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MMPEOANCJ/IOBHE

B nacrosilee BpeMsd H3 HeAp 3eMJaH HoOwBaetcs okoJo 400 BuaoB
MHHEpPaJbHOTO CHIpbsl, CPEAH KOTOPHIX OCHOBHasi uacTb, 6ogee 85 Y
MHDOBOH JOOLIUHM, NPHXOLHTCS Ha JOJIO TOPIOUHX HCKOMaeMBIX
(nedTH, rasa, yrasa), okoao 12 9 3aHuMalOT IBETHHE U YEPHHE Me-
Taniabel, 3 % — CTpOHTeNIbHbIE MaTepHaJbl, MHHEepaJbHeE YA0oGpe-
HHS, HEMETaJJH4ecKoe ceipbe U T. A. IIpH 3TOM cJeayeT OTMETHTb,
yto 93 % SHepreTHueckoro CcHpbss B MHpPE COCTaBJSIET YIOJb.
B CCCP gefictByioT okoqo 1400 maxt H TNOA3eMHBIX DPYIHHKOB,
bosnee 6300 kapbepOB H TPHHCKOB, KOTOpble NpHBEJH K Hapylie-
HHIO 2 MJH ra 3eMmenb. OCHOBHAs uacTh 3THX 3eMenb (6osee 70 %)
HaxoANTCsl B HauboJee pasBUTBIX U TYCTOHACeJNeHHHIX palfoHax
CTPaHHL.

Ha esponefickoii 1actu tepputopun CCCP gno6wmsaerca 75 %
NOJEe3HREIX HCKOTAeMBIX; €XeroJHO Hapyllaercs AO 5 THIC. ra, 4TO,
IpH COXPAHEHHH COOTBETCTBYIOIIEH TEHIEHUHH Pa3BHTHS TOPHOMAO-
OriBarouiell npoMbliigeHHoctH, K 2000 r. npuBeleT K BBHIBOLY H3 Ha-
poAHoro xossiictBa eme 1 MJH ra 3emenbHeiXx pecypcoB. Hurte-
pecHO OTMETHTb, YTO TIOJIOBHHAa BCEX HApYIIEHHHIX TIOmazedl mpu-
XOAUTCS Ha TOpGOoLOGHBAIOINYIO NPOMBILLJIEHHOCTL, Goaee 25 % Ha
pa3paboOTKy IBETHHIX MeraJaos, Gonee 10 % — ma xapbepnl crpoil-
maTtepuajos, Gonee 5% — Ha yroJabHyI0 NPOMBILIJIEHHOCTb, B CPEA-
HeM 3 % Ha Jo6blUY YEpHBIX MeTaJJIOB H MHHepasJbHBIX yaoGpe-
nui [19].

Kak noxkasniBaer aHaJH3 JaHHBIX O 3€MJIsIX, 3aHATHIX TIOJ rop-
HYI0 TIPOMBIIJIEHHOCTh, 3HauuTeJbHas HX 4acThb Morja On ObITh
BecbMa MNOJIe3HOA JJs HapoOAHOro xosficrsa. Tak, Hanpumep, Ajad
HYXJ ropHofoOnBatomux npeanpusatuii Kypcko#i MarHuTHOH aHo-
maaun (KMA) exerogno otsoautcs 300—350 ra semeib, H3 KOTO-
peix 859 wucnoab3zoBanuCch B CEILCKOM X03siicTBE, B [10AMOCKOB-
HOM YroJibHOM GacceifiHe HapylleHo 6oJsiee 3,6 THIC. Ta CEJIbCKOXO-
3adCTBeHHBIX YrOJAHi, Ha YKpaHHe TNOJOBHHY NJjolnaleli, OTBOAH-
MBIX TIOJ, FOPHOE€ NPOH3BOJACTBO, COCTABJAAIOT NalllHH (B CpelHeM
17—18 THIc. Ta B roa). Ha orpoMHbIx njaomajsix H3MeHsSeTcs BaaXkK-
HOCTHOH pEXHM B peayJbTaTe [DEHHPOBAHHS TNOA3EMHBIX BO..
B 3TOM OTHOINEHHH HeraTHBHEIMH NPHMEpPaMH MOTYT CJAYyXKHTb rop-
Hopyaune pafionsl KMA, CeBepoypa/bcKOro GOKCHTOBOTO pyAHHKA
(CYBP) u Honbacca [19].

B 6auxkaiimine roisl noTpebJeHHe 3HEPTHH 3a CYET HUCKONaeMEIX
BHJAOB TOIJIHBA BO3pacTeT B 12 pa3, a yAe/NbHHH BeCc rOpHOAOGHI-
BalOLIero TPOH3BOJACTBA B BaJIOBOM HAIHOHAJbHOM TPOAYKTE —
B 2—3 pasa u gocturuer 12—15%. Hauunalouascsa nureHcudpuka-
UHA TOPHOTO NMPOH3BOACTBA NPOHCXOJAHT IPH BIOJHE ONpefeaeHHOH
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TeHJeHUUH B OGJACTH CCBOEHHS MECTOPOXK/JAEHHIl IMOJE3HBIX HCKO-
nacMeix (MIIH), kotopas xapakrtepH3yeTrcs caelylOHIHMH OCHOB-
HBIMH TIOJIOXEeHHSIMH: a) pasBeAyloTcs H cAalTcd AJsi pa3paloTky
MeCcTOpOXAeHHs] cO Bce $oJiee CAOKHBIMH NPHPOAHBIMH YCJIOBHSIMH;
6) yBesuuHBaeTcsl rNyOHHZ pa3spaGOTKH MeCTODOXKIEHHH TNoA3eM-
HBIM H OTKPBITHM CriocOGOM, UTO CO3laeT KauecTBEHHO HOBBIE YCJIO-
BHSl JJIsi pa3BelKH H SKCIVIYaTallHH; B) YMEHbILAETCS cCOAepkaHHe
NOJIe3HBIX KOMIIOHEHTOB; ) yXylAwaeTcd (PH3HYECKOE COCTOsIHHE
FOPHHX TIOPOA; A) YCJOXHSETCSl OLEHKa HamnpsiXKeHHO-AedopMHpo-
BAHHOTO COCTOSIHHS MOPOJ. BOKPYr FOPHHIX BHIpabOTOK; €) pacTer
BOJO- H Ta3000HJBHOCTB; ) NpPHMeHseTcs] Bce Oo0JIee CJOKHOE H
NpOH3BOJHNTENBHOE 060opyaOBaHHe, Tpebylomiee cO3JaHusd HaJeKHbBIX
ycaoBHit paGoTh; 3) pacTyT TpefoBaHHSI K palHOHAJbHOMY HC-
NOJb3OBAHHIO H OXpaHe 3eMHBIX HeAp, K YJAYYIIeHHIO ycJoBHH pa-
60TH H Ge30MacHOCTH TpyAa ropHsikoB. Ha passenky u mo6biuy 10-
JIE3HBIX HCKOMAEeMBIX B CTpaHe pacxofyeTcs Ao 40 % kanuTaabHBIX
BJIOKEHHE, 3J1€Ch cOocpenoToYeHH 0KoNo 30 Y% MpeH3BOLCTBEHHBIX H
20 % TpYROBHX pecypcoB.

OcoGoe 3HaueHHe NpHOGPETAIOT CBOEBPEMEHHOCThb, TOYHOCTL H
HaJEeXHOCTh OLEHOK H IIPOTHO30B Te0JIOTHUECKHX YCJOBHIl paspa-
6otkn MITM. UM3-3a CJI0XKHOCTH 3THX YCJIOBHE MECTODOXKIEHHH H
MHOTO( aKTOPHOCTH TPOIECCOB, BO3HHKAIOIKX NPH HX B3aHMOIEH-
CTBHH C TFOPHBIMH BHIpaGOTKaMH, GOabluIast yacTb NpobjeM, CBA3aH-
HBIX C ONEHKOH H NPOTHO30M YCTOHYHBOCTH FOPHBIX COOpPYXEHHH,
peliaercd B NIEPHON HX CTPOHTENBCTBA H SKCIJyaTalHH (B OTJHUYHE
OT JAPYTHX THNOB coopyxeHHi). IlosToMy npHXOAHTCA NPOBOZHTH
HeJieHanpaBJeHHbIe reoJiOTHUECKHE HCCJ/elOBaHHs HE TOJBKO B Ile-
PHOA pa3BeJKH MECTOPOXKAEHHH, NJsI YTBEPKJAEHHS HX 3anacoB
B 'ocynapcTBeHHOH KOMHCCHH NO 3amlacaM MOJE3HBIX HCKOTaeMBIX
(TK3) u mpoeKTHpoBaHHs TOpHOro NPEANPHSATHs, HO H Hernocpel-
CTBEHHO B FOPHHIX BHpaGOTKax BO BPEM# HX CTPOHTEJBCTBA.

Msuoronetnsist paGora aBTopa Ha pasjuunbix MIIHM, waxrax,
pyAHHKAaX H Kapbepax, a Takike CO CTyA€HTaMH TODHBIX H IeoJ0rH-
YeCKHX ClenHaJbHocTeH ybOexJaer B TOM, YTO FODHOMY HHXKEHCDY
(TexHoJIOTY, WIAXTOCTPOHTENIO, MapKuleilepy) HeOGXOIHMBI 3HAHHS
06 onpenensiomell pOJH TeoJOTHUYECKHX YCJOBHH MECTODOXKJCHHM
KaK cpeJibl TOpHHX paboT ¥ FOPHHIX COOPYMKEHHH, T. €. 06 HHKeHep-
HO-TeOJIOTHUECKHX (ropHo-Teojornyeckux) yciaopuax MIIH (a me
OCHOBHBIE CBEJEHHSI H3 pas3IuyHBIX pasfelioB TE0JOrHYECKOH
HayKH).

Hcxonsi u3 BHCKa3aHHBIX NPHHUHMIHAJBHBIX NO3HIHA, B OCHOBY
HanHCcaHHA yueBHOro MocoOHA GBI NOJ0XKEeH HHXKCHEDHO-TEO0J0TH-
yeCKHH TOAXOJ, 4TO npeicTaBiser coboil HOBYIO MOMBITKY COCTaB-
J€HHS TOLOGHBIX YueGHHKOB AJsi CTYAeHTOB-TOpHAKOB. C npHaHa-
TeJBHOCTBI0 OYIYT BCTPEUEHH OT3HIBH CNELHAJHCTOB-TEOJOTOB H
TOPHSIKOB, KOTOPHle MOXHO HanpapJsTh no aapecy: 199026, JleHuH-
rpan, 21-a aunus, 2, JITH, kadenpa nHxKeHEPHOH TEOJOTHH.
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Yacte 1
HH:xeHepHO-reosioruueckue
YCJIOBHSI MECTOPOXKIAEHHIA
TBEPIbIX NMOJE3HbIX HCKONaeMbIX

IF'napa 1

OCHOBHBIE TIPUPOJIHLIE PAKTOPHI,
ONPEREJNSAIOUIHE YCJIOBHUSA PASPABOTKH
MECTOPOXIEHUMH NOJE3HbBIX HCKOMMAEMbIX

1.1. MOHATHE
Ob HH)KEHEPHO-TEQJIOTHYECKHX YCJOBUAX

[Ipu usyvyenuu MIIU BHABJAKT K OUEHHBAKT HX Pa3JHUYHHE TIPH-
podHBIe OCOOEHHOCTH: OpOTHApOrpaduio, reoJoruyeckoe CTpPoOeHHe,
ropHble MOPOAbI, NMOA3eMHBIE BOAB H Ta3bl, reoJMHaMHyeckKHe Mpo-
Lecchl H fIBJEHHSA, NMOJe3HOe HCKOnaeMoe, ecTeCTBeHHOe HamlpskKeH-
HOe COCTOSIHHEe, TEKTOHHYECKYI0 H HEOTeKTOHHYECKYH OOCTaHOBKY
u Ap. Ilpu 3TOM uacTo roBOPSAT O rEOJOTHYECKHX, IHAPOreoJoraye-
CKHX, TeoMOp(OJOruuecKuX, TEKTOHHYECKHX, TeOKPHOJOTHYECKHX
YCJIOBHAX MecTOpoxkKiAeHHsT # 00 HX olueHke. Bce mnepeuncieHHHe
0CcOGEHHOCTH NMPHPOAHOH OGCTAHOBKH HMeKT OnpefeNeHHOe 3Hade-
HHe NpH OLleHKe TeppHUTOpHH ¢ TOUYKH 3peHHs HX ocBoenus. OcHOBO-
MOJIOXHHK HHKeHepHOH reosoruu akageMuk @. [1. CapapeHckuf,
OllCHHBAsA TeO0JOTHYECKYI0 CHTYaLHIO B LeJAX CTPOHTE/IbHOH mpak-
THKH, BBeJ IOHITHE O TIeO0JOTHYECKHX VCJOBHAX CTPOHTENbCTBA,
a mosxe, B cBOeM KanuTtaJjbHoM Tpylde «MHXKeHepHas reoJorusa»
(1937—1939 rr.), HasBaJd HX <«HHXKEHepHO-TeOJOrHYeCKHMH YCJI0-
BHSIMH». ODTOT TEPMHH HCIIOJB3YeTcs B HHXKeHepHOH TreoJOTHH H
CTPOHTeJbCTBE H B HacTOslee BpeMsi B pa3HHX (OpMYJHpOBKaXx,
HO 0e3 CYIIeCTBeHHOIO H3MeHeHHs ero MepBOHaYaJbHOTO cogep-
JKaHUA.

Axapemuk A. A. CkounHckui#l, BnepBHe NpeAJOXKHUBIIKY TepPMHH
«TOPHO-Te0JOTHYEeCKHe VCJAOBHS», XapaKTepPH3ys 3ajaud TopHo#
Haykd (1946 r.), orMeuaJ, yro HeoGXOJHMO, HCHOJb3YSl MOCTHMKe-
HHUSl MaTeMaTHKH, (QH3HKH, XHMHH U [HKJIA TeOJOTHUECKHX AHCLHII-
JIUH, ofecrneduTh HaydyHOe MOHMMaHHE CJOXKHBIX ABJEHHHA H Tpouec-
COB, NIPOHCXOJALIMX B HeApPaX 3eMJH NPH pas3paboTke MecTOPOXK-
JeHHI NMOJIe3HBIX HCKONaeMuX. B ganpHelilieM, B CBA3H C Pa3BHTHEM
rOpHO# HAyKH H NPAKTHKH U OCBOEHHEeM MeCTOPOXKIEeHHH co Bce 6o-
Jee CJOXKHBIMH NPHPOAHHIMH YCJOBHSIMH, BONPOCH OLEHKH 3THX
YCJOBHH H IIPpOrHo3a H3MEHEHHS TIeOJIOTHYECKOH cpeJsl IIpH ee
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OCBOEGHHH C MLeJbK pAalHOHAJBLHOTO HCIOJL30BAHHS H OXPaHH,
BCTaJIM CO BCeH OCTPOTOH Nepej clNenHaJHCTaMH pasHblX Ipopuiaei.
HauGoJee moAroTopaeHHON JJIs1 Deli€HHs 3a4a4, BO3HHKAIOHX NPH
paspafoTke MecTOpOXJEHHHA IIOJNE3HBIX HCKONAEeMBIX, OKa3aJach
HHXKEeHepHas TIe0JOTHsl, Y KOTOpOH GOABLIOH ONBIT MO H3YUYeHHIO
3aKOHOMEpHOCTeli TeOJOTHYECKHX NPOHECCOB H sBJeHHH, a TakXe
YCJIOBHH CTPOHTeJNbCTBA H 3KCIVIyaTalHH PasJHYHBIX COOpyKeHHH.

Hsyuenne reoJsoruueckux ocobGennocred MIIW chnenunasucraMu
re0JIOTHYECKOTO H TOPHOTO NPOGHJSA C [eJbi0 OLEHKH U [pOrHosa
ycJaoBHHA HX pa3paboTKu NPHBEJO K TOMY, 4TOo JJs obuiefi xapaxre-
PHCTHKH 3THX YCJOBHH CTaJH OPHMEHAThH pa3nwii Habop mpHpOL-
HBEIX KOMIIOHEHTOB IOJ Ha3BaHHeM Ie0JIOrO-TeXHHYeCKHX, HHXKeHep-
HO-T€OJIOTHYEeCKHX M TOPHO-TeOJIOTHUecKHX ycnaoBui, B 1956 .
Il. H. I1aHIOKOB OTOXAECTBHJ HHMKeHepHO-reoJOrHYeCKHe W FOPHO-
reoJIOTHYECKHe YCJOBHs, HAIHCaB, 4TO HHXKeHepPHO-TreOJOTHUeCKHe
ycaos#st (i 0COGeHHOCTH} B OpPHOH MPOMBIUIEHHOCTH TPHHSTO Ha-
3LIBaTh TOPHO-TEOJIOTHUECKHMH VYCJOBHAMH (M OCOBEHHOCTSIMH).

Ta6auua 1. OnpeneneHHe H CONEPXAHHE HHXKEHEPHO- H FOPHO-TEONOrHYECKHX
VCJIOBHH MeCTOPOXAEHH

XapaKTepHCTHKaE
yesoBHA

HHKeHepHO-reoNorHyecKkue
YCAOBHS

I'opHo-reonorHuecxne YCJIOBHA

Onpenenenne  yc-
JIOBHH, INOnJexa-
HX OLeHKe ¥ Npo-
THO3yY

OcHOBHHE 3]eMeH-
TH YCJOBHH, H3Y-
YaeMmbie PH NpPOBe-
NEHHH  reopJiorHye-
CKHX paboTr

I'eofloruyeckue ycJoBHS npo-
H3BOLCTBR HHXEHEPHBIX pa-
60T H IKCIJyaTalHH COOpy-
xenuit (no I1. H. IManmoxko-
By, 1962 r.)

1. dusHKO-reorpaduyeckne
YCJOBHA:  KAHMAT, peabed;
ruapoJorus

2. 'eosornueckoe CrpoeHHe:
JHTOJOrHA NOPOI; TEeKTOHH-
YyecKHe YCJOBHg; GH3HKO-Me-
XaHHyecKHe CBOHCTBA BMelIA-
IOIHX TMOPOA W TMOJAE3HOT0
HCKOMaeMoro

8. 'maporeosiorayeckue  yc-
JIOBHSI: TrHAPOcTaTHYecKoe H
rHApOgHHAMHYECKOE  faBje-
Hue; O0OBOJHEHHOCTL MOPOXL
4, TeosorHyeckue fpoueccs
H gBJEHHSA

5. EcrecTBeHHoe HanpsiKen-
HOe COCTOsiBHe TOPHEIX [o-
pox

CoBOKYITHOCTL MPHPOLHBIX
CBOHCTB I0JIe3HOTO HCKOMae-
MOT'0 1 BMEL[AOIIM X er'o MOPOX,
KOTOpble B 3HAYHTEJBHOH CTe-
neHH 6JaronpHATHO HJAH He-
651aronpHsATHO CKa3bIBAIOTCA Ha
TEeXHHKO-3KOHOMHUecKOH 3d-
theKTHBHOCTH H 6e3onacHoCTH
paborsi 106HIBAIOLH X NPEANPI-
ATHH

1. I'eodorudeckue  ycJOBHSA:
JHTOJIOTHS fIOPOJ W YCIOBUS
HX 3ajeraHus; TeKToHHUYecKas
OGCTaHOBKA; CTPoeHHE H Kave-
CTBO 1NOJE3HOTO HCKOTAaeMoro;
rasoHocHOCTb;  (PH3NKO-MExa-
HHuecKHe CBOHCTBA BMeIAi0-~
IHX TOPOJ M MOJe3HOro HCKO-
TaeMoro

2. TuaporeoJsioruyeckiie ycio-
BHS

3. T'eo/lornyecKHe Nponecch H
SiBJICHHUSA

4. EcrecTBeliHoe  HampsKeH-
Hpoe COCTOSIHHe TOPHBIX [OPOZ




MgHorge cnedHafHCTH-Te0JI0TH H TOpHAKH B HacTOfIlee BpeMs OPH-
HAJN 3TY TOXKAECTBEHHOCTb, XOTH BKJKUYAIT B AAHHBIE TOHATHS
pasHble 3JeMeHTH ((QakToph). B Ta6a. 1 maa HATIAAHOCTH NOKa-
3aHBl ONpeAeJcHHe H CcOZepXKaHHe WHIKEHEPHO-TE0JIOTHYECKHX H
TOPHO-TeOJOTHYECKHX YCJIOBHH.

Hcexoas u3 TpeGOBaHHH NPOEKTHPOBAHHS TOPHEIX NpPEANDUSTH,
CTPOHTENbCTBA H IKCIMYATAUHH TODHBEIX COOpyKeHuH (BhHpaBGoTOK)
C LeJBI0 panHOHAJbHOTO HCNOJb30BAHHS HEAD H OXPaHHI OKpYXKalo-
Liefl CpeAbl H HMes B BHAY npeiMeT H 3aJauH HHXKeHEDHOH reoJo-
THH KaK HayKH, ONpeleJHM HHXeHEDPHO-TeOJOTHYECKHE YCJAOBHA
MIIH. Oun npeiAcraBnsoT cofoi CHCTEMY B3aHMOCBSI3aHHBIX H
B3aHMOOOYCJOBJEHHEIX 3JEMEHTOB (KOMIOHEHTOB) TNpPHPOAHON
CpeAbl, 0XapaKTepH30BAHHHIX KOJHUECTBEHHEIMH H KaueCTBeHHBIMH
NOKa3aTeJsIMH, NO3BOJSAMIMME: 1) OLEHHBaTh M TIPOTHO3UPOBATH
CJJOJKHOCTb OCBOEHHS MeCTOPOXK/JCHHH, NMPOIECCH H SABJEHUSA, BO3-
HHK4IOUlHe U pa3BUBawUlHecs MO BO3ACHCTBHEM TIOpHBIX paGoT,
ycroiiuuBoCTh BHPaBoToK (coopy:KeHHH); cTeNeHb (e30MacHOCTH H
NPOH3BOJHTEIbHOCTb TPY/Ad; 2) 0OOCHOBHIBATH COCOGH], CHCTEMBl H
TEeXHOJIOTHIO pa3paGOTKH U MEPONPHATHA ¢ LeJbl0 PALHOHAJILHOTO
HCNO/Ib30BAHHS NMPHPOAHEIX PecypcoB, NOBLIMIEHHS 0e30NacHOCTH H

3¢ GheKTHBHOCTH 3KCIJyaTallud H OXPaHH OKpyXawilefl cpeib
[9, 10].

1.2. KOMIIOHEHTHI
UH)KEHEPHO-TEOJIOrHYECKHX YCIIOBHA

K OCHOBHBIM KOMMIOHEHTAM HHXEHEepPHO-re0JOrHYECKHX YCJAOBHUI,
ToJJ1eXKalHM H3yUeHHIO (aHa/lu3y, OolleHKe, IPOrHO3Yy), caeldyeT OT-
HecTH: peJbed, KJIHMAT H TUADOJOrHIO, MJIOUIaAW MeCTOPOKAEHHA
H NPHJCTAIOIINX K HEMy TeppHTOpHH, ropHble NOpOAbl, BMEUldIOIIHe
NOJIE3HOe HCKONaeMoe H lepexkphbiBaiouide ero (JIHTOJOTHS H CTpa-
THTpadHus, CTPOEHHE, YCIOBHS 3aferaHus, GH3HUECKOe H HanpsXeH-
HOe COCTOSIHHe, CBOHCTBa), MOJ3eMHEIE BOABI H ra3nl (BOJOHOC-
HOCTb, Ta30HOCKOCTB), TOJE3HOe HCKONaeMoe (COCTaB, CTPOEHHE,
VCJOBHUS 3aJeraHHs, MOIHOCTH, (DH3HKO-MeXaHHUeCKHe CBOHCTBA),
reoJ0THYEecKHe SIBJCHHS (BBI3BaHHbBIe KAK eCTeCTBeHHBIMH, TdK H HC-
KYCCTBeHHBIMH (paktopaMu). Ecin HHXXeHepHO-reosOrHUECKHE Y Ca0-
BHUSI DPACCMaTPHBATh KaK HEKOTOPYIO NPHPOAHYIO CHCTeMy, TO CO-
CTaBJSIONHE €€ KOMIOHCHTBHl MOXHO OLleHHBAaTb KdK MOJCHCTEMH,
onpeneasouiie cBoficTBa obIiell CHCTEMBl, B KOTOPYIO OHH BXOAST.

WHXeHepHBIH acnekT u3y4YeHHS NPHPOAHBIX KOMIOHEHTOB IpO-
ABJSercsl HA OTAENbHHIX CTAaAHAX HCCIEAOBAHHS MNMO-pa3Homy. Hamie
BCEro BHeIIHee BO34cliCTBHE HpeAnosaraercs Mo aHaJOTHH C N3Be-
CTHBIMH H XOPOWIO H3YyueHHBIMH OOBeKTaMH (Ha CTaAUH INOHCKOB,
npeiBapHUTEeNbHOR H AeTabHOH pas3BeiKu), HO MH B LaJjbHefieM
OyjdeM paccMarpHBaTh peasH30BAHHYIO HHMKEHepHO-reoJIOr HUECKYIo
CHCTEMY — TEOJIOTHUECKYIO cpely, HaxXOMAIIYes NMOL BO3ACHCTBHEM
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ropHoro npeanpHsaTus. Ilo-pasHoMy cieayeT OTHOCHTBCS H K rpa-
HHLAM H3yuaeMblX TeppuTopuil. [loHsiTHe «cdepa BAHAHHS» BHell-
Hero BO3AEHCTBHS OueHb HeoaHOpoiHO. OHO MOXKeT BKJKYATh
06.1acTb BO3AEeHACTBHS OJHHOYHOH BBIPaGOTKH, TpYNIH B3auMojed-
CTBYIOIIHMX BbIPaBOTOK, OYHCTHOrO IIPOCTPAHCTBA, Kaphepa, OTBa-
JIOB, XBOCTOXDAHHJIHILA, CAPEHHPOBAHHOH TEeppPHTOPHH MeCTOpPOXK-
AeHHUs1, TJOLlajl 3a60/launBaHusA, 3alblJIeHHs, 3aC0JeHHsT H APYTHX
H3MeHeHuH, MJIOLIa b TOPHOTO HJH 3eMeJbHOIO OTBOZOB  T. 4. [lo-
3TOMY MOXHO TOBODHTb O HHKEHepHO-Te0JIOTHUeCKHX YCJIOBHAX Me-
CTOPOX/eHHS, IIaXTHOTO (KapbepHOTro) mOJs, Yy4YacTKa, COOpYXKe-
HHUsl, BEIPaBOTKH,

HeTaqbHOCTb H3YUeHHsT KOMIIOHEHTOB HHIKEHePHO-TeoJ/oTHYe-
CKHX YCJOBHH 3aBHCHT OT XapakTepa pelllaeMOH 3ajaud H CTanui
IPOBOJHMEIX HCClefoBaHUH, HO OHa JAO/NXKHA obecneuuBaTb IOJ-
HOTY H HaAeXHOCTb OLEHOK M NPOTHO30B 3THX YCJOBHH B 1eJIOM
AJ151 pellleHHs] NOCTaBJeHHOH 3ajaud. Ilpu 3TOM MOXKeT MeHATbCS
Kax UYHCJO, TaK M COCTaB u3yyaeMblx KoMmrnosenToB, Mccaenosath
BO BCeX CJydasx MOJHBH Habop KOMIIOHEHTOB AJs1 pelleHHS JOGOH
3aAa4H, Kax TpeasaraloT HeKOTOpble aBTOpbl, HeledecoobpazHo,
Hea(p(eKTHBHO, a IV1aBHOe, TaKOH NMOAXod MOXKeT NMpPHBECTH K HeJo-
CTaTOYHOMY YIJYOJeHHIO B OIl€HKaX BejyIIHX KOMIIOHEHTOB B KOH-
KpeTHOM ciyuae. B dacTHOCTH, AJSI NPOTHO3a napameTpoB GOPTOB
KapbepoOB CYIIeCTBeHHOE 3HaueHHe NMpHOGpeTaloT gBa acnekTa: IO-
cTpoeHHe ¢usHueckod (pacyeTHOl) MOAENH TeOJOTHUECKOrO pas-
pesa oObekTa H BbIOOp pacueTHbIX [OKasaTesNeH CONPOTHBJIEHHSA
CABHUTY IOPOJ {C YUeTOM HX H3MeHeHHS BO BpeMeHH) B 30He HaHbO-
Jdee BepOSITHOH TNOBEPXHOCTH CKOJbXKeHHs. B 3ToM c/iyuae OCHOB-
HBEIMH CTAHOBSITCS CTPOEHHe Bceil TOJIIH NMOpOJ, YC/IOBHSI 3a/eraHus
OTAEJNbHBIX CJOEB, HajHuHe caabblXx TpPOC/0eB, KOHTAKTOB, BHIAEp-
JKaHHBIX B TIPOCTPaHCTBe TpeilidH (ocoBeHHO 3aJjieraroiiux B CTO-
pPOHY OTKOca BbIpaGoTKH moj yrioM 45°— ¢'/2 K ero mJOCKOCTH,
rae ¢’ — yros TpeHHS MO cJaboMy KOHTAKTy), KOTOpble ONpenesAT
noJioXkKeHHe TOBEPXHOCTH CKOJIbXKeHHS, MeXaHH3M, AHHaMHKY, MOp-
¢dogoruo u Maciitabbl onossued, [ng npasBu/abHOrO BhiGOpa pac-
YeTHbIX NOKasaTesed NpH yXe H3BeCTHOH MOD(OJIOrHH ONoJ3HEeBOro
Tesa, HeoOXOAHMO OIlpedesneHue B JOCTATOYHOM KOJHUECTBE AJIs1
cTaTHcTHYeckO# 06paboTKH, [OKas3aTesqel COTNPOTHBJIEHHSI CABHTY
¢ yueToM (PH3HUECKOro U HaINpsXKEeHHOTO COCTOSIHHH mMOpoA B 30He
NOBEPYHOCTH CKOJIbXKeHHSI.

Ha puc. 1 npuBeseHsl reoJIOrHyecK#e paspeshbl ABYX YTOJbHBIX
MeCTOpOXKAEeHHH, HaMeUeHHBIX K pa3paboTKe OTKPLITHIM crnocofGom.
He TpyaHO NMOHATH, UTO YCJAOBHSA 3aJelraHusd NOpoj NpejonpeaessioT
xapakTep BepOSTHHIX jnedopMainyil ycTynoB H GOPTOB Kapbepos,
a cJjefoOBaTeqbHO H BHJA pacueTHOH cxeMbl HX ycTofiunBocTd. [Ipu
MOHOK/JHHAJbHOM 3aJIeTaHHH BMeIaIoluX NMOPOA H TNOJEe3HOro He-
konaemoro (cM, puc. 1,a) Haubosee BeposTHas (HauboJsee HAnps-
XKeHHas1) T0BepPXHOCTb CKOJbXKeHHd, [0 KOTOpOil NmpousoijeT cnoJ-
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Puc. 1. Teodoruueckde paspe3nl yroJAbHHX MEeCTOPOXKIACHHH ¢ MOHOKJAHHANLHBIM
(a) # ropusoHTaldbHEIM (6) 3aneraHHeM NOpPOI:

! — cyrnamHOK; 2 — Mepreib; 3 — M3BeCTHSK; 4 - HecuaHHK; J — MOJe3Hoe HCKOMaeMoe, 6 —
apruasadr, /, I — noreHnuaabuble NOBEPXHOCTH CKOMIBIKEHHS

3aHHe NOPOJ, yHacsenyeT cjabbli KOHTAaKT MeXJy pasHBHMH JHTO-
JOTHYeCKHMH CJOSIMH (MJH B CJ0e N0 TpeulHHe HacjoeHus). ilo-
3TOMY OllpefeseHHe YrJOB YCTOHUMBHIX VCTYHOB u GopTa (H/aH ero
yacrell) Heo6XOAHMO NPOH3BOAHTH 1O TEONOTHYECKHM (PHKCHPOBAH-
HbHIM NOBEepPXHOCTSIM CKOJNBXKEHHS, a B KaueCTBE pacyeTHHIX MOKa3a-
TeNefl NPOYHOCTH NPHHATH HapaMeTphl CONPOTHBJEHHS CIBHTY IO
3THM [IOBEPXHOCTSIM. B M1aHHOM ciyuae IpOYHOCTb NOPOK B OOBIUHOM
npeAcTaBleHHy He HMeeT pelllatouiero 3Hauehusa. [lopoma moxer
OBTbL OUEHb KPENKOH, 8 KOMTaKThl — TpelyHE 0071a1aTh TOJBKO CO-
NpPOTHBJIEHHEM 3a CUeT TPeHHusl.

ITpyu ropu3oHTanbHOM 3ajeraluu (HJH co cJaaGuLM HAKJIOHOM 10
3—>5°) BMemiaiHx IOpoj H NOJe3HOr0 HCKonaeMoro (cM. puc. 1, 6)
MeXAY OTAebHbIMH JHTOJOTHYECKHMH CJOSIMH HeT SIBHO BBIDaXKeH-
HHIX TJIOocKocTe#l ocnaGnenus. Ilpn sToM HanboJee BepOsTHHIE IO-
BepXHOCTH CKOJbXeHH#, [OKa3aHHHe Ha puc. 1,6, OyayT O/u3KH
K KpYTJIOUHJHHAPDHUECKHM (XapaKTepHHM JJs51 OJHOpPOAHOH cpeaHl)
¥ HepecekaTh NOJ pa3HHMH yriaMu HacjJoeHHe NOpOJA, UTO H olipe-
JdesfieT NOAXOJ K H3yUeHHIO HX COLUpOTHBJeHuo casury. IIpu namau-
ugH GoJee caabblX NOPOA (CJIOHCTHIX APTHJJIHTOB) B NOYBE YroJb-
HOro nJacra onoJ3HeBas nosepxHoctb npumer Bua II. B atom cay-
yae OoJibllIoe 3HAUeHHe NPUHOOPETAIOT MOKAa3aTeJH CONPOTHBJICHHS
CABHTY N[O HacCJOEHHIO apTHJUIHTOB.

Ecau Mbl ofpaTtiMcs K NpOrHO3y NpOpbIBa TJIHHHCTOTO CJ0A IO-
POA, OTAEIAUIET0 HaMOPHHH BOJOHOCHEIH TOPH3OHT OT NOUBH rOp-
HOH BbIpaboTKH (Kapbepa, WIAaXTHOro CTBOJIA, FOPH3OHTANBLHOA BHI-
pa6oTKH), TO OCHOBHHIMH MOMEHTaMH, ONpeldesIOIHMH TOUHOCTh H
HaJeXKHOCTh HAIIHX NPOTHO30B fBSTCS: BeJHUHHa HaNopa NOJA3EM-
HBIX BOJ H ee H3MeHeHHe NOJA BJAHsSHHEM TOpPHBIX paboT; MOIIHOCTb
¥ NpPOUYHOCTH BOJOYHNOPHHIX IVIHH, a TakXke (opMa M pasMephl HX
o6HaxkKeHHs1 ToOpHHMH pabGoTaMmu. [lo-ApyroMy BcraHeT BOIpOC
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OLEHKH HHXXEHepHO-TeOJIOTHYECKHX YCJOBHH pa3MelleHHS H YCTOMH-
YHBOCTH BHEINIHHX OTBaJOB NOpoA. B mepmyio ouepear 3aech Heob-
XOJAHMO H3y4YaTb pelbed H DEYHYIO0 CeTb MECTHOCTH, CTpOeHHe, CO-
cTaB H (PH3HKO-MexaHHUYecKHe cBOHCTBA NOPOA OCHOBaHHA (HE3Ha-
YHTEeJbHOH MOULHOCTH) H [OpPOJA B TeJe OTBAJOB, KJIHMATHYECKHE
yCJIOBHSL.

TF'opHble nmopoabl NpeACTaBJIAKT cOBOH oOlpepesiolHil KOMIO-
HEHT HHJXEHepHO-IeOJOTHYECKHX YCJIOBHH, HOO OHH NMpefOIp efesisioT
O0COGeHHOCTH pefibeda MECTHOCTH, OOBOZHCHHOCTH CpeAbl, Hamps-
JKEeHHOTO COCTOSIHHA, YCTOHYHBOCTH BHpPalOTOK, 3aKOHOMepHOCTeH
BO3HHKHOBEHHAl H DAa3BHTHA TeOJOTHUECKHX SBJIEHHH, 3aJeraHus
MOJIe3HbIX HCKOMAeMBIX H T. [.

B cBA3H ¢ 3THM rOpHBIE NOPOALI — BaxKHeHWHH OOBEKT HcCae-
LOBAaHHH Ha BCEX CTAAHAX Pa3BelKH H Pa3paGOTKH MECTOPOKAeHHil.
B crnenyaJbHO# JHTEpaType NPHMEHHTETLHO K TOJIIE BMEMIAIONIHX
NOpoA, a B IOC/eJHHE TOJAbl H K JI0G0H TOJIIe TOpHBIX HOPOJA BO-
meI B yHorpe6ieHHe TepMHH «MAaCCHB TODHBIX MOpPOJA», a HHOTIA
«TOPHO-TEOJIOTHYECKHH MacCHBY.

[TomaeMubie BoAB OKa3bIBAIOT BJHSHHE HA YCJI0OBHS HOpPMHpOBA-
HHS W H3MEHEHHS CBOHCTB I'ODHBIX [OPOJ, Ha €CTeCTBEHHOEe Hallpd-
JKeHHOEe COCTOSIHHE H €ero H3MeHEeHHE BOKPYT TOPHHIX COOpYZXKeHHH,
a TakXKe Ha BO3HHKHOBEHHE H PAa3BHTHE €CTECTBEHHbIX H BBI3BAH-
HBIX TODHBIMH pafoTaMu reOJOTHYeCKHX NpoueccoB. M3yuenue nox-
3eMHBIX BOJA H HX BJHAHHSA Ha YCJOBHUA OCBOEHHS MECTODOXICHHH
IaeT BO3MOXKHOCTh IIPOTHO3HPOBATb BOJOIDHTOKH K T'ODHBIM BHIpA-
60TkaM H NPOEKTHPOBATb MEDPOIDHATHS IO OCYIIEHHIO H OXpaHe.
Heo6xonuMo OTMETHTb, 4TO BO BpeMA OCBOEGHHA MeCTOpOXKIeHHH
IPOHCXOAAT 3HAYHTENbHBIE, HE BCErZa ONPaBAAHHbIE H3MEHEHHS pe-
XuMa noj3eMHblx BOA. [1o3ToMy neTajbHOe HX H3yYeHHEe IOJIKHO
COOTBETCTBOBATb COBPEMEHHBIM 3aIPOCAM pAILHOHAJIBHOIO HCIOJb-
30BaHHSA H OXpaHbl BOAHKIX PECYPCOB.

Hccnenya yciaoBus pacllpocTpaHeHHS IOA3EMHBIX BOX, HX 3a-
JleraHHe, ADEHHPOBAHHe, [IHTAHHE H [BHXKEHHe, Heab3sd OOOHTHCH
fe3 u3yueHHs] [IOBEPXHOCTHHIX H aTMOCQepHBIX BOJ, MeXAY KOTO-
pPHIMH CYINECTBYIOT OlpelesieHHble 3aKOHOMepHble cBsi3u. BMmecte
C TeM OLeHHBaeTcs OOllee BJHAHHE IIPHPOJHBIX BOJ Ha HHXeEHepHO-
re0JIOTHYECKHE YCJOBHSI MECTODOXAEHHS.

Kak BHAHO, Kpyr BONpOCOB, NOAJEXAWHX H3YYEHHIO IIDH HC-
CJIeAOBAHHS IOJ3eMHBIX BOJ, BeCbMa LIHPOKHH H TpebyeT NpHMeHe-
HHA cllenHaJbHBIX METONOB H amliapaTyphl, KOTOpble pa3pabaTbiBa-
I0TCSt B THAPOTEOJIOTHH.

I'a30HOCHOCTHL YTOJbHBIX MECTOPOXKIEHHH He MOXKeT He VUMTHI-
BaTbCH NpH OLEHKE H IIPOTHO3e YCJOBHH ero sKciiyatauud. I'asbl
(MeTaH, a30T, YIJEKHCJBIH Tas, CepoBOAOPOA M ApyrHe) OOBIYHO
3aMOJHAIOT OBl H TPEINHHB yIJIeH HJIH HAx0AATCA B HHX B COp-
GHPOBAHHOM COCTOSIHHH, HO OHH MOTYT HAaxXOJHTbCS TakXe B pac-
TBOPEHHOM BHJE B NOA3eMHBIX BOAax. [IpOHCXOXaeHHE ras3oB CBA-
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3aHO TJaBHBHIM 00pa3oM ¢ MeTaMOp(PH3MOM yrieH H BMeMlalouux
nopos. I'a3006uAbHOCTD WaxT ONpeaenseTcss 06beMOM raszoB, IIpH-
xoaamuMcst Ha 1 T po6biyn. CymecTBeHHO BJHSIHHE Ta30B Ha CTe-
IeHb (e301acHOCTH BeAEeHHA MOpHBIX paboOT H Ha yCTORYHBOCTH IOJ-
3eMHLIX BbIpaGoOTOK. TakK Ha3biBaeMbie ra30JHHAMHUECKHE SIBJEHHS
(BHe3anHble BRIGPOCH! YIJIsA, IOPOI H rasa), lpeAcTaBJsomue onac-
HOCTb IJf paboTalOIiHX B IaxTax H yMeHbIUAIOIHe [IPOH3BOAH-
TeJbHOCTh TpyJa TOPHOAOOBIBAIOIErO NpeAlpHATHS, 9acTo NpOHUC-
XOAAT NOJ BJHSIHHEM YIPYrOf 3HeprHH Ta30B.

EcTtecTBeHHBIE I'eOJIOTHUECKHe OpOLECCH H SBJIEHHS OYeHb pas-
HOOGpa3Hbl, HMeT GOJbIIOe pacnpoCTpaHeHHe H OKa3BIBAIOT 3Ha-
YHTEIbHOE BIHAHHE HAa HHXKEHEDHO-Te0JIOTHYEeCKHE YCIOBHSA TEPPHTO-
puil. OHH xapaKTepH3YIOT Te0JHHAaMHYECKYIO 06CTaHOBKY MeCTOPOXK-
neHui. B HuX, KaK B (OKyce, cXOAATCS pa3jHYHble OCOGEHHOCTH
NpHPOAHOH OOCTAHOBKH: peJbeda MeCTHOCTH, TeOJOTHIeCKOTo
CTPOeHHS, THADPOTeOJOTHIeCKHX YCJOBHMA, NPOYHOCTH, AedOpMHpYe-
MOCTH, HalpPs:KCHHOIO COCTOSIHHSI TODHBIX NOpPOA H T. A. PazanuawnTt
rIyGHHHEBIE, SHAOTEeHHEIe, [e0JOrHUeCKHe [poLecchl (TeKTOHHYeCKHE,
ceficMHuecKHe) H NOBepXHOCTHBIe, HJIH 3K30reHHBle (3po3us, abpa-
3H$, KapcT, BEHIBETpHBaHHe, OIOJ3HH, CeJH, [JBBYHH, cyddosusd,
Mep3JiIoTHEe, 3a0osaunBanne). Ocoboe 3HaueHHe NPHOGPETAIOT CO-
BpEMEHHbIE NPOLECCH H SIBJEHHS, KOTODHlE OKa3blBalOT HeNOCpen-
CTBEHHOE BJHSIHHe Ha ycTOH4HBOCTh coOpyxeHu#. Msyuennem 3ako-
HOMEpHOCTe#i BO3HHKHOBEHHSI H DPAa3BHTHA TeOJOTHYECKHX Ipoiec-
COB W siBJcHHH, MO3BOJSAIOIIHX OLEHHBATb HHXKeHepHO-reoJoruye-
CKHe YCJIOBHf H IIPOTHO3HPOBATh YCTOMYHBOCTb FOPHHIX NODOX IpH
B3aHMOJEHCTBHH C Pa3JHYHBIMH COODYXKEHHAMH, 3aHHMaeTcs HHXKe-
HepHas reoJHHaMHKa.

EcrecTBeHHOE HalpsizKeHHOe COCTOAHHE FOPHBIX NIOPOJ NpeACTaB-
JsieT OGOJbINIOH IpaKTHYECKHH HHTepeC AJS pelleHHs CJAeLyIOUIHX
OCHOBHBIX 3ajad: H3y4eHHs paclpeleseHHs HalpAXeHHH BOKPYr
rOpHEIX BHIpaGOTOK [JA OUEHKH HX YCTOHYHBOCTH; ONpeaeIeHHs MO-
KazarejaeH NPOYHOCTH H AeOpMHPYEeMOCTH INODOJ TaM, rie Heol-
XOAHMO co6Ji0faTh nojaoGHe cuiosoro nojs. CoBpeMeHHas Hayka
paccMaTpHBaeT HalpsXKeHHOe COCTOsIHHe 3eMHOH KOphl (H B 4acT-
HOCTH, BepXHell ee yacTH, siBAfiiomedics cpelOH AJs TOPHHEIX BHIpa-
60TOK) Kak pe3yJbTaT [ABYX CHJOBHIX IOJIeHi: FPaBHTALlHOHHOTO H
tektoHuueckoro. Y. A. TypvauunosuiM, I'. A. Mapxkosuim, T. 1. I1a-
HaCeHKO M APYTHMH HCCJICAOBATeNAMH YCTaHOBJEHO HaJH4yHe TeK-
TOHHYECKHX CHJIOBBIX IOJeH BO MHOTHX MeCTaX H B HelocpelCTBEeH-
HOH GJH30CTH K 3eMHOH MOBEPXHOCTH, NIPHYEM TEKTOHHYeCKHEe Ha-
NpsKEeHHst B HeKOTOPHIX CAydasix Ha LeJblil NOPSANOK IpeBHIIAOT
HanpsKeHHst OT COGCTBEHHOTO Beca BHILeNeXalHXx MopoA. OHH
onpefessioT pAd O0COGeHHOCTeH INpOsIBJEHHsS TODHOrO faBJeHHA H
OmoJ3HeBHIX AedopMauuii. 3aMephl [OKa3bIBAIOT, 4TO lipeoBJafaroT
rOpH30HTaJIbHEIE HalpsiKeHHs, HO B HEKOTOpDhIX MecTax O6Hapy-
JKEeHbl H BePTHKaJbHEE. B cBSI3H ¢ 3THM IPHHATO I'OBOPHTb O T'OPH-
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30HTaJbHOH H BEePTHKaJbHOH aHOMAJIHAX €CTECTBEHHOTO HaIlpsXKeH-
HOTO COCTOSIHHA.

Ilpy H3ydYeHHH u OUEHKe HHIKEHEPHO-TEOJOTHUECKHX YCJOBHH
MECTOPOXKAEHHA IIOJIE3HBIX HCKOIAeMblX Heab3sl He OGpaTHTb BHH-
MaHHe Ha HeKOTOPYI0 OTHOCHTEJBbHOCTb 3HAYCHHS OTAEIbHBIX HX
3JICMEHTOB B 3aBHCHMOCTH OT BH/JA CHCTeMbl H TEeXHOJIOTHH paspa-
6otkn. H. B. KonoMenckuit eme B 1964 r. o6pamaJs BHHMaHHE HA
TO, YTO OJHH H T¢ e HHXKCHePHO-TeOJOTHYeCKHe YCJOBHS OLEHH-
BalOTCA MO-DA3HOMY, B 3aBHCHMOCTH OT THNAa H KOHCTPYKUHH CO-
opyxeHus. COBepIIEHHO eCTeCTBEHHO HampHMep, 4TO penbed Me-
CTODOXK/EeHHA HMeeT pa3JIHYHOe BJHsHHe Ha HHXKEHEPHO-reOJIOTH-
YeCKHEe YCJOBHS INPH €ro MmOJ3¢MHOH HJH OTKPBITOH pa3palboTke.
[Tono6Hule BHIBOALI MOXKHO cHeNaThb O BJIHSHHU TPYHTOBOTO BOMO-
HOCHOTO TODH30HTa Ha YCJOBHA pa3palOTKH MECTOPOXKICHHA NOI-
3eMHBIM HJH OTKPHITHIM Cmoco6aMH, HJIH O 3HaueHHMH 3aJeraHusd
FTOpHBIX NOPOJ INpPH ONpeHeJeHHH YCTOHYHBOCTH O6OpPTOB KapbepoB
HJH KPOBJH NMOJ3eMHbIX BBIpaGOTOK.

C/I0XKHOCTb 31€Ch 3akJIuaeTcsi B TOM, YTO, C OJXHOH CTODOHBI,
3TH TEXHOTeHHble OCOOEHHOCTH NMOAYHHECHBl B 3HAUHTCJIBHOH CTCHEHH
HNpHPOAHBIM YCJOBHAM, a C ApPYrOH — OHH BJHAIOT Ha OLEHKY cCTe-
NEHH CJIOXKHOCTH HHXKEHEpHO-TeOJOrHYecKHX YCJIOBHH H Ha Xapak-
Tep HX JaJbHelnrero u3MeHeHHus. I1okaxkeM 3To Ha ABYX NpHMepax.

ITpumep 1. B reosoruyeckKoM CTPOGHHH YIOJLHOTO MECTOPOMAEHHS [PUHH-
MaloT yyacTHe TJIMHHCTble TOpDOAH IJIHOUEHA, CpeAd KOTODHIX HMEeTcs TOHKHH
C0f MOHTMODHJITOHHTOBBLIX TJIMH ¢ opranuxkod (puc. 2). Ilpu paspaGorke Me-
CTOPOXKJEHHS OTKPBLITHIM CNOCOGOM Haiudue 3TOrO CJOS CO3/aeT OueHbh He6ja-
FONpHSATHBIE YCJAOBHSI JJISt yCTOYMBOCTH OTKOCOB Kapbepa. [103ToMy npu HHXKC-
HEPHO-TeONOTHUeCKOM H3YYeHHH JaHHOro o6bekra OoJblIOe BHHMaHHe ClAefyer
obpatHTh Ha onpoboBaHHe MOHTMODHJUIOHHTOBHX T'uH, Ilpn noaseMHoit paspa-
60TKe 3TH TJIHHbBl HMEIOT ApYyroe 3HadeHue. 3aneras B HENOCPEACTBEHHOH MoyBe
miracta oHM GYAYT OTpabaThIBaTbCs BMeCTe ¢ HHM H TOBJHAIOT HA KadvecTBO A0~
GbIBaEMOro yrIJIsl.

ITpumep 2. Yepes none #ene30pyAHOrO MeCTOPOKAEGHHS NPOXOAHT peka. Ha
NpaBOM CKJIOHe Deku Habmopnaworcst apesrue omonsuu (puc. 3). Ilpu otkpeITOM
cnocoGe pa3paGoOTKH MECTOPOXKAEHHA [JaBHBIM CTAHOBHTCS BONpPOC AKTHBH3ALMHH
3THX ONMOJ3Hell M HX OTPaXKeHHe Ha XOJL H 3KOHOMHKY ropHeix paGor. ITostomy,
B Tpollecce HHXKEHePHO-TeoJOTHYeCKOr0 H3y4eHHs MeCTOPOXKIeHHA HCCAel0BaHHue
OTOJ3HEBBIX CKJOHOB [OJXKHO 3aHHMarb OcHOBHOoe MecTto. Ecam Gyaer npuusr
noj3eMHbl1 cnoco6 pa3paboTKH, 3TOT BONpPOC OTOABHEETCA, TaK KaK OH yXKe He
Gyzer npeAcTaBAATh TOrO HHTEpeca, Kak B MEpBOM cjiydyae. AKTHBH3ALHA ONON3-
Helt MOXet NpPOH3OHTH NpH NoipaGoTKe, HO TOr1a OCHOBHONT CTAaHOBHTCH NpoO-
6neMa noapaboTKu pekH.

Ha BTOpOM mpuMepe MOXKHO NMOKasaTh BJIsIHHe crnocofa BCKPHI-
THS MECTODOXIEHHS HA OICHKY CJIOKHOCTH THAPOTEO0JOTHUeCKHX
yeaouf. [lpu oTkpbiTOM cnocoGe oTpaloTki HeoOxodHMa NMOCTOSH-
HONleHCTRYIOIAA CHCTeMa [IPEHHPOBAHUSI TPYHTOBBIX BOA H OTBOJX
PEKH, UTO OCJOXKHSET OCBOEHHE MECTOPOXJAeHHA. B cayuae Xe moa-
3eMHOH OTpabOTKH TPYHTOBbLIE BOJABI OKaXyT BJHAHHE B IIEPHON
IPOXOJKH IMIAaXTHOTO CTBOJA, KOrga OyaeT HeoGXOIHMO BBECTH Ia-
paJiieNbHOe BOJAOMOHHKEHHE HJH 3aMOpakKHBaHHE.
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Puc. 2. Teonornuecku#t pa3pe3 yroJs-
HOTO0 MECTOPOXMAEHHS!:

1 —cynecH; 2 — necyaHsle TJHHB, 3 — IJIOT-
Hble TJIHHbI; 4 — YroabHbBIfi NJacT; 5§ — MOHT-

MODW/IJIOHHTOBbIE TVINHbI; 6 — APTHJJHTOIO-
Ho6Hbie TAHHBI

Puc. 3. Teonoruyeckuit paspes xemeso-
PYAHOrO MeCTOPOXACHHA:

1 ~— TOYBEHHO-PACTHTENBHLIT cJoit; 2-—nécco- w40
BHe TopoAbl; 3 — BOLOHOCHBIA nNecok; ¢ — 2221 RNN\N2 =3 _4

WIOTHblE FJIHHB, § — TJIHHHCTO-MepresibHas

TosA; 6 — pyaHas 3ajexb; 7 — ONoJ3eHb; 5 -5
8 — BOAOYNOP; 9 — YPOBeHh TPYHTOBRIX BO.A et ===

Z
7 77 7 7 77 7 I I 7 7 I 7

OO XAR AR XXX XXX XX SRR

e B 1770 EX3s

ITono6HBIX NpPHMepOB B NpakTHKE ROBOJbHO MHOrO H BCE OHH
NMOKa3blBAOT B3aHMHYI0 OOYCJOBJICHHOCTh pEIIeHHH 3a4auy OCBOE-
HUSI MECTOPOXJeHHH N10JIe3HEIX HCKOMaeMbiX. Pe3ybTaThl HHXKeHep-
HO-T€0JIOTHYECKOT0 H3YYeHHS MOTYT OBLITb HCMNOJb30BaHBl [Jf BhI-
6opa crnocoba H cucTeMnl pa3paBOTKH, HO H NMOCJHEJHHE MOIYT BhI-
3BaTb pAJ] leJeHanpaBJeHHHX uccaepoBaHuél. [Ipuuuun o6paTHOH
CBfI3H 3Jecb HAXOAHT CBOE SIBHOE BhHIpaXKeHHE.

Pa3pa6oTka MecTODOXKJAEHHHA MOJe3HBX HCKOMaeMbIX NPHBOZUT
K M3MCHEHHIO HHXEHEepHO-reOJIOrHYeCKHX YCIAOBHHA TeppHTOpDHI.
SToMy cnOCOGCTBYIOT Da3siHYHBIE MpPOSIBJCHUS TODHOrO JAaBJICHHA,
OTOJI3HH, OCYIUIEHHE WAXTHBIX H KApbePHBIX NOJeH, ocejaHue 3eM-
HOH NOBEpXHOCTH, 3a00nauHBaeMOCTh, cOpPOC IIAXTHHIX BOJ B IIO-

13



BepXHOCTHHe BOJOEMEl, pa3MelleHHe OTXOJOB IIPOH3BOJACTBA Ha
3eMHOH NOBEPXHOCTH H AD. DTH MHOrO(paKTOPHEIE H3MEHEHHA NMpef-
CTaBJSIOT COGOH TpeiMeT HH¥eHepHO-T€OJOTHYECKOTQ MPOTHO3HPO-
BaHHs B IIepHOMA JeTaJbHOH pa3BeiKH MecTOpOXKJEHHs, HO GoJee
HaJEXHO OHH H3y4yaloTCs, OLEHHBAIOTCS H [POrHO3HPYIOTCS IOCe
0TpaBOTKH HEKOTOPOH HacTH, [0 pe3yJbTaTaM UIAXTHHX H Ha3eM-
HbIX TEOJIOTHYECKHX HCCAeROBaHHH u Halbmomenu#. IlostoMmy B co-
CTaB I'e0JIOTHYeCKHX pabOT Ha AeHCTBYIOMHX FOPHHEIX HIPeRIpHSTHAX
JKOJIXKHBE BXOAHTL CIellHAJH3HPOBAaHHEIE HHIKEHEDHO-T€OJOTHUECKHE
HCCJeNOBaHHsI 3a H3MEHEHHSMH NPHPOMHOH cpeibl MON BJHSHHEM
FOPHEIX paBOT H Pa3HHX TOPHBIX COOPYXKeHHH ([OA3eMHHIX H ITO-
BEDXHOCTHRBIX).

1.3. HEONHOPOJHOCTb, AHH30TPONNHOCTDb
H HBMEHYHBOCTH
HH)KEHEPHO-TEOJJOTHYECKHUX YCJIOBHHA TEPPHTOPHA

[Tepen HayaJoOM DacCMOTpeHHS C HHXKEHepHO-TeOJOTHuecKHX NO3H-
UHH OTHEJbHBIX KOMIIOHEHTOB (3JIeMEHTOB), BXOISIUHX B OOIILYIO
CHCTEMY YCJOBHH pa3paBOTKH MecCTOpPOXKAeHHs (BeRe€HHe TODHHIX
paboT, B3aHMO/eHCTBHE Ie0JOTHIECKOH Cpefbl ¢ TOPHBIMH BbIpaGOT-
KaMH, H3MeHEHHsI B 3TOH Cpejle [OA BJHSHHEM Da3JHUHHX IpOlec-
COB TOpHOTO IPOH3BOJACTBAa) OTMETHM HEKOTOphle BaXKHeHIIHe 0CO-
GeHHOCTH Hallero oGbeKTa H3YUYEHHS.

1. Teosornueckne YCJOBHsS XapaKTePH3YIOTCSI H3MEHUHBOCTBHIO
B [IPOCTPAHCTBE H BO BPEMEHH sIBJsOIEHCS CAENCTBHEM reoJoruye-
ckux npoueccoB B Jgutochepe. I'. K. Bornapuk [2] npennoxun pas-
JHYAThb CTAHOHAPHHIHA H HeCTaUHOHADHHH peXHMBl H3MEHUYHBOCTH.

2. TeoJioraueckoe TPOCTPAHCTBO, B NpefieslaX KOTOPOro IpOHC-
XONHT B3aHMOJNEHCTBHE C TOPHLIMH BHPaOGOTKaMH H COOPYXKEHHSIMH,
HEOHOPONHO H XapaKTEPH3YETCs MepOd HeOAHOPOAHOCTH IO Olpe-
JeJIeHHOMY [OKa3aTeJio (cocTaBa, NJOTHOCTH, BOJROIPOHHIaeMO-
ctu). [IpuueM HeOMHOPOAHOCTb — re0JIOTHYECKAs] OCOGEHHOCTb, KO-
TOopas IpemonpenenseTcss NponeccaMH (POpMHPOBaHHS Te€0JOTHUE-
CKOTO IPOCTPaHCTBA.

OnHOpOAHBEIM MNpPOCTpaHCTBOM, Kak yTBepXnaer . A. Poano-
HOB, CJENyeT Ha3hiBaTb TaKOfi TeoJIoOTHYecKHH OOBEKT, pasfiejeHHe
KOTODPOTO Ha MEJKHEe YJaCTKH He MpPHBeNeT K H3MEeHEeHHIO KOM-
miexca NpH3HAKOB. HaBepHOe, MOMXKHO ObLI0 OBl 3TO OnpegeseHHE
OTHECTH H K OJIHOMYy KOHKPETHOMY IIpH3HaKy (IpOYHOCTH, BORONPO-
HH[{aeMOCTH, BONOYCTOHYHBOCTH H T. 0.), [0 KOTOpPOMY TPOH3BO-
IHTCs OneHKa obbekra. CienyeT HMETh B BHAY, UTO OneHKa Heof-
HODOAHOCTH IO 3aQAaHHOMY IOKa3aTelI0 IIPOH3BOLHTCS lleJeHalpab-
JIEHHO, T. €. HCXOAS H3 Ha3HayeHHs 3TOH OleHKH,

HeonHOpPOMHOCTb TOPHEIX HOPOJN MOXKeT yCTaHABJHBATLCS Ha
pa3Hblx 06beMax H IO pa3HHIM HX CBOHCTBaM (KpHTepHAM). B ua-
CTHOCTH, MOXKHO BBHIJETHTb ONHODOAHHI OGBEM IO COCTaBy, B lipe-
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Jles1aX KOTOpOro HafBJionaercss HEOLHOPOIAHOCTb IO NpouHocTH. Hin
Hao60pOT, HEOJHOPOJHBIE IO COCTABY MOPOAB MOTYT O0Ka3aThCsd
NpaxTHYeCKH oaHopoxHbiMu mo npounoctd. I'. K. Bonmapuk Beige-
JIsIeT HECKOJbKO YpPOBHEH IIpOSiBJIEHHS HEOZHOPOAHOCTH: IO TeHe-
3HCY, 110 COCTaBY IIOpOX H NOA3EMHHX BOJN, 0 (PH3HKO-MexaHHYe-
CKHM CBOHCTBaM HOpPOX.

3. TeosnoruueckoMy HpoCTpaHCTBY NPHCYIA aHH30TPOIIHS, BhIpa-
xKarlomascs B HanboJsee SBHOM BHIE B CYHICCTBEHHOM Da3JHYHH €I0
CBOHCTB B JaTepasJbHOH H BEPTHKAJbHOH ILIOCKOCTSX. AHH30TpO-
IHsi — pe3yabTaT I'e0JOrHYECKHX IIPOLECCOB (H3MCHUHBOCTH TeOJO-
rH4ecKOro MpOCTpaHCTBA), HO HHOrAA OHa MOXeT OHITb ycHJCHA
TEXHOTCHHHIMH IipoleccaMu (TpelUlHHOOOpa3oBaHHE, pacClOeHHE H
YIJOTHEHHE B pe3yabraTe H3MEHEHHS HalpsXKEHHOTO COCTOSIHHSA
BOKPYT TOPHBEIX BLIpaGOTOK, YBeJAHYeHHE IIyCTOTHOCTH 34 CYeT BHI-
e Ta9HBAHHS. HHCXONSUINMH IOTOKaMH NIPH IPEHHPOBAHHH IOA3EM-
HBIX BOJ NOJ3CMHBIMH BbipaboTKaMu H Ap.). [ln1sl TOPHOH HOPORBL
GosbnIOe NMpaKTHYECKOE 3HAYCHHE HMEET aHH30TPONHS TAKHX OCHOB-
HHBX CBOHCTB T€OJIOTHYCCKOH Cpenbl, KaK: IIpOYHOCTh, BOXO- H Ta3o-
MPOHHLAEMOCTb FOPHHIX [IOPOJA, €CTECTBEHHOE HANPSIXKEHHOE COCTOs-
HHE, XHMHYECKHH cocTaB NOJ3EMHBIX BOX H Jp.

OrMeueHHBle OCOOEHHOCTH T€QJIOTHYEeCKOro IIpOCTpaHcTBa CO-
34al0T 3HAYHTEJbHBIE CJOXKHOCTH NIPH H3YYEHHH, OllCHKE H [POTHO3e
ycaoBuit pa3pa0OTKH MeCTOpPOXKAEHHH, CTpOHTEJbCTBE H 3KCILIya-
TalHH{ Pa3JHYHBIX NOL3EMHBIX H Ha3eMHBIX coopyxeHuH. Ha 60.Jb-
IIHHCTBE OGBEKTOB I'COJMOTH H TOPHAKH BCTpeyaloTes ¢ HeoOHapy-
XeHHOH paHee HeOXHOPOJAHOCTBLIO H AHH3OTPOIHOCTBIO FODHBIX MO-
pON, NPHBOJASIIHMH K OCNOKHEHHIO YCJOBHH MPOXOAKH BhIpabOTOK,
HHOTAA K aBapHHHBIM CHTYyalHsiM (BOIHBIC IIPODLIBHI, BHIBAJLI, yBe-
JHYCHHE BOJOIPHTOKOB, POCT JaBJCHHS Ha Kpelb H 1p.).

B cBsA3M ¢ 3THM MOXKHO c/lenaTh BHIBOJ O BaXHOCTH HabJne-
Hufl ¥ HcclefoBaHu# BO BpeMs pa3paboTKH MeCTODOXKIACHHS, IO pe-
3yJ1bTaTaM KOTODPOTO YTOYHSIIOTCS HE TOJBKO [eO0JOTHYECKHE YCa0-
BHS H XapakTep HX B3aHMOJCHCTBHS C TOPHBIMH BHPAaOOTKAMH H
COOpYXKEeHHSIMH, HO H HEKOTOpble 3aKOHOMEpPHOCTH H METOXHYECKHE
IpHEMB, N03BOJsIIONIME TIPOBOAKTL Gojlee HaneXKHBIH H CBOEBpeMEH-
HEI IIPOTHO3.

KOHTPOJIBHBLIE BONPOCHI

1. Uro Takoe HHIKEHEDHO-TEONOTHUECKHE YCIOBHSL MeCTODOXAeHHt (uiaxr-
HBIX H KapbepHuX mojeft)?

2. Uro Takoe KOMIOHEHTH HHIKEHEPHO-TeOJIOTHUECKHX YCJIOBHE H Kak OHH
BJHAIOT Ha PaspabOTKy MeCTOPOXAEHUH?

3. Hro Takoe HEOXHODORHOCTh TIEONOTHYECKHX YCJIOBUH H KAaKoBO ee 3Ha
YeHHe NDPH OUEHKe M NPOTHO3e YCIOBHH BeleHHst TOPHLIX pabor?



I'maBa 2
HH)XEHEPHO-TEOJIOI'HYECKASA O EHKA
IF'OPHbLIX TOPOL,

2.1. TOPHBIE NOPObl — CPEJA
IJisl TOPHBIX PABOT U COOPY)XEHHRA

Panee ropusle nopoabl pacCMaTpHBaJMCh KaK €CTECTBeHHHlE obpa-
30BaHMs, BMELLAIOIHE pasjiHyHBlE NoJie3Hble HCKONaeMHe. JT0 H
ollpellessiio TPAAHLHOHHBIH Te0JOTHUECKHH NOAXON K HX H3YYeHHIO
H oueHke. MHXXeHepHO-TeOJOTHYECKOe H3yueHHE TOpHHIX TOPON H
NI0JIE3HOTO HCKOMaeMoro, 6asupysichb Ha 3TOM IOAXOJe, BHOCHT HO-
BHE 3JeMeHTH HCXOASA M3 Tpe6oBaHHH KOHKpDETHBIX 3ajad, pellae-
MBIX IIPOEKTHPOBLUMKAMH, CTPOHUTRJ/SIMH, TEXHOJOraMH.

B ropHom Jiesie NOpPOABR pacCMaTpHBAIOTCA TIJiaBHbIM O6GpazoM
KakK cpella, B KOTOpOH NPOH3BOIATCA ropHHe paGotsl (IpoBeleHHe,
KpelJieHle H moAAepKanue BHpaboTOK, a TaKXe BHIEMKa II0JIE3HOTO
HCKOTIAeMOro) M CTPOSITCA pas3finyHble COOPyXeHHs (LaxTHbie
CTBOJIE], NMOA3E€MHbIE KanHTaJbHbIE, NONTOTOBHTEJbHbBIE, OYHCTHHE H
IpeHa)XHbie BHIPaGOTKH, Kapbepbl, Tpahllled, KaHaBu). Bwmecre
€ TeM NOPOAHK [IPeACTaBJstIOT cO60H OCHOBaHHE AJisT MHOIHX Ha3eM-
HEIX COOpYXKeHuil (KOTNpOB, TPAHCIOPTHBIX KOMMYHHKanu#, IOpPHO-
J0OHBaWOLIero 06GOpPYAOBaHHA, BHEIIHHX- ¥ BHYTPEHHHX OTBAJOB,
HACOCHBIX CTaHuMH, 3HaHuil), a TakXKe MaTepuas IJsi TAKHX COOPY-
JKeHH¥, KaKk NaMOBl Pa3HOTO Ha3HadeHHd, IIJIAMO- H XBOCTOXpaHH-
JAdma, OTBaJjibl, 3akjainku H np. (puc. 4). Tlpu stom crnenyer
OTMETHTB, YTO COOpYKEHHS (BHIDAGOTKH) MMEIOT 3HAaUHTENbHHE pas-
MepHl, a IOPOAH SABJAITCA HX KOHCTPYKTHBHBEIM 3JjeMeHTOM. B Ha-
CTOsifee BpeMs CTPOAT IIAXTHHIE CTBOJIB IVIyOHHOH Gosee 1 KM,
a ray6una, HanpuMep, KODKHHCKOro yrojbHOro Kapbepa NpeBHI-
mwaetr 400 M. 3ti uudpy nawT npencrabldenue o6 o6beMax H pas-

FEE 4 R8s
s ()7 C=le 2209

Puc. 4. Topubie NOPOLBl KaK OCHOBAaHMe, Cpelia ¥ MarepHal COOPYXeHHI:

I — eyrauHOK; 2 — rmHa; 3 — mecok; 4 — necyavHMK; & — pyaHasi 3ajexb; 6 — H3BECTHAK;
7 — WwaXTHBIR CTBON; 8 — GOPT Kapbepa; 9 — orBaa
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HOOOpa3nH TOPHHIX NOpOJ, KOTOphle OKaXyTesd IOJ BO3AefcTBHeM
nofoOubix coopyxenu#. [IpuboproBas 30HA cpefHero CcoBpeMeH-
HOTO Kapbepa, B IIpefesax KOTOPOH Bejaercs NpOorHO3 YCTOHUHBOCTH
TOpHHIX TNOPOM, cocTtaBiaser okojgo 0,5 miapa M3 a B KpoBJie OuH-
CTHOIO NPOCTPAHCTBA YTOJbHOH IIAXTHl B TeueHHEe roAa AedopMH-
pyercs 1o 10 man M® n 6osee MOPOA pa3JHUHOTO COCTAaBa, CTPOEHHS
u ceofictB. M eme onna cneunnduueckasa ocobenHocTs., [Ipu paspa-
6oTKe MecTOpoXieHHH (OpMHpYIOTCS OGOJblLIHE NJIOMAAKH HCKYC-
CTBeHHBIX OOHaXKeHHH# TrOpPHBIX NMOPOJ, KOTOpbiE TNMOABEPraloTCH BO3-
JedCTBHIO aTMocgepHLIX areHToB, MOBEpXHOCTHHIX H NOA3€MHHIX BOJ
H LeJOT0 psiia TexXHOTeHHHIX (aKTOpoB. JTO OTKOCH H 6GepMH
KapbepoB H OTBAJIOB, MJOL{aAb OOHaKEHUH KOTOPHX COCTaBJASET Je-
CATKH KBaJPaTHBIX KHJOMETPOB, a TakXe II0YBa, KPOBJIS H CTEHKH
NoA3eMHbIX BEIpaGoroK. FaMeHeHHs TOpHHX NOpOJ, HAaYHHAIOIIHECS
Ha MCKYCCTBEHHbIX OOHAMXEHHsX, MPOHHKAIOT B IMy6b MaccHBa H ua-
CTO CTAHOBATCH IVIAaBHOH TNPHUYHMHOH BO3HHKHOBEHHS H HHTEHCHOH-
KalHll pa3JHuHBIX sBJeHH# (ONOJ3HEH, NyuYeHHs, PaccJOeHHs H 06-
PYUICHHA KPOBJH, NpOpbiBa BOJ H IIBIBYHOB H T. A.), OCJOXKHAIO-
IIHX TIpOLecC BEAEHHs rOPHbIX pabor.

Hcxons u3 Xxapakrepa B3aUMOAEHCTBHS CJIOXKHOH CHCTEMH rop-
HLI€ MOPOJAH — TrOpHble paboThl, M pelleHHs NpaKTHYeCKHX 3a4ay
HeoOX0uMHB KOJHYECTBEHHbIE TOKa3aTeNH, XapaKTepH3YIOWHe cJje-
JyloliHe OCHOBHbIE CBOMCTBA NOPOMA: NJOTHOCTDb, MPOUYHOCTD, Aedop-
MHDYEMOCTb, BOZOYCTOHYHBOCTb, TeMIlepaTypOyCTOHYHBOCTb, BOXO-
i rasonpoHuuaeMocts. OJHAKO NepeuHCJeHHBle CBOHCTBA 3aBHCAT
0T 0coOeHHOCTEN COCTaBa, CTPOEHHS, BJIAXKHOCTH, TPelUHHOBATOCTH,
BBLIBETPHBAEMOCTH, TMOPHCTOCTH HCCJAEAYEMHEIX MOPOA, a TaKXe OT
YPOBHS HanpsaXKEHHOro COCTOSHHA.

Taxkum o6pasoM, crnenuduxka HHKeHEpHO-TeOJOTHYECKOTO H3yue-
HHS H OIeHKH FOPHBIX MOpOJ 3aKJIOYaeTcs B TOM, UTO: a) H3YuEHHe
BeJEeTCH Ha T'eOJIOTHYECKOH OCHOBE M AIBJAAETCHA MpOJOJIKEHHEM Treo-
JIOTHYECKOTO H3Y4YEHHS MeCTOpOXAeHHs; 6) H3yualoTCca COCTaB,
CTPOEHHE H COCTOSIHHE IOPOJ, KOTOpHE B KOMILTEKCE TMO3BOJSAIOT
OLIEHHTb HX TNPOYHOCTb, Ae(POpMHPYEMOCTb, IIPOHHLAEMOCTh H YC-
TOHYUBOCTb, a TaKXe UX H3MEHEHHEe MOj BO3AeHCTBHEM TOPDHHIX pa-
GoT; B) cBolicTBA TOpHHLIX NOPOA OLEHHBAIOTCH KOJHUECTBEHHLIMH
NOKa3aTeNsIMH C yueTOM CMeld(DUKH HX B3aHMOJAEHCTBUSA ¢ TOPHLEIMH
paboTaMH (COOpYXKEHHAMHU).

[Nosenenue nMOpoOA pas3/jMYHOTO reHe3uCa, cOCTaBa H CBOACTB BO-
KpyTr TOPHHIX BLIpaGOTOK B KOHEUHOM HTOr€ OMNpefelsercsi CTpoe-
HHeM, QH3HUECKHUM H HaNpsKeHHHM ux coctosaneM. OueHka buzu-
YeCKOTO COCTOSIHHSI TOPHBIX NMOPOA H NPOTHO3 BO3MOXKHLIX €ro H3-
MEHEHHH MpH OCBOEHHH MECTODOXKAEHHH TONE3HBIX HCKOMaeMLIX
npeAcTasaaloT coboit BaXKHeHIIME 3aZaud HHMXKeHEDHOH TEOJIOTHH.
DoJibiioe 3HaueHHe npH 3TOM HMeeT npobJeMa yCTaHOBJEHHS 3aKO-
HoMepHOcTell GOpPMHPOBAaHHS H H3MEHEHHS OTAeJbHbIX IPH3HAKOB
COCTOSAHHUS.
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[Ton ¢u3HYeCKHM COCTOSIHHEM TOpHBIX NOPOA CJEAYeT IIOHH-
MaTb COCTOSIHHME, OLleHHBAa€MOE€ COBOKYIHOCTBIO NDH3H2KOB, oflpeje-
JIIIOIIMX YCHOBHSI B3aHMOJAEHCTBHS I[OPOM C Pa3/IHUHBIMH COOpYIKe-
HHsAMH. BrosHe ecTecTBeHHO, 4TO [AJA KOHKDETHBIX THIIOB IOPOJX
OTIpeleNIsHOINMHE fABNAIOTCS pa3Hble NpU3HakW. HanpuMep, neTpo-
rpaduyeckufi coctaB uMeeT O6OJbLIOe 3HAYEHHE [PH H3YYEHHH
CBOMCTB BCeX TOPHBIX NMOPOJA; TPEIIHHOBATOCTb H BHIBETPEJIOCTb —
I XapaKTePHCTHKH CBOHCTB CKaJIbHBIX M IOJYCKAJbHBIX IOPOX;
BJIAKHOCTD, IIOPHCTOCTL H KOHCHCTEHIHIO ONpEeAeIsiOT AJs IecYaHO-
TJIRHUCTHEIX MOPOA; TenJAOpHu3HUeCKHe CBOHCTBA — A Mep3Jbix MO-
POL H T. I.

Hl3 BCcero H3JIOXKEHHOTO, a TAKXKe H3 3HAKOMCTBA C TOPHLIMH IIO-
podaMH, IOJNYYEHHOTO paHee, B pe3yinbTare NPOXOXKACHHA 3aHATHH
H yue6HOH MpaKTHKH M0 I'€0JOTHYEeCKHM AMCUHMILUTHHAM, MOXKHO cje-
JlaTh BHIBOA O OOJbHIOM HX pa3HooOpa3ud Mo TeHe3ucy, COCTaBy,
COCTOSIHHIO M CBOHCTBaM. JTO Tpebyer INpOBEIEHHS HEKOTOPOH CH-
CTEMAaTH3ALMH, I[03BOJAIOMIEH O60Jee 1eJeHalpaBIcHHO B HOBOM
acTieKTe BECTH H3YUCHHE TODHBIX IODOA, T. €. HeoGXOIHMa KJACCH-
(dHKanusa, noMoraminaa cyiHTb 06 HHKCHEPHO-reOJOTHYECKHX OCO-
OeHHOCTAX MOpPOA. PazpaboTaHO AOBCJBHO MHOIO CrepHaJsJbHBIX (IO
YCTOHYHBOCTH IIOPOA B OTKOCAaX, HecymieH cIOCOGHOCTH NMOPOA, KO-
shdurunenty kpenocts IIporoamnskoHoBa M Apyrux) u  o6mux
(. I1. Capapenckoro, H. H. Macaosa, E. M. Cepreesa u Apyrux)
k1accupuranufi, Haubosee npapuabHo MOcTpoeHa M yaoOHA AJ3
JAajbHeHllero paccMOTpEHUS B HallUX HEJafAX — obmias KJacCHpHKa-
uua @. I1. CaBapeHcKoro, npeaJoxennas uM B 1937 r. H no3aHee
nononuennas B. II. Jlomrangse. OHa mocTpoeHa Ha ydeTe reHesuca,
cocTaBa M CTPYKTYPHHIX CBfi3eH NOPOJ, ONpEAeJAOHMIMX HX INIpOY-
HOCTb, HAe(OpMHPYEMOCTb, YCTOHYHBOCTD H BOJOIDPOHHILAEMOCTb.

ITo wamaccupukauun P. [1. CapapeHcKOro Bce TOpHHIE NOPOJbI
nojipasfeAloTes Ha naTh rpynn (rabua. 2).

B nepBylo rpynny BXOAAT PasHOBHIHOCTH MAarMaTHYECKHX,
MeTaMoOp(HUeCKHX H OCaXOYHBIX MOPOJ, HMEILIMe BBICOKYIO CTE-
IleHb COXPAHHOCTH, GOJBIIYIO NpOYHOCTD H YCTOHYHBOCTb, MaJylo
JneopMHpyeMOCTb U BOAONPOHHLAEMOCTD.

Bropas rpynma o0bexuuser 6oJblioe pa3HooOpasue Io-
pOJA, AN KOTOPHIX XapakTepHH HapylIeHHe MOHOJHTHOCTH (BHIBET-
peJOCTb, TPEIIHHOBATOCTb), MOHMMKEHHASA INPOYHOCTb M BHICOKAs
(xaK mpasuJ0) BOAONIPOHHIIAEMOCTb. DTH HOpOA 00aanarT 00.b-
IO HEOAHOPOAHOCTbIO H AHH3O0TPOIHOCTBIO, YTO CO3XaeT 3aTpyA-
HeHHf TIPH HX M3YUeHHH, a TaKXKe IpH OHEHKEe HX YCTOHYHMBOCTH
B KauecTBE OCHOBAaHMS M Cpefibl COOPYXEHHH.

TpeTbs rpylina BRAKOYAaeT BCe NOpPOAH, AT KOTOPbIX Xa-
paKTepHO OTCYTCTBHE CBA3eH MeXIy OTJAeJbHBIMM MHHEpaJbHBIMH
yacTuamMu H o06noMxkaMu. K HuM MOXKHO NPHMEHUTb MeXaHHYECKYIO
MOJeab Chillyuell cpefbl H 0XapaKTepH30BaTh HX IIPOYHOCTb B COOT-
BercTBUM ¢ 3aKOHOM KyJioHa K03h)HuMEHTOM BHYTPEHHETO TPEHHA.
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Ta6anua 2. Unxeuepuo-reoiornyeckast Kiaccugukauus ropusix nopos (mo ¢. Il. CaBapeHcKkomy, € H3MEHEHUSMH H AONOIHEHUSAMH
B. 1. Jlomragse)

T'eHeTHueckue THNB

I'pynna Marmarnyeckue Metamopduueckue Ocapgounpie
TOPHBIX NODPOJ
’ rf.?fp"y"a':,'ﬁ‘f' -"°",’,',§,’;y§““' H3JIHBUIMECH MAacCHB- caaHue- | MUPOKJACTH- 0GHOMONHEE FIHEHCTHE opraHoreHHule
Hbte KHABH biE apdysususe HBIC BaThie yecKue u XeMorcuHuie
I. Ckaabiibe Ipasuntet, | Ipasnr-nop- | Keapuensie n | Mpamo- T'seficu, — Tlecuanurn — HaBecThaKku
CHEHHTH, dupH, cue- | GeckpapueBhie| pul, KBap- | KpucTad- H KOHIJOMe- U AOJOMHATH
FpavofMO- | UUT-TIOpDHU- nopHpH H U THE JuyecKue paTe ¢ npo- nJOTHHE U
PHTH, AHO- | pbl, TrpaHo- | NOPOUPHTH, caAaHUbl YHBIM UEMEeH- npouHble
puTsHl, raG- | AHOPHT-NOP- | TPAXHTH, TOM
6po &upel, auo- | Auabaswl, Ju-
pHT-nnopdu- napuTel, Ra-
pHUTH, ra6- | UHTH, aHfae-
6ponopdupu- | auTH, Gasza-
Tht JILTHI
IMecuaunxu,
11. Tlony- BulBeTpesble ¥ CHJALHO TPCUIMHOBATHE FODHHE NOPOAW nepwo# | Bysnxkanuue- | Kournomepa- | I'nunncrThe WspecTHakn
cKaabHBIE rpYNUB, HMeKUMe NOHH)KEHHbBE MoKasarequ QUIHKO-MeXxanuue- | ckue Tydsl, | TH M aaeBpo- | ClaHusl, N JOJOMUTH
CKHX CBOMiCTR TybdHTH B | IMTH ¢ [JIH- | 8PFHIATUTH FTHHAACTHE,
: Tydoreuune HHCTHIM 1l€- Meprea,
nopoab MeHTOM MeJI, KpeMHH .
cThie MOPOAH
111. Puixane - — ITeckn, rpa- — —
HECBs13HbIE Buit, raneu-
HHKH, nge-
Genka
IV. Msrsue — — — Uapumt, cyr- —
cBsIalbie JIMMKH, Cyne-
CH, JleccOoBble
NOPOAK
V. IMopoant Mep3nbie NOPOSZH, PEe3KO H3MEHAIOU[HE TNPOUHOCTb, RehOPMHDye- Tlecku-nam- |IAuHHCTHIE Topdw, nou-
0coBoro  co- | MOCTL M YCTOYMBOCTL DU OTTAHBAHMH BYHH, Necya- | NOPOALI 34cO- | BB, THICH],
CTaBa, COCTOM- HEIE HJIBL JIEHHBIE, TJH-| BHCHADHTH,
HHUSL M CBOACTB HHCTHIE MBI KaMeHpnan
coab




YUerBepTasa rpynna oxBaTbiBaeT pPa3JHyHbie 110 NPOHCXOXK-
JEHUI0O MSATCKHe IVIHHHCThle NMOPOABl, AJs KOTOPBIX XapakKTepHsl Ma-
Jasl IPOYHOCTb H 6oJbliast CKuMaeMmocTh. [lopoasl 3TOl rpymmsl
IpeAcTaBJAAIOT CO60H AHCIEepCHBle CHCTEMBl H INIPETepreBaloT 60.b-
iHe H3MEHEeHHsI [PH B3aHMOJCHCTBHSX C pa3JHUHBLIMH COOpyXe-
HHSIMH, B CBSI3H C YeM OHH H3Yy4alOTCHd H GHEHHBAITCA ¢ 0060 TIIa -
TeJAbHOCTEIO. B MexaHHYeCKOM OTHOWIEHHH OHM HPelCTaBJsIOT cOGOM
CJOXHBIA O6BEKT, TAK KaK HH OJlHA H3 CYLIECTBYIOIIUX MoAeJell He
MOAXOAHT K HHUM B MOJHYI0 Mepy. IIpoyHOoCcTs HX ompegensieTcs: NO-
Ka3aTeJsAMH CONPOTHBJCHMS CABHIY — CllellTeHHeM H K03 (HIEeH-
TOM BHYTPCHHCTO TpeHHSI B COOTBCTCTBHH ¢ 3akoHOM KyJoHa, a HX
1e(OpMHPYEMOCTb — IIOKA3aTeNIMH CKAaTHH B COOTBETCTBHH C 3a-
KOHOM yIJOTHeHHS.

[loponwl, OTHeceHHble XK NAATOH Irpynlle OYeHb pa3HOOGpA3HD
IO CBOEMY TEHEe3HCY, COCTaBy u csolicTBaM. Crola OTHOCAT MHOrO-
JeTHeMep3Jble H 3aco/eHHble MOpOAbl, TEXHOTeHHBle 06pa3cBaHHi,
KOTOpbi¢ MpHo6peraroT Bce GoJbliee 3HAUCHHE B CTPOHTENLCTBE H
apyrue. Onu TpebyloT cnenuduieckKoro NOAXOAA NPH H3YUEHHH U
OlleHKe B KauecTBEe OCHOBAHHS WJIH Cpelbl COOpyXKeHHH.

B HHXeHepHOH reoJIOTHH H3y4YeHHE TOPHBIX NOPOJ OCYyIIECTBJS-
eTCcsi € ONpellelleHHOH NOCIe]0BaTeNbHOCTLIO, KOTOpasi IIO3BOJsAET
OIlCHHBATb HX C PA3HOH CTEMEHbIO TOUHOCTH U HaleXHOCTH. B cBiAsH
C 3THM Da3JHualoT CJAelylollHe Tpynnbl ToKa3aTesaeH: cOcTaBa,
CTpoeHHusi, QH3HYECKHX H BOJHBIX CBONCTB, NMPOYHOCTH H Aedopmu-
PYEMOCTH, a TaKKe HEKOTODBHIX ClieiHaJbHBIX CBo¥icTB. B atom no-
pALKEe MBI H IIpOBEIeM O3HAKOMJIEHHE C HHIKeHepHO-re0JOTHYeCKOH
OIEHKOH rJjaBHeHIIHX OCOGEHHOCTeH TODHBIX MOPOL.

2.2. HH)KEHEPHO-TEOJIOTHYECKASI OLEHKA COCTABA
H CTPOEHHS FOPHBIX MOPOA

2.2.1. Cocrar

CocraB rOpHBIX NMOPOL OLEHHBAETCSl COAEPHKAHHEM . ..dX Pa3JIHY-
HbIX MHHepaJIoB (MHHepaJbHBIH COCTAB) W YACTHI PA3HOrO pasMepa
(rpanynoMeTpuyeckufi cocTaB).

MunepanapHBHH COCTaB BO MHOIOM ONpeAenseT CBOHCTBa
rOpHBIX MOPOJA, HX IJIOTHOCTb, BOAOEMKOCTb, TBEpAOCTb, IIPOYHOCTD,
nedopMHpPYEMOCTDb, YCTOHYHBOCTL. CBOMiCTBA MHHEPAJIOB 3aBHCAT OT
XMMHYECKOTrO cOCTaBa, CTPYKTYPhl KPHCTAAIHYECKOH pelleTKH H Xa-
pakTepa CBSI3H, MEXAy aTOMaMH, MOJEKyJaMH H HOHaMH. YCTOH-
YHBOCTb MHHEpaJOB OIpejesieTcs cCyMMapHOH 3Hepruefl M CTpoe-
HHeM HX KpucTaaaudeckoli pemlerku. Hanpumep, Haubosaee yCTORYH-
BhLifi MPOTHB BBIBETPHBAHHS H3 MOPOACOOPA3YIOHIHX MHHEDAJOB —
KBapi, 3a HHUM CJEAYIOT MYCKOBHT, OpTOKJa3, KHC/bIe IIarHOKIa3bl,
ampub0./bi, MHPOKCEHH, @ K HauboJee HeyCTOHUUBBIM OTHOCATCSH
OCHOBHblE NJATHOKJa3H, GHOTHT, FHIC. ECJAH OlleHHBaTh BOAOYCTOH-
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YHBOCTb FOPHHX NOPOJA, TO 3Jech 00gbUIOe 3Hayenwe npuobperaior
pacTBOpHMBle B BOJAE MHHePaJabl (KaJblMT, TMIIC, FAJHT), 4 TaKkKe
IJINHHCTHE MHHEpasbl, KOTOphle aacopOHPYIOT GOJbIIOE KOJHYECTBO
BJIATH.

OueHnBasi BJIHsiHHE MHHEDAJbHOrO COCTaBa Ha CBOKCTBA TFOPHBIX
nopoj, cnaedyeT pas/JHyaTh COCTAB MHHEPAJIOB, OGJOMKOB HOPOL H
HEeMEHTHPYOIIero BeuleCTBa. Ecau AT MarMaTHYECKHX H MeTaMop-
(HYECKHX NOpPOJ MOXKHO OrDAHHYMTHCS MHHEPAaAbHBIM COCTaBOM
CJaralomHX KpHCTAAN0B, TO AN OCAJA0UYHBIX HeoGXONHMO OLEHHBATh
COCTaB KPHCTAJANO0B, 06JOMKOB NMOPOA, a TaK¥e PA3JIHYHBIX NIPHMeE-
cedl M meMeHTa MeXAy KpHCTaanaMmu u obiaomkaMu. [IpeacraBienue
0 HEKOTOpHIX XapaKTepHCTHKax NOpPOA00ODPA3yIOMIHX MHHEpPaJos,
KOTOPBIC BAHSIIOT HA CBOHCTBA TOpPHBIX NOPOJ, MOXKHO IOJYYHTH H3
Taba. 3.

Bricokasi mpOYHOCTh H YCTORYHBOCTH NMOPOROOOP A3YIOWIHX MHHE-
paJioB CO3/aeT 3HAYHTENbHYIO NPOYHOCTb M YCTOHYMBOCTH MarMaTH-
YecKHX H MetaMOpduueckux nopox. OnHako ciaelyer UMeTh B BHAY,
YTO B 3THX MNOPOAAX CYLIECTBYIOT passnuHble AedEKTh, KOTOpbIE
NPUBOAAT K YMEeHbUIEHHIO HX NPOYHOCTH W YBeTHyeHHIO AedopMu-
pyeMOCTH H BOAONpOHHIAeMOCTH. [ledeKTH HMEWT HeOAHHAKOBHIE
NPHPOAY M paHr, NO3TOMY HX BJHSIHHE CYUIECTBEHHO pa3JHYHO.
MoxHo BbIZeNUTh AedEKTH B KPHCTAJJIHYeCKOH pelleTKe (BaKaH-
CHM, 3aMeleHHe U JHCIOKAlHIO aTOMOB, pPaspylleHue, nepeKpUcTal-
JM3aL0UI0 H T. A.), MHKPOTPEIUHHB (YacCTO CKpHITHE), TPEUIHHH CO-
H3MepHMble C KPHCTAMJIaMH, TPEUIHHbl B nopoje. Bce oHH B pasHOi
CTeNeHH YMEHBIUAIOT TPOYHOCTh NMOPOA, & HHOrZa HACTOJbLKO, UYTO

Ta6awia 3. Hexoropuie XapaKTepHCTHKH CBOHCTB OCHOBHBIX fIOPOA0OGPA3YIOMIMX
muuepanos (no B. Il. Beaukosy)

g g s Ckopoc acnpoeT-

g o 2 E E‘ p;)g:i{:: gnp/ygux

S i 5 o BOJIH, KM/C

& H 4y =

Muuepanst E. - = ‘g =3 % )
= a s = A =

25 | £F | 2% | 2 g 2

£ 57 S g g2 g Ex

2 =2 =0 8 o £
Ksapu 9,6 4,4 3,7 0,09 6,1 4,1
OpTokaa3s 6,3 2,4 5,2 0,29 5,7 3,1
MHKpPOKIHH 7,5 29 5,6 0,28 6,1 3,4
[Nnaruok.tas 7,8 3,2 6,6 0,28 6,3 3,5
Crioan 7,1 2,8 52 0,28 5,6 3,1
Hegennn 7,4 29 49 0,24 5,8 3.4
Ampnboanr 12,5 5,0 9,9 0,25 6,9 4,0
IMupoxcennt 14,4 5,8 9,5 0,24 7,3 4.3
OnuBHH 21,7 8,7 13,1 0,24 8,8 5,0
I'panar 24,3 9,6 14,5 0,27 8,7 4,3
Kanpuut 8,5 3,3 7,2 0,28 6,3 3,5
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Tabanua 4. Jauusie o Kodpuumenre TpeHusa NIACTHHOK 3 Pa3JHUYHBIX
miuepaaos no X. M. Xopny

TaacTRER
MuHepassl

CyXne CMOYE€HHbIS
KBapn 0,11—0,16 0,42—0,51
MHUKDOKIHH 0,13 0,76
MyckoBHT 0,30—0,36 0,22—0,26
Buorut 0,26 0,13
Xaoput 0,35 0,22
Tanabk 0,24 0,14
Kanbuur 0,14—0,21 0,60—0,68

NPUXOAUTCA NPHHHMATh B pacuyeTax TOJbKO Ko3(pGHIHEHT BHYTPEH-
Hero TpeHHusl, HO OH TaKXKe 3aBHCUT OT MHHEPAJbHOrO COCTaBa TPy-
muxcst nosepxHocre#, B aroM MoXHO y6eiHThCS H3 JaHHBIX, NPH-
BelleHHBIX B TabJa. 4.

[lepeuncnensble noponoofpa3yoniHe MHHEpPAJbl OKa3bBAIOT
BJHSIHHE W Ha CBONCTBa OCaAOYHBIX MOPOJ, OJAHAKO 31ech GOJbHIOe
3HaueHHe NpHOGpPETAIOT COCTaB IeMEHTa H PAa3JHYHBIX BKJIIOYEHHH.
O6 3TOM MOXHO CyAMTh, NpeACTaBHB cefe MecyaHHK (cocTosimui
rjaBHBIM 06pa3oM H3 KBapla) Ha KapGOHAaTHOM H [JIHHHCTOM Iie-
MeHTe. IIpOuHOCTHE H yCTOHYMBOCTE ero OyaeT CymecTBeHHO 3aBH-
CeTh OT XapaKTepa H COCTaBa LEeMEHTa.

I'uHucTHE MHHEpaabl COCTaBASIIOT TOHKOJHCIEPCHYIO H  KOJ-
JOHAHYIO YacCTh MHOTHX OCajOuHBIX nopoA. Mx Buicokas Aucmepc-
HOCTh (pa3Mmepnl KpucTaanoB MeHee 0,002—0,001 mm) obycaoBiu-
BaeT GOJBbUIVIO YAEbHYIO NOBEPXHOCTH, a CJAEA0BATETbHO H BEHCOKHHA
NOTEHIHAaJ  TNOBEPXHOCTHOH 3HepPrHH, C KOTOpBIM CBfI3aH psl IO-
BepXHOCTHBIX siBJeHHH. B cBs3u ¢ 3THM He(oJbllOe ColepKaHue
TTHHUCTHX MHHEpPaJOB B NOpOAAax onpenelsel HX CBOHCTBa (BaaxK-
HOCTbH, NJIOTHOCTb, IPOYHOCTD, AeOpMHPYEMOCTb, YCTOHYHBOCTH, BO-
JIONPOHHIAEMOCTR).

I'uBuCTEIE MUHEpaabl — COeAMHEHHs! BOJHBIX CHJIHKATOB CJOH-
CTOr0 HWAH CJOHCTO-JEHTOYHOTO CTPOeHHs, 06pa3oBaBUIHeCS [J1aB-
HelM 06pa3oM B pe3yAbTaTe XHMHUECKOTO BEHIBETPHBAHHS TOPHBIX
nopod. B 3aBuCHMOCTH OT COCTaBa M KPHCTAJJIHYECKOTO CTPOCHHS
TVIHHUCTHE MHHepPaJsl NPOSBASIOT pasauyHbe clenHbHyeCKHe CBOJ-
ctBa (0COGEHHO NpPH B3aUMOIEHCTBHM C BOAOH), KOTOpHE Onpele-
JSIOT NoBeJeHHe NOPOJ B rOpHLIX BhipaGotrkax. Ha stok ocHoBe Bce
[AHHHCTHE MHHepaJbl NOAPa3AeAsdIOTCH Ha TPH IPYNNK: KAaOAUHHUTA,
MOHTMOPHUJITOHHTA W THAPOCAIOAB. OCHOBHBIE NPEACTAaBHTENH 3THX
rpyin, HEKOTOphle HX OCOGEHHOCTH TMOKasaHW B Taba. b.

XapakrepHble YePTH CTPOEHHSI KPHCTaJJHYECKHX DelleTOK pas-
JUYHHX FPynn MuHepasaoB (pHC. D) npeponpefeasior CBOHCTBa NO-
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Ta6anua 5. OCHOBHBIE TJIHHHCTHIE MHHEPab!

Tpynna Tunnunse XHAMHYECKRH cocTan Monexyasp-
MHHEDaJ0B MRHEpaL (mo A. T. Berextuuy) HOE
OTHOLIEHHE
Kaoaunura Kaoauuur Al[Si, 010} [OHIs 2
JHKKHAT 2
Tanayasut Al {81,010} {OH]s -4H,0 2
MontMopra- | Moutmopunio- | m {Mgg [Si;050] [OH]p) X 4
JIOHHTA HUT X P {[Al, Fe, [S13049] X
Ho#rponur -+ [OH},} - nH,O 3
Befigenaur Al, [Si;010] [OH],-nH,O 4
Tunpocmoas | Tuapomyckosut | K (Al, [(Si, Al) Ol [OH], X 2
Waanr X nH,0 2
Cepuuur 2
|
I'uapoGuotut K (Mg, Fe) 3[(Si, Al), O] X 2

X [OH],-nH,0

crenHux. OcoGEHHO OTYeTJHBO MPOSABJASETCS HHAHBHAYaJbLHOCTD
TJIMHHCTHIX MHHEpaJioB NPH B3aHMOJEHCTBHH ¢ BOJOH, KOTOpasi, Kak
H3BECTHO, OKa3blBaeT pelilaloniee BJAHSHHE Ha CBOWCTBA TVIMHHCTHIX
nopoa. HauGoaee ruipoduabpHbl MHHepaJbl IPYHIBH MOHTMOPHJIIO-

Cnod 6odss

Puc. 5. CxeMbl pacmoJioxeHusl ClOeB B KPHCTQNIHYECKHX peUIeTKax KaoJNHHHTA
(a) 1 MoutMopuaaouuta (6) (mo I'. B. I'puuaxn).
daeMente: I — OH; 2 — Al; 3—0; ¢4~ Si; 5§—Al, Si; 6 —Al, Mg
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HHTa H3-38 0COGEHHOCTEH KPHCTAJJIHUECKOH peLIeTKH, OTHAebHbie
nakeThl KOTOPOH HMEIT CHMMETDHYHOE CTpOeHHe. DTG MPUBOIUT
K 00pa30BaHHIO BBICOKOH BJAAaXHOCTH H MOPHCTOCTH NOpPOJ, COAep-
Kamyux MHHepaJbl 3TOH TPYNNB, a OTCIOJAa K BHICOKOH aKTHBHOCTH
TJIMHHCTHIX CYCIEeH3HH, BHICOKOH NJIaCTHYHOCTH, CXKUMAaeMOCTH, Ha-
0yxaeMOCTH, eMKOCTH O6MeHa H T. A.

MuHepaJpl TPYNIB KaoJAHHHTA MeHee THApOGbUIbHD], TaK KaK HX
KPHCTaJNNHYeCKas pelleTKa NpouYHa, KaX[blf NakeT COCTOHT H3
NSATH 3J7€MEHTapHLIX CJ0€B, NPH 3TOM NEPBBLIH NpEACTaBJeH aTo-
MaMH KHCIOpOda, a mnocjJelHHH — CHAPOKCHJBHOH TIpynmo#, 4to
obecneunpaeT YCTOHYHBYIO CBSI3b COCEJHHX TNakeroB. B cBA3M
C 3THM IJIMHHCThlE KAOJHHWUTOBBIEC NMOPOJbl XapaKTepHU3yIOTCS MEHb-
niefd BJaXHOCTbIO, MJIAaCTHYHOCTHIO H HabyxaeMocTbio. OHH OoJee
IIOTHEIE, MEeHee CXKHMaeMBle,

T'uapocaronucTele MHHEpasbl 3aHHMAKT NPOMEXKYTOYHOe MO-
JOXeHHe, [I0ITOMY IJIMHHCTBle MOPOABl THAPOCTIOAUCTOr0 COCTaBa
N0 CBOHM CBOHCTBAM HaxOAATCS MeXAY ABYMS CPYNIaMu MOPOA,
OMHCAaHHLIMH BBILIE,

BonopacTBopuMBle MHHepaabl HMeEIOT 60JblIce pacnpOoCTpaHEHHE
riaBHHIM 06pa3oM B OCAaJOYHBIX NOPOAAX H ONpPefeJsIOT HX YCTOH-
YHBOCTb NIPH B3aHMOJeHCTBHH ¢ BOJOH. IIpH pacTBOpeHHH W Bblmie-
JaUHBAHHH M3MEHsSeTCs UX IJOTHOCTb, CBA3HOCTb, NMPOYHOCTh, Ae-
(hopMHpYEeMOCTh H BOJONPOHHLAEMOCTh. Boja, GuabTpyshch uepes
TaKHe IOPOJbl, H3MeHsieT ¢BOf coctaB. I'IMHHCTHIE MOPOAH, COMEp-
xamue Gosee 3 % BOAOpPACTBOPUMBIX COelHHEHMH, HA3LIBAIOTCA 3a-
COJIEHHBIMH,

[lo cTemenu paCTBOPHMOCTH pas3/HyalOT TpH TIPyNIsl MHHepa-
JIOB: JIETKOPaCTBOPDHMBHE, CPpeAHEpPacTBOPHMBble H TPYAHOPACTBOPH-
Mble. OHH BCTPeYalOTCs B MOPHHIX NMOPOJAX B BHAE OT/JCJAbHBIX 3€PEH,
cTsiKeHHH, nemeHTa. HexoTopble NOPOAB LHETHKOM CJIOXKEHB BOJO-
DPaCTBODHUMBIMH MHHepadaMH (M3BECTHSK, THIIC, KaMeHHas COJb
u Ap.). B ta6n. 6 npuBeseHb OCHOBHBIE BOJOPACTBODHMBIC MHHe-
paJsl.

Yacto B ocafouHbix N0poaax {B 0cOGEHHOCTH B NMECUAHBIX H TJH-
HHCTHIX) BCTPEYAIOTCH OpraHHuYecKHe COoefHHeHHs, 06pasyninecs
B pe3yJbTaTe XKH3HEAEATETLHOCTH XHBOTHBIX H pacTeHu#. B 60.b-
HIHHCTBE CJyuaeB OpraHHUYECKOe BEHIECTBO COAEpXKHTCH B IOpojax
B paccesHHOM BHJe (IyMycHpOBaHHble H TopdsHble NOPOAB) H
NPUAACT UM BBHICOKYIO BJATIOEMKOCTh, IJIACTHUHOCTb, CXKHMAEMOCTD,
HabyxaeMOCTb, ITOHHKEHHble IPOYHOCTL H BONONPOHHLAEMOCTh.
B cBfi3H ¢ 3THM H3yyeHHe COCTaBa OPraHHYECKHX NpHMeceli Bceria
NPOH3BOAHTCS € HEoOXOAHMOH TIATENbHOCTHIO.

H3yueHne MHHepalbHOr0 cOCTaBa FOPHBIX IOPOML NPOH3BOMHTCS
nerporpauyecKMMH MeTOAaMH, a XHMHYECKOrO — XMMHUYECKHMH.
Oco6uiii HHTEpEC B HacTosillee BpeMs MpeAcTaBasdeT H3y4YeHHE TIJIH-
HHCTHIX MHHEPaJoB, KOTOpblE, KaK YXe OTMeuaJoch Bbille, Onpe-
IeJAI0T TOBeNEeHHE TDJIHHHCTHIX MNOpOJ IIpH HX B3aHMOAECHCTBHH
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Ta6anua 6. OcHOBHBIE BOJOPAaCTBOPHMBbIE MHHePAbI

T n opacTeop Oc e PacTnopH:
nna Bo, aCTROPH- HOBHbBI
pSlfmx un;rl{epanox; MHHepBaJIH XAMuueckult cocran Mg;;b 10 ggl}e
r/n

JlerxopacTBopMbie Taaur NaCl 357
CunbBun KCl 312
Mupabuaut Na,50,4- 10H,0
Copna Na,COs

CpenHepacTBOpHMbIE T'unc CaS0,-2H,0 2,5
AHruapuT CaS0,

TpynuopacTBopuMEIE Kamsuur CaCOs 0,0005
MarHesur MgCO;z
T onomMur CaCOs;MgCO4

C HHXKEHepHBIMH CoopyxeHHsMH. CJIOXKHOCTD H3yueHHsi COCTaBa
TJIHHHCTBIX MHHEDAJOB Bbi3BaHa MaJbIMH pa3MepaMHd [JIHHHCTHIX
YaCTHL, NMOJHMHHepaJbHbIM COCTaBOM [JIHHHCTBHIX NOPOJA H HX TOJH-
niucnepcHoctsio. [TosToMy nepej HayaJoOM MHHEPAJOrHYECKHX aHA-
JIH30B NPOH3BOAAT OTMYdYdBaHHE H BhileJEHHE B TAMXKEJHX MKHIKO-
CTAX HECKOJbKHX rpynn uactHy pasmepamu 0,002—0,001; 0,001—
0,0005; 0,0005—0,0001 1 menee 0,0001 mM, KOTOpHIe nOABEpraloTCs
AambHefimieMy uaydeHuto. OO6BIYHO NPUMEHSIIOT HMMepCHOHHBIH,
PEHTICHOCTPYKTYpHHIA, 3/JeKTPOHHOMHKPOCKONTHYECKHE, TepMHye-
ckufi, xpoMatorpaduyeckuii U APYTHe METOMLBI.
'paHy/TOMeTpHYECKHM COCTaBOM XapakTepH3YIOT CTe-
NeHb NHCIEPCHOCTH NECUaHO-TJIHHHCTBIX NOPOA, a TakXke TeXHOTI'eH-
HBIX NPOAYKTOB pa3pyuleHus [OPOL W MOJE3HOr0 HCKomaeMoro (oT-
XOAB oforamieHus # T. A.). I'pylna 4acTHi OAHOro pa3Mepa, HJH
onpeneJeHHOr0 AHanasOHa pa3MepoB Ha3biBaeTcs G pakpHei.
IlpundTO paszanyaTth BIeCTh OCHOBHHIX Ipynn Opakuui: rJHHHCTYIO,
NBLTEBATYI0, MeCYaHylo, rpaBHAHYIO, FajeYHUKOBYI) H BaJyHHYIO
(trabs. 7). Ha ocHoBe chmepHaJbHBIX HCCIeJOBAHHH H3BECTHBIE CO-
Berckie yuyenoie B. B. Oxorun 1 M. M. ®usatoB yCTaHOBH.IH, UTO
3TOT COCTaB onpene’ser mnerporpaduyeckue OCOGEHHOCTH H CBOH-
cT8a nopoi. HanpuMep, rpaHyJoMeTpHUECKHH €OCTaB OGJIOMOUYHBIX
W TecuaHblX NOPON OnpefAedsieT HX NJAOTHOCTh, BOAONPOHHUIAEMOCTE
u TpeHue. Boublloe BiMsHHe 3[eCb OKAa3bIBalOT opma OTAeTbHBIX
3epeH H CTeneHb OIHOPOLHOCTH cOCTaBa. B IAuHuCTHIX nopopax
pasMep 4acTHIl HJH, KaK NPHHITO TOBOPUTb, HX AHCIEPCHOCTD, ellle
CHJIbHEE CKa3blBaercs Ha (PH3HKO-MeXaHHYeCKHX CBOHCTBAX 3THX
nopoa. Ocobo ciaeayer nNOAYEPKHYTh POJIb TVIHHHCTOH Gpakuuy
(nnacTHHYaTHX YacTin pasmepoMm Meree 0,002 mum). B nux npeoG-
Aafal0T [JIHHHUCThie MUHEpaJibl, KOTOphle YBETHYMBAIOT THAPODHIIb-
HOCTh NOPOABI B LEJNOM, ee NJIACTHYHOCTH, TMOPHCTOCTb, CHKHMAE-
MOCTh, HabyXxaeMocTb, YMeHbIIAKT BOAONPOHHIAEMOCTh H NpoOd-
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Tabanua 7. Kaaccudukauyust gpakuni

HaumenosBHRe OCHOBHBIX ¢paKuui gpaalzx&ﬂ;?:i%;:;z%&“ Pasmep ¢paxuuit, Mm
Banyret  (okatanubie) M ram- | Kpynube =800
6u! (HeOKaTaHHbIE) Cpeanne 800—400

Meaxue 400—200
Tanexa (oxaTannasa) ¥ me- | Ovensp Kpynuabif (6yabik- 200—100
Genb (HeoKaTaHHEH) HHK)
Kpynane 100—60
Cpearine 50—40
Meaxkue 40—20
T'paBufi (okaTaHubHi), JIpecBa Kpynhete 20—10
(neoxaTanHas) Cpeanne 10—4
Meakue 4—2
Tlecox T'py6Grie 2—1
Kpynusie 1—0,5
Cpeanne 0,5—0,25
Menxkue 0,25—0,1
Tonkue 0,1—0,05
IMoan Kpyununie 0,05—0,01
Menxue 0,01—0,002
Tiuna I'pyGoie 0,002—0,001
Tonkue <<0,001

HocTh. Takum o6GpasoM, onpefeasis cojepKaHue B MNOPOAAX TIIHHH-
CTHIX YaCTHL, TEM CaMbIM MOXHO NOJYYHTb NPeACTaBJEHHE O CO-
IepXKaHHuM B HHX IVIMHHCTBIX MHHEpAJ/OB, a TaKike 0 CBOHCTBax ca-
MHX NOpOJ.

HsyuyeHne rpaHy/JOMETpHUYECKOro cocTaBa nopold (onpejeneHue
pasMepoB C/14aTalOUIMX HX YACTHI H HX KOJHYECTBA) NPOH3BOMAHTCS
cnenHa/JbHBIMH METOJaMH, M3 KOTOPBIX B HHXEHEDHOH re0JIOTHH
HanGoJbllee pacnpOCTPAHEHHE NOJYYHJIH: CHTOBOH, OTMYyUYHBaHHE
B BOJe (MHNETOYHBI MeTod), apeoMeTpHYecKHH (0 MJOTHOCTH CyC-
NeH3HH), BU3yaJbHBIH.

I'avBMCTBIE M NBIEBAaThle YaCTHUBL ONpeJeNsdloTcs OTMy4yuBa-
HHEM 10 CKOPOCTH HX NajieHHA B BOJE U, CM/C, KOTOpasa PaCCUHTH-
Baerca no ¢opmyae Croxkca:

v:lgﬂ Pm — P ,

9
rie g — yckopeHHe cBoGoaHoro nafesus, cm/c?; r—paauyc uya-
CTHI, CM; Pm— NJOTHOCTb YacTHl, T/cM®; ps— NJIOTHOCTbE BOAH,
r/em?; v — Ba3KocTh Boa, 10-! [1a/c.

Peayabrathl TpaHyJOMeTpHYECKHX aHaaH30B OOBIYHO H306pa-
JXKalT rpapHyecku u 3aHOCSAT B TaGauubl. [lo HUM ONpeneasioT He-
KOTOpbIe NOKa3aTeNH COCTaBa H NPOHU3BOAAT KAaCCHOHKAUMIO H3Y-
yaeMbix nopol. HauGoaee pacnpocrpaHeHHOfi siBJsieTcs TaK HasHl-
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Puc. 6. VnrerpalpHule KPHBHE IpaHy- &
JOMETPHYECKOro cocTaBa Gofiee ONHO- §&700 ____________
pomnoni (1) m menee ommopoxsoii (2) é\
nopoz §'§30 N 7
aX 60 2
85
§&4ﬁ~
Puc. 7. Tpeyroaphbie RHarpamMmel §§ 20
CPaHYJOMETPHUECKOTO COCTABa INTHHH- =, L L .
ctiX (@) u necuansx (6) mopox g00t  gor gl 10 lgd
i 0 100% 6 0 100%
) 90
2050
& .5’0 /. &z n e
INPYYAVAVAVAN A & 40 60 <
SINYAVAVAVAVA S NP AVAVAVAVAY 'S
/) 50 = v 50, 50 2%,
h'gg/\/ JlHa l 40% §'6’[7 mv‘v 40
I AVAVAVAVAVAVANS I AVAV: T T VAVAN
A Cybruriok. ALY AVAVAVAT A"

20
PYYAVA NAVAVA VAVAVAN 1 90 sepicrins/ \/ N/ epiuchss

> 10
/DﬂZ//—xT/. A\ AE@A FANTAY \\ 1/7/)2/\/\/\/\ /\/\/\/\/\A

0 10 27 50 40 50 60 70 80 90 100% 0 10 20 20 40 50 60 70 80 90 700%
a=0,05-0,002 mm d=025-05mMm

BaeMas HHTerpa/bHasi moJyjorapudpMuUuecKas Kpuas, TOCTPOEH-
Has B KOOpAMHATAX: NpOLEHTHOe COJeplKaHHe YacTHI (MeHbIie
AaHHOTO pasMmepa) — JeCATHYHHHA JOTapupM AuaMeTpa yacCTHIL
(puc. 6). Ilo 3Tol KpHBOH MOXKHO ONpefe uTb AeHCTBYIOMHH HJH
5 (PeKTHBHBIA AHaMeTp dig, HCIIOAb3yeMBIH B pacueTax NpHGIHKEH-
HOH BeJHUYHHB KO3((HIHeHTa (UJIBTPALHM MECKOB, 8 TAKXKE KOH-

. d
TPOJHpYIOMHHA AHAMETD dgo. OTHOHICHHE T"q— Ha3BIBAOT KO3 DH-
10
HHEHTOM HEOAHOPOXHOCTH H MCTOJb3YIOT AJS XapaKTEePHCTHKH cTe-

NeHH HeOJHOPOJHOCTH IIOPOA W AJsi NpOrHoza cygpdO3uOHHBIX SB-
JIeHHH B NeCKax H BOJAONPOHHUAEMOCTH. Ecau BelnuMHA 3TOTO KO-
s(puuUMeHTa COCTaBJaseT [Js INeCcKOB GoJablle 3, a [Ijas TJHH
GoJibille D, MOPOJBl CHUTAIOTCS HEOAHOPOAHBIMH.

Ilns HarasAHOTO CyXjeHHsl O COCTaBe IIOPOA AAHHOTO CJIOS HJH
pa3pe3a, M3MEHUYHBOCTH B Ipeflejax H3yuaeMOH TEPpUTOpPHH,
a Takxke A5 KaacCHPHRauux OuveHb YAOGHH TpEyroJbHblE Jua-
rpaMmMbl, Ha KOTOpDble HAHOCAT pe3yJbTaThl IpaHyJOMETPHYECKHX
aHaJH30B OT/JedbHO [1Js1 NecyaHblX M IJIHHHCTHIX NOPOA. Bhige-
JAIOT 3 XapaKTepHble (QpaKuuH, cojlepxKaHHe KOTOPBIX B CyMMe
JdoaxHo coctaBaath 100 %. [as neckos: 1) d>0,b; 2) d=0,5—
0,25, 3) d<0,25 mm. Ias raun: 1) d>0,05; 2) d=0,05—0,002;
3) d<0,002 mm. Pesyabrat ananu3a u306paXkalOT B BHAe TOYKH,
y KOTOpOH# KOOpAMHATHl COCTaBJSAIT NPOLEHTH COAEPKAHMA TpeX
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xapakTepHbix ¢pakuuii. IlpuMep nOCTpoeHHs TpeyroJbHBIX AHa-
IrpaMM NOKasaH Ha puc. 7.

ITo rpamy/JoMeTpHYECKOMY COCTAaBY MOXHO [IPOH3BECTH KJIACCH-
(HKagH0 MecYaHbXx H TJIHHHCTBIX NIOPOJA, KOTOpasi AaeT BO3MOXK-
HOCTh He TOJbKO Ha3BaTb HX, HO H OLEHHTb KAa4yeCTBEHHO HEKOTO-
pHe cpofictBa. i IMHHHCTBIX mopoJ HauGojee yoauHa ¢ HHKe-
HEpHO-Te0/JJOCHUYCCKOH TOYKH 3peHHsT TpexuJeHHast KjaaccidukaiHs,
paspafoTaHHas IJds YeTBepTHYHHIX oT/oXkenu#i B. B. Oxoruawim
(1940 r.). B ocHoBy 3TOH kKa1accH(UKALHH NOJOXKEHO COAEpKAHHE
raunictoii dpaxnun (d<<0,002 MM) H OTHOILIeHHE MeXIYy Ilecua-
HOH u noiTeBaTod Opakpusimu (rta6a. 8). D1y kKiaaccubHKapuIo
MOXHO NpHMEHSTb H IIpH H3YUeHHH JAOYeTBEPTHUHBIX [VIHHHCTBIX
nopoa.

Has kaaccuduraniu KpynHOOGJOMOUYHBIX H TNeCYaHBIX [OPON
CYLIECTBYIOT HECKOJbKO NpelJoXKeHHUH, HEKOTOpble H3 HHX TOJY-
YHAH NpH3HAaHHE B CTPOHTEIbHBIX HOpMax M mnpasuiaax (CHull),
yreepxaenHnx 'occtpoem CCCP. Hau6oaee npuemiaeMoll ¢ ToukH
3peHHs O eHKH CBOHCTB NIeCKOB CJACAyeT NMPH3HATL KJacCHGHKAIHIO,
N0 KOTOpPOH HasBaHHe NOPOAH AaeTcss 1O npeoGaaparonielt dpak-

Ta6auua 8. Knaccubukauus riHHHCTHIX ROPON N0 TPaHyJOMETPHYECKOMY COCTaBy

CooTHolIeHHE
Copepxanue | Mexpay rnecuanoit
Hassanuue nopog Haspahue q0YeTBEPTHUHLIX YyacTRI (necuy,)

YeTBEPTHYHOrO BO3pacra (KOpEeRHBIX) nopop d < 0,002 MM, H DbLTeRATOIl

% J1.

’ d}p(arl‘/{l:l_(H;MH
Tauna taxenas Tanna taxenas =60 necy. > mbL1.
Tauna trxenas nolae- | TJHHa TKenas nblieBa- >60 MBLT. > necy.
Baras Tasi (aneBpHTOBasA)
Tnuna Tauna 30—60 mecd. > nbl1.
Fnnna neuieBatas I'nuna nolaeBaras (ajgeBpy- 30—60 OBl > fec.

TOBas)

CyrauHOK TSXKEJbi I'nuna necuyanucras 20—30 mecy > NbLI.
CyrauHox  taxeantii | Taxnua mecuanucrad mewte- 20—30 MBLT. > recy.
NbiJIEBAThIH BaTast (afleBpMTOBaf)
CyraiHox cpenuuit avua necuaHas 15—20 necy, > MbLI.
Cyraunox cpeninuii nul- | [pHa necuanas nbliesa- 16—20 mBlT. > mecu.
JIeBaThIi Tas (aneBpuTOBasf)
CyrauHOK JerKHi nuHa CHJBHO necyaHas 10—15 mecy. >> MBLT.
CyranHox gerkuil nei- | I'Muna cHabHO necuanas 10—15 MBL1. > mecy.
JIEBATHI nblieBartas (aJeBpHTOBaf)
Cynecs taxenast ITecox raMuHCTBIR 6—10 mecy. >> mbLA.
Cynech Tmkenast no- | Ilecox ramuHucTulii nolae- 6—10 nbl1. >> mecy.
JleBaras BaTblit
Cynecb jerkas IMecok caaboryuHHCTBIH 3—6 necy. > finl1.
Cymnecy jnerxast nelne- | Ilecox caaboryHHUCThIHR 3—6 mbLI, = Tecd.
Baras IbLIEBATHI {1
ITecox ITecox <3 necy. = mblj.
Iecox nbineBaThlit IMecox nbineBarhlii <3 nbL1. => mecu.
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uuH, cofepxameiics B Helt 6oaee 50 %. Tak TOHKO3ePHHCTHIM Ha-
3BIBAIOT 11ECOK, ¥ KOTOpOro coflepxkanue ¢pparuuu 0,05—0,1 MM co-
craJsier 6oJee 50 % OT Macch CyXOH NOPOXAB, MeNKO3EPHHCTHIM —
0,1—0,25 MM u 1. a1 (cM. Ta6a. 7). Tlpu 3TOM MOXKHO OTMETHUTb,
4TO C POCTOM pa3sMepoB 3epeH (06JOMKOB) mnpeoGJapamomelt gppak-
LHH yBeJIHYHBAaeTCS BOAONPOBOLHMOCTb U KOIMOUIUUEHT TPEHUS NO-
pon. Ilecok, y KoToporo cojepxkanHe HH OJHOH u3 (pakuuii He
Aocturaet 50 %, HA3HBAIOT Pa3HO3EPHUCTHIM.

2.2.2, CTpyKTypa H TeKcTypa

ITpH MHXeHepHO-reoJOTHYECKOH OUEHKE TOPHHEIX MOPOA ONpelesieH-
HOe 3HaYeHHe MpHOGpeTAlOT HX CTPYKTypa M TekcTypa. Ilas mopon
pPAa3HOro TeHe3HCa TH OCOGEHHOCTH HIpaloT HEOAHHAKOBYIO pOJb
B GOPMHPOBAHHH H H3MEHEHHH UX CBOHCTB.

CTpykTypa noponnl, Kak H3BeCTHo, onpeneasiercs ¢op-
MOMl, pa3MepaMH H OTHOCHTENbHHM KOJHUYECTBEHHBIM COJepkKaHHEM
OTHEJAbHBIX €€ KOMNOHEHTOB. MOXHO BHIE/JIHTL TPH YPOBHS CTPYK-
TYPHBIX OCOGEHHOCTEH NOPOJ Makpo-, Me30- H MHKPOCTPYKTYPHI, KO-
TOpble HMeEIOT pa3JUyHOe 3HAYCHHe NPH OUEHKe CBOHCTB MNOPOA.
ITpu3naku, KOTOpble MOXKHO BHISIBUTh HEBOOPYKEHHBIM IJIa30M OT-
HOCAT K MakKpOCTPYKTYpe, a II0J MHKDOCKOIOM — K Me30CTPYKTIype
H MHKDOCTpYKTYype.

VIETpy3uBHHe MOPOABI, KAK H3BECTHO, XapAKTEPH3VIOTCS IIOJHO-
KDHCTANJIHYCCKHMH HJH NOPQHPOBHAHLMH MeJKO-, CpellHe- H
KPYNHO3EDHHCTHIME CTPYKTypaMH, a 3(@y3HBHHE — CKPBITOKPH-
CTaJJHYCCKHMH HJIH NOP(PHPOBBIMEH C HEMNOJHOKPHCTANJIHYECKOH
HJH TOHKO3EPHHCTOH OCHOBHOH uyacTplo. Taxue cTpykTypnl dopMu-
PYIOT BBICOKYIO NIPOYHOCTb, VIPYTOCTh H YCTOHYUBOCTb nopof. [as
npeo6aanammero OOJbLIMHCTBA MeTaMOPHUYECKHX NOPOL Xapak-
TepHa KpHcTajanobiacTudeckasi CTPyKTypa, KoTopas cO3[laeT TOXe
BBICOKYIO TNPOYHOCTh, H YIpPYrocTh. Bce 3TH NOpOAW OTHOCATCSH
K rpynmne TBepAbX (CKaJbHHX), B cJIyyae HX H3MEHEHHs MpOLeC-
CaMH BHIBCTPHBAHHS OHH TepsOT CBOIO MOHOJAUTHOCTL H NOITOMY
nepexoiaT B rPyNny MoAyCKaJbHBIX IOPOX.

M3 obmereonoruyeckoro Kypca yxe H3BECTHO, YTO OCAJOYHHE
NopoAnl OUeHb pa3sHoO6pasHLl IO CBOEMY reHe3Hcy H nertporpaduye-
CKOMYy cocTaBy. DTo mpepnoJaraetr 6oJblioe pa3HooGpasue CTPYK-
Typ 3THX nopod. Tak, Aada kap6OHATHBIX MOPON (H3BECTHSKOB H J0O-
JTOMHTOB) HauGoJlee yacTO BCTPEUYaloTCs KPHCTAANHYECKU3epHHCTad,
KDYIIHO-, CpeflHe- H MeJKO3CpPHHUCTAasl, CKPHTOKpHCTaaJHYecKas H
opraHoreHHass (M3 OO6J0OMKOB pagyllek) CTpykTypsl. HauGosee
NPOYHbl H YCTOHYHBH KPHUCTAJJIHYECKHE H3BECTHAKH H NOJOMHTHL.
Cpean Goabuiofi rpynnsl 0GJI0OMOYHBIX CHEMEHTHPOBAHHBIX IOPOJ
MOKHO BbIAEAHTb ncedHTOBYIO (KOHMJIOMepaTsl H GpeKYHH), ncam-
MHTOBYIO (MeCUaHHKH Pa3HOW 3€PHUCTOCTH) W aJIeBPHTOBYK (ajeB-
poJIuThl) CTpYKTYypsl. IIpouHOCT 9THX OGJIOMOYHHX NOPOJ BO MHO-
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TOM 3aBHCHT OT UEMEHTHPYIOLIEro BellecTBa, O KOTOPOM peyb MOH-
zeT B pasiA. 2.2.3. 31eCb MOXKHO OTMETHTb, YTO HaHGOJIee INPOUHHI
H YCTOHYHBBI MpPH MPOYHX PABHEIX YCJHOBHSIX MEJKO- H CpelpHe3ep-
HHCTBI€ TIeCYAHHKH C MPOYHBHIM LEMEHTOM, KOTOpble MO3TOMY OTHO-
CATCA K IpylNe TBEPABIX (CKaJbHHX) NOPOA. DTH XKe NMOPOAH HAE
TJIMHHCTOM LIeMEHTe, a TakXKe aJeBpOJHTbl 00/1a1al0T NOHHXEHHOH
YCTOHYHBOCTBIO H NPOYHOCTBIO W NMO3TOMY OTHeceHH kKo II rpymnme
NOPOJI — HOJYCKaJbHHIX.

IinHHCTBIE NOPOAB XapAKTePH3YIOTCS IJIABHEIM 06pA30M IeJH-
TOBOH HJIM aJIeBPOJIHTOBON CTPYKTypaMHu. Ilo CcBoeMy COCTOSIHHIO
(ILIOTHOCTH, BJAXHOCTH) OHH H3MEHSIIOTCS B Tpollecce AHAareHesa
¥ Kararedesa OT COBCeM cJabbix (rpynna cBSI3HBIX IOPOA) HAO
OYeHb IVIOTHBIX (APTHJIHTOB) M [aXe NepeyIJOTHEeHHbX (TJIHHH-
CThie CJIaHUBl), KOTOPble OTHOCATCS K Tpylne MNOJyCKalbHBIX
nopoJ.

Takum oGpasoM, cTpykTypa — BaXKHasi OTJIHYHTENbHAs OCOGeH-
HOCTb TOPHOH INOPOABI, BJAHsAIOIIAS HA NpPOYHOCTb, IehopMHpye-
MOCTb H YCTOWYHBOCTb, H3yueHHeM KOTOpOH He.p3si npeHebpe-
raTh.

Texcrypa nmopop paccmaTpuBaercss Kak NpPH3HAK YCJIOBHH
HX (OpPMHPOBAHHS H moKasarelb aHH30TPONHOCTH cBOHCTB. Ona
oTpaxaer 0COGEHHOCTH CTpOeHHs MOpPOJ, T. €. B3aHMHOE IPOCTpPaH-
CTBEHHO€ PAaCMOJOXKeHHe OCHOBHBIX KOMIIOHeHTOB. sl MarmarHnue-
CKHX MOpoJ OOBIYHO DAa3JHYalOT MACCHBHYIO, (QJIIOHAAJbHYIO, CAdH-
1eBaTyio M Ny3BIpYaTyid TekcTypbl. [Topoabl MaccHBHOH TeKCTYph
XapaKTepH3yrTcs 0GecnopsiiouHBIM paclo/oXKeHHeM KPHCTaJJoB,
KOTOpoe 00ecneyrBarT BHICOKYIO NMPOYHOCTb H YCTOHYMBOCTH, OJHO-
POMHOCTD H H30TPONHOCTb (HHU3HKO-MeXaHHYeCKHX CBoicTB. DJou-
HajbHas TEKCTypa YKasblBaeT Ha MapaJileJbHOE pacloJoxKeHue
KpHCTaJ0B (10 HANPABJEHHIO NIOTOKA), YTO NPHBOJHT K SPKO BHI-
paxKeHHOH aHU3OTPOIHH NOPOAHL

CranueBaTasi, HJIH JIeHTOYHAst TEKCTypa ellie GoJiee NOAYepKH-
BAaeT aHH30TPONHOCTb NOPOJ M CO3J42eT HeyCTOHYHBOCTh NIPH BBHIBET-
pHBAHHH.

[Tysnipuatast TekcTypa xapakrepHa AJas 3¢G@y3HBHBIX NOPOA H
yKa3biBaer Ha HaJ/lHuHe OpaJbHHX MYyCTOT Pa3HOro pasmepa (pe-
3yJbTAT Ta30BbIX Ny3bIpeidl npu GHICTPOM 3acTeiBaHHM Marmel). ITo-
poabl C TAKOH TEKCTYpoi 006/7amzaloT NOHHXKEHHOH MPOYHOCTBIO H
YCTOHUHBOCTbIO IPH BLIBeTPHBAHHH, 4 TaKXkKe I[OBBIUICHHOH BOMO-
IPOHHIaeMOCTBHIO.

B MeraMop(HuecKHX MOpoAax pasJHyaioT cJaHUEBaTyl, THeil-
COBHJHYIO, OUKOBYK H ILUIMTYATYIO TeKCTyphl. Bce oHE mnpHBOAAT
B TOfl HJH MHOM Mepe K aHH30TPOIHH CBOHCTB IIOPOL.

s craHueBBX NOpoj xapaKTepHO HaJHYHe IIJIOCKOCTEH CiaH-
11eBATOCTH, KOTOpHE NpeacTaBJsioT co60il 30HH oc/abJeHns (NOHHU-
XeHHOH NMpoyHOCTH). Ilpy BBIBeTPHBAHHH 3TH MOPOABI PACHAAAIOTCH
Ha TOHKHe IJIMTKH. 'Hefice, KakK H3BEeCTHO,— BeCbMa IIPOYHLIE IO-

30



Puc. 8. XapaxkTepHuie TeKCTyphl OCaAOYHBIX NMOPOA:

a — cioucTas; 6 — ceryaras; 8 — cnaHneBaTas; & — NCeBAONOpHPOBas; 0 — (AOHILANbHAN;
e — 6yToBas

POAbl M HX HEOJAHOPOJAHOCTb H AHH30TPONHOCTH OGYCJAOBJEHH I.JaB-
HBIM 06pa30M TDEiIHHOBATOCTbIO, HA (POPMHPOBAHHE KOTOPOH HeKo-
TOPOC BJHAHHE 0Ka3LBaeT H TEKCTypa Mopof.

B ocamouHpix mopolax BHIEAAIOT XapaKTepHble TEKCTYPhl MJIS
CUCMEHTHDOBAHHHX pasHocTefl (CKaJbHBIX H NOJAYCKaJbHLIX) IS
00JIOMOYHBIX PHXJABX H 117 DJIHHHCTHX nopox (puc. 8). HauGoaee
pacrnpocTpaHeHHHe TEKCTYPH YIJIg— MAacCHBHAst M CJOHCTAs, HO
BCTPEUAETCA TaKkKe 3eDHHCTAs H JIHCTOBATAs. BHJeJAKT MHOIO
TEKCTYp pPYA: THefiCOBHIHAfA, CJOHCTadA, MoJocuaras, ClaHuesBarasd,
Go6oBas u Ap. 3HaueHHe 3THX TEKCTyp MPH HHXKeHepHO-TeoJorHue-
CKOH oueHKe pasauyHo. KpoMe TOro, ypoBeHb DaCCMOTDEHHS TeEK-
CTyp Takxke MMeeT GoJblloe 3HaueHHe. Hallle Bcero B rOpHOH Ipak-
THKE pelllailliell siBJseTcs MakKpOTEKCTypa (c/JoHCcTocTh, CAaHIEeBa-
TOCTb, IVIHTYATOCTb) H TOJDBKO HHOTAA JJf pelleHHs YacTHHIX 3a-
Hay, HeoOXOANMO H3ydeHHe MHKPOTEKCTYDH IOJ MHKPOCKOIIOM.

TekcTypHble 0COGEHHOCTH NMOPOA ONPElEeNTIOT XapaKTep pacuer-
HBIX CXeM [IpH OleHKe YCTOHYHBOCTH TOPHHBIX BHpaGoTOK, 00beM H
METOAHKY HHM¥KeHepHO-Te0JOTHYeCKOro ONpoGoBaHHs HA DAa3JHYHBIX
CTalugX pa3BeJKH MeCTOPOXKACHHH, & TaKXKe THN KpelJeHHs, OCY-
UleHHsl H [PYruX HHXEHEDHHX MepONpHATHH, HampaBJeHHBIX HA
yayullleHHe YCJO0BHI BelleHHS TOPHHIX pabor.

ITpn H3yyeHHH TEKCTYpHHIX OCOGEHHOCTEH OCafOUHHX MMOPOJ He-
06X0AHMO OllpefelaTh CACAYIOLIHEe XapaKTePHCTHKH:

1) THD TeKcTypH A8 DA3JHYHHX MOPOA pa3pesa;

2) mokasarte/b pacc/JOeHHS MOpOoJ, MpelcTaBisiomyil coboft uu-
cJo CJIO€B, Ha KOTOphble pacnajaercs KepH IJHHOH B | m;

3) kK03hQHUHEHT OPHEHTHPOBKH TIVIMHHCTHIX 4aCTHL, MpEACTaB-
Jsouil co60fi KOJHYeCTBO 4YacTHI, OPHEHTHPOBAHHBIX B A4HHOM
HanpaBJeHHH K KOJHYeCcTBY BCeX YacCTHI B NAHHOH IJIOCKOCTH Ha-
6110 1eHH;

4) aHM30TpONMIO OCHOBHABIX CBOHCTB HODOX (HPOYHOCTH, BOZO-
NPOHHIaEMOCTH, AeOpMHPYEMOCTH).
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2.2.3, CTpYKTypHble CBA3H

CTpYKTypHBlE CBSi3H OCYUIeCTBJASIIOT B3aHMOAeficTBHe (CBfi3-
HOCTb) MeXJy OTHeJNbHBIMH CTPYKTYPHHMH 3JeMeHTaMu (MHHepa-
JaMH, 00JIOMKaMH, OPTaHHYECKHM BelleCTBOM) H QOPMHEPYIOT MpOY-
HOCTb IIOPOJbI B MOHOJHTHOM o6BbeMe. 1o cBoeli npHpone 3TH CBA3H
pasHble B pa3/iHuHBIX NOPOAAX H Jaxe B OJHOH H ToH XKe NOpoAe.
SToMy BOIpOCY MOCBAleHH clenuasbHble Heeaenoradua H. §. He-
uucosa, Il. A. PeGunpepa, B. M. Jlomramse, E. M. Cepreesa,
B. K. OcunoBa u Apyrux yueHnix. B MarmartHueckux, MeraMopdH-
YeCKHX H XMMHYECKHX OC4J0YHBIX NOPOJAaX CTPYKTYpPHBIE CBSI3H BO3-
HUKEIOT B Iponecce 06pa3oBaHHd HOPOJA 3d CYeT KPHCTANIH3ALHH
H IepeKpHCTANIH3anuHH MHHepaJbHOro BelllecTBa. TakHe CBA3H OCy-
LIeCTBAAKTCH B3aUMOAeHCTBHEM MeXIy HOHAMH HJIH aTOMAMH KpH-
CTAJJIOB W SABJAAKTCA KOHACHCAUHOHHO-KPHCTALIH3aUHOHHBIMH.
B ocajouHpX MOpOAAxX CTPYKTYpHBIE CBA3H (OPMHPYIOTCA 3a Cuer
1leMEHTAlHH, B pe3y/jbTare BblldJeHHA H3 PacTBOPOB COeNHHeHHH,
3aNOJHAIEX NOpH HJAH 00BOJAKHBAIOIIHX OTAelbHble MHHEPA/b-
HBle HaCTHLH H OGIOMKH. DTH CBSI3H TIO CBoell MpHpoAe MOTyT ObITh
MeXHOHHBIMH, MeXATOMHBIMH HJH MEXMOJEeKYISpHBEIMH.

ITpouHOCTD KOHAEHCALHOHHO-KPHCTANNH3a1HOHHEIX CTPYKTYPHBIX
CBs3eH OYeHb BBICOKA, YTO BRI3BaHO 00/blLIOH HeprHel B3aHMonefi-
CTBHS MeXIy KpHCTaaaaMHu. B 06/0MOYHBIX mOpojAax C LEeMeHTalH-
OHHBIMH CBA3fIMH 3HeprHs B3aHMOIEHCTBHS MeHblIE, TO3TOMY IpOU-
HOCTb TaKHX [OpoJ B lesoM 3adHkeHa. Kpome Toro, g stHX mo-
pon 6oapliloe 3HaYeHHe B (GOpMHPOBAHHH NPOYHOCTH NpHOOGperaloT
THIBl lleMeHTauuH: GasajbHbplfi, KOHTAKTHHIH, NopoBbit (puc. 9).
Hns nepeoro u Tperbero THHa 06BIYHO xapakTepHa 6oJiee BhHCOKAA
IPOYHOCTh H HENPOHHLAEMOCTb, 4 IJA KOHTAKTHOH leMeHTalHH —
HH3KH€ MPOYHOCTH H NPOHHLAEMOCTh.

B ofuieM Kpucraajn3alioHHBlEe H 1leMeHTAdlHOHHLIE CBA3H obec-
NEeYHBAIOT BHICOKYIO IPOYHOCTh H YCTOHYHBOCTb H HH3KYK Aedop-
MHpYeMocTb ¢ DpeobaagadueM ynpyrux gepopmannii. MeHee ycTo#H-
YHBBI NOPOAB!I C LiEMEHTAUHOHHEIMH CBSI3SIMH, KoTOpble 00pa30BaHbl
3a cyeT BOJOPACTBOPHUMBIX coefuHeHHH. (OgHAaKo BCe 3TH CBA3H
HMET OJHH CYLIeCTBEHHBIH HEJOCTATOK: NpH pa3pylleHHH OHH He
BOoccTaHaBAHBaOTCA. [losToMy NmpH 06pa3oBaHHH TPEIMH B CKadb-
HBHIX U NOJYCKaAbHHIX MOpOAaX 3@ CYeT TeKTOHHYECKHX ABHiKeHHH,
BLIBETPHBAHHS H TeXHOTEHHBIX BO3JefiCTBHH HX NPOYHOCTb, yCTOH-
YHBOCTb, Je(QOPMHpYEMOCThr H BOJOINPOHHLAEMOCTb H3MEHANTCS K
OLleHHBAIOTCH € y4yeToM o00pa3oBaBLIHXCHA JedeKTOB (HapylleHHH
CIJIOUIHOCTH).

T'opasgo c/loXHee NpHPOAA H XapaKrep CTPYKTYpPHEIX CBsi3ed
B TJHHHCTHIX NOpoAax. CBA3HOCTb 3THX NOPOJ, KaK NOKA3WBAIOT
HoBellllHe HcegdenoBaua B. M. OcunoBa, gopMupyercsa 38 CYeT CO-
BMECTHOTO /[eHCTBHA HOHHO-3/1eKTPOCTATHYECKHX, KaNH/LISIPHEIX H
MOJEKyJ/JIApHEX CHA. [IpH 3TOM BBIAEJIEHB HECKOJbKO THIOB KOH-

32



Puc. 9. Tunul ueMeHTaUHH
OCalOUHbIX 110poa (o
M. C. Ulsenosy):

& — 6azaJbHbili; 6 — KOHTAKTHBIN;

8 — IOPOBBIA,
1 — o6a0MOK; 2 — LHEeMeHT

Puc. 10. Cxema crpoenus
Munenasl, 06pa3oBaHHOl TOH-
KOJHCNepCHOH 4acTHiel:

1 — raHHHCTas yYacTHUA; 2 — OT-
punaTedbHble 3apaAab; 3 — He-
NOABHXHLIA CJ0A NPOTHBOHOHOB;

4 — puddy3HblE  caofl  oTAHCCO-
UHHPOBAHHBIX HOHOB

TAKTOB MeXJy TJNHHHCTBIMH YaCTHUAMH: KOoaryJslHOHHBIH, TOYeu-
Hbli, ¢asobiit. [IpoYHOCTD CTPYKTYpHBIX CBsi3efl onpemensieTcss MH-
HepaabHBIM H TpPaHYJOMETPHYECKHM COCTaBaMH, BJAXKHOCTBIO H
IJIOTHOCTBIO, COCTABOM I[|eMEHTa H €ro pacmpefeseHHeM B IOpOJe.

OpHa u3 raaBHBIX ocoOeHHOCTed TVIHHHCTBIX NOpPOX— CHOCOO-
HOCTb TJIHHHCTHIX 4YacTHiL (OpPMHpPOBATH CHJOBOe IIoJie B BOAHOM
cpene, KoTopas onpene/serT XxapaKrep B3aHMoOJeHCTBHA MeXIy HHMH
H NOBeleHHe NOPOAH B LEJOM NPH pPAa3JHYHBIX BO3meHACTBHAX H
0COGEHHO NpH pa3rpysKe H [ONOJHHTEJLHOM yBlaXKHeHnd. Ha no-
BeDXHOCTH IVIHHHCTOH YaCTHIIB B BOJHOH cpeje INOABJAIOTCA CBO-
OopHBle aKTHUBHEIE HEHTPHL 38 CYeT HEKOMIIEHCHPOBAHHBIX BAJEHTHO-
creft Si, Al, O, OH™ u ap., #HaK 32 cyeT KOBaJNEHTHBIX CHJ aTOMOB
U MoJeKyJs (BaH-Iep-BaaJjbcoBHe cuibt). OHH C€O34aI0T BOKPYT
TJIMHHCTOR 4YacTHH CHiaoBoe moJse, nuddysHbifi caoli (puc. 10).
XapakTepHble CTPYKTYpPHBIE CBA3H, (popMHpyOlLiHecs B IIpOLEcCe H3-
MeHeHMs! (JUTHOUKAUUH) TIJIHHHCTBIX nopoi (OT HJaa A0 apruu-
Jura), npuBeleHs B taba. 9.

s cTpyKTYypHBIX cBsi3efl B TJIMHHCTBHIX IOpOJAx XapakrtepHa
06paTUMOCTh U BOCCTAHOBHUMOCTb. OQHH OIpelessioT NIacTHYCCKHH
xapakrtep AeOpMHpOBaHHA, MOJI3yYecTb H MeLJeHHOE paspylleHHe
coopyxenuit. Jlaa cnabulx Dopol, B KOTOPHX npeobjajaloT THKCO-
TPOIHO-KOATryJIALHOHHEE CBS3H, XapaKTepHH THKCOTPONHLIE H3Me-
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TaGnuna 9. Tpupola M XapakTep CTPYKTYpHBLIX CBs3efi B IIIMHMCTHIX TOPOAAX
(no B. X, Jlomrapse)

Crenens Tun ®usnueckoe | CTeneHn d)g;x;;%;xaaﬂ CBﬁBBgél!, cggg:gxgzﬂsma
auTEEKA- | noponn cocrosnue BAAXKHO- | crpygrypHBIX B ONpENENEHH hX
uHg CTH ceAsel FeONIOTHYECKHX YCJAOBHAX
Ipepens- | Taunu- | Tekyuee, Becbma | Mogexy- THKcoTpONHO-KOAry-
HO Majias | ctoifl HJ | CKpHTOTe- | BEHicOKas | JAspHbiE, JATHOKHbBIE
Kyuee OTYaCTH
MarHHUTHEIE
Manas I'nuua Ckpuirore- | Brico- Mouexy- To xe
Msr'kad | Kyuemja- Kast JAspHBe,
CTHYHOe MarsHTHbIE
Cpepnsisi | I'muma | fisHO Hau | YMepen- | Momexy- THkcoTpONHO-KOary-
YIJIOT- | CKpHITonaa- | Hast JApHEE, NSUHOHEBE H LeMeH-
HeHHas | CTHYHOe MAruuTHbie, | TAIHOHHBlE,  KOHJAEH-
HOHHEIE CalHOKHO-KP HCTaNTH-
3alHOHHBIE
Brcoxas | Aprua- | I[loayreep- | Manas Hounwe, Kpucraanusanuouso-
RHT Roe MArHATHEE, | KOHAEHCAllHOHHEe
YaCTHYHO (neMeHTalHOH Hble)
aTOMHbIE NpPH NOKYHHEHHOM 3Ha-
(KoBajenT- | YEHHH KOaryAsiiHOH-
HBlE) H MO- | HHX
JeKyJIsp-
Hhe
Ipenens- | Aprun- | Teeploe Ouenb Honxuge, KpHcTaNMu3aHOHHO:
HO BHICO- | NHT MaJjas aTOMHELIE KOHAencaunonuee (ue-
Kas caHIe- (KoBasieHT- | MEHTaNHOHHLIE)
BaThIf Hble)

HeHHs (paspyllleHHe CTPYKTYPHHIX CBsi3efi mp¥ AHHAMHYECKOM BO3-
HLeHCTBHM, a 3aTeM BOCCTAHOBJEHHE HX C ympouHeHHeM NOPOAH IIpH
MpeKpalleHHH BO31efiCTBHsA), KOTOpHle HMeET GOoJbllIoe MpaKTHYe-
CKO€ 3HaueHHe MpH OLEHKe HX YCTONYHBOCTH HJH NpPH HeoOXomH-
MOCTH yJydYlleHHs1 UX cBoiicTB. Ilono6uHe aBaenHHs HAbJOAAIOTCA H
B BOJOHACHIUEHHHX TOHKO- H MEJKO3epHHCTHIX NEJIEBaTHX MecKax,
KOTOpHE mpH AMHAMHUYECKOM BO3ACHCTBHH Mepexoidar B IJLIBYH (Te-
Kyyee COCTOdHHEe).

O COOTHOLIGHHH MeXAy PasTHYHLIMH THHAMH CTPYKTYPHHIX CBS-
3efl B IVIHHHCTHIX NOPOAAX MOXHO CYAHTb MO MX YYBCTBHTEJLHOCTH.
HokasaTeap 4yBCTBHT@IBHOCTH — OTHOIIEHHe MpPOYHOCTEH OJHOOC-
HOMY CXKA4THIO MOPOAL eCTeCTBEHHOr0 COCTOSHHMA H HAPYLUIEHHOI'O
CJIOXKEHHS MpH TOH Ke BJAXHOCTH M IJIOTHOCTH:

]q:Rg/R:

Ilo sromy mokasarenro K. Tepuaru B 1948 r. paspenun rJIHHH-
CTHIe MOpOJAbl Ha CJedyIOUlHe TIpymnb: 1) HeYyBCTBHTEJNbHBIE
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rauge — Iq=2—4; 2) cpeaHeuyBcTBHTENbHEE — [=4—8; 3) OueHp
YYBCTBHTEJbHHE ¢ NMpeobJajaHueM IEeMEeHTALHOHHHX cBfA3ed J¢>8
(IOXOQHT 10 HECKOJBKHX AECATKOB).

Tlokasartenb uyBCcTBHTENBHOCTH MOXKerT OBITH HCHOJb30BaH s
onpeieJeHHs NOTEHIHaNbHOH BO3MOXHOCTH NMOPOJA K THKCOTDONHH,
H BOCCTAHOBJIEHHIO NIPOYHOCTH B mpouecce AeQopMHPOBAHHA, K OH-
pPeAeNEeHHIO CKOPOCTH OMNOJ3HeH H T. A

O xapakTepe CTPYKTYpPHHX CBf3eii MOXHO CYAHTb H nO Ledop-
MalUHOHHO! KPHUBOH NIPH CABHIe, NIPOBEJCHHOM B Ja60opaTOPHHIX HJH
1oeBHX ycaoBusax [9, 10].

2.2.4. CioxeHMe H YCJAOBHS 3aJeranus

Tlpu HMHKeHepHO-reoJOTHYECKOH OlleHKe TOPHHX MOPOA IJs IeJel
TOpHOTO NMPOH3BOACTBA BaKHOe 3HaueHHe Ipuobperaer BOMPOC O HX
cloxeHHH. [lpuHATO paccMarpuBAaTh €CTecTBeHHOe (IPHPOAHOE) H
HapyluleHHOe cJo¥Xeuud. I1poxonka ropHux BHpaboOTOK NPOHCXOAHT,
KaK npaBuJ/o, B IIOPOJlaX eCTECTBEHHOTO CJIOXKeHHd. B orBann mona-
Ial0T MOpPoAL HAPYUIEHHOTO CJOXEHHA, AJd KOTOPHX XapaKTepHH
HOBHI€ CBOHCTBAa (MJIOTHOCTH, BJAXHOCTb, NPOYHOCTD, AedopMHpYe-
MOCTb, BOJONPOHHIAEMOCTD).

Ongako HapylleHHe eCTeCTBEHHOrO CJOXKEHHsA CJeayeT YBA3H-
BaTh He TOJbKO C pa3pabOTKOH H mepeMellleHHeM TODHOH Macchl,
HO H C TeMH H3MEHEHHAMH, KOTOPHIE NPOHCXOAAT NOA BJIHAHHEM
rOpHOrO pnaBJeHHs, pasrpy3kH, Oypo-B3pHIBHHIX pPaboT, yBJaiKHe-
HHs1, OCyLIeHHs (O4eHb yacTto ropHule paGoTH Beaytcs B noxpabo-
TaHHOM HJH HaApab6oTAHHOM NPOCTpaHCTBE, BHPAOOTKH NMPOXOAATCSA
B NpHCEYKY). DTO CJOXKeHHe XaPAKTEPH3YyeTcs HOBHIM COCTOSHHEM
IOPOJ, KOTOpOe HMeeT NHHAMHUYECKHH Xapakrep (He MOCTOSHHO BO
BpeMeHH) H B Pa3Hble MepHOJAH TOpPHOIO NpoLecca MOXeT HMeTb
pasHylo HampaBJeHHOCTb (YyBJaXKHEHHE-— BLICBIXaHHE, DAa3yNJOTHE-
HHe — yIJIOTHEHHE, pasynpouyHeHHe-— yNPOYHeHHE), a cJemoBa-
T€JIbHO, YCJOBHSI B€NEHHS TOPHHIX paboT H YCTOHYHBOCTH T'OPHBIX
BHIpaboTOK TaKxe Oyayr MeHarbcA. Ilpoynoctb GOJBLIHHCTBA NO-
PO HapyIIEHHOIO CJOMKEHHS CYiecTReHHO HHXKe NPOYHOCTH, Xapak-
Tepusywiied HX DPHPOAHOE CJOXKEHHE.

Ias riaMHEHCTHIX NCPOA B KayecThe NOKasaTelis OmeHKH pas-
VIPOYHEHHS MOXHO HCIOJb30BATb HX YYBCTBHTEJBHOCTb (CM. pPasi.
2.2.3), a n/19 CKaJbHHX H NOJYCKaJbHEX — KO3 duunedr ocaabie-
HHf, [IPEACTABAAOUIK] COG0f OTHOIICHHE NPOYHOCTH NIPH OXHOOC-
HOM CXKA4THH B HapyII€HHOM U NpHpopHOM cioxeHHH. CoBeplIeHHO
OUEBHJHO, YTO CJOXeHHe TMOPOJ He NOJHOCTBIO OIpelesseT HX CO-
CTOsSIHHE, a CJef0BaTeJ]bHO, H MPOYHOCTD.

CkanbHHE H NOJYyCKalbHHe NOPOAH B OTBajax (T. e. B Hapy-
LIEHHOM CJOXKCHHH) XapaKTEpH3YIOTCA NpaKTHYECKH KOsDPHIHeH-
TOM TpE€HHS, NO3TOMY HX IPOYHOCTH Ha OJHOOCHOE CXKAaTHE 37ech
O/nH3Ka K HYJIO. DBCIOMHHM H3 CONPOTHBJEHHS MaTepHaJO0B, 4TO
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MeXAY XapakTepHCTHKaMH IIPOYHOCTH TBEPAHIX Tej: CUEMJeHHeM C,
YIJIOM BHYTpeHHEro TpeHH:A ¢ H HPOYHOCTbIO HA OMHOOCHOe CXKa-
THe R: CymeCTByeT olpejeseHHas CBA3b B BHAe Rc=2ctg (45°+
+@/2). OpHako cTeneHb HAPYIIEHHOCTH NPHPOLHOIO CJIOXKEHHS MO-
xeT ObITb pa3Hofl s OfAHOH M TOf XKe HOPOAH KaK B IpOCTpAH-
CTBe, TaK H BO BpeMeHH, H, KpOMe TOro, Ha OILeHKY NPOYHOCTH OKa-
3HIBAeT BJAHAHHe H MacliTabHbift 3¢dekT (pa3Mephn BHpPaGOTOK).
B ¢Ba3# ¢ 9THM OIIHGOYHO NpeAcTaBJeHHEe O BO3MOXKHOCTH OLEHKH
COCTOAHHS H CBOMCTB FOPHEIX NOPOJ, XapaKTepH3YIOMHAX OLHO3HAYHO
HX eCTeCTBeHHOE HJH HApYIIeHHOE CJOXKeHHE.

B KauecTBe mnpuMepa MOXKHO IPHBECTH H3MeHEHHe NPOYHOCTH
TBEpALIX IVIMH IOPCKOTO BO3pacra, 3aJerdalomux Ha rayluse 250 M
B 1OYBe TOPH30HTAJbHBIX NOJATOTOBHTENbHBIX BLIpAabOTOK, CBA3aH-
HOe C HapylUleHHEM HX eCTeCTBeHHOTO CJIOXKeHHs NPH BHAABIHBAHHU
H [ONOJHHTEJIbHOM YBJAAXKHEHHH. B ecTeCTBeHHEIX YCJIOBHSX 3TH
TIHHB], N0 JaHHBIM pa3BelKH, XapakTepH3yloTci BJAaXKHOCTbIO OT
15 no 18 % wu upouHOCTHIO HA OJHOOCHOe cxarthe oT 5 mo 8 MIla
(B cpennem). [locne MX BCKpHITHS B 3aBHCHMOCTH OT BpEeMeHH
c1yKO6u BEIpaGOTOXK M HHTEHCHBHOCTH NyYeHHsd Ha Pa3HBIX yyacTKax
BJaxHoctb pocturaer or 20 mo 30 % u GoJsee, a MpOYHOCTD 10
1 MIla [9]. IlousTHo, YyTO nOBegeHHe STHX [JHH B TOYBe 3aBHCHT
OT CTelieHH H3MeHEHHd HX eCTeCTBeHHOTO CJOXKCHHS.

Ycaosus 3ajeradns noje3HOro HCKONAeMOro H BMellalo-
HIUX ero Mopoj oupenelsoTcs HX (opMOfi, BHAEPXKAHHOCTHIO TO
MOIHOCTH H NIPOCTHpaHHIO, HaJHYHEM TEKTOHHYeCKHX HapylleHHH,
M OKa3HIBAIOT CYIecTBeHHOe BJAHSHHE HA pa3/HuHbHeE CTOPOHH Iop-
HOrO0 TPOH3BOACTBA: HA CHCTeMy H TeXHOJOIHIO TFOpHHX pabor, xa-
paxTep W MHTEHCHBHOCTb NpOSIBJeHHs TODHOTO JaBJeHHd, YCTOHUH-
BOCTb, NTOJRepKaHHe H ocCylleHHe BhipaboOTOK, 6e30macHOCTb Tpy.a,
Ka4yeCTBO 1OJIe3HOTO HCKoMaeMoro u T. A. Tak, Hanupumep, npH OT-
KpHTOM crocobe paspaGoTkn Mecropoxpenufi H. B. MeabankoB
BbleNseT UleCTb CHCTeM B 3aBHCHMOCTH OT YCJOBHH 3aseraHus
HOJIe3HOro0 HCKONAaeMoro H TeoJIOTHYecKoro cTpoeHHsa. Eciam pac-
cMaTpHBaTh Bonpoc o6 ycTofiyHBocTH GOPTOB H OTBAJIOB, TO B Hep-
BYIO Ouepeib CJelyeT OTMeTHTb pellaiolliee BJHSHHE YCIOBHHA
3aJieraHus 10poj Ha BHOOp pacueTHo# cxeMbl (MopdoJsoras onosas-
HeBHIX TeJ BO MHOTOM onpejeJseTcs yCJOBHAMH 3aJjeraHus noJes-
HOTO HCKOHaeMOro M BMelijaioux nopox). Paboramu I'. JI. ®u-
cenko, B. I. 3oreea, H. H. Kysaesa, M. E. IleB3uepa, d. JI. T'a-
Jycreaga, HW. II. MBaHoBa H JApYrHX [0KAa3aHO BJHsHHE Ha
YyCTOHYHBOCTb OTKOCOB, YCTYHOB, OTBaJIOB H GOPTOR KaPbhepoB reoJio-
THYECKOT0 CTPOeHHs MeCTOPOXKIeHHH TBepAHIX HOJE3HBIX HCKOuade-
mMeix. Ha ocHOBe HcciaeloBaHHii 5THX aBTOPOB HpelJoXeHO He-
CKOJIbKO KJacCH(bHKALHA MecTOPOXKAeHHH, noaexamux paspadorke
OTKPHTHM cnocoBom [20, 28].

IIpn nopmsemuo#t paspaGoTKe TaKXKe YUHTBIBAKTCH YCJIOBHS 3a-
JieraHHsi TOpHBIX TopoA. Tak, npH pa3paboTke PYAHBIX Tea (MOLL-
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Puc. 11. Xapaktepubie pas3pessl KPOBJIH BHPaGOTOK caanmeBo#t imaxTol «Kaiumup-
cKasg»:

1 —cnolt ¢ dochopuTHsHpoBaHHOR dayHol (ayuesnoBbill cioft); 2 — necyaHo-aJeBPHTOBBIC
[VIHHBI; 3—4 — MeCYaHHKH COOTBETCTBEHHO MIMHHCThlE H TJIayKOHHTOBble; (ocdOpHTOBbBUI KOHT-
JOMEpPAT;, 5 — KPpynHupii; 6 — Menkmii; 7 — canponenepbie TAMHHt (MoXKHAafd KpOBAifA), 8 — 3oHa
pPasMbiBa canponeJeBbIX TIHH; 9 — cnaHenw; /0 — nJOCKOCTH orcaoceHHs; J—VIII — HoMepa
paspesos

HOCTBIO Goslee 3 M) XKHI006pa3sHBLIX MECTOPOXKAEHHH KpyTOro maje-
HHsg (6osee 50°) MpHMEHSIOT CHCTEMBl C MAara3MHHpPOBAHHMEM DYAH,
a #Js IMOJIOTOTO H HaKJOHHOTO 3ajeranufi (po 30°) — kamepHo-
cTon6oByto cucTeMy. Ha yrolbHBIX MECTODOXAECHHAX OT YCJOBHH 3a-
JeraHuss H CTpO€HHs pa3palbaTblBaeMblX I111aCTOB 3aBHCHT HHTEH-
CHBHOCTb HEKOTOPHX NpO1ECCOB, BOZOOOHILHOCTL BLIpabOTOK, pas-
Mephl M XapaKTep MyJbIbl CABHXKEHHs, CTenmeHb HapylleHHs 3€MHOH
MOBEPXHOCTH.

