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YcraHoBjieHHe ONTHMAJIBLHOIO YPOBHSA BOAbLI B BOAOXPAHWJ/IAIIE
Toxkroryabckoi I'IC

KokymbaeBa K.A.- JKAT'Y,
Ko:xoryaos K.Y. — 1.1.H., npodgeccop

AHHOTAUMA

B cratbe 00OCHOBaHO T€OCTPYKTYpHas W MaTeMaTHYecKass MOJETH MO ONpeAelICHUI0
HaIpsHKEHHO-1e()OPMUPOBAHHOTO COCTOSHUS TOPHBIX MOPOJ] CKIOHOB B CTBOPE TOKTOTYJIHCKON
I'DC. PaccmoTpeHnsl pacnipefiesnieHusi TOPU30HTAIbHBIX HANPSKEHUN OT YPOBHS BOJbI B MaCCHUBE
nopoa ckiaoHOB Toktorynbckoi [DC. VYcTaHOBIEH ONTHUMalbHBIA YpOBEHb BOJABI B
BOJOXPAaHWIHINE, MPU KOTOPOM HAOMIOJAETCs] MHUHUMAlIbHOE 3HAYCHHUE PACTATHBAIOIINX
TOPU30HTAJbHBIX HAMNPSHKEHWA HA YPOBHE BOJBI M MAKCHMAIbHOE 3HAYEHUE COKMMAIOIINX
TOPU30HTAJIbHBIX HAIPSKEHUM.

HeonnopoaHocts, 00ycioBIeHHas TEKTOHWYECKMMHU HapyIICHUSMH, JOCTATOYHO SIBHO
BBIDA)KEHA B CKJIOHAaxX Ha Y4YaCTKE pacIoJIOkeHus TruapoysnoB Tokroryiasckon [OC.
HeonHopoaHbIM CKIIOH XapaKTepu3yeTcst 30HOH pasrpy3ku (B MECTax pacHojOXKEeHUs TPELUH) U
30HOM COXPaHHBIX TOPO/I.

B paGorax [1, 2, 3, 4, 5] oTpaxeHbl pe3yabTaTbl MCCIEIOBAHUN MO W3YYEHHIO BIIMSHUS
BOJbl B BOJOXPAHWJIUIIE HAa HANPSKEHHO-AE(POPMHUPOBAHHOE COCTOSHHUE CKJIOHOB B CTBOpE
Tokrorynbsckoit '9C. OgHako BOIPOC COBMECTHOTO Y4eTa Pa3IudHOro (PU3NKO-MEXaHUYECKOTIO
CBOMCTBA U GJIOYHOCTH (TPELIMHBI) MACCHBA MOPOJ] B HUX HE YAEISIOCH JOJKHOIO BHUMAaHUS.

