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AHHOTALHA

MaTemMaTHUECKOE MOACIHPOBAHHE HIpacT DOJBLIYIO POIL B MOHHMAHHH OCODEHHOCTEI
BOTHOBOTO MOJA W ABIACTCA, 10 MHCHHIO ABTOPOB, OJHHM H3 BasKHCHIIHX HAMPABICHHI 10~
OBIX CEHCMHYECKHX HCCIe10BaHui. B cTaThe H3I0KeHa METOAHKA, BEIIOUAIOUIAA B ceDA ITanbl
chopa reonorydeckoil HHQOPMAaLUK, CO3JAHHA H NOANOTOBKH CEHCMOIeOIOrHYecK il MOeH,
A TAKKE HEKOTOPLIE NpodIeMbl H HOBBIE CIIOCOOBI HX PeLLCHH A4 BEpXHEeH JacTH paspesa
Pecniydnnkn Taraperan; paceMOTpeHEl npolece nocTpoeHus 3D-MoJenH CTPYKTYPEL ODHTYM-
HOH 3a7exH B nakere nporpaMu ArcGlS, a takme HENOCPEICTBEHHO CaMO MOJISTHPOBAHHE,
KOTOPOE BRINOIHAIOCH B nporpaMMHuom kKomiekce Tesseral. ObbekTaMu HCCHE0BAHWI AB-
JIHIIHC B Aaneum HCKAH 301CE b OJIHOMMCHHOTD) MECTOPUWHIICHHA H YHHHUBCEEHH FAE b H{.J'R{.]'-
qE]"ﬂ;‘IHﬁEHUFﬂ MECTOPOHICHHA. TEP]}HTUPHH.I’IEH{} OHH PaciiofIioskcHBl HA SdlldJIHOM CEJIOHC
Iknoro kynona Tatapekoro ceoza. B pesvnerare mccnenoranui OBLIO YCTAHORIEHO, YTO
OMTYMHAA 331€KE CO30aET J0MONHUTEIBHEBIE OCH CHH(AIHOCTH B MOJIE OTPaKEHHBIX BOJIH, 4
TAKKE KHHEMATHMECKHE M IHHAMHYECKHE aHoManuH. [lonyueHHBIE PE3yIbTATHL MO3BOIHIH
PELIHTE 3a7a4y CTPAaTH(HKALNH OTPaAKaOIHX TOPH3IOHTOB B TOMIIE BEPXHENEPMCKHX OTJIO-
KCHHH, BEIHOYAMOIICH IUIACTBI-KOJUICKTOPEl MECYaHOH Na4vkH, HACBIIUEHHBIC CBEPXBA3ZKOMH
HEPTEIO.

KiaoueBnsle ciioBa: ceepxpaikag HedTh, ManornyOMHHAag celicMopazpenka, uudporas
00padoTKa, MATEMATHYECKOE MOJEIHPOBAHHE, CeiiCMOTenI0ornyeckas Moels, reoHHpopMa-
LHOHHBIC CHCTEMBL

Brenenne

[TpoMBlIIIIEHHBIE MECTOPOMIEHHA [IPHPOAHBIX OUTYMOB Ha TeppuTopHH Pecniyd-
muku Tataperan (PT) ceazannl ¢ onpeleneHHBIMH THTOMOTO-(PalHaATEHBIMH 30HAMH
BEPXHENEPMCKHX OTIMKEHHH U BeTpeuarTes Ha rayouHax ot 10-20 po 250 m [1],
TO €CTh OHH Pa3MeElIcHBl B BepxHei yactu paspesa (BUP). ®usznueckoii ocHoBoil npu-
MECHEHHMA CCHCMOPAa3Be/IKH HA MPHPOAHBIE OUTYMEI ABAAIOTCS OTHOCHTEILHO HH3IKHE
3HAUCHHA CKOPOCTH PAclpOCTPaHCHHA VIIPYTHX BOITH B OMTYMOHO3HBEIX nopojax [2].
Llenkio celcMUYECKHX HCCIICIOBAHMH ABIANACH JKCMICpUMcHTAIbLHas o0paboTka u
HHTCPIPETAIIHA MOJCBLIX CCHCMHYSCKHX MaTepHanor, nonyuenusix B 2013-2014 rr.
B X0 re0H3HIeCKHUX UCCIeI0RaHHH Ha 3anekax ceepxeaskux nedreit (CBH). TTo-
CTaBJCHHAA 11e/Ib ONpPEe/Inia CIEIYIOMHE 3a/1a4M HCCieloBaHuii: paspaboTky me-
TOJIHKH MaTeMaTHYECKOTD MOJC/IMPORAHHA M CO3/1aHHE CCHCMOTCONIOTHYCCKHX MO-
neneii odwekTor Heenenopanuii g BUP. B npouecce o0padoTku IBYX COBOKYITHO-
CTEH CCHCMHYCCKMX MaTCpHANIOB MCTOJHKA COBCPHICHCTBOBAIACH B XOJC PCHICHHA
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pasnIuYHBIX MpodieM, BO3HHKAKIIHX Ha pa3HbIX cTaauax pador. B uenom pesynsrat
MOJIe/THPOBAHHA 3aBHCHT OT CTENeHH NMPHOIHAKEHH:A CelcMOreoI0rHyecKoi Mo1en
K peallbHOH reoJ0ori4eckoH cpele. JTo JOCTHIaeTes 3a CUET TIATEILHOH MOArOTOBKH
MCXOIHBIX JAHHBIX 1A MOIENH H TOCHeNyIollei eé KOPPeKTHPOBKH HA OCHOBAHHH
pe3yabTata 00padOTKH MOJEBBIX CEHCMHYECKHX MATepPHAIOB TPH HeoOXOIHMOCTH.
OcHoBbl MeTOIMKH OBUTH pazpaboTaHbl B Xoje 00paDoOTKH MaTepHanoB no Y I1aHOB-
ckoii 3anexu Hopo-Yeronalickoro MectoposkIieHns cBepXBa3koi HedTH. MMenHo no-
ITOMY B HAacTOAWICH cTaThbe OyIeT B OCHOBHOM H3/I07K€HAa METOIHKAa 10 obDpadoTKe
MMEHHO 3TOoro martepHana. Metoauka, NpUMeHABIIAACA B XOJe pelleHHA 3a1ad 1o
AlIAIBYHHCKOMY MECTOPOMKIACHHIO, UMEET HECKOJIbKO JIPYIOH MOAX0/1 B CO3JaHHH
ceiicMoreoslorHyeckoil Mojtenu. Ha sToM sTane MMEHTCH CYIIeCTBeHHbIE pas/inyus,
TaK Kak B pe3yiibTare ObLIO BBIABIEHO HECOOTBETCTBHUE CKOPOCTE B MOJIEIH C peallb-
HbIMH. MeToaHuecKHe NpHEMbl KOPPEKLIMH MOJEIH OYAYT 0APODHO H3JIOKEHBI HHIKE.