YcnoBus 3aj€raHus MOpoOX ONpPeAeasOT TakHe 0COGEeHHOCTH Teo-
JIOTHYECKOrO CTPOEHHsA, KaK OXHOPOJHOCTb H H3MEHUYHBOCTH, IIO-
5TOMYy HMX OLl€HKa NpH NpPOrHO3NPOBAHHH YCTOHUYHBOCTH BhIpaboTOK
HMeeT MepBOCTeNeHHOe 3HaueHHe. OHH OKa3LIBAKOT BJAHAHHE Ha CBOH-
CTBa MOpOJ H TEM CaMHM OMNPEAeNsIOT CTCNEHb HEOZHOPOAHOCTH
YCJIOBHH mpOBeneHHs TOpHHX pabor. B 3TOM OTHOLIEHHH OCOGLIH
HHTEpPeC NpEACTABJAT TOJIIH OCAaZOYHBIX NOpPOA Ha YTOJbHEIX,
ClTaHUEBHIX, CONSHLIX H HEKOTOPHX pyAHBIX MeCTOpOXKAeHHAX. B Ka-
yecTse mpuMepa Ha pHc. 11 nokasanH (mO ycJOBHAM 3aJeraHHs)
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Ta6auya 10. Tunu3auHs HenocpeACTBEHHBIX KPOBeJb OYHCTHHLIX BHIPAGOTOK HA maxre
«Kawmnupckas»

Homepa Daspe3os XapakTep BhBalo0Opa3OBaHHS

Tan KPOBAH KpoBam (cM, puc. 11) H Mephl no:;f::gﬂpgggznacnocm
Becema weycrofivusas | 111, IV Becbma unTencumBHOe; noijepikaHHe

HEBO3MOXKHO NpH CYLUECTBYIOmEM
cnocofe KpensieHHs

Heycrofunpas 111, VII (a taxke | MHTencusroe; nomaepxanHe  BO3-
I v V mpu HX 3Ha- | MOXKHO NPH CymecTBylOIlleM crnocobe
yuTenbHOM 00BOA- | KPeHJseHls ¢ yBeJHYeHHEM ero INiol-
HeHHH) HOCTH

MaunoycroitunBas II, VI (a rtakxke | HesnaunTensuele no YHCAY H pa3Me-
I u V npH capa- | paM BHBaJIM B MeOTax NOBHIHIEHHOTO
GoM  OGBOZHEHHH) | ONOPHOTO AaBJjeHHs (WHOTAA MPU Ha-
PYLUIeHHH Nacnopra KpenJeHHs)
Cpepueycrofiuunas I, V Buisanpl npossasiorcss TONBKO NPH
HapyIIeHHH NacnopTa KpernJeHus

TOJIHIM OC2JA0YHBIX IOpOJ B HENOCPeNCTBeHHOH KpoOBJe OYHCTHHIX
BeipaboTtok, a B Taba. 10 mpHBeneHa THOH3aUHS 3TOH KpOBJH NO
CTeNleHH YCTOHYHBOCTH B 3aBHCHMOCTH OT Te0JOrHYecKOTo CTpoe-
uuga [9].

[TopoGHuble TpHMephH MOXKHO MPHBECTH N0 YrOABHHIM laXTaMm
Houbacca u Kysbacca.

2.3. PI3UYECKOE COCTOIHHUE rOPHbBIX NOPOJL

B pesyJbrare mocaenoBaTeNbHOrO BO3ACHCTBHA pPAa3JHYHBIX TIe0J0-
FHYECKHX IPOLecCoB ropuasl Mopojia ONpele/eHHOrO BelleCTBEHHOro
CcOCTaBa B ompefeneHHo#l o6CTaHOBKe IpHOOperaer XxapakTepHoe
IpHpoAHOe (PH3HUECKOe COCTOSHHe, KOTOpOe Npefonpenedser ee 1no-
BejleHHe NPH B3aHMONEHCTBHH ¢ TOPHLIMH paboTaMH H coopyXe-
HuaAMH. [IpHoOpereHHOe cOCTOsiHHe MOeT OBITb H3MEHEHO IOf
BIMsIHHEM TeXHOTeHHBIX ()aKTOpoB (MHOrZa IO CHenHasbHOI mpo-
rpaMMe C 1e1bl0 YJAYUIIeHHS YCJIOBHI CTPOHTeNbCTBa H 3IKCIIYa-
TAalHK HJIH OTBAJOOGpa3opaHHd), U TOrJAa MOXKHO TOBOPHTb O CTe-
NeHH H XapaKkTepe H3MeHeHHs eCTeCTBEHHOr0 (HU3HUecKOro cocros-
HHs TeM HJaH HHBIM OyTem (OypoB3pBIBHBIMH paGoTamH, OTBA/1000-
pa3oBaHHeM, OCYLIeHHeM, YIJIOTHeHHEM, LeMeHTauuef,, 3aMopaxH-
BaHHeM, CHJMKATH3aiHeft H IAPYrHMH cpeiacTBamH). HMa3ayuenue o
OLleHKa CYIIECTBYIOIIEro COCTOSIHHSI W IPOTHO3 er0 H3MeHeHHs Npell-
cTaBagwT GoaplIOl NpAaKTHUYECKH] HHTepeC AJA XapaKTepHCTHKH I0-
BeleHHs] MOPOA KaK Cpelbl AJs TropHHIX paboT, a Takxke KaK OCHO-
BaHHe M MarepHaJ AJd pasIHYHBIX COOpYXKeHHH.

du3HyecKoe COCTOAHHEe XapaKTepH3yeTcd CHCTeMOH NPH3HAKOB,
(H3HUECKHX CBOACTB, Ccpell KOTOPHX HanOoJiee BaXKHBHIMH £ABJ]dA-
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I0TCSI: IJIOTHOCTh, MOPHCTOCTh, BJIAXKHOCTh, TeMIepaTypa, BHIBETpe-
JIOCTh, TPELHHOBATOCTh, 3aKapCTOBAHHOCTb. DTH NPH3HAaKH (CBOM-
CTBa) OIl€HHBAIOTCA KOJHUECTBEHHHIMH NOKa3aTeJsdMH, KOTOopHe oIl-
penensdioTcss B JaGOpaTOpPHHIX W IMOJEBHX YCJOBHAX H AAIOT BO3-
MOXKHOCTh CYAHTH KOCBEHHO O HaHnbGoJiee BaXKHHX O0COGEHHOCTIX
MOPOJA: NpPOYHOCTH, AedOopMHUPYeMOCTH, BOJONPOHHLIAEMOCTH, YC-
TOHYHBOCTH (TOX BO3xeACTBHEM BOJAH, TemiepaTypH H ADYTHX areH-
TOB) H METOJAaX HX HCCAEIOBAHHA,

2.3.1. I110THOCTD H NOPHUCTOCTL

[TnoTHOCTL TOPHBEIX HOPOX, KOTOpas oONpelessercs CODTHOIIeHHeM
Mexay oObeMaMH TBepJAbX YacTHu, BOAOH H BO3AyXoM (rasom),
OLleHUBaeTCsl PAAOM [OKa3aTesdeH: NJOTHOCTbIO MHHepaJbHOH ua-
CTH, IJIOTHOCTBIO €CTECTBEHHOIO CJIOXKEHHs, MJIOTHOCTBK) CKeJera,
o6bemMoM mnopuctoctH. IlepBele 1Ba mokasarteds ONpepesiorCs
ONMHTHHIM MyTEM, a OCTAJbHHE, KAK NPAaBHJIO, pacCUHTHIBAIOTCA 110
JaHHHM IJIOTHOCTH ¥ BJAaXKHOCTH,

a5 onpenenedunit npuMeM ciaeldyrliue HeoO6xoaHMbe o6o3Haue-
HHa (pHc. 12):

Gw— Macca MUHEDaJbHOW YaCTH NODPOARL, KT, T, T;

§w — Macca NopoBoH XKHIKOCTH, KI, I, T;

Vm— 06beM MHHepalbHOM yacTH, cm3, m3;

V,— 006beM nopoBoro npocrpascrea, cm3, m3;

W — BecoBas BJAXHOCTh, JAOJH €I

[TnoTHOCTHL MHHepaJbHOR dYacTH onpeflesseTcs IOKasaTeJeM
Pm=qm/Vm ¥ CAyXHAT A9 KOCBEHHOT'O CYXKJEHHS O COCTaB€ OCHOB-
HHX NOpojo06pasyroliHX MHHEpPAJOB, a TakXe MI7d pacyeTa noOpH-
CTOCTH nopoi. Hekotophle naHHHE O MJOTHOCTH MHHEpaJoOB U [O-
pox upuBompsTcs B Ta6a. 11.

[Tokasaresb MJIOTHOCTH NOPOA (ecTecTBeHHOIO HJH HapylleH-
HOTO CJIOXKEHus) 3aBHCHT OT ob6beMma
Mop MU CTEeNeHH HX 3anoJIHEHHS BOLOH

(XKUIKOCTBIO)
p— Im + Boadyx (2assr) |
Vi + Va i_ T Rodn — — -

[ToatoMy ero BeaHyuHa cama no
cebe He pgaeT NpeAcCTaBJeHHs O Co-
CTOSHHU MOpOAB, ubo NpH ofHOH H
TOH K€ NOPUCTOCTH, HO pa3Ho# cTe-
NeHH ee 3aMoJIHEHWs BOJOH moJayda-
IOTCS pa3Hble 3HAYEHus p.

IInorrocts CKeJeTa HOpPOA  Ppyc. 2. Cxema K onpeReleHHio
OUeHHBaETCS noKazaTtesem Pc=  mnoTHOCTH NIOPOR

'Mllﬁé’pa//bﬂélll
ckenem
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Ta6auua 11. TokasareJH NJIOTHOCTH H BJAXHOCTH HEKOTOPBIX NOPOA,

InoTnocTh
HJTOTPIOCTb B €CTECTBEH- EcTecTseHHas Os'beM
HaspaHue nopog, MHHEPaNbHO# HOM BJIAXKHOCTS, nop, %
YacTH, I/cm? CJIOXEHHUH, AONHU, efl.
r/cm?
I'paunt 2,66—2,70 | 2,66—2,70 — —
INopdupur 2,70—3,0 2,7—2,9 — —
Basaner 2,82—2,95 2,86—2,9 — —
Treiic 2,67—2,72 | 2,66—2,70 — —
Mpawmop 2,70—2,73 | 2,70—2,72 — —
Ilecuanuk 2,64—2,70 2,2—2.5 0,01—0,1 5—15
VisBecTHSIK 2,40—2,70 2,3—2.6 0,01—0,05 2—8
Apruanut 2,63—2,86 2,1—2,2 0,05—0,2 15—30
I'inua xembpuiickas 2,68-—2,78 2,1—2.2 0,1—0,25 25--35
Taunua mafikonckas 2,68-2,72 | 1,75—1,85 | 0,15—0,30 2836
Ianua JeHTouHas 2,70—2,74 | 1,87—1,93 0,2—0,35 35—40
Jléce 2,67—2,69 | 1,50—1,70 | 0,08—0,18 4452
Ilecox 2,64—2,66 | 1,60—1,72 | 0,15—0,22 38—43
Topd 0,5—0,7 — —_ —_
=—19m __ goropmii onpeensieTcs pacueTHHM nyteM no dop-
Vin+4 Vp
MmyJie pc:—l—_ﬁ—vy— . Ilokasatenan Q¢ HUCHOJB3yETCaA IJisA OUCHKH HC-

THHHOH MJOTHOCTH HACHIIIHHIX COOPYXKeHHMH no ray6HHe H no npo-
CTHPAHHUIO C UeJbI0 OmnpejejeHdss UX OJHOPOAHOCTH N[O HPOYHOCTH,
CKUMaeMOCTH u Bojouponunaemoctd. OH yroGeH u AJNS Oupenene-
HUA KO3(dUIMeHTa Pa3pHXJEHHS NOpPOJ HPH 5KCKAaBalUH U OTBa-
J006pa30BaHUH.

Pa3MepHOCTL Bcex Tpex nokazartened 0, Pm ¥ Pc— KrfM® uJH
r/cme.

CpaBHenne 3THX HOKa3arenell jaer BO3MOXKHOCTh CYIUTb O IO-
pUCTOCTH nopod. [HJas CKaJBHHX [OPOJ XapakTepHO paBeHCTBO
Om=p=0c, @ AJS [HeCYaHO-TAUHUCTHIX HEPaBEHCTBO Pm>>P>>pPc.

[Tokazartesp NJOTHOCTH MNOPOJ HUCHNOJB3YeTCS HPH pacuerax Ha-
IPsIKEHHOI'O0 COCTOSIHHUSI, CO3XaBaeMOro BEIlleNeXKalUMU OPOJAMY,
B BHUfAe y=gp, Tle y— yAeapHH Bec, H/M3, g— yckopeHHe CBO-
6OLHOTO TajleHHUs.

Oas neckoB (B 0CO6EHHOCTH BOAOHACHINEHHBIX) TPYAHO OIIpe-
JIEJUTb IJIOTHOCTb, COOTBETCTBYIOIIYIO €CTECTBEHHOMY HJIHM UCKYCCT-
BEHHOMY CJIOXKEHHIO, IOCKOAbKY OTGOp HeHApyUIeHHBIX Npob CBA3aH
¢ GOJbUIMMY CJA0XKHOCTAMU. B CBsI3H € 3TUM ONpPEAeJSIOT IIOTHOCTD
IPY MAaKCHUMaJbHO NJOTHOM M MAKCHMAJBHO PBIXJIOM COCTOSTHHUSIX
IJIsT OLHOM W TOM Ke BJAaXKHOCTH, KOTOPAsi 3aBUCHT OT T'PaHyJIOMeT-
pHUYECKOro coctaBa, (POpMbl ¥ OKaTaHHOCTH 3epeH. [londyuenunie mo-
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Ka3aTeJH XapaKTepH3YIOT OTHOCHTEBHYIO MJIOTHOCTh, @ TaKXe CII0-
COBGHOCTb HECKOB K YUJOTHEHHIO.

[TopucrocTs necyaHoO-TAMHHCTHIX, & HHOTIA H NOJYCKAaJbHHIX 110-
POZ OlEHHBAeTCS IBYMS 110KA3aTENSIMU:

o6BemMoM nop

n=-fr—Fe 100
Om
H KO3(p(pHLIHEeHTOM NOPHCTOCTH

e — Pm— Pc — n ,
Pc l—n

KOTOphble TakXKe AT IIpeAcTaBJeHHe 00 UX NIJOTHOCTH.
OTHocuTeJbHAasd MJOTHOCTL IeCKOB Id, B J0JAX eIUHHIH OIIpe-
JeJs1eTCsI OTHOUWIEHUEM
[d: €max — €

’
€max — émin

rle €max KW €min — KO3(PGHIHEHTH HOPHCTOCTH, OTBevamoliue Ipe-
JeJIbHO pPHIXJOMY U IpelesIbHO MJIOTHOMY COCTOSIHUAM; e — Ko3(hdH-
LOMeHT NOPUCTOCTH eCTeCTBEHHOTO WJM NPHOGPETeHHOTO COCTOSIHHS
necka.

[lpu 713>0,66 necok cuuraercs HJIOTHHM (MaJOCKHMAEMBIM),
npu [4<0,33 necoK puIXJblil (CHABHOC)KUMAaeMBIHl ¢ BLICOKO#l BOJO-
npouunaeMocTeio). HauGosee 4acTo B ecTeCTBEHHHIX YCJOBUAX
BCTpeyYaloTcs NeCKH cpelHell NJOTHOCTH, Yy KoTopuix 0,33 </4<0,66.

Crioco6HOCTL NeCKOB K YIJIOTHEHHIO OlleHHBaeTcs KO3(GHUUEeH-
TOM VIJOTHIEMOCTH

u= €max — émin

€max

Yem GoJbllle 3HayeHHe 3TOro KoagdHuUeHTa (4eM OHO OJHKe
K 1), TeMm mnecok Gosee YNJOTHsAeM, T. e. GOJbille MOXKeT YMeHb-
UIATHCSL €T0 [IOPHCTOCTb 1IPH BHelIHeM BO3AeHCTBHU (OCOGEHHO Iu-
HAMUYECKOM).

2.3.2. BiaHOCTh H B1ATOEMKOCTh

BaaxkHocts uMeeT 0onbLIoe IpaKTHUeCKOe 3HAYEHHe AJs1 OLEHKH
coctoanusl nopoi. OHa npejcTaB/sieT OTHOLIeHHe Macchl BOAH, CO-
JepxKale#dca B NOpax K Macce cKeJleTHOH 4acTH IOPOJH, BHICY-
meHHOH npu Temnepatype 105 °C u 3aBuCHT OT cocTaBa IOpOA H
HX IJOTHOCTH (cM. Tabu. 11).

T'opHble NOpOABI MOTYT GHITH OXapaKTepU30BAHH eCTeCTBeHHOH
BJaXHOCTbIO, HJIH BJAXHOCTHIO B ONpeNeJeHHOM COCTOSAHUH. JIJs
IJIMHUCTBIX NOopoj Oosblice 3HaueHHWe 1pHOGpeJSH BJIAXKHOCTH IBYX
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XapakTepHHX COCTOSiHHH — MpefeJ TeKy4YeCTH — BJaXKHOCTh, NPHU
KOTOPOH IMIHHA IepeXOAUT B TeKyuee COCTOsiHME, W mpeaeJ nJjaacThu-
HOCTH, XapaKTepH3YIIHH Mepexon OT NJACTHUHOrO K HOJAYTREp-
IOMY COCTOSiIHHMIO TJIMHH. PasHuna MeXJy 5THMH XapakTepHBIMH
BJAXHOCTAMH Ha3HBaercs YHCJOM TJIacTHYHOCTH. [Ipepeninl Teky-
YECTH W NJACTHYHOCTH ONpeJensiioT B JaOOpaTOPHHIX YCJOBHAX HA
NIMHHCTBIX 00pasnaXx HapyUIGHHOTO CJOXKEHHS M HCHOJB3YIOT AJs
KOCBEHHOH OIleHKH CcOCTaBa MOpPOJ, TaK KaK OHM OTPaXamT HX THA-
poduNBHOCTh, 3aBUCsILEH OT MUMEPANbHOIO H I'PAHYIOMETPUYECKOTO
cocraBa. [lo d4ueay NJAaCTHYHOCTH TPOH3BOJUTCH KAacCHPUKALUS
CAHHUCTHIX nopof, kortopas npuHata B CHull mna ycranosnenus
MX HOMeHKJaTyphl. K IMiHHaM OTHOCATCA pPAa3HOCTH, y KOTOPHIX
YHCA0 NaactuyHOCTH Gosee 0,17, K CyrMuHKAM (1MEeCYAHHCTHIM IJIH-
Ham) —or 0,07 no 0,17, x cynecsM (rIMHHCTEIM meckam) — ot 0,01
no 0,07.

[Ipemensl mnJIacTHYHOCTH BMeCTe C ECTECTBEHHOM BJaXHOCThIO
HCIONb3YIOTCH 7151 ONpene/iCHHss KOHCHCTEH I H ¥ INIHHUCTHIX N0-
poA, xapakrepusymoineii Hx ¢Qusnueckoe cocrosfnue. OHa OueHusa-
eTcsi I[I0Ka3aTeNeM KOHCHCTEHIIMH, KOTOPHEH NpejpcTaBiaser coGoi
CTeAymollee OTHOLIEHHE XapaKTepHHX BJAXKHOCTeH

/ W— W,
L=
W, —W,

rie Wy u Wp— BJaXXHOCTH Ha Tpeaese TEKYYeCTH H MJIaCTHYHO-
cti; W — BraXHOCTb HCC/IEAYeMOH TVIMHH (ecTecTBeHHas).

B coorBerctBun co CHull rammaucrbie mOpoAH N0 NOKa3aTell
KOHCHCTEHIMH MOAPa3AeNAloTCs Ha:

521532 (O Ip <0
TMoayreepaple . . . . . . . . . . . . . .. Iy = 0—0,25
Tyronnactusele . . . . . . . . . . .. .. I;p=025—050
MATKOTIIACTHYHBIE  « » « + v o « « « « « « . 4 =10,50—0,750
TeRyuengacTHUHEIE . . . « « « o « « . . . . fp=0,75—1,00
Teryuue It > 1,0

KoHcueTeHIMIO YUHTHIBAIOT LIpH ONpelesieHWH Hecyllefl crnocoG-
HOCTH TIVIHHMCTHIX INOPOJ, NOSTOMY H3y4eHHe ee HMeer GOJbllioe
npakTHyeckoe 3Hauenue. Ilpu sToM crepyer umerr B BHIY, 4TO
CTPOro OHa omnpefessier ¢U3UUIECKOE COCTOSHHE MIHHHCTHIX HOpOZ,
Y KOTOpPBIX OTCYTCTBYIOT LIeMEHTallHOHHBIE CTPYKTYpHHE CBA3U. MHO-
IUMH IpUMepaMH y2Ke N0Ka3aHo, 4TO onpejeeHue GU3HIECKOro Co-
CTOSIHUS HeOGXOIMMO OPOBOJAHTL HE MO 3HAYCHHAM NpeAesOB MJja-
CTHUHOCTH, KOTOphHle XapaKTepH3YIOT OlpelejieHHbE COCTOSHUS
NOpOAbl HADYLIEHHOTO CJ0XKEHHs, a [0 CONPOTHBJICHHIO UX IpHU ec-
TeCTBEHHOH BJIAXKHOCTH, ONOTHOCTH U CJOXKeHuu. Has strofi nenn
MOXKHO HCIOJb30BaTh MeEHETpanuio (B JabGOpaTOpPHBIX YCAOBHAX) H
30HANpPOBaHHE (B YCJOBHAX €CTECTBEHHOrO 3aJleraHus).
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CHull pexoMenayioT onpejeisith yAelbHOe COUPOTHBJEHHE Ie-
HeTpanuu P,, [la, npu nOrpyKeHHH CTaJbHOr0 KOHyca C YrJom
npu sepmiuHe a=30° na dopmyse

P, = Plh,

raie P —ycunue B H, Heo6XonnuMoe [Jsi mOrpyKeHHsi KOHyca B IO-
poAy Ha ray6uHYy A B M.

[Ipu P,>0,2 MIla nopola cuuTaercs oyeHbp HPOYHOH, & MpH
P,<0,05 MIla— cnaboit. Jdaa cpaBnenus P, MIla, ¢ noxasare-
7€M KOHCHCTeHUHH [ MOXKHO HCHOJIB30BaTh npefioxenue B. @. Pa-
30PEeHOBa, B COOTBETCTBHH C KOTOPHIM NpHU

Ir<<O . . ... ... ... ... P09
[pL=0—-02 . ............. P,=20,19—0,08
[1=02-050 . ........... P,=008-—0038
Ip=050—-075 .. .......... P,=10038-0,017
Iy = 0,75—1,0 . . P, = 0,017—0,0076

IL>10 . . . Py < 0,0076

KoucucTeHnys riMHHCTBIX NIOPOJ 3aBHCHT OT HX MHHEPAJBHOrO
H I'paHyJIOMETPHUECKOr0 COCTaBa, JIOTHOCTH M BJA2KHOCTH, a TaKXe
OT COCTaBa IOpPOBOH BOJABL M Xapakrepa CTpPYKTYPHHEIX cBAsed
MeXJy MHHepaJbHBIMU YacTHIaMHU.

BraroeMKOCTb rOpHEIX NOPOJ ONpefeNsieTCsl CIOCOGHOCTBIO
HX BMEIIAaTh W YAEPXKHBAThL AaHHOe KOJHYECTBO BOJAB B Da3JIHYHBIX
YCJOBUAX. Pasanyaror NOpOoAbl BJaroeMKHe, KOTOphle MOTyT yAep-
XKUBaTh BOAY BOKDPYT MHHEDaJbHHX YacTHIl (rJHHACTHE [OPOAHI)
W HeBJaroeMKHe, BMEIamue Boldy, HO oTaalmye ee npH CBoGOx-
HOM HCTeueHHH (KpyNHEle TNeCKH, FafeuHHKH, TpEeUlMHOBaTHE U 3a-
KapcTtoBauHHe nopoAn). [IpoMexyTouyHoe noJOXKEHHE 33aHUMAIOT
MEJIKO3ePHHUCThIE, NBLIEBATHIE K IMIHHHCTHE NECKH.

Jns mecyaHo-TMHUCTHIX TOPOR omnpeaedstor nonnyio Wi, wmo-
AexyasapHyl0 Wiy u kanuwanaspeyio Wy BIaroeMkOCTH.

[losiHas BAaroeMKOCTb XapaKTepusyeT BJaxHOCTb NOpPOJ pH
NOJIHOM HACHIIEHAW BCeX WX NYCTOT BomoH. Pacyer ee MOXHO
IIpOBECTH 10 opMye

W, — nps _ eps

e N

pm (1 —n) Pm

rae n— o6beM Nop; € — K0sdGUiILHeHT MOPUCTOCTH; Pm — MJIOTHOCTh
MHHepaJIbHO# YacTH; P — NJIOTHOCTL BOJHI.

BonoHacuHumeHHe TOPHEIX NOPOJ XxapakTepH3yercs cCrene-
HbIO 3al0JHEHUs [OOp BOXOH, AN Yero HCHOJb3YeTCsi OTHOHIeHHe
onpefieNeHHOR BJaXHOCTH mopoabl W K ee MOJHOH BJIaroeMKOCTH
Wi, 1. €.

G=— Wom
€0s
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[ToxasaTens cTemedn BOZOHACHIUIEHHS HCHOML3YIOT B KauecTse
KJacCUDHUKAIHOHHOrO NpU3HAKA MeCYaHo-rAMHUCTHX 1nopox (G<
<0,5 — manosnaxuse, G=0,5—0,8—paaxune 1 G>0,8 — Bojo-
HaChillleHHEle), & TaKXKe 1751 KOCBeHHOH OlleHKH HX IPOUYHOCTH, Je-
(GopMHpYEMOCTH i ycTOH4uBOCTH. PU3WYECKOE COCTOSIHHE MOPOA BO
MHOTOM 3aBHCHT OT CTeleHH 3aloJHEHHs! IOPOBOrO HpPOCTPaHCTBA
¢mounnoM. B 3aBucuMocti oT G u3MeHsieTCsl NpOCaJOYHOCThb, pas-
MOKaeMoOCTb, HalyxaHue, cXKaTHe, CONPOTHBJEHHE CHBHTY, NOJA3Y-
4ecTh.

MonexkydsipHas BJIAaroeMKOCTb XapaKTepusyerT CHO-
COOHOCTD TOPOX YACPXKUBATh (PU3UUCCKH CBSI3AHHYIO BOAY Ha Iio-
BEPXHOCTH MHHEpAaJbHBEIX YACTHI[ HJIH B MeXIaKeTHHX NpPOCTpPaHCT-
Bax HX KpHucralnoB. Cea3b olpejeisiercss cOpOIHOHHEIME CHJIAMH,
KOTOpHe Ccnoco6cTBYIOT 00pa30BaHHI0 BOJAHHIX (COMBBATHHIX) 06O-
JOYEK PAa3/UYHOA TOJMHHH B 3aBHCHMOCTH OT Pa3MepOB HAaCTHIL
H HX COCTaBa, a TakXke OT COCTaBa BOAH. LECJAH H3 BOJOHACHILEH-
HOTO Ilecka cBOOOJHO cTedeT BOJA, TO B HEM OCTAaHeTCA (PH3HUECKH
CBSI3aHHAsl BOJA, COOTBETCTBYIOIIASl MAKCHMaJbHOH MOJEKYJsapHON
BJIArOeMKOCTH. B TJIMHHCTHX NOpOAax pnaxke cBOOOAHAsA BOJa OT-
KHMaercs ¢ HEKOTOPHIM yCHJIHEeM H3BHe. 1105TOMY 10 MakrcHMAajb-
HOH MOJIEKyJNsIpHOH BJIarOeMKOCTH MOXKHO JOBECTH BOAOHACHIIICH-
HYIO NOpOAY, BHIEepXKAaB ee nox Harpyskoi 6,55 MIla B TeueHne
10 mun. McobityeMbiit o6pasen npepcrapasier coboil JemelIKy BEICO-
TOH 2 MM H guamerpoM 50 MM.

Crioco6HOCTh TOPOJ, HAachINEeHHHLIX BONOH, OTIaBaTb HEKOTOPYIO
ee yactbh 3a cueT CBOGOMHOTO CTEKAHHsI HA3HIBACTCS BOXOOTAAuCH
WQI

Wo=Wn— Wy

Koapduuuent BOLOOTAAuM, KOTOPHH YacTO HCHOJAB3yeTcss IpH
pacuere BOJONPHTOKOB, ApPEHAXKHBIX COOPYKeHHH, CKOpOCTH OcCy-
LIeHHs, npeacTasiser co0ofl oTHouleHHe o0beMa CTEKawolled BOIbI
K 00beMy BOROCOAEpKAMEH NOPOAH V!

MB = VB/Vn-

KanuansapHoCTh [eCUaHO-TJIHHHCTBIX NOPOJ XapaKTepuay-
eTCsl BHICOTOH KanWAAsApHOrO HOAHATHS (B CM), 3aBHcAmed OT Ho-
BEPXHOCTHOrO HATSIKEHHS, PA3BHBAIOLIErocs B MX lopax (Kauui-
Jaspax) 4 onpelensieMoll no 3akony JKwopeHa:

Hy = 202 ,
rg0s
rie a — KaluisipHas NOCTOsIHHASA, ¥ — pajuyc Kaluiasapa, cM; g —
yckopeHHe CcBOOONHOrO HajeHus, cM/c?; pg— IJIOTHOCTE BOJHI,
r/cms3,
3a cyer KaNuWJJASIPHOCTH HAaj NOBEPXHOCTbIO HOJA3EMHHX BOJ
OGLIYHO (pOpMHUpyeTCsl «KalMMJIsipHas KaiMa», B HOpeaelax KOTO-
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Tabauua 12. XapakrepHpie JaHHBE NTOKazateslell BIACOEMKOCTM HECHAHO-TITHHHCTLIX
nopon

Hassanme nopop l WMM | Wy l W, My HK, cM

KpynrosepHucreiit 0,01—0,05 | 0,20—0,26 | 0,9—1,0 0,2—0,3 2—10
[eCoK
MenkoaepHHCTHLY 0,02—0,03 | 0,22—0,28 | 0,8—0,9 |0,15—0,2 30—50
[EeCoK
TwoiaeBareie neckn | 0,06—0,12 | 0,20—0,30 | 0,3—0,5 | 0,05—0,1 100—160
Tiuna necvauucras | 0,15—0,20 { 0,25—0,35 | 0,1—0,15 | 0,01—0,05 | 200—300
Tauna 0,25—0,40 | 0,30—0,50 0 0 200-—500

pO# NIPOYHOCTL NOPOJ MeHSIeTCs, YTO CJIefyeT YUHTHIBAThL IPH OLEHKE
HX ycroiiuuBocTd. B Ta6i. 12 upuBeleHn JaHHBE, XapaKTepH3yo-
IlHe BJArOeMKOCThb W BOJAOOTAAUY MNECYAHBIX H TJMHUCTHIX MOPOL.

BonoeMKOCTb CKaJbHEX H HOJYCKaJbHBEIX NOPOJ, B KOTOPHIX NyC-
TOTHOCTb CJ1araeTcsi W3 He3HayuTe/IbHOH IIOPHUCTOCTH H TPeLHHO-
BAaTOCTH, OLIEHHBAIOT [JBYMs II0KAa3aTessIMH: BOAONOIJOLIEHHEM, Xa-
PaKTEpPU3YIOIUM CHOCOOHOCTh NOPOAH BOHTHIBATL BOAY B BOJHOM
cpefle Ipu arMoc)epHOM JAABJEHHUH, U BOJAOHACHIIEHHeM — CIIOCOO-
HOCTBIO HOIJIOIATh BOAY B OCOOHIX YCJIOBUSX (TIOX BaKYyMOM, NpH
KUNSIYeHUH, [OJ fAaBleHMeM M T. A.). OTH [Ba HOKas3arens, He-
CMOTpPSl HAa MaJlyi0 BJaroeMkocTb Nopox (OT AOJeHd npoieHTa 10
HEeCKOJIbKHX MPONEeHTOB) HMeIOT OlpefleIeHHYIO [PaKTHYECKYIO leH-
HocTh. Bopgonoriomenye omnpefenisieT OTKPHTYIO NOPHCTOCTh, & OT-
HOUIeHHe BOJOUOTJIOIEHUS K BOJOHACHIIEHHIO (CTeleHh BOJOHACHI-
UleHHA) YKa3plBaeT HAa MOpO30yCTOHYMBOCTh mHopox. Haubosee ne-
YCTOHUHBHIMHM CYUTAIOTCS HOPOJBl, Y KOTOPHIX 3TO OTHOIIeHHE
6oannie 0,8.

2.3.3. BriBeTpesoCcTh H TPELUHHOBATOCTD

BrBeTpHBaHHE TODHBI X MO PO X NPUBOJUT K H3MEHEHHIO HX
COCTaBa, MOHOJIUTHOCTH H, KaK CJEJCTBHe, HNPOYHOCTH, AePOpPMHU-
pyeMOCTH, BOAONpOHUIAeMOCTH. Kak H3BECTHO W3 Kypca TeOJIOTHH,
BLIBETPUBAHHE MOMXKeT GLITh (DU3UUECKHM, NPUBOASLIHM K MeXaHi-
YyeCKOH [e3UHTErpayui NOPOX, U XUMHUECKHM, B pe3yJbTaTe KOTO-
pOro MPOUCXONUT U3MeHEeHHe UX coctaBa. I'yOuHA NPOHUKHOBEHHS
npouecca BHBeTpuBanusa cocrasisier 200—300 M, a unorga AocTu-
raer 1 gMm.

Oco6oe 3nayenue MMe€T 30HA BHIBETPUBAHHUA [0 TIYGUHEL Nep-
BbIX JECSITKOB METPOB, B mpejesnax KOTOPOH HapyuieHHe CHJIOIIHO-
CTH FOPHBEIX NOPOJ INPUBOAMUT K CYLIECTBEHHOMY YMeHbIIEHHIO IpOU-
HOCTH ¥ YBEJHYEHHIO BOJONPOHHIaeMOCTH. [10pOMKI, NOABEpPriinecs
WM TOABep¥eHHble IIPOreccaM BHIBETPHBAHUS, 06pA3YIOT APEBHIOIO
WM COBPEMEHHYIO KOpY BhIBeTpuBaHHf. B ropnoil npaxtike GOJib-
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HIoe 3HayYeHHe NpHoGpeTaeT U COBpeMeHHBIH NpOLeCC BRIBETPUBAHUS,
B CBSA3H C HCKYCCTBEHHHIM PacKphITHeM OOJBIIHX TowaneH rop-
HBEIX NOPOJ OTKPHITHIMH paboTaMu ¥ (GOPMHPOBaHUEM HOBHIX TEXHO-
TeHHBIX MaCCHBOB (OTBAJOB, TEPPUKOHOB).

ITpn MHXKeHepHO-reoJIOTHYECKO OIEHKE CTENEHH BHIBETPEIOCTH
H. B. Kosnomenckuit u B. . JloMranse BBIIEISIOT MmO TAyGHHE
4 30HH (CHH3y BBepx).

1. 30oHa MOHOJHTHHX NOPOJ, pPa3GHTHIX TEKTOHHUECKHMH Tpe-
IIMHAMH WIH TpellHHAMH Pa3srpysKiu.

2. I'net6oBast MK rpy6006JOMOYHAsT 30HA, MpeACTaBieHHas Tpe-
IIMHOBATEHIMY NOpPOAAaMH (B pe3ysbTarte (PU3UUECKOTO BLIBETPHBA-
HHU$), OTHeJbHHE GJOKH KOTOPHX HMEIOT pasMeph B HECKOJBKO Je-
CSAITKOB JeuuMeTpoB. TpeulHHB OTKpHTHE, WM 3aN0JHEHH mecua-
HO-TJIMHHCTHIM MaTepHajloM H3 BepxXHHUX 30H. BojonpouunaemocTtb
-3TOH 30HEl 3HAYHTeJbHAH, KO3(PUUHEHT (PHIbTPAUHH COCTaBJISAET
uHorpa Gosee 100 M/cyt. IlpouHocTs u HedopMUpYEeMOCTh TOPOA
3/leCb OnpefelisieTcs ¢ yuyeToM HHTEHCHBHOCTH H Xxapakrepa TpellH-
HOBaTOCTH.

3. Meaxkoo6aoMouHas (uie6eHucTas) 30Ha, B Tmpejfenax KOTOPOH
rOpHBIE TOPOAB CHJABHO TpeIIMHOBATHE H MNPEICTABAEHH OTHENb-
HEIMH KycKamu pasmepoM oT 5—10 mo 20—30 cm. MuHepanbHHI
cocTaB H3MeHeH (xuMHueckoe BuBeTpHBaHHe). [IpouHocTh nOpOX
B 3TOfl 30He B OOJBLIMHCTBE CJyyaeB MOMHO XapaKTepH30BaTh KO-
2 UIHEHTOM BHYTpEHHEro TpeHHs, T. e. €e MOXHO paccMaTpUBAThb
KaK KBa3HOJHODPOAHYIO cpely. BoaonponuumaeMocTs 31eCh yYMEHb-
maercs W xapakrTepusyercs Ko3(p@dHUKHeHTOM (HIBTpPALHH OT He-
CKOJIBKUX MUJIJIUMETPOB B CYTKH A0 NEpPBLIX METPOB B CYTKH.

4. 30Ha jpecBsHO-TeCYaHasl, B KOTOPOH «MAaTepHHCKas» MOpPOAA
Hey3HaBaeMa. BTopuuHHe MMHepaJhl COCTABIAKT OCHOBHYIO Maccy.
Tlopoza mpuoGpesna cBoficTBa NeCYaHO-TJIHHHMCTHIX OTJIOXKeHHH.

[TokazaTensiMH BHLIBETPENOCTH TOPHHX HOPOJL ABJAITCT pas-
JAUYHEE OTHOLIEHHS] MEXKIY INOKAa3aTeNsIMH BLIBETPEJHX M HEBHIBET-
peaLlX pa3sHOBHAHOCTEA ONHOA M TOH XKe MOPOJHL.

Haun6oabulee pacnpocTpaHeHie ¥ IpH3HaBMe MOJAYYHJIH CJAelylO-
IIMe NOKa3aTesH.

1. Crenenn BHBeTpesocTd Cy= =2

Pe
pesiofi MOPOABl; Pe — IJIOTHOCTh HEBHIBETPEJOH MOPORLL.

Wy —W
2. TlokasaTenb BHBETPENOCTH nﬁz—’%v——‘i—, raie Wy u We—
e

BJI2XHOCTh BHIBETpPEJIOH H eCTecTBeHHOH NOPOIHL.
3. KospdpunyeHT TpeninHOBaTOCTH (CM. HHUIKe).
R¢—R?

4. Kospopunuenr pasynpounenus K, = ————, rae Re n

€
c

R:® — npoyHOCTh Ha OJHOOCHOE CXKATHE HEBLIBETPEJNOH U BBIBETpE-
JIOH TIOPOIHL.
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5. Kosgppuuuent suerpenoctu (mo CHull) Ke= Ll,(i,
1
rlie K; — OTHOUICHHEe MacChl YaCTHL pa3MepoOM MeHee 2 MM K Macce
yacTdl 60Jiee 2 MM IOC/Je HCIBITaHWS Ha HUCTHpDAHME BO Bpalfaiwo-
meMcst noJouHoM Oapabane; Ko— T0 e [I0 MCHBITAHHS Ha HCTH-
panue,

[pn Kex=0,0—0,5 nopoas cuuraioTcsi HeBHBETPeNbIMH, IpH
Kex=0,5—0,75— cna60 BmBerpeaniMu u 1npu  Kex=0,75—1—
CHJIbHOBBIBETpRJIBIMH.

[Io 3sHayeHUSIM YKasaHHBIX [OKa3zaTejell OUEHUBAIOT H3MeHeHHe
COCTOSIHHSI TOPHBIX NOPOJ, YCTaHABAWBAIOT 3aKOHOMEPHOCTH IHpO-
Hecca BLIBeTPHBaHMA M pa3pabaTuiBAlOT MpPOrHO3H H3MEHEHHS
CBOHCTB TOpHHIX NIOPOJ, OCOGEHHO B HCKYCCTBEHHBIX OTKOCaX yTOJb-
HBIX U DYAHBIX KapbepoB, IJIWTeNbHAsl YCTOMYWBOCTh KOTOPHEIX BO
MHOTOM 3aBHCHT OT CTeHEHH H CKOPOCTH M3MEHEHHS COCTOSHHUS MO-
pol, caaraolliux Ux.

[Ipu ouenke B3auMojefiCTBUS rOPHHIX HOPOJ C Pa3jIMUHBIMH CO-
ODYKEHHSIMH W TNPOrHo3e WX YCTOMUHBOCTH HCKJIOYHTEJIBHO BaXK-
HOe 3HayeHWe NpuUoOpeTaer Tpem HHoBaTtOocTh OHa Xapak-
TepHA IJIaBHLIM 06pasoM JJs CKaJdbHEIX U NOJAYCKaJbHEIX HOPOJ H
onpefeasier X (Gu3HUecKoe COCTOSIHHE, NPOCTPAHCTBEHHYIO HEOJHO-
PONHOCTh H aHU30TpONHI0. Hapyulenne CIJOUIHOCTH MOPOJ Tpeliy-
HaMH pa3/iMyHOrO TPOMCXOXKAEHUs OKa3bBaeT Olipelesioinee
3HauyeHHE Ha TaKHe BaKHble HX CBOHCTBa KakK IMPOUHOCTh, Aedop-
MHPYEMOCTb, IYCTOTHOCTb, TPOHMIIAEMOCTb, YCTOAYMBOCTL TPH BHI-
BeTPUBAaHMKM M KapcTOoOGpa30BaHUY, KaTeropHio TPYAHOCTH paspa-
6OTKU H Ip.

[1o cBoeMy HPOHCXOXAEHUIO TPEUIMHE JeJsTCS Ha JBE€ TPYMIHL:
TEeKTOHHYECKHe U HeTeKTOHuYeckue. [lepBhie 00pa3yloTcs B pe3yJb-
Tare BO3JeACTBUS Ha NOPOJB TEKTOHHYECKHX HaNpPSXKeHWH cXKaTus
(TpPeIMHB CKRAJBIBAHUS) U pacTsxKenus (TPeUHH paspuBa). Ilas
HHX XapakrTepHH: a) cTporoe IPOCTPAHCTBEHHOE pACHONOKeHHe
¢ (GopMHpOBaHNEM HECKOJbKHX B33aWMHO I[epeceKarollHUXCsl CHCTeM
TPelluH, KOTophle 3aKOHOMEpPHO cOyerarorTcss cO CTPYKTYpHO-IeTpo-
rpaguyecKMMH M TEKTOHHUECKUMH 3JeMcHTaMM HOpOX (csoucTo-
CTblO, CJAaHUEBATOCTbIO, CKJAafKaMH, HApPyWEHHAMH H T. J.);
6) GoJbLIAs IPOTHAXKEHHOCTh W BHIEPXKAHHOCTh. B 2T0d rpynne BH-
JeJSIOT OCOGBIH THI TpeINMH — KJAMBaX (0T aHIVIMHCKOro CJ0Ba
KJUBaX» — Packo/a). DTO cUCTeMa ryCTHIX HapasiejbHBiX TPelltH,
CeKYLIMX CJOHCTOCTh WJIH COTVIaCHHIX C Hefl

HetexToHyyeckue TpelUHB MOryT 06pasoBarthCs IPH OCTHIBa-
HUH MarMaTHyecKMX [OpOJ 3a CueT HepaBHOMepHOro yMeHbUIEHU:]
o0beMa (TpelMHbl MepBHYHOH OTAEJBbHOCTH), IpH YIJOTHEHHU oOca-
JOYHBIX NOpOA (TPeIUHHH HaNJaCTOBaHHs), B pe3y/bTaTe paspy-
LIEHUs] TOpoj NpH BHBETPUBAHMM (TpEIHHB BHIBETPUBAHWs) HJIH
pH pa3rpy3ke peKami, KOTJIOBaHaMH, rOPHBIMH BhipaGoTkamu (Tpe-
IHHLl pas3rpy3KH), ONOJ3HeBHEe TPeIMHH Ha CKJOHax M OTKOCaX,
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TPelMHbl CABUXKEeHHS W TOpPHOrO /[AaBJEHHS, YChIXaHUs, TpeIHHE,
obpasyiouldecss Npd HCKYCCTBEHHBIX B3phbiBaX, W Ap. Herekronuye-
CKHe TPeIHHBl OTIHYA0TCH OYeHb GOJBIINM pa3HOOOGpa3uem, yacto
MMEJOT Xa0THYECKOe PAacnpoCTpaHeHHe, HeBBAePKAHHYIO HpOTIAKEH-
HOCTb, IOTOMY MX H3yYeHHe H OLleHKa BJMSHHUS Ha CBOACTBA HOPOX
OYeHb CJOXHBIE.

Huorga roBopsiT 0 MHKPO- M MaKpOTPEHIMHOBATOCTH TOPHBIX
nopoi. Takoe pasjeneHue BecbhMa YCJIOBHO WU TPYIAHO HOALAETCS
YETKOMY Da3TpPaHHYEHHIO A7 PasJHYHHX 00beMoB nopold. OxHaKO
ciefyeT MMeTh B BHAY, YTO LpH H3yUYeHHUH NIPOYHOCTH Ha o6pasuax
He6o1bUIMX 060HeMOB (CTangapTHHlE pa3Mephl ONBITHBIX 0Gpa3LoB)
MUKPOTDEUIMHOBATOCTh 06yCa0BANBAaET GOJbUIOH paszlbpoc ONBITHHIX
JaHHBIX.

H3yuende TPeIHHOBATOCTH TOPHBIX HOPOJ NPOBOAMTCH HA eCTe-
CTBCHHHIX OOHaXKeHHUsIX, B Pa3IHUHBLIX BHPabOTKax, 0O KepHY CKBa-
JKMH, a CyMMapHas OyCTOTHOCTb 33 CYeT TPEUIHHOBATOCTH MOXKET
ObITb ONpejeTeHa ONBITHHIMH OTKAYKAMH M HArHETAHHUSIMH BOJH,
cefiCMOaKyCTHIECKHMHU MeTOAAaMH, Pa3JHYHBIMH KapOTaXaMu U T. .

J5 XapakTepHCTHKH TPELUHOBATOCTH H OLEHKH ee BJHSIHUS
Ha WHMKEHEpPHO-reosIoTHIeCKHEe YCJIOBHA MECTOPOXKAEHHS] H3YYaioT
cJellyiolHe 0CO6eHHOCTH.

1. DyemeHTH 3ajeraHds Tpellud (a3MMyT MOPOCTHPAHUS HJIH
HajeHust U yroJa HakJoOHA), KOTOpble AAI0T BO3MOXKHOCTH OLCHHTH
NPOCTPAHCTBEHHOE WX NOJIOXKEHHEe, B3aHMOOTHOLIEHHE C HPOEKTUPY-
eMBEIM COOpyXeHHeM, aHM30TpOIHIO NOpOA, BHIOpaTh pacyeTHbIE
CXEeMB H METOJMKY HHKeHepHO-IeoJorudgeckoro onpobosanusa. s
CY:KAEHUsI O XxapakTepe TpelIHHOBATOCTH, CHCTEMax, TeHe3Hce
0o6BIYHO [0 3amepaM CTpOAT pasjuuHble rpaduru (puc. 13}, ro-
YeyHyI0 AuarpaMMmy TpeuuHoBatoctu (pHuc. 14), nuarpammy Tpe-
IIMHOBATOCTH B u3oauHuaAx (puc. 15) u np. HurepecHo npeaso-
xkenue B. H. CinaBsaHoBa 0 NOCTPOEHHH «pO3Bl YCTOHYUBOCTU® OT-
koca (puc. 16).

2. CreneHs TPEU[HHOBATOCTH C ILEJNbI0 KOJHYECTBEHHOH OLEHKH
W IoJiydeHHe psiia Nokasarenefl. A5 3TOr0 OUpenensior:

a) k03(dHIKEHT TPEUIMHHON NYCTOTHOCTH, %

ZSTL'
i
'm'~——"_1 ’
K S, 00

rre Sy;— nJolagb PacKpbITHSl TPEIIUHE; So— naomags o6Haxe-
HHUf, B Opelejdx KOTOpOro BeLeTcCs H3y4YeHHEe TPEUIUHOBATOCTH]

6) ko3dbHUINeHT yAeJbHOH TpPEUIAHOBATOCTH AJMA KaxKAOH CH-
CTEMBl TpeIIHH

KyT: n‘r/l,

Te 7y — YHCJO TPellHH AAaHHOH CUCTEMEl, 3aMEpeHHHIX N[O NepleH-
JAKyASpy Ha paccrosiHuu [, m;
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=~ 10 3armepol

Puc. 13. Po3a TpellluHOBATOCTH.
AspMyTsl mpocTHpaHHs: | — C3 320°; 2 — CB 20°, 3 — CB 80°

Puc. 14. Toueynas puarpaMma TPeIIHHOBATOCTH.
Asumytm nDafewma: [ —200°% 2— 115° 3—325° yram nagemns: I —75°% 2—8§2°% 3—43°



3

775 |
s

Puc. 15. [TuarpaMMa TPeUIMHOBATOCTH B H30JHHHSIX.

30HB XapaKTepHBIX TpeIMH: [ — BepTHKaJbHHX ¢ a3. np. CB 50% [/ — pepTHRaAbULIX
c as, np. OB 130° JII — HaknoHHEIX ¢ a3. np. CB 25°

qu?no TOYeK H3 of6uero umucra samepos, %: ! —6-5; 2—5—4; 3—4—8; 4—3-2; 5 —
2—1; 6 ~1—-0

B) TPEIIMHHYIO MyCTOTHOCTB, Y

n —_
= Z — % 100,
a;+6;
1

rie §; W a;—cCpeisue apudMeTHUeCKHe 3HAYEBHUS pPaCCTOSHHHA
MEXLY TpellMHaMH W IIMPHHB TPEmHUH OLHOH CUCTEMBl; N — YUCJAO
CHCTEM TpEIIMH;

r) cpenuuft o6beM GJIOKOB, OTpAHHYEHHBIX TpEIIMHAMH

V= aa:as,
Tlle a; @, G3 — CPeHHe PACCTOSHNUS MEXKAY TpellMHAMH TpeX I/iaB-

HBIX CHUCTEM.
50



186°

Puc. 16. Posa ycrofiuusocte otkoca (nmo B. H. Crassnosy):

807 ° 1307
1 — npoexuus OTKOCa -3—4—3; 2 — majeHHC NOpOA QF; 3 — TEKTOHUYECKHe Da3JIOMbl '’
330 80° 220° 290°
ST 4 — TEKTOHHYECKHe TPeHIuHbl 205 = 5 — rpaBHTaOHMOHHHEE TPEUHHB o
(B uHCAHTENEe — 23HMYT NaAeHHs, B 3HaMeHaTeJse — YIOoJ NaleHHs )

Hpﬂ HAJIKUYKH OGOJIBILIETO YUCAA CHCTEM TPEIIUH:

%

ay1aqas

6= - - - P Rrra— T ’
(1) ) ()
ag as as

- m .
rie a= ——sina; [1— nepuMeTp UcCAeayeMOro 00HaXKeHUs MOPOL;
n

G — CpeAHMH YyroJ najeHHs TPemHH; 11— YUCIO TPEelHUH;
L) 1O 3TUM MaHHBIM OOBIYHO BHIYHCJSIOT 0GBEMHEIH KO3(DHLUEHT
TPEIKHOBATOCTH

1
Ky =—;
AT
€) npu U3yYeHHH TPEIMHOBATOCTH IO KepHY CKBAXKHH OGHYHO
onpenesisioT YAeNbHYI0O KYCKOBATOCTb, T. €. YHCJIO KYCKOB Ha 1 M
IJUHH KepHa, a TaKxke MOKa3aTelb KauecTBa KepHa (RQD), mpen-
CTABJASIONMUA OTHOIIEHHE CYMMAapHOH MJIMHBEI KYCKOB KepHa [LJIWHOMN
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Taéaaua 13. Cea3b mexAy PA3JIHYHBIMH TOK23aTEJNSiMH TPEMIHHOBATOCTH (HO
B. 1. Jlomragse)

Haspanne nopopnt TII, % k, M/cyT q, A/MAH

1. TlpakTHueckH  HerpemuHoBa- | <<0,3 <10-8 0,5—10°2
Thie, BOAOYIOPHLIE
2. Becbma caaborpemyiHoBarsie u | 0,3—1,0 10-3—10-2 0,5 (1073—107%)
c1a60 BOAONPOHHIIAeMbIe

3. Cna6o TpeliHOBaTLIE H CJa- 1—3 1072—10-1 0,5 (102—107%)
60 BOZOMNPOHHUIAEMbIC

4. CpenHerpelHHOBaTHE U Cpell- 3—10 1071—1¢ 0,5 (1071—10)
HEBOJON pOHHIIAeMble

5. CHABHOTPEHHOBATHIE U CHJIb- >10 >10 >5
HOBOJION POHHII2eMbIe

Gosee 10 cM K AJmHe oNpoGyeMOro WHTeppasja. 3HaueHHs 3TOTO
oTHOleHHS MeHee 0,3 yxasbiBalOT Ha CHJBbHO TPELIMHOBATYIO IO-
ponry, a 6osee 0,7 —Ha c1a60 TPEILUHOBATYIO;

K) cyMMapHas NYCTOTHOCTb OMpeleNsercs mo YAeJbHOMY BOJO-
IOIVIOUIEHKIO MNpPH HarHeTaHuH BOAB ¢, J/MUH B TPEIIMHOBATBIE
«CyXHe» [0POABl WIH 10 KO3(pGuUueHTy duabTpanuu k, M/CyT mpH
OTKauKax BOAB! H3 BOAOCOJEDIKAIMX TPeIIMHOBATHX Nopon. OueHnka
TPEIMHOBATOCTU [IOPOA [0 KO3(pPHUueHTY ¢GuabTpanuu H yAedb-
HOMY BOJAONOIVIOINEHHIO NpuUBOAUTCA B Tadd. 13.

3. MophoJsiorus TpeiluH, CTCNCHb H3MEHeHus COCTaBa M COCTOs-
HUS WX CTEHOK, a TakXe 3al0JHuTe b TPeIMIMHHBLIX NYCTOT. JTH 3Jje-
MEHTH HMEIOT 60Jbllioe NpakTHYecKOe 3HaueHue NPH OLEHKE Npod-
HOCTH, 1ehHOPMUPYEMOCTH M NPOHHIEEMOCTH TOPHHX Nopox. M3se-
CTHO, Hanpumep, uTto KO3}(QULHEHT TPEHUS MO CBeXel TpellHHe
6/1U30K K KO3 UIMEHTY BHYTPEHHEro TPeHus NOPOIH, HO pasiNu-
Hble U3MEHEHHWs CTEeHOK TpeIIMHB MNPUBOAAT K NaleHHI0 TPEHU.
3ano/HeHue TPEUIMH NPUBOAUT K YMEHbUIEHHIO BOIONPOHUI[AEMOCTH
H K BO3MOMKHOCTH €e pPOCTa Npu YBeJHYEHUH CKOPOCTH (QHIbTpaLHH
B NepUod APeHUPOBAHHA MECTOpOXKAeHus. IIpouHOCTHHE H Aedop-
ManHOHHBIE CBOHCTBA TPCIUIMHOBATONO MacCHBa 3aBHCAT OT COCTaBa
3aIOJIHUTE/IA W €r0 MEXaHWUYeCKUX XapakTepucTuk. MexaHH3M [e-
dopmupoBaHua (NMposiBIEHHUS TOPHOTO 1aBJEHUS) B TPCHMHOBATHIX
NOpoJax 3aBHCUT OT COCTABA M CBOUCTB 3aMOJNHUTENS U Xapakrepa
[I0BEPXHOCTEH TpemuH. 374eck MOXKHO HaGJogaTh XpPynKoe paspy-
LUIeHHe B KBA3HCHNyueH cpere u mjacTuueckve pepopmamuu, xa-
paKTepHBle ANA TJMHUCTHX nopoX. [IpH oueHke TPIIWHOBATOCTH
B TODHBIX BHIPa6OTKaX HeOOXOAUMO YHHTHBATh HaJH4YHE UCKYCCT-
BEHHHIX TPEUIHH, ABJAIIIRXCA pe3yJbTaTOM TOPHOTO AaBJeHHS.

HckyccTseHHas TpemHHOBATOCTb, GopMuUpymascsd B NOPOAax
M MOJIE3HOM HCKOMAaeMOM, BMellalliuX TOpHHE BHPAOOTKH, NpU-
BJIeKJ/1a BHUMAaHUe Ie0/I0T0B I TOPHAKOB OYeHb AaBHO. Eume B 1936 .
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H. C. PocToBues BHIENAJ IKCIAYAaTAUNOHHBEIE «BOJOCHBIE» Tpe-
UIMHB B KPOBJe BHPaGOTOK, napalenbHble MeXAy coBoi, U JHHHY
3a605, 3aBUCAIME OT cOCTaBa M CJAOMCTOCTH NOPOR. TpelmuHoBa-
TOCTb, KaK Pe3yJbTaT IOPHHX paboT, Obisa onucara B. . Caeca-
pesnM, A. A. bBopucosmm, I'. H. Kysnenoewm, I'. JI. ®Pucenxo,
C. T. KysHeuoBnM u ¢ ocofoit TmatenpHocTeio B. JI. Ceepixes-
CKMM, Ha3BaBUIMM HX TpeIIMHAMU ropHoro pasjeHus. [lo pesy.b-
TaTaM Ha6JIOJeHUH B NOATOTOBHTENbHHX U OUHCTHBIX BHIPAGOTKAX
Ha mwaxrtax [on6acca B. JI. CBepXeBCcKHI BHISBHJ OCHOBHHE 3aKO-
HOMEPHOCTH 00pa30BaHHA HCKYCCTBEHHOH TPellHHOBATOCTH B CJOH-
CTHIX M MAacCHBHHX IeCYaHHMKAax, ajeBpOJHMTaX, apruJuUIuTax U yr-
JAX, 3ajeramoliiXx B KpOBJe W [OYBe BRIpabOTOK Ha TAyOHHAX OT
150 zo 1000 M. ABTOp cyuTaeT, uTO TPEWIMHH 06GpasyioTcs B pe-
3yJbTaTe OTPhiBA MNPU pPa3pylIeHHH MOPOZA, NPOUYHOCTb KOTOPHIX
MeHbllle HanpsiXKeHHUs, BO3HMKAIOUIErO OT MaBJeHUs BHINEAE)KaNIUX
nopox B npusabofiHofl 30He wupuHO# 10-—55 M (B KpoBJE) U H—
25 M (B nouse).

OH npUBOAUT XapaKTepHHE YePTH 3KCNAYAaTamHOHHBIX TPEIIHH,
NO3BOJAIOIIME OTJHYATE HX OT TPEIIMH ecTeCTBEHHOIO NPOUCXOXK-
IeHus.

1. TpemWHH OKOHTYPHMBAIOT TOPHEE BHIDAGOTKH (OQUUCTHHIE U
NOATrOTOBUTEJbHHE) B IIJlaHe, paspese U napajnlienbHo 3aboio, ueM
M OIpejesserTcs X NPOCTHpaHUe.

2. ¥Yrosa HaK/J0HA TPEIMH K HAacJOeHHMIO COCTaB/feT B CpelHeM
60—70° u 00paTHO NpPONOPIHOHAJIEH NPOUHOCTH NOPOA. NajeHue
B KpOBJIe B CTOPOHY 32605, a B noyBe — OT 3a604.

3. Ha cTeHkax TpellMH HeT CJeLOB CKOJbMKEHHH, HeT MJCHOK H
HaJleTOB MUHepaJbHBIX 00pasoBauHuil, HO WHOrAa Ha HUX Habaopa-
eTcsi NOpoJHasi UM YroJibHas HBlLIb.

4. dkcnayaTanvOHHELE TPEIHHE Ne€PeCeKalOT eCTeCTBCHHHE, ecJH
yroa MeXAy HUMH coctaBaser Gojee 15—20° B npOTHBHOM CJay-
yae OHH NPOXOMAAT IlapajsesgbHO HM.

5. PacctosiHie MeXay HCKYCCTBEHHHIMM TPCUIMHAMHU 3aBHCHT OT
NPOYHOCTH NMOPOA ¥ MOLIHOCTH CJOB,

Bosplioe 3HaycHUe NPU OLEHKE YCTORUHBOCTH NOJA3EMHHIX BHpa-
60oTOK npuobperaer pacc.a0eHH e rOpHEX nopox. Kak ormeua-
eTcsl B UCCJEOBAHUAX BCEecOI3HOr0 HayyHO-HCC/Jel0BaTeAbHOr0 HH-
CTHTYTa IOPHOH reoMexaHuku W Mapkueiinepckoro gena (BHUMI),
paspyllieHue TOJLL OCAZOYHHX NOPOX HAJ OYHCTHHIMH BHIpaGoT-
KaM¥ B VrOJbHBIX IIaxTaX HayWHaeTcss ¢ pacc/aoenus. Paccnoenune
MOpPOA ~— 3T0 KX CNOCOGHOCTb K pacnaflaHui0 Ha IJIMTKH PasHOH
TOJHIMHBE N0 NPUPOMHHM TOBEPXHOCTAM ocsabiaeHud. Takumu 0o-
BePXHOCTSIMH MOTYT CJyXKHUTb TDEUIMHHE OTAEJbHOCTH H CJaHIlleBa-
TOCTH, a TaKxKe cjabble NPOCAOHKR IVIHH K PACTUTEJIbHHX OCTATKOB,
YLJIHCTHX U CJAHIEBHIX BEILIeCTB, CKOMJIEHUS C/IOAH U T. 1. (MHOTLA
CYMTAIOT, YTO MOBEPXHOCTH OcJalJ/eHHs NOABJAAITCA B Pe3y/pTaTe
{popMUpPOBAHHS TOPDHOIO IABJICHHH, HO BoJiee BepOSTHO OpepnoJa-
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Ta6auna 14. Crenerb paccioenus nopog (BCETMHTEQ [11])

YaennHas KyCcKoBaToCTh
Crenenk paccioenns
B NEpPBHH - “
HeHB uepes 15 auei
1. Becbma caabas (MpakTHUeCKH OTCYTCTBYeT) 1 !
2. Caabas 2—4 48
3. 3nauuTenpHasn 4—10 8—20
4, BecpMa 3HauuTeaAbHad 10—20 20—40
5. ITonHoe pacesoenue >20 >40

raTb UX €CTECTBEHHOE MPOHCXOXKJAeHHe C JaJbHeHlINM Da3BUTHEM,
pacmiupeHHeM NpH NPOXOAKe BHPaGOTOK).

C. Y. ManuHMH BBIEJSIET NATh THIOB KPOBeJb YroJIbHHX MJa-
CTOB B 3aBHCHMOCTH OT CTEleHH pacc/OeHH.

{. BecbMa HeycTOHUMBHE MOPOAH, 0GPYUIAlOMIMecs cpasy mocJe
BHIEMKH yIJaf ¢ TOAIMHONA nautok 0,1—0,2 cm.

2. Heycrofiuussie NOpoAH, Tpelylouide HeMeLJeHHOro 3akpernJe-
HUs BCJe] 32 BHEMKOH yrisf, ¢ TOJIUHOA mauToK 5—15 oM.

3. MaJioycTOHUNBHe MOPOABl, ¢ TOMUHON OJAATOK 10—25 oM.

4. CpelHeyCTOHUHUBHE MOPOAB, C GOJBIIOH TOJIIIHHOH MJIHTOK.

5. BecbMa ycToHuMBBIE OOPOIB, NPAaKTUIECKH He DaccaanBalo-
uecs.

Onenxa cremeHd pacc/aoeHHs TPOH3BOANTCA IO YaeabHOH Kyc-
KOBATOCTH KepHa (4Hcjo cTONGUKOB Ha | M AJHHH KepHa) cpasy
1OCKe ero W3BJEUCHUS H 4Yepe3 pa3jkuHble MPOMEXYTKH BDEMEHH.
Bo Bcecoio3HoM HayyHO-HCC/EL0BATENbCKOM HHCTUTYTE THIPOTeo-
JOrHH H uuxenepHol reosorun (BCETMHI'EO) nposomuauch Ha-
OJ10[eHHA, KOTOPHE IIO3BOJHJH BRJICJAHTE MATh KATErOpHH NOPOL
Nno CTemeHH paccioeHus (Taba. 14). Ias 3Toro Hcnosab3oBafach
BEJIHUYNHA YJeAbHOH KYCKOBATOCTH, OTNpelesieHHas cpasy nocjae Oy-
peHus u Ha 15-# neHwp mocse 3TorO.

C. T. Kyszreuos 1 W. H. Bopouun, ounennsas pacciaoenue rop-
HHX [0POJ Pa3JHYHBIX YrOJbHEIX JaccefHOB, NPUXOAAT K BBIBOLY
0 BO3MOXKHOCTH [POrHO3a [OBEIEHUS KPOBJH BHPaBOTOK IO Me-
XaHUYECKOMY BO3JeHCTBUIO Ha KepH.

2.4. BOOOYCTONYHUBOCTb U BOOONMPOHUHAEMOCTD

B pesyabraTe B3auMOme#CTBUS TOPHBIX MOPOX C BOAOH NMPOHCXOAAT
pasiinuyHele NIPOLECCH], XapakTep, MacliTabbl H HHTEHCHBHOCTB KO-
TOPHIX 3aBHCAT OT BOLHBIX CBOHCTB mopof. Cpepu HUX 0c060 BaxXk-
HOe 3HaueHde NpH OLeHKE VYCJAOBHI pa3pabOTKH MeCTOPOXKAeHHH
HMEIT BOAOYCTOAYHUBOCTb H BOAONPOHKIIAEMOCTD.
BonoycTo#fiuHBOCTE TOPHBIX MOPOL ONpefensercs rJias-
HHM O06pPa30M HX COCTABOM H XapakTepOM CTPYKTYDHBIX CBs3efl,
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a Tak¥ke XUMHYeCKHM COCTABOM BOAB. B CKaJBHHIX U NOJYCKAJb-
HBIX NOPOAAxX NpH B3aUMOACHCTBHM C BOJAOH NPOUCXOXHT pasMsr-
YyeHUE, KOTOpOe NPUBORHUT K CHUXKeHHI0 npouHocTd. Ocoboe 3uaue-
Hue 3TOT npomece npuobperaer B ocalouHbix nopopax. Ilpursto
OLIEHHBAaTk BOLOYCTOHYUBOCTE KOSPOHUIUEHTOM pPasMsAryaeMOCTH
K,, npeacrasasiomuM coGofl OTHOIIEHWE MPOYHOCTH HAa ONLHOOCHOE
CXaThe BOJOHACHIIEHHOro 06paslia K NPOYHOCTH A0 BOAOHACHIIIE-
Husi. [1o 3HaueHuIo 3TOr0 XK03GhGULHEHTa TOpHBle NOPOAH JeJATCS
Ha 4 KaTeropuu: BONOYCTOHuMBEHE (MarMartuueckue), Kp>0,9; no-
HUXKeHHOH BOAOYCTOHUUBOCTH (U3BECTHAKH, necuaHuku) Kp=0,7—
0,9; cpenHeff BOZOYCTOAYMBOCTH (MeCYZHUKU HA IVIMHHCTOM Ie-
MeHTe, cjabble W3BeCTHAKHM, aJieBpOJUTH, onoku), Kpy=0,5—0,7;
BOJOHEYCTOHUUBBle (MepreJid, AapruJaJuThl, TIJHHUCTHE CIaH[H
U ,[Lp) Kp<0,5

Hsist HeKOTOPBIX MOJIYCKAJbHBIX U B OCOOEHHOCTH IVIMHHCTHIX I1O-
pOA NpH YBJaMHeHUW xapakTepHO yBeJqHueHue oObema — Habyxa-
Hue, koTopoe nocturaer 30 u GoJsee nponedrtos. Ilpounece Habyxa-
HUsA CBS3aH CO CMOCOGHOCTBIO IVIMHHCTHIX YaCTHII aKTHBHO copbupo-
BaTh BJary CBoe#l NOBePXHOCTBIO, NMO3TOMY BeJHuHMHA HabyxaHUs
3aBUCHT OT CTENeHHM AUCNEPCHOCTH W MUHEPAJBhHOTO COCTaBa NOPOLH.
Oco6eHHO spKO BHIpAXKeHo HabyxaHHe B MOHTMODHJIJIOHUTOBBIX TVIH-
HHCTHX nopogax. OAHAaKO OHO MOXKeT NPOUCXOJUTb TOJNBKO NPH ON-
pefedeHHOM HaupsKEeHHOM COCTOSHHM. MakcuMmaJjibHoe HaOyxaHue
HaGjiofaercs npu MNOJiHOH pasrpy3ke W HasbBaeTcsd CBOGORHLIM.
Ilpu mocTHXKeHHU ero MOPOJLA MNOIJIOMAeT MakCHMaJibHOe KOoJude-
CTBO BOJL — BJIaKHOCTh HabyxaHus. [To oTHocHTenpHOH ero penu-
yuHe Oy, NpPeNCTaBAAOMmMEeH OTHOLIeHWe NpUpamieHds BHICOTH 006-
pasua Ah npH erc yBJajKHEHUH B YCJIOBHSIX HEBO3MOXKHOCTH OOKO-

. Ah
BOrQ pacllUpeHus K ero nepBoHauajbHOM BHICOTE /1) (6H: - 100
0

NPOU3BOAAT KJAaCCUMUKAIUIO TVIMHUCTHIX NOpoJ: HeHabyxamolmue —
du<<4 %; cnabonabyxaromue — 6n=4-—8 % ; cpennenabyxawomae —
8n=8—16 %; cuanHOHaGyxawmue — 6,> 16 %.

Cobopuoe HabyxaHue HMEET MeCTO Ha NOBEPXHOCTAX OTKOCOB
Kaphepos, BHIEMOK, KOTJOBAHOB, Ha CTeHKAax, NOUBe X KPOBJe MON-
3eMHBIX TOPHBIX BHIPAaBOTOK, NPOHACHHBIX B TIVIMHUCTBIX NOPOIAX
WM B NOpoJdax Ha TVIHHUCTOM pemeHTe. Ecau Habyxaloomuit o6pa-
3el, TOMeCTHTb B IePMETHUHYIO KaMepy Tak, YTOOH OH HJIOTHO HpH-
Jerajg K ee CTeHKaM, W YBJIaKHHTb €ro, TO CTEHKH KaMePhl UCIBITHI-
BalOT [aBJeHHe, HasblBaeMOe faBJeHueMm HabyxaHusa Ecan
Ha CcTeHKax KaMephl NpelBapHTe]bHO NPUKJCHTh NaTYUKH Hanps-
JKeHUs 10 TPeM KOOpAHHATHBIM OCAM, MOXKHO yOelUThCH B TOM, 4TO
RasjeHue HaByxaHuUs B DasHBIX HaNpaBjieHHsx HeoluHakopoe. Ta-
KM 06pa3oM, MakCHMa/apHOrO 3HAauyeHHS [aBjeHue HabyXxauud 10-
CTHraeT IIPH OTCYTCTBUH H3MeHeHHs oGbeMa nopoxas. Cienosa-
TeNbHO, IJIS BO3HUKHOBEHHS CaMmoOro npoiecca Heo6X0AMMO, 4TOOH
JarleHue Ha MNOpPOAy OBIO MeHbllle ee paBJeHus HabyxaHus.
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IIpupona popmupoBanus JgasjeHuss HaGyXaHnus BechbMa cJOXKHA H
H3ydaercs B ChnenMalJbHBIX pasjeslaXx duXKeHepHoH reosordu. Ero
BeJINYMHA 3aBUCHUT OT ruApOQUILHOCTH, NJOTHOCTH, BJAXKHOCTH U eC-
TeCTBEHHOTO HaNpAXKEeHHOTO COCTOAHUS IVIMHUCTBLIX NOPOL H U3MeHs-
ercst ot 0,1—0,2 no 0,8—1,2 MITa. dus pacuera xpenu BEPaBGOTOK
B IVIMHHCTBIX NOpOJAax HeOGXOAMMO YYHTHIBATb HX HaBjeHHe Haly-
XaHusi,

Taxum o6pasom, npouecc uabyxaHus XapakTepusyercsi Tpems
OCHOBHBIMH TIOKa3aTeJssMHU: BeJHUHHOH OTHOCHUTeJAbHOTO
HabyxaHnus, BJaXHOCTbIO HaByXaHHA U JaBJAECHUEM
Habyxaunus [lpu pemleHun 3alad go OUCHKE YCTORYUMBOCTH CO-
OpYKeHUH B IVIMHUCTHIX NOPOJAX C Yu4eTOM HX 0OBEeMHOro Hampsi-
KEHHOr0 COCTOsIHUS NpaBH/IbHEe paccMaTpuBaTb 06beMHOE Haby-
xanue, 1. e. AV/V,, rre AV —npupaumenue o6bema; V,— Hauab-
HH# o6beM. CTeneHb pasynpouneHHs nopoAsl B pesyJbTaTe Haby-
XaHHs uMeeT GOJIbllloe NMPAKTHUYECKOE 3HaYeHHe NPU OLEHKE U IpO-
FHO3e yCTOMYMBOCTH IOPHBIX BHpabOTOK (CM. NI, 5).

Ilpn usyuednu HabyxaHusi cielyeT UMeTb B BUAY ellle OAHY
BAXHYI0O OCOOEHHOCTb, CBSI3aHHYI0 C LHUKJIMUYECKHM H3MEHeHHeM
BJIa3KHOCTHOT'Q perkKMMa NOPOJ B OTKOCAX U NOA3EMHBIX BHPaboOTKax
OJUTENBHOTO cpoKa cayxKOu. IIpu BHICHXaHUM NPOHCXOLHT UX
ycanaka, KOTOpas CONPOBOKAAeTcs pacTpecKUBaHHWeM, paccJoe-
HHEM, T. €. B KOHEYHOM HTOTe NPUBOAHMT K YMEHbLIIEHUIO NPOYHOCTH.
[Tocnenyromiee yBiaXHeHHe NPUBOAUT K GOJee 3HAUHTENLHOMY Ha-
OyxaHHIO U PAa3ynpOYHEHHIO, YeM TO, KOTOPOE HMeJo MeCTO NpH yB-
JdaXHEHUH NOPOJbl eCTECTECHHON BJAXHOCTH — MJIOTHOCTH.

Hexorophie riInHHCTHE NOPOAL 061a1aI0T CNOCOBHOCTBIO K Pa 3 -
MOKaHHUIO B BOLHOH cpexe, KOTOPAS NPHUBORUT K NOTepe UX NPOY-

Hoctd. CKOpOCTE  pa3MOKaHus

Bode pasauuHa. OueHb OHICTPO pas-

MOKaIOT MNHIeBATHE T[JHHUCTHE

Pa3HOBUAHOCTH neboboi

€CTeCTBEHHOH  BJaXHOCTH |
IJIOTHOCTH.

BoaonpoHuLaeMoCcTh
FOPHBIX TOPOX XapakTepH3yeT
MX CHOCOGHOCTb  NPONYCKaThb
{buabpTpOBaTH) BOAY uYeEpe3 my-
CTOTH (MOpH, TpPEmUHE, Kap-
CTOBBIE NOJOCTH) MOA Hanopom
(puc. 17). Donee obmum sBag-
eTci TNOHATMe MNpoHUIae-
MOCTb, MNOA KOTODHIM TOHU-

- - — = = - = MaioT CBOHCTBO TOPHEX MNOPOL
nponyckarth yepe3 cebd KULKO-

Puc. 17. Cxema X ompefenesnio Bofo- CTH WJIM Tassl NOJ JaBJEHUEM.
IPONUIAEMOCTH MECKOB IlokasaTeJb  BOJONPOHHIAEMO-
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MOCTH — KO3 GHUIHeHT OGWIbTPALMH, KOTODHH GhJ NpeAJoKeH
JK. apcu B 1856 r. B BUIE

Q=~FkFIt,

rge Q— xosnuecTso BoAH (M%), TpOTekalomlee 3a NPOMEXKYTOK
BpeMeHu { (cyT) uepes ceuenue mopoiaw F (M%) mpu ruppasianye-
ckoM rpapuente noroxa I=H/l;, H—wnanop BozHOro noroxka (Mm);
| — pimna nyty ¢uabtpanuu (M).

HauGonee pacmpocTpaHeHO Tak HasHBaeMoe CKOPOCTHOe BHIpa-

kKenne koadduueHra ouabtpauuu k, cM/c (M/cyr):—}?—t:vq):kl,

uu npu I=1 k=wvg, rne vy — CKOPOCTb QUABTPALUH.

Takum o6pasoM, kosdpoHuuesT OGHIbTpauHH TOpPHOH mOpOAH
npexcrasisier cofolt ckopocTb (HIBTPAan¥H BOAHOIO TOTOKA, CO-
IepKamerocs B 3TOf mOpoje IPH TpajueHTe, PABHOM eRUHHILE.

OpHako 3pech cpasy Hajpo creaatb oroBopky. CkopocTb (uJbT-

pauun vy, onpepeleHHas Kak —E, He ABJAETCS AeHCTBUTENb-

HOH CKOpOCTBIO ABHMKEHUS BOIB B NOpax (MyCTOTax) TNOPOAB Vg
HecooTsercTBHE 3aKJI04aeTCs B TOM, uTO INpuHAToe [dapcu ceue-
Hue XapaxkTepusyer mjomajfb Bcefi MOPOAE, a He NMOPOBOIO TPOCT-
paHCTBa, 3aNOJHEHHOTO BONO, CeueHHe KOTOPOro cocrasasier Fn
(n— obbem mop). [TosaToMy MexLy ABYMA CKOPOCTIMH CYNIECTBYeT
3aBUCHMOCTh

Up = Upll.

[Ipu pemwrenuu ¢QuIbTpanMOHHHX 3axay ymoGHee MOJb30BATbCA
3HAUEHHAMH Ugp ¥ K, TIOCKOJBKY OHH OTHOCATCA KO BCeMy 00beMy
IOpOX, ONpEeNensieMOMY TIOpasfo Npome, ueM O0fbeM NYCTOTHOTO
IPOCTPAHCTBA.

Koadduuuent nponunaemoctst K, M? nmpencrasJseT co6oH Ko-
JINYECTBO JKHJIKOCTH HAHW raza @ B cM? mpoxopnsiiee yepes ceueHue
F=1 cm? npu nepenage napienus p=1 Ila u paune nytu duapr-
paunuu /=1 cM 3a BpeMms [=1 c, Tpu BA3KOCTH QJOUIA v=
=0,1 Tla-c u onpenenserca no gopmynae

Qv
Ky = Fip

Mexpny nByMs KoapdULHEHTAMH CyIIeCTBYeT CJIeAyouas 3aBH-
CHMOCTb:

k:Kn p(b )

3z

rae pp-— IWIOTHOCTB ¢JIOHxa; k=1 M/CyT COOTBETCTByeT NpHMepHO
Ky=1-10"% m2.

Koabduuuesr ¢uabTpandi mnpeacrasiderT CO00H BaXHHHA no-
KasaTesJb, KOTODHIE HCMOJb3yeTcs B pacyeTax BOJONPHUTOKOB
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Tabauna 15. Kosdhduuuent ¢uIbTpalHH HEKOTOPHX 10POJ

HaspaHue nopog k, M/cyT
KapcToBbie H3BeCTHAKH (BHIBETPEJIBIE) >200
CHJBHOTp €I{HHOBATHIE CKAIbHHE MOPOIH 100—200
CaaborpeluHOBaTHe (TEKTOHHYECKAs TPEIiHHOBATOCTL) CKANBHLBIE NO- 1—10
ponsl
Faneunuk >100
Kpynssie necku 5—50
Menkue necku (mo B. JI. Jlomraznse) 1—5
IMecuanucrag rauuna 0,1—0,01
Fauna <<0,001

B ropusle BHIPaOOTKH W JpeHaXkKHBle COOPYXKeHHs, mpu pa3paboTke
BOJOMOHU3HUTE/IBHBIX MEpONPHATUH, pacyeTe CKHUMaeMOCTH [OPOJ,
u T. A. OH ompeaensercs B NOJEBBIX YCAOBHAX CHEUUAABHBIM OTEBIT-
HO-QUJABTPAHOHHKMH paboraMu (OTKaukKamH, HaJuBaMH,HarHera-
HHAMH), a TakXKe B JaboparopHsx Ha ClelHaJbHEIX Npubopax, Aaw-
IIHX BO3MOXKHOCTh MOAENHPOBATh (HUABTPANMOHHEIH Npopecc B Om-
penc/eHHOM HAaNpsKEHHOM COCTOSHHH ¥ TeMIeparypPHOM pexHMe
(rnaBubiM  06pasoM pJjid [ecYaHo-TJIMHUCTHX [OPOJ— NOPHCTHIX
epen). XapakrepHele 3HAau4eHHR k npuBeaeHH B TabJa. 15.

®. 1. CaBapeHnckuil npeaJoXHJI Pasinuarh 3 IPYNNbl NOPOA MO
CTENEeHH HX BOAONPOHHIIAEMOCTH: a) BOJAONPOHHI@EMBE (TPELIHHO-
BaThle U 3aKapCTOBAHHBIE CKaJbHHBE NMOPOJH, 00JOMOYHEIE NOPOAK)
¢ k>1 wm/cyr; 6) noaynpoHunaemble (FJHHHCTHe TecKd H caabo-
TpeUIHHOBaThe cleranble nopofu) c¢ k£=1—0,001 m/cyr; B) Bomo-
yNOpHBIEe — NPAKTHYECKH BOAOHENPOHHIaeMble (MOHOJNUTHEE CKaJb-
Hble TOPOAR], NJIOTHBIE IVIHHE, apruynTe) ¢ k£<<0,001 m/cyT.

B ruaporeosiornueckux pacuerax BmecTo Koddh¢unHenra QUABT-
paumHyu NPUMEHAIOT BeJHYKHY BOJONPOBOAHMOCTH BOJLOHOCHOTO ro-
pH3OHTA (BOAOCOMEp¥aAlINX NOPOA), NpeACTABJIAILIYI0 cobol npo-
u3BefeHue km, Tle m-— MOIIHOCTh ropusonra. Ho aro yKe He ecTh
cBORCTBO, XapaKrepusyiolllee BOJONPOHULAEMOCTh IOPOIHI.

OnenuBag BOJONPOHUIIAEMOCTh  NECUAHO-TJMHUCTHIX  TNOPOJ,
Hesb3s1 mpenebperarb MCCJAEfOBAHHEM IMIPABJIHYECKOr0 rpajaHeHTa
duabrpaunn. deno B ToM, 4TO 3akoH Jlapcd ROCTpOeH HA JIHHEH-
HOH 3aBHCHMOCTH MEXJAY CKOPOCTBIO (UJIbTPAUHH H THApPaBAHUE-
CKUM TIpajfiHeHTOM, Koropas Habaojaercs B MecKax M TPelIUHOBA-
TBIX NOPOAaX. B IJIMHUCTHIX NOPOAAX 3Ta 3aBHCHMOCTb HeaHHedHa
(puc. 18); mJs mpaKTHUECKHX PacueToB (CHPAMJAAA ee) MOXKHO 3a-
nucarb 3akoH [lapcu B Bume vy=*k(I—I), rae I,— orpe3ok Ha
ocu I, HasHBaeMHH HauaJbHBIM I'pafueHTOM GHIbTpalUK. DTOT NO-
Kazareqb CJeAyer DaccMaTpPHBATh KAaK XapaKTepPUCTUKY BOJHOTO
cBOMCTBA IVIMHHCTHIX TOPOJA, OTPaxKawmllyo cnenuduky dusbTpand-
OHHOT'Q NPOUECCa B HHX M MMEIOWLYI0 IpOMAajiHoe NpaKTHUecKoe 3Ha-
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YeHue TPH pelleHHM 3ajay HX YH- ”qa‘
aotnenns (koHconauzanuu). [as
mOpoj, pasHoro cocTaBa H pasJiHy-
HO# cTeneHH YNJOTHEHHS HAa4alb-
HBIl rpafgHeHT cocTamjisieT BeJH- N
yuHy ot 1—2 mo 20—30. A
['asonpoHHUIIaeMOCTh TOPHHIX NO- 8 y
pon, oueHuBaemas KO3pPUuuEHTOM k@fh’
npounnaemocTd Ky, OKasblBaer 08
BJIHAHHE Ha xapakTep H Mmacmrabn
MepONpHATHH MO gerasamHy yrodb- /] 7 7
HBIX WIaXT H [IpPEeHHPOBaHHIO MOJ- 0
3eMHBIX BOL. [IBMKEHWE TaB80B Puc. 8. 3aBHCHMOCTH CKOPOCTH
B BHUIE 3(1)(1)}731/114 IPOUCXO/UT wepes (uibTpanud OT T'HAPABIHYECKOro
TOpPHI, TPEUUHbl H ADyrHe nycToThl [ParnedTa
B TOPHBIX nopoaax unu auddysu-
OHHO B PAacTBOPEHHOM BHAe B NOA3EMHEIX BOAax (WJIH APYyrux
Kuakoctsx). [locsenHee umeeT MecTO B BOLOHACBHIIMEHHBIX MODPO-
nax. IlnoTHele mecuaHHKH, MOHOJHUTHBIE KPHCTAJIHYECKHe MNOPOIBI
H NJOTHBEE rudbl OOBIYHO Ta30HENPOHHIAeMBl (rasoymopHBI).

2.5. TENNIO®PU3IUYECKHUE, 3JIEKTPUYECKHE, MATHUTHbBIE
U PAOLUAHHOHHDBIE CBONCTBA

Tenaogusuteckue ceoricTea 2opHolx nopod HeOBXOLHMO 3HATb TPH
H3YUeHHUH TEIJIOBHX NPOIECCOB B HHX. Hame Bcero Takoe H3yueHHe
NPOBOJHTCA MPH NPOEKTHPOBAHHM H CTDOHTENLCTBE COOpYHKeHHH
B 30He MHOrOJIeTHeMeP3JBlX NMOPOXA, NPH pas3paboTKe MecTopoKIe-
Hufl Ha OoJbluHxX rJyOHHaX, HCCAEZOBAHHAX TEMJIOBOro pexRHMa
3eMHO# KODH U Ap.

CopeprkaHue Jblla B Mep3JIbIX MOPORAX XapaKTEPH3yercs OTHO-
CUTEJbHONR JIBAHCTOCTBIO in=qu/qs= (W—Wy3)/W, rie gz 1 gz —
Maccel Jbla H Bcex BHIOB BoAbl, W u Wy ,-— BiaxKHOCTD TOPOAH H
BJAXKHOCTb 3a cuer Hesamepaiuell Bopbl; Wiz=KWyp; W, — npenen
naactThyHocTH; K — KO3hOOHUIHEHT, 3aBUCAINMI OT BHJAa NOPOIH, ee
NJACTHYHOCTH H TeMIeparyphl.

CreneHp 3amoJiHEHHs NOp JbAOM M HesaMepslllefl BOLOH ompe-
JeJiieTcs U3 BRIpAXKEHHUA

G- 1,1Wy 4+ Was Oms

€0p

rie Wy=W—Wy,— BIaKHOCTb 3a CueT COIEePIKAHUA JibAA.

OcHOBHHE mOKa3areiHd TenJopH3HUeCKHX CBOHCTB — yhesbHast
TENJI0eMKOCTb, KO3} (QHIHEHTH TEMJONPOBOLHOCTH H TEeMIeparypo-
NPOBOJLHOCTH, TeMmeparypHeId Ko3poHIHeHT auHefiHOro pacmu-
peHus.
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TensoeMKocThs npeiacraBaser coBofl KOJHYECTBO Teiljia,
pacxoiyeMoe Ha yBe/jnueHWe TteMmmeparype mopoan Ha 1 °C. Ee
onpeneJs0T NMyTeM CPaBHEHUS CKOPOCTH OXJAXKAEHHS ABYX MaTe-
pHaaoB (o6pasma H MeTaJJja IHUJAKHApA) B J1abOpaTOPHBIX yCJO-
Buax. Ilasg sToro na ofGpasey uay4aeMo#l NMOpPOAb HAAEBAIOT TOHKO-
CTeHHBH MeTaJ/IJIUYeCKHH LHJIUHP.

KosbdpuuueET TeNJIONDPOBOAHOCTH —5T0 KOJHYE-
cTBO Temnia B JxKoynax, HeoGxoaHMoe A1 H3MeHEHHs TeMNepaTypH
Ha 1 °C o6bema nmopoan B 1 M® (ceuenweMm 1 M2 u BHcoTOR 1 M)
B TeveHne | y. OnpepensieTcs N0 JaHHBIM TepMOKaporaxka CKBa-
JKHH, HIH B JaOG0OPATOPHHX YCJOBHAX II0 CKOPOCTH OX.JaXJeHHS.
B mpaxTuke yaine HCIONB3VIOT BeIHYHHY, OOPaTHYIO 3TOMY K03(-
¢bunHeHTy, H Ha3HBAIOT ee YAeJbHBIM TeNJOBHM COINPOTHRIEHHEM,
KOTOPHIM XapaKTepHU3yKT CONPOTHBJEHHE IIOPOJ Nlepefaye Tellla.

Kosdpdpuuuenr remneparyponpoBoJHocTH (BM?c)
XapakTepH3yeT CKOPOCTH H3MEHEHM:A TeMmMnepaTyps B mnopoie. OH
npefcras/iger co60fl oTHOWleHHe KO3 dHIHeHTa TEmJOnpOBOAHOCTH
K TpPOH3BENEHHIO YAeJbHOH TelJI0eMKOCTH Ha IJOTHOCTb MOPOAH
IpH NOCTOSIHHOM paBseHuu. Mcnosbayercs nJsi H3ydeHHs NOBeje-
HHS TODHBHIX TOPOJ IPH HeCTAUHOHaPHBIX TEIIOBHIX NPOHECCax.

KosbdbunuerTn aunehHnoro # o6beMHOTO Tell-
JOBOTO pacIlHPeHHs INOpOJd— OCHOBHble TelJopHu3HTECKHE
xapakrepucTukd. OHHM cayxKart [AJA ONEHKW CIOCOOHOCTH MOpPOJ
TpaHC(OPMHPOBATDH TENJIOBYIO SHEPTHIO B MeXaHHYECKYIO.

Tennoduanueckue CRBOKCTBA NOPOJ 3aBUCAT OT MX COCTaBa, BaaX-
HoCTH, NiorHOCTH. HekoTophie naHnbBle 0 HHX NpHBefeHH B Tabu. 16.

DaexTpuneckue (BOHCTEE 2opHyLX NOPOO HCIONB3YIOTCS NPH H3Y-
YeHHH MECTOPOXKIeHHH TNOJe3HHX HCKOMAaeMHX TeO()U3HYeCKUMHU
MeTOJaMH, NIpH BHAEJEHHH 30H paclpOcTpaHeHHS MHOrO.IeTHEMep3-

Ta6muua 16. TenJoduamyeckue cBOHCTBA HEKOTOPHIX TODHBIX nopop (mo
'B. H. Jakuosy u J. U. JibaKoHOBY)

Yaenbuas Koabhdunnenr ﬁ°§$§,’;",§,’;’g

Hanmenosanue nopop TETIOEMKOCTh, TENJAOTPOBOA- NPOBOAHOCTH,
KJK/KT HocTH, BT/M M2/

Tpanur 0,34—-0,79 2,4—3,65 2200—2700
Ouopwr 0,70 2,2—2,4 4400
Anabas 0,70 2,2 3900

Ta6épo 0,70 1,97 2800—4800
Mpamop 0,80 3,0—8,7 5500
IMecyanuk NJIOTHBIH 0,81 1,28—3,0 5000

H3sBecrnsik 0,67—1,04 0,81—2,2 1800—4330
TaunucTefl caaHelnl 0,75 1,5—2,2 3500
Tanna — 1,0 —
Tlecox cyxo# 0,80 0,39 —
IMecox Baaxup# —_ 3,4 —_—
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JBX NOPOA, AJsT H3yYeHHS MPO[e€CCOB MPOMEP3aHHsI U OTTaHBaHHS
B MECYaHO-TJHHHUCTRIX mopoiax u T. a. HauBourpiuee pacnpocrpaie-
HHe B HHKEHEPHOH reoJOTHH MOJYYHIO H3yUeHHe 3J]eKTPOIPOBOAHO-
CTH TOPHHIX TIOPOJ KaK CHOCOOHOCTH MX MPONYCKaTb 3.1CKTPHUECKHH
TOK.

IToxasaTesb 3J€KTPONPOBOJHOCTH —y A €/JdbHOEe 3JeKTpH-
YyecKoe compoTuBaeHHe (B OM-M) — 3aeKTPHUECKOe COIPO-
THBJEeHHE 00pasya MOpOAM KyOHuecKoH (OPMH ¢ cedeHHeM B 1 M2
d BucoTOM 1 M. Beawuuna, o6paTHas 3TOMY IIOK23aTe 0, Ha3hiBa-
ercss mpoBOAHMOCTRIO. OmpeneneHde 3JeKTPHUECKOTO COIPO-
THBJACHYS TIOPOA TPOW3BOAMTICA TO PeIYNLTAT2M Kaportaxa Oypo-
BHX CKBaXHH HJH B 1a00PaTOPHBIX YCJOBHSIX 1BYyX- U ueTHpeX-
saekTpoaunM Mmerogom. Ilponyckas uepe3 ofGpasern Tox cuioft / m
Habumonas 3a manendeM HanpsoxkeHHs AU Mexay ABYMS 3KBHHO-
NOTeHHAJbHHMH CEYeHHSIMH, PaclOJOXeHHBIMH B CpeaHedl 4acTH
ombiTHOrO 00pasua, onpelessioT yienbHOe CONPOTHBJIEHHe 1O (op-
MyJe:

AU
RY}X - “T— ’
md? o ab
rie K = g A o6pasua gHuAHHApHYecKol dopMu U K = — Aam

ApuU3MaTHueckoro o6pasna; [ — paccTofHHe MeXAY UEeHTPaMH 3J/eK-
TPOROB; ¢ — JHaMeTp UHJMHApPHYecKoro ofpaspya; @ u b — pas-
MepH CTOPOH CeueHHs MPH3MaTHieCKoro ofpasiua.

YaenbHOe 3JeKTPHYECKOe COIPOTHBJIEHHE H3MEHSeTCs B HIHPO-
KHX Tpefenax [Ajs MOpoj OAHOTO JHTOJOTHYECKOTO COCTaBa H 3a-
BHCHT OT BJAXKHOCTH, IJIOTHOCTH, KOHHIEHTDPAIlHH H COCTaBa MOPO-
BOrO pacTBopa, TeMmepaTypH # T. A. Tak, AJa TJIHH OHO COCTaB-
asger 0,6—10, ana BoAoHacHILUeHHoro necka— 10—100, a gas
necyaHHKa u uzBecTHska oT 30—5B0 no 10° Om-M. MarMmaruueckue
H MetaMopduueckue nopoan o6aanaloT eie Gosnee BHICOKHM COIPO-
THBJAEHUEM.

Maenuruaie ceotictea nopod OUEHUBAWTCS MOKAa3artejieM OTHO-
CHTeJBHOH MAarTHHTHOH MPOHHNAEeMOCTH W, KOTOPas NpPeACTaBJSeT
co6off OTHOIIeHHe aGCOJIOTHOH MATHHUTHOH MPOHHUIAEMOCTH g H
MATHHTHON MOCTOSIHHOH Mo, T. €.

K= pa/ po,
rie pa=~8/u; B— marauTHAas HHAYKUHA A0J8; ¢ — HaOpsKEHHOCTD
NoJIst; B BAKyyMe pa=po=4m10"7 r/m.

Bce nmopoanl 06.7a8800T MaTHHTHEIMH CBONCTBaMH, KOTOpHE 06yC-
JOBJHBAIOTCH HAJMYHEM MapaMarHeTHKOB (MHHepaJoOB, Yy KOTODHIX
atoMs 065afaloT MAaTHHTHEHM MOMEHTOM [IPpH OTCYTCTBHH BHell-
Hero noJsi) v GpeppoMarHHUTHHX COeJHHeHHH (MAarHeTHT, HUPPOTHH,
TeMaTHT H Ap.).

Paduayuonnsie ceodictea 20pretx nopod OUEHHBAIOTCS BeJHYH-
HOW yHeJbHOH pajHOaKTHBHOCTH, KOTOpas IpencTaB/asgeT coGoH
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KOJIMUECTBO pacmafarliuxcss B OAHY CEKYHAY aToMOB B | Kr Bellle-
crpa. Ee ompenensfior HO HHTEHCHBHOCTH H3JyYEHHSA TOPHBIX IO-
POA ¢ NOMOLIBIO DAaJHOMETPOB, CUHHTHJJISIHOHHBIX aHAJH3aTOPOB
H ADYIux crenuagbHHX npHGOpPOB.

EcrecrBenHast pagHOA2KTHBHOCTH INOPOA CBS3aHa C HaJUYHEM
B HHX MHHEDAa.10B, COAEPIKALHX PaJHOAaKTHBHBIE 3JeMeHTH (ypaH,
paiu#i, TOpu#) UM DPAafUOaKTUBHBIE H3IOTONbLl KaJAHs, Kabliusd,
0.10B2, BOJb(paMa H Ip.

Mayuenne pagHOaKTUBHOCTH B TODHOM Aesie OpHUMeHseTCs [Jst
OnpeAeneHHs TPaHUL PafHOAKTHBHHX PYAHHX TeJ, AJS COPTHPOBKH
YDaHOBHIX PYA, KaJHHHBIX coJel, AJs oforaileHus yrasa (BHOOpKa
NyCTO# TOPOAHI).

2.6. MPOYHOCTDb U AESOPMUPYEMOCTb TOPHBIX MOPOA

KoMmmiekc npH3HakOB rOPHEIX IOPOA, PACCMOTPEHHEBIH BhIle (MHHe-
paJbHBIl B IPaHYJOMETPUYECKHH COCTAB, CTPYKTYPHBIE CBSI3H, MJIOT-
HOCTD, BJIAMKHOCTb, TPELlHOBATOCTb, BHIBETPEHOCTb, BOMNOYCTOHYH-
BOCTb, BOAONPOHHIA€MOCTL), B CBOEM B3aHMOJAEHCTBHH U B3aHMO-
00ycJa0B/JAEHHOCTH ONpele]seT NOBEAeHHe TOPOA MPH CHJOBHX
BO3JEACTBHAX, T. e. HX MeXaHH4YecKHUe CBOHCTBA HJH HOPOYHOCTH H
Ae)OpMHPYEeMOCTb. DTH CBOCTBA ONPEAETAT: KPENoCTh NOpPoJ, HX
TBEPAOCTb, pa3pabaThiBaeMOCTb, YIPYTrocTb, IJIaCTHYHOCTb, HECY-
WY CrnocoGHOCTh, CKHUMAaeMOCTb, peOJOrHYecKHe OCOOeHHOCTH,
KOTODHe X4paKTepH3yHT B OCHOBHOM YCJOBHA HDOXOAKH H yCTOH-
YHBOCTH TOPHHX BHIPAGOTOK (CTPOHTE/NBCTBA H 3KCIJAyaTaLHH CO-
opyxenu#t). OHeHKa MeXaHHYECKHX CBOHCTB COmpsiKeHa C ABYMSA
CHOXKHBIMH IpoGJeMaMu — y4eT MacluTaGoB H XapakTepa HanpsXen-
HOrO COCTOSIHHSl, B KOTOPOM IPOHCXOAHT HX HarpyKeHHe, a Takxe
HX NPHPOAHas (MM NPHOOpETeHHAs B TEXHOTEHHHX YCJIOBHAX) He-
OAHOPOAHOCTh U 2HH3OTPOMHOCTDb, ONpeAeqAIoIlHe TaK Ha3blBaeMHIH
macmiTabubil 3¢dext. JI. M. Bapon B 1977 r. B xauecTBe noKasa-
Teas Macuitabuoro sddgexra npeanoxun orHomenue Ri/R., rie
R. u R/ —conporuBienus cxathoo o6pasna cTaHfapTHHX u Gec-
KOHEeUuHO GOJbIIHX Da3MEPOB.

IIpn paccMOTpeHHH NDAaKTHYECKHX 3afay YAOOHO BOCIO.JIb30-
BAThCH OREHKOH HEOAHOPOAHOCTH NOPOA Da3HHIX NOPSAKOB, Ipej-
aoxennoit M. B. Pauem B 1974 r. OH BBIgeJHJ YeThipe HOPsAAKA.

1. HeogHopoaHocTh MaccHBa MOPOZ, BhI3BaHHAad HalAHuyHeM Das-
JAUYHBIX [0 COCTABY, CTPYKTYPe H TEKCType HOPOR, TEKTOHHUYECKHY
HapyHieHuH, 308 BHIBETPHBAHUA.

1. HeogdopoxHocTh B mpefesax CJ0s, MayKH, BBI3BAHHAas Ie-
pecaanBaHueM NOPOA Pa3HOH JHTOJOTHH, TPEIlHHOBATOCTH, MeJKO-
AMTIJINTYHbIX TeKTOHHYECKHX HaPYIICHHH.

II1. HeognoposHOCTs MOPOAH, ONpefe/Aroilasgcs HeoXHOPOA-
HOCTBIO MHHEDAJBHOTO H TPaHYJOMETPHYECKOrO COCTaBa H CTPYK-
TYpH, HEeMeHTa W [IODHCTOCTH, Ha/JHYHEM MHKPOTDPEIIHHOBATOCTH.
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IV. HeonnopogHocts, cBasanuas ¢ pedeKraMu KpUCTasinges
CKOH pelleTKH H HEOAHOPOJLHOCTLIO KPHCTAJJIOB.

OuenuBasi noBefeHHe TOPHBIX NOPOA IpH HMX B3aHMOJEHCTBHH
C TODHHIMH pab0OTaMM H COODYXKEeHHSIMH, Mbi BCTpEUaeMCs NPenMy-
mecrBerHo ¢ Il u III nopaskamu HeopuoponsocTH. ITopamok I1I
BHIAIBJACTCA Pa3fpOCOM pPe3yabTaTOB IKCIEPUMEHTANBHBIX HCCHAENO-
BaHUH B 1a060paTOPHUX HA CTaHAapTHHIX obpasnax, a Il —mpu mpo-
BeJeHHH OLEHKH MeXaHMYeCKHX CBOHCTB M BOJOIPOHHLAEMOCTH IO-
JIeBbIMH (HaTypHBLIMH) ONBITAMH, KPYTHOMACHITAOHBMH 3KCIepHMeH-
TaMH (NpUHYyAHMTenbHOe oOpylleHHe OGosblIHX 0O6BEMOB IIOPOA,
ONBITHbIE OTKAYKH, IPOMHIILJIEHHOe BOZONOHHXKeHHe H Ap.). ITops-
Aok I HeofHOPOAHOCTH IIpeAcCTaBJseT HHTEpeC IpH pelleHHH 3aAad,
CBAISAHHBIX C OIEHKOH 00pylIaeMOCTH OCHOBHOM KPOBJM OYHCTHBIX
BHIpa00OTOK, YCTOAYMBOCTH OOPTOB KApPhepPOB H APYIHX KPYIHIHBIX
coopyxenuil. Isyuenue cBoficts nmopos ¢ yueTom 3TO¥H HEOZHOPOA-
HOCTH NPEACTaBAseT 3Ha4YUTesbHbE TPYAHOCTH.

Ilpennaraemasn kaaccudukauyus HeOJHOPOAHOCTEH HMeeT peab-
HYI0 OCHOBY, NOCKOJBKY pAaCCMATPHBAIOTCH IIPHUPOAHble 0COGEHHO-
CTH, CyLIeCTBYIOIIHE B TOPHBIX NOPOAAX M NpeACTaBJAIOLIHEe HHTe-
pec AJS HX M3YyYeHHs C pa3HOf creneHplo neTajbrocTH. OJHAKO
u3ydenne M OUEHKA TOPHHX IIOPOJ C HHXKeHepHO-TeoJOTHYeCKOH
TOUKH 3pEHHS BCerfia NPUBA3AHO K olpene/leHHOH 3ajaye, MO3TOMY
HEOHOPOJHOCTb IPHOOpeTaeT OTHOCHTENbHBIH XapakTep, T. €.
OAHO M TO ¥e NPOCTPAHCTBO MOXKET PACCMATPUBATbCH OJHOPOAHLIM
HJI¥X HEOJHOPOLHHIM, B 3aBHCHMOCTH OT MacwrTala BHEHEro BO3-
neficteua. Ha aTo o6crositenbcrso ofpamanu BHHMaHHe MHOTHE
ClegUasucThl B 007aCTH HHXKEHepHOH TeoJOTHH M MeXaHHKH Top-
HbiX nopoA. O6patuMcs ¥ MBI K HeMmy, HCXOAS M3 3ajady, peliae-
MBIX IIpH NIPOBefeHHH TOPHHX palboT.

Kak yxe oTMeuanoch, o6snactb B3aUMOAeHCTBUS TOPHHX IOPOL
¢ TOPHHMH pafoTaMH (B WHPOKOM IOHATHH) XapaKTepU3yeTCs
pPa3HBIMH pa3MepaMH, B CpeAHEM OT HecKOJbKHX KyOH4eCKHX caH-
THMETPOB (WIypsl H ckeaxuen) po 0,2—0,6 km3. B cBaA3u ¢ aTum
OCTpo BCTaeT npobieMa ONEHKH W IIPOTHO32 MeXaHHYeCKHX CBONCTB
TOPHBIX TIOPOJA C yYeTOM WX NPHPOAHOH HEORHODOAHOCTH H pa3Me-
paMH TOT0 MNPOCTPAHCTBA, B IIpefe]aX KOTOPOrO INPOHCXOJHT HX
B3aUMOJecTBHe ¢ BHeWIHeH (TeXHOJOrudYecKo¥) cpenoil. dro mpo-
CTP2HCTBO HOCHUT Pa3JuyHBle Ha3BaHUA: cepbl BJAHUAHHA (B3aHMO-
LeCTBHA) COOPYKEHHS, onpeleJdmoued o00gacTd, TOPHOTO Mac-
CHBAa, HH3KeHepHO-Te0JOTHYeCKOd 30HH H Jp.

Ecan 06beM 0gHOPOJHOTO reo JOTHYecKOro NPOCTPAHCTBA, B Ipe-
nejax KOTOpOrO cpeiHee 3HAYeHHe HCCIEAyeMOTO IOKa3aTens
(npounocTH, Ae@OpPMUPYeMOCTH, BOAONPOHUIAEMOCTH) He 3aBHCUT
OT MeCTOINOJOXKEHHS ero olnpeneseHus, 0603HauuThL Yepe3 Vg (uaiue
Bcero 3?T0 OJIOWHOCTb B TPeNIMHOBATHIX IMOPOAAX), a 06JacTb
(chbepy) B3amMmopeiicTBus — 4epe3 Vi, TO MOMXKHO paccMaTpuBaTth
TPH OCHOBHBIX CAy4das:
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a} V=V, (CKBaxHHB, Wnypr, HeGOJbIlNe (DyHAAMEHTH Me-
XaHU3MOB H MAIUHH), KOTJa M3yueHHe ¥ OLeHKy MeXaHHYeCKHX
CBOHCTB MOKHO HPOH3BOAHTL HA ORHOPOAHBIX OMBITHBIX TE.IAX CTaH-
A2PTHBIX PasMepoB ¥ 0OBIYHO B Na6OpaTOPHBIX yCJAOBHAX (ompefe-
JIeHHe NMPOYHOCTH Ha OJHOOCHOe CXKaTHe MO IIpeccoM B IUaxTe He
O3Hayaer H3ydeHHe B MOJeBHIX ycjaoBuaAx in situ); 6) VeV,
(60opTa Kapbepos, OCHOBHasi KPOBJSI OYMCTHBIX BEHIPAGOTOK, MACCHB
IOPOZL BOKPYr LIAXTHOTO CTBOJA, OCHOBAHHE OTBAJOB M JAPYTHX
KPYTHBIX COOPYXEHH#), KOorja TropHbie NOPOJBI MOTYT H3yYyaTbCs
KaK KBAa3HORAHODPOAHAf cpena (TPEIIMHOBATHE MOPOAblI KAK KBA3H-
cuinyyas cpefia); B) Ve<<Vy (OTKOCH yCTYIIOB, HelOCPEACTBEHHLIE
KDOBJA M TI0YBA KAlMTAJBHBIX H INOATOTOBMTEJBHBIX BBIPAaOOTOK,
TPAHCMOPTHble MATHCTPAJIH, IJOMAAKH KPYNHBIX MeXaHH3MOB, 3KC-
KaBaTtopos, KOMGaHHOB) — naubo.lee 4yacTo BCTpedaeMBIH ciydai
¥ HauboJsiee CIOKHAS 3ajaya OLHEHKH MeXaHHYeCKMX CBOHCTB rop-
HBIX HOPOJ, TaK KaK HX KOJHYECTBEHHHIe NOKa3aTeJ¥ 3aBMCAT OT
Besnuunel oTHoweHnuss Vy/Vs, a chemoBaTeqbHO ABATIOTCH Heno-
CTOSIHHBIMH Jaxe IS TMOpOA € HOCTOSHHOH CTeneHblo HeOqHOPOI-
HOCTH.

Hcxons us xedawus nokasaTh OQHOPOLHOCTb TOPHHX MOPOR
C y4eroM ypDOBHf e€ DACCMOTPEHHS K/ HHadge, CpaBHHBAs ee I0-
psimoK ¢ pasmepamu OGjacTH B3aHMOACHCTBHA M YYHTHBAA IO-
crpoenus H. B. @puamana, M. B. Pana u B. [1. JloMTagze, MOXKHO
UPeACTAaBUTL BCC W3JI0XKEHHOE 3/1eCh B BHAE AUarpaMMmbl, NpHUBeEaeH-
HO¥ Ha pHC. 19. Ha me#t nop yriom 45° npoBejeHa AMHHS COOTBET-
CTBHf, O0TBEYawIIas yc-
a0BHKRO Vy= Vs, koTOpasn

< Kbasuoduopodsas H%%?ggﬁ”” pasfeiasier fmojxe fHa-
Egg cpeda / . TPaMMBl Ha JBe YacCTH:
SEa ’ & > BEPXHIOIO, XaPAaKTePH-
288 / A 3YIOLLYI0 HEOAHOPOLHYEO
N , TEe0JIOTHYECKYIO  Cpedly,
SO Y 7 H HUXHIOK — 0XHOPOJ-
é:§‘§ //— |\ Odwopodnas nylo. Ho B HeolHOpOX-
RS 1 cpeda HOH TOJIOBHUHE MOKHO
OGS 4 ! BBIIEJHTb TY 4acCThb, KO-
s8kg L__- ) TOpast OTBeYaeT yeJIo-
%ﬁjgf{f ! \ BHIO Vs&V:; u mosto-
u LA } ! \ My npejcraBaserT coboi
e e T i NPaKTHYECKH KBa3HON-

§§§§ &ggﬂf%ﬁ 1 /Tabppamopise HOpOZAHYTO.
IR mes, 00pamm- | wecaedobatud Onenka TPOYHOCTH
SR RS iz pacyermss NOPOR B PAa3HBIX 30HAX
5 : ! AHarpaMMb {(CM. pHC.
Puc. 19. Jlmarpamma HEOAHO 1 19), ecan ncxomurs us
1—111——~;:>exol;laeﬂp,uyebee Mefonh?Oﬂ}i?:iZ;osanag; no yCM0BHH X paéoTEj B
BeDPTHKAJH — XapaKTepHble COODYKEeHHA o6aacTh  B3aHMOAeHCT-
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BHs, MOXMET BBINOJHATbCH pasHBEIME  Mertogamu. [as ycaosufi
Va<{ V6 — n1a6OpaTOpHEIMU 3KCIHePHMEHTAMH HAa CTaHAApTHHX 06-
pasuax; mo pe3ysJbTaTaM 3THX e SKCIePHMEHTOB HJH NOJOGHHIM
MM MOXHO 0XapaKTepu30BaTh KBa3HOAHOPOAHYIO 30HY. B HeopHo-
PONHEIX MOPOAAX B 3aBHCUMOCTH OT OTHOWeHHUs Vy/Vs HEOGxOMMMO
coueTanue JabOpPAaTOPHHIX HCCAeJOBaHUHA, KPyMHOMAacCUITaOHHX 3KC-
NepuMeHTOB B TOPHHIX BHpPAabOTKaX, MOJAEJHPOBAHHS Ha >SKBUBA-
JEeHTHHX MaTepHanaX, OOpaTHHX pacueToB N0 HabJIOfeHUAM 3a
obpymeRnaMH NOpoJ NpH BHIOOJHEHHH T'OPHHX paboT.

IIpounocte eoprotx nopod. CnocoGHOCTD NOPOA CONPOTHBAATBCS
paspylieHHIo NOj JedcTBHEM J[aBJeHHs XapakTepusyer HX Mpou-
HocTh. [IpenesoM MPOYHOCTH NPUHATO HA3BIBATH HANPAXKEHHE IDH
KOTOPOM NPOUCXOJHUT pa3pyuieHue NOPOAL.

[ s pemenHs GOJBLIMHCTBA 3ajay FOPHOH NPAKTHKH fOPOAH
XapaKTepH3YIOTCd INpefeNaMH NPOYHOCTH INPH CKATHH, pacTsake-
HHH, caBHre (cpese), usrube. Yacto Bo3HHKaeT HeoOX0ZHMOCTD
onpeje/seHus TBEPAOCTH, ApOGHMOCTH, ab6pa3HBHOCTH, CONpOTHBJE-
HUST pe3aHHIO H Ip.

IIpoyHOoCTh Ha OJZHOOCHOe cxaTHe Omnpejensercs Ha ofpasuax
NPaBH/IBHOM LHJAHHIPUYECKOH HJH NpH3MaTHUYeCKOH (OpM, y KO-
TOPHIX AHAMeTp (HJH CTOpOHA) CeYeHHsS! paBeH BBHICOTE U B COOT-
BETCTBHH C peKOMeHIauUsIMH MexayHapoaHoro 6opo Mo MexaHHKE
FOpHHIX NOPOJ AOJIKeH cOCTaBasaTh d=42-+3 MM. (B coorBeTCTBHH
C HOBBIMH peKOMeHIanusiMnp MeXAyHapORAHOTO OHOPO OTHOWEHHE
h/d ponxuo paBHAThCA 2,0). B 3TOM cayuyae BesHuHHa NPOYHOCTH,
H/m? (I1a) Bmuncisercs Kak

Rc=plS,

Tie p— AaBjeHHe pa3pylleHud; S — IJIOLIaAb NOTIEPEYHOTO ceve-
HUs, Ha KOTOpOE AEHCTBYET p.

Tlpu oTAMyHM OT CTAHAAPTHOTO OTHOUIEHHS BBHICOTH K JHAMeTpy
MOKHO HCIO/b30BaTh GOPMYy

Re=—L .
s(7+--

TIpu pasBeske MeCTOPOXKAEHUS AONYCKAETCH ONpeieeHHe Mpou-
HOCTH Ha cxkarne Ha oOpasuax HelpaBHJBbHOH (OPMH, a Tak:kKe Me-
TOZOM COOCHBIX NyaHCOHOB.

Conporusnenne paspusy, H/m? (Ila) ompemensior na uuaus-
APHUECKHX CTaHAAPTHHIX 06pasmax MeToAOM [AHAaMETpasbHOTO CXKa-
THS, @ PACUET NPOH3BOAAT IO POPMyJIe

0,637p

Re =—0

rie p — paspyuwaloiiasi Harpyska, H.



CyutecTByet elge psj METOAOB AJsi onpefeseHus R. u R, xo-
TOpble H3.14TaiTC B COOTBETCTBYIOUIMX «YKa3aHHAX...», «MeTo-
ouKax», yuebublx nocobusix. Tam 3Ke paccMaTpHBAKTCA CROCOOHI
06paBoTKn pe3ysbTaToB HCHBITaHHH., ONBTAMH YCTaHOB.IEHO, 4YTO
otHoweHHe R./Rp, nas mopox ¢ R.=20-100 MIla usmeHdsercs
oT 6 mo 9. a1 ocagouHblx IIOPOJA BHIBJEHB 338BHCHMOCTH BH/IA
Rp=0,1540,1R. (. JI. ®ucenro) u Rp=1,42+0,093R. (/1. U. Ba-
pOH).

IIpounocTs, Ha OAHQOCHOE CXKaTHE — OCHOBHAst XapaKTEePHCTHKA
JJISl OUEHKH CKaJbHBIX U MOJyCKaJbHBIX NMOPOJ KAK B NEPHOA pas-
BEAKH MeCTOPOXKIEHHS, TaK ¥ BO BPEMS ero aKCiiayaTauuH. 3Haye-
HHe ee MeHAETCS B IIHPOKHX IpelesaX B 3aBHCHMOCTH OT psia
({haKTOpOB, 0 KOTOpHIX peyb Iijia paHee.

Ha dopmuposasne npOUYHOCTH 0CaA0YHBIX NOpOA 00JBLIOE BAHA-
HHe OKa3HBaeT cTelleHb UX JUTHdHKaunH. OcobGuil HHTepec B 3TOM
OTHOIUIEHHH IPeJACTaBJISIOT Pe3y/bTaTh CllelliadbHbBiX HCeJIeA0BaHUH
C. Y. Maanuuna, B. JI. Csepxesckoro, b, I1. Oyapenxo u apy-
THX Ha YroJabHHIX MecropoxaeHuax JIonbacca. Ilpu 3Tom ocoboe
BHHMaHHe ofpantaercs Ha rayO0uHy 3aqeraHus nopoj U Ha Te BTO-
pHUYHBIE TIPOIIECCH, KOTODHIE NMPOTEKAIOT Ha CTalHH MEXJy [gHare-
He30M ¥ HadaabHbiM meTamopdpusmoMm. OcoBeHHocTH $opmHpOBa-
HUSL CBOUCTE PACCMATPUBAIOTCH B COOTBETCTRUK ¢ HIMeHeHUeM
MapOYHOTO cocTaBa yraell Kak Haubo0Jee IBHO BHPAXKEHHOTO KpHTe-
pust ux metamopdusma. ITo pesyabTaTaMm BHIIOTHEHHBIX HCCJen0Ba-
Hu#t B Jlonb6acce ycTaHOBJeHbl 32KOHOMEDHOCTH MeXJy MexaHuye-
CKHMH CBOHCTBaMH IIOpOJA, IyOGHHON HX 3aserafnsl H CTeneHbiO Me-
TaMop(puamMa yrieil, KOTOPHle B KpaTKOH $OpMe MNPHUBOAATCH
B Taba. 17.

Cnabas crenedb MmeTaMOopdH3Ma XapakTepHa AJA NOPOJ, 3a-
Jeralomikx Ha ray6usax 450—550 M, cpeass — 550—650 M u BHI-

Tabmiya 17. U3meHeHHe NPOYHOCTH HA CxaTHe yriesmewaloliux nopox JonGacca
B 32BHCHMOCTH OT CTeneHH MmeTamopduama yraei

n
Hecnenyeue e Mapka yraed APMH}K

a

Apriuiare! Cnabas o, T 28—35
Cpenusas K, K 43--41

Bricoxas OC, T, IIA, A 4955

AneBposuTh Cuabast o, T 4453
Cpenuss X, K 6256

Bricokaft OC, T, IIA, A 64—77

[Tecuanuku Crabas o, T 43—54
Cpepuas XK, K 84—101

Bricoxaf OoC, T, IIA, A 96—131
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cokass — Gosee 700 m. IlosTOMy H3MeHenHe NPOUHOCTH OUEHHBA-
ercsi 0 ¢ raybunol. Jlism NecyaHHKOB M a.eBPOJHTOB BHIABJ/EHA
clenyrolias 3aBHCHMOCTD

Rc:Rco+KHs

rie Rco — HeKOTOpas HayaJbHas NIPOYHOCTb, XapakTepHas /.15
yrack mapxu [; K— yriaosolt xos¢dHiuedT npsaMoA B KOOpAUHA-
Tax R¢/H.

Koaddunuenr xoppensuud uMmeeT HauGosee BLICOKHe 3HaUeHHs
(0,51—0,79) nna asnesposuroB, [lasl apruJyuTOB HE YHaJOCh BH-
SBHTb OIIpe[e]eHHOH 3aBUCHMOCTH MeXKAy HMX IHPOYHOCTLIO H TMIy-
GHHOH 3a/ierauus.

Yerauopledde 060Jee TECHHIX 3aBHCHMOCTe# MeXAY NPOYHOCThIO
nopoa M (U3HYECKHM COCTOSIHHEM MHaET BO3MOXKHOCTb CyXHTh O
TIPOUHOCTH W0 COCTaBY MOpOJ, HX Qu3HUeCKHM CBOHCTBAM, CTENEHH
JUTH(GUKAUHH, HIH O HEKOTOPHIM APYTHM KOCBEHHBIM NpU3HAKaM,
yT0 0COGEHHO BAXKHO Ha paHHHX CTAJHSX Pa3BeNKH MECTODOXKACHHS.

IMpounocTs nopox npu CABUre (cCpese) XapakTepH3yeTcsd, Kak
H3BECTHO, ABYM: NTOKasaTeasMu: KO3(POhHIHEHTOM BHYTPEHHETO Tpe-
HHSL M CIENJeHHEeM, KOTOpHe BXOAAT B ypaBHeHHe npounoctd Ky-
JoHa — Mopa. 3TH noKasaTeqH UCNOAB3YIOTCA B pacueTax yCTOH4Rn-

&
Puc. 20. CxeMa onpepeleHus NpoOdHO-
CTH B yCJOBHAX O0BEMHOr0 HANMpAKEH- /
HOTO COCTOSHHA: |
1 — onuTHBI ofpasen; 2 — KaMepa :_/
2

ﬁ—//

e

l

(.63

e

.

-

s

e

Puc. 21. IlnarpaMma cABHrOBOR mpoOu-
HOCTH G,

T

%G & a6 &
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BOCTH COOPYMKEHHH, T03TOMY H3yuY€HHe HX NpeACTaBJsieT 0CoObi HH-
tepec. HauGoJslee yAOBIETBOPHTE/IbHbLIE pE3Y/IbTATH MOKA3LIBAIOT
HCIHITAHHS B YCAOBMAX OOBEMHOTO HANpsKEHHOTO COCTOSHHSA
(puc. 20), KOTOpHIE IPOBOAAT B ClieNHAJIbHbIX KaMepax-cTabniomer-
pax, MNO3BOJIAIOINX CO3/iaBaTh HE3ABUCAMO Bce TPH TJaBHHE
HANpSIAKEeHUs Gy, O2 U O3 WIH OOKOBOe Oy=03 M ¢1. Ha mpakruxe
AeJaloT CepHi0 ONBITOB M TO HUM, HCIOJb3ys Teopuio Mopa, Bbluep-
YHBAIOT NHATPAMMY CABHFOBOH MPOYHOCTH, KakK orubaimliyio Nomy-
OKpYKHOCTe#H, HOCTPOeHHHX HA PA3HOCTH 0;—0s KAk Ha JHaMerpe.
Tlo 3Tofi AuarpaMMe ONPEAEJAOT NOKA3aTeJd NPOYHOCTH ¢ W C
(puc. 21}.

Jlast npakTHueCKuX PacyeTOB NECYaHO-IIMHUCTHie NOPOAB HC-
CleAylOTCsl, KaK Npasujo, B CABHFOBHX NPHOOPAx € pa3faeibHBIM
NPHAOKeHHEM HOPMasbHHX (BEPTHKAJbHBIX) M KacaTelbHEIX (T0O-
pH30HTa/bHBIX) AaBjeHHf (pHC. 22,a), a CKaJbHHE H NOJyCKalb-
Hble — B CIIEUXAJbHBX KJAWHOBHX mpubopax ¢ OLHOBPEMEHHOH no-
Aadell HOPMaJbHBEIX M KacaTeJbHHX NaBJeHHA ONHOH Harpy3KO# oT
mpecca (puc. 22,6). [To pesy/abTaraM 3THX ONBITOB CTPOAT NPOUHO-
CTHHE fHATpAMMEl CABHIa B KOODAHHATAX T/0n.

B o6uieM BHAge 3aBUCHMOCTb T=f(06n) — KpuBo/auHeHHas, on-
HAKO MOXHO BHIGpaTh TakoM AMAaNnasOH HaNpSXeHHH, B Tpeaesax
KOTOPOro pe3yJbTaThl HCMHITAHHH alNpPOKCHMHPYIOTCS NPSIMOH, OT-

l/v

b —— — ]

. 1
2 i 4 c* 6,

Ve
7/
é;.mwm s
VLNl

Puc. 22. Cxema K ONpejesieHnio COTPOTHBAEHHS TOPOA CABHLY B YCJIOBHAX NJOC-
KOT'O HalMPAKEHHOrO COCTOsHHS H NPOYHOCTHBE JHArpaMMbl mpu PaspeJbuoil (a)
H oaHOBpeMennofi (6) nojaye HOPMafbHHX H KacaTedbHBIX KaBjeHuil
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Bevatowell 3akony Kynona (cm. Ha puc. 22, yuacrok AB). Las pe-
weHH OOALIIHHCTBA 3aJja4 TOPHOTO TIPOHU3BOACTBA HeOOX0AMMO
3HaHHe NPOYHOCTH NOPOJ, COOTBETCTBYIOUIEH WX NPHPOXHOMY CO-
CTOSIHHIO, T. €. eCTeCTBeHHOHl (NpHUpojHoii) mpownocTtu. Hus ompe-
HeNeHUsl napaMeTpoB 3TOH IIPOYHOCTH IIPH CABHre HeoGx01MMO CO-
XpaHeHHe NPHPOAHOIO COCTOSHUS IIODOJ HE TOJIbKO IIpH oTOOpe,
HO U BO BpeMd HcIHTaHHA. ITo notpebyeT onpereleHHst AHAMA30HA
HOpPMAaJIbHBIX Hanpsxkenu#t, B InpefiesiaX KOTOpPHIX 3aBHCHMOCTD
t=[(0,) fBAfETCH NHHeAHON H oNpeNeNEHHHEe HA 3TOM VYacTKe
noxasaTelqu ¢ U € XapaKTepH3YIOT €CTeCTBEHHYIO IPOYHOCTD H
HMeloT onpeneseHHbil Gpusnyeckuit cMuica [9].

MagkcuMmanpHast BeJHYHHA HOPMaJbHOTO AaBJIeHHA HE JO.1XKHa
npeBHIUATh 3HAUEHHA Oyp’, ONpEAeJeHHOrO M3 yCJAOBHSI BO3HHKHOBe-
HAA B 0o6pa3pe MaKCHMaJ/JbHOTO IVIARHOTO HOPMAJbHOTO Hampsixe-
HUS 110 BHIpaXKeHHIO:

0y = 6* (1 —sin @)—ccos g,

TAe o* — COOTBETCTBYeT YIOTHAIOIEMY AaBJEHHIO IJIH CTPYKTyp-
HOH NTPOYHOCTH AAHHON Pa3HOBHIHOCTH MOPOA.

MuuuMa bHYIO BeJMYHHY HOPMA1bHOTO AaBACHHA 0,”, mpu KO-
TOPO OTCyTCTBYyeT AedopManmuss OTPbIBA B ONBITE, yMeHbUIAOIAN
COMPOTHBJIEHHE CABHTY, HAXOAAT U3 BbIpaXKeHUs

of 4
Op =

tg (45" - —%) +tgo

Beanunny yroiia BHYTpPeHHEro TPeHHS OPHBEIX IOPOJ ONpeae/IsioT
riaBHeM 06pa3oM 10 HX NeTporpaduyecKoMy cOCTABY H CTPYKTYpe.
O6 >TOM MOXHO CYIHTH 110 JAaHHBIM, NpHBEAEHHHIM B Taba. 18,
Cuennedre 1OPOJ 3aBHCHT 0T pdAna GaxkTOpOB, ONpeRensiolHX
B3aHMOLEHCTBHE MeXAY OTAEJLHHMH MHHEpa.1bHBIMH YacTHHAMH H
06,10MKaMH, T. e. OT IPHPOALl CTPYKTYPHBIX cBsized. Makcumannb-
Hble 3HAYEHHS XapaKTepHH AJIs MarMatHYecKHX H Meramopduue-

Tabmuua 18, TloxazareqH cuenneHHsI § TPeHHsi RJIS HEKOTOPHIX nopol (no XaHHbIM
BHUMH)

Yroa Yroa
C , BHYTpeH- C , BHYTPEH-
Bap nopop uey{‘(ﬁ:"e Tp*:lf :ﬁ_ BHA nopon ”e"’}‘{;‘“e w*;"“”ﬂ'
rpanyc rpagyc
IpauuTtonin 22,0—-425 37 O uaauTH 15,2—30,0 | 27—35
T'pavonuopHurH 18,0—56,0 3236 | HUasecrusixu 14,0—-22,0 | 2733
Tab6po 18,0—-30,0 | 35—36 || ITecuannku 5,0—17,0 | 27—36
Juatasn 7,0—46,0 30—37 | Anerposurnt 03—-7,0 31-33
KBapuntst 16,5—70,0 3436 | Apruanutsl 0,3—4,0 29
Canns 0,05—0,4 925
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CKHX TNOpPOJ, a MUHUMAJbHbIE — AJs1 TIUHUCTHIX. 3ACCh CAeAyeT OT-
METUTh, UTO CUEMJEHHe [03BOJAET MPOU3BECTd JAOBOJARHO HYeTKoe
pasjejeHue TODHBIX MOPOA Ha rpymnel. Tak, A CKaJbHBIX NMOPOJT
(I rpynna) cuennenne cocrapaser Gojee 15, AAS MOAYCKaALHEIX
(II rpymna) 15—5, nas raunuctex (110 rpynma) 0,56--0,1 MIla.
Ha npouHnocTs moposa 60.1bllloe BJIHMAHHE OKasblBaer TPeliHHOBA-
TOCTb, C.JOUCTOCTb 4 cjaHIeBaTocTh, CONPOTHR.IEHUE N0 BHIAEpIKaH-
HOl TpeLiWHe W4 KOHTAKTy HAC/J0eHHS XapaKTepuayeTcst NPaKTH-
YeCKHd TOJBKO TPCHHEM, MO3TOMy 34€Ch €ro MOXKHO ONpejfeHTh
HCNBITAHHEM Ha TpeHue ABYX NMOBeDPXHOCTEH u 3allUCaTh BHIPAKeHHe

T=o0,tg¢,

rie ¢’ — TpeHHE N0 KOHTaKTy [IBYX MOBEpXHOCTEH.

Boabmoe uHcao onwiTos, nposeaenHsix 8o BHUMM u apyrux
OpPraHu3anysix, NOKa3bBAIOT, YTO eCJAH IO HCCJAeAYCMBIM TOBEDXHO-
CTSIM He NPOHCXONHJIH HU3IMEHEHUS COCTABA U COCTOAHUA BMeEIalo-
mefl MOPOABI, TO YroJ TpPEHuA MO 3TUM IOBEPXHOCTAM DaBeH YTy
BHYTPCHHero TPeHHs nopoabl. COMpoTUBJIEHHe CABUTY MO TPEIIHHAM
60LIIOr0 NPOTAXKEHHS HJAM TIO APYrHM ocsnalieHHBIM KOHTAaKTaM
3aBUCHT OT CTENEHH W XapaKTepa HEPOBHOCTEH, a Takxe OT CO-
CTaBa, COCTOSIHHS H MOUIHOCTH pHIXJOro 3anosHuteas. Hayuenwe
COTIPOTUBJIEHHS TPOH3BOLUTCS B J1ab0PaTOPHBIX U TOJEBHX YCJIO-
BHSX N0 Clelua/jbHHM MeTogdKam, paspaboranHeim o BHUMU,
Hncrturyre ropHoro gena umenu A. A. Cxoumnckoro (MIJ), Bce-
COI03HOM  HAYUHO-HCCJEJ0BAaTEJIhCKOM HHCTUTYTE THJAPOTEXHUKH
umeHun B. E. Begeneera (BHHUHUI), BcecorosHom opaeHa Jlenuna
TIPOEKTHO-M3LICKATEILCKOM H HayYHO-UCC/IEI0BATCIbCKOM HHCTUTYTE
umenu C. . )Kyka (T'uzoponpoext) n ap. Hagexnble gannbe 0 CO-
HIPOTHBJAEHHH CABHTY 1O C1a0BIM KOHTAKTAM MOXKHO TIOJYYUTh B pe-

Ta6auua 19, 3uaueHnu yrnos TPeHHsl O TPemHHAM B PasHEX NMOpoxax

VYram TpeHus NOBEPXHOCTEH PAIHOro
XapaKTepa, Ipapyc

Haumenorauue nopog -
HepOBHHE POBHHE

HI&poXo- LHIepoXo-
BaTble BaTHe

HEpOBHbIE | PpOBHHE
riagKHe | raagkHe

TTopdupsl, poroBuKH, IxkecnmuauTH, mec- | 28—31 24—928 | 22—27 | 20—26
YaUUKH
Broprunnie KBapHHTHI, rpaHORHOPHTH, | 256—28 | 2225 | 20—23 17—20
KBaplersle NOpdHPE, TpavoaROpHT-NOp-
GHPH, CKADHHPOBAHHBIE NOPOAH, CHe-
HHUTHI, NHODHTEH, AJIEBPOJHTH!

HssecTnfikM, MeTaMOpdHIecKue CAaHUb, | 24—27 2325 20—22 16—19
MarHeTHThH
T'aRHHCTHIE cIadHny, apruJIuTH 23—25 | 21—23 | 18-—20 | 15—18
QuANHTE, TaNbKO-XJOPHTOBBIE M cepH- | 23—25 | 20—22 | 13—15 9-—-12
LHTOBBIE CAAHIBI
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Tma:c e,

TD ———————— K== XK=
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14 Gy Gp

Puc. 23. K onpeneiensio tpedus (@) wu clenjeHuss (6) MHKPOTPEIHHOBATHIX
1IOPOA:
1 — cppuroBas xeopManHs

=~

3yJbTaTe O6PATHHIX pPACHETOR OINOJ3HEH, MPOUCXOASIAX HaA YCTY-
Max KapbepoB II0 NMOBEPXHOCTSIM CKOJIbXKEHHS, COBIAAAIOUIUM C MPH-
pPOAHBIME Oc1abJeHHSAMY (TPELIHHON, HacJ0eHHeM, CJIaHLeBAaTOCThIO,
cnabuiM caoeM W Ap.). B rtaba. 19 npuBeseHbl HEKOTOPHE AAHHBE
BHHUMHM 06 yriax tpeaus No TpemuHaM.

B 3aBHCHMOCTH OT XapakTepa TPEHU[MHOBATOCTH ee BJIHSHHE MO-
JKeT 6biTh OOHAPYXKeHO HA Pa3.JIMYHBEIX Mo 00beMy obpasuax. MHKpO-
TPeLHHOBATOCTh OKa3biBaeT BJIUSHHE Ha MPOYHOCTh CTaHAapPTHBHIX
00pasuoB, 4TO 3aMETHO MO 60JbIIOMY pa3bpocy pe3y.IbTaTOB HCIbI-
tanui. Ilpy aToM moayuaemblfi pa3bpoc BEAHYHH COMPOTUB/IEHUH
CABUry MO CYIIECTBYIOUIEH METOJAMKe ero ONpeIejaeHHst OTHOCUTCH
KaK K CuellIeHHI0, TAK M K YIrJy BHYTPEHHEro TpPeHHs, TaK Kak
T=ontg@+c u Rc=2ctg (45°+¢/2).

OnHako coBepUICHHO OYEBHAHO, YTO yMeHblIeHHEe NPOYHOCTH IPH
HapyHmeHHH CILJIOWHOCTH TMOPOABI CBA33aHO C yMeHbLIEHHeM Cuellae-
HUS, a He yraa BHyTpeuHero tpesus. [losatoMy A5 MuKpoTpeuuHoBa-
THIX TOPHBIX TOPOJ ONpejesieHue TNoKasartesefl MPOUHOCTH ¢ U ¢ He-
o6xoauMo BecTd paszje’bHo. Jas 3TOro yro.a TPEHus ONPEAE/SIOT
N0 pe3yabTaTaM OIBITOB MO TFOTOBOH MOBEPXHOCTH H.1H HCIOJb3YS
JaHHbie OCTATOYHOrO (YCTAHOBUBILEro) CONPOTHB.JIEHHs (pHC. 23),
a cleleHHe BBIUHC/SETCS 10 JaHHbIM ONBLITOB, NPHHUMAs MOCTOSH-
HOe 3HAueHHEe Yrja BHYTPEHHEro TPeHUs H3 BbIPAXKCHHSA:

Ci =T;— 0y tg .

Jaa 31o# uead MOXHO MPOBECTH HCIBITAHHS TPH OXHOM HOP-
MaJ1bHOM [aBJEHUH B AHANA30He IPSiMOJHHEHHOCTH 3aBHCHMOCTH
T=f(0n) UaH HAa OAHOOCHOE CXKaTHe, 3Has, 4TO

c= _{;’c_ tg (45"—7(])) .
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IlpounocTy TpewiHHOBATOH TOpPHOA TMOPOAH, B3aHMOAEHCTBYIO-
uiel ¢ COOpyXeHUsIMH, 3aBHCHT OT ABYX BenuunH (6e3 yuera Bpe-
MeHHOTO ¢akTopa): 1) MPOUHOCTH MOPOAHI B o6pasiue; 2) OTHOIIe-
HUA MeXAy CpeIHMMH pasMepaMy 30HH, B [pelenax KOTOpoO#
paccMaTpPHBAIOTCA yCAOBHSA NpeAeSbHOr0 paBHOBeCHs MOPOLHHX 6J10-
KOB, OrpaHM4YeHHbIX TPEIIHHaMH, T. e. MacmitaGHoro ¢akropa. Bpa-
arejbHOE MepeMelleHHe OTAeNbHEX O6JIOKOB NOPOL NpH CABUTE
B TOJllle MOPOA, KPOMe TOro, 3aBHCHT OT ODHEHTAUUH TeH30pPa Ha-
IpsKEHHH, a TakxKe OT H3MEHeHHs CBONCTB NMOPOJ OT CJ0s1 K CJOI0,
Uccnegopanns BHHUMU nokazanu, uro ko3dduuueHT cTpyKTYp-
Horo ocnabJjenuss nopon (OTHOWIEHHe CUENJEHHS NaHHOH TOJIIH
NOPOA K CLENJEHHIO B CTAaHAAPTHOM 06pasue) Aco MOXKeT GbITh OI-
peneieH 10 CAeAyOW el 3aBUCHMOCTH

1
Ao 14+aln(Hi)
rre a — ko3(p¢puunenT, 3aBHCALLKNA OT xapakrTepa TPeIiHHOBATOCTH
¥ npodHocTH GJsoka nopoxbl (Ta6a. 20); H — cpemuuit pasmep
30HH Aeopmaun; | — cpenHuil pasmep 6710Ka, OrpaHHUEHHOTO TPe-
muHaMa. KoagduuueHnT CcTpyKTypHOro ocnabieHHs, N0 AaHHBIM
BHUMUY, usmensiercs or 0,7 mas nopoi caaloTPeiiuHOBATHIX H
HeGosibIION npouHocTH B o6pasue (R.=10 MIla) o 0,01 mas
CHJIBHOTPEUIHHOBATHIX BBICOKOH mpouHocTH (R.=1000 MIla).
IMocnrepnue 20 ser u3yyeHHe MPOYHOCTH TPEHIHHOBATHIX MOPOJ
NPOBOJHJIOCh BO MHOTHX OpPraHH3audsx Ha YrOJbHBIX H pPyOHBIX
MeCTOPOXKAEHHAX, 4TO IMO3BOJHJIO YTOUHHTb BJHAHHE pPa3IHYHBIX
(haKTOpPOB U MpenioXUThL (POPMYJH NmepPexona OT moKazareseH, Xa-
pPaKTepH3YyIOIHX MOHOJIHTHble NMOPOAB K MOKa3aTeJqsiM NpPOYHOCTH

Ta6auua 20. 3Havenns xosdpdHumenTa a (no pannsim BHHUMH)

Cnennense
Kosdpunnenr

XapakTepucTHKa nopop B Ogﬂ_?a.ue. po
Ilecyano-raunucTHe caaboyniorHehkbe ¥ caaboTpemiy- 0,4—0,9 0,5
HOBaTHE
ITecuano-rIMHHCTHE YNAOTHEHHBE C HODMAABLHO CeKYymeh 5,0—8,0 2
TPEIHHOBATOCTbIO; CHJABHO BHIBETPENBIE H3BepXKEHHBIE
Te xe nopoxw, Ho ¢ NpeobiakaHHeM Kococexymedt Tpemy- |  5,0—8,0 3
HOBATOCTH
ITpounuie c/OHCTHE MOpoAbt ¢ HOpMaJbHO cekymel tpe- | 10,0—15,0 3
M HOBATOCTHIO 15,0—20,0 4
ITpounsie moponwt ¢ HopManmbHO cexymefi TpemunoBaro- | 20,0—30,0 6
CTBIO >30,0 7
TTpounsie H3BepakeH Hule NOPOAH € KocOCeKYmeh TpemuHo- >20,0 10
BaTOCTBHIO
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TPEUIHHOBATOTO MaccHBa. TaK, ANS ONpefeJeHHS CHeMJIeHHs Cu,
I'. JI. ®ucenko npensoxua BhpaKeHHe

tu = -+ (cg—&)/[1 +aln (H/I)],

rle ¢r U cp— cuensieHHe O TpeuiMHe H B MOHOJIHTHOM ob6pasue.

A. B. ®anees B 1969 r., B pesyibTaTe MOA€/IHPOBAHHsS B /1a60-
PaTOpHBIX YCJIOBHSAX, OJYy4YHJ 34BHCHMOCTE MEXAy KacareJbHbIMH
H HODMaJ/IbHHIMH HanpsiKeHHSAMH B 30He CABHra idpuHOl h

tv=(llh+tga)o,

rie o—yroJ HakKJOHA MEXAY ¢ YU HanpasjeHHEM OCHOBHOH CH-
CTeMbl TpelHH.

TIpouHOCTH TpeHHOBATOro yrias Ha OJHOOCHOE CXaTHe MO HC-
caenopannsiMm BHHMMH cocrasasier or 30 xo 50 % or npounocru
o6pa3ua KyBuueckoit dopmbl. Mccaegosanuamu MU' n Hekoropuix
ApPYrux OpraHu3auMi mNOJyvYeHH pe3yabTaTh, OTJHYAKOLUECH: OT
IpHBEJICHHBIX 3[€eCh,

IIpr ouenke OcafOYHBLIX NOPOJX, OKPYXKaIOIIHX TOpHHE BHIpa-
60TKH, HeoOXxOAMMO YHHTHLIBATH COBMECTHYIO pabOTy CJIOUCTOH
TOJILH, C/JOXKEHHOH NOpOAAMH pa3HOH NpOUHOCTH U Aedopmupye-
Moctd. OnbiTEH Ha MOJeJsX H Ha6/1l0eHHs Ha ONOJI3HEBHIX yyacT-
Kax IOKa3bBalOT, 4YTO CONPOTUBJeHHe Bcedl aedopmupyomehca
TOJIM HE NpejacTap/ser co60ft cpelHeB3BEMIEHHYIO BeJUYHHYy CO-
npoTHBJaeHH#l caaralomux ee nopox [9]. Pa6orH, npoBeneHHHE
B N0/J3eMHBIX BHIpa6GOTKax 10 OLCHKe NPOYHOCTH CJOHCTHIX LEJHKOB
Ry BbicOTO# hy, MOKA3a/iH, YTO OHA 3aBHCHT OT NPOYHOCTH CcAMOM
Kpenko# Ry u camofi c1a6oft R. NMOpOAB, a Tak¥e OT UX MOIHO-
crelt i, u he. Dra 3aBucuMocTb, npeatoxennas @. Il. By6au-
koM B 1966 r., uMeer BU[

P. 3. Namko B 1973 r., u3yuasi NPOUYHOCTL HAa OJHOOCHOE C¥Ka-
THE CJIOUCTHIX ONBITHBIX O0Pa3uOB, COCTOSILIHMX H3 CJIOEB TOPIOYEro
ClaHLa ¥ H3BECTHsIKa, MPUBOAUT CJAEAYIONIYIO 3aBHCHMOCTb

Rcﬂ = RK e—l,25m,

rie Recx B Ryx— nmpodHOCTH cJjoHCTOro ob6pasiia H IPOYUOrO CHAOS
(u3BecTHsIKA); m — OTHOCHTEAbHAs MOHOCTL caaboro cios B 06-
pasie B 10J5IX eJHHUIH,

CoBmecTHoe nedopmMUpOBaHHe NOPOA pasHOH IPOYHOCTH OIpe-
Jes1sieT MexaHH3M, THHAMHKY H MOP(OJIOTHIO ONOJ3HEeBHX siBJCHHH,
NyueHHs MOYBHl NOX3eMHLIX BHIpalOTOK, CABUIKEHHe MOPOX H T. A.

Hdas tpemmHOBaTHIX Nopox HauGo.lee HajeXeH Merox o6par-
HHIX Pac4eTOB II0 HaOJIOJEHHSIM 3a HapymieHHeM HX yCTOHUMBOCTH
B CKJOHax M OTKOcax, KOTJ0BaHaX, maxrax #u Ap. Ilpu 6o.bmux
pesnuuHax H/{, KOTOpble pa3sHLIMH aBTOPaMuU PEKOMEHAYIOTCH OT
10 o 100, 3T1 NOPOAH! CjefyeT pacCMATPHBAaTh KAaK CHINYYyIO cpeny
(TOouHee KBA3HCHIMYYYIO) H XapaKTEpPH30BAaTh TOJbKO KO3(hduuHeH-
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TOoM TpeHus. K 3To#i Kateropuu cielyeT OTHECTH H KpYITHOOO6/J0MO4-
Hble OTJIOXKEHHS, a TakiKe OTBa/Jbl M3 CKaJbHBIX H TNOJYCKaJbHBIX
nopoJ.

CroucTOCTh TOPHBIX TIOPOJ, a TaKiKe CJaHUEBATOCTh U TPeIH-
HOBAaTOCTb (POPMHUDYIOT UX AaHU30TDPOTMHIO NIPOUHOCTH U Jedopmupye-
moctu. M, B. Pau npeanaraer pasinuaTh ueThipe TopsiaKa aHU30-
TponuH: I -—cBsA3aHHas ¢ HaJgWuueM TEKTOHHYECKUX pPa3pbIBHBIX
HapymeHu#i; Il —Bbi3biBaeMass MaKpOCIOHCTOCTBIO TOJILH TMOPOLK;
I1I— nerporpaduueckas aHU30TPONHUs, CBA3aHHAS C TEKCTypOH H
MUKDOTPEIMHHOBATOCTBIO MOPOA (06HApYXKuBaeTCS B 006pa3uax IpH
Ja60paTOPHBIX HUCTBITaHUAX; |V -— cBsi3aHHas cO CTpOeHHEM KpH-
CTAMJIHUECKUX pelleTOK MHHEpaJoB, CJaralliiX Mopoay.

Han6onpwnii npakraueckufi uurepec npexcrasasior 11 u I
THOPSAAKH AHH30TPONHY, a KOJIUYECTBEHHYIO OLEHKY MO CYIIECTBY
MOJy4YHIa aHU30TPONHs mpouHocTH ToJabKo III nopsinka. Jlas stod#
ouenxu JI. M. Bapon mnpeanaraer ko3Q¢HUUHMEHT OTHOCUTEIBHOI
AHHU30TPOIHH, TPEACTABIAIOMMHA OTHOIWIEHHe MPOYHOCTEH, MOJyuYeH-
HHIX Ba 0o6pasyax pasHof opHeHTaUMH. [lis XapaxkTepHCTHKu aHH-
30TPONUY TPOUHOCTH Ha OJHOOCHOC C’KaTHe MOJKHO 3alucaTh

K. —=Rc /R,

rie Re u R! — npounocTs mpu HOpMAaJbHOM 1 MapaJiiedbHOM Ha-
TPaBJIEHHAX YCUIUS K C.IOMCTOCTH (CJaHLEBATOCTH).

JAst pasauuHBIX 0CaJ04HBIX TOPOA (NCCYAHHKH, CaaHUbl, YrJH,
a/NeBPOJIMTH, apru.uTe) K, cocrasasier 1,2—1,6. Pasubimu 3Ha-
yeHusimu K, XxapaxkrepusyeTcs aHH30TDONHsA TPH  paCTAKeHHH,
caBure, Harube, pe3aHHH, UCTHPAHUH.

Kpome tOro, mpouHocTh MOpOA TpU pellleHUH 3apay ropHOro
nena XxapaKTepusyeTcsi CAelylomuMy 0Ka3aTe 1ML

1. Kospduuuent kpemoctu M. M. [lporToabskoHOBa, KOTOPHIH
npuaumaercs paBHeiM 0,01 R.. JI. 1. Bapou npeaaaraer aas omnpe-
ne.1enust kosdduuueHTa Kpenoctu fx popmyay

fo R VR

100 30

2. TeeppocTh WJM KOHTaKTHas MPOYHOCTb, OMpepedsemast IO
BeJHYMHe HArpy3Ky Ha WTAMIl, BHI3HIBAIOIIEH KPYMHHH BBKO.1 MO~
ponn noa HuM (px=KR., rae K=5—20).

3. Hcrupaemocth UM aGpasuBHOCTb, KOTODas OLEHHBAETCS MO
M3HOCY MaTepHaJ/a, KOHTAKTUPYIOIIETO ¢ MOPONOH NMpH MOMOIU KO-

s¢¢uunedra abpa3UBHOCTH Kaoz:—F— (AV —o0b6bem H3HOCA Ma-

tTepuaJga Ha | M nyTtH, F —cHJaa, ¢ KOTOpo# marepua.] NpHIKHMa-
eTcsl K MOPOoAe).

4, COHpOTHBJ[CHHe nopon pe3aHulo — ycuane, npHxOAsHeeCs
Ha €JHHULY JJHHH peXyuiero HHCTPYMEHTA, HEOGXO}ZU/IMOE s
cpesa NMOPOAbI.
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5. BypHMoCTb — COMpOTHBJCHIE &
MOPGAK Pa3pyLICHUI0 GypOBBIM UH-
CTPYMEHTOM, KOTOpOE OlEHHBAETCS
Mo AJfiuHe mnypa (CKBaKHHHEI),
NpOHAEHHHEIX 3a | MHH H HEKOTODHIe g

APyTHe MOKasaredd, Kotopbie mpu- i/ ) i
MEHSIIOTCS TIPH PAaCCMOTPEHHH [1po- |
1eCCOB pa3palbOTKH TOPHBIX TMOPOL Ocrnamoynas Iynpyam | &
H TIOJIe3HbIX HCKomaembix [22]. T ]
Bo/buIoi uHTEpec HHorga mpen- Douan omHoCUmenttas |

CTABAIOT TaKHe calbie pa3H_OBH'm Puc. 24. JledpopMalHOHHBIE KDHBbI®
HOCTH, OTOOP OGPA3LOB U3 KOTOPBIX  "paalviiioi npy onsoocHoM CXa-
MpaKTHYECKH HEBO3MOXEH 63 Ha- rtuu aad nopoA ¢ TpeoGrafaHHeM
pyurenust ux cjaoskeHus. K HHM  ynpyrnx (/) ® OCTaTOuHBIX Aedop-
cjaeiayer OTHecTd caabble OcHopa-  Mauih )

HHs OTBAaJOB, MarepHa] IJIaMo-

XPaHHJIHLIL, 3aK/J1aAKH, THAPOOTBAIOB, HAMBIBHEIX COOPYXKeHHH H AP.
Huas ompenesieHHst TPOYHOCTH 3[eCh HEOOXOAHMO MPOBOAHTh MO-
JieBble HCTMBITAaHUsS METONAaMH BpallaTesJbHOTO cpe3d, IPeccOMCTPHH,
30HAHPOBAHHS, KOTOpHIE TMOJAYYNJIH WHPOKOE pacinpocrpanenHe
B IIHXXE€HEPHOH TEOJIOTHH.

Hegopmupyemocrs eoprorx nopod. dedopMmauuu ropHbx TMOPOL
MOJ CHJOBHIM BO3JefiCTBHEM HUMeOT Da3HY NMPHPOLY H OueHHBa-
I0TCA Pa3JUYHBIMH TOKaszaTelsiMH. s CKaabHBIX MOHOJHUTHBIX MO-
poa XapakTepHO mNpeobJjanaHue ynpyrax gedopMaudil, a pas IJId-
HHUCThIX — OCTaTOYHHIX (mnacTvunblx). O xapaxrepe pedopmauuit
MOXKHO CYIHTb N0 KPHBO 3aBHCHMOCTH MeXJy HANPSIKeHHAMH H
AedopMalMAMA TIpH HUCOBITAHHH NOPOA B YCJOBHAX OZHOOCHOIO
cxKaTus (puc. 24).

Ynpyrue nedopManHd XapaxkTepH3YIOTCsl CTaTHYECKHM M AMHA-
MHUYECKMM MOAyJ/JeM yIpyrocTH, MOAyJaeM CABUra H Ko3a(hQuyHeH-
ToM mnonepeunnlx aedopmauuf ([lyaccosa). CraTuueckuit MOAydb
ynpyroctd (npoaoabnuiil) E, H/m? ([1a) onpemensior Ha o6pasyax
HHJIMHIPHYECKON HJIM MpU3MaTHYecKOH Qopmbr aHamerpom (cTopo-
HOW ceueHHs1) 40-—43 MM W OTHOLleHHeM h/d=2 CTaTHYeCKOM Ha-
TpyKeHHH ¥ HANpsKeHHAX MeHbIUUX Mpejesna ynpyrocTH (TpsiMoJH-
HeAHOCTH 33BUCUMOCTH ¢=[(0)) U3 u3BecTHoro 3akona [yka:

E = ale,

rge e — OTHOCHTE/bHAsA NPOAOJIbHAS fehOpMalus.

Hdunamuueckuif MOpy. b yINPYyrocTH OMNpepesslioT [0 CKOPOCTH
pacnpocTpaHeHHs YIIPYTHx KoJebaHH¥, BO3OyKnaeMbIX B 00pasunax
TOPOL B AMANa30HE 3BYKOBHIX M yJbTPa3BYKOBHIX uacTtoT. Yatue
MPUMEHSIOT HMIYJbCHBIH MeTOH, KOTOpPHIf 3aKJ/I4aercs B 3amepe
CKOpOCTeii pacHpPOCTPaHeHHsi TOBTOPAIOWIMXCH HMIYJAbCOB yJ/bTpa-
3BYKOBRIX KOJeGaHMH NpHU MPO3BYYMBAHHH UM HPOJOABHOM MpO-
¢duinporanun 06pasuos nopon. [lpu 3TOM omnpeneasioTr cKopocTH
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NPOAOJBHHIX Up, NMOMEpEeYHBIX Us M IIOBEPXHCCTHBHIX Ugr BOJH (Up>
>us>vg). M3 dnsuku U3BecTHoO, 4To

VBt A
U, = ;= 22—
vy o a--pd—2p Us 1—2p

o= af B

2v(I+w

Onpegpends no cnedHaJbHBIM HOMOrpamMmam Kos(dguiuenr mo-

nepeyHHx aedopmangHi u:f(ﬂ’«). BBIYHCAFIOT MOAYAb INPONO.b-
Us

HOH ynpyrocTa £, U3 BHpaxeHds
(4w —2p)
-y
B. H. HukutuH, uccilenys 3aBHCHMOCTb MeXAY AHHAMUYECKHM

E: u cratuueckum Ecr, T1a MOZYJsIMH yHOpyrocTd 60JbIIOrO pasHo-
00pasus cKabHEIX MOpOA, BEIBE] C.lelylOiee ypaBleHHe Perpeccii:

E, —0,88-+0,97E,,.

B ta6a. 2] npusoafiTcss AaHHble CTATHHECKHUX H JUHAMHYECKIX
Moayieif yrnpyroctd Haubojee pacnpocTpaHeHHBIX [OPOA IO
B. B. Pxesckomy u I'. 1. HoBuKy, KOoTophie NOKa3eiBalOT HHbiE
OTHOILeHHs1.

[TpouspeneHyue NJAOTHOCTH 1OpoAbl Ha CKOPOCTh paclpocTpaHe-
HHS1 BOJIHBI HOCHT Ha3BaHHe AKyCTHUeCKO# XKecTKOCTH (CONPOTIIB-
JeHus) g, T. e.

q=pv.

Kosdduunenr nonepeunsix nedopmaunit (IIyaccona) npeacras-
aser cob60H OTHOLIEHHe MEXIYy OTHOCHTENbHBIMH MONEPeUHbIMH H

€

NPOAOALHBIMH AeopMauHsAMU U= —— IPH OJHOOCHOM cxaTuu. IIpu
€2

CTaTHYECKHX HCHBITaHHUsSIX OH OlipeaeJsgerca 1o peSy.HbTaTaM Hello-

E, U?)V

Ta6auna 21, CraTHyeckHe y AHMHaMHyecKHe MOAyJH ympyroctu [22]

Mogyas ynpyroctn, [la
Haasanue nopoa EpEq
E gy 100 Eg-100
BasaneT 4,4 7.8 1,8
Tpanur 7,1 7,6 1,1
KBapuur 6,7 8,8 —
W 3BecTHAK 2,3 5,6 2,5
[Tecuanux KkBapuesHi 4,5 8,6 1,9
JlonoMuT 5,1 5,3 1,04
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CPeNCTBEHHBIX 3aMePOB MONEPeYHBIX H NPOACJAbHBIX Aedopmamuii u
HaMeusercs aad pasauudnix nopop ot 0,1 mo 0,5. [To zHaueHusM p
MOXKHO CyJHTb O GOKOBOM paclnope B OPOAAX, TaK Kak

S
l—p

[Tpn wmakcumaabHOM 3HaueHHH pn=0,5 pacnpenenrenHe Hanps-
KeHHHl NPOHUCXOAHT 10 3aKOHAM THIDOCTATHKH, T. €. 0z=0y= O.
Koadduiunent H0KOBOro pacrnopa MOXKHO oNpelefUTh 3aMePoOM NpH
OTCYTCTBHU GOKOBOH aedopMaiiy.

Mogayab casura npeacrasJjsier co60H KoapdHiHEeHT nponopHo-
Ha/JIbHOCTH MeXJy KacaTeibHbIM HaNpSXKEHHEM T U COOTBETCTBYIO-
uiedt emy geopmanHed capura A, T. e.

G=1/A (A B paguaHax).

Mexay MOIYyJAMH JHHEHHOH yNPYyroCTH M CIABHra CYlieCTByeT CJe-
Aylouas 3aBHCHMOCTb

E—=2G(1+p).

B yCJOBHSX BCECTOPOHHETO C3KATHS BeJHUHHBI OTHOCHTEJbHBIX
JedopMauuil Mo TpeM B3aHMOUepleHAHMKYJSIPHBIM OCSIM NPOCTPaH-
CTBa HMeEIOT CJeayIolUiHe 3HAYEHH !

1 1
g, = £ [o:—pn (0, +0,); &= E [0e—p (02 +0,)];

&y = l? [Gy_ W (02+ Gx)] .
AV
0

(o, 0,1+ 0,), a caenoBatejbHO MoAYyJab 06BHEMHOTO CXKa-

OtHocHTe/IbHAS 06beMHas fepopManns ey =

=&, +exte,=

_ =2
E
i Ey CcBs3aH ¢ MOAyJeM JHHEHHOH yupyroCTH BhipaXKeHHeM

E, = EI3(1—2p).

Hedbopmanuy nopox npH OuEHKe HX B3aHMOJNEHCTBHS C Kpembio
MOJA3eMHBIX COOPYKEHHH MO)KeT ObITh 0XapaKTepH30BaHA e€lle KO-
sppHruenrom ynpyrore ornopa K'yo, onpenensieMuit Kak
’ P
Kyo = ——
Yot A’
rae p — yaedbHasi Harpyska Ha Kpenb; Al — nepemellleHHe KpemH.
KoathdHnnent ynpyroro oTnopa MOXKHO ONpeAEJHTh 10 AaHHBIM
HCIBITaHHUH, T. €.

