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: NMPEJHCJTIOBHE

B cBere «OCHOBHBHIX HaNpaBJeHHH 3JIKOHOMHUYECKOro H
counanbHoro passutus CCCP nHa 1981—1985 roas u Ha
nepuon 10 1990 roma» B XI mATHIETKE nmpeaycMarpuBaer-
cs JajbHellllee pa3BUTHe Haubojee 3PHeKTHBHOrO OT-
KpHITOTO crnocoba MOOBIYM INOJIE3HBIX HMCKONAeMblX Ha OC-
HOBE IIMPOKOTO BHEAPEHHS NPOrPeCCHBHOH TEXHOJIOTHH H
rOpPHOTPAHCNIOPTHOIO 060pYHOBaHHsA OOJBIIOH eIUHHYHOH
MoiHocTH. Pactymue MacwiTabel [JO6BHYH — IOJE3HBIX
HCKONaeMblX M HHTeHCH(pHKauus paboT Ha Kapbepax
06yCJIOBJIMBAIOT HeNpepblBHOE yBeJHYeHHe TayOHHBl Top-
HBIX paboT BCe BO3paCTalOLIMMH TeMIaMH.

C poctoM riyOuilbl KapbepoB YyBeJHYHBAETCH M BBICO-
Ta HepaboyuX GOPTOB, a CJAENOBATEJbPHO H OMACHOCTh HX
nepopmanuu. ITosTomy oGecmeyeHne YCTOHYHBOCTH 60p-
TOB Kapbepa fBJSETCss OJHHM H3 OCHOBHBIX BONPOCOB IIDH
OTKPBHITOM cnocobe pa3paboTKH,

FopHble uHXXEHepbl AOMXKHBI 3HATh METOJHl pacuera
yCTONHYMBOCTH GOPTOB H OTBANOB M METOAH OOECNeyeHHs
HX YCTOHYMBOCTH B Tpollecce 3KCIyaTalHH Kapbepa, Tak
KaK H3MeHeHHe yrja norauleHHs 6opTa rjyboKoro Kapbe-
pa wHa 1° Befer K H3MeHEHHIO 00’beMa BCKPHMIHBIX paboT
Ha MWJLUTHOHB KyOHueoKHx MeTpoB. B To xe Bpems 3a-
BHIIEHHEe 3TOro yrJja MOXeT NpPHBECTH K KaracTtpoduue-
CKOMY OMNOJI3HIO GOpPTa H cepbe3HOMY HapylIeHHI0 paboThHl
Kapbepa, [3-3a BepoATHOCTHOrO XapakTepa 3HaHHH O
CBOMCTBax ‘MacCHBa TOPHBIX IIOPOJ MPH pacyeTax YCTOH-
YHBOCTH HEOOXOAMMO TLIATe]bHO OLEHHBATh ypPOBEHb
PHCKa nmpHHHMaeMbIX pellleHHH. A Tak Kak 60pTa Kapbepa
(popMupyIOTCS TOCTENEHHO 1O MePe ero YriayOKH, HYKHO
TaKXe YYUTHIBaTb (DaKTOpD BpEMEHH.

He Menee BaxHOe 3HaueHHe HMeeT oCylIeHHe Kapbe-
PHBHIX ToOJIeH, TaK Kak BOJONPDHTOKH He TOJbBKO MeUIalT

1> 3ak. 104 3



HOPMAaJIbHOH 3KCIUTyaTalliy O6OpYAOBaHHs, HO M OTpHila-
TEJBHO CKa3BIBAIOTCS Ha YCTOHYHBOCTH OTKOCOB.

Bce at™i BOmpocH OCBewialoTcs B NpejJiaraeMoil KHHTe,
HaNHCAHHON HA OCHOBE MHOTOJIETHErO ONBITA UTEHHS KYyp-
ca «YCTOHUYHMBOCTb GOPTOB H OCylLIeHHE KapbepoB» B
JIeHHNIIrpaACKOM IOpPIIOM HHCTHTYTE, OTAEJNbHBIX pa3paboToK
aBTOPOB H HMEIOLIMXCA JIUTEPATYPHBIX HCTOYHWKOB.

A. U, ApceHTbeBbIM HamHcaHB: NpefucaoBHe, 2, 5.2,
5.6, 5.9, U. I0. Bykunbim — 3.2, 3.4, 3.5, 5.1, 5.3, 5.4,
5.5, 5.7, 5.8, 5.10, 6 u 8; A. 1. ApcenrneBniM u Y. I0. Bykn-
HoM — 1, 3.1, 3.3, 3.6, 4 m 7; B. A, Muponenko—9, 10
u 11, '



PA3JIEJ I

NIE®OPMALIMKY BOPTOB KAPLEPOB
1 OTBAJIOB

1. ®U3UKO-MEXAHHUYECKHE CBOMCTBA TOPHbBIX
noron

1.1. OBIUE NMOJIOXXEHMUSA

[Ipn noGhiye TOJIE3HBIX HCKOTIaeMbIX HMEIOT JEeJI0 C
rOPHEIMH IOpOJAaMH, CBOHCTBa KOTOPBIX SHAYHTEJIbHO
BJAMAIOT Ha 3((eKTHBHOCTb, 06e30IaCHOCTb M CIOCOOH
TMPOU3BOACTBA ropHEIX pabor, Ilpu dopMupoBaHHH Kapbep-
HOTO IPOCTPAHCTBA M NPOBENEHHH OTKPHITHIX H MOA3EMHBIX
TOPHBIX BHIPA6OTOK TNOSBJSAIOTCA OOHaXeHHBIE IIOBEpPX-
HOCTH TOPHBIX MOPOA. Bo3HHKaeT HeoOXOAMMOCTb CTPOroro
yuyeTa 3aKOHOMepHOCTell B3aMMOJEHCTBHSI CIIOCOOOB BHIEM-
KM CO CBOHCTBaMH TNopoj faJjsi obecneyeHusi 6e30nacHOi H
adexTuBHON PabOTH Kapbepa, T. €. MOsABJIAETCS Heobxo-
JUMOCTb PpACKpHITHA B KaXAOM KOHKDPETHOM ciyuae

OYHKUHH
Q=F(GM), (L.1)

rge Q —mapameTpHl TOPHOj BHIpabOTKH (MJolLlajb ceue-
Hus, hopMma, yron oTkoca u ap.); G — mokasareab MeTO-
IOB YyKpeleHHs oOHa)KeHHH TropHBHX mnopox; M — cBoO#-
CTBa 'MaccHBa TODHBIX TOPOJ,

Inst oGecneuennsi GesomacHoi paGoTsl Jrofeit H 060-
pyloBaHHsi B Kapbepe Heo6XOZMMO IIpHIaBaTh ero 6op-
TaM M yCTyIam yIibl OTKoca H (opmy, odecneynBaioLiie
HX YCTOHUYHBOCTD,

Ilpn HeBo3MOKHOCTH (MU HedpdeKTHBHOCTH) obecre-
YEHHsI eCTeCTBEHHOji YCTOHYMBOCTH OTKOCOB MOpOX Heob-
XOOMMO NIPHMEHSITb HCKYCCTBEHHBle CIOCOOH YKpeIJeHHs
OOHaKeHHH.

EcTtectBennass ycTOHYHBOCTL OTKOCOB  OIpENeJsieTcs
COCTOSIHHEM H CBOMCTBAMH TOPHOrO MacCHBa, B KOTOPOM
pasBuBawTCS rOpHble PaGoThl, ¥ 3aBHCHT B OCHOBHOM OT
€ro TPemuHOBATOCTH.



Maccus ropHbiX nOpoA B 3aBHCMMOCTH OT TpeLIMHOBA-
TOCTH MOXeT OBITb KJacCHQHIUDPOBAH Ha YeThipe CHCTe-
Mel [19]: ;

a— cuctema ogHoro Ttena (puc. 1.1,a), Korma B Mmac-
CHBe HMMEIOTCSI TOJbKO HEOOJbLIHNEe TpPEUIHMHBl, He COemH-
HsIOL[Hecss APYr ¢ APYyroM, ¥ €ro MOXHO paccMaTpHuBaThb
KaK CIUIOLIHYIO Cpeny;

6 — cucrema HeckoJbkHX Tea (puc. 1.1,6), xorma Tpe-
HIMHBl YaCTHYHO COENHHEHHl APYr C APYroM, HO OTHesbHbIE
YacTH He TOJIHOCTBIO OTHEJEeHH APYr OT Apyra M CBfI3aHH
MOCTHKAaMH U3 IIeMEHTHPYIOIEro Martepuasna,

8 — CHCTeMa MHOTMX TeJ B CKaJbHBIX HOpojax (puc.
1.1,8), Korma MaccuB COCTOMT M3 OTHEJbHBIX 6JIOKOB, pas-
JeJIeHHBIX TPeUIMHaMH TNOAOGHO CyXOH KJaaake H3 ILJIOTHO
NpUrHAHHBIX KaMHeH;

2—cCcHcTeMa MHOTHX TeJl B PHIXJABIX mopojax (pHC.
1.1,2), Korna MacCCHB COCTOHT H3 MHOTHX 3€peH H KYCKOB,
HEIJIOTHO IPUTHAHHBIX APYyr K LPYTy.

Cienyer uMETb B BHAY, 4TO rOpHas Iopoja oOJajgaer
COBepLIEHHO HHBIMH CBOHCTBaMH, YeM TODHBIH MacCHB.

[
=/

Puc. 1.1, CucreMs Ten B MaccwBax TOPHBIX MOPOL (no
JI. Miosuiepy)



B Hacrosiliee BpeMsi HAaKOMJIEHO WMHOTO CBeleHHH O
CBOHCTBAX I'OPHBIX MOPOX ‘KAK CIJIOIIHON CPelbl, H COBCEM
HEIOCTATOYHO JAaHHHIX O CBOHCTBaX TOPHOro MacCuBa.

1.2. NIJIOTHOCTHBIE CBOVMICTBA TOPHBIX NMOPOJ

[InotHocTHBEIE CcBOHicTBA 0O0YCJIOB/JEHbl JeHCTBHEM Ha
nopoAbl rpaBHTanHoHHOro nossi 3emJu. OHu moapaspe-
JISIIOTCSI HAa COOCTBEHHO TPaBUTAIMOHHBIE W CTPYKTYpDHBHIE.

Yaenvuniii Bec Yo (B H/M3) — 310 oTHOmIeHHMe Beca
TBepHOH @¢a3nl P; Kk 00beMy, 3aHHMaeMOMy 3Toi ¢a-

3o, Vg

P
= 1.2
> (12)

Yo =

[Tockonbky Bec Pr=mg, rie m—macca; g — yCcKope-
HHe CBOGOJHOrO TafeHHs, Yo 3aBHCHT OT YCKOPEHHs CBO-
6oNHOTO MAaJeHHs B NYHKTe ONpeleJeHHs] W He sBJISETCH,
TakuM 00pa3oM, MapaMeTpOM BellecTBa B CTPOro ¢HsHye-
ckoM cMmbicie. Ho B TeXHHYeCKHX pacyeTax u3MeHeHHeM
yCKOpeHHS] CBOOOAHOrO NafeHHss oObYHO TpeHebperaror,
paccMaTpHBas yHeJbHbIi Bec KaK KOHCTAHTy TOpHOH
TIOPOIBI,

YnenvbHass ‘Macca — 3TO OTHOLIEHHE Macchl TBepHO#
dasbl m;, ropHo#t mopoxb K 06beMy, 3aHHMaeMOMY 3TOH

TBepmoll dasoit, Vi

(8 = - (1.3)

[TnmoTHOCTDL XapaKTepusyeT OTHOIIeHHe oblielr Mac-
CH (KHAKOH, rasoo6pasHoi M TBepHo#l (a3) ropHelx mo-
pon m K 3aHuMaeMoMy oGbeMy V

8= - (1.4)

B orinuyve OT yIeJbHOro Beca IJIOTHOCTh SIBJSIETCS
KOHCTAHTOH BellecTBa B CTPOro (PU3WYECKOM CMBICJTE.

Koadduuuenr mopuctoctu (nopucroctb) (B %)
Xapakrepusyer OTHoOLIeHHe o6beMa TIOp B TrOPHBEIX MOpPOAax
Vi x obmemy ob6beMy, 3saHHMaeMoMy 3Toii mopomod, V

—Vn
=T 100. (1.5)
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Tak xak Vy=V—Vg,

n=( _V—) 100 (1.6)

HJIH
- (1_ %) 100, (1.7)
n=(l——7) 100 = (1_?) 100. (1.8)

!
HauGosee pacnpocTpaHeHa XapaKTePHCTHKA IOpOL,
Ha3biBaeMasi BJAXHOCTBIO 10 Macce:

P—P;
5 (1.9)

rie P—wmacca BaaxHoro obpasilla (ecTeCTBeHHass BJIaX- '
HOCTb HJIH BJIaXKHOCTb, NMPHOOpETeHHas B pe3yJbTaTe BEHI-

JepxuBaHus 00pasila B ONpPeNeJeHHBIX YCJIOBHSIX), KT

P;—wmacca BO3LYLUIHO-CyXoro obpasua (Tak HasblBaeMas

NOCTOsIHHAs Macca), Kr.

TlocToaHHOK MAaccoii CUMTaeTcsi Macca IOCJEe BHICYLIH-
Banus npu Temneparype 105°C, Tlpu 3Tom pacxoxjeHue
MEXIy IBYMsl TOCJEAYIOLIMMH B3BELIHBAHHSAMH He JOJIXKHO
NnpeBHINATL TPEXKPATHOH omn6KkH B3BemuBaHHA. TakuM
o6pa3oMm, Macca BO3AYIIHO-CyXOro o6pasilla OTOXAECTBJIs-
eTca Cc Maccoii ccKeJaera rpyHta. Kpurepuem cremeHu 3a-
TNOMHEHUs1 Mop BOMOH sfBJseTcs KO3()(HIHEHT BOMOHACHI-
ILEHHs], WKW CTelleHb BJIAXKHOCTH ¢, 'KOTOPBIH MpenCcTaBJsieT
co6oif OTHOlIeHHE HaHHOH (HampuMep, ecTecTBEHHOH)
BJAAXKHOCTH @ K IPEIEJbHO BO3MOXHOH (MJIH TOJHON)
NPH TAHHOH MOPUCTOCTH Wo:

W =

w

g=—, (1.10)
Wy
Ta6auma L1
IToponnt 6, 1/m3 n, %
I'panur 2,5—2,7 1,2
W3aBecTHsiK 2,4—2,7 0,5—13,4
Mpamop 2,4—2,7 0,5—13,0
INecyaHuk 2,6—2,7 4,8—28,0
Caunnctoil cnaHer 2,4—2,7 3 0—4,0
TauHa, cyravHKH 2,5—2,9 35—50
TTecku 2,5—2,6 25—30
I'paBuii 2,6—2,6 27—38
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[To cTemeHH BJIAXKHOCTH pasJHYAOT CyXHe TOPOAH (§<<
<0,5), Bnaxunle (0,5<<g<<0,8), BomoHacHIleHHBE (>
>0,8). Iloponkl, 3ajeramolie HUXKE YPOBHSA MOA3EMHBIX
BOJI, SIBJSIIOTCSI IOJIHOCTBIO BOJOHACHIIIEHHBIMU (§=1).

[lnoTHOCTL HamGosee PpacHpOCTPAHEHHHIX TOPHHIX IIO-
pon usaMenserca ot 2,5 no 4,5 T/M3, wmopucrocts — ot 0
no 20% wu Gosnee (maba. 1.1).

1.3. PUSUKO-MEXAHHWYECKHE CBOWICTBA TOPHbBIX NMOPOL

CBezieHusi o (H3HKO-MEXaHHUYECKHX CBOHCTBaX TOpOJ
Haubojlee NMONHO OTpaXkeHbl B JIHTepaType, TaK KaK 3Ta
rpynna CBOHCTB MMeeT GOiblIOe 3HauyeHHe NPH pacyeTax
YCTOHYHBOCTH, HODMHDOBAHHA H T. 1.

®usnko-MexaHHUeCKHe CBOMCTBAa INOPOA NOApasfess-
IOTCS Ha NPOYHOCTHHE, YIIpyrue, TOPHO-TeXHHYECKHe H
¢dusnyeckHe (\@KyCTHYeCKHe, 3JeKTPOMAarHUTHbIE, TeIJIo-
Bble, PalHOAKTHBHEIE).

[ITpouHocTHHE CcBOHCTBA XapaKTepH3YIOT CIO-
COGHOCTD TOPHBIX TIOPOJ| CONPOTHBJATHCA PaspyIIEHHIO TOJ
HefiCTBHeM WMPHJOXKEHHBHIX MeXaHHYeCKHX Harpysok. Ha
TIPOYHOCTb TOPHBIX TNOPOJ BJHAIOT MePBOHAYAJbHOE CO-
CTOSIHHE, BHJA W BeJHYHHA Ne(DOPMHUPYIOUNX CHJ, CKOPOCTb
nedpopmaiuu u Temneparypa, Ilpu Ja6opaTOpHHIX HcC-
MHDaHASX o00pasloB Ha HX TPOYHOCTb CYLIECTBEHHO
BIHsAIOT GopMa u pasmep obpasia. BeaeacrBue aHH30TPO-
NUH TOPHbIE MOPOAH HMEIT HEOJHHAKOBYIO TIDOYHOCTb 110
pasMYHBIM HampasJenuusM. . IlosToMy pasiauyaiT npoy-
HOCTb TIOPOZ MO HACJOeHHIO, MOA YIJIOM 'K HeMy H (IO IIo-
BepXHOcTAM ocjaabgeHuws (MO TpeuyMHaM, CJIOHCTOCTH,
cnanmeBarocti). Ilpu so6bIX BHUAaX HarpyKeHuii paspy-
lleHHe NMOPOJ NMPOMCXOAHT HJIM 3a CYUeT cpe3a, HJIH 3a CyeT
OTpHIBA.

Jis OleHKM WPOYHOCTHBIX CBOHCTB TIOPOA CJIY2KHT
MOHATHE HANPSXKEHHs (HKaBJeHHs), KOTOpOe XapaKTepH-
3yercs CHJIOH, BO3LeHCTBYHOUIE Ha €XMHHIlY IOBEPXHOCTH.
Hanpsixkenne B cucreme CH u3Mepsemcss B macKajsx.

[Tog NpOYHOCTHEIMH CBOHCTBAMH TOPHBIX MOPOJ IOHH-
Maercsi UX BPeMEHHOe (mpelejbHOe) COlNpOTHBJIEHHE CXa-
THIO, PACTSKEHHIO, CIBHry, H3THOY.

[TpouHOCTHBIE (CBOMCTBA XapaKTePH3YIOTCS MPEeAETOM

NPOYHOCTH Ha CXKATHe, PACTSXKeHHe H YIJIOM BHYTPEHHEro
TPEeHHA.



[lpepnenom mnpouHocTH (HauboJsee yacTo YIIO-
TpeG/sieMasi XapaKTEePUCTHKA TOPHHIX MOPOM) Ha3LBaeTCs
HanpsKeHHe, MPH KOTOPOM 00pasell NOPOALl pa3pylIaeTcs.
Ou onpepensercs, KaK NpaBwio, Ha 00pasiax mpaBHJIbHOM
(uuaHHIPHYECKOH WM NpH3MaTHyecKoh) dopmbl. OaHAKO
HMEIOTCA METOAH OlleHKH Mpejesia IIPOYHOCTH TOPOJ INpH
OTHOOCHOM CXAaTHy 00pas3loB HeNpaBHJIbHOH (OPMEI CO-
OCHBIMH NyaHCOHaMH, TondyeHHeM H Ap. [8, 9, 31]. Ilpemea
npouHocTH Ha cxkatHe (B I1a)

]

Gem = ’T , (1.11)
rie P— paspymaromasi Harpyska, H; F—mJomans io-
TNepeyHoro ceyeHus o6pasia, M2,

[Tpenen mpoyHOCTH Ha pacCTSXKeHHe ONpeJeNseTcs 3Ha-
yuTeJbHO caoxHee. CyliecTByeT HECKOJbKO METOLOB €ro
onpejesIeHHs:: MeTOJ MpsMoro cxatusi ¢uryproro obpas-
11a, MeToj JAHaMeTPAJbHOTrO CXKaTHsd, METOj UeHTPH(DYrH,
M€TOJl (COOCHBIX MYaHCOHOB (AJs 06pas3lioB MIpaBHJLHON
¢opMmEl), MeTox ruApomaTpoHa (AJA 06pasloB TIPOH3-
BoJIbHOM (popMmi) [8, 31].

HcnbiTanusg Ha CIBHUT CJayXat AJsS ONpeLeJ]eHHs OBYX
HauboJsiee BaXXKHHIX MpPH pacyeTe YCTOHYHBOCTH XapaKTepH-
CTHK TOPOJH — CLeNVIEHHs M YIJa BHYTPEHHEro TpEHHA.
CuenJieHne xapakTepH3yeT CONMPOTHBJISAEMOCTh TOPHBIX
TMOpOJ TaHreHUHaJbHHIM HarpyskaMm. KcnelTanus mpoHs-
BOJAATCS OOBLIYHO Ha CHBHI CO CXaTHeM B Clel[FaJbHBIX
‘MaTpuuax (puc. 1.2). OTH ‘MCIHITAaHHS HMMEIOT CYLIECTBEH-
Hble TPENMYILLeCTBA depen MPOCTHIM CPe30M, TaK Kak iIo-
MHMO CLEIJIEHHS OHH MO3BOJSIOT MOJYYHTh BEJHYHHY YrI-
Jla BHyTpeHHero TpeHus. Ilo pesyjbTaTam TaKHX HONBITA-
HUH 'MOXHO JIOCTPOHTb XapaKTEPHCTHKH HOPOMIHL

Jns vcnbTaHu#l NpUMeEHSAIOTCA CTaHAapTHhle LHJIHHI-
puueckne o6pasub aAuamerpoM 4243 MM, HonbiTanus
TMPOBOAAT [Jif OLIEHKH CONpPOTHBJSIEMOCTH IOPOX cpe3alo-
IIMM HarpyskaM INpH OJHOBPEMEHHOM BO3IeHCTBHM HOP-
MaJIbHBIX Harpy3ok. PaBHomepHOe pacnpefieseHHe YCHJHI
710 pacyeTHOMY ceueHHI0o obOpaslla oOecleynBaeTcs MpH-
MEHEHHEM IPOJHKOBOH ONODHOH MOCTENH M LIAPHKOBOH na-
BHJIbHOJ TWIMTH  (OCH DOJIMKOB JOJKHBI DPAaclnoJaraThes
TMepIeHIHKYJIpHO K ocH obOpasua).

ITosnoe paspymialoniee HanpsixkeHne Ha cABHr (B Ila)

P
GCAB-:W, (1012)
rie h, d —BHCOTa U guaMmerp obpasia, M.
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N

Puc. 1.2. Cxema ucublTaHHs Io- Puc, 1.3. Hanpsxenus B 3Je-
PO Ha CABHT CO CXaTHeM MeHTapHOM 6JioKe

Kak mokasbiBaeT ONBIT, BeJHWYHHA paspyllalomeld Ha-
IPY3KH CyILEeCTBEHHO 3aBHUCHT OT yrja cJBuUra P, H I0-
9TOMY HCIBITAHWS NPOH3BOAST HA CIBHT 104 yraamu 45
u 60°. -

PaBHozeificTByOIAs] BCEX CHJ, MPHJIOXKEHHBIX K MOBEpX-
HOCTH 3JIeMEHTapHOH MJIOLAaJKH, T. €. BEKTOp, HalpaBJeH-
HBIH TI0J yrjoM K 3TOH IJIolafike, XapaKTepH3yeTcsl Be-
JIHYUHON, Ha3bIBaeMOil HAaNpsiXXKeHHEeM.

KoMnoHeHTH HampsixKeHUs], MepneHAUKYJsIpHbEEe K IJIOo-
ujagKaM, Ha3blBalOTCI 'HOPMAJbHBIMH Opn, @ KOMIIO-
HEHTBl HaTIpsXKEHHs], Jexallie B IJIOCKOCTH MJOIAL0K,—
KacaTeJbHHMH T.

Hanpsixxenust p, HanpaBJjieHHble TIOL YIJIOM o K 3aJlaH-
HOH IuIollafiKe, MOTYT ObITh pasJyioXKeHb 'HAa HOpMaJbHBIE
H ‘kacaTeabHble (puc. 1.3):

0, = psina; T=pcosa.
HanpsixxeHusi B TonepeyHoM CeyeHHH S 3JeMEHTapHOro
P
6/0Ka 0; = S 2B JI060M APYroM ceueHHH, HaKJOHEHHOM

K ocH 6JIOKa moOJ yIJIOM ¢, 32 CUeT YBeJHYEHHs IJIOLLaH.
Ha KOTODYIO paclpocTpaHsieTcs JAaBJCHHe, CHH3ATCS 10
p=0;8in c.

11



1
o %‘ A P 1 24\ 7
15V <% B 0 4
11‘61/1%\* g ©
e

3
8 é
§ ép h—JJ é; - 6
)
Puc. 1.4, Pacuernas cxeMa K Puc. 1.5. Kpyr  Hampsikenuit
onpeNe/ieHHI0  HaNpsiXKeHHH B Mopa

touke O

Torpa nanpsixxenusi Ha 3afaHHoi miomanke (B ITa)
. . i 1 .
0, = Gysinfa; T = 0ysinacosa = - o;sin2a. (1.13)

Brimie 6BI0  paccMOTpPeHO JIHHeHHoe (DIJIOCKOCTHOE)
HaNpsKeHHOe COCTOSIHHE MOPOX. B efCTBHTEJBHOCTH Xe
CYILEeCTBYeT ellle H 06beMHOe HalpsiXKeHHOe COCTOSIHHE B
TOPHBIX TOPOAAxX B YCJOBHSIX BCECTOPOHHErO CXKaTHS.
ITox Bo3meiicTBHEM CHCTEMBl CHJ, NPHJIOXKEHHBIX K O6pas-
Iy, B KaX0i ero TOYKe BO3HHUKAIOT HAINpSKeHUs U BeJH-
YHHB ¢ M T, 3aBHCSILHEe OT OPHEHTHPOBKH 3aJaHHOH {LjoO-
IIaJIKH TIO OTHOIIEHHIO K HallpaBJieHHI0 CHJHL. Eciu depes
OJHy M Ty XKe TOYKY TMPOBOAHTH Pa3HYHO OpPHEHTHPOBAH-
Hble IJIOIAJKH, TO Ha OJHMX mJomankax tv=9_0, a Ha
IPYrHX ¢ W T OYAYT HaxXoAMTHCS B CaMbIX PAasJHYHBIX
COOTHOILEHHSX.

YcTaHOBJEHO, UTO B KaXXJIOH TOYKE MOXKHO NIPOBECTH
TPH B3aHMHO MEPIEHJUKYJSIPHBIX TVIaBHBIX MJIOHIAAKH (B
Hux t=0), Yepe3 KOTOpHle mepefalOTCsi TPH TIVIABHHIX
(HopMaJbHEIX) HanpskeHusi. Haubogbillee rjaBHOe Ha-
TpsxKeHHe o0003Hauaercsi o;, HauMeHbllee —o03, CpelHee
o BeJHYHHE — Os.

Ecau paccmarpuBath mI0ockocTh (puc. 1.4), mapadieib-
HYI0O Ga, TO INOJYYHM:

0 == 0y cos?a -} ogsin?a; (1.14)

1:=7(61-—03)sin20z. (1.15)

DTH HanpsiKeHHs MOTYT OBIThb TaKKe OIpeleJeHbl rpa-
¢Gyyeckn TpM TOMOIIM Kpyra HampsixkeHnii Mopa (puc.
1.5). ITo ocu abGcuucc OTKIAABBAIOTCA HOpMaJbHblE Ha-’
npsixKeHHsi, a M0 OCH OpAHHAT — Kacartejbhble. Ilo ocu
abcuuce OTKJIAALIBAIOTCS OTPE3KH, paBHHE (B MacuiTabe)
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IJIaBHEIM HANpPSIKEHHSM, M yepe3 HX KOHIBI C LEHTPOM B
touke C MPOBOAMTCS OKpYKHOCTb. Abcuucca a1060# TOYKH
P Ha OKPYHOCTH BBIpakaeT HOPMaljbHOe, a OpAMHATA —
KacaTeJbHOe HAanpsiKeHHsi Ha IUIOLIafike, HAKJOHEHHOH K
HANDPABJIEHUIO TVIABHOTO HANPSIKEHHS IIOL YIJIOM .

CorsiacHo TeopHH mpouHocTH Mopa, paspylleHne 006-
pasua l'IpOPIBIOI‘:IJIET TOJIBKO B TOM CJiyuae, €CJM €CTb TaKas
IJIOI{aKa, HA KOTOPOH O H T HAXOISATCS B ONpEAeJeHHBIX
COOTHOLIEHHsIX [JIsi JAaHHOrO MaTepuasa:

T =f(0), (1.16)

rie f (o) — byHKuus, onpeAessIOnascsl dKCIePHMEHTAJIbHO,

Paspyurenne mpousoiifier mo 3THM MJomankaMm (B Kax-
0¥ TOUKe TaKux domanok nse). CieroBaTesbHO, KPH-
TepHeM pa3pylIeHHsi MOryT OHTb He TOJIBKO HOPMaJbHOE
WIH KacaTeJbHOE HaNpsiKeHHe, HO M HX OTpeleJeHHas
KOMOHHALUS.

[To pe3ysibTaTaM HMCNBITAHHH IIPH QBYXOCHOM Hamps-
KEHHOM COCTOSIHHH MOXHO TOCTPOMThL MHOXECTBO KpY-
roB HampsikeHupp Mopa, a ciefoBaTeNbHO, Kak YTOJHO
6JH3KO MOJAOHTH K HMCTHHHOMY BHALY GYHKuuH (cM. dop-
myay 1.16), xapakTepusyiolieii INPOYHOCTHHE CBOHCTBA
Matepuana. IlpemmoxeHn psn ¢opm orubaroltell rJaBHBIX
KpYroB HaNpsiKeHH#: mMpsAMoJHHelHas, WHUKJIOHAANbHAS,
napabonnueckasi, rumep6osnueckas. Kaxpas M3 3THX
dopM nomuepKHBaeT KaKylo-IHO60 OLHY CTOPOHY TOBEIAEHHS
Martepuaja NpH TOM HJH HHOM.BHJe HaIPSXKEHHOro Co-
crosinusi. TouHwli xapakrep orubaiouleii mpeleJbHEIX KDY-
roB HanpsixkeHu#i Mopa no cux mop HeusBecteH. s
CKaJbHBIX M INOJYCKaJbHBIX NOpOJ HauboJiee MPOCTO MAJs
pellleHHs] TMpaKTHYeCKHX 3ajau orubaiwomass Mopa MoxKeT
GeITh TpeAcTaBieHa B BuAe mpsMol (puc. 1.5), ypasie-
HHe KOTOpO}i WpHBEIEHO HHXKE:

T=k-+otgp, (1.17)

rae k— cuemienue mopoaw, H/M2%, p—yron BHyTpeHHero
TpeHHs,, Trpapnyc.

B ob6nactH pacTAruBalOliHX HampsiKeHHH NaHHOe ypaB-
HeHHe HenpHemsemo (cM. jauHuio AB Ha puc. 1.5), mo-
3TOMY XapaKTepHCTHKA IMIPOYHOCTH IIOPOX INPH BO3MOXKHO-
CTH BO3HHKHOBEHHS] PACTSATHBAIOIIUX HaMpSXKEHHH [JOJIKHA
ObITb 3aMeHeHa GoJjiee CJOXKHOH, uem mpsiMasi, GHOpMOH C
yueToM ompeJiefieHHs NPOYHOCTH MPH PacTAXKEHHH.
 Teopus mnpouHocTd Mopa mMO3BONSIeT HAWTH HampasJe-
HHe paspylueHusi mopoxsl (cM. puc, 1.5). Jlunus PD co-
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Puc. 1.6, 3aBucumocts  yraa Puc. 1.7. Cxema ynpyrux ge-

BHYTPEHHEr0 TpeHHs Pw(l) u dopmanmit:

cuennenus kg +k¢(2) or Baax- @ — NPH OXHOOCHOM CXaTHH, 6 — npi
HOCTH IOPOA W CAsBHre

CTaBJISIeT C OCbI0 ¢ YTOJ o, PABHBIH YIIy MEXNYy Hampas-
JileHHeM TJIaBHOTO HamnpsixeHHs g7 (CO) u HampaBieHHeM
HOpMaJiblioro nanpsixenus o (CP) mo niaowmanke paspylue-
nus. Toraa

=Z=PCO=~«PBA=2a=90°—p,
a=45°—%. (1.18)

Cnabble CBA3HbB € NOPOAB B 3aBHCHMOCTH OT rpa-
HYJIOMETPHYECKOrO0 (COCTaBa MOJPA3NEeNSIOTCS Ha INIHHHI
(comepxxaHme TVIMHHCTHIX uacTHL Gojiee 30%), CYyrJHHKH
(comepxkanne rauHHCTBIX uacTHn 10—30%) u cymecu
(comepxaHue ruuHHCTBIX uactuy 3—10%). B mopomax
STOH TPYINBI HMeITCS Ocobble MOJIEKyJAsipHble H BOJHO-
KOJUIOHJIHblE CBSI3H, (KOTOPHE AeHCTBYIOT IpH COJHXKEHHH
yactHy mo 0,004 mMm. Tlom ux BiMsHMeM K YacTHIle TpH-
XHMAaeTCst CJOH MOJIEKYJISIPHO CBSI3aHHOH BOJBI TOJVILLHHOMH
B HECKOJIbKO JIeCITKOB MOJIeKyJ. 3areM HJEeT CJAOH PHIXJO
CBsi3aHHOH BOJBl, OKPYXAIOIHI KaXAyl 4YacTHLY, H
JHUIIb 3aTeM — CBOOOJHAsi IOpoBas BOJAA.

ITosToMy conpoTHBIeHHE NIMHHCTBIX OPOA. CABHTY

Ti——Gntng+km4—kc, (1.19)

TLe Po — YroJl BHYTPEHHEro TPeHHMs, 3aBHCSILAA OT MOPH-
CTOCTH M BJAXHOCTH TOPOAH, Tpamyc; ke — ClelieHne
BOJHO-KOJIJIOHJTHOTO XapaKTepa, 3aBHcsllee OT BJIaXXHOCTH,
ke — xecTkoe CTPYKTypHOe clemieHue, .H/M2.
3aBHCHMOCTb CLENJIeHHS yrjia BHYTDPEHHErOo TpeHHs
TJIMHHCTHIX TIOPOX OT HX BIIAXHOCTH NoKasaHa Ha puc, 1.6.
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1.4. NIE®OPMALLHOHHDBIE CBOVMCTBA TOPHbIX MOPOJ,

Pasnuualor ympyrocTs H mJIaCTHYHOCTb TOPHBIX TIOPOL.
ITox ynpyrocTeio TOPHOH NOpPOABI TIOHHMAIOT €€ CIoCo6-
HOCTb M3MEHSITb (OpPMy HJIH 0ObeM MOoj AeHCTBHEM BHEI-
HHX BO3JIEACTBHI M BO3BPAIAThCS K CBOEH NMEpBOHAYAJb-
HOH (opMe U 06bEMY TOCHE HX CHATHS.

B ob6aactn ynpyrux nedopMauuii TBepmoro Tesna Aefi-
ctByer 3akon I'yka, mo koropomy pedopmalusi Tesa mpo-
MOpUHOHANbHA [eHCTBYIOIIEH Ccuie:

Pl
A=, (1.20)

rie Al=Il—I;— abcoaotHass pedopmauus (puc. 1.7);
| — nnuna ob6pasua po mepopmanuu, M; [, — aauHa 06-
pasua mnociae pgedopmanuu, M; P — melicTBylomas cuJia,
H; F—nmomanps obpasua, m2; E — Kosbduuuent mpo-
TIOPUHOHAJNBHOCTH.

OTtHolleHHe abCOMIOTHON BeJHYHHBI JHHeiHOH nedop-
MalyuH K JJHHe 06pasila Ha3bIBAETCS OTHOCHTEJBHOMR IpO-

o o A
noJbpHOH HAedopmairieii e=—". Koaddunuent mpomop-

LIMOHANBHOCTH B BakKoHe ['yka HasbiBaercss MOZLYJeM
ynpyroctunepsoropona uau monyaem IOHra
(8 H/m?)

E="2, (1.21)

Tak Kak npu e='1 E=oc, monyar IOnra xapakTepusyer
BeJIMYMHY HamMpsiKeHUsl, KOTOPOe HeOOXOAHMO MpHJI0XHTb
K nethopMHpyeMOMYy Teady, 4TOOH ero abcosiioTHas jgedop-
Malus OKa3aJjach paBHOI IIepBOHAYAJIBHOM JIHHE.

Hedopmanus Ttena B HanpaBJeHHH HeHCTBHS HATPY3KH
TPH OXHOOCHOM HANPSIKEHHOM COCTOSIHHH COIPOBOK/IAET-
Csl HM3MEHeHHEeM ero IOomepeuHbiXx pa3MepoB. OTHOLIeHHe
OTHOCHTEJIbHOH TOoTNepeyHol Ae@opMalmul K OTHOCHTEJILHOH
IpONOJLHONH B yupyroii obJjacTH HasbiBaeTcsi K03 ¢ ¢ u-
nuentom Ilyaccona,

T (1.22)

' dy—d : .
rae e =—1d—— OTHOCHTeJIbHAs! TI0oNepeyHast aedopMaiHs:

€ — OTHOCHTeJIbHAsI TpojosbHasi medpopmanus; d; — Aua-
MeTp ofpasua mociae nedhopMaimyu, M. '
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Kpome moaysass IOura m xoabduunuenra Ilyaccomna mo-
BelleHHe TOPHHIX MOPOJ B YNpPyrofi 00JacCTH XapaKTepHusy-
ercs mMoAyJaeM caBura (BIla/panuan) — orHoLIeHHEM
NPHJIOXKEHHOr0 K NMOPOJAe KacaTeJbHOTO HANpPSIXKeHHd T K
yrJay 9, Ha 'KOTOPBHI CMeNaloTCsl YaCTHILBL:

== (1.23)

Y

Takum o6pasoM, MOAyJb ICABHIa XapaKTepH3yeT BeJIH-
YHHY KacaTeJbHOro HampsKeHHs, HEOOXOAHMOro IJsi TOTO,
4yToOB JOCTHYb AedopMaluu cfBUra, paBHOH 1 pamuaHy
(57°17°45").

Monyapr BceCTODPOHHEro C€XaTHs —Koap-
(GHLIMEeHT MPONOPUHOHAJBLHOCTH MEXIy HalpsiKeHHeM BCe-
CTOpOHHEro (THAPOCTATHCTHYECKOrO) CXKATHSA H  OTHOCH-
TeJbHEIM yMeHblleHHemM 06beMa o6pasua MOpOJAHL.

o =K A

\%4
o (1.24)

rie ¢’ — Hampsi)K€HHE BCECTOPOHHero cxatus, ITa; K —
MOIyJb BCeCTOpOHHero cxarus, Ila; AV — a6comotHoe
yMeHbllleHHe 06beMa o6pasua, M3, V — o6beM o6pasua

nopoxasl, M3,
_Pu3HYeCKH MOAYJb BCECTOPOHHErO CXKATHSI XapaKTepH-
3yeT  HalpsixkKeHHe, TIPH  KOTOPOM OTHOCHTeJbHOE

yMeHbllleHHe o0beMa paBHO elHHHILe.
XapaKTepUCTHKH YINPYroCTH TOPHBEIX [IOPOJ CBSI3@HHI
MexJy Co60i COOTHOLIEHUAMH

G=—EL (1.25)
2(1+p)

=_E \

e (1.26)

ITostoMy, IJs1 TIOJYYeHHs] 3THX XapaKTEPHCTHK JOCTa-
TOYHO ONpelesuTh ABa IMoKasareis — momy.ar IOHra M xo-
apduuuent ITyaccona.

HAuarpamMma nedopManuii mMpH OAHHOYHOM HArpPyXeHHH
J0 pa3pyLIeHHs] TOPHBIX {OpPOa ToKagaHa Ha puc. 1.8,a.
Ilpu 4epemyrouruxcsi Harpyskax M pasrpyskax aHarpamma
HMeeT BHJ, TpHBeIeHHHH Ha puc. 1.8,6.

Kak crenyer u3 3Tux 3aBucuMocreii, yuactox Oa’ mMox-
HO CYUHTATh JIHIIb YCJIOBHO 06JacTbio ympyrux gedopma-
nu#i, 3aBHCHMOCTb MEXAY © HeHe CAefyeTB TOYHOCTH JIH-
HeHHOMY 3aKOHy H MOAYJb YNPYTOCTH SIBJSIETCS BEJHUYHHOM
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Puc. 1.8, Tpaduk 3aBHCHMOCTH HampsiKeHHH OT AedopMaiii:

c ynp—- npeaen ynpyrocrt; O'C)K-— BpeMEHHO€e COINPOTHBJIEHHE CXaTHI0

nepeMeHHOl. KpoMe TOro, pasJHuyHBle BHAB  HAaTpy30K
(cokaTue, pacTsKeHUe H T. 1I.) Takxe TPUBOAAT K Pa3any-
HBIM 3HAYeHUSM YMPYrHX xapakTepucTukK. OHHM yMeHblua-
IOTCS1 MPH TPHJOXKEHHH OOJBIIHX PACTATHBAIOIIHX HaTpy-
30K H YBEJHYHBAIOTCS INIPH INPHJIOXKEHHH CXKHMAIOIHX
'Harpy30K.

Jnsi peaJbHBIX TMOPHBIX HMOPOJ INOCJE CHSTHSI Harpy3KH
HMEIOT MECTO OCTaTOYHble MJaCTHYeCKHe HAedopMma-
uK ex (cM. puc. 1, 8,6). Ilpu noeTopHO# Harpyske o6pass
1a obpasyloTcs MeTJH THCTepesnca, XapaKTepH3ylolHe
BEJIWUHHY MOTEPH 3HePTHH IpH pedopmauuu (cM. 1, 8,0).
TopHble mOpOAB! ABNAIOTCS YNPYro-MJIACTHYHBIMH TeJIaMH.
[Ipn yBenuueHWM TeMIepaTyphsl IJIACTHYHOCTh MOPOJ BO3-
pacraer. Ilpu O6nicTpom (yAapHOM) MPHJIOXKEHHH Harpy3ox
TPOHCXOLUT XPYIKOe paspyllieHHe TOpPOL, a mpH MelJeH-
HOM — pa3BHBAalOTCS MuacTuieckHe pAedopmanun. Takum
obpa3oM, BequunHa Jedopmanuil B, TOPHbIX NOPOJAX 3aBH-
CHT OT BpeMeHH. [Ipu meHcTBHH MOCTOSIHHOrO BO BpeMeHH
HanpsixkeHHs: JeopMaius MOpoAsl HE OCTaeTcs MOCTOSHHOM,
a BospacTaeT. DTO sIBJEHHE HA3BLIBAETCA N OJ3YyYeCThIO.
[IpusHaku mosI3yuyeCTH NJIs TIACTHYHBIX MOPOA HabioAa-
I0TCSl TIpH HaMpsiKeHUsix, cocraBasiomux 10—1569, paspy-
IIAJOIHX, B YCJAOBHSAX OhICTpOro HanpyxeHus. J[ledopma-
IHsi FOPHBIX TIOPOJA (yrosCABHra y) MpH MeIJEeHHOM UX Ha-
TPYXKEHHH € IIOCTOSIHHOM CKOPOCTbIO TIQKa3aHa Ha puc. 1.9.
Ha yuactke 0— naGaomaercss NpakTHUECKH mpsiMas 3a-
BUCHMOCTb MEXAY HaNpsiKEeHUsSIMH U JedbopmauusMmu (ym-
pyrue jmepopMaluH), a Ha ydacTke. [—2 — mjaactHyecKas
Redpopmanuss ob6pasua TpH MeIJeHHOM BO3pacTaHHH Ha-
rpy3ok. Yuactok 2—3 XapaKTepH3yeT YCTaHOBHBIIYIOCS
Tos3yyecTb — BO3pacTaHue nedopManuii Tpu HeH3MEHHOH
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Puc. 19. Hedopmannu casura Puc. 1.10. PasBurmue muactuye-
NpH Me[JIeHHOM HarpyXeHHH ckux nebopMmauHii BO BpeMeHH

Harpyske. JlocTuXeHHe npenesbHO#i BeJHMUYHHE AedopMaiuit
Ymp NPHBOIAHT K PAa3pyIIEHHIO TOPOAbI 'H CHHUIKEHHIO BeJH-
YHHBI HaNpSKEHHji N0 HEKOTOPOro OCTATOYHOIO 3HaUeHHS
Tocr. Pa3BUTHe MACTHYECKUX JAedopManuil Bo BpPeMEHH o-
kazaHo Ha puc. 1.10. TIpu npuioXKeHHH HArpy3KH, HOCTAa-
TOYHOH ISl JOCTHIKEHHsS] HANDSXKEHHSIMH TIpefiesa YIpyro-
CTH Tymp, BEJIHUHHA AedopMamnuii IDOCTHraeT 3HAYEHHST Yymp
NpaKTHYECKH MIHOBEHHO (Touka ), dlocjie yero HayuHaer-
csl maactuueckas paedopmanusa. Ilnacruueckne nepopma-
UM XapaKTepH3YIOTCSl CTafMeil 3aTyxawuieii T0J3y4ecTH
(/—2), Ha 'KOTOPO# CKOPOCTh TJIACTHYECKHX HedopMauui
NOCTelleHHO YMEHBIIAeTCsl; CTafuedl ycTaHOBHBIIEHCS TOoJ-
3ydecTd (2—3) mpU TIOCTOSIHHO# CKOPOCTH AedopMAalHH H
CTaguell TPOrpeccHpylomell ToJA3y4yecTH (IJIaCTHYECKOTO Te-
uenuss 3—4). Ha a1of mocnenHeit craguu (mocjie JOCTHXKe-
HHSl BeJHUYHHBI NPeNe/bHOro 3HaueHus nedopManmuil yump)
CKOpOCTh nedopMaliiy pe3Ko Bo3pacraeT M HabJaiogaeTcs
paspyllieHHe MaTepHuaJa.

YMeHbIIHB BeJHYHHY CABHTAIOMUX HANPSKEHHH, MOX-
HO JIOCTHYb TAKOTO TIQIOKEHHsl, KOrja mpouecc AepopMu-
pPOBaHHA TIOPOJBI OCTAHOBHTCS ‘Ha CTaAWM  3aTyXxaloluiel
nonsyuect (xkpuBas 1'—2’). MakcuMaJjibHasi BeJHYHHA
HaNpsKCHUH, KOTOPOH COOTBETCTBYeT Takasi Aedopmaius,
Ha3bIBaeTCsl NpelesOM NOJA3YUYECTH Tyom, T. €. ITO HANpPSIXKe-
HHe, IIPH KOTOPOM CKOPOCTb JeopMalHH CTPEMHTCS K HYJIO,
a BeJHYHHA JeOpMaliui — K HEKOTOPOMY KOHEUHOMY 3Ha-
YeHHIO NIPH HEOTPAHHYEHHDM BO3DACTAHHH BPEMEHH IPHJO-
JKeHHsl narpysku. Hesaryxatomue niactuueckue naedopma-
I{1H, T. €. llepexo]] K CTafHH ycTaHOBHBLIeHCsS IOJ3Y4YeCcTH H
IJ1aCTHYECKOTO TeYeHHs, BO3MOXKHEl TOJIBKO B Clydyae, eciu
T>>Tnoa-
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1.5. TOPHOTEXHUYECKHE CBOMCTBA TOPHbIX MOPOJ

CyutecTByeT LeJHH Psifi CBOHCTB TOPHBIX TOPOJ, KOTO-
phle OTPaXKalOT HEKOTOPble HX CyLIeCTBEHHEIE OCOGEHHOCTH
npH TEXHOJOTHYECKHX mpoueccax Jo6wun. K HEM oTHOCAT-
csl paspHIXJIsSIeMOCTb, yCajKa, abpasHBHOCTb, TPEIIHHO-
BaTOCTb, 'PaHyJOMeTPHUYECKHI COCTAB, KPENOCTh U Ap. Bcee
3TH CBOHCTBa 3aBUCAT OT (U3HYECKHX CBOHCTB [aHHOM
ropHo#i nopoabl. OJHAKO yCTAHOBJEHHE 3aBHCHMOCTH MEX-
Ny TOPHOTEXHHUECKWMH H (PH3HUECKMMH  CBOHCTBAMH B
GOJIBLIMHCTBE CAydyaeB 3aTPyJHEHO H B TPAKTHYECKHX lie-
Js1X yAoOHee T0Jb30BAThCS TOPHOTEXHHYECKHMH CBOHCTBa-
mu. las onpenemeHus npo6jieM YCTOHYMBOCTH HEOGXOIH-
MO YUYHTBIBAaTh DPa3pLIXJASEMOCTb H YCAaAKy TOPHBIX MOpPOZ,
TpaHyJOMeTPHUYECKHH COCTaB, HACHIIHYI0O Maccy H Ko3ddu-
LLMEHT TPEHUs], YTOJ eCTeCTBEHHOT0  OTKOCa H KpelocTh
rOpHOH TOPOMBL.

ITon paspbEIXJeMOCTb0 IUVIOTHOH IOPOABI IIO-
HUMAINT yBeJuueHHe ee oObeMa B pe3yJabTaTe pPHIXJEHHS
(npobnenusi, oT60NHKH, 9KCKABAIHK) N0 CPABHEHHIO C 06b-
eMOM, 3aHHMaeMbiM TIOPOJOH B MaccuBe (IO pBIXJIEHHS).
PaspbixnsieMoCTh ~ OLleHHBaeTcss KO3(PGHUILUHEHTOM
pPa3pBHXJEHHUS:

Ky=-2 =Y, (1.27)

12 Yo
roe Vp— oO6beM mOpOIL NocJe paspeixjaenus, m3;, V — 06b-
eM IOpOABl B MaccuBe, M3; y — IJIOTHOCTb INOPOJH B Mac-
CHBe, I'/M3;, yp — INIOTHOCTb PAa3pbIXJEHHOH TOPOABI, T/MS.

Koadrdpuunent paspeixJeHHs 3aBHCHT OT KauecTBa H
CTelleHH IpoOJieHHsI NMOPOAH, eMKocTH H (opMbl cocyna,
BJIAXKHOCTH U BPeMeHH HaXOXIeHHs TMOPOABl B pasphIXJeH-
HOM COCTOSTHHH.

PaspoixJeHHass nmopona ¢ TeueHHeM BpPEeMeHH YIJOTHS-
eTcsl 1o KaKoH-To 0oJiee MJIH MeHee IOCTOSTHHOHM BeJHUHHHEI,
KOoTopasi XapakTepusyercs OCTaTOYHBIM XK03¢ ¢ u-
UHeHTOM paspuxjeHus Kpo.

Ycanky (ynioTHeHHe) TOPOAH C TeueHHEM BpPeMeHH
MOXHO OLEHHBaTh KO3(P GUUHEeHTOM YNJOTHEHHUS

iV Ko (1.28)
Vb Ky
rie V, —o6beM pa3pHIXVIEHHBHIX TOPOJ TIOCJe YIJIOTHE-
HHSI
IMox HmacemHOM Maccoi NOHHMAIOT MacCy Chilly-
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Yefi TOPHOH TOpPOAB B eRuHHIE oO6beMa. DTO TOHATHE
PaBHO3HAYHO MJIOTHOCTH pAa3pbIXJEHHOH NOpOAL. Beanuu-
Ha ‘HaCHIMTHOA MacChl 3aBHCHT OT MJOTHOCTH MOPOLHI B Mac-
CHBE TPaHYJOMeTDHYECKOT0 COCTaBa, CTEMNEeHH YIJIOTHEHHMS,
BJAXHOCTH M T. il

F'panynomeTpuuecku#h cocTas mopony— OT-
HOCHTeJIbHOE CcOJepKaHue (IO Macce) YacCTHI[ pas3jHYHOM
KpYnHOCTH B ropHOH nopoxe. OT 3TO# XapaKTepUCTHKH 3a-
BHCSIT MJIOTHOCTh MOPOJ, Y YTJbl UX TPeHHs, BeJHYMHA CO-
NPOTHBJIEHHST CIOBHTy # Jpyrde (U3UKO-MeXxaHHUecKue
CBOHCTBA (mopuctocTh,  CXKHUMaeMOCTb, BJAroeMKOCThb
H T. I).

ITpu mepeMelleHHU Tel OTHOCHUTENbHO APYT Apyra (Hau
OIHOH er0 YacTH OTHOCHTEIbHO IPYroil) BO3HHKAIOT CHJIBI
TpeHHs, MPeNsTCTBYIOLIHE TiepeMelleHHI0 WJIH BO3HHKHOBe-
HHIO 3TOTO TrepeMelleHHst IpH HeloCTaTOYHOH BeJIUYUHe [MpH-
Joxenublx cui. Cuia, Heobxonumasi JJs Hayaja mepe-
Melllenus, F mosKHa ObITh TeM 6oJblile, yeM G6oJblle CHJIa
HOPMaJIbHOTO [ aBJjieHus (mpuKUMalollas nepemeliaeMoe Te-
JIO K TnoBepXHOCTH mnepeMelienus) P. Ecau nepemenienue
IIPOUCXOMUT NOJ AeHCTBHEM CHJIbI T MO rOPH3OHTAJBHOH IO-
BEPXHOCTH, a B KaueCcTBe CHJIBl HOPMAaJbHOro JaBJIeHHs
npuHuMaercs Bec tema N, TO K03QHUHEHT TPeHHs

fx =-§. (1.29)

Ec/ip TIOBEpXHOCTb IEpeMelleHHss HMeeT YroJl HaKJ/oHa
o M eCJM 3TOT yroJ TOCTeneHHO yBeJHYHBaTb, TO HacCTy-
AT MOMEHT (IIp¥ 3HaUEHWM yijla HakjJoHa o =p’), Koraa
TeJI0 HAauHeT JBHraThCsl MOA JeficTBUeM cOOCTBEHHOro Beca.
B aToM cayuae B KauecTBe CHJb F mpHHHMAaeTcs KacaTelb-
Has cocraBJsioiias Beca T =— Psinp’, a B KauyecTBe CHJBI
'HOpMaJIbHOTO [ aBJjieHHst — yacTb Beca N = Pcosp’.

Koaddpunuent tpenus

Co
fr= S0 —tgp’. (1.30)
cos P

Yron p’ HasbiBaloT yrJaom TpeHHdA Ero BernunHa
3aBHCUT OT THMA JIOPOABI H 'COCTOSAHHS conpukKacarmmuxcsa
moBepxHocTedl, IIpu paspylleHHH TOPHBIX TIOPOJ BHYTpeH-
HHe CHJbl, TPENsTCTBYIOLIHE 3TOMY Da3pylIeHHIO, YCJIOBHO
pasnensdaioT Ha CUJbl CHellJIeHHsT 'MEXIy yacTUllaMu {4 CHJIBI
BHYTpEHHEro TpeHHsd, 3aBHCsALLHEe OT BeJIHUUHBI HOpMawib-
HOro AaBjeHHs H OT KoabduluenTa BHYTPEHHETO TPEHHA
f, KoTOpHI MO CBOEMY XapaKTepy aHaJOTHYEH KOG (HIH-
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eHTY TPEeHHs, HO B HEHapYIeHHOH TIOBEpXHOCThbIO pasjgena
nopofie, a 1Mo BeJHYHHE MOXeT OBITL  TPeACTaBJeH Kak
TQHI'eHC yrJla BHYTPeHHero TpeHuss p. KoaddHiHeHT BHYT-
pEeHHEero TPeHHs MpefcTaBisieT co00H OTHOIIEHHe BeIHYHHBI
CIBHTaIOIUX CHJI (32 BHYETOM CHJ CLEIJeHHsi, 3aBuCH-
ILHX OT BEJHYHMHH CLEMJIeHHs R TI0O NaHHOH IJollajKe pas-
MEepOM §) K BeJIMUHHE CHJIBl HOpMaJbHOro AaBiaeHusi N

T—ks v
f=———N =tgp. i(1.31)

Yrnom ecTecTBeHHOro OTKoOCaA chHmyyeh
NOPOAB HasbBaeTcs YroJ HakjJOHA NOBEPXHOCTH 3TOH IIO-
POIBI o K TOPH3OHTY, 06pa3oBaBLIKiiCS TIpH ee CBOOOAHON
orchinke. ITocKOJMBKY Chilyude MOPOAB He HMEIOT CllelJe-
HHS, TO

G=p=p".

BenuuuHa yria ecTecTBEHHOro OTKOCa 3aBHCHT OT (op-
MBl YaCTHIl, UX Ppa3Mepa, BJAXKHOCTH, [MJIOTHOCTH H T, IL.
Ona onpefiensiencsi N0 pe3yJbTaTaM MapKuleHaepcKo# cbeM-
KH OTBasNOB M pa3BajoB nopox. Heo6xonuMo uMeTh B BHUAY,
YTO TIPH OTCHITIKE TIOPOA B OTBAJbl Pe3yJbTHPYIOIIHH YTOJ
OTKOca OyleT HeCKOJbKO MeHblle Yrja ecTeCTBeHHOro OT-
KOCa 3a CyeT pasJjieTa KyCKOB., YTJbl eCTeCTBEHHOro OTKOCa
IJIs1 CKaJbHBIX ¥ NOJYCKaJbHBIX TIOPOL HapyLIEHHOH CTPYK-
TYPHl COCTaBAAIT 32—37°, N/ TJHHUCTHIX CYXHX TIOPOL —
27—35° BaaxHbX — 15—25° TleckH HMeIOT yroJ eCTecT-
BEHHOro OTKoca oT 25 pmo 35°

KpemocTb TOpPHOH TOPOAB XapaKTepH3yeT ee COMPO-
THBJISIEMOCTh MeXaHWUeCKHM BO3LeHCTBHAM  (OypeHHIO,
B3pHIBaHMIO, BHieMKe). B mpaktuke HauboJiee pacnpocTpa-
HeH kxo03(pduuMeHT KpemoCTH f,NpelsOKEHHbIH
npod. M. M. TIpoTOAbSIKOHOBEIM, — COTasi YacTh Ipefesa
NPOYHOCTH HOPOAH HA CXKATHE Ocx

= Tex 1.32
f 9,81-108 ( )



2. PU3UKO-MEXAHHYECKHE CBONCTBA MACCHBA
FOPHbBIX IMOPO/JL

2.1. TPELIHHOBATOCTH MACCHBA TOPHBIX MOPOJ,

MagcuB TopoJ XapaKTepH3yeTcsl MPephIBHOCTHIO MeXa-
HHYECKUX CBOHCTB (TPEllMHOBATOCTHIO). DTO CBOHCTBO TaK-
JKe Hy)KHO paccMaTpHUBaTh B 3aBHCUMOCTH OT Maciuraba.
Tak, GospLIOf MacCUB € MEJIKHMH TpPelIMHaMH MOXHO pac-
CMAaTpHBAaTh KaK KBa3WHeNpepHIBHHIH.

OnHUM W3 Ba)XHEHIIMX CBOMCTB rOPHOTO MacCHBa, BO
MHOrOM ONpeNeNsiolHy YCTOHYHBOCTh OTKOCOB, KayeCTBO
B3PHIBHBIX PaboT, MPUTOK BOAH B Kaphep W IPyrHe, SIBJS-
eTcsl TPelHHOBATOCTh, T. €. HaJu4yle B TOPHHIX MOpPOAaX
TpewuH. P TpelluH ogHOro U TOro Ke MPOHCXOXKIEHHS H,
cJiel0BaTeJIbHO, OJJUHAKOBO OPUEHTHPOBAHHHBIX B MPOCTPAHCT-
Be, Ha3bBaeTcsl cucTeMoii TpemnHd. Kaxnas Tpelinna MoxeT
O6HTh XxapaKTepH30BaHa HampaBJeHHeM MajeHHs H MPOCTH-
paHus, MNJHUHOH TIO TMAaJEHHI0 W TpocTHpaHuio. I[locKosabKy
3TH 3JIeMeHTHl 3aJjieraHWsi TPeIUHH 3HAUUTEeJbHO BJHUSIOT
Ha YCTOHYHBOCTb, OHH XapaKTePH3YIOTCS He TOJbKO a3uMy-
TaMH, HO U OTHOCHTEJbHBIMH HalNpaBJIeHUSIMH HNPOCTHDPAHUSA
U NalleHUs OTKOCOB YCTYmoB u 6opta kapbepa. Ilo uucay
TpeIlHH, NPUXOAAIIUXCS Ha lm B PallpaBJeHHH, MepleH-
JHKYJSIPHOM K TIPOCTHDaHMIO CHCTEMBl, OILlEHHBaeTcsl HH-
TEHCHBHOCTh TPELIHHOBATOCTH WJIH KO3(h(PHIHEHT TpelHHO-

BaTOCTH:
1
Hpﬂ HaJMHYHH HeCKOJbKHX B3aHMHQ IlepeceKaloluxcs
CHCTEM TpelHH HHTEHCHUBHOCTh TPELIHHOBATOCTH: 6y116T oIl-
penensaTbCsi pacCTOSITHUEM 'MeXAY TpPellWHaMH KadKIoH CH-

CTEMBI

1 I

n

o =

(L+_1_+...+_1_)=
L I
rae Iy, ly,...,lh —paccTosiHus MeXIy COCeIHHMH TpPELIHHAMH
KaMJIoi CHCTEMBI, M; lcp— CpelHee PacCTOSIHHE MEXIy
TpellMHaMH BCeX CHCTeM, M; n — YHCJO CHCTeM TPEellHH.
U HTEeHCHBHOCTD TPELLIMHOBATOCTH MOXET XapaKTepHuso-
BaTbCA M YHCJIOM TPELlHH, MpuXoAsuuxcs Ha 1 M2 maccu-
Ba. Torna mokasaTeJb HHTEHCHBHOCTH TPELHHOBATOCTH

o =25, | (23)

(2.2)

lep
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rle Ny — YUCJIO TPEIMH, 3a(HKCHPOBAaHHOE Ha IJIOLIANH
pasmepom S, M2 Torma opHeHTHPOBOYHOE CPELHEE paccro-
agMe (B M) MeXJAYy CHCTeMaMH TpellHH

lep = —— . (2.4)
V‘Dr

TpemHHoBaTOCTh — SIBJIEHHE, TEHeTHYeCKH TpHCYllee
ropHHEIM NOPOAaM, TaK Kak B npouecce o6pa3oBaHHsi MOpPO-
JIbl, HAXOASIIIHECS B BSI3KOM HWJIH WJACTHYHOM COCTOSTHHM H
TojBepramouiecss AeHCTBHIO TaHTeHUUAJbHHIX HallpsKe-
HUH, mpHoOpeTaroT CKpHITHIE JI0BEPXHOCTH CKOJIBXKEHHS,
croco6eTBylomue 0o0pasoBaHHio TpellHH, TeKToHHYecKue
IIPOIECCH TaKXKe CNocoOCTBYIOT 00pa30oBaHHIO COOGCTBEHHO
TPelllH W JPYrHX MNOBepxHOCTe# ocnab/leHHsT MaccuBa —
NIOBEPXHOCTEH CKOJbXKEHHS IO KOHTAKTaM CJIOeB.

[Tponeccr BbIBETPUBaHHS: (B OCHOBHOM TEMIEpaTypHbIe
HaNpsKEeHHs1) MPHBOAAT K 06pa30BaHMIO TPEIIHH BLIBETDH-
BaHusl. Bce 3TH Tpu THma TpeliuH 06pas3yioT Tak Ha3bBa-
eMYyI0 ECTeCTBEHHYIO WJH [epBUYHYI0 TpPEeILHHOBATOCTh
BrieMKa ropHbIX TIOpojJ (OCOGEHHO B3pHIBHBIE PabOTHI)
MPUBOAAT K 06pa30BaHUI0 UCKYCCTBEHHOH "(MJIM BTOPHUHO!)
TPElHHOBATOCTH.

B npupone, Kak NpaBHJIO, CYLIECTBYIOT TPHU CHCTEMB
TpELyH, a HHOTAA  ueThipe [19].

Jns OueHKH TpelluHo-
BAaTOCTH BaXHHl CJeLylo-
I4e OCHOBHble MpPH3HAKU
TPellHH:  MEeCTOHaXOXJe-
HHe, MOJIOXKEHHe TPelluH B
npocTpaHCTBe, T'yCTOTa ce-
TH TpeLMH, MPOCTPaHCT-
BEHHOE pacmoJIOXKeHHe Tpe-
ILMH, CTelleHb pacuJieHeHHs
TPelHHaMH TOPHOTO MacCH-
Ba, IUHPHHA, 3alOJHEHHE,
MOBEPXHOCTb CTEHOK Tpe-
II}H.

Haub6onee HarJsigHo
TPeIlHHOBATOCTh  T'OPHOTO
MaccuBa MOXeT OHITh H30-
OpaxeHa C  TOMOIIBIO _
chepuyeckKux  RMArpaMM - pye o Kpyrosas ~ auarpaMma
(pHC. 2.1), Ha KOTOPBIX TPEIHHOBATOCTH:
TOYKaMH HAHOCAT Xapakre- I — NOTHOCTH TPELIMHOBAaTOCTH  COCTaB-

nger 4—6%; 2—1 , 2—4%; 3 —TO
DUCTHKH TpELMHb — Npo- "7 478%: 25 mo e 2 4k 8=
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CTHpaHWe W yroJ mnajcHus. MHoraa BMeCTO TOYeK HaHOCST
M30JIHHHH IJIOTHOCTH TPELIHHOBATOCTH.

[ToMHMO TpEIMHOBATOCTH Ha CBOHCTBA MacCCHBa GOJb-
1I0e BJIHSHHE OKa3blBAIOT CJOHCTOCTb H  CJIAHIEBATOCTb.

2.2. NPOYHOCTb MACCHUBA TOPHBIX NOPOJ

Tax Kak MaccHB CKaJIbHBIX TMOPOJ OOBIYHO pa36uT Tpe-
INMHAMH W ocnableH B ONpelejeHHBIX HampaBJeHUsX, ero
IPOYHOCTh ‘HA CXKaTHe Bcerfa OyJeT HHXKe TPOYHOCTH TOP-
HOH MOPOJHI.

Jis MaccHBa, COCTOSIIIEr0 M3 KPEMKHX H XPYNKHX MO-
pol, TpOYHOCTb Ha cxkaThHe B 10 pa3 MeHbllle, IIPOYHOCTH
caMHUX NOpPOA, XOTS IJsl TaKHX TIOPOX, KaK ULJOTHbiE H3Be-
CTHAKHM, KaMeHHas M KaJuHHas COJH, TJOTHHIA YroJb,
TPOYHOCTh ‘HAa CXKaTHe B MmaccuBe paBHa 80—909, mpouHo-
cta nopox [19].

[TpouHocTh MaccHBa Ha pacTsiKeHHe oO0yCJOBIeHa B
3HAUUTEJbHON CTelleHU TPeHHeM M ClellJleHHemM B YCAOBHAX
06'b@MHOTO HANpPSTKEHHONO COCTOSTHHS.

st GosplIMHCTBA TOPHEIX MOPOA TIPOYHOCThL ‘HAa PAaCTs-
)eHue cocraBaser 5—100, mpouHocTH Ha cxatue. s
MacCcHBOB XapaKTepHO MOA0OOHOe Xe COOTHOILEHHeE,

[TpouHocTs MaccHBa MOPOA Ha Cpe3 MOXKET ObITh Npe-
NeJIbHO 'HU3KOH B HaNpaBleHUH TIJIOCKOCTE} HamIacToBa-
HUSI, CJAHLEBATOCTH, KPYNMHBIX TPEIHH H ObITh 3HAUHTENb-
HOH B NepNeHAWKYJSPHbHIX HampaBJeHHsXx. IlpouHocTs Ha
cpes cJjaraeTcsl H3 CONMPOTUBJEHHS CPe3y U YaCTHYHO H3 CHJ
TPEHUS U CUENJeHHs] Ha MOBEPXHOCTSIX TPeUlHH.

Hns chimyuyux cpex npepes npoyHocty Ha cpes (B Ila)
ompejessieTrcsi Ha OcHOBe 3akoHa KyJsona

TCP = k + Gcm tgp y (2.5)

rie kR — cuelJieHve NOPOABl; p — YroJl BHYTPEHHETO TPEHHs.

Ecau ckanbHBIA MaccuB pa3fpobiieH MeJKHMH TpellH-
HaMH HJIM HMeeT CIJIOWIHYIO TPeIUHY CKOJIbXKEHHs, TO ero
TaKXe MOXKHO PaccMaTpPHBaThb KakK ChIyYyio CPeNy W 10Jb-
30BaThCsi ypaBHeHHeM (2.5).

ITpoyHoCcTh Ha cpe3 Bo3pacTaeT ¢ yBeJHYEHHEM CKODO-
CTH MpHUJIOXKeHUss Harpy3kH. CiefyeT NOMHHTb, YTO B CHJIb-
HO TPELIHHOBAaTOM FOPHOM MaccHBe MeXaHHYeCKHe CBOHCT-
Ba 0OYCJOBJIEHBl TPELIMHOBATOCTbIO, a He MaTepHajioMm
TOPHOH ITIOPOAHL.
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BenununHa crenJieHHst MOPOJ B MacCHBe TaKXKe MeHbIlle
BEJIUUHHB ClUelJeHdss B ropHoii mnopome. I'. JI. ®ucenxko
TMPENJNOXKUI IMIHPHYECKyo GOpMyay JJsi ollpeleseHHus
cuenjienus: B Maccube /[ 10]:

. — (2.6)

l1—aln

cp

roe k—cuemwienne B obpasie; a —koapduuuent (a =
=0,5+10) [32]; H— BhicoTa Gopra xapbepa, M; lep —
CpelHHi pa3Mep 3JEMEHTapHbIX OJIOKOB, M.

2.3. NESOPMHUPYEMOCTb MACCHUBA TOPHbLIX NMOPOJ

B pesynbrare Bo3meficTBHS ‘Ha MaGCHB HaTPy30K B HeM
BO3HHUKAIOT JedopMauuy, T. e, JBHXKEHHe BO BpeMeHH. DTO
[BHXKeHHe OO6yCJOBJEHO HaNpsiKEHUsSIMH, KOTOPHE II0Ka
He yNaeTCsi U3MepATb M TOJydaTh TP IKCHEPHMEHTAX.

