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AHHoTanus. B paboTe mpejcraBieH anmapaTypHO-IIPOTPaMMHBINA KOMILIEKC,
NpeaHa3HAYEHHbIN JUISL CKBa)>XMHHBIX UCCIe0BaHUI CUTHAJIOB
re0aKyCTUUEeCKOM 3MHCCHUU M 3JIEKTPOMAarHUTHOro usiydeHus. llpuBeneHsl
MpUMEpPhl OLICHKU BapUaAllMii CUTHAJIOB AJIEKTPOMATHUTHOIO U3JICYEHUS U
re0aKyCTUUYEeCKOM SMHUCCHUU B JBYX pa3jIMYHbIX TEKTOHUYECKUX YCIOBHSIX
re0JIOTUYECKOU Cpeibl OAHOU M3 CKBAKUH KOMaHCKOro MecTopoxaeHusl.
KiroueBble  cjI0Ba:  reoakyCcTMuUecKas  OMUCCHS,  3JIEKTPOMArHUTHOE
W3JIy4€HHUE, CKBaXKNUHA, MOHUTOPUHT

TexToHMUYECKNE HapyIIEHUs B T€OJIOTMUECKOM Cpelie MOT'YT BO3HHMKAaTh B PE3yJbTaTe
JEHCTBUSL PA3IMYHBIX (PU3UKO-XUMHUECKUX IMPOIECCOB, NEHCTBHUS HA T'€OJIOTUYECKYIO CPEIy
SH/IOTEHHBIX M 3K30I'€HHBIX CHWJI, BIMSHUS PA3JIMYHBIX Je(POPMALMOHHBIX IPOLIECCOB IMPH-
POJIHOTO U TEXHOI'€HHOro Xapakrepa. Haubonee noasepxeHsl 00pa3oBaHUI0 TEKTOHUYECKUX
HapyLIEHUH pa3HOro MOpsi/IKAa 30Hbl KOHTAKTOB MOPOJ pa3iauyHoro cocraBa. Hambonee pac-
POCTPAHEHHBIM BUAOM TaKUX HaPYIICHUN SIBISIOTCS 30HBI TPELIMHOBATOCTH TOPHBIX MOPO/I.
[Tpryem npu OypeHHM CKBa)KUH TPEIIMHOBATOCTh HA 3THX y4acTKAaX MOXKET YBEJIUYMBATHCS B
BUJly HapyIIEHMsI CIJIOIIHOCTU CPEJibl, BbI3bIBasi 0OBajbl CTEHOK CKBa)XMH, 00pa3oBaHUs Ka-
BEpH U T.J. AHaAIU3 TakUX HPOSIBIECHUI, KaK MpaBUJIO, HanOoJee 4acTo MpHUMEHseTcs s
OLICHKH HAINpPsHKEHHOTO cocTosiHUs MaccuBa [5]. C apyroit cTopoHsbl, kak u3BecTHO [4], po-
LIECChl TPELIMHOOOPa30BaHMs COMPOBOXKIAIOTCS CHTHAJIAMH T'€0aKyCTHYECKOH SMHUCCHU
('AD) u snextpomarautHoro usnydenus (OMU). OrcnexuBanue napaMeTpoB JaHHBIX Ieo-
¢u3nueckux mosiei He TOJBKO B MPOCTPAHCTBE, HO M BO BPEMEHH IMO3BOJIIET OLIEHUBATh Ha
KaueCTBEHHOM YPOBHE MPOYHOCTHBIE XapaKTEPUCTUKH HCCIETyeMbIX 00beKTOB. Tak, Hampu-
Mep, IpHU MPOBENEHUN KapoTaxa curHaioB I'’AD nu OMMU BeenstoTcs 30HBI MOBEIIEHHON
HAIpPSDKEHHOCTH TOPHBIX MOPOJ, aKTUBHBIE YYAaCTKU TPEIIMHOOOpPa30BaHUS U HMHTEPBAJIbI
¢dmronorazoquHamMuku. [Ipu uccnenoBaHusX BpeMEHHBIX Bapuauuii napamerpoB ['AD u
OMMU MOKHO OLIEHUTh, HACKOJIBKO AKTUBHO MPOUCXOSAT BBILIIEOMHUCAHHBIE TPOLIECCHI.

Jlia n3mepenus curHainos ['AD m OMMU npumeHsercs annaparypHO-IPOTrpaMMHBIN
komiuieke MDOIII-42 [2]. CkBaXuHHBIA TPUOOP MO3BOJSET MPOBOJAUTh CHHXPOHHYIO PETH-
CTpAIMIO CUTHAJIOB T€0aKyCTHUECKOM aMuccuu B Tpex Auanazonax yactot 100-500, 500-5000
1 2500-5000 'ty 1 pIeKTpOMarHuTHOTO U3JydeHus Ha Tpex yactotax 45, 80 u 120 kI'm.

JUist MHTepIpeTaly MOJyYeHHBIX JaHHBIX MPUMEHSINCH Cleayrolue nHPOpMaTHB-
Hble mapameTpbl: H1-H4 (pe3ynbTHpYIOIias ¢ IByX TOPU3OHTAIbHBIX gaTuukoB X u Y), Z1-Z4
(curHazsl ¢ BepTUKaJIbHOrO Aarumka), F1-F3(mapamerpsl 3€KTPOMarHUTHOTO H3ITy4EHHUS)
[3].

Hccnenoanus curnanos 'AD u OMMU B ckBaxune Nel Ha KonaHckom ydacTke BbI-
MOJTHSUTUCH C TIENThI0 U3YYCHHSI COBPEMEHHON T€OIMHAMUYECKOW 00CTaHOBKH T€0JIOTHIECKOM
CpeIbl Ha JAHHOM OOBEKTE.

Konanckuii ygactok BxoauT B coctaB Kycuncko-Konanckoro kommiekca. UHTpy3nmn
Kycuncko-KonaHnckoro komimiekca CTpYKTYPHO MHPUYPOUYEHBI K 30HE PETMOHAIBHOTO IUIYy-
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OMHHOTO 3I0PATKYJIBCKOTO PasjioMa, Pa3[eAIoNIero 37eCh C1ad0 M3MEHEHHBIE OCaJI0YHBIC
TOJIIIM IIPEUMYLIECTBEHHO HIKHEro pudes Ha 3amaze oT 0osiee MOJOJBIX M CUIbHEE METa-
MOp(dH30BaHHBIX 00pa30BaHM KyBaIICKOW CBUTHI cpenHero pudes Ha Boctoke [1]. Koman-
CKUI MacCUB UMEET CEBEPO-BOCTOYHOE IPOCTUPAHUE, COITIACHO C IIPOCTUPAHUEM O0ILEH Treo-
JIOTHYECKOU CTPYKTYPBI, U FOTO-BOCTOYHOE MaJeHUE, 0ojiee KPyToe Ha KOHTAKTax C BMeIIa-
IOLIMMHU [TOPOJIaMH M CPABHUTEJIBHO MOJIOTO€ B LIEHTPaIbHOM YacTH. J{in1Ha MaccuBa 1o npo-
CTHpaHHIO 28 KM, MaKCUMaJIbHAsi MOUIHOCTh B IIEHTpaJbHOW yacTu 2.2 kM, cpenHss 1.2 k.
BuyTtpennee crpoeHne rabopoBOro MaccuBa XapakTepU3yeTCsl OTYETIIMBOM 30HAIBHOCTHIO U
napajuIebHON il TceBaocTpaTu(uKameid. 30HaTbHOCTh BBIPAXKAETCS B 3aKOHOMEPHOM W3-
MEHEHUHU COCTaBa MOPOA OT Jiekauero Ooka K BUCSYEMYy. 3amajHas U LEHTPaJbHbIE YacTU
MacCHBa CJIOKEHbl B OCHOBHOM HOPMAJIbHBIMHU JIA0Pa0pPOBBIMU Ta00pPO 0(hUTOBOM CTPYKTY-
pbl, BocTO4HAas 30Ha MoiHOCThI0 300-500 M, mpuieraromias K BUcA4eMy OOKY, CIOXKEHA aM-
¢ubdosIoBEIM TabOpO ¢ OoJyiee KUCIBIM IIarnokiazoM. Ilepexoapl MexIy 30HaMH TOCTETECH-
Hble. [IceBnocTpaTuduKalys BbIpaXkaeTcsl B CJI0AKHOM CTPOEHUE MacCHBa, B HaOIroAarouecs
KOE-TJI€ MOJI0CYATON TEKCTYype W IUIOCKOCTHON OPMEHTHUPOBKE TAOIMYEK IIaruokiiasza. Bax-
HBIM 3JIEMEHTOM CJIOMCTOIO CTPOCHUS SIBJISIOTCS PYyJHbIE 30HBI, IPEACTABICHHbIE BKpAIJICH-
HOCTBIO WJIBMEHHUTA M THTAHOMAarHeTUTa M IUIACTOOOPa3HBIMH BBIICPKAHHBIMH TEJIaMU
CIUIOIIHBIX PyA. PyaHble 30HBI UMEIOT 3aKOHOMEPHOE CTPOECHUE: BUCAYMM OOK CII0%kKeH rad0-
po-merMaTuTaMu ¢ OMOTHUTOM W 30HOW T'yCTOW BKpAIUIGHHOCTH, 3aTeM HJET PYAHOE TEJO
CIUIOIIHOW TUTAaHOMAarHeTUTOBOW PY/ibl, a JeKauuid OOK CIIOKEH CpeJHe- U MEIKO3EpHUCTHI-
MU Ta00po ¢ BKpaIyIeHHBIM opyaeHeHrneM. OCHOBHBIE TTOPOA000Pa3yIOIINe HePYAHbIE MHHE-
pajibl — IJIArMoKJ1a3, MOHOKJIMHHBIA HMUPOKCEH, OOBIKHOBEHHAsl poropas oOMaHKa, SMUAOT,
[IUO3UT M KIMHOIIMO3UT, XJIOPUT. B HE3HAUMTENBHBIX KOJIMYECTBAX MPHUCYTCTBYIOT OWOTHT,
OJIUBUH, TUIIEPCTEH, anaTUT. [ TaBHbIE pyAHblE MUHEPaJbl — THTAHOMArHeTUT U UIbMEHUT. B
3aBHCUMOCTH OT COOTHOIICHHUSI PYJHBIX MHHEPAJIOB BBIACISIOTCS WIBMEHUTOBBIC, MIIBMEHUT-
TUTAHOMAarHeTUTOBBIE U THTAHOMArHETUTOBBIE PY/IbI.
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Puc. 1. dparMeHT KapoTaxa CUTHAJIOB re0aKyCcTH4YecKom 3MMCCHH,

3JICKTPOMATHUTHOI'0 H3JIyYEeHUS] M MATHUTHOW BOCIPUUMYHUBOCTH TOPHBLIX NOPOX B
ckBaxuHe Nel Konmanckoro yyacrka

CkBaxxnHa Nel mpoOypeHa B Tose rabopo ¢ YepeIoBaHUEM JacK J0JIEPUTOB, UITbME-
HUTO-TUTAHOMAru€TUTOBLIX, TATAHOMAIrHCTUTO-UJIBMCHUTOBBIX U TUTAHOMAIrHCTUTOBBIX PYI.
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Ha pucynke 1 npencrasieH gpparMeHT 3alucH CUTHAJIOB I'€0AKyCTHYECKOW IMUCCHH U 3JIEK-
TPOMAarHUTHOTO M3JIY4E€HUS MO CTBOJY CKBaKMHBI. [lo KaHanmaMm reoakycTHUeCKOH SMHUCCUU
(0COOEHHO MO TOPHU30HTAJIBHBIM COCTABJISIOIIMM) BBIIENAETCS BEPXHSAS YacTh pas3pesa o
rnyounsl 220 metpoB. 1o uccnenoBanusim MU nepBoro kanana (45k['11) BeIIEIsAIOTCS MH-
TEpBaJIbl B BEPXHEN M HUKHEM YacTAX UCCIENYyEeMOI0 MHTEpBasla, TOrJa KaK M3MEpPEHHs Ha
BTOPOM M TPEThEM YACTOTHBIX JUANA30HAX UMEIOT U3PEe3aHHBIA BUJI MPEUMYILECTBEHHO 0e3
KaKuxX JMOO BBIpaXEHHBIX aHOManui. Takum oOpazom, yuactok oT 160 M 10 220 M MOKHO
0XapaKTepU30BaTh KaK JTWHAMUYECKH aKTHUBHBIM, C HANPSXKEHHBIM COCTOSHHEM TOPHBIX MO-
poa.
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Puc. 2. Pe3yabTaTbhl KpPaTKOCPOYHOI0O MOHHMTOpPHMHra curiajoB I['AD u IOMU
B ckBaxxuHe Nel KonaHckoro yuacrka

ny6uxa, m

Jlnst Gornee JeTaNbHOW OIEHKH Ha KaYeCTBEHHOM YPOBHE HAIPSHKEHHOTO COCTOSHUS
ObUI BBIMOJIHEH KPaTKOCPOUHBIM MOHUTOPHHT Ha 2-X TIIyOMHAX, pe3yabTaTbl KOTOPOTO IMpH-
Be/IeHbl Ha pucyHke 2. ['myOuna 172 M npencraBiseT co00if KOHTAaKTOBYIO 30HY MEXIY JIBY-
MSI THITAaMHU PYIl — WIIbMEHHTO-TUTAHOMArHETUTOBAsI pyJa W TUTAaHOMarHeTHToBas pyna. To-
I7la KaKk 30Ha Ha r1yOuHe 256 M M0 reoJIOTHYECKUM JaHHBIM MPEJICTaBIIsAET COOON CIUIOMIHOM
MacCHUB THTAaHOMAarHeTUTO-HIBMEHUTOBON pyabl. [10 JaHHBIM KpaTKOCPOYHOTO MOHHTOPWHTA
00a yyacTKa BBIAETSIOTCS 110 CUTHAJIaM I'€0aKyCTHYEeCKOH SMUCCHH KaK 10 TOPU3OHTAIBHBIM,
TaK ¥ MO0 BEPTUKAJIBHBIM COCTABJISIFOIINM, BO BCEM M3MEPSIeMOM Juarna3oHe Jactot. [lo cur-
HasiaM OMMU Ha riybune 172 M aHOMaNbHBIM MOBEICHNEM OoTMeuatoTcst napamerpsl F1 u F3.
[To F1 nabnromaeTcst TpeH KpUBOH Ha yBenwmueHue, a o F3 cuinbHO muddepeHmpoBaHHbINA
ypoBeHb curHana. Ha riryOune 256 M HaunOonee akTUBHO BeneT ceds mapamerp F1, Tak xe
HaOMIoaeTcsl TPEeH]| aMIUIMTYIHOTO YPOBHS KpPHBOH, NMpHYeM Oojee aKTHUBHBIM, 4eM Ha
yuactke 172 M. To ecTh, HE CMOTpPsi Ha OJHOPOJHOE JIUTOJOTMYECKOE CTPOEHHE MOpOJ Ha
rryouHe 256 M, TaHHYI0 30HY MOXHO TaKXE OXapaKTepHU30BaTh, KaK TEKTOHHMYECKH Hapy-
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HICHHYIO U, CY/ISl M0 YBEJIMUCHUIO aMIUTUTYIHOTrO ypoBHs OMMU Ha yactore 45 k['11, ¢ akTUB-
HO MPOTEKAIONIMMH MPOIIecCCaMy TPEIIMHOOOPa30BaHUs, BO3MOXKHO, BbI3BAHHbIC HAPYILICHU-
€M CIUTOIIHOCTH MacCUBa MOPOJI B Pe3yIbTaTe OypOBBIX padoT.

Takum o0pa3om, MpoBeICHNUE HUCCIETOBAaHUI CUTHATIOB F€0aKyCTUYECKOW SMHUCCUU U
JIEKTPOMAarHUTHOTO U3JIy4yEHUS! HE TOJIBKO B PEXKUME KapoTaxka, HO KpaTKOCPOYHOIO MOHU-
TOPUHTa MO3BOJISIIOT OIICHMBATh HA KAUeCTBEHHOM YpPOBHE BapUallMU CUTHAJIOB H3y4aeMbIX
noJsieli. YTo B CBOIO Oouepellb 1ae€T BOZMOXKHOCTD BBIJENATH 30HbI TOBBIILIEHHOW HANPSXEHHO-
CTH TEOJIOTUYECKON cpeibl M Y4YacTKH C aKTHUBHBIMU IpOLleCCaMHU TPEHIMHOOOpa30BaHUS.
Januplii BUA reo@U3MUECKUX HMCCICIOBAHUN CKBAXKHH SIBISIETCS aKTyaJbHBIMH, OCOOEHHO
OpU W3YYEHUHU TEKTOHMKH PYIHBIX MOJEH, a TakkKe HpHU HCCIECIOBAHUHM JUHAMHYECKON
YCTOMYMBOCTU MCCIEAYEMOI0 MacCHMBa TOPHBIX NOPOJ B palloOHAaX pa3padOTKU U 10ObIUU IO-
JIE3HBIX HCKOIAEMBIX, TJIe BCEIr/la CYIIECTBYET OMAaCHOCTh MPOSABIEHUSI TOPHO-TEKTOHUYECKIX
y1apOB U TEXHOT'€HHBIX 3eMJIETPACEHUN.
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VARIATIONS OF GEOACOUSTIC EMISSION AND
ELECTROMAGNETIC RADIATION SIGNALS IN TECTONICALLY
DISTURBED ZONES OF THE GEOLOGICAL ENVIRONMENT

1Jane A. Bazhenova, ?Aleksey A. VVdovin, Evgeniy V. Arzamastsev
IGF UB RAS, Ekaterinburg
!Bazenova_jena@mail.ru, 2agvd@bk.ru

Summary. The paper presents a hardware and software complex designed for
borehole studies of signals of geoacoustic emission and electromagnetic
radiation. Examples of the estimation of variations in electromagnetic radiation
and geoacoustic emission signals in two different tectonic conditions of the
geological environment of one of the wells of the Kopan field are given.

Key words: geoacoustic emission, electromagnetic radiation, borehole,
monitoring.
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AHHoTanusi. B crarbe paccmaTpuBaeTcs NPUMEHEHUE KOMILIEKCHPOBAHUS
MIOJIEBBIX METOJIOB Pa3BEJOYHON Treo(PU3MKU C LENbI0 IMOMCKOB BOJAOHOCHBIX
TOPU30HTOB NIl  Pa3HOLIEJIEBOrO BOAOCHAOkeHUsT Ha KOBBIKTMHCKOM
ra30KOH/JEHCATHOM  MECTOPOXKACHUHU.  BBIABICHBI  I'MIPOreoJoruueckue
0COOCHHOCTH CTPOCHHSI H3Yy4aeMOW TEPPUTOPUHU, TIPEACTABICH MpPUMED
IPUMEHEHMsI KOMILJIEKCHOTO I0/XO0Ja K TOMCKY THOA3EMHBIX HCTOYHUKOB

BOJIOCHA0XEHU.
KiaoueBble ciaoBa: KOBBIKTHHCKOE Ta30KOHIAEHCATHOE MECTOPOKICHUE,
KOMHJIGKCI/IpOBaHI/Ie, BOIIOHOCHI)Iﬁ FOpI/I?;OHT, IIOA3CMHBIC BOJHBI,

BOI[OCHa6)KeHI/IC, BCPXOJICHCKAA CBUTA.

B nacrosiiiee Bpemsi MECTOPOXKICHHS YTIieBo10po1oB Boctounoit Cubupu npencras-
Js10T co00# MOITHYI0 pecypcHyro 6a3y Poccuu. OmHOM U3 BaKHBIX MPOOJIeM, BO3HUKAIOIINX
MIPU U3YYEHUH U SKCIUTyaTalluu 3TUX OOBEKTOB, SBISIOTCS MOUCKH MOA3EMHBIX BOJ JUIi MHOTO-
IIEJIEBOTO BOJIOCHAOXKEHUS. MecTopoKAeHUs He(PTEera3oBoro KOMILIEKCa PETUOHA HAXOATCS B
OUYEHb CIIOKHBIX T€OJOTO-THAPOTEOTOTHYECKIX U TOPHO-TEXHUUECKUX YCIOBHUSX, YTO B 3HAUU-
TEIHHOW MepEe 3aTpy[HSET pellIeHue 3a7aud BojocHaOxeHus [2] u nenaer Hedh HEKTHBHBIM
MIPOTHO3UPOBAHKUE PALMOHATBHOTO MECTOIOJIOKEHUSI TTOMCKOBO-PA3BEIOYHBIX CKBAKUH T10
MPSIMBIM THJIPOT€O0JIOTHIECKAM TIPU3HAKAM.

AKTyanbHBIM sIBIIsIeTCSl  (DOpMUpOBaHHE pELIeHHs, O0ECIeUMBAIOIIETO BbIICTICHHUE
HanboJlee EPCIEKTUBHBIX HA BOJIY YYaCTKOB M IPUMEHUMOT0, HAUWHAs C CaMBIX PAHHUX CTa-
TN TIOMCKOBO-OIIEHOUHBIX pabOT WM XKe MPH pa3paboTKe MPOESKTHOM JOKyMeHTaIuu [4].

3HaYNTEIbHBIE 3aTPAThl B CTPYKTYpE T'€OJIOrOpa3BEeJOYHBIX HCCIIECIOBAHUIN 3aHUMAIOT
MTOMCKOBO-PA3BEIOYHBIC PA0OTHI HAa BOJIY Pa3IMUHOTO HA3HAYCHUS: XO3IHCTBCHHO-TTUTHEBOTO U
TEXHUYECKOTO JUIsI TOJEpKaHUS TUTaCTOBOTO NaBieHus. B paiionax Bocrounoit Cubupm, o1-
JMYAIONINXCS BeChbMa HU3KOW CTENEHBIO I'eOJIOTO-THAPOTEOIOTHYSCKON U3yYSCHHOCTH, OIpee-
JICHWE MECTOIIOJIOKEHUS THIPOT€OJIOTUYECKUX CKBAXKUH MPEJCTABISET 3HAYUTEIBHYIO CIOXK-
HOCTBh M YaCTO HE MPUHOCHUT JKEJIAEMOT0 pe3ysibTaTa. B CBSI3U ¢ 3TUM ONTHMH3ANHUS pa3Mellie-
HUS TIOMCKOBO-Pa3BEIOYHBIX CKBAKHUH HA BOJY Ha HE(TETra30BBIX MECTOPOXKICHUSAX — 3a/laua
aKTyasbHasl.

BonocHa0xeHre mpou3BOJICTBEHHBIX 00BEKTOB SIBISIETCS BAXKHOM 3a/1adueld Ipu OCBOE-
HUU 1 3PPEKTUBHON IKCILTyaTalliy JII000TO MECTOPOXKIEHUS YTIIIeBOA0POA0B. OT MpaBMIIBHO-
ro BbIOOpa MCTOYHWKA BOIOCHAOXKEHUS, BKIIIOUAsl €T0 PACIOJIOKEHUE, 3aBHCUT YCIEIIHOCTh
OpTraHMU3aIlii CUCTEMbI BOJJOCHA0KEHHMSI B 11€710M [ 8].

Hctounnkom BooobecriedeHus MOTYT OBITh KaK MMOBEPXHOCTHBIE BOJBI (PEKH, 03epa),
TaK ¥ TOJ3EMHBIE BOJBI BOJOHOCHBIX TOPU30HTOB, IMPUTOHBIC IS OMPEICICHHOTO IIEJICBOTO
UCTOJIb30BaHuUs. B OT/IMYHE OT MOBEPXHOCTHBIX MOI3EMHBIC BOJIBI XapaKTEPU3YIOTCS OOJbIIeH
3aIlTUIIICHHOCTHIO OT BO3JICHCTBHS BHEIIHUX (PAKTOPOB (XMMHYECKOTO, OAKTEpHAIBHOTO 3a-
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rpszHenus). [loaromy Haumbosee 1eraecooOpa3sHO BOJOCHAOKEHHE 33 CUET MOJ3EMHBIX BOJIO-
HOCHBIX TOPU30HTOB [§].

OcHoBBIBasich Ha TpobieMaTuke aeduimTa Bojabl, Ha KOBBIKTHHCKOM T'a30KOH/ICHCAT-
HoM MectopoxaeHnn (KI'KM) BeneTcst KOMIUIEKCHBIN MOAXO0/ K TTOMCKY MOA3EMHBIX HCTOYHH-
KOB BOJIOCHA0XEHUSI.

B mpornecce perenus npodiaemsl 1euUTa BOJIOCHA0XKEHUS 10 HACTOAIIET0 BPEMEHU
ObUIM IIPOBENIEHBI CIIEAYIOLIUE PaOOTHI:

e yIIyOJIGHHBIM aHanu3 TUIPOCETH, BOAOPA3/CIIOB, POJHUKOB U JAPYTHUX KOCBEHHBIX

MIPU3HAKOB HAJIUYHS TPECHBIX BOJ;

e oprodoTorIaHupoBaHue U noctpoeHue 3D-penbeda, cocTaBICHHOro MO pe3yabTaraM

BO3/YIIHO-JIA3€PHOT0 CKaHUPOBAHMUS,

e avporeou3uvecKas CbeMKa;
® 3IIEKTPOPa3BEIOYHbIC PAOOTHI;
e J1a0OpaTOpHBIE OSKCIEPUMEHTHI COBMECTUMOCTH TOBEPXHOCTHBIX U  IMOJ3EMHBIX

HMCTOYHUKOB BOJIOCHA0KEHUS C TUIACTOBBIMU (hIIIOMIAMH;

® [I0TOKOBBIE UCCIIEZIOBAHUS MPOLIECCOB MPOKAYKU PA3JIMYHBIX TUIIOB BOJ Yepe3 IIacT Ha
KEPHOBBIX 00pa3iax;
e OypeHHEe NOMCKOBO-OLIEHOYHBIX THAPOT€OIOTMYECKIX CKBAXHUH [1].

HaunbGonee nmepcrnekTUBHBIM, C TOYKUA 3PEHHSI OpTaHU3AIlUU BOJOCHAOXKEHUS, SIBISICTCS
JIOKaJIbHO-BOJOHOCHBIM KPUOTEHHO-TAJIMKOBBIN CpeHe-BEPXHEKEeMOPUICKUN KOMILUIEKC TepPH-
TCHHBIX OTJIOKCHHUU BEPXOJICHCKOW CBUTHI, MPUYPOUCHHBIN K 30HE HHTCHCUBHOTO BOJI0OOMEHA,
I7ie 0 30HaM TeKTOHMYECKHX HapyHIeHUH pOpMHUPYIOTCS CKBO3HBIE TaNUKH. OCHOBHBIE 3ara-
CBI TTOI3EMHBIX BOJ[ 3TOH 30HBI (POPMUPYIOTCS 32 CUET €CTECTBCHHBIX 3aI1aCOB €CTECTBEHHBIMU
Y TIPUBJICKAEMbBIMH 32 CUYET MHOUIBTPALMU MOBEPXHOCTHBIX BOJ pecypcamu. OOecrieyeHHbBIM
MCTOYHHKOM BOJIOCHA0KEHUsI, BEPOSTHEE BCETrO, SIBJISIETCS pecypcHasl cocTasistouias. Ecre-
CTBEHHBIE PECYpPChI B pACCMaTPUBAEMOM PETHOHE MPAKTUYECKU HE U3Yy4aIUCh, UMEIOTCS JIMIIh
CBE/ICHUS PErHOHAJILHOTO XapaKTepa ¢ €IMHUYHBIMH 3aMepaMH MOA3EMHOI0 CTOKA.

Jlns ueneit BOIOCHA0XKEHUS TPEACTaBIsIeT WHTEPEC HaJCOJIEBOM THIPOTe0IOTHIEeCKUN
3TaX, KOTOPBIN pacrpocTpaHeH B BepXxHel yactu paspesa 1o rimyonn 800-1000 M, npeHupyercs
PEYHOMN CEThIO M ABISETCS 30HONM aKTUBHOTO BOJOOOMEHA. B HEM BBIACTSIOTCS TPH BOJOHOC-
HBIX KOMIUIEKCA: YeTBEPTUYHBIX OTJIOKEHHUH, OPJIOBUKCKHI U CpeaHe-BepxXHeKeMOpuiickuii. B
TEepPUTeHHO-KapOOHATHON TOJIIE HA/ICOJIEBOTO ATa)Ka BOAOHOCHBIE TOPU3OHTHI MPEICTABICHBI
B OCHOBHOM T€CYaHHUKAMH, aJEBPOJIUTAMHU, TPECIIMHOBATHIMU W3BECTHAKAMH M JIOJIOMUTAMHU;
JIOKaJIbHBIE BOAOYIMOPHI — MaYKaMH apTHJIUTOB, JOJOMHUTOB, TUIica. Bonbl mpecHbie, MUHEpa-
muzanment 1o 0,8 1/11, ruApoKapOOHATHOTO MarHUEBO-KAJIBIIMEBOTO COCTaBa, HEUTpAIbHBIE U
cnabomienounsie (pH g0 7,9), HeBbicokoi Temmeparypsl (10 9°C). OHu SBISIOTCS c1abo- WU
0e3HANOPHBIMH, OTHOCSITCS K IIJIACTOBBIM M TPEIIMHHO-KapCTOBBIM BOJaM WHOUIBTPAIIMOHHO-
ro reHe3uca. 3ajerarlye HIKe BOJOHOCHbBIE TOPU30HTHI COAEPKAT BOJIBI OT CIa00COJICHBIX /10
PaccosIOB U HE MPUTOIHBI I BOAOCHAOKEHUS [ 8].

B 2013-2015 rr. na6oparopueii ruaporeonorun OO0 «"asnpom BHUNI A3» BriepBbie
BBITTOJIHEHA OLIEHKA 3aI1acoB MOJA3EMHBIX BOJ Ha ceMH ydyacTkax Heap B paiione KI'KM c nenbro
OpraHu3alui XO03SHCTBEHHO-TTUTHEBOTO BOJOCHAOKEHHSI COOTBETCTBYIOIIMX YCTAHOBOK KOM-
TUIEKCHOM MOAroToBKU [9] ¢ 3ananHbIM 00beMoM BoponoTpednenus 90 m3/cyr. Takxke npose-
JIeH BCECTOPOHHUI aHAIM3 T'€0JI0r0-THIPOre0JOTHYECKUX YCIOBUN BEPXHEW YaCTH pazpesa Me-
cTopoxkaeHus [8].

YdacTku Help U MOCTaHOBKH HMCCIIENOBaTENbCKUX paboT onpeaensumck OO0 «Ia3-
IIPOM TeoJIoropa3Be/ika» MO pe3yibTaTaM OypeHHs BO/I03a00PHBIX CKBaXKHMH, BBITOJHEHHOT'O
paHee ¢ LEeNbI0 OpraHU3allii BOJIOCHAOKEHHUS YCTAaHOBOK T'€OJIOrOPa3BEIOYHOrO OypEeHWS.
OO6bexTamMu UcClleI0BaHUI OBbUIM OIpEeNIeHbl CEMb THIPOTre€0OTHYECKUX CKBaYXKUH, TIPOU3BO-
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JUTEIBHOCTh KOTOPBIX, 110 TJAHHBIM MEPBUYHBIX ONPOOOBaHMIA, 0OecreunBalia MPOSKTHbIH 00b-
em Bojonorpebaenus (ot 90 o 180 m3/cyT) [8].

BaxHoii cocTaBisronIel mojcyeTa 3amacoB MOA3EMHBIX BOJ SIBJISETCS 00OOCHOBaHHE
TUAPOIMHAMUYECKON MOJENHN MO KaKAOMY ydacTKy. C 3TOi 1eNbi0 NpOBEAECH BCECTOPOHHUMN
AQHAJIA3 Ie0JIOrO-TUAPOT€OIOrMYECKHUX ycaoBui BepxHel dactu paspe3a KI'KM, a taxxke run-
poreosiorndeckoi HHMOPMaIUK 10 MPEICTABICHHBIM JIJIs1 OLIEHKH 3a11acoB CKBa)KuHaM [ 8].

OcHOBBIBasICh Ha MOJTyYCHHBIX pe3yJbTaTax, OblIa MEPECMOTPEHA CTPATErus MOAXo/aa K
MOUCKOBO-OLIGHOYHOMY 3Tally M IMPOBEACHBI AJIEKTPOpa3BeIOUHbIE PA0OTHI 30HAMPOBAHUEM
CTaHOBJICHUS MOJISI B ONMDKHEH 30HE B ManortyounHoi mogudukamuu (M3CB) Ha Tepputopun
KI'KM.

@opMHUpOBAHUE TEONIEKTPUUECKON MOJETH TEPPUTOPUH pabOT OCYIIECTBIUIOCH Ta-
pajuieNbHO ¢ OypeHHeM THIPOreoJOrHUECKUX CKBAKUH U MPOBEICHUEM ONBITHBIX OTKaueK U3
BOJIOHOCHBIX IUIACTOB. IIpy KOMIUIEKCHOM aHau3€ pe3ysibTaToOB JJIEKTPOPA3BEAKU IPUHUMA-
JUCh BO BHUMAHME JAHHbBIE PE3UCTUBUMETPHUH, KapOTaka COMPOTUBIICHUH, raMMa KapoTaxa, a
TaKkKe JaHHBIE MO0 OTOOpY IIIaMa M3 Pa3BEAOYHBIX M THIPOTEONIOTHYECKUX CKBaKUH. COB-
MECTHBI aHAJIN3 YKa3aHHBIX XApaKTEPUCTUK MOPOJ MO3BOJMJ YCTAaHOBUTH OCHOBHBIE BOJIO-
NPUTOYHBIC UHTEPBAIBI pa3pe3a, a TAKKe OMPEIeITUTh OCHOBHBIE 3aKOHOMEPHOCTH (OPMHUPO-
BaHUS OCaJIKOHAKOILJICHUS B IOPCKOE M KEMOPUICKOE BpeMsl.

Pesynbrarel OypeHHsI IOATBEPAIIN TPABOMEPHOCTD IPUMEHEHUST KPUTEPUST COMTPOTHB-
JICHUS IOPOJ] B KAYECTBE ITPOTrHO3HOTO IS BBIICNICHUS 30H PAa3BUTHSI TAJTHKOB.

B pesynbprare mHTEpHpeTalMM 3J€KTPOpa3BEAOYHbIX padOT MpeIoKEHbl KPUTEpPUU
BBIJICJICHUS TIEPCIIEKTUBHBIX 30H HAJMYMS MPECHBIX/CIa00COIEHBIX BOJ, BBIJICIEHBI IIEPBOOYE-
penHble 30HbI Uil OypeHUsl KCIUTyaTallMOHHBIX BOJ03a0OPHBIX CKBa)XUH Ha MPECHYIO BO.Y,
MOCTPOCHA KapTa pa3BUTHS TAIMKOBBIX 30H M YCTAHOBIIEHBI OOJIACTH Pa3BUTHS MHOTOJIETHE-
MEP3JIBIX ITOPOJ.

Kpome reosnoropa3BenouHblx U OypoBbIX paOoT, MPOBEJECHBI JIAOOPATOPHBIE HCCIE0-
BaHUs 10 U3YYEHUIO XUMUYECKOT0 aHAJIN3A BOJ, MIOJIYYEHHBIX B PE3YJIbTATE JIUTEIBHBIX OTKa-
yek [1].

BrisiBnennsie rumporeosorudeckue ocooeHHoctu crpoenust tepputopuu KI'KM, cos-
MECTHO C KOMIUIEKCHON TIe0JIoro-reo(pu3nueckoil MHTepIpeTanneil ceicMoreoJornieckux U
AIIEKTPOPA3BEIOUHBIX MaTepUaoB, IPaBU- U MarHuropaspeaku, matepuanoB ['MIC, reomoro-
TE€OXUMUYECKUMH, TalCOCTPYKTYPHBIMH, JTUTONOTO-(PallMalbHBIMU U JPYTUMHU paHee MPOBe-
JIEHHBIMU HccenoBaHusAMHU [5-7, 10] MoOryT craTh OCHOBOM ISl BBIJICTICHHSI HOBBIX MEPCIEK-
TUBHBIX OOBEKTOB Ha BOjooOecredeHre ¥ OOOCHOBAHHS MPHUOPUTETHHIX HAMpaBICHUH Uis
MOJITOTOBKU PeCypCHOM 0a3bl MPecHO U TeXHoJIornueckor Bo bl B ipeaenax KI'KM.

[To marepuanam KOMIUIEKCHOTO aHaJIM3a IeoJIoro-reoru3nyeckix JTaHHBIX CYIIECTBYET
BO3MOXKHOCTh pa3padoTaTh U MOCTPOUTH CYMMApPHYIO KapTy (aKTOPOB YCIENIHOCTH CKBAXKUH,
KOTOpas Obl1a OBl MOJOKEHA B OCHOBY ISl IPSIMOTO MOUCKA MPECHBIX MOA3EMHBIX BOJ U CHU-
JKEHHS PUCKOB OYpEHUS CYXUX/HU3KOICOUTHBIX CKBAYKUH.

KI'KM nyxnaercsi B TONOJIHUTEIBHBIX THAPOTEOTOTHYECKUX UCCIEIOBAHUSIX HAJICOJIE-
BOT0 KOMILJIEKCA JJIsl YCTAHOBIICHHSI TOUYEK 3aJ0KEHUsI CKBKWH MEPCHEKTUBHBIX Ha OOHApy-
KEHHE MTOJA3EMHBIX BO/I.

Pemenue npobnemaruku aedunmrta BogocHabxkennss KI'KM komriekcupoBaHHEM T0-
JIEBBIX METOJIOB Pa3BEI0UYHON re0(pU3NKU MOXKET OBITH MPUMEHEHO K IPYTUM MECTOPOKICHUIM
pernona Bocrounoit Cubupm.
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APPLICATION OF INTEGRATION OF FIELD METHODS OF

EXPLORATION GEOPHYSICS FOR THE PURPOSE OF SEARCHING
FOR AQUIFERS (UNDERGROUND WATERS) FOR MULTI-PURPOSE

WATER SUPPLY AT THE KOVYKTA GAS CONDENSATE FIELD

Aleksandra A. Belousova
IUT, Tyumen
belousovaaleksandra2l@mail.ru

Summary. The article deals with the application of combining field methods
of exploration geophysics in order to search for aquifers for multi-purpose
water supply at the Kovykta gas-condensate field. Identified hydrogeological
features of the structure of the study area, established the basic patterns of
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distribution of hydrogeological parameters of individual aquifers, is an
example of an integrated approach to the search for underground water sources.
Key words: Kovyktinskoye gas-condensate field, integration, aquifer,
underground water, water supply, verkholenskaya formation.
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AHHOTauusl. VMmynbcHas 5IeKTpopa3BelKa IPUMEHSIACh IIPU  OIBITHO-
MeTonuyeckux paborax B IIpumopse Ha MecTopoxiaeHun «KpacuBoe» mis
IIOMCKAa PYAHBIX Tea 30j10To-nopdupoBoro Ttuma. Pemanach 3agada 1o
MIPOCJIEKUBAHNIO, COEAUHSIIOTCS JIM PYyJHOE TEJO y4yacTKa «3aKOHOMEpPHOE» C
pyaHbIM  TesioM  MecTtopoxaeHus — «Kpacuoe». CrnocoOoM — perieHus
[IOCTAaBJIEHHOM 3aJauu SBISUIOCH KOMIUIEKCHOE IPUMEHEHME armapara
OJTHOMEPHOTO M TPEXMEPHOI'O0 MOJEIMPOBAHUSA JAHHBIX 3JIEKTPOMAarHUTHBIX
30HAUPOBAHUM.

KiroueBbie c¢JjI0Ba: UMIyJIbCHAs 3JIEKTPOPA3BENKA, OINBITHO-METOIUYECKUE
paboTBI, TpexXMepHOE MOJCIUpPOBAaHHUE, CyNb(QHUIHAS  MHHEPATH3AIMS,
noJyisipu3yemMocts, Y OC, pyaHoe Telo.

Beenenune

OCHOBHOH 11eNbI0 Pa0OT SABJSUICS MOMCK CIENBIX PYIHBIX TEN 30J0TO-OP(UPOBOIrO
THUIIA, COJAEPKAIIUX CYyTb(OUIHYI0 MUHEPATH3AIUIO, OTIUYAIOIIYIOCS aHOMAJIbHBIM 3HAUYEHU-
eM BbI3BaHHOM mossipuzanuu (BIT) u HU3KUM yIeIbHBIM 3JIEKTPUUYECKUM COMPOTUBICHUEM
(Y2C), ¢ moMoIb0 TpUMEHEHUSI UMITYIBCHOM 3JIEKTPOPA3BEIKU C 3a3€MJICHHBIM HUCTOYHH-
KOM UM MPUEMHHKOM. JlJig 9TOTO MPUMEHSIIACh TEXHOJIOTHS AJIEKTPOMArHUTHOTO 30HIUPOBA-
HUS U BbI3BaHHOW monsipu3anuu (OM3-BII), nmo3Bonsromas BeIICTUTh aHOMAJTUN BHI3BAHHON
MOJISIpU3AIMU B pe3yiibTare pereHus: oopateix 3a1a4 1D u 3D unBepcun. beuin npoBeneHbl
JIBE CTaJINU OTBITHO-METOINYECKUX PaboT.

Ienpro mMpoBeacHHS MEPBOM CTaJUU OIMBITHO-METOIUYECKUX paboT (mamee OMP-1)
OBLJIO BBITIOJIHEHHWE CHEMKU IMPHU YCIOBHHM 3a3€MIICHUS IMUTAIOLIETO TUMOJNS B OTKPHITHIE
y4acTku pyaHoro tena «Kpacupbiit» (B MecTe BBIPAOOTKH Kapbepa), BBISICHEHUE CTPYKTYPhI
3aJIeTaHus IITOKBEpKa U nojydeHre Y IC U MOJSAPU3ALMOHHBIX XapaKTEPUCTUK HA ITAJIOH-
HOM aHOMAaJIbHOM OOBEKTE.

3amadeil BTOpO CTaaWM OIBITHO-METOAUYECKHX paboT (mamee OMP-2) sBisuiack
BO3MOXXHOCTh MPOCIEANTD, COSAUHSIIOTCS JIU PYJIHOE TEJNO ydacTka «3aKOHOMEPHBII» ¢ pya-
HBIM TeJIOM MecTopoxaAeHus1 «KpacuBbrii».

[Ipu npoBeneHnn paboT CTOJNIKHYIHUCH C PSAAOM CIOXKHOCTEN: BHICOKOE COTPOTHUBIICHUE
BMeraromiei cpeanl (6omee 20 000 OM*M), BecbMa KOHTPACTHBIE MPOBOISIINE MOISIPU3YIO-
Iuecs: 00bEKTHI, CYIIECTBEHHO OCIIOKHSIONINE HHTEPIPETAIINIO0 OJHOMEPHBIX aHOMAJIUH, BbI-
COKOOMHBIM BEPXHHI CJIOW M pa3BUTHE KYpyMOB, 3aTPYAHSIIOUIMN pealn3aluio 3a3eMJICHUs
KaK FeHepaTOPHBIX JIUIOJIEH, TaK U MPUEMHBIX JUHUA. Kpome Toro, moMmexu ot 35eKTpoobo-
pyIoBaHus B paboTaroleM pyJAHHUKE TaK e OKa3all CBOE BIUSHHUE HA PETHCTPHPYEMBbIE TIe-
PEXOHBIE MPOLIECCHI.

12



XXII Ypanbckas MOJOEKHAS HAyYHAs IIKOJIA TI0 Te0PH3UKe

Metoa u Teopus

OM3-BII — MeTon UMIYIBCHON 3JIEKTPOPa3BEIKH, MCIOIB3YIOIMUNA MOTHYIO (OopMy
IIEPEXOIHOTO IpOLEcca), YTO MO3BOJSAET MEPEUTH OT MCIIOIb30BaHUS KaXyLUIUXCs MapaMeT-
POB (Px, U M) K MOJHOLIGHHOMY PELIECHHUIO 3a7]a4 OJTHOMEPHOU WJIM TPEXMEPHON MHBEPCUU C
Y4€TOM YaCTOTHOM JUCIIEPCUH 3JIEKTPOIPOBOAHOCTH /ISl CTAHOBJIEHUS I10JIS1 TOPU3OHTAIBHO-
ro anekrpudeckoro aumons (Puc. 1) [5]. Pa3pes Bo30ykmaercs ¢ MOMOIIBIO AJIEKTPUIECKOTO
qunods A-B, B TO BpeMsl Kak pa3HOCTh TOTEHLIMATIOB U3MEPSIETCA HAa PUEMHBIX 3JEKTPOIax.
Pa3zuuna HampspkeHUH MeXIy MPUEMHBIMH 3JIEKTPOJaMH KOHTPOJIMPYETCS BO BPEMEHH (MH-
tepBasl 125 mc). Ilepexonnsiii npouecc (raJbBaHUYECKUN W HMHIYKIMOHHBIM) TaKK€ peru-
CTPUPYETCS BO BpEMsl BBIKJIIFOUEHMS TOKAa. Takoil MOIXO0J IMO3BOJSET YCTOWYMBO BBIIEIATH
3¢ EeKT BBI3BAHHOM MOJIIPU3AIMU B UCCIEAYEMBIX IOPOJAX M, B KOHEYHOM HTOTE, TMIEPEUTH
OT TPAAMIMOHHBIX KaXYyIIUXCs MapamMeTpoB (kKaxyierocs compotuBieHus (Rho) u kaxy-
nieiica nomsipuzyemoctu (Eta)) kK MOCTpOEHUIO TPEXMEPHBIX I€03JIEKTPUUECKUX MOJIENEH 10
pe3ynbTaTaM pelieHus oOpaTHON 3a/ladyM, ¢ Y4eTOM YaCTOTHOM JUCIIEPCHU DIEKTPOIPOBOI-
HOCTH.

a) MOJIOKUTEJIbHBIN TOKOBBII
| VlMﬂyﬂbC [ 125 mc | 125 mc |
: / | | :‘ ] 1 l 1
| | | i ' |
— | !
| | |
| I ]
g E | | N
= ! : ; {
I I | |
| | | |
| | | |
i 1 : \\ 1 1
i TOKOBas Nay3a |, OTPULIATENILHBIN TOKOBBIN UMITYIIBC
I |
6) I | ] | ] |
I I
! ! PA3HOCIb NOMEHYUAN08 NPU NPAMOM TOKE
(D] | | |
= i ‘
L |
(0] 1 1
% ! J
® Y
Qo | t
= I , 1
m I | :
aE i | I |
I |

nepexooHblil npoyecc

Puc. 1. T'anbBanu4eckuii cnocod BO30YKACHHSI HECTALMOHAPHBIX JIEKTPOMATHUTHBIX
noJeii: a) rpadpuk 3aBUCHMOCTH TOKA OT BpeMeHH, 0To0Opaxalomuii popmy nepexoaHbIx
npoueccos; 0) rpadgpuk 3aBHCHMOCTH HANPSIKEHUsI OT BpeMeHH, oTo0pakaromuii popmy
NepexoHbIX MPOoLecCoB

Jst BeimonHeHus: 3D mHBepcuM OBLUIO HCIOJIB30BAHO CHEIHATH3MPOBAHHOE IIPO-
rpammHoe obecnieuenue (I10) «MudopmanmonHo-IporpaMMHas cuctemMa o0pabOTKH TaHHBIX
JUISL COTIPOBOXKACHUS DJIEKTPOMATHUTHBIX TEXHOJIOTMI T€0JIOrOpa3BeAKn», pa3paboTaHHOE B
HoBocubupckoM rocynapcTBeHHOM TeXHHUECKOM yHuBepcutere. 1o [10 peanusyer koHed-
HORJIeMeHTHOe 3D MoenupoBaHUE T€OAIEKTPOMATHUTHBIX TMOJIEH C Y4ETOM pa3HOMACIITa0-
HBIX, KOHTPACTHBIX U, IPU HEOOXOIUMOCTH, KPUBOJIMHEHHBIX (penbed THEBHOH MOBEPXHO-
CTH) CTPYKTYPHBIX YacTell Te03JIeKTPUUYECKON MOIeNin U TeoMeTprueckyio 3D unBepcuto [3],
KOTOpPasi B XOZ€ pEeIICHUs] TPEXMEPHOH 00paTHOM 3a/1a4M MO3BOJISIET OMPEAETATh dIEKTPOPH-
3UYEeCKHe MapameTpsl (MIPOBOJUMOCTD, MOJSIPU3YEMOCTb) CTPYKTYPHBIX HacTel I'e03JIeKTpu-
YeCKO MOJeNI U pa3Mepbl 3TUX CTPYKTYpPHBIX dacTedl. Meronuka 3D uHBepcun 6a3upyercs
Ha MCIIOJIb30BaHUH OJIOUHBIX CTPYKTYp, IIPHHIMIT pabOTHI ¢ KOTOPBIMH OIucaH B [4].
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PesyabTaTsl pador

[ar cetn HaGmoneHuid coctaBisut 25 X 25 m st OMP_2 u 10 x 10 m g OMP_1
(Puc. 2). Beero npu nposenennn OMP-1 6but0 3anucano 91 ¢.H. Ha 9 mapamienbHbIX U 3-X
oproroHanbHbIX npodumsax. [Ipu nposenennn OMP-2 6bu10 3anucano 98 ¢.H. Ha 9 podu-
J51X, 4 U3 KOTOPBIX OPTOTOHAJILHBIE.

VYenoBHbIe 0003HAYEHHS

= JluHun AB

e Touku 3M3-BN
71 OMP-1
[ OMP-2

300 M

Puc. 2. Cxema pacnosoxenusi npoguiieil u reseparopubix Juaunii IM3-BII na OMP_1
u OMP_2 naxoasimuxcs B npeaenax miomaan «Kpacussbiib»

Bo Bpemsi npoBeneHUsT OMBITHO-METOAMUYECKUX PadOT ynanoch TOOUTHCS BBICOKOTO
COOTHOILIEHUS] CUTHAJ/IIYM, YTO TMO3BOJMJIO MOJIYYHMTh MaTepual BBICOKOTO kauecTBa. Ilpu
00paboTKe MOTyd4eHHBIX JaHHBIX YUYUTHIBATACH (POpMa criafa MOCie BHIKIIOYECHUS HMITYJIbCa,
c(OpPMHPOBAHHOTO B MUTAIOLICH JTUHUHU, HCIIONB3yeMOil npu pabote. Kak BUIHO U3 cpaBHe-
HUSl KPUBBIX 30HAMPOBAHUI, 3allMCaHHbIX Ha yyacTke «Kpacusblit» u npu nposeaennn OMP-
1 (Puc. 3), aMIIMTy1a CUTHAJIA HA IPUEMHBIX JIEKTPO/IaX B JECATKH pa3 OOJIbIIeE 3a CUET 3a-
3eMJICHHSI UICTOYHHKA TOKA B PyIHBIC Tela.

Jlnst perieHus 3a1a4u MPOCIEIUTh, COEAUHSIOTCS JIU PyJIHOE TeJo yyacTka «3aKOHO-
MEpHBI» C PYIHBIM TEJIOM MeCTOpOoXIeHHs «KpacuBBIi» OBUIO PEHIeHO PacIOJIOKUTh 3a-
3eMJICHHS MICTOUYHUKA BO30YXIEHUS JIEKTPOMAarHUTHOTO CUTHAJIa B OTKPBITBHIE YUAaCTKU PYA-
HBIX TeJ, B MecTa ¢ mpoxuikamu nuputa. Co cropoHsl MectopoxkaeHus «Kpacusoe» Obuio
UCIIOJIb30BAaHO 3a3eMJICHHUE, cielanHoe A npoBeaeHus OMP-1, pacnionoxuBiieecs B yaay-
HOM MECT€ BHYTPHU Kapbepa B MPOKWIKU NupHUTa. [ 3a3eMieHns Ha ydacTke «3akoHOMep-
HBII» ObLIa BEIOpaHa «BCKPBIIIKA» ¢ MAKCUMAIbHOM MUPUTU3ALIUCH.

ITo pe3ynpraram TpexmepHOro moaenupoBaHus Ha ydactke OMP-1 pyna mectopox-
nenns «KpacuBelit» B paiioHe Kapbepa XapaKTEepU3YIOTCS BBICOKOM MOJISPU3YEMOCTBIO, 10
42% mno pesynpratam 3D uHBepcuu, 4TO 00BACHAETCS HATMUMEM 3HAYUTEIBHOIO KOJIMYECTBA
cynbpunoB (Puc. 4). Kpachas crpenka Ha pucyHke 4a Mmoka3bplBaeT HaIlpaBJIeHHE Ha IOTO-
BOCTOK B INepcrekTuBe. Buj B mepcrekTuBe mpeacraBieH Ha pucyHke 40. Ilo 3HaueHusm
YOC pynnas obnacts Beaensiercs B auamnazone oT 2000 go 5000 Om'M, uTo Ha QoHE BMe-
maroriet cpeast B 20000 OM M pyIHYIO 30HY MOXKXHO CYUTATh MPOBOASIICH 00J1acThi0. AHO-
MaJlbHas 30Ha UMeeT CyOBEPTUKAIbHOE CTPOCHHE U MPOCISKUBAETCA Ha TIyouHy okoio 100
M. ['myGxe mpocieuTh 0OOBEKT HE YIAeTCsl 3a CYET MaJIbIX BEJIMYMH 3JIEMEHTOB YCTaHOBKHU
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AB (ucrounuka Bo30OyxaeHus curHasia) 1 MN (IpueMHBIH TUMONb), TEOMETpUs, KOTOPOU
CIPOEKTUPOBAHA /ISl I€TATIbHOIO U3yYEHUs PYAHOTO Tea.

CpaBHeHWe aMnAnTyabl CpaBHeHWe aMnAnTyabl
cCurHana, mB CUrHana, HOPMMPOBKA Ha TOK
nponyckaHuA
o 1000 § P Y
=2 =
%“ 100 X E’: 1
£ 10 g9
z EZ o1
c =
s 1 = 3
< E
2 0
0.1 < £ 0.01
0.0001 0.001 0.01 0.1 g 0.0001 0.001 0.01 0.1
Bpemsa nepexogHoro npouecca, ¢ E Bpemsa nepexogHoro npouecca, ¢
—&— OMP MNp6-Mk11l —&— OMP Mp6-MNk1l
—8— Kpacueoe MNp24-MNk28 —&— Kpacueoe MNp24-MNk28

Puc. 3. AMIUIUTYAbI THNMYHBIX KPUBBIX 30HAMPOBaHHs HA miomaau «Kpacusblii» u
npu nposenenun OMP-1

MecTopoxaeHue «3akOHOMEPHOE» M0 IUIOAAHON ChEMKE BBIACIAETCS B OTAEIbHBIN
PYIHBINA y3€J ¢ TOHMKEHHBIM COIIPOTUBICHUEM U BBICOKOM MOJSPU3yEMOCThIO. BhiieneHHbie
AHOMAJIMM HAaXOAATCA Ha BOCTOYHOM Kparo JaHHOro pyaHoro ysia. I[IpoBopsmas nomnspusy-
IOLIAsICSl aHOMAaJIUsl UMEeT CyOBEpTUKaJIbHYI0 (OpMy, IO HU3KUM 3HaueHusM YOC mpocie-
»KuBaeTcs Ha r1youny 10 300 M., MO BBICOKUM 3HAYEHUSAM HOIsipu3yeMocTd — 10 100 m.

BriBoabI

Ilo pesynpTaTaM OIHOMEPHOTO M TPEXMEPHOIO MOJAEIMPOBaHUA NaHHBIX OMP-2 Ha
y4acTKe Chb€MKH He Haluto/aeTcsi 00beJUHEHNE ABYX PYIHBIX Ten ydacTka «Kpacusblii» U
«3akOHOMEpHBI». Brlenena HoBas n3oMeTpuyHas aHoManus Ha ydactke OMP-1, npenno-
JIO’)KUTENBHO PYIHOTO TeHEe3Hca.

TpexmepHoe MoJIenMpPOBaHUE NEKTPOMArHUTHBIX 30HAMPOBaHUM Oosee 3PpPeKTUBHO
JUISI BBIICTICHUS] aHOMAJIMM BEPTHKAIbHON MPOTSHKEHHOCTH, KOTOPBIE MOTYT OBITh MHTEpIpPE-
TUPYEMBbI KaK 30HbI CyJIb(OUIH3aHH.

a) 0)

0s0t
e e
001} BT TR th R
N - ——

o

%,
Loy
%0

MonspuayemocTts, % Monspusyemocts, % 0oy

Q 13 25 38 &0 0 1325 3B 50

Puc. 4. Pesyabrarsl 3D mopenupoBanussi OMP_1 u OMP_2, Crpeakoii moxkasaHo
HANpaBJIeHHE B3IJsAa B IeEPCHeKTHBE. a) IMOJSAPU3YeMOCTb, BHJ  CBEpXy.
0) MoJIsIpU3yeMOCThb BH/ B IePCIIEKTHBE
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FIRST RESULTS OF EXPERIMENTAL AND METHODOLOGICAL
WORK AT THE GOLD-PORPHYRY TYPE DEPOSIT IN PRIMORYE

!pavel G. Biryukov, !Stanislav A. Tereshkin, *Mikhail S. Shkirya,
2Anastasia P. Sivenkova, !Andrey A. Gilishev

YRNITU, Irkutsk

2NSTU, Novosibirsk
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Summary. Pulse electric exploration was used for experimental and
methodological works in Primorsky Krai at the deposit "Krasivoye" to search
for ore bodies of gold-porphyry type. The problem of tracing whether the ore
body of the plot "Zakonomernoye" connects with the ore body of the deposit
"Krasivoye" was also solved. The way to solve the task was the complex
application of the one-dimensional and three-dimensional modeling apparatus
of electromagnetic sounding data.

Key words: pulsed electrical prospecting, experimental and methodological
work, three-dimensional modeling, sulfide mineralization, polarizability,
resistivity, ore body
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V]IK 550.8.056
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HPHHUTY, 2. Hpkymck
lgfg-fddf@mail.ru, >xerorodger@ya.ru

AHHOTanusi.  V3MepeHWe  TONSAPHU3ALMMOHHBIX  XapaKTEPUCTHK IS
KOMILUIEKCHOTO  T'€0JIOTO-T€O(U3NIECKOr0  MOJCIMPOBAHUS  TUIOMIAJHBIX
ChEMOK, CIOCOOCTBYIOIIMX YMEHBIICHUIO 3aTpaT Ha Pa3BeIKy (3aBEpOYHOE
OypeHue u 1p.).

KaiwoueBbie cjioBa: MOJISIPU3AIINS, J1abopaTopHas U3MEpEHUS,
MOJICTTMPOBaHKE, YACIBHOEC JICKTPHUECKOE COMMPOTHBIICHHUE.

Beenenne

B pamkax mosjeBbIX 3JIEKTPOPa3BelOYHBIX PA0OT MO TEXHOJIOTUU JIEKTPOMArHUTHOIO
30HIUPOBAHUS U BbI3BAaHHOW mosspuzanuu Ha miomaau Kanmoxks! B Peciybnnke Kazaxcran
ObUIM ITPOBE/IEHBI UCCIIEIOBAHUS TOISIPU3ALMOHHBIX CBOMCTB rOpHBIX MOpoa. B cocras pador
BOIILJIO IOJIEBbIE M3MEPEHUS KaHaB re0JIOTMYECKON IIPOXOAKU YCTAaHOBKAMU C MaJIbIM LIaromM
YCIOBUSAX €CTECTBEHHOI'O 3ajeraHMsi, a TakXke JJAOOpaTOpHbIe U3MEpeHus: 00pa3loB MOPHBIX
IIOPOJ C IaHHBIX KAaHaB.

PaboTh! poBeeHBI IO METOY 3JIEKTPOMArHUTHOTO 30HIMPOBAHUS U BbI3BAaHHOM I1O-
aspuszanuu (OM3-BII) Bronb kaHaB ¢ LETbIO MOTYYEHHS JOMOJHUTEIBHON alpUOPHON WH-
dopmanuu.

H3mepeHus noJisipu3aliiOHHBIX XapPaKTEPUCTUK 00pa3LoB

JIaGopaTopHasi ycTaHOBKa JJIsl U3MEPEHHUs MOJIIPU3ALMOHHBIX CBOMCTB 00pa3LloB rop-
HBIX [TOPOJI MPeACTaBIseT OO0 OOKC C KPBIIIKOM, B KPBILIKE MTPOJIEIaHbl OTBEPCTHSI O] U3-
MEPUTEIbHBIE U MUTAIOUINE 3JIEKTPOJBI, 3a3€MJIIEMBIE B IIPOBOSAILYIO cpeny. B kauectBe
IPOBOJIAIIEH Cpelbl UCIOIb3YETCsl COJIEHOM pacTBop. OOpasel pacnonaraercs B CIELUaNb-
HOM YIJIyOJIEHUM TOJ M3MEpUTENbHBIMU 31eKTpoAaMu. [IpsMoll KOHTaKT 31eKTpoJIoB ¢ 00-
Pa3LoM MCKIIFOYEH.

N3mepenust nepexogHbIX NMPOLECCOB MPOBOJATCS B TOKOBOM Iay3e BOCBMHM KaHallb-
HBIM U3MEPUTEIbHBIM MOAYJIEM «Mapc» ¢ COOCHBIM U OPTOrOHAIbHBIM OJIOKEHUEM MPUEM-
HBIX 3JIEKTPOJOB OTHOCUTENIBHO TOKOBBIX 3J€KTpoAoB AB. Jlns kakIoil cepuu M3MepeHui
uMeeTcsl JiBa JOTOJIHUTEIbHBIX KaHaja: HampsDKeHHEe Ha IIyHTe U ¢opMa TOKa reHepaTopa.
JU1s KOMITJIEKCHOTO M3MEpeHus 00paslia U MOCIEAYIOIEro KOHTPOJIS KauecTBa MPOU3BOIUTCS
U3MEpEeHUe apaMeTpoB siueiiku 6e3 o0paslia ¢ HalOJHEHUEM B BUJIE IIPOBOJSAILETO PacTBOPA
BO BCEX F€OMETPUUYECKUX MOJIOKEHUAX.

VY4ér BIUsHUSA pacTBOpa, COOCTBEHHOM MOJSPHU3AIMU MPUEMHBIX U MUTAIOIIUX JJIEK-
TPoAOB U 3 (ekTa ABOHHOI0 IEKTPUUECKOTO CII0s PeaTn30BaH BHECEHUEM MonpaBok (1, 2):

AUsample;j—AUsolutionM;
DUcalc; = ( P : ‘) - Afactor (@D
DFsampel—DFsolution
. AUsolutionBij+AUsolutionE;
AUsolutionM; = - - (2)
rae: DUcalc — xoHeuHoe paCcCUMTaHHOC 3HAYCHHUC HAIIPSOKCHUSI OT BPCMCHHU,

AUsample u3MepeHHOEe 3HAa4YCHHWE HANpsDKEHHE Ha  DJIEKTPOAax C  0OpasioM,
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AUsolutionM - cpenHee M3MEpPEHHOE 3HAYCHUE HAIPSDKEHHE Ha DJIEKTPOJax B pacTBOpE,
AUsolutionB - u3MepeHHOe 3HAYCHUE HANIPSDKCHUE Ha JIEKTPOIaX B paCTBOPE JI0 H3MEPEHUS
obpasua, AUsOlutionE - uaMepeHHOE 3HAUYCHHE HANpPSDKEHHE Ha DJICKTPOJax B PacTBOPE MO-
ciie u3mepeHust oopasia, DFsampel — 3nauenue npsimoro mosst oopasiia, DFsolution - 3Ha-
YeHHUE MPSIMOTO TOJIs ISl M3MepeHuil B pactBope, Afactor - koad¢ummeHt yuéra pasHoCcTH
aAMIUIUTY/Ibl U3MEPEHUH.

Jlnia pemienust oOpaTHON 3a7auu, U3MEPEHHBIX 00pa3loB J1a00paTOPHOM YyCTaHOBKOM,
NpUMEHSIETCsl JABYCIIOWHas nossipusanronHas monens Cole-Cole [1] ropusoHTansHo ciou-
CTO# cpefibl C mapaMeTpamu p, 1, T, ¢, N. Bropoii cioi Mozenu 3a1aeT BHICOKOOMHOE HETOJsI-
pu3yrolieecss OCHOBaHUE ¢ OECKOHEYHOH IIyOWHOW M 3aKpeIuIEHHBIMU MapameTpamu. Moje-
JUPOBAHUE BBINOIHIETCA B YCTAHOBJICHHBIX MpeJesiax A0 JAOCTHXKEHHUS MUHHUMAJIBHOIO IMPO-
LIEHTA HEBSI3KU MEXIY U3MEPEHHOW U MOJEIbHOM KPUBOM, MOJEITUPOBAHUE MTPOU3BOANIOCH B
nporpamMme oJiHoMepHo# naBepcuu «MarslDy [2].

B pesynbpraTe yuéra BIMSHMS U3MEPUTENILHOM 1a00paTOpHO YCTaHOBKM BKJIAJ WUH-
TYKIIMOHHOM COCTaBISAOIIEH (p) B MHBEPCHUIO OTCYTCTBYET WJIM KpaiiHe He3HauyuTeneH. B To
K€ BpeMsI IapaMeTphl MOJISIPU3YEMOCTH, BPEMEHH PelaKCalliy U M0Ka3aTessl CTEINeHH Hamps-
MYI0 BIUAIOT Ha (OpMYy TEOPETUUECKOW KPUBOM, YTO MO3BOJSET OoJiee TOYHO yCTAHOBHUTH
NOJIAPU3ALMOHHBIE XapaKTEPUCTUKU IIPU pacuéTe KPUBOU € BBICOKOM CXOAUMOCTbIO (puc. 1).

