®U3UKO - XUMUYECKUHA METOJ AETEKTUPOBAHUS HH®PA3BYKOBBIX
IIYMOBBIX OJIEM HE®TETA30BbBIX 3AJIEXKEM J1JIsI MOPCKHX
W HASEMHBIX TPY JHOJOCTYITHBIX PAHOHOB POCCHM.

HNucturyT Ppuznyeckoii xumum u djaekrpoxumun uM. A.H.®pymkuna

Poccuiickoii akaieMuu HayK.

10.B. Cupotunckuii, .M. I'pa¢os, A.1IO. lluBanze

B nacrosiei cratbe paccMOTpeH (PU3HKO-XUMUYECKUI METO] IETeKTUPOBAHHS
WH(PA3BYKOBBIX MTyMOBBIX ToJiei HedTerazorbix 3aiexeit (JLII-meTon) [1], co3manmuio KOTOpOTro
criocoOCcTBOBaI 60IbLION ONBIT, HaKoMIeHHbIH B UDXD PAH B xone ¢pyHIaMEeHTaIbHBIX
UCCIIeI0BAHUM 3eKTpoXuMuUueckux myMmoB. B ocnose JIIIITI-meTona neXUT NpUHLIUI U3BJICUEHUS
MOJIC3HOM MH(OPMAIIUY U3 CITyd9allHBIX BpeMEHHBIX psioB [2]. AIIIT-meron npencrasiseT coboit
MHHOBAIIMOHHBIM METO/I, MpeHa3HAYEeHHBIN /7S IPOBEICHUS CEPBUCHBIX paboT IO MOUCKY U
pasBezke HedTeraszosbix 3anexei (HI'3) B cinoxuelmux npubpexxHbIX pailoHax, TPaH3UTHBIX 30HaX,
a TakKe Ha Ienbde apKTUIeCKUX U JanbHeBocTOuHbIX Mopeil. CymHocTs JAIITT-MeTona coctout B
TOM, YTO MIPOU3BOUTCS PETHCTPALUST MUKPOCEHCMUYECKHX IIIYMOB OKPYKaIOIIEH Cpe/ibl, B KOTOPBIX
HOCPEJICTBOM CIIEKTPATIbHOM 00pabOTKM BBIIENAIOTCS MH(PA3BYKOBBIE IIyMOBBIe u3myueHust HI'3,
00ycJI0BICHHBIE (PU3UKO-XMMUYECKHMU TPOLIECCaMU repexo/a (ironaa B mope (KaBepHe, TPEIIuHE)

n3 KUJKOIro COCTOAHHA B ra3oo6pa3Hoe nu O6paTHO.

KiroueBsle ciioBa: mymoBas ceiicMopasBezika Ha He(pTh U ra3, HeyTerazoBble ClydaiHble
MUKpOCEUCMBI, MHPPA3BYKOBOM JMarna3oH yactot, TexHomoruss AHUYAP, ecrecTBeHHBII

MUKPOCEHCMUYECKUII ITyM, TPYIHOJOCTYIIHBIE PAlOHBI.
BBEJEHUE

HedTs 1 ra3z 3aHUMaloT BeayIee MECTO B TOIUNIMBHOM 0aaHCE M COCTABIISAIOT OCHOBY
COBPEMEHHOT0 TEXHHUYECKOT0 Tporpecca. B HacTosiiee Bpemst He CyIIecTBYeT ajJbTePHATUBHOTO
UCTOYHUKA HEPrUH, KOTOPBIH MOT Obl B OJMIKalIIne JECSITUNETUS] KOHKYPUPOBATh C
YIJIEBOAOPOAMHU 10 JOCTYITHOCTH, 00MINIO, 3p(heKTUBHOCTH 1 6€30I1aCHOCTU. Y CTOMYUBBIM POCT
pa3BeIaHHBIX 3a11acoB HE(PTHU U ra3a SBISETCS OJHUM U3 TJIABHBIX CTPATETHUECKUX (PAKTOPOB

o0ecrieyeHns FJHEPreTUIecKoil 0€30MacCHOCTH CTPAHBI.

Ha nepuon 1o 2020 r. o0CHOBHBIMH TEPPUTOPHUSIMHU IIPOBEICHUS T€0JIOTOPa3BEI0UHBIX

pa60T, CITOCOOHBIMU 00€CIEYNTH BOCIIOJHEHNE MHHepaHBHO-CBIpBeBOﬁ 0a3nl POCCI/II/I, CTaHyT
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MaJION3y4eHHBIC TPYAHOIOCTYITHBIE paiioHbl BocTouH0-CHOMPCKOI TaliTH, a TaKKe pailoHbI menbda

APKTHYCCKUX U JAJIBHCBOCTOYHBIX MOpCfI.

CoBpemenHas reouznyeckas pa3Beaka OTBOIUT 0coboe MecTo paboTam, HallpaBICHHBIM
Ha CYIIECTBEHHOE MOBBIMIEHUE "KOIPPHUIMECHTA YCIISITHOCTH"" TIPHU TPOBECHUH Pa3BEIOYHBIX PadOT
Ha HE(Th U Ta3, UHTCHCU(PHUKAIIMIO OCBOSHHUS MOPCKOTO IIeNb(}a, akBaTOPUH U TPAH3UTHBIX 30H U

CHIDKEHHE TEXHOTEHHOW Harpy3Ku Ha OKPYKAIOIIYIO Cpely.

B nacrosimee Bpemst kak B Poccun, Tak 1 3a py0exoM TOMHUHUPYIOIIUM re0()hu3ndecKuM
METOOM ITOMCKOB M Pa3BeIKH HEPTH U ra3a oCTaéTcs celicMopasBeIKa, KOTOpast, UCTIONb3YsI
UCKYCCTBEHHOE M3JIydeHUE (HaKauKy 3HEPTUU B T€OCPEy) U PETHCTPALMIO OTPAKEHHBIX,
NPETOMIIEHHBIX U PACCESHHBIX BOJIH, ONPEAEISET U KAPTUPYET CTPYKTYPY IIIyOMHHOTO CTPOEHUS

cpelbl, a TAKXKE OXKUJAeMbI€ JIOBYILIKH, B KOTOPBIX MOKET HaXOAUTHCS 3aJI€Kb YIJIEBOJIOPOIOB [3].

HecmoTpst Ha BHeApeHHE B celiCMOpa3BeIke HOBBIX MOAU(DUKAINA, BKIFOUAOIINX
TpEXMEPHOE MOJICTHPOBAHUE, «KOAIPPHUIHUEHT YCIIEIIHOCTY PU OypEeHHH MOUCKOBBIX CKBAYKHH TO-
npexkaemy He npesbimaet 0,5. [Tpu 3ToM 3aTpaThl Ha MOMCKOBBIE PAOOTHI CTAHOBSITCS CPABHUMBIMHU C
3aTpaTamu Ha OypeHue ckBaxuH. CelicMopa3Be10ouHbIe pabOThl OKA3bIBAIOT TAK)KE 3HAYUTEIIHLHOE
TEXHOTEHHOE BO3/ICHCTBUE HA OKPYKAOIIYIO CPEY, YTO CYIIECTBEHHO YXYIIIAET SKOJIOTHIECKYIO

00CTaHOBKY B paiioHe nmpoBeieHus padoT.

