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BBEJIEHHE

AKTYAIBHOCTE T€MbI HCCAE10BAHHSA

MdopmHpoBaHHE OTBAIOB BCKPBIIHBIX MOPO/] COMPAKEHO ¢ PUCKOM BO3HHKHO-
BEHHMS ONOMA3HEH, NPUBOAAIIMX K HAPYIICHHID TEXHOJOIHYECKOro pexuma pabotsl
MPEANPHATHA, NMOBPEKICHHIO 00BEKTOB HHPPACTPYKTYpPhl (aBTOMOOHIBHBIX M 7KE-
JIE3HBIX JOPOT, TEXHOJOTHYECKHX KOMIUIEKCOB, JIHHHH 2JeKTpornepeaad M T.1.) H
HEraTHBHOMY BO3JEHCTBMIO Ha OKpyKawilyio cpeny. OCHOBHBIMH (DH3HUECKMMH
MPHYHHAMH HAPYLIEHUA YCTOHYHMBOCTH OTBAJIOB SBJISAIOTCH HEOIHOPOJAHOCTH MeXa-
HUYECKHUX CBOHCTB MOPOJHOTO MaccHBa, 00YCIOBIEHHAA €r0 reoJ0rnuyecKoi CTpyk-
TYPOH; H3MEHEHHE BO BPEMEHH ITPOYHOCTHBIX CBOHCTB MOPOJ Ha KOHTAKTE OTBaja C
OCHOBaHHEM BCJIEJICTBUE BIArOHACKHIIIEHHS O]l BO3ICHCTBHEM THIPOre0IOrHYecKHX
u knumatuueckux Qakropos. Ilpu 3ToM MexaHHWYeCKHE XapaKTepPHCTHKH MOPOJ Oc-
HOBaHHS OKA3bIBAIOT OOJblLIEe BIHSHHE HA YCTOHYMBOCTH OTBAJA, YeM OTBAJIbHAs
Macca BCKpbIIHBLIX nopoj. [Tosromy npu obocHoOBaHMH YCTOHYHMBOCTH OTBAJIOB Clie-
JYET pacCMATPHBATE NPHPOAHO-TeXHHUEcKYI0 cuetemy (ITTC) "oTsan-ocHoBanue”.

Ho HacroAmero BpeMEHHM HE YCTAHOBJIEH MEXaHW3M CMEIICHHA OTBAJILHOH
MAcChl, HE HCCIE0BAaHO BJIMAHHME peibeda OCHOBAHMA OTBajla Ha JHHAMHKY pa3BH-
THA JECTPYKTHBHBIX MPOLECCOB, HE YCTAHOBICHBI 3aKOHOMEPHOCTH BIHAHHA Harpy-
30K Ha COCTOSHHE TEXHOI'€HHOI'D MAacCHBa, HE pa3paboTaHbl KPHTEPHH NS OLUEHKH
YPOBHS I€OMEXaHHYECKOI0 PHCKaA pa3BHTHA jeopMalliii H MPOrHo3a yCToHYHBOCTH
[ITC "orBan-ocnoBanue".

H3noxkeHHoOe MO3BOAACT CHHTATH AKTYaJbHBIM PEIIEHHE BOTIPOCOB MO reome-
XaHH4ecKoMY 000CHOBAHHID YCTOHYMBOCTH OTBAJIOB BCKPBILIHBIX MMOPO]] HA HAKJIOH-
HOM CJIOMCTOM OCHOBaHHH HA OCHOBE Pe3yJIbTATOB reOMeXaHHYECKOro MOHHTOPHHIA.
[IpuMeHeHHe B NPAKTHKE TOPHLIX [TPEANPHATHI pe3yibTaToB paboThl MO3BOIMT CHH-
3UTh FEOMEXaHHUECKHE PHCKH H HEraTHBHBIC MOCE/ACTBHA OT ONOI3HEH OTBAJIOB.

Crenens pa3padoTaHHOCTH TeMBI HCCAEI0BAHUSA

Bonpocamu reomexaHH4deckoro odecredeHHs OTKPBITOH A00BIMH [MOJE3HBIX
MCKOMAEMBbIX B YAaCTH YIIPABJICHUA YCTOHYHBOCTBIO OTBAJIOB MOCBALIEHB! TPYIbI MHO-

rux yueHsix: Acrtajeesa E.FO., babGenno B.A., baxaesoit C.I1., INanyctesna 2.1,
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lNanenepuna AM., Jamxo P.D., JKabko A.B., Kyrenosa H0.M., Mouanosa A.M.,

[Tycroroiitopoii T.K., [lymkapera B.H., Cokonorckoro B.B., ®ucenko I'.JI. u gp.

Hecmotps Ha 3HaunTeNnbHBIH 00bEM NMPOBEIEHHBIX HCCIEI0BAHMI, ONMYyONIHKO-
BAHHBIX TPYAOB M METOAHHYECKHX PEKOMEHIAlMH, METOAMK H CrocoDOB KOHTPOJI,
Pa3BHTHE TEXHMKH M TEXHOJNOIHH BEAYT K YBEJIHYECHHIO MApPAMETPOB OTBAIOB H
HArpy30K Ha OTKOC, 4TO TpedyeT AajbHeHIero H3yuyeHus OMON3HEBLIX MPOUECCOB H
MEXaHM3MOB Je(OPMHPOBAHHMS OTBAJIOB BCKPBHIIIHEIX TMOpPOJ, pa3MellaeMbIX Ha
HAKJIOHHOM CJIOMCTOM OCHOBAHHMM, IS TPOrHO3a COCTOSHHS M YIPABICHHS HX
YCTOHYHBOCTEIO.

HCCHﬁﬂﬂBﬂHHB BBITIOJIHAIMCE 10 [J1aHamM K[]ﬂﬂﬁCTBﬂHHEIX ,,EEL}TE}B[)]J{}B, FAKIIH)-
YAEMBIX HAYYHO-MCCIEA0BATENLCKOM MabopaTopuei "YcToiiunBoCcTE DOPTOR Kaphe-
poB" DenepanbHOrO rocyJapcTBEHHOrO OHOIKETHOrO 00pa3oBaTe/IBHOIO yUperie-
HUA BeICIIero obpasopanua "Kyszdacckuil rocynapCcTBEeHHBIH TEXHHYECKHH YHHBEp-
cureT umeHu T. @. ['opbavesa" ¢ ropHO100LIBAIOIIIMMH OpraHU3alHAMH.

Leas padoTsl — reoMexaHuueckoe 0DOCHOBAHME YCTOHYHBOCTH OTKOCOB OT-
BAJIOB, PACMONOKEHHBIX HA HAKIOHHOM OCHOBaHHH, oDecneunBaloOliee MOBLILIEHHE
GezonacHocTH ropHbix paboT 3a cuért npenoTpameHue aedopmaunii Ha paHHeit cra-
MM WX POABICHHA.

Hpaes paborsl 3akitodaercs B MCIOIL30BAHHK 3aKOHOMepHOCTel aedopmariu-
OHHBIX MPOLIECCOB H B3aHMOCBA3aHHOI ¢ HUMH CKOPOCTH CMEILEHHUS OTBAJILHOM Macchl
10 KOHTAKTY ¢ HAKJIOHHBIM OCHOBAHHEM JUIsi ODOCHOBAHUS KPUTEPHEB reoMexaHuue-
CKOI'0 PHCKA, XapaKTepH3YIOLIMX YCTOHYHBOCTE OTKOCOB OTBAJIOB.

A 1oCTHKEHMA TOCTAB/ICHHOH 1€/, B JHCCEPTALMH CQOPMYIHPOBaHbl H
pelieHsl B3aHMOYBA3aHHbIE 3a/1a4H:

— Olpe/IeNIieHHe MeXaHWU3Ma OMOJNI3HEBBIX AeopMaliHii HA OCHOBE THITH3ALUH
PHPOIHO-TEXHHYECKONH CHCTEMBbI "OTBalI-OCHOBaHME", aHANM3a PHCKA HApPYLICHHS
YCTOHYHBOCTH W ME€OMEXaHHYECKOTO MOHHTOPHHTA;

— YCTAHOBJICHHE BIMAHHA HAPY30K H BO3ACHCTBHH Ha YCTOHYHBOCTH NPHPOI-

HO-TEXHHYECKOH CHCTEMBI "OTBal-OCHOBaHHE";
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— 0DOCHOBAHNE KPHTEPHEB OIICHKH YPOBHS I'€OMEXaHHYECKOrO PHCKA pa3BH-
THA Aedopmalimii 114 MporHo3a YCTOHYHBOCTH OTBAJIOB Ha HAKIIOHHOM OCHOBaHHH.

O0bexkT  HCCaeI0BAHMI:  MPHUPOJHO-TEXHHYECKass  cucTemMa  "OTBall-
OCHOBaHHE" MPH OTKPBITOH 00BIME MONE3HBIX HCKOMAEMBIX.

Ilpeamer nccienoBanuii: jedopMallMOHHbIE MPOLIECCHl OTBAIOB, pa3Melac-
MBIX Ha HAKJIOHHOM CJIOMCTOM OCHOBAHHH.

MeTon0/IOrHs M METO/ILI HCC/Ie10BAHHS

Meton cucremuoro ananusza jaaa tunuzanud [1TC "orean-ocHoBanue"; MeTos
"Ananusz aepesa codeiTHil”" ("ETA") s BeIsIBIEHHS CXeM H MEXaHH3MOB Pa3BUTHSI
AedopMaumii  OTBANOB M MX  BepoATHOcTei; wmojenuporanue [ITC "orsan-
OCHOBaHHE"; METOJI MHOTOYIOJIbHHKA CHJI JUIA TIPOrHO3a YCTOHYHBOCTH OTKOCOB OT-
BAJOB; METOA "'MaTpPHLIbl PUCKOB" 1A ONPEACICHHA YPOBHA PHCKa pasBHTHA Aedop-
MallHi H HapYyIIEHHA YCTOHYMBOCTH; PETPOCNEKTHBHBIH aHAJIN3 B 00/1acTH reomexa-
HUYECKOTO MOHHTOPHHIA OTBAJIOB BCKPBILIHBIX MOPO/; reOMEXaHH4YeCKHH MOHMTO-
pHHT 3a jedopMalHiAMH OTBANIOB;, METO/IbI MATEMATHYECKOH CTATHCTHKH H KOppes-
LMK 1718 00pabOTKH IKCIIEPHMEHTANBHBIX JJAHHBIX M OLEHKH MX CXOJHMOCTH.

Hayussie mojoxenns, BBIHOCHMBIE HA 3ALIHTY:

— HapYIIEHHE YCTOHYHBOCTH OTBalla ¢ BepoATHOCTEIO Oonee 70% onpenens-
eTcs nokaszatenem F, NpeacTapisioldM OTHOLIEHHE HAKIOHA OCHOBAHHA K COMPO-
THBJIEHHIO CJIBUTY IO MOJOIIBE OTBana ', NPH 95TOM CABHIOBbIE AedopMaluu
BIOJb KOHTAKTa BO3HHKAWOT npu F = 0,7, ¢ yBenuuennem nokaszarens [ HaunHaercs
BpallaTeIbHOE CMELICHHE C BBITOPOM, 1pH £ =10 npoHcXoaMT onosa3eHs 0TBaNA;

— KOY(QQHUHEHT YCTOHYHMBOCTH TPHPOIHO-TEXHHYECKOH CHCTEMBI 'OTBaJl-
OCHOBaHHe" CBA3aH JIMHEHHBIM ypaBHEHHEM perpeccuu ¢ koadduimentom oOBOIHE-
HHS OTBAJIA, ONPEACSIONIMM BeTHUMHY @', npH koadpuimente perpeccun -0,0074;

— I OMEPaTHBHOTO MPOTHO3a YCTOHYMBOCTH OTBAJIOB, Pa3MEIaeMbIX Ha
HAKJIOHHOM OCHOBAHHH, LENecOo00pa3sHO HCMONb30BATh HEIHHEHHYIO 3aBHCHMOCTD
koa(puimenTa 0OBOIHEHHA OTBANA CO CKOPOCTBIO MOJHOTO BEKTOPA CMELIEHHS OT-
BaJILHOM Macchl, MPH 3TOM cKopocThk 0T 20 MM/CyT yKa3slBaeT Ha Ha4ano jAedopma-

i, npu ckopoctd 90 MM/cyT HacTynaeT npeaaBapHiiHOE COCTOSHHUE, CKOPOCTh DO-
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nee 300 mm/cyT ABASETCA KPUTHYECKOH, MPH KOTOPOH MPOMCXOAHT 0OpYyILEHHE OT-
BaJIbHOTO MacCHBA.

Hayunas HOBH3HA padoThl 3aKII04MAETCH:

— B ONpeIeeHHH 3aBHCHMOCTH MEXAHM3MA CMELLIEHHSA OTBAJILHOTO MACCHBA OT
OTHOLLIEHHS HAKJIOHA OCHOBAHMA M XapaKTEPHUCTHK COMPOTHUBICHHS CABMIY [0 MO-
JIOILIBE OTBAJIA, BRIPAKAaeMOro nokasaresuem F;

— B YCTAaHOBJEHMM PErpecCHOHHOI CBA3H M CTENEHM BJHAHMA Harpy3oK
1 Bo3/elcTeuil Ha koadduument yeroiunpoctu [1TC "oTBan-ocHoBanue";

— B IKCMEPUMEHTANBHO-aHATIUTHYECKOM 000CHOBAHHH KPUTEPHEB, XapaKTepH-
3VIOUIMX YPOBEHb TI'€OMEXaHHYECKOro pPHCKa, MO3BOJAIOIIMX TMPOrHO3HPOBATE Jie-
(hopmMalMK H YIIPABIATE YCTOHYHBOCTRIO OTKOCOB OTBAJIOB.

