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AHHOTaUMA

BbisiBNneHa NpUHUMNMANbHAs B3auMOCBSI3b MeEXAY
pacnpocTpaHeHMeM M pas3Mepamu KapcToBbiX hopm
M OCHOBHbIMM [e(hOPMALNOHHO-NPOYHOCTHLIMN Na-
pameTpaMu rpyHTOB, CNaralWux MOKPOBHYK «Hapg-
KapcToByl0» Tonwy. OnpeaeneHbl TMNbl U NapameTpbl
TEOPeTUYECKNX pacnpepeneHnini KapcToBbix (hopm no
3HaYeHUsIM paccMaTpMBaeMblX MEXaHUYECKNX CBOMCTB
rPYHTOB, MOJIy4EeHbl U YTOYHEHbl YPaBHEHUA ANA Npo-
rH03a gMameTpoB NPOBaJOB, 0XKMAAEMbIX Ha MOBEPXHO-
CTW 3€MJIU, BbICOT NMOJIOCTEN N MOLLHOCTEN 30H Apodne-
Husi, pa3BUTLIX B KapcTylowencs Tonwe. MpuHumas Bo
BHUMaHMe pacnpenesieHne NpoBasioB BO BPEMEHM, nog-
yuHswweecs 3akoHy lyaccoHa, npepnoxeHa gopmy-
Na nepexofa 0T BEPOATHOCTHOW OLEHKU 00pa3oBaHus
NpPoBaJioB K OLHOMY U3 OCHOBHbIX HOPMATUBHbIX NOKa-
3aTenei OLEHKU KapCTOOMACHOCTM — MHTEHCUBHOCTH
npoBanoodpa3oBaHuns. [PUMEHMMOCTb YCTAHOBIEHHbIX
3aBUCMMOCTEN U METOLNKMN OLEHKU KapCTOOMACHOCTH
B MPAKTUKE WHXEHEPHO-re0sIorMYeCKMX M3bICKAHUIA
paccmMoTpeHa Ha npuMMepe YCNIOBHOrO MJIOLLAAHOI0
o0beKTa.

WHxeHepHO-TeoIornuecKkas OlcHKa 3aKapCTOBaH-
HOCTH JI000W TEPPUTOPHUH, B pa3pe3e KOTOPOH pas-
BHTHI KapCTYIOMHAECS MOPOIBI, CBOAUTCA K MOCICI0-
BaTCJIBPHOMY HU3yUYCHHIO PA3BUTHUSI IOBEPXHOCTHBIX H
MOA3EMHBIX (JOPM KapcTa ¢ YYETOM TI'€OJIOTHYCCKHX,
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Abstract

The principal relation between distribution and sizes of
the karst forms and general parameters of deformation
and stiffness of covering soils was obtained in the
paper. There wWere defined the types and parameters
of theoretical distributions of the karst forms by values
of investigated mechanical properties of covering soils.
Were obtained and refined the equations to prognosis of
diameters of sinkholes, which expected on the surface,
heights of cavities and thicknesses of fractured zones
in karst rocks. Taking into consideration distribution of
sinkholes in time, which complied to Poisson’s law, in
the paper there was proposed the formula, which with
known probability of karst forms occurrence, allow
calculating one of the main parameters of karst hazard
- the intensity of sinkholes occurrence. Applicability
of obtained relations and technique of karst hazard
estimation in the practice of engineering-geological
investigations has been considered on the example of
conditional area object.

TUAPOr€OJIOrNUCCKUX, CTPYKTYPHO-TCKTOHUYCCKUX, I'C-
OMOp(I)OJ'IOl"PI‘IeCKI/IX " Jpyrux (baKTOpOB, BIIMAOIINX Ha
X pacCrpoCTpaHCHUC. HpOI/I?;BO}_'[CTBo TaKuX OLICHOK B
HACTOALICC BpEMs OCYHICCTBIISICTCA C IPUMCHCHUEM pa3-
JIMYHBIX METOAUK U MOAXOAOB ITPU MOMOIIHU CIICHUAJIb-
HBIX TEXHUYCCKUX CPCACTB, MMO3BOJIAONIUX U3Yy4YaTh Mac-
CHB I'OPHBIX IOPOJ KaK C NOBEPXHOCTHU, TAK U B pa3pe3e.

Ha CCFO,HHS[IHHI/Iﬁ ACHBb YIXC€ H3BCECTHO, 4YTO

peIIAOIy 0 POJIb B PacIpOCTPaHECHUH KapCTOBBIX (hopm
UTPAOT Fe€0JI0rN4YecKOe CTPOSHHUE U THAPOreOI0rHYeCKue
YCJIOBUSI TEPPUTOPHUH, HAKJIaJbIBAEMbIE HAa CTPYKTYP-
HO-TeKTOHMUYECKHH 00JIHK paiioHa. B reosorunueckoM oT-
HOILIEHNUU aKTUBHOCTb PA3BUTHS KAPCTa KOHTPOIUPYETCS
CTPOEHUEM U CBOWCTBAMM MEPEKPBIBAOIUX IPYHTOB, &
TaKXKe CTPOEHUEM U CBOMCTBAMHU CAMUX KAPCTYIOIIHUXCS
nopoA. IIpu 3ToM cTpoeHHe 1 CBONCTBA IPyHTOB IOKPOB-
HOH TOJIIIH SIBISIOTCS BO MHOTOM OIPEEIIIOMHUMU (hak-
tTopamu. OcoOEHHO KOT/1a peyb UAET O IPOrHO3MPOBAHUH
00pa3oBaHUs MPOBAJIOB.

HecomHeHHO, 4TO BOIPOC O BAUSHUU CBOMCTB MO-
KPOBHBIX OTJIOKEHUI Ha aKTUBHOCTB M Pa3Mephl KapcTo-
MPOSIBJICHNH TpeOyeT JaJbHeHIIero yriayOoJIeHHOTO H3y-
YEHHUsI, HECMOTPS Ha TO YTO YKE ONpeesICHbl MPUHIIUIIU-
aJlbHBIE 0COOCHHOCTH 3TOro Biusuus [1, 2,4, 5,7, 191 u
CO3/1aHbI FEOMEXAHUYECKUE MOJEIU U PACUETHBIE CXEMBI
YCTaHOBJIEHUS psifja NapaMeTpOB MPOTHO3UPYEMBIX I10-
BEepXHOCTHBIX hopm kapcTa [2, 10, 12]. B Takux cxemax,
KakK MpaBUJIO, CPEIU BCEX BXOJALIUX B pacueT BEIUYHH
3aIeHCTBYIOTCS XapaKTEPUCTUKHU, ONPEAEIAIONINE IPOU-
HOCTHBIE CBOWCTBA I'PyHTOB (y/IeJIbHOE CLEIIIIEHHUE, YOI
BHYTPEHHETO TPEHHS, HEKOTOPBIE UX ITPOU3BOAHBIC) U
HUX OPUPOJHAs MNIOTHOCTh, MHOTO PEke — MapaMeTphl
TIOPUCTOCTH U (PMIIBTPALIMOHHBIC XapPAKTEPUCTHKH CIIOEB
TPYHTOBOH TOJILH.

Takum 00pazoM, MOKHO 3aKJIIOUYHTB, YTO B paccMma-
TPUBAEMOM BOIIPOCE OCTAIOTCS «3a CKOOKAMM» CIEYI0-
1Y€ HAllPaBJICHUSI UCCIIEIOBAHUS:

—  BJIUSIHHE MIHMPOKOTO CHEKTpa (U3UUYECKUX
(BIIasKHOCTH, COJEPKAHUSI OPraHUYECKUX BEILIECTB, CTE-
MIEHU 3aCOJICHHOCTH, IPaHyJIOMETPUUECKOr0 COCTaBa 1
T1p.) XapaKTEPUCTUK IPyHTOB IIOKPOBHOM TOJIIIH, @ TAKXKE
1apaMeTpoB, XapaKTepU3YIOUINX UX J1e(OpPMaLMOHHbIC
CBOICTBA, Ha Pa3Mepbl KAPCTOBBIX MOJIOCTEH U MIPOBAJIOB;

—  BO3MOXHOCTb NIPOTHO3UPOBAHUSI aKTUBHOCTHU
U MHTEHCUBHOCTH Pa3BUTHUS KapcTa B 3aBUCUMOCTH OT
CBOMCTB MOKPOBHBIX I'PYHTOB.