1. Coop 1 aHA/IH3 HCXO/HBIX JAHHbIX

[Ipy mocrpoeHuu celicMOreoornyeckoi MoJend YIaHOBCKOH 3alekH ObLIM
MCTIONB3I0BAHKl MATEpHAIBI CKBAKHH 1346 w 1342 (puc. 1).

g, S aan) A

i

Puc. 1. ¥nanoeckas 3anexs: 1 — nonosmenue celicMHYEcKoro npodgmid, 2 — CKBaKHHE
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Puc. 2. Cxema pacnofokeHus oTpadoTaHHBIX celcMHYeCKHX npoduaei OTHOCHTENBHO CKBA-
sKHuH Ha TeppuTopuH LJICBH

[lepBas ckBasuHa, pacnonoxenHas Ha yaaneHud 200300 M oT Hayana ceHCMH-
YeCKoro npodiis, sBisiack ONMOPHOI NMPH NOCTPOSHHH MOJIENH MEONIOTHUECKOH CPe/ibl.
Kpome Toro, Os1a yutena reonoro-reouinyeckas mudopmanms mno cke. 1342, xoro-
pas HAXOAHTCA Ha viaaneHHH 2 KM oT npoduii. OHa BCKpbUld OMTYMHHOBHBIE OTIIOME-
HHS BEPXHEY(HMCKOTO BO3pacTta, MMEIOChH onucanue kepHa. MexoaHeIMH JaHHBEIMH
JLJIH l'l[)CTPﬂﬂHl-lﬂ MATEMATHUYECKOH MOICIIH reoJI0rHuecKoi ﬂp'ﬂﬂ,hl ABNAIHUCE JAHHEIC
ramma-gapota:ka (I'K) no atumM 1eyM ckBaxkunam [2].

Jis Broporo odbekTa — ALIANBYMHCKOR 3a1eH — ObUIM NOCTPOEHLI JBE MOJIEIH,
TAK KAK OHA pa3IcicHa HCOTCHOBLIM Bpe30M HA JBa yuacTka. Jlnsg moaenmu nepeoro
y4acTKda, B TMpeAciax KOTOPOH pacmiofiokeH 1eX J00BIYH  CBEPXBA3KHX He(TeH
(LUTCBH), onopHeIMH OBITH CKBaAHHEI MO CNCAVIONIMMHE HOoMepaMmu: 278, 227, 235 1
236. CxemMaTHyeckoe pacrofoKeHHe CeHCMMYeCKHX TNpo(HIeH OTHOCHTEIBHO Tepe-
YHCJICHHBIX CKBAKHH TMPE/ACTABNCHO Ha puc. 2. JInA nocTpoeHHs MOIEIH M0 BTOPOMY
Y4acTKy, Pacro/IOKEeHHOMY K HOT0-BOCTOKY OT NEPBOro, HCMOAb30BaTHCE KAPOTakK-
Hble AaHHele ckBaxkuH 15060/2, 15169, 15212/2, 15064/1, 15212/1, 15062/1 (puc. 3).

[To kamnoil ckBauHe OBLIH OTOMTHI TPaHMIIBI MJIACTOB M WX aOCONIIOTHBIE OT-
METKH OTHOCHTEIBLHO YPOBHA MOpA. OTOHBKA MJIACTOB OCYIIECTBIAIACE B OCHOBHOM
mo gadHeM ['K. Mcnonesya las-daiinel kapoTaKHBIX JaHHBIX, MBI BEIYHCITHIH Cpejl-
Hee 3HadeHue 'K B MKp/4 1ns Kammoro mnacra, 3aTeM OT HHUX OBUI OCYIIECTBIICH
[epexo/l K [JIaCTOBLIM CKOPOCTAM HA OCHOBE YPaBHEHHA PErPeCcCHH, KOTOpbIE ObUIH
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Puc. 3. CxeMa pacnollomeHus oTpadOTAHHBIX CeHCMHYECKHX npodiuiel OTHOCHTENBHO CKBa-
KHH Ha TCPPHTOPHH BTOPOTO YYaCTKa ALNAIBYHHCKOH 3a1¢KH

noaydeHsl A.B. CTenaHoBeIM 1A NPOTHO33a HHTEPBalBHBEIX CcKopocTed [3]. DTH
YPaBHEHHA [PHMEHHMBI Ui BepxHel wyactu pazpeza PT. [pyrue Heodxoaumsie npu
MOJICTTHPOBAHHH CEHCMHYECKHE TMapaMeTpbl ObUIH paccyYHTaHbl OTHOCHTENBHO TUIA-
CTOBBIX CKOPOCTEH 110 COOTBETCTBYIOLIHM KOPPE/IsILIMOHHBIM CBiA3sAM. B mMoaenun Yia-
HOBCKOI 3aJie’ki ObUIO BBEJeHO OHTYMOHACHILIEHHE IeCHaHbIX KOJUIEKTOPOB BEpXHE-
y(hUMCKOro Bo3pacra B (popme KyronoodpasHoH CTPYKTYpS! (pa3iyB MecyaHoi mavuxm)
JnnHoi 600 M eaoae npoduis. Ipu a1oM B 4eTeIpEX I1aCTaX CKOPOCTH OBIIH CHH-
weHbl Ha 25% [2] (o JaHHBIM J1aDOpaTOPHBIX HCCIEN0BAHHIT YCTAHOBIEHO YMEHb-
meHue ckopocteii 10 30% B OUTYMOHACKIIEHHBIX Mopoaax [4]).

Jis yrouHeHHs Moend YIIaHOBCKOH 3a/1eky ObUIH HCIIO/B30BAHBl CTPYKTYPHBIE
KapTbl ¥ eo/IorH4eckie npoguiy, pacioiiokeHHble B rpeieax obbeKra: CTpyKTyp-
Hasd KapTa 10 KPOBJIE WIEUIMHHCKOTO TOPH30HTA Y(PHUMCKOro sipycd, Kapra M30MaxuT
necyaHo (aWaabUHHCKOH ) NAYKH WeIIMHHCKOI0 ropiu3oHTa yipuMmckoro spyca. Onun
reoIorH4ecKuii npodiibs IpPOXOAMT Yepes YIaHOBCKYH H BapBapKMHCKYIO 3al1ekH,
OCTalIbHBIE [POXOIAT B KPECT.

HPGLI.ECC HECT'I}[)EHHH MOJCIH COCTOAII U3 [MOCICAOBATENBHOCTH 3TAIIOB, KOTO-
pbie OYAYT M310KEHBI HHUKE.

