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[lokasblBaeTca Hanuune orpaHnYeHnin B BENUUMHE MHTEPBAIbHOTO BPpEeMeH! none-
peyHoit BonHbI (ATs) B HEdTSIHBIX CkBaXkuHAX. MakcumarnbHO BO3MOXHOE 3HaYeHue
ATs ouenviBaetcs B 1100 mkc/m. MpUBOANTCS CpaBHUTENbHLIN aHanuU3 pesynsTaTos
13MepeHuin nprbopamu BeayLLMx 3apyGexHbIX hUPM 1 OTEYECTBEHHBLIM NPMBOPOM
ABAK. lNokasaHo, 4To NOHVKEHME YacTOThl AUMNOTILHOMO U3MYYEHUS U NPUMEHeHNe
NPYEMHON aHTEHHbI HE Aal0T NOMOXUTENIBHOrO adheKTa B pacluMpeHnn auanasoHa
naMepsieMbIx 3HavyeHun ATs.

KnroueBoie cnoBa: dunonetbli akycmuyeckul kapomadic, ynpyaue BoHsl B ckBaxcuHe,

usmeperue napamempoB nonepeyrol Bosmrbl, annapamypa BoaHoB020 aKYCMUYECK020
Kapomadxca.

Kparkaa uctopus metopa

Pemenne MEHOrUX 3a71a4 B HEPTIHBIX CKBRXXHHAX CBSI3aHO C OIpeere-
HHUEM JUHAMHYECKUX MOIYJIEH yIPYyTrOCTH TOPHEIX mopox (casura, FOHra,
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obwemuoro cxxarus, kodddunuenrta Ilyaccona). Jlnsa onpeneneHus STUx
BRKHBIX MEXaHHYECKUX [apaMeTPOB TOPHBIX MTOPOA HEOOXOAMMO 3HATh
BCETO TPY re0PU3NICCKUX MapaMeTpa: 00bEMHYIO ITIOTHOCTh U HHTEPBaJIb-
HbIC BpeMeHa MPOJOIbHOM U monepedHor BoiaH. O6beMHas IIOTHOCTE U
HHTEPBAIBHOE BPEMs IIPOI0JIBHOM BOIHBI JABHO M YCIICITHO U3MEPSAIOTCS
pamuoaktuBHEIM (I'TK-I1) m akyctuaeckum (AK) meromamu. I'opasno
boJiee CIIOXKHOM 3amadeii 0Kka3anoch U3MEPEHUE HHTEPBAILHOTO BPEMEHHU
ITOIIEPEYHOM BOJIHEI. JI€J10 B TOM, 9YTO Ha HA9aJIbHOM 3Tare Pa3BUTHS aKycC-
THYECKOTO METOa MPUMEHSIIIUCH TOJIBKO MOHOIIOIBHBIE U3MEPUTEIBHBIE
30uaBI. [Ipr MOHOITONBEHOM cITOco0e BO3OYXXKIECHUS YyHPYTUX KojeOaHui
B CKBaXXHMHE TTOTIEPEYHAs BOJIHA BCTYIAeT IOCJE NPOJOJIbHON BOJHEL U
HAaXOIWUTCS B 30HE MHTephEpeHIIUN C MPOAOILHON U ITOBEPXHOCTHHIMU
BOJIHAMM, HA3BIBAEMBIMHU TICEBIOPIIIECBCKUMU WU OTPaKEHHBIMU KOHH-
yeckuMH. J1J1s1 BEIEIeHUS ITaKeTa OIepeYHOH BOJIHEI B 00111el BOITHOBOM
KapTHHE MOHOTIOJIBHOTO 30HAa pa3pabaThIBAINCH PA3IHYHEIE CIIOCOORI.
Haubonpmnii ycmex mpuiencs Ha Coco0 HaKOIUIEHUSI KOTepEeHTHBIX
KojebaHuil ¢ MOMOIIBI0 MHOTOKaHAJIBHOH aHTeHHOH pemerku [15]. B
aKyCTHYECKOM KapoTa)ke OJUH M3 BapHAHTOB 3TOr0 CIIOCO0a IMONYYUIT
unasauue STC (Slowness-Time Coherence) [10]. OToT cioco6 6sL1 TpU-
MeHeH K 00paboTke JaHHBIX IHU(POBOrO0 MOHOIIONBHOTO IpHbopa Array
Sonic ¢upmer Schlumberger, U3MepUTENBHBIN 30HA KOTOPOTO COOEpkKall
MPUEMHYIO0 aHTEeHHY M3 BOCBMH PaBHOMEDPHO PaCIIOJIOXKEHHBIX BIOJIb
OCH 30HIa NMPUEMHHUKOB. OIHAKO Nake IPUMEHEHUE CIOXHBIX CHCTEM
HaOIroneHns (30HI0B) U CIIOCOOOB 00pabOTKM JAaHHBIX HE IO3BOJISIO
MPOU3BOIUTH IPSIMOE M3MEpeHHe MHTEPBAJILHOIO BPEMEHH MOIEepeyHOH
BOJNHEI (AT5) B HU3KOCKOPOCTHBIX I'€0JIOTMUECKUX pa3pesax, korna Alg >
AT,, tnme AT, — uHTEpBaIbHOE BpEeMs NPOJOJIBHBIX KOJIeOaHHH B IIpO-
MBIBOYHOM KHUIKOCTH. J[JI1 9TOr0 MCIOIB30BaAIM KOCBEHHBIH cIOCO0 Ha
OCHOBE COOTHOIIIEHHSI MEXy WHTCPBAIHHBIMU BPEMEHAMU IOIEPEIHOMH
U MOBEPXHOCTHOM BOJHBI CTOYHJIHM B €€ HH3KOYaCTOTHOM Iipeneine [4].
OOBIYHO HM3KOYACTOTHYIO BONHY CTOYHIIM Ha3bIBaJId TPYOHOH BOJHOM.
Takoe ompezeneHue ObUIO BECbMa HETOYHBIM U HE IOJYYIHIO IIMPOKOTO
MPUMCHEHHS B TPOMBICIIOBO# reoH3nKe, IIO3TOMY ITOUCKH crioco0a mpsi-
MOTI'0 M3MEpPEHUS MapaMETPOB MMOMEPETHON BONHBI MPOAOIKATIUCE. Y alT
(J. White) mpeamoxuil HCIIOIb30BaATh IPOTUBOIIOI0KHO PACIIUPSIOMNECS
(IUTIONBHEIE) DIEKTPOAKYCTUYECKHE NPeoOpa3oBaTeny, MOJ0XKUB TEM
caMBIM Ha4aji0 HOBOMY METOJy, U3BECTHOMY KaK IHUIOJIbHBIA aKyCTHU-
geckuit kapotax [20]. [TepBoe coobmeHne 0 MPaKTUIECKOM IPUMEHEHUU



