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INVESTIGATION OF THE ELASTIC PROPERTIES OF ROCKS UNDER
DIFFERENT THERMOBARIC CONDITIONS

AHHOTALIHUA. Cmambs noceaueHa uccied08anuio IuaHus 3¢ pexmugrnozo
0aslleHuss u memnepamypvl Ha ynpyeue C80UCmBa 20PHbIX Nopoo. B uccredosanuu
ObLIU 3A0€liCMB0B8aHbl KAK OUHAMUYECKUe, MAK U CIamuyecKue Memoobl OnpeoeieHus.
ynpyeux ceoticms. IKCnepumenmol nPoBOOUIUCHL HA 0OPA3YAX KepHA, OMOOPAHHBIX U3
MecmopoxcoeHuss Ha 4-mempogom ummepsane. B pesyromame Ovliu nojydenovl
PA3UYH020 pOOaA 3ABUCUMOCMU. 3HAHUE U UCCe008aHUe YRPYSUX CBOUCME NOPOO
no360Ji51em npeocKa3vléamn, KOPPEeKmuposams u Ynpaesisims HehmenpomvlCio8biMU

npoyeccamu ¢ 8biCOKOU 2 HexmueHOCmbio.

KIIFOYEBBIE CJIOBA: xoagpguyuenm Illyaccona, mooyne IOwnea, eopmwvie

NOPOObL, CHCUMAEMOCIb NOPOObL, YNpyeue C80UCmad.

ABSTRACT. The article is devoted to the investigation of the influence of
effective pressure and temperature on the elastic properties of rocks. The study
involved both dynamic and static methods for determining elastic properties. The
experiments were performed on core samples obtained from a reservoir at a 4-meter
interval. As a result, various dependencies were obtained. Knowledge and
investigation of elastic properties of rocks allows predicting, correcting and managing
oilfield processes with high efficiency.

KEY WORDS: Poisson ratio’s, Young’s modulus, rocks, rock compressibility,

elastic properties.



Ypyro-mexaHn4ecKre CBOMCTBA TOPHBIX MOPOJ BIMSIOT HA PsAJl IPOLECCOB,
OPOUCXOSAIIMX B IJJacTe€ B TEPHOJ pa3BeAKH U pa3paboTKu HeTAHBIX
MecTopokaeHu. Tak mpu OypeHMM CKBa)KMHBI 4€pe3 MacCuB MOPOJ, B KOTOPOM
CYILLIECTBYET OIPEACIEHHOE HAINPSHKEHHOE COCTOSHHE, MPOUCXOIAT BO3MYILEHHS B
€CTECTBEHHOM II0JIe HamnpspkeHui. HadanbHoe HanpspKEHHOE COCTOSIHME IOPOJ
BOJIM3M CTEHOK CKBaKUHBI U3MEHSETCS, IPH TOM UX YIIPYTrO-MEXaHUUECKHE CBOMCTBA
UTPAIOT OCHOBHYIO poib. OOpa3oBaBIIasCs 30HA aHOMAJIMUA B €CTECTBEHHOM IIOJIE
HAIPSDKCHUM BBI3BIBAET CYIIECTBEHHBIE W3MEHEHHs YCIOBHM 3aJleraHusl TOPHBIX
MOpOJl, KOTOpbIE MOTYyT OBITh NPUYMHOW 3HAYUTENBHBIX HM3MEHEHHUH UX

(bUIBTPAIIMOHHBIX CBOWCTB.

B nporecce ocBoeHUs! CKBaXXMH M Pa3pabOTKH MECTOPOXKIECHUI HE0OXO0IuMO
3HATh IPOYHOCTH MOPOBI HA CXKATHE U Pa3pbIB. DTH K€ JaHHBIE, HAPALY C MOIYJIEM
YOPYTOCTH, TPEOYIOTCS MPU U3YYEHHH MPOLECCOB MCKYCCTBEHHOTO BO3CHCTBUS Ha
HOPO/JIbl, IIMPOKO NMPUMEHSIEMBbIE AJI yBeNIWYeHUs npuToka HedTu. Takum oOpazom,
7a00paTOPHbIE  SKCHEPUMEHTHI HEOOXOAMMBI JUIsl  TMOJYYEHUS JOCTOBEPHOU

nH(popmanuu 00 ypyrux cBOMCTBAX FOPHBIX NOPOA ¥ MHTepripeTanuu faiubix  [UC
[5].