Ananu3z o6pasuoB Ne 18 (kanaBa 21) u Ne30 (kanaBa 21) mokasbIBaeT pa3ivuus HX
NOJIAPU3ALMOHHBIX XapaKTEPUCTUK B 3aBUCUMOCTH OT UX COCTaBa.
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Puc.1l. HaOuloneHHble #W  MoJejibHble KpHBble € BBICOKHMH ¥ HHU3KMMH
napamMeTpaMu NOJISIpU3yeMOCTH

JUist M3MEPEHHBIX KPUBBIX JJIS1 KaXI0T0 U3 00pa3loB Mociie HHBepCHH Oepércs Menu-
aHa OT KaXKJI0M KpUBOM /7151 mapaMeTpoB M, T, ¢. B pe3ynbTaTe noiydaroTcs pacnpeaeneHus 3
MOJISIPU3ALMOHHBIX XapaKTEPUCTHUK IS KaXKJI0I0 M3MEPEHHOro o0pasia.

HccnenoBanue B ecTeCTBEHHOM 3aJ1eTaHUM

I'panuibl MHTEPBAJIOB M3MEPEHMH, BBIMOJHEHHBIX IPH TMOJEBBIX paboTax, MMEIOT
KOPPEJSIIHUIO C Te0JOrMYeCKUMH CTPYKTYpaMu, MPOCIIeKUBAEMYI0 Kak Ha rpadukax pacrpe-
JIEJIEHNS KaKYILUXCS IApaMETPOB, TaK U ISl pE3yJIbTaTOB MOJEIUPOBAHMS.

ITo mpoduito kanaBel Ne 10 B OCHOBHOM pacriosararoTcsi CHIIBHO TPEIIMHOBATHIE Me-
TAaCOMaTU3MPOBAHHBIE AMOPUTHI C 30HAMH JpobieHus 10 medHs. HeGonbiioil n3mMeH4nBO-
CThIO 00NafaroT Kaxyuuecs napamerpsl ot 0,5% no 0,8 % u merami-daxrop 0,0001, Tak xe
HaOJI0aeTCsl PEIKOCTHBIC MOBBIMICHHUS Kaxylierocs conpotusieHuss ot 3200 Om*m 1o
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5000 Om*Mm. IIpocnexxuBaeTcs oOmU TPEH T pacTpeieICHU MapaMeTpoB ¢ HEOOIBIINM Ta-
JIEHUEM 3HAUYE€HUI 110 HAIIPABIIEHUIO OT MEPBOTO MUKETA IO KOHIA TPOUIIS.

WuTepBanel kaHaBbl Ne 21 Takyke B OCHOBHOM IPE/ICTaBIEHbl CHJIBHO TPEIIMHOBATHI-
MU METacOMaTHU3WPOBAHHBIMH JHOpUTaMU. B kaHaBe HaOIIOJAOTCS 30HBI TEKTOHUYECKOTO
ucTUpanus u npoonenus. Habmonaercs BeIXo Tena naiiku auabasoB. Jlalika uMeeT Tpelu-
HOBATOCTh, C OKEJIE3HEHHEM, OMapraHleBaHHEM U KapOoHaTuzauued mo tpemmuHam. [lo
npodmio Beeil kaHaBbl Ne21 HaOMIOArOTCSs M3MEHEHUS KaXyILIeHcs MOJSPU3YEeMOCTH OT
0,6% 1o 0,1%. Kaxyieecs yaenbHOE 31EKTPUUECKOE COIMPOTUBIECHUE PABHOMEPHO paclipe-
neneno B uHTepBaiax 2000-3000 OM*M 3a HCKIIFOUYEHUEM JBYX BBICOKOOMHBIX 30H. MeTasui-
dakTop u3MeHseTCs B Majblx nHTepBanax 3HadeHui 0,0005 6e3 pe3Kux H3MEHECHUMH.

[TosnydyeHHbIE AaHHBIE IO PACHPENEICHUIO KaKyIIUXCS [apaMeTpoB, a TAKXKe Ie0so-
THYECKOr0 KapTHUPOBAHUS MCIOIb30BANIUCH Ui (hOpMHUpPOBAHUS TPEXCIOMHON Moaenu (coit
Nel — yerBepTuuHble oTi0XkeHUS; No2 — uzMepsiemast anomainusi, Ne3 coil — OIOpHOE BBICO-
KOOMHOE OCHOBaHHUE ¢ OECKOHEUHOM MTYOMHOM.) ¢ TOCIEAYIOLUIUM MOJICIIUPOBAHUEM.

AHanu3

B pesynbraTe mMonenupoBaHMs IMOJEBBIX JAaHHBIX, a TAaKKe JIa0OpaTOPHOTO aHaIM3a
00pa310B, OTOOPAHHBIX C KaHaB YCTAaHOBJIEHbl 3aBUCHUMOCTH PpAaCIpElEiIeHHs YAEIbHOTO
3IEKTPUYECKOTO COMPOTUBIICHUS (p) U MONSAPU3ALUOHHBIX XapaKTEPUCTHUK (1, T, C) Ui KaHAB
NelO (Puc. 2) u Ne21 (Puc. 3).
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Puc. 2. Pe3yabTaThbl MOIEIMPOBAHUSA VISl U3MEPEHU MUKPOYCTAHOBKAMH U 00pa310B
no kanage Nel(Q: a) YIC + noasipusyeMocTh (KaHABa), MOJAPU3YeMOCTh (00pa3ubl); 0)
Bpems penakcanuu (kanaBa, o0pasubl); B) [lokasarennb crenenu (kaHaBa, 00pa3ubl)
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KanaBa Nel0 xapakrepu3yeTcsi OAHOTHITHBIM pacIpeieieHueM Oe3pyAHbIX IOPOJ U Kaxy-
HIMXCS TApaMEeTPOB, YTO MO3BOJIMIIO YCTAHOBUTH (POHOBBIE 3HAYCHUS TTAPAMETPOB MOJIEIHPO-
Banus. [lapamerpsr YOC no kanase NelO nmpocnexxuBarotcst B unrepsaie ot 2000 no 3500
Owm-M. Takske npociexuBaeTcsl TpeH | Ha yMEHbIlIeHue napaMmeTpoB Y IC U MOISPU3yeMOCTH
OT HayaJia /10 KOHIla KaHaBbl, CX0XKUH ¢ KaXXyIIUMUCS apaMmeTpaMu. MoesbHas MoJispu3y-
e€MOCTh 00pa3LoB, B IEIOM HE COOTBETCTBYIOT TPEHAY MOJEIBHOM MOJISPU3YEMOCTH U3Mepe-
HUH B YCIIOBUSX €CTECTBEHHOTO 3ajieranus B kaHaBe (PucyHok 2), 4To, MOKET OOBSICHSTh OT-
CYTCTBHEM aHOMAJIbHBIX OOsiacTeil. 3HaYeHHUs 110 T, C ISl 00pa31ioB IPHU STOM UMEET 00JIb-
HIYI0 KOPPEJSIHIO C JaHHBIMH, ITOJIyY€HHBIMH IIPH MOJICIMPOBAaHUM KaHaBbl (Pucynoxk 2, 0,
B,), YTO CBUJIETEILCTBYET O KOPPEKTHOCTH HANJCHHBIX PEIICHUH.
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PaccToanue, M
Puc. 3. Pe3yabTaTbl MoJeIHPOBaHNS VISl U3MePeHUl MUKPOYCTAHOBKAMHU M 00pa3loB
no kanase Ne2l: a) YOC + noasipuzyemocth (KaHaBa), moJisipu3yeMocThb (00pa3ibi); 0)
Bpems penakcanuu (kanaBa, o0pa3ubl); B) [loka3zaresb crenenn (kaHaBa, 00pa3ibl)

PacripeniesieHne MOZIENBHBIX NapamMeTpoB A KaHaBbl Ne2l 1o mosisipu3yeMocCTH
(Pucynok 3, a) He AEMOHCTPHPYET U3MEHEHHs C BO3pACTaHUEM M IMOCIEAYIOIIUM IJIaBHBIM
yMeHblIlIeHneM, HaOIrogaemMoe Ha Tpadukax Kaxyleics noaspu3yeMOoCTH JUIs IaHHOM KaHaB.
3navyeHuss YOC mpH 3TOM TakKe MMEIOT JIB€ BBICOKOOMHBIE O0JACTH, CBS3aHHBIX C TEJIOM
nraba3oB M BEPOATHOW TMOBBIIIEHHOW TpenmHoBaToCcThio (PucyHnok 3, a, r). Pacnipenenenue
HOJISIPU3YEMOCTH, TOJIYYEHHON NMPH U3MEPEHHH O0paslloB COOTBETCTBYET TPEHIY, OIHAKO
MOKa3bIBAEeT MOBBILICHHBIE 3HaUeHUs Ha 5-10%. [1pu uzmepenusx B 1abopatopr MOBBIIIEH-
HbI€ 3HAYEHUs IMOJISIPU3YEMOCTU JOIYCKAETCs, IO3TOMY IOIYUEHHBIE JaHHbBIE CIEIYET CUH-
TaThb KOppeKTHbIMU. [lapaMeTpsl pacipenesieHusl BpeMEHH peaKcalliy M MoKa3aTess cTelre-
HU (Pucynok 3, 6, B) XOpOILIO CXOIATCA.
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BriBOaBI

B pamkax uccieoBaHusi MpOBEICHBI U3MEPEHUS MOJISIPU3ALMOHHBIX CBOMCTB TOp-
HBIX MOPOJ] B YCIOBHSIX €CTECTBEHHOTO 3aJleraHus U J1ab0paTOpHBIC UCCIICTIOBAHMS 00pa3ioB
TOPHBIX.

[TonydeHHble pe3ynbTaThl JEMOHCTPUPYIOT YCTOMUYHUBOE PEIICHUE ONMPENEIEHUS MO-
JIAPU3ALMOHHBIX XapaKTEPUCTUK FTOPHBIX MTOPO/I.

Pesynbrarel usmepenusi 00pa3iioB COOTHOCSITCSL C MOJEBBIMU U3MEPEHUSIMU B €CTe-
CTBCHHOM 3aJICTaHWU, W TP U3MEPECHHH OOPA3IOB C MOBBIIMICHHOW IMOJSIPU3YEMOCTBIO pPe-
3y/lbTAaThl UMEET JYUIIyI0 Koppemsiuio. s 00pa3ioB ¢ HU3KUMHU 3HAYCHUSIMU TIOJSIpU3Ye-
MOCTH 0OoJiee TeCHas CBSI3b C Pe3yJIbTaTaMH WHBEPCUU 30HIUPOBAHUN MUKPOYCTAaHOBKAMH
MPOCIICKUBACTCS HAa TpauKax BPEMEHU PeIaKCaIliy | IMOKa3aTess CTCIICHH.

B pesynbrare uHTEpnpeTalMy TaHHBIX MMOJEBOM CHEMKH MUKPOYCTAHOBKAMH U Jia-
OOpaTOPHBIX MCCIICOBAHUI OTOOPAaHHBIX OOPAa3IOB OINPEACICHBI MOIAPU3AMMOHHBIC XapaK-
TEPUCTUKH TOPHBIX MOpo. [lomyueHHbIe XapaKTEepUCTUKN MOKHO HCIIONIB30BaTh AJsl (hopMu-
pOBaHMs, YTOUHEHUS U MOJICIIMPOBAHUS PE3YJIbTATOB IUIOIIAIHBIX ChEMOK, YMEHbIIAS SKBHU-
BaJICHTHOCTh PElIeHUsI 0OpaTHOM 3a/1auy U YMEHbIIAs 3aTPaThl HA Pa3BEJOYHYIO re0OPHU3UKY.
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MEASUREMENT OF POLARISATION CHARACTERISTICS
OF ROCK SAMPLES FOR COMPLEX GEOLOGICAL AND
GEOPHYSICAL INTERPRETATION

!Dmitry A. Vitvinin, 2Sergey V. Bukhalov
IRNITU, Irkutsk
lgfg-fddf@mail.ru, >xerorodger@ya.ru

Summary. Measuring the polarization characteristics for the complex
geological and geophysical modeling of areal surveys, helps to reduce costs of
exploration (check drilling, etc.).

Key words: polarization, laboratory measurements, simulation, electrical
resistivity.
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VJIK550.836
TEOTEMIIEPATYPHBIE MOJEJN ®AHEPO30MCKHUX
OUYAI'OB 'EHEPALIMHU YIJIEBOJOPOJIOB U UX POJIb
B ®OPMHUPOBAHUU 3AJIEXKEN «[TAJTEO30MCKON HE®THN»
(TEPACUMOBCKOE MECTOPOXJIEHUE, TOMCKAS OBJIACTD)

I'anueea Mapzapuma @apumosna
HU TIIY, 2. Tomck
margaritagalieva@gmail.com

AHHOTaLUS. B HacTosIIe pabote BBIIIOJIHEHO COBMECTHOE
najgeoTeMIepaTypHOe MOJIETTUPOBAaHUE 0CaJI0OYHBIX OacceliHOB
«COBPEMEHHOT0» OPCKO-MENIOBOTO0 W MAalie030MCKUX «IaneobacceifHoB» Ha
npuMepe paspesza ckBaxuHbl 12 ['epacumMoBckoro mectopokaeHusi Tomckoin
o0nacTu. YCTaHOBIEHO, YTO CHHICHETUYHBIMU (IO BPEMEHH TEHEpalluH,
AKKYMYJISILIUK U COXPAHHOCTH) AJIsl pe3epByapa KOPEHHOIO MAI€0305 SBISIOTCS
IOpCcKuil (0aKECHOBCKHUI) WCTOYHUK HEPTH M TAICO30UCKUH (KEXOPETrCKHUid)
HCTOYHUK rasa.

KuioueBble cjioBa: naneoreMnepaTypHOe MOJCIUPOBAHUE OYaroB T'eHepaliu
YIIIEBOAOPOAOB, «COBPEMEHHBIN» OCAIOYHBIM OacceiiH W maneo30HcKue
OCaJIOYHBIE «Ianeo0acceiiHbl», pe3epByap KOPEHHOro maneo30s, Tomckas
00J1aCTh.

Beenenue

OnHuM U3 penieHui MpobiaeMbl CHIDKEHUs 100buM Hedtu [6] B 3amaaHoit Cubupu
SBJISICTCSI aKTUBHOE BOBJICUCHHE B pa3pabOTKy TPyAHOM3BIEKaeMbIX 3anacoB Hedtu (TpH3),
B T. 4. 3aJIe)Kel B 00pa3oBaHMAX JOIOPCKOro KoMIulekca. OHaKO peaau3aius 3To mapajaur-
MBIl OCJIOXHEHa HEOOXOAMMOCTHIO OOHOBIIEHHUS (DyHIaMEHTAlIbHON TEOopeTH4ecKoW 0a3bl U
TEXHOJIOTHIl MOUCKOB [3].

Lenp uccrnenoBaHuii 3aki0YaeTCsl B TEOPETUYECKOM OOOCHOBAHMU M SKCIIEPUMEH-
TaJIbHOM OIIPE/IETICHNH KaTareHeTHUeCKOW UCTOPUU IOPCKUX U JIOIOPCKUX OTIIOXKEHHH, 00ma-
JAOUIMX HePTEeMaTepUHCKUM MTOTEHIIMAJIOM, U B OLIEHKE UX POJU B (OPMUPOBAHUH 3aJekKel
B JIOIOPCKHX 00pa3oBaHMsX. PelieHne mocTaBieHHBIX 3aa4 OyAeT ClocoOCTBOBAaTh aKTHBH-
3a1uu BoBJeueHus B pa3pabotky TpW3 3amagnoit Cubupm.

[Ipu nuzyuenun nedrerazonocHocTu 3amagHoit Cubupu MOAEIUPOBAHUE KaTareHETH-
YeCKMX O4aroB TreHepauuu YB TpaauIMOHHO BBINOJHAETCS B paMKax ME3030MCKO-
KaifHO30MCKOTO ocamouHoro Oacceitna (¢ 210 muH et Hazan) [4]. OueBHUIHO, YTO BBITIOJHE-
HUE MOJICTUPOBaHMS B PaMKax OCaJ0YHOro OacceifHa A u3ydeHHst HeTera30HOCHOCTHU JI0-
IOPCKOTO OCHOBAHMSI, KaK MEPCIEKTUBHOIO O0bEKTa HapalluBaHUS J100bIYM, HETOCTATOYHO:
HEOOXO/UMO BBINIOJHATH COBMECTHOE MOJECIUPOBAHHE «COBPEMEHHOT0» ME3030HCKO-
KaifHO30MCKOTO 0CaJ0vHOTO OacceiiHa M JIOIOPCKOTO OCaTOYHOro «majeobacceiitnay. B man-
HOW paboTe MPOBEACH aHAJIM3 YCIOBHHA (HOpMUpPOBaHMS 3ajekell MyTeM BOCCTaHOBJICHUS
TEPMHUECKON NCTOpPHUU [2] MOTEHIMAIBHO He()TEMAaTePUHCKHUX KaK FOPCKHUX, TaK U JOIOPCKHUX
HIOPOI.

XapaKkTepuCcTHKA TEPPUTOPHHU HCCIEIOBAHUM

Teppuropuss uccnenoBaHuii oxBarbiBaeT OCTaHMHCKYIO TPYIIYy MECTOPOXKIECHUH,
pacroIokeHHYI0 Ha 10ro-BocToke 3anaanoit Cubupu (puc. 1).

B ¢hopmupoBannu HeTera30HOCHOCTH JOIOPCKOTO (hyHIaMEHTa Y4acTBYET pe3epByap
KPOBJIM KOPEHHOTO Majeo3os. PesepByap reHeTHUECKH 00YCIIOBIIEH SIMUT€HETUYECKUMHU TIPO-
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[[eccaMH B KOpe BbIBeTpHBaHUS U chopmupoBaics He panee 213-208 mun net vazan [1]. B
Ka4eCTBE MPEJIOJIaraéMbIX HCTOYHUKOB YIJIEBOJAOPOAOB JIJIsl IOFOPCKOTO He(TEra30HOCHOTO
xomiuiekca (HI'K) paccmarpuBaroTcsi MOTEHIMAIBbHO MAaTEPUHCKHE CBUTBHI — IOPOJBI JJOMa-
HUKOMIHOrO Tuma B ¢yHmamente — kexoperckas (Cikh), garmnckas (DscQ), dy3ukckas
(D2cz), mupHas (D1°mr), napunckas (S1lr) cButsl, a Taxke GaxeHosckas (Jsbg) u TIomeHcKas
(J1-2tm) cBUTHI B OCAI0YHOM YEXJIE.

JInisi BBIMOJIHEHUS COBMECTHOTO MAJEOTEMIIEPAaTypHOrO MOJICIMPOBAaHUS BbIOpaHa
ckBaxknHa 12 T'epacMMOBCKOro He(TEra3oKOHACHCATHOTO MECTOPOKICHHS, BXOJSIIETO B
OCTaHUHCKYIO TPYIIy MECTOPOXKIECHHUH, 4TO 00YCIIOBJIEHO HAJTMYMEM U3MEPEHHBIX TeMIlepa-
Typ B IOPCKHX M JIOFOPCKHMX HMHTEpBajax pa3pe3a, a TakkKe MPUTOKOB B CKBaXuHy Y B-
(1rou10B U3 JOIOPCKUX TOPU3OHTOB.
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Puc. 1. Tlonoxenne OCTAHMHCKON TIpPynnbl MeCTOPOKACHHH (KOHTYP 4YepHOM
NYHKTHUPHOW JIMHMEH) Ha cXeMe pa3sMelleHUs] MeCTOPOXKIAEHUHl YIJIeBOJAOPO10B
Tomckoii o01acTu. 1-2 — MecTopo:kaeHue ¢ 3aje:xkamu: 1 — B opckux u meiosom HI'K,
2 — B OPCKHX, MesIoBOM U Jo10pckom HI'K; 3 — peunasi ceTb; 4 — aIMUHHCTPATUBHASA
rpaHuna

OO0pa3oBaHusi 10IOPCKOTo (pyHIaMEHTa BCKPHITHI MOMCKOBBIM OypeHueM B 17 ckBa-
xuHax ['epacumoBckoro MectopoxkaeHus. B ckBaxxune I'epacuMoBckast 8 U3 10I0PCKOTo ro-
pusonta M wu3 wuHTepBana 2854-2861 M mnonydyeH mnpuTok Oe3BOAHON HepTH nedUTOM
127 mM¥/cyr. TIputox negpmu nedutom 3,5 M°/cyT momydeH m3 miacta Mi (mHTepBan 2847-
2860) B ckBaxuHe I'epacumoBckast 12. B 3Toif e ckBakuHe 3a(MKCHPOBAHBI T'a30MPOsBIIE-
HUS B HHTepBase iacta Mi. HempowmsltiieHHbIE TPUTOKKH He()TH TOTy4eHbl u3 Tuiacta 07 B
ckBaxuHe ['epacumoBckas 12. Bmecte ¢ TeM, B ckBakuHe I'epacumoBckast 7 ObUT MOTy4eH
MIPUTOK Ta30HE(PTSIHOM cMecH U3 JTOIOPCKHX Tu1acToB M 1 M1 B mHTepBase 2746-2758 M ¢ ne-
6utoM HedTH 20 M3/cyT 1 Taza 5,5 Thic. M/CyT.

O metoamnke HcCIe0BAHUS.

Ha nepBom starme pemaercs oOpaTHas 3a1a4i T€OTEPMHUU — ONPEeNseTcs INIOTHOCTh
[NIyOMHHOTO TEIUIOBOTO MOTOKA M3 OCHOBAaHHUS OCaJOYHOTO pa3pes3a, XapaKTepu3YIoLIasics
KBa3UIIOCTOSHHBIM 3HAYEHUEM C IOPCKOTr0 BpeMeHHU. [ onpezeneHus TermjIoBOro noToka u3
OCHOBaHHUSI OCaJ0YHOTO pa3pe3a HCIOJIb3YIOTCSd B KAauyecTBE «HAOIOJCHHBIX» H3MEpPEHUS
IUTACTOBBIX TEMIIEpaTyp, MOJIyUYEeHHbIE MPU HCIBITAHUAX CKBAXHH M T€0TeMIepaTyphl, Mepe-
CUMTaHHBIC U3 ONPEEICHII oTpakaTelbHOU criocoOHocTu ButpunuTa (OCB) (Tadm. 1).

Ha BTOopom sTtane pemaercs oOpaTHas 3aja4a ¢ UCIOIb30BAHUEM IIJIACTOBBIX TEMIIE-
patyp u u3mepennii OCB u3 maneo3oiickux otnoxxkenuit. Ctparurpaduueckas pa3ouBka J0-
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MOJIHAETCS PEKOHCTPYKIHMEH CTpaTHrpaduyeckoro paspesa, He BCKPBITOTO CKBaXUHOM, C
Hayajga CWJIYPUUCKOIO M JI0 KOHIIAa TPHUACOBOI'O MEPUOAOB, coryacHo [5]. Pe3koe cHMKeHue
3HAYEHHS TEIJIOBOTO MOTOKA B TpUACE, 03HAMEHOBABIIIEM OKOHYAHHE MEPIIMHCKOIO BPEMEHH,
OIMKCAHO C MOMOIIBI0 MaTeMaTU4eckol (YHKIMH, 00Nafaroneil MakCUMaabHOW CKOPOCTBHIO
YMEHBIICHUS 3HAUCHUSI, YPABHEHUEM JIyTH — YETBEPTHU OKPYKHOCTH.

Tabnuna 1

ConocraBiieHHe H3MEPEHHBIX H PACYETHBIX Ire0TeMIIEPaTyp B CKBaKMHE
I'epacumoBckas 12

Temmnepatypa, °C PaccuntaHHBIN TEMIOBOM 1MO-
[TpuypoueHnocts/ Ny
ony6uEa, M |[Tracropag| NO.OCB | Monembnas | Pasnuna pacaéroit Tok, MBT/M” /1uHaMudeckas
(R%) | (pacuérHas) | u M3MepeHHOI XapaKTepuCTHKa
Jsnn /2586 - 109 (0,72) 109 0
Jiotm /2750 100 - 101 +1
J12tm /2797 - 117 (0,78) 116 -1 54/xBa3uCTaIMOHAPHEIH,
Jiotm /2821 - 117 (0,78) 117 0 Ha4yHMHas C I0pBI, 10 COBPEMEH-
J1.otm /2825 103 - 103 0 HOTO
Jiotm /2838 - 116 (0,77) 117 +1
224/xBa3nuCcTalnOHAPHBIH,
C1kh/2908 - 170 (1,17) 170 0 HAYMHAS C CHIIYPa, JI0 PE3KOr0
CHIDKEHUSI B TPHACE

Penrennem npsMbIx 3aj1a4 T€OTEPMHUU C 33J]aHHBIM TEIUIOBBIM TOTOKOM BOCCTaHOBHIIU
CTPYKTYPHO-TEKTOHHYECKYIO M TEPMHUYECKYIO0 HCTOPHIO IATH MAJCO030MCKUX MOTEHIMAIHLHO
HE(PTEeMaTECPUHCKUX CBUT, a TAKIKE FOPCKUX — OAKCHOBCKOW U TFOMEHCKOI (puc. 2).

Jlapunckast ceuta (Si1lr) maxomwmace B rnaBHO# (asze HedreoOpaszoBanus (I'OH,
90-130C%): 3 mum met (422,3-419,4) MuH neT Ha3ajg — M B IJIABHOI (ase ra3006pa30BaHUs
(T®r, 130-190C%): 12 mum ner (419,4-407,0) mnn ner Haszan. 407,0 MJIH JeT Ha3aj CBHTA
BOIIUIA B 30HY IECTPYKTUBHBIX A1 YB reoremnepatyp (>190 C°) u naxonunack B 3Toii 30He
cHagasia 244 wmun mer (407,0-162,9) muH  nmer Hazaa, a motoMm 95 MuH - JeT
(95,0-0) mutH net Hazan. CiemoBaTenbHO, JTapuHCKHEe YB He aKkKyMyJIHpOBaIHCh B pe3epBya-
pe BHYTPEHHETO MaJIe0305l.

Mupnas cuta (Dimr) waxommmace B T'®OH: 8 wmiua  ner (386,2-
3785)mna et Hazax - u B I®I: 32 wmua  ger  (378,5-347,0) mutH sieT Ha3al.
347,0 MuTH JIeT Ha3a/] CBUTA BOILIA B 30HY JECTPYKTHBHBIX Ui ¥YB reoremmeparyp u Haxo-
nuiack B 9Toi 30He 134) mut ner (347,0-213,0) mutn stet Hazaa. COBEpIIEHHO OYEBUIIHO, YTO
MUpHUHCKHE YB He akKyMyJIupOBaIHCh B pe3epByape BHYTPEHHETO MMajie030s, chOpMUPO-
BaHHOTrO B iepuo 213-208 miH net Haza.

Uysukckas  cButa  (D2cz)  waxomwmace B T'®H: 23 muw ner (374,3-
351,0) vuH tetrHazan - uw B [®I: 26 mun ner (351,0-324,7) wuH et  Hazaj.
324,7 MuTH JIeT Ha3a/l CBUTA BOILIA B 30HY JECTPYKTHBHBIX Ui ¥YB reoremmeparyp u Haxo-
JUIach B 3Toi 30He 60 mutH niet (324,7-265,1) mutH et Hazaa. O4eBHIHO, YTO Yy3uKckue YB
HE MOTJIH 3aIlOJIHATh U COXPAHATHCS B Pe3epByape BHYTPEHHETO MaJIC03051.

Yarunckas  curta  (Dscg)  wHaxomwiace B ['®H: 12 muH net (336,5-
324,7) MutH JieT Hazan — u B Ior: 5 mute net (324,7-319,8) muH neT Ha3ax
319,8 muH et Ha3a cBUTA BOIILJIA B 30HY JECTPYKTUBHBIX sl YB reoTemmepaTyp U Haxo-
JIuiack B 3TOM 30HE 55 mutH sieT. CrienoBarenbHO, YarnHCKHe YB He akKymyJIupoBaJIMCh B
pe3epByape BHYTPEHHETO Maneo30sl.

Kexoperckass  cura  (Cikh)  waxommmace B  TI'®H: 3 mumn ner (323,0-
319,7) vin ierHazan, — w B [®I: 19 mun ner (319,7-300,7) mutH et Ha3ax
19 M et (24,0-4,7) mu ner Hasaa. HedrsaHol MOTEHIIMAT KEXOPErCKOro HCTOYHHKA C
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00JbII0M BEPOSITHOCTBIO Hcuepnad 319,7 miH neT Ha3zan. CBUTa He MOABEpPrajach JECTPYK-
TUBHBIM Ui YB reoremmeparypam, mo3ToMy CIIEAyeT OXHIATh aKKyMYJSILHIO M COXPaH-
HOCTh KEXOPETCKOTO ra3a B pe3epByape BHYTPEHHETO mnaneo3os. [IporHo3 moarBepkaaercs
pe3yJibTaTaMu ONpoOOBaHMS: OBUIM MOJTYYEHBI IIPUTOKH ra3a u3 miacta M1 (ckBaxunsl ['epa-
cuMoBckue 12 u 7).

t,°C
40

™~
- [ o
N \\W/\Nﬂ/‘, \/\/ 20

7“’

W //’f\

t, MIIH. net

-20
t, MnH. neT

q, MBI/

4 ]
t. mnH. ner 450 a00 350 300 250 200 150 100 50

Puc. 2. I1aneopeKOHCTPYKIMM TEKTOHHYECKOH M TEePpMHYECKOW HMCTOPHH B paiioHe
ckBaxuHbl [epacumoBckass 12. VYciaoBHble o0o3HaveHusi: 1 — wu3orepma;
2 — crpaTurpadguyeckasi NpuypoYeHHOCTh OTJIOXKeHHWi; 3 — M30TepMa IpPaHMYHOI
Temneparypsl I'OH. B BepxHeil 4acTH pUCYHKaA NpUBedeH rpadguk najeokaumMaTnye-
CKOr0 BEKOBOI'0 X0[a TeMIepaTyp Ha 3¢MHOHl IOBEpPXHOCTH, B HHJKHell — rpadmuk
H3MEHEeHHUSs PacyeTHOI NMJIOTHOCTH TeIJI0BOr0 NOTOKA BO BpeMeHH

Tromenckas csura Haxoautcss B ['@H yxe 95 mutn stet (95,0-0) muma et Hazan. Crie-
JOBaTeNbHO, TIOMEHCKas HedTh MOXKET aKKyMYJIHpOBaTbCsS B  pe3epByape C
95,0 mutH 5IeT Ha3aj ¥ MO HacTosmee BpeMs. [IporHo3 moaTBepKaaeTcsi pe3yabTaTaMH OIIpPO-
0OBaHUS — B TIOMEHCKOMW CBUTE, a TaKke B Tutactax M u M1 ObUIH MOJTy4eHbI MPUTOKU HEDTH
(ckBaxkunbl ['epacumoBckue 12, 8 u 7).

baxenoBckas csuta Haxoautcs B ['®H yxe 92 mun net (91,6-0) M net Hazan. Bee
9TO BpeMs 0a)KCHOBCKHM MCTOYHHK MOJKET 3aIlOJIHATH He(DThIO pe3epByap BHYTPEHHETO ITa-
J€03051.

3akJ/oueHue

B pesynbrare momenupoBaHus ObUTH BBISBIEHHBIE CUHTCHETHUYHBIE (110 BPEMEHH Te-
HEpaIHH, aKKYMYJISIIUA U COXPAaHHOCTH) BO3MOXHBIE HCTOYHHKH 3aliexkeil YB B kpoBie ko-
PEHHOTO Maneo030s, a HIMEHHO: TFOMEHCKUN U OKEHOBCKUN UCTOYHUKU HEPTH M KEXOPETCKUN
UCTOYHUK Ta3a. [1o TaHHBIM TEHETHYCCKUX aHAM30B HEPTH U3 pe3epPBYyapOB KOPHI BHIBETPH-
BaHUs U MaJe0305, BO3MOXXHOCTh aKKyMYJISIIUA TIOMEHCKOW HeTH B pe3epByape ObLia HUC-
KJTFOYEHA, TOCKOJIbKY 3TH HE(PTH OBLIM T€HEPUPOBaHEI carporeneBbiM OB.
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Takum 00pa3om, B YCIOBHUSX T€0JIOr0-re0(hu3ndeckoro paspesa I'epacuiMoBCcKoro me-
CTOPOKICHHS pe3epByap KOPEHHOIO Maie030sl aKKyMyJIupyeT HedTh, TeHEPUPOBAHHYIO 10Op-
cKum OaXKEHOBCKUM HMCTOYHHUKOM, U ra3, T€HEPUPOBAHHBIN 1A1€030UCKUM KEXOPEICKUM HC-
TOYHHUKOM.

Aemop evipasicaem UCKpeHHIOW 01a200aPHOCMb CB0eM) HAYUYHOMY PYKOBOOUMENIO
npogheccopy Hcaesy Banepuro Hseanosuuy.
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GEOTEMPERATURE MODELS OF PHANEROZOIC SOURCES OF
HYDROCARBON GENERATION AND THEIR ROLE
IN FORMATION OF «<PALEOZOIC OIL» DEPOSITS FORMATION
(GERASIMOVSKOE FIELD, TOMSK REGION)

Margarita F. Galieva
TPU, Tomsk
margaritagalieva@gmail.com

Summary. This paper performs coupled paleotemperature modelling of
sedimentary basins: «present» Jurassic-Cretaceous basin and Paleozoic
«paleobasins» by an example of a section of well 12 belongs to Gerasimovskoe
field within Tomsk Region. It is stated that Jurassic (Bazhenov) oil source and
Paleozoic (Kehoreg) gas source are co-generating (by time of generation,
accumulation and conservation) for the reservoir of Inner Paleozoic.

Key words: paleotemperature modelling of sources of hydrocarbon generation
«present» sedimentary basin and Paleozoic sedimentary «paleobasinsy,
reservoir of Inner Paleozoic, Tomsk Region.
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AnHoTaunusi. B pabore mocTpoeHa KBazuCTaTH4yecKas KOJHMYECTBEHHAsS
MOJIeNIb JUIsL MCIIOJIb30BaHMs INPU pacyeTe HanpsHkeHUH u  Jaedopmanuit
BEpXHEH YacTHM 3€MHOM KOpBl OCHOBaHMs KpPYIHBIX pe3epByapos. [lpu
IIOCTPOCHUHM KpacBOM 3ajauyd JJIs1 PpELICHWs YpaBHEHUH paBHOBECUS
IPEAIOIaraeTcsi, 4To >KECTKOE YIPYroe IOIyIPOCTPAHCTBO OCIA0ICHHON
HECKOJIbKUMH HE€ OpPTOTOHAIbHBIMM (B YaCTHOM Cllyyae OpPTOrOHAJIbHBIMU)
LHAJIMHIPUYECKUMU HEOJHOPOJIHOCTSIMH O0JbIION IPOTSKEHHOCTH,
UCIBITBIBAET HA BCEM NPOTSHKECHUM INPOAOJIBHBIA CIOBHI, C)KaTue, Ha
OECKOHEYHOCTH  3a/laBaéMO€ B  BHJAE OJHOPOAHOW nedopMamuu U
BEPTUKAIbHOE JAaBJIEHWE OT Beca BoJoOXpaHwiauma. g 4ducieHHOU
peaiv3allii MOJENH HCIOJNIb30BAaHO TEH30p (yHIaMEHTAIbHBIX PpELICHUM
2DKelvin 1 MeToa ncTOUHUKOB. OTMEUEHO, 4TO MpH (HOPMUPOBAHUH MOJIENU B
4aCTM MaTEMaTU4YeCKOW 3aJaud, B KayeCTBE KBAa3UCTAaTUYECKUX W3MEHEHUH
MOXHO BBIJCIIUTh U3MEHEHHUS! COOTHOLIECHUN BHEUIHUX CUJ IIPU NEPEXOoJe OT
COCTOSIHMSI Harpy3Kd B COCTOSHHME PAasrpy3KH, YTO SBJISETCS BaXKHBIM IIPH
BBISIBJICHUM BO3MOXXHOCTEM KOHLEHTpPAlUU KPUTUYECKUX HANPSKEHUA B
OJIMKHEHN 30HE IKCIUTYaTUPYEMbIX BOJOXPaHHIIUILI.

KiroueBble ci0Ba: KOJMYECTBEHHAs MOJEIb, YpPAaBHEHUE, HaNpsKEHUE,
CMEILEHUE, TEH30D, II0JIE, PACYET, AATOPUTM, BOJOXPAHWINIIE, COCTOSHUE.

N3BecTHO, YTO B CEHCMOAKTUBHBIX 30HaX TEKTOHWYECKHE CHJIbI, BO3HUKAIOIIUE Ha
CTBIKE OJIOKOB 3€MHOH KOpPBI, (POPMUPYIOT 00JaCTH MOBBIIIEHHBIX TEKTOHHUECKUX HarpsiKe-
HUH, I71e Ipouecch Ae(GOopMUPOBAHUE 30H TPEUIMH MOTYT NMPUBOAUTH K Pa3pyIICHUIO CPEIbI
[1]. lonomHUTENBHBIE HAPSDKEHNE BO3ZHUKAIOIIME 3a CUET BECA BOAOXPAHMIIMIL SIBISIOTCS
HauboJsIee OMACHBIMHU B CEHCMOAKTUBHBIX 30HAX, I'/le HAHOOIBIIUM 00pa30oM CTPOSITCS U JKC-
IUTYaTUPYIOTCSI KPYITHBIE BOJOXPAaHIININA Y30€KUCTaHa U CONpeeNbHbIX cTpaH. Takoro po-
Jla U3MEHEHHUS B TOPHBIX MOPO/Iax OOJBIIMHCTBO CEHCMOJIOTOB CBSI3BIBAIOT C COCTOSIHUEM He-
JUHEHHOTO Pa3yIUIOTHEHHs CPefbl 3a CUeT 00pa3oBaHUs TPEIIUMH CABHUra MpH JOCTHXEHUU
KacaTeJbHBIX HaNpsHKeHUM HekoToporo nopora. [lons HampspkeHuit U nedopManuil TOPHBIX
MOPO/I BIUSIOT HA MIPOIIECCHI B PA3TUYHBIX T€OPU3MUECKUX MOTIAX.

B pa6ore [2,3,4] o6ocHOBaHAa OYEBHIHOCTH TOTO, YTO B 30HAX JehOPMAIIMOHHOTO
BJIMSIHUS KPYIHBIX BOJOXPAaHWIUIL OOJACTH JOKAJIbHON TEKTOHWYECKOH CEHCMUYHOCTH CO-
CTOAT W3 HampspkeHHo-AepopmupoBanHoro coctosuust (HAC) nabopa oTaenbHbBIX 0JIOKOB,
B3aMMHBIE TIEPEMEIECHHs] KOTOPBIX TaK K€ 3HAYMTENbHbI, KaK U MX COOCTBEHHBIE Iedopma-
L1U.
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Bo-niepBbIX, T€OpEeTHUECKH BO3MOKHO MOCTPOUTH 3aBUCUMOCTH JJIsl OMUCAHUS CBSI3U
MEX/1y OCHOBHBIMU M JOTOJIHUTEIbHBIMU HANPSHKEHUSIMU U 1epopManusMu CIUIOIIHOM cpe-
IeI, “‘mpucriocabiuBas’™ WX IS OMMCAHUS MOBEACHUS Pa3HBIX YacTeH Cpeibl MO HArpy3KOi
oT Bojoxpanwmiia [5]. Ho 31ech MbI MOJIy4UM JOCTATOYHO CJIOKHYIO MaTeMaTHYECKYyIO 3a-
naay. C qpyroil CTOpOHBI, CHIIOBOE B3aMMOJICHCTBUE BYX OTACIBHBIX OJIOKOB caMo IO cede
ABIISIETCS JOCTATOYHO HEMPOCTHIM.

Bropoit moaxon 3akirodaeTrcsi B TMOMBITKE CYMEPHO3ULIUM 3TUX B3aUMOJEHCTBUM,
MpEeBApUTENILHO OIpPENEINB COOTBETCTBYIOIIYIO MOJIEb JJIsl OTIEIBHON YacTh Tela U JIaTh
OTBET Ha BOMPOC O TIOBEJICHUU BCETO MACCHBA, COCTOSIIIETO U3 MOAOOHBIX YACTCH.

Mopenu, BKIIOYAlOT B ce0sl CIEayIOIIMEe OCHOBHBIE MOMEHTHI [6,7] u TpeOoBaHus,
MpeCTaBICHHBIE B [5]:

a) KBasucrarnueckoe COCTOSIHUE Harpy:KeHHs MOJYIIIOCKOCTH C pa3pblBOM WK 0€3
KOHIICHTPAIIUU HaPSKEHUH;

6) Uzyuenne HJIC oGmactu ocCylIecTBISETCS C Y4€TOM CYIIECTBYIOLIUX IIpe/IBapu-
TEJbHBIX HANPSKEHU;

B) Pemaercs 2D mMoaens A mi0cko AepOopMUPOBAaHHOTO COCTOSHUS;

r) Hakonuienue ynpyroil 3Hepruu HOCUTh JIOKAJIbHBIM XapakTep.

B aTOM cnyuae BblAeneHrne U30bBITOYHONM KOHIICHTPAIIMH TEKTOHUUECKUX HANPSKEHUH
B CEHCMOAKTHBHBIX pa3joMax B 30HaX J1e(hOpPMAMOHHOTO BIIUSHUS KPYITHBIX BOJIOXPAHWIIHII]
HA COBPEMEHHOM 3Talle re0JUHAMUYECKOI0 Pa3BUTUS MPUHUMAETCS MPOIIECCOM OIICHKU Ba-
pHYalUy CUIIOBOTO TIOJISI IPU HATMYUH JAOTIOJTHUTENIbHBIX HAIPSDKCHU BO3HUKAIOIIETO OT Beca
BOJIOXPaHWIHIIA.

AHAJIOTUYHO HYBPUCTHYECKOMY MPEICTABICHUIO CEHCMOTEKTOHHYECKOTO IIpoliecca
OJIMYKHUX 30H KPYIHBIX BOJOXPAHWIHUIL, 33a/1a4a €€ MaTeMaTHUeCKOTO MOJICITMPOBAHUS J1aKe
B MPOCTEHIINX (PU3NUECKUX U TEOMETPUUECKHUX CBA3SIX MEXY AePOpMaLHSIMU, CMEIICHUSIMU
U HaMpsDKEHUSMU COCTABIISIET CEphe3HbIE MaTEMaTHUYECKHUe TPYIHOCTHU, OOYCIOBIEHHBIEC pe-
IICHUEM CHUCTEM CHHTYJISIPHBIX WHTETPAIbHBIX YPAaBHEHHI 0a3uMpyIOIIMXCS HAa METOAax rpa-
HUYHBIX 3JIEMEHTOB. ECIM y4ecTh, UTO CEMCMOTEKTOHMYECKUE MPOLECChl MPOUCXOIAT TaM,
rae aedopMalv BEIUKH, TO OYEBUIHO, KOHIIEHTPATOPHI THMA Pa3pbIBOB B 3€MHOM KOpe,
pacCTOIO0KEHHBIX B 30HaX JAe(OPMAIIMOHHOTO BIUSHUS BOJOXPAHUIHUII, CIYKaT UCTOYHUKOM
Han0oJiee 3HAUUTEITLHOTO U3MEHEHUsI CUJIOBOTO MMOJsi. B 3TOM cMpbIcie, kak ykazaHo B [3,6],
reoJuHaAMHUYecKas 3a7jaua O MOSBJICHUH JOMOJHUTENbHBIX NedopMaluii BIOJIb pa3IOMOB 3a
CYEeT U3MEHEHHUH Beca BOJIOXPAHWIUIIA U OCHOBHOTO (DU3UYECKOTO CUIIOBOTO TOJISI 3aMEHSIET-
csl (pU3MKO-MEXaHMYECKON 3a/1ayeil O JIOKaIH3aIluy JAOMOJIHUTEIbHBIX HAMpPSHKEHUN B 30HAX
Pa3phIBOB JIEKAYUX OJIM3KO K BOJOXPAHUIIHUIIIAM.

MareMartnueckasl TOCTAHOBKA KpaeBOM 3aJaud, MPU dTOM OyAET CIEeNYIOIIEH: )KecT-
KO€ YIPyroe MoJIyMmpOCTPAHCTBO OCIAOIEHHOW HECKONbKMMH HE OPTOTOHAJIbHBIMU (B YacT-
HOM CJTy4ae OPTOTOHAIBHBIMH) MITHHAPUIECKUMH HEOTHOPOIHOCTSMHU OOBIION MPOTSIKEH-
HOCTHU, HUCIIBITHIBAET HA BCEM MPOTSHKEHUU MPOJIONBHBIN CHBHT, CXKaThe, Ha 0ECKOHEYHOCTH
3a/laBaeMo€ B BUJIE OJHOPOJHON nedopMaliiu U BEpTUKAIBHOE JaBJIeHHE OT Beca BOJOXpa-
HUJIHIIA.

[TycTh mOMynpocTpaHCTBO: UMEIOIIEEe BHYTPEHHUE ITUIMHIPHICCKUE KOHIIEHTPATOPHI
HalpsOKEHUH M KYCOYHO-HEOJHOPOJHYIO BECOMYIO Cpely HaxoAsATCs B IIJIOCKO-
nehopMUPOBAHHOM COCTOSIHUM. TOr/1a, BRIOpaB MEHTP MPSIMOYTOIBHBIX JIEKAPTOBBIX KOOP/IU-
HAT Tak, 4TOOBI OJTHA OCh ObLJIa HANpaBlieHa MO OCH KOHIIEHTPATOpa, a OCTAaJIbHBIE - TIO yCJIO-
BHUIO BHIOOpA MPaBOW CHCTEMBI, MPUJEM K CTaTUYECKOW 3ajave /i YPaBHEHHS PaBHOBECHUS
Jlame [5]:

(A+w)grad(divw)+ 1 VPW= - mgh (1)
rae WU,v,w /2 u=u(X,y,2); v=V(X,Y,2); W=W(X,Y,Z) KOMIIOHEHTHI IEpEeMEIICHHUI;

A, - yOpyrue nocrosiuaeie Jlame; ¢ yCIIOBUSIMU Ha TPAHMIIC:
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G(i)nn:G(i+1)nn s Wip = Wiy ; G(i)ns:0(i+1)ns (2)
- JUISl COYETAaHUsI U YYaCTKOB TPYIII KOHIIEHTPATOPOB;

G(I)nn:G(l+1)nn s Wip = Wiy ; U(I)nn:kg(l)ns (3)
3necs ol - jj-THle KOMIOHEHTHI HampsKeHWil B I-TOM KOHIIEHTPAaTOPE;

k - ko umment Kynona (TpeHus moKos).
- Ha CBOOOHOM MOBEPXHOCTH:
Onn— 0 , Ons =0 (4)
- Ha TPaHMIIE C OCHOBAaHMEM BOJOXPAHMIIHUINA JICHCTBYET KBa3UCTaTHUYECKasi Harpy3ka

59\, OT JIaBJIEHUS Beca o0bema:

1
Gy = dul

rae n=3,14; u - Moxynb caura; I — olIiee BpeMsi Harpy3Kd pa3rpy3Kkud Ha OCHOBaHUE;

> (P AS At /S?);
k=1

Px — naBneHnue Ha OCHOBaHUE MpU Atk ; A Sk — pa3HHIla U3MEHECHUS TUIOIIAAN 3epKajia pu
pocte K oT pa3HbIX Atk ; Atk - UHTEPBAJIbI OT HATPY3KH JI0 pasrpy3ku (i oOpaTHO) Bpeme-

2
HU (Bcerma 7> Atk ); Sk - U3MEHCHHS IUIOIIAIA 3epKaJa.

JloroytHUTETbHBIC (MECTHBIC) HANIPSDKEHUS MOSBIISIOTCS 32 CYET HAMYHS HECKOJIBKHIX
pPa3pbIBOB:

Opg= 0 pq+ 0 pat o pat Oy ; P~g~ (1,2,3,...) ®)

Bripaxkenus (2) u (3) chopMynupoBaHbl IO OTHOLICHHUIO K BBIOPAHHOM cucTeMe KOop-
JIMHAT, IEHTPHl KOTOPBIX YCTAHOBJICHBI B IIEHTPAX KOHIICHTPATOPOB, T.€. HEOJHOPOIHOCTEH.
Ee nazoBem mectHOil. YpaBHenue (1), ycnosus (4) u (5) cocTaBieHbI 10 OTHOIIEHUIO K OC-
HOBHOW CcHCTEME€ KOOPJMHAT, EHTP KOTOPON YCTaHOBJIEH Ha CBOOOJHOM MOBEPXHOCTH HaJ
HEHTPOM HCXOJHOTO KOoHIeHTpaTopa. [lons3ysce 3akonoMm ['yka u popmynamu Komm, a Tax-
e ucnonb3ys ahPuHHOE Mpeodpa3oBaHue, yCIOBUS HAa TPAHUIIE SISl OCHOBHOTO HApSKEHHO-
T'O COCTOSTHUS TIPHUBE/IEHA K OCHOBHOM cHucTeMeE.

KBa3ucraTudeckuii mporecc B TePMOJUHAMUKE — HJICATM3UPOBAHHBIN MpoIiece, Co-
CTOSAIIUN U3 HEMPEPHIBHO CIEAYIONIMX APYT 3a APYrOM KBA3UCTATUUYECKHX COCTOSHHM, B KO-
TOPBIX XapaKTEPU3YIONIUE CUCTEMY TEPMOJIMHAMUYCCKUE BEIMYMHBI 32 BpeMs HAOIIOICHUS
He M3MeHsroTcs. Ecu kakoe Takoe KBa3MCTAaTHUECKOE COCTOSHUE CHUCTEMBI OIU3KO K CO-
CTOSIHHIO PAaBHOBECHS W, CJICIOBATECIIEHO, CHCTEMY B KaXKIbIii MOMEHT BPEMEHH MOYKHO CUH-
TaTh HAXOMAIICIHCS B TEPMOAMHAMUYECKOM PaBHOBECHH, TO TaKUE MPOIIECCHl HA3BIBAIOT PaB-
HOBECHBIMH, WJIM, TOYHEE, KBa3MPaBHOBECHBIMHU [8,9]. 3HaueHHe KBA3HCTATUUECKUX IMPOIIEC-
coB, cornacHo [3,9,10] 3akmtouaercs B cneAyomux. PaBHoBecHas TepMOJMHAMUKA OMUCHIBA-
€T CUCTEMBI, HAaXOJSIIHECS B COCTOSTHUU TEPMOJAMHAMHYECKOTO paBHOBecHs. JIro0oe m3meHe-
HUE COCTOSTHUSI CUCTEMBI BBHIBOJUT €€ U3 COCTOSIHUS PAaBHOBECHUS, U B CHCTEME HAYMHAIOTCS
HEPABHOBECHBIC ITEPEXOIHBIE M PEIIAKCAIIMOHHBIC TTPOIIECCHI, KOTOPBIC B 00IIEM clTydae OYeHb
CIIOXKHBI [Tt onucaHusi. OJJHAKO MHOTHE MPOIIECCHl B TEXHHUKE C JOCTATOYHOM JIJIS IPaKTHUe-
CKHX TIeJIel TOYHOCTHIO MOTYT OTMHCHIBATHCS KaK KBa3UPABHOBECHBIC.

Monens KBa3MCTaTUYECKUX MPOIECCOB 3HAYMTENHHO YIPOIAET aHaTUu3 TePMOJIMHA-
MHUYECKUX CHUCTeM. [IpW ONMMCAaHWUM TEKYIIETO COCTOSHUS CHCTEMBI, B KOTOPOH MPOUCXOIUT
KBa3UCTAaTHUECKUN TIPOIECC, TPEOYeTCsl CTONBKO ke MapaMeTpoB, CKOIBKO M JIJISI MaKPOCKO-
MTUYECKOT0 OIMMCAHUs PAaBHOBECHOTO COCTOSIHMS. KBa3ucTaTWdyeckue MpoIecchl HE peain3y-
I0TCSL B TIPUPOJIE, HO SBJISIOTCS XOPOIISH MOAENBIO ISl IPOIECCOB, MPOTEKAOIIUX JOCTATOU-
HO MEJIJICHHO 10 CPaBHEHHIO C IMPOIECCAMH YCTAHOBJICHUS TEPMOJIUHAMUYECCKOTO paBHOBE-
CHSl B CHCTEME.
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VYcnoBue «MeJIeHHOCTU» OTHOCUTENBHO, @ KMEHHO, CPAaBHUBAIOT BpeMs t KBa3ucCTa-
TUYECKOTO0 U3MECHEHHS 3HAYCHHS HEKOTOPOW TEPMOJIMHAMHUYECKOW NEpPeMEHHOW X Ha BeEIH-
YUHY AX ¥ BpeMs pejlakcaliy T 0CJieé MTHOBEHHOT'O U3MEHEHHUSI ATOTO KE 3HAUCHUsI X Ha Be-
JWYUHY AX: TIPU KBa3HCTATHYECKOM H3MCHEHUH TIepeMenHoi ¢ >> 7 [9,10].

[Tpu hopMupoBaHuM MOJEIN B YaCTH MAaTEeMAaTUYECKOW 3a]]a4d, B Ka4eCTBE KBa3UCTa-
TUYECKUX M3MEHEHUH MOYKHO BBIJICIIUTh M3MEHECHUSI COOTHOIIICHUM BHEIIHHUX CHJI MPHU Tepe-
X0JI€ OT COCTOSIHMSI HArPY3KH B COCTOSIHUE PA3TPy3KH, YTO SIBJISICTCSI BaYKHBIM IIPH BBISIBIICHUU
BO3MOJKHOCTEH KOHIICHTPAIIMM KPUTHYECKUX HAIPSDKEHUW B OJIMDKHEH 30HE DKCIUIyaTHpye-
MbIX BOAOXpaHwiuil. [lo3ToMy uyucieHHass MOJENb W MEPBUYHBIN AJITOPUTM pacuera
HaIpspDKEHUH U aedopmariuii 3eMHOM KOPBI 0 CXEME «BOJAOXPAHWIIMINE + OCHOBaHHE)» 0a3u-
pyeTrcs Ha u3liokeHHOM Bhilie cxeme pacueta HJC. [lns peanuszanuu ee nepeMenieHus npe-
CTaBUM B BUJI€ CYMMbI OCHOBHOT'O M JOMOJHUTEIBHOTO COTJIACHO [5,6]:

U=—E XCOSOL+U,;, V=—E,VSin0L+V,; (6)
rie u;,v,; - IePEeMEIIEeHHUs OT JONONHUTENbHBIX HANPKEHUH, HOIeKAINe ONPEENIEHHUIO C

Y4Y€TOM Bapualn CUII 110 CXEMC ((BOI[OXpaHI/IJ'II/IIJ_Ie"‘OCHOBaHI/Ie)) ®V . U3 sroit 3aJadyud MOX-

HO MOJIYYHTh PEUICHUE IBYX YaCTHBIX 3a/au:
1) ecnu cxxarue (pactspkenue) mo ocu Oy, To uMeeM U=Uy ; V =-gy+ Vi,
2) ecnu cxatue o ocu Ox , To u3 (6) uMeeM U=-gX+ U1 ; V = Vy;
[Tpu tenzope 2DKelvin moaenu cmenieHusm (U1,Vi) [5] COOTBETCTBYIOT HANPSHKCHUS:

. al N
oxx:-go[(/I+2y)c05a+ﬂsma)]+(l+2y)j+ﬂj; (7)
. N al
T,y = H %+% SEETA [(/1+2,u)S|na+/1COSa)]+(ﬂ+2,u)j+/1§1;

Jlanee yncieHHas MOJENb M TEPBHYHBIA ITOPUTM CTPOHMTCS B COOTBETCTBYIOILIEM
nopsiike Kak B [5, 6, 7]. DKcriepuMEeHTaNIbHbIC pacuyeThl IPOBEIeHBI pu Ui/ g ; Vi/x,; a=>5;
b=2; N=10; Xo=5; yo=8; (mpu 3D z0=-5) m=4,5; n=3,2; Q=6; P=8; s=1,8-10*;, a=45°;, nna
nonst 0<x<20; 0<y<-20 marom 0.5 npou3Be/eHbl TECTOBbIC YHCICHHbIE PACUEThI NepeMelle-
uuii mo tensopam 2D-Kelvin B cpene C™*. Hanpumep, st 2D mozenu (7) sBisieTcst 6a30BbIM
61okoM ropuzoHTanbHBIX U(Gij) 1 BepTukambHbIX V(Gij) cMmemienus (mo tenzopy 2D-Kelvin)
IpU ydeTe BapHallii CHJI 10 CXEMbI «BOJOXPAHMWIUIIC + OCHOBAHUE» KaK KOMIIOHEHT KOJIH-
YEeCTBEHHON MOJIENU TOJISl EWCTBYIOIINX BHYTPEHHUX CHII. Ecim B cxeMe «BOJOXpaHWIIUIIE
+ OCHOBaHUE» MPENNOI0KNTH JIaBJICHNUE, AEUCTBYIOIEe A0 N30BITOUHBIM TOJIBKO B 3JUTHIICO-
UJie, TO MOXEM CUMTATh CHPABEITHBIM:

P+Q+N=Addx|[Lxr];

rae pamuyc BekTop Ii U r?=(X-Xo)?+(y-Yo)>+(2-20)?; Janee, MOACTaBHB HX B BHIpAKE-
HHE ISl CMEUICHUI, MO)KHO PAaCCUUTATh MEPEMELICHHUS 110 CXEME «BOJOXPaHMIIUILE + OCHO-
BaHME» VIS 33JJaHHBIX TPAHUYHBIX YCIOBUH. [1ycTh TOUYKH Xi,Yi,Zi COOTBETCTBOBAIU TOYKE I10-
JIBIDKKM OT MCXOJHOM TOYKH MO I-TOH IUTOLIaaKe pa3pbiBa ¢ najaeHuem Ao. Ilycts npu KoH-
HCHTpPAIMK HANPSDKEHUH pacrpe/ieNieHHe CUII B 30HaX OJM3KHX Pa3jioMOB IO CXEME «BOJIO-
XpaHWIHIIE + OCHOBAHUE» MPOM30ILIO TaK, YTOOBI DHEPrHs MMeNa 3HAYCHNE MOTEHINAIBLHO
BO3MOXKHOW COOTBETCTBYIOIIEH MOABMKKE (TIIOCKOCTh Z=-2 1 Z=-4. mpu N=0).

Hwxe Ha pricyHKe | ¥ pUCYHKe 2 MOKa3aHbl Pe3yJIbTaThl YUCICHHBIX YKCIIEPUMEHTOB,
BBITIOJHEHHBIX 110 Kax10My 010Ky TeH3opos 2D-Kelvin B cpene C™.
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Takum 00pa3om, MOXKHO JIOIMYCTHTh, YTO KOJMYECTBEHHAs MOJENb Ha 0a3e TeH30pa
2D-Kelvin ¢pynkuus oij(u,v,w), yaoBineTBopsitolias ypaBHeHuo Jlame uis moynpocTpaHcTBa

st BeisiBiieHHBIX (P,Q) M mpu cooTBETCTBYOILIEM 59\, u Aoci, moxer nate kaptuny HJIC

3eMHOM KOPBI OCHOBAaHHMSI KPYIHBIX pe3epByapoB. [Ipu 3TOM MOXKHO MPEAINONIOXHUTh (UCIIOJb-
3ys npunnun Cen-Benana), uro Touku (Xo,Yo,Z0) 1 (X0j,Y0j,Z0j) IPHIOKEHUSI COCPEIOTOUCHHOM
CWJIBI OYyT HAXOAUTHCA B cepeqiHe pa3pbiBa. OleHKa MIomaae JIOKaabHbIX 30H Aedopma-
[IMOHHOTO BIIUSHUS BOJOXPAHWIHIN (MOJEIbHBIC pacueThl) JUIsi (OPMUPOBAHUS KPACBBIX
YCIIOBUYM M aHAIHM3 XapaKTePUCTUKU MPOIECCOB Pa3pyIICHUs TOPHBIX MOPOJ B 30HaX aedop-
MaIlMOHHOTO BIIMSHUS BOJOXPAHWIUIN HAMU OBUIO M3YYEHO B MPEABIAYIINX HCCIEIOBAHMIX
[5,11]. IIpu 5TOM MaccuBBI TOPHBIX MOPOJ] B 30HAX aKTUBHOTO BIUSHUS BOJAOXPAHMIIUIL ITPU-
HAT KaK Y4aCTOK 3€MHOM KOpPBI, XapaKTEPHU3YIOIIUICS OOIIUMHU YCIOBUSMU OOpa3OBaHUS U
ONpeIeIEHHBIMU UHKEHEPHO-T€O0JIOTMYECKUMU CBOMCTBAMHU CJIATAIOIIUX €r0 TOPHBIX MOPOL
[12,13,14].
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Annotation. In the work, a quasi-static quantitative model is built for use in
calculating the stresses and deformations of the upper part of the earth's crust at
the base of large reservoirs. When constructing a boundary-value problem for
solving equilibrium equations, it is assumed that a rigid elastic half-space
weakened by several non-orthogonal (in the particular case, orthogonal)
cylindrical in homogeneities of great extent, experiences longitudinal shear,
compression at infinity specified in the form of a uniform deformation and
vertical pressure from reservoir weight. For the numerical implementation of
the model, the fundamental solution tensor 2DKelvin and the source method
are used. It is noted that during the formation of the model in terms of the

32


https://ru.wikipedia.org/wiki/Квазистатический_процесс

XXII Ypanbckas MOJOEKHAS HAyYHAs IIKOJIA TI0 Te0PH3UKe

mathematical problem, as quasi-static changes, one can distinguish changes in
the ratios of external forces during the transition from the load state to the
unload state, which is important in identifying the possibilities of the
concentration of critical stresses in the near zone of the operated reservoirs.
Key words: quantitative model, equation, stress, displacement, tensor, field,
calculation, algorithm, reservoir, state.
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AnHOTauusA. HTEpBaJIbHOE BpEMs MONEPEYHON BOJIHBI HE BCEr1a BO3MOXKHO
OLEHUTh C HCIHOJb30BAHUEM MOHOIIOJIBHBIX NPUOOPOB, HANpUMEp, B
HU3KOCKOPOCTHBIX ITOPOJAX, IIPY MHTEPBAJILHOM BPEMEHHM ITOIIEPEUYHOM BOJIHBI
500 u Gonee MKC/M, MOHOMOJIbHBIE MPUOOPHI HE PETUCTPUPYIOT MONEPEUHYIO
BOJIHY M /ISl €€ PEruCTpalyy HCIOJB3YIOT NPUOOPHI UMEIOUINE JUIOJIbHBIE
30H/1bl. JIUMOIbHBIE HCTOUHUKY BO30YKIAtOT U3TMOHYIO BOJIHY, HHTEPBaIbHOE
BpeMs1 KOTOPOM Ha HU3KHMX 4aCTOTaX COOTBETCTBYET MHTEPBAIIBHOMY BPEMEHHU
MIOTIEPEYHON BOJHBI, HO COBPEMEHHBbIE NPUOOPHI BO30YXIAIOT H3THOHYIO
BOJIHYy Ha Oosee BbICOKMX uyacTroTax. llosTtomy Ui ompeneneHus
MHTEPBAJILHOTO BpeMs M3TMOHOM BOJHBI HAa HU3KMX YacTOTaX MOXHO
IIOCTPOUTh  JTUCIIEPCUOHHYIO KPUBYIO C IIOMOIIBIO  JOIOJIHUTEIBHBIX
[IapaMeTpPOB: JUAMETP CKBAKMHBI, HWHTEPBAJIbHOE BpEMsS JKUIKOCTH B
CKBa)XMHE, IUIOTHOCTb JKUJIKOCTH B CKBaXHHE, IUIOTHOCTH IIOPOJBI,
MHTEPBAJIBHOE BPEMsI IIPOIOJIBHON BOJIHBI U HHTEPBAIbHOE BpEMs MONEPEYHON
BOJIHBI. OJTOT pacyeT 3aHUMAeT MHOIO BPEMEHM, I[03TOMY MOXHO
anmnpoKCUMHUPOBATh MOJYYEHHYIO H3THOHYIO KPUBYIO /10 HYJIEBOH YacTOTHI
MIPOCTOM aHATUTUYECKON (PYHKIMEW, KOTOpas UMEET HECKOJIbKO MapaMeTpoB.
B nacrosiee Bpems Ha npakTvke B Poccuy naHHBIN IMOAX0/ HE UCIIONb3YETCH,
ITIOATOMY MBI PELIMIIM MIPOBEPUTH €r0 HAa PEAIbHBIX JAHHBIX.

KiaroueBble cioBa: IlonepeuyHas BojiHa, WM3rMOHAas BOJIHA, WHTEPBAJIbHOE
BpeMsl, TUCIIEPCHS, TUCTIEPCUOHHBIN aHAJIN3.

