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AHHOTanusi: MHOroJeTHHE  HCCIEI0BAHMSA  JAEMOHCTPHPYIOT  YCHEHIHOCTh NPHMEHEHHs  MeTOJI0B
JAUCTAHIMOHHOIO 30HIUPOBAHUSA 3eMJIM B NIPeIBAPUTEIbHOM pa3Be/ike He)TEra30HOCHBIX MeCTOPOKACHU H MX
JajbHeiieM MoHMTOpHHre. B cratbe paccMoTpeHBl pa3InYHbIe [JMCTAHIHOHHBIE MeTOAbI (aHAIU3
PACTUTEJBHOCTH B HHQPAKPACHOM CIIEKTpe, PaJMOJIOKALMOHHbIe MeToAbl M T.A.). Ha npumepe ApaaHckoro
HedTsiHOro MecropoxneHusi (Pecny0iuka bamkopTocTaH) MCHOJIB30BAHA METOAUKA JMCTAHUMOHHON OLEHKH
U3MEHEHHs] PACTHTEIbHOCTH Ha  TeppuTropuu  HedTerasoBoro MecTopo:kaeHusi. JlomoaHUTEIbHO
NMPOAeMOHCTPUPOBAHA 3()(PeKTHBHOCTh BBIABJICHUS HE(TEra30HOHOCTH NMyTeM AMCTAHUHOHHOIO BbISIBJEHUS
JIOKAJIbHBIX NOJHATHI HA npuMepe MecToposxkaeHuil Tumano-Ileuepckoro 6acceiina.

KitoueBsie ciioBa: (pU3NYECKHE OCHOBBI, METOIBI JUCTAHIIMOHHOTO 30HIUPOBAHHUS, T€OJIOTUICCKUE
MPOLIECChl, BO3MOXKHOCTH HUCIONB30BaHUs, pa3Belnka U paszpaboTka HepTH u rasza, Pecrmybnuka
bamkoprocTaH.

HabGeraromue npo0ieMbl B HEPTEra30BOH MPOMBIIUICHHOCTH OINpPEAeIeHbI MHOTUMH (haKTOpaMH,
OCHOBHBIMH U3 KOTOpBIX SBJSIOTCS [1]: mo3mHss cragusi pa3pabOTKU OCHOBHBIX OOBEKTOB
HepTeNOOBIYM, XapaKTEPU3YIOMIAsCS 3HAYUTEIBHON BBIPAOOTAHHOCTBIO ¥ OOBOJHEHHOCTHIO
3alexeil  yriaeBOJIOPO/AOB; CHIDKEHHE TEMIIOB pocTa [00buM HehTH U €€ MPEBBIIICHUE
OTHOCHUTEJIHO MPHUPOCTA 3aMacoB, YXYALIEHUE UX CTPYKTYpPBI; IPUPOCT 3allaCOB B OCHOBHOM 3a
CUET JIOpa3BEAKU U IEPEOLICHKU CTapbIX MECTOPOXKIEHUM, OTKPBITHE MENKUX 3ajekeld. MeTomabl
I3 n Kocmuyeckue cpencrsa AMCTAaHIMOHHOTO 30HAMpoBaHus 3emuu ([33) nomyunmnu B
HacTosillee BpeMs IIHUPOKOe TMpHMEHeHHe 1o BcemMy Mupy. Ilomyuyaemas, wu3ydyeHHas,
npopaboTaHHasi UHPOpPMAIUS HCHOJB3YEeTCs Ui PElIeHUs MHOTOYUCIIEHHBIX XO3SHCTBEHHBIX U
Hay4HBIX 3a/1a4 MOHUTOPHMHIA NPUPOAHOH cpeabl. Ha 3ToM mocturaercs omyTHMOE MOBBILICHHUE
3 PEKTUBHOCTH TMPOU3BOJCTBEHHON [EATETLHOCTH B TaKUX OOJAcTAX, Kak HedTerazooe,
obmereorpaguueckoe M TeMaTH4YecKoe  KapTrorpagupoBaHue,  3eMJIEYCTPOMCTBO  H
3eMJIENI0JIb30BaHNE, KOHTPOJIb HCTOUYHUKOB 3arpsA3HEHUs OKPYXKarollel cpeibl U HaONIo/IeHue 3a
HKOJIOTUYECKOM OOCTAaHOBKOH B 1€JIOM, THAPOTEXHHWKA W MEIHOpalys, JIECHOE XO35MHCTBO,
IUIAaHUPOBaHUE M OOECleueHUue IOHUCKa TMOJE3HBIX HCKOMAaeMbIX, IPOKIAIKa palMOHAIbHBIX
MapuIpyToB U CHWXXEHHE aBapHUMHOCTH MOPCKOIO M MHOTO TPAHCHOPTA, OKEAHOJOTIHs U PBIOHOE
X03s51CTBO U T.1. BakHelilee 3HaU€HUE UMEIOT TAaK)K€ MHOTOJIETHHE PSAbl KOCMMUYECKUX JTAHHBIX
J33 s mpoBeneHUs KIMMATOJIOTMYECKMX HCCIeOBaHUN, HM3y4YeHHs 3eMJIM KaK LEJIOCTHOH
9KOJIOTMYECKON CHUCTEMBl, OOECHeueHUs pa3JIMYHbIX W3BICKAHMH U paboT B HHTEpecax
okeaHorpaduu, OKeaHOJOTHH, TISIMOJIOTUU U JPYTUX OTpaciei HayKH.