s pa3paboTKu MaTeMaTHYeCKOW MOJETH M OLIEHKU HAIPSDKEHHOTO COCTOSIHMS CKJIOHOB
OJTHOPOJTHOTO W HEOJHOPOJHOTO CIIOKEHUM SBIISETCS T€OCTPYKTYPHBIN pa3pe3 TOKTOryJIbCKou
I'DC, KOTOpBIi1 ABIASAETCS OJHUM U3 DJIEMEHTOB JJI1 MOJEINPOBAHNS HANPSKEHHOTO COCTOSIHMS,
KaK MOJYIUIOCKOCTh, UMEIOIINI JBa BeIcTyna. (coctaieH B.B.Kaskunbim) (puc.1).
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Puc.1. I'eoctpykTypHBIil pa3pe3 ocHoBanus Tokrorynsckoi ['DC (o B.B. Kaskuny n ap.
[38 ]): I - anmoBHil U nemoBUi, 2 - TUIACT TEMHBIX U3BECTHSKOB C JIMH3AMH U MPOCIOAMH, 3 -
TekToHn4Yeckue TpewuHsl Il mopsnka, 4 - TekroHnueckue tpemuusl IV - VI nmopsakos, 5 -
TpenuHbl [V - VI mopsiakoB, pa3BUThIE IO HAIIACTOBAHUIO, 6 - TPEITUHBI OOPTOBOTO M JOHHOTO
OTIIOPOB.
Jns onpeneneHus 30H MHTEHCUBHOM TPEIIMHOBATOCTH B CKJIOHAaX Tokrorynsckon ['DC
Ha OCHOBe TreocTpykrypHou cxemsl, BHHWHWI'om wum. b.E.BeneneeBa pyKOBOACTBYSACH
«PexoMeHJaIsIMU 110 METOAMKE COCTAaBJICHUS Te0(U3NYECKUX MOJeNiel CKaJIbHbIX MacCHBOB B
OCHOBAHHUSAX OSETOHHBIX IUIOTHH» ITOCTPOEHA celicMoreooruyeckas cxema (puc.2).
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Puc.2.Celicmoreonornueckuii ~ pa3pe3 CKaJIbHOTO MacCMBa Ha Y4YacTKE IUJIOTHHBI
Toxtorynsckoit 'DC [73]: 1 - anmioBuii u AemtoBuii; 2 - obnacts 3Hadenuit 1,0 km/c < v, < 1,5
KM/c, 3 - obmacts 3HaueHuit 1,5 km/c < v, < 2,0 kM/c, 4 - obmacte 3HaueHuit 2,0 km/c < v, < 2,5
KM/C, 5 - 001acTh 3HAYCHUH Vv, > 2,5 KM/C, 6 - U30JMHUH CKOPOCTEH MOMEPEYHBIX CEHCMUUECKHUX
BOJITH.

Ha ocHOBe reoCTpyKTypHOr0o M CEHCMOJIOTMYECKOTO PAa3pe30B COCTABJICHA pacyeTHas
MOJI€JIb CKJIOHOB HEOJHOPOAHOTO ciioxkeHus: Tokroryiasckoi ['DC. 'eomeTprueckue nmapameTpol
MOJIETTUPYEMBIX 00JiacTell MoKa3aHbl Ha puc.3.
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Puc.3. 'eomempuueckue napamempul CKI0HO8 HEOOHOPOOHO2O CNONHCEHUSL
CTBOp THAPOY3JIa PACIIONIOKEH B Y3KOM CKAIUCTOM KaHbOHE, ITyOWHA KOTOPOTO JOCTUTAET
1500-1800M. Ham ypoBHEM MOpE, a B pacueTHOU cxeme riayouHa coctaiser 710M u mmpuHa



cocraBisieT 960M. B monepeunom cedenuu opma yiienbs aCcCUMETPUYHA, JIEBBIH 00pT KpyTOoi
70-80rpan., a mpaBsiid 60see monoruit 60rpaa. YpoBeHb BOJbI h cOTIIaCHO HAMOPY COCTABIISIET
170m. [lIupunHa 1Ha KOMMHBI HA 3TOM y4acTke cocTasiseT 40-50m.

Pacnipenenenne HanpspKeHWd TpPU HAMOJHEHHOM BOJIOM BOJOXpaHWiuie. B maHHOM
cllydae, Ha TIOBEpXHOCTH CKJIOHa B JI0OOW Touke P cormacHo 3akony Ilackans paeicTByeT
JABJICHUE BOJBI, BEJIMYMHA KOTOPOTO 3aBHUCUT OT BBICOTHI CTOJ0a Boabl -h. VYwuacrtok,
WCTBITHIBAIONINI TaBIEHUS BOJBI HAXOAUTCS BHYTPH cTo0a oTpeska S. Hanpapnenue paBrieHus
BOJIBI TIPU 3TOM CTPOTO MEPTIEHANKYISIPHO K KOHTYPY CKJIOHA B JIFOOOW €ro TOYKE M OmpeesseM
10 CIEAYIOLIEMY BBIPAXKEHUIO:

P=pgh, MIla [7] (1)

7€ P-IUIOTHOCTH BOJBI, KI/M’, g —yCKOpeHHs: cBoOOIHOro manenus, H/kr, h-picora BOabI B
BOJIOXPaHWIHILE, M.