Jlnst mocTpoeHus: MOJENBHOW TUCIIEPCUOHHON KPUBOM MHTEPBAJIBLHOIO BPEMEHHU aAKY-
CTMUYECKOW BOJIHBI HEOOXOJIUMO Y4YEeCTh MHOXKECTBO MapaMeTpOB, KOTOPbHIE BIHUSIIOT HA BHJ
sToM KpuBOoM. K Takum mapameTpam MOXHO OTHECTH: U3MEHEHUE CBOWCTB KUAKOCTH, JACICH-
Tpauusi nmpuOopa, U3MEHEHUE JHaMeTpa CKBaKMHBI U IIOTHOCTH MOpOJbl U T.A. s peru-
CTpalliy TOTOJHUTENbHBIX [TapaMeTPOB, HEOOXOJUMO JIONOJHUTENIbHOE 000pyI0BaHUE U J10-
IIOJIHUTEIIBHBIE UCCIICIOBAHMS.

Huang, X., u Yin H. pa3pabotanu rucrorpaMMHbIi MeTox [1] ¥ BIOCIEACTBHH €r0
yayuamna Zheng, Y. u ap. [4], KOTOpBI MpeArnoaaraer, 4To HU3KOYaCTOTHAS YacTh TUCTIEp-
CHOHHOHM KpUBOI mpuoOpeTaeT BUA NPSIMOH, B KOTOPOM MHTEpPBAIbHOE BpeMs MPaKTUYECKU
paBHO KOHCTaHTe. Takum 00pa3zoM, CPOEIMPOBAB MOICYUTAHHBIE PE3YJIbTAaThl HA OCh MHTEP-
BaJIbHOTO BpEeMEHU Ui (OPMUPOBAHUS paclpeiesieHnsl 3HaUeHUH, ONpeAeNsioTCs TPaHUIIbl
IIUKOB PacIpeleeHus, KOTOPBIE, B CBOK 04epE/lb, ONPEACIIAI0T UHTEPBAIILHOE BPEMs B ILUIa-
cre. HemoctaTkoM rMCTOrpaMMHOTO NOJIXO/1A SIBJIAETCS TO, YTO BOJIHOBBIE IIOMEXH, KaK Ipa-
BIJIO, CO3/AI0T JIOKHBIE ITMKU TMCTOTPaMMBbI, KOTOPbIE MIPU WHTEPIPETAllMd MOTYT OBITh He-
BEPHO MCTOJKOBAHBI.

Tang, X. M. u zp. pazpa®oTaiau HOBbI METOJ aHAJIM3a JUCIIEPCUU, KOTOPBII Mpeo10-
JIeBaeT HEJOCTATOK TMCTOTPAaMMHOTO mojaxozaa [3]. DTOT moaxoa UCHOJIb3YyET MPOCTYIO aHa-
JIUTUYECKYIO0 KPUBYIO, KOTOPAsi COIOCTABIIAETCS ¢ U3MEPEHHOM KpuBOoM aucnepcuu. Ilpu uc-
MOJIB30BAHUN 3TOTO METOJA, aNIpPOKCHMUPYIOIAs KpUBas IOJDKHA COOTBETCTBOBAaTh HE
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TOJIBKO HU3KOYaCTOTHOM 4aCTH JUCIIEPCUOHHOM KPHUBOM, HO TAKXKE M JUCIEPCUOHHON 4acTH
Ha 0oJiee BBICOKHMX YacTOTaxX, PH 3TOM HEOOXOJIMMO YMEHBIIUTh BIHSHUE ITOMEX, KOTOphIE
BBI3bIBAIOT JIOXKHBIE TMKU TUCTOrpaMMbl. B oTiinune ot TeopeTnyeckoil 1ucnepcuOHHON Kpu-
BOHM, UMEIOLEH MHOTOYHMCIICHHBIE BOJHOBBIE IAPAMETPBI, 3Ta ANNPOKCUMUPYIOLIAs KpHUBas
COJICPKUT MHUHMMAJIbHBIM HAOOp MapamMeTpoB U, B MPUHIIMIIE, COOTBETCTBYET PEAIbHOM JHC-
NIEPCUOHHON KPUBOI MHTEPBAJILHOIO BPEMEHHU BOJIHBI.

KpuBas nucnepcuu, 3a UCKIFOYEHUEM YYaCTKOB HU3KHUX M BBICOKMX 4acTOT, IIOCTE-
IIEHHO BO3PAaCTacT C yBEJIMYEHHEM 4YacTOTHI. MCXOas M3 3TOro, MOKHO NMPEANOIO0KUTh, YTO
(GyHKLMS THIIEPTaHTeHCA TOAOMAET Uil pelIeHus STON 3afauu. DT1a (QyHKIHMS 331aeTCsl uepes
IapaMeTpsl BOJIHBIL:

S(w) =Sy + 6S = tanh(xw — y),
S _(So—6S,w—-0 (1)
(w) = {SO + 6S,w > oo}

[lono6HO M3MEPEHHOI KPUBOM JUCHEPCUU MHTEPBAJILHOTO BPEMEHH, KpUBas TUIEp-
TQHI€HCa OrpaHUMYeHa HU3KO- M BBICOKOYAaCTOTHBIMM  mpeaenamu. HMcxoms w3
ypaBHeHus 1, mapameTp So ¥ mapamerp 0S ompenenstoT HU3KOYaCTOTHBIM U BBICOKOYACTOT-
HbII mpeaen. Tak Kak yacTOTa MOCTOSIHHO YBEJIMYHMBAETCS (CTPEMUTCS K OECKOHEYHOCTH),
(GyHKIMS TUIIEPTAaHIe€HCa MOCTEIIEHHO BO3PAcTAET OT Mpejeia HU3KUX 4acTOT JI0 Mpeesia Bbl-
cokux 4acToT. Ilapamerp X ompezeinser, Kak KpuBasi MEHSETCS C YaCTOTOM, B TO BpeMs Kak
napaMeTp y ONpeleliseT MOJO0KEHUE MEHSIOIIErocs y4JacTka KpUBOM Ha 4yacTOTHOM ocu. C
IOMOILBIO 3THX YEThIPEX MapaMeTpoB, (PYHKIMIO THIEPTAaHI€HCA MOXKHO MPEJICTABUTh B BHJIE
peanbHON NUCIIEPCUOHHOM KPUBOM MHTEPBAIIBHOTO BPEMEHH.

[Tpubnnxenue Buaa KpUBOH (PYHKUIUU K KPUBOM peasbHOM JUCIEPCUH BBIMOIHAETCS
IyT€M MUHUMU3ALNN OIMOKU:

E(Sy,6S,x,y) = J [S(w, Sy, 85, x,V) — Sa(w)]?dw 2)
0
rae Sq¢ — peanbHasi JUCIEPCHs], paCCUMTaHHAs IO MACCUBY aKyCTUYECKHX CUTHANOB [4], a S —
anmnpoKCUMHUPYIOIIas KpUBas, 3aJjaHHasi ypaBHeHUeM 1. MuHMUMM3aLUs BBIOIHSAETCS MO Ya-
CTOTE B JUana3zoHe M3MepseMbIX JNaHHBIX (). BbIOpochl B JaHHBIX S¢ paclEHUBAIOTCSA Kak
OLIMOKH aNNpPOKCUMALIMU U YMEHBIIIAIOTCS WM UCKIII0YaTCs BOBCE.

Koppekuus addexra nucnepcun BaxkHa JUIsl MOBBIIEHUST TOYHOCTU U3MEPEHMsSI UH-
TEPBAJILHOTO BPEMEHU IONEPEYHON BOJHBI B Iu1acTe. I 3TOro MCIOJIb30BAHA XapaKTEpH-
ctruka kaptsl SPD:

WM

1 s—=Sa(w) 2
SPD(s) = —— f expq— [—] dw 3
Wy — Wy Os

w1
rae M - KOJIMYeCTBO YaCTOTHBIX TOYEK (OT ®1 10 ®M), Sd — AUCIEPCHS MHTEPBAIBLHOTO Bpe-
MEHH, a Cs - CTAaHJAPTHOE OTKJIOHEHUE JAHHBIX JAUCIEPCHHU. [3-3a aHaIMTHUECKOTO CBOMCTBA
SKCTIOHEeHIIMAbHON (pyHKIMH, SPD mMeeT MeHee pe3koe paccestHue 1o CpaBHEHHUIO C paccesi-
HUEM, BBIYMCICHHBIM ITOCPEICTBOM OOBIYHOTO METOA THCTOTPAMMBI.

[Tono6HO MeToy THCTOTPaMMBbl, €CIIM IUCIIEPCHUs] MHTEPBAJIBLHOTO BPEMEHHU MPHYPO-
YyeHa K HU3KUM YacToTaM, To pyHKuus SPD 1oCTUTHET MHMKa B HU3KOYACTOTHON 00JIaCcTH.

B kauecTBe BXOAHBIX JaHHBIX HCIOJB30BAINCh BpeMEHa MPHUXOJa aKyCTHUYECKHX
BOJIH, 3alMCAaHHBIX AKYCTHUYECKUM KPOCC-TUMOJbHBIM KapOTaXXHbIM MPUOOPOM, HA BOCBMHU
npueMHukax. Ha pucynke 1 n3oOpakeHbl BpeMeHa MPUXOAa aKyCTUYECKUX BOJIH, 3aIlMCaH-
HblE Ha | MpUEMHUKE.
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Puc. 1. Bpemena npuxoaa aKkyCTH4eCKHX BOJIH, 3aIIMCAHHbIC IIEPBBIM NPHEMHUKOM
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Puc.2. Annpokcumupymomasi  (QyHKHUS  THNepPTaHreHca W H3MepeHHasi
JTUCTIEPCHOHHAS KPUBAasi

Uto0Ob! yBUAETh, KaK IPOCTON METOJI MMOATOHKH COOTBETCTBYET IMOJIEBBIM JaHHBIM, MBI
HAaHOCUM Ha rpaduk H3MEPEHHYIO AUCTIEPCHOHHYIO KPUBYIO U alllPOKCHUMHUPOBAHHYIO THITEP-
TaHTeHCOM KpHBYIO (puc. 2). CuHel THuHHUel oKa3aHa U3MEpPEeHHAasl TUCTIEPCHOHHAS KpUBasi, a
3€JICHON — pacyeTHas AUCTIEPCHOHHAs KPUBasl, TOJydeHHAasi C TIOMOIIBI0 (DYHKIMH TUTIEpTaH-
redca. B nuanaszone wactot 2—6 kl'11, pacueTHasi 1 ©3MEPEHHAsT TUCTIEPCUOHHBIC KPUBBIE COB-

MaJaoT APYT C APYTOM.
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Kapra SPD
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Puc. 3. KpuBasi ”HTepBaJILHOI0 BpeMeHH MoJy4YeHHass mo kapte SPD (uepnasi auHus),
KpHBasi HHTEPBAJLHOI0 BpPeMEHH C MONPABKOI Ha JucHepcHI0 (KpacHasi JIUHUS)
u kapra SPD (u300pazkenne)

Terepp MOXXKHO cpaBHHMBAaThH 00pabOTaHHBIE KPUBBIE HHTEPBAJIHLHOTO BPEMEHHU M JaH-
Hbele SPD (puc. 3). KpuBas untepBaipHOro BpeMeHu nocie oopadorku SPD, oroGpaxkaemas
YEepHBIM IIBETOM, TTOKa3bIBACT CTA0MILHO OOJiee BHICOKHE 3HAUEHUS, YeM HMHTEPBAJIHLHOE Bpe-
M TIOCJI€ IOJTOHKHM KPUBOH (KpacHasi KpUBasi), CO CpeAHeN MPOLIEHTHON pa3HHULel TpUMEpPHO
10%. D10 o0ecnieunBaeT CpaBHEHNE UHTEPBAIBHOIO BPEMEHU MOJTOHKH KPUBOM € TaHHBIMU
SPD. T'ucrorpaMMHBIH METOJ OLIEHHBAET MHTEPBAJIbHOE BPEMs CIIOSI IMyTeM OOHapy>KEHUs
Kpasi TUCTOTpaMMBbl, KOTOPBIN B HamleMm ciydae siBisercss ¢pyHkiuet SPD. Kak nokazano Ha
pHUCyHKe 3, KpuBasi MHTEPBAJBLHOTO BPEMEHHU JOCTATOYHO XOPOIIO KOPPEIUpYyeTCsl KpUBOM
¢byukun SPD.
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data: Annual Technical Conference and Exhibition, Society of Petroleum Engineers,
Paper 103328.

ESTIMATION OF THE EFFICIENCY OF THE METHOD FOR
APPROXIMATION OF THE DISPERSIVE BENDING CURVE

'Evgenii A. Ginzburg, 2Nikita Yu. Chistyakov

1PSU, Perm

2FXC-PNG, Perm

ginzburg2014@mail.ru, ?nikita.chistyakov@fxc-png.ru

Summary: The interval time of the shear wave is not always possible to
estimate using monopole devices, for example, in low-velocity rocks, when the
interval time of the shear wave is 500 and more w/m, monopole devices do not
register the shear wave and instruments with dipole probes used to register it.
Dipole sources excite a flexural wave, the slowness of which at low
frequencies corresponds to that of a shear wave, but modern instruments excite
a flexural wave at higher frequencies. Therefore, to determine the interval time
of the flexural wave at low frequencies, it is possible to construct a dispersion
curve using additional parameters: borehole diameter, fluid interval in the well,
fluid density in the well, rock density, compressional wave interval, and shear
wave interval. This calculation is time-consuming, so it is possible to
approximate the resulting flexural curve to zero frequency with a simple
analytical function that has several parameters. At present, this approach do not
used in practice in Russia, so we decided to test it on real data.

Key words: shear wave, flexural wave, interval time, dispersion, analysis of
variance.
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YK 550.360:551.588.7
OIEHKA ITOJA3EMHOI'O TEIIJIOBOI'O ITOJISA METI'ATIOJIMCA 110
JAHHBIM CKBAXKUHHBIX TEMIIEPATYPHBIX U3MEPEHUI
(HA TIPUMEPE EKATEPUHBYPI'A)

ropnocmaesa Anacmacus Anexcanoposna, *Xayresuu bozoan /Imumpuesuy
HUT'® YpO PAH, 2. Ekamepunoypz
free_ride_@mail.ru, 2disaybl@yandex.ru

AHHoTanusi. Omnucan cnoco® pa3feneHuss U KOJIUYECTBEHHOW OLEHKU
TEMIEPATYPHbIX aHOMAJIUMK MOA3EMHOM CpElIbl MEranojiuca, BbI3BaHHBIX
KJIMMAaTHYE€CKUMHU U3MEHEHUSIMUA U CTPOUTENIbCTBOM OTAIlJIMBAEMOI0 3/1aHUS Ha
JIOKAIBHOM  Y4aCTKE€ 3€MHOM IIOBEPXHOCTH, MYTEM AaHalv3a JaHHbBIX
TeMIIepaTypHbIX u3MepeHuit B ckpaxxune MI'®-280 B ExatepunOypre.
KuroueBbie c€j10Ba: ropoJCKMe OCTpOBa TEILIA, '€OTEPMUs, TEILUIOBOE IIOJIE,
TEeMIIEpaTypHbIN KapOTaxX, CKBaXKHUHA, TEMIIEPATYpPHAsi aHOMaJIHs

[IpoGnema ropoickux OCTPOBOB TEIJIa — OJIHA U3 BaKHEHUIINX MPOOJIEM COBPEMEHHOMN
sKosoruu, ypoanuctuku. Co BpeMeH OTKPBITHS STOTO sSBJIEHUs ABa Beka Hazan [9, 13] mpo-
Oyiema He TniepecTaeT ObITh aKTyaJbHOM, a BHUMaHUE K HEW TOJBKO ycuiauBaercs. Yaiie Bcero
OCHOBHBIM OOBEKTOM HCCIIECIOBAHHU SIBISETCA MpH3eMHas aTMocdepa, XapaKTepUCTHKU €€
TEPMHUYECKOT0, BETPOBOI'O U BJIa)KHOCTHOI'O PEKHMMOB, paclpeiesieHue BPEAHbIX JJIs YeloBe-
Ka BEIIECTB, a OCHOBHBIM METOJIOM — MeTeopojornueckue Haomoaenus [1, 4, 11, 14, 15 u
ap.]. OnHaKo aHTPONOTEHHOE MOBBILIEHUE TEMIIEPATYpPhl B TOPOJaX MPOSBIISETCS HE TOIBKO B
aTMocdepe, HO U B ITOJI3€MHOM cpefie [7 M cchblUIKU B 3TOH paboTe, §]. I3mMeHeHue Temmepary-
pBl TPYHTOB BIUSIET HA WX (QUIbTpPAllMOHHBIE U MpOo4YHOCTHBIE KadecTBa [10]. Terno, momnas-
niee B MOA3EMHYIO CPENly, MOKET paCIpOCTPAHATHCA M HAKaIlJIMBAaThCS MOJ3EMHBIMU BOJAMHU
[12].

OCHOBHBIM MCTOYHMKOM HH(OPMAILIMM O MOJ3EMHBIX TeMIepaTypax ropoja CIyKaT
OypoBble ckBakUHBI. Llenb n1aHHOI paboThl — MOKa3aTh, Kak pa3ieauTh TEMIEPAaTypHbIE aHO-
MaJIMM NOJI3EMHOM Cpebl METAIoJINCa, BBI3BAHHBIE KIIMMAaTHYECKUMHU U3MEHEHUSAMHU Ha 3€M-
HOM MOBEPXHOCTU U JIOKAJIbHBIMU TpaHC(HOpMALMIMU 3€MHOIN MOBEPXHOCTH, IyTEM aHaIM3a
JTAaHHBIX TEMIIEPATYPHBIX U3MEPEHUN B CKBAKUHAX.

bynewm pemats 3amauy Ha npumepe ropoja ExatepunOypra. Ha teppurtopun Uucru-
tyta reopusuku YpO PAH pacnonoxena ckpaxuna UI'®-280, mpobypennas B 1983 rony. B
1984 rony Ha yuyacTke, r/ie¢ HAXOJUTCS CKBaXKHHA, OBUT TOCTPOEH OTAIUTMBAEMBIi aHTap (Ipo-
U3BOJICTBEHHOE 3/1aHKe 0e3 nojBaia) pazmepamu 30x60 M. CkBakuHa oka3ajiach BHYTPHU aH-
rapa, B €ro 3amnajHoM yriry Ha pacctosiiuu 5 u 10 m ot cteH (puc. 1).

B suBape 2020 roaa ¢ moMoIpi0 KBapIieBOro TEPMOMETpa B CKBaXXKHHE ObUIN MPOBE-
JI€HBI IPELIM3UOHHBIE TUCKPETHBIE TEMIIEpaTypHbIe U3MepEeHUsl. AHOMaJIbHOE TEMIIEPATYPHOE
M0JIe CKBXHUHBI ONpeeNseTcs IByMsl (paKkTOpaMu: KIMMaTHYECKUMH U3MeHeHus MU B ExaTte-
pUHOYpre ¥ yBeIWYeHHEM TeMIIEpaTyphbl Ha JIOKaJbHOM Y4YacTKe OTaluiMBaeMoro 31anus. Ero
MOJKHO MPEACTaBUTh B BUJIE:

T(2,t) =T, + G,z + AT “(z,t) + AT *(z,1), (1)

rae To — UCXoIHAs HEBO3MYIIICHHAs TeMIlepaTypa 3eMHOM TOBEPXHOCTH, Z — TITyOHHa,

t — Bpems, Go — reorepmuueckuii rpaaueHt, AT"(z, t) u AT"**(z, t) — TemneparypHbie aHO-

MaJIi¥, CBSI3aHHBIE C KJIMMATOM TOpojia M JIOKATbHBIMH H3MCHEHUSIMH TEMIIEPaTyphl B 3/1a-
HUU.
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Puc. 1. Pacnosioxkenue 31anus U ckBakuubl UI'D-280

JU1s MOJIeTupOBaHMsl TEMIIEPATYPHOTro I10Jisl, 00YCJIOBIEHHOTO U3MEHEHUSIMU KIIMMa-
Ta, ICXOHAsI TEMIIEpAaTypPHAst HCTOPHS, B KAUECTBE KOTOPOH OblIa B3siTa UCTOPUS W3MEHEHHUI
TeMIIepaTyphbl IPU3EMHOTO BO3/yXa B ExaTtepunOypre -
http://pogodaiklimat.ru/history/28440.htm (puc. 2, cepas TOHKas JIMHUS), JO MOMEHTa TIO-
CTPOMKHM 3aHMs OblIa MpeJCTaBlIeHa CTYNeHUaToN (QyHKIMEeH paBHBIX TeMIepaTyp B Ipeje-
Jax 3aJaHHBIX BPEMEHHBIX MHTEPBAJIOB (pHcC. 2, ciulouiHas yepHas auHus). [locine 1984 rona
KJIMMAaTHYEeCKUE U3MEHEHUS YK€ He BIUSUIM Ha TeMIEepaTypHOE I0Jie, IO3TOMY TeMIleparypa
MOBEPXHOCTHU CUUTANIACh TOCTOSHHOM (pHC. 2, IITPUXOBAs YEpHas JTUHUS).

Jlis cTyneHyaToi TeMinepaTypHOi UCTOpUU BEPTUKAIbHOE paclpeseseHue TeMIiepa-
TYpPHOM aHOMaJMM B TEIUIOPU3NYECKU OJHOPOJHOM Cpele MpU OTCYTCTBUU MEPETOKOB IOJI-
3€MHBIX BOJI OIMCBHIBAECTCS PEIIEHUEM OJHOMEPHOI0 HECTAl[MOHAPHOTO YPAaBHEHHUS TEIUIO-
IpoBOTHOCTH [5]. B oTiinyme OT KIMMaTHYECKUX W3MEHEHHH, BIMSHUE 3/1aHUS PACIIpOCTpa-
HSETCS Ha OIpaHUYEHHBIH y4acTOK MOBEPXHOCTH. /[MHaMMKa pacrpoCTpaHEHMs KIMMaTHye-
CKOH M JIOKaJIbHOW aHOMaJMil Ha IIyOMHY Takke Oyner pasnuyHa. [[ns kpyroBoil aHoManb-
HOI 00JacTH aHATMTUYECKOE BhIpaXKEHUE pacrpeiesieHns TeMIepaTypHO aHOMalIuK 10 Bep-
TUKAJIbHOMY NPOQUIII0, IPOXOIALIeMy Yepe3 LIEHTp Kpyra, Obuio nomydeHo B [2, 3]. Uccne-
JyeMasi CKBaKHMHA, OJIHAKO, PACIOJIOXKEHA B 3[JaHUU, KOHTYP KOTOPOTO HE MO3BOJISAIOT HEIO-
CPEJICTBEHHO MCIIOJIb30BaTh COOTHOLIEHHE Ajs Kpyra. [l pacuera JOKaJIbHONM aHOMAJIUU
JUI TIPOU3BOJIBHOIO KOHTYPA MOXHO NMPUMEHUTh METOJ] allIPOKCUMAILIUU KPYTOBBIMU CEKTO-
pamu [6]. BepTukanbHoe pacnpeneneHre JOKalIbHONW TeMIIepaTypHON aHOMAalluu PacCUUTHI-
BaeTCs Kak CyMMa BKJIAJIOB BCEX CEKTOPOB, B3BEILIEHHAs HA IJIOLIA/(b Kpyra C IIEeHTPOM B Me-
CT€ HAXOXKJCHHUS CKBAXKHHBI.
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Puc.2. MWM3MeHeHusi cCpeaHeroJ0BOM TeMIepaTypbl NPHU3eMHOr0 BO3JAyXa Ha
MeTeocTaHuun ExarepuHOypra (TOHKasi cepasi KpuBasi) M aNNpPOKCHMALIUSl BapHalui
TeMIepaTypbl B OTCYTCTBHM 3JaHHMs (CILUIOIIHAA YepHas JIMHHA) M IOCJIe ero
CTPOMTEILCTBA (IITPUX0BAsl YePHas JINHHSA)
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MuHUMU3MPYS HEBSI3KY MEXKIY BBIUMCICHHONH W HAOIIOACHHON TeMIIEpaTypHBIMU
AQHOMAJIUSIMU, B 3aBUCUMOCTHU OT 3HAYEHHsI TEMIIEPATypPOIPOBOIHOCTH, d U aMIUTUTYbI CKay-
Ka TeMIepaTypbl 3eMHOM MOBEPXHOCTU MOCIE CTPOUTENHCTBA 37aHusl D', MOXKHO OIICHUTh
KIIMMATHYECKYIO, JIOKaJbHYIO U CYMMapHYI0 aHOMAJIMH 110 OTJEIbHOCTH:

n 2
> [AT (2, 8) + AT, (2,8, D) - AT "(z,)]
o(a,D) =12 — min.
n-1

CooTBeTcTBYIONIME MUHUMYMY HEBSI3KM TEMIIEpaTypHbIE aHOMAJIMH, OTBEYAIOIINE 3a
KJIMMAaTU4YECKUE U JIOKAIbHbIE U3MEHEHUs TEeMIIEpaTypbl 36MHOH MOBEPXHOCTH, NPHUBEIEHBI
Ha puc. 3. Kinumaruueckas aHomaiys UMeeT MakcumaibHyto ammntyay 1.4 K Ha noBepxHo-
ctu u 3atyxaer A0 0.1 K Ha rmyoune 140 m. JlokanpHas aHOMalIMs ¢ MAaKCUMAJIbHOW aMILIH-
tynoii 11 K Ha moBepxHocTr nocruraet riayounsl 90 m Ha yposHe 0.1 K. Takum obpazom, j1o-
KaJbHas aHOMaJIMs CTallMOHUpoOBajach yxe okoiso 10 et Hazazd, u ee JanbHeiIiee pacupo-

CTpaHEHUE Ha MTyOMHY IPEKPaTUIOoCh.
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Puc. 3. TemneparypHbie anomaiauu: 1 — TemMmneparypHasi aHOMAaJIMsl, 00yCJIOBJICHHAs

H3MEHeHHeM KJIMMAaTa Ha 3eMHOH INOBEPXHOCTH, 2 — TeMIepPaTypHAas aHOMAaJus,
BO3HHMKILIASI BCJEJCTBHE CTPOMTEJbLCTBA 3[1aHUSI, 3 — CyMMapHasi TeMIepaTypHas
aHoOMaJIusl
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THE EVALUATION OF THE URBAN SUBSURFACE THERMAL

FIELD USING THE DATA ON TEMPERATURE MEASUREMENTS

IN BOREHOLES (EVIDENCE FROM YEKATERINBURG)

!Anastasiya A. Gornostaeva, 2Bogdan D. Khatskevich
IGF UB RAS, Yekaterinburg
free_ride_@mail.ru, 2disaybl@yandex.ru

Summary. The method for the separation and quantification of temperature
anomalies in an urban subsurface induced by climate change and the
construction of a heated building at the local area using temperature log
measured in the borehole IGF-280 (Yekaterinburg) has been described.

Key words: urban heat island, geothermy, thermal field, temperature logging,
borehole, temperature anomaly
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YK 622.014.2: 550.835.41
ONLINE MOHUTOPHUHI COJEPKAHUI CEPEEPA B PYJIAX
MECTOPOXJIEHU, PASPABATBIBAEMBIX
TOO «KOPIIOPALIUA KA3AXMBIC»

JDrcynkypaee Epmex Manuxkosuu, Axvtut Komapm Axmemyiot,
Canumoe Kanam Hopacumosuu, Cepurxoe Azamam Epkunoexosuu,
Kymawee Kaupam I'aboynnosuy

TOO «Kopnopayus Kazaxmuicy, /Kezkazzan, Kazaxcman
serg_yef@mail.ru

AnHoTanusi. CTaThsl MOCBSIEHA PELIEHHIO MpoOsieMbl online MOHUTOpPUHTA
Hu3kux (1+ ppm) comepkanuii cepeOpa B pynax. Ammaparypa — HOCHMBIH
CIIEKTPOMETP PIIII-12T. Meton onpoOOBaHUs pya—
PEHTTeHO(IIyOPECIIEHTHBII.

KiroueBble cjioBa: monepeuHas BOJIHA, M3TMOHAs BOJHA, WHTEPBAJIbHOE
BpEMs, TUCIIEPCHs, AUCIIEPCUOHHBIN aHAJIU3.

TOO «Kopnopamus Kazaxmbeicy (Kazakhmys LLC) — kpynHeiinias MeaHas KOMIIAHHs
Kazaxcrana. [1o0b14y pyasl 00ecrieunBarOT MIaxThl U Kapbephl JKe3kazranckoii, bamxarickoit
u KaparannnHckoi Mpou3BOJICTBEHHBIX IJIOMAA0K. B pa3paboTke HaXOIsATCS MECTOpOXKIe-
HUSL MEUCTBIX NecuaHukoB JKeskasran, XKaman—Aiibart, JKunanaunckas rpynna (Mrays, Bo-
crounas Capsloba, 3amannas Capsioda, Kummakmnaii, Kapamonak) a Takke ClI0XHbIe, Xapak-
Tepu3yomuecs OOJbLUIMM pa3MaxoM COJEPKAHUN MPOMBILIUIEHHBIX, COYTCTBYIOIIUX U Me-
LIAFOIIHAX KOMIIOHEHTOB MEIbCOIEPIKALINE OJUMETAIIINYECKHE MECTOPOXKACHHUS, TAKHE KaK:
30J10TO—-MeqHO—TIopdrpoBoe MecTopoxaeHue HypkasraH; KoydenaHHO—MEIHO—CBUHIIOBO—
IIUHKOBBIE MecTopoxaeHus: KycMypblH 1 AkOacTtay; 3010T0—KOT4eJaHHO—MEAHO—CBUHIIOBO—
LIMHKOBOE MecTopokaeHue AOb13; Casgkckas Tpyrna MeAHO—CKapHOBBIX MECTOPOKIEHUM;
MeHO—TIophHUPOBOE MecTOpoKAeHHE ¢ ypaHOoM HIaTbIpKoIb.

Jna sddexTuBHOrO BeneHUs JOOBIUHBIX M TE€0JIOropa3BeJOYHBIX padOT Ha TaKuX
CIIOXHBIX MECTOPOXKACHHSAX TPEOYIOTCS HaIekKHbIe CpelncTBa reodpusuyeckoro online Mmonu-
TOPUHIA 3JIEMEHTHOTO COCTaBa U XMMHUYECKOIO COACPKAHUSI METAJUIOB B pyJaX, HaXOIALINX-
Csl B TOPHOM MAacCHUBE, B HaBajie OTOUTOM FOPHOM Macchl, B TPAHCIIOPTHBIX EMKOCTSX, HA JICH-
TaxX TEXHOJOTUYECKUX KOHBEHEPOB, KEPHE Pa3BEJOUYHBIX CKBAYKUH.

B pyanuuHoMm reodusnueckoM onpoOOBAHUU aKIEHT ceiuac JeslaeTcsl He TOJIbKO Ha
MOHHMTOPHHT COJIEP)KaHUN B pyZaX OCHOBHOTO (M€Jb) KOMIIOHEHTa, HO U Ha MOHUTOPHUHT CO-
JiepKaHui COMyTCTBYIOIIUX (cepeOpa, B epBYIO ouepe/b) KOMIOHEHTOB. [lomyTHas nqo6srya
cepebpa cymiecTBeHHO BiusieT Ha SkoHOMUKY TOO «Kopmoparusa Kazaxmeicy. Opranu3zanus
yIpaBiIseMOM MOMYyTHOM 100b4M cepedpa M JPYTruX COMYTCTBYIOIIUX PYAHBIX KOMIOHEHTOB
B ropubix nozpazneneHusx TOO «Kopnopauus Kazaxmbicy siBiasieTcst oqHONW U3 Hambosee
Ba)XHBIX MPOU3BOJICTBEHHBIX 3ajau. JlaHHas paboTa MOCBSIEHA HCCIEIOBAHUSAM ITyTeH ee
peleHusl.

Cpennue conepxanHus cepeOpa B pyJax MECTOPOXKACHUH MEAMCTBIX IECUaHUKOB
Keskazran, Kaman—Aiibar n KunanaAMHCKOW TPYIIBI COCTABIAIOT B cpeaHeM 15 ppm (Ha
OCTaJIbHBIX Pa3pabaThIBAEMBIX MECTOPOXKACHUAX — ropazno Hwke: Koynpan u Hypkasran —
2-3 ppm).

s opranu3anuu 3QGEeKTUBHON CHCTEMbI KOHTPOJIS MOMYTHOM 100b14u cepebdpa, co-
JIEpKaHUs MOCIETHETr0 HAaAO0 ONpenessaTh oT 1+ ppm. A 3TO — HpeaeiabHbId YPOBEHb s
OouspimHCTBa ONline aHanM3aTopoB: M 1a00PATOPHBIX, U HOCHMBIX.
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BreiBoa: obecrieueHre TOCTOBEPHOTO ONPEEICHUs COAepKaHuii cepedpa reodusnde-
CKUMH METOJIaMH B Iporiecce Online MOHUTOPHUHTA PY/I MPECTaBIAET COOOM OYCHD CIIOKHYIO
METOIMYECKYIO U alMapaTypHYIO 3a/1a4y, KOTOpas MPUMEHUTEIBHO K MECTOpOxkaeHUsIM JKe3-
ka3ras, Kaman—Aiibar u Bocrounas Caprio0a, yciokHEHa HEOOXOIMMOCTBIO OIPOOOBaHUS
TOPHBIX BBIPAOOTOK BEPTUKATLHBIMH CEUYCHHSIMHU BBICOTOH /10 7 M.

C 1971 roga B XXe3kasraHe OCHOBHBIM METOJOM TeO(pH3UYECKOro OMpoOOBaHHS U
aHaym3a pya sBisercs: pertreHodayopecuenTHbii Meton (XRFM). DtoT MeTon Ttakxke BbI-
OpaH HamMH B KauecTBe 6a30BOr0 METO/1a UCCIICIOBAHHIA.

B kadectBe reodumsmueckoil anmmaparypbl HaMH HCIOJB30BaINCh HOCHMEBIE JHEPIo-
nucriepcuoHHbie peHtrenodayopeciienTaeie (EDXRF) criektpomerpsr: PIINI-12T, pa3pabo-
tanuble TOO «Acnan ['eo» (1. Anma—ATa) cienuanbHO JIJIs ONpeAesIeHUs HU3KUX COAepIKa-
HUH cepebpa, KaIMus U psija IPYyTrux AIEMEHTOB, a Takxke st POO BbICOKHX 3a00€B.

B wuccnenoBanmax wucnons3oBamuck nBe pasHoBuaHocth EDXRF  cnextpomerpa
PIIIT-12T: B maxtHOM (puc. 1A, 2B) ninu kapseproM (puc. 2A, 2b) u keprHoBoM (puc. 1b)
ucnionHeHuu. PIIII-12T Ttaxxe umeer onuuio «PDA mopomkoBbeix mpod» (puc. 3). Cran-
napTHbelil HocuMbli ciekTpomeTp PIIII-12T kommiexkTyercs ABYMsS METPOBBIMH IITaHTaMU
JUaMeTpoM 2,6cM (BBICOTa OIPOOOBaHUs 32005 B 3TOM Ciiydae cocTaBuT 4m: puc. 2.B.1). [{ns
JKeskasrana yucino mranr yBenauueHo 1o 4-5 (puc. 2.B.2).

B xadectBe Oioka peructpanuu ¥ 0OpabOTKH HCIOJB3YETCS CEepHMHBIN cMapTdoH
(pucynku 1B u 2b) ¢ onepanuonHoit cuctemoir Android ¥ y1aponpodHbIM KOPIycoM (3ariu-
ta kiacca [P67). 3to KNnOw how: y KOHKYPEHTOB HCIOJIB3YIOTCS KapMaHHBIC TIEPCOHAIBHBIC
KOMIIBIOTEPBI, BO3MOXKHOCTH KOTOPBIX HAaMHOTO HIbke. Peanu3oBana OecripoBojHast
(bluetooth) cucrema mepenaun nHMOpMAIMKM OT AATYMKA K OJOKY OOpabOTKH, YTO CyIIie-
CTBEHHO MOBBIIIAET Oe3onacHocTh mporecca POO BbicOkHX 3a00€B.

Pasennrarm

Cu 0,7210%

g 6,85 /7
Zn 0,4858%

Pb 0,0371%
Fe 4,877%
d 17,18 /T

A. [IIaxTHBIN U KapbEPHBIN b. KepHoBbIit B. PesynbTarer POO
Puc. 1. EDXRF cnexrpomerp PIIII-12T

PIIIT-12T [1] ocHamieH BBICOKOCKOPOCTHBIM KPEMHHUEBBIM JPEH(OBBIM JIETEKTOPOM
(SDD) momaasio 25 MM? 1 ManorabapuTHBEIM PEHTTeHOBCKUM m3mydatenem S50 kB, 10 Br.
ITnomans c6opa aHATHTHYECKOH HHpOpMAHH — 10 4 cM?. UHCIIO ompe/ienseMbIX 3I1eMEHTOB
34 (Cu, Zn, Pb, Ag, Cd, As, Ba, Fe, Mo, Mn, Ti, V, Cr, Co, K, Ca, Ni, Ga, Br, Rb, Sr, Zr, Y,
Nb, Sn, Sb, Bi, Se, In, Pd, Te, W, Th, U). Cnektpomerp PIIII-12T umeer Tpu pabouux pe-
s)kuma: EcrectBo, Kepn u [Topomiok.

Takue pemieHusi, kak: nMpuMeHeHHE BbICOKOCKopocTHoro SDD u manmorabaputHoro
PEHTT€HOBCKOTO W3y4aTessl; ONTUMHU3AIUS YCIOBUM BO30YXKJIEHHUS aHATUTUYECKUX JTMHUN
K—cepun cepeOpa, mpumMeHeHHE CaMOil COBPEMEHHOW BBICOKOCKOPOCTHOM 3JIEKTPOHUKH;
MOIITHOE€ METOJUYECKOEe W IMPOrpaMMHOE OOECleYeHUE TIO03BOJIMIM TOBBICUTH CBETOCHUITY
(BxomHas 3arpy3ska cBbimie 100 k') 6;10ka BO30YKIeHUS U JCTCKTUPOBAHUS H COOTHOIICHHE
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curHan/(hoH M, TeM CaMbIM, CYIIECTBEHHO Pa30THATh YYBCTBUTEIHHOCTH CIIEKTPOMETpPHUYC-
ckoro tpakta PIIII-12T k comepkaHusiM cepedpa, 4TO B COBOKYIMHOCTH M OOECIIEYMIIO BO3-
MOYKHOCTh YBEPEHHOU pabOThI CHEKTPOMETpa MPU YPOBHE COep:KaHui cepeOpa B pyaax OT
1+ ppm npu sxcno3uiuu POO B Touke HaOmoaeHus 10 cek.

B. P®O 3a004 B maxrte
B HaBasie pyas B.1 (h=3m) B.2 (h=6m)
Puc. 2. Buast POO ¢ PIIII-12T

A. Hacanka B coope  b. Hacanka u kroBeTa B. POA npob
Puc. 3. Onuus «P@A nopoumkoBbIx Npood»

PIITI-12T xapakTepusyeTcsi BBICOKOM MPOYHOCTHIO U 3alIUIIEHHOCTHIO, IPOCTOTON B
9KCIUTyaTalluy 1, KaK CJeJCTBUE, MUHUMaJIbHBIMU TPEOOBAaHUSMU K KBaTM(UKALIMU onepaTo-
pa. Bpems nenpepoiBHoit pabotsl PIITI-12T 0e3 noazapsaku akKymysiasTOpoB (OHU B IEepBOM
mranre) He MeHee 10 yacoB. Bec natunka nHe 6onee 1,5 kr.

JI1st BBISICHEHUST CTOCOOHOCTH criekTpoMeTpa Bo3MoxkHOCTH PIIT-12T pemuts 3amauy
online MmoHuTOpHMHTa cofepkaHuii cepedpa BooOIIe U Ha HU3KUX (OT 1+ ppm) copepkaHMsX,
B YaCTHOCTH, OBUIH MPOBEACHBI CISAYIOIMINE IUKIIBI UCCIeT0Banwmi [1].

1. Ha xepHe pa3Beno4HON CKBaXHMHBI (MecTOpoxacHHe JKe3kasraH) Mo cienyromen
nporpamme: a) peHTreHoguryopeciieHTHoe orpodoBanue (POO) MeTpoBbIX HHTEPBAIOB KEpHA
B SIIMKAaX B HENPEPHIBHOM pEXHMME (AATUMK MEPEMEILIAETCS BIOJIb UHTEpPBAJIa KEpHA PaBHO-
MEpHO co CKOpocThIO 20 cek/M; 6) POO MeTpoBBIX HHTEPBAIOB KEpHA C IIaroM HaOII0ICHHMA
10 cm (10 Touex/m) u 20 cm (5 Touek/M) ¢ FKcno3uImei n3mepenuiit 10 ¢ u 5 ¢ s KaxKa0To0
nrara HaOJo1eHuH; B) KOHTpoJdbHOE PO METpOBBIX MHTEPBAJIOB KEpHA 1JI PEKUMOB H3Me-
peHUH, yKa3aHHBIX B MyHKTax a) U 0). KoutponsHoe POO (myHKT «0» mporpammsl) MpoBO-
JTUIIOCh ¢ HeOombIIon caBmxkoi. Pexxum POO — «Kepu». Pe3ynbTarsl nccnenoBanuii nprse-
JeHbI B Tabmute 1.
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Tabimma 1
PIIII-12T. Pe3yabratbl POO kepHa CKBaKMHBI HA cepedpo, ppm
PexmmMbl onpoOoBaHMs KepHA
NoNe . 10 Touex/m 5 ToYek/M
mar, | A | Henpeprisbii 10c 5c 10c 5¢

OcH. Komn. OcH. Komn. OcH. Komn. OcH. Komn. OcH. Kom.
41 3,7 4,2 4,2 3,2 3,7 2,6 3,5 3,0 3,3 3,3 1,9
42 4,7 54 4,3 3,5 4,2 4,2 3,6 2,9 3,0 3,3 51
40 5.2 55 4,9 5,6 45 3,8 51 3,7 7,5 2,3 5,2
61 8,5 9,2 8,2 7,8 7,0 6,6 7,0 5,6 10,1 7,0 57
47 15,4 16,2 15,5 13,9 16,4 12,6 13,5 10,6 17,1 14,0 11,2
55 16,1 17,4 15,8 16,5 17,1 18,0 15,9 20,7 12,3 15,4 20,6
56 20,2 17,7 23,4 15,7 19,0 23,0 21,4 20,1 11,3 28,3 17,7
48 37,0 45,3 43,1 40,4 45,0 41,6 38,9 39,2 43,9 38,4 42,4
50 46,1 44,1 44,5 44,6 45,4 41,3 43,5 43,6 45,6 40,2 42,4
52 17,2 17,1 17,9 16,6 16,0 17,3 18,1 18,3 17,4 16,2 17,9
Cp. | 1741 18,2 18,2 16,8 17,8 17,1 17,1 16,8 17,2 16,9 17,0
c 4,6 4,4 3,6 2,4 1,9 2,1 3,6 1,4 3,2 2,3

AHanu3 JaHHBIX TaOMUIBl 1 MOKa3bIBAaeT: CXOJUMOCTh PE3YJIbTaTOB CPEIHUX COJNEp-
XKaHUW cepeOpa 10 METPOBBIM MHTEpBajiaM KepHa 110 POO u XMMHU4ecKoMy aHaIH3y TOJIHO-
CTbIO COOTBETCTBYET TpeOOBaHUSIM reojoruyeckux ciyx6 pynnukoB TOO «Kopnopanus Ka-
3aXMbIC». Pe3ysbTaThl HcclieIOBaHU Ha 3a0a1acoBBIX MEIHBIX MepecedeHusiK (He BOILIU B
tabnuity 1), mokaszanu, uto criekrpomerp PIIII-12T yBepeHHo pemaer 3amady online mMoxu-
TOpPUHIa coiepKaHUui cepeOpa, HauMHasl ¢ coepkaHuid 1+ ppm.

2. Ilyrem Boinonnenuss POO stanoHHbIX pyaHbiX mTydos. B Tabn. 2 npuBeaena pac-
nevarka pe3ynbTaroB POO stanonnoro mryda Ne 51 ¢ MUHUMaIbHBIM cOZiepKaHUEM cepeo-
pa (arrectoBanubie coxepxanus: Cu = 0,15%, Zn = 0,48%, Pb = 0%, Ag = 2,2 ppm,
Cd = 37,0 ppm). Ha mityde B pazHbIX TOUYKAX BBIMTOJIHSIIOCH TISITh H3MepeHuit mo 10 C kaxmoe.
Pexum POO — «EcrectBo». BoiBoa: PJIII-21T yBepeHHO ompenenuin colepskaHue cepedpa

Ha yposHze 2,0 ppm.

Tabmuia 2
Pacneyarka pesyabraToB PO sTasonHoro mryga Ne 51
Beprtukans 51
COZ[Gp)KaHI/IH 110 TOYKaM COZ[ep)KaHI/IH CpeaHUC 110 5 Toukam
Cu, | Ag, Zn, Pb, Cd, Fe, 0 Ag, 0 Pb, Cd, Fe,
% ppm % % ppm % Cu, % ppm Zn, % % ppm %

0,13 2,3 0,51 | 0,00 | 38,7 | 1,50 | 0,141 2,0 0,493 | 0,00 | 37,6 | 1,52
0,14 2,3 0,49 | 0,00 | 38,1 | 1,52
0,15 1,6 0,49 | 0,00 | 38,2 | 1.,59
0,14 2,4 0,48 | 0,00 | 38,2 | 1,52
0,14 2,1 0,50 | 0,00 5,0 1,47

CpenHee coepKaHue 0 BEPTHUKAIIH: 0,14 2,0 0,49 0,00 | 376 | 1,52

glbdlwiN(F| 2

3. POO rpy60o m3MenbUeHHBIX BaroHHBIX Mpob (Mo 5-6 Kr kaxmas), OTOOpaHHBIX C
IBYX cocTaBoB pyasl (kapeep «Kpecro—7») Ha JKeskasranckoit oboratutenbHOU (Gadbpu-
ke Nel. Ha kaxaoit npo6e BeimonHsiock 35—40 n3mepenuit ¢ sxcnozunueit 10 c. Pexum us-
mepennii — «EctectBoy». Pesynpratel POO: meap — 3,03% u 2,28% (x/a — 2,98% u 2,39%),
cepedbpo — 57,5 ppm u 37,7 ppm (x/a: 52,5 ppm u 39,4 ppm), kagmuii — 4,1 ppm u 6,3 ppm
(x/a — 4,4 ppm u 5,9 ppm). BeiBoa: cxonumocts nanHeix POO ¢ PIII-12T u xumuueckoro
aHaJIM3a XOpOIasi U MOJHOCTHIO YCTPOUJIa PYAHUYHBIX T€OJIOTOB.

4. POA rocynapcTBeHHBIX cTaHmapTHbIX 00pa3ioB (I'CO) pyn ¢ UCTIOIB30BaHUEM OTI-
n «PDA mopommkoBeIx mpod». Pexxum uzmepenuit — «llopomok». IKCo3UIMsS U3MEPEHUN
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— 30 cek. B Tabnuie 4 mpuBeaeHbI pe3ynbTaThl uccaeaoBanuii Ha msatu ['CO (mo 'CO-3029
JIaHbI TAK)KE ATTECTOBAHHBI COJCp)KaHMs MOJUOeHa). BhIBOM: J0Ka3aHa XOpoIIas CXOH-
MOCTh COZIEp>KaHUi cepedpa U Ipyrux 31aeMeHToB no ganubiM POA I'CO.

Tabnuua 4
Cunekrpomerp PIIII-12T. Pe3yabTarsl ucciaenoaumii Ha 'CO
CozepxxaHue 351eMeHTOB, % (* — ppm)
Ico Bun ananuza cu Pb 7n Ag* o
2887 PIIII-12T 0,537 0,0356 0,0121 8,6 6,9
x/a 0,55 0,037 0,011 9,3 HE aTT.
2888 PIIIT-12T 1,533 0,1019 0,0243 24,6 7,1
x/a 1,55 0,103 0,023 25,9 HE atT.
2889 PIIIT-12T 3,149 1,8866 0,786 34,9 70,2
x/a 3,16 1,90 0,80 35,0 71,0
PIIT-12T 40,312 2,243 2,869 701,5 286,5
2891 x/a 40,40 2,25 2,89 707,7 290,0
2029 PII-12T 0,30 1,9 89 (Mo*)
x/a 0,30 2,1 86

5. POA reonoropa3Befounsix mnpo0. 6. POO kepHa pa3BenoyHol ckBaxuHbL. [Ipu
P®O kepHa napamienbHO UCIOJIB30BAJICS aJIbTEPHATUBHBINA BapUAHT alnapaTrypbl — HOCUMBIN
EDXRF cnexkrpomerp «CIIEKTPOCKAH GEO» OOO «HIIO «Cnekrpon» (C-I16, Poccus).
bbun nosiy4eHsl HHTEPECHBIE PE3YbTaThl, HO OTPAHUYEHUS 10 Pa3MEPy CTaTbU HE MO3BOJIU-
7, K COKaJICHUIO, UX MOoApoOHO 06cyauTh. [1o3BonHM cede TONbKO yKaszaThb, YTo, [0 CpaBHE-
Huto ¢ PIIII-12T, «CIIEKTPOCKAH GEO»: Taxenee (2,4 Kr), KOMIUIEKTYETCS BCETO JBYMSI
METPOBBIMH TOHKHMH IIITAHTaMHU, UMEET MEHEE MPOU3BOAUTEIbHBIA KapMaHHBIN MEepCOHAb-
HbII KoMIbroTep (624 MI'n npotus 2500 MI'n).

Asmopul brazooapam nayunozo pykogooumensa E¢umenko Cepees Anamonvesuua
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ONLINE MONITORING OF SILVER CONTENT IN ORE DEPOSITS
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Abstract. The article is devoted to solving the problem of online monitoring of
low (1+ ppm) silver contents in ores. Equipment - portable spectrometer RPP-
12T. The ore sampling method is X-ray fluorescent.

Key words: energy dispersive X-ray fluorescence spectrometer, online
monitoring of ore quality, Zhezkazgan deposit, silver.
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VJIK 550.8:552.08
NETPO®PU3NYECKHUE IAPAMETPHI TPAHUTOUI0OB
JJAXOBCKOI'O KPUCTAJUVIMYECKOI'O MACCHUBA
(CEBEPO-3AIIAJTHBIN KABKA3)

Hnvun Bumanuiit Bukmopoeuu
Bopouescckuit 2ocyoapcmeennstii ynugepcumem, 2. Boponesic
vitaliy.ilin.2000@bk.ru

AHHoTanusi. V3yueHel meTpopu3NUECKHUE  XapPAaKTEPUCTHUKU  Pa3HBIX
METPOJIOTMYECKUX TPYII TPaHUTOMAOB J[axOBCKOrO0  KpUCTAITIMYECKOIO
MaccuBa. Ha  OCHOBE  NpOBENEHHBIX  HCCIEJOBAaHUM  COCTaBJIEHA
neTpodu3rUecKas MoeIb TPAHUTOUAOB JABYX (ha3 TeHEpaLnu.

KuroueBbie cioBa: J[aXOBCKMI KpUCTAJUIMYECKUH MAacCCHUB, TPAHUTOUIbI,
MarHuTHas BOCIPUUMYHMBOCTb, IUIOTHOCTh, CKOPOCTh NPOAOJbHBIX BOJIH,
nerpoduznyueckas Moieb.

JlaxoBckuii kpuctamudeckuii maccuB (JIKM) pacrionokeH Ha ceBepo-3amagHou Iie-
pudepun IlepenoBoro xpedrta bonpmoro Kaskaza. CoBMECTHO ¢ JIpyrumMu OJM3KUMHU IO
CTPYKTYPHBIM U BEIIECTBEHHBIM OCOOCHHOCTSIM BBICTYIAMU JIOBEPXHEMNAIE030HCKOT0 OCHO-
BaHusi (bsbiockum, Caxpaiickum, beckecckum u  ap.) oH mnpuypoueH Kk [lmexuin-
TrIpHBIaY3CKOI 30HE Pa3IOMOB, pa3aemsionieil cTpykTypsl [ maBHOro Xpedra bonbioro Kas-
kaza u CeBepo-KaBka3sckoro kpaeBoro maccuBa Ckugckoii mmtel. Bo3pacrt, ctpoenue, 3Bo-
JIOLMS ATHX BBICTYNOB, BKitodas U JIKM, 10 HacTosIIero BpeMeH! BBI3BIBAIOT TUCKYCCHIO,
OCHOBHBIE€ apT'YMEHTHI KOTOpO#l u3io0xkeHs! B [1,2,7 u np.]. HaubGonee HeogHO3HAYHBIMHU, Ya-
CTO B3aMMOMCKIIIOYAIOIIMMU, SBISIOTCS TPEICTABIECHUS O TIIYyOMHHOM CTPOEHUU MacCCHBA.
[ToBBICUTH CTENEHB IOCTOBEPHOCTH MOCTPOEHUI BO3MOXKHO TOJIBKO B pe3yJIbTaTe MOAEIUPO-
BaHUS Te0pU3NUECKUX MOJeH, 6a3upyromerocs: Ha NeTpoPU3MUECKUX XapaKTePUCTUKAX 00b-
eKTa.

JIaXOBCKHMii MacCHB B TIPHMIIOBEPXHOCTHOH YacTH MMeeT IUIOaab mopsamka 30 kM2,
Mopdonoruuecku pe3ko MPUIOIHAT Hal oOpamIISIOIIMMU €r0 IOPCKUMH OTJIOXKEHUAMU. B
reosiornyeckoM crpoenud JIKM (puc. 1) mmpoko pacrnpocTpaHeHbl pa3HOOOpa3HbIe MO BO3-
pacTty u cocTaBy MarmaTudeckue u metamopduueckue nopossl [2,6,7]. [lepudepuro maccupa
CJIaraloT KpHCTalJIMuecKue oOpa3oBaHus OalKaHCKOIo MeTaMOp(pHUUECKOro KOMILIEKca, OT-
HOCHUMBIE K BEpXHEMY MpoTepo3oro [6]. x meTpodusndyeckne 0COOEHHOCTH YaCTUYHO pac-
cMoTpenbl B [4,5]. LleHTpalibHYI0 4acTh 3aHMMAET MPOPHIBAIOIINM UX MAcCUB I'PaHUTOUIOB
MaJIKHHCKOTO TTYTOHUYECKOI0 KOMILIEKCa.

PaszButue mocneaHero mpoxoauso B aBa stana. OO6pazoBaHus mepBoi (aszbl BHeIpe-
HUSL CJIIOXKEHBI CpeHEe-KPYMHO3EPHUCTHIMU aM(PHO0I-OMOTUTOBBIMU TPAHOAUOPUTAMHU, BO3-
pacT KOTOpbIX cocTaBisieT nopsaaka 301 MiH. 1eT, OTBeHaromuil rpaHuIe BEpXHEro KapOoHa 1
HUOKHEH TepMHU, YTO KOPpENIHpYeTCs C 3aBepUICHHEM T'epLIUHCKOro Tekrorenesa. [loponbt
BTOPOil (ha3bl MpeacTaBIeHbI IOKATHHBIMU TUHEHHO BBITSHYTHIMU TEJIaMH, Pa3HOOPUEHTUPO-
BaHHBIMU JallKaMH, KUJIAMH U IITOKAMHA MYCKOBUTOBBIX U JBYCIIO/ISIHBIX TPAHUTOB, OOpam-
JSIOUIMMH TPaHUTOUIBI TIEpBOU a3kl ¢ IOT0-3amaja u BocToka. Kpome Toro, B rpaHUTOMAAX
nepBoi (pa3pl MAJTKUHCKOTO KOMILJIEKCA B BHJI€ KCEHOIMTOB, pa3MEPOM OT JIECATKOB CaHTH-
MeTpoB A0 250 M B MOINEpevYHHKE, BCTPEUYAIOTCS IUIATMOTPAHUTHI U JUOPUTHI, OTHOCUMBIE K
JaXOBCKOMY IJIaTHOTPaHUT-IHOPUTOBOMY INTYTOHUYECKOMY KOMILIEKCY.

C uenbio nzyueHus: (U3NYECKUX CBOMCTB IPAHUTOUIOB MAJKUHCKOTO TTyTOHUYECKO-
ro KOMIUIEKCa, U3 0OHaKeHUH BIOJIb p. benas u Bmagaromux B He€ MPUTOKOB OBLIO OTOOpaHO

48


mailto:vitaliy.ilin.2000@bk.ru

XXII Ypanbckast MoOJIOA€)KHAsE HaydHAas! IIKOJIA 110 Teo(r3uKe

cBbilie 120 MakCHMaJIbHO CBEKUX 00pa3IOB M MPOBEICHBI MACCOBBIE KallaMETPUUYECKHE U3~
Mepenus (cBoime 150) HemocpeACTBeHHO Ha 0OHAKEHUSIX.

Puc. 1. Teosormueckas kapra JlaxoBCKOro KpPHCTAJIMYECKOT0 MaccuBa [2]:
1 — cepneHTHMHUTBI; 2 - KPUCTAJUINYECKHE CJIAHIBI, aMPUOOJUTHI HAJKAHCKOIO0 KOM-
ieKca; 3-4 — MaJKuHCKHIl kKoMmIuiekc: 3 - rpanoauoputsl 1 ¢asel, 4 — selikorpanursi 11
(a3p1 BHeapeHusi; S — TeppUreHHbIH KOMILIEKC PaHHEH 10pPbl; 6 — TeppUIeHHBbIE 0TJIO-
JKeHMsl cpe/iHell I0pbI; 7 — pa3pbIBHbIe HAPYLIEHHS KPYTOro najgenus (B30pockbl, cOpocsl,
CABUIM); 8 — HAABUIH; 9 — pa3HOTHIIHBbIE cTPaTUTrpaduYecKre rPAHNIbI

Onpenenenre GU3NIECKUX XaPaKTEPUCTUK COOPAHHOM KOJIEKIIUU BBITOJIHEHO B IET-
podusndeckoit tadboparopuu kadeaps reopuznkn BopoHEKCKOT0 TOCYHUBEPCUTETA TPAIU-
IIMOHHBIMU TSI Hee MeTonamu [3]. B xozme paboThl OBUIM M3YyYeHBI TIOTHOCTb, MarHUTHAas
BOCTIPUUMYHBOCTh M CKOPOCTH MPOXOXKJICHUS MPOAOIHHBIX BOJH. CBeleHUs 00 yAeIbHOM
AIEKTPUYECKOM COMPOTUBICHUH TPAHUTOMJIOB TIOYEPIIHYTH U3 paHee BHIIOJHEHHOTO Ha Ka-
denpe reopusuku BI'Y uccnenopanus [5].

[TnoTHOCTH O0pPA3IOB H3y4yanach METOJAOM THAPOCTATUYECKOTO B3BELIMBAHUS C HC-
noJp30BaHneM BbICOKOTOUHBIX BecoB «HIGHLAND» HCB — 1502. MarauTHasi BOCTIpUIM-
YUBOCTh omnpeneneHa kannamerpom KM-7 nmpousBoactBa Yexun. VM ke BBINOJHEHBI TOJIE-
BbIC KallllaMETPHUYECKUE HAOIIOJCHUS Ha OOHa)XXeHWsX. V3MepeHne CKOpPOCTH IMPOJOIBHBIX
BOJIH IPOBOAMWIOCH YIbTpa3BykoBbIM Jedektockonom YK 10IIMC. Jlns onpexneneHus
YACIBHOTO JJICKTPUYECKOTO COMPOTHUBIICHHS B TeTpodu3nyeckoi nabopaTtopun Kadeapbl
reo(pU3UKM UCTIONB3YeTCsI KOMILIEKC Ha 0a3e u3meputens ummurtanca E7-20.

Pesynbrarer mabopaTopHbIX M3MEpEHUN CBeNEeHbI B TaOiuily. Jns Gosee momHOM Xa-
PaKTEPUCTUKH MAarHUTHOW BOCTIPUMMYHBOCTU B HEH, a TaKKe MPU CTATUCTHYECKON 00paboT-
K€ pe3y/ibTaToB yuTeHa MHpopMalus nojieBoi kannamerpuu. [lonydyeHHble JaHHBIE TPOLUIH
CTaHAapTHYIO0 00pabOTKy ¢ MOCTPOEHUEM TUCTOTPAMM, BapHAIIMOHHBIX KPUBBIX pacrpesene-
HUS TApaMETPOB U OTIpEAENIEHUs] CTATUCTUUECKUX XapakTepucTuk. Ha puc. 2 mpuBeneHsl Ba-
pHAIOHHBIE KPUBBIE paclpeielieHuss U3MEPEHHBIX MapaMeTpOB TPAHUTOHUIOB KaXJIOW W3
IBYX (ha3 BHEIpEHUSI.

XapakTtep pacrpeneneHuss (QU3NYECKUX CBOWCTB TOPOJI, CIATAOIIUX MATKUHCKUN
TUTYTOHUYECKUN KOMILJIEKC, TTO3BOJIIET C YBEPEHHOCTBIO BBIAECIUTH METpOodU3NUEcKUe rpy-
MBI, TPUYPOUYCHHBIE K ONPEACTCHHOMY METPOIOTUIECKOMY THITY TPAHUTOUIOB.

Tak, ssBHOE OMMOIAILHOE pacipeiesieHue INIOTHOCTHBIX CBOMCTB (pHUC. 2a) yKa3bIBaeT
HA HAJIW4YWE JBYX METPOIUIOTHOCTHBIX TPYII B paMKax MAaJIKHHCKOTO KomIuiekca. [lepBomy
MaKCHMyMYy C pacrpefelieHneM, OJIM3KUM K HOpMaJIbHOMY, COOTBETCTBYET Cpe/lHEE 3HaUCHHE
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nnotHoctu 2,61 r/cm®. TleTponoruyecky JaHHOI TPyIIIe COOTBETCTBYIOT MPAHUTOMIBI BTOPOit
(a3bl BHEAPEHUS], IPECTABICHHbIE T'PAaHUT-AINIUTAMHU.

Bropas rpynma XapakTepusyeTcs CpPeJHHM 3HAaueHHeM IUIOTHOCTH 2,72 r/cM® u B
CBOIO OuY€pe]lb MOJpa3eIAeTCsl Ha JBE MOJArPYIIbl 00jee HU3KOro MOpsiKa, KOTOPhIM MPH-
CyIIU 3HayeHus muotHoctH 2,70 u 2,76 r/cm®. JlaHHO# TIETPOIIIOTHOCTHOM TPYIIE OTBEYAIOT
IPAaHUTOUIBI IEPBOM (pa3bl BHEIPEHHUS, IETPOIOIMUECKH OTHOCUMBIE K IPAHOIUOPUTAM.

Tabmumna 1
duznueckKune CBOICTBA I'paHuTOUu0B I[aXOBCKOFO KPHUCTAJJIHYECCKOI0 MacCuBa
CkopocTb MarnutHas VnennHOE
IInotHOCTH
HanMeroBane o. /e MPOOIBHBIX BOJH BOCIIPMUMYHMBOCTD COIPOTHUBJICHHE
ODOILL ’ Vp, M/c % 10° en. CH p, OM'M
po min | cpemnee min cpemHee min cpermHee min cpemHee

max max max max
I'panuTonast 2,67 2212 -0,507 98,38

1 (sl 278 | 272 | 508 | %00 | J5g | 0271 | g5gpo5 | 3635
I'panuTongst 2,57 2158 -0,430 71,14

2 dassl 2,67 2,61 5545 4342 1,743 0,454 489,72 248.2

[IpumMeuanue: naHHBIC 00 YICILHOM JICKTPUUIECKOM COTMPOTUBIICHUH mopo npenoctasicHsl B.H. Kopobom

N

N
30 /’\ a — paza 80 1 6
\ - =2 pasa 1
) / \ 60 1
20 / \ 1
t / \ 40
10 1 ' 4 \
| 20 4
Vg ~ 7~
0 0 g
2,57 2,66 2,75 o,r/lcm3 06 0 06 12 %103%en.CU
N
16 B / \ =1 hasa
\ = =2 (baza
12 i

1700 2200 2700 3200 3700 4200 4700 5200 Vp,m/c

Puc. 2. Bapuaunonnblie Kpusble nerpodgusnyeckux napamerpos rpanuronaos JJKM:
a — IVIOTHOCTB; 0 - MATHUTHAsI BOCIPUMMYHMBOCTD; B - CKOPOCTH NPOA0JIbHBIX BOJIH

Pacnpenenenre MarHuTHONW BOCIIPUMMUYMBOCTH HOCUT MEHEE CIIOKHBIM XapakTep: BbI-
JIESIeTCS KPYTOM MUK, XapaKTepHBIH i OOJbIIed yacTu BbIOOpPKU. J[aHHBIA IKCTpEeMyM
CBUJIETEJILCTBYET O MPUHAMICKHOCTH K TPAHUTOMJIAM NepBOi (a3bl reHepaluu CO CPEeAHUM
3HAYEHWEM MarHUTHOW BOCIIPUUMYHUBOCTH 0,271-10'3 en. CH. MakcumanbHOE YHCIIO OTpeie-
nenuit cocpeotTodeHo B mpenenax ot 0 10 0,9-102 exn. CU (puc. 26).