ABTOpaMH IpeJIPHUHSTA MONBITKA YCTAHOBUTH 00-
LUH XapaKTep U3MEHEHUs 3aKapCTOBAaHHOCTH U pa3Me-
POB KapCTONPOSIBJIIEHUH B 3aBUCUMOCTH OT MEXaHUUe-
CKHX (1e(hOpMalIOHHO-IIPOYHOCTHBIX) XapaKTePUCTHK
TPYHTOB MOKPOBHOM TOJIIM HA OCHOBE MacCOBOIO CTa-
TUCTUYECKOTrO aHaln3a AaHHbIX. OTMETUM, YTO aHAJINU3
MIPOYHOCTHBIX NaPaMETPOB CKAJIBHBIX (B TOM YHCIIE Kap-
CTYIOLIMXCS) TPYHTOB B JIAaHHOH paboTe 3aBEeOMO He
TTPOM3BOIMIICS, TAK KaK HAHOOJIBIIYIO OMTACHOCTD B YaCTH
00pa3oBaHUs MTPOBAJIOB HA 3€MHOM MTOBEPXHOCTH HECET
oOpylIeHre UMEHHO IOKPOBHOM TOJIIM JUCHEPCHBIX
TPYHTOB B HE3AIOJIHEHHBIE OJIOCTH.

MeTtoauka nuccnegosanus

N3yyeHune 3aBUCUMOCTH pacHpOCTPaHEHUs 3aKap-
CTOBAHHOCTH OT MEXaHUUYECKUX XapaKTePUCTUK CBOWCTB
MOKPOBHBIX TPYHTOB C IPUMEHEHUEM BEPOSITHOCTHO-CTa-
TUCTUYECKOTrO aHaJIM3a MIPOU3BOAMIIOCH B MIpE/ieNax ue-
TBIPEX Y4YacTKOB pa3BUTHUS CyJb(aTHOro W KapOoHaT-
HO-CyJIb(aTHOTO KapcTa, pacloyokeHHbIX B [lepmckom
kpae. OTo Tepputopuu r. Kynrypa, nrr. [lonasna, noc.
OKTs0pBCKUI N ydacTKa TPAacChl MarucTpajbHOTO Ta30-
poBoJa YKropoackoro kopuaopa B OpiHHCKOM paiioHe.

B xone MHOroneTHUX McclienoBaHui U paboT 1o coopy
u 00paboTke nHpopManuu [6] ObLIA COCTABICHBI OA3bI
JIAHHBIX, COJIEPKAIME CBEIICHUS O PACIPOCTPAHEHHUH
KapCTOBBIX (hOPM, T€OJIOTMIECKOM CTPOEHUH, THIIPOre-
OJIOTUYECKUX U MH)KEHEPHO-TE€OJIOTHYECKUX YCIOBUSIX
9TUX Y4acTKOB (II0 MarepuaiaM OypeHHs), a TaKKe O
CBOMCTBaX rpyHTOB, KAPCTYIOLIMXCS TOPOJI U MOI3EMHBIX
BO/I 10 JTAHHBIM OITPOOOBAHUSI.

Crenyer cka3aTh, YTO IOIBITKA ITOMCKA TAKNUX 3aBH-
CHUMOCTEH yXKe IpeANpHHIMalach HAMH paHee Ha MpH-
Mepe OJJHOTO U3 BBIIIE OTMEUCHHBIX YYaCTKOB — TEPPH-
topuu r. Kynrypa [13, 18]. DTo uccnenosanue nokasaio,
YTO JUIsI TIOJTy4EHUs Oosiee yCTOWYMBBIX M KOHKPETH3H-
POBaHHBIX 3aBUCUMOCTEI HEOOXOJMMO BOBJICUCHHE B
paccMOTpeHHE IHUPOKOT0 CIIEKTPa JaHHBIX 10 HECKOJIb-
KHM y4YacTKaM, IIPUYPOYCHHBIM K pa3HbIM 00CTaHOBKaM
pa3BUTHS KapcTa.

MeToauka CTaTUCTHYECKOr0 aHaJIM3a B3aUMOCBsI3eH
MEXJly pa3BUTHEM KapCTOBBIX (OPM, UX pasMepamu 1
Pa3IMYHBIMU ITOKa3aTeIIMHU-(PaKkTOpaMu MPUPOIHBIX
YCIIOBHI TIOpOOHO paccMOTpeHa B aBTOPCKUX IyOJIu-
kanusx [14, 16, 20, 21]. B nanHO#M padoTe 0CTaHOBUMCS
JUIIb Ha TIEPEYHCICHUN €€ OCHOBHBIX OCOOEHHOCTEH,
Cpeay KOTOPBIX 11e1eC000pa3HO BBIJACIUTH CIIEAYOLIHE:

—  aHaju3 3aKOHOMEPHOCTEW M3MEHYUBOCTH II0-
Kazaresel-(pakTopOB IIPUPOIHBIX YCIOBHUI 10 TIOMIAN
MIPOM3BOAMTCS Yepe3 NOCTPOeHHE IU(POBBIX KapTorpa-
(hmaecknx Mozenei;

—  KapTorpa(uyecky COIoCTaBISAIOTCS IIU(POBBIE
MOJIEIIH U3MEHYMBOCTH TI0Ka3aTelei-(hakTOpOB MPHPOI-
HBIX YCJIOBUH M KapCTOIPOSIBICHHUS, IPEACTABICHHBIC B
BUJIE TOYEYHOTO CJIOS;

—  IIPOBOJUTCS HHTETPAIbHBIN aHAIN3 PA3TUIHBIX
KapCTOIPOSBIICHHUH (KapCTOBBIX BOPOHOK HA ITOBEPXHO-
CTH 3€MJIH, IOJIOCTEH U 30H APOOJICHNUS B TOJIIIE TPYHTO-
BOI'0 MaccuBa);

—  ONPEAENSIOTCS CpelHNe pa3Mepsl (InaMeTpbl
MPOBAJIOB, BBHICOTHI MOJOCTEH M BEpTHKAJIbHBIE MOII-
HOCTH 30H APOOJIEHNUsT) BOSMOXKHBIX ISl JAHHBIX YCIIO-
BUH (HEBBISIBIICHHBIX) KapCTOIPOSIBICHUH B pe3yJibTare
aHaJIM3a TPEeHJIa U3MEHYMBOCTH Pa3MEPOB BBISBICHHBIX
KapCTOBBIX ()OPM C YUETOM 3HAUCHHH MoKa3aTesneii-pax-
TOPOB IPUPOIHBIX YCIOBHH.

KimroueBoii MOMEHT METOAMKH CBOAMTCS K COBMECTHO-
MYy HCCJIEZI0BAHNIO M3MEHUYNBOCTH Pa3MEPOB Pa3INYHBIX
KapCcTOBBIX (DOPM C YUETOM HX ITPEABAPUTEIBHON HOpMa-
nu3anuu (MU MPUBEICHHS K 00IeMy 3HaAMEHATEI0) B
pe3yJbTaTe pacyeTa CleliMajbHOro II0Ka3aTels — HHICK-
ca mopdomerpuu I [14, 16]. Jlanublii nokaszarens onpe-
JICNISICTCSl KaK OTHOILICHWE YaCTHOTO 3HAUCHMS UCCIIENY-
€MOM XapaKTEepPUCTHKH K MAaKCUMaJIbHOMY 3HAUYCHUIO,
YCT@HOBJICHHOMY B KOHKPETHOM HCCIIClyeMOM PETrHOHE.
AHaJOTMYHBIN MTOKa3aTeIb MPUMEHSIETCS 1 JUISl aHAIH3a
YHCICHHBIX 3HaYeHUH (PaKTOPOB MPUPOAHBIX YCIOBUH.

B kauecTBe mM3ydaeMbIX MEXaHHMYECKHX CBOWCTB
TPYHTOB B CTATUCTHYECKOM aHAJIHM3€ YUaCTBYIOT MOAYJIb
nedopmanuu E (B muTepaTypHBIX HCTOUHUKAX AaHHBIH
napameTp 4acTo MMEHYEeTCs MOJyJeM oluiei nedop-
manuu EQ), yron BHyTpeHHEro TpeHHS @ U yJeIbHOE
cuerienue ¢ [15]. Beibop Momysst reopMariny moMuMo
OCHOBHBIX ITapaMETPOB IIPOYHOCTH TPYHTA, UCIIOJIb3YyE-
MbIX B Mogenu Kynona — Mopa, He ciydaeH. M3BecTHoO,
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KonnuecTBo nap 3Ha4eHHM, IIIT.

o,
B BBIOOpKE ke, %

Tabnuya 1

Konuuectso map Koaddumment
3HAYCHUH B BBIOOP-  JIMHEHHOM KOP-
pensanu, 1.e.