Crnenyer MMeTb B BHIY, YTO MacCHB NOPOJ B 3aBHCHMO-
CTH OT MPHPOABI, BEJUYHHB W BpPeMeHH JeHCTBUSI Harpy3KH
MOXeT OBITb YNPYIMM, TJACTHYHBIM, BSI3KHM H XPYIKHM.
OH MOXeT ONHOBpEeMEHHO OBITh YNPYrHM M  ILIACTHY-
HEIM.

O6bluHO MaccHp {IOpOJ MeHee ympyr, yem obpasel rop-
HOH mopoxbl. [TosToMy MonyJs ympyroctu mMacchBa Ey co-
craBisier Toabko 1/5—1/15 yacTh MoOAyJst yIpyrocTH iio-
poxbl [19]. TlpuueM Bennuuna Ey 3aBHCHT OT HaNpsKEHHH
B MacCHBe U CKOPOCTH HarpyKeHHs. MelJleHHO IIpUKJabl-
BaeMasi M JJIMTeJbHO JefCTBylolllass Harpyska yMeHbILIaer,
a ObicTpas M KpaTKOBpeMeHHas yBeJIHYHBAaeT MOAYJb yo-
pyrocru.

OueHp MaJio UMeeTCs CBelleHHH O TnonepeyHo# nedop-
'MalMH MaccuBa nopon. M3BectHo, uTo Koad¢uiuuent [lyac-
COHa ‘B MaCCHBE 3HAUUTENBHO 3aBHCHT OT CKOPOCTH MPHJO-
XKeHHs1 Harpysku. [Tpu ObICTPOH ‘Harpyske oH mpubJauKa-
ercs 'k 0,18—0,25, a mpu mennenHon —k 0,4—0,5, T. e.
MaccuB HauyMHaeT BeCTH cebs KaK TJacTHYHOE TeJoO.

MaccuB ropHeix nopox Tem NJacTHYHee, YeM MJIACTHY-
Hee TOpHbIE MTOPOALI, UeM :G0Jbllle OH OcaabeH XHMHIECKH,
YeM MHTEHCHBHee OH oOcCJabJjieH TPeUIMHOBATOCThIO, ueM 6o-
Jlee OTKPHITHl H «CMasaHbl» TpeUlHHb, YeM MelIJeHHee U
lovibllle TPUKIANbIBAETCS HarpysKa.
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OdeHp BaXXHHIM OOCTOSITETBCTBOM, KOTOpOE HEOOXOIHMO
VYUTHIBATh IIPU pacyerax, SIBJSETCS BEPOSITHOCTHHIH Xapak-
Tep HAlIUX 3HAHUH O CBOHCTBAX KaK FOPHHIX MOpOJ, Tak H
MmaccuBa. [ToaToMy rHCTONpaMMbl 4 KPHUBbIE paclpeneseHust
H3MepsieMbIX NapaMeTpPOB HeoOXONUMO CTPOHTh IO MaTe-
pHajaM HCOBITAHHH M MCNOJB30BATh METONHB TEOPHUH BEPO-
SITHOCTeI1.

3. OCHOBHbBIE B bl HAPYIHIEHH X
YCTOMYHUBOCTH BOPTOB KAPBEPOB U OTBAJIOB

3.1. UBMEHEHHE HANPS)XEHHOro COCTOSHHS MACCHBA
noroa NPH BEAEHHUU OTKPBITbIX TOPHBIX PABOT

MaccuBbl FOpHBIX MOPOJA B €CTECTBEHHOM COCTOSTHUH
II0fBEPKeHBl TOCTOSTHHOMY M OYeHb CJIOXKHOMY BO3JeHcT-
BHIO NMPHUPOAHBIX (pakTopoB, B TeueHne CyToK H3MeHeHHE
TeMmIlepaTyphl BO3IyXa WPHBOAHMT K HedopManuy MacCHBA.
B Teuenue roma 3aMep3aHHe M OTTauBaHHe, COJIHEYHbIE
JyuH, BOJa, NpocayuBamomiascs MO0 TpelluHaM, AepeBbs
M TpaBH, a TaKXe BeTep BO3AEHCTBYIOT Ha moponay. dToT
npouecc MPoTeKaeT OYeHb MEMJIEHHO H TOJbKO MOLIHBIE fB-
JIeHUs, TaKue KaK 3eMJIETPSICeHHE W H3BepXKeHHe BYyJKa-
HOB, DE3KO YCKOPSIOT HM3MeHeHHe CBOHCTB MacCHBa TMOPOZ.

BrleMKa ropHBLX NOPOZ pe3Ko HapylllaeT yCcTaHOBHBILHUICS
TIPHPOAHHI DEXHM TFOPHOTO MaccHBa, H3MEHseT moJie Ha-
npskeHuit. CosnaloTcss MOJOCTH B 36MHOH KODe, NOIOJIHH-
TeJbHble MJIOCKOCTH OOHa’KeHHsi WOPOJ, MHTeHCHOHLUHpYerT-
csi MpollecC BHIBETPHBAHUS.

MaccuB mopoj, HeHapyUIeHHBIE TOPHBIMH paboTaMH,
HaxoAUTCs B 00'beMHOM HANpPS?KEHHOM COCTOSTHHH,

IIpn stom BepTHKanbHass  cocrasJjsiomas (puc. 3.1)
06beMHOr0 HampsikeHHoro coctostuus (B Ila)

o, =vH, (3.1)

a TODHU3OHTAaJIbHbIe COCTaBJIAIOLIHe HUMEIOT 00HIYHO OJMHA-
KOBbIe 3HAUYeHHsd, T. €.:

0x=0'y=l—i;yH, (3.2)
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Puc, 3.1. HanpsixenHoe cocTosiHHe TOPOA:
a — B6JU3H OTKOCa, 6—B Heapax MaccCHBa

rae p— Koaduuuenr ITyaccona; y— cpenHeB3BelleHHAs
TJI0THOCTB mopon, H/M3, H — rnybuna 3ajeradus cjos, M.

Takum o6pa3oM, B OOGBIYHHIX YCJOBHSIX (MOCKOJBKY
0<un<<0,5)

0, >0, =0,. (3.3)

,H,J'Iﬂ JIJIACTUYHBIX [NIMHUCTBIX TIOPOJA, HMEKIHX u =~

~ 0,5, xapakTepHO pacnpeleNeHue HANpPSIKEHUH 1O THAPO-
CTaTHYECKOMY 3aKOHY

0, = 0y =0y. (3.4)

BrieMKka ropHBIX MOpPOJX HapyllaeT NepPBOHaYaJbHOE Ha-
TPSIXKEHHOe COCTOSIHHE MacCHBa B HEKOTOPOji 06J1aCTH BOK-
pyr Kappepa W NPHBOAHT K BO3HUKHOBEHHIO HOBOI'O TMOJS
Hanpsi)KeHH# B CEA3H C yMeHblUEHHeM MOILHOCTH paspa-
6athiBaeMoro ciiosi (H << H) M BO3MOXHOCTbIO aedopMa-
UH# B CTOPOHY BHIEMKH. ‘

CocrossHue mopoj (B qpenenax ynpyrux nedopmaiui)
MpH IJIOCKOM B dIaHe OTKOCE XapaKTepHU3yeTcs CJefylo-
LMK 3HaYeHHSMH Hanpsikenuit (puc. 3.1,a):

o =-Lf_ 4B ypp, (3.6)
l—p l—p
v 2% ’
0= vH, 37)

rne E—monynp lOura, Ila; ex— oTHocuTeapHast HAedop-
Manus B CTOPOHY OTKoca-
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Puc. 3.3. CxemMa K onpepeneHuio

HaTPsIXKEHHOTO COCTOSIHHSI 06BOJA-
Puc. 3.2. TpaekTopHH MaKcCH- HEHHOTO OTKOCA:

MAJBHHIX  KaCATEJbHEIX HAmps- 1 — nepBoHaYaJabHbIH YpOBeHb MNOA3eM-
XKeHHH B Mojesqd ycryma (mo oo BOA; 2 —TO e, MOcje NPOBeNeHHsS
A. M. [emuny) TOpHOH BEIpaGOTKH

Crenyer OTMeTHTb, YTO MPH M30THYTOM B IlJIaHe OTKOCe
M3MEHSIIOTCST He TOJBKO 3HAYeHHs Ox, HO U oy. IIpu BOTHY-
TOi (popMe NOSBJSIOTCS NOMOJHHUTEJNbHble TOPHU3OHTAJbHbIE
HallpSKEHHsT CXKATHSA, a NPU BBEHTYKJIOM — pacTsATHBaoLINe
HanpsixkeHusi, ITo BeicoTe oTKOca HabJofaercsi KOHIIEHTPaA-
IMsl HanpsiKeHHH B OCHOBaHMM oTKoca (pHuc. 3.2).

Kax mpaBuJo, BepTHKalbHble W TIOPH30HTaJNbHbEE Ha-
TIpSKEHHs BO3PacTAlOT OT BepXHeji WmJOIAaJKK YyCTyma K
HuxXHeHl. BO6ausu BepxHeil miowanku ecth o06JacTH, r'ae
npeo6/afaloT TOPH3OHTAJNbHble PacTATHBAIOLIHE HaTpsKe-
HHS1. 371eCh MOTYT Pa3BUThCS TPELIMHB OTPHIBa [5i].

[Tose HampsixKeHH# 3aBHCHT H OT APYrux (akTopos,
CBSI3aHHBIX C M3MEHeHHem MPHPOAHON OOCTAHOBKH, HaIpH-
Mep, TeMNepaTypHHEX HaNnpsKeHHH, BeJUYHHa KOTOPHIX H3-
MeHsiercst oT 343 po 6200 xIla B 3aBHCHMOCTH OT THIa IO-
pox u KosebaHuii Temmneparypbl. ['oIOBbHe  W3MeHEHHS
TeMIlepaTyphl BHI3BIBAIOT HANpSKeHUs Ha ryay6uHe N0 6—
8 M OT NOBEPXHOCTH OTKOCa, CYTOYHBle — Ha RIy6HHE 10
1,2—1,56 M. Ilepepacnpesenenre HamNpsKeHHH B OTKOCaX
3aBHUCHT TaKXKe OT HANUYHS KaKHX-JHUGO TIeoJIOTHYECKHX
HapyuweHu#i B mopojax, caaramoliux O60pT Kapbepa, WJIH OT
TPOAEeHHEX B O60pPTax NOA3eMHBIX BHPAGOTOK.

Ha moJsie HampsikeHH#i BJHSIOT IpYHTOBHle BOAM. B ec-
TeCTBEHHBIX YCJOBHAX NpPH HAJHYHU NMOA3EMHBIX BOX (pHC.
3.3,a) BepTHKa/NbHas cOCTaBJslollas Hanpskenus (B Ila)

0 =Ych+ vs (2—H). (3-8)

Co3nanue Kapbepa (TpaHlleH) MPHUBOLUT K TIOHHIKEHHIO
NepBOHAYaJbHOrO YPOBHS ~ TPYHTOBHIX BOJ U H3MEHEHHIO
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3HAUEHHs] BEPTUKAJbHOH COCTABJISIOLIE] HANpsKeHus (pHC.
3.3,0):

0, =Y. (t+ Y9 +v,(z-—y—h), (3.9)

rlie yc —IJIOTHOCTDb MOPOJ B CyXOM COCTOSTHUH, Kr/cMm3; h —
riayO6MHa [epBOHAYaJbHOTO YPOBHSI TPYHTOBBIX [BOJI, M;
Yy — CHHXKEHHe YDOBHSI TDYHTOBBIX BOX 'Hall  pacueTHOM
TOYKOH, M; yp — IIOTHOCTb IOPOJ C YYETOM THAPOCTaTH-
YyecKOro B3BeIUIMBAaHMS, Kr/cM3; z— 3aruyOJieHHe pacyeT-
HOH TOYKH HHUXe MOBEPXHOCTH 8EMJIH, M.

[Tpuuem

h:@—%ﬂ—@z%%, (3.10)

rie A —IJOTHOCTh TOPHBIX TIOPOJA, Kr/cM3; Ag — IJIOTHOCTB
BOAB, Kr/cM3 71— NOPHCTOCTh TOPHBIX mopox, %.

BrleMKa TrOpHBIX MHOpPOJ 'CONMPOBOXKIAETCS BO3HHKHOBE-
HHUEM IOMOJHHTENbHBIX HAlpPs2KeHHH OT BeIeHHs] B3PBIBHBIX
paboT, Macchl 0060pyIOBaHMsl, MacChl OTBaJiOB Ha OOpPTY
Kapbepa M B BBIPaGOTAHHOM IIPOCTPAHCTBE H T. [I.

IMon BiusiHMeM Kapbepa ' APEHAXKHBHIX CHCTEM YBeJH-
YHBAETCS CKOPOCTb IBHXKEHMsI ITIOJ3eMHBIX BOJ, YTO TPHBO-
IUT K POCTY THAPOJAMHAMHUYECKONo NaBJEHHSI M Iepepac-
npefeleHHI0 HaNpsiXKeHHH B MpHOOPTOBOM MacCHBE.

ITpoBeneHre OTKPHITHIX FOPHBIX BHIPAGOTOK MPHBOLHT K
00HaXKeHHIO FOPHBIX MOPOJ, PaHee HAaXOAHBIUMXCS BHYTPH
MaccHBa, B pe3ysibTaTe Yero HauWHaeTcsl HX GH3HUecKoe H
XHMHYeCKoe BHIBETPHBaHHE.

[TpoBeneHre OTKPHITHIX TOPHBIX BHPaGOTOK BHI3HIBAET
H3MeHeHHe NMPOYHOCTHHEIX CBOMCTB mopoX. IJIMHHCTHIE MOpO-
OB MOocJe BbleMKH BbILIEJEXKalluX MOpox ‘HabyXaloT U CHHU-
XKaloT CBOIO MPOYHOCTh. CyllecTBEeHHO BJHsieT Ha MpoU-
HOCTb yBJIaXKHeHHe MOPOJ, paHee HAXOMHBIUHXCS B CYyXOM
COCTOSIHHH.

B raMHUCTHIX YBJa)KHEHHHX IOpojax IpH ITPHIONKe-
HHH K HHM Harpysok MOXeT BO3HHKAaTh NOPOBOE AaBjieHHUE,
CHHXKalolllee 3HaYeHHe HOPMaJIbHON 'COCTaBJSIOIEH HaBJe-
HHSl OT Beca NMOPOJ, YTO yXyJALIaeT YCJOBHS YCTOHYMBOCTH.
AHasiornuHoe 3HaueHHe MMeeT NPOHHKHOBEHHE BOLBI B Tpe-
WHHB U NYCTOTHL

OTBox pek ¥ BONOEMOB 3a Mpejesbl KapbepHOro moJs,
ApeHHpoBaHHe MOA3eMHBIX BON KapbepoM HJM  CleltHalb-
HBIMH JIpeHaXXHBIMH CHCTEMaMH, IOSIBIeHHE TeXHHYeCKHX
BOJI MEHSIIOT pPeXXUM NHUTaHUSI NMOA3eMHBIX BoXA. MaMeHseTcs
XUMHYeCKHH cocTaB BOAbl. M3aMeHeHUe pexuMa ¥ XHMHUe-
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CKOro cocTaBa T0J38MHBIX BOJ MOXET TNPHBECTH K pPa3BU-
THIO KapcTta, cyp¢dO3HOHHOTO BBIHOCA M T. I, UTO TaKXKe
He6JaronpUSITHO CKa3biBaeTcsl Ha CMOCOOHOCTH TIOPOJ NpH-
60pTOBOrO MacCCHBA COXPaHSTh HAaNPsIXKEHHS B OTKOCE.

Takum ofpasom, M3MeHeHHe JPHPOAHOH OOCTaHOBKH
NpH BbIeMKe TOPHBIX MOPOA OTKPHITBIM CHOCOOOM € TOYKH
3PeHHsT yCTOHYHMBOCTH OTKOCOB NPHUBOIAUT K He6saroflpHsT-
HBIM {IOCJIeLCTBHSIM.

3.2. ONNOJI3HU BOPTOB KAPLEPOB

OnonsHH — MeJJIeHHOe cMellleHHe Macc FOPHBIX TMOPOJ,
claramllux OTKoc (4acTo M ero ocHOBaHHe), MPOHCXOAsIee
no HeNmoABHXHOMY MaccuBy. Iedopmupyromuiics (cmeuia-
IOIUKCA) MacCHB NepeMellaeTcsi OTHOCHTEJbHO HEMOJBHXK-
HOM YacTH 1o TOBEPXHOCTH cKosbxeHus1 (CML na puc. 3.4).
XapaktepHoii yepToli omos3He#l siBJAsieTcsi MeqJeHHoe (OT
HECKOJBKHX MHHYT 10 HECKOJbKHX JIeT) pa3BHTHe nedopma-
IHH C nocjefyloluM GEICTPEM O6pylueHHeM maccuBa. [laH-
HbIH BUA fedopMauuil siBjsiercs HauGosee KPyNHEIM O pas-
MepaMm 3aXBaThIBaeMBIX
Y4acTKOB.

Hcxons u3 Mecra pas-
BHTHSI OMNOJ3HeH u cTpoe-
HHST TIOpOX Je(OopMHpPYIO-
LIerocsi MaccuBa, BbLAEJS-
10TCl 3 IpPyNnbl OMOJI3HEMH:
OTOJI3HH GOPTOB H YCTYNOB,
OTIOJI3HH OTBAJIOB, OMNOJ3HH
€CTeCTBEHHBEIX CKJOHOB.

[To Bumy mnoBepxHOCTH
CKOJILXKEeIIUsi, ee TPOCTpaH-
CTBEHHOMY NOJIOXKEeHHUIO,
NPHYHHAM H YCJIOBHSIM BO3-
HUKHOBEHHSA, OCOOEHHOCTAM

IPOTeKaHHUs pasauyaiot
ciledyloliue NOATPY ML
OIOJI3HEH: KOHTaKTHBIE,

H30TPONHBEIX MACCHBOB, I'Ty-
OMHHBIE W HaJBHTOBbie
OTIOJI3HH BHIMHPAHUS, (PHIIDL-
TPalMOHHbIE OMOJI3HHU.

Puc. 3.4. Mopdosorus onoasus:

T — MaccHB omoJi3aloluux nopoa; L5— Ban
BBINHDPaHHs; L] — ONMON3HEBHIA WHPK XaPaKTeprIM IJI Bcex
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Puc. 3.5. Bo3MoXHble INOJIOXKEHHs IO- Puc. 3.6, leneHue npus-
pepxHocTd ckogbxenuss (I, II, III) MB 0GpYIIEeHHs:
NpH HaJJHYHH CJIOEB, NaxarolnX B a — Ha mnpu3My ynopa; 6 —
CTOPOHY Kapbepa Ha NPH3MY aKTHBHOTO JaBie-

HHus; JIC—NOBEPXHOCTb CKOJb-
JKeHHus

BHIOB OINOJI3HEH sABJsIeTCS cMelleHHe aedOpMHPYIOLIHXCS
Macc 10 IOBEPXHOCTH CKOJIbXEHHs, IIOJIOXKeHHe KOTOpOH
onpefessiercsi NPOYHOCTbIO NOPOL B MaccHBe, HaJHUHEM
TPEIUHH U OcAabJNeHHBX KOHTaKTOB, IJIOTHOCTBIO NOPOA,
Ha/au4yHeM BOJbl, YTJIOM OTKOCA H ero BhICOTOH.

TIOBEPXHOCTb CKOJILXKEHHSI MOXET OBITh IWIOCKOH, ecsH
OHa COBNAfaeT C KOHTAKTOM CJOeB, NafaloUluX B CTOPOHY
Kapbepa (puc. 3.5). IIpu HaJIUYHK CTOUCTOCTH, TPEILHH GOJb-
LIOH TPOTSI)KEHHOCTH H APYTHX CTPYKTYPHBIX oOcJabJ/eHuit
MaccHBa INOBEPXHOCTb CKOJVIbXKEHHSI MOXKET HMETb CJOXKHYIO
dopmy (puc. 3.5,/1.11]), yacTHYHO COBNAMAIOILYIO CO CTPYK-
TYpPHBIM oc/labJieHHeM MacCcHBa, a B JAPYroH 4yacTH CeKyUIYIo
ero. B omHOpPOZHHIX 1NOPOJAaX MOBEBPXHOCTb CKOJbXKEHHS
6/Mu3ka K KpyrJOUMIHHIDHUYEeCKOH. B naubosiee o6liem BH-
Ae NOBEePXHOCTb CKOJIbXKEHHs IpelcTaBiasieT coboit KomOH-
Haluuo KPYrJIOUHIHHAPHYECKOH H INJOCKHX TI0BepXHOCTEH,
COBMafamoUUX €O CTPYKTYPHBIMH OCJa0JeHHSIMH.

XapakTepHbIM AJIsi IOBEPXHOCTH CKOJIbXKEHHSI B OXHOPO-
HOM MaccuBe OOBIYHO sBJSIETCS HaJdHydWe B BepxHeHd ee
dacTy BepTHKaJbHOrO ydactka (puc. 3.6) — mJollagkH OT-
PbiBa BBICOTOM -

Hyy = 25 ctg(45°——p—), (3.11)
Y 2

Tle k — cuensieHne; p — yroJ BHYTPEHHEro TPEHHs IIOPOJ;
Y — ynesbHbIH Bec, H/cm2,

ST0T yuacTok o6pasyercsi 104 AEHCTBHEM pPacCTATHBAIO-
WHX HanpsiKeHWH NPH CTPEMJIEHHH OIOJI3aI0lIero MaccHBa
(coxpansiiomero B Haya/bHBIY NEPHOL PA3BHTHS ONOJI3HS
BHYTpeHHIOI0 BSI3KOCTb) NMOBEPHYTbCSI BOKPYT HHXKHEH GpOB-
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k4 (touka C Ha puc. 3.6). B pesyibrate Ha BepxHeil IJO-
majKke neOpMHPYIOLIErocss OTKOCA TOSBJSIOTCS — 3aKOJbI
(TpeliuHbl), OOUH M3 KOTOPHIX C DPa3BHUTHEM OINOJI3HS Tpe-
BpallaeTcsi B TPEeIHHY OoTpbiBa. Huxe BepTHKaJbHOrO yua-
ctka Hgyy uMeeTcs npsiMosiMHe#HBIH yuactok LM (cMm. puc.
3.4), HaKJIOHEHHBI}I MO YIJIOM (45°——%) K BepTHKaJ M. 3a-
TEM IIOBEPXHOCTb CKOJIbXKEHHsi NEePeXOJUT B KDHBOJIHHEH-
HYI0, NlepeceKkasi OTKOC TI0OJ YIJIOM p=45°—% WJIH BBIXOJS
B MOJOWBY OTKoca (nmpu p<<13°) mox TakuWM 3Ke YIJIOM.
3aKoJIBl XapaKTePH3YIOT TAyOHHY Pa3BUTHA AedopMmauui
(cm. puc. 3.4,a).

Maccus onoazarouux nopox (T Ha puc. 3.4) HasbBaer-
csl TEJIOM OINOJI3HSI WM NpH3MOil o6pyuienus. ITo noBepxHo-
CTH CKOJIbJKeHHs (M BOOGIle B MaccHBe) JeHCTBYIOT yAep-
xuBamomne ZFyy (3a cyeT TPeHHs] W CUEIJIEHHs!) H CIBHra-
folne ZFcoqps CHIBL (Macca NOpox W oGopynoBaHHusi). B Tom
cIyyae, eClH CyMMa CHJ YIEpXKHUBAIOWHX GoJibllie CY:MMBbI
CHJI CEBHTAIOIHX, OTKOC HAXOIMTCS B YCTOHYHBOM COCTOSI-
Huu. IIpn Mx paBeHCTBe HacTymaeT COCTOsSIHHE NP eJ e b-
HOro paBHOBecCHS. M HakoHelu, 'KOTZa CABHrampouLiye
CHJIBL 60JIbllle YIEepPXKHBAIOIIHX, NPOHCXOLHT HapylleH#e
YCTOHYMBOCTH M OTKGC HauWHaeT onoJiszath (BooOlle aedop-
MHPOBATHCS ).

OueBHIHO, eclia pas3feNuTs OTKOC Ha BepPTHKAJbHBEIE
6noxu (I, II, Il w 1. ) (cM. puc. 3.6) M CpaBHHTb CABHra-
foulke H yJepHKHBAIOlHe CHIBI B ‘KaxkaoM 6J10Ke BAOJb TO-
TeHLHaJbHOH TIOBEPXHOCTH CKOJIbXKEHHS, TO B BEPXHEH YacTH
oTkoca 6yiaer HabJaiogaThcs npeobjajaHHe CABHTalOLLHX
CHJI, a B HHXKHEH yHepXHBaOUMX. 'B HEKOTOpOM CceueHUH
A—A ynepKHUBaOUHe CHIbl GYAYT PaBHB CABUTAOLIM.
STO ceyeHHe JEJHUT NPH3MY OOpYILIEHHs Ha TPH3MY AaKTHUB-
Horo AaBsieHusi (b Ha puc. 3.6), rune X Fcps>>2Fyy, ¥ npu3My

ynopa (a Ha puc. 3.8), rue ZFan<EFyn

B nsane onossarouiuit MaccuB o6pasyer ONOJI3HEBBIH
uupx (L Ha puc. 3.4). Ha moBepxHOCTH TeJa OMOJ3HS 06-
pasyeTcs XapaKTepHLIH ONOJ3HEBHIH pesbed, a B HHXKHeH
YacTH OTI0JI3HS Hepe;Ko BO3HMKAaeT BaJj BbIMHpaHHsa b.

B nepsoii ‘ba3e pa3BHTHsS ONOJI3HS HaNpPsKEHHS MO mO-
BEPXHOCTH CKOJIbXX€HHS BHIXOAAT 3a INpelenbl YIPYrHX H
HauHHaeTcs mJjacTuueckoe AebopmMupoBaHHEe MaccHBa. Ilpu
3TOM TIPOYHOCTb NOPOJ CHHXKaercsl CHayajla B cpejHe#
YacTH TNOBEPXHOCTH OKOJbXXEeHHs, B pesyJ/ibTaTe 4Yero GoJb-
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uasi HarpysKa JIOXKHTCS Ha COCelHHe 30HbL B cBsizu ¢ Tem,
1TO CABHramollife cUJbl MpeobaafaloT B BepxXHeH yacTy, T. e.
3 NpH3Me aKTHBHOIO [ aBJIeHHs, 30HA NJacTHuecKux jaedop-
valyil pacnpoctpaHsieTcsi NIpeMMylecTBeHHO BBepXx. Ha mo-
~epXHOCTH 00pasyloTcst TPELIHHb OTPHIBA H NPOHCXOIUT OCe-
1aHHe nopojbl. B HuXKHell yacTn oTKOca BUAHMBIX JieopMa-
1MH ellle HeT, a B CpPeJHel YacTH MOTYyT HabJiofaTbCs cMe-
1ieHHs (BBINYYHBAHHE OTKOCA).

ITo Mepe pa3BHTUsI QUOJI3HS AedopMalisi Mo MOBEPXHO-
*TH CKOJIbXKEHHs1 YBeJWYHBAeTCcsl ' JOCTHTaeT 'HaKOHel Ta-
(O} BEJIMUHHBI, KOTJIA MO BCell (MM NOYTH Bceil) NOBEPXHO-
>TH CKOJIbXKEHHUS] MPEeOLOJeHbl CHJIbl CLEeNJIeHHsl. DTa BeJH-
1MHa abCOMIOTHOTO CMELIeHHs HOJyyH/Ia Ha3BaHHe KPHUTHYE-
KO BeNMYMHBl fedopMauuu Al (puc. 3.7). AGcoaioTHHE
*MeIleHHs], OTHeCEHHEIe K e[HHHIle BPeMeHH, T. €. CKOPOCTb
1edopMmanyu B nepBoil haze pasBuTHs onoJ3Hs (/ Ha pHc.
3.7), HEBEJIHKH W NOCTENeHHO yBeJHYMBalOTc. B MOMeHT
1peof0JIeHUs] CHJI CLIJIEHHs] N0 MOBEPXHOCTH CKOJIbXKEHHS
*KOpPOCTb JedOPMAalHH JOCTHraeT KPHTHYECKOT O 3Ha-
ueHHS Ux. FlauuHaeTcsi BTOpasi aKTHBHAasi CTalHsl Pa3BUTHS
MOJ3HS M NPOHCXOAMT OOpylleHHe YacTH MaccHBa MOpPOJ.

K nayany BTOpO#, aKTHBHO! ()a3bl Pa3BHTHs OMNOJ3IS,
2CJIM MOBEPXHOCTb CKoJbXeHusi (cM. puc. 3.5,/11) 3axBaTh-
3aeT OCHOBaHHe OTKOCAa, Ha HeM OyJeT 3apHKCHPOBAHO Iy-
IeHHe NOPOJ, KOTOPOe 3aTeM MOXKET NepelTH B BaJl BhINHpa-
iMa. B 3T0T mepuoj NBHIKEHHSI ONOJI3AIOIIHX Macc onpeje-
1ieTcsl TPEHHeM [0 IOBEPXHOCTH CKOJbXeHHsl. BBHILYy TOrO,
ITO CMeleHHs H CKOPOCTH CMelleHHH OTJAeJIbHbIX uacTeft
JIoJI3arouleil TOJIIH HEOLMHAKOBbI, IPOHCXOAHT €e Jie3UH-
Terpaunysi, o6pasyloTcsi TPEelHHbl (Yalle BCEero OpHEeHTHPO-
33aHHble MapaJJieIbHO OCHOBHOH TpelllMHe OTPHIBa), OYrpH H

I umfeyr AL,M
| N 1/

al

Al

RA7;

-uc. 3.7. VsmeHenHe CKOpocTH (0) M BEJHMYHHBI
cMellenns (Al) B mpouecce pa3BHTHA OMNOJI3HEH

vico)  sek. 104 33



Bnaaunsl. I1Ipn pasBUTHH ONON3HS B NJACTHYHLIX MOPOAAX
SIPKO MPOSIBASI€TCS BOJHOOOPA3HBIA ~ XapakTep ABHXKEHHS
OMOJI3HEBBIX MACC — [OBEPXHOCTHbIE YYACTKH MOrPYXKaroTcs
B IyOb Tesa, a 3aTeM NPH NOCJEAYIOLIeM JBHXEHHH BHU3
BHOBb MOSIBJSIOTCS Ha noBepxHOCTH. [ToTeHIHaIbHasT SHEPTHS
MacCHBa NEPeXONHT B KHHETHUCCKYIO M 33 CYET HaKOIJEH-
HOH 3HEepPrHH JBHXKEHMs OmoJ3llasi Macca. JaJeKo fPOABHU-
raetcst Bepei, pacnoJiarasicb IOJ yTJIOM, OOBIYHO He mpe-
Boimaromwum 15—20° Ilpu yB/Ia)KHEHHH CIOJ3AIOLIHX Mace
OHH MOTYT pacTekaTbcsi mop yrjiom 12—14° a B HEKOTOPHIX
clyyasix M TePexXOAWTb B OIJIBIBHHBL

Ilpy HOCTHXKEHHH OnpejeseHHOH BeJHYHHBl SI3BIKA
onoJisHa (5 Ha puc. 3.4) yBeJIHYUBAETCS 3HAUEHHE YIepKU-
BAIOUIYX CHJI' M CO3/laeTcsi paBHOBeCHe — CKOPOCTH (CMeLle-
HHil  yMeHbLIAlOTEs, ONOJI3eHb CTaGUIM3HPYETCsi, HAET
TpeThsi (asa ero pa3sumusi, dasa satyxauus (//] Ha puc.
3.7).

Ilpn KOHTaKTHBI X 0noJ3Hsx (puc. 3.8) MOBEPXHOCTD
OKOJIbXXEeHHST Ha 60Jbliell 4YacTH MPOXOLHT IO -0caabJeHHbBIM
KOHTAKTaM, NPeJICTABJEHHBIM TPEllHHaMH 6OMbIIOrO MPOTS-
JKEHHsl, TNOBEPXHOCTSAMH JPEBHUX OMNOJI3HEH, KOHTaKTaMH
CJI0€B HJIH CJIOSIMH, HMEIOIIHMH MeEHblIHe 3HAUEHHUS CIele-
HYMsS W yIJla BHYTPEHHENO TPEHHs, YeM MOPOJbl, claraoliie
otkoc. Ecnu namenue aTux ocsabJeHHBIX KOHTAKTOB Habuio-
LAaeTcsi B CTOPOHY BBIEMKH TIOJ, YIJIOM, MEHbIIHM yrJja BHYy-
TPEHHEero TPEHHs], ecTecTBeHHasi POYHOCTb TI0POJL, JOCTATOU-
Ha JJis1 yJepXKaHHs HX B PaBHOBECHH B TeueHHe JJHTEJbHOTO
BpeMeHH. B 6oJbIMHCTBe ciyyaeB IIPH 3ajieraHHH Ocjial-
JIEHHBIX CYXHMX CJIOEB HOJ yIJoM, MeHblinM 25—30°% H BLI-
coTe ycTynoB g0 15—20 M pa3BHTHsI ONOJ3HEH MO HOApe-
3aHHBIM KOHTaKTaM He HabOJjiomaeTcsi. Eciin XKe mopoxbl 00-
BOJHEHbl, Ha0yXaiOT HJIH 'KOHTAKTHl OCJIA0JSIOTCA KaKHMH-
Jn60 ApYyrUMH (HhaKTOpaMH, TO 0 HUM MOTYT TIPOHCXOLHTb

Puc. 3.8. KoHTaKTHHIi ONOJ3EHb:

a — BONONPOBOAAIMI H3BeCTHAK; 6 — FJIMHUCTBI TpoCJoeK (nopepx-
HOCTb CKOJIbXKEHHS)
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OMOJM3HH. B 3TOM «cjlydyae pa3BHTHE KOHTAKTHBIX OTNOJ3HEH
Ha6JII0aN0Ch NIPH yIiax mnafenusi cnoes 10—12° Haunbouee
yaCTOM NPHYHHON Pa3BUTHA KOHTAKTHHIX OINOJ3HEH SBJAET-
cq 00BOJHEHHe OcJabJeHHOTO KOHTaKTa, NpeACcTaBJEHHOTO
MOpOJaMH, ICKIOHHBIMH K HaGyXaHHIO.

XapakTepHO#i uepToH Pa3sBUTHS OIOJ3HEH KOHTAKTHOTO

THIa SBJASETCS [apaJlJieIbHOCTh BEKTOPOB CMeEIUeHHS 1O
pcell NOBEPXHOCTH TeJja OMNOJI3HS ‘M NOBEPXHOCTH CKOJIbXKe-
HHS. .
OmnoJi3HH KOHTAKTHOTO THNA HabJofauch Ha LeJOM ps-
j1e yroabHbXx 'KapbepoB — KopxuHckoMm, bBorocroBokoM,
BoJauanckom, IxkubacryidckoM, Kymeprayckom (Epwmoua-
eBCKOM) M JP. :

IToKpoOBHBIe ONOJI3HU — 3TO YACTHBIH CaAyyal KOHTAKT-
HBIX onos3Hell. MIx xapakKTepHOH 0COGEHHOCTbIO SIBJSIETCS
CMellleHHe PBIXJIBIX, KaK IPaBHJIO0, CHIbHO YBJaXHEHHBIX MO-
PO IO KPOBJIE MOACTHIAIOMIHX KOPEHHBIX NOPOJ, HMEIOLHX
HaKJOH B CTOPOHY Kaphepa (puc. 3.9).

PaznnuaioT TOKPOBHHIE OMOJ3HH IBYX THIIOB:

1. Tlpu paspaGoTke MecTOPOXKIEHUH Ha CKJIOHE BO3BHI-
IIEHHOCTeN KapbepoM MOXKEeT ObITh NOACEYEeH KOHTaKT KO-
PEHHBIX NMOPOA H caalGblx  PHIXJBIX mopox (puc. 3.9,a).
OnonsHH 3TOTO THIA MOTYT MPOHCXOAHTb NPH yIJ1aX HaKJIO-
Ha paxe menblie 10—15% u 3axBaTHIBATh 3HAUHTENbHBIE 110
MOIMHOCTH TOJMIM mopod. Omno/izeHb Takoro THHa HabJIo-
naJicss Ha 3bIPSHOBCKOM Kapbepe, I'le MOLUIHOCTb HOPOJ Ie-
JIIOBHAJIBHOTO IPOUCXOXAEHHS, 3aXBaUeHHBIX OINOJI3HEM, CO-
crasasaa or 10 mo 40 M.

2. Ha nepaGouux Goprax KapbepoB, Ile AJHTEJNbHOE
BpeMsi CKaNJMBalOTCS NPOAYKTHl BbIBETPUBAHHS OTKOCOB
MecyaHO-TJIMHUCTHX MOPOJA, 06pasyercss BTOPHYHBLIH MOKPOB
(puc. 3.9,6). Tlpu yBnaXKHEHHH 3TOH Macchl, OHA MOXET
CTaTh HEeyCTOHYHBOH M HAYaTh [IBHKEHHE BHH3 II0 OTKOCY 60p-
Ta, CriaKeHHoMy BLIBeTpHBanueM. OTNOJN3HH 9TOro THMA
HMeJsn MecTO Ha KOPKHHCKOM yroJibHOM Kapbepe.

IIpu yBnaXkHeHHH ONOJI32IOLIHX MacC OMNOJ3eHb MOYKET
NepeirTH B OIJBIBHHY.

Onosi3Hn M3OTPOMHBIX M acCCHBOB OTJHYAIOTCA
OT paccCMOTPeHHBIX paHee MOKPOBHBIX U KOHTAKTHBIX OIOJI3-
HeH oTcyTcTBHEM ((HKCHPOBAHHBIX NOBepXHOCTel ociabie-
s (puc. 3. 10). ITososkeHHe NOBEPXHOCTH CKOJIbXKEHHS OT-
Perensiercss dusnueckumy cBOHCTBAMH nopox, $opmoil u
Pasmepom oTkoca 1 gpyruMHu daktopamu. Hambosee uacto
NoNO6HEe ONOJI3HY BO3HUKAIOT NPH 3aBbIIIEHHH YTJa OTKO-
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Puc. 3.9, TlokposHele onomsHit

Puc. 3.10. Ornosasenb n3oTpon-
HOT'O MaccHBa:

I, II —cramun paseutis  omonsus;
i — YKIIOH NMOBEPXHOCTH

ca M BBICOTH 0OPTa, a TaK¥XKe NPH CHOXEHHH Gopra caabo-
GHUILTPYIOLIUMH [JIHHHCTHIMH NOPOAAMH (CYTJIMHKH, TJIMHBL,
cnaGble ajeBPOJHTH) H WX 06BoAHeHHH. M3-3a o6BoxHeHHs
NOpOjl M HX HHU3KHX (DUJIBTPALHHOHHBIX CBOMCTB yBeJIHYHBa-
eTcsl BOJOHACHIILEHHOCTh MAacCHBa, TPOHCXONHT HabyxaHie
M pasynpoyHeHHe TJIKH, YTO B 'KOHEYHOM HUTOTe NPHUBOJHT K
PasBUTHIO ONOJI3Hs. B 3aTOmJIEHHBIX OTKOCax Ha pasBHTHe
OTIOJI3HSI 3HAYHTENbHO BJHMSIET DHAPOCTATHUECKOE ‘B3BEILIHBA-
HHe, cHHUXKaloulee 3G(OKTHBHYI0O BeJHUYHHY Beca MOPOJA H
yMeHbllIalollee CHJIbl TPEHHSI N0 NOBEPXHOCTH CKOJIbXKEHHS.
Mopdosorusi ¥ qUHaMUKa Pa3BHUTHsSI ONOJI3HEeH 3TOr0 THHa
HauboJiee MOJHO OTBEYAeT CXeMaTHYECKOMY ONHCAHHIO, dIPH-
BeJeHHOMY B § 1 Hacrosilllel IJIaBhHL.

Jlnsi pa3BuTHS OMON3HEH H30TPONHBIX MAacCHBOB Xapak-
TEPHO UMKJIHUHOe pa3BuTHe (oM. pHc. 3.10). Ilupuna pas-
BUTHs redopManiy NPH KaxkIOM LHKJE cocTaBisieT 6—8 M
M 3aBHCHT OT MJACTHYHBIX CBOHCTB, a TaKXe BBICOTH OTKO-
ca. ‘Onosisny Macchl B IpeJesax OMNOJ3HEBOTO LHpKa pac-
nojaralorces nofx yriaom 12—14° u mpu nafbHeHlleM yBlax-
HEHHH MOTYT NEepexOAHTb B TeKyuee COCTOsIHHe, T. €. OILIH-
BHHY.

Fny6uHHB e ONOJ3HH NPOHCXOAST B CJAOHCTHIX NOPO-
Nax BHCSAYEro M Jexayero ©00KOB M 3aXBaTbIBAlOT, KakK Ipa-
BMJIO, HanO6oJbliie O6'beMBl NOPOJ N0 CPABHEHHIO C JPYTH-
MH BHAaMH onoJsHell. OHH AelsiTcsi Ha: TWyOHHHbBIE ONOJ3-
HH CJIOHCTBIX ITOPOJ JiexKayero 60Ka,  ONOJI3HH-HAJBHIH,
ONOJ3HH BbINHpaHus. JIBa mociegHHX THNa OTOJ3HEH Xa-
paKTepHbl AJis1 CJOHCTHIX INOPOJA BHcsiuero 6oxa.

I'ny6uHHbIe ONOJ3HH CJOHCTBIX NOpPOA Jiexayero 6Goxa
(puc. 3.11) 6nIBaIOT Ha Kapbepax, pa3pabaTHBAIOUIMX IIac-
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Puc. 3.11. Tny6uHHEIT ONOJM3eHb CJIOHCTHIX IIO-
poj Jexauero 60ka

THL C TOJIOPHM NAaJeHHEM B CTODOHY BbIpaGOTAaHHOTO IPOCT-
PAHCTBA NPH YCJNOBHH MOACTHIAHHS HX CJHAOBIMH TJIHHH-
CTBIMH  TIOPOJaMH.

OcHOBHO# NPHYHHOM BOBHHKHOBEHHSI H PA3BUTHS OMOJI3HS
SIBJISIETCS HaJMYHe HaTIOPHBIX BOJ B CJOHCTBHIX MOPOJAX Jie-
xauero 6oka [32]. PassuTHe OMNOJI3HS MO 3TOH NpPHUKHE
MPOUCXOMUT CNYCTs 3HAUUTENIbHOE BpeMsI IOcJe BBIEMKH.
Ecnv nmpuynHOll pa3BUTHSI SIBJASIOTCSl KPYThble YIJIBI OTKOCA
Hepabouero (nexayero 60ka) 60pTa, ONOJ3HH HAWHHAIOTCH
HEeMOCPEeICTBEHHO 3a BLIEMKOH.

IToBepxHOCTb cKOJbXeHHs (cM. pHuc. 3.11) B ocHOBHOM
IPOXOIUT MO HAMJACTOBAHHIO NOPOA C YIJIOM NaJeHHs OT
6 no 15—30°. B BepxHefi yacTH OHa HMeeT KPHBOJIHHENHYIO
dopmy ¢ yriaMu HaKJIOHA, KOCTHrawoluMu 66—70° B HHXK-
Hell YacTH NOBEPXHOCTh CKOJIbXKEHHS TPOXOLHT TaKXKe IO
KDPHBOJIMHEHHOH MOBEPXHOCTH, [epecexkasl CJOH.

[JoBepXHOCTb CKOJIbXKEHHSI MOJKeT 3aJeraTh Ha 3Haui-
TeJbHOH TJiyOHHe OoT nHa Kapbepa (mo 25—30 m). Ilo ma-
JEeHHIO ¥ TIPOCTHPAHHIO pa3Mephl ONOJI3HEBBLIX YYacTKOB J10-
CTHraloT COTeH METPOB, a MO0 O00beMy CMeLlaloluXCcsi NOPOJ
SIBJSIIOTCS CAMBIMH KDYIHBIMH M3 BCeX BHUJOB OIOJI3HEH.
Tax, omonsenp Ha Boauanckom Kapbepe Ne 4 3axBaTuJ
6osee 5 MJyH. M3 nopoJbl 6e3 yueta o6beMa BHYTPEHHHX -OT-
BaJIOB, NPHILEIIIHX [B IBUKEHUE BMECTe C OCHOBaHHeM (TO-
ponamu Jexxauero 60xa). B HHXKHe#H yacTH OMellleHHs IO-
POA HallpaBJeHbl BBepX W NPOHCXOLHT BBLIIABJIHBAHHE IIO-
pon. Beicora mopmHsaTHs pocTuraetr 5—I10 M, cMelleHue K
3a6ow — g0 0,5—1,0 m. ‘CxopocTH cCMelleHHsi B CpelHed
yacTH JoctHrawT 8—l12 m/mec. Bo Bcex ciyuasix pasBHTHS
rITyOMHHBIX ONOJI3HEH Jiekauero Go0Ka B 30HE TMOBEPXHOCTH
CKOJIbXXeHHS Habmawojaercss  moBbllieHHass (g0 45—50%)
BJI2XKHOCTb TIOPOL,

OnosisHM BBINHPAaHHUS SBAAIOTCA IIyOHHHBIMH OIOJ-
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Puc, 3.12, ToryGunHBIf OTNOJ3eHb BHIHPAHHSA:
a — Ha aHe; 6 — Ha GopTy Kapbepa

3HSIMH TOpOJ BHcsidero 60ka (puc. 3.12). YcioBueM BO3HHK-
HOBEHHS OTIOJI3HS SIBJSIETCS HAJHUYMe Ha BCKPHITHIX KapbepoM
nopojax BHCsAYero 60Ka cj1abblX MIACTHYHBIX IVIMH HJIH Ca-
ObIX KOHTAaKTOB MEXJY CJHOSIMH, IPOYHOCTHbIE XapaKTePUCTH-
KM KOTODHIX 3HAUHTEJbHO MeHblle NPOYHOCTHLIX XapaKTepH-
CTHK Bblllejexauux nopox. IIpuunHO#i BO3HHKHOBEHHS
OTIOJI3HA SIBJIEATCS OGBOJHEHHE IOPOJ 33 CUET BOZOEMOB BOJIH-
34 Kapbepa HJIH aTMOC(HEpHBbIX OCLAKOB, 2 TaKXe 3aBblLIeH-
HBle YIJIBl HaKJA0HA GopTa Kapbhepa. PasBuTHIO ONOJI3HEH BbI-
IHPaHHUsi MOTYT CIOCOGCTBOBATL HAaNOPHBIE BOJLOHOCHbIE TOPH-
30HTHI, pacnoJioXKeHHble HHXe MOLOLIBEl Kapbepa.. IToBepx-
HOCTb CKOJIbXKEHHSI ONOJI3HeH BbINUPaHUs Ha GoJblilelf cBoei
YacTH OOBLIYHO INPOXOJAHT HHJKe IMOXOLIBBI Kapbepa (cM.
puc. 3.12) B mpenenax cjaaboro cJaosi HJIH KOHTaKTa. B HHX-
Hell yactil I7C BBIXOZUT Ha HEKOTOPOM PACCTOSIHHH OT HHXK-
Hell 6pOBKH OTKOca '60pTa, rjie o6pasyeTcss BaJ BBIIHPAHHS.
B Bepxueit yactu I7C mpOXOXHT IO KPHBOJHHEHHO NOBEpX-
HOCTH, nepecekasi cjloM. XapaKTepHbIM [Jisi ONOJ3HeH BhHI-
NUpaHHUs SBJseTCS BEDTHKAJbHOE CMellleHHe TOpOJ B BepX-
Hell yacTH OmoJI3HA. B cpenHelt wacTH, HapsAy € BepTHKAIb-
HBHIM cMellleHHeM, HaOJOfaeTcsi InepeMelleHHe B CTOPOHY
Kapbepa, a B HIXXHell yacTH — MoHATHe nopoh. OmoJasni
"5TOTO BHAA HalbJIOAaMNCh HA Psile KApDbepoB. Tak, HA Kapb-
epe «¥YcTbe-BpbiHKHHO» B 1963 T. mpou3ollien  OMNOJ3eHb
o6bemMoM 10 1 maH. M3, [ToBEPXHOCTb CKOJIbXKEHHS TIPOXOIH-
J1a 110 KOHTAKTaM CJIOeB XUPHBIX IVIHH, KOTOPble 06BOAHSIHCD
3a cyeT HHXKe PAacCHOJIOKEHHOr0 HaNOpHOI'O TOPH3OHTA.

3.3. JE®OPMALIMSA BOPTOB KAPLEPOB NOJ BJUSAHUEM
BOJ bl

CkaJibHbIE H oJlyCKaJJbHble NOPOIBI, 0OHaXXeHHbIe rop-
HBIMH Bbl-pa-ﬁ'OTKa'Mll’I, ‘MEHSIOT CBOIO NPOYHOCTb JHUIIb IO
BJINsSIHHEM BLIBETpHBaHH{, IIpUYeM Ha 3TOT IIpoLecc 3Ha-
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GYMTENbHO BJAHMSIOT HE NMOJ3eMHbIe BOABL, a N0XKJeBbIE H Ta-
(1ble, @ KpOMe TOr0 — KJIMMaTHYeCKHEe YCJIOBHSI H MPOCTPaH-
CTBEHHOE TIOJIOJKEHHE OTKOCOB.

[TpOYHOCTh BOXOHACHILIEHHBIX TJIHHHUCTHIX IOPOJ MEHS-
eTCsl B OCHOBHOM B npollecce HabyxaHusi. B pesyibTaTe BbI-
eMKH ‘BBIIIEJIEXKAIMX MOPOJ jAaBJeHHe Ha TJIMHHCThIE CJIOH
yMeHbILaeTcsi H OHH CTPEMSITCS NPHHSTH B cebsl HEKOTOpoe
TONOJIHHTENbHOE KOJHYeCTBO BOJBl H3 COCEQHHX BOLOHOC-
HBIX cJ0eB. 3aMeTHOe HaOyxaHHe HauMHAeTCsl Yallle BCEro
JAWlIb TIPH Pasrpyske IMIMH A0 AOCTATOYHO MaJOro Hamps-
JKEHHS, KOTOPOe Ha3bIBAIOT «CHJOH 3(p(PeKTHBHOro Habyxa-
HHSI». 1

Hau6oJ/iee HHTeHCHBHOE HaGyXaHHe NPOHCXOAUT OOBIYHO
Ha TIOBEPXHOCTH OTKoca (noj AeHcTBHeM aTMOCGhEepHBIX H
BBHITEKAIOIIMX HAa OTKOC MOA3EMHBIX BOA), a TaKKe Ha KOH-
TaKTaX TJIHHHCTOTO MIJIAcTa < BOJOHOCHBIMH NODOMAMH, TaK
KaK TJIMHA 4acTO OKa3blBaeTcss B MATKOMJIACTHYHOM COCTOS-
HHH, YTO SBJSETCS ONHOH M3 INPHYHH TaK HA3bIBAEMBIX
@KOHTAKTHBIX OTOJ3Hel». IIpH 3TOM Ha KOHTaKTax ¢ BbICO-
KOHANOPHBIMH BOIOHOCHBIMH TI'ODH30HTaMH, H3-3a PE€3KOro
yMeHbllIeH’s] Hanpy30K, HHTEHCHBHOMY HabyXaHHIO IOABEp-
raljoTcesl [ake MJIOTHBE IVIMHHCTbIE NOPOJbl — aprHJJIMTH H
aneBponuThl. Ilpomecc HabGyxaHHs IecyaHO-TIIMHUCTBIX IO-
pOX Ha NOBEPXHOCTH OTKOCOB YacTO 3aBepliaercs IOJIHOH
norepeif UMM CBSI3HOCTH M IIlepeXONOM B TeKyyee COCTOs-
HUe, YTO NPHUBOJAMT K ONJBLIBAHHIO HAOYXIIHX NOPOJ CJIOSIMH
15—20 cM make npH IOJNOTHX yrjax oTKocoB (18—20° u
MeHee).

Jlnsi OueHKH CTeneHH CHHMXKEHHs TNPOYHOCTH TJIMH IIpH
HaOyXaHHH NpexBapHTEJIbHO NPOBOASITCH HCIBITAHUS IJIH-
HHCTBIX O0Pa310B HA CHBHUT, BHIIEPXKAHHBIX INIOA BOLOH TPH
pas3JuuHBIX HOpMaJIbHBIX HampskeHusix. [Io pesysabTatam
HCNBITAHUE CTPOHUTCS IPadHK CONPOTHUBJIEHHS TIOPOJ CABHIY,
KOTODHI B AajibHeHllleM HCIOJb3yeTcsl IPH pacueTe yCTOH-
YHBOCTH OTKOCA.

Oco6eHHO BaXXHO YYHTHIBATb JOTOJHHTENbHOE yBJaXKHe-
HHe TVIMHHCTHIX TIOPOJ, 3aJeralolliux BHIlIe YPOBHSI NOX3eM-
HRIX BOJ WJIH cJIaTaioUIMX ‘OTBaJbl, TAK KaK OHO BCerAa IpH-
BOJHT K CHHIKEHHIO MPOUYHOCTH NODPOL.

HecBsi3Hble NOpOABI (YHCTHE NeCYaHO-rPaBENHCTHIE OT-
JIOJKEeHHs1) NpaKTHUeCKH He MEeHSIOT CBOHX XapaKTEePHCTHK
CONPOTHBJIEHUSI CIBHIY NOJ BO3AeHCTBHeM BoAbl. [loaTomy
NosiBleHHe «NPOOKH» PAa3kKHKEHHBIX NOPOJ B CKBaXKHHaX
HJIM e TIpOpPHIB BOJOHOCHBIX NECKOB B MOJA3eMHble BhHIpa-
G0TKH He MOTYT CJIYXKHTb OCHOBAHHEM AJIsl 'BBIBOJOB O «ILJIbI-
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BYHHOH NpHpOJe» MecKa, H3-3a KOTOPBIX YaCTO NPHHHMaeT-
csl 3aHMXKEHHBIH yroJ HakJoHa O6opTa Kapbepa, JH60 XKe
NPOEKTHPYIOTCS. MOIUHbIEe IPEHaXHble CHCTeMbl, MPUBOAS-
lHe K HeompaBJaHHBIM 3aTpaTtaM. OZuH W TOT XK€ MecoK
MOKET TIPOSIBASATb MJbIByHHHE CBOMCTBa BOJHM3H CKBaXKHH
WM TOJ3eMHBIX BHIpaOOTOK, OCTaBaschb B TO e BpeMs
BIIOJIHE YCTOMYHBBIM B OTKOCAX Kapbepa.

MaJjio ckasbiBaeTcsi Ha NPOYHOCTH TIECKOB B OTKOCax
KapbepoB W BBIHOC MEJNKHX (PPaKuui (QUALTPYIOLHUMCS I@O-
TOoKOM (MexaHuueckas cypgosusi). Cydposus pasBuBaercs
B 3aMeTHHIX MacliTabax Julb B HeOGOMbIINX 30HaX :(00bY-
HO 1—2 M) BO6JHM3H yuyacTKa BbiCAauHBaHHUSl NMOJA3EMHBIX BOJ;
OrpaHHYeHHbIH BHHOC MEJKHX yacTHi (Xo 1—2%) orMeua-
ercss U Ha OOMbUIHX YyAaJeHHsX OT (PHJAbLTPYIOIIEN0 OTKOCA,
OJHAKO OH He MIPHBOAHUT K OKOJbKO-HHOYZAb OLyTHMOMY CHH-
JKEHHIO CONPOTHBJIEHHS CJBHTY TI€CKOB.

OmHOM H3 TrJIaBHBIX TIPHYHH OINOJI3HEBHIX JedopMauuii
OOBOJHEHHEIX OTKOCOB SIBJISIETCS H3MEHEHHE HalPSXKEHHOrOo
COCTOSIHHSL 'MOPOA IOJ BO3LeHCTBHEOM THAPOCTATHYECKHX H
NUIPOLHHAMHUGCKUX 'CHJL.

B ycnoBHsX YacTHYHO NOATOINJIEHHOTO OTKOCA THAPOCTa-
THYECKOEe JaBJeHHe TPHUBOAUT K yMeHblleHHo 3¢ dexTHBHO-
ro JaBJeHHs, T. €. TPEHHs B mpejelax «IPH3MH ynopa», H
K CHHXKEHHIO CTeIleHH yCTOHYMBOCTH oTKoca. TaK, Juisi mec-
YaHBIX OTKOCOB Pas3HHLa B JONYCTHMBIX Yrjax IfpH HaJuyliH
HNOATONJEHHss H Oe3 Hero Moxer gocruraTh 6—~8°. Hawuxyji-
nige yCJOBHS OTMEUAIOTCS TPH NOATOIJEHHH OTKOCa, €O-
crasasouem 0,2—0,3 ero BBICOTHL

I'mppocraTuyeckye CHJbl CYlI@CTBEHHO BJMSIOT, Ha yc-
TOAYHBOCTL GOPTOB KapbepoB, B OCHOBAaHHH KOTOPHIX HaXo-
JATCS HeAPCHHpYeMble HaloOpHble BOZOHOCHblE TOPH30HTHI,
0CO0€HHO NpPH HAKJOHHOM 3aJeraHuu ciaoes. Eciu nojy nHoM
‘Kapbepa, HanpHuMep, HaXONUTCS HATIOPHBIA MJIACT U3BECTHS-
KOB M OH OTHEJEH OT Kapbepa MOLIHBLIM BOJOYHNOPHBIM TIJIH-
HHCTHIM IIJIACTOM, TO HANIOPHL B M3BECTHAKAX U HeHTpajbHOE
JaBJieHHe BOAb II0 HX KPOBJE OCTAIOTCS IPaKTHYECKH Hels-
MeHHbIMH. Ho BbleMKa NOPOA NPHBOAMT K 3HAYHTENBHOMY
YMEHBIIEHHIO NOJHOTO AaBJEHHss Ha TJIMHUCTHIA IIACT, H
3¢ dexTHBHOE 1aBJeHNe B MUHEPAJLHOM CKeJeTe IO IOLOLIBe
TJIMHHCTONO CJIOS pe3Ko yMeHbllaercs. CHsibl TPEHHsS mepe-
CTaIOT «paboTaTbh» M K TOMY XKe TVIHHHCTHE IO0PO/JLI pa3by-
XalT 10 MATKOIVIACTHYHOTO COCTOSHHA. B pesysbraTe B0O3-
HHKAaIOT KpyNHble ONOJ3HH 6OpTa Kapbepa M BHYTPEHHHX
OTBAJIOB, HEOJHOKPAaTHO ONMCaHHble B JHTepaType.

[TosTomy B mepuoz pa3BefKH HEOGXOAHMO JeTaNbHOE H3Y-
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yeHHe BOJOHOCHBIX OPH30HTOB, 3ajeralolluX HHXKEe IiacTa
[OJIE3HOTO MCKONIAaeMOro, KOTOPBIM H3BbICKATEJNH YacTo He
VAEJNAI0T AOCTaTOYHOTO BHUMAaHHS.

B npubopToBO#i yacTH MacCHBa, 3a Pa3JHYHBIMH 3KPaHHU-
PYIOILUMH 30HaMHu (HampuMep, AaHKH BOJOHENPOHHIaeMBbIX
MOPOJ) TaKxXe MOTYT COXPaHSTbCSl BLICOKHE HaIlOpHl, CIIO-
coOHble IPHUBECTH K 0OpYlIeHHI0 GOPTOB, YTO OCOOEHHO BaX-
HO YUYHTHIBATb JJIsI OTKOCOB OOJiblledl BHICOTH. BBHAy TOroO
YTO NOPHCTOCTb CKaJbHBIX IOPOJ OOBIYHO HEBEJIHKa, I0-
CTYIJICHHE B HHUX MOXAEBBHIX M TajbX BOJ TPHBOAUT K 3Ha-
YHTEJNbHOMY TNOBHILIEHHIO YpOBHe# NOA3€MHBIX BOJ H COOT-
BEeTCTBEHHO K POCTYy NHAPOCTaTHYECKOrO AAaBJEHHS Ha CTeH-
KH TpelliuH. VIMEGHHO II03TOMY MHOTHE OIIOJI3HHM ecTecTBeH-
HBIX CKJIOHOB BBIBETPEJHIX 30H CKaJbHBIX MOPOJ COBNANAIOT
C IepHoJiaMH HMHTEHCHBHOT'O BBINAJEHHS OCaLKOB.

I'mapocraTuyeckoe AaBieHHe SBJISIETCS ¥ OLHOH M3 NPH-
YHH ONIOJI3HEH OTBaJiOB, BOSHHKAIOIINX B NepHOJ HHTEHCUB-
HBIX JQOXJeH: B aTOM clydyae aTtMoc(epHble OCaaKH MOTYT
CYILECTBEHHO YBEJHYHTh MOIIHOCTb 30HBI IIOJHOTO BOLOHA-
CHIIICHHS B HHXKHe#d uyacTH oTBaja. AHaJOTHYHO Ha YCTOH-
YYBOCTb OTBAJIOB, NpHJEralIluX K HepaboueMy GOPTY, BJH-
10T TIOA3eMHble BOJBI, MOCTyNaloliue B Kapbep. Hakoner,
THAPOCTATHYCCKHE CHJBI JOJXKHBI 0653aTeJbHO NPHHHMATh-
¢ BO BHHMaHMe NpPH OLEHKE YCTOHUYMBOCTH AaM0 THIPOOT-
BaJIOB.

JBuxyliasca Boja HapsAy C THAPOCTATHYECKHM CO3-
JdaeT NHAPOAMHAMHYECKOE JaBJieHHe, OTpaxalolliee COIpo-
THBJICHHE NOPOAbl (HJbTPALlMH BOABI, OHO HANpaBJeEHO
BHOJb JHHHH TOKa XXHAKOCTH H SIBJSIETCS OCHOBHOH IpH-
YHHOH (UIbTPAUHOHHBIX nedopMalui, CBA3aHHBIX C MeXa-
HHYeCKHM BBIHOCOM uacTul, MHOTla OHO sIBJIsieTCsi 3aMerT-
HBIM CHJIOBBEIM (haKTOPDOM H IPH OLeHKe obLlel ycToOHYHBOC-
TH OTKOCa.

OtmetnM, uyTo mpu GoJiee BHICOKOM COTIPOTHBJIEHHH IIO-
pon (HJIbTPaALUH BOABI, THAPOJHHAMHYECKOE NaBJEHHE J0-
CTHraeT Hau6GOJbIINX 3HAUeHHH He B BOJOHOCHBIX NIOpOJaAX,
a B OTHOCHTE/NbHO cJabONpPOHUIIAEMBIX TOJILAX.

CBoeo6pa3HbIM NPOsIBJIEHHEM THAPOCTATHYECKHX H FHAPO-
NHHAMHYECKHX CHJ siBJseTCS H306BITOYHOE IOPOBOE JaBile-
HHe, BO3HHKAlOIllee IIPH MOTIOJHHTENbHOM YIIOTHEHHH BOJO-
HaCHIEHHBIX TTOPOJ IVIHHHCTOTO COCTaBa, a TaKXKe ¥ HEBOJO-
HaCBIIEHHBIX — NPYU Nepexojie MOpoAbl K3 TpexdasHOro co-
CTOAAHHSl (BOLA-}-CBOGOAHBIN ra3--MHHepaJ/bHBIH CKeleT) B
AByxasHoe (Boma-MHHEpaJbHBIA cKejeT). [Js yIIOTHe-
HHs TIOPOAH, Haxoidalleidics B NByx(asHOM COCTOSHHH, He-
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06X0AMM OTKHM BOIbI, KOTOPBHIH H3-32 HH3KOH MpPOHHIIAE-
MOCTH IJIMH TIPOTEKaeT oueHb MeAseHHo, [loaTomy nopoBas
BOJA BOCIPHHHMAET Ha cebsd HEKOTOPYIO JOJII0 IIPHJIOXKEH-
HOll Harpy3ku # B Hell BO3HHKAaeT JOMOJHHTeJbHOe THAPO-
cTaTHYyecKoe JaBJjeHHe (H30BITOYHOE M0 CPaBHEHHIO € NEPBO-
HayaabHbM). OTXHM BOAB OT CPEAHHHBIX 30H TNIMHHCTOTO
CJIOS TIPHBOJMT K IOCTENIEHHOMY yMEHBLIEHHIO H36bLITOYHOrO
MOpPOBOr0 JaBJieHHsi H 0O6lllee CONPOTHBJEGHNHE NOPOABI BO3-
pactaer, KaK 3a (CYeT pocTa 3((EeKTHBHBIX HaNpsKeHitil
(T. e. cun TpeHusa), Taxk U 3a cuet ymJaoTHeHHs, IlosTomy oT-
pHllaTeJbHOE BJAHSIHHE Ha yCTOAUMBOCTH OTKOca 6yleT Mak-
CHMAaJIbHBIM B IlepBble MOMEHTH! IIOCJIe MPHJIOKEHHS JOIOJI-
HUTeJbHOH HArpysku. ITO BJHsAHHE sBJseTCS OJHOH M3
rJ1aBHBIX TIPHYMH ONOJI3HEBHIX JAedopMalHii OTBaJOB TJAHH-
CTBIX TOPOJ, KOrja IO Mepe pocTa BBLICOTH OTBaJia Mopoja
B HHXHeH ero 4aCTH CXKHMaercsl A0 COCTOSHHS IOJIHOTO BO-
JIOHACHIIIEHHS,

[Ton BaMSAHMEM DPPYHTOBBLIX BOJ H aTMOC(EpHHIX OCa-
KOB (ITOBEPXHOCTHBIX NOTOKOB) Ha OTKOcax OOPTOR Kapbe-
pPOB M OTBAJIOB MOrYT ipa3BHBATLCA pasjHuHble Jedopva-
IMM QHJABTPAWUOHHOTO THI A,

Ecan ormkoc, cioXeHHBIA NecuaHBIMH ‘TIOPOAAMH, HaXo-
JLHTCST NOJ BOAOH M B NOPOJAx TEKYT HallOpHble TPYHTOBHIC
BOABI, TO IO IBJMAHHEM CHJ TAMXKECTH H IMAPOAHHAMHYECKO-
ro JaBJjieHHs MOXKeT HauaTbcsa AedopMauus — @ HJABTP a-
LHOHHB A BB HOOp. IIpHXoauT B ABHIKEHHE HEKOTOPLIH
obbeM mecka (Bce ¢pakuuu oAHoBpeMmeHHO). Ilpu manom
yrJie 3aTOINJICHHOTO OTKOCA BHITIOP MOXET H He IIPOHCXOAMTD.
Ha HemoaTomjieHHOM OTKOce BHIIOpa TaKXe He Ha0.101a-
ercs — 3/ech TPOHCXOAHT BhHICayHBaHHe BOJABI, KOTOPOE MO-
JXeT BBI3BaTh OIIBIBHHY.

MexaHnnueckas <cy®do3Husg—BBHOC MEIKHX
dpakuuii M3 MaccHBa yepe3 NMPOMEXYTKH MeXXAy HacTHLA-
MH KPYIHBIX paxklHii mojJ BAUSHHEM THAPOAHHAMHYECCKOTO
AaBieHHs puabTpyloueiics BoAbl. I1pu GosbiioM 06beMe BbI-
HOCa MOJXKeT NPOM30HTH NMOJIHAsl NMOTeps IIPOYHOCTH IOPObL
MexaHnyeckasi cyddo3us npoTeKkaeT TeM HHTEHCHBHEE, YeM
Gosibllle BeJHYMHA THADONHHAMHYECKOTO IpajHeHTa H ueM
HeOJHOpOJHee TPYHT.

®uAbTpPaUHOHHBHA BB HOC MO TPeLIMHAM Pa3Bu-
BaeTC TaKXe B cJaboCIeMeHTHPOBAHHBIX DLIXJBIX Ilecya-
HHKaX C eCTeCTBEHHOH TpelllHHOBATOCThIO. B OTKOcax, ume-
IOIIMX yroJ HakJoHa 6oJee 20° 3TO MOXKET IPHBECTH K
rJyOHHHOMY pasMbIBY H 00pasoBaHHIO NYCTOT H INIPaBHJb-
HBIX BOpoHoK. Ha JleGennHckoM kapbepe I0J, BJHSIHHeM
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(HIBTPALHOHHOTO BHHOCA HMEJIO MecTo o6pasoBaHHe Iyc-
TOT AHamerpom a0 7—10 M Ha paccrosauHu 100 M OT oTKOCA.
B cKaJbHEIX TNOpOJiax BHIHOC I'PAKTHYECKH HE BJHACT Ha
yCTOHUMBOCTb 60pTa Kapbepa. ONHAKO BBIHOC 3aMOJHHUTEJs
KapCTOBBIX NMYCTOT MOXeT NPHBOJAHTb K BHe3alHBIM IIPOpHI-
BaM BOJbl (CO B3BCLICHHBIM B Hell MeCKoM) Ha pabouHe yc-
TyNbl, a OpH GOMBIINX 0ObeMax BHHOCA HapylllaTh YCTOM-
YUBOCTb OOPTa [Kapbepa B 11eJOM.

Ecnu mecku 06/1agaloT Majo#l IUIOTHOCTbIO (IOPHCTOCTD
6osbiie 42—449%) u HCOHITHIBAIOT GOJbLINE JHHAMHYeCKHe
HarpyskH (HalpuMep, B3PbIBHBIE), TO OHH OBLIBAIOT CKJOH-
HBIMH K ymjoTHeHuio. Haxoasllasics B HHX BoJAa MellaeT
YIJIOTHEHHIO, NPHHHMas Ha ce6s QHHAMHYeCKHe HarpyskH.
B ppesyabTare B mopoje BO3HHKAET THAPOJIMHaMHYECKOe 1aB-
JIeHHe ¥ TPeHHe MEXAY YacTHIaMH pe3Ko cHHxkaercs. IIpo-
HCXOLHT pa3KHXKeHHe, KOTOpoe €J/eJyeT YYHTHIBATh IIDH BO3-
BeJ&HHH THIPOOTBAJOB,

[Ton meficTBHEM MOBEPXHOCTHBHIX IOTOKOB, aTMOC(epHBIX,
TEXHHYECKHX M IOA3EMHBIX BOJ, Ha OTKOCaX pa3BHBaeTCA
dfoBepXHOCTHas 9po3usd. Ha omkocax obpasyioTcs
TPOMOHHBL. BBHIHOCHMBIH MaTepHaJ CKalJHBaeTcs Ha Oep-
Max, 3aH/JHBasi MX H CIIOCOGCTBYsl BOJOHACHILIEHHIO MODPOX
HHXKeJlexallux yetynos. Oco6o ciellyeT yHHTHIBATb NOBEPX-
HOCTHYIO 3DO3HI0 Ha THJPOOTBajax, rie pasMbB AaM6 Mo-
KET INPHBECTH 'K NPOPHIBAM BOJABIL.

