa30BaHMs CUH-
TEeTUYeCKUX (DJIFOMIHBIX BKJIFOUEHUM TMyTeM 3ajieunBaHus
TPelLIMH B MuHepase. B kauecTBe 3aTpaBKU MCII0/1b30Ba-
JIUCh KPUCTa/LTbl KBapija (Mbe30okBapil, p. Angan). [luxra
MPUTOTOB/Is/Iach U3 OKCUAoB Si u Al, kapbonata Na u
rugpokapboHara K. B cucremy pobaensics ¢prop B Buzie
NaF u AlF;. JOkcrieprMeHThl NPOBOJWIWCH B TMIPOTEp-
MaJIbHbIX YCIOBHSIX TIpH faBieHnd 2 kKb6ap (200 MIIa).
W3HauanbHO crcTeMa Obuta Harpeta 710 675 °C U BbIJEp-
’KaHa TIpU OfIHOM Temriepatrype B TeueHue 100 wacoB zyis
ypPaBHOBeIlIMBaHWsI paciulaBa C MaTepuasoM 3aTpaBKU.
3areM TIpOBOAUIOCH cTyrieHuarToe (1o 7-8 °C) cHmkeHre
TeMIepaTypkl, ¥ TIpYA KaKJ0i HOBOM TeMIlepaType CHCTe-
Ma BblJlep>kuBasiach B TeueHue 24—30 vacos. ITo moctmke-
Huu 650 °C TeMmepaTypa Bblep)KUBajIach ellle B TeUeHHe
100 yacoB, u 3aTeM IPOU3BOAWIACH 3aKajKa OILITOB. B
pe3ysbTaTe B 00pasiie U3 MepechIlieHHONW BOZIOH CUCTEMBI
BCe TPEIWHBI U MOPbI OBLIN MOTHOCTBIO 3a/IeUeHbI.

AHanu3 npuBeJieHHbIX BbIllIe JAaHHBIX MO3BOJIA MpeJi-
TI0JIO’KUTh, UTO B HAllleM CJiyuae cjaefyeT OXKHU/aTh UHTeH-
CUBHOTO 3ajieuriBaHusl 00pa3iioB 3a Bpems mopsiaka 1000
YacoB TP CO3/laHMU ONTHMAalbHBIX YCIOBHN Maccorepe-
HOCa.

DKCrepuMeHT OCYITIECTBIISIICS 110 MEeTO/[UKe U300apHO-
M30TEPMUYECKON BBIIEP)KKM B KOHTPOJIUPYEMOM aTMO-
cdepe B TepMOrpaZiMeHTHBIX YCIOBUSIX.

O6pa3tipl, TpeZBApUTENBHO TO/IBEPTHYTHIE ITOKOBOM
JIeKOMIIPeCCUM, B BHJE TMPSIMOYTOJBHUKOB pa3Mellaanch
BJI0JIb aBTOK/IaBa (CM. puc. 1). 3aneurBaHue TpaHOAUODU-
TOB TPOW3BO/IMIOCH B 00/IaCTU THAPOTEPMATBLHOTO POCTa
KBapiia u caofbl pu Temriepatype 500 °C, naBnenuu 100
MIla B npucCyTCTBHUM I1}€JIOYHOIO pacTBopa. B Kauectse
IIMXThI KaK MUCXOJHOT0 MaTepyana AJisl 3aJeYMBaHus TpU-
MeHsiTach CMeCh KBaplia, CMOAbl U amdubosia, Kotopas
romelijazach Ha JHO aBTOKJaBa. [/UTe/IbHOCTb KCIIepU-
MeHTa cocTabJsisiiia 240 u 800 yacog. [Tocse LMKa 3aneuu-
BaHUS Ha oOpasllax OTMeuaeTcss pOCT HOBBIX (a3 (mpe-
MMYI[eCTBEHHO KBaplia) M 3aMblKaHUe B HEKOTOPBIX CITy-
yasix ycTeeB TpelliH. C yBe/JdUYeHWEM BpeMeHU THApO-

TepMa/ibHOW 00paboTKK TPOYHOCTH 0OPa3lioB yBeTUUHBa-
eTcsa Jo0 60 % OT MCXOZHOW NMPOYHOCTH T'PAaHOJUOPUTA.
Beugy Toro, uto C yBenMueHUEM [JTUTEILHOCTH JKCTIEPU-
MeHTa MPOUCXOJUT BhITIONIAXKUBAaHHe KPUBOU, JambHenIIe-
r0 yBeJMUeHHs] POYHOCTA 00pa3IioB He CJIe/[0Balio OXKH-
JlaTh W SKCMIEPUMEHTBI JTUTEe/TLHOCThIO Oosiee 800 uacoB
He TIPOBO/IUTUCE.