BBon HOBBIX 3amacoB, OCOOEHHO B OTJAJIEHHBIX PETHOHAX HAMPSAMYIO 3aBUCUT OT KpPYIHBIX
MHBECTULMI B TE0JIOrO-pa3BelouHble pabOThl. B 3THX yCIOBHSX OCOOEHHOH aKTyalbHOCTBIO
SIBJIIETCS BHEAPEHUE MHHOBAIMOHHBIX MaJ03aTpaTHBIX MeTo/I0B. K Unciy TakoBBIX NMpUHAAIEKAT
Mmetoab! JI33, Meronuka mpUMeHeHHs KOTOPbIX Obula pa3paboTaHa M anpoOMpOBaHA MHOIO JIET
HazaJ B aHAJIOrOBOM BHUJE [2], a B HacTosIlee Bpems yxe oTpaboTaHa B IU(ppoBoil Gpopme [3,4].
JlanHble MeTOoABbl YK€ JaBHO UCHOJB3YIOTCS 3a pPyOEKOM M MNPUMEHSIOTCS MHOTUMU
CMEeLUATU3UPOBAHHBIMU CEPBUCHBIMU KOMITAHHUSIMH.

B nameit ctpane npuMeHeHre JUCTAHIIMOHHOTO 30HUPOBAaHUS MIPH MPOTHO3€ HEPTETa30HOCHOCTH
U3BECTHBI MPHUMEPHI OTKPBITUS MECTOPOXKACHUH HEPTH M raza ¢ MX ydacTueM B TumaHO-
[Tewopckoii, 3anagHo-Cubupckoit 1 Cubupckoii mpoBUHIMAX. Hayka HenmpepbIBHO pa3BHUBAETCH,
HE TOJBKO YIIIyOJsisi M MOJEPHU3HUPYS YK€ HCIIOJIB3yeMble TEXHOJOTMH, HO W BHEIpAsS B
MIPOM3BOJICTBO MPUHIMITHAIEHO HOBBIE METObI HCCiIeoBaHuil. [{1s1 HeQTera3oBoil reosioruu — 31O
nosiBrieHue /13, mpencrapnser cob6oil KOMITJIEKC B3aUMOCBSA3aHHBIX METO/I0B UCCIIEAOBAaHMUH 3emin,
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(Gu3n4ecKn YBA3aHHBIX CHCTEMOW MEUIEHHO M TIOCTOSHHO IPOTEKAIOMINX SHEPreTUYeCKUX
MPOIIECCOB, OOBENNHAIOT HOBEHIIYIO U COBPEMEHHYIO0 MUKPOAMIUIUTY THYIO MTOJIBUKHOCTD 3€MHOU

KOPBI, 1e(hOpPMUPYIOIIYIO JOBYIIKH YIJIEBOIOPOIOB, COMPOBOXKIAIOIIYIOCS TEIIOMACCOIEPEHOCOM
1 MUTpanuei He)TU M raza K 36MHOU MOBEPXHOCTH. [laHHBIE MTporiecchl c1abo oTpakaroluecs: Ha
36MHOM NOBEPXHOCTU HE 3aMETHBI Ija3y 4denoBeka. OHM pErucTpupyroTcs pajuosIOKallMOHHOM,
MHOTOCTIEKTPaJbHOW W HH(PPAaKpaCHON CheMKaMH, HHTEPIPETUPYIOTCS C IENbI0 IMPOTHO3a
JIOBYIIEK yTJIEBOAOPOAOB U OLEHKM MX HEPTEra30HOCHOCTH COBMECTHO C Te€O0JIOro-
reou3nueckuMH JaHHbIMU. TexHosnoruu /13 0azupyroTcsi Ha HOBEMIINX HAYYHBIX AOCTHIKEHHSIX
BO MHOTHX OOJIACTSIX M CIIOCOOHBI TaK)Ke pemaTh pal GyHIaMEHTAIbHBIX U MPUKIATHBIX TpoOiIeM
[4,5,6]: wu3ydeHue ¢ TOMOINBIO PAJAUOJOKAMOHHON HHTEPHEPOMETPUH TECOMEXaHUYECKUX
IIPOLIECCOB, ONPEIEIISIOIINX COBPEMEHHYIO IMOABM)KHOCTh CTPYKTYpP M Pa3pbIBHBIX HApYLIEHUN
0CaJIOYHOTr0 YeXJia M BIUSIOLIUX Ha CTPYKTYpPY pe3epByapa, a COOTBETCTBEHHO Ha 3((EKTUBHOCTh
pa3paboTku MecTopoxkacHui HepTn W raza [7,8]; M3ydeHHEe W aHAIU3 TEPMOJUHAMHYCCKHX
MIPOLIECCOB C HKCIIOJIb30BAHUEM TEIJIOBOM HH(MPAKPACHONH CHEMKH, BIMSIOIMIMX Ha MHTPAIUIO
YIJIEBOJIOPOOB K 3¢éMHOM MMOBEPXHOCTH U BBI3BIBAIOIIUX 3aPA’KEHUE TIOUBEHHOT'O U PACTUTEIBHOIO
MIOKPOBOB [9]; M3y4yeHHE C MOMOIIBI0O MHOTO- U THUIIEPCIEKTPAIbHBIX ChbEMOK OMOT€OXUMHUYECKUX
(akTOpOB, ONMPEEIAIONIMX H3MEHEHUE CIEKTPAJIbHBIX XaPAKTEPUCTUK MOYBEHHO-PACTHUTEIHHOTO
MOKpPOBa Mo/ BO3/IecTBUEM yriieBogopooB [10,11].