B consHBIX HOpoJax MOJ BAHSHHEM BOABI NPOHCXOIHT
HHTCHCHBHOE HX pacTBOPeHHe M BhillesaudBaHue. IlosBus-
IOTCSl COJIIHbIe KapcThl, KOTODblE MOTYT SIBUTbCS IPHUYMHOH
BO3HWKHOBEHHSl OODYIICHHH H IPOBAJbHBIX BODOHOK.

B xap6oHaTHBIX MOPOAAX NPOLECCH  BblIleJayHBaHYS
IIPOTEKaIOT AOBOJbHO MeJJeHHO, BpeMs HX pa3BHTHS OObLIU-
HO HeuaMepuMoO GoJjbllle BpeMEHH CylllecTBOBaHHs 6opTa
Kapbepa. OHako BblllleJauHBaHHE BeJeT K CHHXKEHHIO NPOY-
HOCTH TMOPOJA, B pe3yJbTaTe Yero MOTYT HMETb MECTO Mpo-
cagki. STH Ipouecchl HawboJlee BaXKHO YYHTHBATh IIPH Ha-
JIMYHH KapCTOBHIX IIOPOL.

OnaplBHHAMHU HasbiBalOT TepeMellleHHe IecyaHo-
FJIMHHCTBIX TOPOUL, HAchIeHHBIX BOMOH [0 TeKydyero cocro-
fiHusA. Pa3BHTHe OIJILIBHH NPOHCXOJHT Ype3BHIYAaHHO OBICT-
po. B TeueHMe HeCKOJBKHX CeKyHA 00beM CMEeCTUBLIHXCA
MOpojl MOXeT JOCTHYb COTEH MeTpPOB KybOuueckux. Tak, B
1958 rony Ha kKapbepe SIHTapHOro KOMGHHaTa IPOH30LILIA
omibiBHHA o6beMoM 290 thic. M3, CMmelleHHe NOPOJ, TpOHUC-
XOJHJIO B TeueHHEe HEeCKOJbKHX MHHYT, B pe3y/bTaTe 4ero
nopoao# Ghlja 3altofiHeHA paboyas 30Ha Kapbepa H JOObIU-
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Hble paboTH OblIM mnpekpalieHbl, IToBEPXHOCTb OMJBIBUIYX
nopojx uMesna ykmoH 4—6° Mx HachlllleHHOCTb BOJOH Oblia
TaKOBa, YTO M3 TeJa ONJIBIBHHBI BHITEKAJIH OTAeJNbHBIC PYUbH.

ITpu omnabiBHHE Bech 06beM IOPOJ HACHILIAETCA BOIOH
10 TeKyuero cocrosiHHs. ITpM (MIBTPALHOHHHIX OMNOJ3HAX
storo Her. Eciim e uMeeTcs HachblllleHHe NOPOA BOAOH 10
TEKyuero COCTOSIHHS, TO OHO HabJiojaeTcs TOJIBLKO JIHilb B
KaKOH-TO YacCTH OTOJ32l0UIUX MOPOL.

PaccMOTpHM HeKOTOpHle XapaKTepHble MPHMEpH! PasBH-
THA (GUIbBTPaLMOHHBIX OTOJ3HEH.

OmnosisHu, CBSI3aHHBIE C OIJIBIBAHHEM IECKOB HJH BbI-
MbIBaHHEM TbLIeBATHIX 4acTHL,. liMeercsi OTKOC, CJOXKEHHBIH
nepecjanBaolleficss TOJNIIEH IeCYaHO-TJHHHCTBIX  NOPOIL
(puc. 3.13,a). HeocyuieHHBI!i BOJOHOCHBII TOPH3OHT IpH-
ypoueH K NecyaHbIM OTJAOXKeHHAM. Kapbep CIYXHT ApeHoi
M Ha OTKOCe yCTyna IIPOHCXOLHT CBOOOJHOE BhICAaUHBAHHE
BoJH. B pesysnbraTe H3 IJacTa BBIHOCHTCS OINpefeleHHBIH
o6neM mecka (I Ha puc. 3.13,a), KOTOPHI OCefaeT NoL YI-
aoM 10—18° wua mopgouiBe yctyna (o6bem 2). Bepxuue
CJIOH YCTyma TepsiloT yctoduuBocTh (06beM J) M obpylia-
10Tcsl, Hachasch Bofofi (o6wem 4). Cosjaercs moAmop H
ypOBeHb TPYHTOBHIX BOJ IOBHIIaeTcs (OT JHHHH O IO Jii-
HiH 6). O6bIUHO 3TO NPHBOAHT K OcCJabJeHHIO MaccHBa H
Pa3BHTHIO CJeAyIOlero LHUKJAa ON0J3HS (o6beM 7).

PaspymenHsli MatepyaJj, cKanauBawoluiics Ha moA0ll-
Be yCTyIla, MOXKET C TeueHHeM BDeMeHH, Hachllllasch BOJOH,
HayaTh OMJBIBATH BTOPHUYHO.

MoryT pa3BUBaTbCs ONOJI3HH, CB3aHHble € ONJILIBAHHEM
Ha OTKOce HaGyXIIMX HJH HaACBIICHHBIX A0 TEKyuYero ocTo-
SIHHUS -TJIHHHCTHIX Tmopox (puc. 3.13,6). IIpoHCXOAAT LHKIMY-

-~

Puc. 3.13. Cxema pasBuUTHS (GUABTPALHUOHHOTO ONOJ3HS
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Hble OmJbIBE mopon (uukiasl 1,2 Ha puc. 3.13,6). Pasmepn
onabiBa (B; u By BKpeCT NPOCTHPaHHS YCTyNa) HEBEJHKH
i, Kaxk IpaBuJo, He mpeBocxousat 0,5—0,7 m wu 3a cuer oIl-
JIbIBaHHS HHXXHeH yacTH OTKOca ero yroJ yBeJHYHBAeTCH,
HapyllaeTcsi yCTOHYMBOCTh M HAaUHHAET pa3BHBAThbCSA OIOJ-
3eHb (30Ha J).

Omnon3Hn QHALTPALMOHHOTO THIA MOTYT pa3BHBATbhCA H
B TOM cJydyae, ecJld BOLOHOCHBIH FOPDU30HT I'peJCTaBJIeH He-
ONJILIBAIOIHMH H ‘HepasMmblBaeMbIMH mopofaMu. Ecam ro-
pusoHt I (puc. 3.13,6) nMeer cBOGOAHBLIA CTOK, Pa3BHTHSA
ONOJI3HeH He MPOUCXOAMT A0 TeX TOp, IoKa He GyAer co3laH
MOANOP 32 CYET OCHINAIOIIUXCS MIHHHCTHX mopoj 3. Beaea-
CTBHE MOANOpa 3aTpPYHHSETCS BHIXOA TPYHTOBBIX 'BOJ, HX
ypOBeHb MOBHIIIAeTcs (OT JUHHH 5 Jo JHHHM 6), POHCXO-
IHT '00BOJHEHHe BblllleJieXXallluX TI'VIMH 4 H, KaK CJeICTBHE,
HHTEHCHBHOE Da3BHTHE ONoJ3HeH (06beM 2). ONOJ3HH 3TO-
ro Bula Habmiofanuch Ha KopkuHckoM H DBatypurckom
yroJIbHBEIX Kapbepax.

3.4. OCBIIIY, MPOCAAKH, OCAAKH

PasButiie ocH I e i MOROOHO HAKOIJIEHHIO JEe/I0BHAJb-
HBIX OTJIOXEHHH sSBJASACTCS HeH36eXKHBIM H HawboJjee IIHPO-
KO pacnpocTpaHeHHBIM BHAOM AedOpMalyH.

PasBuTHe ochilefi MpOTEKaeT (pa3JMYHO B HECBSI3HBIX
CKaJBHBIX H B MADKHX (CBSI3HBIX MOPOJAXx.

Ochinu HecBSI3HBIX mOpoJ, (mecka, rpaBHs, IOPOJ OT-
BaJIOB) pas3BHBAIOTCS INPH INPEBBIIIGHHH OTKOCOM YCTyna
yria BHyTpeHHero tpeHus. [lopoasl mpuobperas B mpouecce
OCHIaHNSl KHHETHUYCOKYIO 9HEPTHIO, pacnoJiaTaloTcs IOJ yr-
JIOM @, HECKOJIbKO MEHbUIMM yrJjia ecTeCTBeHHOr'0 OTKOCa p.

Ochim MSATKUX CBSI3HBIX mopod (puc. 3.14,a), Kak mpa-
BHJIO, XapaKTEPH3YIOIIUXCS BBICOKOH eCTeCTBCHHOH BJax-
HOCThIO, MIPOTEKAIOT MHTEHCHBHO, TaK KaK 3TH IOPOAH Ha
OTKOCaX TOABEpPraloTcsl YChIXaHHIO, ycalke, HHTEHCHBHOMY
pacrpeckuBanuio. OcelnaHue HauuHaercs yepes 1,6—2,0 mec
nocye oTpaGOTKH 0uepeJHOH 3aX0AKH. Pazsumue ocHId Ipe-
KpaTuTCAd mocje AOCTHXKEHHS el0 BepxXHeHd OpOBKM yCTyma.

Ocolnn ckaJdpHBIX nOpon (puc. 3.14,6) oTaHYaOTCHA OT
OChiTIei MATKHX NMOPOJ MeHbllei HHTeHCHBHOCTbI0. CKOpOCTh
Pa3BHTHs OChIel B CKaJbHBIX NOPOIAX 3aBHCHT OT CTENEHH
TPELHHOBATOCTH OTKOCOB, KOTOpasi, B CBOIO OUepefib, onpeje-
JseTcsl cnocoGoM BeJeHHs B3PHIBHEX paboT. IHTeHCHBHOCTD
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Puc. 3.14. Pa3BuTHe oCHINH

OCHIIaHHs XapaKTepuayeTcs cpabaTbiBaHHeM BepXHe# I10-
ILaJKH YCTyNa B eIMHHUIYy BpPEeMECHH; IepeMellleHHeM HHXHel
rPaHHUIB OCHINH B €JHHHLY BpeMeHH; 06beMOM OCHIMH Ha
1 M orkoca V, o6bpasoBaBIINMCA B CAHHHIy BpPeMEHH.

Jlast MSITKMX CBSI3HBIX TOPOJ XapaKTepHHl  cJeAyloline
OKa3aTe/]H: HHTeHCHBHOCTL ochimanus a=20--90 cm/rox;
WHTEHCHBHOCTb nepeMelneHnst b=236--70 cm/ron, Ans cKaJjb-
HBIX mopox a=10--20 cm/rop, b=15--125 cm/ron.

ITpyn pa3BHTHH OCHIIeH IPOHCXOAMT BHIIOJAXKHBaHHE OT-
Koca, cpabaThiBaHHe BepxHeHd miollaiku (GepMbl) M 3achl-
NaHHe HMXHeH, YTO MOXKEeT IPHBECTH K PasBHTHIO IIOKPOB-
HBIX OIOJI3HEH, OIJILIBHH WJIH OOpDYIIGHHA MaTepHaia OcChl-
nedl. IHTEHCHBHOCTb Pa3BHTHs OCHINEH [I0JXKHA yYHThIBATh-
csl IIPH ompejelieHHH LIMPHHBI 6ePM B 3aBHCHMOCTH OT CpO-
Ka CAYKOBI.

B pesy/abraTte GuAbTpalMOHHBIX AedopMaliii, B OCHOB-
HOM pacTBODGHHS, BBHIIIENAUHBAHHUS, a TaKXe BBIHOCA IO
TpelllHHaM, MeXaHHuYecKo# cy{¢o3un, MOryT pa3BHBATbCA
-IpoCcajnKH, T. e, BEPTHKAJbHOE ONyCKaHUE HEOOJBIIHX TO
pasMepaM y4aCTKOB HOpOAHL. Yallle Bcero npocaiku He Ha-
pywalor oblieli ycroiunBocTH 6opta. OfHAKO, B CHIY CKO-
POTeYHOCTH, OTOT BHA HedopMauMii omaceH iJjsi MallMH H
MexaHH3MoB, Ecilii B 0OCHOBaHHH OTKOCa HMEIOTCS CJOH IJIa-
CTHYHBIX TJIHH M IIPOCANKH IIPOHCXOAAT 3a cyeT MX BBIAAB-
JHBAHHS, NPOLECC MPOCAAOK MOXKET SIBUThCS HaYaJbHOM
crajuell pa3BHTHSI ONOJI3HS BBIIHPaHHS.

3a cuer cnoCOGHOCTH NOPOJ, yNJIOTHATbCS NPH BO3pacra-
HHH ‘HAarpy3oK pas3BHBAIOTCA OCa LK H.

Ocazky IO NOBEPXHOCTHBIMH 3JaHHAMH H COODYIKeHHs-
MH HaObJII0faloTC B NPAaKTHKe CTPOUTENbCTBA IPH BO3Bele-
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HUH TAXEJBIX COOpYXeHHH Ha
cnabuix mpyHtax. OcHOBHOH 3a-
Jaueil obecneyeHHsl YCTOHYMBO-
CTH SBJIeTCS HCAONYIleHHe He-
PaBHOMEPHBIX 0CaJO0K, BEAyIHX
K TepeKocy KOHCTPYKIME. DTOT
BH/JL OCAJIOK fIBISIeTCS NPeMETOM
M3yUeHHS MeXaHHMKH TIDYHTOB H
ABISeTCd OJHMM H3 Haubozee
MOJIHO M3YYEHHBHIX aBjeHud [11].

Ocanxyn nprGOPTOBEIX 30H BO3HHKAIOT B pe3yjbTaTe BO-
JOTIOHHXKEHHs 3a cueT paboThl COGCTBCHHO JpeHarkHBIX CHC-
TeM M Kapbepa, Kak ApeHH. YPOBeHb [IOA3eMHBIX BOJA BO-
KPYr Kapbepa CHHMXKaeTcs, YTO IPHBOLHT K POCTYy Hamps-
JKeHHH B ero npuHOOpPTOBOH 30HE, YBelHueHHE NaBJICHHS 110-
POL 3a cYeT BOJOIOHMIKEHHS BeldeT K AONOJHATENbHOH ocal-
Ke BCKDHIITHOH TOJIIM 32 CYET CXKATHA IVIMHHCTBIX IIODOL.
Passutne ocalok mpoTeKaeT roiaMH, TaK KaK IJIHHHCTbIE
ITOPOABLl CKHMAIOTCSl ‘MeAJeHHO.

Ocanku npuGOPTOBHIX 30H CJENYeT yUHTHIBATH NPH OT-
paboTKe KapbepoB TJAYy6HHOH Gosee 70—100 M npH HaJIUYUK
TIHHACTBIX Topof. Ocoboe ‘BHHMaHHE CJAEAYeT yAe/sTbh BO3-
MOXHBIM OCaJKaM IIPH CJOXKECHHH OTAENbHBIX 'yUaCTKOB Gop-
T4 Pa3JHYHbBIMH IO CBOUM XapaKTEPHCTHKAM NOPOAaMH, Tak
KaK HepaBHOMEDHBIE OCaJKH MOTYT SBJATHCA  IIPHUHHOM
Pa3BHTHSl OTOJI3HEH.

[Tocsie OTCHIMKH OTBaJ CKHMaeTcs NMOCTENECHHO NOJ, jgefi-
CTBHEM COOCTBEHHOTO Beca. YIJIOTHeHHe OTBaJja HIET HaH-
Gojiee MHTEHCHBHO B IePBbIfi MEPHOJA 3a CYET 3aMOJHEeHHs
BO3AyIHBIX mycToT. Ilo Mepe mepexofa B ABYXKOMIIOHEHT-
Hylo cpeny (mopona4-Boja) B HHMKHEH 4aCTH 0TBaJa Pa3BH-
BaeTcsi MOpoBoe JaBjieHue. VHTEHCHBHOCTb OCaJKH CHMXKa-
eTcsl. 3a cueT MeIJIeHHOro pPacCeHBAHUS NOPOBOTO NABJCHHS
O0caZka OTBAJIOB MOXKET NPOJOJKATBCS 1B TeYeHHE HECKOJb-
KAX MecAlleB MOCJe HX OTChInkH. B pesyibrate 6ojiee HH-
TCHCHBHOTO OTTOKAa BOJBI H3 NPHOTKOCHOM YacTH BEPXHsf
KPOMKa OTBasla MMeeT GOJbIIYI0 OCAaLKy IO CPABHEHMIO C
OCHOBHO YacTbl0 OTBaJa M NPHOGPETAeT XapaKTepHHIH BHI
(puc. 3.15).

Puc. 3.15. Ocanka orBana

3.5. ONIOJI3BHU OTBAJIOB

YBennyeHne 06HEMOB BCKPHIIHBIX paboTr no mepe pas-
BHTHSI OTKPHITOr0 crnoco6a paspaGoTKH, CTpeMyeHHe Co-
KPaTATb IVIOLLA/H, OTBOAUMBIE NOJ OTBAJIbI, BEJET K BO3pa-
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CTaHHIO HX BHICOTHL. A 3TO BO MHOTHX clyyasix CONpPOBOXK1ad-
erca ux aebopMaunusMH, cpellH KOTODHIX OIOJI3HH SBJSAIOTCA
HamGoJiee yacTHIM M HaHOOJee cepbe3HBIM BMIOM Hapylie-
Hui ycrofunBocTH. COXpaHEHHe yCTOHYMBOCTH OTBAJNOB 3a-
BHCHT OT ps/ia TODHO-T€OJIOTHYECKHX H APYTHX (akTopos.
Tak, oTBaJibl (CKaJbHHIX H NOJYCKaJbHHX IIOPOJ, a TaK¥Xe
recyaHble 'OTBaJibl COXPAHSAIOT YCTOHYHBOCTbL INPAKTHUECKH
NpH JI060# BHICOTE, ec/H OHH Pa3MeLleHs! TOJ YoM ecTecT-
BEHHOTO OTKOCa Ha YCTOHYMBOM OCHOBaHHM M HE HMEIOT B
CBOEM COCTaBe cJMalGblX TIJIHHUCTHIX IODOJ MJH BKJIOYEHHH
Jpja. B TO XKe BpeMs HapylleHHe XOTd Obl OJHOTO H3 3THX
yCJIOBHA MOXET NDUBECTH K PasBHUTHIO omos3Hed. OTBajbi
TBEPABIX IOPOJ, KaK NMPaBHJIO, HMEIOT YToJ OTKOCA, paBHbIA
yrJy ecTeCTBEHHOTO OTKOca. B HHXKHell yacCTH 3a cyeT pas-
JleTa KYCKOB IIPH NaJeHHH OTBaJbl BBINOJAXXHBAKOTCH, le-
MEHTHPYIOTCSl IPOJAYKTAMH BHBETpPUBaHHUSA, IpHo6GpeTas 3Ha-
4YiTeJbHOE cleljeHde. Bice omOJ3HM OTBaJOB, HCXOAS H3
GopMbl H TONOXKEHHsI MOBEPXHOCTH CKOJIbXKEHHs, a CJeno-
BaTeJbHO, H NPHYHH HX BO3HHKHOBEHHS, MOXHO Da3/elHTb
Ha TpH THNA: HAJANOJOLIBEHHbIE, MOANMOAOLIBEHHblE U MOXO-
IIBEHHbIE,

HanmopomeeHHb e OTIOJI3HH  *OTBAJIOB — 3TO
OTIOJI3HH, IIPH Pa3BHTHH KOTOPLIX MOBEPXHOCTh CKOJILXKEHHS
IPOXOAHT BHIIEe OCHOBAHMA -OTBaja, T. e. pacloJjaraercs B
OTBaJbHHIX mopomax. OHM BO3HHKAIOT B OTBaJax, CJOXKEH-
'HBIX cJla6bIMH TIOpOAaMH, KOoTOphle B mpoliecce 3KCKaBallni
M yKJIagkK{ B OTBaJ TepsloT clemseHHe, HeymiloTHeHnas
Macca 1opoJ OTBaJja siBJseTcs TpexdasHo# cpelnoH: mopo-
la —(BoAa — 3alleMJeHHHH B myctotax Bo3ayx. Ilpu moc-
THXXEHHH OTBAJOM HEKOTOPOH BHICOTH HAUHHAETCS OTXKNIM
BO3[yXa M3 NyCTOT, MOCJE Yero oTBaJlbHble MOPOABl Nepexo-
IaT B AByxdasHoe cocTosHue. JlaslbHellllee Bo3pacTaHHe
JNdBJICHHS 32 CUeT YBeJHUYEHHSl BBICOTHI OTBaJla NPHBOIHT K
OTXHMY BOJbl M3 006JIaCTH BBHICOKHX HaBJeHHH B o6JacTb
HU3KHX. DTOT MNpoliecCc COIPOBOXKIAeTcsi PasBUTHEM IIOPO-
BOTO [aBJICHHs, CHHIKAIOLIEro CHJbI BHYTPEHHEro TPEHHS.

PasButue onoJ3Hs HaamopoliBeHHoro Ttvma (puc. 3.16)
Bcenjia €Bsi3aH ¢ U36LITOYHLIM YBJIAXKHEHHEM MOPOX M Hauu-
Haercs IpH JOCTHXKEHHH MacCHBOM ABYX(ha3HOro COCTOAHMSA
M OTKHMMa BOIbl M3 HHXKHeH yacTy OTBaJja B BepxHIOI. Bo-
J1a, MPOHWKAIOIIAS C IIOBEPXHOCTH 0TBaJa, H BOMA, OTKHMa-
eMasi M3 HHKHEeH 4acTH, CO3/Jal0T 30HY NOBLILEHHOH BJax-
HOCTH, 1O KOTODOH OOBIYHO pa3BHBaeTcss IIOBEPXHOCThb
CKOJIbXKeHHS. ‘

Hananonomsexnsle ono/isHH MOTYT BO3HHKATh TAaKIKe NpPH
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Puc. 3.16. Passurye mammomomBen- Puc. 3.17. Tlonomsenubifi onoJ-
HHIX OTOJI3Hefi O0TBaJIOB: 3eHb OTBAJIOB

1 — yBlaXKHeHHe NOBEPXHOCTHBIMH BOJa-

MH; 2 — 30Ha TNOBBHINIEHHOH BJaXXHOCTH;

3 — OTXKHM BOABI M3 30HBI ABYX(dasHOro
COCTOSIHHS

OTCHIIKE B OCHOBaHHE OTBaJia MJIACTHYHBIX TJIHH, NOJBEpra-
JOIINXCS B AajibHefillleM yBJaaxXHeHHI0. Ecan He JHKBHAHPO-
BaTh HCTOYHHKH 0OBOJHEHHS, HaANOJOLIBEHHbIE ONOJA3HH MO-
ryT MEePEXOANTh B OMJBIBHHE, YTO O0CO6EHHO XapaKTepHO
I/ OTBAJIOB IblJEBaThiX ITICCKOB. ’

[ToxmomMolWIBeHHBl & ONOI3HH — 3TO OINOJ3HH, IIPH
KOTODHIX MOBEPXHOCTb CKOJIbXKCHHS 3aXBaThiBaeT OCHOBaHHE
orBasoB. Ilo Xapakrepy NpOsSIBI€HHS STOT BHJA OIOJI3HEH
nofo0eH riyOHHHBIM OMNOJI3HSM 'CI0XKHBIX MOPOJ JIeXayero
OOKa HJIH OINOJ3HAM [BBIIHPAHHA.

IMoanmoolIBEHHBIE ONOJI3HH pacIpOCTPaHEHBl B. Kapbe-
pax, Ha 'KOTOPHIX OTBaJbl OTCHIIAIOTCA HA MOPOABI € HH3KOH
Hecyllell cIocOOHOCTBIO, T. €. Ha TopdsHble HWIH NJacCTHY-
Hble NMecYaHO-TJIMHHCTHIE NOpoAbl. B mepBom ciaywae (3a
cyer HaJiMyus TOp(OB) pa3BHTHE ONOJN3HEH XapaKTepHO
TOJMIKO AJI1 BHEUIHHX OTBaJoOB, BO BTOPOM —Kak MJid
BHELIHHX, TaK H M/ BHYTPEHHHX.

ITopmopoliBeHHBIE ONMOJI3HH OTBaJOB HabaIO4aJHCh Ha
mHorux kapbepax CoBerckoro Coro3a. 4

ITogowBeHHH e ONOJN3HH — 3TO OIOJI3HH, IIPH KOTO-
PHIX NOBEPXHOCTb CKOJBXKEHHS IPOXONHT mO CJAa6biM KOH-
TaKTaM OCHOBAaHHSl OTBAJIOB B HENOCPEACTBEHHOH O6JIHM30CTH
OT NOBEPXHOCTH OCHOBAaHHS HJ/IM HENOCPEACTBEHHO TO Hel
(puc. 3.17). Yame Bcero OHH Pa3BHBAIOTCS NPH HAKJIOHHOM
3ajleraHdy CJI0eB B OCHOBAaHMM OTBaJja, XOT HMeEIOTCA U
clyyaH pa3BHTHs TIOJOIIBCHHBIX OTOJI3HEH TIPH OTCHIMKE OT-
BaJIOB Ha TOPHM30HTAJbHO 3ajeraimouiue CJIOH.

B ciyuae, ecjii NOBEPXHOCTb CKOJIbXKEHHsI MPOXOIHUT He-
NOCPEICTBEHHO MO MOLOIIBe OTBajJa (0COGEHHO HAaKJIOH-
HOM1), MOJOIIBEHHbIE OTOJI3HH NOJOOHHI TIOKPOBHBIM OTOJI3-

HsM. PasHOBHUAHOCTbIO 3THX OMOJI3HeH sBASIOTCH AedhopMma-
IMH BBICOKHX OTBAJIOB, OTCHNIaeMBIX Ha CKJOHE NOPHI
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Camu mo ceGe HebJaronpHsiTHble YCJIOBHSI OTBasnooGpa-
30BaHMA He SIBJISIOTCS NPHUYMHOH pa3BHTHA AedopMmalnii.
OmnoJsi3HH OTBaJOB BO3HHKAIOT TOJBKO B TeX Ciyyasx,
KOrjla MeTOABsl OTBaJOOGPa30BaHMS He YUYHTBIBAIOT 3THX
yCJIOBHH.

Ecin B OCHOBaHHHM OTBaja 3ajeralot cjabble mMOpOAH
(c TIOHHXXEHHBIM CONPOTHBJIEHHEM CHBHTY), NMOPOABI TJIH-
HUCTOTO COCTaBa, CKJOHHble K HaOyXaHHIO, CJOHCThle MO-
PONBl C DE3KO IOHMXXEHHBIMH XapaKTeDHCTHKaMH CONpPO-
THBJIEHHSI CIBHI'Y TO KOHTaKTaM HJIH TNQPOABI OCHOBaHHA
OoTBajia MMeIOT NaJleHHe B CTOPOHY OTKOCa, TO B 3THX
VCJIOBHAX MOTYT Da3BHBATbCsl MOAOLIBEHHbE HJIH IMOATO-
IOLIBEHHBIE ONOJ3HH.

IMpu pacmosioXKeHHH OTBaJla Ha BOJOHACHIIIEHHBIX mec-
YaHbIX TPYHTaX MOXET NPOHCXOAHTb YBJIaXKHeHHE HHXK-
Hell yaCTH OTBaJIOB, UTO NMPHUBOAHT K Pa3BHTHIO HaAMOIOLI-
BeHHbIX omoJidHe#. Orchinka mopoA Ha TOp(sHHKAX BhbI-
3biBaeT Pa3BHTHe B HHX IIOPOBOrO JaBjeHHsA. Bpems, B
TeyeHHe KOTOPOrO NPOHMCXOAST OTHKHM BOMAbI M3 TOP(SHH-
Ka M ero YyIJIOTHEHHe, YaCTO OKa3blBaeTCi 3HAYMTENbHO
GOJIbIIMM, YeM BpeMs HarpyXeHus (BpeMsi OTCHIIKH OT-
BaJjia), YTO NMPHBONHT K PA3BHTHIO NMOAMONOLIBEHHbIX ONOJI3-
Hell. N

Haxmon ocHoBaHHS OTBaJja, €CJIH CONPOTHBJEHHE CIBH-
Ty TOpOJA OCHOBAHHSl HJIH CONPOTHBJEHHE CABHTY MEXAY
OTBaJIbHOA NMOPOJOH M OCHOBAHHEM MeHblle CONPOTHBJEHHS
CIBHTY MOPOJA OTBaJjla, NMPHBOAMT K DPa3BHTHIO MOMIOIIBEH-
HbIX ONOJI3Heil.

Pacnonoxenne oTrBanoB Ha ydacTKaX, paHee 3aTPOH)-
THIX OMNOJI3HEBBIMH IpOIlecCaMM, MOXET aKTHBH3HPOBATb
TpeKPaTHBIIHACA OMOJI3€Hb.

ArMmochepHBle OCafiKi H IOBEPXHOCTHBIE BOJBI MOTYT
SIBUTbCS BaXXHbIM MCTOYHHKOM YBJIa)KHEHHs OTBaJOB, UYTO
NPHBOAUT K CHHXKEHHIO COMPOTHBJIEHHS CIABHIY MOPOA OT-
BajJa M ocHoBaHus. IlpoMepsaHnHe M oOTTaHMBaHHE MOTyT
NPHBOAUTL K 06pas3oBaHHIO ocjabseHHBIX 30H B TeJe OT-
Basna. KoJsebaHUS TeMmmeparyp CO3XalOT JONOJIHATEJNbHbIE
HaNpsiKEeHHsl, 4aCTO CKasblBalomHecss HeOJarompHATHO Ha
yeroiuuBocTH. ITOBEDXHOCTHBIH CTOK, BeTpbl NPHBOAAT K
MOSIBJIEHHIO Ha OTKOCaX NPOMOHMH, OCHIaHHs, NDHYEM 3TH
BHAb mebopManMil yacTo SBJAIOTCS HauaJbHOH craauei
pPa3BUTHA ONOJ3HEH.

Topoxbl OTBajla MOTYT YBJIAXXHATbCS 3a CYET BOJO-
HOCHBIX POPH30HTOB BCKPBIUHOA TOJLIH, K KOTODPHIM IpH-
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JIEraloT BHYTPEHHHE OTBaJbl, a TaKXe 3a CUeT pPYLHOro
(yrosbHoro) mjacra NpH BpeMEHHOM pPasMeLIeHHH OPOJ
(mpu 3aBajKe mJaacTa) M IPH CHCTeMaX C KpaTHOH mepe-
BaJKOH MOPOA B BhIpabOTaHHOE NPOCTPAHCTBO.

[lpuMeHeHHe MOIIHOrO 0GOPYAOBaHHS: TPAHCHOPTHO-
OTBANIbHBIX ~ MOCTOB, JIEHTOYHHIX OTBaJslooOpasoBaTele,
Aparia#iHoOB CONPOBOXAAeTcs majeHHeM IOPOAH ¢ 60Jb-
LIOH BBICOTBI, YTO NPHBOLUT K €€ IepPEeH3MEeJbYEeHHI0 H
NI0JIKOH moTepe ‘MeXaHHYeCKOH IIPOYHOCTH, OCOGEHHO B
HHUXHEA YacTH oOTBala. B 3Tux e yclOBHSAX KpymHbie
KYCKH IJIaCTHYHBIX TINIMHHCTHIX MOPOX, IUIOXO IIOAJaloliye-
csl paspHIXJIEHHIO, CKAaTHIBAIOTCS K IIOAOIIBE OTBaja, CO3-
naBasi ociabJeHHBIH CJIOH B €ro OCHOBAaHHH.

Orcpinka mopoj Ha G6yJbHO3EPHBIX ¥ aBTOMOOHIBHBIX
oTBaJaXx NpPH HepaBHOMEPHOH OTIPy3Ke H3 pPasdUUYHBIX
3a60eB TNPHBOAUT K KOCOCJHOHCTOMY CTPOEHHIO OTBAaJOB.

B atuXx ciyyasx BO3MOXKHO pa3BHTHE OIOJ3HEH IO HaH-
Gosiee cnaboMy CJIOIO.

Ha ycroiiunBOCTb OTBaJIOB CYINECTBEHHO BJHSET Macca
n6opyroBaHHa (ZOCTHralollass BO MHOTHX CJAyYasiX HeCsT-
KOB M COTEH TOHH) M OCOOEHHO AMHAMHYeCKHe HarpysKu
npu ero pa6ote, Kotopele B 10—12 pas mpepocxomaT
MacmopTHHE XapaKTEePHCTHKH YHedbHoro maBiaenus. Ilpu
AMHaAMHYeCKHX Harpyskax oT patoTamwoliero 060pynOBaHuS,
najeHusi TOpoX ¢ GOJBIIOH BHICOTH, B3PBHIBHBHIX paboTax
MOXeT IIPOHCXOAUTb THKCOTPONIHOE PpasKHUKEeHHe TPYHTOB,
Croco6CTBYIONEE Pa3BUTHIO ONOJ3HEH.

TMapaMerps!l cHcTeMbl pa3pabOTKH TpH IepeBajKax
fIopoJl B BHIpaboTaHHOe INIPOCTPAHCTBO (BBICOTA YCTYIa,
LIMpHHA 3aXOIKH, CKODOCTH TIOABHUraHusA 3ab6oeB u (PpoHTA
paboT) ROJXKHB OfecmeuHBaTh YCTOHYHBOCTL BHYTPEHHHX
orBamoB. Tak, LINpHHA 3axoAku (OTBaJNbHOH), a clIexo-
BaTeJbHO, H BCKPHIIIHOA NpH OTCHIIKe MOPOA Ha YBJaX-
HEHHBIH OTKOC WJIH paHee OMOJ3LIHA YYacTOK JHOJXKHa BHI-
6HpaTbcsi JOCTAaTOYHO GOJBLIOH, YTOOBI pa3Mep NPH3MBI
ynopa ofecneunBaj yCTOHYMBOCTb , OTBaja. : BricoTa
BCKDBILIHOrO YCTYNa JOJXKHa ObITh He OOJibllle TOH, NPH
xoropo#i obecreynBaercsi JOMyCTHMasi BLICOTa OTBaJa.

CKOpOCTb OTCHIIKH OTBaJlOB HOJIXKHAa  OOECIeuHBaTh
paccedBaHHe IOPOBOrO I aBJIEHHS B OCHOBAHMH OTBaja HJIH,
Hao60pOT, HOJXKHaA OBITh JOCTATOYHO OOJBIIOH, 4TOOH B
npeablymiell OTBAaJbHOH 3axoJKe He YCIEJH DPa3BHUTHCA
onon3HeBble mepopmanud. IIpaBHIBHBIN yuer ycJIOBHil
BO3HHMKHOBEHHS OMNOJI3HEeH IO3BOJHT ONpeNeNHTb IapaMer-
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pbl OTBaJbHBIX pabor, obecneyuBaiollHe yCcTOHYHBOCTb OT-
BaJIOB ¥ PUTMHYHOe (QYHKIHOHHPOBaHHE OTBAJbHOIO XO3si-
cTBa. '

3.6. TEXHOJIOTHYECKHME NMOCJEANCTBHS OMNOJI3HEBBIX
JE®OPMALLMH

Passurue omossHe#t u npyrux nedopmanuit Ha coBpe-
MEeHHHIX KapbepaXx MOXKET NpHBeCTH K IIOJIOMKE TOpHO-
TPAHCIOPTHOrO OGODYIAOBAaHHSI H HECUYAaCTHHIM CJIyYaaM;
HapylIeHHIO HOPMAaJbHOH 3KCIJIyaTallud Kapbepa HJIH €ro
yuacTKoB, HeOOXOAWMOCTH OTIPY3KH [ONOJI3HEBBIX Macc,
IOTOJIHUTENIbHOR pasHocke Gopra u T. m. PaccMOTpuM He-
KOTOpble H3 3THX MOCAeACTBHH.

CKOpOCTb DasBHUTHSL ONOJI3HEBHIX JedOpManHuil MOXET
JNOCTHraTb 3HAUHTEJNbHBIX BEJHYHH, YTO B pslle CIyyYaes
He N03BOJISIET BOBPEMsI BBIBECTH TOPHOe 060DYHOBAaHHE H3
OmacHo#l 30HHL.

Omon3uyu, Kak NPaBHJO, Pa3BHBAIOTCA B OTKOCAX Cla-
6bIX MOpOJ C JJHUTENbHBIM CPOKOM CTOSIHHS, T. €. NMPHYpO-
uyuBalOTCd K BEPXHUM TOPH30HTaM Kapbepa, MmO KOTOpHIM
OCyLIECTBJISIeTCS T[PY30TPaHCNOpPTHass - cBA3b. PasputHe
OMOJI3HS MOXET HapYIIHTb TPAaHCIOPTHble KOMMYHHKaLHH
3a cueT paspyllleHus GepMbl, Ha KOTOPOii OHHM pacCIOJIOXKe-
Hbl, WJIH 3aBaJKH HMX OmON3WIMMH MaccamHu. Hapymenue
TPY30TPAHCIHOPTHOH (C€BSI3M IPHBOAMT K IPEKpaIleHHIO
HOpMaJbHOTO (PYHKIMOHHDOBAHUS Kapbepa, a TaKXe K
9KOHOMHYECKHM TOTepsM.

Boccranosienne  paGomiocmocOGHOCTH — TPAHCIOPTHBIX
KOMMYHHKanu#i 60pTa, HapylleHHBIX OTOJ3HeM, NOTpebyer
y@ajeHusi ONMOJISIIHX MacC M MONOJHHTENBHOrO pasHoca
Gopra. BeauunHa 3aTpaT Ha BBHINIOJHEHHe 3THX palboT, Kak
NpaBMJIO, 3HAYHTENbHO IpEBHIIaeT 3aTpaThl (MHOrAa Ha
NecITKH MHJJIHOHOB pyOGJieft), KOTOpble NMOHAaZOOHIHCH Obl
cpasy Ha npHIaHHe G0pPTy YCTOHYHBOrO yrija OTKOCa.



PA3JIEJ 11

PACUET YCTOMYMBOCTH OTKOCOB

4. PACYET YCTOMYUBOCTHU METOA0M
NPEAEJbHOIO HANPSA)KEHHOIO COCTOSIHUA

4.1. ACXOJHbIE JAHHBIE, HEOBXOJAMUMBIE JJid PACYETA

HcxonHble naHHBle HIJIS ONpENENEHHST  YCTOMYHBOCTH
6opTa — 3TO KOMIIEKC CBeJEHHH O NPHPOMHBIX" H FOPHO-
TeXHHYECKHX YCJIOBHSX, XapaKTepH3YIOIHX paccMaTpHBae-
MBIl OOBEKT.

Feonmorunueckioe crpoenune. B mpenerax Kape-
€PHOTr0 TOJS BHIAENAIOTCA OXHOPOAHBIE YYacTKH H IJf
KaXJOro CTPOMTCA IONEepedyHblH paspes, Ha KOTOPOM Ha-
HOCHTCSI TIOJIOXKEHHe CJIOeB, IOJIOXKEHHE MOTEHIIHaJbHBIX
NOBEPXHOCTEH CKOJBXKEHHSI H KOHTyp Kapbepa. OcoGoe
BHHMaHHe cjenyer 0oOpaTHTb Ha BbiJeJeHHe CJIabGbIX KOH-
TaKTOB, CJHa6BIX CJI0EB M KPYNMHBIX TEKTOHHYECKHX Hapy-
uieHut.

dusnKo-MexaHHUeCKHe CBOHCTBa MaccCH-
Ba TOpPHBX mopoA. OCHOBHBIMH pacCUeTHHIMH Xapak-
TEPHCTHKAMH IIPOYHOCTH SfIBJISIOTCS KPHBHIE NpefeJbHOr0
COIPOTHBJIEHUS] CABUIY H KpuBas [JHTEIbHOH TPOYHOCTH
(s TOCTOSIHHBIX 'OOPTOB), KOTOpHle XapaKTepH3YIOTCS
CIeMJeHHeM H YrJIoM BHyTpeHHero Tpenusi. OHH ompene-
JSIOTCS MO pe3yJbTaTaM JabopaTOPHBIX MJAH HaTYPHHIX
UCOIBITAaHUH IJs1 KaXKIo# JIHTOJOrHuecKodl pasHOCTH HOPOZ,
cjaaraiolmux 60pT Kapbepa.

Jisi mosydyeHHs HajeXHoro rpad¥kKa NpOYHOCTH ISt
HNaHHOH TOpPOAB HYXKHO HMeTb OT 15 mo 30 wucmbiTaHu#
Ha CJIBHI.

B OGosbliMHCTBE METOLOB OIIpelEJEHHsI TapaMeTpoB
ycTOMUHBOrO OTKOCa HEO6XOAHMMO HMETb IO TOBEPXHOCTH
CKOJIbXKeHHsI yCpelHeHHble HaHHble 0 (H3UYECKHX CBOWCT-
BaXx. B 3TOM cilyuyae HCIOJNb3YIOT CpefHEB3BELIEHHble 3Ha-
yeHusi cBOHCTB noponsl (puc. 4.1), ompenensieMble Kak

¥ — YimiA-Yemet ... Vi (4.1)
cp - my+me4 ... Fmy ’
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kcp=klll+k212+---+kili (4-2)

htl+... 4+
tgplolll+tg920212+...+tgp-0 l;
togy == i 0 b4 4.
&2 o1li+403l4 ... 40,4 . (49)

rie y; — IUIOTHOCTb NOPOX i-r0  CJIOSI; M; — MOINHOCTD
NOpOoX i-r0 CJIOS B TNpexelax MPH3MBI BO3MOKHOrO o6py-
meHust; l; — NJIHHA yYacCTKa TOBEPXHOCTH CKOJBXKEHHS B
npefenax i-ro caos; P; i Ri—yrol BHYTPEHHEro TPeHHS
U CIHelJeHHe i-T0 CJIOSI; O3 — OPHEHTHPOBOYHOE 3HAYEHHE
BEJIHYHHBl HOPMAJIbHOTO HANpSIKEHHS B MNpelenax ydyacT-
Ka MOBEPXHOCTH CKOJIbXKEHHsi, MPOXOsINeii 10 i-My CJOIO.

0, =Y, 2/ c08* @, , (4.4)

roe  h; —MOINHOCTb CIOSL B TIpefiesiax  3JeMEeHTapHOro
6J0Ka, ONMPAIOIerocss Ha Yy4aCTOK MOBEPXHOCTH CKOJb-
XKEeHUsI B Mpefeaax [-ro cJosi; Q; — yroJl HAaKJIOHAa yyacTka
NOBEPXHOCTH CKOJIbXKEHHUS B MPEeNax i-ro CJos.

BennuuHa cuoemyieHHss MacCuBa  NOPOX INpPH HaJdHYHH
pPa3BHTOfl TPELIMHOBATOCTH CYUIECTBEHHO OTJIHYAeTCs OT
NaHHBIX, TOJYYEHHBIX IPH HCNBITAHHH O6GpPAasnoOB OrpaHH-
YyeHHBIX pasMepoB. B 5TOM ciyuae BMeCTO BeIHYHH Ky,
ko, ..,kn TpHHHMaeTCs  CIeIUIeHHe, ONpefensieMoe IS
Kaxmoro cJjos [32]:

ki —k,
by = ————, (4.5)
l14alnm;w
roe k; —coemieHdHe TOpox B o6pasue, Ila; k; —

CHemJieHHe N0 TpellMHaM B mepoxax i-ro ciosi, Ila; w —
CpeaHsisi HHTEHCHBHOCTb TPELIHHOBATOCTH (CpexHee KOJH-
yeCTBO TpeIlHH, MpHXoismieecs Ha 1 M) B mpexenax i-ro
caosi, 1/M; a— Ko3(p(UIHEHT, 3aBUCALIMH OT CTeNeHh

TPELINHOBATOCTH H CLEI-

JICHHS B ob6pasue
(raba. 4.1).

Jas ciaabulx mecya-
HO-TJIHHUCTHIX NOpoJ

(k<<0,39- 108 IMa) ¢
pa3BHTOH TpPEIIHHOBATO-
CTBIO CIEIJIEHHE B Mac-
cuBe (c yd4eToM TpeIIH-
Puc. 4.1. OnpeneneiHe cpeaHeB3Be- HOBATOCTH)

LIeHHbIX 3HayeHHH CBOACTB NOPOAB AJIs by =\ k, ( 4 6)
pacyera ycTOHYUBOCTH £ ) .
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Ta6auma 4.1

Cuensenve B Mo-| Kosddunuenr
Moponsi HoauTe, 108, Tla a

TlecuaHo-rauHUCTHE C1a60YNIOTHEHHbIE
H cJaGoTpelHHOBaThe OTJIOXKEHHS;
CHJIbHO BBIBETpeJible, MOJHOCThIO Kao-
JIMHH3UPOBAHHEIE 0,39—0,88 0,5
YnnorHeHHBle MeCYaHO-TJIHHHCTHE  OT-
JIOXKEHHSI, B OCHOBHOM HOPMaJIbHOCeKY-
Wefl TPeUIMHOBATOCTH; CHJILHO KaoJH-
HHU3HPOBaHHble H3BepXKEeHHbIe 4,9—7,85 2
YnioTHeHHBlEe MECYaHO-TJHHHCTHE  OT-
JIOXKeHHsI ¢ Pa3BHTOfl Kococekylieit Tpe-

LIHHOBATOCThIO, KaOJINHU3HPOBaHHEIE
H3BepKeHHble 4,9—7,85 3
Kpenkue clioncThle, NpeHMyllleCTBeH-
HO HOpMaJlbHOCeKYlllefi — TpelIHHOBaTO- 9,81—14,71 3
CTbIO 14,71—19,61 4
Kpenkne, mnpeumymectBeHHo ¢ Hop- | 19,61—29,42 6
MaJibHOCeKylllell TpellHHOBAaTOCTbIO Bousee 29,42 7
Kpenkue u3BepikKeHHBIE C Pa3BHTOH KO-
coceKylleH TPellHHOBATOCThIO Bosee 19,61 10

rae A — Ko3¢(dUIHEHT CTPYKTypHOro ocnabJieHHss MaccHu-
Ba (A=0,3-=0,8).

Bennuunsl cuensienusi ¥ BHYTPEeHHEro TpeHHs MO MO-
BEPXHOCTAM OCHabJeHHss ONpeleNsloTcs IO pe3yJabTaTaM
HaTyPHBIX HCNBITAHUI.

Tupporeonornueckue paktops. Ha mome-
peuHBbI pa3pe3 MOJKHB OBITb HaHeceHBl YPOBHH INOMA3EM-
HBHIX BOJ, OXHIaeMble NpH pabore Kapbepa, ONpeAeeHb!
Ko3(duuueHTsl (bHIbTPALUH, BEeJHYHHH NPHUTOKOB H T. IL
Oco6oe BHHMaHHE ClefyeT YAeAATb HAJHUYHIO HAaIlOPHBIX
FOPH3OHTOB B INOAOLIBE Kapbepa.

O6GBOIHEHHOCTb KOHTAKTOB CJIOEB HJH  CTPYKTYPHBIX
HapylieHN# TIpW HaJUYHH B HUX TOPOJ, CKJIOHHBIX K Ha-
OyXaHUI0 H DPa3yNJOTHEHHMIO, NOJXKHA YYHTHIBATHCS MNyTEM
yMeHbIlIeHHsI pacyeTHBIX XapaKTepHCTHK yrja BHYTpEHHe-
ro TPeHHS MO KOHTaKTaM.

Kaumartnueckune ycaoBusa KoanuecTBo armo-
cdepHbIX OCaAKOB B NIpsAMOH (opme HH B OIHOM MeTOAe
pacuera He yuuThIBaeTcs. [l obecneueHus yCTOMYHBOCTH
cTpeMsTCSl CBECTH JeHcTBHe 3TOro (akropa K MHHHMY-
My — NMyTeM IiepexBaTa TIOBEPXHOCTHOIO CTOKa, MJIaHHPOB-
KH OTBaJiOB, 3a0TKOCKH YCTynoB M T. IL
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'‘Mep3anOTHBIA peXXHM  KapbepHOTO MOJsi B pacueTax
YCTOHUHBOCTH YYHTHIBA€TCS B HesIBHOH (OpMe MyTeM BBe-
HeHHs B XapaKTePUCTHKH MPOYHOCTH  IIOPOJ  3HAUEHHH,
COOTBETCTBYIOINX MEP3JAOMY H TaJOMy COCTOSTHHIO MOpOJ]
OTKOCOB.

FopHorexunueckne pakTophn. Ilpu pacuere
YCTYNOB NOJXKHBl YYHTBIBATHCS Macca 0GOpVIOBaHHSI H
IMHaMHYeCKHe HarpyskKH mpH ero pabore, BIMsSHHE B3PHIB-
HbIX Harpy3ok ¥ Japyrue (akTophl.

Ceficmuueckuit daktop. B pacuerax yuuriBa-
ercs ceficMHYeCKoe ycKopeHHe (NMJIOTHOCTH IOPOJ HPH pac-
yeTaX YBeJIHYHBAETCS  NPONOPIHOHAJBHO  OXHIaeMOMY
CEHCMHYECKOMY YCKOPEHHIO).

4.2. KO3®PHUHMEHT 3ANNACA YCTONYUBOCTH

CremeHb yCTOHYMBOCTH OTKOCa OOBIYHO OlEHHBaercs
OTHOIIEHHEM CYMMBI yIEepXKHBAIOIHX CHI K CyMMe CHIBH-
raiomux, IOJIYYHBLUIMM HasBaHHe KosdduuHeHTa 3amaca

YCTONYHBOCTH:
n

tep 3 Ni+kL
n= — i . (4.7)

n

R

=l
rie tgp — kosbduuyent BHyTpeHHero TpeHus; N; — Hop-
MajabHas cujia Ha i-fi muomanke; T;— KacaTeJbHas cHJa
Ha i-if maowanke; k — cuennenne; L — gauHa moBepxHO-
CTY CKOJIbXKEHHS; 1 -—YHCJ0 pacCMaTpHBaeMBIX IIIOIIa-
IOK 1O JJIMHE TIOBeDXHOCTH CKOJIbXKEHHS.

B Hnacrodmee BpeMs Her elle  HaJeXHbIX MeTONOB
pacueTa BeNHYHHB Ko3dduuueHTa 3amaca YCTOHYHBOCTH
OTKOCa. DTO CBSI3aHO ¢ HECOBepIIEHCTBOM 3THX METOJNOB,
BEPOSITHOCTHBIM XaPaKTepOM MCXOIHBIX JaHHBIX TO CBOH-
cTBaM TOPOA U psgoM JApyrux dakropos. TlosaToMy K03(-
¢unreHTOM 3amaca yCTOHYHMBOCTH COBOKYITHO YYHTHIBAe€TCA
HeoGXOMUMbIH 3amac YCTOHUMBOCTH MJIsi oGecneueHdsi pabo-
TBl OTKOCA KaK HHIKEHEPHOIO COOPYXEHHss W BO3MOXHbLIE
MOrpeliHOCTH OmNpeNesNeHHss CABHTalolHX H YIEpXKUBalo-
mux cun [2].

PaccMOTpHM BJMSIHME KOHKPETHHIX NPHUMH Ha BHIGOD
HeoGxomuMOro KoadduinueHTa 3amaca YCTOHYHBOCTH.
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1. McxonHrle XapaKTepPHCTHKH TNPOUYHOCTH  06pasiios
ropHBIX Topox [8] ompemenstoTcs ¢ TOrpelIHOCTBIO HE
gonee =+79%.

2. MaMensieMOCTh CBOWCTB MOpOJ BO BpeMeHH (BbIBET-
pHBaHHe, DasymJIOTHeHHe, HaGyXaHHe, TNOJ3YYeCTb) IpH-
BOAHT K CHHXKEHHIO CONpOTHBJIEHHs chasury Ha 20—30%,
a BEpPOSITHOCTb peasIH3allHH ONOJI3HEH BO3pacTaer € Teye-
HHEM BpEMEHH.

3. HerouHocTh yuyera TpEUIMHOBATOCTH MNOPOX B Mac-
cuBe (0cOGEHHO HJSI CKaJbHBIX M TIONYCKAJIbHBIX TOPOZX)
NPUBOJSAT K CYIIECTBEHHOH MNOrpelIHOCTH  ONpEeAeNeHHs
BEJHMYUHB COTNPOTHUBJEHUS CIBHIY.

4. HeroyHocTb onpepeseHHs NHHAMHYECKHX Harpysox
or B3priBa BB, maccel oGopymoBaHHss M T. I. JOCTHraer
+15—209%.

5. Omnbka MeromoB pacyeTa He mnpesbmaer 4=5—69%.

Ha xosd¢uuuent samaca MoXeT BJAHATb H pAX HpPY-
rix ¢axropos (Hampumep, ceHCMHYHOCTb pafioHa M Ap.),
KOTOpbIE JIOJIKHBl GbITH yuTeHH mpu pacuere. OKOHUaTeNb-
HOe 3HaueHHe pacueTHOro (NMpHHHMaeMoro) Ko3dduunueH-
Ta 3amaca YCTOHYMBOCTH [UIS NAHHOTO OTKOCAa NpHHHMA-
encsi HCXONsi M3 (DaKTHYECKOro HaJHUHsi TeX HIM HHBIX
tdakTopoB, T. e.

M=MmMN-- M. (4.8)

Jlo Hacrosilllero BpeMeHW BBIOGOpP BEJHYHHBI pacyeTHO-
ro KosgpduuueHTa 3amaca YCTOHYMBOCTH OCTaencsi 3MIH-
puyecKuM, a u3MeHeHue ero Ha 0,1 MpHBOJXHT Ha KDPYNHBIX
Kapbepax K H3MEeHEHHIO 00beMOB BCKPHILHBIX INOPOA Ha
IeCSITKM MUJIJIMOHOB KYyOHUYeCKHX MeTpoB. B cBA3H c 3TuUM
npu BHGOpe K03hdHIHEHTa 1p HEOGXOAMMO YUHTHIBATH H
skoHoMHueckue (akrtopsl. ONHAaKO NOMBITKH pELIEHHsT 3TO-
ro Bompoca '[10] moka uTo He Haju YLOBJETBOPHTENIbHBIX
pesviabTaTOB. .

B 6oJbLIMHCTBO pacueTHEIX METONOB [Jisi  OTpenese-
HHSI TIapaMeTPOB OTKOca, ob6ecTeUHBAIOUINX 3aJlaHHYIO CTe-
NeHb YCTOMYMBOCTH, BBOMST DacueTHBA KOIQQHIHEHT 3a-
maca mp B NPOYHOCTHBIE XapaKTEPHCTHKH NOpOA. JTH Xa-
PAaKTepHCTHKH TNOJYYHWJIH Ha3BaHHE pacCUeTHBIX

pp = arctg %ﬂ ; (4.9)
R p
tgpp = “EL (4.10)
p
by = _ﬁ_p (4.11)
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U N0 HUM ONpeNe/sloTCss MapaMeTpel OTKOca MeTooaMu
NpeaesbHOT0 PaBHOBECHS.

B.. nocienHee BpeMsi BMecTo — Koad@HIMeHTa 3anaca
YCTOHUHBOCTH TpejJiaraeTcs HPUMeHATb OLEHKYy YpOBHS
pHCKa HapyIIeHUs YCTOHYMBOCTH OTKOCOB [2]. D10 mos-
BOJIIET YYECTb BEPOSTHOCTHHIH XapaKTep HCXOAHBIX I aH-
HBIX O MaccHBe TNOpOZ.

4.3. PACYET OTKOCA BOTHYTOrO MPO®HJIS
(METOJ, B. B. COKOJIOBCKOI0)

Jlaisi OTKOCOB, HArpy»X€HHBIX BEPTHKAJbHBIM CJIOEM I10-
polbl BbicOTOH gy = —Y~ctg (45° — —g~) , T. €. IJs OTKO-
COB, Ha KOTODbIX IO BepXHeH mJjomanke (BHOMbL IOJOXKH-
TeabHOH modyocH X)npHIOXkKeHo HampsikeHHe 0y =2kctgX

><(45°— —g—), Ha ocHome Merosia B. B. Cokousosckoro [29]

OblIM ONpenesNeHbl IS pPa3IUyHBIX  YIJIOB BHYTPEHHEro
TpeHHs p yepes 5°. 3HaueHus Oe3pa3MepHHIX KOOPAHHAT
X, ¥ npepmenbHOro KOHTYypa OTKOCa INpeACTaBJEHB  Ha
puc. 42. Takum o6pa3oM, pacyeT OTKOCa CBOJHUTCS K CJe-
nylomemy: BbIGHpaencs Ko3G@HIMEHT 3amaca yCTOHYHBO-

Qg 02040608140% 4 8 12 16 20 24-X

!

072 4 \\l\le :50

04 8 > 5
05 N
08 6 AN =
/’o — 20 NN ejo
4 T NN
1\ N e DS
an /%: - 28 ‘\\ I
16 Zlga— 32 ~<a,
7,8 \ 7{75% 36 A
2ol WY w0 N
Y y

Puc. 4.2. Tpadux npejenbHbiXx oyepTaHHi PaBHOYCTOH-
yuBoro oTKoca Borayrtoro npoduas (mo H, C, Myxuny
n A. H, Cparosuu)
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CTH; OTpeNeNsIoTcs pacyer-
Hble XapakKTepUCTHKH 10 |
dopmyaam (4.1), (4.7) u X | -
(4.9); ompenmensieTcsi TIpe- \
jaenbHast ryOHHa Kapbepa

H—Hgy, (npoektHasi) u or- =
kJaajgbiBaeTcsi Ha rpaduke
npejeNbHOTO KOHTypa OT-
Koca y=H (puc. 4.3); BH-
uncasiercss GespasMepHasi
KOoOpauHaTa YY

Hao
&
8

=Y
Ji
7
7

H‘Hga

- Yp Puc. 4.3. OmpenenenHe KOHEUHOTO
yy=—H; (4.12) «xourypa omkoca N0  MeTOAY
kp B. B. CoK0JI0BOKOrO

no rpadguky puc. 4.2 ompejensierci CONyTCTBYyIOilee e

3HayeHHe 6e3pa3MepHON KOOPAMHATH x '[misi pp (B ciayuae
€cI¥ (p HE OTBEYaeT NpHBENEHHBIM 3HaueHMsM NpH On-

Pe/le/ieHHH X) TPOH3BOAMTCS uHTepmoasuus]. Ilo 3maue-
HHIO Ge3pa3MepHOH KOOPAHHATH — X| BBLIYHCISIETCS HCTHH-
Hasg KOOpAMHATa — X

= kT"(-T() (4.13)

H CTPOMTCS Ha rpadHKe HHXKHSIE TOuKa oTkoca (Touka I
Ha puc. 4.3).

3aTeM BBIUHCHASIOTCA 3HAYeHHs] KOOPAMHAT Y; M X; IJs
JI06bIX TIPOMEXYTOUHBIX 3HAYEHHH TJIyOGHHB Kapbepa aHa-
JOTHYHBIM croco6oM (1m0 rayOGuHB He MeHblie Hgp).

OueByaHO, YTO M3-3a HAJWYHSI B BEPXHEHl YacTH OTKO-
ca BepTHKaJbHOIO ydacTKa BBICOTOH Hgy mpoduiab OTKOCA
HOJXeH ObIThb BHIOJOXeH. [lonb30BaThCS  H3JIOXKEHHBIM
METOAOM MOXHO TOJIbKO NMPH pacyeTe OTKOCOB, CAOXKEHHBIX
OIHOPOIHBIMH TIOPOAAMH.

4.4. PACYET OTKOCOB BbIMYKJIOIO NMPOPHIIA

Ha ocuose Meroma B. B. Cokoaosckoro B. T. Ca-
MOXKHHUKOBHIM '[27, 28] mosyueHO uMCIIEHHOe pellileHHe 3a-
Ja4d O TPENeJbHOM KOHTYpE OTKOCa BBHINYKJIOro HpOduis.
Brinyksnass ¢opMa oTkoca siBJsiercss HaHboJee NMPeNIOYTH-
TeNbHOH, TAK KaK NPH 3TOM COKpaIlaloTcs OOBbeMbI
BCKDHILHLIX paf0oT, a KpoMe TOro, 6ojee IOJHO Y4YHThIBa-
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I0TCSI TPOYHOCTHbIE XapaKTEPUCTHKH, OOGLIYHO BO3pacTai:
mue c rayouHOH.

[TocTpoeHHe OTKOCa BBLIIYKJIOrO IPOGHJISA NPOH3BOLHI-
cs1 B CJAeRyIOUleM NOpsAAKe; ONpeNeNsIoTC pacueTHHE Xa-
PaKTEPUCTHKH Tp, Yp, Pp, Rp; 1O HHUM BBIYHCJISETCS] BHICOTE

Hgo.
[MpuBenennass ray6una kapbepa (B M)

Hy= (4.14

b

Hygo
rie I, — COOTBETCTByeT KOHEYHOH TIJIyOMHE Kapbepe
H}(=1H1.
ITo snauennio H; Ha ocnose Taba. 4.2 ompexeinsercs

NpUBENEHHOE 3aJoXeHHe 6OopTa L [32]. Hecruune.
3HaueHHe 3aJoxeHusi Gopra

L, = Ly Hy. (4.15
Tab6auma 4.

VenosHas 3ayioxKeHHe OTKoca L'l BeINyKJOro 60opTa mpu Hgp=1 M H
BBHICOTA yraax BHYTPEHHEro TpeHHs P, TPajyc
OTKOCa
H', M
1 5 10 15 20 25 30 35
1 0 0 0 0 0 0 0
1,5 0,57 | 0,50 0,46 0,40 0,35 0,33 0.27
2,0 1,37 1,20 1,05 0,93 0,85 0,75 0,0
2,5 2,37 | 2,03 1,80 1,55 1,35 1,22 1,08
3,0 3,83 | 3,02 2,60 2,25, 1,95 1,72 1,4
3,5 6,00 | 4,17 3,50 2,95 2,55 2,25 1,9t
4,0 8,70 | 5,50 4,50 3,75 3,20 2,77 2,44
4,5 11,7 | 7,10 5,57 4,50 3,90 3,35 2,90
5,0 15,00 | 8,75 6,70 5,40 4,60 3,95 3,4t
6,0 — 12,30 9,15 7,30 6,05 5,20 4,47
7,0 — 15,90 | 11,75 9,20 7,60 6,45 5,50
8,0 — 19,50 | 14,45 | 11,25 9,156 7,75 6,60
9,0 — | 23,00 | 17,20 | 13,30 | 10,80 9,15 7,7
10 — — 20,05 | 15,40 | 12,45 | 10,55 8,9t
11 — — 23,00 | 17,55 | 14,20 | 11,90 | 10,0¢
12 — —_ 25,90 | 19,80 | 15,95 | 13, 195 11,2¢
13 — — — 22,10 | 17,70 14,65 12,4z
14 — — — 24,30 | 19,50 | 16,10 | 13,6¢
15 — — — 26,60 21,35 | 17,50 | 14,6¢
16 — —_ — — 23,20 | 18,95 16 0
17 — — —_ —_ 25, 00 20,40 | 17,2¢
18 — - — — 21,85 18,4t
19 — —_— — — — 23,35 | 19,6¢
20 — — —_ — — 24,80 | 20,8¢
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B nauasne KoopAHHAT
HL (puc. 4.4) orkna-
nbiBaeTc BhicoTa Hgy U
CTPOHUTCA N0JI0JKeHHe
toukn 1 (H,, L1), coor-
BeTCTBYIOIlee  BepxHeil
6poBKe OTKOCa.

Bepytca nmpomexy-
TOUHBIE 3HAYeHHS TJIy-
6un xapbepa Hi<<Hi w 3t Li L
ISl 3THX Tay6uH (i — L1 -
TOYKH OTKOCAa) HaXOIUT-
csl aHAJOTHYHBIM 00pa- Puc. 44. Cxema IOCTPOEHHS OTKOCA
30M 3HaueHnue L; u CTpo- 6opra Kapbepa BHIIYKJIOrO TNPOdHIIS
SITCSL TOUKH, ONpeResio- no merony B. B. Cokososckoro
e KOHTYyp 60pTa Kapb-
epa.

Tak kak Ha/JWuHe BEPTHKAJBHBIX OTKOCOB HEIOMYCTH-
MO, HHXKHSISI yacthb OTKOca (Ha BbicOoTy /3 Hyx) npHHHMa-
eTcsl IIOCKOH ¢ MaKCHMaJbHO BO3MOXKHBIM YIJIOM @j, KO-
TOPHIH NpPUHMMAETCsd DPABHBIM MAaKCHMaJbHOMY TeXHHYECKH
JNONYyCTHMOMY Yray ¢ ydeToM GepM H Cbe3JOB.

[Ipodpuap ycTofiunBoro BHINYKJOro 60pPTa MO HU3JOXKEH-
HOH MeTOI¥Ke MoOXeT ObITb pacCUHTaH B OJHOPORHBIX TIO-
poax, He HMEIOUIMX MOBEPXHOCTeH ocaalbieHHs, manaio-
IMIHX B CTOPOHY BBIEMKH HJH TOPHU30HTAJbHBIX.

CpaBHeHnue mpouiell 0TKOoca B mpelelbHO HaNpPsXKeH-
HOM COCTOSIHHM TIOKa3aHO Ha pHc. 4.5

ITpy KOHCTPYKTHBHOM OGOpPMJEHHH BBHINYKJIOro GopTa
ero mpodunb Koppektupyior (puc. 4.6). Caenyer umerb

Hy=Hy
Hi<Hy

Hoo

Puc. 4.5. CpaBHeHue mnpobdu- Puc. 4.6, Cxema KOpPPEKTHPOBKH BbI-

JNell oTKoca Gopra Kapnepa B NyKJoro npoduis oTkoca:

npenesbHOM HanpsKeHHOM I — pacuetnoro; II -- CKOpPCKTHPOBAHHOTQ
‘COCTOSIHHH!

1 — pornyToro; 2 — naockoro;

3 — BBINYKJIOTO
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B BHAY, YTO OTKOC JIOG0Or0 IJaBHOrO mNpoduisi B  30HE
BBEINIYKJIOTO M BOTHYTOI'O PACUYETHBIX OTKOCOB HMMEeT OAMHA-
KOBBIH KO3(duiHeHT 3anaca ycroiunsoctu [27].

4.5. PACYET OTKOCOB MJIOCKOro nrPO®uJA

Ha ocnose merona B. B. Cokonosckoro u I. JI. ®u-
ceHKo [32] momyueHo uuc/eHHOe pellleHHe 3aauH O KOH-
Type maocKoro 6Gopra.

ITopsimok mocTpoeHHs] 3aK/IIOYAETC B CJAEAYIOLIEM:
onpenensioT BeauMunHy Hgp; mo 3ajmaHHOB  BHICOTE 6OpTa
OnpenestioT YCJI0BHYIO BEICOTY oTkKoca H' — . TI0 3Ha-

90
UeHHIO yrja BHYTPEeHHero TpeHHs p mo taba. 4.3 ompene-
JSI0T Yroa oTKoca GopTa Kapbepa.

Ta6auma 4.3

Yron HakjJoHa IUIOCKOTO GopTa (B rpajycax) mnpu yrie
Yenosnas BHYTPEHHEro TPeHHs P

BBICOTA
oTKOCa
H', m

0 5 10 15 20 25 30 35

9 90 90 90 9 90 90 90

83,0 | 83,0 | 84,0 | 84,5 | 85,0
71,3 | 73,0 ( 74,6 | 75,8 | 77,3 | 78,1 | 79,6
60,0 | 63,6 | 65,5 | 68,2 | 71,0 | 72,5 | 74,4
47,3 | 53,7 | 58,0 | 61,8 | 65,2 | 68,0 70,2
37,0 | 46,1 | 51,0 | 56,3 | 60,2 | 64,0 | 66,5
45,8 | 51,3 | 56,0 | 60,1 | 63,6
22,3 | 34,6 | 41,6 | 47,2 52.5 56,9 | 60,9
18,0 | 30,8 | 38,0 | 44,0 | 49,6 | 53,6 | 58,5
14,7 | 27,8 | 35,0 | 41,4 | 47,0 | 51,7 | 56,6

o]
(=4
-
oo
—
>
e}
N
w

© 00~ O O UL UL 1 0O L0 NI ROt 1ma
cCoocouonononoUIonN o

, 12,0 | 26,8 | 32,7 | 39,1 | 45,0 | 50,0 | 54,8
, 10,0 | 24,0 | 30,9 | 37,3 | 43,4 | 48,5 | 53,4
8,0 22,5 | 29,4 | 36,8 | 41,9 | 47,1 | 52,2

20,1 | 27,2 | 33,6 | 39,6 | 45,2 | 50,2
18,4 25 6 | 31,7 | 38,0 | 43,9 | 48,6
17,1 24,2 30 3 | 36,7 | 42,6 47,4
16,4 | 23,4 29,7 36,7 | 41,6 | 46,4
15,8 | 22,7 i 29,0 | 36,0 | 40,7 | 45,6
14,6 | 21,4 | 27,9 | 34,0 | 39,2 | 44,3

— 19,8 | 26,8 | 33,0 | 38,3 [ 43,0
— 19,2 | 26,2 | 32,3 | 37,7 | 42,7
— — 25,5 | 31,7 | 37,1 | 42,1
— — 24 7 | 30,3 | 36,5 | 40,9
— — 29,7 | 35,7 | 40,3
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5. UH)KEHEPHDBIE METOLbl PACYETA

5.1. OBIIIUE CBEAEHUYA

Kak 6bl10 mokazaHo B mpefblAylleli rJaBe, OCHOBHBI-
MH YCJTIOBHSIMH COCTOSIHHSI NpeNeJbHOr0 paBHOBECHSI CHI-
nyue-CBA3HON CPelbl fBAAIOTCA TPH ypaBHewus Kysoma.
Wnu, mepexops k miomanu KoHeuHoro pasmepa S u 3a-
MEHSIS HaTPSIXKEHHsl YCHAHSIMHM, NEeHCTBYIOIIHMHM NO IJIO-
majake, NOJYUYHUM

IM.=3M,; 2P, =0; 2P, = 0. (5.1)

Takum 06pa3oM, nmpH COCTOSIHHH TpeNeabHOr0 paBHO-
BECHSl IIO JIIOGOH MOBEPXHOCTH CKOJBKEHHS] JIOJIKHBI CO-
OMIONaThCsl TPH YCNOBHS CTATHKH CHINYdYe-CBSI3HOH Cpeibl:

PaBEHCTBO MOMEHTOB CIBHralOIlHX W YAepKHUBAIOUHX
CHJI OTHOCHTEJNBHO LEHTPa LYTH CKOJBbXKEHHS;

PaBEHCTBO MpPOEKIHH BEPTHKAJbHBIX  COCTABJSIOUIAX
yAepIKUBaIOMHX H CABUTAIOUHX CHJI;

PaBEHCTBO NPOEKIHH TOPH30HTANbHBIX COCTABJISIOIINX
YIAEPIKHBAIOIIHX ¥ CABHIAIOLIUX CHJI.

