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AHHOTaLMA

C y4yeToM TEHAEHLUMM K CHUXKEHWIO YPOBHS A06bluM yrneeo-
AOPOAO0B 3HAUMTENbHOE BHUMaHWe yaensercs UsyyeHuio o06b-
€KTOB CO CIOXHbIM reofiorMuyeckuM CTpOeHMeM U HanuumeM
pasHbIX TUMOB BTOPUUHOrO MUHepanoobpasoBaHus Nopop,-Kon-
NeKTopoB. 3HaueHne BTOPUUHBIX MUHEpanoB B (hOPMUPOBaHUM
CTPYKTYpbl MYCTOTHO-NOPOBOr0 MPOCTPAHCTBa KONNEKTOPOB
YINeBOA0POA0B 4pe3BblYaiflHO Benuko. PU3NKo-XUMUYeCKue
CBOWCTBa 3TMX MMHEpPasnoB Heo6Xo[MMO YUUTLIBATbL NPY reosno-
ropaseefiKe, nogcyerte 3anacos, pa3paboTKe MeCTOPOXOEHMH,
NNaHUPOBaHNM reonoro-TeXHMYecKux MeponpuaTuit. B nanHou
CTaTbe paccMaTpUBAeTCs METORMYECKUHA MOAXOR K U3YUYEHUIO
rOpHbIX MOPOA, OCNOXHEHHbIX LLeONUTU3aLLMEN, KOTOpPbIA oC-
HOBbIBAETCA Ha pesynbTaTax COBPEMEHHbIX NUTONOrUYECKHUX,
aHanuTMYecKux U nabopatopHbiX UccnepoBaHuin. Peanusauus
nogxopa no3eonuna BoipabotaTb peKoMeHgaLMm No onepaTue-
HOW KONWUYECTBEHHOM OLLEHKe COfleP)XaHus LeoNIUTOB B HIKHE-
MenoBbIX OTNOXEeHNAX bonbuexeTckon BnagmHbl.

KnioueBble cnosa:

BTOpUYHOE MMHepanoobpa3oBaHue, LeonuTbl, bonbwexerckas
BNafHa, reonoro-TeXHU4ecKue MeponpusaTus

BeepeHue

B HacToswee BpeMs [0CTaTOuHO Gonblioe BHMMaHMe
YOENAeTca U3yYeHWo BIUAHUSA BTOPUUHON LLEONMTU3ALMN Ha
(hopMUpPOBaHMeE CTPYKTYpbI MYCTOTHO-MOPOBOO NPOCTPAHCTBA
Mopoz-KONNIEKTOPOB MeCTOpOXAeHU! BonbexeTtckoit Bna-
AMHbI. AHOManbHble U3MKO-XMMUYECKME CBOICTBA LLe0NIMTOB
o6ycnaenuBaloT pa3paboTky U NpUMEHeHUe HeTPUBMANbHBIX
METO[l0B MCCELOBaHNUA IMEKTPUUECKUX U (UIbTPALIMOH-
HO-EMKOCTHBIX XapaKTepPUCTUK MPOLYKTUBHBIX OTIOXKEHWIA.
YueT KaTareHeTMUeCK1X U3MeHeHW HethTerasoHOCHBIX MOPoS,
ABNAETCA BAXKHOW COCTABMAOLEN MPU reonoropasBefoyHbIX

Zeolite mineralization of reservoir
rocks in the north of Western Siberia:
lithological and geophysical aspects
and exploitation characteristics

Yu\V. Titov', S.L. Kuznetsov?,
LV. Serebrennikov??

' LUKOIL-Engineering Limited PermNIPIneft Branch Office in Perm,
Kogalym

2LUKOIL-Engineering Limited KogalymNIPIneft Branch Office

in Tyumen, Tyumen

¥ Tyumen Industrial University,

Tyumen

Ilya.Serebrennikov@lukoil.com

serebrennikoviv@tyuiu.ru

Abstract

As the hydrocarbon production tends to decline, formations
with a complex geological structure and various secondary
mineral formation types of reservoir rocks gain a consid-
erable attention. The importance of secondary minerals for
formation of pore and void space structure in hydrocarbon
reservoirs is extremely high. The physical and chemical prop-
erties of these minerals should be considered during explo-
ration works, calculation of reserves, reservoir engineering,
wellwork planning. This article highlights the methodological
study approach of mountain rocks with zeolitization based
on the results of modern lithological, analytical, and labora-
tory research. The implementation of the approach allowed
for recommendations for rapid quantitative assessment of
zeolite content in the Lower Cretaceous sediments of the
Bolshekhetskaya Depression.

Keywords:

secondary mineralogenesis, zeolites, Bolshekhetskaya de-
pression, wellwork

pa6oTax, nopcuete 3anacoB, MPOEKTUPOBAHWM pa3paboTku
MECTOPOX[EHUIM, NNaHUPOBaHUW Teosoro-TexHUUecKux Me-
PONPUATHIA.

B kauecTBe 06beKTa UcCnefoBaHUs BbiGPaHbl OTNOXEHUS
HEOKOMCKOro BO3pacTa psafa MecTopoxpaeHwit bonbuwexet-
CKOM BMaauHbl, 0COGEHHOCTBI0 KOTOPbIX ABAAETCSA MOBbILEH-
HOe copepXaHue LeonuToB B COCTaBe Nopog.

Lienb paboTbl - OLEHUTb BAMSHWE BTOPUYHON LLEONUTU3A-
LM Ha NIUTONOro-reotn3nyeckue CBOMCTBA KONIEKTOPOB.
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[lng [oCTUKEHUa NOCTaBNEHHOW Lenu ChopMynmpoBaHbl
cregytolLve 3apaum:

1. TpoBecTn aHanu3 BAWAHWUA LLEONUTU3ALMM Ha CTPYKTYp-
HO-BelLeCTBEHHble MapaMeTpbl Nopoj, thauuanbHyl U3-
MEHUMBOCTb MOPOL U MHTEPNPeTaLMio faHHbIX reotusm-
UECKUX UCCNEe0BaHNIA CKBAXMH.

2. PaccMoTpeTb acneKTbl B3aUMOLEeACTBUS LLeoIUTCoaepXa-
WMX MOPOA W TEeXHONOrMUYECKMX XMAKOCTEN B mpouecce
NpoBeeHNs reonoro-TeXHUUYECKUX MeponpUsTUiA.

3. BbigBuTb LeonuTCOpEpXKaliMe Nopogbl, NPOBECTM Kaue-
CTBEHHYIO M KONMYECTBEHHYH) OLLEHKY COfepXaHus Leo-
JIUTOB.

4. OnpepenuTb NOAXoL, NO 3KCNPECC-0LEHKE KONMUYECTBEHHO-
ro COfepXKaHusl LLeonIMTOB N0 KePHOBOMY MaTepuany 1 KoM-
MneKcy reoduanueckux UCCnesoBaHNin CKBaXUH.