A. Oyenka ce:3uU no 2pyHMOBLIM NPOOAM

1284 91,6 0,71
1141 78,2 0,71
1219 85,2 0,72

b. OueHKa CB8A43U No cpe()HuM BHAYECHUSIM CBOUCME 8 CKBANCUHAX

CBoiicTBO .
B T€HEPAIBHOM
COBOKYITHOCTH
Monyns nedhopMmaruu 1401
VYros BHyTPEHHETO TPEHUS 1459
VaenpHOE ClIenIeHue 1430
Monynb gedopmanun 396
Yros BHyTPEHHETO TPEHUS 511
VaensHOE CIEICHNE 510
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YTO 3aJIeralollie B MaCCUBE T'PYHTHI B €CTECTBEHHBIX
YCIIOBHSIX UCIBITHIBAIOT BCECTOPOHHEE C)KATHE KaK OT
COOCTBEHHOI'0 Beca, TaK U OT BO3ACHCTBYIOMIMX HA HUX
W3BHE CTAaTHYECKUX M IMHAMHUYECKUX Harpy3ok. Ha gone
HarnpspKeHHO-1e()OPMUPOBAHHOTO COCTOSIHUS B YCIIOBHSIX
JCHCTBYIONIUX JIOKAJBHBIX PACTSKEHUH pa3BUBaETCA
nporecc nposangoodpa3zoBanus. Takum 00pazoM, MOYJIb
nedopmannm sBIsSETCS KOCBEHHBIM I1apaMEeTPOM, OKa3bl-
BAIOIIMM BIIMSIHHE Ha 00pa3oBaHKE KapCTOIPOSIBICHUH.

B ananuse ncnosb30BaHbl JaHHBIE JIAOOPATOPHBIX
WCCIIEJIOBAHMI NTPOO I'PYHTOB, OTOOpPaHHBIX B pa3HbIe
rozbl U3 NIypoOB U CKBAKUH, IIPONJICHHBIX B IpeJenax
paccMaTpHUBaeMbIX TEPPUTOPHI pPa3HBIMHU OpPTaHU3aIU-
aMu. OTcroJa clielyeT OTMETHTD Psijl AOIYLIEHUH, KOTO-
pBI€ OKa3bIBAIOT ONPEACICHHOE BIUSHUE HA «IHCTOTY»
aHaJIn3a:

—  ceTb BeIpabOTOK, U3 KOTOPBIX MPOU3BOIUIOCH
orpoOOBaHNE, HEPABHOMEPHA I10 TUIONIA/IH;

—  Oonpmiast 4acTh BBIPaOOTOK HE BCKPHIBAET IO-
KPOBHYIO TOJIIIY Ha MOJIHYIO MOLTHOCTB;

—  omnpoOoBaHKE I'PYHTOB HA IPEAMET U3YUYCHUS
e OopMaIIMOHHO-TPOYHOCTHBIX XapaKTEPUCTUK BBITIOJI-
HEHO HEpaBHOMEPHO IO TiyOuHe 1 OOibIIeH YyacTh
TOPHBIX BBIPabOTOK;

—  nabopaTopHbIe NCCIIEJOBAHUS I'PyHTOB BBITIOJI-
HEHBI B Pa3HbIX J1a00paToOpHUsIX ¢ IPUMEHCHHEM pasiiny-
HOH nprOOpHOIi 6a3blI.

OCHOBHBIM METOJIOM YCTaHOBJICHHS MEXaHUYECKHX
XapaKTEPUCTUK TTOCIYKHJIN JJAHHBIC KOMIIPECCHOHHBIX
W CJIBUTOBBIX UCIIBITAHUN. VICTHHHBIC 3HAUCHUS MOIYJIsI
JedopMali ONpeesINCh C y4eTOM Kod(ppHUIIueHTa
mk, pexomentyemoro k npumenenuto CIT22.13330.2011
[9]. ITocne cucTemaTu3alyy Bcex Npod B paMKax enHON
0a3bl JaHHBIX B Ipe/iesiaX TEPPUTOPHN NCCIIEAOBAHUS OT-
MmeueHo nopsiika 1 500 mpo0 rpyHTOB € TIOJIHOCTBIO HIIN
YaCTUYHO YCTAHOBJICHHBIMU (PU3UKO-MEXAaHUYECKUMHU
XapaKTepUCTUKaMH, IPUYPOUYCHHBIX K Oosee yem 400
CKBKMHAM.
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352 88,9 0,72
405 79,3 0,72
441 86,5 0,72

BBuny HepaBHOMEpHOW ceTH M3Y4YEHHOCTH I'PyHTOB
Ha PacCMaTpUBAEMbBIX TEPPUTOPHUSX CABHIOBBIMU U KOM-
MIPECCHOHHBIMU HCTIBITAHUSMH B HACTOSLIIMX HCCIIE0BA-
HUSX TIOMHMO JIADOPAaTOPHBIX 3HAYEHUH MEXaHMYECKUX
XapaKTEePUCTUK MCIOJIb30BaHbl TAK)KE UX TaOIMYHBIC
3HAYEHMSI, ONPE/ICIICHHBIC COTJIACHO NMPUJIOXKEHUI0 b
CII 22.13330.2011 [9] ¢ y4yeTom 3HauCHUN (PU3MUICCKUX
CBOIMCTB M HOMEHKJIATypBl TPyHTOB. TaOnn4yHbIe 3HA-
YeHHS MEXaHMYECKUX XapaKTEPUCTHUK CBOHCTB oOIpe-
JICJICHBI /T KaXXI0H OTIEJIBHO B3SITOW MPOOBI TPyHTAa,
KJ1accu(uIuUpyIomeics MoJIHBIM HabopoM (u3nyecKux
XapaKTepUCTHK. Bcero Takux mpob B aHaJIN3e 0Ka3aioch
6onee 3 300 mTYK, 8 KOJIMYECTBO CKBaXKMH, U3 KOTOPBIX
ocymiecTBIsuICs 0TO0p, mpudiamxaercs k 1 000.

To4HOCTH OIEHKM MEXaHHYECKUX XapaKTePHCTHK
no Tabnunam CIT 22.13330.2011 [9] npoBepeHa mytem
COIOCTABJICHUS UX 3HAYEHUH C pe3yJIbTaTaMM IPSMbIX
71a00paTOPHBIX MCIBITAHUH ByMs criocobamu. [lepBbrii
€roco0 3aKyoyascs B OLEHKE KOPPEISIUOHHBIX CBS3EH
MEXJly MEXaHHYECKUMH XapaKTePUCTHKAMH, yCTaHOB-
JICHHBIMH JABYMS BbIIIe 0003HAUCHHBIMH METOJaMH, B
pe3ynbTare aHajin3a KaxJa0H OTIACIbHO B3STOH MPOOBHI.
Bropoii ctoco® opueHTHPOBAH HA OIMPEICIICHUE CBS3H
MEXAY TaOIMYHBIMH 1 JJADOPaTOPHBIMU 3HAUCHUSIMHU Me-
XaHUYECKHUX CBOICTB I'PYHTOB B CKBaKMHAX B PE3yJIbTaTe
OCpEIIHEHM I 3HAUCHHH 10 0TOOpPaHHBIM U3 HUX IIpo0aMm.
PesynbraThl KOPpENSIIIUOHHOrO aHAJN3a PUBEICHBI B
Tabi. 1. Kak BUHO, MeX 1y 3HAUCHUSIMH MEXaHUYECKUX
XapaKTEepUCTHK, ONPECICHHBIX Pa3HBIMHU CIIOCOOaMH,
HaOIroaeTcs BeChbMa yCTOMYMBAsK MpsiMasi KOppessnus,
a roclie yyajneHus: u3 oOmiell COBOKYITHOCTH Hambosee
OTKJIOHSIIOLIUXCS Nap 3HAUYCHHH CBA3b MEXIY HUMHU
CTAHOBUTCSl BECbMa TECHOU ¢ K03()h(PUIIMEHTOM JIMHEH-
HOH koppensiuuu, npesbimatomum 0,7. Hanuuune cromis
TECHBIX CBsI3el MO3BOJISIET B X0/I€ KaPCTOJIOTHUYECKUX
HCCIIeIOBAaHUI MCIIOIb30BATh TaOJIMYHBIC 3HAUCHHS Me-
XaHWYECKMX XapaKTEPUCTUK CBOMCTB I'PYHTOB HapaBHE
C MX 3HAYCHUSMH, YCTAHOBJICHHBIMU B JIaOOPATOPHBIX

YCIIOBUSIX.

ndpossie kapTorpaduyeckue MOAETH IO HOH
HU3MEHUUBOCTU UCCIEIYEMBIX CBOMCTB IPYHTOB, 3a/1€H-
CTBOBaHHBIE B JaJIbHEUIIIEM aHAJIN3€, HOCTPOEHBI 110 UX
CpPEIHUM 3HAUEHUSAM, ONPEACICHHBIM B paMKaX Kax 10U
OT/IEJIBHO B3sTON CKBaxxuHbL. OcpeIHEHUE OCYLIECTBIIS-
JIOCh OOBIYHBIM METOJIOM B PE3YJIBTAaTE pacyeTa CpeHuX
apu(pMEeTHYECKUX 3HAUCHUH XapaKTePUCTUK MEXaHUve-
CKHX CBONCTB B CKBaJKMHAX.

