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MpuBeAeHbl pesynbTaTbl MaTeMaTMYeckoro MOLeNMPoOBaHNA paMHO-aHKepPHOI Kpenu, ycTa-
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TPOUTENLCTBO M 3KCMNyaTaumns nofA3emMHblX 06b-
CEKTOB COMpsKeHbl ¢ HEOOXOAMMOCTLIO NpoBeje-
HMA 60MbWIOr0 06bemMa ropHbIX BbipaboToK. OfgHa 13
XapaKTepHbIX 0COBEHHOCTEN COBPEMEHHOIO NOA3eM-
HOrO 1, 0COBGEHHO, LIAXTHOFO CTPOUTENLCTBA - 3HAYM-
Te/IbHOE YC/I0XXHEHWE FTOPHO-Te010rMYECKMX YCTOBUIA.
MoaToMy ycneLlHoe peLleHmne 3a4a4, CBA3aHHbIX ¢ 06e-
crneyvyeHnem aKcnnyatalMOHHOW HAZEeXXHOCTU FOPHbIX
BbIpab0TOK, BO MHOrOM 3aBMCWUT OT CTeMNeHW coBep-
LUEHCTBA UCMO/b3YEMbIX UHXEHEPHBIX KOHCTPYKLNIA.

MakcrMasbHO BO3MOXHOE MCMO/b30BaHMe ecTe-
CTBEHHOW Hecyleil CNOCOOHOCTM BMeLLALLINX Bblpa-
60TKYy nopoj, a TakxKe pa3paboTka TEXHONOrMYeCKUX
peLleHuni, yBENNUYNBAKOLLNX UX MPOYHOCTHbINA U fe-
thopMaTMBHbI 3anac - B HaCTOsLLEE BPEMS Hanbonee
NepCcneKTUBHbIA U 3KOHOMWUYECKN OMpaBAaHHbIN
KOMMNJeKC paboT Npu COOPYXEeHUU U MOoALepXaHuu
rOpHbIX BbIPabOTOK, peannsauuns KoToporo BO3MOX-
Ha Ha 6a3e COBPEMEHHbIX KOHCTPYKLWIA Kpenei yrnpoy-
HAKOLWero TMna. AHan3 TeHAEeHLUWIA NOKa3biBaeT, YTo
HayronbHbIX LIaxTax npu coxpaHstoLlemcs npeobna-
[LaHnn MeTanIMYecKol paMmHoOI Kpenu onpegenuniach
YCTOWYMBAA TEHAEHLMUA K MPUMEHEHWNIO TONIbKO aH-
KEPHOM Kpenu, a TakXke K ee UCNONb30BaHUIO B COYe-
TaHUM C APYrMMU BUAAMMW KPemnu.

PeLLeHMe BONPOCOB 0 paLOHaNbHOM KpeneHnu,
NoALepXXaHWM U 0XpaHe KanuTabHbIX U NOArOTOBU-
TebHbIX BbIpab0TOK JO/MKHO OCHOBLIBATHCA Ha pe-
3ynbTaTax HaTYpPHbIX UccnefoBaHMA. OnucaHye WaxT-
HbIX Y aHA/IMTUYECKNX NCCIEA0BaHNI MPUBESEHO B pa-
60Tax [1-4], 0gHaKO C yBeNMYEHUEM TNyOUHbI paboT
N U3MEHEHNEM FOPHO-TE€0N0TMYECKNX U TOPHOTEXHM-
YeCKUX yCnoBuiA TpebyeTcst MOCTOSHHbIA MOHUTOPUHT
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COCTOSAHMA BbIpaboToK [5,6], a TakXXe KOPPeKTMPOBKa
nacrnopToB KpenaeHns nojaepxxaHus.

Llenb cTaTbyn - M3yyeHUe NOBeLEHUSA NPUKOHTYP-
HOro MaccuBa HaK/IOHHOW ropHOW BbIpaboTKK, 3aKpen-
NEeHHOW paMHO-aHKepHOR Kpenblo, U onpejeneHune pa-
LUMOHaNbHOW NAOTHOCTU YCTAHOBKU aHKEPOB B YC/0-
BMAX nnacTa T$B WaxTbl «Jobpononbckas» 000
«[AT3K [o06pononibeyronb».

