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UCTAHIIHOHHBIE METOJIbI HCCIENOBAHHUE B M3YVUEHHH U
VIIPABJIEHMH ITPUPOIHBIMH PECYPCAMU 715

JIuHeaMeHTBl TPETbEro MOpsJKA pPACHPOCTPAHEHBI IIPAKTHYECKH PABHOMEPHO U moBcemecTHO. I[lo
HANpPaBJICHUSIM [IPOCTUPAHHUIN ITUX JIMHEAMCHTOB B LIEJIOM COOJIIOJaeTCs 3aKOHOMEPHas CBA3b ¢ KOCMOCTpyKTypamu 1u 2
nopsiika. OCHOBHBIM HAIpPaBJICHUEM MPOCTUPAHHS B 3TOM CJIydae sIBISIETCS BOCTOKO-CEBEPO-BOCTOK (62-77°) puc. 1s).
Jmuna nuaeameHToB Kosebnercst ot 0,3 o 1,5 kM, ux xomuuectBo cocraiseT 490. [Toxasisomiee OONBIIHHCTBO UX
Haxoxutes B npeaenax 0,7-1km B munHy. HeGoJpinue momis X KOHLECHTPALUH BBIICISIOTCS Ha FOre, CeBepo-3amazie u
CEBEPO-BOCTOKE.

TakuM 00pa3oM, NPSMOJNMHEHHbIC JIMHEAMEHTBI BCEX IMOPSIKOB OOHApPY)KHBAIOT CTPYKTYPHYIO H
[apareHeTHYECKYI0 B3aMMOCBs3b. HarpaBiieHus: MpOCTHPaHUi Ha po3e-IrarpaMMe BCeX BBIACICHHBIX CTPYKTYP JaHHOTO
THIIA COOTBETCTBYIOT BOCTOK-CEBEPO-BOCTOKY (63-72°)1 B HAMHOTO MEHBLIEM KOJIMYECTBE BOCTOKO-FOr0-BocTOKy (105-
115°).06uiee 4ncio BhIsIBICHHBIX TuHeaMeHToB — 1535 .Cpennsis anmuna 2,7 kM (puc. 1r).

Hcnonb3yst Ha3BaHHBIC BBILIE CTATUCTUYECKHE NAHHBIC Oblla BBIABICHA CBSA3b NPE0OIaNAIOIINX HAIIPaBICHUH
JMHEAMEHTOB C NPOCTUPaHUEM aHTHKIMHOpHA 3amanHoro CasHa M KPYHHBIX PErHOHAIBHBIX PA3JIOMOB, TAKUX Kak
CasiHo-Mumnycunckuii, Cesepo-CasiHckuii, bopycckuit n Kannarckuii [4], Tak e ycTaHOBIICHA MPOCTPAHCTBEHHAS CBSI3b
BBISIBIICHHBIX CTPYKTYp ¢ mkebatickoii 30H0# 3amnaasoro CasHa [2].

Hanpasrienust JuHEaMEHTOB 2-T0 W 30 TOPSJAKOB (BOCTOK-CEBEPO-BOCTOYHOE), @ TaK )K€ HAIPAaBICHHS
HanboJiee KPYHHBIX JIMHEaMEHTOB 1-ro nopsiaka (ceBepo-3amnaHoe) CBUACTENbCTBYIO O HAJIMUHH CUCTEMBI CONPSIKCHHBIX
MPOJOJIBHBIX U MONEPEYHbIX Pa3IOMOB, 00pa30BABIIUXCS MPU Pa3BUTHH TyBHHCKO-MHHYCHHCKO-3aIaIHOCHOUPCKOM
PKC [1].

JIOMUHUPYIOIIMMH  SIBJISIIOTCS [IPOZOJIBbHBIE PA3JIOMBbI IPEACTABICHHBIE JUOO KPYIHBIMH DPErHOHAIbHBIMU
HapyiieHussMH. OHH OPTOTOHAJIBHO NEPECEKAIOTCS MONEPEYHbIMH PAa3IOMaMM, MMEIOIMMHI TPaHC(HOPMHBIH Xapakrtep,
KOTOpBIE 110 MaciiTadaM pa3BUTHS PEAKO BBIXOJAT 32 IPEAENbl PAcCEKaeMbIX MMH PErMOHANBHBIX CTPYKTYp. B
COBOKYITHOCTH JaHHBIC HapyLICHHs 00pa3yloT cBoeoOpasHblii pasnomublii kapkac PKC U SBISIOTCS CTpyKTypamu
MIEPBOTO MOPSIKA.