64 Pesynsmamei uccriedogaHull u pabom y4eHbIX U KOHCMPYKMOopo8

METOJa IIPSIMOT0 M3MEPEHHUsA CKOPOCTH IIONEPEYHON BOJIHBEI B “MATKUX”
TOPHBIX IMOPOAAX C UCHIOJIB30BaHUEM KapOTaXHOTO 30HAA C TUITOIbHBIMU
npeobpaszoBarensimu otHOcHTCs K 1980 1. [11]. Emre HECKOIBKO JIET 1IIa
WHTCHCUBHAS pa3paboTKa TEOPHH METONa U U3TOTABIMBAIKCH OIIBITHBIC
00pa3ubl CKBaXXUHHBIX pubopos [1, 12, 24]. TlosBuics mnepBblil B MUpE
pUOOP C AUTOTBHBIM 30HI0M T HeGTAHBIX ckBakuH SWAL (Shear Wave
Acoustic Log) dupmbr Mobil [24]. B 310 ¢ BpeMs ObLTH HU3TOTOBJICHBI U
onbITHBEIE 00pa3usl mpubopa ABAK B coBerckom mHCcTUTyTe BHUT' UK,
vEiHEe OO0 “Hedrerasreodusuka”. (IIpoMBIIUIEHHOE OCBOCHHE allapary-
PBI B CHITy 00IIIECTBEHHO-COIIMAIBHBIX IIPE00pa30BaHU B CTPaHE HAYAIOCh
necatwieTueM nosxe [1].) B Te roasl AUMIOIBHBIE U3MEPEHUS B HEDTIHBIX
CKBa)XMHAaX IPOBOIUIVCH B OCHOBHOM B HAYUYHEIX IIENAX, IIOKA HE IO-
sBUJIach komMMmepueckas anmaparypa DSI (Dipole Sonic Imager) gupmst
Schlumberger [21]. CkBaxxuHHBIH TprOOP comepkall OpUTrHHATHHBINA 30H]T
C IBYMS CKPEIICHHBIMHU TUIOIbHBIMY H3TyUaTeIIMU U IPHUEMHOM aHTeH-
HOH W3 BOCHMH DIIEMEHTOB, IO YEThIPE MbE302TEKTPUICSCKUX IPHEMHHKA
B KaxaoM. IlppyeM nmpuHUMaeMBble CHUTHAIIBI MOTIIH JTU0OO CKJIaABIBATHCS
IIpY MOHOIIOJILHOM BO30YKICHUY YIPYTUX KoleOaHUil B CKBaXXuHe, TH00
TIONApHO BBHIYUTATHCS IIPHU AUIOILHOM BO30YyXIeHUHU, GpopMupys Habop
BOJHOBEIX KapTHH KPOCCOUMOILHOrO 30Hma. DSI 61 Takke cHabxeH
IporpaMMHEIM oOecnedyeHueM 00pabOTKH MHOTOKaHAalIbHBIX NaHHBIX.
Brina pazpaboTaHa U TeOpeTUYECKass OCHOBA IUISl PEUICHUS PSAOa CIICLIH-
(¢uueckux 3a7ad, TaKUX Kak OMPEICIICHHE a3UMyTaIbHOW aHU30TPOIUHU
IIOPOJ, HallpaBJIEHUs HaNpsH>KeHUH U np. PacimmpuBninecs BO3BMOXHOCTU
aKyCTHUECKOT0 KapoTaxka ISl PeIIeHHs 3a1ad He(QTeIPOMBICIOBOH Te0-
JIOTHH BBI3BAJIM BHICOKHMI HHTEpeC y HEQTIHBIX (PUPM, YTO IIOBHICHIIO
KOMMEPUYECKYIO IpUBIIEKAaTeIbHOCT, HOBOTO MeTtoaa AK. Ilpubops
aHaAJIOTUYHBIE, a 3a4acTyl0 MOJHOCTBIO moBTopsoniue DSI, nmogsunuce
HE TOJBKO y Beaymux amepukanckux pupm XMAC (Baker) [23], LFDT
(Halliburton), Ho 11 y oreuectBeHHbIX: BAK-8 (TatHedrereodpnsmuka) u ap.