E

————— uiu Kyo = 50afy,
(+pr Y !

Yo =
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rae r— paayc mnof3emHoll BHIpaboTKH; fu — KosdhdHUHEHT Kpeno-
CTH; a— Ko3((UUHEHT, YYHTHIBAWHMN TpemuHoBaTocTs (a=0,8—
3

Ilo xapakrtepy aeopMHPOBAaHHA CKaJbHble M MOJYCKAJAbHBIE
NOPOABl CYLIECTBEHHO OTJAxuYaloTCA. Ecan y ckaabHHX nopoj npeab-
JajailT ynpyrue gedopmanuyu u nedOpMHpOBAaHUE HX 3aKaHUYHBa-
eTcs XPYINKHM paspylieHHeM, To Y MOJYCKaJAbHBIX OHH MMET NOJ-
yiHeHHoe 3HaueHue. OCHOBHOE MeCTO y HHX 3aHHMAIOT ILIacTHYe-
ckue (ocratouHbe) jaedopMalii, KOTOPHE Da3BHBAIOTCS BO BpEMeHH
C pa3HoH CKOPOCTBIO M NPHBOAAT K XPYNKOIIACTHYECKOMY HJIM T11a-
CTH4YeCKOMY paspyuieHuio. Tako#i xapaxTep AeOpMIIPOBaHUS
no.1yckaJbHBIX N0poj 00YC.I0B.IeH NPHPOAOH HX CTPYKTYPHBIX CBS-
3edl W HaJjMuMeM pPa3JHuHbLIX XeeKTOB CTPOCHHMS (TPCLIMH, MO.10-
crelf, HeoAHOpOAHOCTH liemeHTa W ap.). B cBsA3sm c 3TuMm, noty-
CKaJbHble MOPOAbl XapaKTepH3yWTCs MoAyaeM obmux aedopma-
MH, KOTOpBIH AJs OJHOU M Toil Xe NOPOAH TpeAcTaBjaseT coboH
lepeMeHHYI0 BeJHYHHY, 3aBHCALLYIO OT AMaNa30Ha HaINpAKeHuH, CKo-
pocTu 3arpyXeHnus u passutus aedopMmauui, 1. e.

Ac
E,= ,
° Ae

raie Ao u Ag— gUala30H JAEHCTBYIOHIErc HANpsKEHUS H COOTBET-
CTBYOIasi €My OTHOCHTEAbHAR gedopMallus.
Has oueHkH xapakrepa aedopMaunift ropHeIX INMOPOJA UCIHIOJb-

3yI0T KO3 duuHeHTs xpynkoctd Kxp u maacTuyHocTd Kung (Kon=

1 .
=- ).KOS(i)qmuHeHT XPYIKOCTH TpeAcTasafer co60# OTHOUIECHHE

X
pa6or1§1, 3aTpa4eHHON Ha jaedopMupOBaHUE O Mpejgeia YIPYrocTH
K moJiHo# pafote, 3aTpadeHHON Ha paspyllieHne obpasuna. Jdas nau-
foJiee KPeNKHX CKaJabHHX Hopop Kyp=~1,0, a an18 moayckaJ bHBX OH
usmensercs ot 0,5 go 0,01,

[lpu npoxoaKe ropHbIX BHIPabOTOK BO B3aHMOJEHCTBHE C HHMH
MPUXOAAT 3HauuTeJbHBle O06beMbl TOPHBIX HOPOA, B Ipefesax Ko-
TOPBIX HMEercs MHOTC HapyLIeHu#, KOTOpble MPHBOAAT K OCTa-
TouHBeIM Aedopmaunsm. [losToMy g/ pelleHuss NPaKTHYECKHX 3d-
Aa¥ HeoO6XOAHUMO XapaKTepH30BaTh 3TH MOPOABI MOAYJeM OOIIHX
zedopMmanuil.

Ocobo ciaeayer OTMETHTh AHH30TPONAK AehopMHPYEMOCTH MO-
pON, KOTOpasi WMEeT BaXKHOE 3HAuCHHWE [PH H3YUYEHHH CJOHUCTHIX
ocafouHblXx Hopoa. O6bIYHC TOBOPAT O OPTOTPONHOCTH AedopManu-
OHHBIX CBOMCTB, T. €. mapaJjiesbHo Ey u nepneHgukyasipuoc E
caoucTocTH. B Tabua. 22 NpUBOAATCA JaHHBIE, XapaKTepHsyoliue
anusorponuio nopox no B. B. Pxesckomy u I'. 1. Hosuky [22].

n

n E
Tak kak E*:Z'V—“’ a Ey=3 EV, rae E; u V:— monyanp
1 i i
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Ta6anana 22. XapaktepHbie AaHHHE aHH30TPONHH KCHOPMHPYEMOCTH

Monyay ynpyroctH, Kosbduunenr

Ila E I Tlyaccona o
Hazsanue nopop I

E 10 10 EL s

I 10 E 1 10 M il My
Aunespoaur 2,7 1,7 1,6 0,25 0,29 0,86
HaBecTHAK 8,4 7.3 1,15 0,28 0,3 0,93

AHxtpanur 0,4 0,5 0,8 — 0,13 —
l

YIOPYroCTH H OTHOCHTEJbHBIA OOBEM i-TOTO .05, TO TEOPETHYECKH
scerna Ey >FE .

Onpenesenne Moayas o6uux AedopMauuii B TPEIHHOBATHIX H
CJOHCTHX MOPOAAX MPOU3BOAHUTCH B [IOJEBHX YCJIOBUAX C MOMOUIBIO
CIenHabLHEX YCTPOHCTB, MO3BOJSIOILUX 3arDYKaTh 3HAYHTEJbHHIE
miomann (6osaee 1 M2) u cosjapats GoapliiMe CKMUMalwouiMe Ha-
IPY3KH.

B necuaHo-rJIMHHCTBIX M HEKOTOPHX Go.uee ciaabbx MO/YCKalb-
HBEX TOpoaax nAedopMayuy NPOUCXOASIT ITaBHHM 00pasoM 3a CHer
yMeHblUeHHs1 oGbeMa TOPOBOTO TNPOCTPAHCTBA, T. €. YILIOTHEHHS,
MI03TOMY OHY HOCST MJiacTudecKui xapakrep {ocTatoudue aedopma-
uun). M3yuenne ynnoTHeHus mpenctapiser GoJbLIOH uHTEpec MpH
OLCHKEe 0CAAO0K pa3fuyYHBIX COOPYXKeHUH, OCeflaHUI 3eMHOH MoBEPX-
HOCTH TIPY OTKayKax Boxul u HedTu u3 Heap 3emud. dedopmupye-
MOCTb TakKHX MOPOJ NPUHSITO XapaKTEPH30BAaTh HOKAa3aTesMH KOM-
npeccHoHHoro cKatusi (6es GoKosoro pacliupeHus). B pesyanTtarte
HCIBLITAHHST CTPOUTCH 3aBHCHMOCTh H3MEHEHUs! TOPUCTOCTH OT MpH-
NOXKEeHHOTOo fAaBjeHHs e=f(p) (puc. 25), KOoTOpAs HA3LIBAETCS KOM-
MPECCUOHHON KPUBOH H OMUCHIBAETCS CJOXKHOH CTeNeHHOH (YHK-
nue.

[TocTpoenue KOMIPECCHOHHOR KDHBOH BEAETCS M3 CJACAYIOUMX
coobpaxkennil. YNJAOTHeHHe TMOPOAH TMPOHUCXOAHUT TOJBKO 3a CueT
yMeHbIIEHHA TOPOBOTO 00%b-
ema, TMO3TOMYy €C/IH 0B03Ha-
4yTh 0o6beM  MHHEPaJIbHOHU
yacTH uepe3 m, a TOPOBOH ¢
yepes n (puc. 25), To AnA g,
uccaenyeMo MOPOAB A0 U
mocJae cXKaTusi MOXKHO 3anu-
carh

1
|
f
|
!
— ~—

o= —oFo_
0 11+ e, :Ur 7 7 4
mi:_'hL_:_Aﬁi—Fo, Puc. 25. Komnpeccuonnas kpuBas (c BeT-
1+ e Bbio pasTPY3KH) /I8 TAHHUCTOH TOpHOM

NOpPOALI, YNIOTHEHHOH B MPHPOIHBIX YCIo-
rme  Hhy, £, €o— BHICOTA, BHAX aBJICHACM py
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ceueHHe H Ko3(ddHuLUHEHT MOpHCTOCTH obpasua no onblta; Ah;, e, —
yMeHbIlIeHHe BHCOTH 06pasuna u ero ko3(pduinUueHT NOPUCTOCTH
HocJie YIJIOTHEHUS] OT Harpy3KH.

TTock0/IbKY 110 YCAOBHIO Mo=iM;, TO

Ahy
ei:eo——hh— (1+€).
0

Hua ynpoineHus ycrnoBHH HCHO/Ib30BAHHS KOMIDPECCHOHHOM KpH-
BOH Ha Hell BbLIAEAAIOT Maablfl yyactok Ap, B npenenax KOTOpOro
3aBHCUMOCTb e=[(p) npuHumaercs auHefiHoft (cm. puc. 25). Huas
npsmoit, npoxoxsmeil uepes Toukn M, um M, MOXHO Hamucathb
ypaBHEeHHe B CJAeAYIOLIEM BHAe

er—e=(p—pi)tga.

BeanunHa tg o, Xapakrepuayiouias KOJUYECTBEHHO TIPOIECC, HA-
3biBaeTcs Ko3(ppHuHEHTOM cxuMaemocTH (ynuorHenus). Takum
obpasoM, kosbdunuent cxumaemoctu, MIla—! paseH oTHOMWEHHIO
HaMeHeHHs Ko3ddunueHTa MNOPHCTOCTH K BeUUYHHe AeHCTBYIOLLETO
nasnenus Ap, T. e.

ey — €y

P1— P2

a—

D10 BblpaMeHUe HU3BECTHO KaK OCHOBHOH 3aKOH YNJOTHEHUS H
6osiee cTporo 3anucuiBaercs B auddepennuanpHoil popme Kak

de= —adp.

3akoH dopMyaupyercs ciaeAylomuM 06pa3oM: OeCKOHEYHO Ma-
Joe H3MeHeHHe Kod(d@uiuUeHTa NMOPUCTOCTH MOPOA TPSIMO INPONop-
1IAOHATBHO OGECKOHEYHO MaJOMy H3MEHEHHUIO 1 aBJeHHs.

[To ananoruu ¢ 3akoHoM I'yka MOKHO HanucaTh BhHIpaXKeHHE AT
onpenesneHus Moayas nedopmauuu npu komnpeccun Ey, ecau npH-
HATbL AJs1 NPSIMOJHHEHHOrO y4acrKa

Aby _ . __ €o—ei Py
—L ==,
he 14 eo Ex
OTKyZa
E =
a

[Mepexon k momy.io ob6uwux nedopmanuil ocymecrsasercs Kosg-
2p .
bunnentom P= I_I—L (kotopelit aaist raun cocrasaser 0,43 u
nas neckos 0,81) no Boipaxennio Eo=BEy.
3To BHpaxkeHHe TMOJYyYeHO wu3 o6GobimeHHoro 3akoHa Iyka
AJ1s1 0OBEMHOTO CXKaTHsl H3 MNPEAJOKEHHS OTCYTCTBUA GOKOBHX
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nedopmanuit  (KOMIpecCHOHHOe cxXKaTae), T. e ex=ey=0 u

0,=0,= o, (B maHHOM cayuae 0,=p), a CJeAOBATENbHO

Eo= (1—l‘i—) E..
I—p
ITo kxpuBo#l pasrpysku aHaJoOruuHbiM 06pasoM oNpeRessalOT Ko-
spduunent pasynioTHeHus a’ B AuanasoHe pasylJIoTHEHUs Ap, Ha
KOTOPOM IIDOUCXOAHT yBejuyeHue Ko3thOUIMEHTAa HOPUCTOCTH HA
BesuuuHy Ae’, 1. e.

al — Ae’
Ap

OTOT noKa3aTtesdb HCHONB3YeTCs AJIsL pacueta Bejuuud aedop-
Mauuii AHa ¥ CTEHOK BHIpAaOGOTOK, NMPOHAEHHBIX B IVIMHUCTBIX MO-
poaax 3a cuer ux pasynnotHenus. OcHOBHas uactb 3TUX gedop-
mainuii IpOUCXOMUT B pe3ybTaTe HabyxaHus Npu pasrpyske # Jo-
NOJHUTEIBHOM YBJaXKHEHUH.

C pocrom AaBieHWs Ha [opoibl HapsAy ¢ YNJOTHEHHEM HpO-
HCXOASIT M3MeHeHHs ux obbeMa 3a cuer ynpyrux Aedopmauufi Mu-
HepaJbHBIX YacTHL, H Noposoro ¢uouna (Kuiakoctd u rasa). Ilo-
3ToMy MoayJb Aedopmaiuu npeacrasiser co6ol Nokasareb, OT-
paxaoiHi ynpyrde UM OCTaTOuHble AedOpPManuy, 3aBUCAIIHE OT
BEJHYUH AeHCTBYIOIIEro NAaBJEHHs, CKOPOCTH 3arpyKeHHs, NPOa0.-
JKUTEIbHOCTH NMPoIecca YIJIOTHEHHUs.

Jas onpenenenus MoAyJds neopManuu MeCYaHO-TIUHUCTHIX
Nopoa pasHOro COCTaBa M COCTOSHUS B YCJOBHSX UX €CTECTBEHHOTO
3ajleraHdsl B OCHOBAaHUAX HAa3eMHBIX COODYXKEHUH, TUAPOOTBAIAX,
XBOCTOXPAHUJUUIAX H HAa Tpaccax PYAHUYHOro TPaHCNOPTa [POBO-
IAT clenyasbHble [HOJeBBEe ONBLITHl METOAOM [POOHBLIX CTATHUECKHX
Harpy3ok Hugau npeccuomerpuu. [IpoGHble Harpysku MNpoOU3BOAAT
B TOpPHBLIX BBHIPAa0OOTKax ¥ OYyPOBBHIX CKBaXKWHAX ONLITHBIMH HITAM-
naMy KsaApaTHOH unau Kpyriaofi dopMu njoniaabio 600—5000 cm?
¥ N0 uX peayabrataMm Moay b obmux aedopmanuii E, onpeneis-
ercs o ¢opmyae Hlnefixepa — Ioabllinga:

—(1—udd-2r .
Eo=(1—p%d AS

OnpiThl ¢ NMOMOLIBLIO NPECCHOMETPOB MPOBOASITCH B CKBaKHUHAX,
a Mony.b nedopmanuu onpenelsiercs no gopmysae Jsama:

A
Eoz(l—l—u) To Af’ ’

rie p— kKoddobunuent nonepeunnix naepopmauuii  (Ilyaccona);
Ap — nuanason pasJeHuii, Ons Koroporo onpenensercs Eo; d—
AvaMeTp WTaMmia; ro— paauyc cKBaXKuHbl; AS — BelHuMHA ocajKu
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UiTamna, cooTBeTcTBylomas Ap, Ar-—yBenuueHHe paadyca CKBa-
XKUHBL OT naBiaeHus Ap.

Hedopmauuonnbie CBOHCTBA NeCYaHbIX M TVIMHHCTBIX NMOPOA CJe-
JIOBAaTeJbHO 3aBHCAT OT HX COCTaBa, CTPOEHHS M (DH3HUECKOro Co-
CTOSIHHS, @ TaKXKe OT BEeJMUYMHBI H XapaKTepa HalpsSKEHHOTO CO-
crosinns. B coBpemednnix CHull nas ocHopanu#i spamufi u co-
OpYKEHHH 3HauyeHHs MOAYJs AedopManuk AN TAHHACTHX I[OPOA
YEeTBEPTHYHOTO BO3pacTa OLCHHBAKOTCS B 3aBHCHMOCTH OT UX HPO-
UCXOJKICHHUSA, TPAHYJIOMETPHUCCKOTO COCTABa, KOHCHCTEHIHH M I10-
puctocTH. [lnana3oH naMeHeHH#l 3THX 3HaueHUHl cocTaBaser 5,0—
75,0 MiTa.

B ropHoM Jene uaile H3yyaeTcs, OLUEHHBAETCH W IPOTHO3UPY-
eTcs YIIOTHEHHe BOJOHACHIIIEHHBIX TJIHHHCTBIX MOPOA, KOTOPOe OCy-
ILECTBJAAGTCA 3a CUeT OTXKATuA NMOPOBOA XKuAKOCTH. Ecam npewe-
6peub CXKHMAeMOCTbIO MHHePaJbHbIX uacTull U ¢.0HAa, 3aTM0JHSIIO-
"lllero IIOPOBOE MNPOCTPAHCTBO, TO BeJAHYMHA yMeHbLIEHHs 06bLeMa
Nopox NpU CKATHH paBHA BeJxYHHe 006beMa OTKATON MKHIKOCTH.
TakuM 06pasoM, npouecc YNJIOTHEHHS CBsi3aH ¢ ¢uabTpaunuei
noposoro aonaa (yaimie nopoBoil BOABI), T. €. C BOJONpPOHHILAE-
MOCTBIO YNJOTHSACMOH TOPOAbL. B CBfASH € 3THM BO3HHUKAIOT TpH
BAXKHBIX NIOJOXKEHHUS.

Bo-nepBbIX, B BOAOHACHIIEHHbIX MOPOAAX PasHOll CKUMaEMOCTH
(N10THOCTH, NPOYHOCTH H BOJONPOHHUIIAEMOCTH) HpHJIaraemMoe Jas-
JeHue YNJIOTHEHHS BOCIPHHUMAETCH YAaCTUYHO MHHEpAJbHBIM CKele-
TOM (3Ta YacTb HOCHT Ha3BaHue 3p(EKTHBHOrO AaBJIEHHA) H Ua-

o

d y TAE
Pr€
P — BHeELIHEe [1aB.1€HUE; Py — NJOTHOCTb BO/bI, g — YCKOpeHHe CBO-

60HOTO MajeHns; a — Ko3h@uIMeHT nepefauu JaBJeHUs Ha BOAY,
uzmensrowmiics ot 0 go 1,0. JlaBneHue, BO3HHKaOLLEe B BOJAe, Ha-
3BIBAIOT NopoBbiM. Takum o6pasom, moa BJAHAHHEM 3DODEKTHBHOrO
AaBJeHUSt TPOMCXOAUT YHNJOTHEHHE, a TNOA BJAUSHHEM Hanopa —
¢unprpauus. [Ipoumecc ynJIoTHeHHS BO BPEMEHW INpH IOCTOSAHHOM
BHEIIHeM [aB.J€HHH HA3BIBAIOT KOHCOJIHAalHel.

Bo-BTopbIx, M3 H3BecTHOro 3akoHa [lapcu (cM. pasp. 2.4), aas
TMHHCTBIX TOPOJ HMEET MeCTO BbipakeHne vg=R([—Iy), u3 Ko-
TOpOrO CJEAyeT, YTO YIJIOTHEHHE BO3MOXHO IpH OIllpefeIeHHOM
rUApaBJIHUECKOM TpajHeHTe, MpH KOTopoM vg>0. CreposatenHo,
VIIOTHEHHE NPOHCXOAUT He BCerja NpH Ha/AHUHH YIJIOTHSIOLEH Ha-
P_ co-
Psg
3naet ruapasanueckufi rpapuent [=H[[>1,, rpe [— pnvHa nyTu
OTHKHMaeMOH BOABLI U3 MOP; Ipu ABYyCTOPoHHEH duabTpauun [=m/4,
M — MOLHOCTDb CJI0s YIJIOTHSeMOH ruHbl (puc. 26).

B-Tperbux, MOCKOJbKY CKOPOCTb (HJIbTPALHU 3aBHCHT OT BEJH-
YyHH TCHAPABJHYECKOTQ TpainHeHTa H BOAONPOHHILAEMOCTH YIJIOT-
HseMO# [OPOAbI, TO BCTA€T BOIPOC O MPOAOJIKUTENBHOCTH IPO-
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Hecca KoHcoauaauuu. Ecam mpen-
HOJOXKHUTb, 4TO YHJIOTHeHHEe TIPo-
HCXOAHUT TOJAbKO 3a cueT uJb-
TpawdM, T. €. HMeeT Mecto (Guib-
TPAallHOHHAs KOHCOJHAAUHA H UTO
B MOMEHT NPHJIOXKeHHS BHCIIHeH
Harpy3kH OHA LeJHKOM Inepeaaer- )‘( "‘i "‘* Li

csl Ha NOPOBYIO BOAY (MMEHHO Ta- '1////// ’
KOE T[PEeLNOJIOXKEeHHe CHAeaan H3-

Bectuplfi yuenwnil K. Tepuarn B  Puc. 26. Cxema x ofbscHehuio yn-
Hauate 20-x rojos Hamero cro- TOTHCHHA HOPHCTHIX TOPOA
JETHs), TO A8 YCJOBHH KOMIpec-

CHOHHOrO CXKaTHsl MOMKHO 3anucaTh ciaeldywouiee auddepeHinanb-
HOE ypaBHeHHe

dugp de

on ot ’

Tle Ug— CKOpOCTb (PUAbTpauuu, h=h/(1+e) — npuseneHHass MOl
HOCTb YNJIOTHAEMOIO CJ0si NMOPOAbl; € — KO3I(PMHIUEHT NOPUCTOCTH;
{ — BpeMst YIJIOTHEHHS,

3T0 03HauaeT, YTO NpHpanleHHe CKOPOCTH (PHUAbTPalHH DPaBHO
CKOPOCTH yMeHblieHHs1 o6beMa nop.

Ho mur yxke 3Haewm, 4TO

T k
p= —RI[= —k ——-; k=———; Oe=—0dpa,
oh 1+e

oTKyna nociae nuddepeHuuposadus no ! u A caemyer, uto

Oe Opef o0H Oug
ot ot Ve 5 Vo= 08 o
02H

on®

y

Ti€e pPef — 3(PDHeKTHBHOE NaBJACHHE.
Torma MOXKHO 3alHcaTh:

B 0*H oH
—, =0Vs———
on? ot
u1y, o6o3nauus K (1+e)/ays=Cy, nonyunm
2
Cy 02H _ oH
IR® ot

rie Cy —KospduuHenT KOHCOAHAAIHH, cM?/C (B CTpOUTEJIbHOMH
npakTuke cm?/ron).

B pesyabraTe pewmenus 3Toro AHQ@EpeHnHAIbHOrO ypaBHeHHs
[8] HaxoasT BBIpaxeHHe I ONPEACNCHHS NPOJOIKHUTEIbHOCTH
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YIJIOTHEHUs] (KOHCOJMAAUMHK) CJAOs TJIHHHCTOH NOPOJAM MOILIHOCTHIO
h B Bune

_ Tvh?
aCy

rae Ty — darTop BpemeHH, Geapa3mepHas Benuuuya, pasuas 2,80
npu 959 KOHCOMHAAUHH ¥ ABYCTOpOHHEeH (HIbTpauun MNOPOBOil
BoAbl U 0,7 NpH OAHOCTOPOHHEH (PUIbTPALHH.

CoBpemeHHble HCCAENOBaHHS 3aKOHOMEDPHOCTEH KOHCOJHAALHH
TJIHHNMCTBIX MOpPOJA NOKasbiBalor 00Jsee CJOXKHBIA Xapakrep 3TOro
npomecca. boabUlyo POJb B HEM HIPaIOT PEOJOTHYECKHE OCOGEeHHO-
CTM MOPOX H, B YaCTHOCTH, f0/3YYeCTb MHHEDAJbHOTO CKelIera,
B CBSA3H C uY€M BBIACJSIOT NepBUYHYIO (QUABTPALHOHHYIO) H BTO-
pUUHYIO (32 cueT MOJ3YUueCTH) KOHCOJHAALKIO.

2.7. PEOJIOTHYECKHUE CBONCTBA

I’eonoruueckue CBOHCTBA TOPHBIX [1OPOA NPOSABJASIOTCA B BHAE HOJ-
3yuecTH (ZeopMalnisa BO BpeMeHH IpH NOCTOSIHHOM HanpsXeHuy)
penakcauuu (najeHHe HanpsiKeHHH NMPH NOCTOSHHON nedopmalun)
¥ AJaUTeabHOR ApouHOCTH (yMeHbLIeHHe MPOYHOCTH B pe3yJbraTte
non3yyecTH). [’eonorHyeckue npoueccel Haba0OAal0Tcs B CKJIOHAX
M OTKOCaX, B IHOJA3eMHBIX BboipaboTkKax (noTepst YCTORUHMBOCTH
KPOBJH WJH [OUYBB CO BpeMeHeM, yBeJluueHHe NaBJeHHs Ha Kpenb,
Ocelanue 3eMHOH MOBEDPXHOCTH, CABHXKEeHHE), B BeYHOMep3JhX IO-
polax npH NOBBLIUEHHH TeMAepaTyphl, a TaKke NpH ckiankoobpa-
30BAHHM M APYrux AeopmalHsiX TOpPHBIX HOpPOA. DTH NPOUECCH
MMeIOT HEeOJMHAKOBOE 3HAayeHHe B DPA3JNHYHHIX TOpPHBIX MOpPOAAX.
Hau6ospliylo CKIOHHOCTD K 10J3YYeCTH NpPOSIBISIOT TJIHHHCTHE,
a HauMeHbUIYIO — CKaJbHBe (MHTpY3HBHBIE) mopoAn. ONHAKO BO
MHOTOM DPeOJIOTHYEeCKHe MApolecchl B nopoiax (Kak, BIpoueM, H
B APYrHX MarvepHanax) onpelefsilorcs HanpsXKeHHO-AehopMHpo-
BaHHBIM COCTOSIHHEM.

MexanusM nepOPMHPOBAHUS H JJIMTEJBHOTO paspylleHHs rop-
HBIX [10POA BecbMa CJOXeH M He A0 xOoHua usyded. CyllecTByeT
psA THOOTE3 H MOCTPOEHHH, KOTOpble NPHBOASITCA B CHEUHAJIbHOH
aureparype. Mcxoas u3 6oJbwioro yucaa OnbIToB B nabopaTOpHBIX
YCJIOBHAX H HabaoleHul 3a JedopMauusaMU DAsJIHUHBIX COOpyXKe-
Huii, MOXKHO ApU3HaTb HaHbosee yAauHbiM npeicraaenue C. C. Ba-
JgoBa. B ocHOBe npoliecca nos3yuecTH MOPOA OH BHUAMT ABA HNPOTH-
BONONOXKHBIX 30 (eKTa — ynpoudedHHe H pa3ynpouHeHHe, KOTOpHIE
cBs3aHbl C KOHIEHTpPanHeHd HaNpsAXKEHHH B HEKOTOPHIX YUYaCTKax
paccMaTpHUBaeMOro CeYeHHs, YTO NMPHBOJAHT K HX paspyweHuto. Ta-
KHMH yyacTKaMH B Pa3/JHYHBIX MOPOAAX MOTYT OKa3aTbCsi, MO Bcefl
BHAMMOCTH, MOHOJHUTHBIE 30HBI B 0cAabJeHHON TpemuHaMy CKaJb-
HOfl nopojle, WJH 30HB NOBHIUEHHOH MPOYHOCTH 3a cueT HEMEHTa-
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UMM B JIECY4AHO-TAHHHCTHIX &
OTJIOKEHHsIX, a TaK¥XKe 3a
Cuetr JibJa B BEYHOMEp3-
JILIX NOpOAax. G,

B pmaabHefilueM, ofarthb  G——

JKe B 3aBHCHMOCTH OT Xa- Goof =~ —l———{——————————rmmmmn
pakrepa MOopoj H OT Ha-
NpSXKEHHOrO  COCTOSHMS,
MOXKeT HNpOHCXOAUTL GoJiee 2 ¢
NJIOTHAsA yMNaKOBKA, «3a/je- Pyc. 27. CxeMaTHYecKuii Tpaduk yMeHbllle-
HHBAHHE>» ﬂyCTOT H MHK- I NPOYHOCTH BO BDEMEHYU

POTPElIHH, B pe3yJabrare

Yero NPOHCXOAMT YNPOUHEHHe, KOTOPOe B KOHEYHOM HTOre HpHBe-
AeT K saryxauHio Aedopmauuu (3aryxamomas uogasyuectb). Ilpu
KaKoM-TO CTeYeHHH OGCTOSITENbCTB «3ajMeydBaHHe» I HapYIIeHHe
OTHeJNbHbIX YYaCTKOB KOMNEHCHPYIOT APYT APYyra u Mbl HabawoAaeM
yCTaHOBHBLIYyIOCA (a TOugee, KBAa3HyCTAHOBIBIIYIOCS) MOJ3YUECTb.
HanbHeAmni XOA paspywieHds u «3aJeYHBAHHUSI» MOKET NPHBECTH
HJIM K mporpeccupyionef, unu K 3aryxawomeil nonsyuectd. Haxon-
JeHHe BO BPEMCHH HAPYWCHHA H NOCTHXKeHHEe Hauboabiueld nJoT-
HOCTH moBpexXAeHHH (AedexkTOB) NPHBOAWT B KOHEYHOM HTOre
K pa3pyuleHHI0 MOPOMbIL.

3aKOHOMEpPHOCTb H3MCHEHHs NPOYHOCTH BO BpeMeHH OOBIUHO
Bblpakaetcs: rpagukoMm (pHc. 27), Ha KOTOPOM BBIAGNSETCH MTHO-
BeHHas (CTaHAapTHas) Op, AJHTeJbHbIe (BpeMeHHble) HNpPOYHOCTH
01, Og H Npejea AJUTENbHOH NPOYHOCTH O NMPH f—o0o0. Mexay 3Ha-
YCHHSAMH AJHTENbHOH Go M MIHOBEHHOH Gy APOYHOCTH YyCTaHOBJEHH
ONBITAMH Pa3JHUHble COOTHOLUEHHS.

Tlo pesyabTaTaM MHOTONETHHX HCCAEIOBAHHH ATUTENBHON NPOY-
HOCTH Pa3JHYHBIX rOpHHX nopoid Bo BHHUMHM, pekomennosann cie-
AyiollHe ee 3HaueHus B NPOIEHTaX OT NPeAeJbHOro CONpOTHBJEHHS
CABHTY.

&9

ShE-T
LN N

Jlnsg ckanbupix mopon (R > 1000 kr/em®) . . . . .. . 90—98
J1s nosyckaabHBIX NOPOJ (KPOMe CIaHIa | HecHaHo- rJIHHHCTLIX) . . 8-—-95
Jas nosiycKasbHBIX IIOPOJ (C1aB1IeBaTHIX H 1€CYAHO-TIHHHCTHIX) . . . ., 65—80
Jia cBasHBIX (MJIMHHCTBIX) TMOPOA . . . . . . . . . . . . . . . . . 40—80

[TopoGuble peKOMeHAAU U NPUBOAATCA M APYTHMH HCCTefoBaTe-
asamu. O6mas yepra BCeX 3THX JAaHHBIX — 60JbIlasi YCJIOBHOCTD.

[Ipn pemeHuu 3aAay ycTOHUHBOCTH pAa3JHUHBX COOpyXKeHHI
MOXHO MPHHATb TPH MNpHUHIHMIA pacyeta: 1) Ha OCHOBe YCJOBHO
MTHOBEHHOH MPOYHOCTH B c/ayuae KPaTKOCPOYHOH cayxO6m coopy-
KeHu#; 2) pacuer C HCHOJb30BaHHEM npejena IJIHTeJbHOH Mpou-
HOCTH [/151 OYeHb OTBETCTBEHHBIX COODYXKEHHMH AJUTEeNbHOro CpPOKa
cayx6bl; 3) ¢ AomnycKaemoit nedopmauueil nopon onpereseHHOM
CKOPOCTH HJIH ONpEAENEeHHOA BeJHYHHB. B ropHoil mpaktuxe vaiue
NpIMEeHSIOT NepBbld U TPeTHH NPIHIANGIL
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2.8. UH)KEHEPHO-TEOJIOTUYECKASl XAPAKTEPHCTHKA
FTOPHBIX MOPOM YIroJibHbIX
A PYJHbIX MECTOPO)KREHHURA

T'opHbie nopoasl 6yayun cpenoit ropHbIX paboOT, eCTeCTBEHHO, Npel-
CTaBJAIT 00JbLIOH NpaKTHYeCKHHl MHTepec B HX NPHPOAHOM 3ase-
ranud. IlostoMy s OLeHKH CBOHCTB MOPOJ KaK TreoJOrHYECKHX
00Da30BaHUi MOXKHO HCHOJb30BaThb Tabaunbl 7—23, a 31ech MHO-
NHTaeMcss pacCMOTPeTh NOpPOAB KAK CHCTeMYy, B3aHMOAeHCTRBYIOIYIO
C TOpHBIMH pabOTaMH H COODY/KEHHSIMH, NOJYYHBLIYIO Ha3BaHHE
ropHoreooruyeckoro maccusa (I1. H. Ilaniokos, 1956). das yro0-
CTBa OMHCAHHsI OCHOBHBIX OCOOCHHOCTEH MOPOJ, BMeILaloIux M0-
Je3Hble HCKOMAeMble, pacCMOTPHM HX OT/JEJbHO Ha yroJbHBIX H
PYIAHBIX MECTOPOKAEHHUSIX.

Yro/bHBEe MECTOPO XK AEHHS CJOKEHH OCAaAOUYHLIMH HO-
poaaMH, CpeiH KOTOPHIX, KaK MBI Y»Ke 3HAaeM, BCTpPeEYaloTcs BCE
rpynabl: CKaJbHble, M0JYCKaJbHbe, MecuaHble, [VIHHHUCTHE H 0CO-
foro cocrapa, coCTosiHHs u CBOHCTB. TakuM o0pasoM, yroJbHbe
MECTOPOXAEHHS XapaKTepuayloTcss OoJblIHM pasHooOpa3ueM Top-
HbIX NopoAd. BropuuHble H3MEHEHHS, KOTOpble MPOUCXOAAT MOC]e
o0pasoBaHHs MOPOJ, CO3MAKOT TeOJIOrHYECKHE TOJIH CJOKHOIO
CTpPOeHHs H COCTOSIHHA, KOTOpble ONPEAeTfIOT YCJIOBHR OCBOEHHS
MEeCTOPOXKJIEHHH H B 1[eJ0M TEPPUTOP HA.

Cpean BTODUYHBIX H3MeHEHHH OCHOBHOE MeCTO 3aHHUMAIOT TeK-
TOHHYecKHe npeoOpasoBaHus, nostoMmy [I. H. [laHiokop BbigeJH/I
mo (anuajbHO-JHTOJNOTHYECKHM H TeHeTHYECKHM OCOGEHHOCTAM
BMeIAOUIMX [OPOA H TEKTOHHNUECKHM YCJOBHAM ueThipe THIA
yTOJbHBIX MECTOPOXKIeHHH, KOTOpPbIe Mbl NIOMOXKHM B OCHOBY Xapak-
TEPHCTHKH TOPHBIX MNOPOA, caaraiomiux Hx. [lepBwlit TuD — nJjart-
(popMeHHbIE MECTOPOXKIEHHS 3eMJHCTHIX W OyphIX yrJjeil, BTOPOH
THI — MECTOPOXKJEeHHs KaMeHHbIX H Oypbix yried MexKropHbix Ie-
npeccu#f ropHoCKJam4aTHx oOJacTed, TpeTHH THI — MECTOpPOXK/IE-
HHS KaMeHHBIX Yrjefl W aHTPaHWTOB TeOCHHKJ/HHAJeH, 4eTBepThiii
THIl — MeCTOPOKAEHHS MNpoMexXyToyHoro thna. [Ipumepn reonoru-
YeCKOTO CTPOEHHS YTOJbHBIX MECTOPOMKAEHH{I ueThbipex THHOB MpH-
BOAATCA Ha puc. 28, a xapaxTepucTHkKa nopol — B rtaba. 23.

Mayuass ropHple [OpoAbl C 1eJbI0 OUEHKH HX YCTOHYHBOCTH
B OGoprax yrosbhbix kapbepos BHUHUMUH B coeM «MeToauueckoM
nocobuu» [28) npeasaraer BLIAGJHTb NSTb TPYAN TOPHBIX MOPOJ.

I. Ilpounsie -— ckambHbie (R.>80 MIla) caaborpenrkiHoBaThie,
cnabopbiBeTpesble, He HabyxalollHe H He pPa3MOKaloL{He MOPObl
pa3/IHYHBIX TeHeTHUYeCKHX THIIOB. YCTOHYHBOCTL GOPTOB 31eCh ompe-
JeJisieTcs CONPOTHBJIEHHEM CABHIY MO MOBEPXHOCTAM ocaab/eHusa u
3JeMEHTaMH 3aJleraHHsl 3THX [0BepXHOCTeH B MacCHBe HOPOL.

2. [lopoxp cpenHed TNPOUYHOCTH, MOAyCKajbHbe (R.=8—
80 MIla), rpewmHoBarHe, He HaOyxawlLHe, He pa3MOKaIOIIHC,
He nJacTtHuHple. YcToHuHBOCTL B GOpTax onpejfessercs CONpPOTHB-
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Puc. 28. CxemaTHuecKHe re0JOrHYeCKHe Paspe3bi OCHOBHBIX THNOB YIOJbHBIX Me-
cropoxjenuit (o Il. H. [laniokosy):
Ta—IV6 — eM. 1aba. 24

JEeHHeM CABHIY 3THX NOPOJA, a TaK¥Ke NOBEPXHOCTEH ochaab/ieHHus H
3J€MEHTaMH HX 3aJeraHusi, HHTEHCHBHOCTHIO H XApakTepoM Tpeld-
HOBATOCTH.

3. Cnabble rauHucThle mopoab (R.<<8 MIla), Habyxawomue H
pasmoxapulne. YcTofuHBOCTE GOpPTOB oOmpeaeasercs CONpOTHBJE-
HHEM CABHIY 3THX MOPOA 11 HX Ociab/JdeHHBIX KOHTakToB (B TOM
YHCJA€ TPEIMHHOBATOCTRIO) C YHETOM BJAHSHHS BOJAL (HabyxaHue,
pasMoxasue).
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Tabauua 23. KpaTkas XapaKTepHCTHKA rOPHOTEOJNOrHYECKHX MACCHBOB

Tun MaccHBa

TToaTensl MAaCCHBOB NMOPOR

[MpEMepH YroJbHHX
MeCcTOpOXpaeuHf

I. Maargopmennbrii.
YrosibHas 3anexb B TOJ-
e HeclieMeHTHPOBAHHBIX
NecyaHO-TJIMHHCTHIX  TO-
poj; 3aJjieraHve TOPU30H-
TaJdbuoOe, TEKTOHWUYEeCKHe
yCJIOBHA CNIOKOHAHHE, YIIIH
6ypuie

I1. Mexropumx Jaefpec-
cuit. Cro¥kHO TOCTPOeH-
HbIH  ¢aliHaibHbH  KOM-
IVIEKC ¢ MHOTOYHCJIEHHBI-
MH HJIH MOULUBIMH YTOJ/b-
HBIMH TJIaCTaMu; NOPOAH
nojiyckajibyble H CKaNb-
Hble, YIVIH noay6gects-
mue u Gyphie

I11. Teocunk/JAHHAABHBIA.
MouiHas To/lma rJIMHUC-
THIX CJaHIeB U necuanu-
KOB ¢ OOJBIINM YHCJIOM
MaJIOMOIIHBIX, HO BhZep-
KAHHBIX YFOJBHBHIX IJa-
CTOB; BBICOKAsl POYHOCTH
H cTeneHb MeTaMopguama
yraell (kameHHBle W au-
TP AILUTH)

1V. Tlpomexytounoro Ttu-
na. CuoxHoe, HeBmAep-
JKAHHOE CTPOEHHE H MeHb-
1as MOIIHOCTb YFJieHOC-
HOH TOJIIIH; TOPOAH TJIOT-
Hble, ClIeMEeHTHPOBaHHbIE

Ta. ITpoctoro dhauuaibHo-iH-
TOJIOTHYECKOTO CTpPoeHHd 6e3
BTOPHYHBIX HapPyIHeHU! yrofib-
HHIX IJIACTOB

[6. To xe, HO C BTOPHUHBIMH

HapyueHHIMHE  YFoJbHOH 3a-
JeXKH
I. Bosiee caoxHoro danu-

aNBHO-JIATONOTHYECKOTO CTPoe-
HUsL C ApDEBHHMH pa3MBIBaMH
YroJibHOH 3ajiexkH HJAH € Kap-
CTOBBIMI HApYIIEHUAMH

1Ia. Ilpoctoro  ckaazuartoro
CTpoOeHHS, YCIOKHeHHbIe JU3Db-
IOHKTHBaMH (HalBUraMH He-
60/IbIINX AMIIHTYA), HEBBICO-
Kaf HPOYHOCTb H CTOHKOCTb
HOPOA

I16. Bosee caokuoro danu-
aJIbHOTO, JIUTOJOTHYECKOTO H
TeK1OHHYECKOTo CTpOeHHS;
IPOYHOCTE TIOPOJ U MeTaMop-
¢usm yraedt Gosiee BHICOKHE

Illa. Tlepudepuiinbix uacreii
GacceitHOB TeOCHHKJIHHAJNLHO-
TO THNa; CJAOKHOe TeKTOHH4Ye-
CKoe CTpoelne

IT116. Hanbonee  norpyxes-
HHX 4acrefi 6accefiHOB reo-
CHHKJIMaJbHOro Ttuna ¢ 6o-
Jiee  BBICOKOHl  MpPOYHOCThHIO
TOPHBIX TNOPOJA, HeCJOKHOe
TEKTOUHUECKOE CTpOeliHe

[1Is. Caoxnoro  TekTOHHue-
CKOTO CTPOEHHS C MarMarHue-
CKIIMH BH@IXpeHHHMH; Heno-
CTOSIHCTBO YCJIOBHIl 3azeranust
yriiei H  HeBhAEPXKaHHOCTb
MeXaHHuecKHX CBOHCTB NOPOL

IVa. C nosoruM u nourd ro-
pyusonTadbHbIM 3aJieraHneMm
HOPOJ BHICOKOH TNPOYHOCTH W
BHIZEDHK aHHOCTH

IV6. UnvekuuposanHble Mar-
MaTHYECKHMH TeJlaMH; yClio-
BHS 3aJeraHus nopoa H yrued
BECbMa HeNOCTOSHHBIE

Pafiuuxunckoe, Boc-

TOUHO-Y pasibCKoe

JHenpoBckuit 6accefin,
EpMmonaesckoe MecTo-
poxaeHHe
loaMockoBHBIE  6ac-
ceftH

BosuaHckoe, Boro-
c/aoBckoe, DBecesosc-

Koe, AHrpenckoe

Kopxkuucxoe
3anajhas OKpaHHa
Kys6acca (Kpacuo-

6poackoe, H. Cepru-
eBCKoe # Ap.)
10xnas vacts Kys-
6acca, [IaxTHHCKHA H
HecseraeBckufi paito-
un Jloubacca

onocunoscxoe HA
Ypane

Tlpuenuceiickaa MyJ/ib-
aa Tyurycexoro 6ac-
cefina, Kokyiickoe

0. CaxajiHH (3anaguoe
nofepexne)
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4. Ileckun n Apyrue O06nIOMOUHBIE HeCBsA3HBE oBpasoBaHus, yC-
TOHYHBOCTb KOTOPHIX olpejensieTcs YrJioM BHYTPeHHero TpeHHs, H3-
MeHSIOUNMCS B Npefenax ot 28 xo 38°.

5. Mnu n nanByHH, o6Jajalomye HH3KOH NPOYHOCTBIO H yCTOM-
YHBOCTBIO, OCOGEHHO B BOJOHACHILEHHOM COCTOSIHHY.

Pyauwme Mectopox aeHus G6Gosee pa3HooOpa3Hu 10 rIe-
HE3UCy, JHUTOJIOTHH WM TeKTOHHuYeCKHM ycnoBuaM. Ha nnardopmax
OOBYHO BCTPEYAKOTCS MECTOPOXKAEHHs, NepekpLiBalouias To/ua Ko-
TOPHX MpeACTaBjdeHa OCaJA0YHKMH NOpPOJaMH, a BMeEINAOUUMH sB-
JSI0TCA KakK 0CaJOyHBhe, TaK H MOpojJbl KpHCTaJdJIHYecKoro ¢pyHia-
MEHTa HJH €ro KOphl BHIBETPHBAHHA., YCJIOBHS 3ajeraHdus HOpOL
BecbMa pasJHYHBE — OT TOPH3OHTAJbHO 3aJeralliix (Keae3opya-
une MecropoxaeHHs KMA, MapraHuesne MeCTOpOXIeHHS VK-
pandbn, THXBHHCKoe OGOKCHTOBOE MeCTOpOXK/IeHHe H Jpyrue) A0
CJNOXKHOCKAANUaThiX (OCHOBHAs 4YacCTb pYAHBIX MECTOPOXIeHHH).
Ha puc. 29 npusefled paspe3 MuxafiJioOBCKOTO MECTOPOXKAEHHS
KMA, paspabaTbiBaeMOro OTKpHTHIM crnocoGom. IlepexphbiBatomas
TONLA, ONpejensioulast YyCJAOBHS YCTOHYMBOCTH OOPTOB KapbepoB
M OTKOCOB BHEIIHHX OTBAJOB, NpelCTaBJeHa TOPH3OHTAJIbHO 3aje-
FaloIMMH  [eCYaHO-TJAMHHCTLIMH  NOPOAaMH  Me30-KaHHO030HCKOro
BO3pacTa, BOAOHEYCTOHYHBBIMH H HH3KOH NPOUYHOCTH.

Bonbulas rpynna pyaHbix Mmecropoxpeduit, nanpumep CYDBP,
npHypoueHa K KapOGOHaTHMM (CKaJbHWM H MOJYCKaJbHKM) IOpO-
AaM: M3BeCTHAKAaM, IOJOMHTAM, KOTOpble XapaKTepH3YIOTCS HHTEH-
CHBHOH TpEILHHOBATOCTbIO M 3aKAPCTOBAHHOCTHIO, @ CJEOBATENBHO,
3HAYUTENbHOH BOAONPOHHILAEMOCTDIO.

Onnako GoJbllas 4acTb PYAHBIX M HEpYAHBIX MeCTOPOXKAEHHH
CBi3aHAa C KpENKHMH MarMartHYeCKHMH H MeTaMOp(HYeCKHMH [10-
pPOAaMH, CHJIBHOIHCJIOUHPOBAHHBIMH, NO3TOMY 00/1a13I0LHMH {10BbI-
IIeHHOH TPeINHOBATOCTbIO. DTH NOPOJAH YCTOHYMBH B BHpaboTKax,
H OOBIYHO OHH NPOXOASTCH H NOAAePAKHUBAIOTC 0e3 KpelseHHS.
Ho B 3Tux MaccuBax uacTo BCTpedaloTcsi oc/iabiaeHHble TEKTOHHYe-
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Puc. 29. CxemaTudecKuil reosiormueckrii paspes MuxafiloBcKoro Xelle3opya-
HOro MecTopoxieHnss KMA:

1 — cyraHMKH; 2 —neckH H raHun (K); 3 — ramHbi, necuanukH, uspecTHaxkd (l:); 4 — neckn
H necyaHurn (l2); 5 — raunb (D): 6 — Keje3HcTble KBapUHTH; 7 — GoraTas pyja
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CKHE 30HEBl, KOTOphIC C03AaI0T GOJbIIHC OCI0XKHEHHS B pabote 1op-
HAKOB [7].

H. W. Haoraukos [21] noctpoua uersipe THIOBLIE MOJEAH Me-
CTOPOXKIEHUH IO HX TeoJIOTHUECKOMY CTPOEHHIO (Te0sOorHYecKoi
cpefie), KOTopoe olipelesser YCJAOBHS INPOXOAKH TOPHBIX BHIpado-
TOK, HX 0GBOJHEHHEe, XapakTep H MacWITabbl Te0JorHICCKHX IIPO-
IeCCOB, BO3HHKAWOWHX IpH ocBoeHHH (pHc. 30). IlepBas moneib
XapakTepH3yeT MeCTOpPOXK/ACHHsI, BMEIIAIOIHe MOPOAB KOTOPHIX
NpeACTaBAeHbH CKaJbHHIMH PA3HOBAAHOCTAMM MarmMaTHueCKoro H
METaMOP(HUIECKOrO IIPOUCXOXKACHHA, DTO HOPOAB BEICOKOH Ipou-
HoCTH (Ko3ddHuuuedt kpenoctd Io IlporoabsikoHoBy Gosee 10—12),
TpeuMHoBaThie, ¢ TEKTOHHYECKHMMH HAapYUICHHAMH. CBGpXY cKaJb-
Hble TIOPOAbl IHEPEeKPHLITH IECYAaHO-TIHHHCTHMH OTJOXKEHHSIMH YeT-
BepTHYHOTO Bo3pacra (c¢M. puc. 30, a). DTOH MOAENbI0, 10 MHEHHIO
€e aBTOPAa, MOXKHO I10Jb30BAThCSl IPH H3YUCHUH HEKOTOPBIX PYAHHIX
MecTopoxaeHHii  Ypana, Llenwrpanbsoro Kasaxcrana, Cpeauefi
Aszumn,

Bropasi mozeab (cm. puc. 30, 6) oTpaXaeT VCJIOBHA MeCTOPOK-
JeHHH, cjaoXKeHHbIX Gogee cJabbIMH (HOAYCKaAdbHEIMH) NOPOJAMH:
CEPULUMTOBEHIMH H XJODHTOBHIMH CJaHUaMH, 3pdy3uBHbiMH 06pa3o-
BAHUSIMH. YCTOHUHMBOCTbL ITHX IIOPOA B BOPTAX KapbepoB H NOA3EM-
HbIX BHIPAOOTOK HHM3KAad 3a CYeT HaJWuHs caabbix HeGJaarolpHaTHO
OPHEHTHPOBAHHBIX KOHTAKTOB (BblILepXKaHHHX TpELIUH, CJaHIEBa-
TOCTH, TeKTOHHUYECKHX 30H). [IpeicTaBHTeaH 3ToH TpyIIBl — HEKO-
TOpHIE MeCTOpoXKAeHHA Ypaaa u KazaxcraHa.

Tperba rpynna Mecropoxkaenu# (cm. puc. 30, 8) npuypouena
K KapOOHaTHBIM NOPOLAM (M3BECTHSAKH, MPaMODH, AOJOMHTHI, Mep-
rejqu), TpeacTaBHTe]H — GOKCHTOBHe Mectopoxienus CYbPa,
Y, unakonen, k uérBeproMy ThIly (cM. puc. 30, ) aBTOp OTHOCHT
Mecropoxgednss KMA, ropubie OpPoAbl KOTOPHIX OTJAHYAKTCH GOJb-
WHM pa3HoobpasueM, MajdoH NPOYHOCTLIO M HU3KOH YCTOHUMBOCTBLIO
B 6opTax Kapbepos H IOA3E€MHBLIX BHPaBOTKaX.

Heo6x01uM0 OTAGABHO OCTAHOBHTLCS HAa PACCMOTPEHHH MECTO-
poXKIeHUH, MoJe3Hoe HCKOIlaeMoe KOTOPhIX M BMelalomHe ero mno-
pPoAbl NIPeACTaBJAIOT OCOGBLIH HHTEPCC B HHXKEHEPHO-TeOJOTHIECKOM
acrnekre. DTO HEDYAHHIE MECTODOXKACHHS KaMeHHOH, KaJuHHOA H
JApYTHX coJiefi, THIIcA M aHTHADHUTA, HEKOTOPHIX KapGOHATHBLIX TOPOJ.
HHTtepec K 3THM MeCTOPOKAEHUAM CBSI3aH C BOLOHEYCTONUMBOCTBIO
€aMoro MOJe3HOT0 HCKOIIaeMOro, KOTOopasli olpejensier ClenHdUKy
ero paspalboTKH, a TakKe ¢ HPOYHOCTBIO U JeOpMHPYEMOCTELIO TO-
pPOL, BXONSIIIMX B TAaK HAa3blBAeMYI0 BOJO3ALIUTHYI Tojmy. Ira
TOJILA IpeAoXpaHsieT TopHble BHIPAaBOTKH, NpoHieHHbE B Tede LO-
6bIBACMBIX BOAHOPACTBOPHUMBIX INOJIE3HBHIX HCKONAEMBIX, OT MHOCTYII-
JeHHsl B HUX BOJBL

Ha puc. 31 nmpusoautcs pasdpes CrapoGHHCKOTO MeCTOPOK[e-
HHSI, HAa KOTOPOM IMOKAa3aHel YCJOBHS 3aJjieraHusi NPOAYKTHBHOMH
TOJIUM, a TaKxKe [epeKpPBIBAIOINX I[IOPOA. 3Aechb, KPOMe CH0KHO-
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Puc. 30. CxeMbl reoJory-.

&y S
YeCKHX pas3pesOB OCHOB- §§ IS —
HBIX THIIOB PYAHBEIX MECTO- 33 T g UCAHU
- Himon0eUA
pomaennii (no H. M. |S3|7 §>: nopvd
[TnotHHKOBY): &3 s
1 — WHTpPY3HUBHbLIC OPOABI; Q % [ Doo 20-30 JIBOHUKOBSIC OIMAGIHCEH UR
2 — KBApIHUTHI; 3 — caanybl; 7 .
4 — U3BeCTHSKH, 5 — 3aKap- ECYAHD-2AUHULITIVIE

CTOBaHHBe KapBonaTdble I0-
POnibl; 6 — MecyaHo-TAHHHCTHIC
nopoasl; 7 — Mepredib; 8§ —
PHIXJble OTJAOXKEHHA, 9 — no-
KPOBHble oOfpasoBaHus;, [0 —
TEKTOHHYCCKHE HapyileHius

10-80 | omponcerun
X 50 flecki MEaKu e, nicyid
MEesn
flecxu MEAKO- U Cped-

75 | HE3EDHUCITISIE | 2RUMS!
CAGUCTIS I

Hadconebaa saurnucmo-
230-460] MEPZENBHAA Mmonya

AT ConeHocHan monua
e KaMEHHOI i KaAauu—
o \80-250 \ Hou caned, euncol,
u3BecmHAKDE, 5090~

mumob & enuH

D flodceneban mosawya
T gp-130 necKob, enukH, NECYari~
- WU | xob, usbecmuarot u

Gonorrumaol

= flecyaruxu, anelponi-
>400 | msl, eniitsl, Oyananu -
YECKUE IMy@és

Puc. 31. Teonoruyeckas
KosoHka CTapoOHHCKOTO
MECTOPOMLEHH ] KaJui- e Y T
HBIX coJelt PIVIVIVTV TV

CTeH, CBA3aHHBIX ¢ pasHOOOpasHeM CJIOHUCTOH TOJIH OCaAOUHBIX
NOpOJ pa3HOH NPOYHOCTH H BOJAOOGH/IBHOCTH, BO3HHKaer IpobsaeMa
BOJOYCTOHUHBOCTH TOJIIH, BMeEINAiOUIeH Nox3eMHBIE TopHBIE BHI-
paboTkHu.
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KOHTPOJIbHBIE BOMPOCHI

. Kakne MuHepadnl B TopHHX NOpOAAX OKa3BBAIOT CYyUIeCTBeHHOE BJHSHHE
Ha INoBeJeHHe WX IIpH B3auMOJEHCTBHH ¢ TOPHLIMH paGoTaMu?

2. Kakue Buzbl IECKOB BHIAEISIOT [0 I'PAHyJOMETPUYECKOMY COCTaBy?

3. B ueM BHIAHTEe CMbICA H3YYeHHS CTPYKTYPH H TEKCTYPH TOPHHEIX HOPOA?

4. YeM onpenensioTcs yCIOBHS 3aJeTaHHs TFOPHHIX [OPOA H NX BJHSAHHE
Ha ropuble paboTh?

5. Uem onpezensiercst (H3HYecKOe COCTOsIMHE TOPHBLIX TNOPOA H HeOGXOIH-
MOCTb €0 H3yueHHs?

6. KakuMi nokasateqasiMu OLEHHUBAETCH INIOTHOCTb, MOPHCTOCTb M BJA2XKHOCTH
TOPHBIX TIOPOA?

7. KakuMH TRoOKasaTeJsMH ONpeAensieTcsl COCTOSHHE TJHHHCTHIX MOPOA TNoO
IVIOTHOCTH H BJaXKHOCTH?

8. K ueMy npHBOJMT BhiBeTpuBanMe nopoj? Kax MoXuHO OHEHHTb ero BJIus-
HHe?

9. Kakue pakHble csoificTBa nopoj, HeoBXo/JUMHLe AJ5i pelleHus MHOTHX 3a-
Ia4 TOPHOTrO siesia, ollpejessieT TPelHHOBATOCTL?

10. Kakasn cBA3b CyIlecTBYeT MeXjy CJIOHCTOCTHIO H pPacc/OeHHeM HOpPoA?

11. Yto onpeznesnsieT BOJAOYCTOWYHBOCTH TOpHBIX nopoa? Kakumu nokasare-
JAMH OHA OLEHHBAeTCH?

12. Uro Takoe BOJONpOWHIAEMOCTh TOPHHX nopoA? Kax oHa ouenuBaercs?

13. TTousaTHe © HMauwadbHOM THApaBJHYeCKOM rpaiHenTe. KakoBo ero 3made-
HHe TpH PellleHHH 3a/4ay JPeHHPOBAHHA H YIIOTHEHHs HOpoOj?

14. Pelllenne KaKHX 3aja4 TOPHOTO MPOH3BOACTBa tpelyeT H3yweHHA MPOU-
HOCTH H Ae@OpMHpPYEeMOCTH TOPHHX NOPOA?

15. Kakue ocoGeHHOCTH TOPHBIX TOPOJ OKa3bBaIOT BJAMSHHE Ha HX TNPOY-
HOCThL B 00pasme W B YCJHOBHSIX €CTECTBEHHOTO 3ajerawus?

16. Uro takoe aHu3oTponus NOPoja MO HX NPOHIOCTH H AePOPMHPYeMOCTH?
Kak MOXHO ee OHeHHTb W KaKOBa ee DOJb?

17. Onpezenure (GU3UYECKYIO CYIMHOCTL KO3(¢HLHEHTa CTPYKTYpHOro ocJab-
JIeHHS.

18. HazoBuTe XapaKrepHble 3HauewHst yrJia BHYTPEHHero TDPEHHs OCHOBHBIX
THIIOB TOPHHIX NOpOA.

19. KakuMu noxasarensMu oueHHBaeTcs J1eOPMHPYEMOCTb DPa3iHYHHIX TOpP-
Heix nopoa? Kak oHH olpefensiiotcs B JaGopaTopuH?

20. Uro rtaxoe KoHcoJunaunug? B Kakux nopojax oHa IPOHCXOXHT H KakK
IPOrHo3HpYyeTCA?

21. KakdMd noKaszaTeJsiMH OUEHHBACTCS pPeOJOTHYeCKOe [OBeleHHe TOPHHIX
nopoa?

22. Kakue BONPOCH BO3HHKAIOT INIPH HHXKEHEPHO-TeoJNOrudeckofl omeHke Me-
CTOPOXKeHHT TBEPABIX NMOME3HHX HCKOMaeMBbIX?

I'masa 3
NON3EMHLIE BONILI MECTOPO)KREHURA
MNOJIE3HBIX HCKONAEMBIX

3.1. BJIMIHHUE NONA3EMHDLIX BOJl
HA YCJIOBUS PABPABOTKH MECTOPO)XAEHHURA

Bropofi 1o 3HAYHTENbHOCTH KOMNOHEHT NpPHPOJAHOA 06CTaHOBKH,
OnpeaeNsiomuil BO MHOrOM HHKeHepHO-TeOJOTHUCCKHE YCJIOBHI Me-
CTOpOXKHeHHA MNOJIe3HBIX HCKOMaeMblX,— MOJA3eMHHE BOJH, T. e.
BOJBI, COJEpIKaIIHeCs B FOPHBIX TOPOAAX H NOJE3HOM HCKONIaeMOM.
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77 iy,

Puc. 32. CxeMb B3auMOJeficTBHS MeXJYy NOA3eMHHMH H NOBEPXHOCTHHIMH BO-
JlaMH B CBSI3H CO CTPOHTEJNLCTBOM Kapbepa (@) u mioTHHH (6):
12 — ypoBHH NOA3eMHHIX BOX 100 H Nocjde CTpPoHTeabcTBa; HI —HamopHbIll TOPH3OHT

H3syuenneM npoGiem GOpMHpOBaHHS YCJOBHE 3aJeraHus, peXxuMa,
(GbH3HYeCKHX CBOHCTB, XHMHYECKOTO COCTAaBAa, ABHIKEHH(, HOHCKOB H
pasBelKH MOL3EMHBIX BOJ 3aHHMaeTcs cCriellHajbHas OTpacib reo-
JIOTHYeCKOH HayKH — I'HAPOTeosOTH.

T'maporeosoruss MecTopoKAeHHH TBepABIX MOJE3HBIX HCKOMae-
MBIX BRIJEJHJAch B OTAE]bHYIO OTpPachb TeoJOrHUeCKOH HayKH H
nozpasiensieTcss Ha TPH pa3jeja: a) pernoHajbHAs# [HAPOTeO0JOrH
MecTOpPOX€eHH#, KOTopas YycTaHaBJHBAaeT ofimiHe 3aKOHOMEepPHOCTH
dbopMHpOBaHHST MOA3EMHHBIX BOA; 6) THAPOreOXHMHUYECKHe YCJHOBHSA
MecTOpOXKJeHHHA; B) THAPOreoJOTHYEeCKHE OCHOBBL HpPOTHO3a BOJO-
ANDHTOKOB B TOpHHBie BHIPAGOTKH H MepOHpHATHA N[O OCYIUEHHIO Me-
CTOPOXKIEHHH.

PaccmaTpuBas nopseMHbie BOAB MeCTOPOXAEHHHA, HEOOGXOLAHMO
OTMEeTHTb, YTO HX HEeBO3MOXHO OTAEJHTb OT MOBEPXHOCTHHIX BOJ
(a Takxke atMocdepHbx). Ileso B TOM, uTO B COBpEMEHHBIX YCJO-
BHSAX yesoBeyeckad JAefTeJbHOCTb 10 CBOHM MacluTa6aM HPHBOIHT
K OBICTPOMY MNpPOfBJEHHIO B3aHMOCBS3H MEXAY PasJHUHBIMH TIpH-
POLHBIMH BojxaMHu. Tak, HanpuMep, NPOXOAKA TOPHOH BHpaGOTKHU CO-
NpoBOXKAAeTCsA ApPEHHDOBAHHEM TOA3eMHBIX BOAL H (POPMHpPOBAHHEM
JLeTipecCHOHHOA BOPOHKH, 4TO TIPHBOJHT K BOBJIEYEHHIO B 3TOT MpO-
1lecC NMOBepPXHOCTHHIX BoJ (pHc. 32, a). Bosbuine nioTuHbl, co3paio-
HiHe HCKYCCTBEeHHBle BOAOXPAHHJAHINA, H3MEHTIOT B3aHMOCBA3b MOA-
3eMHBIX H peyHHX BOA (pHc. 32, 6). Takum o6pasoM, HapylleHHe
pexHMa NOA3eMHHX BOJ TOPHBIMH paGoTaMn HeMHHYeMO OTpasuTcs
Ha peXHMe TOBepXHOCTHHX BoJ. IloaseMHBIe BOAH oONpenesioOT
cTenedb OOBOJHEHHOCTH MeCTOPOXJeHHH, CBOHCTBA TOpPHHIX MOPOJ,
HANpXKeHHOe COCTOfHHE, a OTCI04A YCJOBHS HPOXOJKH TOpPHHIX BHI-
paboToK H HX YCTOHUHBOCTb, BOAOHPHTOKH H XapakTep OCYLIEHHS.
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Tabsnua 24. Bausuue nON3EMHBIX BOJ Ha YCJAOBHs pa3paboTKH MECTOpOXHEHH#

OcHoBHBIE HPOSiB-
JIeHHS BAHAHHA
MOA3eMHBIX BOJ

Bua H XapaxkTep BAHAHHSA
nog3eMHBIX BOJ,

KpHTEPHH OLEHKH BAHAHHA
MOJY3eMHbLIX BOJK

I. CHuxenune mnpo-
H3BOAHTENbHOCTH

rOPHOTPAHCIOPTHO-
ro 060pynoBaHHA

1I. ¥YBenuuenue
noTepb H CTeNeHH
pasy6oxuBanusa

1. CHHKeHHe MPOH3BOAHTENb-
HOCTM TIpOXO]4eckoro obopy-
JIOBaHHSl H3-3a TPHTOKA BO-
Abl B 3a60AX H AedopMauui
MOPOA H MOJE3HOro UCKOmae-
Moro, a TaK:xe 3a cyer CMep-
3aHHA W HaJjeneH

2. CHHKeHHEe POUIBOAHTENb-
HOCTH GypoBeix pabor (uiu
BBP) B ofBOjHeHHBIX MOpO-
Aax

3. YAJuHEeHHE CPOKa CTPOH-
TeJbCTBA KAMHTAALHBIX BbI-
paboTOK B BOAOCOjEPK ALK X
nMopoiax B CBSI3H C TpHMeHe-
HHEM CIEeNHAJbHHX CrnocoboB
MPOXOAKH H KpeIJeHHs

4, JJonoMHHTEJbHBE OOBEMbI
nmepe3KcKaBalluH FODHOH Mac-
Chl, NONajalmed B ropHbE
BHpPaOOTKH 1nOj BJAHAHHEM
MOA3EMHBIX BOJ

5. CHHKEHHe MPOH3BOAHTE b-
HOCTH TPAHCIIOPTHHX CPEACTB
3a cuer aedopMamuii nyTeH
H TPUJIHNAHHA TOPOA H TNO-
JI€3HOr0 HCKOmaeMoro K To-
BEpXHOCTAM BAaroHOB, CaMo-
CBaJOB H KOHBeHepOB

6. CHHXeHHe TPOU3BOJHTENAD-
HOCTH 3a cueT JHKBHAANHH
aBapHAHHIX cHTyauuii, CBsa-
3aHHHIX C TNPOPHIBAMH NOJ-
3eMHHIX BOJ, B BHIpaGoTaHHOe
MIPOCTPAHCTBO, €ro 3aTonJe-
HHE U 3aujcHHe

7. CunxeHne NPOH3BOANTEb-
HOCTH BOAOOTJAHBHOrO XO3§H-
CTBa (HaCOCOB, BOAONPOBOJOB
H T. A.) B CBA3H ¢ KOPpoO-
3HeH arpecCuBHBLIMH OA3eM-
HBIMH BOAaMH

1. TTorepn nose3HOro HCKO-
2eMOr0 B OTKPHTHIX Bhipa-
60TKax B CBfI3H C 3aBaJKOH
BCKPHTHIX 3amacoB ONOJ3He-
BHIMH HaKOIIJIEeHHSIMH TpH Ae-
$opMUpOBaHHH TOpOx BHY-
TpeHHHX OTBaJOB HJH pabo-
4HX OGOPTOB 10A BJIHAHHEM
BOJbI

YaeabHbIH BOAONPUTOK (KOJH-
4ecTBO BOAHl Ha | M pa6ouero
3a60s1), BOJAOYCTOHYHBOCTbL IIO-
POl H TeMneparypa Bo3AyXa

Crenedb OOBOAHEHHOCTH H BO-
AONPOHHUUAEMOCT TOPHBIX 110~
poa

BoaonpoHHIaeMOCTs H  BOJAO-
YCTOHYHBOCTb TOPHBLIX TODPOA;
Hanop NOA3eMHBIX BOA

Crenenb O6BOAHEHHOCTH, BOAO-
IPOHHILAEMOCTH H BOAOYCTOH-
uHBocTH nopoa. ['paauedT BOa-
HOIO 1OTOKa

BoaxHoCTh H JAHNKOCTL [OD-
HBIX IOPOA

Hanop noaseMHBIX BOJ, MOIL-
HOCThL W IPOYHOCTb H30JAHPYIO-
wEx NOPoA, BORXOYCTOHYH-
BOCTbL BOJOBMeIAIOMHX NOPOA

X apakTep H CTelleHb arpecCHB-
HOCTH NOA3eMHBIX BOJ

Boaoo6uALHOCT, BOAOTDOHH-
11a€MOCTh H BOAOYCTOHYMBOCTD
ropHbBIx MOpOA; THApaBAHYE-
CKHii TrpagueHT BOAOHOCHOIO
rOpPH30HTA
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fTponoaxenue Taba 24

OcHoBHHE NPOSIB-
JieHHs BAHSHHS
NOA3eMHBIX BOJ

BHa u xapakTep BAHAHUSA
NOoA3EMHBIX BOJ,

KpHTEDHH OneMKH BAHSHHSA
MOA3EMHLIX BOJ,

I1. YBenuuenue
noTepL M CTelleHH
pasy6oxuBanus

II. ¥xyamenue
yCTOHYHBOCTH TrOp-
HbIX BeIpaGoToK

IV. Cuuxenue cre-
neHy 6e30MacHOCTH
ropHblx paboT

2. [Totepn moJse3HOrc HCKO-
naeMoro B uelHKaxX NOA BOA-
HbIMH OOBCKTAMI I B Kaue-
CTBE I'HAPOU3OIUPYIOIHX TIe-
peMuluex, BOJIO3ALHTHBIX
TOJIL H 3KPaHOB

3. PasyfoxuBaHue  moses-
HOT'O HCKONaeMOro B CBA3N
C 3aHJjenHem Bb}péiéOTKH B
pe3yasraTe BOJHEIX TNPOPH-
BOB M (PHJIbLTPAUUOHHBIX Je-
dopmauuit necyaHo-rJAuHH-
CTBLIX TNOPOJ MJH 3aNoJHil-
TeN TPelllHH TBePBX TMOPOJ
1. M3Menetine COCTOSIHUS BO-
AOyCTOHuUBLIX ToOpoA (pas-
yIJIOTHEHHE,  PAcTBOpCHHE,
pasynpoulieHue)

2. HaMmenense ganpsmkenHOro
COCTOAHHSI BOKPyT BbipaGoTOK
3a CueT I'uJpOCTATHYECKOTO
I'HAPOAHHAMHYECKOTO JaBile-
HHil, OpuBojslIee K ONOJ3-
HSIM, OCelaHHIG 3eMHOH no-
BEDXHOCTH, IYYEHHI0 U Jpy-
UM aehopMauusm

3. ®opMupoBaHHe HOPOBOTO
AaBJenusl  BOJOHACHILEHHBIX
MecyaHo-TJAHHUCTHX  TOPOJ
IIPH PoCTe HATPY3KH

4. duibrpaunonsble jaedop-

MauMu, BOjHble TNPOPLIBHI,
ONJIbiBaHue
1. Buezanubie BOgOIpPUTOKM

N0 HeoOHAPYKEHHBIM HJH
HCKYCCTBEHHBIM  TpellkHaw,
KapCTOBHM NyCTOTaM, TEKTO-
HHYECKHM 30HAaM, NPHBOAA-
IHe K 3aTONJEHHIO Buipabo-
TOK

2. Boamuble NpoOpuIBH € BBIHO-
COM PBIXJIOIO MaTepuaja

3. O6pyuleHue  nenocpenct-
BeHHOI KPOBJH TOj BJHS-
HYeM BOJHOTO HANopa WJH
pasynpouHenus Mopos

4. Paspyllenue BpeMeHHOIO
HJIM MOCTOSIHHOIO KpeHJeHust
BhIpa0OTOK  110j  BJHSIHHEM
BOAHOIO Hanopa HJH Hapy-
mleHus1 GeTOHHBIX KOHCTPYK-
UMl arpecCuBHBHIMH BOjaMHu

MougiocTs ® BogONpOHUNAe-
MOCTh OPOj, HANOp NOA3eM-
HBIX BOJ, PacCTOSHUE BOAHOIO
06BeKTa OT BbIpaBOTKH, CHCTe-
Ma pa3paboTKu u Ap.

Crenenb BOROOGHJILHOCTH, BO-
AONPONHIAeMOCTb 1l BOAOYCTOM-
YUBOCTb HOPOJ,

BoaoycrofiunBocTh NOpox

MoutiiocTb
PH30HTOB,
MNOTOKA

BOAOHOCHBIX TO-
TpagHeHT BOJHOrO

ITpupoct naBjeHusi, cTeneub
BOJIOH ACBILLEHUST, TJIOTHOCTL H
NpoYnoCTh N0POJ

BonoycroitunBocTh B BOJOTPO-
HHUAeMOCTb MNOPOJ, BeJHUHHA
BOJHOTO HAnopa
Bonoo6nibHoCTL B BOJONDPOHH-
HaeMoCTh NOPOJ H XapaKTep HX
NPOCTpaHCTBEHHOH HEOAHOPOA-
HOCTH

BosoycToHunBoCTh  1OPOx  H
HANOP MOA3EMHBIX BOJ
Hanop Boabl Ha KPOBJIO, BOO-
yCTOHYHBOCTL NOPOA KPOBJIH

Boguwii nanop, xapakTtep H
CTENEHDb anECCP[BHOCTH nox-
3eMHBIX BOJj
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B cBA3H ¢ 3THM HeJb3sl OUEHHBATH HHKEHEpPHO-ICOJOTHYECKHE YC-
JIOBHSI MeCTODOXJAEHHH, He 3Hasg WX THAPOreoJOTrHYecKHX OCOGEeH-
HocreH.

Biusinue noj3eMHbIX BOJ Ha YCJOBHA pa3paGOTKH MeCTOpPOX-
JeHHH TBepABIX TOJe3HHX HCKOMAaeMHX peajiH3yeTrcs Mo 4YeThipeM
rJIaBHBIM HamnpaBJIeHHSM: a) CHHXKeHHe HPOH3BOAHTENbHOCTH FOpHO-
TPAHCHOPTHOIO 060pynoBaHHdA; 6) yBejHYeHHE [OTepb H CTENEHH
pasy6oXHBaHHsa I[0JE3HOTO HCKONAeMOro; B) yXyAlIeHHe yCTOHYH-
BOCTH TOpPHHIX BHIPaGOTOK; TI') CHHXKeHHE creneHH GE30TMaCHOCTH
BEAEHHA FOpPHEIX paloT.

CHHXeHne TPOH3BOJMTENBHOCTH TI'OPHO-TPAHCHOPTHOIO O6OpYy-
IOBaHHA HaO6MONAETCA Ha BCeX OGBOAHEHHBIX MIAXTaX, PyAHMKax
H Kapbepax. Macuwita6ul €ro 3aBHCAT OT COCTaBa H COCTOAHHs TOP-
HBEIX TIOPOJ, OT ce30Ha paGoTH H OT MOWHOCTH caMoro oGopyaoBa-
Hus. Hl3BecTHH cJydyau 3ameHBl GoJjiee NpPOH3BOAHTENbHOH CHCTEMB
C NOJHLIM OGPYUICHHEM Ha MeHee [IPOH3BOJHTEJbHYIO CHCTEMY
¢ 3akJaAxoil BHpaboTaHHOro mpocrpaHcTBa. KM3aBectHo Takxke, uTO
Ha Kapbepax ¢ (HIBTPYIOLIKMH 3a60MH 3HMOH TNPOH3BOAUTEJb-
HOCTb 3KCKaBaTopoB nanaer ua 20—30 %, a Hasjumanue rJIdH 0O
paGouyuM opraHaM 3KCKaBaTOPOB H Ha TPAHCHOPTHHIX CpeiCcTBax
yMeHblaeT [POH3BOAUTENBLHOCTL mnpeAnpusaruit Ha 15—20 % [1).
Ilpu sTOM, ueMm Bhille HPOH3BOAMTENbHOCTb TOPHO-TPAHCIOPTHOrO
obopydoBaHusl (YeM OHO COBpeMeHHee€), TeM cYllecTBeHHee ee
yMeHblIEHHEe 3a CUET BJAHAHHA BOJLHI.

Oco6eHHO Ba)KHO BJIHAHHE NOJ3eMHBIX BOJA Ha YCTOHYHBOCTDb
AOPOA BOKPYT TOpHHIX BHpa6otok. C OAHOA CTOPOHH, NOJ BO3meH-
CTBHEM BOJH pasrpy:aeMmble ropHple TNOpPOAH CYLIECTBEHHO Me-
HSIIOT CBOIO €CTECTBEHHYIO IIPOYHOCTb H JlehOpMHpyeMOCTb 3a cueT
pasMOKaHus, pacTBOPEHHs, pa3ynJOTHEHHS, BbIUIENAUHBAHHSA, UTO
APUBOIUT K ONOJ3HAM, HYUEHHIO, BHIBAJaM W IPYTHM BHIAM Hapy-
IIeHHsl YCTOHYHBOCTH TOPHHX BHpa6GoToK. C Apyroil cropoHbl, BOLA
meficTByer kKak cuaa. [lourm Bce nopoibl, HaxoAsiIHeC| TOA BO-
AOH, HCOHTHBAIOT THAPOCTATHYECKOe [aBJeHHE BEJHUHHOH pg=
=1yefls, TAe h, — BHICOTA CT0J6a BOAH h4aJ paccMarpuBaeMoli Hjoc-
KOCTbI0. DPuAbTPAIHOHHBIH (JBHXYMHACA) BOAHBIE TOTOK OKa3shl-
BaeT elle W THIApOJHMHAMHUecKOe JaBjieHHe Ha nopoib W Ha Kpelib,
KOTOpOe 3aBHCHT OT THJIPABJHYECKOr0o TIpajMeHTa 3TOro moToKa.
H nakoHein, MOTOK NOJ3eMHHIX BOJA BHI3HBAeT pAJ MEXaHHWYECKHX H
¢dbuabTpanHoHHEX Aedhopmanuéi (npopwlB ramH, cybdosnio B mec-
Kax, BBIHOC pHIXJIOrO MaTepuaJa, IJLIBYHH, ONJbBaHue, (HIbTpa-
ILHOHHBIA BRHIOP H AP.).

Hdnst KpaTKOCTH W HarasAHOCTH B Tabn. 24 npuBOAATCS OCHOB-
Hble BHJAH OTPHILATeJbHBIX BJHAHWUA MOA3EMHHIX BOX Ha TrOpHoe
NPOH3BOACTBO.

ToBopss 0 B3aUMOZEHCTBHH NOA3EMHHIX BOJ C TFOpHEIMH pabo-
TaMH HeNb3st YNYCKAThb H3 BHAY BONPOC OTPHHATENbHOIO BJHSAHHS
rOpPHOTO NMPOM3BOACTBA Ha NMPHPOAHHE BOAH. B ropHogo6HBaOmKX
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pafioHax OpOBOAATCA THAPOreOJIOrHuecKHe HAaGJIOAeHHs!, KOTOphie
TOKA3HIBAIOT, YTO HA HX TEPPHTOPHH HPOHCXOAAT HeraTHBHBE NPO-
IeCCH: CHHXXEeHHE YpOBHed NOA3EMHBIX BOXA, CPabOTKa KX 3aracos,
HCCYLIeHHe MOpOJ, 3a60jlauMBaHUe, 3arpsi3HeHHe KakK MNOA3eMHBIX,
TaK H TIOBEPXHOCTHBIX BOM, aKTHBH3ALMs KapCTa, OXHUBJEHHE ONOJ3-
Hel H T. A.

Bce H3J0XeHHOe YKa3blBaeT Ha HEOOGXOAHMOCTb BHHMATEJbHOTO
H3YYEHHST YCJOBHH B3aHMOJEHCTBHA TOPHOrO TMPOH3BOACTBA C MpH-
POLHBIMH BOAAMH.

3.2. BU1bl BOIbl B TOPHbBIX NOPOJAX

[Ipn paccMorpeHHEH BOJHEIX CBOHCTB TOpPHBIX HOpPOR Yy¥Ke OTMeya-
JOCb, YTO HX HYCTOTHI (NOpHI, TPeUIHHBl, KABEPHH H T. A.) YaCTHYHO
HJIH HOJHOCTBIO 3anoJiHeHH BOAOH. B 3aBHCHEMOCTH OT xapakrepa
MYCTOT U BOALI B HHX MOXHO TOBOPHTb O BJAXHOCTH, BJaroeMko-
CTH H BOJOHOCHOCTH TOpPHBIX HOPOJ, T. €. MOXHO OlEHHBATb HX CO-
CTOSIHHE, CBOHCTBA, YCTORUHBOCTD H OGBOJIHEHHOCTb.

Boza wauGoJsee paclipocTpaHeHHoe H HauboJiee peHHOe [oJie3-
HOe HCKolaeMoe, HMewllee paj chenuguyeckux ocobeHHoCTel.
MakcuMaabHy0 TJIOTHOCTb BOAA JOCTHraeT npu teMmneparype 4 °C.
[Ipu 3amepsanut oHa pacwupsiercss noytd Ha 11 Y. BsskocTb BORH
TMOHUXKAeTCss NpH YBeJHUEHHH [aBJeHHs; pacTBOpAIoas Crocos-
HOCTb TIpECHOH BOIH BBICOKAfl, 3JIEKTPHYECKHE CHJB [PHTSIKEHHA
HOHOB K MOBEpXHOCTH KPHCTaM10B B Boje B 81 pas Gosblue, ueM
B BO3AyXe, T. €. JH3JEKTpHYecKasl nocrosiHHasA pasHa 81. Boabuiyio
aKTHBHOCTh TPOSIBJASET BOAAa MNpPH B3aHMOAGHACTBMH ¢ TJHHHCTHIMH
MHHEepajaMH, YTO ONpefaesseT HPUPOAY CBOHCTE TJAHHHCTBIX HOPOL.
Cnenncdunueckine 0coGeHHOCTH BOAB OGBACHAITCA €e CTPYKTYpPOH.
Kak mnokasmiBaioT coBpeMeHHHe HuccaepoBanus M. DBepnaaa,
A. A Auausua, B. M. BroseHKo U ApPYrHX, B CTPOGHHH MOJIEKYJ]
BOJAH Ofpelessioliee 3HAueHHe HMEIOT BOAODOJAHBIE CBSI3H.

Mogekysna BOAB COCTOHT H3 HOHA KHCJOPOAA C ABYMS SAPaMH
BOLOPOLA, BHEADEHHBIX B €ro 3JekTpoHHOe o6Jako. CTpYKTypa
BOJBl KBa3HKpHCTaJJHuecKasi, B KoTopo#h Aaxe npu 25 °C coxpa-
HsieTCsl CTPYKTYpa JbJa.

Bopa BO MHOrOM 3aBHCHT OT COCTaBa H KOJHYeCTBa pacTBOPEH-
HbIX B HEH MHHUEpaJbHBIX BElleCTB (HJH HAaXONAIIMXCH B BUAe He-
pPAacTBOPUMBIX KOJIJIOHIHBIX YACTHIL).

B ropHbIXx nopojax CylecTBYIOT BIIOJIHE 3aKOHOMepHBIE OCOGeH-
HOCTH pacnpefieJleHus BOAB, KOTOpBHE TPHBOLAT K H3MEHEHHIO ee
KAueCTBEHHOr0 COCTOSTHHS B 3aBHCHMOCTH OT Koaddecrsa. HauGo-
Jee H3BeCTHA KJaccHPHKAUHS BHAOB BOAB (IO COCTOSTHHIO)
A. ©. JleGemena (1919 r.), koTOpas moayunJaa AajbHeiiliee passH-
THe B paGorax b. B. lepsa6una, II. A. Pe6ungepa, B. A. ITpukaon-
ckoro, B. JI. Jlomraase. OGbIYHO BHIEASIOT ABE PE3KO OTJIHYA0-
decss KaTeropHd BOAB B TOPHBEIX MOPOAAx: CBSI3aHHYIO K CBOGOA-
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© Tabnuua 25. Bujil BOABI B TOPHLIX NOPOARX (no B. 1. JlomTanae)

Iégg_g:::ge B Cocrodsue N0POAH PacnpocTpaHense BUAOB | [TOABHIKHOCTL | Cuasl, onpegelsiomue
BOIEI HA BORH [0 CTENeHH BAAXKHOCTH BOABI BOJLBI NORBUKHOCTD BOAKI
Cpobopnan I'paBuTaunonnas CunpHo BRaxHasi WA | BOJOHOCHEE TOPH3OH- Jlerkonop- | 'paBurannoHutIe
Bjaxupass (NOJNHOE HMJM | TH, 30HBI, KOMILIEKCHl | BHXXHAS
YacTHYHO®  3amoJIHEHHe
1Iop BOZOM)
alHJIsIpHad
K P 3oHa KanuagaspHoro Ha- | [logBm:KHas | ['paBHTallMOHHBIE  H
ChilijeH H
VMMOGHIH30BAHH 251 UleHHS H YBJIaXKHeHHsI KanuJIs pHple
B cnaGosomonpouunae- | Cnabonos- | I'paButaunoHubie
MbiX M BOJOHeNpOHMIae- | BHXKHasl
MBIX TOPOAAX
dusnyeckn TosepxnocrHEIX ciigeB] Cna6o BnaxkHast (4actHy- | 3ona aspauun. B ppy- | Manonog- Cop6uroHHbie NMOBEpPX-
CBsI3aHHas HO WJIK TOJIHOCTBIO BOJO- | 'MX 3011aX B TOHKOAMC- | BUXHas HOCTHblE Ha TpaHuIe
A p HACBIIEHHAS ) NepCHbIX MOpPofax H MH- |———————| pasjesia TBepAcH H
ACOpPOUHpOBaHHAs KpoTpelmHax Joosx mo- | TpyxHomoa-| xuaxoi a3
pox BHXKHAst
I1apoo6Gpa3- Cso6ozHo coolimai- | Bosgymmo-cyxast 3ona aspauuu IToasmxknasi | Pa3HOCTL yIpPYyroctH
Haf lascss € Ha3eMHOH napa
aTMocdepoit
3amemnennas B- no- | CHibHO BiaxHas (sHa- | B Jo6ex ropumx nopo- | Herogsux- —
pax uyTeNbHOE BOJOHACHILE- | JaX B 3aliieM/ICHHOM Blje | Has
Hie)
B tBepiom | B pucnmepcHoM coctosi-| Mepanas (dactnumoe | B zome  gesirenbmoro | IpakTaue- —
COCTOSIHHH HHH WJIH 1OJIHOe 3aloJIHEHHe | ¢JIOi | MHOTOJIETHHX | CKH Hemog-
B Buse xpynHbix Kpu- | mop) Mep3JIbiX TOPOJ BHXKHas

CTa/lJIOB, CKOIJIEHHH
NpOCJOHKOB, CJIoEB,
XKHJI, JIHH3

Mpumeuanue TOPHEC NOPOXH CONEPKAT TAKKE XHMHUYECKH CBS3aHHYIO KPHCTANIM3ALMOHHYIO, KOHCTHTYLHOHHYIO, UEOJHTHYIO R
GHOJOTHYECKH CBS3aHHYIO (BOAY (B MHKDOODraHHSMaX, DAaCTEHHAX, MKHBOTHEIX). OTH BOAb HM3YYalOT MHHEPAJOrusi, GHOJIOTHS, GHOXHUMHS H AD-

HAYKH.




Hylo. KpoMe Toro, mo arperaTHoMy COCTOSIHHIO, B KOTOpPOM BO/A
MOXKCET HaXOAMThCSl B NYCTOTAxX IIOPOA, pasJuualor mapoobpasnyio,
KHIAKYI0O H TBepayio BOAy. IlpeicTaBierne o BHZax BOAB H HEKO-
TOpPHIX HX CBOHCTBAX MOXKHO NMOJYYHTh U3 TabJ. 25,

3.3. XAPAKTEPHCTHKA TIOA3EMHBIX BOJL
110 YCJAOBHAM HX SAJETAHAA

[To ychosusam 3ajeradsi B 3eMHOH kope IOJA3eMHBIe BOAB MOTYT
GHITh BpeMCHHBIMH (BePXOBOAKA), IPYHTOBBIMH H MEXXIJACTOBBIMH
(puc. 33). B 3aBucHMocTH OT XapakTepa 3aHHMaeMBIX HYyCTOT
B TOpHBIX NOpOJAax pa3juyaloT NOpOBbHIe, TPEIIHHHBIE H KApCTOBBIE
BOZHL.

3.3.1. BepxoBoaka

IIpu uHQHIABTPAaIUM uepe3 30HY a’3paldH BOJAHR BCTPEUAlOT Ha
CBOEM INYTH JIOKaJbHHE BOLOHENPOHHIAeMble Wau CnaboBOAONPO-
HullaeMble TJHHUCTHIE NPOCJAOHKH H JHH3B, HA KOTOpPHIX OHH Bpe-
MEHHO 3afepXKHBaioTcs, o6pa3ys cBoeobGpasHble maJoMOIIHEE BO-
LOHOCHHIE TOPH3OHTH MeCTHOro 3HaueHHsl. O6GHYHO 3TO HPOHUCXOIMT
B nepHOA OOHJBLHBIX JOXKJACH M CHEroTasHHs, a B 3acyllJHBhHle He-
PHOAB BOA& YacTHUHO Hcmapsiercs, yacTHYHO CTekaeT B HHXKele-
JKanide NOpolbl, H BOJOHOCHBIH TOPH3OHT HCYe3aer,

i L 555 O = E g === T 7777 St g S v

Puc, 33. TlofseMHube BOAB TO yC/OBHSIM HX 3aJelaHus:

I — nouyBeHHO-paCTHTeNLHBIA caoli; 2 — meckH; 3 — BOAOYMOPHEIE IMiHHK; 4 — TPelEHOBATHE
H3BECTHAKH; & — MeCTHBIT BOROYNOp; 6 —.ypoBeHb IPYHTOBHIX BOg; 7 — Nbhe3oMeTpPHgecKHA
yDOBeHb HAMOPHHLX Box; [ — BepxoBoaka; [/ -— IDyuTOBBHI1 BOXOHOCHHIY (e3HaNOPHBI rOpH-
30HT; [I] — MeXnJhacroBble Hanopuble BOALI ¢ HamopoM H
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Obnaems numanus

=
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FE13

J6nacme
Daszpy3Ku

Puc. 34. TpyHroBHIft BOZOHOCHHI# ToO-
PH3OHT:

1 — MoOYBEeHHO-PACTHTEJABHMBIT cJaoil; 2 — BOAO-
BMelllalouiie NOPoAbl; 3 — mepBbIE OT MO-
BEPXHOCTH BEILePKaHHbIA BOZOYNOPHBIY
cJofi; 4 — ypoBeHb TPYHTOBBIX BOA; 5 — aT-
MocdepHble OCaAKH.

I =

A7 — Haki0d (rHApaBAHIECKHH rpa-

JAHeHT) TPYHTOBOro IIOTOKa MeXAY _elo
cevenusmn I—I wu II—]I; hy — ray6una

BCKPBLITHSI MOA3eMHBIX Bofi; H — MOLUIHOCTDH
BOLOHOCHOTO TODH30HTA

Puc. 35. Cxema K HOCTPOEHHIO THAPO-
H3OTHINC M HaxOX/JeHHe MECTONoJO-
KeHUST HEeHTpanbHofi W HabGmomaTeNb-
HHX CKBaXHH H2 MECTHOCTH IJS On-
peneNeHHst CKOPOCTH NOTOKA:

I — rugpousorinca M ee oOTMerKa; 2—3 —
CKBaXXMHB I€HTpDaibHasi U HaGAOALaTeAbHAs

’/405 /
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Puc. 36. Kapra rupponsoryic:
| — pasBefouHasm CKBaXHHa (B uHcaHTede — nomep  CHBHOCTH OKpackd (i) BOAH

CKBaKHHBI,
YDOBHSI BOZHI);

B 3HaMeHaTelde — aGCoJIIOTHAN

TOKa; 3 — HCTOYHHK (POAHHK)

2 — THAPOH3OTHNCH TPYHTOBOTO MO~

T ——m————

] Zc

Puc. 37. VsmeHeHHe wuHTEH-

OTMeTKa B HaboAareNbHHX CKBAXKH-
Hax



K tuny BpeMeHHHIX BOJ MOXKHO OTHECTH NOA3€MHBle BOAH, (Op-
MHUpyIOUlHecss B AIOHHBIX NecKax, B NpHOpeXHHX paloHax MOBepX-
HOCTHBIX BOJOEMOB, a TakKXe BOAB 3a00J/I0YeHHBIX YYAaCTKOB.

BepxoBoaka uacTo CJAYXKHT HCTOYHHKOM BOAOCHAOXKeHHA OT-
JEAbHBIX XO3SHCTB B ceJibcKoH MecTHoCTH. OHa BbI3bIBAaeT HEKOTO-
pBie TPYAHOCTH TPH CTPOUTENbCTBE HA3eMHBIX COOpYXKeHHH, Tpydo-
IIPOBOJIOB, BHIEMOK.

IlpH HHXEHepHO-re0JIOTHYECKHX M3BICKAHHAX B JI€THHE NepHOAH
BCPXOBOJKY 4acTO He OOHAapyKHBAalOT, NO3TOMY ee OTpHIATeNbHOE
BJIHAHHE B 3THX CJAyYyasx NPHXOAUT HEOXKHIAHHO.

3.3.2. 'pyHTOBBIE BOABI

ITomseMHBIe BOABI, 3aneramllide Ha NepBOM OT MNOBEPXHOCTH, Bhi-
AepXKaHHOM MO NPOCTHPAHHIO, BOAOYNOpE, Ha3bBAIOT TPYHTOBLIMH.
BsecTusuiie 3THX BOJX-— pasjiHfuHbie TOpPHBE NOPOAH, TAe MOKHO
BCTPETHTb NMOpOBhie (ualle Bcero), TPellMHHbBEe H KAapCTOBhle T'DYH-
TOBBHIE€ BOJHI.

OcHoBHble 3/1€eMeHTH TPYHTOBOTO BOJAOHOCHOTO TOpH3OHTAa MO-
Ka3aHbl Ha pHC. 34.

I'pyHTOBHE BOAH (OpMHPYIOTCA 3a CuerT HHOUABTPALUHH AaTMO-
chepHBIX H MOBEPXHOCTHHIX BOA, NMpHueM 0GJacTh NHTaHHA COBNA-
Jaer ¢ 06JacTbi0 pacnpoCTpaHeHUs BOZOHOCHOrO ropusonra. Moum-
HOCTb TOPH30HTA HENOCTOSHHA W 3aBHCHT OT CBOHCTB BOAOCOAEP-
KalMX NOpOA, paccTossHust A0 00/IaCTH pas3rpy3kH, HHTEHCHBHOCTH
nuTaHus ¥ T. 4. IloBepxHOCTh BOAB (BOJHOe 3epkKaJo) cBoboaHas,
Oc3HanopHAass W HMeeT pAa3JMUHBIA HAK/JAOH Ha pas3HBIX y4acCTKax.
Ee mnoJoxeHHe omnpenesseTc THXPOW3OTHICAMU TIPYHTOBOTO FOpH-
30HTA, T. €. KPHBHIMH, COEIMHSIOIMUMH TOUKH C OJHHAKOBHIMH al-
COJIIOTHEIMH OTMETKaMH yCTaHOBHBUIEroCs YpPOBHSI BOJHIL.

ITocTpoeHue THAPOW3OTHNIC MPOH3BOAUTCH MO XKAHHHIM 3aMeEpOB
YPOBHfl MOA3EMHBIX BOA B pa3BeLOYHHIX BHIPAOOTKAaX, B KOJOALAX
HJIH MO WX HCTOUHMKaM (pogaukam). IlpumMep rtakoro nocrpoeHus
npyBefed Ha pHuc. 35. CxeMa, Ha XOTOpPOH MOKazaHbl THAPOU30-
THICH, BbIPAGOTKM, KOJIOANE!, HMCTOYHMKH, MHOTAA 3JEMEHTH peJb-
eda, oOhUHO HasmlBaeTcs KaproH ruapousorunc (puc. 36). Ona
JaeT BO3MOXKHOCTL ONpejejdHTb HanpasjieHWe TPYHTOBOTO TIOTOXA,
HaKJIOH BOJHOTO 3epkaJsia M I'MyCGHHY ero Ha pasHBX yuacrkax, 00-
JacTh TNHTAHHS U Pa3rpy3KM TOPH30HTA, B3aHMOOTHOIUEHHHA C MO-
BEPXHOCTHHIMH BOJAHBIMH OO'bEKTaMH (OHM MOTYT pa3rpyKarh I'DyH-
TOBBIH TOPH30HT, MOTYT NOANHTHIBATL €r0 WJIH H TO MU Jpyroe Ha
pasHblx yuacTkax). Ilo/loXkeHHe THIPOH3OTHIC TNPHBA3BIBACTCA
K CTPOrO onpefesleHHOMY IMepHOAY 3aMepa OTMETOK YPOBHSI BOABI
(ron, Mecau, AeHb).

WHorpa npeicraBasieT HHTEpeC CKOPOCTb HOTOKA B YCNOBHAX
€CTECTBCHHOTO 3aJieraHus (AeficTBuTe/bHAA CKOPOCThL Uy). Ias ee
onpejeseHHs] HCNOJb3YIOT CKBaXKHHBL WJIH ApyrHe BhpaboOTKH, IpOH-
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KeHHBlEe C [OBEPXHOCTH M PAacCHo/OKeHHble MO CXeMe, NOKa3aHHOH
Ha puc. 35. B uLeHTpa/bHYIO CKBAXKHHY ONYCKAWOT Kpacdliee Belle-
CTBO HJ/IM NMOBAPEHHYIO COJIb H ONPEAe]AIOT BpeMs ! NPOXOXKAeHUs
MHOPORHOro Teja Ko HabJ/IoxareJbHBIX BeIpabGorok (puc. 37). 3a-
Mepsisi paccTosiHue [ MeXRY 3TUMH RBYMsl BEpaboTKaMH, Onpene-

JAI0T RefiCTBHTE/IbHYIO CKOPOCTb, M/C IPYHTOBOTO IIOTOKa IO (hOp-
Myae

UJ& == l/t

B orsinune or paccMOTpcHHOH paHee, B COOTBETCTBHH C 3aKOHOM
Hapcu, ckopocth GUAbTpAUMK Uy, KOTOpas OGbljia OTHeceHa K NJO-
Llagy¥ BCEro ceueHMs BOJOHOCHOIO FOPH30HTA, Uy NOKA3bIBACT ABH-
&KeHHe BOAH B MOPOBOM NPOCTPAHCTBE, XapaKTepH3yeMoM 06beMOM
nop BOXOCOREpKAlUMX NOopox n. B cwaA3m ¢ 31UM vg=uzn (CM.
pasi. 2.4).

[pyHTOBHE BOXBI BO BPeMEHHM H3MEHSIOT CBOH ypOBeHb, COCTaB,
TEMIePaTyPy H pAacXOx MOKX BJHMSHMEeM DAa3JHYHBIX eCTeCTBEeHHBIX
M HCKYCCTBEHHBIX ¢(paKTOpoB. COBOKYNHOCTh NPOHCXORALUUX H3Me-
HeHHH ONpPEeReJAIOT PeXHM 3THX BOJ, KOTODHIH nMeer 6oJblioe TEO-
perudeckOoe H TNpaxkTH4eCKoe 3HAaYeHue. HauGonee cymiecTBeHHOe
BJAMAHME HA PEXHM IPYHTOBBIX BOX OKa3bIBAlOT METEOpOJIOruyeckue
ycjaoBusi (aTMocepHble OCaiKM, HCIapeHHs, TeMIepatypa, aTMo-
cdepHOe ZaBAeHHe M T. X.); THRPaBJAHuUECKHe yCAOBUS (H3MEHeHHe
pexuMa MOBEepXHOCTHBEIX BOZOEMORB, NHTAIOIMIAX HJAH KpeHHpPYIOUHX
nojseMHble BOAH (kojse6aHHs B 3eMHOI Kope, NOZHHMAaHHA ¥ ONyC-
KaHKua OTHAeNbHBHIX YYaCTKOB 3eMJH); XO3SIHCTBeHHAs ReATeJbHOCTb
4e1oBeKa (CTPOUTEJIbCTBO THEPOTEXHHYECKHX M THRPOMENHOPATHB-
HBIX COOpYKEeHHIl, OTKa4Ka BOXH M HedTH U3 Hexp, KoOb4a TBEP-
KbIX TOJIE3HBIX HCKOMaeMHblX, yROOpeHHe Ce/lbCKOXO3SHCTBEHHBIX 3e-
MeJb, IPOMCTOKK U Ap.).

Hapo ormeruTh, 4T0 C POCTOM TEXHHUYECKHX BO3MOMKHOCTEH ue-
JOBeKa M3MEeHeHHWs pexHMa IOX3EMHBIX BOJA 3a CUET ero xefrenb-
HOCTH CTaHOBATCA onpefesiolinMi. OcobeHHO BesJHKa poOJib uesio-
BeKAa Ha M3MeHeHHe peXXHMa NOJ3€MHBIX BOR B IOpPHOROOBIBAIOIIHX
padoHax.

BesnanopHeiMy 4acTo ObIBAIOT MEKNJIACTOBHE BOXBI, 3a/ieralo-
liHe MeXAY KBYMS BOROYNOPHHIMH cjiosMu. OHH MoOryr Oblth TIpH-
ypoueHH K pPa3/jHUHBIM NOpPOAAM (TlecKaM, NeCYaHHKaM, H3BeCTH:A-
KaM U T. &.), NpexcTaBjss co00H NOpOBHE, TPELIMHHBE M KapCTo-
Bhie Boxbl. [Ipumep Ge3HANOPHBIX MeEXKIJIACTOBBIX BOX NPHBEAEH
Ha puc. 38. /s HUX XapaKTepHO OrpaHMYeHHOe NMUTAHHE B MeCcTax
BHIXOZA BOJOHOCHBLIX NOPOJ HA [KHEBHYIO NOBEPXHOCTb WJIM K BOI-
HBIM 0OBeKkTaM (NOBEpXHOCTHBHIM K nNOx3emHbIM). OrpaHuyeHa
TaKXe M Pasrpy3ka 3THX BOR, NOTOMY OHHM OT/JIMUAIOTCA 3aMEx-
JIeHHBIM BOXOOOMEHOM (B OTJIMYME OT CPYHTOBBIX BOX), YTO TpPHBO-
ZMT K yBeJIMYEHHIO UX MUHEpaJNH3aLuH.
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Puc. 38. Cxema MeXIacTOBHX Oe3HANOPHHX BOJA.

1 — noyBeHRO-PACTHTEALNBIE cAOH; 2 — NecoK; 3§ — BOAOYNOPHbIE IJHHB 4 — TPeIHHOBATHIE
NMeCYaHHKH; YPOBHH NOL3EMHBIX BOX; & -— IPYHTOBBIX; 6 — MEXKINacTOBLIX  Ge3HanopHHX

Be3nanopHele TpemidHHbIe ¥ KapCTORBIC TPYHTOBHE W MeXIuia-
CTOBHIE BOAb HMeEIOT O00JblIOe pacnpocTpaHeHMe H NPeACTaBJSIOT
ocobLIfi MHTepec B TOPHOM Jiede H3-3a O0JbIIOH BOAOOOHIILHOCTH
MECTOPOXKAEHHH, KOTOPYIO OHH OOBIMHO CO3JAIOT.

3.3.3. Apresnanckue (HanopHble) BOAMI

DTO MeXI1acTOoBhe BOAB MOPOBOTO, TPEHMIMHHOIO, KAPCTOBOTO HJH
CMEHIAHHOTO THNOB, GOPMUpYIOLUIHECHd B MOHOKIMHAJbHHX W CHH-
KJIMHAJbHBIX CTPYKTYypaX. DjieMeHTH HaNnopHOro ROJLOHOCHOTO TOpPHU-
30HTa mokasauhl Ha puc. 39. Bomocoaepxamumu ABASIOTCS paa-
JIFUHBIE TOPHBIE [OPOABI, 3aJeramliie MexAy ABYMd BOAOYNOpamH.
HOna HuX XapaxrepHo To, yto 06GJacTb MHTAHKA Le3HayHTeJdbHA WO
[JIOIHAKH, MCITOMY MOCTYIJeHHE NPecHOH MOBEpPXHOCTHOH M aTMo-
cepHOli BOABI OrpaHHyeHO. IDTO NPHBOAHT K 3aMEIJCHHIO I[Ipo-
pecca BOZOOOMeHa M, Kak CJeICTBHE, K YyBeJHYeHHI0 MHHepaJH-
3alum.

I'naBHas XxapakTepHas 4ueprTa Aapre3HaHCKHX BOX— HajJduue
B HUX HAIlopa, T. €. OTMeTKa YPOBHA BOJABI NMPH BCKPBITHH YCTAHAB-
JIUBaeTcq Bhllle BepXHel IpaHHUB BOAOHOCHOTO ropusonra. Besu-
u@gHa Hamopa XapaKTepH3yeTcs Pa3HOCTBIO OTMETOK BCKPHITHS TO-
pH30HTAa M YCTAHOBUBIUETOCA BOJOHOCHOrO rOpPH30HTA. BeduunHa
3Ta HEMOCTORHHAA W MEHseTCSl B 3aBHCHMOCTH OT YCJOBHI 3ajera-
Hu ropusonTa (cM. puc. 39). Hanop paccmarpuBaercss Kak aas-
JieHHe Ha BOAOYNOpPHl W OdYeHbL YacTO oONpelesser HaNpsxeHHOe
COCTOSIHME BOKPYT TOPHBEIX BHIPAGOTOK U YCJIOBUS UX YCTOWYMBOCTH.
Ilpabusrpnoe ero ompeneflenHe U YCTAHOBJEHHE 3aKOHOMEpPHOCTEH
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Puc. 39. Cxema 3ajeraHus HaNoOpHOrO (apTe3MaHCKOrO) MOJIOHOCHOTO TOpH-
30HTA,

1 — IOYBEHHO-PAaCTHTENBHBI CJoM; 2 — MeCKH ¢ TraJbKolf BOJOHOCHBE — FPYHTOBHe BOJHI;
3 — BOpOCOAEPIKAWHE MOPOJAbl — HANOPHLIK FOPH3OHT, 4—5 — BepXHult H HHKHHA BOLOYNOPH,
6 — Nbe30MEeTPHYECKHR ypoBeub BOAb; 7 — YPOBEHb TPYHTOBRX BOJ.

H — wanop ropusonTa; A — ofaactb nurtauud; B — o6nacth manopos; B — o6jacTh pas3sTpy3KH
TOpH30HTA

ero M3MeHeHHs NOJ BJAHSHHEM DAa3/HUHBIX CCTECTBCHHBHIX M HCKYC-
CTBeHHBIX (AKTOpOB HMeeT OOJbIIOe NPAKTHYECKOE 3HAYCHHe IIpH
NpPOeKTHPOBAHHH, CTPOHTEbCTBE H 3KCIJIyaTalliH TOpHBIX BhIpabo-
TOK. HamopHuifi ropH30HT MOXKeT 0Ka3aThCs ONAacHHIM Jaxe B CIy-
4ae, Korja ropsaele paGoTh He BCKphiBailoT ero. [losTomy uacro
NPUXOJUTCS BeCTH BOJONOHHMKEHHe HANOPHBIX BOJOHOCHBIX TOpH-
30HTOB TOJIbKO C HEJ/IbI0 CHIZKEHHSI er0 HAlopoB IO Ge30NnacCHHIX Be-
JHY4H, ofecrneuuBarIIdX YCTOAYMBOCTb TOPHBIX HOPOX BOKPYT BHI-
paboTOK M 6e30MacHOCTb BejpeHHs TOpHbix pador.

KpuBble, coeguHaolIHe TOYKH C OAHHAKOBBIMH abCOMOTHHIMH
OTMeTKaMH [be30METPHUECKOr0 YPOBHS, HA3bIBAIOT THIPOH30Nbe-
3amu. OHu crposATcad Tak Xe, KaK U THAPOU3OrHNCH. JIHHHU paB-
HBIX HAINOpPOB HA3BIBAIOT THAPOH306apaMH.

HO7si pellleHds NMpakTHUECKUX 3ajpau 0o obecrneueHHI0 YCTOHUH-
BOCTH TOPHBIX BbIpab0TOK, 6€30NacHOCTH BeleHHs TOpPHBIX paboT u
OCYUIeCTBJ/IeHHS] BOAONOHWXKEHHS [Jisi TEPPHTOPUH INAaXTHOTO (pyaA-
HHYHOTO) MOJA HJH ero YacTH CTPOST KAPTH T'MAPOH30Nbe3, THAPO-
H306ap, a Tak¥Ke MPOTrHO3HbBle KapThl 6e30MacHBIX HANoOpoB, OMNpe-
JeJsieMBIX B 3aBHCHMOCTH OT MOLIHOCTH M I[POYHOCTH H30JHPYIO-
LIMX [OPOA ¥ pa3mepoB OXPaHSAEMBIX BHPabOTOK.

Yacro noA3eMHbie BOABl Pa3HBIX TOPH3OHTOB CBS3aHBl MeXIY
cobo# (ruapaBiyuecKas CBsI3b) 3a cyeT NepeTeKkaHus BOZ C OJHOIO
FOpH30HTA B JAPYroH, WM 33 CUeT NepeKpuiTHA 0o0JacTell NMUTAHHA
H pasrpyskd. B 3ToM c/yuae OTMeTKM YCTAaHOBHBHINXCH YpOBHeH
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3THX TOPH3OHTOB coBnazamoT. [IpaBusibHAas omeHKa THAPAaBIHYECKOH
CBSI3M MeXAY OTHENbHLIMH TOPH3OHTAMH HMeeT rpPOMajHoe Mpak-
THYeCKOe 3HaucHWe NPH ONpeJesleHHH BOXOINPHTOKOB B IOPHBIE BH-
paboTkd ¥ CnocoboB OCYIIeHWs] MECTOPOXKIEHUN MHOJE3HBIX HCKO-
naeMblx.

Huorza B TosIax OCajfOyHBIX MOPOJ BCTPEHAIOTCS H30MHPO-
BaHHble JHH3B W NPOCJHOH NeCKa, B KOTOPHIX cojepxKarcs Hamop-
Hple Boxbl. Hanuuue namopa 3zech obbsicHsiercss GOPMHPOBaHHEM
JaBJeHUs] B NI0PaX 3a CYeT Macchl BcexX Bhllesexamux nopoi. s
TAKHX TOPH30OHTOB XxapakrepeH OBICTpHIH chmax Hanopa npu HX
BCKPBITHY OTAGIbHEIMY CKBAKHHAMMU.

3.3.4. Nlox3eMHble BOJb 30HB MHOTOJIETHER MEP3JI0THI

B coorBercTBHu ¢ kaaccuduxauneit H. U. Toncruxuna, npenno-
xKenHodl MM eme B 1933 r., moa3eMHble BOAbI, pacnpocTpaHeHHHIE
B Mep3J0il 30He JuToCcdepr, MOryT ObLITb TpeX THIOB: HaAMeps3JoT-
Hbie, Mep3JOTHble H IOAMEP3JOTHHE, KOTOpble Mexny cobofl ruf-
paBJHYecKH CBA3aHB W B3aUMOAGHCTBYIOT C NOBEPXHOCTHHIMH BO-
damy (puc. 40).

HaagmepsnorHee BOAB 3aleraioT B TOJIle NOPOJ, Orpa-
HHUYEHHOH CHM3y BepxHeHdl rpaHpllell MHOrOJIeTHeMepsJblX MNOPOJ,
T. €. 3TO BOJH [eSTEJbHOrO CJO0sl (CEe30HHOIO NpOMep3aHys) H Hal-
Mep3JOTHLIX OCTPOBHHIX TalWkKoB. MHoro/JeTHeMep3/able MTOPOAH
CTy¥aT BOJOYNOPOM, Ha KOTOPOM # (dopMupyercss HaAMepaTOTHHH
BOAOHOCHBIH ToOpu30HT. B JeTHMH mnepwoX roga HaIMep3JOTHHIE
BOABl 11O CYWIECTBY SIBASIOTCS TPYHTOBBIMH Oe3HANOPHEIMU BOJAMH,
MHTAIOUIUMHCH 32 c4eT aTMochepHEIX OCaiKOB, mpuyeM o6.acThb
nuTaHus coBlmajaer ¢ ob.nacThlo HX pacrmpocrpaHeHus. Ha yuact-
Kax peYHbIX JOJWH HaiMep3JOTHble BOAbl NMUTAIOTCA H MOBepXHOCT-

Puc. 40. Cxema pacnpocTpaHeHHs NOJ3eMHHX BOJ B 30He MHOTOJETHeHd Mep3joTHL

Boxabi: I — HaJMep3sioTHble; 2 — Hafl- H MeXMep3JoTHble; 3 — KPHOreHHHX o6pasoBanuft; 4 —
Me¥MEDP3ROTHLE; 5 — BHYTPHMeD3NOTHLIE RBOLOHOCHLIE FOPHIOHTHI, § ~- HOX- H MEXMep3aoT-
Hble; 7 — HHAKHAA TPAHHIA HAAMEpP3JOTHBIX M BepXHAsd rpaHHia NoAMep3JIOTHHIX BOA; & —
peryjupyouiae pesepByaphl; BB — ropuzonT BLHICOKHX BOJ.

Kocolt mTpHXOBKOH HNHOKAa3aHO pacHpocTpallellHe Mep3JblX NOoPoJ, TOYKAMH ~— TaJbiX
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HHIMH BOAAMH. B 31MHUH nepHOL NpOHCXOAUT NOCTENEHHOE NPO-
Mep3aHWe CBepXy BHH3, YTO NPHUBOLHT K <«3aKynOPHBAHWIO» BOJL H
CO3XaHHIO B HUX Hamopa (3a cuer yBenuueHus obbema Npu 3amep-
3aHWK), NOA BJIMSHHEM KOTODOTO NPOWCXOAHT BHyuwBaHue ¢ 00-
pasoBaHueM OYrpoB nydeHHs WM Hasdeled.

MexMep3Jd0THBIE BOJAK 3ajneralor B TOJIIIE MHOIOJCTHE-
Mep3abix nopox (cM. puc. 40) ¥ nprypoueHs K tadukam. [Ipu 310M
pas3M4arT 3aMKHYThle H CKBO3HHE (IOA NOBEPXHOCTHBIMH BOAO-
eMaMH ¥ B 30HAX TEKTOHHYECKHX HApyIIeHHH) TaJIHKH, B KOTODPHIX
RCTPeYalTCsd BOAB Da3HOW MHUHepanu3auuy M TeMIepaTyphl, fB-
JAAl0UHecs HaleXHbHM HCTOUYHHKOM BOJOCHaOKEHHS [POMBIIJICH-
HBIX HNPCATIPHATHH W HaceJeHHHX MYHKTOB. Yepe3 CKBO3HBIE TaJHKH
OCYHIECTBASACTCSA THAPABIHUCCKAS CBSI3b BCEX TPEX THIIOB MOJ3EM-
HBX BOJ, 3a/Jeraloudx B MHOTOJNETHeMep3JHX NOpojaax.

ITogMeps3aoTHEHE BOJLB 3aJeraloT HHXKE TOMIH MEp3JMbIX
nopox Ha ray0une, 3aBHCANIEH OT MOMHOCTH 3TOH TOJIUIMA U yBeJHU-
ypBawoulefca ¢ ora Ha cesep 10 600 M u Gosee. B 3aBucumocTH OT
YC/IOBHH 3ajieranus NOAMEP3JOTHHE BOAbl MoryT ObTb Ge3Hanop-
HEIMH 4 apTesHaHckuMu (4ame Bcero). ITuraHue W pasrpyska 3THX
BOJ, OCYHIECTBJsIeTCS Yepe3 CKBO3Hble TAJWKH Ha JIOKAJbHBIX y4acrT-
KaX HX pacnpocTpaHenws. MuHepanuzauus NoAMEP3JOTHHX BOA
OYeHDb PAIHOOOPA3HA, OT NPCHHIX AO PACCONOB BHICOROA WKOWURE-
TpauHy, sajeramoumyx Ha raybunax Goaee 500—1000 m. Ilpecune
BOJBI HCIOJb3YIOTCH AJS BOAOCHAGKeHHs, a coJeHble Aas Jedel-
HBIX Lesed.

Ilpr paspaboTke MeCTOPOXKAEHHH TBEpABIX NOJE3HBIX HCKOMae-
MBbIX B 30H€ DACIPOCTpaHeHHs MHOTOJeTHEeMep3JblX MOPOoJ, couxep-
KalluX MoJ3eMHBIe BOJbI, BO3HHKAIOT ROMOJHHUTE/bHBIE CJIOXKHOCTH
B Gopnbe c HMMH, a TaKxkKe NpoBGJeMBbl HapyuleHist eCTECTBEHHOTO
pexuMa, XpaHeHHs OTKAYHBAEMBIX [IPH OCYIUeHHH BBICOKOMHHEpa-
JTW30BAHHBIX BOJ U DPAaccoJIOB, 3arpsisHEHHst (3aCOJEHHSA) MPECHBIX
BOJ, AErpajauMy MepP3J0TH, BOSHWKHOBEHHS W PA3BHTHA DPas3Hoob-
pasHbix Mep3JOTHHIX SBJAEHHH U T. A.

3.4. PUBHYECKHUE CBONCTBA
U XUMHUYECKHN COCTAB NOJA3EMHBIX BOJ,

IToxseMuble BOAB MOCTOSSHHO B3aHMOAEHCTBYIOT C TODHBIMH NOPO-
IaMH, B NyCTOTax KOTOPHIX OHW HAXOAATCS, a Takxke ¢ armocdep-
HBIMH H [OBEDXHOCTHBIMH BOJAaMH, NMTaOHIEMHU &X. B cBA3x c 3THM
NPOUCXOZUT PopMupoBanue Hx PHIKUECKMX CBOMCTB H XHMHUECKOTO
COCTaBa.

Pusuueckue ceolicTea NOL3EMHBIX BOJ XapakTePH3YIOTCS TeM-
neparypodt, MIOTHOCTbIO, UBETOM, NPO3pPayHOCTBIO, BKYCOM, 3ana-
XOM, 3JeKTPONPOBOAUMOCTBIO, PAJHOAKTHBHOCTLIO W T. 1. TeMmepa-
TVpa 3aBHCUT OT TJAYOHHB 3aJeraHds BOJABIL, YCAOBHH HX OWTaHUA
W pasrpyskd U MO3TOMY OHa H3MeHsieTCA B IUMPOKHX TNpenenax.
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Pasnuyalor BecbMa XoJI0AHBIE BOXH ¢ TeMiepatypoli zo 4 °C, xo-
noxubie — 0T 4 po 20 °C, cy6GrepMaJjbHple (Temasle) —oT 20 m0
37 °C, tepmannHsle (ropsiyue) — ot 37 po 42 °C H rumeprepmanb-
Hble (BecbMa ropsiude) — ¢ TeMmmepaTtypoil cewitie 42 °C (meperpe-
Thie BOAH, UMeIOT TeMnepatypy Gosee 100 °C).

[TroTHOCTL XHMHUECKH uYHCTOM BoAbl mpu Temmeparype 4 °C
npuHuMaercs pasHo#t 1 r/em® (1000 xr/m®). B sasucumocru ot co-
RepXKaHUs M CcOCTABAa PAaCTBOPEHHBIX M HEPAcTBOPHMHIX B Hell co-
eIHHeHH# MJOTHOCTL MeHsiercsi, gocrturas 1,1—1,3 r/fem® uw Goaee.
HspecTra Taxenas Bopga, y xotopo# cocraB DyQg, naordocts 1,11
(mpu 20 °C) ¥ wucnoJsb3yeTcs B KadyecTBe 3aMedJUTeNst HefTpOHOB
E ATOMHBEIX peakTopax.

IlBer, Mpo3pa4HOCTb, BKYC W 3alac MOX3EMHBIX BOJ 3aBHUCST OT
Ha/MYHsl B HUX PAa3JHUYHBIX MeXaHHYeCKHX IlIpuMecell, OpraHUKu H
KPYTHX PacTBOPEHHBIX coeiMHeHuH. Hucrple BORBl GecliBeTHH!, IpO-
3pauHb, G6e3 3amaxa u Bxyca. B roprogoGelpaiomux pafoHax
B CBSI3H C APEHHPOBAHHEM MNOX3eMHBIX BOX IPOUCXOHT HX 3arpss-
HeHue, YTO IPHBORMT K MOSIBJEHHIO MYTHOCTH, 3amaxa, liBeTa, 3a-
COJIeHHSI.

DJ1eKTPONPOBOKHOCTD BOX — 3TO MX CHOCOGHOCTb IIPONYCKATh
ajexTpHyeckuii TOK. BeanunHa ee 3aBHCHT OT COCTaBa H KOHIIEH-
TpaUUH PACTBOPEHHBIX XHMHYECKHX COeJHHEeHHH, a TaKXKe OT TeM-
nepaTyphl BORBL JEKTPOIPOBORHOCTb YaCTO HCHOJb3yeTes RJA
CYXKAEHHSI 0 CTeNleHH MHHepasu3auuM BoX. M3MeHeHHe 3JeKTPONpO-
BOJAHOCTH INpH RK0GaBlIeHHH XHMHYECKUX COeRHHEHHH HCmosb3yercs
TNpH ONpeie/eHHH HalpaBjeHHS H ReHCTBHTENTbHOH CKOpOCTH HBH-
JKeHHs] OR3eMHBIX BOJ.

PaanoakTHBHOCTE BOXB — CEO#CTBO, OOYCJOBJICHHOE CaMOIpO-
M3BOJIBHBIM DACMafOM PafHOAKTHBHBIX 3J1€MEHTOB (pafoHa, pagus,
ypaHa). B 3aBHCHMOCTH OT CORep3KaHHS OTAENbHBIX 3JEMEHTOB
panMoaKTHBHBIE MPHPORHBIE BOAW KeJsTcsa Ha & xJaaccos: 1) papo-
Hoeule (Rn>18,5-10% Bx/m®, Ra>1-10-"" r/n, U<3-10-5 r/n);
2) pamuesnie (Rn<18,5-10% Bx/mM?, Rax>1.-10-"' r/n, U<3X
X 10—3 r/n); 3) ypaHnoseie (Rn<(18,5:10% bx/m?, Ra<1-10-' r/m,
U>3:10-5% r/n); 4) ypaHoBOpazueBule; 5) pagoHOpaaueBHe.

Xumuueckuii cocrag TON3EMHBIX BOX OINpCcReNsieTcs COCTaBOM
pPacTBOPCHHBIX B HUX TBepAbIX BelecTB W ra3oB. [lepBele Haxo-
RATCS B JUCCOLMMPOBAHHOM COCTOSTHUH, T. € B BHAe HOHOB, OCHOB-
Hple aHwoHnl noxsemunix Box: HCO,;—, Cl-, SO2—, a KaTHOHBE —
Nat, Ca?, Mg?*. Bosnee peakumu spaswotcs CO32~, NO;—, NOo-,
CH~, K+, Fe¥, NH4t+, H* u rp. B 3aBucuMocTH OT cogepKaHus
aHHOHOB pAa3JHYalOT: THAPOKApOOHATHHIE, XJOPHRXHBIE H CyJbdart-
Hele BOAB. B KaXRo# Tako# rpynme MoXKHO EBIZEJHTH 10 TPH BUIA
B 3aBHCHMOCTH OT cojepXaHusi katuoHos Nat, Ca?t, Mgt

IT1. A. Ynoonos u K. [l OHydpues, usyuass XUMHUYCCKHH COCTAB
MOJ3eMHBIX BOX pYRHBIX MecTopoxneHuit Cubupy, BBREAHJIH 3
TPYIIIHL 2JIEMEeHTOB N0 HX PACIPOCTPAHCHHIO:
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Ta6nuua 26. Pesyabrarsl aHanuza Bojbl

Copepxanue B Cofiepxanue B
KaTtuousl Auxousi

Mr/a , MI-3KB/A , % Mr/a | Mr.sxs/an %

Na™ 78 | 339 | 34 HCO7 276 | 4,52 46

K+ 9 0,23 2 Cl- 125 3,53 36
Ca’t 89 4,44 14 SOF— 83 | 1,73 17
Mg+ 24 L97 | 20 NOz 5| 008 {
Bcero: 200 10,03 100 489 9,86 400

a) yacro Bcrpeuatoutrecs (ot 0,000X ro X wmr/a): Cu, Ti, Mn,
Pb, Zn, V, Cr, Ni;

0) penxo Bcrpeuatomecs (ot 0,000X go 0,X mr/n): Ba, Zr, Ag,
Be, P, Sr, As, Sn, Co, Mo, SI;

B) BeCbMa DeIKO BCTpeuatouiHecs (<<0,000X mr/a): Cd, Bi, W.

CojlepKaHWe OTHENbHBIX HOHOB B ROJle OLpPEIETSIOT B pe3y/ib-
TaTe XMMHUECKOTO aHaJjiH3a BOXBl H BBIPAXKalOT B PasHUHHX ¢op-
max. HMHoria Mis HAvAsSIHOCTH HCHOJb3YIOT pasjuunble rpaduue-
ckde nocrpoenus (kBaiapar H. M. Toncruxuna), a rakke 0606mnieH-
HBe (opMyJabl, B 4YacTHoCTH, ¢opmyly Kypsoa, koropasi umeer
cle/ylOlIMH BHJ Ha [OpHMepe AaHajau3a BOAbBL, TpPHBeIEHHOIO
B tabn. 26:

HCO346, C1—36, SOZ~17
CO, 1,5 H,50,0,02: M2,3——2 %6, 5%

Ca®*44, Na+34 Mg*+20

rie M —o6miasi MUHepa/H3allds BOAH B /0, Q —Ie6UT HCTOUYHHKA
HJIH TOPHM30HTA B ONpejle/leHHHX YCAOBHAX B M3/CyT;

t — reMnepatypa Boas B °C (MOHH, cofep:aHHe KOTOPHX MeHee
10 %, He BHOCATCH B hopMyy).

B raxko#i ke (opme BBIpaXKaOT Pe3yJbTaThl ONpefeNeHHs MHK-
POKOMIIOHEHTOB, ecJM HX HOHHAs CTPyKTypa ycraHosjgena (Fe?t,
Br—, I, NHst v 1. 1), a B cllydyae HESsCHOCTH HaXOXICHHUS COmep-
XKaHHe RaeTcs B BUAe BecoBOil GOPMB B pacuere Ha YHCTHIH 31e-
MEHT B MUKpoOrpamMmax B OZHOM JHTpe BoAH (Hanpumep, Cu, Zn,
Hgur ).

KoHileHTpailHsi pacTBOPEHHBIX B BOJe TBEPLbIX MHHEPaJ/JLHBIX
BEHIEeCTB, HaXOAAWIMXCA B BHAE HOHOB H KOJJIOHAOB, ONPERENsieT
MuHepa/au3auuio Boabl. OOBIUHO €e¢ BLHIpaXKalT B rpaMmax abco-
JIOTHO CYXOTO OCTaTKa, MOJAY4YeHHOro MpM BBIIAPHUBAHUH OJHOTO
JIUTPa BOJHL

[To cremeHH wMUHepaJH3anHH pasfinyalOT BOJAL IPeCHbE (J0
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Tabmuna 27. Buam muHepaJbHBIX BOJ

HasBaHue MHHEpaJ‘leO]'/'l H Cogep)xa!me KOMNOOHEHTOB
BOAbI a3BaHHEe KOMNOHEHTOB Gosee, l'/-n
Yraexucaas CpoboiHas  yr/IeKHcIoTa 0,750
CepoBojlopojiHas CepoBOAOPO, TUTP yEMBIi 0,01
fio1oM
JluTueBas Lit 0,001
JKenesucrasn Fes+ 0,01
JKenesucras Fe?+ 0,01
BpoMuast Br- 0,005
Hoaucrasn - 0,001

Mpumevanne. CogepxkanHe Ro s pafHoakTHBHHX BOKax GoJee 13,5 Bx/m3.

1 r/a); cosonoratnie (ot 1 po 10); conensle (ot 10 mo 50) H pac-
coanl (6oxee 50 r/a).

Caexyer OTMeTHTb, UTO TepMHH <«MHHepaJbHHE BOXBI» OTHO-
CHTCA K BOAAM, COZepKalluM psg crneuydHuuecKHX KOMIIOHEHTOB
(raba. 27).

B 3asucumocty ot thna Mecropoxiaenus I[1. 1. KnumeHToB BH-
JIeJUT TPHM XapaxkTepHHX cJydas B3aUMOIeACTBHS TOX3EMHBIX BOJ
C T10J1e3HBIM HCKONaeMBbiM:

1) MecTopoXieHMs, COoZepiKalllde JerkopacTBOPUMHE COMH, KO-
TOpBbie MPUBOAAT K (POPMHPOBAHHIO BHICOKOMHHEpAJH30BAHHBIX BOX
(comeBble MeCTOPOXIEHHUS — XJOPUAB H Cy1b(haTh HATPHs, KaJjHi,
MarHHsl, KaJbiksl, KapGoOHATH HATPHUs, HUTPATH HATPHSA H KaJtus);

2) MecTOpOXIeHKs, cojepiKaniye MHHepaJjbl, KOTOpble NpH BH-
BETPHRAHNH (OKHCJEHHH) 06pasyloT JerkOpacTBOPHMBIE COJIH, NPH-
BoasiuiMe K 00pa3oBaHHIO KHCJBIX BOJA (KHCJIBIE BOJB 30HH OKHC-
JeHUsi CYJb(HIHBIX MeCTOPOXKIEHHH, CONepIKaT TsxKeJbe Me-
TaJJIbE) ;

3) MecTopoXJAeHHs, BKJIOUAWHe TNOJ3eMHbie BOAH € MOBH-
LIeHHHM COJepXaHHeM peIKHX H POCCHIIHBIX 3JeMEeHTOB.

XHUMHYeCKHH COCTAB M MHHepasJH3aiUsl BOJH ONpeNefifioT ee
pPeakKUHI0, XEeCTKOCTb H arpeccHBHOCTb, HMECIOUIHX
60.blI0e TpaKTHYeCKoe 3HaueHHe. BpeaHoe BJIMsHHEe NOA3EMHBIX
BOJ Ha HEKOTOPHIX MECTOPOXKAGHHSX 3akK/JIOYaercss He TOJbKO
B QopMHpPOBAHUK O6OJBIWIHX BOJONPHTOKOB, HANPSIKEHHOTO COCTOS-
HAsl, M3MeHeHHH CBOHCTB TOPHHEX TOpPOJ H YXYAUICHHH YCTOHUM-
BOCTH TOPHBEIX BbIpa0OTOK, YTO B 3HAYUTEJbHOH Mepe 3aTPyAHSET H
yaopoxaeT A0oObldy IOJE3HOro HCKONMAaeMOro, HO ellle H B KOppo-
AMPYIOUIEM H arpeccHBHOM HeHCTBHH PYAHHYHBIX H INAXTHBIX BOJ
Ha ropHoe ofopynoBaHHe M OGeTOHHOe KpellJleHHe BHIPabOTOK.

HM3BecTHO, YTO KHCIble BOAB CYJb(HIHBIX MecropoxieHuii Ka-
pabaui, Bsasa, Jlerrspka u HEKOTOPHIX APYrHX, NMPHHOCAT GOJbLIOH
yuiep6 ropHOH TNpoMbIIeHHOCTH. A ans yciaosud Jonbacca Ha-
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4 6a108eHus HoKasaJu, qTo
B mIaxTHHX BoJAax npu pH<3

5000 pOTOpPHl YYTYHHBIX NEHTPODexK-
HBIX HACcOCOB pazpymianTtcs Mo-

cne 30—40 muH paGorh. 3aech

7 HaMedeH psAX MEPONpPHSTHHA MO

2 6opbGe ¢ stumu Bogamu (pH

or 6 mo 1): mpexBapuTesbHOE

OCylIeHHe OTHEJbHBIX YYacCTKOB

HIaXTHBHIX MOJieH, 3aHikTa OT Mo-

LTyNJieHHs: arMocepHBIX oOcaf-

KOB, OJHOBpeMeHHas pa3pabor-

Ka HeCKOJbKHX BBICOKOCEpHH-

CTHIX H MAaJIOCEPHHCTHIX YIOJb-

HBIX [J1aCTOB, pasjiebHas OT-

Kauka KHCJABIX H IeJOYHHIX

Boa. Insi Kuzenaosckoro yroJb-

e - Horo Gaccefina A. B. JIoKykHH
0 1 23 4 5 6pH NOKa3aj, YTO AONyCTHMAas KHC-

Puc. 41. Bausnpe KucJOTHOCTH IIAXT- 'HO’SHOCTb PYAHHTHBIX UBOI[ ¢ Ma-

Hbix Boa Jlomeuxoro m Kusenopckoro 1O KOPPOIHDPYIOLLEH cnoco6-

YrOMbHEIX GacceHoB Ha cpok cay#6s ~ HOCTBIO  (CPOK CJyXGbl HAco-

HuskoHamopunix (I) 'm BbcOKOHamop- cOB  cHHXKaercs Ha 5—6 %)

HEX (2) Hacocos XapakTepH3yeTcs TOKasarejeM
pH=6,5.

Ha puc. 41 mokazaHn pe3ysbTaThi BJAHSHHA KHCJIOTHOCTH DYA-
HHuYHBIX BOJ Hekorophlx maxTt [JoH6acca m Kusenosckoro yroJib-
HBIX GacceHOB Ha cpok cJayX6bl 120 BEICOKOHANOPHBIX HACOCOB
«KommyHnuer» 3a 6-1eTHHH nepHod ¥ 20 HH3KOHANODHBIX HACOCOB
«KomcomoJeny» 3a 4-71eTHUH HEpHOA.

Peakuust Boasl (pH) xapakrtepH3yeTrcs colepxaHHeM BOAOPOX-
Hpix HoHos (pH=-—IgH"). HefitpanbHolt cuuraercs Boja, y KoTo-
poit pH=7, xucnoit —pH<7 u menounoét —pH>7. IloxseMmHbie
BOAB OOBIYHO HMeT ¢Jabo ILIeJOYHYI0 peakiuio, HO B padoHax
YTOJBHEX H CyAbOHAHBIX MECTOPOXICHHH OHH XaPAKTEPUIYIOTCH
TOBLIIICHHOH KHCJOTHOCTBIO 32 cyeT cojepXKaHHA CBOOOAHOH cep-
HOM KHCJOTH, O6Gpasylomelicd mpH OKHCJAEHHH cyJabdHAOB (B 0CO-
GeHHoctH nupura). MHorpa Ha 3THX MectropoxneHuax pH<3.

JKecTkocTh BOAB 3aBHCHT OT COREp:KaHHA B Hel pacTBOpH-
MBIX coefHHeHHH Kanbuusa H Maraus: Ca(HCOs)e, Mg(HCOs),X
X CaCO;, MgCO;3, CaSOy, MgSO,, CaCly, MgCl; u gp. Paznuyalor:
0 6 111 y 10 ECTKOCTD, ONpefensieMylo cOepKaHueM BCex 3THX COelH-
HeHHH; yCTpaHHUMYIO (BpeMeHHYIO), 3aBHCAILLYI0 OT KOJHYECTBA
6ukap6onaroB kajbuusa H maring Ca(HCOs),, Mg(HCO;),; He-
YCTPAaHUMY©O (IOCTOSHHYIO), COCTABJAIOULYIO DAa3HHLY MeEXIy
oGuell u BpeMeHHOH; Kap60HAaTHYIO (32 cuer Bcex KapGoOHATOB
U Gukap6oHATOB) M HeKapOOHATHYIO (pasHocTh MeXAy O06-
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mef 1 Kap6oHaTHOH). IIpH KUNSAUCHHH XKeCTKOH BOAL GHKapGoHAaT-
Hble COeIHHEHHs Nepexoist B TpyAHopacTtBopHmbie coau CaCOs,
MgCO; ¥ BHIAZalwT B 0CajoK, 4TO HPHBOAHT K CMATYCHHIO BOABI
11 06pa30BaHHI0 HAKHNIH HA CTEHKAX KOTJOB.

JIna OneHKH KeCTKOCTH NPUPOAHBIX BOA NMPHMEHSAIOT pas3/HyHBIE
KOJIHUYECTBEHHBE MOKasaredd (HeMeUKHe, aHIVIHACKHE, aMEpHKaH-
ckHe, (paHuysckde rpaaycm xecTkoctH). O. A: AnexkuH npeana-
raer OLCHHBAThL XKECTKOCTb II0 COACPIKAHHIO B BOAEe HOHOB KaJbLHUA
U marHus. 3a 1 Mr-sks/a1 KecTKOCTH OH npuHHMaer 20,04 Mr/xa
Ca’ uau 12,16 mr/n Mg?+ u knaccHQHUHPYET BOABI CACAYIOLIHM
obpasom: ouyeHb MArkae (po 1,5 M- 3KB/a; po 4° riae rpaaychel He-
menkue); msarkde (ot 1,5 go 3 Mr-sks/a; or 4 go 8%); yMmepeHHO
®ecTkHe (ot 3 mo 6 mr-sks/a; or 8 mo 16°); xectkHe (ot 6 nHO
9 mr-aks/a; or 16 mo 24°); oueHb Xectkue (GoJjee 9 MT-3KB/J;
or 16 no 24°). OnHH nemeuxkuii rpagyc pased 10 mr/n CaO uaH
7,2 mr/a MgO.

g kucauix maxtHeix Bopy JloH6Gacca, no manumim [1. §I. Ca-
MOHJIOBHY, TNOCTOAHHASA KecTKOCTh JoctHraer 53—71 Mr-3kB/a.
Poct ee koppeaHpyercss ¢ yBeJHUYCHHEM KHCJIOTHOCTH BOJBL

Hab6aoaeHus, npoBefeHHbe Ha pAAE YTOJAbHEIX MIAXT, MOKA3HI-
BAIOT OMNpele]eHHYI0 3aKOHOMEpHOCTb H3MEHEHHMS KHCJOTHOCTH
HIAXTHBIX BOA B TeueHHe roga (raba. 28), 4ro obObAcHAeTCS H3Me-
HEHHEM KOJHYeCTBA BOJAH, NOCTYNAOMIeH ¢ NOBEpXHOCTH 3€MJH
B pasHbIC MEPHOMIBL

HHTepecHO OTMeTHTB, uto B Ku3eJoBckoM Oaccefine Maxcu-
MaJbHAA KHCJIOTHOCTb OTMEYeHa AJA 1IaXTHHIX BOA Ha Y4YacTKax
pa3paboTKH MOUIHBIX YroJnHHX mjacros ¢ naaenueMm 30° u Godee,
a pas JlowBacca npH paspaborke KPYTONAJAAIOMUX ILI1aCTOB Cpel-
Hell MOIIHOCTH ¢ coaepxaHuem cepH Gojee 3 9%. Ha yuactkax ro-
pH30HTAJABHOTO 3aJjeraHus yrobHex maacroB ([loamockoBHbif 6ac-

Ta6muna 28. KucioTHocTb IMaXTHhIX BOj no Aauubim A. B. Jlokykuua

KHCHOTHOCTb KHCJ‘IOTHOCTb
BOJKI BOAB!
Hassanue waxr B 3uMHuf B BeCeHHRH
nepuog pH nepuop pH
KusenoBckuil yrossnnii 6acceifn
Hm. B. U. Jlennna 4,5 3,2
Hm. B. M. Bonoaapckoro 3,7 2,5
Hm H. K. Kpynekoi 3,8 1.8
JoHenkuit yroavubi 6accedin
«HHKaHOP» 4,7 3,8
orry 4,5 3,2
Ne 7 5,0 3,8
Ne 153 4,4 3,3
«Kantopnag» 5,7 3,3
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CeifH) ¢ BBICOKHM COJEp:KaHueM NHpHTA He HaGaoxaerca GopMH-
POBAaHHE KUCJKIX IIAXTHHIX BOJ, 3TO OGBACHAETCS MaJOH CKOPOCTHIO
ABH2KeHHs TTOA3EMHBIX BOJ.

ArpeccUBHOCTb BOAb N0 OTHOLHGHMI0O K GETOHHHIM COODY-
KeHHSIM HMeeT GOJIbIIOE NPAKTHYECKOE 3HAYEHHE INPH OHeHKEe HX
ycroHuHBOcTH. [IpH 5TOM arpeccHBHOCTBIO HA3HIBAKT CHOCOOHOCTD
BOABI paspymatb OeTOH NyTeM XUMHYECKOro BO3ACHCTBHSA CONAMH
B rasamy, cofepXamiuMucs B HeHl. Pasnuyaior OGIEEKHCJAOT-
HYIO, YrJeKHCJOTHY, BHIEJAAaYHBAIY, CYyJab-
GaTHYyIO U MarHe3anaJbHYIO arpeccdBHOCTb. IlepBHe TpH
BHAA arpeccHBHOCTH CBOASTCH K PA3PYLICHHIO HOBEPXHOCTH KOPKH
6eToHa, obpasywoueiica npu ero 3artsepaeHuH (CaO+ COq=
=CaCO0;). Hanpuwmep, npu B3aumMoneficTBuu kapOGOHATHOH KODKH
¢ BOJOH, o6Jamalomed yraekdcJOTHOH arpeccHBHOCTBIO, MPOHCXO-
aut ee pacrBopedue CaCO;z+ HpO+COy>Ca(HCOs3), unu Boime-
NagnBaHue CaCO3;+2H*+—>Ca?t+Hy0+CO, Tlo cymecTBylOmHM
HOpMaM OGHICKHCJOTHAS arpecCUBHOCThL ONpeAesercs N0 BeJHUYMHE
pH (meHee 5, yHOrga MeHee 7), YIVIEKHCJOTHASI — O COACPKAHUIO
CO; B 3aBucuMmoctd 0ot kKoHueHrpamun HCO;— u Ca*t (ecau COq
He TUDCBHIIAET €¢ PABHOBECHYI0 KOHIEHTpPAHI0 B J4HHBIX YCJIO-
BHSIX, TO BOJAA He fBJIsSeTcs arpecCHBHOH npu JMOGOM colepXaHuH
HCO;~ u Ca?*), a BulmejaguBaomas —no coaepxanuio HCO;~
(Boga arpeccuBHa npu HCO3;~<1,5 Mr-3kB/a).

CynbpatHas arpecCUBHOCTh NPOsBAsiercsd B 06pa30BaHHHU JABYX
coeauHeHufi B mopax umeMeHra (rumca CapSO4-2H0 n comn Ile-
Baas 3Ca0- Aly,0;-x3CaS04-3H20), Koropoe NPOHCXOAHT C YBe-
JuyeHHeM oGbeMa, 410 MPHBOJAUT K YBEJHYEHHIO HANPAXKECHHOCTH
BHYTpPH Ge€TOHA U, K4K CJeJCTBHe, K ero paspymenvio. Hopmbl Jo-
nyckaior go 250 mr/a SO, npu koHuenrpapuw Cl=<1000 wmr/a,
a AJd BBICOKHX MapoK LeMeHTa cogepxaHue SO~ MOXeET IOCTH-
ratb 3000 mr/a.

Tlo pesyabraram HaGmwogenuét B JoHenkoM B KusesoBcKoM
yroJbHBIX GaccefiHaX YCTAHOBJAEHO, 4TO GETOHHBIE H XKene306eToH-
Hble KDEIJIEHHS TODHBIX BHPAaGOTOK pa3pyiIaioTcs NOL BJUAHHEM
KUCJHX IIAXTHHIX BOJ IIPU HAJIHYUH B HHUX Cy/Ab(aTOB MArHus, Kajlb-
HHS A HATPHSA, a TAKXKe yriekHcaothl. Ilpw aToM TiyGHHA paspy-
meHus GetoHa gocturaer ot 30 mo 150 M.

3.5. OCHOBHBIE 3AKOHBI ABH)XEHUA
TNIOA3EMHBIX BOI

I'paBuTannHonHOe ABHXKeHHe (MIOHIOB B cpele, cocrosmed H3 my-
CTOT, Pa3Mep KOTODHIX 3HAUUTENbHO MeHbIIe pa3Meépa NOTOKd, HO
ropasjio 6oJblle pasmepa MoJeKyJa ABHXyuerocs GuoHaa, HOCHT
HasBaHde Guaptpanud. B c¢BA3W ¢ 3TUM Teopus QUILTPALHUH OCHO-
BEHIBAeTCS Ha OOHIMX 3aKOHOMEDHOCTAX THADPABJIHKH, XOTA M pe-
aJbHOE MPHUPOIHOH cpexbl (rOpHBEIX MOPOA) OHA HMeEeT psA CBOEOG-
{12



pasHux ocofBeHHocTedl. KpHTepueM kHHeMaTHUecKOH XadpaKrepH-
CTHKH IOTOKA NOA3EMHBEIX BOJA CJAYXHT CKOPOCTb QHIBTPALHUH Uy,
npexcraBisomas cobofi oTHomIeHHe pacxoga @ 3a eqHHHIY Bpe-
MeHH K NIJIOLIAH HomepedyHoro ceveHus F, 1. e.

Up = Q/(Ft)

Hcxons M3 [pHPOAB CHJl  CONPOTHBJEHHS, BO3HHKAIOMIUX
B ¢uaprpannondoM noroke, H. H. Ilasaosckuit B 1956 r. mpemo-
XKHJ pas3Hyarh JABa pexXHuMa TeyeHHS — JaMHHApHHIH H TYpOYy-
JenTHBIl. JlaMHHapHEIA peXXHM HMeeT MeCcTO NMPH MaJbiX CKOPOCTSAX
IBHXKeHHS, KOrja MexXay OT/eJbHHMH cTPyHKamH He Habmopaercd
THApaBJHYecKOe NepememuBaHHe. TypOGyJeHTHHH (Gecnopsamou-
Hufl) pexum HaGmopaercs B GOJBUIHX OyCTOTAX (KApPCTOBBIE Mac-
CHBBI) HPH 3HAYHTEJbHBIX CKOPOCTAX TeYeHHHA H A/ Hero Xxapax-
TEepHO TepeMeHIHBAHHe OTHENBHHIX CTPYeK. ITOT HAKOIJEeHHBIH
onuT (cM. paborsl M3BecTHHIX rHaporeosoroB C. B. TposHckoro,
H. K. T'npunckoro, B. H. IlenkaueBa M apyrux) maer BO3MOXK-
HOCTb CYMTATb, YTO /s NOAABJSIONEr0 GOJBUIHHCTBA TOPHBIX MO-
POZ XapakrepeH JaMMHApHBIA pexuM dHIbTpanuH. CienoBare/bHo,
MeXJy PacXOAOM TNOTOKA H €ro rpajHeHTOM (najeHHeM) Hanopa
CylecTByeT JHHefiHas CBS3b, B COOTBETCTBHH ¢ 3akoHoM [lapcu
(3akoH JauHefiHOH GuabTpannu), T. K. Q=FkFIt, tie Q — pacxon
duabTpanHoHHOTO motoka B M3 HaHM cm3; F-— monepeuHoe cewenue
noroka B M2 HaH cm?; ]=AH/l — rpaguent Hanopa noroka, AH —
noreps Hamopa B M, CM; [ — JJIHHA OyTH QUALTpAULHH, M, cM; [ —
BpeMsi, 38 KOTOpoe onpefeseHo Q; k& — kosbdHnHeHT DHIbTPARHA
BOJOHOCHBIX NOPOJ B M/CYT HJIH B cM/C.

[TpuMeHHTCNIBHO K peLICHHIO 3ajay MO OlpefeseHHI0 BOXONPH-
ToKOB B ropHule Bupaborkd C. B. TposHckuii ykasaa Ha BO3MOX-
HOCTh MCHOJIb30BAaHHA 3aKOHA JaMHHapHo# duabrpamuu dapcn
ILJsl JIoOBIX BOJOHOCHBIX HOPOJ, B TOM HYHCJe TPEUIHHOBATHIX H 3a-
KaPCTOBAHHBIX.

Jlerko MOXHO NOKa3aTb IepexoJ M3 OGIIErc BHIpAXKEHHS 3a-
KoHa JlapcH K 3anMCaHHOMY

Kn dp.
w dl ’

U—

rae Ky — xosb@HuyueHT NPOHHILAEMOCTH Cpelbl; 1 — KospguuueHt
IHHaMHUYeckofl BA3IKOCTH XHMIAKOCTH; p — jAdBJeHHe B KHIKOCTH;
d

—E’;——-—rpazmem JaBJeHnst.

[Tepexox x TypOyJieHTHOMY peXHMY QHILTPANHH MOMXKET HMeTb
MeCTO TOJBKO B OUeHb BBLICOKONPOHHIAEMBIX NOpOJAax NpH pe3KoH
HHTeHCHQHKAIHH BOXHOTO IOTOKA, HYTO B peansHoll o6craHOBke
BCTpeUaercs HCKJIOYHTeNbHO peako. KpHTHueckas ckopocTb, Mpef-
CTABJSIOIEAS cOOOR BepXHIOK TPAHHLY NPHMeHAEMOCTH NPSAMOJH-
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HefiHoro 3akoHa Ilapcu, MoxXer ObiTh onpeleseHa MO NpeasoKeHHIO
B. A. Muponenko u B. H. lllecrakosa H3 BbipaxeHHs

Up = €/at,

Tle o= » €— KO03DOHIHEHT NOPHCTOCTH BOJOCOAED-

XKamwehd nopoAbl; p-— AaBJeHHe B IOTOKE; o — KO3PPHIHeHT Henu-
Hefioctn ¢uabrpanun (0=0,1—0,3 maa neckos); v=0,01 cm?/c.

Hurepec ana pellieHHs HEKOTODHIX 3a4ay INpejcTaB/ser HHXK-
HASA rpaHuila IpUMeHsEMOCTH 3axkoHa [lapcu. B MajonpoHHnaeMbix
NOPOAAX BO3SHHKACT BA3KO3JACTHUECKHH pEXHM TeueHHd (CONpo-
THBJIEHHE B IOTOKE 3aBHCHT OT BS3KOIO TPEHHS H CUENJIEHHd 4a-
CTHI[ BOAHI), KOTODHLI BO3MOXKEH NpH TpajHeHTax Bblllle HauaJb-
Horo rpapuenrta lo. Tocnenumnii onpeaensiercss M3 BHpAXKEHHS

Jp=—2%
Peng

rlie To— HauaJbHOE CONPOTHBJEHHE CHBHTY; Pg-— MJIOTHOCTh BOMBL
r-— paauyc cedeHHs HOp; g — YCKOpeHHEe ¢BOGOXHOro NaleHHs.

B sroM cayuae (nmpu I>/o) 3akoH ¢$uIbTpamHH ONMHCHLIBAETCS
ypaBHeHHeM, npemsoxeHHuM C. B. Hepnuuwim B 1967 r:

4 lo ( Is\3
() :k[!—-—l —l——(——)]
¢ 3 %" 3\
Pasnnubeie o6aacta GUAbTpAanUA MOXKHO H306pasuTh rpaduue-
CKH, KaK N0Ka3aHo Ha pHc. 42.
i BefeHHS T'HIPOTEOJOTHUCCKHX pacueroB HeobGxoxuMa HHb-
TPALHOHHAS CXEeMaTH3amMus, KoTopasg OB HO3BOJIMJAA YCTAaHOBHTh

Xapakrep Mnpolecca Bo BpeMeHH (cTagHOHAapHas M HeCTalHoHap-
Has GuabTpanusa), NpocTpaHCT-

’

vcp‘ BEHHYI0 CTPYKTYpy TOTOKa H
COCTABHTD MaTeMaTHYECKYIO
MOJIeJb.

Crpyxktypa mOTOKa ompeje-
JAETCd XapaKTepPOM CEeTKH JBH-
JKEHHs, COCTOsINefi W3 JHHHH
pPaBHHX HANOpOB H JHHHA TOKa.
[lepBbie  COEAHUHSIOT TOYKH
C  OJHWHAKOBHEIM Hamopow,

I _é_/a [ @ BTODBHIE IOKa3blBAIOT HANpAB-
JeHHe norToka. B oaHOpoaHO#
Puc. 42. I'pa(ppmecxoe ﬂsoﬁpaxeﬂne Cpeae JUHHUU NOTOKAa nepneﬂﬂn-
PAa3MUHLIX DEXRUMOB (WIbTPANMH: KYJASpHbl K JHHHSIM DAaBHOTO
1*”¢=kl= 2—vg=k VT 3—v¢=k[l—il+ Hamopa W COBMNAJdIOT C HAMpaB-
Io 4 ™ JIEHHEM  MAaKCcHMaJabHOTO Trpa-

4= i 4—o I— =1
( )] b= k( ) nueHra. [IpakTHka  NOKasH-
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60 58 56 54 52

AT
] —
NPH
6 40
38
J6
34
i
5 Puc. 43. Bunpl GuABTPALMOHHLIX MO-
TOKOB:
Nt 50 @ — naockuA, nuHefiunifi B naare; 6 — mioc-
KA, auHeithbift B npodnne; 8 — paxMasbHBI
48 CXORAIWMACS;, & — paaMaidbHBIl pacxXomsuui-
46 cs: JIT — aunuu toxka, JIPH — nnunu paB-

HbIX HaTmOpOB

BAeT, UTO B pacuyerax NOTOKM NPHHHMAIOTCA NJOCKHMH B Mpoduie
u B niaHe (puc. 43) ¢ u3MeHeHHeM CETKH JBHXKEHHA B oJHOH mjo-
CKOCTH (B BepTHKAJbHOH /s MPO(PHJbHEIX MOTOKOB H B TOPH30H-
TaJbHOH JAJs TNOTOKOB OOJBLION HPOTSXKEHHOCTH N0 CDaBHEHHIO
C HX MOIIHOCTBIO).

B cooTBerctBHHM ¢ 3akOHOM Jlapcm yaenbHHIH pacxoi MJaHO-
BOTO MOTOKA ¢ B OJHOpPOJHOM cpele (MOTOK MIMpHHOH B 1 M) mpen-
crasJaser corjacHo K. Tomou:

g=kml =TI,

rje /1 — MOUIHOCTb NOTOKA; 7 — €ro IpoBOJHUMOCTb.
EciH NOTOK NPHYpPOUEH K HECKOJbKHM BOJOHOCHHIM TODH30H-
F¥aM OJMHAKOBOH MOMHIHOCTH, HO pas3HOH BOJONpPOHHUAEMOCTH, TO

T = kymy - komy +kgms - . . .+ komy,.

W2 npuBepeHHBIX 3aKOHOMEPHOCTeA O [ABHXKEHHW MNOA3EMHHIX
BOJA, KOTOpHIE J€XaT B OCHOBE pacuera BOAONMPUTOKOB K pasJ/H4-
HEIM BHpabOTKAM H COOpPYXKEHHAM, BHAHO, uTO (PHUJIbTPAUMOHHLIA
MOTOK XapaKTepU3yercs pSAOM IapaMeTpoB, U3 KOTOPHX KO3addH-
HHeHT @uIbTpallUu TNpeAcTaBaser HauOobMIHE HHTEpEC, MO-
CKOJIbKY OH 0TpaxaeT BOJOIpPOHHLAEMOCTb TOpPHBEIX TOpoA, obja-
JaoLHX pas3Hof crelieHbI0O H3MEHYHBOCTH W aHHU30TPONHH (CM.
pa3n. 2.4).
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PaccmoTtpum HEKOTOphIe
sJeMEHTApHBIe 3afauH Olpele-
JEHHS BOJONPHTOKOB B JApeHH-
pyloilde COOpyXeHHs (rOpHbie
suIpaGoTKY, BOLOMOHHWKAOUIHE
CKBAMHHBI, BON03aBOPHHE Y3JHl
H T. X.). B COOTBeTCTBHH C 3a-
KOHOM JlapcH, KAk HaM yXe HU3-
BECTHO, BEJHUHHA BOJOINPHUTOKA
B ©AMHHNY BpPEeMeHH 3ABHCHT
OT BOJONPOHHIAeMOCTH, TpajH-
Puc. 44. Cxema X paciery sopomps- CHTA W C€4CHMA [OTOKA. Ox-
TOka B TPyHTOBOM BONOHOCHOM ropu- HAKO Ha 3Ty BEJHYHBY OKa-
30HTE: 3nBalT BJHAHHe QopMH H
{ — monowocuu  ropisolir; 2 soxoynoPi  pamepsl JIpeHHpyloUefi BLpa-

GOTKY, €e NojgoxeHde B IMpPOCT-

paHCTBE H MO OTHONIEHHIO K BO-
HoHOCHOMY ropusoHTy. Bosbiioe npakrudeckoe 3HadyeHue AJA pe-
IIeHHd MHOTHX 3aja4 MMeeT BepTHKaJbHasd BHpPaboTKa KPYTJIOro
ceyenHs TOA Ha3BaHHeM «BepTHKaJbHBIfI Kojonen», cxemMa KOTO-
pOTO HCNOJb3yeTcs [/ pacyera BOJONPHTOKA MOA3EMHBIX BOA
K CKBa)XuHe, HIaXTHOMY CTBOJYy, Hypdy, KOTJIOBaHY, Kapbepy H
JpYTHM [peHaXHHM coopyxeHHAM. Ilpu sToM, ecnu BHIpaboTKa
mepecekaeT BCIO MOLIHOCTb BOJAOHOCHOTO TOPH3OMTA ¥ CBOHM 3a-
GoeM omupaercsl Ha NOACTH/IAKIIHA BOXOYNOp, TO OHa HA3BIBACTCA
coBepllleHHOH. B npOTHBHOM ciaydae necosepmiennodl. Kpowme Toro,
eCIH TpH TAKOM TOHHXKEHWH YpOBHS BOJRl B pe3y/ibraTe OTKauKu
BeJHYHHA BOZOTPHTOKA NOCTOSIHHA, TO PeXuM OQuibTpannu CUnTa-
ercst CTaBHAH3HPOBAHHEIM (yCTAHOBHBIIMMCS).

TipoBeseM pacueT BORONPHTOKA K BEPTHKAILHOMY INAXTHOMY
CTBOJY, TPOMHACHHOMY B TDYHTOBOM BOJXOHOCHOM TOpH30HTE H OIH-
parouieMycs CBOHM 3a6oeM B BOXOYMOp (puc. 44). B ocHoBy pac-
yeTa mOJOXHM 3aKoH JlapcH B 3HAKOMOM BHIE

R

Q=kIFt.