Bapuarnuonnas kpuas ¢ JByMsl 3KCTpEMyMaMH WJUTIOCTPUPYET paciipesiesieHre mar-
HUTHOHM BOCIIPUUMYMBOCTH B TPAaHUTOMaX BTOpoi (ha3bl BHepeHus. X MarHuTHas BOCIIpH-
UMYHBOCTH HOCHT OTUYETIIMBO BBIPAKCHHBIH OWMOJIANBHBIA XapaKTep, YTO MO3BOJSET BBIIC-
JUTH B paMKaX 3TOi IPYTIIBI TIOPOJ JIBE TIOATPYTITIBL: MEPBYIO co cpemneit x 0,217-107° ex. CU
u BTopyio 1,117-10° en. CU.

CpenHsisi CKOPOCTh MPOAOJBHBIX BOJIH Uil TPAHUTOHIOB BTOPOW (pa3bl COCTaBIIET
4342 m/c, 94TO WMIOEHTUYHO TpaHUTOWJAM TepBoi (a3bl BHempeHus. OTMmedaeTcs HE3HAUYH-
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TeJbHasl JIEBasi aCUMMETPHUS BapUaLlMOHHON KPUBOM CKOPOCTHU (pHC. 2B), YTO CBUJIETEIbCTBY-
€T 0 BO3MO>KHOM BJIMSIHMM Ha 3TOT MapaMeTp HaI0KEHHBIX TUIIEPI€HHBIX ITPOLECCOB.

Ceenenus 00 ynelnbHOM 3JIEKTPHYECKOM COMPOTHBICHUH T'PAaHUTOMIOB (Tabmmua 1)
npenocrasienbl B.H. Kopo6om, B 00001meHHOM BUie OHM MPUBENCHBI B padote [9]. DToT na-
paMeTp ompeAesieH JUIsi OrpaHMYEHHOTO KOJIM4ecTBa 0o0pasnoB. Tem He MeHee, MEIoUIHecs
JTAaHHBIE TTO3BOJIAIOT MPENNOI0KUTh AU depeHnanuio nopoj NepBoi U BTOpoil a3 BHeape-
HUS - pa3NIMuue B CPETHUX 3HAYCHUSAX YIIEIBHOTO COPOTUBICHUS cocTaBisieT Oonee 30%.

Ha ocHOBe COBOKYNMHOCTH pe3yJIbTaTOB M3y4eHUs (PU3NUYECKUX CBOWCTB IPAHUTOUIOB
J1axOBCKOTO KPUCTAJUTMIECKOTO MAcCHMBAa COCTaBJIEHA €ro nerpodusnyeckas Moaess (puc. 3).
13 Hee cienyeT, 4TO pa3IMyHbIe UX TUIBI JOCTATOYHO YETKO AU(DdepeHIupyroTCs M0 NeTpo-
¢usnueckuMm napamerpam. [IpemnokeHHass MOAETb MOXKET CIIY>)KUTh OCHOBOH JJISi TIPUMEHE-
HUS Te0(PU3MUECKUX METOJOB NPH IIIyOMHHBIX HCCIEIOBAHUAX, I€OJOIrHYECKOM KapTHUpOBa-
HUH 1 TIOMCKaX MOJIE3HBIX HCKOIAEMBIX.

6o’ | Vpme | wi0eaCi | p, Oma
Tun nopon 255 conun loroew ol %0
|

265 275| 4
| | | ] Ledslo bl b 4 o1 45 1

MpaHuTouasl 1 hassl | |
BHEPEHWS B
paHuTouabl 2 dhasbl

BHEOPEHNs [ |

Puc. 3. HeTpO(l)I/BI/I'IECKaH MO/J¢/Ib TPAaHUTOUI0B l[axmzcxoro KPUCTAIMYECKOI'0O
MacCuBa

ABTOp CUMTAEeT NPUATHBIM JIOJATOM MOOJIArOAAPUTh HAYYHOTO PYKOBOAMTEINS JOLEHTA
kadenpsl reopusuku BI'Y B.U. XKaBopoHKkrHa 3a MOCTaHOBKY 33/1a4l U IOMOILb B €€ pellie-
HUM, a Takxke npogpeccopa B.M. Henaxosa u nouenta A.B. J)Kabuna 3a MHOrodncieHHbIe
KOHCYJIBTAIIMHU ¥ IPEIOCTABICHHBIM KAMEHHBIN MaTepHAIL.
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PETROPHYSICAL PARAMETERS OF GRANITOIDS OF THE
DAKHOVSKY CRYSTALLINE MASSIVE
(NORTHWESTERN CAUCASUS)

Vitaly V. Hlin
Voronezh State University, Voronezh
vitaliy.ilin.2000@bk.ru

Summary. The petrophysical characteristics of different petrological groups of
granitoids of the Dakhovsky crystalline massif have been studied. Based on the
studies carried out, a petrophysical model of granitoids of two generation
phases has been compiled.

Key words: Dakhovsky crystalline massif, granitoids, magnetic susceptibility,
density, longitudinal wave velocity, petrophysical model.
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VJIK550.836
SKCKJIIO3UBHAS KAPTA TEIIJIOBOT'O IIOTOKA
3AIAJTHBIX PAMOHOB TOMCKOM OBJIACTHA HA ®OHE
HE®TEI'A30HOCHOCTH, ME3030MCKO-KAMHO30MCKUX
TEKTOHHYECKHUX SJIEMEHTOB U CUCTEMBbBI «KPYITHBIX»
PA3JIOMOB IOI'O-BOCTOKA 3AIIAJTHON CUBUPU

Kpymenko /lanuun Cepzeesuu
HHU TIIY, 2. Tomck
dskrutenko@gmail.com

AHHoTanus. B naHHoil paboTe mpoBeZeH KauyeCTBEHHBIH CONMOCTaBUTEJIbHBIN
aHAIM3  PACHpENeNIeHHs] IUIOTHOCTH TIJIYyOMHHOIO  TEIUIOBOIO  IOTOKa,
He(TEra30HOCHOCTH, TEKTOHHYECKHUX 3JEMEHTOB OCaJOYHOIO 4exyia |
JIOKAJIU3allMi Pa3pbhIBHBIX HapylmieHWH 2 u 3 Kiacca B 3alagHON 4acTu
Tomckoii obmactu. OTMEueHa KOpPpesAlus aHOMalIMi TEIJIOBOIO IMOTOKA U
pa3MEIEHNUsT MECTOpPOXKACHUM YB, CTpPYKTyp Me3030MCKO-KaHHO30MCKON
TEKTOHUKH. YCTaHOBJIEHO, YTO KOPPEJSILMS MEXIY 30HAaMHU IOBBILIEHHOTO
TCIIJIOBOI'O NIOTOKA U JU3BbIOHKTHBHBIMU HAPYIICHUAMU OTCYTCTBYCT.
KiroueBble cioBa: TemiaoBoil MOTOK, HE(PTEra3oHOCHOCTb, TEKTOHHYECKHE
3JIEMEHTBI, TU3BIOHKTUBHbBIE HApYyILIEHUs, Koppensauus, ToMckast 0061acTh

Beenenue.

Cyl1ecTBYIOT pa3MyuHble MHEHHUS O BIUSHUM JU3BbIOHKTUBHOM TEKTOHUKH HAa HEOJHO-
POAHOCTh TEIUIOBOTO MOJA. Tak OJHM MCCIEAOBATENM CUUTAKOT, YTO HAJIMYUE Pa3pbIBHBIX
HapyIICHUH IPUBOJUT K MOBBIIIEHUIO TEIJIOBOIO MOTOKA, IPYTHE — YTO 3HAYUMOTO U3MEHE-
HUSl T€OTEMIIEPaTypHOIO MOJs BOJM3M MIYOWHHBIX Pa3IOMOB HE MPOUCXOIUT, MOCKOIbKY
BpEMs YracaHHs TEMIIEPATYpPHON aHOMAJIMM HCUYMCIAETCS NMEPBBIMM MWJUIMOHamu JieT. [lo-
ATOMY IIIYOMHHBIE Pa3JIOMbl APEBHETO BO3pAacTa 3aJ0KEHUS HE COMPOBOXKIAIOTCS reoTeMIIe-
paTypHBIMU aHOMAIMSIMHU [6].

Jl51g TOro, 4To0B! MPOAHATN3UPOBAThH BIMSHUE Pa3pbIBHBIX HAPYIIEHUN HA U3MEHEHUE
TEIIOBOTI'O MOTOKA HEOOXOIMMO BBIMOIHUTH NOCTPOCHHUE KapThl INIOTHOCTU INIyOMHHOTO TeM-
JIOBOTO MOTOKA, YTO OBLJIO CIEIAHO aBTOPOM paHee [1], 1 COBMECTUTH €€ ¢ Hauboliee JOCTO-
BEPHOM KapTOW pa3pbIBHBIX HAPYILIECHUN I JAHHON TEPPUTOpUH [5].

XapakTepuCcTHKA TEPPUTOPHUHU MCCIE0BAHUI.

TeppuTtopus uccinenoBaHus BKIIOYACT 3aMaJHyI0 yacTb TOMCKOM 001acTH, B KOTOPOI
COCpENOTOUEHO OOJIBIIMHCTBO MECTOPOXKJIeHUH yrieBonopoaoB (YB) peruona. [lo otnoxe-
HUSAM IJIaT(GOPMEHHOT0 YexJia MCCIeIyeMblid paiioH HaXOAMUTCS B 30HE PAa3BUTHUS YETBIPEX
CTPYKTYp mnepBoro nopsaka: Hroponbckoit ' ¥Yere-ThiMckol MeraBnaanH, CpelHeBaclOraH-
ckoro meraBana u IlapabGenbckoro meraseicTyna. BocTouHas rpaHuiia TeppUTOPUU HCCIE0-
BAHUS COBIIAJIAET C BOCTOYHOM rpaHuIiedl YcCTh-ThIMCKOW MeraBnajgvuHbl U bakyapckon me-
30BIIAIUHBI.

baxxeHoBCKas cBUTa SBJISETCS HCTOYHUKOM (opMHUpoBaHus 3anexedl YB B soBymikax
BEPXHEIOPCKOT0 M MeNnoBoro HedrerazoHocHbIX komiuiekcoB (HI'K) mo Beeit Teppuropun mc-
cinenoBanus. Jnsg Hroponbckodt m YcTh-THIMCKOM MeraBmajiiH, BMECTE C TE€M, XapakTepHa
HeTereHepupyoIas TOrypcKasi CBUTa C paccesHHbIM opraHndeckuM BemiectBoM (POB) ry-
MYCOBO-CaIIpOINEJIEBOT0 TUIIA, CIIYKAIllasi MATEPUHCKOM TOJIIIEHN JUIsl HUDKHEFOPCKOTO U JIOKOP-
ckoro HT'K [4].
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O MeTOoaMKeE HCC/IEIOBAHUS.

ABTOpOM ObLIA JIOMOJTHEHA KapTa TEIUIOBOro MOToKa ToMCKOH 00J1acTH, KOTOpas ObI-
na noctpoena panee [1] (puc. 1). yig mocTpoeHus: KapThl UCIOJIb30BAINCH PACUETHBIC 3HAYE-
HUS IJIOTHOCTH TIIYOMHHOI'O TEIJIOBOTO MOTOKa B 204 MOMCKOBO-Pa3BEOYHBIX, OTIOPHBIX U
napaMeTPUUeCKUX CKBAKMHAX HAa TEPPUTOPUU UCCIEAOBaHUS. Bce 3HAUEHUS TEIUIOBOTO TO-
TOKa TOJyYSHBI METOJIOM ITaJICOTEMIIEPATYPHOT'O MOJICTUPOBaHUS [3].

Puc. 1 — CxemaTnueckasi KapTra IUVIOTHOCTH TeNJOBOr0 MOTOKA 3amaaHoi yactu Tom-
cKoii obaactu: 1 — mecropoxkaenuss YB; 2 — M30JMHMHM TEILIOBOrO NOTOKAa, MBT/M?;
3 — CKBa:KMHA MAJIE0TEMIIEPATYPHOT0 MOIEIUPOBAHUSI.

Oo6cy:k1eHne pe3yJibTaTOB.

Tennoeoui nomok u negpmecazonocnocms. Ha xapre temnoBoro moroka (puc. 1)
HaONIOJAIOTCS CIICAYIONINE aHOMAIbHBIE OCOOCHHOCTHU: «IIOJIOKHUTEIbHAS aHOMATHSI», «OT-
puLaTeabHas aHOMAIIUs», «IpaJueHTHas 30Ha». Ha kapre Buaum 4-e sipKo-BbIpaKEHHBIE 110~
JIO)KUTENIbHBIE aHOMAJIMK TETUIOBOTO MOTOKa. B ceBepHOi YacTh KapThl KpyIHAas MOJIOXKH-
TenbHasE aHoManus chopmupoBanack BOKpyr Tpairoponacko-KoHIakoOBCKOTO MECTOPOXK/ie-
Husa. C BOCTOKA IEHTPATBHOW YacTH KapThl PACIOJIOKEHA MOJIOKUTEIbHAS aHOMAIIAST BOKPYT
MectopoxaeHus: CHeXHOe, a ¢ 3anaja LHEeHTPaIbHOM YacTH KapThl — MOJOKUTENIbHAs aHOMa-
Jvs cBsizaHa ¢ MectopoxaeHusMu JlomoBoe, O3epHoe u Katbuibruuckoe. B 10ro-BocTouHOM
94acTH KapThl B 0OpaMIICHUH TIOJIOKUTENBHON aHOMAIIUU PACIIONIOKEHBI MECTOPOKIEHUS Phi-
6anpHOe, [TnHmKUHCKOE 1 MupHOe. BmecTe ¢ TeM, Ha KapTe BBIIETSAIOTCS 7 OTHOCHUTEIHHO
HEOOJBIINX 110 3aHUMAEMOU TEPPUTOPUN OTPHUIATETLHBIX AHOMAIHH.
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Puc.2 — TemioBoii mNOTOK M3 MNOAOMIBHI O0CAJOYHOr0 4YexJia Ha (Qparmenre
TEeKTOHMYECKOH KapThl MO ceiicMu4eckoMy ropusonty lla (momomBa OakeHOBCKOI
CBHTBI) Ha OCHOBe [5] ¢ noGaBiaeHusiMu: 1 — mosokuMTeIbHAsI cTPYKTypa | mopsiaka:

T R4
Wa Y6

— HuxneBaprosekuii cBoa, // — KaiimbicoBekmii cBon, /// — Anexcanaposckuii cBoj,

IV - CpenneBacioranckuii meraBan, V — IIbuib-Kapamuncknii  merasad,
/1 — TlapaGeannckmii meraBbicTynm; 2 — oTpuuareibHasi crpykrypa | mopsaka:
VI / - Hwopoabckas wmeranaauna, VI/ — Vere-TeiMcKkasi MeraBnajiMHa;
3 — nmnpomexyroyHas crpyktypa | mopsaka: IX - MexoBcko-bapadtunckas
MeraMOHOKJ/IMHAJIb, X — Cesepo-Ilapadenbckasn MeraMOHOKJIMHAJIb;
4 — mpoaoxurteabHasi crpykrypa |l mopsinka:1 — HosoBacioranckuii Me3oBad,
2 — Tpaiiropoackuii Me3oBaia, 3 — CpeaneBacioranckuii Me3oBas, 4 — JlaBpoBckuid
me30BbicTYN, 5 — Ilynunckoe wme3omogusitue, 6 — Iopesosipckoe Me30moaHSATHE,
7 — Bocrouno-Um:kanckoe wme3onognsatue, 8 — KoamameBckuii Me3oBai,
9 - Kaarauckmii Me30BBICTYN; 5 — oTpumareabHas cTpykrypa |l mopsiaka:
10 — Koaroropckuii me3omporud, 11 — LleHTpaJabHOHIOPOJIbCKAsE Me30BNAIMHA,

12 — KO:xno-Hwpoabckas me3oBnaauHa, 13 — Kocerckuii me3onporud, 14 — Camaat-
ckuii mesonmporud, 15 — Herorckuii mesonmporund, 16 — IlbpkuHCkHME Me30nporuo,
17 - bakuapckas Me3oBnaguna; 6 — me3ocemnoBunbl: 18 — JlexsiHckasi,
19 -  Kapamuuckasi, 20 —  Yepemmanckasa, 21 -  IIuHrudckas,
22 — Yy3ukcko-Unkanckasi; 7 — MeCTOPOKIeHUS YI1€BOI0POA0B: a) B J0IOPCKOM H/HJIH
wpckom HI'K, 6) B norwopckom n/uin wopckom u meioBoM HI'K; 8 — TemsioBoii morok u3
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OCHOBAHMS 0CAJI0YHOro uyexya; 9 — pasjomsl: a) 2 kiacca, 0) 3 kiaacca; 10 — agMunn-
crpaTuBHasi rpanuna Tomckoi odJiacTu

Tennosoit nomok u mexkmonuueckue cmpykmypsl 0cadounozo yexna. Cuurtaercs
[2], uTO B mpezaenax MOJOKUTENbHBIX CTPYKTYp HaOIIOAAETCs MOBBIIIEHNE BEIMYUH IJIOTHO-
CTH TEIIOBOro motoka Ha 5-20%, 1Mo CpaBHEHHMIO C 30HAMH OTPHUILATEIBHBIX CTPYKTYp, TEM
Oosnbiee, yeM OOJbIIE pa3Mepsl ATUX CTPYKTYp. IIpu COBMECTHOM aHanu3e pacrpeneicHus
IUIOTHOCTU TEIUIOBOTO MOTOKAa M CTPYKTYPHBIX AJIEMEHTOB OCAJ0YHOTO YeXja OTYETIUBO
poCiIekuBaeTcst ux Koppensmus (puc. 2). C 1aHHOW 0COOCHHOCTHIO HE KOPPEIUPYET TOIBKO
CpenHeBaclOraHCKUM MeraBajl, XapaKTEepU3YIOLIUMKUCS OTpHUIATEebHOW aHoMmanued. Takxke
HENb3sl OLICHMBATh KOPPEJSALHUIO XapaKTepa aHOMaJIUHM TEIUIOBOIO MOTOKa C JIOKaIU3aluei
HuxueBaproBckoro cBojaa u IlapabGenbckoro meraBbicTyna, IOTOMY YTO, MEPBBIM BXOAUT B
rpanuny ToMckoi 00s1acTH YaCTHYHO, @ BTOPOIl 0XapaKTEepU30BaH CIMIIKOM MaJ€HbKUM KO-
JMYECTBOM CKBAXKHH, [0 KOTOPHIM MOCYUTAHBI 3HAYEHUS TEIUIOBOTO MOTOKA.

Tennogon nomox u cucmema paznomos. VI3yuuB pacnoyioKeHUE IU3bIOHKTHBHBIX
HapyIIeHUH 2 ¥ 3 KJIaCCOB HAa TEPPUTOPUU UCCIICOBAHUS U COMIOCTABHB €T0 C pACIpeIeIeHU-
€M IUIOTHOCTH IIYOMHHOI'O TEIUIOBOTO IOTOKA, MOKHO OJHO3HAYHO BBIIEIUTH JIUIIb OJHY
30HY MOJOXUTEIBHON KOppeNsIiK — pailoH AJIEKCaHIPOBCKOTO CBOJIA, I/ie HaOII0AaeTcs ca-
Masi BBICOKOAMILIUTY/IHAsl AaHOMaJIMsl TEIUIOBOrO MOTOKA. B ocTalbHBIX palloHax KapThkl BU3Y-
aNbHAsl KOPPEIALHUs MOBBIIICHHBIX 3HAYEHHUI TEIJIOBOTO MOTOKA C JIOKAIU3aluel AU3bIOHK-
TUBHBIX HApYIIEHUH OTYETIINBO HE MPOCIEKUBACTCS.

[TonydeHHBIH pe3yabTaT MOXKET OBITh BbI3BAaH HECKOJILKMMH pUYUHAMU. Bo-iepBhIX,
OTCYTCTBHE KOPPEJSLUU MOXKET SIBIATHCS MOATBEPAKICHUEM TOrO, YTO TNTyOMHHBIE Pa3IOMBbI
JPEBHETO BO3pACTa 3aJI0’KEHUSI HE COMPOBOXKIAIOTCS aHOMAIIUSIMU COBPEMEHHOTO TEIIOBOTO
NOTOKa. BO-BTOPBIX, pe3yabTaT MOXET CBHJIETEIbCTBOBATH O HEIMOJIHOM M3y4EeHHOCTH pac-
IIPOCTPAHEHNUS Pa3pbIBHBIX HAPYIIEHUI Ha UCCIEAYEMOU TEPPUTOPHUH.

3ak/roueHue.

Ha ocnoBe 204-x onpeneneHuii B CKBaKMHAX TTTyOMHHOTO TEMJIOBOI0 MOTOKA MOCTPO-
€Ha KapTa TeIUIOBOTO MOTOKa 3amaaHoi yactu Tomckoi obnactu. [lomyduenHoe pacmnpenene-
HHUE IJIOTHOCTH TJIYOMHHOTO TEIUIOBOTO MOTOKA SIBHO KOPPEIUPYET C TEKTOHMYECKUMHM 3Je-
MEHTaMH Me3030MCKO-KailHO30MCKUX MIaTPOPMEHHBIX OTIOKeHUH. Bmecre ¢ Tem mo mo-
CTPOCHHOM KapTe He MOATBEPXKAAETCS TOT (akT, YTO JUIBIOHKTHBHBIE HAPYIIEHUS KOHTPO-
JUPYIOTCS 30HAMU TOBBIIIEHHOTO TEIJIOBOrO0 MOTOKa. KauecTBEHHBIM aHaNNU3 MOITYy4EHHOTO
MaTepHala MoKa3blBaeT, YTO KOPPEJALUs MEXAY MIIOTHOCTIO MTYOUHHOTO TEMJIOBOTO MOTO-
Ka U pacroJIOKEHUEM Pa3pbIBHBIX HApYIIEHUH 2 U 3 Kilacca OTCYTCTBYET.

Aemop evlpadicaem UCKpeHHIO 01a200apHOCMb CB0EMY HAYYHOM) PYKO8oOumenio npogec-
copy Hcaesy Banepuio Heanosuuy.
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EXCLUSIVE DEEP HEAT FLOW MAP OF THE WESTERN
PART OF TOMSK REGION WITH OIL AND GAS POTENTIAL,
MEZOZOIC-CENOZOIC TECTONIC STRUCTURES AND SYSTEM OF
«LARGE» FAULTS OF THE SOUTH-EAST OF WESTERN SIBERIA

Daniil S. Krutenko
TPU, Tomsk
dskrutenko@gmail.com

Summary. This paper performs qualitative comparative analysis of deep heat
flow distribution, oil and gas potential, tectonic structures of sedimentary cover
and 2 and 3 classes faults localization in the western part of Tomsk Region.
Correlation relationships of deep heat flow anomalies and location of
hydrocarbon fields and Mezozoic-Cenozoic tectonic structures were pointed. It
was stated that correlation between higher deep heat flow zones and disjunctive
faults is absent.

Key words: deep heat flow, oil and gas potential, tectonic structures, faults,
correlation, Tomsk Region
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V]IK 550.370
BBIJIEJTEHUE BOJTOHACBIIIEHHOM 30HBI HA
BEPXHEKAMCKOM MECTOPOJIEHUU COJIE MO
PE3VJIbTATAM TPEXMEPHO WHBEPCUM JAHHBIX
UMIYJLCHOM DJAEKTPOPA3BEIKH

Ulasypuenxo Anmon Bumanvesuu, *Illkupsa Muxaun Cepzeeguu,
3Benosa Anacmacusa KOpvesna

HPHUTY, 2. Hpkymck

Ylozurchenko@gmail.com, 2shkirya.ms@gmail.com, 3bay@gelios-geo.com

AHHOTauus. TexHOJIOrUsI 3JIEKTPOMArHUTHOIO 30HJMPOBAHMS W BBI3BAaHHOU
MOJISIpU3alid TeCTUPOBAIaCh Ha BEepXHEKaMCKOM MECTOPOXKIACHUU KaTuHWHO-
MAarHMEBBIX COJIEW JJISI OLEHKH COCTOSHHUS COJIEBBIX M HAJCOJIEBBIX MOPOJ.
Hcnonb3oBanack yCTaHOBKA OPTOTrOHAJbHAs M COOCHas JUIsl TOBBILICHHS
YyBCTBUTENbHOCTH. [lo  pe3ynbraTaM  TpPEXMEPHOTO  MOJEIUPOBAHUS
JIOKQJIN30BaHa HU3KOOMHAs 30Ha, HACHIIIIEHHAs PACCOJIaMH.

KiawueBble cioBa: 3JIEKTPOMAarHUTHOE  30HAMPOBAHUE, HMITYJbCHAs
3JIEKTpOpa3BeKa, BOAO3AIIMTHAS TOJIIA, TPEXMEPHOE MOJCIMPOBAHUE.

BBenenne

Curyauus Ha BepxHekaMCKOM MeCTOpPOXICHUH KanuiHO-Maruuesbix coselt (BKMC)
UMEET IOBBIIICHHYI0 TEXHOT€HHYI0 ONAcCHOCTb M HECEeT YPOH JUIl HapOJHOro XO3siCTBa.
[Ipoucxonunu HEOTHOKpAaTHbIE aBApUH, CBA3AHHbBIE C MOCTYIUIEHWEM BOJ B maxty. [Ipume-
HEHHME TEXHOJOTMH 3JIEKTPOMAarHUTHOTO 30HAMPOBAHUS U BbI3BaHHOHN moiysipuzanuu (OM3-
BII) mo3BonisieT yTOYHUTH T€0JIOTMUECKOE CTPOEHHME pa3pe3a W BbIIECIUTh MOTEHIUAIBHO
OTlacHbIe HU3KOOMHBIE 30HBI B BO/I03AIIMTHOMN Toiie. Beero 6su10 3amucano 599 Touek 30H-
JUPOBAHMS, ¢ 00mIEel MpoTsHkeHHOCTh mpodmeii 7500 M 1 momaznkio 0.9 kM2 Perucrparms
NIEPEXOIHBIX MPOLIECCOB, OCYHIECTBIIAIACH ANNAPATHO-IIPOrpaMMHBIM KoMmIuiekcoM «MAPC
[1]. IIar mexny npodpmisiMu — 128 M, mexxay nukeramu — 25 M. Mcrons3oBaHue opToro-
HaJIbHOTO T€HEPATOPHOIO JUIOJSA B U3MEPHUTEIBbHOM YCTAHOBKE JOIOJIHMUTEIBHO K COOCHOMN
MO3BOJIUJIO IOCTUYB O0Jiee yCTOMUMBOIO pelleHusl TpeXMepHOil oOpaTHoii 3anaun (Puc. 1).

Yenosnsie 06o3navenns

e AB Jlnuns
*  Touxm IM3-BI1

Puc. 1. Cxema yuactka paéor
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Teopusi u TexnoJiorusi paéor merogom IM3-BII

B Merone DM3-BII pa3zpe3 Bo30yKagaeTcsi MOCIEIOBATEIHBHOCTHIO MPSIMOYTOIBHBIX
PaA3HOMOJISIPHBIX MMIYJIbCOB C MOMOIIBIO TeHepatopHoro aunoisi AB — ropusoHTaibHOU
anextpudeckoit aunuei (I'2JI). Ha nmpueMHBIX 35eKTpoaax 3a3eMJICHHOM JIMHUHA PETUCTPHPY-
€TCsl MOJHAs MOCIEA0BATEIbHOCTh UMITYJILCOB, YTO MO3BOJISIET PACCUUTATh NEPEXOAHBINA MPO-
[[ECC Ha 3aJJaHHBIX BPEMEHHBIX 3aJIeP’KKaX, HOPMUPOBAHHBIX HAa Pa3HOCThH MMOTEHIIUAJIOB, B31-
TYIO TIepe]] BBIKIIOYEHHUEM TOKOBOTO mMitynbca (Puc. 2) [6]. JaHHbIN NOAX01 CYIIECTBEHHO
MOBBIIIAET UH(POPMATUBHOCTD TPAAUIIMOHHBIX METOJIOB MOCTOSHHOTO TOKAa M JAa€T BO3MOXK-
HOCTh O0JIee IeTaIbHO U3y4aTh JUTOJIOTUIECKOE CTPOCHHE pa3pesa.

a) TOJIOYKUTENIbHBIN TOKOBBIN
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nepexooHwiii npoyecc

Puc. 2. 'anpBanu4ecknii cnocod BO30YxKIeHHS HECTALMOHAPHBIX 3JeKTPOMATHMTHBIX
noJsieii: a) rpaguk 3aBMCUMOCTH TOKA OT BpeMeHH, 0ToOpaxaromuii ¢popmy nepexoaHbIx
npoueccos; 0) rpadgpuk 3aBUCHMOCTH HANPSIZKEHUs OT BpeMeHH, oTo0pakaomuii popmy
NepexoAHbIX PO EecCoB

1D u 3D unBepcus

IIponiecchl BBI3BAHHON MOJNIAPU3AlMU, CBA3aHHBIE ¢ 0OpaTHOM 3a1auyell B pamMKax Oj-
HOMEpPHOM TOPU30HTAIBHO-CIIOUCTON MOJIEIH, BBIUMCIISIIOTCS U MPUMEHSIOTCS B IpOrpamMM-
HoM Komiuiekce Mars1D [5] myrem pemenust popmynsl Koyna-Koyna [2]. Ota popmyna uc-
MOJIb3YEeTCs ISl KOMIUIEKCHOTO MPEJICTaBICHUS YI€TbHOTO 3JEKTPUUECKOTO COMPOTUBICHUS
(YOO) [3]:

1

p(w) = po [1 —To (1 - —1+(im)c)]1 1)

IZI€ p - YACIBHOE JJIEKTPUUECKOE COIIPOTUBIIEHUE; Po - YACIBHOE CONPOTUBIIEHHUE TO-
CTOSIHHOTO TOKA; | - MHUMasl €MHUIA; ® - KPyroBas 4acToTa; 7 - K03()(UIMEHT MONIsIpHu3ye-
MoCTH CTPYKTYphL; (0 <7 < 1); T - MOCTOSIHHAS. BPEMEHH MOJISIPU3AIIMOHHOTO Ipoiiecca (Bpe-
MS peflaKkcalMt); ¢ - SKCIIOHEHTAa, ONPEAeSIonas MMPUHY SKCIIOHEHIIUAIBHOTO CIIEKTpa Te-
PEXOHOTO OTKJIMKA BhI3BaHHOU mossipusarmu (0 <c < 1).

®opmyna Komaposa:

B =1~ omsin| =), )

In(B2)

g

rae f - 3aBUCHMOCTb 3aTyXaHWs BbI3BaHHOM monspuszauuu (BII) oT Bpemenu;
To - Bpems 3atyxanus; t - Bpems; B - koo dunuent 3aryxanus (B > 1).
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[Tonxon Komaposa B ¢gopmysie (2) ObUT MOTYYeH ¢ HOMOIIBIO J1a00OPaTOPHBIX KCIIe-
puMeHToB. OH sBisieTcst aHanorom ¢opmyiasl Koyna-Koyma (1) Bo BpemeHHO# oOnactu u
JIeIICTBUTENEH /1J1s IIoKa3aTels crenenu ¢ = 0,5.

Jliia Beinenenust 3¢(GeKToB BHI3BAHHOW MOJSIpU3aldy ObUT BBINOJHEH P MPOLETyp
(Puc. 2): 1) Paccuntana ropu3oHTAILHO-CIOUCTAst MOJIENb 0€3 ydeTa 4acTOTHOW JUCIICPCHH
cpensl Uit Bcel momaaun padot; 2) V3 HaGmoAeHHBIX KPUBBIX OBUIM BBIYTEHBI TEOpETHYE-
CKHE KpUBBIE, IOJTYUYECHHBIC Ha MPEIBIIYIIEM IIare.

10" 3 Kpussie:
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Puc. 3. I3MeHeHne KPUBBIX 30HIMPOBAHUHU NPH npouecce MUHUMHU3aL UK dPpdextoB BII

Mopenb 371€KTPOMarHuTHOIO COIPOTHUBIICHHUSI U M3MEPEHHBIE JaHHBIE JUIS PEIIEHUs
npsMoit 3a1aun B 3D Obtn ummoptupoBansl B nporpammubiii kommieke GI3D u ITEM-IP
[7], T/ie BBIMOJIHSUIHCH BCE HEOOXOAUMBIC BEIYUCIICHHUS.

PesyabTaTsl pador

I'eonorus u crpaturpagus BepxHEeKaMCKOro MeCTOPOKIEHUS KaJIWHHO-MarHUEBBIX
coJie JTOCTaTOYHO CJIOXKHA. DBAllOPUTOBBIE OTJIOKEHHS MMEIOT (OpMy JIMH3BI IUIOLIABIO
0KO0JI0 8,2 ThIC. KM?, KOTOpas MPOCIEKUBACTCA B MEPHIHOHATLHOM HATPABICHHH HA TIPOTS-
xeHun 206 kM, a B IIMPOTHOM - 10 56 KM. DTa MOCIE0BATEIbHOCTh IOCTUTAET O0IIeH ToJ-
muHel 10 550 MeTpoB. Crioit 0TJIOKEHU moapa3aensercs (CHU3y-BBepX) Ha KAMEHHYIO COJIb,
0oraryro KaJuiHBIMH COJIIMU MHTEPBAJIBHYIO 30HY, COCTOSIIYIO U3 CHIIbBUHUTOBOM 30HBI U
KapHAJUIMTOBOM 30HBI, MOKPHIBAIOIIYIO CIOM KaMEHHOW COJIM M COJIOHIIEBATO-MEPIeeBbIN
macT. HUoKHUN y4acTOK COJISTHO-MEPIeIeBON CYKLIECCHM TaKKe COIEPKUT CIOM KaMEHHOU
COJIU, M JTOT OJIOK Ha3bIBaeTCS «IUlacTaMu mepexoaa». Ham comnsiHo-MepreneBod TOJIIEH
pacIoyio’KeH HeKJIACTUKOBO-KapOOHATHBIN KOMILJIEKC, CJIOXKEHHBIH pa3HOPOTHBIMU MTOPOJIAMH
U HeC(pOPMHUPOBAHHO MEPEKPHITHIA YETBEPTUUHBIMU OTIOKEHUSAMU [4].

WNHBepcust JaHHBIX AJIEKTPOMATHUTHOTO 30HAMPOBAHMUS, 3apETUCTPUPOBAHHBIX Ha
BKMC, 6pina mepBoHa4YaabHO BHITIOJIHEHA B OJTHOMEPHOM BHUJIE JIJISl OIIEHKH YYBCTBUTEIHHO-
ctu texHosnoru OM3-BII k npucyTCTBHIO HU3KOOMHBIX MTOPOJ B COJIsIHOM Toue. MHBepcus
JAHHBIX B paMKaxX OJHOMEPHOW TOPU30HTAJIbHO-CIOMCTOM MOJEIW BBINNOJHANACH B IIPO-
rpaMMHOM Komruiekce «Mars1D». Ha nepBom sTane maccoBoit 06paboTku qanubix OM3-BI1
BbINOJIHEH 1noadop YOC ¢ moMOIIbI0 MPUMEHEHHS Pa3IUYHbIX aIrOPUTMOB MUHUMH3ALUU
(GyHKIIMOHATa B MHOTOMEPHOM NPU3HAKOBOM IPOCTPAHCTBE, MPU ATOM IMOJISIPU3ALOHHBIE
napaMeTpbl ObUTH 3aKperyieHbl M He moadupanuch. OYHKIHMOHAI HEBSI3KH PACCUUTHIBAJICS
CPEIHEKBAIPATUUECKUM U pOOACTHBIM CIIOCOOAMHU.
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Craenyroumm starnoMm Obuto mpoBeneHo 3D MonenupoBaHWe W CO3AaHbl Oojiee MO-
IpoOHBIE MOJENH JUId OOecreueHus Jydllield CXOAWMOCTH JaHHBIX U TOBBIIICHUS pa3pela-
IOIIEH CIIOCOOHOCTH JIaHHBIX O TiIyouHe. TpexmepHas HHBepCHs Al 00beKTa MoucKa Oblia
BBITIOJIHEHA Ha Tiyoune 180-250 mMeTpoB B IiacTax, BKIFOYAONIUX IEJIeBOM 00BbekT. Cion
Obu pa3ouTHI Ha OJ10KH pazmepoM 250 x 250 meTpoB. MOIIHOCTH GJIOKOB COOTBETCTBOBAIA
0’KHMJIaeMOW MOITHOCTH Pa3JIMYHBIX T'€OJOTHYECKUX IIJIACTOB, B3SITOW M3 allpuOpHON MH)OP-
Maruu. Psi 610KOB BOKPYT H3MEPUTEIHHONW YCTAHOBKU CITY’KUT JIJISi KOJIMYECTBECHHOMN OIlCH-
KM ¥ KoMIieHcanuu 3()(eKToB MCKaKeHHs OKpy:karomiei cpeasl. B mporpamme ITEM-IP [8]
ObuTa peann3oBaHa OJHOBPEMEHHAs MHBEPCHUS [UISI COOCHOW M OPTOTOHAJIBHON YCTAaHOBOK C
yuetoM (GopMbI criaia ppoHTa UMIYJIbCa TOKA B Ka)KOM M3 MECTOIMOJIOXKEHHN UCTOYHHUKA Ha
pucyHKe 4 mpeicTaBlieH KpallHUN pe3yibTaT TpexmepHou nHBepcuu gaHHbIx OM3-BII. Ilo
pe3yibTataM MHBEpCUU Oblia BblAeNIeHa HU3KOOMHAs 30HA, 3alI0JHEHHAs MepPEHACHIIIIEHHBIM
paccosioM. Dta anomanust YOC cBsizaHa ¢ OTHOCUTEIIBHO BBICOKON BOJIOHACHIIIIEHHOCTHIO T10-
poz, T. €. peCTaBIIsAeT COO0H 30HY MOBBIIIEHHONW NOPUCTOCTH.

a) 0)
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E S 500 o
g 8 400 =
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= = 300

0 100 200 300 400 500 600 700 800 O0 100 200 300 400 500 600 700 800
Jlucranuus, m Jlucranuus, M
Puc. 4. CpaBHeHue pe3yJIbTAaTOB TpexXxMepHOW MHBepcuM Ha riayomne 110-130 merpos
JJISl 2) COOCHOM M 0) OPTOrOHAIBHOM YCTAHOBOK.

BriBoabl

1. Merog OM3-BII 6b11 ycnemHo anpoOUpoBaH Ajisl MOMCKA 30H, MOBBIILIEHHON Teo-
JIOTMYECKON OMAaCHOCTH, HA MECTOPOXKIEHUH 110 100bIYe KaTUITHO-MarHueBOi COJH.

2. B pe3ynbpTaTe TpeXMEpHOH MHBEPCHH JNAHHBIX IUIOMAIHONW CHEMKH JUISI COOCHOM U
OpPTOTOHAIILHOW YCTaHOBKH OBLIH MONYyYEHBbl YCTONYHMBBIC PEIICHUS MPSIMBIX U OOPaTHBIX 3a-
Jau.

3. Ha ocHOBaHMH pe3yabTaToOB MHBEPCUU YAAJIOCh ONPEACTUTh T'OPU3OHTAIBHO-
CJIOUCTYIO MOJIeTh 3aJIeTaHus TOpOoJ Ha Tiomaau padot. Pesynprarel 3D-unBepcun mo3Bo-
JIMITY JIOKAJIM30BaTh 30HY HU3KOro YOC, KoTopas HHTEPIPETUPYETCs KaK HACHIIIEHHAas! COole-
BBIM PaccoJIOM MOPUCTas 30Ha.
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ALLOCATION OF WATER-SATURATED LAYER AT
VERKHNEKAMSKY SALT DEPOSIT BY RESULTS
OFTHREE-DIMENSIONAL INVERSION OF PULSE

ELECTRIC EXPLORATION DATA

LAnton V. Lazurchenko, 2Mikhail S. Shkirya, >Anastasia Yu. Belova
INRTU, Irkutsk
Yozurchenko@gmail.com, 2shkirya.ms@gmail.com, *bay@gelios-geo.com

Summary. The technology of electromagnetic sounding and induced
polarization was tested at the Verkhnekamsky potassium-magnesium salt
deposit to assess the state of salt and post-salt rocks. An orthogonal and co-
axial setup was used to increase the sensitivity. Based on the results of three-
dimensional modeling, a low-resistance zone saturated with brines is localized.
Key words: electromagnetic sounding, pulsed electrical prospecting, water-
saturated layer, three-dimensional modeling.
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VJIK 550.834.05
I'EOJIOTHYECKUE OCOBEHHOCTH BEPXHEI YACTH PA3PE3A
CEBEPO-BOCTOYHOT'O IIEJb®A OXOTCKOT'O MOPS

Juckoewtit Ilaeen Hukonaeeuu
HMTul’ J/IBO PAH, 2. I0>cno-Caxanunck
pashalis@inbox.ru

AnHoTanusi: CTaThs MOCBSILEHA I'€0JIOr0-reoUu3nYecKoil XapaKTepUCTHKE
MIPUIIOBEPXHOCTHHIX Ta30BbIX 30H CeBepo-Bocrounoro mensga o. CaxanuH.
IIpuBoauTCS M3YYEHHOCTh MECTOPOXKAEHUH MeETOJaMH CelcMOopa3BeaKu
BbIcOKoro paspemienusi - BPC u ceiicmoakyctiuku. OOG03HaYeHBI METOIUKU
BBIJICJICHUSI ~ NPUIIOBEPXHOCTHOI'O  Ta3a, BBIIOJHEHa o0IIas  OLEHKa
MHTEpIpEeTalMi U KJIACCU(UKALUs Ta30BbIX 30H, C BBIJEIECHUEM pPa3pbIBHBIX
HapyIleHUH 1 30H ocabaeHus.

KiarueBbie ciaoBa: Illensd Oxorckoro Mops;  ra3oKOHIEHCAaTHOE
MECTOPOXKJCHHUE; CEeHCMOpa3Be/ika BBICOKOI'O pa3pelleHus; CEeHCMHUeCKUui
TOPU30HT.

H3yyeHHOCTH ceBepoO-BOCTOYHOIO eabpa OXxoTckoro Mmops.

Bo Bropoit nonosune XIX crtoneTus, ObUIM MONyYeHBI CaMble MEpPBHIE CBEACHUS O
IE0JIOTUYECKUX OCOOEHHOCTAX TeppuTopun ocTpoBa CaxaiauH B LEJIOM M HHXKXEHEPHO-
IeOJIOTUYECKHUX YCIOBUH psifia €ro OTAEIbHBIX 4acTeN.

CucremaTHueckue TeoJIOTUYECKUE, THUIPOreOJIOrH4eckue M reoMopgoornyecKue
MCCJIEIOBAHMSI CEBEPHBIX PAallOHOB OCTpOBAa Hayalld NPOBOAUTHCA TONbKO mocie 1940 r.
NMeHHO B 3TO Bpemsi ObUIM BBIICHEHbl OCHOBHBIE 3aKOHOMEPHOCTHU T€0JIOTMYECKOTO
CTPOEHHS BEPXHEHN YacTH pa3pesa.

B 1948 rony kpymnHeilne TeoJIOTMYECKWe OpraHU3alui CTpaHbl IPOBOAMIN
IUTAHOMEPHYIO ['0CyapCTBEHHYIO TI'€OJIOTUYECKYI0 CBHEMKY U HHXEHEPHO-TE€OJIOTMUYECKUE
M3bICKaHUs JJ11 000CHOBAHUS KPYIHBIX CTPOUTENBHBIX 0OBEKTOB.

C 1950 mo 1960 roas! O6bUT EPHOAOM MOSBICHUS MaTepHaloB (yHAAMEHTAIbHOU U
JIOCTaTOYHO HWH(POPMATUBHOM TEOPETUUYECKON OCHOBBI Il MPOBENEHUS PETMOHAIBHBIX
WHXEHEPHO-TEOJIOTUYECKUX UCCIIEJOBAHUM.

Takum o0pa3oM, HakomjeHHbIe K KOHIy XX BeKa MaTepHalibl 110 Ie0JIOTHYECKOMY,
THJIPOr€0JIOTHYECKOMY M T€OMOP(OIOrHYECKOMY CTPOCHHUIO, CIIEU(PHUKH PACIPOCTPaHEHUs
MHKEHEPHO-TEOJIOTUYECKMX yclaoBUM ocTpoBa CaxaJiH TO3BOJIMIM TPOEKTHBIM U
M3BICKATEIbHBIM OpPTraHu3allsIM MOAXOAUTh K PELICHHIO BOIPOCOB PA3JIMYHBIX CTaguil
MPOEKTUPOBAHUS COOPYKEHUI M MOCIEAYIOUIEr0 MOHUTOPUHIA CO 3HAHMEM PErvOHaIbHOMN
MH)KEHEPHO-T€0JIOTMYeCKOi 0OCTaHOBKH.

JlocTaTOYHO JETaJbHO TE0JIOrHMYecKoe, reoMopdoioruueckoe M UHKEHEpPHO-
re0JIOTHYECKOe CTPOCHUE CEBEpO-BOCTOYHOro mienbgpa o0.CaxaJuH OTpakeHO B HAYYHBIX
u3nanusax [10, 11] u kpynHeHmMx TeMaTnyeckux MoHorpadusx, B yacTHOCTH, B «['eonoruun
CCCP», 1. 33 (1970 r.) u «Mmxenepnas reonorust CCCP», 1. 4 (1977 1.).

B pesynprate mnpoBeaeHHplx B nepuon ¢ 1990 mo 1995 rr., wuH)eHepHO-
Te0JOTUYECKUX M3BICKAHWHA YTOYHWIOCH I'€0JOTMYECKOE CTPOEHHE Ha CTPYKTypax CEBEPO-
BOCTOYHOTO 11enb(a OX0TCKOro Mopsi.

BrnotHyro, paboTel MO M3YYEHHIO BEpPXHEH 4YacTh TeoJIOTMYECKOro paspesa
npoBoauiauch, HauumHass ¢ 2008 r. BbuUT BBIMOTHEH KOMIUIEKC MOPCKHUX HWHYKEHEPHO-
reoJIOTHYeCKUX paboT Ha JBYX IUIOIIAAKAX C LENbI0 MOJArOTOBKM HX IS TOCTaHOBKU
nosynorpykaoii 6yposoii ycranoBku (III1IBY) na Toukm Oypenus 2-x ckBaxuH. Komruiekc
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paboT BKIIOYAN OaTHMETPUIO, CEWCMOAKYCTHUYECKOE NPOPHINPOBAHHUE, THUAPOIOKALHUIO
O0KOBOTO 0030pa, O0TOOp MPOO JTOHHBIX TPYHTOB U OYpPeHHE HHIKEHEPHO-TE€OJIOTHYCCKOMN
CKBaKWHBI. PabOThl OBUIM BBIOJIHEHBI HA IUIOMAAKAX 3X3 KM IO CETH OPTOTOHAIBHBIX
npoduneit [3, 5]. Ilo pesymbraram pabOT ObUIM BBISIBICHBI 30HBI CKOIUICHWH Ta30BBIX
SMaHalUN, MPEACTABISAIOUIUX ONPEAETIEHHYIO OMACHOCTD MPHU MPOBOAKE MOUCKOBBIX CKBAKUH
[1, 7]. danbl pekoMeHIaMU O AajbHEWIIEeH HAIMPaBICHHOCTH HU3YYECHMS IUIOWIAIA B ATHUX
ACIIEKTax.

C 2015 roma 30HBI C TOBBIIICHHBIM COJCPKAHUEM Ta30BbIX AMaHAIUKA CTaIu
MPUBA3BIBATECA K CTPYKTYPHBIM MOBEPXHOCTSAM, IOCTPOCHHBIM I10 BBIICICHHBIM JJIs
Ka)XJI0r0 KOHKPETHOTO cllydasi YCJIOBHBIM CEHCMUYECKUM ropu3oHTaMm [4, 9]. DTO m0o3BOJIMIO
MPEJICTAaBUTh TOJYYCHHBIH MaTepuan B Oosiee HarisaHoOW Qopme, HE Teperpyxas «Kapry
OIMACHOCTE» pa3HOIITYOMHHBIMU aHOMAIHUSIMH.

XapakTepucTHKA, METOAbI MCC/IeI0BAHUI, KPUTEPUH PAHKUPOBAHUS M CIOCO0
onpeeeHUs] KIPUIOBEPXHOCTHOIO ra3ay.

Pe3ynbrarel  MHOTONETHHX  TreoH3WMYECKHMX H  WHXXCHEPHO-TCOJOTHYCCKUX
UCCJIEIOBAaHUI B pallOHE CEeBEPO-BOCTOYHOTO IIenb(a OXOTCKOro MOpPsI CBUAETEIbCTBYIOT O
MPaKTUYECKH TTOBCEMECTHOM pPaCHpPOCTPAHEHUH Ta30HACHIIICHHBIX OCAJIKOB B TMPUIOHHOU
4acTH 0CaJ04YHOro paspesa [6, 8]. HermyOokue mpuoBepXHOCTHBIE 3aJIeKHU CBOOOTHOTO Ta3a
MIPEJICTABJISIFOT BBICOKYIO OIACHOCTH IMPHU IPOBEICHUH OYpoBBIX pador. Takum oOpasowm,
OCBOEHHE MOPCKUX MECTOPOKICHHI MOJKHO COMPOBOXKAATHCS JAE€TATbHBIMU KOMILIEKCHBIMU
WCCJIC/IOBAHUSIMU BEPXHEM 4YacTH pPa3pe30B, BKIIOUYAIOIIUX OTIOXKEHHUS MOIIHOCTBIO 0
HECKOJIbKUX COTEH MeTpoB. [Ipu ciydailHOM BCKPBITUM TaKUX 3aliexkKeil B mporecce OypeHus
IIPOUCXOIUT HEKOHTPOIMPYEMBIH Ta30BbIil BBIOPOC.

Tepmun "mpumoBepxHoctHbiii ra3" ("shallow gas") nmo cux mop Tpakryercs
HEOJHO3HA4YHO. B 3apyOexHOU nuTeparype TMOHITHE <«IIPUIOBEPXHOCTHBIN Ta3» - 3TO
CBOOOJIHBIN T'a3 B HEMUTU(UIIMPOBAHHBIX OTI0XkeHUsAX [12, 13, 14, 15]. B Toxe Bpems Kk TUILY
IPUIIOBEPXHOCTHBIX CKOIJIEHUH raza 4acTo OTHOCST 3aJIe’Ku CBOOOJHOIO rasa, 3ajieraroiiue
Ha ray6oune 10 1000 M HUYKE MOPCKOTO JIHA.

Opnolt u3 npuyvH (HOpPMUPOBAHMS HEMNIYOOKHX 3ayiekeill CBOOOJHOrO ra3za MOXKET
CIIY’)XHTh CyOBepTHUKallbHAs MHUTpAIUs Ta3a W3 KpymHOro MecTopokiaeHus. [lpu Hamuuum
TIMHUCTBIX  (QITIOUOYIIOPOB JOCTATOYHOM MOITHOCTH, UTPAIOIIMX POJb CIEPKUBAOIIETO
dakTopa A7 JaNbHENIIIero MPOIBMKEHUS Ta3a BBEPX, 3AJI€KHU T'a3a MOTYT JIOKaTHM30BaThC HA
Pa3HBIX TUTIICOMETPUYECKUX YPOBHAX BOJU3U TJOHHOW MOBEPXHOCTH.

[TnomanHoe u TMyOMHHOE PACOJIOKEHUE TaKUX CKOIJICHHWH raza (WM, T.H, Ta30BBIX
KapMaHOB) B HACTOSIIEE BpeMsi MPOTHO3UPYIOTCA MO pe3yibTaTaM HHTEPIPETALUU TaHHBIX
CEeHCMUYECKOW ChEMKHU BBICOKOTO pasperieHusi - BPC, cBepx-ynbTpaBbrICOKOpa3pemaronieit
CEHCMOpA3BEIKOM, CECMOAKyCTUKOM, AKYCTUKOM U CTaHJAPTHBIX METOJ0B CEMCMOPa3BEIKH,
MPOBOJIMMBIX HA JTale HHXXEHEPHO-TEOJOTHYECKUX H3BICKAaHWW B TIpeesiax IUIOMAJIOK,
BBIOPAHHBIX JIJIs1 OypeHus CKBaXHH [2].

OCHOBHBIMHU KPUTEPHUSIMHU PAH)XKHUPOBAHMSI BHISIBICHHBIX AHOMAJIHH SIBJISIOTCS

— BBICOKHMI PHCK — aHOMAaJHs, 00Jaaonas BCeMU CEHCMUYECKUMU XapaKTePUCTH-
KaMH aHOMaJbHOUM 30HBI HETIYOOKO 3aJIETAIOIIETO ra3a, BKIOYAIONAs HAIMYWE MPU3HAKOB
ra3a B O KalIIUX CKBOKMHAX WM HAMYKE B pailoHe OypeHus paHee UACHTH(PUIIMPOBAHHO-
IO PErnOHAIILHOTO TOPU30HTA HETITYOOKO 3aJIeralouiero raza (HampumMep, CBSI3aHHOTO C pyc-
JaMHU TaJIeopeK);

— YMEpEHHBII PHUCK — aHOMaius, obiangaromas OONBIIMHCTBOM CEHCMUYECKUX Xa-
PaKTEPUCTUK 30HBI HETTYOOKO 3aJIeraroliero ra3a, Ho KOTopas, B COOTBETCTBHH C HHTEPIpe-
TallMe JaHHBIX, MOKET OKa3aThCsl HE Ta30BOM, TaK KaK B OTHOIICHWHM MPHUCYTCTBHS Ta3a
UMEIOTCS 000CHOBAHHBIE COMHEHHS;
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— HU3KUHI PUCK — aHOMaJIMs, o01ajaroasi HEKOTOPbIMU CEHCMUYECKMMU XapaKTepH-
CTUKaMU aHOMAaJIbHOM 30HBI HETTYOOKO 3aJIerarollero ra3a, Ho KoTopas B COOTBETCTBUU C UH-
TepIpeTaleil TaHHBIX HE SIBISETCSA Ia30BOM, XOTA MMEIOTCS HEKOTOpPbIE COMHEHUSI OTHOCH-
TEJIbHO UHTEPIIPETALINH;

— IpeHeOPEeKUMO MBI PUCK — IMO0 aHOMAIHA B JAHHOM MECTE OTCYTCTBYET, JIN0OO
OUYEBUIHBIC TPUUMHBI 00pA30BaHUS AHOMAIbHOW 30HBI HUKAK HE CBSA3aHbI C Ta30M.

Hannune cBOOOTHBIX Ta3oB M Tra3oryApaToB AMCTAHIIMOHHO IPOTHO3HPYETCS IO
HAJIMYUIO Ha BPEMEHHBIX CEHCMHUECKUX pa3pe3ax «IpKUX MATEH» U CHIIBHOTO OTPaXaroIlero
ropu3onta BSR (Bottom Simulating Reflector), cooTBeTcTByIOImEro MmoaoImBe Tra30BBIX
npomiaactkoB [1]. OgHAKO reoJorMuyecKoe CTPOEHUE PeaIbHOM Cpejbl Topa3fio CIOKHEE U
HEOJJHO3HAUYHEe, YeM B OOJBIIMHCTBE CIy4aeB MPOTHO3UpYyeTcs. bypenue psma cKBakuH
MOKa3ajo, 4TO MPUCYTCTBUE Ha BpeMEHHBIX pa3pe3ax BSR He saBisercs oaHO3HAUYHBIM
MOJATBEPXKJIEHUEM HAJIMYUS Ta30HACBHILEHHBIX IIACTOB UM HAa0OOPOT: Takue MpPOIIacTKU
BBISBSUIUCh B 30HaX, rae BSR Obur He Buaen. Kpome Toro, yacto BbIsIBICHHE U
MPOCIIeKUBAHUE Ha BpeMEHHBIX paspe3ax BSR 3arpynneno u HeonHoznauno. Takum
00pa3oM, CyIIECTBYIOIIUE TEXHOJIOTHU HE MO3BOJISIOT KOCBEHHBIMH METOAAMH IOTYYHTh
OJIHO3HAYHOE 3aKJIIOYEHUE O HAJIMYUU WIM OTCYTCTBUM rasa. bypeHue NmuioTHOro craoja
CKBQ)KUHBI SIBJISIETCS OCHOBHBIM CIIOCOOOM MOJTBEPIUTH WM OMPOBEPTHYTH HaJHuWe Ta3a B
BEPXHEW dYacTH TIeoJIoTHYecKoro paspesa (mo miryomnel okoimo 1000 M or JoHHOMI
MTOBEPXHOCTH).

Ilo nanneiM 2D BeIcOKOpa3pematomieit celicmopassenku (BPC) Han cBogoBoii 30HOM
HEHTPaJbHOTO Yy4YacTKa BIOJb JIMHHOM OCH CKJIAJKU BBISBICHBI 4 aHOMAallbHBIE 30HBI,
CBA3aHHbIE C Tra3oM. AHomanusi Tuma 'razoBas TpyOa" - XapaKTepu3yercsl IOJIHBIM
3aTyXaHHEeM CEMCMHUYECKOTO CHUTHalla (OTCYTCTBHEM OTpPa)KAIOUIMX TPaHUI]), YTO yKa3bIBaeT
Ha BBICOKYIO Ta30HACKIIIEHHOCTh ocajka (Puc. 1).

«I"azoBas Tpyba»

AHoMauus 30HbI 1

Time (m3)

AnoManus 30HbI 2

Anomasnus 30Hb1 3

Puc. 1. «I"'azoBasi Tpy0a» u razoBbie KApMaHbI

Pasrepmerusaius B xoze OypeHHs Ta30BBIX KapMaHOB MOKET MPUBECTH K MPOPHIBY
rasza, o0pa3oBaHUIO KOTJIOBAHOB M 3ara3oBaHHOCTH BoaHou Toimm (Puc.2). B manpHeiem,
P TIOJTOTOBKE K OYPEHHIO IKCIUTYyaTAIlMOHHBIX CKB)XMH OOJIbIlIE BHUMAaHUS HEOOXOAUMO
VACIATHh BHIOOPY TOUKH 3aJI0KEHUS B COOTBETCTBUU C JAHHBIMH MH)KEHEPHO-TEOJOTHUYECKHUX
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W3BICKAaHWH Ha HAJTMYHE MOJICH MPUITOBEPXHOCTHOTO Ta3a C LEIbI0 H30eTaHus PacIOI0KEHUS
YCThEB CKBAXXHH B 30HAaX PACIPOCTPAaHEHUS T'a30BbIX MOJEH.

Puc. 2. Bei6poc npugonnoro rasa psjaom c [IIIBY Actinia

3akirouenne

Ha ocHOoBaHMM MMEIOIIMXCS NaHHBIX O MPUIOHHBIX OMACHOCTSX TITyOOKOBOJHBIX
MCCTOpO)K,JleHI/II\/JI HeO6XOI[I/IMO HpeJIHpI/IHI/IMaTB TCXHNYCCKHUEC U TCXHOJOTHMYCCKUC peIHeHI/IH
JUISL  OCYIIECTBIICHUS KAYECTBEHHON TMPOBOJKM CKBaXUH B CIOXKHOW TEOJOTHMYECKOM
O6CTaHOBK€. HpI/I 9TOM MOBBIIICHHOC BHUMAHHUEC OOJIKHO y,JIeJ'IflTI)CSI HJ'IaHI/IpOBaHI/IIO
orepanuil Mo BCKPBITUIO MOTEHIIMATBHO Ta30HOCHOTO pa3pe3a, MOATOTOBKE MepcoHana Uit
JICI\/JICTBI/II\/'I B YCJ'IOBI/H[X HpOfIBJ’ICHI/ISI nu HozmepmaHmo pa6OTOCHOCO6HOCTI/I BCEX TCXHUYCCKUX
CPEICTB, MPEeIHA3HAUCHHBIX IS IPEIOTBPALICHHS U TMKBUIAIMN HETATUBHOTO BO3JEHCTBUS
HpI/IHOBerHOCTHI)IX 3ane>1<eix’1 CBO6OJIHOFO rasza 158 Fa3OFI/II[paTHI)IX CKOHHGHHﬁ,
MPEJICTaBIISIFOIINX BBICOKYIO OMIACHOCTH MPHU MPOBEACHUH OypPOBBIX padoT.
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GEOLOGICAL FEATURES OF THE UPPER PART SECTION AT THE

NORTHEASTERN SHELF OF THE OKHOTSK SEA
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Summary. The article is devoted to the geological and geophysical
characteristics of near-surface gas zones in the Northeast shelf of Sakhalin
Island. Fields in this region are explored by using high-resolution seismic
(2D HRS) and seismic acoustics. Methods of near-surface gas location are
indicated, an overall assessment of the interpretation and gas zones
classification with the faults and attenuation zones localization has done.

Key words: Sea of Okhotsk shelf, gas condensate field, high-resolution
seismic survey, seismic horizon.
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IMMPUMEHEHHUE HU3KOYACTOHOM CEMCMOPA3BEJIKHA C
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AHHoTauusA. B manHOi cTathe paccMoTpeHa mpolbiieMa MOMCKa U Pa3BeIKU
OYEHb MEJKUX MECTOPOXKACHUH HeQTH Ha TeppuTopuH Y amypTuu. Pemnts
3Ty MPOOJIEeMY MOXKHO IYyTEM CO3JaHHs MPUHIUIHAIEHO HOBOTO IMOAXO0Ja K
reoJIoropa3Be/JoyHbIM - padotaM. OJHUM M3 TakUX IOAXOJOB SIBIISETCS
MIPUMEHEHUE TEXHOJOTMM HHU3KOYACTOTHOM CEHCMOpa3BEOKU [UIsl TOUCKA,
pa3BeIKM U BOBJICUEHUS B pa3pabOTKy TaHHBIX MECTOPOXKICHHH.

KiroueBble ciaoBa: VYamyprckas PecnyOnmka, MuKpoceiicMuueckas
ceiicMopa3Beika, OYEHb  MEJKHE  MECTOPOXKACHHUS,  HHU3KOYaCTOTHAs
ceiicMopa3Bejka, HeTh U ras.

B 90-b1e ronel 20 Beka Ha Tepputopun Y aMypTcKoil PecriyOnuku OblTM OTKPBITHI TO-
CJIEZIHUE KPYIHbIE HEPTSIHbIE MECTOPOXKICHHSI, IPUYPOUCHHBIE K CTPYKTYPHBIM JIOBYIIKAM —
HanOoJiee JETKO BBIIEISIEMBbIM T'€0JIOTHIECKUM OOBEKTaM, COJCPKAIIUM 3aJIeKU YTIIEBOIO-
pPOZOB. DTO HPUBEIO K 3HAYUTEIBHOMY CHHXKEHHIO 00BEeMOB mIpupocTa 3amacoB HedpTH. C
Hayaja HYJEBBIX T'OJIOB U IO Cel JIeHb ypOBEHb HE(PTEN0ObIUM 3HAYMTEIBHO MPEBOCXOIUT
YPOBEHb BOCIIOJIHEHHS pECYpCHON 6a3bl, UTO MPUBOJIUT K €€ UCTOIIECHHUIO.

Ecnu nanHoe mosoxeHue nen OyneT COXpaHSAThCS U JAajblle, TO YXKe B 0003pHUMOM
OyAyIIeM 3TO MOXET NMPUBECTU HEPTSIHbIE KOMIAHUM YIMYPTUU K CEPbE3HBIM 3KOHOMHUYE-
CKUM mpobsieMaM. Mcxons u3 Toro, 4to SKOHOMHKA Y IMypTcKoil PecriyOiuku B 3HaUMTENb-
HOW Mepe 3aBUCUT OT HAJIOTOB, MOCTYMAOUIMX OT JOOBIYM HEPTH, TO MOKHO OXKHUJIATh CEPb-
€3HYI0 pelieccuio Bcer skoHoMuKN PecnyOmuku. [IpeononeTs JaHHYIO CHUTYaIMIO MO3BOJIUT
TOJILKO CO3/[aHHE KOHLENTYaJbHO HOBOT'O MOAX0/Ia K T€0J0ropa3BelouHbIM paboTam.

OaHMM U3 NEePCHEeKTUBHBIX HANpaBlIEHUEM pa3BUTUSA HEPTSHOM oTpaciu Y IMypTUU
SBJISIETCS MTOMCK U BOBJIEYEHHE B Pa3pabOTKy OYEHb MEJIKHX MECTOPOKICHUN HEPTH, a TaKKe
3aJIeXkel — CaTeJUINTOB YK€ OTKPBITHIX HE(PTAHBIX MECTOPOXACHUH [ 1].