Hacrosmas crares uMeeT cBOeH LEbI0 JaTh KOPPEKTHOE OIMCAHKUE IIyMOBOIO IOAX0Ja K
noucky HI'3. CtaTes cocTouT M3 IBYX pa3zaesioB u 3akitoueHus. [lepBolit pa3zen cBsi3aH ¢
npuMeHenueM texHoaorun AHUAP. Bropoit paznen onucsiBaer JIIII-meTon u nepcnekTuBy
CO3/1aHMsI Ha €ro OCHOBE IIyMOBOM TexHonoruu noucka HI'3 nis adpdexruBHOrO vcnonp3oBaHus B
TPYAHOJOCTYIHBIX MAJOU3Y4YEHHBIX, a TAK)KE apKTHUECKUX pailoHax Poccun. 3aBepaer cTaTbio

3aKJIFOYCHHUC.

OIMMCAHUE ITYMOBOWM TEXHOJIOTMHA AHUAP

B konue 90-x ronos 20 Beka MOSBUIICS U CTaJl YCIELIHO Pa3BUBATHCS HOBBIA «IIPAMOID)
METOJ MOUCKA U pa3Beiku Hedrera3obix 3anexei (HI'3) — meron akycTueckoit HU3KOYaCTOTHOM
pasBenkn AHUAP, koTopbIif XapakTepu3yeTcs CyleCTBEHHBIM MOBBIIICHHEM «K03(hduimenTa
ycnemHoctu» A0 3HadeHuit 0,8 — 0,85, a Takke BBICOKOM 9KCIIPECCHOCTBIO U 3HAUUTEIbHBIM

CHMKEHUEM TEXHOTEHHOTO BO3JICHCTBHUS HA OKPYXKaIOIIyIo cpeay [4].

DKcIepuMeHTaIbHbIE Ta00PaTOPHBIE HCCIIEJOBAHMS aKyCTUIECKUX CUTHAJIOB,
BO3HHKAIOIIMX B 00pa3liaXx TOPHBIX MOPOJI, HACKIIIIEHHBIX HE(THIO, BOAOH WM Ta30M, IPOBEAEHHBIC

Ha CICUAJIbHO CO3JaHHBIX YCTaHOBKaX, MOJACIUPYIOIHNX IJIACTOBBIC TCPMOANHAMHUYCCKHUE YCIIOBHA,



BBISIBUJIM HEM3BECTHBIE PaHee OCOOCHHOCTH ITOBEICHHS BOJIHOBBIX M IMITYJICHBIX IPOILIECCOB B
HACBHIIIEHHBIX TOPHUCTHIX U TPEIIMHOBATHIX reoornyeckux cpenax [5]. [IpuBenennsie paxTopbl
MO3BOJISIIOT YBEPEHHO FOBOPHUTH O TOM, YTO B HE()TEra30BOH 3aJI€3KU EPMAHEHTHO MPOUCXOISAT

BOJTHOBBIE MIPOIIECCHI B IIUPOKOH IOJIOCE YacToT [6].

MHoOroKkpatHble SKCIIEPUMEHTAIBHBIC W OIBITHO-ITPOMBINUICHHBIE PA0OThI TO3BOJIHIIH
chopmynupoBath peHomeH dpdexkra AHUAP: npu Bo30yKIeHHH BHEITHUM HCKYCCTBEHHBIM HJIH
€CTeCTBEHHBIM II0JIeM YIPYTUX KOJIe0aHUi 3a/1e:Kb YIJIeBOA0PO/I0B MEPEX0IUT B PeKUM

U3JIy4YeHUs1 COOCTBEHHBIX HH(PPA3ZBYKOBBIX BOJIH - He)TerazoBbIx MUKpoceiicMm [7].

ITpoBenéHHbIC HAOMIOEHUS B YCIOBHAX ITyOOKUX CKBAaXXHH, IPOOYPEHHBIX B
He(TEHACBHIIIEHHBIX U BOJJOHACHIIIEHHBIX YaCTAX IUIACTA, IIOKA3bIBAIOT, YTO MPHU OOIy4YEHHH UX
aKyCTMYECKUM I10JIEM IPOUCXOUT U3MEHEHNUE HHTEHCUBHOCTH M CIIEKTPAJIbHOTO COCTaBa B

peructpupyemMom curHane [8].

[TpyHIMIIHANBHBIM OTIMYUEM OT TPAAULIMOHHON CECMOPAa3BEIKU SABISIETCS TO, YTO
texHonorust AHYAP onpenenser He cTpyKTypy IIyOMHHOI'O CTPOEHUS Ie0Cpe/ibl, a HAINYKUE WU

OTCYTCTBUC U3JTYUCHU YTJICBOAOPOIOB HA HCCHeﬂyeMOfI iomanau.

Ha sranax cranoienus texuosnorun AHYAP ¢popmupoBanacek uieoaorus npeacTaBieHus
o HI'3 kak 006 ynpyroii cucreme, KOTopas o1 BIMSIHUEM KaK €CTECTBEHHBIX (TOBEPXHOCTHBIE
BOJIHBI, TEKTOHUYECKHE MPOLIECCHI, MUKPO3EMIIETPSICEHHSI ), TAK M UCKYCCTBEHHBIX (HaIpuMmep,

celcMOBHUOPATOPBI) BO3ICHCTBHUM U37TydyaeT COOCTBEHHBIE IIYMOBbIE HH(PA3BYKOBBIE BOJIHBI.

HI'3 nHaxonuTcs B COCTOSIHMM aKTHBHOT'O B3aUMOJIEHCTBUS C OKPYXKAIOUIEH reocpeion u

MOKCT KaK IOIJIOMAaTh, TaK U U3JIY4aTb SHCPIrUto BOSH@ﬁCTBYIOMHX Ha He€ Toeil.

bt chpopmynupoBan penomen meroga AHYAP, B cootBercTBUM ¢ KoTophiM HI'3
SIBIISIETCS JIOKQTHHON HEOJJHOPOTHOCTHIO B T€OCPEIE, MPEACTABISIONICH OO0 MOPOBO-KaBEPHOBO-
TPELIMHOBATYIO IOPOLY-KOJJIEKTOP, 3alI0JHEHHYIO KUJIKUM WU ra3000pa3HbIM YII€BOAOPOAOM.
Ota cucTeMa HaXOJUTCs B IMHAMUYECKOM PaBHOBECUH, KOTOPOE XapaKTepU3yeTCsl HAKOIUIEHHUEM U
Xa0THYECKUM BO BpEMEHH cOPOCOM HaKOMUBILEHCS sHepruu. [Ipu cOpoce HaKOMUBIIEHCS SHEPTHU
HNPOMCXOJUT U3TYy4€HHUE MUKPOCEHCMUYECKUX KOoneOaHni, Ha3bIBAEMbIX HAMU Heghme2a308biMu

MUKPOCEUCMaAMU.

Bce OKCIICPUMCEHTHI 110 UCITOJIBb30BAHHUIO TCXHOJIOTUHN AHYAP B PCaIbHbIX ITOJICBBIX

YCIO0BHAX OCYHICCTBIISUIMCH B PEKNME I/ICKYCCTBeHHOﬁ «HaKa4vyKml» reoCpeanbl.