Matepuanbl u MeToAbI

Matepuanom pns ctaTbi NOCNYXWUNKU pes3ynbTaTbl haum-
anbHOro aHanusa, PeHTreHotasoBOro M PEHTreHOCTPYKTYp-
HOro aHanu3oB, NabopaTopHbIX UCCNef0BaHUI KepHa, UHTep-
NpeTaLnn LaHHbIX reothnU3NYecKUX UCCNEef0BaHUA CKBaXWH,
XMMUKO-aHanUTUYeCKMUX, ONTUUYECKMX U CMEeLManbHbIX NeTpo-
(hM3MUECKMX UCCTIELOBaHMI.

M3yueHo cebiwe 430 M KepHOBOro MaTepuana no 23 ckea-
XWHaM. ccnepoBaHue BeleCcTBEHHOMO COCTaBa OCYLeCTBne-
HO no 95 wnudaM, MLeHTUUKALUS CTPYKTYPbl NeCYaHbIX 1
aNeBpPUTOBbIX NOPOL (FpaHynoMeTpuueckuit aHanus) - mno
613 o6bpasuam. OcobeHHOCTU CTPYKTYpbl NYCTOTHO-MOPOBOrO
MPOCTPaHCTBA U LiIeMeHTa KOMNeKTOpPOB U3YyUYeHbl C NOMOLLbI0
PacTpoBOi 3MeKTPOHHOM MuKpockonuu. O6obleHo cBbiwe
1200 o06pasuoB AN onpefeneHus KONNeKTOPCKUX CBOWCTB
nopod. [ng LeonuTCoaepKaliMx NOpPoL COPTHIMCKOW CBUTBI
BbINOMHEHbI XMMUKO-aHaNUTUYECKWe UCCefo0BaHus no pac-
TBOPAOLLEN CNOCOBHOCTM PA3NMUHBIX KUCNIOTHBIX KOMMO3MULMIA
n 06pa3oBaHM0 NMPOAYKTOB peaKuuu B pesynbTate BO3Leu-
cteus. [poBefieHo NATb UNbTPALMOHHbLIX 3KCMEPUMEHTOB B
YCNOBMSAIX, MaKCUManbHO NPUBNMKEHHBIX K MAcTOBbIM.

Pesynbtatbl

LieonutoBas MuHepanusauus B MeNoOBbIX OTNOXKEHUSIX
BonbwexeTckoi BnaguHbl

HuxHeMenoBble OTNOXeHUs bBonbluexeTckoit BrnaguHbl,
Cofepxalyue BbICOKONEPCNEKTUBHblE HEdTera3oHoOCHbIE 3a-
NEXW C YCTAHOBNEHHOW MPOMbIWNEHHONW MPOLYKTUBHOCTBH
Ha lNakaxuHckoM, XanbmepnatTuHckoM M HxHo-Meccosx-
CKOM MECTOPOXAEHUSIX, XapaKTEepU3yHTCS MUHepanoruve-
CKWMM (KaTareHeTMYecknuMu) aHoManuamu. Kak npaeuno, oHu
BbIPa)XatoTCsl B PE3KOM BO3pacTaHUM KONMYECTBa ayTUreHHbIX
MMHEparnoB U WX NapareHeTMUYeCKUX accoLmalLmuii, He XapaK-
TEPHbIX LN OMpefeneHHol CTafuu u3MeHeHus nopog,. o-
[06Hble aHOManbHbIe 30Hbl UMEHT 3HAUUTENbHYI NoWanb
PacnpoCTpaHeHusl, M UX pasBUTME CBSF3aHO C MUrpaLuedt
MOTOKOB (PNIOMAOB MO LENCTBYHOWMM FMyBUHHBIM pasnoMaM,
NPOHMKAKWMX U3 (DYHOAMEHTA Ha PasnuyuHble YPOBHM Oca-
noyuHoro yexna [1, 2].

HanBonbliee pa3BuTME Ha paccMaTpuUBaeMoi TeppuTo-
puM cpefyu HoBOOGPa3oBaHHbIX MMHEPANOB MUMEHT LLEOMTbI.

B npenenax bonbluexeTckoi BnagmHbl, CTPYKTYpbl | nopagka
(puc. 1), ueonutbl BCTpeyatoTcs Ha rny6GuHax 3138.5-3299.4 M
(ckBaxuHa A H0xHo-MeccosxcKkoro MecTopoxaeHus), 2958.5-
3282.7 M (ckBaxuHa N2 1 [AKAXMHCKOrO MecTOpOXAeHUs),
3233.8-3248.9 M (ckBaxuHa b CeBepo-XanbMepnalTUHCKOO
MecTopoxnenus) u 3138.8-3248.3 M (ckaxuHa B Xanbmep-
MalTUHCKOTO ra3oKOHLEHCATHOro MecTopoxpaeHus). Bmecte
C TeM COAepXaH1e LieoNIUTOB MaKCMManbHO B MecuyaHuKax c
HaWMYYLWUMU GUALTPALMOHHO-EMKOCTHBIMU CBOMCTBAMMU.

MpuU3HaKK LLeonuTM3aLMN PacCMOTPeHbl Ha npumepe
COPTBIMCKOM CBUTbI [TAKAXMHCKOTO MECTOPOXEHMS, B COCTaBe
KOTOPO/4 BblLeneHbl NnacTbl ¢ Eyw no BVZU. Ipu 3TOM noBbIwWeEH-
HOe cofepXaHWe LeonuToB HabniopaeTca B CpefHen uyacTu
ceutbl. Ecnu B nnacte bY,, conepxanne LeonuToB B CpefHeM
pocturaet 6 % ot obbema nopog, unu 64 % ot obuiero o6bema
LieMeHTa, To B nnacte BY,. nons cocraenset 8 u 78 % cooteet-
cTBeHHo (puc. 2). B Bbiwenexauwyx nnactax BY, . conepxanue
LLeonuToB B LieMeHTe npubninkaetcs K 65 %, B nopoge - K 7 %.

Hapagy C LeonuTamMu WMPOKO pacnpocTpaHeHbl B Kaue-
CTBE LeMEeHTUPYIOWEro BelecTBa XNopuT (0o 6 %), KaonuHUT
(mo &4 %), ruppocniona (8o 2 %, B eAMHUUHBIX cnyyaax - 0o 7 %)
u Kanbuut (0o 2 %, nHorpa pocturaet 35 %).

Mo pesynbTataM NMTONOrO-thauuanbHOro aHanuaa ycra-
HOBJIEHO, UTO COflepXKaHue LLeoNUTOB B UCCeayeMbIX niacTax
COPTHIMCKOI CBUTbI U3MEHSETCH B 3aBUCUMOCTM OT CMeHbl 06-
CTaHOBOK 0CafKOHAKOMMEHMS.