Ha tepputopun Yamyprckoit PecnyOonukn ObUIO BBISBICHO OOJIBIIOE KOJIHMYECTBO
MEPCIEKTUBHBIX HA HEPTH CTPYKTYp. TOJIBKO B cEBEpO-BOCTOUHOM yacTu PecnyOinku Takux
CTPYKTYp HacuuThIBaeTcs okojio 65. OnHako, Npu NPUMEHEHUM TPAJULIUOHHBIX METOJOB
reoJIoropa3Be/Iki U pa3paboTKU, OCBOCHHE ITHX CTPYKTYp fABIIsieTCS HepeHTabenbHbIM. [1pu-
YUHOM 3TOT0 SABJISIETCS CIOKHOCTh MHTEpHpeTannu JaHHbIX 2D u 3D ceilicMopa3Beaku U BbI-
00p Touek JUIs 3aKJIaJKH IMOMCKOBBIX M Pa3BEOYHBIX CKBAKUH MpHU paboTe Ha Majopa3Mep-
HBIX U MAJIOAMIUTUTYIHBIX HE(PTAHBIX MECTOPOKICHUSX.

OnoucKkoBbIBaHME M pa3BelKa OYEHb MENKHUX HEPTSIHBIX MECTOPOXKIEHUIl TpedyeT
IpPUMEHEHHE KOMIUIEKCa JIOPOTOCTOSIIUX I'€OJOTHYECKUX METOI0B M 0OJbIIOro oobema Oy-
POBBIX paboT.

Haubonee cepre3Hoil mpobaemMoii BOBIICUEHHUSI B Pa3pabOTKy MECTOPOXKIEHUH C reo-
JIOTHYECKUMH pecypcamMu HepTH 10 1 MJIH. TOHH, HE3aBUCHUMO OT UX CTpaTUrpaduu, TEKTO-
HUKHA M TEOJIOTHYECKOTO CTPOCHHMs, SBISETCS OYEHb BBICOKOE OTHOIIEHHE MPOOYpPEHHBIX
CKBaXHH K 00BEMY U3BJIEKAEMbIX 3a1acOB, YTO MPUBOJUT K SKOHOMUYECKOH HEI(P(HEKTUBHO-
CTH pa3pabOTKU JaHHBIX MECTOPOXKACHHMA. Elle 0HOM CylecTBEHHOW MPOOIEeMON SIBISIFOTCS
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3aTpyJHEHUS, CBSI3aHHBIE C IPOTHO30M PECYPCOB YIJIEBOAOPOIOB, COAEPKAIIMXCS B 3aJIexkKax,
HE BCKPBITOTO OypEeHHUEM MECTOPOKACHHUSL.

BenenctBue OonpIMx 3aTpaT, HE MPHUHOCSIIUX PE3YIbTAaTOB, HE(PTSHBIE KOMITAHUU
YAMYypTUH CTalld CYIIECTBEHHO COKpAIlaTh I'e0Joropa3Beounbie paboTel. B pesynpraTe ye-
ro, B 2018 romy, kpynHeWmas HepTsHas KoOMIaHus Yamyprckoil PecnyOnuku —
OAO «YamyptHedTh» U BOBCE MIPEKpaTUia Kak MMpoBe/ieHue reopu3nueckux paboT MeTo10M
2D u 3D ceiicMopa3BenkH, Tak 1 OypeHUe MOMCKOBBIX U Pa3BEIOYHBIX CKBAKHH.

Pemnts 3T mpobnemsbl reosioraM Y IMypTHH BO MHOTOM MOKET OMOYb IPUMEHEHUE
HU3KOYAaCTOTHOU CeliCMOpa3BEAKH JUIsl TPOrHO3UPOBAHMS (DIIFOMTOHACHIIICHHS.

HuskouacToTHas ceiicMopa3Belka — HU3KOYacTOTHash MHGpPa3ByKoBasl pa3Bellka Ha
HE(Th U ra3, TEXHOJIOTH IIPOTHO3a YIIIEBOJIOPOIOB B T€OJIOTHYECKUX CTPYKTYpax, MEPBOCTE-
MEHHOW 3a/a4yeil KOTOpOW SBIIAETCS OmIpeleneHne He(Tera30HOCHOCTH MEPCIEeKTHUBHBIX Ha
HE(Tb CTPYKTYP.

Hcnonb30BaHre HU3KOYACTOTHOM CEHMCMOpa3BEAKH B KOMIUIEKCE CO CTaHAAPTHBIMU
METOAAMHU U3YyUEHUS CTPYKTYPHOI'O CTPOEHUS POAYKTHUBHBIX TOJIIIL [TO3BOJIUT POrHO3UPOBATh
He(TEra30HOCHOCTh TEPPUTOPHIA, COKpaliasi ((MHAHCOBBIE U BPEMEHHBIE 3aTpaThl HA OypeHue
«CYXUX» CKBAXKHH, YCKOPUT BOCIIOJHEHHE PECYPCHOM 0a3bl YIriieBoOpOJ0B. JJaHHas TeXHOI0-
TUS CAeNaeT BO3MOXKHBIM BBISIBIISITh MECTOPOXKICHHUS HE(THU C IeOJOTMYECKHMH 3aracamMu
MeHee | MJIH. TOHH U ONpeAessaTh Ha HUX HauOosee MEepCHEKTUBHBIE TOUKHU JJIS 3aJ0KEHUS
Ha HUX HEOOJBIIOTO0 KOJUYECTBA MOUCKOBBIX W Pa3BEJOYHBIX CKBaXUH (1-3 CKBaKUHBI) C
JAIIbHEHUIIUM EPEBOIOM UX B 3KCIUTyaTallMOHHbIE. DTO OBl MO3BOJIMIIO 3HAUUTEIBHO CHU3UTh
pacxo/bl Ha TOUCKOBBIN U pa3Benounblii atan ['PP u skcmmyatanmonHoe pa3doypuBaHue Ta-
KHX MECTOPOXKIACHHM, YTO MOBBICUIIO ObI HX T'€0JI0T0-9KOHOMHUYECKYIO 3((EKTUBHOCTh U CJIe-
nano Obl UX pa3pabOTKy PeHTA0EIbHOM.

BoiBoabI:

1. HuskouacToTHas ceficMOpa3Be/lka MO3BOJISET CO3aTh HAAEKHYI0 T'€OMETPHU3AIHIO
3aJIeKeH, IPEAOTBPATUTD OIITMOKH, CBSI3aHHBIE C HEMPABUILHOM OLIEHKOUM MPOTHO3HBIX PECYp-
COB YIJIEBOAOPOAOB, Haubojee palMoOHAIbHO BBIOPATh TOYKHU IS 3aKJIAIKU TOUCKOBBIX U
Pa3BEIOYHBIX CKBAXXUH C JlajbHEHIIEeH BO3MOXHOCTBIO UX NEPEBOJA B SKCIUTyaTallUOHHBIE,
YTO MO3BOJIAET CYIIECTBEHHO COKPaTUTh 00BbEeMbl OypeHMs U CAeNaTh OUY€Hb MEIKHE MECTO-
POXKJEHUS peHTAa0EIbHBIMH.

2. IlepeBo MOMCKOBBIX M Pa3BEIOYHBIX CKBa&)KMH B JKCIUTyaTallHOHHBIE IO3BOJIIET
CO3/aTh HEYINOPSIOYEHHYIO CETKY SKCIIyaTallMOHHBIX CKBa)KHMH, YTO CHEJIAET BO3MOKHBIM
HSKOHOMHUYECKH 3 (EeKTUBHO pa3pabaTbiBaTh OUYEHb MEJIKME MECTOPOXIEHUS Ha
€CTECTBEHHBIX, 0COOEHHO BOJIOHAIIOPHOM, PEXKHUMAX 3aJICHKU.

3. Jlopa3Beaka HEPTSIHBIX MECTOPOXKJIEHUN YIMypTcKoil PecrnyOnuku mpu momoiu
HU3KOYaCTOTHON ceficMOpa3BeJKM MO3BOJMT BHIIBUTH HOBBIE, paHee HE pa3pabaThiBaeMble
3aJIeXH yriaeBoaopoaoB. CBOEBpeMEHHOE BOBJICYEHHE B pa3padOTKy HOBBIX 3ajekell Ha OT-
KPBITBIX paHee MECTOPOXKJICHHSIX M JIOBYIIEK-CATEJUIUTOB, MMO3BOJIUT U30€XKaTh KPYIMHBIX 3a-
TpaT Ha CTPOUTENBCTBO U MOAJIEpKaHNuEe HHPPACTPYKTYPhI HA 3TUX 0OBEKTAX.
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USE OF LOW-FREQUENCY SEISMIC EXPLORATION FOR
PROSPECTING AND EXPLORATION OF OIL FIELDS IN THE
UDMURT REPUBLIC

!0lga V. Likhacheva, 2Gleb Yu. Kashin, 3Vadim G. Mironychev
UdSU, Izhevsk
Llikhachevaolga2001@gmail.com, *gleb.gurzal59@yandex.ru, > fagp@udsu.ru

Summary. This article deals with the problem of search and exploration of
very small oil fields in Udmurtia. This problem can be solved by creating a
fundamentally new approach to exploration. One of these approaches is the use
of microseismic technology for search, exploration and involvement in the
development of these fields.

Key words: Udmurt Republic, microseismic exploration, very small deposits,
low-frequency seismic exploration, oil and gas.
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T'EOJIMHAMUKHU INIAT®OPMEHHBIX TEPPUTOPUI B CBSI3U
C OLIEHKOM CEMCMHYECKOI'O IOTEHIINAJIA
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AnHoTanusi. COrnacHO CTPYKTYpPHO-T€OJAMHAMUYECKUM HCCICIOBaHUAM, B
paboTe U3JI0’KeHBl OCHOBHBIC UJICH M HOBBIE TIOJXO/IbI B U3YUYCHHH YETBEPTHUY-
HBIX CTPYKTYp U CEHCMOTEKTOHMYECKHX YCIIOBHH IUIaT(OPMEHHBIX TEPPUTO-
puii. YerBepTuunbple nedopMali pacCMaTPUBAIOTCS B KauyeCTBE HM3TUOHBIX,
YIPYTHUX U PacCOIVIACOBAHHBIX OTHOCHUTEIBHO PAaHEE CO3JaHHBIX CTPYKTYPHBIX
w1aHoB. CTPYKTypHO-T€OJAMHAMHUYECKOE PallOHMPOBAHUE OCHOBAHO HA IIPH-
3HaHUM HENPEepbIBHOCTH AedopManuii ¥ JUHAMHYECKOM €IMHCTBE aKTUBHBIX
LIEHTPOB C IACCUBHBIMU OOJACTAMH. YPOBEHb CEHCMHUYECKOro IOTEHLHaIa
OLICHMBAETCS KaK YOBIBAIOIIMHM OT aKTHUBHBIX LIEHTPOB K OTHOCUTENIBHO Iac-
CHBHBIM B F€OJJMHAMUYECKOM OTHOLIEHUHU O0JIACTSIM.

KuroueBble cjioBa: 4eTBepTUYHAs TEKTOHMKA U COBPEMEHHAs eo/IMHaMUKA,
30Hbl CEMCMMUYECKON aKTHMBHOCTH, KOHLENTYaJbHbIE OCHOBBI M IIPHUHLHIIBI,
CTPYKTYpPHO-T€OJUHAMUYECKOE U CECMOTEKTOHUYECKOE pallOHUPOBAHHUE.

[IpeameTom oOCykaeHUS SBISETCS YETBEPTHUUHASI T€OJMHAMUKA KAaK YacTh I'€0JIMHA-
MUKH HOBEHIIEro 3Tama, KOTopas MMEET JTOCTaTOYHO CaMOCTOSATENIbHOE 3HaueHue. Jlemo B
TOM, YTO B T€YCHHE HOBEUIIIET0 TEKTOHUYECKOTO ATana (M03JHEro KaiiHO3051) BO MHOTHX 00-
JAcTAX HE TOJBKO AKTHMBHOTO NPOSBICHHUS TEKTOHMYECKUX J[BM)KEHHMI, HO W B Ipejaenax
maTdopM, YCTAHOBJICHBI JOCTATOYHO 3HAYMUTEIbHBIE TEPECTPONKUA CTPYKTYPHBIX IIJIAHOB,
OTpaXKCHHBIE B PACIpeIeNICHUN U COCTaBe HOBEUIINX OTJIOXKeHUI U Gopm penbeda. Onna u3
HauOoJsee 3aMETHBIX MEPECTPOEK MPOU30IILIA HA PyOeke HEOreHa U YeTBEPTUYHOrO Nepuoja
WIHM B DOIUIEHCTOLIeHE. DTOT pyOeK MCCleoBaTeI OTMEYald BO MHOTUX Pa3lMYHBIX 00Ia-
CTSIX, OCOOCHHO NPU COCTaBICHUM KAapT HOBEHIIEW TEKTOHMKH, KOTJa BCTaBajga HEOOXOHu-
MOCTbH BbIOOpA M300pakeHHs] CyMMapHBIX JedopMalinii 3a HOBEUIITHI dTam, Mpu KOTOPOM HE
TepsUIiCh ObI OCHOBHBIE (POpMBI penbeda 3eMHOM MoBepXHOCTH [3].

Opno#t U3 mpobsieM HOBEHIIeH TeKTOHUKH, POJAOKUTEIHHOCTh KOTOPOM COCTaBISET
30-35 mutH. JIeT, SBIIIETCS BBIJCIICHUE CTPYKTYP M ONpEISIICHUE X TeHe3nca. Y CTaHOBJICHO,
410 001Ias (CyMMapHas) aMIUIUTY/1a HOBEHIIINX MOAHITHIA HA TIATHOPMEHHBIX TEPPUTOPHUIX
cocrtaisieT Bcero 300-350 M Ha Ga3e B THICAUY KM, UTO U CO3/Aa€T TPYIHOCTH JUISl UX BBISB-
nenus. YeTBepTHUHBIE AeQOpMaIiy, SIBISIONIMECS MPEAMETOM HAIIErO aHallnu3a, XapaKTepu-
3YIOTCS €llleé MEHbILEeH aMIUTUTYJ0M, COCTaBISIONIeH HECKOJIbKO METPOB Ha KHIJIOMETp pac-
crostHus. [Ipu 3TOM cpenu HUX Pa3nMYaroTCsl TEKTOHO-TPABUTALIMOHHBIE, TISIMOTEKTOHUYE-
CKHE W IMareHETHIECKHUE CTPYKTYPHI, KOTOpbIe TPEOYIOT CBOEH OIleHKH. Bce 3TO mpuBOIUT K
CO3aHHIO MTPOTUBOPEUUBBIX MOJIENe HEOTEKTOHMYECKOTO CTPOCHHS TIaT(hOpM U MX Te0u-
HaMUKH B 1iesioM [1, 2, 4 u np.]. B mocieanue ropl pa3BUTHE MOJIYYHIIa MOJIETh TITyOMHHBIX
r€0IMHAMUYECKUX CHUCTEM, B OCHOBE KOTOPOU JIEKUT MPU3HAHUE PA3HOPOJHOCTU CUI U
HanpsbkeHun [3, 5, 9].

3aagyamMyl MCCIIEIOBaHUS SBIISCTCS pa3pabOTKa KPUTEPUEB, MPUHITUIIOB U MOAXOI0B
BbIJIEJICHUS] YETBEPTUUHBIX CTPYKTYp, a TaKXkKe ONpeAesieHue HEOOXOIUMBIX M JOCTaTOYHBIX
YCIIOBUHM U 0OCTAaHOBOK JUIsI KOHIICHTPAIIMH JTOTIOTHUTEIBHBIX HAMPSIKEHUH M X celicMude-
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cKoif paspsaaku. Creayer 3aMeTHTb, YTO YHEpPrus IIaTGOPMEHHBIX 3eMIICTPSACEHHM, KOTOpas
OOBIYHO CBSI3BIBAETCSI C MOTPEOCHHBIMHM DPA3JIOMaMHU KPUCTAJUIMYECKOTO (PyHIaMeHTa, He
CTOJIb BEJIMKA, KaK B TOPHO-CKJIQIYaThIX 00J1aCTSAX, HO €€ MPOSBICHUS KpaiiHe HeXKeJIaTeNIbHBI.
Cnaas, HO HenpepbIBHAsA CEHCMUYHOCTD, JIOKAJIM30BaHHAsl B 30HaX HAPYUICHUH, TOPOKAAET
YCTOMUYUBYIO Ta30-(IIIOUIHYIO IPOHUIIAEMOCTb M TIOBBIIICHHYI0 HHTEHCUBHOCTD 3K30TCHHBIX
IIPOLIECCOB, YTO MOXKET IPHUBECTU K HETAaTHMBHBIM SBJICHMAM Ha ILIOLIAAKAX WH)KCHEPHBIX
00BeKTOB [6, 8].

Llenb n3yd4eHHuss 4€TBEPTUYHON TEKTOHUKU U N'€OAVMHAMMKHU — BBIABJICHUE aKTUBHBIX U
CEMCMUYECKH OMACHBIX 30H TEKTOHWYECKUX HAPYIIEHUH C HU3KHM TI'e€OAMHAMUYECKUM (o-
HOM. B O0CHOBY »3TuUX WHCCIEIOBAHMNM TOJOXKEH CHELUAIN3UPOBAHHBIA CTPYKTYPHO-
reoMop(OJIOTHUECKUI aHATIN3, YUYUTHIBAIOIINN CTPYKTYPHO-(pOPMALIMOHHBIE U T€0IMHAMUYE-
CKue yciaoBus (popMUpOBaHUs CTPYKTYp. B mTepatype 3TOT aHainu3 M3BECTEH KaK METOJIUKA
CTPYKTYpHO-T€0IMHaMUYeCKOro aHanusa [6, 7].

Pesynbratel uccnenoBanuid. Ilpm CTpyKTypHO-r€OJMHAMUYECKUX HCCIIECJOBAHUAX
1aT(OPMEHHBIX TEPPUTOPHIA B PACCMOTPEHUH MPOOIEM CEHCMUYECKO 0e30MMacHOCTH B Ka-
YeCTBE MCXOAHBIX ObLIM BhIPA0OTaHbI MPUHIIMIIBI, OCHOBAHHBIC HA MPEJCTABICHUAX O Helpe-
pBIBHOCTHU AeopManuii 1 JMHAMUYECKOM €JMHCTBE aKTUBHBIX U OTHOCHUTEIILHO ITaCCHBHBIX B
reoAMHaMUYECKOM OTHOILIEHUH 00JacTei.

1) IIpuHIMT Pa3HOBO3PACTHOCTH HEOTCKTOHUYECKUX CTPYKTYp. B TeueHue HeoTekTo-
HUYECKOr0 3Talla, Hau4MHas C MO3JHET0 OJUIOLEHA, BCIEACTBUE 3BOJIOLUU 36MHOH KODBI,
UMEIOT MECTO 0oJiee WIIM MEHEe 3HAUYMTEIbHbIC H3MEHEHH MOJICH HANpsHKEHUH, HalpaBJIeH-
HOCTH, CTHJIS M PeKUMa TEKTOHUYECKHUX JBWKCHUH. YCTaHOBJIEHO, YTO OOLIMe HOBEHIINe u
YeTBePTUYHBIE 1e(hopMaIK HE BCETa MOBTOPSIIOT ApYT Apyra. YerBepTuuHbie Aedopmaru,
Kak HauOoJjiee 3HAUMMBbIE JUIsI CECMOTEKTOHMKHM IO MPUYMHE UX MOJOIOCTH, HE SIBIAIOTCA
HPSIMBIM TTPOJODKEHUEM WJIM HEKOTOPOH YMEHBIIEHHON KOMHEH OOIIMX CTPYKTYp B LIEJIOM.
VmeHHO 4eTBepTUYHBIE Ae(OopMaluy HAMIY4IIUM CIOCOOOM XapaKTepU3yIOT COBPEMEHHOE
10JI€ HAIIPSDKEHUM M TEHJECHIIUN 3HIOT€HHBIX U ONPEAEIICHHBIX UMHU 3K30T'€HHBIX MTPOLIECCOB.
B nanHoM ciyyae mpu3HaeTcs, 4TO INIaBHOM (ha3oil mo31HEeKalHO30MCKOW aKTUBHOCTH SIBIISI-
eTcs orieiicToeHoBas (a3za (IMo3IHETUTHOIIEHOBOE—paHHEYETBEPTHUHOE Bpemsi). OHa orpe-
JIeNeTCsl 10 U3MEHEHUSIM MOIIHOCTH OTJIOXKEHMH, TIIyOMHBI M IIUPUHBI SPO3UOHHBIX (POPM.
MoIHOCTH OTJIOKEHUH YBEIMUYMBAIOTCA BO BIajuHax (Mporudax) U yMEHbIIAIOTCSA WM BO-
BCE OTCYTCTBYIOT Ha MOAHATUsAX. COOTBETCTBEHHO, 00pa3yloTcsi MeHee Iiybokue u Oosee
HIMPOKUE BpPE3bl B IEPBOM Cllydae, U 0OpaTHbIE COOTHOLIEHHs BO BTOpoM ciydae. Ha mogHs-
TUSX (OpPMHUPYETCS KOMIUIEKC 3PO3MOHHO-/IEHYJAllMOHHBIX CTYIEHEH, KOTOpble KOppenupy-
I0TCS C OJHOBO3PACTHBIMU OTJIOXKEHUSMM BO BIIaJUHAX. Takod MOAXOJ IO3BOJSAET BBIABUTH
JIOKaJIbHYIO CTPYKTYPHYIO 30HAIBHOCTD B TJIABHBIX YCTOMYMBO PA3BUBAIOIIUXCS MTOAHATUAX U
nporubax.

2) TlpuHIUTI TPEeUMYIIECTBEHHOCTH M3THOHOW AedopMaliui HaJl pa3pbiBHOH. B uert-
BEPTUYHOH CTPYKTYype IIaT$hopM JTOMUHUPYIOIIUMH SIBIISIOTCS MU3THOHBIE NeOpMaLlUU 3eM-
HOM KOpbI. POJIb TEKTOHMYECKUX PA3JIOMOB, IO KpaiHEl Mepe B YETBEPTUUHOU CTPYKTYpE, HE
o0ocHOBaHa J10 cux nop. VX BblAeIeHNE U OLIEHKH OCHOBAHBI MPEUMYILIECTBEHHO HA KOCBEH-
HBIX T€OMOP(HOJIIOTMYECKUX TaHHBIX U TUCTAaHIIMOHHBIX N300pakKeHUSIX U, KaK MpaBUiio, ciadbo
MOJTBEPKICHBI HAJAEKHBIMU T'€0JIOTHYECKUMU JaHHbIMU. /11 mnatdopm, ocobeHHo i oca-
JIOYHOTO YeXJia, XapaKTepHbl MPEUMYIIECTBEHHO HM3THOHBIE ympyrue nedopmanuu, BbIpa-
YKEHHbIE MaJOrpaJIEHTHBIMH MOAHATUSAMHI M NMporudamMu ¢ OOJBIIMMHU pa3MepaMU B IJIAHE.
AMIUTYAB! Aedopmalivii, OTHECEHHBIE K OOJBIINM PACCTOSIHUSM U HEOTEKTOHUYECKUM HH-
TepBajaM BPEMEHHU (COTHU ThICSY JIET), JIENal0T HEBO3ZMOXKHBIM 00pa30BaHHE aKTUBHBIX pa3-
saoMoB. CKopee 3T0 MOXHO BBIPa3UTh B Ka4eCTBE MPSAMBIX U 00paTHBIX (iiekcyp. AKTUBHOCTh
pas3IoMOB, KOTOPBIX O4YE€Hb MHOT'O B KPUCTAJUIMYECKOM (yHIaMEHTE IUIaTGOpM, 3aBUCUT OT
MHOT'MX ()aKTOpPOB, CPEIN KOTOPBIX PACCMATPHUBAETCS MX MO3MIMSA OTHOCUTEIBHO aKTHBHBIX
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1eHTpoB. Ho Te u3 HuX, KOTOpble aKTUBHBI, MOTYT pa3BUBAaThCs, KaK IIPaBUIIO, B BUAE 30H -
HaMHU4ECKOI'O BIIUSHUS.

3) [puHimn cynepno3uiuu pa3sHOPOIHBIX (DakTOpoB. 3eMHas MOBEPXHOCTh U e€ penbed
paccMaTpuBaeTcs Kak IeoJoruyeckoe oOpa3oBaHUE, KOTOpPOE OTJIMYAeTCs OT JApPYrux
reoJIOTHYecKnX (GopManuii He TOJIBKO B CHIYy CHEUU(UKUA CBOETO Pa3BUTHS, HO M C TOYKU
3peHuss B3aUMOACUCTBMs DHIOTEHHBIX M DSK30TE€HHBIX IIpoueccoB. B 3Toi curyanuun
pEe3yIBTUPYIOIIEE COOTHOLICHHE BCEX (PAaKTOPOB MOXKET OBITH TOCTATOYHO Pa3sHOOOPa3HBIM,
TpeOYIOLIMM BHHMMATEJIBHOIO KOMIUIEKCHOTO aHajlu3a M y4éTra BO3MOXKHOI'O BKJIaJa BCEX
COCTABJIAIONIMX. ITO OCOOCHHO BaKHO, KOT/Ia JETI0 KacaeTcsi Te0JUHAMUYECKIX MOCTPOSHHIA,
B KOTOPBIX Ppa3iIMyaroTcsl TII00aibHble (MAHPETMOHANbHbBIE) I'€OAMHAMUYECKUE CHCTEMBI,
CBSI3aHHBIC C JIBUKCHUSMHU JUTOCPEPHBIX IUIUT U OJIOKOB; PErHOHAIBHBIC I'€OAMHAMUYECKU
aKTUBHbIE 00JAacTH, CBSI3aHHBIE C INTyOMHHBIMHM o4aramu (LIEeHTpaMH) JUTochepbl U 3eMHOU
KOpBI; JIOKAJIBHBIE T'€OJUHAMHUYECKHE 30HBI, CBSA3aHHBIE C BELICCTBEHHO-CTPYKTYPHBIMHU
HEOJITHOPOJHOCTSIMHU 36MHOM KOPBI U €€ CII0EB, BKJIIOYas IPUIIOBEPXHOCTHBIN. B aTOM citydae
NPUHUMAETCS, 4TO AedopMaIioHHasl 30HaJIBHOCTh, PACIPOCTpaHsieMasi OT TeOAMHAMUYECKU
AaKTUBHBIX TEPPUTOPUIA K IAaCCUBHBIM, OyJIeT OIpeneisiTb YpPOBEHb CEHCMHUYECKOrO
noteHnuaga. B 9TOW CBsA3M €ro ciemyer paccMaTpuBaTh B KayecTBE YOBIBAIOIIETO OT
aKTUBHOM 00JIACTH K OTHOCHUTEJIBHO ITaCCUBHOM.

4) TlpuHIMI COOTBETCTBUSI CTPYKTYp HANpPSDKEHHOMY COCTOSHHIO. BaskHeWIned 1enbio
reOJUHAMUYECKOI0 aHAJIN3a SIBJISIETCSA HAIPSHKECHHOE COCTOSIHME 36MHOM KOPBI M OTAEIBHBIX
€€ CJI0EB U pacHpelielieHHe B HUX TJIaBHBIX HampspkeHui. [Ipu ux u3ydyeHUM NpUMEHSIOTCS
pasHble METOAbl MNPSMBIX M KOCBEHHBIX onpeacineHuil. JlaHHBIX MNPSAMBIX W3MEPEHUH,
BBIMIOJTHEHHBIX B CKBOKMHAX M TOPHBIX BBIPAOOTKAX, K COKaJIEHHUIO, HEMHOTO, U OHU HE JJal0T
JIOCTaTOYHO MPEICTaBUTEIbHON KapTHUHBI, 32 MCKJIIOUYEHHEM JIMIIb OTAENbHBIX oOnacteil u
paiioHoB. K ToMy k€ 3TH JaHHBIE XapaKTEpU3YIOT HAIPSKEHHOE COCTOSHHE, CIIOKUBLIEECS
Ha BpeMs U3MEpeHul, 1 OTHECEHHE UX K 0oJiee MPOJOKUTENIbHBIM BpeMeHaM TpedyeT yuera
MHOTUX 00CTOSTENbCTB. VI3 KOCBEHHBIX METO/IOB OINpPENEICHUM T'€0AMHAMUYECKUX YCIOBHM
dopmupoBaHus CTPYKTyp Hambonee 3(PQPeKTHBHBIMM U ONM3KMMH K PpealbHOCTH
MPEACTABISIIOTCA ~ I€OJMHAMMYECKHME  HHTEpPIpPETAllMM, OCHOBAHHBIC HA  aHau3e
3aKOHOMEPHOCTEHN CTPYKTYPHBIX PUCYHKOB KAaK KOMIUIEKCOB [TapareHETUUECKH CONPSIKEHHBIX
U3TMOHBIX M PA3pbIBHBIX HApYIIEHWH, KOTOpbIE JOJKHBI COOTBETCTBOBATH HEKOTOPOMY
pacnpeneeHuI0 TEKTOHUYECKUX CHJI Ha ONPEJEIICHHOM 3Talle ABOJIIOLUN I'€OAMHAMUYECKHUX
ycnoBuil. OmnpezneneHue 3THX 3aKOHOMEPHOCTEH MO3BOJISET MPOU3BOAUTH pallOHHpOBAaHUE
00JIBIINX M MaJIbIX IUIAT(GOPMEHHBIX TEPPUTOPHIL 110 FEOAMHAMUYECKOMY IPUHIIMITY.

5) IIpuHIMO MPUHAISKHOCTH CTPYKTYP K T'€OJMHAMUYECKH aKTHBHBIM oOnacTsiM. BaxHoi
npo0sieMOl MpH CTPYKTYpPHO-T€OJIMHAMUYECKOM pPallOHUPOBAHUU SBIISIETCS COOTHECEHHUE
U3THOHBIX CTPYKTYP B LIEJIOM HJIM OTJENBHBIX MX YacTe ¢ HCTOYHMKAMH TEKTOHUYECKHX CHII
U MOJSIMU HanpspkeHud. Ha ocHOBaHMM 3TOr0 MOYXHO HPEANOSIOKUTH, YTO UCTOYHHKHU CHJI
pasHOi IPUPOABI MOTYT BO3/I€HCTBOBATh Ha JTUTOCHEPY, 3eMHYIO KOPY U OT/IEIIbHBIE €€ CIIOU.
BripaxkeHuem 3TUX BO3ACUCTBUM SBISIOTCS TUHAMUYEcKas JeopMallMOHHAs 30HAIbHOCTh U
€€ M3MEHUYMBOCTb B IPOCTPAHCTBEHHO-BPEMEHHOM H3MepeHHH. CyIHOCTh ITOTO SIBICHUS
COCTOUT B TOM, YTO BEIIECTBEHHO-CTPYKTYPHBIE HEOJHOPOJHOCTH 3€MHOM KOpPBI B CHILY
cneuu(UKu CBOETO CTPOCHHs, PEOJOrMYECKHX CBOWCTB U JAPYrUX OCOOEHHOCTEH,
TPaHCQOPMUPYIOT HANPSIKEHUS, BbI3BaHHbIE HEOTEKTOHMYECKUMHU CHUJIaMH. DTO MPUBOJIUT K
IPOCTPAHCTBEHHON M BpEMEHHOH TuddepeHIaiuy TeppuTOpHii o XapakTepy W3THOHOCTH
CTPYKTYpP, BBIPQKEHHOM 30HAJBHOCTBIO W TOSBICHHUIO TAK HA3BIBAEMBIX <(JIMHAMHYECKUX
rpaHui». Y TEKTOHMYECKH AaKTHBHBIX TOPHO-CKJIAIUaThIX obyiacTe M mmiaT(opMEeHHBIX
oOnacteil yCTOMYMBBIX M JIUTENbHbIX omnyckaHui ([Ipuxacnuiickas u 1p.) U HOTHATHI
(DeHHOCKAaHAMHABCKOE W Ap.), UX TPaHMIbI, KaK IPAaBHJIO, HE OCTAIOTCA MOCTOSIHHBIMHU B
TeueHue BpeMeHH. [lo AToi TpUYMHE HAa HEKOTOPOM YJaJCHHUU OT aKTHUBHBIX OOJacTeit
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dukcupyercss GpoOHT AMHAMHUYECKOTO BO3JICHCTBUS B BUJE 1e(hOpPMAIIMIOHHON 30HAJILHOCTH, B
TOM YMCJI€ B BUJE INTyOMHHBIX I'PAHUIL C «MEPLAIOIIMM» TUIIOM BbIPaKEHHS B penbede.

6) IlpuHIUI paccOriacOBAaHHOCTH pPa3HOBO3PACTHBIX CTPYKTyp. [lox BimsHUEM
HEOTEKTOHUYECKUX HaNpsDKEHUH MPOMCXOIUT YacTH4YHAs WIM I0JIHAs IepecTpoiKa JIoHe-
OTEKTOHMYECKHX (JIPEeBHUX) CTPYKTYp M 00pa3oBaHNE HOBBIX, HEPEIKO XOPOILIO BBIPAKEHHBIX
B pesbede. B 3ToM acriekre HEOTEKTOHMYECKHE CTPYKTYpPhl paCCMAaTPUBAIOTCS KaK HAJIO0XKEH-
HbI€ WU PACCOIIACOBAHHBIE OTHOCUTENIBHO PAaHEE CO3JaHHbIX. JTO HE HUCKIIIOYAET MOSBICHUE
B OT/IEJIbHBIX 30HAX JOMOJHUTENIBHBIX HANpsKeHUH, 0OyCIOBICHHBIX pa3IMYHOU peakiuen
[0-pa3HOMY YCTPOCHHBIX CJIOEB Ha JII0ObIE 00Jiee MOJIOJbIC HANPSIKEHUS, B T.Y. COBPEMEH-
Hble. B m1aT()OpMEHHBIX yCIOBUAX YaCTO UMU SIBJISIFOTCA TEKTOHUYECKUE HapyleHus 0e3 BU-
JUMBIX CMEIIEHUN OIOPHBIX TOpU30HTOB. KpynHEHIUM paccoriacoBaHueM sIBIISIETCS TPAHU-
a MeXJy KpUCTAUIMYeCKUM (YHIAMEHTOM U OCaJ0YHBIM 4EXJIOM IIaT(opM, MExay Io-
BEPXHOCTHIO (yHJaMEHTa W PA3HOTITYOMHHBIMH TOPWU30HTAMH OCAQJOYHOTO YEXJa, MEXIY
YEeTBEPTUYHBIM CTPYKTYPHBIM IIAHOM M 00Jjee JPEeBHUMH CTPYKTYPHBIMH IIJIaHAMHU OCa/l04-
HOro 4exJia u ¢yHaamenTa. IIpu 3ToM paccoriacoBaHHOCTb BO3PACTAaeT C YBEIUYEHHEM Bpe-
MEHHOI'0 JIMana30Ha COIOCTABJIIEMbIX FOPHU30HTOB, OTBEYAIOIMX IAJIEO30MCKUM, ME3030ii-
CKHUM U aJIbIIUHCKUM TEKTOHO-MarMaTU4ecKuM 3TaxkaM. B X mjiaHe MOXHO BbIIEIUTH 30HBI
HOBBIIIEHHON M NOHM)KEHHON paccoriacoBaHHOCTH. Pa3zo0uieHne cTpyKTypHBIX IUIAHOB OCO-
OEHHO OLIYTUMO Ha JIOKaJIbHOM YPOBHE, KOTJla BEIIECTBEHHbIE HEOJHOPOAHOCTH CTAHOBSITCS
HaunOoJiee CyIIECTBEHHBIM (DaKTOpOM, MepepacnpeelaonMM YeTBEPTUYHOE T10J1€ HalpsxKe-
HUH. OTOT (haKkTOp OnpeaensieT 0COOEHHOCTH Pa3BUTHSI HEOTEKTOHHYECKUX JAe(OopMaIiuii.

Taxkum 06pazom, npu3HaHUE UCXOJHBIX MOJOXKEHUN B Ka4eCTBE MPUHIUIIOB I103BOJISA-
€T MCCIeoBaTh HU3KOTPaJUeHTHBIC MaT(GopMeHHbIe AeGOopMaluu ¢ eAUHBIX METO0JIOTH-
YECKUX IMO3UIMH, YTO KpaifHE BaXKHO C II€JIbI0 OLEHKH YPOBHSI SHEPIeTHUECcKOro (cecmuue-
CKOr'o) MOTeHIMajla T€0IMHaMUYEeCKU aKTUBHBIX 30H. CTPYKTYpHO-T€OAMHAMHYECKHUE UCCIIe-
JIOBaHMsI TIO3BOJISIIOT HE TOJIBKO BBIIBUTH M KOJIMYECTBEHHO OLICHUTH YETBEPTUUHBIE CTPYKTY-
PBI ¥ 30HBI ceficMuueckoil akTUBHOCTH (30HBI BO3), HO 1 00BACHUTH UX MPOUCXOXKACHUE 110
HNPUHIUITY Te0JUHAMUYEeCKOro KOHTpoJs. [logo0Has olleHKa akTUBHBIX 30H pacCMaTpUBaeTcs
KaK KpUTEpHUH THUMHM3ALUN UX HA CEHCMUYECKH U T€03KOJIOTHYecKH 3HaunMeble. [1yTh Kk HOBO-
My NOHUMaHHIO CEHCMOTEKTOHUKHU IUIATGOPM JISKUT B pa3HOCTOPOHHEM aHAIM3€ paHee Co-
3/1aHHBIX BEIIECTBEHHO-CTPYKTYPHBIX HEOJHOPOJHOCTEN O] BIMSHUEM BHEIIHUX HaIpsbKe-
HUH, IpUIOKEeHHBIX K HUM. OOcykaaeMasi TeMa akTyaldbHa ¢ TOUYKH 3PEHHs] COBEPIIEHCTBO-
BaHUSl METOJOJIOTUYECKUX ACHEKTOB, a TaKXe CIOCOOOB palMOHAIBLHOrO, YP(HEKTUBHOIO U
6€30I1aCHOT0 MCI0JIb30BaHMs OOIIMPHBIX MIIAT(OPMEHHBIX TEPPUTOPHIA.
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METHODOLOGY FOR RESEARCH THE QUATERNARY GEODYNAMICS
OF PLATFORMS IN CONNECTION WITH THE ASSESSMENT OF SEISMIC
POTENTIAL

Vladimir M. Makeev, 2Lyubov A. Korzhenkova
Sergeev Institute of Environmental Geoscience RAS (IEG RAS), Moscow
lymakeev@mail.ru, 2korjenkova2404@mail.ru

Summary. According to structural and geodynamics research, the paper
presents the main ideas and new approaches to the research of Quaternary
structures and seismotectonics conditions of platform territories. Quaternary
deformations are considered as flexural, elastic, and misaligned with respect to
previously created structural plans. Structural-geodynamic zoning is based on
the recognition of the continuity of deformations and the dynamic unity of
active centers with passive areas. The level of seismic capacity is estimated as
descending from the active sites to the relatively passive in relation to the
geodynamic areas.

Key words: Quaternary tectonics and recent geodynamics, zones of seismic
activity, conceptual foundations and principles, structural-geodynamic and
seismotectonic zoning.
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V]IK 550.832
PA3BUTHE TEXHOJIOTMU MOJAEJVUPOBAHMS [IU®POBOIO
CTBOJIA CKBAJKWH C UCMTOJIb30BAHUEM F'EO®U3NYECKHAX
JTAHHBIX

LCe Munusions, >Cyns Il3anvmon

lnramy, .. Mepmo

2Kumaiickuii nepmanoii ynusepcumem, 2. lfunoao, Kumaiickas Hapoonas Pecnyéonuxa
lsunjm@upc.edu.cn, 2yiranxmj@gmail.com

AHHOTanMA. PacCMOTpPEHO pa3BUTHE TEXHOJOTMU METO/I0B MOJEIMPOBAHUS
uuppoBoro KepHa u HU(PPOBOro CTBOJNA CKBaXUHBL. (CMOIEIHPOBAHO
IIPOCTPAHCTBEHHOE  pacIpeseleHe MOAYJIs  YIpYyrocTd, IoKa3aTesen
LEMEHTAINH, YAEIbHOTO COMPOTUBJICHMS, MOPUCTOCTH U MPOHUIIAEMOCTHU
mudpoBoro crBoja. [IpoBeneHo cpaBHEHHE pe3yIbTATOB MOACTHPOBAHUS C
pesynbratamu I'HC.

KiioueBbie cjaoBa: 1udpoBoli KepH, OHU(PPOBOH CTBOJ CKBaKHHBI,
HETPaJULUOHHBIE KOJUIEKTOPBI, MOJIEIIMPOBAHHE.

B HacTosiiee BpeMst HETpaiuLIMOHHbIE KOJIJIEKTOPBI CTAJIM LIEHTPOM HCCIEI0BaHUN B
HedTerazoBoit orpaciau. OJHAKO, U3-32 UX CIIOKHOW CTPYKTYpbI, JIMTOJIOTHMHM U (PU3HMUECKUX
CBOICTB, a TaK)K€ OrPAaHUYEHHOTO MEPUO/Ia U CTOUMOCTHU SKCIIEPUMEHTA HEBO3MOXKHO IIPOBE-
CTH TOYHOE KOJIMYECTBEHHOE TPaJULMOHHOE neTpodusndeckoe uccienoBanue. C pa3BUTHEM
KOMIIBIOTEPU3ALMU TEXHOJOTUU IU(PPOBOTO KepHA U LU(POBOrO CTBOJA CKBAXKUHBI MOTYT
cTaTh 3()(PEKTUBHBIM JIOMOJTHEHUEM K TPaJUIIMOHHBIM NeTpopU3ndecKuM JaHHbIM. Ha ocHo-
BE€ MHOIOMacIITabHON MoJieny HU(POBOro KepHA, SIEKTPUUECKUX UMHJKEH U JaHHBIX Tpa-
JUIIMOHHBIX KapoTakel co3faHa TpexMepHas Hu(poBas MOJEIb CTBOJIA CKBAKUHBI, TO €CTh
KpyNHOMAacIITaOHbIN UGPOBOH IIIACT MO OKPYKHOCTU CKBaXKUHBI.

OnHUM U3 BaKHEHIIMX METOAOB MOJETUPOBaHMS LU(PPOBOrO KepHa SIBIISETCS YHC-
JIEHHasl PEKOHCTPYKIIHS, KOTOPasi UCMOJIb3yEeT MAaTEMaTUYECKHE AJITOPUTMBI JIJIsI BOCCTAHOB-
JIeHHsl TPEXMEPHOro IU(PPOBOro KepHa Ha OCHOBE CYLIECTBYIOILEH CTaTUCTHUYECKOW MHQOP-
Maliy WK JIBYXMEPHOr0 M300pa)KeHHsl KepHa U BKIIIOYAET METOJ Ipolecca, allrOPpUTM UMH-
TallMy OT)KNTa, TayCCOBCKUM MPOILECC, METOJ MOCIE0BATEIbHOIO NHANKATOPHOIO MOJEIIHN-
poBanus, Mmeron MoHnrte-Kapno ¢ nemsimu MapkoBa, MHOrOTOY€YHasl T€OCTATUCTUKA U T.JI.
Jianmeng S u npyrue oObeMHMIN aNTOPUTM UMUTALIMH OTXKHTa C METOJIOM Tiporecca [ 1] ams
CO3/1aHus IIU(PPOBOro KEpHA HA OCHOBE JMAreHe3a yIUIOTHEHHS, YTO 3HAYUTEIIBHO COKPAIIAeT
BpeMsl 00pabOTKU M JaeT XOPOLIMEe Pe3yNbTaThl IIPH CO3/IaHUH TPEXMEPHBIX IU(POBHIX Kep-
HOB JIJIS1 pacIpeieleHHsl 0P U CIOXKHBIX MPOILIECCOB (OPMUPOBAHNS TOPHBIX MTOPO/.

TouHOCTH HCCeI0BaHUS TEXHOJIOTUN HU(POBOTO KEPHA COCTABIISET MUKPOH MJIH Ja-
K€ HAHOMETpP, a TOYHOCTh HCCJIEIOBAaHUS TEXHOJOTMH T€0JIOTMYECKOTO MOJEIHPOBAHUS —
nopsiika MeTpa WM Jaxe KuioMmerpa. TeXHONOTHs MOJEIMPOBaHUS LU(PPOBOrO CTBOJIA
HAXOJUTCSI MEX]Ly HUIMH U U3Yy4aeT BIMSHHUE Pa3IUYHbIX (PaKTOPOB IJIaCTa M CPEAbl CKBAXKU-
HbI Ha (pu3nyecKue CBOMCTBA MIIacTa.

[TocTpoenne UppPoBOro cTBOJIA CKBAXXMHBI Ha 0a3e MHOIOTOYEYHOW Ne0CTaTUCTUKU
UCTIOJIb3YeT TPEHUPOBOYHbIE M300paXKEHUSI U JOCTOBEPHBIE TaHHBIE JIJIsI HEPAPXHUECKOTO T10-
cTpoeHus. Jlyig KepHa MOJTHOTO IuaMeTpa MPOBEACHO CKAHUPOBAHHE MEAUIIMHCKUM KOMITBIO-
TepHbIM ToMorpadom npu Tomorpaduu (KT) n nmpuMeHneH cerMeHTUPOBAHHBIA U PEKOHCTPY-
UpPOBaHHbIN LIU(POBOI KEPH CAHTUMETPOBOIO YPOBHS B KayeCTBE TPEHUPOBOYHOI'O M300pa-
xenus. Mcnonb3oBan meron Filtersim juis 3amomHeHHs MycTONW 30HBI AJIEKTPHUYECKOTO UMHU-
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JDKa, ¥ B COYCTAHUU C KATUOPOBKOW HETIIyOOKOro OOKOBOTO KapoTa)ka JaHHBIE AIIEKTpHYe-
CKOro M300paxkeHusi MpeoOpa3oBaHbl B U300paKeHUE MOPUCTOCTU, KOTOPOE MOXKET UCIIOJb-
30BaThCsl B KAUECTBE JOCTOBEPHBIX AaHHBIX. [Ipeobpa3yroTcs JOCTOBEpHBIE JaHHBIE MO TIIY-
OMHE B TPEXMEPHBIHA LIUIMH/P, OCIE ITOr0 CTPOUTCS HUGPPOBON IIIACT € MOMOLIBIO MHOTO-
TOYEYHON I€OCTaTUCTHUKU B COOTBETCTBHM C IOCJIEI0BATEIIbHOCTBIO IJIACTOB. BblnonHseTcs
MMHTALMOHHOE OypeHHe Ha OKOHYATEIbHOM IIOJHOM LIM(POBOM IIIacTe U MoiydaeTcst 6a3o-
Basi MOZIEb IU(POBOTO CTBOJIA CKBAKUHBI.

IIpu Takux McclaeOBaHUAX MOXKHO CO3/1aTh MOJENb JUCKPETHOM CETH TPELIUH I
UMHUTHPOBAHUS TPEUIMHHBIX KOJUJIEKTOPOB C MCIOJIb30BaHUEM pacuéra (paKkTaaIbHON TEOPHH,
KacKaJHOIo Ipolecca yMHOXeHHUs, pacupeznencHue dumiepa u ajropurMa JApoOHOro Opo-
YHOBCKOTO JBIKeHUs. KpoMe Toro, coderanue naHHbIX KT-ckaHupoBaHus MPOOKH KepHA C
BBICOKUM paspelieHreM U JaHHbIX KT-ckaHMpoBaHUS B MUKPOHAX Pa3JIMYHbIX IUIACTOB U JIM-
Topanmii MOXKET JaTh Ui Moneneld mudpoBOTO CTBOJNA TakWe aTpUOYThI, KaK IMpPOHMIAC-
MOCTb, Y/I€JIbHOE CONPOTUBIICHUE U MOAYJIb YIPYTOCTH U T.[I.

Ha ocHoBe pa3zHOMacmTaOHONH ¥ Pa3HOKOMIIOHEHTHOW Mojzenud HU(ppOBOro KepHa
IPOBEICEHO MOJEIMPOBAHUE PACHPEEICHHUsI MOyl YIPYTrOCTH MOKa3aTeslel LIeMEHTaluu 1
YIENBHOTO  CONPOTHBICHHS  TPEXMEPHOTO  IM(POBOrO  CTBOJA B  HHTEpBaIe
2400,00-2407,35 m.

Ha puc. 1 moxa3aHbl cxembl pacnpezeneHusi 00bEMHOTO MOAYIS U MOAYJS CABHTra
udposoro creojia. C UCHOIB30BAHUEM METO/a YBEJIMYEHUs MaciuTaba MOyl YHIpyroctu
MIOCPEICTBOM TOLIATOBOTO MOJICITUPOBAHMS MOXKET OBITh MoJydeHa (DYHKIUS MOAYINS YIpy-
TOCTH KPYNHOMACIITaOHOTrO IIU(PPOBOr0 KEPHA, COOTBETCTBYIOLIAsl KEPHY IMOJHOTO pa3Mepa.
Orta (YHKIHS HCIONB3YEeTCs B KAa4eCTBE OCHOBBI JUIS OMpPEIENICHHS MOIYJSl yIPYrOCTH B
U(pPOBOH MOJENN CTBOJA CKBaKUHBI. B COOTBETCTBUU € COJep:KaHHEM KOMIIOHEHTOB B
nu(ppoBON MOJENN CTBOJIAa CKBAXKUHBI C MCMOJIb30BAaHUEM METO/a OTpaHHuYeHUust IU(PpPOBOMH
MoJienu pesibea MOKHO OINpeNIeUTh OKOHYATEeIbHBIH MOYb ynpyrocTu. Kak nokasaHo Ha
puc. 1, oOuwmii MOAYIb YIPYTOCTH OTHOCHUTENIBHO BBICOK M3-3a BBICOKOI'O COJEpPKaHUS KBap-
114, OTHOCHUTEIBHO PA3BUTOTO MOJIEBOTO IINATa ¥ HU3KON MOPUCTOCTH B 9TOM HHTEpBAJIE.

O0beMHBI
MOYJ1b
o

Puc. 1. Cxema pacnpeaejieHusi MOIYJIi YNPYroCTH TPeXMEpPHOro HH(POBOro CTBOJIA
cKBa:KMHbI B uHTepBaJje 2400,00-2407,35 m

Ha puc. 2 npencraBieHbl cxeMa paclpeneneHus noKa3aTened HEMEHTau U YAElb-
HOT'O CONPOTHUBJIEHUS HUPPOBOro cTBoja. Mcnonp3ys MeTo yBequdeHus: MaciTala yjaeib-
HOTO JIEKTPUYECKOTO COMPOTHUBIICHUS, MOYXHO JI1 IOCTPOEHHON MOJENH MOIYYUTh (HopMy-
Jy alpoKCHUMAlLlMY MOKa3aTeNsl LEMEHTAlUU IOCPEACTBOM IOLIArOBOr0 MoOJenupoBaHus. B
COOTBETCTBUM C KOMIIOHEHTOM MOJENIU HU(POBOro CTBOMA JUISl KaXI0M TOUKH CETKH BBIYMC-
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JSETCsl 3HAUEHUE 10KAa3aTeNsl [IEMEHTAlUU U ONPEAEIsAeTCsl yIeIbHOE CONPOTUBIIEHUE C MO-
Motbto popmynsl Simandoux. [TockosbKy TOPUCTOCTH ATOIO MHTEPBajia OTHOCUTEIBFHO Ma-
J1a, TO MOKa3aTelb [IEMEHTAIMM HEBEJIMK, a U3MEPEHHOE YACIIbHOE COMPOTUBIICHUE TJIMHBI B
3TOM 00nacTu OONbIIOE, TOITOMY U OOIIee yAEIbHOE COPOTUBICHUE OTHOCUTEIBHO BEITUKO

(puc.2).

YiaenbHoe
CONMPOTHBJIEHHE

IHoxka3areJb
eMeHTalluH

1 3 ) 1 100 00

B e =N EaE =

Puc. 2. Cxema pacnpenesieHus moKa3aTesied HeMEHTAIUM U YAeJbHOI0 CONPOTHBJICHUSA
1M (pPoOBOro cTBoJia CKBa:kuHbl B nHTepBaJe 2400,00-2407,35 m

JlJis TONy4eHHBIX pPe3yabTaTOB OBLJIO MPOBENEHO IOATBEPXKACHUE B HWHTEpBaJe
2400,00-2407,35 m. Ha puc. 3 cieBa HampaBo MpEACTAaBICHO MCXOJHOE M300paKCHHUE IJICK-
TPUYECKOTO KapoTa)ka; pe3ylbTaT 00pabOTKH MCXOIHOTO AIIEKTPUUYECKOT0 M300paKeHUs Mo
anroputmy Filtersim; nu3zo0pakeHne mMopucTOCTH, TPeoOpPa30BaHHOE U3 YIETBLHOTO COMPOTUB-
JICHUS; a TaK)K€ CPABHEHMS KPHUBOM IMOPUCTOCTH MO NaHHbIM SAMP u xpuBoil mopucroctu
1M(pPOBOTro CTBOJIA CKBaKUHBI, KPUBOW IJIOTHOCTH KapoTa)ka U PACUETHOW KPUBOM IUIOTHO-
CTH IM(POBOrO CTBOJA CKBaKUHBI, KpUBOU AenbTa T aKyCTHYeCKOTo KapoTa)ka U pacyeTHOMN
KpuBoil nenbta T 1M poBoro crBoja ckBaxuHbl, kpuBoil BK3 u pacueTrHoro yaensHoro co-
MPOTUBJICHHS ITU(PPOBOTO CTBOJA CKBaKUHBI. COMOCTaBICHHE KPHUBBIX MOKA3hIBAET, UTO pe-
3yJbTaThl MOJEIUPOBAHUS MMOPUCTOCTH, MIOTHOCTH, aKyCTUYECKOW Pa3HUUbBI U YAEIbHOTO
COTPOTHBIICHUS, PACCYUTAHHBIE C MTOMOIIBIO0 U(POBOTO CTBOJA CKBAXKUHBI, OMM3KU K (ak-
THUYECKHUM PE3YJbTaTaM, YTO MOJTBEPKAAET TOYHOCTh PE3YJbTATOB YHUCICHHOTO MOJCIHPO-
BaHUs IU(GPOBOTO CTBOJIA CKBAKUHBI.

K, undposoro creona I1not. mdpoBoro creona At 11()poBOIo CTBOIA V3C uudposoro creoia

0 viv 03195 g/cm3 295 | 240 us/ft 40| 0 OHM.M
Ky SIMP TLiot. Kaporaka At AK VOC BK

20

0 ViV 03 |195 g/cm3 2.95 | 240 us/ft 4010 OHM.M

20

i

Puc. 3. CpaBHeHe paqume pe3yJbTaTOB TPeXMEPHOro mHU{pPoBOro CcTBOJIA
ckBa:kuHblI U pe3yiabTaTtoB 'MC B nntepBase 2400,00-2407,35 m

Bbutn Takke mpoaHaTM3UPOBAHBI CBOMCTBA MPOHHUIIAEMOCTH IIU(PPOBOTO CTBOJIA CKBa-
)KUuHBI B paspese 2408,0-2452,0 m. CHauana MOCTPOWIM TPEXMEPHYIO MOJAENh MPOCTPaH-
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CTBEHHOTO PacHpeiesICHHs TOPUCTOCTH U(PPOBOrO CTBOJIA CKBAXHHEI (puc. 4, cineBa). B mo-
JIeNId pacrpesielieHne MOPUCTOCTH uMeeT Hu3koe 3HaueHue (0%, CMHMH IBET)) U BBICOKOE
3HaueHue nopucroctu (10 30%, KpacHbIl BET). 3aTeM B3aUMOCBSI3b MEX]y IOPUCTOCTHIO U
HPOHUIIAEMOCTBIO B MOZEIH HMCIOIb30BANACh JJIsl ONPEACTICHUS MPOHUIIAEMOCTH Ul BCETO
rIIyOMHHOTO pa3pe3a TPeXMEpHOro Hu(ppoBOro cTBoja. Takas B3aMMOCBS3b yCTAaHOBJICHA IO
SKCIEPUMEHTAIBHBIM JTAaHHBIM ITOPHCTOCTH ¥ MPOHUIIAEMOCTH OCAI0UHBIX TOpO i 17 00-
pas31oB KepHa B TpeX He(PTAHBIX 1acTax. /s moprucTocTu, COOTBETCTBYIOLICH KaXKI0H ceTKe
TPEXMEpHOTO IM(POBOrO CTBOJIA CKBAXKHHBI, OBUIO BBIYMCICHO 3HAYEHHE MPOHUIIAEMOCTH C
UCIIOJIb30BAaHUEM COOTHOIIECHUS MEXy HUMU. TakuM oOpa3om, Oblia MoJydeHa TpeXMepHas
MOJIeTb TTPOCTPAHCTBEHHOTO paclpenesieHus MpoHHuIaeMocTu (puc. 4, crpasa). B monenn
IPOCTPAHCTBEHHOT'O paCIpe/IeIeHUs TPOHUIIAEMOCTH MPEJICTABICHO BHICOKOE 3HAYEHHUE TPO-
Hunaemoctu (1o 10 m/I, kpacHblii 11BeT) U Hu3koe 3HaueHue (0 mJl, cunuii Ber). B memowm,
pa3HOCTh pacIpeesieHus] TPOHUIIAEMOCTH Ha 3TOM HHTEpBajie OOJbIIas, HO U3 TEOPHH H3-
BECTHO, YTO JJIS CJIOEB IEeCYaHHKA C BBICOKOH MOPUCTOCTHIO COOTBETCTBYET BBICOKAsS IIPOHH-
[[aeMOCTb, a JUIS CIIOEB apTHJUINTA C HU3KOH MOPUCTOCTHIO — HU3KAs IIPOHUIIAEMOCTb.

0.30
10.0 mD

0mD

Puc. 4. IIpocTtpaHncTBeHHOe pacnpeae/eHHe NMOPUCTOCTH (cjeBa) U NPOHHLAEMOCTH
(cmpaBa), paccuntanHoe no 3D nudpoBoMy CTBOJNY CKBAaXKHHBI B MHTEpBaJIe
2408,0 - 2452,0 m

Ha puc. 5 mpencraBieHa cpaBHUTENbHAs JHAarpamMMma HHTEPIIPETAlMN KapOTaKHBIX
KPUBBIX U PE3YyJIbTAaTOB MOJEIMPOBAHUS TPEXMEPHOTO IM(POBOro CTBOJNA CKBAXHHBI. Bu-
JIUM, 4TO, XOTS UMEKTCA HEKOTOPBIE YMCIICHHBIE PA3JINUUs MEXY PE3ybTaTaMU MOIEIHUPO-
BaHUS MPOHMUIIAEMOCTH TPEXMEPHOTO IIU(PPOBOrO CTBOJIA CKBAXKUHBI U SEPHOTO MAarHUTHOTO
pe3oHaHca, HO oOmasi TeHJIEHLUs KPUBBIX B OCHOBHOM OJMHaKoBas. Pe3ynbTaThl aHaian3a
IIPOHUILIAEMOCTH KEPHA aHAJIOTMYHBI ABYM PAaCYETHBIM pe3yjbTaTaM, 4TO ITOATBEPKIAET BbI-
MTOJIHUMOCTH JIBYX METOJIOB pacueTa MPOHULIAEMOCTH.

Mogens udppoBOro CTBOJA CKBaKMHBI pellIaeT MpoOJieMy HETOCTaTOYHOCTH TMpej-
CTaBJICHU LU(POBBIX 00pa3IOB KEpHA, U PE3yIbTaThl MOJEIMPOBAHUS MOXHO HaIPSIMYIO
CpaBHUBATh C pe3ylbTaTaMu KapoTaka. Ha ocHoBe Mojenu nudpoBoro crpojia CKBa)KUHBI
MO>XHO IIPOAHAJIM3UPOBATh BIUSHHUE aHU3O0TPOIMHM IIJIACTa, HEOAHOPOJHOCTEH, TPEUIUH, Ka-
BEPHO3HOCTH CTBOJIA, YIJIa HAKJIOHA CTBOJA, ACHMMETPUYHOTO MPOHUKHOBEHUS (puibTpa Oy-
POBOrO pacTBOpa Ha Pe3yJbTaThl U3MEPEHUS U PEATM30BaTh 00Jiee TOUHOE YMCICHHOE MO/Je-
mupoBanue. L{udpoBoil CTBOJN CKBaXHWHBI pPACHIMpsieT OOJACTh MPUMEHEHHsS] TEXHOJIOTHH
U(PPOBOro KEPHA U 3HAUYUTEIHHO MOBBIIIAET BO3MOXXHOCTH UCCIICIOBAHUI.
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Puc.5. CpaBHennme NPOHMIIAEMOCT npu  uHTepnmperauuu  aanHbix ['UC

U NIPOHMLAEMOCTH TPEXMEPHOI0 HM(PPOBOIo CTBOJIA CKBAKHUHBI
CIIMCOK JIMTEPATYPEI

1.  Xuefeng L., Jianmeng S., Haitao W. Reconstruction of 3D Digital Cores Using a
Hybrid Method // Applied Geophysics. 2009. 6 (2).

DEVELOPMENT OF DIGITAL BOREHOLE TECHNOLOGY IN
LOGGING

1Xie Mingjun, 2Sun Jianmeng

!Perm State University, Perm

2China University of Petroluem, Qingdao, People's Republic of China
lyiranxmj@gmail.com, sunjm@upc.edu.cn

Summary. The paper considered the development of the technology of
methods for modeling digital core and digital wellbore, modeled the spatial
distribution of the elastic modulus, cementation parameters, resistivity,
porosity and permeability of the digital wellbore, and compared the simulation
results with the well logging results.

Key words: digital core, digital borehole, unconventional reservoirs,
modeling.
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CIMATAKCKOTO 3EMJIETPSICEHUS

"Mrpmuan Mepu Apmywosna, >’Caaxan Baoken Bazzenoguu,

3reooaxan I0yapo I'puzopvesuu, *‘Kapanemsan Jlncon Kocmuroguu,

S0zanecan Cesaoa Mkpmuueguy

Hucmumym 2eopusuxu u unscenepnoii ceiicmonocuu um. akao. A.I.Hazapoea
Havyuonanvnoii Akaoemuit Hayx Pecnyonuxu Apmenuu, 2.I'tompu, Pecnyonuka Apmenus
'mary-mary-86@mail.ru, >sahakyan_babken@mail.ru,

3geodakyan.e@mail.ru, 4jon_iges@mail.ru, *iges@mail.ru,

AnHoTanusi. CoCTaBlieH NPOCTPAHCTBEHHO-BPEMEHHOM W JHEPreTUYECKOe
pactipenenieHue  aTEpPIIOKOBOrO  mporecca  cwibHOro  CruTakcoro
3eMJICTPSICEHUsI, pacIoyioKeHHOro B oporeHe Maioro Kaekaza. IlpoBenen
aHaM3 ~ 3aTyxaHue  a(TepmioBOro  Mmpouecca C  HCIOJIb30BaHUEM
(GyHIaMEHTAJILHBIX ~ 3aKOHOB  ceidicmosioruu:  ['yrenOepra-Puxtepa wu
ob6obmenHoro 3akoHa Owmopu-YTcy. B pesynbpTare aHanm3a pacCUUTaHbBI
CIICAYIONIME BaKHEUIIME IMapaMeTphl 3aTyXaHUs: A-4acToTa aTEepIIOKOB B
3aJJaHHOM BPEMEHHOM HHTEpBaJIC, t-BpeMsi BOSHUKHOBEHUSI OCHOBHOTO TOJTUKA,
K-a¢ppextnBHOCTh adTEPIIOKOBON IMOCIEAOBATEIIBHOCTH, P-KOAGOUIIMEHT
3aTyxaHHs, C-BPEMEHHAs 3a/IePKKa.

KarueBble ciioBa: apTepliok, 3aTyXaHHWE, MarHUTYyJla, OCHOBHOHW TOJYOK,
paziioM, COPOIIEHHOE HAIPSKEHNE, CEHCMUYECKU MOMEHT.

[ToaroroBka u peanu3anusi CUIBLHOTO 3€MJIETPSICEHUS C MO3ULUU (PU3MUECKON Me30-
MEXaHUKH MPeACTaBIsieT COO0H MHOTOCTaIMHHBIN CIIOKHBIN MPOIecC JeCTPYKLUHU 1IeTOCTHO-
CTH T'€0JIOTMYECKOM cpeibl ouaroBoii odnactu. Iloa Bo3elicTBUEM TEKTOHMUECKUX HaIpshKe-
HUN B OTHEJBHBIX IIJIOCKOCTSX CYIIECTBYIOIIMX 3€MHOM KOPbI JHCIOKAlMM, IPEICTaBIISIO-
M coO0l KOHIEHTPATOpPhl HANPSKEHUHM, BOSHUKAIOT UX aHOMaJIbHOE HAKOIUIEHUS, B BUJE
yIpyroIiacTu4eckoil nedopmanuii. B nanpHelieM npoucxoIaT KOHCOMUAAIUS OTJEIbHBIX
HOCUTEJIEH, TaK Ha3bIBA€MbIX ME303JIEMEHTOB BHYTPHU KOTOPBIX BO3HUKAIOT CTPECCOBBIE BO3-
MYILIEHHE U Pe3KOoe M3MEHEHHE (PUKLHUOHHBIX CBOWCTB I'€OJIOTMYECKON Cpeibl MPeaBOISIO-
X K 00pa30BaHUIO MaruCTPaJbHOTO Pa3pbiBa CHIIBHOTO 3eMIIETpsCeHHUS [6].