Pe3ynbratbl N UX 06CyXaeHune

B pesysprare corocTaBieHHs 10 y4acTKam Ipo-
CTPAHCTBEHHOTO pacCIpeesIeHUs] KapCTOBBIX (GOPM U
CBOMCTB IEPEKPHIBAIONINX I'PYHTOB OBLIO YCTAHOBIICHO,
4T0 OOJIBIIAS YACTH KAPCTOBBIX (POPM TATOTEET K y4acT-
KaM, XapaKTepHU3YIOMHUMCS CPEAHUMH 3HAYEHUSIMU MO-
Iys1st feopManyu 1 yaeIbHOTO CUEIUICHUS ¢ HeOOJIbIIOH
acMMMETpHEH B CTOPOHY OOJbIINX 3HAUeHUH (puc. 1-3).
JlanHoe HaOIIOEHNE MTOJTHOCTHIO MMOBTOPSIET BBIBOJIBI,
c/leJlaHHBIC paHee MPU PACCMOTPEHUHU XapaKTEPUCTHK
(u3HYeCcKNX CBOWCTB I'PYHTOB Ha TeppuTopuu I. KyHrypa
[13].

B 11e110M TOYHOCTB BBIpa)XEHUs HAOJIIOAaEMBIX pac-
TpeesIeHn it HOpMaJIbHBIM 3aKOHOM JIOCTATOYHO BBICOKA.
OnHako MCXO/s U3 CYIIHOCTH TaKUX INOKa3aTesel, Kak
MOZYJb 1e()OPMALMU U yTOJl BHYTPEHHETO TPEHHUSI, HY-
JIeBbIC U OJIM3KHUE K HYITIO 3HAUCHUSI OTHOCUTEIILHO PE/IKH
1 XapaKTepHBI IJIaBHBIM 00pa3oM JUIs CJIa0bIX TPYHTOB,
UX UTOrOBBIE 00OOLICHHBIE PACIIPECICHHS ONHCAHBI
JIOTHOPMAJIBHBIMU 3aKOHAMH, KOTOpBIC B JIAHHBIX HC-
CJIE/lyeMbIX CIly4asiX B IEJIOM ITOBTOPSIIOT HOPMaJIbHBIC
pactpeneseHusl.

YcTaHOBIICHHBIE TTApAMETPHI pacipeesIeHUu , MpH-
Be/ICHHBIC B TaOun1e Tad. 2, TI03BOJISIOT BECTH BEPOST-
HOCTHBIM IIPOTHO3 KapCTOBOW OMACHOCTH, ONMUPAsCh Ha
3HA4YEHUS CBOWCTB I'PYHTOB MOKPOBHOM TOJIIIH.

Ha pucynkax. 4—-5 10BOJIBHO OTYETIUBO POCIECKHU-
BaeTCsl TSHJICHLIUS K POCTY CPeIHUX 3HaUYeHU I Mopdome-
TPUUYECKHX ITapaMeTPOB KapcTOBHIX (hopM Ha GoHE pocTa
3HaYCHUH MOAyJst JeOpMalnuy U yria BHYTPECHHETO
TpeHus rpyHToB. HanGosnee sipko naHHaAs TEHICHIUS
MIPOSIBIISIETCSI TIPU aHAJIN3E 30H JAPOOJICHNUS, ISt KOTOPBIX
XapaKTEPHO PE3KOE yBEIMYEHUE MOIIHOCTHU MPU BBICOKUX
3HAYEHHUSIX 3THX JIByX MEXaHMYECKHX XapaKTEPUCTHUK.
OOpaTHBIN XapakTep OTMEUEHHOW BBIIIE 3aBUCUMOCTH
XapakTepeH JUIsl yIiia BHYTPEHHETO TPEHUS TOIBKO MpH
uccleoBaHuAX B npenenax nrt. [lomaszna u npurpa-
HUYHBIX TeppuTopuil. Takxke cienyeT 3aMeTUTh, UTO B
cily4ae NMOBEPXHOCTHBIX KapCTOBBIX ()OPM TEHAEHIUS K
pPOCTY UX CPEJHUX JUAMETPOB C yBEIHMYEHUEM MOJYJIS
nedopmManuy 1 yriia BHyTPEHHEr 0 TPEHUs IPH OHOBpE-
MEHHOM aHajiu3e cpasy B IIpefieax BCeX TEPPUTOpUATb-
HBIX €UHUI] He noaTBepxaaerca. [lo Bcelt BuIUMOCTH,
5TO BBI3BAHO CIICU(PHUKONH METOIMKH HCCIICAOBAHUS, a
TaKKe Pa3INYMeM BOPOHOK MO0 MEXaHU3MY 00pa30BaHUs
(oOBaJILHO-KApCTOBBIH, KapcTOBO-Cy(h(Oo3nOHHBINH 1 MX
pa3HoBUAHOCTH) [1], KOTOPBII HUKAK HE YUUTHIBAJICS B
JTaHHBIX UccaegoBaHusxX. K coxkaneHuto, onpeaenuTs Me-
XaHM3M 00pa3oBaHMs KOHKPETHOTO IpoBajia, UCCIeays
B TOJIEBBIX YCIOBUAX YXKE CYIIECTBYIOIIYIO KapCTOBYIO
BOPOHKY, 3a4aCTyI0 HE MPEICTaBIAETCS BO3MOXKHBIM.

Bnustnue ynenbHOTO cueniieHust Ha MOpGOMETpH-
YECKHUE XaPaKTEPUCTUKU KAPCTONPOSABICHUN, HAPO-
THB, oOpaTHOe (puc. 6). Hanbosee yeTko TEHICHIMS K
YMEHBIUICHUIO CPEIHUX AUAMETPOB MPOBAJIOB U BBICOT
MOA3EMHBIX KapCTOBBIX ()OPM C yBEIMUYCHUEM CLEIUIe-
HUS TPYHTOB MOKPOBHOW TOJILM MPOCIEKUBACTCS HA
tepputopun OpAHHCKOTO paiioHa u moc. OKTIOpPbCKUH.
K coxanennto, Kaky1o-1100 B3aMMOCBSI3b MEXKy dTUMHU
BEJIMYMHAMU HE YaJ0Ch OUEHUTH B MpeAeIax TeppUTo-
puii . Kynrypa u nrt. ITonazna. O6o0marommas Kpusast
N3MEHUYNBOCTH MOP(HOMETPUHN KAPCTOBBIX (OPM B ITHX
palioHaX OpUEHTUPOBAHA ITOYTH TOPU30HTAJIBHO.
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Puc. 1. YactocTu BcTpeuaemocT KapcToBbix (hopm (ocb Y) B paBHbIX MHTEpBanax 3Ha4eHuit mopgyns petopmaunn
(MNa) rpyuToB nokpoBHoii Tonwu (ocb X) B npeaenax repputopun: a — r. Kyuryp; 6 — nrr. Monasua; B — OpauHCKOro
paiioHa; r — noc. OKTA6pbCKUIA; A — BCEX pacCMaTPUBAEMbIX Y4aCTKOB
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Puc. 2. Yactoctu BcTpeyaemMocTH KapctoBbix thopm (och Y) B paBHbIX MHTEpPBaNaxX 3HA4YeHWil yrna BHYTPEHHEro
TpeHus (rpagyc) rpyHToB NOKPoBHOI Tonwwu (ocb X) B npeaenax reppuropun: aA — r. Kyuryp; 6b — nrr. llonasua; 8B
— Opaunnckoro paiiona; rT — noc. OKTa6pbCKuii; AJl — BCeX paccmaTpuBaeMbiX y4acTKOB
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Puc. 3. YactocTn BcTpeuaemoctn KapcToBbix thopm (och Y) B paBHbIX MHTEpPBaNaxX 3HA4YEHU YAENbHOr0 cuensieHns
(xMa) rpynToB noxpoBHoii Tonwum (och X) B npeaenax repputopuu: aA —r. Kyuryp; 6b — nrr. Monasxa; 8B — OpauHckoro
paiiona; rl — noc. OKTA6pbCKwii; Af] — Bcex paccMaTpuBaeMblX y4acTKOB
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Puc. 4. Hopmanu3oBaHHbIe cpeHMe RUAMETPbI U BbICOTbI KApcTOBbIX (hopm (oCb Y) B paBHbIX UHTEPBaNIaX SHAYEHMIA
mopyns pecdopmauun (MIMa) rpyuToB nokpoBHoi Tonwu (ocb X) B npepenax reppuropun: aA — r. Kyuryp; 6b — nrr.
Mona3sna; BB — OpauHckoro paiona; rl — noc. OKTa6pbckwii; ol — Bcex paccmaTpuBaeMbiX Y4acTKOB
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Puc. 5. Hopmanu3oBaHHble cpegHME ANaMeTpbl U BbICOTbl KApcTOBbIX thopm (ocb Y) B paBHbIX MHTEpBaNax 3Ha4eHui
yrna BHYTPEeHHero TpeHus (rpaayc) rpyHToB NnoKpoBHOi Tonwm (ocb X) B npeaenax reppuropun: aA — r. Kyuryp; 6b —
nr1. Mona3sxa; BB — Opaunckoro paiiona; rl’ — noc. OKTA6pbCKKii; Al] — Bcex paccMaTpuBaeMblX Yy4acTKOB
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Puc. 6. Hopmanu3oBaHHbie cpegHMe AUAMETPbl U BbICOTbI KApcTOBbIX thopm (ocb Y) B paBHbIX MHTEPBaNax 3Ha4YeHui
yaenoHoro cuennenus (kfa) rpyntoB nokpoBHoi Tonwm (ocb X) B npegenax teppuropun: aA — r. Kyuryp; 6b — nrr.
Monasna; BB — Opaunckoro paiona; rl — noc. OKTA6pbCKKie; AJ] — BCeX paccMaTpuBaeMblX Yy4acTKOB
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Puc. 7. NMporHo3ubie KpuBbIe ANA OUEHKU MOpPthoMeTpMYeCKMX napameTpoB KapcToBbiX )OPM B MHAEKCHOM
BbIPaXXEHUM N0 3HAYEHUAM XapaKTepPUCTMK MEXaHMYeCKUX CBOVCTB rPYHTOB NOKPOBHOI ToNwWwu: aA — mogyns
aedopmauuu; 6b — yrna BHyTpeHHero TpeHus; BB — yaenbHoro cuenneHns
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MEXAHUKA TPYHTOB