Jnst  OlEHKH  HaNpsHKEHHO-Ie(POPMHPOBAHHOTO  COCTOSSHUS M YCTOWYUBOCTH
THIPOTEXHUYECKUX COOPY)KEHMH (IJIOTHMH, CKJIOHOB M T.II.) B HacTosillee BpeMs Bce Ooliee
[IUPOKOE TPUMEHEHHE HAaXOAAT BBIYHCIUTEIbHbIE KOMIUIEKCH. [lo00HBIE KOMILIEKCH B
OCHOBHOM 0a3MpyIOTCSl Ha YHCIEHHOM MOJEIUPOBAHUU HaNpPsKEHHO-1e(OPMUPOBAHHOTO
COCTOSIHMSI TOpPHOro MaccuBa. JlJie MOAENUMpOBaHUS HANPSHKEHHOTO COCTOSIHUSI TOPOJIHOTO
MaccuBa CKJIOHOB OJHOPOJIHOTO M HEOJHOPOJHOTO CJIOXEHUH B cTBope TokTorynbckon ['DC
HAMU HCIONIb30BaHO mporpammHoe obecrmeuenne STRESS. MopgenupoBaHue BBIIONHSAETCS
METOJIOM KOHEUHBIX 2JIEMEHTOB.

Onenka  HanpsHKEHHO-IEOPMUPOBAHHOTO  COCTOSIHMSIT ~ MacCHMBa  TMOPOJA  CKIIOHOB
OIHOPOJHOTO W HEOJHOPOAHOTO  CIIOKEHUM  OCYIIECTBIJIaCh B CIEAyHOLIEH
MOCJIEI0BATEIbHOCTH:

-HaNpsKEeHHO-1€(OPMUPOBAHHOE COCTOSIHHE CKJIOHOB 0€3 ydeTra [aBjeHHs BOJABI B
BOJIOXPaHWIHIIE; -HANPSHKEHHO-IeOPMUPOBAHHOE COCTOSHUE CKJIOHOB C yYETOM JIaBIICHUS
BOJBl B BOJOXPAHWIHIIE; -HANPSDKEHHO-I€(OPMUPOBAHHOE COCTOSIHUE CKJIOHOB C Y4E€TOM
W3MEHEHUS JaBJIEHUS BOJBI IIPU PA3IUYHBIX YPOBHIX BOJOXPAaHUIIUIIA.

Ha puc.4. npencraBieHo pacnpeneieHne TOPU30HTAIBHBIX HANPsDKEHUN 0€3 ydeTa BOJBI.
N3 pucyHka BUIHO, YTO 3HAYEHUS! PACTATHMBAIONIMX TOPU3OHTAIBHBIX HANPSDKEHHM B 30HE
coxpaHHbIX mopon m3MeHnsitores ¢ 0,14Mlla go 2,37Mlla, a B 30He pa3rpy3Ku U3MEHSIOTCS C
0,14MlIIa mo 1,26MIIa.
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Puc.4. Pacnpedenenue 20pu3onmanbHbiX HANPAXCEHUI CKIOH08 HEeOOHOPOOHO20 CLOdCeHUs Oe3 yuema
oasnenust 600bl 8 6000XpaHUIULE.

Orcroga BHJIHO 4YTO, pa3HULA MEXKIY MaKCUMaJIbHBIM M MHUHUMAJIbHBIM 3HAYEHUSAIMU
TOPU30HTAJIBHBIX HANPSIKEHWHA B 30HE COXPAaHHBIX MOPOJ MEHBLIE, YeM B 30HE pasrpy3ku. B
30HE COXPAaHHBIX IOPOJ 3HAu€HUE HampsskeHuid paBHo 1,26MIla, a B 30HE pas3rpy3ku OHO
ymenbinaercs o 0,69MIla. HauOonbiias KOHUEHTpalusi TOPU3OHTAIBHBIX HaIpPsHKEHUN