B xone BcnmapuBaHMs MarucTpajgbHOIO pa3phbiBa MPOUCXOAAT HE TIOJTHOE BBICBOOOXKIE-
HUE HAKOIJICHHBIM HANpsKEHHM, 4acTh OCTAaTOUHBIX HANpsKEHUI HEpaBHOMEPHO Iepepac-
NPEENSIOTCS B OKPYKAIOLIYI0 00JIaCTh ITIOCKOCTH Pa3pbiBOOOpA30BaHMs, CO3/aBas JIOMOJ-
HUTEJIbHbIE KOHIIEHTPATOPbl HAPSDKEHUH, KOTOphIe JallbHEHIEM peaau3yeTcs B BUAE MHO-
TOYHMCIICHHBIX TTOBTOPHBIX TOMYKOB-a(TEPIIOKOB [4].

K mepBoil craiuu OTHOCUTHCS BBIILIEONHUCAHHBIE MPOILECCHl MOATOTOBKU U (hOPMHUPO-
BaHHE MarucTpajbHOrO pa3pbiBa, KOTOPBIM paccMaTpUBAETCs C MO3UIMM (PU3MUECKON Me30-
MEXaHMKH, BTOpasi CTaIusl pa3pblBOOOpa30BaHUs U IMOCIEAyoIIKe a(TepIIOKOBbI Mpolecc
ClIeZlyeT pacCMaTpUBaTh C MO3UIMK KHHETUYECKON TEOpUH TpeImHooOpa3oBanus [5,7].

Hacrosimue Bpemsi M3ydeHHE NEPBOW CTAIWU SIBISIIOTCA KpallHE TPYOHOM M IOKa
OKOHYATEJIbHO HEPEIIEHHOH 3aauei.

B otiinume ot 3TOrO BTOpas crajus, CBsi3aHHAs C MPOLECCOM pa3pyIIEHHE 04aroBOM
oOnacty, Giarogapsi MHOTOUHCIIEHHBIX CEHCMOCTAaTUCTUUYECKUX WHCTPYMEHTAIBHBIX JTaHHBIX
U pa3pabdOTaHHBIX METOJI0OB UX MPOCTPAHCTBEHHO-BPEMEHHO-IHEPreTUYECKUX aHAIN30B, 103~
BOJISIIOT BBISIBUTH OCHOBHBIE 3aKOHOMEPHOCTH M XapaKTEpHble OCOOCHHOCTH Ipolecca Je-
CTPYKITUH T€OJOTHYECKON CPEeIbl 04aroBoi 00JIacTH.
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B nacrosmieil pabore Ha OCHOBE aHaIM3a aPTEPIIOKOBON MOCIIEOBATEILHOCTU Pa3-
pyutensHoro  CHUTaKCKOro — 3eMJICTPSACEHHUS.  pacCMaTpUBaeTcs  MPOCTPAHCTBEHHO-
BPEMEHHO-3HEPIe€TUUECKNE XapAKTEPUCTUKHU Mpoliecca IeCTPYKLIMHA 04aroBoi o01acTu 3T0ro
3eMJIETPSACEHUSI.

Karactpoduueckoe Cnurakckoe 3eMIETpSCEHHs C MarHuTylaod Mw=7 sBisercs
CUWJIbHEHIIIEM 3eMIIETPSICEHUEM MPOU30ILEIIeH Ha TEPPUTOPUH APMEHUH 3a MOCIETHOE CTO-
netue. [lo naHHBIM celicMonoruueckoro 1neHTpa ['apBapackoro yHuBepcuTeTa MEXaHU3M ITO-
ro 3eMJIETPSACEHUs] NPEICTaBIAET CO00M B30POCO-CABUTOBYIO MOABMXKKY C CEHMCMHUYECKUM
mMomeHToM Mo=1,6-10%° Jlun-cm, a cOpolieHHOe NpK ITaBHOM TOJNUYKE HATPSKEHMH paccyu-
taHHble 10 popmynie Kanamopu coctaBisier Ac=20 bap [10].

AHanu3 BOJHOBBIX I0JIEW MHCTPYMEHTAJIBbHBIX 3alIMCEN TENEeCEHCMMUECKUX U PETUo-
HAJIbHBIX CTaHIUH, MOKa3all, 4TO 04aroBblii mpoiecc CIUTAKCKOTO 3eMIIETPSICEHUS] UMET
MYJIBTHUIICTHBIA XapaKTep, COCTOSAMIMN U3 4-X cy00UaroB v NpeAcTaBisl co00il MHOTOAKTO-
BBIii IIPOIIECC B CIIApMBAHUS 04aroBoi odsactu [3].

bnarogaps opranuzanuu rycToil CeTd SMULEHTPaIbHBIX UHCTPYMEHTAJIbHBIX HAOIIIO-
JeHUi, 3a epruoa 36 MecAleB, ObLTH 3apErUCTPUPOBAHHBIN U C BHICOKOWH TOYHOCTBIO OIpE/ie-
aenbl runoneHTpsl 6osee 3000-x adrepuiokoB B 3HepreTHueckoM auanazoHe K=IgE=8+14
[1]. Ha ocHOBe »THX JaHHBIX ¢ nmpuMeHeHHeM mporpamMbl Mapinfo B makere GIS 6Obu1a mo-
CTpO€Ha KapTa IPOCTPAHCTBEHHOT'O paclpeeeHusl 3TuX adrepiiokos (puc.l).
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Puc. 1. [IpocTtpancTBeHHOe pacnpeneeHue agprepmiokoB CIMTAKCKOr0 3eMJIeTPSICEHUs

AHanmm3 3TO# KapThl MOKa3bIBACT, YTO aPTEPIIOKHA YETKO BBIICISIIOT TEOMETPHUIO pa3-
pBrIBOOOpa3oBHAMS, cocTosmui U3 4-x cybouaro. [lepudepuiinbie adTepuIoKd MO3BOISIOT
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OKOHTYpUTH momans S=3354 kM? U yuuThiBas IJTyOMHHBIE 3aleTaHHe BceX adTeplioKoB,
taxke 06beM V=50310 km® reosornyeckoii Cpenbl OXBAaYCHHOM MPOIECCOM JACCTPYKIIMH OYa-
roBoif obnactu.

B ocHOBe COBpeMEHHBIX METOJIOB BPEMEHHO-3HEPIeTUYECKUX aHAIU30B a(TEepIIOKOB
3aJI0’KCHHBIH 1BE OCHOBHBIE 3aKOHBI celicMoIorH - 3akoH Omopu u ['yren6epr-PuxTtepa.

CornacHo 3akoHa Omopu, yOuBaHUE KOJTUYECTBa apTEpUIOKOB B €IUHUIY BPEMEHH,
IPOMCXOTUT MO CTEIIEHHOH 3aBHCHMOCTH C OTPULATEIBHBIM IOKa3aTeleM. AHATUTHYECKOE
BBIpaKeHHE 3akoH OMopu MouduIMpoBaHHOTO cO cTOpoHbl HapTeo [9], umeer cinemyrommii

BU:
K

Ay = (t+c)P”’ (1)
IJIe MapaMeTphl: A - 4acToTa aTepIIOKOB B 33 JaHHOM BPEMEHHOM MHTEpBaJe; t - BpeMs BO3-
HUKHOBEHUSI OCHOBHOTO ToNT4Ka; K - 3 pekTuBHOCTH adTepIIOKOBOM MOCIIEI0BATEIILHOCTH; P
- k03 DHUIUEHT 3aTyXaHUs; C - BpEMCHHAS 3a/ICPIKKa.

Ha pucynke 2a npuBesieH rpaduk CTEEHHOr0 YObIBaHUS BO BPeMEHHU aTepIIOKOBO-
ro mocineaoBaTesbHOCTU. briorapudgmudeckoe npeacrabiienue 3Toro rpaduka puc. 20 mos-
BOJISICT JICTAIBHO PA3JIOKUTh ATOT CIOXHBIM MPOIIECC HA TPH COCTABIISAIONICH JIMHEHHYTO, TH-
nepOOIMUYECKYI0 B SKCTIOHEHIIMaIbHOE. Ha 3Toil ocHOBE OBLIH OIpeesieHbl KOJTMYECTBEHHBIC
BPEMEHHbBIC XapaKTePUCTUKH TapameTpoB (c, P, K) mporecca gectpyKiuu o4aroBoii 001actu.

a) 0)
Mt), day ! 1), day !

100000
10000
1000

100
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Puc. 2. I'paduku crenennoro (a) u jJorapudpmudeckoro (0) 3aryxanue ajpTepiioKoBoro
MOCJIeJ0BATEJIbHOCTH

[Tapamerp ¢=36 MUHYT, COOTBETCTBYET HadaJIbHOMY Mepuoay adTepiioKoBOro IMpo-
ecca XapakTepu3ys HanpspKeHHO-Ae(pOpPMallMOHHOE COCTOSIHUE MIOCKOCTH MarucTpalbHOTO
paspsiBa. [lapametp p=1.08, xapakrepusyeTr runepOoOINIECKYIO YaCTh CTETICHHOTO 3aTyXaHUsI
U B OCHOBHOM OTpa)kaeT (PU3MKO-MEXaHHYECKOE COCTOSIHHE I'€OJIOIMYEeCKOW Cpeibl, Mocie
KOTOpOM 3aBepiuaroniasi ¢aza 3aTyxaHusi adTEpIIOKOBOrO MpOIecca MPOUCXOAAT MO IKCIO-
HEHIMAIbHYIO 3aKOHY, COOTBETCTBYIOUIMI pelaKkcalii TEKTOHUYECKUX HANpsSHKEHUH ouaro-
BOI1 oOJacTu.

Oco0blil nHTEpeC MPeCTaBIsSeT BpeMEHHbIE HHTEPBAJIbl CYIIECTBOBaHUE 3THX (a3 ti,
t2 1 yacToTa MPOUCXOJAIINX B HUX YObIBaHUS a(pTEPIIOKOB Aa, Ab, C TIOMOIIBIO KOTOPBIX Kak
NoKa3aHo padore [2] MOXKHO OINpeeNIUTh THII MaruCTPaJIbHOTO pa3phiBa (riajakas, pedpucro-
3yOuarast u cpenneit 3youaras). [lomyaennsie 3nauenue t1=0.025cyTok, t;=600 cyTOK yKa3bl-
BalOT, 4TO0 NMpu CIUTAKCKOM 3eMJICTPSICEHHE MMENI0 MECTO CpelHed 3yOdarblii TUIl Maru-
CTPAJIBHOTO pa3pbhIBOOOpa3oBaHue. BeauunHbl 3HAUYEHUE Aa, Ab, B OTUX HHTEpPBajax HECYT
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UHGOPMALIKIO O caMomoo01e yObIBaHHE KOTUYECTBO adTEPIIOKOB €IMHHUILY BPEMEHU U OT-
paxkaroT (pakTalbHOE CBOICTBAa BBHIIICYKAa3aHHOTO CIIOKHOTO Mpoliecca. Haunbomnee spkum
IpOsIBIEHUEM (PPaKTAITBHOCTH CEHCMUYECKOTO Mpolecca sBisieTcs 3akoH [ 'yrenoepr-Puxrepa
[8], ycTanaBauBaroIIe JUHEHHYIO CBSI3b MEXIY JIoTapu(MaMu KOJIHMYECTBO U PHEPTUU CeH-
CMUYECKON COOBITHIA:

IgN =A;p—7v-K (2)
rae N- koiauyecTBO adTepIIoKoB TaHHOM 3HepreTrHueckoi kinacca; K=IgE — snepreruueckuii
KJacc; y — ko3 uireHt Hakiona rpaduka;A,, — ceicMuyeckasi akTUBHOCTb, HOPMHUPOBAH-
HO€ K €IMHUILY IUIOUIaIi U BPEMEHH.

[IpumeneHue 3TOro 3aKoHa Ui YHEPreTUYECKOro aHainu3a adTepIiIokoBOro mnpoiecca
MO3BOJISIET ONPEAETUTh KOJIMYECTBO a(TEPIIOKOB Pa3HBIX HHEPrETHUECKUX KIACCOB U BBI-
SBUTh TUHAMHKY SHEPreTHYECKOr0 Pa3BUTHE BCETro aQTepIIOKOBOIO IMpoIecca.

g agrepuiokoBoro nporecca CIUTaKCKOrO 3€MIIETPSICEHHS] HaMU ObLIN ITOCTPOEHBI
rpaduku MOBTOPSEMOCTH, COOTBETCTBYIOIINE MEPUOIaM BO3SHHUKHOBEHHM JIMHEHHOM, rUmep-
0O0MYeCKOl M SKCITOHCHIIMATBHOU (ha3 3aTyxaHue, a Takke adTEepIIOKOBOTO Ipoliecca B Iie-
aoMm (puc.3).

1N

Konuuectso adrepmoxos

8 10 12 14

OHepreTH4YecKui Kmacce
Puc. 3. I'padpuxn noBTropsieMocTu apTepiIoOKOBOro mpoiecca s OTAeJbHbIX MePUOI0B
BpPeMeHHN: a) JInHeliHas1, b) runep0osmyeckasi, ¢) IKCNOHeHUMaAbHAasA (a3bl U d) MOTHBIH
aTepLIOKOBBIN Mpolece

Ha nuneitHoi (daze adTepriokoBbIii MPOIECC HACHIMICH OOJBIIUM KOJMYECTBOM ad-
TEPIIOKOB HMMEIOIINX MOBBIIIEHHOE 3HAYEHHE YHEPreTHMUECKUX KIaccoB. B mocnemyromue
BpPEMEHHBIC TIEPHOBI MTPOUCXOJAT MPOIECC BOSHUKHOBEHUE aPTEPIIOKOB C YMEPEHHBIM U
CTa0bIMM 3HAYCHHUSIMH YHEPTETHUUECKOTO KIIacca, 0 OKOHYATeNbHOro (hopMUpoBaHue rpadu-
Ka TTOBTOPSIEMOCTH BCETo ahTepIIoKoBOTO Imporiecca. 3HaYeHHe yria rpaduka MmoBTOPSIEMO-
CTH Y YKa3bIBAIOT HA SHEPreTUYECKYI0 (PPaKTaIbHOCTh, C APYrol CTOPOHBI YUUTHIBASI 3aBU-
cumocTh Mexay IgE ~ | oT mpoTshkeHHOCTH pa3pbiBa BO O4arax KaKaoro adrepiioka, STOT
MPOIIECC MOKHO TPAKTOBATh KaK MPOIECC NECTPYKIUHU (IPOOHOCTH) TeOJIOTHIECKON Cpeb
0uaroBoit oonactu.

Paboma evinonnena npu punancosoii noooepacke KH PA (epanm ACH-01/21).
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THE EVOLUTION OF AFTERSHOCKS SEQUENCE OF THE
EARTHQUAKE IN SPITAK

Mary A. Mkrtchyan, 2Babken V. Sahakyan, *Eduard G. Geodakyan, *Jon K. Karapetyan,

*Sevada M. Hovhannisyan
Institute of Geophysics and engineering seismology after A. Nazarov

of the National Academy of sciences of Republic Armenia, Gyumri, Republic of Armenia

'mary-mary-86@mail.ru, 2sahakyan_babken@mail.ru, *geodakyan.e@mail.ru,
%jon_iges@mail.ru, iges@mail.ru,

Abstract. We obtained the spatial-temporal and energy distribution of the
aftershock process of the strongest earthquake in Spitak, located in the Lesser
Caucasus orogen. Using fundamental laws of seismology, analysis of the
attenuation of the aftershock process is made: Gutenberg-Richter and the
generalized Omori-Utsu law. As a result of the analysis, the following most
important damping parameters were calculated: A-frequency of aftershocks in a
given time interval, t-time of occurrence of the mainshock, K-efficiency of the
aftershock sequence, p-damping coefficient, c-time delay.

Keywords: aftershock, attenuation, magnitude, mainshock, fault, stress drop,
seismic moment.
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VJIK 550.34
MEPBBIE PE3YJbTATBI PABOTHI CEUCMHUYECKOU CTAHIUA
«KOJIBA»

Mopo3zoea Examepuna Pychanoena
DOI'bYH ®HIIKHA YpO PAH, 2. Apxanzenvck
morozova_er@fciarctic.ru

AHHoTamus. YcraHoBieHHass B  Kpacnosipckom kpae 11.10.2020 r.
ceiicmuueckas cranuud KOLBA  xapakTtepusyeTrcsi HU3KMM  yYpOBHEM
MHUKpoceiicMudeckoro (ona. Ha 3anmucsx craHIMM OTMEYEHBl perMOHalIbHbIE
COOBITHSL pPa3HOM TPHPOABI — TEXHOTCHHBIE COOBITHS, CBSI3aHHBIE C
IPOMBIIIICHHON JIeATeNIbHOCThI0 BOMM3M Hopuiibcka U TeKTOHUYECKUE
3eMJICTPSACEHUS, IPOUCXOMSIINE KaK B OCHOBHBIX CEHCMOAKTHUBHBIX 30HAaX
ADKTHKH, TaK Ha cllabocelicMUYHbIX TeppuTopusx. [Ipu ananuze u pyTHHHON
obpaboTtke manubix cranmmu KOLBA criegyer ucmonb30BaTh pacHIMpPEHHBIH
Ha0Op YacTOTHBIX (UIBTPOB JJI BBIBICHUS PETHOHANBHBIX COOBITUH U
IIPUBJIEKaTh MAKCUMAJIbHO BO3MOXHOE YMCIIO CTAaHIUH 1711 00pabOTKH.
Kuarouesbie cioBa: Konba, celicMuueckasi CTaHLUs, CEHCMHUECKUE COOBITHS,
3eMJIETPSICEHUE, SHUIICHTDP, MATHUTY/1a, YaCTOTHBIN (HIIBTP.

C 2003 roga MOHUTOPHUHI CEHCMUYECKOW OOCTAaHOBKM B 3amagHoM cekrtope Poccuii-
CKOM APKTUKH OCYIIECTBIISIET ApXaHIeibCKas CeCMUYECcKasi CeTh, SIBIISIOIIASCS CTPYKTYp-
HBIM nojpazaeneHueM DenepaqbHOTr0 UCCIE0BATENbCKOIO LIEHTPa KOMIUIEKCHOTO U3YUYEeHUS
ApxTuku Ypansckoro otaeneHus PAH. B 2020 rony ObutM BBIITOJTHEHB! TEXHUYECKHE H3Me-
HeHus B cTpykType YHVY «Apxanrensckas celicMuueckas cetb» (ACC), HanmpaBlieHHbIE Ha
MOBBIIIIEHNE KayeCTBa PETUCTPUPYEMBIX JIaHHBIX U ee (pyHKIMoHUpoBaHus. Tak B 2020 roxy
OBLIM TpOBeNIeHbl Pa0OTHI MO YCTAaHOBKE CEHCMHUYECKOW CTaHIMU B pailioHe Nrt. JlukcoH
TaitmbIpckoro Jlonrano-Henenkoro paiiona KpacHospckoro kpas. B xone skcneaunuu B ok-
T26pe 2020 r. ObUIM MPOBEIAEHBI PEKOTHOCIIMPOBOYHBIE PAa0OTHI IO MOMCKY MEcTa JJis ycTa-
HOBKH CTaIlMOHapHOU ceficmuueckoi craniuu (nanee c/c KOLBA) B paiione reodusnueckoit
craniuu Konba nmenu B.B. Xonoa, Haxopasmeiics B Benenuu CesepHoro YIMC.

B 260 merpax ot reodusnueckoi ctaHIMU Obla YCTAaHOBJIEHA BBICOKOYYBCTBUTEIb-
Has ceiicmMudeckas ammaparypa: ceiicMomeTp TC-120 s u peructparop Centaur. [lepemaua
JTAHHBIX U AJIEKTPOIUTAHUS IPOUCXOJUT 10 ABYM KaOEJIbHBIM JIMHUSAM, UCIIONB3YeTCsl Kabenb
[1-296. [1ng nepenaun JaHHBIX Ha KOMIIBIOTED, B CBSI3U C MOl yAaJe€HHOCTBIO celicMuye-
CKOM ammapatypsl, ucnonb3yercs Ethernet unrepgeiic. Ha cepsep maGoparopun ceiicmorno-
MM B T. ApXaHTeNIbCK AaHHbIe ocTynaroT mo SeedLink mpoTokoiny uepes ceth MHTEpHET.

[TapameTpsl ceiicmoctaniuu «Komabay:

- xox craunun: KOLBA;

- KoopauHaTh! cTanuu: = 73.529°N, A=80.701°E, h=11 m;

- Bpemst 3anycka craniuu (UTC): 11.10.2020 07:23:00.

Hecmotpst Ha To, uto ¢/c KOLBA Havana cBoro paboTy COBCeM HEIAaBHO, YK€ €CTh
nepBble pe3yNbTaThl. AHAIU3 3alucell MoKa3al HU3KUM ypoBeHb MUKpocercMudeckoro ¢poHa
Ha c¢/c KOLBA. B 1ienom, BostHOBbIE (DOPMBI HE OCII0KHEHBI TEXHOTCHHBIMU TOMEXaMHU.

He Obu10 BBISIBIIEHO HUKAKUX CEPHE3HBIX IMMOMEX, KOTOPhIE MOTJIM Obl YCIOKHUTH BBI-
JiefieHHe PETHOHANBHBIX U JJOKAJIbHBIX CEHCMUYECKUX COOBITUI Ha 3aluCsAX CTaHIIUU.

AHanmu3 pucyHka | TOKas3bIBaeT, YTO YPOBEHb MUKPOCEHCMHUYECKOTO (DOHA JISKUT B
npenenax monenu Ilerepcona [1]. bosee Toro, ctpeMuTCs K €ro HUXKHEN IPaHULIE, UTO JAET
OCHOBAHHE TOBOPHUTH O BHICOKOM YyBCTBUTEIBLHOCTH YCTAaHOBJICHHON CTAHIIMH.
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Puc. 1. CnekrpajibHasi IJIOTHOCTh MOIIHOCTH MHKpOceiicMuuyeckoro ¢GoHa B mecTe
ycTaHoBKH ceiicMnueckoii cranunu KOLBA orHocuTensno moaedeit Ilerepcona

Hannsie ¢/c KOLBA o6pa6ortansl 3a nmepuoa ¢ 11 oxtsa6ps 2020 r. mo 22 HOSOps
2020 r. 3adukcupoBano cbie 200 TemeceHCMUYECKHX 3eMIICTPSICCHHA. BOIBIIMHCTBO CO-
OBITHI C ylaJeHHBIX PACCTOSHUI YBEPEHHO BBLAEISAIOTCS Ha MojiocoBoM ¢uibTpe 1.5-3 I'm.
3eMIIeTpACEHUs TaKXe perucTpupyrorcss Ha cranaaptHoM ¢uibtpe 0.7-1.4 I'i. CornacHo
HOJIy4eHHOMY IpaduKy HOBTOPSEMOCTH ISl TEIECCHCMUIECKIX 3eMIICTPsICeHUH MDpper=5.3.

3a nepBerit Mecsy padboTsl ctanuu KOLBA 3apeructpupoBano 20 pernoHaigbHbIX U 1
JOKaJbHOE ceicMuueckoe coObIThe. PernoHanbHble COOBITUS BBIAEIAIOTCS MO GuiibTpaM 1.5—
3T u or 2 o 4 I'm Ha paccrosiHusAx cBbime 1000 kM u mo ¢umbTpam 4-6 I'm u 4-8 ' Ha
6osiee OIU3KUX PACCTOSIHUAX.

Bce 3apeructpupoBannsie Ha 3anucsax c¢/c KOLBA pernonaibHbIe ceiCMUYECKHE CO-
OBITHSI MOXKHO YCJIOBHO pa3lesiuTh Ha 2 rpymnmsl. [lepBas rpynmna coOBITHI MPOUCXOAUT HA
AMUIEHTPANTBHBIX paccTosHUAX ~ 500 kM oT cranuuu. JlokanpHas maruutyna ML, Beinenen-
HbIX 13 coObiTHii 1 rpynmel, Haxoautcss B auanazoHe 2.3—3.0. CoObITHS BBIAENSAIOTCS MO
¢unbTpaM 46 I'mT ¥ UMEIOT CXOXKYI0 MEXKIy COOOi BOJIHOBYIO KapTHHY — Ooliee ciaboe
BcTyIuieHue P-dassl u 6osiee yBepeHHoe BeTyrieHHe S-(hasbl. BonHoBbIe GopMBI U pe3yibTa-
Tl 00paOOTKM MpeACTaBICHbl HAa PUCYHKE 2. DNUIEHTpajbHas OKPYXHOCTb HEU3MEHHO
«poxoaut» BOsm3u T. Hopunbek. [l onpeneneHus: JOKaMU U BBISCHEHHUS TPUPOABI I10-
J0OHOTO poja coObITHi ObLTH 3ampoineHbl naHHbie C/C NRIK u mpoBeneHa coBMecTHast oOpa-
00TKa JaHHBIX cOObITHA, KOTOpoe mpousonwio 16.10.2020 r. u nouupyercst B paiione 100bI-
BAIOMIETO MPEIIPHUATHS, a 3HAYHT, C OOJIBIION BEPOSTHOCTHIO, UMEET TEXHOTEHHYIO MTPHPOTY.
Hecmotps Ha TO, 4TO B 00paboTKe y4acTBOBAJIM BCETO JIMIIb JIBE CTAHLIUH, IPOBEJICHA JOCTa-
TOYHO TOYHAS JIOKAIHSI 32 CUET YBEPEHHOTO ONPEACICHHS a3MMYyTaJbHOTO HAIPABJICHUS IO
3anucsm ¢/c NRIK. B npaBoit yacTu pucyHka 2 CIIOIMPOBAHHOE COOBITHE OTMEYEHO KPACHBIM
KpPYTroMm.

OnHako, K T0JJOOHO!H BOJTHOBOM KapTHUHE CIIEAYET OTHOCUTHCS BHUMATENbHEH, TH00bIe
OTKJIOHEHUS OT THUTIOBOH 3aIMCH ¥ W3MEHEHHsI B AIHIIEHTPATBHBIX PACCTOSHHIX MOTYT CBH-
JIeTeIbCTBOBATh O JIPYrOM MPUPO/E COOBITUS U HE OTHOCUTHCS K MHIYCTPUAIBHOM JesITeb-
HocTu BOMM3M Hopuibcka. B Takom cirydae morpeOyercst 6osee TmarenbHas 00paboTka co-
OBITHSI.
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Bropas rpynna celicMuueckux COOBITUH OTHOCHUTCS K 3€MJIETPACEHUSIM B ApKTHUKE.
Heckonbko 3emierpsicenuit 3aperucrpupoBano c/c KOLBA u3 paiiona xpedta Kuumosuua.
Jis BeIIeNeHHs] BCTYIICHUN MpuMeHeHa Gubtpanus B nojoce 1.5-3 I'nq u 2—4 I'u. Jlanusie
COOBITHSI OTMEYEHBI B KaTajloraX MeEXIyHapoAHbIX ceiicmornormuecknx ciy:x6 NORSAR
(Hopgerus) [2], USGS (CILIA) [3] u CCJ] ®ULL EI'C PAH (Poccus) [4]. [Tonydennsle 3anu-
cu c/c KOLBA B pambpHeiiem OyayT BKIIOYCHBI B COBMECTHYIO (MTOTOBYIO) 00pabOTKY IO
naHHbiM ACC. Ha naHHBIE MOMEHT yJaJloCh OLICHUTh PAacCTOSHUE OT SMUIEHTPOB (OKOJIO
2000 kM) 1 MarHuTyy 3aperucTpupoBanHbix coObiTHii 10 ¢/c KOLBA mb=4.0-4.2. B 1ienowm,
CTOUT OTMETHTb, YTO JUIsl OCHOBHBIX CEHCMOAKTUBHBIX 30H ApKTUKH (Xp. KHumnosuua, Mona
u [akkens, apx. [lInunoepren) no nanaeiM ¢/ KOLBA onpenensercs marautyna mb B 005b-
emHo# P-BonHe.
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Puc. 3. BostHoBbIe (popMbI M pparMeHT 00padOTKHU 3eMJIeTPSICEHH S, TPOU30LIEe/AIIee HA
xp. INakkens 12.11.2020 r.

Eme ogHo permonanbHOe 3eMIIETpSICEHUE C MHUICHTPATBLHBIM paccTtosiHueM 1600 Kk,
3aukcupoBanHoe Ha 3amucsax c/c KOLBA, He oTMeueHO B MEXIyHAapOAHBIX KaTajorax.
JlanHoe coObITHE BhIZCNeHO Takke Ha ¢/c OMEGA, Ha 3anucsax c/c SVZ coObITHe HE 3aperu-
cTpupoBaHo. s ompeneneHuss SMHULEHTPA 3eMJICTPSICEHUs JOMOJHUTEIBHO IMPHUBICUYEHBI
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nanabie ¢/c SPAQ. Ilo maHHBIM TpeX CTAaHIUK YAAIOCh JOLHUPOBATH 3eMIICTPSICCHUE B 3amajl-
HOM vacTu xpeOta ["akkens, Kak MOKa3aHO B MPaBOW YAaCTH PUCYHKa 3 KpacHbIM Kpyrom. Jlo-
KajbHas maruutyna ML=4.0 onpenenena o ¢/c OMEGA, mb=4.2 — o ¢/c KOLBA.

PernonansHoe cobObitue 12.11.2020 1. 1=21:28:54.5 06paboTaHo MO JaHHBIM OJHOU
craniuun KOLBA B mporpamme EL [5]. OHo uMmeeT yBepeHHbIE BCTYILICHUS 00BEMHBIX BOJIH
P u S. [lyreM ompeneneHus 3MULEHTPaIbHOrO paccTosHus (A=961 kM) u a3uMyTaIbHOIO
HanpasieHus: (Az=71°) BeIYHCIEH SMUIECHTP ¢ KoopauHatamu ¢=74.04°, A=111.79°. Dnu-
LEHTP HAaXOAMUTCS B paiioHe XaTaHICKOTo 3aluBa, BOIM3U moixyoctpoBa Taimeip. [[ns yTou-
HEHUS JIOKAIIUU TPeOYIOTCS JOTOTHUTEIbHBIC JaHHbIe cTaHnil «Hopunbck» u « TUKCHY.

OnHoO JIOKAJIbHOE ceicMHYecKoe COObITHE ObLTO 3apeructpupoBano 22.10.2020 r. Jlns
BbIJIeNIeHUs] coObITUs TpuMeHeHa ¢uipTparms 6—10 ['m u 8-12 I'n. Bonnoas ¢opma momo6-
HAa 3aIHCSIM JIOKAIBbHBIX 3emiieTpsiceHuit Ha ctanmussx OMEGA, ZFI2, SVZ. O6paboTtka 1po-
BOJIMJIACH TI0 JAHHBIM OJHOW CTaHUWU B mporpamme EL [5], npyrumu cranmmsimu coObITHE HE
3apeructpupoBaHo. IlosoxkeHue 3muIeHTpa omnpenesneHo B akBaropuu Kapckoro mopst Ha
paccrostann  A=190 km. CoObITHe sBIsIETCS CIIa0BIM M HMEET JIOKAJIbHYI0 MAarHUTyIy
ML=1.7. BonHoBbIe hOpMBI U pe3ynbTaThl 00pPaOOTKU MOKA3aHbI HA PUCYHKE 4.
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Puc. 4. BoanoBbie ¢opMbl M (parMeHT 00padOTKH JOKAJIBHOIO 3eMJIeTPSICEHUs
B Kapckom mope 22.10.2020 r.

Ananu3 nepBbIx pe3yabTatoB padorsl ¢/c KOLBA mokasbiBaer, yTO CTaHIUS peru-
CTPUPYET PETUOHANIBHBIE COOBITUS PA3HON MPHUPOJIbI — TEXHOICHHBIE COOBITHUS, CBSI3aHHBIE C
MPOMBIIIJICHHOH AeATeNbHOCThI0 BOIM3UM HOpmiibCka U TEKTOHUYECKHE 3€MIICTPSCEHHSI, TIPO-
UCXOJAIIME KaK B OCHOBHBIX CEHCMOAKTHBHBIX 30HAaX APKTHUKH, TaK Ha CIa00CEHCMUYHBIX
TEPPUTOPHUSIX.

Hayunwiii pyxosooumenv pabomol — k.m.H. Koneunas Ina BuxmoposHua.

Paboma evinonnena npu yacmuunou nodoepacke memwvt HUP nabopamopuu ceticmo-
noeuu, Ne cocpecucmpayuu AAAA-A18-118012490072-7 u epanma PO@DPHU 18-05-70018.
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THE FIRST RESULTS OF THE OPERATION OF THE SEISMIC
STATION "KOLBA™

Ekaterina R. Morozova
FECIAR UB RAS, Arkhangelsk
morozova_er@fciarctic.ru

Summary. On October 11, 2020, a seismic station KOLBA was installed in
the Krasnoyarsk Territory. The station is characterized by a low level of
microseismic background. Regional seismic events of various natures were
recorded on the records of the KOLBA station. There are technogenic events
associated with industrial activities near Norilsk and tectonic earthquakes
occurring in the main seismic active zones of the Arctic. An extended set of
frequency filters should be used to identify regional events in the analysis and
routine processing of KOLBA station data. It is also important to use the
maximum possible number of processing stations.

Key words: KOLBA, seismic station, seismic events, earthquake, epicenter,
magnitude, frequency filter.
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VIIK 550.3:537.811+528.42:551.242
CBSI3b UBMEHUNBOCTHU DHEPTETUYECKOM
XAPAKTEPUCTHUKH SHJIOTEHHOI'O ITOJIS C

CEVMICMHUYHOCTBIO (UYHCKAS OBJIACTD, KbIPTBI3CTAH)

Heneuna Kcenusa Cepzeeena
HC PAH, 2. buwkek, Pecnyonuka Kvipeoizcman
neks@gdirc.ru

AnHoTanusi. B pabote npeacraBieHbl pe3yabTaThl HAOMIOICHUH SHIOTCHHON
COCTABJISIFOIIEH CEMCMUYECKOTO TOJIsA, 3apErMCTPUPOBAHHOIO TPATUEHTHOMN
ycTraHOBKOM Ha MoHuTopuHrosom nyukre HC PAH B r. bunikeke. B kauectse
npuMepa TOBEACHHUS YHEPreTUYECKON XapaKTePUCTUKH B TCUCHHE BPEMEHHU
npuBeeHbl 3anucu aBrycra 2020 r. B CBA3M C CEHCMHUYECKUMHU COOBITHIMH,
3apeructpupoBanHbiME IHPpoBeIMU ceTssMu KNET u KRNET. Caenan BbIBoI
O TOM, UYTO PE3KUH cnaj aMIUIMTYIHbIX 3HAYEHUW SHEPreTHYECKOU
XapaKTEPUCTUKA  MOXET  SIBIATHCS  IPEIBECTHUKOM  MPOUCXOMSAIIETO
3emiieTpsacenns. O60CHOBaHAa MPUMEHUMOCTh TAKOTO MOAX0/1A.

KuroueBsble ci10Ba: celiCMMYHOCTD, IPEIBECTHUK, CEHCMUYECKAsl TPAaJUEHTHAs
YCTaHOBKA, SHJOTEHHAs COCTABJISIOIIAS.

Hayunas cranuus PAH pacnonoxena Ha teppuropun buikekckoro reoguHamuye-
ckoro nosurona B Yyiickoii obmnactu Pecriybnuku Keipreizcran [1]. OTa 30Ha oTHOCHTCS K
AKTUBHOMY BHYTPHUKOHTHMHEHTaJIbHOMY ropHoMy CpenHea3naTcKoMy OpOT€HHOMY MOsCY C
BBICOKOH cericMu4HOCTBIO. C aBrycra 2018 r. B HenpepsIBHOM pexxnMe Ha HaydHo# cTtanumu
PAH Beznercst peructpanys ceiiCMHUUECKOro MO TpaJueHTHON yCTaHOBKOM, pa3paboTaHHON
npu nojaaepkke rpanta PODOU 17-05-00844 [2-4]. B pabote [5] BBeJeHBI MOHATHS dHEPTeE-
THYECKON XapAKTEPUCTUKU SHIOTEHHOM COCTABIISIIOLIEN CEMCMUYECKOTO OIS, H3MEPEHHOTO
Ha TMOBEPXHOCTH 3emiu. [lomyueHsl psibl HaOMOAeHUH MUKpoceiicMuyeckoro myma. B 1e-
71X 00pabOTKM TaKUX JAHHBIX JUIS BBIJEJIEHUS SHIOTEHHOTO IOJISI pealu30BaH aJlfOPUTM U
HOJIy4EeHO CBUACTEIBCTBO Ha mporpammy asist IBM [6].

B mpenpiymmx ucciieqoBanusx [7-13], mMoydeHHBIX B CEHCMOAKTHBHBIX PETHOHAX
[lenTpansHoro Tsanp-IllaHs, f0Ka3aHO HANMYNE IPUYMHHO-CIIEICTBEHHON CBA3HU B IIOBEICHUU
HHEPreTUUECKUX XapaKTEPUCTUK SHJOTEHHOW COCTAaBJISIONIEH CEHCMMUECKOro M 3JIeKTpomar-
HUTHOTO TIOJIEN IMOJ BIMSHHUEM IPOCTPAHCTBEHHO-BPEMEHHOI'O PACIIPEAEICHUS CEHCMUYHO-
CTH W JIYHHO-COJIHEYHBIX NPUJIMBOB. DTOT (aKT CBUIETEILCTBYET O 3aBHUCHUMOCTH MEXIY
BpPEMEHEM BO3HUKHOBEHHUSI CEHCMHUYECKOTO COOBITHS (OKOJIO TOYKM HAOMIOJCHHS) U OTKIM-
KOM B (PM3UYECKUX MMapaMeTpax reoJIOrn4eckoi cpesibl MOHUTOPUHTOBOTO MMYHKTA.

B xauecTBe nCX0QHOr0 MaTepuana AJs aHaJIu3a MOBEJEHUS CEHCMUYHOCTH HA TEPPU-
topun bumkekckoro reoguHamudeckoro nommrona (bI'TI) B mpexenax 41.5-43.5° c.ur., 73—
77° B.Jl. UCIIOJIB30BAJICSI PETMOHAIIBHBIN CECMMUECKUN KaTaJloT, COCTaBlIeHHbIN B HayuHoi
crauiiuu PAH no nanaeim nudposoit cetn KNET, paboratomeli B pekuMe peaabHOTO Bpe-
MeHu u katasnor Mucturyra ceiicmonorun HAH KP, Bxkmouaromnii nanuele cetu KRNET.
Yucno 3emnetrpscenuii no karamory KNET 1-3 kBapran 2020 r. noka3aHo Ha puc. 1.

Hcxons u3 NOCTYNHBIX JAaHHBIX ¢ HainuuueM 3emuerpsceHuil Tsub-lllans BeiOpan
ydacTok ¢ 19 mo 31 aBrycra, kyaa nonaio 1 3emiueTpsiceHue, IpeacTaBISIIONIEe HHTEPEC, 0-
CKOJIBKY OHO IPOU30IILJI0 NOOIN30CTH (B paauyce 25 kM) oT Hay4uHo# cTaniuy, rae ycTaHOB-
JICHA TPaJlueHTHAs yCTaHOBKA.
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Jo1A OMFEAHINHY 3eMIeTPACEHHH 10 OTHOMEHHID KO BCeM 33peTHCTPHPOBAHHEIM ceTeio KNET
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O 9HcI0 OMCEAAHY 3enTeTpaceHRH K=7
Puc. 1. Yucao 3emierpsicenuii nmo karajgory KNET na 1-3 kBapran 2020 r.
«biamxkaiimue 3emierpscenus» B paguyce 25 km ot nynkra HC PAH

JInst WUTIOCTpaluy B3aMMOCBSI3U TTOBEICHUS SHEPreTHUECKON XapaKTePUCTUKH YHJI0-
TEHHOW COCTaBIISIOLIEH celicMuYecKoro 1o, 3aperucrpupoBanHoro Ha nyHkre HC PAH, ¢
CECMHYECKHMU COOBITUSIMH (3€MIICTPSICEHUSIMH), TPOU3OLICIINMH B IEPHOA HAOIIOICHUI
Ha Tepputopun TsHb-111ans, BpeMs: coOBITHSI BRIHECEHO Ha 0Tpe3ok 3amucH 19.08.2020 (UTC
06:22)-31.08.2020(UTC 17:22) aHanu3upyeMbIX SHEPIETUYECKHX XApPAKTEPUCTHK MO IBYM
TOPU30HTAILHBIM KOMIIOHEHTaM cMmemeHui (SX, Sy) (puc. 2). [IpoctpancTBEHHOE pacmoio-
KEHHE 3eMJIETPSCEHUH ¢ OPSAKOBBIMU HOMEpAaMH TIOKa3aHOo Ha puc. 3.
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BriBOaBI

DHepreTUvecKas XapakTepruCTUKa SHIOTEHHOTO0 CEMCMUYECKOro MOJII M3MEHYMUBA BO
BpPEMEHH, U €€ BapHalllK CBSI3aHBI C MPOUCXOAIINMH B peaJbHOM BpeMeHH jaedopMairoH-
HbIMHU TIporieccamu. HaGmromaetrcst 2hekT, KOTOPhIA, BOZMOXHO, SIBIISIETCS MPEIBECTHUKO-
BBIM I IPOUCXOSIINX 3eMIIETPSACEHUI. 3aMeueHo, 4TO Ui ABYX 3eMJIeTpsAceHui (1o Ho-
Mepamu 6 U 7) 3amedeHa oOrmras TeHaeHmus. [lepen 3emierpsicerreM (MpUMEpHO 3a 2-4 Jaca)
HaOI0TaeTCs PE3KU Crajl aMIUIUTYIHBIX 3HAYCHHUI YHEPreTHUECKON XapaKTepUCTHKH, a 3a-
teM (cryctst 2-10 gacoB) uner e€ HapacTaHue. DKCIEPUMEHT C TPAAUEHTHON CeMCMHYECKOM
YCTAaHOBKOM JIOKa3bIBA€T IMPUMEHUMOCTh TAaKOro MOAXOAAa NP COBMECTHOM CEHCMO-
AJIEKTPOMArHUTHOM MOHUTOPHHTE NJisi BBIJICICHUSI SHJIOTC€HHOW COCTaBIAIONICH celicMuye-
ckoro nojs. JlanpHeilne uccieqoBaHus 3annuceld rpaIieHTHON YCTAaHOBKH CBSI3aHbI C JIETEK-
TUPOBAHUEM CIA0BIX CEHCMOAKYCTUYECKUX CUTHAJIOB C TMOMOIIBIO KOPPEIAIIMOHHBIX METOJIOB
10 pa3pabOTaHHOMY AJITOPUTMY TSl BBISIBIICHHSI JOTIOTHUTEIbHBIX 3aKOHOMEpHOCTEH [14].

Bnazooapnocmu. Hszyuenue nogedenusi snepeemuieckou Xapakmepucmuky 3H002eH-
HOU cOCmMagnsaiowell CelcmMuyecko2o noJist 8bINOJHAEMCcs npu noodoepoicke epanma PODU 20-
05-00475. Paboma no ananuzy kamanoza ceUcCMu4eckux cooblmuil u no02omoeKe pe3yibma-

MO8 CPABHEeHUsI 6edemcsi 68 PAMKAx 20cyoapcmeenHoz2o 3adanus no meme AAAA-AL19-
119020190064-9.
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THE RELATIONSHIP OF THE VARIABILITY OF THE ENERGY

CHARACTERISTICS OF ENDOGENOUS FIELD WITH THE
SEISMICITY (CHUY REGION, KYRGYZSTAN)

Kseniya S. Nepeina
RS RAS, Bishkek, Kyrgyz Republic
neks@gdirc.ru

Summary. The paper presents the results of observations of the endogenous
component of the seismic field recorded by the gradient system at the
monitoring point of the RS RAS in Bishkek. As an example of the behavior of
the energy characteristic over time, the records of August 2020 are given in
connection with the seismic events, recorded by the digital networks KNET
and KRNET. It is concluded, that a sharp drop in the amplitude values of the
energy characteristic can be a precursor of an ongoing earthquake. The
applicability of this approach has been justified.

Key words: seismicity, precursor, seismic gradient system, endogenous
component.
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VJIK 551.24
NMPUMEHEHUE BBICOKOTOYHOM KPYITHOMACIITABHOM
ADPOMATHUTHOU CHBEMKMU ITPU U3YYEHUU BHYTPEHHEI'O
CTPOEHUSA ®YHIAMEHTA IIJIAT®OPM

Ilonkoe Hean Bacunvesuu
Kybanckuii zocyoapcmeennwiit ynueepcumem, 2. Kpacuooap
geoskubsu@mail.ru

Annotanusi. Ha npumepe 3anaga TypaHCKOW IUIMTHI MOKa3aHa BO3MOKHOCTh
BBICOKOTOYHOM a3POMarHUTHON CHEMKH MPU U3YUYEHUHU BHYTPEHHETO CTPOCHUS
dbynnamenTa miargopmbel. Ha ocHOBaHWM MPOBEJICHHOTO aHAIW3a BBIICICHBI
KpYIIHBIE CEIrMEHTa 3E€MHOM KOpbl pa3HOro BoO3pacra: MaHIBIIIAKCKUH,
(maneo3oiickas U paHHEKMMMEpHIiCKas CKIaAuaThle CHCTEeMbI), by3aunHcko-
CeBepo-YCTIOPTCKasi ~ 30Ha  KPYIMHOMO3aWUYHOTO MarHUTHOTO  HOJISI
(moxkemOputickuii MmaccuB) U FOxHO-DOMOMHCKas 30HA JIMHEHWHBIX JUCIOKAIUH,
OTBEYAIONIMX OJHOMMEHHON CKJIag4aTod 30HE. PaccmMoTpeHa BHYTpPEHHS
CTPYKTypa BBIJEIEHHBIX TeobnokoB. [IpuBreueHne MmaTtepuaioB TIIyOOKOTO
OypeHHSI TO3BOJIHIIO ONPEICIIUTh COCTAB CIIAraloIIuX X TOPO/I.

KioueBble ciioBa: a3poMarHuTHas ChbeMKa, aHOMaJIbHbIE 30HBI, (YHIAMEHT,
TEKTOHHKA, PA3JIOMBI.

[IpsiMble reoNOrHUeCcKue JaHHBIE O CTPOSHUH (yHAaMEHTa MIaT(GOpPMEHHBIX TEPPUTO-
pHii OrpaHUYEHbl MaTepHaJaMHy, OJYYEHHBIMU B ITTyOOKMX CKBa)KMHAX, paclpoCTpaHEHHbBIX
K TOMY € Ha IUIOIa i KpailHe HepaBHOMEpHO. B 3Tux ycnoBusax 0osbIiioe 3Ha4eHue npruoo-
peraeT reodusnyueckas nHpopmanus, 0COOEHHO MArHUTOMETPHUECKasi, TOCKOJIBKY B MarHuT-
HOM I10JI€ OTPaXKaroTCsl BHYTPEHHHE HEOTHOPOAHOCTH CKJIaJ4aTOr0 OCHOBAHUS IIIAT(OPMBI.

Hccnenyemass tepputopus 3amajga TypaHCKOM IUIMTBI NEPEKPHITA BBICOKOTOYHOMU
a’poMarHuTHOM cheMkoi macmrada 1:50000 [4, 7] TlpumeHeHHEe BBHICOKOYYBCTBUTEIHHOM
KBAaHTOBOH amnmaparypbl IO3BOJIMIIO BBIIOJHUTE PE3yIbTUPYIOLIHE rpaguuecKkie IOCTPOSHUs
¢ ceueHueM B 2 HTJ. AHanu3 MOJIy4eHHOr0 MarepHraia o3BOJIIET BHECTH BECOMBIE KOPPEK-
TUBBI B CYLIECTBYIOIINE MPEICTABICHUS O NIyOMHHOM CTPOEHHU PAacCMaTpHUBAEMOr0 PEruo-
Ha.

Ha camom rore miomaan ucciaenoBaHui, B IpeJenax ceBepo-3anagHoro ckioHa Kapa-
0ora3ckoro cBoJia, BBIIEISIOTCS /IBa YAJUHEHHBIX JIOKaTbHBIX MUHUMYyMa ATa, pasmepamu 40
x 15 km (puc. 1, 1 —31€ch U nanee HOMEp COOTBETCTBYET HOMEPY TEKTOHHYECKOTO 3JIEMEHTAa,
OTMEUEHHOTro Ha pucyHke). ['myObokumu ckBakuHamu Ha miomaasx bykOam, bupbac, Tam-
abl, FOxxHbI AnamypsiH — Jl>kaHaopria, pacroyararoliuMcsi Ha nepuepuitHbIX 4acTsax JaH-
HBIX MHUHHMYMOB BCKPBITHl I'PaHUTOUJIHbIE UHTPY3uHU. Clie0oBaTeIbHO, MOKHO TOBOPUTH O
TOM, YTO 3TUM MHHMMYMaM OTBEYAlOT KpyMHbIEe OAaTOIUTHI B Tene ¢pyHaameHTa Kapaboras-
CKOT'0 MaccuBa.

K ceBepy oT HuX BbIAENsAETCA JUHEWHAs 30Ha (MpuHa okoyio 10 kM) cnaldbix cyOmu-
pOTHBIX MakcUMyMOB (2) Ilo naHHBIM KOJMYECTBEHHBIX pacyeToB TINIyOWHA 0 BepxHEH
KPOMKH MarHUTHBIX Macc kKonebnetcs oT 4,4 1o 6,0 kM. VM ke COOTBETCTBYIOT U JIOKAJIbHBIE
AQHOMAJIMH TIOBBIIIEHHBIX 3HAUEHUH YCKOPEHHUs CHIIbI TsKecTH. B rutane maHHas 30Ha coBma-
JIAaeT ¢ 0KHOM yacThio KapaaynaHckoro Bana (30Ha CKJIaa4aToro NepMo-Tpuaca), OTAEIECHHO-
ro ot Kapabora3zckoro mMaccuBa KpYIHBIM pa3jiOMOM, U MOXKET COOTBETCTBOBaTh MOPOJaM
OCHOBHOT'O U YJIbTPAOCHOBHOT'O COCTAaBOB, BXOJSIINM B COCTaB PaHHEKUMMEPUHCKOTo oduo-
JAUTOBOro Komiuiekca. IlocneqHuil qetanbHO U3y4eH Ha I0ro-BOCTOYHOM MPOJOJIKEHUU JIaH-
HOU 30HBI B npenenax Tyapkpipckoil anTHKIMHAIM [1]. AHANIN3 TeoPpU3nIecKuX MaTepruanoB
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IPEALIECTBYIOMNX JIET MO3BOJIMI MPOCIEIUTh PACHPOCTPAHEHUE JIAHHBIX OOpa3oBaHUN Ha
3amaj U I0ro-BOCTOK OT PacCMaTpUBacMOM ILIOIIAAU Ha paccTosiHue okosio 800 kM B akBaTo-
puto Kacnus.

Puc. 1. Ctpoenne ¢pyHaaMeHTa 3anagHbIX pailoHoB TypaHCKoil NUJIMTHI 10 MaTepHaJIaM
BBICOKOTOYHOI 2a3POMArHUTHON CbeMKH

1 — 30ubI MakcuMyMoOB ATa; 2 — 30H61 MUHUMYMOB ATa; 3 — BeicokorpaaueHTHble 30HbI ATa;
4 — ocH TOJIOKUTENBHBIX AHOMAIUI; 5 — OCH OTPHUILATENBHBIX aHOMaUM; 6 — c1ab0BO3MY-
IIEHHOE MarHUTHOE 10JIe; 7 — OCHOBHBIE MonepeuHble HapymeHus. Lludps! Ha kapTe - Hyme-
panus aHOMAJIbHBIX 30H, HAUMCHOBAHUSA CM. B TCKCTC.

Cesepnas nonouHa Kapaaynanckoro Bajga 0ToOpa)kaeTcsi B MArHUTHOM TI0JI€ B BUJIE
y3ko# (10 — 15 kM) 30HBI MOBHIIEHHBIX 3HAYEHUH TOPU3OHTAILHOTO TpaaueHTa (3).

Haubonee xpynHONl M CIIOKHO MOCTPOEHHOM CTPYKTYpHOH enuHuIlel ¢yHIameHTa
spisiercs JKa3rypiuHckas Jienpeccusi, OToOpaxxeHHasi B peruoHanbHoM 1osie ATa B Buzae 00-
mpHoro muHumymMma (puc. 1). C ceBepa u rora Ha ero (poHe BBLAENSAIOTCA /1Ba JIMHEHHBIX MU-
HuUMyMa (4, 5), Hanbosee MHTEHCUBHBIN U3 HUX — I0XKHBIN, npuiieraromuii k KapaaynaHnckoi
TPAIMEHTHOM 30HE U IIPOJIOJIKAIOIINICS Ha 3anaja B akBaToputo Kacnims. He nckirodueHo, 4to
MOCJETHUI CBS3aH C 30HOM pa3BUTHS MPaMOPHU30BAaHHBIX U3BECTHIKOB IMAl€030MCKOro QpyH-
JTaMEHTa, BCKPBITBIX OypOBBIMU CKBa’KMHAMU B ceBepHOil uacTu Tyapksipa [1].

B npenenax Xa3rypauHckoit nenpeccu 0TMedaeTcss U Ipyroi TUI aHoMasuii (oceBast
€€ 4acTbh), UMEIOIIUX U30METPUUYHYI0 (OPMY U CIPYNIHUPOBAHHBIX B €IMHYIO 30HY CEBEPO-
3anagHoro npoctupanus (6). B mokanbHON COCTaBIAIONIEH MAarHUTHOTO IOJIE UM OTBEYAIOT
OTUYETJIUBBIE TOJOXKHUTENbHbIE aHOMaluu. KonndyecTBeHHbIE pacueThl MOKa3bIBAIOT TITyOUHY
JI0 BEpXHEW KPOMKHM MarHMTOBO3MYLIAIOIUX OOBEKTOB OKOJO 5,1 KM, 4TO B MEPBOM IpH-
OJIMKEHUH COOTBETCTBYET MOBEPXHOCTH (hyHIAMEHTA.
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AHanornyHas aHoMmajbHas 30HA, HO MMEIOIIas TyroodpasHyo (Gopmy, BbIIBICHA Ha
Mbice [lecuanbiii. AHOMaIMU CMEUIEHBI IPYT OT Apyra Ha pacCTOSHUE OKOJIO 35 KM MO KpyI-
HOMY JIEBOCTOpOHHEMY cABUTY [2]. B mpezgenax ceBepo-3ananHoil anomaniuu Ha ONManinH-
CKOM IUIOIIAAX MHOTOYHMCICHHBIMU CKBaXMHAMHU BCKPBITHI METaMOP(UUECKUE CIIAHIbI, IPO-
pBaHHbIE HHTPY3Uei rpanuToB (riryOuHsbI 3,5 — 3,9 kM). ['paHUTHI IPAKTUYECKH HEMarHUTHBI.
B T0 3xe BpeMs pacyeTsl oKa3aiH, 4YTO BEPXHUE KPOMKH MarHUTHO-BO3MYIIAIOIUX OOBEKTOB
HaxoJaTcs 37eck Ha riryoune 5,0 — 5,6 kM. CrienoBaTeabHO, MOXKHO MIPEANOararb HaJIMuue B
6osee riry0OKMX rOpU30HTaxX (PyHJaMEHTa MarMaTHYECKUX TeJl CPETHEro U J1a)Ke OCHOBHO-
ro cocrasa. [loATBep)KIECHHEM 3TOMY MOTYT CIYXHTh JalKu A1a0a30BBIX MOP(UPHUTOB, a
TaKXe JalKu cBeXHX Mopoi 0a3albTOMIHOrO OOJIMKA, IIOJCEYCHHBIE 3/1€Ch B PALE CKBAXKHUH
[9].

Kak ormeuanocs Bbime, B 60 KM K IOI'y pacliojiaraercsi 30Ha, OTOXIECTBIIAeMas C
JPEBHUM O(HOIUTOBBIM HIBOM, T.€. MO’KHO TOBOPHTH O HAIMYHH 3/1€Ch MOTPEOCHHON paHHe-
KHUMMEpUICKOM cyTypbl. B TakoMm cilydae He MCKJIIOYEHO, YTO ONMCAHHAs 30Ha U30METpUY-
HBIX aHOMAJINW, OKaWMJIAIOIIAs €€ C BHEIIHENH CTOPOHBI, OTBEYAET MAJIIEO30MCKUM BYyJKaHUYE-
CKUM IIOCTPOHKaM, IMOCTABJISBIINM MarMaTU4eCKUi MaTepHaj aHAe3uT0-0a3anbTOBOIO psja.
CnabookaTaHHBIE TATBKH 3TUX TMOPOJ U3BECTHHI B HU3aX IEPMO-TPUACOBOTO pa3pe3a, BCKPbI-
toro ckB. Temup-ba6a 1-I1 [1].

K ceBepy B permoHagbHOM MarHUTHOM I10JI€ BBIIEISIOTCS JBA KPYIHBIX MaKCUMyMa
pazmepoM 100 x 30 kM KaxKblif, CMEHIEHHBIX APYT OTHOCUTEIBHO JIpyra MO JIMHEAMEHTY ce-
BEPO-BOCTOYHOIrO npoctupanusi Ha 35 kM. CeBepo-3amagHblii U3 HUX CEUET COBPEMEHHYIO
1aT(GOPMEHHYIO CTPYKTYPY, IPOCTUPASACH OT 3amajHoi nepuxinHanu beke-bamkynykckoro
Basa 710 JKeTpr0aiickoit Tpynmsl CTpykTyp XKeTbiOaii-Y3enbckoii crynenu (7). Boctounsrii (8)
B IJIaHE IIPUMEPHO COBMAJACT C FOr0-BOCTOYHON nepukimkanbio beke-bamkynykckoro Baia
C AMULEHTPOM B paiioHe noanstus [lanabaii. /laHHbIE CTPYKTYpbl MHTEPIPETUPYIOTCS HAMU
KaK BBICTYIIBI (DyHIaMEHTa, HHTPYIUPOBAaHHbIE MAarMaTUYECKUMHM TeJIaMU KHCIIOTO UM Cpej-
Hero cocrtaBa. [nyOokum OypeHHMEM OCBEIIEHO CTpoeHue (yHAaMeHTa JyHTHHCKO-
XKetsr6aiickoro 6ioka Ha minomansiax CesepHoe Kaparue, CeBepo-3anannsiii XKetsi0aii, bek-
Typasl, JKerbi6ait, [Tpunopoxnas u FOxubiii XKerbibaii u ap. [6, 8] Cnaraercst oH ciabome-
TaMOP(QHU30BAHHBIMU TEPPUTCHHBIMU OOPa30BaHHUAMM, HECYIIUMH Ha cele cialble cielsl
TepMaJIbHOTO Bo3jaelcTBUsA MHTpY3ui. Ha mnomaznsax Cesepo-3anagusiii XKetwi6aii u Cesep-
Hoe Kaparue, npuOInMKeHHBIX K €ro aluKaibHON 4acTH, OTMEUEHO TaKXKe Pe3KOe COKpallle-
HUE MOLIHOCTU TPUACOBOI0 pa3pes3a, 0COOEHHO €ro HUKHEW MEeCTpOLBETHOW YacTu (10 mep-
BBIX JECATKOB METPOB), C MOSBIEHUEM apK030BOW ApecBbl. Ha nmoanstun boproBoe ckBau-
HaMM BCKpBITa IO3JHEKAMEHHOUTONbHbIE I'paHUThl [6]. [IpsAMbIX cBeneHuil O TIyOMHHOM
ctpoenun 1lanabaiickoro 0noka Het. Ilo ananoruu ¢ Jlynruacko->Kerpi0aliCKUM BBICTYIIOM
JIOITYCKAeTCsl CXOAHOE €Er0 CTPOCHHUE.

C rro-3amana 06a MakCUMyMa OTpaHUYEHBI MOIIHBIMU 30HaMU TpagueHToB ATa (9),
CMEILEHHBIX TaKXe I10 JIaTepalli 10 MONEPEYHOMY HApyLIECHUIO.

K ceBepy OT OMMCaHHBIX BBICTYIIOB BBIJEISETCS y3Kas mpoTshkeHHas (350%20-25 k)
30Ha JIMHEHHBIX MUHUMYMOB (10). B 3amagHoil yacTu oHa 4eTKo coBmajaer B miaHe ¢ Ya-
KBIPraHCKUM IJIaTGOPMEHHBIM MPOTUOOM, B BOCTOUHOM CMeNIaeTcs K CeBepy OT HEro, 3axBa-
TeIBas paiioH TymraumHckoro Bana. He uckitoueHo, 4To oHa (UKCHPYET paclpoCTpaHEHHE
KapOOHATHBIX OTJIOXKEHHHM B Maje030HMCKOM pa3pese, Ha YTO KOCBEHHO MOTYT YyKa3bIBaTb
OOMJIbHBIE HAXO/IKH TJIbKU N3BECTHSIKOB KapOoHa Ha TyMraunHCKOM Bajie M1 HEKOTOPBIX JIPY-
rux miomansax Bocrounoro Manrblnuiaka, a TakXke pe3ylbTaThl OypeHHs] Ha IUIOIIAIu
Caypa-Cerenipl, T71€ BCKPBITHI KapOOHATHBIE OTJIOKEHHS Mae030icKoro gpyHaamenTa [8].

Kaparayckass MEeraHTMKIMHaIb B MATHATHOM II0JIE€ OTpa)k€Ha MOIIHOW 30HOW rpajau-
entoB ATa (11), OClIOKHEHHOH JIOKAJIbHBIMU TOJOKUTEIBHBIMU aHOMAIHUSIMU CEBEPO-
3alaIHOM OpUEHTAlMy, PacloaraloUIMMUC KyJINCOOOpa3HO M COBNAJAIOIIMMU B IUIAHE C

98



XXII Ypanbckas MOJOEKHAS HAyYHAs IIKOJIA TI0 Te0PH3UKe

xpebramu 3amagHoro u Bocrounoro Kaparay, rie Ha JHEBHYIO MOBEPXHOCTH BBIBEICHBI
CKJIaJuaThie 00pa3oBaHUs MepMo-TpHaca.

JleTaslbHOM a’pOMAarHUTHOM CBEMKOM 3aKpbITa JIMINb 3amajgHas 4acTb BocTo4HO-
Mamnrspinakckoi 30Hbl qucinokanuid. [lone ATa umeer 31ech MEITKOMO3aM4HOE CTPOCHHE,
OTpaKarollee CIOKHYIO CKJIaI4aTO-HAIBUTOBYIO CTPYKTYPY AaHHOU Tepputopuu (12).

KpymnHas 30Ha pa3BUTHS UHTPY3UBHBIX MTOPOJ OCHOBHOI'O, BEPOSITHO rabOpOBOro, co-
cTaBa pacrnosaraercs B npeaenax FOxHo-byzaunHckoro nmporu0a, KOTOpoMy B ILIaHE COOT-
BETCTBYET NMpOTsDKeHHBINH (280 kM) nuHelHbIN (mmmpuHa 35-45 kM) makcumym ATa, odepun-
BarolMii MaHIBIIUIAKCKYIO CUCTEMY JUCIIOKaluil ¢ ceBepo-BocToka (13). CmeHa 3Haka mosus
npoucxoauT no-kpynHomy Keipbiacko-TokybailickoMy pasiiomy, OoTaenstouieMy mporud ot
Ceepo-by3aunnckoro u ApcranoBekoro MuHuMyMoB ATa (14 u 15 coorBercTBeHHO). DyH-
JAMEHT IOCJIETHUX CIOXKEeH cI1abOMarHUTHBIMH MopofaMu. B ux mpeaenax oTmedarorcs 10-
CTaTOYHO OOIIMPHBIC 1O TUIOIIAAN JIOKATbHBIE MaKCUMYMBI ATa, yKka3pIBaromue Ha pa3BUTHE
uH3 3P PYy3UBHBIX MarMaTUYECKUX MOPOJ CPETHET0 cocTaBa. PacueTsl MOKa3bIBAIOT HA MPU-
YPOUEHHOCTh MX K HU3aM JIOIOPCKOr0 0caJoyHOro komiuiekca. Ha psne miomaned 3aech B
HU3aX JOIOPCKOTO pa3pe3a BCKPBITHI JallKy aHIE3UTOBBIX MOP(GUPUTOB — BO3MOXKHBIX MO/IBO-
JAIIMX KaHaJI0B MarMaTU4YeCKUX pacIlIaBoB.

bonee mmpoxoe pasButue 3hy3uBHBIX 00pa30BaHUIl CpeHEro COCTaBa B JIOTMEPM-
CKOM pazpese mnpezamnosaraetcs B paiione Kynrykckoit nenpeccuu (16), oTpakeHHON B Mar-
HUTHOM I10JI€ MTOBBIIICHHBIMU 3HaUeHUsIMU ATa.