4. OBCYXIEHVE PE3YJIbTATOB

ITpoBezieHHble neTpou3nUecKye SKCIIepPUMEeHTHI II0 Je-
KOMITPECCHM TIOKa3ald, YTo B 00pa3ljax, IOABEPrHYTHIX
IIIOKOBOW JIeKOMIIpeCCHr €O cKopocTeio 0 50 MIla/c,
HabmoziaeTcs 00W/Ie MeJKMX BHYTPH3ePHOBBIX TpELVH,
pacrpocTpaHeHHBIX 10 BCEM CJararolliuM MOpozly MUHepa-
nam; pa3sutre 6omee KpymHbIX (0 0.12-0.15 Mm) Mesk3ep-
HOBBIX TPELLVH, TIePeXOSAIINX B MOPbI, U CKBO3HBLIX CyDIa-
pa/lyIeNlbHBIX TPEIUH, CEeKYIUX BCe MUHepaibl oOpasia.
VHbIMU c1oBaMHM, Takasi eKOMIIPeCCHsi IPUBOAUT K CTPYK-
TYPHUPOBAHUIO, BbIPAKEHHOMY He CTO/IbKO B KOJIWYeCTBEH-
HOM YBeJIMYEeHHH TIOPOBOTO TIPOCTPAHCTBA, CKOMBKO B Ka-
YyeCTBEHHOM U3MeHeHUHU ero KoH@urypauyu. @opMupyeTcs
cucTeMa IOp WM MHUKPO- M MakpOTpeLUH, UMetolasi /10-
BOJIBHO OTYET/IMBYIO TIPOBOJSIIYI0 OPHEHTUPOBKY, UTO 3a-
KOHOMEDHO OTpaXKaeTcsi Ha WX (PU3NUYeCKUX CBOWCTBAXx.
Pe3Ko MeHsIOTCS1 IPOHMLIAEMOCTh, OTKPbITasi TOPUCTOCTb U
JApyrue napameTpbl. COOTBETCTBEHHO MeHsSIeTCsl U Ipou-
HOCTb 00pa3srioB. MOXXHO OTMETUTb, UTO 3TH 3PQEKThI He-
JIMHeNHO 3aBUCAT OT CKOPOCTH cOpoca JiaB/ieHust U, BeposiT-
HO, TIpY OOJIBIINX CKOPOCTSIX J€KOMIIPeCCHH, CYILECTBYIO-
VX B TIPUPO/Ie, JO/DKHBI MPOSIBIATHCS O0Jiee 3HaUMTeTBHO.