B 3aBHCMMOCTH OT pemiaemMspIxX 3a/1a4, HapaMeTpsl YIPYTroM Cpeabl OIPEAECSIOT
TM00 CTaTUYECKUMHU, JIMOO AUHAMHUYECKUMHU MeTonamHu. CTaTMYeCKHUe MapameTpbl
XapaKkTEepU3ylT MOPOAY MpPU JTOBOJBHO JUIMTEIBHBIX IIPOLECCAX BO3ACHUCTBUS
HAarpy3Kd Ha HeEe, JUHAMUYECKHWE — TMPU MTHOBEHHBIX BO3JCHCTBHUAX, HAIPUMED,

B3pbIBaHUE, yIapHOE OypEeHHE U T.II.

JluHaMu4yeckue METOIbl OCHOBAaHbI HAa PETUCTpallMM BpeMEH MpoOera BOJIH
yepe3 oOpazen. B KkoHTponupyeMbIX YCIOBHSIX ObUIM OIpeneseHbl BpeMeHa
POXOXKJIECHUN TPOJIOJNIBHOW M JBYX MOIepedHblX BoJH. [lo Bpemenu mpobera wim

CKOPOCTSM paclpoCTpaHEHUs1, ObLITN ONPEEICHbI YIPYTHe XapaKTEPUCTHKU.

Crarudeckue METOJbI OCHOBaHBI Ha OIPEACICHHUU CIOCOOHOCTH oOpasma

BBIJICPIKHUBATH OHpeI[eHéHHBIe Harpys3kKu B YCIOBHAX, HMHUTHPYIOIIUX €CTCCTBCHHOC



3ajeraHde TOpHBIX MOpoJ. B KOHTponmupyembIX YCIOBHSIX Obla ONpeneieHa

CXKHUMACMOCTD ITOPOBOI'O ITPOCTPAHCTBA.

OOBEKTOM HCCIIeOBaHUS OBLT BHIOpAaH WHTEpBA] OTOOpa KepHA M3 IIacTa
AC11(1) ¢ rmyounsr 2502-2507 M. ckB.719 3anagno-KaMBIHCKOTO MECTOPOXKICHUS,
Ha kKoTopoM 1o aanHbM [ MIC HabmrogaeTcs y4acTok 0oJiee BBICOKUX MO 3HAUCHUIO
(UIBTPAIIMIOHHO-EMKOCTHBIX CBOWCTB. I10 MaHHBIM T'€OJOTHYECKOTO OMHCAHHUS Ha

9TOM MHTCPBAJIC HAXOAUTCA MCHKOSepHHCTBIﬁ IMECYaHUK C U3BCCTKOBBIMU IIPUMCCAMMH.

Ha yuactke otOupanach KOJUIEKIHS 00pa3lioB ¢ MaKCUMalIbHON IJIOTHOCTHIO
otOopa. 3aTeM Ha HUX ObLIM MPOBEAEHBI UCCIEAOBAHMS MO ONPEAEICHUIO 3HAUYECHUN
CKOPOCTEM MPOJOJBHBIX M MONEPEYHBIX YJIbTPA3BYKOBBIX BOJIH, U CKUMAeMOCTU B
YCIIOBHSIX, MOJEIUPYIOIIMX IJJACTOBBIE, MPU PA3IUYHON CTENEHU Harpy>KeHUs
(mopoBoe JaBiE€HHE TMOAJEPKUBAIOCH TIOCTOSIHHBIM, @ W3MEHSUIOCH JaBJICHUE
BCECTOpOHHEro 00xkuma) Ha ycranoBkax AutoLab 1500 u PBC-925 cootBeTcTBEHHO.
B xozne nccnegoBanuil ObTM pacCMOTPEHBI TEPMOOAPUYECKUE YCIOBUS U3MEPEHUN —

