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BBEJEHHUE

Axmyanvrhocms.

CoBpemeHHass He(TerazonmouckoBas —ceilcMOpa3BelKa, BBHUIY OCOOCHHOCTEM
napaMeTpoB IpHemMa M BO3OYKIEHHUS CHUTHaja, HE BCErJa CIocoOHAa BOCCTAHOBUTHh
JOCTOBEPHYI0 MH(POPMAILIMI0O O CKOPOCTHBIX XapaKTEPUCTHKAX BEPXHEH yacTu paspesa
(BYP). lanHsbri (hakT OKa3bIBaeT MPSMOE BIHSIHUE HA KAYECTBO UTOTOBBIX M€OJOTHIECKUX
MOJieJIeld MECTOPOKICHUN, HAXOASIINUXCS B CIIOKHBIX IOBEPXHOCHBIX yCIOBUAX. B pamkax
JTaHHOU TIPOOJIEMBbI OCTPO CTOUT HEOOXOJUMOCTh B MPUBJICUEHUU CTOPOHHUX UCTOYHHKOB
undopmanuu o BUP B mectax, rae nmoctpoenue ckopoctHoit monenu BUP no manHbIM
ceiicMopa3BeKy MPo0IeMaTHIHO.

[Tpu uMHTEpHnpeTanuu MaTepHaloB CEMCMOpPA3BEAOYHBIX padOT HAa TEPPUTOPUSIX CO
CJIOKHBIMU TOBEPXHOCTHBIMHM YCIIOBUSIMH M HEOJAHOPOJHOM BEpPXHEW YacThlO pa3pesa
HEOOXOIMMO YUUTHIBATh UX BIIHSHHE.

HcTOyHMKOM  Takoro  BIMSHUS  BBICTYNAlOT  CKOPOCTHBIE  aHOMAJIUW,
COCpPEIOTOYEHHBIE B OTHOCHTEIBHO TOHKOM, HO HEOJHOPOJHOM IO  TOJILIUHE
IIPUIIOBEPXHOCTHOM MHTEPBAJIE pa3pesa.

Henoyder BiusHUS JTaHHBIX aHOMaIUH Ha (OPMY OTpa)KaOIIMX TOPU3OHTOB MOXKET
INPUBECTH K 3HAUYUTEIbHBIM OIIMOKaM B CTPYKTYPHBIX MOCTPOCHMSX, YXYIIICHUIO
BOJIHOBOI KapTHHBI BO BCEM BPEMEHHOM JlMaNa3oHe, a TAK)Ke MOBJIEYET 3a cO00i Ooblme
HEOIPEeIEHHOCTH MIPH PEeLIeHUH 00paTHON KHHEMaTHUeCKOM 3a/1aun celicMOpa3BeIKH.

B nacrosmeil pabore mpearaercss MOAXoJl K BOCCTAHOBICHHIO YNPYIMX CBONCTB
BEpPXHEH 4acTu pa3pesa Mo JaHHBIM MaJIOTJTyOMHHBIX 30HIMPOBAHUN CTAHOBJICHUEM IOJIS
B OmmkHe 30He (M3CBH).

Cmenensv pazpabomannocmu npoonempl. B cBsi3u C pacTymuMu oO0beMaMu
ceiicMopasBenouHbix pabor 2D wum 3D mpobinema KOPPEKTHOTO BOCCTAHOBIICHMS
ckopoctHoM Moxaenun BYP crout nocratouno octpo. CymiecTByeT psill KIaCCHYECKUX
METOJMK JUIsl POTHO3a CKOpocTHOM Monenu BUP u pacuera cTaTH4eCKnX MOMPaBoK.

VYyer neOonpimux anomanuii BUP compsbken ¢ menbsiM psigoM TpynHocteil. Kak
NpaBUIIO, Takas 3ajayda pemaercs oueHb npuOmmkeHHo [Armstrong, 2001; Armstrong et
al., 2001; Jones, 2010]. I'eomeTpust pactpoCTpaHEHHUs JydeH BCEX OTPaKEHHBIX BOJH B
parione anHomanuu BYP wuckaxaercs. 3oHa BiusHug aHoManuu BYP cocraBisger

NpUOJIM3UTENIFHO TIOJIOBUHY JJIUHBI PAaCCTAaHOBKM OT KaXKAOH TIpaHUIBl aHOMainuu. B



peanbHbIX yCIOBHUSAX 30Ha BiaussHUS BYUP pacnpocrpansieTcs emie nanplie 3a CYET 30HbI
@penensi, Beb peub UAET CKOpee O MPOXOXKIECHUH (HPOHTA BOJIHBL, @ HE TUIIOTETHYECKUX
ay4yeil. KpoMme TOro, THMOBBIE METOJbI aHAIU3a CKOPOCTEH W 00pabOTKU JIaHHBIX BO
BpEeMEHHOH 00JsiacTu obecnieunBaroT 00padoTky Beex Tpacc Ha cericMorpamme OI'T/OCT ¢
UCTIOJIb30BAaHUEM OJIMHAKOBOM CKOpPOCTHOM ¢yHkimu 1D, cinemoBaTenbHO, THIIOBBIC
METObI 00pabOTKH BO BpeMEHHON 00JIACTH HE pelIatoT 3a7auy y4ueta BiausHus BUP.

Ilenvto pabomel SBISETCS TOBBIIIEHWE TOYHOCTH IOCTPOCHUSI TIyOMHHO-
CKOPOCTHOW MOJAENM BepXHEH dYacTh pa3pe3a MyTeM [PUMEHEHHs] JIaHHBIX
HECTAIIMOHAPHBIX AJICKTPOMArHUTHBIX 30HIHPOBAHHH.

OcHoOBHBbIE 33/]a4l UCCIIEJOBAHMUSL:

® 000CHOBaHHE NETPOPUINYECKUX MPEANOCHUIOK K BOCCTAHOBIECHUIO aKyCTUYECKUX
XapaKTEpUCTHK pa3pe3a U3 reodeKTPUUIECKUX;

epa3paboTka  AP(HEKTHBHOW  TEXHOJOTHMH  BOCCTAHOBIICHHUS  CKOPOCTHOM
xapakrepuctuku BUP u3 reosnexrpuueckoit Moaenu, moaydyeHHoi no nanusivM Mm3Ch;

e KaTMOpOBKa H ampodamus pa3pabOTaHHON TEXHOJIOTMU HA CHUHTETHYECKUX U
IKCIIEPUMEHTAIBHBIX JIAHHBIX;

Oovexm uccnedosanusn

B nanHo# paboTe 00BEKTOM HCCIEIOBAHHUS SBIISETCS CIIOKHOMOCTPOCHHASI BEPXHSAS
yacTb paspe3a. llpeameroM wcciaenoBaHuss MNP  ATOM  BBICTYNAIOT yIpyrue U
reosyiekTpuueckue cpoiictea BUP.

Memooonozuueckas 0cHoéa u memoowl

[Tpumensiempie B paboTe METOIBI HMCCIEAOBAHUS COCTOSIU W3 MAaTeMaTUYECKOTO
MOJICJTUPOBAHUS, pA3JUYHBIX METOJIOB HMHTEPIpETAllMM JaHHBIX, OCHOBAHHBIX Ha
NPUMEHCHUH  CTaTHCTUYCCKUX  MPOLEAyp, NPUMEHCHHH aTpHOyTHOrO  aHaim3a
nocpeAcTBoM [ uiapbepT mpeoOpa3oBaHUil. BBIMONHSICS KAa4eCTBEHHBIM aHAIHU3 IMyTEM
MOCTPOCHHUS TPEXMEPHBIX TI'e0JOro-re0PU3NIECKUX MOoJeneil. TounocTe Mognenei
OILICHUBAJIACh MyTEM MPUMEHEHUSI METO/]a KPOCC-BaINU AU H.

Daxkmuueckuii mamepuai.

B ocHOBY amccepTaniioHHO#M pabOThI MOJIOKEHBI MaTEPUAIIBI, COOpAHHBIE aBTOPOM 32
Bpems pabotel B OO0 «CUTI'MA-T'EO». K nanHbIM MarepuaiaM MOXKHO OTHECTH OoJjee
30000 duzmyeckux Habmomennii M3Ch B pasnuuHbx paiioHax BocrouyHoil m 3amamgHou

Cubupu. Taxke OBIIM HMCHOJB30BAaHBI pE3YIbTAaThl CEUCMOpPa3BENOYHBIX pPabOT u



matepuainsl [IC u BCII, nosyueHHsle B pa3iauuHbIX ycioBUAX Bocrounoil m 3ananHoit
Cubupu.
3awuwaemole nonoicenun

1. ®akrtopamu, onpenensONIMMU B HEOJHOPOAHOM BEpPXHEH YacTHU OCaJ0YHOIO
pa3pe3a CBA3b MEXAY VYACIbHBIM JJEKTPUUECKUM COINPOTUBICHUEM M CKOPOCTHIO
IPOJOJIBHOM  BOJIHBL,  SIBJISIIOTCS  MOPUCTOCTb,  I[JIMHMCTOCTb, TEMIlepaTypa U
BOJIOHACBILICHHOCTD IIOPOJHOTO MAaCCUBA.

2. IlporHo3upoBaTh CKOPOCTHYIO MOJEIb BO3MOXKHO HAa OCHOBE KOPPESALMOHHBIX
CBSA3EM «yJEIbHOE D3JIEKTPUUECKOE CONPOTUBIEHHE — CKOpPOCTb HPOJOJIbHOW BOJIHBDY,
MOJIyYEHHBIX JJI1 KOHKPETHBIX F€OJIOTHUYECKUX YCIOBUI BEpXHEH yacTu pa3pesa.

3. Pacuer ckopocTHO# MOIeNT BepXHEH 9acTH pa3pe3a Ha OCHOBE I'€OAICKTPUICCKOM
MOJIeJH, Nony4eHHoN 1o naHHbeIM M3Ch ¢ npumenenueM ypaBHeHus daycra, MOBBIILIACT
TOYHOCTb CTPYKTYPHBIX IIOCTPOCHHN U YBEIMYMUBAET YPOBEHb aMIUIATY (bl CEICMUUYECKOTO
CHTHAJIa 32 CYET y4yeTa AWHAMHUYECKUX aHOMAJIMK BEpXHEH yacTu paspesa mpu oOpaboTke
MaTepHaAIOB CEUCMOPa3BEIKH.

Hayunas noeusna u meopemuueckan 3Ha4umocmsy padoomsal.

Jnis  pa3nuyHbIX Treojoruyeckux ycinoBuil Bocrounoit u 3amagHoit Culupu
00001IEHbl ¥ CHCTEMaTHU3UPOBAHBI METPO(U3MUECKHE 3aBUCUMOCTH I CKOPOCTH
npononbHOM BoHBL u YOC. BrimonHeHo mneTpodu3ndeckoe MOACIUPOBAHUE IS
o0ocHoBaHus cBsA3U Mexay Vp n YOC uepes nerpodpusndeckue napamerpsl K, Ken, K.

[lpenyios)keHO ~ WCHMONB30BaHME ~ METOJAa  MAJOINIyOMHHBIX  30HAMPOBAHUHN
cTaHoBJIeHHeM moJisi B OmkHel 30He (3CB) B kauecTBe JOMONHUTEIBHOTO HMCTOYHHUKA
uH(opMaImu 00 yIpyro-CKOPOCTHBIX XapaKTepPUCTHKax BepxHel yactu paspesa (BUP), a
TaKXKe €€ TIe0JOro-CTpYKTypHBIX OcCOOeHHOCTAX. Jlyisg pemieHuss JaHHOW —3a1a4u
IPEJUIOKEHO TPUBIEUYEHUE SMIMpPHUUYECKON 3aBucumoctu PDaycra Ui Iepexona oOT
yIENbHOTO 3JekTpuyeckoro comporusienus (YIC), onpenenennoro mo ganubiM 3Ch, K
CKOPOCTSIM MPOJOJIbHBIX BOJH. YKa3aHHBINA MOJXOJ] MO3BOJSET CYIIECTBEHHO NMPUPACTUTH
uHpopmanuio o BUYP wu, kKak crencTBue, MOBBICUTH TOYHOCTh OOpPAabOTKH JaHHBIX
ceiicMopa3BeKH, KOTOpasi, B CBOK OYEPE/b, OKA3bIBAET PELIAIOIIEE BIUSIHUE HA TOYHOCTh
IIOCTPOECHMSI F€0JIOTUYECKON MOJEIH LIEIEBbIX HEPTEra30HOCHBIX HHTEPBAJIOB.

BriepBbie 1715t pa3IMuHBIX T€0J0THYECKUX yeinoBuil Bocrounoii 1 3anagnoit Cubupu
yZiajaoch aganTupoBaTh ypaBHeHue Paycra ans npumeHeHus k naHHeiM 3Cb. IIpoBenena

anpoOarys Moaxo/a Ha psizie MecTopoxkaeHui Boctounoit n 3anaanoit Cubupu.
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Ilpakmuueckan 3nauumocme.

[IpennoskenHast B paboTe METOJMKA pacueTa CKOPOCTHBIX MOJENeli Ha OCHOBE
nanHeix M3CB mo3BONSIET CHMKAaTh HEOMPENIEICHHOCTH CEHCMUYECKOW TIyOMHHO-
CKOPOCTHOW MOJIENH U, KaK CJEJICTBUE, MOBBIIIATh TOYHOCTh CTPYKTYPHBIX MOCTPOCHUN U
rIyOMHHOM wmurpanuu. Ha mnpumepe MareMaTH4ecKoro MOJEIMPOBAaHUS IIOKa3aHa
3P PEKTUBHOCTh MPUMEHEHHSI METOMKH JUISI MTOBBIIIEHUS TOYHOCTU CTPYKTYPHOM MOJIEIH.

['eonornueckas 3¢G(EKTUBHOCTh MPOBEAEHHBIX  HCCIEAOBAaHUNW  COCTOMT B
MOBBIICHUH TOYHOCTH BOCCTAHOBJICHHSI T'€OJIOTUYECKOM MOJENU U JOCTOBEPHOCTH
IIPOrHO3a.

OcHOBHbIE BBIBOJIBI ~MCCIEAOBAaHUS HaWAyT MPAaKTUYECKOE MPUMEHEHUE B
IIPOM3BOJICTBEHHBIX U HAYYHBIX OPraHU3aLMAX, OCYIIECTBISIOUIUX IEATEIBHOCTD B cepe
00paboOTKK ¥ MHTEPIPETALIUU JAHHBIX CEHCMOPa3BEIKU.

Hcnonp3oBaHue pa3pabOTaHHON METOIUKH MO3BOJISIET TP MUHUMAJIBHBIX 3aTpaTax
MOBBICUTh KAayeCTBO OOpa0OTKH JaHHBIX CEHCMOpAa3BEIKU M YBEIMYUTh TOYHOCTb
KapTUPOBaHUS MIOPOJI T€0JIOTMUECKOT0 pa3pe3a UCXO/s U3 XapaKTepa pelaeMoi 3a1auu.

Coomeemcmeue ouccepmayuu nacnopmy nayunoii cneyuansnocmu 25.00.10.

HuccepranuonHas paboTa MpeacTaBiseTcs o HayyHou cneuuanbHocTtd 25.00.10 —
reousuka, reopu3nIECKue METO bl TOMCKOB MOJIE3HBIX HCKOMAEMBbIX.

CornmacHo macnopty HaywyHou crenuanbHocTH 25.00.10 pabGorta cooTBeTCTBYET
nyHkTam Neld, 16, 22.

[Tynkt Ne 14: «Metoapl o0paOOTKM W HHTEpPHpETAlMU PE3ylIbTaTOB H3MEPEHUs
reopusnveckux moJyiei», Tak KaK HM3y4daloTCs MOJAXOJbl K HHTEPHpPETaldd MaTepuajoB
30HAMPOBAHUI CTAaHOBJIEHHUEM I0JI B OJIMKHEH 30HE.

[Tynkt Ne 16: «/cnonbp3oBaHue reojoro-reopu3nuecKux JaHHBIX I MOCTPOEHUS
re0JIOTHYECKUX, THAPOAMHAMUYECKUX W TE€OJUHAMUYECKHX MOJETeH MECTOPOKICHUI»,
TaKk Kak B IPOLECCe HMCCIEAOBAHUNA YTOUYHSIOTCS CTPYKTYpPHBIE IMOCTPOCHUS, KOTOpBIE
ABIISIOTCS HEOThEMJIEMON YaCcThIO I€0JIOTUYECKON MOJIETH.

ITynkt Ne 22: «Teopernueckoe M HKCIEPUMEHTAIbHOE HCCIENOBAHUE CBA3EH
nerpou3nueckux M (U3NYECKUX CBOMCTB TOPHBIX MOPOJ C pe3yabTaTaMU HU3MEPEHHUS
reopu3nUecKuX ToJIel», TaK KaK B paMKax padOThl aHAIM3UPYIOTCS METPOPU3HIECCKUE
cBs3n Mexay YOC M CKOPOCTBIO TPOJIOJIBLHOM BOJIHBI, MPOU3BOJIUTCS MOJCIHPOBAHUE
OTKJIMKOB ~ OT 33JaHHBIX KO3()()UIMEHTOB MOPHUCTOCTH, BOJOHACHILIEHHOCTH H

TJIMHUCTOCTH.



JINYHBIN BKJIAJ!

1. O6ocHOBaHBI TIETPOPU3UUECKUE TPEANOCEUIKH W ONPEIEIICHbI TPAaHUYHBIC
YCIOBHUS IS TIepexoda OT Me0dIeKTPUUECKUX CBOMCTB K aKyCTHUYECKUM, JJISI Pa3IMYHbIX
reoJioruueckux  ycioBuid  Bocrounodr wm  3amagnoir  Cubupm  0000IIEHBI U
CUCTEMATHU3UPOBAHBI METPOYU3NICCKHUE 3aBUCIMOCTH JJII CKOPOCTH TMPOIO0IBHON BOJIHEI U
YOC. BeimonHeHO ETpoPU3NIECKOES MOICTHPOBAHUE [Tl 0OOCHOBAHHMSI CBS3H MEXIY Vp

n YOC uvepe3 nerpodpuzudeckue napameTpsl Ku, K, Ka.:

2. ObocHoBaH rpad pacuyera CKOPOCTHBIX MOJEIEH W3 I'e0dIEKTPUUYECKUX
MOJETIEH.
3. O6ocHOBaHbl MpOLEIYpPhl KaTHMOPOBKU SMIUPUUYECKUX KOIPPHUIIMEHTOB

ypaBHeHus1 Paycra.

4. BeinosnHeHo MaremMaTHyecKoe MOAEIMPOBAHUE JUISI OLEHKU (aKTHUECKOU
3 PEKTUBHOCTH METOUKH.

S. [TpoBenena ampoOamus Ha psiie MecTopoxaeHuil Boctounoil u 3amagHoit
Cubupu.

PaboTsl Mo cOopy U cucTeMaTH3alMy Te0Joro-reo(pU3NIECKUX JaHHBIX BBITOTHEHbI
HEIMOCPEICTBEHHO aBTOpoM coBMecTHO co cnenuanuctaMmu OO0 «CUI'MA-TEO» k.r.-
M.H. U.B. bynno, H.B. MuciopkeeBoii u ap. Pa3paboTka mojaxoga K BOCCTaHOBJIEHHIO
ckopocTHbIX xapaktepuctuk BUP nHa ocHoBe panHbix M3CDBH BbImoNHANACH MOL
HEMOCPECTBEHHBIM PYKOBOJICTBOM JI.T.-M.H., Tpo(. A.B. ITocneena.

ObocHOBaHMe, TECTUPOBAaHUE M BHEAPEHHE B MPOM3BOJICTBO MpPEIaraeMbIX
METOJMYECKMX TOJIXOJ0B TMPOBEACHO aBTOPOM JaHHOH paboThl. [IporpammmupoBanHue
MaTeMaTHUYecKux mpoueayp s mnepecdera YOC B CKOPOCTH MPOAOIBHBIX BOJH
ocymectsieHo JI.B. CyposeiM n A.C. KouHeBbIM.

Anpobayus padbomut

Pe3ynbTaThl Hay4YHBIX HCCJIEJAOBAHWI 1O 3allAIIAEMON TeMe OIyOJIMKOBAaHbI
aBTOPOM JIMYHO HJIM B COABTOPCTBE B 15 paborax, n3 HUX 3 — B JKypHaJIaX, BXOJSIINX B
nepeueHb BAK, 1 — narent Poccuiickoii ®enepanunu, pe3ynbTaTsl paboThl OMyOIMKOBAHBI
B MEXIIyHapOJIHOM OTpaciieBoM xypHaie «First Breaky.

[IpencraBineHHble B OUCCEPTallMM  HAy4YHbIE M IPAKTUYECKHE  PE3YJIBTATHI
anpoOUpOBAINCh HA CEMHMHAPax, BBICTABKAX M KOH(PEPEHLMSX Ppa3IMYHOIO YpPOBHS:
Bceepoccuiickass HayyHO-TEXHUYECKass KOH(EpEHIHMS C MEXKIyHAPOAHBIM Y4acTHEM

«['eonayku-2014: akryanpHble NPOOJIEMBI H3YyYCHHS HEIp»; MEXIYHApOIHAs HAy4YHO-
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npakTuueckas kondepenuus «uxenepHas reopusuka 2017», 79 th EAGE Conference &
Exhibition 2017, mexnayHapoaHas Hay4HO-TIpakTHueckas KoH(pepeHuus «[ eobaiikan
2018»; Bcepoccuiickas Hayd.-TeXH. KOH(EpeHIHs ¢ MEXIYHAPOJHBIM yYacTHEM
«l"eonayku-2018: axkTyaibHbIe TPOOIEMBI W3Y4YEHHUs HEIAP»; MEXAYHApOJHAs HAYIHO-
npakTudeckas KoHgpepeHuus «mkeHepHas reodusuka u pyaHas reodpusuka 2019y,
MEXIyHApOaHAs HAy4YHO-TIpaKTU4ecKas KOH(epeHIHs «YTICBOJOPOIAHBIN MOTEHIHAT
HanpHero Boctoka 2019»; wmexayHapomHas Hay4HO-TIpaKTHYeCKas KOH(epeHIHs
«ITIpoI'PPecc-2019».

O0beM 1 cTpykTypa padoTbl. PaboTa cocTonT U3 BBEIEHMS, TISATH TJ1aB U 3aKJIFOUCHHUS,
coaepkut 103 crpanmil TekcTa, 58 prCYHKOB U CITHCOK JUTEpaTyphl 3 88 HaMEHOBaHHH.

bnazooapnocmu
ABTOp BBIpaXkKaeT TIYOOKyIO O1arofapHOCTh HAyYHOMY PYKOBOAMTENIO [I.T.-M.H.,

npodeccopy A.B. IlocnieeBy 3a mOCTOSSHHOE BHUMaHHE M KOHCYJIbTALIMOHHYIO MOMOIIb MPH
MOATOTOBKE TUCCEPTAIIMOHHON pabOTHI.

3a IOCTOSIHHbIE HACTABJICHUS U aKTUBHOE yyacTHe B ()OPMHUPOBAHMH HAYUHBIX B3IJISIJIOB
U HMHTEPECOB, a TAKXK€ y4yacTHE B pa3pabOTKe TEXHOJOTMM aBTOp OjarogapeH IJIaBHOMY
reopuzuky OOO «CUI'MA-T'EO» k.r.-m.H. bynino 1.B.

3a BCECTOPOHHIOIO MOJIEPKKY MPHU IMOArOTOBKE HAaydHOM pabOThl aBTOp OnaropapeH
ucnomaurensHoMy aupekropy OO0 «CHUI'MA-I'EO» M.B. IllapnoBy M reHepalbHOMY
mupextopy OO0 «CUI'MA-I'EO» k.T.H. Aradonosy FO.A.

ABTOp BBIpaXaeT OJaroJapHOCTh 3a MOJAECPKKY M TMPOJBHKEHUE TEXHOJIOTHU
HayaJlbHUKY LeHTpa 1o pabore B Bocrouno-Cubupckom pernone, OO0 «I'A3ITPOM
BHUUMI'A3», k.r.-M.H., nouenty CmupHoBy A.C.

3a 1IeHHbIE PEKOMEHIALMK 110 UTOrOBOMY IPEACTABIECHHIO TpadHKu aBTOp OnarogapeH
[JIABHOMY Hay4HOMY COTPYAHUKY J1Ja0OpaTopHy NTyOMHHBIX Te0(pU3NIEeCKUX UCCIAeIOBaHUN U
PErMOHAIBHON ceCMUYHOCTH 1.T.-M.H. CyBopoBy B./I.

3a BCECTOPOHHIOI PEIAKTOPCKYIO TOJUIEP)KKY aBTOp OJlarofapuT 3aMECTUTEIs
HauyasbHuKa otzena Mapketuara OOO «CUT'MA-I'"EO» Hemuesy /1.b.

Cé:3b pabomul ¢ HAYUHBIMU RPOCKMAMU.

Hacrosiiee umccnenoBaHue CTano BO3MOMKHBIM IIPU  (PMHAHCOBOHM IMOJUIEPIKKE  I10
nporpaMMme «MerarpaHToB» 1o nocranosieHuto p220 IlpaButensctBa PO Ne 075-15-2019-

1883.
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I'JTABA 1. MPOBJEMBI OFPABOTKH JAHHBIX CEMCMOPA3BEIKA
MOB OI'T B YCJIOBHUAX CJTOKHOIIOCTPOEHHOM BUP

1.1. IMocTanoBKka NpodJIeEMbI

[Ipy uHTepmpeTanuu  MaTepHaOB  CEMCMOpPa3BEAOYHBIX  pabOT  METOJIOM
OTpaXKCHHBIX BOJIH 00mIel riryounHoi Touku (MOB OI'T) Ha TeppUTOpPHUAX CO CIIOKHBIMU
IIOBEPXHOCTHBIMM YCIIOBUSIMU M HEOJHOPOJHON BepxHeW uacThio paspesa (BYP)
HEOOXOIUMO YYUTHIBATH HUX BJIUSHUE. VICTOYHMKOM TaKOro BIMSHUS BBICTYHAIOT
CKOPOCTHBIE aHOMAJIMH, COCPENOTOUYECHHbIE B OTHOCUTEIIBHO TOHKOM, HO HEOAHOPOJHOM
[0 TOJIIMHE NPUIIOBEPXHOCTHOM HWHTEpBasie pas3pe3a. HenoyueT BIMSHUSA JaHHBIX
aHOMaMii Ha (OpPMY OTPAKAIOUIMX TOPHU30HTOB MOXKET MPUBECTH K 3HAYUTEIBHBIM
OomMOKaM B CTPYKTYpPHBIX MOCTPOCHHSAX, YXYIIICHWIO BOJHOBOW KapTUHBI BO BCEM
BPEMEHHOM JHUana3oHe, a TakKe IMOBJeYeT 3a cOOON OOJbIIMe HEONMPEIeICHHOCTH MpU
pelICHMH OOpaTHOM KHMHEMAaTHYeCKOW 3amaun cericMopasBenku [KoseipeB m ap., 2003;
boumapes u ap., 2005; Jlonrux, 2017; Armstrong, 2001; Armstrong et al., 2001; Jones,
2010; Shelokhov et al., 2018].

Teppuropus Bocrounoit Cubupu, Ha KOTOPOH COCPEOTOUEHO OONIBIIOE KOJIHYECTBO
KPYIHBIX HE(TEra3oBbIX MECTOPOXKJICHHH, XapakTepU3yeTCsl CIOXKHBIMHU YCIOBHSIMU Kak
MMOBEPXHOCTHOTO BO3OYXIACHUS YIPYTHX KOJIEOAHWU, TaK U K CIOKHOTOcTpoeHHoi BYP.
K naumbonee spkomy mpumepy ocinoxkHeHuit BUP MoXHO OTHECTH pe3kornepecedeHHBII
penbed U BBIXOJAbI TPEIIMHOBATHIX KapOOHATHBIX IOPOJ Ha JTHEBHYIO IOBEPXHOCTb
[[TestaKOB 1 Ap., 2019].

Ha celicMuueckux pa3pe3ax TaKMe aHOMAIMM XAapaKTEPHU3YIOTCS IOJTHOW WIH
YaCTUYHOM moTepeil koppensauuu oTpaxkarouux ropu3oHtoB (OI'), a Takke HCKakeHUEM

mopdonoruu OI' u3-3a peskonepeceueHHoro penbeda (Puc.1).
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TWT, mc TWT, mc

400 — 400
600 . - 600
800 — 800
1000 - 1000
1200 - 1200
1400 — 1400
1600 - 1600

Puc.1  Ceiicmuueckuii pazpes MOB OI'T 3D, nony4eHHsli B 001acTH co
CIIOKHBIM cTpoeHrneM BYP.

Hapsiny ¢ pe3konepecedeHHbIM penibeoM HE0OXOAMMO OTMETUTh Hainuue B BUP
KapOOHATHOTO KapcTa, 3a4acTyr0 (IFOMIOHACKHIIICHHOTO. Pa3pessl, OCIIOKHEHHBIE JTaHHOM
aHOMaJIMeH, XapaKTepU3yITCS O00JaCTAMHU TOJHOW WIM YaCTUYHOW MOTEPU KOPPEISIHH

OT (Puc.2).

TWT, mc TWT, mc
0

“F 1500

Puc.2  Pa3pes, ocnokHEHHBINH BIUSHHEM KapOOHATHOTO KapcTa.
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B nanHoli paboTe paccMOTpeHbI yclioBusl Kak BocTouHoii Tak u 3anaanoit Cubupu.
OO6uactu pacmpocTpaHeHUs] MHOTOJIeTHeMep3ibIX opoa (MMII) 3aHuMaroT 0KOJI0 5 MITH.
kM2 Tepputopun Poccun [Brown et al., 1997]. 3HaunTenpHOE KONMYECTBO Pa3BeJaHHbIX
MecTopoxkaeHui Poccuu, kak pyaHBIX, TaK U HEPYIHBIX, TAK)KE COCPEIOTOUEHBI B 00JIaCTH
pacnpocrpanenuss MMIL.

OgHuM U3 HEMaJIOBAaXHBIX BONPOCOB sBiAeTCs Bompoc BiausHus MMII Ha
YXyALIEHUE KayecTBa MaTepUajoB CecMOpa3BeJOYHBIX pabOT MpU MOUCKaX Ha HEPTh U
ra3 Ha treppuropuu 3amaaHoit Cubupmu.

[Ipu pacuere cTaTUYECKUX TMONPABOK TPAAUIMOHHBIMU MeToJaMHu (IIyTeM
CTJIOKMBAHMs BapHaluid BpeMeH roxorpada) Ha pas3pe3e BO3ZHUKAIOT HCKYCCTBEHHBIC
curkimHanmu (Puc.3). KomOuHanus riiyOOKHX HHM3KOYACTOTHBIX BapHallMi CTATHUYCCKUX
3a/IepKEK C MHTEHCHUBHBIM IOJEM IMOMEX, 3aTPYIHSIONIMX HPOCIEKUBAHUE OTPAXKEHUH,
CO3/aeT TpyAHOpa3pemumyto curyanuto [ Tabakos u ap., 2016].

I'pacdhmk cTaTMyeckux nonpasok

—

stac:
41.2

WT 2230 2230 2230 2230 2230
TWT, mc 5184 5284 5384 S4p4

.00

2 EN L

T

Puc.3  BpemenHoii celicMrueckuii pa3pe3 ¢ HEA0Y4ETOM CKOPOCTHBIX aHOMAJIHA
BYP (nmomyoctpoB Smai)
14



ITonpaBku 3a BAMsSHKE JOKAIbHBIX U3MeHEHUH cBoKcTB MMII onpenenstorcs psaom
KJIACCHYECKHUX CIIOCOOOB, OJIMH M3 HHUX - 3aMe€Ha CJOs TOCJe MPOBEICHUS JIETAIBHOTO
CKOPOCTHOI'0 aHaJIM3a. 3HAYEHUsI CKOPOCTEH Jia pacyera nornpaBok 3a MMII caumarotcs
110 TPACKTOPUM MPOCIICKUBAHUS TOPU30HTOB, CBSI3aHHBIX C MEP3JI0TOM, WIIK IO YCIIOBHOMY

ypoBHio HHxe MMII (Puc.4).