O00cHOBAHHOCTE H [J0CTOBEPHOCTL HAYYHBIX [OJOKEHHH, BBIBOIOB
M PEKOMEHIalii NMOATBEPKIAI0TCA:

— MPHMEHEHHEM CTaHJApPTHBIX METO/0B HCC/IE0BAHUI: CHUCTEMHBIH aHaIu3,
"Ananus gepesa codbiTH", "AHanu3 1epesa 0TKa30B", MATPHIlA PHCKOB;

— HCMOJIb30BAHMEM anpoOHpOBAHHBIX METOJ0B MATEMAaTHUECKOH CTATHCTHKH M
KOPPEIALMOHHOTO aHaIN3a 11 00paboTKH IKCIIEPUMEHTANILHBIX JIAHHBIX;

— MOJOYKHUTEIBHBIM ONBITOM BHEIPEHHA CHCTEMBI T€OMEXaHHYECKOTO MOHHTO-
puHra Ha 18 oTBanax ropHoAoOLIBAOLUIUX MPEANPUATHIA, YTO MOATBEpKAAETCH AK-
TaMH BHeJpeHus pesynsTaToB ucchenosanus Ha OO0 "ConHueBckuil yrosibHbIH
paspe3" u MectoposiieHnsax AO "Onkon".

JIMYHBIH BK/IA] AaBTOPA 3aKJAK0YAETCH:

— B pa3paboTKe HeaIbHO-3HAKOBOH MOJIEIH MPHPOIHO-TEXHHYECKOH CHCTEMBI
"oTBaJI-OCHOBaHHE", OTpaKAIOIIEH THIH3ALHIO OTBAJIOB 10 YCIOBHAM HX (popMHpoO-
BaHHA, BIUAIOMAX HA MEXAHH3M U cXeMy e opMUpOBaHUA OTBAJIBHOTO MAacCHBA,

— B YCTAHOBJIGHHH PErPECCHOHHOH 3aBHCHMOCTH KOA((pHLHEHTA YCTOHYHBO-
CTH OT (PAKTOPHBIX MOKA3aTENEH, HX NPEACIbHLIH AHANa30H;

— B paspadoTke W BHeApeHHH MeToAHYecKoro pykoBoICTBa 110 reoMexaHuye-
CKOMY MOHHMTOPHHTY OTBaJOB BCKPBIWIHBIX mopod H [IpoekToB reomMexaHH4ecKoro

MOHHTOPHHIA Ha ]‘DpHG,[I,GﬁbIBB.ID]lLHX MpEAnpHATHAX,
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— B paspaboTke anroputma M nporpaMmbl s 9BM no kamepansHoi oOpa-
0OOTKE pe3y/bTaTOB HHCTPYMEHTAIbHBIX HA0MIONeHUH;

— B MPOBEJIEHHH HHCTPYMEHTAIbHBIX HADMOAeHHI 3a nedopMalusiaMi OTBAIOB
U ODOCHOBAHHMM KpUTEpHeR IporHoza ycroWuueoctH otkocoB [ITC "orsan-
OCHOBaHHE", XapaKkTepU3YIOLIMX YPOBEHb IFEOMEXaHUUYECKOTO PHCKA.

Teopernyeckasi 3HAYHMOCTE PADOTHI COCTOMT B CHEILYIOUIEM:

— paspadoTaHa HIealbHO-3HAKOBAA MOJEIb MPHPOIHO-TEXHHYECKOH CHCTEMBI
"OTBaJI-OCHOBaHHE", OTpa)kalollas THIH3ALHI0 OTBAJIOB MO YCIOBHAM (POPMHpOBa-
HUS, BAUAKOLIMM HA UX YCTOHYHBOCTS;

— Onpeac/icHa 3apHCHMOCTE MEXAHH3MA CMCUICHHA OTBAILHOH MAaCCHI M0 I10-
J0LIBE OTBaNa OT Nokasarens £, NpeAcTaBIAIOIIEr0 OTHOLIEHHE HAKJIOHA OCHOBAHHsA
B K cCONpOTHBIEHHIO CBUTY M0 MOJOIIBE OTBANA ';

— YCTAHOBJIEHBI CTATHCTHYECKHE CBA3M KOMPPHIMEHTa YCTOHYMBOCTH OT (pak-
TOPHBIX MOKazaTeneil W JHanazoHbl, B MpeIenax KOTOPBIX JOMYCTHMBI OTKJIOHEHUS
(hpaKTHUECKHX 1TapaMEeTPOB OTBAJIOB OT ITPOEKTHBIX;

— 0DOCHOBAHBI KPHTEPHAILHBIE TMOKA3aTENH, XaPAKTEPH3YIOIIIHE YPOBEHb T'eo-
MEXaHHYECKOIr0 pHCKa, MO3BOJSAIONIME MPOrHO3HPORATE YCTOHYMBOCTE H YIPABIIATE
COCTOSIHHEM OTBAJIOB.

[IpakTHYecKkas 3HAYHMOCTL PAdOThI COCTOUT B CIIEAYIOLIEM:

— pa3padoTaHa MEeTOJAMKA IeOMEXaHHYECKOI0 MOHHTOPHHIA, Peasin30BaHHAs B
(hopme MeToaAMUECKOro PYKOBO/ICTBA M0 INEOMEXaHHYECKOMY MOHHTOPHHIY OTBAJIOB
BCKPBIIIHBIX MTOPOI;

— CO3[1aHbl HOMOTPAaMMBI, TO3BOJAKLIHE B ONEPATHUBHOM pEKHUME BbIOMpaTh
METO/Ibl M CPEACTBA HU3IMEPEHHH I reoMeXxaHH4yecKOro MOHHTOPHHIA MPHPOIHO-
TEXHHYECKOH cHcTeMbl "oTBaN-ocHOBaHHe", oDecneunBaioine TpedyeMy TOYHOCTh
B PEaIbHBIX YCIOBHIAX;

— paspaboTtaH anroput™ H nporpamma (B coaBtopctBe) ana DBM "Defor-
mation control", npenHasznadeHuele 11 00paboTKM pe3ynbTaTOB reOMEXaHHYECKOro

MOHHTOPHHIA,



9

— PE3yJbTaThl HCCACAOBaHHA BHEAPEHB! B [IpOEKTH reOMEXaHH4YEeCKOr0 MOHH-
TOPHHTA, a TaKKe B y4eOHBIH npoiecc o0pa3oBaTenbHbIX YUPEKICHHI TOPHOTO MPo-
us.

CooTBeTCTBHE TEMBI JIMCCEPTALHHN NACMHOPTY HAYYHOH CNEeUHAIBLHOCTH.

Tema auccepranyy COOTBETCTBYET NMyHKTY 2 nacnopra cneumansHoct 2.8.6
"['eomexaHuKa, paspylieHHe ropHeIX MOPoJ, pyJAHHYHAs a’pora3ojHHaMHKa H rop-
Has Tennoguinka’:

— 1n.2. 'eomexanuyeckoe obecrniedeHHe OTKPLITOH M MOA3eMHOH HOOBIYM M10-
Je3HBIX HCKOMaeMbIX, pa3padoTka METO0B YIIPaBIEHHUS TOPHBIM JaBIeHHEM, Y/1apo-
ONACHOCTBIO, KPEIIeHHEM, CIBHIKEHHEM MOPHBIX 110POJ1, YCTOHUYHBOCTLIO DOPTOB Ka-
PhEPOB, PA3PE30B, OTBAIOB H MOA3ZEMHBIX BRIPAdOTOK.

Peanunszauus padorsi

Pesynerarel uccnenoBaHii, OTPaXKaIOUIHE NMPAKTHYECKYIO pealu3aluio padoTel
M3/103KEHb! B JOKyMeHTe: "MeToaH4uecKkoe pyKOBOACTBO M0 I'eOMEXaHHYEeCKOMY MOHH-
TopuHry oTBanoB BekpbiHbIX nopoa” / C. [1. baxaesa, E. B. Ananenxo, /I.B. I'ypbes
/ Ky3sI'TY. — Kemeposo, 2025. — 89 c¢. Hokyment corinacosan ¢ OAO "CYDK-
Kyzbacc", AO "VK "Kyszbaccpaspesyrons" u NpHHAT K HCMOJIB30BAHHUIO TIPH BBINOJ-
HEHHMH XO3J0IOBOPHBIX HAYYHO-HCCIEIOBATEALCKHX padoT ¢ ropHOA0OBIBAIOUIMMH
MPEANPHATHAMHA NIPH FeOMEXaHHYECKOM COMPOBOMICHUH OTKPBITHIX TOPHBIX PaboT.

[TonyueHHble HAYYHO-NIPAKTHYECKHE PE3YJIbTAThl MPUMEHAKTCS TpH 00yuye-
HUM cTYAeHTOB crienransiocTu 21.05.04 "opuoe aeno".

Anpobauust padoTsl

OcHoBHBIE 10JI0KEHHA paboTel JOKNAALIBATHCE H O0CYAKIAINCE HA: MEKIYHA-
POIHOH crienuanu3uporaHHol BeicTaBke "Yrone Poccuu u Maitnuar" (HoeokysHelk,
2018); mexayHapoaHOM QOPYM-KOHKYPCE MOJIOABIX YUeHBIX "AKTYalbHBIC IPOOIeMEl
Heaponoss3osaHus” (Cankr-Ilerepdypr, 2019 1 2024 rr.); MexayHAPOIHOM HAY4HOM
cumnosuyme "Henens ropusika” (Mocksa, 2019 n 2024 rr.); MEKIyHAPOIHOM HHHO-
BAIIHOHHOM TopHOM cumnozuyMme (Kemeporo, 2019 u 2021 rr.); mexaynapoasom ¢o-

pyME CTYACHTOB, aCIHPAHTOB H MOJOIbIX Y4eHBIX-TOpHAKOB "[IpoGnemMsl ropHoro je-

na" (Joneux, 2021 n 2023 rr.).
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IybaMkaumu: no Teme AMccepTauMH onybdaukoBaHo 12 Hayuseix padot, B
TOM 4ucsie 6 cTaTed B BEIYIIMX PELEH3HPYEMbIX HayUHBIX H3JaHHAX, PEKOMEHye-
mbix BAK, monyueno 1 cBHaeTenscTBO Ha perucTpaiuio nporpamMmsl Juis IBM.
Crpykrypa u odbem padoTbl: jJuccepralys BKIHOUYAET BBeJeHHE, 4 rIaBsl,
3aKIII0YEHHE, 3 NPHIOKEHHA, H3ll0oMKeHa Ha 144 cTpaHKLIax MALIHHONHCHOTO TEKCTa,

coaepkut 43 pucyHka, 14 Tabnuil, CNHCOK JIMTEPATYPHBIX HMCTOYHHKOB M3 125

HAMMEHOBAHUWH.
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1 COCTOSHHUE BOIMPOCA TEOMEXAHUYECKOI'O OBOCHOBAHMUS
YCTOMUYHUBOCTHU OTBAJIOB HA HAKJIOHHOM OCHOBAHHH

1.1 JlecTpyKTHBHEIE NpoLecchl H lepopMalHi NPH GOPMHPOBAHHH OTBAJIOB

B Bompochl TeoMexaHH4YECKOro O0O0OCHOBaHHMA YCTOWYHMBOCTH OTBAJIOB
BCKPBIIIHAIX NOpoj 00b1I0H BKIal BHecnu yuénble: Adanaceer b.I'., bpakos C.I1.,
[anyctean 2.JL1., I'ypun A H., Epmakos M.M., Huyrun C.A., Karepmazosa C.B.,
Koznos H).C., Kyrenosa H.A., Mouanos A.M, Hoprartor H0.A., ITycroroiitosa T.K.,
[Tymkapes B.W., ®ucenxo I'.JI. 3HauuMBIM pe3yabTaTOM HAYUYHBIX MCCIENOBAHMI
koiektiea BHUMM sapumuces "llpasuna obecnieueHns yCTOHUMBOCTH OTKOCOB Ha
yronaeHeix paspesax” (1998 r.), KOTOpelE HCMONB3YIOTCA B Ka4deCTBE OTPACICBOrQ
HOpMaTHBHO-MeTOAM4ecKkoro mokymenra [l]. Hay4uno-merommueckne pazpadoTKH,
u3nomenssie B "[Ipasunax ..." [1], monosxens! B ocHoBy (Pe/iepaibHbIX HOPM H Ipa-
il B obiactu npombiuieHHol Oezonacuoctu (MHull) "llpasuna obecnieyenua
YCTOHYMBOCTH DOPTOB M YCTYIIOB KapbepoB, pa3pe3oB W 0TKocoe oTeanos” (2021 r.)
[2], yreepxaéunsie [lpukaszom Pocrexnansopa ot 13.11.2020 Ned439, serynusmem B
cuny ¢ 01.01.2021.

[To Teme reomexanuueckoro 00OCHOBAHHS YCTOHYMBOCTH OTBAJIOB H MOHHTO-
PHHIA TEXHOIEHHBIX COOPYMKEHMH onyOJIMKoBaHbl MOHOIpaduu, HayyHbIE CTAThH,
JMCCEpPTALMH psjia yueHsix [3-12].

Haudonee 3HauuMelii BKJIaa B pelieHHe npodiieM YCTOHYMBOCTH OTBAJIOB H
M3YUEHHSA X HaNpssKeHHO-AedopMUpPOBAHHOTO cocToAHMS BHecnu [ansnepun A.M.,
AKabdko A.B., Kpauxo O.10., Kyrenoe 10.10., Hecmesanor b.B., Ilagnosuua A A., Ilo-
noe C.B., Xammn B.H., KOnakoe 10.J1., u ap.