MoHUTOpHHT HE(PTEra30BbIX MECTOPOKACHUN MOXKET MTPOBOIUTCS 110 COCTOSTHUIO PACTHTEIBHOCTH,
OlpeeNsieMOM, B TOM YHCIIE BEreTallMOHHBIMU HMHJEKCAMU, CaMbli pPacHpOCTPAHEHHBIN U3
kotopeix — NDVI - Normalized Difference Vegetation Index  — HopmaiM30BaHHBIM
OTHOCHUTEIIbHBIN UHJEKC PACTUTEIBHOCTH.

Pacuer BereranMoOHHBIX MHJIEKCOB Oa3upyeTcss Ha JBYX YYacTKaX KpHUBOW CIEKTpalbHON
OTpakaTeIbHOW CcIocoOHOCTH pacTteHmii. B kpacHoit obmactu crektpa (0,6—0,7 MKM) JIKHT
MaKCUMyM TIOTJIOIICHHS COJHEYHOW pagualud XJIOpopmiuioM, a B ONIKHEM ydYacTKe
nHppakpacuon obmactu (0,7-1,3 MKM) HaxoaUTCS 00JACTh MAKCUMAJIBLHOTO OTPAKCHHS YHEPTUU
KJIETOYHOM CTPYKTypoii ucta. To ecTh BhICOKAass OTOCHHTETHYECKAsE aKTUBHOCTD (CBsI3aHHAS, KaK
MpaBWJIO, C TYCTOW pAcCTUTENBHOCTBIO) BEAET K Oojee HHU3KUM 3HA4YeHUsM Kod()UIMEeHTOB
OTpa)KEHHsI B KPACHOH 30HE CIIEKTpa U OOJIBIINM 3HAYCHUSIM B OJFDKHEH WHPPaKpaCHOH.

NDVI ans pacTUTeNbHOCTH NPUHUMAET TOJIOKUTENbHBIE 3HAU€HHs, M 4eM Oouiblie 3eJeHas
¢duromacca, Tem OH Bbite [12].

CrekTpanbHble XapaKTEpPUCTUKH PpPAacTEHUH WM SAPKOCTH OTPaXar0T HX LBETHOCTb, HE
BOCIPUHHUMAEMYI0 TJla30M 4esoBeka. OmnpenensitoTcsi OHU, B OCHOBHOM, CHOCOOHOCTBIO JHCTBBI
OTpa)kaTb, NOIJIOUIATh WU MPOIYCKATh COJIHEYHOE U3ITyUyEHUE. DTH IT0KA3aTEIN 3aBUCAT OT JUINHBI
BOJIHBI, aTMOC(EpPHBIX YCJIOBHUM, BO3MOKHOCTEH TEXHHUKH U KOPPEKTHPYIOTCS B Ipoliecce
00paboTku naHHBIX. COrnacHo TeOpUHM MHPPAKPACHOTO H3IYUYEHMs ITOT JUAra3oH JUIMHBI BOJH
JIEJINTCS Ha TPU 30HBI: OJIMDKHIOW, CPEIHIO U JaibHIOK. [locnenHss npeacrasiseT HAaMOOIbLINI
UHTEpeC Ul U3yueHHs] COOCTBEHHOTO M3JIyueHHs 3eMJIH, PA3IMYHbIX T€0JIOTHUYECKUX OOBEKTOB U
MECTOPOKIAEHUIN yriaeBonopoaoB. @Dukcupyemblii CHUTHaJI B JajdbHEM HH(QpaKpacHOM WU
TEIUIOBOM  JMana3oHEe INPEIACTaBJICH  paJUuallMOHHBIMH  TEeMIlepaTypamH, OTpa)KaloUMU
COOCTBEHHOE M3yuyeHUe 3eMJIM, WIH, C Y4eTOM Ha3eMHBIX HW3MEpEHUH, rpagycaMy IO IIKajie
Lenbcust. OH perucTpupyercss COBPEMEHHOW IUCTAHLIMOHHOW TEXHUKOM M aHaJIU3UpPyeTCs
OTHOCUTENIbHO (DOHOBBIX 3HAUYEHUN TPU M3YYEHUU MECTOPOXKICHUN YIJIEBOJOPOJIOB, YTO
II03BOJISIET BBISIBJIATH CBSI3aHHBIE C HUMH AHOMAJIHH.