BnvsHne pamHO-aHKepHOW (aHKepHOA) Kpenwu Ha
MPUKOHTYPHbIA MacCB HAK/TIOHHOM FrOPHOW BbIpaboT-
KW UCCnefoBany Ha OCHOBE U3Y4YeHUs 3aKOHOMEPHO-
CTeil U3MEHEHNA HanpsXXeHHO-4eOPMUPOBAHHOIO
COCTOSIHUA NPUKOHTYPHOrO YrnenopogHoro Maccmsa
M onpeaensny oXXujaemble CMeLLeHUs NOPOLHOro KOH-
Typa BblpaboTKu.

MeToa0M KOHeYHbIX 3/1eEMEHTOB MOENNPOBAH yc-
NOBUSA TPY30BOro Xo4Ka yknoHa nnacta LLB®ropusoH-
Ta 450 m. ny6uHa oTpaboTKM H =720 M, 4TO COOTBET-
CTBYET rOpHOMY AaBneHnt0 18 MIMa. BbipaboTka npoii-
JleHa KOM6aiHOBbIM CNOCO60OM U 3aKpern/ieHa apoyHoi
Kpenbto All-13,8 cyCTaHOBKOW AOMONHUTENIbHO YETbl-
peX aHKepPOB ANNHOW /a=2,4 M. Mnoulagb CeYeHns Bbl-
paboToK BCBETY 12,8 M2, yron HaknoHa 10°. boka
1 KPOB/S BbIPabOTOK 3aTATMBaNV LEePEBAHHON 3aTsX-
KOI. PaccTosiHue Mexay pamamu kpenu 500 MM.

P U3NKo-MexaHNUYeCcKMe napameTpbl YroabHOro
nnacTa v BMeLLalLWwmnx nopos, UcnosibyemMble Npu ma-
TEMATMYECKOM MOJEeNNPOBaHUN:

necyaHuK (OCHOBHas KpoB/A): MOAYNb YNPyrocTu
E =1,8-104 MIa, koathuumeHT MyaccoHa 1= 0,2, npe-
[len NPOYHOCTU Ha cxkaTme /=35 Mra, npegen npou-
HOCTK Ha pacTsbkeHue /?p=3,5 MIa, N10THOCTb NOPOS
p=26T/M3
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aprunnut (HenocpeacTBeHHas KPOBAA):
E = 1.1-104 Ma; p =0,23; fAc=55 MMa; Kp=5,5 Mrla;
p=25T7/M3

YFOMIbHbIV nnacT
Mc=15MMa; p=14T/M3;

aprunnut (HenocpeacTBeHHasd no4ysa):
E =0,8-104 Mrla; p =0,24; Ac= 35 Mrla; Op =3,5 Mlg;
p=25T1/mM3.

WcenenoBaHns BbinM Hanpas/ieHbl Ha onpegese-
HMe pauuoHanbHOi NNOTHOCTU YCTAHOBKM aHKEPHOW
Kpenu 6e3 U3MEeHeHUs Apyrux napameTpoB Kpenje-
HUS HaK/OHHOW BbIpaboTKW. PacCMOTpeHb! AeBSATh CU-
Tyauuii;

1- A - BblpaboTKa 6e3 Kpenu;

E =0,9-104 Mrla; p = 0,16;

N1l * T 1w

2- - BblpaboTKa, 3aKpenieHHas apo4HOMN Kpenbto

(4ncneHHbIN pacyer);

3- - BblpaboTKa, 3aKPenneHHas apouHoii Kpenbto

(WwaxTHble 3amepbl);

4- 1 - BbIpab0TKa, 3aKpeneHHasn apoyHOl Kpenbt

M LONONHUTEBHO YeTbIPpbMS aHKepaMu AJNHOR 2,2 M
B KpOB/e (YNCNEHHBIA pacyeT);

Puc. 1 PacyeTHasi cxeMa K peLLeHuto 3adaun onpegeneHus
pauyoHanbHO NIOTHOCTY aHKepPOBaHUs! HaKMOHHbIX BbIpa-
GOTOK TpEMS - AeBSATbI0 aHKepamu ANVHOM 2,2 M

