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Crarhsl NOCBSAILEHA IPOBEPKE METOAOM (PU3HUECKOrO MOJIEIUPOBAHHS OCHOBHBIX 3P ()EKTOB celcMu-

YECKHMX OTKJIMKOB OT CHCTEM MaKpOTPELIMH B IPOJYKTUBHBIX IOPO/AX, BbISABICHHBIX UHCIEHHBIM MOJEIH-
POBAHHUEM C IPUMEHEHHEM CETOUHO-XapaKTePUCTHYECKOr0 MeTo1a. ABTOpaMHU NMOATBEPKAeH BakT Gopmu-
pOBaHUsI OOMEHHBIX JU(PArupOBAHHBIX BOJIH OT KOHLIOB TPEIIUH, B T. Y. JOCTATOYHO aMIUIUTYIHO BbIpa-
JKEHHOTO U YCTOHUMBOro UX (ppOHTA OT KIacTepa (CUCTEMbI) MAKPOTPEILHH, yCTAHOBIICHA a/IeKBATHOCTD
YUCIIEHHOT0 M (PM3MUECKOro MoJienupoBanus. B nporecce gpusnueckoro MoieupoBanus BEPOSTHOCT 00-
Hapy>KeHUsl KJ1acTepa MaKpOTPELLHH 110 OOMEHHBIM PACCESHHBIM BOJIHAM Oblila CYIIECTBEHHO MOBBIILICHA 32
CUYeT BaXKHOTO MPU3HAKA — Pa3]IMYMs BOJHOBOIO 110JIs HA pa3HbIX (aaHrax npuema. OnpeeneHbl BO3MOXKHbBIE
HEePCHEKTHBbI HCIOJIb30BAHUs METO1a OOMEHHBIX PACCESHHBIX BOJIH JJIsl IPOrHO3a CHCTEM MaKpPOTPEILIUH B
IPOAYKTUBHBIX Pe3epByapax.

OOMEeHHbIE PACCESHHBIE BOJIHBI, CHCTEMbI MAKPOTPEILHH, AudpaKuus, Gu3nieckoe MOAEINPOBaHUE, MaTe-
MaTHYECKOE MOJIEIIUPOBAHUE

ASSESSMENT BY METHODS MATHEMATICAL AND PHYSICAL MODELLING

OF POSSIBILITY OF USE OF THE EXCHANGE SCATTERED WAVES

FOR DIRECT DETECTION AND CHARACTERISTICS OF SYSTEMS OF MACROCRACKS
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The paper describes how physical modeling verifies (reconfirms) major effects produced by seismic response
from macro-fracture systems in productive formations and identified by (prior) numerical modeling where
grid-characteristic method was involved. The fact has been reconfirmed that converted diffractions form from
the ends of fractures, including sustainable and sufficiently amplitude-pronounced front of diffractions from
the macro-fracture cluster (system). This approach has also helped establish the adequacy of both numerical
and physical modeling. In the course of physical modeling, the probability of detecting macro-fracture clusters
on scattered converted events has essentially been enhanced by establishing an important indication — distinction
between the wavefields of those events recorded on different receiver lines (left and right) with a split-spread.
Possible ways are suggested of using the scattered converted events to predict the existence of macro-fracture
systems in productive reservoirs.

Exchange scattered waves, systems of macrocracks, diffraction, physical modeling, mathematical modeling
BBEJIEHUE

Jli1s MecTOpOXKIeHU yIi1eBO10POJ0B B MOLIHbIX

TOJIIIAX KapOOHATHBIX IOPOJI U IIyOOKO 3aJIeralomux

[ECYaHUKOB XapaKTEPHO Pa3BUTHE PA3HOMACIITAOHBIX

TpeluH. B GoybIIMHCTBE CiTyyaeB OHH 00pa3yIoT CUCTe-

MBI CyOBEPTUKAIBHBIX OJJHOPOAHO-OPHUEHTHPOBAHHBIX

TpeuuH. [Iporuo3 ux nojaoxeHus B MacCUBE MPOYKTUB-

HOTO pe3epByapa, a TAK)Ke JMarHOCTHKA UX XapaKTepHC-

THK MUMEIOT Ba)KHOE 3HAUCHHUE I BHIOOPA ONTUMANBHBIX PEXHUMOB ero pa3padoTku. Ode-

BH/IHO, YTO YCIELIHOE PELIEHHE IIOCTABJICHHBIX 3a/1a4

IIPU [IOUCKAX CTOJIb CJIOXKHOTO FE0JIOrNYeCKOro 00beKTa

HAaXOJUTCS B HEIOCPEACTBEHHON 3aBUCUMOCTH OT TOTO,

HACKOJIBKO aJIeKBaTHBI LIEJICBEIM 00BEKTaM IIOHCKa d(-

(eKTUBHBIC CEHCMUYIECKHE MOJICIIH.