XaumueiM B.H. pazpaboTtanel TeXHONIOrHYECKHE ¢MOCOOBI MOBBIMICHHS YCTOMH-
YHBOCTH BHYTpeHHHX oTBanoB [8]. B coemectnol pabore Kpauko O. )., Xammuna
B.H., Hopeatopa HO.A. nu Mouanosa A.M. npuBeneHsl Hcclen0BaHMA M0 000CHOBA-

HHUIO0 ONTHMAJIBHBIX TIAPAMETPOB OTBAJIOB HA YTOJBHBIX MecTOpoiaeHuaxX [13].
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OreHKe yCTOHYMBOCTH OTKOCOB OTBAJIOB, WHCTPYMEHTAJIBHOMY KOHTPOJIIO
pa3BuTHA negopmMaluil MOPOAHBIX MAacCHBOB HAa PYIHBIX MECTOPOMKICHHAX IMOCBS-
meHbl padotsl [lonosa B.H., [lonosa C.B., Hecmesnosa b.B. [14-16].

Hccnenoanuamu Ilynesckoro C.A. [7] u HOnakora HO.JI. noareepxiaeHo
MPOCTPAHCTBEHHO-BPEMEHHOE W3MEHEHHE MNPOYHOCTHBIX CBOHCTB ciadbIX MOPOA
€CTECTBEHHBIX M HAMBIBHBIX OCHOBAHMIi OTBAJIOB.

HakonieHHbIH ONBIT MO MCCAEAOBAHHIO YCTOHYMBOCTH OTBAJIOB BCKPBIIIHBIX
MOpOJ, HE OXBAThIBAET OMOJI3HEBLIE MPOLECCH U MeXaHW3M AeopMHpOBaHHS OTBa-
JIOB BCKPBILIHBIX TOPOJ, pa3sMellaeMblX HA HAKIOHHOM clioMcTOM ocHoBanuu. He
MPOBOJAWIHCE HCCIEAOBAHMS M0 OLIEHKE BJHAHHA HArPYy30K H BO3ACHCTBMH Ha 10JI-
rOBPEMEHHYIO YCTOHYHBOCTE OTKOCOB OTBAJIOR,

ITerznepom M.E. paspaboransl cxembl 1eopMHpOBaHHA OTBAJIOB HA MPOYHOM
M c1adoM OCHOBaHHH B 3aBHCHMOCTH OT THIA MOPOJ OTBalbHOM Maccel. Ha cxemax
MPHBEIEHbI MEXaHu3M JaedopMupoBaHus M Haubollee MOAXOAALIMI MeTojd pacdeTa
yeroituusoctu [17]. B ®Hull "llpasuna obecneuenus ycroiuusoctu..." [2] npuse-
J€Hb! TPH CXEMBbI 1e(pOPMHUPOBAHMA OTKOCOB OTBAIOB (HAANOAOIIBEHHBIH, NMO01I-
BCHHBIH M TOJNOJIONIBEHHBIH OMOM3HH), KOTOPHIE TaKkKe OO0YCIOBJICHBI MOPOAAMH
OTBaJbHOM Maccel H ocHOBaHuA. Ilpu aTom, B 0Doux ucrounmnkax [2, 17] e yuutsi-
BAE€TCA OTHOILIEHHE HAKIOHA OCHOBAHHWA OTBAJIOB K CONPOTHBIEHMIO CABHMIY MO IO-
JolBe oTBana — (akropa, OKa3bIBAOIUIEr0 pellaloiiee BIMAHHE HA MEXAHHW3M CMe-
[LEHHS OTBAILHOIO MaccHBA.

C nauana HOBOro crosietuss B Poccuu crany oT/1aBaThk NMpeanoyuTeHHe paspa-
0OTKE MOJIe3HBIX HCKONAEMBIX OTKPBITEIM CIIOCODOM, HANIPHUMEP, 0DBEM JT0DBIYH YIJIs
MOA3EMHBIM H OTKPBITEIM criocodaMu B 1988-1995 rr. Obl1 npakTHYECKH paBHBIM, B
2000 roay o0BEM yris, A0OBITEII OTKPBITEIM CIIOCO0OM, MPEBBICHI MMO3EMHYIO J10-
Obiuy mout BaBoe, B 2020 — srpoe (pucynox 1.1) [18].

[To uroram 2023 roaa B Poccuiickoii Denepaliii OTKPBITEIM criocoboM H3-
BiIekaH u3 Heap 341,0 muH. T. yrag, noasemusiM — 97,7 mun. 1. JloObivy ocymiecTs-
nanan 179 yronsHeix npeanpuatHii, 3 HUX [27 paspesor u 52 maxtel. CoBOoKynHas

MPOM3BO/CTBEHHAA MOLIHOCTE 110 100b4e yrig 3a 2023 ron cocraBuna 438,7 MiH. T,



13

MpH 3TOM 00BEM BCKPBILIHOM MOPOJIBI, CKIAJIUPYEMOH B MHOTOSPYCHBIC OTBAbI,

npesbicka 2,4 Mapa. m°.
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Pucynok 1.1 — Jlobsrua yris B Poccuiickoii Denepaunn

B ycnoBuAX BHICOKOIH CTOMMOCTH apeH/bl 3eMe/bHbIX Y4aCTKOB, OTPaHHYCHHS
HX TUIOIAazAei 1o/ OTBAJLI MPH 3HAYHMOM YBETHYEHHH 00BbEMOB BCKPBILIHBIX MOPOI,
YUACTHIIHCh CIIY4YaH OMNoJI3HeH OTBa/IbHLIX MaccHBOB [19-21].

AHanu3 YNOMSHYTBIX HAY4YHO-HCC/IEAOBATENLCKHX padoT, MarepHanos pac-
CHIEIOBAHHA NPHYUH aBAPHH HA TOPHBIX NMPEANPHATHAX, HATYPHBIE 00C/ICIOBAHHA H
aHAIH3 YCIIOBMH JKCIUTyaTallMH, NMPOBOAMMBIE aBTOPOM HACTOAILLIEH AHCCEPTAlHH
Oonee pecaTH et Ha ropuogoObIBarIMX npeanpuaTHax [22-24], nokasanu, 4To
BCJEICTBHE OTCYTCTBHs JIOIKHOIO TFEOMeXaHHYecKoro o0OCHOBaHMS MPOLIECCOB
(opMHpOBaHHsS ~ OTBAIOB M HEMOJIHOTHI  HOPMATHBHBIX  TpeboBanuii K
reOMEXaHH4YECKOMY MOHMTOPHHTY OTBaJOB HEBO3MOXKHO CBOCBPEMECHHO BBIABHTH
NECTPYKTHBHBIE  MpOLECCHl W TPHHATE  COOTBETCTBYIOIIME  MEphl 10
MPEIOTBPALLICHHI0 WHIIMICHTOR M aBapuiiHbix cutyauuii. [lpumeps nedopmaimon-
HBIX TIPOLIECCOB HA TOPHBIX MPEANPHATHAX MIPUBEICHBI HHAKE.

I anpenst 2015 roga npou3oLesn ojIMH U3 KPYNHEHIINX OMOM3HEH Ha BHELIHEM

orpasie paspesa "3" (pucynok 1.2). DkcrulyatauMs OTBajla OCYLIECTBISAIACH ©
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2004 roga. Beicota oreana pocturana 122 m, pe3yasTHPYIONIMIE YToOJ1 HAKJIOHA OTBa-

na 14°, yron HaknmoHa ocHOBaHHs 5°.
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Pucynok 1.2 — [nan BHemnero oreana paspesa "3"
YenorHsie 0D03HAYCHNA:
— — — MIOJIMKEHHE — H3OJIHHHH %Mﬂﬂﬁ - COUEHHE
OTRAIA MOCe ONoI2HA MOBEPXHOCTH (OCHOBAHHE OTBANA)
T nolloskeHHE — . KOHTYP ONOI3HA ———> — HallpaBJIeHHe
OTBanNa 10 ONnoa3HA CMELLEHHA OTBANLHOIO

MacCHBEA
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OcHoBanKe 0TBANA HA YYAaCTKE NMPOM30NIeIIcH nedopmManiy OBpazHOro THIA,
CJIOKEHO TJIMHAMH M CYTJIMHKAMH Pa3IMMHOH KOHCHCTEHLIMH.

B orBan cknaaupoBanHch BCKPBIILIHBIE CKalbHble nopoast (60 %), npencras-
JIEHHBIE MPEUMYLIECTBEHHO AJICBPOIMTAMHM, C MPUMECHIO NECYAHUKOB, APTH/UIMTOB H
aucnepcHsie (40 %) necuyaHO-rIMHUCTBIE TOPOJIBL.

Passutue aedopmaumii MOKHO OXapaKTEPH30BaThL CIEAYIOIIMM 00pasom:
"HHHLHHpYIOLIee" CODBITHE TPOM30ILJIO B paioHe TajbBera jora (cedyeHue 1, pucy-
HOK 1.3), sTa nedopmauus cnposouHpoBaia donee maciirabHoe HapylleHHe YCTOi-
YHBOCTH OTBAJa, PACIIOJIOKEHHOrO HA CKJIOHE; M0 JOCTHXKEeHHH OIOJIZHEBOH Maccoi
(}ﬁEﬂﬂHEHHGI’{) YUacTKa BOOIE ABTOOOPOrdH, TEN0 OINON3HA CMCHHIO CCBCPO-
3aMa/HblH BEKTOP [ABHAKCHHA M CTAJIO PACIPOCTPAHATHCA 10 MYTH HAHMEHBILICTO CO-
MPOTHBJICHHA B 3alajHOM H I0r0-3alajHOM HaNpaB/JCHHAX; M0 JOCTHKEHHH ecTe-
CTBEHHOH TIperpajibl B BH/E 3alaJHOrO CKIOHAa O0JMHBI peku Keiprai, rae npomso-
[1J1a HEKOTOPasi KOMIIEHCALMs OMOJ3HEBOr0 JaBISHHA U JajibHelllee raiieHue KHHe-
THYECKOH YHEPruH NPOHCXO/IHIIO B FOMKHOM HalpaBJIeHHH BJIONb peku [25, 26].

B 30He BIHAHHA ONON3HA OKa3aaMCh JTHHUK dnexkTponepenay 110 kB u 10 kB,
34ChINIaHbl TEXHOIOIMYECKas aBTOMOOWIBHAS Jopora o0LIero nojab30BaHHA W MO
e3/iHbIe xKenesHoaopoxueie nytd Tanauuckoro IITY, nepekprito pycino peku Keip-
raif 3a 4 aHs 10 Ha4aja BeceHHero napojaka (pucyHok 1.4,a). B peayabrate apapuu
OblM ocTaHOBJIEHB! pabOTEl HA pAjie NMPeANpPUATHIA, HapyIlIeHa OTrpy3Ka J100BITOro
yriis, 3aToruieHa Teppuropus dosiee 6 ra (pucynok 1.4,6), nedopmuposanbl HHCTEP-
HbI 3aNPAaBOYHON CTAHIIMH, BCJICJCTBHE YEro NMPOH30IIA YTeUKa BPE/HBIX BEILECTR B
peky Keipraii. Odummii ymepd apapiu cocragui donee 4 mipa. pyonei.

Bo3zuukHoBeHHIO Takod MacmtabHol aedopMalMH OTBala MOCHYKHI PaAl
(haktopor. OcHOBHBIE TIPUYHHBL: pa3MELIEHHE OTBaAJIA B JIOTOBBIX YacTAX penbeda c
ACCHMETPHYHBIMH CKJIOHAMH; MEPEKPBITHE CTOKA ¢ MOBEPXHOCTH OTBajIa armocdep-
HBIX OCAJIKOB HACHITIAMH aBTOMOOHMILHOMN M XKENE3HOH A0pOr, YTo NPUBEI0 K 00paso-
BAHHIO B TEJE OTBaJa TEXHOTEHHOIO BOJIOHOCHOTO IOPH30HTA H CHHKEHHIO TPOY-
HOCTHBIX XdpaKTepHCTHK MOPO/ B HHKHEH 4JacTH oTBana (cMm. pucyHok 1.2). ['eome-

XaHHYeCKHI MOHHTOPHHI BHEIIHETD OTBAlA HE MPOBOIHIICH.
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Pucynok 1.3 — Ceuennte 1-1 no sHemHemy otsany paszpesa "3"

— KOHTYP OTBaJIa OO0 OIMOJIZHA

— — — — KOHTYP OTBaJ1a MOCIe Orno3Hsa

YenosHele 0003HAYEHHS

— MNOBCPXHOCTE CKONBEAKCHHA

— 3eMHast [MOBEPXHOCTh

91
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Pucynok 1.4 — MoToCHUMKH: a) ONOM3HS 0TBANA; 0) 3aTOMIEHHOH TEPPUTOPHH

JedopManns BHEIIHEro OTBaNa BCKPHILHLIX NMopoj paspesa "P" npousomna B
centsadpe 2017 rona (pucyHok 1.5).

Dkcmyaraums oTeana ocyuectsisuiack ¢ 2014 rona. TeppHTOpHA, OTBEIEH-
Has Moj OTBaj, Pacnojioxena Ha sojopasaene pex Keiprail u Tanaa u npeacrasnser
riy0oKopacueHEHHYIO PABHHHY C YEPEIOBAHUEM JIOTOB H yBanos. TajbBeru J0ros
3abonouensl. Bricota oTeana 58 M, pesyasTHpytomuii yron 12°, yron HakIoHa OCHO-
Bauua 5°. OcHOBaHME NPEACTABICHO CYTIMHKAMH, TITMHAMH, CYNEChI0 W TajledyHH-

koM. MollHOCTE HeTBEPTHYHBIX OTJIOMKEHHMI JocTHrana 25 M.