OnHako B MHXKEHEDHBIX METOJaX pacuera 3TH YCJIOBHsI
YaCTHYHO He BHINOJIHSIOTCS.

B uHXeHepHBIX MeTORAX pacueTa HCNOJb3YeTcs pSi
YaCTHHIX BBIBOJIOB TEODHH  TNpEAeJbHOr0 Hampsi)KeHHOro
COCTOSIHHSI (OpPHEHTHPOBKA IVIOIAflOK CKOJNBXKEHHSI OTHO-
CHTEJIbHO TIJIaBHOTO HOPMAJBHOTO HaNpS)KEHHs1 67 H Ap.).
Kpome TOro, oHM B 3HAUUTEJNBHOH  CTENEHH YUYHUTHIBAIOT
0COOEHROCTH CTPYKTYphl MaccHBa, OOBOJHEHHOCTb H HpY-
THe TOpHO-reoJiorHueckne (akTopel. DT  METOAB Gojee
NpOCTEl H MeHee TPYAOEMKH, UYTO NpeLONpefeNHIO HX IIH-
poKoe pacnpocTpaHeHHe.

5.2. OLEHKA YCTOMYHBOCTH OTKOCA NMPH MNMJOCKOH
NMOBEPXHOCTH CKOJILB)KEHHS
(METOL . M. HTUMBAPEBHYA)

Jlns1 OpUeHTHPOBOYHBIX pacCyeToOB OTKOCOB, CJIOMXEHHBIX
onHopoAHbIMM nopozamu, II. M. Llum6apeBuu npeasoxuia
CYHTATh MOBEPXHOCTb CKOJIBLXKEHHSI IJIOCKON M HAKJIOHHOHM K
FOpH30HTY NOA yrjoM @ (puc. 5.1).

63



Puc. 5.1, Cxema pas pacyera

OTKOCAa NpH INUIOCKOH TOBEpPXHO-

CTH cKoJbxeHHs (mo IT. M. Llum-
6apeBHyy)

Ilna moMeHTa TnpeneabHO-
ro paBHOBECHSI TaHTeHIHa/b-
Haa cocrtaBiagomas T Beca
P npusmelt ABC 6yzer paBHa
CHJIe clelJeHus no miaockoctH AC mioc CUla TpeHHs

Psin =k AC + Pcosftgp, (5.2)

roie P— wmacca mpusmel ABC; p—yrom  BHyTpEHHEro
TpeHus, rpaayc. Macca npusmu ABC

—-ﬂ—-sin(a——-ﬂ); AB = " (5.3)

2 sina

P=y

TojcraBum 3nauenne AC us gopMmyasi (5.2) B dop-
myny (5.3) u peuluM ypaBHeHHe OTHOCHTENIBbHO T=k—
KosduuyeHTa ClUenJIeHus:

__k_=Hsin(a—6)si.n(6—p). (5.4)
v 2cospsina

O6o3naunm (o0 — 0) —uepe3 a;, OTKyna O=o — 0.
Torna

L_Hsin a; sin (@ —a; —p) ] (5.5)
Y 2sina cosp

ITo nnockoctu obpyuwenus AC cuna cuemjieHus Mak-

CHMaJibHa, T- €. — = max. I/IS yC/I0BHA MaKCHMyMa
Y
o —
o = 2 e, oTclofa

H—= 2ksinacospp ) (5.6)

a_.

in2
v sin 2

Metofom nopbopa IS 3aJaHHOM  BBICOTBI  OTKOCa
MOJKHO NOJYYHTh 3Hauenwe yria o npu m=1. lag mosbi-
LIEHHS] YCTOMYMBOCTH B HCXOJHble BEIMUHHBI &, p HYXKHO
BBECTH KO3(@UIUEHT 3amaca YCTOHYHBOCTH.
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Ecay npunsats a=90° To

Hop— —2EC50 (5.7)
vy sin? (45" — %)

5.3. OLEHKA YCTOMYHUBOCTH OTKOCA
NPU KPYIJIOLHJIHUHAPHYECKOM
WJIK JIABHOW KPUBOJIMHENHOM MOBEPXHOCTHU
CKOJIb)XEHHUA

Kpyraonunuuapuyeckasi WIM IJiaBHasi KPHBOJHHEHHas
TIOBEPXHOCTH CKOJbXXEHHs1 OOBIYHO 00pasyloTcsi B OJHO-
poaHBIX moOpojax (puc. 5.2,6), IpH TOPH3OHTAJbHOM 3a-
JEeraHud cJoeB ¢ OJU3KHMH 1O 3HAYEHHIO IIPOYHOCTHEIMH
XapakTepHCTHKaMHu (pHc. 5.2,8), a Takxe mpu o6paTHOM
najeHuy cjoeB B CTOPOHY MaccuBa (puc. 5.2,a).

Onenka ycTOHYHBOCTH OTKOCAa BeJeTCs Ha OCHOBe JiO-
NyLIeHHs,, YTO NOBEPXHOCTb BO3MOXKHOTO CKOJBbXXEHHs $B-
JISleTCsl KPYTJONWIHHAPHYECKOH (WJIH TJaBHOH KDHBOJM-
HeliHOH), a CHABHralONHHCS MacCHB SIBJSIETCSI <«KECTKHM
kauHoM». IIpu sToM cMellleHHMe MaccuBa paccMaTpHBaerT-
¢Sl KaK BpallleHHe «XKeCTKOro KJIHHA» BOKDYr OCH, mapal-
JeJbHOH NPOCTHPAHMIO OTKOCA H BHICTYyNaWIled KaK oCb
KpPyroBoro LWJIHHApPa (KaK OCb Teja BpallleHHsl), MOBepX-
HOCTb KOTOPOTO SIBJSIETCS TOBEPXHOCTBIO  CKOJIbXKEHHs
(1C). @

Ilpu pemwenun miockod 3azaun [IC mnpespaiaercs 8
LYTYy OKDYXHOCTH, a Ochb BpalleHnuss B Touky O (puc.5.3).
Mowment BpameHus cua Mg, — CTpeMSAIIHMXCS TNOBEPHYThb
MacCHB CMellamolluxcs Nopofx Bokpyr toukun O, ompene-
Jgsercd Maccol 3Toro KiuHa P ¥ ropH30OHTaJbHEIM pac-
crosHreM A MeXIy LEHTPOM TSJKeCTH  KauHa  (TOuKO#

Puc. 5.2, O6pasoBanye KPYTJIOUHJHHADHYECKOH HJH  TIABHOH
KPHBOJIHHEHHOH NOBEPXHOCTH CKOJIbXKEHHS
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Puc. 5.3. OueHka YCTOHYHBOCTH OTKOCa TO TPHHSI-
TOH KPYIJIOUHIMHADHUECKOH TOBEPXHOCTH CKOJIbXKe-
HHS

NPUJIOXKEHNsT Macchl KJaWHa P) W LeHTpoM BpalleHud
(troukoit O), T. e.

M. =PA. (5.8)

Jns onpeneineHHs MOMEHTa BpalleHHsl HCIOJAb3YETCs
MeToJ ajreGpanuecKoro cjoxenus cua. Ias atoro mpus-
My BO3MOXHOro OOpyllleHHSi pa3OHBalOT Ha psi BEPTH-
KaJbHbIX OJIOKOB ONMHAKOBOH wMpuHHL. Ilaomane 6Joka
(Si=h;b), ymHOXKeHHasi Ha IUIOTHOCTb TOpPOAB ¥y, Oymer
paBHa Macce P; (nmpu pellleHMH IJIOCKOH 3afayd IIMPHHA
npu3Mbl OOpYIIEHHS BAOJb NPOCTHPAHHS OTKOCa, T. €.
mo OcH 2, MpPHHHMaercd paBHOH 1 M)

Pi=SiY1=h1b’Y, (5.9)

h; — BHicOTa i-TO 6J0Ka, M; b — mupuHa G6JOKa, M.

Topu3oHTaNbHOE pacCTOsSIHHE OT LEeHTPa HPHJIOKeHHs
MacChl 3JeMeHTapHOro 6;0Ka 10 OcH BpalleHHs  (TOUKH
O) pasHo a; Torna MOMeHT BpallleHHs, CO3[aBaeMblil
3JIeMeHTapHBIM 6JIOKOM,

Mci = Pz a; . (5]0)
B To e BpeMs (4TO OYEBHJHO H3 DHCYHKA)
a; = Rsing; . (5.11)
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U caenosaTenbHoO,

n n
MC=ZMCi=ZPi RSiI’l(p,' . (5.12)
i=| 1
Tak xak Benwumna Pising;=T; npencrasiaser co6oii Ka-
CaTeJbHYIO COCTABJSIONIYI0 MacChl  OTHAEeNbHOro  6JIOKa,
NeACTBYIOUYI0O 1O TOBEPXHOCTH CKOMbXKEHHS B Ipefenax
JlaHHOrO 06JI0Ka, TO

M. =R¥T:, (5.13)
1

THe 7 — YHUCJIO 3JeMEeHTapHBIX GJO0KOB.

Cunamyu, yiepXHBAIOWKMH TPH3MY BO3MOXHOTO 06-
PYLIEHHSI OT CMeLleHHsl, SIBJSIOTCS CHJABl TPEHHS MO IIO-
BEPXHOCTH CKOJIbYKeHHSI (paBHBlE NPOM3BEJEHHI0 HOPMAaJb-
HOM cOCTaBJSIIOIIEH Macchl 6JOKa Ha K0I(GdUIHEHT BHYT-
penHero Tpenusi Nit@p) u cuabl cuensenus (paBHble Be-
JHYHHE CLeIJIeHHs] %, YMHOMEHHOH Ha NJHHY TIOBEPXHO-
CTH CKOMbXeHHS I; B mnpefefax 3/JeMeHTapHOro G6J0Ka).
B npemenax s;neMeHtapHOro 670Ka yAepiKHBAIOUIHE CHJIBI

Fy,'=N,' tgp+kl,. (514)

TlockonsKy HOpMasibHasi cocrasisiomas N;=P;cosgi,
TO yHepXHBaWOIlHe CHIB B TpefesaXx 3JeMeHTapHOro

6J10Ka
Fy; = P; tgpcosq; + k1 , (5.15)

a MOMEHT BpalleHHs] CHJ, YAEPXKUBAIOUIMX MAacCCHB OT
CMelleHHs,

n n
My=RtngP,~ Cos @; +~Rk21,~, (5.16)
1 1

rie R —papuyc HamGosiee ONACHON MOBEPXHOCTH CKOJb-

KEHHS, M.
ITIpu cocTosiHMM npemeJbHOTO pABHOBECHS IO TIPHHS-

toii [IC, [OMXHO  BBIMOJNHSATHCS PABEHCTBO MOMEHTOB

yIepKUBaIOUIMX H CHBUTalOUIUX CHJ, T. €.

Me = M, (5.17)

n n
tgPEPiCOSCPi""kzli
1 1 _

. =1=n, (5.18)
2 P,' sin Q;
1

WJIH
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A oy=0

Puc. 54. ®opmMa TNOBEPXHOCTH Puc. 5.5. Pacuernass cxema mo
CKOJIbXKEHHSI TIDH OIOJI3HE KDPYIJIOIHJIMHAPHYECKOH TIOBepX-
HOCTH CKOJIbXKEHHS (o

H. H. Macnosy)

YTO sBJsETCS BbIpaXKeHHeM nepBoro ypaBHeHusi (5.1)
CTaTHKM MaccHBa B TpeleJbHOM paBHOBECHH IO RaHHOH
NOBEPXHOCTH (MOBEPXHOCTH CKOJbXeHHs1). B To Xe Bpe-
Ms fBa APYrHX paBeHCTBa  cTaTHKH XPx=0 m ZPy=0
(paBeHCTBO NpOEKIMI  yAepKHBAWOIIMX M  CABHraloUlNX
cua1 Ha ocax X W ¥) He BBHIMOJHSIOTCA.

Ecniu MaccHB HaXORWMTCA B JONpeNeJbHOM paBHOBEC-
HOM COCTOSTHMH, TO, OUEBHAHO, yJepiKHuBamollMe CHJH Oy-
NyT TNPEeBOCXOAHTH CHBHrawoulue, T. €. KodpduiueHT 3a-
naca ycroiuusoctd M>>1. B 3TomM <iyyae HE BBHINOJHA-
I0TCS BCE TPH YpaBHEHMS CTaTHKH.

‘Han6osiee mHpPOKO pacnpocTPaHEHO TIOJOXKEHHE O TOM,
4YTO CMelleHHe YacTH OJHOPOJHOrO FOPHOrO MacCHBa HaH-
6oJiee BEPOSITHO 1O KPYIJIOLHJIHHADHYECKOH IOBEPXHOCTH
ckossxKenusi. ‘Ciefyer cpasy WMeTb B BHAY, 4TO (akrtuue-
CKH 3Ta NOBEPXHOCTb Gojiee CIOXHA 3a cuer 006s3aTelbHO
uMelollerocss pasépoca CBOHMCTB NOPOA B  HPOCTPaHCTBE
Maccusa. OGpylieHHe oObIYHO OXBaThbiBaeT HE BCIO JJIH-
Hy OTKoca, a TOJbKO HauGojee ociaabJeHHYI YacCTb ero.
TlosepxHocth 0OpylleHHss B oOlleM cjaydae COCTOMT H3
IIMJIMHAPHYECKOTO yYacTKa B aKTHBHOM  YacTH H KpHBO-
JWHEHHBIX TIoBepXHOCTell mo Kpasm ydyactka (pHc. 5.4).

B pacuerax HONycKaiT, uTo  HamboJee ONMACHOH IO-
BEPXHOCTBIO CKOJIbXKEHHsl ABJseTcss JHyra Kpyra, ONHChHI-
paemasi paguycoM R us unentpa O (pmc. 5.5). Bcerzna
OJIE3HO NMOMHHTB, UTO BCAKas Harpyska P Ha  yyacTke
KPHBO! CKOJBXKEHHS, Tlle yroJ  HaKJOHA KacaTeJlbHOH
Gomblle yria BHYTpeHHero TpeHus (o>>p), BelleT K CHH-
EHHIO YCTOHUMBOCTH OTKOCa (y4acTOK HYTH BCF); npwu
o=ip obecrneunBaeTcsi HEATpaJbHOE COCTOSHHE (Touka
B), npu o<p MOBHIIAeTCs YCTOMYMBOCTb OTKOCA [13].
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CrnenoBarenbHo, Haubolee  HEBHITOAHAS  HOBEPXHOCTD
CKOJIbXKEHHUsI JOJKHa 3aXBaTelBaTh Ha yuactke BCF wuau-
Goabline o6beMbl MOPOA, a Ha yuacTKe AB—HauMeHbIIYe.

C yMenbliennem B MaccuBe clielVIeHHs % pajuyc KpH-
BH3HBl BO3pacraer W npn k=0 crpeMuTcs K G6eckoHeu-
HOCTH, a TOBEPXHOCTb CKOJBbMKEHHS] CTPEMHTCS K IJIOCKO-
CTH, HAKJIOHEHHOH NOJ YIVIOM BHYTDEHHero TpeHHs. Bwme-
CTe€ C TeM INPH BO3PAaCTAaHHM CLENJIEHHs N0 6GeCKOHEYHOCTH
OTKOC CTPEMHTCSl NPHHATb BePTHKAJbHOE MOJIOXKEHHE TNpH
J060# BBICOTE.

Jna Beilenenuss HauGojee  OmacHOH  TOBEPXHOCTIl
CKOJIBXKEHHSI NpeJJIOKEHO HEeCKOJbKO MeTofoB B. deie-
.nuyca, I'. JI. ®ucenko, BHHMH u np. Paccmorpum
Hauboslee HaleXHbIE H3 HHX.

Hcxons W3 momoxeHuil TeOpHM chHIMyuell cpeisl, 3Je-
MEHTapHble IJIOMIAfKH CKOJNBbXXEHHS B ONHOPOLHOM Mac-
CHBe TOPHBIX TOPOJ BO3HHKAIOT JIHIIb NPH HaNpsiKEHHSX,
COCTaBJSIOMUX BETHUHHY HE MEHBIIYIO

0= 2kctg [45° — —gl) ,

M pacnosaraloTcsi NOA YrJoM (45°-—-g—) K HanpasleHUIO

HanOoJblllero TJIaBHOTO HampsiXXeHusi. B To Xe Bpems B
MaccuBe TOPHBIX NOPOA HampaBjeHHe HaHOOJBIINX TJaB-
HBIX Hampsi)XeHHH BepTHKaJbHO, a NO Mepe MNpHOIMXKe-
HHSl K OTKOCaM BBINOJIaXKHBaeTcss B HX cTopoHy. Ha mo-
BEPXHOCTH BOTHYTHIX H IVIOCKUX OTKOCOB  HauboJblIe:
rJaBHOe HaNpSXKeHWe COBHNAJaeT C WX MOBEPXHOCTBIO M0
HanmpaBJieHH!0. B cBS3M ¢ 3THM NpPOHCXOAUT  H3MeHeHHe
NOTOXKEHHs TJIOIafOK CKOJbXKeHHs. B MacciiBe ropHbIX
nopox (Ha HOCTaTOYHO GOJNIBLIOM  YHaJeHHH OT OTKOCa)
OHM HampaBJeHbl NOL YIJIOM (45" —%) K BEpPTHKaJH, a ¥
IFOBEPXHOCTH OTKOCa MOJ TeM e YIJIOM K HeMy.
OueBHAHO, UTO Ha HEHArpyKeHHOM OTKOCe ILIOLajKIl
CKOJIbJKEHHS] BO3HHMKAIOT JIMIIb Ha ONpeleneHHOH riayOuHe:

0'='YH90.- (5.19)

Ecin u3 BepxHe#l GpDOBKH OTKOCAa ONYCTHTb BEPTHKAaJb-
nyo npamyio AA’ no yposus Hy (pHuc. 5.6) u mox yriov
e=45°—-—g— K BepTHKaJu mposectH Juuuio B’C, To B

o6aactu npasee A’C nyomwagku OYAYT HAKJIOHEHB IO
yrioM & K BepTHKadH (o) COBNajaeT C BePTHKANbIO), a
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Puc. 5.6. Cxema nocTpOeHHs KPYTJIOLHJIHHLPHIECKON
TIOBepXHOCTH cKoJjibxkenust (mo I'. JI. ducenxo)

B oGaactu JeBee U Huke -A’C (MeXIy OTKOCOM H JIHHHEl
A’C), ucxons us meroga B. B. CoxosnoBckoro, mnoBepx-
HOCTb CKOJIbIKEHHS] MOXKeT OBITb NPHHSTA KPYrJIOUHIHHI-
pHueckoll (MJIOIANIKH CKOJBXKEHHSI SIBJASIOTCS KacaTedb-
ueiMd K [IC, T. e. MOCTENEHHO BHINOJAXKHBAOTC B CrO-
pPOHY O0TKOCa). -

Wcxona u3 M3J0XKeHHBIX mosioxeHuii u npuuumas IIC
Kpyriouunuuapuueckoin [14, 32], JIC cTpoutcs caenyto-
mum o6pasom (puc. 5.6): ompemensiercs  Bbicota Hoy;
nposogutca aunus M’M’, mapannenpHas BepxHeH mIO-
manke Ha riuyGuHe Hgo; M3 BepxHefi OpOBKH OTKOCa
(Touka A) omyckaercsi muepnenaukyasp AA’ no nepece-
yenusi c auaneii MM’ wu muposomutcs Jauuus A’C mop
yrJIIOM € K BepTHKaJH. .

IllupuHa npu3MH  BO3MOXHOTO oOpyuenus a=AB
(B M) Ha BepxHe#l mJoIlajKe .

2H|-1——ctgatg(a——21_—p—)]—2Hoo

e S

(5.20)

rie H —BeicoTa OTKOCAa, M; o.— yrojl OTKoca YCTyna,
rpamyc; 0 — yros BHyTPeHHero TPeHHSI. i

TTonyueHHass BeJWUMHA a OTKJAAbIBAETCS OT BepxueH
6poBkH otkoca. M3 Touku B omyckaeTcsi NepneHAHKYJIAP
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Puc, 5.7. ITocrpoenue IIC B orT-
KOCe OJIHODOJHEIX TOPOA TpH
p<<i13°

Puc. 5.8. CxeMa ynpOILEHHOTO cnoco6a NMOCTPOEHHS! KPYrJIOUHJIHHAPHYE-
CKOH moBepXHOCTH CcKosbXeHust (mo I'. JI. ®ucenko, M. A. Peasony,
3. JI. TanycTbsiny)

BB’ po mnepeceuenuss ¢ Jaunuedr MM’ u us Touku B’
NOJ YIVIOM & K BepTHKaJH NpoBogutcs JuHus B’C u on-
pepensierca touka C. M3 touku 'C BoccTaBiasieTcss meplieH-
nukyasp k CB’ (muuua OC).

B nuuxHeli 6poBke oTkoca mnpoBofuTcs JHHHA NN’
NOA YIJIOM & K TIOBEPXHOCTH OTKOCa M K HeH H3 TOYKH
N poccraBasercss nepnennukyasip NO po nepeceueHus ¢
nepnedaukyaspom CO. Ilonyuennas touka O  sBuserca
UEHTPOM HCKOMOH IMJIHHADHYECKOH NOBEDXHOCTH  CKOJIb-
XKEeHHus. .

[Ipy 3HaueHusX yrja BHYTPEHHero  TPEHHs MeHbLIE
13° IIC 3axBaThiBaeT OCHOBaHHe OTKoca. B BepxHefi ua-
CTH TOBEpPXHOCTb CKOJNbXKEHHsl  HauHHaercss Ha IJyOHHe
Hgy m uMeer npsAMOJHHEHHBIH y4yaCTOK ¢ YIJIOM HaKJIOHa
e (puc. 5.7). ITockosnbKy B 3TOM Clyyae NOJOXKE€HHE TOYEK
E u V HeomnpeneneHHO, HCTHHHOE TIOJOXKEHHE NOBEPXHO-
CTH CKOJBXEHHS OINpeJessieTcss MEeTOAOM TMOC/Ieq0BaTelNb-
Horo npuGJMXKeHHs, T. €. BHIOMpaeTcs MOJIoXKeHHe TOYKY
E B mojouwBe OTKOCa M CTPOHTCS HECKOJbKO  MOBEPXHO-
creit EV, EV’ u 1. 0. 3arem BhOHpaercs cjienyloomiee mno-
Jgoxenne Touku E, T. e. E’, ¥ mocTpoeHHe BBINOJHSETCS B
ToM e mnopsnke. I[I0BepXHOCTb CKOJIBXEHHs, TIO KOTOPOi
BesiHuMHa Ko3(d(dHLHeHTa 3amaca OKaXKeTcss HaHMeHbLUei,
6ymer sBIATbCA HauboJsee Caaboii HCKOMOH IOBEPXHOCTBIO.

VnpoueHHBH cnoco6  NOCTPOeHHs KpyrJo-
LWJHHADHUECKOH TOBEPXHOCTH CcKosbxcenns [35] naer
xopolue pe3yJbTaTel. [TOPSNOK NOCTPOEHHSA (puc. 5.8)
omiICaH HHXeE.
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[To dopmyne ompenensiercs Benmuuna Hgy m oT Bepx-
Hell OpoBKH oTKoca A mnpoBoxurcss BepTHkandbp AA’. U3
roukn A’ nom yraom - 45° -,—-% TPOBOAMTCS TpsiMas.
a+p

2
pusonry nposonurcsa aunns CE po nepeceuenus c JuHHeil
A’E B tourke E u mposonurcs Kpusas BB'E CHMMeTpHY-

Ho AA’E. B 0CHOBaHHHM OTKOCZ CTPOHTCS yroa € = 45°—

Vs nmxHell 6poBKH OTKOCa TmOf yriom f = K ro-

P .
— -, H B TOUKax C u E BoccTaBnsIOTCS NepTIEHANKYJISAPH K

orpeskam CF u B’E u onpenensierca touka O. W3 Toukn
O pamnycom R nposopurcsi nyra CE. Takum o6pasow,
NOJIyyaeTcsl NMOBEPXHOCTh cKoJbXenusg BB’EC.

5.4. 'ONMPEXEJEHUE APAMETPOB BOPTA KAPBEPA,
CJIO)KEHHOI'O rOPU30OHTAJIbHBIMH
WJIN MOJIOTONMAJAIOIIMMHU CJOUCTBIMH MOPOJAMHU

[IpH npPOEKTHPOBAHHM YCTOHYMBOrO NpPOGHAT OTKOCA
C 3aJlaHHBIM KO03(p(HIHMEHTOM 3amaca CHayaja ONpe.nes-
I0TCAl CPe/{HeB3BellleHHBIE XapaKTePHCTHKH Kep, Pep, Yep.
Ilo UX 3HauYeHHAM C yYyeTOM pacueTHOro Ko3(dHIHeHTa
3amaca YCTOMYHBOCTH T)p ONpPENENSIOTCS pacueTHhle Xa-
PaKTEepHCTHKH
k arc tg|
Hy; kp = —2 tg?Ppr-“ﬂ; Yo = Yep-
Mp Mp
BoamoxHB 1Ba BaphaHTa pacueTa. B mepsoM, Hau-
Gosee pacnpoCTPaHEHHOM Ciyuae, H3BecTHa  TIJyOHHA
kapbepa H ¥ HyXHO onpepenuts npoduib Gopra. Bo
BTOPOM — HM3BeCTEH MJH 3afaH YroJl  OTKOCa H HYXHO
OTNpeNe/IuTh BO3MOXKHYIO YCTOHUHBYIO BBICOTY OTKOCA.
CHauana ompepensiercsi mpuBeleHHasi BBICOTA OTKOCA

H = 7 3aTeM NDHHHMAETCs  pelleHHe o npodune
90 :

6opra — IJIOCKOM HJIH BHOykjaoM. Ha  ocHOoBe HanHBIX
taba. 4.5 nwan 4.6 orcrpausaercss npoduab 6o0pTa Kapbepa.

3areM N0 ONHOMY H3 DacCMOTPEHHHIX METOHOB CTpO-
UTCA TOJO0XeHHe HauOosiee ONACHON NOBEPXHOCTH CKOJIb-
JKeHHus, Ha KoTopod me——min. Heob6xomuMo HalTH mpo-
¢unp orkoca, mpH KoTopoMm GAKTHYECKH  KO3(PGDHIHEHT
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ycToiunBOCTH 6opTang= 1. Ecnn
B pe3yJbTaTe pacuera INOJyYH-
JoCh, UuTO Ny<<l, TO caemyer
BHINOJIOXHTb OTKOC W CHOBa IO-
ctpouTh /IC ¥ paccuutatb Kosp-
(QHIHeHT 3amaca YCTOHYHBOCTH.
Ecnu BO BTOpOM cillyuae moJy-
YHJIOCh, YTO Mgy =>1, TO pelleHHe
HAXOIAT MeTOLOM rpadHuecKol
unrepnossinuy. Ilo ocu opauHAT
OTK/JaAbIBAIOT BeNHYHHY (Np=
=1), a no ocu abcuucc — yron Puc. 5.9. Onpenenenne Hcko-
ortkoca o (puc. 5.9). ITocTpouB  moro yraa oTKOCa
nBe TOUKH I ¥ 2 U COENMHHUB UX qmex C YUeTOM pacueT-
npsMOi, TONY4HM Ha  OCH horo Kosdduuuenta 3amaca
abcuuce TOYKY 3, COOTBETCTBYIO-  ycToHUMBOCTH NDH o4 (Mg1)N
HIYI0 HCKOMOMY 3HA4eHHIO o. a2 (M2) )

5.5. PACYHET YCTOMYHUBOCTH OTKOCOB
IMPH HAJIMYUH NMOBEPXHOCTEH OCJIABJIEHM

ITpu crmoucroM CTpoeHHH MaccuBa, cjarawouero GopT,
KOHTAKTHl CJIOEB MOTYT BBICTYNaThb KaK INOBEPXHOCTH oOC-
JabneHusl B Clyyae, eCJH Ha KOHTaKTax YroJ BHYTPEHHe-
ro Tpenus p’ W clenjieHHe R’ CYLIECTBEHHO MeHble, YeM
B CJOSX TIOPOZ.

Ecan ciiow — ropHsoHTaNIbHOrO WJIM MOJIOTOTO  majfie-
HHSl, TO ITIOBEPXHOCTb CKOJIbXXEHHS MOXHO CUHTaTb KpyrT-
JONWIMHADHUECKOH H pacyer BECTH CJIEAYIOUHM 006pasoM
(puc. 5.10):

npHY TOPH3OHTaJbHOM mnaneHun ciaoeB (puc. 5.10,a) —
MO CpelHEB3BellleHHBIM 3HAUeHHsIM p, & ¢ yueToM Koap-
¢dunuenta 3amaca YCTOHYHMBOCTH;

NPH NOJOTOM NajfeHUH CJOeB B CTOPOHY MacCHBa
(puc. 5.10,6), Korma yroa MeXJy JHHHeH OTKOoca M Ha-
cnoenneM y<<90°—q’, rae @ — yros CABHra no KOHTaKTaM

. k.
¢ = arctg (tgpp +— 2 ) , (5.21)

n.cp

roe Ppp — pacueTHOe 3HauyeHHe yrJja BHYTPEHHEero Tpe-
HHS 10 HAaCJOEHHIO

+_arctgp’ 5.99
Pp o ’ (5.22)
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Puc. 5.10. CxeMBl OTKOCOB C TOPH3OHTAJIbHBIM M NOJIOTHM 3aJie-
raHueM cJ0eB M IIPH NajieHHH CJI0OeB B CTOPOHY Kapbepa

k, — pacueTHoe 3HaueHHe  CHENJIEHHS IO HAaCJOEHHIO,
On.cp — CpelHee 3HaueHHe HOPMaJbHOTO HAaNpSKEeHHs M0
paccMaTpuBaeMOMY KOHTAaKTy :

On.cp = % hycos?B, (5.23)

rie B — yroq HakjOHa  KOHTAKTOB K  TOPH3OHTY; h —
rjy6uHa 3ajeraHusi Haunbosee HaNPSXKEHHOH TOYKH I10-
BEPXHOCTH cKoabXeHus (cM. puc. 5.10,6);

IpH TOJIOTOM TNaleHHH B CTOPOHY  Kapbepa  (puc.
5.10,8), koraa a>p, a B<15—20°. Pacuer Beaercs IO
napameTpaM Pp H k, Ha KOHTAaKTax CJIOEB.

Ecan coou majaloT B CTODOHY — Kapbepa MOJ YrJoMm
B>15—20° u B>>p, TO YacToO 3aOTKOCKy 0OpTa NpOH3-
BOASIT MO HacjloeHuio (puc. 5.10,2), T. e. a=f.

Bricota ycroiunBoro orkoca (B M)

H= Hyp|—21— ), (5.24)
1 —ctgatgq,

rie  @p — yroJ CABHra 1O KOHTAaKTy C/loeB (B Tpamy-
cax), ompemensiembli mo dopmyne (5.21).

TIpu 3amaHHOH BBICOTE OTKOCAa MOXer OBITh onpenese-
HO 3HayeHHe yrja TajleHus cJoeB P, NpH KOTOpOM Jomy-
CTHMa 340TKOCKa MO HAaC/IOEHHIO:

B < arcctg lctg o (1 — i};"—)] . (5.25)
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Bricota ycToitunsoro otkoca (B M) IpH Tex Xe YCJo-
BUAX, HO TPH INOACeYKe KOHTaKToB (a>>f, puc. 5.10,0)
MOXeT OBITb OmpeeleHa Mo ciaefylolleil dopmyJe:

2 k. sin o cos p'
H=—_7F — P (5.26)
ysin (& —B) sin (f — p’)

rie Y — yaenabHB Bec nopox, H/ms,

[TpH HaNHYUH HECKOJbKHX INepeceKaloluXcs MOBepX-
HOCTEH ocnabseHHs Haubojee Hampsi)KeHHas MNOBEPXHOCTL
COBNAafaeT C MOBEPXHOCTSIMH OcCJabJeHusi (YACTHYHO HJIH
MOJIHOCTBIO) M Ha TNIONEpeYyHOM paspese HMeeT BHI JIOMaHOM
JIMHHH. YCTOMYHBOCTb B 3TOM CJIyyae Le1eco06pasHo pacCuu-
THBAaTh rpadHyeCcCKHM METOLOM, Ha3BIBAeMbIM METOLOM MHO-
royronbHuka cun [14].

5.6. YVYET ®AKTOPA BPEMEHHW U BEPOATHOCTHOTIO
XAPAKTEPA NCXOAHbIX JAHHBIX

Hmeromyuecs x HacrosduieMy BpeMeHH MeTOJABl pacyera
YCTOHYHBOCTH OTKOCOB HE€ YUUTHIBAIOT B  $IBHOHM ¢opme
dakrop BpeMeHH. JTO OOBACHAETCS B OCHOBHOM ABYMS
NpHYHHAMH.

Bo-nepBHIX, HCTOpDHUECKH MeTOABI  pacuera coO3laBa-
JHCh TPHMEHHTENBHO K HHXXEHepHHIM 3eMJIHEIM  COoOpY-
XKEHHSIM H OTKOCaM TODHBIX BO3BbILIEHHOCTEH. DTH OTKOCHI
paboTanu cpa3y mo BceH BHICOTe, a MX TOBEPXHOCTb, KakK
npasuio, Obla 3alllMIleHa OT  BO3JEHCTBHSI  NPOIECCOB
BLIBETPHBaHHS. 3aTeM 3TH MeTOAbl OblIH 6e3 0COOBIX H3-
MeHeHHH NpHMeHeHbl MJf pacyera YCTOHYHBOCTH OTKOCOB
60pTOB KapbepoB.

Bo-BTOpHIX, yuer ¢akTopa BpeMEHH IIpeNCTaBJsieT or-
pOMHBIE TPYAHOCTH H IO 3TOMY BONDPOCY HAaKOMJIEHO elle

HeIOCTATOYHO MaTepHasa.
B To Xe BpeMs NpPOLOJIKHTEJIbHOCTb OOHaXeHHsi T0-

BEeDPXHOCTH TFODHOrO  MacCHBa 3HAaYMTEJbHO BJHSIET HA
YCTOHYMBOCTb 3TOTO OTKOCA, TaK KakK Ha HEro BO3LEHCTBY-
IoTr atmocdepHble daKTOpel (TeMmeparypa, OCalKH, Be-
rep), TMOCTOSHHO NOBTOPSIOIIHECsS B3pbiBHble DPaGOTH, Ts-
Kejoe TpPaHCIOPTHOe OOOpYAOBaHHe, IBHXKYILleecs IO
TpaHcnopTHHIM GepMmam. Kpome TOro, ropHbii  MacCHB
BefeT cebs1 KaK YIpYrolyiacTHuHOe Telo, nAedpopMalHH KO-
TOPOTO Pas3BHBAIOTCH BO BPEMEHH.

3 3ok 104 75



€8 8 16  24T.sem
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Fl 0 8 16 24 T,nem
R(BLL Puc. 5.11. Cxema  paspurus
40 [ Kapbepa (a) npu ero yray6ie
no 6opry AC u uaMeHense Bo
2 P BpeMeHU:
/ 4 6 — dopMHpOBaHHA Hepa6ouux Gop-
7 TOB; 8 — yHcja PaGOYHX YCTYNOB; e—
/ / kosdduuuenTa  samaca ycTofiyHBOC-
0 Lo= o TH G60pTa; O — ypOBHSI pHCKa 06pY-
P, 16 A 7’7 nem leHHss GOPTOB (JAHHHH | OTHOCHTCS

K 60opty AC, nuuun 2—x GopTy
ED)

Ecrb eme ouenb BaxHas ocoGeHHOCTb HepaGouero
6opra Kapbepa. Bricora 3Toro Gopra yBeNHuHBaeTcs BO
BPeMeHH N0 Mepe YriyO6Ku Kapbepa M NOCTHTaeT KOHEYHOi
BBICOTBI K MOMEHTY OKOHYaHHS TOpPHBIX paloT, T. €. KOoraa
npo6jema yCTOHYHBOCTH 6opra Hac yxe He BosHyer. Pas-
Hble yyaCTKH 6opTa CJayXaT pas3inyHoe Bpems (pwuc.5.11).
Tax, Bepxnas wacte 6opra AC crour 30 jer, a y nHa
Kapbepa B Touke C — TONIBKO OMMH-IBa TIORA, NOKa He
Oyner orpaboTaH caMBli HHXHHI TOPH3OHT.  Bepxuss
YyacTb NPOTHBOMOJOXKHOro Gopra ED crour 15 jer, Tak
Kak OH HauMHaeT GOpPMHpOBaThbCd, KOrja JHO Kapbepa
onycTHTcd B TOUKY F M paGounit 6opT 3afiMeT NOJIOXeHHe

E, a HuxuAg uacTb B Touke D cayxur Bcero 2—3 mec.

SlcHo, uTo KO3 ¢HIMeHT 3amaca ycTOHMYHBOCTH Gopra
IOJIXKEH HM3MEeHAThCS 10 BhICOTe H i 6opra AC (cMm.
puc. 5.11) on Moxer GbiTb MeHblie, uemM misi G6opra ED.

B mpouecce ompeneneHHss OCHOBHBIX HCXOHHBIX Xapak-
TEPHCTHK TOPHOTO MacCHBa, cJjaraiolllero 60pT Kapbepa,
nosyuaercsli Habop mokasarejell, XxapaKTepH3YIOUIHXCH OI-
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pelieJieHHBIM 3aKOHOM pacnpeneseHHus. B KauecTBe peko-
MEHIyeMOro 3HauyeHHs mpeAJsaraercsd JH60 MaTeMaTHye-
CKoe OXHAaHHe, nu60 MeHbllas Bejanuuna [13]. Ecrecrt-
BEHHO, YTO B CTPOrOM CMBICJIE Pe3yJbTaThl pacuera ycToil-
YHBOCTH 6GOpTa Kapbepa MOJKHB TNpENCTaBJIATh TaKxke
Ma]ccma nHbp C ONpefeNeHHBEIM 3aKOHOM pacnpeleseHHs
[2].

Paccmotpum mpumep. Ilycte B mpolecce onpefeseHHs
BEJHYHHBI CIEIVIEHHS] MAacCHBAa  H3BECTHAKOB IOJyYeHb
sHaueHns ot 20 pmo 40 T/M%2 u ompeneseHo MareMarHye-
CKoe OXHIaHHe ky=28 t1/M2. BennunHa yria BHYTpEHHe-
ro TPeHHs1 H3MeHsach ot 25 mo 35° cocTaBissi B cpel-
HeM pw=31° (puc. 5.12). IlnmoTrHocTb TnpHHATA paBHOI
2,8 /M3

Ecnn Bocnosb3oBaThcsi METONOM — pacueTa IJIOCKOTO
oTKoca, HanoxeHHbM B kuure I'. JI. @ucenko [32], To mas
6opra Bbicotoii 300 M moayuum Ha6op 3HayeHHH YIJIoB
otkoca or 35° pmo 56,6° mpu MaTeMaTHYeCKOM OXHIAaHHHA
0n=45,5°. OueBHIHO, UYTO €CJH TNPHUHATb YroJ pPaBHBIM
45,5°, To pHCK HeobecnmeueHHs ycrolunBocTH GopTa R
cocraBut 50%. UToGHl CHH3HTL pHCK, BBeleM K03addu-
IIMeHTHl 3anaca ycroiuuBocTH Gopra. JlanHble 17 pac-
yera npuBefeHbl B Taba. 5.1.

a )
R=50% &
- /;(3‘) N\
&
o 5o n(a)=s2_Y/ )
20 75528526778 K [ 2(8)=52 A\
Ko K3 KoKiKu Kmax wb 1|
f ~ i
201 : 11
1
J p (11 ! L
25 266 286 30 31 35 g 0,26 & ¢
Po s Pz _frfm P %
6 M
Puc. 5.13. ®yukuus onace-
o HHSl TOCJEeNCTBUH yBeJHye-
HHS yIja oTKOCca G6opTa
J5 36,3 41 44455 56,6 y Kapbepa P
oy oz oz objcly Smax

Puc. 5.12. Kpusble pacnpesiesieHHsi HCXOAHbIX BENHYHH:

a — clemneHus;; 6 — yrna BHYTPEHHEro TpEHHs; 8 — PacyeTHOro yraa OTKoca
naockoro Gopra
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Ta6auma 5.1

Koadduunent . Yronﬁor- v
sanaca yctoi-| k, T/M? | p, rpaayc |Hyo, m| M. M “ﬁij‘,be‘;,’;“ p,,g,?;’e‘l}:
YHBOCTH M @, rpapyc '
1,00 28,0 31,0 35,3 8,5 45,5 59
1,05 26,7 29,8 32,8 9,0 44,0 35
1,10 25,5 28,6 30,7 10,0 41,0 10
1,20 23,3 26,6 27,0 11,0 38,3 2

PanvonanbHblii ypoBeHb DPHCKA HOJKEH yCTaHABJH-
BaThCA HCXONS M3 B3aMMONEHCTBUS OLEHKH 3SKOHOMHUe-
CKHX M ICHXOJOTHYECKHX (KOHBIOHKTYDHBIX)  IOCJENCT-
BH pHCKa.

ViHTepecHBI#l NOJAXON K pELIEHHIO TNPENJIOKHIH aMepH-
kaHckHe yuenbie JIx. Kemenb u Jx. JI. Tomncon. OcHo-
BHIBAsICb Ha HCCIEJOBaHHAX OGHOJIOrOB H IICHXOJIOTOB, OHY
BBOJAAT IOHATHE (YHKIUH 1I0JIE3HOCTH BBIMrpHILIA — IIPO-
WIPHIIA H HACUHTHIBAIOT BOCEMb BapHAHTOB peLICHHH.

[IpuMenutenbHo kK npobseMe INPOEKTHPOBAHHUS Kapbe-
poB ILejecooGpa3Hee paccMaTpHBarth  00paTHylO  (DYHK-
IHI0 — QYHKIHIO ONaCeHHs TOCAeACTBHH YyBeJIHYEHHS
pucka '[21]. Torna MOXHO aHa/JM3HPOBATb 4YeTHPe OTHO-
meHus: K pHcKy (puc. 5.13):

cMesioe OTHOUIeHHe, (QYHKIHS OnaceHHs
. () =a(l —eb); (5.27)

pOBHOE€ OTHOIIEHHE
T, (%) = a3; (5.28)

OCTOPOXXHOE OTHOILeHHe
I, (3) == a(e®—1); (5.29)

HUKAKOro pHCKa

-

B sTux ¢opmynax: a— KoddduuueHT; §— OTHOCH-
TeJIbHOE YBeJMUeHHe IOKasaTess o; 10 CPaBHEHHIO C ero
MUHHMaJbHBIM 3HAaYEHHEM Clo

a; = 0o(l +3;). (5.31)
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TaGanuma 5.2

- | K
O @ o, [Veommepue | nea veron:
YUBOCTH 1

CwMeuoe 45,5 0,3 50 1,00
PoBHoe 44,1 0,26 35 1,05
OcTopoxHoe 43,1 0,23 25 1,07
Hukaxoro puc-

Ka 35 0 0 1,30

Ha ocnoBanuu pauuwx Taba. 5.1 u puc. 5.12 Haxogum,
YTO @p=235°, a IIPH CMCJIOM OTHOLIEHHH K PHCKY ac=45,5° i
0c=0,3. ITo rpaduxy puc. 5.13 Ha Haxomum &p==0,26;
00=0,23. [lauurle pacuera npuBoauM B TabJ. 5.2.

B paunmom ciayyae pasyMHO OPHEHTHPOBAaTbh MAaKCHMyM
Ha OCTOPOZKIOE OTIIONIEHHE K PHCKY.

B mnponecce ¢opMHpOBaHHS GOPTOB YCJIOBHS HX YCTOH-
YUBOCTH OYHYT H3MeHATbCS. Tak, KoadduuHeHT 3amaca
yCTOHUMBOCTH Oymer cHuXarbed ¢ 2,50 mo 1,056 (cM. guHHH
I v 2 Ha puc. 5.11,e), a puck o6pyuleHuss OymeT pacTH
c 0 no 40% (cm. puc. 5.11,0).

Ecnn yuuTbiBaTh BJAHSHHE BpEMEHH Ha YCTOHYHBOCTb
6opra kapbepa, TO OKa)ercf, YTo Ko3((HIHEHTH 3ana-
ca YCcTOHUHBOCTH 6OpPTOB K KOHLY OTpaGOTKH OYAyT pas-
HbiMH g 6opra AC uw ED  (cm. kpusble I’ m 2° Ha
puc. 5.11,2).

Jlnsi oueHKH BIHSIHHS BpeMEHH Ha YCTOHYMBOCTBL 6Op-
toB B. A. [TapyxoB [23] nmpensioxXun HCMOJNb30BaTh 3aKO-
Hbl TEepMOAMHAMHKH H paccMaTpHBaTb GOPT KakK TepMoO-
OMHAMHYECKH H30JHPOBAHHYIO  CHCTEMY, B KOTOPO# MO
Mepe CTOSIHHS TPOHCXONHMT NpHpalleHHe YHeNbHOH 3HTPO-
nuu Gopra. Korjga sHTpomusi  OOCTHTHEeT KPHTHYECKOTO
ypoBHsi, 60opT 06pyLINTCS.

5.7. YYET JONOJIHUTEJNbHBIX HATPY30K

-
Ha ycroiunBocTh OTKOCa KpoMe Beca TOPOA MOTyT
0OKa3blBaTbh BJIHSIHHe (BO MHOTHX cjyyasix BecbMa cCylle-

CTBEHHOE) M WeNBli psii JAPYTHX CWI, KOTOpHE HeoGXo-
JMMO YUMTLIBATh IpU pacyeTax. B obuem cjayyae yder
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NOMOJNHHTENbHEIX Harpy3ok F; B OoCHOBHOM YypaBHeHHH
paBHOBecHs MOXeT OBITb NpPENCTaBJeH B BHIE

n n
tng(Pii'Fi) COS(P[*’I-Z“[
— 1 1
- n

g : (5.32)

2 (P; £ F;) sing;
1

B GonbmipHCTBE CiyuaeB — HaJMyHe  JONOJHHTENbHBIX
Harpysok NPHBOJHT K YMEHBLIEHHIO HODMAaJbHOH H yBe-
JHYEHHIO KacaTesJbHOH COCTaBJSIOUHX BeCa M TEM CaMBIM
yXyAllaeT YCJOBHSI YCTOHUYMBOCTH. Kax mpaBuio, BeJaHuYH-
Ha JONOJHHTENbHBIX HArpy3oK HeBeJNHKa, M HMeeT Cylie-
CTBEHHOe 3HAueHHe JHMb JJIg YCTOHYHBOCTH OTKOCOB OT-
HNeJbHOTO YCTyINa, HO He 1 6opra B IneaoM (Tak Kak
Bec NPH3MBl 06GpylieHHs1 Gopra Ha 1—2 mopsjgka GoJblle
BeJHYHH JIOTIOJHHTENIbHBX Harpysok). IIpm  mocrpoennn
NOBEPXHOCTH CKOJIbXXeHHS HeOOXOHMMO NOMHHTb, YTO TJY-
OHHA MNOfBJEHHS IJIOMANOK CKOJNbXEHHS yMeHbllaercs 0
7

b

Hop= ———, (5.33)
Y

rie p’ —uacTp Macchl ropHOro OGOpYNOBaHHS, NPHXOMS-
’ P
masica Ha 1 M ¢poHra pabor ycryma, T; P =—;—; P—

noJsiHasg Macca; @ — AjguHa 6asel 000pyLOBaHHA; b — imu-
pHHa 6asbl 060OpYHOBaHHSI B Tpelesax IPH3MBL BO3MOXK-
HOro OOpyIlIeHHs, M.

OueBnaHO, 4TO NpH ONIpeleNeHHOM 3HAaUeHHH MacChl
p’ TIIOMAKH CKOJbXEHHs MOTYT BO3HHKAThb HENOCPEeNCT-

BEHHO Ha IIOBEPXHOCTH BepXHed momaiku, T. e. Ho=0.

I[Mpu yuere maccel 0GOPYHOBaHHS HeOGXOQHMO IIOM-
HHTb, UTO HAarpysku mpu pabore moryr B 10—12 pas mpe-
BOCXOANTb IaCIHOPTHOE 3HayeHHe  YJEJbHOTO JIaBJEHHS
Ha TpYHT.

Yyer B3 pHBHB X Harpysok. Mx Bananne Ha ycCTOM-
YHBOCTb, HECMOTPS Ha  KpaTKOBPEMEHHOCTb [HeHCTBHf,
3HAuuTEeNbHO GoJiee CYLIECTBEHHO BJIMSHHS MacChl 06opy-
noBaHusi. [TOCKOJBLKY Her IOJHOH SCHOCTH B BOIIPOCE,
KakuM o6pa3oM [EHCTByeT B MacCHBe BOJIHA Hanpsxe-
HHH, KaKuM o006pa3oM CKas3biBaeTcs INepHOJXHYHOCTbL B3PHIB-
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HBIX Harpysok H T. 0., y4eT B3DBIBHBIX HArpy3ok Ha Yyc-
TOHYHBOCTh BeleTcs € OOJNBLIIMM 3amacoM. MakcHMaJib-
Hoe [aBJieHHE p¢, BO3NeHCTByKOllee HAa  MaCCHB, MOXer
ObITH OLleHEHO no (opMyJe NJHHAMHUKH B3phIBa (1O METOAY
akan. M. A. Camosckoro).

Q‘/z 6 UIE?
pc=0,36?/7 y (5.34)
rie Q — Macca OJHOBDPEMEHHO B3phHIBaeMoro 3sapsiia BB,
kr; R — paccrosinne or LeHTpa B3pbiBa JO paccMaTpH-
paeMOH TOuKH MacchBa, M, U;—yHenbHas 3Heprus
sapbiBa, k/kr; E; — mopyas IOura, Ila; y — niaoTHoCTb
noponsl, T/M3.
Torma HmonosHHTeNbHAss cHIa B Ipefelax 3JeMeHTap-
Horo O6JI0Ka

F,' = Pe li . (535)
)IOHOJIHHTe-HbHaH CHJIa B3pLIBA, BOSI[EI:ICTBYI'OHIaﬂ Ha
IPH3MY BO3MOXKHOr0 OGPYIIEHHS
n n
FIIOH:EFf:pCEli‘ (5.36)
1 1

HononHutenbHasi cuia Moxer OHLITb OmpefieieHa U ApY-
riM obpasoMm

Fron=ma, (5.37)

rie m-— Macca NPH3MBl BO3MOXKHOro OGpyLIeHHS, T; 4 —
yCKOpeHHe,  ompenensieMoe mno  (opmyjsaM  JIHHAMHKH
B3pHIBA.

HonoaHuTenbHasi CHIa CUHTAETCsl AeHCTBYIOLlEH TO Io-
BEPXHOCTH CKOJIbJXEHHS H II0 KacaTeJbHOH K HeH, H, cie-
I0BaTeNbHO, YCJIOBHE DaBHOBECHS

tgp 2P,~cos¢p,~|—k2 l;
e = ! LI (5.38)

2Pt8i0¢i+i F;
1 1

TIpu pacuere ycTOHYHBOCTH OOGBOJHEHHBIX OTKO-
COB YUMTHIBAIOTCSl ABE JIOMOJHHTENbHBIX CHJIBI: THAPOCTA-
THYECKOE B3BELIMBaHHE; THADOJAHHAMHYECKOe [aBJIEHHE.

‘CyMMapHOe BJIHfIHHE 3THX ABYX CHJ Ha IpU3MY BO3-
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MOXHOro O6GpyLIeHHS Mpo-
sIBJsIeTC KaK THAPOCTATH-
= yeckoe pAaBaenne (D;),
R urg pacnpeneneHHoe [o Q-
V AN BEPXHOCTH CKOJIbXKEHHs II
d/'ai £ HOpMaJlbHOe K HeH.

> I'napocraTtuueckoe aas-
aenue (B Ila)

Puc. 5.14. Yuer  o6Bomensoctn D; = Ay(H; — h; )_a"__ ,
oTKOCa: cos @;

¥YT'B — ypoBeHb TPYHTOBbIX BOZ (539)

flso

hi

rie Ao — ymenbHbli  Bec BoAbl; Hi—h; — npesbllenne
YPOBHsI JIeNmpecCHOHHOH KpDHBOH B Tpelenax 3JjeMeHTap-
Horo OJiIOKa HajJ ITOBEPXHOCTHIO  CKOJbXKeHHd, M (pHC.
5.14); a; — wupuHa GJoOKa, M; @i — yroJ HaKJIOHa Kaca-
TeJbHOH K MOBEPXHOCTH CKOJIbXKEHHS.

Torpa koadguiHeHT 3amaca YCTOHYHBOCTH

2 (P;cosg; — D;) tgp; + 2 ki l;
Ny = - ! . (5.40)

n
2 P; sin @;
1

Heo6xoquMo OTMETHTb, YTO TpH mojacdere P; IIOT-
HOCTb TIOPOJ HHXKE YDOBHS T'DYHTOBBIX BOJ [OJIXKHa IpH-
HUMAaTbCA C Y4YEeTOM HX TMOJHOrO BOHOHACHILEHHS, T. €.

VYiac = A(1 —n) + Agn, (5.41)

rae Ao — yAeabHBIi Bec BOABI; A — yAenbHHH Bec IOPO-
ILbl; 11 — MOPHCTOCTD.

B cinyyae mopromsieHHOro otkoca BONA, HaXOAsLascs
BBILLIE €r0 MOMOIIBBHI,  BBHIMOJHSIET POJb  <IPUTPY3KH»
dopMysa TpeNeNbHOr0 paBHOBECHS NpHHUMaer BHA Pai

n

n

Ccos (@ — @; N
E[PfCOSQi+Pai—_‘( (pl)—Di tgPi‘l‘Ekili

1

= cos
rd)= )
“ . sin (@ — ;)
2 P;sing; — Py; —__cosa
1

(5.42)

rae Pni — Macca BOJbI, Haxonsillelcss BbIIE OTKOCa B
npepenax 3J€eMEHTAapHOro 0J10Ka; o — yrou 0TKOCa,

rpanyc.
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Hcxomss u3 aHanusa 3To#
(OpMyJIBEl, MOXKHO CAENATh BHI-
BOJ, YTO HaHWMeHee G6Jiaro-
[PHATHB YCJOBHSI YCTOHUYHBO-
CTH NPH NOATONJIEHHH OTKOCAa
Ha !/3 ero BHICOTH (Mg CHHXKa-
etcst Ha 10—25% mo cpasne-
HUIO C_HE3ATOMIEHHBIM OTKO-  puo g5 papnoo oo
com). Ilpu mOJHOM MOATOMME-  yopuM npansM  ssemenrapibix
HHH OTKOCA )¢ TMOBBIIIACTCS  MNPH3M BO3MOXKHOTO OGpYIIeHHS
Ha 26—40% mo cpasHeHHuio ¢ TIPH KpHBOMHHefiHOM Gopre
He3aTOoIlJIEHHBIM. o

RlH
2,0

5.8. YUET KPHBOJIMHENHOCTH I
BOPTA KAPBEPA eI \

\

\
I V‘s\‘ X

Hofi 1 M) peficTBylOT Hamps- I\?\?‘:\\%%
JKeHHsI, BO3HHKAalOIHe 3a cYeT 0 1 NS
pacnopa (MpH CABHXKEHHH) 20 40 GO 700 z0adpe 05
CO CTOPOHBI COCENHHX Yy4acT-
kKoB (puc. 5.15). TIpn BOMHY-  pye 516, Tpadmk sasncamocts
TOil popMe 6OpPTa Kapbepa 3TO  yrna HakiIoHa Oopra OT  €ro
OyAyT CXKHMaIOLHe HalpsizKe- KDHBH3HHI B TIaHe
HUS, YAEpXKHUBAIOLIHE MAaCCHB
OT C/BH3k€HHS], MPH BBINYKJIOH -— pacTATHBAIOUIHe W OCJIa6-
JISIIOIIMe MacCHB.

Uem MeHbllle pajHyc KpUBH3HBI Gopra R, TeM Gosblie
B/MsIHAE 3aXHMa Ha CTeNeHb YCTOHUMBOCTH MaccuBa. Kpo-
Me TOro, H3MEHEeHHe COCTOSIHUSI PABHOBECHS B 3TOM CJyyae
3aBHCHT OT BHICOTHI ‘6OpPTa H yIJa ero HakJoHa.

ITo pesyabTaTaMm MOAEJHPOBAHUS BOTHYTHIX B MJjaHE OT-
KOCOB M IOBEPOYHBIX pPacyeToB YCTOHUYHBOCTH peabHBIX
OTKOCOB MPEANOXKEeHa CJeAylollast MeTONHKA yyera BJIMSI-
HHsl KpHBH3HHI [6, 7, 14, 27]. Ilocne onpenenenus yrua
YCTOHYMBOrO OTKOCA MJIOCKOro GopTa o (MO METrogukam, H3-
JIOXXEHHbIM BBIllle) BHIYHC/SETCS OTHOLIEHHE Pajuyca KpH-
BH3HB (MO BepXHell OpoBKe Kapbepa) K ruyOHWHe Kapbepa

ITpu kpuBonuHe#HOH dop- 1.2 '\’ \,‘
Me 6opTa (B miaHe) mo GOKO- : \
BEIM TDaHiM OSJEMeHTapHbix | | ||
npu3M o6pyuieHus (LWIHpHHA ’ |
[0 TNPOCTHPAHHIO KOTOPHIX |
]
|
|
|

t
]

e
s

\

NpPHHHMAaeTcs B pacyeTax paB- 04
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—S. 3arem mo rpaduKy 3aBHCHMOCTH yIyia 0Tkoca 60pTa OT

€ro KpHBH3HH B TiaHe (pHc.5.16) BBIYHCASIETCS YIrOJ YCTOH-
YHBOTO OTKOCA ¢’ C YYeTOM NMONPaBKH Ha 3aXHM IIPH3MBI
BO3MOXHOro OOpyLIeHHsI CO CTOPOHHI GOKOBHIX Iopo. 3a-
MeTHOe BJIHSIHHE KDUBH3HBI Ha YCTOHUMBHIH yroJ OTKOca Ha-
y¥Haer nposiBAATbCA NpH R<<2H wu mpu R=H.

5.9. NIPUHSATHUE PEMIEHHS O KOHCTPYKILIUH BOPTA KAPBEPA

ITpu npHHATHH OKOHYATEJNBHOTO pelleHHs OCOGEHHO He-
06X0IHMO YYHTHIBATb [IBa OCHOBHHIX (paKTOpa: pacueTHoe
3HayeHHe yrya OTkoca GopTa Kaphepa H TPHHATHIA cHnoco6
BCKDBITHSI. :

Bopt kapbepa COCTOHT 13 OTKOCOB YCTYIOB H IJIOIA/I0K.

Ha nepaGouem '60pTy wuMeEIOTCS TNpeiOXPaHHTENbHBIE H
TPaHCHOPTHHEE GePMBI, HAKJIOHHHEE Che3[bl, TYIHKOBHE HJIH
nerjiesble 3ae3fbl, MJOIAAKH TPUMBIKAHHST nyTelt (pHC.
5.17).

Yron oTkoca Hepabouero GopTa Kapbepa (B rpaaycax)

Nl
AR
tgy=2% - I . (5.43)

n ny g i3
Zhingai-l- 20i+2 b; +2 ¢
1 1 1 1

rje n — 49HCJIO YCTYHOB; fi; -— BBICOTA YCTYINOB, M; 10; — YTOJI
O0TKOCa HepaGoyHX YCTYINOB, Ipalyc; f) — YHCJO NMPenoXpa-
HHTEJbHHIX 6epM B JAaHHOM CeYeHHH Gopra; a; — IIHpHHA
IpefoXpaHHTeNbHONH GepMBl, M; Mg — YHCJIO TPaHCIOPTHHIX
6epM; b; — IIHDHHA TPAHCNOPTHOH GEpMEI,, M; M3 — YHCJIO
CHE3N0B B NAHHOM CEUEHHH; C; — IIMPHHA CBE3Na, M.

Bce sneMeHTH 3TOii (GOPMYJIB 3aBHCAT OT NPOEKTHOrO
pelieHHss 70 €noco6y BOKPHITHS KapbepHOro MOJS.

B GosblUHHCTBE CiyyaeB YrJHl ToralleHHss 60pTa Kapbe-
pa H3 ycJOBHS pas3MelleHus 6epm coctasasior 30—40° Dtu
3HaueHHs BO MHOTHX CJYydasiXx OKa3biBalOTCS MeHblle, yeM
HeoOXOoJAHMble MO YCJHOBHAM YCTOHYHBOCTH.
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Pic. 5.17. DneMenth Hepabouero Gopra Kapbepa

5.10.PACYET YCTONYUBOCTHU OTBAJIOB

IIpu oTchINKe OTBAJIOB CKAJbHBEIX, MOJYCKAJbHBIX MOPOJ
H NIeCKOB YCTOHUHBOCTb OTBaja ONpeNessieTcss YCJIOBHEM
paBHoBecHs 6J0Ka IOPOAHl Maccolt P Ha OTKOCE C YrJjoM
HakioHa o. IIpu atom cuna Tpenusa, paBHas Plgpcosc,
IOJXKHA YPABHOBECHTb KacaTeJbHYIO COCTABJSIOLIYI0 MacChl
Psina. Otcioga yclioBHe DaBHOBECHSI OTKOCA HECBSI3HBIX
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nopon (kR=0) MoxeT OHTb 3aNlHCAHO CJAELYIOIHM 006-

pasoM:

B cBsasu ¢ atum (maxke 6e3 yuera cuelJeHHs-3auenae-
HUs) OTBaJbl TBEePABIX MOPOJL HAa YCTOHYHBOM OCHOBAHHH
COXPAHAIOT yCTOHYHBOCTb NPH NPAaKTHYECKH JN1060H HX BHI-
COTe MpH yrJaax oOTkoca 34—36°

[TapameTprl 0TBaJ/IOB c/aa6blX MOPOJ, HMJIH OTBAJOB, pac-
MOJIO)KEHHBIX Ha OCHOBAHHH, HMeIOlleM cJabble KOHTAKTHI
WM c/aabble CJIOH, MOJAJeXaT pacyeTy N0 ORHOH H3 MpPHUBO-
AUMBIX HHIXE CXeM.

Cnab6ble (rJIMHHCTBHIE) MOPOJBl HA yCTOHYHUBOM
OCHOBaHHH. B aTom ciyuae y HHXKHell GPOBKH OTKOca mepe-
cexkaeTcsl psij NMOBePXHOCTeH CKOJIbXKeHUsl. B BepxHel wacTi

OHH ‘HaKJOHEHBl MOA yriaom45° + -p°2l . TToBepxHOCTH CKOJIL-

MEHUS SBJAAIOTCS NJaBHBIMH KPHBOJIMHEHHHIMH.

Cnabble ropHble MOpOAbl MpPH MepeMelleHHH B OTBAJbl
TEpPSIIOT CBOE €CTeCTBeHHOe cuenseHde., [loa BJAHAHHEM
YNJIOTHEHHsS] OHM 3aTeM NMPHUOGPETalT HEKOTOPYIO BEJNHUHHY
CLeNJIEHHsI, KOTOPAsl 3aBHCHT OT CBONKCTB MOPOJ U BHICOTHI
OTBaja (BEJHYHHBl HODMAaJbHBIX HanpsiKeHui). Pacuer
OTRAJIOB BEAYT HCXOAS U3 NPHAAHHS €My BBINYKJIOH (GOPMBHL.

75 370r0 MO ycpexHEHHOH JIHHUU CONPOTHBJECHHS CHBH-
ry (ABCD na puc. 5.18) onpenensiioT XapakTepHCTHKH
npoutoctu k£ U p. C yueroMm pacueTHoro KospduuveHTa 3a-
naca yCTOHYHUBOCTH Tp BBIUHCJISIIOTCS PacyeTHble 3HAYEHHs
kp, pp, Hes 1 ompesessieTcss KOHTYp BBIMYKJOro OTBaJa.

E=45% iz

Puc. 5.18, Cxema oTcTpoiikn BhI-
NYKJOro OTKOCca OTBaJ/Ja IJIHHH-

CTHIX TIOPOA Ha YCTOHYHBOM oOcC-
HOBaHHH:

! — pacuetnmit npoduab; 2 — kouer-

PYKTHUBHBIA npobuavb; [, II, [I] —

BO3MOXXHBIE MOBCPXHOCTH  CKOJIb}Ke-
HuUs
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Puc. 5.19. Cxema k pacuery ye-
TOHYHBOCTH OTBaJla Ha CJOHCTOM
OCHOBAaHMHH:

I — cnaGuit koHTakT (p’, k’); 2—

FPaHULa NpPHU3Mbl yNOPa M aKTHBHO-
ro JaBieHus



Yros Hak/a10HA BBINYK-
J0lt KpHBOI B HUIKHell yac-
i (1/3 H) npuHumaerca
paBHBIM YTJIy €CTEeCTBCHHO-
o OTKOCa, a 3aTeM IPOH3-
BOJUTCA IMOCTeNeHHOe BLI- E=45% /2

. g
noJiaxxiBaHue K BEpXHEH /%

yacTH (cM. puc. 5.18). Ha &é I __'_/’l_"’ocuﬁ’ocu

T,
Bhicote H==5,14 12 or-

v Puc. 5.20. OtBan, uMelowuii B ocC-
KOC MEPEeXOAHT B TOPU3OH-  yopappn ropH3OHTaNbHO 3aJeraio-

TaJbHYIO MJOLAAKY. 3aTeM wHi cnabbiil cok
[IPOU3BOAUTCSA TOBEPOUHBIH

pacuer moJyyeHHoro npouas MO MeTOAY, H3JIOXKEHHOMY
BBILIE.

Ecsnu oTBaJBl pacnoJioKeHbl HA CJAOHCTOM Ha KJI O H-
HOM OCHOBaHHH, TO IIOBEDXHOCTb CKOJIbXKEHHS 110 OTBaJb-
HBIM [IOPOAaM MOXeT OblTb NPHHATA KaK MJaBHAsi KPHBO-
JUHelHasi WM KpyrJaouuauHapudyeckas (pue. 5.19). Cna-
Oble KOHTAKThl B OCHOBAHHMH BBEICTYNAIOT KaK MOBCPXHOCTb
ocjiabJeHus, U MOBEPXHOCTb CKOJbXKEHUS MPOXOAHUT 1O HaH-
Gosee cnaboMy KOHTaKTy (C XxapakTepuCTHKaMu R’ u p’).
Beicora ycTofuHBOrO OTKOCA OTBaJja pacCYUTBIBAeTCs (NpH
o=y HIH a<p AJs1 MHOTOSIPYCHOTO OTBaja) MO0 HECKOJb-
KHM MOBEPXHOCTSIM CKOJIbXK€HHsS MEeTOAOM MHOIOYyTroJIbHHKa
cui. T'paHuna Mexxy I@PH3IMOH aKTHBHOTO [aBJIEHHS H
npH3Moil ynopa mpoxogut noxa yraom 90°—p, k [IC B mpe-
nesax NPU3MBl aKTHBHOrO namJjieHud. Peakuus mexay 6Jio-
KaMH HanpaBJeHa MOA yrJOM p, K HOPMaiH, rie

’
p, = arc tg 2.
Mp.

Ecan orBasibl MMeIOT B OCHOBaHHM TOPH3OHTAJIbHO 3aJie-
rajoiuid caa6 el i ca0f, TO MOXET NPOU30OHTH MOAMOAOLI-
BeHHBIH onosdeHb [25]. Ilpu 3TOM MOBEPXHOCTb CKOJbXKe-
HHA ‘MOXKET ObITb BblfeJeHa UCXOASl U3 CJeAyIOIHX coobpa-
XeHHH: o Nopojam OTBajla MNOTEHLHAJbHAsi MOBEPXHOCTh
CKOJIbXKEHUs1 HUMeeT KPYrJIOUMJHHApHYECKYlo dopmy (pHuc.
5.20). Ha rpanune co cnaGbiM COeM [POHCXOAHT H3JOM
1IC nox yraom 0. IToBepXHOCTb CKOJIbXKEHHs B TIpefesax
cnaboro cos uMeeT oGpaTHBIH YKJIOH TOJNILKO 3a Mpejena-
MH Harpy»eHHOH 4acTH OCHOBaHHs H BBHIXOJHT B OCHOBaHHE

noj yriom & ='45°— p;’“" (rAe pock— YroJl BHYTPEHHETrO

TPEHHS NOPOJ, OCHOBaHUs 0TBana, rpajayc).
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[TapameTpsl oTBajia MOryT GBHITb ONpeJeNeHbl MO JaH-
HbIM Tabu. 4.5 uau tab6a. 4.6. [loBepounsle pacyeTsl BHINMOJI-
HSIOTCS MO PSIAY NMOBEPXHOCTEH CKOJNBbXKEHHS METOJOM alJl-
re6panyeckoro CJOXKEHHs CHIIL.

IIpu orcyTcTBHH AeTajbHOrO H3YyYeHHSI CBOHCTB TMOPO]
OCHOBaHHSI OTBaJa ero yCTOHYHBLIE NapaMeTpPhl MOTYT ObITb
onpenesieHbl OpHEHTHPOBOYHO.