Fcid mOCMOTPETh BHHMATeJbHO HA pacyeTHyI0 cxemy, TO MBI
y6enumes, 4TO COPMHDPOBABIIAACS JENPECCHOHHAS BOpOHKA BO-
Kpyr ApeHHpyouiell BHPabOTKH XapaKTepH3yeTCsl HEenoCTOTHHLIMH
3HAYEGHHSIMH THAPABJHYECKOro IpajneHTa H CcEYCHHS APEHHPYEMOTO
pajAnaibHOrO noTOKa. ITo3TOMY HEOGXOAMMO HA HEKOTODOM [pOHS-
BOJILHOM PACCTOSIHMH X OT OCH KOJIOJANA BHEUTh GECKOHEMHO Ma-
710€ H3MEHEHHe CCUCHHS TOTOKA dX M 1Js HerO B AH(p¢epeHHHANb-
Holi (opMe 3allHCaTh BHIpaXkeHue (B COOTBETCTBHH OUATH Xe C 3a-
koHoM Jlapcu) A4S OnpeaeleHHss BOJONPHTOKA, NPOXOASIIEro
yepes Hero, a NMOTOM [POBECTH CyMMHpOBaHHE (AHTerpHpOBaHHUE)

'y

Mo Bcemy 0OBeMy IelmpecCHOHHol BOpOHKH. M3 pacueTHo# CxeMH
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Ha pHc. 44 BHAHO, YTO CeYEHHE
npeacrapasier cob60f  B0KOBYIO
HOBEPXHOCTD WHJAHHIApPA palH-
ycoM x H BuicoTol y, dF =2mxy,
a TpajMeHT COCTABHT OTHOlIe-
Hue dy/dx. VI3 3atoli XKe cxeMH
BH/IHO, 4TO X OYAET H3MEHSTLCA
OT BeJHYHHB pajuyca JpeHH-
pyioumeli BblpaboTKH r, A0 3Ha-
4eHHs pajaHyca cQOpMHpOBAB-
ureficss JAENPECCHOHHOH BOPOHKH
R (pagmyca BJHSHUA JpEHH-
pylomie#i BepaboTkH), a y-—OT
h no H. IMoatoMy 3akoH [lapcu
nocje HekOToporo Inpeobpaso-
BaHHs MPHMET CJAeXYIOUHE BHA

<. T T -~
. ar
. x < i
N Y
N A S '/./\ﬂ
AN / H

R

Puc. 45. Cxema K pacyeTy BOAOHNpH-
TOKa B HalOPHOM BOJOHOCHOM TLOpH-
30HTe

R H

Qj‘ﬂ: 2nk S ydy.
X

r h

Bosbmem TaOGJAHYHBE onpeae/icHHbBIE HHTErpaJbl
R H e
dx ; —_
S——:lnR/r I/I‘Y_z/d_z/:——

h

X 2

¥
M 340MLIeM OKOH4YaTeJbHO BHIpaXKeHHe MJs pacyera KoJHYecTBa
BOAH Q, M®[4; M?/CyT, NpHTEKAaIOIero 3a €XHHHIY BPEMEHH H3
TPYHTOBOrO BOJOHOCHOTO FOpH30HTAa MOINHOCTBIO /1, M, BOXOTNPOHH-
IIaeMOCTbIO, XAPAKTepH3yeMol ko3hbHuHeHTOM OGHAbTpAnHA &,
M/CYT B COBEpIUGHHYIO BEPTHKAJBHYIO BHIPaGOTKY pafHycoM 7, M
HpH YCTAHOBHBIIEMCS peXHMe (GHABTPAUHH C NMOHHXKEHHEM eCTecT-
BEHHOTO YpOBHA BOAB Ha BeJHUHHY S=/H—h B BHAE

H:—_p2
== k s
Q== In R/r

Ecan BelpaboTka npoiiieHa B HanmoOpHOM {aprTe3HaHCKOM) BOXO-
HOCHOM TOPH30HTE, TO TaKHM e 006pa3oM MOXKHO HPOBECTH BBIBOJ
pacueTHO# (GopMYy/H, HO ceycHHe motoka (pHc. 45) 3meck COCTABUT
2nxM, rie M — MomHOCTh HANOPHOrO BOAOHOCHOro ropusoura. Ilo-
3TOMY OKOH4aTe/JbHas (opMyJa NOpHMET CAeXYIOmMH BHA:

Qz?ﬂkM H—h 2nkMS
InR/r inR/r

[TpuBeaeHHble ABe (GopMyJH AJAs pacyeTa BOJAOTPHTOKOB K Bep-
THKAJbHBIM COBepIICHHBIM KOJOALAM B TPYHTOBOM H apTE3HAHCKOM
BOJOHOCHBIX TOPH30HTAX OLIIH TNOJY4YeHH BIepBble (GpaHIy3CKHM
yueHniM K. JlomoH. OTH (HOpMyasl Moryr GHITb HCHOJb30OBAHH H
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HpH ONpefeNeHUH BOJONPHTOKOB B KOTJAOBAaHBI, KapbepHl, NMOA3EM-
Hble BHIpaGOTKH, KOTOPbIE NMPHPABHUBAKIOTCS «GOJBIIOMY KOJOALY»,

P
¢ pamuycoM r¢ =A/F/n A re= = TAe F —njomans Bepa-
111

G0TOK B BOJZOHOCHOM TODH30HTE; P — mepuUMeTp Kapbepa.

3xecb Hamo cAenaTbh JABA BAaXKHBIX 3aMEUaHUA, UMEWOIIHUX 15
NPAaKTUKK OCYIIGHUS] MecTOpOXKJeHUH OueHb BaXKHOe 3HayeHue. Bo-
nepBeIX, GopMyabpl JIONIOH ¢ y4eToOM TeX H3MEHEHHH U YTO4YHEHHI,
KOTOpHle BHECNH B HHX CHEIHAJHCTH-THAPOTEONOTH, MOTYT OBITL HC-
HNOJMb30BAHKE! AJS NMPOrHO30B BOJONPUTOKOB B BEPTHUKAJbHBIC BLIpA-
GOTKH B NEPHOA Pa3BEIKH MECTOPOKACHUH U MpH HPOEKTHPOBAHUH
rOpHBIX TNPEANPHATHH B 4YaCTH JPCHHUPOBAHHUS [OA3€MHBIX BOJX
B NEPHOJ CTPOHTENbCTBA H IKCHJAyaTalHUH rOpHHIX BhpaloTok. Bo-
BTOPBIX, OHA JaIOT BO3MOXKHOCTb pellarb o6parHyl 3amady, T. e.
onpeaensitb Ko3p@uuHeHT (GUIbTpAUUH HO HaGIIOJEHUAM 3a Ape-
HUpPOBaHHEM MOA3E€MHBIX BOJ TOPHBIMH BHLIpaGOTKAMH WM BOAOINO-
HHKAIOMIUMH CKBAaXHHAaMd. [ToslyuyeHHBIC NIpH 3TOM XapaKTePHUCTHKH
BOAONPOHUILAEMOCTH 061aJal0T BHICOKOH TOYHOCTbIO H HAJEKHOCTLIO
M UCHOJAB3YIOTCH A8 YTOUHEHUS MPOrHO3HBIX pacyeroB HJIHM B Kaye-
CTBE aHAJAOrOB NPH NPOEGKTHPOBAHUH HOBBIX HpeanpufArtHii. Jlerko
y6eHTbCA B TOM, YTO AJS YCJAOBHE rPyHTOBHIX BOJ

QinR/r
n(H2—h2)

a Aast apTe3HaHCKHX KOJOALEB

___QInR/S
T oaMS

[poBOAHMBIE B MEPHOA PA3BEJKH MECTOPONKACHHS ONBITHO-
GuIbTpaLHOHHEC PAGOTH (OTKAUKH, HArHeTAHHs, HANHBbI), B CHIY
HX KP4TKOBPEMEHHOCTH H MHO-
THX HEH3BEeCTHBIX O TeoJorHye-
CKOM CTPOCHHH H THIPOTeo-
JIOTHYECKUX YCJOBHAX, JAIOT Me-
Hee TOuYHBIE CBEJEHHS O BOJO-
HPOHHUIAEMOCTH H3y4ydeMbIX
MopoJI.

Jst mnockoro motoka, dop-
MHUDYIOmIErocs TNpH JIPEeHUPOBa-
HUH T[OA3eMHBIX BOJA JIHHeH-
HBIMH COBepLIEHHBLIMH ADEHAMH

\ €KaMHu KaHaBKaMH KaHa-

\\\\\\ N\ \R\\\ (p ’ ’
JaMH, TpEIHHAMU, HITDeKaAMH,
E— pPAAOM BOJAOTIOHH3HUTENbHBIX
Puc. 46. Cxema K pacuery sogompu- CKBAXKHH H JDYTHMH COOpyXe-
TOKAa K HEcOBEpLIEHHOMY KOJoALly HUSIMH, BHITAHYTHIMH B IUIaHe),
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y KoTophix aMuHa B 10 pa3 u GoJsee mnpeBHiliaeT HIHPHHY, MOXKHO
HCTIOb30BaTh QPopmyny [onmoH AAs NpPHTOKA ¢ OJHOH CTOPOHH
JApeHH
H2—h2
Q=Bfk———-—,
2R
rac B — pnuua gpeHbr; A — ray6HHA BOALI B ApCHe.

Ilpu pacuere BOZONUPHTOKOB B HecOBEpHICHHBIC BLIpAOOTKH, He
JNOXOJsIHIHE CBOHM AHOM [0 Bojoynopa (puc. 46), BBOASATCA COOT-
BETCTBYION{HE NOUPABKH, KOTOPbie OPHBOAATCA B CIPAaBOUHHKAX IO
ocyurennio MITH. Tak, wanpumep, dopmyna JjomoH s HecoBep-
IIEHHOTO BEPTHKAJALHOTO KOMOAUA NPHOBpETAeT BHJ

4
H2 _p2 ho - 0,57 th— hy
== T[k y
Q in R/r ’\/ h l/ h

rae h— paccTosiHHe OT YPOBHS BOABW B KOJOALE A0 BOAOYIOPA;
H — nepBoHauaabHas (ecTecTBeHHAs!) MOIIHOCTb BOJOHOCHOTO TO-
pH30HTA; Ao — BEICOTA €T0/164 BOABL B KOJOANE.

®opmyna AAs pacyeTa BOZOUPHTOKA B TOPH3OHTAJNbLHYK HEco-
BepUICHHYIO ZPCHY THIIA rajepeH KpyrJaoro CeYeHHs HMECT CACAYIo-
HHA BUI:

Q- _2BkHA
{n R/r

rae A=n/2+ H/R; H— paccrosiHue oT YpOBHSI TPYHTOBHIX BOJ JO
HCHTPa KPYCLJAOTO CEUEHHs APEeHbI.

3.6. YCJIOBHSI $OPMHPOBAHUSA
OBBOJHEHHOCTH T'OPHbBIX BBIPABOTOK

Hns OLeHKH BJHSIHHS [I0J3€MHBIX BOJ, Ha YCJIOBHSI BEHEHHsS TOPHBIX
pa6oT, Ha YCTOHUHBOCTb COOpYXeHHH, a Takke Al pa3paboOTKH
MEpONpPHATHH TO OrpaHHUYCHHIO 3ITOTO BJAHSIHHS, 6OJbIIOE 3HAUCHHE
HUMEIOT XapaKTep H cTeNeHb OGBOJHEHHOCTH MectopoxaeHHi. O cre-
neHH OGBOJAHEHHOCTH CYAAT 1O ofileMy BOAOUPHTOKY B LIAXTY HJH
Kapbep, BbIpaXXeHHOMY B KyOGHUYECKHX MeTpax B 4ac H Kosbgpuiu-
€HTY BOAOOGHJBLHOCTH, TPEACTABJSIONIEMY COGOH OTHOUIEHHE KOJIH-
YyecTBd OTKaYHBAECMOH BO/JAL H3 TOpHOH BHIPAaGOTKH B KyOHYECKHX
METPax K KOJHYeCTBY AOGBIBAEMOTO NOJE3HOTO HCKONAeMOTO B TOH-
Hax 3a onpeAeJeHHHIEH nepHox BpeMeHH (o6biuHO 3a roa). Ilo aTHM
noxkasaTenssM Gblia OpeJoXKeHa OJHA H3 NEPBBHIX KaaccHpHKADMHA
yroipHelx waxt M. B. CeipoBatxo (rab.a. 29).

XapakTepH3yss DYAHbIE MECTODOXKIEHHS B TYMHAHOH H apufu-
Hoit sonax CCCP", H. W. Ilaoraukos u U. W. Torunen [21] npuso-
ZAT cAeLylomHe OpPOTHO3HHEC BEeJAHUHHB BOAONPHTOKOB B rOPHBIE
BBIpaBOTKH B 3aBIICHMOCTH OT CTelNeHH ofBojaHeHHocTH: | rpynmna
MecTopoxaeHHA 50—100 (300) wm3/uy; IT— 200 (300) — 800 (1200);
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Ta6anua 29. KaaccHdukaunsd ropHuX BupaGoTok no creneH¥ 06BOAHEHHOCTH

Kospdnunenr Vaeavuu
Q)gé‘;;g:gg: O6mait BOAGMPHTOK, | KosdduuueHT
Crenenb 06BOAHEHHOCTH pogoHOCHOrG | BOMOTIPHTOK, M3/q Ha BOROOGHJIb-
TOpHIOHTa , M3/q 1000 M? Bmpa- | nHoCTH, M*/T
M/CYT GoTOK
BecnMa 06BojHeHHBIE =100 =1000 >4 >25
O6ponnenuble 5—100 | 300—1000 0,4—4 8—25
YMepeHHble O6BOAHEHHBIE 0,05—5 100—300 0,05—0,4 3-8
Cna6o o6BOANeHHBIE H He- <0,05 <100 <<0,05 <3
06GBOjIHEHHbIE
i
!

111 — 2000—5000; IV — (3a cueT TpeWHHHO-KaPCTOBHX M pPedHBIX
BOJa) — 8000—12000, peaxo a0 32000 m3/u.

O6wyre KapTHHY H3MeHeHHS mMokasatesefi 00BOZHEHHOCTH
MOXKHO NpOCJAEIHTb Ha NpHMepe IiaxTh «JIeHMHrpaAckas» (pHc.
47), rie BOJOHOCHBIl KOMIJIEKC MPHYPOUYeH K KapOOHATHHIM MOPO-
JaM OpIOBHKa CJOHCTOrO CTPOEHHS C MPOBOAHMOCTBIO B CpeiHeM
or 10 no 150 m?/c.

YcaoBus 06BOIHEHHA 3aBHCAT OT LEI0r0 pAAa NPHPOIHHIX ¢ak-
TOPOB, HO Ha HHX CKa3blBAOTCA H HeKOTOpble TEXHOTEHHBEe OcofeH-
HOCTH pa3BelKH, BCKPHITHS H SKCIJIyaTallMH MeCTOPOXKICHH#A: TaM-
AoHAX CKBaXXUH, 3aTOMJIeHHe CTapbix IaxT, CHCTeMa BeJeHHs pa-
G6or u T. A OCHOBHBIMH NPHPOAHBIMH (haKTOpaMH OOBORHEHHS
MeCTOPOXIAEHHA TBEPABIX MOJE3HBIX HCKOMAEMBIX CJELYET CUHTATh:
aTMocepHpie OCaJKH, OpPOrHApPOrpauio MECTHOCTH, BOJAONpPOHH-
HaeMOCTb BMEIIAIOMIHX H MOKPHIBAIOUIHX MOPOJ, TEKTOHHYECKYIO HX
HapyLIeHHOCTb, NIy6HHY 3aJleranis noJe3Horo Hckonaemoro. Ouenb
yacTo rJasHofl NMPUYHHOH 0OBOAHEHHS TOpPHBIX BHIPaBOTOK sBJIA-

eTCs TOCTYIJeHHe BOABI 3a cyeT

it g @  uHbuabTpapuu aTMocdepHbIXx H
2000 (-18 OBEPXHOCTHBIX  BOJA, HHTEHCHB-
HOCTb KOTOPOH TaKXke 3aBHCHT OT

1900 (12 KAMMaTHYeCKHX YCJIOBHH pafioHa
1000 |88 MeCTOPOXKAeHHUs, peabeda MecTHO-
CTH, BOMONPOHHILAEMOCTH HOKpPHI-

500 +04 BAIOUHX MOpoJ, TAyOHHBI 3ajera-
0 . : 7 HH®  nosesHOro  HCKOMaeMoro.
1950 1960 1970 1980 OueHKa HCTOYHHKOB BOLOINPHTOKOB
rogsi B IAXTy HJH Kapbep [aeT BO3-

Puc. 47. WameneHHe noKa3zareeft MOKHOCTL  yJ1y4ILHTD dhdexr pa-

60TEl BOAO3ALIHTHBIX COODPYIKEHHH,

O6GBOJHEHHOCTH CJAHIEBOR LIAXTHi
«JleHuHrpaznckasn». a TakKxXe BOIOOXDaHHBIX Mepo-
Q — o6wmuA BOFONDHTOK; § — YAeAbHbIA npu SITHH,

BOLONPHTOK Ha 1000 M2 oTpaboraHHOA

IO anH
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KOB Ha BOXOOOMJbHOCTL IIAXT APH CPaBHHTEJbHO OAMHAKOBHIX
MPOYHX YCAOBHAX MOXKHO NMoKaszath Ha nmpumepe oneuxoro n Ka-
paraHiHHCKOTO VroJbHBIX OacceffHoB. 31aech MHOA3eMHble BOJIbI
IPUYPOUEHH K TPEUINHOBATHIM eCuaHMKaM, cJaHuaM H HM3BECTHH-
KaM [0CTaTO4YHO BBICOKOH BogomponunmaemoctdH. Ho necMoTpsa Ha
fogo6ne BOJOCOAEpKAUIMX NOPOM, BOAONMPMTOK B wwaxte Kapa-
ranguacKoro Oaccefina, rle KOJMUECTBO aTMOCHEpHHX 0CaliKOB
cocTasasier okoJo 270 MM B roi, B 2—3 pasa MeHbllle, 4yeM
B waxthl [on6acca, B pafione KOTOpPOro Bhiajgaer aTtMochepHbIX
ocankos 400 MM B roJ u MCIapsieMOCTh MeHblIE.

BoponpornnaeMocth HepEeKPHBAIOWMX HOPOA M pefbed MecT-
HOCTH OKa3HBAIOT CYIECTBEHHOE BJAMAHHE Ha H3MeHEHHe MHTEHCHB-
HOCTM MHGMAbTpPAaUHM B HEPHOIB CHMJBHBIX NO0XKJeH H BeCeHHEro
chHerotafuna. Tak nop GajkamM, oBparamMH 1 ADYTHMH NOHMXKe-
HHAMH pedbeda ¢ MaJOMOIIHBIME MOKPOBAMH TJHHHCTHIX OTJOXe-
HUH MPUTOKH BOAH B 3TH Hepuoiabi yseduuuBaiorcs ua 20—40 %,
a HHOrga B 2—3 pasa no cpasHeHMIO cO cpenHerofosuiM. Ilox or1-
HOCHTEJbHO DOBHOH MOBEDPXHOCTBIO 3eMJIM M INpH HaJHuuu OoJee
MOIIHBIX TOJIL TJHHACTHX HOPOJX POCT BOLOIPHTOKOB BecHOH CcO-
crasJjser Bcero 10—15 9% or cpeanerogoBoro. O HemocpeAcTBEHHOH
CBA3KM BOJONPHTOKOB B LIAXTy ¢ arMochepHbBIMH OCafKaMu MOMXKHO
cyouTh Mo JaHHbIM Ha puc. 48 [17]. Peaved 3eMuOil MosepxHOCTH
onpezessieT HAa MHOTHX MEeCTOPOXKIEHMsX Xapakrep M HHTEHCUB-
HOCTb Pa3rpy3Kud BOJOHOCHBIX T'OPM3OHTOB, UTO, B KOHEUHOM HTOIe
CKa3biBaeTCA Ha CTeNeHH OOBOLHEHHOCTH. TakK, AJisi HEKOTODhIX MOA-
3eMHBIX BBIPa0OTOK, NPOXOAHMMBEIX Ha BOJOPAa3AEJbHBIX YUYacTKax,
rie MoA3eMHble BOZbl APEHHPYIOTCH MECTHOH THMApOrpadHuecKoH
ceTblo, Bogonpuroku 8 10 pa3 MeHbllle, yeM Ha y4acTKax, 3aJerawo-
miEX Ha 6oJiee HU3KHX OTMETKax,

Oco6eHHO Pe3KO YBEJMUYHBAIOTCA BOLONPHTOKM B T'OpHBIE BbIpa-
6OTKM NpH MPOXOXKIAEHHM MX B HEAOCPeACTBEeHHOH OJM30CTH ¢ HO-
BEDXHOCTHEIMH BOZOEeMaMy. ITO YyBeJuueHHE CBA3aHo ¢ O6oJjee

@M%

. 320+
N
X p J 300+
S 100 P 50w 280t
x - T
= A WS 260r
g W8S 2e0f
S 401 g 20 38
g S5 220}

R 20 VAT
E: 0 r——’."’x/ T RS 0 % R 200 L 1 ! t L 1 ! ] L
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Puc. 48. 3aBucuMocts Bononpurokos  Puc. 49. T'padHK H3MeHeHHS BOMLO-
B waxty (I) or KonHwectBa arMocdep- rnpurokos B CubGafickuil Kapbep
HBIX ocajkoB (2)
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BBICOKOH BOLOOGHJBLHOCTBIO MecTOpPOXKAeHHA, ¢opMmupyoouehcs 3a
CYeT MHTAHHA BOMOHOCHHIX TOPHU3OHTOB IOBEDXHOCTHHIMH BOAaMH.
EcrecTBeHHO, YTO HHTEHCHBHOCTh 3TOTO NHTAaHHA 3aBHCHT OT JIHTO-
JIOTHUECKOT0 COCTaBa aJIOBHAJNbHBIX OTJIOXKeHHH M OGHAXKEHHOCTH
KopenublX nopoa. Ocofo nokasaTebHE B ITOM OTHOLIEHHH pe3yJb-
TarH HaG/moaeHdfi 3a BOAONPHTOKAMH B ropHhie BHpa6Gotku B Kys-
facce. 3pecb BOAa NPOHHKAaeT Yepe3 TPEMIMHOBATHIE NecyaHHKH,
BLIXOAAIIME B peYHbie AOJUHB H NEPEeKPHIThie NeCYaHO-TaJeuHHM
ajmosueM. Ha yuactkax, ypajseHHbX or pek Gosgee ueMm Ha 0,5—
1 &M, BomonpHTOoK cocraBJjser 75,0—100 m3/u, npud COKpauieHUH
sroro paccrosiansg 1o 400—500 M BononpHTOK Bo3pacraer Ao 250—
300 M*/4, a npu paccroguun 250—300 M — no 500 m3/u.

Hns ycaosuit oubacca 1. K. llieroses smimenna 3 rpynnh
IaxTHRIX noJei:

a) WaxTHHe NOoJs B Opefejax BOAOPA3JeJbHHX NPOCTPAHCTB €O
CHOKOHHHM peabedoM, cnaboii 06HAXKEHHOCTbIO KOPEHHHIX NODOL,
K03 PunrenT BOROOGHJIBHOCTH 34ech cocrasaser 1,8—2,8;

6) WaxTHHE 10J4, NPUYPOUEHHBe K CKJIOHAM BOAODA3[e/0B,
rie cHJBHO PasBUTa OBpPaxKHO-GajNouHast ceTb M OOHAMKEHHOCTh KO-
PEHHBIX NOPOA, B CBA3H C 5THM, 3HauWTe]bHasi; Koopdunuent so-
HOOGUJABHOCTH WAXT B 3THX YCJOBHAX Bo3pacraer po 3,0;

B) IaxTHBIE M0/, PacnoJioXKeHHbe B [OJHHAX DeK, I'ie Cylie-
CTBYET HENOCPEeACTBEHHAs CBfA3b MEX[Y NOBEPXHOCTHHIMH M aTMO-
chepHBIMH BOLAMH H TOPHHIMHU BHpaboTkaMH, ko3pdHUHEeHT BOXO-
OGHJbHOCTH [JIs TaKHX IIAXT PEe3KO YyBeJHuMBaercs H AOCTHraer
30 (uraxra CyraraH).

HeobxonuMo OTMeTHTB, 4TO pE3KOe yBeJHUEHHE BOJONPHTOKOB
MOXKEeT [IPOM3OHATH npU moapaGoTKe BOAHOrO O0'BeKTAa, TAK KAk HpH
3TOM MoOXeT O06pa3oBaThbCs HENOCPEACTBeHHAsi THIApaB/HyYecKas
CBA3b MeXJAy BOJZOEMOM H mnoaseMHol Belpadortkoél. Ilosromy rop-
Hble paGOTH B HENOCPeACTBEHHOH GJH30CTH OT pPeK H APYIUX IO~
BEDXHOCTHHIX BOJOEMOB (a TakXe NOA MOIHBIMH TPYHTOBBIMH
BOJOHOCHBIMHM TOPH30HTAMM) BEAYTCH B COOTBETCTBHUH CO CHELHAJb-
upiMu  «[IpaBunamuy, «YxazanusamMu» uId «TexXHHUECKMMH YCJIO-
BUAMH. . .>.

BiHsinHe NOBEPXHOCTHHIX M aTMocdepHHIX BOA 0CO60 UYYBCTBHU-
TeJIbHO CKa3blBaeTCA Ha BONONPHTOKAX B OTKPHITHE TOpHBIE Bbipa-
6orkn. Ha puc. 49 npusopurcs rpaduk pexuma BOIONPHTOKOB
B Cubafickufi Kapbep, U3 KOTOPOTO BHAHO, YTO 1[I0 Mepe yBeJuHue-
HHs ero IjiyOHHBl KOJHYeCTBO BOJB IOCTEHEHHO pacTeT, oTpaxas
oco6eHHOCTH THAporeosordueckux yciosuii. Ho ¢ 1975 r. sopo-
NPHTOK B Kaphep CTaj DPACTH B CBA3H C [PEHHMPOBAHMEM IOBEpX-
HOCTHBEIX BOA [21].

Fny6una 3aseranus moJIe3HOTO HCKONAeMOro (ropHbIX Bblpafo-
TOK) OKa3blBaeT OnpejesieHHOe BJHAHME HAa XapakTep M BeJIHUYHHY
06BOJHEHHOCTH TOpHHX BHpa6oToK. Bo MHOrOM 310 CBA3AHO
¢ yMeHbliendeM OYCTOTHOCTH (TDPEIIMHOBATOCTH M NOPHUCTOCTH)
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rOpHBIX MOpPOA ¢ TITyGHHOH, 4TO NPHBOAKHT K CHHIKEHHIO WX BOJO-
NpoHHIAeMOCTH. MHOTHe yroJibHble W pyAHBlE IIaXTh Ha rayOHHe
HepBHX COTEH METPOB OKa3HBaloTcsl Ge3BOAHBIMH HJIH BOJAOIPH-
TOKH B HHX He3HauHTejbHb. OO 3TOM Xe TOBOPAT U HalJIOdeHHS
3a mpopbiBaMd B BblpaGoraHnoe mnpoctpadcrBo. Hasa [Honbacca,
HanpuMep, pesyjbrarbl HaOJIOLEHHH NMOKa3blBAalOT, YTO Ha BEPXHHX
FOPH30HTAX LIaxT NPOPBIBH BoAb gocruraiot 150—200 m3/y, a nHa
HHXKHHX OHH He mpenbimanT 30—40 m3/u.

Iny6una ropHblx BHpalOTOK CKa3nBaercsad W Ha Xapakrepe H3-
MEHEHHS] BOJONPHTOKOB [OJ BJHsIHMEM BeCeHHHX NaBOJLKOB H arT-
MocdepHbx ocagkos. A, M. KpaBnos orMeuaer, uto npd rayfuue
Boipabotok 80—200 M yBeanuenHe BOLONPHTOKa HabJopgaercs ue-
pe3 HeCKOJIbKO IHel [ocJje BHNajaHHA CHAbHHX HoXne#, a B Ilon-
MOCKOBHOM YroJibHOM OacceiiHe — yepe3 HeCKOJbko uacoB. Ilpu
ray6une BeIpaGotok 250-—300 M yBeJnueHHe NPHTOKA HacTymaer
yepes ABa MecdAua, a s ogHoi H3 maxt B JJou6Gacce Ha ropusoHte
560 M yBeJlHuYeHHe BOJONPHTOKOB GHLIO €1a00 3aMeTHHIM.

Onnako, Ha HEKOTODHIX MeCTOPOXKIACHHAX HaGMIOAANHCh OTKJIO-
HeHHsi OT YKa3aHHOH 3aKOHOMepPHOCTH. MHTEHCHBHO B 3TOM OTHO-
wennn Kanauryiickoe ¢aoopuToBoe MecTopoxienue B Bocrounom
3abafikanbe. 3pech, Kak NoKasaaun uccjiepoBanus I1. M. Bosabua-
KOBa, YBeJHYEHHe BOJONDHTOKa CBSI3aHO C HaJH4YMeM perdoHaJb-
HEIX TpelIHH, ITy6HHa KOTOPHX A0XoAHT 10 370 M (mo mabamone-
HHAM), H MOTYT OXHJAaTbCA Ha rayOunax Gosee 500 m. Ha stom
npuEMepe BHAMa pOJb TEKTOHHYeCKOH 0OGpabOTKE TOPHHIX NODOZ.
TekToHHUECKHEe TPELIMHBl HJIH 30HBl HapyUIEHHs NPeACTaBJAIOT CO-
6off BMECTH/HINA H MPOBOAHHKH OOJBIIHX KOJHYECTB I0A3EMHBIX
BOJA, 3a CYeT KOTODBIX YaCTO NPOHCXOAAT BOAHBIE NPOPHBH HJH
dbopMupoBanne G60JbIIAX BOAONPHTOKOB. Hacto OHHM (TpeUlMHB H
30HBl HapylUleHHs [OPOL) OCYIIECTBJSIOT THAPABJIHUYECKYIO CBA3b
MeX1y OTIedbHBHIME BOJOHOCHBIMH TFODH3OHTaMH, MeXIYy BOJOHOC-
HEIMH TOpDH30HTaMH H NOBEDXHOCTHBIMH BOJOE€MaMH, a TakXe
MEXLYy TODHBIMH BBIPaGOTKaMH (CTapbiMH H HOBBIMH), € OJRHOH
CTOPOHH, H NOJ3€MHBIMA H [OBEPXHOCTHRIMH BOAAMH, C APYroH.

HMroraa TeKTOHHYeCKHe HapyUIeHHs CO3Ral0T NOANpYXHHHBA-
HHe BOJOHOCHBIX TOPH3OHTOB, 3a CYET 4ero y NOCJeIHHX MeHsATCo
Hanop, MOINHOCTb, CKOPOCTb JBMKEHUA H T. A. BJiiHsfiHWMe TeKTOHH-
YeCKHX HapylUleHHH# Ha YCJOBUSL OOBOINHEHHOCTH LIaXT OTMeYatoch
Ha yroabHHX wmaxrax, Jloun6acca, » Cpeanelt AsuH, Ha pPyRHBX
Mecropoxaennax IOxuoro ¥Ypana, na cjiaHUeBbIX WaxTax JCTOHHH
H B IPYTHX YrOJbHBIX H PYAHBIX padioHax. B HekoropHx cayuasx
37eCh TPH IepPeceyeHny TOPHBIMH BHpaBoTKaMH TeKTOHHUECKHX Ha-
pPYUIeHHH BOJONDHTOKH YBeJIMYHBaJuch B coTHH pa3. Tak, B 1952 r.
Ha opmo# M3 maxt [ombGacca, npH nepecedeHHH cOpPoCOBOH Tpe-
IIHHB, NPHTOK BOAHR JAOCTHr OrpOMHOH Bejuuuubl 1100 Mm3[u,
a B BorocioBckuii kapbep Ne 3 mo TpemnHe, cCOefHHSIOMWEN BOAO-
HOCHBIH TOPH30HT B ACBOHCKHUX H3BECTHSKAx C I'OPH30HTOM MOA3EM-
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Puc. 50. Tpadpuxk H3MeHeHHS BOJOIPHTOKOB B DYIHBIl Kaphep TpPH BCKPHTHH
TEKTOHHYECKHX HapyIUeHHH

HBIX BOZA YIJeHOCHOH TOJILILH Me3030st, HIPUTOK cocTaBua 3500 m?/u.
Takoit MpUTOK MOMXKHO Ha3B&Th KaTacTpOQHUECKHM.

BckpHTHe TEKTOHHYECKHX HAPYIUEHHH OTKPHITHIMH TOPHBIMH pa-
60oTaMHi NPHBOJHT K PE3KOMY YBEJIHUEHHIO BOLONDHTOKOB B Kaphep.
B wMonorpadun [21] npusemen rpaduk H3MeHeHHS BOAONPHTOKA
B pyaHHd kapbep (puc. 50), KOTOpPHIH B sIBHO BHIpaKeHHoH dopme
MOKa3biBaeT BJHAHHE TEKTOHHYECKHX TPEUIHH B MeTaMOp(UUeCKHUX
nopoAax BCKPHTHX B 1969—1976 rr. u ocyuiecTBJfIOUIMX THAPAB-
JHUYECKYIO CBsI3b MEXKAY NOJ3eMHBIMH M TOBEDXHOCTHHIMH BOLAMH.

Hazo orMeTHTb, YTO IHAPaBJHYECKaA CBA3b MEXKAY OTAEJIbHBIMH
BOJOHOCHBIMH TODH30HTAMH, MEXAY NOBEPXHOCTHHIMH H TOJ3EM-
HBIMH BOJA2MH H TODHBIMH BHpaBOTKaMH Oue€Hb YacCTO OCYILECTBJIsA-
ercsl 3a CueT HCKYCCTBEHHBIX NYCTOT, OCTAIOUIHXCH NpPH HEKAuecT-
BEHHOM TaMIOHHPDOBAHHH Da3BeJOYHBIX, ONBITHBIX H BOLOTNOHHNKAIO-
KX ckBaxun, [IpuMepnl noApaGOTKH TaKUX CKBAXKHH HMEIOTCH Ha
MHOTHX MecTopoxXaeHHaX. OcobeHHO CylIeCTBEHHO HX BJHMsAHHe Ha
MECTOPOXKACHHAX, CHONKEHHBHIX TBEPAbIMH NOPOLAMH, B KOTOPHIX CO
BpeMeHeM He HacTynaeT CaMONpPOH3BOJbHHIH TaMnowaXX 3a Cuer
HaOyxauds, BbIaBJAHBaHHA H 00pylleHus nopoA. [lpu mompa6oTke
nofoOHBIX CKBAXKHH AJIs BOJOUPHTOKOB XapaKTepHa HX HEOXHIaH-
HOCTb, KOTOpasg HPHBOAHT K HapYUIEHHIO DHTMa paBoOTH TOpHOTO
NpeANpHATHSA,

Oco60 caepyeT OTMETHTb BJIHsAHHE Ha 0GBOAMEHHOCTb JAefCTBYIO-
IHX FOPHBIX BHIPAGOTOK 3a CUET BOJ, CKONHBLIHXCA B CTaphlX IHax-
Tax K Kapbepax {(3aronjieHsuie crapnie BHpaloTkH). BoRONPHTORH
B 3THX CJydasix, KaK NPaBHJIO, HOCAT KaTacTpodHUeCKHH XapakTep
H COMPOBOXKAAITCA BHIHOCOM GOJBIIOrO KOJHYECTBA PBIXJBIX [0-
pon. HHorma cocennue crapbie BHpaGOTKH NPeICTaBJsAlOT coboit
e[IHHCTBEHHBIH HCTOUHHK OOBOJHEHHA JEHCTBYIOIMHX MLIAXT, 49TO
NPHBOAHT K WHTeHCHPHKaLHH Iponecca OYYEHHs] TJAHHHUCTHIX TO-
pon nousnl BuipaboTku. Ha Kauiupckom MecTOpoOXKIAeHHH TOPIOUHX
claHueB oOmHuA BOAONPHTOK B maxty Ne 3, manpumep, cocTaBjser
35 wm3/u, W3 kOTOpHX OOJbIIE [OJOBHHBH 32 CUET NOCTYMJICHHS
IaXTHHX BOJA M3 OTPalGOTaHHOTO NpPOCTpPAHCTBA 3aKPBHITOH cOcen-
nefi waxtel Ne 1 [9].
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3.7. THAPOTEOJIOTHMYECKHE YCJOBHS MECTOPO)XAEHHUA
NOJIE3HBIX MCKONAEMbBIX

[ToxzemHble BOAB HAa MECTOPOMKISHHAX MOJNE3HHIX HCKONAEMBIX H3Y-
yajguch [, W. llerosesnm, C. B. Tposuckum, WM. B. Ceposarko,
C. TL TIlIpoxoposuiM, Il. IT. KaumenrosuM, H. H. [lnorHukoBHM,
C. K. A6pamoseiM, M. C. I'asuzosnm, H. I'. TTaykepom, B. A. Mu-
porenko, 0. A. HopsaroBblM M MHOTHMH IPYTHMH.

YeoavHole mecToponOenuss B 3aBHCHMOCTH OT YCJIOBHH (GOpMH-
POBAHHSA H peXHMa NOI3EMHBIX BOJX, a TaKXke HX BOJOOGHIBHOCTH
pasjiesieHbl HAa CeMb OCHOBHHIX [PYNI, XapaxkrepHble OCOOEHHOCTH
kotopuix npuBenensl B taba. 30. Ilo ycaosuaM 3aneranus 3upech
BCTPEUAIOTCA [PYHTOBBIE, MEXIJIACTOBHIE H apTe3HaHCKHE BOIHI,
KOTOpble 3aNOJIHAIT [OPH, TPEUHHB H KapCToBhe MHOJOCTH pas-
JHUHBIX THIOB OCAaZOYHHX HOPoX. Boablloe pacnpocrpaHeHHe, Kak
BHAHO M3 Talba. 31, UMeT noA3eMHble BOAH, IPHYpOUEHHHE K He-
YCTOHUHBBIM PHIXJBIM TECYaHO-IVIHHHCTHM [OPOJAM, NPOXOAKa KO-
TOPRIX CONPsIXKEHA CO CJAOKHBIMH H AOPOTOCTOSIIIMMH MEPOHpHA-
THSAMH 10 3allHTe TOPHBIX BBHPAGOTOK OT NPOHHKHOBEHHS BOIHI,
a BMeCTe C HEel0 W NeCKOB-TJIBIHYHOB HJIH IVIHH, DTH HOPOLH HMEIOT,
KaK MH yXe 3HaeM, HH3KYI0 BOJONDOHHIIAEMOCTh H BOLOOTIAYY,
MO3TOMY OXHIAaeMbie BOLONPHTOKH B FOPHBle BHPAGOTKH He3HAYH-
TeNbHBI, HO H3-332 HEYCTOHUHBOCTH BOZOCOLEPKAIIHX NMOPOX HOI06-
Hble BOJOHOCHBIE TODH30HTBEI PACCMATPHBAIOTCA KAK OCJOXKHAKIIHE
YCJIOBHS OCBOGHHS MECTOPOXKIEHHH, B mpelejax KOTOPHIX OHH pac-
npocrpaHenbl. CJOXHBIMH B 3KCIJIyaTallMH OKAa3blBAKOTCS MECTO-
POXIEHHS, BMEIIAIOUIHE [OPOIbl KOTOPHX COZepXKaT HaNOPHEHE
BOJB! TPEIIHHHOIO HJH KapCTOBOI'O THNA. 31eCh BOJLONPHTOKH B rop-
Hble BHIPAGOTKH BEJHKH (O IIAaXTe B HEJOM OHUM HOCTHTAKT IO
5000 m3/4 u Gosee) M MOITOMY BOIO3AIHTHBIE MEPOTNPHATHs Ipel-
CTABJAIT COO0H MOIUIHBIE ADEHAaXHBlEe H BOLOOTBOISILIHE COOPYXKe-
HHSl C BBICOKOTIPOH3BOAMTENbHBHIM HACOCHHM xo3sfictsoM. Ha rta-
KHX LIAaXTax Yacto HMEIT MeCTo TNPOPHBH TJHHHCTHX NOPOIL,
H30MUPYIOUHX HAaNOPHbIE BOLOHOCHBHIE FOPH30HTH OT TOPHHIX BHIpA-
60TOK.

Pyonoie mectopostOenuss HMEIOT CBOX THIPOTE0JOTHUECKYIO Clie-
nudHKY, KoTopas omnpelenser NOLXOL K HX H3YYEHHIO M OCBOCHHIO.
B cBa3u c¢ GoabmiuM pasnoob6pasueM H. WM. IMaornukos [21] npexn-
JIOXHJ BHE 30HBI Mep3JIOTHl BBIAGJNHTb YETHpPE THNA DYAHBIX Me-
CTOPOXKAEHHH [0 pacCMOTPEHHOMY paHee B pasl. 2.8 reoJoryue-
CKOMY CTPOGHHIO, ONPELENSANIEMY HX OOGBOAHEHHOCTb, YCJIOBHA
MPOXOAKH H XapaKTep BONO3AIHTHL. LISl HATIsALHOCTH TpHBEIEM
XapaKTePHCTHKY THIDOTEOJOTHYECKHX  YCJHOBHH 3THX YeThIpex
rpynn Mecropoxnienuit 8 raba. 31.

M3 [npHBEIEHHOTO KPATKOrO pAacCMOTPEeHHsT MECTOPOXIeHHH
TBEPABX MOJIE3HBIX HCKONAeMBIX C TOUYKH 3DEHHS HUX THIDPOTE0JIO-
THUECKHX YCJOBHH BHIHB Te APOGJEMEl, C KOTOPBIMH OGBIUHO HMeEeT
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Ta6mua 30. Tupporeonornyeckas THNM3alua yroAbHbiXx MecTopoxaenuit (mo M. B. Crposatko)
Tun Bogonputok
g;f:;e__ BMCU—(HIOU—(HG noponot OCHOBP;%IZ“B;;AH(;HDCHHﬁ B max{i:lgx%{ C"l)‘BD.n. Yronsupe MeCTOPOMIAECHHRA rol\gggc;(ng:‘;;:%g'rgg g:u-‘nﬂo;eu
Hilsd
[ JuciouupoB anHbli TpemunoBarbie  u3- | 20—30; 50—60; Houbace, Kys6ace, Ka- | TaMnonax npH mpoxonke
KOMIIJIEKC CKaJbHBIX | BeCTHSKH H necuaHHu- | Kgo —= 0,4—2,8 parasga m 1p. IIAXTHBIX CTBOJIOR, Onepe-
nopog, KH Karole U BOZOCITYCKHble
CKBaxKHHbI
It ITecuano-ranHiCTHE [Tecku 5—15; 25; Bocrouno- ¥ panbekuit IIpensapurenpHoe ocylle-
NOpoAbl, CMOKOHHAsA Kgo = 2—3 O6ypoyroabHbiii  GacceiH, | H1e B HeGOJBLLIOM Mac-
TeKTOHHuecKas obcTa- Kbisbi1-Knfickoe, Axanl- | mrabe
HOBKa LHXCKoe u Apyrue Gypo-
yroJjnHbie  MeCTOPOX Ae-
HUS
111 | IlecuaHo-rauHHCTHIE IMonyroaeHee Hanop- { 20—50 (mo 120 | TlogMockoBHBIH, Hue- | TToBepXHOCTHOE H TOA3EM-
0pobl Hble BOABE B TPeMHOBATHX | NPOBCKUil # Ap. HO€ ocyIIeHHe, ClenHalab-
H3BECTHSKAX); Hble crnocolbl MPOXORKU
Kgo = 5—7
v Kap6onarisie kapero- | Masecrnsiku  (3akap- | Or 20—100 no Kusemoscku#t  Oacceiint, | TamnoHaxk, onepexaio-
Bbl€ TOPOJbI CTOBAHHEIE) 170—250; Kpo = | [IpuGanruiicKuil claHue- | mue W  BOJOCIYCKHBI®
= 8 (KusenoBcku#| Boiil 6accelin CKBaK MHbI
Gaccelii) ‘
\Y% TpewunoBarbie 1opo- | AnjicBHansuble nec- | 100—150; 200~ | AnrpeHckoe, Bynamam- | Bogonounanrenasuste
b, AajJIoBHaJbHbIE KH,  TpemwuuoBarsie | 2800; Kgo = | ckoe, oTAenbHble PAaROHB | CKBaXKHHbI, OTBOA peK,
MeCKH NOPOABE = 2,8—3,2 Kvazbacca u [oubGacca | o6BanoBanHe Tepputopuit
Vi Moumnbie ciion necua- | Hanopubie Boghl B | 10—40; Ko = | Jlenrpenckoe, Kymmy- | IloBepxuocrHoe u monsem-
HBIX 1OpojA B Haj- | feckax =: 3,0 (JledrpeHc- | pyHcKoe, UepHoBckoe | noe ocymesue. 3aMopa-

VII

IIpuMeuanmue. Kuo — K03dPHUKEHRT BOAOOGHALHOCTH.

NPOAYKTHBHOH TOJiie

MHuoronernemepainie
NOPO/IbI

[ToamepaaoTruble BOgbI

KOE MeCTOpOMKJe-
Hue)

KHBanHe

He TpeGyercs Bbimre HHX-
Heil rpaHHUbl Mep3aoThi
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Tabimua 31. XapaKTepHCTHKA I'HAPOreo/OrMYecKux YcioBHMH PYAHBIX MecTopoXiaeHuit

B I1porxo3unie XapaKTepHhle MecTo-
MeCTOPDH;iAEHH” Herounui oGpognenns BDAO;I:*’/TOKH' YcjioBHa OcBOeHHA P PD)I?AEHH;I

I (cm. poc. 30, a) TpemnHao-rpyHTOBRE H Tpe- | 50—100, pexe | O6uunble criocofu npoxolkH, ocy- | Hekotopee MEecTo-
IIHHHO-XKUWIbHbE  TOA3eM- | po 300 tleHHe BHYTPHUIAXTHBIM HJIH Kapb- | POXKIEHHS Ypana,
Hbie, pexe — IOBepXHOCT- epHHIM BopooTiHBOM, PenKo Bcra- | llenTpanbsoro Kasax-
HEIE BOIH eT HeoOXOAHMMOCTL OTBOAA PeYHBIX | craHa, Cpefseil Asuu

BOX u 1p.)

II (cM. pue. 30, 6) | I'pyHTOBbI€, TPEHMHHO-TPYH- | 200—300, uno- | Onepexaroiee ocyuenue (noBepx- | Mectopoxienus ¥Ypa-
TOBLIE ¥ TPEUIHHHO-KHIbHBE | rra Jdo 800— | HocrHoe uWAH mnojg3emuoe), otBoX | na, Kasaxcraua u Ap.
NoJA3eMHHE H mMoBepXHOCT- | 1200 IIOBEPXHOCTHLIX BOJ
HBi€ BOABI

IIT {cm. puc. 30, 6) | Tpemndpo-kaperossie B no- | 8 000—12 000, | Croxubie cucrembnl mopepXHoctHo- | To ke
BepXHOCTHBIE BOLBI penKo 1o ro W MOA3EMHOr0 OCyleHH#, cpe-

IV (cm. pue. 30, 2)

HOHBEMHHE BOJIAbBI CAOXKHOTO
BOAOHOCHOI0 KOMINIEKCA

25 000—32 000

2 000—5 000

UHaJbHLIE CrIOCOGH MPOXOIKH Top-
HBIX BblpaﬁOTOK, OTBOJ HJH U30-
JSLHA PEYHBIX BOX

CloXHbIE CHCTEMbI TpeABapHUTE b-
HOTO, oONepexarowero, 3Kciyara-
LHOHHOIrO M NOA3E€MHOro oCyILIeHHUS,
CIIeK a7l bHBIE CTIOCOGBI MPOXOIAKH H
NoAAepKaHHST TOPHBIX BHpaﬁOTOK

JKenesopynusie MecTo-
poxaennss KMA




#eJOo TopHas NpakTHKa npH NOGHYE MOJMe3HHX HckonaeMux. OHH
ONpenenalTcss TeOJOTHYeCKUM CTPOECHHEM MECTODOXKACHHHA, BOJLO-
MPOHKHIIAEMOCTBI0 H BOAOOGHIBHOCTBIO TOPHHX INOPOA, YCJAOBHAMM
NUTaHUA TNOA3eMHHX Boja (MX CBfI3b ¢ NOBEPXHOCTHHMU Gacced-
HaMH) H LeJNBM PSJOM TeXHOreHHHX (HaKToposB.

KOHTPOJILHBIE BONPOCHI

1. B 4eM mnposBAfieTcd BJHAHHE NOA3EMHHX BOJA Ha YcJouHSI Da3paboTKH
MECTOPOKJAEHHH MOJe3HHX HCKOMNAaeMBIX?

2. Ha3oBHTe OCHOBHHE BHAH BOAbl B IOPHHIX HOPOAAX.

3. Hro Takoe NOPOBHE, TPeLIHHHBE H KapcTOBHE BOJH?

4. Jafite XxapaKTepHCTHKY TPYHTOBHIX BO/.

5. B ueM cnefH@HKa HANOPHHIX NOA3EMHHX BOJ?

6. Kak 3azeraior mnoj3eMHHe BOAn B pafioHax pacHpocTPaHeHHs BewHO-
MEp3JIHX MOpOA?

7. Kakne Bogn BaMm u3BecTHH 10 O6Ilefl MHHepalH3allHH, 1O XHMHYECKOMY
cOCTaBy?

8. Kakue BHAH arpeccHBHOCTH BOJ BaM m3BecTHH? C KakHMH COEAHHEHH-
fIMH, DacTBOPEHHHIMH B BOJIe, OHH CBS3aHHI?

9. [To KakKuM 3aKOHaM NPOHCXOAHT (GuIbTPALHs MOA3EMHHX BOA?

10. Kak omnpenensercs Koadduupedt (HJIBTPANHH BOJOHOCHOTO TOPH3OHTA,
JPeHHPYeMOrO WIAXTHHIM CTBOJIOM?

11. KakoBH HCTOYHHKH, (QOpPMHPYIOIIHEe BOAONPHTOKH B FOPHLIe BHPAaGOTKH?

12. Jlafite KDaTKYI0 XaPAKTEPHCTHKY THAPOTeOJIOTHYeCKHX YCMOBHE OCHOB-
HHIX THIIOB YTOJBHHIX H DYAHHX MeCTOPOXK/EHHH.

I'maBa 4
TEOAUHAMHYECKHE YCIOBHSA

4.1. ECTECTBEHHOE HANPS)KEHHOE
COCTOAHHE FOPHLBIX NOPOJ

B 3emuOll KOpe HenpepHIBHO MPOMCXOAAT pagjiuyHbe 1O CBOEH TpH-
pole TeoJIOTHUECKHE NpPOLlecCH, BH3BAHHble NPUPOAHBIMH H TEXHO-
reHHBIMH (akKropaMmH, Onpefe/AlIde TeOfHHAMHUECKYI0 obcra-
HOBKY OTAENbHBIX TeppHTOpUi. Bce 35TH npouecch HPOHCXOAAT
B TODHBIX IOpPOJax H NOA3EMHHX BOAAX NOJA BJHSHHEM CHJIOBBHIX
(sveprerHueckux) nojedl. ['OpHBIE TOPOABI B YCJAOBHAX UX NPHPOX-
HOTO 32JieTaHMA HaXOAATCA NOA BO3JCHCTBHEM eCTECTBEHHOro Ha-
NpPsAXKEHHOTO COCTOSHUSA, C OLEHKH KOTOPOr0 MOXKHO HAaudHATb H3Y-
YeHHEe pa3/HyYHBIX TeOJOTHYECKUX NpOLeCCOB, a TakXKe H3MEHeHHS
€ro BOKDYT TOPHHX BHPaBOTOK B CBA3H CO CTPOHTENBCTBOM pas-
JUYHBIX COOpYXKeHuH, NpPH OCYLIEHHH HJM NOATONJIEHHH TEepPHTO-
pHH, NpH NpOBeleHHH OYpo-B3pHBHBEIX pabor ¥ T. A. CaHAeTENIb-
CTBOM TOTO, YTO TODHHE NOPOJAH B HAacTOAllee BpeMs HaXOAATCHA
B HaAOpSKEHHOM COCTOSIHMH, ABJAIOTCA 3eMJETpACEHHs, HEOTEKTO-
HHYeCKHe ABHXKEHMS, ONOJ3HM H OOBAJH Ha €CTECTBeHHBIX DEYHbIX
M MODCKHMX ckJOHaX. [IposiBleHHe HanpsKeHHOrO COCTOAHUSA TOP-
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Puc. 51. Cxema K ompefe/eHHIO NPHPOJHOTO AABJEHHS OT BeCA BHILIENEXKAMNHX
NOpOoA;:

I, 2 — BoaoHOcHBle IIECOK K cynech; 8 — BOAOHOCHBIA cnabuift necuanuk; 4 — rAHHRCTHIA BO-
AOYNOp; 5 — ypoBeHb MOA3EMHBIX BOJ

HBIX NOpOJA NpPH HX B3aUMOIEACTBUHH C Da3jHYHBIMHE [OBEPXHOCT-
HBIMH H NIOJI3E€MHBIMH COODYXeHHAMH Halmaionaercs B Pa3HooGpas-
HHX gedopManusAx 3THX nopox (YIJIOTHEHHe, pa3ynJOTHeHHe,
CABHI ¥ Ap.). MOXHO cunTaTh AOKa3aHHBIM, 4TO HalPsKeHHOE CO-
CTOSIHHe NOpOL B 3eMHOHR Kope onpepnessiercsl JeficTBHEM IBYX He-
3@BHCHMBIX CHJIOBBIX IlOJieH — rpaBHTALHOHHOTO B TEKTOHHUECKOTO.

['paBuTallHOHHOE [OJIe OGYC/IOBJIEHO IeHCTBHEM BCEMHPHOrO TH-
TOTEeHHs1 W HalpsKeHHSs, BO3HHKAIOMIHX Ha HEKOTOPOH rjiybune H
OT TIOBEPXHOCTH 3€MJH, KOTOPBle MOXKHO pacCMarpHBaTh KaK Ha-
npsiXKeHHs OT Beca BHILeJeXallux nopoi. BepTHkaJblOe naBJeHHe
TOJIIH INOpPOA Py HA TOPH3OHTAJLHYIO eIHHHYHYIO MJIOLIAAKY
{puc. 51) MOXHO BBIPa3HTh

Py = ; m:y: ’—‘hBVBs

rae fii; — MOUIHOCTb {-TO ¢jiog B TOJIUE BblilleJeXaliHX NOPOI
C yIeJbHBbIM BECOM Yy;; f— 4YHCJO CJIO€B B TOJIle NOPOA 3aJjeralo-
KX Hag TOYKOo# M; Ay — Bpicota crojfa BOAB Haja Toukoi M
C YAETbHBIM BECOM Ya.

Ecau yunrhBaTb H3MEHEHHS] IJIOTHOCTH I[OPOJ B 3aBHCHMOCTH
OT JHUTOTOJIOTHYECKOT'O COCTaBa M THAPOreOJOTHYeCKHX YCJOBHH H
BHIPA3HTh €€ HEKOTOPBIM CpeIHeB3BelleHHHM IO MOIIHOCTH 3Haue-
HHEM ycp, TO MOXKHO 3amHcatb: pp =Ycpll, rae H —o0mas Mmoum-
HOCTb Bblllle3aJieralomux NopoL.
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Puc. 52. Hanpsxenns B sneMentapuoM  Puc, 53. SmOpPH TOPH3OHTAIBHHX Ha-

o6beMe NMOPOJ B YCHOBHAX BCECTOPOH-  Dpsxerull no AauHmM paciera (I, 2)

HEro cXaTHA upn 1+1=0,25 u u=0,50 coorsercraenso
H IO RAHHBIM 3aMepos (J)

3ajaya pacnpejieneHHs HApSKeHUH B TOUKE yOpyrog H3oTpon-
HOf TOJIM OT BECa BHLIEJNEXKAUWMX NOPOL Oblia PenieHa MWBeinap-
ckuM reodorom A. I'efimoMm (Bropas nosopuna XIX B) u akagemu-
koM A. H. Munnuxom (1925 r.) B sune (puc. 52):

0, = YCPH; Oy== G, = —h Gz,

l—p
rie 0;— BepTHKa/JbHAas$ COCTaBJSIONIAsl TIPABHTALHOHHOIO IOJIS;
Ox H Oy— ODH3OHTANbHEE COCTanAsIoliHe; u — koa¢pduuuenr ITy-
accoHa rOpHHIX MOPOL.

Ilo faHUBIM HCCAeNOBAHHA CBOACTB FOpHEIX IOPOX 1 H3MEHSETCS:
or 0,1 1o 0,5. B cayuae, korza p=0,5 0,=0,=0, HAH 0)=0s=03,
YTO COOTBETCTBYET I'MAPOCTATHYECKOMY paclpelefeHHI0 Hampske-
Hu#t B TOJIUE NOPOR. I'HNOTE38 O THAPOCTATHYECKOM pacipelie’eHur
HanpsKeHuH B TOPHHX MOPOJAX HMeeT NPHHUHUNHANLHO BaXKHOE
anayenue. [To croelt dusuueckoil upupome kosdduuuent INyaccona
He MOXeT OuTe Soabiwe 0,5, 7. e xospduuneHT 60KOBOTG pacropa
E=wu/(l—un) nme OmBaer Goavue emumuunl. Ilpu p=0,5 caenyer
[IPeANoJOXKHTb, YTO TOPHHE [TOPOZK HAXOAATCS B MJAAaCTHYECKOM
COCTOSIHMH. DTO MOXHO AONYCTHTH TOABKO AJs HanboJee caabbix
OCaJI0YHHIX IOPOA (IJIiH, apTU/IHTOB, AeBPOTHTOB, Meprenef, flec-
YAHHKOB, yrJe#, cJJabhX W3BECTHSKOB) Ha JyGHHAX, NPeACTaBJIstio-
IMX NPaKTHYRCKHH MHTEpeC. IpalueHT rpaBATaNHOHHKEIX HAMpsKe-
nuit cocrapuster 0,025—0,032 MIMa Ha xaanit MeTp rTyGHHDI

AHanns MHOTHX aBaphii COOpYXeHuH M HENOCPEACTBEHHHE 3a-
MRpH! HAaNPSiKeHHH B TOPHEIX NOPOAAX NOKa32aH HAAHIHE AHOM2Jb-
HBIX HanpsXenu#l, ropasao Oosbllux rpaputanuonunx. U. A, Typ-
YaHUHOB [27] npWBOAWT AaHHBIE H3MepeHHH HanpsiXKeHusi (0xoJ0
2000 onwvitos) Ha KoabckoM mnodyocrpope B Heapax XHOHHCKOTO
WeJOYHOTO MacchBa #a Taybunax or 100 g0 600 M B nopoiax Bui-
coxofi npoyHoctd (R=120—220 MIla, 1=0,26). CopusoHTansHze
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Puc. 54. Cxema paitonupoBanusi Tepputopud CCCP no Beiuuume KacatelbHEIX
HanpsKeHui.
3uauenng Ty MIla no pailonam: [ — 5—15; 2—20-60; 3 — 35—95; 4 — 50—150

HaupsxXKeHus Ha rayOuue 100 M okasanuck B 60 pasz Goawle rpa-
BHTANHOHHBIX, a Ha riaybune 600 M — B 12 pa3. MMeioTcs ganHHe
0 HaJIMYHU aHOMAJbHbIX HalpsiKeHHH B KPHCTALIHYECKHX MOPOJNAx
Banrutickoro mwuta Ha 17 pyauukax Ulsenuu, Hopmeruu, Puu-
asuauu (puc. 53), rpanurax [lopryranun, MeraMopduyeckux ciaas-
nax B padone Casno-llywenckofi TOC ua p. Enncee, no gadubM
B. M. Kyrenosa, a tak®e B Waxrtax [HdouGacca, KMA u ap. [Ipu
3TOM YCTaQHOBJCHO, YTC MakKCHMaJ/bHBEIC HANpAXKeHUsi NPHYPOUYEHH
K 30HaM TeKToHHYeckux Hapyulenufi. Ha HexoTopeix o6bekTax 3a-
MepeHb aHOMaJbHHE BepPTHKaJbHEE HanpaxeHus. TakuMm o6pas’oM,
ecTb OCHOBaHUE TOBOPHTb O KO3(pdHIHeHTaX ropusoHranbHoit Kr u
BepTukaJspnolfi K; anoMasauii HanpsoKeHHA KaK COOTBETCTBYIOILHX
OTHOWEHUAX MEXKAY (PakTHUCCKHMH H DacueTHBHIMH (nmo JIMHHHKY)
HalpsKCHHUIMH, T. €.

er‘—‘—“ O'dx)/cg; Kry: 0"3/022
KB= 0‘?/0‘?

Tlpupona OTMeueHHHX aHOMaJ/ull JOBOJBHO ClOXKHAag H cjaabo
usyueHa. [Ipeanonaraercss, yTo AONOJHHTEJbHBE (K rpaBHTAWUOH-
HeIM) HallpsKeHHS HMeIOT TeKTOHHYeCKYIO0 NpHpoxy H 06yc/IoB-
JeHbl HaJW4YHeM TeKTOHHUYEeCKOro TpajHeHTa, 32 Cyer KOTOpPOro No-
ABJSIOTCH TOPH3OHTabHBbIE TEKToHUuecKHe cuabl, M. B. [3oBckuit
B 1972 r. BHAeaua uerhlpe THNa padoHoB Ha Tteppuropur CCCP

13}



(prc. 54) nmo BesHuHHE KacaTeJbHBIX HANPsKEHHH TEKTOHUYECKOTrO
IPOUCKOMKICHHS:

1) HauMeHee MOABHKHBIe IaTGoOpMeHHBe paHOHW (MaKcH-
ManbHBE T, #3Mensiiores ot 5,0 ao 15,0 MIla);

2) 6Gonee MOABHXKHHE H CHJIbHO AebopmupyeMmbie paHoHul (C Tr
B npenesax 20,0—60,0 MIIa);

3) eme GoJsee noaBuKHBIE pafionsl (¢ Ty oT 35,0 no 95,0 MIla);

4) Hdaubosiee NOABHKHBIE H HUHTCHCHBHHE AedopMHpyeMble
palions (c KpaTKOBpEMEHHO NEHCTBYIOIMMH KacaTeNbHBIMH Hamps-
KenusMu ot 50,0 o 150,0 MITa).

Ananusupyss Hampsi)KeHHOE COCTOSIHHE NOpPOJ, NOABEPIKEeHHBIX
NeHCTBHIO TOPH3OHTAJBHEX TekTOHWuYeckux cuia, M. A, TypuanuHOB
[27] o6ocoGasier fBa BO3ZMOMKHBIX KpaHHHX Caydas.

1. Tosma nopox paccMaTpuBaercs KaK yIpyrasi, ORHOpoAHaf,
H30TpOMHas Ccpelia, B KOTOPOH

0, =Tw, o,=pTs 0,=0

rie Tx-— ropH3oHTaJdbHAd TEKTOHHYECKAH CHJIA.

2. Torma nmopon nmpeicraBieHa HECKOJbKHMH caosMu. PaccMar-
puBaeMHIfi CI0H WMeeT MOAYAb YIPYrOCTH 3HAUMTEJBHO HHXKe, UeM
Yy CMeXHHX CJI0eB, a KodhduuueHRT Nomepeydnix aedopmMaiuil, Ha-
060pOT, 3HAYHTENBHO BHILIE YeM Y CMeXKHBIX cJI0eB. KpoMe TOro,
TOJILIA HCIBLITHIBAET AOMNOJHHUTENBHYIO BEPTHKAJBHYIO Harpysxy BO3-
BHILLAIOIMXCS TOP.

Torna

g,=—t Tu 0,=Tu cy:——ﬁ— T
l—p 1 —p

T. A, Mapxkos B 1977 r. nokasaJ, 4o Npyu HaJHYHK TEKTOHHUE-
CKOr0 CHJIOBOTO TIOJI BeJHYHHa KORTYPHHIX HalpsXkeHHH BOKPYr
BBIDA0OTOK 3aBHCHUT OT UX OPHCHTHPOBKH.

4.2, KIIACCH®HUKAHUA
FEQJIOTHYECKHUX NPOLECCOB H SIBJEHHHA

B Hacrosimee BpeMs NPHUHATO BHAGIATH CJAEAYIOIIHE IPONECCH
(coeBa) u siBsrenus (cnpama) B autochepe (mo mawnbim B. JL. Jlom-
ranase, 1977).

JleaTeabHOCTD noBepXHOCTHRIX  [loaMbiB H paspymenne GeperoB, Mopeit, o3ep H

BO/J, BOIOXPaHHJIHIL; MOAMBIB H Pa3pyileHHe peunnx
Geperos (3posus); pasMbIB CKJIOHOB, OBpaXHO-
6asounble ABJEHHS

11aBOJKH HA FOPHBIX PEKax Cenn
JlesTenbHOCTb MOBEPXHOCTHHX M 3afosiaunBaHHE TePPHTODHH; NPOCALOUHLE fAB-
TOX3EMHBIX BOJ, JeHn A

JearensHocTs  moxseMubX  Box  Kaper, mibBysbl cyddosns
JeicrBue rpaBnTauuoHHHX ¢Ha  Onossiu; o6Baabl
JlesaTeasHoCcTs Berpa PaspeBanue 1 naseBaHHe
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ITpoMep3aHHe u OTTaHBaHHE TepMokapcr; MOposHoe NydeHHe; Hajdend

HeficrBue BHyTpeHHHX cHa NHopoa  HaGyxande; ycapxa; pasynJoTHeHHe

IleficTBHe BHyTpeHHHX cHa 3eMiH  CeficMHYecKune siBJIEHHS

HuxeHepHas JeATeAbHOCTb Yelo-  PaspymweHde u YHHUTOXKEHHE MOAE3HBIX IJIOME-

Bexa Je#t npu paspaCoTke MeCTOPOXICHHH MOJe3HBIX
HCKOMaeMblX; OCEJaHHe 3eMHOH [0BepXHOCTH
IpH 3HAUHTEJAbBHBIX OTKAaUKax [OA3eMHBIX BOA,
wepTH H Tasa; 3aTON/IeHHE H MOATONJIEHHe Tep-
PHTOPHI; BTOpHYHBIE 3aCOJIEHHS TOPHHX HOPOJ
IIPH OPOIIeHHH TePPHTODHH

B 3aBHCHMOCTH OT XapaKTepa SHCPLHH M MECTa NPOSBJICHHS Bbi-
JRNAIOT SHAOICHHbIE (rayOHHHBIE) M 3K30reHHbie (NOBEPXHOCTHBIE)
IPOURCCH, KOTOphIe TeCHO MexJAy cobofl cBas3anbl. [lepBnie BLI3H-
BalOTCST BHYTPECHHHMH cHJaMp 3eMan (3Heprueli, BhigenasieMol Ipn
Pa3sBHTHH BRIIRCTBA 3eMJM, AeHCTBHEM CHJB THXKECTH H CHJ, BO3-
HHKAIOUNIUX NPH BpallcHHn 3eMJH), a BTOPHIC — JHEPTHEH COJMHEY-
HO#l palualmy, FPAaBUTAIHOHHBIMH CUJIAMH H JKH3HEACSTEJbHOCTDHIO
pacTeHuil # XHUBOTHBIX.

[Ipn OcBOGHWH MeCTOPOXKIASHHH TMNOJ3HHIX HCKOMAeMBIX G0Jb-
LWIOH MHTEePeC NPeACTaBAfIOT TakHe NPHPOLHLIE NPOURCCH KaK TeK-
TOHHYCCKHE (ApDeBHUE ¥ COBPEMEHHBIC) IBHKCHHS, CeHCMHUECKHE
npoueccsl W fABJCHHS, KapcT, cy(pdosws, NJBBYHH, ONGJA3HH, 06-
BaJBl, 3p0o3ud, abpasud, cedH, MEDIJOTHHIC NPOSBJEHUA, BHIBETPH-
BaHHs H ADYIHE, KOTOPbie B COBOKYNHOCTH ONpeARNAIOT reOJHHA-
MHYCCKYI0 OOCTAaHOBKY OCBOGHHSI MECTOPOXK/IRHHUS U MpeACTaB-
Jg10T €060 OCHOBHOM 3JE€MEHT ero HHXXCHEPHO-IeOJOTHUCKHX
yCJIOBHA.

OueHKa BAHMSHAS TeOJOTHYECKHX NPOURCCOB U fIBJIGHHHA Ha HH-
JKCHCPHO-TEOJIOTHYCCKHE YCJAOBHSL T'eONOTHYeCKOH cpeibl HEBO3-
MOXHa 0€3 3HaHWA ADYTHX €e JEMEHTOB — FOPHBIX IIOPOA U CO-
IepXKaIMXCsi B HAX NOJ3EMHBIX BOJ, penbeda MECTHOCTH H Halps-
JKeHHoro cocrosiiusl, [Ipu 3TOM HCC/eNOBaHus Ha MCTOPOXKACHHUAX
NPOBOJATCH MO TPEM HANpPaBJCHHSIM: a) H3ydueHHE HPHPOAHHX Teo-
JIOTHYCCKHX [pOieccoB W sABJeHHH; 6) HccAelOBaHWe BHI3BAHHBIX
HeATNbHOCTBIO UYeJOBCKA WCKYCCTBEHHHIX HJM aKTHBH3auuH [pH-
POAHHIX IPOIRCCOB; B) NPOTHO3 HOBHIX NPOIECCOB M fBJCHHH
B CBSI3U C OCBOCHHEM MCCTOPOXKIAeHHA Ha 6a3e analn3a HWHXKeHep-
HO-TROJIOTHUCCKHX YCJAOBHH HaHHOH TepPHTOPHH M 32KOHOMepHOCTeH
BO3HHKHOBRHAS W Pa3sBUTHS NPHPOAHHX NPOILCCOB.

B uHXeHepHOH reoinHaMuKe, H3yyalOmieH TeOJIOTHYECKHE [PO-
HeCChl M §BJCHHS, NPHHATO BHIORAATh HHAKEHEDHO-TeOJOTHYCCKHR
npoueccHl M ABJCHHA, BHI3BAHHBIE JeATEJbHOCTBIO 4YeJOBeKA
(T. H. Kameuncknii, 1936, W1. B. [Tonog, 1959), a cpean HuxX ropHo-
reosIOTHYECKHE, BO3HHKAIOIIKE 101 BJAHSHHEM TOPHHX pabor
(I1. H. ITanokos, 1956).
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4.3. TEKTOHHYECKME ABM)XEHHA

ITepememenne (nedpopmupopaHse) rOpHEX NOPOA TMOA BJAHAHHEM
IPOLERCCOB, NMPOXOAAMIUX B 3e€MHOH KoOpe, Ha3biBalT TEKTOHHYE-
CKHMH [BHNKEHHAMH., Pa3jgnvaioT TpuU THIA TAaKuX ABHUKEHHH: KO-
JgebatesbHble  (3neHporeHuyecKue), CKJIanyaTsle W pa3pHBHBIE,
IlepBuifi THI BhI3BIBaeTCS BEPTHKATbHEIMH HAIpsXKEHHsMH H BhIpa-
xaercag B 06pa3oBaHux MOJOTHX TNOAHATHA H TporuGoB 3eMHON
kopol. KoJeGaHHs NpPOHCXOASNT OUYCHb MEAJEHHO MW I[OARATCHA
TOJBKO HHCTPYMeHTa bHBM HabamoneHusM. Cklapuathe ABHXKCHHSA
NPHBOAAT K OOpa30BaHHIO CKAAaJOK PAa3IHYHBIX pa3MepoB, KOTO-
pyiec HOCAT ofllee Ha3BaHHe TEKTOHHYECKHX AHCIOKauu#. B pesyin-
Tare CKJARYaThiXx ABHKCHHH IPOHUCXOAMT HapylleHHe NMEpBOHayasb-
HOIO 3a/IeraHHs rOpHHX nopox. K TperbeMy THIY OTHOCST TEKTOHH-
YecKHe ABHXKEHHH, B pe3y/brare KOTOPHIX Hapyllaercs CIJIOWHOCTb
FOpHBIX MOPOA (AH3DBIOHKTHBHHE TCKTOHHYeCKHE Hapyuwenus). Ha-
pyLIeHHA MOTYT 00pa30BAThCs €O CMEWIGHHEM OTAETbHHX G6JOKOB
nopoh (TPeIIMHBI-AMAKJIa3bl), HIH 6e3 CMemeHHs (TpeIluHbI-Na-
pakJIasni).

Ilpupona TEKTOHHUCCKHX ABHKEHHWE BecbMa cjoxkHas, OHu mpo-
SBJISVINCH B [PEBHME [EOJOTHYECKHE BpeMeHa (O uyeM roBOPsT APEB-
HHe TEeKTOHHYECKHEe CTPYKTYPH) W NPOTEKAOT B HACTOSIUIEE BpeMs
(HeotekToHHYecKHe nBHKeHus). CHeUHaTuCTH-TEOTEKTOHHKH CBS-
3BIBAIOT TEKTOHHYECKHE [BUXKEHHA (32 HCK/IIQUEHHEM XoJjebatenb-
HbIX) C W3MEHCHHEM HanpsiKeHHOI'O COCTOSHHS B 3eMHOH Kope, rie
CYIIECTBYIOT 30HB KOHUGHTPAuUMH HaNpPSKCHHA, CHaTHA H pacrd-
xeHusl, Haxonnenuwe HampsixKeHHH NPOHCXOAUT AJMTEIBHOE BpeMs,
4TO NPHBOMMT K AeOpPMHPOBAHHIO TOPHHIX MOPOA (MHCIOKAUHH) H
B MOMEHT KOrJa OHH [pPeBHIUAIOT NMPOYHOCTh NOpPoA (Ha pa3phiB
HJIH Cpe3) I[POHCXOAAT paspbiBHBEE [AHMCTOKauuu (HapylleHue
CIJIOIIHOCTH). B ¢BSi3W ¢ TeM, 4TO FOpHBIE NMOPOAH, B VCIOBHAX HX
eCTeCTBEHHOrO 3ajieraHdsl OO6JafaioT SPKO BbIpaXKCHHOH HEOIHO-
POJHOCTHI) ¥ AHW3OTPOMHOCTHI IPOYHOCTH H AedopMupyeMocTH
(cM. ra. 2), ciaenyer NPeANONOXKUT, HaluyHe B 3eMHOH KOpe HEOM-
HODOAHOTO NOJA HaNpAXKEHHH H Pa3Hble CTCHEHH YCTOHYHBOCTH
B OTACIbHHX padoHax.

TexkToHHYeCKHEe ABHMKEHHSA NPEACTABASIOT cOO0H OoJbLUOf HHTE-
pec mJIsi TOPHOH MPAKTHKH IO ABYM I[VIaBHHM HampasieHHaM. C on-
HOH CTOPOHH, OHM OIpPEAeNSIOT MPOYHOCTh, AeHOPMHPYEMOCTL H
BONONPOHHIAEMOCTh [OPHBIX IIOPOA B YCJOBHAX HX QCTCCTBEHHOTO
3ajeranust (3a CYeT TPEUHHOBATOCTH, PACCJIOEHHS, TCKTOHHYCCKHX
30H, YCJIOBHH 3ajeranusi), a ¢ APYTOH — CO3RAHT NONOJHHTEIHHOE
(x rpaBuTauMOHHOMY) noJe HampsxeHu# (cM. pasn. 4.1). OueHka
VCTOMYMBOCTH M KpeEIJICHHS TOPHBIX COOPYYKEHWH HEBO3MOXKHa 0e3
3HaHHY XapakTepa TEKTOHHYECKHX OCOGCHHOCTCH H3yyaeMOro Me-
CTOPOXKIeHHs. DTO MMeer ocofoe 3HayeHHWe /I DaHOHOB TepUHH-
CKOH H toxHoasbhuiickol ckaaguaroctd. H. M. Huxonaes cocrasun

134



KapTy HOBeHLINX KoneGaTeNbHHX nBHKeHnH Ha Teppuropuun CCCP,
Ha KOTOPOi BHIEJNEHB KaK HanGoJee TEKTOHWYECKH aKTHBHHE pali-
odnl KaBkasckux rop, Tanp-lllans, [lamnpa, Anras, Casu, Hansb-
Hero Bocroka.

44. CENCMHYECKHE ABJEHHA

CoBOKYIHOCTh SIBJIEHHH, CBA3AHHBIX C 3€MJIETPSACEHHSIMH B GOJb-
WIMMH HCKYCCTBGHHEIMH B3pHIBAMH, HOCHUT Ha3BaHHe CeHCMHYECKUX.
DTO BHE3aNHbie TOJ3EMHEIE TOJUYKH PAa3HOH CHABL H KojebaHus
3eMHOH KOpH, KOTOphle 4acTO HapylualoT YCTOHUMBOCTb 3AaHHH, co-
OpYyXeHHN ¥ TOPHBX NOPORA. M3BecTHO, 4TO TOJNLKO B TEUEHHE Ha--
uIero BeKa B pesysabTaTe 3emaerpsaceduir noru6iao 800 Twe. uejo-
BeK. 3emserpsacenne B Apmenun 1988 r. mpuBeno kK rubean Gosgee
60 ThIC. ueJIOBEK.

3eMJIeTpACeHHST BHI3BIBAIOTCA Yalle BCEr0 TEKTOHHYECKHMH JHC-
JIOKauuAMu, KOTODHE BO3HWKAlOT B CBSI3W C W3MEHEHHEM HEYCTOH-
YHBOTO PaBHOBECHOIO COCTOSTHHS TOPHEIX NOpOA B HelApaX 3eMHOMH
kopel. Mumuiickue yuenne X, I'ynra w B. Pacrorn B 1979 r. orme-
YaJi, 4YTO 3eMJeTPsICeHWe BHI3BIBAETCH pa3pylleHHeM Nopoj MpH
casure. Jlpupona 3emierpsiceHuit crajna Gojee siCHOH B CBA3H C H3Y-
yeHHeM BO3GYXAEHHHIX 3€MJETpsCeHHH B paHOHaX KpYNHBIX BOJIO-
XpaHUJIHIIL.

Kak H3BeCTHO, IIPH 3eMJIETPACEHHH BO3HHKAIOT KoJebaTellbHBlE
IBUKEHUS YaCTHIl CPelH, KOTOpPHEe DacCIpOCTPaHAIOTC B BUAE Ceii-
cMHMYecKHX ynpyrux BoJH. [lo xapakrepy pacnpoCTpaHEHHs 3TH
BOJIHEL AEJISTCH Ha IpsMble, OTDa’KeHHHE W [peJOMJeHHble, a MO
BHAYy nedopMalHH — HA NPONOJbHEE, MONEPEYHble W MOBEPXHOCT-
HbHe. MaKCHMAJbHYIO CKOPOCTb WMEIOT NPOJOJbHHE BOJHH Up. IJTa
CKOpOCTb CBsi3aHa C YINPYyTHMH XapakTePHCTHKAMH IOPOA BHpaxe-
uuem C. B. MeaBepena:

VT

Up=

Y (4w d—2p

rae E;— AvHaMuyeckuii MOAyJb YIPYTOCTH; wu— KOIQQUILHEHT MOo-
nepeyHslx aedopManuil; y — yAeJpHHH Bec NMOPOA.

MagkcumanpHasi CKOPOCTh INpPOAOJTbHBEIX BOJH H3MeHAeTCcs OT 2
(nns ocazouHBX mopoa) no 8 kM/c (mnas ynbTPaOCHOBHHIX H3BeEp-
AKEHHBIX TIOPOA).

INonepednsle BOJHH HMEIOT MeHbUIYIO ckopoctb (B 1,5—2 pasa
MeHbllle Up), a MOBEPXHOCTHHE, KOTOPHE BO3HHKAIOT B BHAE KOJe-
GaTe/ bHBIX IBHXKEHHH INpH BHIXOJE HA MOBEPXHOCTb IIPOAO.JIbHEIX
H TIONEepeyYHHBIX BOJIH, HMEIOT ellle MeHbLIYIO CKOPOCTh.

Cuma 3eMJCTPsICeHHA ONpeAQIsiercs KOJHUCCTBOM OCBOGOXKAAI0-
mefics sHepryn B oyare, KoTopas Hepefaercd ceHCMHUECKHMH BOJI-
HaMH Ha [oBepxHOCTb 3eMnu. OHa oneHuBaeTcs B HacTosllee BPeMS
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TaGauna 32. CpaBHHTeAbHBIE JaHHble O CHJE 3eMICTpPACEHHH

Maxcumans-
03 enT Hoe
sosiipn. | Xopaepnerite cuns | CUIUMEIO® | coiicery | omosarens
cennst, 6ananl MM/c? c cMemenne
xo. MM
1 HesamerHnoe <2,5 <Z0,0003 —
2 Quenb cjaboe 2,6—5 0,0003—0,0005 —
3 Caaboe 5,1—10 0,0005—0,001 —
4 YMepeHHoe 10—25 0,001—0,003 0,5
5 JloBoJIbHO CHJLHOE 26—50 0,003—0,005 0,5—1,0
6 Cuagnoe 51—100 0,005—0,01 1,1—2,0
7 Ouenb cujabpHOe 101—250 0,01—0,025 21—40
8 PaspymHTenbHoe 251—500 0,025—0,05 4,1-6,0
9 OnycroururebHOE 501—1000 0,05—0,1 8,1—16,0
10 Y uuurOXKaloImee 1001—2500 0,1—-0,25 16,1—32,0
11 KaracrpogpuuecKoe 2501—5000 0,25—0,5 >32,0
12 Cunpro Karacrpodu- >5000 >0,5 —
ueckKoe

VCAOBHOH 3HEPreTHyeCKOH XapaKTepHCTHKOH, Ha3plBaeMOH Maruu-
tvaoi (C. B, Mexgenes, 1962):

M—1g-2,
Ao

rae A — MakcuMaJbHas aMIUIATYAa CMEHICHHS 4acTHu nopox; Ao —
aMILIMTYAa AJS HEKOTOPOrQ 3TAJOHHOIO 3eMJIETpPSICeHH.

Marnntyna craGelx 3emierpsiceHnit cocrasisger 0—2, a oueHb
CHJBHHIX, KaTactpodpunyeckux — Gosee 8. TawmkesTckoe 3eMmJerpsi-
ceHne (1966 r.) nmeno M=53, Tobu-Aaratickoe (1957 r.) —8,6,
Apwmsrckoe (1988 r.) — Goaee 8.

WHTeHCHBHOCTL 3eMJRTPSICEHHH Ha NOBEPXHOCTH OUEHHBAIOT H
B 6ajiax Mo BEJHYWHE CEHCMHUYCCKOIQ VCKOPCHHSA

4124

aQ=—-,
T2

rie A — amnidtyna kKodebauufl; T — mepHol Kose6GaHuH.

B Tta6a. 32 nmpuBeAeHH 3HAUCHHA A A 3eMJICTPACEHHH pas-
HOH 6aJJbHOCTH B cOOTBETCTBHHM ¢ 12-6aniabHOH wKamoh MSK=064,
npentoxennoir C. B. Mensenesntim, B. Ilnosxofiepom (TAP) u
B. Kapnukom (HCCP).

Mexny MarHuTynofi 3eMJeTpsiceHHs H €ro GaJjIbHOCTbIO B 3MH-
UEHTPE B 3aBHCHMOCTH OT IVIYOMHBL ouyara A, KM CYILRCTBYeT cJie-
AVIOIasl 3aBHCHMGCTD

I,—=1,5M—351gh+3.
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Bausuue 3eMJeTPSACEHHH Ha YCTOHYHBOCTH COOPYKEeHHH MOXKHO
OoueHHBATh KO3(DDHLKHEHTOM CeHCMHYHOCTH (coTpsiceHns)

K.=alg,

raie g — ycKopeHue cBOGONHOIO NaieHUs.

B cB#3u ¢ TeM, 4TO pa3pylUuTejbHAs cuja 3eMjeTpsaceHufl 3a-
BHCHT He TOJBKO OT YCKOPEHHUA CEHCMHUYECKHX BOJH, HO TakKke H OT
COOTHOUIGHHS TEPHOJ0B KOJebaHnii FOpHBEIX NMOPOL H COOPYMKEHHH,
C. B. MenBeneB npen/oXu/ ONPEASAATh CUAY 3eMJETPSCeHHH ceH-
cmMoMeTpoM, OcHOBHast wacTh npubopa — 3T0 yNpyruil chepuueckuht
MafgTHHK, y KOTOpOro nepuoj 3aTyxaHus koJjeGauunit T=0,25, kax
y obniunbix 3AaHuil. Cuja 3eMJieTpsceHHsl COOTBETCTBYCT OTHOCH-
TEJAbHOMY CMeUICHHIO Xo TaKOro MasTHHKa NOX BO3NEHCTBHEM KO-
Je6aHUil TOPHHIX MOpPOX, Ha KOTOPHIX MNOCTPOEGHO 3JaHue (CM.
Taba. 34).

Tabauua 33. JlaHHbie 0 npupaueHnd ceficMUYHOCTH B PA3IHUHBIX TOPHBIX Nopojgax
no C. B. Mengegeny

Ckopoctb
pacnpocrpa- | IIpupaueHne
HEHHS 6aNabHOCTH
Fpynna nopoz XapakTepHble TOpHLE NOPOAN NPOACABLUHX | 3€eMJeTpsice-
ceficMoBOJIH, HHH
KM/c
CkaJsbuble Ipanur 5,6 0
H3BecTHsIKH, cJanbl, rHEHCH 3,5—4,5 0,2—0,4
ITecuanuxu 2,2—3,0 0,5—0,8
Moaycxaibuble Briserpeanie M3BECTHAKH, 1,6—2,3 0,7—1,1
CJaHUBI, THEHCH
I'uncel, Meprenn, aprHJAJIHTH 2,0—-3,0 0,6—1,0
CueMenTHPOBanHbIE TEeCKH 1,4—1,9 1,0—1,2
Kpymnroo6aoMounbie IleGeur u ranbka 1,3—2,1 0,9—1,3
I'paBui 1,1—1,9 1,0—1,5
Tleckn I'paBenucTthle u KpymHo3ep: 1,1—1,6 1,2—1,4
HHCThIE
I'paBenucrblie ¥ cpenHesepuu- 1,0—-1,4 1,3—1,6
CThIE
pasennctble, MelKo3epHHC- 0,7—1,2 1,4—1,6
THIE H NblIeBaTHe
I'nunucroie I'nnuen 0,9—1,5 1,2—1,6
Cyraunky 0,8—1,4 1,3—1,7
Cynecu 0,7—1,2 1,4—1,8
Hacoinuble nopoxs u — 0,2—0,5 2,3—3,0
MOYBHl  MaJIOBJIAXKHEIE
O6Bonuenune nopoxsl | I'paBHito-raneunbie — 1,6—2,0
Ilecuanble — 2,0—2,4
I'nunucrhbie — 2,4—28
Hacwinusle mopogbl H mO4BBI — 3,3—3,9




Cuna  seMaerpscenus
3aBHCHT BO MHOTOM OT '€0-
JOTHUECKOIO CTPOEHHS H
TYJPOTeONOrHIECKHX YCJI0-
BHH ceACMHYECKOrO paii-
OHA.

Ecau cnenom 3a C. B.
MenBeneBHIM  OCHOBHHIMH
CeHCMHYCCKHMH  XapakTe-
PHCTHKAMH TOPHBIX TNIOPOX
CUHTATH CKOPOCTh NPOXOXK-
IeHUs TpPONOJLHBIX BOJH

Puc. 55. Cxema K pacuery ycrofiyeoctn mec- Up H CCHCMHUYECKYIO KeCT-

4aHOro OTKOCa B CeHcMHUYecKOM pafloHe KOCTb ¢ =Upp, TO MOMKHO

IOHATbL NoYeMy 6aJNBHOCTH

3CMJICTPACCHHA H3MeHAeTCs B pasJHYHBIX nopoiax. B ra6a. 33

NPUBOJSTCH JaHHEE O INPHPaLleHHH O6aJJIbHOCTH B Pas3IHYHBIX

nopoiax MO OTHOUIGHHIO K CPAHHTY, KOTOPHI NPHHAT B KauecTBe
aTasoHa,

Kak nokasaiu Ha6/MIONeHHs, BJAHSIHHE TPYHTOBBIX BOJ CKa3hl-
BaeTca INpu raybude ux 3ajeraHus MeHee 10 M. [Ipu stom cmia
3eMJeTpACEHUs YVBEJAMYHBAETCH Ha ONWH 6aJlljl, eClH OHH 3aJerawr
Ha raybute o 1 M.

B cBf3W ¢ H3MeHEGHHEM HANPAKEHHOTO COCTOAHHS B TOJIIAX
FOPHHIX TOPOJ, NpPH 3eMJeTpsceHus X 0OBIIHO aKTHBH3HPYIOTCS JAPEB-
HHE OIOJ3HH, a4 WHOTLA BO3HHKAWT HOBHE. IJTO BJHAHHE MOMKHO
II0Ka3aTh Ha IpocTefillleM NpuMepe YCTOHUYHBOCTH OTKOCA CJIOMKeH-
HOTO TECKOM.

Ecan a71s cyxoro mecyaHoro orkoca (puc. 55) ycnoeusi mpo-
JONLHOIO paBHOBECHA MOKHO 3anmucaTh Kak

T,=N,tgo;

wian psina=pcosaige,
oTkyla g a=tg o u =0,
rie @ — yroJ BHYTPEHHErO TPeHUS IecKa.

[Ipu Haauyuu ceficMuueckoH cHJIH S, HanpaBJeHHOR FOPHU30H-
TaJbHO, OHO 3aNMCHIBACTCS B BHAE

T,4+Ts=(N,—Nj)tge,

HAH

psina- S cos o = (pcosa—S sin a) tg ¢.

Ecnu yyecTs, 9TO p MOXKHO NPHHATL KaK HHEPUUOHHYIO CHIY H
BHIPA3UTb Yepes MacCy M W 3eMHOe yCKopeHHe g, a S Kak ceficMu-
HecKyio MHEPUHMOHHYIO CHJY, PaBHYK S=ma, To OTHOUICHHE

S/p=alg=K..
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Torna MOXHO OKOHYATEJbHO 3aMHCATH
tg o — tg o — K,
I-+K.tgo
Tlonyuennoe BHIpaxkenne Gnl0 npendoxkeno B. O. Llmoxepow.
Jjas cayyasi OTKJAOHeHHS BBIX0Ja Jyda CefiCMHUYECKOH BOJHH OT
rOPH3OHTAIH Ha HEKOTOPHEH yrod B OHO NPUHHMACT BHI
tg o = sin ¢ — Ke cos (p — f)
cos ¢ — K sin (¢ — f)

TloTeps ycTofiynBOCTH BONOHACHIIEHHOTO NeCKa MNPOHCXOMHT 32
CURT H3MEHGHHS HANPSIKEHHOIO COCTOSHHSA, KOTOpPO® MOXKHO Olie-
HHTH CAefyomnuM o6pa3oM. CONpOTHBIEHHE CHIBUTY Tef BONOHACH-
meHHOro necka B Touxke M, (puc. 56) sageraiomuefi na raybuse h

OT LHEeBHOM NOBEPXHOCTH B HOPMAJLHEIX VCJIOBUAX HpelCTaBfdser
coboit

Tep = (V"h_ VBh) tg P = G tg P,

Tle yu M Ys — VACAbHBEIE Beca HACHINEHHONO NecKa H TNOpPoBOR
BOJBl; Ce; — HOpDMaJipHoe (3bhbexTnBHOR) HampsaXeHne B CKeJere
necka.

[lpu ceficMUYECKOM BO3XEHCTBHU YaCTHIH NMeCKa MOAYy4alT KO-
NOJHHTEIbHOR YCHAINE, KOTOpOe OHM nepeiaayT MOpPOBOH BOLE, 3a-
MOJNHAIOUICH BCe NYCTOTH MeXAY #umu. Pacnpoctpansace BO BCe
CTOpOHBl DaBHOMEPHO, GHO INpHBEIET K HOBOMY YCJOBHIO MPOYHG-
ctn necka. ConpoTHBJeHHe CHBHIY B 3TOM CJy4ae Tc NPHMET BHI

Te= (0—val') tg .

Ilp® HekoTOpOM 3HaueHnu MecTHOro Hamopa h', T. MOXKeT Ho-
CTHYp 3HaYyeHHd, OJMU3KOTO K HYJIO, T. €. NPOYHOCTp HecKa Gynper
notepsiHa. 10T 3G deKT HCNOAB3Y-
ercst B TIPaKTHKE CTPOHTENbCTBA
A8 VIVIOTHEHHs IIeCKOB HCKYCCT- f1sesoreimp
BeHHBIMH B3phIBaMH. 31eCh HHOUAA
MOXHO Habaopate BHIGPOC NecKa
3a cuer Goabworae h’, BeJHIHHY
KOTOPOTO MOXHQ 3aMepHTh B CIie-
HHaJbHO VCTPOSHHOM IIhe30MeTpe
(cM, puc. 56).

Ha ocHOBa®nu paccMOTPeHHBIX
NpHMEPOB MOXKHO TNOHSITH NOTePIO
YCTOHYHBOCTH OTKOCOB KaphepoB H
OTBaJIOB, BbI3BAHHYIO OyPOB3PHIB-
HpIMH paboTaMH, a TakXe Hpo-

_ Puc. 56. Cxema K pacuery norepd
PBIBEL IIBIBYHOB B NOASEMHBIE TOD™  yorosuppocta HOAOHACHIUIEHHOTO
Hbi€ BHPaGOTKH. mecka mpu ceficMuueckoM Bo3zeft-
B. H. Con0HeHKO NPHBORHT  cTBHE

/7’

TLLLLLLT
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npaMepsl GOJBIUHX UeJOBEUECKUX JKEPTB W MaTepHa/bHBIX IOTEpD,
CBSI32HHEIX HE C CAMUMH 3eMJICTPSACEHUSIMH, 2 C SBJIEHUAMH, BHI-
3BaHHBIMH MMH (ONOA3HH, O6Bajbl, cenw H Ap.). Tak, HampHmep,
Yunufickoe semserpscedde 1960 r. BH3BaJ0 BO3HHKHOBEHHE MHO-
XecTBa ollo/a3Hell H 00BajoB, KOTOpbie NpuHecad O6oJbulod Mare-
pHajbHHA ymep0 M NpHBEAH K UeOBEeUECKUM kKepTBaM. [Ipu sToM,
32 CueT 3aNpyXKHBAHHUA DEUHHIX JoJAHH 06pas3opaJuch HOBHE 03epa.
Ilopo6uas xaprrHa HaOmopanace B Jlarecradie BO BpeMs 3eMJe-
TpsiceHus 1970 r.

IIpu BeneHHH B3PHIBHHIX paboT Ha OTKPHITHIX PYAHHKAX H3Be-
CTHH CIYYaH HapyLIeHWsT YCTORYHBOCTH HX OTKOCOB 32 CUET HCKYC-
CTBEHHOTO CeHCMHYECKOTO BO3ACHCTBHA. B NOA3eMHBIX TOPHBIX BHI-
paboTKax 3eMJeTpPACCHHS NPHBOISAT K [OBHILIEHHIO COPHOTO HaBJe-
HHSl, CTPEJISHHIO TOPHBEIX NMOPOA W YIJsA, OTHKHMY TJiHH, PAaCKPHITHIO
TPEW¥H | T. M.

Ha6nrofeHnuss 3a HEKOTOPEIMH COBPEMEHHBIMH 3EMJIECTPSCCHH-
fiMH  TIOK43BIB4IOT, UYTO HaHOOJACe CHJAbHBIE M3 HHX BO3HHKAIOT
B padoHaX HHTCHCHBHHIX HCOTCKTOHHUECKHX ABHXKeHUH H Ha ux
CHJY OKa3BlBaIOT BAWSHHE KPOoMe OTMEUEHHEIX BHIIe (HAKTOPOB, ye-
JIOBHSl 3aJleraHusi FOpPHBIX INOPOJ, HaJHYHE 30H pPa3phiBOB, MOII-
HOCTb DHIXJIBEIX NOKpPOBHBEIX mopoi. B mpenenax CCCP Bopensiior
ciaefyromue Haubosee celCMHYeCKHe 061aCTH:

a) anbnuiCKas TrOpHO-CKJazyaTtas 30Ha, B KOTOPYIO BXOJAT
Kapnare, Kpeiv, Kagkas, ITamup;

6) pafioHnr Tanb-Lllans u ITpubalikanes, HaxOAAlHecsd MeEXAy
maTGOpMEeHHBIME M TOPHOCKAAJ4aTHIMU 30HAMH;

B) pafionn Kamuarku W Kypusabckux oCTpPOBOB, 3aHHMaoLIHe
NOrpaHHYHYI0 o6aacTp MexaAy THXOOKeaHCKOH BIAAHHON H Mare-
PHKOM.

Bce u3noKeHHoe yKasbiBaeT Ha GoJiblIoe 3HAUEHHWE eoJiorHye-
CKHX YCJOBHH IIpPH OUEHKE paspyUIdTeJbHOH NeATEeJbHOCTH 3€M-
JerpsiceHudl, uro 63 COMHeHHs CJeYeT WMeTb B BHAY IIpH H3yue-
HHY cefiCMHYeCKHX SIBJEHHM.

H3yueHHe TeppHTOpPHH MeCTOPOXKACHHII MOJIe3HBIX HCKONAeMBIX
H HX MHKpocelicMuueckoe paHOHHWPOBaHWe IPOROAHTCH ¢ OLEHKOH
CJAelyIOUHUX OCHOBHBIX (aKTOpPORB:

a) cocTapa, MOIHOCTH ¥ CROHCTR (B TOM uyucje ceHCMHYECKHX)
TOPHHIX MOPOJ;

6) TekToHWYECKHX OCOGEHHOCTEH, B TOM YHCle COBDEMEHHBIX
TEKTOHHUYECKHX ABUXKEHHH (KOHTPAcTHOCTb H AaAKTHBHOCTD);

B)TJIYGHHEl 3a/eraHns NoA3eMHHX BOX,

r) HaJHuHsi APEBHUX OTMOJ3HEH, 00BaJOB HJH CKJIOHOB, Haxo-
ASALNXCA B NpefesJbHOM COCTOSHAH,

1) HaJW4Hs CJydYaeB TOPHBIX YAapoB, BHIOPOCOB H APYIuX HH-
HaMHUECKHX SiBJeHHH B rOpHBIX BhIpaboTKAaX.
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435. ONOJ3HK

DK30reHHBIE NIPOLECCH, CBS3aHHBIE C epEeMEUICHHEM TOPHBIX NOPOX
HA ECTCCTBEHHBIX CKJIOHaX H HCKYCCTBEHHBIX OTKOCAX MHOJ BJIHS-
HUEM CHJBl TAXKECTH, HOCAT Ha3BaHHE I'PABUTALMOHHBIX NBUKCHHH.
Ony uMeror 6ogblIoe paclnpocTpaHeHHe Ha MODCKHX M peUHHX Ge-
perax, Ha CKJOHaxX MJOTWH, O0TBaJIoB, TCPPHKOHOR, KAHAJOB ¥ OKa-
3BBAIOT I'POMajHoe BJHSIHWE Ha YCTORUHBOCTb TECPPUTOpPHH H HH-
JKeHepHHX COOpYXeHHH. ITH Ipomecchl MHOro(akropHbl, NO3TOMY
MX u3ydeHue (HECMOTpsi Ha JUIMTEJDBHYIO MX HCTODHIO) H OlCHKA
YCTOWUYHBOCTH CKJAOHOB M OTKOCOB CBSI3aHBl CO 3HAYHTE/bHHMH
TPYAHOCTSIMH. B ropHom pene rpaBuWTaliOHHBIE ABHXKEHHS Ipen-
CTaBAsIOT cOo60H NPaKTHuUeCKWHA HWHTepeC NPH BEAEGHHW HE TOJbKO
OTKPHITHX pa3paborok (GopTa Kapbepos, OTKOCH OTBAaJOB, KaMb
W T. &), HO ¥ NOA3eMHBIX, TaK KaK YaCTO TopHble BLIpAGOTKH H
Ha3zeMHbIe COOPYXKEHHS 3aK/JIaAblBAIOTCSA Ha CKJAOHaX, MoApabaTh-
BAIOT ECTECTBEHHBIE CKJOHBL, Kapbepbl, HacHIIHbIE COOPYXKeEHUs
" T. A

JHedpopMuposaHue ropHBIX NOPOA Ha CKJAOHAaX M OTKOCAX LKaBHO
[pUBJECKacT BHHUMaHWe uccJaeloBaTeJCH pasnuyHbHX obaacTed 3Ha-
HHii, N03TOMY B HACTOsIIEE BPEMST CYIICCTBYET MHOro Kiaaccuou-
Kaluuii ¥ THOW3aumuid, NMOCTPOEHHBIX Ha pasHBIX NPHHIHUIAX, OUCHB
4acTo, HpoTHBOpeyHBHX. Ha oCHOBe MexaHHW3Ma CKJOHOBBIX INpO-
IIeCCOB MOXKHO pas3iuyath 3 WX THIA: a) OIO0J3HH, HPEACTABJAIO-
mue Co60H CKOJIbXKEHHe FOPHBIX OPOA [0 HOBEPXHOCTH PAasIHYHON
Mopdosoruy; 6) o6Gsanbl — CKarbiBaHHe, ONPOKUALIBAHHE, BEIBAJIH-
BaHue OJIOKOB CKAJbHHX WM [OJYCKAJBHBIX MODOR Ha KPYTHX
CKJOHaX: B) OCHIH — OepeMellleHHe 0OJOMOYHOro Marepuasja He-
60JBIHOH MOIHOCTH [0 CKJAOHY HWJAH OTKocy (puc. 57).

Mayuasi 3akoHOMepHOCTH [pOHEcCa HepeMeuleHus TIOPHHX [o-
pPOA Ha CKJOHAX, WJIH OICHWBAS HX YCTOHYHWBOCTb, HeOOGXOZHMO
YeTKO O0XapaxkTepH30BaTbh [IPHPOAHYI0 OOCTaHOBKY ONOJ3HEBOMH
TCPPUTOPHHU: pesbed, reoJorHuieckKoe CTpOECHUE, NOA3CMHbBIE H I0-
BCDXHOCTHHIC BOAB, KJAWMATHUYECKHe YCJIOBHS, TEKTOHHWUECKHE OCO-
GCHHOCTH, CBOHCTBA ropHHIX HOpox. Bee oHW B mesoM ONPEREJSIOT
06CTaHOBKY WJW YCJOBHS BO3HHKHOBEHHS (pa3pHTHsi) OIOJ3HEBOIO
npouecca.

KpoMe Toro, Hy:KHa cTporasi oleHKa CYHIECTBYIOUIHX H BO3-
MOXKHBIX ero (paxTopos (HpuuuH), KOTOPHE BHBEJH WIH MOTYT BH-
BECTH W3 COCTOSTHHS paBHoBecHsi cknoHa (oTkoca). Ilox dakropom
CleXyeT [OHHMATh [poiecc (H3MCHeHue), KOTOPHIl OKasblBaeT
BJMSIHAE Ha CyLlecTByoOIIYI ob6cTaHOBKY. ®akTopoB, Kak NPaBuJo,
MHOTIO, [O3TOMY TIDaBHTAIMOHHLIE SIBJIEHUS CUUTAIOTCA MHOTrodax-
TOPHBIMH, HO BCErja CYHIecTBYeT ONHH IJaBHH@ (0cHOBHOH) dax-
TOp, KOTOPBIA ONpenessieT HoAXOA K H3YUCHHIO ONOJ3HA W Xapak-
Tep NPOTHBOOINOJ3HERBIX MeponpusaTHi. M3BecTHO MHEHHE YYEHBIX
O TOM, YTO €CJH YAAJOCh YCTAHOBHTb OCHOBHYIO NPHUMHY ONOJ3HS
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Puc. 57. OcHoBHBIE THNH CKJIOHOBHIX AedopMariui:

a, 0, 6— ONOJ3HH COOTBETCTBEHHO dCEKBEHTHBIY, KOHCEKBEHTHBIN, HHCEKBEHTHBII; & -~ 06«
paa; 0 — ochlub.
1 — ononsHesoe TeN0; 2 -— IJIOCKOCTh CKOMNbKEHHS

C AOCTAaTQUHOM HaZeXKHOCTHIO, TO BEPOATHOCTH HAXOXKJEHHA Npa-
BHJbHOIO WHXEHepHOro pellleHHS BeCbMa BHICOKA,

®axropamu (OpUYHHAMH) OMNOJ3HEBOro MPOHEcca MOryT GHITh:
cefiCMHYeCKHe TOJYKH, abpasus H 3pO3Hs CKJIOHA, H3GHITOUHOE YB-
JlaXHeHHWe 3a CHUeT aTMoC(epHHLIX, NMOBEPXHOCTHLIX HJIH IOA3EMHHX
BOJ, H3MeHEHHe HaNpSKeHHOIO COCTOSIHHS B CBSI3H C H3MEHEHHEM
peXHuMa MOJA3eMHEIX H MOBEPXHOCTHHIX BOJA (CO3LanHe THAPOCTATH-
YeCKOro ¥ THAPOAMHAMHYECKOro [aBJeHus), BHIBeTpHBAHHe MOPOJ,
H3MeHeHHe OOCTAaHOBKH, BHI3LIBA€MbIE JefTeNbHOCTBIO UeJOBEKa
(nonxpe3ka CKJIOHOB, HNOMOJNHHTENBHO 3arpyKeHHule COOpYXeHUS,
BHIpYGKa Jeca, H3MeHeHHe peXHMa NPHPOAHBIX BOA, B3pLIBAHHE)
u T. L.

Hcxons W3 onuiTa H3y4YeHHs ONOJ3HEBHIX SIBJeHHH Ha HCKYyC-
CTBEHHBIX OTKOCax H MNpPHPOAHLIX CKJOBHax H HMed B BHAY Cyule-
CTBYIOUIHEe Pa3paGoOTKH MO 3TOMY NOBOLY, MOXKHO BHIAEJHTH NECATh
OCHOBHBIX THIIOB ONOJI3Hed N0 riaasHOM NpPUYMHE, BH3HBAlOLIEN Has
pyllende ycToHYWBOCTH., KaKnwlli THN HMeeT Da3HOBHRLHOCTH H,
KpOMe TOro, MeXny OTHeNbHBIMH THIAMH MOTYT CYLIECTBOBATb IHe-
pexonHbple onoJs3ud. OcHoBHas cxemMa NpepJaraemoil KJaaccuduka-
HUH Npexcrarjgena B TaGa. 34. Xorenock O OTMETHTB, YTO 3Ta
KJIaCCH(UKANKUA Be MOMXeT 3aMeHUTh XapaKTepHCTHKY M CPYNNH-
poBky ononasuelt @.I1. Capapenckoro, H. B. Tlonosa, E.Il. EMenn-
aposoit, I. C. 3omnorapesa, B. JI. JloMragse u Apyrux no THOHY-
HBIM [pu3HaKaM — MOP(OJOrHH, BO3PacTy, JHTOJOTHH, CKOPOCTH
OBHXKCHHSA H T. .
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Ta6auna 34. Knaccndpuxkauus ononsuesnx fsieHud (no Usanosy H. I1., 1971)

THn onodsrs

Ipryuss 06paaonauus
ONOA3HSA

XapaKTepHsie DasHOBHA-
HOCTH

1. AGpaauounbift

1I. BposHonumi

I1I. KoucucrenTuuit

IV. Ilnacruueckuit

V. CelicMuueckHii

V1. HonoanutelbHo
Hanp sXKEeHHbI

VII1. Tugponanpsxken-
HBI

VIII. Cydpoanonnmit

IX. Anrtponorenunit
(TexHoreHHHI)

X. IMoaurenernueckuil

IlposiBnsierca na Geperax
MOpe#i H HCKYCCTBEHHBIX BO-
JIOXDaHHJIHIL 3a CYeT paspy-

HTeNbHOM JesTeIbHOCTH
BOJIH
BuizblBaeTcs  GOKOBON  HJIH

ray6HHHON 5po3Hefl

Brisnizaercs H3MeHeHHeM
KOHCHCTEHIHHY MOpPOJ1 B CBS-
34 € JIONOJHHATEIbHbIM YB-
JaXKHeHHeM

SIBnseTca pesynbLTATOM IIy-
GHHHOM NOJ3yYECTH ecTecT-
BEHHbIX CKJIOHOB

BrispiBaeTcst  3emiierpsiceHH-
fIMH 9JH B3pHBaM# H JHHa-
MHUYECKHMH HArpy3KaMH

Bo3nukaer B pe3ysabTarte oc-
TATOYHBIX HaNPsKeHHH HIH
HEOTEKTOHHUYECKHX IIPOLeCccoB

Ilposipsisiercs NpPH  u3MeHe-
HHH DeXHMa MOBepXHOCTHHIX
H TOJ3eMHBIX BOJ

IlpoaBasiercs B pesyabTate
BblHOCA TIDYHTOBBIX YacTHIL
H3 [ecyaHo-TIHHHCTBIX OTJIO-
KeHH |l

BuignipaeTcsl  X03HCTBEHHOMR
JesTEJILHOCTRIO UYeJIOBeKa

Cesi3all ¢ BO3JEHCTBHEM KOM-
miaekca NpuYHH (He BCerja
BBIACHEHHBIX)

Meakue ofpywerns, riay-
60KHe BEKOBbE OMNoJ3He-
BbIe JBHXKEHHSA

Menkue (smi3Banubie 60KO-
Bofi  3posmeil), rayboxue
(BbI3BaHHBIE JOHHOH 3po-
3nef)

CoabiBbl, ONJLIBHHBL, IO
BEeDXHOCTHHE, IHK/IHUHHE,
KOHTaKTHbie

Baokosrie,
BBITHPAHHEM

KOHTaKTHHIE, C

TuxcoTponHEle, CTPYKTYp-
Hble, IepenanpaxeHHbe

l'opusonraasio  NepeHa-
npsKeHHble, HEOTeKTOHH-
4ecK e

B3pemennsle, THAPOJHHA-

MHUYECKi€, 3a CYET NOPOBOTO
JaBJjeHHd

O6pyutents, NHKIHYHBIE,
npoBa/ibHbIE
Harpyxennsie, nepeys-
JIAa)KHeHHBle, MNOoApaboTaH-
HBIe H Jp.

Boamoxubl Bce nepevyucaen-
Hble BERHIUE DPA3HOBUILHOCTH

A cnenuasucTa Takas KilacCHpHKauus ymoGHa TeM, 4TO MO
Hell OH CMOXeT cpa3y Xe IOJNYUHTh MpeACTaBJieHHe 06 OCHOBHEIX
OCOOEHHOCTAX OMNOJ3HS H O XapakrTepe HEOGXONHUMHIX MPOTHBO-
ONOJ3HEBHIX MEpPOINpPHATHI.

OueHka yc/l0BHHA YCTOHYUHBOCTH OMNOJI3HEBHIX CKJIOHOB, B KOHeu-
HOM HTOTe, CBOAMTCS K OMNDENeNeHHIO WJH IPOTHO3Y COOTHOUIEHHS
MeXNY YIepXKUBaIMHAMH Ry; H CIBHUTAIOMHAMH Rcgps CHJIAMH MO
XapaKTepHOH, HaHGoJiee BepOSITHOH, WJH CYLIECTBYWOIIeH, mosepx-
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HOCTH CKOJIbXKeHHsA. DTo COOTHOIICHHe MPHHATO Ha3HBaTbh KO3(du-
LHCHTOM YCTOHUHBOCTH, WA Ko3(p(uuHeHTOM 3amaca, a HHOTAA
Ko3¢hduuHeHTOM 3anaca yeTOAYHBOCTH

n
I

n
Z Rcua
1

Iepexonsi K pacKpHITHIO TPUPOAB 3THX CHJ, 3TO BBIpAXKEHHE
U1 OpefesICHHA CTeleHH YCTOHYUBOCTH KBA3HOAHOPOAHOH CpenHl,
B KOTODOH ONOJ3C¢HL [OPOHCXOAMT N0 [JIABHOH TOBEPXHOCTH
(puc. 58), MoKHO 3alHCaTh B BHAE

1

iNif+CL
T

'ZTriZQt
T

rie N u T —HopManbuas © KacareibHas COCTaBAslOuiHe Becd
pacyeTnux GJOKOB NMOPOA; ¢ U [—clennente 1 Ko3QOHUILEEHT Tpe-
HUS NOpPON [0 IJIOCKOCTH cKOJAbXKeHusi MauHo# L; 3Q — meyuren-
Bei¢ B VN u T cuasbl.

M3 sanvcaBHOro ypapHEeHHs CJAeAyeT, UTO A/ KOJIHYeCTBEHHOH
OLlCHKH YCTOHYHMBOCTH €CTECTBEHHOrD CKJOH2 HJH HCKYCCTBCHHOTO
OTKOCa HCNOJb3YETCH OYEHb OrpaHHUYEHHOE YHCAO napamerpos. Tak
ydacTHe ropHbIX NOPOA NpeLCTABJCHO TPEMS MOKA3aATEAAMH: MJIOT-
HOCTBIO (419 olpefesennsi Beca OJOKOB), CUENJEHHEM W TPEHHEM.
[TostoMy 3Hauenne 3Tux BeauuuH ouenb Gosbuioe. Cropa BXOAAT

BCEe IaHHHE 0 COCTaBe, CBOHCTBAX

0 H COCTOSIHHH TOpPHBIX IOpOA H
0O TeX BO3MOXHBIX H3MEHEHHSIX
BO BpEMEHU MOJ BIWAHWEM Pa3/jiuny-
HBIX (aKTOpoB, KOTOphie Heo6Xo-
JHMO YUYHTHIBATH MDH HPOCHO3HBIX
pacuerax.

Hexonps w3 ¢usnueckofl cyuigo-
CTH TNapaMeTPOB, WCHOJb3YEMHIX
A5l onpenesenyss YCTOHUMBOCTH,
MOMKHO BBIIEJUTb [Be TPYINH [MO-
Kasarejeir. OnHa H3 HHUX XapakTe-

% L) pU3yeT IMJOTHOCTD W NPOYHOCTDb
PivT;

n

’

TrOpHBIX TNOpOA, @ BTOpas— pac-

npenesicEHe HaNpsKeHWd no 0o-
Puc. 58. Cxema k pacuery yeroh-  BEPXHOCTH CKOJIBXKERHS. Tquocng
UHBOCTH OTKOCZ B ONHOPOAHOR mao- ¥ HANEKHOCTb 3THX IOKaszaresel
TPOMHOR cpene ¥ CJ0XHOCTb ONPEeNeEeHHs pasHbie,
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[IpyH OoTCyTCTBUH OC/A0XKHEHHH, CBSiI3aHHEIX C aHOMAaJbHBLIMH HaMps-
JKeHHUsiMH, BTOpasi Ipylla [OKa3atesned oOnpenessieTcsi Ha OCHOBE
reoMeTpPUYECKHX JaHHBIX (BHICOTa OTKOCA, YroJ €ro HakJoHa, IJy-
6uHa 3aJeraHds [OA3eMHHIX BOJ W HX HalOp, NOJOXKEeHHE [10BEpX-
HOCTH CKOJBbXKeHHs). MecrollosioKeHHe [NOBEPXHOCTH CKOJIbXKEHHUS
olpenessieTCsi TeOJOrHUeCKHM CTPOCHHEM CKJIOHA H COOTHOWIEHHEM
MEXNIY YIEPKHBAWOUIHMH H CABHIAOMHMH YCHIIsiMU. Xapakrep
NOBEPXHOCTH CKOJIbXKeHHds olpefesasieT H MeTOx pacyeTa yCTOHYH-
BOCTH. B CBfi3H ¢ 3THM OT cTelleHH TOYHOCTH H3yYeHHs TeosorHue-
CcKHX ocofeHHOCTe!l H COCTaBJIEHHS Te0JIOTHYECKOrD paspesa ONoJ3-
HEBOI'O CKJIOHA 3aBHCHT HaleXHOCThb BHIODAHHOH pacueTHOH CXeME
(MHXKeHePHO-Te0JIOTHIECKOH MOLEJIH).

ITokasarenn OPOYHOCTH TFOPHHIX MOPOX, HA BEJHYHHH KOTODHX
CKa3blBAKOTCA COCTaB, [JIOTHOCTL, BJAXHOCTb, TPEIIMHOBATOCTD,
ocobeHnocTH pe@OpPMHPOBAHHS BO BPEMEHH M IIpH KOHKPETHOM
CTPOEHHH TOJIIM [OPOJ, ABJAAIOTCS HAHOOJEE CHOXKHBIM 06BEeKTOM
usyuenus. [losToMy olipemeneHHe HX [0 pe3yabTaTam KPylnHOMAc-
ITA0HBIX 3KCIEPHMEHTOB MojeJed U NyTeM o6parHBIX pacuyeros
0o HabAOAeHUSIM 3a ONOJI3HeBHIMH JedopMauusiMu (ecTecTBeH-
HBIMH MJIM CIPOBOUHMPOBAHHBLIMH) NpeacTaBjsfer O0OJblUOH NpakTH-
yeCKHH WHTepeCc. MHOrMMH aBTOpaMH y Hac H 3a pyGeXoM MoKa-
3aHO, YTO OCHOBHHIe OLIHOKH [PH OLEHKe CTeleHW YCTOHYHBOCTH
CKJIOHOB M OTKOCOB CBSI32HHl C HETOUYHOCTBIO HCXOJHBIX pacueTHHIX
noka3aTesielt IpOYHOCTH FOPUHX MOPOL,

JliHaMHKa ONl0JI3HEBOTO NpONecca, KOTOPas XapakTepH3yer Oco-
6eHHOCTH ero pa3BUTHA BO BDEMEHH ONpeNessercsl reoJOTHIeCKHMH
YCJIOBHSIMH H XOJIOM I[POLECCOB, H3MeHsIOWHX 3TH ycaosisa. [lo-
3TOMY, H3MEHeHHe YCTOHUUBOCTH eCTh IIPONECC HPOAOJIKHTENbHBIH,
BO BpeMSl KOTOPOTO NPOHCXOLHT H3MeHeHHe peJbeda MECTHOCTH,
CTelleHH BBLIBETPEJOCTH H TPEIIHHOBATOCTH MODPOJX, HX BJAXKHOCTH
(4, Kax CJeACTBHE 3TOTO, NPOUYHOCTH), PeXHMa [OA3EMHHIX H [O-
BEPXHOCTHBIX BOI, KJAUMATHYECKHX U CefiCMHUYECKHMX YCJOBHH H T. I.
Bce 310, B KOHEUHOM HTOrE, IPHBOAMT K H3MEHEHHIO CTelleHH YCTOfi-
YHBOCTH CKJOHA HJIH OTKOCA, KOTODOE MOXeT HMeTb NUKIHYeCKHH
HJIH ONHOHANpaBJAeHHHIH XapaKTep.

Bo BpeMeHH MOXHO BHIGJHTL 3 OCHOBHBIE 3Tala OINOJ3HEBOTO
npouecca: a) OOATOTOBKa ONOJ3HSi (HakolVIeHHe H3MeHeHHH [Opu-
pOMHBIX ycaoBu, KosdduuueHT YCTOHUHBOCTH CTPEMHUTCH K eH-
HHUe); 6) morepsi yCTOAYHBOCTH W NpOsiBJeHHe OMNOJ3HA (6HICTpOe
neopMHPOBAHHE TOPHBEIX HOPON, KO3 (HIHEHT YCTOHYHBOCTH pa-
BeH eNMHHUE); B) cTabuAM3auds ONOJ3HeBOTo mpomecca (kKo3dhdu-
UHEHT YCTORUHBOCTH CTAaHOBHTCS OOJblue eAMHHUbL 32 CUeT H3Me-
HeHHs KOHGUIypauMu CKJAOHAZ H [IOCTEeNeHHOro BOCCTAHOBJIEHHS
CluenJieHusi B IVIMHUCTHIX TOPOJAaxX H [epeynakoBKH B 00JOMOUHBIX).

[TponomKHTENBHOCTS OTHCALHEIX 3TaNOB 3aBHCHT OT MHOTHX
¢dakrtopos. ITocse HexkoTOpo#l cTafuau3anHH ONOJ3HEBOTO [IPOLECCA
MOTYT HACTYIHTb HOBHIE MONBHXKH, 2 MOXeT HayaThCs HEPHOZ
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Puc. 59. Vamenenne Koansectsa atMocdepHnix ocafxkoB (J) u CKOPOCTH omoaA3-
HeBbIX Hehopmanuit (2)

NJHTeNbHOH MOATOTOBKH K [OTCPe YCTOHUHMBOCTH, MeNJIEHHOe NBH-
JKeHHe OMOJN3HEeBBIX Mace (peosorduecku#i mpoimecc), HAX NOJA-
BHXKKH, CBA3QHHBIE C CE30HHBIMH KOJeGanHAMH BJAXKHOCTH NOpPOI,
CedcMHYeCKUMH BO3AeHCTBHAMY, MOAPE3KOH H 3arpy3Koll CKJIOHA H
T. A. Ha puc. 59 noxasaHbl THMHYHBIE KAPTHHB H3MEHEHHS CKOPO-
ety aedopManHi ONOJN3HEBOrO CKJIOHA, BHI3BAHHOIO aTMOC(EPHBIMU
BOLaMHY.

B cBf3u ¢ H3/0XKeHHEIM BO3HUKAET BOIPOC O COBPEMEHHHX H
ApEBHHX OIOJ3HAX, O CTElNEeHH YrpoXKaeMOCTH BapyleHHs yCTOHYH-
BOCTH TEPPHTOPHU H CoopyXKenuid. Bo3apacT omnossmeit u cocrosinue
DP2BHOBECHS MOPOJ B CKJIOHAX NpEACTABJSieT NpaKTHUECKHH HHTEpec
NpY HHKCHEPHO-TEONOrHYECKHX NPOrHO3aX.

OnonsHy HMeET GOJblUIOE pacOpOCTpaHEHHE HA TEPPHTOPHH
CCCP, a rakxke Apyrux crpad. HauGosplInifi wHTepec MNpEACTaB-
JISIIOT ONOJ3HEBhlE pailOHB HA CKJAOHAX DEYHHIX JOJHH KPYINHBIX PEK
(Boaru, Kamel, Bsitrkn, Iuecrpa, Enuces, Anrapel W Zpyrux), sa
KapkasckoM u KpeiMckoM nobepexpax UepHOro Mops, Ha CKJIOHAax
u npenropbsix Cesepuoro Kaskasa, B 3akaskasbe, Cpenneit Asuu,
Ha Geperax osepa bafikan. Ononssun nabaopamoTIcsi Ha OTKoCax
YrOJbHHEX H PYAHHIX KapbepoB, Ha CKJOHAX AOPOXKHHIX H JKEJC3HO-
LODOXHBIX BHEMOK, Ha HacHNAX, nam6ax, nioruHax. MM noces-
LieHa ClelManbHas JUTEparTypa.

4.6. KAPCT

Kapcrosnlll npouece, 3akamoyaromuiics B pacTBOpPEHHH H BhILEA-
YHBAHHM BOLHOPACTBOPHMEIX TOPHEIX MOpPOA [OBEDXHOCTHHIMH H
NOA3EMBEIMH BOAAaMM, B pe3yJbTare KOTOpOro o6pasylorcs pasfiuy-
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Hble YCTOTH B TOJILE 3THX HOPOX, HMEKT 6osblloe 3HAYeHHE NPHU
OLEHKE WHXKEHEPHO-recJIOTHYECKUX YCJIOBHH TEPPUTOPHE H, B TOM
YHcJle, MeCTOPOXKAeHHH [0Je3HBIX HCKonaeMbix. KapcT Bo3HuKaer
B pajfioHax pacnpocTpaHeHHs WH3BECTHSKOB, AOJOMHUTOB, MepreJef,
MeJ0B, THICOB, aHTHADUTOB, KaMeHHOH u Kagaufno# cosed. U xorsa
Kap6oHaTHbe [OPOAL OTHOCATCA K TPYAHOPACTBOPUMBIM B BOJE
H3-3a2 6OJBIUOTO UX paclOpOCTPaHCHUS, KapcToBhie (GOPMBI B HHX
OPeACTaBJSIOT HAanGOMBLIIMA HpaKTHUeCKMH HHTEpeC H caM Mpolecc
3aech Jyumle u3yueH. B npexnenax Pycckoft niathopMm KapcToshe
(op™Mb HabaofarTcsl B KapOGoHATHHIX M THICOHOCHBIX MOpOAax
KapOoHOBOTO W NEPMCKOTO BO3pacTa B TpeAesaax 3amnajgHoro u ce-
Bepo-3alafHOro Kpblja MOCKOBCKOHA CHHEKJIM3E, B U3BECTHSIKax M
JOJIOMHTAX C JHH3aMy Tunoca KapGOHOBOTO UM AEBOHCKOTO BO3pacTa
JOKHOTO ee KphiJa, B KapOOHATHEIX MOpOJax ACBOHA, NEPMH H Mesa
Ilpubantukd, B KapGoHOBHIX KapOOHATHLIX NOPOAAX M B HEPMCKHX
U3BECTHsKAX, rulicax u aHruApurax lopbkosckoro u Kasauckoro
[loBonXKbs, B KapGoHATHHIX, CyJAbGAaTHHIX H COASHHIX OTJIOXKEHHIX
kap6oHa u nepmu [Ipenypa/ibf, B U3BeCTHSKOBLIX, AOJOMHTOBHIX H
THIICOHOCHHIX [0pOAax KapGOHOBOTO M nepMckoro sozpacra Camap-
ckoit JIyku.

Kaper umeer Gosnluoe pacopocTpaHeHue Ha YpaJe B kap6oHar-
HBIX TMOPOAaX [POTepo30HCKOrD, OPAOBHKCKOTO, CHJAYpUIICKOro, Je-
BOHCKOTO M KapGOHOBOTO BO3pacta. 3Jech GOJbIIYI0O HU3BECTHOCTD
noayuun CYBP, a rakxke Kusenosckuit 1 Marsutoropckuii paHoHHL.
Kapcropumu seasioTes Takke KpoiMm, Kaskas, CpeaHepycckas,
TlpuBonxckas u BosabHCKas BO3BHIUIEHHOCTH, 3akaplaTbe (cons-
HOH KapcT B HeOoTeHOBBIX oTJoXeHusax). Ha Cubupckodr maar-
tdopme kapcT IpUypoueH K DaCTBOPUMEIM [OPOAaM BePXHero MHO-
KeMOpus M HHXKHero najgeo3os, B KOTODBIX 0peo6aalardT H3BeCT-
HSIKM, HO MMEIOTCSl W THIIC, aHTHADHT, KaMeHHas coab (AsmaHCKui
uur, posauna p. Jleun, IIpuanrapbe, CoJSHOKYNOJbHLE CTPYKTYDHI
Kenneuasiiku u Xaranckoro nporuba). Kapcr o6HapyxeH BO MHO-
rux pafionax Cpenueit Asuu, Ha JlansneM Bocroke u Cesepo-Bo-
croke CCCP.

[To mamasiM H. B. PonuoHoBa, KapcTOBHIE NPOSBJAEHUS HMEIOT
OnpelefieHHYIO CBSi3b C ADEBHAMH W COBDEMCHHBIMH TEKTOHHYe-
CKUMH [1POLECCaMH.

Heo6xonuMo oco6o OTMETHTH, UTO AJ MHOTHX YrOJIbHEIX H DYH-
HBIX MeCTODXKJAEHHH XapaKTepHO PasBHTHE KapCTOBOrO Upouecca BO
BMEIAOWKX HJAH [epeKPHBAlOUIMX [OPOAAX, a WHOrA2 B CaMoM
PYRHOH 3ajeXH (TUIcoBOH, COIAHON).

K uHauboJsiee CJOKHBIM KeTe30DYAHBIM MECTODOXKAECHHAM, NPU-
YpOUeHHHIM K KapCTyloWHuMcs nopoiaM, oTHocst Tarapckoe, Kop-
wyHoBckoe, CyxapHHCKOE.

Kapcroebie sipjieHuss XapakrepHsl mis Kusenosckoro, IToamo-
ckoBHoro, JloHemkoro @ HEKOTODHIX HAPYrHX YroJbHHX GaccefiHOB,
nas Ipubaatuiickoro 6accefiHa roprouux cJjaHues, GOKCHTOBHIX
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(CYBP) u nonumerannu-
yeckux (b.aaroparckoro u
APYTHX)  MECTOPOXKAEHHM.

Bosbline  cnoxuocTH
CO3KaeT KapCTOBHH Ipo-
mecc mpu paspaboTke Ka-
JUHHBIX ~ MCCTOPOXKACHHM.
Ha puc. 60 npusenex cxe-
MaTHYCCKUH TCOJ0rHUeCKUH
aspes JLoMOpOBCKOTO Ka-
L0 sz B Razls [F17)8 guﬁ%omﬂ MeIc)TopmxaeHnﬂ

T 1sE=37 [ 18 [F 19 S 8 Ilpenkapnarse, no I'. B.
Koporkesuuy (1970), pas-

Puc. 60. CxemaTuueckKuii reotornueckuil pas- paGaTHBaeMOFO OTKPBITHIM
pe3s Jlom6poEckoro KajuiflHOrO MeCTopoXie- cnocobom. Ilpecsrie BOXBI

HHS: OTROASITCS KOJbLEBOH
] — CyraHHOK; 2 — rajledHHK; 3 — THICOBas <IIJs- % -
na»; 4 — HeKOHJAHMIHOHHAas 3adexb; & — IIPOMKILI- TpaHmeeH’ a pas YMeHbU.Ie

JeHHasl 3aaexXb; 6 — BOAOHeNPOHHuaeMmas IHepe- HiS HHTCHCHBHOCTH pac-
Mpechrix s0%. 9 monada pacconos: 10— xosiesss  TBOPERHI COJIAHOTO miacta,
APpEcHarKdast TpaHwes pacco‘nbl’ nonana}omﬂe

B Kapbep, BO3BpawlAIOTCA
o0paTHO B TpaHLICI, I'i€ OHH CMEUIUBAIOTCH C IPECHBIMH BOAAMH,
HAYIHMH B Kapbep.

Muorga BuAEASIOT MNCEBAOKAPCT B TJHHHCTHIX  (TJIHHAHLIHA
KapceT) u Mep3Jbix (TepMmoxapcr) nopopax. [Ipu pactBopenus H
BBHIHOCE Pa3JIHYHBIX COJIeH Trunca, KapboHAToB, COAEPKALIMXCS
B TJIHBHCTHIX NOPOAAX HJM TasiHUH JbAa, B HHX NMPOHCXOAUT obpa-
30BaHHe MOHMXKEHHH B pedbede, HAaNOMHHAKOIIHX KapCTOBHIE BO-
POHKH. DTH IpoueccH HMewT 6oJblioe NpaKTHUCCKOe 3HAUCHHE, HO
OpHPOAA HX OTJAMYACTCS OT IPHPOAL COOCTBEHHO KapcCTa.

@opmel, ob6pasyoiHecss B pe3yasTaTe KapCTOBOro Mpolecca,
MOTYT OBLITh NOBEPXHOCTHHIMH (Kapphl, BOPOHKHM, cjenkle O6aJkH,
OBpAarH, KOTJOBHHH, NOHOPH, KOJOAUK H T. A.) U IMyOHHHBIMH (Ka-
BepHBI, rajgepen, nemepwl). Bee atu dopMul uMeroT 6oJblloe 3Haye-
HHME MpH ONpeneJeHHH BOANOOOHJIBHOCTH MECTOPOXKACHHH, YCTOHYH-
BOCTH TOpPHHX BBIpab0OTOK, CHOCOOOB HX NPOXOAKH M KpeIJeHHS H
CTemenH TPYMHOCTH pa3paGoTKH nopox. Beaenue ropheix pabor oka-
3bIBACT BJHUSHHE HA KAPCTOBHIA MNpPOIECC HUHTEHCHMHIHUPYS ero 3a
CUET H3MEHEHHS peXHMa NOJ3eMHBLIX BOJ, 3aTONJEHHS BbHIPabOTOK,
3arpsA3HCHHS NMOBEPXHOCTHHIX M MOA3EMHBIX BOJ, B3PBIBHBIX pabor
(ysesnueHHe TPeMHOBATOCTH) H AP.

B cBsizu ¢ 3THM H3yueHHe KapCTOBHIX GOPM H 3aKoHOMEpPHOCTEH
KapcToBOro Hpouecca Heo6xomuMmo nJs obuiell OUEHKH HHMKEHEDHO-
reoJIOTHYECKHX YCJAOBHH, AJsl COCTaBJIEHHsI MPOTHO30B BOXOMNPHTO-
KOB B TOpHBle BHIPAGOTKH H NOBEeAEHHS [MOPOJ OKPYXAWIUIHX HX,
a rtakxe nJs o60OCHOBAaHHST MCPONPHATHH N[O OTPAHHYCHHIO Bpen-
HOTO BJHSHHSI Kapcra.
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KapcroBele (¢opMH  BeTpedyaroTcsi Ha  pPA3HBIX  IMIyGHHAaX.
IT1. I1. KnuMeHTOB 0TMeYaer, 4TO KPYIHBIE KapCTOBHE NYCTOTH pas-
Mepowm B nonepednuxe or 0,5 po 10 M HabAORAIOTCSI HAa HEKOTOPHIX
MeCTOPOXKACHHUAX Ha Traybune 300—500 M, a Gosee Menxue Gopmsul
(no 0,5 M B nomnepeyHHKe) BCTPEUAIOTCA B AOJOMHTH3HPOBAHHBIX
H3BeCcTHsiKax Ha ry6une 750—800 m. Ha HekoTOpBIX MECTOpOXpe-
HESiX Ha raybuHe no 130 M o6Hapy»xeHb KapCToBHE [IelIepBl BBICO-
To# 20—25 M, 3anoJiHeHHBIE MeCYAHO-IJIMHHCTHLIMH OTJIOXKeHHSMH
¢ 06J0MKaMH H3BECTHSKOB.

3akapCTOBaHHOCTL TOPHBIX MOPOJ ONpejessieT YCJoBHs 06BOI-
HCHHUSI MECTODOXKACHHS, KOJUYECTBO H XapakrTep BOLOINPHTOKOB
B ropHsle Bhlipaborku. OHa onpenessier B3aHMOCBSI3b MEXAY [0-
BeDXHOCTHBIMH H NOX3eMHBIMH Boxamu. JlJsi HEKOTOPHIX MeCTOPOX-
JeHH# OCHOBHBIC HCTOYHHKH (POpPMHPOBAHHS BOLONPHUTOKOB — IO-
BCPXHOCTHBIC H aTMOC(epHEIC BOAB, [OIVIOIMIACMBIE KapCTOBBIMH
BODOHKaMH, KaHaJaMHu W NeuepaMy, HMEIOMUMH BHIXOX Ha 3€MHYIO
nosepxHocth. Ocofoe orpHuarebHOe BJWsSHHE Ha BeleHWe W Ha
6e30nacHOCTh TOPHHIX PaboT 0Ka3eBAOT BOJHBIE [POPLIBBI B Kap-
CTOBHIX pafioHax waxthHoro notasi. [lo manuwim M. I1. [TnorHuKOBaE,
Ha ofHoH maxte CYDP npurox# BoLH NpH HpOpbiBaxX H3MCHSAIHCH
or 100 po 4300 mM3/4, a MakcHMaJbHBIH BOXONPHUTOK Hocturaa 6o-
Jgee 15000 m3/4. IIpu 3TOM HenpeccHoHHAsi BOPOHK2 HMela pajgHyc
B HECKOJBLKO KHJIOMETDOB.

OueHka NycToTHOCTH rOpHEIX nopon Kn, % 32 cyer KapcToBHIX
tdopm nmo mpepsoxennto . IT. CaBapeHCKOrO KOJHYECTBEHHO MO-
JKeT 6BITh BHIIOJNHCHA N0 PopMyJe:

Ka— 1100,

rae V;—o6bem nycror B AaHHOM o6beMe nopoxn V.

Huorpa nssi 310ro MOXKHO HCNOJAL30BAThL ONpeACHCHHE J0I1aLH
NOBePXHOCTHHX KapcTOBHX (GopM Fx ¥ BHITHCAHTH CTCHEHb KapcTo-
BOH NOPaXKEHHOCTH B Kak orHOLIeHHE:

BZEFK/FT,

rape Fr— niowans u3yuaeMofl TEPPHTOPHH.

3amep o6beMa KapcTOBHIX NYCTOT NPEACTABJSAET OnpefeseHHbie
TPYJAHOCTH, I0O3TOMY H3yUeHHE uX Beaercs KomnaexcHo. s storo
HCIIOAB3YIOT reoMOpdhOoNorHIecKHe, THAPOJOTHYECKHEe U THAPOTe0J0-
raueckue HabJIOfeHUs, HeloCpeJCTBEHHHE 3aMmephl 1ycroT B oGHa-
KCHHAX HJAH NMPH NPOXONKE rOPHBIX BLIPAGOTOK, CYMMAPHYIO OLLCHKY
no reo®U3HYeCKUM H ONBITHO-QUABTpaUHOHHEIM paboram. KocseH-
HElC YK43aHHUS O CTeleHH 3aKapCTOBARHHOCTH MOXKHO NOJAYYHTH NPY
6ypeHuH CKBaXXHH NOo BHXOAY KepHa H mposasnaM GyPOBOTO HHCTPY-
MEHTa.

Yro6nl OHEHHTH YrPOXKAaeMOCTb KapCTOBOTO INpouecca, Heo6xo-
JUMO ONpeAeJIHTh ero HHTCHCHBHOCTb, T. €. Da3BUTHE BO BPEMEHH.
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Ilna 3ToH menu MOXHO HMCHOJb30BaTh mpepnoxente H. B. Poawuo-
HOBa O IIOKa3aTesle AaKTHBHOCTH KapcroBoro mpomecca A (B %)
KaK OThOmleHne oObeMa pacTBOpeHHOf nopoiet 3a 1000 ger Vi,
K 061ieMy 0GbeMy KapcTylomwuxcs nopog Vi, 1. e,

A =—Y5_ 100,
V.

n

ITo HccllenoBaHHAM 3TOTO aBTOpa MOJY4YEeHB! CJlEAyIOIHEe BeJH-
s A, %: pas ropro#l yactu Kpeima 0,08, nas pafiona Coun 0,49,
axa Cpeanefi Asun 0,0001, nas Gaccefina p. Cesepunit [loHen
(mepresbro-mesoBast toauma 0,2, ITo panuwm I. T. Cxsoprosa pis
runcos Bamxkupun A=1,67 %.

Tlpu 3arps3HenHH NOBEPXHOCTHHIX BOJ pa3AHYHBIMH HPOMBI-
JeHHLIMH OTXOJaMH MOXeT Npou3ofTH pe3koe H3MeHEHHe CKOpO-
CTH DacTBOPeHHS H BHIHOCA KapCTYOUHXcs mopoi. B Takux cay-
yafx INpaBuJbHee ONPENe]sATh NOKa3aTelb COBPEMEHHOH aKTHBHO-
¢ty npouecca Ac KaK OTHOUIIEHHe

’

1%
Ac - X 100,
1%

nl

rie Vi'—o06beM pAacTBOPEHHEIX MOPOA 32 IPOMEXKYTOK BPeMEeHHU
HabBJofeHus £,

Takol noaxoA cjenyeT HUCMNOJb30BaTh, BUAMMO, BCeraa IpH H3y-
UEHUM COJISHOrO M THIICOBOTO KapcTa Npu 0GBOJHEHWH TODHBIX BbI-
pabOTOK Ha MeCTODOXKJEHHSAX XHMHUYECKOTO CHpb, a TakKke Tep-
PHUTOpPHH, CJOXKCHHBIX OTHOCHTENIBHO JIErKO pacTBOPUMBIMH NOpPO-
JaM¥W HJH NOJLBEPXKEHHBIX BO3JeHCTBUIO arpecCHBHBIX IIPOMCTOKOB,

W. A. Capaperckuil B 1967 r. npemsioxusn oueHUBATb yCTOHUU-
BOCTb KapCTOBBIX TEPPHUTOPHH MO CpPefHErojoBOMY YHCJY NPOBAJIOB
na nuomaau B 1 kM? (taba. 35). T[Ipumep ouenkn kKapcra B paHone
r. JlsepxHuHCKa MOKa3aH Ha puc. 61.

Bosblloe 3HayeHWe NPH OCBOEHHM MECTOPOXKACHWA MOJE3HBIX
HCKOTaeMblx HMeeT XapaKTep H CTENeHb 3alOJHEHUS KapCTOBHIX

Ta6auua 35. KnaccHduKaus KAPCTOBHLIX TEPPHTOPHA MO CTENEHH HX YCTOAYMBOCTH

KaTteropust Cpennee uucso
X apaKkTepHCTHKE CTeneuyl YCTONYMBOCTH NPOBAJIOB HA
TePPATOPHH P o

1 Quenb HeycrofuuBas >1
11 Heycroftunsas g,1—1,0
11 HenocraTo4Ho ycTOHuuBas 0,05—0,1
3% TTonHKeHHasA YCTOHYHBOCTDL 0,01—0,05
V OTHoCUTeNBHG yCTOHUUBAS 0,01
VI Yerofiynpad npoBaioB He 06pa-
3yeTcst
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Puc. 61. Tpapuku pacnpenenennst (/) 100

u nosropsieMoct# (I/) kKapcTOBHX mpo- - ]
BaaoB (!) u Boponok (2) X
=Ry
N
s 2
g0 S
S 8 40 ],
S 1y
s 6 2
] 4 420 &
Q)
Puc. 62, XapakrepHrle KapcTOBHE — E 21 §
¢opME B NpPOMHILLIEHHOM I@aacTe HA & . e ]
claHueBOR Imaxte <«JIeHHArpagcKase: — 0 10 20 30 40 50

1 — caaHel; 2-— H3BECTHAK; 3 — IVHHA; 4 — 4(((]/‘15/77/7 Hﬂﬂﬁaﬂﬂﬂ(ﬂﬂ,ﬂﬂﬁﬂﬁ),m
Cranel, H3aMeHeRHbI]

MyCTOT, a TaKXKe COCTaB W COCTOsiHWe 3anonrutenst. A. E. Pepcman
ewle B 1952 r. Bplfensian ABa rjaBHBIX Npolecca, NPHBOAAIIHNX K 3a-
NOJNHEHHUI0O KapCTOBHX MycTOT: o0pa3oBaHHe MEPBHYHBIX OTJIOXKE-
Hui (CTaJlakTHTH, CTaJlarMHTH, OCTAaTKH pacTBOPSEMBIX NOPOA) H
NIPOHHKROBeHHe B CBOOOLRBIE INOJOCTH OCagkos OoJjee INO3ZHero
BpPEMEHH.

C 3anosiHdTelleM KapCTOBHIX IYCTOT CBsI3aHbl (QHJIbTPALHOHHBIE
CBOIiCTBa nopox, AajbRellllee PAa3BUTHE KapCTa, YCTOHUMBOCTbL rop-
HBIX BHIPabOTOK, a 3TO OonpejensieT crocoGbl NPOXOJKH TOPHBIX Bh-
paGoTOK (OCylieHHeM, IeMeRTanHeH, 3aMopaxkHBaHHeM) ¥ HX MOJ-
AepXKaHHe. B 5TOM OTHOWNIEHMH HHTEpeC NpeAcTaBAsiOT JIeHHHTpan-
CKOe H JCTOHCKOe MEeCTOPOXKAEHHS FOPIOYHX CJAAHIEBR, I'AE Kapcro-
BHE MYCTOTHl 3allOJIHEHH IJiHHOM (370 3anoJiHeHHe MPOUCXOAHT il
situ, u3-3a cnenndukn nponecca). Takoe 3anoNBeHHe OrpaRHYH-
BaeT BOJONPHTOKH B TIOpPHHeE BHPaGOTKH, He CO31aeT JOBOJBHO
HEOJHOPOAHOe TioJle TOPHOrO JaBJieHust U pa3yBoxkupaer roje3noe
Hckonaemoe. B CBSI3M ¢ 3THM H3yueHHe 3alOJHHTeJNd IPH OLEHKe
KapCra npeacrapiaser GoJbIIOH npakruueckuil uurepec. Ha puc. 62
NPHBEACHB! xapakrepHnle GOPMBI Kapcra B NPOMBILJIEHHOM MJjaacre
cjaHua Ha JIeRHHrpaJCKOM MeCTOPOXKIeHHH.
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4.7. IJIBIBYHb! U CY®®0O3UMA

[InbiByHaMu OGHLIUHO HA3LIBAXOT BOJAOHOCHHIE TOHKO- H MEJKO-
3€PHUCTHIe TNblJIeBaThle MeCKH, KOTOpbie HpH BCKPHITHH HPUXOAAT
B NBHXeHHe (KaK TsKenble BSI3KHE XKHIKOCTH), NMO3TOMY TpeGyioT
NpHMeHEHHs CIIELHANbHBIX CIOCOOOB IPOXOAKH ¥ KPEIJIEHHsS BCKPHI-
BAIOIIHX HX BLIPABOTOK.

Ilpy BCKpPHITHM IIBLIBYHOB, NPOMCXOAMT GHICTpOe (MHOrAA Kara-
CTpo¢uuecKoe) 3aNoJHEHHe TOPHBIX BHIPAGOTOK BONOHACHILLEHHBIM
NeCKOM ¢ Tmocjenywllei moTepefl yCcTOHYMBOCTH BMEMIAMIOMIHX UX
nopon. Muorpa npu GonpliMx Hanopax BOAH B JBHUMKEHHE MOTYT
NpHiTH 1 GoJlee KPYNHO3EPHUCTHE MeCKW W JaKe raJeuHUuKH, 0f-
HAKO B 3THX cJydasix Npoucxogut OHICTPOe pacCceHBaHUe NaBJeHUSt
BOJBl M3-3a XOpOIlleHd BOJONPOHULAEMOCTH COlePKALIUX BOLY NMOPOA
U Tpolecc nepeMelierus 3atyxaer. B cBs3u ¢ 3TUM NPUHATO pas-
JMYaTh UCTUHHEIE W NICEBNONBIBYHbL [laB/lenye NJABBYHOB HAa Kpel-
JeHve NPUBOAUT K UCKPUBJEHHUIO IMAXTHHIX 0TBAJOB, OYPOBBIX CKBa-
XKYH W IPYrux BrIpaBoTOK, M HaCTO K Pa3pylleHHI0 KpellleHHs H
HpOPLIBY.

HsyueRneM NJIBIBYHOB 3aHMMAJUCh MHOTHE CIIENHAJIUCTH: Te0-
JIOTH, CTpPOUTeJn u rOpHaAKH. Ha OCHOBe ux uccjeqoBaHuH MOMKHO
cnenarb HexkoTopble 0606I1eRus O MABBYHaxX, WX cBOHCTBax, CHoco-
6ax oLeHKH H BOPBLOH C HUMH.

[Ipr3HaKaMy HCTHHHBIX IIBIBYHOB SIBJIAIOTCS: CONEpXKaHue IJv-
HHCTHIX YacTuu MeHee 3 %, mpu npeoGragaHWu INeCYaHBHIX YaCTHIL
pasmepoM 0,25—0,05 MM W HBJIEBATHX, BHCOKAas NOPHCTOCTb (43—
45 %), HajuuMe OPraHMYECKHUX BelleCTB M MWKDOOPraHH3MOB, HH3-
Kas BOJAOIPOHHUIAEMOCTH H BOJAOOTHAYa, MaJjoe CONPOTHBJERHE
cABUTY (yroa Tpenus MeHbuie 5—8°).

Tlpupona moBeneHust NJBLIBYHOB OOBACHSIeTCA TUIPOJURAMHYE-
CKHM [aBJleHHeM IOpPOBOH KUIKOCTH, CrenudrueCKHM COCTABOM H
COCTOsHHEM BOJOHACHIEHHBIX Neckos. B. B. Pagunoii B 1972 r.
ObI10 ycTaHOBJeHO (opMuUpoBaHHe HW3OBITOUHOTO MOPOBOrO OasJe-
Husl B XKUAKOH (dasze MIBBYHOB 32 CueT HAKOIJIEHHS Fa30006pasHBIX
MPOAYKTOB KU3HeneATeJIbHOCTH MUKPOOPTraBRH3MOB.

Ecnyn sanucars 3akon KyJoHa ¢ yueToM paBlleHHsl B MNopax
NJIBIBYHOB Kak

Tof = Opf tg P,

Tlle Ocj=0-—U; G, Oef, 4 — COOTBETCTBEHHO NOJIHOE HOpMaJIbHOE Ha-
npsixenve, >@GeKTHBHOe HalpsXKeHue B CKeJeTe, NIOPOBOe jasiie-
HHe B Kunkof ¢ase.

IIpu HeKOTOPOM U= HACTYIHT IIOTePs YCTOHUMBOCTH IJILIBYHA,
T. e. tu=0.

Ec/1 B ecTeCTBEHRBIX YCJIOBHAX BOAA, COLEpKAlLLasicid B IJILIBYHE,
uMeJia HeKOTOpbH Hanop H, TO NP BCKPHITHH CJOSt TODHOH BhIpa-
Gotko#t Qopmupyercst mnepenang Hamopa AH=H-—h, xoropuit co-
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AH
l
HHLY TJIOIIAJKH, e [ — PHApaBJHYeCKHH rpajHeHT.

Takum 06pasoM CONPOTHBJIEHHE CABHIY IUIBIBYHa NPHMET BHA

T = (Yepz—17vs) 1€ @,

rae z —ray6Hda 3ajeralHs paccMaTpuBaeMOro CeYEHHs cJ0d IH-
BYHA; Ycp— CPEAHHHA yICJIbHBIH BeC BHILICJCKALIUX NMOPOI.

31eCh B POJIH NMOPOBOrO AaBJeHHS BHCTYNaeT IHAPOJHHaMHuye-
CKOe JaBJeHHe, HO OHO MOXKeT GbTh BHI3BAHO M [JPYTHMH IpHYH-
HaMH (B YaCTHOCTH, JKH3HEAEATENbHOCTHIO MHKPOOPTanH3aMoB). Oc-
HOBHas OCOOCHHOCTB 3aKJAIOYAETCH B MaJIOA CKOPOCTH PaCCeHBaHH
3TOrO [NAaBJICHHS H3-3a HE3HAUHTEeAbHOM BOAOMPOHHIAEMOCTH H BO-
JAOOTAAYH NBJCBATHX MECKOB, UTO H NPHBOAHT K MOTEPE HX YCTOH-
YHBOCTH.

B npaxTHKe ropHoro Aesa H3BeCTHO MHOrO CJyuaes MPOPHIBOB
INJEBYHOB B HOA3€MHBEE BHIPAGOTKH, KOTOphle NPHHOCHJH HE TOJBKO
OrpoMHH yumep6, o NpHBOAHJH K KartacTpodam. Ilpu sTom npu-
YHHB MOTYT GHITb pasHHIMH: llepeceyeHHe BHpaGOTKOH TEKTOHHUE-
CKHX HapylleHu#, GOJbLIOH HaNop IMOA3eMHHX BOJ B ILIHBYHAX,
onyckaHue KPOBJIH BHIPaGOTOK, HPHMeHeHHE B3DBIBHHIX paGoT H 1p.
Hrorpa mpopHBH NJBBYHOB CONPOBOXKAAICS HapYIICHHEM YCTOH-
UHBOCTH HA3eMHBIX COOpYXKeHHH uau 06pa3oBaHMeM BOPOHOK Ha
3eMHOM mosepxHoctH. Bospmas karactpoda npoHsoulia Ha 6ypo-
yroibHOH waxTte B pafione r. Mocra (HCCP) B pesyJserare mpo-
pHBa H BHHOca 0K0JO 90000 M3 mecxa B ropHpi¢ BHDAGOTKH Ha
riay6une 100 m.

H. T'. Tpynaxk onucaJ NpOpLIB, KOTOPHIH IPOH30LIEN HA LIaxTe
Ne 1 KMA, nocie ouepegsoro B3puBa LWINYpPOB B OTKAaTOYHOM
mTpeke Ha rayGHHe 145 M, Ha JIHKBHAALHKIO MOCACACTBHH KOTODOrO
6blJI0 3aTpaueHo 0K0JO 4-x Mecsines (mns 3Toro Obljia COOpyKeHa
LeMeHTHAa NMepeMHuYyKa uepe3 CKBaXKHHY, NPOOYPEHHYW C IOBepX-
HocTH, pacxod ueMexra 54 1). ['eonornyeckas o6cTaHOBKa NPOPHBA
npusejeHa Ha puc. 63. DoabliiHe NpOpHIBH HALIBYHOB MPOHCXOAHAN
B maxrax ITogMOCKOBHOrO yrospHoro Gacceiina. Tak, Ha IIaxre
Ne 10 mpousollesn mpophis, B pesyabraTe KOTODOr0 B TeUeHHe He-
CKOIBKHX Yacos Obija 3aromjieHa Mjomane BbpabOTKH O0KOJIO
200 M?, a Ha NOBepPXHOCTH 3eMJiH 06pasoBaJiacb BODOHKA gHaMer-
pom 6 M u ray6usnoi 2,2 M (IT. I1. Knnmenros, 1966).

[Tpoxojka WIAXTHHIX CTBOJOB, NOJA3€MHBIX BBIPAGOTOK, MeTpO
B NMeCKax, IJIBBYHaxX OCYLLECTBJSETCS MOCJE MPeABAPUTENBHOTO HX
3aMOpaKHBaHHSA HIH NPHHYIHTENABLHOTO OCYLICHHS.

Cyddozusa npeacrasnseT COGOA Ipomecc BHHOCA MENKHX
YaCTHI, H3 OGJOMOYHBIX MJH TPEUHHOBATHX (3aKapPCTOBAHHHIX) HO-
pox (HABTPAUHOHHHM MOTOKOM. BO3MOXKHOCTL INpOSIBJEHHS H HH-
TeHCHBHOCTB CYy(HO3HH XapakTepH3yioT (UIBTPALHOHHYIO YCTOHUU-
BOCTbL TOPHHX I0POJ B YCJOBHSAX HX eCTeCTBeHHOIO 3azerasus. [log
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Puc. 63. Teojornuecknit paspe3 yuacrka HpophiBa:

1 — cyraunky; 2 — Me’; 3 — neckd (MeNoBoro Bospacta); 4 — FJiMHa ¢ [PCCIOAMH (ECKa
{l0pCcKore BO3pacra); J — KejesHas pyAa; ¢ — xKelesucTble KBAPLHTH; 7 — ypoBeHb NOR-
3eMHBIX BOJ; & — GeToHHas neDeMbluKa

BJAWSHUEM S5TOTQ TMpOIecca MPOUCXOAHT YBeNHUeHHE IOPHCTOCTH
(IIyCTOTHOCTH) H BOJONPOHHIIAEMOCTH IIOPOJ, UTO MOXKeT [PHUBECTH
K HapyIIeHWIO HX YCTOMYHBOCTH BOKPYT BHIPAaGOTOK U yBeJWYCHUIO
BOJONMpUTOKOB. QOueHb 4acTO BBHIHOC MEJKHX 4HacTHL IPHBOAHT
K KOJIbMaranud BOJ03aGOPHEIX COODYKeHHH (CKBaXKHH, APEHAXK-
HHIX KaHaBs, APEeHaXHHX NMpH3M Ha OTKocax # T. A.). M3 creuHannb-
HOH JWTEepaTypbl W3BECTHO, YTO NPH CTPOHTENLCTBE NEPBHIX JUHHH
meTrpo B MocCKse OTKaunBaeMOH BOJOH OBIO BBIHECEHO 3a OJHH
TOJABKO roA OkoJao 6000 M3 TOHKOMECUAHOTJIHHHCTOrO MaTepHaija,
a 3aMOCKBOPENKHIA APEHaXK BMeCTe ¢ OTKadWBaeMmoi BONOH B Ie-
puog ¢ 1937 mo 1960 rr. seirec 10,7 Teic. M¥ QUCHEpPCHBIX 4aCTHI
(T. C. 3oq0orapes, 1983).

Cyddosusi npossasfercs NpH ONPENEJEHHOM COUETAHHH TPeX
KPATHUECKAX YCJIOBHHA: CKOPOCTH QUIBTPALHOHHOTO IOTOKA, CTelleRH
HEOJHOPOJHOCTH BOJOHOCHHIX NOPOA H MeCTa BHIHOCA MEJKHX 4a-
cray. OHa MOXeT BO3HHKAThb B Npenesax OJHOTO CJi0d, Ha rpaHHlle
MeXJy ABYMS CJOSIMH, B 3aloJHHTe/Ne TPEIIMH M KapCTOBBIX MHYy-
CTOT, Ha KOHTaKTe IOPOJ C APEeHAXHHMH (uiabTpama. [loatomy cy-
IeCTBYIOT pa3JHUHbIE KPHTEPHH OLEHKH BO3MOMKHOCTH BO3HHKHO-
BeRIA rpouecca.

Hekotopule wuccllegoBartedy, HalpuMep B. C. Hcromuna,
A. H. Tatpawesa, H. M. BoukoB cuuTawoT, 4T0 cypdosns B ciaoe
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BOJOHOCHOTO NleCKa MOXET BO3HAKHYTb, ecJd ero Ko3(huiuHeHT
d
HEOLHOPOAHOCTH K4 =—2
10
Toka 1>5.

B03MOXKHOCTE BO3HHKHOBeHHS! CY(h(HO3dH @3 OJHOTO CJIOSI IECKa
B JIpyro#t ouerHsalor no gopmysae JL. M. Kosnoro#

(cM. 2.2.1) Goabuie 20 ¥ rpajiHeHt mo-

2
dﬁ()
2

v= 0,26d§o(1 -+ 1000 ) ,
D60

rje uv-—CKOpOCTh BBIHOCA YaCTHIL H3 pasMbiBamouierocs GoJee
MEJIKO3@PRHCTOr0 Iecka; dgy H Dgp— KOHTPOJHPYIOIIAE AHAMETPH
4acTHl, MM 60Jiee MeJKOrO ¥ §oJiee KPYVIIHOTO MECcKOB.

WHorna onpefensioT KPHTHUECKHI TrpafHeHT, NPH KOTODOM Ha-
YHHAETCS BBHIHOC H3 NIECUaHOro CJOS, B 3aBHCHMOCTH OT €ro NOpH-
CTOCTH £ H IIOTHOCTH MHHEpAaJbHOH 4YacCTH Qm, T/cM® no popMyaam
E. A. 3amapura

Lip = (pm—1) (1—n) +-0,5n
u K. Tepuarn
Ip = (pm—1) (1 —n).

CreunaJsbHble OMBITH, NMPOBeJeHHBle 0 W3yYeHHIO Pa3MbIBAEMO-
CTH H BBIHOCA IJIHHHCTOrO 3aNOJHATENsS U3 TPENIHH HHKHEMeJOBHX
H3BECTHSIKOB IOKa3aJid, YTO KPHTHUECKHe TPaJHeHTH COCTaBJISIIH:
BIOJb Tpeuidn 31 u BrpecT Tpewmns 20.

Ha Goprax KapbepoB JpeHHPYIOIIHX I0J3eMHBie BOABI U3 Ilec-
KOB, HHOTZA MNPOHCXOAST IPOBAJIE, KOTOpHe 06BsACHAITCA cyddo-
3ueil. OQHAaKO, 3TO He Bceraa coorBercTByer dcrure. Ha JleGennn-
cKkoM Kapbepe KMA mnp# gpeHHPOBAaHHH NHOHEPHHIM KOTJIOBAHOM
MOLIHOTO BOLOHOCHOTO IOPH30HTA, NPUYPOUEHHOr0 K IECKaM MeJo-
BOrO BO3pacra, NOJOOHHeE MpoBaJbl OBUIM BHI3BAHBl COCPeOTOYE-
HueM GurJbTpandd 0 TpewHHaM ci1aGocueMeHTHPOBAHHOILO Iecua-
HHKA, T. e. NIOJ3€MHBIM pa3MuiBoM npd rpagdenrax 0,2—0,3.

4.8. CEJIEBBIE ABJEHUA

Cennt mpexacTaBlsiioT coGoi GypHble BOAHBIE INOTOKH, NepeHocsuiHe
GoJblIOe KOJIHYECTBO Tpsi3eKaMeHHOro marepHasa. Yacro onu BO3-
HUKAIOT BHe3allHO H NPHBOAAT K KAaTacTPOPHUECKHM MOCJAeICTBHSAM
H MarepHajpRoMy yumepOy. O6uun0 cejd GOpMHPYIOTCH B NOJAHAX
TOpHBIX peK, OJHAKO cesernofoOHbie sBJeRHsT HMEIOT MeCTo B rop-
nonoGuiBaIIAX palioHax, Ile NPOHCXOHT CKJAJHPOBaHHE INYCTHX
HOpPOJ ¥ OTXOLOB IepepaGOTKH I10J1€3HOTO HCKONaeMmoro, B CBsi3d
C ueM HeOGXOAWMO pacCMOTPeTb HEKOTOphle OCOOGEHHOCTH 3TOrO
IPHAPOJAHO-TeXHOTCRHOTO SIBJICHHS,
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LJs BOBHHKHOBEHMsS! CEJIeBHIX NOTOKOB HeoBX04uMO, ¢ OLHOH
CTOPOHBI, HaJHyne GOJNBIIHX HAKOMJCHHA MeCUAHO-TJHHHCTOTO HJH
KpYIHOOGJOMOUHOTO MaTepHasia Ha CKJIOHAX pAasjHyHBIX [10BEpPX-
HOCTHBIX BOJOTOKOB, a C JpYrof — ITaBOAOK BLICOKHX CKOpPOCTEH
¢ GoablLIOfi 3REpPTHell pa3MblBa M NepeHOCa pLHIXJOTo Marteprana. Ha-
KOIJIEHHe PHIXJIOr0 MarepHaja NpOHCXOJAUT B €CTEeCTBeHHBIX YCJ0-
BHSIX 3a CueT BLIBETPHBAHNS TOPHHIX NOPOX Ha CKJAOHAX PEUHBIX
AOJIAH ¥ 0Bparos, a TakXe NPH UCKYCCTBEHHOM CKJajHpOBaHHK HA
CKJOHaX HJM B pycjax PHIXJBIX BCKPBILIHKX MOPOJ B BUJE OTBAJOB
H THAPOOTBAJIOB, NMYCTOTHHIX MOPOJ, BMEIHAIOIEHMX MOJE3HOE HCKO-
raeMoe, HOpPOJ B BUJE TEPPUKOHOB, a TaKkKe pasHOOGPa3HBIX
JiaMO-, XBOCTO- ¥ 30JI0XPAaHHJNII, KOTOPbIE CO3MAI0T HOBBIH TEXHO-
reHHBI penbed B paiioHax ropubix npeanpuarud. Uro xe kacaercs
BOAHOIO NMaBOjKa, TO ero 0ofpasosaHHe CBA3aHO- C JHBHEBLIMH [0O-
HKIAMHE HJH C TPOPHIBOM BOJ IOBEPXHOCTHHIX BOJAOEMOB, yalie BCErO
HCKYCCTBEHHOTO MPOHCXOXKACHHS.