K Bonpocy o mMakcumanbHbiXx 3HaYeHWSIX WHTepBaNbHOro
BpeMeHHW Nomnepe4yHOW BOJIHbI B NMOpPOAax, BCKpbiBaeMbIX
He(TAHOW CKBa)KMHOM

HOCKOJILKy OCHOBHO€ IIPpE€AHa3HAYCHUEC IHUITOJIEHOM AKYCTHKH — U3ME-
PEHUE UHTCPBAJIBLHOI'O BPpEMEHU nonepetmoﬁ BOJIHBI B HU3KOCKOPOCTHOM
pas3pese, OMHUM U3 OCHOBHBIX nokazarejieu anmnaparypel IBJISIETCS AUalla3OH
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HU3MEPSEMBIX IIapaMeTPOB MONEPEIHON BOIHEL. HEKOTOpEIE IPOU3BOIUTENH
CKBa)XWHHBIX NMPHUOOPOB B CBOMX KaTajorax IPHUBOAST 3HAUEHUsI HHTEP-
BaJIBHOTO BpeMenu momepedHoi BoHbI AT > 4000 mxc/m [8, 19, 23].
Takue mokaszaTedu ammaparypbl TUIIOIBHOTO aKyCTHYECKOTO KapoTaka
(upMbI OOBACHAIOT MOHMKECHUEM JaCTOTHI M3y JeHUs JUIIOIBHOTO U3Iy-
garens 10 1-2 x['y BMecTo 3—5 [y y IPEaNISCTBYONIUX MOAU(bUKAIIHI
u 3pdPexTHBHOCTRIO TTpUeMHBIX aHTeHH [17]. [TombrTaeMcs pa3odparbes
B 3TOM BOIIPOCE C TOYKHU 3PEHHUSA TEOPUH METO/1a U MPAaKTUIECKOIO OIBITa
MIPOBEICHUS] H3MEPECHUI B HETEra30BhIX CKBAKUHAX.

B3anMocCBsA3bp MHTEPBAJbHBIX BPEMEH IIONEPEYHON BOJIHBI M BOJHBI
Croynnu omnuceiBaeTcs dopmynoit buo. Ha 3TomM ocHOBaH crocol BBI-
YUCIICHUS] UHTEPBAJILHOIO BPEMEHH MONEPEYHON BOIHBI 110 U3BECTHOMY
WHTEPBAIFHOMY BpeMeHM BOJHBI CTOYHJIM, UCIOJIB30BABIIMICS B 3MOXY
MOHOTIOJIBHBIX 30HIIOB [2, 6, 14]. ®opMyia brio B HHTepBaIbHBIX BpEMEHAX
BBITVISITUT CIIEAYIOIIUM 00pa3oMm:

ATg, = AT, - [1 + o4/ - (ATs/ATH)*]"? €))
WJIH, €CJIU BRIPOKCHHUE B CKOOKAX MPEICTaBUTH B MOAYISIX YIPYTOCTH,
AT, /AT, = [1 + (KIG)]Y2,

rne AT, — dazoBoe nHTEpBaIbHOE BpeMs BoNHBEI CToyHIH (TpyOHON);
ATy, — vHTEpBaIbHOE BpeMs B IPOMBIBOYHOM kuakoctu; ATy — UH-
TEepBaIbHOE BpPeMs IOMEPEYHOIN BONHEI, 6 — 00bEeMHas MIOTHOCTH
TOPHOW MOPOJEI; Gy — 00beMHas IJIOTHOCTh IIPOMBIBOYHON JKUIKOCTH;
Kf=0,/AT,* — MOTyIb 00BEMHOIO CXaTHs IPOMBIBOYHOM XKUAKOCTH; G =
o/ATg* — MOIyY/b COBUTA TOPHOM TTOPOJIBL.