CriekTp MHUKPOCEHCMHIYECKHUX CUTHAIIOB, m3mydaeMbix HI '3, mpencrasiser coboit
Y3KOIIOJIOCHBIH IITyM B BHJIE KOJOKOJIO00pa3HON aHOMAJIHH, a MOJI0KEHHE YaCTOTHOTO MaKCHUMyMa

xapaktepusyet Buj guronaa (HedTh wiu ras).
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VYkazaHHbIE aHOMAaJIMH HAOIIOTAINCH TIPH PA3IMYHBIX JIUTOJIOTUIECKUX HEOTHOPOTHOCTSX
BEPXHHUX TOPU30HTOB OCAJOYHOTO YeXJIa, IEPEKPHIBAIOIINX 3aIekH Y B, IpH pacronokeHun 3a1eKu
B Kap6OHaTHLIX WA TCPPUTCHHBIX HG(I)TCFEBOH&CBILL[CHHLIX mracrax pa3HH‘IHOﬁ TOJIINHBI
(MHHAMAaJIHFHBIE TOJIIINHBI - TIEPBBIE METPHI, MAaKCUMaITbHBIC - Oosiee 1000 M) 1 Ha pa3TUIHBIX

riyouHax 3aneranust HedrerazoBbix ckorienui (ot 0,7 1o 6,5 km).

[IporpamMHO-anmapaTypHbIil K3BMEPUTENBHBIN KOMILIEKC PETYISIPHO MOJIBEPTaeTCs
metposormdeckoit arrectanuu 1o auann [ OCCTAHIIAPTA no «Meroauke kamuopoku MK 09-
15-2013», yrBepxknénnoii ['naBubiM metposorom OI'YIT BHUNOTPU, ¢ Beinaveit Ceptudukara o

KaTuOpOBKeE.

OIIMCAHME JIIII-METOJA

B nacrosiee Bpems okono 40% tepputopun Poccun HaxoAUTCsl B MalIOU3yYEHHBIX
TPYAHOJOCTYIHBIX PailoHaX, B KOTOPBIX IPUMEHEHHE celicMopa3Beaku U TexHoaorun AHYAP npu
MIOMCKOBO-Pa3BEJOYHBIX PaboTax Ha HEPTH U ra3 BeChbMa 3aTpynHeHO. Bo3Hukia octpast

HCO6XOI[I/IMOCTL pa3pa60T1<1/1 HOBBIX IEPCIICKTUBHBIX METOJ0B IIOMCKOBO-Pa3BCIOYHBIX pa60T.

3to criocoocTBoBaO0 nHTEHCHpHKaIuu padot B UPXD PAH mno cozganuro JILIIT —
MeT0/1a, B KOTOPOM HCKITIOYACTCS MCIIOJB30BAaHUE CEHCMOBUOpaTOpa, a QYHKIIMH «HAKAYKU
MEXAHUYECKOM SHEPTUH BBIIIOJIHAET €CTECTBEHHBIM MUKPOCEHCMUYECKUIT LTy M,
pacIpoCTpaHsIOUIUNCS B T€OCpeie, T.€. PETUCTPUPYETCS «IIyM B 1ryme». [Ipu 3Trom mporso3

3aJIeKeil yIiIeBo10pO/I0B OCYIIECTBIISAETCS B PEKUME MOHUTOPHHIA UCCIIEAYEMOIl MJIO0IIA 1.

OnHoii U3 OCHOBHBIX TUNOTE3, onuchiBaromux dpdexr LI — meTona, spnsercs
CYLIECTBOBAHUE B 3aJI€KU YIIIEBOJOPOJIOB JIOKATM30BAHHBIX 00JacTel, HAXOAALUIMXCS B
METacTaOMIIBHOM COCTOSTHHU. [Ipr 3TOM IPOMCXOUT CIIOHTAaHHOE U3TyYeHHE, KOTOpoe hOpMUPYET
JIOTIOJIHUTENIbHBIN MOTOK 3HEPTUU B MH(PPA3BYKOBOM JIMANa30HE YACTOT K €CTECTBEHHOMY (POHOBOMY
MOTOKY. DTOT IOMOJIHUTEIbHBINA OTOK U SIBJIIETCS OJHUM M3 nposiBienuit agpdexra I —

MeTOoAA.

BecbMa Ba:KHBIM HayYHBIM (DAKTOPOM SIBJISIETCSH TO, YTO B TexHosiorun AHYAP
perucTpupyroTcsi HecTauMoHapHbie nposisiaenus myma HI'3, a B JILII-meTone
PErNCTPUPYIOTCS CTAIMOHAPHBIE ( HEMCKAKEHHBIE BO3eICTBHEM ceiicMOBHOpaTopa)

nposisiaenus HI'3.

K Hacrosimemy Bpemenu cpopmymuponana konteniwst JLITT — meToxa:



Moaeasn I'eosiornyeckoii Cpebl, B KOTOPOM pacCIpOCTPaHSIOTCS ITyMOBbBIE
UH(Pa3BYKOBBIE MUKpOCEHCMUYECKHEe KOJIeOaHusl, MOYKHO TMPEICTABUTh KaK YIIPYTYIO CHCTEMY,
KOTOpasi ONuchIBaeTcs AU PepeHnaibHbIMI YPaBHEHUSIMU BTOPOTO MOPsAIKa. JTa cucTeMa
o0agaeT ynpyrocTsio, IMEeT SKBHBAJICHTHYIO MaccCy, y4acCTBYIOIIYIO B IEPEHOCE MEXaHHYECKON

KoJ1e0aTeNIbHOM SHEPTUU U COOTBETCTBYIOILYIO IUCCUTIAIINIO 3TOM SHEPTUH.

Mogeans Hedrerazosoii 3ajiesku MOXHO IIPEACTaBUTh KaK JIOKAJIbHYIO HEOJHOPOIHOCTD B
Te0JIOTUYECKOH cpelie B BUE ITyOMHHOTO UCTOYHHUKA COOCTBEHHBIX IITYMOBBIX HH(Pa3BYKOBBIX
MHUKPOCEUCMUYECKIX KOJIeOaHUH, KOTOPBIA MaTEMATUYECKU MOMKHO OMHUCATh U3TY4arOIUM
MyJIbTUIONEM. [l ONKMCaHus TAKUX CUCTEM B OCHOBHOM HCIIONIB3YIOTCS CIEAYIOLIHNE
MYJIBTUIOJIbHBIE UCTOYHHUKHU:

- MOHOTOJIbHBIE (M3MEHEeHHe 00BbEMa, CKaTHE), UMEIoIIUe chepuyecKyto 1uarpaMmy
HaIpaBJIEHHOCTH;

- TUNOJIbHBIE (TIEpeMEIEeHNE, YCKOPEHHUE), UMEIOLINE KOCUHYCOUIATIbHYIO JUarpaMmmy
HaIpPaBJIECHHOCTH;

- KBaJIpynoJsbHbIe (1edopmanys, BpalleHue), CBsi3aHHbIe ¢ Aedopmanneii 6e3 N3MEHEeHUs
o01ero oonéma.

CoBOKYITHOCTh ypaBHEHUM, onuckiBarouux ['eonornueckyro Cpeny u Hedrerazosyro
3aJsie:kb, B IOJTHOW Mepe XapaKkTepu3ytoT npuHuunuanbabie nonoxenus LI — meTona.

ITpu ananmuze urymoBeix nosnei B JJIIIT — meToae UCTIONB3yeTCS XOPOIIO PAa3BUTHIN
anmnapar MaTeMaTH4eCKOW CTATUCTUKU U TEOPUH BEPOATHOCTH, ONUCHIBAIOIIMN CITy4aliHbIE
MPOLECCHI, YTO MO3BOJIMIIO CYLIECTBEHHO OBBICUTH BEPOSITHOCTH MporHo3a HI'3.