MEXAHUKA rPYHTOB

ITporHo3 BeposSTHOCTH 00pa30BaHus Kap-

CTOBBIX (hOpM

XapaKkTepUCTUKU MEXaHMYeCKHX  IlapaMeTphl TeOPETHYECKO-

CBOWCTB T'0 3aKOHA pacIpeaesieHus
CTaHIapT-
cpen-Hee xsr HO€ OTKJIO-
HEHUE G
Mlqilaynb neopmanu, E 270 037
XEgJ‘IOBHYTpeHHeFO Tpe- 0 3,03 0.26
VnenbHoe cuerienue, klla c 22,23 8,76

B xozme craTtuctnyeckoil 00pabOTKH JIBYXMEpPHOI0
obJaka ToueK, CHOpPMHUPOBAHHOTO MapaMH 3HAYEHHH pac-
CMaTpUBAEMbIX MEXaHHUECKHX XapaKTEPUCTHK CBOWCTB
TPYHTOB U MOP(OMETPHUECKUX BETUYUH KaPCTOIPOSIB-
JICHUH, BBIPa’KCHHBIX B MHJICKCHOW (HOPMaJIM30BaHHON)
(hopme, ¢ y4eTOM YCTaHOBJICHHBIX TPEHIOB U aBTOPCKON
MeToauKH [14], OblIM paccYMTAHBI IPOTHO3HBIC 3aBH-
CHUMOCTH M ITOCTPOEHBI UX KpHBbIE (pHcC. 7; Tabi.uua 2).
[IporHo3HbIC ypaBHEHUS ISl pacueTa HHJICKCHBIX 3Haue-
HUI MOP(HOMETPUUYECKHIX ITAPaMETPOB KapCTOBBIX (hOPM
B 3aBUCHMOCTH OT IIPHHSTOrO K PACCMOTPEHHIO TPEHAa 1
XapakTepa 3aBUCHMOCTH UMEIOT CIIEAY LN BUI:

— 9KCIOHEHI[MAIbHAs 3aBUCHMOCTB,

&
I=a-e ()
— CTCIICHHAas 3aBUCUMOCTD,

I=a-x"©

rze | — mporHo3Hslii HHAEKC MOpHOMETpHH, J.€.; X —
UCCIIeyeMOe CBOMCTBO I'PyHTOB TIOKPOBHOH TOJIIIN; @ U
b — k03(ppUIIMEHTHI TPOTHO3HOTO ypaBHEHNUS.

[lepexox OT MHAEKCHBIX OLIEHOK MOP(POMETPHUECKUX
rapaMeTpoB KapCTOBBIX (POPM K peasibHbIM 3HAYCHUSIM
OCYIIECTBIIAETCS YMHOXXCHHEM BEJIMYMHBI | Ha Makch-
MaJbHBIC 3HAYCHHS pa3MEepOB KapCTOBBIX (opM, ycTa-
HOBJIGHHBIX B ITpE/IeiIax CCIIEyeMbIX PallOHOB (Tabinma

Mopdomerpruieckue apaMeTpsl KapcTOBEIX GopM, M

CpenHuil 1MaMeTp NOBEPXHOCTHBIX IIPOBATIBHBIX KAPCTOBBIX (OPM
BeicoTa KapcTOBBIX MONOCTEH

MoITHOCTE 30H ApOOICHUS
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Tabauya 2

[Iporuo3 MopdoMeTpHUIECKIX XapaKTe-
PHCTHK KapCTOBBIX (DOPM B MH/ICKCHOM
BBIPAKCHUHI

KoadpumuenTsr mpo-
THO3HOT'O YPAaBHEHUS

Xapaktep
Bun 3akona 3aBHCHUMO-
CTH
a b
JIOTHOPM. 0,0007 1,6625 CTEIICeHHAS
JIOTHOPM. 0,0004 1,9138 CTEMEHHAast
HOPM. 0,3580 -0,0640  SKCTOHEHII.

T1a0n. 3). OTHENBbHO OTMETUM, YTO HEKOTOPHIC U3 CTa-
TUCTUYECKU YCTAHOBIIEHHBIX 3aBUCUMOCTEN AJIs1 Olpe-
JIETICHUS Pa3MEPOB KapCTOBBIX ()OPM MMCIOT BEPXHUE
npeaeabl TPUMEHUMOCTH, MPU NPEBBIILIEHUH KOTOPBIX
pe3yiabTar pacuera siBJASeTCs HEKOPPEKTHBIM. J{J1st MOITy-
s nedpopMaru Takoi mpezen cocrasisier 100 MITa, mis
yriia BHYTpeHHero TpeHus — 50 rpaaycos, s yAeJIbHOro
CLEIJICHUsI BEpXHUH mpenen oTcyTcTByeT. HuxkHuM npe-
JIEJIOM JIJISE BCEX UCCIICAYEMBIX BETUYHH Je(hOopMaIuoH-
HO-IIPOYHOCTHBIX CBOMCTB siBJsieTcs 0.

WUcnonb3oBaHue CTaTUCTUYECKNX 3aKOHOMEPHO-
CTeun npu oLeHKe KapcToonacHoCTH

[TomyueHHbIe pacnpenesieHus] KapcTOBBIX (GOPM U
3aBUCHUMOCTH UX MOP(OMETPHUECKUX MapaMeTpoB OT
HCCIIEIYEMBIX MEXaHMUECKHUX XapaKTePUCTUK CBOWCTB
I'PYHTOB MOKPOBHOH TOJIIN MOTYT OBITh B TOM MJIM HMHOU
CTETIeHU IPUMEHEHBI ITPH HH)KEHEPHO-KapCTOIOrHIECKON
OLICHKE 3aKapCTOBAHHBIX TeppuTopHii [lepmckoro kpas.
[Tpu mosskHOM 00OCHOBAHUHU 3TH 3aBHCHMOCTH TaK)Ke
MOT'YT OBITh paclipoCTpaHEHbI U Ha 3aKapCTOBaHHbIE TEP-
PUTOPHH JPYTUX PETHOHOB PD.

[Tporuo3 pa3zsutus kapctoBbx (opm. [lo yctaHoB-
JICHHBIM pacnpejaeiaeHusaM (cM. Tabauny Tabdi. 2) mo-
JKeT OBITh BBIUMCIICH OJIMH U3 OCHOBHBIX IapaMeTpOB

Tabauya 3

MakcumManbHOe
3Ha4YCHUE
d 100,0
hp 18,0
hz 31,5

kapcToonacHocTH, pernamentupyeMsiid CIT 11-105-97, 4. 11
[8] — MHTEHCHBHOCTB MTPOBAJIOOOPA30BAHUS A (IUT./KM” TOJ).
XapakTepHbIM IIPEUMYIIECTBOM IPHUMEHEHHS CTATHCTH-
YEeCKHX paclpe/ieJIeHUi KapCTOBBIX (POPM T10 3HAUCHUSIM
paccMarpuBaeMbIX (PU3NKO-MEXaHUYECKUX XapaKTepH-
CTHK SIBJISICTCS BO3MOXKHOCTH OOBEKTHUBHOT'O MPOTHO-
3a MHTEHCHBHOCTH NPOBAJIO00OpPA30BaHUS B YCIOBHUSIX
WHTEHCUBHOW 3aCTPOHKH MPH OTCYTCTBHH JAaHHBIX 00
W3HAYaJIBHOM peiibe()e MECTHOCTH, a TaK)Ke B YCIIOBH-
AX (PaKTUYECKOr0 OTCYTCTBHUS MTOBEPXHOCTHBIX KapCTO-
MPOSIBJICHNH HA y4aCTKaxX C €CTECTBEHHBIM CIIOXKEHUEM
penbeda.