Ota dopmyna cupaBeqIuBa s JIIOOBIX 3HAYCHUA OTHOIICHUH TUIOT-
Hocteil 1 ko dunmenTor [lyaccona [4]. Ko2oa uccnedyromces napamempol
NOBEPXHOCMHBLX BOJIH, HEOOXOOUMO UMEMb 8 8UADY, YUMo OHU 0braddaiom
uacmomuol oucnepcuell CKopocmu, mo ecmsv ux ¢azosvie u 2pynnoguvle
CKOpOCMU PA3IUYAIOMCSl, NPUYeM MO pa3iudue 3a8Ucum Om Yacmomel.
YV 0b6vemuvix 60H, K KOMOPBHIM OMHOCUMCA NPOOONbHAA, YACMOMHAA
oucnepcust OMCymcmeyem, mo ecuv Pazoeas u pynnosas CKOpoCmu 00u-
Haxosvie. [Ipakmuyuecku 3mo 6blelA0Um KaKk COXpaHenue Gopmuvl nakema
Konebanull npu yoaieHuu om usiydameins. ¥ noeepxHoCcmHubix 601H oopma
nakema uzmensiemcsi. I3 dopmynsl (1) cnenyert, 9To pazoBoe UHTEPBAIb-
HOE BpeMs TPyOHO# BOJHBI 3aBHCHUT OT IBYX ITapaMETPOB — YIPYTOCTU
MPOMBIBOYHOM KXUIOKOCTU Kf M MOIyMNs CIBUIa Ha CTEHKE CKBAXKHHBI G.
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B peanbHBIX ycIOBHSIX HHTEPBAIBHOE BpeMs BOJHEI CTOYHIIN, KOHETHO,
3aBUCHUT U OT JAPYTHX (PaKTOPOB, TAKUX KAK JUAMETDP CKBAXKHUHBI, HAJIH-
4Yre NIMHUCTOM KOPKHU Ha CTeHKE CKBa)XKHUHBI U Ip. [3, 5, 6, 14]. OxgHako
IIpH JUIMHE BOJHBI MHOTO OOJbIIEH AUamMeTpa CKBa)KHHBI, TO €CTh KOTrna
BoHa CTOYHJIM MOXET paccMaTpHUBaThCA KaK TpyOHas, Bce (aKTOPHI 1O
CBOEMY BIIMSHMIO Ha U3MEHEHHUE HHTSPBAIHHOTO BpeMEeHH BOJIHEI CTOYHITH
Ha NOPAIKH yCTyHaloT IapaMeTpam, BXoIamuM B gopmyny (1). bomee
TOro, B HU3KOCKOPOCTHBIX paspe3ax, xorma ATy > AT,, uHTepBaAIbHOE
BpeMs TPyOHOH BOJHBI YyBCTBUTEJIIHLHO K M3MEHEHHIO MOIYJIS CABHIA U
COOTBETCTBEHHO B3amMHas koppeisnus AT, u ATy BecbMa TecHas [6].

H3BecTHO, uTO Kak TpyOHas, Tak W MONEpPEYHAsi BOJIHBI CYIIECCTBYIOT
TOJIBKO B TOM ClIy4ae, KOTJa OKpYy>KaroIliasi CKBaXXHHY Cpela HMEET CABUTO-
BYIO YIPYTOCTh, TO €CTh Moaynb caura G > 0. Ilpu sTom TpyOHas BoiaHa
HMMEET YACTOTHYIO TUCIIEPCHIO HHTEPBAIHHOTO BPEMEHH, H3MEHSOIIETOCS
ot AT, Ha BbIcOKHX gacToTax a0 AT,/0,7 mpu HyneBoil gacrore. Eciau
OKpYy’Karolas cpefia o4eHb “‘Markas’, To ectb ATg > AT,/0,7, To TpyOHAs
BOJIHA OBICTPO 3aTyXaeT u3-3a pacxoxaenus pponta [5]. OHa He HabIIO-
JaeTCs y’Ke B HECKOJIBKHX CAaHTHMETpax OT u3iyyareis. Takum obpasom,
3HauE€HHE UHTEPBAJIHFHOIO BPEMEHH IOIEPEYHOH BOJHEI, IIPH KOTOPOM B
CKBa)XKMHE MOXET Halirogarses TpyOHas BOJHA, PaBHO

ATg < ATp/0,7. 2)
VuuteiBasi, 4To 3HaueHHe AT, B CKBaOXXHHE IMPAKTUYECKU HE OBIBACT
6omnee 650 mxc/m (MHTEPBAIBLHOE BpEeMsl POIOJIBHBIX KOJICOaHHH B TIpec-
HOH Boje IpH aTMoc(epHOM IaBlIeHUM), U3 GopMymsl (2) cieayer, 9To
ATg < 930 mrc/m.
O6parumcs k ypaBHeHuro (1) u mpencrasum ero B dhopme, yaoOHOMN
JUIsL aHallu3a COOTHOINEHUY MHTEPBaJIbHBIX BPEMEH:!
(ATs, /ATg)* = o¢/c + (AT,/ATs),
WM, IPUHUMas BO BHUIMaHUE HEPAaBEHCTBO (2), MOXKHO 3aIMCaTh
(AT, /AT)? > o4/c + (0,7)% 3)

ITockonpky oTHOIIEHNE OOBEMHBIX INIOTHOCTEH B pPeaIbHON CKBaKUHE
06p19HO He MeHee 0,5, To ecTh 6y/c > 0,5, monyyaeM

ATg, /AT > 1, unmu ATg, > AT, %)