2. lMocTpoenne ceHcMOTe0I0rHUYECKOH MOIEJIH

B nporpamme ArcMap, Bxoasweit B nporpammubiii naker ArcGIS for Desktop
(http://desktop.arcgis.com/ru/), ObuIa NPOM3BEAEHA OLH(POBKA BCEX MCXOAHBIX JaHHBIX,
B YACTHOCTH CTPYKTYPHBIX KApT H IEON0rHYeCcKUX npodune, npensapureibHo Oblia
OCYLIECTBIEH reorpaduueckas NpUBA3KA ITHX MATEPHAIOB /111 KOPPEKTHOIO 0TOO-
PaEHHA H COBMCLICHHA HX C I'COIOIHYCCKHMH 0OBEKTAMH Ha KapTe. B ..ELH..']hHEﬁI.LIEM
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B 2TOT JOKYMEHT KapThl ArcMap OynyT nodaeneHsl J0NOTHHTENBHBIE TaHHBIE, OTHO-
cAlMecs K atomy npoekty. Ha ocHoee codpanHoii oupdporanHol uHpopMalmy ObLIa
cocTarleHa TabIHuA, cofiepsKanias adCOMOTHYIO NTYOHHY 3ajeranisa KPORJIH IJIACTOR
B OMnpeaeneHHol cksaxkuue. CeAsaB TadNMILY TIYOHH KPOBIIH IUIACTOB B CKBa/KHHAX H
HEMOCPEACTBEHHO CaM BeKTOPH30BAHHBIH CII0i CKBAKHH, MBI ITOJIYYHIH BOIMOAKHOCTD
MOCTPOHTE TMOBEPXHOCTE KPOBAHM IUIACTOBR € TOMOMIBK TPeXMEpHOH craiiH-
HHTePIONALHH. TeM caMbiM OBUIH ONpeaeeHsl MON0KeHHA B TPEXMEPHOM MIPOCTPaH-
CTBE MOBEPXHOCTEH cakMapckoro apyca (Ps), KpoBe/JbHBIX YacTeH HHKHEIICIIMHH-
ckoro (P:ss;) M BepxHemwemMHHCKOTO (P28s2) ropu3oHTOB yPHUMCKOro Apyca, HHAHEH
(P:bt;) n BepxHeii (P:b,) GailTyranckoH TOJIIH HHIKHEKA3aHCKOTO MoabApyca H T. 1.

JLisi kas10i rpaHulel miacta HeoOXoauMo OBUIO MOCTPOHTE MOBEPXHOCTE C T10-
MOILIBI HHTEPHOJALHNA MEHKIY CKBKMHAMH. Tak Kak KOJIHYeCTBO IUIACTOB ObLIO
DOJIBIINAM, HHTEPIONAIMA ObUIa YaCTHYHO aBTOMATH3MPOBAHA M BLITIOJIHANACKE B Ia-
KETHOM PeKUME B OlIPEle/IEeHHOM MOPsiKe, arOPUTM KOTOPOro ObLI IIOCTPOEH B Clie-
nuansHoM npuiaoxeHud ModelBuilder komnnexca ArcGIS (puc. 4).

.:::

F)
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Puc. 4. AmropuT™ HHTEPIIOIAIHK U4 MAKETHOTO pesknma, noctpoedusid B ModelBuilder

ModelBuilder — 1o npuiokeHHe, HCMOAB3YEMOE JUTA CO3aHHA, PEIaKTHPOBAHHA
1 yrpaeieHus Mojensmu. Mosenu B cpeie ArcGIS — 3to paboune npoueccsl, KOTopble
COEMHEHBL JIPYT € JPYIoOM B [1OCIEI0BATENEHOCTH HHCTPYMEHTOB reoodpadorku. MH-
(hopmarus ¢ BBIXOJA OTHOTO MHCTPYMEHTa mnojaércs Ha Bxol apyroro. ModelBuilder
MOKHO TaKKe paccMaTpUBaTh KAK BU3YVAIBHBIN A3bIK [POrPaMMHUPOBAHHA UL I110-
crpoeHus pabounx norokoe. ModelBuilder npunocuT Oonbiuyto 1ons3y npu cosja-
HHH M BBIIIOJIHEHHH MPOCTLIX padouHX NPOLECCcOoB, MO3BOJAA CO3/1aBaTh H COBMECTHO
MCIOJIB30BAThE KOHKPETHEIE MOJEIH B KAYeCTBE HHCTpyMeHTa [ 5].

Ha puc. 5 B kausectBe npumepa nokasada 3D-mojels MONOKEHHS IUIACTOB B
Hpﬂ[?'['[fliiHETBﬂ.. HE}C'TI}[}EHHRH AJ1H oDJIerueHus E{JGHPHHTHH MOICIH | BHE}’HHHHHL{HH.
Co3naHue TpexmMepHoil celicMOreo/orHYeckol MOJe/IH OCYLIECTBIAIOCE B IpO-
rpamMme ArcScene Toro xe nporpammuoro nakera ArcGIS for Desktop.

3. HMnopT ¥ NoAroTOBKAa MOJIEIH

Cneayromum waroM Obl1a paspadorka criocoda UMIIOpTa paccyHTaHHON celicMo-
reQJIOrHYecKO MOJENH B LIpOrpaMMy MareMaTHYeCKoro MojeauposaHus Tesseral
(TESSERAL Technologies, Kanana). Pazpadoranselii cnocod 1no3soiseT HMIOPTHPO-
BaTh B He€ MO/IE/b B BHJIE HIEKTPOHHOMH Tadimuuel B TekeToBoM (popmare. OHa 10/mKHa
OIMCBIBATE BCE IPEACTABIEHHLIE B BH/AE 3AMKHYTBIX [OJIMIOHOB CIIOH, BXOJSUIHE B
mojiens. [Tonuron obpasyercs npu 3aMbIKAHHH JIMHHK HA camy cedn, a e€ nonokeHue
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Puc. 5. TpexmepHas celicMOreoorudeckas Mojiellbs YIaHOBCKOH 3a1ekH

B MPOCTPAHCTBE MOJEIH ONpelenseTcs KOOpIAHHATAMH BepTEKCoB — (hopMoodpazyro-
IHMH y3J1aMH. JIeKTpoHHas TadnHua cosgaérea B nporpaMmme Microsoft Excel, ona
J0/KHA OBITh YCTPOEHA CJIEAVIONMM 00pa3oM: B KamI0H CTPOKE NpONHCHIBAKOTCH
VC/IOBHAA KOOPJIHHATA KaxI0I0 BEPTEKCa II0JIMIOHA H XapaKTePUCTHKH CJI0f, TakHe
KaK CKOpOCTb podera 1po/10JibHbIX H MONEPEYHbIX BOJIH B CIIOE, €0 [UIOTHOCTD, IIPH-
4EM NAPAMETPBI A CMEHHBIX I'PAHHLL TTOJIHIOHOB TTPOINHCBIBARKYTCH KadK 1A [M0J0LIBBI
BBILLIE3AIETAKOMUIErO CII0A, TAK W I KPOB/IH HHMEJIEKALIEro Cl04.