IonspHoOChE - SJdUHaS CHemeHLE (o) 0

Puc.4 TIlpumep celicMuueckoro paspesa, 0cioxHeHHoOro Bausinuem BUP B
3anaanoi Cubupu (o nanaeiM OAO «CudbHAILy, 2003)

1.2. Ocnoxusirommue pakropsi BUP

OCHOBHBIMHU 33/1a4aMU TJIYOMHHOM ceificMOpa3BeIKH SIBISETCS MOMCK W pa3Beika
HE(QTSIHBIX M Ta30BBIX MecTopokJaeHuid. Kak mpaBwiio, He Bcerma H3y4aeMbli
re0JIOTHYECKHI pa3pe3 OINUCHIBAaeTCSI TOPU3OHTAIBHO-CIOUCTOM Mojenbio. OaHako
KIIOYEBYI0  OMAcHOCTh  JUId  KauecTBa  MaTepuana HeCcyT  IPHUIIOBEPXHOCTHBIE
HEOJHOPOAHOCTH, 3alleralole Ha IIyOuHe MepBbIX coTeH MeTpoB. K Takomy BHIy
HEOJHOPOJIHOCTEN OTHOCSTCS:

e penbed 3eMHOM MOBEPXHOCTH;

® 30Ha MAJIBIX CKOPOCTEN;

® 30Ha MHOT'OJIETHEMECP3JIBIX ITOPOI.
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BYP B peaJbHBIX YCIOBUSAX MOXKET XapaKTEpU30BaTbCA  OJHOBPEMEHHO
HECKOJIbKMMU BHJIAMU HEOJHOPOAHOCTEN. B CBS3M € 3TUM, y4YET TaKMX HEOJHOPOIHOCTEMN
SBJISIETCSI BECbMa AKTYyaJbHBIM [JI1 KOPPEKTHOTO MPOTHO3UPOBAHUS T'€OJIOTMYECKOTO
paspesa [bonmapes, 2005; bounapes, 2011; Kouner u ap., 2009; Tabakos, 2016; Cricoes,
2011; Armstrong, 2001; Armstrong et al., 2001; Jones, 2010; Baixas et al., 1997].

1.2.1. Peaned

Penbed nHEBHOI MOBEPXHOCTH sIBISETCS OOIMMM (hakTOpoM HeoaHopoaHoctu BUP
JUTsL OCHOBHBIX pallOHOB ceiicMopa3BeouHbIX padoT 3ananHoit u Bocrounoit Cubupu. s
IPEUMYIIECTBEHHO paBHUHHOM Tepputopuu 3anaaHod Cubupu MOXKHO BbBIACIUTH
TEPPUTOPUN C TPAKTHYECKH TOPU3OHTAIBHBIM penbe(oM THEBHOW MOBEPXHOCTH, YTO B
CBOIO OYepe/Ib TOBOPHUT O TOM, YTO B JIAHHOM PETHOHE JaHHBIM OCIOKHSAIOUINHA (aKTop HE
ABIISIETCS KIIFOUEBBIM.

Pacunenennocts penbeda 3eMHON MOBEPXHOCTH OKA3BIBACT CYIIECTBEHHOE BIHSHUE
Ha BpEMEHa MpUXoJa OTPaKEHHBIX BOJIH. OHa MOXET NPUBOJUTH K OYEHb CIIOKHBIM
dbopmam romorpada. Penbed rinyOMHHBIX pedIeKTOpPOB, HA0OOPOT, MPAKTUYECKU HE
okasbiBaeT BiusHUA Ha nanHele MOB OI'T, Tak kak Bce oTpakeHUS (OPMUPYIOTCS OT
JIOKAIIbHO-TNIOCKOM TpaHulibl. OHAKO, TPOMEXKYTOUHBIE TPaHUIIBI (pedpPaKTOPhI) TAKKE
BHOCSIT HCKa)XEHUS B KHHEMATUKY, KOTOpPbIE TEM CHJIbHEE, YeM CJIOKHEE IOBEICHHE
pedpakTopa m yeM KOHTpacTHee TpaHuia (4eM OOJIbIIe OTHOIIEHHE JBYX CKOPOCTEH)
[bonmapes, 2005; bonaapes, 2011; Kounes u ap., 2009; Tabakos, 2016; Cricoes, 2011].

B Boctounoit Cubupu pes3konepecedeHHbId penbed SBISETCS OYEHb Cepbe3HOM
mpoOJIeMOil Kak JUIsl YCIOBHI MMOBEPXHOCTHOTO BO30YKICHHS Ha dTare IMOJIEBBIX padoT,
TaK W Ha OJTane o00padoTku mgaHHBIX. [IpeoOmanmaromee uuciao HedTETa30BBIX
MecTopokaeHuit Boctounoit Cubupu HaxoauTcst B 00JIACTIX ¢ aOCOTIOTHBIME OTMETKaMH

penbeda 6omee 1300 m.
1.2.2. 3oHa MaJBIX CKOpPOCTEH

3oHa mainbix ckopocteit (3MC) - npunoBepXHOCTHAS 4acTh I'€0JI0rHUECKOro pa3pesa,
B KOTOpPOW CKOPOCTb PacCHpOCTpPaHEHUs YNPYrux KojeOaHWil KpaifHE M3MEHUMBA KaK B
TOPU30HTAIILHOM, TaK M B BepTuKaibHOM HampasieHusx (300 — 1600 m/c). 3MC — pe3ko
reTeporeHHasl  cpena,  NpEACTaBIE€HHas  CIa00CLIEMEHTHPOBAHHBIMU  PBIXJIBIMU
OTJIOKEHUSAMH, 00pa30BaBILIMMUCS B OCHOBHOM BCJIEJICTBHE BBIBETPHBAHUS BBIXOIALINX HA
3eMHYI0 MOBEPXHOCTh TOpHbIX mopoi. ms 3MC XapakTepHO OTCYTCTBHE KaKHUX-JTHOO
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3aKOHOMEPHOCTEN B CTPOCHUU M COCTaBe OTIOKEHUH. Ee momomBa SIBISIETCA PE3KOMU
IpaHULIEN pa3jiena U CIYXKUT, KaK IPaBHJIO, OCHOBHOM KpaTHOOOpa3yrolleld rpaHuien
pa3pes3a, ¢ KOTOpO#l cBsi3bIBaeTcs (popMHpOBaHHE TaKkkKe W JAPYrux BodH-momex. 3MC
ABIIIETCS. MOUIHBIM TMPUPOIHBIM  (UIBTPOM, TPU MPOXOKACHUU KOTOPOrO BCE
ceiicCMUYeCKHe BOJIHBI OCIAa0eBalOT, a MX CHEKTPAIbHBIA COCTaB 3aMETHO OOeIHsETCS
BBICOKOYACTOTHBIMU ~ KOMIIOHEHTaMHU. UyBCTBUTENBHOCTh  IONEPEYHBIX BOJH K
HeoTHOpoAHOCTSIM 3MC cylIecTBEHHO HUXKE, YeM IMPOAOIbHBIX.

Momnocts 3MC u3MeH4MBa MO IUIOMIAAM U YacTO OMNPEAENSeTCs MOJOKEHUEM
YpOBHsI TPYHTOBBIX BOJ. B cpegHem oHa coctaBisier 5 — 15 M, a B HEKOTOPBIX pailoHaX
(HarpuMmep, B 30HAX MOPEH, KOHYCOB BBIHOCA U T.JI.) MOXET PE3KO BO3pacTaTbh, JOCTUTAs
100 M u Gosee. B o0macTu BbIXOAa Ha 3€MHYIO MOBEPXHOCTH KOPEHHBIX KapOOHATHBIX,
XEMOTEHHBIX WJIM HW3BEPKEHHBIX MOpOJ, a TaKkKe B pallOHAX pa3BUTHS MHOTOJIETHEH
Mep30Tel 3MC MOXKET OTCYTCTBOBaTh. B miuaThOpMEHHBIX YCIOBUSAX pelibed MOIOIBEI
3MC uacTo NOBTOpSiET B CIJIQKEHHON (QOpME MOBEPXHOCTHBIA penbed TEeppUTOPHUY;
Hepeako HaOmrogaercs Bo3pactanue MomHocTH 3MC Ha Boopa3/ielbHbIX y4acTKax U ee
yMeHblIeHne B Hu3uHax. Hamnune 3MC, crienuguka ee CTpOEHUS M CBOMCTB BO MHOTOM
ONpEeNeNAI0T METOAMKY IPOBEACHUS CEHCMHUYECKUX HCCIEeNOBaHMM U 00paboTKU
nosiyyaeMblx JaHHBIX. [lonpaBku 3a 3MC ycTaHaBIMBAIOTCS pacU€THBIMU CIOCO0aMU UK
c MTOMOLUIBIO CHELMATIbHBIX HaOJI0IeHU I B HErJyOOKHx CKBa)KMHAX
(Muxpoceiicmokapotax) [bounapes, 2005; bounapes, 2011; Kounes u ap., 2009; Tabakos,
2016; Cricoes, 2011].

1.2.3. MHoOroJIeTHSISI MepP3JI0Ta

MHoroneTHsIs. Mep3JI0Ta SBJISETCS OCHOBHBIM aHOMAallneoOpa3yromuM (pakTopoM B
3anmagHoit Cubupu. MuoronerHemepsnesle ropHbsle mopoasl (MMII) — sto moposl,
JUINTENIbHOE BpeMs (HEe MeHee JBYX JIeT MOJpPsI) HaXOMSAIIMecs B MEP3JIOM COCTOSHUHU
HENpPEpPBhIBHO, TO €CTh 0€3 MepHOJUYEeCKOro OTTaMBaHHA. B Takux yciaoBHsSX Boja,
3aIOJIHSIONIAs TIOPBI TOPHBIX MOPOJI, HAXOIUTCS, KaK MPaBUIIO, B TBEPAOM COCTOSHUU, YTO
NPUBOAUT K pe3KoMy pocTy ckopocteil BoiaH (o 3000-4000 wm/c). HMurepec k ee
JIeTaJbHOMY H3YYEHHUIO O00YyCJIOBJICH HEOOXOJMMOCTBIO y4yeTa aHOMAJIMN, CBS3aHHBIX CO
CTPOCHHEM Mep3J0Thl. OTHOCUTEIBHO MPOOJIEM CEHCMOpPa3BEIKH HAWOOJIBIINNA HHTEPEC
MPEJCTABIISIET U3YUYEHHE BEPTUKAILHOTO CTpOoeHUsI Mep3i10Thl [ bonaapes, 2005; bonnapes,

2011; Kounes u ap., 2009; Tabakos, 2016; Cricoes, 2011].
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Jns Bocrounoit Cubupu xapaktepHo ocTpoBHOE pactpoctpanenne MMIIL. Umenno
3a CYET CBOEH JIOKAJIbHOCTU JTAaHHBIN THII aHOMAJIMH OCOOEHHO CIO0XKEH JUI KapTUPOBAHHS
CTaHJApTHBIMU croco0amMH, T.K. 3a4acTyl0 pa3Mep AaHOMAJIUU MEHbIE JUIMHBI
CEHUCMMYECKOM  PACCTAHOBKM M, KaK  CIEIACTBUE, HENOCTyIEeH i ydeTa
JUIMHHOIIEPUOAHBIMU ~ CTaTUYECKMMH  IIONIPAaBKaMH, IIOJIY4YaeMbIMU TPaJIULHUOHHBIMHU

METOJIaMHU.
1.3. CraTuuyeckue NonpaBKu: BU/bI, 00,1aCTH NPUMEHEHHUsI

Pe3kue usmenenus penbeda MOBEPXHOCTH HAOIIOACHUN, MOUIHOCTEH U CKOPOCTEH
ynpyrux BosiH B BUP mpuBoasT k TOMy, 4TO BpeMEHa MPUXO0Ja OTPAKEHHBIX BOJH Ha
CEMCMUYECKOH 3alMCh B pa3HBIX TOYKaX MPOQHis HAOMIOACHUN pe3ko MeHsroTcs. Ecnum
9TO BJIMSIHAE HE WCIPABUTH, TO B TAKOM Cllydae OCH CHUH(A3HOCTH OTPAKCHHBIX BOJH
OyIyT CHJIbHO MCKaKeHBI. [I0BBICUTH Ka4eCTBO TAKUX CEHCMMUYECKUX 3aMUCEil BO3MOMKHO
TOJIBKO IIyTEM IOKaHAJIBHOIO BBEICHUS CHEIUAIbHO PACCUUTAHHBIX KOMIIEHCHUPYIOLIUX
BPEMEHHBIX CJIBUTOB — CTATHYECKHUX IOMPABOK.

Baxxnelmmmu MpakTUUECKUMH XapaKTEPUCTUKAMHU HW3MEHUYHMBOCTH CTaTHYECKUX
MONPABOK  SABJISIIOTCA MPOCTPAHCTBEHHAsT YacToTa MW aMIUIUTyAa. YCIOBHO, IO
MPOCTPAHCTBEHHOW YaCTOTE BBIACISIOT KOPOTKONEPUOJHBIE, CPEIHENEPUOIHBIE U
JUTMHHOTIEpUOHBIE cTaThueckue rnomnpasku [bormapes, 2005; bonaapes, 2011].

K xopoTkomepuogHbIM CTaTHYECKUM IOMPaBKaM OTHOCSTCSI TMOTPABKU C TIEPHOIOM
1o BenuuuHe MeHbInM, yeM 0.5-L, rae L — niuHa npuMeHseMoil akTUBHOM pacCTaHOBKHU.
Kak  npaBwiio,  KOpOTKONEPHOJIHBIE  CTAaTUYECKHWE  TMOMPABKU  XapaKTEpPU3YIOT
HEOJHOPOJAHOCTH B CaMOM BepxHel dacTu paspesa g0 riryoun 10 — 30 m [Boumapes, 2005;
bounapes, 2011].

K cpennenepuoiHbIM CTaTUYECKUM TOMPABKAM OTHOCSITCS MOMPABKU C MEPUOIOM
(0.5 - 1.5)-L, a k IMHHONIEPHOAHBIM MMOMPABKaM — C MEPHUOJIOM, MpeBbIIatonmm 1.5-L.
JInuHHOTIEpHUOAHBIE TIOTPAaBKKA OOYCIIOBICHBI HEOJHOPOIHOCTSIMU CTPOSHHUS paspesa 0
rryoun 300 — 600 m u 6omee [bonmapes, 2005; bonnmapes, 2011].

Kak nmpaBuiio, BBOJ| CTaTUYECKUX MOMPABOK MPOU3BOAMUTCS B JABa 3Tana. B mepByro
ouepeab MPOU3BOJUTCS HEIIOCPEACTBEHHO pacyeT CTaTUYECKUX CABUTOB U BBOA. OpHAKO
BBUJly TOTO, YTO B MEPBOM NPUOIMKEHUU Takue MOIMpPaBKU SABISAIOTCS OYEHb I'PYyObIMHU,
3aKOHOMEPHO BO3HHMKAaeT HEOOXOAMMOCTh MX Koppeknuu [bommapes, 2005; bonmapes,

2011].
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Bropoii 3Tan — HenoCPEACTBEHHO KOPPEKIIUS MOJyYECHHBIX CTATUYCCKHUX MOIPABOK.
Ha mpakTtuke pa3paboTaHO U IPUMEHSETCS MHOKECTBO CIIOCOO0B KOPPEKIIMHA CTATHICCKHIX
norpaBok. OTHAKO BCE CIIOCOOBI BKITIOYAOT B CeOsi:

1. noJ00p HMCXOJHBIX TPacc, MOJIBEPTHYTHIX ABTOMATHYECKOW PETYIUPOBKE
aMIUTATYA, (QUIBTPAlMM W [PEIBAPUTEIILHOMY BBOJY PACYCTHBIX CTaTHYCCKHX U
KUHEMATUYCCKHX TTONPABOK;

2. IPYNIIAPOBKA BBIOPAHHBIX Tpacc Mo obmiei Touke Bo30OyxaeHus (OTB),
o6eit Touke mpuema (OTII), obmieii cpenueii Touke (OCT) u obmemy yposaio (OVY);

3. BBIUMCJICHUE CIBUTOB KaXIOW M3 TPacC IO OTHOUICHHIO K HEKOTOPOU

OCpeIHSIOUICH Tpacce WM 10 OTHOIICHHIO K TIEPBOWM Tpacce COOTBETCTBYIOLICH

CEHCMOTPaMMBI;

4. BbIpaBHMBAHUE MATEMaTHYECKUM CIOCOOOM IOJyYEHHBIX OTHOCHTEIbHBIX
C/IBUTOB;

S. BbIOOpD Ha OCHOBE aHAIM3a IOJYYEHHBIX PE3YJIbTaTOB KOPPEKTUPYIOLIUX

MONPABOK U MX BBOJ B COOTBETCTBYIOLINE TPACCHI.
1.4. InuHHONEpHOAHbIE CTATHYECKHE MIONIPABKH: CIIOCO0BI pacueTa, NpodjieMbl

TpagumoHHbIM pemeHHeM TpobneMbl BUP sBisieTcst BBeeHHE B CECMOTPACCHI
JUTMHHOTIEPUOAHOM cTaTuku. OJHAKO BBEJICHHUE JIMHHOTEPUOJHOW CTATUKU BJIEYET 3a
c000M TOSBIICHHE JIOKHBIX CTPYKTYPHBIX JJIEMEHTOB M MCKaKEHHE BPEMEHHOTO pa3pesa.

Cy11ecTBYIOT pa3IUyHbIe TPAIUIIMOHHBIE METOANKHU pacyeTa CTATHUYECKUX MOMPaBOK.
1.4.1. Mertoa 3amMerieHNs CJI0s

[Tonxon 3amernieHust ciosi MPEACTABISAET COOON ONpeeNeHNe Pa3HUIBI BPEMEH IO
Jdy4aM JI0 LEeJEBbIX TOPU30HTOB IO ABYM MOJENSM: IIEpBasi OTPAXAeT peallbHOE CTPOEHHE
BYP, BTOpas curyanuio, B KOTOpOW HaOIIONEHUS HAXOAATCA HAa YPOBHE MPHUBEICHHS, U

HeogHopoanoctu BUP uckmrouens (Puc.S).
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]
K. _ Yposeus
npusedenun

G, G,

Puc.5 Cxema siyueii OTpaXEHHBIX BOJH, WLTHOCTPUPYOIAS TIPUHIIMIT 3aMEIICHUS
cnost [Koseipe u ip, 2003] rae — SG1R, SG2R — ny4u B peansHoit monenu; S'G1’R!,
S'G2'R' — nyuu B mogenu 3amemenus; V1, V2, V3 — ckopocTu B CI0SIX MOJIENH

Jaunblil moaxon TpedyeT HaTu4us 3HAYUTEIBHOTO 00beMa nH(opMaIuu o paspese,
U pe3yabTaT BeCbMa YYBCTBUTEIEH K HM3MEHEHHMIO CKOPOCTHOM Mojenu. [aBHBIMA
HEJOCTATOK METOJa 3aKJI0YaeTCs B TOM, YTO JJIA MMOCTPOEHUS KaueCTBEHHOW CKOPOCTHOM
Mojaenu TpedyeTcs BBICOKOE KadeCTBO CKOPOCTHOTO aHajiu3a I10 OTPaXKaIoIIUM
TOpU30HTAM, M, KaK CIEJCTBUE, Yy4YeT BpeMeHHbIX 3ajaepxkek BUP. Camu 3anepxku

OTIpEeAEIIAI0TCA 0 JIydyaM, paCCUUTHIBAEMBIM MO CPOPMHUPOBAHHOM CKOPOCTHOW MOJIETH.

1.4.2. Ucnioib30BaHMe BOJIH B EPBBIX BeTyMJIeHHAX AaHHbix MOB OI'T

Jns  XapakTepUCTUKU TOBEPXHOCTHBIX CIIOEB IIMPOKO MCIOIB3YIOTCS BOJIHBI,
3apEeruCTPUPOBAHHBIE B HAYaJIbHOW YacTH 3aluceld OCHOBHOW CheMKHU. [IpenmyiectBom
MPOBEJCHUS CHEIHANBHBIX CEHCMUYECKHX paboT SBISIETCS BO3MOXHOCTH BBIOOpA
METOJMKHM HaOI0/IeHNH, 00ecreunBaroiell BHICOKOKAYeCTBEHHOE MPOCIIeKUBAHNUE BOJIH,
CBSI3AHHBIX C MEJIKMMH TOPU30HTaMHU. MeToauka OCHOBHOM CBHEMKH, KaK MPaBHIIO, HE
onTUMalbHA JJIA 3TOW nenu. Tak, ymajeHue OuKalIero K MCTOYHWKY KaHajia W Imar
KaHaJIOB MOT'YT OBITh TAaKOBBI, YTO BBIICTICHUE MPSIMOI BOJIHBI M ONPEIEIICHNUE €€ CKOPOCTH
Oyznet 3arpynHuTenbHBIM. [Ipy Hamuunu HecKoNbkux cinoeB B BUP BomHa oT kaxkaoro u3
HUX MOJKET PErHMCTPUPOBATHCSA HA CTOJb OIPAHUYEHHOM YHCIIE KAHAJIOB, YTO MMOCTPOEHHUE

TouHOM Momenu BYUP craHer HeBO3MOKHBIM. VCKa)keHUs 3allMCH BOJIH, OCOOECHHO OT
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HU3KOCKOPOCTHBIX CJIOEB, BBI3BIBAIOTCS I'PYIIIMPOBAHUEM MCTOYHUKOB U IPUEMHHUKOB.
3HayuTeNbHOE TIOTPY)KEHHE 3apsga TpU B3pbIBaX B CKBWXWHAX, BHOPAIMOHHOE
BO30YKJICHHE 3aTPYAHAIOT UHTEPIPETALUIO NEPBbIX BCTYIICHU.

JIOCTOMHCTBAMHU K€ METOJMKU OOpabOTKHU IMEPBBIX BCTYIUIEHUII OCHOBHOM ChEMKH
ABJISIIOTCS BO3MOYKHOCTb HEIPEPBIBHOM OLICHKHM NONpaBok 3a BUP HemocpeacTBeHHO 1O
TOYKaM HaONIOJCHWA — TO3MLIUSAM HMCTOYHHUKOB W TNPHUEMHUKOB, TJTyOMHHOCTb
UcclieIoBaHUs. (MOTYT OBbITh OTCIIEKEHbl HEOJHOPOAHOCTH B ciosax Huwke 3MC),
yJlellIeBIeHUE MOJNEBbIX paboT. bosblias n30BITOYHOCTH JAHHBIX, C OJHOW CTOpPOHBI,
MOBBILIAET HAJEKHOCTh OLIEHOK; OJTHAKO C JIPYrol CTOPOHBI, UCKIIIOUUTEIBHO OOJbILION
00beM HMH(MOpPMAIMH JIEIaeT COOTBETCTBYIOIIME MPOLEAYPHl TOCTAaTOYHO TPYHAOEMKHUMH,
3aTPYAHSAET KOHTPOJIb Ka4eCTBA MIMKUPOBOK U OLIEHOK Iapamerpos BUP.

Benencteue Gonmblioro  o0beMa  JIaHHBIX  [POCIIEKHMBAHUWE BOJH B IEPBBIX
BCTYIUIEHUSIX MOXET OBITh TOJIBKO aBTOMAaTHYECKUM JHOO HMHTEPAKTHBHBIM, KOT/AA
reo(u3UK KOHTPOJIUPYET KAa4eCTBO PaOOTHI aBTOMAaTHUECKOH MPOIETYPHI.

Haubonee nmpocToil alroOpuT™M BbIIEIEHHS BCTYIJICHUSI — 3TO OIpe/eieHue MepBOi
Ha Tpacce BBHIOOPKM WIJIM 3KCTPEMyMa, MPEBBIIIAIOIIEr0 YCTaHOBJIEHHBIN mopor. OgHako
3TOT CHoco0 HauMeHee MomexoycToiuuB. [Ipemmaramuch pas3auuHble BapHAHTHI
MOBBIIICHNUS] HAJEKHOCTH: YCTAaHABIMBATh IIOPOI IO OTHOLIEHUIO AMIUIATYZA JABYX
NocieA0BaTeNbHbIX (a3 WM CPEIHUX AaMIUIUTYJ O HECKOJbKUM (azaM, MOpPOT IO
DHEPIUU B CKOJIB3AIIEM OKHE, BBIACIATH BCTYIUICHUE [0 MAKCUMYMY OTHOLLUEHUS SHEPTUn
B CMEXHBIX OKHAX, CKOJB3SIIMUX BAOJb Tpacchl. MOryT ObITh MCIOJB30BaHbI M JIpyrue
aTpuOyThI 3anMcH — orudaroas, ¢asa, a Takke KOMILJIEKChI TPU3HAKOB.

bonbmias rpynma anropuTMOB OCHOBaHa Ha HCIOJB30BAaHWMU (GYHKIMI B3aUMHOMN
koppensiuu  (OBK). CrnocoObl, mpemycMmarpHuBarollde B3aHMMHYIO KOPPEJSALHUIO Tpace,
o0ecreynBaroT oOIpeaesieHne KOH(UTYpallud ocu CHUH(A3HOCTH BOJHBI, HO TpeOYIOT
NPUBSI3KM IO BpeMEHM MO0 Ha KaHauax, I/I€ NUKHPYEeMO€ BCTYIUIEHUE BbIIEICHO
JPYTMMH CHOCOOaMU WJIM OTMEYEHO Neo(HU3MKOM, JTHUOO MO COMOCTaBICHHUIO C JAaHHBIMU
MCK. ®BK paccuuTbiBaroTCA 1O COCEIHUM TpaccaMm, MEKIY BCEMH IapaMH Tpacc Ha
UHTEpBAJC 3aJaHHON MPOTSHKEHHOCTH WIM MEXAY KaXIOHW TpacCcod M 3TAIIOHHOM,

dbopMHUpyeMOil TyTeM yCpeTHEeHHsT HeCKOIbKHX Tpacc [Ko3wipes u ap., 2003].
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1.4.3. BbicOKOTOYHAs TPaBHPa3BeIKA

I'paBupa3sBenka mpuMeHsETCA JUIsl BBEIACHUS IIONPABOK 3a IIPOMEKYTOYHBIM CIIOU
[berukoB u gmp., 2015]. B ykaszanHOi paboTe paccMaTpUBaeTCs METOAMKA pacyera
CTaTUYECKUX IIONPABOK IO TPaBUMETPUUYECKUM JaHHbIM, paszpaboranHas B ITAO
«[lepmbHedrereopusukay» B 1980 — 1990 rr. B padorax [Kounes u ap., 2007, 2008 a, 0]
Ha T[pUMEpe JaHHBIX [0 HECKOJbKUM MNpOQWIsIM PacCMaTPUBACTCS BapUaAHT
WCIIOJIb30BaHUsl T'PAaBUMETPUUYECKUX JAHHBIX I pacyeTra CTaTUYECKHX IIONpPaBOK MU
IIOCTPOCHHS COIVIACOBAaHHOW MOJEINM, YIOBJICTBOPSIIOLIEH JaHHBIM TI'PaBUPA3BEIKH,
MarHuTOPAa3BEIKH U CEHCMOPAa3BEIKH.

Cneunamucramu OI'VHIIITI «Mpkyrckreodpusukay pazpadoTaH crocod pacuera U
BBEJICHUSI CTaTUYECKUX IIONPABOK, OCHOBAHHBIM Ha MCIOJIb30BAaHUU TI'PABUMETPUYECKHUX
JAHHBIX, IOJIYYEHHBIX IPH W3MEPEHUM aHOMAJIMWN TPAaBUTALMOHHOIO IOJsS 3eMJIM Ha
ceficMuueckux mnukerax. /I 3TOro yduTHIBAIOT BIUSHME pesibeda MECTHOCTH Ha
AHOMAJIbHOE  TPaBUTALlMOHHOE  II0J€,  MPOBOASAT  pa3JeleHHEe  aHOMAaJbHOIO
IPaBUTALMOHHOIO IMOJII HAa JIOKAJbHYIO M PErMOHAIbHYIO COCTaBISIONINE, BBIIEISIOT
BPEMECHHBIE AHOMAJIMU, U B COOTBETCTBHUM C HUMH, ONPENEIAIOT BPEMEHHBIE CIBHIH.

[Tauenko u ap., 2006]

1.5. OnbIT NpUMeHeHN 3JIEKTPOPa3BeIKU
JJIS1 BOCCTAHOBJICHUSI CKOPOCTHBIX XapakTepuctuk BUP

CormacHo merony, npemioxxkenHomy B.B. KuceneBsim [Kucener u np., 2011],
JOITIOJIHUTEIIbHO Ha COBMCUICHHBIX HpO(i)I/IJ'ISIX MMPOBOJAT SJICKTPOPA3BCAKY IJIAd M3YUCHUA
CTPOEHMS BEPXHEM 4acTh pa3pe3a B 30HE MajbIX CKOPOCTEH; PErUCTPUPYIOT MU3MEHEHUS
AJIEKTPOMArHUTHOTO TOJIA W ToAorpadbl SJIEKTPOMATHUTHOM BOJIHBL, OMNPEAETSIOT
MNPOAOJBHOC JJICKTPUYCCKOC COINPOTHUBJICHUC, II0 IOJIYYCHHBIM JAaHHBIM BBIACIAIOT
C€IUHbIC CTpaTI/IFpa(bI/I‘—IeCKI/I YBA3aHHBIC TCODJICKTPUICCKUC KOMIIJICKCHI, CTpOAT
TEOIEKTPUUYECKYI0 MOJIETb BEPXHEH 4YacTH pa3pesa, 3aT€M C HCIIOJIb30BAHMEM JIAHHBIX
reopu3NYecKUx  HCCIEJOBAHUN CKBOKUH WIM  MHKPOCEHCMHUYECKOTO  KapoTaxa
YCTAaHABJIIMBAIOT B3aMMOCBA3b MCEXKAY BPEMCHAMH PCETUCTpAllMU JJICKTPOMArHUTHOTO H
CEHCMUYECKOTO TOJieH; B  KaXIOW TOYKE DJIEKTPOPA3BEIOYHBIX  HAOIIOJICHHIMA
NEPCCUUTHIBAIOT JJICKTPOMATHUTHBIC ro;:[orpa(bm B HCGBHOCGﬁCMquCKHe, 10 HHM B
npesenax KaxxJI0ro reodIeKTpUYecKoro KOMIUIEKCAa pacCUUTHIBAIOT 3HAUEHUS POTHO3HBIX

MHTEPBAJIHBIX CKOpPOCTEH; M BBIOPAaHHOTO HWHTEpBaJla paszpe3a CTPOST CXEMBbI
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pacnpezeneHuss NPOrHO3HBIX 3HAYEHUH MHTEPBAIbHBIX CKOPOCTEH M €ro TOJILIUHBI;
pacCcUMTHIBAIOT 3HAUYEHUS CTATUYECKUX IIONPABOK.

CraTnueckue MOMPaBKU ONpPENeNA0TCs 1o rogorpady 3JIeKTPOMarHUTHON BOJIHBI.
[Ton romorpadgomM »3JIEKTPOMAarHUTHOM BOJHBI IOHUMAKT 3aBUCHUMOCTb BpPEMEHHU
perucTpani OT TIYyOMHBI MPOHUKHOBEHHUS HIIEKTPOMArHUTHOTO Tmojs. l3BecTHble
AQHAJIOTH HE HCIIOJIB3YIOT XapaKTEPUCTHKY AJIEKTPOMArHUTHOTO IO — rojorpad, s
U3y4eHMs BepXHeH yacTu paspesa. IHpOpMaTUBHBIM ITapaMeTpoM JJIsl U3Y4YEHUsS] BEpXHEil
YacTH pa3pe3a SBJSIETCS aMIUIMTY/a 3JEKTPOMArHUTHOM BOJIHBI U ee TpaHchopmanuu B
TakKM€ [apaMerpbl, Kak I[POJOJbHOE COMNPOTHBICHHWE, CYMMAapHas IpoOJO0JIbHAs
IPOBOJUMOCTh M T.J. AMIUIMTYJA JIEKTPOMAarHUTHON BOJIHBI U €€ TpaHCOpMAaLuu He
MOTYT OBITh UCIIOJIB30BAHBI JUISl ONIPEIEIEHUS CTATUYECKUX MOMPABOK.