CJIGJIOBaTGJII:-HO, 00€e BOJIHEI (HOHCpC‘IHaH B CUTHalIax JUITIOJIBHBIX
30HIOB U CTOyHHI/I B CHTHAJIaX MOHOIIOJIBHBIX SOHHOB) MOTr'yT Ha0Ir0-
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IaThCS TOJIBKO B TeX MOpOAaX, INle UHTEPBAIBHOE BPEMs IOIEPEUYHOM
BonHBl ATg < 930 mrc/m. B cydae eme Oonee “MATKUX™ TOPHBIX IIOPOJ
BonHa CTOyHIIM mcYe3aeT B BOJIHOBOM KapTHuHE. BO3MOXHOCTE H3Mepe-
HUSI TaPaMEeTPOB MONEePEeYHOH BOJHBI IPH 3HAYEHHUAX €€ HHTEPBAILHOTO
BpeMeHu OONBIINX, YeM Y TpyOHOI BONHBI H3-3a CIUIIKOM HHU3KOIO 3Ha-
YeHMsI MOIYJISI CIIBUTA, TAKXKE OTCYTCTBYET. TakuM 00pa3oM, peeabHoe
3HaYeHMe IS WHTEPBAIHHOTO BPEMEHU MOIEPEYHON BOIHBI U BOIHBI
Croymnu paBuo 930 mxc/m (npenenbHO MaKCHMMallbHOE 3HaueHue). Bo
BCEX PEaNbHBIX TOPHBIX MOPOIAaX MHTEPBAIBLHOE BPEMS TPYOHON BOJIHEL
6oJIBIIIe WHTEPBAILHOTO BPEMEHH IOIlepedyHOol BONHEL. C yuyeToM TOro
YTO TOTepedHast BoyiHa ¥ BoIHA CTOYHIM UMEIOT Pa3sHYyIO IOISIPU3ALIMIO
[12, 14] u npuHMMas BO BHUMaHUE HaJHYHe aHHU30TPOIIMH B IIOPOJE,
MOYXHO JOIIYCTHTh MOTPEHIHOCTh B OICHKE MAaKCHMaJbHOTO 3HAYCHMA
HMHTEPBAILHOIO BPEMEHH IOIEPEYHON BONMHBI B mpenenax +100 mxc/m.
TaxuM 00pa3oM, HCXO/Is N3 OCHOBHBIX ITOCTYJIaTOB TEOPUH aKyCTHYECKOTO
KapoTaka, MAKCUMAaJbHOE 3HAUCHUE MHTEPBAIBHOIO BPEMEHU IOIIEpEY-
HOM BOJIHBI, KOTOPOE MOXXET UMETh MECTO B HE(TIHON CKBaXKUHE U OBITH
HU3MEPEHO IYTEM PACIIONIOKECHUS U3MEPUTEIBHON CHCTEMBI (30HAA) B
CKBa)XHMHE, 3aII0JHEHHOM TPOMBIBOYHON KHUIKOCTHIO, HAXOJUTCS BOIU3H
1000 mxc/m u ve npeBocxoaut 1100 mxc/m.

MosxHo HaiiTi 1 Pu3ngeckoe oObsICHEHUE NIPeelia pealbHbIX H3MEPeE-
HU MHTEPBAJILHOI'O BPEMEHH IONEPEIHON BOIHBI. OOIIen3BECTHO, YTO B
0CaI0YHBIX TOpoAax (B KOTOPHIX copaepxkutTca 99% Bcex MECTOPOXKAEHUN
HedTH U Ta3a) MakcuMmaibHas (KPUTHYECKas) MOPUCTOCTH COCTABISAET
oxono 40% [16]. ITpu Gornee BoicOKOM K03(pPHITIEHTE TOPUCTOCTU IOPOAA
TepseT JKEeCTKUIl CKeJleT W IpeBpallaeTcs B CyCIIEH3HUI0, B KOTOPOH He
MOTYT CyIlIeCTBOBaTh Konebanus capura. OIeHnM, Ipu KaKOM 3HAa4eHHH
HHTEPBAIHHOTO BPEMEHHU IOIIEPEYHOH BOJHEI OCaJ0YHAs IIOPOJa MMEET
ko3¢ dunment nopucroctu PALP = 0,4. Bocrionb3yeMcs AJIA 3TOH LENH
W3BECTHBIMHU SMIIMPUYECKUMH YPaBHCHUSMU, CBA3BIBAIOIIMMHU KO3 du-
IHMEHT ITOPUCTOCTH C MHTEPBAIHHBIM BPEMEHEM IIPOJOJbHON BOJIHEI [18,
22], a Taxoke TeM dakToMm, uyTo ko3 PruueHT ITyaccoHa 0canogHbIX TOPOL
v =fIAT{ATp) npaktuuecku He OpiBaeT Oonbe 0,4, To ecth AT/ATp<2,5.

ITon0KKB 3HaYEHNE UHTEPBAIIBHOTO BPEMEHH CKeIeTa mopoabl A p, =
180 mxc/m, a mnacrosoro ¢mrouna ATp, = 650 mrc/m, nomyunm cormac-
HO ypaBHeHmIo Yuumu [22] ATp = ATps - PALP + (1 — PALP) - ATps =
368 mxc/im; ATg < 920 mrc/m.
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ITo ypaBuenuto Peiimepa [11] ATp = ATp, - ATp/[(1 — PALP)? - ATpp+
PALP - ATp,] = 383 mxc/m; ATg < 958 mkc/m.

ITomygaroTcs onmeHKM MakcUManbHOTO 3HaueHust AT IUIS 0CaTqOYHbIX
TOPHEIX IIOPOJI, CONIOCTAaBUMBIE C TeOpeTHIeCKUMU. YTak, MaKCHMaIbHOE
3HAYE€HHUE MHTEPBAIBHOTO BPEMEHU TMOMNEPEUYHON BOJHBI B OCAMOYHBIX
TOpHBIX TIopojax He mpesprmaer 1100 mxc/m. YkaseiBaembie B QUpPMEH-
HBIX KaTajorax 3Ha4CHHs MHTEPBaJIbHOTO BPEMEHHU MOMECPEYHOMN BOJIHEI,
B TPU—YE€THIPE pa3a NPEBBIIIAIONINE TEOPETHIECKOE 3HAYCHHUE, Pa3BE YTO
MOTYT OTHOCUTBLCS K IIapaMeTpaM Cpell, HE CyILIEeCTBYIOLIUX B HedTera-
30BBIX CKBa)KHHaX.