KoopauHaThl MOJIMIOHOB I'e0J0rHYECKOH MO/1e1 DbUIH NepeHeceHbl B TadluLy
M3 [OBEPXHOCTEH IpaHMll ClI0&B, KOTOpbie NpeiacTasieHsl B 3D-Momenu npoekra
B ArcMap. DTH NOBEPXHOCTH NPEJICTABIAKT COD0I PACTPOBLIH THI JAHHBIX: TO €CTh
B Ka3K/10M IIHKCEJIe pacTpa CYLIECTBYET 3HaUEHHE, B JIJAHHOM clly4ae 310 abcoloTHasd
OTMETKA NoJ10eHus rpanuipl. CeiicMuueckuii npodHib — 3T0 COBOKYIIHOCTE TOUEK:
KOOpAMHAT NyHKTOB BO30y:kaeHus (I1B) u nyukros npuema (I111). Takum obpazom,
B KasK/IblH IMHKET ObLIH W3BJIEUEHb a0COMIOTHBIE OTMETKH I'PaHuLl cnoés. Bee 1 3Ha-
yeHHA OBUIM 3alMCaHbl B aTpHOYTHBHYHY Tabnuiy nukeros, Teneps Kamias cTpoka
TabIMLBL, KOTOPAA COOTBETCTBYET OHOMY ITHKETY, COJAEPIKUT 3HAUESHHU OTMETOK I'pa-
nuy cnoés. Jlanee sra tabuuua ObUla OTPEIAKTHPOBAHA B COOTBETCTBHH ¢ TpedoBa-
HEAMH niporpaMmel Tesseral K HMIOPTHPYEMEBIM TabJTHIIaM.,

Jlns onucanus Mojaenu, KpoMe YCI0OBHBIX KOOP/IHHAT IOJIMIOHOB, KAK ViKE€ YIIOMH-
HAMOCH BBIIIE, HEODXOIHMBI M XapaKTEPHCTHKH CITOCB: CKOPOCTE NMPOJIOILHBIX H TIOTIC-
PEUHBIX BOJIH, MIOTHOCTL, OHM ObUIM PACCUHTAHLI H3 3HAYEHMI [IACTORBIX CKOPOCTEil
M0 COOTBETCTBYIOIIHM (hopMyIiaM. 3aTeM ITH NapaMeTphl TakKe ObUTH BHECCHBI B VICK-
Tpounyio Tabmuiry. Ha »ToM nonrotoBka K MMMIOPTY CEHCMOTEOIOTHYSCKOH MOJICITH
B Tesseral Ob1a noutn 3akondena. [Tocaeanum miaroM 610 KOHBEPTHPOBAHHE MJICK-
TPOHHOH TaDIHIEI B MTOTOBERIH TeKCTOBBIH (paiin. OcHOBHOH JTan BKIWOYan B cedd
MOJICTHPOBaHUE B TporpaMMuoM kommiekce Tesseral.

4. 3tan MoaeIMPOBAHHA

Tesseral — 310 cnenManM3MPOBAHHBIH KOMMCPYCCKHH MPOTPAMMHBIH MAKET MOJIC-
JHPOBAHHA TOJIHOTO CEHCMHYECKOTO (AKYCTHUECKOTO) MOJA ¢ BCTPOCHHBIM rpaduye-
CKMM HHTEP(EHCOM, PeaTH3OBaHHEIH HA NMEPCOHANBHOM KOMMNEBIOTEPE. OH MO3BOIAET
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3a7laBaTh Pa3lIMYHBIE CHCTEMBI CEHCMHYECKHX HaOIIONEHHH, MPOBOINTDL NMOCTPOCHHE
YHCJIOBBIX MOJINeH CI0KHBIX CeHCMOTeoI0rHYeCKHX Pa3pe30B H PacCUHThIBATE pac-
nmpocTpaHeHue Koaedanuii B HEOJHOPOIHO# cpere.

HMnopTHpoBag reOMeTpHIO MOJEIH B MPOrpaMMy., HaM OCTaBajloCh JHIIL OIH-
cark e€ CTPYKTYPY, BKIHYAIOIILYIO B ce0d caenyroliHe napaMeTpsl: pa3pes, HCTOYHHEK,
CHCTeMY HaDIAeHHA W ropu30HTHEL. B 1aHHOM ciydyae HaC MHTEpPECOBAIH JHIIbL Ha-
CTPOHKH MapaMeTpoB HCTOYHHKA W CHCTEeMbl HabmoaeHna. OnuceiBadg CHCTEMY Ha0Io-
IeHHHA, MBI [IBITATHCE MAKCHMAJIBHO NPHONM3HTE €€ K peaabHBIM MapaMeTpaM cercMH-
YecKoro npoduis.

Herounnk B Tesseral npencrasned B Bujle 00bIMHOTO TOYEYHOIO o0beKkTa. Bamk-
HEHIIMI MapaMeTp HCTOYHHKA — ero npeodiafarolias 4acToTa. 3TOT MYHKT J10CTATO4HO
BAYKEH, TAK KAK OT 4acTOThl 3aBHCHT BPEMEHHAd paspelleHHOCTh 3alHCH — BO3IMOMK-
HOCTb Pa3ie/IbHOI0 ODHAPYKEHHA M OLIEHKH CHTHAJIOB, MPHUXOBIIMX B DJIIH3KHE MO-
MEHTBl BpeMeHH. B peaibHBIX YCIOBHAX, Jaike BecbMa OJIarolpHsATHBIX, MOMHO pac-
CUUTBIBATE HA paz/ie/ibHOe OOHAPYKEHUE OTPAKEHHBIX BOJIH, KOTOPBIE MPHXOUAT C
pasHULEN HOPMa/IbHBIX BPEMEH He MeHee IOJIOBHHBLI BHIHMOIO NepHojia KolebdaHHii.
[lockonbky 5Ta BelHYHMHA COOTBETCTBYET ABOHHOMY BpeMeHH npodera, MOLHOCTb
1ACTa, BBIASIAEMOro 110 OTPAKEHUAM OT €r0 KPOBIH W II0JOLUBLI, COCTABIAET HE
MEHEE YETBEPTH BHIUMON JUTHHBI BOJIHBI HAOIIOAEHHBIX KoJleDaHMii.