VYHuKaabHOW OCOOEHHOCTBIO PacCMAaTPUBAEMBIX METOAOB SBJSETCS HCIOJB30BAHHE IIHMPOKOIO
JMarnazoHa 3JeKTPOMAarHUTHOTO U3JIy4YeHUsI — OT YJIbTPaHOIETOBOIO IO CBEPXBBICOKOYACTOTHOT'O
(paaroOBOHOBOIO) B MIMPOKUX MHTETPUPOBAHHBIX 30HAX, MUHUMAIBHO JPOOHBIX (OT MHUKpPO- /10
HAaHOMETPOB) M CHHTE3MPOBAHHOM BHJE, OOBEAMHSIOUIEM pa3JIUYHBIE BHJBI CHEMOK. ITO
MO3BOJISIET  MAakKCUMaJbHO YYTKO (UKCUpOBaThb Majeilllie W3MEHEHUS  CIEKTPaJIbHbIX
XapaKTepUCTUK  3E€MHBIX  IOKPOBOB,  OOYCIIOBJICHHBIX  BO3JEHCTBMEM  T'€OJOrMYECKHX,
Tr€OXUMHYECKHX, THIPOTre0JOTHYECKUX U T€0TEpPMalIbHBIX ITPOLIECCOB B 0CAA0YHOM uexiie. Mexond
U3 TEXHUUYECKON crnenu(uKu perucTpanuy pasHbIX AMAa30HOB CIEKTpa BBIIEISAIOT ChEMKH B
BUIMMOM, HH(PaKpaCHOM TEIJIOBOM U paJuoauana3oHax, KOTOpble MOTYT IPEACTaBIATHCS B BHJIE
IIUPOKOM MHTETPUPOBAHHON 30HBI BUIUMON 00JacTH (Kak mpHu GoTorpaduideckoil CheMKe), Tak U
Oosee APOOHBIX, MOIYYa€MBIX MHOTO- W TUIEPCHEKTPATbHBIMH CheMKaMu [6]. OHHM [aroT
BO3MOYXHOCTh OJTHOBPEMEHHOTO IMOJIy4€HHS MHOT0O00Opa3HON CHEeKTpalibHOW HHPOpMAIUU O
3eMHOW MOBEPXHOCTH IO BCEM KaHajaM BUAMMOTO M OJIMKHEro MH(PaKpacHOro Juarna3oHoB. B
TYMUJHBIX O0JIACTAX PACTUTENBHOCTh SBIISETCS OCHOBHBIM W Hambosee YyTKHUM HHIUKATOPOM
re0JI0ro — FTUAPOXUMUYECKUX ITPOLIECCOB.



Puc. 1 Pacnpenenenue BererammonHoro muaekca NDVI mo ywyactky ApiaHOBCKOTO He(TSHOTO
MecTOpOXIeHHUs [cocTaByieHo o cHuMKY Landsat 8 ot 16.07.2021 r.].
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Puc. 2. Yyactok Apinanckoro He(TSHOIO MECTOPOXKIEHUS B MCKYCCTBEHHBIX LBETAX [coueTaHue
kananos 5,4,3 Landsat8]

XopomuM MeTOJIOM MOHUTOPUHTA HE(DTSIHBIX MECTOPOKIACHHUM SBIISCTCS AUCTAHIIMOHHBIN aHATN3
COCTOSTHUSI pacTUTENbHOCTH. Ha pucyHkax 1 m 2 mpencTaBiIeHO pachpese/ieHue BereTallMOHHOTO
unaexca (NDVI) u pacTUTENbHOCTHM B HCKYCCTBEHHBIX I[BeTaXx. Ha pucyHke | akTHBHO
BETCTHPYIONINE PACTECHUS BBIICIIIOTCS SPKO-3CJICHBIM IBETOM, B TO BpeMsl KaK Ha PUCYHKe 2 —
CBETJIO-KPACHBIM, YTO OOBSCHSETCS HAIWYHEM MOJOJION pacTUTEIHHOCTH (3penble JIPEeBECHBIE
MOCAJIKK BBIICISAIOTCS TEMHO-KPACHBIM IBETOM). B TO ke Bpemsi Ha ceBepe JISCHOTO MacCHBa
BBIICTISIETCSl  YYacCTOK MPSMOYTOJIbHOM (OopMBI C HEOJHOpPOIHOHM cTpykTypoil. Ha puc. 1 on
BBIZICISIETCS OJIETHO 3€JICHBIM I[BETOM C OEJIBIMU TISITHAMH, Ha PUCYHKE 2 — OJIeTHO-3€JICHOTO IBETa
c po3oBbiMH TsATHamu. [locienHee CBUAECTENBCTBYET, YTO HAa JAHHOM YYacTKE pPAaCTUTEIbHBIN
MTOKPOB JIETpaJIMPOBaH.

JIMCTaHIIMOHHBIE METOJbl TAKXKE TIO3BOJISIOT OMPEACNATh JIOKANbHBIC MOMHATHS, TO3BOJISS
MIPOBOIMTH MPEABAPUTEIBHYIO Pa3BeKy He(PTEra30BbIX MECTOPOKICHUM.