Pucynox 1.5 — OnonseHs BHELIHEro oTBana paspesa "P"
(hoTOCHHMMOK ¢ KBajapoKonTepa)

B oTBan CkIaaMpOBaIuCch BCKPBIIIHBIE MOPO/IEI, MPEACTABICHHEIE MPEHMYILE-
CTBEHHO al€BPOJIMTAMH H MMecYaHHKaMH, ¢ npumechio apriyuTos (80%) u necuano-
IJIMHMCTBIX MOPO/I: CYTJIHHKOB H IMIHH pa3Nu4HOoi KoHcHeTeHinn (20%).

dopMupoBaHHe OTBalia OCYILIECTBIAIOCH MOCIE MPOBEACHHS HWHIKEHEPHOM
MOArOTOBKM OCHOBAHMSA, KOTOpas BKJIKOYala COOPYKEHHE BOJOOTBOJAHBIX KAHAB M
NPECHAMKHBIX TPAHIUCH, YAaJICHHE CadbIX MTHMHMCTRIX MOPOJ1 H3 OCHOBAaHHMSA (JIOKaJlb-
HO) ¥ 3aMEIICHHE WX CKAJIBHBIMH OpoaaMH (pucyHok 1.6).

[To pesynsTaTam H3y4YeHHs TOpHO-TpaUuecKkoii JOKYMEHTAIMH, OlleHKH dak-
THYECKHX TapaMeTpoB OTBajia 0 OMOJ3HS YCTaHOBJIEHO, 4TO JAedopmanus orBana
pa3sBHUBANIACH CHEAYIOIUIMM 00pa3oM: BH3yallbHbIC NMPOSIBICHHA (TPELIHUHBI, 3aKOJIbI)
Hayana aedopMalMOHHLIX MPOLEccOB OBUIM OTMEYEHb! Ha ropusonte +330 M; ak-
THBHOE JBHKCHHE I0MKHOIH 4acTH OMOMI3HSA B I0T0-BOCTOYHOM HAMpPABICHHH T10 Tallb-
BEry jiora ¢ obpa3oBaHHeM Bajia BHIMHPAHMA Y MOJAHOKHA OTKOCA OTBAIA; ABHKECHHE
CEBEPHOI 4YacTH OMNOJI3HA BHEIUIHET0 OTBAJad B CEBEPO-BOCTOYMHOM HAMpPABJIEHHH 10

JIOCTHKEHHS TEXHOIOTHYECKOH dBTOIOPOTH.
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Pucynok 1.6 — Ilnan oreana paspesa "P": a) nonoxenus 10 U nocie aedopma-
1K, 0) nonoxeHHe penepos HabdMIOIATENLHOH CTaHIHH
Yenosusie 0b03HAMEHUA:

MmTITTTTrTT

————— ~ NOMNOMEHHE OTBATIA [TOCE ONOJTIHA = IEONTY T LR

0~ MONOkKEHHE OTBANA J0 OTION3HA S —ceucHHE A-A

T L pof00TBOAMAS APEHAKHAS TpaHIies — — H30IHHIH 3eMHOI NOBEPXHOCTH OCHO-
(MHAKEHEPHAA NOArOTOBKA OCHOBAHHA) BaHHA OTBA/1A
é:;ﬁ — pabounii penep HabmonaTesHOH R{gj i padouuHii penep HabIOIATEIBHOH CTAHLHH,

CTAHLIHM, 3AN0MEHHBI 10 aedopmatiiu FANOKEHHEIH nocie aedopMaliiu
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O06pazoBanoch /ABa A3bIKA ONOJ3HA — CEBEPHBIH M I0MHBIH (CM. pucyHok 1.5).
IO#nuaa vacTs onona3Hsa — mo Taneeery nora (pucyHok 1.7), omon3imue nopoasl pac-
MOJOKHINCE MOJ yriom OMH3KMM K yriy HaknoHa ocHoBanus (3-5°). CesepHblii
A3BIK OTOJI3HA — OT BOJIOpA3/Iena 110 CKIOHY, UMEIOLIEMY YKIOH 3°.

B 30He BAHSAHHS OMON3HA OKA3AJIHChH TEXHOJOIHYECKHE aBTOAOPOIH, BEAYILIHE
Ha BHELIHWII OTBal, B KAPLEPHYIO BHIEMKY M HA COCEIHHMI paspes, U3-3a 4ero apTo-
MOOMIILHOE JIBHKEHHE HA IABYX NPEANPHATHAX OBIJIO MPHOCTAHOBIIECHO.

OcHoBHBIE TPHUKHEL AedOopMallii OTBAA — HapylleHHe TeXHOIOTHH OTBaJlo-
o0OpaszoBanus 1 GpopMHUpOBaHHE aBTOMOOMIIBHBIX 3a€3/I0B HA OTBaJ 0e3 COOpYIKeHHs
JPEHAKHBIX COOPYKEHHMH 110/1 MOJOTHOM ABTOAOPOT, YTO MPHBEIO K CO31aHHIO TEX-

HOTEHHOTO BOJOHOCHOIQ NOPH30HTA B TEJIC OTBAJA, HACKILICHHI) BOI0OH nopoa OCHO-

BdHHA H CHHACHHK} COTIPOTHRICHHA COABHTY M0 KOHTAKTY C OCHOBAHHCM.

/ T+2?I,5 +250

Pucynox 1.7 — Ceuenne A-A no Buemnemy orsany paspesa "P"
YenoeHble 0003HAYEHHS
~ KOHTYP OTBA/A [0 ONO/3HA

— NMOBCPXHOCTE CHOIRAHCHHA
== RORIYD OTRANA NOCHE ONOHA ~ BOJIOOTBOJIHAA JIPEHAKHAA TPAHILIES

— 3CMHAA MOBEPXHOCTE

Buemmuii otean paspesa "[1I" seenen B sxcnnyaraumio B ausape 2019 roaa, a
B CEHTAOpe MpOM30IIE] ONOJI3eHb YYACTKa OTBajia, BHICOTA KOTOPOIO COCTABIIAJA
Bcero 33 M. B orBan cKIaJMpOBaJIMCh BCKPBILIHBIE CKalbHblE Mopojsl (90%), npen-
CTABJICHHBIE AIEBPOJIUTAMH M MECYAHHKAMH, C IPHMECHIO APTHUIMTOB H JIMCHEPCHBIE
rpyHTel (10%). Beicota ortBana 33 M, pesynsTHpyOWMii yron oreana 17°, yron
HAKIIOHA OCHOBaHMA 3°. ['eoMexaHHYeKHil MOHHTOPHHI YCTOHYHBOCTH BHEILHErO OT-

Ba/la HE MPOH3IBOIHIICA.
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IToBepxHOCTh OCHOBaHMSA OTBalla MPEACTAB/ICHA LICHTPAJIbHOH BOJOpa3/Iesib-
HOH TpHBOH Mexkny peukamd Mus 1 Ypon U HeDONBIIMMH NPOAOJTOBATBIMH IPHBa-
MM, pa3Je/ieHHBIMH Y3KHMH JIOJIMHAMH py4dbeB H joroB. Ha momenT nposeneHus
M3BICKATENBCKHX padoT OblIM 3apMKCHPOBAHBI €AHHHYHBIE MOCTOAHHBLIE BOJIOTOKH,
PEACTABICHHBIE PYUBIMH.

OcHoBaHHe OTBANA C/I0KEHO CYTIMHKAMH H IIIMHAMH, MOIIHOCTEIO OT 3-15 M B
norax, 1o 30-48 M Ha BoJOpa3aenax.

BusyaneHbie nposiBieHHs (TPeUIMHBI, 3aKO0Jbl) JECTPYKTHBHBIX MPOLIECCOB
ObuIM oTMeueHbl HA ropuzoHTe +305 M (pucyHok 1.8). [Tozwke Hauanock akTHBHOE
CMEIIEHHE OTBAILHOID MACCHBA, TENO OIIOI3IHA ABHIanock B CE!BE:})(}-BGCT[}‘{H{}M
HANMpPaBICHUH /10 JOCTHKEHHA OTMETKH 3eMHO# nosepxuocT +250,0 M; nocne atoro
JBH/KCHHE OMOJI3HA BHELIHETO OTBaja NPOHCXOJMIO B BOCTOYHOM HAaNpaBICHHH 110
TalbBEry JIOra /10 MOJHOH OcTaHOBKH. [lo kpagm M B HMIKHEH YacTH OMOJ3IIEH Top-
HOH Macchl oDpa3oBaics Ban "BeIMHPAHUA" M3 JTHCIEPCHBIX TPYHTOB, KOTOPHIE 3alie-
raju B OCHOBaHHH oTBajsa (pucyHku 1.9, a u 1.9, 0).

Beixoa Bosibl HEe oTMeueH. [ucnepcHbie nopobl Baja "Belnupanus’ ObUH ecTe-
CTBEHHO# BhAaxHocTH, Ha BepxHeil yacth nedOPMHPOBAHHOIO YYacTKa OTMEYCHBI
TPEIIMHBL H 3aK0JIBl ayroobpasHoii (opmbl, KOTOpEIE MOBTOPSNH (POPMY TOPH3OHTA-
neit penseda. [locne omonzaHus OTBalLHBEIX MOPOJ HA IJIOLIAJIKE BHEIIHErO OTBaJa
(abc. orm. +305,0 M) chopMupoBaIUCH TPELIUHEL U 3AKOJbL, 110 KOTOPLIM BO3IMOMKHO
(hopMHpOBaHHKE IUIOCKOCTH OTPLIBA CIE/YIOMIEH NpU3Mel 00pyIeHns (pucyHok 1.8).

B 3one pnusHug aedopMalii 0TBaNa OKA3aIMCh JIBE JIMHHH dJIeKTponepe/ay
10 kB, 361K 0M0N3HA OCTAHOBHJICA B HECKOJIBKHX MeTpax oT onopel JIDIL

[Tocne nposeneHus HATYPHOTO 0DCIEI0BAHHS, aHAIH3Aa FOpHO-TpadUUecKoi U
reQJOrH4YecKOH JOKYMEHTALMH aBTOPOM YCTAHOBJICHBI NMPHYHHBI pa3BUTHS Aedop-
Maimii. B pesynbrare HenpaBuibHOTO Mopsaka GOpMHPOBaHHA APYCOB OTBAJIA MPO-
H30LJI0 TOTPY/KEHHE OTBAJBHBIX MMOPOJA B CJIOH MATKOMJIACTHYHBIX CYTIHHKOB,
MOLIHOCTBIO 0,3-8,5 M, ¢ MOCHEAYIOIMMM CMENICHHEM OTBAIIbHONO MACCHBA 110 ITOMY
cnoto (pucynok 1.9,B). B paiione npouzowmenmei nedopManuy BHEIIHHH OTBaJ OT-

CHIMAJICA CO CKIIOHA BHM3 MO penbedy.



= NOIOAEHHE OTBAJA MOCHe ONMOJI3HA

[ i— H3IO0JIHHHH 3EMHOH MNOBCPXHOCTH MOI

OTBANOM

E — KOHTY]D OMOA3HA

BbIpabOTOK BHELIHero oTBaa paspesa "LL" ¢ HaHeceHHEeM MOIOKEHHS TPELIHH

~ Hanpasienue GopMu-
POBaHHA OTBAIA

— HalpaBJIcHHC CEJIOHA




23

Pucynok 1.9 — [NoamonouseHHbIi 0M0/I3€HL BHEIIHET0 oTBaNa paspesa "11":

a 1 0) hoTOCHHMKHN O1TON3HA; B) cedeHHe A-A Mo BHEUIHEMY OTBAMy
YcnoeHeie 0bo3HAMEHH:

E— KOHTY] OTBaIa J0 ONoJI3Ha El
E ~KOHTYP OTBAIA TIOCHE ONON3HA E — 3eMHas HOBEPXHOCTH

— MOBEPXHOCTE CKONEXEHHA

HMmeBimne MECTo MHUHACHTB M aBapuiiHbie cutyauud [27-31] HarnsagHo ne-
MOHCTPHPYIOT PHCKH BO3HMKHOBEHHMA KPYMHBIX HeopMaiyii OTBalOB BCKPBIMIHBIX
[MOpOJ, PACTIONIOKEHHBIX HA HAKIIOHHOM OCHOBaHHH, CBA3aHHBIE C OTCYTCTBHE TeOMe-
XaHHYeCKOT0 MOHHTOPHHTA MPH (JOPMHPOBAHHH OTBAJIOB.

[IpaxkTHKa 3KCIUTyaTallii OTBAJIOB M PACC/ie/IOBAHHE MPHYHH BO3HHUKHOBEHHS
ne(opmatinii HACKITHBIX COOpPYKeHH nokassigaoT (pucyHox 1.10), yro 32% uapy-

LHICHHA }’GTDﬁ‘{HBDCTH OTBAIOE NMPOH3ONUIH MPH [I)CIPMHPDBEHHH BHCIIHHX OTBaJIOB
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Ha cinaboM ocHoBaHuM, 23% — NMPH HAJIMYHH JIOTOB, BOAOPA3ACIOB Ha MIOIIAAKE MO

OTBaJl H HAKJIOHHOTO OCHOBaHHA, 25% — W3-3a HENpPaBHJIBHOH TEXHOJOTHH IOATO-
TOBKH OCHOBaHMs M nopsjaka popMHpoBaHus oTBaios, 15% — BeneacTBHe rHaporeo-
Oruveckux (akTopoB (CO3JaHHS TEXHOTEHHBIX BOJOHOCHBIX FOPH30HTOB B OCHOBA-
HUM HJIH Tene oTBaia) u 5% Apyrue npuuHHsl (MIPHPOIHAS H TEXHOTEHHAA CeHCMMKa,
Harpy3ku OT 0DOpYIOBaHHs, MPEBBIAIOIIME Hecyulylo cnocobHocTs nopon) [21,
23].

ap.