BonHoBoe none AUNOJNIBHOIrO 30HpAA

Hanuume maHHBIX AUIIOIBHOTO 30HA €Ile HE FapaHTUPYET TOYHOE
HU3MEPEHNE MHTEPBAIBHOIO BPEMEHU MONEPEUHOM BOJHEI. Tak e Kak
B BOJIHOBO KapTHHE MOHOIIOJBHOTO 30HIA MPHUCYTCTBYIOT HAKETHI
MMOBEPXHOCTHLIX BOJIH C aMIUIUTYAAaMHM, 3HAYUTEIHHO MPEBOCXOASIIUMU
aMIIUTYABl OOBEMHBIX BOJH, CPEIH BOJHOBBIX IAKETOB IHIIOILHOTO
30HIa PEruCTPUPYETCS MOILHAS u32UbHAs BOIHA, KOTOpPAs COCTABIISET
OCHOBHYIO JOJIIO DHEPIUM PETUCTPUPYEMOM BOJIHOBOU KapTwHBI [12].
W3zru6Has BoHa ABIIIETCS IOBEPXHOCTHOM M, CIIEA0BATEILHO, UMEET Jac-
TOTHYIO JUCIIEPCHIO, OOHAKO B HU3KOYACTOTHOM mpenaene (KOorjga 4acTora
B CIIEKTPE CTPEMMTCS K HYJIO) €€ CKOPOCTh MPHUOIIMKAETCS K CKOPOCTH
[OTMEpeYHOM BOIHEI [9]. DT0O CBOMCTBO M3TMOHOW BOJHBI MCIOIB3YETCS
IUIsL OIIPENIENIEHUS HHTEPBAIbHOTO BPEMEHHU TOMEePeYHO0i BOIMHEL OIHAKO
HAaJ0 UMETh B BH[Y, YTO B CHJY Pa3HOIl IPHUPOIBI 00EHX BOJH CKOPO-
CTH PacHpOCTPAHEHUs UX IAKETOB KOJEOAHUH pa3uduaroTCs, U BEChHMA
CYIIECTBEHHO, IIPUYEM CKOPOCTHh M3THMOHOW BOJIHBI MEHBIIE CKOPOCTH
[OTIEPEYHON BOJHEI M 3aBUCHUT OT 4acTOTHL. CKOPOCTE pacipoCTpaHeHUs
IIOIIEPEUHO BOJIHBI OIIPENEISIETCS MOAYJIEM CIIBUTA ¥ 00BLEMHOM IIOTHOC-
THIO MaCCHBa FOPHOM IIOPOJBI, CKOPOCTh ITaKeTa M3rHOHOMN (MOBEPXHOC-
THOM) BOJIHEI 3aBHCHUT OT T€X )K€ MMapaMeTPOB Ha CTEHKE CKBaKHHHI. Ha
puc. 1 mokasana ¢popma BOTHOBOH KapTHUHBI AUIOIBHOTO 30HAa. [lepBrie
(assl IpenCTaBIAIOT KojaebaHus monepeynoi Bonuel. Kone6anus ¢ ami-
TUTyaaMu OONBINKMMU, Y€M aMIDIUTYIB KONEOAHW MOIepeYHON BOIHEI,
NPENCTABILIIOT U3TUOHYIO BOJTHY.

ITokasannas Ha puc. 1 dopMa CUTHATIOB AUMTOILHOTO 30HIA [TO3BOJISAET
JUIsSL I3MEPCHMS ITapaMETPOB PACIIPOCTPAHEHUS IIONIEPEUHON BOTHEI TIPHU-
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Puc. 1. TunuyHas dopma BOMHOBBLIX KAPTUH AUMNONbHOro 3oHaa. OBanamu Bbige-
neHbl konebaHusi, 06ycnoBneHHbIE BOMHOM CABUIa, TO €CTb NonepeYyHolr S-BonHOM.
MpsimoyronbHukamu 0603HaYeHbl konebaHnst N3rmbHOM, MOBEPXHOCTHON BOSHbI

MEHHUTH pa3JINYHBIE CIIOCOOBI 00pa0OTKM NaHHBIX (BOJHOBEIX KapTUH B

nudposoMm Buze). CyImecTBYIOT JBa MPUHIMITHAIBEHO PA3IHYHBIX CITOC00a

OTIPEIeNICHHS HHTEPBAJILHOTO BPEMEHH ITOTIEPEYHON BOJIHBI 10 BOTHOBBIM

KapTHUHAM [IUIOJIBHBIX 30HIOB.

1. Ilpsmoe mu3MepeHHe Mo IepBBIM (pazaM KosebaHHH. DTOT crmocob
JlaeT HEIOCPEICTBEHHO MHTEPBAIBHOE BPEMs IOIEPEYHOH BOJHEI U
He TpeOyeT KOPPEKTHPOBOK, XOTSA MHOTJA MIPUXOAUTCS UMETh HEJO C
HEBBICOKHUM OTHOILIEGHHEM curHai/mym [7].