Kak 1oka3sbiBaeT OMBIT U3yueHHs ycC/ioBUd (OPMHpPO-
BaHMsl pa3sHOOOpasHbIX PYAHBIX MECTOPOXKIEHWH TH/pO-
TepMasbHOIO TWIIA, TIPUYPOUYEHHBIX K 30HaM Pa3/iOMOB B
vHTepBase TyOouH 1-5 KM, UX CTAaHOBJIEHHE MTPOUCXO/UIIO
MHOI'OCTaJJMHO 1 Ha MPOTSDKEHUU JJ/INTeTbHOTO BpEMEHHU.
[Kushnarev, 1982]. B npupoJHBIX yCJIOBUSIX TPOLeCC 3a-
JIEUMBAHUSI CEeTMEHTOB pPa3/iOMOB BO MHOTOM CXOJeH C
yCJIOBUSIMU (DOPMUPOBaHUs PYAHBIX MeCTOpoXXJeHui. Ta-
KM 00pa3oMm, HeboJbliIve TpeLjuHbl U Mopbl 1pu Gs1aro-
TPUATHBIX YCJIOBUSIX MOTYT 3a/ednBaThCsi B TeueHHe
HefleNlb-MecsiLieB B TPEPLIBUCTOM peXuMe, TOrja Kak
KPYIIHblE CerMeHThl pPa3/IOMOB, BCKPBIBIIMeCs, HAallpuMep,
TIPU CU/IbHBIX 3eM/IeTPSICeHUSIX, MOTYT HaXxOAUThLCS B CTa-
UM 3a/leyrBaHMsl B yCJIOBUSIX 3€/IeHOC/TaHLeBOH (aruu
MeTaMop¢u3Ma B TeueHHe MHOTUX [eCSTKOB, COTeH WU
ThICSIY JIeT. BiMsiHMe CKOPOCTH TEKTOHUYECKOro KpUIla Ha
JJTATE/IbHOCTh 3a/leYlBaHusl Pa3phIBHBIX HApyLIeHUd B
30Hax pa3/ioMOB OTMeuasnoch B pabore [Kocharyan, 2010].
Ee aBTOpPOM OBIJI0 NTOKa3aHO, UTO BBICOKME CKOPOCTH KpH-
ma, mopsAaKa V > 25 MM/To/, CtocOOHBI 3HAUUTE/TLHO CHU-
3uTh 3P PEKTUBHOCTD 3a/IeUNBaHMUS.

TaxkuM o6pa3oM, OTBeThbl Ha BOIPOCHI O J/IUTETHHOCTH
3a/leurBaHus Pa3/ioMOB Bcerjia TpeOyroT yTOuHeHusl pas-
JIMYHBIX TIADAMEeTPOB C Y4YeTOM TepMo- U OapomeTpuue-
CKMX I'DaJJUeHTOB, U3-3a pa3HO00pasHbIX coueTaHWN KOTO-



PbIX MOXKeT ObITb [laH TO/NBKO MPHUO/IM3UTENbHBI OTBET
[Ruzhich et al., 1990, 2014; Kocharyan, 2009]. BaxxHo
YUMUTBIBATb, UTO TPU THPOTEPMATBHO-MeTaCOMaTHYeCKOM
3a/leuMBaHUM Ha rybuHax mopsaka 5-10 KM MPOYHOCTh
TOpOJ, Ha CKaThe MO)KeT BOCCTaHaB/IMBAaTbCSl MPUMEPHO
o ypoBHs1 0.6-0.7 oT UCXOAHOM, UTO yKa3bIBaeT Ha BO3-
MOYXHOCTb COOTBETCTBYIOIL[ETO YMEHBIIIeHUsI CJJBUTOBOM
MIPOYHOCTH B T€X CerMeHTaX Pa3/iOMOB, T'Zie TPOSBISIaCh
JIEKOMITPECCHSI.

CnepyeT 3aMeTHThb, UTO B KOHTAKTHBIX ISTHAX CKOJIb-
YKeHHUsI Ha HEPOBHOCTSIX TIJIOCKOCTeH Pa3/ioMOB IPY BbICO-
KUX JaB/eHUsX W Temrax JedopMalyii, a Takke MpU
OBICTPBIX CMeL|eHUSIX MaJOBEPOSITHO TIPOSIBIIEHUE J1eKOM-
MPeCCHOHHOTO 3ajIeYyrBaHMsl TPELMHHO-TIOPOBBIX 00pa3o-
BaHUH. B MO00HBIX YC/IOBUSIX peau3yeTcss MHOM Tpubo-
XUMHAYeCKUi Tipouecc. ViMeroTcss B BUAY TPOLIECCHI YCKO-
peHHOro rpeobpa30BaHys BelleCTBa B YC/IOBUSIX CUTbHOTO
OKaTUsl U TPeHUs B TUIOCKOCTSIX 3epKajl CKOJIbXeHHUs TIPU
BBICOKOCKODOCTHBIX JWHAMUYECKUX TO/IBWXKKaX. B Takmx
C/lydasix B IJIyOMHHBIX CerMeHTaX CeHCMOaKTHBHBIX pas-
JIOMOB Ha TIOBEPXHOCTH 3epKasl CKOJIbKEHHUS TpH CBepX-
TOHKOM H3MeJIbYeHHH MUHEpasioB [0 pa3MepoB, U3Mepsie-
MBIX [1€PBBIMH HaHOMeTpaMH, (GPUKCUPYeTCsl Halnure TOH-
YalImx 0OBOJHEHHBIX C/IOEB W3 NMPeoOpa30BaHHBIX MUHe-
panbHBIX (a3, 00/aJaroIMX TOHWKEHHBIM COTIPOTHBIIe-
HUeM caBury [Sobolev et al., 2011, 2014].