Bbicokoe copepxaHue Leonuta (0o 19 %) oTMeuaetca B
thaumax Geperosoro 6apa (LeHTpanbHas yacTb), NOABOLHOIO
Bana, NpeacTaBnalwWMx co6oi necuaHblie MOpPofbl C Mpeu-
MYLLLECTBEHHO MAaCCMBHOW, CyGropusoHTanbHol (B oTpenb-
HbIX MHTepBanax), KoCOi OfHOHaNpaBNeHHOW CroiyaTou
TEKCTYPOi 33 CueT COoMKoB oBoralieHus 1 BKpanneHHoCTy
CNIOAMCTO-YrNnUCTOro Matepuana. Mpu sToM [ons LEeonuToB
yMeHblUaeTcs K KpaeBbiM uacTam Bapa (mo 8 %), Kotopble
NpefacTaBneHbl aneBpuUTOBbLIMA NecYaHUKaMu ¢ CyBropusoH-
TanbHOM, MOMOrOBOMIHACTON COWYATOM TEKCTYpoil 3a cuer
CNoWKoB 06oralleHus ClioaucTo-yrncTbiM, UHOTLA CRIOLM-
CTO-TTIMHUCTO-YIMUCTbIM MaTepuanoM (puc. 3).

Huskoe copmepxaHue LeonuToB (4-8 %) xapakTepHo And
OT/NOXeHui1 BonHoNpuGoiHoro 6apa 1 NpeadpoHTanbHON 30HbI
NAsa, KOTopble MPefcTaBneHbl NecyaHo-aneBpUToBbIMM Mo-
POflaMK C MOMOro-, KOCOBOIHACTOM CNoWYaToi TeKCTYpoun 3a
CYET YaCTbIX IMH30UEK 1 CNIOUKOB 0B0ralleH!s CHLUCTO-MK-
HWCTO-YIMUCTbIM MaTepuanoM. MNepBruHas TeKCTypa 0CNOXHe-
Ha npoueccamu BOJIHEHWS, MecTaMu nposBnsetcs GuoTypba-
L9 M OTMEYaloTCs pefKue 0TNeuaTkn KopHeil pacTeHun.

B cauuax nopBomHbIX NOXOWH, NepexogHoW YacTu
OanbHeil 30He MAgXa LeonuTusauma otcyTcTeyet. Mopopp
NpefacTaBneHbl aneBpuTo-rIMHUCTLIMKM 0CafiKaMu C Nomoro-
BOJIHUCTOW, CyGropu3oHTanbHOM, NepeKpecTHon KOCoi Crou-
yaToil (B OTHENbHbIX MHTEpPBanax) TeKCTYpol 3a CUET YacTbiX
CINOWKOB aneBposUTOB U CNOMKOB C BKPANIeHHOCTbI0 CROAM-
CTO-TNIMHUCTO-YIMNCTOr0 MaTepuana. 3HauuTeNnbHO NposB-
naetca 6uoTyp6auus, npeacTaBneHHas chnefamu XusHeneq-
TeNnbHOCTM opraHuamoB Teichichnus [3, 4).

MpoBeAeHHble KOMMIEKCHble WUCCNefoBaHUA KepHOBOTO
MaTepuana no 15 ckBaxuHaM [M9KAXMHCKOrO MECTOPOXAEHNS
MOKa3sanu, uTo NPU3HaKKM LLeoNMTU3aLMM Nerko ycTaHaBnmBa-
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PucyHok 1. dparmMeHT CTpyKTypHO-TEKTOHMYECKON KapTbl Me3o3olicko-KaliHosolickoro uexna 3anagHo-CuBupckoii reocuHeknuasl nog, peaaxumert UM, Hecteposa
(1984): 1 - rpaHMLbl HABMOPSALKOBLIX CTPYKTYP; TEKTOHUYECKME 3NeMeHTbI | MopsaaKa: 2- BiafuHa, 3 - 30Ha NOAHATUN, 4 - MeraBan, 5 - Meranporub, 6 - Meracef-
NOBWHa, 7 - MOHOKMNMHaNb; TeKTOHWYeCKKe aneMeHTbl |l nopsagka: 8 - Ban, 9 - kynonosugHoe nogHsTue, 10 - koTnosuHa, 11 - nporub, 12 - ceanosuHa, 13 - cTpyk-

TYPHbINA MbIC, 14 = CTPYKTYPHbIA HOC.

Figure 1. Fragment of the structural-tectonic map of the Mesozoic-Cenozoic sedimentary cover of the West-Siberian geosyneclise edited by I.I. Nesterov
(1984): 1 - outlines of the superorder structures; Ist-order tectonic elements: 2 - depression, 3 - uplift zone, 4 - megaswell, 5 - megatrough, 6 - megasaddle,
7 - monocline; lind-order tectonic elements: 8 - swell, 9 - arched dome, 10 - basin, 11 - trough, 12 - saddle, 13 - plunging anticline, 14 - anticlinal nose.
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PucyHok 2. CocTaB LieMeHTUPYIOLEro BewecTBa KOMNeKTOpoB COPTbIMCKOM
CBUTbI [MAKSIXMHCKOrO MECTOPOXAEHHUS.

Figure 2. Cement composition of reservoir rocks of the Sortym formation,
the Pyakyakhinskoye field.

l0TCS NpU BU3yanbHOI OLEHKE KEpHa U NPOSIBNAIOTCS B BULE
06MnMsa CBETNbIX MATEH, pa3Mep KOTOPbIX MOXET [OCTUraTh
HECKOMbKMUX MUNNIMMETPOB M cocTaBnsaTb Ao 40 % oT obbema
noponbl. Ha puc. 4, a npenctaBneH o6paseL, apko3oBoro nec-
YaHMWKa, CPeLHe-MenKo3epHUCTOro, C NATHACTON BTOPUYHON
TeKcTypoit. [pU MUKpPOCKOMMUECKOM W3yuyeHWW HoBooGpa-
30BaHHbIA LLEONUT XOpOLWOo AuarHocTupyetcs Gnaropaps co-
BeplweHHoi cnaitHoctu no (010) u (110), HM3KMM NokasaTenaMm
npenomnenns v geynpenomnenus, Np = 1.504-1.513, Nm = 1.514-
1524, Ng = 1.516-1.525, Ng-Np = 0.011-0.016, 2V = - 25°-35°,
cNg = 20-36°. OH 06pa3yeT NOpOBbIN LLEMEHT, Ha O/ KOTO-
poro npuxoguTcs MHorpa fo 18 % ot obbema nopopfbl, Takxe
MHOr[a 3aMeLLaeT NoneBble WNaTbl, 06pasyeT MOHOKPUCTaNSIbI
HernpaBUNbHOM, YacTo BbITAHYTOI M0 HACNOEHMIO (hopMbl pas-
MepoM [0 2 MM. [opoBbIi LLEMEHT NpefcTaBneH LeonuTaMu
(Z), oTmeuatotcs 3epHa keapua (Q), K-nonesoro wnara (Ksh),
nnaruoknasa (Pl), o6nomkos nopog, (0M) (puc. 4, 6).
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PucyHok 3. NluTtonoro-reotmsnyeckas Mofenb BEPXHECOPTLIMCKOM Tonwy MAKAXMHCKOTO MECTOPOXKAEHUS: TUMbl Nopod: 1 - necyaHuk, 2 - anesponut, 3 -
aprunnut, 4 - yronb; TEeKCTYpbl: 5 - ropusoHTanbHas, 6 - KpynHas kocas, 7 - Menkas kocas, 8 - nonorosonHucras, 9 - kocosonHuctas, 10 - ononsanug, 11
- B3MyuMBaHWe BonHeHueM, 12 - cnepbl Guotyp6auuu, 13 - Planolithos, 14 - cnogucto-yrnucTbiii MaTepuan, 15 - COAUCTO-TMUHUCTO-YIMUCTbIA MaTepuan,
16 - yrneduumpoBaHHas kopHeBas cuctema, 17 - kanbuutusauus, 18 - ueonutusaums, 19 - npusHaku yrneBofOPOAHO0 HACHIWEHNS NO KepHy; dauuu: 20 -
GeperoBoit 6ap, 21 - nofBoLHbINA Ban, 22 - BONHONPUBOIAHLIA Bap, 23 - naryHa.