Ha 3aBepmaromux 3Tanax HMCCIENOBAHUNM IO IPHUMEHEHUIO JIEKTPOPA3BENKH C
LIEJIbI0 3aMEHbl CEHCMUYECKUX METOAO0B U3ydeHUss BUP BpuuCIAIOTCS M aHANM3UPYIOTCS
BpemeHHble pa3pe3bl OI'T. O0001ieHne pe3yabTaToB BHIIOJHEHHBIX KCIIEPUMEHTOB I10
IPUMEHEHUIO MaJlorTyOMHHOU anekTpopa3Beakd 3CHb 1Mo3BOJMIMIO YCTaHOBUTH, YTO
IIPEIBAPUTEIIBHOE PAalOHUPOBAHME TEPPUTOPUM MO THIAM TI'EOIJIEKTPUUYECKUX Ppa3pe3oB
BYP cymecTBEHHO TOBBIIIAET TOYHOCTH ONPEACIEHUS CTaTHYECKHUX IIONPaBOK IO
AIIEKTPOPA3BEIOYHBIM JaHHBIM. B mpenenax uzydaeMoil TeppuTOPUH BBIACISIIOT 30HbI, AJIS
KOKIOW U3 KOTOPBIX MCIONb3yeTcs CBO€ YypaBHEHHE perpeccuu. OLEHKM KauecTBa
PETPECCUOHHBIX YPaBHEHUN M TOYHOCTH NPOTHO3UPOBAHUS CTATUYECKHMX IIONPABOK IO
mauHeiM M3Cb 10 m mocne pallOHMPOBaHUS CBUAETEIBCTBYIOT O HECOMHEHHOMU
MPEIOYTUTENBHOCTH MOCAeAHEr0. TOYHOCTh MOXKET OBITh TaKKe IMOBBIIIEHA ITyTEM
BKJIIOUEHUSI B HUCIOJIb3yEMbIE Uil pacuera IONPaBOK ypPaBHEHUS PETPEecCUil albTHUTY]
nHEeBHOW moBepxHocTH. CymmmupoBaHue cericMuueckux 3anuceid mo OI'T ¢ BBeneHueMm
CTaTMYECKUX MONPABOK, BEIYUCIEHHBIX 110 JTAHHBIM CIIELUATIbHBIX CEICMUUECKUX METO/I0B
u onektpopa3enku M3Ch, B OoONBIIMHCTBE ciy4yaeB JaeT ONU3KHE [0 KadyecTBY
MOJIyYa€MBbIX BPEMEHHBIX pPa3pe3oB  pe3ynabTaThl. JlMHaMuuyeckas BBIPAXKEHHOCTh
OTPaKEHHBIX BOJIH HAa HHUX, a TaKXK€ KOPPEIUPYeMOCTh oced CHH(]A3HOCTH OOBIYHO
COBIMAJALOT.

K omnoMmy wu3 3apyOeXHBIX NPHUMEPOB MOXHO oTHecTH paboty Komombo wu
COaBTOPOB, B pabOTe PAacCMOTPEH MOJXOJ NPOTHO3MPOBAHUS CKOPOCTHOW MOJENM Ha
OCHOBE  IIOAXOJAa  COBMECTHOM  HMHBEPCHMM  IOCPEICTBOM  KpOCC-TPaJUEHTHOMN

perynsipusanuu [Colombo et al., 2017] (Puc.6, Puc.7).
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P-velocity
(m/s)

Puc.6 ComnocraBineHHe CKOPOCTHBIX MOJAEIEH, IIOTYYEHHBIX: a — [10 JaHHBIM
Jy4eBoi Tomorpaduu, b — o JaHHBIM cCOBMeCTHOM nHBepcuu ¢ YOC B KauecTBe

ATAJIOHHOW MOJIENIH TIOCPEIACTBOM Kpocc-TpajneHTHol perymspusamnuu [Colombo et al.,
2017].

Puc.7 BpemeHHOW celicMUYeCKUM pa3pe3: a — C IPUMEHEHUEM CTATUKH MO
JIAHHBIM JTy4eBO# ToMorpaduu, b — ¢ mpuMeHeHHEeM CTATHKH TI0 JTaHHBIM COBMECTHOM
unsepcuu [Colombo et al., 2017].
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I'JTABA 2. HETPOPUZNYECKASA MOJEJIb
2.1. llerpodusnyeckast moxesab YIC Apuu-/laxnoBa

B npaktuke mnerpoduzMyuecKkuxX HCCIEeNOBaHUM JUIs onucaHus wMoaenmu YOC
HCITOJIB3YIOTCSI HECKOJILKO OCHOBHBIX 3aBHCHUMOCTel. Hanbosee pacrnpocTpanena Mojeib,
npeanoxenHas Apuu [Archie, 1942]. CornacHo Mojeliv, BBOAUTCS MOHATUE Mapamerpa
00bEMHOW TOPUCTOCTH, SBIISIFOIIETOCS COOTHOIICHHUEM YACJIBHOTO COMPOTHUBIICHUS
noposl K YIC HACHIIAIOIIEr0 IIOPOBOE MPOCTPAHCTBO MpoBosiero duona (2.1):

Py =2 (2.1)
p([)ﬂ

rae Py — mapametp nopuctoctu, py — ¥YIC nmoposl, pgs — YIC Hacklmaromero Giarouia.

Ecin yyecTb, YTO B NOJABISIONIEM OOJBIIMHCTBE CIIy4aeB IUIACTOBBIA (IO
NPEICTaBIsIeT COOON PacTBOPHI XJIOPUCTOTO HATPHUSA, €0 COMPOTHBICHHE MOXET OBITH
JIETKO HAWJIEeHO HMCXOAs U3 ero MuHepanu3anuu u temrepatrypbl [KoOpanosa, 1986].
M3MeHeHHe  aHMOHHO-KaTMOHHOTO  COCTaBa  MEHSET CONPOTHUBIEHHE PacTBOPOB
HE3HAYUTENIbHO, 3a MCKIIIOUEHUEM IMPUCYTCTBUS KapOOHAaT- M T'HAPOKapOOHAT-MOHOB,
KOTOpBIE, OJIHAKO, B OOJBIINX KOHIIEHTPALUSAX MPUCYTCTBYIOT B IJIACTOBBIX BOJAX KpaiiHe
penKo.

[Tapamerp mNOpPUCTOCTH, B CBOK O4Yepelb, paccMaTpuUBaeTCd Kak (QYHKIUSA
kod¢p¢unmenta nopucroctd. CyTb MoAenu Apudm COCTOMT B TOM, YTO HPOBOAMMOCTH
TOPHBIX MOpOJA  oOecrneyuBaeTcsi TOJABKO  (IIOMIOM, 3alOJiHSIOIMIMM  IIOPOBOE
IpOCTPaHCTBO. B ciydae, ecnu mopoBble KaHajdbl 00pa3ylOT CHUCTEMY MPSIMOJIMHEHHBIX
NPOJOJIBHBIX ~ MPOBOJHMKOB,  TapamMeTp  IMOPUCTOCTH  OKa3bIlBaeTcs  0oOpaTHO
MIPONOPLUHOHANIEH KO3(PPUIIMEHTY TOPUCTOCTH.

Ecnu cTpykTypa TOKOBBIX KaHAIOB 0oJiee cliojkHas (UTo ¥ HaOIr0aeTcs B IpUpoJIe),
ANIEKTPUUYECKUI TOK MPOXOAUT OONBIIMK MO OTHOIIEHHIO K JUIMHE oOpas3la MmyTh, YTO
YBEJIMYMBAET a0COIIOTHYIO BEJIMUMHY CTEIIEHHOTO Koddduirenta B popmye Apuu.

B o6riem ciiyuae oHa mpeacTaBisieTcs B Bue (2.2):

P = aky®, (2.2)
rae Py — mapamerp nopucroctH, Ky — koaddumuenT mopucroctu, a, b — koHcTauTsl. [Ipu
3TOM CTENEeHHOW KodpduuueHT b — (GYyHKIMS H3BHIMCTOCTH IMOPOBOTO INPOCTPAHCTBA,

sBisieTcs QyHKIMEH T.H. 3JeKTpuuecKoit m3puaucroctu [Kobpanosa, 1986] (2.3):
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T, =22 2.3)

rae Ly ¢, — CPEHECTATUCTUYECKAS JUIMHA TTyTH HOHOB, L — 1inHa obpasua.
Takum oOpazoMm, i AByX(a3HON OE3rTUHHCTOW TOPOJIBl MapaMmeTp OO0BEMHOM
HOPHUCTOCTH MPSAMO HPONOPLUOHATIEH KBaApaTy 3JIEKTPUUECKON M3BUIMCTOCTH U OOPaTHO

npornopuroHaneH koddouimenty ee mopucroctu [Archie, 1942; Mavko et al., 2009;
Sheriff, 2002; {axxos, 1953, 1955, 1975, 1985; TTocmees u ap, 2018].

2.2. llerpodusnyeckasi moaeb YIC INIMHOCOTEPKAIUX TOPO]

I'muHoconepkamye TOpHbIE NOPOJABI XAapaKTEpPHBI JJIsl CPAaBHUTEIBHO MOJIOJABIX
TEPPUTCHHBIX TE€OJIOTMUECKUX pPa3pe30B, KOTOPHIE B XOAE Pa3BUTHUs HE IOJBEPrajuCh
cymectBeHHON nuTH(uKannu. CrabocieMeHTHPOBaHHBIE MOPOJIBI B 3TOM CIydae MOTYT
OBITH TIpE/CTaBICHBI B BUAE cMecH mecka ¢ mopuctocteio 10 30—40 % u ramubl. [Ipu
IPOXOXKACHUU DJIEKTPUYECKOTO TOKA IPOUCXOJUT COYETaHHE BIIUAHUA OOBEMHOM
IIPOBOAMMOCTH 3a CUET JBH)KEHUS MOHOB B MAcCe€ IIECKa U MOBEPXHOCTHOM, XapaKTEPHOM
s ravH.  [lepBbiit  akTop mnomuuHsAeTCs 3aKkoHY ApuH, npudeM Kod3dduuueHt
M3BWJIMCTOCTHU JJIs IecKa MokeT cocTaBisaTh 1.05-1.15.

JIJ1s 4MCTBIX IJIMH 3aBUCUMOCTh MEXKY COIPOTUBIEHUEM CpEeAbl U MUHEpaIU3alei
IOpOBOM BOJIBI ciiokHee. [Ipu Manoll MuHepanu3alid OCHOBHOE BIIMSIHUE OKAa3bIBAET
MOBEPXHOCTHAsI MPOBOAMMOCTb, OOECIeUHBaoIlas COOCTBEHHOE CONPOTUBJIEHUE TIJIMH
nopsaka 2.5 Om-M. [l ynbTpanmpecHbIX MOPOBBIX BOJ JAa)ke HEOOJBIIOE KOJIMYECTBO
[JIMHACTOTO MaTepuana OOEeCHeunBaeT BEIWYMHY CONPOTHBICHHUS NPHUMEPHO PaBHYIO
COIPOTHBIICHUIO YUCTBIX IJIMH, I€JIEHHOMY Ha JI0JII0 T1IMH B nnopozae. HecMoTps Ha To, 4TO
B 3aBUCUMOCTH OT CTPYKTYphl 3aIllOJIHEHHS TJIMHAMHU IIOPOBOTO IPOCTpPAHCTBA IIECKA,
COTIPOTUBIIEHUE TOPOJBI MOXKET HECKOJBKO MeHAThCs, A.A. PwsokoBeIM [PBIKOB,
CynomiaroB, 1990] mocTpoeHBl HOMOTPAMMBI 3aBHCHMOCTH COMPOTHUBIICHUS T€CYAHO-
[JIMHUCTOM TOpOABI OT MHHEpaIM3allMd MOpOBOrO  (IroMaa, OCHOBAHHbIE Ha
CpeHeCTaTUCTUYECKUX MeTpodusndeckux nanHelx [Ilocnees u np., 2018].

B0O3MOXHOCTH T€0JIOTUYECKOTO MPOTHO3a paziMYaloTcsl B 3aBUCHMOCTH  OT
MHUHEpaJM3allil  NOpoBbIX  (QurongoB. B dyacTHOCTH, A7 4ETBEPTUYHBIX
IIPUIIOBEPXHOCTHBIX OCAJKOB MHMHEpaIM3alMsl, KaK IPaBUJIO, HEBEJINKA U HE INPEBBIIIAET
okoji0 1 /1. B 3TOM cnyyae mo BeIMYUHE YIeIbHOTO CONPOTUBICHUS CPEIbl MOXKET OBITh
HEIOCPEACTBEHHO OLICHEHA TIIMHUCTOCTh. IIpH OTHOCHTENBHO BBICOKONM MHHEPAIU3aLUU

BO3MOXHOCTH ITPOrHO3a COCTaBa mopoa 3HAaYUTCIIBHO CHHUXKAKOTCA. ﬂJ’IH COJIOHOBATHBIX BOJ
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U pacCoOJIOB BJIUAHUC HOBerHOCTHOI\/JI MMPOBOAMMOCTHU TJIMH OIIYWACTCA JIMIIb IPH HX
comepkanun B mopoae MmeHee 50%. B ocTampHBIX chnydasx s TE€OJOTHYECKON
UHTEPIPETAIMA  TPEANOYTUTEILHO  IOJIb30BaThcss  (popMmynoid  Apud, dTO  Jaer

BO3MOYKHOCTh OIICHKH ImopuctocTu mopoj [[Tocmees u ap., 2018].
2.3. llerpodm3zuyeckas moaeab YIC Mep3ibIX NOPoJ

MHorosieTHsI MEP3JI0Ta ABJSETCS TUIIMYHBIM IIPUPOIHBIM SIBJIEHUEM ISl CEBEPHBIX
peruonoB Poccum u apyrux crpas. Ilpuumnoil ee ¢opmupoBaHMs sBISETCA HalIU4He
OTpHLIATEJILHOrO OajiaHca TEIUIOBOW 3HEpruu TeppuTopuil. B 3ToM ciywae riryOMHHOTrO
TEIUIa HE XBaTaeT JJsl KPYIJOroJWYHOrO MOJAEpKAHMS IOJOKUTEIbHBIX TEMIIEpaTyp
HU)KE 30HBI CE30HHOIO BIIMAHHUA. B 3aBUCMMOCTH OT KIMMaTHUYECKOI'O C€30Ha MEp3JIble
IOpPOJIbl MOTYT PacHpOCTPAHATHCS B TOJIIE OT JHEBHOM IMOBEPXHOCTU A0 IOJOLIBBI
MEp3JI0ThI, TM00 MOKPHIBATHCS CE30HHO-TAJIBIM CJIOEM, TOJIUHA KOTOPOI'0 MaKCUMaJIbHa B
KOHIIE JIeTa.

C Touku 3penus GpopMupoBaHus BenHuuHbl Y IC, ONpeensoniee BIUSHUE UTPAET
nepexo/l BoAbl B TBepayro (asy. Uuctelil nen sBuserca uzonsropoM. OpHAKO OCaaKW,
3ajieraionie B mpeaesax KpHOJIUTO30HBI, Aa)Ke MpH ee OOJbLION TONIMHE HUKOTIAa He
npomeps3atoT Ha 100 %. Ocraercs He3amep3lied KanWwUIspHas Bilara, KOTOpas
JIOTIOJTHUTETIbHO HACBIIIAETCd BBIMOPAKHUBAEMBIMU M3 IOPOJ] pPacTBOpaMH  COJIEH.
KonnuecTtBo ocTaToyHOW CBsI3aHHOM He3amep3lied BiIaru YyObIBa€T C€ POCTOM
OTPULATENIBHBIX TEMIIEPATYP M CHWJIBHO 3aBUCHUT OT CTPYKTYpbl TOpHOW nopozsl. IlonHoe
IIPOMEP3aHUE CBS3aHHOW BOJBI JocTUraercs npu Temneparype Hwke —50 °C, koropas
pealbHO B YCIOBHSIX 3eMJIM HE BCTpedaerca. B cBOw ouepenb, BIHMSHHE BHOBb
00pa30BaHHOrO JIbJla Ha CONPOTUBJIEHHE 3aBHCUT OT TOTO, HACKOJBKO OH 3aIlOJIHSET
MIOPOBOE MPOCTPAHCTBO MOPOIbl. Eciii B Hel 0CTaloTCs MPOBOSAIINE MOCTHKH (MacCUBHAs
KPUOCTPYKTYpa), MOBBIIIEHUE COMPOTUBICHUA OyAET HE CTOJNb 3HAYUTENbHBIM. B TOM
cly4ae, Korja Jiel CTAHOBHUTCS MpeoOJalalolluM  3arojIHUTeNeM  (IUIMpOBas
KPUOCTPYKTYpa), MPOBOJSAIINE MOCTHKU Pa3phIBAIOTCS, U CONPOTHUBIIEHHE CTPEMUTCS K
Y3C coOCTBEHHO JbAA.

N3menenus YOC npu npoMep3aHuy MOPOJ HOCIT HE CTYNEHUYaThId, a TpaAMEeHTHBIN
xapakrep. Eciau Huke TIiyOMHBI CE30HHOTO KOJ€OaHUS TeMIepaTypbl TPagUueHT BO
BpeMeHu ctabuiieH, TO Bbime ee YOC OymeTr cepbe3HO U3MEHATHCS B 3aBUCUMOCTH OT

HAIUYUS CE30HHO-TAJIOr0 CJOS M €ro TOJIIMHBL. XapaKTepHOW OCOOEHHOCTHIO
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pacnpeneneHuss YOC 1ECUaHO-TIMHUCTBIX OTJIOKEHUN SBISETCS  COXPAHSOIIEEcs
OTHOIICHHE MEX/Ty COMTPOTUBICHUEM IPYOOUCTICPCHBIX U TOHKOAUCIIEPCHBIX OCAIKOB.
s KpUCTAIIIMYECKUX TOPHBIX MOPOJ UX MPOMOPAXKUBAHUE IMPHUBOJMUT K HE CTOJIb
oonpmomy yBenumdeHuto YOC, kak i OcafouyHbIX. B cmily mX Maimoil mpupoaHou
MOPUCTOCTH COOTHOIICHHE MEXIY CBOOOJHONW M CBS3aHHOW BOJIOM 3HAUMTEIILHO MCHBIIIE,
yeM s ocafouyHbiX 1opod. Iloatomy VYOC KpUCTAUIMYECKUX TOPHBIX MOPOJI C

IpoMep3aHueM yBenuunBaeTcs He 6oee ueMm B 10 pa3 [ITocmees u mp., 2018].

2.4. Tlerpodusuueckasi Mmojes b YIC Mep3JibIX OPOJ ¢ MACCHBHOW KPUOT€HHOI

TeKCTypou

[Ipy oTpuIATENBHBIX TEMIIEpaTypax CBOOOIHAS BOJa TMEPEXOJUT B JIed, H
POXOXKJICHHE TOKA Yepe3 MEP3IyI0 MOPOIY OCYHIECTBISIETCS MO TUICHKaM He3aMep3lIei,
[JIaBHBIM 00pa3oM, CBSI3aHHO BOJIbI, OKPY>KAIOLIUM 3€pHa MUHEPAIHHOTO CKelleTa U JIbJa.
[IpucyTcTBHE NbJa Kak MOpOA00Opa3yIolIero MHUHEpalla yKe camMo Mo cede MeHSEeT
AIIEKTPUUYECKHE CBOWCTBA MOPOJ, MPUCYIIME UM B TaJlOM COCTOSHUH, a MHOTrooOpasue
B3aMMOJICHCTBYS HE3aMep3Ie BOJBI C MHHEPAIBHBIM CKEJICTOM W JIBJIOM JIeJIaeT OYCHb
HIMPOKUM JUANa30H M3MEHEHHUS JJIEKTPUYECKUX CBOMCTB B 3aBHCHMOCTH OT COCTaBa,

CTPYKTYPBI M THITIAa KPHOTeHHO#1 TekcTypsl [[locnees u ap., 2018].
2.5. Ilerpodusnyeckasi MOIeIb «CKOPOCTH-TIOPUCTOCTHY. YPaBHeHHe Y ailjm

B 1956 r. u B mocnenyoumx myoJuKauuax Yailllu ¢ COaBTOpaMHU IMPEaIOKUIH
HMIIUPHUECKOE OTHOILIEHHE CKOPOCTh-MOPHCTOCTh AJISi MOPUCTON Cpelbl, HAaNOJHEHHOM

MHUHEpaJIM30BaHHBIM (pIronaoM (2.4):

1 1

24 @V, (2.4)

rae V — ckopocTh B 00beMe MOPObl, Vima — CKOPOCTh B MaTpHIle MOPOabl, Vs — CKOPOCTh

B HacelmamoomeM ¢monae, ¢ — KodIP(OUIHMEHT MOPUCTOCTH. IDTO OTHOIIEHHE YaCTO
BHIPQKAIOT B MHTEPBAJHbHOM BpEMEHH TIpo0Oera, HasblBas «ypaBHEHHEM CPEIHETO
BPEMEHI.

[Ipy WCHONB30BAaHMU JAHHOTO YpPaBHEHHs CIEAYyeT YYHUTHIBATh MHOTOYHCIICHHBIE
JIOMYILIEHUS U ycinoBus. HecMOTpst Ha 3TO, OHO aKTUBHO HCIIOJIB3YETCS, KOTIa Kakoe-Tuoo
JIONYIIEHNE HAapyIIaeTcsi, MHOTHUE aBTOPHI MPEIaraloT BBOAUTH IMIUPUUCCKHIE TTONPABKU

34 TTTMHUCTOCTDh U CMCIIAHHYIO JIUTOJIOTHIO.
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JUis yTOYHEHHs SMIIMPUYECKOTO ypaBHEHHUs Yailium, Paiimepom u ap. Obuio
NPEIOKEHO COOTHOIIICHHE CKopocTh — mopuctocts [Mavko et al., 2009; Sheriff, 2002;]
(2.5):

V=1~ ¢)*Vne + oV, (2.5)
rae V — cKopocTh B 00beMe MopoJibl, Vima — CKOPOCTh B MaTpUIE TOPOABI, Vpn — CKOPOCTh

B HachImaromem Qironse, ¢ — kodGPUIMEHT TOPUCTOCTH.

2.6. lleTrpodusuueckasi MojIeJIb «CKOPOCTh — IOPHUCTOCTH.
YpaBuenue Paiimepa-Xanra-I"apanepa
s yTouHEeHUs SMIMPUYECKOr0 YPABHEHUS CPEIHET0 BpeMeHu Yaiuu, Palimep u
coastopel [Wyllie et al., 1980 r.] mpemtoxuiu cieayoie COOTHOMICHUS CKOPOCTh —

nopuctoctb [Mavko et al., 2009] (2.6, 2.7, 2.8):

V=_~1-¢)Vna+ ¢Vfl ¢ < 37%, (2.6)
1_ (047-¢)  (037-¢) .

v (0.1V3,) + (0.1V,7) 37 < ¢ < 47%, 2.7
P s O b > 47%, 2.8)

v (Pmanaz) (pflVflz)
rae V — ckopocTh B 00beMe Nopoibl, Vima — CKOPOCTh B MaTpulie MOpoabl, Vyx — CKOPOCTh
B HachIawmeM ¢uonae, ¢ — KodPPUIIUEHT TOPUCTOCTH, V37 — CKOPOCTh, pacCUMTaHHAS
JUIsl TIOPOA, € MOPUCTOCThI0 MeHble 37%, Va7 — CKOPOCTh, pacCUMTaHHAs AJis MOPOJ C
nopucToCcThO Oosee 47%.
Btopoe BbIpaxkeHU€ SIBISETCS aHAJOTOM CPEIHETO BPEMEHU, TPEThE HCIOIb3YETCS
JUTSL pacdyeTa CKOpPOCTEH B MOpPO/Aax ¢ MPOMEXKYTOUHBIM 3HaueHHueM mopuctoctu (37%< ¢

<47%). OHO mMOJy4YeHO MyTeM HHTEpPHOJSIMU M3 nepBbix nByx [Mavko et al., 2009;
Sheriff, 2002] (Puc.8).
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Vp, mic
3600

YpasHenue Yaiinu

YpaeHeHue Paiimepa-XaHTa-lapgHepa

7

3200

2800

2400

2000 Kn, a.e.

Puc.8 3aBHCHUMOCTH CKOpOCTH HpO)IOJ'IbHOﬁ BOJIHBI OT ITIOPUCTOCTHU

2.7. Moneanb kputuueckoii nopucrocru Hiopa

[To3xe Hiop ¢ coaBtopamu [Nur et al., 1991, 1995] ormeTwim, 4To it TOPHBIX
HIOPOJI CYIIECTBYET MOHATHE KPUTHYECKOH mopuctocty (¢k). [lpu mopucroctu Gonblie ¢
rOpHas Mopoja MpeCTaBiIsgeT cO00M CYCHEeH3HI0, 3epHa TEPSIOT KOHTAKT JPYT C IPYroMm,
U M3MEHSAIOTCS WX TNPOYHOCTHHIE XAPAaKTEPUCTHKH. 3HAUYeHWE ¢k 3aBUCHUT OT THUIA
ropHou mopoasl. Tak, Hanpumep, I necuanuka ¢ ~ 0.4, mis meprenend ¢ =~ 0.7, mis
rpaHuToB ¢ ~ 0.2-0.03.

B cniydae npeBbinieHUs] KpUTHYECKUX 3HAYCHUN MOPUCTOCTH, () (PEKTHBHBIC MOTYITH
ropHo#t mopojs! K, 1 paccunthiBaroTCs corjiacHo 3akoHy Potica [Mavko et al., 2009], npu
3TOM MoayJib caBura p=0. B ciyuae ¢ < ¢ Mmoynu cyxoit mopos! (Kdry, ldry) MOTYT OBITH

HaiIeHbI 10 3aBUCUMOCTAM (2.9, 2.10):

Kary = Kmin (1 - %): (2.9
Hary = Hmin (1 - %)a (2.10)

rae Kmin ¥ pmin — 0OBEeMHBIE MOAYNIb CKaTHs M CIBUTa MHMHEpaja COOTBETCTBEHHO.

Henmocratku Moaenu kputudeckoi mopucroctu Hiopa [Mavko et al., 2009; Sheriff, 2002]:
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KPUTHYECKAsl TOPUCTOCTh — PE3yJbTaT AMIMPUYECKUH; MOJAEIb YUYUTHIBAET TOJIBKO
u3MeHeHne oOmel mnopucroctd. HeoOxonmmo BBeOEHHE MOMPABKUA 32 COJEpIKAHHE

riuarcToro Bemiectsa (Puc.9).

1 I 1 i

MNecuyaHukn 4
HacbiweHue - Boga

80f

60

B \ CpenHee
240 _\\o no Poiicy
Onsi ckopocTew

P- n S- BonH

0 0.1 0.2 0.3 0.4 0.5

MopucToctb

Puc.9 Haxoxnenue 3HaueHUN KPUTHUECKOIN MOPUCTOCTH TOPHOM MOPOIbI
(comoctasnenue ultpV2p u pV2s u o6mmeit mopucroctn) [Nur et al., 1991, 1995]

2.8. Ilerpodusnyeckasi MOe/Ib CKOPOCTh — IOPHCTOCTH — 00beM IJIMHbI. YpaBHeHHe

Xamna.

OMnupuyeckre Nnpeodpa3oBaHMs YacTO LIEHHBI HE TOJIBKO JUIS MOJIyYEHHs MPSMBIX
OLICHOK CBOMCTB MOpojA. OTH INpeoOpa3oBaHMs PACKPHIBAIOT Takke (YHKIMOHAJIbHBIE
CBA3M MEXAYy MepeMeHHbIMU. Hampumep, OHM MOTYyT JaTh MpejAcTaBleHue o0
OTHOCHTEJIbHBIX KoJieOaHUsX cKopocTell P- u S-BojH, BBI3BIBaEMBIX M3MEHEHHEM 00BbeMa
IIOp ¥ TJIMHUCTOCTH.

Xan ¢ coaBropamu [Han et al., 1986] BriBenn SMIUPHUECKUE COOTHOIICHUS MEXKIY
CKOPOCTBIO, MTOPUCTOCTHIO U cojepxkaHueM TiauHbl (C) ¢ HUCIOJIb30BAHUEM PE3YJbTAaTOB
yABTPa3BYKOBBIX M3MEPEHUH Ha 75 oOpaslax XOpoIIo CIEMEHTHPOBAHHBIX MECUAHUKOB.
M3MepeHuss MpOBOAMINCH TNPU pa3IMYHBIX 3HAYEHUSAX HPPEKTUBHOTO [aBJICHUS U
BOJIOHACBHIIIEHHOCTH.  PaccMOTpuM ~ HECKOJBKO  pE3yJlbTaTOB  W3MEpPEHUil  MpH
MaKCHMaJIbHOM U MUHUMAJIBHOM 3¢ dekTuBHOM aaBineHuu. [IpeoOpa3zoBanus XaHa TaKOBbI
(2.11, 2.12, 2.13):

YUucTele NECYaHUKU:

40 MIla Vj, = 6.08 — 8.03¢ Vs = 4.06 — 6.28¢) (2.11)
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' muHuCTRHIE IECUAHUKH:

40 MMa V, = 5.59 — 6.93¢ — 2.18C Vs = 3.52 — 4.91¢ — 1.89C (2.12)
5MIla V, = 5.26 — 7.08¢ — 2.02C Vs = 3.16 — 4.77¢ — 1.64C (2.13)

rae Vp — CKOpOCTh MPOA0JIbHOM BOJIHBL, ¢ — KoddduuueHT nopuctoct, C — KOHCTAaHTA.

Ecnu npunsare 1 Mlla = 145 ¢y1/xB. qioiim u rpaguent 3¢ (peKTuBHOro AaBIeHUS =
0,5 xB. ¢yr/kB. mroiim, usmepenus npu 40 Mlla u 5 MIla OyayT COOTBETCTBOBAThH
riryounam npubauzutensbHo 3600 M u 450 M COOTBETCTBEHHO.

B oTHOmIEHHH paccMaTpUBACMBIX XOPOIIO CIIEMEHTUPOBAHHBIX MMECYaHUKOB MOXKHO
c/ieaTh HECKOJIBKO BBIBOJIOB:

©33aBHCUMOCTh CKOPOCTH OT TJIyOMHBI MCHBIIE BBIPAKEHA JUISI  XOPOIIO
CIIEMEHTHPOBAHHBIX, YeM 11 HECIIEMEHTHPOBAHHBIX ITECYAHUKOB,

®IIpH YBEIMYCHUH IPOICHTa MOPUCTOCTH HIU OO0bEMa IIIMHBI, CKOPOCTh TauaeT
MPUOJIM3UTENHHO B 2.5 paza 0oJibIlie Jisl TOPUCTOCTH, HEXKEHU JJI 00beMa TIIUHBI;

®IIpH YBEIWYCHHM TMPOLEHTA IOPUCTOCTH WIM O0BeMa TJIUHBI KOIPPHUIIMESHT
ITyaccona pacrer;

e koapunment [lyaccona ymeHbI1aercs ¢ riryOuHOM.

XaH OTMETHJI OHO WHTEPECHOE METPO(PHU3NIECKOe CBOWCTBO YHCTHIX NMECUYAHHKOB,
3TO CTaJI0 BO3MOXKHBIM Oarojjapsi pa3/iejeHno Habopa JaHHBIX Ha HECKOJIBKO KaTeropuil.
VYpaBHEHUS JUIsI YMCTBIX IECUYAHUKOB OBLIM BBIBEJCHBI C HCHOJb30BaHHEM Bcero 10
00pa3moB 4YucTOro mecyaHuka. OIHAKO TPH BHIBEJCHHHM YPaBHEHWH ISl TJIMHUCTHIX
MIECYAaHUKOB OBUIM MCIOJB30BaHBI BCE 0Opa3Ilbl, BKIIIOYAsh 00pas3Iibl YHCTOTO MECUaHHKA.
[lpuBencHHBIC BBINIE ypaBHEHHS JUISI YUCTOTO TIECYAHWKA HE WMEIOT TIMHHCTOU
KOMIIOHEHTBl. TeM He MeHee, CKOpPOCTH B UHCTBIX II€CYAHUKAX TAaKKE MOTYT
pPacCUUTHIBATHCS C UCIIOIB30BAaHUEM YPaBHEHUS JIJIsl TIIMHUCTBIX necuanukoB mpu C = 0.