5- A - BbIpaboTKa, 3aKpenseHHas apoyHol Kpenbto

N 4OMONHUTENLHO YeTbIPbMSA aHKepamMu ASIMHON 2,2 M
B KpOB/ie (LWaxTHbIE 3amMepbl);

HOW BbIpaboTKe, NpuUBeAeHbl Ha puc. 2-5. AHann3npys
1X, MOXHO cienathb cregytoLine BblBOAbI:

6- - BblpabOoTKa, 3aKpen/ieHHas apo4YHOM KPEMnbI0  ycTaHOBKA apoyHOl Kpenu B BbIpaboTKe NpaKTu-

N JOMONHUTENbHO MATLK aHKepaMy AANHON 2,2 M
B KPOBJI€;
7-

N 4OMONHUTENbHO CEMbIO aHKEpaMyn ANNHON 2,2 M

B KPOB/E;

8- A - BblpaboTKa, 3aKpeneHHas apoYHOoM Kpenbio .
f€T Ha YMEeHbLUEHNe CMELLEHNIA KPOBN BbIpaboTKM

M AONONHUTENbHAAEBATLIO aHKepaMu AIMHON 2,2 M
B KPOBJe;

Yeckn He BIMUSET Ha CMeLLeHMe KPOBAW W MOLOLUBI
(puc. 2, cutyaummn 1-9 n 2-9), CMeLLeHUs B KpOBe

1 - BbIpaboTKa, 3aKpeneHHasn apoyHol KPeMbIQ e piiaioTes Ha 10 MM (2 %), @ CMelLeHNs B NoaoLL-

Be yBenimuuBarTca Ha 15 mm (6 %);
yCTaHOBKa CEMU-BOCbMMW aHKEPOB B OCHOBHOM B/1U-

(cmeLLeHNS yMeHbLUaloTCs Ha 61 %), aanbHelillee yBe-

O- q - Bblpa6OTKa, 3aKpen/eHHas apquoﬁ ernb@quHme KO/mm4yecTBa aHKepoB CyLLeCcTBEHHO He BNUA-

M AOMONHUTENbHO AEBATHIO aHKepaMu AIMHON 2,2 M
B KPOBJIE M [ByMS aHKepaMmu B 60Ka.

CHavana nposepanu paspaboTaHHY maTtemaTu-
yeckyto mogens (puc. 1).

Pe3ynbTaTbl YAC/TIEHHbIX PACYETOB U LLIAXTHbIE 3a-
Mepbl Ans BbIpabOTKW, 3aKPEnIeHHOW apoyHoi Kpe-
Mbto, OTIMHAKOTCS - KpoBAns Ha 4 mm (0,8 %) 1 nogoLu-
Ba - Ha 8 MM (3,2 %) (pwuc. 2, cutyaumm 2-s u 3-9); ans
BbIPabOTKM, 3aKPEN/IEHHO apOYHOIA KPemnbto 1 A0Mon-
HUTENbHO YeTbIPbMS aHKepaMu - KPOB/S Ha 6 MM
(2,1 %) n nogowusa - Ha 3 MM (2 %) (puc. 2, cuTyauunu
4-9 1 5-9). Ncxoaa U3 NoNyUYeHHbIX pe3ynbTaToB, MOX-
HO cAenaTtb BbiBOA 06 afeKBaTHOCTW pa3paboTaHHOWA
MaTeMaTU4YecKoin Moaenu.