Figure 3. Lithologic-geophysical model of the Upper Sortym sequence of the Pyakyakhinskoye field: rock types: 1 - sandstone, 2 - siltstone, 3 - mudstone, 4 -
coal; structures: 5 - horizontal, 6 - coarse oblique, 7 - thin oblique, 8 - low-angle wavy cross bedding, 9 - wavy cross bedding, 10 - slump, 11 - wave turbidity,
12 - signs of bioturbation, 13 - Planolithos, 14 - micaceous-carbonaceous material, 15 - micaceous-argillaceous-carbonaceous material, 16 - carbonized root
system, 17 - calcitization, 18 - zeolitization, 19 - hydrocarbon traces on core; facies: 20 - longshore bar, 21 - submarine bar, 22 - wave-built bar, 23 - lagoon.

PucyHok 4. O6pasew, necyaHuka (nnact BY,, ry6una - 3505.36 M): @) KEpH NP1 AHEBHOM CBeTe, 6) WKt B CKpelLeHHbIX HUKONX, B) 06pasel, Ha CKaHupylolleM
3NEKTPOHHOM MUKPOCKONE.
Figure 4. Sandstone sample (BU,' layer, depth - 3505.36 m): a) daylight core photo, 6) cross polarized light thin section photo, B) scanning electron microscope

image.
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Mo HabniopeHUsM B CKaHUPYHOLWEM 3MEKTPOHHOM MU-
KpocKone BUAHbI arperatbl U3 NPU3MaTUYECKUX KPUCTANIOB
LLe0NUTa C COBEpLUIEHHOI cnaitHocTbio (1) M XopoLwo BbipaXeH-
HOI cTyneHuaTocTbio (puc. 4, B). CnepyeT 3aMeTUTh, uTo Npy
MaKpOoOMUCaHUM KepHa MpPOLEHTHOE COfepXKaHue LEeonuToB
MOXET BbITb 3aBbIWEHO MO CPAaBHEHUID C MUKPOCKOMUYECKUM
OMMCaH1eM, MOCKONbKY NpU BU3YyanbHOA OLLEHKE KepHa tuK-
CUpyeTCs AMaMETP CBET/bIX NATEH, KOTOPbIE BKITHYAKOT MHOIO
06noMouHbIx 3epeH. Mx nnowapb Gonbwe nnowanu, BMela-
towLen COBCTBEHHO LLeonuTbI.

B u3yueHHbix o6pasuax HoB0OOGpasoBaHHbIA LEeonuT
MPeLCTaBNeH NOMOHTUTOM (M0 [aHHbIM PEHTreHo(a3oBoro
aHanusa), NposBnseTcs B BUAE KanbLyeBOW PasHOBUAHOCTU
CaAL,Si,0,,*4H,0. 310 nomTepaMnoCh MpU PEHTreHOCTPYK-
TYPHbIX WCCNEe0BaHUAX MOHOMUHepanbHOM pakuuu U3
pasfnpobneHHbIX LLeoNUTU3MpOBaHHbIX 06pasLoB KepHa npw
noMouy cMecy 6poMopda co cnupToM ¢ p=2.4 rfcm’.

CTpYKTypa KpUCTaniMueckon pelweTku NOMOHTUTA Npef-
cTaBnger 060/  MCKaXeHHble  BOMNACTOHWUTONOAO0GHbIE
uenouku, B Kotopbix Si,0-AMOpTOrpynMbl  yepenylTcs C
AlO,-TeTpaapaMi MHOW OPMEHTMPOBKW. 3TW LLEMOYKM KOH-
LEHCUPYKOTCS B NEHTbI M3 WECTU- U YETbIPEXUNEHHbIX 3Be-
HbeB KCOHOTNKMTOBOrO Tuna. bnaropaps 3tomy B kapkace
NOSBNSOTCS KPYMHbIE KaHanbl, K KOTOPbIM MPUYPOYEHbl MO-
nekynbl H,0 u KatnoHbl Ca. lMocnenHue vMeroT wWecTepHyto
KOOpLMHaLUI AO+2H20 M HaX0AATCS B LLEHTPE TPUrOHaNbHbIX
NpKU3M, BEPLMHbI YETbIPEXYTONbHbIX CTOPOH KOTOPbIX Npef-
cTaBneHbl atomamu kucnopoga Si0,- u AlO,-TeTpasppos, a
NpOTUBOMONOXHbIE BepwWHbI - Monekynamu H,0. Atombl Si
u Al pacnpepeneHbl ynopsgoueHHo. lepsbie 06pasyloT au-
OPTOrpyNMbl, «HaTArMBAEMbIe» Ha TPUTOHANbHYK MPU3MY MO
BbICOTE, BTOPbIE COEAMHAIOT NPOTUBOMONOXHbIE CTOPOHbI Ye-
TbIPEXCTOPOHHEr0 0CHOBaHMS npuambl (puc. 5) [5].

B HacTosiee BpeMs ycCTaHOBNIEHME TEHETUYECKOW Mpu-
POObl JIOMOHTMTA, BbISIBNEHHOTO B COCTaBE HUXHEMENOBbIX
BonbwexeTckoll BnaguHbl, ABngetca Haubonee [UCKycCH-
OHHoI4 npo6neMoit. Ha ocHoBe (M3MKO-XUMUUECKUX CBOMCTB
W NPUYPOUEHHOCTHU OMNpefeneHHbIX acCcoLMaLuii LLeoNuToB K
onpegeneHHbiM thaumam Al KoccoBckas Bbigenuna wWwectb
LLeoNuUTOBbIX accoumauuin, unu dauuit. Mo mHerno A.Jl. Ko-
poboBa c coaBTOpamu, 06pa3oBaHME NOMOHTMTA CBSI3aHO
C ruapoTepManbHO-MeTacoMaTMUYeCKMMM MpoLeccamm, Cco-
MPSYKEHHBIMU C TEKTOHO-TMAPOTEPMAnbHON aKTUBU3ALIMEN.
CornacHo knaccudmkaumuu Al KoccoBckoi, Ux cnepyert oT-
HOCHUTb K (halluu HanoXEHHOro rMApOTepPManbHOr0 MeTaMop-
thusma [6-8].