IIpencraBnenne HI'3 B kauecTBe 04ara MUKpO3EMIIETPSICEHUS [TO3BOJIAET IIPU ONUCAHUU
JLITI-mMeToma KCII0Ib30BaTh OCHOBHBIE TIOJIOKEHUS TEOPUH Tpe/ICKa3aHus 3emiieTpsicenus [9].

[IIymoBbie konebanus, peructpupyemoie I — MeTomoM Ha 3eMHOH TOBEPXHOCTH,
COCTABJISIIOT BEJIMUYUHBI B 101 HAHOMETPOB.

B ILIII - meToae ycTpaHEeHs! cieyroIue HelocTaTku Texnoinorut AHYAP:

- OrPaHUYEHHOCTh Pa3MEPOB palloHa CUHXPOHHOM 3alMCH BBUAY HaJW4Ms MarucTpaIbHbIX
Kabeneil, COeAMHSAIONINX KaKIbIi CEHCMOMOYITb C ITYHKTOM PErHCTpPaIii;

- HEBO3MOXXHOCTb IIPOBEICHHS PadOT B TPYAHOAOCTYITHBIX YCIOBUSIX;

- wrymoBoit curran ot HI'3 vckax€H BAUsIHUEM W3ITy4aTelis;

- HAJIMYME SKOJOTMYECKON HAarpy3KH Ha OKPYKAIOIIYIO CPeLy.

Ocnosoii AIIII — MeToaa sAABJAsIETCS:

- IPOrpaMMHO-anmnaparypHblii usmeputenbhbiil komiieke (ITAK), cocraBupiMu
AJIEMEHTaMH KOTOPOTO SIBJISIETCS COBOKYITHOCTh HECKOJIBKUX YHUKAJIbHBIX MAaJIOrabapuTHBIX

TPEXKOMITOHEHTHBIX HH(PPA3BYKOBBIX U3MEPUTEIBHBIX CEHICMOMOYIIEH, NCTIOIb3YEMBIX MTPH



MIPOBEJICHHUH TTOJIEBBIX padoT. Kax b1t H3MEepUTENbHBIN CEHCMOMO/TYIh MPEICTABISET COO0M
ABTOHOMHOE PETUCTPUPYIOLLIEE MPOrPAMMHUPYEMOE YCTPOIMCTBO C KOHTPOJUIEPOM YIPABIECHMS,
dunbTpalyei uryMoB, CHCTEMOM KOMaH/1 U NaMAThIO, CIIOCOOHOE MPOBOAUTH U3MEPEHHUS 110 3apaHee

3aJIaHHON OTIEPATOPOM IMporpamMMe 0e3 yJacTHs BHEITHETO YIIPABJICHHUS;

-peructparys HedrerazoBsIXx MUKpoceiicM, uznydaembrx HI'3, ¢ momorisio
PACTIOJIOAKEHHBIX HA 36MHOM MOBEPXHOCTH TPEXKOMIOHEHTHBIX CEHCMOMOTYIIEH, TO3BOJISET
KJIacCU(UIMPOBATH MX M BBIIEIATH HAa (DOHE MPOXOIAIMNX MUKPOCEHCMUYECKUX BOJIH, KOTOPBIE
XapaKkTepu3yrTcs kak noMexu. [Ipu 3ToMm Kakaas U3 KOMIIOHEHT XapaKTepU3yeT Cyry0o
cnenrpuIecKkre 0COOEHHOCTH H3ITy4Yarollero MpoCTPaHCTBA, YTO MO3BOJISIET CYIIECTBEHHO MTOBBICUTD

BEpOATHOCTH onpezenenus Hanuuud HI'3 Ha uccnenyemoi miomany.

- KOMIIJIEKC amnmapaTypbl AJisl IpOBEACHHUS KaMepalbHO 00padOTKH 3aperucTpUPOBAHHBIX
CUTHAJIOB OCHAIIEHHBIN aIrOPUTMaMHU, ONKCHIBAIOIIMMHU CITy4yalHbIE IPOLECCHI, KOTOPbIE
o0ecrneunBaoT HEOOXOUMYIO BEpOSITHOCTh IporHo3a HI'3, anropurmMamMu cToXacTHUeCKOn
00pabOTKH MHOTOTOUYEYHBIX TYMOBBIX MUKPOCEHCMUYECKUX CUTHAJIOB, TPOrpaMMaMH U3BIICUEHUS
curHasnoB oT HI'3 13 n1yMoBBIX XaOTHUECKUX CUTHAJIOB, allapaToM MaTeMaTH4eCKOW CTATUCTUKU U
TEOpUH BEPOSITHOCTU. B KoHeUHOM cuéTe, KamepaibHas 00padoTKa 3aBepIIaeTCs MOCTPOCHUEM KapT
SHEPreTUYECKON aKTUBHOCTHU 3aJICKH YTIIEBOIOPOI0B, PACIIOIOKEHHON Ha UCCIEeyeMOM TIIOMATu 1

PEKOMEHIAITUEH MECT PaCIOIOKEHUS CKBAYKUH, HAMEUYCHHBIX JIJIS TIOCIICIYIOIIETO OypeHHS.
OtnuunrtensHbie ocooenHoct AT — meToma:

1.  «KoadhdunueHT ycneurHocTi» NpOrHo3upOBaHUs IPHU MOCIEAYIOIIEM OypeHUH

HMeeT 3HaueHne He Hmke 0,8.

2.  MubopManMOHHBIM CUTHAJIOM SIBISIETCS MHUKPOCEHCMHUYECKUH LIyM,

pacIpoCTPaHSIOUIUNICSA B TEOJIOTMYECKON Cpejie.

3. OOBeKTOM pa3BelKU SIBISETCS HE CTPYKTypa re0JIOrMYecKoro paspesa 1 He

0COOEHHOCTH €ro JIMTOJIOTHH, & COOCTBEHHO YITIEBOJOPO/IbI, 3aKIIOUEHHBIE B MATPHILY KOJJIEKTOPA.

4, He(l)TeFaBOBaSI 3aJICKDb PACCMATPHUBACTCA KaK I HY6HHHBIﬁ HCTOYHUK HU3ITYUCHUS

COOCTBEHHBIX IITYMOBBIX HH(Pa3BYKOBBIX BOJH - He(pTera3oBbIX MUKpOCeHcM.

5. YacrorHslii Aunana3on uznydenus HI'3 nexut B ungpaspykosoii odnactu (1 -5 ') u

¢J1a00 3aBUCHUT OT IUIACTOBBIX JABJIICHUU.

6. B JIIIII — meTone HedTera3zoBas 3alekb XapaKTepU3yeTcs Kak odar

MHKPO3EMIICTPACCHUS, .



7. B JAILIII — meTox€e NCTIONB3YIOTCS CIIEUATBHO pa3padOTaHHbIC TPEXKOMITOHEHTHBIE
TeJeMeTpUIecKre HH(PPa3BYKOBBIE H3MEPUTEIbHbIE CEIICMOMOaYNIN Ha 6a3e TPEX OPTOTOHAIBHO
PacMoI0XKEHHBIX IEPBUYHBIX ATYUKOB, MPEOOPA3YIOLIUX MUKpOCeicMuYeckiue HH(Ppa3ByKOBbIE

KoJie0aHUs B 3JICKTPUUECKUN CUTHA.