Panee ycranosineHo [11], 4To BeposiTHOCTH 00pa3oBa-
HUS KapCTOBBIX IIPOBAJIOB BO BPEMEHH HA €IUHUIIE TIIIO-
I1aJT1 JIOCTATOYHO TOYHO OMHCBHIBACTCS 3aKOHOM PEIKUXM
coobiTuii (Ilyaccona). Tak, BeposTHocTh P 00pasoBanus
XOTs OBl OJTHOT'O ITPOBaJIA TP U3BECTHOW HHTEHCHBHOCTH
ux (GOPMHPOBAHUS HA UCCIIEyEeMON TEPPUTOPUH OIIpe-
nensiercst HopMyIIoii:

P=1-¢"* (3

U3 dpopmyst (’3) CIIEIyeT, UTO IPU U3BECTHOHN BEpO-
SATHOCTH P HHTEHCHBHOCTH ITPOBAII0O0OPA30BAHMS MOKHO
OyzeT onpeneNnnuTh, BOCIIOIb30BaBIINCH (HOPMYIIOiL:

A=-h(1-P) @

BenvunHa BepOATHOCTH P 10CTaTOMHO JIETKO BBIYHC-
JsieTCs U3 BBILIE IIPUBEACHHBIX pacIpeelIieHHid KapcTo-
BBIX (hOpM IO 3HAUCHUSM HCCIEAYEMbIX J1e(hOpMaIioH-
HO-TIPOYHOCTHBIX XapaKTEPUCTUK I'PYHTOB IIOKPOBHOM
tosiy. OfMH N3 IPOCTEHIINX CIIOCOOOB €€ OIPEICIICHHS
— rpaduueckuii (puc. 8). OH 3aKiII04aeTCs B aHAIN3e
HWHTETPAIbHBIX KPUBBIX paclpesiesieHii, KOTOPBIH CBO-
JUTCS K TTOCJIE/IOBATEIIbHOMY BBITIOJTHEHHUIO CIIETYFOIUX
NEHCTBUH:

—  oIpejaelieHMEe MHUHHMMAJBHOTO Xmin H

MaKCHMaJIBHOI'O Xmax 3HaUYeHUH UCCIIelyeMOro CBOHCTBA
TPYHTOB, CJIaralmouux NOKPOBHYIO TOJIILY, B Ipeeiax
TUIOIIAAM U3BICKHBAEMOI'0 Y4acTKa;

—  olpeJelieHHe 3HAYCHUI HAKOIUICHHBIX 4acTo-
crei (MHTerpanbHol (pyHknuu) Fmax u Fmin, coorset-
CTBYIOIIMX 3HAYEHUAM X M X .

—  BBIYHCJIEHHE BeposiTHOCTH P 0OpazoBaHus mpo-
BaJa, KaKk pasHMIbl MeXy BennuuHamu F - u F . .

B kadecTBe HONOIHUTENBEHOIO KPUTEPUS Pa3BUTHUS
KapCTONPOSIBJICHUH B YacTH MOWCKA HanboJiee BeposT-
HBIX MECT ()OPMHUPOBAHUS IIPOBAJIA B IpeJiesiaX HEKOTO-
POH TIOMmIa N MOXKET CIIYXXHUTh ITapaMeTp, Ha3bIBACMBbIH
HaMH OTHOCHTEIIEHON BepOsITHOCTBIO p. CienyeT cpasy
OTOBOPHUTHCS, YTO BEJINYMHA P HE SBIISCTCS BEPOSITHOCT-
HOW B KJIaCCMYECKOM MoHMMaHuH. OJIHAKO, Omepupys
€101, MOXKHO B JIOCTaTOYHO HATJISAHON (hopMe I10 HIKaie
ot 0 1o 1 uneHTHUIUPOBATH TOUYCYHbIC YYACTKH HaM-
Gosiee BeposITHOrO (hOPMUPOBAHUS ITPOBAIILHONW BOPOHKH.
OTHOCHUTENBHAsT BEPOSITHOCTH MPEJICTABIISIET COO0I pe-
3yJIBTaT HOPMUPOBaHUs IuddepeHanbion GyHKInm
pacrpeesieHHsI KapCTOBBIX ()OPM IO 3HAYCHUSIM HCClie-
JIyeMBIX CBOWCTB. B MaTremarndeckoM IjiaHe 3TO OTHO-
meHue quddepennnanbaoi GpyHknun f pacupeneneHus
KapCTOIPOSIBICHUH, ONPEICICHHON /ISl KOHKPETHOTO
3HAUCHMSI X CBOWCTBA IPyHTA MOKPOBHOW TOJIIH, K MaK-
CHUMaJIbHOMY 3Ha4eHUI0 TudQepeHrnantbHon GyHkunm
fsr, kKoTOpoe, B Cilydae HOPMAJIBHOTO U JIOTapU(PMUIECKH
HOPMaJILHOTO 3aKOHOB PacHpeeICHUs, OHA IIPUHIMAET
IIPY BBIYMCIIEHUH OTHOCHUTEIIBHO CPEITHETO 3HAUCHHUSI XST
JTAHHOT'O CBOMCTBA (CM. Tabmuiy Tadm. 2):

f(x)
flx,) 6)

Kak u B cjiydac C BCPOATHOCTBIO P, 3HAUYCHUEC OT-
HOCHTCHBHOﬁ BEPOATHOCTU y,u06Hee BCCTO OIIPEACIATH

p:

1 T Pl AT
T \\ g
= } 1 F |
- S 0.9 - i \,g *
T H i i s 3
= ! Gl
3 081 / By L
— m
= O ! £, W i
a5 J i y Y \
2a 07 ; £y h y
L B i s \k v y —Mogynt gedopManni
== 06 ;’ f" v )y y (thyHKLMA F)
— 3 [’
TR A “‘ 1\ ———— TN BHYTPEHHETD TPEHHA
= E 605 ;'I ;’ / 5 A \\ {thyhruua F)
g z it i ) 5 “1 \ ————YOENLHOE CUENMNEHNE
= o e ! i Y HKLpA F
g5 044 o ; \ \\ 3 (thyHruma F)
x O ,-ff ] i | Ly — — — —Mogynt gedopMangiu
2= 034 L I \\ b \\ (BEPOATHOCTD P}
o v ]
= o ;}; I “\ \‘\ \\ — — — —¥TON BHYTPEHHETD TREHUA
= s 0.2 £ ! LY s 5 (BEPOATHOCTL P}
@ I » I ! i W Y s
e 'g // ! i \“ \\ \\ — — — —¥OensHoe CUenneHne
= oo 01 P I o R \ (BepoATHOCTE p)
@ X - ! ! e -
= - £ # e e = )
- T e L e
0 = T T T T e 1
0 10 20 30 40 50 60
Mogyne gedopmaumn (E, MIMa), yron BHyTpeHHera TpeHuA (@, rpagyc), Y4ensHoe
cuennexue (c, kMa)

Puc. 8. Unterpanbhbie Kpusbie (pynkuusa F, ucnonb3yemasn gns onpepesieHns BeposTHOCTH P) u HopmMupoBaHHbIE
AuthchepeHumanbHbie KpuBble (OTHOCUTENIbHASA BEPOSATHOCTb p) pacnpeAeneHunii KapcToBbiX hopm B 3aBUCUMOCTH OT
3HayeHwnii moayna aedopmauumn, yrna BHYTPEHHEro TPEHUsA U YAENbHOro CLUEenseHns rpyHTOB NOKPOBHOWM TOMNLLM
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MEXAHUKA rPYHTOB

50 4
2 45
“; Mogyne gedopmauun (d)
5 — — — — Mogynt gedopMayun (hp)
E 40 = = = \ogyne gedopmagum (hz)
g = ¥ron BHYTpEHHErs TpeHuA (d)
== 35 — — — — ¥ron BHYTpeHHera TpeHns (hp)
3 L = = =Yron BHyTpeHHero Tpedus (hz)
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Moayne gedopmauun (E, MMa), yron enyTpeHHero TpeHuA (g, rpagyc), yaensHoe
cuennenne (c, klla)

Puc. 9. I'pathuku 3aBucumocteii MOphoMeTPUYECKNX XapaKTepUCTUK KapCTOBbIX hopm OT 3Ha4eHuii moayns aedop-
Mauuun, yrna BHYTPEHHEro TPeHus W YAeNbHOro CLEnneHus rpyHToB NOKPOBHOM TONWM (pacwmnthpoBKa 6YKBEHHbIX
o603HaueHnii npuseaeHa B Tabn.uye 2)
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rpaduyeckum MeTonoMm (cM. puc. 8). s atoro gocra-
TOYHO OINPENIEIUTh OPAMHATY TOUYKH HY>KHOI'O rpaduka
MIPY M3BECTHOM 3HAYEHUH COOTBETCTBYIOLIETO CBOWCTBA.