BepTukanpHble JBWKEHHS 3E€MHOM TIOBEPXHOCTHM Ha IUlargopmMax MO JaHHBIM MHOTHX
CITELIMAIMCTOB JIs1 HEOTEKTOHHYECKOTO dTaIla OIEHMBAIOTCS OT 2 70 3,5 ¢M/To/, a IS HaCTOSIIErO



BPEMEHHU TI0 pe3yJIbTaTaM MHCTPYMEHTAJIbHBIX HaOMoAeHUH OT 1 10 2,5 cM/To B 3aBUCUMOCTH OT
reoTeKTOHNYEcKOoro nonoxxenus [13,14,15]. Dto BenrunHa OCpPEAHEHHBIX PETHOHATIBHBIX

IBWKEHNH, Ha (DOHE KOTOPHIX OTMEYAeTCs JIOKaJbHAs ITOJBM)KHOCTh CTPYKTYPHBIX JIOBYIICK,
yCTaHaBJIMBAaeMasl 110 JAHHBIM PaIMOJIOKALMOHHBIX CHEMOK [5].

JlnutenbHOE yBENWYEHHE paauyca 3eMIIM BBI3BIBACT PACTSHKEHHE BEpXHEH OOOJIOYKH, YTO
NPUBOAUT K OTKPBITHIO OCJIA0JICHHBIX 30H 4exyia U (pyHIaMeHTa, CBSA3aHHBIX C pa3pbIBHBIMU
HApyUICHUSIMH, M TPENapUpOBAHUIO PA3IUYHOTO THIA HEOJHOPOIAHOCTEH IOJ BO3JACHCTBHEM
9PO3HOHHBIX W THUAPOTEOJIOTHYECKUX (HAKTOPOB. DTO OBUIO JOKA3aHO AKCIEPUMEHTAIbHBIMU
JIMCTAHUMOHHBIMA M CEHCMOpa3BeJOYHBIMH DPabOTaMH Ha HE(TETra30BbIX MECTOPOXKACHUIX
Tumano-Iledopckoro 6acceitna. OHM TO3BONMIM YCTaHOBUTH, 4TO 60-70% ocnabieHHbIX 30H WU
HApyUICHUH, BBUIBICHHBIX TI0 KOCMHYECKHMM JaHHBIM, C HauOOJbIIEH OTYETIMBOCTHIO
(bUKCUPYIOTCS CeiicMOpa3BEKON B BEPXHEH 4acTH 0cafoyHOro yexia a0 riayoun 500-1000 m, rae
YMEHBIIACTCS CTETIEHb BCECTOPOHHETO CKATHSL.

JIBIDKEHHsI BEpTUKAJIbHbIC BBI3BIBAIOT YCHUJICHHWE Ha ypOoBHE (OHA JIOKAJIHHO OTPaHUYCHHBIX
SPO3HOHHBIX MPOLECCOB B BH/E IMJIOCKOCTHOTO CMBIBA, MPETAPUPYIOIIETO B CBOJIE TIOAHATHS Oojee
JPEBHUE OTIIOKCHUS, MIM YMEHBIICHUS] MOIITHOCTH MIOKPOBHBIX OCaIKOB (puC.3).

——

a) 0)

Puc.3 CxeMbl posIBIICHUS TOKATBHBIX MOAHATHN M OCTIOKHSIONIEH UX

TEKTOHUYECKOW MEraTpelnHOBaTOCTH Ha a3po (a) U KocMU4ecKoM (0)

CHHUMKAX T'€0JIOTUYECKH OTKPBITHIX U 3aKPBITHIX PETHOHOB

a) JXKunsuckas ctpykrypa (AkTioonHckoe [Ipuypanbe)

0) CpenneboTyobunckoe noaasaTue (Bocrounas Cubups).

[mo Tpodumor /.M., Kaprep M.H., llyBaecea M.K «Meronsl MUCTaHIIMOHHOTO 30HIWPOBAaHUS TPHU
paspaboTke Hedtu U raza — M:.Mudpa-Umxenepus,2015. — 80c].

[TonoxxurenbHble TBUKEHHUS TPUBOJAT K (POPMUPOBAHUIO 3aKOHOMEPHOW CHCTEMBI 3PO3MOHHOI
CeTH, Haclenyrome paHee CHOPMHUPOBABIIYIOCS TPEIIMHOBATOCTh BCJEICTBUE B3JBIMAHUS
JIOKQJIbHBIX MOJHATHI. DTH Mpolecchl aKTUBU3UPYIOTCS MPH CKOPOCTH JIOKAJTBHBIX BEPTUKAIbHBIX
IBUKCHHM, TPEBBIIIAIONICH  pernoHalbHble  aBMKeHHS. CouyeTaHWe  WHIAWNBUAYATBHON
MOJIBMKHOCTH MOJHATHS M IPETapUPYIOLINX 3PO3UOHHBIX MPOLIECCOB MPUBOIAT K MPOSBICHUIO Ha
3eMHOW IMOBEPXHOCTU €ro CTPYKTYypHO-Ie(pOpPMaLMOHHOTO obpa3a uepe3 reomopdosiornyeckue
MPU3HAKH, KOTOPbIE pACIO3HAIOTCS TOJIBKO Ha BbICOKOpa3pelmaonmx cHUMKax. CreneHb



OTPaKEHMsI CTPYKTYPHBIX (JOPM YeXJ1a Ha AUCTAHIIMOHHBIX MaTepUanax 3aBUCUT OT COOTHOUIEHUU
CKOPOCTEW PErMOHAJIbHBIX U JIOKAJIbHBIX BEPTUKAIBHBIX JIBHIKEHUH.