Ha reppuropuu CCCP 3zaperuncrpuposano 1634 xpynmHbix ceds,
3 xoropux 491 —s Kuprusun, 354 —8 I'pysun, 105-—8 Kazax-
crane, 75— Tamxugucrane, 188 — na CepepHom Kaskase, 104 —
B Kapnarax (I. C. 3onorapes, 1983). OnuH 13 HauGosiee KPYMHBIX
ceseit mpousowlen 8 1973 r. 8 KasaxcraHe B joaune p. Manast Anma-
aTHHKa B pesyJbraTe NpOPHIBA BOJ MODEHHOrO o3epa. O6beM TIpd-
3€KaMEeHHOr0 Marepuana cocrasua 3,4 MJAH. M CKOPOCTb CEJeBOro
noroka — 4—11 m/c, a pacxox ero gocruraa 5,180 m3/c.

MexaHusM ABHKeHHSI CelieBLIX IIOTOKOB 3daBUCHT OT COCTasa,
pasMepos @ GOpMHl 0GJOMOYHOTO MaTepHana M ero BOAOHACHIIECH-
HOCTH, a TakXe or MOp(}OJorud HOJHHB peKH HJd oBpara H Xapak-
Tepa BOAHOTO MoTroka. Ilo cocraBy OGLIUHO DPa3jHYaOT KaMeHHBlE
(c pasmepaMu o6s0oMk0B 10 50 M u 6osee), rpasesbie (B OCHOBHOM
NecuaHo-rAMHUCTHIA MaTepuaJ) u rpsse-KaMeHHble cenu.

B cooTBeTCTBHH ¢ CYLIeCTBYMOUIE€H HHCTPYKIMeH CpelHAs CKO-
POCTb CeJieBOTO NOTOKA MOXKeT GHITh ONpejeseHa M0 IMIHPHUECKOR

dhopmyne
Vep = 1,14\/’?;%/ iw,

a pacxos ceist Q. npu NpOphiBax MpeNATCTBYOIIUX 3anpyjd U3 Bhl-
paKeHHst

Q. = 6Qs,

rae hcp— cpeAnss rayGHHa NOTOKAa; [ — YKAOH pyciaa; w— KO3(-
QUIHEHT TEKYUeCcTH cesieBOM Macchl; Qs — MaKCHMajbHBIA pacxon
BOJHOTO IOTOKA.

HOnst pelleHUs NMpakTHUYCKHX 3ajau OOJpIIOe 3HauyeHHe HMeerT
BONpPOC O NPOTHO3HPOBAHHE CeJeBbIX [I0TOKOB, KOTOPHH BKJMOYaer
KOMIIJIeKC MPOTHO3HBIX OL€HOK: MeCTO BO3MOXKHOrO BO3HHKHOBE-
HHst cesisi, COCTas IOpOJHOTO MarepHasa, ycJOBus BO3HHKHOBEHHS
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BOIHOrO IIOTOKA, MEXaHH3M, MacliTab, CKOPOCTH CeJIeBOro INOTOKa
u 7. A. [IporHosupoBanue Takoro MHOroGaxkTOPHOIO sBJEHHS Tpe-
Oyer RafeXHOH MHOOPMALUHH O TPeOJIOTMYECKHX, KJAMMATHUECKHX,
FHAPOJIOrHUECKHX, NeOAMHAMHUYECKHX H reOMOP(OJIOrHUECKHX YCJIO-
BUSAX TEPPUTODHH, & TAKIKE O TEXHOTEHHBIX (AKTOpPax, HMEWIHX
OTHOIIeHHE K ee CeJe0NaCHOCTH,

B KauecTBe Cele3allMTHBLIX MEpONpHATHH NPUMEHSIOT: peryJH-
poBaHHe CTOKa BOZ (JIMBHEBBIX, TaJbIX), a Tak¥Ke MaBOLKOB B pe-
3yJjbraTe NPOpPLIBA €CTECTBEHHBIX W HCKYCCTBEHHHIX 3amnpyx (OmoJ-
3HEBble MAacCCHl, JIGAHHKOBble MAacCHBbl, AaMObl, HNJOTHHH H T. L.);
VKpeIUieHHe CKJIOHOB DEUHBIX MOJHH K OBpParoB, a TaKke OTKOCOB
0TBanoB (OLEPHOBAaRHE, JIECONOCALKH, NOKDPHITHS OTKOCOB, MOLIOP-
Hble CTEHKH W T. [.) C LEJIbI0O YMeHbIIeHHs HWHTeHCHBHOCTH BHIBET-
puBaHud, 06pa30BaHUs OCHINeH, OMJLIBAHHA, CNOJA3aRUS ¥ 06BAJIOB
MOPOJHBIX Macc; Cenesa/lepXKHBaOlMe HHKEHEDHBIe COOPYKEHUS
(NMA0THHE, CKBO3HbBIe GappaxH, 3afep:XKuBaloliHe HAHOCHL H IPO-
nyckKawuie BoLy, CeJefyKH, CeJieHalpagrJsiiolline JOTKH).

4.9. 3ABOJIAYHBAHUWE TEPPUTOPHH

B ropromo6riBaoninx paiffoHax uacto HabawoLaercst siBieHue 3abo-
JIAaYHBAaHUS 32 CyeT HOATOIJIEHHS MOJ3E€MHBLIMH BOJAAMH HJH 3aTOIll-
JIeHHS] TOBEPXHOCTHLIMH KW OTKAUWBaeMBbIMH BOJaMH, a Takxke NPOM-
CTOKaMH DPa3HOro NPOHCXOXKIeHusd. Bmecre ¢ TeM NpPOUCXORHT oCy-
IIeHHe eCTECTBEHHHIX 60JIOT, YTO MeHseT THAPOJOrauecKuii u rugpo-
reoJIOrnueCcKiii pexKuMbl Goablinx Tepputopuii. OTMETHM 37eCh, UTO
3aboJIoueRHble TepPUTOpPHH 3aHuMaloT okoJo 10 Y% Bceli miomanu
CTpaHu @ HMewT 6oJblioe paclpoCTpaReRHe Ha ceBepo-3amafe H
cepepe empomnefickol uacth CCCP B bBenopycckom [losecbe u
B [Ipubantuke, B 3anaguoii u Boctounoit Cubupu. Kak 3abonaun-
BaHHE, TaK W OCylIeHHe NMPHUBOLSAT K H3MEHeHHIO WHXEeHEPRO-TeoJo-
rHYeCKHX YCJAOBUMH, uTO BHIpaxKaercs B AaKTHBH3alHH HEKOTOPHIX
re0JIOrRYeCKHX MPOLECCOB W B HapylleHHd ycTofiunBocTh 3MaHuil #
coopyxeruil. Bce 3T0 pmaer OCHOBaHMe O3HAKOMHTb, B KpPaTKOH
dopme, creunanucTOB-rOPHSKOB C OCHOBELIMH 0COOeHHOCTsiMH 60-
JOT ¥ IpONeccoB 3a60oJauuBaHus W OCYIIEHHS TeppHTOpPHIL.

BosnoTom 0O6bUHO Ha3HBAWT H30BLITOYHO YBJAXKHEHHBIE yua-
CTKH 3eMHOH IOBepPXHOCTH C OOBOLHEHHHM TOPPOM MOLIHOCTLIO
gonee 0,3—0,5. 32a60NOuUeHHBMH CUHTAXOTCS TEPPHTOPHH,
yBAAaXKHEHHBIE [10[3€eMHBIMA, aTMOC(GEpPHBIMH HJIW TeXHOreHHBIMH
BOZAMH, NMOKPHITHIE BJAroJOOWBOM PAaCTHTENbHOCTLIO, HHOraa Ma-
JOMOMEBIM cjoeM Topda. Baaronpuaran gnst obpasoBanust 60J0T
1 3aboJaunBayusi MIHPOKHE INOMMBI C He3HAUHTENbHHIMH MPOJOJb-
HBEIMU YKJOHAMH, OCHOBAHHSA IOJIOFHX CKJIOHOB HaAHNOHMEHHLIX ped-
HBEIX Teppac, rie BHIKJIHHHBAIOTCS BOJOHOCHBIE TOPH30HTLI, PAaBHUH-
Hbl€ YYaCTKH, Ha KOTOPHX M3-3a IJIOXOH IPEHHPYEMOCTH CKallJlH-
BalOTCA aTMoc(epHbie U TeXHOreHHbIe BOAHI.
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Boabuioe 3nauenue A5 dopmuposands 6oJior U 3360J10UeHHBIX
TePPHTODHI HMeeT reoJIOTHYeCKoe cTpoeHHe. Hajuuue BbIAepKaH-
HHX CJIO€B HHU3KOH BOJONDOHHLAeMOCTH (IJIHH, CY[JIMHKOB), 3aJie-
TaIoUINX HenocpeACTBEeHHO MOJ I0YBOH, CJYyXKaT SKPaHOM, HA KOTO-
pOM 3aJepXXHBAaIOTCs NPOHHUKAIOUIHe uepe3 NOYBY aTMmocdepHHEe H
NIOBEPXHOCTHHIe (B YacTHOCTH, OTKayHBaemble} BOAH. Koria Ha
3eMHOH MOBEpXHOCTH 3aJjeraloT CJOu NecKos, cyneced ¥ APYrux BO-
JONPOHHIIAEMBIX 110pOJ, 3a00JaydBaHHe BO3MOKHO IIpDH NMOATOILIe-
HHH I[0J3eMHBEIMH HJd 3aTONJIEHHH NOBEPXHOCTHHIMH W aTMmocdep-
HBIMH BOJAMH B YCJOBURX OTCYTCTBHSA HJM 3aTpyAHEHHOTO JpeHH-
POBAaHHS HaxkalJUBAIOIINXCA BOA.

TTo ycnousM muTavdst pas3jiMualoT HA3WHHLIE, BEPXOBBHIE U CMe-
HIaHHOTO IHTaHHs GoJoTa. Hu3dHHBE 3aHAMAOT YYacTKH CTapHX
OTKDHITHIX BOAOEMOB, a BepXOBble pacloJIaraloTcsi Ha MeXAypeyHbix
paBHHHHBIX NpOCTpaHcTBAaX. K HAM MOXKHO OTHeCcTH ¥ 3ab0JI0YeH-
HBlEe yuacTKH, o6pa3oBaBUIdeCst B pe3y/abTaTe cOpachiBaHUA TEXHO-
reHHBIX BOJ U MPOMCTOKOB.

ITpuMepH CcOBpeMeHHOTO HCKYCCTBEHHOrO 3a60OJIauMBaHHS Tep-
PUTOpHH 3a cyeT WX 3aTOIJIeHHS W MOATONJIEeHHss MOXHO HalTH BO
MHOTHX ropnojoGusampiux paionax. Ha pyanukax KMA onu npu-
ypoOYeHBl K yyacTkam THApooTBanos, B Kysbacce—K yyacTkam
THAPOOTBAJA0B, LIJAMOXPAHWJIHIL ¥ 30J00TBAJOB, Ha KaJdddHBIX
KoMOuHaTax — K 3oygaM H306BITOYHOTO YBJAXKHeHHA XPaHHJIHLL CO-
JeoTxono0B. [lpr paspaboTKe MeCTOpOXKAEHHH MOA3EMHBIM CIIOCO-
60M 3a60/J0YeHHBIMH OKa3bIBAIOTCH MYJbAB CABHXKEHHS, pycJa OT-
BeILeHHHX 3a INpeelibl IIAXTHOTO TOJST DeK, a TaKikKe OBpard, ya-
CTHYHO 3aHATHle II0J TEPPUKOHBI W XPaHHJHILA XKHIKHX OTXO0J0B
nocJe nepepaGOTKH MOJE3HOIO HCKOMaemoro. Ha OcHOBanuu HMelo-
MuXcst HaGMIOAeHHH MOXKHO BHIJEIHTh HECKOJbKO THIOB 3a60J10-
YeHHBIX TEPPHATOPHI NO HCTOYHHKY HX yBJIaXKHeHHs (Taba. 36)
OXapakTepd3oBaTh nocjdeAcTsusa  3abosaunpands. Heo6xoanmo
AMeTb B BHIY, YTO caM npouecc ¢opmMHpOBaHHs 60JOT AOBOJBLHO
IJUTeJbHBIH, HO €ro BpeJHOe BJHfHAEe CKa3biBAeTCs B CaMOM Ha-
yalle, KOTAAa INPOHCXOZHT H3OBLITOYHOE YBJAXKHEHHE TEPPHTOPHH,
CONMpOBOXKJAaeMOe H3MeHeHHeM CBOHCTB IIOYB H TOPHBIX NOPOJA, yc-
JIOBHH B3aUMOAEHCTBHs Pa3JHUHBIX COOPYKeHHH ¢ X OCHOBaHHSMH,
a Takxe yxyjuieHdeM OGCTAHOBKH KH3REAEATEIBLHOCTH pPACTHTENb-
HOTO H XXHBOTHOTO MHp4.

Hccyluenune NOYB ¥ TOPHBIX HOpOJ IPOXCXOAMT B CBA3H C Jipe-
HUPOBaHHEeM [OA3EMHHIX BOJA IPH pa3pabOTKe MeCTOPOXKAEeHUH
[OJe3HBIX HCKOMAaeMbX U aKTHBHOHW SKCINyaTandH MOUIHBIX BOAO3a-
GopHeIX coopyxendil. Yanie 370 spjenne HabJam0Laercs B sacyll-
JUBBIX pafiOHaX, B KOTOPHIX HCMApeHHst NpeoGJafaloT Hal yBlax-
HeHUeM, OJHAKO W B YyBJAXKHEHHBHIX pafOHaX NPOMCXOAUT OCylenHe
60J10T, KOTOpPOe NMPUBOJHT K H3MEHEHHIO THADOJIOTHYECKOro pexuma
MeCTHOCTH. B pesysbrate uccyllenus GoJbluine miowagn obpaba-
THBAEMBIX 3€MeJb OKAa3hIBAIOTCSt HENpHIOAHBIMH A5t 3KCIIyaTta-
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Ta6auua 36. 3aGonOveHHbBle TePPHTOPHH B FOPHOROOBIBAOLKX PafloHaX

Hctounuk H36BITOYHOTGC
YBJaMKHeHUA

YuyacTKH 3€MJH, NnoaBep-
Menube 3a6oavHBaHRAIO

Bnusune 3a60JauuBanus
Ha OKPYXKaloWyw cpexy

Tuapoorsanbl BCKpBILI-

INpuaeraromue x pambam

CHMkeHHe YCTOHUHBOCTH OTKO-

HBEIX HOPOX 06BaJloBAHNA, TOHHKEeH- | cOB AaMb 3a cyeT mepeyBJaK-
ubie GOpMbl pesbeda NPH | HeHHsi HX OCHOBaHMS. ¥ XyA-
NofbeMe TPYHTOBBIX BOX | IeHHe TPOXOAMMOCTH. BBIBOX
13 060pOTa 3eMeabUbIX H Jec-
HBIX yroam#
Ilnamo-, XxBocto- H | Te e yuacTku, oBpaxHas | To XKe, 4TO H B palionax ruapo-
30/10XpaHKIMImA cerb BOGJIHM3H XpaMWJHLL, | OTBaJOB, HO KPOME TOTrO, 37€Ch
nAOIWAAH, INpHJeralollye | NPOUCXOAUT 3arpsisueHune HPH-
K NOBpeXJGHHBIM NYJb- | poaMBIX BOJ ¥ pa3BeBaHHE CY-
f0- ¥ BOXOBOAAM XOi THIH (fble3arpssvenye)
OtkauHBaeMble u3 | Ilo nyrn cnegoBanus 10 | 3arpsisneHue rPyHTOBHIX U HO-

IIaXT H PYAHUKOB BO-
Il

NOBePXHOCTHBIX  BOAOTO-
KOB, B padoHe OYHCTHHIX
COOPYXKEeHHH,  HOoMHKEeH-
Hble QOpMHl pesibeda (ecTe-
CTBEHHble H HCKYCCTBeH-
HbIE)

BEPXHOCTHBIX BOJ, YHHYTOMKe-
HMe 3eMebHBIX MiomageH,
yXyAlleHHe CBOHCTB MOYB H
I'DYHTOB

3emuast  noBepxHOCTh | Myaban cABHKenHs ¥ | Brxox H3 060poTa 3eMeldbHBIX

ONyCKaeTcst HHXKe | OCellaHHst 3eMHOH nmoBepX- | M JecHBIX yroaui; HaMeHeHue

YpoBHd N0A3eMHBIX | HOCTH CBOMCTB MOPOA H CBsi3aHHOE

BOJ C 3THM CHHXKeHHe YCTOMYHBO-
cTH

Uckycerpennoe  opo- | OpomaeMue nowagy, | YxXyauenue nJoJOPOJHA TOY-

Weune YYacTKH NOBPeKIEHHS | Bbl, H3MeHeHHe CBONCTB HOPOX

KaHaJaoB, CTenHble 6J1!0,ZI-
ua ¥ xp.

¥ pexHMa BOJ

HHM, Jeca W Jayra ruGHyT. SBjaeHus 3a60NaunMBaHAA W HCCYHIEHUS
3eMeqb, KaK BHAHO, CONYTCTBYIOT BCETAa rOpHLIM paboTam, MO3TOMY
UX HAJ0 u3yyarb H IPOTHO3HPOBATh B CAMOM Hauaje lepuoja oc-
BOGHHS MECTODOXKIEHHA U 10 OKOHUATEJNLHOH pEeKYJAbTHBAIUH MECT-
HOCTH.

4.10. MEP3JIOTHBIE SiBJIEHHUSA

B pailosax pacnpocTpaneHHs MHOTOJNETHEMEP3ABIX I[OPOJ IIpOTe-
KaioT 0cO6ble re0JOrHYecKHe Mep3JIOTHRE NPOLECCH, OKa3hBalomue
GoJsibliice BJHAHHE HA YCNOBHS pa3pabOTKH MeCTOPOKIEHHEH, Oc-
BOGHHs TEPPHTOPHH M Ha YCTOHYMBOCTBb coopyxkeHnH. K 3tum mpo-
rHeccaM OTHOCAT: MOPO3HOe IydYeHHe, TePMOKApCT, COJUQIIOKIHS,
HaJeon u 1op.

Mopo3srOe myyeHue HaGMOLACTCA B NECUAHO-TIMHHCTHIX
NBJIEBATHIX IIOPOAAX M 3akJioyaeTcss B 00pa3OBaHUM Pas3AUUHBIX
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no pasMepy 6yrpoB (NnyuHH) 3a cueT yBesJnueHus oGbemMa NOPOX
OpH 3aMep3aHHH BOJH, COAepiKamieiics B X nopax. [lyuyHHBI JOCTH-
raior BeicoThl A0 50 cm (yamie 20—30 cM) H NPOTAXKEHHOCTH IO
10 M u Gosnee. HaGaonaoTcs OHKW Ha TNOBEPXHOCTH 3€MJIH, IIOJIOTHE
Ropor, OTKOCAX BEIEMOK H Hachine#l. BsaronpuaTHEIMH YCJOBHAMH
AJisT BOSHHKHOBEHHA MOPO3HBIX NYYMH ABJASIOTCA: 4) HajHuHe B 30-
Hax ryay60oKOro npoMep3aHus INIHHHCTHIX IBJIEBATbIX (IYYHHHCTBIX)
OoTJ0XeHu#; 6) yBAAKHEHHe NPOMEpP3aIOIHX [OPOJ 3a CcueT INo-
BePXHOCTHHIX H NMOA3EMHBIX BOJ.

Mopo3Hoe nyuyeHHe OKa3hlBaeT OTPHIIATeNbHOE BJHAHHE Ha I0-
BEPXHOCTHHIE COOPYXKEHHA He TOJbKO oOpaszoBaHHeM crhenuduue-
CKHX (OPM, HO H CO3JaHHEM MAONOJHHTEJbHbIX HaNPSKeHHH (XaB-
JIeHHe TyuYeHHs), KOTOpHe HeoOXOAMMO YYHTHIBaTb INPH pacuere
YCTOHYHBOCTH 5THX COOPYXKeHHH, a TakXKe npu noabope KpemseHHs
B NIPOMepP3alolIHX NOPOAAX.

Bojsiee kpynneie Gyrpsl nydenusi (or 2 mo 30 M BHICOTOH), KO-
TOpBHIe HHOTAA HAa3blBAIOT OYyrpaMH-MOTHJIbHHKAMH, THAPOJAKOJH-
TaMH, TopdAHBIMH GyrpaMu WIH OyJaryHHsxaMu o0pasyloTcesa npH
HAJHYHH BOJOHOCHOTO TaJlHKa HajJ MHOrOJIETHEMEP3JIBLIMH IIOpPO-
dami. Ilpn mpomepsasuu AeATENBHOTO CJIOS 3TOT TAJHK OKa3hlBa-
eTCSl «3aKyNOpeHHBIM» H B HeM BO3HHKaeT Hamop BOX, TOJ BJHf-
HHEM KOTOPOTO HauWHaeTcsl [OAHATHE 3aMep3lIHX IMOpPOA.

TepMokapcTOBBIe fBJAEHHA MNPOUCXOAAT IPH OTTAHBAHHH
Mep3JIOTHl NOJ BJHAHHEM eCTeCTBEHHOTO HJIH HCKYCCTBEHHOIO IO-
BHILLICHHS TeMmlepaTtypel. Ouu nposBasoTcs B 0Opa30BaHHH IOHH-
KEHHS Ha 3eMHOH NOBEPXHOCTH, B Ae(opMalHAX 3eMJSHBIX COOpY-
KeHUH ¥ 3xaHuil. Ha oTkocax oTtBatoB, faMG M IJOTHH B Pe3yib-
TaTe OTTAHBaHHUA TIPOUCXOAAT OMNOJI3HH H COJHQKIOKIHOHHbIE
noABHKKH. 1o HEKOTOPHIMH Ha3eMHbIMH COOpPYXKeHHSIMH (37a-
HHfAIMH) C TeIJIbIM TeXHOJIOTHYeCKHM IpoueccoM (HOPMHPYIOTCSA
Jallld NPOTaHBaHHs, B NpelesNax KOTOPbIX NMPOHCXOAAT HEPABHOMEDP-
Hble OcajJKH (MPOCaAKH), B pe3yabTarte 4Yelro 3MaHHA Pa3pyLIAIOTCH.
[TpuMepos aBapuit 34aHuil H COOpPYXKeHHH noBosbHO MHOro B Ho-
puabcke, MaranaHe, BopkyTe H Apyrux roponax.

Tlpn BeZenHH OTBaJbHHX paboT B 3WMHee BpPEMs B OTBaJbl
OOBbIUHO MOMANalT MepaJjible NOPOAL H CHer, KOTODbIE JIETOM T4iOT
H NMPHBOMAT K ONOJI3HEBHIM AedopManusaM OTKOCOB.

TIporuos perpapaunyui Mep3sioThl HMeeT 0oJbilloe NPAKTHUECKOE
3HayeHHe NPH OCBOEHHH MeCTOPOXKAeHHH B 06JacTH pacrpocTpaHe-
HHA MHOTOJIETHEMEP3JEBIX NOPOL.

Hanenun npeacraBadior coGoii CKONJIeHHe JibJa Ha 3eMHOH
IOBEPXHOCTH HJIM HCKYCCTBEHHBIX OTKOCAaxX 3a CYeT 3aMep3aHus
NOBEPXHOCTHHIX WJIH MOJA3€MHBIX BOJA, a TakXe 3a CYeT BOJ, OTKa-
YHBAEMbIX M3 TOPHBIX BLIPAGOTOK H BbIGpACHIBAEMBIX NMPOMbIILIEH-
HbIMH npexnpustuamu. [lo pasMepam Hasedu ouesb pasHooOpas-
Hele. Boicota ux gocruraer 10 M (uame 1—5 M), a no 3aHHMaeMo#
nJomanyd odd GbIBAIOT OueHb Magable (10 10 M2?) u BecbMa GoJbluine
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(6onee 1 km?)., HauGonee kpynHasi — Goabluast Mamckast HaJjeib
B SkytHn o6bvemom okoso 200 maH. M%. Hagexm morytr o6Gpaso-
BAaTbCA H B NOL3EMHEBIX YCJOBHAX NOJ TOPMAHBIMH 3ajieXaMH HJIH
B MeCTaX BHIXOJAa NOAMEpP3JOTHHIX BOA. DTO TaK HasnBaeMble rHJ-
POJIaKKOJIHTH BbrcoTOi 10—30 M u amamerpom gpo 100 m.

Hanean Hapywamor HOpMaJdbHBE YCJAOBHA BefeHHS OTKPBITHIX
ropHX pafoT, SKCIVIVATALlHH 3eMJISTHBIX COOpDYXKeHHH, LIoCCeRHBIX
H JKeJMe3HBIX JOpOT, B CBfI3H C 4eM H3ydeHHe 3aKOHOMepPHOCTEH HX
06pa30BaHusA NpeACTaBJaAETCS HEOOXOLHMHIM JJIS INIPOTHO3a HX
BO3HHKHOBEHH H pa3BHTHS BOJH3H 3SKCINIYaTHPYEMBEIX COOpYyKe-
HH L.

MepsJioTHBIE ABJEHHS OCJOXHAJIH INPOXOAKY H TNOALEpKAHHE
TOPHBIX BHIPaGOTOK IpH OCBOEHHH YroOJIbHHIX MecTOpoxzeHHH Bop-
KyTHHCKOro GacceiiHa, Ha UykoTke, Ha o. llInuuGepren u mp.

KOHTPOJIbHBIE BOITPOCHI

. UTo Takoe aHOMAasbHBE NPUPOAHEIE HAOPAXEHHS B IOPHHX NOpoAax?
. HazoBute ocHOBHHIE reoJorHyecKue fBJIEHHA.

. Kax onenusawoTtcs ceficMHYecKHe ABIEHHA?

Y10 Takoe onoiseHb? KakoBH NPHUHHBI e€r0 BO3HHKHOBEHHS?

Uto rakoe kapcr? Kak onenHsaercs 3aKapcTOBAHHOCTL TEPPUTOPHI?
Kakue necku o61afaroT CBOHCTBaMH IJIBIByHa?

B kakux mopogax nposBasiercs cybdosua? Ilo Kakum npuuuHam?
T'ne u Korga BO3HHKAWOT cenu?

. C uem cBszaHo 3afoJayuBaHKHe B rOPHOJOOLIBAIOIIKX DPaloHax?

. Kakne Mepanornrie sBleHusi Bam uaBecTHH?

S©OPAP TR W0
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YHacrp I

HUHXKeHepHO-reosornyeckas oueHka

B3aHMMOJIEHCTBHSA Te0JOrHUYE€CKON Cpeibl
paboTaMH H COOPYKEHHAMH

B3AUMOIAENCTBHE OTKPBITbIX FTOPHBIX PABOT
1 COOPY)XEHHH C TEOQJIOTUYECKOW CPEAON

5.1. CIELLH®HKA B3AHMOJEHACTBHUSA

OcBanpaeMblli OGBEKT — MeCTOPOXKJAeHHe I10JIe3HEX HCKONAeMbiX —

(lmaxTHOe HAH KapbepHoe INoje) NpeAcTaBisier co00H HEKOTOPYI
yacTb NPHPOJHOH (2KOJOTHUECKOH) CHCTEMB, KOTOpas B MepUOR
pasBeldKH H NPOEKTHPOBAHHA HAXOJHTCS BO B3aHMOJeHCTBHH C Hef,
onpeneafeMoOM CJIOXKHBIM KOMIJIEKCOM eCTeCTBEHHBIX (a HHOrZa H
HCKYCCTBEHHBIX) (akTopoB. B pesysnbrare 3TOr0 B3aUMOAEHCTBHS
CO3/laeTcsl Ta NPHPOAHAsA OOGCTAHOBKA, KOTOPYI0 MBI OlleHHBaeM
WHIKEHePHO-Te0JIOTHUeCKHMHU YcnoBusMH, PasHoBecHe 3To#l 06cTa-
HOBKH — JHHAMHUECKOe, O UYeM CBHJCTeJLCTBYIOT [POTeKaloLiHe
B HeH eCTeCTBeHHBIe NPOLECCH, CPeAU KOTOPbIX OCOOHIH HHTepec
IJis Hac MpeACTaBJSIOT TeOJOTHYEeCKHe IpouecChl H ABJICHHA, Xa-
paKTepH3ylolllie TeOJMHAMHUECKYIO CHTyaUHI0O W B 3HAUHTENbHOH
Mepe ONpeleNsloliie CTeleHb YCTOHYHBOCTH (9yBCTBHTEJILHOCTH)
Heeaenyemoro o6beKTa K HOBOMY BHelIHeMYy BO3IeHCTBUIO, 4 TaKXke
BUA ¥ MaclitalGbl HACTYyRAIOMWUX U3MeHeHu .

BHelunee Bo3aeiicTBHE TPH pa3pafoTke MeCTOPOXIEHHH mMoJes-
HBIX MCKONaeMHIX NpospJseTca B 0OJbUIOM pa3HOOOpPAa3HH B OTJIH-
YHH OT BO3AeHACTBHIl NpH CTPOUTeNbCcTBe GOJbHIMHCTBA HAa3eMHBIX
IHXKEHEPHBIX COOpYXKEeHHUH.

Onnrako cnenu¢uKy B3anMOJeACTBHA TOPHBIX PaboT C NpPHPOL-
HO OGCTAHOBKOH OINpEeREIAIOT TPH OCHOBHBIE OCOOEHHOCTH:

1. dopmupoBakne cdep BAMAHUS 3HAYUTEJBHHIX PAa3MepoB, 4TO
IPHBOAHT K H3MEHEHHIO €CTeCTBEHHOrO HaNpfAXKeHHOro H dusuye-
CKOTO COCTOSIHHSI OTPOMHHIX 00GBEMOB TOPHHIX NOPOL Pa3HOro reHe-
cica, JIMTOJIOTHH, CTpOEeHHs, COCTOAHHSA H cBOHcTB. COBpeMeHHBIH
cpenHuil kapbep ray6uuo# 200 M, AauHOA 4 kKM H UWHPHHOA 2 KM
co3gaer NpuUGOPTOBYIO 30HY TOpPHHIX mopon obbeMmoM Gosee 0,5 Mapn.
»3 BOKpPYT WIAaXTHOTO cTBOJsia riyGuHo#i 1000 M. Ilpm pacuere nmas-
JeHHA Ha Kpellb paccMaTpHBAlOT oGbeM ropHHX nopoja OGoJee
3-10% M3 a B npomecce NMOcaAKW KPOBJIH HaJ OUHCTHBIM IPOCTpaH-
CTBOM CpejfiHell yroJibHOH IMAaxTHl B TeueHHe rompa AedopMHpyeTcA
10 man. M? mopox HenmocpeAcTBeHHOR H OcHOBHOH kposiau. [lo-
CTPOCHHEC WHIKEHePHO-TeoJ0rHueckofl Mozxenu Tako# cpeps B3aumo-
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LeHCTBUA Ha COBpeMeHHOM YpOBHe 3HaHuH noTpebyer GoJjbluo#
CXeMaTH3aIHH.

2. O6pasoBaHHe OOJBLINX NJOLIafeH HCKYCCTBEHHHIX oGHaxe-
Hufi TOpHBIX mnopoa. OHE TPEACTABANIOT coOofi KOHCTPYKTWBHHIR
3JIeMeHT FOPHBIX COOPYXeHUH, Ha KOTOPBIX NMpPOUCXOIAT Pa3JHUHHE
HU3MeHeHHs [OX BJIHAHHEM aTMOCQEPHEIX areHTOB, NOBEPXHOCTHHIX
Y TIOA3eMHBIX BOX, TeMNepaTypH u TexXHorewublx (axkrtopos. Ha
6opTax COBpPeMEHHOTO Kapbepa, HapaMeTpnl KOTOPOIO HPHBENeHBH
Buille, 00pa3yoTcs HOBble OOHa)kKeHHA oOumiei nJiomaznsio Gojee
10 mau. M? (10 xkm?). He MeHee 3HauHTeJBHH NoO NJOIMAnH OOHaXKe-
HUs BHYTPEHHHX K BHELIHHX OTBaJoB. Bospline Nsomiazx HCKyccT-
BeHHbiX OOHaxkeHHil cO3MalOTCA ¥ B NOA3EMHKLIX BhlpaBoTKax.

3. HeGonbimo#h cpox cnyXOu OOJbIKMHCTBA TOPHLIX BHPaGOTOXK.
3TO 103BOJIAeT paccMaTpuBaTh HX KAaK BpeMeHHBIe COOpPYIKeHHUS,
Tpebylomine ofecrneueHHs YCTOHUHBOCTH C He3Ha4YHTEJNbHBIMH ee 3a-
nacaMu ¢ HCINOJIb30BAHHEM PEOJIOTHYECKHX CBOMCTB TOPHBIX NOpOL,
YTO BO3MOMKHO NpH GOJALIIOH TIIATENLHOCTH HX H3YUEHHA H BHICO-
KOl TOUHOCTH oNpelesieHdsl PACUETHBIX IT0KasaTeseil.

CyuecTBeHHO H pasHoobpasue HacTyNalOWHX H3MEeHeHHH B pas-
HEle TepHOAB OCBORHHA MecTopoxkieHus. HanGoJiee 3HAUHTENBHble
H3MeHeHHs pa3HBIX BHIOB NPOHCXOLAT B NepHOJ [TOATOTOBKH MecCTO-
POKIEHHH K BCKPHTHIO, CTPONTENBCTBA OCHOBHHIX W OYWCTHHX BH-
paGoOTOK H pasMelieHHs OTX0[0B ropHoro npeanpuatud. Ha puc. 64
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NnoKa3aHa NPHHUHIHAJbHAS cXeMa B3aHMOAEHCTBHA TOPHBIX paboT
C OTAE/NbHLIMH 3JIEMEHTaMH HHXKEHEePHO-TeOJOTHYECKHX YCIOBHH.

IlpenBaputenbHOE OCYUIeHHE NepBOOuepefHHIX YYacTKOB Ipo-
XOIKH KallHTaJbHHIX BBIPabOTOK (IIAxXTHBIX CTBOJIOB, MarHCTpaJb-
HBIX IITPEKOB, PA3PE3HLIX TpaHIledl W T. A.) NPHBOAHT K HOpPMHpO-
BAHHIO JeNIPeCCHOHHBIX BOPOHOK ¢ pagHycaMH B HECKOJbKO KHJIO-
METPOB, KOTOphle NpH JAaJbHefiliei pa3paloTKe MECTOPOXKIEHHS
YBeJHUHBAIOTCA 0 HECKOJbKHX [ecsiTKOB KWIOMeTpoB. B mnpenenax
CHHJXEHHSl YpOBHEH NOJA3eMHLIX BOJ NPOHCXOAHT HapacTaHue rpaBH-
TallHOHHOTO AaBJE€HHA (32 cYeT CHATHA B3BELIHBAIOIIErO JaBJICHHS
BOAH), B pe3y/abTaTe KOTOPOro HauHHaercs NPOLECC YIJOTHEHHS
(redbopMHpPOBaHHS) IMOPHKEIX NOPOJ.

BsauMopeficTBHe TOPHHX BHIpAa0OTOK C OKPYKAWIHMH HX reo-
JOrHYeCKHMH YCJOBHAMH BO MHOroM onpepesserca ¢opmo#, pas-
MepaMH, ODHEeHTHPOBKOH B NpOCTpaHCTBe, TAyOHHOH OT 3eMHOH Io-
BEPXHOCTH, Ha3HA4YEHHEM, TeXHOJOorHefl M CKOPOCTbIO IPOXOIKH,
a TakKe APYrHMH 0COGEHHOCTAMH H3yuaeMbiXx BhIpaboTok. OcraHo-
BHMCS Ha PAacCMOTPEHHH OTKPHITHIX H [TOA3EMHBIX TOpHBEIX pafoTax.

5.2. ABMEHEHHME IEOJIOTHYECKHX YCJOBHNA
MMPHU OTKPHITON PASPABOTKE MECTOPO)XAEHUHN

Paspa6oTka MecTOpOXAeHHH TBEepAHIX NOJE3HLIX HCKONAaeMHLX OT-
KPHITHM crnoco60M NPHUBOAHT K CYIIECTBEHHLIM H3MEHEHHIM BCeX
3JIEMEHTOB HHMKEHepHO-reojornueckux ycsioBhi. Pesbed mecTHO-
CTH H3MEHAeTCs 3a CueT Kapbepa, OTBaJOB, XBOCTO- H IJaMoxpa-
HHJIMIH, YTO HPHBOIHT K CO3LAHHIO OOJBIINX NJOIAfed HCKycCT-
BeHHBIX OGHaXKeHHH (OTKOCH H GepMBbl Kapbepa, TeJia Hachined, 1Jo-
H(afH THAPOOTBAJOB, XBOCTO- H LIJIaMOXPaHHJWIN), K H3MEHEHHIO
HanpsKeHHOTO COCTOSAHHA (pasrpy3Ka H Harpy3kKa), OCELaHHIO 3eM-
HOH NOBEPXHOCTH, a TaKiXe K H3MeHEHHIO THAPOrpa(HH (KOppEKLHs
peuHBbIX pyces, NMOANODP pPeK H BpeMEeHHBIX NOTOKOB, 3a00JaudBaHHe
H T. 1), PeXXHMa NOA3EMHBIX BOJ H TeMIiepaTyphl TOPHLIX NOPOL.
OcHoBEIBasicb Ha pe3ysbTaTax HccjefoBaHuil H HabmofeHHil Ha
psane yrombHbix (IToamockosuefl, Kysnenkuii, JIHenpoBckui u apy-
rie Gacceitnnl) u pynHeix (KMA, Coxososcko-Cop6Gafickoe, Kep-
yerckoe, KpHBopoxXckoe, Huxkonosip-Mapratnesoe #“  JAPyrHx)
Kapbepax, MOXKHO IOCTPOHTb OGOOCIICHHYIO (PH3HUECKYIO MOJEJb H3-
MeHEeHHs] HHXEHEPHO-Te0JIOTHYeCKHX YCJAOBHH TEepPHTOPHH, KOTOpas
6yner npexncraBaaTh coGofl 6asy g NpPOBeJEHHUS HHXKEHepHO-reo-
JIOTHYECKHX OIEHOK H porrosos. Ha Takod MoOA€NTH MOXKHO BBIIE-
JHTb: 3Tanbl OCBOEHHS MECTOPOXKIEHHs, NEPBHUHBIE H3MCHEHHA
HH2KEHepHO-Te0JIOTHUECKHX YCJIOBHA (HEKOTODHIX 3JIEMEHTOB), BO3-
HHKHOBEHHE NPOLECCOB IOJ BJIHAHHEM NPHPOJHBIX H TEXHOT€HHBIX
¢dakropos. B taba. 37 clenaHa NONHTKa HalvIfi[IHO II0Ka3arb Ipo-
HCXOJsAllHe H3MEHEeHHs H HX NPHPOJY Ha PAa3HLIX 3Talax OCBOCHHSH
MecTopoxaeHus. Kak BHAHO u3 3Tofl TabGJHuBl, BCE H3MEHEHHS,
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Ta6auua 37. H3MeHenusl HHXKEHEPHO-reo/loTHIECKHX YCJOBHHA TePPHTOPHH
MeCTOpPOXfAeHHH, paspabarblBaeMblX OTKPHITHIM CHOCOGOM

HassaHue 3tana

I OCBOEHUSI MecTo- HaMeneHus 37ieMeHTOB OllecCH, BO e
MR | B | enepio eamecas | L s Wit
npounecc)

I [Tpexpapurenbhoe | MameHenue HanpsKeH- | YMJIOTHeHHe  TVIMHHCTBIX
OCYIIEHHE MECTO- | HOIO COCTOAIHMS TOPHEIX | AOPOA, OCEAaHHE 3eMHOM
POXKIEHUS NOPOJ 3a CUET CHIKEHHS | MOBEPXHOCTH, HCCYIIeHHe

THIPOCTAaTHUECKOTO [aB- | 3eMellb
JIEHHSl  IpeHHpPOBaHHEM
nOJ3eMHBIX BOJ

11 CrpourenscTso dopMuposanne HOBoro | BeBerpHBaHHe ropHBX Imo-
KapbePOB U BHell- | (TEXHOTEHHOI'0) peas- | poA, pasymjoTiieHde (Haby-
HUX oTBaNOB. | eba, MPHBOASALIETO K H3- | XaHHE), TIpPaBHTALlUOHHELIE
Ilpoknanka TpaHc- | MEHEHNMIO HampSAKEHHOrO | fiBJeHHS HAa OTKOCAX, 3pPo-
AOPTHBIX KOMMY- | COCTOSlHHS M TeMmnepa- | sHs Ha HCKYCCTBEHHBIX 00-
HHURaUMB. JIpeHax | TypH, K CO3JaHHId HC- | HaOXKEHHAX, (UIbTPALHOH-
MNOA3EMHBIX BOJ | KYCCTBeHHBIX OOHaweHull | Hple jpedopmanum, sabona-

1MBaHHe, NOATONIeHHe, Pas-
BeBaHHe, OTTaHBaHHE W 3a-
Mep3aHue
111 | Paspaforka (mo- | dopMupoBanne wosoro | To xe, uro u Ha Il arame,
6blua) T[OJIe3HOTO | TEXHOTEHHOro peibeba, | Ho ¢ Gojee BHICOKOR HHTeH-
HCKONAeMoro, yBelHueHHe MAOLAJH HC- | CHBHOCTBIO 32 cueT dakropa
CTPOHUTEILCTBO KYCCTBEHHBIX  OBHaxe- | BpeMeHH. 3arpsisieHue nof-
BHEIIHUX M BHYT- | HHMH, yBeJWYeHde BHell- | 3eMHBIX BOJ PacTBOPaMH
PEeHHHX OTBaJIOB, | HHX JaBJeHH}, H3MeHe- | mJamMo- M XBOCTOXpaHH-
I1aMo- H XBOCTO- | HHE TeMIepaTypbl auul. [lorepu u pasyGoxu-
XPaHUJHIIL BaHHe MOJEeSHOIo HCKOmae-
MOro
IV | Crpourearcrso Wsmenenusa Hampsxen- —
COOPYKeHH# JJf | HOTO COCTOAHHA, TEXHO-
OrpaHWYeHHS] HH- | 'eHHOrO pesbeda H Xa-
TEHCHUBHOCTH H3- | PAaKTePa MOBEPXHOCTHOTO
MeHeHHH ¥ mpo- | H MOX3eMHOTO CTOKA
1[eccoB
V | PexyabruBanus UsMeHeHnst  TexXHOreH- | YIJIoTHeHHe OTBaJlOB

HOI'O penbeda, co3zaHHe
HOBOTO MNOYBEHHO-PACTH-
TeNBHOrQ CJIofl, H3MeHe-
HHEe pEeXHUMa HOBePXHO-
CTHEIX H TOJ3EMHBIX BOX

IIPOUCXOASALHE B pe3y/abTaTe BEeLEHHS OTKPHITHX TOPHBIX pabor,
paccMaTpHBAIOTCA B HHXKeHepHOH reoJsiord, OHH XapakrepHbl H
LJIsl HEeKOTODBIX APYTHX BHAOB COOPYKeHHH, HO Habgaioparorcs TaMm
B MeHblIeM MacuitaGe, B uactHocTh, H3MeHeHHe pesbeda MeCTHO-
CTH ¢ 0o0pa3oBaHHeM HCKYCCTBEHHHIX OOHAXEHHH TOPHBIX HOPOJ
HabJonaeTcs B MeHbIUMX MacimiTabax Ha XKeJe3HOLOPOXKHHIX H aB-
TOLOPOXKHHIX TPACCAX U B THIPOTEXHHUECKOM CTPOHTEAbCTBE.
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OcHoOBHBEIE NIpPOLECCH, NPOHCXOAfNIHe HA GOpTax Kapbepos, CBA-
3aHbl ¢ H3MEHEeHHSIMH COCTaBa H (DH3HKO-MeXaHHUECKHX CBOHCTB
TOPHHIX TOpOJ NOA BJIHAHHEM NDHPOAHHIX H TEXHOTEHHHX (HakKTO-
poB. B 3aBHCHMOCTH OT TeOJIOTHYECKOTO CTPOEHHS MeCTOPOXKIEeHHH
B npHOOPTOBOH 4acCTH Kapbepa IPOUCXOAAT H3MeHeHHA NOPOA B pe-
3yJbTaTe HX pa3yIJIOTHeHHd, HaOyxaHHd H BHBeTpHBaHH:A. [IpH
3TOM, IS IVIKHHCTBLIX TNOPOA M NOPOJ Ha IVIHHHCTOM LleMeHTe IIpak-
THUECKHH HHTepec INpeAcTaBJAeT HabyxaHHe, a IJsd CKaJbHBIX H
NOJIYCKaJbHLIX — BLHIBETPUBAHHE.

OneHKy u3MeHeHHH rOpHEIX NOPOJ BO BpEMeHH MOXKHO IIPOBECTH
no pesyJabTataM JnabopaTOpPHBIX HcCJefOBaHHH 00paslnoOB TOPHEIX
NnopoA, OTOGpaHHBIX NIPU UHXeHEePHO-IeoJIorTHuecKoH cheMke GOpTOB
KapbepOB pasHOro cpoka OOHaxKeHHOCTH. JIJIfl CKaJbHBIX H TOJY-
CKaJbHEIX pa3HOCTeH HCIOMAL3YIOTCSl IOKA3aTeJsH, XapaKTepH3Yio-
e CTelleHb BLHIBETPEJOCTH (110 IJIOTHOCTH, NPOYHOCTH, TPEIIHHO-
BATOCTH, paccJ/oeHH10). [To NonyueHHHIM AAHHHIM YCTaHABJIHBAIOT
KOJIHYeCTBeHHble 3aBHCHMOCTH CTENeHH H3MeHeHHs MCCHAeAyeMBIX
nokasareJiedl ¢ rJiy0MHOH H BO BpeMeHH.

OnuT HeesielOBaHHH Ha YIOJIbHHIX H PYAHHEX Kapbepax INOKashl-
BAeT, YTO HacTyNaloIliHe H3MEHeHHs B pe3yJbraTe BHIBETPHBAHHA
CKa3BIBAIOTCSl HAa VCTOHYHBOCTH OTKOCOB OTAEJbHHIX YCTYNoOB G6op-
ToB. ['y6HHA TNPOHHUKHOBEHHA CYINECTBEHHBIX HU3MEHEHHH cocTaB-
JfeT 2—5 M, a INOTeHOHaIbHAsl I[IOBEPXHOCTb CKOJbXKEHHs, Kak
H3BECTHO, NPOXOJHT Ha rayOune Oosee 10 M OT OTKOCHOro oOHaxe-
HHA, faXe 0pH HeGosabuwiod IviyGHHe Kapbepa, no3toMy GOpPT B Le-
JIOM He yMeHbUIAeT cBOIO ycTOHuHBOCTb. OZHAKO OCHINAHHE H OIJIH-
BaHHE BBHIBETPeJIEIX TOPOA HNPHBOIHT K Pa3PYIUIEHHIO MEXYCTYIHHX
OepM M CABAaHBAHHIO (a HHOTAa H CTPAHBAHHIO) YCTYIOB, 4TO CKa-
3BIBA€TCA Ha YCJOBHSX yCTOHUHBOCTH H 6e30MacHOCTH H HA INIPOH3-
BOLHTEJLHOCTH FOPHO-TPAHCIIOPTHOTO 0GOPYNOBaHHS.

B Goprax KapbepoB, CJIOXKEHHBIX LEJHKOM HJAH YacTHYHO IJIH-
HHCTHLIMH NIOPOAAMH, H3MEHEHHST NPOHCX0AAT B GoJiee KOPOTKHe INpO-
MeXyTKH BpeMeHH H I[JIaBHEIM 00pa3oM INOJ BJIHAHHEM aTMocdep-
HBIX H NOJA3eMHHX BOA. B 3THX H3MeHeHHsAX OOJbLUIVIO POJIb HrpaeT
HalpsXeHHOe .COCTOSIHHe MNOpOXA. PaccMoTpuM Ha NphMepe Kapbe-
pos KMA u3MeHeHue IODPCKHX TJIHHHCTBIX [OPOX, 3aJeramIiunx
B HHXHeH yacTH GopTa.

3a HCXOZHOe TOJIOXKEHHe (HYJeBod 3Tan) TNpPHMEM eCTecTBeH-
HOe COCTOsIHHe TJIHH, ONpefiesdeMoe YCAOBHAME HX (OPMHPOBaHHA
H NOJJepxKHBaeMOe NPHPOAHHEIM AaBjieHHeM BHiuesexaniefl TOJILH.
B sToM ciayuae MakcHMaJsibHOe IJIaBHOE HanpsAXKeHHe Oz, BO3HH-
Kamliee OT NPHPOJIHOTO NaBJEHHA Py, COCTABJISET

Oz = Yi— Vslls,
roe h v hs—rJyOHHA 3ajieTaHHsl IVIHHH OT NIOBEPXHOCTH H HAmop

NOJ3EMHHX BOJ, 3aMePeHHBIX Ha 3TOH r/yOHHe; y H yz — CPEIHHH
yIeJbHBIH Bec BHIIeeXaliHX NOPOJ H NOJA3eMHHBIX BOX.
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[lo naHHBIM reoJioropa3BellOYHHIX UCCJACAOBaHHH, NPOBeLeHHHIX
L0 Hayajia TOJATOTOBHTEJNLHBIX paboT, I0pCKHe IVIHHB B Ipejesiax
JIeGeiHHCKOTO MeCTOPOXKAECHHA HCIHTHBAIH TPHPOLHOE JaBJieHHE
Ha pa3Hblx ero yyactkax or 1,0 mo 1,5 MIla, a B pafione Muxaifi-
JIOBCKOI'O MecTopoxzaeHHR oT 1,0 po 2,0 MIla. ITon BaHaHHEM 3THX
LaBjicHHH CQOpPMHPOBAJIOCh eCTecTBEHHOe (H3HUECKOe COCTOSIHUE
IVIHH, KOTODOE XapaKTepH3yeTCsl eCTECTBEHHOH BJAXKHOCTbIO, IIpH-
POLHOH TNJIOTHOCTbIO, HCXOAHOH  TPOYHOCTBIO H  jAedopMHpye-
MOCTbIO.

ITepBoe H3MeHeHHe TreoJIOTHUeCKOH OOGCTaHOBKH (HAyaJso IepBOro
3Tana) NpOHCXOAHT B IIePHOM NOATOTOBKH MeCTODOXKAEHHS K BCKDHI-
THIO B pe3yJibTaTe BOJONOHH3UTENbHHX paboT. [IoHHKeHHe yDOBHSA
TOA3EMHBEIX BOJ, NPHUBOJHT K H3MCHEHHIO NPHPOLHOTO HalpsiKeH-
HOTO cocTOAHHA. Ha 3ToM 3Tame rjaBHOe MakKCHMaJbHOE Hampsmxke-
HHE YBENTHUHUTCS 10 3HAYEHHUS

0z, = Y —vys (le—S),

rae S — CHHXXeHHe YPOBHS NOA3EMHEIX BOJ.

B Hexorophix ciayyasix Agz=0z—0z  MOXKET COCTaBHTb
0,5—1,0 MIla nna paccmatpuBaeMBX ycJaoBHH. Ilpu pocte rpasu-
TalHOHHOTO AABJICHHS MOTYT [DOH30HTH H3MEHEHHA IJIOTHOCTH H
BJIAXKHOCTH TJIHHHCTHIX IOPOJ, a, CJeAOBaTeJbHO, HX IPOUYHOCTH
B pe3yJbTaTe pa3pylleHHS CTPYKTYPHBIX CBA3eH H OTXKHMa nOpPOBOH
BOAbl. JIAS BO3HHKHOBEHHS NeEpPBOTO npomecca (mepBH 3Tan) He-
06X04HMO, YyTOGHl BeJHUHHA AaBJeHHS NOCJe BOAONOHHKEHHH OKa-
3ajlach BhlIle CTPYKTYPHOH NMPOYHOCTH MOPOJA, a AJIA Pa3BHTHSA NPO-
necca ynJIoTHeHHs norpebyeTcs cO3AaHHe COOTBETCTBYIOILErO Ipa-
nMeHra ¢uabTpanud. Kaxk mnokasana B CBOHX HCCJIELOBaHHSAX
P. 3. Jlamko, rpasgneHT Havdasa (QUIbTPALHOHHOH KOHCOJIHAALHH
Ligw = 104/M,, (rme Mc — comepxaHHe TIHHHCTON (pPaKIHK B TO-
pone, %). s paccMaTpHBaeMbIX HaMH [VIHHHCTHIX Da3HOBHIHO-
crefl BeJIMUHHA NAHHOTO I'pajHeHTa H3MeHsercq oT 14 po 30.

V3 cpaBHHTeJLHOTO aHa/H3a JAaHHHEX H3yUeHHA IOPCKHX IJIHH
JleGepuHckoro mectopoxaenis KMA MoXxHO ceaTh BBHIBOJ O TOM,
YTO B pe3yJibTaTe 3HAYHTEJILHOTO CHHIKEHH: yPOBHS MOA3EMHBIX BOJ
BO3HHKAeT BO3MOXHOCTb IIpe-
ONIOJIEHHSI CTPYKTYPHOH HPOUYHO-
CTH H pa3BHTHA AedopManHid
noJ3ydyectd. DuabTpanHoHHAsA
KOHCOJIHAAIHA B 3STHX YCJIOBH-
X He MPOSBHTCA H3-3a HeGOJIb-
IOro TIpafueHTa (HILTPALHH
H MaJofl TPOJOJIKHTEJIbHOCTH
neficTBHS HOBOTO J[ABJCHHA B Puc. 65. Cxema K BHIENEHHIO Xapak-
CBA3H C HAaCTyIJIeHHeM BTOpOro  TePHEX yuactkos Gopra.

I—1{l — yuacrKu pazdofl cremenu nabyxaHus
sTana — BCKpPbIHIHHIX pa60T [HHHCTEIX HODOJ
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(cTpouTenbcTBA pa3pe3HOd TpaHIleH, IHOHEPHOTO KOTJIOBAaHa,
Kapbepa IepBo# odyepenH).

Btopo#i 3Tan B OCBOeHHH KapbepHOro IOJS MPHBOXHT K CO3xa-
HHIO IIpHOOPTOBOH 30HH H HOBOrO HalpSKEHHOIO COCTOSHHSA NOPO.,
B pe3yJbTaTe PasrpPy3KH BCKPHIMHLIME paGoTaMu. DTOT 3Tan xa-
pakTepH3yercs GOJbLIOH NPONOJKHTEJLHOCTHIO, KOTOpPAsS S3aBHCHT
OT rayOHHBI 3ajieraHus PyLHOH 3aJieXKH, NPHHATON CHCTEMBl BCKPHI-
THS, TIPOH3BOAHTEJNLHOCTH TOPHOTPAHCHOPTHOrO 06OPYLOBaHHA W
T. X JlJIi KOHKPETHOCTH NPOH3BOAHMEIX OLIEHOK NpHOOPTOBYIO 30HY
OyneM paccMaTPHBATL OTHOCHTEJbHO HauGoJee BepOSTHHEIX IOBEPX-
HOCTEH CKOJIbXeHHs1 6opTa B LEJOM H yCTylla B TVIMHHCTHIX TIOPO-
pax (puc. 65). DTH IBe TOBEPXHOCTH BMeECTe C OTKOCOM B IJHHAX
AaI0T BO3MOXKHOCTb BHILEJNHTH IAA AaNbHeHIlero H3yYeHHST TPH
y4acTka, B KOTOPHIX NPOH30OHIIO H3MeHEeHHe eCTeCTBEHHOro Hanpd-
JKEHHOTO COCTOSIHHSl B PA3HOH CTeleHH.

Ias Toro, utoGul BbIAeJeHHBlE YVYACTKA NOJYYHAH KOJHYECT-
BCGHHYIO OLEHKY, BBelleM [iBa KOJIHUECTBEHHBIX IOKazaTeds (CM.
pasn. 24).

1. Crenenb pasrpysku nopoa K, :&;——9"—, The G o H 0p—

e
HanpsAXeHHs B H3yyaeMoH TOuKe AO H Ioc/Je BCKDPHITHA IIOPOJ BHI-
pa6oTkoii;

2. TlokasaTtesb BO3MOXHOCTH HaGyXaHHS Kﬂzo—“;——ﬂ-, rae

H
oz — JaBJieHHe HaOyXxaHHs B HaNpaBJeHHH AeHCTBUA Oyp.

Tlepprifi yuacTOK NpHYpPOUeH K OTKOCHOH NOBEPXHOCTH, T'Le Mpo-
H30HLIa ITIOJIHAA pasrpyska rJHH H cO3JaHBl YCJOBHA MJIS MAakKCH-
MaJIbHOTO B3aUMOIEHCTBHS HX C NOJA3EMHBIMH H aTMOC(hepHEMH BO-
LaMH, COJMIHeUHOH pajxHanuefi, TemrepaTypoll BO3Ayxa, ABHXKeHHEM
BO3JYIUHEIX Macc, TEXHOJOTHUECKHMH TipolleccaMu H T. 4. [Jas Hero
XapaKTepHbl MakCHMaJ/bHble 3HaueHHsd Ky H Ky, YkasplBawollue Ha
HauGoJIbliIHe BO3MOXKHOCTH H3MeHeHHS (PH3HYECKOrO COCTOAHHSA IO-
pONL H pasBUTUA pAa3THUHBIX TIpaBHTAIlHOHHHIX npoleccoB. Momi-
HOCTb yuacTtka (IViyGHHA HHTEHCHBHOTO NPOHHKHOBEHHA BHEUIHEro
BJIHSIHHST) He3HAuHTeAbHas W No HaGnojeHnsaM Ha JleGeZHHCKOM
i MuxaiioBckoM Kapbepax cocrazaser menee 1,0 M, wame 0,2—
0,5 m.

Kax MoliHOCTb, TAK H COCTOSIHHEe H3MEHEHHHX TJIHHHCTHIX IO-
PO 3aBHCAT OT C€30HA roja H Aaxe ot norofsl. O6 3TOM MOXHO
CYIHTH 1O H3MEHEHHIO BJAaXKHOCTH, KOTOpas BapbHPYyeT OT Npejena
yCaiK# A0 TNpelesia TeKydyecTH. B rpaHuunax 3Tof MOMIHOCTH IpOHC-
XOJHT MakcHMaJbHoe HaGyXaHHe, HapylLIeHHe CTPYKTYPHOH CBA3HO-
CTH 3a cyeT (DH3HYECKOIO BLHIBETPHBAHHS, YTO, B KOHEYHOM HTOTE,
IPHBOAHT K 3PO3HH, OINJLIBAHHIO, OCHIIAHHIO, DA3BEBAHHIO, T. €.
K TAKHM TpOLEccaM, KOTOpbie NMOCTOAHHO OOHOBJAIT OTKOCHYIO NO-
BEPXHOCTb H TEM CaMBIM CO3JAI0T YC.JIOBHS IJIst NOCTOSTHHOTO ee Iie-
peMelieHHs] B IJIy6b OTKOCHOTO MACCHBA.
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CkOpoCTh nepeMeleHHsl 3aBHCHT OT OOJbUIOrO duchia GakTopoB
(cocTaBa W COCTOSIHHA [IJIHH, rpajHeHTa TeMmIepaTypHHX H3MeHe-
HHU#, Xapakrepa aTMOC(HEpHHIX OCAJKOB, yrja OTKOCd, 3KCIO3HIHH
fopTa, MOUIHOCTH TJIHH, TEXHOJOTHUECKHX BO3AeHCTBHI H T. A.), NO-
3TOMY B HAcTOAINlee BpeMs MOXKHO ONpefeNHTh ee Ha 6a3e HabJj0le-
HUH 32 H3MeHeHHeM TNpoHIA OTKOCA H INHPHHH NpefAOXpaHHTEJNb-
HEX GepM. Ilpu mpounx paBHHX YCJOBHAX OHa ropasfo GoJgblie
B NecyaHHIX TMHHaX. Bo BpeMeHH 3Ta CKOpPOCTb najaeT B CBf3H
C HaKONJeHHeM B HHXKHeH UacTH yCTyIa pPa3pyileHHOIO TJIHHHCTOTO
marepuana. Heo6xoaumo OTMeTHTDb, UTO JdXKe IPH OTCYTCTBHH IPY-
rux, 6oJiee KDYNHHIX ONOJ3HeBHX JHedopmanuil, pasBHBaOLHecH
FpaBHTALlHOBHHE IpOLEeCcCHl Ha OTKOCHOH IOBepXHOCTH INPHBOAAT
K 06meMy IafieHHIO YCTOHUHBOCTH OOPTa B IeJIOM, a TaKXKe K TeX-
HOJIOTHUECKHM OCJIOXKHEHHSIM B pe3y/nbTaTe pa3pylleHHs MexCcTyI-
HEHIX GepM. Ha MHorux yuacrkax HepaGouux GOpPTOB Kapbepop INO-
Ho6GHAas CHTYyalHsl YXKe HMeeT MeCcTo.

Bropoi#t yuacTok 3ak/o4YeH MeXxAy NEPBHM u Haubojee Hanps-
MEeHHOH TIOBEPXHOCTbIO CKOJIbKEHHS OTKOca TIJIHHHCTOIO YCTyIia.
Jns Hero xapakTepHH YCJIOBHSA:

Oo<<om Ke<<l; Ka<<l,0.

OTO 3HAYHT, YTO Pa3rpy3ka 3Jecb 3HAUHTEeJbHAS H BO3MOXHO-
cTH HaGyxaHus rauH Oonbllie, TaK Kak 00< 0y (cM. pasa. 2.4). Ho
Ha 3TOM yyacTKe, B OTIHuHe OT TIePBOrO, HEBO3MOMXHO BO3HHKHO-
BeHHe NOBePXHOCTHHX AedopManHil 3a CueT H3MeHeHHS IVIHH B pe-
3yAbTaTe HeNOCPeACTBEHHOrO0 BO3AHCTBHA areHTOB (PH3HUECKOIO
BEIBeTpHBaHUA. I'1aBEBIA npouecc, NPUBOAAIIMA K H3MEHEHHIO ecTe-
CTBEHHOTO (PH3HUECKOT0 COCTOSHHS TJIHHHCTHIX ITOPOJ Ha 3TOM yuYa-
CTKe — WX HaOyxaHHE B yCJOBHAX Pas3rpy3ku. PasynpouHeHHe 37ech
NPOHCXOAUT TNMPAKTHUECKH 3a cyeT HaOyXaHHS, HO NPH HaJHYHH
[IeMeHTAlHOHHLIX CBA3eH PaCTBOPDHMBIX B BOZE COeJHHEHHE OHO MO-
Ker OBITb 3HauHTEeNbHO GoJblle. JIns IOPCKUX I'AHH JleGepHHCKOTrO
Kapbepa HaMu OBIJIH NPOBEJEHBl HCNEITAHHA B JabOpaTOPHHIX YCIO0-
BHAX, KOTOpPbleé II0Ka3ajJH 34KOHOMEpHOe [3MeHEHHC INPOYHOCTH
B 33aBHCHMOCTH OT  HODMAaJbHOTO  [aBJeHHS B  OTKOCE
(taba. 38).

[MpuHHMas yCcl0BHO KO3(hGhHIHEHT YCTOAUHBOCTH OTKOCA YCTYIa,
NpoiificHHOr0 B TJHHaX eCTecTBeHHOA NPOYHOCTH 3a €JUHHILY, NpH
pacueTe ¢ BK/IOUeHHeM INoKazareseidl HaOyxIIux IVIMH, OHIJIH TIOJY-
YeHH 3HAYeHHS 3TOrO KosdgHuHeHTa B npegenaax 0,6—0,7, ykasw-
Bapomiie Ha CYWECTBEHHOE BJAHAHHe HaOyXaHUS Ha YCTOWUHBOCTD
OTKOCOB, CJOXKEHHHIX I'VIHHHCTHIMH NOPOAAMH.

Tperufi yuacToK B Ipefenax IOPCKHX IJIHH NIpHYpOuYeH K TOTEH-
[HaJbHON MOBEPXHOCTH CKOJbXeHHA Bcero Gopra. B HHkHelt yacTh
6opTa OH coBnajaer ¢ ABYMs PacCMOTPEHHBIMH paHee y4acTKAMH,

169



Tabauua 38. Pe3yibTaTel onpefeeHHs] CONPOTHBJAECHHS CABHIY IOPCKHX INIHH
Jle6enunckoro kaprepa KMA npu ux vabyxaHuH

Haspanue Hanpsaxenue Baaxuocts Crennenue ¢, ¥Yroan BHyTpen-
TAHH go?'r’b(‘?%: nm{V :':m:/ame Mlla Hel‘or;ggl;}éﬂ P,
[Teinesaras 0,5 25 0,25 13
0,4 26 0,22 12
0,3 26,5 0,21 11
0,2 29 0,12 9
0,1 30 0,10 8
0,05 33 0,07 6
0,025 34 0,03 2
ITecuanan 0,1 22 0,12 21
0,05 24 0,05 20
0,025 30 0,01 17

B CBSI3H C 4eM 3ech He obOcyxpaercs. OcHOBHAs Xe ero yactbh Xa-
paxTepu3yeTcs yCAOBHAMU:

0.>0, >0 0 Kg<<l; Ku<O,

T. €. HMeeT MecTO pasrpys3Ka, HO HaOyxaHHe He NPOHCXOZUT, TakK
KaK 0o> 0y [loaTOMY B mpefenax 3TOH OCHOBHOM YacTH MOXHO To-
BOPHTb TOJbKO O HEKOTOPOM DAa3yIUIOTHEHHH 3a CYeT YIPYTHX Je-
¢opmanuid NOPOA, KOTOPHe B J[JAaHHOM KOHKDETHOM clyyae He
UMEIT NpaKkTHyeckod 3HayuMocTH. OFHAKO BO MHOTHX HOJYyCKaJb-
HBIX MOPOZAX pasrpy3ka TropHHMH pabGoTaMH IDHBOJAMT CO BpeMe-
HeM K H3MEHEHHI0 HX (H3HYECKOr0 COCTOSIHHSA, KOTOPHM HEJNb3s
npere6peub. B HHX NPOHCXOANT pacuIMpeHHe -TPelllHH, pPacCAOeHHE,
PasynJioTHeHHE, KOTOpble NPOCJEKUBAKTCA HAa 3HAUYHTENLHHX IJIy-
6nHaX 10X OTKOCHOH NOBEPXHOCTHIO. PacTeT BOXOIPOHUHAEMOCTD,
YTO cKa3hBaeTcd Ha (HODPMHPOBAHHH BOXOIPHTOKOB B TOpPHbE BH-
paGoTKH.

PasynpouneHue BOROHACHILIEHHBIX TIVJIMHHCTHX OOPOJ NpH pas-
rpyske B pesyiabTare Hab6yxanusa HaAGJIOgaeTcs B YCJIOBHAX HaJH-
uhs JABYX (PaKTOPOB — pa3rpy3k# AO OCTATOYHOro AABJEHHS HHXKe
JaBjeHHs HabyXaHHs M JONOJHHTENbHOrO yBJaaxueHHs. OTCYTCTBHE
OJHOro M3 3THX (AaKTOPOB He JaeT BO3MOMHOCTM HPOABJEHUS OpO-
necca HabyxaHHMs #, CJAeJOBaTeJbHO, YMEHbIIEHHS MPOYHOCTH.
YMeHblIeHHe OPOYHOCTH, KOTOpoe nposiB/siercs B npefeslax
0o<{Ox MOXeT OBITb BbHIpaxeHO KO3G(PHUUHEHTOM pPa3yIpOUHEeHHS
K» xak oTHouleHHe OGIUMX CONPOTHBJEHHA CABHTY I[pH JaHHOM
HOpMaJbHOM HanpsiKeHHH 10 HabyXaHHs T, M nocJje HabyxaHHs
IPH 3TOM Ke HANpSKEHHH Tg HIH

Kp = To'/'vo-.
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OuesuaHO, npu cBo6OJHOM HabGyxaHHH, KOrAa Op~0, COmpOTHB-
JeHie CABUIY OyfeT oYeHb He3HAYUTENbBHBIM H IPAKTHYECKH MM
MoxHO npeHeGpeub, TorAa K,=0. [Ipy 0y>0, HabyxaHue u pasyn-
pOuHeHHe B IPYHTE He HacTynur u Kp=1.

HccienoBaHve H3MeHEHHA NPOYHOCTH NPU CABUre Ha GOJBLIOM
KOJIMUeCTBe PAa3JIMYHBIX [VIMHHCTHX MOPOJ HOKa3aJo, YTO CONpPOTHB-
JIeHHe CABHIY mnocje HaGyXaHHsi MOXKeT GHThL BHIPaXKeHO CJeAYIO-
uleH aHa/IMTHYECKOH 3aBHCHMOCTLIO!

T;)'i = (08 tg e +Ce) ’\/Ut/UH ,

rae Ce N Qe — IIOKA3aTeJ/iu COHpOTl’IBJIEHHﬂ CABHUTY prHTa €CTeCT-
BEHHOﬁ BJAXHOCTH U IIJIOTHOCTH, O'i—HOPMaJIbHOE Hanpﬂ}KEHl’Ie,
IPH KOTODOM NPOMCXOAUT HaGyXaHHE W ONpefeseHHe CONPOTHBJIE-
HHS T

[Ipy oueHke AapJjeHHs HaGyxaHHS BCTaeT BONPOC O MAaKCHMAaJb-
HOH ero BeJMYHHe ¥ O aHHM3OTPONHOCTH HabyxaHUs. 3Zech OJHO-
3HaYHO AOKa3aHo, YTO MaKcHMaJ/bHHe 3HaueHHUs HabGyXaHHs H JAaB-
JeHus HaOyxXaHHs XapaKTeDHbl [Jf HanpaeJeHHH, HOPMAaJbHBHIX
K Hacjoeruto. Yale Bcero 3ro HampaBJ/ieHHe BEPTHKaJ/bHOe, IO-
CKONLKY, B OCHOBHOM, NDHMXOJHJOCh HcCAeLOBaTh TOJNIIM TJIHH ToO-
PH30HTAJLHOTO HJH cJ1ab0HAKNIOHHOIO 3aJjieraHus.

Bauauve HaGyxaHus IJIHHHCTBIX [OPOJ Ha M3MeHeHHe CTeNeHH
YCTORYHBOCTH OTKOCOB MOXHO paccMoTpeTh AJs JABYX Xapakrtep-
HHX cJy4YaeB: a) NpH OleHKe obliefl ycTOHYHMBOCTH OTKOCOB B 3a-
BHCHMOCTH OT HX BHICOTHI, MOIIHOCTH H YyCJOBHH 3ajleraHus IVIHH;
6) npu OHEHKe MECTHOH YCTOHUYMBOCTH OTJeJbHHX YCTYIOB, CJO-
XKeHHBIX [JIMHAMY, HapyHleHWe KOTODPOH CO BpEMEHEM MDHBEReT
K CHHJXEHHIO YCTOHYMBOCTH MOCTOSSHHOro 6opTa Kaphepa B LEJOM.
H3syyas ycioBHus ycroHuMBocTH Gopros kapbepos KMA, Hukomouan-
cxoro mapraHpeBoro 6acceiiia, Cokosaosckoro u Cap6aldickoro Me-
CTOPOXKJeHHHA, a TakXe HEKOTODHX YroJbHbHX 6accedHoB OblIO
ycraHoBJEeHO GoJbliloe pa3juyve B CTeleHH BJAMsHHMS HaOyxaHusa u
MHOroakTOPHOCThL €ro NpPOSBJIEHU.

PaccmatpuBass Gopt Kapbepa ¢ TOYKH 3DEHMs ero yCTOHYHBO-
CTH KaK HEKOTOpOE renJIOTHYeCcKOe Teso, OrpaHHyeHHOE MCKYCCTBEH-
HHM OTKOCHHM O0O0Ha)XeHHeM H Haubojee BeposiTHOH (Haubosee
HanpsXeHHOH) INOBEPXHOCTbIO CKOJIbXEHHS, MOXHO OHEHUThL BOS3-
MOXHOe BJHfAHUe Habyxarus. IlJs 5TOro coOmocTaBJSAIOT 3HAYEHUs
HOPMaJIbHBIX K HAcJOEHHIO HaNpSXXeHHHA B Pas/WYHHIX ydacTkax
MOBEPXHOCTH CKOJIbXKeHHS ¢ BeJHWYHHAMHU JAapjeHHss HabyXaHus
FJIMHECTHIX NOPOJ B 3THX XK€ y4acTKaxX H CTelNeHbI0 pPa3ynpoYHeHHs
B pe3yabTaTe HaGyxaHHs NPH YKa3aHHHX HOPMaJbHBIX Hampsaxe-
HHSX.

[To pesyabraTam BLINOJAHEHHOTo aHajJH3a MOXHO chenath He-
CKOJIbKO BAXXHBIX NPaKTHYECKHX BbIBOAOB.
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1. B HHXHell yaCTH OTKOCa, CJI0XKeHHOro HaGyxalOUIMMH TJIHHH-
CTHIMH NOpofaMH, (OPMHDyeTcs YYacCTOK pas3ynpOYHEHHs, pas-
MepH KOTOpPOro 3aBHCSAT OT BBICOTHI, yrjia OTKOCAa M OT JAaBJeHHs
HabyxaHus.

2. B nanGoJiee uyacto BCTpPevyalOHIMXCH TVIHHACTHIX [OPOAAX
¢ AaBjieHHeM HabyxaHng He 6oJee 0,5 MIla, yyacTok BO3MOMXHOrO
pasynpodHeduss saHHMaer or 5 o 20 % QAMHB KPYMVIOLHJIHHIDH-
YeCKOH IOBEpXHOCTH CKOJIbXeHHs [pH ri1yGHHaX Kapbepa 6oJee
100 M 1 pacnpocTpaHsieTcss Ha BCIO 3Ty MOBEPXHOCTb B OTKOCAX BHI-
corol MeHee 50 M.

3. Ecan npuuATb B KadecTBe KpHTepHSl NpPEAebHO YCTOHYH-
Boro 6opra xapbepa 3ajJauHof IJyGHHBEI H ONpeJeJeHHOr0 reoJiorH-
YeCKOro CTPOeHHSI ero yroJ HakKJoHA, TO MOXHO KOJHYECTBEHHO
OIEHHTb B3aHMOCBSI3b MeXJy 4YacTbl0 MNOBEPXHOCTH CKOJIbKeHHS,
B IpelleJlax KOTOPOH BO3MOXXHO paspylleHHe, BeJHYHHOH AaBJeHHS
HabyxaHusa H yrjoM orkoca (6opra). Ha puc. 66 npHBenen rpa-
¢uK a8 rayboOKHX KapbepoB C [OpefelbHBIMH YyIJaMH HaKJIOHA
GoproB or 5 go 35° Bopra cioxeHH riamHaMH (LeJAMKOM, TOJLKO
B HHMXHeH yacTH HWJH B OCHOBAaHHHM) BecbMa HINPOKOIrO IHAanasoHa
CBOHCTB, BHpaKeHHBIX Be/HYHHAMH JaBJjeHns nabyxauus or 0,1
1o 1,0 MIla. Hdus npakrnyecKdX nesefl 3aBHCHMOCTb, YBSI3BHIBAIO-
HIYIO MapaMeTphl Kapbepa B YKA3aHHBIX Opejesax, MOXHO NPHHAThb
auHeliHol: y=Kx, rlle x—npeleJbHHH yroJ HakJoHa 6opra
B rpajflycax w/im pajHaHax, y — oTHolleHHe oO6ueH AJHHH NOBEPX-
HOCTH CKOJBbXeHHs1 [, K ee 4acTH, rjle BO3MOXKHO HabyxaHHe [;;
K —yriosoit kosbduiyenr, 3asucamyii 0T BeJHYHHH JAaBJIEHHS
HabyxaHnus.

4. 13 ycTaHOBJEHHOH 3aBHCHMOCTH yMeHbIUEHHS CONpPOTHBJE-
HHsl CABUry HaGyXaloWUX [JHH OT BEeJHYHHH HOPMaJbHHX Hamps-

G,,Mla
li/lo " 10 27

g5

43+ 06 08

02 06
o7 ; .

25 e, 2padyc o 41 45 G5

07 6,,MMa

5 15

Puc. 66. Homorpammu RIS ompepee-
HH$i JJAMHB yuacTKa Habyxauusa ()
OTKOCOB ¢ Da3HHMH YIVIAMH 3ajoXe-
Haa (@), CTOXKeHHHX IJHHAMH C JaB-
JenneM HaGyxauus oa (Lo — ofmias
AJuHA Haubo/iee BEDOATHOH IOBEPXHO-
CTH CKOJIbXeHus)
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Puc. 67. Tpaduku u3MeHeHHs pacyeT-
Horo  KosdodunueHTa  YCTOHYHBOCTH
(n) GoproB KaphepoB DAasHOMl BLICOTHI
H B cBssy ¢ HalyxaHWeM TIJIHH, 06-
JajalllHX Pa3HEIMH 3HAYEHHSAMH JAaB-
JeHHus HabyXaHHs Ox



JKEeHHH, npH KOTOpHIX HabJopaercss Ha6yxaHHe, BHAHO, YTO OCHOB-
Hasg vyacTb pasymnpounenHs (Xo 80 %) NPOHCXOAHT NpH HOpMaJib-
HBIX HanpsxeHHaX, cocraBjasomux 40—60 Y% or Rasnenns unaby-
XaHus. A 3T0 0O3HayaeT, YTO AJIS KapbepoB IIyGHHOH Gosee 100 M,
Yy KOTODHIX 6OpTa IEJHKOM, B HHXHEH YacTH HJIH B OCHOBAHHH CJO-
KeHbl [VIHHUCTEHIMH [OPOAAMH M npefesbHble YIJbl HAaKJIOHA He
npesnmanT 30° cymecTBeHHoe pa3ynpodyHeHHe GyAeT HMeTb Me-
CTO B HHXKHEH 4acCTH NOBEPXHOCTH CKOJIbXKeHHS! (He 3aBHCSLIETO OT
ee ¢opMmbl), cocraBasmomed B cpexHeM ot 3 mo 109Y Bcedi ee
JUIMHEL, YTO JAJs IPAaKTHYECKHX DacCYeTOB He ABJSAETCS CYLLeCTBEH-
HEIM (DaKTOpPOM, YMEHbUIAIOIIHM CTeleHb ycToHYHBOCTH Gopra (3TO
006CTOATENLCTBO YACTO HPHBOAHT K 3a0JVXKAEHHIO, H MHOrHe cre-
IHAJHCTEl CYHTAIOT, 4YTO HabyxaHHe He JaeT HPAaKTHYECKOTO CHH-
KEHHs YCTOHYMBOCTH OTKOCOB). IIpH HaJMyHH cHAbHOHaOyXaloMUX
rJMH (Co/lepKallMX MHHEpaJ/hl rPYyIn MOHTMOPHJJIOHHTA) CJeRyeT
OPOBOJHTL CHenHalbHHE IeJeHanpaBJeHHBe HCCACJOBAHHA C ydye-
TOM HANPAXKEHHOTO COCTOAHHS M ocobeHHocreli HabyXaHust M pas-
ynpouHeHHsl nmoflo6HuX rand. Ha pue. 67 npHeeReHB! padHKy, 0o-
CTPOCHHHE 10 pe3yabTaTaM pacueroB H3MeHEHHS CTelleHH YCTOH-
YHBOCTH GODPTOB 33 CYET PA3YNPOYHEeHHS [VIHH IPH HaOYXaHHH,

A remepb o6paTHMCH K OLEHKe BJAMSHHS pa3ynpOYHEHHS B pe-
3yJbTaTe HaOyxaHHs HA YCTOHUYHBOCTb OTHLNbLHBIX YCTYNOB, BH-
COTa KOTOPHIX B [JIMHHCTHIX HOpPOJAX COCTABJSET NPH DAasHYHBIX
TEXHO/IOrusX BCKPHUIHBIX pa6or ot 10—12 mo 20—25 M. Xapaxrep-
Has 0coGeHHOCTh TAaKHX OTKOCOB — IIPOHHKHOBEHHE Ipoiecca pas-
YHOPOUHEHHA 1o BceH HpH3Me o6GpyHIeHHS, a B OTAENLHHIX cJAyYasax
M 3a ee mpefesnnl B [y6b MaccuBa TJIHHHCTHIX mnopoxa. B cesasu
C 3THM NapaMeTpbl HOCTOSHHBIX YCTYHOB KapbepoB ONpeRensoTcs
C y4YeroM yMeHbUIeHHS NPOUHOCTH caaramiuux Hx nopon. HJs or-
KocoB BrcoTol 10, 20 1 30 M, c/loXKeHHBIX 1eAHKOM HaO6yXaolHMH
rIHHaMH, HauGosee HanpsAXeHHAss HNOBEPXHOCTb CKOJbLXEHHS Ha-
XOJHTCSt B 30He HHTEHCHBHOr0 HaGyxaHHs IIpH JaBJjeHHax Habyxa-
Hug rand or 0,1 o 0,3 MIla. Ilpn pacueraX HpHHATH caelylolye
napamerpu: 1) H=10 M, ¢=14° ¢=0,02 MIla, p=2-10%&kr/M?,
a=45°% 2) H=20 M, ¢=14° ¢=0,03 MIla, a=36°% 3) H=30 m,
¢=10% ¢=0,04 MIla, a=25° IIpelenbHbli yroJ, paccuHTaHHbLIH
0 pe3yabTaTaM HCCAEMROBAHHS pPA3YHPOYHEHHS TJIHHHMCTHIX IHODOL,
YMEHBUIAETCS COOTBETCTBEHHO Ha 12, 8 u 5°, uro mo TexHoJOrHYe-
CKHM YCJOBHAM HeROHYCTHMO.

Oco6o He6naronpHsTHO CKa3biBaercs AedOpMHPOBAaHHE TIJIHHH-
CTOr0 ycTyna Ha ycToHYHBOCTb GOpTa, KOrla OH 3aHHMAeT HHXKHIOO
ero gacTb. B 3TOM ciaydyae HPOHCXOAMT PaspylIeHHe TPaHCHOPTHBIX
GepM, CcHABaMBaHHEe M CTpaMBaHHe YCTymoB, nofpaborka GoJjee
YCTOHUHBHIX TOPOR. Bce 3TH siBNieHHst HapyMIAOT YCJOBHS paGoOThHI
rOpHO-TPAHCHOPTHOrO 0GOpPYAOBaHMs, YMeHbHIAOT 6e30macHOCTh
TPYNa H CTAaBAT MOJ Yrpo3y YCTOHYHMBOCTL BCero 6opTa MJHM 3HAUH-
TEJIbHOH €ro YacTu.
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B c¢BS3U ¢ 3TUM OPUXOAUTCS paccMaTpHBATh W pemlaTh 3agaqy
060CHOBAHUSA MEpONPUATHH N0 OrpaHHYEeHUIO Pa3BUTUS HaGyXaHUS
TVIKHKCTEIX NOpoZ B ycTynaX. OTBOA KapbepHHX BOJ W JpeHUpOBa-
HHe BOJOHOCHHIX TOPW30HTOB, 3a CYEeT KOTODBIX MPOHCXOAUT AOHOJ-
HMTeNbHOe YBJAXKHEHHe MOPOJ, He pellaeT 3Ty 3agady A0 KOHHA,
X0Ts 3aMel1seT xox HabGyxamus. [1oBepXHOCTH OTKOCOB H TpaHc-
nopTHbIX 6epM, KaK H3BECTHO, HaXOAATCS TOCTOSIHHO MOJ BJAWSHHEM
armocdepHulx ocanxos. HaubGonee 3bdexrupHON oOKasmiBaeTcs xa-
MeHHas NOPHUrpPy3Ka OTKOCOB, HpPelsiTCTBYIOINAs WX OTPaHWYHUBAIO-
mas Habyxanue. K 3TOMy MepOHNpPHATHIO NpuGeraldT Ha MHOrMX
PYRHBIX W YroJbHBIX Kapbepax, HO Oe3 J0oCTaTOYHOro ero oGocHOBa-
HuUA [0 BpeMeHH M nmapaMerpaM. Ilpurpyska 4acTHYHO yBJaXKHeH-
HBIX OTKOCOB YCKOpsieT uX JAe(opMUpOBaHMe 1O MOBEPXHOCTH CKOJb-
XKeHus, npoxogsuefi uepes Habyxmine TIJAHHL [lo3ToMy mepBoe
ycloBKe CTPOMTENbCTBA HPHTPY30K — BHOOD BpPEMEHH ero ocynie-
CTBJEHMSI — A0 Hayaja YBJaXHEHUS WIH B IeDPUOR BHCBIXAHUS
FJIMH [oc/e HervyOOKOrO NPOHWKHOBEHMS BOABI B INy0b IVIHHUCTOrO
maccuBa. KpuTepul OHeHKH COCTOAHHS [VIMHHCTHIX HOpOA — HX
BJIAXKHOCTh, OHpefeseHHas o NpobaM, oToOpaHHBIM HpH OypeHHH
C OTKOCHO} HOBEpXHOCTH MJ/HU ¢ 6epMHB ycTyma.

Pacuer BLICOTH W TOJNIMKWHB KaAMeHHOH NMPUTPY3KH NOJIKEH YUH-
THBATh HAa/WYHe M3OLITOYHOrO [aBJeHHs HalOyxaHus, AefdCTBYIO-
mero 1no Haufosee HAmNpsXKeHHOH MOBEpPXHOCTH CKOJbXKeHus. [lox
TEPMUHHOM «u30LITOYHOE MK HeHCTByIOllee NaB/jeHHe HabGyxaHHA»
cjlefyeT DOHMMAaTh pasHUIY MeXJy BeJHYMHaMM AaBjieHUs Haly-
XaHus TJIMHMCTOH HOpPORBL HAa paccMaTpuBaeMofi 3JeMeHTapHOH
nJomanKe ¥ AaBJeHus OT BhHIIeNeXalluX MNOpOR ycTyna, AeHCTBY-
IOIero Ha 3TOH Ke MIOHIAJAKE, T. €.

Oy == (0u— yhy) cos 8,

rae h— BBICOTA CTOJNOHKA TJIMHHACTHX IOpPOJ, 3aJeramllero Mexay
[IOBEPXHOCTbI CKOJIbXKEHUS W OTKOCOM B NAaHHOH TOYKe; 6 -— yroJ
HaK/JAOHA KacaTeJbHOH K MOBEPXHOCTH CKOJbMKEHHS B ITOH TOYKE.

Haa nonnoro orpanuyenust HabyxaHus HeoOXOZHMO, 4TOGH BHI-
cota NpUrpy3ku hs (Ha30BeM ee SKBHBAJEHTHOH BHICOTOH) coCTaB-
Js/a B JaHHO® TouKe

hy = o4/ vx,

rjie yx — yHEeJbHblA Bec KaMEeHHOH HPUIPY3KH.

B B3 C TeM, 4TO MHTeHcHBHOe HabyxaHHe M pa3ymnpouHeHue
IPOUCXOIUT TOJILKO JO HeKOTOPOH YacTH NaBjeHHsd HabyXaHHs, Mo-
KHO JUIS NpakKTHYecKMX pacyeToB ¢ ONpele/eHHOH ARoseR 3amaca
NPUHHMATH

hy = 0,6 (0,/v0).

Penienue 3Tof 3agay¥ MOXKHO NPOBECTH ellle M caenylomuM o6-
pasoM. [lpeacraBuM mOTEHHHANbHYIO [OTEpI0 COHPOTHBJIEHMSA IIH-
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HACTHIX NOPOA Ha IJomajke aIuHoR Aly u mupunolt 1,0 M 3a cuer
HabyxaHHg Kak

TAH = AZH (Gﬂ tg Pu +CH);

a yBeJIHYeHHe CONPOTHBJCHHS 3a CHUET NPUTPY3KU Ha yyacTKe MAJIH-
HOH Aly Kax

ATn == AlHUH tg q)l‘l'

Torza MoXHO Onpele/IUTL AONYCTHMYIO BETHYUHY pasympouHe-
HHS 3a cyeT HaGyXaHHS H3 YCJIOBHS

(1,2-= 1,5) ATx < T,

rie €z N @ — NOKA3aTeIH CONPOTHBJEHHS CHBHTY HaOYXUIMX IVIHH,
@n — YI'OJ TPEHHS NPHIPY3KH.

Js npunHATHA Gojlee panHoOHAJbHBIX PEHIEHHH ¢ TOYKH 3pEHHs
06beMOB KaMeHHHX NPHIPY30K M TEXHHKO-3KOHOMHYECKHX IOKasa-
Tellefl ee INOCTPOCHHs CJEAyeT HMeTb B BHIY BJIHSHHE BeJHYHHBI
yrja oTKoca ycTyna nepej) Haya/j oM NpHrpyskH. Kax nokasmiBaioT
Halld HCccAeNOBaHHs, Han6o/ee BHIOIHBI YCTYNB! C YIJIaMH OTKO-
coB 50—70°, koroprle MOXHO O0(OPMJATHL cyulecTBYMOuleH TEXHO-
JOrHel OTKpHTHIX paGoT A0 HayaJa CTPOHTEIbCTBA NPHUIPY30YHBIX
npusMm. C y™menblUlenHeM yraa orkoca or 40 mo 20° npoHcXonuT
pe3koe yBelHYeHHe oObeMa npPHIpyskH. DBosee KpyThie OTKOCH
HIDKHHX YCTYMOB HAIOT KOHOMHYecKHH sddexr emie H3-3a yMeHb-
HIeHHS 06beMa 3eMJISIHBIX Macc, KOTOpble HYXHO 0TpaboTaTh M BHI-
BEeCTH Ha OTBAaJbl, I'le OHH 3aHUMYT JIHMIIHAe NIOIIANH 3eMeJsbHBIX
YFOLHH.

5.3. OINIOJI3HEBDBIE SIBJIEHHUSI HA BOPTAX KAPbEPOB

@opMUpOBaHHE OTKOCHHIX HNOBEPXHOCTEH H HOBOrO HamNpsAXKeHHOro
COCTOSIHHSI TOpPHKIX TOpOA NpH OTKPHITOH paspafoTKe MecTODOXKie-
HHH cospaer GJAaronpHsiTHble YCJIOBHA AJsi BO3HHKHOBEHHS IIeOr0
pana pmedopmapuii, cpeiH KOTOpBIX pellamulee 3HayeHHe /g oOc-
BOCHHS MHHepaJbHBIX DPecypcoB HMEIOT IpaBHTAIHOHHBIE CKJOHO-
Bble nedopmanuu. B Hacrosuiee BpeMs B TeXHHYecKOH JHTepaType
CYUISCTBYET HECKOJbKO KnaccHbuKamMi siBJeHHH, NPOHCXOAANINX
Ha GopTax KapbepoB, B OCHOBY KOTODBIX NOJIOXKeHH NPHHIHIBI HH-
W eHePHO-Te0/IOTHYeCKHX THNH3amui OnojI3HeBHX sBJeHHH. O6GHYHO
NPLHSTO BHAENSTh YeThipe BHaa HedbopMauuii B 3aBHCHMOCTH OT
THIa [OPOX, B KOTOPHIX OHH NpOABJSIOTCS, H Xapakrepa mepeme-
UleHHs: OchlnH, 06BaJbl, ONJILIBHHBEL, ONOJ3HH ¢ Noc/leayomum 6o-
Jee NeTa/JbHbIM pas3feleHHeM 10 HX Mop(OJIOTHH, reoJOrHYecKoMy
CTPOEHHIO, NPHUKHHAM, BBIBHBAOMUM HX M T. 1. Haubosee moapobGho
OIOJI3HEBHIe fIBJEHHS, cocTaBisouide GoJsee 80 Y Bcex HapylUIeHHH
VCTOHYHMBOCTH  OTKOCOB  KapbepoB, paccMoTpeHnl B paborax
I'' JI. ®ucenko, II. H. [Ilanmwxosa, 0. H. Mamouunxoro,
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Puc. 68. OcHoBHHe ¢GOPMEI ONMOM3HeBHX AedopManufi Ha GOprax Kapnepos:
Q@ — aceKBeHTHBIE; 5—6—HHCEKBEHTHBIE; €, M — KOHCEKBEHTHBIE; 3—K — CMELIaHHBIE

H. H. Kysaera, M. E. [ler3uepa, B. I'. 3oreesa, A. M. Jlemuna
n ap. Has Boi6opa HafeXXHOH pacyeTHOH cXeMbl GOPTOB KapbepoB
ocoboe 3HaueHne npHobperaer MopoJorus omnojsHed, 3aBHcsIias
OT TE0JIOTMYECKOT0 CTDOEHHS MECTOPOXKEEHHS M HEKOTOPbIX TeXHO-
JornyecknX (aKTopoB.

Ha pnc. 68 npHeefeHb! CXeMBl ONOJ3HeH, BCTPEUaloOIHecs KO-
BOJILHO YacTO Ha YroJibHBIX M PYAHHX Kapbepax. B mepBymo oue-
peAb 3TO OMmOJI3HM B OCAaJOYHBIX TOJIAX, B KOTOphIX Mopdosorns
ONOJI3HEBLIX TeJ ONpefessieTcsl JHUTOJOTHeH W YCJAOBHSMH 3aJera-
HHS TOPHBIX NMOPOR. AHanu3 HabnwpeHui 3a gebopmanusamu 6op-
TOB KapbepoB NOKAa3blBAaeT, YTO Bce HX MopdoJiornyeckoe pasHo0G-
pasHe MOXKHO CBeCTH K H3BECTHRIM TPeM THIAaM: HHCEKBEHTHHIX,
KOHCEKBEHTHBIX H 4CEKBEHTHBHIX ONOJI3HEH ¢ IepexoiaMH MEXAY
HAMH. AceKBEeHTHbIE OMOJI3HH BCTPEYAIOTCS TOJNbKO B TPefenax oT-
JeJbHBIX YCTYIOB, CJOXKEHHBIX OXHOPOXHBIMH JIHTOJOrHYeCKHMH
pasHoctsiMi. OHH MOTYT MMeTb MecTo B GOpTax, CJIOXKeHHbIX Tpe-
IIMHOBATHIMH MOPOXAaMH, KOTOPHle MOXKHO paccMaTpHBATh Kak
KBa3HORHOPOJAHYIO KBasHCHIIYYYIO cpelry, AedbopMHpPyIOmYylOcs IO
KPYIJIOUMANHADHUECKOH, nAM 6AN3KOH K HeH, HOBEpXHOCTH CKOJb-
XKeHHs (pHc. 68, a).

Han6onbiiee pacnpocTpaHeHHe HMEIOT HHCEKBEHTHbBIE ONOJ3HH,
NOCKOJIbKY MECTOPOXKAEHHs!, BCKPbIla KOTOPHIX MPEACTaBJAeHa TOJ-
meH OCajoyHBIX NOPOJ, BCTPEyaloTCs O4YeHb yacTo (Bce yroJbHble
MECTOPOXKAeHHs, a TaKXe MHOTHe >KeJe30pYAHHE, MapraHienble,
nosauMeraninyeckne). IloBepXHOCTL CKOJNbXKeHHsi, KdK NpaBHJo,
KPYIJIONMJANHADHUECKas, BbIXOAAIIAS HA OTKOCHOe o6HaXeHHe HJIM
yepe3 ero OCHOBAHHE B 3aBHCHMOCTH OT TeOJIOIHYeCKOI'O CTPOCHHS
Gopra B HHXKHel ero yactH (cM. puc. 68, 6—0). Mexaunsm gedop-
MHDOBaHBHsi CJOHCTOH TOJIIM B OTKOCax oONpefedsercs ycJo-
BASIMH 3aJlelaHHsl MOPOA Pas3jiHyHOM MpOYHOCTH H gedopmupyeMo-
cTH. JlaGopaTOpHLEIMH H MOXEJbHBIMHM HCCAEJOBAaHMSIMH, a Takxke
HaOJIOJeHHSIMH B IPHPOJHOH O6GCTAHOBKe yCTAHOBJEHO, UTO MeXa-
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HH3M JedOopMHPOBAHHS CJAOMCTOH Cpelbl HMeeT CBOH ChenHpHye-
ckHe ocoOcHHOCTH. OcoGeHHO fpKO BHpaXeHa 3Ta crenHdHKa npu
1eOpMHPOBAHHN CKJAOHOB H OTKOCOB, CJIOXKEHHBIX HECKOJbKHMH
JHUTOJIOTHYECKHMH DAa3HOCTAMH ¢ pAa3jHYHEIME MexaHHYECKHMH
cpoficrBamMu. OmoJsisreBoH mpolecc 3/leCh NMPOTEKAeT B pe3yJbTare
yepelOBaHHs MOJI3YYECTH, KOHIEHTpPAalHH H pesJaKCaluHH Hanpsixe-
HHA Ha pasNHYHBIX YYaCTKAX [OBEPXHOCTH, KOTOPOE NPHUBOIHT
K [epeHanpsXeHHI0 M IOC/Aef0oBaTeNbHOMY pa3spYIIeHHIO [OpOL
B Hux. Ilpu stom, B navaje mpouecca paspylnamorcs GoJjee xpym-
KHe Da3HOBHAHOCTH, a B KOHUE — HanboJee miacTHyHBe. Kak npa-
BHJIO, MepBhle ABJAKTCS Hanbojee npoYHbIMH [9].

Ycnosns nedopMHPOBAaRHS TPYINOB CJI0E€B TOPHOrO MaccHBa
NaBHO TIIpHBJIeKaJH BHHMAaHHe reoJIOroB, 3aHHMAIONHXCA BOMHpO-
CaMH H3yyeHHss MeXaHH3Ma OOpa30BaHHA Te0JOroCTPYKTYpPHHIX
tdopM B 3eMBoi Kope. B ¢BAA3M ¢ 3THM BO3HHMK/H MOHATHA O KOMIe-
TeHTHBIX (KpenKHX, IVIOTHBIX) H HEeKOMHOETEeHTHbIX (MATKHX, NJaa-
CTHYHBIX) CJ0AX TOPHOro MaccHBa. BoJblIOH HHTepec BHI3BIBAIOT
6oJiee HOBble HCCJeJOBARHS CJAOHCTOH cpelbl npH OOJbLUIMX JnaBJle-
HHAX M BHICOKHX TeMIepaTypax ¢ Ie/bl0 H3y4eHHS MeXaHH3Ma
(dopmuposannsa OyAMHAXKa, 4 TaKXKe HCCAEJIOBAHHA YCJIOBHH obpa-
30BaHH$S CKJ1aJ4aThlX CTPYKTYP.

Ilisi KOHCeKBeHTHHX omoJs3Hed (cM. puc. 68, e, o) oueHb BaXK-
HOe 3HaueHHe HMeEeT HOCTpPOeHHe MoJedH ¢ (HKcHpoBaHHMeM cClna-
60ro KOHTaKTa H C yYeTOM IPOYHOCTH mo HeMy. Dra 3ajaya peuia-
eTcsl B pe3yJabTaTe JETAJbHOTO H3y4YeHHs Te0JIOTHYECKOro paspesa
H €ero TeKTOHHYeCKHX OCOGEHHOCTefl B DerHoHAaJbHOM H JIOKaJbHOM
macmitaGax. B ropHofl mpakTeKe OTKDHITHIX paGOT H3BECTHO MHOrO
cJayyaeB, KOrZa 3TH ocsaalbjeHHBHle MecTd B TeOJIOTHYeCKOM paspese
0CTalOTCS HeOGHADYXKEHHBIMH, H HNPOrHO3 BeJeTcs IO CXeMe HHCEK-
BEHTHOr'O0 HJH aCeKBeHTHOro omnoJs3nsa. OcoGeHHO 3TO YacTo Ciyvda-
eTcss B MOPOAAX HEBLICOKON cTenmenH JAHTHOHKAUMH, B TJIHHHCTHIX
ToJIax H B pafionax ApeBHHX Omo/sHed (CKJOHH pek, 6aJOK, OB-
paros, CTaphlx Kapbepos).

H3yuyenno onossHeBHIX fIBJIEHHH B TPEMMHOBATHIX CKaJbHHX H
MoJycKa/JbHHX mopojax ImocsAniennl pabGorsr I. JI. ®ucenxko,
H. H. Kysaesa, B. T. Canoxunkosa, A. B. ®aneesa, 10. HU. Ty-
punnesa, B. T. 3oreesa, 3. JI Taayctbana u ap. B uccnenona-
Husax B. T. SoreeBa ocoGoe MecTo 3aHHMaer npob.eMa (popMHpO-
BaHHS TPellHH Pa3rpy3kKH [oJ BJAHAHHEM TAYGOKHX Kapbepos HpH
paspaboTke XKeJ/e30PYAHBIX MecTOpOXJenH#H. OH yCTaHOBHJ, 4TO
pa3BHTHE ONOJA3HeBHIX JdedopManuf HPOHCXOANT MDH CABHIe IO
TpenHHAM C MOCJEeAYIOIINM ONpOKHALIBAHHEM M M3rnGoM CyGBepTH-
KaJAbHHX G6JIOKOB, T. €. MHOBEPXHOCTL CKOJbKEHHS «YyHACAeLyer»
HapylIeHHs CIVIOUIHOCTH nopoj. [TonoOHBHA MeXaHH3M ONOJ3HEBLIX
gBJeHHi  HaOaojajncs W Ha yrodbHbBXx Kapbepax KysGacca
B. E. Onbxosarenko. TakuM o06pa3oM, KOHCeKBeHTHHIE OIOJ3HH
pacnpocTpaHeHsl Ha GopTax KapbepoB, MO3TOMY OLEHKa CONPOTHB-
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JIeHHsi CABHTY no ocaabjeHHBIM KoHTaxraMm (30HaM) mnpuobGperaer
6oJbluIOe MpPaKTHYECKOE 3HAUEHHE,

Takast omeHka AaeT HajeXHble pe3yJbTaThl TOJIBKO MPH HATYp-
HBIX HCCIENOBAHHAX, [O3TOMY 3JeChb YMECTHO NPHBECTH DeKoMeH-
pauun 3. JI. Tanycrbsana [b] mo ycraHOBJ/IEHHIO OpefelbHOH BbI-
COTH OTKOCOB, yCTOHYHBOCTb KOTOPHIX ONpPeAessiercss CONPOTHBIE-
HHeM 1o cs1a60My KOHTaKTy (TpelliMHe). DTH peKOMeHZaluH Mo-
JKHO HCIOJb30BaTh A/ pelleHHsT 00paTHOH 3ajayd — HaXOXAEHHSA
napaMeTpOB CONPOTHBJEHHS CHABUTY.

1. BepTuxaJdbHHH OTKOC mOAceKaer <Jabblfi KOHTAaKT, majnalo-
IWHE B CTOPOHY Kapbepa Noj yriom B:

Hyg= (2¢'1y) [tg B+ ctg (B—o)].

2. Otkoc moj yrioM o HOApPe3aeT NOBEPXHOCTb ocJabJeHHs,
napawmouiasi B CTOPOHy Kapbepa noj yriom f§:

H=(2¢'/y)[1 +ctgh ctg (B— ') (ctgh—ctga).
3. OTKoc, y KoToporo g=_J:
H =1(2c/y) tg (45° 4 @/2))/(1 +ctga tgy"),

rie tgy’— kosdduuueHT cABura mno TpemuHe; ¢ W ¢ — mapa-
MeTpH CJBHra No TpellHHe; ¢ M ¢ —IapaMeTpsl CABUrAa NOPOX
B pH3Me o6pylUIeHHs.

OnonizHeBble sIBJEHHS, MPOHCXOASIMIAE N0 CJAQOKHBIM IOBEPXHO-
CTAM CKOJIbXKEHHSI 1 3aHHMalouiHe OPOMEXYTOYHOE MOJOXKEHHE
MeXJy KOHCEKBEHTHHMH M aCEKBEHTHBIMH WJIH MeXJIy KOHCEKBEHT-
HBIMH M HHCEKBEHTHLIMH OIIOJI3HSIMH, HMEIOT 3HAYMTe/bHOE pacupe-
IeneHue Ha GoOpTax KapbePOB M OYeHb CJIOXKHBI AJA HCCIeNOBaHHA
M NpOrHo3oB (cM. puc. 68,3—x). DTO CBA3AHO CO CJAOKHOCTHIO
onpese/CHHSI MECTONOJIOXKEHNs] MOoBepXHOcTed CKOJbXeHHs W OileH-
KO# CONMpOTHBJAEHHS nopoh casury no HuM. HauGosee MHTeHCHBHBI
no cBoed MopdoJoruM M MacumiTafaM OIOJ3HH B TOPH30HTA/JbHO H
c1aGOHAKIOHHO 3aJleralmMx TOJmiaXx OcafoyHblx nopoh. Omnwuca-
HHE TaKHX ONOJ3HEeBHX fABJIeHHH jNaHO B pabore [9].

54, YCJIOBHSI U ®AKTOPBI,
ONPEJEJAIOIMHE YCTORYUBOCTb BOPTOB

B pesyubrare s3anMoneficTBHA TOpHHIX paboT ¢ nNpUpoRHOH cpenoii
BO3HHKAIOT pAa3J/JHyHble IPOIECCHl, H3MeHsIOuiHe ee M BeayuiHe
K HapyueHusM (nedbopmaidu), KOTOpble OKa3bIBAlOT BpejHOE
BJAHSIHHEe Ha TEeXHOJOTHYECKHH HpOIecc, YCTOHYHBOCTh COODYKeHHH,
6e30macHOCTb TPYJAa, TEXHHKO-2KOHOMHYECKHe T[oKa3areln Hpej-
OpHATHS W T. A, T. € Ha payHOHaJbHOE HCIOJb30BaHHEe IPUPOL-
HBIX, TeXHHYECKHX M /JIOJACKUX pecypcoB. IIpH BeleHHH OTKPbLITHIX
rOpHBIX paloT OCHOBHBIM MPOSIBJIEHHEM BCEr0 KOMILIEKCa H3MeHe-
HHMH TIpPHPOAHOH OGCTAHOBKH CJelyeT CYHTATh TPABHTALHOHHBIE sAR-
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JeHHsi Ha HX 6OpPTax H OTKOCax OTBAJOB (MOCTAeAHHE HPeICTaBASIOT
co60oH cneilurueckde 3eMJsIHBIE COOPYMXKEHUsT U PacCMAaTPUBAIOTCH
oTAeabHO). s OpaBHAbHOH OUEHKH NPOUCXOMSIUIMNX H3MeHeHHI,
a Takxe JJsi X IPOTHO3a HpH TeOJOTHYECKHX HCCJEJOBAHHSIX He-
06X0AHMO OMNpPENEJHTb YCIOBHS, B KOTODBIX BO3HHKAIOT BCE H3Me-
HeHHs1 W (aKTOphl, CHOCOGCTBYIOIIHE HX BO3HHKHOBEHHK H pas-
BHTHIO.

Han6osee obocHoBaHHBIM sABjasiercsi moaxon E. I1. EmenbsiHo-
BOH, B COOTBETCTBHH C KOTOPBIM BBHIE/SIOT: 06BEKT Hpomecca, yc-
JoBHsi (06CTaHOBKA), B KOTOPBIX PAa3BHBAETCs Mpouece, (paxToph
(MpHYMHBI) T©polecca, areHThl, NOJN BJIHSHHEM KOTOPHIX HOSBJS-
I0TCA HJIH H3MEHAITCs (AaKTophl, MeXaHHYeCKHe CUJH, YYaCTBYIO-
myue B npouecce [mo 9] Ilpm Hn3ydyeHmm 3axoHoMepHocTe#l BO3-
HHKHOBEHHsI M DAa3BHTHsl mponeccoB Ha 6opTax KapbepoB TaxkoH
NoAX0A NPHHUHUIIHAABLHO NPAaBHIEH IHOTOMY, YTO 3TO H3YUYeHHe HayH-
Haercs elle TOrfa, Koria o6beKTOM sBJAsSeTCS DPas3BeAyeMoe Me-
CTOPOXKAEHHEe, XapaxTepusyiolleecs NPHCYHIIMH €My HPHPORHBEIMHA
YCI0BHSIMH DAa3HOH CTEMEeHH CJAOKHOCTH H YYBCTBUTENbHOCTH H
BHelIHHM BO3leHcTBHEM. B 0TJHYHE OT ecTecTBEHHOrO OINOJ3He-
BOTO CKJIOHZ WJH OT JAe)OpMHPOBAHHOIO OTKOCA 3Jech Heab3s Ha-
YHHATb ¢ BRLISABJEHHsI NPHYHH HapVIIeHHs1 YCTORUMBOCTH (aBapHH
COOpPYXeHUSA), a HeOOXOAHMO OLEHHTb CYIIECTBYIOIIME NPHPOAHBIE
YCIOBHSI B aCHeKTe MX B3aHMoAeHCTBHs ¢ FOpPHBIMH paboraMu 6es
HapyUIeHHs HOPMAaJbHOTO X0Ja 3THX paboT ¢ obecrneueHHeM YCTOH-
YHBOCTH CTPOsilIMxcs coopyXeHHH. TakuM o6pa3oM oOieHka ycio-
BHH BejeTcs ¢ LeJbl0 NpeAoTBpPalieHHs BO3MOXKHOTO BO3HHKHOBE-
HHsi omoJi3HeBHX JedopMainuil HCKYCCTBEHHBIX COOpYXKeHHH.

EcIH HaleXHO OLEHHTb CYMIECTBYIONUIME YC/OBHs, HAa3BaAHHBIE
HHKeHEepHO-TeQJIOTHYEeCKHMH, TOUHO NpPeIBHAETh H KOJIHYeCTBeHHO
onyucaTh B3aHMONEHACTBHe MeXAY HUMH H NPOEKTHDYEMHMH TIop-
HpIMH pabGoOTaMH H COOpYXKEHHsiMH, TO MOXHO COXpaHHTbL Heo6xo-
ANMYIO YCTOHUMBOCTb HOBOH CHCTeMBl, o6GecreudTb €d HOPMAJIbHYIO
3kcnayarainiw. OcHOBHble KOMIIOHEHTH! YCJO0BHi, Habop KOTOpHIX
IpH pEeUIeHHH PA3HBIX 3ajJay MOXKeT MEeHATbCA, H3BecTHH. OHH
NpeACTaB/siioT co60f HEKOTOpYI0O OOBEKTHBHYIO peabHOCTb, B KO-
TOpOH NpOHCXOAAT pA3AHYHBlEe NPHPOJHHE Mnpouecch. Hexkoropne
ABTOPHl HENPaBHJbHO HAa3BIBAKOT 3TH YCJAOBHA CTATHUECKOH CHCTe-
MOl 0 HX B3aHMOAEHCTBHsi ¢ HHMKEHEPHBLIMH COODYKEHHSMH,

OGmive u uyacTHHeE KaacCHPHKANMM MeCTODOXKIEHHH HOJE3HbIX
HCKOMaeMblX CTPOSITCS Ha yueTe OCOOEHHOCTeH HMeHHO 3TOH CH-
CTEMBI, H HAJ0 OTMETHTb, YTO B HHMX JAOBOJIbHO [OJIHO paccMaTrpH-
BAIOTCA BCe 3JeMEHTH, HMelolfde OTHOWIeHHe K ee Oyayuiemy
dyuxunonnpoBanno. Cayyan HeoGHAapyXeHHdS CjJabHX MpOC/oes,
HETOYHOro oIpejesieHHsi NokKaszarenell TPeIUHHOBATOCTH M NPOYHO-
CTH TOPOJA, a TaKXKe CeHCMHUUHOCTH OTHOCATCA yX&Ke K KauecrBy H
leTajJbHOCTH HHKeHepHO-TeoJOrHYecKHX HccaeloBaHuA. Ecian no-
CTZRETH BORPOC O KOJIUECTBEHHOH olleHKe yuacTus 1000f xapax-
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TEPHCTHKH HHKEeHEePHO-TeoJIOTHUeCKHX YCJIOBUH, TO MOXKHO yTBep-
IO¥Th, YTO OHa BO3MOXKHA C CaMOH BHICOKOH CTelleHbl0 HajeX-
HOCTH.

MaremaTuueckylo MoJesb yctofuusoctd Gyayuiero 6opra Kapb-
epa MOXHO NpeiCTaBHTb B BHJE:

Y (@ H):F(z':: Hi+§1:®£)'

roe o 1 H—napamerps Gopra kapbepa; I1; — poast yaacrusi B Ga-
JaHCe YCTOHYHBOCTH JO6OT0 3JeMeHTa IPHPOLHOH OOGCTAaHOBKH,
® — nosa yuacTHs OTAEJNbHBIX (AKTOPOB; A M M — YUCJAA YUHUTHI-
BaeMbIX 3JEMEHTOB IpPUPOAHOH o6cTavoBKH U Gaxropos; F — ne-
KOTOpasi 3aBHCHMOCTb, yIpaBJasfoomas NaHHOH (GyHKuueH.

CyMMy yuacTHs TIPHPOJHBIX 3JEMEHTOB MOXKHO IIPENCTaBHTb
B BUJE psila

Zni:nr+HV+H¢+HT’|‘HB+HC+HHs
1

rae Ilr—moss yyacTuss reoJioruyeckoro crpoenus; I, — noas
yuYacTHs €eCTeCTBeHHOTO HaINpsAMXKeHHOro cocrosHus; Il,— mokasa-
Telb, YUYMTHBAIOIIME BJWSHHE IPOYHOCTH TOpHHX nopon; Ilr—
JOJIsT y49acTHsl TPEIIHHOBATOCTH, CJOHUCTOCTH ¥ JADPYIHX HapylleHHH
ropHblx mopol; Ils— Monst yyacrust moaszeMHbix Bod, Il ¥ Ilq—
NOKa3aresad, YYHTHIBAIOIIMe yyacTue B (OPMHPOBAHHHM HAIPSKEH-
HOTO COCTOSIHHSI CefICMHYHOCTH ¥ HEOTEeKTOHHYECKHX IIPOIECCOB.

Kak BHAHO, B 3TO BhIpaxKeHHe BXOAHT Bcst MHbOpManus, MOJaY-
yeHHasi B MEPHOJ TeOJOTHYECKHX HCCIeNOBaHUH W sBJsIOmasics 6a-
30i1 AJsl MHMKEHEPHO-TeOJIOTHIECKHX OLIEHOK W IPOrHosos. I'eoJo-
rIIYecKoe CTpOeHHe omnpelrenser Mopdogoruio aedopMauti OTKOCOB,
a, CJeNOBaTeNbHO, MOJenb (pacueTHYIO cxeMy). TpemHHOBATOCTb
U CJOMCTOCTb YTOUHAIOT 3TY CXEMY H ONpPeNeJsloT 3HAUeHHs pac-
YyeTHHIX IIOKa3aTesel NPOYHOCTH, a TPH OCTAJbHBLIX caaraeMhbiX Oll-
penessior xapakTep M BeJHYHHBl HampsiKeHHH 1o Haubosee Bepo-
SITHOF MOBEPXHOCTH CKOJbXKeHUdA. Hus MecTOPOXKIAEHHH C IIPOCTHIMU
HHKEHeDHO-Te0JIOTHIECKIMHE YCAOBUSIMHE 3a74aya YCTOHYHMBOCTH pe-
maercss Ha 6Gasze HHGpoOpMauuH IepBLIX YJEHOB I[IPHBENEHHOTO BHI-
paKeHus.

OueHb yacTO IPUHIHUIHNAJIBHO HelPaBUJILHO IPHUYMHOH BO3HHK-
HOBEHHS OIOJ3Hs HA3LIBAIOT JHUTOJOIMYECKOE CTPOEHHE, B YaCTHO-
CTH, HaJHuYHe IJIMHUCTHIX IIOPOJ, TPEWHHOBATOCTL H CJOHCTOCTh
TOpoJ, UX HEBBICOKYIO IIPOYHOCTH.

Q&xkTOopaMy, WM IIPHYHHAMH, OTOJ3HEBOTO fABJEHHS CJelyer
Ha3bIBaTh (10 NpuHATOH cucreMarusanuu E. I1. EmeansiHoBOH) Te
H3MeHeHHs] HHXKEHEPHO-TeOJOTHUECKUX YC/JAOBHH, KOTOpHIE IIPOHCXO-
AT B pe3yJbTaTe B3aUMOJEHCTBHS FOPHBIX paboT H HHXCHEDHBIX
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COOpyXkKeHHH c NPHPOAHOU 06cTanOBKOH. Bee OHM IPAMO WJIH KOC-
BEHHO BLI3BIBAIOTCS TEXHOTEHHBLIM BO3INEHCTBHEM, HO IO CBOeH QH-
3MYeCcKOH CYIIHOCTH MOIYT OBITh pa3GUTHl Ha NpPHUPOAHHE M HCKYC-
cTBeHHBle. PackpoeM IpHBeneHHOe BhIllle BHIpa)Ke€HHE ydacTHs (ak-
TOPOB B 00meM GanaHce yCTOHYUMBOCTH GOpPTOB B BHIE CJELYyIOMeH
CYMMBEIL:

Zq)i:q)p+q)a +q)c+q)a+q)r,
1

rie ®p—u3MeHeHne penpeha MecTHOCTH; Py — H3MEHeHHe HANpH-
JKEHHOTO COCTOSIHWS BOKPYr BbIpaGorox; ®.— u3MeHeHHe cOCTaBa,
COCTOSIHASL U CBOHMCTB TrOpHHIX mopox; @z — H3MeHeHHe peXHMa IIO-
BEeDXHOCTHHIX M IOA3EMHBLIX BOHL; Pr— reMmeparypHble H3MEHEHHS.

Kaxnoe cnaraemoe (u3MeHeHHe) npelcTapisieT COOOH TIPOU3-
BOAHBIH DS BO3NEHCTBUH U IIPOIECCOB, IPOTEKAIOIIHX BO BPeMeHHU
u B npocrpaHcTBe. Hampumep, H3MeHeHHe Hanpsi:KeHHOTO COCTOS-
HHA — Pe3yJbTaT IPOBEIEHHS TOPHBLIX pabor (M3MeHeHHst pesabeda
MECTHOCTH 3a CYET CTPOHTEJbCTBA Kapbepa, OTBAJOB H APYLHX CO-
OpyKeHHH), paboTHl TOPHO-TPAHCIOPTHOTrO 0GOpYAOBaHHUS, ApEHH-
pOBaHHUs MOJA3eMHBIX BOJ, IIPOH3BOACTBA OYypOB3PHLIBHHIX palboT.
C onHOfi CTOPOHBL, U3MEHEHHUs] COCTaBa, COCTOSIHUS H CBOACTB MODPOL
MPOHCXOAAT TOJL BJUSIHHEM BHLIBETPHBAHHUsI, pas3yIJOTHeHHs, Haly-
XaHHus, pa3MOKaHus, cy(dhdOo3uH, HCKYCCTBEHHOH TPELIHHOBATOCTH,
paccjaoeHus U 1. 4. C ApPyrodl CTOPOHBI, U3MEHEHHS H BHI3LIBAIOLHE
HX TPONECCH B3aHMOCBSI3aHBI U B3anMOOGYc/oBJAeHH. Bes nsme-
HeHHsl pesbedpa HeT CYIIECTBEHHOTO H3MEHEHHs HAlPSMEHHOro co-
CTOSIHHMA, a 0e3 3TOro He MOTYT IPOHUCXOAHTb H3MEHEHHs CBOHCTB
nopol B 6oprax KapbepoB. B cBA3H ¢ 3THM BcraeT BOIPOC O Beldy-
mAxX (Gakropax, KOTOpble HENOCPENCTBEHHO BHI3LIBAIOT OMOJN3HEBLIE
gedopManuy HJAM Naxke 00 OLHOM IJaBeHCTBYIOIIEM (aKTope.

Ucxons us cneuubukn GopMupopaHus GasaHca YCTOHYHBOCTH
GOpPTOB KapbepoB B YCAOBUSIX Pa3BUTHst TOpHBIX palboT, yriybie-
HHUSl BHIPA0OTOK, APEHHPOBAHUA H JHPYrHX TEXHOJOTHYECKHX IIPO-
[ECCOB, HEOOXOJHUMO BHAEJAATh [JIABEHCTBYIOUIMH 3JeMEHT NPHDPOA-
HBIX YCJAOBHH W Bedyuw# (Qakrop, KOTOphIi H CJAefoBaJo Obl Ha-
3BaTh NPUUHHON OMOJ3HeBHIX HNedopManuit. Ha orpaHnueHue n0JH
y4acTHst B MOArOTOBKE K HAPYUIEHHIO YCTOHUHBOCTH 3TOTO (dakropa
1 cJelyeT HAalpaBUThb COOTBETCTBYIOIlHe MepounpusATHsa. Boporscs
co BceMH (hakTOpaMH, HOArOTaBJAMBAIOMIMMH ONOJ3eHb Ha OTKPH-
THIX pa3paboTkax HEBO3MOMXKHO W KOHOMHMUECKH HeleJecoo6pasHo.
Ho ecau B ckaJbHBIX INOPOAAX MMEIOTCH BHIAEPXaHHBIE TPEIIHHBI,
onpenessOHe YCTOAUHNBOCTD OTIEABHEIX YCTYIOB, TO MOXKHO Ipen-
OTBPATHTb HX BJHsHUE aHKEPHBIM KpenJeHueM. B Hauame sto#t
rJ7aBH Mbl Y3Ke PacCMOTDENH BJHSHHE HA YCTOHYHBOCTH H3MEHEHHs
eCTECTBEHHOrO COCTOSIHMSI [VIMHHCTBIX IIOPOA M CHOCOOH ero orpa-
HUYEHHS.
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Jast pellieHus IpakTHYeCKMX 3anay HeoOXOAMM aHaJu3 yda-
CTHSl OTHENbHBIX COCTaBJAAOIIHX Oajanca YCTOHYHBOCTH OGOPTOB
KapbepoB. Takol aHajJu3 MOXHO IPOBECTH, HCIONL3Yst CTPOTHe
aHaJUTHYECKHE JeTepDMHUHUDOBaHHble MoHeau. CraTHcTHYECKHE
MOAXOLBl 37leCh MAaJONPOAYKTUBHBL, OHH [LAWT Gojee rpyGule pe-
3yJbTATHL

OauH 13 KOPEeHHHIX BOIPOCOB, BO3HUKAWOIIMX IPH CLEHKE H
IIPOTHO3€ YCJOBHE ycTOAYMBOCTH GOPTOB Kaphepa (TakXKe, KakK H
ECTECTBEHHBIX CKJIOHOB) — 3TO BOIIPOC O POJIM BOJAH B OIIOJI3HEBOM
npouecce. IlpaBuapHas KoJMYecTBeHHAst OLEHKA 3TOH pOJH LAET
BO3MOXKHOCTh PEIHTh 344Uy O BJAHSHHM JPEHAKHBIX MEePONPHATHEH
Ha POCT CTENEeHH YCTOHYHBOCTH OTKOCOB. [IpakTHKa CTPOUTENLCTBa
IPOTHBOOIIOJ3HEBLIX COOPYXKEHHH TOKA3BIBAET, 4TO OTBOL MOBEPX-
HOCTHHIX ¥ IOJ3€MHHIX BOJ He Bcerga AadeT Xejaemudl 3ddexr.
Bausiine BogH Ha YCTORYHMBOCTH CKJOHOB U OTKOCOB MOXHO pac-
CMaTpuBaTh IO JABYM HANpaBJEHUSIM: H3MeHEHHs HalpPSKEeHHOro
COCTOSIHHS H YMeHbUIeHHs IPoYHOCTH Topod (B. A. MupoHeHKo
o6ocobasier eme nedopmManHd B OTKOCAX B pe3yjbTarte pacrBope-
HHsl, BHIEJauuBauus u cyddosun).

B nepBoM cayuae BAHsiHHE BoAH Ha6J0naercss 3a CUYET THIPO-
CTATHYECKOTO H THAPOAMHAMHUYECKOTO HABJEHHH, B CBSI3U C H3Me-
HEHHEM ILIOTHOCTH BOZOCOLEPXKAINUX MOPOL IPH HX LOMOJHHTENb-
HOM YBJIaXHEHUH HJH APEHHPOBAHHH, NPH IIOAPE3Ke OTKOCOB 3PO-
3HOHHBIMH ¥ a6pa3HBHBIMH TPOLECCAMH HJIH BBHIHOCE PHIXJIBIX HIOPOL
GbUAbTPAUMOHHBEIM NIOTOKOM. YMEHbIE€HHe IPOYHOCTH MOPOL MONKET
TIPOH3OHTH IIPH HX BOAOHACHINIEHHH, HAGYXaHHH, PACTBOPEHUH, BHI-
[IeJayMBAHUH, pasMsaryeHun, cybdosuu.

KosnuuecTBeHHas oueHKa BJHsHHS NPHPOAHBLIX Boj IO 3anaH-
HOMY HAampaBJEHHIO MOXKeT OHThH IpoBeleHa C IOMOIILIO pAacieTOB
ko3 dHnHeHTa ycTORUMBOCTH OTKoca {6Gopra, cCKiaoHa) IIPH IPOHHX
paBHHIX ycaoBHaX. HaMu Opii mpopedeHbl DACYETH YBEJHYEHHS
IJIOTHOCTH HEBOLOHACHIIEHHBIX MOPOA LA OTKOCOB BhCOTOH 10—
30 M, yBJAAXKHAEMBIX aTMOCHEpPHBIMH WJIH IPOMBIIJIEHHBIMH BO-
JaMHu, B 30He aspanud. Pe3ysabrarel IPOBeAeHHBIX pacueroB LJs
OLHOPOAHOIO OTKOCA, MHPOYHOCTb INopox Koroporo ¢=20° H c¢=
=0,02 MIla, nokasanu, yro B paccMaTpuBaeMbIX IpeAenax H3Me-
HEeHHs IJIOTHOCTH Ko3dduuueHt ycrofiuuBocrn mnapaer Ao 30 %
IJs1 OTKOca BbicoToH B 10 M ¥ mo 15 9% n#as oTkocoB BhicoTOH 20
u 30 M. Habnwopnenus, oqHako, MOKasLBaOT, YTO H3MEHeHUe IJIOT-
HOCTH 3a CUET AOIOJHHUTEJbHOTO BOLOHACHINEHHS cocrasaseT 0,1—
0,2 r/fcM® u Torma peasbHOE CHHMKeHHE CTEIEeHH YCTOHYHBOCTH CO-
craBuT He Gosee 10—5 9, nns paccMarpuBaeMbIX BBLICOT OTKOCOB.

J7st OneHKM BJMSHHsL H3MeHeHHs! IJIOTHOCTH IecKOB IIpH HX
ApeHHpPOBAaHHM Ha YCTONYMBOCTHL OTKOCA MOXKHO BOCIOJIb30BATHCS
pesyabraramMu pacueroB E. Il. EmMenbsaHoBOH, U3 KOTOpHIX CJENYeT,
4TO [JsI eCTECTBEHHBIX OINOJ3HEBHIX CKJOHOB B padoHe TOpOXOB
Kuesa n Omecchl 3a cyer NpeHHPOBAHHS MOXKHO ILOCTHYb YMEHb-
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1ieHust TIpHpoxHo#l marpysku He Goaee, uem Ha 2,5 %, a oTHome-
HUe MeX/]y CIBUTaIOMWIHMH W YIEDXKHUBAIOMHUMH CHIaMH H3MEHHUTCH
Ha 0,5—3,0 9%.

Haufomaee CyuiecTBeHHO BJHsSHHE Ha YCTOHYMBOCTL OTKOCOB
THAPOCTATHUYECKOTO ¥ THipoluHamuueckoro pasgeHuii. Ho u 3xech
HAaJ0 NMOAXOAUTH ¢ KOJHUYECTBEHHOH MepOoH, 3HAs 3apaHee IOJIOXKE-
Hie HauGosee BepOsiTHOH NOBEPXHOCTH CKOJbXKEHHsI W JENpecCHOH-
HOfi KpHUBOH B TPHUOTKOCHO# 30He. Kak H3BecTHO, B YCJIOBHAX
(QUALTPYIONIETO OTKOCA BJHsSHHE MOA3eMHOr0 IOTOKA B Tpejenax
pacuetHoro 6J0Ka MOXKHO V4ecTb OJHO# oGbEMHOHR cuJo#, Hanpas-
JIEHHOH 110 HOpMaJH K MJOCKOCTH CKOJbXKEHHS M CHUXKaWUeH Be-
JINYHHY HOPMAaJbHHIX 3(Q(MEKTHBHBIX HaNpsKeHUH

Fei= yshia,/cosb,,

rae h;— paccrosiHHe MO BEepPTHKAJHd MEXAY INOBEPXHOCTBHIO CKOJIb-
XKeHUs. U JHenpecCHOHHOH KpHUBOH B cepefiMHe pacueTHOro 6Joka
IIMPHHOHA @i; 6; — yroJq HaKJIOHA MOBEPXHOCTH CKOJbXKEHHS B IIpe-
Ienax pacueTHOro 6JI0Ka; ys-—— YAeJbHBIH BeC BOJBL

B cayuae KpYrJouHJHHIDHUECKOH IIOBEDXHOCTH CKOJbXKEHH:
BhIpaxKeHue AJs Ko3aQdUuHeHTa YCTOHYMBOCTH (QUJILTPYIOMIETO OT-
KOca npuobperaer BUI,

/

no= [ SV Foate+ S et | 57

rne N; u T;—HopMaJbHast ¥ KacaTelbHasi COCTABJsOLIHE Beca
pacueTHoro Osoka (6e3 yuera B3BelHBAHHs); C U @ — CHENJEHHE
M yroJ BHYTDEHHero TPeHHs IIOPOJ, Uepe3 KOTOPHIE NMPOXOAHT IIO-
BEDPXHOCTb CKOJNBXKeHHs! B Npefenax GJoKa; /;— JJIHHA NOBEPXHO-
CTH CKOJBbXKEHHs] B NPeJeJax pacueTHoro GJoka.

Kak BHAHO H3 NpHBEJEHHBIX H3BECTHBIX BbIpaxkeHn#, BIHsAHHE
GUIBTPANHOHHOIO INOTOKZa HAa BEeJHUMHY KosduuHueHtra ycroAun-
BOCTH 3aBHCHT OT 3HAueHHst h; U uyHcaa BJIOKOB, Vv KOTOPHIX A;>0.
ITH napaMeTpel ONPENessiloTCst MOUIHOCTBIO H TpanueHTOM (QuJb-
TPAMOBHOIO MOTOKa (KOTODHIE, B CBOI OUEpejpb, 3aBHUCAT OT BO-
JONMPOHHHAEMOCTH TODHBIX IMOPOA), YCJOBHAMH JPEHUDOBAHHA H
NUTAHUA TOJA3eMHBIX BOJ, mapaMerpaMu 6opra M MoJIoXKEHHeM Hau-
6osee HanpsKEHHOH IIOBEPXHOCTH CKOJIbXKEHHS.

Ha puc. 69 npuseleHn xapakrepHble cayual, HaGloNaeMbie Ha
HEKOTOPBIX VTOJBHBIX H PYAHHX KapoepaX. IlepBH i cayuai
(cM. puc. 69, xpuBag /) uMeer MecTo Ha GOJBIIMHCTBE COBpEMEH-
HEIX KapbepoB, Ha KOTOPHIX OCYILIECTBJAETCS IPeHHDOBAaHHE INOX-
3eMHBIX BOJ MOBEPXHOCTHHIM HJIH IOA3EMHBIM crmocoGoM. 3nech
3aTONJeHHas yacTb pPacyeTHOH MPH3MBI M TpafHeHT QUJIbTalHOH-
HOTO II0TOKA HEe3HAYHTeJNbHBI, I03TOMYy yMeHbllleHHe Ko3(hdunu-
eHTa YCTOMYHBOCTH H3MEPSETCSl MePBHIMH HECKOAbBKUMH TNDOIEH-
ramu. [Huas JleGepunckoro xapeepa KMA npu Beicote Gopra
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Puc. 69. TlofoxenHe NeNPecCHOHHBIX MOBEPXHOCTEH NON3EMHHX BOL B NPHEOP-
TOBOH 30HE B 3aBHCHMOCTH OT cmoco6a JPEeHHPOBAHHSA:

1 — BOIONOHHXKEHHe CKBaXHHaMH; 2 — NPHOOPTOBAasl 30Ha IPEHHPYETCA OTKOCOM; 3 — TO Ke
OPH HaJdHYHH BONOOTBOZHOIO KaHaja

B 100 M u reHepaJbHOM yrJe ero HakjgoHa B 27—30° cHuKeuue
CTelleHH YCTOHYHBOCTH 28 CYET THAPOCTATHUECKOrO H THAPOAMHAMU-
YecKoro ZAas/eHHE cocraBHno 3—4 %, miast Cap6alickoro Kapbepa
npH nonoOHHIX mapamerpax ero 6Gopra—4—5 9%, mrs Muxaiaos-
ckoro kaprepa KMA —2—4 9. Tlogo6Hbie 3HaueHHs! MOJYUYEHH H
AJIsi HEKOTOPHIX ADYrUX KapbepoB. Xoresoch 6B 06paTHThL BHHUMA-
HHe Ha TOT (akT, YTO NMPOCKOK BOABl Yepe3 ApeHa:KHblE CHCTEMBE
H BBHIXOJ €e Ha OTKOCHYIO MOBEDXHOCTb MOZKET MPHBECTH KO MHO-
T'HM OCJIOXHEHHAM, CBA3aHHBIM C H3MEHEHHEM COCTOSHHS H CBOHCTB
BOJOCOLEpKALNX M MONCTHNAIOMHKX IOPOA, BCKPLITHIX TOPHBIMU
paboraMu, HO NpuHpona 3THX OCJTOXKHEHHH HHAss H MOAXOL K ee
oLeHKe AOJIKeH OBITb Npyroi.

Bropo#t cayua# (cMm. puc. 69, kpusasg 2) xapakTepeH aasd
KapbepoB, 60pTa KOTOPHIX CJOKeHb YCTOHUMBBHIMU CKaJIbHEIMH H
HOJNYCKaJbHEIMH IOPONAMH HJH MAaJOOGBONHEHHBIMU TOJIIAMH Iec-
YaHO-TJIMHHCTHIX NOpON. 3IECh HMEET MECTO OTKDBITBII BOLOOTJIUB
NOCTYNAKOLIHX Yepe3 OTKOC BOJA H JEIpeCcCHOHHAs NMOBEPXHOCTL sB-
JAETCSl HENOCTOSHHOH, caelsmeil 32 TOPHBIMH pafoTaMH A0 BCKPH-
THA Bojoynopa. ITocsie BCKPHITHSI BOJLOYIODA OHA YCTAHABJIHUBAETCH
B TNPHOTKOCHOH 30HEe M MeHdeT CBOE II0JOXKeHHe IOJ BJIHAHHEM
atMocthepHBIX OCAanKOB HJH HEKOTOPHX HCKYCCTBEHHBIX (PAKTOPOB.
MouHocTs 3aTONMIEHHOH YacTH OTKOCA H TPAfUeHT NMOTOKa U 31ech
He3HauyuTedbHR. OOBIUHO pacCTosiHUEe MeXAY HABYMS HHTepecylo-
IMHMH HAac I[OBEDPXHOCTSMH He Tpesmnnaer 10 M (yame oOHO
MeHbIle), a TpajUeHT cocrasJiser He Godee 0,06—0,1. Pacuern mo-
Ka3blBAIOT, YTO H3MEHEHHE CTENeHH YCTOHUHBOCTH 6OPTOB KapbepOB
He npephillaer 5—6 %. MHTepecHo OTMETHTb, YTO I1Js €CTeCTBeH-
HBIX CKJOHOB, FZE CHTyalHs NPHUMEPHO Takas Ke, MO pacieTaM
E. TI. EMenssiHOBOH, BJHsSIHHe NMOA3EMHBIX BOJ Kak (axkTop Hamps-
eHUst  (THApOCTATHYECKOE W THIpOJAHHAMUYECKOe) IPHBOIHUT
K YMeHbIIEHHIO PaCyeTHOrO yrja CKJIoHa He GoJee, yem Ha 1°

PaccmarpuBas 3t nma chayyas, OJH3KHX 1O YCJOBHAM yuera
BJIUsHHS (QUILTPAIHOHHOTO MOTOKA INOA3eMHHIX BOL, HEOOXOLUMO
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o0paTHTb BHHMAaHHE Ha KpOWINYIOCS OMNAacHOCTh, HelIpaBUJALHON
OLEHKH pOJH NOA3eMHBIX BOJ KaK AONOJHHTENHHOrO HanpsKeHHs.
Bo-nepBHX, 3TO OTHOCHTCS K OHEHKE YCTOHYUBOCTH VCTYHA HJH
TPYIUIE YCTYIIOB, 3aJIerarINX Ha BOJOYIOpPE, HA KOTOpoM (hopmupy-
ercst puAbTpanHoHHHH notok. Kak BUAHO u3 puc. 69 U kak noka-
3HIBAIOT HaOJIONEHHSA, B NpefeNax HIDKHEr0 yCTyna BJIHSHWE BOIH
ropasjgo cu/ibHee, NOCKOJAbKY OOBOJHEHHast ero uacTh 3aHHUMaeT
WHorZa Gosblle MOJOBHHBI NPOTHO3HOH NPH3MH CKOJAbXeHHs. I'pa-
JHEHTH NOTOKA B HENOCPEeJNCTBeHHOH GJU30CTH K OTKOCHOH MOBEpX-
HoctH gmocrurawT 0,3—0,6, pexe 1,0. B aroil curyamuu yMeHsle-
Hue ko3(QdunMeHTa YCTOHUMBOCTH [OJ BJAHSHHEM THApPOCTATHYe-
CKOTO ¥ THAPOJMHAMHYECKOrO MaBJEHHH MOXKEeT cOCTaBUTh 30—
50 %, ueM npeneGperats Helb3st. BO-BTOPHIX, NPHU BHIXOAE BOAHI HA
OTKOC, CJOXKEHHHl HeCBI3HEIMH IIOpOJaMH, MOTYT HMeTb MeCTo
tbuapTpanvodHble gedopManuu: Bulop U omamBanue. B. A. Mupo-
Heuko (1] mokasas, 4To B yCJAOBHAX 3aTOIJIEHHsSI OTKOCA paBHoBECHe
onpejeJsercss paBeHCTBOM

(v coso—yl) tgp = 7’ sine,

rge vy’ — yAeJbHBIH Bec B3BEIUIEHHOH NOPOXH; o — yroa UILTPYIO-
Llero 3aTOmJEHHOIO OTKOCA; ( — YroJ BHYTPEHHEro TPeHUsl BOAOCO-
IepXKamux nopoa; 7 — rpagveHT GUILTPANHOHHOTO MOTOKA.

Ha duabtpylomeM He3aronsJeHHOM OTKOCE NPOHCXOJAHT OJHO-
BpeMeHHO BHIIOP U CHOC yacTHH B BUJAE OIILIBAHHsST OTKoCa ¢ Qop-
MHpPOBAaHHEM $3blKa OMJBIBAHHS MJIHHOH

lonn = X [V -+ vo)] teQ,

rne X — BeJUUMHA, 3aBHCsIIAst OT YAEJHHOrO pacxoia BOAH, 4,
M2/cyT, CTeKalOUIel MO OTKOCY MOTOKAa W OT CPeJHEro jAuamerpa
3epeH mecka d, cM:

Algld . ... ... ......... 0 2 5 100 150 200
X . 1 0,75 0,49 030 021 0,16

YcToHYMBOCTL yeTynia ellle GoJipllle HAapylIaercs, ecad BepX-
Hsisl 4acThb ero cjoxeHa CBA3HHMU nopojamu, [Tocaexcrsust nomo6-
HHIX «JIOKAJbHBIX» gedopmanuil — ciBauBaHue yCcTYIOOB, NOJApa-
6oTKa U mepekphiTHe TPAHCIOPTHHIX OepM, yBeguyeHue obObeMa
9KCKaBanuu, pa3yboxkKHUBaHHe W 3aXOpOHeHHe NOJE3HOro HCKomnae-
MOTO.

Tperu#t cayuail, nokasanssid (cMm. puc. 69, xkpusas 3) Ha-
GM0JaeTCss HA HEKOTOPhiX Kapbepax, BAOJbL GOPTOB KOTOPHIX HMe-
IOTCS ©CTECTBEHHBIE HJH HCKYCCTBEHHBE BOJOTOKH HJH BOJOEMSEL,
nuramIe JPeHHPYEMBIH IPUOTKOCHBII MAacCHB TOPHBIX [TOPOX
B npefenax BEpXHHX YCTynOB HJAM OGosblled uyactH 6opra. Hcrou-
HUKaMH [OHTAHHS MOTYT CJOYXKHTb PEKH U PY4YbH (B €CTeCTBEHHBIX
M HCKYCCTBEHHEIX pycJaax), BpeMeHHbie BOJOTOKH IO JajikaM # OB-
paraM, BOJOXPaHUAHINE, IMAPOOTBANE], UIJAMOXPaHHAHILE, KAaPbep-
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a 6

Teesomempuyecrudl ] Meesomempuecrud
YpoLsie VA i Ypolers

Puc. 70. CxeMaTuuecKHe Paspessl GOPTOB KapbepoB, YCTOHYHBOCTH KOTODHX CY-
IWECTBEHHO 34BHCHT OT BJNSHHS HANOPHHIX BOJ, NPHYPOUEHHHIX K JIMM3AM IECKa
(a) B X TpemimHOBaTHM u3BecTHAKaM (6)

Hble BOZOOTBOJSAIIME KaHaJkl, 3a60J0UeHHEIE YYaCTKH, MacCHBEL OT-
BAJOB U Ip. DTH HCTOYHHMKH HPUXOAWIOCH HAGAOAATh HAa MHOTHX
Kapbepax, B TeXHHYeCKOH JuTeparype NPUBOAUTCS MHOTO INpUMe-
pOB 3aTOILIeHHs! WIaXT ¥ KapbepoB ux BodaMmu. HampsxeHHoe co-
CTOsIHHE, CO31aBaeMOe B 3TOM ciayyae (HUILTpAHOHHBIM IIOTOKOM
nmofoBHO TOMY, KOTOPOE HMEeT MeCTO BO MHOTHX 3eMJSIHBIX MJIOTH-
Hax. 'panueHtn motoka 3geck nocruraior 0,5 u Gosee, a TpHOT-
KOCHas IpusMa (MeXIy IIOBePXHOCTSIMH OTKOCA H CKOJBbXeHHS)
B OoJbllell cBoe# yacTH HAXONHUTCA MOMA BO3AeHCTBHEM THIpOCTa-
THUECKOTO H THAPOLMHAaMMYecKoro AaB/jeHHH. Pacuers noxasHBalorT,
yTO KO3(¢HIHEHT yCTOHYUBOCTH Moxker HU3MeHsTbest Ha 40—b0 %.
Hepenko omossHH mpOHUCXONAT HMEHHO MO BJHSHHEM BOJEL, IPO-
HHKalOmMeHd H3 NOBEPXHOCTHHIX HCKYCCTBEHHHX HCTOYHHKOB B VXKe
COpEeHHPOBAHHLIA MaccHB fopra.

TlpuBenem nBa npumepa, r'Ze Bompoc of yuyere THIpOCTaTHUeE-
CKOro napJeHust pelllaercss HecraHpaptHo. Ha puc. 70,4 nokasad
cXeMaTHueckuit paspes GopTa kKapbepa, C/JAOXKEHHOTO TIHMHHCTHIMU
nopoAaMy, B OCHOBAHHH KOTOPOrO 3aJIeralmT IVacTHYHHE MJIHOLEHO-
Bhle TJIUHHE GOAbIOH MONIHOCTH, cONepXKaliue necuaHule JUH3B U
[pocJaon ¢ HanopHHMHU BofaMHU. [losoxXeHHe 3THX BOZOCOLEPKAIIUX
[IECKOB He3aKOHOMepHOe, 3a/eraloT OHM HA pasHbiX Iay6HHAX H,
KaK IpaBuso, Ha paccrossHuu Gosee 10 M OT MOBEPXHOCTH CKOJb-
KeHust. OpHAKO, Ha ONHOM H3 YYACTKOB INoOC/]e OouepegHOro HeoXU-
JaHHOTO ONOJI3HSI BO3HHKJI2 CHTyanus, mpuBeneHHas Ha puc. 70, a.
Heckombko JMH3, comepKamidx HamopHbie BOAbl (Hamop Godee
1 MITa), okaszanucp Ha rayGune 8—1b M, T. € B 30He MOBEPXHO-
CTH CKOJbXKeHHs. B 3TUX ycijoBusAX 3¢¢eKTUBHEIe HaNpsAkKeHHs
MeHbllle PacueTHbIX, 9TO IPHBOAHT K YMeHbIIeHHIO Ko3(QdHmueHTa
ycrofiuuBoctu B 1,5—2,0 paza.

Ha puc. 70,6 upuBeseHa cXeMa eHle OZHOTO XapakTepHOro
ciyuasl, TAe HalopHBIE MOJ3EMHBIe BOALl OKa3hlBAIOT CBOeoOpasHoe
BJHsIHAE HA YCcTOWYMBOCTL GopTa Kapbepa, B OCHOBAHHH KOTODOTO
3aJleraloT MJacTHYHBEE TJIHHB IOPCKOro BO3pacra MOIIHOCTBbIO 12—
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15 M, npencraBasiiomye cobofl BepXHHH BOAOYNOP HAMOPHOTO BOJO-
HOCHOTO TOpH30HTA.

B ecrecTBeHHHIX VCJOBHAX TIJAHHH [yotHbie (p=2,10-
=220 r/cm®), BOHOHACHIIEHHBIE, C YIJIAMH BHYTDEHHErO TpPEHHsd
8—10° BKpecT cJaOHCTOCTH H 3—5° 10 HACJIOEHHUIO U CO CLEeMJeHHEM,
coorBercrBeHHo, ot 0,08—0,12 no 0,03—0,05 MIIa. OzgHako, B He-
[OCPEACTBEeHHOR 6AH30CTH K TpaHHIle C H3BeCTHAKAMH HPOUHOCTD
xapaxkrepusyercss yriom Tpenust 1—2° u  cuensenueM 0,01—
0,03 MIla. @opmaNbHO 31€eCh HAnOpP MOA3EMHBIX BOJ HE OKAa3hLBAET
CYmeCTBEHHOTO BJHAHHA Kak (akTop HanpakeHHs, MOCKOJLKY
yMeHbIleHHe BeJUYHMHB 3(PQeKTUBHEIX HOPMAJbHHIX HanpsiKeHUH
[0 MJOCKOCTH CKOJBXKEHHsI He CKas3bhiBaeTcs HA CONPOTUBJEHHH IO
Hell 3a CueT TPeHHs H3-3a MAJOro 3HAYeHHs YIJa BHYTPEHHEro Tpe-
Husl. [ToHsATHO, uTO ecau @=0, To mpu JI060M 3HaueHHH 3¢pDekTHB-

n
HbIX HanpsKeHui obllas cymMma npousseseHui > (N;—Fj) tgg; =
1

=0. OnHako BJAHSHHe HANOPHOTO BOJOHOCHOIO TOPH30HTA Ha yC-
JIOBHSl YCTOMYHMBOCTH Hepabouero Gopra H TeM 0oJjee BHYTPEHHHX
OTBaJIOB BeCbMa CYLIECTBEHHO. JTO CBS3aHO, BO-IIEPBHIX, C CO3ja-
HHEM B eCcTeCTBEHHOH OGCTAaHOBKE TOHKOIO CJIOS NepeyBlaxHEeHHEBIX
H PasMSATYeHHBIX [VIMH HAa KOHTAKTe€ C BOLOHOCHBIM TOPH30HTOM H,
BO-BTODHIX, C CO34aHHeM HOBOTO HANPAMXKEHHOTO COCTOSHHS NpH
BCKPBITHH TJIHHHUCTOTO CJIOsl, KOTOPOE NPHUBOAUT K ero HaGyXaHWIO H
pasynpoyHeHHI0, 4 WHOTAA M NPOPHIBY.

5.5. OITOJIBHEBDBIE ABJIEHHS HA OTKOCAX OTBAJIOB

OcoGoe MecTO npH pa3paboTKe MECTOPOXKIAEHHH OTKPHTHM CHOCO-
oM 3aHuMaer npoGjeMa pasMelleHHs FOpHBIX NMOPOJA BCKPHIIH U
OTXONOB MOPOHM3BOACTBA. KaK NOKA3biBAET aHAJNM3 HaHHHIX 3eMJe-
EMKOCTH OTKPHITHX Pa3paBoToOK B CTPaHe, OTBAJbl, XBOCTO- M LlJa-
MoxpaHuaunia sauumaimt 1o 70 % u Gojee BCcefr niolagH, OTBeE-
HeHHOH 1ol rOpHoOe mMpeAnpHATHe (CaM Kapbep NpH 3TOM 3aHHMAaeT
or 20 no 40 %) [26] B coBpemMeHHOM KapbepHOM Xo03fiicTBe paz-
JUUYAIOT: BHYTPEHHHE ¥ BHEUIHHEe OTBaJbl BCKPHIIIHBIX NMOpPOX, Bhi-
HHMaeMEX 5KCKaBaTOPaMH; THIpOOTBAJE, YKJIaAKa [OPOL B KO-
TOPHIX INPOU3BOJUTCH HAMBIBOM; XBOCTOXPaHUJHINA A YKJAAAKA
XBOCTOB (OTXOLOB) OGOraTUTENbHBIX (aGPHK; 30JI00TBAJHL, WIIAMO-
HAKOMUTEJIH; IIJaMOOTCTONHHKHA M Ap. Bce 3TH 3eMJusiHble coopy-
KeHHSl HMeloT OJHY o6mylo crend(HuecKyio 0COGeHHOCTh — OHH
CTPOATCH M3 HApYUIeHHbLIX Mopon 0e3 cnenHaJbHEX MEeponpHATHH
(OpMHPOBAHHA HOBOTO HX cocTosHHA. OCHOBHOR (akrop, BJIHAIO-
IIUE Ha 3TO COCTOsIHUME,~— VIJIOTHeHHE [10J BECOM BHIIeCKIaAupye-
MBIX OTJIOKeHHH#. B Hacrosimee BpeMs Ha yroJbHHX H pYAHBIX
Kapbepax CTPaHbl BHICOT@ OTHENbHBIX SPYCOB OTBAJIOB H3MeHsSeTCH
or 10 1o 70 M, a yrau HX OTKOCOB OT 25 no 40° (Majbie yrabl U
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Ta6muua 39. OcHopHbe (aKTOPH, OMpPefelAICMME YCIOBHH YCTORYHBOCTH OTBAJOB

XapakTepucTHKa

PaKkTOPHl Heranusanusa ¢axrtopa ($AKTODPOB ¥ OTRANOB Kon daxropa
I. JlutosroruyecKui | 1. Cgasbuble H DONY- | a. Bonoycroiiuushbie Ila
cocraB mopox, CKaJbHbie 6. Bononeycrofiuustre 116
2. Ilecuano-ryuHuc- a. IlecuaHo-rpaBuiinke 12a
Thie (mprpoxuble u | 6. IlecuaHo-cynecuauble 126
HekyccTBennbie o6pa- | B, Iuimmucro-cyrainnu- 128
30BaHNA) CThle
3. Coasinele (BoxHo- | a. IajiuTOBHE 13a
pacTBOpPHMEIE) 6. T'unco-anruapuro- 136
BBHIE
II. CoctaB H co- | 1. Ilpoysnie CcKaJb- | a. Bonoycrofiunsbie Ilia
crosinye TOPOJ OC- | une 6. Bononeycroiiunshie 1116
HOBaHHSA 2. Cnaboe necuado- | a. PHARTPYIOmMHUE I12a
[JIMHHCTOe opranoMu- | 6. Bogoynopube 1126
HepaapHOe
3. OcHoBaHue, BKJIIO- | a. Bruepxanune tpe- I13a
galomee c1abuil ¢108, | muHH
| 30HY, KOHTaKT 6. Textouuuecxkasi 1136
TJIHHKA
8. Cna6uiit rauuucrsit 1138
cnoit
4. HckyccrBeHHOR a. Ckaapnasi Macca 114a
6. Ilecuano-rpasufinbie 1146
B. ['uipoorBan H3 ec- 1148
TeCTBEHHBIX U HCKYC-
CTBEHHBIX TMOPOJ,
II1. Peavep 3auu- | 1. PaBunnusiit a. Orpajap na moJio- II11a
MaeMO#  TepDHTO- TOM TOPH30UTaJBHOM
pu  (OCHOBaHHSH) OCHOBaHHH
2. CxjoHOBHH (K0oco- | a. OTBanbl Ha HAKJIOH- 1112a
FOPHBII) HOM OCHOBAHHH
6. OtBanbl Ha KPYTOM 11126
OCHOBaHHH
3. Ospaxuo-6a/og- a. OrtBajbl Ha cKJoHax 1113a
HBIH 6. OTBaubi pycJIOBhe 11136
IV. Cocrosinue mo- | 1. EctecTBeHnoft a. BHemune orBajbl IVia
pox B orBanax BJI2KHOCTH 6. BuyTpenune oTBaJbI IVié
2. TugpooTBanbl a. M3 npupoausx o6pa- IV2a
30BaHHi
6. XBocTOXpauuinma 1V26
8. Illiamoxpanuiinma V2B
r. 30J00TBaJbI IVar
1. lla1amMoHanoaHuTeH Van
V. TexHONOTHH OT- | 1. JKCKABATOPHEE a. OnHosapycHHe Via
BaNnoo6pa30BaHHs 2. Ilnyxube 6. Muorosipycuue V26
3. ByJsbaosepHbie V3a
4. Kouseliepuble Vda; V46
5. MocroBhle V5a
6. AG3enepune V66
VI. Crpoenne tena | 1. Oanopoxtoe VI
oTBana 9. KpaszuopHoponHoe vI2
3. Cronucroe VI3
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BBICOTBI XapaKTEDU3VIOT OTBAJbl W3 CJaaOLIX TJIMHHCTHIX IIODOA).
O6mast BHICOTA OTBAJOB W3 MECUAHO-TJIHHHUCTHX NMOPOJ ViKe NapHO
nepemsia 100-merpoBHft py6ex, a juast TaaquHCKOrO YrOJbHOrO
MecTopoxaenuss Kysfacca, rae MakcuMmasnbHasi TJyOHHa Kapbepa
coctaBUT 560 M, pEKOMeHAYETCS OTCHIIATh OTBAJbl BHICOTOH B 280 M
IpU pe3yabTHpYyIOlleM yriae otkoca — 23°.

YcrofiunBocTh BHYTPEHHUX M BHEIIHWX OTBaJOB OIpeJeNseTCs
XapaKTepoM OCHOBaHHUA (JUTOJOTHs IIOPOX, YCJAOBHS HX 3aJjera-
HUS, IPOYHOCTb, OGBONHEHHOCTb) COCTABOM H COCTOSIHHEM IIOpon
0TBaJa, BHICOTON H YrjiaMH OTKOCOB YCTYIOB (SIDyCOB) H OTBasa
B IEAOM, Texuojorved ormpanoobpasopauua (rada. 39). Ounonsue-
BhIE SIBJEHHs! IIPOMCXOHSIT OUYEHb HacTO W NPHBOAAT K NOTEPAM U
pasyboKUBAHHIO IIOJE3HOr0 HCKOIaeMmoro (OIOJNSHM Ha BHYTPeEH-
HHX OTBajax), BEIXOLY H3 HOPMaJbHOrO IIPOH3BOACTBEHHOTO IIPO-
Iecca rOPHO-TPAHCIOPTHOrO OOOpYAOBAHUS, 4 TaK¥e HapyIIeHHIO
VCTOHYHUBOCTH IPHJIEraloli¥X K OTBAJaM TEPPUTOPUH H COODYKe-
HUH (OTIOJI3HM HA BHEIIHHX OTBaJax, CKIaJHpyeMbiX Ha cjaboM oc-
HoBaHuK). Mopdosorus ONoN3HeH, HX NuUHAMMKa W Macurabh 3a-
BHCSIT OT xapakTepa OCHOBaHHA W mopox orBana. Ha puc. 71 mpu-
BeleHbl CXeMbl ONOJ3HeH OTKOCOB BHYTPEHHHUX W BHEIIHHX OTBAaJOB,
M3 KOTODBIX MOXHO CAeJdaTh 3aKJIOUeHHe O Xapakrepe IOBEpPX-
HocTell CKOJbXKEHHst U MOPQOJOrHYecKHX OCOGEHHOCTSIX OIoJ3He-
BBIX T€J B 3dBHCHMOCTH OT THIIA OCHOBaHHH OTBAJOB.

Ha ocHoBaHUM H3yuYeHHs OIIOJ3HEBLIX SIBJECHHH Ha OTBaaax
YrOJBHBIX W PYAHBIX KapbepOB MOXKHO COCTABHUTh PAaHXKHPOBAHHYIO
CXeMY OCHOBHLIX ()aKTOPOB, OIpeAeNsIoIMX YCTOHYHBOCTb OTBa-
JIOB, METOAHKY ee H3yuyeHHsl, OHCHKH M IporHosa (cM. taba. 39).

TuapooTBansl MpPeAcTaBAsAloT co6ofl ocoOnll KaTace THAPOTEXHH-
yeckux coopyxeHuir. I. A. Hypok mpeanaraer OTHOCHTb K 3TOMY
THIY COOPYKeHHUI:

or= =
Z =

NAYRAIAYY
\"\‘l//\"};\/ 3%
A7 —1/TA v

=-S5

W NNV N SR TS T
\ih R D AZAl

\\I\\\//I NP >

NN e T

Puc. 71. Tlpopund ONIOJ3HEBHX YYacTKOB OTBaJOB, OTCHIIA€MBIX Ha HPOYHOM
(@) n caaGom (6) ocHOBamHAX, Ha cjaboM Kourakre (8) ® Ha FHAPOOTBAle
(e):

1 — npodusr oTkoca oOTBajga; 2 — OTKOCHAA MOBEPXHOCTh IOCJAE OINOJA3HA; 3 — NOBEPXHOCTB
CKOJBXXECHHA
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cOOCTBEHHO THAPOOTBAJHI,
ofpasyouuecst B pesyibrare
CKJ1aAHPOBAHHUA (HambIBa)
BCKPHIUIHGIX TOpPOA, paspa-
faToiBaeMbIX ~ HApOMEXaHH-
3anuel;

Puc. 72. CxemarHyecKn#f paspes THADO- .
OTBasa ABYCTOPOHHETO HAMBIBA. IWAAMOXpaHHAHINa  (XBO

I n 2-— pambun o6BasoBaHug; 3 — Apynok; 4 — CTOXpaH“‘Hﬂma)’ B KOTOPHX

TIHMHCTOEe HApO: 5, 6 ¥ 7 — DpOMeXxyronHasd, HaMBIBAKITCA HOPOAVKTH OT-

CYIJIMHHCTad 1 necyadas 30Hbl XOIIOB Hepepa6OTKH TBepD,HX
MOJEe3HkX HCKOMAaeMBIX;

30/100TBaJIBl, HAMBLIBHEE COOPYXKEHHS M3 30JI0IJIAKOBOTO Mare-
puana —orxongoB T3IL, paGoralouux Ha TBepAOM TONIHUBE.

CrpouTenbCTBO THAPOOTBAJIOB M JaljibHEHlIee HX HCIOAb30Ba-
HHe B KayecTBE OCHOBaHUH, MeCcTOPOXKAEHHMS CTPOMTEJILHOIO Mare-
pHaja WM PYAHBIX W YroAbHBEIX 3ajexell, a Takxke AJs nejaed pe-
KYJBTHBALWY CYIIECTBEHHO 3aBHCAT OT CKOPOCTH KOHCOJHIALHH
HaMBLIBAEMBIX OCAAKOB M Hepexoja Hx B ropuyio mopoay. Ilpouecc
KOHCOMMAAUMA B OpeAenax MPYAKOBOI 30HBI (TJMHHMCTOrO sijipa)
NpOHCXOZHT OYeHb MeXdeHHo, Ha puc. 72 npuselnen cxeMaTHyecKHH
paspes THAPOOTBaJja ABYCTODOHHEIO HaMpIBa, W3 KOTOPOTO BHIHO
pachosoXeHne pas3iHyHHX 30H 10 T'PaHyJOMETpUUECKOMY COCTaBY
HaMBITHX OCaJKOB.