2. IlyreM BBIYHCICHHUS MHTEPBAJIBHOTO BPEMEHH HHU3KOYACTOTHOTO IIpe-
Jlea U3TUOHBIX KOJIeOaHNH, TO €CTh HHTEPBAIBHOE BPEMSI ITOTIEPEYHOM
BOJHBI OIIPEAEISIETCS Yepe3 MHTEPBAIBHOE BPEMs MOBEPXHOCTHOMN
BOJIHEI [9]. B 3TOM ciyuae MpoM3BOAUTCS CIEKTPAIbHBIN aHAIN3 BCEH
BOJIHOBOM KapTUHBI ¥ CTPOUTCS JUCIIEPCUOHHAS KPUBAS “UHTEPBAIBHOE
BpeMms (A7) — gactora (f)”. DKCTpanoaupyeTcss MOIy4eHHEIH rpaduk
3aBUCHUMOCTH [10 3HAUeHUs YacTOTHI, paBHOU Hymro. OmpeneneHHOe
TaKUM CII0OCOOOM MHTEPBaIbHOE BpeMs IpUHUMaeTcs B kKauecTBe AT,
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DTOT METOJ BeChMa 3aTPaTHBIN 10 BPEMEHU U TIOIBEPIKEH OIMHUO0THBIM

OIICHKAM B YCJIOBHUSIX MaJIBIX aMILTATY]I CHTHAJIOB U IIPU Y3KOM 9acCTOT-

HOM CIIEKTpe KOJIeOaHHi, TOITOMY 0 CUX TOp Ui €ro pealu3aluu

WHTEHCUBHO pa3padaThIBAIOTCsI BCE HOBBIC allrOpUTMEI [13].

Hns peanuzanuu epBoro crocoda J0CTaTOYHO UMETh IPOCTON TpeX-
AJIEMEHTHEIN 30H] U alrOpUTM 00pabOTKH, OCHOBAHHBIN Ha BHIACICHUU
U U3MEPECHUH UHTEPBAJIHFHOTO BPEMEHH IEPBBHIX BCTYIUICHHI BOTHOBOU
KapTUHBL. DTOT CIIOCO0 HaIlea MpuMeHeHue B anmaparype SWAL [7, 21],
OH € ncnonb3oBaH 1 B ABAK.

Bropoii criocob ucmonb3yercs st 00paboTKU JaHHBIX IIMHHBIX 30HIO0B
¢ TIpueMHOM aHTeHHOU. IMeHHO Takasi KOH(QUTypaIus 30H7a TPaKTUKO-
Banachk (pupMoit Schlumberger B anmapatype AK, cymecTBoBaBuIel Ha
MOMEHT ITOSIBJICHUS TUIIOILHEIX cucTeM. 3oH1 DSI nmeet koHpUrypamnuio,
aHAJIOTUUYHYIO 30Hy Array Sonic. [TepBoHauansHO 1 11 00pabOTKU aH-
HEIX JUIOJIBHBIX 30HIOB C aHTCHHOW IPHUEMHUKOB HCIIOJIB30BANICS CIIOCO0
STC c BHeCeHHEeM MOMPABOK Ha TUCIIEPCUIO H3rHOHOM BONHEL. BBUIY TOTO
gro cnocob STC He Bcerma mpurofeH s 00paboTku KojaeOaHUN BOJH
CO 3HAUMTEJIBHOW AHCHEpPCUel CKOPOCTH M YaCTO IPHUBOIUT K HEBEPHBIM
pe3ynbraraM, ObUTH pa3padOTaHbl AITOPUTME], YUUTHIBAIOIINE AUCIICPCUIO
CKOPOCTH MOBEPXHOCTHOM BOJHBI kKak CTOYHIIH, Tak 1 u3rudHoi [9]. Benen
3a [ImrombGepske 3TOT criocod 06pabOTKH JaHHBIX MOJXBATHIN U IPyTHE
(UpMBI, TPAKTUKYIOIIHNE aHATOTUIHBIE 30HIEL.

Taxum 00pa3oM, IPH IIPOBEICHUH JTUIIOJIBHBIX U3MEPEHUH HAJI0 UMETh
B BUIY HE TOJBKO CYIIECTBOBAHHUE MPEACIBHBIX 3HAYCHUH H3MEPSIEMBIX
IapaMeTPOR BOJIH, HO M YUHUTEIBATH BO3MOXKHBIEC OITHOKY IPH IPUMEHEHIUU
aJTOpUTMOB 00PabOTKH TAaHHBIX, KOTOPEIE MOTYT IPUBOIUTE K OIITHOOUHEIM
OIlEHKaM MEXaHWYECKHUX IapaMeTpPOB TOPHBIX TOPOI.