Hanuuve nomoHTMTa B Konnektopax [sKSXMHCKOro Me-
CTOPOX/AEHNS HaMpPAMYIO BIMAET Ha MeTOf, BOLO/KePOCHHOHA-
CbILLEHNS, MPYU KOTOPOM NPOMCXOLMT 3aBbllIEHNE YPOBHS NO-
puctocty (K ) Ha 2-5 % (puc. 6), cBA3aHHOe co CnNOCO6HOCTbI0
NIOMOHTMTa MOrmowWwarb MONeKynbl BOAbI, MEHbLWE N0 CBOMM
pa3smMepaM Mo CpaBHEHMIO C MoNeKynamu yrnesopopogos. Cne-
[10BaTe/bHO, NOCTPOEHNE NETPOdU3NUECKUX MOLLeNeit LeonuT-
COOEpXalLuX KOMNeKTOPoB LOMKHO OCYLLECTBASTLCS MO pe-
3ynbTataM oueHKM K KepoCHHOHACbILEHNEM, MOCKONbKY Npu
oueHke K BogoHacblweHneM Byner 3aBbllaTbCs 3HaueHue
Ko3dhuLMeHTa MOPUCTOCTH, UTO MOXET NPUBECTU K OLwnbKe B
OLLeHKe BeNMUMHbI 3anacoB yrneBof0poaoB.

PucyHok 5. CTpyKTypa noMoHTUTa: a) TpUroHanbHasi npusma Ca? ¢ 40+2H,0 B
BepwuHax (Si,0, - rpynnbl ceetnble, AlO, - TeTpaappbl TeMHble, H,0 - cBeT-
nble KPYXKK); 6) KOHAEHCALMA UCKAKEHHBIX BONNACTOHUTONOROGHBIX Lieno-
UeK B NEHTbI U3 WECTU- U YETbIPEX3BEHHbIX KOMeL, CKOHLEHCUPOBaHHbIX B
rodpuUpoBaHHble CNoM; B) KaHanbl U3 BocbMepHbIX konell AlO,- u Si0,-Te-
Tpasappos ¢ Ca” (uepHble kpyxku) u H,0 (cBeTnble KpYXKK ¢ Lmudpamy, 060-
3HaYaloWMMY OTHOCUTENbHYIO BbICOTY), ALO,-TeTpasapbl 3aTeMHEHbI.

Figure 5. Laumontite structure: a) trigonal prism Ca? with 40+2H,0 in
apexes (Si,0, - light groups, AlO, - dark tetrahedra, H,0 - light circles); 6)
condensation of the distorted wollastonite-like chains into the bands of six-
and four-section rings condensed into the corrugated layers; B) channels
of octameric rings of AlO,- and Si0,-tetrahedra with Ca* (black circles)
and HZO (light circles with numbers indicating a relative elevation), AIOL-
tetrahedra are shaded.
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PucyHok 6. ConocraBnexne ko3thduLUEHTOB MOPUCTOCTU C YUYETOM OTHOCU-
TeNbHOro CofiepXaHus LeonuTos nnacta BY,, (ckeaxuHa N2 1 TakaxMHCKoro
MECTOPOXAEHNS).

Figure 6. Porosity vs. relative zeolite content for BU, layer (Well 1, the
Pyakyakhinskoye field).

KpoMe Toro, xapakTepHol 0COBEHHOCTbI0 TOMOHTUTA fAB-
nAeTcs ero cnoco6HOCTb B MOBEPXHOCTHBIX YCNOBUAX TepATb
1/8 uacTb Bofbl ¥ NEPexoauTb B B-NeoHrapauT. 3T0T NpoLecc
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NPUBOMAMT K PACTPECKUBAHNI0 MUHEPana o NiocKOCTAM crnan-
HOCTM, @ MHOFOA M pacchiNaHuio B MOPOLOK. B CBA3N C 3TUM
MnofipasyMeBaeTcs, uYTo CTPyKTypa MOPOBOr0 MPOCTPAHCTBA
LLeONIUTM3MPOBAHHBIX KOMNEKTOPOB B MNACTOBbIX YCNOBUSIX
CYWLLECTBEHHO OTNINYAETCH OT CTPYKTYPbl B IKCTPArpoBaHHbIX
o6pa3Lax, nocTynalwwmx Ha nabopaTopHble WUCCefoBaHMs
KepHa [9, 10].

Oco6eHHoCTH pa3paboTKu MeCTOPOXKAEHUIA, OCIOXKHEHHBIX
LeonuTU3aLueit

Ha ocHoBaHuM paga MCCnenoBaHWA YCTAHOBMEHO, UTO
(UNbTPALMOHHO-EMKOCTHbIE CBOWCTBA MPOAYKTUBHBIX OT-
NOXEHUN W3MeHaloTca B npolecce paspaboTku. Cospatotca
YCIOBMS, COMPOBOXAAEMbIE XMMUUECKUMU U (HU3UUYECKUMMU
npoueccamu, - U3MeHeHue Temnepatypbl, pH BoAbl, OKUCAK-
TeNbHO-BOCCTAHOBUTENbHbIX CBOMCTB, OCYLLECTBNAETCA NPUB-
HOC BOJ,0PaCcTBOPEHHbIX ra3oB, BbilleNaunMBaHNe, KaTUOHHbIN
06MEeH, OKUCNeHWe MUHEepanoB, YrNeBofopPoRoB U PAL, Apyrux
NPOLLECCOB, BemylWwMX K M3MEHEHUID XMMMUYECKOro COCTaBa
3aKauMBaeMblX BOf, NNAcTOBbIX (OMO0B, MPOLYKTUBHbIX
OTNOXEHWIA. B 3aBUCMMOCTYM OT reoMeTpumM NycTOTHO-MNOPOBO-
ro NPOCTPaHCTBa M Hanuuus ULONPOBOAALLMX KaHanoB
cTeneHb W3MeHeHWs (UNbTPALLMOHHO-EMKOCTHBIX CBOWCTB
nopog-KonnexkTopos bymer pasnuuroi [11].

MepeuncneHHble acnekTbl 06ycnaBnuBaloT Heobxopu-
MoCTb Gonee [eTanbHOTO PacCMOTPeHUs CBOWCTB M XapaK-
TepHbIX 0CO6EHHOCTEN LLeoNUTOB, MONYUMBLIMX HauGonbliee
pacnpocTpaHeHue Ha paccMaTpUBaEeMOil TeppUTOpPUM CPequ
HOBOO6pa3oBaHHbIX MUHEPANOB, C TOUKW 3PEHUs MNaHWpo-
BaHUSA reonoro-TeXHMUYeCcKUx MeponpuaTuil pu oCBOEHUM W
3KCMNyaTaLMu CKBaXMH.