IMHoOroOsIpycHble OTBaJbl Ha HAKJIOHHOM CJIOHCTOM OCHO-
‘BAHHM COXPAHSAIOT YCTOHYHBOCTb NPH Pe3yJbTHPYIOIEM
yrie otkoca o=25—30°% BricoTa HUKHEro sipyca He I0JIK-
Ha NpeBHIIATh 25 M, a IIPH HAJHYHH yBJIA’KHEHHBIX TJIHHH-
CTHIX nopox—I15 M.

OrBaJbl caabbIX TIHHHCTHIX MOPOJ HA YCTOHYHBOM OCHO-
BAHHH JOJIXKHBI pasMellaTbCs C PE3YJNbTHPYIOLIUM YIJIOM
otkoca a='18—25° BricoTa KaXmoro sipyca ¢ ecTecTBeH-
HBIM YTJIOM OTKOCa BHIOHPAeTcsi B 3aBHCHUMOCTH OT BJAXKHO-
CTM M COCTaBa MeCYaHO-IIMHHCTHIX NMOPOJ H ‘KoJaeGJercsi OT
10 o 30 ™.



PA3IEJI 11

OBECIIEHEHHE
YCTONUMBOCTU BOPTOB KAPBEPOB
1 OTBAJIOB

6. OBGECIIEYEHUE YCTOMYHUBOCTH OTKOCOB
NNPU MPOU3BOACTBE rOPHBIX PABOT

6.1. OBECNEYEHUE YCTONMYUBOCTH BOPTOB NMPH BELEHHM
BYPOB3PbIBHBIX PABOT

Ha coBpeMeHHBIX Kapbepax B3pBIBHbIE pabOThl IO CHJIEe
BO3EHCTBHS OOBIYHO MPEBOCXOASIT BCe ApPYrHe W B 3HA4YH-
TeJbHOH CTENeHH BJHSIOT Ha YCTOHYHBOCTb OTKOCOB CKaJlb-
HBIX H IIOJYCKa/JBHBIX TOPOA.

B3pelB npuBOAHT K APOGJEHHIO TIOPO B 30HE, Hemocpe-
CTBEHHO NMpHMBIKaomell k 3apsay BB (3ona [, puc. 6.1).
B 30He HHTEHCHBHOrO TpEIIHHOOGpPa30BaHHsA (30Ha 3)
COMKHYTHIE TPEIUUHH PAaCKPHIBAIOTCS H -00pPa3ylOTCs HOBHIE.
Biiokn mopoAr cMemarTCss OTHOCHTENBHO APYT Apyra, Ha
BepxHell miomaznke o6pa3yloTcsi 3aKoJbl. BJjlokH NOpoabl B
3TOH 30He NPAKTHYECKH NMOJHOCTBIO YTPAuUBAIOT CLEMNJeHHe
H yJepXHBAIOTCS B DAaBHOBECHH 3a CUET TPEHHS, H 3alenJe-
HHSI HEPOBHOCTAIMH 6Ji0KOB. [lasee B 30He T HapylleHHS
mMaccuBa NPOSBJAIOTCS B (OpMe paCKPBITHS TPellUH H yBe-

[ Ao 40-50m
020M

NI \T\-'

~:3~|V 7 IT,‘ “‘

.“l‘\l =

//\'\;»
Yy
//
o. .
S ARAY) ) Ly
~ < -"d
NS A -->-.-‘-<—3up

Puc, 6.1. Bausinne B3pHIBaHHS 3apsiaa Ha NOPOAHHIA Mac-
OHB .
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JM4ueHHs TpellHHoBaTOCTH. IllupuHa 3TOH 30HBI JOCTHUraeT
40—50 M. ITocko/nbKY MOABHKKH MaccHBa NPH B3pbiBE Ha-
npaBJieHbl Ha3aj— BBepX, OHM HanboJiee HeGJaronpHsiTHHI
NpH HaJHYHH CHCTEM TPEIHH, MajalolluX B CTOPOHY MaCCH-
Ba. Hajuune Takux TpelllwH c majeHueMm cBeille 32—36°
MO2KeT TIPUBECTH K OOpyUIeHHIO MOAPe3aHHBIX OJIOKOB cpasy
e mnocse B3pbiBa. Jlanee B ray6b mMaccHBa mopoja He MO-
JlyyaeTr ocTaTOUHbIX AedopMauuii, kojebaHHs HMeEOT ynpy-
ruil xapakrep (3oHa ¥). Pa3mepnl 3TOil 30HBI CYLIeCTBEHHO
3aBUCSIT OT Macchl OJXHOBPEMEHHO B3PbIBAEMOro 3apsaa H
cBoficTB mopon. OJHAKO MO CBOGMY XapakTepy KoJebaHus
ABJISIIOTCA AONOJNHUTENbHOH HATPYy3KOH W MO3TOMY YCTYMHI,
HaxofslllHecsl B PaBHOBECHOM COCTOSIHMH, GJIM3KOM K mpe-
IeJIbHOMY, MOTYT IOJBeprartbCs HapyuleHHsM Aaxe Ha 60JIb-
IIHX PacCTOSIHUSIX OT MECTa BeJeHHs B3PHIBHBIX paboT. YBe-
JINUeHHe HapyLIeHHOCTH MaccuBa HHTEHCH(HUHPYET mpouec-
Chl BBIBETPHBAHHSl M YCKOpSieT pa3BHTHe OChbINel.

CHuXeHHe HeO/JaronpHsITHOrO BO3LEHCTBHS B3phIBA Ha
MacCHB MOXKE€T NOCTHraThbCsl: OrpaHHYeHHeM Macchl OJHO-
BPeMEHHO B3DbIBAEMOTO 3apsfa; NPHMEHEHHEM KOHTYPHOro
B3PLIBAHHSl HAKJOHHBIX CKBAaXXHH, JHATOHAJBHBIX CXEM KO-
pPOTKO3aMe/JIeHHOro B3pPbIBaHHs, 3a0TKOCKH YCTyNa 10 Tpe-
mIMHaM, NMajalplluM B CTOPOHY Kapbepa.

KosieGanusi moponsl MpH B3pHIBe XapaKTEPU3YIOTCS CKO-
pocteio cmelieHHss. CKOPOCTb CMellleHHsl, He BBI3BIBaiOL1Asi
Aedopmauuii, 6yaer SBAATHCS AONYCTHMOH (Upeyr) B NAHHBIX
ycaoBusx. OHa 3aBHCHT OT THMA MOPOJA, CJAAraloIluX OTKO-
Cbl, ¥ KPATHOCTH NPHJIOKEHUS Harpy3ku (tabJ. 6.1).

HonycTnMble CKOPOCTH KOJeOaHHH 1Jis 3MaHHE H COOpY-
XKeHu# (IpH OTCYTCTBHH B HHX nedopMauuil) He HOJKHBI
npesbiiath 3—6 cMm/c.

B TO e BpeMsl CKOPOCTb KOJIeGaHHH 3aBUCHT OT MacChl
.OlHOBPEMEHHO B3pbiBaeMoOro 3apsiia (, paccTosiHHA OT

Ta6auma 6.1

JlonycTHMble CKODOCTH cMe-
LleHHsl, cM/c TPH B3pbIBaHHUH

XapaKTepHCTHKa NOPOJ, CJaraloliHX OTKOC
MHOTOKparT-
HOM OLHOKPAaTHOM
BoznoHachlllieHHbIE NecUaHble 6 12
MajocBsisHEIE H € HeGIAarOmpHATHO OpH-
€HTHPOBAHHON TPEIHHOBATOCThIO 24 48
Ipounse 48 96
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Ta6auma 6.2

3uauenus K

MaKCcHMaJibHble
XapakTepHcTHKa NMOPOJ, CJlaraloluX OTKOC CpenHHe NpH

npH MHOro-
OJIHOKPATHLIX KpaTHbIX
B3phIBaX B3pBIBaX

BopmoHachllleHHble — TecyaHble  (rayOHHA
YPOBHSI TPYHTOBHIX BOJL MeHee 5 M) 450 600
MamnocesiaHble HeOGBOJHEHHEIE MOPOAH C
He6JaronpHATHO OPHEHTHPOBaHHOH  Tpe-
IHHOBATOCTbHIO 300, 450.
OTKOCHl POYHHX TOPOA 200 300

MecTa B3pbIBa JI0 JaHHOrO YCTylla ¥ B Xapakrepa MOpOJ,
caarapomux ycryn. IlpepenbHo AomycTHMasi BeJHuHHa Ol-
HOBPEMEHHO B3pblBaemoro 3apsya (B Kr)

Un nr3
Qnon = —'——;(2 ’ (61)
TIe Upon — AOTYCTHMAsi CKOPOCTb kasaebanuii (Taba. 6.1),
cM/c; r — paccTosiiie no mecTa B3pbiBa, M; K — Koadduus-
€HT BJHSIHHS NOPOABI (Taba. 6.2).

ITpu KOpOTKO32MenNeHHOM B3PbLIBAHHH AEHCTBHE KaX-
IO cepHH He HaKJaibiBaeTcss Ha Moclelyollylo TpH obec-
NeyeHHH HHTEpPBaJa 3aMenneHus (B Mc)

S
Toan > 2 "Z;i : (6.2)

rae S — nJolllafb MOBEPXHOCTH yCTyla, NpUXoAsllasics Ha
OHy CKBaxHHY, M%; 9 — MJIOTHOCTb NOPOX, T/M3; g —yLeb-
Hblli pacxox BB, kr/ms. i
KoHTypHoe B3pnBaHHe (pHuc. 6.2) npHMeHsieTcsl NPH
II0CTaHOBKE YCTYIla B KOHEUHOE NOJIOXKEHHE ¢ MUHHMAaJbHBEIM
BpeIHbIM BJIHSIHHEM B3pBIBA Ha .COCTOSIHHE OTKOCOB. ITOT
3¢ heKT JOCTHTACTCS NyTeM yMeHbLIeHHS BEJIHUHHBI 3apsija
B TOCJIeAHEM DALY CKBaxKHH. [lo mpPOEKTHOMY KOHTYpPY OT-
Koca ¢ HHTepBa/JoM 0,8—2 m npobypuBaercs psig HaKJOH-
HbIX CKBaXHH, JXXElaTeJbHO YMEHbIIEHHOTO [JHaMeTpa H
OPHEHTHPOBAHHBIX COOTBETCTBEHHO NPOEKTHOMY YIJy OTKO-
ca. CKkBaXXHHbI 3apsxkajoTcsi ocaabJeHHbIMH 3apsiiaMu BB.
Mexay CTEHKOH CKBaXXHHBI H 3apsytoOM AOJKeH ObITb BO3-
AYUIHbIA 3230p. 3apPANbl AJisi KOHTYPHOTO B3PHIBAHHS H3rO-
TOBJISIIOTCS B BHIE THPJSHAB M3 naTpoHoB BB Ha nertonu-
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Henenee 12-15d3ap
I

Puc. 6.2. CxeMa KOHTYPHOrO B3DHIBaHHS

pyrollieM 1rHype. Huxuss yacTb 3apsijia yBeJHYHBaeTcs Ha

M.

320TKOCKAa YCTYNOB B KOHEUHOM MOJIOXKEHHH MO TPELLH-
HaM M APYTHM CTPYKTyPHBIM oc/Jab/eHHaM, INajaioliiM B
CTOpPOHY Kapbepa, HeoOXoxuMa npH yriax mnafenus 40° n
Gosibllle, 3a0TKOCKA MPOHM3BOAMTCS B3PHIBAHHEM JHOO Ha-
KJIOHHBIX CKBAaXKHH IIOJ yrJoM IajfeHHs TPeulHH, Ju0O Bep-
THKaJbHBIX CKBaXXWH pa3Hoii BeIcoTE. OTOOHKa mopoasl y
KOHEYHOro KOHTypa Kapbepa AOJIKHa 'OCYIIECTBJSATbCA CKBa-
KHHaMH, He UMeIMMH nepefypa.

6.2. YCTPOVICTBO YCTOMYHUBOIro NMPO®UIS BOPTA

YicroiuuBbiii npoduap 6opra onpefensercs pacyeToM C
yueToM HeoOXONHMBIX KO3 bhHUHEeHTOB 3anaca. B moayuen-
HBIi Tmpoduabp 60opTa BNHCHIBAIOTCS TEXHOJOTHYECKH HeoOl-
XonuMble GepiMbl U ycTynbl. IIpn aToM yros oTKoca KaxAoro
yCcTyIla ¥ ero BHICOTa He JMOJXKHBHI IpPEBHILIATh TPEeAeJbHOTO
3HAYEHHs, ONpPEeAeNsieMOro JJsi Kaxpaoro ycryna. OpHeHTH-
POBOUHBIE 3HAYEeHHS NpeNeNbHBIX YIJOB HakJoHa ©GopTa
Kapbepa TIpUBOAsiTCH B Ta0J. 6.3.

Tupuna 6epm (BM) HOJXKHA ONpelelsATbCS € YYETOM
HX HasHaueHMs,, HHTEHCHBHOCTH Da3BUTHSl OCHINIEH H BpeMe-
HM HX CTOSIHHS, T. e,

B=B: +(a+b)t, (6.3)

rie Bp—IIupHHa GepMBI TI0 TEXHOJIOTHYECKOMY Ha3Haye-
HHIO (HANpHMEp, INHPHHA TPAHCIOPTHOH NOJOCH C YyYeToM
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Ta6anma 6.3

O6was  xapakTte-
PHCTHKA TOPOR

XapaKTepHCTHKa OCHOBHHIX (haKTOpoB

OpHEHTHPOBOY-
Hble Yrabl 1o-
raleHus, rpa-

nyc

Kpenkue ckanab- | Her HeGnarompHaATHO  OpHEHTHpPOBaH-
HHE HBIX TIOBepXHOCTeH ocJjab/ieHAsd, yMe-

peHHasi TPellHHOBaTOCTb. 50—60

To e, HO WHTEHCHBHas TpeLIHHOBA-

TOCTb 40—45
Hapsiay ¢ kpen-| Ciou sexauero Goka GopTa Kapbepa
KHMH €CTb CJ1aH-| HMeIOT yroJ najeHusi Gosee 40° 30—40
uel H miaoTHeie| Her moBepxHocTeli ocnabuenus, majaa-
MecyaHoO-TVIHHKH- | IOHMIHX B CTOPOHY Kapbepa 38—45
CTHIE EcTb moBepxHOCTH ocJ1a6J/ieHHs 30—40

Mynbnoo6pasHoe 3ajeraHie mjaacra 25—30
Puxnple w mar-| Her muacTuyHHX TVIHH W TOBEPXHO-
KHe ocaJiloyHee | cTeil ocnabieHHss B HHXHeH yacTH
HJIH MOJIHOCThI0 | Gopra 25—30
pasioKeHHbe B HuxHell yactH Gopra HMelOTCH IO-
Kpenkune BEpXHOCTH ocJ1abieHHs 20—25

nosocsl 6€30MacHOCTH), M; @, b — XapaKTEepHCTHKH HHTEH-
CHBHOCTH Da3BHTHSI OCHITIH, M/TOf; { — Bpemsi <CyLIecTBOBA-
Hus GepMBHI, Jer.

6.3. BbIBOP NOCJIENOBATEJBHOCTH OTPABOTKHU
KAPBEPHOIO NnOJISI C YYETOM YCTOMYHUBOCTHU OTKOCOB

B nepuox npoekTHPOBAaHHSI B KOHTYPE KapbepHOro NOJS
N0 JaHHBIM TeOJIOTHYECKOH PAa3BEeIKH BBHISIBJISIOTCS 30HBI
BO3MOXHBIX HapylleHHH yCTOHYHBOCTH (TMOPOABI ¢ HH3KHMH
3HaYeHHsIMH CONDOTHUBJEHHH CABUIY, 30HBI ITOBEPXHOCTEH
ocnabJeHusi, TEKTOHHYEeCKHe HapylleHus u T. A.). ITocaemno-
BaTeJbHOCTb OTPAaOOTKH HOJXHA BBIOHPATHCS C yUETOM 3THX
30H.

‘BHelllHHe BCKpbIBalollHe BHIPAGOTKHM JOJKHBI PacroJa-
ratbcsl B IOpojax Hanbosee ycToOHUHUBHIX, UTOOB 00eCTIeUuTh
HX HOpMaJIbHYIO KCIUIyaTalllo B TeYeHHe BCEro cpoka cy-
LIeCTBOBAHHUSl Kapbepa.

BekpuiTHe 'cTallHOHAPHBIMH BHYTPEHHHMH Che3LaMH Ke-
JlaTeJbHO OCYLIECTBJAATb N0 O6OPTy Kaphepa B NMOPOAAxX BH-
csruero ‘60Ka, TaK KaK B 3TOM CJyyae ODHEHTHPOBKa HalJa-
CTOBaHHH (NajeHHe B CTOPOHY OT Kapbepa) obecneyuBaer
Jy4ylllHe YCJOBHS YCTOHMHBOCTH.
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Puc. 6.3. TIlopsimok OTPaGOTKH MYJnI006pasHOM
3aJ1eXHu

[Tpy BO3MOXKHOCTH OTPabOTKH KapbepHOTo NOJsS ouepe-
I5IMH pa3paboTKa y4yacTKOB (CJOMKEHHBIX c1a0BbIMH JIHTOJIO-
THUECKHMM DPa3HOCTAMH), HMEIOLIHX CTPYKTypHHe ocaabJe-
HHsl, HOJI)KHA TIPOEKTHPOBATHCS B TIOCAGIHIO Ouepelb, C
TeM 4TOOBI CPOK CTOSTHHsI 60pTa ObLT MHHHMAJbLHBIM,

OtpaGoTka MyJapno00pa3HbIX 3ajexeldl 1O BOCCTAHHUIO
njacra yacrto NPHUBOJHUT K Da3BHUTHIO TIYOMHHBIX OINOJ3-
He#l. IToaTOMY B 3THX YC/NIOBUSIX TIPEANOYTHTENbHEH pa3BH-
BaThb PaboThl ABYMs BCTPEUHBIMH Kapbepamu (puc. 6.3),
COXpaHsisi B 3aMKe MYJbJB BO3MOXHO [0Jblle HEBLIHyThble
nycThle NOPOABI, UTO yBeJHYHBaeT NPH3MY ynopa. Taxo#
nopsaAoK oTpaboTKu obecneuuBaeT ¥ HaWJywlliMe TEXHHKO-
SKOHOMHYeCKHe IOKa3aTeJH: OGbICTPOe OCBOEHHE NPOH3BOI-
CTBEHHOH MOILHOCTH, MHHHMAaJbHble 3HAUEHHs SKCIJIyara-
IIHOHHOTO KO3(PHIHeHTa BCKPHILIK NMEPBOTO NEPHOAA.

Ecan mosnesHoe uckonaemoe 3ajeraer HajJ INOTEHIHAb-
HOH HJIH NpOsIBHBILEHCS IMOBEPXHOCTBIO CKOJIbXKEHHUST U obpa-
3yeT ynop AJs OIOJI3HEBOTO TeJa, lesecoobpasHo orpada-
TBIBATb €0 He NPOJOJbHBIMH, a Y3KHMH TIOMEPEYHBIMH 3a-
XOAKaMH C nocjaefyolllei nOABaaKo#l ONOJ3HS TOPOJAMU
{BCKPBILIH,

Eciu B npeflenax KapbepHOro mojis HMeeTrcst CKJaaya-
. TOCTb BTOPOTO NOPSIAKA, TO OTKOCH YCTYNOB, TpaHLIeH e
cJe/lyeT pacnoJararb Ha KDHIbSIX CKJAaAoK, TaK KaK 3TO
NPUBOJHT K Pa3BUTHIO JAedopMaiufi OTKOCOB. '

ITopsimox 0oTpabGoOTKH clefyeT BHIGHPATh TaKHM, YTOObI
NOCTOSIHHBIM 6OPTOM He NOJCeKaJiuch CJIOH, Majaiollye B
CTOPOHY Kapbepa moj yriaom, GOJbUIMNM yrja BHYTPEHHEro
TPEHHUs] MO KOHTakTy. Ec/HM Nojiceyka Ha HEKOTOPHIX yyacT-
KaX HeusbexHa, To clefyeT npuberaTb K HCKYCCTBEHHOMY
VKPETJIEHHIO HX.

OrpaGorka HeyCTOMYHBBIX y4acCTKOB KapbEPHOTO I0Js
NOJI2KHA TPOEKTHPOBATbCSl € TaKON 'MHTEHCHBHOCTBIO (CKO-
pPocTb ToJBUranus (poHTa paboOT, MOHHKEHHE TOPHBIX pa-
'60T), 4TOGBI 06ECNeYHBAIOCh OKOHUaHHE OTPaBbOTKH 10 Ha-
ya/ja aKTHBHOH (hasbl pasBUTHA ,JAedopMaluil.
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IIpu moxxone paboT K NpeuesNbHOMY KOHTYDY Kapbepa
nesecoo6pasHo, ecld 3TO BO3MOXKHO, MEPEXOAHTb K paspa-
60TKe monepeyHbIMH 3axoAkaMu. [Ipu aToM obecneunBaercs
BO3MOXHOCTb 320TKOCKH YCTYNOB ¢ IIOMOILBIO MpeABapH-
TEJNBHOTO lueaeo6pasoBaHHsl.

6.4. TOPHBIE PABOTb! HA ONOJI3HEBbIX YYACTKAX

Bo mHOrux ciayuasix pasBHTHe ONOJI3HEBBIX AedopMmauni
OTKOCOB TPEAOTBPATHTb € MOMOILBIO CYLIECTBYIOUIHX METO-
noB He ymaercs. IIpu 3TOM BbleMKa ¥ NOTPYy3Ka AOJXKHBI
OCYUIECTBJSATHCS C NOMOLIbIO AOCTaTOYHO MOGHJIBHOTO 000-
pyzoBaHusi. PaGoune miollagku JOJKHB ObITb MPHCIOCOO6-
JIeHb! /IS BO3MOXHOH aBapuHHON sBakyauHu obopynposa-
HHs, T. €. OGBITb OUHLIEHB! OT HABaJOB NOPOAB!, HMETb JOCTa-
TOYHO GOJBIIYI0 IMPHHY M T. . PabGOTEl Ha OMNOJ3HEBOM
yuacTKe NPOHM3BOAST [Js INPeNOTBPAllleHHs JajbHeHIlero
Pa3BHUTHsSI OTOJI3HS, NIO3TOMY, KaK NPaBHIO, OHH JOJIKHHI
HAaUMHATbCH C YCTPAHEHUs] NPHYUHBI €ro BO3HHKHOBEHHS.

JlAst 3TOr0 MMKBHAMPYETCS HCTOUHUK OOBONHEHHSI OTKOCa H
nJaHUpyeTcs OMNOJ3eHb A5l obecrneueHHsi CTOKA IOBEPXHO-
CTHBIX BOA. DTH 'Mephl 0Ka3blBaloTcs 3 (OEeKTHBHEIMH, KOraa
NPUUYHHOH BO3HWKHOBEHUS OMOJI3HEH SIBASIETCSI CKONJEHHe
BOA B NpHbopToBOil 30He. Teno omoasHsi mpoduaHpyercs ¢
NOMOUIbI0 KOBIIA apar/jaiHa, B OTAENbHBIX CAyuyasX MOTYT
npuMeHaTbcsl Oy/abA03epbl NpH o6s3aTeNbHON aHKepOBKe.

OTrpyska omnoJisHeBbIX Macc (puc. 6.4) moJXKHA Hauu-
HaTbCsl C OTTPY3KH NOPOGL U3 NPHU3MBI aKTHBHOTO [JaBJICHHS.
B xayecTBe BLIEMOYUHOr0 OGOPYAOBAaHHS INPHUMEHSIOTCS
nparnaiigel. Pabota mosmkHa
NPOH3BOAHTbLCH IIPH NMOCTOSH-
HOM KOHTpPOJIE COCTOSIHHSI OC-
HOBaHHS ONOJI3HS U B ciayuae
NOSIBJIEHMSI ONacHHIX nedopma-
A Mali¥MHa MAOJI2KHA HeMel-
JIEHHO BBIBOAUTBCA M3 onac-
HOH 30HHI.

IlpenoTBpamienyie  gajb-
HefllIero pPasBUTHA OMNOJSHA  pyc, 6.4, OTrpysKa ONOJISHEBEIX
BO3MOXHO 3a CYET OTCBIMKH Macc:
KOH’qu’)OpCa U3 CKaJIbHbIX, XO- @ — luhpHHa oOmNoJ3luei HacTH YCTy-

na; X— paccTOsSiHHE OT BepXHell GpOB-
polIO (HJBTPYIONIHX TOPOML. 'wi yoryma o tyconi aparnata
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7. ACKYCCTBEHHOE YKPENJIEHUE OTKOCOB

7.1. MEXAHHYECKHE CNOCOBbI YKPENMJEHHUSA OTKOCOB

B CCCP uckyccTBeHHOe yKpelJieHHe BIepBble oOcylile-
cTBJeHo B 1956 r. Ha yroabHbIX Kapbepax Kysb6acca. Ilpu
5TOM YAaJOCh COKPAaTHTb O0O0BEeM BCKDBHILHBIX paboT Ha
40 TBIC./M® H CIKOHOMHTbH 0K0JIO 22 ThIC. PYO.

3areM ONBITH GBLIM TNpOROJKEeHB Ha KiuceleBckoM H
ADYTHX YrOJIbHBIX KapbePaX M MPHBOLHJH K TEM e Pe3yilb-
TataM. MckyccTBeHHOe yKpelnyieHHe NPOBOLUIOCH B 60-X ro-
nax Ha Koynpamckom, 3aaroyct-Benosckom, Beicokorop-
ckoMm, CubaiickoMm, KopkurckoM, I'opoGaaromarckom, Tio-
JeHeBcKoM, JleGeaHHCKOM Kapbepax H Ip.

PesyabTaThl 3THX ONBITOB NOKa3aJjH, 4YTO NMpenymnpexie-
HHe JedopMaluii OTKOCOB, NOCTABJEHHBIX B TPEeAebHbIHA
KOHTYP, MOXeT OBITb JAOCTHTHYTO 32 CUET MCKYCCTBEHHOTO
YKDPENJeHUs TOpoJ.

HanGonee HamexHbIM ¥ NPOCTHM YKpENJEHHEM OTKOCOB
siBJIsieTcsl cBali Hoe. Haunyuyline pesyJapTaThl OHO NO3BO-
JsieT TOJNYYHTb Ha yyacTKaX, OCJAabNeHHBIX CJOHCTOCThHIO,
TPEIIHHAMH TEKTOHHYECKOTO NPOHCXOXK/IEHHS U T. .

Pas/inynble BBl CBaHHOrO YKpENJEHHs OTKOCOB IOKa-
3aHbl Ha puc. 7.1. dddexTuBHas paboTa cBall LOCTHraercs
NPH LOCTATOYHOM ee 3arJy6J/JeHHH HHXKe NOBEPXHOCTH CKOJb-
XeHHst ‘B 30He NpuaMbl ynopa. IIpu ykpenjeHHu cBasiMu
CHJIPHO TPEIIMHOBATLIX yYacTKOB JKeJaTeJbHO TPOBOAMUTH

| VE%
i 12
6 l'
i

Puc. 7.1. Pa3HoBugHOCTH CBAaHHOTO YKpemlseHHs OTKOCOB:

a — xeneso6eToHHas cBas; 6 — Kesne306eTOHHasi aHKepoBaHHasl; 6 —
XKesne3o6eTOHHasi LINOHA; e — cBas-060J04Ka ¢ THOGKOH apMmaTypoii;
1 — GeToH; 2 — XecCTKasl apMarypa; 3 — rubkas apmaTypa
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LEeMEeHTalHI0 MoPOoy, BOKPYr cBaM, YTO CYLIECTBEHHO IOBBHI-

waer addekT ykpennenus. Bce BUAB CBAaHOrO yKpenJaeHHs
PacCUHTBHIBAIOTCS MO BeJHYHHE He0OXOLHMOTO Yep:KHBalo-

wero ycuaus [35]

ATyg=(Mp—Mp) Z Tens (7.1)
HJIH
ATy, = (& — 1) 2 Tyz, (7.2)
Mo

rie MNp— pacueTHuii Ko3(p(HIHEeHT 3anaca YCTOHYHBOCTH
(o5 paGounx 60prToB mp=1,3, Aas Hepabouux — np=1,5-
+2,0); ne — bakTHueckHl Ko3(hOHUHUEHT 3anaca yCcTOHYH-
BOCTH, DaBHBIH OTHOLIEHHIO CYyMMbl YAEPXKHBAIOUIHX CHJI K
CABHTAOUIMM IlI0 IpeArno/araeMoli NOBEPXHOCTH CKOJb-
XKEHHs,

Hasi psja npeanosnaraeMblXx MOBEPXHOCTEH CKOJbXKEHHS
onpejeJsieTcss cyMMa YAepKHBAaKOWHUX Tyg H CABHramoMHX
cun (1, 2, 3, 4, 5 na puc. 7.2), BoIUHCAsIeTCS 3HAYEHHE My H
BbIOHWpaeTCs BENHUHHA T)p. 3aTeM CTPOUTCS rpadux H3MeHe-
HHUsl ¢ B 3aBHCHMOCTH OT yJaJleHHS TMOBEPXHOCTH CKOJbXe-
HHsl OT BepXHeH ODOBKHM OTKOCA H ONpPeJeNsieTcs TI'DaHHUA
obJacTH mopoJ, NOAJeXalluX YKpemJeHHio (cM. pHc. 7.2).

B Tex cayyasix, koria NOBepXHOCTH ocsabJieHHs onpese-
JIeHHb (TPelHHBl 60JbIIOro MpoTsiKeHus ¢ 'Kk u p’ K p),
pacuer NPOH3BOJHUTCS TOJNBKO N0 OJHOH NMOBEPXHOCTH CKOJIb-
XeHusl. B wacTHocTH, BeaH-

YHHa 1) NPH NoAceuke 60p- ATyd,T Zg ATy3
Ta  TPeIHHOH G6OJbLIOro 60F 2,0t
NPOTSXKEHHsST MOXKET OblTb 4 751— %
onpezeseHa no ciaenymouiei | B
tdopmyJe: 2”! 1o
_ 2Tyn _ I (.
Ny = — - = S
cas ' [ [
=Pcosﬁtgp’ + kS (7.3) | 1 23 &
Psinf ’

rae P— macca npuambl 06-
pylLIeHHsl,  OrpaHHYeHHOH
JABYMSI COCEJHHMH CeUeHHs-
MH, T; P —yroa mnaaeHus
R
TPEUIHHEL, IPAAYC, p'—yro Puc. 7.2. Cxema omnpejesieHHs JO-

BHYTPEHHErO TPEHHS 110 NO-  popyyrensHOro yIepXUBaIoLIero
BEPXHOCTH ocnabJjieHs, yewinst Ty
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k' —cuensieHHe 1O  TOBePXHOCTH  ociabueHus; S —
TJOIaJb MOBEPXHOCTH CKOJbXKEHHSl, OrPaHHYEHHas [ByMs
COCEeIHHMH CeUeHHAMH.

Csay ‘MOryT GHITH CPe3aHbl MO TPELIHHEe, KOTAa CNoJ3a-
IOLIMH MacCHB JOCTATOYHO MOHOJHTEH, HIH H30THYTHI, KOT1a
HapylleHHe TNpeJCcTaB/JeHO NePeMsITHIMH NOPOJaMH, CKJOH-
HBIMH K TJIaCTHYECKHM AedopManusM, WIH MOPOJB NPH3Mb
oOpyIleHHsT JOCTATOUHO AE3HHTErPHPOBAHHI.

B nepBoM c/yuae pacuer BHIMOJIHSETCS MO JONYCKaEMbBIM
HanmpsKEHHSM H TJIOLaJb NPHBEIEHHOTO CEYEeHHs CBaH

Sup =S¢ + 22— 8, (7.4)
Es

rae S — naomanb 6eToHa B CeYEHHH cBau, MM2; Sa — ILIO-
uwanb apmMaTypel B ceueHuu cBau, MM; Ea, Es— Monyan
yIOpyroctTd apMatypsl H GeToHa.

Hecymas cnocoGHOCTb CBaW NPH PacueTHOM CONPOTHB-
JeHHu OeToHa Ha cpe3 Rep:

Qcp = ch Snp . (75)

Torpa uyucio cBal, HeOOXOAMMBIX HJ51 YKPeNJeHHs yuacTKa
GopTa mauHO# I:

N=ATmt (7.6)
Qcp

Ilpu pabGoTe cBam Ha M3rud pacyeT NPOH3BOJHTCH CO-
rJacHO CTPOMTENbHBIM HopMmam ¥ mnpaBuaam (CHull) 1o
nepBoMy npeneabHoMmy cocrosinuio [16, 35]. Hecymas cno-
COOHOCTb THMOBHIX XeJ1e300eTOHHBIX CBaH, ceueHHe KOTOPHIX
_MOKa3aHO Ha pHC. 7.3, oOblYHO yKasaHa B NAacnopre, Bbila-

BEaeMOM 3aBOJOM-H3rOTOBHTeJeM. Pacuer cocTOHT B omnpeje-
JIEHHH H3rubaiolliero MOMEHTa, JeHCTBYIOUIEro Ha CBalo H
paccTOSTHUS MeXIy CBasiMH.

3aray6/neHde 3aMKa CBaH B HeHapyUIEHHBIH MaccHB
ofecneynBaer ee yCTOHYHUBOCTb U CBAI0 MOXKHO MPEACTaBHTb
Kak 6a/sKy ¢ 3ajeJaHHbIM KOHLOM C PaBHOMEPHO paclpeje-
JeHHol Harpysko#. Ilpu sTom wu3ru6alollufi MOMEHT, nepe-
naBaeMblii Ha cBaw '[35]:

NPH CBHI'e MOHOJHMTHOTO MACcCHBa Mo ciabomy mpo-
CTOAKY

M=mATy,, (7.7)

rae +sm -— MOWHOCTb MPOCAQSH, M,
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Puc. 7.3. Ceuenne cpan:

a—c xKecTKoit  apMaTypoii; 6 —c

ruOKoit apMaTypoii; 8 — cBast-050-

JIOYKa (WITPHXOBKOH TNoOKazaHa 30Ha
C3KaTHA CBaH)

K4

NPH CABHre NOPOJ CO B3aHMHBIM NepeMelleHHeM OJO0KOB
(cmoMCTHIH, TPELIHHOBATBIH MacCHB B Npejiesax NPH3MbI BO3-
MOXKHOTO O0O0pYyIleHHs)

M= %hATyn, (7.8)

rie h—BBICOTa TIPH3MBl BO3MOXKHOTO OOpYILEHHS, M;

B OTKOCE OJHOPOIHBIX TIODOJ I'PH pacyeTHOH (He ompo-
IeJIeHHOH) INOBEPXHOCTH CKOJIbXKEHHSl, 3aKaHuHBalolei s
BePTHKa/JbHOH TPELIHHOH OTpPHIBA:

1
M= — (h— Hy) ATy (7.9)

IIpn 3aankepeHHbIX cBasgXx (OHH TNonoGHB Gajakam Ha
IByX ONOpax) Be/JHYHHA M3rHOAIOLEr0 MOMEHTa, nepeiaBa-
€MOro Ha CBao, Moxker ObiThb onpeje/ieHa Mo  CACAYIOULIM
bopmyaam:

M= %muw, (7.10)
M= -%hATm, (7.11y
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O6uee yuciao csail N, HeoOXomauMoe [AJs HaLEXHOIO
YKPeNJIeHHs1 y4acTKa, oNpele/sieTcsl W3 CPaBHEHHs H3rudaio-
1lero MOMEHTa, CO3JaBaeMOro NPH3MOH BO3MOXHOTO 00py-
ueHus M u Hecyuleil cniocoGHOCTH ©Bau NpH u3rube My

N> M (7.13)

Har

Paccrosinuss MexAy cBasMH NPUHHUMAIOTCS OOBIYHO OMH-
HakoBhIMH. Eciu yKpemjseMblii cBasiMH MAaCcCHB (CJOXEH
PLIXJBIMH CJ1a60CBS3IIBIMH MOPOAAMH, TO OHH CIIOCOOHH «00-
TeKaTb» cBau. Torna HeoO6XOAHMO COJMHKATb CBAH.

I'ny6uHa 3afeNkKy cBau HUXKe TOBEPXHOCTH CKOJbXEHHS
onpeaesieTcss IPOYHOCTbIO NOPOJ, BeJUUHHON AONOJHUTENb-
HOTO YAepXKHBAIOLIEro YCHJMS H HaJeXCHOCTbIO 3aKpemJe-
HHS1 apMaTypbl. ODHEHTHPOBOYHO IyGHHA 3aJeNKH lsag MO-
JXeT ORITb npuHATa paBHOH 1,5—2,0 M B cKa/JbHHX, 2—3 M
B NOJYCKaJ/JbHHX U 3—4 M B PHIXJBIX CBSI3HBIX NOPOJaX.

s ykpenjienusi oTkoca XeJse300€TOHHBIMH  CBasiMH
(1moHaMH) GypsTCs CKBaXKHHBI, YCTAHABJIMBAIOT B HHUX Tro-
TOBHE CBaH HJIH apMmaTrypy (AJs LIIOH TOJBKO Ha ompeje-
JIeHHOM HHTepBaJie, AJs cBal — Mo Bcel AJHHE CKBaXXHHHI)
¥ 3ateM OeroHupyloT. IIpu cBaliHOM yKpENJEHHH CHJABHO
TPEUIMHOBATHX MOPOJ ToCJ]e YCTAHOBKH apMaTypH CKBaXH-
HH HaOHBalOT IEOHEM H I1IEMEHTUPYIOT MaCCHB.

IlTanru u ruGKHEe TPOCOBBE TS XK H NPeNCTaB-
JSIOT co60H KOHCTPYKIHIO, KaK Obl CIUHBAIOLIYIO CJAOHCTHIH
MaccuB. MIx npuMeHeHHe 1esleco06pa3Ho B NOPOJaX KPYMHO-
6/104HOfi COMCTOH CTPYKTYPH, NpHUeM Ha HeOOJbIUOH rJy-
OMHEe OT IOBEPXHOCTH 3aKpemaseMoro otkoca (5—6 M mjs
mtadr ¥ 1o 30 M a5 TAXKe#H) NO/MKHA OBHITb MOHOJNHTHAS
Tmopofia AJg HaflleXKHOro 3aKpenJenus IITaHr W Tsxkel. [Ipu
OTCYTCTBHH MOHOJNHTHBIX NMOPOJ M HeoOXOIMMOCTH BO3Bele-
HHS LITAaHTOBOH KpenH BO3-
MOXHO TpeABapUTeJbHOE
YKpeIJieHHe [OpoJ, LeMeH-

5 7 7 TallHed B 30He 3akperJe-
7 —r \ : HUS 3aMKa.

4= R N \ B npeaBapuTenbHo npo-

P 3 2z GypeHHyI0  CKBaKHHY [

g (puc. 7.4) BBoAHTCS MeTaJ-

auueckas mranra 3. Ee ko-
: oTCSl Ba-
Puc. 7.4. Cxema nepenaud ycHJIHS Dell 3aKpeILIACTC B CK

HaTAXeHHS WITaHTH Q na ykpemns. JKMHE C MOMOUIbIO GeToHa
eMEI OTKOC 2. 3aTeM C NOMOILbIO BHH-
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TOoBOro AoMKpara (rajfika 5 c mojkaaikod 4 Ha TroJIOBEE
IITaHrH) efl IpHAaeTcsi HATsKeHHe. YCHIHe HaTAXeHHs Q
NpHKHMAeT CTPEMSAILHUACS CNOJN3TH GJOK K MOHOJIHTY C CH-
Jgoit N, neficTBYIONel 10 HOPMAJIH, H CO3JAAeT KacaTeJbHYIO
cuny T, kotopasi u obecneynBaeT YCTOHYHBOCTbH OTKOCA.
KpoMe 3akpelJieHusi roJIOBKH LITAHTH, Ha MOBEPXHOCTH OT-
KOCa MOXKET NPHMEHSTbCS 3aTsKKa M3 MEeTaJJIHYecKOH Cer-
KH OETOHHBIX IJIHT, METaJJHYECKHX HJH JEPEeBAHHHIX MOI-
XBaTOB HHAUBHAYAJNbHBIX WJIH TPYINOBHX, O00DBEAHHAIOLIMX
HEeCKOJIbKO IITAHr, DTO mpefoXpaHsfeT OT BHIMAJEHHs OT-
JeJbHBIX KYCKOB IOpOJH H cnocobcTByeT 6ojiee DPaBHOMED-
HOM mepefaye ycHsus Ha oTkoc. Llenecoo6pasHo Takxke H30-
JIFPOBATh OTKOC TOPKPET-GETOHOM II0 MeTaJJHYeCKOH CeTKe.
IlItauru JOJMXKHBL ObITh pAaCHOJOXEHH B BePTHKAJbHOI
IJIOCKOCTH MapajljeJbHO HaNpaBJIEHHIO YCHJHS, CABHraio-
mwero 6iok. Lltanra po/xkHa NOAXOAHTH K IOBEDPXHOCTH

TPELHHB O] yriom @ = 45° 4+ ‘TT, HO He Gosee 90°

Kounrpdpopcw (puc. 7.5,a) M3 CKaJbHBIX NOPOA BH-
MOJNHAIOT POJb IPHUrPY3KH H TEM CaMbIM IIpeJOTBpalIlaloT
pasBuTHE omoJidHell. Pasmepsl koHTpGoOpca NOJKHH 0b6ec-
NeYHTh UM JOMNOJHHUTEJNbHOE yAePxHuBalollee ycuaue. Ob1ree
CONPOTHBJIEHHE KOHTp(opca CABHTY MHOJIKHO PAaBHATHCH
onon3HeBoMy AasjeHuio. Tonpa macca KOHTpdopca (BKr)

=_f (7.14)

tg px
rie F— JlaBjieHHe NOPOJ MPH3MbI BO3MOXKHOr0 O6DYIICHHS;
tg px — K03 dunMeHT TPeHHst KOHTPdoOpca IO OCHOBAHHIO.

Kourp6aHkers (puc.7.5,6) NpHMeHAIOTCS JJs VK-
perJieHHsl OIIBIBAIOUIMX NecyaHBIX OTKocoB. MIx mapameTpnl
3aBHCAT OT KO3(GdHIHeHTa QUALTPALHE BOJOHOCHOTO TOPH-
30HTa K¢, yA€JIbHOrO pacxoma BOAbl ¢ U 3aJ0XKEHHsS 0TKOCa
B INpejesax NPOMexXyTKa BHICAYHBAHHS ®. Bhicotra npu-
IPY3KH An NOMXKHA 6biTh Goablie (Ha 0,5—1,0 M) BHICOTHI
MpPOMEeXYyTKa BbICAuHBaHHUsA WM.

Orcpiika NPUrPYy3KH H3 CKaJbHBIX [OPOJA JHOJMKHA Be-
CTHCh HEINIOCPEACTBEHHO BeJIeJ 32 BHIEMKOH IOpOJ YCTyIHa,

K

8 2

] /;

Puc. 7.5. Tunsl noaaepXHBaOLHX COOPYKEHHH
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Puc. 7.6, CxeMa HCKYCCTBEHHBHIX GepM:

1 — xene306eTOHHBII 3aMOK TPOCOBOro aHKepa; 2 — aHKep (KaHaT); 3 —
3aTsXKKa (Kene306eTOHHble NAMTHI); 4 — mosica M3 LuBeaJepa; & — CKBa-
XHHA; 6 — IINYHT H3 penbcoB

TaK KaK 3HayHTeJIbHOe OTCTaBaHHe NPUIPY3KH NPHUBOLHT K
Pa3BHTHIO ONOJI3HEH H ONJBIBAHHIO OTKOCOB.

I[ToanopHBB e Kene306eTOHHbIE W 3 a Ll HTH Bl € CTEH-
Ku (pHuc.7.5,8, ) He HAallUIM IDUMEHEHHs] B IIPaKTHKE YKpen-
JIeHHs] OTKOCOB Ha Kapbepax M3-3a MaJloH Hecyuleil cmocob-
HOCTH, GOJIBIINX 3aTPaT Ha BO3BeJEHHEe H HEBO3MOXKHOCTH
yKpemJleHHsT OTKOCOB OOJIbLIOH BBICOTHL.

Bo MHorux ciyuasix He yJaeTcsi IpeJOTBPATHTb Pa3BHTHE
ochlmet W MOryT o6pa3oBaThCcs CIJIOLIHHIE OTKOCH  HEJO-
NyCTEMO ‘GOJIbIIOH BHICOTH. B 3ToM ciyuyae obecneudTh Ges-
ONaCHOCTb PabOT MOXKHO IIyTeM CO3JlaHHSI HCKYCCTBEHHBIX
ynasJuBaomwux 6epm (pHc. 7.6,a), npepcTaBASIOIHX COOO0M
aHKepPOBAaHHYI0 WINYHTOBYIO cTeHKy. JlonycTHMo Takxke
YKPEenJIsiTh mPefOXPaHUTENbHEe O6epPMBl Ha MOJAPe3aHHbIX
KOHTAaKTaX, NaJlalolluX B CTOPOHY Kapbepa IIOJ yrJaMmH
ceume 30—35° (puc. 7.6,6).

7.2. YIPOYHEHUE MACCHBA TOPHbIX NMOPOJ U H30JdUUA
NnoPOJ OTKOCOB

YnpoyHeHHe TOPHBIX NOPOY HEOGXOAUMO IJIs YJIyyYIleHHS
IPOYHOCTHBEIX CBOHMCTB MacCHBA Ha ocJabJeHHBIX YUacTKax.
OHo jocTuraercsl BBeJleHHEM B TPELIMHBl MAacCHBa BELIECT3,
KOTOPHE [0cJe CXBAThIBAHHS C MOPOJOH MMEIOT 3HAYHTENb-
HO 6oJiee BHICOKHE XaPAKTEPHCTHKH COMPOTHUBJIEHHSI CHABHUTY,
yeM yKpemjaseMble MOPoAb. D¢deKT MOBHIUEHHUS MNPOYHOCTH
HOPOAB JOCTHraeTcs 13a cueT INPOHHUKHOBEHHsT MaTepHaJga

102



YHDOUHHUTENS IO 'TPeluHaM U cXBa-
THIBAHHSI ero ¢ nopojiol. Beenenue
yIPOUHHTENISI B MAacCHB OCYyLIeCTB-
JsieTcsl MO/ AaBieHHeM. B xauecTBe ~ 2
YIOPOYHSIIOIHX BellecTB NPHMEHs-
I0TCSl LIEMEHTHble PacTBOPHI, NMOJH-
MepHBlE CMOJIBl H CHIHKATHL.

LleMeHTHEIE pacTBOpH HarHera-
I0TCS B MAacCHB 4epe3 CKBaXXHHH H
JNOJIKHBHl HMETb CDOKH CXBaThiBa- e
HHs, obecneynBaoliie ero NPOHHK- L
HOBCHHE N0 TPelHHAM Ha IIPOEKT-

HOe paccTosiHHe. DBICTPOCXBATHIBA-  Puc, 7.7. Cxema 060pyzo-
foll[Hecs HeMEHTH CJeJyerT IpHMe-  BaHHd yCTbs OKBaXHHBI
HSTh B CHJBHO TPeIMHOBATHIX MO- TIpH LEMEHTALHH:
ponax ¢ 6oJBIIMM PaCKPHITHEM TPe- L oo 2 "4’_"_yfp°"§,?a'.
IMH, a IPH TOHKHX TPel(HHAX—I(e-  KOWAYKTOp; 5 — cKBaxHia
MEHTHBIE PacTBOPH € AJHTENbHBIM )
CPOKOM  CXBaThIBaHHS. CpoK CcXBaTHiBaHHS  MOXHO
perynupoBath,  Jg06aBiass B DacTBOp COLY, XJIO-
PHCTHII KajbUHif H APYyTHe BellecTBa, COKpallsIOlHe BPeMsl
cxpaThiBaHus. lleMeHTauMs CHJIBHO TPEUIHHOBATHIX IO-
pPOX  MOXET BEeCTHCb IleCYaHO-IleMEeHTHBIMH  PacTBoO-
pamu. B ycTbe ckBaXXHMHH GeTOHHDyeTcsl TPyOKa — KOHAYK-
Top ¢ (GJuaHueM, K KOTOPOMY INPHCOEJHHSAETCS H3MEPHTeNb-
Hasi annapatypa # TpybonpoBox (puc. 7.7), mo KOTOPOMY
nofaercss IeMEHTHHH pacTBOpP.

DNMeKTPOXHUMHUYECKHE METOAb yKpeIJIeHHs Mpei-
CTaBJAIOT cO00H PAa3HOBHJHOCTb CHJIHKATH3allMH (BBejeHHE
B yKpeIJsieMblfi ‘MacCHB CHJIHKaTa HaTpPHs, XJOPHCTOroO
Kanbiua). OnHako BHeJPeHHe 3THX PacTBOPOB MPOHM3BOAMT-
Csl He 3a CUET HATHETAHMS-UX B CKBAaXHUHY IOJA AaBJEHHEM,
a 3a CUeT CO3JlaHHs PA3HOCTH 3JNEKTPHUECKHX MOTEeHI1aJIoB
MEeXJy COCEIHHMH CKBaXXHHAMH, TAK Kak INPOHHLAEMOLThb
NOPOA CJHIIKOM MaJa,

DNeKTPoDH3NUECKHUEe METOAB  (3JEeKTPoOoCMOc)
npejcTaBasioT co60i BO3AeHCTBHe MOCTOSTHHOTO TOKa (aHOZ
M KaToJ BBOAATCA B PAAOM pachoJ/OXKeHHBle CKBAXKHHH) Ha
BOAY, cojepxKallylocsi B clabBX MJIHHUCTHIX NMOPOJAX C Ma-
JIofl MpOHHLaeMOCThI0. Bojia ABHKeTCs K CKBaXXHHAM H IpO-
HCXOJHT OCylleHHe MAaccHBa, YTO NOBHIIAET €0 MPOYHOCT-
Hble XapaKTePHCTHKH. YKpelJeHHe 3TUMH ABYMsi crocofa-
MH 3 (PeKTHBHO JHIUb HA HeGOJbLIOM PACCTOSIHUH OT CKBa-
XKHH (10 1—1,5 M) 1 3aTpaThl Ha yKpelJieHHe BEJUKH
(cBbiwte 40—50 py6/mM3), yTo MO3BOJISIET MOKA IPHMEHSThb
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9TH cIoco6bl B IPOMBIIJIEHHO-3KCIEDHMEHTAJIbHHX pabo-
Tax.

Wsonsanus 0TKOCOB NPHMEHsieTcsl AJisi OPeJOXPaHeHHs HX
OoT BHIBeTpHBaHHUs. T1OCKOJBKY NIponecchl BHIBETPHBAHHS Ha-
uboJsiee CHABHO 3aBUCSIT OT BPEMEHH CTOSIHHS OTKOCOB, H30JI51-
uus nejecoobpasHa AJjsi IMIy60KHX KapbepoB C JJIMTEJIbHBIM
CPOKOM CYIIeCTBOBaHHsd. B KauectBe M30JMPYIOLIHX IIO-
KPBITHI MOT'YT NPHMEHSITbCS NOJHMeDHble MaTepHaJbl, Oe-
TOH, 6UTYM H Ap. [TosuMepHBle NOKDPHITHS HE HalVIM LIMPO-
KOro NpPHMEHEHHst B CBSI3H ¢ OOJBIIOH CTOHMOCTBIO (10
40 py6/m2?) H30JAUHH.

s ykpenseHHs1 MOPOJ OTKOCOB NPHMEHSIOT OHOJIOTH-
yeckHe MeTOoAHl.

MHorosieTHH# ONBIT JIOPOXKHOI0 H IPaKAaHCKOro CTPOH-
TeJIbCTBA MO3BOJIMJ YCTAHOBHTb, YTO 3PO3HS B 3HAYHTENBHO
MeHblIeli cTeNeHH NpOsBJseTCss Ha OTKOCaX, NMOBEPXHOCTb
KOTOpHIX 3aKpelsieHa PacTHTeJbHEIM NOKPOBOM. B Hacrosi-
e BpeMsi Ha Kapbepax BeLyTCs PabOTH IO 3aKPEIJIeHHIO
QTKOCOB NeCYaHO-TJHHHCTBIX TOPOA KaK B €CTeCTBEHHOM
COCTOSIHHH, TAaK H HaDYLIEHHOH CTPYKTYPHL.

Tloponer oTkoCca, 3aKpemJIsieMOro GHOJOTHUECKHM CIIOCO-
60M, SBJISIOTCS IOYBOM H NMOSTOMY JOJIXKHBI yIOBJETBOPSThH
MHHHMaJbHEIM TpeOOBaHHSAM, oOeCleudBaIOUIUM Da3BHUTHE
pacTeHHH, —'GbITh NPOHHIAEMBIMH [JIsi KOPHEBOH CHCTEMH,
collepXXaTb MHHHMYM MHHepPaJbHBIX BELIECTB, IPHUTOLHBIX
JUIA ycBOeHHs pacrteHHMeM, u ap. Hauboseé nosHo 3toMy
OTBEYAIOT CYIJIMHKH, CYIecH, TJIHHB M IIeCKH.

8. METO/1bl OBECITEYEHHUA YCTOWYHUBOCTH
OTBAJIOB

8.1. MOArOTOBKA NMOBEPXHOCTU OCHOBAHUSA OTBAJIA

B 3aBHCHMOCTH OT KOHKDETHHIX YCJOBHI IOBEPXHOCTDb
OCHOBAHHsl OTBAJIOB TOATOTABJHBAETCS IIO-Pa3HOMY.

Ecin B ocHOBaHMH OTBaJIOB 3ajeraer MaJIOMOUIHBI
cioit cnabuix mopoh (ropda, MIACTHYHHX TVIMH H T. I.), a
HyXKe PacnoJoXKeHHBIe CIOU SBJSIOTCS IPOUYHBIMH, 0Geceyn-
BalOUMMH yCTOHYHMBOCTb OTBaja, TO B 3TOM CJyyae HauGo-
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jlee PalHOHAJNbHBIM SIBJSIETCS yjAajeHHe caaboro cios Ie-
pel HaAyaJoOM OTCHUIKH.

Ecan B oCHOBaHHM OTBasa 3ajeraior cialbble cIOH, HMe-
[OlllHe 3HAUUTENIbHYIO MOIIHOCTh (3—5 M H GoJee), BCIen-
CTBHME Yero yjajeHHe MX Tepe] OTCHIIKOH OTBajia sBJSETCS
9KOHOMHYECKH HEONpaBLaHHBIM, TO IeJeco06pasHO cOXpa-
HATBL 3TOT cJiod. B aToM cJayyae Mepn N0 obeclieyeHHIO
YCTOHYMBOCTH [OJIXKHBI 6oJiee IOJHO YYHTHIBATL (Qu3HYe-
CKHe CBOMCTBa NMopoy ocHoBaHMsl. Ecau caabwiii ciolt npea-
cTaBJeH TOppOM, TO HEOGXOAHMO PperyJHpOBaHHE HHTEH-
CHBHOCTH OTCHIIKH (IO IJIOLIAAK H IO BHICOTE) OTBaja, C
TeM YTOOHB B IepHOA yIJIOTHeHHs] Topda H pacceMBaHHs B
HeM IIOPOBOTO HABJEHHs BHICOTA OTBaja OblIa MHHHMAaJb-
HOH, T. €, TAKOH, IPH KOTOPOH IPOHCXOAHT KOHCOJHAALHS
Topda, a Harpy3ka He BEI3bIBAaeT pa3BUTHA JedopMauHil.
[TpakTuyecku mjs 3TOM LeJH JOCTATOYHO UMETh TIPELOTBAJI
BHICOTOH 3—5 M 10 MOMeHTa TOJHOrO YIJIOTHEHHs CJIOs
tropda. Iocnenyrouiee yBennueHne BEICOTH OTBaja He IPH-
BOIHMT K pa3BHUTHIO iedopmauuit. Bpemsa KkOHCOJHWIALHH
Topda, BHCOTA NIPEJOTBaNa H BBHICOTA OCHOBHOIO sipyca B
3aBHCHMOCTH OT CJBHIOBHIX XapaKTepDHCTHK YIJIOTHEHHOTO
ClIos OTIPeeIIOTCS JKCNePUMEHTANIbHO B KOHKPETHHIX yc-
JIOBHSIX MECTOPOXKEHHsl. B mpemoTBaj KesdaTelbHO pasMe-
IaTh XOpollo GHAbTPYyIOWHUi MaTepuald. Eciu ciabuiit cioi
COCTOHT M3 IJIACTHYHHIX I'VIHH, TO B 3TOM CcJyyae Heo6X0IH-
MO BapbHDOBaHHEe TOPSAKOM OTCHIIKH.

Ecnu B ocHOBaHMH 3aseraloT 0GBOJAHEHHBIE NOPOAHI, TO
OTCHIIKA OTBa/Jia CONPOBOXAAeTCs YBJAXXHEHHeM HHXKHel
YaCTH H pa3BHTHeM B Hell nedopmaunuit. B 3stux ciayuasx
AJIsl IOHHXKEHMs YPOBHS TPYHTOBHIX BOJ HauboJee Iiejeco-
06pa3HO NpOBeleHHe NepPeaoBOH ApeHaXHOH TpaHIIeH JIo
NepHMeTPy OTBaja, 3allOJHEHHOH APEHHPYIOLIHM MaTepua-
JIOM H HMelollell YKJIOH JJs cToKa He MeHee 2%. [To mepe
Pa3BUTHA (GPOHTA OTBAJbHHX PabOT NPOBOAATCS HpeHaX-
Hble KaHaBbl (TaKXKe c YKJIOHOM He MeHee 2% ) u 3amosHs-
I0TCS JIETKO (DHJIBTPYIOLIMMH MaTepHalaMH.

Tlpn pacnojioXXeHHH OTBAJOB Ha BCXOJMJIEHHOH IOBepX-
HOCTH HEOOXOAHUMO 0OecHeyHTh CTOK BOJBI M3 MOHHMXKEHHBIX
y4acTKOB IIyTeM NIPOBeJleHHsl APeHaXHbIX KaHaB.

Ecoy orBas pacnosaraercs Ha HaKJOHHOM OCHOBaHHH H
CONPOTHBJIEHHE CJBHTY OTBaJbHBIX INOPOJ B OCHOBAHHWH
MeHbllle HX COTPOTHBJEHHS CABHIY B MacCHBe oTBajsa (HJH
COIIPOTHBJICHHE GABHTY CJOHCTOrO OCHOBAHHS IO KOHTaKTaM
CJI0EB MeHblIe COTPOTHBJCHHS CABHIY OTBaJbHBIX NOPOL),
TO MOTyT Da3BHBAaTbCS ONOJN3HH  IOJOLIBEHHOrO THIA.
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B stoMm cayuae adpdekTHBHOHE Mepoit ABJsSETCS B3phIBaHHE OC-
HOBaHHUS. B3pbiBaHHE OCHOBAHHS BO MHOTHX 'C/y4asix siBJs-
ercst 3¢ deKTUBHOM Mepodl H NPH OPH30HTAJbHOM 3aJera-
HHH OCHOBaHMs OTBaJa, TakK KakK KpoMe BO3PacTaHHd
CYMMEI yIeDXKHBAIOIHX CHJ 3a CYeT pOcTa Ko3(puuueHTa
BHyTPEHHEro TPeHHs, IPH B3PHIBAHHM B OCHOBAHMH OTBala
CO37aeTcs CJIOH XOPOIIO JPEHHPYIOIHX MOPOA, CIocOoOCTBY-
IOLIMX OCYLIeHHI0 TOpOJ OTBaja.

Eciu B OCHOBaHHM OTBaJja 3aJjeraer caabblii BomoyInop,
OJ ‘KOTOPBIM HAXOJHUTCS BOJOHOCHHIH TOPH3OHT (0COOEHHO
HANOpHBIA), MOJArOTOBKA OCHOBaHHA JOJNXKHA BKJIOYaTh
JIpeHaX 3TOro ropH3oHTa. IIpH OTCYTCTBMHM ApeHa)ka Ha
YCTOMYHBOCTb OTBAaJja CyLIECTBEHHO BJIMSeT THAPOCTaTHYe-
CKOe JaBJeHHe, CHHKaloIee 3(PGhEeKTHBHYIO COCTaBJSIOULYIO
JaBJeHHs NOpPOA oTBaJja, 'HabyxXaHHe NOPOX BOJOYIOPa,
yBJIaXKHEeHHe [IOPOJ OTBaja B CJlyyae NPopHBa BOAOYNOpA.
IpeHnax HaubGosee Ienecoo6pasHO OCYHIECTBJATb C IIO-
MOHIBI0 TPYGUATHX BOAONOHHKAIOUWIUX KOJIOALEB, KOTODhIE
GypsiTcsl BCJeJ 3a NOABMraHHeM (GPOHTa JAOOBHBIX PaboT.

IIpu pacnosioxeHHH BHYTPEHHHX OTBAJIOB Ha Jexauem
00Ky, IpeJACTaBJIeHHOM CJOMCTOH 'TOJIIEeH, MMeonlell Ha-
NOpHHIE TOPH3OHTH, OTAEJNeHHble OT BbIpaGOTaHHOTO TPOCT-
paHCTBa BOAOYNOPOM, HYXXHO 0053aTeJbHO BCKPHBaTh I'OPH-
30HTH ¢ 3((eKTHBHEIM TepexBaToM BoAH. Ec/H BOJOHOC-
Hble TOPH30HTH JHaIOT I60JbIIHE BOJONPDHTOKH B Kaphbep,
BCKPHITHE HX He pekoMeHLyeTcsi. B atom ciyuae nenecoo6-
pasHO OCTaBJATb TOJILY BORLOYIOpa HeHapylleHHOH M IpH-
rpy’ath ee BHYTPEHHHMH OTBaJIaMH.

‘OnHuM U3 HawboJiee CYLIeCTBEHHBIX HCTOYHHKOB 00BOI-
HEHHSl OTBaJbHHX TOPOA SBJISIOTCS aTMocdepHbie OCajKH.
Has orBoma aTMocthepHBIX BOA ‘¢ TIOBEDXHOCTH OTBaja U
HEJONyLIeHHs] HX HHOQUIbTPAMH HeoOXOJHMO TIPOBOJMTH
IJIaHHPOBKY OTBAJIOB, NPHAaBasi UM YKJOH, paBHBIi 3—5%o0
B CTOPOHY BOAOCOOPHBIX KaHaB. BomocGopHEe KaHaBH H0J-
KHH IIPOBOJUTHCS TO TIOBEPXHOCTH  OTBasoB uepe3 400—
500 M c ykaoHoM He MeHee 2%, H o6GecmeunBaTh cO6pOC at-
MochepHBIX BOJ 3a MNpeNesB OTBAJOB.

8.2. BIMAHHUE TEXHOJIOI'MH OTCbINNKH OTBAJIOB
HA UX YCTOMYUBOCTDb

PasBurie oTkpHTOrO cnoco6a pa3paGOTKH CONPOBOXK-
Jaercs 3aKOHOMEPHBIM yBeJHYeHHeM o6beMa yAalsgeMbX
BCKPHIIIHHIX [IOPOJ, YTO, B CBOIO OYepe/b, BH3bIBaeT He06X0-
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JUMOCTb COKPaleHMsl IJollanelf, OTBOJUMEIX TIOA OTBAJH,
a ‘cliel0BaTe/IbHO, YBEJIMYEHHS HX BBICOTH H IIPUMEHEHHs
6oJiee MOLIHOTO OOGODPYJIOBaHHS INPH OTBAJOOGPAa30BaHHUH.
Obecneyenne yCTOHYMBOCTH OTBAJOB B 3THX YCJHOBHUSAX B
3HAYNTEJNbHOH CTENEHH HAYHHAET ONPEeNeNsAThCs TeXHOJIOTH-
eil OTCHIIKM OTBaJbHHIX NOPoA. K BaXKHEHUINM TexHOMOrHye-
CKHM IlapaMeTpaM, ONpeiejsIOUIUM YCTOHYHBOCTb OTBAJIOB,
OTHOCAITCSI CKOPOCTb OTCHIIIKH OTBAJIbHOM 3aX0AKH (IO BBICO-
Te, 10 OPOHTY), NOPSIAOK OTCHIIKH NMOPOJ, PA3JHYHBIX 10 DH-
3HYeCKHM CBOHCTBaM, pas3Mephbl OTBAJbHOM 3aXOJKH, NpH3a-
6oitHOM 30HH M T. II. Heo6X01MMO OTMETHTb, YTO BO MHOLHX
cayyasix M3MeHEHHe 3THX NapaMeTpPOB BeCbMa HECJOXHO, B
CBSI3H C 4eM H3MeHeHHe TEXHOJIOTHH OTCHIIKH sfBjsieTcsl (-
(eKTHBHBIM MeTOLOM obecleueHHs YCTONUHBOCTH.

O6wuM DPUHIMIOM, 06ecHeYHBAIOIIMM HaHIyylIHe yCJIo-
BHSl YCTOHUHBOCTH OTBaJa, ABJseTCs TaKas IOCHeJ0BaTeb-
HOCTb OTCBIIKH, TIPH KOTOPOH CONPOTHUBJIEHHE CABHTY TOPOL
BO3pacraer cBepXy BHHS3.

ITIpumenenue pist 0TBajJo06pa30BaHUs MOIIHBIX BCKPHIII-
HBIX KOMIIJIEKCOB (TPaHCIOPTHO-OTBaJbHBIX MOCTOB, JIEHTOU-
HBIX OTBaJo0Gpa3oBaTesell, KPYIHHX Moyiesell AparaaiHoB)
NPUBOJUT NPH pa3paboTke TeCYaHO-IIHHHCTHIX NOPOJ pas-
JHYHOTO 'cocTaBa K psfy cheundbHuecKHX ocobGeHHOcTeH
¢opmupoBaHHs oTBaJja. 3a CUET MaleHHs] TJHHHUCTBIX IIOPOJ
¢ '60JIBIIOH BBICOTH NPOHMCXOJAMT NOJHOE paspyllleHHe HX
CTPYKTYPHL H IOpOAa TpeBpallaeTcs B TPYHTOBYIO IACTYV.
IT0 NPHBOJLHUT K 00Pa30BaHUIO B OCHOBAaHMM OTBaJja 0cJaal:
JIEHHOTO CJIOSl, 0 KOTOPOMY B JaJjibHedIleM MOXKeT 'hopMu-
poBaThCcs NOBEPXHOCTb 'CKOJIbXeHHs. IIpolecc BEIEMKH cO-
NPOBOXK/JaeTCs I60JIbIIUM 'PHIXJEHHEM NMOPOJ € MOBHILIEHHHIM
cojiepXKaHHeM IecyaHblX (pakuui, a TIHHHCTBIE HOPOILI
HMEIOT, KaK NPaBHJO, IOBHILEHHYIO KPYHOHOCTb. ‘B pe3yin-
TaTe OTCBHIIKH IO OTKOCY BHH3 CKATBIBAIOTCSl TVIMHHCTBIE IO-
POJBL, 4TO IIPHBOAHUT K AONOJHHTENBHOMY OCJIAGJIEHHIO HIXK-
He# wWacT¥ OTBaja. YCTOHYMBOCTb MOXKET OHIThb JOCTHTHYTa
3a cyeT NPUMEHeHHs OOOPYAOBaHHS, NO3BOJSIOUIET0 BECTH
CENeKTHBHYIO BBIEMKY H pasjieJibHOe pasMelleHHe MOpPoj B
OTBaJse: TPAHCHOPTHO-OTBAJbHBEIE MOCTBI € NPOMEXYTOYHHI-
MH CTaHUMAMH OTCHINKH '(puc. 8.1), JieHTOUHBIE OTBaJ006-
pasoBaresid U JparjadHel ¢ paGouHMu mapameTpaMH, obec-
MeYyBaOLIMMH BO3MOXKHOCTb MOCJIOHHOrO (HOPMHPOBAHUS
OTBaJia C pa3MellleHHeM B ero HHXKHel yacTH Haubosee yc-
TOHYHBHX NOPOM (pHc. 8.2), POTOPHEIE 5KCKABATOPHI, IMOMYyC-
Kallie BO3MOXHOCTb CEeJeKTHBHOH BBIEMKH.

Bynbposepuble, TJyXKHble, SKCKaBAaTODHHE OTBajgbl B
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Puc. 8.1. Cxema u3MeHeHHs NOCJAeAOBATEIbHOCTH OTCHINKH nopoa nJs
obecneueHus yc’roﬁqﬂaocm oTBaJia:

1 — TPaHCNOPTHO-OTBaJNBHEIN MOCT; 2 — CJOH YCTOHYMBBIX MNOPOXA; CTaHIHUH Npo-
MexyTouHolt [ U ocHoBHOH II oOTCBINKH

OOJIBIIHHCTBE CJyYyaeB HMelOT ‘6ojiee paBHOMEpHOe paclpe-
AesleHHe OTBaJbHBX NopoA. OnHaKo, H3-3a HEPABHOMEPHOCTH
BeJIeHHsI BCKPBIIIHBIX PaboOT HA OTHENbHBIX yYyacTKax ¢ pas-
JUYHBIMH [0 XapaKTePHCTHKAM CONPOTHBJIEHHS CIBHUTY IIO-
posaM, OTBaJIbl MOTYT TIPHOOPETaTh KOCOCHOUCTOE CTPOEHHE,
4To B.OOLIEM c/yyae CHHXKAET UX yCTOHUMBOCTb. [l obec-
neueHHss YCTOHYHMBOCTH He-
06X0JMMO  CTPEMHTbCS K
MaKCHMaJbHOMY ycpelHe-
HHIO cocTaBa mnopon. Ilpu
HaJUYHH BO  BCKPHIUIHOMH
TOJIILLE BecbMa cJHaBhiX II0-
poL pPeKOMEHAYeTCSl OTCHI-
naTh HX IOCJIOHHO CBepXy
OCHOBHOTO OTBaJia.

Ilpu omacHOCTH BO3HHK-
HOBEHHSl NOJIOAOIIBEHHBIX
onosisHelt (mpu ciaGoM oc-

I HOBaHHH OTBAJIOB) H3Me-

HeHHe NapaMeTpPOB OTBaJb-
' | HEIX 3aXOJOK BO MHOTHX
|

T

T

UNUNUNM NS UYNUL!