A. M. Tanonepun [6], nnuTenpHOe BpeMs H3yyaBUIMH THAPOOT-
Ba/bl B TOPHOROOLIBAIOLIMX palioHax, OTMeuaer, uTO B NPYAKOBOH
3oue (GopMupyercs TOHKOAMCIEepCHAs MOPOAa MOLIHOCTbIO CBBILIE
50 M, KOTOpas AeCATHJACTHS HAXOAHMTCI B HEKOHCOJHAMPOBAHHOM
COCTOSTHHY ¥ II03TOMY- HEIPOXOAMMA JNaxKe 1Jis clienHalbHuX 60J0-
TOXOZHLIX MalIHH. B cBA3H ¢ 2THM 6OJbIIOE 3HAYeHUe MpHOOpeTaer
BOMPOC OHEHKH M MpOTHO3a KOHCONMIAHHH THAPOOTBasnoB H 06o-
CHOBaHME MepONpHUsiTuii MO ee yckopeHmio. CJOXKHOCTL 3TOro BO-
npoca 3ak/apouaeTcsl npexkae Bcero B GOJBIIOH TNPOCTPaHCTBEHHOH
H BpeMenHoil HeOXHOPOAHOCTH THAPOOTBAJOB IO COCTaBY, CBOHCT-
BaM M HaNnpsKeHHOMY COCTOSHHIO HaMBITHX OCaJKOB.

I0. Y. Kyrenos Ha 6ase HcciefoBaHME ruApooTBaioB B Kys-
Gacce BueqaseT B IVIMHHCTON H cYTJMHMCTOH 30Hax (no ray6buue)
TPH TMOA30HEL, OTAMYalOmecs no PHU3nUECKOMY COCTOSHUIO OTJIOKE-
HUl B HHX (B KaueécrBe KpUTepHs, XapaKTePH3YIOLIero 3TO COCTOs-
HHe, UM TPHHAT TNOKasaTelb KOHCHCTeHmuu [r): a) Tekyued ({p>
>0,75); 6) wmsarkomnacruutoit (0,56</.<<0,75) u TYromnacTHYHOH
(0,25< 11.<0,5) xoHcucteHuuu [9}

Oco6o cielyeT OCTAHOBHTHCS HA COODYHEHHSX H3 OTXOAOB XH-
MHYecKOro chipba. Kax M3BeCTHO, 3TH OTXOAH HE TOJbKO 3aHHMaIOT
GobHIMEe TJOMIAAH, HO M CYIIECTBEHHO H3MEHSIOT COCTaB MOJA3eM-
HHX ¥ NOBepXHOCTHBIX BOX 3a cueT IPOHHKHOBEHNs B HUX COGAH-
HeHHH H3 OTXOHOB, M pearenToB (uoramud. Ha kanniiHuX npea-
NpuATHAX B pe3y/ibrare 06pabOTKM pYAH B OTXOAB IIONANANOT ra-
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JHTOBas pHIXJas Macca U COJSHO-TJIMHECTAs NyJblia C NpUMECIMH
XMMHYECKHX peareHToB. ['ajluTOBHE OTXOAH CKJAAAHPYIOT Ha MO-
BEDXHOCTH B BHJE COJe0TBaJOB BeICOTOH Gogee 100 M mpu yrje
otkoca 40--50° B Hauane ocummku u 20—25° nocie AAUTENLHOTO
BO3eHCTBUSL aTMOC(EpHBIX OCagKOB. DTH OTBaJBl 32HHMAIOT TPO-
MajiHble IWIOWAnH H SIBASIOTCS, [O-CYUIECTBY, MOCTOSIHHBIM HCTOY-
HHKOM 3acOJIeHHsi MOYB, MOpPOX, NMOA3EMHBIX W MOBEDXHOCTHHIX BOJ.

Ilo xuMuueckOMYy cOCTaBY COJEOTXOAB XapaKTepHayloTcs Npe-
obaananuem NaCl (85—959%) u npumecamu KClI (3—9 %),
CaCly, MgCly, CaS0O.. uakas ¢asa npencrasiser cofofi Hach-
IIeHHBH XJOPHIHO-HATPHEBH paccod, maoTHocTsio 1,23 r/emd. U3
3ToHl MaccH B Teje coJseoTeala (popmupyerca ocofas nopoxa BH-
COKOH IIJIOTHOCTH H [fipouHocTd. HMccilegoBaHus IOKasanu, UTO
B pasHHIX 30Hax mo Iny0OuHe paccojocofepikanHie H3MeHseTcs OT
6 1o 12 %, nopucrocth — o1 25 g0 40% (B MOCNEACTBHH TPOHC-
XOAMT 3afojHeHHe 0[op H OMOHOJMUYMBaHMe), YroJl BHYTpeHHero
rpenns — 40—60°, cuemienne — o1 0,15 no 1,0 MlIla u Gonee [9].
OmnonsHenble $BJAeHHS HA OTKOCAX COJEOTBAJOB IPOHCXOAAT IJlaB-
HHM 00pa3oM H3-3a Haauuusg cJabex [OpOx B HX OCHOBaHMH
(dame Bcero Top(sHBIE 3a/eXH HAH 3260J0UEHHBIE 3€MJIH) HJH IO
cj1aboMy KOHTAaKTy, KaKUM §IBJAseTCH TJIMHUCTHE 3KpaH IMOJ TeJjoM
coJleoTBana.

[Il1amMOXpaHUAHuIma, B KOTOPHIX CKJAAAHPYIOTCH COJNSAHO-TJIMHH-
cThle OTXOAH, MOAOOHH TCHAPOOTBaJaM IO clocoly CTPOUTENbCTBA,
HO B HX OCHOBaHHH, B 0053aTeJnHOM NOpHAKe, CTPOUTCH HENpOHH-
naeMblt sxpan. Chnenupuuen v ux cocras. IlogaBaemule B 1IJIaMoO-
XpaHWINIIA THAPOTPAHCIOPTOM WLIaMBI IpPefcTaBasIoT cobofi cy-
CIEeH3HIO0 TJUHUCTHX W KapOOHATHBIX YaCTHL B KOHLEHTPHPOBAHHBIX
paccosiax, COCTaB KOTOPHIX 3aBHCHT OT TEXHOJOrHH MPOH3BOJCTBA
H cocTaBa HCXOQHOH pyAH; paccosel KoMOuHaToB «Benopyckanuii»
H «Ypankaauit» XJOpHEHO-HaTpHeBHe — ¢ MuHepaausanued 190—
250 r/n. Ha apyrux MecTOpOXKIEHHAX XUMHUECKOTO CHpbS COCTaB
6onee cnoxHuil. Bo Bcex paccoslax copep:RaTrcs TOKCHUYHBIE Be-
niecrsa.

Pasmemenne coneoTxonon IMpeacTaBaseT GoJbliofi MpakTHue-
CKHH HHTepec He TOJbKO C TOUYKHM 3DEeHHS palHOHAJbLHOTO MCHOJb-
30BaHHA 3eMeJib, HO U IJaBHHM 00pasoM H3-3a 3HAYHTENLHOrO 3a-
cojleHHsl NpUPORHBIX Box u nous. [losToMy Bompoc cBoauTCA He
CTOJILKO K CTPOWTE/LCTBY HenpoHHnaeMbIX 3KpaHOB, KOTOpHE He
OMpaBABLIBAIOT CBOEI0 HaszHaUeHHs, CKOJAbKO K YMeHbIIEHHIO ILIO-
majgeldl, 3aHMMaeMBIX COJEOTXOZaMH. DTO MOXKHO AOCTHTHYTH 3a
cueT: a) ceJeKTHBHON oTpaGOTKH pYRCHOCHOH 3anexu; 6) 3a-
KJ1aJKH BHpaGOTaHHOro NMpOCTPAHCTBA COJIEOTXORAMH; B) YBesHue-
HUSl BBICOTH COJIeOTBAJIOB;, ') COBMECTHOTO CKJaAHpPOBaHHUS TaJH-
TOBBIX OTXOROB M TJIMHHUCTHIX IIJIaMOB; A) CTPOHUTENLCTBA LUJIaMO-
XPaHWIHIL HA COJe0TBaJax; €) CKJAAAMPOBAHHA rajJUTOBHX OTXOJOB
Ha yuacTKax CTaphix waamoxpanuum (9]
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KOHTPOJIBHBIE BONNPOCHI

1. Kakue reosioruyeckue INpolecchl BO3HHKAKOT Ha OTKPHTHIX paspaGorkax
110J, BJAHJHHEM TEXHOTEHHOIO BO3AZEHCTBUA?

2. Kakne cyilecTBeHHbE H3MeHeHHS TeoJorHYeckux yenoBuil (penveda, rop-
HBIX 1OpoJ, NPHPORHBIX BOAR) IPOHCXOAAT Npu DaspaGoTke MecTOPOXAeHHH OT-
KPBITBIM crocoGom?

3. Ilouemy npoucxopsT omnodsuu Ha Goprax Kappepo? HasoBute OcHOBHbLIE
BHAH fedopManuii Ha Ooprax KaphepoB H OTKOCAaX OTBAaJOB.

4. B ueM OposBifeTcs BJHAHME NOA3EMHHX BOJ Ha BO3HHKHOBEHHE H pas-
BHTHE OIIOJI3HEBLIX SBJICHHI?

5. Kaxkas reodoruyeckas HHGpOPMAaLHs HeoGXxoxuma JJjis INOCTPOEHHA pac-
yeTHOHl Mozenn Gopra Kappepa?

6. Kaxue cBoficTBa TOpPHBIX [OPOA ONPEHEAAIOT YCAOBHA YCTOHYUBOCTH OT-
KOCOB?

7. Kak olennpaercs BIHAHHe HaGyXaHHd TVIHHHCTHIX NIOPOA Ha OIOA3HeBOR
npouecc?

8. B uem mposBifercs BAHAHME TPEIAHOBATOCTH TOPHBIX NMOPOJA Ha YcTofi-
YHBOCTb GOPTOB KapbnepoB?

I'masa 6
B3AUMOAEACTBUE NMOA3EMHDBIX TOPHBIX PABOT
C TEOJIOTUYECKOM CPENON

Crenu¢uka BzanmMoaeficTBAs ropHBIX padoT, MOA3EMHBIX BuIpalo-
TOK W Ha3eMHBIX COOpPYXeHuH C NpUpOAHOH cpemoi, CYILECTEEHHO
OT/JAHYaeTCss OT TeX B3auMOJeHCTBMHA, KOTOpHle H3YYAaKTCHA B HHKE-
HepHO# reoJ/IOrHH INpH OUEHKe W IPOrHO3e TepJOrHYeCKHX YCA0BHH
JJIst CTPOMTENBCTBA THAPOTEXHHUYECKHX, PPAXKAAHCKHUX, NPOMBILLIEH-
HBIX W ApPYruX coopyxKeHuifl. B cBsa3u ¢ atum ocraHoBuMcs OoJee
noapo0GHO Ha OCHOBHEIX BOIPOCAaX, HMEIOLHX BaXKHOe IIPaKTUYeCKOoe
3HaveHHe B pal0oTe rOpHOro HHKEHepa.

6.1. UBMEHEHHUE FEOJIOFHYECKHX YCJIOBUN
noa BJAUAHUEM NOA3EMHBIX 'OPHBIX BBIPABOTOK

Ilpoxonxa Noj3eMHEIX BHPa0OTOK NPUBOAHUT K PE3KOMY H3MEHEHHIO
HaNpsSIKeHHOro COCTOSIHUS BMellalolUX HX FOPHBIX HOPOJ, UTO IIpel-
cTaBJsieT cO0OH MepBONPHUYMHY BCeX NOCIEAVIOUINX H3MEeHeHUH ecTe-
CTBeHHOH OOGCTAHOBKM M BO3HUKHOBEHHS pas3JHuHbx aBJjeHui. Ilpu
3TOM, B 3aBHCHMOCTH OT THAPOTEOJOTHYECKHX VCJIOBHH H TEXHO.10-
IMH CTPOHTE/LCTBA INOA3EMHLIX COOpYXKEHHH, HapylleHHe MPUPOA-
HOTO HanpsKEHHOro COCTOSIHHA MOTrJ0 INpOM30HTH A0 Hayaja mpo-
XOJKH B pe3yJibTaTe BOZOMOHH3HTEIbHBIX paboT. Onnako, B Jiobom
cJyyae MNPUPORHHE HANPSUKEHHS ONpefensorTcs TeOJOrHMUeCKHMH
YCIOBUSIMH, Kak TpaBHTALMOHHBIE, BO3HHMKalOUIHe MOn HAeHcTBHEM
HAaBJIGHHS! BBIIIEIE€XAMHUX MOPOJ ¢ YYeTOM IHApPOCTAaTHUECKOro Aas-
JeHHs|, WIN KaK 'PaBUTA[MOHHBIE W TeKTOHHUecKue (cM. pasi. 4.1).
®opMupoBanne HOBOro HAMmpPSIKEHHOTO COCTOSIHMS BOKPYr moA3eM-
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HbIX BLIpaOOTOK OUEHHBAETCs METOLaMU TEOPHH YIIPYTroCTH U Hemno-
CpelCTBEeHHBIMH 3aMepamH.

Hanpsi>kedusds B pasauyHeIX TOuKax BOKpYr BHpalbOTKu HpH-
HATO TOKasHBaTh B BHEEe OTHOUleHus yH/R., Ha3bIBaeMOTrc KO03(-
duUuHeHTOM KOHUCHTpauuH HanpsikeHuH, KOTOpHH uMeeT (TeopeTu-
Yeckd) MakcHMa/lbHOe 3HaueHHe, paBHOe 3, Ha KOHTYpe BHPabOTKH
npHu 6oxkosom pacnope E=0 (6espacnopHasi cpena).

Taxum o6pa3oM, BOKPYT ropHblXx BHPaGoTOK 0oOpasyercs 30Ha
ONMOPHOTO JAaBJEHHUs, KOTOpOe OlleHWBAaeTCs ABYMS KOJHUecTBeH-
HEIMH 110Ka3aTe/sIMH: BeJHUMHON BO3HHKAIOMMX HampsixKeHuil (xo-
9 HUHEHTOM KOHWEHTpauHHu) U pa3MepaMu B NPOCTpaHCTBE., ITH
IOKasaTel#l 3aBUCAT OT MNPUPOLHBIX H TeXHOTeHHHX (akToOpoB,
Cpeld KOTOpPBIX TOPHble NOPOABI, eCTeCTBEHHOe HaNps:KeHHOe CO-
crosuue, GopMa, pasMepH H B3aUMHOe BIUSHHE TOPHBIX BHPabOTOK
3aHUMaT ocoboe Mecto. B cBA3M ¢ 3THM TOUHOCTD M HageXHOCTb
onpefeseHHs UX HeBHICOKad,

M3 anamuTuueckux pellleHHH H3BeCTHO O TOM, YTO Ha paccrosd-
Huu GoJlee Tpex pagMyCcoB BHIPaOOTKH NMPaKTHUCCKH MOXKHO IMipeie-
6peup M3MEHEHHAMH HANpPSXKEHHOro cocTossHudA, 60 OHO COCTaB-
nsier He Gosee 10 %. M3sMmepeHus, npoBegxeHHHle B yroJbHBIX lIax-
Tax ¥ NOA3EMHHEX PYRHHKAX, MOKAa3HBAKT, uTO, KaK KO3pdHUHEHT
KOHUEHTpAuMy, TaK H pasMepsl 30HBE ero MNposBJCHUS U3MEHSAIOTCSH
B 3HAUNTEJbHHIX JHANa30HAX, He MORRAMIMUXCA TOYHOMY [PO-
rHo3y. Hampumep, aasa yenosuit Houb6acca, B. JI. Cepxkerckuii
CUMTAET, UTO MAKCHMaJ/bHOe HOpMaJbHOe HanpsiKeHHe BOKPYT OAM-
HOUHBIX T'OPHU30HTaNBHHIX BHPalGOTOK cocrapaser (2,6—2,9) vH,
a TpH HallMYUu BJIHSHHS OUHCTHBIX pabot (4—HB) yH.

A. A. Bopucos [3] mo naHHHIM HaTYPHHIX HalJofeHWii U Mojme-
JUPOB2HHUA 3KBUBAJIEHTHEIMH MaTepHajaMmu [OKas3aJj, 4YTO fapa-
MeTpsl OHOPHOTO JaBJeHHs H3MeHAIOTCH B UIMPOKHX [ipexenax
B 3aBHCHMOCTH OT CTPOEHHS U CBOHCTB NOPOA KPOBJH H NOUBH, pas-
MepOB BBIpaGOTOK, CHCTEMH pPa3palGOTKH, CKOPOCTH HOABHT2HHA
OUYHCTHHIX pafoT, rAyOHHH 3axBaTa U T. K. MakcuMasbHBIe 3Haye-
HU OMOpHOro pamjeHus pocrturawt (1,5--5) yH, paccrosinue ot
32605 70 MakcuMyMa fAaBJleHus uaMerserca oT 0 go 15 M u Gojee.
H. A. TypuanunoB [27] pekoMeHAyeT MakcHMaJbHOe 3HaueHHe KO-
s duunenTa KOHUeHTpauuu 2,75 W WHPHUHY 30HH BAHAHHUA — 3,3 R,
rze R — paguyc BupaboTku. Bce 3TH faHHHE OTHOCATCS K MECTO-
POXAEHHAM, Tae HeT AONOJHHUTeJbHHX TeKTOHHUECKHX HalpsKeHuH.

HekyccTBeHHBle 0GHAXeHHS TOPHHX MOPOJ M KOHIEHTpauus Ha-
NpsiKeHHH B HUX BOKPYr BHIpabOTOK OmpefessioT Xapakrep U Mac-
wrtabs HacTyHamollUX H3MeHeHuH, Oe3 3HAHHUA KOTOPBIX TPYAHO
IPOTHO3HUPOBATEH VCJOBHA YCTOHUHBOCTH COOPYXKeHHH H pasiHuHble
SIBJIGHHS], CONYTCTBYIOIIKE FOpPHEIM paBoTam. HelicTBHTeNbHO, KOTHA
JAeal0TCs MOMBITKY KOJHYECTBEHHOH OLieHKH YCTOHUMBOCTH KPOBJH
UM TO4YBH [OA3EMHBIX BHPAaGOTOK [O AAHHBIM Te0JIOrOpasBefod-
HEIX HCCledOBaHHH, HEeTOYHOCTh M HeHafeXHOCTh INOJydYaeMHX
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pe3y bTaToB uyacTO OOBACHAETCS HECOBEPLICHCTBOM METOAOB OUEHKH,
HETOYHOCTbIO pacYeTHbIX CXeM H pacyeTHbIX IIoKasaTesed u T. A.,
K KOTOpbIM cjenyer A06aBHTh He3HAaHWe W HeyyeT Tex H3MeHeHHH
COCTOSIHMA TOPHBIX TNOPOJ, KOTOpBlE BO3HHKAWT BOKPYr BbipaboTOK
¥ IOArOTaB/JIMBAIOT YCJHOBHMS AJS pas3iuyHbix ssiewuf. Cpemu HHX
HauOoJblllee 3Ha4YeHHe MMEIOT: HCKYCCTBEHHas (TeXHOreHHas) Tpe-
LW HHOBATOCTh, DPACCAOCHHE MOPOA KPOBJHM, HabyXaHHe TIJIHHHCTBIX
OpoJ U MOPOA Ha IVIMHHCTOM LEMeHTe, pasMsirieHHe MOPOJA Ha Kap-
60HaTHOM M TJIMHHUCTOM HE€MeHTe, OTTaNBaHHe MeP3JblXx MNOPOJ, HU3-
MeHeHHe XMMHUYECKOr0 cOcTaBa MOpoJd H HOA3eMHBIX Boj. Bcee atn
TeXHOreHHHIe H3MEHEeHHs MOXKHO CcUMTaTh p3yJbTaTOM TeXHOT€HHOIO
BHIBETPUBAHUS [0 BJHMAHHMEM HOBOI'O HAMpPAXKEHHOIO COCTOSTHHUSA,
B TOM yHcje H OT OypoB3phiBHEIX pabor (BBP) u obopyioBanus,
Noja3eMHbIX (IIAXTHBIX, PYAHUYHLIX) BOJ M IIAXTHOTO (PYAHHYHOTO)
Bo3ayxa. Hapsany ¢ s1uM n3meHseTcs peXXHM MOA3EMHBLIX U MOBEpX-
HOCTHBIX BOJ.

B koHeuHOM HTOre HalpsKeHHOe H (DHU3NHYECKOE COCTOSIHME Top-
HBIX TOPOA BOKpYT BRIpa0OTOK omlpepessieT xapakKTep W Macuitalwl
TOPHOTO NaBJeHHs, KOTOPOe MOXKHO paccMaTpHBaTh KaK HEKOTOpOe
u30BITOYHOE AaBieHue MeXAy BeJHUYHHOH NeHCTBYIOILEro Hampsxe-
HHs U NPOYHOCTBIO MOPOJ [0 OMNpejesleHHOH Mjouagxe Aedopmu-
poBaHus$, AeficTBylolllee Ha Kpelb (IPH HAAHYUH TaKOH) HJH BBI3bI-
Balollee pasJjuuHble nedopMaunun KOHTYpoB Bmlpabortku. Orciofa
JOTHYHO BO3HHKaeT M BONpPOc 06 ycTOHYMBOCTH MOPOA, MOJ KOTOPOH
IOHUMAIOT COXpaHeHHe MePBOHAYAJTLHOTO HX TMOJOMKEHHsS BOKpYT
BHPabOTKH B KOHKpeTHO!l ropHo-trexHndeckofi obcranoske. Kpure-
puil OLeHKH YyCTOHYHMBOCTH — BeNHYHMHA CMEIeHHs KOHTYPOB Bbipa-
OOTKHM ¥ AaBJeHNs Ha Kpellb. B MexaHuKe IpyHTOB cylecTByer fio-
HTHEe «OTOJ3HeBOe [aBJeHHe», NpPeACTaB/IAONIEe DAZHULY MEX1y
CYMMO# CABHralOIHX H YAEPXKHUBAIONMX CHJ N0 ILIOCKOCTH (MO-
BEPXHOCTH) CKOJIbXKEeHHS OINOJI3HEBOTO Tejda MM Ha KaKOM-TO yua-
CTKe €e, T. €,

Pon= 2T 1—3, (Ni tgoi +cily),

rae T; u N;— KacaresnpHas U HOpMaJjbHasi COCTaBJsIONHE Beca MO-
pOA pacyeTHHX 6/0KOB, OMUPAIOIIUXCH Ha IJOCKOCTH CKOJbXKEHHS;
C; U @-— CHElJIeHHe W TPeHHe TOpPHHEIX MOPOJ B OCHOBAHHM pacHer-
HBiX GJIOKOB gJHHOH ;.

ITo aHajOrupm ¢ 3TUM MOXKHO, HalpUMep, ONMPEAeNHTh PasHHLY
MeX 1y HOpMaJbHHIM HalpsXKeHHeM OT Beca BuIleNeXauHux MOPoJ,
paccyuTaHHHX C yueToM Ko3(h¢HiMeHTa KOHUEHTPAUUH U Mpoy-
HOCTBHIO TOPOJ Ha OAHOOCHOE cxKaTHe (¢ yyeToM MaciiTafHoOro s¢-
jekta), 1. €.

Ap=K'VH——'Rc.
Hs srtoro caenyer, 4To BeJAHYHHA TOPHOro JaBJjeHust aBJIsAeTCS

HellOCTOSIHHOH M BO MHOTOM 3aBHCHT OT MPOYHOCTH NOPOJ HJIH TO-
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JE3HOr0 HCKOHAaeMOoro, H3MeHsoulefics mojx BAUAHHEM TODHBIX pa-
So.

HckyceTBeHHAs TPELIMHOBATOCTh, GOPMHPYIOILAACH BOKPYr rop-
HHX BRIpabOTOK, Hab100a0Ch H AOKYMEHTHPOBAJ ach MHOTHMH aB-
TopamMu (reosoraMu, Mapkillefinepamu, ropuakamu). B. JI. Csep-
3KeBCKHH [23] npen10kua Ha3BaHWE «TPEIMHEl TOPHOTO AaBjeHHS>,
TeM CcaMBIM OIpeje us OPUYHHY uX BO3HMKHOBeHus. Ilo pesyasra-
TaM cBoux HaGnwomeHu# B maxrax Honbacca Ha ray6uHax ot 150
20 1000 M oH cmenaJ BHBOJ O TOM, YTO HCKYCCTBEHHEIE TPEILIUHEI
B Yrisfix U BMEINAIOIIUX a/]eBpO/IHTaX, NMecYaHHKAX M aprujajuTax
o0pasyioTcst B YCIOBHAX KOrZa HX NPOYHOCTH MEHblIe NaBAEHHS OT
BHIIe]eX aIUX TOPOA. DTH TPellUHE XapaKTepH3ywTcs PSAOM 0OCOo-
GenHocTel, 0 KOTOPHIX UINa peys B ra. 2.

I'avHucTee TOPOAL H NOPOAL HA TAHHHCTOM LIEMEHTe [OJ BJHS-
HYeM pasrpy3Kd M JONOJHHTENBHOTO yBJaKHeHHS PasylloTHSITCS
H B TOM cJydae, KOrja 3aJjeramoT B HellOCPeACTBeHHOH MnouyBe H
KpOBJle HJH BXOAAT B COCTAB NPOMBILIJEHHOTO NJacTa U B HHX CO-
3J1aI0TCA HCKYCCTBeHHHEe oOHaxkeuus. HMameHeHus uX COCTOSHHS
IPONCXOAAT JAOBOJBHO OBICTPO, M B AafpHefllleM HMEHHO OHM OIipe-
IeJAIT YCTOATHBOCTL BhIpabOTOK, NaBJjeHHe Ha Kpellb, XapakTep U
HHTeHCcUBHOCTh Jedopmanuifl. Kak nokasnBamT Habnaio0aeHNs B IOA-
3eMHBIX BolpaboTKax, AeopManMu MNOPOA TNPOSIBJAAKOTCS B YCJO-
BHAX, KOTOpBIE MO MPOTHO3HHM OHEHKaM (C yJYeTOM ecTeCTBeHHOH
npoyHocTn) OblIM BhIAEJNeHB! KaK 6aaroflpHATHHE, a BRIPa6OTKH —
YCTOHYUBHIE.

ITpuBenem nmpuMep ONEHKH HU3MeHEHHS COCTOSHHSA IJHH BepxHe-
IOPCKOTO BO3pacTa, 3ajerapilidx B TOYBe NPOMHILITEHHOTO HJjacra
Ha Kamnupckoi#i caaHneroii wmaxre. B ecTecTBeHHOM COCTOSHUH
[JIMHBl  TOYBBI  XapaKTepU3yiTcsd BHICOKOH mnaoTHocThO (2,1—
2,2 r/cm®), Huskofl BaaxHoCThIO (15—17 %) u smayuTesbHOH mpoU-
HOCTBIO (CONPOTHBJIEHHMEe OAHOOCHOMY CXKATHIO cocrasiser 6—
8 MIla). Conepxanue rianHucTO#l (Dpakuuu uameHsiercss ot 10 mo
25 %, muiaesatoli — ot 60 go 75 %: uMeercs 60JblIOe KOJHYECTBO
KapOOHaTOB, KOTOpHE CO3AI0T HEMEHTAaNHOHHHIE CBA3H. ¥YBJaaXKHe-
HHUe PJUHHCTHIX NMOPOJA MHPOMCXOAMT 3a cueT LIAXTHHIX BOJA, KOTOpHE
dhopMHpYIOTCA B pe3dyiabTaTe NPOTEKaHHA BOAH H3 BeipaboOTaHHOTO
NpoCcTpaHCcTBa cOcefHell WIAXTHI M APEHHPOBAHHS UIAXTHLIM CTBO-
JIOM BhllllesieXkaliyuX BOJOHOCHHEIX KOMMJekcOB. [To KojuuecTBY OT-
kayusaemoll Boasl (oKoJ0 35 M3/4) WIAXTy CJjefyeT OTHECTH K Npak-
THYeCKH HeOOBOJHEHHOH, ONHAKO, AJS [AOTOJHUTEJLHOrO YBJIAXK-
HEeHHsA BOJB 0Ka3al0Ch AOCTaTOUHO. M3MeHeHHe COCTOSIHHS TJIHH
B MOuYBe BHpPalOTOK NPOHCXOAUT ¢ Pas3HOH IHHTeHCHBHOCTBIO B TO-
PH30OHTAJBHOM M BepTHKaAbLHOM HalpaB/JeHHAX B 3aBHCHMOCTH OT
671M30CcTH HMCTOYHHKAZ YBJAaXXKHEHHS M «Bo3pacTa» BelpaboOTOK.

O6pabotka pe3y/IbTaTOB HHXKEHEPHO-TEO0JOrHUecKOH CheMKH
MO3BOJMJAA BHAENHTHL B TNpeaesnax LWIAaXTHOrO f0Js TPH THNa NOYB
10 COCTOSIHUIO CJararUinx UX FIHHUCTBIX TOPOL.
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1. TlouBH HOBHIX BHIPaGOTOK, K KOTOPHIM [IaXTHEIE BOAK! eille He
nogoway (nageHde NPOMBIMIJIEHHOTO IIacTa He3HaUHTEJbHOE, rop-
Hbee paGoTH BeAyTcst MO MajeHH0). 3aech MAMHBI HAXOASITCA B €cC-
TECTBEHHOM COCTOSIHHM, HX BJaxHocTh 15—17 %, a mpounocrs Ha
cxartne 6—8 MI]a.

2. Bropo#i THm noYB XapakTepH3yercss 3HauuTeNbHHM H3MeHe-
HHeM TJHHHUCTHIX NMOpOA. BaaxHocers ux gocruraer 20—25 %, npou-
HOCTb H3MEHseTcsl B IIMPOKUX npepenax or 1 go 5 Mlla, a B pe-
3yapTaTte aedhopManuu TNOSABASETCS TycTas CeTh TPEUIMH pasHoOfl
OpHeHTHPOBKH. V3MeHeHHe ecTecTBeHHOH BaaxHOCTH Habjogaercs
10 tay6unsl 1 », OO6GbIYHO 370 BHIPAGOTKH €O CPOKOM cayXOsl 6o-
Jiee OJHOTO roja, B KOTOPBIX MpoiaeHu BOAOCOOPHMKH H BOAOOTBO-
AAlHe KaHaBKH, KOTOpHE MpexcTaBasior co60# HCTOUHMKH AONO.I-
HUTEJbHOrO yBJaxXHeHHs. Ha yuacrkax ¢ TakKuM THIIOM IIOYBH 1IpO-
HCXOAAT NepBHle nedOpManiy BHAAB/INBAaHNS (NydeHHUs).

3. Tlouswnl xapakrTepusywTcs 060.Jee BHCOKOH BJIaXXHOCThIO, npe-
Buwamwied 25—30 %, UHTeHCHBHON TPemUHOBATOCTLIO H He3HauH-
TeJbHOH npousocTbio — MeHee 1,0 MIla. MaMeHeHHe ecrecTBeHHOro
COCTOSIHUSl [VIMH [OCTHUraeT Ha pas3HHX yyacrkax rayOuHu Go.ee
2—3 m. B nouysax storo tuma GopMEpyercss HCKYCCTBeHHEIH BOIO-
HOCHHI rOPU30HT 3a CYeT MIAaXTHHX BOA, KOTOPBbIA yBJIaKHAET IJH-
HucThle nOpoaH. Ilpomeccn yB/axKHeHus, ae@OPMHPOBAHHSA, Tpe-
mHUHOOOpa30BaHNs U PacCaOeHHs 3AeCb B3aHMOCBA3aHEI H B3aNMO-
o6ycaos.aeHu. OHy HabulofaoTest B HanGoJsee cTapuix BepaboTKax,
pacHosnoXKeHHLIX B CeBePHOH uacTH INAaXTHOrO MOJs, HaxOASLIerocs
NMoa BO3jedcTBMEM BOA, NepereKamiiux ¢ oTpaGOoTaHHOIO [po-
CTpaHCTBa cocepgHell WaxTel. K 3TOMY »Xe THOY OTHECEHH H MOYBH
BLIPa0OTOK Ha yuaCTKe OKOJOCTBOJLHOTO ABOpa, KOTOPHE Haxo-
AATCS MOA BO3AeHCTBHEM MOA3EMHEIX BOJ, APEHHPYEMHX MIAXTHHEIM
CTBOJIOM M BOJ UeHTpaJbHOro Bogoc60pHHUKA.

Onenka GHU3HuECKOTO COCTOSHUS M CTelmeHH PasyNnpOUYHEHHS IVIH-
HHCTHIX NOPOJ, 3a/eraloiix B [OUBe NOA3EMHHIX BHIpalOTOK, gana
BO3MOJKHOCTh MpPOBECTH pafiOHHPOBaHHe [IAXTHOrO MOJS IO CTe-
MeHH yTPOKAEMOCTH HApPYUIEHHS YCTOHUHBOCTH 32 CUeT MYyUYeHHS.
Taxum o6pa3oM, oueHKa ycJOBHH YCTOHUMBOCTH BhipaGOTKM M KJac-
cipUKanud TAMHUCTHIX TOPOJ 0O CTeNeHH NyyeHHs Ha OCHOBe HX
eCTeCTBeHHOH NpPOYHOCTH HeJbh3s MPH3HATL HeHajgeXHHMH. Maso
TOTO, MO pesyipTaTaM [AxXTHHX HabJdOgeHHH H HCC/IeZOBAHHH
MOXHO CAeaTb BHBOA O TOM, UTO HapylleHHe yCTOHYHBOCTH MOA-
TOTOBUTEJLHBIX MOJA3EMHBIX BHIPaGOTOK NPOHUCXOAHT Yallle B CBSI3H
C M3MeHEHHeM COCTOSIHHS M CBOACTB BMelJalomuX IMOPOA H JoJies-
HOTO HCKOMaeMoro B pe3ysbTaTe HX B3alMOAEHCTBIST ¢ TOPHBIMH
paGoraMu (nmox BAWSHHEM HOBOTO HANpPSAXKEHHONO COCTOSIHHSA H
MAaXTHHX BOA). DTH M3MEHEHHsd, MO CBOEMY yuyacTHIO B ofuiem 6a-
JMaHce ycrofunsocTH BuIpaGOTOK, HepekPHIBAIOT BJIHSIHNE HETOUHO-
CTH pacueTHHIX cXeM, HeNOJHOTO yyeTa pEOJOTHYECKHX CBOMCTB,
a TakK¥Ke HEeKOTOPHX TexHO.1orHueckux (akropos. Bce 310, B KOHEuU-
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HOM HTOTe, YKa3hBaeT Ha PpelIAILYI0 poJdb MepONpHATHHA, Ha-
npaB/JIeHHEX Ha cOXpaHeHue INPHPOAHOrO COCTOSHHS BMELIAIOMHX
HOPOA B NMepHOJA CTPOUTEJ]bCTBA H SKCIYATauHu TOPHHIX BrIpabo-
Tok. CBoeBpeveHHoe 0o0jerueHHOe KpelsieHHe H OTBOA MOA3EMHHIX
BOJA A2I0T 3HauHTe bHH i 5P(exT B 3TOM Hanpas.JIeHUH.

H3meHeHne cocTara, COCTOAHHA M CBOHCTB MOPOJ, BMEIAIOUIAX
ropHble BHpPaGOTKH, MOJA BJAHAHHEM TOA3€MHHIX BOjJ MIPOHCXOAHUT
elle B pe3ysabTaTe PacTBOPeHHs U BeIIIEJIaYMBAaHHA BOAHODPACTBO-
PUMBIX COeJVHeHHH, a TaKXe MeXaHHUYeCKOr0 BhlHOCA OTHAeJbHHX
yacTHy (cypdosus). 1o ocoOGEHHO BAXKHO AJisl 3aCONEHHHX H COJe-
HOCHHIX IIOPOX, COJISIHHIX MECTOPOXKAEHHH, a TakXe A PHIXJHX
HecBA3HHX 00,J0MOYHBIX OTJOKEHHH.

6.2. FTEQJIOHYECKHE SABJAEHUA
B MOA3EMHbLIX BBIPABOTKAX

B ropHoit ¥ reosoruueckoi JuTepaType AeTasbHO paccMaTpHBa-
I0TCA  gBJEHHs, BO3HHKAOIIHe B pe3yabTare B3aHMOJAEHCTBUA
rOpHEIX paboT ¢ BMeILawILel cpelOd, naercs Pa3HuYHOE HX TOJIKO-
BaHue, KJ1acCH(MHKALHUH, ONEeHKH W NMpOrHosbl. MHOTHe aBTOPBHI CuH-
TalOT HX pe3yJbTaTOM TOPHOTO [QaBJeHHs, Apyrue Ke paccMaTpH-
BaloT 00J/ee HMIMPOKHI KOMILIEKC sABJEHHH, KYAa BXOAAT H pedopMa-
UM FOPHEX NOpPOA TNOJ BO3AeficTBHEM rOpHOTO AaBJjeHHd. SIBJeHusd,
BO3HHKAIOIINE TOR BJIHSHHEM [AaBJeHHUs FOPHBIX IOPOJ, Ha3blBaIOT
No-pa3HOMy: TreoJIOTHUECKUMH, HHIKeHepHO-Te0JOrHYecKHMH, TOpHO-
re0JJOTHYeCKHMH, MEXaHHUYeCKMMH H MNpocTO aedOpManHsiMH, BHS3-
BaHHBIMH rOPHEIM JaBJeHHEM.

HauanoMm cucreMaTuueckoro u3yueHHs SBIeHHH, CONYTCTBYIO-
WHMX TrOPHHM pafoTaM, MOXKHO CYHTarb IIOC/IefHIOI0 4YeTBepTh
XIX 8. (K. Tpumnax, 1875; T. Pomanosckuii, 1898), Ho ocoboe
BHUMaH¥e OHH CTa.1M NpHBJIEKaTh B Havase Hawero Beka (B. M. Bo-
gkuit, 1903; M. M. TIporogssixonos, 1907; I1. M. JleonroBckuii, 1912,
1913; 1 ap.). OcHOBHEIMH OObLeKTaMH HcCAenOBaHUi W Halbuawone-
Hull 6ulnH «0Opymienns W ocenaHus mopoa» Ha maxrtax JloHGacca
n pyannkax Kpuporo Pora. ['0opHO-reo.TOrHuecKMMH ABJEHHAMH
I1. H. Iauwokos B 1956 r. Ha3Ba.l COBOKYNHOCTb Pa3HOOGpasHBIX
BUAOB gedopMamuil Nopox B rOpHBIX BHPaGOTKaxX, BO3HHKAIOLIMX
B HayaJje B HeNOCPeNCTBEHHOI G6JM30CTH OT HCKYCCTBEHHOro obHa-
JKeHHd, a 3aTeM paclpocTpaHsAomuXcs B r.1y6b MaccHBa.

Cpenn HanGosee BaXKHBIX sBJI€HHH, BOBHHKAIOUIHX B IOJA3E€MHBIX
BHpaborkax, TOrAa e ObliH BbACJEHB: OTHKHUM yras, NydeHHe,
TOpHble yJnaphl, BHe3anHule BRIGPOCH Yyras U rasa, CABHKEHHE rop-
HBIX TI0pOJ, TPOPHBBHI IIBLIBYHOB H nNoa3eMHBIXx Bojx. Haspanue
«TOPHO-TEQJIOTHYecKHe SABJEHHA» HMeeT OAHY OueHb BaXXHYK OCO-
GeHHOCTb: OHO OIpeAensier NPHYPOUCHHOCTh SIBJICHHHA K TrOPHBIM pa-
6oram. B Ta6.1. 40 npuBogutcs MOC/JeRHsI KJIacCHbHKAUUs 3THX
spaernii [1. H, ITanoxoBa NpHMEHHTENLHO K YroJbHBIM LIAXTaM.
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Tadnuna 40. Knaccuukauusa ropHo-reoioruveckux spJeHHH npH nopseMHof
pa3paGoTKe yroJbHbiX MecTOpoxaeHul, no M. H. MManwKopy

I'pynna

aBaeHER [TpHuYHHH BO3HUKHOBEHHS Bua nposiBnexns

1. Tpasura- | IlposiBaenus ropHoro Aap- | Pasnuunsie (OpMEI CHBIMKEHHI TODHBIX
IIHOHHBIE JeHH s nopozn

HedopMallil  Nop3eMHmX  COOPYMKeHHH
(BLIPaGoOTOK, WEAUKOB H 1Ip.)

ITyuenne NMTHOULUEPOBAHHBIX IVIHHU-
CTHIX NOPOJ

OTXHUM [I0POJ B 30HE ONIOPHOTO AABJACHUS
Topube yaapst

Buesannsle BHMGpocH YrofpHOH MBIM H

rasoB

Jedopmallin NOPoAHBIX OTBAIOB
1. Tuapo- Hapymienne rugporeosio- | QHILTPallMOHHBIH BBHIOP
QUHaMuYe~ TMYECKOTO DEXHMa TIpopHIBEI NOA3EMHBLIX BOA M TIBIBYROB
CKHe Cy(hdosnoRnNi pa3Mbis mOPOL,

JlenpeccHolube neopMallHi OpOJ B 110~
JI¢ BOROTOHMKeHHUS

I11. Tugpo- | Hapyumenne BinaxHocrHo- | BumeraunBanue JIErKOPacTBOPHMBIX
XHMHYecKHe | ro pexmnMa, XHMHYECKOro | mopoj

COCTOfIHUA NMOPOBOA Bozw! | ITyueHHe TVIMHUCTBLIX Ilopoh NpPH HX Ha-
H MHHEpaJpHOTO cocTapa { 6yXaHHU

nopon, IlposiBnieHHe THKCOTPONHBIX CBOHCTB HC-
THHHBIX IIBIBYHOB

IV. Teorep- | Hapymenne TteMunepatyp- | Ilebopmalllist TOPHbIX NOPOJ IIpH HX 3a-
MHYecKHe ROTO PEXHMa rOPHHIX 110- | MOD&XKHBAHHH HJIH OTTaHBaHHH

poa

Kak Buauo u3 ta6.1. 40 u kak NMOZUEpKHBAJI CaM aBTOp, HaH-
6osbillee MpaKTHYECKOE 3HAYEHHe MMeeT [epBas rpyliia sBJIeHHHT —
rpasuranuonssie. M. B. Ceiposarko 8 1960 r, a mnosxe H
B. B. Cvupuos [4] oTHecqM X TrOpHO-TeO/JOTHUECKHM TOJLKO sBJe-
HUSl TepBOH rpynnel. DTH aBTOPH AAKOT AETAJbHOe ONHCAHHE BbI-
JensieMbIX UMH ABNeBHH Ha npuMepe pas3palOTKM YroJibHBIX MECTO-
poxpenunit. ITpu paspaborke pyaHbx MecropoxieHuf ocofoe 3Ha-
yeHHe HMEIOT ABJIEHHUS, CBA3aHHbe ¢ xedOpMaUHsiMH TOPOA KPOBJH,
pexe-—I0YBL, 4 TaK¥Ke TOpHHE yAaphbl, CTpe/sHue, BOAHBIE MPO-
PHIBHL

TopHo-reonornueckne sBjeHHs B MOA3EMHLIX BrIpafoTKax pac-
CMaTpuBaloTca ¢ 6OJpIIOH ZETATbHOCTHIO B CHEnMaJbHHX Kypcax
(MexanuKa TrOPHBIX IOPOR, CTPOUTEJLCTBO IOA3EMHEIX COOPYKe-
HUA ¥ Ap.), MO3TOMY 3xech Mbl 0ojee MOAPOOHO OCTAHOBHMCS Ha
TeX U3 HHX, KOTOpPble HMEIOT NOAYepKHYTO re0.I0rHueckylo MPHPOAY
1 BecbMa TPYAHO H3Y4aIOTCH U TIPOrHO3HPYIOTCS,

HaunGonee cI0XHEIMH H MHOrO(GaKTOPHBIMH MOXKHO CYMTATh BHI-
ZaBjUBaHHE TOPOX IIOYBLI KAaMHTAIbHBIX M IMOATOTOBHTEJBHBIX BH-
paGoOTOK, BHBAJbl MOPOA M3 KPOB/M OUMCTHBHIX 3aoeB (pexe NOA-
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FOTOBHTE/IbBBIX BHIPaBOTOK), NpPOpHIBH BalOPBhIX BOA, MNJABIBYHBI,
FOpHBle yjaapsl, crpejsigue. ITH ABJEHHS BO MHOTOM ONpejeJisiioT
Xapakrep KpelJieHHst U MepONpUATUH MO OXPaHe ropaHX Bbipalbo-
TOK. OHH 0Ka3blBaIOT HEMOCPEACTBEHHOE BIHARUE Ha ycaoBHs 06e30-
TIaCHOCTH TOPHHIX PaboT, Ha MPOH3BOAUTENBHOCTL MOPHO-TPARCIOPT-
HOro 000pyAOBanUSl U cebeCTOMMOCTH OpPOAYKIHM, a TaKXe Ha Ka-
YeCTBO M IIOJHOTY BBIEMKH NOJIE3HOTO HCKOIaeMOoro.

I[Tyuenne (BngaBi1uBanHE) MOUBH FOPHHX BHPaGOTOK Hal.ro-
AaeTcs MOYTH HA BCeX YroJbHeIX IIAaXTax X BO MHOTHX MOA3EMHBIX
pyanukax. Tax, B [onbacce oBo orMeueHo B 54 0, imrTpexos, Haxo-
JASAIMHXCS B 30HE BJMSHHS OUYHMCTHHIX BHpaboTok, B Kysdacce —
okono 27 %, a B ITeyopckoM yrosbroM Gacceline — Goaee 17 % [4].
Boabiioe pacnpocrparenne Nnyuenue NOuBH UMeeT Ha waxrax I10gx-
MOCKOBHOro GaccefiHa ApremoBckoro ([lasieruit Boctok), Axammnx-
ckoro (Kaskas), Kusuia-Kuiickoro u Amnrapedckoro (Cpeansis
Asus) mecropoxxpenuil. OTMedaloT BHIaBJHBaHue nopogs Ha He-
KOTOpHIX MOA3EMHLIX pyaHukax. Ha JuKBUAAuMio mocneacTBuil my-
YeHUs Ha MIaXTax pacxXoayroTcs 0oJbliMe MaTepuaJinHbie CPeacTBa
H JI0J1CKHe pecypcel. PeMOHT u nojpmep:Kanue ReipaGoToK ¢ Myua-
IHMH TIOYBAMH COCTaBJIsleT 3HAUMTEJLHYIO A0JI0 pafoT Ha YroJb-
HEIX MaxTax, ONEeHHBAEMYIO B MHU.LIMORAX PYOJef B rog AJS HEKO-
TOpHIX OacceiiHOB cTpaHu. B cootBeTcTBHM € ONpenenenHeMm B Tep-
MHHOJIOTHYECKOM caoBape «['OpHOe gesn0» MOz myueHHeM TCOPHBIX
MOPOA CJelyeT MNOBHMATh BSI3KO-IJIacTHUECKOe TeueHHe B BHAE BHI
RaBJMBaHUS B BHpPaOOTKy Mom jeHCTBHEM TOPHOro gaBJeHHS,

IMyuenue nposasJasiercs yallie B MIMHUCTHX [Opogax, HO B CBA3U
c pocroM rayOHHE pafoT B 3TOT NPONECC BOBJEKAIOTC M DoJee
IPOYHHE PasHOBHAHOCTH OCAJOUYHHBIX NMOPOA: MECYAHUKH, IIAMHUCTHE
H yrJucTHe cJaHus!, aneBpoaursl. OCROBHAS NPHuMHA BO3HUKHOBE-
HUA pedopMauuii B NOUBe TOPHHX BHPalOTOK — 3T0 HecOOTBET-
CTBHE TPOUHOCTH NOPOJ HOBOMY HANPSIKEHHOMY cocTosigHio (OfOp-
HOMY RaBJeHHI0), GOPMHUDYIOLEMYCA NIPH NIPOXOaKe AAHHOH BHIpa-
GOTKM HJH [PH JONOJHHUTEJTbHOM BO3aefCTBHH cocegHeli, ualie
BCero ouncTHOH BeipaGorku. OTcioga cpasy MOXKHO caejaTs BHOJIHE
OfnpexeneHHHH BHBOZ O TOH 3HAUHTEJLHOH CJA0XKHOCTH OleHKH H
IPOTHO3UPOBAHUST NYUEHHUs, KOTOpast OT/HuYaeT H3yueHHe 3TOrO SB-
JeHust OT MOFOOHHIX eMy $SIBJEHHH B OCHOBAHMgX pas3JHUYHBIX CO-
Opy:KeHuM.

C ogmHONl CTOPOHH, 3Ta CJOXKBOCTb CBSI3aHa C HeOMpejeneH-
HOCTBIO OUEHKH (KOJMUECTBEHHOH) HamnpsKeHHOTo cocrosiiua. I1po-
OsneMa OMOPHOTO pgaBjeHHs (BelHYMHa, 30Ha paclOpOCTpPaHERHS,
JUHAMHKa GOpMHPOBAHUS H U3MEHEHHS H T. [.) HEeJOCTAaTOUHO H3Y-
UeHa, RaXe B OTHOCHTE/NLHO IPOCTHIX FEOJOTHUECKUX YCIOBHSAX, rIe
HMel0T MeCTO TOJBKO rpaBUTanHOHHBIE HanpsixeHus. C apyrofi
CTOpOHH, B Obuem Ganance YCTOHUMBOCTH IIOUBLI yYyacTBYIOT NpOY-
HOCTh TOJILH HEOZHOPOAHBIX, CIOHCTHIX M TPEIMHHOBATHIX NOPOJ,
o0a1axaomux OpHPOAHOH HM3MEHUHBOCTBIO H TOJBEPKEHHHIX H3Me-
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HEeHHSIM B NPOCTPAHCTBE W BO BPEeMEHU B HOBBIX TEXHOI®HHBLIX VC-
JIOBHSX.

K 310My Hano n06aBHTb BJHAHHE KpeIJeHHs BhIpaGOTOK, Ko-
TOpOE Ipe/lHa3Hayaercst A/ YIPaBJeHHsl FODHbIM JaBJjerHueM. 110
JauHLIM, npuBeleHHHM B pabore M. JI. Uepnaka [29], moxno y0e-
JAHUThCS B TOM, YTO H4 HEKOTOpHX uiaxTax JloH6Gacca oxko.ao 90 Y%
3aKPENJICHHbIX WTPEKOB B 30He BJHAHHA OYHCTHHIX paboT Ha T.y-
Onrax 500—800 m medopmupyertcsi, O poJin KpensneHHs B H3MEHeE-
HHH MaciuTaboB U AMHAMHKH OYYeHHS MOMXHO CYJAHTb 10 H3MEpeH-
HHIM BeJMYHHAM JaBJjleHHs NeDOPMHPYIOLIMXCS NOPOJA HAa Kpenb
NOArOTOBATE/bHEX BHPAOOTOK BHe 30HH BJHAHHS OUYHCTHHIX pa-
6or, KoTopmie BapbHpyloT B npexenax or 0,02 o 0,8 MIla xasn
raybokux waxr Joubacca.

Xapaxrep, macwitabpl H HHTEHCHBHOCTb NyuYeHHsi NOPOJ NOUBHI
3aBHCAT OT 0OJBIIOro Yucna (HakTopoB, KOTOPble HMEIOT r€O0JOrH-
YecKYIO HJ/IH TeXHOreHHYI0 NPHPOAY.

Cpean reosoruyeckdx (paktopos Haubo/ee CyLlecTBEHHLIMH
ABJAsIOTCA: 1) reoJoruyeckoe cTPOEHHE, NUTOJIOTHS U YC/AOBHs 3aJle-
ra"Hs NOJE3HOr0 HCKONAEeMOro H CMeLAIolIUX FOPHBIX NOPOJ, MOLI-
HOCTb W BBIIEPXKAHHOCTb OTHENBHBIX cJ0eB; TeKToHuueckas obpa-
6oTKa, maneopeabed H cOBPeMeHHAass THICOMETPHs IIOYBbLI HpO-
MBIIJIEHHOTO NJjiacTa, F1y6HHA 3ajeraHHs MOJE3HOro HCKONAeMmoro;
2) coctaB, TeKcTypa, CTPYKTYPa ¥ CTPYKTYypHble cBS3H TNOJE3HOro
HCKONaeMOr0 H BMEIIAIOWIMX NMOpPOJA; 3) FHAPOreo/IOrdyeckHe ycJo-
BHsSI MECTODOXKJeHHsl (IIAXTHOrO noJs), oOBOAHEHHOCTb, BOAONPO-
HHLLaeMOCTb, MOILIHOCTb BOJOHOCHBLIX T'OPH30HTOB, BEJMUHHH HAINO-
pOB, cOCTaB MNOJ3eMHHX BOJ; 4) (H3UKO-MeXaHuUeCKHe CBOHCTBA
N0JIe3HOrO HMCKOMAeMOro ¥ BMellaolHX MOPOA; BJIAKHOCTb, NJOT-
HOCTb, TPELHHOBATOCTb, BOJOYCTOHYHBOCTb, TENNOEMKOCTh, TEMIIe-
paTyponpoBOJHOCTb, NPOYHOCTD, Je(OPMHPYeMOCTb, peoJsoruyeckue
0COGEHHOCTH.

W3z rexHorewHnix (akropos HauGoJbllee 3HauYeHHe HMEIOT:
1) ray6una BbIpaGOTKH; 2) NOJIOXKEHHe BHIPaGOTKH II0 OTHOUIEHHIO
3JIeMEHTOB 3aJleraHHsi NPOMBILIJIEHHOr0 NJacTa W MOpoj MOuYBH;
3) moJsoxkeHue BHIpaGOTKH OTHOCHTE/NLHO OYHCTHBIX pabOT WM JAPY-
THX BHIpaboTOK; 4) pasMepnl H ¢opma BHpaGoTKH; 5) pasMephl
LeJUKOB; 6) TeXHOJOrEs ¥ CKOPOCTb INIPOBeNEHHs rOpHBIX paboT;
7) KOHCTPYKUHSI H MOAATJIHBOCTb KpeIH.

Poap JuTOJIOrHYecKoro cocrtaBa Nopoj (B KOHEYHOM HTOre —
3TO COCTOSHHE H CBOMCTBA 3THX IOPOJA) MOXHO NOKasaTh Ha MNpH-
mepe llenrpasnbHoro pafiona JlonGacca npHu NOCTOSHHON rJIyOHHE
KalHTaJbHBIX BHIPaGOTOK H Pa3HOM KpelJeHdH (puc. 73). 3mech
MOKa3aHbl B IpOneHTax INPOTAXKEHHOCTH HapYUICHHS KpenJseHHs
BbIpa60OTOK B NecyaHHKax, MeCYaHHX H TJIHHHUCTHIX C/laHUAX CIYCTs
5—10 ner nocne ero ycraHos/eHHsi. OTMETHM, yTO NpH IPOYHX
PaBHBIX YCJOBHAX B CJAHUEBBIX IVIHHAX HapylleHWHd B TpH pasa
6oabule, ueM B Apyrux nopojax. Ecau npoanaamsupoBaTh JaHHbIE
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HaOnoaeHHE B 3TOM XKe palioHe
aast 6omee raybGOKHX TODH3OHTOB,
TO MOXHO YO6efHTbCS B TOM, UTO
nyueHHe HMeeT MEeCTO BO BceX MOJ-
rOTOBHTEJNbHBIX 3aKPellIeHHBIX BbI-
paGoTKax, B moyBe KOTOPHIX 3aJje-
raloT rJAHHHCTHIE H NMEeCYaHO-TJIHHH-
¢Thle c¢JaHUbl ¢ MPOYHOCTLIO Ha
cxartde ot 15 o 40 MIla.

Yrto xe Kacaercs Gojee cJaa-
ObIX FJIHHHCTHIX NMOPOJ, TO MyueHHE
B HHUX Habalopaetcs Ha raybuHax
meHee 100 m. Ha maxre «Jlecuas»
B [loamMocKoBHOM yroJbHOM Gac-
ceflHe nyuYeHHe NOUBH WITpPeKa,
CJOKEHHO rJHHAMu MOIIHOCTLIO
2,6 M mnpoucxoaudo Ha rayGHHe
58 M OT MOBEPXHOCTH.

I'ay6una BHPaGOTOK MpH OLEH-

5% -

40 |- m =
A2

o [IIs

20}

10

1zl =]

Puc. 73. luarpamMma, orpaxalonias
3aBHCHMOCTb HPOTSAXKEHHOCTH KallH-
TaabHHX BHPaGoTok (b) oT xapak-

Tepa KpelH:
[—3 — KpeflH  COOTBETCTBEHHO
MOHOJIHTHast H CIJIOLIHas.

nouBe: I -— rauHuCTHIE
TIeCIAHACTHIE CRAUIKI

Ke HX YyCTOAYMBOCTH -— ONpeJeasio-
was. Ha npumepe oubacca Buj-
HO, 4T0 s ray6uns 300—500 m
HapylleHue Kpenelf noJAroToBHTEN b-
HEIX BbIpaGOTOK B JBa Pa3a MeEHb-
e, yeMm Ha raybunax 500—800 M (MO MpOTSKEHHOCTH), a HH-
TEHCHBHOCTb MyuYeHHs] BO3pactaeT B 3,5—4,2 pasza. Bmecte ¢ TeM
cnellyeT OTMETHTb, UTO MIYOHHY MPaBHILHO OUEHHBATh He B ab-
COJIIOTHHIX, 4 B OTHOCHTEJbHHIX BeJIHYHHAX B CPABHEHHH ¢ INPOY-
HOCTbHIO BMeEHIAIOWHX NMOPOA. DTO OCOGEHHO BaXXHO ANt CPaBHH-
TeJbHO He60JbWHX rJay6HH B 30He BHBeTpuBauus (g0 200—
300 M), rae c raybuHOH H3-3a OLICTPOro BO3pacTaHHS NPOUYHOCTH
NOpoJ yJAy4dWaTCs YCAOBHS yCTOHUMBOCTH BHPaBOTOK. 3aMmeruM,
uto 3jech OrHouwteHwe yH/R, ¢ ray6uHo#i yGuiBaer.

Jisi OleHKH M MNpPOTHO3a YCJAOBHH BO3HMKHOBEHHs IyUeHHS H
IHHAMHKH ero pasputds GOUibllIOe 3HAUEHHe VMMeeT MEXaHH3M Ae-
(hopMHpOBaHHS MOpOx MOYBH. Kak H3BeCTHO, NOA MEXaHH3IMOM
n1060ro  siBJieHHS TNOHMUMAKT TNOC/IeJ0BATEILHOCTL COCTOSTHHH H
NPOMEXYTOUYHBIX MAPOLECCOB, B pe3yJsibTaTe KOTOPHX OHO BO3HHKAET,
H3ayueHue ero NPOBOJAMTCS MO HATYPHBIM HAOMIONEHHUSM ¥ HaA MO-
Jensx.

s yenosuit ITonmockopuoro u Jlonenkoro GaccefiHOB HaH6O-
Jee MOJHO MeXaHH3M NyueHHS paccMoTpedn B pabGore M. JI. Uep-
Hsaka [29], B xoTOpOo#i mpoBelen aHa.u3 u GoJsee PAaHHHX HCCIAENO-
pauuit A. Il. Maxkcumona, 0. 3. 3acaasckoro, M. A. Komucca-
posa. Jis rauHHCTHX nopoxa co cuenaennem 0,25—1,00 MIla,
KOTOpbie MOJIe.THPOBA.THCh TJHHHCTHIMH [1.1acTaMH, yCTAHOBJIEHO, UTO
AeOpMaNHH B TOYBC NPOHCXOAAT MO CeTKe NOBEPXHOCTEH CKO.1b-
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XeHusi, GIM3KOH K TEOpeTHYECKOH CeTKe MpeleJbHOr0 HalpsKeH-
HOTO COCTOSIHHSI B HAarpy>XeHHOM OCHOBAaHMH, ¢ BhIcJeHHeM Tpex
XapaKTePHbIX 30H: aKTHBHOIO [aBJEeHHS, PajMajbHpX TNepemelue-
HH# M TaccuBHoro ornopa. I[lo Ha6alOAeHHSIM B WIAXTHBIX YCJO-
BHSIX YacThb NOBEpXHOcTeii Oblla HaK/OHeHa nox yraom 40—45° u
HalpaBJ/jeHa B CTOPOHy WITpeKa, a Apyras YacTh, HalpaB/ieHHAs
B CTODOHY OUYHCTHOH JaBbl, HMeja Hakaou 60°, lleruku yras pac-
CMAaTPHBAIOTCH KaK WITaMINbl, H3-NOJ KOTOPHX B BhIpaGoraHHOe
NPOCTPAHCTBO BhIJaBaHBalOTCs Gosee ciabble NOPOILI.

[TouBsl BEIPABOTOK, €JOXKEHHHIE [JIMHUCTHIMH M eCUYaHHCTHIMH
CIAHUAMH, XapaKTepH3YIOTCSA CpPaBHHTEJNbHO ObICTPHM 3aTyXaHHEM
zegopmannii B teueHne 6—9 Mecanes. CMemreHus HabM0Ra0TCA
Ha ray6uHax ot 3 10 5 M HHMXe OTMETKM IOYBbI BbIPAGOTOK. Xa-
pakrep nmedopManmii B 3THX INopoiax paccMaTpHBaercss MO-pas-
Homy. A. Il. MakcuMoB cuMTaer, 4TO OHH BA3KO-NJAaCTHYHbIE,
M. A. Komuccapos OTHOCHT HMX K MNCEBJO-NJacTHYeCKHM, 06paso-
BABIIMMCH B Pe3Y/ibTaTe PacC/OEHHS.

H. JI. Yepnuk Bulleasier Tpu tina aedopManuup M TPH 30HH
1ehOPMHDPOBAHHA: YNPYro-BsA3KHX, AJHTEJbHOT0 M YCJOBHO-MI'HO-
BeHHOTO paspymenuil. JIng nepBoro THMa npeiamoJaraercs OTCYT-
CTBHE IIpollecca pa3pylIeHHd, Tak Kak HaIOpAXKenHHe Ha KOHTYpe
BEIpaGOTKM He NpeBHIIIaeT NpPeles AJUTENbHOH IPOYHOCTH HOPOI.
3aryxanue pedopmanuil Habaopaercs yepez 150—300 cyr; BeJin-
YHHa CMeWeHHs He Opesblimaer 50 MM H gocTHraer TayOHHBI 4—
5 M. Hedopmauum BTOpPOrO THNA, IJIHTENLHOr0 paspylleHHS,
HMEIOT MECTO B cJyyae, KOTAa HanpsiKeHHsi Ha KOHType BhIPabOTKH
Gosblle mpenesa AMHTEJbHOH NPOYHOCTH, HO MeHblle MIHOBEH-
HOH TIPOYHOCTH NOPOJ. 30HA Pas3pyiIeHHLIX NOpoy HabJjiojaeTcs Ha
PaccTOSIHMH 2 M OT KOHTyDa BHIpaGOTKH, a JaJjee NPeAIOaaraercs
30Ha MOJI3YYeCTH: CMemeHuHe nopop cocrasiasder 70—200 wmm. [le-
(popManun NOTHOCTLIO NpeKpainalores uyepes 300—500 cyr. M, Ha-
KOHer, AedOPMalHH YCJIOBHO-MIHOBEHHOrO paspylleHHs (TpeTHil
THN) NPOHCXOASIT B TOM cCJaydae, Korja HaNpsXkeHHs Ha KOHType
BHIDAOGOTKH INPEBLINIAIOT MTHOBEHHyl0 npounoctb nopox. I'ny6uHa
NPOHHKHOBEHHUS 3THX JAedopMannit oxoso 2 M, CMemeHne 6o0Jlee
200 mwm. Huxe npoucxonsar aedopManus nosi3yyecTH.

PaccmorpuM  ocofeHHOCTH Ipomecca BbJAaBJHBAHHA IOPOX
TOYBHEl MOJATOTOBHTENbHBIX M KaNMTa/bHHX BHPabOTOK B MOpoiax,
KOTODbIE He NOJBEPrajuch I0 CHX MOp A€TaJbHOMY HCC/ENOBAHHIO.
IMpogykTBHas TO/la [peACTaBAeHA uepeNOBAHHEM MOYTH T[ODH-
30HTA/bHO 3a/€TAIOWHUX CJAAHUEBLIX U T[JHHHCTBHIX CJ0eB BePXHE-
IOPCKOTO BO3PacTta M HMeeT CPENHIO MOWHOCT, OKoJo 10 M.
Brime 3ajieral0T NeCYAHMKH W NeCYaHO-TJIHHUCTHIE MOPOAHI -IOP-
CKOTO; MEJIOBOr0 ¥ HEOT€HOBOTO BO03pacrd, KOTOpble IepeKphiBa-
I0TCSl aJ/IIOBHAJILHLIME TIeCKAMH, TaJeUHHKAMH H [eJI0BHAJIbHbBIMH
cyrauHkaMi. Iloa3eMHble BOABI NOPOBOrO M TPEIIHHHOrO THIOB
OpUYypOUeHHl K MecKaM, MecyaHHKaM H CJaHIaM Bcero paspesa.
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Ta6nuua 41. Coctas U OCHOBHWE (PUIUKO-MEXaHUYECKHE CBOHCTBA TMMH MOMBH
npoMmacTa

Comepxanne . 3
aKmuif, @ = .| e )

op s 3 g X 3 © © 5.

AN - - - 5= | B

HaspanHe H nonoxenHe | 5 | R =, | E8 | 8. g&= 5

cJ109 TJIHH B NOUBe 5| = B R gé’ 2% 28 . =8
w S | 8 |8x|{egi gz 82 SES ® e
il slg I 58 82! 55| EZRE | 5.%
S 18s| o |af| =8| 08| 54 S ¥ £5s
Algs) VviES|rE |md| 58 Exd EE-a
I'nuna «xapSonarHas, | 20 | 69 | 11 | 65 | 30 16 2,03 }155—8,0| 16—18

3aneraomas  MeXAy
IV » V cliosiMi ciak-
ua

I'nuna  kapGomarHas, 57412161 23 16 12,10 | 5,0—6,4 ] 16—26
3ajleraiomiasi  MexAay
V u VI ciosmu craH-
ua

Tanna mssecrxkoBnc- | 14173113153 ) 18 | 15 | 2,17 | 5,0—6,0 ] 20—26
Tag mnox VI craoem
cJaHIa

Tavea ¢ npoctoamu | 13 | 65| 22 44| 12 13 11,88 | 8,0—9,0 | 20—26
craHna
I'nuHa canpomeneBas | 16 | 59 | 25 | 47 | 17 18 [2,06 | 4,0—5,0 —

VnxeHepHO-reoJoruyeckass XapakTePHCTHKA TJdH, 3aJjeralouiux
B nouBe BHPabOTOK, npusegaeHa B taba, 41. Ilpu ponosHuTe LHOM
yB/NaXKHeHHH B Pas3pylIeHHOM COCTOSIHMM TVIHHBI HabyxaloT ¥ pas-
Mokator. C/aHleBble C/NOH, 3a/eraloijie B NOYBe BLIPpaGOTOK, HMelOT
MOIHOCTh [0 I5 cM M npuMepHO B IBa pasa GOjiee BHICOKYIO NPOY-
HOCTb, UeM FVIHHBIL.

IlyueHne B FOPHBIX BBIPAGOTKAX CTAJO NPOSIBAATLCS B CAMOM
HayaJjle 3KcNJyaTallMH caaHna Ha ray6udHax 120-—150 m. OHo oKa-
3BBAJIO BJIMSIHHE HAa BHIGOD pa3MePOB KaMmep H TpeJOXpaHHTENb-
HBIX [[eJHKOB, HA CNOCOGH APEeHHPOBAHMS MOA3EMHHIX BOJ, a TAKXKE
Ha NpPOH3BOAHTENbHOCTL maxthl. C pasBHTHeM TOpHBEIX paboT B 10XK-
HOM HaNpaBJieHuu, Tle rayGHHa 3aJeraHus NPOMBILLJIEHHOro nJaacra
nocrelleHHO BO3pacraeT y yxKe jocturia Goaee 250 M, npobiema
YCTOAUHBOCTH TOPHBIX BHIPAGOTOK mpHOGperaeTr pelnaloliee 3Ha-
yeHue. ¥Yxa/joch BHISIBETH OCHOBHble 3aKOHOMEPHOCTH Mpolecca ny-
YyeHHs, er0 MeXaHM3M M JMHAMHUKY, H Ha 3TOH Gase NpeyJOXKHThb
Mozesb Tpoliecca H MepONpPHATHS MO OTPAHHYEHHIO ero WHTEHCHB-
Hocru (rabu. 42).

CbeMka Bcex JeDOPMHPOBAHHEIX YYacCTKOB IT0KasaJja, 4ro INy-
YyeHHe MOPOJ NOUBEl NPOUCXOIHT ¢ (POPMHUPOBAHHEM MPU3MBI BbIAB-
JMBaHUs TO TIOBEPXHOCTH CKOJIbXKeHHS, HMEIOULe)i KPHBOJHHeHHbIH
xapakrtep. B 3aBHCHMOCTH OT COCTOSIHHs NOPOJ, NPOJI0JKHTE/bHO-
CTH 3KCIJyaTalldd BHIPAGOTKH H CTENeHH BJHSHHS OYHCTHHIX M APY-
rux pa60T o coceiCTpy, NpH3Ma BBJAABJHBAHUSA MOXeT HMETb
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TaGaupa 42. Moaenn npouecca nyveHus
Howmep TexnoJorayeckne Xapaxrep Hamenernne coctofnus VIHTEHCHBHOCTBL Mponecca SdheKrTinunie
3sTana npoueccst HaTIPAKEHHO. O COCTOSI HUA H cBOWCTB MOpOjR NOUBHI NydYeHHS MOYBH MepOTIpHATHSA GOPhOAL
¢ gedopMauHsMu
0 [Mepuon noproroskn | [pnpognoe  wanps- | EcrectBeHoe — (u3tive- - -
MECTOPOKIEHHA (Y4a- | JKEHLOE COCTOAHKE € | CKOE COCTOSIHWE MOPOR
CTKa) K OCBOEHHID YYeTOM rHApocTaTiye- | (415 [JIHH MOYBH);
CKOro napnenns | We<<17 %
Omax == 0z = yh — R. = 5—10 MIla
— Yofts
1 | Hpoxonka kamitanb- | CHstie rugpocrtaru- | EcrectbenHoe  dusmuye- — —
HHX  BbpaBoTok — | yeckoro JIaBJIEHHS | CKOE COCTOSIHHE IOPOL
ApEHAX  MoA3eMibiX | (YacTiMHO HJAH NOJ- | coxpansierca. OcelaHne
BOJL, CHH}XEHHE HANO- | HOCTHIO) NPOHCXOJHT 3a CUeT YIIpY-
pos Orax = o, = Vh X RepopMauuii, TaK
Kak 0, << Rup, rae
Rerp — CTPYKTYpHast
[POYHOCTb MOPOL
IT | Ipoxonka ropu3oH- | Miamenenye  waups- | [VuHHCTHIE nopofil fe- | Hauaao npomnecca ny- | CuupBanue cioucio
TaJbHBIX BbPAaGOTOK | JKEHHOTO COCTOSHHS | (JOPMMDYIOTCH H3-33 Ie- | YeHHsi 3a CueT Jie- | TOJIIH DITAHIoBO#H Kpe-
B IleJHKe BOKPYr  BHPAaGOTOK. | perpysku o, > R, | POPMALuil TMIKHCTLX | Mbio, NPOXOAKA 1po-
Pasrpyska Moussl Bbi- : 27 0’ cige.  Paccioesue | pesu ¢ Leabio yriyGie-
topMupyercsi  nopoBoe
paboTok H (opMHpo- naBnexne, passusaorcs | MA KOHTaKTax CjlaH- | Hisi IOBEPXHOCTH
BaHHE ONOPHOILO HaB- peonomqécxne e UEBBIX H TJIIHICTHIX | CKOJBMKEHHS
JIeHU ’ CJI0EB. HUntencns-

o, = (1,5—3,0) yh

HOCTb  OTDalHYHBaET
CJIAHLEBLIE  TPOCJIOH




§0%

1

v

[lpoxonka ppenax-
HBIX KaHaB fgns or-
BOJa WIAXTHHIX BOR
(no cymectBy, npe-
Haxuble KaHapbl 06-
BOLHAIOT [VIHHHCTHIE
IIOPOAL MOYBHI)

[lpoxoaka OYHCTHEIX
BLIP 2aGOTOK C OCTaBJjie-
HHEM  [IpefOoXpaHH-
TeJbHbIX LEJTHKOB

Penakcauuss Hanps-
JKEeHHS B CBSI3H C He-
PaBHOMEDHOH HHTeH-
CHBHOCTbIO paepopMa-
mit

o, =Yh

$opMuUpOBaHHe HOBOK
CTYIeHH  OMOPHOro
paBnenusi. Ha ywact-
KaXx HesHaYuTeJbHHX
pepopMauui  npomc-
XONHT  CHAXJIECTKa»
Hﬁrﬂpﬂ}K’?HHﬁ, T. €.

o, >0,

JlonosHHTe/bHOE YBJ/IaK-
HeHHe [OpOJ MOUBHl, Ha-
6yxaHue TJIMHHCTBIX [0~
POA H nafieHue HX [POY-
HOCTH B  paspyIUeHHOH
qacti: W>20%; R.=
= 1—3 Mlla

Janbuefilnee  yBjaxue-
HHE 3a CYeT MpPOHUKHO-
BEHHS UIAXTHBIX BOJ IO
TpelHuaM AehopMHpYIo-
muxcsi nopox. Habyxa-
HHE, pasynpouHeHHe:
W =30 %; R.<<1 MIla

VIHTeHCHBHOCTL MYYye-
HUS pacreT: ¢OpPMH-
pyetcs BaJ BHUIHpA-
HHs BoICOTOR (,5—
0,7 m. ITpu anutenn-
HOM CTOSiHHH BbIpa-
6oTkH  pedopMaluu
BbIPaGOTKH 110YBbI
NPUBOJAT K paspylie-
HHIO CJIAHLEBBIX CJIO-
€B, 32 KOTOpHIM clle-
AyeT pesKoe ybejuye-
HHE BaJjla DhlaBJIHBa-
HHS B BuHAE Tparme-
UHEeBHAHOR  [PH3MBI
BBLICOTOH 10 2 M

Paspywenue ciaHune-
BBIX CJIOEB, p€3Koe
yBeJHuenHe  HHTEH-
CHBHOCTH BblJaBJIHRA-
HHA [OpPOJ  IOYBHI.
Ban Boimipasus ro-
CTHTaeT BBHIIHPAHUA
BHICOTHE GoJiee 1,5—
2 M

OTBOR MaXTHEI X BOJ, 110
TpyGONpoBORaM,  yr-
Jay6seHue KauaJoB .0
3 M u Gojiee, MOJPHIB-
K4 BaJlOB BhLiaBJ/IHBa-
HHSI, KpeIuieHHe jepe-
BAHHOH KpeIbio

OcraBnedue 1eJIH -
KCB pa3MEpoOM He Me-
Hee 60 M. Kpemrenue
BoipaboTOK  JJHTENb-
HOTO CpOKa CJYObl

Kpellblo  Crennpognid




CHMMETPHUHHE HJH aCHMMETDHYHHIE XapakKTep, pasjHuHy ¢opMy
H pasmepbl. IIpH3MBl ¢ Tpeyro/bHO# (DOPMOH CEUCHHS HMEIOT Bbi-
cory po 0,5—0,7 m, a ¢ tpaneuresuanoit —or 0,5 g0 2,7 m. Taxkoil
BHA (OpM NYy4UeHHS MOYBH BHPaGOTOK JaeT OCHOBAHHe YTBEPXK-
AaTb, 4TO B JaHHBIX YCJ/IOBHSIX NPOHCXOJHT BhIJIaBJHBaHHe MNOPOJ
H3-TIOA LeJNHKOB (60pTOB BLIpaGOTKH), Kak H3-Moj rubKoro (QyH-
JaMeHTa HJAH OMNOJ3HA. DTy 32KOHOMEPHOCTL MOMKHO MOJIOXHTh
B OCHOBY IIOCTPOGHHA PacyeTHOH MOJedd YCTOHUYHBOCTH NOATOTOBH-
TebHBIX BbiPa0OTOK C BbIA€/N€HHEM B Hell TPeX XapaKTepHbIX 30H:
aKTUBHOTO JAaBJ/IeHHs, DAajHaJbHOro INepeMellleHdsT ¥ NacCCHBHOIO
ornopa. Bonee jgerajbHO DPe3y/bTaThl BHINOJHEHHbIX HCCJEA0BaHHUIT
H3JI0XKeHH B MOHorpadun [9].

Oco6oe npensiTcTBHE K HOPMaJsbHOR uH GesomacHoi paGore IO
BhleMKe MOJIe3HOT0 HCKONaeMOro—BH BaJd b N0Opojy B Npuszaboit-
HOM npocrpaHctBe. OHu Bcerga 06/1a4al0T HEKOTOPHIM 3(dheKToM
CIy4afiHOCTH U HEOXHAAHHOCTH, Pe3KO 3aMEAJSIOT TeMIILl OUHCT-
HHX paboT, CHHX2IOT NPOM3BOAMTEJNLHOCTL TPYAa, NOBHIIAIOT 30-
HaJbHOCTb, B psije CAyuaeB NPHUBOAST K TPaBMaTH3My, BhiBasbl
4acTO SABJAIOTCS TNPHYHHOH MepecMOTpa NPOEKTHHIX pellieHHi No
KpenJieHuio H cnocoby (rexHosoruu) BbleMkd. Ho aiisi GosbiinacTBa
IIAXT BbIBaJb MPOABIAIOTCS B BHJE JOKa/JbHbIX OODyUIeHH{ Ha
tone obuiefi ycTOfUMBOCTH HelmocpeACTBeHHON Kpomau. C yBenuye-
HAeM rayGHHBl Da3pabOTKH pacTeT ¥ uacToTa INIPOSIBJIEHHA BbIBA-
JOB, MeHAITCS HX pasmephl H ¢dopma. JlaBuHHOe CIJIOLIHOe BHIBA-
Joo6pa3oBaHHe YKasbiBaeT Ha Ha/lHYHe NOPOJ JIOKHOH KPOBJAM He
oGHapyXeHHbIX paHee H HEYUYTEHHHIX B NPOEKTe B 4acTH ylpasJe-
HHSt KpomJeH. B ¢BaA3n ¢ 3tuM npobsema BbiBasooGpa3oBaHus
npeacrap/sier oco6blii HHTEpPeC NpPH OlEHKe H TNPOTHO3e YCTOM4H-
BOCTH HeNoCPeJCTBEHHOH KPOBJAM BhipaGoTOK. Heobxoaumo orme-
THTb, UTO BbiBaJIbl NPOHCXOAAT HHOTJA H B He3aKPelJeHHLIX MNOX-
TOTOBHTEJNBHBIX BbIpab0OTKax, HO X OTPHUATE/]bHOe 3HAYEHHe 37ECh
ropasfio MeHbIIe,

TIpouecc BHBaJ006pA30BaHHusl He HMeeT CTPOroro H OJHO3HAU-
HOro ompefenenus. B repMuHosoruueckom ciaoBape «[opHoe neno»
(1981 r.) BolRas onpenensercss Kak .MeCTHOe BHINajeHHe 4YacTH
MOpOJ HJIH NOJIE3HOTO HCKONAaeMOro, BhIJE/NHBIIEHCS OT MaccuBa.
I'. JI. ®ucenko cunrtaeT BHIBA/H NPOSB/ECHHSIMH FOPHOrO AaBJEHHS,
a B. JI. CeepxeBckuil [23] Bblgessier 1Ba THNa BHIBaJOB: 06pylue-
Hue GJOKOB MOPOJ, OTPaHHYEHHLIX TPEIIHHAMH CKOJbXeHHS, NOJX
BJHSIHHEM HX COGCTBEHHOro peca H 06pyiulenre 06/10KOB, OrpaHHYEH-
HHX TpelpHamMy ropxoro gas.ienus. B. Il OBuapenko cuuraer, 4T0
npouecc BHIBAJOOOPa30BaHHsI HMeeT MOATOTOBHTEJbHYIO H OKOHYa-
TeNbHYl0 (asy, HO caM BHIBA/J MNPOHUCXOJAHT noj BJHsHHEM cOO-
CTBEHHOro Beca BHNapawouero 6goka (o6weMa) nopoxa. Ilo mue-
HHIO 3TOTO aBTOPAa, YCTOHUHBOCTb KPOBJH HapylLIaeTcs, €C/H BbiBaJl
cocrapasier XOTd Obl He6osablIOH 06beM nopox u3 OOHAaXKEeHHOH
kposad. H. C. Byasiuer paccmartpuBaer Tpu QOpPMHL NOTEpH YCTOH-
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YHBOCTH OGHAXEHHHX TOPOJA, B TOM UHCJAe BbIBaJ00OpasoBaHue
noa mefcrBHeM COOGCTBEHHOTO Beca OOpYINAIOLIUXCsS NOPOX, HHAUE,
BeC MOpOoJA HaJ BHPabOTKOM INperpblilaeTr HX CONPOTHBJIEHHe OT-
DHBY, B peay/jbTaTe uero OJIOK NOPOAH OTHAE/SE€TCH OT MacCHBa
H najgaer B BHpabOTKY.

st Toro, yroObl MOHATH NPHPOAY BHBAJOBR HEOGXOAHMO HCXO-
JIUTh U3 JBYX OCHOBHHIX nmoJsioXeHHH. C o1HOHA CTODOHH, Hal0 HMeTh
B BHAY YCJOBHA IPEAEeTbHOro COCTOSIHHMA INOpOJ HENOCpenCTBEH-
HOM KDOBJIH, & C JPYroil — H3MeHUYHBOCTb TI'e0.JOFHMYECKHX YC/OBHI
pacCMarpUBaeMOro YyacTKa WIAXTHOTO 110.s (MECTOPOXKACHHS).
D10 TOT NOAXOM, B pesysibrTare KOTOPOTO MOXHO INOKasarth 3HAYH-
MOCTb JaHHOH npo6sieMbl u nyTd ee ucciaenosanusa. HMasecrno, uro
yCcTOHYHBOCTL HENOCPeNCTBEHHOH KpPOBJIH OllEHHBAaercs Ha Gase To-
cTpoeHHs  pasJinuHbix Mojedeli. [locse H3BeCTHOR  MOJEIH
M. M. TlporoassixoHora, npeasoxenHoii B 1933 r., o cBoge oGpy-
wenuss B. JI. CrecapersiM B 1948 r. Oujia npelsioXeHa MoOJeJb
0 IpefeJbHBIX MpPOJIETAX 3KBUBAJIEHTHOH OaJsikd, Kortopast Ghlaa
IKCIIePHMEHTA.IbHO mnoirBepxkjieHa A. A. DBopucosum B 1964 T.
B xauectBe 0600malomero KPHTEpHs OMNpejefeHHs yCTOHUYHBOCTH
nopoaunix obnaxenuil I'. A. Kpynennuxkos B 1961 r. npensioxun
yCJIOBHE

KcoRc>KK'YH,

rne Keo H Kx — K03 UIHEHTb CTPYKTYPHOTO OCnabieHHss ¥ KOH-
IEHTPAIHY HANPSKEHUN B OKPECTHOCTH BhIPAaBOTKH.

KpoMe npensioXeHHBIX PAacueTHhBIX METOJOB OIEHKH HENOCpel-
CTBEHHOH KpOBJH, CYWECTBYeT pAJA IMIHDHYECKHX 3aBHCHMOCTEH,
NOCTPOeHHH X Ha O6ase mWaxTHHX HaGgI0AeHHH H HCCIeI0BaHHMH,
npopoauMblx O. §ko6u, B. T. Hasuasuuem, K. H. HpBanosnim,
A. A. OpsosuM, C. 1. ManuuuumM, B, JI. CeepxeBckuM, b. I1. OB-
yapeHKo, b. B. CMHpPHOBBIM H Jp., KOTOphle HCNOJB3YIOTCS B Das-
Huix GacceifHax CTpaHBbL.

OueHKa YCTONYHBOCTH HENOCPEACTBEHHOJ KDOBJH, HE3aBHCHMO
OT NPUMEHAEMOTo KPHTEpHs, NPOM3BOJHMTCH C I[€/]bl0 pacyera Ha-
FPY30K Ha Kpenb H Bul0Opa BH/AA HAAEXKHOrO KpeisieHus npusaboi-
HOro NpoCTpaHcTBa (WJAH NOATOTOBUTENbHHX H KalNHTAJbHBIX Bhl-
pa6Gorok), obecneudBaloOUero YCTOMYHBOCTL Ha NepHoa paboThl.
ITpu 3TOM HCNOJL3YIOTCH JaHHBIE O Fe0JOTHUECKOM CTPOEHHH, FH-
JPOFeOJIOTHYECKHX YCJOBHAX, NPOYHOCTH H AedopMHpyeMocTH IO-
poA ¢ yuyeTOM TPEHIHHOBATOCTH H CJOHCTOCTH, OJyu€HHhIe B De-
3ysibrate pasBeAOYHBIX pabor u waxrTHeix HalbuoaeHHi. [Iposs-
JIeHHe BbLIBAaJOB B 0OHaXEHHAX NOPOJ KPOB.H, ONpEeJENEeHHBIX KaK
yCTOHYHBHE, CBS3aHO € OJHOH TJaBHOH TPHYMHOH — HAJIHUHEM
NPHPOAHOHK HEOLHOPOJHOCTH MOPOJ KPOBJH MO COCTARY, CTPOSHHIQ
H NPOYHOCTH,

Habaronendst B yroJbHbIX M CJAHIEBHIX WIAXTax NOKAa3HIBAIOT,
YTO KPOME€ OTJE/bHbIX CAYYafHbIX OTKJIOHEHHH OT NPHHATHIX
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TEXHOJOTHYECKHX YCJ/0BH{I, BCe BHIBaJbl NPHYPOYEHH K Y4YacCTKaM
€ OCJIOXHEHHLIMH T€OJOTHUECKHMH YCJOBHSAMH. [103TOMY M APHHATO
FOBOPHTH O CAYYaHHOCTH H HEOXHJAHHOCTH BHIBAJOB H3 KPOB.JIH,
HO 3TO CBSI3aHO TOJILKO € He3HaHHeM (4aCTO CO CJOXKHOCTBbIO ycTa-
HOBJICHHA) CYIeCTBYIOIIHX 3aKOHOMEDPHOCTeH H3MeHeHHs MPHPOI-
HbIX ycaopuil. [IpousBecTu TOUHH{ pacuer ycTofiuMBOCTH M NPHME-
HUTb HaJEXHYI0 Kpenb, obecrneunBalollylo abGCcoJI0THOE OTCYTCTBHE
BbIBAJIOB, BHAHMMO, BO3MOXKHO TOJIbKO AJIsI NOPOJ H30TPOMHLIX H 0 HO-
POJHBIX B YCJOBHSX XODOUIO H3BECTHOT'O HAaNPSIXKEHHOTO COCTOSIHHS.

B peanbHBIX TeOJOTHYECKHX CHTYAalMsX NOJHOe OTCYTCTBHe Bh-
BaJOB Oe3 BHISIBJICHHS 3aKOHOMEpDHOCTeH H3MeHeHHH B CTPOEHHH
KDPOBJH MoxeT OBITh JOCTHIHYTO TAKHM KpenJeHueM H TakKoil Tex-
HOJIOTHEH BeleHHs OUHCTHHIX PaboT, KOTOpHe OKAaXYTCsi HEBHITOJ-
HBIMH B 3KOHOMHYecKOM IiaHe. He/b3ss OpHeHTHpPOBaTbes Ha CAY-
4ay, KOTOPble MOrYT HMeThb MEeCTO pa3 B TI'OJ HJH TOJbKO Ha OT-
JieJIbHBIX Yy4acTKax IaXTHOTO MOJs.

Takum o6pasoM, BbiBanooGpasoBaHue — Npouece H3OUpaTEb-
HBIf, 3aBHCALIMH OT reo jorHYecKo#l OGCTAHOBKH, B KOTOPOi{i Be-
JYTCSt OUMCTHbIe PAGOTHI HJIH CTPOSITCS M NOAJIEPIKHBAIOTCs NOATO-
TOBHTEJbHbIE H KaNHTaJbHble BHIpabOTKH. B CBs3H ¢ 3Tum €ro
NpOrHO3 BO3MOXKEH Ha 6ase yCTAaHOBJEHHs 3aKOHOMEDHOCTEH H3-
MEHEeHHs T[eO0JIOTHYECKHX YCTIO0BHA B mpeieaax WIAXTHOTO MOJsS H
B3aHMOOOYC/IOB/IEHHOCTH € HHMHK NDOSIBJEHHS BbIBAJOB INIPH KOH-
KPETHbIX TEeXHOJOTHH H cnocobe ynparjeHHsi TOPHBIM [aBJIEHHEM,

BriBann uMeloT pasauuHyld GOpPMY ¥ DPasMepnl B 3aBHCHMOCTH
r71aBHBIM 06pasom OT THNA NOPOJ, cJAaralolHX HeNocpPejCTBEHHYIO
KPOBJIIO, OT HX NMPOYHOCTH, TPEIHHOBATOCTH H CJOHCTOCTH, B yC/0-
pusix Jlombacca, no panauM JI. B. Cpepxerckoro, [23] BniBaJsl
HMeIoT (opMy KOHYCOB, MHPAMHA HJIH KyNOJIOB, OTPAHHYEHHBIX Ya-
CTHUYHO HJH LEJHKOM TpELlNHAMH CKOJbXKEeHHd, ¢ AHAMeTpoM Oc-
HoBanus jgo 1—1,5 M Buicotoit 0,4—0,5 m (unorjga xo 1 m). Ha
raybunax 6osee 700—800 M BhiCOTa BBIBAJOB JOCTHraer 2—3 M.
B ocHOBHOM, BBIBaJLI NPOHCXOJAT M3 Hepacc]anBalOmHXCs apru-
JHUTOB H a/1eBPOJiMTOB. EC/auM NMOPOIBl CJIOHUCTBIE, TO BbICOTA BhIBA-
708 He npesbiraer 0,2—0,3 M. ABrop oTmMeuaeT H3MEHEHHE BHCOTHI
BLIBAJIOB B 32BHCHMOCTH OT KOHCTPYKLiHH BHIEMOUHBIX KOMOGaHHOB.
Tak, npu BHEMKE Yris IIMPOKO3aXBATHHIMH KOMOafiHaMH BHCOTA
BHIBaJIOB He npeBbinaer 0,8 M, a Npu BbleMKe y3KO3aXBATHBIMH KOM-
6afinamu (1o 3,5 M) — Ha ray6unax po 110 M. Mexay BricoTofl BbI-
BaJOB H oTHoweHuem yH/R. ycranoB/ieHa JuHefiHas KOppeJsilH-
OHHAs CBs3b, KOTOpas peKOMeHIyeTcs aBTOpOM JJs TpeiBapH-
TEJbHOTO INPOTHO3HUPOBAHHS BbLICOTH BbIBAJOB IIPH BbiEMKe YIJId
y3Ko3zaxBaTHbiMH KoMOafiHamun. B. II. OBuapeHko npuBOAHT pe-
3yJbTaThl aHA/JM3a HapyUleHHH YcToHuMBOCTH KpoBau no 4400 Ja-
BaM B waxrax Jlou6Gacca, Ha OCHOBe KOTODBIX OH [€/1a€T BHBOA
0 TOM, YTO YCTOHYMBOCTb IIOPOJ KPOBJ/IH 3aBHCHT OT merporpadudye-
CKOrO THIIZ H MOINHOCTH nepporo caos. CoueTanue THIOB NOPOA
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NMepBoro u BTOPOrO CJOs1 BhIpAXKaeTcs KOJIHYECTBEHHOH 3aBHCH-
MOCTBIO uyepe3 NMPOYHOCTD H lle(i)opMpreMOCTb [Hopoa B BHUJAeE:

Kyc= oF (Rc, E)[muc/(mHC‘l'mKP)]’

rae  a=19,7—ndpaMerp, 3aBHcAIWHI OT  TPEMIHHOBATOCTH
F(Rc, E)=R*3[EV? pns Bcex BHAOB THIOB CTPYKTYp KpOBJH;
Mze — MOIHOCTb NEPBOTO (HHKHETO CJO0sl); myp — Mapamerp, 3a-
BHCSIIMH OT CTPOEHHS KPOBJIH.

Bonube NpOpHBHE HMEIOT pas/iyyHOe NPOUCXOXKAEHHe H
npefcTap/AT COOOH NPHYHWHY 3aTOMJEHHS H 3aUJEHUs NECKOM H
FJIHHOR rOpHBIX BHIPRGOTOK HA MHOTHX YrOJIbHBIX W PYAHBIX MECTO-
poxnaenusix. B ropuo# npakrHKe NPHHSATO paccMaTpPHBaThb TAaKHE
TpO3Hble sIBJIEHHS KaK BHe3anmHble NPOPHIBBH NJABIBYHOB H IJIHH, KO-
TOpbIE 1O CYIIECTBY BO3HHKAIOT BCJ/EACTBHE IPOPBIBOB NOJ3€MHBIX
HJH TNOBEPXHOCTHBIX BOA B BHIpaGoTaHHOe npocrtpaHcTBo. Iloxob-
Hbie SBJEHHSI HMEIOT MeCTO H Ha Kapbepax, HO H3-3a OOJbLIIHX
00beMOB BHIPaGOTAHHOTO NPOCTPAHCTBA M OGHAXKEHHOCTH TOPHOTO
MacCHBa OHH TepSAIOT YacTb CBOel 3Heprud. B cesiau ¢ 3THM Ipa-
BH/IbHEE H3Yy4yaTb FHAPOre0/IOTHYECKYI OOCTAHOBKY WIAXTHOTO N0JisT
C y4YeTOM CAEAYIOIIHX ABYX (PAKTOPOB, ONpele/sIOMHX NOTEHIHA/b-
HYI0 BO3MOXKHOCTb, XapakTep M MacCIiTabpl NPOPLIBOB: a) HCTOY-
HHK BOJB (BOJOEM, BOMOHOCHBII TFOPH30HT), OT KOTOPOro 3aBH-
CHT BOA0OOHIbHOCTb MECTOPOXKAEHHS UJH OTAEJILHEIX €r0 yuacTKOB,
a TakXe BUJ NPOpbiBa (BOAA, NMy/blla, NJLIBYH, NeCYaRO-FJIHHEHCTAS
cCMeChb H T. 1.); 6) NpHuudHa MPOpPLIBA H IYTH CJEIOBAaHHS BOALl H3
BOASIHOTO 00BeKTa A0 TrOpHO# BHIPAGOTKH, KOTOpble ONpenedlor
CKOPOCTb NOCTYNJIEHHS BOJLl H XapakTep $BJIEHHS, CBSI3aHHOTO
C NMPOPLIBOM,

B Ta6n. 43 caesana nonbiTKa OLEHHTh OOCTaHOBKY, B KOTOPOH
dopMEpyercss NOTEHLHANbHAsT BO3MOXHOCTL NPOABJEHHS BOJHOTO
npopHiBa M Ha 3TOH OCHOBe NIPOBECTH IIPOUHO3 ero xapakrepa H
macmraba. Mcrounnkamu nocrynatomefi BoJu MOTyT GHITh NOBEpX-
HOCTHble BOJOeMbl (pEKH, 03epa, BONOXPAHH/HINA, T'HAPOOTBAJH),
H3 KOTODLIX MOXeT IIOCTyNaTh HE TOJBKO BOAA, HO H DLIXJHI Iec-
YaHO-TJIHHUCTHIH Marepuaa (peuHoOf aJJIOBHHA, O3epHHIA uJ, cKjaa-
AupyeMble B THAPOOTBAaJe OTJOXKEHHS), a TakXKe BOJOHOCHLIE
TOPH3OHTHl, MPHYPOUYEHHbIe K PA3THYHHM nopoxam. Cpeiau HUX HAH-
60/bIIYI0 ONACHOCTb IIPeACTaB/SIOT KapCcTOBHle BOJBI, COAepIKa-
mHecss B 60ObIIMX NyCTOTaX U MOPOBBIE — B PHIXJBIX 0GJOMOYHHX
nopojax (meckax, rajJleYHHKax, KOpe BLIBeTPHBAHHSA).

OTH 'MaccHBH NOPOJ HMEIOT BHICOKYIO BOIONPOHHIIAEMOCTb, UTO
obecrneuynBaeT NMOCTyN/JenHe GOJBIIOrO KOJHYECTBA BOJHI 33 KODOT-
KHe NPOMEKYTKH BpeMe&HH (HHOT[Ja H3MepseMoe MHHyTaMHu), Bme-
CTe€ C TeM, BOAOHOCHBIE FOPH3OHTH NPEACTAB.IAIOT COOOH HCTOUHHKH
60/1bIIOF0  KOJHYECTBA pHIXJIOT0 MAarepuaa, KOTOPHIH NPHXOAHT
B JIBHXXeHHe BMecCTe C BOAOH. DTO MeCKH-NJIHBYHB H PBIXJHH 3a-
NOJHHTENb HEKOTOPHIX KapcroBbix MycroT. I[loaToMy noxsemHbie

209



Ta6nuua 43. XapakTepucTHKR BOJHHLIX NPOPHIBOB B rOPHMX BHPAGOTKAX
Herounnx TlpuuuHa TlpospieHue npopuiBa IMpuamMepn NposiBJACHHS
BORE BOAHOI0 NPOPHBA B ''OPHHIX BHPaGOTKax NPOPHBOB
1, TToBepx- HckyccrBenHass Tpe- | 3aTomjienHe BOXOH Kys6ace, Houbace,
HOCTHHIC BO- | IIMHOBATOCTb npu Kusenosckuiz  Gac-
JoeMbl  (pe- | moppaGoTke celin
KH, o03epa, | TekroHHueckad 3oHa | 3aromienne BOXOH, | ITeuopckuii Gaccefin,
BOJOXpaHHU- 3aunende  puXAbM | JIbBOBCKO-Bosbin-
Numa, THA- MarepHaloM H3 Tek- | cxuit Gaccefin H Ap.
pooTBalhl) TOHHYECKOH 30HbBI
Paspyumenne BopoHe- [ 3aromseune Bogodt M [ CYBP, IOYEP
NpOHHLaEMBIX 3aBeC | NYJbIOH
(mepembruex)
Pacrsopenne mopof | 3aronmienye paccoiiom | BepesnukoBckuit
Pacteopente HeNHKOB | KalWHubIi  pyAHHK
Jerpananus BewHo#i | 3aronsenue BupaGo- | YroabeHe — mecTo-
Mep3J/I0TH TOK poxnenns  3aGail-
Kalba, Bopkyra
2. 3akapcro-| Hckyccrsennas Tpe- | 3aronsenue BOAOR CYBP, IOYEP,
BaHKBIK Mac- | MUHOBATOCTh COBbP
CcUB TekTouHueckad 30HA | 3arTornjenue BOXOH ITpuGanrufickui
3aronjedne NyJablON | caanileBblli Gacceln
Paspyuienne BOjoHe- | 3aron/ienHe BOAOH Muprannmcaickoe
NPOHHIAeMHX 3aBec HOJHMeTal I ecKoe
MeCTOpOX/eHue
3. Maccus HckycerBennas Tpe- | 3aroilieHEe BOJOH IToamoCcKOBHBIH,
TPEelMHOBA- | WHHOBATOCTH Kysnenkui, Honen-
THX 10poA | Texronuyeckas 3ona | 3aronjiende  BONOH | KM{ yroJabHule Gac-
WIH NYJABNOH CeHHbl
Paspymenue caos | 3arongenye  BOJOH
H30/HPYIOMMX FJIMH | C rAHIHCTOR Maccoft
Paspyuienne BojoHe- | 3aronJeHHe BOXOH
NPOHHNAeMbIX  3aBec
H NepeMHyeK
Hesaramnonuposail- 3aTonsieHde BOJAOH
HHle CKBaMHHBI
4. Puixable | Imaporeonorunyeckoe | 3aTonieHHe BOLOH Kysueuxu#i, Hue-
06/10MOUHEIE | OKHO 3aunenue MIHBYHOM, | nmposckHi u  [lox-
nopoab ITpoperB cnog rAHHH- | TIMHHCTOH mNYJbNOH, | MoCKOBHBIA Gaccel-
CTBIX TOPOX Necuano- I HHCTOH ub, KMA
Hekycersennas  Tpe- | CMECHIO
IHHOBATOCTb
Hesaramnouuposau-

Hasl CKBAXKHHA
Paspymenune Bojoxe-
[IPOHHUIAEMBIX COOpPY-
KeHH#
TexTounyeckast 30Ha
(Tpemuua)
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BOABI, COAepiKallHecs B KapPCTOBHX NMycTOTax H B IIOPax PhIXJbIX
06JOMOYHBIX NOpPOA, MPEeNCTABJASICT COG0A MOTEHIHAJNbHbI HCTOU-
HHK KaTacTPo(pHYECKHX NPOPHIBOB 10 06beMY, COCTABY H CKODOCTH
nocrynnends soan. M. M. Ilno1suxos, aHa/M3Hupys npaHHble MO
pofgonpHTokam B pyaHuku CYBPa, nokasad, urto onn Ha 90 9, dop-
MHDYIOTCSL 32 CYET PEYHHX BOA, NHTAIOHIUX KAPCTOBble BOJIOHOC-
nble ropusonrh. IlomseMHble BOABI, NMpUYpOueHHLle K TpPeUIUHOBA-
THIM TOPHHIM MOPOAAM, MOTYT OBITh MCTOYHHKOM BOJHBIX HPODPBIBOB
pasHoro Maciutafa M XapakTepa B 3aBHCHMOCTH OT CTENEHH HX
BOAONPOHHLIAEMOCTH M 3aMOJHEHHs TpPELlHH PhHIXJAbBIMH OTJIOMKE-
nusaMu. Hame Bcero H3 TPemMHOBATOrO MAacCHBA NOCTYMaeT OTHO-
CHTE/LHO 4HCTasl BOAA, HO H3BECTHHl cJAydyaH, KOrga BOAAa Pa3Mbl-
BA€T M BLIHOCHT DHIXJBIH MatepHasa H3 TpPemHH M caaleix nec-
YAHHKOB.

Bropo#i ¢QakTop, onpesensiiomai NyTH I[OCTYIJIEHHS BOAH H3
HCTOYHHKA B TIOPHYIO BHIPabOTKY, xapakrtepusyercs OoOJblIMM
pasnoo6pa3veM B 3aBHCHMOCTH OT TeOJOTHUECKOH O6CTAHOBKH, TeX-
HOJNOTHH TOPHHX paboT, pasMepoB M Ha3HAUEHHA TOPHBLIX BHIPaboO-
TOK, BPEMEHH HX nogaepxauust 1 7. 4. OcraHoBUMCs Ha HauboJjee
YacTo BCTPEUAEMBIX CJy4YasX B TOPHOH NpaKTHKe (cm. Tabua, 46).
OcyluecTB/i€HAE THAPABJIMYECKOH CBA3H MEXKJY HCTOUYHHKOM BOAHI
H TOPHOH BbIPABOTKOH MPOHUCXOAMT yalle BCEro 34 CUET HCKYCCTBEH-
HOH TPEIHHOBATOCTH, O6pasyolleiics B pe3yiabTate rOPHOTO AaB-
Jgerust (cM. pasi. 2.3) uau O6ypoB3pLIBHBIX paboT B NMoOpojax, BMe-
LWAKLIAX TOPHYI0 BHPaOGOTKY H H30JHPYKOIIHX ee oT OJHxKaliulero
HCTOYHHKA BOAH (MNOA3€MHOrO HJIH MOBEPXHOCTHOrO).

DTH TpelMHbB B 3aBHCHMOCTH OT pasMepoB BHpalOTKM, ynpas-
JIEHHSI TOPHBIM [aBJIEHHEM H KpeMJIEHHH, TEXHOJOTHH pa3paboTKH
MOJIE3HOr0 HCKOMAEMOT0, JHTOJOTHH H CBOHCTB BMEHIAIOIIHX MOPOA
HMEIOT Pa3Hyl0 NPOTAXKEHHOCTh H packpbiTHe, Oe3 3aHOJHHTEJS.
Hix nporro3npoBanHe MOXKHO NPOBOAHTL Ha $ase crnenHajbHHIX Ha-
GJIONEHNE B AaHAJOTHYHBIX TOPHO-Te0JIOTHYECKHX YcaoBHsix. OHH
obecrneynBalOT TaKOi COCTaB BOALI, KOTOPHI (QopMHpyeTcs B ca-
MOM HCTOYHHKE, HO MHOTAAa B cjalbix NecyaHHKax, ajJeBpoOJHTAxX H
apruJiuTax JABHXYUHMHACS BOAHBIH MOTOK N0 HCKYCCTBEHHBIM Tpe-
IIMHAM Pa3MblBaeT MX CTE€HKHM H BHIHOCHT DBLIXJHIH NeCcYaHO-rIHHH-
cThifl MatepHas B BblpaGoTkKH, I'HapaBiadueckas CBsigbh MOXkeET OHIThH
OCYIECTBJIEHA M [0 TEKTOHHUYECKMM HapyIIeHHSIM Pa3HOro Xxapak-
Tepa, MepeceKalomuM TOpHble BHIPAaGOTKH H BOAOCOAEDPKALILYIO
TOJMMY MAH TOJILY MOPOA, NepeceKalomyo N0JAe3Hoe HCKolaemoe
H BHIXOASLLYIO MOJ NOBEPXHOCTHHIH BOmoeMm., MHuorma 3To 30HE!, 3a-
NOJHEHHblE YACTHYHO pPHXJABMH [OpOAAMH, JErkKo pasMbIBaloTCH
BOAHLIM [OTOKOM, YCTPEMJAAIOUIMMCS B TOPHYIO BHPaboTKy. B cBsA3H
C 3THM yapie BCEro M0 TAKKM 30HAM B BLIpa6OTaHHOe NPOCTpaH-
CTBO MOCTyNaeT My/bHa Pa3HOH NJOTHOCTH.

Oco60 cJaeayer BLIAEJHTbH CAyJaH BHIXOAA TOpHHIX pabor
B «THAPOTeONOrHuyeckue OKHa» B OGJIOMOYHBIX MOpOAAX.
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M3BecTHO, 4TO B Treo/IOTHYECKOM pa3pe3e OCaJOuHbIX NOpoj Ha-
fJal0faloTCesl YacThie H3MEHEHHS MONIHOCTell M YCJOBHI 3aJeramuus,
NepeXHMHE, BHIKJIHHIBAHHIA M APyrue (opMbi HEOAHOPOAHOCTH re0Jo-
ruyeckoro ctpoennd. [Ipu paspaborke yro.abHbix MeCTOPOXKeHHEL
BCTpPEUAIOTCH CJjayuad BbixoJa BONOCOIEPIKALIHX MECKOB Henocpen-
CTBEHHO B NOYBY HJIH KDPOBJIO Yro/bHOro miacra (puc. 74), Heo-
JKHAAHHOE BCKPBITHE KOTOPBIX I'OPHEIMH paboTaMu NpuBOAHT K OBI-
CTPOMY 3aNOJHeHII0 BHPaBOTKH N/ALIBYHOM.

K onacubiM sBJEHHSIM NPHBOASAT BOAHLIE NPOPLIBH NMPH Paspy-
WIEHAH TJAHHACTBIX BOXOYNOPHBIX CJOEB, H30JHDYIOIINX BOJOHOCHLIE
TOPH30OHTHI OT TOPHHIX BHIpabOTOK. Yamie Bcero 3To cesisaHo ¢ paB-
JIeHHeM HaNOPHHWX MOA3€MHBIX BOJ, 3aJ€ralmuiux B I[04YBe HJH
KpPOBJIe NOA3€MHHLIX BHPAaGOTOK. B ropHOfl mpakKtnke oGbIYHO pac-
CMaTpPHUBAIOT COBMECTHOE NPOSABJEHHE NJLBYHOB H pa3pbiB H30JH-
PYIOIIAX TVIHH, MOCKO/MbLKY HAMOPHble BOAbI 3a/€rai0OT B HeckKax HJH
caabGhX necuaHHKax, HO H3BECTHH CJAy4aH, KOrjga 3TH BOJH CO-
AepxKaTcs B TBEPAbIX TPEUIMHOBATHIX HJH 3aKapCTOBAHHLIX MOPO-
Jax, W B peayJbTate paspyuleHHs TJIHH B BLIPalbOTKy HOCTymaet
rJHHACTad NyJbla.

BosnnknoBenne BOJHOrO NmpophIBA, NPH HAJTHYMHM HI0JHPYIOLIETO
[IMHHCTOrO 3KpaHa, o0ycaoBJeHO AeficTBHEM THAPOCTATHYECKOIO
NaBJEHHA, ONpeLe/sieMOTO BEJHYHHOH BOAHOro cTo/a10a, NPUJIOKEH-
HOrO K NOYBE HJH KpPOBJe cjosi riuH (puc. 75). Ycroilunsocthb
sT0ro cjos obecnmeuHBaeTcsi NPH HEKOTOPOH BEJAHYMHE BOJHOTO
cro6a, nasbiBaeMofi 6e3omacHEIM HANOPOM, H 3aBUCHINER OT MOLI-

< W= EeEREds

Puc. 74. Tlpumep sBekpuruss «rumpo-  Puc. 75. Cxema x pacuery Gesomac-

reojlOrMyeckOro OKHa» TFOPHOH BbIpa-  HOTO HAanopa Ais obecnedenus ycTofi-

Gotkoil: YMBOCTH TON3eMHOH BLIpaGOTKU:

1 — yroabHb# naacr; 2 — BojoyIOpHBIE 1 — yronpHuifi naacr; 2 — goa- W Haayrodb-

TJIHHBI; 3 — BOJOHOCHBIE MMEeCKH; 4—¢X‘H}1- Hble BOAOYNOPHBIE TIJUHLI; 3—4 — cooTBer-

poreojoruyeckoe okHo». CTpeakKoH nokaszano CTBEHHO HamopHnli 1 GesHamopuhil Boxo-

HanpaBleHHe NPOXOAKH TopHON BupaGoTku HOCHBIE TOPH3OHTH; § — ypoBeHb OGe3Hanop-
HBIX BOJX
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Ta6anua 44. Pacuernsie GOPMyABl AJA ONpEAENEHHA BEJHYHHBI
6e30nacHOr0 Hanopa noi3eMHAIX BOL

ABTOD PacueTtnaa d¢opmyaa Yenopusi npuMeHeHHs
m2
B. 1. Crecapes Hees = (QRP 1—2-}—‘Vm /s | Bononocurrit TOPH3OHT 3asje-
raetr B N0YBe 0J3€MHOH BbIpa-
6GOTKH
m? .
B. JI. Cnecapes Heea = 2Rp——2— —ym |/vs | BonoHocHbLIi TOPHU3OHT 3anera-
{ eT B KpPOBJ/e T0J3eMHOfl Bbipa-
6oTKH
B. 1. Cnecapes Hges = Y m Bogonocubilf TOPHSOHT 3afe-
hg! raer B nouse BHPaGOTKH 3Ma-
YHTEJbHLIX Pa3mMepoB (kapbe-
PBl, KOTJOBAlLL)
2Rppm o
H. I'. MMayxep Hges = h_&—}——v— Bononociblii TOPH30HT 3ane-
Kysl Ve raeT B NOYBe BLIPAGOTKH

B. A. Muponenko | Heges =

m (y -+ ——22—) BoponocHui#i ropusodr 3ane-
Ys { —E&mf /| raer & nouse BbIpaGOTKY K BO-
Joynopuufl naact paboraer Ha
cpe3 noj BAHAHHEM FMAPOCTa-
THYECKOTO H THIpONHHaMpYe-
CKOTO NaBieHUH

H. T1. VnanoB Heea = K, m (Y -+ 2 X | Aas cayyaeB oueHKH BO3MOX-

Vs r HOCTH NPOPHIBA BOALL Yepes 3a-

60# MaXTHOrO CTBOAA HAM KOT-

X (O - c)) JoBana Npu H > Heges, KOrma
B FAMHE NPOUCXOQHT CABUT

MpumMedaunue R_— CONPOTHBJIEHHE PACTANKEHHSA, Ry~ CONDPOTHBJIEHHE IPODPHIBY;

f — xosdduuHenT BHYTPeHHero Tpenus; & —KosddHuuenT GOKOBOro pacnopa; m — MoI-
HOCTh TAHHBE [ — pJMHa npoaera; r-— paguye; K=3-—4; K,=0,5—07.

HOCTH, MJIOTHOCTH H MPOYHOCTH H30JHPYIOUIMX [IJIHH, a TakKxke OT
cdopmbl ¥ pasMepoB OxpaHsieMof BLIpaboTKH, [as pacdera Oes-
OMACHOIC Hamopa MPeAJOXKEeH PsiJi AHAAHTHYECKHX H 3MIHPHYECKHX
tdopmyJi, KoTopbie mpHBeneHb B Taba. 44.

ITo pesysbTataM pacyeToB CTPOSIT CHelHa/ibHble KapTh yCJIOBHA
0e30MacHOCTH OT BOAHBIX NPOPHIBOB H AAlOT PeKOMEHJalHH Mo BO-
JlI03alIUTe TOPHBIX BHIPAOOTOK, KOTOpPbiE CBOASITCS, B OCHOBHOM,
K pacueTy BOAOINOHH3HTEJbHBIX COODYXKEHHH, obecneunBamolinx Oe-
30MacCHbIl HANOP BOAH Ha BOAOYMOPHBIE TJIHHBL,

HapyumenHe ycToAUYHBOCTH BBIPAOOTOK MOXKeT NPOM3OHTH M TpH
Hamopax MeHblle 0€30MacCHOTO B pe3y/bTaTe Ae(pOPMHPOBAHHS BO-
AOYNOpHHIX MNOPOJ MOJ BJHAHHEM TOPHOrO JaBJeHHs (NyyeHHe

213



B IIOYBe, BHBaJbI H3 KPOBJH
H T. I.). B cBA3n ¢ 3TAM yacTo
DDUXOAHTCA  CHHXKATb  HAIop
BOJAb A0 MaKCHMAJbHO BO3MONK-
HOH BeJIHYHHEI (a He TOJbKO JIO
GesonmacHoH 10 NpHBEAEHHHIM
e Py Sr7S. popmynam H rtaba. 47). Sro,
D 4 B 1217520242832 3540 Hygy ™ C ONHOH CTOPOHH, yBEJHYHBAET
Puc. 76. Tpajeku pacietmnx penn- CTCHEHb YCTOHUHBOCTH BHIpaGo-
apy  Gesomacuwix  HamopoB  (Hses) TOK, a C JAPYrod — yMeHbllaeT
B moyse (I) u 3xpome (2) m“TpﬁKOB 00beMbl BOABW W nmopojJ (NJBIBY-
B HOYB i -
Mockomoro yronuuoo. Saccema (uo HOB W TINH), monaxatoutix
M. B. ChipoBatko) B BHIpa0OTaHHoe NPOCTPAaHCTBO.
[lostomy oxoHuaTesnbHOe pelle-
HHe O [APEHHPOBAHHHM MNOA3EM-
HBIX BOZ npHHEMaercs Ha Gase oOllel OUEHKH YCTOHYHBOCTH oXpa-
HsteMO# BHIPabOTKH.

Hns ycnosuit TloamockoBHOro yroJibHoro 0acceiina, rge NMpOHMC-
XOAST YacThle MNPOpHIBHI NOA3EMHEBIX BOJZ B MHOATOTOBHTEALHHe H
OUHCTHHE BHPaOGOTKH, OblJH pEKOMEHJAOBAaHbI paccyHTanHKbie Mo op-
mysaam B. 1. Cnecapesa npu Rp=0,05—0,06 MIla pennunun 6es-
oNacHHX HAaNOPOB B NOYBE W KPOBJe B 33BUCHMOCTH OT MOLIHOCTH
BOJZOYNODHLIX 3KPaHHDYIOUIMX TJHH M WHPHHH BHIpaGoTky (mnd
WTpeKoB 3,6 M Mo HU3Y, a aast jaB— 6,3 M B Npensaboiitom Hpo-
CTPAHCTBE) H COCTaBJeHb MNPOTHO3HHE rpaQHKH, NpeacTapJeHHBIE
Ha puc. 76.

B rophofi mpakTHKe H3BeCTHO G60JblIOe KOJMHYeCTBO NpPOPHIBOB
BOJbl B pe3ynabTaTe Da3pyLICHHst BOAOYINOPHHIX TJHHHCTHX CJIOEB
NpH NOoA3EMHONA pa3paboTKe Yro/MbHBIX MecTOpoXKAeruil TT0AMOCKOR-
Horo, Jluenposckoro, JIbBocko-Bonbinckoro, Kysunenxoro, a rakxe
Jlanrpesnckoro, Iypa6ckoro, Ueprorckoro, Epmosnaesckoro u He-
KOTOpHIX Apyrux MecropoxaeHnii. Hamnpumep, g [loamockopHOM
Gaccefine x kouny 60-x rogos M. A. Bui6oukun sadukcuposan 60-
nee 1300 mpopHBOB BOAB H3 HECKOB H H3BECTHSKOB, 3ajieraloliux
B IIOYBE H KpOBJE TOJIL, BMELIAOIHX YroabHhIj miaacr. MakcH-
MaJIbHBIfl IPHTOK BOAH NpPH 3TOM cocTapaan or 150—200 (u3 waa-
yronbublx nmeckoB) o 800—1000 M3/u (n3 U3BECTHsAKOB), a MaKCH-
MaJbHHH 00beM BHHeceHHoro mecka or 500 po 3000 M3 Ha
JlanrpenckoM (Kasaxcran) Gypoyro/ibHOM MeCTOpOXKAEHHH MaKC-
MaJbHH 00LEeM IJIBIBYHOB H3 HaAyrOJbHHX NECKOB M caabhX mec-
YaHHKOB IOpckoro pospacta gocrturan 2000 M3 ¢ samosHeHneM
mTpeka Ha yuactke mauHo#t ao 50—70 m. IIpopuisn 3mecy mpouc:
XOAMJH B MECTaX MaJoil MOLIHOCTH HJIH BHKJHHHBAHHA BOAOYIOP-
HHX TJIHH, a TaKXe NpH nepeceyeHHH BHPalOTKamd MajgoaMIIH-
TYAHBIX TEKTOHHYeCKHX Hapywenuii. MHoraa OpomonkuTenbHOCTH
npopeiBa cocrasistia Beero 20—30 MHH, XOTst NOZrOTOBKZ K HeMY,
BBIpAXKaloIasicsl B HAKOIJIEHHH BoOAH, (POPMHDPORaHMH TpeUlHH H
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BHBAJOB KJH B NYYEHHH MOYBH, MOXeT NPOHCXOAHThL B TedeHHe
MHOTHX Mecales,

Ha IllypaGckom Mectopoxkaennn B Cpepuedi Asum NpOpHIBH
NJILIBYHOB MPOHCXOASIT H3-32 PA3PYILEHHS 5KPAHU3HPYIOUINX TJIHH —
«xKoumay (IOPCKOro BO3pacTa) MOLIHOCTBIO 0 2 M, 3aJIETalouinx
B NOYBE H KpOBJe pa3pabaTHBaeMOro yrojbHoro nuaacra. ITopzem-
HBEIE BOXH NPHYPOHERH K cJabbiM NecuaHHkaM (B NOLYTOJbHBIX ORH
HanopHueie). YacTeie NPOPHIBE NJBBYHOB HME@JH MECTO NpH paspa-
6otke UepHOBCKOro yroJbHOro MecTopoxiAeHns B 3abafixasbe, rae
B HX (QOPMHDPOBAHNK NMPHHHMAIOT ydacTHe HAAYTOJIbHLIE TIECKH [OD-
CKOro BO3pacTa M BOBJeKaeMHe B NPODHB YETBEPTHYHHE NeCYaHo-
rajeuHbie  OTJNOXEHHsi, BOZOYMOpHEIM 3KpaHOM 3fech CJyXaT
NePEKPHIBAIONINE YroJIb aprHiINThI, KOTOpHEe aehopMuPYIOTCes B pe-
3yabTaTe NeHCTBUS HOBOIO HANPSXKEHHOTO COCTOSIHHS BOKDYT BHIpa-
6orok. TpemnHs B KPOBJE — MepBBle NMYTH, N0 KOTOPBIM YCTPeMJIsl-
ercs Boga ¢ mneckoMm, O6beM nawByHOB gocruraer 300—500 w3,
BuipaBorkn Ha paccrosuun 50—100 M or owara HpopbiBa 3anoi-
HAIOTCS [EeCKOM-IJILIBYHOM, a Ha 3eMHOH NoBepxHocTH 06pasylored
NpOBaJbHEIE BODOHKA.

ITono6uble npuMepH NPOPBHIBOB BOAK MOXHO MPHBECTH ANS
psna PYAHBIX MECTOPOXACHHUH, rae NpHYUHOH OKOHYATEJNLHOro pas-
pYLIEHHs] BOXORETPOHRIIAEMBIX NOPOA MOTYT OKa3zathesa GYpOB3pHIB-
Hble paboTH.

Ocoforo paccMOTpeHHs! TpeGyIOT IpOpPHIBH NpH paspaborTke Me-
CTOpOXKACHUH, pachoNoXeHHBX B 30HE MHOroJieTHell MepsJjorh. Ha
ofuieM ¢GoHe O6JArONPHSITHEIX THADPOI€OJIOIMYECKHX YCJIOBHE Bene-
HHA TOpHbIX paloT H3-3a HU3KOH OOBOINHEHHOCTH TOPHBIX MHOPOR
(Tax Kak BOaa B HHX HAXOXUTCS B TBEPAOM COCTOSIHHH) 3J€ech MO-
YT NPOHCXOAHTb BOAHEIE HPOPHIBH H3 NOBEPXHOCTHHIX BOAOEMOB
HJIH W3 TajbiX 30H, COAEpPXKAIMX MHHEpaJH30BaHHHe Boan. H3Be-
CTHO, YTO MHOX MNOBEPXHOCTHLIMH BOJZOEMAMH, SBJSIOMUMHCH TNJA0-
XHM [POBOXHHKOM TE€NJa, NON3eMHble BOJAH COXPARSIOT MOJOXKH-
TeJbHBIE TEMIEPATYpH, NO3TOMY MNOPOAH, coAepiKamifie 5TH BOJAHI,
NPOHMUAEME! H CTYXKAT CPeno, OCYLIeCTBISIOMEH M'HMADABIHYECKYIO
cBsI3b BOXOEMOB (pekH, o3epa, MOpsI) C NOA3EMHBIMH BeIpaGOTKAMH.

TIpumepamu NpoOSIBACHAS BOAHHIX HOPODPHIBOB 10 3TOH NpPHYHHE
MOTYT CHyXKHUTb DakauayHrckoe u UepHOBCKOe YroJibHbE MECTO-
poxiennsd B 3abalikanbe H BOPKYTHHCKOe Yro.bHOE MECTOPOXKe-
nne. Ha nepsoM Npousowes npopelB BOAH H3 ABYX 03ep, pacro-
JIOKEHHBIX Ha y4acTKe IIaXTHOTO NOJs TPH BEASHHH TOPHHIX paoT
Ha ray6ume 250 M. Ha YepeoBCKOM MECTOPOXKIESHHH TOJ BJHS-
HueM Box p. KepelikH mepasbie TOPOAb MNEPEULIH B TajJ0e COCTOS-
HHE, YTO H NOCJYXKHJIO NPHYHHOH TPOPHBA PEYHHIX M O3€PHHX BOX
B TOpHble BHDPAGOTKH, NMpoXoAHMMHle Ha riay6ure 60 u. Tlpw npo-
X0JKe WAaXTHHX CTBOJIOB Ha BOPKYTHHCKOM MECTOPOKACHHH MMEJH
MecTO NPOPHIBEL BOAbI H3 QJLIIOBHS Pp. BOPKYyTH (WAXTHWH CTBOJ
Haxoguics Ha paccrosHuz 600 M ot pexn), MyHepann3OBaHHbIE
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BOJAbl MOTYT HaXOAHTLCA B XKUAKOM COCTOSIHHU MpH AOBOJbLHO HH3-
KX TeMmneparypax (HACBHIHNEHHBIA paccos U3 MOBAPEHHOH coaH 3a-
MepsaeT npH TeMmnepaType —22 °C), N0O3TOMY OHHM He TOJIBKO
CaMH MOTYT 3aTONHTb WIAXTY, HO ¥ OCYLIECTBHTL CBS3Lb MOBEPXHO-
CTHBIX BOJ C F'OPHHIMH BHIpaGOTKaMA.

Boanble NpopHBH HMEIOT KaTacTpopnueckhe NOCHEACTBHA NPH
paspaborke co.siHbIX MecropoxaeHuil., I'opuble paGoTw 37ech Be-
AyTCS MpH TAKOH cHCTEMe BOJO3AIMHTH, KOTOpas HCKJOYaeT He
TOJbKO [IPOPLIBL, HO H JI060e nocrynJeHne BoAb. M Tem He Me-
Hee, B Halledl M 3apy6exHOH npakTuKe pa3paGOTKH TaKHX MECTO-
POXACHAH H3BECTHH CJAyuyad MNOCTYIJIEHAs NPECHHX MNOBEPXHOCT-
HbIX H NOA3EMHBIX BOJ, KOTOPHle IIPHBEJIH K INOJHOH JHKBHAALMH
UIAXT H ja)Xe K YHHUYTOXKEHHIO caMOro Mectopoxaenusi. Hauasb-
Hasg NpHYMHA NPOHHKHOBEHHS BOABI — HCKYCCTBEHHAs TpeIlXHOBA-
TOCTh H/IH AKTHBH3UPOBAHHOE T'OPHBIMH DaGOTAMH TEKTOHHUECKOE
HapylIesHe, a HMHOrZa IJIOXO 3aTAMIOHHPOBAHHAS pPAa3BeNOYHAN
ckBaxuHa. Ho B JHaHHBIX TeOJOTHYECKHX VCJOBHAX, KOrga Camo
NOJIE3HOE HCKONlAeMOoe, a 4acTO W BMEHIAIOUIde ero ropHble HOPOILI
JerKo DacTBOPHMBH, Boga cama npoOusaer cefGe NMyTH HPOHHKHO-
BeHHUS B BHPAaGOTAHHOE NMPOCTPAHCTBO H C KAX/JBIM YacoM HX CTa-
Hosutca Bce Oosbme. IlpuMep BO3AefCTBUS NpECHHX TI'PYHTOBHIX
BOJA, HNPOHHKHIMNX B COJIEBYIO TOJILY,— OAMH H3 KaJHAHBIX pYyAHH-
KOB Depe3nHCKOro MecTOpoXAEHUS Ha YpaJe.

Tlpu paspaboTke MECTOPOXKACHHH NOA3IEMHHIM Cnoco60oM HMeET
MecTO SIBJIEHHE, H3BECTHOE NOJ HA3BAHHEM NPOPHBIBa TJHH, KO-
TOpoe MO CBOeHl NPHpPOAE B HEKOTOPHIX CAy4Yasx GJH3KO K IPOPHI-
BaM BOJAH, IOCKOJbKY HCTOUHHKOM 3HEPrin SBJsSETCS BOAA, CO-
3pal0lIast AONOJMHATEIbHOE T'HAPOAHHAMHYECKOe AaBJjeHHe, Xopollo
H3yJeHO 3TO siBJeHHe HA WaxTax KyaHelkoro yrosabHoro GaccelHa,
pa3pabarhBAIOIIAX MOIHbIE KpPyTOomajialolide NMacTh (MOLIHOCTD
6,5 M, yran nageunst GoJsee 60°). Hauwamo HccnefloBavHSM GbIJIO
nosoxeno B Ky3HEHKOM HAYUHO-HCCJAEAOBATENHCKOM YrOJbHOM HH-
cruryre (KysHHYH) T'. ©. Muxeesnm. Ilpeobaanaroniee 6o.b-
WHHCTBO NpPOPHIBOB Habuaoopatock B [IpoxonbeBcko-KHceseBCKOM
patione, rae no gaguniM A, IT. upoxosa, 10. H. Kynakosa n apy-
rux HceaepoBatesed 3a 30 Jjet npousounio Gosee 120 mpopbiBOB,
00ycnoB/ieHHbIX GOJIBIION MOIMHOCTLIO KPYTONAAAIOMIMX YIOJabHBIX
MJACTOB H HAJWYHEM TOIIH NEeCUYAaHO-ITHHHCTHIX OTJIOXKEHHH B Me-
CTaX BHIXOJA 3THX NJIACTOB.

TlpencraBieHne o MexaHn3Me NpOPHBA IMIHH B TOPHBle BHIpa-
GOTKH MOXKHO MOJYUHTh M3 CXeMbl, oKa3aHHo# Ha puc. 77. Hceae-
JOBAHHS I[OKAa3bBalOT, 410 0ODLEM MOpPOA, 3alOJHFOIHX BbIpa-
GOTKY, 3aBHCHT OT yrIJla NMajeHus M MOUIHOCTH paspabaTniBaeMoro
1J1aCTa, a4 TAKXKEe OT COCTAaBA H COCTOSIHHS TEepeKPHBAIOUIHX OTJ0-
KeHu#l w BMemaomux mopoxa. Ilpu 3ToM, Ha aHHAMHUKy mpoiecca
60.IbII0e BJIMSHHE OKa3LIBAIOT TMPOreoJ0rHYecKHe YCIOBHSA — MO
HOCTb BOAOHOCHOTO 'OPH30HTA, RETHUHHA HAMOPA BOAH!, BOAOTIPOHH"
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ilaeMoCTh NMOPOJA, FHAPABJIHYECKAS CBSI3b C NOBEPXHOCTHBIMH BOJOE-
MaMH U ADYTHMH noa3eMHBIMH Bogamu. Ha rcosoriueckue ycnosus
HaknaAblBaeTcst BJAHSHHE TEXHOI'CHHLIX (DAKTOPOB — CHCTEMA H TEX-
HOJIOTHS OTPAGOTKH, CTeNeHb CAPEHHPOBAHHOCTH HJIH MCKYCCTBEHHOM
OOGBOJHEHHOCTH DHIXJBIX NOPOJA, HAPEAOXPAHHTEJbHble MepONpPHATH.

Ha npumepe nayuenns npopheiBoB riauH Ha waxTtax Kysbacca
BHISIBJIEHH! CJleYIOLIHE OCHOBHBIE 3aKOHOMEPHOCTH.

1. TIpopuiBbl IJIHH NPOHCXOAST TPH OTPABOTKe YrOJbHHIX IJa-
CTOB MOIHOCTbIO 0oJjiee 5 M.

2. IlpepenbHHl yroJ MajeHns NJacTOB, ONACHBIX IO MPOPLIBAM
IJIMH, cocTapjsier 55° yeM BHIHIE 3TOT YroJ, TeMm ualle NPOHCXO-
JAT NPOPHIBH,

3. Cnabas, HeycrofiuuBasi KpOBJs NJjacta NpPemsiTCTBYeT IpoO-
pBiBaM, TAaK KaK NPH 3TOM I[POHCXOAHT ecTecTBEHHas 3a0yTOBKa
BLIpa6OTAHHOrO NpocTpaHcTBa. He NMpOHCXOAAT NMPOPLBH H B CAY-
yae 3aneTAHHST B KPOBJe KPEMNKHX NECYaHHKOB, €CJU MOIIHOCTbL He-
HOCPEACTBEHHON KpOBAH MeHee 3 M.

4. IpopuiBu npeo6GnajaloT B BHPaOOTKAX, APOHNEHHHX IHTO-
BHIM cnocobom (95 % HabimomaeMHXx cjyyaeB) H HX YHC.IO He3Ha-
gyutenbHo (2—3 %) npu xaMepHo#l U CTOIGOBON CHCTEMAX.

$IBjieRNsT NPOPHIBOB TJIMH HAGJMIONAIOTCA W B APYTHX YrOJBHBIX
GaccefiHax, a Takxe npd pa3paboTKe pPyAHLIX MeCTOPOXKAeHHI.
IMpumepoM Mmoxer cayxkuth pyauuk Temup-Tay na XKenesopyaHoMm
mectopoxnenun I'opuoit Illopun, msast KOTOPOro xapakTepPHb MOILI-
Hble pyaHble 3atexn (oT 2 po 30 M) kpyroro mapenus (70—90°),
NEepeKpRITHE MeCYaHO-TJMMHACTONH TONIIEH H BEIBETPEJIBIMH MOPO-
namn moliHocTblo 15 M n Goaee. IlpopbiBaM 31ech comeficTBOBANIO
HaCHIIEHHe PHIXJBX NOPoA arMoc(PepHLIMEH H TaabMH BoAaMu. Bo-
JNOHACHINEHHAS XKHAKASA Macca ZBUrajach MO TFOPHHM BHpPaGoTKaM

Puc. 77. Cxema opuvupopanns Puc. 78. CxemaTuueckufi paspes myJb-
NPOPHBA TIJAMH B TOPHYO BHpa-  JAB CABHXEHHS IIOJ BOAHBIM OOBEKTOM:
6OTKYy: 1—3 — 30HH COOTBeTCTBEHHO OOpymIeHHs, BO-

JAONPOBOASIIHX TpEIHE U IUIaBHOrO nporuba;
4 — BoJoHeNpOHHUI aeMble TAHHHL 5 — BO-
AoeM; 6 — IpaHHUB MYJAbAH CHABHIKEHHSA

I — ouyncTHOE NpPOCTPAaHCTBO, 2 — mpejo-
XpaHHTEALHEN LeJHK yrad; 3 — necqgaso-
TAHHNCTRIE OTAQOKEHURA; 4 — IPAHHIB KO-
nyca obpyuienHs
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B CTOPOHY LIAXTHOTO CTBOJIA M HECMOTpst Ha MepeKphiTHe ee MyTed
OCTOHHBIMH H Ke€Je300eTOHHBIMH MepPeMEIYKaMii, B KOHEUHOM HTOTE
Obljl MPHOCTAHOBJEH BBINYCK DYAB H3 Kamep. Ha 3emHoil mosepx-
HOCTH B 30He NPOPHBOB 00pPA3OBLIBAMHCHL NOHHMKEHHS, B KOTODHIX
cKamHBaJach atMochepHas Bopga, cnocofcerByomas 6osee HHTEH-
CHBHOMY Pa3BHTHIO NDOPHBOB.

Ocepanue 3eMHON NOBEPXHOCTH Hajg MNOA3EMHBIMH
TOPHEIMH BHPaGOTKaMH NPOHCXOAUT B pe3y bTaTe ABYX NPOLECCOB:
1) caBH:KEHHS TOPHHIX NMOPOJA Hajx BHPaGOTAHHHIM MPOCTPAHCTBOM;
2) ynaoTHEHHs MOPOJ B CBSI3H ¢ POCTOM 3(P(eKTHBHOTO NaBJEHHSA
B pPe3yabTaTe CHATHSA THAPOCTATHUECKOTO B3BEMIMBAHHS NMPH APEHH-
POBaHHH MOA3EMHHX BOJ.

Ilepsuift mpouecc BecbMa CJAOKHLIAE W MHOTOCTAAMHHBIN H Tpej-
cTaBiasieT coboil oObeKT clenuasbpHbiXx HCCAeAOBAHUH H HabJAOne-
HHI ceyHaJucTOB, MAapKileHnepoB, FTOPHAKOB M cTpouTesed. B pe-
3yJbTate CABHXKEHHS NoapabOTaHHOH TOJAMIM NPOHMCXOLHT H3MEHe-
HHe YCJAOBHH 3aJjeraHusi MOpPoA, PAacCTeT TPeIMHOBATOCTb, Hajader
MPOYHOCTb W YBEJHUHBAETCA BOAONPOHHIAEMOCTb, YTO B KOHEYHOM
HTOre YXYAIIaerT YCTOHUHMBOCTL noapafaThHiBaeMblx 3HaHHi H CO-
OpyxKeHnH, yBeJiIMYHBaeT BEPOATHOCTb BOAHHIX IIPOPHIBOB, OCOGEHHO
B CJyyasx noapaboTKH BOAHHIX 00LEKTOB (pek, 03ep, 60J0T, BOAO-
HOCHH X HeJAPEHHPOBAHHEIX TOPH30HTOB).

OcHoBHbIE 3/IEMEHTHI 30HBI (MYJbJbl) CABHXKCHHs MOKAa3aHH Ha
pHc. 78 mnst ycJOBHH yrosabHOH maxThl. Kak BHIHO H3 APHBEAEH-
HOH CXEMBHI, CJeAYET Pas3juyaTh rPAHHUB MYJbIb CABHXKCHHSA, Mak-
CUMAJIbHYIO aMAJINTYLy OCedaHHus H Da3jiuuHue MOA3OHH [0 BEPTH-
KaJH Da3HOf CTENEHH HapYyIUeHH: IPHPOAHOTO COCTOSIHHA TOPHBIX
AOPOA. DTH 3JEMEHTH 3aBHCAT OT LEJOro psina NPHUPOAHHX (Yyc-
JIOBUS 3aJeTaHUs MOPOJ, COCTaB, CTPOEHHE U CBOMCTBA, rHAPOre0J0-
THYECKHE YCJOBMS, T/yOHHA 3aseraHusi, MOIMIHOCTb IiacTa # T. A.)
H TEXHOTeHHHX (CHCTEMa H TEXHOJOTHs paspaboTKH, MeToa yHnpaB-
JIeHHS! TOPHBIM [A4BJIEHHEM, CKOPOCTb NPOABHraHHs 3abos u T. 1.)
¢$axTopoB.

Tlpu noapaboTke BOgHLIX OOGLEKTOB BO3HHMKAET BOMNpOC o 0e€3-
onacHoii rnyOHHe BedEHHs1 TOPHHIX paboT, KoTopas omnpenesasercs
IJisl KOHKPETHHIX YCJOBHH € y4eTOM pasJjuuHoro Habopa (akTopos.
Hanpumep, H. @. llanarnsoB B pe3y/ibrare cTaTHCTHYeCKOl 06-
paboTKu AaHHHIX HAOJIOAEHHHA HA YroJbHBIX LIaXTax H HCCAeNOBa-
Hull Ha Momessix INpensaraer chaeAywinyw GopMmy Aaa onpepene-
Husn GesonmacHoll rayGHHB N0APabOTKH HebOJbWIHX BOJAOTOKOB H
BOLOEMOB

He> 38Hm

8hr + ke + 0,34H

raie H—ray6una paspaboTku; m — MOIIHOCTb BHHHUMAEMOTrO YroJib-
HOro nJacra; A — cyMMapHas MOIMHOCTbL TIJIHH; fc-— cyMMapHas
MOLIHOCTh IVIHHHCTHIX CJAHIEB.
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Jas MHOrHX yroAbHHX MECTODOXKACHHH NO NaHHHIM Hal.110Ae-
HHH PEKOMEHAYeTCsl onpejesasiTh 0e30macHyio rayO6uHy noapaboTKi
B 3aBHCHMOCTH OT MOIIHOCTH pa3pabaTHBAaGMOro yroJbHOrO MJja-
cTa, T. €.

He>Km,

rae K pas pasanunnx MectopoxpaeHuit usmenserca ot 20 (auad
Tlewopckoro Gaccefina) no 150 (nas Hon6acca).

Bo BHMMM Obiin npoBedeHb CHeHHAJbHBlE HCC/AEN0BAHHSA
C YYeTOM H3MeHEHNs BONONPOHHNAEMOCTH IOPOA, 3aJjeraruiux
MEXIY BOAHBIM OODBEKTOM K BLIPabOTAaHHBIM NPOCTPAHCTBOM. Bo-
JOHETPOHULLaeMbLIMI CYHTAIOTCS NMOPOAL], y KOTOphiXx k<10~ m/cyT.
Tlox Gesomacuoifi r1y6uHOH MOHHMaeTcs Takad rayOHMHa, mpu KOTO-
poll 30Ha BOZOMPOBOASIINX TPelHH, obpasylomasncs Haj Bbpabor-
KOi, He JNOCTHraeT HHXXHETO KOHTypa BOAHOTO o0BekTa (puc. 78).
Kax nokaszann ucciaenosannst @. 1. Ctpesnsckoro, BrCOTA 30HH BO-
NONPOBOASIIAX TPEUIHH MOXKeT OBITh HaN€XKHO OmpenesneHa Ha6.lo-
JeHHAMH 3a H3MEHEHHeM Hanopos B moapabaTHBAEMbIX BOAOHOC-
HBIX NJacTaX M CPAaBHEHHEM BONOMOTIOUIATOUIEH B CKBAXKHHAX A0
1 nociae moapaboTku. B «YkaszanuAx no ONpeieeHHi0o ONTHMaJb-
HHX YCJOBHH BHIEMKH YIS NOA BOAHBIMH OOBEKTaMH» paccMaTtpH-
BAIOTCA ABe rpynns O0GBEKTOB: a) 3aJ/eraloliiX Ha BOAOHENPOHHIae-
MBIX TJIHHAX, OTAEJSIONIMX HCTOYHHK BOABl OT KOPEHHBIX BOJOMPO-
HHUIlaeMbix nopoa; 0) 3ajeramllHUx Ha BOAONPOHHIAEMbIX NOPOAAX.
Has stux aByx rpynn 0esomacHas riyOuHa MoxeT ObITb Onpene-
JIeHa 1o rpaduKaM, NpuBeAeHHBIM Ha pHc. 79.

HEIM /'/61M
MM
80k 160 - 0-20
140 20-40
. 40-60
bor- 120y 60-60
100 80-100
401 80y
60 -
20F 40t
20+
1 1 1 L i 1 i
0 ! 2 J mam g ! 2 J 4 myM

Puc. 79. I'paduxn aas onpefelenns Gesonmacuoll ray6uunl roprmx pabor (Hs)
N0/l BOAHBIMY OOBLEKTAMH B 3aBUCHMOCTH OT BHIHHMaeMo#l MONIHOCTH NJIacTa
(Mn) u MOUWHOCTH TMH (M) WIH cpelned MOMHOCTH ("cp) apruannTOB, ases-
POMHTOB H TJIMHHCTHIX CJIaHNEB B [NPOLEHTAX OT MOUEHOCPH [0ApaGarbiBaeMon
TOJMIY KOPEHHHIX TMOPOJ
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Heo6xoaumMo OTMETHTb, 4TQ H3yueHHe NpobaeMbl ONpeeJeHHA
6esonacHoil ra1y6GUHBI TOAPabOTKY BOAHBIX OGBEKTOR [a/10 BO3MOXK-
HOCTh H3BJ/€Ub 60J/bIIOE KOJHYECTBO YrOJNbHBIX 3aMacoB H3 Npef-
OXPaHHTE/JbHHX LEJHKOB NOJA BOAHHIMH O6beKTaMu B Ky3sHeukow,
Honenkom, Kusenosckom, Ilegopckom u JIbBOBCKO-BoOJBIHCKOM
yroabHbIX Gaccefinax. Masectun nogob6uele paGotel B Kanage, Be-
A¥KoOpuranud, flnonnu. BMecre ¢ TeM Heab3fl CyUTaTh HpobaeMy
OKOHYaTeJbHO pelleHHOH. Bce ellle NMPOHCXOAAT BOAHBIE IPOPLIBH,
KOTOpble HHOTAAa HMeIOoT Karactpobudeckuit xapakrep. Ocobo
ONACHBI MPOPHIBHL fpH NMOAPabOTKe MOPCKHX aKBATOPHE.

Kpome BOZHBIX OO6BEKTOB MOA3eMHBIMH TOpPHHIMH paforamu
noapabaTHBAOTCA pas/HuHble 3JaHUSA H COOpYKeHHs (XKele3HHeE
H aBTOMOOMJIbHBIE AOPOTH, HACHIH, OTBaJbl, Kapbepnl H T. A.),
YCTOHYHBOCTL KOTOPBIX H3yuaeTc M TPOTHO3UPYETCH CNEeHHAJH3H-
poBaHHBIMH oOpraHu3andamu. s KaXAOro yroJbHOro HJH Pyl-
Horo Gaccefina paspabortannl «TexHH4YeckHe yCJOBHA», ONpenesio-
IHe YCJIOBHA BeAeHHA FOpPHHBIX pabGoT Moj 3TUMU OOBEKTaMH C yue-
TOM T'eO0JIOTHYECKOTO CTPOEHHS TepeKpHBAIoIel TOJINH, MOIIHOCTH,
yria najeHds H r1yOuHb I1acTa (3a.1€XH), a TakXKe pfAfa TeXHO-
reHHHX (akTOpOB.

3HauuTeNbHble OCJOXKHEHHS NOA3eMHble pabOTH CcO3AAOT NPH
ofecrneyeHHH YCTOHUHBOCTH 6OPTOB KapbepoB, MONAJAIOMMX B 30HY
MyJabJb cABHXKeHUS. B KpuBopoxcKkom pyaHom Oaccefine, Ha ToIp-
HHAay3CKOM MOJIHMETaNNHYeCcKOM MECTOPOXKAEHHH, Ha Ypaje H He-
KOTOPHIX APYTHX MeCTOPOXKJAeHHAX pa3paboTKa NONE3HOro HCKOMae-
MOrO TPOHCXOAHT NOA3EMHLIM H OTKPBITHIM CIOcOO6aMH, B CBS3H
¢ yeM 0opra KapbepoB OKasHBAIOTCA I0j BJHAHHEM IIporecca
CIBHXKEHHS TOpOJl, 3a/jeraloliux Haji HOA3EMHBIMH BHpabOTKaMH
u B 6oprax (pabOuHX H/H MOCTOSHHBIX).

B pesynbTate H3MeHeHHS YCJAOBHH 3ajeraHus U TpeIIHHOBATO-
CTH TIOPOJ, a Tak¥e peXHMa NOA3EMHHX BOJ, B Npefenax MYJbAbl
CABHXKEHHUS coajfaerTcs Hopaf, HebjaronpuatHas OOCTaHOBKa HJs
BO3HUKHOREHHS ONOJI3HEBBIX AIBJEHHH Ha OT/[EJbHBIX yuacTKax 6op-
TOB. JTO CBA3aHO B MEPBYI0 ouepeldb ¢ popmHpoBaHueM ocaabiieH-
HEIX 30H, SIBJSIOMKEXCS NMOTEHIHAJBHBIME MOBCPXHOCTAMH CKOJbXKe-
HHf, pa3yOpOuRHeHHeM 3a cYeT HapyleHHA CIJOWIHOCTH IOPOJ
(AcKyccTBEeHHAA TPEUIHHOBATOCTh M PACC/OEHHS) H CO3AaHus FHAPO-
LUHAMHYeCKOro MAamJeHHs APeHHPYeMLIX BOA TNOA3eMHBIMHE BHIpa-
6orkaMu u Goprom. Hajgo oTmMeTHTb, 3TO NPOrHO3 YCTOHUHBOCTH
noapaboraHHeIXx GOPTOB KapbepOB H ONpeje/eHHe UX NapaMeTpos
BO3MOXHH TOJbKO Ha $a3c aHajsisa pe3y/nbTaToB HaG/oAcHHI 32
IIPOIECCOM CABHKEHHUA NMOpPOoA W (GOPMUPOBAHHS HOBOTO HX COCTOA-
HHS.

OcenaHue 3eMHO NIOBEPXHOCTH B pe3yJbTaTe BOAOTIOHHKEHHS T10-
Jy4Hno 6OJBIIOE paclipocTpaHeHHe Ipu pas3paloTKe MecTOpOXje-
HH{f ToJse3HBx HcxonaeMbix. OHO HaGalofaeTcst TakXke Ha TeppHTO-
PHAX KPYNHBIX NPOMBIIIJIEHHBIX I[€HTPOB, I'le NPOHCXOLHT HHTEH-
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CHBHast OTKazKa TMOA3eM-
HBIX BOJ INPOMHIIJIEHHOIO
H OLITOBOrO BOJAOCHabXKe-
HUS; TIpH 3KCIJyartaluu
He(TAHBIX H Ta30BHIX Me-
CTOPOXKJAEeHUH, TAe MaKCH-
MaJlbHBE aMIJMTYAH oOce-
lanuil gocrurawr 12—15 M
u Gosee. B pesysbrare oce-
JaHNs 3eMHOH TOBepPXHOCTH
npoucxoiar Aedopmanuu
Ha3eMHBIX COOpYKeHHH,
3abonazuBaHHe  TeppHTO-
pu#, paspylleHHe KpemH
IWaXTHHX CTBOJIOB € MOCJe-

AYIOIIHMH npopeiBaMH  Puc. 80. CxemMa K pacueTy BepTHKAaJLHLIX
BOJBl U APYTHMH BpeJHBIMH CXKUMAOUUX HanpsiKeHuf H MOCTPOEHU S
ABJEHHAMH CyIIHOCTb smop Ao (I) u mnocie (2) BOROTOHHIKEHHS

3THX s1BJIEHHH 3aKJA0RaeTCs

B Je(OopMHPOBAHHH TOJILIH NOPOJ, BEIXOAALEH M3-NOA BJAHSHHEA THA-
pocTaTHRECKOro AaBJeHHs NpH ApeHHPOBAaHHM NoJ3eMHHX BoA. M3
H3J0XeHHOTO paHee (cM. pa3fl. 4.1.) MBl yXe 3HaeM, BTO B 3JEMEH-
TapHOM o0beMe MOPOAH, HaXojslieHcs Ha MyGHHE A OT 3eMHO# 110-
BEPXHOCTH, U NIOJ BO3AeHCTBHeM cTON0a BOABW BHICOTOH hp BO3HH-
KalT IpaBHTanHOHHLle HANPAMKEHHS BCECTOPOHHETO CXKaTHA O Oy
H Ox, ONpejiejisieMble H3 BHPAXKeHH:

0, = Yepl — Vufle; 0,=0, -+ _-lu—u Gaz»
rjle yep — CpejllHee 3HaueHHe Y/AeJbHOTO BeCa BHIIe3a.1eraroiiel
TOJIIH TOPOJA; Y= — YA€JbHBIH Bec BOAB; w— Kosdduuuenr Ilayc-
COHA TOPHBIX TOPOJ.

JlpeHupopande TOA3eMHBIX BOJA, KOTOpOe INPOBOAHTCS C LEJbIO
yJaAyglIeHUst ycJOBHH TOpPHHIX paBoT U cyHTaerca OCHOBHBIM Mepo-
NpHsTHEM IO 00eCnezeHHI0 YCTOHYHBOCTH BHIPalOTOK, yBe/IHRHBaeT
s dexTUBHbIE CKUMaoune HanpsKeHUs (Hp=0Czej=vycph), UTO H
NPHBOJHT K CHKATHIO cApeHHpoBaHAbLIX nopoA. Ha puc. 80 noxasana
cxema K OIpeje/eHHIO BEPTHKAJbHHX CXHMAIIUX HanpskeHdi
0 H TIocJae BOJAOTNOHHKEHHS H 3MIOPH 3THX HANpPsXKeHHH AJasa KOH-
KPETHOrO YywacTKa MeCTOpOXKJeHHd. JlomosHHUTeabHOE YNJAOTHAIO-
niee jgaBjeHHe npefcraBjsier cobol pasHHuY MeXAy AaBJeHHSIMH
Ha JaHHOH rayO6uHe 1oc/e H A0 BOAOTIOHHIKEHHS, T. €.

Ao'zi = ozief_ Oy = chhi—vcphi + ?ma' = Yahs[-
OHPEILEJIEHHE HpOI‘HOSHOﬁ BEJINYHHBL OCeNaHHs 3eMHOH noBepx-

HOCTH IPOHM3BOJUTCS Ha 6ase OCHOBHOYO 33KOHA MEXaHUKH TPYyH-
TOB — 3aKOHA YIJIOTHEHUsI H TeOPHH KOHCOJIMAAIHM (cM. pasf. 2.6).
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Ecnt  HcX0AMTh M3 IpeinoJoxKeHnst KOMIPECCHOHHOTO CXKATHA
(cxkartus Ge3 OOKOBHIX jpedopMauuiil) KOHeuHas ocafika IOPOL
MOLILHOCTBIO M1; COCTABHT:

4 KOHeyHasd BeJUUMHA OCelaHHUSs 3eMHOH ITIOBEPXHOCTH

n
SK:Z €i1 — €2 m;,
T lten
rae 7 — YHCJO PACYeTHLHIX CJIOEB B Hpele]ax CHKHMAeMOH TONUIH;
€y U €;2— KOI(Q(DUUHEHTH NOPHCTOCTH CXKHMaeMOro CJOf, COOT-
BeTCTRYIOLLHE HANPAXKEHNUAM Oz M Ozif, CHHMaeMbiM ¢ KOMIIpec-
CHOHHOH KpHUBOH A/A AaHHOH MOPOLBL.

Pacuer ocaaKd B 3THX YCJIOBHAX MOXHO IllpoecTH U Ha Oase
o6o6iieHHOro 3akoHa ['yka mpu gonymesuH, uTo GOKOBbIE Aedop-
MalHH OTCYTCTBYIOT, H rOpH30HTAJbHble HANPAXKEHHSA PaBHH Me-
XKy cobot. Torna

AG.m- e
Sum- 2 (12 ),
E, l—p

n Ao,my
S - ﬁ—_b—’
=3

rae E;— monyab obuinx gedopMmanufi ymJIOTHAEMOH MOPOAHI; .- B=
=1 o
l—p
Bonee TouHO pacuer BeNMUHHH OceJaHHst NPOBOAUTCA C ydUe-
TOM TOPH30HTAJbHBIX HanpfAXeHUA H AedopMauuii, T. e. Aaf yc-
JIOBUH ABYX- H TPeXMEPHOIO CXaTUS MO BHpPaXkKeHHAM, NOJYyYeHHBIM
H3 00001eRHOro 3aKoHa ['yka:

xz—(AOzt——

L—p;
~Ag )-——m'
i E; iy

Ski=|A0,i— 1, (A0x1+ Aoyl ——

Ilpu mporHose OcenaHHsi 3eMHOH IOBEPXHOCTH B pe3y/bTaTe
VIJIOTHEHHsT TJAHHHCTHIX [OpPOJA BO3HHMKAIOT OC/JOMHCHHSA, CBA3aH-
HbHe ¢ HX QUILTPAUUMOHHBIMH H peoJorHYecKHMH cBOHCTBAMH, KOTO-
pble ONpeAeNAloT MOUIHOCTh CKHMaeMbIX NOpoa (a, CAeJOBATeNbHO,
BeHUHHY KOHeYHOH ocaikHu), NpPHpPOAY INpoiecca YNJIOTHEHHS H
CKOpOCTb €ro NpoTeKaHus (KOHcoaMjauHH). Panee (cM. pasa. 3.5)
MH yXe OTMeya/H 3HaueHHe HAYaJbHOrO rpajgHenta (HIbTpaNHH,
BeJHYHHA KOTOPOTO 3aBHCHT OT C€OCTaBa H IJIOTHOCTH TAMHHCTON
nopoabt M uHOrAa pocruraer 30—70. Haa BO3HHKHOBEHHS (QUABT-
panud B TakOd [I/iHHe, MOACTHJAOLIEH ApEHHPYeMHIH BOJLOHOCHBIH
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FOPH30HT B 30He MOILHOCTBIO 2 M HeOOXOAHM Hamop BOAbLI B MOPO-
BOM IIPOCTpAaHCTBe IJIHH (IIOPOBOe AaBJi€HHE) COOTBETCTBEHHO 30—
70 M.

Ecau, B coorsercTBuu ¢ Teopuelt ¢unpTpanHoHHOH KOHCOJHAA-
LW JONYCTHTb, YTO H3MeHeHHe J[aBJeHHS 33 CUeT BOJONOHUIKE-
HUf BHI3LIBACT TaKOe e AaBJeHHe B NOpPOBOH BOje paccMaTtpusa-
eMOH [IVIMHH, T. e. A0,=#, TO YIJOTHeHHE 3a CYyeT OTXKUMAa BOAH
HayHeTcA NPH NOHMXKEHHAX BoAH Ha 30—70 M W 3axBaTHT, KaK IO-
KashiBalOT HabJ/I0AeHHs, TOJbKO BEPXHIOK YacTb CJOS T[VIHH MOIL-
Hocthio A0 1,0 M (O6BIYHG MOIHOCTL CKHMAEMOI'O CJOSA COCTaB-
JsieT me=hy/ly). B aTOM cayuae roBopAT O TOM, YTO KOIPPHIHEHT
IIOPOBOTO AaBNeHUS a=Ac./u O6AH30K K eauHHne. OpHako HabJIO-
JeHHA MHOIHX HccjJefoBaTesned IOKA3BIBAOT, 4TO AAA OGOJbLIIUH-
CTBA TIVIMHUCTHIX NOpoA (H 0coOeHHO AAf IJOTHBIX) 3TOT Ko3addu-
LIHeHT MeHbllle eAMHHIB, a HHOrAa He mnpesbimaer 0,1—0,2 [8].
OTrciona caenyer, uTo Ipouecc YINJAOTHeHHR He OyJeT BO3HHUKATh
BO MHOTHX T'VIMHHCTBIX PAa3HOBHUAHOCTAX HaH Oyner HMeThp MECTO
TOMBKO Ha TrpaHHIe MeXAYy BOAOHOCHBIM TOPDH30HTOM H cCJ0eM
IJIMH H TO, NPH JAaBJeHHAX MeHblle Agz, ONpeAes]eHHHIX MO 3IIO-
pam Ha puc. 80. A 370 mpeanosaraer crenHajbHblEe HCCAELOBAHHSA
¥ Haba0/leHUA HA MOAeNAX H B HATYype.

Bo3HHKHOBeHHe Npoiecca YNJOTHEHHR B T[JAHHHCTBIX IOpOAax
1 ero BeJHZHHA 3aBHCAT elle OT HX CTPYKTYPHOH HPOYHOCTH Rerp,
onpeaejseMoll IO KOMIIPECCHOHHBIM KpHBHIM (OHa COOTBETCTBYeT
JaBJeHHI0O Hauyana YNOJOTHeHH W JJA Pa3HBIX TVIMHHCTHIX TOpPOJX
cocrasager ot 0,05 mo 1,0 MIIa). B cayuae, ecnd Ac.<Rerp YI-
JIOTHEHHSA He TPOHCXOJUT.

Taxum o6paszoM, Iponecc YNJIOTHEHHS [VIHHHCTHIX NOPOJ C HO-
3HIHH TeOpHH (HIBTPALUOHHON KOHCOMMAALHH MOXKHO paccMmar-
pPUBaTb TOJBLKO B C/JAabBIX PAa3HOBUAHOCTAX C HEBLICOKHM cojepKa-
HHeM IJUHHCTON (paKuuH, 3ajeralomux Ha HeOGOJAbLHIHX rayOuHax
OT 3eMHCH IOBEDPXHOCTH, Ha [AHe BOJOEMOB, a Tak¥Xe B THAPOOT-
Bajax pasHoro cmnoco6a ckaagupoBanHuf. HawaJbHBHA rpaaueHT
$UALTPANMOHHON KOHCOMHAANHUM, MO HcciaeaosanuaM P. . Jlamko
Isgx =104/Mc , rae Mc— conepxante riupHCTON ¢dpakunn B %,
yTO ONpefeifeT IPaHUNBl ee H3yueHus. B paMKax 3ToH KOHCOMH-
Jainyy MOXKHO INpPOTHO3HPOBATHL NPOJONKHUTENBLHOCTHL IIpomecca yi-
JIOTHEHUSl U CTelleHb ero 3aBepIIeHHOCTH (CTelleHb KOHCOJHAAlHH),
NPeJACTaBAAIOIYI0 OTHONIEHHE BeNHYHHH OCAAKH Ha H3yuaeMBIH
MOMEHT BPDEeMeHH K KOHeuHOMy ee 3HaueHuto. McxomHo# nuddepen-
UHanbHOe YypasHeHHe AAA pellleHUS [OCTaB/JeHHBIX 3agay HMeer
BUJI:

#H  oH
Yo T ot
k(1+e
rae Cy =——— — K03hOhHIHEHT KOHCOMUAAINY TJIHHH;, 2 — K03¢(-
aVYa
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. Ag
bunpenT GuAbTpaUNH; @ — Ko3pdHULHEHT cKuMaemocTH; H — —7% —

Yo
Hamop mopoBOH BOJAH B IVIHHE; Z— AJHHA NYTH GUABTPaLHI;, { —
BpeMs YIIIOTHEHHS.
Pemwenns storo ypaBHenus c nomompio psajgos Pypee npu rpa-
Ag
HHUHBIX yeaosuax: 1)H=—% — (=0, O0<Z<m; 2) H=0, {50,
Y

Z=m, NOJYy4aiOT BHIpaKeHHe AJA OCAJKHM B 33/ daHHBII MOMEHT Bpe-
MeHH B BHIE;

o) 2
S=-2m (18 § L,
l+e Tl

B KOTOPOM IepBBIii MHOXKHTE/b COCTABJSET BEJIHYHHY KOHEUHOM

o n2Cvi
OCajKH, a BTOPOH 34BHCHT TOJLKO OT IOKaszaTessf T“:_‘i*?—’ Ha-
m
3bIBaeMOro ¢akKTtopoM BpeMeHH (IpH (HUABTPALMH BOAB H3 TJNIbI
niCyt
BBEpPX H BHH3 T, = ———:——).
m

Crenens ynnoTHeHns (KOHcomnpauuu) u#=S:/Sx H3MeHfeTCA
or 0 (upm £=0) mo | (mpu f{—oo). 3HaueHHH ee MOTYT GHITH IO-
JydeHEl TO pacueTHBIM BennunHam T,, a BpeMs JOCTHKEHHS KO-
HeYHOH ocajKiH H3 NPHBEJEHHOro BhipaxXeHHA Iaf T. HaH DO pe-
3yJbTaTaM KOMIIPECCHOHHEIX HCHOBITAHHA [VIHH, HCIOJAL3Ys BHIpaA-
KeHHe

h _( m )2

s msy ’
rie #;— BpeMf YIJOTHeHHR JabopaTopHOro ob6pasua BhICOTOH my;
{;— BpeMfl YIJIOTHEHHUS €051 [JIHH MOLIHOCTHIO My,

B mepBoM cayuae MOXKHO BOCIOJb30BATHCA NPHBEJEHHBIMH JaH-
HBIMH s Ty u w:

Ty ..... 002 008 017 031 0,49 0,71 1,0
«4 ...... 01 02 13 04 05 06 07

PaccMOTpHM HeKOTOpble NPHMEpBl OCeJaHHs 3eMHO{l HOBepx-
HOCTH B pe3y/bTdTe BOJOIOHHIKEHHA IPH pa3paboTKke yroJbHHX H
PYIHBIX MeCTOpPOXKeHHH.