B nporpamme Tesseral npeaycMOTpeHO HECKOIBKO CIIOCODOB MOJECIHPOBAHUS
H CYLLECTBYET BO3MOMKHOCTE YCTAHOBKH JOINOJIHHTENBHBIX [APAMETPOB MOJIE/IHPOBA-
HuA. [lepponavyanbHO BBINOMHANIOCE MOJEIHPOBAHHE HA OCHOBE AKYCTHYECKOIO BOJIHO-
BOro ypaeHeHHs. OHO IO3BOJET OlEpaTHBHO onpenelnts 2D-sonHoBble 3(ekthl
PACOpOCTPAHEHHA CEHCMHYECKOH YHEPIHH B PEAILHBIX ME0J0rHYECKHX YCIIOBHAX. JTOT
BH/l MOJIEIHPOBAHMA HTHOPUPYET HEYIPYIOCTh TBEPA0H CPebl, YTO ABIASTCH CIYYAEM
MIEAIBHOM JKMIKOCTH, B KOTOPOIl CKOPOCTh BOJIH CABMId paBHa HYMO. OIHAKO 3TOT
MOJIX0/] BCE KE [MOJIE3EH JAKe U1 MOJASIHPOBAHUA TBEPABIX CPE]l B CHTYALMH, KOIa
OOsIbIIAS YACTh CEHCMUYECKOH 3HEPIHH PACHPOCTPAHASTCS 110 HOPMAIH K OTPAKAND-
UM rpanudiam [6]. Mojaenvpoeanye Ha OCHOBE aKYCTHYECKOTO BOJIHOBOTO YPaBHECHHS
MCITONB3YCT B KAYCCTBE CBOHCTB CPE/Ibl TOJIBKO CKOPOCTH MPOJIOIBLHBIX BOJIH H TLIOT-
HOCTB. braronapa aKkyCTHYECKOMY MOJICJIMPOBAHHIO MBI OIICHHIH KaApPTHHY BOJIHOBOTO
MOJisA, XapakTep oTpaxkeHui. beUtH Takxke uiydeHsl (pH3HdeckHue MPPeKTEl, COMYTCTRY-
HOIME ONTYMHHO3HOH 3anexkd. Moaemipoeanie OLITO NpoOBEACHO B TPEX BapHaHTax C
4ACTOTAMH MCTOYHHKA, paBHbIMH 43, 55 U 75 I'u cootrercTBenno. Ilpoananuiuporar
BOJIHOBBIC KAPTHHEI MTPH Pa3HBIX MapaMeTpax HCTOYHHKA BO30VKACHHSA, OBUTO PellcHO
MPOROIHTE WIACTHYCCKOS MOJICTHPOBAHHE ¢ YaCTOTOH HCTOYHHMEKA, parHoi 67 [,

Moeniuposanne Ha OCHOBE BOJTHOBOIO YPaBHEHHA B JaHHOM IIPOrpaMMHOM Ma-
ketre Tesseral apngercs caMbIM MOMHBIM HHCTPYMEHTOM HCCIIEIOBAHHSA, CO3IAIOIIHM
HarOosee OIIM3KYI0 annpOKCHMALHIO K PeallbHBIM YCIOBHAM TBEPIOH Cpellbl, BKIKOYAsd
ekt 0OMEHa M TIOTICPEHHOH BOMHBI, JTOT BHI MOJICTHPOBAHHSA YUYHMTBIBACT HE
TOIBKO PacTpeleneHle B cpele CKOPOCTH BOMH CKaTHA W TUIOTHOCTH, HO M COOTBET-
CTBYIOILIHE CKOPOCTH BOMH cBHra. [IpH HCMonk30BaHHH TAKOTO THIIA MOIETHPOBAHHA
ObLIa BKIKOYEHA onuua “Suppress Source SV, KoTopasa no3posAeT W30eKaTh Moas-
JIEHHA CHIIbHBIX TIOBEPXHOCTHBIX BOJIH, KOTAa HCTOYHHK PacroloikeH BOIHU3M IHEB-
HOM MOBEPXHOCTH [6].
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3. PeayabTaTrhl MOAETHPOBAHHA Y 1IaAHOBCKOH 3A/1¢KH

B pesynerare MoAenHpoBaHHA nepBoro odbekTa Oblo nonyueno 105 celicmo-
rpaMM ¢ JUTHHOH 3anucH 300 Mc, KoTopele B jJalbHeHIIEM 00LEIHHANINCE B OJHY,
coJep&anyo B cede Bce HCXOHBIE. DTO CIHAHHE HEOOXOAMMO U MPOCMOTpa, U1
JNanbHelmed obpadoOTKH WIH 1A KOHBEPTHPOBAHWA B JIpyrHe (popMaThl JaHHBIX.
3areM 00BEIMHEHHAA ceHeMorpaMya Obla KoHBepTHpoBaHa B daiin gopmara SEG-Y
1A TIepeHoca NMoJy4YeHHBIX MaTepHaaos B porpaMMHeii naket Focus 5.4.

Jns nocTpoeHHOH celcMOreo/IOrHYecKoi Mo/ IH ObLTH paccuYMTaHbl CHHTETHYE-
ckue cereMorpaMsel OTIB ¢ mapamerpaMy cHCTeMBl HAOMIOACHHSA, COOTRETCTRYOIIHMH
MpOBeIeHHOH ceHeMHYecKoH cheMke, Ha aTHx celicMorpaMmax sHepreTHHeckH Tipe-
00/1a1aK0T NPEeIOMIIEHHBIE H MOBEPXHOCTHBIE BOJIHBI, PaclipoCcTpaHAOLIHECA B IIPHITO-
BEPXHOCTHOH YacTH reo/IorH4ecKoro paspesa. buTyMoHachIeHHe KOJUIEKTOPOB MPo-
aBngerT cedA B BOJIHOBOM I0Jie TMOABJICHHEM JOMOJIHHTENBHBIX OCEH CHH(A3HOCTH
cpedHell HHTeHCHBHOCTH B HHTepBaie BpemeéH 0.19+0.25 c. llocne ¢punbrpauuu mc-
XOIHBIX CEHCMOTPAMM M0 KAKYIIMMCH CKOPOCTAM HA BOJTHOBOM I0JIe CTAHOBHTCH
JIOMUHHPYIOLLEH SHEpPIHs OTPaKEHHBIX BOJH (puc. 6).
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Puc. 6. Xapakrep nojs oTpak€HHbIX BOIH Ha CHHTeTHYECKHX ceiicmorpammax OIIB (Bapuant
WACTHYECKOTO MOJCIHPOBAHHA): @) BOJHOBOE MOJIE BHE 3a71¢HKH OUTYMOB; &) BOJIHOBOE 110J1¢
B OUJIACTH Jdal1EHH