[Iporuo3 mopdomerprudeckx napamMeTpoB KapcTo-
BBIX ()OpM. YCTaHOBJICHHBIC B XOJI¢ MCCICJOBAHUM 3a-
BHUCHMOCTH Jal0T BO3MOXKHOCTb, ONTUPAsICh Ha 3HAYCHUS
MEXaHHYECKUX CBOMCTB I'PyHTOB IOKPOBHOI TOJIIN
OTIIOKEHUH, OMPEeINIsITh BTOPO OCHOBHOW MapaMeTp
kapcTtoonacHocTH, pernameHtupyemsiit CII 11-105-97,
q. [T [8] — cpenrmit nuameTp KapcToBoro mposaia d (m).
st aToro crnenyet ucnonb3oBath ypasHenus (1)-(2) u
JMaHHBIC Ta0IUI Ta01. 2, 3. Enne pa3 3aMeTuM, 4TO mpe-
JaraeMblii IO/IXO/T MTO3BOJISIET HE TOJIBKO OCYIIECTBIIATh
OLICHKY IMaMETPOB ITPOBAJIOB, HO ¥ IIPOTHO3UPOBATH BhI-
COTBHI MOJIOCTEH W MOIIHOCTH 30H Jpo0ieHus, Hanboiee
XapaKkTepHBIE Ui JaHHBIX I'PYHTOBBIX ycioBuil. Ha pu-
CYHKe. 9 yCTaHOBJICHHbBIC aHAJIUTHYECKUE 3aBUCHMOCTH
MpeCTaBJICHBI B BUJIC I'Pa(HUKOB, KOTOPBIE MO3BOJISIOT
MPOM3BOAMTH IIPEABAPUTEIBHYIO OLICHKY 0e3 HeoOXoau-
MOCTH BBITIOJIHCHHSI PACYETOB.

Crenyert cka3arb, 4TO yCTaHOBJICHHBIC 32aBUCHMOCTH
IIPY OZTHOBPEMEHHOM M PaBHO3HAYHOM aHAJIN3€ BCEX TPEX
UCCIIEAYeMbIX CBOHCTB, IPUMEHUMBI, IJIABHBIM 00pa3oM,
K IIPOBaJIaM KapCTOBO-00BaJILHOI'O THIIA (C HEKOTOPBIMHU
JOMYIIEHUSIMH, KapcTOoBO-cY(h(0o3rnoHHO-00BaIBHOTO
WIM «CMEIIaHHOTO» THIIA), II0pa3yMEBAIOIIETO ITOJIHOE
00pyIIeHHE TPYHTOB IIOKPOBHOM TOJIIIH B ITOJIOCTh-TTPH-
EMHUK 10 IMJIMHAPUYECKON TIOBEPXHOCTH CKOJIBKCHHUSL.
Takast Mozenb TOIPa3yMeBaET, UTO IIPH OOIIEM MOBBIIIE-
HUU J1eOPMaIIMOHHO-ITPOYHOCTHBIX CBOHCTB I'PYHTOB,
BBICOTA I0JIOCTH (2 BMECTE C HEW M OCTaJIbHBIC €€ JIMHEH-
HBIC pa3Mepbl), HeoOXouMast Il O0pyIIEHHS TPYHTOB,
1, KaK CJIC/ICTBHE, OKUIAEMBIH IMaMeTp IpoBajia Ha Mo-
BEPXHOCTH, OyyT yBeIN4YUBAThCs. B nelfictBuTensHOCTH
JKe KaTacTpoHUUECKre MPOBaJIbl OOJBIIMX TUAMETPOB,
BO3HHKAIOIME B YCIOBHUSX MOIIHOW TOJIIN MOKPOBHBIX
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OTII0XKEHHH, CI0)KEHHBIX JOCTaTOYHO IPOUYHBIMH T'PYHTa-
MU (HarpuMep, TBEPABIME KOPEHHBIMH TJTMHAMH), BCTpE-
Yal0TCsl OTHOCUTENIBHO peiko. B abconroTHOM OObIINH-
CTBE CIIy4aeB B TAKHX YCJIOBHIX OOpyIICHHE I'PyHTa B
MOJIOCTh OTPAaHUYUBAETCS BHYTPEHHUM BBIBAJIOM IOPOJ
KpOBJIH mojocTU. Takoi mpouecc MOXKET 3aTyXHYTh Ha
NIepBOM K€ CTaJIMU U, HA000POT, MPOUCXOJUTH HEOIHO-
KpaTHO, B PE3yJIbTaTe Yero MoJjoCTh MOCTEIIEHHO OyaeT
nepeMenaThesl BBEpX M0 pa3pe3y NOKPOBHOW TONIIU.
BcneactBue Takoro JBUKEHUS, Ha JHEBHOI NOBEPXHOCTH
MOXET JIN00 chOPMUPOBATHCS JINOO MOHMKEHUE, CBSI3aH-
HOE C IIOCTENEHHBIM OCEIaHUEM I'PYHTa, JIM00 MPON30iTH
OTHOCHTEJIBHO HEOOJIBIION MpoBaJ B pe3yibraTe o0py-
LICHUS BBINIE 3aJIETalOIIEro IpyHTa B 00pa30BaHHYIO
TaKUM 00pa30M BTOPHYHYIO, WIIH JAaXKE TPETUUHYIO, 110-
J0CcTh. MexaHu3M 00pa30BaHMsI TAKUX ITPOBAJIOB ICTAIb-
HO paccMoTpeH B paborax B.IT. Xomenko [12].

[Iporno3 nuamMeTpoB KapCTOBBIX MPOBAJIOB, 00pa-
30BaHHBIX B pe3yjbTare OOpyIICHHUS! BTOPHYHBIX Kap-
CTOBBIX IYCTOT, IPUYPOUYEHHBIX K MOKPOBHOW TOIIIE
IPYHTOB, C IPUMEHEHUEM PACCMATPUBAEMBIX CTaTUCTH-
YEeCKHMX 3aBUCHMOCTEH BO3MOKEH ITPU YCIOBUU 0CO0OO0T0
BHUMAaHHUS Ha BEIMYUHY YJEJIBHOrO clemieHus. Poub
HMEHHO 3TOr0 MapaMeTpa NPOYHOCTH SBJISETCS TOMHU-
HUpYIOLIEH NpU ONpeaeIeHUN JUaMETPOB MPOBAJIOB
BO BCEX I'eOMEXaHHUYECKUX MojensiX. OcoOeHHO YeTKO
¢ ¢deKT cueruieHus Ha0ronaeTcs Npy Pa3BUTHH TIIH-
HUCTBIX TPYHTOB B NMOKPOBHOU Toinme. K coxanenuro,
YHHUBEPCAJIBHOTO PEIICHUS [ NPOTHO3UPOBAHUS JU-
aMeTpPOB TaKUX MIPOBAJIOB IO CTATUCTHYECKUM 3aBUCH-
MOCTSIM OT YZAEIBHOro cueruienus Het. Hambonee neit-
CTBEHHBIM pELICHHEM, [0 HALIEMy MHEHMUIO, ABISETCA
MPUMEHEHHUE HKCIEPTHOr0 NOAXO0a IPU HA3HAYEHUU Be-
COB MEXaHMUYECKHM XapaKTepUCTUKAM CBONCTB I'PyHTOB
B CTATUCTUUYECKON MOJENH JJs KaXJ0r0 KOHKPETHOIO
Clydasi CTPOCHHS IOKPOBHOI TOMIIH.

[Tporuo3 3peKTHBHOCTH BBHIOIHEHUS I'€OTEXHNYEC-
ckux pabot. ONHUM M3 HEMAJOBaXKHBIX, HO ¢1abo mpo-
pabOTaHHBIX HA CErOHSIIHUH JCHb BOIIPOCOB SIBIISICTCS
podiemMaTnKa MepeoieHKH KapcTOBOH OITACHOCTH T10CIIe
MIPOBE/ICHUS] TEOTEXHUUYECKUX MEPOIPHUIITHH TI0 ycuJe-
HUIO TPYHTOB MOKPOBHOM TONIIM. JIaHHBINA BUJ MPOTH-
BOKapCTOBOM 3aIMTHI B ITOCJIEJHEE BPEMsl JI0CTATOYHO
LIMPOKO IIPUMEHSIETCS B YCIOBHUSIX OTHOCHTEIIEHO HETITY-
00KOro 3asieranus KapcTyromuxcs mopox (1o 30—40 m),
KOTJ]a ITOKPOBHAsI TOJIIIA CII0KEHA IPEUMYIIECTBEHHO
aJUTIOBUAJIBHO-ICTIOBUATBHBIMHA U STFOBUATHLHBIMHA TJIHU-
HUCTBIMH TPYHTaMU, & TAKXKE NIECUAHBIMHU I'PYHTAMU, B
Pa3JIMYHOI CTENEH!U MOABEPKEHHBIMH Cy(P(PO3MOHHO-
My BbIHOCY. Ha ceropHsmHuil JeHb noo0HbIe 3a/1auH,
CBSI3aHHBIE C orpezesieHneM 3QpPeKTUBHOCTH I'e0TeX-
HHUYECKUX paboT, B MpeodIaaroieM Yucie ciydacn
paspemaroTcs MyTeM BepH(UKAMOHHBIX ONpeIeIICHIH
(pU3NKO-MEXaHUUECKNX CBOMCTB I'PyHTOB Ha y4acTKax
U NIyOMHHBIX HHTEpBaJaX, B IPeAeiIax KOTOPIX IIPOU3-
BE/ICHO 3aKpeIUICHUE TPYHTOB. BrIBO/BI 00 M3MEHEHHUH
KapCTOBOI OIMAaCHOCTH IIPU 3TOM HOCST KaueCTBEHHBIN
XapakTep U CBOAATCS K SKCIIEPTHOMY Ha3HAYCHHUIO MEHEe
OITaCHOM KaTeropuH YCTOWYMBOCTHU 110 MHTEHCHBHOCTH
poBaJIo00pa30BaHUs U IIEpepacueTy AuamMeTpa IpoBaja
10 JETEPMUHHUCTUYECKUM (DOpMYyJIaM MITH TI0 Pe3yJibTa-
Tam MojenupoBanus [3].