B cnenctBue Bo3neicTBUS 3TUX (PAKTOPOB U AJIUTEIbHBIX NEPUOJUUECKUX U 3aKOHA MEPEMEHHBIX
MHUKPOAMJINTYTHBIX MTOJIBUKEK MEPBUUHBIA CTPYKTYPHO — 1e(hOpMaIIMOHHBII 00pa3 MOJHSTHS

HaXOOUT AaHOMaJdbHOE OTpaXkeHWe B penbede 3eMHOW MOBEpXHOCTH, (opmupys ero
reoMopdossoruueckyro (JranamapTHY0) H HUPPOBYIO MOIENIb peiabeda (prc.4)

Puc.4 JlanamadTHas (a), TpexmepHas (0) u uudposas (B) MOAEIH JTOKAIBHBIX MTOAHITHH.

a) JloaneHOE TOTHATHE C TeoMopdomuieckuMu puzHakamu (Tumano-Iledopcekwmii 6acceiin).

0) TpexmepHas MOJENb TOAHSATHSI, MOJAyYEHHAs [0 CHUMKaM criiyTHuKa Terra (Aster) Kamosckoro
cBosa Cubupckoro dacceitHa

B) Ludposas monens penbeda HedTssHOro mMecrtopokaeHus B 3amaaHoil CuOMpPU B YCIOBHBIX
userax (mo /.b. Hukonbckomy).

[mo Tpodumos .M., Kaprep M./1., lllyBaeBa M.K «MeTop!l AMCTAaHIIMOHHOTO 30HAUPOBAHUS IIPU
paspabotke HedTH U raza — M:.Uudpa-Umxenepus,2015. — 80c].

TakuM o00pa3oMm, NOpHUBENEHHBIE [aHHBIE CBHJETEIbCTBYIOT O HAJIMUYUU MEXAY aKTHBHBIMU
JIOKAJIbHBIMU TOJHATUSMHU M 3aJie)KaMU YTJIEBOJOPOIOB MPOCTPAHCTBEHHON CBS3HU, OOBSICHSIEMOM
3¢ (heKToM UX JIUTEIbHONW MHIUBUIYAJbHOW MOABMKHOCTH BO BPEMEHH C COMYTCTBYIOIIMMH €
(GU3MKO — XMMHUYECKUMHU TIpolleccaMu B ocagoyHoM dYexje. OHU ompenensioT (GpopMUpOBaHUE
MECTOPOKICHU He(TH U ra3a, OCTaBisis CJeAbl HAa MOBEPXHOCTH, PACMO3HAHHBIE C MOMOUIBIO
KoMIUiekca MeToqoB J[3. 3HauMMOCTh TOMy4YaeMbIX MaHHBIX TIPU pa3BelKe U pa3padoTKe
MECTOPOKICHHUI yIJIeBOJAOPOJOB JAeT BO3MOXKHOCTb KapTHUPOBAaTh aHOMaJbHbIE MPOSBICHUS
YIIIEBOJOPOAOB, YTO MOXET CBUACTENHCTBOBATH O pasrpy3Ke pPe3epBYyapoB M OCOOCHHOCTSIX HX
THAPOJNHAMUYECKAX PEXKUMOB. B 3aKitOUeHHH, HAa MPAKTHYECKOW COCTaBIAIONICH B padoTe
JTUCTAHIIMOHHOTO MOHUTOPUHTa HEPTSHBIX MECTOPOXKICHHH, Ha mpuMepe ApIaHCKOTO
MECTOPOKJCHHs Oblila BBISIBIEHO W3MEHEHHUE COCTOSHUS PACTUTEILHOCTH, BBI3BAaHHOE N0ObIUEH
Heptu. Meroapl /I3 MO3BOMNSIOT ONPENETUTh C BEPOSTHOCTSAMU HAIUYUS HEPTH, BOJAHO —
He(TAHOTO KOHTAKTa, MOPOAbl B JAHHOW TOYKHM 3eMJH. Takum oOpa3om, puMeHeHne MetonoB /13
U KOCMHUYECKOW CHEMKH oOecredynBact pelieHre pazHooOpa3HOro KOMIUIEKCa  3ahay
re0JOrM4ecKuX padoT, UX COMPOBOXKIECHUS U MOHUTOPHUHTA.
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Abstract: Many years of research demonstrates the success of using remote sensing methods in the
preliminary exploration of oil and gas fields and their further monitoring. In the article different remote
sensing methods (analysis of vegetation in the infrared spectrum, radar methods, etc.) are considered. On the
example of the Arlanskoye oil field (Republic of Bashkortostan) the method of remote assessment of
vegetation changes in the territory of oil and gas field is used. In addition, the efficiency of detection of oil-
and-gas bearing capacity by remote detection of local uplifts is demonstrated on the example of the fields of
Timan-Pechora basin.