T

cayuasx Io3BoJisger H3be-
JKaTh Pas3BUTHSA OINOJ3He-
BHIX siBJIeHHH. B aTux cay-
T yasax 3¢ peKTUBHEIMU Mepa-
. MH SIBJSIIOTCS yBeJHYeHHe

Puc, 8.2. Orchinka HuXHEH YacTH y

otBana HauGonee  ycroiiumhiMu  BPICOTHI npenoreaga C
nopojaMH Leabl0 yBEeIHUYEHHA pa3Me-

pPOB NIPH3MBI yIIOpa W COKpalleHus npu3aboiiHoit 30HH. Lle-
JecOO6Gpa3HO TaKiKe yBeJlMYeHHe UIHPHHBL OTBaJIbHON 33-
XOJKH.
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Ecin ckopocTh yBeNHYeHHsT BBICOTH OTBaja H CKOPOCTb
HapacTaHMs HOPMaJbHBIX HaNpsKEHUH IOPEeBOCXOAST CKO-
POCTb OTTOKA BOJBI U3 IOP (CKOPOCTb PacCeUBaHHS NMOPOBO-
ro JaBJEHHS), YCTOHYHMBOCTL OTBaJa yXyJlIaeTcsi M MOTYT
pasBUBaTbCS ONOJ3HH HaNNOJOIIBEHHOrO W TIGINOJOLIBCH-
Horo THUIOB. TIpy CHHXKEHHH CKOPOCTH OTCHIIKH OTBaJja Ipo-
HCXOJHUT paccedBaHHe NOPOBOTO HaBJeHHs U obecleyHBaer-
csl yCTOMYHBOCTL OTBasNa. DTO MOXKeET OBITb JOCTHTHYTO 3a
CYET CHHIKEHHS NPOHU3BOJAHTEJbHOCTH BCKPHILIHOIO KOMILIEK-
ca (Ipu onpeneseHHOM IJIOLAAH OTBaJNa), YBEeJHUEHHS ILJIO-
Wajgy oTBaJbHHIX 3aXOAOK (IPU BHELIHHIX OTBajax) H 3a
CYET OTCHIIKH NOPOAH B NPEAOTBaJ HeOOJBIIOH BHICOTH 4—
6 M, rje 6yneT NPOUCXONHTh PACCEeHBAHHE NOPOBOTO JaBJle-
HHs ©e3 HapyllleHHs YCTOHYMBOCTH (MaJjiasi BHICOTa OTBaJja).
ITpu sTOoM XKenaTenbHO GOPMHUPOBATHL MPENOTBAJ H3 XOPO-
o GUJIBTPYIOLHX HOPOM.



PA3JEJ IV

OCYIUEHME KAPBEPHBIX TITOJIEM*

9. TOPHBIE NMOPOADLI U BOIA

9.1. POJIb BOAbl B XAPAKTEPE CTPYKTYPHbBIX CBSA3EM
- FOPHBIX NMOPOJ

ITonzemHBle BOABI CJYXKAT HCTOYHHKOM MeXaHHUYECKOro,
XVMHYECKOTO M 3JeKTPOXMMHYECKOrO BJIMSIHHSI HA TODPHYIO
nopogy; Hambosee SIPKO 3TO BJIHSHHE NPOABJAETCA B TJIH-
HHUCTBIX I'DYHTaX, TAe MeXJAy YacTHIAMH BO3HHMKAIOT CBSI3H
0co60oro — BOJHO-KOJIIOMAHOTO THHA ‘[9].

UacTuupl TJIMHHCTBIX MHMHepaJioB HMeloT pa3mep 0,25—
2 MK n MeHee. OHH HeCyT OOBIYHO OTPHUATEJIbHBIH JEKTPH-
YeCKHH 3apsf, MOJA BJAUSIHHEM KOTOPOro Ha MX NOBEPXHOCTH
IpYNNUPYIOTCSl CBOGOAHBIE KATHOHBI (IOJNOXHTEJIBHO 3apsi-
JKeHHble HOHBI TIOPOBLIX PACTBOPOB) H AUNOJBHO OPHEHTHDO-
BaHHble MOJIEKYJbl BoAbl. CHJIBI, OGYCJIOBJIMBAIOLINE NPHUTS-
JKeHHEe TAaKOH BOJAHOH (TMAPATHOH) 060JOUKH, SBJASIOTCS IO
CBOEH CYyTH MOJIEKYJSIPHBIMH; OHH IIPOYHO YIePKHUBAIOT aji-
COPOHPOBAHHYIO BOAY Ha MOBEPXHOCTH HACTHI IPYHTA, NPH-
YeM DaBHOBeCHOE KOJHMYEeCTBO 3TOH BOJBI 3aBHCHT OT MH-
IiepaJIoTHYeckoro cocTaBa M pa3Mepa YacTHIL, OT XHMHYec-
KOTO cOCTaBa BHYTPHIIOPOBOTO PacTBOpa M OT BHeLIHeH Ha-
TPYy3KH Ha ckejer nopoAsl. [losTomy npu yBesnueHHH BHeLl-
HHUX Harpysox Ha ropHyI0 NOPOAY FHApaTHble OGOJOYKH CTa-
HOBSITCSl TOHbLIE, NOPOAA YIJOTHSETCS H YBEJHYHBAET CBOIO
npoyHocTb. Hao60poT, npy CHHIKEHUH HAarpy3oK B yCJOBHSIX
BO3MOXHOTO NOATOKA BOAH I[VIMHHCTHIE TOPOMBI CIIOCOGHDI
MHTEHCHBHO IIOIJIONIATh €e 3a CYeT POCTa TOJLIMHHE THApPAT-
HBIX 060JIOYEK; IIPH 3TOM IOPOJBl YBEJIHYUBAIOT CBOH 00D-
eM — HabyXaloT, YTO BeJeT K YMEHBIUEHHIO MX IPOYHOCTH.

HanuuneMm ruApaTHHX 060/0YeK OGBICHSIOTCS —TaKKe
0cO6BIe THK'COTPOIHBI € CBOHCTBAa BOAOHACHIIEHHKIX IH-
JIeBaTHIX IOPOJ, Pa3Mep 4acTHUL KOTOPHIX HA MOPSIIOK BhILIe
TJIMHUCTBIX (CyNecH, JieTKHe CYTJIMHKHM). 3Jech THApaTHbIe

* Tlpn HanucaHuu paszfena Gbll HCTMONML30BaH Matepuan paGorsi [34].
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060JI0UYKH CBSI3aHBl C YaCTHILAMH MeHee NMPOYHO, 4eM B TJIH-
Hax, 1 MOTyT GbITh CPaBHHTEJNbHO JIETKO Pa3pyIUEHH, — B
NepByl0 Ouepefb NOA BJIHSHHEM ‘JHHAMHUYECKHX HaTPy30K
(manpumep, npu BuGpauun Gypoporo cHapsina). Ilpu stom
HOHBl M MOJIEKYJBl THAPATHHX 060J04YeK mepedayT BO BHY-
TPUIOPOBHIH PacTBOP, T. €. H3 CBI3aHHOTO COCTOSIHMS B CBO-
60aHOoe. HacTHLBI TPYHTa BPEMEHHO NOTEPSIOT CBA3b MEXAY
co6oit 1 mpOoYHOCTh TIOPOIH ByAeT noHuKaThed. [Toce yer-
paHeHHss AUHAMHYECKOH HarpyskHd TPOYHOCTb NOPOJH IO-
CTENEeHHO BOCCTaHaBJHBaercs. Takue o6paTHMHE H3MeEHe-
HHSl CBOHCTB MOPOJ ‘HA3BIBAIOTCS THKCOTPOIHBIMH.

IIpn orcyTCTBUM TJAHHHCTBIX M NbLJIEBATHIX YACTHI POJIb
BOJABI B CTPYKTYPHBIX CBSI35IX TOPHOH TIOPOJH OOBIYHO ‘MaJa.
ITosTomy mnecku, Hampumep, CXKHUMAIOTCS TOPas3j0 MeEHbIIe,
yeM TJIHHB. JTO, OLHAKO, He HCK/IIOYaeT BJAHSHHS BOAH Ha
NPOYHOCTb TIOXOGHBIX MOPOA — OHA MOXKeT NPOSIBJAATH ceds
KaK YHCTO MeXaHHuecKull ipakTop oclab/solied CHIb B3a-
HMOJEHCTBUSL MEXAY MaCTHI[AMH.

9.2. BUJbl BOJAbl B TOPHbBIX MOPOJAX

Bopna B ropHHX nopojax MOXKeT HaXOAMUTbCS B CBsI3aH-
HOM H cBo6oaHoM cocrosinusax'[9]. CBasaHHasg Boga
Han6oJee pacmpocTPpaHeHa B TJIMHHCTHIX T'DYHTaxX M HeIo-
CPeACTBEHHO BJUsET Ha CTPYKTYPy TOPHBIX mopox. Baax-
HOCTb MOPHOH MOPOJHl, onpefesnseMasi MaKCUMaJbHEIM KOJIH-
YeCTBOM CBSI3aHHOH BOABI, Ha3bIBaeTC MAaKCHMaJbHOH MO-
JIeKyJIPHOH BJIArOEMKOCTbIO. B TJIMHHCTBIX TPYHTaxX 3TOT
N0Ka3aTe/lb MOMKET HU3MepPAThCS MeCATKaMH NPOIEHTOB (OT
oOlelt Macchl MOPOAH), a B MECYaHBIX TPYHTAX OH OGHIYHO
HEBEJINK — NOPSAKA HECKOJbKHX HPOIIEHTOB.

CBoGoznHasi BOZA 3aMOJHsET NOPH POPHOH NOPOAH, He
3aHSATHIE CBs3aHHOH BOJOM; OHa pasjessiercss Ha TPaBUTa-
LIMOHHYIO U KaNUJISPHYIO,

I'paBurtanuoHHass Bojga o6Jagaer BCEMH CBOM-
CTBAMH KaleJbHO-XKHAKOH BOABL. B mMacTHOCTH, OHA JBHKET-
csl NOJ BJHMSIHHEM CHJH TAXKEeCTH U CO3JaeT rujpocraTHyec-
KOoe JaBJjleHHe, BeIMYHHA KOTOPOTO Ha JI060# raybuHe H3-
MepsieTcsl Nbe30MeTPHYECKOH BLICOTOH, T. €. NpeBHILIEHHEM
NIOBEPXHOCTH YPOBHS BOABl Haj AAHHOH TOYKOH; NpU 3TOM
NOBEPXHOCTb YPOBHA, Tle THAPOCTATHUECKOEe JaBJeHHe OT-
BeyaeT aTMOcepHOMY, Oompefensiencss MO OTMETKe, Ha KO-
TOPOH ycTaHaBJAMBaeTCss BoAa B BOOOpaKaeMOH CKBaXKUHe,
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Puc. 9.1. CxeMb! pacnoJioXeHHs I1acTOB:

a — 6e3HanopHoro; 6 — HanopHoro; I — BOJOHOCHBIH MecOK; 2 — BOXOHOCHasl CY-
nech; 3 — BOAOYNOpHas TIJiHHa; 4 — OTMeTKa, Ha KOTOpOH NOsSBJAsieTCs BOAa NpH
NPOXOfKE CKBaXKHHBI

AB — ypoBeHb TPYHTOBHIX BOA; A’B’ — ypoBeHb BOABI B CKBa)KMHaX

npofiJleHHON B JlaHHYI0 TOUKY (CKBakuHa obGcaxKeHa TJyXH-
MH TPpy6aMH M IPHHHMAaeT BOAY TOJBKO CBOMM jxHOM). Ha-
NIOMHHM, YTO eCJH NOBEPXHOCTh YPOBHS JIEKUT BhILE KPOB-
JIL BOAOHOCHOTO IIJIACTA, OTPAHHUYEHHOTO CBEPXY BOAOYIOP-
HEIM CJIOeM, TO OHA Ha3blBaeTcs Mbe3OMEeTPHueCcKOH MmoBepX-
HOCTbi0 (HamopHBIH maact). Ec/M Xe ypoBeHb B CKBaXKUHE,
BCKPHIBLIEH BOZAY, OCTaercsi Ha OTMETKe BCKPHITHS, TO IIO-
BEPXHOCTh YDOBHSI Ha3BIBaeTCs JAENpecCHOHHOH (6eaHamop-
Hulit maacr). Ha puc. 9.1 cxeMaTuuecky npeAcCTaBjeHH: 6€3-
HAlOPHHH NJACT XapaKTepPHOTO IBYXCJHOHHOTO CTPOEHHs
(cHH3Y — cJI0ff TIECKOB, CBEPXY — CJIO# MeHee NMPOHHIIaeMbIX
cynecefl) M HaNOPHHIH NJAacT IECKOB, OrPAaHHUYEHHBIH CBepXy
M CHH3Y BOJOYNOPHBHIMH TJIMHAMH.

MaxcuMaabHOEe KOJNHYECTBO CBSI3aHHOH M I'PaBHTALHOH-
HOH BOAH, KOTOPOE MOKET BMECTHTb rOpHas IOPOJa, BHIpa-
JKEHHOe B NPOIEHTaX OT Beca NOPOAH, Ha3hIBAIOT NOJHOH
BJIarOEMKOCTbIO TOPOABI; B 00'bEMHOM BHIPAXKEHHH BTa Be-
JHuHHA 6/M3Ka K TOPHCTOCTH.

Huxe ypoBHsSI IpYHTOBEIX BOZ (T. €. YPOBHSI NEPBOTro
OT /IHEBHOH NMOBEPXHOCTH BOJZOHOCHOTO IOPH30HTA) TOPHBIE
MOPOJbl HaXOAATCS B COCTOSTHUM MOJNHOHM BJIATOEMKOCTH H
THAPOCTATHYECKOE [aBJeHHe 3[ech GoJblle aTMOC(epHOro.
Briile aTOro ypoBHsi TpaBHUTAllHOHHAsT BOAA OTCYTCTBYET H
CBOGOJHAs BOJA HAXOAUTCS B KAMUJJISIPHOM COCTOSiHHH. He-
NOCPeACTBEHHO HajJ ypPOBHeM TDYHTOBHX BOJ pacimoJara-
eTcs «KanwuaspHas KafiMaw, rie Boga B HOPOBHIX KaHa/lax
BeJeT cebsl aHAJOTHYHO BOJe B TOHKHMX KamWaJaspax, CBs-
3aHHBIX C BOAHBIM DE3€pPBYapoOM; 3[€Ch BJAaXKHOCTb IOPOJbI
O6JIM3Ka K IIOJIHO# BJaroeMKocTH. Bhillie, B '30He a’spalMH, B
nopoje nosiBasieTcss TpeTbsl hasza (BO3AyX) H KANWIISIpHAS
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BOJa 3aHHMAaeT TOJIBKO KpaeBHle YYacTKH IIOP; BJAXKHOCTH
37€Ch YyXKe 3aMeTHO 'MeHblle IOJIHOK BJIArOEMKOCTH.

KanuanaspHas BOIa, NOAHUMAlOIIasCcsa Hax ypoB-
HEeM TPYHTOBHIX BOJ (Ha |eCATKM CaHTHMETPOB B IeCKax H
JI0 HECKOJIbKMX METPOB B IVIMHAX), XapakKTepH3yeTcst THAPO-
CTaTHYeCKHM JaBJEHHEM, MEHBbIIUM aTMOC(epHOro, u CHo-
COBCTBYEeT HEKOTODOMY yBeJHYEHHIO cBsi3HOCTH mopox. Ox-
HAaKO CBSI3HOCTh 3Ta BeCcbMa HeyCTOHYMBA: IpPH CKOILIe-
HHM Ha 3eMHOH NOBEPXHOCTH BOJBI, NPOHHKAIOILEH B FOPHYIO
NCPOAY M COEAMHsIOIEHCs ‘¢ KaNnHuAIapHOH BOJOH, mocaes-
sig MOXKET JIErKO IepeXOJHTh B TPABHTAIMOHHOE COCTOA-
HMe,

Jlnst o6uero npeacTaBJeHHs O COOTHOLIEHHH KOJHYECT-
Ba BOAH PAa3JHYHBIX BWIOB B FOPHBIX NMOPOAAX 3aMETHM,
YTO IIECOK COAEPIKUT B OCHOBHOM TNPaBHTAIMOHHYIO BOAY, a
B TJIMHE U CYTJIHHKAX ee OUeHb MaJjlo WJIH coBceM HeT. Mex-
Iy TeM BHJ BOAH, ‘cojepiKallieficsd B TOPHOM mopoae, ompe-
JeJIieT BO3MOXHOCTh M LeJecoo6PazHOCTb eC APEeHHpOoBa-
HHS, a2 Takxe M crnocob ApeHnpoBaHHsa. Tak, myTeM ecTecT-
BEHHOr0 CTOKa K [JPEHAXKHBIM BHIpa60TKaM MOXKeT OBITh
YaCTUYHO CAPEHHPOBaHa TOJBKO cBoGOAHAsl BoAa. IIpu aToM
BaXHO 3aMETUTh, UTO B TJIHHHUCTHIX NOPOJAX, a OTYACTH —
M B NOpPax HEKOTOPHIX TBEPAHBIX NOPOA (HampHMep, H3BECT-
HAKOB) GoJibllasi f0Js HMeloLlelics cBOOOJHON BOAB HAXO-
JHTCS B TaK HAa3blBAEMOM <«MMMOOHJIH30BAHHOM» COCTOS-
HUU® ¥ 'MOKeT GBITh YaCTHUYHO OTXKAaTa W3 NOPOAH JHIIb IO
JOTNOJIHUTEbHOH HArpyskoi; mocjejHssi MOXET BHI3HIBATh-
cs, HapUMep, NQNOJHHUTENbHBIM NaBJeHHEM BHILIeJdexKallel
TOJILIM, BO3HHUKAIOIIUM NPH CHHKEHHH YPOBHSI BOJOHOCHOI'O
rOpH30HTA B CJIOAX BOAOHOCHBIX IOPOJ, NepeMeXallnXcs
C TJMHHCTBIMH 'CJIOSIMH.

O6bemMbl ‘BOAB, OTAaBaeMble TODHOH NOPOJOH NPH CHHU-
JKeHHM JeNpecCHOHHOH HJH Nbe3OMeTPHUECKOH NOBepXHOc-
TH, XapaKTePHU3yIOT ee eMKOCTHHIE cBolicTBa. I1pu aTOM Boza
MOXKET HJH CBOGOJHO CTeKaTh (NMPOSIBJASIETCS T'PAaBUTAIHOH-
Hasi eMKOCTb), HJH OBITb OTKAaTOH TIPH NMPHJIOXKEHHH K IIO-
poje NONONHHUTEJNbHOH Harpysku (NposiBAseTCs  ynpyras
eMKOCTB) .

KoadduineHT rpaBuTanHOHHON BOXOOTAAUH mjacTa (W)
YHCJEHHO PaBeH OTHOLIeHHI0 06beMa BOAH, OCBOGOXKIAlo-
efcss U3 30HB MOHMXKEHHsI YPOBHS GE3HANOPHOTrO BOJOHOC-

—

* CBo60.1nblll TPAaBHTAUMOHHBIN CTOK BOAB 3aTPYHAHEH H3-3a TOrO, UTO
'{aCﬁTb HanGolee MEJIKHX TOP MOJNHOCThIO «EPEKPEITa» CBS3aHHOM BO-
aou, .
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Ta6auma 9.1

KoadduunueHt BogooTRayH
TTopons! rpaBHTaly- ynpyroit (Ha
OHHOM I'm  mowHo-
CTH mJjacra)
KpynHo3epHHCTHIE TMecKH 0,30—0,35
Cpe/lHe3epHHCTHIE NTeCKH 0,25—0,30 } 10-%
Menko3epHUCTEIE TIECKH 0,15—0,20
Cynecn 0,10—0,15
CyriMHKH 0,01—0,05 } 10-2
3akapCcTOBaHHbIE H3BECTHSKH 0,01—0,03 10-4—10-5
OcajoyHble OPHCTO-TPELIHHOBATHIE 0,01—0,03 } -
CHIbHO BLIBETpesble,  JIe3HHTErpHPOBAH-
Hble H3BepXKeHHble H MeTaMop(dHyecKHe 0,01 10-5
TlnotHbe M3BepXKeHHEe H MeTaMopdHye-
CKHe <<0,005. 10-5—10-¢

HOTO TOPH30HTa (IEenpeccHOHHOH KpHBOi), K 06BEMY OCY-
IWeHHO# Topoasl. OpHeHTHPOBOYHbIE 3HAUEHHs KO3(dHuIHEH-
TOB TPaBUTALHOHHOH BOZOOTAAYH HEKOTOPHIX IIOPOX INpH-
BeJeHbl B Taba. 9.

Yupyrasi eMkocTb 06yc/OBJI€HA T€M, YTO NMPH CHHIKEHHU
rHAPOCTATHYECKOrO JaBJeHHsi (IOBEPXHOCTH YPOBHeH moa-
3eMHBIX BOJ) I0POJAa MONOJHHTENbHO YIIOTHSieTCs, a BOJa,
HaoGoporT, pacuupsiercs. B pesyabraTe paBHOBeCHE MEXLy
06beMaMH II0P H XKHUAKOCTH B NOPOZAe HApyIlaeTcs H «JIHII-
Hssl» BOjla OTKHMMaercs (IOpoJda MPH 3TOM OCTaercst BOJO-
HacwliuienHo#t) . KosnuectBo BOAH, mocTymawollee, TAKHM 00-
pasoM, ¢ eIMHHIIB NJOLIANH IJacTa NPH CHHXKEHHH Hamopa
B HeM Ha | M, HasbBaercs Ko3(duiveHToM ympyroi BoI0-
oTnayu maacra (j); OPHEHTHPOBOYHHIE eT0 3HAUEHHS MpPH-
BeleHbH B Ta6J. 9.1. Ynpyras eMKOCTh NMPOsIBJAsIeTCS Kak B
HamOpHBIX, TaK U B '0e3HANOPHBIX IJacTaxX, OJHAKO B IOC-
JeJHHX OHa UMeeT INOAYMHEHHOe 3HaueHHe II0 CPaBHEHHIO
¢ rpaBHTauuOHHOH. IToaTOMYy Ha mpakTHKe ee YYHTHIBAIOT
JUIIb TIPY APEHUPOBAHHM HATOPHBIX IJACTOB.

9.3. OCHOBHBIE NMPEJCTABJIEHUS1 O OBH)XEHHH
TNMOJA3EMHBIX BOJ,

I'1aBHBIMH JeHCTBYIOIUMH CHJIAMH, 'Ompeaes s ioluMH
GbunbTpanuio (ABHKEHHe NOA3EMHBIX BOJ) IO MOpaM H Tpe-
LIMHAM BOJOHACHIIEHHBIX TOPHBIX NOPOA, SBJSAIOTCA CHJIBI
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TAXKECTH H ruIpoCcTaTHYeCKOTOo AaBJIEHHI. B cooTBeTcTBHHU
C 3THUM, NOKasaTejeM 3HEPTHH NOA3EMHOro MOTOKa sIBJASETCA
Hamop IOA3EMHBIX BOJ, 'H'3MepﬂeMbIﬁ B MeTpax:

H=z+h=2+4+-". (9.1)

Yo
3pech 2 — opanHATa TOUKH, B KOTOPOH ONpeaessieTcs faB-
JIeHHe p, OTHOCHTEJNBbHO HpOH3BOJIbH'O'f/'I IJIOCKOCTH CPaBHEHHS

(puc. 9.2), T. e. z onpefessieT dHEPTHIO, O0YCJIOBJEHHYIO

cuiofl TaxKecTH; fiy — NMbE30METpHUUecKasi BeicoTa A = —p—),
\

Yo
Tle Yo — YAeJbHbIA BeC BOAH, T. €. iy onpeaensieT 10JI0 SHep-
THH, OOYCJOBJEHHYIO THAPOCTATHYECKHM JlaBJIEHHEM P B
JlaHHOH ({TOUYKe.

DHeprys TOTOKA 3aTPAYHBAETCs HA MPEOAOJEHHEe CHJI CO-
NPOTUBJEHHUS f, OOYCJIOBJIEHHEIX BSI3KOCTbIO BOAbI H TPEHM-
eM O CTEeHKH IOP HJIH TpellnH. MHoTrouHc/IeHHbBle 3KChepH-
MEeHTH JOKa3hBaoT [17], 4TO JBHKEHHE BOABI B MOPaX HO-
CHT JIaMHHapHHH XxapaxTep. IloTepyn sHepruum Ha OTpe3kKe
nyTH [, oTpakeHHble B U3MeHeHHH Hanopa AH ¥ paBHble pa-
60Te CHJ1 COMPOTHBJEHHS fl, MOJKHEI NOITOMY OKa3aTbCsl
NPONOPIIHOHABLHBIMA BeNHUHHe Ul, rlie U — CKOPOCTh (Ub-
TPAIMH, PaBHAs PacXOAy BOAH yepe3 eIMHHYHOE Iomeped-
HOoe ceyeHHe (HJAbTpyOllero mjaacrta (OOBYHO H3MEPSEeTCs
B M/cyT HIH B cwm/c).

CxasaHHOe noaTBep:kiaercss 3akoHoM Jlapcu:

v=KI, (9.2)

rae [ — 6e3pa3MepHblil rPayeHT HAIOpa, SBJSIOLIKICS OT-
HOLIEHNEeM CHHXKEHHsl Hamopa K jUIMHe myTH QuiabTpanuu

CL Z2 f = DC’:‘ > k
X L SN SEN—
oL — 7

(e 777 %

Puc. 9.2. CxeMa s onpejie/ieHHs Hanopa BOAHI B IJIACTaX:

a — GeaHanopuoM; 6 — HanopHoM; MM — mJocKocTh OTcueTa (npou3BoJLHAasA);

CD u C’D’ — BonoynopHble TpaHHLIBI BOJOHOCHOrO mJjacTa; O — TOYKa 3aMepa;

AB — pmenpeccuoHHasi KpuBasi; A’B’ — nbe3oMmeTpHyYecKasi KpuBasi; [ — Mecok; 2 —
BOJIOYNOpHas THHA; 3 — CKBaXMHHI
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AH
I= —1——' , HA KOTODOM OTMEUEHO 3TO CHHXKECHHE; K — ko-

spduuuent GuAbTPALMH, M/CYT (NMOCTOSHHBIN A/ AaHHOH
napbl «roOpHasi IOPOJAa — BOJAAY»).

Kosppuuuenr ¢uABTpaAaLHH, KaK STO BHIHO
U3 H3J0KEHHOT0, XapaKTePH3yeT CHJbl CONPOTHBJECHHUS, BO3-
HUKAIOLME PH ABHKEHHH BOJAH Uepe3 rOpHyI0 nmopoay (oH
06paTHO NPOMOPIHOHAJIEH STHM CHJIaM).

Koecquuueﬂ'r (uIbTPALKEH SIBJISIETCS] OCHOBHOH Xapak-
TEPUCTHKOH INPH pacyeTe IpeHaxa, olpepessiouieii BoLo-
NPOHUIIAEMOCTb FOPHBIX NOPOJ, CKOPOCTb BOAOOTAAYH H pPa-
JUyC BJHSIHUS ApEHaXHbIX yctpoiicTB. OpHEHTHPOBOUHBIE
€ro 3HaueHHs [IJs Pas3JHUYHBIX FOPHHIX NOPOJ NPHBENEHH!
HHXKE.

KosadpduuueHt  duap-

TTopoast Tpauuu, M/cyT
OueHb YHCTHE TaJeYHHKH, TPaBHil ¢ KPYNHBIM Ilec-
KOM, CHJIbHO 3aKapCTOBaHHEIE M3BeCTHSKH . . . .100—1000 u Gosee

TaneynukH W rpaBHil C IeCYaHEIM  3aNOJIHHTENEM,
KPYNMHO3EPHHCTHI MeCOK, HHTEHCHBHO TpELIHHOBATHIE

KapOGOHAaTHHIE MOPOABI . .+ o« . =~ . . . 20—100
Mesiko3epHHCTEIE H CpelHe3epHHCTHIE TIeCKH, Taseu-

HHKH C TEeCYaHbIM M CYMJIMHHCTHIM  3allOJIHHTEJNEM,
TPEeLIHHOBaTble KapOoHATHBIE NOPOAE,  HHTEHCHBHO
TPeIlHHOBATHIE U3BepIKEHHblE H Meramopcpnqecxae

nopojs . . " . . . 5—20
Tonxozepnucme necxn, TIeCYaHHKY ¢ TJHHHCTHIM ue-

MEHTOM: TpelIMHOBaTHE U3Bep:KeHHEE U MeTaMophH-

YeCKHEe TOPOABl . . W o % o « o o « o o 0,5—5
CYNMECH . . . . v % v & v v e e e e 0,1—1
CyrJuMHKH . . W e et e e ee e e 0,01—0,1
Ilecuanne u mngI e e e e ¥ e e e e . 0,01—0,001
MsArkue NJIACTHYHEIE TVIMHBL . . .+ & o o o .+ . << 0,001

Te wHecBsi3Hble U C€J1a0OCBSI3HBIe TOPHHIE NOPOAH, B
KoTophx K<1, cuurarpomncsi cJ1aGONPOHHUIAEMBIMH H {IIJIOXO
NoANaloTCsl I peHHpoBaHuIo, TpeuHHoBaThle TBepJble IIO-
POAH B OTHOIUEHHH HX JPEHHPYEMOCTH HEJOCTATOYHO Xa-
pakTepusoBaTh ToJbKO BenuuuHoii K. Tak, mampumep, npu
penxoi ceTke LOCTATOYHO KPYIHBIX TPEUIHH Ko3(hdHumueHT
GuIbTpAUMH MOXKeT GBITh HEOOJBIINM, a APEHHPYEMOCTh
opoJ — xopolue.

Hapsiny c koadbduuuentoM GuAbTpaluM aJisi Xapakre-
PHCTHKU TpPOBOJASIIUX CBONCTB NJacTa MOIIHOCTBIO M HC-
nojn3yercs Ko3(pouuueHT BojompoBoguMmoctH I=Kim,
OOBLIYHO M3MepsieMblii B M2/cyT.

O6mas kaprTuHa [JBHIKEHHsS IIOA3EMHHIX BOJ K TIOp-
HBIM BHIPA0OTKAM HJIM [JPEHAXKHBIM COOPYMKEHHSIM MOXKET

116



OHITb IpeACTaBNeHa CAeRyIoWUM obpasom. BekphiTHe BOJO-
HOCHOTO TFOPH30HTAa TOPHOIl BHIPAOOTKOH HJH KAKHM-JIHO0
JPYTHM [DEHHpPYIOUMM coopyKeHueM (HampuMmep, CKBa-
JKHHOH, M3 KOTOPOH OTKauHBaeTcss BOAA) CO3JaeT B MJa-
cre o6JacTh IOHMXKEHHOTO Hanopa (THAPOCTATHUECKOTO
JaBleHusi). DTO BLI3BIBAET, CONIACHO 3aKOHY JlapcH, ABH-
JKeHHe BOJABl B CTOPOHY BCKphIBawolleil BrlpaboTku. B mep-
BOe BpeMs B BBHIPA0OTKH NOCTYIaeT BoAa H3 OJHKANIIHX
K HHM 30H BOJOHOCHOTO TJ1acTa 3a CYeT ero rpaBHUTallHOH-
HOji (6e3sHAmOpHBIE TJAACTHl) WM YOPYrofl  (HamopHble
IJ1acThl) eMKOCTH. IIpH 3TOM TPOMCXOIHT CHHIKEHHE YPOB-
Hell (JaBJeHHsI), KOTOpPOe MOCTENeHHO pPaclpOCTpaHseTcs
Bce HaJgblile OT 00JacTH JApeHaxa, WIH, &KakK TOBOPST,
ob6pa3yercst JelpeCcCHOHHAs (Tbe30MeTpHuecKas) BOPOH-
Ka — 30Ha BJIHSIHUS JpeHHpylomeit BepaboTku. CKropocTh
pacIpOCTPAHEHHUsI 3TOrO0 BJHMSHHS 3aBHCHT OT K03(pdu-

T
IIMeHTa YPOBHENPOBOAHOCTH @ = p HaMoT Koabdhunuenta

T
Tbe30NPOBOJIHOCTH a* = — , H3MepsAeMBIX B M?[cyT.
B

PasMeprl 30HH BJIMSHHS JApeHHpYowell BHPaOOTKH
NPONOPUHOHANBLHE BenuunHe Yat unu Ya*t, rae ¢ — BpeMs
oT Hauana nponecca. Tak kak p>>p* (cM. ta6a. 9.1), B Ha-
HOPHBIX IITACTaX BJMSHME APEHa)Ka pacnpocTpaHsieTcs, NpH
NPOYNX PAaBHBIX YCJIOBHSX, HAMHOrO GH.CTpee M JaJblile,
yeM B Oe3HaMOPHLIX.

ITocne Toro, Kax 30HA BJIHSHHS JOCTHraeT KaKoH-HHU-
Oyap 06JaCTH NHTAHHUS BOJOHOCHOTO MJacta (HallpuMep,
peka MM BOJOEM), HAUHHAeTcss AOMOJHHTENbHBIH TOATOK
BOZ M3 3ToH objactu. Ilo Mepe mpopoaxarouerocst (XoTd
U B 3aMeNJIeHHOM TeMIle) IOHMKEHHsS JaBJeHHs B B0He
BJHAHUS, 3TOT NOATOK Bce OoJiee BO3pacraer, TaK 4TO
MOXKET HACTyNUTb MOMEHT, KOTAa (CyMMapHOe JOIOJHH-
TeJbHOE MOCTyIJIeHHe BOAB B IJIacT GYAET PaBHO Pacxo-
Iy BOJBI, MOCTYNAaIOWielf B TOPHYIO WJIH JApPEHaXKHYI0 BhIpa-
60Tky. C 3TOro MOMEHTa CHHXKeHHe JaBJEHHS B ILIACTe
NpakTHYECKH INpeKpalllaercs, HACTyNaeT CTAlHOHAPHBIH
(He 3aBUCAIMH OT BpeMEHH) PeXUM (PUIbTPAUHY B OTJIH-
YyHe OT HeCTal[HOHAPHOTO pexXHMa Ha HpedBAYIIHX 3Tanax.

KoneuyHo, B naHHOM c/lyyae OblJa ONHCaHa HEKOTOpas
HJlea]u3MPOBaHHAsl CXeMa JBHXKEHHs IJIOJ3EMHBIX BOX, KO-
TOpasi OTpa)kaeT JIMIUIL OOLIHe TEHAEHIMH B DPa3BHTHH
Ipolecca M He YYUTHIBAET MHOTHE, MOZYac BechbMa Baxk-
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Hble, €r0 GeTaju (HampuMep, yCHJIeHHe HH(HIbLTPaAIHOHHO-
rO NHTaHWS BOXOHOCHBIX TOPHU3OHTOB HJM #X B3aHMOJeH-
CTBHE JPYr C JAPYroM).

9.4. MPOCTEVIIME PACYEThl BOJONMPUTOKOB K KAPbEPAM
U JPEHA)XHBIM CHCTEMAM

IIpuToKM MOABEMHBIX BOA B Kapbep ONpeAessioTCs:

AHHAMHYECKHMH HNPUTOKAMHU, NOPOXOASLIUMU
yepe3 BOLOHOCHHIl MJIACT «TPAH3UTOM» H3 KaKHX-TO BHeEII-
HHUX obsacreit muTaHus (peka, 03epo M T. I.), H NMPUTOKA-
MH, (OpMHpyIOLIMMHCA 3a CYeT CTAaTHYECKHX  3aracoB
caMoro mjaacrta, T, €. 3a C4YeT ero rpaBHTAlHOHHOH HJH yII-
pyroii eMKOCTH*.

ITpu pacnosnoxeHHu Kapbepa MHOGJH30CTH OT 0OJACTH
NUTAaHHSl NOJ3EeMHBIX BOJ OCHOBHOE 3HAaueHHEe HMEIOT ANHa-
MHYeCKHe IIPHTOKH, CTaTHUeCKHe 3amachl MOTYT He y4H-
THIBATbCSI H BCE DaCYeTHHE OLEHKH BOJONDPHTOKOB MOTYT
BeCTHCh Mo (opMyJaM YCTaHOBHBUIErocs JBHXKEHHs, He
YUHTHIBAIOIUM CKODOCTeH H3MEHEeHHsT HallOpOB MOJ3eMHBIX
BOA (BpeMsi B 3TH 3aBHCHMOCTH SIBHO He BXOJAHT). B 3TuX
YCJOBUAX (DHUIBTPALHOHHBEIE CBOHCTBA IJIACTa YYWTHIBAIOT-
cd B pacueTHHX (opMmysnax OXHHM INIaBHHIM MapaMert-
pOM — BOJONPOBOAUMOCTbI0 T. 3aMeTHM, 4TO BOJOIPOBO-
JHMOCTb CJHOHCTOTO IJ1ACTa paBHa CYMMeE BOJIONPOBOLHMO-
cTell cioeB.

ITpu GosblIOM yHaJeHHH TPaHHUIl NMUTaHHST HEOOXOAHMO
YUHTHIBATH M BOJONPHUTOKH, OOYCNOBJEHHBIE CpabOTKON
CTAaTHYECKHX 3amacoB IJacTa, 3HAaueHHe KOTOPHIX OObIu-
HO MaKCHMaJbHO B MEPHOL  CTPOHTENbCTBA Kapbepa. Tak
KaK NMPOsIBJGHHE eMKOCTH IJ1acTa 3aBHCHT OT GKODOCTH H3-
MEHEHHs] HalopOB, TO pacueTHHE (OPMYJb COOTBETCTBY-
IOT HeYCTAaHOBHBIIEMYCS  JBMXKEHHI0O BoJ (B HHX BXOIMT
BpeMs). [lisg THNHYHBIX HamopHHX mjaacToB a*=10%=
=105 m?/cyT, Tak uTO yXKe uepe3 HECKOJIbKO MECSIEB MOCse
Hayaja BOAONOHHIKEHHS] 30HA BJIMSHUS Kapbepa JOCTHTa-
€T TPaHMIl BOJOHOCHOrO mMJacTra, yHaJeHHHX OT Kapbepa
Ha HECKOJLKO 'KMJIOMeTpoB. B THNHYHEIX GE3HANOPHBIX
nmnactax BenHuHHa a = 103 m2?/cyT. IloaTomy B GesHamop-
HBIX MJ1aCTaX HEYCTAHOBHBUIMHCS PEXHM IBHIKEHHS MOXKET

* OTaenbHO OLIEHMBAIOTCS BO3MOXKHbIE IIPHTOKH B Kapbep 3a CHYET IIO-
BEPXHOCTHOIO0 CTOKa HNOXMAEBHX M TaJbIX BOZ.
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nporeKath GoJee NPOJOJIKHTENbHOE BpeMs (fx), ueM B Ha-

MODHBIX.
BpeMs fx (B cyT) MOXHO ODHEHTHPOBOYHO ONPENENHThb

no cienywouei GhopMmyie:
ty = (_1_ ;_L) Be—tel (9.3)

2 " 3 a
rae R.— paccrosiHue OT ILleHTPa Kapbepa Jo0 O/HkaiilIed
06J1acTH INMTAaHH BOJOHOCHOTO IJacTa, M; rx — pacuer-
HBIl pafiMyc Kapbepa IO TOPH30OHTY BCKPHITHA IJIACTa, M
(".( =55 TRe P — nepumerp Kapbepa).

IIpu t < ty, T. €. B HauaJbHbI{ NepHoA PaGOTH Kapbe-

pa, o6LLHii IPHTOK BOAH (B M3/cyT) K Kapbepy Q [3]:

= 278TS (9.4)
¢ re+Vnat

L£'3

1

rfie Sx— PasHOCTb OTMETOK HCXOJIHOH NOBEPXHOCTH YpPOB-
Hefi M rOpPH3OHTa BHICAauHBaHHMsi BOAB B Kapbep, M (pHC.
9.3). B nanbuefiiem (npu #>>%y) NPHUTOK BOXB B Kapbep
(B M3/cyT), 30HA BIHSHHS KOTOPOTO pPacmpocTpaHsercs 10
NPSIMOJMHEHHOfi TPAHHUB THTaHHf BONOHOCHOrO IUIACTa
(nampuMep, IO PeKH), ONpeJessieTcs 1o caenylomei $op-
myJe:

0= 2,73 T (Hp — Hy) 9.5)

re+2Re
Ig———
Ty

rae Hp u Hx— Hanopel Ha KOHTYypax peKH H Kapbepa.

7 A-A

4

can}

1<

Puc. 9.3. CxeMa K pacueTy NpPHTOKa BOAHI B Kapbep:

1 — peka; 2 — Kapbep; 3 — JienpeccCHOHHasi (Nbe3OMeTpHYecKast) KpuBasi; 4 — Hce
XOAHOe NOJIOXKeHHe YPOBHSI MOX3eMHBIX BOX; AA’ — NJOCKOCTb OTCYeTa
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Pacnpenenenne ynenbHbix (Ha 1 M) HNPHUTOKOB ¢ TO Te-
puUMeTpy Kapbepa ocTaercsi 6ojiee MJM MeHee paBHOMep-
HBIM, TIOKa He CKa3hIBAeTCs BJMSHHE TPaHUI IJjacra, T. e.

q=—%. Ilpu 6nn3KkOM pacHosioXXeHUH TpaHHllbl, KOrAa

Ry < 2, MOXHO HCIOJB30BaTh GopMyay
1413
L

IJIS. OLEHKM YAeJbHBIX NPHTOKOB (B M3/cyT Ha 1 M) Ha
y4acTKe Kapbepa, MpHMbIKawolem K peke. 3aech L — pac-
CTOSIHHE OT peKH IO KOHTypa JpeHaxXa B Kapbepe (CM.
puc. 9.3).

®opmyan (9.4) — (9.6) MoryT HCHOJNL30BAaTHCS H AJis
OLEHKH MPUTOKOB K APEHaXKHHIM TPaHIlesM H JHHEHAHHBIM
ITpekaM (IPH YCJAOBHH, YTO IUTPEK MNPOHIEH MO NMPOHH-
1aeMbIM MOpPOJaM); NPH 3TOM BMECTO 7k INOJACTABJSIETCS
TpeTb HAJHHH BBHIPaGOTKH.

YpoBHH (Hamophl) B BOJAOHOCHOM IJIacTe B HENOCPEACT-
BEHHOJi ‘GIM30CTH OT Kapbepa (TpaHIUEH, LITPeKa) MOKHO
onpeneJisitb o GopMmysne

H(x) = Hy +%x, (9.7)

q

rie H(x) —Hanop Ha pacCTOSIHMM X OT y4YacCTKa BHIXOZA
BOJbl Ha OTKOC.

®opmyna (9.7) cnpaBeasuBa npu x < (0,2-+0,3) rx.
st miactoB 6osbIIOH MOLIHOCTH, KOTAa BOJH3H Kapbepa
yCTaHOBJIeH ‘Ge3HANOPHBIN  peXXUM, Jydlle HCIOoNb30BaTh

dopmy.ry
h(x):l/hKJr-"’I{-x, (9.8)

rlie Hamnophl A U Ax OTCUUTHIBAIOTCS OT 'BOAOYMOPHOH MOYBHI
njaacra (IJjs HeloATOIJIEHHOro OTKoca hyx = 0).
IlpuBeneM B 3aK/JI0ueHHe mpocTefiilive GOPMYJIBl AJsE
pacueTa JpeHaX{HbIX CKBaXKUH.
1. Tlpn MCno/ib30BaHHM TPYINBl H3 «1» BOMOINOHHKAIO-
IIHX CKBaXKHH, 0OOPYMOBAaHHHIX HacocaMH C HOMHHAJIbHOM
NPOU3BOAUTENbHOCTBIO Qc, CrpaBemauBa (opmyJia

n

0,183Q 2,25a*¢
S= < Ig = , 9.9
TR o

120



rie S — NMOHHXKEHHe HaIo-
pa (B M) B ‘pacyeTHOH
TOuKe, yAaJieHHOH Ha pac-
CTOsIHHE r; OT i-Hi CKBaXu-
HBl, { — BpeMs OT MOMEHTa
BK/IIOUeHHs] CKBaXHH, CYT Pyc, 9.4. CxeMa JAPEHAXXHOTO KOH-
(t<ity). Dopmyna (9.9) rypa BGumsn pa3pesHoii TpaHueH
npejnosiaraet, 4To MJacT

JIPEHHPYETCST TONBKO CKBaXXMHAMH M HaNnop NOAJepKUBaeTcs
HHXe JHa paspesHoili tpaHuen (puc. 9.4). Ilna ckBaxuH
B6JM3M PEKH MJIH BOZOEMa, Koria >y, BMecTo (hOpMYJIbl
(9.9) wucnonbsyerca dopmya

n

_ 0,183Qc i 9.10
S - zl:lg = (9.10)

rle P; — PacCTOSTHHE OT PacyeTHOH TOYKH [0 3epKajbHOTrO
OTPaXKeHHUs i-H CKBaXXHHBI OTHOCHTEJBHO DEKH.

2. KOoHTypHbIfi P CKBaxKWH WJIH (QHILTPOB, Iapal-
JieibHBIH OoTKOCy pabouero Gopra (puc. 9.5,a) moxer pac-
CUMTHIBATBCS C NOMOIIbI0 rpaduka, TPHBeJeHHOrO Ha pHC.
9.5,6 [34]; npu 3TOM O — Ge3pa3MepHBIi «KO3(PPHIHEHT
3acjoHa», ONpeleNsiOUUA Ty JOJMI0 yIeNbHOTO NPUTOKA K
6opTy, KOTOpasi fepexBaThIBAeTCsl APEHaXKHLIM PANOM:

d=1—20, (9.11)
q

Ie o ' ¢ — yAeJbHBE MpPUTOKM Ha 1 m ©OoprTa Kapbepa
npu paboTe ApeHaxHOro psifa U Oe3 Hero. BeanunHa g on-
peliesisieTcsi IO PacuYeTHOMY NPHTOKY B ‘Kapbep, a JONYCTH-
MBI yIenbHBI MPUTOK BOAB K OTKocy pabodero 6opTa
(g0) ompenmensiercs Ju60 rOPHOTEXHHYECKHMH coobpaxe-
HUAMH, JHGO e TPeOOBAHUSIMH yCTOHYHBOCTH (DUABTPYIO-

mero otkoca. Ilapamerp /[, mnpu GIU3KOM pacmosNoXKeHHH

KOHTYpa MUTAHUSA (r* <2) onpesenasiercs {10 ¢popmyJe
K

T 1112
=l
L+l

a npu R.>>r¢ MOXHo cuutath lb=Iy (cM. puc. 9.5,a).

3. Ilpu HaKJIOHHOM 3ajleraHHH BOJOHOCHBIX CJI0eB € 00-
paTHelM (B CTOPOHY OT Kapbepa) HX TaJleHHeM, MaKCH-
MaJlbHOe DAacCCTOSIHHE Omax MEXIY CKBaXHHaMH IPEHaXHO-
ro psga (mpuH KOTOpoOM TionafaHue BOAbI B Kapbep Oyner
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Puc. 9.5. CxeMa # rpadHK K pacyeTy KOHTYPa BOJOIOHHKAIOUIHX CKBa-
. JXHH BOJIH3H Kapbepa:
1 — gapbep, 2 — PAX BONONOHHXKAIOIHUX CKBAXHH; 3—r, =01 M; 4—r, =
=02 M
r ¢ panuyc CKBaXHHBI, 0 — PacCTOSIHHE MeXAY CKBaXXHHaMH

)} — paccTosiHHe OT CKBaXXMH JPEHaXKHOro psja RO KOHTYypa NHTaHusA, M; [p—
TO e {0 Kapbepa, M.

MOJIHOCTBIO JIMKBHIHDPOBAaHO) omnpejessercsa 1o (opmyJe

[3]:

273 [1 !E_EIZ;;{_%‘: Omax ]g (:Im;x . (9.13)
K c

rae He — riy6uHa BoAb B CKBaXKHHeE, M.

CxeMa (QUIBTPALMH MPH HAKJIOHHOM 3ajleraHHH BOJO-
HOCHBIX CJIOEB MOKadaHa Ha puc. 9.6.

[MpuBeNeHHble BaBHCHMOCTH 3HAUYHTEJbHO YIPOLIAIOT
peajibHyI0O NPHPOAHYIO OOCTAaHOBKY M HAlOT NO3TOMY BechbMa
OpPHEHTHPOBOYHBIE pe3yabTaThl. st Gosnee HajeXKHBIX pac-

! 2

Puc. 9.6. CxemMa (HJIbTpPaLUHH NIDH HaK/JIOHHOM 3aJIeTaHHH BOXOHOCHHIX
CJIOeB:
1 — peka, 2 — psix CKBaXKHH
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YeTHBIX OLEHOK TMApOreosiofaMHu fpHMEHSIOTCS SJMeKTpHuec-
KHe Mojienn (McnoJsb3yioliine GOPMaNbHYIO aHAJOTHIO MEeX Y
¢duabTpanyell NoJ3eMHBIX BOJ H JIBHKEHHSMH 3JIE€KTPHYECKO-
ro Toka) unu OBM, mosBoJsiiolie N0OUTHCA NPaKTHUECKH
10601 ToyHOCTH pacyera. IIpw 3TOM TOrpelIHOCTb HPOTHO-
3a IIeJIMKOM 3aBHCHT OT MOTPELIHOCTeH HCXOAHBIX JaHHBIX,
B MepByI0 oOuepeldb OT OCHOBHBIX  TI'MAPOreoJOTHYeCKHX
(buIBTPALMOHHBIX) MapaMETPOB, TaKUX KaK KO3(D(HIHEHT
(buIbTpanuy, BONONPOBOAHMOCTH, BOAOOTAAYH H Ibe30-
NPOBOJTHOCTH.

OcHoBoli masi olipefieneHusi (GUIBTPALHOHHBIX NMapaMeT-
pPOB NpH pasBellke MECTOPOXKIEHHH MOJNE3HbIX HCKOMaeMbIX
SIBJISIIOTCS CHiel{Ha/bHble ONbITHO-(UILTPalHOHHbIE PabOTH:
OTKaYKa W3 ONBITHBIX CKBaXHH, peXe—HarHeTaHHe HJH
HaJlIUB BOJABl B CKBaXKHHBL. [Io psiAy TPYAHOYCTpaHHUMBIX
NPHYHH TOYHOCTh MOJyYaeMBIX mTapaMeTpoB (T.e. OCHOBHBIX
HCXOHBIX NAHHBIX JJISI NPOEKTHPOBAHHSI CHCTEM OCYLIEHHS)
OKa3bIBaeTcsi 0ObIYHO He OUeHb BLICOKOI:. B cpegHeM nosyyeH-
Hble TapaMeTphl CYUTAIOTCS BIOVIHE yJOBJIETBOPHTENbHBIMY,
€CJIM MX TIOTPelIHOCTb H3MepseTCsl MePBLIMU JecaTKaMH Mpo-
nentoB, Ilomo6Hass TOYHOCTH OGBIYHO JOCTHXHMA JIHIIb
npu NpoBedeHHH JauteabHex (10—15 oyt u 6omee) wycTo-
BBIX OTKauyeK® YHCJIO KOTOPHIX NpH pa3BeIKe MECTOPOXK/Je-
HHH, KaK NmpaBuJIo, BecbMa orpanudeno. [Ipn Hambouee xe
MacCOBOM BHJe paboT (CPaBHUTENBHO KPaTKOBPEMEHHBIX
OTKaYKaX HJIH HarHeTaHHSIX B OJNUHOYHBIX CKBaXKHHAX)
BCerja oJyyaloTcs ropasjio 6oviee BBICOKHE {IOIPELIHOCTH.

IToatoMy B Hacroslllee BpeMsi MOBHILIEHHe J1OCTOBEDHO-
CTH NPOEKTHPOBAHHSI CHCTeM OCYIUEHHsI 'KapbepOB 3aBHCHT
He CTOJBKO 0T yCOBepleHCTBOBaHHs NPHMEHSIEMbIX METO-
JI0B PacyeToB, CKOJbKO OT MepCIeKTHB KOPEHHOro yJyulle-
HHSl METOJOB T'HApPOTEONOTHYECKOH pa3BelKH.

* OTKa";IKa TIPOU3BOJHTCA H3 ].leHTpaJIbHOfi CKBaXHHH, B 30He BJHSHHS
KOTOpPOH pacmoJiaraloTcsi HecKOJbKO HaGJI0JaTeNbHBIX CKBAXXHH.



10. OGLI{HE BONPOCHI Ili’EHA)KA KAPBEPHBIX
MOJIEHN

10.1. 3AJAYHU NPEHA)XKA H Ero 3HAYEHHME JJisl TOPHBIX
. PABOT

IpeHax KapbepoB OCyLIeCTBJSIETCS [Js1 obecrneyeHHs
HODMaJIbHBIX YCJIOBHE pabOTH JIofell H ropHoro obopyno-
BaHHS, YMEHbLUEHHS BJAXHOCTH TIOJIE3HOTO HCKONMaeMOro,
obecneyeHusi yCTOHYMBOCTH OOpPTOB, OTKOCOB YCTYHNOB H
OTBAJIOB.

Xopolllo H3BeCTHO, YTO JAPEHaXXHble  MepONPHATHSA Ha
MHOTHX Kapbepax CyLIeCTBEHHO YJy4LIalOT YCIOBHS pabo-
Thl TOPHOTPAHCHOPTHOro ob6opyoBaHHs. Tak, yipeHax YCT-
paHseT WJIH OrpaHHYHBaeT OOBOJHEHHOCTb 3KCKaBaTOPHBIX
3a60eB U (uabTpanuoHHble AedopManuu oTpabaThiBaeMbIX
yCTyNoB, TIOMOraeT 60pOTbCs ¢ 06pa30oBaHHEM HaJellefl Ha
OTKOCaX, ¢ OOBOJHEHHEM B3DHIBHBIX CKBaXXWH, B To xe
BpeMsi NMIYOMHHBIH [peHaXk He MOXET  paccMaTpHBaThCA
Kak 3¢ (deKTHBHOe CPelCcTBO OOPHOB ¢ TAaKMMH SIBJIEHHSIMH,
KaK IIpOMep3aHue mecYaHO-TJMHUCTHIX MOPOX YCTYNOB, Ha-
JunaHue M NPHUMep3aHHe JKCKaBHDPYeMbIX M TPaHCHODPTH-
PYeMBIX HOpPOJ, pa3XkuKeHHe TJIMHUCTHIX TMOpPOJ MOA JeHcT-
BHeM JHHAMHUYeCKHX Harpys3ok OT 000pyroBaHHs. B asToM
OTHOLIEHUH HEKOTOpHIii 3(p(eKT MoXeT OBbITb JOCTHTHYT
JUUIL NyTeM OPTaHW3allud BHYTPHKapbepHOTrO CTOKa.

EcrectBeHHO, 4TO TpeGOBaHHSA K JPEHAXy U €ro BO3-
MOXHOCTH CYyLIECTBEHHO 3aBHCAT OT NPUHATOH CXeMHbl OT-
paboTKH MecTOpOXJaeHHUs. Tak, NpH OTCYTCTBHH BHYTPEH-
‘HUX OTBAJOB MOXHO HauboJiee IIUPOKO HCIIOJB30BAaThL OT-
KPBITHI J]peHaX NOPOJ B Kaphepe, a TaKXKe NPUMEHSTh pas-
JIMYHble JpeHaXKHble YCTPOMCTBa, NMPOBOAMMBIE H3 Kapbepa.
HaoGopot, BHyTpeHHee 0TBasllo0Opa30BaHHE 3HAYHTENbHO
OrpaHMYHBaeT UCNOJBL30BaHUE JpeHa)Ka, 0cOOeHHO IpH pa-
60Te MHOrOKOBLIOBLIX 9KCKaBaTOPOB C TPAHCHOPTHO-OTBaJb-
HBIMH MOCTaMH M € 'KOHCOJIbHEIMH '0TBaJ1000pa30BaTelsIMH,
a Takxe npu pabore € MOABaJKON OOBOJHEHHBLIX JOOBIY-
HbIX MJM BCKPHIUHBIX yCTynoB. Bosee Toro, mpu OJHO# H
TOH Ke CXeMe FOPHBIX paboT TpeOoBaHus KJIPEHAaXy 3aBH-
CAT OT NPHUMEHSeMOro ropHoro OO6OpyLOBaHHsA, TaK Kak
neopMaliy BOJOHOCHEHIX TOPOA B OTKOCaX YCTYIOB He-
HIEHTHYHO BJHSIIOT Ha paboTy 3KCKaBaTOPOB pAa3/HYHBIX
tunoB. HanpuMep, npu orpa60oTKe BOAOHOCHHIX NIECKOB MeX-
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JonaraMy noTtpebyercs ropasfo 6oAee WHTEHCUBHBIH Jpe-
HaX, Yem NpH OTpaboTKe JparjaiiHaMH.

Ilpu pabore cpeACTB HAPOMEXaHU3aLHK NOA3EMHbLIE BO-
bl ABASAIOTCS OJiaronpusATcTBYOUUM (akropoM. OcHoBHas
3ajaya JpeHaxa B 3THX YCJIOBHAX CBOAMTCS K OrpaHuye-
HHIO JedopMaliuii OTKOCOB B TaKUX fpefiesaX, YTOOB UMH
He ObIHM 3aXBaYeHhHl BhILETeXKallle YCTYIlbl, — Hepabouune
uin oTpabaTeiBaeMble 3KCKaBaTopaMH. Kpowme Ttoro, cucre-
Ma OTBOJla TEXHHUYECKHX BOJ fMOJIKHA OBITh OPraHU30BaHa
TaKuM 00pa3oM, YyToObl He MJONYCTHTh AOHOJHHUTENbHOrO
yBJaXKHEHHS] TeX NOpPOH, KOTOpble fIpeJHasHayaloTCs JJisi
5KCKaBaTOpHON oTpaboTku. B cBsi3n ¢ 3TuUM, TpebGOBaHHS
K JpeHaXy TOpOA, oTpabaThiBaeMBIX CpeACTBAMH THIPO-
MeXaHH3allii, MeHee XKeCTKHe, yeM IpH paboTe 3KCKaBa-
TopoB, IIpuMeHeHHe rHAPOMeXaHH3ALHY TO3BOJSET PE3KO
YMEHBIINTb 00beMbl JpeHaXkHBIX PabOT M LIHPOKO HCINOJIb-
30BaTh OTKPHITHIA JpeHa)k TOPOJ HeNoCPeACTBEHHO Kapb-
epoM.

Poap jApeHaxka M BOLOOTBOJA B MOBHILIEHHH KauyecTBa
NOJIe3HOr0 HCKOMaeMOro CBOJHWTCA K YaCTHYHOMY YyJhaJe-
HHIO BJIATH H3 MOJIE3HOTO MCKONMaeMOro HJH K NpefoTBpalie-
HHIO JONOJHHUTENBHOTO ero yBjpaxHenusi.  Hanpuwmep, Ha
psilie YroJbHbHIX KapbePOB CHUXKEeHHe BJaXHOCTH YNNI C
HOMOIIbIO JIpeHa)ka Ha HEeCKOJIbKO MPOLEHTOB f103BOJHJIO
COKpaTHTb 3aTpaThl Ha ‘OpuKeTHpOBaHUe yraed Ha 20—
309%. Onnako B cayuasix, KOrja rpaBHUTAallHOHHAasi BOZa B
NOJe3HOM HCKomaeMom BoOOlle OTCYTCTByeT,  OOBIUHBIE
CNIOCOOH! JIpeHaXa OKa3bIBalOTCSl ¢ 9TOj TOYKH 3PEHHs CO-
BeplleHHO Hea(pdexTuBHBIMH. Tak, Ha JleGeqUHCKOM Kapb-
epe KMA, HecMOTpsl Ha Ha/lWuHe MOLIHOW CHCTEMBI JpeHa-
XKa, BJAXHOCTh PBIXJBIX TJIHHONONOOHBIX pa3HOCTEH xKe-
JIE3HOH PYABl OCTaeTCs MpaKTHYeCKH HensMeHHOH. TouHo
TaK Xe JJs [peJOTBPallleH:s] NONOJHHUTEJNbHOrO yBJaXKHe-
HH$l, CBA3aHHOTO ¢ HaOyXaHMeM IOJe3HOT0 HCKONaeMoro,
OCHOBHOH 3¢ (deKT maeTr mpaBH/bHAs OPraHH3aLHsi BHYTPH-
KappbepHOro CTOKa, a He COOCTBEHHO JpeHaXHble MepOnpH-
ATHS.

Hapsiny co cHUXeHHeM BJIaXKHOCTH TIOJIE3HOTO HCKOIla-
€MOro, JpeHaxk BMeLalolUX TOPOA MOXKeT CIOCOGCTBO-
BaTb 'YCTPAaHEHHIO Da3yO0O0XKHMBaHHUSI TIOJE3HOTO MHCKOIaeMo-
TO U CHHXEHHIO ero NOoTepb — eCJH N0 YCJOBUSIM OTPaboT-
KH noObiyHple 3260 MOTYT  3aMJHMBaTbCs B pe3yJbTaTe
ONMbIBAaHHsI MOKPHIBAIOIIUX IOPOML,

OcraHoBHMCSl Teneph Ha MOJIOXKEHHUH JpPeHaxa B OGIIeM
FOPHOTEXHOJIOTHYECKOM 1HKJIe, B HeKOoTOpbIX NpOeKTaxX BHI-
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6op cnocoGa BCKPHITHs W CHCTeM pPa3pabOTKH MeCTOPOXK-
JIeHHsl OCyLIecTBJsieTcs 6e3 {10CTaTOYHOro yuyeTa rHApore-
OJIOTHYECKOH O0OCTaHOBKH: J[peHaXX NPHBA3LIBAEeTCS K He-
KOTODHIM 3apaHee BbIGpaHHBIM CXeMaM TOPHEIX pa6oT. B
pesysbTaTe CHCTEMbl JpeHaXa MeCTOPOXAEHHH €O CIOX-
HBIMH THAPOreOJIOTHYeCKHMH YCJIOBHSIMH HEDElKO OKasbl-
BaIOTCs HeONPaBJaHHO TPOMO3AKHMH, a mMojyaC  JipeHax
BooOlIe He MOXKeT 06eCleyHTb HOPMaJibHble YCJA0BHs pabo-
THl 'Kapbepa .IpH BHIOpPaHHOM €nocobe BeleHHsT IOPHBIX
pab6or.

[TosToMy npH NpPOEKTHPOBAaHHH KaphepOB B CJOX-
HBIX THJPOTeOJIOTHYECKUX YCJIOBHAX HEOOXOIUMO TIlaTesb-
HO YBsI3bIBaTh T'OPHYIO M [IpEHaKHble YaCTH NpOeKTa, u6o
TOJbKO NMpPH TaKOM IMOAXOJEe MOMHO MaKCHMaJbHO Y4ecCTb
THLPOTEOJIOTHYECKHE YCIOBHS MECTOPOXK/IeHHs H HaMeTHTb
TeM CaMbIM ONTHMAJIbHYIO IeHEPaJbHYIO HPOEKTHYIO CXeMY.
ITOT BBHIBOX 'Kacaercs '0YKBaJbHO BCeX OCHOBHBIX MOMEH-
TOB TOPHO}l YaCTH NPOeKTa, TaKHX KakK BHIOOp yyacTKa nep-
BOOYEPEJHOr0 BCKPBITHSA, BHIOOp NPHUHIUIHAJbHOH CXeMH
BCKDBITUS M CHCTeMBl pa3paboTKu, BI6Op THIla 060OpPYIOBa-
HUa 4 T. 1. IloaToMy TeXHHKO-3KOHOMHYECKOe paccMOTpe-
HHe BapHaHTOB CHCTeM OTPabOTKM MAJs1 MECTOPOXKJACHHH cO
CJIOXKHBIMH THAPOre0JIOTHYECKHMH YCJIOBHAMH JOJXKHO 00si-
3aTeJbHO BKJIOYaTh M BO3MOXHble BapHaHThl CHCTEM Jpe-
HHPOBAHHA MEeCTOPOXJEHHUSI.

B kauecTBe mnpuMepa pacCMOTPUM HEKOTOpble MOMEH-
THl, CBSI3aHHble CO BCKpBITHEM MecTOpoxmeHus. Ilpexne
BCEro, yyacTOK IepBOOYEPETHOIO BCKPLITHS NOJXKEH BHIOH-
paThCs Ha OCHOBE NpPeJBAapUTENIbHOTO T'H/POre0JIOTHYECKOTrO
U WHXKEHEepPHO-Te0JIOTHYeCKOro pafioHUPOBaHHUS.

Mo2KHO npHUBECTH MHOTO MPHUMEPOB HEYALAYHOrO PacrmoJio-
JKEHHS pa3pe3HHIX TPaHlleli, KOTOpoe MPUBOJUJIO K 3aMeTHEIM
OCJIOXKHEHHAM B IpOllecce BCKPBILIHBIX pabOT — BCJIEACTBHE

. BBICOKOH OOGBOJHEHHOCTH, HHTEHCHBHBIX (DHUJIbTPALHOHHBIX
nedopmanuii WK ONMOJN3HEBHIX sABJeHUH. MexIy TeM BO
MHOTHX CJiyyasiX JIMIIb 3a cyeT fpaBHJbLHOrO BhIOOpa yuya-
CTKa TIepBOOYEPEIHOr0 BCKPHITHS MOXHO JOOHTbCA 3HAUHU-
TeNbHOTO OOJIErYeHHs1 B pelleHHd HpobJembl OCYlLIeHHs
MECTOPOXKIEHHS.

Hanpumep, Ha MuxaiinoBckom Mectopoxaenun KMA
paspe3Has TpaHlles pacnoJiarajach Ha yyacTKe BBHIKJIHHH-
BaHus Haubojsiee BOAOOOUILHOTO T'OPH3OHTA, NMPHYPOUYEHHO-
ro x neckaMm. Ilocne BCKPBITHS pYAHOH TOJLIH Hamopel
B 3TOM I'OPH30HTE OKAa3aJUCh 3aMETHO CHIXXKEHHBIMH TOJBKO
3a CYUeT €ero mnpsMOH THAPaBJIHUECKOH CBSI3H C PYAHBIM
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KOMIIekcoM. B pesyJibTaTe ObliM co3gaHbl  Gosee 6Jiaro-
NPUATHBIE YCTOBHSI AJsSI HENOCPeICTBEHHOrO BCKPBITHS Ie-
CKOB KapbepoM.

Taxum o6pa3oM, B 1aHHOM cjyyae ONTHMAaJbHOE 1O TOP-
HOTEXHHUYeCKHM YCJIOBHAM pacnosioxeHue pa3pe3Holl TpaH-
lleH CO31aJ0 yCJI0BHSl, HauboJsee OJaronpusiTHbIE U IJIST pe-
IIeHNs 3aflay OCYLUEHHUs.

OnHako B HEKOTOpBIX CAyyasx ILe/eco06pasHo MOHTH
Ha 3aBelloMOe YXyALIeHHe YCJAOBHH BCKPBITHS MeCTOpOX-
neHus, 4yToObl B AajbHelllleM MOXHO OblIo oOecmeyuTh 60-
Jee 6J1aronpusiTHbIE YCIOBHS SKCIIYaTaIHH.

Hanpumep, ecan B611M3U KOHTYPa Kapbepa UMeeTCs peka,
TO CJlellyeT pacCMOTPETb BAPHAHT BCKPLITHS MECTOPOXKAEHHS
Ha ero rpaHHYHOM y4YacTKe, IpHJeXalleM K peKke (BO3MOXHO
C TMpUBJIEYUEHHEM CPEACTB THJPOMEXaHH3allHH), ¢ MOCAeLYIO-
IYUM GHICTPEIM OopMJeHHeM Hepabouero ©60pTa H CPECTB
npubopTOBOro ApeHaxa. B Takom ciaywae Ha paboueM
6opty OyyT co3naHbl HauOosee OJaronpHATHBIE YCJIOBHSA
17151 pabOTH FOPHOTPAHCHIOPTHOTO 060PYA0OBaHHS Ha BeCb Ile-
pHOL 3KCHJyaTallMH Kapbepa.

ITpu wmeray6okom (mo 30—40 M) 3ajeraHHH BOJOHOC-
HOTO TOPH30HTAa Hepelko 1eJecoo6pasHO MepBYyI0 BCKPHIIL-
HYI0 3aXOAKy TMPOXOAHUTb Kak OKOHTYPHBAIOIYI0 JApeHaxX-
HYIO TpaHLielo B Mpejenax o6beMa CTPOHUTENbHOH BCKpHI-
IIH, YTO 3HAUHTENbHO YJy4yllaeT YCJOBHS MpPOH3BOACTBA
paboT mpu MOCNeAYIOUHX 3aXOAKaX M NO3BOJsET OPraHH-
30BaTb CTallMOHApHBIH BOJOOT/INB Ha BeCbIlepHOL CTPOH-
TeJbLCTBA.

IIpoxogka  NHOHepPHBIX TpPaHLIell B 3aBHCHMOCTH OT
KJUMaTHUECKHX YCJOBHII MoxeT ObITh MpHypOUeHa HJH K
JIeTHEeMY NepHody rofa (B palHoHax C CypOBBIMH KJIHMaTH-
YeCKMMH YCJIOBHSIMH) ‘'MJM K 3HMHe-BeCEHHEMY [epHOAY
(B palioHax c pe3KO BbIpaKeHHBHIMH JHBHEBBHIMH ITIPHUTOKA-
MH, NPEBHIIAIIUMH HOPMaJbHBIA NPUTOK B JECSITKH pas).
B mnocaenneM ciyyae mnHOHepHble TPaHLIEH paccMaTpHBA-
I0TCSl KaK BPEeMEeHHBli BOJOCOOPHHK, 060BbeM KOTOPOro Ios-
BOJISIET Pa3MeCTHTb MaKCHMaJbHbIH [PHUTOK.