Onepsifolie UX ¥ MeHee MacuTaGHbIC Pa3IOMbl, XapaKTepHU3yeMble IIPUMEPHO TaKOW JKe MPOCTPAHCTBEHHOI
OPUEHTHUPOBKOH, MPEJCTABIAIOT COOOH CTPYKTYypbl BTOporo mopsiaka. ITo Maciutabam pa3BUTHS OHH HMEIOT
BHYTPHUPETHOHAIBHEIH Xapaktep [1] 1 XOpOIIO MPOCIeKUBAIOTCS HA U3y4aeMOl TEPPUTOPUH B BHIE JIMHEAMEHTOB 2-T0
HOPSI/IKa ONMCAHHBIX BBILIE.

IToMUMO OTMEYEHHBIX Pa3JIOMOB B MpEJeNax COCTABHBIX YaCTeil PErHOHANBHBIX CTPYKTYD, pacHoliaraeTcs
BEChbMa 3HAYMTEIbHOE KOJMYECTBO HAPYLICHWH, MMEIOLIMX JIOKAIbHBII XapakTep NpPOSBICHUS — 3TO BBLICICHHbBIC
JIMHeaMeHThl 3T0 mopsjka. MX CTPYKTYpHBIH IUIaH 3aMeTHO Oojiee pa3zHOOOpa3eH, 4eM y CTPYKTYp 0osiee BBICOKHX
MOPSAKOB, HO OHHU CYOCOTIIACHBI [0 MPOCTUPAHHIO C Pa3JIOMaMH [IEPBOTO U BTOPOTO, M COOTBETCTBEHHO C JIHHEAMEHTaMU
1-ro u 2o nopsuakoB. ITo MacmrabaM pa3BHTHS 3TH MeJIKHE (IIPOJOJIBHBIC M MONEPEYHbIC) CONPSIKEHHBIC Pa3IOMBbI
(mmHEaMEHTBI) OTHOCSTCS K CTPYKTYpaM TpeThero mnopsijka [1].

TakuM 006pa3oM, B XOJ€ MHTEPIPETALUH CXEMbl JIMHEHHBIX CTPYKTYp OBUIO YCTaHOBJICHO Npeobiajaroiiee
HalpaBJIeHHE JHHEAMEHTOB 2T0 W 3-TO MOPSAKOB (BOCTOK-CEBEPO-BOCTOYHOE) W HAMpaBIeHHE Hanboiee KPYIHBIX
JMHEaMeHTOB 1-ro mopsiaka (ceBepo-3amanHoe). DTH CTATUCTHYECKHE JaHHBIC [OKA3ajH, YTO BEIACICHHbIC IMHEAMEHTHI
UMEIOT MpsiMyIo cBsA3b ¢ TyBuHCKO-Munycuncko-3anagnocubupckoir PKC, a umenHo ¢ e€ cucteMoil MpOAOJIBHBIX H
MOIEPEYHBIX Pa3JIOMOB.
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KOMMNEKCUPOBAHUE MATEPUANOB KOCMUYECKOW CbEMKU BbICOKOIO
NMPOCTPAHCTBEHHOI'O PA3PELUEHUA B PELLEHUAX TEONTIOFOPA3BEOOYHbLIX 3AO0AY
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HayuHbln pykoBoguTenb npodgeccop A.A. lNouenyes
HayuoHanbHbIl uccnedoeamensckuli ToMckuili nonumexHuveckuli yHueepcumem, 2. Tomck, Poccusi