B paccunTtannbix 3HaueHHsIX kodddunnenta [Tyaccona HaOnarogaercs cyliecTBeHHas
pasHuIa, O0YCIIOBJIEHHAs HCIIOJIB30BAaHHEM TOTO MM APYroro ypaBHEHHS. XaH W Jp.
OTMETHJIM NEeTPO(PU3NYECKYI0 3HAYMMOCTH 3TOM PasHUIIBL: «...04€Hb HEOOJIBLION 00BeM
rHbl (1 % WM HECKONBbKO OOBEMHBIX MPOIEHTOB) 3HAYUTEIHHO YMEHBIIAET MOIYJIH
YIIPYrOCTH TIECYAHUKOBY». YMEHbIIIEHHE O00Jiee BBIPAKEHO JISI MOIYJISl CIBHTA, HEXKEIH
JUIST MOZYJIST 00OBEMHOTO CkKaTtwsi. B THIMMYHOM KilaccuueckoM OacceiiHe OOJIBITUHCTBO
NECYaHbIX IUIACTOB COJEPXKUT HEOONbIIONW 00beM IIMHBI. Takum 00pa3oM, IJsl YUCTBIX

MECYAHUKOB JIOJDKHO HAOJIOIAaThCs 3HAUUTENbHOE CHIDKeHNE KodduiuenTa [lyaccona mo
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CPaBHEHHIO C OKPY)KAIOIIMMH TNIMHUCThIME necuanukamu [Mavko et al., 2009; Sheriff,
2002] (Puc.10).

Vp, mic
5000
—\/ DABHEHWE XaHa
YpasHeHue Tocaiin
* YpaBHeHue KactaHbin

4500

4000

3500

3000

2500

2000

Puc.10 3aBuCMMOTH CKOPOCTH NPOAOIBHON BOJIHBI OT IIIMHUCTOCTH

2.9. 3aKOHOMEpPHOCTH PaCIPOCTPAHEHUs YIPYTHX BOJH B MeP3JbIX OPOJax

M3BecTHO, UTO OCHOBHBIE JUCIIEPCHBIE M TMOPUCTHIE BIIATOHACHIIIEHHBIE TTOPOABI B
TaJIOM COCTOSIHUM PAaCIIONararTcs B CIEAYIOMIMI psia (B MOPSAIKE BO3pacCTaHUsI CKOPOCTH
pacmipocTpaHeHHUs] B HUX MPOJOJBHBIX YIPYTUX BOJH): MECOK, Cylech, CYTJMHOK, TJIMHA,
MeCYaHUK, Mepreib, MeJl, M3BECTHSK. B 3aBUCMMOCTHM OT BIAXHOCTHU, CTPYKTYpPHl U
TEKCTYphl Kaxaas W3 JITHUX MOpPOJ XapaKTepU3YeTCs OMNpPEAENIEHHBIMU JUara30HaMHu
3HaYeHU Vp, KOTOphIE MOTYT YaCTUYHO TMEPEKPBHIBATHCS, OIHAKO BBIACICHHBIA PSII
o0ocobnsierca gocratouHo 4etko (Puc.11, xpuas t>0). {ns mep3nbix nmopoj mogoOHas
KJacCU(UKaLUsg MOXKET OBITh MOCTPOCHA TOJNBKO TPHU YUeTe BIHSHHS TEMIIEPaTypBhI,
JBJUCTOCTH M HANPSHXKEHHOTO COCTOsiHUA. MHade mopojabl pa3HOTO JIUTOJIOTMYECKOTO
COCTaBa HEBO3MOIKHO PA3JCIHTh JaKe MO CPETHUM 3HAYCHHUSIM CKOpocTH. Onpenensiomei
SBJISICTCSL TeMIiepatrypa mopoisl. [ (UKCHpOBaHHBIX 3HAYCHHUH TEMIIEpAaTypbl MOXHO
JIaTh CKOPOCTHYIO KIACCHU(UKAIMIO MEP3JbIX MOPOJ, XapaKTepU3YIOIIyI0 MHOTroobOpasue
UX CBOMCTB B 3aBUCHUMOCTH OT JIMTOJOrMyeckoro cocrtaBa. Ha Puc.11 mpuBenena takas
kinaccuukanust s psaga GUKCUPOBAHHBIX TEMIIEPaTyp, COCTABJICHHAs B pE3yJbTare

00001IeHNST AKCIIEPUMEHTAIBHBIX NaHHBIX. Kak cieayer W3 auarpaMMbl, B MEp3JIOM
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COCTOSIHUM TIO0 a0CONIOTHBIM 3HAYEHHSIM CKOPOCTH PAaCIpPOCTPAaHEHHS IPOJOIBHBIX
YIPYTUX BOJH MOKHO BBIIEIMTH JIUIIb BJIArOHACBIEHHBIE YUCTHIE KBAPLIEBbIE NIECKU IPU
temneparype Hmwke -2—-3°C. OcrajlbHble NECYaHO-TJIMHUCTbIE U KapOOHATHBIE MOPObI
MOTYT XapaKTepU30BaThCsl OIMHAKOBBIMU 3HaueHusiMu V) (Puc.11).

Opnako ecnu paccMaTpuBaThb 3TH IMOPOABI IPU ONPENEICHHOM OTPHULATEIbHOM
TEMIEPATYpE, TO OKa3bIBAETCS, YTO B CPEIHEM OHM JIOCTATOYHO YETKO U 3aKOHOMEPHO
pa3AessA0TCs [0 BEIMYUHE CKOPOCTH Vp.

Takum o0pa3oM, pacrnpefereHHe BIAKHBIX IOPOJI B MEP3JOM COCTOSHUH 10
3HaYeHUsM Vp COBEpIIEHHO MHOE, YeM B TasioM (Puc.11), yTo 00ycIOBIEHO pa3nuYHBIM
XapakTepoM (a30BBIX IEPEXOJ0B BOJA — JIEA B IOpPOJAxX pPa3sHOW AMCIEPCHOCTH U

auTosioruueckoro cocrana [Ixypuk, 1972, 1973].

UP,KH/C
4“5

40}
35

30}

2,5

2,0}

e (e

1,51

Wr  RBeoth

a,5 1 1 1 ! 1 1
Necox Cynecvu [nuna Mecvawux Mep- Men

Cy2nUNOK 2ens

Puc.11 Jlmarpamma pacnpeneneHusi TOpoJl pa3IMYHOrO JIMTOJIOTHYECKOT0 COCTaBa
10 CKOPOCTH PACIPOCTPAHEHUS YIIPYTUX MPOAOJIbHBIX BOJH [[xypuk, 1972]
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2.10. Moaesb cBsI3M «CKOPOCTh-YIC». 3aBucumocts daycra

s Toro, 4TOOBI OT TE€O3NEKTPUUECKUX CBOWCTB MOPOJ MEPEHTH K aKyCTUYECKHM,
BO3MO>KHO MCIIOJIb30BaHUE SMIINPUYECKUX 3aBUCUMOCTEHN. 3aBUCUMOCTb MEXY YICIBbHBIM
JIEKTPUUYECKUM COIPOTHBIEHUEM M CKOPOCTBIO IPOJOJIBHBIX BOJIH BIIEpBbIE ObLIA
npexacrapnena JI. ®daycrom B 1951 r [Faust, 1951]. AkryanbHOCTH paboThl ObLia
00ycI0BUIEHA HEOOXOAMMOCTBIO pacyeTa KapT CpeJHUX CKOpOCTEH MpPOJOJbHBIX
CEICMMYECKHUX BOJIH I PELLIEHUS 3a7Ja4l CTPYKTYPHBIX IOCTPOCHHUH.

B pesynprare mnombopa napamMeTpoB MoOAeNM ObUIa IOJIydeHa Cleqyrouias

IMITUPUYECKas 3aBUCUMOCTS (2.14):

v = a(ZT)s (2.14)
rae V — CKOpOCTbh NPOJOJIbHOM BOJIHBI, 00 — KOHCTaHTa, Z — riiyOuHa 3ajeranus, | —
BO3PACT MOPOJ M3ydaeMoro paspesa. Ilo naHHBIM, TPUBEICHHBIM B pabOTe, MOTPEIIHOCTD
BBIUMCJICHUM CKOPOCTH TPOAOJIBHBIX CEHCMUYECKHX BOJIH IO MPHUBEICHHON BBIIIE
3aBUCHUMOCTH cocTaBuia 2-5 %.

B 1953 r. JI. ®aycT onuckiBaeT pe3ynbTaThl BBIYUCIECHUNH CKOPOCTH YK€ C yU4ETOM
BIIMSHUS JIMTOJIOTUYECKOM coctaBisitomieit [Faust, 1953]. Jlna ydera nauTonmoruu
UCMOJB30BAIMCh  JAaHHBIE DJJEKTPUYECKOro KapoTaxa. B Xome 93KCIepHMMEHTOB
COIOCTABJSUTUCh 3HAYEHUS CKOPOCTH MPOJOJIBHBIX BOJH, IOJYYEHHBIX IO JaHHBIM
CeMCMUYECKOTO KapoTaka, W 3HAYCHHUs YACITHHOTO COINPOTHBIICHUS TOPHOW mopozasl. B
pe3ynbTaTe aHanu3a Obuia moayveHa gopmyna (2.15):

v = a(ZR)s (2.15)
rae V — cKOpoCcTh MPOAOJIbHOM BOJIHBL, R — yaenbHOE 3JEKTPHUECKOE COMPOTHBIICHUE
wiacta (Om-'M). OmneHka MNOTrpemHOCTH IMPOrHO3a CKOPOCTH MO JIaHHOMY YPaBHEHHUIO

cocrasuia 1-2.5 %.

B ympomienHoM Bujie 3aBHCUMOCTh DaycTa MOKHO MPEICTaBUTh, Kak (2.16):
AK = const - (TVD - Resistivity)(~¢*P), (2.16)
rae, AK — uHTepBanmbHOE Bpems mpobera mpoaoibHoi BonHbl, TVD — rnybuna B

¢yrax, resistivity — ynmempHOE SJEKTPHYECKOE CONpPOTHUBICHWE, CONSt um exp —

SMITUPUYECKHUE KOIPPUITUEHTHI YypaBHEHUS.
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2.11. llerpodusnyeckoe MoieTMPOBAHUE HA IPOCTHIX MOJIEJIAX

Jlist 000CHOBaHUSI HAUYHS CBSI3H MEXIy CKOPOCTBIO MPOJIOJIbHON BONHEI U YO,
JUIS  pa3IMYHbIX T'EOJOTMYECKMX YCIOBHW OBUIO  BBINOJIHEHO METPOPU3NICCKOE
MO/JICIIMPOBaHUE.

B mMonenupoBanuu y4acTBOBAIM S5 TUIIMYHBIX YCIOBUM:

1. UucTeld  TECYaHWK TMPH  CTONPOLEHTHOM  BOJOHACBHIIICHUH, (IIIOH]
TIPECHBIN:

2. YucTelii MECYaHMK MpPU  CTONPOLICHTHOM  BOJOHACBILIEHUHU, (Iroua
MUHEpaIN30BaHHBbIN!

3. IlecyaHuK TJIMHHUCTBIM, MOPUCTHIA IPU CTONPOLEHTHOM BOJOHACHILICHUM,

(rou NpecHbIM:

4. IlecyaHMK IJIMHUCTBIN, NOPUCTBIA NPU CTONPOLICHTHOM BOJOHACHIILEHUH,
Guron1 MUHEPAIN30BaHHBIN:

S. IlecyaHUK KPYITHO3EPHUCTBIN MEP3IIBIA.

6. ['muHUCTBIN pa3pes, Mep3Iblil.

Jna ycnoeuii 1 — 4 BXOAHBIMM JAHHBIMHM SIBJSUIMNCH YCPEIHEHHBIE JIaHHBIE O
MuHepanuzanuy, Y OC miacToBoi BOAbI M TeMIieparypa ais yciaosuil Bocrounoit Cubupu
(Anrapo-Jlencko#t crynenu). B ciaydasx 5 u 6 MOJACTHPOBAIUCH MOPOJIbI, TUITHYHBIC IS
paspesa 3anannoit CuOupu: TJIMHBI, IECYUaHUKH, CYTIECH, CYTIIMHKH.

[TepBblif ciaydail — YMCTBIA NECYaHMK, HACBILIEHHBIM TpecHbIM (uougom. B
pacueTax MCHoab30BaIKCh Uil YOC — mMonens Apuu, I CKOPOCTH — MOJENb Yaliu u
Mozens [apanepa.

Munepanuzanus coctaBimsmia 1 1/m. CKOpPOCTh TPOJOJBHBIX BOJH B MaTpPHIIE
cocraBnsier 4000 M/c, ckOopocTh MPOAOILHOW BONHBI BO Quitonne — 1460 m/c. YOC B
matpuiie — 1000 Om-M, YOC Bo ¢mouge — 20 Om M. BapuaTuBHBIM mapameTpoMm JUIs
JTAHHOW MOJIENHU SBJIAETCS TIOPUCTOCTh, KoTopast mensiercs oT 0.1 mo 0.3 (Puc.12).

JlocTaTouHO XOPOLIO BUAHO, YTO AJIS IaHHOM CUTyalluu HaONI0AAaeTCs 3aBUCUMOCTD
Mexay YOC U cKOpOCTbIO TPOJIOJIbHONM BOJTHBI.

Bropoii ciyyail — 4MCThIN MECYaHUK, HACBIIICHHBI MHUHEPATN30BAHHBIM (DIIFOUIOM.
B pacuerax ucnons3zoBasuce s YIC — Monenb Apuu, 11 CKOPOCTH — MOJIENb Y ailjuik 1

Mozenb Paitmepa-Xanrta-I"apauepa.
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Vp, mic
3600
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2400

Mogenb Apun - Mogens Yainu
— — Mopaenb Apumn - Moaens MapaHepa

2000 Y3C, OM-M

0 200 400 600 800

Puc.12 Mogens YOC-Vp ans npecHoro ¢uironaa

Munepanuzanusi coctaBisia 300 /1. CkoOpocTh TPOJOJBHBIX BOJIH B MaTpHIE
coctasisier 4000 m/c, ckopocTh TpojosibHOM BoHBI BO ¢uronae — 1300 m/c, YOC B
matpuiie — 1000 Om'm, YOC Bo ¢aroune — 0.9 Om'M. BapuatuBHelM mapameTpom Jyis

JTAHHOW MOJIENH SBJIAETCS TIOPUCTOCTh, KoTopast Mensiercs ot 0.1 10 0.3 (Puc.13).
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0 10 20 30 40

Puc.13 Mogens YOC-Vp ans MuHepaan3oBaHHOTO (rouaa
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Jnis cimyyasi MUHEpaIM30BaHHOTO ()JIIOMIA TakKKe HAOMIoaeTcs CTaOMIIbHAs CBSI3b
Mexay YOC u CKOPOCTbIO TPOJI0JIBHON BOJIHBI.

HemanoBaxHoli sBiseTCs MoJelb I[E€CYAaHO-TIMHUCTOTO paspe3a. B pacuerax
ucnob3oBanuch s YIC — monens PeikoBa, 1711 CKOPOCTH - MOJIeNb XaHa.

Munepanuzanus coctaBisia 1 1r/m. CKOpOCTh TMPOJOJBHBIX BOJH B MATPHUIIC
cocraBnsier 4000 m/c, ckopocTh TpPOAONBHONW BONMHBI BO (mioume — 1460 m/c. YOC
CHUMAJIOCh C MAaJIeTKU i1 KOHKpeTHoW BennuuHbl Kr. BapuaTuBHbIM mapameTrpom Juist
JTaHHOW MoJenu sBINseTCS KOI(PPUIMEHT TTUHUCTOCTH, KOTOpbIii MeHsercs oT 0 mo 1

(Puc.14).

Vp, m/c
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4500
4000
3500

3000

2300 1 ——— PbIKOB - Tocans

= == == PpKOB - XaH
= + == . = Pbxos - KactaHba
2000 Y3C, Om-m

0 10 20 30

Puc.14 Mogens YOC-Vp ans npecHoro ¢urona

JlocTaTtouyHO XOpOIIO BUIHO, YTO IS JAHHOW CHUTyallMM HAOJIOMAeTCsl CTaOMIbHAs
cBs13b MeXAY Y IC U CKOPOCTHIO MPOAOJIbHON BOJIHBI.

Ha cnenytomem srtare B JaHHOM MOJENM MEHSJIACh MHUHEpalu3alus, KoTopas
cocraBuna 300 r/m.

B cnydae HacwlieHUss MUHEPAIU30BaHHBIM (ITFOMIOM TIECYAHO-TIIMHUCTON TTOPOJIBI
BUJIHO, YTO BO3HHUKAET BbICOKas aucnepcus 3aBucumoctu YOIC ot ckopoctH (10 50 %).
JlanHbplii GakT TOBOPUT O TOM, YTO MPH YBEIHMUYEHUH MHHEPAIM3AINH CTaOUIHLHOCTH

BOoccTaHoBJIeHUs ckopocteit u3 YIC pesko cumxaercs (Puc.15).
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Puc.15 Mogens YOC-Vp 1 MUHEpaIM30BaHHOTO (Ironaa

Crnyuail Mep3510ro pa3pe3a MOJAEIUPOBAJICS HA OCHOBE SMIIMPUUECKHUX 3aBUCUMOCTEN
A.H. boromro6osa ans YOC u no 3aBucumoctu B.W. [Ixxypuka mis Vp. MonenupoBanuch
cnydau ¢ Krn=1, Krn=0.3 u Krn=0. Temnepatypnsiii quanazon usmensuics ot 0 go -8 °C.

TakuM o00pa3oM, Mo pe3yabTaTaM MOJAEIUPOBAHUS MOXKHO CHAENaTh CIENyHOIIHe
BBIBOJIBI:

1. Jns ciydass 4MCTBIX TECUYAHMKOB, HACBIIIEHHBIX KaK IMPECHBIM, TaK U C
MUHEPATU30BaHHBIM (IIIONIOM, HAOMIOJAeTCsl JAOCTATOYHO CTAOWIbHASs CBSI3b MEXIY
CKOPOCTBIO IPOAOJBHBIX BONH U YIC, 4TO, B CBOIO OUYEPE]b, TOBOPUT O BO3MOKHOCTH
BOCCTAaHOBJIEHUSI CKOpocTH M3 YOC Il JaHHOTO THIIA pa3pe3a C BBICOKOM J0JIed
JIOCTOBEPHOCTH.

2. Jns  ciydass MecyaHO-TJIMHUCTOTO pa3pe3a, HACBIIMIEHHOTO MPECHBIM
daronIoM, Tak ke HabMogaeTcs cTadmIbHas CBI3b MeKTy Y IC U CKOPOCTHIO.

3. Jns ciydas NECYaHO-TIUHUCTOTO paspesa, HACBIILIEHHOTO
MHUHEPAIN30BaHHBIM (DIIFOMIOM, BO3HUKAET BBICOKHH pa3z0dpoc 3aBucumoctd YIC oT
ckopoctu (710 50 %). laHHbIii (haKT TOBOPUT O TOM, YTO MPHU YBEINICHUN MUHEPATU3AIIH,

CTaOMIIBHOCTh BOCCTaHOBJICHUsE ckopocTeit u3 YIC pesko cumxkaercs (Puc.16).
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Puc.16 Mogens YOC-Vp mep3ioro paspesa
4. Jlna Mep3ioro paspesa cBs3b CKOpOCTb—Y OC TakkKe O4YEHb BBICOKAs, UTO

TOBOPUT O MPUMEHUMOCTH OJIX0/1a Ha JAHHOM THIIE pa3pesa.
2.12. TunuvHble PU3NKO-TEOTOTHYECKHE MO
2.12.1. Moaejab MHOr0JIETHEMEP3JIbIX TOPO/T

DU3NKO-TE0JIOTHYECKAsT MOJIENb MEP3JIOT0 pa3pe3a ONUCHIBAETCS HA OCHOBE OJHOTO
u3 paspe3oB 3amagHoit Cubupun. MMII kak mno mjom@aaud, Tak M 1O TIyOHHE
XapaKTEpU3YIOTCS HEPaBHOMEPHBIM PpaCIpOCTPAHEHUEM M PA3JIMYHBIM CTPOCHHEM. B
mpenenax — M3y4aeMoro  perrioHa  BBIACNSAETCS  JBYXCIOWHOE  CTPOGHHME  TOJIIU
MHOTOJIETHEMEP3JIBIX MTOPO/I.

[TepBoiii  cinoit  MMII  ¢ukcupyercs no riayoun oxono 100-180 wm. Ilo
TEOKPUOJIOTHUECKUM XapaKTEPUCTUKAM CJIOW pa3fessieTcsl Ha CUIbHOJIBIUCTHIE MOPOJBI C
teMriepaTypoit okosio -4 — -5°C u conpotuBierremM no nanaeiM [MC ot 100 mo 2000
OM'M, a Takke MEHee JIBJAUCTBIC - C TeMreparypoid okoso -2°C ¥ COMpOTHUBIICHHEM, IO
nanabiM ['UC u3menstomumces B nuamnazone ot 20-100 OM M, MmecTamMu yYBEJIUYUBASICH J10
150-200 Owmrm. IlepBblif c€HOH OTOXIECTBISETCS C PACHPOCTPAHEHUEM  TOJIIU
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coBpemMeHHbIXx MMII, xapakTepu3yromuxcsi IOBBILIEHHOW JIBAUCTOCTBIO U HHU3KUMHU
temneparypamu. Ha riryoune oxono 50 M oTMedaeTcst mpociaoi MOpoJl ¢ COMPOTUBICHUEM
50-200 Om'Mm HesicHorOo TeHe3a. [lo Bceil BUAMMOCTH, NAHHBIA TPOCION MOXET OBITh
CBSI3aH C PACIPOCTPAHECHUEM MEKMEP3IOTHOIO BOJOHOCHOI'O TOPU30HTA.

IlepBblii  ciIOM  MEp3JOTHI  MOJACTWIAETCS  NOPOJAMHM,  HAXOIALIMMUCH,
IIPEIII0JIOKUTEIBHO, B TAIOM (OXJIQXKIEHHOM) COCTOSIHMM. MOIIIHOCTh TOPU30HTA TaJIBIX
nopoj cocrasisieT okojo 20 M. Conportusienue no ganubiM ['MC He npesimaet 20 OM M,
npeoOIagaroniue 3HauYeHus: conpoTuBiieHus — 5—10 Om-Mm.

Huxe otmeuaercs cioif, xapakrepusyromuiics no ganusiM ['MC conpoTuBiieHneM
okoso 25-40 Om'm. HHTepBanm MOXHO OTHECTH K paCHpOCTPAHEHHUIO PEIUKTOBOMN
MEP3JI0Thl, HAXOAIIENHCsS B MOPO3HOM COCTOSIHUU, 0€3 BKIIOUEHUH JIb/a.

Hanee, BHM3 1O pa3pe3y, pacupoCTPaHEHbl SOLEHOBbIE ONOKOBUIHBIE TJIMHbI
monuHBopcKoit cBuThL. [1o manubeiM 'MC conpotusnenue nmopoa coctasiuser 10-15 Om-m.
JloBOBHO BBICOKHE 3HauEHUs COIPOTUBIICHUS TOPU30HTA, CJI0KEHHOT'0
IPEUMYIIECTBEHHO TJMHUCTBIMU IOPOJAaMM, TIO3BOJISIIOT OTHECTH €ro Takke K
MHOTOJIETHEMep3bIM TopoJaM. Ha maHHOW IiIyOMHE JIbAMCTOCTh HOPOJ 3HAUUTEIBHO
CHIKaeTcs, a Temneparypa nosbimaercs 10 — 0.6 °C.

OTnoxeHust  JIOJMHBOPCKOM  CBUTHI  MOJCTHJIAIOT  MOPOJABI  PETMOHAIBHO
BbIJIEP’)KAHHOMN MECYaHUCTOM TOJIIM BepXHEH yacTu TuOeicannHckol cBUTHL. 1o qaHHBIM
anekTpopasBenounbix  pabor u  [MC, ornoxkeHuss  THUOEWCATMHCKOW  CBHUTHI
XapaKkTepu3yrTcs conpotusiieHueM oT 15 no 30 Om'M. AHanu3upys JaHHBIE I'€0JIOTrO-
reo(pu3nvecKuX UCCIEIOBAHUN, JAHHBII TOPU30HT TAK)KE€ MOKHO OTHECTH K PEIMKTOBBIM
MHOTOJIETHEMEP3JIBIM MOPOAaM, HaXOASIIMMCS B MOPO3HOM COCTOSIHUH, TJIe TeMIiepaTrypa
He npesbimaet 0.5 °C.

I'panuna pacnpocTpaHEHMs KpPUOJIMTO30HBI Ha TEPPUTOPUM  HUCCIEIOBaHUS
MIPEANONIOKUTEIILHO pacrojaraercss Ha rayoune okomo 450470 M, B mojomiBe

tuOeiicanuuckoi cButh (Puc.17).
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Puc.17 ®usuko-reosoruyeckast MOAEIb KPUOIUTO30HbI

2.12.2. Mopeab kapOoHaTHOro pa3pe3a (Bocrounass Cuomups)

BepxHsis yacTh paspesa, CIOXKEHHAs TEPPUTEeHHO-KapOOHATHBIMHU OTJIOXKECHUSIMHU
BEPXOJICHCKON M WIITMHCKOH CBHT CPEIHEr0-BEPXHETO0 KeMOpHS, a TaKKe OTIOKECHUSIMH
OpIOBUKAa W YETBEPTUYHBIMH 00pa3oBaHUsAMH, cj1ab0 auddepeHIpoBaHa o
aKyCTUYECKMM CBOMCTBaM. Ee MOIIHOCTh JOCTHUTaeT TMepBBIX COTeH MeTpoB. [lpu
HErTyOOKOM 3aJIeTaHWW 3TOW TOJIIH, B CAMOW BEpPXHEW ee 4acTu HaOII0aeTCsl TUIaBHOE
Bo3pactanue ckopoctu oT 800-1000 M/c Ha ryomne 20-30 M mo 2000 M/c Ha TIyOMHE
200-300 m. B memom, cpeaHue 3HaYCHUS CKOPOCTH MPOAOILHBIX BOH B BUP nocraTtouno

CTaOWIBbHBI U U3MEHSIOTCS B Tipeenax 38804840 m/c (Puc.18).
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leoanekTpuyeckass AkycTuyeckas
['eonornyeckas moaenb
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OTnoxeHus HepacuneHeHHble. Mecyanuku, aneBponuThbI,

BapapaHogckas cauta. MecqaHnku. Q,kr aprunnnTbI.

Witckas ceuta. Mecyanuku, aneBponuTbl, NNOCKOranevHble Ozkr2 BepxHsas noaceuT. MecuaHuku.

KOHIMOMepaThl.

Kpueonyukui sipyc
Kpueonyukuit cauta

BepxHsist noAceuTa. MecyaHuky, anesponuTbl, aprunnnTsi, O.kr
V3BECTHSIKM, AONOMMTHI. 251

HwxHas noacsurta. MecyaHuku, anespornuTbl.

HukHsIS NOACBITA. MeCUaHUKIA, AONOMUTEI, U3BECTHSKY cm..v/ CpenHwii-BepxHui otaensl. BepxoneHckas ceuta. BepxHsa noaceuTa.
’ ! 2873 | AprunnuTel, aneBpOUTLI, NECYAHWKN C NPOCTOSIMU Mepreneil, U3BeCTHSKOB.

YCTb-KyTCKWiA Apyc  YyHckuin apyc

YCTh-KyTCKWiA CBUTA

Puc.18 ®usuko-reosoruyeckas MOJeNb y4acTKa UCCIIEJOBAHUM

[To reodneKTpudYeckUM XapaKTEpUCTUKAM TEPBBIH OT TOBEPXHOCTH TOPHU30HT
xapaktepusyercst BBICOKUM conpotusieHreM 500-2000 OM'M 1 0TOXKAECTBIIAETCS 3/1ECH C
MOpOJIaMU YeTBEPTUYHOW cucTeMbl. Jlanmee mo paspesy 3ajieratoT MOpOJbl YCThb-KYTCKON
CBUTBHI HUKHETO OpJIOBUKA, MOPOJbI XapakTepu3yroTcs 3HadueHusMu YIC ot 60 go 500
Om'M. Ilopoabl BEpXOJIEHCKOM W MITMHCKOW CBHUT XapaKTepU3YIOTCS OTHOCHUTEIIBHO
NOHMKEHHBIMU 3HaueHusIMHU Y IC 50—-150 Om-m.

TakuM 00pa3oM, MOXKHO cJielaTh BBIBOJ, UYTO HAJMYME CBSI3U MEXAY MapaMeTpaMu
Ja)ke Ha KauyeCTBEHHOM YpPOBHE IMO3BOJISIET NMPUMEHSTh 3aBUCUMOCTU THIA «CKOPOCTb-

nopucTocTb—Y IC» B yCIOBHIX HEOTHOPOAHOTO pa3pesa Boctounoit Cubupu.
2.13. BeiBoabI K rJ1aBe 2

Jns cioydas 9HCTBIX TI€CYAHMKOB, HACBIMIEHHBIX KakKk IPECHbIM, TaK U
MUHEPATU30BaHHBIM (QIIIOMIOM, HaOJIOJaeTcs JOCTaTOYHO BBICOKAass W CcTaOuibHas
KOppEJALMS MEXAY CKOPOCTbIO MPOAOABHBIX BOJH U YOIC, 4rO, B CBOIO Ouepelb,
CBUJIETEIBCTBYET O BO3MOKHOCTH BOCCTaHOBJIEHUS CKOpOCTH M3 YOC Juid JaHHOTO TUIa

pas3pesa ¢ BBICOKOM J0JIeH T0CTOBEPHOCTH.
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Jis ciaydas MeCcYaHO-TIIMHUCTOTO pa3pe3a, HACBIIIEHHOTO TPECHBIM  (IIIOHIOM,
Takke HabmoqaeTcst crabmibHas CBs3b MeKTy Y OC U CKOPOCTHIO.

Jns ciydas mnecyaHO-TIMHUCTOTO pa3pes3a, HACHIIIEHHOIO MHHEPaN30BaHHBIM
¢iron10M, BO3HHUKAET BBICOKas aucriepcus 3aBucuMoctu YOIC ot ckopoctr (1o 50 %).
Jannaplii  pakT CBUACTEIBCTBYET O TOM, UYTO TIPU YBEIMYECHUU MUHEPATU3AUN
CTa0MJIBHOCTh BOCCTAHOBIIEHUS CKopocTel 3 Y IC pe3ko CHUKAETCs.

Jns mep3noro paspesa CBA3b «CKOPOCTh—YDC» TakkKe OUYeHb BBICOKAs, 4YTO
CBUJIETENHCTBYET O MPUMEHUMOCTH MOJIX0/1a Ha TAHHOM THUIIE paspesa.

Beuay toro, uro B3aumocBs3b Mexay YOC B CKOPOCTHIO MTPOJOJIBHBIX BOJH OYCHb
YyBCTBHTEIbHA K H3MCHEHHIO JINTOJIOTHUH, YTO MOATBEPIKIACTCS KAK CHHTCTHUECKUMU, TaK
U OKCICPUMCHTAIBHBIMU JITaHHBIMH, HE TMPEICTABISCTCS BO3MOXKHBIM  OIHCHIBATH
B3anMOCBs3b Mexay YOC u Vp onHoil koppensuuoHHoW (yHkuuen. Vcmonb3oBaHue
OJIHOBPEMEHHO HECKOJIbKHX 3aBUCHMOCTEH 3HAYUTEIBHO YCIOXKHSIET MpoIlece Mepecyera u
MOJKET CIIOCOOCTBOBAThH YBEIIMUYCHHUIO OITUOKH.

[TpencraBisiercs, 9To SMIHUpUIECcKUe (OPMYIbI, Takhe Kak ypaBHeHue dDaycra, B
KOTOpBIE 3aJI0KEH KOI(PPUIIMEHT, 3aBUCUMBIA OT JIUTOJIOTMH, CIIOCOOHBI 3HAUUTEIHHO

YOPOCTUTH MPOLECC Mepexoaa OT IJICKTPUICCKUX CBOICTB K AKYCTUYCCKHUM.
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I'JTABA 3. OCHOBbBI METOJA 30HANPOBAHUA CTAHOBJIEHUEM
OJISI B BJINKHER 30HE B MAJIOTTYBUHHOM MOJIU®HUKAIIANA

DJeKTpopa3Be/ika Hadyalla CBOS Pa3BUTUE B KAYECTBE METOJA TIPUKIIAJHON TeO(U3UKH B
Hayate XX Beka Omaronmaps (yHIaMEHTaIbHBIM HCclenoBaHHAM OpatbeB lllmromOepike
[Stefanesco et al., 1930]. Konpax u Mapcens [mromOepke mepBbIMH Hadaau u3ydeHne DM
HoJIei B 3eMHOM KOpe MOCPEeICTBOM BO3JICUCTBUS Ha HEE ANIEKTPUUECKUM TOKOM.