Key words: physical basics, remote sensing methods, geological processes, possibilities of use,
oil and gas exploration and development, Republic of Bashkortostan.

The impending problems in the oil and gas industry are determined by many factors, the main of
which are [1]: the late stage of development of the main oil production facilities, characterized
by significant depletion and watering of hydrocarbon deposits; reduction of oil production
growth rate and its excess over the reserves growth, deterioration of their structure; increase of
reserves mainly due to additional exploration and re-evaluation of old fields, discovery of small
deposits. Earth remote sensing and space remote sensing (ERS) methods are widely used
nowadays all over the world. Obtained, studied and processed information is used for solving
numerous economic and scientific tasks of natural environment monitoring. This helps to
achieve a tangible increase in efficiency of production activities in such areas as oil and gas,
general geographic and thematic mapping, land management and land use, pollution source
control and environmental monitoring in general, hydraulic engineering and land reclamation,
forestry, planning and ensuring mineral exploration, development of rational routes and
reduction of marine and other transport accidents, oceanology and fishery, etc. Also of critical
importance are the long-term series of remote sensing space data for climatological studies,
studying the Earth as an integral ecological system, providing various surveys and works for
oceanography, oceanology, glaciology and other branches of science.

The introduction of new reserves, especially in remote regions, directly depends on large
investments in exploration work. In these conditions, introduction of innovative low-cost
methods is of particular relevance. Among them are methods of remote sensing, the
methodology of which application was developed and tested many years ago in the analog form
[2], and now it is already worked out in the digital form [3,4]. These methods have long been
used abroad and are used by many specialized service companies.

In our country the application of remote sensing in the forecast of oil and gas bearing capacity is
known examples of discovery of oil and gas fields with their participation in the Timan-Pechora,
West Siberian and Siberian provinces. The science is continuously developing, not only
deepening and modernizing already used technologies, but also introducing fundamentally new
methods of research. For oil and gas geology is the emergence of DZ, is a complex of
interrelated methods of research of the Earth, physically linked by a system of slow and
continuous energy processes, combine the latest and modern microamplitude movement of the
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Earth's crust, deforming traps of hydrocarbons, accompanied by heat and mass transfer and
migration of oil and gas to the Earth's surface. These processes, weakly reflected on the Earth's
surface, are not visible to the human eye. They are recorded by radar, multispectral and infrared
imaging, interpreted in order to predict hydrocarbon traps and assess their oil and gas content
together with geological and geophysical data. RS technologies are based on the latest scientific
achievements in many areas and can also solve a number of fundamental and applied problems
[4,5,6]: studying geomechanical processes using radar interferometry, which determine the
current mobility of structures and faults of the sedimentary cover and affect the reservoir
structure, and consequently the efficiency of oil and gas field development [7,8]; studying and
analysis of thermodynamic processes using thermal infrared survey, which affect the migration
of hydrocarbon

Monitoring of oil and gas fields can be conducted according to the state of vegetation,
determined, among other things, by vegetation indices, the most common of which is NDVI -
Normalized Difference Vegetation Index - normalized relative vegetation index.

Calculation of vegetation indices is based on two parts of the spectral reflectance curve of plants.
The maximum absorption of solar radiation by chlorophyll lies in the red region of the spectrum
(0.6-0.7 pum), and in the near-infrared region (0.7-1.3 um) there is the area of maximum energy
reflection by cell structure of the leaf. That is, high photosynthetic activity (usually associated
with dense vegetation) leads to lower values of reflection coefficients in the red zone of the
spectrum and higher values in the near-infrared.

NDVI for vegetation takes positive values, and the greater the green phytomass, the higher it is
[12].

The spectral characteristics of plants, or brightnesses, reflect their color, not perceived by the
human eye. They are mainly determined by the ability of foliage to reflect, absorb or transmit
solar radiation. These values depend on wavelength, atmospheric conditions, and the capabilities
of technology, and are adjusted during data processing. According to the theory of infrared
radiation, this wavelength range is divided into three zones: near, middle and far. The latter is of
most interest for studying the Earth's own radiation, various geological objects and hydrocarbon
deposits. The fixable signal in the far infrared or thermal range is represented by the radiation
temperatures reflecting the Earth's own radiation, or, taking into account ground-based
measurements, by degrees on the Celsius scale. It is registered by modern remote sensing
equipment and analyzed relative to background values when studying hydrocarbon fields, which
allows to identify related anomalies.

A unique feature of the considered methods is the use of a wide range of electromagnetic
radiation - from ultraviolet to ultra-high frequency (radio-wave) in wide integrated zones,
minimally fractional (from micro- to nanometers) and synthesized form, combining different
types of surveys. This allows maximum sensitivity to record the smallest changes in the spectral
characteristics of the earth covers, caused by the impact of geological, geochemical,
hydrogeological and geothermal processes in the sedimentary cover. Based on the technical
specifics of recording different spectral ranges, there are surveys in the visible, infrared thermal
and radio bands, which can be presented in the form of a wide integrated zone of the visible
region (as in photographic survey), and more fractional, obtained by multispectral and
hyperspectral surveys [6]. They make it possible to simultaneously obtain diverse spectral
information about the Earth's surface in all channels of the visible and near-infrared ranges. In
humid areas, vegetation is the main and most sensitive indicator of geological and
hydrochemical processes.