THIIPOTEOIOTHY.
thakropsl

15%
ciaboe
OCHOBaHHE
32%
TEXHOIOTHS
(hopMHpOBaHHS
25% penbed
MECTHOCTH
23%

Pucynox 1.10- ITpuuunbl BO3HHKHOBEHHA Ae(OpPMalIHii OTBAIOB
BCKPBIIIHBIX MOPOJI

OneIT BeleHHsA TeOMEXaHHYECKOr0 MOHHTOPHHTA, NMPHBEICHHBII aHalIH3 MpH-
YHH BO3HHKHOBEHHS Jedopmanuii Ha OTBajaxX MOATBEPIKIAET, YTO CBOEBPEMEHHOE
0DHApYIKEHHE JECTPYKTHBHBIX IMPOLIECCOB BO3IMOMKHO NPHM YCIOBMM reoMexaHuye-
CKOT'O COTIPOBOXKACHHA npoliecca (JOpMHPOBAHHS OTBATIOB, KOTOPOE BKJIOYAET B cehs
psa 3aaay:

— M3yueHHe (PH3HKO-MEXaHMUYECKHX XapaKTepUCTHK OTBAJIbHOH Macchl H CO-
MIPOTHUBIIEHUS CABUTY MOPOJI OCHOBAHMS;

— paspabotka u BHeapeHue 3PPeKTHBHONH CHCTEMbI MEOMEXaAHHUECKOT0 MOHH-



25

TOPHHIA COCTOSHHA OTKOCOB OTBAJIOB;

— OlIEHKa PHCKA pa3sBUTHA Je(opMalMi M HApYLIEHHS YCTOHYHBOCTH;

— 00OCHOBAaHHE KA4YECTBEHHBIX M KOJMYECTBEHHBIX KPHTEPHEB NPOrHO3a
YCTOHYHBOCTH OTKOCOB OTBAJIOB;

— 0D0CHOBaHHE NMAPAMETPOB OTBAIOB, 00ECNEUHBAIOLIMX HX YCTOHYHBOCTS;

— pa3paboTKa peKoMeHalHii Mo CTa0MIN3alMK ONOI3HEBBIX SBICHHI.

M3 Bcex BolenepeyMcieHHBIX 3aJa4 KIo4YeBol mpobnemoi, Tpedylomiei
[epBOOYEPEeHOrO pelleHus, ABIseTcs OTCYTCTBHE TpeDoBaHHil K reOMeXaHHYeCKOMY
MOHUTOPHHIY OTBAJIOB HA HAKJIOHHOM OCHOBAHMH: HE YCTAHOBJICHBI MEXAHU3M M
CXEMEI CMCUICHMA OTBAILHOH MACCHI, 4 TAKME Ha}‘lﬁﬂﬂﬁﬂ YASBHMBIC YUACTKH OTBAIOB,
Ha KOTOPBIX BBICOKOH PHCK pasBHTHA fehopmariuii.

OcHOBHBIMH TpHYMHAMHK AehOpMaIHi ABIAETCA TO, YTO HArPy3KH M BO3JCH-
CTBHA NPHPOAHOTO H TEXHOTEHHOTO XapakTepa, 0Ka3bIBaIOIINE BIHAHHE HA YCTOHYH-
BOCTh OTKOCOB OTBAJIOB, OBbLIM HENOCTATOYHO H3YydeHbl MO0 He ObLIM Yy4YTEeHBL [IPH

pa3palboTKe NPOEKTHOM JOKYMEHTALHH HJIH B [IPOLIECCE IKCIUIYATALIHH COOPYKEHHH.

1.2 Harpy3kHu u Bo3eicTBHSA, BJHAIIHE HA YCTOHYHBOCTEL 0TBAJIOB

HosnrospemMeHHy0 yCTOHYHBOCTh BHEIIHHX W BHYTPEHHHMX OTBAJIOB, ONpee-
JSIOT Pa3iiHUHbIC HAMPY3KH H BO3/ACHCTBHA, KOTOPBLIE MOMKHO Pa3ie/uTh 110 1no00H10
HAIPY30K, ONMPEACIeHHBIX CTPOHTENbHBIMU HOpMami [32]. [locTosiHEbIMH cUMTAIOTCH
Harpy3kH, KOTOphIC ACHCTBYIOT Ha COOPYKEHHE MOCTOAHHO (Hampumep, coOCTBEH-
HBIH BEC COOPYKEHHS), BPEMEHHBIC (BEC TEXHOMOTHYECKOTO 000OpYA0BAHH, TEMIIE-
paTypHBIC HArpy3KH M T.J1.) H 0coDble HArpy3KH (CeHCMHYECKHE MPUPOIHOTO H TeX-
HOTEHHOTO Xapakrepa M T.J.), KOTOpbIe MPOABISIOTCS MPH ONpPeJeEHHBIX YCIOBHSIX
(pucynok 1.11).

PaznuuHoe coueTaHue HArPY30K MOXKET NPHBECTH K H3MEHEHHIO HATIPSKEHHO-
1e(hOpPMHPOBAHHOTO COCTOSHHS H CIIPOBOLHPORATH Jedopmauuio oTeaia. Ycroiiuu-
BOCTE OTBaJIa ONpeAeNdeTcs OTHOLIEHHEM YIEPKHBAWIIMUX CHIT Fy,, JEHCTBYIOIHX
o HauboJiee HANPAKEHHOH MOBEPXHOCTH CKOIBKEHHS, K CABHIAKOIIMM cHilaM F, 1o

ITOH JKE NOBEPXHOCTH (pucyHoK 1.12).
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Harpy3ku 1 Bo3jieiicTBus

\—3 apeMeHHble
— | nocmoanmbg _[ JUTHTEJIbHBIE J/ ocoObIe

M KpaTKOBpEMeHHbIE
| coOCTBEHHBIH BEC TEXHOJOTHYECKOr0  M30BITOUHOE NOPOBOE
BEC COOPYKEHHA obopynoBaHus JIaBJIeHHE
HIpPOCTATHYECKOE [ TEeMIepaTypHEIe CEHCMHUYCCKHE
~ IaBlleHHe ——BETPOBLIE
—CHETOBBIE
Pucynok 1.11 — Harpy3ku 1 Bo3aelcTBHA, BIHAKIIHE

Ha HANMPAXKCHHO 'ﬂ'ﬂd] OPMHPOBAHHOC COCTOAHHE OTBAIOB

Puﬁ
3
Casur |yl
EEE, 3 o ey,
Si= - O r
I
e i el s e il el il el il il el il i e i
— — — — — — — — — — — — — — — — p—"
e I e I e e Y

Pucynok 1.12 — Cxema BNMAHUA HATPY30K M BO3JIEHCTBHI
Ha HANPSKEHHO-IeQOpPMHpYeMoe COCTOSHHE OTKOCA OTBANIA

Caguratompe cuisl (Fg,) ASHCTBYIOT HA y4acTKe MPHU3Mbl AKTHBHOIO JIABIIE-
HUS, T1€ YIoJl HAKJIOHA MOBEPXHOCTH CKOJIBKEHUS o JOCTUIHET 3HAYCHHE PABHOE YT~
7Y BHYTPEHHETO TPEHHA MOPOA Q.

Y nepskuBaiomive cuibl (Fy,) ASHCTBYIOT HAa YHaCTKE NPH3MBI YIIOpA, IE Yroi

HAKIIOHA MOBCPXHOCTH CKOJMBMCHHA O MCHBILC YTJld BHYTPCHHETO TPCHHA TTOPOMI (.
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Ilpu paBeHcTBe cABHraloUMX M yAepxuBaiomux cun (Fy,=F.) orBan Haxo-
IUTCA B COCTOSHHM npenenbHoro paBHoBecHdA. [Ipn HesHauMTENbHOM YBEIHHEHHH
CIBHTaOUIUX CHJ (HanpuMep, CUJI rPaBHTALMH 3a CYET YBEJIIMYEHHA BbICOTHI OTBAJIA)
MOKET MPOH30HTH HAPYLIEHHE YCTOHYHBOCTH COOPYKEHHUH.

[TocTosHHa HAarpy3ka oT COOCTBEHHOT0 BeCa COOPYKEeHUs (Cuila Beca) onpe-
JENASTCS CHIIAMH IPABUTALMK MPU3MBI BO3MOKHOTO 00pyeHus P, kotopas pacno-
JAMKEHa BbllIEe Hanbolee HANPSHKEHHOH MOBEPXHOCTH CKOIBKEGHHS H HanpasieHa
BEPTHKaIBLHO BHHM3. CHia Beca OTBAILHBIX MOPOJ JEIUTCA HA KacaTenbHyio 7 W HOp-
MaJIbHY10 N COCTaBAIOIIHE.

Ilpu pazmenieHnn Ha OTBane TEXHOJIOTMYecKoro obopyaoBaHus (aBTOoCamo-
CBaJl, IKCKaBaTOp, KOHBEHEp U JIp.) BO3HHUKAIOT cTaTHYecKHe (3a cuer Beca odopy-
JOBaHUA) H AHHAMHYecKHe (padoThl BEIEMOYHO-NOTPY304HOIO 0DOPYI0OBAHHKS, pa3-
rPY3KH ABTOCAMOCBAJIA) HATPY3KH. Y CTAHOBJIEHO, YTO MpH BUOpALIMOHHBIX KoJieDa-
HUAX 00OPYIOBAHHSA YroJl BHYTPEHHErO TPEHUS I'PYHTA HE M3MEHACTCH, CHHIKEHHE
CONPOTHBJIEHHS CABHIY MPOMCXOJMT BCJIEACTBHE YMEHBIICHHMA CHRHMAIOIHX HIIH
YBEMHUYECHHUA CABHIAIOIIMX HANPAOKEHHH B NEepHO ACHCTBHA JHHAMHYECKOH Harpys-
kd. [Ipu 3TOM IMHaMHYECKas HArpys3ka npeBbIIACT CTaTHUECKYIO (Pos) B HECKOIBKO
pas [33].

BopnoHaceleHHOCTh MOPOJI CYHNIECTBEHHO CHHKAeT YCTOHYHMBOCTH OTBajla M
onpenenserca [34]:

— HAJIHYHEM B Telie 0TBajia De3HANoOpPHOro BOJAOHOCHOTO TOPH30HTA, KOTOPLIi
(opmupyercs 3a cuer HHDUALTPaALMK aTMOC(EPHBIX OCAJKOB M0 IIOWAAH OTBAIA,
MOJCTHIAEMOT0 OTHOCHTEILHBIM BOJOYTIOPOM;

— HAJHYHEM BOJOCMORB MIIH BOJOHOCHEIX TINTACTOR BﬁHHBH QTEANA.

Kpowme 51010, B OCHOBaHHH OTBaJla BO3MOKHO 3aJ€raHie HamopHOro BOJIOHOC-
HOTO TJIACTa MK FPYHTOBOTO (De3HanopHoro) BoJOHOCHOTO ropusonTa. [lpu oTcein-
K€ OTBAJIOB €CTECTBEHHBIH PEKHMM BOJOHOCHBIX TUIACTOR CYUIECTBEHHO H3MEHSETCH,
M Harnopbl MOJ3€MHBIX BOJ MOTYT MOBBIIIATHCA 34 CHET H3MEHEHHH YCIOBHI MX IH-
TaHWA H MCMIApEeHHA 10 TUIOMIAIM OTBajla, a TaKKe 3a CHEeT MU3MEHEHWH YCIOBHI Mmo-
BEPXHOCTHOIO CTOKA B paliOHE BEJACHHUA TOPHBIX padoT.

rH,E[]]ﬂETﬂTI'I‘IEEHDIE B3BCIIHBAHHE H THAPOIHHAMHYMECKOE JaBJIEHHE ABIA-
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IOTCS BEKTOPHBIMH BEJIHYMHAMH. [ MapocTaTHHECKOE B3BELIMBAHHWE, MPOABIAIOIICECH
APXHUMEIOBBIMH CHIIAMH [y, HAMPABIEHO 1O BEPTHKAIM BBEPX (B HANpaBICHUH, MPO-
THBOIOJIO/KHOM HANpaBISHHUIO TPABUTALHOHHBIX cuit). [ HapoaMHaMHYecKOe 1aBiIeHHE
— 00bEMHasA CWIA, OPUEHTHPOBAHAA B KaX/10H TOYKE MACCHBA B HANPABISHHH HANop-
HOT'O IpajJHEHTA. ,ELI'IH OLIEHKH JIEHCTBMA rHAPOJIHHAMHYECKHX CHIT HEeODXO0AHMO MO-
CTPOEHHE JIMHHI TOKA, OPHEHTALMA KOTOPLIX 3aBHUCHT OT (DHILTPALIMOHHON HEOIAHO-
POAHOCTH MACCHBA M PACTIPECIEHHSA HATIOPOR HA (PUKCHPOBAHHBIX rpaHuuax [34].

CyMMapHOe BIMSHHE TMAPOCTATHYECKOID B3BELUIMBAHHA W THAPOAMHAMHYE-
CKOr0 JaBIICHHSA MMPOABIACTCA KAaK IHAPOCTATHYECKOE JABJICHHE, PACTIPEACICHHOE 110
MOBEPXHOCTH CKOJIBKEHHS, 110 HOPMAIH K HeH W H3MEHAIOUIEe TOJIEKO HOPMAJIBHYIO
COCTaB/IAOLLYIO; HA KacaTEeJbHYIO COCTABIAILYIO MHAPOCTATHYECKOE JaB/IEHHE CY-
[IECTBEHHOTO BIMAHWA HE oka3bipaeT [33, 35].

Hedopmaiyn 0TBaNOB H MX OCHOBAHHIT ClIEAYET OLEHHBATh B npeaenax addek-
THBHBIX HANpAKEHHH, (POPMHPYIOLMXCA 34 CYET YBEIMYEHHA BBICOTHI OTBana. Benu-
4uHY A(PEKTHBHBIX HANPSIKCHHH ONpPEAeNAOT ¢ YHETOM I'MAPOCTATHYECKOTO B3Be-
[IUBAHUA MOPOJL OTBAJIA U €r0 OCHOBaHUA. CKHUMaeMbIMH CIIeYeT CYMTATh MOPO/Ibl, B
KOTOPBIX MOJ ACHCTBHEM OMHIAEMBIX HJIH PEalH30BAHHBIX Y(D(OEKTHBHBIX HATIPsAKE-
HUH BOZHHKAET JOMOIHHTEIBHOE MOpoBoe (M30BITOYHOE HAJl THIPOCTATHYECKHM) J1aB-
neHue [36]. CxumaeMbIMH SBIISIOTCS BOJOHACKIIEHHBIE TIHHHCTIE OPO/bL.