HaOII0TaeTCs B MeCTax TMepecedeHus JTHa U 0OpToB (TIPaBOTo U JEBOr0) CKiIoHa. B meBom 6opty
B HIDKHEHW YacTH yCTyIa MPOUCXOIUT HEe3HAUYHMTENIbHAsI KOHIECHTpAIUs HAMPSOKCHUH, BETHYUHA
kotopbix Menstorcs ot 0,14MlIla no 0,69MIla. MakcumanbHOE€ 3HAUYE€HHE TOPU3OHTATBHBIX
HaIpsHKEHUH HAXOJUTCA B 00JIACTH JTHA KaHhOHA HA TiryOmHe 1S (rae S-muprHa THa KaHBOHA)
oT aHa u cocTtapmset 2,37MIla.
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Puc.5. PacnpeneneHuss TOpU3OHTAJIBHBIX HANPSHKEHUH B CKIOHAX HEOJHOPOIHOTO
cnoxeHus (pu ypoBHeE BoAbI -170m)

B neBom u mpaBom Goprax (Puc.5.) Ha Beicotre (0,5-1,0)S oT nHa KaHbOHA BO3HHUKAIOT
TOPU30HTAJIbHBIC PACTATUBAIONIME HAINPSOKEHMS, 3HAYeHUs] KOTopbiX paBHbl oT 0,553MlIla no
1,14MIla. B o6oux GopTax Ha ypoBHE JHA KaHbOHA 3HAUYEHUS PACTATUBAIOIINX TOPHU3OHTAIBHBIX
HanpsbkeHud coctaBisitoT ot 0,279MIla mo 1.01MIIa. B obGmactu gHa KaHbOHA, HAYWHAS C
[JIyOMHBI, paBHOM IIMPUHE JHA TOPU3OHTAIbHBIC HAIPSKEHUSI CTAHOBATCA CxxuMaromumu. [Ipu
ATOM 3HAYEHUS CKUMAIOIIMX HanpsbkeHu coctasisier -0,322MI]a.

[To cpaBHeHUIO ¢ BapuaHTOM 0€3 yueTa BOJbl HANPSIKEHUS B LIEHTPAIbHOM 4acTu JHA, Ha
riryoune 1S oT AHa BOAOXpaHWIMINA TOPU30HTAIbHBIC HANIPSHXKEHUS! YMEHBIIAIOTCS B 6 pasa.

[Tpu ypoBue Boabl 130M (puc.6.) B obmacTu JHA KaHbOHA HAONIONAIOTCS TOPU3OHTAIBHBIC
pacTIrMBaONIME HAINPSDKEHUS, 3Ha4eHUs1 KOTopbhix MeHstoTcsa oT 0,0693MlIla no 0,878Mlla.
CpaBHeHHME paclpeelieHUs] PACTATUBAIONIMX TOPU3OHTAIBHBIX HANPSHXKEHUM C JPYTUMU
BapHaHTAMHU MOKa3bIBAET, YTO IIPU pacCCMATPUBAEMOM YPOBHE BOJIbI HAOIIOAAIOTCSI HAMMEHbIITNE
3HAYEHMs pacTArMBarOIIMX HanpskeHui, T.e. 0,0693MlI]a.

Takue >ke HanpsKEHUsT BOZHUKAIOT U B BEpXHEH yacTu 000MX OOPTOB.

O06sacTh CKUMAIONINX TOPU3OHTATBHBIX HANpspkeHUi co 3HaueHueM 0,308MIla Haxomurcs
B rnmyOuHe MaccuBa OOpTOB, Ha pacctosHuu 1S (roe S-mmpuHa AHAa KaHbOHA) OT JAHEBHOM
MMOBEPXHOCTH.
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Puc.6. PactipenienieHre ropu30HTAIBHBIX HAPSYKEHUI B MAaCCUBE CKJIOHAX HEOJIHOPOJIHOTO
CJI0’KEHUS MPU YpOBHE BOJIBI 130M.

C ToukM 3peHHMs HapyLIeHHs YCTOHYMBOCTH MAacCHBa, HaWOOJBIIYI0 OMNACHOCTb
MIPEJICTABIISIOT PACTATUBAIOIINE TOPU3OHTAIbHBIE HAMIPSKEHHUS.