K HacrosimeMmy BpeMeHM pa3paboTaHa 0oJjbluas TPpynna METOAOB, B KOTOPBIX MCIOJNB3YIOTCS Pa3HOOOpa3HbIC
¢bu3nyueckie W TEXHHYECKUE IOJXOJAbl B JUCTAHIMOHHBIX TEOJOTMYECKUX HcchenoBanusax [7]. DddexTuBHOCTH
nposeneHnss MKC 3aBHCHT OT MeTOJa, TEPPUTOPUH HPOBEICHHS PaGOT M BHINOJHECHHS 3alUIAHUPOBAHHBIX CHEMOK.
Vcnonp30BaHue MaTepUaIoB KOCMHYECKUX CHEMOK MO3BOJISCT MONyYaTh Ka4eCTBEHHO HOBYIO HH(GOPMAIUIO HE TOJIBKO
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HPH Te0JOro-ChbeMOYHBIX M IIPOTHO3HO-TIOMCKOBBIX PaboTax, HO M Ha 0ojee [ETalbHbIX CTaJHUAX OLEHOYHBIX H
pa3BeOUHbIX paboTax. DTO aKTyaJbHO KaK Ui HOBBIX, TaK M JUI AETAIBHO M3YYeHHBIX IUIomanei. M3 storo cuenyer,
4yro TpeOyeTcsl MPUMCHEHHE TAaKUX TEXHOJIOTMH, KOTOpPBIE MO3BOJIIOT HAa HA4YaJIbHOM 3Tale B KOPOTKHE CPOKU IIpU
MHMHHUMAJIBHBIX 3aTpaTax CpPEJICTB YTOYHHTb I'€OJIOTMYECKOE CTPOCHHE M 3HAYHMTEIBHO JIOKAIU30BATh NEPCIEKTHUBHbBIC
YYaCTKH JJIsI HOCTAaHOBKH JETAIBHBIX PadOT KOMIUIEKCOM ITyOHHHBIX METO/IOB.

HeoOxomuMo MOAYEpKHYTH, 4YTO B OTIMYHE OT TPAJUIMOHHO HCIIONB3YeMBIX B HAa3eMHBIX N
a’pOMCCIEIOBAHNSAX NPOMMILHEIX HAOMIONCHUH, KOTOPHIE XapaKTepHU3yIOTCS BBIOOPOYHOI IMPOCTPAaHCTBEHHOM
UHMOPMATHBHOCTBIO (B 3aBHCHMOCTH OT OpPHEHTHPOBKM mnpoduieii), coBpemerHsie MKC mMmo3BOJNSIOT MOJyYath
UH(MOPMALHIO B IIHPOKOM CHEKTPE OT KOPOTKOBOJIHOBO#H yacTu Buanmoro auanaszona (0,3-0,4mkm) 1o teruioBoro (10-
20 MkM) ¥ paauoaranazoHa (N*cM) ¢ MaibiM, CPEIHHUM U BBICOKMM (<1 M) mpoCTpaHCTBEeHHBIM paspemicHueM [2]. B
JAHHBIX [IMANa30HAX CHEMKH Te0JOTMYeCKHe OOBEKThl M SBICHMS IPOSBIAIOTCA I0-pa3HOMY. BaxHO mpu sTOM
YUHUTBIBATh NPHPOJHBIC YCIOBHS PErHOHA paboT — 0cOOEHHOCTH perbeda, XapakTep pacTUTENBHOCTH, THIT U MOLIHOCTh
PBIXJIBIX OTJIOXKEHUH, 0OBOJHEHHOCTb, KIMMAaTH4YECKHEe OCOOCHHOCTH, HAJIMYME BEYHOW Mep3noThl U mp. Ilo maHHBIM
MKC oHE HalOT NPHHIMITHAIEHO HOBYIO T€0JIOTHYECKYIO0 HHPOPMALHUIO JaXKe HA MAJIO M3YICHHBIX IUIOAIsX.

ITpu BEIOOpE METONOB NUCTAHIMOHHBIX UCCIEAOBAHHUIN B KaXKIOM KOHKPETHOM CIIydae CJICIyeT ONMHUpaThCs Ha
CJIeTyIOIHie OCHOBHBIC MOJIOKCHUS:

— KOMIUIEKC IPUMEHSIEMBIX METOJIOB JIOJDKEH COOTBETCTBOBATH XAPAKTEPY HCCIEIYEMBIX OOBEKTOB M YCIOBHSM HX
HPOSIBICHUS B JAHHOH 0OCTaHOBKe;

— B KOMIUIEKCE HE JJOJDKHO OBbITh AyONMpPYIOIIHX APYT APYra METOJIOB;

— BBIOpaHHBIH KOMIUIEKC METOJOB JODKEH O0CCHEeYHTh MUHHMAJIbHBIC 3aTpaThl BPEMEHH M CPEACTB Ha peLICHHUE
HOCTABJICHHBIX 3a/1a4.