8. B JLLII — MeToa€e MCTIONB3yeTCs CIEIHATLHO pa3padOTaHHBIN MMAaKeT IPOrpaMm

KaMepaJlbHOM 00pabOoTKU U aHau3a UHPPA3BYKOBBIX ITYMOBBIX 3JIEKTPHUECKUX CUTHAJIOB

9. DxoOHOMHYecKHe NPeuMYLIecTBa: TI0ciIe OypeHHH CKBAXKHH 110 TaHHBIM
celcMOpa3BeKH, KaK IIPABUIIO, KAXKAAs BTOPasi MPO0YpeHHasl CKBAKUHA — HENIPOAYKTHBHAS
(«xo3ddunment ycnemrHocti» Menee 0,5), a mocne Oypenus ckBaxku 1o nanaeM JLIIT — meTona
TOJILKO KaXkK/1as MATasi NPOOypeHHAs CKBAKUHA - HENPOAYKTUBHAA («K03(hPULUEHT

ycniemHocTn» He MeHee 0,8).

Ha ®wur. 1 npuBeneH nporpaMMHO-anmnapaTypHbIi H3MEPUTEIbHBINA KOMILIEKC

JLIII-merona.

Ha ®ur. 2 npusesieHa 010K — cxeMa IMPOrpaMMHO-aNIapaTypPHOTO U3MEPUTEIEHOTO

KOMIIJICKCA.

ITpu ucnonszoBanuu JIIIT — MeToaa perucTpanys IIyMOBBIX CUTHAJIOB, U3Ty4aeMbIX
HI'3, mpou3sBoauTcs B pexXUMe ATUTEIBHOTO, HE MEHEE OJHOIO 4aca, CHHXPOHHOTO
«IIPOCITYIINBaHUA» TITyOUHHBIX 30H F€OCPEbl M BBIICIEHUH B HEH ITOCPEICTBOM CIIEIUATIbHOM
HpOrpaMMbl MUKPOCEHCMUUECKUX KOsIeOaHni, 00yCIOBICHHBIX H3JIydYeHHEM He(TEra3oBoil

3aJIeKbI0. DTOT METOA Oa3upyeTcst Ha pexXMMe MOHUTOPUHIA HCCIIEyeMbIX OOBEKTOB.

Z[J'If[ HCIIO0JIb30BAHUSA B 9TOM BApUAHTE pa3pa60TaH CHCI_II/IaHBHLIﬁ PEIKHUM BKIIFOYCHUA

U3MEPUTEIIBHBIX CEHCMOMOYJIEN — «OTJIOKEHHBIN CTapT».

Hcnonws3oBanue JAIIII — MmeToga, UMEIONIETO MOBBIIIIEHHBIE TEXHUKO-KOHOMHYECKHUE U
JKOJIOTHYECKUE XapaKTePUCTHUKH NI 0OHAPYKEHHUS 3aeKel yriIeBOA0POI0B B APKTHUECKON 30HE
P®, sBnsiercst BaskHeime# GpyHaaMeHTalIbHON 3a1a4eid, HalpaBICHHOM Ha peIIeHHe MOCTaBIEeHHBIX

nepeJ1 reoI0ropa3BeIKon MpodIeM.

Ha ®wur. 3 npuBenena cxema nposeneHus HazeMHbIX padot no AIII-meTony.

[Ipeumymecrsa JIIII — meTona:
- IIUPOKUI OXBAT UCCIIEAYEMOU IUIOMAAN IIPU IIPOBENCHUH CHHXPOHHBIX 3aIIUCEH;
- IPAKTUYECKH HEOTPAaHUYEHHOE KOJIMYECTBO OJHOBPEMEHHO YCTAHABIMBAEMBIX

ceficMoMoyIiel BBUy OTCYTCTBHSI MarucTpaibHbIX KaOeneii;



- peructpupyembiii irymoBoii curHan ot HI'3 He uckaxkaercs BBUAY OTCYTCTBHUSA
ceficMoBHOpaTopa;

- TI0JIHAs aBTOHOMHOCTD TIPU MIPOBEJCHHUHU MOJIEBBIX PA0OT U MPAKTUYECKHU MOJTHOE
OTCYTCTBHE PKOJIOTMYECKOM HArpy3KH Ha OKPY’KAIOLIYIO Cpeay.

JULII - meToa MosxeT ObITh 3(h(peKTHBHO UCTIONB30BaH KaK B HA3eMHBIX, TAK U B MOPCKHUX
YCIIOBHUSIX.

KoHcTpykius MOPCKOro TOHHOrO BapHaHTa CEMCMOMOTYJISl CYIIECTBEHHO OTIIMYAETCS OT
KOHCTPYKIIMH HA3eMHOT'0 BapuaHTa. ITO 00YCIIOBIICHO CIEAYIOMNUMHU (PaKTOpaMu:

- HapY>KHBIN 3aLIUTHBIN KOPITYC JOJKEH 00€CIeYUTh TepMETUYHOCTh BHYTPEHHEH MOIOCTH
OT JaBJICHUSI BOJTHOU Cpe/Ibl B HECKOJIBKO JECATKOB aTMOchep.

- JIOHHAs! CTAHIMS B YKOMIUIEKTOBAHHOM BUJI€ JOJKHA 00ECIIeYUTh B MOPCKOM BOjiE
OTpULATEIILHYIO IIJIaBy4eCTh HE MeHee -15 kI

- BEPTHKAJILHOCTh OPUEHTAIINH OJIOKA MIEPBUYHBIX MIpeoOpa3oBaTeneil He T0JHKHA 3aBUCETh
OT HaKJIOHA JOHHOW CTaHIMM TP PACIIOTIO0KEHUH €€ Ha TPYHTE.

BayTpu MeTamundyeckoro ckadanapa CMOHTUPOBAH CHELMAIbHBIN KapJaHOBBIN MO/BEC, B
KOTOPOM KpenuTcst 670K MepBUYHBIX 1aTYMKOB. KapraHOBEIH moaBec odbecreunBaeTt
BEPTHKAJIBHOCTh OPUEHTAIIMH MTEPBUYHBIX JATYNKOB HE3aBUCUMO OT yIila HaKJIOHa cKadaHpa.

Cocras anmaparypsl, pacnonaraéMoi BO BHyTPEHHEN 4acTu JJOHHOIO KOpITyca,
AQHAJIOIMYEH COCTABY alMnapaTyphl, pacroyiaraeMoi BHYTPH KOPITyca, UCIIOJIb3YEMOTO JIJIsl HA3€MHOIO
BapHaHTa CEHCMOMOYJIS.