JlanbHelee pa3BUTHE 3JIEKTpopas3BeaKu cBsizaHo ¢ nMeHamu B.A. Cupoposa, B.B.
Tukmraesa, A.A. Kaydmana, I'M. Mopo3zosa, I'.I'. O6yxoBa, E.W. Tepexuna, [L.II. ®poroga,
FO.B. fxy6oBckoro, G.V. Keller, J.R. Wait u muorumu apyrumu uccnenopatesnsimu [Cumgopos
u 1p., 1969; Bespyk u np., 1994; Sxybosckuii u ap., 1964; Colani et al 1966].

B nHacrosiiiee BpeMsi OHMM M3 OCHOBHBIX METO/IOB 3JIEKTPOPA3BEAKU MPU U3YUYCHUU
ocamoyHoro dyexia rora CHOMpPCKOW IIaTGOpMBI  SBISIETCS METOA  30HIMPOBAHUS
CTaHOBJICHHEM MO B OimbkHeH 30He [["opHOCTaeB u ap., 1973]. Meron Hayan pa3BUBaTHCS B
70-80 rogp! XX BB., €ro NpoJIBMKEHUE CBsI3aHO ¢ uMeHamu [.A. Mcaea, @.M. Kamenenkoro,
A.A. Kaydmana, I."M. Mopososoii, A.K. 3axapkuna, b.11. Pabunosuua, B.A. Cunoposa, B.B.
Tukinaesa, L. Buselli, T. Lee, J. McNeill, K. Vozoff, P. Weidelt u ap. [Lee, 1984; McNeil,
1980; Buselli, 1982].

Meron 3Cb ocHOBaH Ha M3y4EeHHMH DIIEKTPOMArHUTHOI'O IOJISl, YCTAHABIMBAIOLIETOCS B
3eMHOM KOpe MpH pe3KOM M3MEHEHMH TOKa B UCTOYHHKE. BBIKITIOUEHHE TOKa B Te€HEPaTOPHOM
TNIETJIE€ BBI3bIBACT MOSBIICHUE WHIYKIIMOHHBIX TOKOB, KOTOPBIE PACHPOCTPAHSIOTCS OT JHEBHOM
MIOBEPXHOCTH Ha riryouny [JKmaHos, 1986].

Cucremy BO30Y)XIEHHSI MarHUTHOTO IOJISI M PETMCTPALMK CHUTHANIA OT HMCCIIETYeMOro
pazpesa MOXHO MPEACTABUTH ClieyromuM odpa3oM (cM. Puc.19). B cooTBeTcTBHM € 3aKOHOM
@apazes, Npu BBIKIIOYEHHM TOKA B TIEHEPATOPHOW IeTyie — IepBHUYHOro OM mons, B
nojcTuiaromux noponax uaaymupyercs I/1C. Ipuuem amrumryna 91C npornopruuoHaibHa
CKOPOCTH WM3MEHEHHUS IEPBUYHOIO MAarHUTHOro mnoist ucrounuwka. 2/IC, B cBOIO oyepenp,
CO3JaeT BUXPEBbIE TOKHM (BTOpUYHOE OM mose), KOTOpbIE 3aTyXarT B 3aBUCHUMOCTH OT
MPOBOAMMOCTH M T€OMETPUYECKHX MapaMeTPOB CI0EB — TaK HAa3bIBAEMOE CTAHOBJIEHUE IOJISL.
3aryxarolnye BHUXPEBblE TOKM CO3Aal0T BTOPUYHOE MAarHUTHOE II0JIe, a €ro CKOpOCTb
M3MEHEHMSI BO BPEMEHU M3MEPSIOT C IIOMOLIBIO IPHUEMHBIX JaTuukoB [Marsees, 1990; Byano

2012; Benukwus u ap., 1967].
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MarHUTHoOro nons MCTO‘IHVIKa)

BuxpeBbie Toku

BTOpVIqHOG MarHUTHoe norne
(HaBoAUTCA Ha NPUEMHYIO NeTIIo)

Puc.19 Cxemarnueckoe npeacTaBiIeHHe CUCTEMbI BO30YKIEHUSI BUXPEBBIX TOKOB
[Byano, 2012, 2020]

[TpneMHMKaMH pErHCTPUPYETCsl CUTHANI CTaHOBJIEHUS dekTpoMarautHoro nois (3C),
KOTOpBIM B JalbHEHIeM TpaHCHOPMUPYETCS B KPUBBIE KaXYIIErocs COMPOTHBICHUS (pt) U
Kaxymieics nmposoaumoctr (St) [Kameneruii u ap., 1993; 3axapkun, 1987; Illanopes u ap.,
1988]. TpanchopmaHTBl HMCHOJIB3YIOTCS IPU WHBEPCHH, PE3YJIbTATOM KOTOPOH SBISIIOTCS
KapThl ¥ pa3pe3bl CONMPOTUBIICHHS U poBoauMocTH [3axapkud, 1980; Hill, 1986].

Haunnas ¢ 70-x rr. meton 3Ch mpuMeHsieTcsl Ha BCEX CTAAMSIX T'eOJOrOpa3BeIOYHBIX
paboT: OT PETHOHAIBHBIX HCCIIECIOBAHUI 10 MOHHTOPHUHTOBBIX HaOMtOfeHWH. OCHOBHBIMU
3amadamu, crosmmumu tiepen 3Ch, sBISIOTCS M3ydeHHe HECTPYKTYPHBIX MECTOPOXKICHUI
He(TH 1 raza, paboTa B YCIOBUSX Pa3BUTHS COISHON TEKTOHUKU U pa3pbIBHBIX HAPYILICHUH.

Wuteprperanisi  JaHHBIX ~ DJIEKTPOMATHUTHBIX — 30HIUPOBAHUMA, TMOTYYEHHBIX B
pe3ynbTare TMOJEBBIX HCCIEIOBAaHWM, Yalle BCero Oasupyercs Ha MOJENH TOPU30HTAIBHO-
crouctoil. BaxxHoii yacTtbto unTepnperanuu AaHHbix 3Ch sBnsercs unsepcus. MuBepeus, nwim
pemieHre oOpaTHOM 3agaym, 3TO TpeoOpa3oBaHHE TeodU3MUECKUX TMoJeld B (Qu3MYecKue
Mozenu cpefibl. B anekTpopasBesike Mo MHBEpCHEH MmopasyMeBaeTcs o100p TeOPEeTUIECKOM
KpUBOM, pAacCUMTaHHOM B pe3yJIbTaTe pEHIeHUs NpSAMON 3aJaud dJIEKTPOPA3BEIKHU, K

MIPAKTUYECKOM (TMoJIeBOM). 3amaya HWHBEPCUM — TOJ00paTh TEOPETHYECKYIO KPHUBYIO K
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[IPAKTUYECKOM C MUHMMAIBHOM HEBA3KOW. HeBsska — Mepa OLEHKM TOYHOCTU WHBEPCHH,
YHCIICHHOE PACXO0XKICHUE MEXKAY IIPAKTUUECKON U TEOPETUUECKON KPUBBIMMU.

B nuccepranmonHoit pabore paccMarpuBaroTcs ucciaenaoBanus merogaom 3Ch ¢
IIPUMEHEHUEM HHIYKTMBHOW YCTAaHOBKM. YCTaHOBKa COCTOMT M3 HE3a3¢MIICHHBIX
KBaJIpaTHbIX T'€HEPATOPHON M IPUEMHBIX IETENb Pa3IM4HOro pasmepa. KOHCTpyKTHBHO
TeHepaTopHasl TEeTJIA BBIIOJHEHA M3 OJHOBUTKOBOTO MEIHOTO KaOelsi IOBBIIICHHOM
npouHoctu. [IpueMHas mneris MoxeT ObITh BBIIOJHEHA M3 OJHOBUTKOBOTO WM
MHOI'OBUTKOBOI'O MEIHOro Kabeis. YCTaHOBKAa C MHJYKTUBHBIM BO30YXJE€HHEM ObIBaeT
JIBYX BHJOB: C MPUEMHOW TIETNICH, BBIHECCHHOW 3a mpenensl reHepatoproit (Q-Q), u
COOCHBIMU TPUEMHO-TEHEPAaTOPHBIMU NETJIAMU, T.H. YCTaHOBKa «iemist B netie» (Qq).
OOBIYHO Ha NPAKTHUKE PEKOMEHAYETCSl HCIO0JIb30BaTh KOMOWHUPOBAHHYIO COOCHO-
pa3HECEHHYIO YCTAaHOBKY, KOTJa OT OJHOW I'€HEpaTOPHOW INETIM M3MEPSETCs] CUTHaJl Ha

COOCHOM1 M pa3HeceHHO! nmpueMHbIX meTsx (Puc.20).

Puc.20 CoocHo-pa3zHeceHHas yctaHOBKa M3Cb: KpacHBIM — reHepaTopHas NeTs,
3eJIeHBIM — MIPUEMHBIE TIETIIH.

Merton 3Ch MOXeT MPUMEHSIThCSI ISl PEIICHUS Pa3IUuYHBIX T€0JIOTMUECKUX 3a]1a4, B
OCHOBE KOTOPBIX JEKUT nuddepeHuranus Clararoilmx paspe3 TOPHBIX TMOPOJ IO
yAeIbHOMY AeKTpuaeckomy corpotusieHuio (YOC). ConpoTUBIeHHE TOPOT H3MEHSIETCS
B MUPOKKX mperenax. OnHa U Ta ke MOpPOojaa, OCOOCHHO OCaJOYHOTO TPOUCXOXKICHUS,
MOKCT UMCTb PA3JIMYHOC YACJIBHOC COIPOTHUBJIICHUC B 3aBUCUMOCTH OT €€ COCTOSHUA U
YCIJIOBHM 3aJI€TaHNsl, BHyTPEHHEN CTPYKTYpPBbI, TEMIIEPATYPhI U JP.

Hnst pabot merogqom M3Ch HCMONB3YIOT JABAa OCHOBHBIX THIA CETCH HAOIIOIACHUIA:

rioniaiueie U npoduibHeie. [IpodunbHble ceTn HabMOIEHNH B OCHOBHOM HCHOJIB3YIOTCH,
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KOTJa OTCYTCTBYET CETh CEHCMHUYECKMX npoduieii wim B ycIoBHAX pabOThl B
ypOaHN3UPOBAaHHBIX paiioHax. OCHOBHBIE IUIIOCHI TaKHX CET€ B TOM, YTO BO3MOXHO
MPOU3BOJIUTH PA0OTY B MPAKTUYECKHU JHOOBIX TOMOTpapuUeCcKUX YCIOBUSAX. MUHYCBI — 3TO

HHU3Kasl JIaTepalibHas paspernaroras crnocooHocts (Puc.21).

300 m 300 m

1
|
1
I
|
1
1

Puc.21 TIlpumep npodunsHoro pacnosnoxenus: ycranook Mm3Chb.

[Inomaanble ceTM UCHOMB3YIOTCS JUIsl PELIEHUS 3a]ad JEeTalbHOrO0 KapTUPOBAHMS
BEpXHEW 4acTh pa3pe3a. Takue CeTH NPOEKTUPYIOTCA IO 3apaHee HMEIOLICHCS CeTH
ceificmuueckux npoduiel. [InoTHoCTs Takux HaOmoneHu# coctasiuger 16 ¢.1./km? u 33

¢.1./xm? [[Lapmnos, 2017; Sharlov, 2017].
3.1. BozmoxkHoct MeToaa M3CB B pa3in4HbIX re0JOrH4ecKnX yCJa0BHsIX

3.1.1. Bo3amo:xknoctu meroaa M3Ch 1151 KapTHPOBaHUSI MHOT0JIETHEMEP3JIbIX

nopoj.

JUis ycrnemHoro NnpUMEHEHUS METOAMKM HEeoO0XOIMMO BOCCTAHABIMBATh MOJEIb
BYP c BeicOkO#i TOYHOCTBIO. CylECTBYIOT pa3zinuyHble MeTtoabl u3ydeHuss MMII, takue
KaK 3JeKTpoToMorpadus, celicMopa3Beka METOJ0M JydeBoil Tomorpaduu u ap. OnHako
CYILIECTBYIOT CJIO)KHOCTH, CBSA3aHHBbIE C TPYIHOCTSMH BBIMOJTHEHMSI MOJEBBIX paboOT B
3UMHUH TIepUOJl, a TaKXe CPaBHHUTEIbHO HHU3KOM TIIIyOMHHOCTBIO METOAOB. MeToJIbl
MaJIOTTYOMHHOW WHIYKTUBHOW 3JIEKTPOPA3BEIKM XOPOLIO 3apeKOMEHIOBaIM ceds B
JTAHHOM BOIIPOCE.

Ha  ¢QoHe BBICOKONMPOBOASIIErO0  pa3pe3a  MOBBILIEHHBIM  DJIEKTPUUYECKUM
COIIPOTHBIIEHUEM MOTYT 00JIafaTh MEpPCHEeKTUBHbIE B HE(PTEra30HOCHOM OTHOILIECHUH
TOPU30HTBHI, a TAKKE MHOIOJIETHEMEP3JIbIE TOPHBIE IIOPOJIBI BEPXHEW YacTH paspesa.

Kak u3BecTHO, Ipy OTpHULIATENIBHBIX TeMIIEpaTypax CBOOOJHas BOJa MEPEXOAUT B
Jel, W NPOXOXKACHHE TOKa Yepe3 MEP3NIYI0 IOpOAY OCYIIECTBISAETCS IO IICHKaM

He3aMmep3lIei, TJIaBHbIM 00pa30M, CBSI3aHHOW BOJIBI, OKPY)KAIOLIUM 3€pHAa MHUHEPAIHLHOTO
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ckenera W npAa. llpucyrcTBue JibJia, KaKk MOpoao00pa3yronero MuHepana, yKe camo 1o
cebe MEHSIET JJIEKTPUYECKUE CBOWCTBA MOPOJ, MPUCYIIME UM B TaJIOM COCTOSHUH, a
MHOr0o00pa3ue B3auMOJEUCTBUS He3aMep3lIeil BOJIbI ¢ MUHEPAIBHBIM CKEJIETOM U JIbJIOM
JIeJIaeT OYEHb IIUPOKUM JUANa30H U3MEHEHUS SJIEKTPUUYECKUX CBOMCTB B 3aBUCUMOCTHU OT
COCTaBa, CTPYKTYPbI U TUIA KPUOTCHHOU TEKCTYPHI.

3aBucuMocTh YOC Mep3IbIX PHIXJIBIX MOPoA (TadbKH, MECKOB, CYNECEH, CYTIIMHKOB,
IJIMH) C MAacCHBHOM KPHUOTEHHOH TEKCTYpPOW OT MX TeMIEpaTyphl M 3aBUCUMOCTh YOC
TalbIX PBIXJBIX MOPOJA OT UX COCTaBa W BIAXHOCTU IMPH HOPMAJIbHOW MHUHEpaTU3alud
Boabl (M=0.1- 0.3 1/1) W TONOXUTEIBHON TeMIlepaType NpPEJCTABICHbI Ha PUCYHKE

(Puc.22).

0.
7Py3- MM

0

ranoxa Necku Cynecu Cyenunku Inunsr

Puc.22 TlpubnmxenHas 3aBUCUMOCTh Y DC Mep3JIbIX PHIXJIBIX MOPOJ ¢ MACCUBHON
KPHOTE€HHOM TEKCTYPOU OT cocTaBa u TeMreparypbl U Y IC TalibIX MOpOJ OT COCTaBa U
BiaxHOCTH [Pekomennaruu.., 1984 r.]
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CTouT OTMETHUTH, YTO XapaKTEPHOH OCOOEHHOCTHIO MHOTOJIETHEMEP3JbIX IOPOA
ABJIIETCS MX HM3Kas 3JIEKTPOIIPOBOJHOCTh, COOTBETCTBEHHO, U BBICOKOE COIPOTHUBIICHUE
OTHOCHUTEJIBHO BMEILAIOIIUX [TOPOJ.

YroObl noaTBepIuTh 3 (hekTuBHOCTL NpuMeHeHus metoaa M3Ch 11 kapTupoBaHus
cTpyktypsl MMII, Obuio mpoBeAeHO MareMaTHyeckoe MojenupoBanue. Ha ocHoBe
JTaHHBIX OOKOBOTO KapoTaka ObUIa IMOCTpoeHa TreodnekTpudeckass moxaens BYP. Ilo
JaHHOM Mojenu ObuIM creHepupoBanbl kKpubble 3Chb u mpoBenena uaBepcus. MHBepcus
BBINIOJIHAJIACH B AaBTOMAaTMYECKOM pEXHMME Ha OcHOBe anropurma Hennepa-Mwuna.
Packperusuiucs mapamerpsl MomHocTd U YOC cnoeB. [lo pe3ynbraram BBINTOTHEHHOM
MHBEPCUM CPEIHSS MOTPEeIHOCTh onpezeneHus momuoctd MMII cocraBuna 1.7 %, yto
COOTBETCTBYET 2.4 M.

Hcxons U3 MpOBENEHHOIO MCCIIENOBAHUS, MOYKHO CHEJIATh YBEPEHHBIN BBIBOJ, UTO
meroa M3Ch kaptupyet obnactu pacpoctpaneHuss MMII ¢ BEICOKOM TOUHOCTBIO.

BpICOKYI0O TOYHOCTBH BOCCTaHOBIIEHUs CTPYKTypbl MMII moareepxaaer HE TOJIBKO
MaTeMaTUYeCKOe MOJIEJIMPOBAaHUE, HO M IPAKTHUYECKHUE IPUMEPHI. 3a OCHOBY B3SITHI
pe3yabTaThl padoT MO ABYM OOBEKTaM.

[TepBbIif 00BEKT pacionokeH B 3anoisipHoil yactu 3anagHo-CuOupcKoil paBHUHBI, B
BOCTOYHOM yacT Ta30Bckoro nmoiyoctpoBa. B oporuaporpaguueckoM OTHOIIEHUH paiioH
paboT mpexacTaBiseT coOOW  ClIAOOBCXOJMJIEHHYIO  paBHHMHY, IPEOOpa3OBAHHYIO
HPO3UOHHBIMU U KPUOT€HHBIMHU IpoleccaMu. AOCOIIOTHbIE OTMETKU pelibeda MEHSIOTCS
or 1.5 no 40 m. Ilo nanamadTHON XapakTepUCTHKE MECTHOCTb OTHOCHTCA K TYHJIpE.
Oxkono 80 % mom@aau 3ab0JI04YEHO, 3alIECEHHOCTh COCTaBisieT B cpeaHeM 3 % U
pUypoYeHa, B OCHOBHOM, K ToOWMaM pek. MHorosjeTHeMepsible MOpObl HA IUIOIIAIU
pacmpocTpaHeHbl TOBCEMECTHO, MOIIMHOCTh ux konebnercs or 150 go 300 M. 3oHbI
pacTeneHus NPUypOUEHBI K I0JIMHAM PEK, 03€paM U MOPCKHUM 3aJIMBaM.

[Io pmanHBIM  anekTpopa3BenouHbix pabor M3CB  oTmeuaercs  BbICOKas
muddepeHIIMPOBAaHHOCTh BEpXHEH yacTH paspes3a 0 abcomoTHON riayOouHbl okoio 400—
450 M. BepxHss wacTh paspe3a 3[€Ch acCOLMHMPYETCA C PACIpPOCTPAaHEHHEM IOPOJ

NaJICOTCHOBOM U ueTBepTUuHOM cucteM (Puc.23).
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Puc.23 ®parment reosnexrpuyeckoro paszpesa M3Ch (O0bexT 1) .

VYcnoBable obo3HaveHus: 1 — myHKTsl M3CB; 2 — reosnekTpuyecKue TOPH30HTBI U HX CONPOTHUBIICHHUS,
Om'M; 3 — CKBaXXHHBI TIIyOOKOTO OypeHus; 4 — paclpeleneHue TeMIepaTypsl ¢ IIyOUHOH B KPHOJIUTO30HE, 5 —
KapoTtaxkHast nauarpamma BK, 6 — kaporaxnas muarpamma compotusieHust (BK), Om'M; 7 — uHTepBan

PaCIpoCTPaHCHNA MHOT'OJIETHEMEP3JIBIX MTOPO B OTIIOKCHUAX ‘ieTBepTPI‘IHOfI CUCTCMBI.

[IpakTHyeckn MOBCEMECTHO B MHTEPBAJIe BEPXHEW YacTH paszpesa M0 TITyOHMHBI OKOJIO
80-100 M oTMewaeTcsl CIOW MOPOJ C CONMPOTUBICHUEM, H3MEHSIONIMMCS B JHAIa30HE OT
100 70 2000 OmM-M. MOIITHOCTH TOPU30HTA B CPETHEM COCTABIIAET OKOJI0 80 M.

YUuThiBas TEOKPHOJOTHYECKHE YCIOBHS yYacTKa WCCICJAOBAHHS, a TaKkKe
pacmpenelneHne TeOdTeKTPUUECKUX XapaKTEePUCTUK pa3pe3a, BHICOKOOMHBIH TOPH3O0HT,
BBIICTICHHBI B BEpPXHEW 4YaCTH pa3pe3a, acCOLUUPYETCS C OO0NacTbi0 Pa3BUTH
MHOTOJIETHEMEP3IIBIX TIOPOA B OTIOKCHUSAX YETBEPTUYHOTO BO3PACTA, MPEICTABICHHBIX
03epHO-ALTIOBUATLHBIMH, ALTIOBHATEHO-MOPCKUMHU H JIeTHUKOBO-MOPCKHUMH
OTJIOKEHUSMU. Mep3ible MOPOJbl XapaKTEPU3YIOTCS PE3KUM YBEITUYCHHEM BEITHUHHBI

YACIIBHOTO 3JICKTPUYCCKOTO COIIPOTUBJICHUS 110 CPABHCHUIO C BMCIIAOIITMUMU TOJIIAMH.
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Huxe no paszpesy, 1o riyounst 100-180 M conpoTuBieHre nmopoj NOHUKAETCS 10
20-100 Om'Mm, mecramu yBenuuuBasich 10 150-200 Om'M. 3HaueHHsS COMPOTHUBICHHSA
WHTEpBaja IO JaHHBIM KapoTa)ka Takxke mnoHmkatrorces 1o 20—-150 Om-m. MoiHocTb
TOpPU30HTA J0BOJIbHO M3MeHuYuBa — OoT 10 1o 100 M. Ha HEeKOTOpBIX ydacTKax, B MecTax
YBEJIUYCHUSI MOUIHOCTH MOACTHJIAIOMINX TOPU30HT MPOBOJAIIUX OTJIOXKEHUU MOIIHOCTh
TOPU30HTA CBOJUTCS MPAKTUUECKH K HYJIIO.

Momsbll ciIo mopoa A0 TiayOouHsl okojio 180 M mpeacTaBiseT coOOW TOJILY
COBPEMEHHBIX MHOTOJIETHEMEP3JIbIX IOPOJ, Pa3JENSIIOLIYIOCs Ha JBa TOPU30HTA IO
JIAaHHBIM 3JIeKTpopa3Ben0yHbIX padoT 3Ch.

Ecnu mepBbiil OT NOBEPXHOCTH CJIOM 3a CYET HU3KUX TEMIEpaTyp U HAIMYMS JIbJIA
xapakrepusyercst o gaHHbiM M3CbH 04eHb BBHICOKMM COMPOTHUBIICHUEM, TO HUKHUHN CIOU
Ha 3ToM ¢oHe numeeT Oosiee HU3kue 3HaueHus (50-100 Om-m).

[Tonmwxenue compotuBieHuss B HikHed dyactu MMII Moxer OOBSICHATHCS
pPa3sIUYHBIMU  (paKTOpaMHU: MEP3JOTHO-TUTOJIOTHUSCKUN (DAKTOp; HAIMYHME CKOILICHHMA
ra3oruJparoB U raza B CBOOOJHOM COCTOSTHUH.

Tosnury BBICOKOOMHBIX MHOTOJIETHEMEP3JBIX MopoJ Ha riyouHe okoso 180-200 m
MOJACTUJIAET TOPU30HT C CONPOTHUBJIEHUEM, HEe mpeBblmaromuM 20 OM'M, MOIIHOCTBIO
0K0J10 20 M.

YuuThiBasi MPEUMYIIECTBEHHO HHM3KHE 3HAUEHUSI COMPOTUBICHUS OTJIOXECHHH IO
naHHbM M3CB 1 KapoTaka CONpOTUBJIEHUH, YBETUUEHUE MMOKa3aHUN TaMMa-KapoTaxa o
OJIHOM M3 CKB@XMH HA YYaCTKE UCCJIEAOBaHMS, JaHHBIM TOPU30HT MOXHO
WHTEPIPETHPOBATh KaK PACTPOCTPAHEHUE TaJbIX (OXJIAXKIEHHBIX) IMOPOJ C yBEIMUYECHHUEM
TJIMHUCTOW cocTaBisironiell. Hanudure BO3MOYKHOTO pacHpOCTPAHEHHsST MEXMEP3IOTHBIX
TaJIMKOB MOATBEPKAACTCS pe3yabTaTaMu OypeHUs Ha MPUIIETAIONIUX TUIOIAIsX.

Huxe otmeuaetcs cioid, xapaktepusytouuiica no ganabiM M3Ch conpoTtuBieHuemM
0K0J10 25-40 OM'M ¥ OTOXIECTBIIFOLIUICS C PACTIPOCTPAHEHUEM PEITUKTOBON MEP3JIOTHI,
I7Ie TIOPOJBl HAaXOJSATCSA B MOPO3HOM COCTOSIHUM O€3 BKJIIOUeHWH Jbaa. [lamee, BHU3 1O
paspesy 3ajJeraroT J0I[€HOBbIE OMOKOBUIAHBIE TJIMHBI JIOJUHBOPCKOM CBUTHL [lo maHHBIM
M3CB conpotuBnenue nopoj coctrasisier 10—15 Om-M. JIoBOJBHO BBICOKHE 3HAUYEHUS
CONPOTHUBIIEHHUSI TOPU30HTA, CIO0KEHHOTO IPEUMYIIECTBEHHO TIJIMHUCTBIMUA TOPOAAMM,
MO3BOJIAIOT OTHECTH €ro TakXe K MHOTOJIeTHeMep3ibIM mopoaaMm. Ha nmanHoi riayOuHe

JBAUCTOCTH MOPOJT 3HAUUTEIILHO CHIDKAETCS, a TeMiepaTypa nossimaercs 10 — 0.6 °C.
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OTnoxeHus:  JIOJIMHBOPCKOM ~ CBUTBI  MHOJCTHIJIAIOT — IOPOJABI  PETMOHAIBHO
BBIJICP)KAHHON MMECYaHUCTON TOJIIM BEPXHEH YacTu THOeHCAIMHCKOW CBUTHI. 110 TaHHBIM
3JIeKTpopa3BeouHbIX paboT M3Ch OTI0KEeHHSI THOSHCATMHCKON CBUTHI XapaKTePU3YIOTCS
conporuBienneM oT 15 mo 30 OM'M. AHamu3uWpys JaHHBIE TEOJOr0-reopU3UICCKUX
UCCIIEOBAHUM, JaHHBIM TOPU3OHT TAaKXKE MOYKHO OTHECTU K  PEIIUKTOBBIM
MHOT'0JIETHEMEP3JIBIM [10POAaM, HaXOASIIKMMCA B MOPO3HOM COCTOSIHMM, TJI€ TEMIIepaTypa
He npessimaet 0.5 °C.

AHanu3upys TOJy4YeHHbIe Martepuanbl 1mo o0bekTy Ne 1, chemansl cremyroiue
BBIBOJIbI O PAacHpOCTPAaHEHHWU B TOJIIE BEPXHEHW 4YacTU pa3pe3a MHOIOJIETHEMEP3IbIX
HOPOI:

1. MMII kak 0o rmIom@aaAM, Tak MW 10 T[IYOMHE XapaKTepU3YIOTCs
HEpPaBHOMEPHBIM PAcCIpOCTPAHEHUEM M Pa3IMUHBIM CTpoeHueM. B mpexpenax uzydaemon
IJIOIAU BBIICIAETCS IBYXCIOHHOE CTPOEHUE TOJIIIM MHOTOJIETHEMEP3IIBIX OPOI.

2. IlepBblii €O OTOMXKIECTBISIETCS C  pAacCOpOCTPAHEHUEM  TOJIILIH
coBpemMeHHbIX MMII, XxapakTepu3yronuxcsi IOBBIIIEHHOW JIBAUCTOCTBIO W HHU3KHMH
TeMneparypaMu. BTOpoi €0l OTHOCUTCS K pPaclpOCTPAHEHUIO PEINKTOBOM MEP3JIOTHI,
HaxoJdulelcs B MOPO3HOM COCTOSIHUN 0€3 BKJIFOUEHUH JIbJa.

3. Tonmm pa3BUTHUS COBPEMEHHOM W PEIUKTOBOM MEP3IIOTHI PA3AEHAIOTCS
MEXMEP3JIOTHBIM TAJTUKOM.

4. ['panunia pacnpocTpaHeHUs: KPUOJIUTO30HBI Ha TEPPUTOPUU HCCIIEIOBAHUS
IPENOI0KUTENBHO pacioyiaraercst Ha riayonHe okoio 450 — 470 m.

Bropoit 00bekT B reorpaguueckoM OTHOIICHHWU DPACIIOJIOKEH Ha ceBepe 3amajHo-
Cubupckoil HU3MEHHOCTH B 30HE TYHIpHL. 3anaaHo-Cubupckas HHU3MEHHOCTh
oporpau4ecku MpecTaBiIseT cOO0H IIOCKYI0 PaBHUHY C aOCOJTIOTHBIMH OTMETKaMU OT
70 mo 180 M. OOBEKT HaXOAMUTCS Ha ceBepe OOJIACTH Pa30OLIEHHOTO 3aJeraHus
COBPEMEHHOU M JPEeBHEH MHOTOJICTHEW MEP3JIOTHl B CeBepo-OapeanbHOM 30HE. B paspese
BBIJICTISIETCS. BA CJIOSI MEP3JbIX MOpoJ. BepxHuii cioi, TOCTUraronui TOMMMUHEL 60 M,
3ajeraeT B HENOCPEJICTBEHHOH OJM30CTH OT MOBEPXHOCTH 3eMiH. BTopoil croi,
HA3BIBAEMBIN PEMKTOBBIM, UMEET 3HAYUTEIHLHO OONBIINI NUana3oH W3MEHEHHS TOJIIWH,
nocturaromuii 300 M. Ero BepxHss rpanuia 3aneraer Ha riiyomHax ot 100 mo 150 m.,
HIWKHAS — Ha TiyomHax oT 150 mo 300 M. XapakTepHO Haau4yle MHOTOYHCICHHBIX
CKBO3HBIX M HECKBO3HBIX TAJIMKOB IOJ PYCIaMH pPEK U 03€paMH, a TaKXKe PE3KOe

YBCIMUCHUC MOUIHOCTU CJI0A MCP3JIOTHI. OTI[GJII:HI:IG Y4aCTKH 03€p U CTAapHll pCK 3a CUCT
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BHYTPEHHUX T'€00HOIOTMYECKUX MPOIIECCOB HE UMEIOT JKECTKOTO JISASTHOTO TTOKPOBa JaXe
B CHJIBHBIE MOPO3BI.

[Io pmaHHBIM  MajoOINIyOMHHBIX  HMCCIIEJOBAaHMI  BEpXHSS  4acThb  paspesa
muddepeHIMpoBaHa MO TE€0dJIEKTPUYECKUM cBoicTBaM mopona. Ha rioy6Gune 50-100 m
OTMEUAETCsI TEPBBI TOJATOPU30HT, KOTOPBIM XapaKTePU3YeTCs BBICOKUMHU 3HAYCHHUSIMH
conpotusiienus 50-500 Om'm. B paitone ckBaxkuH 1 U 2 BBICOKOOMHBIE 3HAUYEHUSA
OTMeYaroTcs 10 rayounsl 150-175 m.

Bricokue 3HaueHus CONMPOTUBIICHHS MOATOPU30HTA OTUETIIMBO OTPAKAIOT HAIWYHE
MHOTOJICTHEMEP3JIBIX MMOPOJ B OTIOXKEHUSAX TayieoreHa. B paiione, rue nmpodmas M3Ch
MPOXOTUT dYepe3 OacceliH pPeKH, MOIIHOCTh MHOTOJETHEMEP3JBbIX IMOPOJa 3HAYUTEIHHO
cokpamraercst u cocraBisier 10-50 m. I[logoOHoe siBIeHUE CBA3BIBACTCS C HAIMUYHUEM

TAJINKOBBIX 30H.