JIUCTaHIMOHHEIE WCCIIEJOBAHUS II03BOJISIIOT BBUBISITE KOCBEHHBIC IIPU3HAKH MECTOPOXKICHHH ITOJIE3HBIX
HCKOTIAEMBbIX U T€0JIOTHIECKHE CTPYKTYPEL.

JlaHHbIE QUCTAaHIMOHHOTO 30HIMPOBAHUS IIMPOKO HCIIONB3YIOTCS NIPH PEHICHWH pa3IMYHBIX 3a1ad, B TOM
YHClle, BEChbMa YCHEINIHO, B IPOTHO3UPOBAHME M IIOMCKE MECTOPOXICHUH ITOJIE3HBIX HCKOMAEMBI, B T€0JIOTUYECKUX H
T€0IKOIOTHYECKUX HUCCICHOBaHMAX M KapTorpaduu U T.1.[4]. CIoKHOCTh M BBICOKas CTOMMOCTB IOJYYCHHSI T€0JI0ro-
reousnueckoil MHOOPMALMK TPAJUIMOHHBIMUA HAa3eMHBIMH M a’p0 METOJAMM B TPYAHOJIOCTYIIHBIX palOHaX, ruie
OCYLIECTBIISACTCA IMOMCK M J00bIYa IOJIC3HBIX HCKONAEMbIX, IOBBINIACT 3HAYEHHE TEXHOJOTHMH AMCTaHIIMOHHOTO
HOJIy4eHUS IaHHBIX.

B Poccun ypensiercst 601bIoe BHUMaHUE CO3JAHMIO HOBBIX KOCMHYECKHX allapaToB IS U3yYeHHs 3eMHOU
MOBEPXHOCTH. B 3THX TexHOIOrHAX OyXyT MCHONB30BaThCs OoJee CTa HOBBIX H300peTeHui 1 0ojee AByXCOT MpOrpaMMm.
AO «Poccuiickne KOCMIYECKHE CHCTEMBD» ITOJIYYIIIO TOCYAapPCTBEHHYIO PETHCTPAUIO M OyJeT 3aHIMaThCs CO3MaHuEeM
HOBBIX KOCMHYECKHX ammapaTtoB. 28 pa3paboTok «POCCHICKMX KOCMHYECKMX CHCTEM» BKIIIOUCHBI B 0a3y MaHHBIX
HepCIeKTUBHBIX M300pereHuit Pocmarenta. Cpeam Hux — OoproBas HH(OpPMALMOHHAs CUCTEMA C PaAUOIMHHCH
METPOBOTO JMana3oHa BOJIH, YyCTPOUCTBO it cOOpa u 0OpabOTKM Pe3ysbTaToB TEIEMETPHYECKUX U3MEPEHHH, CHCTEMBI
OLICHUBAHMS IIOMEXO3aLINIIEHHOCTH HAaBUTalMOHHOTO KOHTYpa KOCMHUYECKHX allapaToB, CIIYTHUKOBOIO MOHHMTOpPHHIA
CMEIIECHN T HH)XEHEPHBIX COOPY)KEHHH € UCTIONB30BAHUEM CITyTHUKOBBIX HAaBUI'ALIMOHHBIX CHCTEM.