OmnbiT npumenenns JIIIT — meTona

Ha ®uwur. 4 npusenen pesyabrat nporaosa JIIII — meToqoM Ha OHOM K3 3TAJOHHBIX
rtonranei. Ha 3Toii utomiaay mo mporuo3am ceiicMopas3BeKy ObUIO MOATOTOBICHO K OypeHuto 4
ckBaxuHbl: NoNe 121, 115, 116 u 111. ITporno3 AIIII — meToaom ObIaT HA4aT, KOT/Ia CKBaXUHA Ne
121 na sTo¥ TUIOMAAN YKe ObuTa MpoOypeHa U SBIISIIACH «IIEPBOOTKPBIBATEILHULICHY, OCTAIbHBIE
CKBaXXHMHBI ITOJITOTaBIUBAINCH K Oypenuto. [Ipoenennsiii npornos LI — MeToaoM moxaszain
cienymouee: ckBakuHa Ne 121 nmonreepansia npoyKTUBHOCTh, ckBaxuHa Ne 115 nomkHa ObITh
npoAyKTUBHOM; ckBaxHHbI NeNe 116 1 111 nomkHbI ObITh HEMPOAYKTUBHBIMHU

PesynbTaTel mporuosa, nomydennsie no JIIII — meToay, mpuBEAEHHBIE HA TPUIIATAEMBIX
CIIEKTPAaJIbHBIX KPUBBIX, IOKA3aJIM: NPOTHO3 10 ckBakuHe Ne 115 BnociiencTBum noaTBepani
JAaHHBIE CEMCMOPA3BEAKN — MPOAYKTUBHOCTH; a Tiocieayromiee Oyperne ckBakua NeNe 116 m 111
HE MOITBEPIMIIN TaHHbBIE CEHCMOPA3BEIKN — OKA3AINCh HeMPOAYKTHBHBIe. TakuM o0paszom,

nporuo3 no JAIIII — meroay coctaBun 100%, a mo ganHbIM celicMopa3Beaku coctaBui 25%.



3AK/IIOYEHMUE.

1 .Chopmynuposana konnenmus JIIII — meToaa (1eTeKTUpOBaHUE CIydalHBIX
MHUKPOCEHCMUYECKUX MOJIeH, HCTOUHUKOM KOTOPBIX SIBIISIFOTCS (PU3UKO-XUMHUYECKUE TTPOIECCHI,
MPOTEKAIoNINe B 00beMe HeTEra30BOM 3aICHKH).

2. Pa3paboTtaHbl 1 U3roTaBIMBAIOTCS ABTOHOMHBIE BEKTOPHBIE HH(PPa3BYKOBbHIE
TPEXKOMITOHEHTHBIE ITPOrPaMMHO-ANapaTypHble KOMIUIEKCHI, KOTOPbIE B COBOKYITHOCTH C 0a30BbIM
ITyHKTOM PETUCTPAIIMN Ha OCHOBE TI0JICBOTO MUHUKOMIIbIOTEpa Tuna Notebook ¢ Habopom
CHEIHMATM3UPOBAHHBIX TPOTPAMM OCYIIECTBIISIIOT [UTUTEIBHYIO 3aMHUCh B PEKUME MOHUTOPHUHTA,
aHaJIU3 M SKCIPECC - 00pabOTKy MOTYYEHHBIX JaHHBIX

3. PazpaboTan 1 co3qaH KOMIUIEKC OPUTHHAIIBHBIX CIEIMaIN3UPOBAHHBIX IPOTPaMM
00paboTKH 1 aHaJIM3a MUKPOCEHCMHYECKUX MH(PPA3BYKOBBIX IIIYMOBBIX CUTHAJIOB, UCTIOJB3YIOIIHIA
COBpPEMEHHBIE CTATUCTUYECKHE METO bl II(PPOBOI 00pabOTKH IIIyMOBOTO CUTHAIIA. .

4. IlpousBenieHa OIIEHKAa BO3MOXHOCTH OCYILECTBIISATh PETUCTPALINIO HEPTEra30BbIX
MUKpocelcM, uanydaeMbix HI'3, ¢ momMonipo TpEXKOMIIOHEHTHBIX CEICMOMOYJIEN, KOTOpast
MO3BOJISIET KIACCU(PHUIUPOBATH UX U BBIJCIATH HA (POHE MPOXOASIINX MUKPOCEHCMHYECKIX BOJH,
XapaKTePU3YIOIIUXCS KaK TIOMEXH C BHICOKOW MPOTHOCTHYECKOH 3(h(PEeKTUBHOCTHIO
reoJIoropa3BeIouHbIX padoT (kodddunuent «ycnemrHocTn» 0,8- 0,85).

5. Ha atanonHoii miouiaay noayyeHsl 00HAAeKUBAIOIIUE PE3YIbTAThl 10 TPUMEHEHHIO
JLIII-merona.

6. [Tpumenenne LI — MeToaa B TPYTHOAOCTYITHBIX PAaiOHAX U CIOXKHBIX YCIOBUAX
MO3BOJIUT 3HAYUTEIBHO MOBBICUTH 3()(PEKTUBHOCTH MOMCKA U Pa3BENKH,  TAKKE YCKOPUTH OTKPBITUE
¥ OCBOEHHME HOBBIX KaK HA3€MHBIX, TAK 1 MOPCKHX MECTOPOXKIeHUI He(pTH U ra3a.

7. Hamra Onmokaiimas 3agada: - Ha 6ase JILIIT — meTona ocymiectButh co3nanue JIITI-
TeXHOJIOTHH.

MBI OTKPBITHI U151 COTPYAHIUYECTBA M HAJIEEMCS, YTO HAIIl METO] OKa)KETCS
BOCTpeOOBaHHBIM HedTerazoBoit orpacibio Poccun. Jta Hanexaa o0ycioBieHa HEM30€KHBIM
NPEJICTOSIIUM BBIXOJIOM I'€0JI0rOpa3BeIKU B TPYIHOAOCTYITHBIE EPCIIEKTUBHBIE PAaHOHBI, @ TAKXKe
HEOOXOMMOCTBIO TTOBBIIIICHUS OTIEPATUBHOCTH, KOJIOTHYECKOH 0€30MacHOCTH U SKOHOMUYECKOM

3(1)(1)CKTI/IBHOCTI/I IMPOBCACHUA I'COJIOTOPA3BEAOTHBIX pa60T.
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PHYSICO-CHEMICAL METHOD OF DETECTION OF INFRASONIC NOISE FIELD OF
OIL AND GAS DEPOSITS INCLUDING HARD TO REACH LITTLE STUDIED AREAS OF
RUSSIA

Yu.V. Sirotinskiy, B.M. Grafov, A.Yu. Tsivadze.

Frumkin Institute of Physical Chemistry and Electrochemistry, Russian Academy of Sciences,

Russia

This paper deals with the physico—chemical method of detection of infrasonic noise fields
of oil and gas deposits (NFD method) [1] that was developed involving large experience
accumulated in Frumkin Institute of Physical Chemistry and Electrochemistry, Russian Academy of
Sciences (IPCE RAS), in the course of fundamental studies of electrochemical noise. The NFD
method is based on the principle of extraction of useful information from random time series [2]. The
NFD method represents an innovative method intended for carrying out services related to search and
survey of oil and gas deposits (OGD) in the most challenging offshore areas, transition zones, and
also the shelf of Arctic and Far East seas. The substance of the NFD method is that microseismic
environmental noise is registered and subjected to spectral processing to extract infrasonic noise
emission of OGDs caused by physico—chemical processes of fluid transition in a pore (cavity, crack)

from liquid to gas and back.

Key words: noise seismic survey of oil and gas, random oil and gas microseismic noise,

infrasound frequency range, ANCHAR process, natural microseismic noise, difficult access areas.
INTRODUCTION

Oil and gas occupy the key position in the fuel balance and form the basis of the present—
day technical progress. At present, there is no alternative power source that could compete with
hydrocarbons in the coming decades as regards their accessibility, abundance, efficiency, and safety.
Stable growth of positive oil and gas reserves is one of the most important strategic factors of

providing the national security of energy supply.