CeiicMuueckoe Bo3jaeiicreue Fi., — 9T0 KojebarensHOe JIBUKEHHE IPYHTA,
BLI3BAHHOE IPHPO/HBIMU (3eMyIeTpscenus) (aKkTopaMH M BBI3LIBAIOLIEE CJBHI CO-
opyxenus. CelicMuueckas cuia ACHCTBYET B LEHTPE TAKECTH MAcCHBA TPYHTa H
HAMpAaBICHA TOPHU30HTANBHO B CTOPOHY CABHMra. TeXHOTreHHbIE CEHCMHYECKHE BO3-
NeHCTBHA (B3PBIBBI) AEHCTBYIOT aHAJOTHYHO CEHCMHUYECKOH CHIIBI MPUPOAHOTO IMpo-
MCXOXKICHHA.

KaumaTnyeckHe BO3AeHCTBHA 0Ka3blBalOT CYUIECTBEHHOE BO3JCHCTBHE Ha
HAMPSKEHHO-1e(OopMHUpOBaHHOE cocTosHue oTBaioB. KoauvecTBo aTtmocdepHbIX
OCA/IKOB, MOLIHOCTb CHEIOBOI'Q MOKPOBA H MPOACIKUTEIBHOCTD €ro TASHUS BINAKOT
HA [MHTAHUE BOJOHOCHBIX IOPH30HTOB. TeMneparypHbie BO3ACHCTBHS C MOCTOAHHLI-
MH LHKJIAMH 3aMOP@KHBAHHA M OTTAMBAHHSA, INTyOHHA CE30HHOIO NMPOMEP3aHHA 10-

PO BRIZEIBAIOT MOPO3HOE My4EHHE, a 3aTeM OCaAKY NpH oTTaneanuu [37].
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Takum 06pa3zom, OTKOC OTBaJIA HAXOIUTCA MO/ BO3ACHCTBHEM BHYTPEHHHX pe-
AKTHBHBIX CHJI COMPOTHBIEHHA H BHELIHHX HATPY30K M BO3JCHCTBHI, CTpEMALLNXCS
BBIBECTH €ro U3 paBHOBecHs. CTeneHb BIUSAHHA aKTHBHBIX CIBHTAIOIIHX HATPY30K, B
Mmpeaenax KOTopsIX J0NYCTHMBI OTKI0HeHHS (pakTHueckux napamerpos [1TC "orean-
OCHOBaHHEe" OT MPOEKTHBIX, HE ycTaHoBeHa [38].

Ho, naxe ecnu cambiM TIIATEIBHBIM 00pa3’oM M3YYMUThH BCE HATPY3KH W BO3-
JeHCTBHS HA OTKOCH! OTBAJIOB, BOZHHKHOBEHHE Je()OpMaLHH NOJTHOCTBI0O HCKIHYHTh
HEeBO3MOKHO, TAK KaK B Ipoliecce BeJeHHs TOpHBIX pabdoT noj Bo3ieicTBHEM IpH-
POAHBIX ¥ TEeXHOTeHHBIX (DAKTOPOB TMPOMCXOIHT M3MEHEHHE HaNpPsKEHHO-
1ehOopMHPOBAHHOTO COCTOAHMA OTBAILHOIO Maccupa. M3demxars nedopmannii oTko-
COB OTBAJIOB MO3BOJACT YNPABICHHE UX YCTOHYHBOCTBIO 3a CUET MEP pearHpoBaHMus,
YCTAHOBJIEHHBIX 10 PE3Y/IbTaTaM reOMEXaHHYECKOro MoHuTOpHHTa. [lanusie reome-
XaHHYECKOTO MOHMTOPHHIA COTOCTaBIAIOT € KaYECTBEHHBIMH M KOIMYECTBEHHBIMH
KPHTEPUAMH, XapaKTEePH3YIOUIHMH YPOBEHb I'€OMEXaHHYECKOT0 PHCKa Pa3BHTHA [ie-
Gopmaumii 1 Ha 93T0H oOCHOBE, nporuosupyot yeroWuupocts IITC "orean-

ocHoBaHue".

1.3 lIporso3s ycroH4HBOCTH OTKOCOB OTBAJIOB, PACIOJI0KEHHBIX
HA HAKJIOHHOM OCHOBAHHH

IlepBriii TOKYMEHT, KOTOPBIH pEeriaMeHTHPOBA/l JeHCTBHA MO reoMexaHHye-
CKOMY MOHHTOPHHTY 3a COCTOAHHEM OOpPTOB, YCTYNOB H OTKOCOB 0TBanoB - "Meto-
JUYecKHe yKazaHuA MO MPOH3BOJACTBY MapKileiaepckuXx HabnoAeHHH 3a Onon3He-
BBIMH ABJICHHAMH Ha YrolibHBIX Kapbepax' [39] Obin uznan B 1955 roay. [lo3nnee,
Ha OCHOBAHMH M3yueHHs Acdopmaumyu ODOPTOB M OTBANIOB, OCOOEHHOCTEH Pa3BUTHA
pa3aHYHBIX BHI0B HAPYLICHHH YCTOHYHMBOCTH, MPOBEAA MHOTOICTHHE MCMBITAHHA
M0 MCCAEA0BAHUIO (PUIHMKO-MEXaHHYECKHMX CBONCTB OTBaJIbHBIX MACCHBOB M HX OC-
HoBaHuii, ydeHeiMu HHcTHTYTa BHMUMHM w BHUOI'EM Opina pazpaborana "Hu-
CTPYKLUMI N0 HaOmwoaeHusam 3a jgedopmaumamu dopros..." (1971 r.) [40]. B 1987
rojay kak jgonosHenue k "HMuerpykuuu no Ha®moaeHusMm 3a jaedopmanusamu 0op-

TOB..."[40] yuensimu BHHUMM paszpaboranb "Metoauyeckue ykazanua 1o Hado-
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AeHuaM 3a faedopmanmaMH OOPTOB Paspe30B M OTBAIOB, MHTEPNPETALIMH HX pe-
3yNLTATOR M MporHosy ycroiiunsoctu" [41]. IlpuBenenw cxemsl gedopMupoBaHHs
MACCHBOB I'OPHBIX MOPOJ B Pa3AH4HBIX TOPHO-TEONOTHYECKHX YCIOBHAX, OTIHYH-
TEJbHEIE MPU3HAKH Pa3IHYHBIX THIOB AeopMaluii ¥ CTaJHH Pa3BHTHA ONOJ3HS.
Bonee nogpobHo u3noxkeHsl TpebOBaHHS K METOAMKE HAOIIOACHHI, MOSBHIHCH HO-
BbIE METObI FT€OMEXaHHYECKOr0 MOHHTOPHHIA MW NMpUMeHseMbie npudopsl. Jlobas-
JIeH OTIeNbHBIH pa3aesn, MOCBALIEHHBIH TOYHOCTH H MEPHOIHYHOCTH HADIIOAeHUH,
JlaHbl PEeKOMEHAIMN K KOHCTPYKIMH PEeNepoB M 3akiajgke HaOMIOJaTenbHBIX CTaH-
uui s koHTpols yerouusoctu dopros. [Ipu sroMm uH(opMalus no reoMexaHu-
YEKOMY MOHHTOPHHIY OTBAJIOB OTCYTCTBYET.

B 2021 roay Berynunu B cuny ©@Hull "llpasuna obecniewenns ycToiunBo-
cti...”" [2]. Ilyakr 52 Benueynomanyteix "llpaBun obecnedenua ycToHUHBOCTH..."
[2] rmacHT, 4TO B MpoLecce IKCIIyaTaluH 00BEKTOB BEJACHHUA OTKPBITHIX TOPHBIX pa-
00T A1 CBOEBPEMEHHOI'0 BbIABJIEHHA Je(OpMallHOHHBIX MPOLIECCOB H MPOTHO3HPO-
BAHHS ONACHBLIX CHTYALHH JIOJKEH BECTHCh KOMIUIEKC HaONIOAeHHH, BKIIKOYAIOLIHI
BH3Y@IbHBIE H MHCTPYMEHTAIbHbIC HAOMOAEHHM 33 yCTOHYMBOCTLIO oTBanoB. [lpn
ITOM ACHCTBYIOUIHI B HACTOAIIMH MOMEHT OCHOBHOH HOPMATHBHBIA JOKYMEHT pe-
rIaMEHTHPYET TpeOOBaHHA TOMBKO K TOYHOCTH MHCTPYMEHTA/IBHBIX HaOmwoaeHuil. B
"MeToaMuecKkHX YKa3aHUAX [0 OLleHKe PHCKOB pa3BuTHA AedopMalnil, MOHUTOPHH-
r'y U YIPARIEHUIO YCTOMYHBOCTEIO DOPTOB, YCTYIOB, KAPLEPOB, Pa3pe30B H OTKOCOB
orsaios"[42] npuseiensl noscuenus k MHull "TlpaBuna obecnevyenust yeToiunBo-
cTH..." [2]. XoTs JOKYMEHT COJIEPKUT KPATKHE CBEJEHHS O METOJax reoMexaHude-
CKOI'0 MOHHTOPHHIA H TEPHOAHYHOCTH HAOIIOJEHHMH 3a OTKOCAMH OTBAJIOB, €ro
MpaKTHYecKas LEHHOCTh OrpaHH4YeHa M3-3a HEKOHKPETHBIX H HEACHBIX peKoMeHja-
U Mo BHIDOPY KOHCTPYKLUMH HaOMIOAATENBHOH CTAHLUHH H OTCYTCTBHEM 00OCHO-
BAHHBIX KPHTEPHEB OLIEHKH YPOBHA FEOMEXaHHYeCKOro pHUcKa pasBHTHA aedopma-
M U1 MPOTHO3a YCTOHYHMBOCTH OTBAIOB HA HAKIOHHOM ocHoBaHMH. OcTasibHbie
MOMEHTBI, KacalOlUIHECss MOHHTOPHHIA OTBAJIOB, AYONMPYIOT MEPEYHCICHHBIE paHee
noKyMeHTBI [39-41], KOTOpbIE OpPHEHTHPOBaHBI HA padOTY ¢ ONTHYECKUMH npubopa-

MH WIH MeTO/1aMH (POTOrpaMMETPHH.
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Jnst npoBeAcHHA TEOMEXaHUYECKOT0 MOHHTOPHHTA PaHbILIE MPUMEHIH METO-
nbl reomeTpHueckoro HuBenuposanus Il knacca [43, 44, nonuronomerpun I paspsaa
[45]. B nacrosiee Bpems ¢ LENbl0 cOKpalleHHs 00bEMOB MOJEBbIX H KaMepaabHbIX
padoT ocyllecTBIAETCA MEPEX0/ HAa albTepPHATHBHBIE MeTo/Abl HaOmwoaenuid. Cryr-
Hukoroe onpenenenns koopauHat (GPS — umu I'JIOHACC — texHonoruif) — 310 Me-
TOJ, OTpeie]IeHNsl KOOPAMHAT JH000H TOUKH HA MOBEPXHOCTH 3eMJIM € MCIOJb30Ba-
HHEM CHCTEMBI MO3HIIMOHHPOBAHWA CIYTHHKOBLIX cHcTeM [46]. Muorue cneuuanu-
CThl W YUEHBIE JeJIATCS CBOMM OMNBITOM MCIIOIL30BAHUA METO/A CIIYTHHKOBOIO Ompe-
JleJIeHHs KOOPAMHAT JUI MOHUTOPHHIA pasiiHuHbIX 00bekToB [47-54]. ['naBHoe mnpe-
MMYILIECTBO METO/a — MOJIYYEHHE KOOP/MHAT penepor HabMOAaTeNbHOH CTAHIHH B
dopmare X, ¥V, Z 1 BO3MOKHOCTE YCTAHOBHTE CMEIICHHA 00BeKTa HabmoacHHil B
MJIAHE W MO BBICOTE.

[na BHeapeHHa MeToJa CIYTHHKOBOTO ONPEACNCHHA KOOPAMHAT NPOBEICHBI
OJHOBPEMEHHbIE M3MEPEHHSA C MPUMEHEHWEM MOJHIOHOMETPHH 4-ro Kiacca, HHBe-
nupoBatud [V-ro knacca. CpaBHHTENbHBIN aHaHW3 H3MEPEHWH MOKa3zan, 4TO TOu-
HOCTb OINPE/IEICHUS CMEIICHHH NPAKTHYECKH COBMNAJAET, a BOT MEPEXO] K METOLY
CIYTHHKOBOIO OIpEEIeHH KOOPAHWHAT MO3BOIAET COKPATHTH 3aTPaThl BPEMEHH B
10-15 pas [46].

MeTon nazepHOro CKaHHPOBAHWA MO3BOJIAET NoOny4uTh 3D Mozens yuyacTka
KOHTPOJIHpPYEMOil MecTHOCTH. CwmelleHue 00BEKTOB Omnpeaensercs pa3HOCTBIO MO0-
BEPXHOCTEH, MOJYUEHHBIX M3 HECKONbKUX cepuit nabmonenuit [51, 55-57]. Ho Ge3
MCTIONB30BAHKMA CIEUHANBHBIX MapOK CMEIIEHHS BO3MOMKHO ONPEIeIHTh TOJIBKO B
TPEXMEPHOM TMPOCTPaHCTBE, 0€3 BO3MOKHOCTH YCTAHOBJICHHS TOPH3OHTA/ILHBIX H
BEPTHKAIBHBIX AeOpMAaLIHId.