B Poccun MaTepuaibl KOCMHYECKHX ChEMOK CTAJIM IIMPOKO HUCIIONB30BaThCS B TE0JIOrOPa3BeJOYHBIX paboTax.
OTOMY CIIOCOOCTBYET HOSBICHHE HOBBIX KOCMHYECKUX CHCTEM PACHIMPSIOMNX CIIEKTP PeIlaeMbIX I'€0JOTHUSCKUX 3a/1ad
[1,2,5,6]3a nocnexHue 5 mer 3amyiueHbl Takue CIyTHHKH, Kak Onektpo-JI Ne2;Kanomyc-B; Pecypc-IT Ne2; BKA.
MmenHO 0HM 00OecneYnBaIOT ONEPATHBHOE PENIeHHe MHOTUX 3a/ad OTPACIIH, B YHCIIC KOTOPBIX TaKHe BaXKHBIE KAK:

1) co3maHue BBICOKOTOYHOH TOMOrpaMYeCKOd OCHOBBI JUIsi TPHUBS3KH CKBaXHH, ceiicMompoduieii u
UHPACTPYKTYPBI IPOMBICIIOB, a TaKXKe JUISl MHOTOLICJICBBIX 33/1a4 HA BCEX 3TaIaxX Ie0JIoropa3BeJOuHbIX paboT;

2) nmerampHash OLCHKA HH)KCHEPHO-TCOJOTHYSCKHX YCIIOBHH ydacTka pabOT ¥ BBIIBICHHE MPEINOCHUIOK
CTUXHMIHBIX OencTBUi (HABOIHEHUA, OTIONI3HEH, 3eMIICTPSICEHHIA | 1IP.);

3) m3yueHHe DPErMOHAIBHOW CTPYKTYphl W 30H HE(TEra3oBOro HAaKOIUICHHS IS C€labo HCCIIeHOBAHHBIX
TEeppPUTOpUiL

Bocrounoit Cnbupu n Jlansrero Bocroka;

4) BbIsIBIICHHE 30H TPEIIHHOBATOCTH B KapOOHATHBIX pe3epByapax, 0OnagaroliX BEICOKUMH (GHIIbTPAllHOHHO-
€MKOCTHBIMHU CBOHCTBaMHU.

B uactHocTH B TOMCKOM MOJUTEXHUYECKOM YHHBEPCUTETE Pa3pabOTKON TEXHOJOTHI KOMIUIEKCHPOBAHUS,
obpabotku u ananuza MKC mist peuienus reojorudeckux 3agad Mmaciitaba or 1:1000 000mo 1:5000 3anumaercs
HayYHO-MHHOBALMOHHBIl L[EHTP KOCMOTEOJOTHYeCKHX ucciaenoBanuii  «Kocmoreomorus» [3].  BemomnmsroTcs
HCCIICIOBAHUsI NPOTHO3HOTO, ITOUCKOBOTO, OLICHOYHOrO M Pa3BEAOYHOr0 Ha3HadeHWs: (B TOM HYHCIEC HEDKEHEpPHO-
re0JIOTHYECKUE HCCIICA0BAHHU) Ha PA3JIMYHBIC BUABI TOJIE3HBIX HCKOMAEMBIX B PA3JIMYHBIX CTPYKTYPaX 3€MHOMN KOPBI.

I'oBopst 0 BO3MOMKHOCTSIX <«KOCMHYECKOI» Te0JIOTOpa3BeAKH, MOAPa3yMeBaeTcsl yAUBUTENBHBIA dddexT,
Onarozapsi KOTOPOMY, ITOJHSB TOUKY HAOJIONCHUS, MOKHO YBEIHYHTH HE TOJNBKO IUIOMIANb, HO U <«TIyOHHY» 0030pa.
MeTo10M KOCMUYECKOTO 30HIMPOBAHNUS MOXKHO BCETO 3a IIOJIT0J[a CO CITyTHHKA MCCIIE0BAaTh OTPOMHYIO TEPPUTOPHUIO U
JaTh NPOTHO3, e ecTb HedTh, ypaH WIM IHOA3EMHbIe BOAbL. VICXoIns M3 3TOro, HANO CKa3aTh, YTO PE3YJbTAThI
KOCMHYECKOI1 CheMKH OTKPBLIN I'€0JI0TraM 3eMIII0 «B pa3pese».