s pekTUBHOE AaBIEHUE U TeMIepaTypa.
Biausinue naBJjieHust

Ha ycranoBke AutoLab 1500 ObutH mMpoBeneHBI UCIBITAaHUS OOpa3IOB KEpHA
npu pa3nudHoM 3¢G(GEKTUBHOM AaBJiICHUH. B pe3ymbrare dero, Obla TOJyYeHA
CKOPOCTb Up, 1IpH P,p=1. ABTOpHI [3, 4] MUIIYT O TOM, YTO CKOPOCTH YJIbTPa3BYKOBBIX
BOJIH MMEIOT JIOTapu(MHUUECKYI0 3aBHCUMOCTh OT JaBlieHus. B mporuecce
DKCIIEPUMEHTa OBLJIO HCCIEIOBAHO ITOBEACHUE TOPHBIX TIOPOA TIPH Pa3IMYHBIX
s dexTuBHBIX naBneHusx, HaunHas oT 4 MIla u no 35 MlIla, s pexTuBHOC HaBICHME
meHee 4 MlIla He Morjo OBITh pealn3yeMO TEXHHUYECKH, TaK KaK 3TO MHHHUMAJIbHOE
3HAYCHHE, TO3BOJIIONICE TPOBOIUTE SKCIICPUMEHT, TIPU MEHBIIIEM JIaBJICHUU (PITFOMT
HAaYMHACT UJTH HE Yepe3 MOophl 00pasiia, a OoTH0AaeT ero M MpocavynuBaeTCs Yepe3 Kpas

MaHXKCTHI.



Ha puc. 1 nokasaHa 3aBUCMMOCTb CKOPOCTH PAaCIPOCTPAHEHUs IPOJIOIBHON
BOJIHBI OT JaBjeHus. Ha momnepedyHsix BOHAX MOBbIIEHUE () (PEKTUBHOTO AaBICHUS

CKa3bIBACTCA HC3HAYUTCIIBHO.
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Pucynox 1 — 3aBUCUMOCTBH CKOPOCTH pacpOCTpaHEeHUs P BOJIHBI OT JaBleHUs
Biausinue TemMnepatypbl

AsTopsl [1, 2, 6] B cBOMX paboTax paccMaTpHBalv BIUSHHE TEMIEPATyphl HA
CKOPOCTb IIPOJOJIBHBIX U MONEPEYHBIX BOJIH, OHU MPHILUIA K BBIBOAY, UTO B IUAIIA30HE
40-100 °C BnmsHMEe TemmepaTypHbIX 3G (}EKTOB HE TMPEBBIMIAET MOTPEIIHOCTH

u3Mmepenus. [IoaToMy B yCIOBUAX TaHHOTO MCCIEAOBAHUS Mbl €l IPEHEOPETIIH.
Pacuér ynpyrux xapakrepuctuk. /lmunaMmudyeckuii MmeToa

C nomompto I[TMK AutoLab 1500 Obutn paccuuMTaHbl CleIyIONINE YNpPYyTUE
xapakTtepucTuku: kodddumuent [lyaccona, moayns FOura, Mmomynb casura, MOIyJib
00OBEMHON yNPYrocTd MU JMHAMUYECKAs CKUMAEMOCTh NpHU pocTe 3((PEeKTUBHOTO

JaBJICHUA.

[TpakTrueckuii MHTEpEC Al HAC MpeacTaBisioT koddduuuent [lyaccona. s

HEro MoCTPOEHa 3aBUCUMOCTH OT d(ppekTuBHOrO AaBiaeHus (puc. 2). s ocTanbHbIX



XapaKTEePUCTHKH, TaK K€ MOCTPOEHBI 3aBUCUMOCTH 0T 3 pextuBHoro nasnenus (E, G,

K na puc. 3, By Ha puc. 4).
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Pucynok 2 — 3aBucumocts k03¢ durmenta [lyaccona ot a3 (hekTUBHOTO AaBICHUS

60 K = 4,2955In(P) + 38,929
o, 1, Ta R? =0,9999
50
E = 2,3103In(P) + 42,159

40 R2= 0,9835
30
20
10

0 P, MIla

0 5 10 15 20 25 30 35

Pucynok 3 — 3aBucumocts Moayist FOHra, Mogysist ciBura 1 MOAYst 0ObEMHOTO

ckatus oT 9()PEeKTUBHOTO JaBICHUS
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Pucynok 4 — 3aBUCHMOCTbh AMHAMHUYECKON CYKMMAEeMOCTH OT JaBJICHUS
CraTnyecKknii MeToj

C nomousto [TUK PBC-925 6b1n1a paccunTaHa craTuyeckast CaXMMaeMocCTh. [is

He€ ObLIa MOCTPOeHA 3aBUCHMOCThD OT 3 (EKTUBHOTO JaBiieHus (puc. 5).
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PI/ICYHOK 5 — 3aBUCHMOCTh CTaTHYECKOU COKUMAEMOCTH OT JaBJICHUA