Pe3ynbTaTbl MaTeMaTU4eCcKoro mMofennpoBaHus
pamMHO-aHKepPHOW Kpenu, yCTaHOBNEHHON B HAK/OH-
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€T Ha reOMEXaHMYEeCcKy0 CUTYyaLui0 BOKPYT BbipaboT-

Kun (puc. 2 n 5, 0);

M TP MM

19 29 39 49 59 68 79 88 94
Cutyaumun

Puc. 2. 'aMeHeHNa cMeLLeHNn KpoBu NKDLL, 1 NoaoLwLBbI un
| npu pasHOM KpenneHnn HaKNOHHOW BbIPaboTKK.
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a

YyCTaHOBKa aHKepoB B 60Ka BbIpaboTKN MPUBOANT
K CYLLEeCTBEHHOMY YMEHbLUEHUIO pa3mepa MOAHATUSA
nofoLwWwsbl (puc. 2, cuTyauusa 7-5), cpaBHUBas CUTya-
unn 8-10 1 9-10, BUAMUM, YTO CMeLLeHUE NOAOLUBSI
YMEHbLUWIOCh Ha 33 MM;

aHKep, yCTaHOB/IEHHbI B NOPOLHOM MaccuBe, 3a
CYET YBE/IMYEHUS CUA CLEMNEHNSA HA KOHTaKTax no-
POAHbIX OTAENLHOCTEN, NPENATCTBYSA CABUTOBbLIM CMe-
LLeHUAM rnopog, 06pasyeT 30HY NOBbILLEHHOW MNPOYHO-
cTu. Mpy He6ONbLIONK NAOTHOCTW YCTaHOBKN 06pa3o-
BaHHble BOKPYI aHKepa 30Hbl He MepeKpbiBalTCH
MeXzy C000/ 1 NO3TOMY He MOTYT CYLLECTBEHHO No-
BbICMTb YCTONYMBOCTb BbIPAOOTKM M MPENATCTBOBATh
CMelLeHnsam ee KOHTypa (cm. puc. 3, 0). Mpu onpege-
NEHHOW NNOTHOCTM aHKEPOBaHUS 3TU 30HbI NEPEKPbI-
BAKOTCA U BOKPYT BbIpaboTKM 06pasyeTcs ChaoLwHas
30Ha (apka) U3 ynpoyHeHHbIX nopog (cm. puc. 3, 6) .
Mpw ganbHeiweM yBeMYeHUn NIOTHOCTU aHKepoBa-
HKS 3 heKTUBHOCTb ByaeT BCe MeHee 3HaYNTeNbHOM,
4YTO W MOJIYYEHO B pe3y/bTaTe MOLENNPOBAHUS;

13 puc. 4, a, 6, B CNefyeT, UTO NPU YBENNYEHUN KO-
NnyecTBa aHKepoB (CM. puc. 4, 6, B) B KpoB/e BblpaboT- ,

Puc. 4. KapTHa pacnpegeneHus nojHbIX NepeMeLLeHuii: a -
Kpenbto 1 J0NONHUTENLHO CEMbIO aHKEpaMU AANHOM 2,2 M
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Puc. 3. MNpuneratowas K BbipaboTke
30Ha pa3pbIXNEHNA 1 30HbI YTPOYHEH-
HbIX MOPOJ NPV KpenneHun BblpaboT-
KW: a - apOYHOI Kpenbk 1 JOMNOHW-
TeNbHO YeTblpbMs aHKepamun AIUHOM
22 M;6-ap0OYHO Kpenbko NA0NONHN-
TeNbHO CEMbIO aHKEPaMU JINHON 2,2 M

Kv 06pasyeTcs onpeaeneHHas 30Ha
(6onee TemMHas), B KOTOPOW Bce
TOYKW MaccuBa nepemMeLLalTcs Ha
O[JMHAKOBYIO BENNUYUHY;

CMeLLEeHME KPOB/Y YMeHbLLIAeTCA Npu N3MEHEHUN
KOJIn4yecTBa aHKEPOB OT TPeX 40 AeBATU Ha 146 mm
(44,5 %) ¢ 328 fo 182 MM, 1 onucbiBaeTCcs NOUHOMU-
anbHO 3aBucUMOCTbION =3,0357x2- 49,393x + 377,43
(cm. puc. 5, 0);

CMeLLEHME KPOB/IN YMEHbLLUAETCA NPU KPenseHum
BbIpaboTKM 2-i1 00 8-ii cuTyauumn Ha 323 mm (64 %)
¢ 505 go 182 mm (cMm. puc. 2);

CMeLLeHMe NOLOLLIBbLI YMEHbLUAeTCA Npu N3MeHe-
HUM KOIMYEeCTBa aHKEepPOB OT TPeX A0 AeBATU Ha 40 MM
(24 %) co 166 go 126 MM, 1 ONUCbIBAETCSA NOIUHOMU-
a/lbHOWM 3aBMCUMMOCTbION =0,7976"- 12,702x + 176,71
(cm. puc. 5, 6);

CMellleH/e MOAOLIBLI YMeHbLUIAETCA Npu Kpense-
HWUW BbIPabOTKN OT 2-i A0 8-t cuTyauun Ha 134 Mm
(51,5 %) ¢ 260 go 126 mm (cMm. puc. 2).