5. 3AKITIOYEHUE

Ha ocHoBe mo/y4eHHbIX pe3y/bTaTOB O IIOKOBOM Jie-
KOMIIpeCCHY, 3allyCKarolljell BO3HUKHOBEHHe aKTHBHBIX
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TPaHCIIOPTHBIX IMyTell B 3eMHOW KOpe U NPOsIBIEHHOW B
30HaX BHYTPMKODOBBIX Pa3/IOMOB U Pa3/IOMHBIX I1epeceye-
HUH, HeOOXOJUMO TOJUePKHYTh,UTO MO/[00HBIE TTPOIECCHI
MOTyT OBITH KPaTKOBPEMEHHBIMH, HO 3a IepHOJ; CBOEro
CYILIeCTBOBAaHUSI OHW CIMOCOOHBI 3a KOPOTKOE BpeMs,
HarpuMep TIPH CeHCMUYeCKON aKTUBU3AL[UH, TIePEMEeCTUTh
3HauMTe/bHbIe KOJMUYEeCTBa KaK WHEPTHOTO, TaK M XUMHU-
YeCKd aKTHUBHOTO BeIleCTBA B pa3pbIBHBIX HApYLIEHHUSIX
pa3Horo macirada.

B paccMoTpeHHBIX Bblllle SKCIIepUMeHTax ObL co3za-
HBI [JOCTaTOYHO H7leasibHble YC/IOBUS JJisi OBICTpOro, B Te-
YyeHHe HeCKOJIbKMX HeJleJlb, 3a/leUMBaHUs HeOOJBIIMX 110
obbemaM 00pa3roB. DTOT TapamMeTp MOJKeT MHCII0/b30-
BaTbCsl B KauecTBe OTMPABHOW TOUKH TPH pacueTax Bpe-
MeHH BOCCTaHOBJIEHHUS CIUIOLIHOCTH 3eMHOM KODBI C yye-
TOM C/IO)KHOM KOMOWHALIMM pa3lWYHBIX (aKTOpPOB. 3Ha-
YUMOCTb KaK[Or0 W3 TIepeuync/IeHHbIX (haKTOpOB ellle
MIPe/ICTOUT U3YUUTh TIPU TIPOBEAEHUU JATbHEHIINX JKCIIe-
PUMEHTOB.

VHTepnpeTHpys roiyueHHble pe3y/ibTaThl, C/iefyeT 3a-
MEeTHUTb, YTO B 30HaX pPa3/IOMOB SIB/IEHUS [1eKOMIIPeCCUOH-
HOTO 3a/IeUMBAHMsS BO3HUMKAIOT 3a TIpejieslaMy TISITeH KOH-
TaKTHOT'O CKOJIb)KeHUsI Ha HePOBHOCTSIX. OZIHAKO MIMEHHO B
HUX B yCJIOBUSIX CH/bHelllero Ae(opMupoBaHus U paso-
rpeBa MPOUCXOJST CJIO)KHbIE TPUOOXMMHUUECKHE TIPOLiecC-
Cbl, KOTOpBIE OTPe/IesISIFOT YPOBEHb CIBUT'OBOT'O COMPOTUB-
JIeHUsSI ¥ PeXKUM KOHLIEHTPALMM CABUTOBBIX HarpspKeHUH.
ITporjecce! 1eKOMNPECCUOHHOTO 3a/IeUMBaHUs B pa3jioMax
3eMHOU KOpBI, TIO-BUIUMOMY, He SIBJISIOTCS OTIPeZeIsiio-
MMM TIPU TIOJTOTOBKE MacCILTaOHOro [JUHAMHUYeCKOro
paspylleHHs] BEICOKOHAIPsDKeHHbIX MaCCHBOB 'OPHBIX T10-
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