N3BecTHO, uTo NpY B3aUMOLENACTBUM LLEONUTCOMePXKALLUX
Mopog, C KUCNOTaMu NPoUCXoauT 0BpasoBaHue rens KpeMHu-
eBOi KucnoTbl. [Ing onpefeneHus nepcnekTMB NpUMeHeHus
KMUCNOTHbIX 06paboToK Ha [MAKIXMHCKOM MEeCTOPOXAEHWH
6biny NpoBefeHbl NabopaTopHble UCMbITaHWA Ha KepHe. Co-
LepxXaHue Leonuta B 06pasue coctaensno 19-20 %, kapbo-
HaTOB - 4 %, IMMHUCTbIX MUHepanoB - 5 %. [Inq Bo3peicTeua
Ha KepH Bbinu BbIBPaHbI PAacTBOPbI CONAHON KUCNOTbI C KOH-
LeHTpaLmeit ot 3 10 12 %, MUHOKMCIOTHBIN COCTaB, CopepXa-
wui 12 % HCL 1 0.6 % HF, cocTas Ha ocHoBe cynbdaMUHOBON
KMCNOTbI, @ Takxke [Ba COCTaBa OpraHMYecKUx KMCNOT - Ha
OCHOBE 3(MPOB YKCYCHOM KUCMOTbl U CMECH [BYXOCHOBBIX W
TPEXOCHOBbIX OPraHUYECKUX KUCTIOT.

PacTBopbl CONAHOMA KUCNOTbI U FMHOKUCIOTBI C MOPOAOIA
06pasytoT renb. CocTaBbl Ha OCHOBE CYNb(aMMHOBOM U YKCYC-
HOM KMCNOT He 06pasyloT reneit Npu B3aMMOJEACTBUM C Mo~
POfOI B TeueHWe ANUTENbHOrO BpeMeHW. ConaHas Kucnota
PasNMUHOMA KOHLEHTpPaLuM obnafaer AO0CTAaTOYHO BbICOKOM
pacTBOPUMOCTbIO, HO NPU 3TOM BbiNagaeT Gonbloe Konuye-
CTBO BTOPUUHbIX 0CA[KOB, TAKMUX KaK FMOPOKCUE aNtoMUHMUA U
KPEeMHUS, KOTOpble ABNAKTCH aMOPMHbIMU U CKNOHHBI K rene-
06pa3oBaHuio. PacTBOpbI OpraHUYeCKUX KUCIOT MMEIT BbICO-
KYH pacTBOpPMMOCTb KepHa.

Takoke 6bInn NpoBefeHbl UNbTPALMOHHbIE IKCEPUMEHTDI
Ha HaTypanbHbIX KepHaX B YCNOBWSAX, MaKCMManbHO Npubnu-
XEHHBIX K MacTOBbIM. IKCMEPUMEHTbI NOKa3anu, Uto ConaHas
Kucnota cHuxkaet npoHuuaemoctb go 0.03 m[ B pesynbrarte

MOSIHOTO 3aKYNopUBaHWa NPOBOAALLMX KaHAmNOB reneM Kpem-
HWeBol Kucnotbl. 06pa3oBaHKe rensa BusyanbHo Habnogaetca
NP1 MUKPOCKOMUYECKUX UCCNEf0BaHUAX KepHOBOro MaTepua-
na. OpraHuueckue KWCIOTbI YNyulwakoT (GUnbTPaLMOHHO-eM-
KOCTHble CBOICTBA MOpPOAbl M (ha30BYl0 MPOHMLLAEMOCTb AN
BO[bl, B TOM UMCNE 3@ CYET PacTBopeHus Lieonutos [12].

C npyroit CTOPOHbI, peanbHblii NPaKTUUECKUI OMbIT Mo-
KasblBaeT, uTo B YCNOBMAX O0GbLEKTA, OCMOXHEHHOTO Lieo-
NUTaMK, BO3MOXHO NpoBefeHne 3dheKTUBHbIX 06paboTok
npn3a6oiiHoN 30HbI. B UacTHOCTH, Ha CKBaXUHe, BCKPbIBLLEN
nnact BY,, MAKAXMHCKOro MecTopoX/eHus, NpoBefieHa KoM-
nnekcHas o6paboTka Npu3aboiHOM 30HbI MyTEM NpUMEHEeHNs
FMUHOKMCNIOTHOW KOMMO3WLMK. B mpouecce BbinonHeHus pa-
60T MCMONb30BaNUCh TONMbKO TEXHONOTMUECKUE METOfbl BO3-
LEeNCTBMA: 0CBOEHME KOMMpPEeccMpoBaH1eM 1 pabota rMBKuMU
HACOCHO-KOMMPECCOopHbIMU TpyGamu. CnewluanuampoBaHHble
TEXHONOIMUM, COCTaBbI U XKMAKOCTU OCBOEHMS HE MPUMEHSIUCD.
Mo wutoraM BbINONHEHHbIX paboT npupocT febuta rasa u KoH-
neHcara coctaBun 57 %, CKBauHa 3aBefieHa B rasoC6opHbiif
KonnekTop v pabotaet fo Hactoauero spemenn [13).

Takxe Henb3s MCKMHUaTb BO3MOXHOCTb MCMOMb30BaHUS
Ha paccMaTpuBaeMoM 06beKTe NoBOYHOro MpoLecca npu npo-
BefleHM 06paboToK CUNbHBIMU HEOPraHUUYECKUMU KUCTIOTaMM.
Mo cyTM MOXeT BbiTb JOCTUTHYT CUHEpPreTUYecKuin adteKT,
HamnpaBeHHbIA Ha YBeNUUeHWe NPUEMUCTOCTH HarHeTaTenb-
HbIX CKBaXXMH 3@ CUET PacTBOPEHUS FOPHbIX MOPOA M YacTul,
KOnbMaTMpyloWux NopoBoe NpocTpaHcTBo. BMecTe ¢ TeM Mo-
XET NPOoMU30UTU NepepacnpeaeneHne hUnbTPaLMOHHbIX NoTo-
KOB HarHeTaeMoi BOMbl 3@ CUET CO3[aHMA reneBblX 3KpaHoB
Nnpu B3aUMOZENCTBUM KUCIOTbI C LLEONIUTCOAEPXKaliuMmu no-
pofamu. AHanormuHbiM 06pa3oM KOMMEKCHOe BO3[eiCTBUe
MOXET GbITb PACCMOTPEHO M Ha [06bIBAOWMX CKBAXMHAX.