MpaHuLa nepexoaa nopoz u3 CoxpalueHue
MEep3ri0ro COCTOSIHUSA B MouHocT MMI noa
Tanoe BOJOEMOM
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Puc.24 Teosnexkrpuueckuii pazpe3 M3Ch
VYcnosuble obo3Hauenus: 1 — myHkTel M3CB; 2 — reodnekTpryeckiue TOPU30HTEL U UX CONPOTUBIICHUS,

OMm-M; 3 — CKB)KMHBI INTyOOKOT0 OypeHwst
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Buuz mno paspesy oTMeyaroTcs MOATOPU30HTHI, COMPOTUBICHUE KOTOPBIX
coctaBisoT OT 2 10 30 OM'M, 4TO COOTBETCTBYET, B OCHOBHOM, INIMHUCTOMY COCTaBY
otioxxeunit BUP.

Pe3kast rpaguentHas 30Ha ymeHbleHus 3Hadenuit ¢ 50 — 500 Om'Mm 10 2 — 30 Om'M
OTOXKJIECTBIISIETCS ¢ TIEPEXOJIOM MOPOJI U3 MEP3JIOr0 B TaJO€ COCTOsIHUE. ['paHuiia MexIy
MEP3JBIMHU U TAJILIMU OTJIOKEHUSIMU UMEET BeCbMa HEPOBHBIN XapaKTep.

ITo pesynbraram M3Ch Ha 00bekTe No 2 MOXKHO CAENIaTh PsiJl BEIBOJIOB:

1. [To pe3ynbpTaTam ManorayOMHHBIX UCCIETOBAHHUM HA TEPPUTOPUH 3araIHOM
Cubupn oTmedaercss BbICOKas JU(PPEPEHINPOBAHHOCTh TEOIEKTPUIESCKOTO pa3pesa.
Oo6uacte pacnpoctpanenuss MMII oroxaecTisiercss ¢ 30HaMu Beicokoro YOC Ha done
ME3030MCKUX BBICOKOIIPOBOISIIMX OTJIONKEHUH.

2. [To KOHTpacTHOW TpaHMIIE CMEHBI JJICKTPHUYECKOTO COMPOTHUBIICHUS
ompeneicHa TpaHUIA Iepexoja IMOpPOJ W3 MEp3JIOr0 COCTOSHHS B Talloe, a TakkKe
MIPOCIICKEHO 3aKOHOMEPHOE cokpaieHrne MomuHocTd MMII B pubimkeHnu K BOJOEMY U

HEMMOCPCACTBCHHO IO HUM.

3.2. BbIBOIBI K I1aBe 3
Ilomy4yeHHble pe3ynbTaThl CBUICTENBCTBYIOT O BBICOKOM YyBCTBUTEIBHOCTH
curHanoB M3Cb k npucyrctButo MMII B BepxHell yacTu paspe3a [Uisl T€OJOTMUECKHX
ycnosuii BUP 3anannoit Cubupu. Ilo pesynbratam manornyOuHHBIX uccineaoBanuii 3Ch,
C YYETOM HH)XEHEPHO-TEOJOTMUECKUX, TEPMOMETPUUYECKUX HAONI0O/IEHHH, HA OCHOBAaHUH
U3y4eHUs Tnaneoreorpaduu M HUCCIEJOBAaHMM COBPEMEHHOM TI'€OKpPUOJIOTHYECKOM

00CTaHOBKH, BO3MOXHO COCTaBJIEHUE JAeTAIbHON (pr3nko-reomornueckoit moaemu BUP.
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IJIABA4.  [POTHO3 AKYCTUYECKUX CBOICTB PA3PE3A HA
OCHOBE JIAHHBIX M3CB

4.1. MeTo10J10Tus1 NMOIX0/1a K BOCCTAHOBJIEHHUIO CKOPOCTHBIX XapakTepuctuk BUP u3

naHubeIix M3CB

Onupasicb Ha paHee BBIIOJHEHHBbIE HCCIEIOBAaHUS [0 MaTEMAaTHUYECKOMY
MOJICIIMPOBAHHUIO OblJIa MPOAHAIN3UPOBAHA BO3MOXKHOCTH IMPHUMEHEHHSI SMIIMPUYECKOTO
ypaBHeHuss DaycTa A BOCCTAaHOBJIECHUS aKyCTUYECKMX CBOWCTB pa3pe3a MO JaHHBIM
M3Cb.

[To HaOmOaEHHBIM B I10JIE JTAaHHBIM BBINOJHSIETCS MHBEpCUs (pelieHne oOpaTHOM
3amaun  reodusmku). KonmuecTBeHHass HMHBEpPCHS — 3aKIIOYAeTCS B YHCICHHOM
MOJIEJIMPOBAaHUM  (pelieHuH OOpaTHOM 3aJayd  3JIEKTPOPA3BEIKH) TOPU30HTAIbHO-
CJIOMCTOM cpelipl, mapamMeTpsl KOTOpoi yBs3biBatoTcst ¢ JaHHbiMu [MIC, Gypenus. C
LEeNbI0  MHUHMMHU3ALUU  BIUSHUS — OPUHIUINA  HKBUBAJIEHTHOCTH, KOJIHWYECTBEHHAs
uHTepnpetanus marepuanoB 3Cb nmpoBoaUTCs B HECKOJBKO IIaroB, KaXAbIH U3 KOTOPBIX
BHOCUT CBOM BKJIaJ B KauecTBO IOJy4aemMoro pesyiaprata. llepBbiM 1m1arom
UHTEpHpEeTallii 3JIEKTPOPA3BEIOYHBIX JIaHHBIX SBJISETCS CcOOp ampUOPHOW TIeosoro-
reo¢pusndeckoit nHGopmarmu. Ha 3Tom mare aHanusupyercs HHGopMalus Mo CKBaKUHAM
r1yOOKOro OypeHHs, paclolaraloluMcs Ha UCCIEAYeMOH IUIOIMAAH, U3Y4atoTCsl JaHHbIE
['MC ckBakxuH omnpeaensitoTCs peruoHajIbHbIe MPOBOJSIINE U BHICOKOOMHBIE MapKepHBIE
TOPU30HTHI, OCYLIECTBISETCS JUTOJIOrO-cTpaturpadguueckas npussaska cioes. Ilo cetu
CKB&KUH OIIPENEISETCS BBIIEP)KAHHOCTh 110 MOIIHOCTM M IPOCTHPAHUIO OIOPHBIX
TOPU30HTOB. M3ywaroTcs MposBICHHs Marmaru3Ma W TEKTOHHYECKOW aKTHUBHOCTH,
OKa3bIBAIOLIME  BIMSHME Ha  CTPOEHUE  M3y4yaeMOW  TEppUTOPUH,  XapakTep
AJIEKTpOMAarHuTHOro nosisg. Omnpenensercs TMApPOreojJornyeckas XapakTepUCTUKa pailioHa
pador.

Ha BTOpoM miare ocymiecTBisieTcsl MOCTPOEHHE CTPYKTYPHBIX KapT MO OMOPHBIM
TOPU30HTAM, OIpeNesseTCs] TMOJIOKEHWE U3BECTHBIX T€O0JOTMYEeCKHX CTPYKTYp U
pa3pbIBHBIX HapylleHHH. Taxke OCyIIeCTBISAETCS OLIEHKA paclpeneseHus JIEKTPUUIECKUX
XapakTEepUCTHK pa3pe3a ydacTka paloT, OCYLIECTBISETCS IMOAOOpP  CTPYKTYpPBI
NEPBOHAYAJILHOW TEO3NEKTPUUECKOM MOAEIM B COOTBETCTBUM C IOCTPOCHHBIMH

CTPYKTYPHBIMH KapTaMH.
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Tpertnii mar BKJIO4aeT B ce0si MHBEPCHUIO CUTHAJIOB CTAHOBIICHHUS U IOCTPOCHHE
TEOIEKTPUUYECKUX pa3pe3oB. Ha 3ToM 1are reosnekTpuueckue mapaMeTpbl paspesa
OMPENENSIOTCS C HCITOJb30BaHKEM IporpaMmel naTepaperanuu Model 3 [Cypos, 2011].

YroObl mepelTH HEMOCPEICTBEHHO K IEepecueTy TIe0dJIeKTPUYECKHX Mojeneil B
CKOPOCTHBIC, HEOOXOJWMO  BBIIOJHHUTH pacueT M KaTMOpPOBKY ASMIHMPHUYECKUX
koopduuuentoB ypaBHenus Paycra. [ng pacuera KOIQOUIMEHTOB MCIONb3YETCS
ornopHasi ckBaxkuHa. OCHOBHOe TpeOOBaHME ISl TAaKOM CKBaXKUHBI — 3TO HaJIU4HUe
aKyCTUYECKOIro U OOKOBOI0 KapoTaXkeil B Kak MOXHO 0oJjiee IIMPOKOM Juana3oHe riyOuH,
HA4yMHas OT NEPBbIX METPOB. AJIbTEpPHATUBHBIM BaPUAHTOM SIBJISIETCS IPUMEHEHHE JAaHHBIX
BEPTHKAIBHOTO ceiicmuueckoro npodumuposanus (BCIT).

[TepBBIM TPOU3BOAUTCS MOOOP IKCIIOHEHTHI BBHLY TOTO, YTO UMEHHO OHA OTBEYAET
32 ypOBEHb HMTOIOBOW KPHBOM, KOHCTaHTa Ipu 3ToM (uxcupyercs. Ilpu goctrxeHuu
KOPPEKTHOI'O YPOBHSI KPHMBOM OSKCIOHEHTa (UKCUPYETCS M IPOU3BOAUTCA MOAO0D
KOHCTaHTBHI.

Jnsa cnyuyas nanuuus nanHsix BCII rpad pacdyera npuHIMOMAIBHO CXO0XK, OTINYHE
3aKJIIoyaeTcss B TOM, YTO TEpBbIM IaroM (QopMupyercs  JHUTOJOTHYECKHU-
TreHEpaIN30BaHHAasl MOJIENb, B PaMKaxX KaX<I0H JIMTOJIOTMUYECKON PAa3sHOCTH MPOU3BOJIUTCS
MHOTOKpaTHBIN Mepedop HSMMIUPUYECKUX KOIPPUIMEHTOB YypaBHEHHs. Pesynbratom
SBJISIETCS] YHUKAJIbHAs 1Mapa KOdOPUIIUEHTOB TSl KXKI0M JINTOJIOTHYECKOM pazHocTH. [1pu
JOCTHDKEHUM CyMMapHoro koag¢uiuenra xoppemsiuuu 1=0.9 u 6onee xo3huiueHTsI

CUMTAIOTCS MOA00PaHHBIMH.
4.2. KoMIuIeKCHAs MeTOUKA BOCCTAHOBJIEHHSI CKOPOCTHBIX XapaKTEPHCTHK pa3pe3a

Jloka3aB mpaBOMEpPHOCTh MPUMEHEHHS IMITUPUIECKON 3aBUCUMOCTH, ObLII COCTaBJIEH

rpad pacdera ckopoctHoi Mmonenu BUP (Puc.25).
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| PacuyeT CKOPOCTHbIX Moaenei |

| PacueTt ctaTnyecknx nonpasok |

Puc.25 IlpuHnunuanbHas cxema pacuera ckopocTHoM moaenu BUP Ha ocHOBe
nanHblx M3CbB uepes smnupuueckue 3aBucumoctu daycra

Ha Bxon mojarorcst nBa TUNA JAHHBIX: MEPBbIA THUI — TOYEUHBIE CKBAaKUHHBIE
JaHHbIe, aKyCTHUeCKUH U OOKOBOW KapoTaX, TakKe, NpPHU HaJIUYUH, BO3MOXKHO
ucnonp3oBanue JaHHbix BCII. Takoii Habop [OaHHBIX HEOOXOOUM [UId pacyera Hu
KAIUOPOBKU AMIUPHUYECKUX KOIPGIUIIMEHTOB. BTOpoil THUI AaHHBIX — 3TO ILJIOIIAIHBIE
nanasle M3CB, Omaromapsi BBICOKOW MJIOTHOCTH TUIOIIATHBIX HAOMIOJEHUN TO3BOJST
BOCCTAHOBUTH CKOPOCTHYIO MOJIENb C BBICOKOW CTENEHbIO TOUHOCTH.

[TepBpIM mIaroM BBITIONHSIETCS KanuOpoBKka kodd¢uiimeHToB ypaBHeHUs: Paycra Ha
STAJIOHHOM CKBaxkuHe. [lapamienbHO ¢ 3THM BbIMOJIHSIETCAS MHBEpcHs NaHHbIX M3CDB, B
pe3ysibTaTe KOTOPOM MOJYy4YaroT JIBa MapaMerpa: MociaoiiHoe pacnpenenenue YOC u
CTpyKTypHayio mojaenb BYUP. Jlanee BoImonHsETCS MpeoOpa3oBaHUE TeOITEKTPHUUESCKUX
Mojelel, noiaydyeHHbix o gaHHeiM M3Cb, B akyctuueckue Mojenu. 3a CUeT BBICOKOU
MPOCTPAHCTBEHHOM TJIOTHOCTH JaHHBIX M3CbB akycTH4YecKre MOJAENH MOJYyYEeHBI C IIaromM
100x300 m. Ha BeIXOA€ moONydaeTcst Ky0 CKopocTeil mpomoiasHbiX BosiH BUP ¢ BrIcOKOH

JIATEPAIBHON U BEPTUKAIIBHOM TOUYHOCTBIO.
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4.3. Bo3MOKHOCTH MPUMEHEHHUsI METOUKH /IUIsl yTOUHeHus1 Mmoaeiu BUP

B ocHoBe o6ocHOBaHMS JTH000T0 MOAXO0/A JISKUT MaTEMATUHIECKOE MOJICITHPOBAHNUE.
CyIIHOCTh SKCIIEpUMEHTA 3aKJII0ouaeTcsi B 000CHOBAHMM MPEJIaracMoi BBIIIE METOIUKU
Ha OCHOBE MaTeMaTH4ecKOro MojenupoBanus curuaioB M3Ch u naHHbIX ceficMopa3BeIKu
MeTo10M o61miei rryounHon Toukun (MOB OI'T).

DKCTIEpUMEHT BKJIIOYAET B Ce0sl CIEAYIONTUE IIIary:

1. Coznanue aKyCTUYECKOM MOJENU U3y4aeMoro 0ObeKTa Ha OCHOBE JAaHHBIX
AKyCTHUYECKOT0 KapoTa)ka OJJHOM M3 CKBAaXXMH HCCIIEyeMOro y4yacTka u ocnoxHenrne BUP
CJIOEM MHOTOJIETHEMEP3IIBIX IMOPOJI C HEPABHOMEPHOW MOITHOCTBIO.

2. Pacuer cuHTEeTHUECKHX CEiCMOTpaMM.

3. Coznmanue reodnekrpudeckord Mojgenu BUP Ha ocHOBe MaHHBIX OOKOBOTO

KapoTaxKa, CTPYKTYypa MMII 3anmaercs PaBHO3HAYHO aKYCTquCKOﬁ MOACIHN.

4. Coznanue cunrerndyeckux kpusbix 3Cb n ux 3amrymieHue.

S. ABTOMaTHUYECKas NHBEPCHS 3alIyMIICHHbIX JaHHbIX 3CB.

6. Pacuer craTnueckux mMonpaBoK Ha OCHOBE MEPBbIX BCTYIJICHUH.

7. Pacyer ctaTueckux nonpaBok Ha ocHOBe JaHHBIX M3Cb no npemnoxeHHon
METOUKE.

8. BBon crarnueckux MONPaBOK M CPABHEHHE HTOTOBBIX CHHTETUYECKUX
pa3pe3oB.

MopenvpoBaHue BOJHOBOW KapTHHBI MPOU3BOJIMIOCH B MPOrPaMMHOM KOMILJIEKCE
Tesseral Pro. Mozesnp co3maHa Ha OCHOBE JaHHBIX aKyCTHYECKOro KapoTaxa. Jlamee B
Mozaenb BHenpsuics ciod MMII, momHocth koToporo Bapbupyercs ot 100 mo 170 m.
Cxopocts mpoaoasHbIX BoJH B ciioe MMII cocrasmsier 4000 m/c, 4TO, B CBOIO OUYepe/ib,
COOTBETCTBYET BBICOKOJIBIUCTHIM MMII.

Pacuer cuHTETHYECKHMX CEWCMOrpaMM BBINOJHSUICS TPU TMOMOIIM  CBEPTKHU

CKOPOCTHOM MOJIeTH ¢ MMITyJibcoM Pukkepa yacroroit 25 I'iy (Puc.26).
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Puc.26 CkopoctHas mozneins co cioeM MMII: A — ckopocTtHast mozens; b —
celicMUYeCKHil OTKJIMK Oe3 pomnonHuTenbHoi 0opabotku (Tesseral Pro)

Crnenyromum 1maroMm Oblla TOCTpOEHA TeodjieKkTpudeckas moaenb BUP Ha ocHOBe
JTaHHBIX OoKkoBoro kaportaxa. ['eomerpust cios MMII HepaBHOMEpHON MOIIHOCTH OblLia
B35Ta C IIOCTPOEHHOW paHee aKyCTUYECKOM MOJenu. bbul BBINONHEH pacyeT
CUHTETHUYECKUX KpPHUBBIX. ABTOMAaTHYECKass WHBEPCUS TPOM3BOAWIACH HAa OCHOBE
anmroputma Henpepa-Mupa. Ilo  pesynbrataM WHBEPCHMH  BBINOJHSJICS — INEpECUET
BOCCTAHOBJIEHHOM T€0RJIEKTPHUYECKOW MOJENM B aKyCTH4ecKyro. [lanee, 3Has MONIHOCTH
MMII u BOCCTaHOBHB CKOPOCTHYIO MOJIE€Ib, MOXXHO INPOU3BECTH PACUET CTATUYECKHX
MOTIPABOK.

Ckopoctu mpoaoibHbIX BOJH Mo JaHHBIM 3CBb BoccraHaBinuBarTCAd € CpeaHel

norperrHocThio 14 %, uto sxBuBanenTHo 550 m/c (Puc.27).
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JTanoHHas CKOPOCTHas moaenb

BoccraHoBneHHas CKOpOCTHasa moaenb
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Puc.27 Cxkopoctras moaens MMII o nanusim M3Ch

N3BecTHO, 4TO CTaTHYECKHE MOMPABKU PACCUNTHIBAIOTCS PA3IUYHBIMU CIIOCOOaMU, B
HalleM ciay4yae OyJeT HCHOJb30BaH OJUH U3 TPAJUIMOHHBIX METOJ0B — pacyer
CTaTUYECKUX MONPABOK MO MEPBBIM BCTYIUICHUSIM.

[lepBbie BCTyIIeHHS aNMpPOKCHMHUPYIOTCS THUIEPOOIIOH, mocie 4ero moadupaercs
CKOPOCTh TaKUM 0Opa3oM, 4TOOBI THIEpO0Ia COOTBETCTBOBAJIA MEPBBIM BCTYIUICHUSIM. B
HallleM cy4dae CKopocTh Obuta paBHa 4110 m/c.

Jlanee nMpou3BOAMIICS pacueT CTaTHUECKUX MOMPABOK HA OCHOBE MPEACTABICHHS, YTO

CpelHsAsl MOIIHOCTh HeomgHopoaHoro ciogd MMII cocraBmsia npumepno 200 M.



[TomryueHHbIE CTATUYECKUE TIONMPaBKH OBUTA BBEICHBI B paszpe3, 0OpabOTaHHBIA 110
CTaHAapTHOMY rpady.

AHanu3upys CTPYKTYpHbIE TOCTPOEHHUS [0 TOJY4YEHHBIM pa3pe3aMm, ObLI caenaH
BBIBOJ], YTO CPEIHSS MOTPEUIHOCTh ONPENEICHUs LEJIEBOr0 ropu30oHTa cocrasisier 20 M.
(15 mc), uTo, B CBOIO OUYEPEb, SIBISETCS HEAOCTATOYHO TOYHBIM PE3YJIHTATOM.

CrnenyronmM 1maromM OBUT BBITIOJNIHEH pacueT M BBOJ CTATUYECKUX IIONMPABOK Ha
ocHoBe gaHHBIX M3Cb. 3a ocHOBY misa pacuera Obula B3sTa CKOpocTHas monaens BUP,
BOCCTAaHOBJICHHAs] paHEE€ Ha OCHOBE pe3ysibTaTa aBTOMAaTH4EeCKOW MHBepcuu. [ns pacuera
CTaTMYECKHUX IONPaBOK HCMOJIb30BaIach MoIHOCTH MMII, BoccTaHOBIEHHAs 1O
pe3yapTaTaM MHBEPCHUH, U CKOPOCTh B ci10e MMII, nonydeHHas B pe3ysbTaTe NPUMEHEHUS
ypaBHenuss ®aycra. Jlanee moJydeHHBIE CTATUYECKHE TOMPABKU OBUIM BBEIECHBI B
ceiicMorpaMmsbl, 00paboTaHHBIE TEMH K€ MPOLEAYPaMH, YTO U B MEPBOM ciydyae, B JBE
UTepaluu: BBOJ CTATUKU U KOPPEKLIUS.

AHaM3 CTPYKTYPHBIX IOCTPOCHHUM IO IIEJIEBOMY TOPH30HTY MO3BOJWI CleiaTh
BBIBOJI, UTO MPUMEHEHNE CTAaTUYECKUX MOmnpaBoK 1o gaHHbM 3Ch mo3Bommio goctuyb
cpeaHel norpemHocTy B 4 M (5 Mc).

YToObl OIEHUTh, KaKOH W3 METOAOB OIpeAeleHUS CTaTHUYECKUX MOMPABOK JaeT
HanboJiee TOYHBIA pPE3yJbTaT, OBLJIO BBIMOJHEHO COIMOCTABIEHHE PA3IMYHBIX BAPHUAHTOB
pacyera craruueckux mnomnpaBok (Puc.28). Mcxons w3 TMONy4YEHHBIX Pa3pe30B MOKHO
CHENaTh BBIBOJ, YTO PacyeT CTATUYECKUX MONPABOK IO MEPBBIM BCTYIUICHUSIM MCKaXKaeT
paspe3 U JaeT HEBBIAEPKAHHOCTh OTPAXKEHUH, B CBOKO OYepEelb CTATUUECKHUE MOMPABKH 1O
naHHeIM 3Ch mo3BOJIAIOT MOJIYYUTHh BbIIEp)KaHHbBIE OTpPaKeHUsI M Hambosee OIM3KHE K

CTapTOBOM MOJIENTH CTPYKTYpHBIe ocTpoeHus (Puc.29).
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Puc.28 ComnocraBneHue pa3HbIX MOJX0A0B K pacueTy CTaTUYECKUX MOMPABOK C
STAJIOHHBIM Pa3pe30oM: A — STaJIOHHBIN pa3pe3; b — pa3pes co cTaTnyeckuMu NoNpaBKaMH
no ganHbiM 3Ch; B — pa3pe3 co cTaTn4eckuMu MOMPaBKaMHy MO TEPBBIM BCTYIIIICHHUSM.

YcnoBHbIEe 0003HAYCHUS: JKEITHIM 1IBETOM BBIJICJICH LIETICBOM TOPU30HT
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Puc.29 Amnanu3 CTpyKTYpHBIX TOCTPOCHUHN C TPUMEHEHUEM PA3THUIHBIX MTOIX0JI0B K
OTIpE/ICNIEHUI0 CTATHYECKHUX TOMPABOK

YcnoBHbIe 0003HaUeHNs: 1 — OTMETKa I1eJIeBOro ropu3oHTa 0e3 ocioskHsroiero Bausiaius MMII (stasnon);
2 — OTMETKa LIEJIEBOr0 FOPH30HTA CO CTATHIECKUMH MOTIPaBKaMH IO IIEPBBIM BCTYIUICHUAM; 3 — OTMETKa LIEJIEBOTO

TOPHU30HTA CO CTATUICCKUMU NOIIPABKaMU 110 JaHHBIM m3Cbh.

4.4. BoiBoablI K 11aBe 4
[To pesynpTaTam HpOBENEHHBIX HCCIEIOBAHHMM MOKa3aHO, YTO JII pacyeTa CTaTUYECKUX
MOMPABOK MOKHO HCIOJIb30BaTh reodnekTpuyeckue monenu BUP, nmonydyennsie B Xxo/e MHBEpCUU
kpuBblx M3Cb. [Ipumenenne 3aBucumoctu daycra mo3BOJSIET TPOTHO3UPOBATH YIIPYTHUe CBOMCTBA
BEepXHEW dYacTu pa3pe3a Ha ocHoBe gaHHbIX M3Cbh, Takum 00pa3oM BBIMIONHATH MOCTPOCHUE

ckopoctHOM Mozenu BUP. BoccraHoBiIeHHE aKyCTHUYECKMX MOJECIIEH NMPOU3BOJUTCS HE TOJIBKO C
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BBICOKOM TOYHOCTBIO, HO M C BBICOKOM IPOCTPAHCTBEHHOW IUIOTHOCTBIO. Pacuer u BBeneHue
CTaTUYECKHUX TONPaBOK Ha ocHOBe AaHHBIX M3CH mo3Bosser momyuuth Oosiee MHPOpPMATHBHBIC

BPEMEHHBIE Pa3pe3bl U MOBBICUTH TOUHOCTh CTPYKTYPHBIX MOCTPOCHUIA.
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I'JIABA S. OIIEHKA I'EOJIOT MYECKOM Y®®EKTUBHOCTH
M CHOJIb30BAHUS MAJIOTJTYEUHHBIX 30HIUNPOBAHUI METOJIOM
CTAHOBJIEHMA 0. B BJIMKHEM 30HE JIJISI IPOTHO3A CKOPOCTHOM
MO/IEJIM BEPXHEN YACTHU PA3PE3A

5.1. Anrapo-Jlenckas cTyneHb

['eonmoruueckuii paspe3 Boctounoit Cubupu sSBiISETCS KpailHE CI0XHBIM O00BEKTOM
JUIl U3y4CHHUs] OCHOBHBIM HMHCTPYMEHTOM pa3BelOYHON TeopH3MKH — celicMOpa3BeaKOH.
[TpyunHON 3TOrO ABJIAETCSA KpaliHE BBICOKAs M3MEHUYMBOCTH JINTOJIOTUM BEPXHEW 4YacTH
pa3pe3a, pE3KONEPECEUYEHHbI  penbed, HAIUYUE  MHOTOJETHEMEP3JIbIX  MOpPOJ,
HEBBIJICP/KAHHBIX 110 POCTUPAHUIO BOJOHOCHBIX TOPU30HTOB, TEKTOHUYECKHUX HAPYILICHUN
U JIpyrux (akTopoB, KpailHE OCIOXKHSIIOUUMX O00pabOTKYy MaTepHalioB CEMCMOpa3BEAKU
[Kounes u np., 2009; I1esaKO0B, 2016].

B naHHOM KOHTEKcTe akTyalbHa pa3padOoTKa I0JXOa, MO3BOJSIONIETO MOBBICUTD
TOYHOCTb CKOPOCTHOM Monenu BYP, a 3HAUUT M CTPYKTYPHBIX IOCTPOCHHM ILIEJIEBBIX
TOPU30HTOB paspesa.

[Tpu npoBenenun ceiicmopaspeiounbix padot MmerogqoM MOB OI'T 3D Ha onHOM M3
yuacTkoB Boctounoit CuOupu mnomydeHbl NOJEBbIE MaTepUaibl, MOATBEPKIAIOIINE
aKTyaJIbHOCTb BBIIIETIEPEUHCICHHBIX MPOOIIEM.

Hccnenyemas Tepputopusi Haxomutcs Ha tore Cubupckoi miaardopmsr (Puc.30).
Pa3pe3  xapakrepusyercs  CIOKHBIMM  TEKTOHMYECKHMH  YCIOBHUSAMH:  HAJIUYUEM

CKJIIAA4YaTOCTH U MHOTI'OYHNCJICHHBIX Pa3pbIBHBIX HapyH.IeHHfI.

5.1.1. T'eostornyeckasi u reoKpuosioruyeckas xapakrepucruka BUP yuacrka

HCCJIeI0BAHUMI

BepxHsas uyacTh pa3zpe3a ydyacTKa MCCIEAOBAHUN CII0KEHA NOPOJAaMU CPEJHETO H
BEPXHEro KeMOpHs U OTJIOKEHUSIMH opAoBuKa. K cpeaHeMy-BepxHeMy OTAENTy KeMOpHs
OTHOCSITCSl BEPXOJIEHCKAs U UJITUHCKAsi CBUTHI, CIIOKEHHbIE KPACHOI[BETHBIMU TEPPUTEHHO-
KapOOHATHBIMU OTJIOXKEHHUSIMH, TIEPEKPHIBAIOIIIMMH TOPO/Ibl IUTBUHIIEBCKOW CBUTHI [/lees,

1972].
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Puc.30 Cxewma paiioHa paboT Ha CTPYKTYPHO-TEKTOHUYECKOW OCHOBE
[Crapocensbiies, 2018]

HwxHuii oTaen oploBUKa NPEACTaBICH HEPACWICHEHHBIMU YCTh-KYTCKOM U UHCKON
ceutamMu. OTJIOKEHUS COIVIACHO 3aJIEral0T HAa KPACHOLIBETHBIX IOPOAAX BEPXOJEHCKOM
CBUTHI. B HWXHEN 4acTh paspe3 MpeACTaBI€H AOJOMUTAMHU C IMPOCIOSIMH H3BECTHSIKOB
3€JICHOBATO-CEPBIX, TEMHO-CEPBIX, IIECUAHUKOB CEPBIX, CBETIO- M KEJITOBATO-CEPHIX. B
BEpXHEH 4YacTH pa3pe3 OpAOBUKA CIIOKEH I€CYAaHUKAMM, AJIEBPOJIMTAMH 3€JIE€HOBATO-
CEpbIMH, CEPBIMU, PEIKO M3BECTHAKAMHM KPACHOBAaTO-KOPUYHEBBIMHU. OTIIOKEHUS HUMEIOT
OTpaHUYEHHOE PACHPOCTPAHEHUE, Cllaras BEPXHHE YaCTH CKJIOHOB JOJIMH M OOJBIIMHCTBA

BOJIOPA3ICIIOB.
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Pa3pe3 xapakrepusyeT Haauyue CKJIAT4aTOCTH M MHOTOYMCIICHHBIX Pa3pbIBHBIX
HapyILICHUN.

Hccnenyemast TeppuTopusi HaXOMUTCSA B F0XKHOW 30HE cpemneit Cubupu. CoriacHo
CXeM€ TCOKpUOJIOTUYECKOTO  pallOHHpPOBAHMS, IO  CTEEHU  PACIPOCTPAHECHUS
MHOT'OJIETHEMEP3IIBIX MOPO/ BBIACISIOTCS ABE IPOBUHIIUU:

A) OCTPOBHOI'O pacHpOCTPAaHEHUsS, OCTPOBA MEP3JBbIX IOPOJA IPUYpPOUEHBl K
3a00JI0UEHHBIM y4acTKaM BOJIOPA3/eJioB, K JOJIMHAM PEK, MasaM, K MOJHOKUIO CEBEPHBIX
CKJIOHOB M 3aHuMaroT 10 10-25 % miomany;

B) penkoocTpoBHOTO M CHOPAJAMYECKOTO PACIpPOCTPaHEeHHS, 3aHUMaroImuX 10 30 %
iouaau

CornacHo cxeMme, MOUIHOCTh MEp3JION TOJIIM B MIpeaesiax U3ydaeMod TeppUTOPHUU
U3MEHsAeTCs B BOCTOYHOM Hampaiennn ¢ 20 mo 30 M. Mepsnas Tonma uMeEET
OJIHOCIIOITHOE CTpPOEHHE U MpeACTaBlIeHa MHOTOJETHEMEP3IbIMU MOPOJAMU PA3TUYHOTO
TeHe3uca, MPOYHBIMH, YIJIOTHEHHBIMHA, MOHOJUTHBIMU W TPEIIMHOBATHIMHU, MOKPBITHIMU
AIIFOBUAIIEHBIMU U JCIIOBUATBHBIMH OTJIOKEHUSMU MaJIOW MOIIHOCTH (70 3 M) pa3iudHON
JBAUCTOCTH. TPEIIUHBI U TyCTOTHI 3aMOIHEHBI JIbJ0OM YaCTUYHO WM MOJHOCTHIO.