CrnenyeT OTMETUTH, YTO €lle Ha paHHEH CTaau{ Pa3BUTHS METOHa
MIPOBOIMIINCH PabOTHI [0 CPABHEHHUIO ABYX HANPABICHHUH B JHUIIOIEHOM
akycTuueckoM kapotaxe [21]. CpaBHUBaINCh B TOM YHCJIE U CIIOCOOBI
00paboTku nanHbIX. OTMEYaIIoCh, 4TO 002 crioco0a AT COIOCTABUMBIC
pe3yibTaThl, XOTs HCIOJIb30BaBIIniics B To Bpems Meron STC tpebosan
0OJIBIIIE XJIOMOT MO BBEICHHUIO KOPPEKIIMU U3-3a JAUCIEPCHH U3THOHOI
BOJHEL. Takyro KOPPEeKIHIO HeOOXOANMO BBOJUTE HE3aBUCHUMO OT YaCTOT-
HOTO CIIEKTpa H3IydeHus. Jlake mpyu O4eHb HU3KOH YaCTOTE H3JIyUCHUS
(menee 1 x/[y) uHTEepBaIBLHOE BpeMs H3rUOHONW BOJHBI, U3MEPEHHOE IO
(hazam nakeToB KOJIEOAHMIA, OTIIMIACTCS OT HHTEPBAJIHLHOTO BPEMEHH BOJIHEI
MIONIEPEYHO, IpUYEeM HMHTEPBAILHOE BpeMs MeHseTcs OT ¢assl K (asze
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n3-3a yacToTHoil nucnepcuu. CrenoBaTeiabHO, IPUMEHEHHUE aKyCTHYEC-
KOW MPUEeMHON aHTEHHBI aBTOMAaTUYECKU MPEAINoIaraeT UCIOIb30BaHUe
CIIEKTpaJIbHBIX CII0c000B 00pPabOTKN TaHHBIX.

CpaBHUTE/IbHbIA aHaNU3 pe3y/bTaTOB U3MEpPEHHUH

PaccMOTpHUM HECKOJBKO MPHUMEPOB CPABHUTEIBHBIX CKBAXKHMHHBIX
ncnsiTaHui TexHonorun ABAK c¢ anamoramMu BegyIIUX aMepHUKaHCKHUX
¢upM. Pe3ynpraTel H3MepeHHH aMEpHKaHCKUX (UPM IPEIoCTaBICHBI
NIPOU3BOICTBEHHBIMU OPTaHU3aLMsIMU, JJIs1 KOTOPBIX IPOU3BOAUIUCEH 3TU
UCTIBITaHUsA, B TOH GopMe, B KOTOPOI OHU COACPIKATHCh B 3aKIIOICHUAX

bupm.

Kpoccounonvnwtii npubop Weatherford.
Hus3sxockopocmuoii pazpe3z ATq > AT,

OTBETUTH Ha BONPOC, AEHCTBUTEIHHO JIM MOHUKEHUE YaCTOTHI IH-
MOJILHOTO U3ITydaTess U MPUMEHEeHNEe aHTEHHBI U3 BOCHMH IPHEMHHKOB
pacuIupseT [uana3oH U3MEPEeHHsI HHTEPBaJIbHOTO BPEMEHH HOMEePEeIHON
BOJIHBI, ITO3BOJIIOT PE3yJIbTaThl CPABHUTEIBHBIX HCHBITAHUH KPOCCIU-
nosibHOTO ITpubopa pupmsel Weatherford m ABAK-11 B ogHOM U3 CKBaXXHH,
BCKPBIBIIUX HU3KOCKOPOCTHBIE (““Msrkue”) mopoasl. OCHOBHBIC PE3YIBTATh
VCIBITAHUH TIPEeICTaBICHBI Ha pHC. 2.

Kak crenyeT u3 comocTaBlieHUs (a30KOPPEISIHOHHBIX JUArPaMM
(®KJ), Bunumas 9acToTa COABUTOBBIX MO IUIIOJIBHBIX 30HAOB Ipubdopa
Weatherford MmuauMyM B NiBa pas3a Hike, yueM y ABAK (mmpokue TUHUU
B KostoHkax ®KJI munonbHBIX 30H10B). OHAKO B HHTEepBaje 996—1025 u
(nHTEpBaJ OTMEUEH XenToH 3anuBKoil B kosmoHkax MKJI) Ha TUITOIBHBIX
30HJaX 000UX MPHUOOPOB IOTHOCTHIO HCUES3ITH KOJIeOaHus CABUTA, IPHYEM
HA WX MECTE BO3HUKIIH BRICOKOAMILTHTYIHBIE BEICOKOUACTOTHBIE KOIeOaHUs
C MHTEPBAJBHBIM BPEMEHEM, COOTBETCTBYIOIIMM BPEMEHH IMPOJOIbHOMN
BOJIHBI. B 3aKI/II0YEHHUH 110 5TOH CKBa)KMHE OTCYTCTBYIOT JaHHBIE 00 HH-
TepBaILHOM BPEMEHH MOIIEPEUHOI BOIHEI (CHpECHEBAs KPUBasi BO BTOPOIt
KOJIOHKE) M, €CTECTBEHHO, O MOAYJIAX YNPYTOCTH TOPHBIX IIOPOI B 3TOM
¥ npyrux nono6HsIXx nHTepBanax. Pupma Weatherford oOpsacHsaeT 31O
Pa3MBIBOM CTBOJIa CKBaXKHHBI. J[eHCTBUTEIBHO, KpUBasi KaBEPHOMETPHH
(CALI) B mepBoif KOJOHKE MTOKA3bIBAET HAJIUYHE CIIErKa Pa3MbITON CTEHKU
CKBa)KHHBL.