Ewe onuH npuMep cBA3aH C TEXHONOTMUAMM CTPOUTENbLCTBA
CKBaXXMH Ha 3amongpHoM MecTopoXgeHun. 0TnuuuTenbHas
ocobeHHoCTb Konnektopa nnacta bT,, - Hanuune ueonuTos.
NHTEHCMBHOCTb LLeONUTM3aLMK BapbupyeTca oT Huskoit (10-
20 %) no Bbicokoit (50 %), NMBo LLeoNUTU3aLMUa OTCYTCTBYET.
B paMKkax OMbITHO-MPOMbIWAEHHbIX paBoT GbinM NPOBEAeHb
MCCNefOBaHMS HA KepHOBOM MaTepuane, KOTopble MoKasanu
3HaUMTENbHOE CHUXeHWe NpPOoHWLAeMocT U reneobpasosa-
HWe NPy B3aUMOLEACTBUMN LLeONMTU3MPOBAHHOMO NecUYaHuKa ¢
MPECHbIMU XMAKOCTAMM W PacTBOPaMMU XJOPUCTOTO KanbLiug.
Mo uToram nabopaTopHbIX UCCNEA0BaAHWI BbINO NPUHATO pe-
leHWe Ucnonb3oBaTb BypoBOI pacTBOP Ha YrieBofoPOLHON
OCHOBE C LieNbi0 MUHUMW3aLMK (haKTOPOB, HEraTMBHO BIWA-
HOWMX Ha JanbHeunwyto paspaboTky MectopoxgeHus [14, 15].

KonuvecrseHHas oueHKa cofiep)xaHus LLeonnUToB B KEpHO-
BOM MaTepuane

B HacTosiuee Bpems cylwecTByeT npobnemMa KonmMyecTBeH-
HO OLLeHKM COLLep)KaHUs LLeONTUTOB B HEOKOMCKMX OT/IONKEHM-
ax bonbluexeTckoit BnaguHbl, NOCKONbKY NeTporpaguyeckoe
WU3yuyeHue MMeeT TOUEUHbIA XapaKTep U [OCTAaTOUHO WUPOKUN
war onpoboBaHus. Ha npumepe ckBaxmHbl N2 3 npoBefeHo
KOMMNEeKCHOe OnpefeneHne KonMUYeCTBEHHOr0 COAepXaHus
LLe0NIUTOB N0 BTOPUUHOW MATHUCTOM TEKCTYpe HEeCKONMbKUMM
MeTofaMu.
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JinHesiHbi MeTog: MOCYeT LeONUTU3ALMM Mo TpeM na-
PanmesbHbIM JIMHUAM C MOCIELYIOWMM BbIUMCIEHUEM CPef -
HEro aputMeTMUecKoro M MpUBA3KKM My6MHbI MOMyYeHHOro
pesynbTata K cpegHen nuuum B-B’ (puc. 7, a). MepekpecTHbii
MeTo4: NOACYET LLeoNUTM3aLM1 No ABYM NepreHanKynapHbIM
NIVHUAM M NPUBA3KKM TYGUHBI pesynbTata K nonepeyHomn nu-
Hun B-B’ (puc. 7, 6).

MonyueHHble pesynbTaTbl Gbiv CONOCTABMEHbI C faHHbI-
MU neTporpadguueckoro uayuenns windos (puc. 8). Cnepyer
3aMeTUTb, UTO MPU OMepPaTUBHOM OLEHKE NEepeKpecTHbIM Me-
TOLLOM MPOMUCXOAUT MOACUET 3epPeH, 0XBAUEHHbIX LLe0NTHU3a-
uMelt (sepeH KBapua, MoNeBOro wnara U 06NOMKOB MOPOR).
MonyueHHble AaHHble B 2-2.5 pasa MpeBbIWAT 3HAYEHMS
MUKPOCKOMMUECKOrO OMUCaHUS, TAe YUMTLIBANCS TOMbKO Mo-
POBbIA LieMeHT. [p1 3TOM Ha OLEHKY MoAcyeTa no ABYM nep-
NEHLUKYNAPHBIM NIMHUAM NEPBUUHbIE TEKCTYPHbIE 0COBEHHO-
CTU He 0Kas3blBaKT BAUAHMA.

Hanuuue «LeonMTHOM BOLbI» B ME@X3EPHOBbLIX KaHanax,
BbICOKAA CTeneHb ruaparauum u agcopbums, Hu3Kas MuHepa-
NorMyeckas NaoTHOCTb 0BYCNaBNMBAOT UCKAXEHNE [aHHbIX,
onpefenseMbix No CTaHLapPTHOMY KOMMNEKCY reodnanueckux
UCCNenoBaHMit CKBauH. OfHaKo nepeumncneHHble reonoru-
ueckue 0COBEHHOCTM MPOAYKTUBHbLIX OTNOXKEHUI He BAUSIOT
Ha MoKa3saTenu, PerucTpupyeMble MI0THOCTHLIM raMMa-ramMMa
(TTKn) u akycTrueckum (AK) KapoTaxamu.

MpUHAMaZa 3T0 BO BHWUMAHMWE, 018 SKCMPECC-OLEHKM Ko-
NIMYECTBEHHOT0 COLep)XXaHUs LeonuToB Gbina nocTpoeHa Ma-

PucyHok 7. MeTogpl nofcyeta LeonuTu3aLmu: a) NUHenHbIN, 6) nepeKkpecTHbIi.
Figure 7. Zeolitization counting methods: a) linear, 6) cross-sectional.
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PucyHok 8. ConoctaBneHue cofepxaHus LIeonuTa no Wingam ¢ TUHeHbIM
(a) u nepekpectHbiM (6) MeTomamu (ckBaxuHa N 3 MsKAXMHCKOTO MecTo-
POXKAEHMS).
Figure 8. Zeolite content by the method of thin rock sections vs. zeolite
content by the linear (a) and cross-sectional (6) methods (Well 3, the
Pyakyakhinskoye field).
TeMatTnyeckad Mopenb, BKNHYaKWLaa B cebq TPX naBHble
KOMMOHEHTbI C pGSHW»IHOﬁ MMHepaHOFMLIECKOﬁ MNOTHOCTbHO:
KBapL-nonesownaToBO-riMHUCTOr0 CKeneTa nopogbl, Leonm-
Ta N NnacToBoro LDHI-OMJJ,&, 3anoiHAKLWero OTKpbIiTOe NopoBoe
NMPOCTPAHCTBO:
— * * *

P-KCK pCK+Ku pu+K¢ pm'
roe P - obwas MuHepanoruueckas maoTHOCTb nopogbl (no
naHHbiM TKn), K, - 06beMHbIN KO3thhULIMEHT CKeneTa, KLl -
06bEMHbIN KO3 MULMEHT LLeonnTa, Kq] - 06beMHbIN Ko3thhu-
LMEHT (Nionaa, p_ - MMHepanornyeckas naoTHOCTb CKeneTa,
pu - MUHepanornyeckasa nnoTHOCTb LLeonuTa, pm - MUHepano-
rmyeckasd nNnoTHOCTb cbmovm,a.