In the period of up to 2020, the main zones of exploration works capable of providing
rehabilitation of mineral resources of Russia will be poorly explored hard-to-reach areas of East

Siberian taiga and also areas of shelves of Arctic and Far East seas.

Modern geophysical survey pays particular attention to works aimed at considerable

enhancement of the "success rate" in appraisal survey of oil and gas, intensification of development
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of sea shelf, offshore areas, and transition zones, and decrease in the technogenic burden on the

environment.

At present, both in Russia and abroad, seismic exploration still remains the predominant
geophysical method of oil and gas search and survey that uses artificial emission (energy pumping
into the geoenvironment) and registration of reflected, refracted, and dissipated waves, determines
and maps the structure of the deep structure of the medium, and also the expected traps, in which the

hydrocarbon deposit may occur [3].

Despite implementation of new modification of seismic exploration including 3D
modeling, the "success rate" in boring prospect wells does not as yet exceed 0.5. Herewith, the costs
of prospecting work become comparable with costs of well boring. Seismic survey also imposes a
considerable technogenic burden on the environment, which significantly impairs the ecological

situation in the region of works.

The aim of this paper is to describe correctly the noise approach to OGD survey. The paper
consists of two sections and conclusions. The first section is related to application of the ANCHAR
technology. The second section describes the NFD method and prospects of development on its
basis of a noise technology of OGD search for efficient application in difficult access little studied

regions and also Arctic regions of Russia. The paper ends with conclusions.

DESCRIPTION OF ANCHAR NOISE TECHNOLOGY

In the end of the nineties of the XX century, a new "direct" method of search and survey of
oil and gas deposits (OGD) has appeared and started being successfully developed: the ANCHAR
method of acoustic low—frequency survey that is characterized by a significant increase in the
"success rate" to the values of 0.8—0.85 and also by a high speed and significant decrease in the

technogenic burden on the environment [4].

Experimental laboratory studies of acoustic signals emitted in samples of oil—, water—, and
gas—saturated rock formations carried out at specially developed setups modeling reservoir
thermodynamic conditions elucidated the earlier unknown regularities of behavior of wave and pulse
processes in saturated porous and fractured geoenvironment [5]. The above factors allow stating with
confidence that wave processes in a wide frequency range occur permanently in an oil and gas

deposit [6].

Repeated experimental and pilot tests allowed formulating the phenomenon of the

ANCHAR effect: when external artificial or natural field excites elastic oscillations, the
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hydrocarbon deposit starts emitting characteristic infrasonic waves: hydrocarbon microseisms

[7].

The performed studies under the conditions of deep wells bored in oil-saturated and water—
saturated croppings show that their irradiation by an acoustic field results in a change in intensity and

spectral composition in the registered signal [8].

A fundamental difference from the conventional seismic exploration consists in the fact
that the ANCHAR technology determines not the deep geoenvironment structure, but the presence or

absence of emission of hydrocarbons in the studied area.

At the stages of development of the ANCHAR procedure, the vision of OGD as of an
elastic system was formed that emitted characteristic infrasonic noise waves under both natural
(surface waves, tectonic processes, microearthquakes) and artificial (e.g., seismic vibrators)

exposure.

OGD is in the state of active interaction with its geoenvironment and can both absorb and

emit the energy of fields to which it is exposed.

The phenomenon of the ANCHAR method was formulated according to which OGD was a
local heterogeneity in the geoenvironment representing a pore—cavity—fracture collector formation
filled by a liquid or gaseous hydrocarbon. This system was in dynamic equilibrium characterized by
accumulation and chaotic discharge of accumulated energy. The discharge of accumulated energy

resulted in emission of microseismic oscillations denoted as hydrocarbon microseisms.

All experiments applying the ANCHAR procedure afield were carried out in the artificial

geoenvironment "pump" mode.

The spectrum of microseismic signals emitted by OGDs represents narrowband noise in the
form of a bell-shaped anomaly and the position of the frequency maximum characterizes the fluid

type (oil or gas).

The above anomalies were observed in different lithologic heterogeneities of upper horizon
of the sedimentary sheath covering the hydrocarbon deposits when the deposits are located in
carbonate or terrigenous oil and gas zones of different thickness (the minimum thickness is the first
meters, the maximum thickness is above 1000 m) and at different hydrocarbon occurrence depth (0.7

to 6.5 km).

The hardware and software measurement system regularly undergoes metrological
certification in GOSSTANDARD according to "Calibration Procedure MK 09-15-2013" approved by
Head Metrologist of VNIIFTRI that issues the Calibration Certificate.
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DESCRIPTION OF NFD METHOD

At present, about 40% of the territory of Russia is in little studied hard-to-reach regions
where application of seismic exploration and ANCHAR technology in oil and gas survey is very

problematic. Pressing need has arisen for development of new promising exploration techniques.

This promoted intensification of works in IPCE RAS dedicated to development of the NFD
method, in which application of a seismic vibrator is eliminated and the functions of mechanical
energy "pumping" are carried out by the natural microseismic noise propagating in the
geoenvironment, i.e., "noise in noise" is registered. Herewith, prediction of hydrocarbon deposits is

performed in the form of the monitoring of the studied area.

One of the main hypotheses describing the effect of the NFD method is existence of
localized metastable regions in the hydrocarbon deposit. Herewith, spontaneous emission occurs that
forms an energy flow in the infrasonic frequency region in addition to the natural background flow.

This additional flow is one of manifestations of the effect of the NFD method.

A very important scientific consideration is the fact that nonsteady—state OGD
manifestations are registered in the ANCHAR procedure, while the NFD method registers

steady—state (undistorted by exposure to a seismic vibrator) OGD manifestations.
At present, the following concept of the NFD method is formulated:

The Geoenvironment Model, in which noise infrasonic microseisms propagate, can be
represented by an elastic system described by second—order differential equations. This system
possesses elasticity, is characterized by an equivalent mass participating in transfer of mechanical

vibrational energy and the corresponding dissipation of this energy.

The model of a Hydrocarbon Deposit can be presented as a local heterogeneity in the
geoenvironment in the form of an abyssal source of characteristic noise infrasonic microseisms that
can be mathematically described as an emitting multipole. The following multipolar sources are used

for description of such systems:
- monopolar (variation of volume, contraction) with a spherical field pattern;
- dipolar (movement, acceleration) with a cosine field pattern;
- quarupolar (deformation, rotation) related to deformation with no total volume variation.

The set of equations describing the Geoenvironment and Hydrocarbon Deposit

characterize to the full extent the fundamental provisions of the NFD method.
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Analysis of noise fields in the NFD method involves the well developed apparatus of
mathematical statistics and probability theory describing random processes, which allowed

considerably enhancing the probability of OGD prediction.

Representation of OGD in the form of a microseismal focus allow using the framework of

the earthquake prediction theory [9] in describing the NFD method.