ITpumep 1 ornocutcst K IloaMockoBHOMY yroJbHoMy Oaccefiiy npH CTpoH-
tenbeTBe «Koseabckuxs mwaxt Ne | u 2. I'maporeonorudeckuit paspes ydactka
maxtel Ne 2 nokasan Ha puc. 8l. Haayroabhas toawa moumHoctbio 30—40 M
CJIOMXEeHA NEeCKAaMH M TJHHAMH TYJbCKOH CBHTH, NEPEKPHITOH YETBEPTHUHLIMH OT-
JNOMEHHSIMH, a4 B OCHOBAHHH YIVICHOCHHX OTJOXeHHH Ha ray6uny mo 40 m 3a-
JEraloT TPEWIHHOBATHIE YNHHCKHE H3BeCTHsiKH. IToA3eMHbIe BOAN 3a/eraiT B Haj-
yroabHLX Neckax (HaAYTONbLHBIE BOJLOHOCHHIE TOPH3OHT) ¥ B TPEUHHOBATHIX H3-
BecTHAKax (MOAYro/bHEH HanopHuil ropusont). KoaddHmuentol ¢uibrpamuH H
NepBOHAYa/LHEIC HAMOPH COOTBETCTBeHHO paBHH 8 MfcyT, 12—18 M u 18 Mm/fcyr,
22 M. BonononmKenHe Hayajoch B paioHe OKOJOCTBOJEHOIO ABOPA CKBaKHHAMH
#3 000HX BOMOHOCHBIX FOPH30HTOB H 3a 2 rofa U 9 mecsmes Obll0 OTKAayaHO: H3
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Puc. 81. TunporeosiorHuecknii pa3pes Ha y4YaCTKe CTPOHTENbCTBa IaxTthl Ne 2
«Kozenbckor» (ITonMockoBHBI Gaccelin)

HanyroJNbHEX MEcKoB — okoMo 1,5 MAH. M® H H3 H3BecTHSAKOB — Gojlee 3 MJH, M
Boabl (npu paboTe ceMu BOLONOHH3HTENbHEIX CKBAaXHH 3a | roj ObJIo OTKayaHo
2 MaH. M3 Boan).

B pesyjbTaTe BOAOMOHHXKEHHA B HAAYrOJBHBIX meckKax copMHpoBajaach Je-
NpeccHonHAasd BOPOHKa riybuHoil 14—15 M, paguycom 700—800 M m nuomiagbio
120—150 Tnic. M2 B yHOHHCKHX H3BECTHSKAX HANMOp Owll cCHuXKeH Ha [8—20 M,
BOpOLKa HMesna papHyc 2,3—2,56 kM, mnomaasr 350—400 teic. M2 Ocepanue 3em-
HOH MOBEPXHOCTH OLIO 06HapYXEHO Hpu NMOBTOPHOM HHBEJIHPOBAHHH YCTbeB ipe-
HaXHbHX CKBaXKHH H MakKcuMa/bHasi ero BelnunwHa coctasuia 0,87 M B pafioue
HaHOOMBIIEro CHHXeHHsi Hamopos Boxnl. CKopocTh oceflanusi cocTasisia ot 20
no 36 c¢cM B roA NpH CKOPOCTH CHHXKEHHf HamopoB or 6—I10 M B meckax zo
8—17 M B H3BecTHsiKaXx. MHTepecHO OTMETHTH, YTO OTHOUIEHHE BEJHYHHH OCena-
HHSL 3eMHOH NMOBEPXHOCTH K CHHXKEHHIO HANOpOB BoAbl H3meHsiock or 0,032 (ro
OTHOIIEHHI0 K HanopaM B u3BectHAxax) no 0,051.

ITpumep 2 othocutc K SIKOBJEBCKOMY IKEJE30PYAHOMY MECTOPOXKIEHHIO
KMA, Ha KOTOPOM CTPOHTENLCTBO WIAXTHOIO CTBOJNA NOATOTABJAHBAJOCH NpeABa-
PHTEJBHBIM BOJONOHHKEHHEM B TpefeaX MOILHOH TOMN{H OCanoYHBIX HOPOA
(puc. 82). IlporHoz oXHAaeMoro ocenaHHsl 3eMHOH NoOBepPXHOCTH OHA NpOBeleH
B 1960 r. H. H. Kanuemsconom, H. M. Huxoancko#t, Y. II. HBaHoBuM H no-
KasaJ cyuiecTBeHHoe 3HaueHHe npobJeMbl BJHsiHHS HAYaJbHOTO TPAAHEHTA IJIH-
HHCTHIX NOpOJ IOpcKoro sospacra. Ecau NpUHATL BO BHHMAHHE, YTO HX MOUi-
HocTh Gosee 100 M, a cHHMaeMeit Hamop Boaw Aoctaraer 500 M, To npH cpexn-
HeM Moayae nedopmanuu Gosee 50 MIla, ocagka ToJAbKO B npenesax 3ToH TONHH
6e3 yyera HauaJbHOTO FPAjHEHTA COCTaBHT oKoso 10 M.

Onnako nerajpHoe H3ydeHHe (H/ILTPALHOHNBIX H AedOPMAamHOHHLEIX CBORCTB
BceH INpeHHPyeMOi TOJIULM AAT0 BO3MOXHOCTbL MOCTPOMTL GoJjlee TOUHYHW (H3H-
YecKyi0 Monedb H npoBecTH 0ojee TOYHYIO OLEHKY npolecca YIJIOTHEHHS B pe-
3y/ibTate BOjONOHHXKeHHS. B cBH3M ¢ BBHICOKMMH 3HaYeHHAMH Ha4yajipHOro rpa-
aueHTa (no 50 M u Godee) OGosplras 4acTh TOAWM TJIuH OGHIa HCKJIOUEHA H3
pacderos, IIporuosnad BeJlHYHHA OCENAHHsS 3eMHON HOBEPXHOCTH 33 CYET CYM-
MapHOH OCaJKH Bcefl TOJMIH OCajOYHHIX NOPOA COCTaBH/Ia okojo 1 M. Bmociexn-
cTBHM pacyers! mposonmance B MIJI, Bo BcecowosnoM HayyHo-HCCAeROBATEb-
CKOM H MPOEKTHO-KOHCTPYKTOPCKOM HHCTHTYTE NO OCYIIEHHIO MeCTOpPOXKAeHHui mno-
JIe3HLIX HCKOMaeMbX, CNelHaJbHBIM T[OPHHEIM paboraM, pyAHHYHON TeONAOTHH H
mapkweiinepckoMy peny (BHMOTEM) u Owiig moayueHH 3HAYeHHst Toro Ke To-
psinKa, a CrellHajbHbe HAOMIOAEHHS B NEPHOA OCYINENHA yJyacTKA CTPOHTE]ILCTBA
HOATBEpAH/IM MPOTHO3LL.
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Puc. 82. CxeMartHueckuii reojormueckut pas- Puc. 83. Paspes ppennpyeMmoii
pes SIKOBJIEBCKOTO Kele30pYAHOro MecTopox-  Toiuu bBenosepckoro keseso-

aeuns KMA: PYAHOTO MECTOPOXKIEHHUS:

! — necyaHo-IIHHHCTBIE  OTAOXKeENHs; 2 -~ MeJaoMep- 1, 3 — BOAOHOCHBIE NCCKM; 2 — [VIHIH-
reabhass Ttoama (Kg); 3 -— mecyapo-raMyHCTHe IO- cThie TOPOABL, 4 — MeprefbHO-Meso-
poast (Kg); 4 — necuauwmxku ([;); 5 — rauuucras Basi ToAWA; 5 — KPHCTAJJIHYECKHA
tomuwa ([3); 6 — u3sectasaxku (C,); 7 — ksapu-GHo- byspament

THTOBble CJAAHIB; & — KBapy-cJAlogHcTHE CcAallbl;
9 — xeje3ucThle KBAaPUHTHI, [0 — XKejeszHass pyna
(GorarTasi)

lpumep 3 — Benosepckoe mene30pyAHoe MECTOPOXKAEHHE, reolornuecknil pas-
Pe3 ckuMaeMofi TOJIly KOToporo NoxasaH Ha puc. 83. Oma saseraer Ha IJay-
6uue oxono 300 M, a manop Boan B Oatckmx neckax (cnofi 3) pocruraer 250—
300 M. Cuukenne Hanopa Boaw Ha 200 M TmpuBeNo ¥ YIVIOTHEHHIO NeCYaHO-IVIHHH-
CTO 31 MepredbHO-MeJOBOM TOJIL, B Pe3y/ibTaTe KOTOpOro npousomnix Aedopma-
IHH BEPTHKAJBHEIX CTBOJOB, NOTPeGOBABIIHE BHIOJIHEHHS CIEHHA/JIbHBHIX KOHCT-
PYKTHBHHIX MepomlpuaTaii. CyMMapHas OC4lKa IIpH 5TOM CocTaBuia oxono 3,0 M.

CreguanbHbe HCCAefOBAaHHS M HAGJIOJeHHs, NPOBEJEHHHE Ha 3rOM MecTo-
DOXJAeHHH TOA PyKOBoAcTBOM B. A. MHDOHeHKO, MOKa3ai¥ CJAOXKHOCTL MNPOrHO-
3HPOBAHHA NPOLECCA YIJOTHEHHS B peafbHBIX NPHPOAHBIX YCJOBHSAX. B uactHO-
CTH, OCHOBHAsl YACTH OCAAKH NPOH3QLLIA 3a@ CYeT YIVIOTHEHHS OTHOCHTENbHO BOAO-
YIOPHOHR MeprelbHO-MeIOBOf TOJILH, ¥ KOTOPOR KO>(hHUIHEHT CKHMaeMocTa a=
=0,03 MIla~!, 4T0 npuBeto K OTHKATAIO GOJLIIOrO KOJHYECTBA HOPOBO-TPeninH-
Holl BOAH (BOAOOTAAYa 5THX MOPOJA OKAa3ajach Ha NOPAMOK BHIIE, HeM y mnec-
koB). M3 ofimero ofbema orkaumsaeModi Boan B 2—3 TheC. M3/a Gosblle mnojlo-
BHHDI COCTAB/sJA OTXKAaras Boga. KpoMe TOTO, 3llech NMOATBepAW/Tach elle OLHA
Ba)KHas OCOGEHHOCTb, O KOTOpOil peyb Ila paHee. BoaoymopHELIC TIHHEI (cnolt
2) nupakTuueckM He yuacTRORajJH B INpoUecce YIVIOTHEHHs H3-3a BHICOKOro Ha-
4aJBHOFG TPaJMEHTAa (UALTPAIMH, ACCTHraBliero 3mauenus 70. JlelcTBHTENBHO,
ec¥ yuecTh, UTO CHHMKEHHe Hamopa BOAH B Neckax cocTasmio 200 M, To Moml-
HOCTH cKMMAEMOfl TOAmM IJuH, NpHJerallefl K rpaHume ¢ neckavu (ApeHamu)
me=200:70<3 M. TakuM 06pa3oM, ANs cOCTaBJeHust HaKeKHOH pacueTHOH Mo-
AejH Tnpolecca YIJIOTHEHHS HeoGXOAHMO OTPEAesiTb Hamophl BOALI H HX H3Me-
HeHHe He TOJLKO B BOAOHOCHHIX TOPH30HTax, HO H B OrpaHHYHBAIONIHX HX BORO-
ynopuurx Nopoaax. Ilpu pacuere BOJONPHTOKOE B JPEHAXKHEIE CHCTEMH HEOGXo0-
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AHMO YYHTHIBATE AONOJHHUTENDHOC KOJHYECTBO BOAH, nocrynaiom.eﬁ 3a CYET OT-
XKATHA H3 BOAOYNODPHBIX HOPOA.

AHanna pe3ynbTATOB BHIIONHEHHBIX HCCAeJOBAHWA W HaGMOIE-
HHH mnpomecca ocefaHHfl B pe3yJbTaTe APeHHPOBAHHA NOA3EMHBIX
BOJA A4€T BO3MOXKHOCTH CAENAaTb HECKOJNLKO BAMXKHBIX TEOPETHUECKHX
M NIPAaKTHYECKHX BBLIBOIOB.

1. CHmKeHHe HANoOpOB NOA3EMHBIX BOJ B Pe3y/abTdaTe HX APEHH-
pOBAHHA TNPHBOJHT K H3MEHEHHIO €CTeCTBEHHOIO TI'paBHTAIHOHHOTO
HAaNpAXKEHHOr0 COCTOAHHA TOPOA (BOLOHOCHBLIX H BOLOYIOPHHIX).

2. B BOAOHOCHHIX NOPOAAX B PE3yAbTATE OTKAUKH OBICTPO IIpO-
ACXOAUT POCT 3OODeKTUBHHX nanpsiKenud, a B TIAUHACTHX BOJO-
YIOpHHX GopMnpyeTcst NOPOBOE [aBJAEHHE, BENHYHHA H CKOPOCTh
pacceHBaHHS KOTOPOrO 3aBHCAT OT pAga (HAKTOPOB H IPOTHO3HpY-
IOTCA BEChMA CJOXKHO.

3. HedopManuu B ropHLIX NOpOAAX, HAXOASIHAXCH NOJ BO3gefi-
CTBHEM HOBOI'O HANpPSXKEHHOTO COCTOAHHS, HMEIOT pPasHyl INpH-
poay: a) ynpyrHe, NpoTeKalolie MIHOBEHHO NOJ BAHAHHEM 3bdex-
THBHBIX HAaINpsiZKeHHH B MHHEpaJbHOM CKeJleTe, a4 TakKke 3a cyeT
YIOPYroro cartHs BOAB; 0) OCTaTOYHBle, BO3HHKAIOIHE B pe3yJb-
TaTe 3aKPHITHA TpemHH HAH YINJOTHEHHS C OTXATHEM NOPOBOI
KHIKOCTH, INOAYHHSWOMIEECss 3aKOHOMEPHOCTH  (DHJbTDAlHOHHON
KOHCOTHJAIMH H TIOJ3YYECTH CHCTEeMBbl MHHEpaJbHHIH cKejJer —
BOJA.

4. CHUXKeHHe HalopOB BOALI B OTHOCHTENLHO BOAOYIOPDHBIX MO-
pomax, T. €. pacceuBanHe IOPOBOrO JaBAEHHS H POCT 3¢ ¢deKTHB-
HbiX HanpskeHud, HaGJOAaeTcs NpH rpaaHcHTax, NPeBHIHAUIIAX
HauagabHbele AJs 3THX T0poi. TouHOe onpefeleHHe BEMIHYHH CHH-
XEeHHsl HAMOPOB BO3MOXKHO TONBKO B HaTypHBIX yclaoBusx. Mou-
HOCTh TIOPOA, NOABEPraloHXCA YNJOTHEHHIO Ha TpaHHIAaX ¢ BOMAO-
NMPOHHIACMBIMH  CJIOSIMH — ApEeHaMH, OIpeAeafieTcs KaK uYacTHOe
OT JeJICHHs BeNHUHHBl CHHXEHHS Hamopa BOAB B BOJLOHOCHOM rO-
PH30HTe HA BeJKYHHY HauaabHOro rpaauenta me=AH[l,. P. 3. a-
HIKO NIpefsaracT ONpeAedsiTh 3TY MOIIHOCTb ICXOJAA M3 BCJIUUHHEBL
He BCero CHHXKeHHMs HAIOpPA, a BO3HHKIIErO IOPOBOrO JaBJEHHS,
KOTOpasi 1Jisi HCKOTOPHIX TVIHH 3HauuTeqpHo Hmke [8]. Ilpu ompe-
JAeNleHHH yCaoBUfl BO3HHKHOBEHHS! OCTATOUHHIX aedopMapnii cie-
AyeT HCXOAHTh €me H3 HaJHuus B CXKHMaeMbX NOPOAAX CTPYKTYp-
HOH MNpOUYHOCTH, [0 NPeOAOJEHHA KOTOpO# HdedopMauHH HMeIT
yNnpyrai xapaxrep.

5. Tlpu 1UpOrHO3WPOBARHH CKOPOCTH OCedAHHA (KOHCOMIAALNH)
HeOOXOAMMO HCXOAHThL H3 HAMAHUHS A PA3HBIX TOPOA, IO Kpak-
Hell Mepe, ABYX 3TamnoB: QHJIbTPALHOHHOH KOHCOMHAALHH (IEepBHY-
HOH) H pEOJIOTHUECKOH 3a CueT INOJN3Y4YecTH CKeJeTa (BTOPHYHON).

6.- TIpu YNJOTHEHUH OTHOCHTENLHO BOJAOYNOPHBIX IVIHH IIPOHC-
XOAHT OT¥aTHe GOJBIIOTO KOJAHYECTBA BOJbl, KOTOPOE CAEAYET YRH-
THIBATH TPH TPOTHO3HHIX OIEHKAX BONONOHH3HTENbHBIX H BOJOOT-
BOASIIAX CHCTEM.
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7. HaGmonenus 3a ocajJKaMH, BO3HHKAIOIUMH B pe3yJbTaTe
JAPEeHHPOBAHNA MOJA3eMHLIX BOJ AAIOT HafeXHYI0 HHGOpMALHIO AJA
onpeze/eHns JedOpMalUHOHHBIX CBOWCTB MNOPOJ, BOBJAEKAEMBIX
B IIpOLIECCH APEHHPOBAHHS H OCelaHHs.

Hunamudeckue f6AeHus B TNOA3EMHHIX BHIPAaGOTKAX NPOHCXO-
AST B ONpefesdeHHHX TIeONOTHYECKHX VC/AOBHSIX H NPEACTABASIOT
co6oit ocobyio (popMy NposBJeHHs ropHoro AasjeHus. CpeiH HHX
6osblIOe 3HAYeHHe HMEIT TOpPHble yAapbl H BHe3amHble BHIGPOCH
yras, NOpoA ¥ rasa. IDTH sBJCHHS HMEIOT CJOXKHYI0O NPHPOLY,
NO3TOMY HX NpPOTHO3UpPOBAHHE He Bcerjla Hafexuo. B nocaegHue
20—30 ser M3yueHHe JHHAMHRECKHX sIBJEHHH NPOBOAMTCS HA MHO-
THX yroJbHHX HIaXTax M PYAHHKaX, onyOGJHKOBAHO MHOTO HAYUHBIX
pabor, BeAOMCTBEHHbIX «¥YKazaHu#», «[lpaBua» u Apyrux Mare-
pHanoB, KOTOpLIE NO3BOJSIIOT NPeAycMaTpHBATb HeOOGXOAHMBIE Me-
ponpusitHsi, obecledyHBaomHe 6e301aCHOCTh BeleHHs TOPHBIX pa-
60oT. B cBA3H ¢ 3THM H, HCXOAs H3 HazHaueHHA yyeGHHKA, 3/leCh
OCTAHOBHMCSHl COBCEM KpPaTKO Ha PAacCMOTpEeHHH AMHAMHUECKHX sB-
JIEHHH.

TopHBle yAapH IpeAcTaBAsIOT C¢OO0H ONacHHe sBJEHHS,
BO3HHKAIOUHE B YrOJBLHHEIX IJACTAaX ¥ TOPHBIX NMOPOJAX, BMEIAlo-
IUHX TOpHble BLIpPAGOTKH, B pe3y/abTaTe Pa3BHTHA B HHX YIPYTHX
AedopMauyuii U MTHOBEHHOro paspymieHus. OHH CONPOBOXKAAIOTCHA
CHJIbHHIM 3BYKOBBIM 3((eKTOM H MOIIHOH BO3JYIIHOH BOJHOH
(MHOrZa myvyeHHeM B IOYBe H BHAABJMBAHHEeM NOpOJ B BhIpa-
6orky). Bmnepsble B mnpaxtuke ropuoro fena B CCCP ropHue
yAapsl Oblau oTMeueHBl Ha waxrax KHseaosckoro yrosapuoro 6ac-
cefiHa B 1944 r. K HacrosiueMy BpeMeHH 3TO siBjieHHe NpeACTaB-
JsieT ONMACHOCTb HA MHOTHX YTOJbHBIX IIaxTax H pyAHHKAax B pas-
HBIX CTpaHax MHpa. B Halledi cTpaHe ropHble yjgaphl NPOHCXOJAT
Ha yroJbHbix maxtax Kusesnosckoro, Jlonenxoro, KysHeukoro 6ac-
cefinos, [llypabckoro, BopkyrtuHckoro, TkuOyJAbCKOTO ¥ APYTHX
MecTOpoXAeHHH, a Taxkxe Ha pyAnuxkax Kpusbacca, XubuH, Kouab-
cKoro nosyoctposa, Ypana, Koyupaza u Ap. Haubonee cHiabHbIE
FOpHBIe yAAPH NPOH30WIJAM HAa COJSHBIX pYAHHKax. Hampuwmep,
B 1958 r. ropuniii ypap Ha kanaufisom pyauuke B I'JIP 6b11 zape-
THCTPHPOBAH ceficMuueckuMu cTanuusMu B Mockse, Typunu, He-
nanuu [27]. VI3BecTHm cJlyyan NpOsIBJAEHHS TOPHBIX YAAPOB H
B kapbepax (MpaMmopuble xapbepnl B mrtate Bepmonr, CIIA).

Topurle yAaps! BOZHHKAIOT B OnpejeseHHBIX [eOJOTHYECKHX YC-
JOBHSIX NOA BJHSHHCM TeXHOTeHHBIX (akTopoB. Hanbosee 6.aro-
OPHATHBI CJAEAYIOHINC TEOJOrHYCCKHC YCJAOBHS: 110Je3HOe HCKOIae-
MOe H BMeLAlolHe NOPOABl BHICOKOH TNPOYHOCTH, TEeKTOHHYECKaf
HAapYIIEHHOCTh (CK/AAJAKH, AH3BIOHKTHBBI), BLICOKHII ypOBeHbL ecTe-
CTBEHHOTO HaNpsXKEHHOTO COCTOSIHHst (6o/blive TJyOHHE, aHO-
MaJjbHble TEKTOHHUECKHe HaNpsiKeHHs). B 3aBucuMocTdH OT reoJo-
rnyeckux yeaoufi T'. JI. ®Pucenko u M. M. IleryxoB BhIIE/ISIOT
TPH THIIA TOPHBEIX VAApOB, 1/ KOTOPHIX IpeaaarailTcs onpeje-
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Ta6auua 45. QcHosHble THDH TOPHBIX yaapos, no H. M.

HNeryxosy ¥ I. JI. ducenko

Tun ropHOro ypapa

TFeonoruueckas oGCTanOBKA

KpuTephn nporuosa
ropHoro ypapa

I. B Buipa6oTkax, mnepe-
CEKAIOWHUX YAAPOoNacHbIA
IJ1acT yris wid ¢JIos no-
poanl N0 BCefi MOILHOCTH

II. B BripaboTkax, npoii-
JIeHHBIX BHYTPH OAHOPOJ-
HOro MOWHOTO  IJIacTa
yIas WJIH CJ0S JIOPOAbE

IT1. B Bnpaborkax, pac-
NOJIOKEHHBIX B NPOUHBIX
yHpyrux INopojax HJH
yriie, 3alleralnMx cpeiH

Bosswass oaHopoaHoCTh,
YOPYToCTb H MOIIHOCTH
BMEILAIOMHX  BHIPaGOTKy
nopoR (yrJst)

{IpoudocTs mopoa wuemno-
cpeAcTBeHHOH KpOBJIUH H
MOUBLI CYMmECTBEHHO 60Mb-
yle TPOYHOCTH MOJIE3HOro
HCKollaeMoro

Moilyble cjioH NPOYHBIX
NMOPOA B OCHOBHOH KpoBJIe
JU3BIOHKTHBHBIE  TEKTO-
HUYeCKHE HapVIIeHHs
JocTaTounasi OQHOPOAHOCTS
M VIOpyrocTh yris (nopo-
b

Hocrarounas riyouna
3ajleranus MoJle3Horo He-
KOIl2eMoro

Moinnble, ynpyrie u npoy-
HbIE YTOJbHLE TAACTH WK
HeCYaHHKH MOACTHAAITCS
HJIH NepeKpHIBAOTCH HJOT-

ynp/Eoon=0,7

R<KyH/l1+tgaw

Omax = YH (2,21/x2 + 1) X
Xcos?

Synp/906m>0 .7

H=>R/Kv

Goslee NIaCTHYHLIX Nopoa,
CKJOHHBIX K BblaBJ/IHBa-
HHUIO

HBIMH TJIHHAMH, T[JIHHHC-
THIMH CJIaHIlaMH, 2pTHJTH-
TaMH

JlocTaTounas rayGuna
3afieranisi NMoJe3oro He-
KONAeMoro AJ1% BO3HHKHO-
BEHHS BbIIaBJIHBaHHS

NMpumeuanwue, Eynp ¥ Eogm OTHOCHTeNbHble yNpyras H o6uias pebopmauunu; Rc -
NPOYHOCTh MACCHB3; K — KO3phHUHEHT KoHueHTPanuy; O=454¢/2; B — yroa napesus no-
POJ, OCHOBHOH KpoBaM; [/ U X — COOTBETCTBEHHO IWHPHWA 30HBL 3aBMCaHHsl NOPOJ H ONOPHOTO
N aBJieHHSA,

JICHHBle KpuTepuH nporHosa (ta6.a. 45). Ilpu sTOoM yunTteIBalOTCHA
¥ TexXHOJOrHueckHe (axTopbl: (opMa TrOpHHIX BLIpalOTOK, B3auM-
HOe HX pacnoJoXeHUe B JAHHOM Ijacre, a Tak¥e B JpPYTHX pas-
pabaThiBaeMblX IJAacTax, HaJjHuHe IENTHKOB, H3pe3aHHOCTL OTpalba-
THIBAGMOTO yyacTKa, AONOJHHTCIbHBIE HAarpy3skH OT OypOB3phiB-
HBIX paboT H Ap.

OcHOBHasi npHuYHHA TOPHLIX y/JAapOB-— BLICOKA# KOHUEHTpAnua
NOTEHUHANLHOH 3SHEPTHH VIPYroro CXKATHS TNOPOJA 1 TOJE3HOr0
HCKOMaeMoOro BOKPYr BHPAaGOTOK, NPHBOASIAsS K (HOpMHpPOBAHHIO
B HHX NpefeNbHOro HalpsnKeHHOro coctostHust, CujoBpie BO3feH-
CTBHS OMpPefCAsIOTCs] TPABHTANMOHHBIMA H TEKTOHHYECKHUMH HaIps-
KeHHSMH, THAPOJAHHAMHYECKHM J[aBNeHHEM IOA3EMHHX BOL, Cefi-
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CMHYECKHMH HMIYyJIbCAMH H T. A.
UTto ke KacaeTcss caMoOro Mmexa-
HH3Ma [pOSIBJAEHUS, TO, O HC-
crenosauam M. M. Ileryxosa,
TOPHEH! yAap HpeacTaB/seT Co-
60fi cJaencTBHe HApYIIEHHS CH-
CTEMBl NOJe3HOE HCKOMaemMoe —
BMellaollie NOPOAB H BO3HH-
KaeT B TOM CJydae, KOraa
Puc. 84. 3Omopsl HANPsKEHHE BOKPYT CKOpOCTh lepopMauky, onpele-
BpIpaboTKH Tpu cTpedsuun (I) m rop- JIsleMas HapacTaHHeM Harpsxke-
HOM ynape (2) Hufl, npeBblaeT MaKCHMaJb-

HYI0 CKOpPOCTb IJACTHYeCKOro
NedopMUPOBAHHSA NMOPOJ HA NAHHOM YYaCTKe, HaXOASLIHXCA B IIpe-
JNeJIbHO Hanpsi>KeHHOM COCTOSTHHH.

[TpeaBecTHHKOM TOpHOrO yJzapa 4acTO CYHTAIOT CTpeJsiHHe MO-
pon u yrasa. OQHako cTpejasiHHE MMeeT caMOCTOsATeJbHOe 3HajeHHe
U NposiBJsieTcs B HauboJiee NMpPOUHBIX W YNPYTHX CKaJbHBIX NOpoOJax
B BHJE OTKOJIa, a He JaBHHOOGPA3HOTO paspylleBHd, XapaKTEPHOTO
IS ropHOro yaapa. B saBucHMoCTd OT CcBOHCTB IOpoja H cmoco6-
HOCTH HX peJaKCHPOBATh, KOHIEHTPHPYIOLHeCcs HalpsiXKeHHs BO-
KDPYT BLIpA6OTKHM MOTYT HMeTh MecTO CTpejfHHe HJIH TOPHBIA ynap.
O6 3TOM MOXKHO cyauTh, KakK nokasan I. JI. ®uceHko, no xapax-
Tepy pacupchedeHHs HanpsiKenufi BOJIH3H CTeHOK TOpHOH BHpa-
6otku (puc. 84). Dogee mnpouyHnl u yupyru (6oJee XKecTKH) IIO-
pOldBl He CKIOHHBle K nedopMauuaM MNOJ3YYccTH, B pe3yJbrare
KOTOPBIX MPOHCXOAHT peJakcalus HanpsKCHHH, [O3TOMY MaKCH-
MajbHas HX KOHUEHTpauus HabJawiaercss Y CTeHKH BbIpaGoTOK,
T. C. B lpeneiax He6oabLIIOrO o6beMa mopod (yras), KOTOPHH OT-
Kanapisaercsl (npu yeaosuu R.<CKyH) u oTckakuBaer Ha 3Hauu-
TCJAbHOE PACCTOSHHC OT CTEHKH.

Bei6poce mOpoOA, Yrasi M raza uaiH ra3oJiHaMHUYECKHC
ABJIEHHMST XapaKTCPU3YITCS OLICTPBIM Pa3pyLICHHCM 1I0POJA B MNpPH-
2a00HHOM yyacTKe BHIpaGOTKH, COUPOBOXKAACMBIM IpOBJICHHCM
paspymaeMoil TOPOAL I BbIAEJEHHCM GOJBLIOTO KOMNIYCCTBa rasa
(MeTana, asora, yrjexkucsaoro rasa). J10CKOJbKY BHIGpPOCH CBS-
3aHbl ¢ HAJHYHEM ras3a, TO OHH HMEIT MeCcTO Ha YTOJbHBIX H CO-
JagHbix waxrtax. MseectHo, uto B nopax 1 M3 yras MoxXeT ajgcop-
6uposaTbcst 10 40 M3 OpUPOAHBIX Ta30B, KOTOpble MPH BCKPBLITHU
YrOJILHOTO 17acta BHICBOGOXKIAKTCSA, co3larass O0Jblioe BHYT-
peHHce aBJeHHC, KOTOPOE YYacTBYCT B (POPMHPOBAHUH HAIDSIXKEH-
HOTO COCTOSTHHSL KpaeBOW uyacTH yroJb#oro mnsacrta. Paspyuesuc
mgacta MoXeT NMPOM3OHTH NyTeM OTphiBAa Y4aCTH €0 IIpH YCJIOBHH,
ecJH JaBjeHue rasa g>Rp,—y hsin f uaum nyreMm ciBHra B NpPOY-
HBEIX YTJSAX, The TpefeJbHOe COCTOSHHE 3amHChHBaeTcd B BHIE:

8; = Re(1———)+ (Re—0) tgo,
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rie h—Boicora 6Joka 06pylleHHs Mo fHopMaad K Iaacty; f§—
Yol MafieHus IIacrtad; ¢) — [JlaBHOe MAaKcHMaJdbHoe HampsKeHue;
Rs — ynenbHOoe GOKOBOE CONPOTHBJEHHe YIJS BHIAABJIHBAHHIO, ® —
=45°—¢/2.

KpaTkoe paccMoTpenye AHHAMHUECKHX sIBJIGHHH B NOA3EMHBIX
BbIpa60OTKAX He [aeT NOJHOIO INPEACTABJEHHs O HHX, HO BIIOJHe
onpee/eHHO MOKA3bLIBAET IIX TeCJOTHUECKYIO NpHpoxy, a, cjaejo-
RaTeNblo, HeOGXOAHMOCTh NCTAJNBHOTO H3YUEHHS TeCJOrAyecKHX yc-
JOBUH KaK cpeibl, B KOTOPO#A MOA BJUSHHEM TOPHOTeXHHYeCKHX
(haKTOpOB BO3HHKAWOT Te WJIH HHble sBjdeHHS. IIporHo3 mnoreHuu-
aNbHOrO BHIA siRJeHHfi (rOopHble yaaphbl, CTpelsHHSA, BLIGpOCH, ra-
30BbIJIGJGHHS. H T. J.) MOXeT ObITh cjelaH Mo pe3yJbTataM reo-
JOTHYECKHX HCcJedoBaHu#i U mnocTpoeHulft HHXKeHepHO-reoJorhye-
CKHX Mojesed.

KOHTPOJIbHBIE BOMPOCDHE

1. Kakne H3MeHeHHS TreOJOTHYECKHX YCJAOBHA NPOHCXOAAT MNOJ BJAHAHHEM
noa3eMHOl pa3paboTKH MecTOpOoXAeHHHA?

2. B KaKHX TeOJIOTHUECKHX YCJIOBHAX Yallle NPOHCXOJUT NyYyeHHE NOUYBHl BEI-
paborok?

3. Kak BaHfier TpemHHOBAaTOCTL H CJHOHCTOCTH TOPHHIX TMOPOA Ha YCTOHUH-
BOCTb KPOBJH BhipaGOTOK?

4. B KaKuX yCJHOBHSIX BO3MOXHH BOAHHIE NPOPHIBH?

5. Kakme sBieHHA CBSI3aHH C BOJAHBIMH NPOpPHLIBAMH?

6. Kak onpesensercsi 6e3onacHuifi Hanop noA3eMHBIX BOA?

7. C KaKHMu TpOleccaMH CBfi3aHO OCelaHHe 3eMHOH nOBepXHOCTH B pafloHe
WaXT H pYAHHKOB?

8. Kak TpOrHO3mpyercs BeJHYHHA OCeLaHHs 3eMHO MOBEPXHOCTH B De3yJib-
TaTe JIPeHHpOBaHHA NOJA3eMHBIX BOAP



Yacrb I

WHXenepHo-reosornyeckoe 060CHOBaHHe
MEePONPHATHN 10 YNYULIEHHIO YCJOBMI
BEACHUS TOPHLIX padoT

¥ OXpaHe NMPHPOJHOU Cpejibi

I'masa 7
3AIUHUTA TOPHBLIX BbIPABOTOK OT BOJ bl

7.1. OBIHHE TPEBOBAHHS
K BOJJOSAIHHTHBIM MEPONIPHATHAM

Us paccMOTpeHHs] T€OJIOTHUECKHX MPOUECCOB H sABJEHHH, BO3HH-
KaoUWHuX MpH paspaboTke MeCcTOPOXKIEHUH MOJNE3HHIX HCKONMAaeMBIX,
MOXHO CAenaThb 3aKJl0ueHHe O CYNIeCTBeHHOM BJHSHHH I0J3€M-
HBIX H MOBEDXHOCTHBIX BOJ HA YCJAOBHS HX Pa3BHTHs. IDTO BJHSHHE
BEJHKO HA MPOH3BOJHTEJbHOCTh H CPOKH pAGOTHl TOPHO-TPAHCIOPT-
HOTO 060pYNOBaHH$, HA CTeneHb Oe30IIaCHOCTH TPYAAa TOPHSIKOB, HA
CPOK cayX06bl KpenJesHst BHpaboTOK H T. 4. B cBsi3H ¢ 9THM 01HO
H3 TJIaBHBLIX MEpONPHATHH 1O yJayylleHHIO YCJOBHH paspaboTku
MECTOPOK1eHnii peycMaTpHBaeT JPEHHPOBAHHE MOJ3EMHHIX H OT-
BOjJ NMOBEPXHOCTHBIX BOJ, HANpaBJeHHble HA 3aIHTY TOPHBIX pabor
H COOpYXKeHHH OT BPeAHOTO HX BJIHSHHS.

IIpo6siema 3amuThl MECTOpPOXKAEHHH BO3HHKJA B CBA3H C MOX-
3eMHOH pa3pabGoTKOH MOJe3HBIX HCKONAaeMBIX, 3a/IeraloiluX HHXKe
VPOBHS TNOA3€MHLIX BOJA M IIpHBJEKJa BHHMAaHHe IIHPOKOTO Kpyra
creguanyHcToB. B HacTosimee BpeMsi oHa cTaja (oJsee CJI0KHOH H
OTBETCTBEHHONl B CBfI3H C YyrJybJeHHeM MOJ3eMHBIX H OTKPBITHIX
FrOpHHEIX paboT, yBeJHUEeBHEM UHuCJa WAaXT ¥ PYIAHHKOB, NpPHMEHe-
HHEM BHICOKONIPOH3BOAHTEJLHOIO TODHO-TPAHCIOPTHOrO 060pyAo-
BaHMHS, a4 TAKXKe H3-332 HOBBIX 3KOJOTHYECKHX TpeGOBAaHHA O pauuo-
HaJNbHOM HCMOJL30BAHHH W OXpaHe NMpPHPOAHBIX BOA. Boposamurt-
Hble MepOnpusiTHA TPeOYIOT HaJeXXHOr0 HayyHOro o0O0OCHOBAHHA
B KaXJIOM KOHKDETHOM CJyyae HCXOIs M3 peaJbHHX TPHPOIHBIX
ycJoBu#, crnocoGa, CHCTEMB H TEXHOJOTHH Da3paboTKH MecTOpOXK-
JeHHs, MPOTHO3a BO3MOXKHLIX H3MeHeHHH NPHPOAHOH 0OCTAHOBKH
u oxkupaemoro sdekra OT NpHMeHeHHst 3THX Meponpustuii. Ha
OCHOBAHMHU BCETO 3TO MpaBHJbHee paccMaTpHBaTh H peilaTh 3a-
Jaud 3aiHTHl TOPHbIX PabOT 0T BJHAHHS BOAB, a HEe OCYUICHHS
MecTOpOXKIeHHl (ropHBIX IOPOA), HPH KOTOPOM ILEHTD TSIKECTH
npo6JsieMbl CMEWAeTCsl B CTOPOHY [OCTHXKEHHs 6oJjiee BHICOKOH cte-
TIeHH JIPEHHPOBaHAs BO.
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10. A. HopBartoB Ha (ase aHaau3a pesysbTaToB Gosiee 25-
JICTHErO ONHTa HCCAEZOBaHHMH H HaG/IOeHHH 3a JIpeHHPOBAaHHEM
NOJI3eMHBIX BOJX MNPH pa3paboTKe yroJbHBIX H PYAHBIX MECTOPOXK-
nenuit Qopmupyer caenyioiue ero sagaun [17]: 1) oGecnevenue
HODMAJbHBIX YCJOBHH 3KCINIyaTalHH TOPHO-TPAHCNOPTHOTO 060py-
J0BaBHA; 2) obecrneyenhe yCTORYHBOCTH TOPHBIX BHIPAGOTOK U 6e3-
OIACHOCTH TOPHBIX PaBoT; 3) CHHXKeHHE BJIAXKHOCTH II0JE3HOTO HC-
KOTlaeMOoro.

CoBpeMenHble CTpOHTeJbHble HOpMb u mnpaBusa (CHull
2.06.74—8b5 «3amuTa ropHBX BHIpaBOTOK OT MOA3EMHLIX M TOBepX-
HOCTHBIX BOJA»— MIpeAycMaTpPHBaer BHIIOJIHEHHe CJCAYIOIHX Tpe-
GoBaHuil.

1. IlpegorBpainath NMpPHTOKH BOAHW B BHIPaGOTKH, Hapyluaoighe
yCJOBHUS HOPMaJlbHOH pa3pabOTKH MeCTOPOK IEHHS.

2. IlpepynpexaaTth NpOphIBbI BOAB B BHIpaBOTKH.

3. IlpensiTcTBOBAThH ONACHOMY pa3pyIIeHHIO BOAOH TOPHHX IO-
POJ, OKPYXKAaIOUIUX BhIpabOTKH.

4, ObecneunBaTh OpTraHH30BaHHBIHA OTBOA MNOBEPXHOCTHHIX H
PYAHHYHBIX BOA K MecTaM HX cBpoca.

5. He ponyckaTh yrpoxamluiero BOJOCHAGKEHHIO HCTOILEHHS
pecypcoB IMOA3CMHBIX BOJA M HX 3arps3HEHHs, 3acOpeHus, Hapy-
IIEHHS peXHUMa H pa3MbiBa GeperoB NMOBEPXHOCTHBHIX BOJAHBIX 00b-
eKTOB, 9PO3HM I[OYBEHHOTO CJOfl U ONACHBIX NOCJeAcTBAA nedop-
Manu#i TOPHLIX MOPOA H COOpYXKeHuH B palioHe 3alLUIIAeMBIX BbI-
paboTOK B pe3yJibTaTe NOHHXKEHHS YPOBHS MOA3EMHEIX BOJ.

6. IlpenycmaTpuBaTh COOpYXKeHHs, YCTPOHCTBA H MepPOINpPHSTHSA
N0 peryJupOBaHUI0 TPUTOKAa K BbipafoTKaM, Hanopa MOA3€MHBIX
BOJ M MOBEPXHOCTHOTO CTOKa B paifone pa3pabaTbiBaeMOro MecTO-
pPOXKJEHHS, N0 OTBOAY OTKAUHBAEMBIX DPYAHMUYHBIX BOA M OXpaHe
OKpyXkaloile#i cpeabl.

PaccmoTpuM 3TH OCHOBHBle TpeGOBaHHS C y4YeTOM HHXKEHEPHO-
reoJIOTHYECKHX YCJIOBHA MeCTOPOXKAEHHA H € 1eJbI0 IOCTAHOBKH
3ajay rmnepex 3awmuTofl. [lepBoe Tpe6GoBaHMe O MPeJOTBPAILCHUH
BOJIOTIPHTOKOB, CNOCOBCTBYIOMUX HapyWEHHIO HODMAaJbHHIX YCJIO-
BHH pa3paGOTKH MeCTOpPOXK[eHHS, HaNpaBJeHO Ha MpeojOJieHHe
TpeX OCHOBHHIX MPHUMH YXYIUIeHHs yCIOBHH paboThi: a) 60JibiIoe
KOJIMUECTBO BOIB!, NOCTyMalomiee H3 BOJAOYCTOHUMBBLIX 1ODOJ B BH-
paBoTKy, MeliaeT OpraHu3anid BOAOOTBOAA MNapaJje/lbHO C Mpo-
meccoM pa3pabOTKH M CHHXKAeT NPOH3BOAHTENbHOCThL 060pYyAOBa-
HHs; 6) BOJOCOAeprKalyMe MOPOJAL BOAOHEYCTOWYHMBHI (MJIBIBYHBI,
JIErKOpacTBOpPHMble NOPOJLI, NMECKH, NecyaHble TVIHHH, cjgabble Kap-
GOHATHHC MOPOAKI H TleCUaHHKU) M HX AeopMauuu Heu3OexKHbl BO
BpeMs BCKDHITHS TOpHBIMH pa6oTaMu; B) B CTeHKax BbIpaGOTOK
BCKPBHIBAIOTCST  BOJOHEYCTOHUMBHIE BOJOHENPOHMIaeMble TOPOAbI
(rIMEE], MOPOJAH Ha TJMHACTOM IlieMeHTe, BOJHODaCTBOPHMble MO-
poIbl), KOTOpble NpPH [AOMOJHHTENLHOM YBJIAXKHEHHH Pas3yNpOvHs-
fores u jgedpopmupyorcsa. Bece 3Tu cayuanm TpeGylOT Opranu3allMH
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BONO3AUIUTHBIX MepONpHsTHH [0 Havajga TFOpPHHX paloT ¢ Ile/blo
orpanyuvenns (cayyafi a) MJH NOJHOrO IepexBaTa BOJH, NOCTyMa-
el B BHpaGoOTKy (cayuad 6 u B).

Bropoe TpefoBaHMe HampaBJeHO Ha MNpeaylpeXIeHdHe BOAHBIX
IPOPBHIBOB, MOCJECACTBIS KOTOPHIX Mbl PACCMOTpEJNH B mpeawaywmeil
raase. HanexHocte u 3@dekTHBHOCTL Meponpusithil, obecrneyupa-
IOIIMX BHIMOJHEHHE 3TOr0 TPeOOBAHHS BO MHOIOM 3aBHCAT OT TOY-
HOCTH OIpejeJeHHsl BeJMHYHH Oe30macHLIX HANOPOB B KaXjo# KOH-
KPeTHOH re0JIOTHYeCKOH OGCTaHOBKe, B3aHMHO IeHCTBYIOmeH ¢ KOH-
KpeTHHIMH TOpHHIMH paboramMu. B cBfizu ¢ MHOrOdaKTOPHOCTBIO
3TOT0 B3aHMOAEHCTBHA H CJ0XHOCTBIO ONpefleseHyusl HCKOMBIX TMa-
paMeTpoB HaCTO MPUHAMAIOTCS pelle€HHWS O MAKCUMAaJbHOM CHHXKe-
HMH BOJHBIX HAMOPOB, YTO ECTECTBEHHO He BCerja ONpaBAaHO W
COMpsAXKeHO ¢ 6OJbIIHMHA H3MEHEHHSIMH DeXHMa MOA3EMHBIX H MO-
BEPXHOCTHBIX BOJ ¥ 3HAUNTENbHBIMY MaTepHaJbHBIMH 3aTpaTaMH.

Tpetbe TpeboBaHMe INpeaycMaTpuBaeT YyJYyullleHHe YCJIOBHA
YCTOHYUBOCTH TOpPHBIX BHIPAOOTOK 3a cHeT CHATHSI BPEJHOTO BJIHS-
HHSl BOJBI KAaK JONMOJHHUTEJLHOro AaBJeHHs H (hakTopa, yXyaiaio-
ero CBOHCTBA TOPHBIX MNOpoA. D10 TpeboBaHHE MOXeT OHTh
npelbsABJE€HO K IMOA3eMHbIM H OTKDHTHBIM TODHBIM BHpabGOTKaM,
K IOBEPXHOCTHBIM COOpYXKeHusaM # oOTBanaMm. O6GocHoBanue HeoB-
XOMUMOCTH H HAaJeXHOCTH BHIIOJHEHUS JAHHOTO TpeGOBaHHUS
BeCbMa CJOXHO€ H3-3a TPY/IHOCTH TOUYHOTO ONpejleleHHsl CTeNeHH
BJHSAHUS MOJA3eMHBIX BOJ Ha YCTOHUMBOCTbL TODHBIX NOpOA B Kaue-
CTBe cpeflbl 1 OCHOBaHHS /151 BHpPabOTOK, a TaKxkKe CTeleHH yJay4-
IIeHUs YCAOBHA B pesysbTaTe 3aliMThl OT BOAHL.

Bce ocranbHble Tpe6OBaHHA HMEIOT OpPraHH3alMOHHO-Ipeylpe-
JATeNbHbI XapakTep M HamnpaeJeHbl Ha ofecmedyeHHe MUHAMAJb-
HOTO M3MEHeHHS! NMpHUPOAHOH OOCTAHOBKH MOJ] BJHSIHAEM CTDOHTE/b-
CTBa ¥ (PYHKUHOHHMPOBAHHS BOJO3AIUTHBIX Mepompustuil. Caexgyer
"‘OTMETHTb, YTO Ha MHOTHX IlaxTaX M pPYAHHKAax 3TH Tpe6oBaHus He
HaxoAfT CBOoeHl peasd3alHH, YTO TPHBOAMT K ONACHBIM MOCJEICT-
BHSIM KakK [0 HamnpaB/JeHHIO ofecleueHHs YCTOHUUBOCTH TNOI3eM-
HBEIX ¥ MOBepXHOCTHBIX COODYKeHHuH, TAK H B SKOJOTHYECKOM IJ1aHe
(3arpsi3Hende NPHUPOAHBIX BOJ, AKTHBU3AUHs MOBEPXHOCTHBIX MpPO-
IeCcOB U AD.).

MeponpusTys, HanpaBleHHbBEe Ha 3amATy TOPHHX pabor oT
MOA3eMHBIX BOJ MO CBOEMY Ha3HaueHHIO MOTYT OHITb ABYX KaTe-
ropuii: BOAOOTBOASILIME (ApeHa)KHble) H MpensTCTBYIOUIHe MOCTYI-
JeHdo BOAH B BhipaboTku. [lo MecTy Haxoxiaerus (cTpouTenb-
CTBAa) MepONpHATHS MOryT ObLITh NMOA3CMHBIMH Ii MOBCPXHOCTHBIMH
(MenkMMH M PIYGMHHEIMH), a 110 BpeMeHli HX CTPOHTCJALCTBA H
SKCILIyaTallHd — IpelBapHTebHBIMU (A0 HauaJa ropHblx paboT) u
COMYTCTBYIOIIYMU MOPHBIM paboTaM.

HdpeHaXHble MepONDPHUATHSA NPABOAAT K OCYIIEHHIO ToOp-
HBIX MOPOJ HJH CHUXKEHHIO HAMOPOB NOA3eMHBIX BOJA (M/IH K TOMY
U ApYyroMy BMcCTe) C yjaaJeHueM H3 Heap 00.bIIOrO0 KOJHYeCTBa
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NoA3eMHBIX BOJ CO BCEMH BLITEKAKWIIHMHU OTCIOfA HOCJeACTBUAMH
(ocylicHHe H HCCymIeHHe MOpDOA M MOYB, CHHXKEHHE YpDOBHeH NOJ-
3EMHBIX BOJI, CMeIUeHHe BOJ pasHOH MHHepaJH3alHH H XHMHYe-
CKOTO COCTaBa, HM3MeHEHHE peXHMa H KaueCTBa IIOBEpXHOCTHAHIX
BOJ U jp.}. B Hacrosimiee BpeMs MMeHHO 9TH MeDONDHSTHS HMEKOT
npeobiajapuiee 3HayeHHe HA TOPHONOGLIBAIOIUIHX IpeANpHATHSAX.
B kayecTBe OpeHa:XXHBIX COODPY/KeHHH NPHMEHSIOICS MOA3eMHbIe
BbIPaGOTKH, BOJAOMNOHU3HTEJbHbIe CKBAXKHHLI Pa3HOH IJyOHHEI, Hr-
JOMHILTPOBLIC YCTAHOBKH, KAHABKH, KaHaJb, 3yMIdB, KOMGHHH-
pOBaHHbBIe CHCTEMBl H3 CKBAXHH H NMOA3EMHBbIX BHPabOTOK.

MeponpuaTusd, NpensiTCTBYIO M He MOCTYIJIEHHIO BOLBI
B rOpHBie BHIDAGOTKH, NPHHUHIHAJBLHO OTJIHYAIOTCA OT [peHaXHHX
[0 XapakTepy BJHsIHHS HA NpHPOAHYK 0GcTaHOBKY. MIX HasHayeHHe
He IOMYCTHTb BOAY B BHIpAGOTKY # ofecredHTb YCTOHUHBOCTL pas-
pabaThiBaeMbiX T1OpOJ, IM03TOMY BLI3bIBA€Mble HMH H3MEHEHHHA
HMEWT JOKaJdbHOe pacnpocTpaHeHHe M KaK MpaBHJO KpaTKOBpe-
MeHHOe CyuiecTBOBaHue. DTO pas/HuHble NPOTHBOMHIbLTpALHOHHBIE
3aBecH, OCyHlecTBJsieMble TJIHHHCTHIM, ULEMEHTHHIM HJH JpPYTHM
TaMINOHa)keM BOJONPOHHIAEMBIX MOpoA (TpeuMHOBATHIX, 3aKap-
CTOBAHHLIX, KPYNHOOOGJOMOUHBIX), HCKYCCTBEHHLIM 3aMoOpaXHuBa-
HHeM (IeCKOB-NJIBIBYHOB), CTPOHTENLCTBOM BOJOHENpPOHHIAEMbIX
OeTOHHBIX HMJH [JIKHHCTBIX CTEHOK-JKPAaHOB, CBAHHBIX ¥ IUIYHTOBHIX
3asec H jp.

ITockoibKy 50deKTHBHOCTL 3alUTHl TOPHBIX BLIPAGOTOK OT
BOJAH H OOOCHOBAHHE 3ALIHTHHIX MEpPONpUATHH BO MHOIOM 3aBHCAT
OT XapakxTepa, pasMepOB, NOJOXeHHS B IpPOCTDAHCTBE H Ha3Haue-
HHsl OXpaHfeMOro o6beKTa, paccMOTpuM 6oJiee AeTaJbHO NpoGaeMy
3aMMTHl [pHMEHHTEeJNbHO K pas3/HUHLIM croco6am paspaboTKu Me-
CTOPOXKAEHHH M N0 OTHOIIeHHIO K Haubojee OTBETCTBEHHBIM COOpY-
KEHHSIM.

7.2. BAULLHTA KAPBEPOB OT BOJ bl

Hsyuenne TupporeoJorHuecKux ycJoBHH KapbepHBIX MOJEH ¢ 1ebio
0GOCHOBAHHA H IpOeKTHPOBAHHS MEpONpHATHHE 10 3alHTe Kapb-
CPOB OT BJHUAHHS NOA3EMHBLIX 1 MOBEPXHOCTHHIX BOJ, a TakXe pa-
60THl 3AIIHTHLIX MepDONPHATHHE H H3MEHEHHH peXHMa 3THX BO[J,
CBA3aHHbIX ¢ pa3paBoOTKOW MeCcTOpOXKAEHHH, NPOBOJAHTCA MHOTHMH
KpYIHBIMH HayYHO-HCCJAeAOBATEJbCKHMH H IpPOEKTHBIMH OpraHusa-
MMy, TakHMH Kak IloAMOCKOBHBIF HayuHO-HCCIeA0BaTeNbCKUH
yroabubil HuHCTHTYT ([THKWYW), Jlenunrpanckuii opaena JlenuHa,
opaeHa Oxts6pbckoil Fesoatouun u opaesa Tpymosoro Kpacroro
3HameHu ropuelfi uuctutyT HMenn I'. B. Ilnexanosa (JITH), Vx-
pavHCKHH  HAYYHO-HCCJAeJOBATENbCKUH ¥  IPOCKTHBIH HHCTHTYT
YroJIbHOM, pyAHOR H Ta30BOH MNDOMBLILIMEHHOCTH (YKDPHHHNPOEKT),
TocymapcTBeHHBIE HHCTHTYT MO INpoekTHpoBaHuio waxt (Iunpo-
iwaxr), IocynapcTBeHHBIH COW03HBI HHCTHTYT MO NPOEKTHPOBAHUIO
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NpeanpuaTHd ropHOpyaHO# npomeluiaedHocTd (Tunpopyna) u ap.
HaxonJser 3HauyuTeJbHHIH ONBIT B OPraHH3au{sX, OCYLIECTBJSIO-
IIMX CTPOHTENBCTBO ¥ 3IKCIIYaTAlHIO BOJO3AHIMTHHIX COOpYXKeHuM
H Ha FrOpHOAOOHIBAKIUMX TNpeAnpusaTHsAX. boraThil omHT uMeercs
u 38 TIIP, TIHP, HPb, ®PI', CUIA, ®paHuun u aApyrhx crpaHax.

7.2.1. Onpepenenne BOAONDPHTOKA B Kaphep

Bei6op cnoco6a 3amuThl 1 BHAOB 3AMTHHIX COOPYXEHHH 3aBHCHT
B MepBYIO Ouepelhb OT TeOJOTHUECKHX YCJOBHA paspaGaTeiBaeMoOro
MECTOPOXKAEHHA, BOAONPOHHIIAEMOCTH X BOAOYCTOHUMBOCTH TOp-
HBX 1OPOJ, rMyOuHBl Kapbepa, CHCTEMBl W TEXHOJOTHU pa3paboTky,
€ro BoJoOGHABHOCTH, KOTOpas, no AaHHoiM M. C. ['asnsoBa, usme-
#aercss ot 1,0 po 27,7 m3/1. [lpuHuunuanbHas cxema NpOEKTHPOBA-
HHS, 3alATEl KapbepoB OT BOABI mpHBejleHa Ha puc. 8b. Ona mpe-
IyCMaTpHBAeT 3aIUTy OT TNMOBEPXHOCTHBIX BOJ, llepeXBaT N0oA3eMHEIX
BOJ JpeHaXXHbIMH W OappaKHbBIMH COOPYXKEHHsIMH, OpraHu3a-
LU0 OTKAYKH M OTBOAB KapbepHbIX BOA, (POPMHPYIOMAXCS 3a cyeT
aTMocdepHHX OCajKOB, MPOCKOKa BOJBl W3 JpeHaXHbIX TOPH30H-
TOB U APYTHX HCTOYHWKOB.

IToBepXHOCTHBH NPUTOK BOAB B Kapbep QopMupyeTcst
3a cyeT TMOBEPXHOCTHOIO CTOKA NOXKAEBHIX W TagdblX BOJ OTKPBITBIX
BOAOeMOB (03epa, Npynbl, 00J0Ta, BOJOXpAaHWJIWINA, OTBAJbi) H
BOAOTOKOB (peKkH, pyybH, KaHaJjael, KaHaBbl, TpPaHIUEH), pacroJjo-
JKeHHBIX B npeflefaXx KapbepHOTO N0Js, T. €.

Qn=Qx+Qr+Qa+Qo+Qps

rae Qn, Qr, Qa— NPHUTOKY 3a cueT MAOXKJIEBHX, TaJbiX U JHBHEBbIX
BOA; Qo H Qp— BOLOIPHTOKH 34 CUET MOBEDXHOCTHBHIX BOLOEMOB H
BOAOTOKOB.

[Tputox 3a cuer moxpeBbiX Boj Qx=1000 hya F, M3/cyr, rae
hi— cpelHecyTOUHOE XOJHYEeCTBO OCaJKOB 3a roj, MM; [,-— BOLO-
c6opHas nJaomanb Kapbepa, noJjock mwupuro# 0,5—1,0 KM BOKpYT
Kapbepa, KM?, a— Ko3p]uIMeHT MOBEePXHOCTHOIO CTOKa, olpele-
asempli no CHull;, ¢=0,8—0,9 njas nJaomapgel, 3aHATHIX TJIHHHA-
CTHIMH ¥ CKaJbHbiMu noponamu u a=0,5—0,7, ecau ¢ noeepxHo-
CTH 3aJeraloT necyaHbie NOpOAH.

[Tputok 3a cuer Tatbix BOx Q-=af hcFy/fc, rne p=0,5— xo-
3 DuULKERT, YIUTHIBAOUHE CTeNeHb yAaJeHHsl CHera BOKDYT Kapb-
epa; h.— rojgoBoe KOJHYECTBO TBePIABIX OCAJKOB, M; f.— NpoAaoJ-
KHTEJbHOCTh MHTEHCHBHOTO CHETOTAsIHWA B IIEPHON TOJOBOAbS, Y.

HOasi palloHOB c JHBHEBHIM XapaKTepoM Joxjefi onpelessioT
MPATOK JMBHEBbIX BOJ!

Q.n = aqunFny

rie s — CpeAHsisi WHTEHCUBHOCTh BHINAJCHHA JHBHEBOIO HOXKAf,
M3/ (- kM%), onpejessieMass MO COOTBETCTBYIOUIMM HODMaM AJs
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Puc. 85. TlpaHuMnHanbHAas cXeMa 3au[HTH KapbepoB or Boam (mo M. C. Tazm-
30By ¢ HEKOTODHIMH JAOMOJHEHHSIMH)

paccMaTpuBaeMoro reorpaduueckoro pafiona; K;— koddpduuuerrt
pacnpocTpaHsieMOCTH JIMBHA, H3MeHgwuuiica ot | miaa Manwx Fjy
u pocrurawupit 0,8 npu F;>50 kM.

[lokasannble TPH COCTABJASIONME [OBEPXHOCTHOTO TMPHTOKA
BOAH B Kapbep MMEIOT NPHHLUUNHATIbHOE 3HAUEHHe IJs OTKPBITHIX
paspaboToK MectopokieHHH. [leso B TOM, 4TO NPAKTHYECKH 3a-
LIHTa TOPHHIX PaboT u coopyXeHHH OT 3THX BOJ MasoaddeKTHBHA
H OHH HacTo ABJAIOTCH NPHUYMHOH 3aTOIVIEHHs H 3aHJIeHHS Kapbe-
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POB, a TakXe KDYNHHIX ONOJN3HeH Ha 60pTax M OTBaJax, 3PO3HOH-
HEIX pa3MBIBOB OTKOCOB H JOpOT, INOBpeXjEHHS FOpHO-TPAHCHOPT-
Horo oBopymoBanusi. B paGore C. K. A6pamona, M. C. T'a3u3oBa,

M. Kocrenko «3amura KapbepoB OT BOABI» TIPUBENEH NpPHMED
TIOCJEACTBHA JIeTHEro JIMBHA Ha PauynXuHCKHX YTOJbHHIX Kapbepax
Ha [larbHem Bocroke, koTophie mpuBemt K yiuep6y B 2 MaH. py6.
ITosToMy 06bIYHO XOpoWAst AOPOTOCTOSIIAS 3AIMTA OT NOA3EMHBIX
BOJ Ha Kapbepax He Bcerga obecrneduBaer 6e30MacHOCTb FOPHHX
pa6oT, a crexgoBaTesNbHO, OHA He BCeTaa ompaBjgaHa. Dosee panu-
OHaJieH BapuaHT 3(h(eKTHBHOA BOJO3AIUTH OT aTMOChepHLIX
OCaJKOB 3a CYeT CPeACTB MepPONpHATHH 3AMUTH OT MOL3EMHBIX BOJX
¢ 6e30NMacHLM JOTYCKOM OTKPHITOTO BOJAOOT.IHBA (IIPOCKOKA Ape-
HAXHHX CHCTEM).

Boponputokd 3a cyer NMOBEPXHOCTHHIX BOA0eMOB (Q, ¥ BOJO-
TOKOB @, c/lefyeTr paccMaTpiUBaTh KAaK 4acTb 00beMa MOJA3eMHBIX
BOJI, THAPABIHYECKH CBSI3AHHHIX C 3THMH 06bekTaMu (06 3TOM CM.
HHXXe) WJIH KaK YacTb TOBEPXHOCTHOTO CTOKA NpH BHIXOJE BOA H3
BOJI0EMOB BO BpeMsl NMAaBOJAKOB, MpH CTPOHTENIbCTBE HCKYCCTBEHHBIX
3amnpya WJaH Mo APYyrdM npHyuHaM. B TOM ciayyae, ecju NOBEPXHO-
CTHHE BOJHble OODBEeKTH HAaXOASITC B MpeAeaax KapbepHOro MoJs
HJIH B HENOCpeJICTBEHHOH O6Ju30CTH K ero 6opTaM M OTBajgaM, pac-
CMaTpHBAIOT BONpPOC 06 OTBOAE 3THX OOBEKTOB 3a INpeelbl Kapb-
€DHOr0 I0JIsL, O CTPOUTENbCTBE BOJAOHENPOHHIIAEMbIX (SKpaHHPOBAH-
HHX) pycen (xkaHaaoB) uau 3asec. Cjenyer NOAYEPKHYTb, HTO
npo6JjeMa pgajbHeHIIero peXuMa TOBEPXHOCTHHIX BOAOEMOB H BO-
JIOTOKOB [IOJIKHA PEIIAThCA € YYETOM 3KOJOTHYECKHX TpebOBAHHK
B J1aHHOM IpPHPOJ0-X035HCTBEHHOM PaioHe.

OCHOBHLIE COOPYXKEHHs! 3aiIHTHl OT TNOBEPXHOCTHHIX BOJ — Kd-
HaBel W jAaMOH, KOTOpPHE B 3aBUCHMOCTH OT peabeda MeCTHOCTH
H opMH Kapbepa B IJaHe MOryT OLITb JHHEHHBIMH HJM KOJbIle-
BHIMH  (MOJYKOJbIEBBIMH), pAaCHOJOXKEHHEIMHA BA0Jb Hepabouux
6OpTOB (COOpYXeHHe MJIHTEJLHOTO CpOKa CJyx0bl), a B cayuyae
Heo6xoauMocTH Tiepea ¢$pOHTOM ropHmX pabor. Beicota anamb u
ry6MHA KaHAB, a TakXe HX OTKOCH H CEUeHHs, ONpeaensiTcsd
pacueToM, MCXOASl H3 KJIAMATHUECKHMX M THAPOJOTHUYECKHX YCJIOBHHA
MECTHOCTH ¥ peluaeMoll uHXeHepHO# 3anauu. C pe/dbio orpanute-
HUs! TIOCTYILIEHHS] BOJbl H3 NOBEpPXHOCTHHX BOJOEMOB H BOJOTOKOB
¥ MaKCHUMAaJbHOTO COXPAHEHMS MX €CTECTBEHHOIO DeXHMa CTPOAT
BOJIOHENPOHKIIAEMblE CTEHKH — 3KPAHbl H3 TJHHHCTOrO MaTepuaJa
MM 3aBechl 32 CYET TAMIIOHMPOBAHHS BOIONPOHUIIAeMbIX TNOPOJ
TJIMHACTHIM MJH IEeMeHTHBIM pacTBopoM. [Ipu KOppexuun pycen us
Gepera M JHO TNOKDHLIBAIOTCS  BONOHENDOHMIAEMHM  3KPaHOM
(puc. 86).

ITogseMHB ® BOAONPHTOK B Kapbep OIpeje]sercs He-
CKOJbKMMH MeETOJaMH B 3aBHCHMOCTH OT CJOXHOCTH THAPOTe0J]o-
THYECKHX YCJIOBHH MecTOpOXjeHHs. KODOTKO paccMOTPUM OCHOB-
Hble U3 HHX.
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Puc. 86. CxeMH 3alIUTHHX COOPYXeHHH KapbepoB OT MOBePXHOCTHHX BOX:

a - BOAOHENPOHHIlaeMas 3aBeca H pamba U3 IJHH; 6‘—HlnyHTOBaﬁ CTeHKa, CTCHa B IpyHre;
8 — TaMiOHaXKHafg 3aBeca B TPEUIHHOBAThIX MoponaX; & — pPyclo PeKH, OGJIHILOBaHHOG BO-
AOHEeNPOHHLAeMbIM NOKPLITHEM

[. Meton THApPOTeONOTHYECKHX aHaJOTHH [aeT BO3MOXKHOCTh
IPOrHO3HPOBATL CyMMapHLie BOAONPHTOKH B Kapbep Ha pPAHHHX
CTafusiX H3YUYeHUsl MeCTODOXKIEHHs H IMpOeKTHpPOBaHHs. AHaJjor
nonabupaercss MO MOUIHOCTH, BOAONDOHHLIAEMOCTH M HamopaM BoJoO-
HOCHBIX TOPH30HTOB, KO3®®HULHEHTY BONOOGHILHOCTH, BeJHYHHE
CHHKeHHUSl ypoBHell MOJA3eMHBIX BOJ H II0 HEKOTOPBIM XapaKTepH-
CTHKaM Kapbepa. B IpakTuke THIpOreoJOrHYecKoro MpOoTHO3HPO-
BaHHsl TMOJYYH/IH NpHMEHeHHe cJeayloude GopMyabl Ajas olpeje-
JIeHUs 0XKHIaeMOro MpHTOKA B Kapbep Q.

B GesnamopHBIX BOAAX:

(2 — Sk) Sk R
(2ha — Sa) Sa¥

kK (2’11( - SK) SK
Ea (2ha — S2) S,

Qc=Wa

QK:Qa

B mamopHbIX BOAAX:

S
QK:Qa K;

ka
Q — K K s
= kamaH

rlle @,—- NPHTOK B Kapbep-aHaJaOT; hx M H,— MomuocTH Ge3Ha-
MOPHBIX BOAOHOCHHIX TOPH3OHTOB IMpPOEKTHPYEMOTO Kaphepa H €ro
aHasora; Sy H S, — NOHHKEeHHsl YPOBHS BOJBl JJIs TeX XKe CJYyYyaes;
ke 1 ka— xko3pduuaenTsl GuIbTPALNH BOJOHOCHBIX TODH30HTOB Ha
IpOeKTHPYeMOM Kapbepe u ero amaJgore; A 0 H,— Hanopsl BoH;
My H Mz — MOIIHOCTH HANMOPHBIX BOJOHOCHBIX FOPH30HTOB.
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BecbMa npubaH3HTEIbHO MOXHO AAaTb NPOrHO3 O BOAOIPHTOKE
B HOBHIH Kapbep IO KO3((HIHeHTY BOAOOGHIBHOCTH Kapbepa-aHa-
nora Ky, N0 BEIpaxeHHIO

QK = KEO HK ’
t)l

rie [k — npoekTHas j00H4Ya; f{; — NPOAOJKHTEJbHOCTh [E€pPHOAA
JO6BIUH.

ITpumep. Ha yrojbHOM MeCTOPOXJEHHH OTKDHITHIM clocOGOM paspaGaThiBa-
eTcs y4acTOK NepBof odepelH, B mpefelaXx KOTOPOTO Ha BCHO MOMHOCTE (S=h=
=23) npennpyercsi Ge3HANMOPHEI BOJOHOCHBIH T'OPHU3OHT B meckax ¢ k=5 wm/fcyr.
CyMMapHBIH BOJONPHTOK Ha MOMEHT CTPOMTENbCTBA DPa3pe3HOdl TPaHUIEH cocTa-
Bua1 850 M3/u. Heo6xoauMO onpejenuth OMKHUAAEMEIH BOJONPUTOK NPH CTPOH-
TeJbCcTBe TNOXOGHOH pa3pe3HOf TpaHIlen AJS APYTOTO ydacTKa MeECTOPOMK/IEHHS,
B Tnpeflenax KOTOPOrO MOUIHOCTh BOJOCOJEPKAllero rnecka cocrasiser 16 M,
a koaddunuent QuapTpamHu 7 M/cyT.

Is pewtenus 3ajadu B JAHHOM cjydae MOXKHO HCNOJAb3OBATH (POPMYJY AJIs
6e3HaNoOPHEIX BOA, OTKyJAa

7.(2-16 — 16)- 16

= 850 -
U 5-(2-23 — 23)-23

=580 M3/y.

2. Merox BoAHOro OajsaHca IpHUMeHseTcs AJs1 Kapbepos cO
CPaBHUTEJILHO IPOCTHIMH THAPOTEOJOTHUECKUMH YCJIOBHSIMH IIDH
Haauuyud HHpopmanuu o6 06JacTH NUTAHUS H Pa3rPy3KH BOAOHOC-
HBIX TOPH30HTOB, AdIOlleH BO3MOXHOCTb ONlpeAesHTh IPHTOK 3a CUeT
cTaTHyeckHx 3anacoB Q.., cpabaThiBaeMBIX B Mpenenax Jempec-
CHOHHOH BOpPOHKH H JMHaMHUYeCKOTO IOMOJIHEHHs 3anacoB ocyuiae-
MOro BOJOHOCHOTO TOPDH30HTA Quuu NMyTeM HHOQUILTpALHH, NepeJH-
BAHHS H3 APYTHX TOPH30HTOB, KOHAEHCAHHH H T. 4. DTH JBe CO-
craBasoniie obilero BOAHOrO 6ajaHca ONpeledsiioT CJAeAYIOMHM
obpasom:

Qur= "’;cv (F.--0,33PR);

_ OFrKc
Qune = 365

rae p— ko3 dHIHeHT BOAOOTAAUH Nopod (eM. 2.3); hcp — cpeaHas
MOILIHOCTb JApeHHpyeMoro O6e3HalopHOro BOAOHOCHOTO TOPH3OHTA,
M; Fx—nnomagb Kapbepa, M2; P —IepHMeTp N0 KOHTYPY Kapb-
epa, M; R-— panuyc JellpeCCHOHHOH BOPOHKH OT KOHTYpa Kapbepa,
M; {— BpeMs NpOXOIKH kKapbepa (TpaHuen), cyr, Fr--miouwanb
MUTAHUS JPeHHPYeMOTo BOJOHOCHOrO ropusoHta, M?%, O —rojosoe
KOJHuecTBO artMmochepHbIX 0cajgkos (6e3 JHBHEH H TalbX BOX),
B MeTpax BoAHOro ct0/16a; K.— Ko3¢pduuHeAT MOA3EMHOrO CTOKa
HJIM 1IDOCAYyHBaHHS C APYroro BOAOHOCHOTO TOpPH30HTA.

3. MeToaL AHAJHTHUECKHE H MOJEJHPOBAHUS — OCHOBHbLIE NpPH
MPOrHO3e BOJAONMPHTOKOB B TOpHHle BLIPDAOOTKH H pacueTe ApeHaX-
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HHX cHcreM. MM npeamecrsyer 060CHOBaHHE pacyeTHOH THAPOAH-
HAaMH4YECKOH MOJEJNH Ha OCHOBe JeTaJslbHOMl HH(OpMauuH O THAPO-
reoJIOTHUECKUX YC/IOBHAX H IIPOEKTHPyeMoM kKapbepe. s Gosee
IPOCTHX THAPOTCOJNOTHYECKHX YCJIOBHH OGHIYHO HPHMEHSIOT aHaJH-
THUECKHE MeTOAH, a AJig 6oJiee CIOXHHIX — MaTEMATHUYECKOE MOJe-
JHpOBaHHe.

OO6wmwuit BOXONPUTOK B Kapbep GOpPMHpYeTcss 3a cyeT NPHTOKA
H3 OTAEIbHbIX BOJOHOCHHIX T'OPH30HTOB, BCKPbIBAEMBIX T'OPHBLIMH
pa6oramu. JlJa ycJoBHit ycTaHOBHBUIElics (HAbTPauUH B Ge3Ha-
NOPHLIX BOJAX MOXKHO HCIOJIb30BaTh PACUETHYIO CXeMy «GOJIBLILIOro
COBEpIICHHOT0 BEPTHKAJbHOTO KOJOALA», NPHBEAEHHBIH pajuyC KO-
TOPOro

re=+/Flx,

rae F— miomaznb Kapbepa NpH OTHOLIEHHH €ro JJIHHH K LIHPHHE
meHee 10 Ha OTMeTKe CepeAHHBl BOJOHOCHOFO TOPH30HTA.
Torpa (cM. pasa. 3.5)
Qp = T (H— 1)
== e W)
In R/ry
B ciyuae HaJMMYHS CBA3H HOJ3EMHEIX BOJ C IOBEPXHOCTHBIM
BOJOTOKOM, HAaxOAsIIEMCsT Ha pAaccTOSIHHH L OT lleHTpa Kapbepa,
o6uiuit BOZONPHTOK B Kapbep COCTABHT:
Qn = ik (H? — h?)
= —
Ry

x

In

[Mpeacrasisier HHTEpeC NPOJOJXKHTENbHOCTh MNepuoia [0 Ha-
yaJia B3aHMOJEMCTBHS BojJoeMa C KapbepoM t> (L—rx)?/a, rae a—
K03 HIHEHT YPOBHEIPOBOABOCTH.

BononpHTOK M3 HAaNOPHOFO BOAOHOCHOIO TOPH30HTA MOILHOCTBIO
m ¥ HanopoM H, TMOJHOCTHIO BCKPBIBAEMOIO KapbepaMH olnpexe-
JS10T 10 hopmyJie:

Qu — nk (2Hm — m? — h?)

== .
Ry

g

R,=ry-154/a’t ; a =kmly,

rae u' — Ko3¢hduuHeHT ynpyroil BOROOTAAuH; [— IPOAOJIKHTEND-
HOCTb HAOPHOTO peXHUMa (QHIbTPalHNH.

B cBsI3n ¢ yueTOM; BAHSHHS BOAH Ha paboTy BCKPHILMIHBIX 3KCKa-
BATOPOB HEOOXOAMMO 3HaTh YJeNbHHI BOJONPHTOK ¢ Ha 1 JM mo
¢dpoHTy OTKOCA:

Qx

25r,

In
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Bosee cTporue pemeHus 3ajaady 0 BOAOIPUTOKAX C YUETOM CTpO-
CHHSI TOJILIIM BCKPHIIHBIX NOPOJA, YHCJAA BOJOHOCHBIX TIOPH30HTOB,
BOAONPOHHIIAEMOCTH TOPOJA, pPeXHMa (HIbLTPauMH H YCJOBHH Be-
AeHusl TOPHEIX paGoT npuBojsATcs B clepyomux paborax [14, 17,
25 u mp.].

ITepexoasi K O6OCHOBAHHMIO 3ALIUTHLEIX MEPONPHUATHH OT MOA3EM-
HHIX BOJ, KpOMe 3HaHHs OOlEro H yJeJbHOrO BOJONPHUTOKOB
B Kapbep, HEOGXOJNMO OlEHHTh BJAHSHHe NOA3EMHBLIX BOJ Ha YCTOH-
YHBOCTL OTKOCOB YCTYMOB U §0OpTa B LEJOM H Ha NPOU3BOJLHTEIb-
HOCTb TOPHO-TPAHCNOPTHOrO 060pynoBaHus. [IpakTHuecKH 5TO CBO-
JUTCS K OTAEJbHOMY DacCMOTpPEHHIO 3aUIUTHBIX MEDONpHSTHH, pa-
6ouero u HepaGouero GoproB Kapbepa. Ha paGounx 6oprax
BeAETCHA 3aluTa C NeJblo IM1aBHBIM o6pa3oM ofecrnedyeHHs YCJOBHH
ONTHMAJbBOA IPOU3BOAUTENHLHOCTH MEXaHH3MOB (OTKOCH YCTYIOB
HUMeT OllpellesieHHBIe TeXHOJOTHUeCKHe IapaMeTpbl, 6OpT H3-3a
WHPOKHUX pabouux OepM NOJOXKe yeM 5TO TpefyeTcsl MO YCJAOBHIM
YCTOHYHBOCTH), a Ha GOpTax [QJUTEJbHOTO CpPOKa CayXKOb— A7s
COXPaHeHHsT HX YyCTOHUMBOCTH HpPH MAKCHMAaJbHOM BJHSHHH MOJ-
3eMHBIX BO..

Panee (cM. rnaBul 3, 4 ¥ 5) 6GBUIM PACCMOTPEHB! Pa3jHUHBIE
npounecck, BO3HHKAIOUIHE Ha OTKOcax NOJ Bo3AeficTBHeM BOAH H
NPHBOAsSUIMEe K HApYIIeHHIO HMX ycTOHuHBOCTH (HabyxaHHs, pacT-
BOpeHHe, BHmlesaunBaHue, CcyQQO3Hsi, MNJLIBYHL, ONJLIBAHHA
U T. A), NO3TOMy AJs HepaGoOuHX GOpPTOB BOMPOC O HeOOXOIHUMO-
CTH BOJO3amIUTHEIX MEpONPHSTHH pelllaeTcsl OJHO3HAuHO H 06OC-
HOBaHHIO NOJAJEXKHT BHOOp Hanbosee 3¢(eKTHBHLIX H3 HHX B KOH-
KPEeTHOH T'HAPOTe0JIOTHUCCKOH H TeXHOJOTHUeCKOH O6GCTaHOBKe,

7.2.2. Bonosamura Hepabodero 6opra

CoopyKeHHe 3amHUTh Hepabounx GOpPTOB OT NMOA3EMHbIX BOA MOIYT
OBITH Tpex BHJAOB: JApeHaXKHble CHCTEMbI, 3arpajHTesbHble BOJOHe-
NPOHHIlAaeMble 3aBeChl H OTKOCHHlE JPEHaXKHO-NPHUTPYSOUHbIE YCT-
poiicta ([ITY).

Hpenaxcnoie cucremot. (OCHOBHOe Ha3HaueHHe [peHAXHOH CH-
CTEMBl — OCYHIECTBJATL MepeXBaT MOA3EMHOr0 IMOTOKAa K Kapbepy
M TEeM CaMbiM CBECTH K MHHHMYMY BJIHSIHHEe IOJ3€MHBIX BOJ Ha
yCTOHUHBOCTL Hepa®ouero 60pra Kak MAONOIHHTENbHHIX THIPOCTA-
THYECKOr0 M THAPOJAMHAMHYECKOrO MNaBJEeHHH M KaK (akTopa, BhI-
3bIBAIOIIEr0 H3MeHEHHs] COCTOsSHHS MOPON B OTKOcaX {cM. ri. 5 H
5). B cBSI3H C 3THM CHUCTeMAa JOJIXKHA OHITH MOCTOSIHHO AeHCTBYIO-
nie#t 1 ofeclcyHBaTh NPHECM MAKCHMAJIbHOTO 06BLCMA BOAH C yue-
TOM BCeX HCTOYHHKOB INHTAaHHUS APEHHPYEMBIX BOAOHOCHHIX TOpH-
30HTOB. B 3aBHCHMOCTH OT BOAOOGHJLHOCTH IIPHGOPTOBOH TEppH-
TODHH H TeOJIOTHYECKOTO CTPOEHHsI Ha OCHOBE THIAPOTeOJOTHUECKHX
H 3KOHOMHUECKHX pacyer0oB BHIOHPAIOT THN ApPeHAXKHOH CHCTeMBbI:
NOBEpXHOCTHASA, MOJ3eMHAs HJAM KOMOHWHHpOBaHHas. [losepxHOCT-
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Puc. 87. IpenaxHble cOOpyXeHHsi AJd 3aUIMTH HepaGouux GOPTOB OT NOj3EM-
HBIX BOA:

q — TpaHmles; 6 — HIIOGHABTPOBAS YCTAaHOBKa; 6 — BOJONOHHSHTENLHass CKBaXXHHa ¢ Fay-
GHHHBLIM HaCOCOM; & — OTKOCHBIHi OTKPBITHIL JpeHamx; O — NOA3eMHBIA JpeHaxK CO CKBO3HBIM
HABTPOM; ¢ — KOMOGHHHPOBAHUBIA ApeHAK (MOBEPXHOCTHBIA ¢ MOA3EMHBIM)

Hasi COCTOHT U3 BOJONOHM3UTENbHBIX CKBaXKUH pa3HoOd TIJyOHHH,
ApPCHAaXHBIX TpaHUieH, TPHOTKOCHHX JApeHaXKHLIX KaHaB H TOpH-
30HTAJIbHREIX CKBAXHH, a NOJA3eMHasi — H3 APEHaXKHOro HJH BOLO-
COOPHOTO IITPEKOB, BONONOIVOLANNIUX (BOAOCNYCKAMIMIINX) CKBa-
*KHH H BOJONpHEeMHOH WaxTH (puc. 87).

PekoMeHallMd O TNpHMEHEHHH pPa3JHUYHBIX CIMOCOOOB IpeHHpPO-
BAHHUSI NOJ3eMHBIX BOJX B 3aBHCHMOCTH OT TeOJIOTHUECKHX YCJOBHH
npHBeAeHH B Tabu. 46 [17].

B 3aBucHMOCTH OT NOJIOXeHHs] 60pTa B NJacre JApeHaXXHas CH-
cTeMa MOXeT OBbiTb JHHEHHOHN, MOJYKOJAbLUEBOH HJH KOJbLEBOH, CO-
cTOSIIlel H3 OJHOro HJH JBYX pPSI/IOB BONONOHH3HTENLHBIX HJH BO-
LOCTYCKAIOMMX CKBaXHH (ONHOpSNHAS M JIBYXpsiiHas CHCTeMA).
JlnHeliHble BOJONMOHH3HTENbHBlE CHCTEMH INPHMEHSIOT M nepe-
XBara OJHOCTOPOHHErO MOJA3€MHOr0 NOTOKa K Hepabouemy 6OpTY
CO CTOPOHH BOJOeMa HJH N0 BOJOHOCHOMY TOPH30HTY, NafamilneMy
B CTOPOHY Kapbepa, a TakKkKe B cJydyasx 3aUUTH YAJHHEHHBIX BH-
paborok. KoableBhie JpeHaxHble CHCTEMbBl INPOEKTHPYIOTCS MpH
HeoOXOJHMOCTH 3aLUIIATh OT MOJ3EMHBIX BOJ BeChb Kapbep HJIH €ro
4yacTh, HAXOASIIHECS B Ipelieslax BOLOHOCHON TOJIIH.

JlpeHaXkHbEe COOPYXKEHHS U CHCTeMBbl B IeJIOM IpPOEKTHPYIOTCS
Ha Gase THJAPOreosorHdecKHX pacueroB. ONHOCTOPOHHHH IIPUTOK
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Ta6auua 46. TipHmeHsieMBie cnoCOGH APEHHPOBARHS NON3EMABIX BOJ
Ha MeCTOPOXACHHAX, pa3dpabariiBaeMpiX OTKPHITHIM Croco6om
(no K0. A. Hopsarosy)

Kareropus

Teonoruueckoe CTpoeHHE MECTOPOXKALHHS

cnom};gc:%o);s{nomﬁ Tpeo6aapaioT MecyaHo- CKa/bHHE H nOAyCKaJbHbe
pasp " I'THHHACTHE NOpoaL BOAOYCTORYHEBLIE NOPOH
I. Mpoctoe Hpennpopanne  noxsemubix | JpeanpoBanne NoJ3eMHBIX

I1. Caoxune

I11. Ocobo caox-
HHE

BOA NDH BeNHYHHE BOLOTpH-
Toka 10 200 m;/4 ocymect-
BIRETCH OGTRPHTHIM BOKOOT-
JIHBOM. B HauanpHOH crajuu
BO3MOXKHO BpeMeH110e HCNoMb-
30BaHHe BOXONOHH3HTENbHBIX
CKBAXHH C CyMMapHBIM je-
6uroM o 400 M3/
IMpuMeusiorcs  BoZONOBH3H-
TeJibHBle CKBaXHHB H 10J-
3eMHbIE JpeHaxHble BHpaboT-
KH C O6u{Hm DacxonoM BOIB
or 200 o 1000 m8/u

Hns oCywenus nopon BCKpH-
WH (HECKONbKO BOJOHOCHBIX
rOpH30HTOB, OGIHE BOXONPH-
TOK B kapeep  Oouee
1000 M%/4) npuMeHsIOT BOLO-
NOHH3HTeNbHHE CKBAXKHHBI H
NOA3EMHKHE [pEHaXHble Bhl-
paborkn, Co pHa kKapsepa
Pa3rpy3ouyHbIMH CKBAXMHAMH

ApeHHDYyeTCs HanopHHH Bo-
1 JIOHOCHRIi TOPH3OHT

BOJ TNpPOH3BOJHTCH OTKPHITHIM
BOJOOT.THBOM HJIH HeBOJbIIHM
QUCHOM BOZONOHHBUTERBHBIX
CKBAXVH C CyMMapHbIM jeGH-
ToM Ao 500 mM3/y

IpuMensercs rayOHHHLIA Ape-
HaX (CKBa)XHHA M ApEHaXKHBIE
noi3eMubie BHpabOTKH) ¢ CyM-
MapHEM jgebutoM or 500 Ao
3000 m8/u

OG6mufi BONONPHTOK B Kaphep
npessluraer 3000 M8/u 1 ero o1-
BOJ OCYUIECTBJISETCH  BCEMH
JpEHAXHBIMH  COOPYXEHHSIMH
(ckBaXKHHAMH, NOJ3EMHBIM KOM-
IJIEKCOM, OTKPHITHIM BOAOOTJIH-
BoM). HanopHpifi BOLOHOCHBIN
TOPH30HT, 3aJeralomui B noy-
B€ N0JIE31IOr0 HCKONMAEeMoro,
ApeHHpyeTcs pasrpy304HbIMH
CKBaXKHHaMH

BOAH B TpaHIE0, KaHaBy HJH NPUOTKOCHHA JApeHaX, mpopesa-
lome Bechb BOAOHOCHBIH Ge3HANOPHEIH TOPH3OHT, ONpeleNsioTcs
HCXO/sl M3 H3BeCTHOH (opmyan [diomiowm (cMm. pasi. 3.5):

2__h2

Q- B =r

s

2R

rae B — pauHa ApeHb; R — pajuyc JelpecCHH HJH pacCTOsiuHe
A0 MOBEpXHOCTHOrO HCTOYHHKA NHTaHHs; H — MOIIHOCTL BOMOHOC-
HOTO TOpM30HTA N0 BONOMOHHXKEHHs; A — r1yOHHA BOXH B ApeHe.

BononpHTOK B CKBAaXKHHY OmpenessieTcss B 3aBHCHMOCTH OT Xa-
pakTepa ApeHHPYeMbIX ROJOHOCHBIX TOPH30HTOB AJsl YCJOBHH ycra-
HOBHBIUeHicSl GUIbTPALMY MO CXeMe «BEPTHKAJLHOIO KOJIOANA» (CM.
pasn. 3.5), HO 34ech HEOOXOAMMO HMeTb B BHJY B3auMOJeHcTBHe
COCeJIHHX CKBAXMHH, KOTOpOe IPHBOLHT K yMEHBLIUEHHIO BOAOMpH-
TOKa ONpeLeJEeHHOr0 AJH OAMHOYHOH BHIPAGOTKH, a CJ1eJ0BATEJNbHO
K OTKJOHEHHIO OT HeOBXOJHMOro MOHHKEHHs YPOBHS ApEHHpPYeMOro
BOLOHOCHOrO TOPU30HTA, Ha BeJHYyHHY AS=S.—Sy, rne Sp— noHH-
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JKeHHe YpOBHS BOAB MEXAY CKBaXHHAMH; S.— NOHHXKEHHE
B ckBaxHHe. Ho

AS, = - Qe In &L,

2nkm re

1 "
rae Rn:T—HpHBeﬂeHHbII/I pazMyc BJIMAHHS CKBaXHH C pac-
%)

xonoM Q. B pamuycoM (HAbTpa r. NOpH OJHHAKOBOM PAaCCTOSIHHH
MEXJy BOJONOHH3HTEbHLIMH CKBAaXXHHAMH B psay /.

Hcxonn u3 HeobGxopumoro S. ompemessieTcsl ontHManbHoe pac-
CTOSIHHC MeXJY BOJOMOHH3UTENLHBIMH CKBAaXHHAMH, a cJejioBa-
TCNbHO H 06Mlee HX UHCJIO B CHCTEME.

Has toro, uTo6H 3amPOEKTHPOBATL NOMOJHHTEAbHBIE TOPH3OH-
TaJbHble CKBAXKHMHBI MO 3d8XBaTy BOAH, NpOIleflIed uepe3 ApeHaXK-
HYI0 CHCTeMY BOJONOHH3HTENbHHIX HJIH BOZONOIJIOMIAIONIHX CKBAXKHH
H BHIXOmfilefi Ha OTKOCH ycTynos Hepabouero Gopra (Tax Ha-
3bIBaeMBbIfl «IIpockok»). Ompenensiior geGUT TOPHIOHTAJIbHOM CKBa-
XKHHH 1o ¢opmyae I1. M. Becnasiosa:

1,16k HLY (H/R")®
(L/1)0,57

Qrc =

rie R =R—L/2 +40,8'\/100H; Ro— paanyc BIMsHHS ApeHaXKHOH
cHCTeMbl; L — AJMHA CKBaXHHBI, M; /— pacCTOsIHHEe MEXAY CKBa-
XHHAMH B psiay, M; H — MOIIHOCTL BOAOHOCHOTO TOPH3OHTA, M.

Cron6 BOjgb MeXKAy [BYMS TOPH3OHTANbHLIMH CKBAXHHAMH,
HMEIOLHi MAaxCHMaNbHYI0 BEJHUHHY /i, B CepejHHe MeXJy HHMH
MoXer GuiTh onpeaeneH AJs PA3JHYHBIX TOYEK OTCTOSIIHX HA pac-
CTOSIHHH X OT OTHOCHTENbHOH MOBEPXHOCTH MO QopmyJie:

0,008H

3‘/_QP_C
xl

Hcxonst B3 pOmycTHMOrO 3HAueHHs Ay 1451 oGecHeueHHS] yCTOH-
YHBOCTH MOPOJ B OTKOCE M 3Hasi IPOH3BOAHTEJLHOCTb TOPHU30H-
TaNbHBIX CKBaXHH, ONMpEAEeNSIOT pAacCTOSSHHE MeXAy HHMH H HX
YHCJJO Ha KOHKPETHOM ydacTke Hepabouero 60pra kapbepa.

BoponoHusnrenbsble CKBaXKHHbL, OO0OpYAOBAHHLEIE TIJ1yGHHHBIMH
HACcOCaMH, WMHMPOKO MNPHMEHSIOTCS Ha YrOJbHBIX H PYIHHX Kapbe-
pax B Ge3HANOPHBIX M HAaMOPHBLIX BOJOHOCHHX ropu3oHTax. UX riay-
6MHa orpaHHYHBaercsl HANOPOM IpPHUMEHSeMbIX HAaCcOCOB, BEJHUUHA
KOTOPOro JHJiss COBPEMEHHBIX KOHCTpYRUHMEA mpeswimaer 500 ™
(3B 14-120-540). B mocnenHee BpeMs NPUMEHBSIOTCS CTAHKH Hed-
TSIHOTO MNpOM3BOACTBA (Ypaamama), KOTOphHe NO3BOJSIOT OCylle-
CTBJSITH OypeHHe TIJNYGOKHX CKBAXHH C HAaualNbHHIM JQHaMeTpOM
1000 MM u xoHeuHbiM — 400 mMM. BoJaonmoHH3UTeNbHBIE CKBaXXHHBI
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o6opynyiorcss GUABTPAMH Pa3HBIX KOHCTPYKWHHA: ABPYaTHIMH, Kap-
KJIEHO-CTEPXKHEBLIMH, IIeJNeBBIMH C NMpPOBOJNOYHOH 0OMOTKOH M rpa-
BUiiHO# o6chnko#. Jinamerp uAbTPOBOH KOJOHHH Ha 50 MM
GoJibilie AHaMeTpa MOrPYXKHOFO HACOCA, KOTOPLN /Jiss PasHBIX KOH-
CTpyKuHi# cocraBasier 140—480 mm. HauGonee mupokoe mnpume-
HEHHe Hallll HeHTpOGeXHble norpyxHue Hacochl. CToMMOCTE Jpe-
HUPOBAHHUS MOA3EMHLIX BOJ BOJOMNOHH3HTENbHBIMH CKBaXKHHAMH, MO
naeBbiM A. A, PyawuueBa, ckiaabiBaeTcs 3 pacxonos Ha HX Oy-
peane (30 %), o6opymoBanue TpyGaMmH, (GuIbTpaMd M HACOCAMH
(32 %) w Ha sxcnayaranuw (38 %). Yepea 3—5 ser Heo6xoauma
JeKoJbMaTanus PpHIALTPOB.

Bojonornomanuine CKBaXHHbB U CKBO3HBIE (DHIABTPHL, HCMOJb-
3yeMble Jig MepenyCcKa BOAHR H3 BEpXHHX BOJOHOCHLHIX TOPH3OHTOB
B HHXHHE WJIH B MOJA3EMHbIC JApeHaXHble BLIPaboTkH, 6ypsiT U 060-
PYAYIOT QHJAbBTpAMH TaKXe Kak W BOJONOHH3UTeNbHBE. J[HaMeTp
UX Jf0JKeH OnTh Gosee 75—100 mm. HMx nmpenmyuiecTBO 3akjmua-
eTcsl B TOM, YTO OHH JPEHHPYIOT BOJOHOCHHIE TOPH3OHTH MOMIHO-
CTbI0 6oJiee 15—20 M (B TOM yHCJI€ H HH3KOH BOJLONPOHHILAEMOCTH)
u He TpeGylOT HMHAMBUAYAJbHOTO HACOCHOTO 060pYIOBaHUS.

I'opusoHTanbHBle CKBAaXKHHBI, IpPEACTABJASIOIME CAMOTEeUHBIC
ApeHbl, MONYYHIH 3HAUHTeJbHOE NpHMeHeHHe Ha xapbepax KMA
B HayaJge 60-x rogoB AJsl MepexBaTa BOA MPOCKOKA yepe3 ApeHaX-
Hyw cHcteMy. OHH TpPOXOASATCS THAPABJIHYECKHM HJIM MeXaHHye-
CKHM cnoco6oM, uMmeror Audamerp ot 108 o 390 MM H ray6umny
B OTKOCHLIH MaccuB or 50 no 150 M. HIMHu nepexsarniBaercst noTok
BOJABl H OTOABHTAIOTCS TPaHHULE AENPECCHOHHOH BOPOHKM 3a mpe-
Jennl HanboJee onacHo# omoJa3HeBOH moBepxHOCTH. OHH MOTYT
NPHUMEHSITECS H B COYETAHHH C OTKPHITHIM jpeHaxeM Gopra B JIO-
6Hlx BOJOCOAepKamHUx nopopax. Kccnenosanus [1. M. DBecnasnoga
MOKAa3bIBAIOT, YTO HAHOOJbIIHK 3¢ (EeKT ropH30HTANbHbIE CKBAXKUHH
UMEIT MpH HX NPOXOJKe MepHneHAHKYJAspHO (QpPOHTY 60pTa H npH
OTHOWIEHHH HMX JJIHHB K paccTosiHuio Mexay HumuH ot 1,0 1o
4,0 MITa. TTo 3arpaTraM Ha ApeHHpOBaHHe OHH B 1,5 pasa nellenie
BOLONOHU3HTENbHEX CKBAXHH H B 3 Pa3a— MOJA3€MHOTO JApeHaX-
woro xommaekca. llupokoe npuMeHeHHe TOpPH30HTANbHbiE CKBa-
XuHp Hauau Ha xapbepax KMA, Huxonmosb-Mapraniesoro Gac-
celiHa, Ha HEKOTOPHIX YroJbHbix paspesax. CpenHu#i yk/JIOH B CTO-
POHY Kapbepa JOJXKeH cocTasasTh oxoso 0,003.

I'naBHeHlIUH  3JeMEHT MNOA3eMHOH  JpPEHaXXHOH CHCTEMBbl —
UITPEK, NPOXOJAHTCS MO MOJE3HOMY HCKONAeMOMY HJH HHXe ero
B OTHOCHTENbHO YCTOHYHBHIX NMOPOAAX H CJAYKHUT KaK OCYLIHUTENb-
HOHM, TaK ¥ BOZONpHeMHOH (M3 BHIIE- H HHXKe3aJerawiiHx BOAO-
_HOCHBIX TOpPH30HTOB INIPH MOMOLIM CKBaXXHHL) BLHIpa6oTkoH. OH
HMeeT cedeHHe 4—5 M2 W pacrojaraercs B NJiaHe ¢ TAKHM pacye-
TOM, 4TOOH CKBO3HEIE (GUJIbTPHI, NMepenycKamouide BOAY B Hero, Ha-
XOAMJIHCh 324 IpegejamMu HanboJiee BEPOSTHOH ONMOJI3HEBOH NPH3MBI
B 6OpTy. YKJOH IliTpeKa BHIGHPAIOT C TAKHM pACueToOM, YTOGH

246



BOJA UINAa MO HeMy CAMOTEKOM K LEHTpaJbHOH HACOCHOH CTAaHIHH.
llonseMBLIl ApeHaXKHbII KOMILIEKC MPHMEHSIOT Ha GOJbUIMHCTBE
PYAHHX KapbepOB, T'e INOA3eMHBIe BOABLI NPHYPOUEHHI K TPEUIMHO-
BATHIM H 3aKapCTOBAHHBIM NMOPOJAM, a TakKe Ha MHOTHX yTOJbHHX
MecTOpoxAeHHsX. Kak npasuio, Ha NepBOM 3rane BCKPLITHs Kaphb-
€pHOro MmoJsi pa3pe3HbIMH TpPaHIESIMH WJH NHOHEPHBIMH KOTJIOBA-
HaMH JpEHHPOBAHHME OCYILIECTBJASIETCS BOJOMOHU3HTENLHBLIMU CKBa-
KHHAMH, KOTOphle BNOCJeICTBHH JHOOYpHBAIOTCS M Nepeobopyny-
IOTCST B CKBO3HbBle (DUJILTPH Ha JpeHa*KHble LITPEKH.

HeaocTtaTok non3eMHOW JpeHaXKHOH CHCTeMbl — ee  BHICOKAs
CTpPOHTE/bHAsl CTOMMOCTb 3a CYeT KalUTaJbHHIX BJIOXKEHuH u OT-
CYyTCTBHe MOOMJbHOCTH (B ciaydyae HeOAHOPOJHOCTH NOPOA MO BO-
JOTPOHUIAEMOCTH H BOAOOGHIBLHOCTH HeJb3s MEHSITb MNOJIOXKEeHUe
IPeHaXHOTO WTPeKa KaK 3TO Jesaercsl ¢ BOJAONOHM3HTENbHOH CKBa-
*KUHOH, 060pYyI0OBAHAOR HHANBUAYAJIbHBIM HACOCOM).

Hporusogpursrpayuonnsie (6appaxcrsie) sagecot (I1P3) na He-
pabouem Gopry kapeepa. IIasl 3aUiuTH HEKOTOPBIX OGBEKTOB B rop-
HONOGHIBAIOWIHX paHoHAaX OT BJAHAHHS NOJA3EMHHIX BOA MpPH OJHO-
BPEeMEHHOM COXPaHeHHH B 3HAUHTEJNLHOH CTENEeHH eCTeCTBEHHOTO HX
pexHMa 3a ero npejejaMH HJIH IS OXPaHBl NMPHPOAHBIX BOJ OT
3arpsi3HeHHsi NMPOMCTOKAMH B TNOCJeJHHe TOJIb CTaJH paccMarpH-
BATbCSI BO3MOXKHOCTH CTPOUTENbCTBA JIOKAJbHBIX BOJO3ALIMTHLIX
COOpYXeHMH, NperpaKAalomHMX NOCTYN NOJ3eMHOH BOAB K TOPHHIM
paboTaM HJIH 3arps3HSIONIMX BEL(eCTB K BOJOHOCHBLIM TOPH30HTAM.
BoforenporunaeMule 3aBechl JaBHO CTPOSTCS C IeJbi yMeHbllie-
HHSl INOTepb BOJB H3 BOJOXPAHHJIHII, KaHAJOB H KOTJOBAHOB,
a TakXe NMPU CTPOUTEJLCTBE MNOA3EMHBIX COOPYXEHHH B BOJOHOC-
HHIX nopojax (B OCOGEHHOCTH B TPEUIMHOBATHIX, 3aKapCTOBAHHKIX
H neckax-mabiByHax). B pa6ore xappeproro moss [1®3 wmoryr co-
4eTaThCsl C OTKPHITHIM KapbepHBIM ApPeHa)KOM HJM C 3aumHiToH BOJO-
NOHH3UTENbHBIMH CKBAXXHHAMHU H NMOJA3eMHOH CHCTEeMOH.

OcHosHue TpeGorauus k [1P3 caepyromue [25]:

a) HH3Kas BOAONPOHULAEMOCThb, AJS1 BpeMeHHbX k<102 m/cyr,
a 1715 MOCTOSTHHBEX k< 10~* M/cyT;

6) nporuBodUALTPANNOHHEIE CBOWCTBA ROAKHLI COXpaHATbCS
Ha Becb NpoexkTHHH nepuof paborn [1P3 u 6biTh OZHOPOAHBIMH
IO BCEMY €€ TeJay;

B) [®P3 pomxHBI 6GBITh YCTOWUMBHIMH K (DUALTPANUOHHHIM H
ApyruM nedopMalusiM U TPEUIMHOCTOUKHMU;

r) ™Marepualdbl, u3 KOTOpHX crpostcss [1P3, AOnXKHH OHTb
CTOHKHMH K arpecCHBHOMY BO31eHCTBHIO MOA3CMHBIX BOJA H 3arpss-
HSIOWMM KOMIOHEHTAM, a TakXKe He OhThb HCTOUHHKOM 3arpsi3He-
HUSI BOZHL.

Tlo cBoMM KOHCTPYKTUBHEIM oco6eHocTtsM [1P3 gensircs Ha 3
rpynnel: TpaHiiefiible (HHQY3HOHHLIE), HHBEKIHOHHBIE H JIeJOMNO-
ponaubie. ITo 3aHMMaeMOMy MOJOXEHHIO B MJaHe OHH MOTYT OHITh
JUHeAHBIMH, KOJbLUEBHIMH H IMOJYKOJbLEBLIMH. TparlIeHHHH THI
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HaxOIUT HaubOJbllice NpHMeHeHHe, MOCKONBKY OH MPHHIMNHKANbHO
He OT/HYaeTcd OT 3aBeC, OrPAHHYUBAIOIIUX HacTylJieHHe BOA M3
IIOBEPXHOCTHLIX BOAOeMOB (cM. puc. 86). Ilo cnoco6y BHIMONHEHHs
pasnnyalor coOCTBEHHO TpaHUicHHble, cBAHHLIE H TOHKHE LiCJeBble
3aBechl. IlepBble B BHJE HeNpPEepLIBHHIX HJIH CEKIHOHHBIX COOpyXKe-
HHH H3 TBepAeloIHX (6eTOH, rHHOIEMEHTAa) H HeTBepACKOLIUX (IJH-
HHCTBIX) MAaTepHanoB IPHMEHSIOTCS B IeCYaHblX BOJAOHOCHBIX ToO-
pH30HTaX, HMelT TonmuHy or 0,5 2o 2,5 M (B 3aBHCHMOCTH OT
IpUMeHseMOro  3eMyepofiHoro o6opyaoBadus). Caafinbie I1D3
CTPOSIT M3 MepeceKaloluxcsl HaOHMBHHIX cBa#l B HECKaNbHBIX IOPO-
nax (mo rny6mnn 40—50 m) aumamerpom 0,6—1,0 M u3 TBepaeio-
IMX MAarepHaJos,

YcTOHYHBOCTE CTEHOK CKBAaXKHMH M CTEHOK TpaHuleh obecney-
BaeTcsl aKTHBHHIM pPacTBOPOM H3 OeHTOHHTOBHIX TaHH. accrosiHue
MeXJy CKBaXXHHaMu mnpHrHMacrcs pasHeM 0,7—0,8 puamerpa
cBafl.

Tonkne wmenerble 3aBechl (5—20 cM) ycrpaupalT B necyaHo-
TJIMHHUCTBIX  BOAOCOAepXKAamyx Mnopodax 6e3 KpynHOOBJOMOUHBIX
BKJIOYeHHH Ha ray6uHy Ao 20 M, myTeM 3aMOJNHeHHs wienell TBep-
HeIHM [eMeHTOI/THHHCTEIM pacTBOPOM, INeNH NPOXOASIT MexaHu-
YeCKMM HJAH THApaBavyecKkHM cnoco6amu. HHorza Ha cTeHkax
uiesell NpOKNAaAbIBAIOT [OJOCHI M3 MOJHITHUJACHOBOH IIIEHKH HJH
npocMosenHoli MemikoBuHH. Illenesrie I1®3 moayuunn wmuporoe
NpHMeHeHHe B THAPOTEXHHUECKOM CTPOHTENbCTBE Yy HAC H BO MHO-
THX cTpaHax MHpa. Ha orkpHThIX pa3paboTkax OHH BHeJpeHH
8 [THP npu samure Kapbepa OT MOA3EMHBIX BOJ, NMOJYYaMOMHX MH-
TaHHe €O CTOpOHBI p. Bucawn. CymecTByer emie pasHOBHAHOCTD
ueneBbix [1P3 — ckBaXKUHHO-IIENEBbIe, KOTOPble COOpPYXaKNTCA
cnenHanbHBIMH GYpPOBHIMH CTaHKaMy YAapHOr0 H BpamaTenbHOro
getictust. KoahguuuenT ¢GHABTpAuHMM 3aNONHUTENs 3aBec 1O pe-
koMenfangusm CHull He posmxken npesmmarte 5- 1072 M/cyT.

IMpoekrupyst [TP3 nHDy3HOHHOrO THrA, HEOOXOAHMO OLCHHBATDH
HC TOJBKO HX YCTORYHBOCTb KAaK HHXKEHEPHOr0 COOpPYMXKeHHS, HO H
BO3MOXKHOCTL YXYAIUIEHHS YCTOHYHBOCTH OTAENBHLIX YCTYMNOB HJIH
G6opTa Kapbepa B MepHOA HX CTPOHTEJbCTBA H 3KcHnyarauuu. emno
B TOM, 4TO Tpaullied, KaHaBa, IEeJH M APyrHe HapyuieHHs CIIOLI-
HOCTH TpHGOPTOBOTO HJAU TNPHOTKOCHOIO MaccHsa TOPHLIX NOPOJ
MOTYT OKas3aTbCsl OCNaGlIeHHBHIMH yuacTKaMH B 30He HauboJiee na-
NpSIKEHHOM  (MOTeHUHaJbHO OMAacHOH) OMON3HEBOH HOBEPXHOCTH,
YTO IMpHBEJeT K HeONaronpHsSTHOMY H3MEHCHHIO OTHOLICHHS Me-
Wy CABHTAIOMHMH ¥ yAepXKupalomumu cujaamd. K nogo6romy us-
MeHEHHIO MpHBeAET H BO3pacTaHHe BOAHOrO Hamopa B 3TOH 30HE.

Ha puc. 88 mnpuBeleHb CXeMBl IIDOCKTOB HeyAayHOro pacmo-
noxenus: [1P3 ¢ ToukH 3peHHs obecleueHHs yCTOWYMBOCTH Hepa-
Gouero Gopra. OaHO M3 riaBHBIX TPeGOBAHHIA NDH CTPOUTENBCTBE
HH(pY3HOHHBIX 3aBEC CBOAHMTCS K AHCKDETHOMY (MYHKTHPHOMY) BHI-
IOJTHEHHIO OTACJNbHLIX 3TANIOB HX COOPYKEHHs (KODPOTKHE YYacCTKH
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Puc. 88. Cxemarnyecknit paspes Gopra xapoepa ¢ [1d3:

I — nanGosiee GaaronpusTHOe pacnonoxkentne I1P3 (C TOukH 3penHs obecrnedenus YCTOAUH-
BOCTH OTKOCOB); 2 u §-— HeyAayu0 pacnONOKEHHBe Iuefepasi M TpaHuweflHas [I®3; 4, 5
H 6 — noreuuua/bHee, naHOoNee onacuble NMOBEPXHOCTH CKOJMb)enHs OOpTa B 1(eJOM H OT-
AeJBHBIX ero ycTYNoOB, 7 — WeNepas [1®3, okaauBawmasi He6AarolpHATHOe BAHIHHE Ha YyC-
TOAYHBOCTL YcTYnOor (MOAPE3Ka M Bpeska) M O0PTa (THIPOCTATHUECKOE H THAPOJHHAMHAME-
CKOe jaBjienHe); § — mojJoxKeHHe fenpeccHOHHOH NOBEPXHOCTH BOAB 3a ITd3

MOATOTOBKH LleJiell, 3aM0O/IHeHHe H MePexo] K HOBOMY yUacTKy, yAa-
JIEHHOMY Ha HEKOTODOM pacCTOSIHMH OT 3aloJyiHeHHoro). [1pn 3a-
uuTe HepabGouero 6opra B BepxHedt ero yactH [1P3 p0JKHB pac-
nonarathess  3a  NpedenaMH [OTEeHUHATbHOH ONOJ3HEBOH TNpH-
3MHL.

Mopexunondne [1P3 nonyunnu Haubosbulee pacrnpocT-
paHeHHe B CTPOUTENLHOH MpakTHKe, B TOM 4YHCJAe H B TOPDHOM Jele
(HounGaccxuii, Kys6acckuhi, [TogMockoBHHE, JIbBOBCKO-BoJBIHCKHH
yroabueie Gaccefinn, KMA u gp.). Mx coopyKeHHe NPHBOAHMT He
TOJIbKO K PEe3KOMY CHHKEHHI) BOJONMPOHHILAEMOCTH TOPHBLIX MOPOA,
HO H K HX YIOPOUHeHHIO (OCOGEHHO NIPH CTPOHTENbCTBE HeMeHTAalH-
OHHBIX 3aBec). CyTb cOOpyKeHHs 3THX 3aBec 3akjluyaercs B Y-
JOTHCHHH (TaMMOHMPOBAHHH) NOPHUCTHIX, TPEIHHOBATHEIX H 3dKap-
CTOBAHHBIX NOPOJA HArHeTaHHEM LEMEHTHOro, rMIMHHCTOrO, CHJIHMKAT-
HOTO pacTBOPOB, CMOJ, GHTYMOB HiH cMecell H3 3THX COEJHHEHHH.
Harneranne nNpousBoauTCcsi uepe3  chenHanbHbie  CKBaXXMHH,
npobypeHHble C 3eMHOH MOBEPXHOCTH HJIH C MEXYCTYyNHHIX
bepm.

K ramnoHaXHLHIM wMmarepuajiaM HpPegbsIBASIOT ONpefesieHHbIE
TpeGOBaHNsA, OT KOTOPHIX BO MHONOM 3aBHCHT KaudecTBO 3aBeC: BO-
HDOYCTOHUHBOCTb, GLICTPOE TBEepAEHHe, aAre3us K YHJIOTHSIeMBIM [O-
ponaM, HH3Kas BOAONMPOHHIAeMOCThb. IIpOHHKHOBEHHEC pa3JHUHBIX
pacTBopoB (riyO6HHA H CKOpPOCTh) B PA3JHYHHIX [IOPOJAAX 3aBHCHT
0T HX BOAOApOHHIAeMoctH. Tak, HEMEHTHHE pacTBOpPbI HaXOUST
fipIMeHeHIe B KpyNHO- u rpy0GO3epHHCTLIX MecKaX W rpasHiiHO-ra-
JedHLIX TMOpoAax ¢ Ko3pduunentoM QHAbTpauuu Gosee 50 m/cyrT,
a B TPEHIMHOBATHIX NOpOAAx, IPH WIHpHHe TpewmHH bosnee 2 MM —
0,10 M/cyr. Faauyc NpoHHKHOBEeHUSI HEMEHTHOTO pacTBOpd B 3aBH-
CHMOCTH OT cpefbl H3Mensiercsi or | A0 2 M. CkOpocTb ABHKEHHS
MOA3€MHBIX BOJA B TPELIHHOBATHIX NOPOAAX He AOJXKHA NpeBHINATH
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600 m/cyr. CocTaB H KOHCTPYKLMSI LeMEHTHOr6 pacTBopa BhOGHpa-
I0TCd ¢ ydetoMm HasHaueHus [1P3, tuma nopoxa, X BOAONpOHHIae-
MOCTH M XMMUYeCKOrO COCTaBa MOA3EMHBIX BOX (0cofoe BHHMaHHE
cleAyer oOpamaTh HAa arpecCHBHOCTb 3THX BOZX).

F'muuucTbo i TAaMOOHAX IpHMeHsieTcsl B TeX CJAydasix, KO-
raa He Tpefyercs yNpOuHEHHA BOAOCOAepXKaIUHX NOPOA, NOASCMHBIE
BOABl ATPECCHBHBI HO OTHOLIEHHIO K GeTOHY, BOJOCOAEpIKALHE IO0-
poabl 06JanaloT BHICOKOH BOJAOMPOHHIIAEMOCTbIO 3@ CYET KPYIHBIX
nop, TPEWwiMH, KapCcToBbIX NycToT. XIS MOBHILIeHHs KadecTBa IVIH-
HHCTBIX 3aBec npuMcHaAercs 15 %-Hbli pacTBop H3 GEHTOHHTOBBIX
IJIHH, HarHeTaemblil 0pH AaBJeHusix po 20 MIlla.

BuTyMHsauHsa BHIOONHAETCS TOPSYHM H XOJOAHBIM CIOCO-
6aMH B 3aKapCTOBaHHBIX, TPELIHHOBATHIX H TIpaBeJHCTHX nopoaax
NPH 3HAYHTEJbHOH BOAONPOHHLUAEMQCTH H GOJbLIHX CKODPOCTAX
ABHXKEHUS MOA3C¢MHbIX BOA. B Hamell ropHoHl npakTHKe ropadas
O6utyMHusauusa Gblia Bnepeole npuMmeneHa Ha CYDBFe npu npoxonake
HAKJIOHHOTO CTBOJI& B 3aKapCTOBAaHHBIX H3BECTHAKAX, BOJAOMNPHTOK
H3 KOTOpHIX cocTaBJs 6ogee 1500 M3/u. BHTyMHHIA pacTBOp mpea-
craBJsieT coGoli cMecb H3 HedTenpoaykToB, napadmuHa, necka,
TAUHDL, leMeHnTa.

CMounnzauuda npeacrabiaseT coGoll npouecc HarHeTaHHS pac-
TBOPA H3 CHHTETHYECKHX CMOJI C OTBepAHTeNeM H MpPHMeHfAeTCH
B TOHKOTPEUHHOBATHIX MOpOAax M mneckax ¢ kKospduuueHToM
duabtpaunu ot 0,2 no 50 m/cyr. Faauyc npoHHKHOBeHHH pacTBOpa
B MEJKO3ePHHCTHE necku ¢ =10 M/cyT no HabJNIOAEHHSM HHCTH-
tyra BUOTEM (r. Bearopon) cocraBua 4 M. [IpH 3TOM, B pesyJib-
TaTe CMOJIM3aUHMH, KO3PPHUHEHT QHAbTPAUHE YMeHbIInJICcA 10 (1—
0,4)- 10—® wm/cyt, a npoyHOCTL Ha OJHOOCHOe CXKaTHe JOCTHIJA
5,6 MIla.

CuauxkarnHsaunusa (OfHO- 4 ABYXpacTBOpHAad) MPHMeHseTCs
B meckax ¢ koddduunentom ¢uiabrpauue or 0,5 no 80 wmfeyr
C UIesIbI0 NOBBIMIEHHS HX NPOYHOCTH H yMeHbIIeHHS BOAQNPOHHLAE-
MocTH. IIpn sToM, B Gojiee BOZONPOHHUAEMHIX neckax (k=2-—
80 M/cyT) peKOMeHAyeTCs MNPHMEHSTh HABYXPacTBOPHYIO CHJIHKa-
TH32UHIO — [I00YepPEJHOEe HarHeTCHHE pPAcTBOPOB CHJIHKATa HaTpus
(KHAKOro cTekJa) H XJOPHCTOrO KaJbuHsd, a B Nneckax ¢ k MeHee
2 M/CYT — OZHOPACTBOPHYIO H3 XKHIKOro crekna ¢ Ao6aBxoh doc-
dopHOll © KpeMHehTOpHCTO-BOAOPOAHON - KHeaoTH (CHHIT 2.06.14—
85).

B npakrtike crpoutesnbctBa [1P3 yacto npHMCHAIOT KOMOGHHH-
POBaHHble PAacTBOPHl M3 IEMCHTA, I'VIHHB, CMOJBL, M T. A, @ Takke
KOMGHHHPOBaHHbIE MO0 TaMNOHaXXHOMYy MarepHaly 3aBechl (Ha oOT-
JCTbHBIX YYaCTKaX BOAO3ALIUTDI).

BbiGop paccTOSTHHH MeXAY TaMIIOHaXXHBIMH CKBaXXHHaMH, obec-
MeYHBAKLEMII HENPEPBIBHOCT M OAHOPOAHOCTb 34BeC, a Takke
HOPMaJbHYI0 TEXHOJIOTHIO CTPOHTENbCTBA, MPOH3BOASTCA Ha Oase
cneuHajbHbBIX  ONbITHBHIX paboT. s npeaBapHTe/ibHBIX  OIEHOK
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B CHull pekoMenayercs caeayiomas’ popMysa onpeleseHus pa-
AHyca (B M) pacnpoCTpaHeHHS TaMIIQHAaXKHOrG pacTBOpa:

1A
Tthioe
rAe g;— pacxojl pacTBopa, M3/4; {-— NPOAOJIKHTENbHOCTb HarHe-
TaHMsl, 4; H; — MOLIHOCTb 3aKpemJsieMora cJos MOpoA, M; e —
KO3(D®yIHEHT MOPHCTOCTH NOPOJA;, o -— KO3PGhHUUEHRT HeparHoMep-
HOCTH pacupOoCTpPaHeHHs TPEUHH 4 Mop B TOpHOH nopoae.

Pacuern [1®P3 B KOHKDETHHIX THIPOreONOrHYECKHX YCJIO-
BHAX NpefiycMaTpHBAIOT onpejaeJeHue pacxOAa BOAB B Kapbep, MO-
cTynamouleil yepe3 3aBeCbl, MOMHOCTH BOZHOTO NOTOKa y BHemIHeH
u BHyTpeHHell cTeHok [1D3, muUpHHBI 3aBeChl ¥ HEKOTOPBIX APYTHX
napaMmeTpoB, ofecleyHBaONIHX ee YCTOHUHBOCTL H 3((EKTHBHOCTD.
B kauecTBe mpuMepa NpHBeAeM TOJbKO HEKOTOphle PEKOMEHZanHH.
Bosiee moapo6Ho 3TH BONPOCH paccCMOTpeHB B CleUHaNbHOH Tull-
pOoreosoruuecko#l Juteparype.

BenuuuHa yaenbHOro sogonputoka (B M%/cyr va | M puuus
6opra) B Kapbep B YCJOBHAX MJOCKOMAapanselbHOfi (HIbTpanyuu
3a cuer nponycka oaw uepe3 [1DP3 uHPYy3HOHHOTO THIA, COOpPY-
KEeHHO B Ge3HanOpHOM BOJOHOCHOM TOPH30HTE, OOpelelsieTcsl 10
dopmyJe:

k(g — kg — 2 ghepd)
2L A8B—1)]

k4

rac % — ko3(p(GHUHCHT (PUIbTpALHH BOAOHQCHOrO TOPH3OHTA, M/CYT;
he m ho—rny6uHbpl MOTOKAa Ha KOHTypax NHTaHHS H OTKOca, M;

& — mnpuna TIO3, M;hcp;—h%h—"; B=~/kaes; Rnosz — Koapiu-

uucHt Guabrpannu [P3; Jo— navanpHell rpaauceHT QHUILTPAIHH.

MoiiHocTh BOAOHOCHOTO NMOTOKa y BHyTpeHHeidl W BHelUHell cre-
nox TIP3 Ha paccrosHnd x oT QuIbTPYWOLIEro OTKOCA Kapbepa
MOKHO ONpENeNHTb CAeAYIonHM 06pa3om:

N h2 — nZ — 2Johc,S
hlzvh‘e‘_ (e 0 0 p) (L x);
R+8(B—1

o (B—ni—20h ) x
hy—-A [ He e cp
N \/°+ R166 1)

B yciioBusix HanmopHOro ropu3oHTa

kym (He — Ho— I48)
R+6B—1)

q:

’
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(He —Ho— 1ob) (L—x) |

hy=He—

11 e R+8(ﬁ"“1> ’
(H ——Ho——108)x

o= Hot R4-8(B—1)

rae He u Ho— nanopsl Ha KOHTypax NHTaHHSL H OTKOCa, M; M—
MOUIHOCTh HANOPHOTO BOAOHOCHOIO TOPH30HTA, M; R — paccrosiHue
MEXAY (QHAbTPYIOLIMM OTKOCOM H 00JIaCTbI0 MHTAHHUSA, M.

Ha npakrtixe o6BIYHO 3a4310TCS BeJIMUHHOH JONYCTHMOIO YAeJb-
HOTO BOAONPUTOKA WJH 3HAUEHHSMH MOILHOCTH NOTOKA, a OnNpele-
JAsi0T HeoGxoaumyl wupudy TIP3 uiH ee BOJONPOHHLAEMOCTb
no npuBefieHnbiM QopmynaM. DddextuBrocTs ITO3 onpenedsiercs
OTHOHLIEHHEM §/gp, TAE §o— YAEJbHBIA BOAOIPHTOK K OTKOCY Kapb-
epa Oe3 3aBechl.

Hpenasicro-npuepysounste ycrpoddcrea (YY) ua orkocax we-
pabouero 6opTa HMeHT pPa3IMUYHOe Ha3HaueHHe B 3aBHCHMOCTH
OT OCymIeCTBJISIeMOH BOAO3aLIMTH 33 KOHTypoMm Kapoepa. Ilpu or-
CYTCTBHH BOJO3aIUTHBIX COOpPYXKeHU# B cnaboBOROOOHJIBHBIX H
cs1a00BOJONPOHHUIIAEMbIX TIOPOAAX APEHHPOBaHHe MNOA3EMHBIX BOJ
BeJleTCs OTKPBITHIM BOAOOTJIMBOM, T, €. OTKOCAMH Kapbepa W TOrAa
AITY urpaior caMOCTOSITe/IbHYIO POJib BOAONpPHEMHHX W BOJAOOTBO-
JALIHX COOpYKeHHH KapbepHOTO BOJOOTJIHBA. DTO BOJOOTKOCHHIE
KaHaBbl HJIH WIEJH, pacCUYHTaHHBIE HA NIPHEM MAaKCHMAaJILHOTO KOJIH-
JeCTBA BOJABl C yueTOM MOBCPXHOCTHHIX M aTMmochepHbix BOA. B 3a-
BHCHMOCTH OT BOAONPOHHIAEMOCTH H BOJOYCTOHYHBOCTH BMelal-
IHX NOPOA M BHIXOAHBIX THAPABJIHYECKHX TrpaJveHTOB KaHaBH
COOPYKAIOTCH € NOKPLITHEM, KAMEHHBIM 3aM0JHUTe eM, NophUPoBaH-
HoH TpyGofi M npuUrpy3koi, obeclleudBalOUIMX HOPMaJbHBIH OTBOA
BOAB K UEHTPaJbHOMY BOAOGOTJHBY, OTCYTCTBHe (HJbLTPAanHOHHBIX
fedopmauuii ¥ OTpaHHUEHHe CTeNeHH Pa3ynpouHeHHs BOAOYCTOfuH-
BLIX NOPOA (paHee B rJaBax 2, 3 u 4 Obui paccMOTPeHbl BOMPOCH
NPOrHo3a u3MeHeHus! CBOMCTB BOJNOHeycTOHUMBBIX MNOPOJN H ompe-
JeJIeHHsT napaMerpoB HeoGXOAMMbIX NPHUTPY30YHBIX NPH3M).

Yaue BCero APeHa’KHO-MPUTPY30UHLIE MepPONpPHATHA NpeACcTaB-
JAI0T co6oil nonojsHenHe K pabOTaIoUIliM BOJO3AIIHTHEIM CHCTEMaM
M npe/lHa3HaueHbl AJs TepexBaTta MPOXOASNIEr0 K Kapbepy depes
3TH CHCTeMbl «IIPHCKOKa» BOAEI II OTPAaHHUEHHUS e€ OTPHUATEJBHOTO
BJIHMSAHKS. DTO TOPH30HTAJIbHble CKBaXKHHBI, IIEJNH, NPUTPY30UHblE
npu3mbl (cM. puc. 87).

7.2.3. Boposamura paGouero Gopra

Kak yxe oTMeyasoch B HauaJie IJ1aBbi, BOJO3AUIUTHbIC MEPONIPHS-
TdA Ha paboueMm OGOPTY NpeAHAa3HAYAIOTCA TJIABHBIM, 06Dpa3oM JJIs
ofecrnieyeHys HOPMAaJbHOH PabOTHl FOPHO-TPAHCIOPTHOrO 060pPYRO-
Banus. Koneuno, BOALI, BBLIXOASIIHE HA OTKOC, MOTYT HapylIHTb
€ro yCTOHUYMBOCTb, HO 3TO HapylleHHe, B CBA3H C MOCTOSHHBIM 06-
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HOBJICHHEM ¢poHTa paboT, CKa3bBaeTCA TOJALKO Ha NPOM3BOJHTCIHb-
HoctH oGopynoBanus. MHorna BosHnkaer HeoOXOAHMMOCTL OcCylle-
HHUS NOJIE3HOTO HcKonaeMoro. OcoBeHHOCTH BOAO3aLIMTHI pabouero
Gopra XapakTepHbl H AJs HauaJbHOrO 3Tana CTPOHTEJLCTBA pas-
pe3HblX TpaHimeH. 3amuTa paboynx GOPTOB OT BJUSHHA NOA3EM-
HBIX BOJ CuHTaeTcs HaHGOJee CJIOXKHOH TMAPOTeoJorHyeckKod pabo-
TOH Ha Kapbepe, NOCKOJBKY Ha €ro MJOCLIaAKaX HMeeTCs TsaXeloe
ofopyxoBauve ¢ GOJBHION NPOH3BOAUTENBHOCTLIO B CAPEHHPOBAH-
HbIX NOpPoAaxX ¥ (GPOHT TOpPHbIX PaGOT MOCTOSIHHO MeHsercs, BXOAs
B HOBble HeCTaUMOHAPHBIE THAPOTeoJOrHueckHe ycjoBus. [loatomy
3JeCb NPHHATO TOBOPHTb O CKOJB3SIIMX CHCTEeMaX BOO3&ILHTHI.

O06ocHOBaHHe THNA H KOHCTPYKUHH BOAO3ALIUTHBIX MEPONPHATHH
Ha pafouem OOpPTY HAYHHaeTCs C OLEHKH erc HHXKeHepHO-reoJioru-
YecKHX YCJIOBWH (reoJOTHuecKoe cTpoeHHe, BOLONPOHHIAEMOCTb H
BOLOYCTOHUHBOCTb TOPHBIX MOPOX, BOLONPHTOK W3 OTAEJIbHBIX BO-
ZOHOCHBIX TOPU30HTOB) ¥ WX BJHSHWA Ha NPOU3BOAHTEJNbHOCTb MPH-
MEeHSIeMOTO O000pynOoBaHHs NPH NPOEeKTHOH cHCTeMe pa3paboTKH.
Ha wmecropoxpaeHusiX, CIOXKEHHBIX CKaJbHBIMH H MNOJYCKaJbHBIMH
TPEHIHHOBATHIMH H 3aKapCTOBAaHHBLIMH NOPOJAaMH, CXeMa BOJ03a-
IIMTH! 32BUCHT OT BOAOOGHJBLHOCTH Bopocoaepxamux nopoa. Ilpu
HE3HAUHTeJbHbIX BOLONPHTOKAaX APEHUPOBaHHE MPOU3BOAUTCH OT-
KPBITHIM BOJOOTJHBOM NPW MOMOIUM KaHaB # Iuesed, NpofiedHbIX
BIOMb QuasTpytomero otkoca. Ilpu Goabmux BogompuTOKax opra-
HH3yeTCsl onepexawoiiee NOBEPXHOCTHOE BOJOMOHHXKEHHE CKBaXKH-
HaMH, a B cjlyuae GOJbMIUX TAYOHH H HAaJHUHA HECKOJIbKHX BOJO-
HOCHBbIX TOPH30HTOB (OJBLIOH BOZOOOHJIBHOCTH — ONepeXalomui
noj3eMHuIl ApeHax. B necuaHO-TVIMHHCTBIX HOpOZax Omepexkalo-
WIHA ApeHaX MOA3eMHBbIX BOA HMeeT NOBCeMeCTHOe NpHMeHeHHe H
peasu3yeTcss NOBEPXHOCTHBIM H NOA3eMHBIM CIOCOGAMH.

OcHoBa pan NPOCKTHPOBAHHS BONO3ALIHTHBIX MEpPONPHIATHH
B [1€CYAHO-TJIHHHCTBIX TOJILAX BCKPBIIHBIX OPOX — pacueT yaesb-
HOTO BOAONPUTOKa K PPOHTY PaBoThi BCKPHLILIHOTO 0GOPYROBaHHS,
KOTOPHIH OPHEHTHPOBOUHO MOXeT ObiTb OnpeaeteH HCX0Ad H3 06-
KX peKOMEHJalKi no OmeHKe BOJONPHTOKOB B Kapbep (CM.
pasp. 7.2.1) u cpaBHeHHs ee ¢ KpuTHYeckofl (momycTumofi} m@Js
AaHHOrG THIa BCKPHIMIHOTO 06opypoBaHudA. [locnepHsis onmpenpeds-
eTCs 1HCXOAR M3 MacuTaba aedoPManuil oilILIBAHUA BOJOCOAEPHKa-
HIHX [0POA, KOTOPbiH OlleHHBaeTCsd AJHHOH A3bIKa ONJbIBaHHA lomr,
M, onpeleasieMOH AJIA PasJHYHBIX 3KCKABAaTOPOB CJAEIYIOUIMM 06-
pasoM [1]:

a) aada akckasaTopos THuna IKT

lona = Ry—hctg o —0,5b;
6) mJis gparnaiinos npu paGore Ge3 NOABAJKH

lona = Rp - ho Ctg ﬁ—a—0,5b~ thg o4
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B) 1/l POTOPHBIX 9KCKaBaTOPOB

lonn=hctga;

r) QJs MHOTOKOBIUOBBIX 2KCKABAaTOPOB L HHMKHUM ueplaHHEM
lona=1Im, & ¢ BepxHUM yepnaHueM [ona=/lo, TAe Ry — paguyc uepna-
Husl, M; h-—BricoTa paGouero ycTyna, M; «— YroJ OTKOCa
ycryna, rpaayc; b — mupuHa XOH0BOM uacTH 3KcKaBatopa, M; Rp—
pamuyc pasrpy3kd, M; Hgp-—BbICOTAa OTBajda ¢ YIrJoM OTKoca fi;
a — wnpuHa OepMbl Ge3omacHOcTH (3—5 M); [gs-— AJIMHA NJaHu-
pylollero 3BeHa KOBIUOBOH paMmbl, M; [p— paccTOSIHHe MeXay ocC-
HOBAHHEM YCTYNa H PeJbCOBBIMH MYTSMH, M.

HnvHa f3blKa OmabIBaHUS — (QYHKUMS VAEJLHOIO PAacXoRa BOAbI,
tbuabTpylonieiica yepes oTkKoc g, M2/cyT, KoTOopas onpefensercs 3a-
BHCHMOCTbBIO

lopn= hs (Vs 4 V)

bt b
e tg @

rne x=f(q/d); @—yron BHYTPeHHero TpeHHS NecKa, y H Ys—
yaeJbHBIH Bec mecka M BOAbl; d — CpefgHuil guaMeTp yacTHI Ilecka
B M; Ay — BBICOTA BHICAUHBAHHUA, M.

B 3TtoM ciyuae MOXKHO MOCTaBHTh BONPOC O AONYCTHMBIX KDH-
THYECKHX BEeJHYMHAX VYACIbHOrO pacXxojad, NpeBHIIeHHe KOTOPBIX
BHI3bIBaeT HeOGXOQHMOCTh OpraHu3anHl omepexalouiefl BOn03a-
HIHThI, Pacrno/ioXKeHHOH Ha HEKOTOPOM paccTOHUM OT (PpOHTa rop-
HbIX pabor. HeoGxoaumo umeTh B BUAY ellle 0AHO 0GCTOATENbCTBO,
OCJTIOKHSAIOUlee YCAOBUS PabOTH BCKPLIIUHBIX 3KCKaBaTopoB. 2TO
HaJInyue CBSI32HHLIX NOPOA B KPOBJIE BOZOHOCHBIX NECKOB, KOTODBIC
npu o0pa30BaHHU A3BIKOB OMNJIbIBAHUSA 00PYHIAIOTCA HA OTKOC U TEM
CaMbiM YBeJHUHBAIOT HX AJAUHY (pHc. 89).

Hab6nwonennsi, npoeeneHHbe Ha Kapbepax E. Il Ilucanuom,
I. JI. ®ucenxo y B. A. MupoHEHKO, TOKa3bIBAIOT, YTO AJS MeXaHi-
YeCKUX JIOAT ¥ MHOTOKOBHIOBBIX 3KCKaBaTOPOB BCJHUHIIEL KPUTII-
YeCKHX BOJONPHUTOKOB BOAbL (B M%/cyT 11a 1 M oTKoca) cocCTaBJstioT:
A mpicBaTtbhix  neckoB — 0,2, pas tonxodepHucethix — 0,4; A
MeJdKo3epHicThx— 1,0; ang  cpeaHescpHucreX — 1,56—2,0 u jaasa
KpynHo3epHucTuiXx — 3,0—4,0. OrMeTuM, uTO 1O peKOMelAamHIAM
3THX K€ aBTOPOB, NPH BeJeHHH BCKPBIMIHBIX PabOT I'MAPOMOHHTO-
paMH, BeJHYUHBl KPUTHUECKUX BOAOIPUTOKOB /I TOHKO- M MEJKO-
3ePHUCTBIX NECKOB Ha NOPAAOK BHIIE, a AJs cPeAHe- M KPynHo3ep-
HUCTHIX — B D pa3d. [IpakTHka BefeHUsT OTKpBITHIX pabor Ha Gypo-
yronpabix Kappepax I'IP w @PI, rae BOmOUPHTOKH COCTABJAAIOT
1—2 thic. M3/u, a Takxkce ua JleGeguuckom n CapbafickoM xcie-
30PYAHBIX Kapbepax nokaszaau GoJjbline BO3MOXKHOCTH NPHMCHe-
HUSL OTKPBHITOrO BOAOOT/NHBA.

Eciu nporHosdble 3HaueHUs BOAONPHUTOKOB K (QHIABTPYIOIEMY
OTKOCY TNpEeBBIINAIT AONYCTUMBIE, TO AJMA WX YMeHbHIEHHS COOpYy-
J)Kaercsd BOAO3alUTHas CHCTeMa W3 BOAOMNOHHSHTEJbHBIX CKBa’KuH
UM¥ 10A3eMHbIX JpPeHaXKHHX BHpPaboOTOK, PacnOJOXeHHbIX napad-
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Puc. 89. Cxema 06pasOBaHuSt A3BIKAa OMNJIWIBAHHS B OAHOPORHOM TeECIAHOM OT-
Koce (@) M NpH HalWuuK CBSA3HBIX NOPOJA B KPOBJE BOAOHOCHOTO mecka (6)

Puc. 90. PacnonoxkeHne BOLOMOHMSWTENLHBIX CKBAaXHH MpH napaienbHoi (a)
v BeepHoii (6) cHcTeMax TOpPHHX pabor:

] — paspeanbie TpaHled ¢ NEPBOOYECPEAHBIMH CKBaKHHAMH; 2 — RoJONOHH3HTE/NbHBIE CKBa-
JXXKHHBl NOCTeAYIOUIHX 3TaloB paapaéoﬂm nons

Puc. 91. Cxema K pacueTy MOBEepXHOCTHOM JAPEHAXHOH cHcTeMbl HPH MYJIbAO-
06pasioM 3aJleraHHH HANOPHOTO BOJAOHOCHOrO FOPH30HTA:

] — HanopHbIi BOJOHOCHBIK TOPH30HT; 2 — NMOBEPXHOCTHBIR BOAOTOK; & — HayadbHLIH [be30-
METPHYECKHA ypoBenb;, 4 — oTKOch pabGouero Gopra Kapbepa; 5 -- nojloxKeHHe NenpecCHOH-

1oft KPUBOM MPH pPaGoTe BOAONOHH3HTEJbHBIX CKBaXHH; 6 — HpoeKrupyemas I[1P3 mna orpa-
HHYEHHS TPHTOKA DPeyHHX BOx



JeabHo (poHTy ropubix paGor (puc. 90) Ha paccrosHum, oNipefie-
JSIeMOM C y4eTOM CKOPOCTiI NPOABHraHus pabouero 60pra H Cpo-
KoM cJayx06b AipeHaXHBIX coopyxeHHi. Hanpumep, cucrema H3 Bo-
JONOHH3HTENbHBIX CKBaXHH paboTaer yAOBJeTBOpPHTedbHO 4—D5 JerT,
yeM H Onpejeasercs ee PacCTOsAHHe OT KOHTypa Kapbepa, a MOJ-
3eMHasd JADCHAXHas CHCTeMa HMeeT CpOK cJyx6ul Ha 20—30 %
GoJibile, YeM MOBEPXHOCTHble CKBaXKHHBI, MO3ITOMY OHa 3aKJalbl-
Baercs Ha O60JIbIIOM pPaCCTOSTHHH OT (PPOHTA BCKPBLIWHBIX palor.

Ha ynanenne apeHa:KHO# CHCTeMB OT KOHTypa Kapbepa 6OJb-
lOe BJHSHHE OKa3biBaeT reosioruyeckas CTPYKTYpa MeCTOPOXKAEHH i
W KapbepHOro mnojs. B ycJ0BHAX MyJabA0o06pasHOro 3alteranus
(puc. 91) psin BOAONOHH3HTENbHBIX CKBAXKHH 3aKJajblBaeTcs
B pailoHe HauGoJsee rayboKoi yacTd MyJabAb (10 ee ocu), a pac-
CTOfIHHe [0 Kapbepa, ofecneuuBalolllce HOpMAaJbHYl0 paboTy, on-
penensieTcsl H3 BHpaxXeHHsd, npeajoxenHoro B. A. Muponenko [1]:

2,731, lysina — ke e loay lg Imax
Sk nide
rae lmax — PacCTOsIHHE MeXJy BOJONOHH3HTENbHBIMH CKBAXKHHAMH
B pALy.

B 3aBHCHMOCTH OT NOJIOXeHHS paspabaTHBaeMOro MOJE3HOro
HCKOMaeMOro BCTaHeT BONPoC 06 orpaHHuYeHHH BOJONPHTOKA 3a cueT
peunnix Box npu nomouwd ITP3 wniH o nmepeHoce peyHOro pycJaa
3a nmpejiesibl KapbepHOro noJsl.

Ilpy TeXHHKO-3KOHOMHUECKOM aHaJ/iH3e BapHaHTOB BOJ03aUIHTH
NOBePXHOCTHBIM W MNOA3eMHBIM CNOCO0aMH, BOJONOHH3HTEJbHBIE
CKBaXHHbl OKa3bBaloTcA OoJlee MePCNeKTHBHBIMH NpH rayOHHe 3a-
JleraHusi BOROHOCHBIX FOPH30HTOB He Gosee 150-—200 m u xo3ddu-
uueHTax Quibrpanun 6oaee 3—5 m/cyT {1].

PaccrosiHue MeXJy CKBaXHHaMH (BOJONOHH3HTEJbHBIMH HJIH
CKBO3HBIMH Ha MOJ3eMHbIi ApeHa’XHbli ITpeK) B pPALY KOHTYPHOR
JpeHaxXHOli CHCTeMBl, NapaJJselbHOR oTKocy pabouero Gopra, onpe-
aeJsieTcsi M3 pacdera obecliedeHus KoaddHuueHra saciona K=

=1—"2 ,rpe gy— KONYCTHMBIH yaAeNbHBL BOJONPHUTOK K OTKOCY
q

(]

M3 YCJAOBHH 06pa3oBaHUs sI3blKa ONJbIBAHAA JONYCTHMOH IJIHHBL;
qo — OOLIHIT yAeJbHBIH BOAONPHTOK K OTKOCY. OpHEHTHPOBOYHO pac-
CTOSIHHE MeX/y CKBaXKHHaMH MOXeT OHITb NOJyUYeHO H3 rpaduka
B. A. MupoHeHko, OpiiBefeHHOro Ha puc. 92 3xech napamerp
{— hiy npu R <2wu [=1, npu R>ry rae I, u ly—paccros-

L+ Tx
HHSI OT pPHAJla CKBaXKHUH COOTBETCTBeHHO N0 peKkH W KOHTypa OTKOCca
Kapbepa Ha ypOBHe BHEIXOZa NOA3eMHBIX BOA; R W ry— pajHyCHl
JIenpecCHOHHON BOPOHKM U Kapbepa Ha ypOBHe BbIX0Ja BOABl Ha
OTKOC.

B HeKOTOpHIX CAyYasX BO3MOMKHO YBeJHYE€HHe YAeJbHOTO MNpH-
TOKa BOABI, NMpoleAwel Yepe3 KOHTYDHBIA APeHasKHBIH pAn, H3-3a
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Puc. 92. Tpaduk nns onpenefieHns  K,,%

OPHEHTHPOBOUHOTO PACCTOSHAS MEXAY

cKkBaxunamu JRuamerpom 0,1—-0,2 M 1

B KOMTYPHOM psiy, MapajelbHoM OT- im
Kocy pabouero Gopra Kapbepa 751 5'0[]
Puc. 93. Jlpenaxunbe coOpYXenus A 400
OCYIIeHKS TOJE3HOro HCKOMAaeMOro: 501 300
@ — BOAONPOHHIAEMOE NOJE3HOe HCKOoMaemMoe 200
3aneraetr MexAY BOJAOINPDOHHLAEMBIMH IIOPO- 25» fﬂg
HaMH; 6 — BOAOHENpOHHLLaeMOe YO0JIe3HOe HC-

KomaeMoe 3ajieraeT MeXny ILBYMs BOAOHOC- 50
HBIMH rOpH30HTaAMH; 8 — BOAOHpPOHHIaeMOe Il 1 : 1 NI
NoJe3Hoe HCKOnaeMoe 3anxeraert MEX Y }

IBYMSi BOAOYNOPaMH g 50 100 150 200 250 L,m

AN I

I==na=

BJIUSTHUSL aTMOC(EePHBIX ¥ NOBepXHOCTHHIX BOJ, U3MeHEHHS BOAOIPO-
HHIIAeMOCTH BOJOHOCHHIX TOPGA Ha OTACJAbHBIX YyyacTKax IoJd,
a TakXe H3-3a aBapuUiHBIX CUTYauHH B BOAOIOHU3HTEJIBLHOH CH-
creme. B Takux cayuasix BOAONPHTOK MOXKHO IPHHATE HIJIO-
(UABTPOBEIME  YCTAHOBKaMH, TIPHOTKOCHBIM OTKPHITHIM  JIpeHa-
3KOM WJIH TOPU30HTAJbHHIMY 3a20HWBHBLIMH (PHJIbTPaMH C OPraH#30-
BaHHBIM BOJAOCOPOCOM B HEeHTPaJbHBIA HJA4 BpeMeHHBIH BOJOOT-
JIUB.

B 0co6HX rHAPOreoJOTHYECKHX M THAPOJNOTHYECKHX YCJIOBHAX
AJs 3amuTH paboyero 6opra H oXpaHbl NOJA3eMHHEIX BOJ MOMKHO
NpeAyCMOTpeTb 3arpainTelibHble COOpYKeHHs B BHJAE KaHaB, TPaH-
mweH, nam6 u [1P3.

Ocyumrende NOJMEe3HOTO HCKOMaeMOTO ¢ LeJbl0 yMeHb-
HICHUS ero BJIa’KHOCTH H YJAyuHIeHUs] YCJIOBHi OTpabOTKH, a Takxe
IJIst TIOATOTOBKH OCHOBaHusl OyAyUIMX BHYTPEHHHX OTBAJOB YacTo
NPOH3BOAKTCA caMmMocTosATenbHO. OcoGoe 3HayeHHe TPH 3TOM TpPH-
obperaloT BOAONPOHHIIAEMOCTh H BONOYCTONYHBOCTh BMeIaloMINX
TOPOJ, H YCJNOBHS 3aJieraHHsl NPOAYKTHBHO ToduM, B 3aBucumoctu
OT 3TOr0 MOXKeT ObITb NPUMEHeH OTKPBITHIH TOA3eMHBIH HJH TO-
BEeDXHOCTHBIH THN OTEpPeXaloulero U CONYTCTBYIOUIEro JApeHa)ka Noj-
3eMHbIX BOA. PaccMOTpuM 3TOT BONpPOC Ha TpUMepe KOHKPETHHIX
reoyIornyeckuX yCJaOBHH.

Cayuaii 1. Tlonesnoe uckomaeMoe BOJOTNPOHHLIZEMOEe H 3aJjeraer
MexXy ABYMs BOAOHOCHBIMH CJIOSMH HJIM TPDAHUYHT ¢ OAHHM BOJO-
HOCHHIM ropusoHToMm (puc. 93, a). Ocyuiense ocyullecTBaseTCa ¢ I0-
MOILBIO ONlepexarlero psjaa BOAONOHH3UTENbHBEX CKBaxXHH, 060-

PYAOBaHHBIX MIYOHHHBIMH HAcOCaMH B TOJACTHJIAIOUIEM BOAOHOCHOM
TOpH3OHTE.
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Cayuaii 2. TlonesHoe HCKONMaeMoe NPAaKTHYECKH NPEACTaBISET
coB0l BOAOYMOp, 3ajeraloilnil MeXpy ABYMS BOAQHOCHBIMH TODH-
30HTAMH HJIH TPAHHYHT C OLHHM BOJXOHOCHBIM TOPH30HTOM (B MOYBE
Hau Kposie). JlpeHupoBaHHe NOA3EMHBIX BOJ OCYILCCTBJACTCH NPH
NOMOIH (QHALTPOB, CNYCKAIOMIHX BOAY B WITPEK, NPOHAEHHEI B INO-
Je3HoM Hckonaemom (cM. puc. 93,6). Kposisi moxerT ObTh OCy-
1IeHa FOPH30HTAJbHBIMH CKBaXKHHAMH.

Cayuaii 3. Tlosie3aHoe HCKOMaemoe BOAOINPOHHIIAEMO H 3aJleraer
MeXAY ABYMS BOAOYNOPHBIMU cJosmu (cm. pHuc. 93,8). Jlpenupo-
BaHWE JIPOH3BOAMTCS ONEPeKAKMMM IITPEKOM, NPOHAEHHBIM IO
NOJIC3HOMY HCKONaeMOoMy HJH (UJILTpaMH, NepelyCKaloIHMH BOLY
B MOA3eMHYI BHPaGOTKY, NOPOHAEHHYI0 HHXKe [OJe3HOro HCKO-
naeMoro.

OTMeTHM, uTO OCYLIEHHE NOJEe3HOTO HCKOMaeMOTo pa3JIHYHbIMH
cnocof6aMHu uMeeT HeoOXOAHMYI0 3(P(PEeKTUBHOCTb TOJMBKO NPH XO-
poWO OpraHH30BaHHOM KapbepHOM BOAOOTBOAe. M 3BeCTHBI ciyuaH,
KOT[a JAOPOrOCTOSIIIHE MNOBEPXHOCTHBIE H I[OA3EMHBIE JpeHaMKHBIE
cHCTeMBl He MPHBOAAT K OXUAaeMbIM (MO MpOeKTy) pe3yJbTartaM
H3-3a HaJWUYug BOJAB Pa3HOTO MPOUCXOXKIAEHHS Ha pabouux OGepmax,
3TO NOPHBOAMT K VBEJHUECHHIO BJIAXKHOCTH IIOJIE3HOTO HCKOmae-
MOTo u TOACTWIAIONINX TOPOA, 3aJeTalOIIHX B OCHOBAHHH OVIY-
mMHUX BHYTPEeHHHX OTB&JOB H TOpPHO-TpaHCOOpTHOro ofopynoBa-

HHUA.

7.2.4. Bogo3almura oTBaJioB

OrpuiatenbHoe BJIMAHHE BOABI Ha YCTOHUYHBOCTL OTBaJOB OCY-
LIECTBJSETCS ABYMSA NYTSAMHU: YBJAAXKHEHHEM OCHOBAHUS H TeJa OT-
Basla, CJ0XeHHOro BOAOYCTOHUHBBIMHM MOpOAaMH U (POPMHPOBAHHEM
BOAOHOCHBIX T'OPH3GHTOB, CO31a0IUX HEGJAronpUsITHOE HalpsKeH-
HOE COCTOSIHHE 33 CYEeT THAPOCTATHUECKOTO M THAPOAHHAMHUECKOTO
nasJyennii. OnoJi3HeBble SIBIEHHS Ha OTBajaX, MellalNIHe peatu-
30BaTh IIPOEKTHHC¢ TEXHOJIOTHUCCKHEe peLIeHHS Mpouecca OTBaJoO-
06pasoBanus i AOCTHYbL ONTHMAJNbHBIX €MKOCTEH M/ BCKPHILHBIX
NOpPOA, NPOHUCXOAAT HCKIMIOUHTENLHO NOJ BJAHSHHEM TNOJA3EMHLIX, MO-
BEPXHOCTHBIX ¥ aTMoc(epHbiX BOA.. B CBA3H ¢ 3THM BOJO3AlIMTA
OTBaJIOB, HauHHas ¢ NOATOTOBKH HX OCHOBaHHA, umeeT Gosblice
NpaKTHYECKOe 3HAUeHHE H SBJACTCA BecbMa CJIOXKHOH 3agaueli Ha
OTKPBITBHIX paspaboTKax MECTOPOKAECHUH.

BHyTpeHHHEe OTBaJb NPHMBIKAIT (32 PeAKHUMH HCKJIO-
YeHHSIMH) K Hepabouemy OGOPTY H CKJAmUPYIOTCH HA NOPOAAX, 3a-
JICTalUIHX B I0OYBE TOJE3HOTO HCKOIaeMOro, NO3TOMY CYLIeCTBYIO-
wasi BOJAO3aNIHTa 3TOr0 60pTa H ee 3¢p(HEeKTHBHOCTL BO MHOTOM OIl-
penesdIoT ycloBHA o6BoaHeHust oTBanioB. Ha Gepmax, sateraionux
B OCHOBaHMH (UJIbTPYIOUIHX OTKOCOB, MePed OTCHIIKOH TyCThIX
NopoJ COOPYKAWTCSA OTKOCHBIE APCHBI TPyOUATOro THIla, KOTOpHle
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Puc. 94. BonosallyTa OCHOBAWHA BHYTPeHHHX OTBaNOB CHCTEMATwieckuM (a) #
nmracToBeiM (6) ApeHaKamu:

1 — paGouyuft Goprt; 2 — BHYTPEHHHE OTBaJjbl, NpPHCJOHEHHBle K yCTyrnam HepaGouero Oopra
¢ NPHOTKOCHMIM TPYGUATHIM jpeHarkoM (cayyalt @) # Ges OTKOCHOroO papellaxa (cayuait 6);
3*FOpH3OHTaJIbele JApeHbl B OCHOBaHHH 0TBa’OB; 4—Bononponﬂuaemaﬂ Hacplllb € BOAO-
OTBOARNIHME NepdOPHPOBAHHBIMH TpyGaMu

[epPexBaTHBAIOT NPOCOUHBIUYIOCA Yepe3 APeHaXHYlo cHcTemy Hepa-
Gouero Gopra BOAY W OTBOJASAT €€ B CHCTEMY KapbepHOTO BOAOOT-
nuBa (cM. puc. 87,r). Tpyba puametpom He meHee 200 mm (ompe-
Heasiercsl THAPABJAHUECKHM pacdyeTOM) YKJIaaplBaeTcs B KaHaBKy
Ha TMecuaHO-TPaBHHHYI0 MOAYWIKY H 3achiliaeTcsl KPYMHO3ePHHCTHIM
MCCKOM HJIH TpaBueM Ha BBICOTY, NPEBbLIHIAIOWYI0 MaKCHMAJbHYIO
MOIIHOCTb QUJIbTPYIOLIMX NMOPOA B OTKOce (ompenensiemylo THAPO-
reosiorndeckuMu pacueramu). KosdduuneHT (HIBTPAUHH 32CHINKH
A0/KeH OHTb He MeHee 5 M/cyt [25].

3amyTa OCHOBAHHS BHYTPEHHHX OTBaJIOB, NPeACTABJEHHBIX BO-
AOHOCHBIMH MOpoAaMH (cOxepKalMMH yalle HamopHble BOABI),
YACTHYHO OCYILECTBJSETEA IPEHAXHBIMH cHCTEMaMHu Hepafouero H
pabouero GOpTOB MpH 6JIAaTONPHSTHOM B8aJIETAHHH NOJE3HOr0 HCKO-
naemoro (cm. puc. 91, 83). Ha 6ypoyronbunx xapbepax I'’/IP ycra-
HOBJIEHO, YTO LIHPHHA OCYIUEHHOH MOJIOCEl OCHOBAHHSA TPHMBIKa-
meli k pabGouemy 6oOpTy H obecneyHBaKOUICH YCTOHYHBOCTbL OTBaJja,
coctapasier 200—300 m. Taxag mHpHHA He Bcerja AOCTHTaercd
IO TNPHKPBITHEM CYWICCTBYIOWIHX 3aIUMTHHIX cHCTeM Ha Ooprax
Kapbepa, MO3TOMY Ha MHOTHX MECTOPOX/IAEHHAX, Ii¢ NOPOAH MOYBbI
IIOJIE3HOTO - HCKOIaeMOro TNPeAcTaBJaeHbl ¢Jiab0BOJONPOHHIIAEMBIMH
necKaMy, a BOAOHOCHBIA TOPH3OHT HMeeT GOJbIIOH Hanop, OTBaJO-
ofpasoBaxye TNpeABapACTCH CTPOUTEJNLCTBOM  CHCTEMAaTHUECKOrO
Jpedaxa 43 CeMH JpeH (OcywuTteJaed napannedbHO (GPOHTY OT-
BaJia u cobuparesell nmepNeHAHKYNAAPHO K HeMy) B OCHOBaHHH OT-
BanoB {puc. 94,a). Takasa cerp obecneyuBaer NpHEM NOA3EMHBIX
BOL ¥ OTBOA UX B BOJOCGOPHHKH NOI3CMHON ApeHamHOH CHCTEMBI
(ecan Taxas MpHMEHsICTCH AJs 3ALIUTHI Kapbepa) WJH B ClCUHalb-
Hble 3ymmdbl, PacnoJOXeHHbie 32 TpeneJaMH oTBajioB. Paccrosinue
MEXIY ApeHaMH, HX WIHPHUHA, YKJIOH H PacnoJOXKeHHe Onpemens-
IOTCSA THAPOTEOJOrHYECKIMH pacueTaMH JJsl KOHKPETHBIX YCJOBHI
[1]. Tak, nns Haubosnee YacTO BCTPEUYAEMHIX APEH, 3aJOMKEHHBIX
BHllle BOJZOYMOPHOrO CJO0S, MOACTHNAIMIErO BOXOHOCHBIH TOPH30GHT
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(ocHOBaHHe OTBasa), PACCTOSIHHE MEXAY HHUMH (B M) onpemensioT
no dopmyne C. ¢. Aseprsinosa [I]:

[ ()

rie fip— PaccTosEWE OT APeHH A0 BOAOYNOPHOTO CNOf, M; Amax —
MakcHMaJibHasa BHICOTA NOHHXKEHHOTO YPOBHA BOJABl HaA BOAOYNO-
poM, M; W — HHTEHCHBHOCTb IIPOCAUHBAHUS aTMochepHBIX BOZ,

Mm/cyt; B =1,47 lg——l—; ry— TPHUBEIEHHBIA PANHYC ApeHaxa.
Tiry p

sin

Bononputok (B Ma/cyoT) B ApeHy aJuHO# By coCTaBisier
Q;=2W g B;.

B DOCTPOEHHEIX CHCTEMATHUeCKHX JApeHaxkax PacCTOsiHHE MeXAy
JpeHaMu coctasssger B cpeaHem 50—100 m. Han JpeHaMH_COODY-
KalT NEeCYaHylo Hachlb BHCOTOR 1—1,5 M u wupuHOd 3—5 M.