H3yuennto BO3MOXKHOCTH BbIABICHUS 3aIC:Keil yrie-

BOJIOPOJIOB CEHCMUYECKUMH METOIaMU B IIOCIIEIHEE JeCsl-

THJICTUE NOCBAIIEH psj padot. Tak, 4ucIeHHOe MOISINPO-

BaHHE BOJHOBOI'O OTKJIMKA OT CKOIJICHUI OJHOHANpaB-

JICHHBIX CyOBEPTUKAJIBHBIX TPELIMH, PE3yJIbTaThl KOTOPBIX

n3noxkeHsl B paborax [Nakagawa et al., 2002; Willis et al.,

2004; Bakulin et al., 2005], BbisiBiuio creayromniue dpdek-

Thl: 1) ociiabiaeHue NpoxoIsAIuX BOJIH, BBI3BAHHOE pacces-

HHUEM; 2) yBeJIM4eHHE aMIUIUTY/]] PACCEsIHHOM KOMIIOHEH-

Thl IPU MOBBIIICHUHU YIJIA aJEHUs JIy4ell 10 OTHOLUICHUIO

K BepTUKaJIH; 3) MosiBICHHE “KobI” (MHOTO(ha3HOM 110-

CJ1€JI0BaTEIbHOCTH) BOJIH BCIIECTBUE MHOIOKPATHOI'O



OTpaKEHUS MEXK ]y II0CKOCTAMU TpewuH. [upokoro
[IPaK THYECKOI'O UCIIONb30BAHUS ITUX PE3yIbTaTOB HE
ObLI0, I0-BUAMMOMY, U3-32 HU3KOU OTHOCHTEIILHOW HH-
TEHCHUBHOCTH 3THX BOJIH Ha ()OHE NPOJOIBHBIX OTpaxe-
HUM cioucToro paspesa. BolsBiieHUe cUCTEM MaKpoTpe-
IIIMH Ha OCHOBE MCIHOJIb30BaHMs S PeKTa aHU30TPOIUH
npeanoxeno [Willis et al., 2006], omHaKO ¥ 3TOT METOJ
HE Hallles IpakTuyeckoro npumenenus. CeifcMuueckue
OTKIIMKY OT OTAEIbHON MaKpOTPEILIUHBL U OT CUCTEMBbI
TpewmuH paccmarpusaiu [Fang et al., 2010; Zheng et al.,
2011] Hecmotps Ha onpeJelicHHbIE Pe3yIbTaThl, B UX Xa-
PaKTEepHUCTHUKE CIeAyeT OTMETUTb U PsiJl OrpaHUYCHUl, a
HMMEHHO: BOJHOBBIE OTKIIMKH PacCMaTPHBAIUCh Kak 00-
JIAKO PacCEsHHOHU SHepruy, a He KaK Cylnepro3uuus KOH-
KPETHBIX BOJIH; M OOLIMM JUISl BCEX BBIIIE YIOMSHYTBIX
paboT SIBJISICTCS aHAIN3 3aMUCeil TONBKO BEPTUKAIBHON
(Z ) KOMIIOHEHTBI.

B cepuu pabor [Jlessut u ap., 2011, 2012, 2013] Ha
OCHOBE UCIIOJIb30BAHUS OPUTHHAIBHOTO CETOUHO-XapaK-
Tepuctuyeckoro merona [Ilerpos u ap., 1990] nBymep-
HOT'O YUCJICHHOTO MOJICJIMPOBaHUsI IPUBEICHBI PACUCThI
BOJIHOBBIX I0JI€H, (JOPMHPYEMBIX HAa CUCTEMAX MaKpo- 1
ME30TpPELIMH NIPU MIXPOKON Bapualluy apaMeTpoB Tpe-
IIMHHOCTH Y IIPH PA3JINYHBIX peKUMax (IIonoHackIIIe-
nus. [Ipu 9TOoM 00ecrneunBanocs pa3aenbHOe OMHCAHNE
Ka)XJI0H TPEeUIMHbI, 3a/laHie TPAHUYHBIX yCIOBHI Ha UX
[IOBEPXHOCTAX U OYECHB BBICOKOE, OIM3KOE K peaIbHbIM
IITU HOPSIIKAM, COOTHOLICHUE BBICOThI U PACKPBITOCTH
(TonmuHbl) MakpoTpeluH. I1o pesynbraTaMm 4UCICHHOTO
MOJIENINPOBaHHUs ObLT YCTaHOBIICH (akT GpopMUpoBaHHs
0OMEHHBIX IU(ParupOBAHHBIX BOJIH OT KOHIIOB CyOBep-
THKaJIBHBIX TPELIMH — KaK OT OJMHOYHOH TPEIIUHBI, TaK
U OT CUCTEM TPELIMH. ABTOpAMU CJieJIaH Ba)KHBII BBIBOJ
0 HEepCHEeKTUBE OOHAPYKEHHS U AUATHOCTUKH TPEIINH-
HBIX CUCTEM Ha OCHOBE UCII0JIb30BAHUS OOMEHHBIX JIU-
(parupoBaHHBIX BOJIH IPU PETUCTPALUN X-KOMIIOHEHT
3aIlUCH.