Pacrnionoxxennbiil ¢ ceBepa FHOxHO-DOMOeHckuii nporu6d (17) oTpakeH B MarHUTHOM
10JIE€ MOIIIHOW 30HOM MOJIOKUTENbHBIX 3HaueHU ATa 1 orpaHuyeH C ceBepa U rra pe3kuMHu
IpaJUEHTHBIMU 30HAMH. BHYTpH HEro OTYETIMBO BBIPUCOBBIBAETCS y3Kas JIOMaHas JMHUS
WHTCHCUBHBIX IOJIOKHUTEIBHBIX MAaKCUMYMOB, (DUKCUpYIOIIas, BEPOATHO, Pa3BUTHE YIbTpa-
Oa3uToB. JlaHHas 30HA MpPOCIIEKUBAETCS Jajiee Ha 3amajl HECKOJIbKO CEBEpHEE IMOJIyOCTPOBa
by3aun yepe3 Kacnmiickoe Mope, I0’KHYI0 4acTb ACTpaxaHCKOro cBoja K Bany KapnuHckoro
B [IpeakaBkasbe [5, 7].

[Ipu paccMoTpeHHUH ONMMCAHHON KapTUHBI B LIEJIOM OTMETUM, YTO B MAarHUTHOM I10JIE
AHAIU3UPYEMON TEPPUTOPUU OTUYETIMBO BBIIEISAIOTCS TPU KPYIHBIX CEIMEHTa 36MHOU KOPBI:
1) Manrsinutakckuid, Bkitovaromuii u FOxxHo-by3zaunHckuit MakcumMyM, I7ie pa3BUTHI JTUHEH-
HbIE aHOMAaJIbHBIE 30HBI CEBEPO-3aMaHON OpueHTanuu (Iaaeo30iicKas CKiIaadaTas 30Ha), 2)
by3aunHcko-CeBepo-Y cTIOpTCKas 30Ha KPYMHOMO3au4HOTIO MarHUTHoOro nois u 3) FOxHo-
OMOMHCKas 30HA JIMHEHHBIX JUCIIOKAIMi, OTBEYAIOIIMX OJHOMMCHHOM CKJIagdaToll 30HE.
CXOnHBIN XapakTep MarHUTHOIO IOJS CEBEPHOM 4YacTu mnoiyoctpoBa bysaunm m CeBepHoOro
VYcTiopTa NOo3BOJISIET BKJIIOYUTH MEpBYI0 B cocTaB (CeBepo-YCTIOPTCKOrO JOKEMOPUHCKOTo
MaccuBa. ['panunia ero ¢ MaHTBIIIIAKCKUM Teo0JI0KOM TTpoXoAuT 1o Jmauu Kapaxanbac —
Kb13an — KbIpbIH, coBIaaas ¢ KpynHbIM pErHMOHAIBHBIM HaaBUroMm [3]. B To xe Bpems, iu-
HEWHBIN XapakTep aHoManuil B mpexaenax FOxHoro MaHrelaka He MOATBEPKIAET J10CTa-
TOYHO IIUPOKO PACIPOCTPAHEHHYIO TOUKY 3pEHHsI 00 OTHECEHMH €r0 K MacCUBY JOKEeMOpHii-
CKOM KOHTMHEHTaJIbHOM KOopbl. Tepputopuss MaHrsiuiaka A0KHA ObITh BKJIIOUEHA B COCTAB
SIUNAIE030MCKON CKIIa4aToON 30HbI 3anaaa TypaHCKOM IIIUTHI.

Taxum oOpa3om, aHaIM3 MaTepUaIoB a3pPOMarHUTHON ChEMKH B KOMILJIEKCE C MaTepu-
ajlaMu OypeHHsI TT03BOJIMII BBISICHUTh OCOOCHHOCTH BHYTPEHHETO CTPOEHUsS (QyHAaMeHTa 00-
UPHOU TeppuTopuu 3amnana Typanckoit muTel. [locnennee maet BO3MOXHOCTE Oosiee apry-
MEHTHUPOBAHHO TOJOWTH K PACKPBITUIO 3aKOHOMEPHOCTEN €€ I'eO0JOTMYECKOro pa3BUTHS U
OILICHKE MEePCIEKTUB HE(PTEra30HOCHOCTH.

Paboma evinonnena npu ¢unancosoti noooepixcke PODU, npoexm 19-05-00165-a,
PODU u aomunucmpayuu Kpacrnooapcrkozo xkpas, npoexm 19-45-230005 p_a.
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APPLICATION OF HIGH-PRECISION LARGE-SCALE
AEROMAGNETIC SURVEY IN THE STUDY OF THE INTERNAL
STRUCTURE OF THE FOUNDATION OF PLATFORMS

Ivan V. Popkov
Kuban State University, Krasnodar
geoskubsu@mail.ru

Summary. On the example of the west of the Turan plate, the possibility of
high-precision aeromagnetic survey in the study of the internal structure of the
platform foundation is shown. Based on the analysis, large segments of the
earth's crust of different ages were identified: the Mangyshlak (Paleozoic and
Early Cimmerian folded systems), the Buzachin-North Ustyurt zone of a large-
mosaicmagnetic field (Precambrian massif) and the South Embin zone of linear
dislocations corresponding to the folded zone of the same name. The internal
structure of the selected geoblocks is considered. The use of deep drilling
materials made it possible to determine the composition of the rocks
composing them.

Key words: aeromagnetic survey, anomalous zones, foundation, tectonics,
faults.
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YK 550.38; 550.348
I'EOMAT'HUTHBIE AHOMAJIMH B ITIEPUO/J 3BEMJIETPACEHUA
B OI'EMCKOM MOPE (2020)

Paboea Ceemnana Anexcanoposna
HJITI" PAH, 2. Mockea
riabovasa@mail.ru

Annoramusi. 30 okTsa6ps 2020 r. B 11:51 nmo I'punBuuy B DrefickoMm mMope
MpOM30IUIO 3emiieTpsiceHue ¢ wmaraurygo 7,0. B panHoil  crathe
MPEACTABJICHBl PE3yJbTAaThl aHAIU3a JAHHBIX T'€OMAarHUTHOTO MOHUTOPUHIA B
IIEPUOJ OCHOBHOI'O TOJIYKA 3E€MJICTPSICEHUsA. B KayecTBE MCXOIHBIX JAHHBIX
UCIONB3YIOTCS ~ PE3yNbTaThl ~ MHCTPYMEHTAJIbHBIX  HAOMIOIEHWil  3a
reoMarHuTHeIM 1osieM Ha oOcepBatopusix cetu MHTEPMAI'HET u Ha
I'eodusnueckoii oocepparopun «Muxueso» UJII" PAH.

KiroueBbie ci10Ba: 3eMIETPACEHHME, TE€OMAarHUTHOE TII0JIe, BapHalUH,
aHOMaJINH, UHCTPYMEHTAIbHbBIC HAOTIOACHHUS.

30 oxTs6psa 2020 r. B 14:51 no mectHomy Bpemenu (11:51 mo I'punBuuy) B Oreiickom
MoOpe Mpor30nuIo 3eMierpsicenue. ['eomorndeckas cimyx6a CIIA (USGS) onennia Maraury-
ny 3emuierpsicerusi B 7,0 [9]. DnuueHTp coObITHS pacnonarajics npuMepHo B 14 KM K ceBepo-
BOCTOKY OT Ipedeckoro ocrpoBa CaMoc U roro-3amajHee 1Mooepexbsi TypelKOil TPOBUHLIUU
N3mup.

3emMyIeTpsACeHHE TPOU3OIIIO B PE3yJIbTaTe HOPMAJILHOTO cOpoca Ha HEOOJBIION TITy-
OuHe 3eMHOM KOpBI B Mpeenax TeKTOHUYeCKOW MiuuThl EBpa3uu B BOCTOUHON YacTu Oreil-
CKOTro Mops, puMepHO B 250 KM K ceBepy OT Oirpkalieil TpaHUIbl OCHOBHOM IUIMTHI, TJ€
AdpukaHckas muTa nepeMeniaeTcs Ha CeBEp O CKOPOCThIO mpuMepHO 10 MM/TOl1 B CTOPOHY
EBpasuu [9]. U3-3a MecTOnonoXKeHHsl AMUIEHTPa 3€MJIETPSCEHUE CUUTAETCS BHYTPHUILUIUT-
HbIM. bbLTO 3apeructpupoBano B o01ieit cnoxxkHoctu 6onee 140 adTepiiokos.

Tabnuua 1
IlapameTpnl ouara 3emJieTpsicenusi B JreiickoMm mope (2020)
Bpems UTC Iupora Jlonrora I'ny6uHa, KM mww
11:51:27 37.897 26.784 21 7.0

I'eoMarHuTHBIE AHOMAJIMU B MIEPUO]] 3EMJIETPACEHUN HEOJHOKPATHO PacCMaTpUBAIIUCh
B nuteparype [5-8]. B memom, oOHapyXeHO, YTO Ha MOCIETHEH CTaauu MOATOTOBKH 3eMJe-
TPSICEHUS, B IIEPHOJ] OCHOBHOT'O TOJIYKA, a TAKXKe B MEePHO aQTeplIoKOBO aKTUBHOCTH PETH-
CTPHPYIOTCSI BO3MYIIEHHSI MATHUTHOTO TIOJISE HA 3eMHO# MOBEpXHOCTH [2-4].

B nacrosieit pabore npencTaBieHbl MpeiBaApUTEIbHBIE PE3YIbTaThl HHCTPYMEHTANb-
HBIX HaOIIOJCHUN 32 TEOMarHUTHBIM 3(DPEKTOM, COPOBOXKIAIOLINM 3eMIIETpsSICEHHE B Jrei-
ckom mope (2020).

B kauecTBe MCXOIHBIX HCHOJIB30BAIMCH PE3YNbTaThl MHCTPYMEHTAJIbHBIX HaOIIO/e-
HUH, BBHINMOIHEHHBIX B ['eodusnueckoit odceparopun «Muxueso» UJII' PAH u B HekoTOpbIX
obcepBaropusix cetu MHTEPMAI'HET (taGa. 2).

Jlnst aHaJM3a MCMONB30BAUCH PSIbI HU(POBHIX 3amMMceil MarHUTHOTO TIOJISA, BBIMOJ-
HEHHBIX Ha 3€MHOM IOBEPXHOCTH, C()OPMUPOBAHHBIE C JUCKPETHOCTBIO | MHUH Ha OCHOBE
nanubix cetu MHTEPMATHET u ¢ auckpetHocThio 2 ¢ Ha ocHOBE AaHHbIX MHV.
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Tabmuna 2
CHuCOK MyHKTOB reOMAarHITHOT0 MOHUTOPHHTA
Ha3zBanue Kon [upora Honrora | PaccrosHue a0 co-
OBITHS, KM
benbck (Ilonpa) BEL 51.84 20.79 1619
bynkos (Yexus) BDV 49.08 14.02 1610
Upkyrck (PD) IRT 52.27 104.45 5995
W3nuk (Typuus) IZN 40.5 29.72 384
Xabaposck (PD) KHB 47.61 134.69 8132
Kues (Ykpauna) KIV 50.72 30.3 1453
Jlonncko ITose (XopBatws) LON 45.41 16.66 1184
JIsBOB (YKpaunHa) LVV 49.9 23.75 1356
MuxueBo (P®D) MHV 54.94 37.73 2067
Hanpuenk (Benrpus) NCK 47.63 16.72 1356
Hosocubupck (P®D) NVS 54.85 83.23 4572
[Tanarstopumre (bosrapus) PAG 42.5 24.2 557
C.-IletepOypr (PD) SPG 60.54 20.72 2553

AHanmuM3 TeOMarHUTHOM OOCTAHOBKH B TMEPUOJ 3E€MIICTPSICEHUS IOKa3aJ, 4YTO 3a
30 oxts6ps 2020 r. 3HaueHne Kp-mHACKca HE MPEBHICKIIO 2, a MAaKCUMaJbHOE 3HAYCHHUE 3a
cytku K-ungekca Hadmomanocs B nepuof ¢ 21:00 30 oxtsOps 2020 1. mo 00:00 31 okTsi6ps
2020 r., 9TO CBUIETENHCTBYET 00 OTCYTCTBUU 3HAYUMBIX MPOSBICHUI MAarHUTHOW aKTHBHO-
CTH B Iepuo 3emieTpsceHus B OrefickoM Mope (2020). DTo no3BoJIsIO BbLAEIATh HaBEICH-
HbIE 3eMJIETPSCEHNEM I'€OMarHUTHHIE BapHallui Ha (POHE COTHEYHON COCTaBIISIONIEH.

O6paboTka U aHAIU3 PE3yAbTATOB PETUCTPAIIUU MArHUTHOTO IOJIs, BBIMOJTHEHHOW Ha
o0cepBatopusix cetn MTHTEPMATI'HET u Ha oOcepBaTtopun «MHXHEBO» B IEPUOJ 3€MIIETPS-
cenust 30 oxTa0psa 2020 r. mokasajiu, 4TO B NEPUOJ OCHOBHOTO TOJIYKA 3€MJIETPSICEHUS (PUK-
CUPYIOTCSI TEOMAarHUTHBIE BO3MYIICHNS. AHOMAJIUU BO3HUKAIOT IPAKTUYECKH OJHOBPEMEHHO
Ha 3alMcsX 00cepBaTOpUi, OTCTOALIMX JAPYr OT Jpyra Ha 3HAYUTEILHOM paccTOSHUU. BbI-
3BaHHbBIC 3EMJIETPSCEHUEM I€OMAarHUTHBIE BO3MYILEHUS, B LIEJIOM, MPOSBISAIOTCS B BUIE II0O-
BBIIIEHUS MHAYKIIMY MarHUTHOTO noJisd. CineayeT OTMETUTh, YTO aHaIU3 3alluceil MarHUTHOTO
HOJIST OCJIOKHEH TEeM, YTO HEMOCPEICTBEHHO 32 OCHOBHBIM TOJYKOM HaOJrofanuch adrepiio-
KOBBIE COOBITHSI.
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GEOMAGNETIC ANOMALIES DURING THE AEGEAN
EARTHQUAKE (2020)

Svetlana A. Riabova
IDG RAS, Moscow
riabovasa@mail.ru

Summary. On 5 September 2012 at 20:11 GMT, an earthquake of magnitude
mww 7.0, located in the Aegean Sea was happened. This article presents the
results of the analysis of geomagnetic monitoring data during the main shock
of the earthquake. The initial data are the results of instrumental observations
of the geomagnetic field at the INTERMAGNET observatories and at the
Mikhnevo Geophysical Observatory of the IDG RAS.

Key words: earthquake, geomagnetic field, variations, anomalies, instrumental
observations.
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ONPEJEJEHUE ®PAKTAJIBLHON PASMEPHOCTH
IMMPOCTPAHCTBEHHOT O PACHPEJIEJIEHMS DTIMIIEHTPOB
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EHTPAJILHON YACTH APMEHUHA

'Caaxan Babken Bazzenosuu, “T'eodakan Ioyapo I'puzopvesuu,

30zanecan Cesaoa Mkpmuueguu, *Kapaneman Jlncon Kocmukoguu,
SMrpmusan Mepu Apmywosna

Hucmumym 2eogpusuxku u unscenepnoii ceiicmonozuu um. akao. A.I.Hazapoea,
Hayuonanvnoii Akaoemuit Hayx Pecnyonuxku Apmenuu,

2.I'ompu, Pecnyonuxka Apmenus

sahakyan_babken@mail.ru, geodakyan.e@mail.ru, jiges@mail.ru,
4jon_iges@mail.ru, *mary-mary-86@mail.ru

AnHoTanusi: Ha ocHOBe mNOHATHM caMONogoOHON uepapxuu OJIOKOBOH
JeNUMOCTH 3eMJIM M [PUMEHEHHE KJIETOYHOM MeToJa 3aroJHEHUe
CEICMOAKTHBHBIX 00JIaCTeW, OBLIM OIpeneleHbl (paKTaIbHBIE Pa3MEPHOCTH
MPOCTPAHCTBEHHOTO PACHPEEICHUE SMULEHTPOB 3€MJIETPSICEHUNW M CUCTEM
CeTell pPa3JOMOB Ha TEPPUTOPUU IEHTPAIbHOW YacT ApmeHuu. Pesynbrar
aHaJIM3a YKa3blBAET HA YETKYI0 KOPPEJSIUIO BBIACICHHOW MPOTSKEHHOU
HUEPAPXUYECKON CTPYKTYpPbl CEHCMHUYHOCTH C OTJEIbHBIMH CECMOAKTUBHBIMU
paznmomamu  Tepputopuu. llosydeHHbIE ~ KOJMYECTBEHHBIE  3HAYCHUS
De=1.85+£0.15 u Df=1.9240.12 yka3pIBatoT Ha CXOJCTBa MPOCTPAHCTBEHHBIX
XapaKTePUCTHK Ppa3JIOMOB TOJEH SHUIEHTPOB U, CIEAOBAaTEIbHO, OOIIYIO
cOaIaHCUPOBAHHOCTH JBYX MPOIIECCOB.

KiroueBble ciioBa: SMUIICHTP 3eMIIETPSCEHHM, (pakTambHas pa3MEpHOCTD,
CeTell aKTUBHBIX Pa3JIOMOB, KJIETOUHBIH METOJ], HepapXHUuecKasi CTpPYKTYpa.

CornacHo COBpEMEHHBIM MPEJICTaBICHUSIM, TUTOC(hepa — CTPYKTypUpOBaHHas1, nuepap-
XHuecKkasi (MHOTOypOBHEBasl), CaMONO00Has, Tpy0o AMCKpeTHas cpena [7]. OTu kputHue-
CKHE SIBJICHUSI B MPUPOJE MPAKTUUYECKH IPOSBISAETCS KaKk B Ie0JOro-reoMoppoaoru4ecKux,
BEIIECTBEHHO-CTPYKTYPHBIX XapaKTEPUCTUKAX CPelbl TaK M B Pa3IMYHBIX Te0(PU3MUECKUX
noisix. O MOHATHH caMoIofo0HONW Hepapxuu OJ0KoBOW nenuMoctu 3emiu (puc.l) Obuin
OmyOIMKOBaHBI OOJIBIIIOE KOJIUYECTB padoT [4,6].

B nocnennue necATUNETHS €CTECTBEHHBIE HAyKM B HAayKM O 3€MJIE CYIIECTBEHHO
HAYaJy MCIOJIb30BaTh METOJIaMU TEOPUN TUHAMHYECKHX CUCTEM, (paKTaloB, TEOPHUH KaTa-
cTpo(d, caMoOpraHu3aly, CHHEPTeTUKU. DTU UJIEH, YaCTO 0OBEANHEHHBIE TOHATUEM «HEIH-
HeWHOM HayKu» (nonlinear science) u paguKalbHO U3MEHSIOT MPEICTABIICHUS O COOTHOIIECHH-
AX, YIIOPSIIOYEHHOCTH ¥ XaOTUYHOCTH, NPEACKA3YEMOCTH U HENIPEACKA3yEMOCTH, CTallHOHAP-
HOCTHU U KaTacTpO(PUYHOCTH, KOTOpBIE ceiluac akTUBHO BHeapsitorcs [5]. Kak mokaseiBaroT
HKCIIEPUMEHTHI, HEPaBHOBECHBIE CUCTEMBI OOBIYHO COPACBHIBAIOT HEPTHUIO B OT/ENBHBIX TOY-
Kax, JMCCUIIALMU, & MHOKECTBA TOUEK JAMCCUIIALUU 00pa3yloT MPOCTPAHCTBEHHO-BPEMEHHbIE
JCCUNIATUBHBIE CTPYKTYPHI. JlJ1s nccneroBaHusl CEHCMUYHOCTH B MOCJEIHEE BPEMS aKTUBHO
MPUMEHSIIOTCS TTOAXO0/IbI, KOTOpBIE pa3paboTaHbl B Teopuu (ppakranoB. O6 onucanue Hopmbl
npUpoaHbIX 00bekTOB b.MannensOpot B 60-x rogax XX-ro crojieTHst BBEJ MOHATHE (pak-
TanbHOMU (0T JaTuHCcKoro fractus — "apobusit", u frahgere — "nomats") reomerpun, onpeaenss
¢dpakran, Kak "CTPYKTypy, COCTOSIIYIO M3 YacTei, HE 3aBUCAIIMX OT MacuiTada paccMoTpe-

104


mailto:iges@mail.ru
mailto:jon_iges@mail.ru

XXII Ypanbckas MOJOEKHAS HAyYHAs IIKOJIA TI0 Te0PH3UKe

HUS TaK Ha3bIBAEMbIM MacHITa0HAass HHBAPUAHTHOCTh WM CKEHIHHT (scaling), KoTopbie B Ka-
KOM-TO CMBICJIE TIOJIOOHBI 1IeJIoMY".

&

527

Mg

Puc. 1. (I)paKTa.]'leOCTb U MacIuTadHas HHBAPpUAHTHOCTH reoJIoruuecKon cpeabl

Baxnoe mecto B Teopun (paKkTajioB 3aHUMAET MOHATHE (PPAKTAIBHOW pa3MEpHOCTH
D. Jlns pacuera (hpakTaabHONH pa3sMEpHOCTH YacTO NPUHUMAIOTCS pa3IMYHbIE MEpBI: pa3Mep-
HOCTh TOA00MsA, pazMepHOCTh Xaycaopda-besnkoBuya, pasMmepHocTh MUHKOBCKOTO, KOTO-
pble OM3KM Mexay coboil mo cMeiciay. OHUM U3 HauboJIee YacTO MCIOJIb3YeMbIX METOOB
ucclieIoBaHus (PPaKTATbHON Pa3MEPHOCTH SIBIISIETCSl BBIYMCIICHUE KJIETOYHOW pPa3MEpPHOCTH
(box dimension) myTem mojcyeTa 4ucia KJIETOK, CoAepKamux KOHTyp (pakrana [3]. Opak-
TaJbHAsl pa3MepHOCTh D He 3aBUCHT OT MacmTaba pacCMOTPEHHS U SIBISIETCS TOKA3aTesleM B
CTETIEHHOM 3aKOHE BHJA:

N ~L7P (1)

rze: -pa3Mep KJIETOK COOTBETCTBYIOUIEMY KaKIOMY HEpapXHYecKOMY SHEpreThde-
CKOMY YpPOBHIO, N- KOJIMYECTBO 3alIOJHEHHBIX KJIETOK, /ISl KaX/10TO SHEPreTHUECKOro ypOoB-
Hi, D - koad¢unuent camonono6us u ¢ppakraabHas pa3MEpHOCTh MPOCTPAHCTBEHHOTO pac-
npezeneHns. JTa YHUBEpCaIbHAs METOAWKA TMO3BOJSET paccMaTpUBATh MPOCTPAHCTBEHHO—
HHEPTEeTUYECKYI0 HEPAPXHUECKYIO CTPYKTYPY CEHCMHUYHOCTH KaK Ha PErMOHANIBHBIX, TaK U Ha
JIOKaJbHBIX YPOBHSIX [8].

B Hacrosmeit paboTte nocraBiieHa 11eJb, ONPEAeTUTh (PpaKkTalbHble Pa3MEPHOCTH MPO-
CTPaHCTBEHHOT'O paclpe/ielieHUe SIUIEHTPOB 3eMileTpsiceHuit [1] u cuctem cereil pa3iomMoB
[2] Ha TeppUTOpPUH LIEHTPATbHOI yacTu ApMeHuH (puc.2).

40707 -

39.30°

Puc. 2. Kapra npocTpaHCTBEHHOro pacnpenejeHuss 3JNHUIEHTPOB 3eMJIeTPsACeHUil
U ceTeil AKTUBHBIX PA3/IOMOB TEPPUTOPHH LEHTPAJIBHON YaCTH APMeHHH
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OTHU HCCIe0BaHus SIBISIFOTCS aKTyaJIbHON Hay4YHO-TIPUKIIATHOW 3ajjauei, HallpaBJIeH-
HBIM Ha JIETAJIbHbIE U3YYEHUS CEMCMUYHOCTU 3TOM I'yCTO HACEJIEHHOM TEPPUTOPHH, TJ€ pac-
MOJIO’KEHBI OCHOBHBIE OTBETCTBEHHBIE OOBEKTHI U CTPATETMYECKH BaXKHBIE COOPYKEHUU pec-
nyonuku. Hammaue 3tux (hakTopoB Mocmy i1 ocHOBOK 80-MX rojpax MpoILIoro Beka, opra-
HU30BaTh, B 3TOM pailoHe ApapaTCKUil CEMCMONMPOTHO3TUYECKUN MOJIMIOH C IIeHTpoM [ 'ap-
HUHCKOTO TIOJI3EMHOTO Treou3ndeckorl oocepBaTopueii. 3Mech Hayaal OCYIIEeCTBISATHCS KOM-
IUIEKCHBIE CeficMoIornueckue, reoru3nueckue, reoIornueckre, reoIMHaMUYecKue U reoxXu-
MUYECKHE HAOITIOACHHUS C IIENIbIO BBISBIICHUS PA3JIMYHBIX MPEABECTHUKOB 36MIICTPSICCHU.

JIsi BBISBIICHHUSI HMEPapXUUYECKOW CTPYKTYpPHl CJIA00H CEMCMHYHOCTH HCCIICTyeMOM
TEPPUTOPUHU UCXOTHBIC TaHHBIC MAarHUTY]I KiaccuumupoBanuck mo Benuunnae +0.2, 1 Ha UX
OCHOBE IOCTPOEHBI KapThl MPOCTPAHCTBEHHOI'O PACHPECNICHUs SMUIEHTPOB I KaXJ0To
AHEPreTUUYECKOro ypoBHs (puc.3).
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Puc. 3. TIpocTpaHCTBeHHOe paclnpeaeeHue 3amoJHEeHHbIX
HePapXHUYECKOro-HEPreTHYecKOro  ypoBHs:  2)
B) Mmax=4-+3.5; 1) Mmax= 3.5+3

KIIETOK OJdA KaxIaA0oro
Mmax=5+4.5; 5) Mmax=4.5+4;

AHanu3 KapT MOKa3bIBaeT, YTO HA MEPBOM SHEPreTUYECKOM YPOBHE C MAarHUTYAHBIM
nuanazoHoM M=5+0,2 (puc.3a) BeIIENSAIOTCS 2 3aN0JIHEHHBIE KIETKH, PacloyoKeHHbIE B Ce-
BEpO-3allaJJHOW U IOT0-BOCTOYHOM 4YacTH TeppUTOpHH. B 3THX 30HaX pacmnoioeHbl odaru
yxke npousomenmmx Uraupckoro (M=5,2; 1962r) u Maprynuiickoro (M=5; 1992r) 3emie-
TPSICEHHUS.

Ha BTOpOM HMepapxuyeckoM ypoBHE C BO3MOKHOW MarHutynod M=4,5+0,2 (puc.306);
BBIICJITIOTCSL 3 00J1aCTH, PACTIONOKEHHBIC F0XKHOM YacCTH UCCIEAYyeMOU TEPPUTOPUH, 2 U3 KO-
TOPBIX COBIA/IAET C 00JACTHIO BBIIEJICHHOM Ha IIEPBOM HEPAPXUUYECKOM YPOBHE, a 3-Hif sABIs-
€TCSl UX FOT0-BOCTOYHBIM MPOJoJDKeHHeM. B MarautynHoM auano3one 4+0,2 (puc.3B) KoJu-
YECTBO 3allOJIHEHHBIX KJIETOK CYIIECTBEHHO YBEIMYHBAETCs, GOPMHUPYS Ha IOr0-3amajHoN U
CEBEPO-BOCTOYHOM YaCTH MCCIETYEMOU TEPPUTOPHH 2 MPOTIKEHHBIE CTPYKTYPHI HAOIIOICH-
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HOM CENCMUYHOCTH, uMerolue KaBkasckoe HarpasiaeHue. B IeHTpaabHOM 4acTH 3TUX CTPYK-
Typ BBLACIAIOTCA 3alOJHCHHBIE ABE KIETKH, KOTOPBIE, IO BCEH BEPOSITHOCTH, SBIISIFOTCS
HayauoM (OpMUPOBaHUS MPOTHKEHHON CTPYKTYpPHI 00JIee HU3KOTO SHEPTETHUECKOTO YPOBHSL.

Oco0bIil MHTEpeC MpeacTaBiIsAeT MPOCTPAHCTBEHHOE pacIpe/ielIeHue SIHUIEHTPOB B
sHepreTuyeckoM auamazone 3,5+0,2 (puc.3r), rie 3amnojJHEeHHbIE KJIETKH MOYTH MOKPHIBAIOT
BCIO HCCIIEAYEMYIO TEPPUTOPHIO, 32 UCKIIFOUEHUEM €r0 CEBEPO-3alafHOMN YacTu. B nenTpais-
HOW YacCTH UCCIIEAYeMOH TePPUTOPUH 3aTOTHEHHBIE KJIETKU MOJHOCTHIO (POPMHUPYIOT MPOTS-
KEHHYIO CTPYKTYPY, UMEIOIIYI0 aHTUKAaBKA3CKOE HAIIPABJICHHUS.

1gN
2,5
6) [N =- (192 £0.12) - 1g. +2,9753

2 7 ' N Dy =192 %012

Konuyectso mierox

0,5 $1gN=0(185£0.15)11gL +3,4526

D, =185015

0 g

0 0,5 1 1,5 2 2,5

Pasmep xnerox
Puc. 4. ®pakranbHble Pa3MEPHOCTH NMPOCTPAHCTBEHHOI'0 paclpeae/ieHue 3NMHIEeHTPOB
3eMJIeTPSACEHHI (2) M CHCTEM ceTed aKTUBHBIX Pa3jioMoB (0)

O06o00mmas pe3yabTaThl aHaAlW3a KapT, TPUXOAUM K 3aKJIIOUYEHHIO, YTO ciabasi cei-
CMHYHOCTh UCCIIElyeMOI TEPPUTOPHH UMEET CIOXKHYIO HEepapXUUYEeCKYIo CTpYyKTypy. Ha roro-
3amaHOM 4acTH BBLAENSETCS JTOBOJIBHO OOIIMpHAasi 00JacTh, I/i€ HAOJIOIaeTCsl uepapxuye-
CKasi CTPYKTYpa CEHCMHYHOCTH Ha BCEX SHEPreTHUecKUux (pakTajabHbIX ypoBHiIX. Ha ceepo-
BOCTOYHOW YacTH BBIAENAIOTCS 3 MEPAPXUUECKUX YPOBHSI CEMCMHUYHOCTH, B KOTOPOH OTCYT-
CTBYET HHEpPreTHUecKuil ypoBeHb B quanaszoHe 4,5+0.2. B omiuuum oT 3THX CTPYKTYp B LIE€H-
TpaJIbHOM 4acTH, O IMaroHaIM OT IOro-3amajHoil K CeBepO-BOCTOKY, HAOIII01aeTCsl HepapXU-
yeckas CTpyKTypa B auanaszoHe 3.5+0.2. Jlns conocraBieHus HaOII0IEHHON HepapXUdecKoi
CTPYKTYpPBI CEHCMHUYHOCTH C aKTUBHBIMH CEHCMOTEKTOHHYECKUMH Pa3jioMaMU HCCIIETyeMOi
TEPPUTOPHUH, IO BBIIIEYKa3aHHOM METOJIMKe ObUIM OmpeseNeHbl (paKkTaabHbIE pa3MEPHOCTH
MPOCTPAHCTBEHHOTO PacHpe/IesIeHNe MUIIEHTPOB 3eMJIETPSCEHUN U CUCTEM CeTeil aKTHUBHBIX
paznomoB (puc.4).

Pesynmprar aHanmm3a ykaspIBaeT Ha YETKYIO KOPPEISIMIO BBIICICHHOW MPOTSHKEHHOMH
UEPAPXUUECKON CTPYKTYpbl CEMCMUYHOCTH C OTACIbHBIMH CEHCMOAKTHBHBIMH DPa3IOMaMHU
TeppuToprr. CONOCTaBUTENBHBIN aHAJIH3 B KAUECTBEHHOM YPOBHE MOKA3bIBAET, UTO HA CEBE-
PO-BOCTOYHON YaCTH HCCIENIYeMOIl TeppUTOPHH, HepapXUUecKas CTPYKTypa TpaccupyeT ak-
TuBHbIe cerMeHThI ['aBaparerckoro (GAV) u I'eramckoro paznoma (GEG). Ha roro-3amagHoit
YacTH MPOTSHKEHHOCTh 3alIOJIHEHHBIX KJIETOK JOBOJIBHO XOpollo Koppenupyercs ¢ Caprapa-
nat-Ilapakap-/IBunckum (SPD), Urnupckum (I), Hory6aitazerckum (D) cucremam akTHBHBIX
pas3JIoMOB, a B LIEHTPAIBbHOM YacTH TEPPUTOPUH 3aIOJHEHHBIE KIETKH TPAacCHpPYIOT Apapar-
CeBaHCKHI pa3yioM, UMEIOIINNA aHTUKaBKA3CKOE HAIIPaBJICHUSI.

ITonyuennble konuuecTBeHHbIE 3HaUeHUs De =1.85+0.15 1 Dr=1.92+0.12 yxa3zbiBator
Ha CXOJICTBA IIPOCTPAHCTBEHHBIX XAPAKTEPUCTUK PA3IOMOB IOJEW SMUIEHTPOB M, CIEI0BA-
TEJIbHO, OOIIYI0 COAIaHCUPOBAHHOCTD JIBYX MPOLIECCOB.
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DETERMINATION OF FRACTAL DIMENSIONAL SPATIAL
DISTRIBUTION OF EARTHQUAKE EPICENTERS AND FAULT
SYSTEMS IN THE TERRITORY OF CENTRAL ARMENIA
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Summary. Based on the concept of a self-similar hierarchy of the Earth's
block divisibility and the application of the cellular method of filling
seismically active regions, fractal dimensions of the spatial distribution of
earthquake epicenters and systems of fault networks in the territory of central
Armenia were determined. The result of the analysis indicates a clear
correlation of the distinguished extended hierarchical structure of seismicity
with individual seismically active faults in the territory. The obtained
quantitative values De=1.85 + 0.15 and Df=1.92 + 0.12 indicate the similarity
of the spatial characteristics of the epicenter field faults and, hence, the general
balance of the two processes.

Key words: epicenter of earthquakes, fractal dimension, active fault networks,
cell method, hierarchical structure.
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VJIK 550.838
CO3JIAHUE PEJAKTOPA CPEJI 1JI51 BU3YAJIN3AIINN
T'EOJIOTMYECKHUX TEJ U CO3JIABAEMbBIX MU
TEO®U3NYECKUX MMOJEA

Cemenoe Braoumup Eezenveeuu
DI'EOY BO «BI'Y», 2. Bopouesc
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Annoranus. Ilpu npoBeneHuM reo(M3MUECKHMX W TEOJOTMYECKHX padorT,
3a49acCTyro HpO6HeMHBIM CTAHOBUTCA BOIIPOC BU3YyAJIMU3AllMU OAHHBIX B BUIC
TpeXMEpHBIX Mojenei. Harrell neneBoii 3aaveii sIBIsSETCS CO3AaHUE MPOCTON
u  5(QQeKTHBHON mporpaMMmbl JUISI MOJEIHMPOBAHUS M  BH3YyaJIM3allUU
TPEXMEPHBIX JHCKPETHBIX T'€0JIOTMYECKUX OOBEKTOB (PYIHBIX TEIT U CpPex).
Pesynbratel  paboThl  Takoil ~ mporpaMMbl  JIOJDKHBI  NPEACTaBIATH
CTPYKTYPUPOBAHHbIE JIUCKPETHBIC BBIXOJHBIC JaHHBIC, OIMCHIBAIOLINE
MOJICTTUPYEMYIO CpeLy.

KiaroueBbie CiioBa: TpexMmepHbIE MOJENTH, (U3MUYECKUE CBOHCTBA, MOIYJb
(bopMupoBaHUs TaHHBIX.

IIpu npoBeneHnH reoU3UUYECKUX U IEOJOTMUYECKUX PaboT, 3a4acTyi0 MpPOOJIEeMHBIM
CTaHOBMTCS BOIIPOC BU3YyaJU3alliu JaHHBIX B BUJIE TPEXMEPHBIX Mojenel. B HacTosee Bpe-
Ml BU3YaJIbHOE IPEJCTAaBJICHHE MPOCTPAHCTBEHHON MH(OpPMALUU O pe3yibTarax IeoJloro-
reousnveckux paboThl ABISETCS BaXKHBIM HEOOXOAMMBIM 3JIEMEHTOM HMCCIEA0BaHUN 3eMIIH.
B aT0#i 0651aCTH HA CErOAHSALIHUNA 1eHb YCHEIIHO MCMOIb3YIOTCS, KaK pa3InyHble reOnH(Op-
MaIMOHHBIE CHCTeMBI, Takue Kak ArcView, ArcGIS, Micromine, TMC UHTEI'PO [10, 26,
29] Tak W crneuualu3MpOBaHHBIE MPOrpaMMbl, U MoAynu Buzyanuzaiuu: Oazis Montaje,
Myavi, Voxler [27, 28] u psan npyrux nporpamm. [IpobGnema 3axntodaercs B TOM, 4TO 00JIb-
HIMHCTBO TaKUX IMPOAYKTOB PACCUUTAHBl HA KPYIHbIE MECTOPOXKACHUS M T€O0JIOTHYECKUE MacC-
COBBIE T'€0JIOTMYECKHE OOBEKThl U UX HCIOJIb30BAaHUE MOXKET OBITH HELEIeCO00pa3HbIM MPHU
pas3Besike, MPOBOJMMON Ha HEeOOJBIIOM ydacTke. JIpyruM MNpemnsiTCTBUEM, CTOSIIUM Iepen
M0JIb30BATEJIEM 3TUX MPOTPAMM, SIBIISETCS MX YPE3MEPHO BBICOKAS CTOMMOCTD JUISl PAIOBBIX
noTpeOuTeNei u s UCIOIb30BaHMS B 1IeNIAX 00yueHHs Ha HaYaJIbHBIX KypCcax BY30B.

Baxxnoil mpo6sieMoil TpEXMEpPHOro MOJEINPOBAHUS TMPUPOJIHBIX Cpes SBISETCS BO3-
MOKHOCTh ONEPUPOBAHMS C JOCTATOYHO OOJBIIUM KOJIMYECTBOM CBS3aHHBIX MEXIy COOOMH
JTUCKPETHBIX MPOCTPAHCTBEHHBIX JAHHBIX O Cpelie U MOPOXKAAEMBIX €10 Tre0pU3NYECKUX TO-
15X, Kak Hanpumep B [15], rae B nponenype KOMIUIEKCHON MHTEPIPETAMU UCII0JIb30BATIACh
IUIOTHOCTb, CKOPOCTh MPOJOJBHBIX U MONEPEYHBIX BOJIH, a TaKK€ HAMAarHUYEHHOCTb MOPOJ
cpeabl. OTHUM M3 MyTel peleHust 3To MpoOaEMBbl SBISETCS CO3/laHHEe OTHOCHTEIBHO MpO-
CTBIX, HO MOJIHOCTHIO (DYHKIIMOHAJIBHBIX POrpaMM MOJEIHUPOBAHUS TPEXMEPHBIX Cpell, OpHU-
E€HTUPOBAHHBIX Ha KOHKPETHBIE reosoro-reodusnueckue 3agaud. [Ipumepom Takoro kom-
riekca siBisercst cucrema mojaenupoBanust DG3DMS, coznannas Ha kadenpe reoduzuku
Boponexckoro rocynuBepcuteTa [2 - 6]. DTOT NpOrpaMMHBIN KOMIUIEKC YCIIEUIHO MpUME-
HSUJICS JUIS PeLIeHUs] CTPYKTYPHBIX M PYIHBIX 3a1a4d MojenupoBanus [1, 18, 19, 24], a Takxe
KaK CpeJICTBO MOJISTUPOBAHUS cpefl B yueOHOM mporiecce [12].

Taxum oOpa3om, Haliel 1eneBol 3aaueil SBISETCS co3/laHue MPOcTol U 3hPexTuB-
HOW MporpamMmsl Uil MOAEIMPOBAHNS U BU3yadU3alUU TPEXMEPHBIX TUCKPETHBIX T€0JIOTHYE-
CKHX 00BEKTOB (PYIHBIX TEN U Cpel), OJU3KOM MO CMBICTY K OMMCAHHOMY BBIIIE TTPOTPAMM-
HOMY KOMILIEKCY [2 — 6, 24]. Pe3ynbraThl paboThl TaKOW MPOrpaMMbl JOIDKHBI IPEACTABIATh
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HEKOTOpBIE CTPYKTYPUPOBAaHHBIC JUCKPETHBIC BBIXOIHBIC JAHHBIC, OMHMCHIBAIOIINE MOJIEIH-
pPYEMyIO cpealy, TO €CTh €€ IMPOCTPAHCTBEHHOE MOJIOKEHUE €€ AJIEMEHTOB U COOTBETCTBYIO-
mue UM (U3NIECKUe CBOICTBA, MPUTOIHBIC I PACUETOB MPAMBIX, a PAaBHO M OOpaTHBIX 3a-
Jad reor3uKd, B paMKax HUCIIOJIb3YEMbIX aBTOPCKUX Moax010B [8, 9, 13, 14, 17, 23 u np.].

[Tpu BBIOOpE SA3BIKA MPOrPAMMUPOBAHUS HPEANOYTEHHE ObLIO OTAaHO s3bIKY Python
[7, 20]. HecmoTpst Ha TO, YTO JUIS PEIICHHS CIOXKHBIX rpadUueCKUX 3a1ad Jy4Ile MOAXOIUT
361Kk C++ (1m0 mpuurHe 0oJiee BHICOKOM MPOU3BOIUTENFHOCTH) OBUIO PELICHO UCIIOIB30BaTh
Python, n3-3a mpocTOTHI €ro OCBOEHHSI U BO3MOKHOCTH OTHOCHUTEIBHO OBICTPO CO34aBaTh U
KOMIMJIUPOBaTh KoA. OYeBHIHO, YTO peanu3alysi MporpaMM Ha s3bIKe Ooyiee BBICOKOTO
YPOBHS, IO3BOJISIET OMUCATh AITOPUTM OJHOTO ACHCTBUS MEHBUINM KOJUYECTBOM CTPOK.

Pa3paborka BeImosHsIIach B cpene pa3padorku PyCharm. Cpena PyCharm — 3to ca-
Mas uHTeIekTyanbHas Python IDE (Integrated Development Environment — aTerpupoBaH-
Hast Cpena Pa3paborku) ¢ mOTHBIM HA0OpOM CpeicTB s 3PGEKTUBHOTO CO3JTaHUS IPO-
rpamMM Ha sizbike Python. /lannast Bepcusi BblyckaeTcs B JBYX BapHaHTax: OecriaTHasl BEp-
cust PyCharm Community Edition u monnmepkuBaromas OoibInnii HaOOp BO3MOXKHOCTEH
PyCharm Professional Edition. PyCharm BbIMOSHSIET WHCIEKIIMIO KOJA «HA JIETY», aBTO-
JIOTIOJTHEHHE, B TOM YHCJIE OCHOBBIBASACH HA MH(OPMAIMH, ITOJIYYEHHONH BO BPEMsI HCIIOJTHE-
HUS KOJa, HABUTALIMIO 110 peaTu30BaHHOMY Koy [7].

Ha nansblii MOMEHT aBTOpOM HamnucaHa rnporpamma uist 2D MozaenupoBanus, Kotopas
MOJIHOCTBIO peanu3oBaHa B 0ubnuoreke GUI (rpadumueckoro mnTepdeiica monp3oBaTens) —
PyQt5, xoropas siBisiercsi mpuBsizkod ¢periMBopka QtS, HammcanHbd Ha C++, K S3BIKY
Python, uro mo3BonsieT 00BEAUMHUTH CHIIbHBIE CTOPOHBI 00OUX SI3BIKOB MPOTPAMMHPOBAHUS
[25]. Yka3anHast OuOimMoTeKa HE MOXKET UCIOJIB30BAThCS IS IBHO TPEXMEPHOU rpaduKu, mo-
STOMY CO3/1aBaeMble B MPOTpaMMe MOJENHU MPEJCTABISIOT U3 ce0si COBOKYMHOCTH CIOEB —
JBYXMEPHBIX MOJIEIIEH.

IIporpamma mocTpoeHa Ha HpuUHIMIE (HOPMUPOBAHUS MOJIENU MOJIB30BATENEM, TO
€CTh 3aII0JTHEHHUsI YIaCTKOB TOJIS IIETYKOM MBIIIH. B Hell peamm3oBaHa BO3MOXKHOCTH CO3/1a-
BaTh CETKY M3 MPSMOYTOJIbHUKOB Ha IUIOCKOCTH XY, 3aJaBasl IIar CeTKU MO KaxJIo# ocH, a
TaKKe BO3MOXKHOCTB 3aKpalluBaTh JIO00H U3 MPSIMOYTOJIEHUKOB TEM I[BETOM, KOTOPBIN TOJIb-
30BaTeNb COUTET HYKHbIM (puc. 1). st ocu Z, Tak e MOXKHO 3aJaTh I1ar, HO BMECTO ILIOC-
koctel ZX u ZY, co3naércs psag miockocred XY, Kaxaas U3 KOTOPBIX CBSI3aHA C IUCKPET-
HBIM 3HaUEHUEM Ha OCH Z.

Puc. 1. Ilpumep padoTsl rpadpuueckoro pegakropa nporpaMmmsl

B nporpamMmMe npenycMoTpeHO 3aJaHHe HadyaJlbHBIX U KOHEYHBIX KOOpAMHAT 00JacTH
MOJIEJTMPOBaHUS, BEIOOD €AMHUI] U3MEPEHUS] MOJIETUPYEMOro (GU3NYECKOTO CBOMCTBA Cpeibl,
MacmTal MpeaCcTaBIeHHs PEe3yIbTaToOB M T.J. MakcuManbHas BeJMYMHA I1ara MOXET COCTaB-
JATh MOJIOBUHY PAcCTOSIHMS MEX]ly HadaJdbHOM M KOHEYHOH TOYKAMHU AJIS KaXKJIOW U3 KOOp-
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JMHATHBIX OCEH, TaK 4TOOBI B IJIAaHE MBI UMEININ XOTsI OBI JiBa 3JIEMEHTA CPEIbl 10 KaXKJ0H OCH
KoopanHaT. MakcuMallbHOE KOJIMYECTBO IPOCTPAHCTBEHHBIX 3JIEMEHTOB 110 OCU Z HEOTpaHU-
YEHHO, MUHUMAaJIbHOE OIPAaHUYEHHO TPEMs, NEPBBIA U3 KOTOPBIX BCETJa SBJISIETCS BEPXHEH
IIOBEPXHOCTBIO MOJienu. Takke B porpamme MperycMoTpeHa (QyHKIMsI COXPaHEHMsI, UMEIo-
IIMKCS MOJIETH B BHJIE TEKCTOBOTO (haiina (puc. 2), rie ¢ IOMOIIbI0 MOAYJIs (POPMHUPOBAHUS
JAHHBIX CO3[a€TCsl MACCUB JUCKPETHBIX MPOCTPAHCTBEHHBIX 3HaUCHUH XYZ U COOTBETCTBY-
IOLUX UM 3HaYeHUH LBeTa (IapaMeTpa MOJIEIH)

®aiin  Mpaska ®opmar Bma Cnpaexa

60 80 50 20 40 10

| 255 255 @

|@ 40 o
255 0 @

|20 40 @

[255 @ @

|40 40 ©

| 255 255 @

Puc. 2. [Ipumep chopmMupoBaHHOT0 MacCUBA JaAHHBIX

BnocnencTBuu miianupyercss 100aBUTh B MporpamMmy (YHKIUIO 3allUCH B MAacCHB
JAHHBIX HE 3HAYCHWH 1BETa, a ()M3MYECKHE IMapaMeTphbl CPeibl, YTOOBI MO0 UTOTY HOJIy4aTh
tabnuny 3HaueHud XYZV, rae V(value) 0003HagaeT cCOOTBETCTBYIOIINE TOUKE MPOCTPAHCTBA
3HayeHus cpeapl. CO3JaHHbI MacCHUB JaHHBIX MOXKHO OYyZET MCIIOJIb30BaTh HE TOJIBKO B pa-
00Te UCXOHOW MporpaMMbl, HO U 3KkcniopTupoBaTh B Surfer [30] u mogo6HbBIE MporpaMMHbIE
KoMmIuieKchl. [ToMuMo 3TOTO, TIpEeaCcTaBIseTCS HEOOXOAMMBIM YBEIUYUTh TAKXKE KOIUIECTBO
(GyHKLNH, TO3BOJISIONIUX MTOJIb30BATEII0 B3aUMO/IEHICTBOBATh C MOZIEIIbIO, B IEPBYIO OYepeb
YBEIMYUTH KOJMYECTBO 3HAUYECHUI [IBETOBOM HIKAJIBI, 1 BO3MOXKHO MPUMEHHUTh PEKYPCHUBHBIN
QITOPUTM amnrnpokcuMaiuu cpeast [17, 23]. B urore nporpamma 0y/er noje3Ha B 00pa3zoBa-
TEJIbHOM Ipoliecce B paMkax Kypcos [11, 16, 21], a Takxke OyaeT UMETh CaMOCTOSITEIIbHOE
3Ha4YeHHE, KaK MPOCTON HHCTPYMEHT CO3/1aHUs MOZEeH TpEXMEPHBIX Cpel.

Asmop evipasxcaem Onrazodapnocms ceoemy pykogooumento npog. B.H. I'nazuesy 3a
NOCMAHOBKY 3a0ay, u 0603HaueHue nymeti ux peuieHusl.
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CREATING AN ENVIRONMENT EDITOR FOR
VISUALIZING GEOLOGICAL BODIES AND THEIR
GEOPHYSICAL FIELDS

Vladimir E. Semenov
«VSUy», Voronezh
vlsemenov20002@yandex.ru

Summary. Visualization of data in the form of three-dimensional models is a
difficult task when conducting geological and geophysical surveys. Our main
task is to create a simple and effective program for modeling and visualization
of three-dimensional discrete geological objects (ore bodies and environment).
The results of such a program should represent structured discrete output data
describing the describing environment.

Key words: three-dimensional models, the physical properties, data generation
module.
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IMPA TEOIVIOTHOCTHOM MOJEJIMPOBAHUN
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2Illunoeéa Ceemnana Bnadumuposna
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AHHOTanus. 3ajada MHTEPIPETAUU TE0JOro-rTe0PU3NIECKUX  JTaHHBIX
SBIIAETCS BaXXHOW TMPH TOCTPOCHUHM JIOCTOBEPHBIX MOJENIEeH HU3ydaeMbIX
reoJIOTUYECKUX  OO0OBeKTOB. [IpuMeHeHHMEe METOAMKA ¢  TEXHOJOTUU
ICOIUTIOTHOCTHOTO MOJCIMPOBAHUS TIO3BOJISIET pEIIaTh HECKOJbKO 3aJa4
He(Tera3oBoll TEOJOTMH. BBIIENeHB OCHOBHBIC MPHUHIMIBI  CO3JIaHUS
IC€OJIMHAMHYECKUX MOAU(PUKATOPOB B PEAAKTOPE TI'€OJOro-Teo(Ppr3nuecKux

MOZeIIen GeoVIP. Paccmotpensl aCIIEKTHI CONPOBOXKACHUSA
aBTOMAaTU3UPOBAHHOM  MHTEpHpeTallud JaHHbIX MPU  T'E€OIUVIOTHOCTHOM
MOJIETUPOBAHUU

KiloueBble cJjioBa: UWHTEpIpeTalus, TIeoloro-reopu3nueckue HTaHHBIE,
TeOIJIOTHOCTHOE MOJICIIMPOBAHKE, TCOAMHAMHYSCKAN MOIU(DHUKATOD.

3aaya MHTEpHpPETAUU IeoJIOro-re0PU3NYECKUX Cpell C YUETOM JIOCTYIHBIX CBEZe-
HUH O TEKTOHMYECKUX IMPOLECCaX, NMPOUCXOMAIINX B HUX, SBJIACTCS YPE3BBIYAHO BaKHOU
IIPU TIOCTPOEHUU JOCTOBEPHBIX MOJENEN U3y4yaeMbIX M€0JOTHYECKUX 00bEKTOB. MeToIuKHN 1
TEXHOJIOTMHM T'€OIUIOTHOCTHOIO MOJEIMPOBAHMS HAIIPABIECHBI HA PEIICHHUE LIHUPOKOIrO Kpyra
re0JIOTUYECKUX 3aJ]1a4, TJIABHBIMH U3 KOTOPBIX SBIISIOTCS MOMCK HE(PTEra3onepCcrneKTUBHBIX
00beKkTOB. CerofiHs NMPUMEHSETCs] OIPOMHOE MHOXKECTBO TaKMX METOAMK M TEXHOJIOIMH, HO
JTAJIEKO HE BCE CIIOCOOHBI B MOJIHON MEpE U C JOCTaTOYHOW BEPOATHOCTHIO peIllaTh 3TU 3a/a-
qH.

MeToauka U TEXHOJIOTUS T€OINIOTHOCTHOTO MOJIETTMPOBaHUs, pa3padoTaHHasl B Hay4-
HOW mIKojie «PHU3NKO-MaTEMAaTUYECKOE MOJEINPOBAHME B HAayKax O 3emile», OCHOBaHa Ha
IPUMEHEHNN aNlPOKCUMALMOHHBIX W ABOJIOLMOHHO-IUHAMUYECKHUX NPUHIUIIOB U IMpPEIHA-
3HaueHa JJis MOCTPOEHUSI OOBEMHBIX T€OIUIOTHOCTHBIX MOJIENEH CIIOKHOIOCTPOEHHBIX CPeJl €
LEJIbI0 U3YYEHHUs UX PACIPENEIICHHBIX MapaMeTpoB. IIpuMeHeHne naHHOW METOIMKU U TeX-
HOJIOTHH TO3BOJISIET peliaTh 3a/1a4i HeTera3oBoi TeoJIoTUH, PU 3TOM yCTpaHITh 3G (HEKTHI
HKBUBAJIEHTHOCTH NPU MOJEIMPOBAHUU CpeJl 3a CUeT BBeleHHs A(PPEKTUBHBIX MapamMeTpoB
KpUTEpHUsl ONTHUMAIBHOCTH; HAaXOJIWUTh ONTHUMAJIbHBIC PEIICHHs 3a]a4d; MOBBIINIATH HAJEK-
HOCTb U JIOCTOBEPHOCTb CHUHTE3a MHTETPUPOBAHHBIX CUCTEM MOJEIEN CIIOKHOIOCTPOECHHBIX
Cpell C pacHpelesIeHHbIMH IapaMeTpaMu; MOBBIIIATH JOCTOBEPHOCTh HH(POPMAIIMIOHHOTO
o0ecreyeHns KOMILJIEKCa re0J0ropa3BelouHbIX paboT.

C nenpio MpakTUYECKOW M MPOTPAMMHOM peaiu3alii MOCTaBIEHHBIX 3a/1ay ObLT pa3-
pabotan mporpaMMHbIii KoMmIieke «GeoVIPy». [lng TeopeTHdeckux M IKCHEpUMEHTATbHBIX
paboT B 3TOM HaIpaBJIEHUU SIBJISIETCS CO3JaHHME «MOANU(PUKATOPOB» CTPOEHUS 3€MHOM KOPBI,
INPUMEHSIEMBIX K CTPYKTYPHBIM MOJENSM HM3y4aeMbIX OOBEKTOB C IEJIbIO MPUBEACHUS UX B
COOTBETCTBHUE C MMEIOLIEHCS allpuopHON reonnHamMudeckod nHopmanuein. «Moaudukaro-
pPOM» HA30BEM TEOPETUYECKU WM DKCIEPUMEHTAIBHO YCTAHOBJICHHBIM 3aKOH CMEILECHUS TO-
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YEeK TPAHUIIBI CTPYKTYPHOH MOJIENIN, COOTBETCTBYIOIIUN HEKOTOPOMY (DU3UIECKOMY MPOIIECCY
00pa3oBaHMs T€OJOTUYECKHUX CTPYKTYP [2].

C menpio Kiaccu(UKAUA U ONMUCAHUS TEKTOHUYECKUX TPOIECCOB, OBLIM M3YyUCHBI
OCHOBHBIE BUJbl MEXaHMYECKHE JBM)KEHUN 3€MHON KOpPBI MO BO3JCHCTBHEM BHYTpEHHEH
sHeprun 3emuin [3]. Pe3ynbrarom crana cxemMa OCHOBHBIX TEKTOHMYECKUX ABUKEHUU U
CTPYKTYp, KOTOpBIE 00pa3yloTCcs B pe3yibTaTe JaHHBIX BUIOB ABMKeHUA. ClielyeT OTMETUTb,
YTO KOJHMYECTBO PA3IMYHBIX THIIOB IBHKCHHS, OOpA3yIOIIMX OCHOBHBIC TI'€OJIOTUYCCKUE
CTPYKTYpbl, HEBENIUKO. boyiee Cl0XKHBIE CTPYKTYpbl 00pa3yroTcsi B pe3ylbTaTe pa3InyHbIX
KOMOWHAIIMI OCHOBHBIX BUIOB JIBFDKCHUS: BEKOBBIX KOJIEOAHUI 3eMHOM KOPBI, CKIaIKOOOpa-
3YIOIIMX JIBFDKCHHH (CKaTHWil, pacTsSHDKCHUN M CABUTOB) M JBIDKCHUH 1O pa3pbiBaM. MOXKHO
C/eNIaTh BBIBOJ O TOM, YTO MOJEJIMPOBATH CJIOKHBIE T€OJIOTMUYECKUE CTPYKTYPHI TaKke cie-
€T C MOMOILBIO CJIOKEHUS IPOCTHIX KOMIIOHEHT-MOAU(PUKATOPOB.

Pajiaiop Mosie.e il 1 0/10T0-TeodiHamte CitMX Cped,
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Puc. 1. Pegakrop reosoro-reopusnyeckux moaeiaeii GeoVIP

OCHOBHBIE TPUHIIMIIBI CO3/1aHUS I€0IMHAMUYECKIX MOAU(PUKATOPOB OBLIN BBIIEIECHbI
U MaTeMaTU4YeCKH OMMCAaHBI, MOCIe Yero OHU OBbLIM MPOrPaMMHO PEaIn30BaHbl B PEAAKTOPE
reosioro-reousnueckux moaenei GeoVIP (puc. 1) B BUie HHCTPYMEHTOB U1l MOAU(PHUKATUU
TPaHULl CTPYKTYPHOU MOJEIIN.

[Ipu cozpanum mMoauduKaTopa, MOAEIUPYIOLIETO ONpeAeIeHHbIH THI TEKTOHUYECKO-
ro JBIJKEHUS, B MEPBYIO ouepelb HEOOXOIMMO BBIACTUTH 3aKOH CMELICHHS U MapaMeTphl
(MHTEHCUBHOCTb CMEIIEHUS, MHTEHCUBHOCTh 3aTyXaHUs U MPOYHUE), OMPEICIUTh, HEOOXOIH-
MO JIM CO3/1aHUE JOMOJHUTEIBHBIX TOUEK U IpaUUecKUX IEMEHTOB JUIsl OTOOPaXXEHUS MPO-
necca Moauukanuu. PaccMoTpum noapoOHO HEKOTOPbIE Fe0JUHAMUYECKHE MOIU(UKATOPHI
JUISL ABYXMEPHOHM CTPYKTYpPHON MOJENH pa3pesa Mo npopuitto:

1) dopMHUpoBaHUE CUHKJIMHAIH (AHTUKIMHAIIN).

IIpu ncnonap30BaHUU AAaHHOTO MOJM(UKATOPa BHIOPAHHBIN HA0Op CTPYKTYpPHBIX Ipa-
HUI[ MEHSETCS B COOTBETCTBUHU € popMoit ckinaku. MHTepnperaTop BbiOUpaeT Moaubuuupy-
€MYIO TPaHHUIly M TOUKY, KOTOopas OyAeT SIBIATHCS BEPIIMHON CO37aBaeMON CUHKIMHAIH (aH-
TukiIuHanu). s popmMupoBaHusi CHHKIMHAIN HEOOXOIUMO MEPEMECTUTH BHIOPAHHYIO TOUKY
BBEPX, UL (HOPMUPOBAHMS aHTHKJIMHAIN BhIOpaHHAsi TOUKAa COOTBETCTBEHHO MEpeMeniaeTcs
BHU3.

IIpu 3TOM CTpyKTypHas rpaHula IpEeTepreBacT U3MEHEHMSI 110 3aKOHY HOPMAaJIbHOTO
pacnpeneneHus:

115



© «'"1 YpO PAH». 2021

1 (X—u)z)
exp (- 2 :
oV2m p 202 /'’ X
Tparms
s 8 O SR LAl C

r J
oo B8 10000 20000 30000 40000

DyraarenT(+)

MsmernTe Bnox ]
7000

Puc. 2. Co3nanne aHTHUKJIMHAJIN B reoJioro-reopusndeckom peaaxkrope GeoVIP

rZie L COOTBETCTBYET KOOPAWHATE BEPIIMHBI CHHKJIMHAIM MO OCU X, a CPEJIHEKBaIpa-
TUYHOE OTKJIOHEHUE G sBJseTcsa napamerpoM Mojudukatopa (puc. 3). I[Ipu cmemenuu Bep-
IIMHBI TOYKHA CTPYKTYPHOH TpaHUIBI B paMKax MoIuduImpyemMon obdnactu "cxxumarorcs” u
"pacTaruBaroTcs" MPONOPLUOHATIBHO CMEIIEHUIO U 3a/laHHOMY IapaMeTpy 3aTyXaHus, Mo3-
BOJISISL CO37]aBaTh OoJiee CIIOKHBIE TEOJIOTMYECKHE CTPYKTYpPBHI, HAlpUMEp, OMPOKUHYTHIC
CKJIaJIKH.

2) ®opMHpOBaHUE ITPOCTON PA3JIOMHOU CTPYKTYPHI.

Jlnst co3anus MPOCTOro pazjioMa MHTEPIPETATOp BHIOUPAET TOUKY I'PaHMIIbI, B KOTO-
poii oymKHa OBITH HapyllleHa CTPYKTypa. [IBurasi BEIOpaHHYIO TOUYKY B HYKHOM HaIlpaBlie-
HUM, OH ONpeseiseT Xxapakrep pasinoma (puc. 3). HauanbHast TOUka U TOUKa, 3aJJaHHAS TOJIb-
30BaTeNIeM COCTMHSIOTCS MPSIMBIMH OTPE3KaMH, KOTOPBIE BIIOCIEICTBHHA MOTYT OBITH Pa3OUTHI
Ha YYacCTKH JUUIsl YTOUHEHUS JIMHUM pa3jioMa.
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Puc. 3. Co3nanue paszioma B peaakrope GeoVIP
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3) dopmupoBanue cOPOCOB.

Jns hopmupoBaHus rpabeHa WIM rOpcTa UHTEPHPETATOP ONpEAENseT WUpUHY (op-
MHUPYEMOT0 3JIEMEHTA, 33JaBasi COOTBETCTBYIOIIUNA NTapaMeTp, BHIOMPAET IPaHUILy U MBIIIbIO
HepeMellaeT LEHTPAIbHYI0 TOUYKY OO0]acTH, MOJBEPKEHHOM TpaHCHOpMaLuU, B HYKHOM
HanpasieHud. [Ipu 5ToM 00acTh 3alaHHON IIMPHUHBI, B IIEHTPE KOTOPOW HAXOIUTCS TOUKA,
3aJlaHHasl MHTEPIIPETATOPOM, OIIyCKAETCA WIN IOJHUMACTCs, HE U3MEHAA CBOEH I€OMETPUU
(puc. 4).

4) Pactsxenue u cxarue.

[Tpu npumeHeHnn MOAM(UKATOPOB, CEMAHTHUYECKU CBSI3aHHBIX C MPOIECCOM TEKTO-
HUYECKOTO CKaTHs IUIACTOB, BCE TOUKH IPAHMIIBI CMEIAIOTCS IMPONOPLUUOHAIbHO. VIHTEeHCUB-
HOCTb CoKaTHs U PACTSKEHHUS 3aacTC IapaMeTPOM.
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Puc. 4. Co3nanne copocos B penakrope GeoVIP
10000 2000 200 40000 50000

20 BACTSKEHH
0 : :

i

00

10000 20000 30000 40000 50000

1000

200

3000

4000
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5) Hanpasnsromiue pa3iomoB.
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Puc. 6. Co3nanue pa3zjioMa ¢ MCI0JIb30BAHUEM HANPABJISIOLIEH

Ha stom sTane pa3zpaboTku BO3MOKHO JOOaBJIEHHE pa3IOMOB TOJBKO JJIs IBYMEPHBIX
MoJieneli, mpu 3TOM Ui (POPMHUPOBAHUS TOJTHOIICHHOTO TpEACTaBiIeHUs paszinoma B 3D-
MOJIEJIM U3 COBOKYITHOCTH NPOQUIICH, KaXAblil pa3ioM XapakTepusyeTcs UIeHTU(UKATOPOM
U 1npu (HOpPMUPOBAHUM TPEXMEPHON MOJEIH MOBEPXHOCTH pa3joMa HHTEPIOIUPYETCS II0
TOYKaM pPa3JIOMOB C OJAMHAKOBBIMU HACHTU(HUKATOPaMHU Ha KaxkaoM npoduie. Kpome storo
NIpYU MHTEPIIONIALUN TPaHUI] ¢ Tpoduieil B CTPYKTypHBIE KapThl, HX YYaCTKH, OTIEIEHHBIC
pasioMaMi, HHTEPIOIUPYIOTCS OTIACIBHO JPYT OT JApyra C LEbI0 MOBBIIIEHUS TOYHOCTH UH-
TEPIIOJISAIIUY U UCKITIOUEHHS BIMSTHAS TEKTOHUYECKUX HApYIIEHUI Ha BCIO TIOBEPXHOCTH [3].