IIpu cknanHpoBaHUH BHYTPEHHHX (a HHOrja M BHELIHHX) OTBa-
JIOB HA cJ1aGONPOHHI@eMBX BOJOHOCHHIX NOopojax (MeJiKHe u TOH-
KHUe TeCKH, CYHeCR), B KOTOPHIX PACCMOTPEREME CUCTeMATUURCKUU
JIpeHax He aBJseTcsa >p(PeKTHBHHM, B OCHOBAHHH OTBAJIOB YKJa-
IHBaeTcsl MJOIIHAS HACHNb 43 (GUNLTPYIONIEro MaTepHaga, Ha3H-
BaeMasi NJAacTOBHM AaApenaxom (puc. 94,0). Tonumuna
GUIBTPYIOLIETO CJIOS OnpepessieTcd HCXOAS W3 XapakTepa BOJOHOC-
HOro ropu3oHta (HamopHBIH, Ge3HanmopHHIHA), HO OHA He JAOJXKHA
npesHmats 2—3 M. OTBOJ BOAH M3 NJACTOBOro JAPeHaxKa ocyuiecT-
BJeTCS CaMOTeKOM 0O TPy6aMm, yKJAajblBaeMBIM B HHXHeH ero
gacTu. B Tex cJyuasix, Korja INJAaCTOBEIA JApeHaX OdYeHb JOPOT,
OTCHINIAIOT HACHIMH WMPpHHOH 4—8 M mapaJ/ieqbHO QPOHTY OTBaa,
paccTosiiie MexAy KOTOPBIM TNpHHMMaeT pPaBHBM OXHOH-ABYM 3a-
XoAKaM sKckaBatopa. Ha HeKOTOPHIX YroJIbHEIX MeCTOPOXKAEHHAX,
C majieHWeM YroJIbHOrO TjlacTa K paGogseMy OOPTY, ¢ HeNbIO MO-
BHIUEHUS YCTOHYUBOCTH M YJYUINEHHAS UX APeHUPOBAHHS OCTABJSAIQT
MOJOCkl HeBBIGpaHHOTO yras sbicoTofi 0,5—1,0 M wmwHpHHOA 2—3 M
IpU OTCHINKe OTBAaJOB Ha BOJAOYHNOPHOM clioe HeGoJbIlo#d Mol-
HOCTH.

BHemHHe OTBAJH CTPOAT Ha TOATOTOBJEHHOM OCHOBAHHH.
C Hero CHHMalOTCsl MOYBEHHHEA u TOP(PAHOH CJIOH, OTBOAST NOBEPX-
HOCTHHe BOJH, Ha JAHe 3aCHIMaHHBIX OBparoB W 6aJjOK YKJAABIBAIOT
mepdopupoBaHHble TPYOH HJIH TPOXOAAT JpeHaXKHble KaHAaBHL
B HuxHe#t vacTH 0TBANOB (NMePBHA APYC) OTCHINAIOT NeCUaHbie HIH
CKaJbHHE TODOAH, KOTOpHle oOfecneunBaloT APeHHPOBaHHE BOJ
H3 TeJla oTBaJia. B MOCJeNCTBHHU NPOBOAWTCS PEKYIbTHBALHS TeX-
HOTeHHBLIX MacCHBOB, KOTOpas NpeaycMaTpHBaeT NOBEPXHOCTHHE BO-
NOOTBOASLIME MEPONPHSATHS, NOBBILNAIONIHE HX YCTOHYHMBOCTE.
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7.3. BOOLO3AIIUTA NNPH CTPOHUTEJIbCTBE
KANMUTAJBHBIX BBIPABOTOK

Hau6onee KanurtaJbHBIE COOPY:XKEHHS — IIAXTHBIE CTBOJH Pa3HOro
Ha3HaueHHs1 TpebyoT 0Co60OTO BHHMAHMA B [ePHOJA CTPOUTENbCTBA
(mpoxomkm u KpemneHusi). B 3aBHCUMOCTH OT TeOJIOTHYECKHX YC-
JOBUH U CTeneHH Bogoo6HIBHOCTH yUaCTKOB MECTOPOXKAEHHH, Ha KO-
TOPHX NPOXOAATCS STH COOPYKeHHS, BOAO3AILIUTA OCYH[eCTBJsEeTCS
pasHBEIMHU cnocobamu: a) oTKaukofl BOABI, NOCTyNalouiell B IaXTHHH
CTBOJ, KOTOPHH NPOXOAAT B TBEpAHX cnaGoNpPOHHUAEMBIX NOPOLAX
1 o6uiA BOROOPHTOK cocTaBisier He Gosee 8 m3/M; 6) cucremod
BOAONOHU3UTEABHEX CKBa)KHH, 0060pYJOBaHHHX TAYOGUHHEIMH HaCO-
camu, obecrmeyuBAIOWMME CHHXKeHHE YDPOBHS NOJ3eMHBEIX BOj, Ole-
pexarwinee rayObuHY TPOXOAKH €TBOJIA, KOTOPHIA CTPOHTCH B BOAO-
YCTOHYHUBEIX CKaAbHBIX, NOJYCKAJbHHIX HJAH KPYIHOOGJIOMOYHHX
nopoxax; B) MHOA3eMHHM JpeHaxoM ¢ 3a60s CTBOJIA, B YCJHOBUAX
nepeceueHUs] PHIXNBIX HEYCTOHYWBHIX [ECYAHO-TJIMHHCTHIX BOJOHOC-
HBIX TMOPOJA HH3KOH BOJONPOHUIIAEMOCTH H He6OJBbLIOH MOIHOCTH;
T) CTPOUTEJLCTBOM BOJOHENPOHHIAEMEIX TAMMOHAMXKHLEIX 3aBec BO-
KPYr CTBOJIa M3 LeMEeHTHOTO, IVIHHHCTOro, GHTYMHOI'O WAH CMeIlaH-
HOTO 3anosnHHuTeNlefi B TPEHIMHOBATHIX, 3aKAPCTOBAHHBIX H KPYIHO-
00610MOUHBIX MNOPOAaX BHICOKOH BORONPOHHIAEMOCTH, a TaKxKe
JIEJONOPOAHEIX HeNPOHHUAeMHEX 3aBeC B HEYCTOHUHBHEIX caabomnpo-
HHIAaeMBIX DHXJHX neckax (NMJAuBYyHAX) GOJNBIIOH MOULHOCTH. 0
5§

BoxonoHu3HTenbHHE CKBAXKUHH, YHCAO KOTOPHX M. = Ks

c
rae K; — kosdduuuent samaca, npuHuMaeMHi paBHbIM 1,5—3, om-
pexendAOT M3 pacuera nepexBaTa BCEro OXKHAAEMOTO BOAZONPHTOKA
B INAaXTHEIHA CTBOJI, pacnonaralT BOKPYT LIAXTHOTO CTBOJA HA pac-
crosHuu 15-—20 M or €ro ocu mo OAHOH H3 GUryp, DOKA3AHHHIX
Ha puc. 95. Inybuna ux onpepenaserca NoJoXKeHuem 3a6os cTBoJA
B BOJOHOCHOM TODH30HTE M BHIGHpaeTcs U3 pacuera JOCTHKEHHS
OTMETKH YPOBHSl TOA3€MHHBIX BOJA HHXKe 3a60d CTBOJIa HAH NOYBH
BEHIpaGOTOK pyAHOro aBopa. [lox 3amHUTOH BOJOTOHH3HTENbHEIX
ckBaxHH (0T 3 Ko 20 wT) O6BIK TPOAAEHE CTBOJH HAa MHOTHX PYA-
HEIX MECTOPOXJEHHAX, TJA€ BORONPHUTOKM coctasasnau ot 100 mo
800 m2/u.

B 6Gonee CHOXKHBIX YCJOBHAX, KOTJAA INAXTHHI CTBOJ nepecekaer
HEeCKOJIbKO BOJOHOCHBIX TOPH30HTOB, CPeAH KOTOPHX H IMPHYpOUYeH-
HBIX K HeYCTOHYHMBBIM [E€CYAHHM
nopojaw, ‘BOJOTIOHH3UTEJIbHEIE
CKBazKHHBEI He 06ecneunBaiOT HOP- @
MajbpHEH Tpolecc NPOXOAKH, MPH- 4
XOOUTCS NPUMEHSATh MOJA3€MHHIH
MHOrOSIpyCHbIH APEHAXK CTIOMOIIDIO  po - g5 Cyeyiy KOHTYpHO!t ycTa-

MTJOQHIBTPOB, YCTAHOBAGHHHX HA  gopky BoMOMOHUSHTENbHBIX CKBAMKHHE
3a60€e CTBOJA, WIH BOCCTAIOUIHX —  BOKPYr MAXTHOTO CTBOJA
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Pyc. 96. Cxemur ycraHOBKH uraoguantpos  Puc. 97. Tlpumep pacnosoxeHus
3a BPEMEHHOH Kpembt0 (@) M MO KOHTYpY  MHOrOCTBOJbBHBIX CKBAXKHH ISl CO-
B 3aboe crsoda (6) wa mwaxrte Mapra-  OpYXeHEs TAaMNOHAXHOR 3aBecH
Heukoro ['OKa:

1 ——waraodunabtp; 2 — BomoOTBOASAiAas  TpyDa;
3 — CHHMXKEHHBIA YypPOBeRb BOABl, 4 — IOCTOSIHHAS
Kpellb; 5 — BpPeMeHHast Kpenb

(GUABTPOB U3 MOA3EMHBIX ADeHaXKHEX BHPabOTOK, 3a710KeHHHX HIXKe
3a60s cTBoJla (Ha yXKe APeHHPYeMBIX YYacTKax IAXTHOTO MOJIs).
Hanpumep, npu npoxoiKe IIaxXTHEX CTBOJOB ORHOH W3 maxT Map-
rafeukoro I'OKa aas ocylleHHs HHXKHECADMATCKHX IECKOB MOIl-
HocThio 8—10 ™M Onsia Hcnmosb30BaHa MHOrosipycHasi KOHTYDHasf
cxeMa MOJ3eMHOrO OCYIICHHS ¢ MOMOUIBI0 HTJIOQHUIBTPOBLIX YCTAHO-
Bok JINY-2. Urnobuastpu pauHo#t 4—5 M pacnonaramich no 10—
15 wtyr Ha OAHOM sipyce Ha paccTosiHMM | M Apyr ot Apyra He-
NOCPeACTBEHHO B 3af0e CTBOJA HJH 32 BPeMeHHOH Kpenblo MO Ile-
pumeTpy ctBosa ({puc. 96). [lebur HUrI0GUIbLTPOBOH YCTAHOBKH
B 3aBUCHMOCTH OT KPYINHOCTH [ECKOB H3MeHsica or 2 go 14 wm3/y,
Uepes cyTkH nocie Hayajsa paboOTH CHCTEMH ypOBeHb [MOJ3eMHBIX
BOJ ycTamaBauBaJjcid Ha 2—3 M uuxke 3aoa crsosaa [25].

IIpu HalMuuuM BHICOKOHAMOPHHX BOJ HMXKe 32605 CTBOJA YaCTO
IPOUCXOAST NPOPHIBbI H30MHPYIOUIMX NOPOA, IO3TOMY HEOOGXOAIMO
onpeae HTb BeIUYHHY 6e30macHBIX HANOPOB JJIS pasJHuHBIX OTMe-
TOK 32008 IIAXTHOTO CTBOJA H 06ECHeYyHTh HX BOJAONOHH3UTENh-
HBIMH CKBaXKMHaMH, MpofifieHHpIME ¢ noBepxHocT#. OcTatouHbiil Bo-
JOTNPUTOK (OPH BCKPHITHH BOJOHOCHEIX TNOPOJ) NPHHHMAaeTCs HIJO-
(UIBTPOBEIMY YCTAHOBKAMHU.

IIpoTuBodHUIBTPALHOHHEE 3aBeCH BOKPYT WIAXTHOTO CTBOJA CO-
OpyXaloTCs TaKzxkKe Kak I pacCMOTpeHHHe panee (cM. pasi. 7.2).
Oco6rie TpyAHOCTH DpeAOCTaBisieT WX CTPOUTENbCTBO B 3aKapCTo-
BaHHBIX MacciHBax KapOOHATHHX NOPOJ, B KOTOPHX BORONPHTOKH
K IaxXTHHM CTBOJIaM COCTABJSIOT THICAUM KyOHueCKHX METDOB
B yac. Tak, Ipu NPOXOAKe IMAXTHHX CTBOJOB Ha GOKCHTOBHIX Me-
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CTOPOXAEHHSAX VYpanja BOAONPHTOKH JOCTHIANH 1400 m3/y Ha
CYBPe u 2200 m3/y na IO¥YBPe, Ilpn 3TOM yCTaHOBJIEHO, 4TO CKO-
POCTb NMPOXOAKH CTBOJOB CyLIECTBEHHO 38BHCHT OT 06bema OTKauH-
paemoll Bogsl M cocrabaser: 100 m/mec npu orkagke 10 8 M3/y
Boabl 1 2—5 M/Mec npu Bogonputoke 6osee 100 m3/y (M. K. HJIOT;
HukoB, 1987). Jlns 3amuTH OT BOABI LIAXTHHIX CTBOJIOB IJyGHHOH
100 u GoJee B yCJOBHSAX 3THX GOKCHTOBBIX MECTOPOKAEHHH OBLI
NpUMEHeH TAaMIOHAaX KapOUMHIHBIMH CMOJIAMH, HarHeTaeMbIMH
yepe3 MHOrOCTBOJBHEIE CKBaXKMHbl (pHC. 97), uyactb H3 KOTOPHIX
Gypusiach C LeNbi0 OLEHKH BOJAONPOHHIAEMOCTH 3aTaMNOHHPOBAH-
HHIX [0OPOJ, B KOTOPHIX TaKXke NPOBOAMWJICA TaMmonax. B pesyib-
TaTe CTPOHUTENLCTBA BOAO3AUIMTHOH 3aBechH BOKPYT CTBOJIA IUAXTHI
«Yepemyxosckag» ray6unod 1200 M BOAOOPHTOK OHJI CHHUMKEH
noatu B 80 pa3. O6umias CTOMMOCTh BOJAO3ALIMTHI, BKJOYas THAPO-
reoJOrduecKkie HCCJeN0BaHHA a4 ee OOGOCHOBaHHA COCTaBHJAA
0k0J0 1 MaH. py6aed.

Bopmosauura OKOJIOCTBOJIBHBIX BHIpabOTOK MpeacraBnser cobo#t
npopoJikeHue paboT nO 3aImHTe LIAXTHOTO CTBOJA 4 uMeeT GOJb-
moe 3HaueHHe TaK KAaK JO0MKHA O6ecmeydTh YCTOHYHBOCTH YiKe
NPOAMEHHOr0 W 3aKPENmJIEHHOr0 CTBOJIa M HAa3eMHBIX COOPY:KEHHH, a
Takke [NOATOTOBHThL GNArOnpHATHHE yCJOBHSA JJ8 NMPOXOAKH HOBHIX
BLIPAGOTOK B MOYTH HEHAPYIUEHHOM eCTeCTBEHHOM pexHMe IMOX-
3eMHbix Box. Haufosee adoeKTuBeR B CJOXKHBIX HHXEHEPHO-Teo-
JIOTHYECKHX YCJOBHAX (HEYCTOHUHBHE BOAOHOCHBIE HOPOAE, HAMOP-
Hble BOJH, HECKOJAbKO BOJOHOCHHIX TOPH30HTOB) — KOMGHHHPOBaH-
HEIH cnocol OcyLIeHHsl BOAOMOHH3HTENbHEIMH CKBAaXKHHAMH, NPOH-
JeHHBIMH C MOBEPXHOCTH NO KOHTYPY 3alIHNIAEMOr0 NPOCTPaHCTBa
H UrJOQHILTPOBOA NOA3EMHOA YCTaHOBKOA H3 32608 cTBOJA H
OKOJIOCTBOJIbHBIX BHipaboTok. IlpuMep Takoro cnoco6a Bojo3a-
OIHTH ~— OCYIIEHHE NMPH NPOXOAKE OKOJOCTBOJIbHHX BHPabOTOK, HA
maxrte «Hemuposckag» B [TogMOCKOBHOM yrosbHOM Gaccefine [25].
Ecnyu stu BBIpaGOTKH NPOXOAAT B YCTOAYHBHX CKaNpHHX NOPOJaXx,
X OCYLUeHHe OCYUIeCTBJAETCH TOJBKO MOBEPXHOCTHHMH BONOIMORH-
3UTEJIBHBIMH CKBaXuHamu. M nakoHeu, npu crpoutenncTBe pymHHY-
HBIX ABOPOB Ha PaccTOSHHH APYr OT apyra 6Gojee 60—80 M mo Bep-
THKANH HeoGXO04HMO TPeRyCMaTpHBaTh CaMOCTOSITENbHYIO BOA03a-
UIMTHYIO CHCTEMY.

ITporaxennbe BHPaGOTKH HAXOAATCA B Hauase IIpO-
XOAKH [OJ 3AIUTOH OCYIUATEJIbHBIX pPaboT, npoBegeHHBHIX NPH
CTPOHUTEJILCTBE IAXTHOIO CTBOJIA H OKOJIOCTBOJILHOTO aBOpa. B ganb-
HEeHLIeM, OXHAKO, OHH TPe6YIOT CaMOCTOSTENbHOTO OCYIIeHHs, Xa-
PakTepHOro AJ JHHEAHBIX COOPYMXEHHA (PaspamnbIX TpaHuies,
TyHHeJe#, 60pTOB KapbepoB).

B 3aBHCHMOCTH OT CJIOXHOCTH THAPOreOJOTHUECKHX YCJIOBI
MOTyT OBITb MPUHATH 4 CXeMbl BOAO3ALIATHL: a) OTBOX [OCTyNal0-
I0eH BOAEL NP MPOXOJKe BbIPAGOTOK B C1a60BOAOOGUIBHEIX TPELIH-
HOBaTBIX CKaNbHBIX NOPOJAX K BOAOCOOPHHKAM LIAXTH MPH MOMOMII
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nlesiedi, NPOXOAUMBEIX B MOUBe (3TO MO CYIIECTBY CaMoO3aluTa, BH-
paboTka siBasieTcsl APeHaxKHOH); O6) OAHOSpYCHAS JHHelHas cH-
CcTeMa U3 BOJONOHH3HTENbHBIX CKBaj)KHH, NPOHAEHHHX C TOBEpX-
HOCTH, B Cjayyae HeGOJbIHX [JIYOHMH €IHHCTBEHHOTO BOJOHOCHOrO
rOpHU30HTA, 3aJIeraioiero B IOYBe BBIPAGOTKH); B) ORHOSIpycHas
JHHeHHAas CHCTeMa H3 3a6HBHBIX (QHJILTPOB B KPOBJK BHPaOOTKH
U Tpy6yaTHX KOJOJIeB B ee MOYBY; BOXOHOCHHE TOPH30HTH B IeC-
YaHHX MOPOAAX Ha HeOOJABUIOM pACCTOSHHH OT MOYBH H KPOBJIH
MOJIe3HOTO HMCKOMAEeMOoro; T') AByXbspycHas JHHeHHasl cHcTeMa Co-
cTOsiIiasl M3 BOJONOHH3HTENbHBIX CKBAXUH JJs [peABAPHTENLHOro
CHHXKEHHS YPOBHs (Hamopa) NOJA3eMHBIX BOL U 3a6HBHBEIX (PHJIBLT-
pPOB B [OYBY HAH KPOBJIO BHPaGOTKH AJs OCYIIeHHS BO BPEMs ee
CTPOUTENBCTBA.

BoponondauTeNbHble CKBAaXKHHBI B [ePHOA NMPOXOAKH MOA3EMHOMN
BHpaboOTKH MepecObOpYAYIOTCS B CKBO3HBI® (UABLTPHL, CIyCKarollhe
NOA3eMHYI0 BOAY B BHPalbOTKY.

B ycnoBHfx HH3KOR BOAONPOHHIAEMOCTH MeCYaHO-TJHHHCTHIX
MOPOA HX OCylIeHHe NPOU3BOJAUTCS CHCTEMOH H3 JABYX JIMHEHHBIX
PSIOB.

7.4. BOLO3AIILUTA BLIEMOYHbBIX YYACTKOB

ITox3eMHOe MPOCTPAHCTBO, H3 KOTOPOTO BejeTcs oTpaboTKa MNoJes-
HOro Hckomaemoro (O4yuCTHBIe paboTHl), B OTAHYME OT BCeX pac-
CMOTPEHHBIX [0 CHX MOp FOpPHHX BHIPaGOTOK (MOA3E€MHBIX H OTKpHI-
THIX) XapakTepHayeTCss ORHOH OueHb CyLIECTBeHHOH OCOOEHHO-
CTBIO — 3@ penKUM HCKJAloYeHHeM. B  pe3yabTare cABHXKeHHS
nopaboTaHHOr0 MAacCHBA TOPHHIX MOPOJ NPOUCXOAUT (POPMHPOBAHHE
THApABJIHYECKOH CBS3H MEXKJY OTAEJbHHIMH BOJOHOCHHIMH TOPH30H-
TaMH H noja3eMHEMH BHpaboTkamu. CreneHp HapyIUeHHs eCTecT-
BEHHOTO COCTOSIHHSI TOPHHIX NOPOJ {paccioeHie, PacKpHITIIE eCTecT-
BeHHBIX H 06pa3oBaRHe HCKYCCTBEHHHIX TPEUIMH, BbIHOC PBHIXJIOTO
NecyaHo-rJAUHUCTOTO MaTtepHana 4 T. A.) 3aBHCHT OT NPHHATOH cH-
CTeMBl H TEeXHOJOTHH TOPHHIX paboT, MO3TOMY BOAO3aLIUTA HX, KO-
TOpasi CBOAUTCS K OCYLICHHIO BHIIE3aJeraloniero MaccHsa, THAPAB-
JINYECKH CBSI3aHHOrO C OYKCTHHIM TPOCTPAHCTBOM U K CHHIKEHHIO
HanopoB BOAOHOCHBIX TOPH30HTOB, 3aJIeTAIOINHX B TNOYBe, BO uabe-
J)KaHHe ONAacHHX BOAHLIX M[POPHIBOB JAOJXKHA OBITH CTPOTO NPH-
Bsi3aNa K Ipoleccy AOOLIYH MOJIE3HOTO HCKOIMaeMoro.

Han6onee cnoxna cxema OCylleHHs MIAXTHHX mnosel, otpaba-
THIBAa€MHX C NOJHHM O6pyuleHneM KPoBJH. Dta cxema eme 6oJbiile
OCJIOKHSIETCS] Ha YTOJNbHHX MECTOPOXKIEHHSAX MNPH TOPH30HTAJbHOM
3ajleraHHH NOPOA M HAJNHYUH HECKOJbKHX BOJOHOCHHX TOPH30HTOB
(TlonMOCKOBHEIT  yroabHH# GaccefiH), MOCKOJLKY B Npegesax
MYJABABl CABHXEHHS NPOHCXOAHT He TOJNBbKO HapyuleHHe CHJIOCIIHOCTH
BHII€3aJeralomux MoOpPA, HO H paspylleHle JPEHAXKHBIX CHCTEM.
Pacnonoxenue e BOJONOHH3HTENbHHX CKBAXKHH 32 NpejesaMu
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Puc. 98. Cxema npexpapurespaoro ocy-  Puc. 99. CHcreMa KOMGHHHPOBAHHOTO
HWeHUs. OYHCTHOTO NPOCTRaHCTBA OcywIeHHsi OYHCTHOIO HpOCTpaHcTBa

MYJbAB CABHKEHHS JfaeT Maabli sddekr H3-3a HeOONBLIOTO HX
panHuyca menpeCcCHH (BJIUSIHHUS).

B nepuojn Hape3Kn OYHCTHOTO NpOCTpaHcTBa (A0 HawaJga MOpo-
mecca CABHIXKEHHsI) IMPOUCXOAMT CTPOUTENHLCTBO KOHTYPHOH CHCTEMEl
OCylleHHsl U3 MOBEPXHOCTHHIX BONOMOHMU3UTENbHHEX CKBaXKHH, 3aJ0-
JeHHBIX HA BCe BOAOHOCHBIE TOPHM3OHTHI, PasfenbHO Ha KaxAblH
TOPU30HT HJIH H3 pacyera APEHHPOBAHUA HECKOJBKHX BOXOHOCHHIX
taoeB (puc. 98). B sroM caywyae u3-3a 60JbHIOTO pafHyca KOH-
TYPHOM CHCTeMBl LieHTpa/JibHAasg d9acTb JPeHHPYEeMOTO NPOCTPaHCTB2
MOXET OKa3aTbCsl HeocylleHHOH. B »Tofi wacTn Heo6Xomgumo 3a-
JOXKHUTH KYCT M3 HECKOJNbKHX BOJONOHU3UTENbHBIX CKBaXKHUH, KOTO-
pele Bo Bpemd CABMKeHHA Oyayr yHuutoxeHBH. OJHAKO NpakTHKA
3KCIJlyaTallHy CHCTEM BOAONOHM3UTENbHBIX CKBaXKHH MOKAa3HIBAET,
4TO OHU He MOJIHOCTBI0 OCYILIAI0T BOAOHOCHBIE TOPH3OHTH U, B 0CO-
6enHOCTH Te H3 HHX KOTODHIE 3aJ/IerailoT B HENOCPeACTBEHHOH KPOB-
Je, 970 NPHUBOAHT K HeoOXOAMMOCTH BecTH HOA3EMHOE OCyIlIeHHe
C MOMOINBIO 3a0MBHBIX (PHUILTPOB W BOCCTAMOIIHX CKBAaXKHH, IPOXO-
JHMBIX M3 [aHeJbLHHX IITPEKOB H CHenHanbHbiX KaMep. Takum 06-
pasoM, Ha MECTOpOXKJIEHUAX C BRICOKOH BOAOOGHJBHOCTHIO CO3AA-
ercd JABYX- HJH TPeXbsApyCHasi KOHTYpHAs cxeMa KOMOGHHHPOBAHHOIO
ocywenus (puc. 99).

CucreMa MOJ3€MHOrO OCYyMICHUS TPeNCTaBJsieT HAWOOJLIIUK HH-
TepeC s ropHsKa-TeXHOJI0ra, NOCKOJILKY OHA NpeAcTaBiser cobo#t
4yacTh TOpHOAOOHIBAIOIIETO NpOIECca, BJuseT HA €r0 pasBHTHe H ee
OpHHOPABJAUBAIOT K ropHbM paGoram. PaccMorpum ee ocobeHHO-
CTH Ha mnpHuMeDpe wwaxrt IloxmockoBuoro 6acceiiya B paspaborke
B. C. Mowmuunoga. [16].
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CoopykeHHe [OA3eMHBIX APEHAMHBIX CHCTeM MOXKeT MpOH3BO-
AMThCA NapajJe]bHO ¢ FOPHONPOXOAYECKHMH DPabOTaMu HJIH NOCTe
UX OKOHUaHuA (mOcJepHee — B Cjydae, KOrAa B KPOBJ€ HJIH NOYBE
IPOXOAMMOr0 LUTPeKa HMeTcs BOJOYMOpHBle CJOH JAOCTATOYHOH
MOIHOCTH, YTOGH BHIOJIHATL POJb 3aLIMTHON MaukH). YCTPOHCTBO
OA3E€MHOI0 OCYINEHHS NAPEHAX BOA MOXKHO OCYIIECTBJATL BCIEA
3a NPOXOANMbIM 3a60eM IITPEKOB Hiu Blepean 3a00eB ¢ HEKOTO-
pHIM ONepekeHHeM BO BpemeHH. Ilpu ocymeHiti u3 MOA3EMHBIX TOP-
HBIX BBIPAGOTOK HCIOJB3YIOTCH cJAeAVIolIHe APeHaXKHbIe yCTPOUCTBA!
3abuBHble QHUJILTPHI; BOCCTAIONIYE CKBAMXKHHB, BOJOTNOHH3HTENbHEIE
(camomu3JuBaoUecss) CKBAXKHHBI, BOAONONNIOMlalOUIHE CKBaXKHHBI
HaKJOHHO-HaNpaBJ/JeHHBe (Omeperarlllne) CKBaMKHHBEL, IPeHAXKHLIE
KaHAaBbl ¥ KOJOALHI.

Heo6xopumocTh IpUMeHeHHS! TOFO WJIH HHOTO U3 NepedHCc/IeHHBIX
ApeHaXHBIX YCTPOHRCTB OmpepensieTcss yc/JOBHSIMH OOBOILHEHHOCTH
YHaCcTKOB MOATOTOBKH BLIEMOUYHBIX CTOJIGOB.

3abuBHBle QUABTPH NPHMEHSIOTCS JAJs OCymeHHS HaAyroJbHBIX
IeCKOB, 3aJeraloI¥X HeNOCPEeACTBeHHO HajA VYIOJAbHBIM MJIACTOM
WJIH Ha paccTOSHHH OT Hero He Gosee 10 m. B 3aBHCHMOCTH OT YyC-
JIOBUHA 06BOAHEHHOCTH H (HJIBTPALHOHHBIX CBOMCTB HAXYTOJbHEIX
MEeCKOB [IPUMEHSOT PasiuyHble THNH 3a6uBHBIX (HJILTPOB: AbIpHa-
Toie {C AnameTpoMm oTBepeTHii 3—10 MM), meneBbie (¢ NPOAOAD-
HBIMH iedsmu aanaoft 50—60 My u wwupuHoit 1,5—2 mm) u xo-
xyxoBble. HanBosee mmpoxkoc pacnpocrpaHeHHe Ha lIaxrax Gac-
CcefiHa HMMeIOT ABIpYaThle 3afiBHBIE (GHUILTPHl ¢ AMAMETPOM OTBep-
ctull 3—4 mwm, ckBaxHOCTEIO 2—5 Y% IlleneBble GuABLTPEH paboTaroT
IPUMEPHO Tak Ke, KaK ¥ KpyHNHOABIpYaTHIe, [I03TOMY HMEIOT Orpa-
HHUeHHOe MpUMeHeHHe,

KoxyxoBefi 3a6uBHON ¢GuIbTp coctrout u3 NepPopHpoBaHHOM
Tpy6ul AnamerpoM 16—20 MM u BHellHeH KecTsIHOH 060JIOUKM.

MexTpy6Hoe mNpOCTPAHCTBO 3achiliaeTcs TpPaBHEM pPa3MepoM
bpakunii 1—5 mm. Pasmep uteneit sHytpenteft 1pyon 20X 1,5 mm,
a BHemHeli O06osogykr 20X 1 wmm. Ulenun pacnosgoXKeHB psAAaMH:
IO OKPYyXHOCTH BHyTDeHHeHR TpyGHl — 8 oTBepcTHit B psAay, a mo
OKPy:KHOCTH BHeluHe# Tpy6H — 16 orBepctuii. CKBaXHOCTh BHYT-
penHefi nepdopauun cocraBaser 10 Y%, sremneii —5 %. Koxkyxo-
Bhle (UJAbTPH MalLTll ITHPOKOe MpHMeHeHHe Ha IIaXTax AJs OCY-
LIeHHs] MeJKO- M TOHKO3eDHHCTHIX MeCKOB B Ge3HANOPHOM H Ha-
MOPHOM BOAOHOCHBIX TOPH30HTaX. IDTH (uabTpe HE JalOT BEIHOCA
necka H 3apeKOMeHAO0Ba/ll cebsg Kak HaAexXHOe CPeACTBO OCy-
LIeHus.

3abupHble (QHABTPBI YcTAHABAMBAKT 3a 3a60eM TOPHOH BHIpa-
GOTKH B Npouecce MPOXOKAeHHA. PaccTognue Mexay GHILTPaMH
MOXKeT ObITb Becbma PasjuuHbBIM — OT 2 10 10 M ¥ 3aBHCHT OT Xa-
pakTepa OGBOAHEHHOCTH, (GHUJIbTPALMHOHHBIX CBOWCTB II€CKOB, @ TAKKe
CpoKoB ocymeHus. HNebutel 3a6HBHHIX GHUALTPOB KOJAeOAIOTCH B 3Ha-
unTeJbHHX npeaenax — ot 0,1 no 10 mM%/4.
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Boccratomne CKBa)KHHBL TPHMEHAIOTCH AN OCYIUeHHS Haay-
TOJIbHBIX H3BECTHSKOB, 4 TAK:Ke€ HaAYTOJbHBIX [ECKOB, 3allerarouinx
Haj KpoBJsefi BhIpaGoTKH Ha paccrogHuu 6ojee 10 m. CxBamuHBI
auamerpom 75—100 mm Gypar craikom JC-4 mnu CBJI-2. CraHok
JC-4 nossossier 6ypuTh CKBaxKHHB AaHHOA 25—30 M Ge3 mpekpa-
menus paboT, CBI3aHHBIX ¢ NPOXOMKAEHHEM TOpPHOH BRIpaGOTKH.

Pa3smenjeHHe BOCCTAOLIHX CKBaxHUH uepe3 kaxase 50—100 »,
KAK 3TO NPHUHATO Ha OoJblumHCTBEe WaxT OacceifiHa, MOmKeT OBITh
3¢ (deKTHBHEIM TOJNBKO B TOM CJydae, KOrjaa OOBOIHEHHbIE NMECKH UK
H3BECTHAKH HMEIOT IIOBCEeMecTHOe paclpocTpaHeHHe B NpeaeJax
BCEero BhIeMOuHOro crosyi6a. Hambonmee uenecoobpasHo pasMemarhb
BOCCTAWOIIHE CKBAXHHBl C Y4eTOM JAHHBIX 3J€KTPOpAa3BeJKH, KO-
TOpas MO3BOJIgeT NPH MHUHHMAJBHBIX 3aTparax JAOCTATOYHO TOYHO
onpenessiTh yuacTKH WIH 30HH MAKCHMAaJbHOTO OOGBORHEHHS NOPOI
KPOBJIH YTOJBHOTO IWIACTA, YTO MOATBEPKAAETCH OIBITOM OCylle-
HHSL MHOTHX mIaxr G6accefina. DypeHHem BOCCTAOIUMX CKBAXKHH
obecrieunBaercss MakcHMaJbHHH BOA03a60D U3 BOAOHOCHBIX TOpPH-
30HTOB KPOBJIH YrOJIbHOTO MJ1acTa, 4TO M[PeROTBpauniaer NpOphIBBI
MOA3EMHBIX BOJ Mpu BeJeHHH OuYHCTHBIX pabor. [ebur atmx cksa-
xuH pocruraer 100 m3/u (B cpemnem 15—30 m3/q).

BoponoHusuTeNIbHbIe CKBaKHHBl H3 TOPHBIX BRIPaAOOTOK COODY-
KAIOT € LEeJbI0 OCyIUeHHS NOAYTOJbHHX MECKOB W YNHHCKHX H3BeCT-
nskoB. CkBaxuuel Gypar auamerpom 150—100 MM ¢ npoOMBIBKOH
B CaMblX MOHNKEHHBIX MeCTax 3aJieranusi yrojpHoro njacra. Onbit
6ypeHnss BOAONOHH3UTENbHBIX CKBAXKHUH K3 TOPHBIX BHpPabOTOK MOA-
TBEPAH TEXHHUECKYIO M IKOHOMHUYECKYIO Iesieco06pa3nHocTh HX npH-
MEHeHHS [IpH Halopax MOAYIOJBHBIX BOJA Ha [OYBY YrOJALHOrO
nnacra He 6oJiee 5 M. [[ebiThl CKBaXHH B 3THX YCJIOBHAX NOCTH-
raor 5—13 m3/u,

Boponornomarome ¢KBaxHHbI M3 TOPHHIX BHIPabGOTOK INpHMe-
HAIOT A7 c6poca IUaXTHRIX BOA B HHXKeJexkaliue YIHHCKHE H3BeCT-
nsgky. Jlauuplii cnoco6 NpHMeHHM NPH YCJIOBHH, KOrAa YpOBeHb
YIHHCKHX BOJ 3HAUUTEJNbHO HHIKe [OUYBH YrOJLHOrO IJlacta W U3-
BeCTHAKH CIOCOOHH MOTJIOWAThL BOAY.

HaknoHno-Hanpas/ieunble CKBaxHHB [PHMEHSAIOT [Jisg Omepe-
KAWIEero OCYHIeHHS HAAYTOJNbHBIX [TECKOB, 3aJ/IeraloliuX Henocpen-
CTBCHHO HAJ YrOJbHBIM I[JIACTOM, a4 TAaKXKe INPH He3HAYHTeNbHOH
MOIIHOCTH [IPOCJIOEB IJIMH, 3aJIeraloLiHX MEXAY MIacToM u 00BOj-
HeHHbIMH TNeCKaMu, KOrja BbIpabOTKH [POXOAAT B  YCJIOBHIX
BecbMa CJOXKHOH THICOMETPHH YroJbHOro maacra. CkBamwuHH 0Oy-
pat u3s 3aboq wmrpeka craukom 1 C-4 wnn CBJI-2. MakcumanbHas
AJIMHA HAKJOHHO-HANpapJeHHbIX CKBaxXuH He npesbiuaer 100 wm.
Bypenrne Befercss 10 BCKPHITHS BOJAOHOCHOTO FOPH30HTA, MOCJE HEro
B IlecKH 3a7aBiuBaior 3abuBHble GHIbTPH ¢ TpyGaMu AHaMerpoMm
35—50 MM. DTOT cnocob OCYIUEHHsS YCneurHo NpHMeHdAJNCH Ha LIax-
Tax OaccefiHa ass obeclieueHHS JpeHaxka BOAH Bnepend 3a6os
npoxoauMoOil BEIPaboTKIL,
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JlpeHaxkHHe KaHaBH M KOJONUBl NPHMEHSIOTCS A8 cGopa BOAB
M3 TOYBH BHIPAGOTKH H ee TPaHCHOPTHPOBKH MO TOPHHEIM BhHIpa-
6otkaM. OcymeHue moYBH MMeeT oYeHb 60JbIIOe 3HAYEHHE, TAK KaK
yAyumiaeT COCTOSIHHE W COXPaHseT YCTOHYHBOCTh Kpenu rOpHOH BH-
paboTKH,

[TosToMy npeHaxKuble KaHaBH NPOBOAATCA TMOYTH BO BCeX
ropubix Belpa6oTkax. I'ly6una ux mnpHHHMaercs He Mmenee 0,5 m
H 3aBHCHT OT XapaKTepa TMICOMETPHH yrojnroro mjacra. Ilo ycuno-
BHAM yno6CTBA NPOXOXKIAEHHS M YHCTKM MaKCHMaJbHasg riy6una
KaHaB He mnpeBbmiaer 1,5-—2 M. B caMbiXx NOHKHXKEHHHX MecTax
IITPEKOB B CIELHAJbHEX KaMepax COOPYXKAITCH KOJOAH, KOTOpHE
MOryT OHTh KakK NepeKagHbIMH, TAK M BOAONOHH3HTEJLHBIMH, TAe
YCTAHABJHUBAIOTCS HACOCH JAJIsg TepeKaukd BOAbL. IJyGHHA KOJNOA-
ueB — 4—5, ceuyenue — 1,5X 1,5 m. Kpensenne ApeHa*kHbIXx KaHaB
1 KOJOJALeB 00bIYHO NepeBsHHOE.

Ha BrleMoYHBHIX y4acTKax, 060pyNOBAHHBIX MeXaHU3HPOBAHHEIMHU
KpensiMi H OYHCTHBIMH KOMIJIEKCAMH, BayKHO, 4TOOBl I peHaxkHad
cucrema paGorana ycrToWYHBO, WCKMIOUAAHCH MeECTa CKOTJIEHHSA
BOAK, TakK KaK Ha 3THX YydYacTKaX BBHAY ocaaGaenus HecylLled
CcrnocoGHOCTH TOYBBL MOTYT OBITH OCJOXKHEHHs HPU HepelBUXKeHHH
kpen#. OnacHbIM B 3TOM OTHOLIEHHH SABJSeTCS NPOXOXKAEHHEe KOM-
MJIeKCaMH YuyacTKa Haufojee NOHMIKEHHOTO 3aJeraHus YroJbHOTO
niacra (MyabAH). B 3THX MecTax, Kak NPaBHJIO, TPYAHO OCYIIECT-
BHTb MOJHOE OCYNIEHHE MOYBH YroJbHOTO mjaacta. OHO MOXKeT GHTh
LOCTHTHYTO IIPH YCJOBHHM 3aJ/0KEHHs NepeKayHoro KoJonua He
B UeHTpe MYJAbAH, 2 Ha CKJOHe €€ [0 HANPaBJEHUIO NBHKEHHS
JaBBhI.

B nanHOM c/Iyyae KOJIOAEL HaAO NMPOXOAHTh HECKOJBKO Tiy0iKe,
a ApeHaXHOH KaHaBe NPHAABaTh YKJAOH OT MYJABAH K KOJONIY, TAE
YCTaHOBJEH HACcoC ¢ aBTOMATHYeCKHM yInparnaenuem. Ilpm satom Ao-
mycTHmasi MakCHMaJjbHass OTMETKa YPOBHA BOLH B KOJIOAIE HOJ-
)KHa OLITh HHXKEe YpOBHA BOXABl B IEHTpe MYJbAB. ONBIT NOATBEp-
IUJ, 9TO NPH TAKOM pa3MEeUICHUH NEePEKAYHHX KOJOILEB CKOILIe-
HHUS BOAH B MyJbJax He HaGonaercs.

JlpenaxxHyio kKaHaBY OGBIYHO NPOXOJAAT MO BCed AJUHE BHIEMOY-
HOTO MITPEKad, ONHAKO, eCJH [OCTyIJeHHe BOALl B INTPEK HE3HAUH-
TeJbHOe M MMeercs He 6oJiee ABYX-TpPeX MYJ/bA, MOXKHO JApeHaxKHHE
KaHaBH MNPOXOAHMTH TOJBKO Ha yYaCTKaX, NPHMBIKAIOMIHX K Mepe-
KayHBIM KOJIOAIAM, TA€ NOpOABl NOoYBHl o6BoAHeHH. [loctynarwmas
BOAA4 OTKAuYMBAeTCs M3 KOJOAIEB IIAaXTHHIMH Hacocam# mo TpyGo-
MPOBOAY A0 JpeHAXHOH KaHaBhl H JlaJee CaMOTEKOM MNOCTYMmaeT
B YYaCTKOBHIH BOJOOT/JHB. [IpeMMYIIECTBO 3TOTO 3aK/JIHYAETCH
B TOM, 4TO MCK/IUYaercs 06BOJHeHHE MOPOJ NMOYBH YroJbHOrO MJa-
CTa BOMOH M3 JpeHaXKHOH KaHaBH HA YYacTKax, MAe IUTPEKHd fABJfA-
I0TCA CYXHMHU.

B 3aBHCHMOCTH OT HpHMeHSeMOH# CHCTeMBl pa3paGoTKH 4 BO3-
MOKHBIX BapHAHTOB NOAIOTOBKH H OTPabOTKH BHIEMOYHBIX CTOJIGOB
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Puc. 100. Tloza6oitno-cron6osan cxema OCYLIGHHS:

a, 6 — pa3pesbl B ABYX B3aHMHO NCPRNEHAHKYJSPHBIX HaOpaBIeHHAX. | — AUHAMHuecKHH ypo-
Beub BOAbl 10 YCTaHOBKH 3aGHBHEX GUABTPOB; 2 — TO XK€, NOCJHE YCTAHOBKM 3a6HBHHX

GUALTPOB; 3 — 3a6uBHble GHAbTDL; LO0

o — AJiHa O6GBONHEHHON YacTH IUTPeKa

Ha waxtax [logMockoBHoro GaccefiHa HCHOJIB3YIOTCA CJEAyIONINAE
CXeMH OCYIUEHHs M3 MOL3eMHHX FOPHHEX BHPaGOTOK.

1. Tlosa6oiino-ctonbosasi cxema ocyumienus (puc. 100) npenmy-
CMaTpHBaeT HCMNOAb30BAaHKHE BCeX IUTPEKOB [IPH Hapeske NMEPBUYHEIX
BHIEMOUHBIX CTOJIGOB B KauecTBe [ApeHaxHHX. [lo Mepe ux mpo-
XOIKHK BCJiel 3a 3a00eM aJ/is OCYLIeHHS] HAAYTOJbHHX [1eCKOB yCTa-
HaBJAUBAWOT 3a0uBHBE GUJILTPH, ueM 06eCleuHBalOT HOpPMaJjbHHE
yCJI0BUS BHINOJHEHHS Mpoxoaueckux pafor. [Ipu manuuuu B kposJe
WITPEKOB HANEXHHX BOZOYNOPHHX CJAOEB YCTAHOBKY 3aGHBHBIX
(GuabTPOB MOXKHO MPOM3BOAHTH NOCJAE OKOHUAHMS HAPE3HHIX pa-
60T. bypenue BOCCTAIOIKX CKBAXKHH AJI OCYLIEHHS TYJbCKHX IeC-
KOB HJIM M3BeCTHSKOB OCYHIECTBJASIOT IIOC/JE€ OCYUIeHHs HAILYroJb-
HBIX [1€CKOB, OOHIYHO TOcJie OKOHYaHMSI FOPHONPOXOLUECKHX paboT.

[TpoxoanMble IUTPEKH npH Hapeske MNPOMEKYTOUHHX BHEMOU-
HRIX CTOJIG0B He SBJMIOTCA [peHaHBIMH, YCTAaHOBKAa 3a6UBHBIX
buabTpOB JUIsT OCYUIEHHS HAJYTOJAbHHX II€CKOB I[IPOM3BOIHUTCA
B KOHIEBOH uacTu WITpeka nportsxenHoctsio 0,3 L.°6, Boccrawomue
CKBRXKHHHl [JIf OCYIIeHHs TYJbCKHX [eCKOB M H3BECTHSIKOB GypAr
C yYeTOM JAHHHX TeO(pH3UUECKHX HCCHAEJOBAHH{ [0 BLISABJEHHIO
06BOAHEHHHKIX 30H.

ITpr 103a60AHO-CTONGOBOMA CXeMe OCYIUEHHS KaxABlH [epBHI-
HBIA CTOJIG 0OpH NPOYHX paBHBIX T'HAPOreOJOTHUECKHX YCIOBHAX
Hape3aeTcs B OAMHAKOBOH 06CTaHOBKe OOBOAHEHHOCTH, TAK KakK IO
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Puc. 101. Onepexaiolie-cToi60Bas cxeMa OCYIIEHHS:

a, 6 — paspesbl B JBYX B3aHMHO NEPNeHAHKYAAPHBIX HAafpaBAEHHAX.
[—3 — JuHAaMHYCCKHE YPOBUH BOALI COOTBETCTBEHHO [0 VYCTAMOBKYW 3aCHBHBIX QHUABTPOB,
nocjac OypeHHsT HAKIOHHO-ONEPCKAIILHX CKBAaXKHH M NOCJHe YCTaHOBKH 3a0HBHBIX OHABY-

pPOB; 4 — HAKJOHIIO-ONEPEKAIOIMC CKBaXKHHB; § — 3a0uBHble GHALTPLI; Lg6 — IJaHHa ofle-
pexaromett gpeuaxuol BoipaGorku

Mepe AajbHeHUIed Hape3kH CTOJOOB BOPOHKA AENpPEeCCHH pacuups-
ercsl B HanpamJ/eHHH Pa3BHTHsI F'OPHBIX pa6oT Ha OMNHHAKOBOM pac-
CTOSIHUH OT OoTpabaThBaeMoro crosn6a. OcylwleHHe NepBHUHBIX Ha-
pesaeMHX C€TOJ60B CNOCOGCTBYET OCYLIEHHIO TOJLKO OJHOIO MpoMme-
XKYTOUHOTO cTosba.

Hauunast cxeMma oOCylleHHs INHPOKO NpHMEHslercs Ha laxrax
6accefina.

2. Onepexaroie-cTonb60Basi cxeMa ocyiienuss (puc. 101) mpe-
AycMaTpyBaeT BHauajle Hape3Ky <OMNepeXaloliero» BLICMOYHOTO
crosnfa, HAa PacCTOSHHH OT oTpafaTbiBaeMoro crosfa paBHOM 2, 3,
4 pan 5-kpatHelfl mauHe naBel. LlTpekn «onepexaloiieros cToaba —
ApeHaxcHHe. Besen 3a 3a60oeM 3THX WITPEKOB AJs1 OCyUIeHUs] Hal-
YTONBHEIX TI€CKOB VCTaHaBJAHBaTCA 3a6uBHbe uabrpnl Jleficr-
BHeM ¢uIbTpOB 06ecreuyHBaloTCsl TpebyeMble YCJAOBHSI AJSI BLINOJ-
HeHHS NpPOXOJYECKUX pabOT M OCYIIeHHS HAAYTOJbHHX NECKOB Ha
NJoLagH MeXIy OoTpabaThlBAEeMBIMH H Hape3aeMHM CTOJ6GaMHA.
ITpr 3TOM 06BOAHEHHON OCTaeTCs TOJbKO KOHILEBas yacTb CTON6a,
paBHas no nporsxkendocty (0,3—0,5) L.o9.

ChnegosartesbHO, POXOAHMBIE IUTPEKH NpPH Hape3Ke BHIEMOUHBIX
cToN60B Ha NJOLMIAAH MeXAy OTpabaThiBaeMbIM H paHee Hape3aH-
HBIM «ONepexaroniiMy» CT0J16aMH He SIBJASIOTCS APEHAXXHBIMH, ¥ YC-
TaHoBKa 3a0WBHBIX (DHJALTPOB [AJsI OCYIHEHHST HAAYTOJbHBIX MECKOB
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NPOH3BOAHTCS] TOJbKO Ha KOHUEBOH 06BOJHEHHOH uacTH 3THX
cT02100B.

IIpn noBceMecTHOH OGBOAHEHHOCTH HaAyroJbHHX I1€CKOB 3a06HB-
Hble QHIbTPH YCTaHABJIHBAIOT I10 Beed AJHHE ApEHaXKHHX IUTPEKOB
(0,8—1,0) L°5. Boccratouie CKBa)KHHB GypsAT N0 AaHHHM reodu-
3HYECKOH pa3BelKH, a NPOXOAKY ApeHaKHHIX KaHaB H KOJOILLEB
OCYIIECTBJSIIOT TaKxkKe KaK NpH No3aGoHHO-cToJ60BOH cxeMe oOCy-
weyusi. Moryr GblTh He3HauyHTeJbHHE H3MeHeHHS B CXeMe OcCylle-
HHsl NIPH Hape3ke CT0/160B Ha MJIOLLaAH, PacloNOXKEHHOH MexXIy
oTpafaThiBaeMLHIMH H “«ONEPEXAIOUIHM» CTOJ60M C y4eTOM pasMe-
pOB KOHIeBOH OOBOJHEHHOH 4YacTH, KOTOpasl 3aBHCHT OT BeIHUHHH
paccTosiHHsI MeKAy OTpabaThlBaeMBIM H «ONepeXalIlHM» BLHIEMOY-
HHM H cTtoa6amu. Uem 310 paccrosnue Godbiie, TeM 60Jiblle H Be-
JHynHa L.°5 npH Hape3ke CT0JGO0B Ha NPOMEeXYTOYHOH NJIOLILAZH.

IpenMylliecTBO OTepexalolie-cT0160BOH CXeMBl COCTOMT B TOM,
YTO ee NpHMeHEeHHeM MOXKHO OCYLIeCTBHTb Mepbl 3alHTH TOPHHIX
paboT OT MNOA3cMHBIX BOA H ofecneduTb OCYIIeHHe HECKOJbKHX
MPOMEXYTOUHBIX CTOJOOB 3a cueT HapPe3KH OJHOr0 <«ollepexkaro-
Iero» croJjfa. DTHM COKpallaloTcsi O6beMbl BHIIOJHEHHs paboT
no JApeHaXy BOAH H CPOKH OCYUIEHHs] Ha Hape3aeMblH CT0J6, UTO
CII0CO6CTBYET yBENHUEHHIO MWHTEHCHBHOCTH NMOATOTOBKH H OTPabOTKH
IAXTHOrO moJist (MaHesaH).

3. OkOHTYpOBOUHO-OTlepexawliasi cxema ocyllenuss (puc. 102)
npedycMaTpHBaeT NPOX0XKIeHHe Ha ypOBHe paspe3Hofi meun (OKOH-
TYpOBKH), TNapa/jiaejbHO lUTpeKaM TIJaBHBX HaAMOpaB/JeHH{ ONepe-
Kawiel ApedHaxxkHoH Bolpa6oTkH. Besen 3a 3a6oeM 3TOA BHpa-

a

Puc. 102. OKOHTYPOBOUHO-ONEPEKAIOLLAST CXEMA OCYLIeHHSI.
YcnoBuble oGo3Ha4eHHs CM. Ha pHc. 101
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60TKH AT OCYUIeHHsST HaAyroJbHBIX OECKOB OypsIT HAK/JIOHEHHHE
onepekarolllie CKBaKHHBI Ha pacCTOSIHHH, paBHOM 25—50 M (pexe
Gosee) apyr oT ApPyra, a MeXAQy HHMH YCTaHaBJAHBalOT 3a6HBHBIE
GuapTpu. IlpH onepexeHHH ApeHaKHOH OKOHTYPOBKH H OJHOTO H3
IITPEKOB IMaBHLIX HanpasJeHHH (Lopep=300——400 M) 3a cyer ae#-
CTBHfI B 3TUX BLIpaboTKax ApeHaiKHBIX YCTPOHCTB 3HAUYHTENbHO
yJayullarcsl yCJoBHsi NPOXOAKH WITPEKOB NpH Hape3Ke BLIEMOYHBIX
CT0JI60B I NiepexBaTa HMH BOLOTOKOB.

Ilpoxoaka BEHIEMOUHBIX IITPEKOB OCYLIECTBJASETCS B YC/IOBHSX,
Korna obsoldHeHHOH SIBAsIeTCH CpemHss 4acTh Cro/a60B, paBHas IO
nporsiKeHHoctd npuMepHo 0,3 Lc°°. Ilaa co3manus TpebyeMmIx yC-
JOBHA OPOXOXKM B 3TOH YacTH CTOJ6a yCTaHABJIHMBAIOT 3a06HBHLIE
¢buabTpul. BypeHHe BOCCTAOIMX CKBaXKHH OCYIECTBASIOT Tak ke,
Kak 4 B OPeJbIAYIIHX cxeMaX. JIpoXoJKy ApPEHaXKHLIX KAHAR ¥ KO-
JoAUeB IpOHM3BOAAT C Yy4YeTOM THIICOMETPHUYECKHX O0COGEHHOCTEH
NOAroTasJHBAEMBIX CTOJOOB, OJHAKO CxeMa MaXTHOro BOAOOTIHBA
MoXeT OHTL OpTaHH30BaHa C y4eTOM OTKauKM MIAXTHBIX BoJ y4acT-
KOBHIMH BOJOOTJIMBAaMH, DacloJOXKeHHBIMH Kak B LITpeKax [IJaB-
HBIX HalpasJ/eHHH, Tak H B onepexalollell ApeHakKHoH BhpabOTKe.
DTHM 3HAUYHTEJIbHO COKpallaercs (MpHMEpPHO Ha NOJOBHHY HO CPAB-
HeHHIO ¢ no3aGoHHo-cTo/iIGOBO# M oOnepexaouefi crosi6oBoH cxe-
MaMH OCyWeHHs) OYTH TPaHCHOPTHPOBAHHS OTKAuHBAEMO# [IaxT-
HOH BOJH.

IIpeumyuiecTBO AAHHOM CXeMbl 3aKJIOYaeTCsl B TOM, 4TO HH
OJXHH M3 Hape3aeMbiX BBIEMOUYHBIX CTOJO0B HE BBINOJHSIET (DYHKUHMH
IpeHakHoro. BpeMs Ha ocylileHHe BHEMOUHBIX CTOJI60B MHHHMAJb-
Hoe, TAK KaK KOHIEBA®# uaCTh CToNGa OCywWaeTrcsl onepexarouiei
JpeHa’kKHOH BHpPabGoTKOH [0 OKOHUaHHS TOpHONPOXoZYECKHX paboT,
a cpe/iHasd OGBOJHEHHAs 4YacTb OCyIlaeTcs 3a BpeMsl, 3aTpauHBae-
MO€ Ha NIPOXOAKY WITPEeKOB NPOEKTHON AJHHEL

Jaunas cxemMa ocCyuleHHsl mpHMeHsJach Ha Iaxrtax «JIMnkos-
ckas», «[TokpoBCKasi» M JpYrHX, MpH 5TOM TEMINBl NIPOXOJKH LITpeE-
KOB TNpH Hape3ke cToJboB ObAH B 3—4 pasa BHIUe CpefHEmOoCTHI-
HYTHX Ha 3TOH llaxTe, a BpeMs OCYLUIEHHs] COKpaTHJOCh NMPHMEPHO
B 3—5 pas.

4. Bnouno-onepexaromass cxema ocyuleHus (puc. 103) npeny-
CMaTpHBaeT OJHOBpPeMeHHYI0 NpOX0oAKy <ON€pekaroiero» BhHeMod-
Horo crosif6a M oneperkaiomeii ApeHakHoH BuipaboTkH. Ilo okoHua-
HHH NPOXOAKH JBYX OllepeKawLHX FOPHHEIX BbIpaGOTOK 06pasyercs
3aMKHYTBIH GJIOK, M30/HMpOBaHHBIl OT BHEIWUHHX BOAOTOKOB. BJok
noarotasiHBaercs Ha 2, 3 U 4 BHeMouHbIX cToJ0a. BypeHueMm Ha-
KJIOHHHX ONepekallMX CKBa’KHH Ha pacCTosiHHH 25—50 M apyr
OT ApYra H YCTaHOBKO# MeXAYy HMMH 3a0HBHBIX (HJILTPOB B WITpe-
Kax «onepexKalouieros croJba, a TakkKe B onepexaroilell ApeHax-
Ho#l BhipabOTKe CO3MaOTCT HeoOGXOXMMBIE YCJAOBUS JUISI HX IIpO-
XOAKH H OCYLIEHHs HaAyroJbHbiX NEeCKoB BO BHyTpeHHell (3aMKHY-
Toft) uactn 6Gaoka. OOBOJHEeHHON oCTaeTCsl JHWb NEHTpaJbHas
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Puc. 103. Baouno-onepexamouias cxeMa OCYIIeHHS,
YcaosHnle ofo3HayeHHd cM. Ha pHc. 101

gyacTh 6/0Ka, uMelonlass $OpMYy OKPYKHOCTH HJH 3JJHICA C AHA-
MeTpOM paBHOM npuMmepHo 0,3—0,5 L°%.

[Ipn Hape3ke BHIeMOUHBIX CTOJG0OB BHYTpH O6J0Ka, YCTAHOBKa
3a0HBHHX (QHJILTPOB AJIS1 OCYUIeHHsS] HAAYTOJbLHBIX NECKOB NPOH3BO-
AMTCs B LITpeKaX TOJbKO HAa YYacTKax [eHTpajbHOH 06BOAHEHHOH
yacTH 6J0Ka. B 3aBHCHMOCTH OT pa3MepoB 0J0Ka Ha OJHH <«OIe-
pexatoulMi» BoleMOuHHH croa6 npuxopurcs 2, 3 mam 4 croaba,
Hape3aka KOTOPHIX OCYUIeCTBJsIeTCS] Ha 3apaHee OCYLIeHHOH NJO-
H1anu.

Bypenune BoccTawmux CKBaXKHH, NPOXOAKa APEHAXKHBIX KaHaB
H KOJOALEB, a TakxKe OpraHH3alMsi WAXTHOTO BOAOOTJHBA NPOH3-
BOASATCS TAK ¥e, KaK ¥ NPH OKOHTYPOBOYHO-ONepexawllel cxeMe.

[TpeMMyL1eCTBO NaHHOH CXeMbl NO CpPaBHEHHIO C OKOHTYPOBOUY-
HO-OMepeXaloued B TOM, 4TO NpPH Hape3Ke BHIEMOYHBIX CTOJ60B
B NepBOM CJyyae B 0OBOAHEHHH NPOXOAHMBIX LITPEKOB NPHHHMAIOT
yuacTHe KaK JHHAMHUYeCKHe, TAaK H CTaTHUYECKHE 3anacel MNOA3eM-
HBIX BOJA, @ BO BTOPOM — TOJIbKO OCTATOUHHle CTATHYECKHe 3aMacHl,
MMeIOIIHEeCs] Ha MJOUIaAH LEeHTpaJbHOH 06BOIHeHHOH uacta GJOKa.

BJouno-onepexkawouiasi cxeMa OCYLIEHHs] NPHMEHSJACh Ha 1ax-
tax «[Iporpecc», «Heanuposckasi», «[ToKpOBCKasi» H APYTHX, 4TO
NO3BOJIMJIO AOCTHYL BLICOKMX TEMNOB Hape3KH BHIEMOUHHIX CTOJG0B
# GOJbIIMX Harpys3ok Ha JaBy (1000—1500 T yras B CyTKH).
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5. Bnouno-nmocrasnfinas cxeMa ocymwends (puc. 104) mnpeny-
cMarpHBaeT NOCTaAHHYI0 MOATOTOBKY ARYX B3aHMHO NepPHCHIMKY-
JSIPHBIX BHIEMOYHBIX yuacTKoB A M B ¢ nocaeayioweit napeskoft
IBYX HAH Tpex cTosn6GoB. Kaxpabl H3 3THX y4acTKOB T'OTOBHTCSI 1O
OKOHTYPOBOUHO-ONepexRalonell cxeMe, aaa uyero or touexk C, Cl,
CIl y 1. A. NpOXOAST ONepexalouHe ApeHamHble BEIPaGOTKH, CHa-
yasa Aast yuactka B, satem anis yuactka A. C NOMOLIbIO 5THX BH-
paboTok ofecnedyHBaeTcsi OJHOBPEMEHHAsl 3alldTa yYacTkoB A o
b or BOJOTOKOB €O CTOPOHBI M OCYylUIeHHe Hape3aeMbIX BHIEMOUHHX
cron6oB. Jlavna onepexawmel ApeHa>kKHOH BBIpaGOTKH He IMpeBH-
IlaeT JABYX-TPeXKpaTHyIO AJHHY JaBb. Ha nepuwon cc npoxoaxu
/IS OCYLIeHHs] HaAYTOJbHBIX NMeCKOB OYpsIT HAaKJOHHBIE oNepexalo-
IIHe CKBa*KMHBl Ha pacCTOsHHH 25—50 M Apyr OoT Apyra, a MexAay
HHMH YCTaHaBJHBalOT 3abHBHBHIE QHJIbTPH, ueM CO3Aa0T Tpebye-
Mble YCJIOBHSI JAJ51 BBINOJIHEHHS] NPOXOAYECKHX paboT H OCYLIeHHs
BBHIEMOYHHIX CTOJGOB, pacrno/oXeHHHX Ha yuactkax A u B. Yciao-
BHsI OOBONHEHHOCTH NPH Hape3ke BBIEMOYHBIX CTOJGOB Ha yuacrt-
KaxX TakHe JKe KaK M NpH OKOHTYPOBOUHO-Omepexalouiefl cxeme,

Ilpn 6s04HO-nOCTAagHMAHOA CxeMe OCYIUeHHsi II0 Mepe pa3BHTHS
FOpHBIX paBoT yBeJHYHBAaeTCcH [JHHA BHICMOUHBIX CTOJN0OB Ha Be-
JUUHHY, PaBHyK HJHHE OTpe3Ka WITpeKa, BHINOJHSIONIETO pOJib
OKOHTYPOBOYHO-ONepeXaillel BhlpaboTKH.

Bypenue BOCCTAIOLIIX CKBa)KHH, NPOXOJAKAa ApEHaXHWX KaHaB
NpOMU3BOAATCA TaK Ke, KaK H B NpeAbIyUIMX cxeMaX. YUHThIBasl,
uyT0 HauGoJee OGBOJHEHHAS 4YacThb NpHYpOUCHA K KOHIEBOH 4acTH
NOArOTaBJHBACMHX yyacTKaXx A W b yuacTKoBmle IIAaXTHHIC BOJO-
OTJHBH LenecoofpasHo coopysKaTbh B ONEpeKarollie-0KOHTYpOBOU-
HbiX BHpaboTKax.

Biouno-nocramuiinasi cxeMa ocylIeHHs] MPHMeEHsieTCd Ha IHAXTe
«TlopMocKOBHAsI», UMeIOlIeH caMble BHICOKHE B faccefiie TEXHHKO-
KOHOMHYeCKHe NOKa3aTesJH H CaMyl0 BBICOKYIO 1IpOH3BOACTBEHHYIO
MouHocTh (7000 T B CYTKH).

Kpome nepeyHcC/eHHHIX, B OTASNbHBIX CJAydYasx HaXoAaT NpHMe-
HeHHe JpyTrHe CXeMbl, npelycMaTpHBamolife OypeHHEe HaKJOHHHIX
CKBa’>XHH JJIsI COKpAalleHHsl CPOKOB OCYUIeHHs] BBIEMOUYHBIX CTOJN0OB
¢ MOBHIUeHHOH aJHHOH naBu (Gosnee 100—I150 M), a TakXe Ha-
KJOHHBIX CKBaXKMH, COOpYy»KaeMbBlX H3 NpofileHHOro IITpeKa s
OMEepexalolero OcyllieHHst napaJiaejbH0 K HeMy NDPOX0ZHMOTO
ITpeKa.

YBsi3ka OCYIUIHTCJbHBIX H TOPHBIX paGoT npelacTaBasieT COGOH
3aBepLIAIUIMH 3Tan pa3paboTKH Mep 3aIMTH WAaxXT OT NOA3EMHBIX
Boa. [locsie BhiGopa cxeMm OCylleHHsI H3 TNOJ3eMHBIX FOPHBEIX BhIpa-
60TOK, OnpenesieHHs] HeOOGXOAHMBIX 06BEMOB COOPYIKEHHS ApeHax-
HHIX YCTPOHCTB, 3HAsl NPOJAOJIKUTENLHOCTh HX BLIIOJHEHHS H CPOKH,
Heo6XOAHMble IS AOCTHXKeHHs] TpefyeMOro BOJOMOHMKeHHs (ocy-
gleHMs1), MOMKHa OBIThL lipOBejeHa NpOBeDKa Ha BHSIBJAeHHe pas-
PHIBA MeXAY OCYIWIMTEJLHBIMH M TOPHBIMH paBoTaMH.
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Puc. 104. BnouHo-nocrazufiHas cxeMa OcyLIeHHA.

Hudps 1—6 ~— yKkasbiBaloT Ha OYepefHOCTb OTPaGOTKM YroabHoro miacta B Oaoke A,
a uudpsl 1'—3 — 10 Ke B Gaoke B. OcCrajissbie ycaoBRble o603HayeHHd CMm. Ha puc. 101



Ocyuntenbable paGoTel H3 MOA3EMHBIX FOPHBIX BHIpaBGOTOK [0J-
XKHH ObITb yBS3aHB CO BCEMH OCTaJbHBIMH TODHHIMH pafoTaMH,
KOTOpHIe HeoOXOAMMO BHIMOJHHTL A0 BBOAA JaB B 3KCIIyaTanHIO.

KOHTPOJIbHBIE BONPOCHI

1. KakrM T1peCOBaHHAM NOJXKHE YHAOBNETBOPHATbH MEpONpPHATHA 10 3alluTe
TopHHIX pafor OT NOA3eMHBIX H NOBEPXHOCTHHX BOX?

2. V3 KakuxX KOMUOHEHTOB CKJaAHBAETCS BOJOIPHTOK B Kapbep?

3. Kak nposonuTes 3amuTa HepaGounx GOPTOB OT MOA3EMHBIX H INOBEpx-
HOCTHBIX BOJX?

4. Uem omnpepensioTcest cnocobul JPeHHpPOBaHHS MNON3EMHBIX BOJ B paiioHe
pa6ouero 6opta?

5. C Kakolff Ieanbl0 H KakKuMH clnoco0aMe OpOH3BONHTCH BOLO3ALIMTA OT-
BaJNOB?

6. KakuMu crmoco6aMu NPOXOXSATCS IIaXTHHE CTBOJAK B BONOHOCHHX MO~
poaax?

7. Kakne npeuMyilecTsa HMeEIOT TPOTHBOGMHABTpAaLHOHHEIE 3aBechl B Oopbbe
¢ 00OBOJHEHHEM TOpHHIX BHPaGOTOK?

8. Kakosa cnenncdHKa ApeHHPOBaHHS INOA3EMHBIX BOJ IPH NPOXOAKE OYHCT-
HBIX BEIpabOTOK?

I'maBsa 8
3AILUTA (OXPAHA) BOAHBIX OBBEKTOB
OT BJUAHHUSA TOPHbIX PABOT

M3ydyenve npHpoaHHX yCJHOBHH MeCTOPOKAEHHH MOJE3HBIX HCKO-
naeMbx, KaK 3TO BHAHO H3 NPEABAYIUHMX rjaB yuyeOHHKA, NpPOBO-
AUTCS TPAAMIHOHHO C peJbi0 ONEHKH H TNpOrHo3a HX BJHSHHA Ha
ropibie paGotel. UTo Kacaercs NOA3EeMHBIX H NOBEPXHOCTHHIX BOJ,
TO OHH W A0 CHX NOp paccMaTpHBAIOTCH KaK HCTOUHHMKH Bcex 6el
ropHskoB. Mx M3yyeHHe HanpaBieHO r1aBUBIM 06pasoM Ha noJyde-
HHe uHH(OpMAnMH AAst OGOCHOBaHH® HaHGoJee 3hGEKTHBHBIX,
C TOYKH 3peHHsl ropHOH NpOMBILITEHHOCTH, MepONpHATHH no orpa-
HHUEHHIO HMX BJHSIHHS Ha TOpHOe NPOM3BOACTBO. DTO BHAHO H TIO
XapakTepy pacCMOTpeHHBIX B NpeiblAylied rnase crnocofoB 3a-
IIMTH TOPHBEIX PaGoT OT BOAB H N0 MX NPHMEHEHHIO B TOPHOLOGH-
patomux pafioHax. OHH CBOAATCH K OCYLIEHHIO BOJOHOCHBIX TOpH-
30HTOB, OTBOZY TOBEPXHOCTHLIX BOAOEMOB, HCHOJL30BAaHHI0 THADO-
rpadyyeckoll ceTH Aas c6poca WAXTHBIX H PYAHHYHHIX BOJ H T. 1.
Octpo BCTas BONpOC O H3YYEHHH M NPOTHO3€ TEXHOreHHOro pekHma
BOZ TOJ BJHSAHHEM THADOAHHAMHUYECKHX, MMAPOXMMHUYECKHX H TeM-
nepaTypHeiXx HM3MeHeHMii B HHMX [17], HX oxpaHe W panHOHalbHOM
ucnoab3zoBauuu [14, 15, 18 u 1p.].

Cnemnnanucrbl, 3aHHMaloUHeCst OCBOEHHEM MeCTOPOXKAEHHH mno-
JIe3HBIX HMCKOMAeMLIX AO/KHBl OLITE 3HAKOMBEI C OCHOBHBIMH HCTOUY-
HHKaMH TeXHOT€HHOrO BJHMSHHMS Ha NpPHPOLHLIE BOAHLIE OOBEKTH H
¢ HauboJiee pacnpoCTPaHEHHHIMH MepONpHATHAMH HX oxpaHsl. Ecau
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OrpaHHYHUTECS pACCMOTPeHHeM TOJbKO H3MeHeHHH MOJ3eMHHX H
MOBEPXHOCTHHIX BOJ, TO MOXKHO TOBOPHTH O JBYX IVIaBHBIX Hampas-
JIeHHSIX: OCYIIEeHHH # OOBOLHEHHH TEpPPHUTOpPHH H TFOPHEIX NOPOX H
H3MeHeHHH THIPOXMMHYECKOr0 pexkHMa {(MHHepa/M3allHH H XHMH-
YeCKOro cocTana).

Ocyllenyie NPOHCXOMHT B CBS3H C JpeHHpOBaHHeM NOA3EMHBIX
BOJ M OTBOZOM TMOBEpXHOCTHBEIX BOJ0EeMOB M BOJOTOKOB. Bokpyr
IaxT H KapbepoB QOpPMHpPYeTCss 30HA TEXHOTEHHOTO H3MEHeHHH
YPOBHS TOA3EMHBIX BOJ, H3MepsieMasi B mJaHe NeCATKAMH W COT-
HSMH ThICHY TeKTapOB (pajHyCHl IeNpeCCHOHHEIX BOPOHOK ApeHaX-
HeiX cucrem Ha kapbepax KMA pocturaior 10 kM M GoJsee, a no
r1y6MHe [eCATKaMH H COTHAMHM MeTpoB. Iliaouiaze, 3aHHMaemas
TOPHBIMH BHIpaGOTKAMH Ha MOpPSAOK MeHblle MJOHIAAH 3TOH 30HHIL
[ToBepXHOCTHEIC BOJOEMBl M BOZOTOKH HJM OTBeJEeHB 3a MNperesnl
BO3MOXKHOIO HX BJHMSIHHS Ha TOpHBle pabOTH WJIH CAPEHHPOBAaHEI
BMeCTe C NOA3eMHBIMH BOAAMH, C KOTODHIMH OHH HMeEIOT TrMJpaB-
JIIUECKYIO CBA3b.

Hanpumep, HeKOTOPEIC anaTHTOBEE H GOKCHTOBHE DYAHHKH, KO-,
TOpbie APEHHPYIOT NOJA3eMHBIE BOAH, MPHYPOUYEHHBlE K TPElUIHHOBA-
THIM M 33KapCTOBAHHEIM [IOPOJfaM H HMeEIOT HeNOCPEACTBEHHYIO
THAPABJHYECKYI0 CBsidb C  03epaMH, O60JOTaMH H  DeKamH.
HU. W. TlnoTHuKOB, aHaJH3UpYs BOAONPUTOKH GOKCHTOBEIX PYIHH-
KOB YpaJja, NPUXOAHT K BEIBOAY 0 TOM, uTo 90 % oTKauuBaeMoro
H3 DYAHHKOB KOJIMUeCTBa BOABI (DOpMHpyeTCsi 3a CueT peuHnlX BOI.
HccrnenoaHusMH  yCTAHOBJIEHO, 4TO NpH OCBOEHHH CeBepOypaJb-
CKHX GOKCHTOBBIX PYAHHKOB Ha rayGuHe 500—600 M 3a cueT BOA
pex CoceBel, Barpana, Kosonru, Kasbu, pacnoJioskeHHEIX Ha pac-
crostHud 0,5—2 kM OT ropHHX pa3paGOTOK, BOAONPHTOK MOXKET CO-
craBute 70 Teic. M%/u. Ecau H3onuposaTh nmOBepXHOCTHBHIE BOIO-
TOKH, OKHJI2eMBIHl BOJONPHTOK B PYXHHKH coctaBuT 18 ThC. M3/y,
YTO NOKa3hiBaeT AOJIIO YYacTHs 3THX BOJOTOKOB B (GopMHpPOBaHHH
PYAHHYHOTO BOAOOT/IHMBA. [10106GHOe noJoXKeHHe CKJIanLIBAETCH H
ansi pexk Towmenka, Mans-Tocemps u WBgens. MIx Boawl ApeHHpy-
1oTcst pyaHukamu HBaenscroro pafiona, osKiugaeMbii BOJONPHTOK
KOTOpHIX cocTaBuT 50 Teic. M%/u mpH rayGune paspaboTku 600 M
(M. U. TlnorHuxos, 1988 r.). M3BeCTHH HeKOTOpHie HAaHHLIE H3
NpaKTHKH OTKpBITHIX paspabortok B ITHP (B. II. Topaor, 1981).
ITnomans, HapymeHHas rOpHMMH paGoTamu, cocrasiser 2100 ra,
a M3MeHeHue BOJHOTO pexuMa HaGJI01aeTCs Ha MJIOMAH B 25 ThIC.
ra y oxujaaercs ee yBeanuenue 10 120 Teic. ra.

B cneunasdbHOH THAPOreOJOTHUYECKOH JUTepaType NpHBEIEHBI
noj00HBE NpUMepsl A8 MHOTHX YroJIbHBIX 6acCedHOB (doHeukut,
Kysneuru#, ITogmMOCKOBHBIH, [IHenpOBCKH# H Ap.) M pYAHBIX Me-
cropoxaenuit (KMA, Hukonoan-Mapranery, CoxoJoscko-Cap6aii-
ckoe, T'opeBckoe, KpuBo#t For W Ap.). YMeHbIIeHHe MJIM HCYE3HO-
BEeHHe BOAB B NOBEPXHOCTHHIX BoJoeMax OGHapyxkKHBaeTcs 06e3
0cOGHIX 3aTPYNHEHHH M ClenMaspHBX HaOMoaeHHH B GOJBIIHHCTBE
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ropHopobuBatouiux pafionoB. OGe3BoXKHBaHHe 3cMesib IIPHBOAHT
K pe3KOMY CHHIKEHHIO HX TNPOAYKTHBHOCTH, a HHOrja H paspyule-
HHIO 3DO3HOHHBIMH M IDYTHMH MeXaHHUeCKHMH H GHOXHMHUYCCKHMH
IIpoLlecCaMHt.

BumecTe ¢ ocymeHHeM TeppHTOpHH NpH 3allHTe TOpHBIX paboT
OT BOAH MeCTaMK NPOHCXOAHT HX IMcpeyBJaXHeHHe H 3alojaun-
BaHHe B pe3yJbTare MNOLTONJIEHHS H 3aToljieHHd. DTH sIBJeHHS
TaKKe MOJYyYHAH 60JblIOEe pacnpocTpaHeHHe H NPHBOAAT K CYIle-
CTBEHHOMY H3MeHEHHIO 3eMeJb BOKDPYT TOpHHX npepdpusaruf. T'ias-
HHHA HCTOYHHK BOABI — I'HAPOOTBAJBl Pa3J/IMYHOrO Has3HayeHHus, H3
KOTOPBLIX BOAB H Das3/HuHble PacTBOPHI MONAajfamT B 30Hy aspamnuf
(cm. rai. 3) ¥ B PyAHHUHBIE BOABL, KOTOpblE OTBOASITCS MO HECOBEp-
WIeHHHM BOJOTOKAM K ILT0XO H30/HPOBAHHBIM OTCTOHHHKAM H ApY-
THM BOJOTMpHeMHHKaM. V3MeHeHHs 3eMeibHBIX MJowianefi B 3TOM
ciydae elle 6Gonee cyuiecTBeHHH. Kpome rufenn J1ecoB, CeNbCKO-
X037ACTBEHHBIX YrogH#, 3aCoJIeHHsi TMOUB, TepeyBla>KHeHHHE H 3a-
6010YeHHbIe TEPPHTOPHH CTAHOBATCS €lle H HENPOe3KHMH. DTH H3-
MeHeHHs rtakKe HaOmoJawTCs Ha MHOTHX YrOJBHHX H PyAHHIX
MeCTOpOKACHHAX, 0 HHX MHOTOC yXX€ HanHCaHo B cnenHaJbHOH JH-
Tepatype 10 OXpaHe reofOTHUECKOH Cpebl.

Hsmenenne kauectBa (obOuledl MHHEpasH3alHH M XHMHYECKOIO
cocTaBa) MPHPOJHBIX BOA IPOHCXOAUT BO BCEX FOpHOAOGHBAOLIHX
pafforax M, B OT/JHYHE OT pACCMOTPEHHHIX BBIllle SIBJeHHH, He
BCerja H He Cpas3y CTaHOBsArCcs OYeBHAHBIMH. B 3aBucuMocTH OT
THAPOTe0JIOTHUECKHX YCJAOBHH MeCTODOXKACHHE H Xapakrepa H Mac-
mraba THAPOXHMHUECKHX BO3A4efiCTBHH pa3/iHyalOT ABe TPYyNNH H3-
MeHeHHH: a) peTHOHaAbHBIE, NPOTEKALHe NOJ BAHSHHEM BHYTDH-
NNacTOBHX TrHAPOLHHAMHYECKHX H THAPOXHMHUYECKHX IIPOUECCOB;
6) JokanbHble, BhI3BaHHBIE TOCTYNJeHHEM 3arps3HHTeNell H3-
BHe [14].

PernoHajibHele H3MCHEHHMS KaycCTBa MOA3EMHBIX BOJA IMPOHCXO-
IAT npH rAyOHHHOM BONOMOHHMKEHHI 3a CYyeT [IepeToKa HaNOpHBIX
6onee MHHepaNH30BAHHEIX BOA B JApeHHpyeMble BOJOHOCHBIE TOpH-
30HTBI, COAep’KamMe, Kak MPapuIo, MeHee MHHEPa/IH30BRAHHBIC
Boabl. IIpH 3TOM NO/JArOTaBANBAIOTCS YCJAOBUS 11 AJST JIOKAJIbHBIX
H3MeHeHHH, NOCKOMBKY RBBICOKOMIIICDAJH30BAHHLIC BOABI, nonapas
B APEHHPYCMBIl BOAOHOCHHH ropH30HT, OTKAUHBalOTCs Ha MNOBCPX-
HOCTb 1MAXTHO/ (kapbepHOH) BOMOOTAMBHOA CHCTEMOW M HadYHHAOT
CBOH NyTh «3arps3HHTE/ISI» NOBEPXHOCTHHX H TPYHTOBHIX Box. Sp-
KHI pHMep NMoAo6GHOTO H3MEHEHHS — IepeTOK HamopHBIX Cyabdar-
HHX MHHEpaAH30BAHHWX BOJA AE€BOHCKHUX MOpPOA HA YroAbHHIX WaX-
tax [ToamockoBHoro GaccefiHa B Bbllle3aJjeramlluil apeHHpyeMbli
BOJOHOCHHII TOPH30HT, MPHYPOUYEHHBHIA K KaMCHHOYroJbHOMY ILia-
cry. ITo nauueM A. A. TaspioxuHa, 3a 15 Jer skcniayaragHu MH-
Hepaauzanusi BOA STOro TOPH30HTa Bozpocaa B 1,6—2 pasa.

Ipyras npHu4HHa neperayH MHHepaJH3anHH — OTKAaTHE H IO-
CTYMJeHHEG TNOPOBOLO pPACTBOpa H3 OTHOCHTENLHBIX BOXOYIOPOB
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B IpEHHpyeMBle FOPH3OHTHI B CBSI3H ¢ POCTOM 3(pPEKTHBHBIX Hamps-
KeHWH B BOJOYHODHBIX IMOPOZAx B pe3y/bTaTe BOJONOHHXKEHHS
(cM. ra. 6). HaBepHoe B pealibHbIX YC/JIOBHSIX NEPETOK MPOHCXOMUT
B pe3ysnbTaTe AefiCTBHS HECKOJbKHX MpPHUHH, B TOM 4HC/e H 3a cuer
neperekaHusl GoJjiee MHUHepalH30BAHHBIX HAMOPHHIX BOJ MpH UX pas-
rpy3Ke CaMOHM3JHBAIOIIMMHCS CKBaKHHAMH H CKBO3HBIMH (HJIbT-
paMH HJH TEKTOHHYECKHMH HapyIUeHHMsIMH, pDaCKpHITHE KOTODHIX
NMPOUCXOAHT MOA BJHSIHHEM TFOpHHIX paboT, a Takke B pe3yjbrare
BOAHBIX TpOpPHIBOB (CM. rJ. 6). H3MeHeHHs1 cocTaBa M MHHepaJu-
3a[HH OTKAUHBAEMBIX PYAHHUYUHBIX BOJX HaBIIOKAJHCh H HAETAJNbHO
nceaeposamics Ha bejosepckoM W KopLIyHOBCKOM Xe€/1€30DyAHBIX
MCCTOPOMKACHHSIX H HA JICHUHIPAJACKOM MeCTOpOXIZeHHH TOpIOUHX
cinaHues [14]. KodeuHo B psime CiyuaeB MOXKCT BMCTh MeCTO OMpec-
HeHHe OTKauHBaeMbIX LIAXTHBIX (KapbepHBIX) BOX 3a cyeT HOCTyI-
JIeHUsT B JApeHHpyeMble BOJOHOCHBIE TOPH3OHTHl MpPECHHIX MOBepX-
HOCTHBIX W TPYHTOBBIX BOJ, HO TakOU MpONECC HEJNb3si CYMTAThH IO-
3UTHBHHIM KGO pedb HIET O MOTepe MpPeCHBIX BOJ MONMajaloHIHX
H0J BAHsIHHE ApEHAKHBIX CHCTEM.

B ra. 7 MBl yXe paccMaTpHBaJH BJHsIHHE MOBEpPXHOCTHBHIX BO-
L0eMOB Ha (opMHpOBaHHe BOJONPHTOKOB B OTKPHITHE H IIOA3EM-
Hble BbipaBoTkH. UeM GoJbllie 3TO BJMsSIHHE, TeM GOJblIe BEpOAT-
HOCTb ONpPEeCHEeHHs] OTKAYHBAaeMpiX BOJ, 4YTO H Hab/iomanocs Ha
psige MecCTopOoxzenuii. Elle Gosee HeraTHBHbBIM Takoe ONpecHeHHE
HOA3eMHBIX BOJ MOXKET 0Ka3aTbCsl B CJAydYae, €CAH 3TH BOAH CHJb-
HOMHHepa/H30BaHbl H MMEIOT JOCTYN K JITKO PacTBOPHMBIM IOpO-
JaMm (coJleHOCHBIE M THICOHOCHBIC). B MHpOBOH npakTHKe H3-
BECTHBI CJAy4aH YHHUTOXKEHHS] COJNSIHBIX LIAXT M JaXe COJSHBIX Me-
CTOPOXKAEHHH B pe3y/pTaTe MOCTYNJEHHS MPECHBIX MOBEPXHOCTHHIX
¥ noa3eMHbIX BOA. HeKoTopble COOpyXKeHHs, MOCTPOeHHble HA THII-
cocojepXKallMXx Nopojax TepheJH asapHHM H3-32 HepaBHOMEPHBIX
OCAaJOK B pe3y/bTATe pPa3MsT4eHHst 3THX MOPOA MNOCTYMAIOLLIUMH
MPECHBIMH BOAAMH.

3auMTHBE MEepONpHSITHA MO OXpaHe IPECHBX BOA OT 3aCOJeHHs]
I MHHepAaJHM30BAHHBIX OT ONPECHEHUS PACCMATPHBAIOTCS NPH 060C-
HOBAHMH BOJO3aLIMTLI FOPHEIX PaGoT. DTO mpemnosaraet HajaHuHe
HajexHo# MH(OpManH¥H 0 THAPOre0JIOrM4ecKHX YCJIOBHAX pa3paba-
THIBAEMOTO MECTOPOXAEHHST H 3HaHHE IPOECCOB MPOTEKAIOIIHX
[pH B3aHMOAEHCTBHH MTOA3EMHBIX H MOBEPXHOCTHHIX BOJ C FOpPHBIMH
paboTaMH H HX BOZO3AmMTHHIMH cHcreMaMu. Ocofoe 3HaueHHe
3pech mpHobperaloT CHCTeMaTHYeCKHe HabJs0xeHHs 3a QopMHpoBa-
HHEeM HOBOT0 TeXHOTEHHOro peXHMa MOL3eMHBIX BOJ, KOTOpHE [0.1-
KHB OPraHU30BHIBATHCS TEXHOJOrMUecKoil cayxO00H ropHoro npes-
MPUSATHSI, a He O0THaBaTbCA MaJOMOLIHLIM Te0JI0ro-Mapkuehgep-
CKHMM OTAe/laM, KOTOphle 06HapyXHBAIOT NOJOGHLIE SIBJCHHS valle
BCEro MpH aBapHHHBIX CHTyanusix.

Jlokaabuble M3MeHeHHs] THAPOXHMHUYECKOrO0 peXXMMa MOA3EMHBIX
U TOBEPXHOCTHBIX BOJ MMelT 6o/blIoe 3HaueHHe H3-3a BCE pacTy-
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Ier0 4HCJa HX HCTOYHHKOB, CBA3AHHBIX He TOJNIBKO C TOPHBIM IIpO-
H3BOACTBOM, HO H ¢ pa3JIHYHBIMH NPOMCTOKAMH, CeJbCKOXO3SHCT-
BEHHBIMH, MEJHODATHBHBHIMH, HPPHrALHOHHBIMH, YA0OpHTE/NLHBIMH
U JIPYTHMH MepONpHATHAMH, & TakXKe ¢ aTMocepHbIMH 0CajJKaMHy,
NOJIYUHBIUUMH 34rpsA3HeHHe B BO3JyXe MJIH NpU NPOHHKHOBEHHH ye-
pe3 30HY a’pauuu. I'JaBHHE HCTOUHHKH H3MEHeHHS eCTECTBeHHOro
peXHMa MPHPOAHBIX BOA B rOpHOAOOHBAIOUIHUX paiioHax — mpexjie
BCCTO PA3JHYHBIE THAPOTEXHHUECKHE COODYXKEeHHH THIIA MCKYCCTBEH-
HBIX BOJZOXPAHMJHIL (3anpya), FHAPOOTBAJNOB, XBOCTOXPAHUJIHIL
oboraTuTenbHEIX (abpuk, OTCTOHHHKOB, 30Jo0otBajsoB TILl (or-
Ba/bl COJICHOCHBIX [IOPOA H TOPOA COJepXKallHWX pas/jHYHbe Me-
TaJIbl, COJEOTBAJB Ha KaJHAHBX KOMOWHaTaX, NPOMCTOKH IIpH
L0OBIUE MOJE3HOTO HCKOTaeMOro MEeTOAOM BhillesaydBAaHHsA, BHICOKO
MHHepaJiH30BaHHbBlE BOJAKI, OTKaYHBaeMble C TJYOOKHX TODH3OHTOB
WAaXT, PYAHHKOB H KapbepoB, LIaXTHble BOJBI, coZepikaliHe OO0Jb-
uI0€ KOJIHYeCTBO MeXaHH4YeCKHX B3Becell W T. 4.). Hano ormerHrs,
4TO BCe IepeyYHCJIeHHble HCTOYHHKH CO3410T, B TOH HJH HHOH Mepe,
[AOTIOJIHHTE/IbHOE THTAHHE TOA3CMHBIX H TIOBEPXHOCTHHIX BOJ, 4YTO
CIOCOOCTBYET YACTHYHOMY BOCCTAHOBJEHHIO HX 3afacoB, T. €. OHH
ABJNAIOTCS JIOKAJbHHIMKH HCTOUYHHKAMa NHTaHud. Hanpumep oHb-
TpaIlHOHHBIE [OTepH U3 rujapoorBana «bepesoB Jlor» (KMA)
B 1975—1980 rr. pocruranu 1200—1500 M3/u, uTo npHBEJO K NOLB-
eMy YPOBHS NO/J3€MHBIX BOJ B ero OcHoBaHud Ha 10—15 M [17].

UccregoBanus, npoBoadmuie JII'M Ha Xene30pyAHBIX, KaJdH-
HBIX, C/l1aH1eBbX GOocHOPHTOBHIX U YrOJbHBIX MECTOPOMACHUAX (HO-
npobuble uecsegoBanus nposoast BHUMU, BUOTEM, UTI'lu ap.),
TOKA3BIBAIOT, YTO HM3MeHeHHHd XHMHYeCKOrg CocTaBa MOJ3eMHBIX H
NOBEPXHOCTHHIX BOJ BeCbMa CYIIECTBEHHB H B psije CJydaeB Ipe-
BHIUIAIOT [peAetibHO JONYCTHMBIE HODMATHBHBlEe 3HaueHHs [15).
PaccMOTPHM HeKOTOpBIe DE3yJbTaThH 3THX HCCJAEZOBAHHA Ha MpH-
Mepe HauOoJ/iee KPyMHBIX TOPHBIX TpeANpHATHHA.

I'mppoorsan «bepezoB Jlor» pacnosioxeH B HemocpeACTBeHHOH
6/IM30CTH OT JApeHa)kHoro KoMmmsekca HOxHo-Jle6enHHCKOro Kapb-
epa Ha TPEUHHOBATOH MepreJibHO-MeJ0BOH TOJILEe MOUIHOCTHIO
20—30 M, noa KOTOpOH 3ajeraer perHoHa/JbHO BhlAEPKaHHBIA BO-
JOHOCHBIH TOPH3OHT B II€CKAaX BEPXHEeMeJOBOIO BO3pacTa MOLU-
HocTbi0 30—40 M. [log3emMHble BOAW JAPCHHPYIOTCA MOA3EMHOH
cHcTeMOH W 60pTaMH ZefCTBYIOWIHX KapbepoB. I1OHHXKeHHs1 ecTecT-
BEHHOTO YDOBHS MNOJ3EMHBIX BOA HA KOHTYPAaX KapbepOB COCTABJSCT
120—130 M. KoMmnoHeHTH, 3arpsi3usiioilie BOAB THAPOOTBAJAA —-
HOHBl TPYNNH a30Ta (M3 aMMHA4YHOH CeJUTpPH, TpPHMEHAEMOH MpH
BB® na xapbepe) W cyabdarT-uoH H3 CYAbMHAHBIX MHHEpAJOB,
coJepXamdecs B rIMHHUCTHX Topojax. O mpouecce MHIDAHHH 3a-
IPA3HAIOIWIMX KOMIOHEHTOB MOXHO CYJAHTb MO JAaHHBIM XHMHYe-
CKOro aHaJjusa npo6, oTo6paHHBIX H3 BOAB THAPOOTBAJa H NOA-
3eMHBIX BOA (Taba. 47). W3 3THX AaHHBIX BHAHO, YTO BJHAHHE BOJH
B THApPOOTBaJe CKa3biBaeTCAd Ha H3MeHeHHe KayecTBa MOA3eMHbIX
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Tabauna 47. Jlannnie 0 XHMHYECKOM COCTaBE H MHHEPaH3aUHM BOAB (B Mr/n)
B ruipooTBaje «bBepesoB Jlor» W nog3eMHbLIX Boi B 00AacTH €ro BAHAHMM
(Mo H. T. ToaceuHo#, 1980)

T'napoorean
BoaononHag-
XuMuueckue Cxpaxnua Iipenax TenbHasg
KOMINOHEHTH | BocTounmi 3anagwbiii Ha NJOTHHE /IO THHb CKBaXHHA
60pT Gopr rHApOOTBaMA Kapbepa
Ca%* 102,0 54,8 284,2 245,0 100,0
Mg?+ 13,0 9.6 59,6 37,0 2,3
Nat -+ K* 34,5 74,0 149,0 47,0 41,95
NH;"' HeT 0,15 0,15 caenpl caensl
Cl- 23,1 26,7 23,4 23,4 13,4
SO3— 212,0 175,0 900.0 550,0 110,0
HCO5~ 158,6 122,0 378,2 341,6 256,2
NOy™ 0,01 21,5 HeT 0,3 0,3
NOy~ 0,02 1,0 » Her HET
Si0, 20,0 10,0 28,0 22,6 24,0
H,S HET Her HeT caefs 0,5
pH 7.5 7.8 6,8 7,0 6,6
O6waa Mu- 540 480 1790 1340 530
HepalinsauHns
O6mas xe- 6,2 3,5 19,1 15,3 5,2
CTKOCTb
B MT-3KB/JI

BOA B HemocpeicTBeHHOH O/H30CTH OT Hero (pafioH mNJIOTHHH H
ee JpeHaxX) H 3aKJo4yaeTcd B JIOBHILIEHHH CONEPXKKAaHHSA KATHOHOB,
Cy/b(aTHOrO W THAPOKapOOHATHOTO AHHOHOB, OOiiefl KECTKOCTH H
o6mell MHHepa/JH3aiHu. Bmecte ¢ TeM MOXHO OTMETHTb, YTO CO-
JAepXaHHe HHTPAT-HOHOB NpaKTHUYECKH Hcuye3aeT INPH NPOXOXKAeHHH
BOJBl Yepe3 Tes0 MJIOTHHH I'HAPOOTBAJA.

B 3ToM Xe paiioHe NpOBOAMJHCL HCC/E)OBAHHSA 3arpA3HEHHA
MOA3EMHBIX BOA XBocToxpaHuaumeM Jle6exuuckoro I'OK’a Kyna
nocrynaer okoJo 500 Teic. M3/CYT TeXHHYECKHX BOJ, KOTOpHE CO-
LEepXaT NOBHILEHHOE KOJHYeCTBO cynabdart-dHoHa (95 Mr/i) H HOHOB
rpynne azora (NH +=0,2, NO;—=15 u NOy=027 wmr/a), nocry-
nalmoniHe 3a cuerT aMMHa4HOro noadakpuiamuaa ([TAA) u amMmuay-
HOH ceIMTpH. XBOCTOXpAHMJIHIE PAaciloOXKeHO Ha TPeniHHOBaTHIX
MEJOBHIX MOpOJAxX, JIO3TOMY 3arpsA3HEHHIO NMOJABEpraercs oOflfATb Xe
MOIIHBIH BOXOHOCHBIH rOpH30HT, NPHYPOUYEHHHEIl K MeNy W IeckaM
(o6mas MomHocth Gosee 50 M) H ApeHHpyeMHIH BOJAOIOHH3HTE/Nb-
HBIMH CKBaXKHHaMM H KapbepaMH. 3jech OTMeuaeTcs 3arpA3HeHHe
B HeMNoCpeicTBEHHOH O6/IM30CTH OT XBOCTOXpPAHM/IHINA, a B CHCTEMY
BOJOTNOHHYKEHHS TIOCTYNaeT <«OuHIleHHas» BOja, T. € B JIAHHHX
YCJOBHAX NPOHCXOJAHT CAMOOUHIEHHEe BOAH rJaBHEIM 06pa3oM je-
HuepUbHRKalHA MOA BJAHAHHEM cyiabdatobakTepuil.

3arpasHaomee Bo3pefictBHe otcroiftHuka 1311 JleGemguuckoro
['OK’a 6bui0 o6HapyxeHo ucciegoBanusMd BHUOTEM u JITH.
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BpeaHble KOMIOHEHTH B OTCTOHHHKE — B3BELlaHHHe BellecTBa,
He()TeNpOAYKTH, MOBEPXHOCTHO-aKTuBHHE pemecTtsa (I[TAB), asor,
AMMUAK, HUTPATH W HHTPHTH, NOCTynamouue ¢ 060pOTHOH TEXHH-
yeckOi Bopo# TIL, apeHaXHHIMU BOZAMH U3 KapbepoOB W BOJLOIO-
HU3HTEJIbHBX CHCTEM, COZepXANHMH NOBHIUEHHBle KOHLEHTpalHH
cyabdaToB, HHTPATOB B XJAOPUAOB. [log BausgHUEM 3arpa3HsIOmEro
BO3JEHCTBUA OKa3aJach p. OckoJell, a NOCKOJMLKY ee BOZH ua-
CTHYHO APEHHDPYIOTCS KapbepaMH, TO 3arps3HEHHI0 MOJBEprarwrcs
W MOz3eMHBIe BOJH, OTKAYHUBaeMhle Ha 3eMHYIO NMOBEPXHOCTb, OT-
Kyla OHH TONAajaloT B KayecTBe TEXHHUECKHX BOJ B THAPOOTBAJIHI,
xBocroxpanuauma, TILL. Takum 06pa3oM, Bce «3arps3HuTe H» CBA-
3aHBl B3aMMHBIM BJUAHHEM APYT C JAPYrOM, HO3TOMY TO C4aMOOYH-
WEeHHEe, KOTOpOe NPOUCXOAHT NpH WHOHJILTPALMH uepe3 ropHele M0-
pOZH pelsaeT He B [10JHOHK Mepe npo6/eMy OXpaHE TPUPOLHBIX
Boa. ITo manuum BUOTEMa konueurpauuss I[TAB B Bogax p. Oc-
Kosiey pgocruraer 0,25 mr/a, HedTenpoaykToB 8 mMr/a, a B ape-
Ha’XHBIX BOJAX TNPOHCXOAMT HaKONJeHue HurpaToB (13—15 Mr/m)
1 cyabdaroB (1o 350 mr/a).

[Tono6HBle npuMephl 3arpsi3HeHUs! NOBEPXHOCTHHIX W [1043eMHBIX
BOX npuBcaeHbr B pabote [15] masi: 1) KoBaopckoro xeaesopya-
HOr0 MeCTOPOXJeHUs, pa3pabaTeiBaeMOr0 OTKPHTHM CIOCOOOM,
rAC UCTOYHHKAMH 3arpsA3HeHHs SIBJSIOTCA XBOCTOXPAaHHJAWIA, OT-
Ba/ibl BCKPHILUHBIX [10pPOJ, OTCTOHHHK KApbepHHX BOj, YYaCTKH
CKJaUpOBAaHHA TOpIOUYE-CMA304YHBIX MaTepuaoB; 2) KopluyHOB-
CKOr0 Ke/1e30Py/HOT0 MeCTOPOXJeHUs, Ha KOTOPOM KpOMe MOBepX-
HOCTHBIX 3arps3HuTesel, NMepevyucJeHHHX BHIUe, NOABJAAETCA MOJ-
3eMHBIH 3arpsA3HWTE]b, CBA3aHHHH € JpeHHPOBAHHeM 3aCOJIEHHBIX
BOJ W3 TOPH30HTa HM3BeCTHAKOB W JOJOMHTOB C NPOCIOAMH COJell;
3) Kunrucenckoro MectropoxjgeHus $hocdhopuToB, rie OTX0oaH 0060-
rameHust pyaH CKJAAHPYIOTCH B XBOCTOXpaHWJIHUIAX, COAEDKaUIHX
B CBOHX MOPOBHIX pacTBOpax TaJJoBhle Mbia (Zo 0,75 mr/a) ¢To-
puasl (10 9 Mr/a) u docharn (3—9 Mr/a). Haiuuue B ocHOBaHHU
XBOCTOXPAHH/IHI 03€pHO-JeJHUKOBHX CYIJIHHUCTO-CYNECYaHBIX OT-
JIOKeHHH uepe3 KOTOphle MNOTOK BOAB HanpasJasercs B p. JIyry
ofecreynBaeT e€e caMOOUHileHHe O NONAafaHHa B peKy (paccrosi-
HHe OT XBOCTOXpaHWJIHI, PACIOJ/JI0KeHHBIX Ha JeBoM Gepery p. JIyru
Ko ype3a BOAH B HeH cocraBusisieT 100—300 M). OgHako B nepuojg
BeCeHHHUX TA4BOJAKOB ypOBCHb I'PYHTOBHX BOJ NOAHWMAaeTcs Ha 1—
1,5 M u nomagaer B rOpU30HT MECKOB, rjie CaMOOUHpIE€HHe BOJ H3
XBOCTOXPaHHJIMM TPOUCXOAHT TOJBKO UaCTHUHO.

HauGosee ocsi3aTeNbHHM B IOCJAeRHee AeCATujeTdHe CTa/o 3a-
COJIEHHE [I0BEePXHOCTHBIX H NIOZ3eMHHIX BOZ IIPH pa3paboTke KaJiuii-
HHEIX MecTopOXgenu#i Ypana u Besopyccuu. Ortxoas kaaufiHOrO
[POH3BOJCTBA B BHJE TBePJOH rajuToBOH ChIIyYedt Macch CKJaTH-
pPYIOTCS Ha 3eMHOH IOBEPXHOCTH B coJleOoTBasax BHCOTOH 100 M u
6oslee, a XHAKas COJIAHOTJIMHUCTAs YacCTh, COAepxkKamas pas3jHy-
Hble XHMHYECKHe peareHThl 0060TauieHus, 3al0JHsIeT [WJIaMOXPAHH-
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auma. [lo cyumiecrBy, Kak CO/MCOTBaJiBl, TaK H UITaMOXPaHK/IHIAE,
NpelCcTaBAsIOT co60H HeOrpaHHuYeHHble HCTOUHHKH 3aCO/ieHHs H 3a-
rpsA3HeHHs MOA3eMHBIX U NOBepXHOCTHHIX BoA. B pe3ysbrare Hccie-
nosanufi P, 3. Jawko (JI'HU), E. B. Monbckoro u apyrux Ha DBe-
pe3HHKOBCKHX pyAHHKax NeNe 2 u 3, rae wnamoxpaHuanme Ne 2
6B10 BBeeHO B 3KcIayatauuto B 1969 r., O6BIH HOJNYYEHH CAEAyHO-
mde paHHee. B ocHOBaHHMH 3ajieral0T CYLJIHHKH MOu{HOCTBIO JO
5 M, nepekpblBaioliye 0CaJO4HYIO TOJWY [epMCKOro Bo3pacTa, CO-
CTOSIIYIO H3 TPEeUHHOBATHIX [eCUaHHKOB, Mepreseil H H3BeCTHAKOB,
K KOTOPBIM [pHYpOUeHHl Nojg3eMubie BoAH. Kospduunent punbrpa-
UUM CYTJIHHKOB [0 CTPOHTEJLCTBA COCTABAAN OKOJO 10~2 M/cyT,
a [as HHXKeJCKAIUUX TPemHHOBATHIX IIOpPOA OH H3Mepsics 2—
5 M/cyr. K Hauaay 1972 r. 6B1H OOHapyKeHH liepBble MPH3HAKH
3aCOJIeHHsl NOA3eMHHIX BOA Ha riyOuny 30—40 M H Ha pacCTOSIHHH
250 M OT ype3a pacco.ioB, a nmpHMepHO uepe3 1,5 roxa HauaJoch
3acosiende p. 3blpAHKH H BepxHe3bpAHCKOro BOZOXpaHHJHINA, Ha-
xogsierocs B 3,5 KM ceBepHee IiamoxpandJuma. K Hacrosimemy
BpeMeHH chHOpMHPOBAJHCL 30HH PAa3JIHUHOIO COCTaBa H MHHepaJH-
3al[H4 NOA3eMHEIX BOJ— OT XJOPHAHHX Ka/JUeBO-HaTpPHeBHIX (06-
mwas MuHepaJusanus 140—210 r/kr) m0 XJopHAIHO MarHHeBO-KaJb-
uHeBHIX (o6mas MuHepanusauua 1—50 r/kr) [15].

B pafione ConHropck#x KaJHAHHX DYRHHKOB 3acojieHHe NOJA-
3eMHHIX BOJ HayaJoOCb ¢ MOMeHTa (OpMHpDOBaHHS COJEOTBAJIOB Ha
3eMHoH noBepxHocTH. HcciegoBarensiMy BcecowsHOro Hay4HO-HC-
CleA0BaTeNbCKOrO HHcTHTyTa ranyprud (BHHHI) u DBenopyc-
CKOTO HAay4YHO-UCC/IeZ0BATeNbCKOrO IeoJOropa3BeiOYHOro HHCTHTYTA
(BenHWUUTI'PH) Obliv BBisSIBJEHB CTelleHb 3aCOMEeHHS [IOA3EMHBIX
BOJ, IMyOHHA [POHHKHOBEHHS pPacCo/OoB, a TaKke H3MeHeHHe THJ-
poxHMHYecKo# OOCTAHOBKH B NOBEPXHOCTHHIX BOAOeMaX.

Ananus TEXHOTEHHOrO peXHMa NOA3EMHEIX H MOBEPXHOCTHHIX
BOJ [OKa3biBaeT, 4YTO B TOPHOAOOHIBAIOmMHX pafioHax HPOH3OLLIH
CYLeCTBECHHEIE H3MeHEeHHA NPHUPONHEX 30H NOJ BJHAHHEM TFOpPHHX
4 fpeHaxHHX pabor. B cBA3H ¢ sTHM, Hapsaay c OOOCHOBaHHEM
MepOnpHUsTHH 110 3amIHTe TOPHOrO NPOU3BOACTBA OT BJHSHHS BOJH,
HeOOXOJHMO paccMaTpHBaTh BONPOCH 3aIUUTH IPHPOAHHX BOJ OT
BpPegHOrO BO3AEHCTBUA 3TOTO NPOH3BOACTBA. [IpH 3TOM Hajo mepe-
XOJAHTb OT MepPONPHATHH «OXpaHH», KOTOpHE HMeWT B Gosblueit
CBOell 4acTH MpPH3BIBHOH XapaKTep, K MepONPHATHAM <3aIHTH» —
peasibHbIM HHXeHepHBbIM pa3palboTKaM.

KOHTPOJIbHBIE BOTIPOCHI

I. B uem BuAnTca mpo6reMa oOxpaHbl TNOA3EMHHIX H IOBEPXHOCTHHX BOJ
B TOPHOJAOGHIBAIOMIHX pafoHax?

2. KakoBH HCTOYHHKH 3arpsisHeHHsl NPHPOAHHX BoA B TOPHOAOGHBAOHIHX
palionax? I'me oHm pacnojaraioTcs H Kak (opMHPYlOTCA?

3. Kakue HaMeHeHHS peXuMa IMPHPOAHBIX BOJ TPOHCXOAAT IMoj BJAHAHHEM
TOPHBEIX H JApeHaXHnx pabor?

283



IlF'nmasa 9
YIOPOYHEHHUE NMOPOA BOKPYI TOPHbLIX
BbIPABOTOK *

OcyureHne ropHeIX NOPOA NpPH pa3paboTKe MECTOPOXKIAEHHH MOJe3-
HBIX HCKOMAeMBIX, a TaKXKe IpH CTPOHTEeIbCTBE MHOTHX COOpYXKeHHI
Pa3IHYHOrC HA3HAYEHHA HAULNO UIHPOKOE NPHMCHCHHE B HHXKeHep-
HOH NpaxkTHKe H OUEHb 4aCTO paccMaTpPHUBaercs xak Haubogee 3d-
(heKTHBHOE MEPOIpPHUATHE MO YJYYUICHHIO YCJAOBHH CTPOHTEJIbCTBA
H ofecreueHH0 yCTOAYMBOCTH TOPHBIX BHIP26OTOK M APYTHX
coopyxenu#i. CoBpeMeHHbId MOAXOA K pallHOHAJbHOMY HCIOJb-
30BAHHIO H OXpaHe NPHPOAHLIX PECYPCOB CTABHT Apob/ieMy O MO-
HCKaX HOBbIX NyTeH GOpbOBI ¢ HeB/1aroNpHATHLIMH ABJEHHSIMH, BO3-
HHKAIOWHMH B pe3ynabTaTe B3aHMOLEHCTBHA 4CJOBEKA C OKPYXKalo-
el cpedodt. B sroM HanpaBaeHHH 60JblUHEe BO3MOXKHOCTH AA€T
HCKYCCTBEHHOE YJyyllleHHe CBOACTB TOPHBIX [OPOJ, [PHMEHAEMOE
ycrewHo B crpOHTenbeTBe. IIpd 3TOM, B 3aBHCHMOCTH OT re0J/0TH-
4eCKMX YC/JIOBHH M XapaKTepa CTPOHTEAbCTBA, 3TO YJAYUILEHHE [DO-
H3BOAMTCA C LEAbIO: YMEHbIICHHA BOAONPOHHLAEMOCTH, YBEJHUE-
HHSt NPOYHOCTH W O6GeCHeycHUs: YCTOHUHBOCTH TrOpPHBIX [OpPOA HA
passiduHble NepHOAbl BPEMCHH.

B ropHo# npaxkTHke HALLIH NpPUMEHCHHE CJAELYIOIHE METOMB
H3MeHeHUsd BOAONPOHHLAEMOCTH, BOJOYCTOHYHBOCTH H HPOYHOCTH
NOpoJ (TeXHHYECKOH MENHOPALHH): TAMIOHAXK (yNJOTHEHUE) Tpe-
INHHOBATHIX H 3aKapCTOBAHHLIX NOPOA PAa3JHYHBIMH PacTBOPAMH;
HCKYCCTBEHHOE 3aMOpaXKHBAaHHE cJab0NpPOHHUACMBIX MeCKOB (IJbl-
BYHOB) H TPCNIHHOBATHIX BOJOHOCHBIX [IODOJ; 32KpenJseHHe recya-
HEIX NOPOJ CHJAHKATH3auHeH, ueMmeHTalHeH, OGUTyMH3audell; 3./eK-
TPOXHMHYECKOE U TePMHYECKOe 3axpelljieHHe c1abblXx TJIHHHCTBIX
nopoX. Hapsany ¢ sTuM Ans NMOBHILIEHHS yCTORUYHBOCTH MOpOJA, 3a-
JIETAI0IHX B HENocpeACTBEHHOH OJH30CTH K FOPHBIM BhIDABOTKAM
(B KpoBJIe H MOYBe MOA3EMHBIX BHpa0OTOK, B OTKOCAX KaphepoB H
APYTHX COOpY:KeHHH) NPHMEHAIOT CleHHabHble CNOCOBGbl yKpemnse-
HHSl IOTAHraMH, CBaAMH, NOANODHLIMH CTeHKAMH H ADYTHMH YAEp-
XKHBAIOLIHMH CPEICTBAMH.

9.1. YKPENJEHHE NOPOA B OTKOCAX KAPLEPOB

[Ipn paspabGoTKe MeCTOPOXKIACHHH OTKPBITHIM CIOCOOOM JJIS HEKO-
TOPHLIX PA3HOBHAHOCTEH IOPOX BO3HHKAET HeOOXOAMMOCTb YKpel-
JICHHS OTKOCOB OTAe/bHBIX YCTYNOB H MEXYCTYNHBIX Hepwm, N/oma-
JIOK CTOSTHHA TSIKEJAbIX 3KCKABATOPOB H IOBEPXHOCTEH HCKYCCTBEH-
HBIX OOHAXKEHHH.

Ykpen/ieHnde OTKOCa H GepM NpPOBOAHMJOCH HA MHOTHX Kapbepax,
6opTa KOTOPHIX CJOXKEeHbl TPEeiHHOBATHIMHM H CJAQHCTHIMH (CHAHIE-

* T'masa nanucana cosMectHO ¢ B. H. HoBoXuaoBuiM.
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BATBIMH) TIOPOAAMH [0 ChelHatbHO paszpaboranHod Bo BHHMMH
I'. JI. ®ucenko, M. A. PeBazoBuM u I. JI. 'adaycTbsiHOM MeTOOHKE.
B Heil paccMaTpuBAIOT ueThIpe rpynibl cnocOH0B yKpenaeHus B 3a-
BHCHMOCTH OT Te0JIOTHUYECKHX YCJOBHIH, TeXHOJOTHH pa3paboTKu H
nocTaByeHHON 3afaud (tabs. 48).

B ocHOBe MexaHHYECKOTO YKpelnJeHHs HeyCTOHYHBBIX OTKOCOB
JEeXHT NPHHUHUN fepepacnpefeseHust HaNpAXKeHHH B [PHOTKOCHOH
30He. YKpenuTesSbHble KOHCTPYKLHHM H COOPYXKEHHS Kak Onl «CLIH-
BAlOT» 30HY HeyCTOHUYHBHIX MOpPOJ, TpHKpeNnJsis ee K MAaCCHBY yc-
TOHYHBHIX MOPOL.

MexaHuueckue €rocoOb yKpernJeHHss OTKOCOB OObEeAHHSIOT TPH-
MeHeHHe OJMHOUHBIX KOHCTPYKUHIH (CBaH, WTAHTH H T. I.) H CIJOWI-
HBIX COODYXeHHH (NMOANOpHble CTEHKH, KOHTPAOGAHKEThl U T. [.).

JKenezoberoHHble ¢cBau H WINOHB HapbOJ/ee NPOCTbl H HAJEXKHBI
LT YKpeIlJleHHsl YCTYNnoB Hepabouyux 60pToB, OC/Aa6JEHHBIX TpEIlH-
HaMH TEKTOHHUYECKOTO MPOHCXOXAEHHS, CJOHCTOCTBIO W CJlaHLeBa-
TOCTBIO H T. A

Pa3snnuHble MOaHpUKAUMM cBa# M 1WINOH [pHBefeHbH Ha
puc. 105.

B npaxkrtuHke OTKDBITHIX TOpPHBIX paboT uaie BCero NPHUMEHSIOT
’Kejle300eTOHHBlE CBaW JABYX THIOB — HaOuBHbie W cOOpHBIE THIIO-
Bole. HaGuBHble cB4H H3roTOBJSIIOT HAa MeCTe NPOH3BOJACTBA rop-
HBIX paboT. ApMaTypoi AJisi 3TOTO THIA CBAll CIYXKAT pPebChbl HJH
IpYroH nmpokKar, a TaKxe rotToBble apMartypHbie Kapkachl. CO0pHBIE
THIIOBHlE XKese300eTOHHble CBAM INPOMBIULJIEHHOTO H3TOTOBJIEHUS —
cnjowHble u Ttpybuarwe. Jlnamerp cBail usmensiercs or 200 no
1000 MM H OO6HIUHO OmpeleaserTcsl BO3MOXKHOCTAMH FOPHOro mpem-
IPHSITHA TI0 AnameTrpaM OypoBrix arperatoB. CBau MOryT ycTaHaB-
JHUBATbCS B ONMH, ABA U TPH psia.

O obecnedeHus] HALeXHOCTH K 3¢peKTHBHOH paboThl CBaH,
ee HeOOXOAUMO 3ara1yO/sTh HHXKe [OBEPXHOCTH CKOJIBXKEHHS B 30HY
npu3mMbel ymopa. Ha cHJABHO TpemiMHOBATHIX yyacTKax uesnecoob-
pPAa3HO TpPOBOAHTb 3a/IMBKY OeTOHA BOKPYT CBAM, 4YTO CYIIECTBEHHO
nosulllaeT 3¢PeKTHBHOCTb ee PaBOoTHL.

[To xapakTepy paboTH B MaccHBe OTKOCa pa3Juyaior cBaw,
paboralomue Ha cpe3 u u3rub. CBafiHble yKpenJeHHs pPacCYuTh-
Balot no Meroanke BHUMH.

[llTanroBoe (aHKepHOe) KpenJjeHHe TPHMEHSIOT HA Kapbepax
N5 YKpeIlJIeHHs] OTKOCOB YCTYIOB, CJIOXKEHHBIX TBepABIMH TpemiH-
HOBATHIMH H C/IOHCTBIMH NOpOJAAMHu (cM. puc. 105).

JlanHa WTaHr onpelensfercss MOWHOCTBIO OCAa6JeHHOH 30HBI H
B NpaKTHKE FOpHBIX paboT uesecoobpa3una B npexenax 4—>5 M; npH
66/bliled MOIHOCTH OCsaa6seHHOR 30HH (He cBHie 30 M) nepexo-
AT HA THOKHe TpocOoBHe TsKH. IIpH OTCYTCTBHH MOHOJHTHEIX I10-
pod ¥ HeoOXOAMMOCTH YCTpOACTBA WITAHTrOBOH KpelH HEOOXOLHMO
mepexoXHTb Ha KOMIJIEKCHHe MeTOJAH, HaNpHMep, B COYETaHHH
¢ ueMeHTauues.
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Ta6amua 48. KaaccudukauMg cnocobos ykpensenns nopon (no BHUMH ¢

- ROTIOTHEHHSIMHU)

IT'pynna cnocoGos

Cnocofnl yKpenJenus

YcnoBusi TpHMEHEHHS

Mexanuveckoe ykpen-
JeHHe

Ynpouuenue nopox

Usoanpyromue d 3a-

UiMTHHE NOKPHTHSA
Kom6HHMpOBaHHbBIE
CHocoOhl

JKenezo6eToHHbIX CcBall H
Lo

Ilitaur u ruGKux Tpoco-
BBIX TSKeH

3amMTHRIX CTEHOK

JKes1e306€TOHHBIX NOANOP-
HBIX CTEHOK H KOH(opCOB

Uenmentaunn
Harnerauns  ykpenasio-
WIHX pacTBOPOB

CunnkaTH3auuu

DJaekTpoocMoca H  3JIeK-
TPOXHMHueckoit o6paboT-
KH

Tepmuueckoil 06paGoTKH

Yunorienus anepruei

B3DhIBA

HaGpuar6etona no me-
TAJJIHYecKOH ceTKe

ArpomMennopaTUBHBEIX Me-
PONpHATHH

CoueTaHHA MEXawHYeCKHX
¢noco60B € YNPOUHEHHEM
HJH M30JasUHeH nmopox

MaccuBnl ¢o caabopa3BUTOH
TPEWHHOBATOCTbIO, IIOJCEYeH-
Hble MOBEPXHOCTSMH ocJgaabJae-
HHfl, nNajalWwuMH B Bripabo-
TaHHOe¢ NPOCTPAHCTBO  NOX
yraou 20—50 °
Kpynso6/aounble  MaJjoBLIBET-
peable TOPOABI, CJjaHyeBaTble
CJIOHCTHIE  TBEPAHE MOPOAH
€ najeHueM B CTOPOHY BHIEMKH
nox yraamu 40—60°
CHALHOTPEWMHOBATLIE, JIETKO
BhIBETpH BalOmMHeECH NoJAyckaib-
Hble NOPOJLI

Hapyumenusle MaccHBM Ca0XK-
HOTO CTPOEHHSA, pHIXJbE YB-
JaXKHeHHHIe NOPOAN, CKJIOHHbIE
K ONOJI3aHHIO

TpewrHOBaTEIe NOJYCKaJBHBE
NOPOJKL, C TpelMHAMH Ge3 3a-
NOJHNTeIS;  KPYNHO3epHHC-
ThIe H CpeflHe3epHHCTHIE TECKH
[Tecuanpie H JeccoBBe NOPOAH
HpH KoabduuHenTe QGUILTPA-
usd 0,1—5 mlcyr

I'annpcTbie  BORONACHIMIEHHBIE
nopoAul npu Kosppuuuente
GHIBTpAUME  MEeHbllle

0,01 m/cyr

Jleccsl # sieccoBUIHBIE TOPONH,
HEKOTOPHe DPa3HOCTH CYIVIHH-
KOB H IVIHH ¢ K03bdHNEHTOM
BO3AyXONPpOHHIAEMOCTY 0,2—
0,4 cm/c

I'auuncreie ¥ cynecuanele no-
DORBI, JIECCHl H JIECCOBMJHBIE
NOPOLl ¢ KODhHIHEHTOM NO-
pHCTOCTH > |

CHibHOTpewHHOBaTHE  1[0PO-
Jibl, CKJIOHHBIE K HHTEHCHBHOMY
BBIBETPHBAHMIO HJH Bhlgesa-
YHBAHHIO

OTKocpl CJI0XKEHHBIE necyaHo-
[VIHHHCTHIMH TIOPOJAMH

Cl0oXHbIE  HHKEHePHO-TeovIo-
THYECKHE yCJOBHS

286



Puc. 105. Mexanuucckue cnoco6bl YKpPelieHHs OTKOCOB:

I — KencsobeTonnuiMy  WITanraMu; 2 — xeae300eTORNLIMH CBASIMH; 3 — TPYyGuaThiMH CBAasIMH;
4 — iKene30GeTonHbIMH  WINOHAMH, 5 — TPOCOBBIMH THXAMH; 6 — NOABECHBIMH Keae3oferoll-
HLIMII CTCHKaMH; 7 — NPH3MaMH H3 TBePALX 1Nopon; 8 — xene3obeTOHHBMH HOLMOPUBIMH
CTCHKaMH; 9 — KeXe30GeTOHHBIMH 3aUIHTHBIMI CTeHKaM#; J0 — npuyrpysoustoi NpH3Moil H3
ApeHHPpyeMoro Mmartepdana; /! — nojoxende ypoBHS TNOA3EMHBX Boj; [2 — BEpoATHAs NoOBepX-
HOCTB CKOJbXKCHHS

CyTb 37TOro Metoga 3aKpeljieHHs COCTOHT B TOM, YTO B IpejBa-
PHTENBHO NPOOYPEHHVIO CKBaXXHHY BBOLAT METaJIHUeCKYIO IITAHTY,
KOHel KOoTopo#l sakpemisior GeroHoM. Ha apyroMm koume nocpen-
CTBOM BHHTOBOTO JOMKpaTa H rafik¥ co3faioT HatskeHde. OGBIUHO
04 ralKy NOAKJIAAbIBAIOT AEpeBAHHYIO, MeTa/IuvecKyio Hjad OGe-
TOHHYIO 3aTAXKy. MIHOrla HaBeUIMBAIOT CETKY H [OKPHIBAIOT OTKOC
TOPKpeT-6eTOHOM. PakoMeHayercs CKBaXHHB OypUTh C TaKHM Ha-
KJIOHOM, 9TOOBl IUTAHra NOAXOAHJA K MOBEPXHOCTH TPEIIHHH INOA
yrioM o =45+ /2, Ho He GoJsee 90°.

[lognopHble H 3aiMTHHE CTAHKH, KOHTPGhOPCH H KOHTPOGaHKETH
OTHOCATC K THOY CIJIOWHBIX, CO3JalOmHMX eAHMHHEHA ¢poHT compo-
THBJEHHS CABHralOUHM YCHJIHJM B HampaBJeHHd BHPaOGOTAHHOTO
NpOCTPaHCTBa (OMOJ3HH M ChabBH). MX coopyxkaior Ha JOKajb-
HEIX yuacTKaX [POTAXKeHHOCThIO He Gosee 50 M, korga Tpebyercs
COXpaHHTb OecnepebOfiHyl0 pabOTy TPAHCIOPTHHRIX §epM HJIH ApY-
THX yuacTkoB 6opTa.

JKenezofeToHHble MOANOpPHBIE CTEHB MOLYT COOPYXATbCA HA
NpOYHOM OCHOBAaHHH (CKaJbHHE H [IOJyCKaJbHHE [OPOAH (pHC.
. 106, a) ¥ Ha OTHOCHTeJNbHO cNabBIX MOPOAAaX — Ha CBAHHOM OCHO-

BaHHH (puc. 106, 6). OHHM pacCYHTBIBAIOTCS Ha CABHT H OIpPOKH-
ABIBaHHeE.

KoHTpopcH, OTchinaeMble H3 MECTHBIX CTPOHTEJNbHHX Mare-
pHA/d0B (HOPOAB! BCKDHILH, [peJCTaBJEHHblE CKAJLHEIMH H NOJY-
CKAJbHBIMH TBEPABIMH PA3HOCTAMH) BBIIOJHSAIOT Te XKe 3ajauH, 4TO
¥ NOANOpHBIe cTeHbl. O6uee COnpOTHBJIeHHe KOHTpdOpca CABHTA0-
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Puc. 106. Tlognopuas cTenka ua mpou-
HoM (a) wu caa6oM (6) OcHOBaHMAX:
h u h’ — BHiCOTA yCTYNA H CTeHKH; by — mIH-
pHna ¢yHpamerTa; hc(b — ray6HuHa cBaiiHoro
OCHOBaHH A

Puc. 107. 3amutnas (@) #n npexoxpa-
HHTenbHas mnoapecHas (6) XKesesobe-
TOHHBLIE CTEHKH

IHM YCHJIMAM JOJIXKHO OHTbH He MeHee HJIH pPaBHATbCA OOJ3HE-
BOMY JaBjeHuio, T. e. px=F/tgg, rae F— paBjeHde TOpOA
NPH3MBl BO3MOXKHOrG OOpYyUIEHHS; (p— Yros TPeHHs KOHTpdopca
0 [OpOlaM OCHOBAHMUS.

Kontpdopcn oTchnalOT Ha crHeHaJJbHO HOArOTOBJEHHOE MECTO:
Ha MPOYHBIX OPOXAX — JAeNaloT He6Go.blly BhieMKy (0,5—1,0 M),
Ha cJabblx NOpoAax — cOOpYKAIOT cBafiHOe OCHOBaHHE.

3anaya KOHTppOpca — He TOJIbKO yZepkKaHue MOpPOJ OT CHOJ-
3aHHs B BblpaGOTaHHOE MPOCTPAHCTBO, HO H CO3JaHHE YCJOBHA AN
NpoIycKa BOABI Yepes ero TeJo; B IOCJAELHeM cjyyae HeoOXOLHMO
NpeayCcMOTpeTb OTBOA BOJBI, BHICAYHBAIlEHCS y OCHOBAHHA COOpPY-
KeHHd.

3awmHuTHbEe 2Kesie300eTOHHble CTeHKH OOBIUHO BO3BOAAT B Mpe-
Jesax BHICOTBHI OQHOro veryna (pHc.107) ¢ 006si3aTesibHBIM Kpelljie-
HHEeM B OCHOBAaHHM YyCTylla H NOCTAaHOBKOH aHKepa B BepxHeH ero
yactH. B oTiHMuHe OT MAacCHBHBIX Xe/Jie300eTOHHHIX ITOANOPHBIX
CTeH, TOJILKHA 3aiHTHBIX cTeHOK Hebogabuwas (0,5—1,5 M).

[TonBecHble 3amiHTHBIE cTeHKH (rtosmiHHa 0,05—0,10 M) coopy-
KAT [LJA H30MSIIHH OTKOCAa OT BBIBETPHUBAHHA € [EJbK MPenoT-
BpailleHHd ocellaHHg nopoX. Ha oTkoc ycTaHaBiaHBaloT WITAHTH,
Ha KOTODble HaBellHBAIOT MeTa//iHyeckylo ceTky. [loBepxHnoctp OT-
KOoca I[OKpBIBalOT HaOphlar-6eroHoM. Haubosee moporo# BapHaHT
NOABECHEIX CTEHOK — 3aTsAXKKA IIOBEPXHOCTH OTKoca COOpPHBIMH XKe-
J1e300eTOHHEIMH IIIHTAMH.
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¥YnpouHeHHe NMOPOA B OTKOCAX H BOKPYT NOA3EMHHX BHpPaBOTOK
OGBIUHO NPOM3BOAAT C LEJABI0 3aWHTH OT NOCTYILJIEHHS BOAH H NO-
BHIIEHUS MX ycToHuHBOCTH. [l 3TOro B ropHOM NpakTHKe IpHMe-
HSIOT: [HEMEHTAUHMIO, FJIMHH3aIHK0, OHTYMH3alMI0O (FOpAYYI H XO-
JIOAHYIO), cuavKaTH3audioo. Bce 3TH MeToAH OBIIH PacCMOTPEHH
B TN. 7, NO3TOMY 3J4€Cb OCTAHOBHMCH TOJIbKO Ha cneunddgpHke ykpen-
JIEHHs OTKOCOB KapbepoB leMeHTaldell, NoJyudBIiIell HaduGoJ/bllee
pacrnpocTpaHeHde XN [OBHIUEHHA YCTOHYHBOCTH TpPENIHHOBATHIX
NOPOA.

LemeHTauuss MOXeT NPOBOAUTbCS ¢ OBEPXHOCTH yCTyna H 6epm
(uepes ckBaxkHHBI nepdopaTopHOr0 OypeHds) Ha rayGuHY 5—7 M,
a TaKXe H uyepe3 crelHaJbHble GYypOBHe CKBAaXHHBI Briay0b Mac-
cuBa, ['nybunHAas peMeHTaUHd NpeJHa3HaueHa [AJAs 3aKpellleHud
60Jb1IHX 06BEeMOB TPEUHHOBATHX FOPHBIX NOPOA.

Bo Bcex cayuyasix NPHMEHEHHS LeMEHTHBIX pacTBOPOB XeJja-
TENbHO OTCYTCTBHE TJIHHHCTOrO 3afoJHHTEeNd B TpelldHax yIpou-
HAEMOTO MacCHBA.

CpOKH CXBATHIBAHHA LEMEHTA HOJIXKHBI ObLIThb TAKHMH, YTOOH OH
ycnesl NPOHHKHYTH B TpeIUHHBI Ha 3afaHHylo riay6uny. Boerpo-
CXBATHIBAlOHE [eMEeHTH Uenecoobpa3Hbl NPH HaJAHUHH CHJBHO
TPEIHHOBATHIX NOPOA ¢ OOJIbMINM pacKpbiTHEM TpeLlHH; NpH Ha-
JIMYHH B 1OpOJe TOHKHX TpPEUIHH — peKoMeHAYyeTcsd NpHMeHeHHe
MeMJIeHHOCXBAThIBAIOWIMX pacTBOpoB. [as CHIbHO TpemHHOBATHIX
NOPORX peKOMEHAyeTcs TMpHMeHeHHE [ecyaHO-UeMeHTHBIX pPacTBO-
poB. CpOKH cXBaTbIBaHHS LIEMEHTHOIO0 pacTBOpa MOXHO DEryaupo-
BATh [yTeM BBEAEHHA B Hero H06ABOK COABI, XJOPUCTOrO KajbliHd
H APYTHX P eareHToB.

Creunduka UeMEHTALHH [IJs VKpeIlIeHHs YCTYIOB Kapbepos,
kKak mnokasmBaior pab6orsl BHWMMH, umeer aBe oco6eHHOCTH:
1) oHa He mOJXKHA CO344aBaTh THAPOU3ONALHOHHYIO 3aBecy, NpPHBO-
AAWYIO K POCTY TFHAPOXHHAMHYECKOTO ZAaBJIEHHS, KOTOPOe CHHIKAEeT
o6mui >QdekT YNpouHeHHs; 2) yCTORUYHBOCTb 3aKpenJieHHOro yuya-
cTka 60pTa RONKHaA obecredHBAaTbCA MNpPH NapaMerpax OJUHAKOBHIX
¢ COCeIHHMMH HeyKpellJileHHBIMH YyuacTKaMmu; 3) OOBIUHO IOJHOrQ
3af0IHEHUSA TPeWHH Ie-
MEHTHHIM pacTBOPOM He
Tpebyercs, 4TO MO3BOJsSET
3HA4YHTEJbHO VIIPOCTHTB
TEeXHOJIOTHIO  LleMeHTalHH
0 CpaBHeHHIO ¢ obuienpu-
HATHMH TeXHHYeCKHMH ycC-
JOBHAMH H HOpMaMH, MpH-
HATBIMH B  CTPOHTE]IbHOR
npaxTHKe (NpOMBIIIJIEHHOE,
FHApDOTeXHHYecKOe H ApY-
rHe BHABI CTPOHMTENbCTBA).

[Ipu ykpenyenud nopox

Puc. 108. Cxema pacnosoxeHus HeMeHTa-
UHOHHBIX CKBaXHH.

1 — 30Ha yKpeljeHHhX NOpOJ
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Ha ycryiax u 6epMax HarHeTaHuWe LEMEHTHOTro pacTBopa OGBIUHO
NPOBOJNTCS 4yepe3 CKBAKHWHH pacnofoxKeHHble Beepoobpas3uo (puc.
108). Huamerp ckBaxus 50—200 MM, Aauua 5—7 M; JaBjeHHE Ha-
rHeTauns He npesnimaer 1,0 MIla (npu Gonee riay60KoOH LeMeHTa-
U¥H gaBieHue pocturaer 1,5—3,0 Mlla).

JJasa yayuineHns cBOHCTB cjabblXx [JIHHACTHX Nopoj, obsanarw-
HIMX MajoH BOXONPOHHUILAEMOCTBIO M HH3KOH NPOUHOCTBIO MNpHMe-
HAIOT 3JIEKTPOXHMHYECKHE crmocobnl 3axpenseHus: 1) snexrTpoobpa-
GOTKY IOCTOSIHHBIM TOKOM; 2) 3J/1eKTPOJHTHYeCKYylo O0OpaboTKy
C BBeleHHeM 3JIEKTPOJHTA; 3) IJEKTPOCHINKATHIAUUIO C BBEAEHHEM
JKHUIKOrO CTEKNA U OTBEPAUTENSL.

B npouecce 3JexTpoobpaboTKu (AnuTeIbHOE BO3JAEHCTBHE MO-
CTOSTHHOTO 3JIEKTPHUYECKOro MOJis1) BBLICOKOAMCNEPCHBIX [JIHHHCTHIX
NOPOJA MPOHCXOAAT TNPOLECCH KOAryJsiHOHHOTO CTPYKTypoobpaso-
BaHHUS W 3/JEeKTPOXMMHUeCKHe pearuuu. B pesyabraTe 3JeKTPOOOG-
pabOTKH T[JAMHACTHX NOPOJA BHIAENSIOT 3 30HH YNPOUHEHHHX I1O-
pol: a) aHOAHYIO — HauboJsee OCYIIEHHYIO W YNPOUHEHHYIO; 6) Ka-
TOJHYIO — HanboJiee 0O6BONHEHHYIO H cJalyl0; B) MPOMEXYTOUHYIO
He3aKpelJeHHYI0 30HY, B KOTOPOH OOLIYHO He NPONUCXOZNUT H3Me-
HeHuil cBoficTB NOPOAHL

Cnocob asexTpo3akpensenus Obll NpUMeHEH A5 NOBbIIIEHHS
YCTOHUHMBOCTH OTKOCOB Ha Kapbepax PPazmonbckoro [TO «Cepa» n
SIBOPOBCKOTrO rOpHO-XxHMHYECKOro 3asoaa [4].

[1pn anexTposurnueckol o6paboTKe TOPHBIX MNOPOJ NPOHCXOAAT
nporeccs HeoGPAaTHMOTO H3MEHEHHs MX CBOHCTB. 31ech NPOTEKaloT
3/JEKTPOOCMHTHUECKHE H 3JeKTPOXMMHYECKHE [IPOLECCH MNOJ BO3-
deficTBHEM NOJA NOCTOSIHHOrO TOKA, YCHJIEHHBIE BBEACHHBIMH uepe3
aHol B nopoay pacrteopaMu axexrpoantoB (NaCl, CaCls;, MgCls,
AlCl;, FeCl; n pp.), obpasyomux B pesysibraTe XHMHUECKHX pe-
akuvi THAPATH OKHCH KaJbUHd M JKesae3a (Npu KeJe3HbIX 3JIeK-
TPOINPOBOAAX), KOTOPHIE NPEACTARIAIOT COGOH LEeMeHTHpYIOLINE Be-
1IECTBA B aHOJHOM U KaTOAHON 30HaX.

[Ipn anekTpocuiukaruzauun nopol (¢ xoadhdunureHtamn Quib-
rpanun B npegesaax ot 0,01—0,1 M/cyT) uepes WHBEKTOPHI — 2JIEK-
TPOAB! HarHeraercssi pPacTBOp MKHIKOrO CTekJNa (CHJIWKATa HATpHs)
c orsepautesaem (Hanpumep CaCly) nan 6e3 Hero npH OJHOBDEMEH-
HOM HAJIOKeHHH I0J1s [OCTOSIHHOTO 3J1eKTpuieckoro roka. [lpn ma-
JIOH NPOHHUAEeMOCTH 06pafaTbiBaeMblX NMOPOR (CYIJIHHKH) XIHIKOe
CTEKJI0 HarHeTdlOT B KATOA, & XJODHCTHH KaJbLMH— B aHOL.

Corpyauuxkamu JII'H 6blin npoBedeHsl ONbITHBIe paGoThl Ha
kapbepax THXBHHCKOTrO [JIMHO3€MHOTO 3aBOAA MO 3JEKTPOXHMHUYe-
CKOMY YNPOYHEHHNIO BAJYHHBIX CYIJTHHKOB H KapGOHOBBIX TJIHH,

3afaud ONBITHBIX PAGOT CBOAWJIHMCL K YCTAHOBJEHHIO CAeylo-
IHX BO3MOMXKHOCTEeH: a) yBesHMueHHs HecyuieH cnocoOHOCTU YeTBep-
THYHBIX BaJYHHHX CYINJIWHKOB Ha pabounx IJoHaAKaX MOJ Iiarakwo-
mue sxckasatops (ISUI-10/60, SUI-6/60 u I1I-15/90) nocpeacTBoM
3JeKTPOOCMOCca M 3JEKTPOXUMHYECKUX CrocofoB; 6) NOBHIEHUs
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NPOYHOCTH TleCYaHO-TJIMHUCTHX TIOPoJ Kap6oHOBOro BO3piaCTa,
BCKPbIBAeMBbIX OTKPBITHIMH TOPHHIMH BHIPAGOTKAMM, KaK OJHOrO u3
MeponpHusATHH No 6opb6Ge ¢ OTOJ3HEBHIMH SIBJCHHAMMU,

Ha HeCKONbKHX ONHTHHIX yYacTKax Gbun onpoGOBaHbLl pasiHy-
HHe cnoco6bl yrnpouHeHHs mopoxn: 1) BosjelcTBHe 3JeKTpOOCMoca
(6e3 BBenmenns peareHToB); 2) o6paboTKa 3JEKTPHYECKHM TOKOM
C BBEAEHHeM B NOPOJY XJIOPHCTOro xaJjbuus; 3) obpaboTka 3Jek-
TPHYECKNM TOKOM C BBeJEHUeM B NOPOAY CHJIMKATa HaTpus; 4) ob-
paboTKa 3JEeKTPHYECKHM TOKOM C BBeJleHHeM B NOPOAY MOUEBHHHO-
dopmaabaeruauoli cmoanl (M®-17); 5) o6paboTka 3JeKTPHUECKUM
TOKOM C BBEICHHEM B [OPOJAY XJOPHCTOTO KAaJbli¥sl U CHJIHKATa
HATpUSL.

OnuTHOE yxpeNJjieHue NOPOA HA KaXKJIOM YYacTKE MPOROJIKA-
Jocb B Teyende 25—30 nHeH. DiekTpuueckuii TOK MNOAABAJCS
K HHDBEKTOPaM HempepHBHO. 3aKpelJsiolide pPacTBOPbI BBOJMJIH
CTPOro omnpejieTeHHBIMA MOpUHAMH. Boza u3 MHBEKTOPOB-KATOLOB,
OTKauMBaJacb HacocoM H cbpachiBajach 3a Ipefiefh NJIOH[AAKH.
IlTocne BBefeHUs noclenned mNOpHUN 3aKpemysiollero pacTBoOpa,
B TeueHHe 6—7 CyT NpojO/KaIH MOAAUY JEKTPUUECKOTO TOKa JJIst
3JIeKTPOOCMOTHYECKOTO OCYIUEHHS YKpemJisieMoro Maccupa.

[lo oxonuanuu paboT OLIIM NpPOHIEHH KOHTPOJbHBE HIyphbl K
npob6ypeHa ceTb CKBa>XHMH I/l YTOUHEHHS 30H YKpPENJIEHHBIX NOPOL,

Cuensenne CyrJIMHKOB B aHOJAHOH 30He Bo3pociao mo 0,05—
0,06 MIla, B kaTomHO# — ocTanocy 6e3 M3MeHEHHs.

Has ob6pa6orku 1 M3 cyrinHkoB GHIJIO H3PAaCXONOBAHO OKOJO
36 KBT - U 3J1eKTPO3HEPTHH, 9 KT PAaCTBOPOB KMAKOTO CTekJa ¢ MJIOT-
HocThio 1,5 rfeM® v 3 xr xJjopucroro xajapuust. [lpounocts Ha cxa-
THe gocturana I1— 12 MIla.

B KOHKPETHHIX WHKEHEPHO-reoJIOTHYECKHX YCJOBHSX KapbepPHBbIX
nosel B THXBHHCKOM TOPHO-TIPOMLILLIEHHOM pafioHe NpH 3JeKTpo-
XHMHUECKOM CNocobe yKpeIUIeHHst TIMHUCTHIX Hopoj HauGonee 3d-
¢exrtnBHa ux 06paboTKa ¢ BBeJEeHHEM B MOPOAY XJOPHCTOrO KaJb-
UHS H KHJIKOIO CTeKJa.

Tepmuueckoe YNpouHeHHe MO3BOJSAET MOJHOCTBIO JHKBHANPO-
BaTb NPOCajJOYHble CBOACTBA JIECCOB M BHICOKOMOPHUCTHIX TIHHUCTHIX
HOpOJ, Pe3KO MOBLICHT, HX MPOYHOCTHL U BOAOYCTOHYHBOCTL. OHO
IPOBOANTCH ABYMS ciiocoGamu.

[NepBuifi cnoco6, paspaboramuniii H. A. OcraiieBuM, 3aKJ0ya-
€TCH B HATHETAHMH B IOPHYIO TIOpPOJLY uepe3 CKBAXKHHEI [Opsiuero
Bo3ayxa (600—900 °C). IlporpeB ympouHsieMoH TOJIIM NPOUCXO-
JIAT 33 CYeT ABHUIKEHHsI HArpeToro Bo3lyXa MO MOpaM H MAaKpOmo-
pam nopoau. Hsbuitounoe napmenne (0,1—0,2 MIIa) 8 cxkBaxunax
No3BoJIfeT CO3AaBaTh BOKPYr HHX B paanyce I—1,5 M cTton6 ynpou-
HEeHHHIX MOpoL.

Bropo# cnoco6, paspaboranunii 1. M. JlutenuosnM, P. A. Be-
asxoBuIM B I1. K. HepkacoBhiM, OCHOBaH Ha TepMHYeCKOH H TepMo-
XHMHYECKOH 06paboTKe TOPHHIX NOPOJA TOPIOYHMH ra3006pa3HBIMH
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NPOAYKTaMH ropeHusi, o0oranieHHLIMH, NpH Heo6XOOHMOCTH, cheuu-
aJpHBEIMH XHMHUeCKNMH RoGaBKaMH (TepMOXHMHYyecKuil crocob).
Cixuranuve ropioyero NpOM3BOAMTCSI HJIH B YCTbe CKBAXKUHEL HJIH
B ToJie yxpenjisiemoH nopoibl. I'azooGpasHuie packajieHHHe Ipo-
LYKTHl TropeHHfi (QHJBLTPYIOTCS 4epe3 NOPH MNOPOAH, NporpeBas ee
J0 3ajaHHOM TeMnepatTypsl. M36nlTouHOe HaBieHWe B CKBa)XHHAX
B npeaenax 0,0256—0,05 MIla nossoaser spdexTUBHO yNpOYHATH
npocajoyHble TPYHTHL.

[lpu TepmHueckoli 06paboTke TODHLIX MOPOA CKBAXKWHBI MOTYT
pacrosaraTbcsi BEPTHKAJbHO, MOPH3OHTAJBHO H HAKJIOHHO, YTO OO-
pedensieTcsi KOHKPeTHBIMU YCJOBHAMH Ha YKpEIJseMOM YUYacTKe.
Jduamerp ckBaxkuH cocTasaser 150—22 M, rayGuna —6—I15 M,
paccTosHue Mexay HUMH — 2—2.5 M. [IpoAo/DKUTENbHOCTS TEPMO-
obpabotku 1 M? moponnl, B 3aBHCHMOCTH OT €ro BJa’KHOCTH W ¢u-
3HYECKOI'0 COCTOSIHHSI cOCTaBJsieT OoT 2 fo 7 cyT; 3aTpaTul Ha | M3
3aKpeneHHol nopoan — 5—10 py6.

Ha pa6ouux naomankax, 6epMax u oTKOcax ycTynoB HabJlo-
JaeTcsl BLIBETPHBaHWE TOPHBIX NMOPOA, HHTEHCHBHOCTH KOTOpOro 3a-
BUCHT OT COCTaBa MOPOA H BpeMeHH JelCTBUSI areHTOB BHIBeT-
puHBaHus. B cxa’npbHHX H NONYCKAJBHLIX NMOpPOAAx MOJA BJMSIHHEM
pasrpy3kd, OypoB3pHBHHIX paloT M areHTOB BHIBeTpuUBaHHUA oOpa-
3YIOTCA TPEUIMHEl, KOTOpHE U NPHBOJAST K BO3HHKHOBEHHIO OCHIme
U pexke BbIBAJIOB.

Haubonee addekTuBHble CNOCOGH 3aIHTH OTKOCOB B 3TOM CJy-
yge — YCTPOHCTBO pA3JNYHLIX M3OJUPYIOIIMX MOKPHITHH: XKeJe30-
6CTOHHHX MOABECHHIX CTEeHOK, HAOpHI3r-6eTOHA, NMOJHMEpPHHX NO-
KPHITHH U [Ip.

Ilpu Baanuuy B oTKOCax U paboyHX MJAOIAAKAX HOJYCKAJbHHIX
BOJOHEYCTOHUMBHIX pa3HocTel (Mepreed, ciabLlx NecuaHUKOB, ap-
THJLIHTOB H T. J.) HanboJiee LiesecOOOpA3HLIM SIBJISIETCHA NOKpPHITHE
HX CJIOEM [ecKa Wiu rpaBuf MougHocTolo 25--30 cm. Habyxaroume
PA3HOCTH TJIMHHCTHX MOPOJ NPUTPYKAIOTCA XOpollo GUJBTPYIOIMINM
marepHaniom (CM. Tl S H 7).

st necuaHo-TIHHUCTHIX OTKOCOB, I'JIABHHIH Hpoliecc HX pas3py-
[IeHHsI — He BLIBETPHBAaHWe, a pa3MuB— o0pa3oBaHHe MPOMOWH
noj Bo3leACTBHEM aTMOC(EpHLIX OCAKOB M TaJiblx BECEHHHX BOJ.
I'naBHOe MeponpusiTHe MO MPEeNOTBPALIEHUIO Pa3MEIBA — peryJupo-
BaH{e IOBEPXHOCTHOTO CTOKAa W OTBOJA BOAbl B CHelHAJbHBEIE BOJO-
C60pPHHKH U BOJOCIYCKH.

JIOBOJILHO YacTo B NpPakTHKE OTKPHTBIX paloT BCTpeyaroTcs
TaKHe YCJOBHS, Korja TpebyeTcss cOoueTaHHEe HEeCKOJBKHX CIOCoBOB
yNPOUHEHHS F'OPHLIX HOPOA.

[To manumm BHUMU, manbonee yacto npuMessijor Xxeje3obe-
TOHHHE CBAH CO LUTAHTaMH HJIM TPOCOBBIMM TsiXXamu (puc. 109, a),
JKesne300eTOHHNE cBau HJIH IITAHTH C LeMeHTaumed noponx (pHc.
109, 6), XKejelobeTOHHHE CBAW WJIH WITAHTH C H30JsIMHeH NoBepx-
HocTu oTKoca (puc. 109, 8, 2, 7).
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Puc. 109. KoM6uunpoBaHHOE yKpeNleHHe OTKOCOB:

I — xeaezoberonible CBaH; 2 - aHKepbl; 3 — 3aUeMeHTHpPOBAHHbIY MaccHB; 4 — nopBecHas
xeleaoOeToHHast CTeHKa

Puc. 110. YxpenneHne CJOHCTHIX OTKOCOB IPH NOAPe3Ke KOHTAKTOB HACJIOEHHS
NopoA:
1 — XesesobeToHuble cBan; 2 — aukep; 3 — aHKepHas T7sra; 4 — orpeanas Ieib



Boaplise TpyaHOCTH B MOAAEPKAHIH B YCTOMUHBOM COCTOSIHHH
ycrynos OOpPTOB JAOBOJILHO 4acTO BO3HHMKAIOT NpU 0TpaboTKe CJlo-
HUCTBIX MAacCHBOB TIOPHbIX [OPOJ, KOrja ropHbIMH BHpPab0OTKaMH
HoJpe3aroTcsi cjabble KOHTAKTH H ocjalbieHHme 30HH. B Takux
clyyasx Takxke lejecoo6pa3HO NpUMeHATb KOMOWHMDOBAHHEIE CHO-
co6bl YKpenJeHHsI OTKOCOB YCTYIIOB.

Ilpn monnofi molpeske KOHTaKTHHX 30H (puc. 110, a), ycryn
YKPenJIsioT Kene3o0eTOHHBIMH cBasiMu Gosbiioro ceuenus. CBau
32KPENnAsioT B MOHOJIMTHHIE IMOPOAB HMXKe OcJabJIeHHOH 30HK,
4 B BePXHeHl 4aCTH yepe3 AHKEPHYIO TATY CBA3HBAIOT C aHKEPOM.
ITo;ior¥c OTKOCH YCTYNOB B BepXHell UacTH 3akpemssior xene3o6ce-
TOHHBIMH cBasiMil, a B HMXKHell —inTanramu (puc. 110, 6). lpu
YACTHYHOHN IMOJpe3Ke KOHTaKTa, CHauaja NPOCUUTHBAIOT BO3MOXK-
HOCTb CIABHXKeHH$t 0 KOHTakTy I—I, a 3aTem npuHUMaoT pellicHHe
00 yxpennennn otkoca ycryna (puc. 110, 8).

[Ipu moctaHoBKe ycTynoB B mpedeJibHoe moJioxxeHue (Hepabo-
udil 60pT) B psAe CJAyuaeB HEOOXOAMMO PacyeTOM OLEHHTb YCTOM-
YMBOCTH OTKOCA YCTyMNa, & e€cJH HeoOXOAHMO, TO NpoOBecTH CBaHHOe
yKpemJleHHe M 3a0TKOCKY C TNpHMEHEHHeM OTpesHOoH menu (pHcC.
110, 2) niu HaKJOHHBIMH CKBAXKHHAMM.

9.2. YKPEINIEHHE NOPOJ B MNOA3EMHBIX BLIPABOTKAX

I"accMOTpeHHble BhILle NPHMePHl OTHOCATCS K OTKPHITHIM pa3paborT-
KaM, OIHAKO H3Jl0XeHHBle Cnocobbl YyNPOUHEHUS! NOPOJA NpHMEHS-
10TCA H IpU CTPOUTEJLCTBe M OXpaHe LIAXTHHIX CTBOJIOB H ApPYTHX
KanuTaJbHBIX JNOJ3€MHblX BHPabOTOK, UuTO HALLIO OTpakeHHe
B TeXHHYeCKO# JiuTepaType IOJ HA3BAaHHEM <«CIELHAJBHBEIX CHOCO-
60B NPOXOAKH TFOpHHX BHpaGoTok» [24]. Kak mpasuno, npumense-
Mble MepONPHATHHA MO YJAYYUNIeHWI0 YCJOBMH TOPHBIX pabOT BHINOJ-
HSIOT OJHOBpEMEHHO JiBe¢ (QYHKLHMM: 3aLIUTh OT NOA3EMHBEIX BOJ H
NOBLIIIEHHUS! YCTOHYMBOCTH NIOPOJ BOKpPYr BHIpaGOTOK, NO3TOMY OHH
n 6BliM paccMOTpeHH B I, 7. BMmecTe ¢ TeM ansi ofecneueHust yc-
TOHYNBOCTH MOPOA B HEMOCPEACTBEHHOH IOYBE M KPOBJE NOA3EM-
HHIX BBIPA6OTOK NPUMEHAIOT LITAHIOBOE W cBaHHoe KpelJeHHs
B CJIOHCTHX OCAJOYHHIX NOPOJAAX, LIEMEHTALMI0 TPEHMHOBATHIX IIO-
poOll, YKpelleHHe B3DbIBOM IMTHHHCTHIX TTOPOA H Jp.

Ultanroroe KpenjeHue CJAOHCTHX [OPOJ NOYBH, MCXaHH3M KO-
TOoporo paccMoTper B pabote [9], mpumeHsaOT ¢ uespio obecrneueHus
coBMecTHOro paedopMupoBasus cJjoucroit cucremul. [ltanru paum-
Hoit 1—2 M W AuameTrpoM 25—50 MM 3 MeTasna, KenesoberToHa
WIH JlepeBa pacnojlaralorcsi psjfaMu B IOyBe BHIPa0OTKM Ha pac-
crosunu 0,7—1,5 m (puc. 111, a). Kak nogasssaer . JI. Yepusx
[29], npuMeHeHUe MITAHTOBOTO KpenJieHHs Ha IIaxTax JloHenxoro,
[MogmockosHoro u Kaparanmnackoro 6GaccelHOB yMeHbilldeT CKO-
poCTb TyyeHHs NOYBH B 1,5—2 pasa TOMBbKO B HauaJbHLIH MepHon
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Puc. 111. HlranroBoe KpeljleHHe CJIOHCTHX NOPOA B Mouse (a) u kposse (6)
nof3eMHHX BHIPAaGOTOK:
1 — BOTCHIIHAAbUAS MOBCPXHOUTH BLIAABJIHBAHHR MNOPOR; 2 — IUTaHIY Kpenjenusn

Puc. 112. Pacnionoserne 3apsigoB BB Jssl  yNJOTHEHWS TJHHHCTBIX TIOPOR
B fouse wrpeka waxtol «llekuHckasn»

ero paborhl. BriocieACTBUN 3akpenJieHHHE H He3aKpenJleHHhe yua-
CTKH BeAyT cebs OJIMHAKOBO.

[MpumeHeHue INTAHIOBOrO KpEMNJEHHs] B KPOBJi€ MOA3€MHBEIX BHI-
paboTok ObecrneuHBaeT YCTOHUHMBOCTb HMXKHEIO cJIOSI NOpoJl, KOTO-
pHi zedopMupyeTcss MO BAMSHUEM cOOCTBEHHOrO Beca W jlaeT IO-
NOXKUTENbHBIA 2PQeKT ecln 3aMOK IUTAHTW NONajaeT B NPOYHYIO
MOHOJIMTHYIO NOPOALY, K KOTOPOil MOXHO <«NOJBECHTE» HEYCTOHUYH-
BHf caofi (cM. pHc. 111, 6). Ulranrn merajajauueckue, AJHHOH
1—2 M, nuamerpom 20—30 MM pacnoJsaralorcst psjamH, paccTos-
Hie MeXAY KOTOphIMH onpegensiercst pacueroM. lllupoxkoe npHMe-
HeHUe MITAaHrOBOro KpenJeHus Hauwlo Ha wmaxtax [10 «Jlenunrpan-
chagen».

YIoTHEHNe TJIMHHCTHX NOPOJA KaMy(JIeTHLIM B3pHIBOM C HEJBIO
NOBLILIEHNsT YCTOHYMBOCTH MOYBH BHIPAGOTOK MOMYYHJIO PaCIpo-
ctpanenve B [loAMoCKoBHOM yroJbHoM OGaccefine. HccnepoBaHmsi
H. A. YepHsKa NOK43LBAIOT, YTO NJOTHOCTL M NPOYHOCTH [VIUH
YBEJIHUNBAIOTCS Ha PACCTOSTHHW OT CTEHKH DABHOM ABYM pajHycaM
noJjiocH 83puiBa. [IpHuem ymeHblleHMe MOpHCTOCTH rauH Ha 2—3 Y%
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(ectectBennas nopucTocTs cocTaBasier 45—47 %) NpHBORHJIO
K pocTy cuemnenuss B 1,7—1,8 pasa u yrjia BHyTpeHHero TpeHUs
Ha 4° Pacnojoxenue 3apsiioB BB B nouyse WITpeKa MOKA3aHO HA
puc. 112 ua npumepe maxtw «lllekunckan».

Bce MeponpusiTus No yJayulleHHIO CBOMCTB rOpHBIX nopoj o6oc-
HOBBIBAKTCS JleTaJbHOH uHbOpMaluMell O reoJOrHYeCKHX YCJIOBUSX,
B KOTOPHIX MNpOXOAUTCS BHPAabOTKAa, W IMPOEKTHPYIOTCH C YHETOM
TEXHOJIOTHH TOPHBIX paboT, MNPOJOKHTENLHOCTH CpPOKa CJYXKOBI
BupaboTOK, TpebGoBaHMA GesomacHocTH Jiofefl W 1. a. Haaunuue
NOJ3eMHRIX BOJL B NOYBe WJIH KpOBJe CYIECTBEHHO YXYAIlaeT pa-
60Ty YKpenssomUX MeponpuATHi, a HHOrJa NPHBOIUT K MOJHOH
nortepe oxugaemoro Qpgexra.

KOHTPOJIbHBIE BONMMPOCHI

1. Kornra B ropuofi NpakTHKe TOfBIAsieTcH HEOGXOMMMOCTh 3akpeIvieHus
nopon?

2. Kakse MeTONL NPHMEHSIOT AJA YJyuimeHus cBoOficTB TOPHBIX NOPOR pas-
HOro cocTaBa H COCTOSHHA?

3. Kak yKkpemnaioT TPeUlMHOBATHIE NOPOABI B OTKOCAX KaphepoB?

4. Kak MOXHO yJyYIIHTh necYaHOrJHHHCTble NOpoAbl B OTKOcax?

5. Kakne Merolb NPHMEHSIOT HJs 3aKpelvieHHs TOPOX B NOYBE M KposJe
MOA3eMHBIX BHPaboTOK?

6. Kak npoxopsTcH LAXTHblE CTBOJBI B HEYCTOHYMBHIX BOJXOHOCHBIX MOpPOAAX?
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YUYEBHOE U3JIAHHUE

HUspanos Usan lNenkoruy

WH)XEHEPHAS TEOJIOTUA MECTOPO)XAEHUH
NOJIE3HbLIX HCKONAEMBIX

3aeenyrouuil penakumeii JI. H. Asawsicarncran
Penakrtop u3nareancrsa JI. A. []y6xosa
Texunueckn#t penakrop JI. I. Jlasperroesa
Koppextop H. I1. Posanosa

HB Ne 8097

Cnano B Habop 12.09.89. Ilopnmcano B neyats 11.1289. T-17066. Popmat
60X90'/;. Bymara Tunorpatdckas Ne 2. Tapmutypa Jlntepatypras. Ilewatn BHI-
cokad. Yea-neu. A. 19,0. Ven-kp.-orr. 19,0, Yu.-nan. 3. 20,27. Tupax 4650 sx3.

3aka3s 1725/2145—4. Iiena 1 py6.

Opnena «3uak Ilovera» uanatenncreo «Heapa»,
125047 Mockea, mi. Benopycckoro Boksana, 3.

Jlenunrpanckas Tanorpadust Ne 4 opnena Tpymoeoro Kpachoro 3uavienn Jle-
HHHTpajcKkoro obvenwnenus «Texundeckas Kumra» M. Esrenmn Coxososofi @'o-
cyrapcreenHoro KoMareta CCCP no meyatu. 191126 Jlenmurpan, Counmanuctuye-

ckas ya., 14.