B 3akjioyeHHe OTMeTHM, YTO NpH MPOEKTHPOBAHHH Jpe-
HaXHBIX MepPONPHUATHH B palioHaX C HANPSIXKEHHbLIM BOJO-
X035IiCTBeHHBIM OanancoM HeoOXoJHMa HX BCeCTOPOHHSA
yBsI3Ka C BOAOCHaOXXeHWeM TFOPHOrO NpPEMNIDHATHS, a Tak-
XKe § mpuierawmefi K Kapbepy TeppPUTOPHH,



10.2. 3BHAYEHHUE JPEHAXXA NJii OBECIEYEHHS
YCTONMYUBOCTH OTKOCOB

C TOYKH 3peHHs Y/IyylleHHs] YCTOWYHBOCTH GOPTOB B
I1eJI0OM, OCHOBHOe 3HaYeHHe ApeHaxa CBOLHTCS K yMeHbllle-
HHIO THAPOCTAaTHYECKHX M THADOAMHAMHYECKHX CHJ: Jpe-
Hax OyJeT AOCTaTOYHO 9((HEKTHBHLIM, €CJH OH BHI3LIBAET
3aMeTHOE CHHXKEHHMEe HalOpPOB B Mpefllenax <«IPHU3MBI BO3-
MOXHOTO ONOJI3aHHSI».

ITpexnae Bcero, 31ech CiaeyeT YNOMSHYTb Kapbephl, B
6opTax WJH B NMOJOIIBE KOTOPHIX 3a/IeraloT HaNopHbIe BOJO-
HOCHble KOMIJIEKCHI, OT/AeJIeHHble OT BHIDAGOTKH BOLOYIOP-
HBIM 3KpaHOM. B pyrux ciyuasix BiausiHMe THAPOCTATHYECKHX
H THIPOAMHAMHYECKHX CHJ Ha OOIYl0 yCTOHYMBOCTBL 60pTa
HEeBeJIMKO, TaK KaK YMeHbllleHHe 3THX CHJ C HOMOIIBIO AL &-
HaXKHBIX PaboOT JIHIIEHO CMBICIA C TEXHHKO-3KOHOMHYECKOH
TOYKH 3peHUs.

PaccMoTpuM 3nauenue jpeHaxka aas obecnedyeHHs yc-
TOHYHBOCTH YCTYIIOB.

s HepaGouyux YCTYHOB, CJIOXKEHHbIX [€CUaHO-TIH-
HHCTHIMHU TIOPOJaMH, NMepBOCTeNeHHOe .3HaueHHe HMEeEeT Op-
raHu3anusi BEAYTPHKapPbePHOTO CTOKA BOJIHL.

YcTpaHeHHe CKONJIEHHH BOABI Ha MJOLIAfIKaX VCTyi. B
yMeHbllIaeT I'HAPOJMHAMHUYECKHEe W THAPOCTATHYECKHE CIIALL,
OrpaHHYMBaeT pa3MOKaHHe M HOBEPXHOCTHBIH p23MEB OTKO-
COB, a TakXe Habyxanue nopoj. Camu ke Habyxalome mo-
ponbl OOBIYHO HACTOJMBKO €Jabo OTAAIOT BOAY, UTO TDAKTH-
YeCKH UX MOKHO CUMTATh HelpeHHpyeMbIMH. [1paBna, c Haby-
XalnneM MOXHO 6510 65l 6OPOThCS, APEHUPYST KOHTAKTHPYIO-
illie C IJIMHAMH BOJOHOCHBIE MOPOJbI, OAHAKO Uallle BCEro
HX I10JTHOE OCYlIeHHe HeJOCTHXKHMO M OCTaBlleecs B BOJO-
HOCHOM CJI0€ KOJIMYECTBO BOJbI, [aXKe HHYTOXHOE C TOYKH
3peHHs] BOAONPHTOKOB, OKA3bIBAETCS MOCTATUTHBIM AJST TO-
ro, urob6sl HabyxaHHe HHXKeJeXalllMX IVIMH NCABHJIOCH B
NoJIHOK Mepe,

OrMernM, uTo HadyxaHHe MecYaHbIX TJIMH, B KOTOPLIX
HanpskeHHe 3(¢eKTHBHOrO HaOyXaHHsi He IIPeBOCXOAHT
50—100 KIla, MOXHO OrpaHMYMTh TyTeM IPHIPY3KH OTKO-
ca CJ0eM KPYMHO3epHHCTOrO0 MaTepHuaJsia, MOLUHOCTb KOTOPOTO
obecneunsia Obl 6OJbllNe HaNpsiXKeHHS B IJIHHAX.

s obecneyeHusi yCTOHYMBOCTH 'YCTYIOB B MeCYaHbIX
noponax, Hapsjy C ApeHaXeM BOJOHOCHBIX T'OPH30HTOB,
NpUYpPOYEHHBIX K STHM MNOpoJaM, W OpraHusalyell BHYT-
pPHKapbePHOTO CTOKa (3TH MepONpPHSITHSI ClOCOOCTBYIOT Or-
pPaHHYEHHIO HJIH YCTPaHeHHI0 (UIbTpanUOHHBIX HdedopMma-
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IHH M 3PO3HOHHOTO Pa3MblBa MOBEPXHOCTH OTKOCOB YCTY-
TNOB), MOXHO C YCNEeXOM HCIOJb30BaTh HPUIPY3KY (UIb-
TPYIOIled YacTH OTKOCa KPYNHO3EPHHCTHIM MaTepHaJoM
(ApeHaxkHasi mnpu3ama).

Ocobble TpeGoBaHHsT TIPEABSBISIOTCS K YCTymaM COJsi-
HBIX TIOpOA. B 3ToM ciyuae Heo6XoAuM MHOJHEBI fiepexBaT
MOA3EMHBIX BOJA Ha yAajeHHH OT OTKoca U 3(p(HeKTHUBHBI
OTBOJ aTMOC(hEPHBIX BOX ‘C MJOMIAJOK YCTYMOB,

HOna obecneyeHdsi YCTOAYMBOCTH OTBaJIOB YPOBEHb
BOABl B NOpojaXx OCHOBaWHs (BOJIM3H OTKOCA)  JOJIXKEH
ObITb HHIKE TONOWIBHI OTBajJa 'Ha BEJHYHHY, NPEBHILIAO-
LUIyI0 BBICOTY KanW/JSIPHOTO NOJAHATHS AJS 3THX IIOPOA
(0,5—1 m).

Heo6xonuMo, mo BO3MOXKHOCTH, POBOJAHTh TaKkKe Mepo-
NPHUATHS MO OrPaHUYEHUIO NOCTYNJIEHHS] aTMOC(hEepHBIX BOIL B
HOPOAHl OTBaJia, YTO OCOOEHHO BAXKHO /I OTBAJIOB U3 MblJe-
BATBHIX NMOPOJ, CKJIOHHBIX K BHE3aNmHbIM OMNOJI3HSIM-ONJEIBU-
HaM. Ha BbICOKMX OTBasnaX, CJIOXKEHHBIX NNIHHHCTBIMH 110pO-
JaMH, B KOTOPLIX pa3BHBaeTCs M30BLITOYHOE MOPOBOE JaB-
JieHHe, MOXeT BO3HHKHYTh HEOOXONHMOCTb B 11POBEEHHH
CeNMaNbHbEX MepONpPHSITHH, HaNlpaBJEHHBIX Ha yBeJHye-
AHe CKOPOCTH eno pacceMBaHMs (HampuMep, IlepHOHYe-
CKast OTChINKA CJI0EB MecKa).

Ha rumpooTtBanax Heo6X0AMMO NPOBOAUTh APEHAXK OTKO-
ca namOBbl /11 OTPaHHYEeHHUs ero (UuIbTPaLHOHHBIX AedopMa-
uuii. B 3akmioueHne OTMETHM, YTO B NPaKTHKe OTKPHITHIX
FOpHBIX paboT HepemKH ciayyad, Koraa aedhopMalMu OTKO-
COB HEOOOCHOBAHHO MPHUNUCHIBAIOTCS JEHCTBUIO [OA3EM-
HBIX BOJI, YTO IPHBOAUT K OTKauKe 60JIbIIHX OO'bEMOB BOAHI
6e3 KaKoro-au60 ouytTumoro agdexra. B sTom cMmbicie He-
06X0NMMO pasjHyaTb NPHUPOAHbIE H TOPHOTEXHHYECKHe YC-
JIOBHS, IPH KOTOPHIX MOXKET OBITb JOCTHTHYT 3(GheKTHB-
HBIIl JpeHax.

Crnenyer 0co60 mOAYEpKHYTh lenecoobpasHOCTh  AJs
MHOTMX MECTOPOXJEeHHH pacCMOTPEHHS OTKPBITOTO JipeHa-
*Ka mopox (caMHm ‘KapbepoM) B KayecTBe OJHOI'O H3 BO3-
MOXHbIX pallMOHaJIbHBIX BapHaHTOB ocylleHus. Kpome To-
ro, HepeNKO MIJs pelleHHs IIOCTABJEHHBIX 3a/ay OKa3blBa-
ercsi 1enecoo6pasHoil 3aMeHa TIJyOMHHOrO ApeHaxa Apy-
THMH MepONPHATHSMH: H3MeHeHHe NMOPSiAKa OTPabOTKH yCTy-
NOB, yMeHbleHHe yria HakjJoHa 60opTra Kapbepa, NPHUIPY3-
Ka OTKoca (hMJILTPYIOUHMM MaTepHaloM H T. (.
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10.3. TEXHUYECKHE CPEJACTBA OCYUWIEHHUA

st mpeHaxka KapbepoB B HacToslllee BpeMsi HauGosee
LIMPOKO MPUMEHSIOTCA: BOJONOHUKAIOIINE CKBAaXKHHH, 060-
pyZLoBaHHBlE IVIyOHHHBIMM HacocaMHM; TIOJ3eMHble CHCTe-
MBIl — [IpeHaXKHble LITPEKH ¢ (GUIBTPAMH H  KOJOALAMY;
JpeHa’kHble 3yMI(bl, TPpaHLIeH, KaHABBl H JpYyrue CpeicT-
Ba OTKPBITOTO JpeHaxa.

JloCTOHHCTBAMH -CHCTEM BOJONOHUXKAIONUX CKBAaXKHH SIB-
JSETCS TO, UTO OHU 'He TpeOyIOT OOJBUINX KaIlUTaJbHBIX
3aTpaT; COOpYKeHHe OT/IHYaeTcs TeXHHYecKOoH MpPOCTOTOM,
CKBaXXHHHI BBOASTCSA B IefCTBHE 32 KODOTKUH CPOK, cCHCTEMaA
no3BoJIsTeT THOKO YYHTHIBATH H3MEHEHHe YCJOBHH JpeHHpo-
BaHUS MECTOPOKAESHHS.

K HepnocratkaM BOJONOHHXKAIOMUX CKBaXHH CJeAyeT
OTHECTH: Malyio uX 9(pGdeKTHBHOCTb IPH HCIOJL30BAaHHH B
CpaBHHTeNbHO cJabonponunaeMblx rpyHrax (mpu K <
<< 3—5 Mm/cyT); HeoOXOAUMOCTh COflepXKaHHs OOJBLIIOro
4yHCsIa paboTaloIHX HAcOCOB, YaCTO BBIXOMSIHX H3 CTPOS
BCJEICTBHE aBapHH, YTO TpebyeT 3aHATOCTH 3HAYHTEJbHO-
ro pabouyero TepcoHasa H 3aTPyAHsIeT LEHTPaJIU3allHI0O BO-
J00T/MBa; CPaBHUTEJbHO BBICOKHE PacXO[bl Ha SKCIJya-
TaluIo.

B TO XeBpeMms CHCTeMBl BOAOIOHHKAWOUINX CKBaXHH
o6JsiafaloT ‘O0JIbIIMMH Pe3epBaMH C TOYKH 3peHHs CHHXKe-
HUS 3aTpPaT HA HX JKCIIyaTaluio TpH BHeApeHWH Golee
HalleXXHBIX HacoCOB H HX aBTOMAaTHYeCKOM PperyJHpoBa-
HUH, WIyYLIeHNH KOHCTPYKLUMH (DHUJIBTPOB, HCIOJb30BAHHH
CKBaXHH OOJIBIIOrO JHaMeTpa M MHOT03abOHHEIX CKBaXXHH
(mnst TpEIIMHOBATHIX HOPON).

ITonszemMuble cucremMbs ocymenus (puc. 10.1)
COCTOAIT M3 JIPEHAXHBIX MLITPEKOB M NPOHIEHHBIX U3 HHUX
BOCCTAIOIIUX HJH HUCXOASIHX CAMOU3JHUBAIOUIUX CKBaXKHH
(326uBHBIX (HUABTPOB), KOJOMALEB B I0YBE LITPEKOB, CKBa-
KHH, TpPOHIEHHBIX Ha LITPEK C JIOBEPXHOCTH (CKBO3HBIE
(HIBTPH).

JlocTonHCTBaMU NOA3EMHBIX CHCTEM [peHaXKa SBJSIOT-
csi: BEICOKAsl CTeleHb LEHTPaJu3alMu BOJAOOTJIHBA (OTKAay-
Ka BOJBI BeIdeTCsl eIMHOH HACOCHOH CTaHUWeH H3 OO6IIero
JPEHaXKHOTo CTBOJIa), BO3MOXHOCThL HCIIONB30BAHUS KakK
B XOpOillo NIPOHUIIaeMbIX, TaK H B CpaBHHUTEJbHO CJ1aboIpo-
HHL@eMBIX TIOPOAAX, OTHOCHUTEJHHO HHU3KHEe 3aTpaThl Ha
3KCIJIyaTalHuio.

Onnako mNOA3eMHBIE CHCTeMbl JpeHaxka o6JamaioT ps-
[IOM CYIIECTBEHHbIX HEJOCTAaTKOB, Pe3KO CHHXXAIOIHX HX
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Puc. 10.1. TTonsemHasi cucreMa OCYIIEHHS:

1, 11, 11l — BomoHocHBle mJacThl; /| — CKBO3HOH (uIBTP; 2 — BoccTalouiasi CKBa-
XKHHa; 3 — 3a6uBHON GUIALTP; 4 — OTBOAHAsl KaHaBa; 5 — LITPeK

3 QeKTHBHOCTb: YCTPOHCTBO TIOA3eMHON CHCTEMEl ApeHaXKa
TpebyeT 6OJbIUMX ‘KaMUTANbHBIX 3aTpaT; CHCTeMa HeldoCTa-
TOYHO MOKa M MOOW/IBHA; TPOXOJKa LPEHaXKHBIX IITPEKOB
B CJOXHBIX THJIPOreo/IOTHYECKHX YCHOBHAX CONpsiKeHa C
GONIBIIMMH TeXHHYECKHMH TPYAHOCTAMH M TpebyeT fpeaBa-
PUTEJIBHOTO CHHMIJKEHHS HalopoB, [JIsi Yero MpPOBOAHTCA
GOJIbIIOe YHCJAO CHellHaJbHBIX BOAOIOHMIKAIOLUX CKBa-
JKUH; MPOPLIB BOJbl HEPeIKO NPUBOLHT K BLIXOAY H3 CTPOS
CHCTEMB! |[peHaxa Ha JJHTeNbHble CPOKH; BPeMs CO3LaHUS
IpeHa)ka HU3MepsieTCsl HeCKOJbKUMH TOfaMH, Tak UYTO OH
penKo BCTYllaeT B CTPOH BOBpeMs.

Hapany ¢ BONONOHMKAIOIMMHE CKBaXKHMHAMHM H TI0J3eM-
HEIMH CHCTE€MaMH, B OJarONPHATHHIX YCJIOBUAX OIS IMIY-
GUHHOrO JpeHarxa MPUMeHSIOT: CaMOHM3JIHBaIOIlNe CKBaXKHU-
HbI, IPOHJIEHHbIE M3 Kapbepa HJs CHATHA BHICOKMX HallOpOB
B MOAOLIBe Kapbepa U B JIpHOOPTOBOH 30HE; MOIJIOLIANOLIHe
CKBaXHHbBI, Nepenyckaioulie BOAY H3 BePXHUX TOPH30HTOB
Ha HUXHHE, — IIDH BOLOOGH/IbHOCTH APEHHPYEMOTO TOpH-
30HTA 3aMETHO MeHblllefl, YeM 'y MNOIVIOLAoUlero IJacTa;
U TOUIBLTPOBHIE yCTAHOBKH, KOTOpble NPENCTaBJSIOT CO-
60if KOMILUIEKT KOPOTKHMX (puapTpoB (06bluHO no 20—40
IITYK), TMOAK/JIIOUYEHHbIX uYepe3 2—4 M K oOieMy BaKyyM-
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HOMY HACOCy W BefyLIMX OTKauKy BOABI ¢ IVIyOMH He Gosee
5—6 m. Ha kapbepax oHH HCIIOJB3YIOTCS OOBIYHO B Kaue-
CTBE BPEMEHHOI0 JIOKaJbHOTO CpeJcTBa JpeHaxa; NmpeuMy-
LIECTBa JIETKHX UIVIOQHUJILTPOB 3aK/II0YAIOTCSI B HX BLICOKOM
MOGH/ILHOCTH, NPOCTOTE U OLICTPOTe YCTAHOBKM,  OJIHAKO
OHH J[OPOTH B 3KCIUIyaTallud H TPYAHO YBS3HIBAIOTCA C
paboToil BCKPHIIIHOTO OOOpYOBaHHS.

Bce ynoMsHyTHe cpelcTBa ~ OTHOCATCA K CPeACTBaM
rny6MHHOrO ApeHaxa. B orauunme OT HHX CPEINCTBA OTKPHI-
TOr0 JpeHaka IPHHUMAIOT BOAY HEIOCPeACTBEHHO CBOM-
MH OTKOCAMHM H IHOM.

OTKpPHTHH npeHax (BOAOOTJHB) H3 3yM-
nboB U TpaHIleHd B Kapbepe fBIAfETCA IIMPOKO HC-
TMOJIb3yeMbIM METONOM JApeHaxa. DTH [IpeHaXkHble YCTpOi-
CTBa IIPUMEHSIOTCS NPHU TaKHX BOMONPUTOKAX, KOTOpHIE He
BHI3LIBAIOT WX 3aMETHHIX nedopManuii, TpeOyollHX MHOrO-
KpaTHOH 3auucTku, JlJjsg IrpefloTBpallleHHs (HJIBTPALHOH-
HBIX JedopMauuii, Ha HepabouMX OTKOCaX BMECTO OTKpHI-
TOrO JpeHa)a HCNOJNb3YIOT MpHOOPTOBOH — (PUILTPYIOLLYIO
MpU3MY M3 KPYIHO3EDHHCTOTO MaTepuana, IPHYPOUYCHHYIO
K JIpeHaXXHOH KaHaBe.

Hapsny ¢ mepeuuc/eHHbIMH CpeACTBaMH ApeHaxa, B
TIoC/Je/lHee BPeMs YCIEUIHO HCIOJAb3yIOTCS HX HOBHE TH-
IBl, Cpeldy 'KOTOPHIX MOXHO OTMETHTb  TODH3OHTaVIbHBIE
CKBAXXHHBH UM BOJOHEIPOHHIIaeMble 3aBechl (6appaxu).

Fopu3oHTaJbHEE CaMOTeYHBEe CKBaXH-
H B, TIpoleHHEle U3 Kapbepa 110 BOJOHOCHBIM  TIOPOAAM,
ABJISIOTCS  HCKJIOUHTEJbHO IEepCIeKTHBHEIM  CpelCTBOM
IpeHaXa KapbepoB. HeMHOrouuc/jeHHbI# ONBIT HX SKCIIY-
aTalMi CBULETEJbCTBYET O ‘BeCbMa BBHICOKOJ TeXHHKO-3KO-
HOMHUYeCKOl 3((eKTUBHOCTH 3TOro BHAA WIPEHaXKHHIX YCT-
POHCTB KaK B PHIXJBIX TIeCYaHBIX, TAK U B TPELIUHOBATHIX
nopopax.

BoronenpoHumaeMble 3aBech (IVIMHHCTHIE H
LIleMeHTaLHOHHbIe), HCIONb3yeMble AJMS yMEHbIIEHHS BOWLO-
NPUTOKOB K OTKPHITHM BEIpa0OTKAM WJIH JJIsI TOJHOH H30-
JALHN KapbepHOro MoJjsl, B HACTOsllee BPeMsl HCIOJb3YIOT-
cs penko, nasi HeBoubmnx (Ao 15—20 m) ray6ux. Bomo-
HellpOHHIlaeMble 3aBechl 3(PGHeKTHBHO UCIOJIL3YIOTCA B TeX
clyyasx, Korja OObluHble METOAbl OCYLIEHHS TIPUBOAST K
per{oHaJbHOMY HCTOLIEHHIO BOILOHOCHBIX IJIACTOB M K Ha-
pYLIEHHI0 HOPMAaJIbHBIX YCJIOBHH BOAOCHAGXKEHHUS TIpHJe-
JKallero painoHa.

B 3ak/jiodeHue OTMETHM, 4YTO TIPH TIPOEKTHPOBAHHH
JpeHaxe§i KapbepoB YacTO KOMUPYIOTcs, 6e3 JOCTATOYHBIX
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Ha TO OCHOBaHHH, METOAbBI, HCNOJb3yeMhle NPH OCYIIeHHH
NOJ3eMHEIX TOPHHIX BBIPAGOTOK. MexXay Tem Kapbephl
HMeIOT B 3TOM 1lJ1aHe CBOM OCOOEHHOCTH:

THAPOAHHAMUYECKHE CHJB BOJH3H OTKOCOB, KaK Tpa-
BUJIO, BO MHOTO pa3 MeHblle, deM BOJH3H (HILTPYIOLIUX
y4aCTKOB [10J3€MHBIX BHIPaOOTOK, MO3TOMY IJIBIBYHHEIE $B-
JeHUsi B TleCKax Ha Kapbepax OOBIYHO He HMEIOT IIHPOKO-
ro pacnpoCcTpaHeHHus;

OTKpHITasi pa3paboTka MeCTOPOXIEeHHH YacTo MO3BOJs-
eT IIMPOKO HCMONb30BaTh B KauyeCTBe BOMOTPHEMHHKA CaMy
BLIPAaGOTKY (Kapbep, pa3pesHyio TPaHLIel) Oe3 Cyuect-
BEHHBbIX OCJOMKHEHHH IJisi NPOH3BOACTBA PalboT;

MpH TojseMHOM crmocobe paspaboTKH HMeeTCs pa3BerT-
BJeHHas CeTb TOATOTOBUTEJNBHHIX BHIPabOTOK, KOTOpHIE
MOTYT OJHOBPEMEHHO HCIOJb30BATLCA LIS OCYIIEHHs; NMPH
OTKPHITOH e paspaboTKe 3aTpaTH Ha MOJA3eMHble Jpe-
HaXKHbIe BHIPAGOTKH HaKJIaAblBAIOTCS B BHJE JOIOJIHHTEb-
HBIX 3aTpaT Ha Ce6ecTOMMOCTh TIOJIE3HOTO HCKOIIaeMoro,
HHorza nosbias ee Ha 10—15% u Goaee.

10.4. BONPOCbl OXPAHbI U PALITMOHAJILHOTO
UCNOJIb30BAHUS MOA3EMHBIX BOI

B FTOPHOJOBBbIBAIOIIUX PAWOHAX

OTKphITHIE TOPHBIE pA6OTHl  YaCTO BedyTCs B paioHax ¢
HaNpsIKEHHbIM BOJHOXO35HCTBEHHBIM (ajlaHCOM, KOra NoA-
3eMHas BoJa paccMaTpHBaeTcs 'Kak BaXHeillee [oJes-
HOe mCKomaeMoe, B cBfsu ¢ 3TUM 0Ipy TpPOEKTHPOBAHHH
FOPHEIX paboT HeOGXOLAMMO YUYHTHIBATbh CJACAYIOIIHE BaX-
HefillMe MOMEHTHI:

JipeHaX MecTOPOXK/IEHHS M BOAOOTJIHB U3 Kappepa Mo-
ryT NPUBOLUTHL K I[OCTeIeHHOMY HCTOLIEHHIO BOJOHOCHBIX
FOpHU30HTOB, HCIOJb3yeMbIX JJIs BOAOCHAOXKEHHs MpHJera-
IOLIMX K Kapbepy TEePPHUTOPHIH; pasMephl 3THX TepPHTOPHH
MOTYT U3MEpATHCS COTHAMH KBaylpaTHBIX KHJIOMETPOB;

CONYTCTBYIOLHE OTKPHITHIM TOPHEIM paboTaM KPyNHbIE
THAPOTeXHHUYECKHEe COOpYXKeHHsl (THApPOOTBAJH, XBOCTOXpa-
HUJIWIA, BOJOXPAHWJIWLIA H NPYIH-aKKyMYJSTOPHI) SIBJS-
I0TCA BaxkHeHmuMy ¢akTopamMu B (GODMHPOBAHHH peXHMA
NOA3eMHBIX 'BOA: 3TH COOPYKEHUS MOTYT CIOCOOCTBOBATh
UHTEHCHBHOMY TIOIIOJIHEHHIO UX 3allacoB M B TO XKe BpeMs
CHOYXHTb HCTOYHUKOM 3arpsi3HeHHs IMOJ3eMHbIX BOJ;

ApeHaxXHple BOJAB  MOIYT CaMu Mo cebe comepXaTh
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BpeJHble KOMIIOHEHTH H TOrJa HX c6poc [IpeBpaiiaercs B
CNIOXHYI0 TeXHOJIOTHYeCKylo mpobJaeMy.

OTciofa, ¢ yueToM HOBBIX 3aKOHONATENbHBIX TIOJIOXKe-
HUfi 110 OXPaHe Cpelbl, BHITEKAIOT HEKOTOpble BaXKHefilllue
Tpe6OBaHUs, KOTOpble HeOOXOAHMO YUYHMTHIBATH INPH NPOEK-
THPOBAHUH OTKPBITHIX pabOT U CONYTCTBYIOUIMX HM TEXHO-
JIOTHYeCKHX NPOIeCcCOB B paHOHAx ¢ HaNpsi)KeHHHIM BOJHO-
X03HCTBEHHBIM 6aJlaHCOM:

TpH TIPOYUX PABHBIX YCJOBHUSIX, NMpPeANOUTEHHE MOVIXKHO
OTAaBaTbCsl TeM BapHaHTaM TOPHHIX H JPEeHaKHHX PaboT,
KOTODHIE CONpPSIKEHbl C MeHbllMM BOJAONOTpebseHHeM # C
MeHbIIUMH ©00beMaMK OTKauKH;

TIPOEKT JApeHaXka MOJIXKeH paccMaTpHBaTh BO3MOXHOCTh
IIHPOKOr0 HCHOJb30BaHUsl OTKauMBaeMBIX BOA JJs1 BOJO-
cHaGXeHHs] palioHa, B TOM 4YHCJe XO3HCTBEHHOTO U IIHThb-
eBOT0;

Hao60poT, MPH OTKAYKe BHICOKOMHHEDaNH30BaHHBIX BOJ
B lpoeKTe [NOJXKHA pelwarscsi dpobaemMa ux cbpoca u
OYHCTKH (B COOTBETCTBHH C HODMaMy CAHHTAPHOH OXPaHBHI)
WJIH TOBTOPHOH# 3aKaukH;

TMpOeKT TOPHBIX paboT MdOJKeH Cojep:Karh MPOrHo3
pacrnpocTpaHeHusi (POHTa 3arpsisHEHHs OT YIOMSHYTHIX
6acceiHOB TIPOMBIILJIEHHBIX CTOKOB (€CJH TeXHOJOTHUYeCKHH
IMKJ NpednojaraeT NOsBJeHHE B HUX BpeAHBIX KOMIIOHEH-
TOB ‘B HeMONYCTUMBIX KOHILEHTpAIWAX); Ha OCHOBE 3TOrO
NPOrHO3a B IIPOEKTEe NOJKHBI OBITH HaMeuyeHb Heob6XOJH-
MBI KOHTPOJIbHbIE M 3alUTHbIe MepONpHATHSA, HallpaBJieH-
Hble Ha OXPaHy TOA3eMHBIX BOJ OT 3arps3HeHusi [18].

10.5. KJIACCUPUKALLUA MECTOPO)XIEHUH IO YCJOBUAM
OCYWEHUSA

BBuny Toro, umo -cxembl ApeHaxa, BhIOUpaeMBe MAJId
TeXHHKO-3KOHOMHYECKOTro .CpaBHEHUs Mpy TMpPOeKTHPOBAHHH,
BechMa pa3HoOOpasHbl, 1enecoofpasHo paccMOTPeTh HX
OoJsiee MOAPOGHO, HAMETHB T'PAHHUbI UX TPUMEHEHUs B 3a-
BUCUMOCTH OT THAPOTEOJIOTHYECKUX M TOPHOTEXHUYECKHX
ycaoBuit, Ilpy 3TOM  JOJKHEL  YYHUTHIBATBCS: CBOHCTBA
BMEIAIOWHUX TIOPOA U {I0JE3HOTO HCKOMAeMOro; YCJOBHS
3ajleraHusi BOAOHOCHBIX TIOPOA, HX BOAOOGHJIBHOCTH M BO-
JIONIPOHUIIAEMOCTh; cIocO6 BCKPBHITHS U CHCcTeMa pa3paboT-
KH MECTOPOXAEHHS; 3alayuH JPEeHHPOBAHUS M ero TeXHHKO-
3KOHOMUYecKas 3G (eKTUBHOCTS.
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Ta6auma 10.1

T'pynna
nopoj

O6utas  xapakTe-
PHCTHKA TPYMNNbl
Nopox

OCHOBHble npeacTa-
BHTEJIH TOPHBIX NOPOL
rpynnsl

OcHOBHble  TOKa3aTe-
JIH ApPeHHPYEMOCTH H
ycTOliYHBOCTH B 06-
BOIHEHHBIX OTKOCaX

CkanbHble H
MOJyCKaJb-
HHle

Caunucree

Cna6rle nec-
4aHO-TJIHHH-
CTHIE

ITpounste u
cpenHell mpou-
HOCTH,  TpellHu-
HOBaThle

Ilnorube

Msrkue

C MaaweIM cuen-
JIeHHeM

UsBepikeHHbIE U
MeTaMOpdHUeCKHe
(mecuaHHKH, H3Be-
CTHSIKH, CHAHUB H
T. I.) HOPOJHL

IMonHocTbIO RE3HH-
TerpHpOBAHHEIE H3-
BepXKEHHBlE H MeTa-
MoppHUecKHe  MO-
POl KOpHl BHIBET-
PHBaHHS,  aneBpo-
JIMTHl,  apTHJJIHTHI,
MJIOTHbIE TPeLIHHO-
BaThble TJIMHH, TJH-
HUCTHIE M KaOJNHHH-
3HpOBaHHEIE  Hec-
YaHHKH, OpraHoreH-
HBIE OCaJIOYHEIe MO-
pOAL — Men, Gyprie
yrau (ycaoBHO)

JKupuble uan caa-
GomecuaHble  mJac-
THYHBIE TJIHHBI, CJia-
6ble aprHJVIHTHI

ITecuannie
CYI'JIHHKH,  CYmecH,
IJIMHHCTHIE  TIECKH,
cnabble  ajeBpOJH-
THI

TJIHHB,

Han6onpmas  06-
BOJIHEHHOCTb B 30-
HaX  3aKapCTOBaH-
HOCTH, TeKTOHHUe-
CKHX HapyuleHHH H
KOPHl  BHIBETpHBa-
HHSI; XOpolIO Ape-
HHPYIOTCS CKBaXH-
HaMH, eCOH OHH
nonajalpT B  30HY
Haubosbulero pas-
BHTHS TpeLIHH; He
pasMOKalT H He
HabyxaioT

TpeluHoBaTOCTD H
006BOHEHHOCTDb paB-
HOMepHasi; JipeHH-
PYIOTCSl YAOBJETBO-
PHTENBHO;  pa3Mo-
KalT Ha (HABTPY-
IOIHX yyacTKax yc-
TYTOB, a TaKxe
NpH CKONJEHHH BO-
B Ha MOJomajKax
ycTynos

BonoymopHel;  Ha
MOBEPXHOCTH OTKO-
COB H Ha KOHTaKTe
¢ BOJOHOCHBIMH CJIO-
SIMH HabyXaloT;
CHJBHO CIKHMaeMBbl
CyllecTBeHHO  Jpe-
HHPYIOTCS JIMIIb OT-
KPHITHIMH ~ TOPHBI-
MH H JpeHaXXHbHIMH
BHIpaboTKaMH, a
TaKXe NpPH CHHXe-
HHH YpOBHeH B NOA-
CTHJAIONIHX  CJOSIX
(HIBTPYIOIIHX He-
CBSI3HBIX HJIH  Tpe-
IIHHOBATBIX MOPOL;
B OTKOCax Habyxa-
10T, pa3MoOKalT, a
3aTeM OIIBIBAIOT
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ITpodoaxcenue Taba.

OCHOBHbIE NOKa3aTelH
O6utass  xapakTte- |OCHOBHbIE NMPEACTaBH- | npeyupyeMOCTH M yc-
I'pynna nopox| pUCTHKA IPynnel |TeJH TOPHHIX  TOPOX | tofiyuBocTH B OGBOA-
nopox, Tpynns HeHHBIX OTKOCaX

HecBsasuele |Cuemnenue or-| [paBuil, necky, me- | Xopomo  JApeHHpY-

cyTtcTByeT GeHb, CKalnbHEHIE H|IOTCA CKBAaXXHHaMH
MONyCKaAbHEIE 1O-| (KpoMe MBleBaThIX
POAH! NecKOB) H TpaHile-

sMH, He Habyxalor,
He pasMOKaloT; mec-
KH ONJBLIBAIOT B OT-
Kocax MOj yraamu

10—16
CoBpeMeH- HeynaotHennbie| CoBpeMeHHEIE HAHC- [ JIpeHHpYIOTCS JHLIB
HBIE HJIBI COBpeMeHHbIe TO-TJIMHHCTHIE O3€D- | CeThl0 KaHaB M

OTJIOXKEHHs BOJ-| Hble, GONOTHEIE H|TpaHued;  coOmpo-
HBIX 6acCelHOB | IaTyHHBle  OCalKH,| THBJEHHEe  CHBHTY
BOJOHACHIIIEHHBIE |He Gosee 104 H/M2, B
mousbl,  3aTOp(o-| OTKOCAX BechbMa He-
BaHHBIE OCafKH YCTOHUHBEI;  BeCh-
Ma CXXHMaeMH

ITpexxne Bcero, MaTepuas, H3JIOXKEHHBIH paHee, MO3BO-
JsieT KJacCH(pHUIUPOBATH TOpHBIE HOPOABI 110 YCTOHYHUBOCTH
X B OTKOCcax ¥ mo gpeHupyemoctu (taba. 10.1). C yuerom
3TOH KJaccupuKalhM, MEeCTOPOMKAEHHS INOJe3HBIX HCKoma-
eMBbIX, paspabaTbiBaeMble OTKPHITBIM CIOCO60M, NOgpasie-
JSIOTCA Ha PSiJ XapaKTepHBIX THMos [34].

Ha mecTopoxpenusx Tuma A npeo6iafaioT ropHo-re-
OJIOTHYECKHe KOMILIEeKCHl MATKMX TJIMHHCTHIX, clabbBIX Iec-
YaHO-IIMHUCTHIX H HECBASHBIX MOPOX NMpPH HPEHMYIIECTBEH-
HO TODHM3OHTAJbHOM 3aJleraHHH CJ0eB (HampHMep, MecTo-
poxaennss KMA u JIHenmpoBcKOoro yroibHOro O6acceiina).
Ha mecropoxgenusix tTuna B npeobiafaloT BOLOHOCHBHIE
KOMIIJIEKCEL MeTaMOpP(HUeCKUX MOpOJ, OCalOYHOTO reHesHca
CO ‘cpenHel TPOYHOCTBIO H KOMILIEKCH IJIOTHBIX TJIHMHHCTBIX
nopoJ, NpH NpPeuMyLIeCTBEHHO HAKJIOHHOM 3aJeTaHHH CJ0eB
(nanpumep, Kancko-Auunckuit 1 CeBepo-YpanbCKHH Yrodib-
Hble OacceiHbl). Ha mecropoxnaenusix Tuna B mpeoGiua-
Jal0T TOPHO-TeOJIOTHYECKHE KOMILJIEKCH INPOYHHIX (HZocra-
TOYHO BOJOYCTOMYMBBLIX) TPELIHHOBATHIX MOpOA (HampHMep,
pyanele mecropoxnenus CpenHedn Asum u  Kasaxcrana).

ITpu knaccudukauun MecTOPOXKIAEHHH NMPHUMEHUTENBHO K
pelleHHI0 BONPOCOB [PEHHPOBAHHUSI YACTO CJEAYeT YUYHTHI-
BaTh H BOJOOGHJIBHOCTb JPEHHPYEeMBIX KOMIJIeKcoB. Tax,
Ha cJ1a60 OGBOJHEHHBIX MECTOPOXKAEHHSAX THIA A MOXHO
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OrpaHMYHTBCS OTKPHITHIM JpeHaXKeM Ha BCeX CTafuAx oc-
BoeHHst Mecropoxienus. TIpu cpexHell cTemeHH BOAOOOHJIB-
HOCTH T'MyGHHHBIA JpeHa) HeoOXONMM JHIIb B NEPBLIA IIe-
DHOJ BCKDHITHSI BOJOHOCHBIX T'OPH3OHTOB (B TeueHHe 2—
4 Jsiet), a BOJOOOUJIbHBIE MECTOPOXKAEHHS TPeOYIOT TriyOHH-
HOro JpeHa’ka Ha Becb Iepuoj skcmiyarauud. Ha mecro-
POXJEHHSIX 3TOTO THIA BJIMSHHE BOJAOOOHJIBHOCTH Ompeie-
NsieTcs He CTOJBKO OOLIMM KOJNMYECTBOM BOJBI, NMOCTYyNalo-
meil B Kapbep, CKOJbKO yIAENbHBIMH IIPHTOKaMH (HA 1 M
npoTskeHHocTH oTKoca). Ha mecropoxpaenusx tuna b 3a-
TPaThl Ha JPeHaXk BO MHOIOM OIIPEeNsIOTCS He COOCTBEHHO
BOJIONPUTOKAaMH, a TpPeOOBAHHUSMH 3aMETHOrO IOHHXKEHHA
HanopoB B mpuGopToBOH 30He. Hakonelu, Ha MecTopoxje-
HUAX THNa B MeToAs H CpeAcTBa JPeHaXa yCTaHaBJIUBA-
I0TCS yallle BCEro NMyTeM ero TEXHHKO-3KOHOMHYECKOH OlleH-
KH B 3aBHCHMOCTH OT OOLlero BOAONPHTOKA K Kapbepy.

11. CXEMbl OCYIHEHHUSI KAPBEPHDbIX IOJIEN

11.1. O ILEJIECOOBPA3HOCTH APEHA)KA TOPHbBIX NMOPOJ
HA MECTOPO)XIEHUSX THIIA A

IIpu ropu3OHTaJIbHOM 3ajieraHuH NepeMeXalolHXCsl BO-
JIOHOCHBIX U BOAOYNOPHBIX C10eB TOPHBIX NOPOJ NMOJNHHIH Ape-
Ha)X IPaBHTAIOHHOH BOABl NMPAKTHUECKH HENOCTHIKUM, IO-
3TOMY NPU NPOEKTHOH INpopaboTKe HEOOXOAMMO  Ipexie
BCEr0 YCTAHOBHTb IpPejesbl JAONYCTHMOTO BHICAUMBAHUS BOJ
Ha NOBEPXHOCTb OTKOCOB II0 OCHOBHBIM BOJIOHOCHHIM TOPH-
30HTaM H ONpEeeNUTh HeOOXOAUMBLl K03(D(PHUIHEHT nepexsa-
Ta (3ac/oHa) NMOA3eMHOTO0 MOTOKA APEHaXKHOH CHCTEMOH.

B ofmeM ciayuyae moxeT OBITh HaMeuyeHa Takas Iocie-
JOBaTeNbHOCTb BhIOOpA 1es1eco06pa3HbIX NpefesioB JApeHa-
xKa:

a) ONpeleNsIoTCs TUPHTOKH K OTKOCAM H  IOHHIKEHHS
yPOBHEHl MOA3EMHEIX BOJ B YCJOBHSIX OTKPBITOTO ApeHaxa,
a TakXe OLEHMBAETCS MX H3MEHEHHEe ¢ TeyeHHeM BpEeMEHH,;

6) oleHHBAeTCs BJHSIHHE NOJ3EMHBIX U IOBEPXHOCTHBHIX
BOJL Ha yCTOHUYMBOCTb -OOPTOB, OTKOCOB YCTYNOB H OTBaJIOB,
Ha paboTy TOpPHOTO 00OPYAOBaHHS M Ha BJAXKHOCTb IOJIE3-
HOTO MCKONIaeMoro;
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B) HaMeyaloTcss M pacCMaTPHUBAIOTCsS BO3MOXKHBIE CHC-
TEeMbl JpeHaxa, JJsi KaxJ0H H3 KOTOPHIX NOJACYHTHIBAIOTCH
BEeJHUMHB TIOHMXXEHHs YPOBHeH, a Takxke O0BbeMbl BOIH,
BHITEKaIOIlell B Kaphep U INepexBaThIBaeMOH CpPeACTBAMH
riayOGHHHOTO JpeHaxa,

r) 1S KaKIOH CHCTEMbl ApeHa)ka NMPOBOAATCS OLEHKH,
aHaJloTHyHbIe 1. 0;

1) €ecaH IOoC/e NPOBENEHHBIX OLEHOK BOIPOC O Lie/eco-
06pa3HOCTH IIYOHHHOTO ApeHaXka He OyAeT pellleH, TO OIpe-
NEJSIIOTCS 3aTpPaThl Ha JpeHaXkKHble paboThl MO BapHaHTaM
¥ TIPOM3BOAUTCSA HX 3KOHOMHYecKoe cpaBHeHHe. [l 3TOro
OXHJaeMble 3aTPaThl Ha MApeHa)k COIOCTAB/SIOTCS C TeM
CHMXKEHHEM 3aTpaT Ha BCKDHIUIHbIE H J0ObIuHBIE paboThl,
KOTOpPOE [OCTHraercss NPH AaHHOM BapHaHTe TIJIyGHHHOrO
J1peHaxka (10 CPaBHEHHWIO C OTKPHITHIM); KpOME TOTO, YUH-
THIBA€TCSI BO3MOXKHOCTb Oosiee 3(P(HEKTHBHOTO MOHHXKEHHS
BJIAXKHOCTH T0JIE3HOTO0 HCKONAEMOr'0 B yC/JOBHAX TIJyOHHHO-
ro apeHaxa.

ITpoBenenye Takoro pofaa KOJHYECTBEHHHIX OLEHOK I103-
BOJIUJIO [3, 34] BHISIBUTbL ONTHMAaJbHBIE CXeMbl APeHaXa AJIs
Pa3/JHYHBIX Y4YaCTKOB KapbepPHOro MOJIS B TeX MJH HHBIX «TH-
NOBBIX» TOpPHO-TeoJIOTHUecKHX ycaoBusix. ITogo6Horo pona
CXeMHl, paccMaTpHBaeMhle B IIOCJHeLyIOIHX Tnaparpadax,
6a3UPYIOTCS Ha CJAEAYIOIHX OCHOBHBIX TOJIOXEHHAX:

Ha MeCTOPOXJEHHSIX paccMaTpHBAaeMOro THHa BOAOHOC-
Hble MOPOAB CKJIOHHBI K (HUIbTPAUMOHHBIM AedopManuaM
(McKAIOUeHNEeM SBJSIOTCS JHLIb TPAaBHHHO-TaJIeYHEIE OTJIO-
JKeHHA); 3THMH JedopMauUsMU B OCHOBHOM OIIPEAeJSIOTCS
TpebyeMble Npefesabl ApPeHaXKa NecyaHbIX NOPOX (eciu 3TH
JedbopMaluun HE MOTYT ObITh NPENOTBPAILEHBl APYTHMH Me-
PONPHATHSIMH INPH MEHBIIUX 3aTpaTax);

TOPH3OHTAJbHOE '3ajieraHde INpefonpenenseT HaJlHuue
IPOCKOKA NOJ3eMHLIX BOA B Kapbep MeXIY HpeHaKHHMH
yCTPOHCTBAMH — IJIT BOAOHOCHBIX TOPU30HTOB, BCKPHITHIX
KaphepoB Ha NOJHYIO MOIIHOCTb; UCKAIOUEHHAMH MOTYT §B-
JSIThCSl OTAEJNbHBIE YYACTKH, NPUypOUEHHHEE K IOBBILIEHHOH
KpPOBJIe BOJOYINOPHOTrO JIOXKA, OJHAKO U Ha 3THX ydacTKax
B HHXHeH yacTH IecyaHOH TOJIUYU BCerga ocCTaeTcsl BOJLO-
HachblllleHHas 30Ha (32 CYeT KamWIJISPHOH WJIM rPaBUTALHOH-
HOH BOABI); OTCIOMA CJEAyeT HEBO3MOMKHOCTb yCTPAaHEHHS
Ha6yXaHHs TVIHHUCTBHIX NOPOJ, NOACTHAAIOUINX BOJOHOCHBIH
FOPH3OHT;

B '6OJILIIHHCTBE CJyYaeB KeJaTelbHO CHHXKEHHE BJIaXK-
HOCTH II0JIE3HOTO HCKONAEMOTO HJIM IpeJOTBpalleHHe J0IoJ-
HHUTEJNILHOTO €ro yBJaXKHEHHUS;
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Ha MeCTOPOXK[EHHSX pPacCMaTPUBAEMOTO THIA 3aseraioT
BOJOHOCHEIE TIOPOABI, MPAKTHYECKH HE TOAJalollHecs ocy-
IEHHIO OOLIYHBIMH CPEACTBAMHU (IlecuaHble TVIHHBI, TVIHHHC-
THle TIeCKH, MHOrMe Pa3HOBHAHOCTH Oyporo yris M T. I. C
kosddunuentamu GuabTpanun mexee 0,5—1 m/cyr); B 3TUX
uopojax OIYTHMHH 3((EKT MOXKHO INOJYYHTh JIHIIL IPH
MCIOJNb30BAHUH TOPU30HTANBHBIX APEH HJIHM HEIOCPeJCTBEeH-
HO OTKPHITEIMH TOPHEIMH BHIPAGOTKaMH.

11.2. APEHA)X HEPABOYEIO BOPTA

OcHoBHO#l 3ajauell ApeHa)a Hepabouero '6opTa MpH ro-
pH30HTAJbHOM 3aJIeraHHH IIACTOB SIBJSIETCS  yCTPaHEHHE
(GHIbTPAUHOHHEIX AedOpMalUid B IpelesaXx NPOMEXKYTKOB
BHICAYHBAHHs TOA3EMHBIX BOJA H oObecleyeHle CTOKAa C mpe-
NOXPaHUTEJNbHEX M TPAHCHOPTHEIX 6epM. YHHBEpCaJbHBIM
cnoco6oM COXpaHeHHsi yCTOHUMBOCTH HepabOuHX yCTYIOB
ABJSIETCS TOPH3OHTAJbHBI NPUGOPTOBOH HApeHaxk (pHC.
11.1, a,6,0) — rpaBuiiHO-1le6eHOYHAs NIPH3Ma B COYETAHHHU C
BOJIONIPHEMHOM KaHaBO#, NPOXOAUMBIH C YKJIOHOM K MECTHOMY
BHYTPHKApPbEPHOMY BOJOCOOPHHKY. B KaHaBe YKJ/aJBIBalOT-
csl ApeHaxcHble TpyOH. B pafioHax ¢ HH3KHMH 3HMHHUMH

bemownas
odnuyobxa

Puc. 11.1. CxeMBl rOpPH30HTAJBHOTO MPHGOPTOBOrO JpeHa)a:
1 — npurpyKaembiii rpyHT; 2 — BOAOYNOp; 3 — moJjie3Hoe HCKomaemoe; 4 — necok
NPUTPY30YHOH NPH3MBHI; 5 — rpaBuiiHo-1leGeHOYHEII MaTepHan; 6 — rpy6oo6iomod-
HBIfi MaTepHaJ; 7 — reHepajibHasi JHHHSI GopTa; 8 — yBeJHYeHHe o6beMa 3eMJsi-
HBIX PaGoT 3a cyeT NPHIPY3KH
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TeMIlepaTypaMi ApeHax JONOJHHTENbHO yTeNJIseTcs CJI0eM
necka.

JlpeHaHblfi MaTepHas JOJKEeH YK/IalAblBaThCsl Ha Npel-
BapUTE/NbHO 3alUHMIIEHHBIH OTKOC. 3aYHCTKAa MOXET IpPOH3-
BOJHUTBLCS NOJ 3aIUHTON JIEPKUX HIJIOMHJIBTPOBHX YyCTAaHOBOK
HJIM BOLOMOHMKAIOUNX CKBaXKHH, paboTaloIUX B IEepPHOX
CTPOUTEJbCTBA.

Ecau cpeny BCKPBILIHBIX MOPOJA MMEIOTCS CPeJHE3epHH-
CThle WJIH KPYTNHO3ePHHUCThIe NIeCKH, TO UX TAKXKe MOXHO HC-
I0JIb30BAaTh B KauecCTBe IPUrPy30YHOro MaTepuasa. B atom
c/yuae TIPArPy3Ka yCTPaHBaeTCsl HECKOJbKO HHaue (pHC.
11.1,8,2); Takas gopMa NPHUIPY3KH MOXKeT OHITh I1eJec006-
pasHo#: .

KOrjia TPYAHO 3auHlllaTh OTKOC (NPUrpy3OWHBIH MarTe-
pHasl MOXET OTChINAThCs HENOCPEACTBEHHO Ha  ONVIBIBIIHI
OTKOC) ;

KOTJla OTKOC B TipefieJiax NPOMeXyTKa BbICAUMBaHHS MPH-
rpy:aercsi OTBaJaMH;

KOrja HeoOXONMMO YBEJHYHBATL  INIPOE3XKYIO YacTb
GepMBL.

IIpn mopojmax ¢ HM3KOH BOJONpPOHUIAEMOCTBIO THNA CY-
neced M JIETKHX CYrJIMHKOB cXeMa NpHGOPTOBOTO ApeHaXxa
ynpolllaeTcs: YCTYN NPHTPYKaeTcs CJI0eM llecka HJH 1ie0Hs
TONKUHOK 1—2 M, TIpefOXPaHAIUUM NOPOAH OT OIJIBIBA-
HUs U onoJsanus (puc. 11.2,6). Ilpu manoit moiHOCTH clia-
6OnpoHHUIaeMbIX NOPOJ, NPUTPY3KA MOMKET OCYLIECTBJISITHCS
3a cyeT BHIeJeXallux neckoB (puc. 11.2,a).

ITpu oTcyTCcTBHM Ha MecTe MaTepHaja [IJs yCTPOHCTBa
JIpeHaXKHOH INpPU3MBI, a TaKXe NpH OOJBIIMX KoJeGaHUAX
OTMETOK KDOBJIH BOJOYNOpa, 3aTPYNHSIOIIHX CaMOTEUHBIH
BOJOOTBOJ, NPHGOPTOBOH NpeHaX MOKET GEITh 3aMeHEeH ro-
pPH3OHTANbLHBIMH CcKBaXXMHAMH. CKBaXXMHB JJIMHOH 30—
40 M u ‘Gosiee MOTyT GYPUTbCS KaK NEPIIEHAUKYIASIPHO K JIH-
HUH TPOCTHPaHHUsl GOpPTa, TaK U MOJ YIJIOM K HeH; paccros-

X X X X X X X X X
X X X X X X X X ¥y

Puc, 11.2. CxeMBl NpUrpy3KH HepaGoOuMX YCTYNOB, CJHOMKEHHHX MOpOAa-
MH C HH3KOH IDOHHIIaeMOCTbIO
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HHe MeXJy CKBa)XXMHaMH IPHMEPHO PaBHO uX AauHe. JLis
BOJ00GH/IBHEIX BOJOHOCHBIX TOPH30HTOB, KOTAa BBHAY 00Jb-
IIHX TIPHTOKOB K OTKOCY €r0 TPYJAHO 3auMilarh, HaHboJjee
panHOHaJbHBIM SIBJISIETCS cOueTaHHe MPUOOPTOBOrO JpeHa-
Ka C TOPU3OHTAJbHBIMHM CKBaXKHHaMH.

IToquepkHeM ellle 1Ba Ba)KHBIX MOMEHTA, CBSI3aHHBIX C
NPOEKTHPOBAHHEM IOPHBIX paboT:

1) BBUAY TOTO, YTO Ha HepaboueMm OOPTYy HaleXHbIH
JpeHax ocyLlecTBJseTcss 0ObIYHO NMPOILEe M JelieBje, YeM Ha
paboueM, wieLyeT, 10 BO3MOXKHOCTH, pacmojaraTh Hepabo-
YHi# '6OpPT CO CTOPOHBI OCHOBHOrO IIOTOKa BOJ;

2) opranmsauusi apeHa)a H BOJOOTBOJAA Ha HepaboueM
GOpTY CYLIeCTBEHHO yNpolllaercsi, KOrAa OTMETKa MOAOLIBbI
BOZOHOCHOrO FOPDH30HTa COBNAfaeT ¢ OTMETKOH Hepaboueii
6epMBl.

11.3. AIPEHA)X PABOYEIro BOPTA KAPBEPA

Co cropoHbl pabGouero 60pTa ApeHax, HapsAy C ycTOM-
UHBOCTbIO OTKOCOB, J0JI)KeH 006eCHeunTh HOpMaJjbHBIE YCJIO-
BHS 111 paGoThl TOPHOTPAHCNOPTHOrO 060pynoBaHHs. Kpo-
Me ‘TOro, HeperKo BO3HHKAeT HeOOXONHMOCTb B CHMXKEHHH
BJIAXXHOCTH II0JIE3HOTO HCKOMAaeMOTo,

OcHoBoit BEI60pa cHCTeMB! ApeHaxa pabouero 60pra sB-
JISIIOTCSl pacyeTHEe NPUTOKHM HAa 1 M ero npoTsKeHHOCTH g;
HX B@JHYHHY MOXKHO ODHEHTHPOBOYHO ONpejesHTb 1Mo (op-
myaam (9.4)—(9.6).

Ecan BeqnuHHa y/JeJbHOr0 NPHTOKA He NpeBhHllaeT Be-
JIMYMHBl KDHTHYECKOTO o AJIsI JaHHOTO THIA 0GOPYNOBaHNS,
TO HawboJiee 5PPeKTHBEH OTKPHITHIH ApeHaX: BOLa MOXeT
nocTynaTh B KaHaBbl HETIOCPEJCTBEHHO Ha pabouHX MJo-
mwankax. ITox KpHTHUeCKON NOHHMaeTcss TaKas BeJHUMHA
NPUTOKAa Ha | M NPOTSXKEHHOCTH (PpoHTa PabOT, NPH KOTO-
poii MacmiTabnl (UJIbTPAUHOHHBIX Jedopmanuii  (AJHHBL
SI3bIKOB OIJIBIBAHHS1) OKa3bIBAIOTCS NPENeNbHO NOMYCTHMBI-
MH JUIS JaHHOro THNa ropHoro oO6OPYLOBAaHHS M BHIOpAH-
HO#l cXeMBl OTPabOTKH ycTynoB. Tak, ec/ii NoYBa BOAOGHOC-
HOTO TOPH30HTa coBnajaer ¢ pabouei NJIOHMIAAKOH, TO KDH-
THYECKHH NMPHUTOK onpejesisieTcss pacueTHHIM nyteM °[34], uc-
XOAsl H3 NOMYCTHMOH IJIMHBI Si3blKa ONJBIBAHHA Iy [las
MeXJIonaThl

ZA=R—Hctga—TB, (11.1)
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rae R — panuyc uepnanus, M; H — BrlicoTa ycTyna, M; o-—
yroJi 0TKOca ycTyma, rpaayc; B — llnpyuHa XO0loBOH uacTH
9KCKaBaTopa, M.

OpHeHTHPOBOUYHO BEJHUHHY Ig I/ ™MexJomaT MOXHO
NPHHATL DaBHOH 5—8 M.

Jisi MHOrOKOBIIOBBIX 3KCKaBaTOPOB HHXKHEro uepnaHus
BeJIMUHHY [y MOXXHO NMPHHSITh PaBHOH JJIHHE IJIaHHPYIOLIEro
3BeHa KOBIIOBOH pambl, a IJis1 5KCKaBaTOPOB BEPXHEro gep-
NaHHs— PACCTOSIHHIO MEXJly NyTSMH H OCHOBaHMEeM yCTylia.
st pOoTOPHBIX 5KCKaBaTOPOB BeJNHYHHA [; paBHa paccros-
HHIO OT OCHOBaHHSl yCTyna A0 GJHXKaiileHd ONOPHOH TOYKH
NpH MHHMMaJbHOM pajauyce pe3anus. Has aparnafinoB (npu
paboTe 6e3 mOJABAJKH) JONycTHMas IJMHa S3BIKa ONJIbIBA-
HHS

I, = Rp——Hoctgao—b——%—Hctga, (11.2)

rie Rp— paauyc pasrpysku, m; Ho— BricoTa oOTBalja, M;
@) — yTOoJ 0TKOCa OTBaja, rpaayc; b — uupuna 6epmbl Oes-
onacHoctH, M (b=13-+5 m); B — paccTosiHHe MeX]1y BHell-
HHUMH KpasMH JIBLK, M.

Ilpn paborte c BepXHHM IOLYCTYIOM BeJHYHHA Iy JOJIXK-
Ha OBbITh MEHbllle pACCTOSTHHSI OT HHXKHell 6POBKH NOJyCTyna
10 OaMxallled ONOPHOH TOYKH 3KCKaBaTopa.

B kauecTBe mepBOro opHeHTHpa JJisl MEXJONAT H MHOTO-
KOBLIOBBIX 3KCKaBaTOPOB PeKoMeHAyloTcsi [34] cuaenyiomue
BeJIMUMHBL NIPefedbHBIX NPHTOKOB ¢y (M3/cyT Ha 100 M oTKoO-
ca): nbuieBaTble necku — 20; TOHKo3epHHCTHle —40; mesKo-
3epHucThle —100; cpenHesepHucThle —150—200; xpynHo-
3epHuctble —300—400. st pparnaiitHoB M POTOPHBIX
5KCKAaBaTOPOB JONYCTHMble NPHTOKH BOABl CYILECTBEHHO
BEIlle M 3aBHCAT OT IaPaMETPOB MalliHH.

Ecnn mouBa BOZXOHOCHOTO FOPH3OHTa «IOAPE3aHa» YCTYy-
NIOM, TO NMpHBeJeHHble 3HAUEHUs] KPUTHUECKHX PacXOnOB BO-
Abl OJXHBEl ObITh yMeHblleHHl B 1,5—2 pasa. Haobopor,:
eclH B (PHIABTPYIOUIHX NOPOJAAaX MNOA3eMHble BOABl NPHHH-
MaloTcsl He HelOCpPeACTBEHHO 3a0o0eM, a IPeHaXHOH# TpaH-
meeli (KaHaBoOil), TO NPHBEJEHHbIE «KPHTHUECKHE» Pacxo-
LBl MOTYT ObITh yBeJHUeHbl B 2—3 pasa, ucxois u3 Tpe6o-
BaHHMH yCTOHYHBOCTH OTKOCOB TpaHUIed. Cxema ocyllleHHs
JIpeHax<HOH TpaHlIeH, NPOHAEHHOH Mo MHJollajke paboyero
ycryna, npHBefieHa Ha puc. 11.3. [To Mepe nojBHraHus 3a-
A0s1 IPOXOASITCS HOBBIE TPaHIIeH; PacCTOSIHHe MeXJy HHMH
onpejeJsisiercss IIHPHHOH 3aXONKH 3KCKaBaTopa, a Takxe
pacyeTHbIM MOJIOXKEHHEM AenpecCHOHHON KPHMBOH, OLleHHBae-
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Puc. 11.3. CxemMa ocyllleHHss HHXHEro ycTyma C NOMOINBIO APEHaXKHHIX
TpaHLlel npH paGoTe:

a — MexJjionaTel; 6 — AparsafiHa; 6 — AparsafiHa ¢ OCTaBJieHHeM NOAYCTYNa AJs
0TPaBOTKH €ro MexJomaToi

MbIM 110 popmyJdie (9.8). MoiHocTs HenoGopa, KaK N0Kasbl-
Baer onbiT Jle6ennnckoro u Capbaiickoro kapbepos, LeJe-
coob6pasHo NpPHHHMAThL He Bojee 3—4 M.

OcobenHO moJIé3HA 5Ta cxeMa ApeHa)a NPH oTpaborke

ciaabonpoHunaeMux (K<<
<0,5+1 wMm/cyt) mopon.

B Tex cayuasix, xoraa
OTKPBITHIl JpeHax cJjabo-
OPOHUIAEMBIX  IIOPOJX He
obecneynBaer  'HOpMaJb-
HBIX ycJlOBHH paboTHl 3K-
CKaBaTOPOB (pOTOpHBEIX,
LeNHBIX, MeXaHHYeCKUX
U T. I), clelyeT paccMoT-
peTb BO3MOXHOCTh NpHMe-
HeHus AJis oTpaboTKu
TUAPOMOHHTOP OB 'HJIH
aparaaiiHoB  (puc. 11.4).
IIpu paboTe TIHAPOMOHH-
TOPOB «KPUTHUECKHE» pac-
XOJIbl ONpeAesSIOTCSl TJiaB-
HBIM o6pa3oM  TpebGoBa-
HUSIMH OpraHHu3allu# BOJO-
OTBOJA; JJS OpHEHTHpa
pexoMeHJyeTcs, YTOOBI
BOJIOIPUTOKH He TMpeBhHl-
majgy  CJAeLYyIOIHX BeJiH-

~
N~ N AN N N
N AL N
NN NS

Puc. 11.4, Cxema oTpaGoTKH cna-
GONpOHHLUAEMBIX MOPOJ THAPOMOHH-
TOpaMH:

1 — menpeccHoHHasi KpuBasi

143



qun (M3/cyt Ha 100 M Gopra Kapbepa): TOHKO3ePHHCThIE
necku — 200; menkosepHuctble — 400; cpenHesepHHCTBIE —
1000; kpynnosepuucteie — 2000.

[lepeuncieHHble Clyuyan BO3MOXHOrO MPHMEHEHHs OT-
KPHITOTO JpeHa)a OTHOCATCS K MECTOPOXIEeHHSM, pacro-
JIOXKEHHbIM B paloHaX ¢ yMepPEeHHHIMH 3MMHHMMH TeMIiepa-
Typamu. Ecin cpelHss TemMmepaTypa Tpex HaHOoJsiee XOJOA-
HBIX MecsileB OKasblBaeTcsi HHKe —26—30°% To Kpyr ycio-
BHii, B KOTOPbIX BO3MOX€H OTKPHIThIH BOJOOTIIHB, HECKOJIbKO
cokpauiaercsi. DT0 0OBbACHAETCS TeM, 4YTO NMPH HH3KHX TeM-
nepatypax cBOGOJHOe BbicauMBaHHe BOJBI Ha OTKOC {IPHBO-
IUT K JOTOJIHUTEJNbHBIM OCJHOXHEHHSM B BeIE€HHH TOPHBIX
pabor (o6pa3oBaHMe HaJjeled) H B OPraHH3al{H BHYTpPH-
KapbepHOTO BOJIOOTBOJA.

HyxHo 3aMeTHTh, UTO B NPaKTHKe NPOEKTHPOBAHHUS GT-
KPBITBIX TOPHBIX pabOT HepeiKo NOJHOCTbIO OTKa3bIBAIOTCS
OT HCHOJIb30BAaHUsI OTKPBITOTO IpeHaxa Ha Kapbepax, BCKPHI-
BalOUIMX OOBOAHEHHbIE TOJLIH NECYAHO-TJIMHHUCTBIX MOPOA.
Mexy TeM M3 BCero CKasaHHOTO CJIEIYeT, YTO TaKOro poja
TeHJEHLUHH SBJSIOTCS COBEpILeHHO HeOOOCHOBAHHBIMH: Tpe-
GoBaHHEe HeLONYLIEHHUS BbIXOAA NOA3EMHBIX BOJ Ha OTKOCHI
NPUBOAMT K H3JHIIHHM 3KOHOMHYECKHM 3aTparam, He roBo-
psi yKe 0 TOM, U4TO B GOJIbIIHHCTBE CJIy4yaeB OHO MpPaKTH-
YyeckKH HeNOCTHXHMMO. B Hacrosillee BpeMsi OTKDHITHIH Jpe-
HaX HEYCTONUMBBIX PHIXJBIX MOPOJ BechbMa INMPOKO MpHMeE-
HseTcsl B NPaKTHKe OTKPBITHIX FOPHBIX paboT. B Kauectse
npuMepa MOXKHO NPHUBECTH TakHe Kapbephl, Kak JleGeaun-
cknit, CapOGaiickuii, AujexcangpoBckuii (Hukomoabckui
Gacceiti) u np. Ha Gypoyrosmpubix kapeepax I'JIP u ®PI
OTKPBITHIH 'BOJOOT/INB NPAKTHKYETCS O4YeHb IIHPOKO H I0-
cruraer HHorxa 1—2 teic. M3/u (kapbephl IIpoden, Ulneen-
xaiii u gp.). TIpu npaBUJbHOI OPraHH3aUHH OTKPHITHIA Ape-
HaX 06XOTHUTCS B HECKOJIbKO pas JellieBJie, ueM rJyOHHHBIH.

Ecniy nporHO3Hble MPUTOKH B Kapbep NpPEBHILAIOT KPH-
THYECKHe, TO AJIs MX yMeHbIIeHHs HeoO6XOOHM IJ1yOHHHBIH
gpeHax. Hambosee yacTo KOHKYPHDYIOLIMMH NIPH TEXHHKO-
9KOHOMHUYECKOM COMOCTaBJIeHHH BapHaHTOB TIJYOHHHOTO
IpeHaxa nopoj pabouero 60pra SIBASIOTCA CHCTEMBl BOLO-
MOHHXKAIOWHUX CKBAXHUH H TNON3EeMHble CHCTEMBI OCYLIEHHS.
Y4uTBIBas ‘H3JIOKEHHbIe BbIllle JIOCTOMHCTBA H HEJOCTaTKH
STHX CHCTeM, [JIg NpeaBapUTEeJbHOH HX OLEHKH MOXHO
JaTb caelywollve oflive PeKOMEHIAlHH:

BOJOTNIOHUXKAIOLIHe CKBaXXHHBl 11€71ecO00Pa3HO HCHOJb-
30BaTh JI AJIMTENBHOTO SKCIJIyaTalHOHHOTO OTKauMBaHHs
BOJ M3 MeCcYaHbIX MOPOA NpH IAyOHHE OTKauMBaHHs, He
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npesbiwaioweii 150—200 M, ¥ npu Ko3PHUHEHTAX (HIIB-
Tpauuu Gosee 3—b5 M/[CyT;

B OCTAJbHBIX CJyYasx 3KOHOMHYEeCKH OoJiee BHIromna
nojsemMHas cHcTeMa OCylieHHsi (B TOM uHcJe H NPH MaJjblxX
Kos(huuueHTax QUAbTPALHUH nopsiaka 1—5 m/cyT).

JlpeHakHble BIPaGOTKH A0JKHB OOBIUHO paclosiaratbCs
B BHJE KOHTYPHBIX CHCTeM, mapauieibHbiX (pPOHTY palbor.
[TepBoHaya/bHO® pacCTOSIHHE OT JPEHAXKHOTO KOHTypa 10
6opTa omnpejessiercss ¢ yueToM CKOPOCTH NOJABHraHHst (GpoH-
Ta pabor, ¢ TeM 4TOOH obecneuydTb HOPMaJbHBlE YCJIOBHS
1Jis1 paboThl 060PYAOBaHHSl B TeUeHHe HeCKOJNbKUX JjeT. [lis
BOJONMOHMKAIOMIUX CKBaXHH 3TO PACCTOSTHHE DPABHO UYETHI-
pex-NATHKPAaTHOH BeJIHUMHE TOJOBOrO TNOJBHraHus (poHTa
pabot (MCXOAsi U3 CPelHEro Cpoka CJayXKObl BOLONOHHKAIO-
HIHX CKBa)XMH), a [Jisl NOJ3eMHO# CHCTeMbl OCYyllleHHS yKa-
3aHHOe PacCTOsSIHHe MOXKeT GbITh yBesinueHo B 1,2—1,5 pasa.

Bopononuxkaiomue cHCTeMbl HeOOXOAMMO '3aKJaJbIBaTh
nocje TIHIATEJbHOTO H3y4YeHHsl THAPOTeO0JorHieckoi obcra-
HOBKHM. DTO MO3BOJIMT Pacnojiarath APEeHaXKHble BHPaBOTKH
Ha ydacTKax, rie BOAOHOCHBIH IJIacT AOCTHraeT MaKCHMalb-
HOH NPOBOJHMOCTH HJIH Ha yyacTKax, rje NMOHHXeHa KPOBJS
NOACTHJIAIOILEr0 BOJOYNOpA.

ITpu 6saronpUATHBIX AJisi TIOTJIOIIEHHSI YCJAOBHSX, KOTHa
TOPH30HT C MAKCHMaJbHOH NPOBOJHMOCTBIO HAaXOLHTCS B
HHZKHeH 4acTH ocyllaeMOH TOJIIY, [Jis OCYIIeHHS BEPXHHX
FOPH30HTOB NPeANOYTHTE/IbHEe HCN0/1b30BaTh NMOTIOIIAIOIIHE
CKBaxKHHBI. TakHe ycloBHs XapaKTepHbI, HanpHuMmep, Aas Ku-
MOBcKOro paspesa ITogMOCKOBHOro yrosibHOro 6acceiina, rue
cnabonpoHUIIAeMble MEJKO3ePHHCThle NMEeCKH 3aJieraloT Haj
TOJIIIeHl XOpOILIO NPOHHIIAEMBIX H3BECTHSKOB.

Paccrosnne mexny ckBaxnHaMmu ((puJAbTpaMH) ompege-
Jsiercsl N0 pacueTHOMy rpaduky (cMm. puc. 9.5). IIpu sTom
HCXONAT H3 PacYeTHOTO y/JeJbHOro NPHTOKA ¢ [OleHHBaeMo-
ro no ¢opmyaam (9.4) — (9.6)] u monycrumoro (KpuTHUe-
CKOro) yIeJbHOrO NMPHTOKA K OTKOCY §o. TaK Kak Cc pasBH-
THeM (pPOHTAa PaboT NnepUMeTp Kapbepa MOCTE/IeHHO YBEeJH-
yHBaeTcs, a yJeJbHbIH TNPHTOK yMeHbluaercss (MHOTZA B
HECKOJIbKO pas), TO KOJIHYeCTBO BO/HI, NoNajalolllee B Kaphb-
€D H3BHe, yBeJHuVEAeTCs, a TpebyeMOe UHCJIO CKBaXHH
BHELIHET0 KOHTYPa — COOTBETCTBEHHO yMEHbUIAeTCs.