I[I/IHaMI/I‘leCKaH H CTaTHYeCKadA C:KUMAEMOCTD

PaccmoTpum 3aBUCHMOCTHM AMHAMUYECKOM M CTAaTUYECKOM CHKUMAEMOCTH OT
CKOPOCTH PACTPOCTPAHCHHS MPOJOIBLHON BOJHBI JIi BCeX 00OpasmoB (puc. 6 u

puc. 7).
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Pucynok 6 — 3aBUCIMOCTh AMHAMUYECKON CKUMAEMOCTH OT CKOPOCTH

pacnpoCTpaHEHUs TPOAOJIbHOMN BOJHBI
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PI/ICYHOK 7 — 3aBHCUMOCTh CTATHYSCKON COKUMAEMOCTH OT CKOpPOCTH

pacrpocTpaHeHUsI MPOI0THHON BOJHBI
ComnocraBieHHe METOI0B

ComnoctaBum C)KUMACMOCTb, IIOJIYUCHHYIO AWHAMHUYCCKMM MCTOAOM H

CKUMACMOCTD, IMOJIYUCHHYIO CTATUICCKUM MCTOJI0M (pI/IC 8)
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Pucynoxk 8 — ConocraBnenue JUHAMUYECKON M CTATHYECKON CKUMAEMOCTH



[Io pucyHKYy BHAHO, YTO MEXKIYy 3HAUYCHHSIMHU HAONIOAACTCS JIMHEHHAs

3aBUCUMOCTB:

By = kBp + b,

rae: k, b — svmmmpuyeckue Kod(PPUIUEHTHI, UMEIOIINE Pa3HbIE KOJIMYCCTBCHHBIC

3HAYCHUS JJIS pa3HBIX TUIOB MopoJl. B nannom ciyvae k = 0,4212, b = 0,019.
3akJr0ueHue

B xone uccnenoBaHus (PU3MKH PacnpOCTpaHEHUS BOJH B CKBaKMHAX MbI
MIPOBEJIM TEOPETHUECKUE U IKCIIEPUMEHTAIBHBIE UCCIEAOBAHUS YIIPYTUX NTapaMETPOB
00pa3oB FOPHBIX MOPO MPHU PA3IUUHBIX TEPMOOAPUUECKHUX YCIOBUSIX, HA IPUMEPE
YEeTBIPEXMETPOBOTO MHTEpBaa oTOopa kepHa u3 miacta ACI1(1). IIpu stom, Obul
IPOBEIECH aHAJIW3 B3aMMOCBA3M CKOpPOCTEM pacmpocTtpaHeHuss P m S BomH ¢
TepMoOapudecKkuMu ycaoBusiMu. [1o pe3yiabTaraM npoBeACHHBIX BBILIE UCCIIETOBAHUIMA

MOJKHO CACJIATh CIICAYIOIIHNC BBIBObI!

1. Ina uccnenyeMoro HMHTEpBaia IOJYyYEHBl YIPYTME XapaKTEPUCTUKHU IPH
Pa3IMYHBIX TEPMOOAPUUECKUX YCIOBUX. J{J1s1 HUX OBLIM MOCTPOEHBI 3aBUCUMOCTH OT
s dexkTuBHOrO AaBieHus. [[Is OMHAMUYECKOM W CTAaTUYECKOM CXKUMAEeMOCTH
[OCTPOEHBI 3aBUCUMOCTH OT CKOPOCTH IPOJOJIBHOW BOJIHBI JUISl BCErO0 MHTEpBAJIA
otrbopa. ConocraBieHbl JUHAMHYECKAst U cTaThyeckas cxumaemoctu. IlomyueHHble

3aBUCUMOCTH MOJKHO HCIIOJIb30BAaTh JJIA HHTCPIIPCTALIMN JaHHBIX I'ncC.

2. Peructpanus CKopocTel pacipoCTpaHECHUS MPOJIOJIbHBIX U MTOMEPEUYHBIX BOJTH
B KOMIUIEKCE C JAaHHBIMU APYTUX METOJIOB KapOTa)a MO3BOJISIET MOJIYYNUTh CBEICHUS

00 ympyrux CBOWCTBAaX TOPHBIX MOPOJ B YCIOBUSX MX €CTECTBEHHOTO 3aJICTAHUS.

3. 3HaHME yIpPYro-MeXaHWYeCKUX CBOMCTB TOPHBIX MOPOJ pa3pe3a MO3BOJISIET
IIPEACKA3bIBATh, KOPPEKTUPOBATbL M, B ONPEACIEHHOW CTENEHHW, YIIPABIATH

He(TENPOMBICTOBBIMH MPOLECCAMU C BBICOKOU 3(DPEKTUBHOCTHIO.
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