B pervoHe J0CTaTOYHO IIMPOKO PacCHpPOCTPAHEHbl KPUOTEHHBIE PETUKTOBBIE
00pa3oBaHUsl CPETHErOJIOIEHOBBIX TEPMOKAPCTOBBIX (OPM TIO TMOBTOPHO-KUIBHBIM
JbJaM, B OCHOBHOM MPHUYPOYCHHBIM K HIDKHUM YacTsM CKJIOHOB M K JIHUIIAM JIOJHH.

Ce30HHOE OTTanBaHUE HAa TEPPUTOPUH HCcIe0BaHus He npeBbimaeT 0.4-1.5 m.
5.1.2. ®uzuko-reosoruyeckas moaesas BUP yuyacTka ucciienoBaHuii

Bepxusis vacth paspesa, CIOXKEHHas TEPPUTECHHO-KAPOOHATHBIMU OTJIOKEHUSIMHU
BerOHeHCKOI\/’I U WITUHCKOU CBHUT CPEOHETO-BEPXHETO KeM6pI/I$I, a TAaKX€ OTJIOKCHUSIMU
OpJIOBHKAa W 4YETBEPTUYHBIMHU 0OpazoBaHUsIMHU, ciabo auddepeHmpoBana 1o
aKyCTHYECKUM cBoiicTBaM. Ee MOIIHOCTh JOCTHraeT NEepBBIX COTEH MeTpoB. llpu
HErTyOOKOM 3aJIeTaHUM ATOW TOJIIM B CaMOW BEpXHEW €€ JacTh HaOIoAaeTCs IUIaBHOE
Bo3pacranue ckopoctd oT 800-1000 m/c nHa riybune 20-30 m go 2000 m/c Ha ryOuHe
200-300 m. B menom, cpeaHue 3Ha4eHHs] CKOPOCTH MPOAOILHBIX BOH B BUP nocraTtouno

CTaOWIIbHBI U U3MEHSIOTCA B Tipesenax 38804840 m/c (Puc.31).
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Puc.31 ®usuko-reosorunueckas MOJeNIb

[Io reosnexTpuueckUM XapaKTEPUCTHKAM TIEPBbII OT MOBEPXHOCTH TOPU3OHT
xapaktepusyercst BBICOKUM conpotusieHreM 500-2000 OM'M 1 0TOXKAECTBIIAETCS 3/1€CH C
IIOpOJIaMU YETBEPTUYHON cHcTeMBbl. Jlanee mo pa3pesy 3aleraroT IOpoJbl yCTb-KYTCKON
CBUTBHI HUKHETO OpJIOBUKA, MOPOJbI XapakrepusyroTcs 3HaueHusMu YIC ot 60 mo 500
Om'Mm. [lopoasl BepXOJIEHCKOW M MITMHCKOW CBUT XapaKTepU3YIOTCS OTHOCUTENIBHO

noHWkeHHbIMH 3HaUeHUsIMU Y IC 50—150 Om-Mm.
5.1.3. IIpodsieMaTHKa BOCCTAHOBJIEHHSI CKOPOCTHBIX XapakTepucTuk BUP

Jns ycnoBuii rora Cubupckoil miaThopMbl XapakTepHbl HECKOIBKO OCHOBHBIX
HEOJHOPOJHOCTEN BepxHel dactu paspesa [[IbsaKoB, 2016]. OCHOBHOM M3 HUX SIBISETCA
pe3KomnepeceueHHbI penbed ¢ KaHbOHOOOPa3HBIMU JOJWHAMHU PEK (TOPUCTHIN, CHIIBHO
pacuJIeHEHHBIN ), UMEIONIUI OYeHb KPYThIe CKIIOHBI, KOTOPHIE CO3[AI0T HEOIAronpusiTHIC
MOBEPXHOCTHBIE CEMCMOre0JIOTMYECKUE YCIOBUS ISl TMPOBEIEHUS CEUCMUUYECKHX
uccienoBanuii. s TEppUTOPUM UCCIENOBaHMS XapaKTepeH Iepenan aOCOMIOTHBIX
otMmeTok ot 700 10 1350 M, 9TO COOTBETCTBYET KpallHE PE3KO PACWICHECHHOMY pelibedy.

HemanoBaxxHy0 posib UIpaeT U3MEHUYHMBOCTH MOILIHOCTH 30HBI MAJIBIX CKOPOCTEH.
JIoCTOBEpHO OMpEeNUuTh €€ BO3MOXHO IO MUKPOCEHCMOKapOTaxy, 00JIACTh MOKPBITHS
KOTOpPOTO HE BCErAa JOCTaTOYHA I JOCTOBEPHOTO BoccTaHoBieHUsI 3MC, B CBA3U C yeM

3MC annpoKCUMUPYETCSI HEKUM CTIIaXKEHHBIM CIIOEM.
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AHanu3upysh BOJHOBYIO KapTHHY, OTMEYaeTcsi, 4TO MOPQOJIOTHUS OTPaKAIOIIUX
TOPU30HTOB COOTBETCTBYET IPaHUIIAM CMEHBI CKOPOCTEH B CKOPOCTHOM MOJIENH, KOTOPHIE,

B CBOIO OYEPE/Ib, COOTBETCTBYIOT MOP(OJIOTHH ITOBEPXHOCTH pelibeda.
5.1.4. PacyeT cTaTH4YeCKHUX MONPABOK TPAAUIIMOHHBIMH METOAAMH

B ciywyae wucnonb3oBaHMs B3pHIBHOTO HCTOYHHMKA HA MCCIEAYEMOM TEpPPUTOPUU
HOSIBJISIETCS BO3MOXKHOCTh MaKCHUMaJIbHO TOYHO OINPEAEIUTh XapaKTep H3MEHUHUBOCTH
BEpXHEM 4YacTM pa3pe3a M, Ha OCHOBE JAaHHOW MHPOpPMALUU  IOJYYUTh
YIOBJIETBOPUTEIBHBIE pe3ynbTaThl. KapTa CKOpOCTEH, pacCCUMTaHHBIX HAa OCHOBE JIaHHBIX
BEPTUKAJIBHBIX BPEMEH M TJIyOMH B3PBIBHBIX CKB@KHH, BCETAa XOPOIIO OTPa)KaeT
re0JIOTUYECKHE aHOMAJIMU B 30HE MallbIX CKOpPOCTEH, MOATBEPKIEHHS KOTOPHIX BCErja
MO’KHO YBHJIETh B IIEPBBIX BCTYIUIEHUSAX Ha ceficMorpamMmMax myHkTa B3pbiBa (I1B). Kpome
TOT0, UX MOKHO 3aKapTUPOBATh Ha ATAIle IMPOBEPKU I€OMETPUM IPU HAJIOKEHUU JIMHUU
MBIOTHHIa Ha ceiicMorpammy IIB: MBI nosyd4uM CyIEeCTBEHHOE OTKJIOHEHHE BpPEMEH
nepBblx BeTymeHui. Takum oOpa3om, anpuopHbIE CTAaTUYECKHUE MOMPABKH MOKHO
paccUUTHIBaTh C YYETOM aJIbTUTY/, BEPTUKAILHOTO BPEMEHU U IIIyOMH CKBa)KUH. JlaHHBIN
HOJXO/ TO03BOJIUT CKOMIIEHCHPOBATh OOJdbIIMHCTBO aHomanuii BUP B ciywae, ecnu
riyOuHa 3aJ10’)KeHMs 3apsijia BbIOpaHa KOPPeKTHO, a UMeHHOo 1o 3MC.

Jna pemenus npoOrnemsl, cBsizanHoi ¢ BUP, Ha onHoM u3 ywactkoB Bocrounoit
Cubupu mpuMeHsIach METOJIUKA, OCHOBaHHAss Ha 00paboTke rojorpada mperoMIeHHON
BOJIHBL. Ha mepBoM sTarme, Ha OCHOBaHUU IepecyeTa albTUTY]] MOBEPXHOCTH HAOIIIOICHUS
K MMOBEPXHOCTU MPUBEACHUS C MOCTOSHHONW CKOPOCTBIO, ObUT MOJIYYEH MpeaBapUTEIIbHBIN
cericmuyeckuil paszpes. I[lociegyromuye KOppEKIMM BBICOKOYACTOTHOW CTATUKW HE JAJIH
MOJIOKUTEIBHBIX pe3yibTaToB. JlJis BTOpPOro BapuaHTa HCHOJIB30BAINCH TOAOTrpadbl
NEPBBIX BCTYIUIEHHWH, COOTBETCTBYIOLIME MPENOMIISIIOIIEH TIpaHUIe, MO KOTOPBIM
BBIMIOJIHEH AHAJIU3 CKOPOCTEM IPENIOMJIEHHOM BOJIHBI C Y4YE€TOM HAaKJIOHA TIpaHMIIbI.
[TomyueHHass kapTa CKOPOCTEHl JOCTATOYHO TOYHO MOBTOpsUIa KapTy oporuaporpaduu
JTAHHOTO paiioHa paboT, 3TO MO3BOJIMIIO CENATh BHIBOA O BO3MOKHOM KOMIIEHCHPOBAaHUU
JaHHBIX AHOMAJIMM IIOCPEACTBOM IIPEJIOMIIEHHBIX BOJH. PaccunmTaHHblE CKOpOCTH
MCIIOJIb30BAJIMCh IIPU pacueTe CpPeIHENEPUOIHON COCTABIIAIOIIEH MO JaHHOMY YYacTKy C
MOCJEAYIONIEN BBICOKOYACTOTHON KOPPEKIMEH CTATUYECKUX MOMPABOK.

ITpu Takoli METONMKE YAAIOCh MOIYYUTh YIOBJIECTBOPUTEIbHBINA PE3YIbTAT, OJHAKO

Ha CEHCMHUYECKOM Pa3pe3e OCTAINCH 30HbI, TPEOYIOIIHE JOMOIHUTEIbHON Koppekuuu. [{ns
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TaKUX 30H OBUIO BBINIOJHEHO BBIICICHHUE IPEIOMICHHON BOJHBI OT HIDKEJIEXKalleH
rpaHuIbl, yciaoxHuB moaens BYUP. Jlns storo HEoOX0auMO ObUIO BBINOJHUTH PYYHOE
IIMKAPOBAHME TIEPBBIX BCTYIUICHUM, AAJIE€ BBIACIUTh OCHOBHBIE ITPEIIOMIIIOIINE TPAHUIIBI
U TOCTPOUTh MHOTrOCJIOMHYI Mozenb. Ha ocHoBe celicMuueckoil ToMmorpaduu ObuIO
BBINIOJIHEHO YTOYHEHHE MCXOIHOHM IUIaCTOBOW MoOJend W Obula TOJy4eHa JeTaibHas
CTPYKTypHO-cKOpocTHass Mmoxaens BUP (Puc.32), mocie »3Toro OBUIM TOJXYYEHBI
CTaTUYECKHE NONPABKH, KOTOPBIE TIOMOIJIA YYECTh CJIOKHBIN THII aHOMAJINH.

[Ipu pabGore ¢ ywactkamu Bocrounoit CuOupu mNpUMEHEHHE METOAMKH
NPEJIOMIICHHBIX BOJIH OY€Hb 3((EKTUBHO Ja)xe B ciaydae OOJIBIIOrO pacripoCTpaHEHHUS
MHOTOJIETHEMEP3bIX  mopoa. Paitonst  Bocrounoit  Cubupu  xapakTepH3yHOTCS
BBICOKOCKOPOCTHBIMU ITOPOJAaMH, UMEHHO N03TOMY jaxke npu Hanuuuu MMII Bo3mMokHO
HaOJI01aTh MPEJIOMIICHHBIE BOJIHBI Ha TpaHULAX pa3liena, Tak Kak Iepernajg CKOpOCTU
JOCTaTOYEH JUISl JOCTHXKEHUS KPUTUYECKOrOo YyIyla IpHUXOJa Jiyda, NpU KOTOPOM
POMCXOIUT 00pa30BaHUE MPETIOMIICHHBIX BOJH BJIOJIb TPAHHUIIBI Pa3/iea.

[l mOoBBIIEHNS TOCTOBEPHOCTH PE3YyJIbTaTa, & TAKKE€ KOHTPOJISI pacdyeTa MOJEIU
NpEeCTaBIsIeTCsT HEOOXOAMMBIM MCIIOJIb30BaTh KOMIUIEKCHBIE METOJbl KapTUPOBaHMS
aHomaimii  BYP, koTOpple  IO3BOJAIOT  CHU3UTH  DKBUBAJICHTHOCTb  PEILIECHUS

CEHCMOTe0JI0TNYECKON 3a/1a4u.
5.1.5. Pe3yabTaThl pacyera ckopocTHOi Moaesn no nanusiM M3Ch u BCII

Jns  pacdera koadduimMeHToB ucnoib3oBaiduchk jgaHHele BCII mo omnopHoit
CKBaKMHE. B mepByro odepenp MoaydyaroT 3HaY€HUSI HHTEPBAJIBHOTO BPEMEHM AJIS KaXKIOM
OTMETKHM TIyOuHBL. BO-BTOpBIX, BBIMOJHSAETCS MHOTOKpaTHbI mnepecuer monenu 3Ch,
MOJIyUEHHOM B TOUKE CKBAXXKHHBI, B aKyCTUYECKYIO MOJIENb; pacyeT BBIMOIHIETCS 0 TeX
1op, Moka He OyAeT JOCTUTHyTa MakCUMallbHas CXOAMMOCTb. B Hamiem ciyyae yaanoch
TOOUTHCS CXOAMMOCTH Mojienel ¢ kodddurmentom xoppensuuu 0.97.

CpennexBaapaTHYecKoe OTKJIOHEHHE MOJIYYeHHOM Mozenu He mpeBbimaeT 6 %, 4To

CBHUICTCIIBCTBYET O CcTaOMILHOCTH BOCCTAHOBJICHUS CKOpOCTHOﬁ MOJICIIH.
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ﬂn#croeéﬂ Moqlenb

424218 4678.91 5121.09 5557.82

Puc.32 CkopoctHas Mojens: A — nactoBast Mozienb, b — Tomorpaduueckas
MO/JIEJIb

B pesynbrate monbopa Obuto mosyyeHo 3 Habopa KOA(p@PHUIMEHTOB — 3 TpeHIa.
Tpean No 1 (mepBas rpynma Kod3(pQHUIMEHTOB) COOTBETCTBYET UYETBEPTUUHBIM
oTiIokeHusIM, TpeH T Ne 2 (BTopas rpynma K03 (HUIIMEHTOB) COOTBETCTBYET KapOOHATHBIM
OTJIOKEHUSAM YCTb-KYTCKOW CBUTHI, TpeHI Ne 3 (Tperbs rpynma ko3 UIHUEHTOB)

COOTBCTCTBYCT Kap6OHaTHBIM OTJIOKCHUAM BCpXOJICHCKOﬁ CBUTHI.
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lpaduk 3aBucumoctu Vp ot YIC

2600
YeTBepTUYHbIE
2400 A OT/IOXKEHUA

2200 ® ycTb-kyTCKas cauTa

2000

O
E A BepxoneHckas cBuTa
> 1800
Q.
>
1600 TpeHp Nel
1400
——TpeHp Ne2
1200
1000
——TpeHa Ne3
10 100 1000
¥Y3C, Om'm

Puc.33 TI'paduxu TpeHIOB AJisi pacueTa CKOPOCTHON MOJEIH

CTaOuIbHOCTH IOMYYEHHBIX TPEHIOB OlIEHHWBaIach Ha BepU(UKAIIMOHHON CKBAKHHE
Ha yuyacTke paboT. CpeqHee OTHOCUTENBHOE pacxoxkaeHue Vp, MOJYyYEeHHOTO MO JaHHBIM
M3CB, u Vp no ganasiM BCII coctaBuno 7 %. JlanHslii GakT mo3BOJSET ClENaTh BBHIBOJ,

4YTO TPCHABI CTaOMIBLHBI M MX MOYKHO HCIIOIL30BaTh.

Kanu6 YHan

P

H,m o H, Mo

y \’\_ ————— BCN

M3CBb

200 200

400 400

600

600

Vp, mic Vp, mic

0 1000 2000 3000 0 1000 2000 3000

Puc.34 T'paduxu BCII mo kanmuGpoBOYHOM 1 BEpU(PUKAIIMOHHON CKBAKHHE
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5.1.6. AHaIU3 NOJTyYeHHBIX CKOPOCTHBIX Mo/IeJIei

[Ipoananu3upoBas mnosiyueHHyt0 1o JaHHBIM M3CDB CKOpOCTHYIO MOJ€ib, MOKHO
OTYETVINBO YBUJETh BBICOKOCKOPOCTHBIE AaHOMaJMU-IMH3BL. [Ipm conocraBieHun ¢
IN1yOMHHBIM CEHCMMUYECKUM Pa3pe3oM YCTAHOBJIEHO, YTO JaHHbIE aHOMAJIUU COBIAJAIOT C
00JIaCTSMU yXy/IIICHHS BOTHOBOW KapTHHBI, 00pa3ys 3ddekt «renu» (Puc.35).

bbbl mponsBeneH ydeT MOoy4eHHOM CKOPOCTHOM MOJEIIN IIPU pacdyeTe U KOPPEeKLUUU
CTaTUYECKUX MOMNpaBoK. B pe3ynbrare ObLI clienaH BbIBOJ, YTO MPUMEHEHHE CKOPOCTHON
Mozenu 1o 1aHHbIM M3Ch 1o3BossieT He TONBKO JOCTOBEPHO BOCCTAHOBUTH MOIIHOCTD U
cTpykTypy 3MC, HO U KapTUpOBaTh JIOKAJbHbIE BBICOKOCKOPOCTHBIE JHMH3BI, U3yUCHHE

KOTOpbIX HeBO3MOkHO 1pu oMoty BCIT unu MCK BBuIy uX peakoit ceTH.

CkopoctHasa mogens BYP no aaHHbim m3CH A
10007 [Velocity [m/s]
\ 2000.00
X 1750.00
1500.00
g
8001 750.00
500.00
B 250.00
: 0.00
L MyOuHHLIA ceicMmyeckui paspes 3D MOI'T
(CranpaptHas obpaborka+PSDM) B

5
f

|

J

"

\
L}

(
(O}

f

‘

l
i
]

)

"
i

!
'f‘o
)

S

)

Puc.35 ComnocraBnenue ckopocTHON Mojenu 1o fasHsM M3Ch u rimyounHoro
cericmuyeckoro paspesa: A — CkopoctHas Mojenb o qaaHbM 3Ch, b — rimyOuHHbBIH
CECMHUYECKUI pa3pe3
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5.1.7. Pe3yabrarsl yuera ckopocTHoii Mojesu BUP no nanusiM Mm3Ch

[To momydeHHBIM MOJIENSIM OBUTH PACCYMTAHBI CTATUYECKHE TonpaBku. CTaTuueckue
MIOIPABKH, MOJIYYEHHbIE TT0 TAHHBIM MPEJIOMIICHHBIX BOJH, u3MeHstoTcsa ot 10 1o 110 mc,
B CBOIO OdYepedb IONPaBKH, IONy4eHHble W3 Mojaenu mno naanHeiM M3CH, Oomnee
muddepernupoBanbl M u3MeHsroTest oT 10 mo 200 mc. PacmpeneneHue craTHYeCcKHX
MOMPABOK, TOMYYEHHBIX IO 000MM METOJaM, MO IUIONIAd BechMa pa3inudHo. OTYETINBO
BUJIHO, YTO II0 JAHHBIM NPEJIOMJIEHHBIX BOJH B LIEHTPAJbHOM 4YacTH IUIOLIAJH
HauOOJbIlIME BEIMYMHBI MOMPABOK, TOrAa Kak mo AaHHbIM M3CBH B IeHTpalbHON 4YacTh

IUIOINAAX OHU MUHUMAaJbHBI (Puc.36).

&

I =l I .
0 1000 2000 3000 4000 M 0 1000 2000 3000 4000 m

Puc.36 ComnocraBieHne KapT CTAaTUYECKHUX MOMPABOK: A — MO JaHHBIM MEPBBIX
BeTymiieHui; b — no nanueim M3Ch

CpaBHEHHE CKOPOCTHBIX MOJEJCH, MOTYYCHHBIX 10 MPEIOMJICHHBIM BOJIHAM U IO
nanabiM M3CB, mokaspiBaeT, 4ro Mojenb mo gaHHbIM M3CB oTpakaer 3HAYUTETHHO

MCHBIIYIO  MOIONHOCTH 30HBI  MaJlbIX CKOpOCTefI, TaKXKXE€ OTMEYACTCsad  HaJIU4Hue
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BBICOKOCKOPOCTHBIX AaHOMAQJIMK B pa3pe3e, KOTOpPhIE HE JETEKTUPYIOTCS MO MOJIETHU
MMPCJIOMJICHHBIX BOJIH.

AHaM3 BpPEMEHHBIX pa3pe30B IOKA3bIBACT, YTO Ha IJTale ydeTa CTaTHYSCKHX
NONPAaBOK 33 peibed W CpPeAHEYACTOTHBIX TIOMPABOK OTMEYAETCsl CYIIECTBEHHOE
YIY4IIEHUE MPOCICIKUBAEMOCTH OTPAKAIOIIMX TOPU30HTOB MPH UCIOIL30BAHUU MOJCIU
no ganHeiM M3Cb. Ha paspese, mojJydeHHOM C HCIHOJIb30BAHUEM MOJEIH MO JAaHHBIM
NPEJIOMIICHHBIX BOJIH, OTMEUACTCS HAJIMYUE aHOMAIIMH-TEHEH, MPOXOJAIINX 4Yepe3 BeCh
pa3pe3. Ha paspese, nonydenHom no ganabiM M3Ch, Takue aHOMalIMH yIaeTcsi YaCTUYHO
MOJABUTH.

HOJ’Iy‘IeHHBIC PE3YIbTAaThl CBUACTCILCTBYIOT O IMOBBIIICHHUH Ka4Y€CTBa CYMMApHBIX
pa3pe3oB 10 yuera BbicokodacToTHOM (BY) cocraBmstomeit mpu HMCIOJIB30BAaHUU

CKOpPOCTHOU Mozenu 1o AaHHbIM M3Ch.

Puc.37 ComnocraBieHne CyMMapHBIX BPEMEHHBIX pa3pe3oB ¢ yuetom BU
COCTABJISIIONIEH: A — 1O JaHHBIM TIEPBBIX BCTyIUIeHUH, b — mo qanasiM M3Ch.

Ha rpaduke arpudyra RMS (cpennexBanparuueckas ammiutyaa Ol B ckoib3siemM
okHe) mo OI' H2 oT4eTnMBO BHUIHO TOBBINICHUE YWCICHHBIX XapaKTEPUCTHK TAaHHOTO

napameTpa Ha paspese 1mo qaHHbM M3Ch.

75



Amnnutypay.e.
25000 Tomorpadmyeckuii nogxon
Mo aaHHbIM M3CB

20000

15000 —% ["VV‘VN./'
10000 A /”'\\W A/V R
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obnacte novepy koppensumor 77 ]

Pt

Vi

0

Puc.38 TI'paduk arpudyra RMS amplitude

Jns Oojee HariasAHOW BHU3yaln3allMM YIy4dLIEHHS KadecTBa pas3pe3oB ObUIN
HOCTpOCHBI pa3pe3bl arpudyra RMS u paspesst atpubyra Variance (aucmepcusi, aHaior
korepenTHocTH). Ha paspesax atpubyroB RMS u Variance BusyaisHO BHIHO, YTO paspes,
MOJYYEeHHBI ¢ yd4eToM Mojenu mo aaHHeiM M3CB, oTimyaercst Gonee CymeCTBEHHBIM
ypoBHeM aMmrumaTyael RMS u moBblmeHumem kadectBa mpociexuBaemoctd Ol 1o
aTpubyty Variance, HexelM aHAJOTWYHBIA pa3pe3, MOJNYYCHHbIH C y4eTOM MOJEIH IO
JaHHBIM TOMOTrpaduu nepBsix BerymieHui (Puc.39, Puc.40).

TWT, mc TWT, mc

Seismic (default) [Seismic (defagit)
10000.00 _400-] 1200000
. 8000.00
200000 6000.00
- 000

l  fieese seos

4 :
-800 .'

-1000

-1200

0 500 1000 1500 2000 2500m 0 500 1000 1500 2000 2500m
e — — e — —

1:50000 1400 1:50000

Puc.39 ComnocraBnenue pa3pe3oB atpudyra RMS: A — o maHHBIM TIEpPBBIX
BeTymienuil, b — no nanusiM M3Cb.

VYcnoBHbIe 0003HAYEHUS: KPACHBIM MPSIMOYTOJILHUKOM 00J1aCTh YBEIMYEHUS! CEHCMUUECKUX
AMITIATY/T
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TWT, mc TWT, mc
Seismic - Variance|
1.00

A -400 0.90

Seismic - Variance |
1.00

-400- 0.90
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-1200 -1200
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500 1000 1500 2000 2500m

1:50000
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1:50000

BT W
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Puc.40 Comocrasienue pa3pe3oB arpudyra Variance: A — 1o JaHHBIM MEPBBIX
BcTymienuil, b — no nanasim M3Ch.

VYcinoBHple  0003Hau€HMs: KpPacHbIM  IPSAMOYIOJIbHUKOM  00JNacTb  IMOBBIILICHHUS

KOICpCHTHOCTU

AHamM3Upysl KapThl KOTE€PEHTHOCTH, MOXHO OTMETHUTh, YTO MO JAHHBIM MOJEIHU
M3CB BBIZIEISAIOTCS aHOMAJIMU KOTEPEHTHOCTH, OTPAKAIOIIME PA3BUTYIO ISl JTAHHOTO
y4acTKa COJIIHYIO TeKTOHUKY. Ha nmeBoMm cpese IMHaMUYeCKH MHTEpBajl Ccllado BBIPAXKEH,
OTpPaKeHHsI OCIOKHEHBI MHOTOUYMCICHHBIMU WHTEp(EpEHIIMOHHBIMU 30HaMU. B paiioHax
pPa3BUTHUSL COJISIHBIX MOJHSTUM BOJHOBAas KapTHHA MEHSETCS Ha XaOoTHYECKYH0, C
OTAEJNBHBIMHU, Pa3HOHAINPABICHHBIMU, W30THYTHIMH, KOPOTKHMH, HE KOPPEIUPYEMBIMU
OTPaKEHUSIMH, YTO HE TMO3BOJISET JIaTh OLIEHKY MOP(HOIIOTUH OTPAKCHHIA.

Ha mnepBom cpe3e HaOmomaeTcss yIydllleHHE KauecTBa MPOCIEKUBAEMOCTH
cericMuuecknx oTpaxeHud. OTpakeHus TUHAMUYECKH 00Jiee BRIPAKEHBI 33 CUET HATUYHUS
KOHTPACTHBIX aKyCTHYECKHX TpaHuIl. Spko BeIpakeHa MOpP(}OJIOTHS BAJIOBBIX CTPYKTYP.

KapTI/IpyTOTCSI CKJIIAAKU T'PAaBUTAIHUOHHOTO CKOJIbKCHUS .
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Puc.41 Cpes arpudyra «KorepeHTHOCTE» B HHTEpBaie -650 Mc (KpOBIIs
JUTBUHIIEBCKOM CBUTHI): A — 0 JaHHBIM NEPBbIX BCTyruieHuH, b — no nanueivm M3Ch.

Takum oOpa3oM, MOXXHO cJenaTh BBIBOJ, YTO HCHoJib3oBaHuEe AaHHBIX M3CBH mpu
o0pabotke aaHHbIX 3D MOI'T mo3BoisieT yaydIIuTh MPOCIEKUBAEMOCTh TOPU30HTOB U
JUHAMUKY Kak Ha sTame Jo ydera BY cocraBnsromieil, Tak ¥ Ha (uHaAIBHOW CTaguu
00paboTKH.

OnHako HEOOXOMMO OTMETUTH, YTO YIIYYIICHHE KaueCcTBAa CEHCMHUECKUX Pa3pe3oB
HaOJroal0TCs HEe BO Beex ciydasx. Ha psne paspe3oB Habmomaercss oOpaTHbIi 3ddext
YXyJIIEHUs] TMHAMHUKHN U KadecTBa npocinexuBanus OI'. Takum oOpa3oM MOXKHO clenaThb
BBIBOJl O TOM, YTO NMPHUMEHEHHE METOAMKH HECET IOJIOKUTENBHBIA dPPEKT TONBKO Kak
4acTh KOMIUIEKCA METO/IOB M HE SIBIISIETCS CAMOCTOSITETIHHON 3aMEHOW TpaJaWIMOHHBIM

noaxojam (Puc.42, Puc.43).
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Puc.42 ComnocraBneHne CyMMapHbIX BPEMEHHBIX pa3pe3oB ¢ yuetoM BU
COCTABJISIIONIEH: A — O JaHHBIM TIEPBBIX BCTyIUICeHUH, b — mo qanaeiM M3Ch.
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Puc.43 ComnocraBnenue pa3pe3oB atpudyra RMS: A — o maHHBIM TIEpPBBIX
BcTymienuil, b — no nanasiM M3Cb.

5.2. Hencko-boTyoO0MHCKAs1 aHTeK/IN3a
5.2.1. ®dusuko-reojornyeckas Moaear BUP

B paspese ocagoyHOro uexyia BBIJCNSAIOTCS TPU  OCHOBHBIX  JIUTOJIOTO-
cTpaTUrpauyecknx KOMILIEKCa: BEHI-KeMOPUHUCKUN MpEeruMYIIeCTBEHHO KapOOHATHBIH,
BEHJICKUH TaJlOTeHHO-KapOOHATHBIM W BEHI-pUdelckuid KapOOHATHO-TEPPUTCHHBIM.
OCOOEHHOCTBIO TEPPUTOPUU DPAOOT SABJISIETCS OTCYTCTBHE B pa3pe3e Colel yCOJIbCKOM
CBUTHI (BO3PACTHOI aHaior HEIOMHCKOW, OPETMHCKOM W OUIMPCKONW CBUT) HUKHETO
kemOpusi. Kpome Toro, x oro-zamaay OT ydyacTKa YCOJbCKas CBUTa IpEACTaBJICHA

0€ecCoJIEBOU TOJILIEN JOJIOMUTOB U U3BECTHIKOB.
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Jnis pa3pesa ocaJoyHOrO 4exja HMCCIeTyeMOro y4acTKa cocTaBjieHa 00oOuieHHas
OJTHOMEpHAsi TEOJIEKTpUYEcKass Mojeldb Mo AaHHbIM bBK, s KOTOpoil XapakTepHO

HaAJIMYKE TIPOBOIAIINX U HEMMPOBOASAIINX HHTEPBaIoB paspesa (Puc.44).
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Puc.44 T'eosnextpuyeckas Mozenb Mo JaHHBEIM BK

B pesynbrate reomornueckoil muTepnperanuu jnaHHbIX M3CB ¢ ucmons3oBaHHEM
reojorudyeckord kapTtel MacmTaba 1:200000 (moxm pen. bopoBukoBa) mocTpoeHa
CTPYKTYPHO-TEKTOHHYECKAss MOJICTb BEPXHEH YacTH pa3pe3a W BBIICICHBI 30HbBI PA3BUTHSI
Pa3yIIOTHEHHBIX TPEIINHHO-KaBEPHO3HBIX KOJUIEKTOPOB, HACBIICHHBIX
BBICOKOMHHEPAIN30BAaHHBIMH  BOJaMH, a  TakKe  MpearnoyiaraeMble  30HBI
KapcTooOpa3zoBanusi. COrfacHO CTPYKTYpPHOMY KapKacy, BIIOJIb FOT0-BOCTOYHOM T'paHHIIBI

ydacTka npociexuBaercs VBanymkuHckuit (w/mnum Yactunckuit) Ban. Ha ceBepo-3aman
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napajuiebHo Hemy Kaprupyercs Kupenrckuit Ban. VBaHyIIKMHCKHMH Ball IO €ro
TeOdJICKTPUYECKIM TapaMeTpaM B pa3pe3e AIbISTHCKO-OMIUPCKON CBUT XapaKTepHU3yeTCs
BBICOKOM TNPOBOJMMOCTBIO, OYEBHJHO CBA3aHHOW C IOBBIIIEHHOW TPEIIMHOBATOCTHIO

nopona B HpHOCCBOﬁ qaCTHu BaJia.