B 06.HaCTI/I JHa KaHbOHA 3HAUCHUA IT'OPU3OHTAJIbHBIX C)KUMAIOIIUX HaHpH)KeHI/If/’I COCTAaBJIAOT
-0,308MlIIa. ITpu ypoBHE BOZbI B BOJOXpaHWIHIIE paBHOW 130M, TOPU30HTANIbHBIE CKUMAIOIIUE
HANpPSsDKEHUS HA JHE KaHbOHA IO CPABHEHUIO C BapHMAHTOM 0Oe3 ydeTa BOJbI B BOJIOXPAHHIIHUIIE
yMEHbINaTCs B 6,5 pasa.

P€3y.HBTaTI>I PacCuUCTOB IMIOKA3BIBAIOT, YTO IpU HU3MCHCHHU YPOBHSA BOAbI MCHIACTCA U
HaIpPsKEHHOE COCTOSIHME MacCHBa CKJIOHOB (puc.7.). B mpaBoM cki0HE OAHOPOIHOIO CIIOKEHUS
Ha YPOBHC BOIbI T'OPU3OHTAJIBHBIC HAIPIKCHUA SABJIAIOTCA CXKXUMAIOIHWUMU, KOTOPBIC MO MEPC
YBEJIMUEHUS! YPOBHS BOJBI CHUXKAIOTCS. B HEONHOPOAHOM CKIIOHE YBEIMYEHHS YPOBHS BOJIBI
MNPUBOAUT K MOCTCICHHOMY CHUKCHHUIO TOPHU30HTAJIbBHBIX PACTATHBAKOIINX HaHpH)KeHI/II\/'I.

[TosiBNieHHEe 30HBI C PACTATHBAIONIMMH HANPSHKEHUSIMU MOXKHO OOBSICHUTH CIIEAYIOIIUM
obpazom. [Ipu HamMuuU BOABI B BOJOXPAHIIIUIIE MACCUB OY/IET HCIBITHIBATh COOTBETCTBYIOIICE
0o0BbeMy BOJBI JIaBJICHHE, B TO K€ BpPEMS B CAMOM MAacCCHUBE MOSBJISIOTCS IPOTUBOACHCTBYIOIINE
CHIJIBI. HpI/I CHWXXCHUHN YPOBHA BOAbLI B BOAOXPAHUIIMIIC, HABJICHUC BO/BI, l[GfICTBy}OH_Iee Ha
MacCHUB, YMEHbINAETCS, a MPOTUBOJACHCTBYIONINE CHJIBI CAMOTO0 MacCHBa, OCTAIOTCS HEKOTOPOE
BpEMs NPAKTUYICCKHU MOCTOAHHBIMU, YTO U B CBOKO OUCPCAb NPUBOAUT K HAPYHICHUIO PABHOBCCHUS
MacCHBOB MOPO/J] CKJIOHA M BO3SHUKHOBEHHIO PACTATHBAIOIINX TOPU3OHTAIBHBIX HAMPSKEHHM.
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Puc. 7. 3aBuCHMMOCTP HM3MEHEHMsS] T'OPU30HTAJIBHBIX HAINPSDKEHUH B MacCHBE IIPABOIO
CKJIOHA, PacIOJI0KEHHOI0 Ha YPOBHE BOABI OT YPOBHS BOJbI B BOJOXPAHUIIMILE: 1-0XHOPOIHBIN
CKJIOH, 2- HEOJIHOPOIHBIN CKJIOH
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Puc. 8. 3aBUCHMOCTH HM3MEHEHHUS TOPU30OHTAJIbHBIX HaHpﬂ)KeHI/Iﬁ B MAacCCHBE IIOpOa

JIEBOTO CKJIOHA, PACIIONIOKEHHOTO HA YPOBHE BOJbI, OT YPOBHS BOJBI B BOJOXpaHWIHILE: 1-
OIHOPOJIHBIN CKJIOH, 2-HEOAHOPOHBIN CKJIOH