OTMETHM TAKKE, YTO OTPAKEHHBIE BOJIHBI HMEHT OYEHb NMOIOTHE OCH CHHpa3-
HOCTH, UTO CBH34HO ¢ COOTHOLUIEHMEM JUIMHBI AKTHBHOH PACCTAHOBKM Ha npoduie,
rnyOMHOM 10 OTPAKAIOUIMX I'PAHMLL U CKOPOCTBI B Ie0jIoruueckoii cpeae. Takoe co-
OTHOLIEHHE KPUBH3HBI roforpadoB oTPamEHHbIX, NPEIOMIEHHBIX H OBEPXHOCTHBIX
BOJIH fBJIsieTCA OnaronpuaTHeIM (akTopom Uit uX pasieneHus. Orpamenus, odpa-
30BAHHLIC OT OMTYMHOH 3aJ1€KH UMEIOT OTHOCHTENLHO MOBLIICHHYIO DHEPTHIO.
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Puc. 7. [lone oTpamkEHHBIX BOJH HA CHHTETHYECKOM BpeMeHHOM pazpese OI'T ans moaend
¢ OHTYMHOH 3a/1eHKBI0

Ha puc. 7 npencraenen speMenHoi paspes OI'T, nonyyeHHbIi B pe3yasTaTe 00-
pabOTKH CHHTETHYECKHX CeHCMOrpaMM € COXpPaHEHHEM OTHOCHTEIbHOIO0 YPOBHA
AMILTHTY]L.

6. KoppekTHPOBKA MOJe/ 1 AAJILYHHCKOH 3AJ10KH1

Baxueiium BONPOCOM MPOBOIMBIINXCA HAMH HCCJ/ICIOBAHHH ABJIANACH CTPATH-
rpauyeckas NPHBA3KA NMOJIY4aeMbIX BOIHOBBIX Mofnei. OnHako, Kak nokasan cdop
reonoro-reo(@H3HYecKux MaTepHanoe no AaaTsYHHCKOMY MECTOPOMKIEHHIO, HX TOJI-
HOTa OCTABJIACT AeJIaTh Jy4llero. B oleHOYHBIX H KOHTPOJIbHO-H3MEPHTE/ILHBIX CKBa-
AHUHAX (PaKTHYECKH HE MPOBOIMIACH CKBAKHHHASA CelicMOpa3Belka ¢ MOMOLIBID aKy-
CTHYECKOTO KapoTaka W BEPTHKAIBHOTO ceficMuueckoro npogumupopanus. CooTeeT-
CTBEHHO, HET TIPAMBIX H3MEPEHHH CKOpOCTeH ¢ MpHMEHEHHeM CKBaKMHHOH ceiicMo-
pa3Be/iky, [103TOMY pellaTh IpodiieMy NPUBA3KH MOMKHO TOJIBKO CHOCODOM CHHTETH-
yecKHx ceilicmorpamm. M3 MeTo10B reouznyeckux uecieoBannii ckeaxud B BUP Ha
teppuropud PT nposoaares 'K u veitrpounsiii 'K (HI'K). Okaszanocs, 4to nerpodu-
IUUECKHUX 3aBHcumMocTeil Ui BUP Memsay n3MepseMbIMH IIapaMeTpaMi B CKBAXKUHE W
reosIoro-rnpoMsiciioBeiMi napamerpamu B PT Her. M Henb3s nepeiiti or nokazaHuii
HI'K k koshduumeHTy nOPHCTOCTH CTAHAAPTHBIM MOIX010M.

Mmeercs ypaBHeHHe perpeccHH Mesly nokasaHusmu 'K u ckopocTbio Uist 1po-
AobHBIX BOsH [3]. Ero TectupoBanye nokaszaio, 4to Uit TEPPUTOPHH ALLAILUYMHCKOTO
MECTOPOKIEHHA OHO Ja€T 3aBbIIIEHHBIE 3HAYEHHS CKOPOCTEl. JTO CBA3AHO C TEM, YTO
PErpecCHOHHAs CBA3b YCTAHABIMBAIACH [UIH TEPPHTOPHIL, NPHICTAIOIIMX K PErHOHAIb-
HOMY ceiicmuieckomy npodunro «Tarceiicy». [loaTromy Bo3HUKNA npodreMa co cTpaTH-
rpaduueckoi npUBA3KOH 1 ObLIA NMOCTABIEHA 33/1a4a PELLSHHS TOr0 BOMPOCA HCXO/1H
M3 HMEHLIHXCA reooro-reopuinueckoil HHGOpMaLHH H PErpecCHOHHON 3aBHCHMO-
¢TH. DakTHueckH HeoOX0HMMO ObLIO BHECTH KOPPEKLHMIO B 3HAUEHHA HHTEPBAILHOMN
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Fil Resulls (MK 10-85)

Cnoi 2 ofoarHi i
Equation ¥ = -1.36* X + 172 85
Mumber of data pounis used = 16

fAverage X =475
Aversge Y = 10825
20 Residual sum of sguares = 167 .4

Regression sum of sguares = 157216
P Coef of determination. R-squared = 0585454

40

)r Realdual mean sguare, slgma-hat-sqg'd = 11,9671 \
3
] 10 20 30 &0 53 ] 0 B0 ] 100 11 130
MK, MeTpil

Puc. 8. llepeoiii papranT annpoxkcuMatiu (11K 10-85). RMS pasen 11.9

CKOPOCTH, TIOJIYYEHHBIE Yepe3 HMEHIIYIOCH PEerpecCHOHHYI0 CBA3b. [l sToro npu-
MCHSAICA CIEIVIONIMH METOIHYCCKHH TTPHEM.

beina npouseeieHa MUKHPOBKA MEPBBIX BCTYIUICHHH 110 HECKOIBKHM CeHcMOrpam-
mam o npoguaay 01,2014, 04/2014 1 08/2014. Bpemena npuxoaa npamMoii U roJ0BHbIX
BOJIH 3aHOCHIHCE B TaOumuy Excel B (oopmate nuker — Bpems. 3aTeM 3TH TOYKH ObLIH
0TODpayKeHksl B BHJIE TPa(HKa, 10 KOTOPEIM CTPOMICA HabMAEHHBIH rogorpad nepebix
BCTYIUIeHHH. Ha HeM HeoOXoauMo ObITO BBIZEIHTE 00MaCTH NIPOC/ISKHBAHHA TIPAMOH U
NPeIOMIEHHBIX BOJIH B BHJIE CITIAKEHHBIX TMHEHHBIX 0Tpe3koB. g 2Toro npou3BoaM-
JIack armpoKCHMALIHA 110 TOYKaM B MpeIeax, OrpaHHYeHHBIX IBYMA H3TOMAMH.