5.2.2. IlpodsieMaTHKA BOCCTAHOBJIEHHSI CKOPOCTHBIX XapakTepuctuk BUP

OcHOBHBIMU  aHOMaNeoOpasyromumMu  oobektamu BYP  sBisioTcs  kapcToBble

MOJIOCTH, CO3/IAI0IINE 30HBI Pa3yIUIOTHEHHUS, U pa3BUTast TpemuHoBatocTh (Puc.45).

alg-nlb V —
4100

-200 ' s . T - 200
-300 - e A e =l o L~ Y- L0 e
400 7 e W === o 400
H, m , M
npe,qﬂﬂnafaeMble KapCTOBbIE OﬁpaaﬂﬁaHlﬂﬂ npe,qﬂﬂnarﬂe MAA 30HE TPEWWHOBETOCTH

Puc.45 Teonoruueckuit pazpe3 BUP yuacTka uccrnenoBanuii

CelicMuueckue  paspesbl ucciIeayeMon TEPPUTOPUU  XAPAKTEPU3YHOTCS

MIOBCEMECTHBIMH 00JIaCTAMU MOTEPU OTPAXKEHUN M CKBO3HBIMH aHOMAJIHSMHU.
5.2.3. Pe3yabTaThl pacyera ckopocTHol Mozeu no fanHbiM M3CB n BCII

Hnst uccneayemMoil TeppUTOpUU ObUT MPOM3BENIEH PACUeT CKOPOCTHOW MOJENH M3
nanabix M3Cb ¢ npuMmeHnenuem ypaBHeHust daycra.

B pesynbrate monbopa Obuto mosyueHo 4 Habopa Kod(pPUIMEHTOB — 4 TpeHna.
Tpenna Ne 1 (mepBast rpymnmna K03 QHUIHEHTOB) COOTBETCTBYET OTIOXKEHUSIM BEPXOJICHCKON
cBuThl, TpeHa Ne 2 (BTopas rpynmna KO3(QQUIMEHTOB) COOTBETCTBYET KapOOHATHBIM
OTJIO)KEHUSM JIUTBUHIEBCKON CBUTHL, TpeHA Ne 3 (TpeTbs rpymnmna Kod3()@HUIIMEHTOB)
COOTBETCTBYET OTJIOKEHHsIM Oynaiickoii cBUThI, TpeHx Ne 4 (Tperbs rpymma

K03()PHUIIUEHTOB) COOTBETCTBYET OTIOKEHHUIM OelbCKoi cBUTHI (Prc.46).
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~~~~~~~~ TNuneiinan (bynaiickaa ceura)

1500 .

ey
1000
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Puc.46 I'paduxu TpeHIOB AJs pacueTa CKOPOCTHOM Mojenu

Ha yuactke pa®oT MMenoch JiB€ CKBaXHHBI, B KOTOPBHIX Obuto BhIMoOgHEHO BCII,
MOKpbIBaKOLllee Juana3oH TyOouH ¢ mepBbix MeTpoB 10 500 M. IlepBas ckBaxuHa
UCIIOJIb30BAIACh KaK «pacueTHas», Ha JaHHYIO CKBaXKUHY KaTMOpOBaIMCh KO3 (OUIIUEHTHI
ypaBHeHMs. Bropas ckBaxkMHa TNpUMEHsJIach JUIS  BepU(UKALMU  TOJOO0paHHBIX
kod(urmenToB. OTHOCHUTETBHOE PACXOXKIEHUE CKOPOCTEH TMPOJOJIBHOW BOJHBI 10
nanabiM BCIT u ckopocredt mpomonbHoi BosHbI 1o gaHHbIM M3CB coctaBumo 10 %,
JTaHHBIN (PaKT TOBOPUT O TOM, YTO PACCUMTAHHbIE KOI(PPHUIIMEHTHI CTaOMIIBHBI TI0 IO

(Puc.47).

83



Hom PacuyeTHas cKBaXuHa Hom Bepud HHas
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Puc.47 T'paduxu BCII nmo kanmubpoBo4HOM 1 BepU(DUKATUOHHONW CKBAKHHAM

5.2.4. AHaIU3 NOJTyYeHHBIX CKOPOCTHBIX MO/IeJIei

[Ipu comocTaBleHNH MOJIYYEHHOTO CKOPOCTHOTO pa3pe3a C TIeOJOTHUYECKUM
pa3pe3oM Yepe3 UCCIeIyeMYIO TUIONIAb OTMEYAETCS 3aKOHOMEPHOE MTOHMKEHUE CKOPOCTH
MMPOAOJBbHBIX BOJIH B oOnactu Pa3sBUTUA MMOA3EMHOI'0 KapCTa U TPCIIMHOBATOCTH. I[aHHBIﬁ
(baKT CBUACTENLCTBYET O HAJTMYUU OOJIACTH Pa3yILUIOTHEHHS B JAHHOM MHTEpBAJIC pa3pesa.
JlaHHbIe 00NacTH OCHAOMSAIOT Ha cebe CEHCMHUYECKWI CHTHAll W, KakK CIEACTBHE, MO
TaKUMU O0JIACTSIMH HAOJIFOJIACTCS MOJTHOE WIIM YaCTUYHOE OTCYTCTBHUE MPOCIICIKUBACMOCTH

OT (Puc.48).
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Puc.48 ConocraBnenue pa3pe3oB: A— reoslornueckuii paspes, b — ckopoctHoi
paspe3

5.2.5. Pe3yabTarsl yuyera ckopocTHoii Mogen BUP no nanusim M3Ch

[To monmy4eHHBIM CKOPOCTHBIM MOJIETSIM OB pacCUYUTaHbl CTATUYECKUE TOMPABKH,
BBIMOJIHEH BBOJ] B CEHCMOTPACCHI M MOJTydeHbI CyMMapHbIe pa3pe3sl (Puc.49).

AHaM3UPYs MOJYyYEHHBIE pa3pe3bl, MOKHO CIENATh PSJT BHIBOJOB:

1. Pa3pes, momyueHHBII 10 pe3ybTaTaM yueTa CKOPOCTHON MOJIENH 0 ToMorpadum,
XapaKkTepU3yeTcsl CKIaa4aTond CTpyKTypoil. OIHAKO CKIaJKa KapTUPYETCS OT TOPU30HTOB
dbyHIaMeHTa 10 BEpXHEH yacTu paspesa.

2. Ha pa3spese, MOTy4eHHOM IO pe3yjIbTaTaM y4eTa CKOPOCTHOW MOJIEIH 0 JaHHBIM
M3CB, oTpaxkeHue Mo CKJIAIKON BBITOTAKUBACTCS, YTO COOTBETCTBYET MOJCIU «COJITHOU

MOAYIIKW).
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CKOpOCTHas Mogenb, Mo AaHHbIM TOMorpacum
nepBbIX BCTYNMEHU NPenomMiIeHHoN BOMHbI

. | cKOpOCTHAR MOAENB, NO AAHHBLIM M3CHB

Puc.49 ConocraBnenue celicMUUeCKHX pa3pe3oB: A — paspes, 00paboTaHHBIH C
Y4€TOM CKOPOCTHOW MOJIEIH 110 IaHHBIM MEPBBIX BCTYMJICHUN MPETOMIEHHON BOJHBI, b —
paspe3, 00pabOTaHHBIN ¢ yUeTOM CKOPOCTHOM Moenu 1o qaHHbsM M3Ch

SlBneHue, mpu KOTOPOM MacChl TOPHBIX MOPOJ BBDKMMAKOTCS CBEpPXY BHU3,
HAa3bIBAIOTCSl JUANUPU3MOM. bBBUIO J0Ka3aHo, 4YTO OOpa30BaHHUE [UANUPOB BHI3BAHO
IUIaBYYECThbIO, KOTOpasi 00YCJIOBI€HAa HM3KON IUIOTHOCTBIO coiid. Ecnmu Hipkenexamuit
IJIaCT CONIM TEPEeKpHIT Oojee MIOTHBIMH TOpOJaMH, TO OH HayHET IMOJHUMATKCH,

nedopmupys okpyxatroriue mopost (Puc.50).

A )
XX "0':'.°.° X
X XS AXONNN
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LA AL AANAS -
OO SO AEANAANAAICAMAALMAAAAAANRAEIESAS Aas ¢ & % 6o s TRASAR N TS RAS A & cu n

Puc.50 KoHmenryaapHas MOJEINb BIUSHHS COJSTHOM TOAYIIKH Ha BBIIICIICKAIIIAE
ropu3onTsl [Tpycxeiim, 1960 r.]
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Mopnenb CoNIHON MOAYHIKM TakKe MOATBEp)KIaeTcs apXuBHbIM mnpoduiem MOB
OI'T uepe3 uccinenyemyro Teppuroputo. Ha mganHoM mnpoduie oTpakeHbl CTPYKTYpPbI
cxoxeit Mopdonorun. OTpakeHue, 3aleralirue HIKe SApa CTPYKTYPhI, BRBIPOBHEHO U HE

UMeeT yHacleoBaHHy0 Mopdounoruto (Puc.51).

TWT, mc

Puc.51 ®parment apxusHoro paszpeza MOI'T 2D yepe3 nsyyaemyro miomanib

[lo nanHOMY mnpodwmiar0 OBUT BBIMONHEH aHAIU3 CTPYKTYPHBIX ITOCTPOSHHUH I10
ropu3oHTy KV (KpoBisi TEppUreHHOrO BEHJa), OTMEYaeTcs, YTO MPH HCIOIb30BAHUHU
CKOpocTHOW Mozenu 1o ngaHHbIM  M3CDB  ypamoch CHHU3UTH  HEONPENEIIEHHOCTH

CTPYKTYPHBIX mocTpoeHuit Ha 90 M (Puc.52).

ckB.1

1480 +

2600 2800 3000 3200 3400 3600

ropu3oHT Kv. nepeseieHHbI B DTyGHHY (10 AaHHBIM M3CB)
= 1OpH30HT KV. Nepese/IeHHbI B ITyGHRY (10 AaHHEIM GeoTomo)

Puc.52 I'paduk cTpyKTYpHBIX OCTPOCHHI MO TOPU30HTY KV
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Tabmuma 5.1 TodHOCTh CTPYKTYPHBIX TIOCTPOCHUH 110 TOpU30HTY KV

Kpoens Kv | Kpoemt Kv mo | Kposma Kv AH AH
mo JaHeaeiM | MOI'T mo gqauHeiM | (Tomorpaduueckas | (M3CB),
Oypenns, M | (Tomorpadmdecka MOB OI'T MOJIEITB), M M
sl MOJIETT), M (Mozens
M3CB), m
-1478 -1590 -1500 112 22

5.3. Hosyoctpos SAma
5.3.1. ®usuko-reossornyeckas moaear BUP

Hccnenyemblii yyacTok OblT HOKpHIT ceiicMuueckoil ceemkoit 3D MOB OI'T u

anekTpopassenkoit M3Ch no coBmenienHol cet HabOroaeHui (Puc.53).
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Puc.53 Cxema paiioHa pabOT Ha CTPYKTYPHO-TEKTOHUYECKONH OCHOBE (110 TaHHBIM
OI'VII «BHUT'HN.)

YcnoBHble 0003HaYeHNS: | — FPAHHIIBI KPYITHEHIIINX TEeKTOHMIECKHUX IEMEHTOB (CHHEKIIN3 M CEIUIOBHH); 2 — TPaHUIIBI
TEKTOHUYECKUX 3JIeMEHTOB | mopsiika (CBOIOB, BaJIoB, IPOruO0B); 3 — MECTOPOXKIEHHS (2 — Ta30BbIe, O — FA30KOH/ICHCATHEIE, B —
He(Tera3okoHICHCATHBIE); 4 — HEKOTOpbIE MEPCHEKTHBHBIE CTPYKTYPBI-IOBYLIKY; 5 — OeperoBast mHuUs; 6 — n300aThl, M, 7 —
IpaHUILIBI paiOHA UCCIICIOBAHHIA.

Mecroposknenus: 1 — PycanoBckoe; 2 — Jlenunrpanckoe; 3 — Xapacasoiickoe; 4 — KpyseHmrepHckoe; 5 —
Mansirusckoe; 6 — Tacuiickoe; 7 — CeBepo-Tambeiickoe; 8 — IlITopmoBoe; 9 — 3amaHo-Tambeiickoe; 10 — FOskro-Tambetickoe;
11 —Vrpennee; 12 — I'simanckoe; 13 — Heitruackoe; 14 — Apkrraeckoe; 15 — T'eogmsuueckoe; 16 — Conercko-Xanapaiickoe; 17
— TpexOyropHoe; 18 — Bocrouno-byroproe; 19 — Cpenne-SImansckoe; 20 — Munxosckoe; 21 — HOxkno-Tora-Sxunckoe; 22 —
Hypmunckoe; 23 — Xambareiickoe; 24 — CeBepo-KameHHOMEBICCKOE; 25 — AneprnaroThHCKOE; 26 — AHTHIIAIOTHHCKOE; 27 —
Mano-fImansckoe; 28 — PocroBuesckoe; 29 — KamenHomsblcckoe-cyma; 30 — Kamennomslicckoe-Mope; 31 — Ilapychoe; 32 —
3ananHo-MeccosixuHckoe; 33 — HoBonoprosckoe; 34 — SIMOyprekoe; 35 — Haxonxunckoe; 36 — FOpxapoBckoe.

TexTronuyeckue nementsl: 111 - Iaiixolicko-Taiimbipekas cennosuna (10a - Hypmunckuii Bax; 1006 - LientpansHo-
Smanbckuii Ban; 10B - Cpennesmansckuii cBog; 10r - [IpeoOpaxkenckuii Ba; 101 - FOpankuii cBox; 10e - Cesepo-I'bimanckas
crynenb; 10k - CeBepo-Cesxunckast Bnaausa; 10k - Ceepo-SImansckuii Bas; 11a - BonpiuerambosxuHckas BnaguHa; 116 -
Apxkruueckuii mporu0; 118 — benooctposckuii nporud; 11r - Bocrouno-I'simanckuii nporu6), 1V - SImano-I'sinanckas
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cunexm3a (93 - IoerasxuHckuit Bai, 12a - KOxuo-Hypmurckuit Bai; 126 - ['eodrsudeckuit Ban; 128 - I'vinanckuii cBof; 12r -
MumxoBckuit BeicTym, 13a - Cesxunckuii nporu6; 136 - Tamubesxunckuit mporud; 138 — TopamrosxuHckuit mporud; 13r -
Antunaroruickas BraguHa), V - HOkHo-SImanbcko-Meccosixunekasi cemmoBuna (14a - HOxno-SIManbckuit Ba; 140 -
Kamennomsicckuit Bar; 148 - Hmwkaemeccosxunckuii Ban), VI - Hagpim-TazoBckasi cunexim3a (15a - Tlapycosblii mporud;
156 - SImOyprcxuii Bam; 158 - HaxoxkuHcko-FOpxapoBckuii Ba).

I[lo ganapiM  snekTpopasBenouyHbix  pabor M3CB  ormeuaercs — BbICOKast
muddepeHIMPOBAaHHOCTh BEpXHEHN yacTu pa3pesa 10 TiyouHsl okosio 500 M. Jo riryOuHbI
250 M oTmedaeTcs BBICOKOOMHBIM CJIOM, CBSI3bIBa€MbI ¢ pacnpoctpaHeHuem MMIIL.
CmnomrHocts MMII Ha Tepputopuu uccieloBaHUS TMpephIBaeTCd TalWKaMH, JTUH3aMU
kpuordroB. Ilom pycmamMum  pek ©  o3epaMH  OTMEYAIOTCS  30HBI  MPOTAMKH,
xapakrepusyromuecs mo aaHHeiM M3CH HU3KMMU 3HAYEHHSMHU CONPOTUBICHUS. UeTko
dbukcupyercsi rpaHulia MepexoAa MOpOoJ U3 MEp3JIOro cocTosiHus B Tajoe. OTmeuaeTcs
3HAUUTENBHOE COKpallleHWe BIUIOTh 0 MOJHOTro oTcyTcTBus MMII mpu mepexone B
Tpan3utHyto 30HY (OOckas ryba). B memom oTmewaercss HEOJHOPOIHOE CTPOCHHUE

nozomBsl MMIT (Puc.54).
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Puc.54 ®wusuko-reomornyeckas Moaeir BUP

5.3.2. IIpobiemaTika BOCCTAaHOBJIEHHSI CKOPOCTHBIX Xapakrepuctuk BUP

BepxHsast d4acTte paspe3a TEppUTOPHM HCCIEIOBAHUS OCJIOKHEHA HAJTMYUEM
HEPaBHOMEPHOM TOJIIM MHOTOJIETHEMEP3JbIX MOPOJ BBICOKOM CTENEHH JIbJUCTOCTH.

Tonma MMII ocnokHEHa pacpOCTPAHEHUEM CKBO3HBIX M HECKBO3HBIX TaJIMKOBBIX 30H.
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YacTe TEppUTOPUM HCCICAOBAHHUS IPOXOAUT IO TPAH3UTHOM 30HE. HemaioBa)XHbIM
¢axToM sBisieTcs Hanuuue B Toe MMII nuH3 KpHoIAToB.

Bce 3t dakropbl oTpakaioTcs Ha BpEMEHHBIX pa3pe3ax 00JacTsIMH MOJIHOW WM
yacTUYHOW mnotepu koppemsiquu OI', a Takke HCKaK€HHEeM TpeHJa CTPYKTYPHBIX

IIOBEPXHOCTEH.
5.3.3. Pacuer ckopoctHoii Moxe1u BUP

Ha mnepBom »sTame ObLT BBIMOJHEH pacyeT U KaJIUOpPOBKA HAMIHPUUYECKUX
koadumenToB ypapHenus @aycta. [ pacuera k03P PuUIeHTOB HEOOXOIUMO HATUYHE
AaKyCTMUYECKOI'0 KapoTa)ka WJIU JIaHHBIX BEPTUKAJIBHOIO CEHCMMUYECKOTO NPOPUIMPOBAHUS
(BCID).

[lepBbiM 1raromM (GOpMHUPYETCS JIMTOJIOTHYECKU-TEHEpAIN30BaHHAsl MOJeNb, B
pamMKax KaxJOW JHMTOJOTMYECKON pPa3HOCTHU MPOU3BOJIUTCS MHOTOKPATHBIN mepedop
SMIUPHUUECKUX KOA(P(UIIMEHTOB ypaBHEHHUsS. Pe3ynbraroMm sBIsSeTCS yHHKalbHas Mapa
KOA(p(UIMEHTOB  JUIsl  KaXJI0M  JuTojormdyeckod pasHoctu. Ilpu  mocturkeHUM
kod(durmenta xkoppemsaiuu 1=0.9 u 6onee KOIOPUIUEHTH CUUTAIOTCS MOJ00PAHHBIMHU.
Ha mnmomanun pabGor mpucyrctByer 3 ckBaxuHbl BCII. IlepBoHauanbHO pacuer H
KaTuOpoBKa KO3()(PUIMEHTOB NPOU3BOAMINCH IO OJHOW KalMOPOBOYHON CKBa)KMHE.
OnHako WCHOJIB30BAaB PE3yJbTAaThl MOJ00pa Ha BEPUPUKANMOHHON CKBAKHUHE, OBLIO
MOJIyYEHO CYIIECTBEHHOE PacX0k/IeHHuEe HAOII0JEHHBIX U PACUETHBIX CKOPOCTEH.

[Tpoananu3upoBaB AeTanbHO Bee umeronuecs ckBaxunsl ¢ BCII Ha mutomaau padot
ObUI ceTlaH BBIBOJI, YTO BCE CKBA)XHMHBI OTPAXXalOT paJuKalbHO pasHble ycioBus BYP.
Hcxons u3 3Toro ObUIO MPHUHSTO MCIONB30BaTh i KaduOpoBku Bce ckBaxuHbl ¢ BCII

(Puc.55).

H,™m )
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Puc.55 Kpussie ckopocTu mpo10sibHON BOIHBI 110 AaHHBIM BCII

Takum ob6pa3zom ObUIO MonydeHo 3 Habopa TpeHAO0B (KOA(h(GULINEHTOB ypaBHEHUS).
Jns xaxoil ckBaxuHBI ObUIM MOdydeHbl TpeHIbl Vp—YIC s TpeX OCHOBHBIX THIIOB
paspe3a: 1 — mecuaHslii pa3pes, JBIUCTBIA, 2 — TIMHUCTBIA pa3pe3, Mep3iblid, 3 — HE

MEp3JIbII pas3pes.

- A B
Ui [~ &
3400 = = b
3000 -
¥
3200
-
2800
3000 2
i v
3 2000 2 5600 y
s
>
2600 =
3 2400
2400
2200 2200
2000
2 2 2000
¥3C, Om'm B 1 10 100
2400 ¥3C, Omm
2350
+ ® [lecyaHbiin paspes, Mepanbie Nopoab!
2300
® [MMHUCTBIN pa3pes, OXNaXAeHHbIe
) nopoAabl
2 2250 .
s ® He mep3nbiit paspes
2200 —CrteneHHas ([Mec4yaHbln paspes, Mepanbie
nopoas!)
~——CreneHHas (MuHucTbIN paspes,
2150
OXNAXKAEHHbIE NOPOAbI)
~——CreneHHan (He mepanbiit paspes)
2100
1 10 100 1000
¥3C, Om'm

Puc.56 3aBucumocts VP-YIC: A — qns ckBakunabl BCII-1; b — nist ckBakUHBI
BCII - 2; B — g ckBaxkunsl BCIT — 3.

Hns  wcmonszoBanus ckBaxkuH ¢ BCII  HeoOXommmo ObUIO  BBHIIOJHHUTH
pationupoBanue 1uiomanu. [Ipu conocrapnenuu nonoxkenus ckBaxud ¢ BCII Obu1 cnenan
BBIBO/I, UTO KaXKJlasi CKBaKMHA MPUYpOUCHa K OTIeIbHOM obmactu o YOC.

TakuM 00pa3oM IIOMIAb UCCISA0BaHNI ObliIa MOJICIICHA Ha TPU 30HBI: TIepBas 30Ha
(kpacHbIii monuroH) auanazoH YOC 6onee 50 Om'M — oOmacth ucnonb3oBanus 160-i

CKBaA)XXHHBI B Ka4CCTBC BTMOHHOﬁ, nopoasl € HauOOJIbIIIEH JbAUCTOCTBIO, BTOpass 30HA

92



(3enensbrit monuroH) nauamnazoH YOC ot 50 mo 25 50 OM'M - ob6nacTh ucnonb3oBanus 161-
i CKBaXMHBI B KAueCTBE ATAJIOHHOW, MEHEE JIbJAUCTBIE MOPOJbl, TPEThsI 30HA (CHHUMN
noyimroH) auamna3oH YOC menee 25 OM M — 00J51acTh UCIIONIB30BaHUs 159-i1 CKBa)KUHBI B
KauyecTBE 3TAJIOHHOM (IIpeoiaraeMble TAIMKOBBIE 30HbI), 30HbI OTTANKH.

Ha ocHoBe momnydeHHBIX 3aBHCUMOCTEH OblIa paccyuTaHa cKOpocTHas mojens BUP

u uHTerpuponana B 3D ky0.
5.3.4. Pe3yabTaThl BBOJA CTATHYECKUX MOMPABOK

IIo HOJ'Iy‘-IGHHOﬁ CKOpOCTHOfI MOJCIN ObLIH pacCUUuTaHbl CTATUYCCKUC IIOIIPABKHU U

IMPOU3BCACH BBO IMMOJTYUYCHHBIX ITOIIPABOK B pa3pEe3hbl.

Jnst cpaBHEHMSI MCIOJB30BAJIMCh JBA BapHaHTa pacyeTa MOMNpPABOK: OT 3HAYCHUH

penbeda u mo ganasiM M3Ch (Puc.57).
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2734]

28674
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tears
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— 1905

35ES3856 3927 4158 4380 4620 4881 S0E2 533 s54e sTrSsmas
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358848 3876 4104 4332 4560
x

— ] — ! I — — | ! — J ! ———
2.9 4.4 8.0 7.5 9.0 10.5 12.0 13.6 151 168 18.1 19.7 21.2 - 13.6 18.1 n.e 274 .7 W2 W7 483 9.8 543
CraTM4ecKue NONpPaBKK 3a penved

CTaTH4yecKue NonNpaekM No AaHHbiM M3CE

Puc.57 Kaptbl craTndeckux momnpaBok: A - CTaTHueckue MompaBKy OT 3HAYSHUN
penwseda; b - Cratnueckue nmonpasku 1o JanasiM M3Ch

YcnoBHble 0003HaueHUS: | — TMHUS IPOQUITS

Ha pa3zpesax, monmydeHHsix 6e3 ydyera nanabix M3Ch, HabmomaeTcs HapyIIeHHe oce
cuH(pa3zHOCTH WM 00pa3oBaHME MCKYCCTBEHHBIX CHHKJIIMHAJICH B 00JIacTH Tepexojaa M3

KOHTMHEHTAJIbHOW 4YacTU K TpaH3uTHOW 30HE. Ilpu umcnonwpzoBanum marepuanoB m3Ch

JaHHBIC aHOMAJINU YAACTCA MMOJaBUTD.
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TakuM 00pa3oM MOXKHO clenaTh BBIBOJ, 4TO mpuMeHeHue meromga M3Chb s
yTouHeHus Mojenu BYP  mo3Bonmio CKOMIEHCHpPOBATH BIMSHHUE Iepexoda OT

KOHTUHEHTAJIbHOM K TPAH3UTHOM 30HE.

5.4. BeiBo/IbI K IJ1aBe 5

[TpomsBenena anpobarys MPeIOKEHHOTO TIOIX0/1a Ha Psijie MeCTOPOXKIeHH BocTouHoi 1
3anagnoit Cubupwu.

I'eonoruyeckast 3(HeKTHBHOCTH MPOBEAECHHBIX HCCIEAOBAHUN COCTOMT B TOBBIIICHUH
TOYHOCTH BOCCTAHOBJICHUS I'€0JIOTMYECKON MOJIENH 1 JIOCTOBEPHOCTH IPOTHO3A.

OcCHOBHBIE BBIBOIBI HCCIIEIOBAHUS HAWAYT MPAKTUUECKOE IPUMEHEHHUE B ITPOU3BOICTBEHHBIX
Y HAYYHBIX OPTaHHU3AIHSIX, OCYIICCTBISIOIINX JISITEILHOCTD B cepe 00pabOoTKH M MHTEPIPETAIN
JTAHHBIX CEHCMOPA3BEIKU.

Hcnons3oBanne pa3pabOTaHHON METOMMKH TMO3BOJSIET MNPH MHHUMAIBHBIX 3aTpaTax
MOBBICUTH KaueCTBO OOPaOOTKH JNAaHHBIX CEHCMOpPA3BEIKH W YBEIMYHTH TOYHOCTH KapTHPOBAHWIS

HIOPOJI TEOJIOTMYECKOr0 pa3pe3a UCXO/Is U3 XapaKTepa peliacMou 3a/1auH.

. .
2160 2160 2160 2160 2160 2160 211 60 2160 2160 2160 2160 2160 2 2160 2160 2160 2160 2160
5203 Sz 53 0 5 E A TWTmc 3 sz s3e1 0 S & TWT, mc 5342 5391 5440 5489 5538 TWT, mc

Puc.58 Pe3ynbTaThl BBOJIa CTATUYECKHUX MOMPABOK: A — CKOPOCTHAsI MOJENb 10
MEPBLIM BCTYIUICHUSIM IPEIOMIICHON BOJIHBI, b — cTaTnyeckue nomnpaBKu OT 3HAUCHUM
penwseda, B — ckopoctHast Mmonens o nanHbeM M3Ch
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3AK/IIOYEHHUE

OcCHOBHBIE Pe3yIbTaThl MPOBEJICHHBIX UCCICAOBAHUNA COCTOST B Pa3padOTKe MOIX0a K
UCIIOJIb30BAHUIO HECTAllMOHAPHBIX JJIEKTPOMATHUTHBIX 30HIMPOBAHUM UL YTOYHCHHUS
ckopoctHoi Monmemi BYP wm  mocnmemyromero ee  ydyera mnpu  00pabOTKE JaHHBIX
celicMOpa3Be/IKH, a TAKKE €ro anpoOaIy Ha psifie MecTopoxIeHnid Boctounoit u 3anaaHoi
Cubupmu.

Paspabotan  MeTOIMYECKUM  TOAXOJ,  IPUMEHEHHE  KOTOPOro  IOBBIIIAET
MH(OPMATUBHOCTh CEHCMOPa3BEAOUHbIX JAHHBIX 32 CUET UCIOIb30BaHUs MaTepuaioB M3Ch.

[TocpencTBOM NpPUMEHEHUS YKAa3aHHOM METOAMKU YAAlIOCh IIOBBICUTh AaMIUIUTYAY
CEICMMYECKOr0 CUTHajla U TOYHOCTh CTPYKTYPHBIX MOCTPOEHHM, KaK CJEJICTBUE — IOBBICUTH
TOYHOCTb ITOCTPOCHHUS T€OJIOTHUECKUX MOJIeTIel MECTOPOXKICHNI He(hTH | Ta3a.

Jns Bocrounoit CuOupu paspaOoTaHHas METOIMKA IO3BOJISIET IOBBICUTH YPOBEHb
KOT€PEHTHOCTU CeWCMUYecKoM 3amucu. JlaHHble (akTOpbl MO3BOJISIOT IOBBICUTH KayeCTBO
UTOIOBOM CEMCMO-TEOJIOTMYECKON MOJIEIIH.

Jnsa ycnoBuit 3amagnoit Cubupu yaanoch a00UTbes 0ojiee TOYHBIX CTPYKTYPHBIX
IIOCTPOCHUN 3a CYET y4yeTa CKOPOCTHBIX HeoxHopoaHocTted BYP, cBA3aHHBIX C TpaH3UTHON
30HOH.

['eonornyeckast 3¢pGeKTUBHOCTh MPOBEJACHHBIX MCCIEAOBAHUN COCTOUT B IMOBBIILIEHUU
TOYHOCTH BOCCTAHOBJIEHUSI T€0JIOTMYECKON MOJIENH U JIOCTOBEPHOCTH IPOTHO3A.

OcCHOBHBIE  BBIBOABI  MCCIENOBAHUS  HAWAYT IPAKTUYECKOE TNPUMEHEHUE B
NPOU3BOACTBEHHBIX M HAYYHBIX OPraHU3aLMsIX, OCYILECTBISIONIMX JEATeIbHOCTh B cdepe
00paboTKU W MHTEpHpeTaly JaHHbIX celicMopasBenku. lcnonb3oBaHue pa3paboTaHHON
METOJIMKH TMO3BOJISIET NMPU MUHUMAIBHBIX 3aTparax MOBBICUTh Ka4eCTBO OOpaOOTKH JaHHBIX
CEMCMOpPa3BEIKU M YBEIMYUTH TOYHOCTH KapTHPOBAaHMS IOPOJ TI'EOJOTMYECKOTO pas3pesa,
UCXOJISl U3 XapaKTepa pelaeMon 3a1au.

B nenom, mpoBesieHHbIE MCCIEAOBAHUS MO3BOJSIIOT PACIIMPUTH 00JIACTh MPUMEHEHUS
MaJIorTyOMHHOM 371eKTpopas3Beku. C ydeToM pe3ysbTaToB IPOBEAECHHON pabOThl HAMEUAIOTCS
CJICIYIOIIME HAlpaBJIECHUs] WCIOJIb30BAHUS IEKTPOPA3BEAOUHBIX JAHHBIX JJISI MOBBIILICHUS
Ka4yecTBa MaTepHaIoB CEICMOpa3BEIKH:

1. Ucnons3oBanue ckopoctHoit Moaenu BYP mno pmanaeiv M3Chb s

MUHUMU3aMK Heonpenenennoctd BUP npu kunemarnyeckoii maBepcun Aanabix MOB OI'T.
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2. [TocTpoenre CKOpOoCTHOM Monenu o JgaHHbIM riIyouHHbix 3CB u ee
HOCTIEYIOIINA y4eT Py TITyOMHHON MUTPAIMU U TIOCTPOSHUH TITyOUHHO-CKOPOCTHOM MOJEIH
(I'cM).

3. CoBMecTHasi MHBEpCUS CKOPOCTHOM Mojaenu mno gaHHbiM M3Ch u sydeBoit

ToMorpaduu st KOMIUIEKCHOTO yTouHeHHs Mojen BUP.
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