BbiBogbl. Takum 06pa3om, B YC/IOBUSX NnacTa T$B
LaxTbl «[06pononbLCKas» Npu KPenaeHnn HaKNOHHbIX
FOpHbIX BbIPabOTOK PaMHO-aHKEPHOM Kpenbio pauno-
Ha/lbHOe KO/IMYeCTBO YCTAHOB/IEHHbIX B KPOBJIe aHKe-
pOB MO TEXHO/MOTMYECKUM MapameTpam cocTaBfseT

npy He3aKpenneHHol BbIpaboTke; 6 - MPU KPenneHun Bbipa-
GOTKM apoyHOli KPenbio U A0NONHUTENbHO YETbIPbMS aHKepaMy ANUHOW 22 M, s -

MNPy KPenneHnn BbIpaboTKU apoUHOl
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Puc. 5. '3meHeHne B 3aBUCUMOCTW OT KOIMYECTBA n aHKEPOB: a -

OKO/0 CemMu, a palmoHanbHas Na0THOCTb aHKepoBa-
Hus - 0,65...0,7 aHKepoB Ha 1 M2,

JanbHeiwune nccnefoBaHnsa 6yayT HarnpaB/eHbl
Ha onpefjeneHne pauMoHanLHOW AWHBI aHKepa Afs
yCNoBuiA NnacTa T\BLUAXTOynpasneHus «4obpononb-
ckoe» 000 «[JTOK [,06pononbeyrob».
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MO MATEPUATTAM XXYPHANA «¥TOJlb YKPAVHbI» MPOLWJIBIX JIET

fog 1973

B>xypHane Ne 9 B ctatbe H. E KocTioka «/3MeHeHMe TpyLO0EMKOCTU M XapaKTepa Tpyj4a LWaxTepos ¢ no-
BbILUEHWEM YPOBHSA TEXHUYECKOTO Pa3BUTUS LIAXT» AaH aHan3 CHUKEHUS TPYA0EMKOCTM A06bIYM Yraa npu
BbIMOMIHEHWUW Hanboee BaXXHbIX paboT Mo TEXHUYECKOMY MepeocHaLLeHNo paboyumx MeCT Ha LiaxTax, nepe-
Xofly Ha 60/1ee NPOrpeccMBHYI0 TEXHO/IOTUIO, KOHLeHTpauuM paboT 1 COBEpPLUEHCTBOBAHMUIO OpraHmn3aLmm
MPOM3BOACTBA M TPyAad, OT KOTOPbIX 3aBUCUT PELLEHNMe 334a4 MO MOBbILWEHNIO TEXHUKO-3KOHOMUYECKMX MO-

KaszaTenein paboTbl WaXT M OTPacnun B LIENOM.

BbINosHEHWe MEPOMPUATUIA MO MeXaHU3aLuyu 1 aBToMaT3aLnum Npon3BOACTBEHHbIX NMPOLECCOB BYrO/b-
HOIi MPOMbILLNIEHHOCTU MO3BO/IUT CHU3UTL TPYLOEMKOCTb MOA3EeMHOI f06bIUM YIS, Ha WwaxTax BegyTcs Wwu-
POKME MNCMNbITaHWUSA MPOXOLUYECKMX JOObIYHBIX U HAPE3HbIX KOMOAHOB, YTreBbIEMOUYHbLIX KOMM/IEKCOB C aBTO-
MaTM4YecKUM ynpasieHneM, paspabaTbiBatoTcss 6e3M0AHbIe CMOCO6bI M CPeACTBa NOA3EMHOMN f00bIUN.
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