BakHbIM MOMEHTOM ABNACTCA BLIOOP HHTEpPBaAIA anmpoKCHMALIHH B TIpeienax ol-
HOI'O LPEIOMIISIONLEro ¢los. HM3nomMel 110 o0naky Tovek np c1adOKOHTPACTHBIX CIOAX
(yTo xapaktepHo 11a BUP) He Bcerna 4€Tko BHIACTAIOTCA W B HEKOTOPBIX CHTYaLIMAX
HEe0DX0/IHMO BPYUHYIO NepedHpaTh HHTEpBall pacuéra annpoKCHMUPYIOLULEH (YHKLHH.
KpurepreM ONTHMAIBLHOH AlNPOKCHMALIMK AB/BUIOCE CPE/HEe KBaJApaTHYHOE OTKIIO-
Henue (RMS — residual mean square), oHO H JApyIrHe CTaTHCTHYECKHE llapaMeTphl
MOMKHO CUMTATh U Karma0H (yHKIMK. Ha cnenyommx pueyHKax MpeiacTaBlieHbl Ipi-
Mepel Nepedopa HHTEPBAIOB M CTATUCTHYECKHE apaMeTpbl Ul KaK10ro ciiyvdas Ui
npotuns 04/2014, Ha puc. 8 nzobpaxeHa crarucTuka Ui uHTepBana ot nuxkera 10
110 85 Ha NpHMeEpe BTOPOTo NPe/IOMIIAOLIETO CIIOA, Ha pUc. 9 — s uaTepsana 15-80
JUIH TOID e CI10MH.

HMexons M3 CcTATHCTHYECKUX MAPAMETPOB, IPEICTABICHHBIX HA PUCYHKax, Oyaer
MCNOIL30BAH BTOPOH BAPHAHT ANNPOKCHMALMH, Tak Kak 3Hadenue RMS nna storo
CIy4dd SHAYHUTCIIbHO MCHLILIC. Takue pﬁﬂ‘{éThl [POBOAHIIMCE BO BCCX Clly4adax, I'IAC
BOZHHEKAITH COMHCHHA OTHOCHTCIBHO TOHHOCTH AllllPOKCHMAIIHH. B PEIVIILTATC ORITH
NOJIYYEHBl OKOHYATENbHBIE CrIaMKeHHble rojorpadbl no npoduiaM, HanpuMep s
04/2014 (puc. 10).
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Fit Results (MK 15-80)

Chon 2 obpatHi
Equation ¥ = -1.353406553 * X + 1733562418
Mumiser of data points used = 14

Average X = 475

Average Y = 108.071

Residual sum of squares = 910813
Regression sum of squares = 10417 B

Coef of determination, R-squared = 0. 951333

Residual mean square, sigma-hat-sq'd = 7.69011 N\
] 40 50 B8a i} B B0 100 110 120
MK, MeTpis

Puc. 9. Bropoii papuant annpokcumariy (11K 15-80). RMS pagen 7.59

Npodran 042014
Difpathei rogomad
Monmoi romonpad
Cnos 1 npAdca

------ Cnos 3 npasod

Conod 3 npasod

Cnod 1 abparmsa
— = = N0 2 OODETHRR
Concd 3 ofipariesd
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Puc. 10. Habmonéunesiii Berpeunslil rogorpady nepeelXx BCTYIIIEHHI W €ro CriameHHbIH Ba-
PHAHT N0 celcmuueckomy npodmnto 04/2014

[Tocne nocrpoenus rogorpahoB CTano BO3MOKHBIM BbIYHCIHTD CKOPOCTH H MOLLL-
HOCTH CIIOCB, MPEJCTABICHHBIX Ha rpadukax, no wirecTHRIM (popmynam [7]. Jna
obneryeHHs 3agaun Bee pacuérHeie dopmynbl ObuH 3anporpammupoBanbl B Excel.
Taxkum oOpazoM, cHET OCYUISCTBAANCA MYTCM BROJA HAYAMLHLIX JIAHHBIX B TaDIHITY.
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HauaneHeIMH JaHHBIMH ABIANHCE KOMPHUIHEHTHI NTHHEHHOH anmnpoKCHMHPYIONIEH
dyHKUMH BHOA v = kx + b, PaccuMTaR CKOPOCTH H MOIIHOCTH IUIACTOR 110 Toorpadam
M MCIOIBL3YA BECOBBIE KOMPMUIHEHTH, OBLIH CKOPPEKTHPOBAHBI CKOPOCTH B MOZIEIIH,
B Ka4ecTBe Beca ObUIM HCIOIB30BaHbl 3HAYEHHA MOLIHOCTEH macToB. ToYKH H3noMa
Ha rojgorpajax COOTBETCTBYHOT CEHCMHYECKHM IDAHHMIIAM, KOTOPEIE ¢ YYETOM CKBa-
FKHHHBIX IaHHBIX OBLTH NPHBA3AHEL K CTPATHIPA(QHYECKHM IPaHHLIAM: TICPBBLIH M3/I0M —
rPaHKLIa ME/KTY YETBEPTHYHBIMH OTJIOKEHHAMH H Ka3aHCKHM APYCOM; BTOPOH — Ipa-
HHLIA MEKIY BePXHEKa3aHCKHM M HHKHEKa3aHCKHM MOIBAPYCAMH; TPeTHil — rpaHMLa
MEKIY Ka3zaHCKMM M Y(PHUMCKHM sApycami. H3MeHeHHBIE 3HaYeHHA CKOpOCTeil ObLIH
3aHOBO 3a/1aHbI MOJIMTOHAM CJIOEB B MOJIEJIH H €€ pacu&T NpoBOIHIICH [IOBTOPHO.

BoiB0/IBI

Jns nepeoii MoJend B pe3y/ibTaTe aHalM3a MOTYYEeHHBIX IPH MOJTHOBOJIHOBOM
NIACTHYECKOM MOIETHPOBAHHH MAaTEPHANIOB MOKHO CHENaThk CIEIYHIIHE BBIBOIHI,
MMEIOLIHE CYIIECTBEHHOE 3HAYEeHHE MpPH noclheayromeid odpaboTke W HHTeprnpeTa-
IIHH peanbHBIX MONEBBIX MaTeprHanos [2].

1. B BUP, Brmrovaromiei oT/oKeHHa Ka3aHCKOro W BepHeY(pHMCKOTro Bo3pacTa,
Hab/o1aeTcs 00pa3oBaHue OTPAKEHHBIX BOJIH, B TOM YHCIIE W OT LeleBoro oobekra —
BEPXHEY(PHMCKHX OTIOHKEHHH.