H.A. Kapaessim ¢ coasropamu [2008a,6, 2010] npen-
JI0)KEHA HOBAsl TEXHOJIOTHSI 00EMHOT0 (PH3UIECKOro MO-
JIeJINPOBAHUS, OPUTUHANBHOCTh KOTOPOH 3aKIrouaeTcs B
BO3MOXXHOCTH BOCIIPOHM3BEACHHs (pparMeHTapHbIX IOPO-
BO-TPEIIUHHBIX CUCTEM C I'MJPaBIUYCCKON CBA3BIO U C
HarepeJ| 3aJJaHHbBIMU NTapaMeTPaMH TPELUH U I10p pu
Pa3IMYHBIX PEXKUMAX ra30- U (GIIOUT03aNOTHEHUS MEXK-
[IOPOBOTO ¥ TPELIMHHOTO IPOCTPAHCTB. [ J1aBHas 0coOeH-
HOCTb CO3/IaHHOH TEXHOJIOTUU MOJCIUPOBAHUS COCTOUT B
TOM, 4TO Ha 0OBEMHOIT TBEPJOTEIBHOI COCTaBHOH (H3H-
YECKON MOJIENH C ()parMEHTapPHBIMU MOJISIISIMU BO3MOXK-
HbI TECTUPOBAHHUE U ONTUMH3ALUSA COBPEMEHHBIX 2D 1
3D cOBpEeMEHHBIX CEHCMUYECKUX TEXHOJIOTUH, IPUMEHS-
€MBIX [IPU U3yYCHUH TPEIINHHBIX CUCTEM, HMUTUPYIOMINX
KOJIJIEKTOPBL YIIIEBOAOPOL0B. MOIe/IbHBIMH UCCIIEI0BA-
HUSIMU 110 OTHOILEHUIO K TPaJULIMOHHOMY METOAY IIpo-
JIOJIBHBIX OTPAaXKEHHBIX BOJIH YCTAHOBJICHA BBICOKAsI MH-
(OpMaTUBHOCTH METO/IA ITONEPEYHBIX BOJIH IPH JIOKAJIH-
3allUM U JUarHOCTUKE TPEIIUHHBIX U IOPOBO-TPELIMHHBIX
CHUCTEM.

Jlns perieHus psja METOA0JIOIMYECKUX BOIIPOCOB
BECbMa IEPCIEKTUBHBIM IIPEACTABIIACTCS IPOBEICHUE
ceilcMU4ecKOro MOAEIUPOBaHUS IIyTEM COUYETAHUSA METO-
JIOB YHCJIEHHOTO M (pM3UYECKOTo MojenupoBanus. B cra-
The NPUBEJICHBI IEPBbIC PE3yIbTaThl KOMOMHUPOBAHHUS
METO/IOB, KaK IPU M3y4EHUH OCOOCHHOCTH BOJIHOBBIX I10-
nel, GOpMHUPYEMBIX LEJIEBEIMHU TPEIHHHBIMU 00BEKTa-
MH, TaK 1 IIpH 000CHOBAaHUY NPU3HAKOB OOHAPYKEHHUS U
JIMarHOCTHKY B 110JIe 0OMEHHBIX OTPa’KeHHBIX BoJIH. Ha
[IEPBOM JTalle [NIaBHOH 3ajaueii ABIAI0CH IOJTBEPIKIC-
HHe (U3NYECKUM MoenupoBaHueM Y(G(HEeKToB, BbISIB-
JICHHBIX MaTEeMaTUYECKUM MOJICIUPOBAHUEM IIPU U3yUe-
HUM MaKpOTPELIUH, U IOUCK IPUEMOB UX NPAKTUYECKOr0