B neBoM ckioHe YBCJIMYCHUC YPOBHA BOABI IIPU OAHOPOJAHOM CIIOKCHUU MaCCHUBA IIPUBOJUT

K CHUKCHHMIO TOPU30HTAIBHBIX CKUMAIOMIMX HampsokeHuil (puc.8.). B HeomHOpoAaHOM CKIIOHE
TOPU30HTAJIBHBIC PACTATHBAIONINE HAMNPSHKEHUS] C YBEIMYEHHEM YPOBHSI BOJbI CHIDKAIOTCS, U
npu ypoBHe 130M HaOmMr0ga€TCS MUHUMAJIbHOE 3HaUCHNE HaNpsDKEHUH. Tak Kak ypOBEHb BOJIBI B
BoJOXpaHwHIe paBHOU 110M sBIsIeTCS KPUTHYECKHM YPOBHEM, C TOYKU 3PEHHS BBIPAOOTKHU
AJIEKTPOIHEPTUU, IOITOMY YPOBEHB BOJIbI B BOJOXpaHuiuine 130M sBiseTcs ONTUMAIbHBIM.

Takum 00pa3oM, yCTAHOBJICHO, U PAacCMAaTPHBAEMBIX YCIOBHHA HAMMEHBIINE 3HAUYCHHS

TOPU30HTAJIBHBIX PACTATUBAIONINX HANPSHKEHUH HaOojaeTcs npu ypoBHeE BoAbl 130M.

—

BbIBO/IbI
OO60CHOBaHO TEOCTPYKTYpHAast U MaTeMaTHUECKasi MOAEIH 10 ONPEACICHUIO HAPSIKEHHO-
neOpMUPOBAHHOTO COCTOSHUS TOPHBIX MOPOJT CKIIOHOB B cTBOpe TokTorynsckoit 'DC.
YpoBeHb BOABI B BOJOXpAaHWIMIIE SBISETCA (DAKTOPOM, OKAa3bIBAIOIIMM BIIMSHUE Ha
pPaBHOBECHE MACCHBOB IOPOJ CKJIOHA. Y CTAHOBJIEHO, YTO IPU CHUXEHUU YPOBHS BOJBI B
BOJIOXPAaHWIMILE B MAacCHUBE CKJIOHA IPUJIETAIOIIEr0 K BOJAOXPAaHWIMILY BO3HHUKAIOT
pPACTATMBAOIINE HAINPSDIKEHUsA. 30HA PACTATUMBAIOIIMX T'OPU3OHTAJIBHBIX HAIPSIKEHUN
HaOrogaeTcst B 00J1aCTH BBIIIE YPOBHS BOJABI U B OCHOBAaHUU BOJAOXPAHIIUILA.
VYCTaHOBIEHO, YTO HAJIMYMWE BOJbl B BOJOXPAaHWIMIIE B CKIOHaX OJHOPOJHOTO U
HEOJIHOPOJHOTO CJIO)KEHUH TMPUBOAMT K pPasrpy3Ke TOPHU3OHTAIBHBIX CKUMAIOIINX
HanpsokeHud. B 1eHTpanbHON yacTH AHA Ha TIyOWHE, paBHOW IIMPUHE JHA KaHbOHA,
TOPU30HTAJIbHBIE CKUMAIOILIUE HAIMPSDKEHUS 110 CPAaBHEHUIO C BapUaHTOM Oe€3 yuyeTa BOJbl
MEHSIOT CBOM 3HAaK M yMEHbIIAOTCS 6-7 pasa.
Y cTaHOBIIEHO, YTO ONTUMAJIBHBIM YPOBHEM BOJbI SIBISIETCSl YPOBEHb BOJbI, paBHbIN 130M,
IpU KOTOPOM HAOMIOAAeTCs MUHMMAJIbHOE 3HAYEHUE DPACTATMBAIOLIMX TOPHU30HTAIBHBIX
HaIpsDKEHUH Ha YpOBHE BOJABI M MaKCHMaJbHOE 3HAYEHHME CHKMMAIOIIHMX FOPU30HTAIBHBIX
HaIPsKCHUN.
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