Bce Oonee akTHBHOE NMpPUMEHEHHE HAXOAAT OECKOHTAKTHBIE METO/bl MOHHTO-
pHHra, Korja HeoOXoQHMBbI MJ101a/IHbIe HADMIOAEHHS TPYIHOAOCTYIIHBIX H ONAacHbIX
y4acTkoB. MeToj reoMexaHH4eckoro MOHHTOPHHTA 110 Pe3yibTaraM KOCMHYECKHX
pagapHeiX chemok [38-61] nozronseT ycTaHOBHTE CMENICHHA TTOBEPXHOCTH C TOYHO-
CTBIO HECKOJIBKHX CAHTHMETpOB. 114 BBIMONHEHUS panapHOH HHTEP(EPOMETPHH HE

Tpedyerca yCTaHOBKH ClielHalbHOTO 000pYI0BaHHA W TPOBEACHUA OJIEBbIX paboT,
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MCTIOJIB30BAHME APXHMBHBIX KOCMOCHHMKOB TO3BOJIACT YBHIIETh H3MEHEHHE 00BEKTOB
B OMpe/eeHHbIil MOMEHT BPEMEHH, HO [UIA NMOJYYeHHsA HAJACKHBIX Pe3yJbTaTOB HH-
Tep(epoMeTpun HeoOXOIHUMBI KOHTPOIb H KaIHOPOBKa C NMpHMEHEHHEM IaHHBIX
KITACCHYECKHX METO/I0B MOHHTOPHHTA [44, 49, 57-69].

Henocrarok ganHoro meroja [70] 3akimoyaercs B TOM, YTO JUIS [TOJTHOIO HH-
TepdepoMEeTPHIECKOr0 MOHMTOPHHIA HEOOXOAUMO HANIWYHE TBEPAOH OTpakaloule
MOBEPXHOCTH Ha Habmonaemom oOwbexkTe. Hanmpumep, oTBalbl BCKPBIIIHBIX MOPOA
MOABEPralOTCA camo3apacTaHHIO, a TakKue YJacTKH o0JagaloT HH3KOH KorepeHTHO-
CTBIO MEWKAY LUHUKIAMH M3MepeHHil, Mo3TOMY pe3ynbTaThl HAOMIOAeHH MOTYT OBITh
HEJ0CTOBEPHBI. METOI KOCMHYECKOTO Pa/ilapHOrO HHTEPHEPOMETPHUECKOTO MOHHM-
TOPHHTA JIY4IIE HCNONB30BaTh B KOMIUIEKCE ¢ JAPYTHMH MeTojamMu HabmioaeHHi,
BBH/Y OTHOCHTEIBHO Mal0ii M3Yy4YCHHOCTH BOTPOCA O BIMAHMM BHEIIHHX (DaKTOPOB
Ha TOYHOCTb H3MEPEHHI.

IO.H. KanTteMHpoB Takike pPeKOMEHIYET HCIOJIb30BaTh METOJa KOCMHYECKOM
pajapHoil WHTEppEePOMETPHH KaK JOMONHAKOWNA W NoBblIatouHi 3pPexTHBHOCTD
MapKieiaepcko-reoaesnueckux Habmoaenuii [63]. On npuBoaut Metoauky [64]
nepexojia oT HHTepdheporpaMM K NOIy4EHHK BEKTOPOB CMENICHHS B (JopMe TpexX co-
crapiaronux (X, Y, Z), 4To 04eHb BayKHO V1A OLICHKM COCTOSHHSA CBEKEOTCHINAHHBIX
OTBAJIOB, KOTJA MPOLece YIIOTHEHHA OTBAJILHOI Macchl He 3aBepILIMIICS.

CoBpemeHHBIH criocod BeeHHs reoMexXaHU4yecKOro MOHMTOPHHTa 00BEKTOB —
Ha3zeMHas paaapHas uHrepdepomerpus [71, 72]. INocne oOpaboTki OTCKAHMPOBAH-
HBIX JaHHBIX nodaydaetcd 3D mozens Haba01aeMOro 00BEKTa ¢ BO3MOKHOCTBIO T10-
CTpoeHHs rpa(MKOB W3MEHEHHs CKOpPOCTH cMmeuleHus. Cmeumenus o0bexra Habmo-
JeHHH MTOKa3bIBAIOTCA HA UH(POBOH MOJIENH B L[BETOBOM (hopMare 0e3 BOIMOKHOCTH
YCTAHOBUTE CMEILEHHS B BEPTHKAIBHOH H TOPH30HTAIBHOH MIOCKOCTH.

[Toporoeoe 3Ha4YeHHE CKOPOCTH CMELIEHHA, NPH KOTOPOM NpudOp onoBeuaeTt
0 BO3HMKHOBCHHM AcopMauuii, ycTaHaBIMBaeTcsa Hexoas u3 Habmomenuit 3a op-
ToMm kapeepa "enesuniit" AO "Koenopekuit FOK" [73, 74] nna pazsnu4HbIX cTaaui
nedopmannii. [Ipu 3TOM 1719 OTBAIOB BCKPBIIIHBIX MOPOJ KPHTEPHAIBHEIE 3HAYEHHA

CEOPOCTH CMEIICHHA HE YCTaHOBICHBL.
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['eoMexaHHYECKHH MOHMTOPHHT OTBAIOB C MOMOIIBI a’pooTorpaMMeTpHIe-
CKHMX M3MepeHuii [5] mo3posAer co3naTh UM(ppoByH Mozaens 0ObekTa HaOMIOIEHHUI.
[Tockonbky 3TOT cnocod obnanaer Hu3koi TouHocTeio (0,1+0,2 M no Beicote u 0,2-
0,3 M B ru1aHe), TO €ro NPUMEHEHHE JOMYCTHMO TOJLKO /Ui KOHTPOJIs Makpoaedop-
MALIMi 1 BBISBIEHHA HOBBIX OMACHBIX y4acTKoB [75].

C TOYKH 3peHHs YMEHBLICHMS IKOHOMHYECKOH COCTAaBAAIONIEH W BpeMeHH
MPOM3BOACTBA paboT, a TAK/KE YBEJIMHYCHHA TOYHOCTH, Lienecoodpa3Ho i reoMexa-
HUYECKOTO MOHHMTOPHHIA MCMONIL30BATH OECNHIOTHBIE ABHAIHOHHBIE CHCTEMBI
(BAC) [76].

Ha oprodoronnanax, BeinogHeHHbX bBAC, BO3MOKHO YBHASTH HE3HAUMTENb-
HBIC TPEUIHHBI M OCBINH, KOTOPBIE MPOABAAIOTCA JaXE MOH CHETOBEIM MOKPOBOM.
Jlanuplil BHI MOHHTOPHHTA YIO0OHO NMPUMEHATE B TPYAHOAOCTYIIHBIX MECTax, Ha OT-
BaJiax OOJIBILION MPOTAKEHHOCTH, a TaKkKe B 3HMHEE BpemMa roga. MOHHTOpHHT ¢ no-
mMoibi0 BAC MOKHO HCMONB30BaTh Ui BEACHHA YIPOIIEHHBIX HaOm0AeHHH (3a
TPEUIMHAME H HX PACKPBITHEM), KaK JOMNOJIHEHHE K WHCTPYMEHTAIbHLIM METO/1aM
MM BU3YaIbHBIM Habmoaenusm [77, 78].

Opmuu 13 HeGnaronpuaTHLIX (aKTOPOR, BIMAIONIMX HA YCTOHYHBOCTh OTBAJIOB
BCKPBILLIHALIX NMOPO, ABIAETCA (POPMHPOBAHME BOILOHOCHBIX TOPH30HTOB B OCHOBa-
HUM WM Telle 0TBaja M o0pa3oBaHHe M30BITOMHOTO MOPOBOro AaeneHus. bonbuioii
BKJIAJ B M3Yy4YeHHE THAPOreOMEXaHWKH TEeXHOT€HHBIX MACCHBOB BHECIH Y4e€HbIE
AM. lNanbnepus, B.A. MupoHeHko, HO.A. Hopsarog, B.B. MoceiikuH,
HO.U. Kyrenog, B.B. Ueckunor [36, 79-86].

Bosznukalomee noj AeHCTBHEM YIUIOTHAIOIIUX HATPY30K H30BITOYHOE [IOPOBOE
NABJIEHHE TPYHTOB ABJIAETCA MEepeMEeHHOH BO BpeMeHH BenuyuHoH. HaTypHble Hame-
PEHHS MOPOBOTO JABIEHHA B OTBAJAX BCKPBILIHBIX MOPOJ HEODXOAHMBL LIS OLEHKH
COCTOAHHA BOJOHACHIIIEHHS H NMPOU3BOAATCA MPH MOMOILIH CTAHOHAPHBIX JATYHKOB
M IITAHTOBBIX MBE30JHHAMOMETPOB HJIH KOMOMHHPOBaHHBIX 30H10B [34, 79, 87, 88].

[To pesynsraTam HaOMIONEHHI 34 TTOPOBBIM JIABICHHEM MPOH3BOJIAT CPABHEHHE

'd]aKTH‘-[ECKHX BEIHYHH C TIPpCAC/IbHBIMH 3HAYCHHAMH H IIPH HEODXOIUMOCTH BBINOJ-
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HAIOT OLICHKY YCTOHYMBOCTH OTBAJa C YYETOM BEJMYMHBI H30BITOMHOrO MOPOBOIO
JIABJICHMA.

bonbuiyd MONyJspHOCTs MPH BEAEHHHM TEOMEXAHHYECKOTO0 MOHMTOPHHIA
MMEIOT reo(u3nYecKue MeTO/Ibl, KOTOPBIE MOKHO MCTIONB30BATh JUUIA BEACHHA MHIPO-
reoJIOrHYECKOT0 MOHHTOPHHIA H BBIABICHHA aHOMaIbHBIX 30H. O0ee yHcno reo-
(usnuecknx metonoB win Moaudukaumii npessimaer 100. ITo ucnonbzyembiM u-
3UYECKHM MONSAM 3eMiI reoH3HYecKHe MeToJbl MCCIeA0BaHUi MoapasaensaioT Ha
[89]: rpaBuMeTpHYeCKHe, MATHUTHLIE, MEKTPOMArHUTHEIE, CcellcMHYecKHe, AIepHo-
(puznveckue U TepMHUECKHE.

[IpMMEHHMTENIBEHO K MOHHTOPHHIY COCTOAHHA OTBAJIOB BCKPBILIHBIX MOPOJ BO3-
MOKHO ONPEACIHTE MOJOKEHHE MOBEPXHOCTH CKOJIBKEHHA, 4 TAKKE BRIJICIHTE aHO-
MaJbHBIC 30HBEI (0DBOIHEHHBIE, 00PA30BAHHE MYCTOT H AP.) FEOPHIMUECKMMH METO-
IaMH CeHCMOpa3BeIKH M MIEKTPOpa3BeAKH. JNEKTPHYECKOe 30HIHPOBAHHE MO3BOJIA-
€T OIpEAC/HTh MOJOKEHHE CJIOEB IUIacTHYHON KoHcHcTeHuuu [90] B oTBane u ero
OCHOBaHHUH, a ceHCMOpa3Be/ika — HAIMYHE BOJAOHOCHBIX FOPH30HTOB B BEPXHEH 4acTH
MOPOAHOH TONMUIH. JlaHHBIE METO/Ibl BO3MOMHO HCIOAB30BATE B KOMIUIEKCE C OCHOB-
HBIMH MapPKIICHAEPCKO-I€OIE3HYECKHMH W THAPOTCOJIOrHUCCKUMH Ha0III0ICHHAMH.

[TpoBenEnuplil 0030p HAKOMJIEHHOTO OMBITA BHIABHI CYIIECTBEHHBIH AS(QHIMT
000CHOBaHHBIX METOJIHK NeOMEXaHHYECKOT0 MOHHTOPHHTA OTBAJIOB BCKPHILIHBIX T0-
poa W pe3ynsTaroB HaOmoAeHH Ha (akTHYecKHX OTBajax. D710 00yCIOBIMBaET
HeOOX0UMOCTL YCTAHOBJICHHS KPUTEPHAILHEIX 3HAYEHHH, MO3BOJAIOIINY CBOEBpe-
MEHHO OLIEHHBATH YPOBEHb MEOMEXaHHUECKOI0 PHCKA pa3BUTHA Aedopmaliuii.

Kamxapiii meto HaOMIOZEeHHH NpH NPOBENEHHH IEOMEXaHWYECKOr0 MOHHTO-
PHHIA [03BOJAET YCTAHOBHTEL XapaKTePHCTUKH MACCHBA, BJIHMAIOIIME HA €ro COCTOA-
HUE H [O3BOJAIOLINE YYHTEIBATE HMX NpH oueHke ycroivusoctH [ITC "orsan-
ocHosanue". [IpH 3TOM TONBKO METOI MapKLIEH IePCKO-Te0Ae3HYeCKHX HaDI01eH il
M CIIYTHHKOBOTO ONpEJIENICHHA KOOPAHHAT Jal0T BO3MOMKHOCTh ONMPEACIAThE BEIHYH-
HY H CKOPOCTh CMEIICHHA MacCHBa B TOPH30HTAIBHOH M BEPTHKAILHOH IMIOCKOCTAX,
YTO JUIA IPOTHO3a COCTOAHNA OTBAJIOB ABJIAETCA KIHOYEBLIM (DAKTOPOM.