Fig. 1 Distribution of NDVI vegetation index over the Arlanovskoye oil field area [compiled
from Landsat 8 image from 16.07.2021 ].
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Fig. 2. Arfansky oI field site in artificial colors [combination ofchanels 5,4,3 Landsat8].

A good method of monitoring oil fields is remote analysis of vegetation condition. Figures 1 and
2 show the distribution of vegetation index (NDVI) and vegetation in artificial colors. In Figure
1, actively vegetating plants stand out in bright green, while in Figure 2 they stand out in light
red, which is explained by the presence of young vegetation (mature tree plantings stand out in
dark red). At the same time, an area of rectangular shape with a heterogeneous structure stands
out in the north of the forest massif. In Fig. 1 it stands out in pale green with white spots, in Fig.
2 it is pale green with pink spots. The latter indicates that the vegetation cover at this site is
degraded.

Remote methods also make it possible to determine local elevations, allowing for preliminary
exploration of oil and gas fields.

The vertical movements of the Earth's surface on platforms, according to many specialists for the
neotectonic stage are estimated from 2 to 3.5 cm/year, and for the present, according to the
results of instrumental observations, from 1 to 2.5 cm/year, depending on the geotectonic
position [13,14,15]. This is the value of averaged regional movements, against which the local



mobility of structural traps, established by radar survey data [5], is noted.

A prolonged increase in the Earth's radius causes stretching of the upper shell, which leads to the
opening of weakened zones of the cover and foundation associated with discontinuities and the
dissection of various types of heterogeneities under the influence of erosion and hydrogeological
factors. This was proved by experimental remote and seismic surveys at oil and gas fields in the
Timan-Pechora basin. They made it possible to establish that 60-70% of the weakened zones or
disturbances identified by space data are most clearly recorded by seismic exploration in the
upper part of the sedimentary cover to a depth of 500-1000 m, where the degree of all-round
compression decreases.

Vertical movements cause intensification of locally restricted erosion processes at the
background level in the form of planar flushing, dissecting more ancient deposits in the uplift
vault, or reduction of the thickness of cover sediments (Fig.3).
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Fig.3 Schemes of manifestation of local uplifts and complicating them

of tectonic mega-cracking on aerial (a) and space (b)

images of geologically open and closed regions

(a) Zhilyan structure (Aktobe Pre-Urals)

b) Srednebotuobinskoe Rise (Eastern Siberia).

[by Trofimov D.M., Karger M.D., Shuvaeva M.K. "Methods of remote sensing in oil and gas
development - M:.Infra-Ingeniriya, 2015. - 80c].

Positive motions lead to the formation of a regular system of erosion network, which inherits the
previously formed fracturing due to the uplift of local uplifts. These processes are activated when



the rate of local vertical movements exceeds the regional movements. The combination of
individual mobility of the uplift and dissecting erosion processes leads to the manifestation on
the Earth's surface of its structural and deformation image through geomorphological features,
which are recognized only on high-resolution images. The degree of reflection of the structural
forms of the cover on the remote materials depends on the ratio of the rates of regional and
local vertical movements.

As a consequence of the impact of these factors and long periodic and the law of variable
micro- amplitude shifts, the primary structural-deformation image of the elevation is
anomalously reflected in the relief of the earth's surface, forming its geomorphological
(landscape) and digital relief model (Fig. 4)
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Fig.4 Landscape (a), three-dimensional (b) and digital (c) models of local elevations.

(a) Lonal uplift with geomorphic features (Timan-Pechora basin).

b) Three-dimensional model of the uplift derived from Terra (Aster) satellite images of the
Kamovsky vault of the Siberian Basin

c) Digital model of the relief of the oil field in Western Siberia in conventional colors (by
D.B.Nikolsky).

[by Trofimov D.M., Karger M.D., Shuvaeva M.K. "Methods of remote sensing in oil and
gasdevelopment - M:.Infra-Ingeniriya, 2015. - 80c].

Thus, the above data indicate the presence of a spatial relationship between active local uplifts
and hydrocarbon deposits, explained by the effect of their long-term individual mobility in time
with its accompanying physical and chemical processes in the sedimentary cover. They



determine the formation of oil and gas deposits, leaving traces on the surface, recognized with
the help of a complex of methods of remote sensing. The significance of the data obtained in the
exploration and development of hydrocarbon deposits makes it possible to map the anomalous

occurrence of hydrocarbons, which may indicate the unloading of reservoirs and features of their
hydrodynamic regimes. In conclusion, on the practical component in the work of remote
monitoring of oil fields, by the example of the Arlanskoye field was revealed a change in the
state of vegetation, caused by oil production. RS methods allow to determine with probabilities
of oil presence, water-oil contact, rocks in the given ground point. Thus, the application of RS
methods and space imagery provides the solution of a various complex of problems of geological
works, their accompaniment and monitoring.
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