HCII0JIb30BAHUSL.
UNCJIEHHOE MOJIEJIMPOBAHUE

(OCHOBHBIE Pe3yIIbTAThI)

HccnenoBanusiMu, IPOBEIEHHBIMU METOJOM YHUC-
JICHHOI'O MOJIECIMPOBAHUS CEHCMUUECKOI0 OTKIIUKA OT
€AMHUYHON MaKpPOTPEIIUHBI, OJIM3KOH K BEPTUKAJIH, 110-
Ka3aHO, YTO OCHOBHasl MH(MOPMALHUs O HOJIOKESHUH Tpe-
IIMHEI B pa3pese CBsi3aHa ¢ JU(parupoOBaHHBIMH BOJIHA-
MH OT ee KOHIOB (puc. 1, a) HecyT HH(OPMAIHIO O Heil
Ha JTHEBHYIO IOBEPXHOCTb. IIpoBeieHHbIC UCCIe10BaHUS
OBLIH MOJIOXKEHBI B OCHOBY M3yUYCHUs CEHCMUYECKOTO OT-
KIIMKA OT CUCTEMbI CyOBEpTHKAIbHBIX MAKPOTPEILUH, C
KOTOPBIMU CTAJIKHBAIOTCS IIPU Pa3pabOTKe He(Tera3oBbIX
pe3epByapoB. Y CTaHOBIICHO, YTO OCHOBHAsI HH(OPMAIIUs
0 [OJIOXKEHUU U CTPYKTYPE TOPU30OHTAIBHOMN CHCTEMBbL
(xyactepa) cyOBEpPTUKAIBHBIX OJHOHANPABICHHBIX MAK-
POTpEIIKH CBsA3aHa C II0JIEM PACCESIHHBIX BOJIH, B COCTaBE
KOTOPOTO BBISIBJICHBI OOMEHHBIE U(PAarupOBaHHBIC BOJI-
HBI, U3]Iy4aeMble OT KOHLIOB TpeuuH. CylleCTBEHHbIM
(hakTOpOM IIpH ITOM sIBJIIETCsl HAOII01aeMast 3aBUCH-
MOCTb SHEPIeTHUECKUX XaPAKTEPUCTHK PACCESIHUS OT
¢unrononackIeHus TpeuH. [Ipy HaChIeHNH TPeUH
¢uronamMu 0OMEHHBIN QPOHT paccesHUs CYIECTBEHHO
HUHTEHCHBHEE IIPOO0JIbHOIO, IPU Ia30HACHIILEHUN OH He-
CKOJIBKO citabee. OTMedaeTcst Takxke, 4To (POPMUPOBAHUE
(GpoHTa paccessHHBIX 0OMEHHBIX BOJH (Ha X-KOMIIOHEH-
T€) OT 30HbI TPEIIUH JOCTATOYHO YCTOHUUBO B LIMPOKOM
Jliana3oHe 3HaUYCHUI UHTEPBAJIOB MEXKAY TPELIUHAMU,
IIPU YMEPEHHBIX YPOBHAX HEPOBHOCTU (CTYIEHYATOCTH),
a TaKk)Ke JUCIEPCUM UHTEPBAIOB MEXy TPCIUHAMU U
yrjlaMu MX HakjIoHa. @opMHpOBaHE BOJIHOBBIX (POH-
TOB, (POPMHUPYEMBIX KJIACTEPOM, CBS3aHO C P HEeKTOM
HAaJIOXKEHHUS PaCCEeSHHBIX (IU(parupoBaHHbIX) BOJIH OT
cepuy MakpoTpelyH ki1actepa. [lpu nagenuu Ha Makpo-
Tpewmuny (¢ HeOOJIBIIUM OTKJIOHEHHEM OT BEPTUKAJIH)
KOHI[CHTPHYECKOTr0 (PPOHTA TOUEUIHOTO UCTOUHUKA HAO-
JIIOAI0TCSI 3HAUUTEIbHbIC PA3IMYMsl KHHEMAaTHUCCKUX U
JTMHAMUYECKHUX XapaKTePUCTUK JU(ParupoBaHHBIX BOJH,
HaOJII01a€MBbIX 110 pa3Hble CTOPOHBI OT IIyHKTa BO30YKae-
HUsl, KOTOPBIE BO3PACTAIOT C YBEIUUCHHUEM yIjla OTKIOHE-
HUSl TPELIKH OT BEPTUKAIIU.