BwmecTe ¢ Tem HYHHO MOHHMATh, MTO CYRKOCHHA 00 omacHOCTH cMelIeHHs Mac-
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CHBA ONpPEACIACTCH NMPaBHIBHO BHIOPAHHOH METOAMKOH npoBeacHHsA HabiioaeHw,
BKJTHOYAIOIIEH CIeaYIOIIHEe AIeMEHTEI:

— TpeDOBaHHA K TOYHOCTH;

— BBIOOP KOHTPOJIBHO-U3MEPHTENBHOM annapatypsl, odecneunparoliei tpedy-
E€MYI0 TOUYHOCTh H3MEPEHHH,

— 0DOCHOBAHHE KOHCTPYKIUMHM HAaOMI0AATENbHONH CTAHIMH B COOTBETCTBMM C
Haubosiee BepoaTHOI cxemoi 1eopMUpOBaHHs OTBAILHOTO MAaCCHBA;

— BbIOOp MeTo1a HaDI0IeHHii;

— UHTepIpeTaLus pe3ynbTaTos;

— 0DOCHOBAHHE KPHUTEPHANBHBIX MOKA3ATENCH, ONPeaS/siONHX YPOREHL PHCKA
pasBUTHA aedopMali 1 Hapyuenua yeroituusoctu [ITC "orRan-ocnopanue",

— nporuo3 ycronuusocTt [ITC "oTpan-ocnosanue”.

[TosiBieHHE BBICOKOTIPOH3BOANTEILHOTO 000pyA0BaHMA, HOBBIX METO/IOB Teo-
MEXaHHYECKOI0 MOHHUTOPHHIA, @ TAKIKE OTCYTCTBHE B HOPMATHBHBIX M METOIHYE-
ckux nokymenTax [1, 2, 39, 41, 42, 91] undopmauun o Mmexanuszmax aeopmuposa-
HHA OTBAJIBHBIX MACCHBOB (B 3@8BHCHMOCTH OT HAKJIOHA OCHOBAHHA, THIA MOPOJ OT-
Bajla ¥ TPYHTOB OCHOBaHHA) H TpeDOBaHMH K KPHTEPHAJILHBIM ITOKAa3aTeNsAM MPOrHO-
34 YCTOHYMBOCTH OTBAJIOB BCKPBILIHBIX TIOPOJ HA HAKJIOHHOM OCHOBAHHH T10 PE3YJib-
TATaM MOHHTOPHHIAa CTABUT Mepes HeoOXOAMMOCTEI0 OOHOBIIEHHS CYHIECTBYIONIEH

MEeTOIHYEeCKOi Da3sl Mo reoMexaHHYeCKOMY MOHHTOPHHIY OTBaJl0OB.

1.4 BeIBO/1bI, L1&JIb H 32/1a4H HCCJIETOBAHUS

1. OtpaboTKa MeCcTOPOkKIEHHH MOJE3HBIX HCKOMAEMBIX OTKPBITBIM criocobom
conpoBoxaercs (GopMHPOBAHUEM OTBAJIOB BCKPLILIHBIX 1opoj. B ycinoBusx Beico-
KOH CTOMMOCTH apeH/ibl 3€MelIbHBIX YYAaCTKOB, OrpaHHYEHHs HX IUIOLIAIH I0J pas-
MELIEHHE OTBAJIOB IMPH 3HAYMTENBHOM YBeJHUEeHMH O00BEMOB BCKDBILIHBIX TTOPOI,
YYACTHIMCh CIIy4aH OIOJI3HEH OTBalbHBIX MACCHBOB, KOTOpBIC NPHBOMAT K KaTa-
CTPO(PUUSCKHM MOCISACTBHAM.

2. B Bonpocax reoMexaHH4eckoro 00OCHOBaHHA YCTOHYHBOCTH npu GopMUpo-
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BAHHH OTBAJIOB HA HAKJIOHHOM OCHOBAaHHH HE YCTAHOBICH MEXaHH3M CMEILICHHS OT-
BaJIbHOM Macchl H Y4aCTKH OTBAJIOB C MOBBLIIIEHHBIM PUCKOM pa3BUTHA Ae(opmariuii.

3. [lox Bo3pelcTBHEM pa3iMYHBIX HATPY30K H BO3/EHCTBHI Ha OTKOCax OTBa-
JIOB BCKPBILLIHBIX MOPOJ Pa3BHBAKOTCA JASCTPYKTHBHBIE npoueccsl. Jlnanazon nomy-
CTHMBIX 3HAYEHWH AKTHBHBIX CABWUIAIOLIMX HATPY30K, B Npejenax KoTopeix (axtu-
yeckne napametpel IITC "oTBan-ocHoBaHHe" MOTYT OTKJIOHATLCA OT NMPOEKTHBIX 0e3
YIPO3bI MOTEPH YCTOHYMBOCTH HE YCTAHOBJICHBI.

4. OTcyTcTBHE B HOPMATUBHOMH JOKYMEHTALIMH YeTKHX TpeOOoBaHHil K reome-
XaHH4eckoMy 000CHOBAHHIO YCTOHYHMBOCTH OTBAJIOB BCKPBILIHBIX MOPOJ, Pacroio-
HEHHBIX HA HAKIOHHOM CHOHCTOM OCHOBAHHH, CTABHT HAaC Hﬂpﬁﬂ Hﬁ(}ﬁxi)ﬂHMﬂ(}Thfﬂ
YCTAHOBJICHHA KPHTEPHAIBHBIX TMOKA3ATC/ICH, KOTOPLIE MO3BOJIAT NPOrHO3HPOBATE
YPOBEHb I'€OMEXaHHYECKOT0 PHCKAa HAa OCHOBE INEOMEXAHHYECKOT0 MOHHMTOPHHIA M
paszpadaTsiBaTh MEPEI pearupoOBaHuA.

Ileas padoTel — reomexaHH4eckoe 0DOCHOBAHHE YCTOHYHBOCTH OTKOCOB OT-
BAJIOB, PACIONOKEHHBIX HA HAKIOHHOM OCHOBaHHH, 0DECHEYHMBAIOLICE MOBLILICHHE
OesonacHocTH ropueix pador 3a cuér npegorepaiieHne aedopmannii Ha paHHei cra-
IHH HX MPOABICHHA.

Haen padboTsl 3akm049aeTes B HCIOJIb30BaHHH 3aKOHOMEPHOCTEH aedopmaiiu-
OHHBIX MTPOLIECCOB H B3aUMOCBA3aHHON C HHMH CKOPOCTH CMEIIEHHs OTBAJILHOI Mac-
Chl TI0 KOHTAKTY C HAKIIOHHBIM OCHOBAHHEM /Ui 0DOCHOBAHUSA KPUTEPHEB reomexa-
HHYECKOTO PHCKA, XapaKTepPH3YIOLUIHX YCTOHYHBOCTE OTKOCOB OTBAJIOB.

3aaun Heee10BAHMIL:

— ONpeleIuTh MeXaHH3M OIIOJI3HEBBIX JAe(opMalMi Ha OCHOBE THITH3ALHH
MPHPOIHO-TEXHHYECKOH cUCcTeMBl "OTBal-OCHOBaHME', aHAIM3a PUCKA HapyIICHH:A
YCTOHYHBOCTH W FeOMEXaHHYECKOTO MOHHTOPHHTA;

— YCTAHOBHTH BIIMAHHE HArPY30K M BO3JCHCTBHMH HA YCTOMYHMBOCTB ITPUPOIHO-
TEXHHYECKOIT cHCTeMBbl "0TBaI-OCHOBaHHE";

— 0DOCHOBaTh KPHTEPHH OLICHKH YPOBHA IEOMEXaHHYECKOr0 PHCKa pasBHTHA

ﬂE(l]GpMﬂllHﬁ JJIA IMTpOrHO3a }’ETDﬁ'—]HBDCTH OTBaJIOBE Ha HAKITOHHOM OCHOBaHHH.
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2 ONMPEJAEJIEHUE MEXAHH3MA CMEIIEHHS OTBAJIBHBIX
MACCHBOB HA OCHOBE THITU3ALIUU TPUPOJHO-TEXHUYECKOH
CUCTEMBI "OTBAJI-OCHOBAHHE", AHAJIU3A PUCKA PA3ZBHUTHS
JE®OPMALUMH U TEOMEXAHUYECKOIO MOHHTOPUHT A

OnelT 3KCIUTyaTallk, a TakkKe TIeOMEXaHHYECKMH MOHHTOPHHI OTBAaJIOB
BCKPBIILIHAIX [TOPOJI YKa3bIBAIOT Ha YYaCTHBIIHECSH CIy4aH HapyHIEHHS YCTOHYHBOCTH
3TUX coopyxeHui [21, 24]. [Ipn 3TOM eCTh MHOTOYHCIICHHBIE TIPHMEPHI, TI€ APYCHI
oTBaj1a BbICOTOMH /10 90 M, pacrionokeHHbIe Ha HAKJIOHHOM (10 15 rpaaycoB) ocHOBa-
HUH, HE UMEIOT NMPU3HAKOB Aedopmaimii (pucyHok 2.1) 1 0TBalibl C BBICOTOH BCEro
OKOIO 33 M Ha 1ojoroM (0 3 rpaaycoB) OCHOBAaHHH TOJBEPKEHEl IHKIHYHBIM

OTIOJI3HAM (CM. puCcYHOK 1.9.B).

Pucynok 2.1 — BuyTpeHHHii 0TBal Ha HAKJIOHHOM MPOYHOM OCHOBaHHH

[To ucenenoBaHKAM pajia yUeHbIX, crieuuanucTor [3, 6-9, 13] u asropa [20, 22]
XapaKTEPHCTHKH OCHOBAHHSA OKa3bIBAIOT DOJIbINEE BIAMAHME HA YCTOHYHBOCTD OTBAJA,
YyeM OTBaJIbHAsA Macca BCKphIHBIX nopoid. [losTomy npH olleHke yCTOHYMBOCTH OT-
BAJIOB CJIE/IyeT paccMaTpHBaTh HaNpsKeHHO-Ae(OPMHPOBAHHOE COCTOAHHE MPHPOJ-
Ho-TexHu4deckoil cucremsl (I1TC) "orBan-ocHoBanue". B 310il cBA3M akTyanbHa 3a-
Jada 1o YCTaHOBJICHHIO CXeMbl AehOpMHPOBAHHS NPHPOAHO-TEXHHYECKHX CHCTEM
(ITTC) "oTBan-ocHoBaHHE", TAK KaK OT 3TOrO 3aBMCAT BWAbI MOHHTOpHHTra [10, 84],

OpraHu3anusa TpoLeaAypbl KOHTposs, a Takke oneHka cocrosuus IITC "orpan-

ocHoBaHue".
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2.1 CTPpYKTYPH3aUHs CHCTEMBbI Fe€OMeXaHHYeCKOr0o MOHHTOPHHIA

CTpyKTypH3aUHs CHUCTEMbl MeOMEXaHHYEeCKOr0 MOHHUTOPHHIA BBIMONHEHA C
MPUMEHEHHEM KOHLEMUHHY MHOTOCIOHHOH W MHOTOJILEJIOHHOH HEpPapXHYecKOH
cTpyKTYphl [92]. Mepapxudeckas CTpyKTYpa NpeacTapiser coOoH MHOMOYPOBHEBYIO
¢dopmy opranmsaiuu 00bBEKTOB, B KOTOPOi 00BEKTHI 00EE HU3KOrO YPOBHA MOTHH-
HAOTCA 00BeKTaM Donlee BRICOKOro ypoBHA (pHCyHOK 2.2).

1 YPOBEHb — knaccuduxkauus [ITC "orBan-ocHoBanue" (o tumy nopo
OTBAJILHOMH MAacChl H OCHOBAHHSA; 110 reoMOpP(hOIOrHYECKHM YCIOBHAM IIOIIAIKH 101
OTBAaI).

2 YPOBEHD - cxemsl nedopmupoBanns. PaspabaTeiBaiorcs no pesynbra-
tam TUnuzauuu [ITC "orean-ocHoBanue" I KaMI0To COYETAHWUS TMPHUPOIHBIX H
TeXHOTeHHBIX YCIoBHi opMupoBaHus.

3 YPOBEHb — kxoHcTpykuus HabnwaaTrenbHOH cTaHUMM (pacrnonoxke-
HUE NPOQUILHBIX JIMHUH, ONOPHBIX M pabouMx penepos) BeIOMpaeTcs B COOTBET-
CTBHH cO cxeMoit aedopmuposanns [1TC "orBan-ocHopanne".

4 YPOBEHD — kpuTepHalbHbl€ 3HAYCHHA, T.€ NPEACIbHBEIC 3HAYCHHA KO-
JHUYECTBEHHBIX H KavecTBEeHHBIX mnokasarenei coctoanusa [ITC "orBan-ocHoBanue"”,
COOTBETCTBYIOLIHE JIOMYCTHMOMY YPOBHIO PHCKa HapylIeHHs YCTOHYHBOCTH.

5 YPOBEHb — mertoamka HaOnwJAeHHH BKIKYAET METO]bl, NMEPHOIHY-
HOCTb H TOYHOCTb HAOIOAEHHH, CPEICTBA H3MEPEHHH (KOHTPOJIBHO-H3MEPHTEIBHYIO
annapaTypy), MHTEPIPETALHIO PE3yILTATOB HabMOCHMIA.

6 YPOBEHD exmouaer B ce0f conocTaBjieHHE pe3ylbTaTOB HAOIIOAECHHH C
KPUTEPHAILHLIMH [IOKA3aTensaMH, ONpPeIe/sioNMMHE YPOBEHb PHUCKA Pa3BUTHA Je-
(opManun U HAPYLIEHHS YCTOHYHBOCTH.

Hus tunuzanuu [ITC "orBan-ocHoBanue" no ycnosus GoOpMHPOBAHUS, BIIHS-
IOIMM Ha eé yeTOHYMBOCTh, aHAIH3a BCEX BO3MOMKHBIX BAPHAHTOB COYETAHHA THMNA
OTBaja M €ro OCHOBAHHUA M OLICHKH YCJIOBHIi, NPH KOTOPBIX CYIIECTBYET BBLICOKHH
PHUCK pa3BUTUA AedopMaluil ¥ HApYLIEHUs YCTOHYHBOCTH OTKOCHOTO COOPYIKEHHS B

Ka4YeCTEC HAYUHOTO METO A CHCTEMHOI CTPYKTYPH3ALUHH BOCIIOIE3YEMCA CHCTECMHBIM
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