CYMMapHOE KONMMYeCcTBO BCeX COCTaBNgaoLWMUX yacre
onpependerca 06bEMHbIMK KOBCbeVILI,VIEHTaMM U paBHAeTCS
enouHuue:

1=K _+K +K .
v oK u ® v

D,anee M3 MOoJly4YeHHOU CUCTEMbl YPaBHEHUW BbipaxaeTca
KO3(h(hMLMEHT LLEONUTU3ALLUN:

_P_KCK*pm_I{q;*pq;
L= .
Py

[ing peweHns faHHOro ypaBHeHUs HeobXxopuMmo onpepe-
nutb K 1 Km.

06beMHbI Ko3thdULMEHT CKeneTa Mopofbl onpepeneH no
LOaHHbIM neTporpachquKoro nccnegoBaHug 06p63LI,0B KepHa
[aKsaxuHCKoro MeCTOpPOXaeHNdA ncxoaoqa U3 CUCTEMbI ypaBHEHMﬁi
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K,.=1-K,
K' = Ka(xep) + Kea + Kugum),

roe K’ - cyMMapHoe o6beMHoe cogepxaHue donaa, rMuHbl 1
LLeosinToB, Kn(Kep) - KO3(h(hMLMEHT OTKPbLITOM MOPUCTOCTH, Onpe-
LENeHHbl METOL0M KepPOCUHOHACHILWEHNS, Krrl - Koadhhmum-
€HT IMUHUCTOCTH, Ku(mn) - KO3(h(PULMEHT LLeonnTusaLmu.

06beMHbIN KOI@ULMEHT (nonaa (Km) MPUHAT paBHbIM
BenMunHe oTKpbITol nopuctocty (K ), koTopas Gbina paccun-
TaHa No JaHHbIM aKyCTUYECKOro KapoTaxa:

K AT — AT
f ATy — AT

rpe AT, AT, AT, - cooTBeTCTBEHHO MHTepBanbHOe BPeMs no
LLaHHbIM aKYCTUYECKOr0 KapoTaxa, MHTepBanbHoe BpeMs Ans
necyaHukoB [AKSXMHCKOrO MECTOPOXOEHUS, UHTepBalbHOe
BpeMsl (h1toMaa, HACILLALWEro KoNeKTop.

B wtore nopcuutaHHbiA 4ng nnacta bY,, KoathdmumeHt
LLeonuTM3aLMmn B CpeLHEM MpeBbllaeT 3HaYeHUs, MonyYeH-
Hble Npu NeTporpatnyeckoM usyuexuu [3].

Pesynbtatbl U Ux 06cyxpeHue

B kauecTBe NepcneKTMBHOM W NoTeHLManbHo Gonee Tou-
HOT0 METOfa MO ONpefesneHuI0 COAEPXaHUs 1 pacrpeseneHus
LLEONIUTOB M APYrMX MUHEPAIoB, @ TaKXKe Mop U CBA3bIBAKOLLMX
WX KaHanoB B rOpHOW MOPOfE MOXET BbICTYNUTb PEHTrEHOB-
CKasl KOMMbIOTEPHas TOMorpadus.

B uenoM nogxon MoxeT 6biTb OCHOBaH Ha pesynbTaTax
WHTEPNPETaLMM [aHHbIX PEHTFEHOMIOTHOCTHbIX CPE30B, B KO-
TOPbIX BbIAENSIOTCH PEHTTEHOKOHTPACTHbIE KOMMOHEHTbI, pas3-
NINYAOLLMECH MO CTEMEHM MOTNOWEHUS PEHTTEHOBCKOIO M3y~
ueHus 1 MopthonorueckuM npuaHakam (puc. 9). Mocpencrsom
MaTeMaTMuUecKoro MOLenupoBaHnsa CTPOMTCA CTepeonoruye-
CKas MOJeNb M OMpemensioTcs CTaTUCTUUECKMe napametpbl
(puc. 10), xapakTepusylowue o6paseL, ropHoit nopodbl (nopo-
Bbl 06bEM, MUHEPANOrMUeckuil CocTaB, COLepXaHue Konb-
MaTupyloLWmx yactuu u ap.) [16].

PucyHok 9. PenTreHonnoTHocTHot cpes ofpasua ¢ uHTepnpetauueit: Q -
kBapL, FS - nonesble wnatbl, D - 06nomku nopog, kl - kaonuHuT, mica - cnto-
1,3, KeNTbIM NYHKTUPOM OTMeYeHbl NOpbl.

Figure 9. X-ray density slice of a sample with interpretation: Q - quartz,
FS - feldspars, D - debris, kl - kaolinite, pores are marked with a yellow
dotted line.

PucyHok 10. Ctepeonoruyeckas Mogesnb NopoBOro NPocTpaHCTea (a) u cetou-
Has Mogenb MyCTOTHOro NpocTpaHcTBa obpasua (6).

Figure 10. Stereological model of the pore space (a) and grid model of the
void space (6) of a sample.

BbiBoabi

B pesynbTate npoBefeHHbIX UCCNIef0BaHUIA BbIBNEH AL,
0c06eHHOCTEe! BTOPUUHBIX M3MEHEHWUH B OTNOXEHUSX HUKHE-
ro Mena bonbluexeTcKoit BnaguHbl. YCTaHOBMNEHO, UTO anes-
pUTO-MecyaHble MOPOLbI XapaKTepusyTCca PasHO0BPasHbIM
KOMM/EKCOM ayTUreHHbIX MUHEpPanoB W CTPYKTYpP, CBUAETENb-
CTBYIOLMX O CTafMM (DOHOBOTO KaTareHesa 1 0 HaNnoXKeHHbIX
npoueccax. HanBonblwee pacnpocTpaHeHue Ha paccMaTpu-
BaeMol TeppuTopuM Cpeau HOBOOBPA30BaHHLIX MWHEpanoB
MONYUMN NOMOHTHT.

BnusaHue weonuTta (NOMOHTMTA) Ha KOMNEKTOPCKWE CBOM-
CTBa BecbMa cylecTBeHHo. Ero cnoco6HocTb ancopbupoBarts
Bonblwoe KONWMUECTBO BOGbI M aHOManbHble CBOWCTBA Tak
Ha3bIBAEMOW «LIEONUTHOM BOfibl» 0BYCNaBNMBAOT UCMONb30-
BaHWe LaHHbIX NNOTHOCTHOMO raMMa-raMMa u akyCTMYecKoro
KapoTaxeMn.

XapakTepHble 0COGEHHOCTW B3aMMOLEMCTBUSA TEXHOMO-
TUUECKMX M MNACTOBbIX XMAKOCTEN CO BTOPUUHBIMU MUHEpa-
NaMu, OTHOCUTENbHOE COAEPXXaHWe, KONMMUECTBEHHAs OLeHKa
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W pacnpepneneHue LEeoNUTOB B NPOLYKTUBHBIX OTIOXEHUSX
LOMKHbI BbITb YUTeHbI NMpU NNAHAPOBAHWM FreoNoro-TexHuue-
CKUX MeponpuaTui (6ypeHun CKBaxKuH, 06paboTke npusaboii-
HO 30HbI NNAcTa, U3MKO-XMMUUECKUX METOLAX).
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