Jlnist XpaHeHusi CTPYKTYpHBIX MoAesei B mporpaMMHoM koMmiuiekce GeoVIP ucnons-
3yercs pensiiroHHas 6a3a manubix Microsoft SQL Server Express [3].

MoaudukaTopsl peaqu3oBaHbl C MOMOLIbIO cpeabl pa3paboTku Microsoft Visual
Studio 2008 Ha s13bIKEe IPOrPaMMUPOBAHUS BBHICOKOTO ypoBHsI C# B KauecTBE MHCTPYMEHTOB
pPENAKTUPOBaHUS CTPYKTYPHBIX Mojeiei B mporpammHoM Komiuiekce GeoVIP. Ilpu paspa-
00TKe ObUI HCII0JIb30BAH 0OBEKTHO-OPUEHTUPOBAHHBIN Moaxo. Mcnonb3ytoTcss Habops! Oa-
30BBIX KJIACCOB MPOTPaAaMMHOIO0 KOMIUIEKCA, a TaK)Ke CIELUANbHO CO3/JaHHbIE Tpaduueckue
KOMIIOHEHTHI [3].
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SOME ASPECTS OF SUPPORTING AUTOMATED INTERPRETATION
OF GEOLOGICAL-GEOPHYSICAL DATA IN GEODENSITY
MODELING

!Anastasia V. Semyashkina, Daria D. Burmistrova
2Svetlana V. Shilova

FSBHEI USTU, Ukhta

lurban.mix@mail.ru, 2sshilova@bk.ru

Summary. The task of interpreting geological and geophysical data is
important in constructing reliable models of the studied geological objects.
Application of methods and technologies of geo-density modeling allows
solving several problems of oil and gas geology. The main principles of
creating geodynamic modifiers in the editor of geological and geophysical
models GeoVIP are highlighted. Aspects of support of automated data
interpretation in geo-density modeling are considered.

Key words: interpretation, geological and geophysical data, geo-density
modeling, geodynamic modifier.
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PA3BUTHUE HEMPOCETEBBIX TEXHOJIOT UM JIISI
JNETEKTUPOBAHUS U HIEHTU®UKAIIMA CEUCMUYECKHUX
COBBITUI, PETUCTPUPYEMBIX APXAHTEJbCKOM
CENCMHWYECKOM CETHIO.

YTyposa Anéna Iaenosna, >’Agponun Huxuma FOpvesuu
DOI'bYH OHIIKHA YpO PAH, 2. Apxanzenvck
Turova_AP@fciarctic.ru, 2afoninnikita@inbox.ru

AHHOTauusl. Pa3BuTHe aJropuTMoB, NO3BOJSIOIIMX HICHTU(UIUPOBATH
crnabple celicMUYecKre COOBITHS Ha 3aIIyMJICHHOMN 3allUCH B YCJIOBHAX PEIKOM
CETH CEMCMMUYECKHMX CTaHUUH, SABISAETCS KpallHE BaXHOW 3a7adyei, pelleHue
KOTOPOW IIO3BOJIAT IOBBICUTh KAadeCTBO CEHCMHMYECKOT0O MOHMTOpPHUHIA
3anagHoro cekropa Poccuiickoit Apktuku. B nanHoi paboTe Mbl IpecTaBuiIn
pe3yibTaThl CpPaBHEHMs JBYX QJITOPUTMOB JI€TEKTUPOBAHHMS HAa OCHOBE
UCKYCCTBEHHOW HEWPOHHOH ceTH. B mepBoM B KauecTBE BXOJHBIX [1apaMETPOB
HCIOJIb3YIOTCSl orudaroiue ceiicMorpaMM Bo BpeMeHHO# o0nactu. Bo BTopom
- B3aMMHO KOPPEJSIIMOHHbIE (DYHKIMM aHAIU3UPYEMOM celcMorpaMmbl U
3alyucy ATAIOHHOTO coObITHd. [lomyueHHble pe3ynbTaThl MOKa3ajad, 4YTO B
OTJIMYHE OT IEPBOTO, UCIIOJIB30BAHUE BTOPOrO AITOPUTMA IO3BOJISET B LIEJIOM
YIYy4IIUTh KAyecTBO MJIEGHTU(UKALMM, a TakKe BbIABIATh Cialble
celicMu4ecKue COOBITHSI, YTO 3HAYMTEIbHO IOBBIIIAET HCCIEA0BATEIbCKUI
MOTEeHIIMA] ApXaHIelbCKOW CEeHCMUYECKON CETH.

KiroueBbie cinoBa: 3amagHelii ceKTop Poccniickoll ApKTHUKH, CEHCMUYECKHUM
MOHUTOPHHI, CEMCMHMYECKass CTAaHIUSA, 3EMIIETPACEHHE, HCKYCCTBEHHAs
HEUPOCETH.

ITpu u3ydenun cnaboil CECMUYHOCTU B YCIIOBHSIX OTHOCHTEIBHO PEIKOW CEeTH Cei-
CMHUYECKHX HAONIOACHUN, 3HAUUTEIbHOE BIUSHUE HA KAyeCTBO MOJy4yaeMoWl HH(pOpMaIuu
OKa3bIBae€T MHOXKECTBO (hakTopoB. Hampumep, COOTHOIIEHHE SMHUIIEHTPATBHOTO PAaCCTOSIHUSA,
MarHuTybl CEICMHUECKOTr0 COOBITHS B COBOKYITHOCTH C YPOBHEM €CTECTBEHHOT'O M aHTPOIIO-
TE€HHOI'0 CECMHYECKOro IIyMa B palilOHE YCTAHOBKHM CEHCMUYECKOW CTAaHIMU, MOTYT IIpUBE-
CTH K MPAKTUYECKOH HEBO3MOKHOCTH HJIEHTH()HMKALUU HU3KOMArHUTYIHBIX CEHCMMYECKHX
COOBITUI Ha 3aIUCH.

IIpu pemennu 3a1a4 ceiCMUYECKOT0O MOHUTOPUHTA 3anasHoil ApKTuueckoi 3061 PO
AMULEHTPAIBHBIE PACCTOSHUSA TOCTUTAOT JECATKOB I'PAyCOB, PACCTOSTHUS MEXKy CecCMuYe-
CKMMH CTAaHUUSAMHU M3MEPSIIOTCS COTHSAMHU KHJIOMETPOB, JIOKAJIbHBIE MarHUTY bl 3€MIIETpsICE-
HUW pEIKO MPEBBIIIAIOT 3.5, a YCTAHOBKA CEMCMUYECKHUX CTAHIIMI BO3MOYKHA TOJIBKO B HEIO-
CpeACTBEHHON OJIM30CTH OT 00BEKTOB MH(ppacTpykTyphl. Takum obpa3zom pa3zpaboTka anro-
PUTMOB, MO3BOJISIIOIINX MACHTU(GUIHUPOBATH ciaadble celicMUYecKrue COOBITHS Ha 3alllyMJICH-
HOM 3allUCH, SIBJIAECTC KpaliHEe BaXKHOU 3a1a4eH.

B nanHOM ciiydae MHOTME MCCIEIOBaTENIM CUYMTAIOT, YTO MpoOjIeMa MOHUTOPHHIA
HU3KOMAarHUTY/HBIX 3€MJIETPSICEHUH MOXET ObITh YACTUYHO PElIeHa MyTeM HCIOJIb30BAHUS
ITOPUTMOB MAIIMHHOTO OOY4YEeHMsI U UCKYCCTBEHHBIX HEWpOHHBIX ceteil [1,2,3]. B ceiicmo-
JIOTUM UCKYCCTBEHHbBIE HEHPOHHBIE CETH NOJYYWIH IIUPOKOE PA3BUTHUE B MOCIEAHHUE AECATU-
JeTHsI B CBSI3U CO 3HAUUTENbHBIM pPA3BUTHEM KOMIIbIOTEpHOM TexHukH. Ha ceromHsmHui
JIeHb OIyOJMKOBAaHO 3HAYMTENIBHOE KOJMYECTBO CTaTell, MOCBAIICHHBIX HCCIIEIOBAaHUSIM B
naHHou oOnactu. bonee Bbicokas d(PPEKTHBHOCTh MCKYCCTBEHHBIX HEHUPOHHBIX CETEH IIO
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CpaBHEHHIO C AITOPUTMAMH, OCHOBAaHHBIMHU Ha OCPEJHEHUHU CEHCMOrpaMM BO BPEMEHHOM 00-
nactu (STA/LTA) Obuta nokasana emie B 1995 roay B padore [4]. ABTopamu ObLIO paccMOT-
PEHO J1Ba AJIrOpPUTMA: B OHOM U3 HUX B KQUECTBE BXOJHOI'O CUTHAJIA JUIsl HEMPOCETH HCIIOJIb-
3oBasiock oTHomeHne STA/LTA, paccunTaHHOE NIl KaXKI0W TPAacChl, a BO BTOPOM aMIUIUTY-
JIbl CUTHAJIA, IOJYYSHHbIE U3 CIIEKTPOrpaMMbl. DPGEKTUBHOCTH MOCIEIHET0 ObLIa JOKa3aHa
IpU JETEKTUPOBAHUU U UJIEHTU(DUKALUU CIIa0BbIX CEMCMUYECKUX COOBITUI Ha 3alllyMJIEHHOM
3aIHCH.

Opnako, 3To ObUT HE MEPBBIN Clyyail HCMOJIb30BAHUS UCKYCCTBEHHBIX HEHPOHHBIX Ce-
Tel It pereHus moao0HbIX 3a1a4. B 1990 roxy B pabote [S], ObLIN MIpeICTaBICHBI PE3YIib-
taThl ucnonb3doBanus MHC s pa3geneHust saepHbIX B3PHIBOB U €CTECTBEHHBIX ceficMuue-
CKuX coObITHH. B nanHOM ciydae ObuIa MCIOJIb30BaHA MOJIETIh MHOTOCIOWHOTO MEPLEnTpo-
Ha. B pabore [6] Obuia Hcnonb3oBaHa MOJO0HAS MOJAENb Ui KiacCU(PUKAIIMN XUMHUYECKUX
B3pBIBOB U 3eMJICTPSICEHHUI HAa OCHOBE CIIEKTPAIbHBIX oTHOUeHui Pn/Sn, Pn/Lg. B pabote [7]
OBLT IPEICTABJICH alITOPUTM, B KOTOPOM B KauecTBe BXOHBIX curHanoB ans MHC ucnomns3o-
BaJICh YaCTOTHO-CKOPOCTHBIE N300paxkeHus cericmuueckux coowpituil. Ha ocnoBe MHC Tak-
)K€ OBLITM TIPEIJIO’KEHBI METOIMKHY ITPOTHO3a 3eMIIeTpsiceHui [8,9].

Hanbneitmee pazsutue MHC miisa Hyx 1 ceiicMonoruu ObUIO CBSI3aHO C TECTUPOBAHUEM
pa3INYHbIX KOH(QUTYpalHii ceTei, aNropuTMOB OOYYEHHS B COBOKYIHOCTH C Pa3TUYHBIMHU
BapHalMsIMM BXOJHBbIX HapameTpoB. Hampumep, B padore [10] Obun mpoTecTHpOBaHbI ABa
tuna MHC, ocHOBaHHBIX Ha OOYy4YEHUH C YYUTEJIEM: MHOTOYPOBHEBBII MEPILENTPOH U OIOp-
HbIE BEKTOPHBIE MAIIMHBI U MTOKa3aHa WX BBICOKas 3 ¢ekTuBHOCTh. B crarbe [11] ommcansi
pe3yNbTaThl UCIONB30BAHUS JETEKTOpPA HA OCHOBE CBEPTOUHOM HEMpOceTH At MOHUTOPHHTA
CECMUYECKON aKTUBHOCTH BYJIKAHOB.

B nacrosimee BpeMsi, B CBSI3U C Pa3BUTUEM AJITOPUTMOB M CO3/IaHHEM T'OTOBBIX OHO-
JMOTEK, HaXOSIIMXCS B OTKPBHITOM JOCTYNE€ U TO3BOJSIOLUIMX CYHIECTBEHHO COKOHOMUTh
BpeMsl Ha HallMCaHME MPOrpaMM, MOSBISETCS BO3MOXHOCTh aBTOMATU3UPOBaTh Yyxe Oosee
CJIOKHBIE MTPOLIECCHI, CBSI3aHHBIE HE TOJIBKO C PYTUHHBIM IMPOCMOTPOM CEHCMUYECKON 3aIUCH
U Kjaccudukaiueil coObITHI, HO M ¢ aBTOMAaTUYECKOM Jokaruei [12].

OcHoBHasl 3ajjaua HalIero MCCIEIOBaHMs 3aKiloyanach B aHaJIM3€ MMEIOLIErocss Mu-
pPOBOTO OIbITa HCHOJB30BAHUS AITOPUTMOB MAIIMHHOIO OOyYeHHMs] M HMCKYCCTBEHHBIX
HEHUPOHHBIX CeTel AJIs pelleHMsl 3a/1ad JeTeKTUPOBAaHUS U UJEHTU(PUKALUU CEHCMUYECKUX
coObITHi, U MX amanTtamus s ycaosuit cetn AH (doi: https://doi.org/10.7914/SN/AH), xo-
I/1a CTAHIMI MaJjlo ¥ OHM 3HAYUTENBHO YAAJIEHbI IPYT OT Apyra.

N3 Bcero MHOroo0Opasusi CylIeCTBYIOUIMX KOH(puUrypauuii Helipocereil HaMu OBbLTH
BbIOpaHbl Hanbosee yHuBepcainbHble [13]. B kauecTBe anroputma o0y4deHus OblI BIOpaH a-
TOPUTM OOpaTHOTO pacmpocTpaHeHus omwuOku [14], Hamboyiee YACTO HUCIOJIB3YEMBIH B
HEHUPOCETSIX.

[IporpamMma [1s1 AETEKTUPOBAHUS U UJEHTHU(PHUKALUHU, COCTOSIIAs U3 MOAYJS MOIro-
TOBKM BXOJHOTO CUTHalIa W MOIYIS HMIACHTU(UKAIMU (MCKYCCTBEHHOW HeipoceTH) Oblia
Hamrcana Ha si3pike Python ¢ mcnonwszoBanmem Ombmmorexk Obspy m Numpy. B kadectse
BXOJIHBIX MTApaMETPOB I HEHpOoceTH HaMK OBbUIM MCIOJIb30BaHbI KaK orudaromue celcmuye-
CKOMH 3amucu B Habope AMAamna3oHOB YacTOT, TaK U B3aMMHO KOPPENSLUOHHbIE (PYHKIIMM aHa-
JU3UPYEMOT0 CUTHajla ¢ HaOOpOM 3TAJIOHHBIX 3alMcedl CeMCMUYECKUX COOBITHH pazIMuHON
npupoasl. Ha BeIxoge mporpamma BbIIAET BpeMs Ha CelicMOrpaMMe M THI CEHCMHYECKOTO
COOBITHS.

Mopynbs uaeHTU(UKAIIUN TIPEACTABISIET CO00M MCKYCCTBEHHYIO HEMPOHHYIO CETh C
OJIHUM CKpBITBIM CJIOEM, KaK IOKa3aHO Ha pUcCyHKe la. KommdecTBO BXOIHBIX HEHPOHOB
OTpeeNieTCsl Pa3MEPHOCTHIO BEKTOpA, MOJYYEHHOTO B MOJyJie IMOATOTOBKH BXOJHOTO CHT-
HaJla, a KOJMYECTBO BBIXOJHBIX HEHPOHOB PABHAETCS KOJIMYECTBY THUIIOB UIACHTU(DUIIHpYE-
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MBIX CEMCMHUYECKUX COOBITHIA. KoMuecTBO HEHPOHOB CKPBITOTO CIIOSI BBOE MPEBBIIIACT KO-
JIMYECTBO BXOJHBIX HEHPOHOB.

)

6 ‘\ / W11
‘/Xv\ } i
® L2 &) N,
G /' In

® 000
666 000 o

Puc. 1. Cxema HCKYCCTBEHHOH HEHPOHHOH CeTHM C OJHHUM CKPBITBIM cjaoeM (a)
U nepuentpoHa (0): 1 — HelpoOHBI BXOJHOIO CJI0Si; 2 — HEHPOHBI CKPBLITOrO CJIOS;
3— HelipoHBbI BBIXOJAHOIO CJIOSI; X — BXOJHOI CHIHAJI; W — Beca HeHPOHHBIX CBs3eii;
Y — BBIXOJAHO# CUI'HAJ

Kaxxnp1it MCKyCCTBEHHBIM HEHPOH MPECTaBIsACT COOOU MepuenTpoH (pUCYyHOK 1 0) ¢

OMHApPHOM CUTMOUANBHON aKTUBAIMOHHON (DYHKIIHEH:
1
f(x) “lie 1)

[TpuHumn pa®oTsl NepUEenTpOHa 3aKI0YAETCS B YMHOXKEHUN Ka)/10r0 BXOAHOIO CHUT-
HaJla Ha BEC COOTBETCTBYIOIIEH HEWPOHHOM CBS3M C JAJIBHEWIIMM IIPUMEHEHUEM aKTHUBAIU-
OHHOM QyHKIMH. TakuM 00pa3oM Ha BbIXOJ€ Mostyyaercs 3Hadenue ot 0 1o 1.

OOyuenne HelpoceTH MPOMCXOIUT B HECKOJIBKO 3MO0X METOJOM OOpaTHOro pacmpo-
CTpaHEeHUs OIHUOKH.

JUig TeCTUpOBaHUS MPOTrpaMMBbl MbI HCIIOJIB30BAJIM CEMCMMUYECKHE 3aIllUCH, CTaHLIUU
«CeBepHast 3eMisi». Mbl CpaBHWIN pe3yJibTaThl aBTOMAaTHYECKOIO MPOCMOTPA, MOIYyYEHHbIE
TUMH JBYMsI METOJAMHU JPYT C JAPYTOM U CO CHUCKOM PErMOHAIbHBIX 3€MJIETPSICEHUM, BHE-
CEHHBIX B O0JUIETEHb APXaHIeIbCKON CEHCMUUECKON CeTH.

[TonydeHHble pe3yabTaThl MOKA3bIBAIOT, YTO €CIM B KaY€CTBE BXOJAHBIX IapaMeTpOB
JUIs. HEUPOCETH HMCII0JIb30BaTh OruOaroye, To AeTEKTOp HaXOAUT OoJblle COOBITUH, YeM ye-
JIOBEK MPH BU3YAJIbHOM MPOCMOTPE, YTO MOKET ObITh 00YCIIOBICHO OIHMOOYHBIM CpabaThIiBa-
HueM nporpammbsl. OIHAaKO, €CIIM B KaU€CTBE BXOAHBIX I1apaMETPOB HUCIIOJIb30BATH B3aUMHO-
KOppeSIIMOHHBIE (DYHKLHH, TO KOJIUYECTBO COOBITHI, OOHApYXEHHBIX NMPOrpaMMON HE Ha
MHOT'O TIPEBBIIIAET KOJIMYECTBO COOBITUH, OOHAPY)KEHHBIX MpPU BHU3YaJIbHOM IPOCMOTE.
Jauubril ¢pakT ¢ OAHONW CTOPOHBI MOXKET OBITH OOYCJIOBJICH TEM, YTO MPOTpaMMa OOHApPYKH-
BaeT ciabble celicMUYecKue COOBITHS, KOTOPbIEe HE BUIHBI SIBHO Ha celicMorpamme, a ¢ Apy-
roi CTOPOHBI OIKMOOYHBIM CpabaThiBaHWEM Mporpammbl. OJIHAKO, CTOCOOHOCTh UCKYCCTBEH-
HOW HEMpPOHHOW CETH BBIABIATH HU3KOMArHUTYIHBIE CEHCMHUECKUE COOBITHS Ha 3allyMJIeH-
HOM 3amucu ObUTa MOKa3aHa BO MHOTHX padorax [2,3;14.], mo3ToMy MOXKHO MPEINOJIOKHTh,
4TO B OOJIBIIMHCTBE CIIydaeB cpabaThIBaHUE JIETEKTOpa 00YCIOBICHO HAJMYUEM Ha CeHcMO-
rpaMMe 3aIrch cIaboro CEMCMHUIECKOTO COOBITHS

Takum 006pazom, IETEKTOp Ha OCHOBE MCKYCCTBEHHON HEHMPOHHOM ceTu Lenecoodpas-
HO HCIIOJIB30BaTh JJI PEIIEHUS 3a4ad CEHMCMMYECKOTO MOHUTOpPMHIA 3amaJHOro CEKTopa
Poccuiickoil ApkTHKH ApXaHrenbCKOW CecMUYECKOM ceThro. JlapHellnee UCoIb30BaHUE
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HEUPOCETH IMO3BOJIUT BBHISBISATh Ha CEHCMUYECKHX 3aHUCSIX HU3KOMArHUTYJIHBIE celicMuye-
CKHE€ COOBITHSI U JENUTh UX JOTMOJIHUTEIHHO HA MOATPYIIbI, B 3aBUCUMOCTH OT YCIOBHUH HX
BO3HUKHOBEHHUSI, UTO, B KOHEYHOM HUTOTE, CYIIECTBEHHO CKa)XETCSl Ha IMOBBIIICHUU KaueCcTBa
aHaJIM3a U HAYYHOM 3HAYMMOCTH IOJIydaeMoil MH(opManuu o CeHCMHYECKHX MpOoIeccax B
ApKTHKE.

Hayunwvie pyxosooumenu uccieoosanus — 0.m.n. Aumonosckas I aruna Hukonaeena

Paboma evinonnena npu wacmuunoi noooepoicke memwvl HUP nabopamopuu ceticmo-
noeuu, Ne cocpecucmpayuu AAAA-A18-118012490072-7 u epanma PO@DPHU 18-05-70018.
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DEVELOPMENT OF NEURAL NETWORK TECHNOLOGIES FOR
DETECTING AND IDENTIFICATION OF SEISMIC EVENTS
RECORDED BY THE ARKHANGELSK SEISMIC NETWORK.

Turova Alyona , Afonin Nikita
FECIAR UB RAS, Arkhangelsk
Turova_AP@fciarctic.ru, 2afoninnikita@inbox.ru

Summary. The development of algorithms, which allows detecting low-
magnitude seismic events in noisy seismograms, in case of rare seismic
network, is an actual task, which solution allows increasing the quality of
seismic monitoring of the Western sector of The Russian Arctic. In this work,
we present results of comparison two algorithms of detecting, based on
artificial neural network. The first algorithm used envelopes of seismic record
in the time domain as input for the artificial neural network. The second
algorithm based on using cross-correlation functions, calculated between
analysed seismic record, and set of reference records. The obtained results,
show, that using the second algorithm allows generally increasing the quality
of identification as well as identify low-magnitude seismic events, that
significantly increase the scientific potential of the Arkhangelsk seismic
network.

Key words: Western sector of the Russian Arctic, seismic monitoring, seismic
station, earthquake, artificial neural network.
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V]IK 550.834
MPUMEHEHHWE METO/IOB U3YYEHMS BUP MIPU ITPOBEJIEHNM
CPP JUISI IOJYYEHUS KAUECTBEHHBIX CEUCMHUYECKHUX
JTAHHBIX

'Emenvanosa Onvea @edoposna, *Illgeyosa Mapus Hukonaesna
Qunuan 000 «JIYKOUI-Huxncunupunzy «llepmHUHITHnegpmo», 2. Illepmo
10lga.Emelyanova@pnn.lukoil.com, 2Marija.Shvetsova@pnn.lukoil.com

AHHoTanusi. PaGora mnocesmeHa mnpoOiemMe ydera HEOJHOPOIHOCTEH B
BEpPXHEW YacTH pa3pes3a C UCIOIb30BaHUEM PA3IMYHbIX METOIMK U UX BIUSHUU
Ha JambHEeHIIMe mpoueaypsl 00paboTKU U MHTEPIPETAIIH.

KuroueBble cioBa: BepxHsAs dacTh paspeza (BUP), ceiicMopasBenka, MeTon
MIPETOMIICHHBIX BOJIH (MIIB), MHUKPOCEHCMOKAPOTAX (MCK),
aneKTpoMariutTHoe ckanuposanue (OMC), o6paboTka 1 UHTEpIpETaLHS.

PaboTs! o n3ydenuto BepxHei yactu paspesa (BUP) kpaiiHe BakHBI IpU IPOBEACHUU
MOJIEBBIX CeCMOpa3BEIOYHBIX padoT Ha TeppuTropun Tumano-Iledyopckoi HedTerasoHOCHOU
npoBuHuuu (TIIIT). [lanHbIe paGOTHI HO3BOJISIOT PELIaTh CIEAYIOLINE 3aJauu:

1) Co3nmaHue ONTHMAIBHBIX YCIOBUN BO30YXICHHS IIPHU B3PBIBHOM CIIOCO0E BO30YXK-

JIeHUs CeCMUYECKUX BOJIH B IIpOIlecce MPOU3BOJICTBA MOJIEBBIX PaldoT;

2) Pacuer anmpHOpHBIX CTAaTMYECKUX IMOMPABOK ISl B3PHIBHOIO Y HEB3PBHIBHOTO CIIO-

coba BO30yXk/1eHUS CEHCMUUECKUX BOJIH.

Ha uccnenyemsix Teppuropusix B Heneuxom AtonomHoM okpyre (HAO) BbiaensoT-
cs1 00J1aCTH IMIMPOKOTO PACHpPOCTPAHEHUsT MHOTOJIETHEMEP3JIBIX MOPOJ, MOPO30OOMHBIX Tpe-
IIMH, TEPMOKApCTOBBIX 00BEKTOB U OyrpoB mydenus. Ha teppuropun PecnyOnuku Komu
HaOJII01at0TCSl YacThle CMEHBI JINTOJIOTHUECKOT0 COCTaBa MPUIIOBEPXHOCTHOTO ciios. Bee atn
00BEKTHI BHOCAT JOMOJIHUTENIbHBIE HCKAXKEHUS B HA0J10/1a€MYI0 BOJHOBYIO KapTuHy [1].

KomnieHcanus BiIusSHUS TNPUINOBEPXHOCTHBIX HEOAHOPOJHOCTEH SBIIAETCS Ba)KHBIM
3TarnoM Npu o0pabOTKE NaHHBIX MeToja oO0mel riayOMHHOW Touku. HepoyuyeT cTpykTypHO-
CKOPOCTHOW HeoaHopogHocTu BYP Hampsimyro moBiMseT Ha JIOCTOBEPHOCTh KHHEMaTH4e-
CKHX [apaMeTPOB OTPaKEHHBIX BOJH, MOJIy4YaeMbIX B mpolecce 00paboTku. DTO B CBOIO Oye-
penb BHECET UCKAXEHMSI B CTPYKTYPHBIE IIOCTPOEHUS U B IMHAMUYECKUE XaPAKTEPUCTHKH.

Jloknaa mocBsieH npobjieMe ydeTra HEOJHOPOIHOCTEM B BEPXHEM 4YacTh paspesa ¢
MCIIOJIb30BAaHUEM Pa3IUYHbIX METOIUK. /JJaHHBIE MaTepuabl HCIIOJIB30BAIUCH ISl OTPEIEIIe-
Hus mojaenu BUP, a, cimemoBaTenbHO, U 17151 TAIbHEUIIIUX MPOIEAYP 00paOOTKH M MHTEpIIpe-
taruu. Hanbosee pacnpocTpaHeHHBIMU CIOCOOAMH U3YUEHHS SBISIOTCS: METOJI MPEIOMIICH-
HBIX BOJIH, MUKpoceiicMokapoTaxk (MCK) u anekrpomarautHoe ckanuposanue (OMC).

Meton npenomneHHbIX BoiaH (MIIB) mo 2010 r. sBAsIICS OCHOBHBIM Te0(U3UYECKUM
METOJIOM IPU MPOBEACHUN MHKEHEPHOHN celicMopasBellki. B mepByio ouepenib 3TO CBS3aHO C
OTIEPATUBHOCTHIO MOJIEBBIX HAOIIOCHUH U MPOCTOTONH 00pabOTKH JaHHBIX, OOJNBLIMM JHama-
30H rIyOuH uccinenoBanus. K HegocrtaTkaM MeToza MOKHO OTHECTH MEHBIIYIO JIETAIbHOCTh
pacuJIeHEeHHs pa3pe3a MO BEPTUKAINM M CWIBHOE BIMSHUE IPUIIOBEPXHOCTHBIX YCIOBHM M
cinoxnoro penseda. [lpu maTepnperanuu MIIB umeercs emie ogHa JOBOJIBHO CEphe3HAS
npobaema — 3 PeKT «BIMATCHUS CIOS».

bonee TounpiM criocobom m3yuenusst BUP siBnsercst meton o6pamennoro MCK. Me-
TOJI OCHOBAH Ha PErucTpali BOJIHOBOI'O MOJS OT HCTOYHMKA, PACIIOJIOKEHHOTO B CKBa)XKHUHE,
CECMONPUEMHUKAMU HA PA3JIM4YHBIX YAAIECHUSAX OT CKBaXHHBI. Ilo IaHHBIM 00palleHHOro
MCK netanbHO ONpeeNsItoTCs TpaHUIbl B BEpXHEW yacTu paspesa, noxpomsa 3MC u coot-
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BETCTBHE ATUX I'PAHMUIL JIUTOJIOTUYECKOMY cOCTaBy. OCHOBHBIM HEJIOCTATKOM METOJIa SBJISICT-
CA HEBO3MOXXHOCTh IMOCTPOEHHUSI JOCTOBEPHON MOJEIu reosiorndeckoro crpoenuss BUP mno
BCEM IUIOMIAAM BBUAY CHJIBHOW JIaT€pajJbHOW HW3MEHYMBOCTM M HEBBICOKOM IUIOTHOCTH
HaOJIFO JEHUIA.

Mopenb reonorudeckoro crpoenuss BUP, nmocrpoennas no manusim MIIB u MCK,
MIPUMEHSIETCS 11 ONPEIETICHUS AlPUOPHBIX CTATUYECKUX MOMPABOK.

OparM U3 COBpEeMEHHBIX 3(PPEKTUBHBIX METOJOB, KOTOPBIA MMO3BOJISET KOMIICHCUPO-
Bath Henoctatok MCK, aBnsiercs OMC, npoBOAMMBIN ¢ HUM B KOMILUIEKCE, IJI€ B CKBOXKMHAX
u3mepsitoT KC, uHTepBasibHbIe CKOPOCTH U JIUTOJIOTHIO. MeTo/ 3JIEKTPOMAarHUTHOTO CKaHU-
pOBaHUsS pa3pe3a OCHOBAaH HAa BO3OYXKJICHHH B TOPHBIX MOPOJAX MEPEMEHHBIX JJIEKTpOMar-
HUTHBIX TIOJIEH C MOMOIIBIO HE3a3eMJIIEHHOTO I€HEPaTOPHOTO KOHTYpa M PErMCTpallid BTO-
PUYHBIX 3JIEKTPOMAarHUTHBIX nojel. [IpeumymectBo texnonorun DOMC 3akiroyaercst B U3-
MEPEHUSIX MPHU JBWKEHUHU, YTO TMO3BOJISIET MOJIy4aTh HEMPEPHIBHBINA I€03JIEKTPUUYECKUM pa3-
pe3 moboit npoTskéHHOCTH. OIHAKO, KaK U JIF0OOT0 METO/1a, Y HEro €CTh CBOU «MUHYCHI», a
MMEHHO, Majasi TJIyOMHHOCTh MCCJICIOBAHUS M CJIIOXKHOCTh MEPEBOJIAa JIECKTPUUCCKUX XapaK-
TEPUCTHUK B BOJIHOBBIE JIJII pacueTa CTaTUYECKUX MOIMPABOK.

B xozne paboThl paccMaTpUBaIMCh CEHCMOTPAaMMBI MTOJIEBBIX CEMCMUYECKUX HaOII0/e-
HUH ¢ reomeTpueit 6e3 MpeaBapuTeNbHON 00pabOTKH, MOTyYeHHbIE B ONTUMAIBHBIX U HEOII-
TUMAJIHBIX YCIOBHSX BO30YXKICHUSI.

Paiion pa6ot Nel (puc. 1) yacTHuHO pacmoiokeH B TYHIPOBOH 30HE OCTPOBHOM BeU-
HOM Mep3norbl. Ha yuactkax Oonbimioit momHoct 3MC kadecTBO NEPBBIX BCTYIUICHUMN
YXYALIANIOCH, U3-3a HEJOCTATOYHOW PHEPrUM MCTOYHUKA YIPYTHX BOJH (KyBaiaa). YBeiaude-
HUE KOJINYeCTBA HaKoIUIeHU cBbiiie 10 — 12 He npuBOAMIIO K POCTY aMIUIUTY]I IEPBBIX BOJIH.
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Puc. 1. IlpuMmep BbInoJHeHUs M0JIeBbIX padoT meTonom MIIB

IIpu nByxcionHOM crpoeHun Mozenu BUP pesynbrarst MIIB ynoBieTBOpUTEIBHO
yBsa3pIBaIMCh ¢ Marepuaitamu MCK u ¢ panee nosnydeHHbIMH JaHHbIME MIIB npyrux map-
tuil. B ciaydasx mHorocnoitHoro crpoenust BUP, nannsie MIIB 3aBbimanu riayOUHBI 10 110-
nomBbl 3MC. Ha nieHTpanbHOM M BOCTOYHOM y4yacTKax IUIOIIAIU padoT MO MEepBBIM BCTYII-
aenusM ceiicmorpaMmm MOI'T Obl10 BUHO, UTO TOUKH BBIXO0/1a TIPETOMIIEHHON BOJIHBI JJOCTH-
raroT riryouHsr 100 M — 150 M, a MOIITHOCTh HU3KOCKOPOCTHBIX OTJIOXKEHHH He mpeBbiiaia 40
M. Yike Ha pacctosHUsX cBbiie 100 M u B 6010Tax nepBble BCTymieHUs npu padotax MIIB
HE MPOOUBAIIUCE.

Paiion pabot Ne2 pacnonoxken B PecniyOnnke Komu, rie nopozsl yxe sBISIOTCS pac-
terieHHbIMU. Ha pucynke 2 mokazansl ceiicmorpammbel MCK ¢ pa3HbpIMU TITyOMHAMH MOTPY-
xeHud 3apsaaa. [lpu ycnoBuu, 4to ypoBeHb MUKpoOceiicM npu H=24 M B 5 pa3 BbIllIe, YeM MpH
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H=28 M — nmonysaem S/N=20.4. [locie pacuera TOMHUHAHTHOH YacTOTHI MO (HYHKIUH aBTO-
KOPPEJSILIMY M CIIEKTPa Y4aCTOT MOXKHO ClieNiaTh BBIBOJ, 4To ceiicMorpamma MCK mpu riry-
OuHe 3anokeHus 28 M noay4miack 6oiee HHGOPMATUBHOM.

H=24 wm, Q=251
SN=384

H=28 v, Q=25 w1
SNs 12

Puc. 2. lIpumep BbinoHenuns noJieBbix pador MCK B Pecniy0sinke Komu .

Paiion pabot Ne3 pacrnonoxeH B 30He cIulomHoro pacrpoctpasenus MMII co «e-
JSIMA» U «OKHamMm» TainukoB (puc. 3). Kunemarndeckas xapakrepuctuka mo naHabiM MCK
Hea(peKTUBHA, T.K. CKOPOCTh NMPUOOPETAET NOCTOSHHYIO BEJIMUMHY IO BceMy paspesy. u-
HaMHYECKasi XapaKTEePUCTHKA yKa3bIBaeT HA PE3KOe MaJCHUE aMIUINTYJ B MHTEpBaJe IyOuH
or 17 M 0 22 M. B Takoii cutyanuu HeoOX0JUMO IPUMEHEHHE KOMIUIEKCUPOBAHHs METO/I0B
anexTpopaseaxu u MCK.

X Ne MCK 115 Tpodmas 2037 Tuxer 5253 Aner 1324w
Cxexi pacnpeacacin cropocreit IM( .

Paiton pabor Ne3 [ &) S

‘~.'-~-— (- - "V-’-\q"" -~ 2

e f .

Puc. 3. Ilpumep u3ydyeHHs IUIOIIAAM C MOMOIILK) KOMILJIEKCHPOBAHUSI METOA0B
iexkTpopasseaku u MCK

DTO TO3BOJIET MOJTYYHTh 3aBUCHMOCTH PACIPEACICHHS MO TUTOMIAA aMIUTATYIHBIX
XapaKTePUCTHUK IO TIyOWHE W BETHMYHMHE 3apsa MOCTe YBSI3KH aKyCTUYECKUX M DIIEKTpUYe-
CKHX TIapaMeTPOB, a TakKe (PU3HUECKOTO COCTaBa pa30yprUBaeMbIX MTOPOI.

Oco0EHHOCTHIO TIOJIEBBIX CEHCMUYECKUX JAHHBIX TAKXKE SIBISIETCS M 3aBHCUMOCTH aM-
TUTATY/THO-9AaCTOTHBIX XapaKTEPUCTHUK OT (opMbI penbeda. Bo3BbIlIeHHBIE YIaCTKU COOTBET-
CTBYIOT MOHMXCHHUIO YPOBHS aMIUIUTY/ U YMEHbBIIIEHUIO MTPEe00IIaaroIieil YacTOThl CUTHANA.

B 30HaX ¢ HEONITUMAILHBIMU YCIIOBUSIMH BO30YKICHHS («HET00YyphI») pu 00paboTke
CEHCMHYECKHX JaHHBIX HAOIIOAAOTCS 00JACTH ¢ HU3KUM COOTHOIICHHEM CUTHaj/moMexa. B
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npoIiecce BHIMOIHEHUS MPOLEAYp 00padOTKU 3TO MPOSBIAETCS B YXYIIICHUHU MPOCIIEKHBAC-
Moctu OI' 1esieBbIX MHTEPBAJIOB W HU3KOM TWHAMHYECKON BBIPA3UTENbHOCTBIO (puc. 4). A
MMEHHO, B YMEHBIICHUU aMIUIUTYJ U YaCTOTHOTO COCTaBa M MPUCYTCTBUHM BBICOKOTO (oHA
HIOBEPXHOCTHBIX BOJIH-IIOMEX 10 BCEMY MHTEpBAJly pa3pesa.

B pesynbTare yero miust ontumansHoU Koppensinun Ol B ocnabieHHON 30HE B X0
CTPYKTYPHOM HMHTEpIpeTaluy UCIOJHUTENIAM HEO0O0XOAUMO MOATOTABIMBATH JONOJHHUTEIb-
HBI CyMMapHBIN Ky0 BpeMeHHOH Murpanuu 10 cymmupoBanus (BMJIC).

cdp 2200037 2230902 2231002 2231137 2201232 2231332 22 2017 6N N2 N N
e i i 1 i i i i 1 1 i i

B s o AR e T s
Y x),mleuue npocnmunaemocrn 4»4
v : orpamuouuu rop||;9uron <~ 4

Fpuyep BEPTHRAILHOIO CCHCHHA AMPHOPHOINO CVMMAPHOTO KyOa,
AOTIOIHCHHOTO IPAQHKOM H KapTOii COOTHOWICHIA CHIrHaa/momexa, ||+
paccuntannbix B okne 1000-2750 mc. IpsamMoyroasHHKaMu oTMeseHbIH |
YHACTKH HHIKOT'0 KAYECTBA 1101CBLIX X JAHHLX

g T T TITITON - o —
2 \ € . - S Y -
CEPL T AT Py

3 Py

T T T T T T T

Puc.4. IlocaenctBusi  BbIOOpa  HEONTHMAJIBHBIX  YCJIOBHH  BO30Yy:KICHHS
Ha npoiecc 00padoTKH

Jlyig aHanM3a KayecTBa UCXOAHBIX TAHHBIX U UX NMPUTOAHOCTH AJIs PelIeHus 3a4a4 Au-
HaMMYECKOW MHTEpIpETalluy MPUMEHSIOT CIEAYIOIINe METOAMYECKUe MpUeMbl: 1) BuU3yallb-
HBII aHAJIN3 KauecTBa BPEMEHHBIX Pa3pe30B U CJIalcoB; 2) pacyeT KyOa arprulOyra JOMUHAHT-
HOM yacToThl; 3) nocrpoenue FX-cnekrpa no Random Line; 4) mocTpoeHue kapT TOMUHAHT-
HBIX YaCTOT B HECKOJIbKMX II€JIEBBIX MHTEpBajiaX; 5) aHaIM3 aMILUIUTYJHO-YAaCTOTHBIX Xapak-
TEPUCTHK T10 TJIOLAaAN paboT.

K.\p!a ,]()\IIINJMTMOH.“.(lolbl
BIIHImeJ\, llld l(m MC ' ld "4

Puc. 5. Buusmme nosepxnocnn,lx chIOBIm B035y)KIleHI/Iﬂ Ha Ppe3yJbTaThl
HHTEPIpeTAUH
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Ha nomanu pabot, nmpuBeeHHOI B KadecTBe NMpUMeEpa, B LEHTPAIbHOW YacTu C 3a-
nasia BeIJCISAETCS 30Ha «IpeOe3kaHus» CEeHCMHUYECKON 3allUCH, XapaKTePU3YIOLasicsi HepaB-
HOMEPHBIM YaCTOTHBIM COCTABOM, HapyIIEHHEM CTaOMIIBHBIX Oceil cuHpaszHocTH (puc. 5).
30Ha OCa0NeHHBIX AMIUIMTYI W Malloil MH()OPMAaTHBHOCTH CBS3aHA C IMOBEPXHOCTHBIMU
ycloBusIMU B030YyxkeHus u npuéma. [Ipu ananusze nonessix padoT 3D ObUIO BBIBIEHO, YTO
3apsi ObUT IOTPY)KEH B HEONITUMAJIbHBIC YCIIOBHS, T.K. 3HAYUTEIbHASL YaCTh IJIOMIAIN padoT
MOMaJIaeT B 30HY pa3BUTHsI aHOMaJIbHO MoiHOW 3MC. B neHTpalibHOM M 10ro-3amajaHoi Ja-
ctu B BUP pa3BUTHI OTJIOKEHHS TaJ€YHUKOB: B ATUX MECTaX CEMCMHYECKUN MaTepHal «pac-
CBINAETCS» HAa BBICOKOYACTOTHYIO ITIOMEXY.

IIpu aHanm3e BOJIHOBOIO I0JIsL JaHHAs 30HA «IpeOe3KaHusD» MPOCIEKUBAIACH HA BCEX
JTanax MUrpanuu, Hanbojee CUJIbHO OHa ObUIa OTMEUYeHa Ha OoJiee rI1yOOKUX HHTEpBaiax.
IIpoBeneHHBIN aHAIN3 CEMCMUYECKOr0 MaTepHalla I0Ka3all, YTO TAKOE Ka4eCTBO MaTepuaia B
30H€ HEKOHJIMLIUOHHOM 3allMCH HE MTO3BOJIUT Ha XOPOLIEM YPOBHE BOCCTAHOBUTD YIIPYTHE
CBOMCTBA, YTO BBUIBETCS B HEKOTOPYIO MX HEONIPEAEICHHOCTD.

B 3akmiouenne xotenoch ObI OTMETUTH, UTO U3ydueHue BUP B onepexaroiiem nopsiake
npu npoussojctBe CPP B TIIII nmeer oueHb BaxkHOE 3HAYEHME ISl MTOJIyUYEHUSI KauyeCTBEH-
HBIX CEIICMUYECKUX MaTepuaioB. Hapsay ¢ OCHOBHBIMHM MPUMEHSAEMbIMUA METOJIUKAMU CYIIle-
CTBYIOT METOJIbI, KOTOpbIE T03BOJIsIIOT pacwieHUTs BUP Ha ypoBHe Bepxueit OI' u riyOxke,
TEM CaMbIM IOBBIIIAS KaYeCTBO JaibHelIeil 00padoTku 1 uHTepnperanuu. K Takum meto-
JlaM MOXHO OTHeCTU MeTo/bl AnnekTpopasseaku 3D — 3Chb u manornyounnyto 3Ch.
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APPLICATION OF METHODS FOR STUDYING THE UPPER PART
OF THE SECTION WHEN CARRYING OUT SEISMIC RESEARCHES
TO OBTAIN QUALITATIVE DATA

!0lga F.Emelyanova, ?Maria N. Shvetsova
LUKOIL-Engineering Limited. PermNIPIneft Branch Office, Perm
'0lga.Emelyanova@pnn.lukoil.com, 2Marija.Shvetsova@pnn.lukoil.com

Summary. The report is devoted to the problem of taking into account
heterogeneities in the upper part of the section using various techniques and
their influence on further processing and interpretation procedures.

Key words: the upper part of the section, seismic exploration, seismic
refraction, microseismic logging, electromagnetic scan, processing and
interpretation.
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V]IK 550.370
TPEXMEPHASI UHBEPCHS JAHHBIX UMITYJIbCHOM
YJEKTPOPA3BEJKH JJIs HOMCKOB 30H CYJbL®UIHON
MUWHEPAJIM3ALIMA HA TEPPUTOPUM CEBEPHOT'O KA3AXCTAHA

Ulloiixonoea Tyana Cepzeesna, Kpaiitnosa Examepuna Anexcandposua,
YMkupsa Muxaun Cepzeesuu, *benosa Anacmacus IOpuvesna,
2Cusenxosa Anacmacus Ilasnosna

‘UPHHUTY, 2. Hpxymck

2HI'TY, 2. Hogocubupck

shoykhonova@yandex.ru

AHHOTanusi: B cratbe mpeacTaBieHbl  pe3yNbTaThl  TPEXMEPHOIO
MOZACIIMPOBAHUSA OAHHBIX I/IMHYJII)CHOI?I OJICKTPOpAa3BCAKU 1 TMOUCKOB 30H
cynbpuaHoi MuHepanu3auuu. OCHOBHas 3ajaya paboT Oblia HampaBiieHa Ha
uccnenoanue nenpeccun «Kpi3pui-Cop» U OKOHTYpUBaHME aHOMAJIbHBIX 30H
cynburHoi MuHepanu3auuu. CpeicTBOM pelIeHUs IOCTAaBICHHOM 3a1adu
SBJIJIOCh KOMIUIEKCHOE NPUMEHEHHE amnmnapara OJAHOMEPHOM U TPEeXMEpHOU
MHBEPCUH JIAHHBIX AIEKTPOMArHUTHBIX 30HAUPOBAHUI.

Kuarouesnie cioBa: VMMmynbCHas 3JIEKTpOpa3Belika, OJHOMEpPHAas WHBEPCUS,
TpexMepHasi UHBEpCHUs, CyJb(uIHass MUHEpaIU3alus, 30Ha IeIPECCHH.

I'eopusnueckue uccae0BaHus IPOBOIMWINCH Ha TeppUTOpUn ceBepHoro Kaszaxcrana
Ha ydacTke paboT «Kb3bu1-Cop» ¢ 1enbl0 yCTaHOBICHHS CKPBITHIX 30H CYIb(QHUIHON MUHE-
panu3anuu Ha riyoune 10 1 kM. Takxke pemaauch 3ajjaud 1o OKOHTYPUBAHHUIO Opeojia IITOo-
KBEPKOBOM MHHepanu3auuu. lccienoBaHus BBINOJIHAIUCE C NPUMEHEHHEM TEXHOJOTHH
3JIEKTPOMArHUTHOTO 30HIMPOBaHUS U BbI3BaHHOH nosspuzanuu (OM3-BII), B koTopoii uc-
M0JIb3YETCs] UMITYJIbCHOE BO30YX/I€HHE TOKA JIJIsl 3a3€MJICHHBIX HCTOUHHUKOB U IIPUEMHHUKOB.

OcHOBHOM 3a/a4eil SIBJIAJIOCH UCCIIEOBAHUE BBIICIEHHON MO reoMopgOIOrHueCKUM
JAHHBIM KOJIBLIEBOM CTPYKTYpBI (SBIISIOIIEHCS, BO3MOXHO, IIPOBAJIOM HAaJl pyJIOHOCHBIM OYa-
I'OM), MTOJIHOCTBIO MEPEKPHITON YETBEPTUYHBIMH IJIMHAMHU Y HEOT'€HOBBIMH OTJIOKEHUSIMHU T10]1
HUMHU. V3ydeHne naHHOW 00JacTH TO3BOJIMT OMPEIESIUTh BO3MOXKHOE HAJIMYHME B HEU CYIb-
¢bunHoi MuHepanuzanuu. s pemeHus: MOCTaBICHHONW 3a7ayud, IPUMEHIOCh TPEXMEpPHOe
MOJIEJTMPOBAHUE TaHHBIX AJIEKTPOMATHUTHBIX 30HIMPOBaHUM [1].

Meton OM3-BII sBnsercs MeToIOM UMITYJIbCHOM 3lIeKTpopa3Benku. Pa3pes Bo30yx-
JTAeTCsl C TIOMOIIBIO IEKTPUUECKOro aunoiist AB, B TO BpeMs Kak pa3HOCTh OTEHIMAJIOB U3-
MepsIeTCA Ha MPUEMHBIX dJIEKTpoAax. PazHuna HanpsokeHUM MeX1y MPUEMHBIMU JIEKTPOJIa-
MU KOHTpoJMpyercss Bo BpeMmeHu (uHTepBan 125 mc). Ilepexonnslii mpouecc (raibBaHUYE-
CKHMH U MHIYKIIMOHHBIIN) TaK)K€ PETUCTPUPYETCS BO BPEMS BBIKJIFOUEHUS TOKa. Takoi moaxon
MO3BOJISIET YCTOWYUBO BBLACTATH 3(PPEKT BHI3BAHHOMN MOJISIPU3ALINN B UCCIEYEMbIX MTOPOIax
Y, B KOHEYHOM UTOTE, IEPENTH OT TPAJAULMOHHBIX KO XKYIIMXCS TapaMeTPOB (KaKyIlIerocs co-
npotusieHus (Rho) u xaxymeiicsa nonspuzyemoctu (Eta) Kk mocTpoeHHI0 TpeXMEPHBIX T'eo-
AIIEKTPUUYECKUX MOJIENIEH 0 pe3ylbTaTaM pelleHus: 0OpaTHON 3a7ayH, ¢ y4EeTOM YaCTOTHOU
JIUCTIEPCUU DIIEKTPOIPOBOTHOCTH [4].

IIpu BeImosnHeHnn 3D MoOAENMpPOBaHUSA HCIOJIB30BAJIOCh CHENUAIN3UPOBAHHOE IPO-
rpammHoe obecrieuenue (I10) «MudopmannonHo-TIporpaMMHasi cucreMa o0pabOTKH JaHHBIX
JUIS. COMPOBOXKIEHUS AIIEKTPOMArHUTHBIX TEXHOJIOTUH T'€0JIOrOpa3BeKn», pa3padoTaHHOE B
HoBocuOupckoMm rocy1apcTBEHHOM TEXHUYECKOM YHUBEPCHUTETE.
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Mertoauka 3D mHBepcuu 0a3upyercsi Ha UCIOIb30BAHUU OJIOYHBIX CTPYKTYp, IPUH-
U pabOTHI ¢ KOTOPBIMHU ormucaH B [5]. B xoxe 3D uHBepcuu 1isi Kak10ro U3 OJOKOB OIpe-
JeISUTMCh IPOBOIUMOCTb, MOJISIPU3YEMOCTh U KOOPIMHATHI TPaHUI] OJIOKOB.

Ha yuactke pa6ot Ke3pui-Cop ¢ ucnonb3zoBanuem Texunosnorun IM3-BII 6bu10 3anu-
cano 1472 Touku 30HAUPOBAHUS, OOIIMM 00beMOM 36 MOTOHHBIX KWJIOMETPOB Ha 17 mpodu-
nsx ¢ marom 25 M (Puc. 1). MccnenoBanust ObLIM HampaBJICHbl HA KAPTUPOBAHHUE 30H IOBHI-
HIEHHOW TOJSPU3YEeMOCTH, HAXOJAIINXCS B KOpE BBHIBETpUBaHUS M MoJ Hel. [loBwimieHHas
MOJIIPU3YEMOCTh JJOCTaTOYHO YacTO OOYCJIaBIMBAETCA MPUCYTCTBUEM CYNIb(QUAHON MUHEpa-
JU3aIMK Pa3HOTO BUAA, KOTOPAsi, MOKET OBITh CBS3aHA C MOTEHIMAIBHO PYAHBIMH HAKOILJIE-
HUSIMHU.

Venosusie 0603Ha4eHUA

— Jlunwm AB
*  Touku 3asemiaeHns nuumii AB
«  Toukn IM3-BI1

s 2
Tpodwen. 670

Mpogawas |

(] [
Npodua 170

Npodeuin 2
TipoguLn. 230
Tpogue 270
Tpoguuas 3
Hipodmar. 330
podivin 370
v Tipogun. 4
= Tipoguss 430
[ —
Tipodueis. S
Tipodu. $30
&' fpegun 0
Tipogu. 6
Mpogun. 630

Puc. 1. Pacnosoxxenue npoguiieit Ha yuactke «Kpi3brui-Cop»

B pamkax oIHOMEpPHBIX MOJSIPU3YIOUINXCS MOJENEH ¢ [eIbI0 MOUCKA CIETBIX PYIHBIX
TEJ Ha TIyOWHE, COAepKAUX CyTb(UIHYI0 MHHEPATH3AIHI0, OblJIa BHITIOJHEHA OJTHOMEPHAs
WHBEPCHs DJIEKTPOMArHUTHBIX 30HAUpoBaHMiA. [Ipu MomenupoBaHHH, OCYIIECTBISIEMOM B
nporpamme Mars1D [3], pacdeTsl Benuch MyTEM HCIONB30BAHUS KOMIUIEKCHOTO 3HAYCHMUS
YIIENBbHOTO eKTprudeckoro conpotusienus (YOC), 3aBucsiero ot 4actorsl. s onucanus
yacToTHOU 3aBucuMocTH Y IC mcnons3oBanack ¢opmyrna Cole-Cole, mpuMeHeHne KOTOpOn
MO3BOJIIET OMUCATh OOJIBITUHCTBO IKCIEPUMEHTATBHBIX IHUCIEPCHOHHBIX 3aBUCHUMOCTEH B
TOPHBIX Mopojax [2].

[To pe3ynpTaTam OTHOMEPHOI WHBEPCHH HE yJATI0Ch MOIYYUTh MTPUEMIIEMYIO MOJIETh
Cpelbl B CBSI3M C TEM, YTO Ha HMCCIIEIYyeMOW IUTOMAAN HaOIIomaeTcss OONBIIOe KOJIMIECTBO
KOHTPACTHBIX OOBEKTOB, CBS3aHHBIX C PAa3NUYHBIMU THUIIAMU CYIb(OUIHOW MUHEpATU3AIUU.
[TosTomy Obiia BeITONTHEHA reoMeTpudeckas 3D mHBepcus. KonmuecTBo HCKOMBIX MapaMeT-
poB ObL10 668, M3 KOTOPBIX 336 COOTBETCTBOBAJIO TEOMETPHUECKUM MapaMmerpam (T.e. KOoop-
JTWHATaM TPaHUI] OJIOKOB), a OCTAJIbHBIC — (PU3NUYECKUM (T.€. 3HAUCHUSIM TOJIAPU3YyEMOCTH U
IPOBOIUMOCTH BHYTpH 0510k0B). [Ton6op Beimonusuics B quanasone ot 0.1 go 100 mc. B pe-
3yJbTaTe moadopa CyNIeCTBEHHO CHU3MIIACH HEBS3KA MEXTy HAOIIOICHHBIMU U MOJIEIIbHBIMU
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JAaHHBIMU. DTO TOBOPUT O TOM, uT0 3D Mozaenu JOCTaTOYHO TOYHO ONMCHIBAIOT I'€0JIOrHYe-
CKYIO Cpe/ly B IaHHOW CUTYAallH.

Ha pucynke 2a mokasaH npuMep CXOJUMOCTH MOJEIBHBIX M HAOJIOJICHHBIX KPUBBIX
30HAMPOBAHUS C y4ETOM M 0e3 yuyeTa BKIaja nossipuzauuoHHbx 3¢ dexToB. Haunnas c Bpe-
MEHHOMU 3a/1ep>KKU = 1 MC, CXOUMOCTb KPUBBIX YXYALINIACh. YYETa TOJIBKO UHIYKIIMOHHOTO
s dexTa cTaHOBICHUSA OIS AJI1 HAXOXKACHUS YCTOMYUBOTO PEIIEHUs] HEAOCTATOYHO.

TP 6, 11K 28

nabmoneHunas KpuBas

~ = = MOJICJIbHAA KpHBAA,C YUCTOM
nosspusaunonneix Ahdexron, CKO = 28 %
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Puc. 2. Ilpumep cxoaumoctu 1D MopeabHbIX M HalawaeHHbIX KpuBbix OM3-BII:
a) c yueToM U 0e3 yyera BKJajaa, 0) B paiioHe aAenpeccud U GoHOBOE 3HAYEHHE

Ha pucynke 26 mokazan mpuMep CXOJMMOCTH MOJCIBHBIX W HaOIIOJEHHBIX KPUBBIX
30HIUPOBAHUS, B paiioHe Jenpeccuu u POHOBOE 3HAUCHUE. BUAHO, 4TO IPUPOCT MPOBOIUMO-
CTU B paiiOHE JAECMPECCHUU CMEIIAET JIEBBIN Mepexo] yepe3 Houib BOpaBo ¢ 0.3 mc Ha 1.1 mc,
YTO OOBSICHSIETCS POCTOM BKJIaJa MHAYKIIMOHHOTO ToJis. B pamkax omHOMepHOro moabopa,

132



XXII Ypanbckas MOJOEKHAS HAyYHAs IIKOJIA TI0 Te0PH3UKe

OUEBUJIHO, HE YJIAETCsl BBIBECTH JIEBYI0 MHIYKIIMOHHYIO YacTb MOJEIbHOM KPUBOW Ha ypo-
BEeHb HaOJIOJEHHON, YTO CBSA3aHO C CYIIECTBEHHBIM BIUSHUEM TI'€O3JIEKTPUUECKUX HEOIHO-
poaHOCTEH B 001aCTH JENpPECCUU Ha pacIpeesieHUe MoJisi HICTOYHUKA T10 IJIOUIa I ChEeMKH.
TpexmepHas unBepcus aAaHHbIXx OM3-BII nmo3Bonnia yMEHbIINTh 3HAYEHUSI CPEAHEKBAIpa-
TUYECKOTO OTKJIOHEHUS B JaHHOU obnactu ¢ 84 % mo 7.05 %, mocKoiIbKy B HEil M3HAYAIILHO
YUHUTBIBAETCSI HEPABHOMEPHOCTh PacpeieICHUs NEKTPOMATHUTHOIO TOJIS.

Ha pucynke 3 npencraBieHbl pe3yabTaThl TPEXMEPHOIO MOEIMPOBAHUS 110 TapaMeT-
pam YOC u nonsipusyeMoctu. Beinenena o0nacte nonmwxkeHHoro YIC, ckopee BCero mpu-
YpOUYCHHAsI K 00BOJHEHHOM 30HE, conepxkaieii paccon (PucyHok 3a). ITo nanuaeiM BIT 00BekT He
BBIJICJIUIICS, BEPOSITHO, ITO CBSI3aHO C KOPOTKUM BPEMEHEM I1ay3bl TOKOBOTO MMITYJIbCA B Ie-
HepaTopHO# JimHuH. Ha pucynke 30 moka3aHbl BBIZCTICHHBIE aHOMAaJbHBIE OOJIACTH IOBBI-
HIEHHOH noJsipuzyemMocTu. Bee nmsiTh 00bEKTOB BXOJST B apeajl pacCesiHUsl BTOPUYHBIX OPeo-
J0B Me/ii. JlaHHBIE aHOMAJTUH IPUYPOYEHBI K IITOKBEPKaM C YOOTo# cynb()uIHON MHUHEpAIIH-
3anuel, paHee U3y4eHHBIX /10 I1yOuHs! 350 M.

a)

Sagy

OO0BoOHEHHAS 30HA

Y3C, OMm'm

B B | == - Henpeccust «Kpi3pui-Copy»
30 12725 2515 37575 5000

0)

Alpha, %

. | —— - Henpeccust «Kbi3bui-Cop»

0 12.5 25 375 50

Puc. 3. Pesyabrarsl 3D MmogeanpoBanus: a) no napametrpy YIC, 6) no napamerpy BIT
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B 00mieil c10KHOCTH, MPHU BBINIOJIHEHUU HHTEPIPETALUHU JAHHBIX, MOJYYCHHBIX Ha
yuactke «KbI3pur-cop» ¢ ucnosib3oBanueM TexHojorun OM3-BII, Obut0 ycTaHOBIIEHO, YTO
U3-3a BBICOKOT'O KOHTpacTa npoBoaAuMOocTH, 1D uHBepcus He mo3Bosinia NOJyduTh NIpUeMiIe-
MO€ COBIMaJIeHHuEe HAOIIOICHHBIX U MOJICTIbHBIX KPUBBIX U, KaK CIEACTBHE, MPUEMIIEMYIO T€0-
JIOTUYECKYI0 MOJIETh y4acTKa pabor [6].

Uro06sl mpu3HaTh aJiekBaTHOCTH 1D Mozenu, xopoias CX0IuMOCTh HAaOIIOJIEHHBIX U
MO/JIEJIbHBIX JAHHBIX SIBJISIETCS YCIOBUEM HEOOXOIMMBIM, HO HE JOCTaTOYHBIM. Pe3ynbTaT 01-
HOMEPHOT'O0 MOJIEJTUPOBAHUS MOXKET CUMTATHCS MPUTOJIEH TOJIBKO TOTJa, KOIr/a 10 HEMY IIO-
ctpoeHa 3D-mozenp, A1 KOTOpoW IocUuTaHa IpsiMasi 3a/1a4ya, U IOJy4eHHbIE KPUBBIE IIEpe-
XOJIHBIX MPOLECCOB JAIOT HEBBICOKYIO HEBA3KY C IPAKTUYECKUMH KPUBBIMH.

IIpu comocraBieHUN AaHHBIX TPEXMEPHOW MHBEPCHHU C MMEIOLIEHCS I'€OJOTMYECKON
uH(popMalvel yaanoch BbIACIUTh AHOMAJIbHBIE 30HBI TOBBIIIEHHON MOJIAPU3YEMOCTH,
NpUYpPOUYCHHBIE K INTOKBEpKaM c ybOoroil cymbdumHoi MuHepanmuszanueil. [lo manaemv 3D
MozenupoBaHus 1o pazpesy YOC B paitone nenpeccun «Kbi3pui-Cop» Oblia BblAeNeHA
HU3KOOMHAsl aHOMAaJIus, CKOpee BCETO CBSI3aHHAs ¢ 30HOM paccosoB. I BBIACICHNS JaHHOU
anomanuu 1o BII HeoOXoauMoO yBeIMUYUTH IMTENBHOCTh MAy3bl BBIKIIOYCHHS] TOKA B
TE€HEPaTOPHOM JMHUHU. brarogapss NPUMEHEHHIO T€OMETPHUYECKOM TPEXMEPHONW WHBEPCUHU
yaJIOCh CYIIECTBEHHO YIYYIIUTh CXOJIMMOCTh MOJENIBHBIX U HAONO/IEHHBIX KPUBBIX, YTO B
CBOIO OYEPE/Ib, I03BOJIMIIO MOIYYUTh I€OJOTHYECKH HE IPOTUBOPEYAIILYI0 MOJIETb CPEbI.

D¢ dexTUBHOCTh MPUMEHEHHsS B 3JEKTPOpa3BeOYHbIX padorax 3D monenupoBaHus
naHHbix OM3-BII B nonHoi Mepe NoATBEpKAAETCS pe3yabTaTaMy pabOT Ha MECTOPOKICHUU
nophuUpoBOro TUMA B CEBEPO-BOCTOUHOM YacTu ACTaHMHCKOM obnmacTu Ha ceBepe Kazaxcra-
Ha, XapaKTePU3YIOLIErOCsi MHOTOYUCIIEHHBIMU MPOSIBIIEHUSMH 30J10Ta U METH.
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THREE-DIMENSIONAL INVERSION OF PULSE ELECTRIC
EXPLORATION DATA FOR SEARCHING FOR SULFIDE
MINERALIZATION ZONES IN THE TERRITORY OF NORTHERN
KAZAKHSTAN

Tuyana .S. Shoykhonova, ‘Ekaterina A. Krainova, *Mikhail .S. Shkirya,
!Anastasiya Y. Belova, > Anastasiya P. Sivenkova

LINRTU, Irkutsk
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shoykhonova@yandex.ru

Annotation: The article presents the results of three-dimensional modeling of
pulsed electrical exploration data s mouckoB 30H  Cynb(UAHON
muHepanu3anuu. for the search for zones of sulfide mineralization. The main
task of the work was aimed at studying the Kyzyl-Sor depression and
delineating anomalous zones of sulfide mineralization. The means of solving
this problem was the complex application of the apparatus for one-dimensional
and three-dimensional inversion of electromagnetic sounding data.

Key words: pulse electric exploration, one-dimensional inversion, three-
dimensional inversion, sulfide mineralization, depression zone.
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