Noise oscillations registered by the NFD method on the ground surface constitute the

values of fractions of nm.
The NFD method eliminates the following faults of the ANCHAR procedure:

- limited size of the synchronous recording region due to the presence of main cables

connecting each seismic module with the registration station;
- impossibility of operation under difficult—access conditions;
- the noise signal of OGD is distorted by the effect of the transmitter;
- the presence of environmental burden.
The NFD method is based on:

- a hardware and software measurement system (HSS) with such components as a set of
unique small-scale three—component infrasonic measuring seismic modules used in field works.
Each measuring seismic module represents an autonomous programmable recording device with a
master controller, noise filtration, command system and memory, capable of carrying out

measurements according to the program preset by the operator in the absence of external control;

- registration of hydrocarbon microseisms emitted by OGD using three—component seismic
modules located on the ground surface allows classifying them and extracting them from the
transmitted microseismic waves characterized as interference. Herewith, every component
characterizes strictly specific regularities of the emitting space, which allows considerably enhancing

the probability of determining the presence of OGD in the studied region.

- the equipment complex for the office processing of the registered signals equipped by
algorithms describing random processes that provide the required probability of OGD prediction,
algorithms of the stochastic processing of multipoint noise microseismic signals, software for
extraction of OGD signals from chaotic noise signals, apparatus of mathematical statistics and
probability theory. Ultimately, the office processing ends in the mapping of energy activity of the
hydrocarbon deposit located in the studied area and recommendation for the location of wells

intended for the further boring.



17

Distinctive features of the NFD method:

1. The "success rate" of prediction in the further boring is at least 0.8.
2. The information signal is the microseismic noise propagating in the geoenvironment.
3. The exploration target is not the structure of the geological profile and not the regularities of

its lithology, but the very hydrocarbons located in collector matrix.

4. The hydrocarbon deposit is considered as an abyssal source of emission of characteristic

noise infrasonic waves: hydrocarbon microseisms.

5. The frequency range of OGD emission corresponds to the infrasonic region (1-5 Hz) and

weakly depends on the rock pressure.
6. The hydrocarbon deposit is characterized in the NFD method as a microseismal focus.

7. The NFD method uses specially designed three—component telemetric infrasonic
measurement seismic modules based on three orthogonally arranged primary sensors

converting microseismic infrasonic vibrations to an electric signal.

8. The NFD method uses a specially developed software package for the office processing and

analysis of infrasonic noise electric signals.

9. The economic benefits are that generally, each second well in well boring on the basis of
seismic exploration data is nonproductive (the "success ratio" is less than 0.5) and only each
fifth bored well after well boring on the basis of the NFD data is nonproductive (the

"success ratio" is at least 0.8).
Fig. 1 shows the hardware and software measurement system of the NFD method.
Fig. 2 shows the flow chart of the hardware and software measurement complex.

When the NFD method is used, registration of noise signals emitted by OGD is carried out
in the mode of long—term, at least 1 h, synchronous "monitoring" of abyssal zones of the
geoenvironment and extraction of microseismic vibrations due to emission of the hydrocarbon
deposit using specially designed software. This method is based on the mode of monitoring of the

studied objects.

A special mode of power-up of measurement seismic modules, "deferred start" is

developed for application in this variant.

Application of the NFD method with advanced performance and environmental

characteristics for detection of hydrocarbon deposits in the arctic zone of the Russian Federation is a
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fundamental task of primary importance aimed at solution of the problems to be solved by geologic

exploration.
Fig. 3 shows the scheme of ground operations according to the NFD method.
Advantages of the NFD method are:
- broad coverage of the studied area in the course of synchronous recording;

- a practically unlimited amount of simultaneously established seismic modules due to the

absence of main cables;

- the registered noise signal of OGDs is not distorted due to the absence of any seismic

vibrator;
- full independence in field works and practical absence of environmental burden.
The NFD method can be efficiently used both under ground and marine conditions.

The design of marine bottom variant of a seismic module considerably differs from the

design of the ground variant. This is due to the following factors:

- the outer protective case must provide leakproofness of the inner cavity from the water

environment pressure of several atmospheres.

- a fully equipped bottom station must provide negative flotation in seawater of at least —15

kG.

- vertical orientation of the block of primary transducers must not depend on the incline of

the bottom station when it is arranged on the footing.

A special stable gimbal on which the block of primary sensors is fixed is mounted inside
the metallic leakproof case. The stable gimbal provides the vertical orientation of primary sensors

irrespective of the slope of the case.

The hardware configuration arranged in the inner part of the bottom framework is similar
to the hardware configuration arranged within the case used for the ground—mounted seismic

modules.
Case History of NFD Method

Fig. 4 shows the results of prediction using the NFD method in one of the reference areas.
This area contained four wells prepared for boring according to the predictions of seismic

exploration: nos. 121, 115, 116, and 111. Prediction by the NFD method was started when well no.
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121 in this area had already been bored and was the "pioneer"; other wells were being prepared for
boring. The performed prediction based on the NFD method showed the following: well no. 121
proved to be productive, well no. 115 was to be productive; wells nos. 116 and 111 were to be

nonproductive.

The results of prediction obtained on the basis of the NFD method shown in the attached
spectral curves showed that: prediction for well no. 115 later confirmed the data of seismic
exploration: productivity; and the later boring of wells nos. 116 and 111 did not confirm the data of
seismic exploration: proved to be nonproductive. Thus, prediction according to the NFD method

was 100% and prediction according to the data of seismic exploration was 25 %.
CONCLUSIONS

1 .The concept of the NFD method is formulated (detection of random microseismic fields

due to physico—chemical processes occurring within a hydrocarbon deposit).

2. Autonomous vector infrasonic three—component hardware and software complexes are
developed and manufactured that perform together with the base registration station based on a field
laptop—type minicomputer with a specialized software package long—term recording in the

monitoring mode, analysis, and express processing of the obtained data.

3. A package of original specialized software is developed for processing and analysis of
microseismic infrasonic noise signals using modern statistical methods of digital noise signal

processing.

4. The possibility of registration of hydrocarbon microseisms emitted by OGDs using
three—component seismic modules is estimated. Such registration allows classifying microseisms and
extracting them from transmitted microseismic waves characterized both as interference with high

prognostic efficiency of geologic exploration (the "success ratio" is 0.8—0.85).
5. Promising results of application of the NFD method are obtained in the reference area.

6. Application of the NFD method in hard—to—reach regions and under difficult conditions
will allow considerably enhancing efficiency of search and survey and also accelerate discovery and

development of new both ground and marine hydrocarbon deposits.
7. Our immediate objective is to develop the NFD procedure based on the NFD method.

We are open for cooperation and hope that our method will be claimed by the oil and gas
industry of Russia. This hope is due to the inevitable forthcoming progression of geologic
exploration to hard—to—reach promising regions and also the necessity of enhancement of

performance, environmental safety, and economic efficiency of exploration prospecting works.
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FIGURE CAPTIONS
Fig. 1. Hardware and software measurement system of the NFD method.
Fig. 2. Flow chart of the hardware and software measurement system.

Fig. 3. Ground works based on the NFD method. (@) Installation of seismic modules; (») ground

registration.

Fig. 4. Results of prediction using the NFD method in one of the reference areas. Left:

Characteristics of the reference area; right: noise emission spectra of deposits.
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a) MOCTAHOBKA celicMOMOTyJ1eii;

0) Ha3eMHAasl perucTpanus.
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Fig. 1. Hardware and software measurement system of the NFD method
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Fig. 2. Flow chart of the hardware and software measurement system of the NFD method.
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(a) Installation of seismic modules;

(b) ground registration.

Fig. 3. Ground works based on the NFD method.
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Fig. 4. Modification of field works on prediction of hydrocarbon deposits based on the NFD method

Left: Characteristics of the reference area; right: noise spectra of deposits.
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