2. B BOJIHOBOM 110/I¢ CHHTETHYECKHX CEHCMOIPaMM JIOMHHUPYIOT MPETIOMIEH-
HBIE W TICEBIOPETIECEBCKHE BOJTHEI.

3. butyMHas 3ane®b NpU JOCTATOYMHOH MOIIHOCTH CO3/1aET JOMOIHUTEIbHBIE
OCH CHH(A3HOCTH B OJE OTpPamEHHBIX BOJIH, 00Pa3yIOLIHECH OT BEPXHEYPHMCKHX
OTN0KeHHIl, Hab/mogaroTes TakKe JHHAMHYECKHE U KHHeMaTHYeCKHe AaHOMAJTHH.

4. JInsa M3ydeHUss BHYTPEHHENH CTPYKTYPblI BEPXHEY(PHMCKHUX OTNOMEHHH Ipe-
MOYTHTENBHO HCIIONB30BATh CEHCMUYECKUH UCTOYHHK C npeodiajarolled 4acToToi
or 65 ',

OcHoBHOH 3ajaduel, NOCTABIEHHOH [IEPe1 MOJeIHpPOBaHHEM ALIANIBYHHCKOH 3a-
JIEKH, ABIAIACH CTPATHhUKALMS OTPAKAIOIINX Ipadull. B pesynbrare MOaeIMpOBAHH
M AHAIM3A CKBAXKHHHBIX JIAHHBIX ObUIM NPOKOPPEIHPOBAHBI OTPAKAKIIHE IPAHHLIBLL W
NPHUBA3AHBL K Ne0IOrMueckuM rpanuuam. Hume nepeuucnensl OCHOBHBIE OTPaKaK)-
LIHE FOPH30HTEI IS [IEPBOI0 YYACTKA ALIATBYHHCKON 3A1EKH, B IPEAEIAX KOTOPOro
pacnonoxken LJICBH:

1) 0.082 ¢ — rpanuua Me®1y HHKHEKA3AHCKHM H BEPXHEKA3aHCKHM NOIbAPYCAMM;

2) 0.130 ¢ — KpoBng cpeHECTHPHPEPOBOTO HIBCCTHAKA;

3) 0.145 ¢ — kpoBaa necuanoi Nauky WEWIMHHCKOIO FOPH30OHTA;

4) 0.180 ¢ — nojomea necyaHoi Navyky IMEIMHHCKOTO TOPH30HTA.

Pabora Beimonuena npH mnancosol nogacpxke MunucrepcTea obdpazoranmud
1 Hayku PD (mpoext Ne 02.G25.31.0029).
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THE USE OF MATHEMATICAL MODELING IN SHALLOW
SEISMIC DATA PROCESSING FOR DETALTZATION OF THE HEAVY
OIL RESERVOIR STRUCTURE

R.N. Sitdikov, AV, Stepanov

Abstract

Mathematical modeling plays an important role in understanding charactenistics of the seismic
wave hield. In our opinion, 1t 15 one of the essential stages mn any selsmic survey. The paper sets out
the methodology, which includes the steps of collection of geological data, creation and preparation of
a seismic geological model, as well as some problems and new approaches to solving them for the upper part
of the geological section of the Republic of Tatarstan. The process of building a 3D model of the structure
of bitumen deposits using the ArcGIS software package and the modeling wself, which is performed using
the Tesseral software package, are considered. The objects of study are the Ashalchinskove deposit of
the eponymous o1l field and the Ulanovskoye deposit of the Novo-Chegodayskoe o1l field. They are located
on the western slope of the Southern dome of the Tatar arch. As a result. 1t 15 found that the bitumen
deposit creates additional seismic events in the reflected field, as well as kinematic and dynamic anomalies.
The results obtained allow to solve the problem of stratification of the reflecting horizons in the Upper
Permian rock mass, which involves reservoir layers of the sand unit bearing heavy oil.

Keywords: heavy oil, shallow seismic survey, digital processing, mathematical modeling, seismic
geological model, geoinformation systems.



[MPMUMEHEHHE MATEMATHYHECKOI'O MOJIEJTTMPOBAHMA. . 95

b3

References

Uspensky B.V., Valeeva N.F. Geology of Natural Bitumen Deposits in the Republic of Tatarstan.
Kazan, PF Gart, 2008, 349 p. (In Russian)

ANV, Stepanov, RN, Sitdikov. The possibility of using a shallow seismic i detailing the structure
of heavy oil reservoirs at the stage of exploration in conditions of the western slope of the South-
Tatar arch. Neft. Khoz., 2014, no. 10, pp. 40-43. (In Russian)

Stepanov AV, On statistical forecasting of the near-surface velocity using GIS data along the lati-
tudinal seismic regional profile of Tatarstan, Voprosy geelogo-geofizicheskikh issledovanii Ta-
tarstana i sopredel'nvkh oblastei |Problems of Geological and Geophysical Survey of Tatarstan
and Neighboring Regions]. Kazan, lzd. Kazan. Univ., 1991, pp. 87-98. (In Russian)

Tikhanov P.M.. Bariev LA, Bitumen and fossil wax. Geofizicheskie metody poiskov § razvedki
nemetallicheskikh poleznykh iskopaemyvkh [Geophysical methods of Searching and Prospecting

of Nonmetallic Mineral Products]. Moscow, Nedra, 1984, pp. 63—68. (In Russian)

User’s Manual of AreGIS. Copynight © 1995-2013 Esn. Available at; http://resources.arcgis.com/
ruhelp/main/10.2/,

Tesseral 2D User’s Manual. Available at: http://tesseral-geo.com/documentation/en/workstation/
UserManual2D . pdf

Epinat’eva AM., Golobushin G.M., Litvin A M., et al. Method of Refracted Waves. Moscow,
Nedra, 1990, 297 p. (In Russian)

Recerved
July 30, 2015

Sitdikov Ruzil® Nurgalievich — PhD Student, Department of Geophysics and Geoinformation

Technologies, Kazan Federal University, Kazan, Russia.

E-mail: RNSirdikov@kpfu_ru

Stepanov Andrey Vladimirovich — PhD in Engineering, Associate Professor, Department of Geo-

physics and Geoinformation Technologies, Kazan Federal University, Kazan, Russia,

E-mail: Andrev. Stepanov@kpfi.ru



	1.pdf
	2.pdf
	3.pdf
	4.pdf
	5.pdf
	6.pdf
	7.pdf
	8.pdf
	9.pdf
	10.pdf
	11.pdf
	12.pdf
	13.pdf
	14.pdf