CoBpeMEHHbIE CHUCTEMbl JUCTAHLMOHHOIO 30HAMPOBAHUA 3€MIIM IO3BOJIAIOT BBINOJIHUTH OJHOBPEMEHHYIO
ChEMKY HaOIIONaeMOil TEPPUTOPUM B HECKOJBbKMX CHEKTPAIbHBIX AWANla30HaX M C DPa3NIMYHBIM pa3pellieHHeM Ha
MECTHOCTH TTOBBIIIEHHEM YETKOCTH H pa3pelIeHHeM KOCMHUUECKUX N300paKeHUH, OCHOBAHHbIE Ha Pa3JIMYHBIX CIIOCO0axX
KOMIIJIGKCHPOBaHHS Pa3HOCIIEKTPalIbHOM BrAcOUHbOpMarn [8].
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IlepBoe HampaBieHHE - 3TO KOMIUIEKCHPOBAHHE Pa3HOCIEKTPAIbHBIX TI'€OMETPUYECKH COBMEILCHHBIX
u300pakeHuil. biiaronaps crieKTpo30HaIbHOMY NPUHIMILY ChbEMKH, OJHOMMEHHBIE OOBEKTHI B PA3JIMYHBIX CIIEKTPAIBHBIX
JMana3oHax 0TOOpPaXaroTCs COBEPIICHHO M0-Pa3HOMY. JTO CO3/aeT MPEIIIOCHUIKH AJIs CO3/IaHHUs METOJI0B U aJITOPUTMOB
(GOopMHMpPOBaHUA HEKOrO HOBOIO H300paKeHMs, B KOTOPOM C BBICOKOH YETKOCTBbIO OOBEAMHAIOTCS BCE OOBEKTHI
Ha0JII01aeMOM CIICHEL.

Bropoe HampaBiieHHe - 3T0 KOMIUICKCHPOBAaHHE PaBHO30HAIBHBIX H300pa)KeHHH, MOTYYSHHBIX B OJJHOM U TOM
JKe CIEKTPaIbHOM Anana3oHe ¢ momoinsio [13C-nuneek, Mo 3peHns1, KOTOPBIX CIIENUAIbHO CYONUKCETbHO CMEIafOTCs
Ha JIONM PACCTOSIHUS MEXAY COCEIHUMHU (OTONPHEMHBIMH dIeMeHTaMHu. CMelleHHe Iojied 3peHHs] OTHOMMEHHBIX
(OTOPIIEMEHTOB TO3BOJISIET OoJiee IUIOTHO CKAHMPOBAaTh HAONIOJAaeMyI0 TEPPUTOPHUIO M IyTeM CIenHaabHOU
MaTeMaTu4eckoi 00paOOTKH MOMYYECHHBIX JAHHBIX MOBBICUTH YETKOCTh U PA3PELIAIONIYI0 CIIOCOOHOCTh HAOIIOAAEMBIX
0OBEKTOB.

TpeTrbe HampaBieHue - 3TO KOMIUICKCHpoBaHHE H300paxeHui or I13C-nuHeek, paboTaOUIMX B Pa3IMYHBIX
CIIEKTPAJIbHBIX KaHaJaX M MMEIOIMX CYOIMKCENbHOE CMelleHue Mosiel 3peHus. Takoe KOMIUIEKCHPOBaHHUE I03BOJSET
TIOBBICHTH KauyeCcTBO M300paKeHHUH Kak 3a C4eT CKaHMPOBAHHS TEPPUTOPHHU B OoJiee 4acTOH pelIeTke IPOCTPAHCTBEHHO
JIUCKPETH3alluy, TaK M 3a CcYeT OOBbEeOUHEHUs WH(DOPMAIMM M3 PA3NIUYHBIX CHEKTPANbHBIX IHANa30HOB, T.€. 37eCh
00BeNHSIOTCS HIeH KOMIDIEKCHPOBAHUS MIEPBBIX IBYX HallpaBlieHUil. B paMkax kaXk1oro HanpasJIeHHs IpeIoaraeTcs
TIOCTPOUTH MOJIEININ MCXOIHBIX H300pakeHui, pa3paboTaTh AITOPUTMBEI U METOABI MX KOMIUICKCHPOBAHHS U METOMUKH
OLCHKHM CTENCHH IOBBIIICHUS YETKOCTH M ACMHM(PPUPYEMOCTH OOBEKTOB 3a CHET IPOBEACHMS MaTeMaTHYECKOil
00paboTKH.
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