Bona, npodu-: TpoBaBIIasicss K OTKOCY MEXIY CKBaXH-
H2MH JIPEHAXXHOTO I'OHTYPa, MOXKET MNPUHHUMAThCs OTKDHI-
THIMH IPEHaMH, a BPeMEeHHO — U UIJIOQHJIbTPOBLIMH YCTAHOB-
KaMH, KOTOphble IBJSIOTCA YI0OHBIM CPeICTBOM IPH ApeHaxe
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HauboJsiee 06BOJHEHHBIX y4acTKOB, DacClOJIOXKEHHBIX B 30HE
C TIOHHXKEHHBIM BOJOYIIOPOM, C MOBBILIEHHO!H NPOBOAUMOCTLIO

n T. I

11.4. APEHA)K MJIACTA NMOJIE3HOro MCKOMAEMOTIO

Csoeofpasue MOJAX0La K 3TOMY BONpPOCY MOXKeT OBITh
06yCJIOBNEHO AONOJHHTENbHBIM TPEOOBAHHEM CHHXKEHHS
BJIAXKHOCTH IMOJIE3HOTO HCKONaeMOTO.

Ecnu npoAyKTHBHBIN NJIAcT HePeKPHIT BOJOYNOPOM HJIH
obJajaer NPOHHIIAeMOCTbIO, OoJibllied, ueM INepeKpblBaio-
IIHA BONOHOCHBIM CJIOH, TO NMOJe3Hoe HCKOMmaeMOe MOXET
GBITH CyllecTBEHHO cApeHHpoBaHo (puc. 11,5,a).

[Ipn pocTaToyHO NMpOHHUAeMbIX NOPOJAaX MOYBH  AJisl
5TOT0 MOXXHO HCIOJIb30BAThb OTKDPBIThHlE JApEHaXKHble TPaH-
IIeH B OCHOBAHHUH NOOBIYHOTO yCTyNa HJH BOJOIOHHMIKAIOLIHE
CKBaXKHHBI, MPOHJLEeHHBIe B NOJAOLIBe Kapbepa. HaobopoT,
NpH HaJHYHH BOJOYNOPHBIX MOPOJ B MOYBE NPOAYKTHBHOTIO
njacra AJs ero ApeHaxKa HCNOJb3YIOTCS KOHTYDPHBIe CHCTC-
MBI, npofiieHHble Ha pabouem O60OpTy [JA  OCYylIEeHHs
BCKDBIIIHBIX NOPOA. M1 x0Ts B 3TOM cCcllyyae OCYIIHTb MOJ-
HOCTbIO JNOObIUHBIe 3a00M He yjaaercs, CJAeNyeT Bce WKC
CTPEMHTbCSI K COKpallleHHI0 YAeJbHBIX TPHTOKOB K OTKOCY
N0 CPaBHEHHIO C NPHBEJEHHbIMH paHee KpUTHUECKHMH BeJH-
yuHamy, [Ipn BeleHuH paboT ¢ BpeMeHHO# NO1BaJKOH 00-
BOJHEHHOTO IJIacTa MoJie3Horo Hckonaemoro (puc. 11.6) He-
06xoaHuMbl obecreueHHe yCTOHUHBOCTH OTBAJIOB H OpraHH-
3allig BOJOOTBOAA B NONOMIBe Kapbepa.

ITpu TpaHcmopTHO# cxeMe paboT Lesecoo6pasHo OCTaB-
JATh «HEeI000P» B OCHOBAHMM NPOAYKTHBHONO mJacra, 4ro
MO3BOJIMT NPHMEHSITh OTKPBITBIH ApPEHaxX, aHaJOrHUYHO TOMY,
Kak 370 onucaHo B 11.3. [lnsg pailOHOB ¢ HU3KUMH 3HMHHMH
TeMIepaTypaMu Takas CXeMa MO3BOJIHT 0TPabaThiBaTh HHXK-
HIOI0 OGBOJHEHHYIO YacTh NMPOAYKTHBHOIO MJacTa B JIeTHHI]
nepuo.

a

-

X X X X X A X X X X x X X X X X X X X X X X x X X
x X, X X X XNX X X X x X X X X X X X x X X X X
X X=X X %X X % X X _x X X_X X X %X X /, \x X X X X X X X

-~ ~ ~ ~ ~ ~ N~ ~. ~ ~ ~ ~ ~
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Puc. 11.5. Cxema ¢uabmpauuy B ABYXCJIOHHOM I1acre
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Puc. 11.6. Cxema mpeHaxa npH paGotax ¢ BpeMeHHOfi IT0JBajIKOil:

1 — 3a6uBHON GuUABLTP; 2 — OTBaJ; 3 — AeNpeccHOHHasi KpHBas; 4 — MOJIe3HOe HC-
Komaemoe

Ecnn nmpoHumaeMocTb IIOJIE3HOTO HCKONAeMOro HHXKe
MPOHHIIAeMOCTH TePEKPHIBAIOUIHX ero BONOHOCHBIX MOPOL
(cMm. puc. 11.5,6), To ocyluHTeJNbHBIE YCTPOHCTBA cClelyeT
HCIOJb30BaTh JIMIIE JUIS JpeHaxka KOHTAKTHPYIOIIHX C IIO-
Jie3HbIM HCKOIaeMbIM BOJOHOCHBIX CJIOeB, coueTasi TJyOHH-
HBI} JpeHaX Cc OTKPHITBIM. IIpH pe3Ko BHIpaXKeHHOH BOJIHH-
CTOCTH KPOBJIM TljIacTa IOJE3HOr0 HCKOIAeMOoro HHOrAa
N0JIE3HO COKPAaTHThL 0GBEM OTKPHITOrO BOJOOTJIHBA, NPOXO-
il TIO TIOHMXKEHHBIM y4YacTKaM [ONOJHHTEJbHBIE PSJbl CKBa-
JKHH, CKBO3HBIX MJIH 3a0UBHBHIX (QUJIBTPOB; B YACTHOCTH,
JipeHaKHble BBIPAGOTKHM MO NOHHXKEHHBIM yYacTKaM MOTyT
HNPOXOJNHTHCS HemocpefcTBeHHO u3 kKapbepa. He caenyert
OJIHAKO M3JIHIIHE YBJKATbCS NOJOOHBIMH CXeMaMH, TaK Kak
BO MHOTHX CJyuasiX, HECMOTPSl Ha IPOXOXKY '60JIbIIOTO
o6beMa AONOJHUTENBHHIX JpeHaXXHbIX BHIPaOOTOK, Haj Io-
JIe3HBIM HCKONAeMBIM NIOBCEMECTHO OCTaeTcss 30Ha BOJOHa-
CHILIEHHBIX ITIOPOA.

OTMmeTHM B CBSI3H C 3THM, YTO OYeHb YaCTO CaM Kapbep
OKa3blBaeT Ha IJIacT, NepeKphIBaloOIluil NoJiesHoe HCKomae-
MoOe€, ropaszio 60JbIINH ApeHupyomull addekr, 4eM CHCTEMB
rny6uHHOro npeHaxa. Posb apeHa)ka BOJOHOCHBIX NOPOX,
KOHTAKTHDPYIOUIHX ¢ TO0Je3HBIM HCKONaeMBIM, CBOJAHTCS B
3THX YCJIOBHSX K TOMY, YTO BO MHOTHX (C¢Jydasix OH TMO3BO-
. JIsleT NpeJOTBPATHTh [ONOJIHUTENbHOE YBJAXXHEHHe IJjacTa
MOJIE3HOTO HCKOIaeMoTo, 00yc/OBJeHHOe yMeHblleHHeM Ha-
TPY3KH Ha HEro B CBfI3H C BBIEMKOH Ie€PeKpBIBAIOLINX IOPO.T
U nmociefyiolluM HaGyxaHHeM. B 5ToM ciyyae MaKcHMalb-
HBI 3(GEeKT AOCTHTaeTCsl NyTeM CHHKEHHsI HAlopOB B BO-
JIOHOCHOM TOPH30HTe, NOJCTHJIAIONIEM IIJIACT IIOJIE3HOTO
HCKOMNaeMoro, a Takxe NyTeM TOJIHOTO OCYIIeHHs KPOBJIH
IJIacTa noJie3HOr0 HCKOINAeMOTO Ha ee NOBBIIIEeHHBIX yuacT-
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kax. UTo Ke Kacaercsi 3aMeTHOro yMeHbIIEHHs BJIaXKHOCTH
N0 CPAaBHEHHIO C NMPHPOJHOH, TO TaKas BO3MOXKHOCTb OGBIY-
HO ‘MOXeT OBITh peaju30OBaHa JiMIILb OypeHHeM 4acTo pac-
noJioxkeHHbix (uepes 0,5—2 M) ckBaxKMH M ¢uabTpOB. Ha-
npumep, Ha '6ypoyro/ibHbXx Kappepax I'IP B 3THX wenasx
HCIOJIb3YIOTCSl TOPH30HTaJIbHble CKBaXKHHBI, NPOOYypeHHBIE
Ha paccrosiuun 0,6—1 M npyr ot gpyra. Oanako Ha oreye-
CTBEHHBIX Kapbepax mMOJoOHble cXeMbl JApeHa)Xa HepeHTa-
6eJIbHEL.

B sakJ/ioueHne MOXKHO cKasaTb, UTO BCe JPeHaXKHbe Me-
pPONpUATHS MOTYT ObITh 3((PEKTHBHBIMH JIHIIb IIPH yCJOBHH
NPaBHJIbHO OPraHM30BaHHOIO BHYTPHKapbepPHOTO CTOKa.

11.5. JPEHA)K PA3SPE3HOW TPAHLUEH

IIpr npoxomxe pa3pesHoil TpaHlleH NOA3EMHBIe BOABI
3HAUMUTEJHHO BJIUSIOT HA yCTOAUHNBOCTb OTKOCOB U Ha YCJIOBHUS
paboTHl rOPHOTPAHCIOPTHOTO O6OPYAOBAHHS H3-3a BBICOKHX
yoenbHBIX (Ha 1 M OTkOca) NPHTOKOB H, COOTBETCTBEHHO,
3aMeTHOr0 pasBHTHs GHUIbTPALMOHHHIX Aedopmaiuit. Ilo-
3TOMY JipeHaxHble paboThl B N€PHOL CTPOHTENbCTBA Kapbe-
pa- NOJIKHBI MPOBOAHMTBCS € MaKCUMaJbHOH HHTEHCHB-
HOCTBIO. :

- Tak Kak cHCTeMBl IpEeHaxa pa3pe3HOil TPaHILUEeH onpeje-
JISIIOTCST CXeMOH BCKPBIIIHBIX PAab0OT, pacCCMOTPHM JBa OCHOB-
HBIX cJiyyasi: JipeHax NPH BCKPHITHH 3KCKaBaTOPaMH H Jipe-
Ha}K IOPU BCKPBITHH CPEJCTBAMH T'HAPOMEXaHH3aLHH.

BekpoiTHe ¢ nomMolmbId 3KCKaBaToOpOB.
Ecnu pacuer NMpHTOKOB BOJABl B pa3pe3Hyio TPaHIUe HOKa-'
3bIBaeT, UTO YjesibHble NPHTOKH NpPEBBIIIAIOT KPHTHUECKHE,
mo Kpafineit mepe, B TeueHue '1,5—2 ner (cuMTasi OT MOMEH-
Ta BCKPBITHS BOJOHOCHOTO TODH30HTa KapbepoMm), TO B
9THX YCJOBHAX leJiecoobpasHee Bcero NPOBOAHTb NpefBa-
pHTeJIbHOe ocyllleHHe C NOMOILBI0 KOHTYPHBIX CHCTEM BOJO-
MOHMKAIOWINX CKBa)XHH. JlJig OTKauKH HOCTynalollHuX K OT-
KOCY BOJ MOTYT HCIOJIb30BAThCS CPENCTBA OTKPHITOTO BOJO-
OTJIHBa, €CJH YyJeJbHble NPHTOKH He MPEBHIIAIOT KPHTHYe-
CKHMX. B npoTHBHOM cJ/yuae .1iesiecoo6pasHo JONOJNHHTENIbHO
HCIOJIb30BaTh HIJIO(QUJIbTPOBEIE YCTAaHOBKH.

OTMeTHM, YTO AJisi BOJOHOCHBIX TOPH3OHTOB (OJbIIOH
mourHocTH (Gosee 30—40 M) Ha nepBBIX 3Tanax BCKPHITHSA
MOXHO ODHEHTHDOBOYHO MOAJEPXKHBATh YyPOBEHb BOJBI HH-
e JlHa pa3pe3HoH TpaHIleH. B Tex ciyuasix, Korja HOPOJbI
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BHCSIUEro H JieKauero \60KOB 06pasyloT eIHHBIH BOJAOHOC-
HBIA TOPH30HT, 3TO YCJIOBHE MOXKET BBHIOJIHSATBCS B TeueHHe
BCEro CTPOUTENbHOTO nepHoaa. ITapameTphl cHCTEMBl CKBa-
KUH onpenensioress no ¢opmynam (9.9)—(9.10).

ITocsie BCKPHITHSE BOJLOHOCHOTO TI'OPH30HTa OCYILECTBJIS-
eTcsl NoCTelleHHBI mepexoj K APeHaXKHbIM CHCTeMaM, mpe-
AYCMOTPEHHBIM Ha NepHOA 3KomayaTauuu. IIpu sToM cieny-
€T YUHTBIBATh, YTO B NepPBBle TOABI SKCIJyaTauun (0COOEHHO
CO CTOPOHBEI paboyero 60pTa) MOXKHO HCHOJB30BaTh Te XKe
ApeHa)XHble CHCTeMbl, 4TO U B NEPHOJ CTPOHTENIbCTBA.

OnblT paGoTh MHOTHX KapbepoB IOKasbBIBaeT, YTO IIPH
5KCKaBaTOpHO# BbleMKe NOpOJ 4acTO BO3MOXHa HX OTpa-
G6oTKa U 6e3 HmpeJBapUTENBHOIrO ApeHa)Ka, C HCINOJbh30BaHU-
eM TOJIbKO OTKPBITOrO BOZOOTJHMBA. DTO OTHOCHTCS K TeM
cayyasiM, KOrja IOpOAbl, TNojAJexallHe JApeHHPOBAHHUIO,
XapaKTepH3YIOTCSl MaJbBIMH KOS(@@HUHEeHTaMH (QHJIBTPaLUH
(menee 3—5 M/cyT) uaum 006pasyloT eAMHBIH BOJAOHOCHBIH
FOpH30HT 6Ge3 pasfelsoNIHX BOAOYNODHBIX CJIOEB.

BckpbiTHe OOGBORHEHHBIX TOJML 3KCKaBaTtopaMH 0e3
NpeIBapUTENIbHOIO JPEHHPOBAHHSI MOXKET OCYILeCTBJIATHCS
C NOMOILbIO NePefoBEIX JPeHaXHbIX TpaHIUel, NPOBOAUMBIX
Iparjalinamy B nomomBe (yrayo6Jasioulierocst) kapbepa. Ilpn
5TOM ‘MHHHMaJbHble pas3Mephl TpaHIledl BHIOHpAIOTCS C Ta-
KHM pacueroM, 4TOOBl Ha KaXKIOM 9Talne ICTPOHUTEJBHOI0 me-
pHOMa pasBHTHE (PHILTPALHOHHBIX Jedopmauuii OBIO B 10-
HOYCTHMBIX (1O YCJOBHSIM TOPHBIX paboT) mHpenesax.

Taxum o06pas3oMm jpeHHpyeTcs 3HauuTeJbHAss 4acTh CTA-
THYECKHX 3aNacoB NOJ3eMHBIX BOJ, TATOTEIOUIHX K Kapbepy,
4To faeT 6OJBILIYI0O 3KOHOMHIO B 3JIEKTPO3HEpruH, o60pyo0-
BaHHU U cTouMocTH [ 34].

Ilpy HCHOJNB30BAHHH CPEJICTB THAPOMEXaHH3aUHH eNHH-
CTBEHHAs l1eJb JAPEHa)Xa COCTOHT B OrpaHHUeHHH AedopMa-
Uil 60pPTOB U OTKOCOB B JOMyCTUMBIX Npenesnax. [Tpumene-
HHe crnocoO0B rHApOMeXaHH3alluH 0cOGeHHO LeJiecoobpasHo
TP BCKPHITHH OOBOILHEHHBIX PBIXJBIX NMOPOX, 06Pa3yioLliX
OJJMH MOLIHBIH BOJOHOCHBIH rOpH30HT. Tak, ONBIT BCKPHITHSA
Jlebenunckoro kapbepa KMA mnokasbiBaer, YTO CpeJCTBA
THAPOMEXaHH3alUMH MO3BOJSIOT B 3THX YCJAOBHUSX HJH BOOO-
lle 0PKa3aThCsl OT TJyOGUHHOrO JpeHa)Ka, HAH CYyLIeCTBeHHO
ero COKpaTtuThb [24].

B 3ak/i04eHHe paccMOTPHM OCOGEHHOCTH BCKPBITHS BHI-
COKOHANOPHBIX BOJOHOCHBIX TOPH30HTOB. JlJisi Kapbepa,
BCKPHIBAIOLEI0 MOIIHBIH H BONOOOHJbHBIN HANOPHBIH TOPH-
30HT, HAMOPhl NOJIXKHBEI GBITh NPeABApPHUTENbHO CHHXKEeHBl 10
BEJIHUMH, HCKJIOYAIOMIUX NpophiB. Ec/in e MOILHOCTb rOpH-
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30HTa CPaBHHTEJNbHO HEBEJIHMKa, TO MOXHO OTKasaTbCs OT
JJIATEJBHOTO TpeaBapHTebHOTO ApeHaxa. Il BOXOHOC-
HBIX TOPHZOHTOB, PHYPOUEHHBIX K CPAaBHHTEJBHO ciaabonpo-
nunaemblm (K<<1—2 m/cyT) mopoaam, B KOTOPbIX BOAOIO-
HYXKEeHHe ¢ NOMOIIbI0 OOBIYHBIX TEeXHHYECKHX CDEeACTB MaJo-
3 (eKTHBHO, NpeABapHTEJNbHOE BOJONOHHKEHHE Helleseco-
06pasHo npH JM000H HMX MOLIHOCTH.

[Tpu 3TOM B NepBblii MOMEHT MOCJE BCKPBITHSI NPHTOKH B
Kapbep MOryT OBbITh A0BOJbHO 3HAUMTEJbHBIMH; HX BEJHYH-
Hy MOXHO omnpelenuTh no ¢opmysae (9.4). OnHako nbeso-
MeTpHueckass BOPOHKa OBICTPO Ppas3BHBaercs Ha OoJbllne
pPacCTOsIHHs, B pe3ysbTaTe 4ero pacXoibl pe3Ko yObIBAIOT B
reyeHHe KOPOTKOTO IPOMeKyTKa BpeMeHH. Ecaum o06bem
BONONPHEMHOTO 3yMiida B NOJOIIBe Pa3pesHod TpaHILUEH
COOTBETCTBYET BeJHUYHHE 0XHAaeMOro CyMMapHOI0 NPHTOKA
1 HacocHoe 060pyfoBaHHe N0J00paHO NPAaBUJIbHO, TO BCKPHI-
THE HamOpHOro rOPH30HTA KapbepoM B JAHHOM CJyuae He
BBbI3bIBAaeT ONaceHHil.

Hapsiny ¢ ocyitenvem KapbepoB, B fOC/AeAHHE TOABI Bce
OoJbliiee 3HaueHHe npHobOperaeT BOJOCHAGXKeHHEe NPEANPH-
THH W HacejeHus paiioHa. B sTux ycioBHsax npobJeMa pa-
IIHOHAJIbHOTO HCIOJIb30BaHUS APEHAaXXHBIX BOJ CTOHT 0CO-
G6eHHo octpo. Hamo yuuThIBaTh, KOHEYHO, H KadyecTBO Ape-
HaXHBIX BOJ, KOTOPOE ONpefessieTcsl NPHyPOUEHHOCTBIO Jpe-
Haxa K KOHKPeTHOMY ydYacTKy KapbepHOro noss (Hampi-
Mep, pasiHualTcs BOAb pabouero u Hepabouero GOPTOB),
THIIOM ADEHaXHBIX YCTPOHCTB H mOCAeL0BaTeNbHOCTBIO jape-
HUPOBAHHS OTAEJNBHBIX BOJOHOCHBIX KOMIIJIEKCOB.

st KOHKpeTHOro paioHa BO3MOXKHBI CJeAyIOLlHe BapHu-
aHTHl BOA03a60POB — JpeHaxel: HCNOJIb30BAHHE [IJisi MHThe-
BOTO BOAOCHAOXEHHSI BHEIIHHX JADEHAXKHBIX KOHTYPOB H3
BOJOTOHHKAIOMWINX CKBAyKHH; HOMOJE30BaHHE BOABl ApEHaX-
HBIX LITPEKOB AJISi TEeXHHUECKHX leJiell, a IpH NOAKIIOUeHHH
CKBO3HBIX (PHJIBTPOB K 3aKPBITOMY KOJIJIEKTODY — H IJISl XO-
31HCTBEHHO-NUTbEBBIX leJIeH; nocTeneHHas 3aMeHa Ha Hepa-
6oueM 6OPTY CKBO3HBIX '(PHJIBTPOB TOPH3OHTAJbHBIMH CKBa-
XXHHAMH C HENOCPeJCTBEHHBIM NOAKJIOUeHHeM MOCJeNHHX K
CeTH BOJOCHAGXKeHHUs.

B Hacrodillee BpeMs Ha JpeHaXKHbHIX BOJAax B paioHe
KMA yxe pa6oTaioT ABa X0351HCTBEHHO-NHThEBBIX BOL03a-
6opa. OnMH H3 HHX COOPYXeH Ha TpeTbeil ouepeny ApeHaXK-
Horo koHtypa lOxxHo-JI&6e HHCKOTO Kapbepa H COCTOMT M3
10 BOZOMOHMKAIOIIHX CKBaXHH, TPOAJEHHBIX ¢ MOBEPXHO-
CTH; BOKDYr CKBaX{HH cO3[laHa CaHHTapHas 30Ha CTPOI'oro
pexuma. IIponsBoaHuTeNbHOCT BOJ03ab0opa cOCTaBJsieT 10
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400 m3/u. Ha cocennem CTOHJEHCKOM Kapbepe H3 OCHOBHOTO
ApeHa)KHOro WITPeKa MpoiJeHbl BOCCTalOllMe CKBAXKHHHI,
BOJAB KOTOPHIX CTEKAIOT B 3aKPHITHIH KOJUIEKTOP H 3aTeM
NOJAIOTCS HAa NOBEPXHOCTb. ITpoHM3BOAHMTENBHOCTL BOAO3a-
6opa oxoso 300 m3/u. IIporHosubie oneHku [3] moKa3biBa-
IOT, YTO 32 CYET KAaPbePHHIX H IIAXTHBIX BOJ H CYILECTBYIO-
LIHX BOZ03aGopoB notpebnoctH paiiona KMA _moryr Obith
YIOBJIETBOPEHBl NOYTH IOJHOCTbIO.

11.6. OCOBEHHOCTH OCYIUEHHSA MECTOPO)XAEHUH THINA B

OCHOBHO#l OCOGEHHOCTbIO OCYLIEHHS MECTOPOXIEHHH ¢
HAKJIOHHBIM 3aJieraHHeM CJOeB SBJSETCS BO3MOXKHOCTb IIOJI-
HOTO CTOKAa K JApPEeHaXaM NOJ3eMHBIX BOJ IO HAKJOHHOMY
BOJOYIOPY M, KaK CJeACTBHE 3TOTO, BO3MOXHOCTb HOJHOrO
yCTpaHEHHs BbICAUHBAHHMS BOJAB B OTKOCax pabOYHX YCTy-
nos (puc. 11.7). Tlpu nmpouHx paBHBIX yCJOBHSX, CKOPOCTb
IPEHUPOBAHHS TeM BhIlle, 4eM GOJibllie yroJ NafeHHs CJIOeB.

C npyro#i CTOPOHH, NMOJ BJHSIHHEM HAMOPHBIX BOJ B JIe-
’KaueM OOKYy NPOHCXOAST KpymnHble TIJyOHHHBIE OIOJ3HH
nopoj HepaGoyux GOPTOB M BHYTPEHHHX OTBaJoB. Ilpuuem
peluaiolliee BJHMsIHHE HA BO3HHKHOBEHHE QIOJI3HEH TaKoro
pola oKasbiBaeT He BOJOOGHJbHOCTb FOPH30HTA, a BEJIHYH-
Ha Hanopa B HeM. [lomycTHMoe 3HayeHHe OCTATOYHOrO Ha-
nopa omnpelessieTcsi pacueTHbIM IyTeM MO YCJOBHIO YCTOW-
YHBOCTH IIOpPOJ Jexadero 6okKa.

Hcxond H3 CKasaHHOTO, B TNopojax BHcsAdero O60Ka H
mJacTe NnoJe3HOTO HCKollaeMoro oObyHO 2(PEeKTHBEH omepe-
Xawolluil apenax. s 3Toro wallle Bcero uejecoo6pasHa

2\Uckonae-
2N\ Moe

Puc. 11.7. CxeMmbl BONONOHHXeHHS Ha paGoueM 6opTy:

a — NpH NPOHHIAEMOM INOJIE3HOM HCKONaeMoM; 6 — NPH BOJAOYNOPHOM
A — nHaneraiouye BOJOHOCHBIE NOPOJABI; B — NMOACTHJAIOLIHE BOJOHOCHBIE MOPOABI
B — ny1acT mosesHOro MCKONaeMoro
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JMHellHAd cHCTeMa BOJONOHMIKAIOIHKX CKBaXKMH. IlepBoHa-
yaJibHOE PaCCTOSTHHE OT PAfia CKBAXHH 10 Kapbepa CJeNyer
NpUHMMATh PABHBIM 5—7-JeTHeMy NpPOJABHraHHIO (poHTa
pa6or. Ilpy CHHKJIMHAJLHOM 3aJieraHHH NOPOX H CPaBHH-
TeJbHO MaJbiX pasMepax yrJeHOCHOH Myabibl (X0 1—2 KM’
B IONEPeYHHKe) CKBaXXHHBI CJeAyeT pacroJjiaraTb Mo OcH
MyJabibl. HHCNO CKBaXXHH, HeOOXOAMMOE 1Jisi TNOJHOro ycT-
paHeHHs] BbIXOAA BOAH B Kapbep, 06paTHO NPONOPLHOHAb-
HO yrJiy naueHus cioes [cMm. dopmyay (9.13)].

Ilpn manbix yraax nagenusi (3—56° m MeHee), a TaKkke
npu pa6oTax IO BOCCTAHHIO IJ1acTa TOJE3HOTO HCKONaeMoro
GoJiee 1eJecO00pa3HOil MOXKET 0Ka3aTbhCA NON3EMHAsI CHCTe:
Ma OCyIIEHHS — JIHHEHAHBIH ITPeK, NPOHAEeHHHH 10 MPOAYK-
THBHO# TOJIILle, KOTOPBIH, DU HAJHYHH B HeH BOMOYIODHBIX
IIPOCJIOEB, COYETAETCS CO CKBO3HBIMH (DHJIbTPAMH HJH BOC-
CTaIOIMMH H TOPH30HTAJbHBIMH CKBaXXHHAaMU. ITepBoHayalIb-
HOe yJaJjieHHe APEHAXKHOTo IITPeKa oT 60pTa MOXKET IpH-
HHMaTbcsl paBHbIM 8—10-7€eTHeMy TOABHTaHHIO (POHTa
pai6or.

Jl1s [omoJIHUTEJILHOTO OCYILeHHs NPOAYKTHBHOIO MJacra
MOTYT HCNOJIb30BATbCsl APEHAaXHble WITPEKH H FOPH30HTAJb-
Hble CKBaXKMHBI, NpOiJeHHble H3 Kapbepa.

OTKpHITH ApeHax NOPoj BHcAYero 60Ka PeKOMEHAYET-
¢ B INMPOKMX MacluTabax JHWIb NMpH padoTax IO BOCCTa-
HHIO TJIacTa WJH IIPH KPYTOM NafEeHHH BOJOHOCHBIX CJIOEB.
On ocymecrsJ/sieTcsl, KaK NPaBHJIO, HENOCPEACTBEHHO OTKO-
CaMH OTKPBITHIX T'OPHBIX BHIDaGOTOK.

B nopomax Jexauero 6oka HejJecooOpasHo mNpeaBapy-
TeJbHOEe CHHIKEHHe Halopa y¥Ke Ha TepBbIX 3Talax CTPOH-
TeJNbCTBA Kapbepa, HCXOAS H3 yNOMSHYTHIX KDHTEDHEB, CBA-
3aHHBIX ¢ o6ecrneyeHHeM YCTOHUHBOCTH 60pPTa H BHYTPEHHHX
OTBAJIOB [CHHXKEHHe YPOBHSI pacCCUHThIBaeTcs No (GopMmyJam
(9.9) unn (9.10)]. dns cHMXKEHHS HANopoB B NOPOJAax BH-
csiuero 60Ka MOXHO HCIOJIb30BAaTb Te K€ CKBAXKHMHHI, YTO H
IJIS CHHXKEHHS ‘Hamopa B TMOpoJax BHcsiuero 60Ka, a Takxke
060co6JIeHHBe CHCTEMBI CaMOH3JIMBAIOUIMX HJH BOLOIOHM-
JKaloINX CKBa)XMH, NPOOYPEeHHBIX INapaJjelbHO (POHTY
pa6or ¢ moxoWIBH Kapbepa. [l JpeHaxa BOJOHOCHBIX HO-
poA, 3ajieralollNx HeNOCPeNCTBEHHO B NoYBe oTpabaThiBae-
MOro mJjacra, MOXKHO HCIOJb30BaTh OTKPHITHIE TPaHILEH.

B uejom npH HaK/JOHHOM M KPYTOM NafeHHH CJIOeB, 1O
Mepe yriyOJeHHss U pacllMPeHHs Kapbepa, MOXHO YCIEeIlHO
HCIIOJIb30BaTh -BOJONOHAXKAIOIIHE H HAKJIOHHbBIE CaMOH3JIH-
Balolllie CKBAXXHHbI, NPOXOAHMBIE ¢ MJOIIANOK YCTYNOB H ¢
NONOIIBH Kapbepa. B coueTannu ¢ OTKPHITHIMH BOJOCOODHH-
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Puc. 11.8. Ocyulenue Kapbepa JpeHaXXHHIMH BbIPaGOTKaMH

KaMH B Kapbepe OHH II03BOJISIOT HanGoJsiee YETKO YBSI3aTb
CHCTEMY OCYIUEHHSI ¢ JIOKaJbHBIMM THAPOreoJIOrHYecKHMH
CTPYKTYpaMH M OTKa3aTbCs OT IIPOXOAKH NOA3EMHBIX Ipe-
Ha)KHbIX BeIpabGoTok. HyXHO, OJHaKo, OrOBOpHTb, YTO B
YCJIOBHSIX KPYTOTO IaJieHHsl BePTHKaJIbHble CKBAaXKHHBI OKa-
3BIBAIOTCSl JOCTATOYHO 3((PEKTHBHBIMHM JIHIIb B  MOIIHBIX
BOJOHOCHBIX CJIOSIX, He HMEIOIIHX NPOMEXYTOYHHIX BOJO-
VIOPHBIX MPOINJIACTKOB. B IPOTHBHOM e CJjiydyae OCHOBHOH
yIIOp B MOpOAax Jexauero 60Ka c/eayer JeJarh Ha CaMOH3-
JIMBAIOlHe HAKJOHHBIE CKBAXHHH M3 Kapbepa, a B IOpoAax
BHCSiUero 60Ka — Ha OTKPHITHIH JApeHaxX* HMJH Ha CHCTEMbI
NOA3EMHBIX JpEHaXHBIX BHIPAOOTOK, TaK Kak IPH IPOXOJKe
HX BKPECT IIPOCTHPAHHs MOXeT ObITb IepeceyeHo GoJblIoe
yucJ0o BOJOHOCHBIX cjoeB (pHc. 11.8). B Tex Xe measax ue-
J1ecoo6pasHo M3 APEHAXKHLIX BbHIPaGOTOK, OPHEHTHPOBAHHBIX
IO NPOCTHPAHHUIO CJ0EB, NPOXOAHTb FOPH3OHTAJbHbBIE U Ha-
KJOHHblEe CKBaXXHHBI.

11.7. OCOBEHHOCTH IOPEHA)XA MECTOPO)XIEHUW TUINA B

OcHOBHOlI 0COGEHHOCTbIO ApPEHa)Ka KPEeNKHX M cpefHed
MPOYHOCTH TPEUIMHOBATHIX MOPOJ ABJASeTcs HX cnabas H3-
MEHSIEMOCTb B OTKOCAX MOJ BJHSHHEM BOIBI H B CBS3H C
3THM cB0oGOJHOE BhICAUHBaHHe BOJABl B OTKPHIThiE TOpHbIE
BbHipa60oTKH. [Ipyroii BaxHO# 0cOOEHHOCTbIO ABJASETCS 60Jb-
1asg HeOJHOPOJHOCTb TPELUIHHOBATOCTH TIODPO/.

HMeercss MHOXKeCTBO INIPHMEPOB, XapaKTePHU3YIOLIHX
CHJIbHYI0O HEOLHOPOJTHOCTh BOAOOOH/IBHOCTH U NPOHHIAEMO-

* EcJiM OH JONYCTHM TO YCJIOBHSM BbIeMKH TOJIE3HOFO HCKONAaeMOro.
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CTH TPellMHOBATBLIX NOPOJ Pa3/jUYHOro JHTOJOTHYECKOTO
cocraBa. MlHorra Ha NpOTSAXKEHHH COTEH METPOB IOA3EMHbIE
ropHbele BBIPa0OTKH NPOBOAAT IO IIOPOJAM, NOYTH HE COAEep-
JKalluM IPaBUTALlHOHHOA BOAMI, M JHIIb NpPH BCTpeye 3a-
KapCTOBaHHBIX H3BECTHSIKOB H YYacTKOB C HHTEHCHBHOH Tpe-
IIHHOBATOCTbIO, IPHYPOYEHHBIX yallle BCero K 30HaM TEKTO-
HHYECKHMX HapYIIEHHH ¥ K KOHTAKTaM pas3JHYHBIX JIHTOJIOTH-
YeCKHX pasHocTell Nopop, HabJwaaeTcss 3HAYUTeJNbHAsi 06-
BOJHEHHOCTb. XapaKTepHHl CJAyYaH OGBOAHEHHOCTH OTHEJb-
HbIX B3DBIBHBIX CKBaXXHH IIPH HAJHYHH DSIOM PacCHOJIOMKEH-
HBIX COBEpIUIEHHO CYXHX.

HanoxeHHble 0COGEHHOCTH KOMIJIEKCOB TBEPABIX Tpe-
IIMHOBATHIX NOPOJ 3HAYHUTEJBHO OIPAaHMYMBAIOT 3P (HEKTHB-
HOCTb TJIyGMHHOIO JP€HaXa Ha MeCTOPOXJAEHHSX 3TOro TH-
na W yallle BCEro Onpeje/sioT HX OTKPHITHIH JpeHaX Kax
TEeXHHYECKH M SKOHOMHYECKH HaHuboJiee 1enecooOpasHblil.

IIpakTHKa OTKPHITHIX Pa3pabOTOK NOKA3bIBAET, 4TO NpH-
MeHEeHHEe OTKPBITOrO APeHaXXa, Kak NPaBHJO, He BHI3bIBaeT
B 3THX YCJIOBHUSIX KAaKMX-JHOO CYLIECTBEHHHIX OCJOXKHEHHH.
Bo-nepBbiX, BOJOHOCHBIE NOPOAbI B GOJIBUIHHCTBE CJyYaeB
BCKPBIBAIOTCS KapbepoM INPH OTCYTCTBHH BBICOKHX HaIOpPOB
B INoOpojax BHCSYero O60Ka, a BO-BTOPHIX, BO3MOXHBIH
NPOPHIB, NPH NPABHJIBLHOH OpPTaHH3aUUU PabOT, PEmKo Mo-
JKeT NPHUBECTH K KaTacTPohHYECKUM NOCJIEACTBHAM, TaK KaK
B Kapbepe uMeeTcsi 60JibLIOe BOAONPHEMHOE NPOCTPAHCTBO.
Buusanne Boabl Ha BelleHHe GypPOB3PHIBHBIX PabOT TaKkKe He
MOXET CUHTATbCS ONpelesAIolluM AJsS OTKa3a OT OTKPHITO-
ro fipeHa)ka: OHO MOXKeT ObITb YCTPAHEHO HEKOTOPBIM H3Me-
HEHHEM TEXHOJIOTHH 3THX pabor.

HyxHo ckasaTb, 4TO Ha MHOTHX MECTODOXKAEHHAX pac-
CMaTPHBAEMOro THNA BeJHYHHB NPHUTOKOB MOA3EMHHIX BOJI,
B 3aBHCHMOCTH OT KOJIHYECTBA aTMOC(EPHBIX OCaNKOB, pe3-
KO H3MEHSIIOTCS BO BPEMEHH; OCHOBHOE 3HaueHHe B 3TOM
clyyae MMEIOT MepONpPHSITHS 110 OPraHH3alHH IOBEPXHOCT-
HOTO CTOKA, a IVIYOMHHBIH NpeHax, KaKk TPaBHJIO, SKOHOMH-
YeckH Heuesecoo6pasen. ITomoGHble yC/IOBHS XapaKkTepHbI
HanpuMep, I/ MHOTHX DPYINHHX KapbepoB Cpennell Asuu u
Kazaxcrana.

Hens6exubiM aB/IfeTcss npHMeHeHHe OTKDPHITONO ApeHa-
Xa (4acTo BMeCTe C JIOKAJbHBIM TJyOHHHBIM JApeHaxkeM) B
nopojax, colepXkamux 6GoJblIoe YHCJAO BOJOHOCHHIX 30H,
THADAB/INYECKH cJabo CBSI3aHHBIX JPYr ¢ JAPYroM, KOriaa
HEBO3MOXKHO 3apaHee JOCTAaTOYHO JeTaJbHO OINpPeleNHTh
pacnoJioxkeHne OGBOJHEHHBIX ydacTKoB. Ecau B 3TOM ciay-
Yae HMEKTCA BecbMa BOMOOOHJbLHBIE 30HB, TO OTKPHITHIA
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JpeHax JoJiKeH ObITb OPraHH30BaH JOCTATOYHO HAJEXKHO.
O6mpem BojonpueMHHKOB (3ymndoB) ciaelyer BHOHpPAThb CO
3HauUTeNbHBIM 3anacoMm. s 6oJiee 3¢)(eKTHBHOIO NPOrHO-
3a NPUTOKOB He0oOGXoAHMMO OypHTb oneperalolllie CKBAaXKHHLI
HenocpeACcTBeHHO H3 3a6o4.

IIpn BcTpeye y4acTKOB NOBBILEHHOH OOBOXHEHHOCTH
caeflyeT MPOBOJHTb JOKaJbHOE IJyOHHHOEe BOJOTNOHMIKEHUE
CKBaXKHHAMH, NPOXOAHMMBIMH C NOAOIIBH Kapbepa. Takoil
JIOKaJbHBIH JpeHax ueJjecoo6pased B CAEAYIOLUIHX CJY-
yagx: ;

a) npu HAJHYHH BBISIBJIEHHBIX NpPEIBAPUTENbHBIMH H3bIC-
KaHHUAMH 30H C Pe3KO INOBHIILIEHHOH OOGBOAHEHHOCTbIO HJH
NPOHHLAEMOCTbIO (30HBI TEKTOHHYECKOrO0 APOOJEHHS, 30HHI
3aKapCTOBAHHBIX TOPOJ H T. L.);

6) Korza B mpUOGOPTOBOH 30HE KOHCEPBHPYIOTCS BBICO-
KHe Hanopsl, 06ycJoBJeHHbIe BePTHKAJIbHBIMH HJH HaKJOH-
HBIMH OTHOCHTEJbHO BOLOYNODHBIMH 3aBecaMH; MJisi CHHXKe-
HHSl HANOPOB IIPOXOASITCA CAMOH3/IHBAIOILINE CKBAaXKHHBI He-
NOCPEACTBEHHO H3 Kapbepa;

B) IIPH BO3MOXHOCTH IIOJIHOTO OCYIIEHHS] BCKPBILHOH
TOJIIH H MOJIE3HOr0 HCKOIIaeMOro MaJjibiM UHCJIOM BOJONOHH-
JKaIOIUX CKBAaXXHH, NPOOYPEHHBIX B IOAOHIBY Kapbepa.

B kauecTBe nmpuMepa MOXHO NpUBecTH Bbicokoropckuii
KeJIe30PYAHBIH Kapbep, KOTOPHIH MOJHOCTbIO OCylllajcsl Oi-
HOH-ZIBYMSl BONONOHHKAIOUIMMHM  CKBa)KHHAMH. Bbicokas
3 (eKTUBHOCTh BOLOMOHHUIKEHHS HA 3TOM Kapbepe obbsc-
HSIeTCl OCOOEHHOCTSIMH T'eOJIOTHUECKOT0 CTPOEHHSI MECTO-
poxneHud. Kapbep npuypouer K moJjioce XOpoLlo NPOHHLA-
€MbIX H3BeCTHSIKOB, OTPAHHYEHHOH ¢ 06eHX CTOPOH KOMILJIEK-
COM csabonpoHHIlaeMbIX NOPOJ; MO3TOMY OTKayKa BOJbI H3
CKBAXXHH, NMPOAJEHHBIX Ha H3BECTHAKH, NO3BOJMJIA IIPOCTO
H 3((}EKTHBHO pellNTh, MPOBJEeMYy OCYIIEHHS MecTOPOXK-
JEeHHUS.

CrnenydHUHBIMY SBJSIOTCS yCJIOBHS JpeHa)ka pas3pesHoil
TpaHWeH. BBuay Toro, 4To mMpPUTOKH B Kapbephl, BCKPbIBAIO-
1¥e KOMIIEKCH TPeUlMHOBATHIX IOpOJ, B IiepBble TOJbl
006ycJIOBJIEHH TJ1aBHBIM 00pPa30M CTATHUECKHMH 3amacaMu-
NOJ3eMHBIX BOJ, BEJIHYHHB BONONDHTOKOB SIBJSIIOTCS MakK-
CMMaJIbHBIMH B NePHOJ CTPOHTEJbCTBA Kapbepa. YUHTHIBaf,
KpOMe TOro, YTo TPellHHOBAaThie IOPOAHBI yallle BCEro Xapax-
TEPH3YIOTCA HEeOOJIbIIMMH CTATHYECKHMH 3amacaMH BOJ H
OGBIYHO XOPOIIO APEHHPYIOTCS] CPABHUTEJBHO MAJBIMH CPel-
CTBAMH, BO MHOTHX cJyyasx lenecoo6pa3Ho OpHEHTHPOBATh-
Csl Ha TJYOUHHBIN JpeHaX pa3pe3Ho#l TpaHLIeH, OCyIlecTB-
JsieMbifi mapaJiieNibHO ¢ ee npoxojakoi. s 3TOrOo MOryr
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HCNOJIb30BAThCs BOJONOHUKAIOIHE CKBAXKHHBI, NpPOHIEH-
HBle Ha yyacTKe pa3pe3HOi TPaHIIEeH (C MOBEPXHOCTH HJH C
6epm), npHYeM MOMKHO OrpaHHUHTHCS HEGOJIBUINM HHCJIOM
CKBaXKHH — NOPSANIKAa Tpex— MsATH, a HHOrAa H MeHbiue, He-
06X0HMO€ YHCJO CKBAXXHH MOXHO ONPENEJNHTh PaCYeTHHIM
nyrem mo ¢opmynaam (9.9) uau (9.10), 3agaBas npu 3TOM
noJio¥KeHHe ypOBHeH HMXKe JHA Pa3pe3sHOH TpaHIIeH.

Oco6oe MecTo cpeiay TBEPAbIX BOJAOHOCHBIX NOPOJ 3aHH-
MaiT KapGOHATHBIE NOPOJbI, KOTOphie BO MHOTHX cCJyyasx
XapaKTePHU3YIOTCsl NMOBBIILEHHOH TPEIMHOBATOCTbIO H 3aKap-
CTOBAHHOCTDIO, ‘GOJBIINMH CTATHUECKUMH H NMHAMHYECKHMH
pecypcamu noxseMHbix BoJ. TlosTomy kommiekchl Kap6oHaT-
HBIX NOPOJ Hepeako liesecoo6pasHo JAPEeHHPOBATh CHCTEMa-
MH BOJOIOHHXKAIOUINX CKBaXWH H B 3KCIJyaTallHOHHBIH
HepHOL.

Hao6opor, B nopoznax, o6JanamolliX cpaBHHTEJbHO cJa-
60ii TPEIMHOBATOCTbIO (ODHEHTHPOBOYHO C BOAOOTAAYEH
menee 0,5%), paspeanast TpaHiless MOXeT NPOBOAHThCS Oe3
r1yOMHHOIO npeHaXa. B 9ToM iclydyae oTKauyka 'BOABI BEJET-
csl M3 OTKPBITHIX BOAONPHEMHHKOB, DAaclOJIOXEHHBIX B IO-
IOollIBe pas3pe3HOH TpaHUIeH.

. 11.8. APEHA)X BHYTPEHHHUX OTBAJIOB U NMOAOLUBbI

) KAPBEPA

OCHOBHBIMH MepONPHATHAMH 1O OGecleyeHHI0 YCTOHYH-
BOCTH BHYTPEHHHX OTBAJIOB IeCYaHO-TJIMHHCTBIX TIODOJ, SIB-
JSIOTCS OPraHH3alls BOLOOTBOAA B IOJOLIBE Kapbepa H
IpeHaX OCHOBAHHs OTBAJOB /Il NpPeAyNpexAeHHs JONOJ-
HHUTEJBHOTO YBJIAXXHEHHS OTChIIaeMbIX NIOPOJ HJIH CHHMKEHHS
HaAllOPOB B MNOJOLIBE Kapbepa.

TIpu 3aseranuu BOLOHOCHOTO CJ10S1 HENOCPENCTBEHHO B
nojouIBe _Kapbepa HauboJiee 1ejecoobpaseH CHCTeMaTHYe-
CKHH JpeHax: B BHIPA60TAHHOM NPOCTPAHCTBE NPOBOAATCA
KaHaBH-ocylluTeaH (pHc. 11.9) Bmoabp ¢porTa pabor Ha
oTBaJie ¢ YKJIOHOM K KaHaBaM-coOHpaTeJsiM, KOTOphHIEe pac-
noJiaralorcsl NepneHJHKYJAsIpHO K (poHTY pabor HA Hanbo-
Jlee HU3KHX yyacTKax BbIpabOTaHHOro NpOCTPaHCTBa H obec-
NeyuBalOT CTOK BOABI K BOLOCOOPHHKAM.

.T'aiy6vHa KaHaB-oCylHTeJel 3aBUCHT OT TpebyeMoro
CHHXKEHHS YDOBHEH M NPHHSITOTO PACCTOSIHUSI MEXAYy HHUMH;
0OBIYHO 'OHA He NpeBHmaer 2—3 M. PaccrosHue Mexay xa-
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Puc. 119. Cxema cHCcTeMaTHYeCKOrOo JapeHaXXa OTBaJIOB:
hg—yponeub BOAE B KaHaBaX; hmax — MaKCHMaJIbHEIf/ YPOBEHbE TPYHTOBLIX BOX
nocye npoBeAeHHA ApeHaXXHBIX pa60‘r

HaBaMHU-OCYLIUTENSIMHU O yallle BCero IPHHHMaeTcs PaBHHIM
IIMpHHEe 3aXOJIKH.

Js cOXpaHHOCTH KaHaBbl 3aMOJHSIOTCS '(DUIALTPYIOIHM
MaTepHaJjioM HJH B HHX yKJajawiBaloTcs Tpy6nl. Bo nabexa-
HHe 3aWJIMBAHHUSI, CBePXY YKJAaIbIBaeTcsl CJOH Iecka MoOIL-
HocTeio 0,5—1,0 M.

Opranusanys CHCTeMAaTHUECKOro JpeHa)ka 3aMeTHO Oc-
JIOXHSIeTCA TP ‘OecTpaHCTOPTHOH cHcTeMe pa3paboTKU ¢
YaCTHYHOH noABajiKoH HHXHeH, Hanbojiee 0OBOJAHEHHOMH
yacTH paspabaThblBaeMOro mJjacra IOJIe3HOr0 HCKOIaeMoro.
B sTOM cayyae ApeHaXKHble KAHABHl JOJIKHBEI IPOBOAHTHCA
cpasy BcJaej 3a AOOBIYHBIM 3IKCKABATOPOM H  3achiaThCA
IpeHaXXHbBIM MarepuasoM. Ecau mox orBajaMu 0OCTalOTCS
He6oJ/IbLINEe 1IeJHKH VIV, He NO3BOJISIOIINE OCYIIECTBIISATh
HeNpephIBHYI0 NPOXOAKY KaHaB-cobuparenedl, To 1eJHKH
JOJIKHBI NIpOpe3aThCs KOPOTKUMH IUTOJbHSMH, B NOYBe KO-
TOPBHIX TaK¥Ke YKJaJblBaeTcsi HpeHaXHH# CcJoH.

Ilpy oTchInKe OTBaJOB HAa BOZOYNOPHOE OCHOBaHHE JApe-
HajKHble MEPONPHUSITHS B NOJOLIBE Kapbepa HeOOXOLHMBI
JIMIUBb NIPH HAJHYMHU NOJ BOAOYIIOPOM HANOPHOTO FOPH30HTA,
3aMETHO BJIHSIIOIETO HAa YCTOMYMBOCTb OTBaJoOB. JlpeHax
ocyllecTBageTcd TPyOuaThiMH BOJONOHHXKAIOIIUMH KOJOX-
aMH — CaMOH3J/IHBAIOIIMMH HJH 06OPYNOBaHHBIMH HAacoca-
MH, KOTOpble paclnoJiaraioTcs B BbpabOTaHHOM NpOCTpaH-
CTBe NapaJsJle/lbHO JIHHHH OTBaJOB M JOOYpHBAlOTCS IO
Mepe MOABHraHHsA ¢poHTa Ppador.

Ecou Xe B CHHXKEHMH HamopoB HeT HeOO6XOIXHMOCTH,
TO OrPaHHYUBAIOTCS OpraHH3allveli BOAOOTBOAA B NOXOIIBE
Kapbepa € IOMOIIbI0 HerJyOOKHX KaHaB, KOTOpble mepel
3achiIKO# OTBa/JaMH 3aloJIHSIOTCS [JPEHaXXHBIM MaTe-
pHaJiom.

- . -
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OnHako Heo6XOAMMO HMETb B BHAY, MTO JJIA YCKOPEHHS
KOHCOJIMJALMH OCHOBAHHSI H FJIHHHCTBIX NOPOXA OTBAJOB He-
pEeIKO HeoOXOAHMbI CIelHajbHble MePONPHATHS, CHHXKAIO-
lilHe H36HLITOYHOE NOPOBOE AaBJIEHHE: CEJEeKTHBHAsS OTCHIIKA
BCKDBILIHBIX MOPOJ AJIs CO31aHHs B OTBaje OTHEJBHBIX
(GHUALTPYIOIIMX (TIECYaHBIX) MPOCJOEB, YCTPOHCTBO JpeHaXK-
HBIX HacbileH H3 rpaBusi (Le6HA) HJM CIVIOWIHBIX NEeCYaHbiX
NOAYIIeK B OCHOBaHHH OTBaJoB (MOILLHOCTb IIECYAHOrO CJIOS
MOXET NpHHHMATbCS OTHOCHTENbHO  HeGoubuiol —50—
80 cm). Ilpu OTChIIKE OTBaJIOB HAa OCHOBAHHE M3 CKaJbHBIX
HJIH TIONYCKAJbHbIX MOPOA APEHHDYIOUHi CJIOH B HX TIO-
OLUBe MOXeT ObITh CO3JaH TaKXKe NyTeM DPbIXJEHHS OCHO-
BaHHs GypPOB3DPHIBHBIM CIIOCOGOM.

Jlnst yMeHblleHHs BeJHYMHBI HHQUAbTPALUH aTMocdep-
HBIX OCaJKOB IeJecoo6pasHo, N0 BO3MOXKHOCTH, MJIaHHPO-
BaTh NOBEPXHOCTH OTBAJIOB HA yyacTKax, TpHJeraiollux ¥
OTKOCY.

11.9. OPTAHU3ALUS NMOBEPXHOCTHOTO
U BHYTPUKAPBEPHOI'O CTOKOB

PerynupoBanue HOBEPXHOCTHOTO CTOKa JOXIEBHIX, Ta-
JBIX ¥ TeXHHYeCKHX BOJ AOJKHO IIPOM3BOJAHTLCS B Ipeje-
Jax caMoro Kapbepa M B Ipefesnax HpHJexalledi moJockl
BOKPYr Hero Ha paccrosiHud He MeHee 150—200 m mpu Ha-
JUYKK cJaGONPOHHIAeMbIX NOKPOBHHIX OTJOXeHHH H 400—
300 M —1npH OTCYTCTBHH TAaKOBBIX.

IlIpn HaK/JIOHHOM 3a/leTaHHMH CJIOEB MEPONPHSATHA IO pe-
ryJHPOBaHHIO NIOBEPXHOCTHOrO CTOKA MOJIKHHI IPOBOJAHTHCSA
C MaKCHMaJbHOH MHTEHCHBHOCTbIO HAa NMPHJEXAIUX K Kapbe-
Py ydacTKax BBIXOJOB BOJOHOCHBIX CJIOEB Ha NMOBEPXHOCTb.
Ha mecropoxpenusix tTuna B, npu MaJjoli MOIIHOCTH MO-
KPOBHHIX OTJ/IOXKEHHH T[JIMHHCTOTO COCTaBa, PperyJupoBKa
IIOBEPXHOCTHOTO CTOKa TpHOOpeTaer ocoboe 3HAUeHHe, TaK
KaK NOCTYIJIEHHe aTMOC(EDPHBIX HJIHM TaJbIX BOL MOXKET NpH-
BECTH K ObICTPOMY IOABEMY YDOBHEH B TPeIIHHOBATHIX IIO-
ponax.

MeponpusiTHa 1O peryJHpoBaHHIO NOBEPXHOCTHOTO CTOKA
BKJIIOYAIOT: YCTPOHCTBO HATOPHBIX M BONOCHYCKHBIX KaHaB,
MJIAHUPOBKY TEPPHTOPHH BOKPYT Kapbepa (C IpHIAHHEM
NOBEPXHOCTH YKJIOHA B CTOPOHY. HAarOPHHIX KaHaB), a Tax-
}Ke IJIAHMPOBKY IIOIAafOK YCTYNOB. YKJOHB, IIPHAaBae-
Mble KaHaBaM, JIOJXHbl TapaHTHPOBAThb OTCYTCTBHE 3PO3H-
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onnoro pasmuiBa [30]. Ha oTkocax yctynos uepes 200—
300 M Heo6xomMMO NMpefyCMaTPHUBATh JHBHECTOKH.

Cucrema 0TBOJA JOXKAEBBIX, TaJblX H TEXHHYECKHX BOX
JOJXKHA yBSI3bIBATbCA CO BCEH CHCTEMOM ApeHa)ka H BHYT-
pHuKapbepHOro BOJA0OTBOAA. IIpH 3TOM B psije cayyaes weJe-
coo6pasHo NpHUMEHEHHEe eJHHBIX BOJOOTJHBHBIX CPEACTB my-
TeM MKCIOJNb30BaHHA OOIIHMX BOJOCOODHHKOB H HAacoCOB,
ycTpo#icTBO BOLOCOPOCHHIX CKBAaXXHH W3 Kapbepa (Ha moi-
3eMHble JpeHaXkHble BHIPAOOTKH) H T. I.

(MeponpHusiTHSl 110 OPTaHH3aLUH BHYTPHKADPLEDHOTO CTO-
Ka JOJDXHB B NEPBYIO ouepeib HNpefoTBpaliaTh CBOOOAHOE
CTeKaHHe BbICAYHBAIOIINXCH BOJ IO OTKOCaM OGOPTOB Kapbe-
pa. Hecobuaiogenne aToro tpe6oBaHUs NPUBOAHUT K pa3BH-
THIO pa3J/jiMyHoro poja nedopmanuii, HauMHAs OT pa3MbIBa
OTKOCOB M KOHYAasl ONOJI3HSIMH YCTYNOB HaOyxaiolHX TIJH-
HHCTHIX mopox. Kpowme Toro, cTekaolllasi BOAa, CKANJIUBAasCh
Ha nJolllajkax AOOGBLIYHBIX YCTYNOB M B MX OCHOBAaHMH, NPH-
BOAHUT K NONOJNHHUTENbHOMY YBJa)KHEHHIO INIOJE3HOrO HCKO-
‘TaemMoro.

BriTekaolmue Ha OTKOC BOABI JOJIXKHBI NOCTYNAaTh B BO-
JNOCOOPDHHKH 1O CNEeUHaJbHBIM BOZOOTBOIHBIM YCTPOMCTBAM
(3aKpBITHIM H OTKDHITHIM KaHaBaM, TPyGONpOBOAAM H T. I.).

Ins nenTpanu3alMy BOLOOT/NHBA HHOLAA Liesecoo6pas-
HO NpOBeJleHHe ClelHaNbHBIX BOLOOTBOAHBIX BHIPaGOTOK MOK
NONOUIBOH Kapbepa, Ha KOTOPble M3 OTHEJbHBIX OTKDBITHIX
BOJOCGOPHHKOB 6YpsATCA BOLOCOPOCHBIE CKBaXHHBL. OcobeH-
HO 4acTO Heo6XOLHMMOCThH B 3TOM BO3HHKAET NPH HAJHYHH
BHYTPEHHHX OTBAJOB (B YaCTHOCTH, NpH paborax c mojaBaJ-
KOH OOBOJHEHHBIX NOPOA), €CJAM H3-3a CJOXKHOH THICO-
METPHH BOJOYNOPHBHIX IOPOJ B NOJOLIBE Kapbe€pa camorey-
HBfl BOJOOTBOJ HEBO3MOXKEH.

‘CxeMBl BOJOOTBOAA JOJIKHH YBSI3HIBATBHCS C IPOEKTHHI-
MH CXeMaMH BeleHHs ropHmix pabor. Tak, npu mosorom aa-
JIETaHUH IJlacTa MOJIeBHOTO HCKONaeMoro, Koria B psine
c/y4yaes TEXHHYECKH HEBO3MOXXHO OPraHH30BaTb BOAOOTBOA
B Kapbepe C MOMOIbI0 NPOGHIHPOBAHHBIX KaHaB (OpH
GosblIOH 1JMHE (PPOHTA TOPHBIX PaboT, HEBBIAEPHKAHHOH
THIICOMETPHH MOYBHl . NJAacTa MOJE3HOTO  HCKOIaeMOro
H T. J.), CAMOTEYHBIi BHYTPUKAPbEPHHIH BOJLOOTBOJ MOMKET
OBITH O6ecreueH 3a cueT pa3MelleHHsi BCKPHIBAIOUIUX BhIpa-
GOTOK NOJ yIJIOM IO OTHOILIEHHIO K H30THIICAM NOYBH MJACTa
NOJIE3HOT0 HCKONAaeMOoro.

BaxkHoe 3HaueHHe HMeeT yueT TUNCOMETPHH IOYBHI
nJacTa NOJIe3HOr0 HCKONAaeMOro AJsi OPraHH3amHH BOLOOT-
BONA Ha Kapbepax C BeePHbIM NepeMellleHHeM (POHTa rop-
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HblX pa6oT. B aTom cayuyae mpu BbiGope BapHaHTa BCKpPHI-
THS1 ¥ oOlilell cXxeMbl pa3BUTHS pabOT AOJIKHA YUHTHIBATBHCH
1esecoo0pa3HOCTh PaclosoXKeHHs1 NOBOPOTHOTO IYHKTa
Kapbepa B HauHH3lIeH YacTH TOYBH KaphepHOTo HoJis Ha
BeCb CPOK €ro 3KCIJyaTalHH.

IlpuMeHeHne GeCTPpAHCIOPTHBIX CHCTEM pa3paboOTKH C
[oJBaJ KON OTKoca JOOBIYHOro ycTynma mpH oTpaboTke Me-
CTOPOXJEHHH 10 BOCCTAHHIO THICOMETPHHM NOYBHI MIJacra
0OBOJHEHHOrO NOJIE3HOrO HCKONMAaeMOro KpaHHe HexeJa-
TeJbHO. B 3TOM c/lyyae co3faHue mpHeMJeMOll cxeMbl BOJO-
OTBOJA BeCbMa 3aTPYyNHHTENLHO.

OrkaynBaeMble Ha NMOBEPXHOCTb MOJA3EMHBIE BOJBI, He
HCMOJIb3yeMble [JIT BOAOCHAGKEHHS, NOJIKHBI cOpachiBaTh-
CSl B PEKH HJIM ‘BOJOEMBbI, €CJIH 3TO AOCTYIHO IO CAHHTAPHBIM
ycaoBHsiM. B mpouux cayvasix (npu oTCyTCTBHHM GJIH3KOpac-
NOJIOXKEHHBIX PEK M BOMOEMOB HJH HMPH ONAaCHOCTH HX 3a-
IPsI3HEHHA) cJefyeT yCTPaHBaTh NPYIbi-aKKYMYJSTOPHI,
NPHYPOUEHHbiE K €CTECTBEHHbIM BNaJHHAM HJH OKOHTYpEH-
Hble orpaxkJaiollluMu Aam6aMu. s CHUXKEHHS OO0 MHHH-
MyMa BTOPHYHOTO MOIVIOIIEHHS BOABI MPYAbl-aKKyMYJISITOPH
HeOGXOAUMO pacmojiaraTh Ha cJ1a60NPOHHIAEMBIX TIOKDPOB-
HbIX OTJIOXKEHHSIX.

AHaJjlorHyHO NPU OTBOZE M OCYIIEHHH PeK H BOIHBIX KOJI-
JekTopoB (o3ep, mMpynoB, 6OJOT) cjefayeT TUlaTeJbHO H30-
JIIpOBaTh pycJa OTBOAHLIX KaHAJOB, KOTODble SBJSIOTCS
JOTMOJIHHTEJIbHEIM HCTOYHHKOM NHTaHHS MNOJ3eMHBIX BOJ H
HepeJKO BLI3BIBAIOT B CBSI3H C 3THM OMNOJI3HEBHEe JedopMa-
LLHH.

B nesom cienyer oco6oe BHHMaHHe yAeNsTh MepPOnpHs-
THSIM 1O OTBOJLY IOBEDXHOCTHBIX BOJ H NO OpraHH3allHH
BHYTPHKapbepPHOTO CTOKa: NpeHe6peeHHe 3THMH MepOINpH-
ATHSAMH 4acTO CBOJHT Ha HeT paboTy MOIUHBIX H HOPOTHX
IpeHaXKHbIX YCTPOHCTB, TIPeJHAa3HAUEHHBIX 1Jsi 6GOpPbOHI C
NOA3eMHBIMH BOJaMH.
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YBaxaembiii ToBapuin!

HU3IOATEJIbCTBO «<HEJPA»
FOTOBUT K MNEYATH HOBDBIE KHUTH

TPAYEB . T.
Teopuss M NpPaKTHKA yCPeIHEHUs] KauyeCcTBA MHHEPAJBHOTO  CHIPbS.

19 2. 3 p.

PaccMOTpeHB! BONPOCH TEOPHH H NPAKTHKH YCpeJHEHHS KayecTBa
ChIpbsi HA OTKPHITHIX paspaborkax. IIpoananusupoBaHbl TpeGOBaHHS K Ka-
yecTBY cbipbsi. CchOpMYJHPOBaHBl CTPYKTYpa, Lelb H KPHTEPHH CHCTEMBI
KOMIIJIEKCHOrO YMNpaBJieHHss KaueCTBOM CHIPbSi B YBSI3Ke € NPHPOAHLIMH,
TeXHHYECKHMH, TEXHOJIOTHUECKHMH H 3KOHOMHYecKHMH dakrtopamu. Ilpen-
JIOXKEHbl pacyeTHble METOAbl TEXHOJIOTHH H OpraHH3alHH BHYTPHKapbep-
HOro ycpefHeHHsSi. JlaHb OCHOBBI NMpPOEKTHPOBAHHS IIEHTPaJH30BaHHBIX
PYAONOArOTOBHTE/bHBIX KOMIIJIEKCOB,

Jlnsi paGOTHHKOB HayYHO-HCCJIEJOBATENbCKHX H NMPOEKTHBIX HHCTHTY-
TOB H HH)XeHepHO-TeXHHYECKHX paGOTHHKOB NPeANpPHSTHH rOPHOAOGLIBA-
jollel POMBIIIJIEHHOCTH.

NMAPYHAKSH B. 3.
KomniekcHass ~ MexaHusauusi myTeBHX  paGoT Ha  Kaphepax,

20 1. 1 p. 40 k.

JlaHa OLleHKa COCTOSIHHSI TEXHHYeCKOH OCHAalLleHHOCTH, TEXHOJIOTHH H
opraHH3alliH NyTeBHIX paboT Ha Kapbepax. M3/10xeHbl METOABl ONTHMH-
3alHH NyTeNepeyKaaaouHbix paboT, ompefdeleHHs HX IOKa3aTelei H OI-
THMaJIbHBIX NIapaMeTPOB NyTenepeyKaaJOYHbIX MaliiH, PaccMOTpeHHb TeX-
HOJMIOTHYeCKHe CXEeMBI IyTeBbIX paboT H BONPOCH COBepIlIeHCTBOBAHHS Op-
raHusauuH TEKYLIEro COJep:KaHHs NMYTH, NPHHLUHNBI NJAHHPOBAHHS M VI-
paBJieHHs] NMYTeBbIMH DabOTaMH, TeXHHKO-3KOHOMHYECKOH OLEHKH 3ddeK-
THBHOCTH MEpONPHATHH N0 KOMIJIEKCHOH MeXaHHM3allMH NMYTeBHIX pa6oT Ha
Kapbepax.

Insi uHXKeHepHO-TeXHHUECKMX PabGOTHHKOB KapbepOB, HayyHo-HCCJe-
JOBaTe/JIbCKHX H INPOEKTHO-KOHCTPYKTOPCKHX OpraHu3aliuii ropHOA06bIBA-
IOUIHX OTpacJ/ieif MPOMBILIJIEHHOCTH.



NEPETOJIYHUH B. A.
BpamaTtennHoe M wapouieyHoe GypeHHe CKBAaXKMH Ha Kapbepax.
10 a. 50 k.

PaccMOTpeHb! BONpOCH! BhIGOpa MapaMeTpoB H pacuera NoKasaTesefl
pa6oTBl CHCTEM TPAHCIOPTHPOBAaHHUSI GYPOBOH MeJNOYH BO3AYXOM H IiHe-
KaMH npu 6ypeHHH CKBaXKHH Ha Kapbepax. [IpHBeileHH KOHCTPYKUHH 6ypo-
BOr0 HHCTPYMeHTa JJsi GYypeHHsi CKBaXXMH c NpPOAYBKOH M LIHEKOBOH
OYHCTKOH, OmpefeseHbl 06J1aCTb HX PANHOHAJBLHOrO NPHMEHEHHS H NYTH
noBbllIeHUst cTOHKOcTH. OcBellleH ONBIT 3KCMJyaTalHH CTAHKOB H OTpa-
GOTKM G6YpPOBOTO HHCTPYMEHTAa B Pa3JIHYHBIX TOPHO-TEOJIOTHYECKHX YC-
JIOBHSIX.

Jnsi uHXKeHepHO-TeXHHYECKHX PaGOTHHKOB KapbepoOB, NPOEKTHHIX H
KOHCTPYKTODCKHX OPraHH3awlHi.

IIAOPUH H. M.
CnpaBOYHHK MacTepa W OpurajMpa TATOBOW CETH  Kaphepos.
12 1., 60 k.

Hanoxens! o6liHe cBefleHHs 06 3JeKTPOBO3HOM TPAHCIOPTE HA Kaphb-
epax; npHBelleHbl MaTepHaJbl 10 ONOPHO-NOAAED KUBAIOLIHM KOHCTPYKIH-
fM, IPOBOJAM, TPOCAM H JeTajsiM KOHTAKTHOH CeTH KapbepoB, a TaKxe
TeXHHYECKHe HOPMH HX cojepikanus. OnucaH MOHTaXX TSroBOH CeTH, Aa-
HBl MaUIHHBl H MEXaHH3MBbl JJIs MOHTa)Xa CTAalHOHAPHOH TATOBOH CeTH H
nepeiBHXXHOH GOKOBO# KOHTaKTHOH ceTH. I[IpHBeleHBI MpHEMbl H NMpaBHJA
06CIyKHBAHUSI H PEMOHTA TArOBO# ceTH, TPeGOBaHHS TEeXHHKH Gesomac-
HOCTH npH paboTax Ha KOHTaKTHOH cetH, KpaTKo H3JoXeHH TpeGoOBaHu,
npeAbsiBAsEMbie IPH IPHEeMKe pa6oT MO TATOBLIM CETSIM.

Jlns MacTepoB, GPHrafipOB M MOHTAXKHO-3KCIJIYaTAllHOHHOTO Mepco-
HaJsla TAroBOH CeTH Kapbepos.

Hurepecyrouwue Bac xnueu Ber moxcere npuobpectu 8
MECTHbIX KHUINCHbLX MQA2A3UHAX, PACNPOCTPAHAIOUUX HAYUHO-
TeXHU4eCKY0 AUTepaTypy, uiu 3aKa3aTe yepes ordes «Kuu-
2a-noyTol» MQA2A3UHOB:

Ne 17 — 199178, Jlenunepad, B. O., Cpednuii npocnen

No

61;

5]

59 — 127412, Mocksa, Keposunckoe wocce, 20.

Usnartennctso «Hexpa»
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