[Tpn M3BECTHBIX pacrpeneseHUsIX KapCTOBBIX (GOPM,
MIPEJCTABICHHBIX B 3HAYCHNAX MEXaHUUYECKIX XapaKTe-
PUCTHUK I'PYHTOB ITOKPOBHOM TOJIIIH, MOSIBISETCS BO3-
MOKHOCTh OOBEKTHBHOI'O pa3pelICHUs IIEPBOH 4acTu
JIAaHHOH 3aJ1aui — NePEOIeHKH HHTEHCHBHOCTH IIPOBAJIO-
oOpaszoBanust. JlJ1st 5TOro MOXHO BOCIIOJIB30BaThCs Pop-
mynami (3) u (4). BepositHocTh 00pasoBanus nposaina P
IIPH TOM CJIEAYET ONPEAEISAThH 110 N3MEHEHHBIM OCIIe
3aKperyIeH!s] MEXaHMUeCKHM XapaKTepPUCTHKAM I'PYHTOB.

Ecnn nHTEHCHBHOCTH NPOBaoo0pa3oBaHus B €CTe-
CTBEHHBIX YCIIOBUSIX yoKe ObliIa olpeiesieHa KaKuM-IT100
n3 HopMaTUBHBEIX crioco6oB (CIT 11-105-97, 4. II) nnn
Ha3HAuCHa 3KCHEPTHO, TO /IS IIPOTHO3a €€ NU3MEHEHHU S B
pe3yJbraTe 3aKperuICHHUs! TPYHTOB MOXKET OBITh IpHUMe-
HeHa cienytomas Gpopmya:

_AEip,

F,p, (6)

rae Al u A2 — MHTEeHCUBHOCTbH NPOBaI000pa30BaHuUs
JI0 1 [IOCJIC TIPOBEACHHSI TEOTEXHUYECKUX padoT, MT./KM2
rox; F1 n F2 — unrerpansaas GyHKIuUs pacnpeneiaeHus
IIpY 3HAYEHUH CBOIMCTBA JI0 M TIOCIIE IPOBECHUS Ie0TeX-
HUYECKHX padorT, 1.e.; pl u p2 — OTHOCUTEIbHAS BEPOSIT-
HOCTB IIPH 3HAYEHUU CBOMCTBA JIO M 1OCIIE IIPOBEIACHUS
Ie0TEeXHUYECKHUX paldoT, JOJIH eNUHULBI (11.€.).

3naueHus nHTErpanbHbX GyHkuuid F1 u F2, a Taxxe
OTHOCHUTEJIBHBIX BEPOSITHOCTEH pl U p2 IIOMUMO MPSIMOTO
pacyera MOT'YT OBITh OIpe/ieNIeHbl TpaUIecKy U3 puc. 8.

K coxanenuro, pe3ynbraThl HIEPEONEHKH JUaMeTpa
IpoBaJIa MOCJe MPOBEACHUS I€OTEXHUYECKUX paboT ¢
MIPUMEHEHUEM PAacCMaTPHUBAEMBIX CTATHCTHUYCCKUX 3a-
BHUCHMOCTEH HE TaK OHO3HAUHBI. 3aKpeIJICHHbIE TPYHTHI
MTOKPOBHOM TOJIIM XapaKTEePU3yIOTCS MOBBIIICHHBIMU
(ymy4iieHHBIMH) TTapaMeTpaMu (pU3NKO-MEXaHUIECKUX
cBoiicTB. Kak ye ObUIO CKa3aHO BBILIE, IIPU MOBBIICHUN

ﬂ'2

MEXaHHYCCKHX MMAapPaMETPOB YBEIIMUYUBAKOTCS U IIPOTHO-
3HPYEMBIC [0 CTATHCTUYCCKUM MOJICIISIM BEITUYUHBI TAA-
METPOB IIPOBAJIOB, & TAKIKE BBICOTHI MOJIOCTEH U MOIITHO-
CTH 30H IPOOJICHHUSI, HEOOXOIUMBIC JIJIsl KX 00pa30BaHMUS.
[IporHos xe quaMeTpoB MPOBaIOB, CHOPMUPOBAHHEIX B
pe3yibTaTe OOpYUICHUS BTOPHYHBIX IOJIOCTEH, C IMpHU-
MEHEHHEM CTATUCTUYECKHMX 3aBHCUMOCTEH HE HMEET
KOHKPETHOTO pemeHus. B TakoMm cirydae, IJisl OICHKH
JIUaMeTpa MPOoBaJia TOCIe MPOBEICHUS TEOTEXHUYCCKUX
MEpONPUATHH, HAMOOJIee 1IeIeCO00Pa3HO ONPECIATh
ero pacyeToM C MPUMEHEHUEM JCTCPMHUHUCTHICCKHUX
dbopMyIT B cXeM, a TaKKe METOJOB MAaTEMaTHYCCKOTO
MOJICITHPOBAHHUSI.

MpakTuyeckoe NpUMEHEeHUE YCTaHOBJIEHHbIX
3aBucumocteun

PaccmoTpum npuMeHeHMe npeasiaraeMoro noaxoaa K
OLICHKE KapCTOOIACHOCTH Ha ITpUMepe a0CTpaKTHOHN Tep-
PHUTOpHH, Ha KOTOPOH MTPOEKTUPYETCSI MHOTOKBAPTHUPHBI
10-sTaxcHBIH xkuI0i 10M pasMepamu B miaHe 40x100 m,
YpPOBEHBb OTBETCTBEHHOCTH — I1.

Ha nsbicknBaemMoll TeppUTOPHH Pa3BUT Cyibdar-
HO-KapOOHATHBIN THI KapcTa ¢ MpeoliiajaHieM B reolio-
TUYECKOM pa3pe3e U3BECTHSAKOB U JIOJOMUTOB C OTAEb-
HBIMH IIPOCIIOSIMU U IIPOCIIOWKAMK TUIICOB M aHTHIPUTOB.
[ToxpoBHas ToJIIa MpeacTaBIeHa NecYaHO-TITMHUCTEIMH
IPyHTaMH, CJIOM OTHOCHTEIBHO BBIICPXKAHBI 110 MOIIIHO-
CTH U 110 pa3pe3y. CBOIHBIIN HHKEHEPHO-T€OIOr HUEeCKUN
paspes, pacuJIeHEHHBIH Ha OTJEIIbHBIE HHKEHEPHO-T€0-
noruyeckue 3nemenTsl (MI'D), cBepXy BHU3 CieayOMIMHA
(puc. 10):

WI'D-1. HackimHo# rpyHT (tQ): Mecok MeJIKHiA U cpef-
Hel KpyIHOCTH KOPUYHEBBIH, IEpEeMEIIaHHbIH C CYTJINH-
KOM KOPHYHEBBIM IOJIYTBEPIBIM U TYTOIUIACTHYHBIM, C
BKJIIOUEHHUSIMH IIEOHS, IPECBBI, CTPOUTEIBHOIO MYCO-
pa o 5—-15%. Cnexasmmuiicsa. Bo3pact 6onee 10 ser.
MomsuocTs 0,5—1,5 M.

UI'D-2. Iecok (aQ) MenKUH KOPUIHEBBIH, PBIXJIbIH,
MaJIoif CTEeIeH! BOJOHACHIIICHUS, C PEIKUM TPaBUEM H
TOHKUMU MPOCIOUKaMH CYNECH IIaCTUYHON. MOIHOCTh
1,0—2,9 m.

UI'D-3. [ecok (aQ) Menkuii KOPUYHEBBIN, B OTACITb-
HBIX TOHKHUX IIPOCIONKaX A0 CpefHel KPYITHOCTH, Cpel-
Hel TJIOTHOCTH, HACHIILIEHHBIN BOJIOH, C YaCTHIMH TOHKH-
MU MIPOCIIOSIMHU CYTIIMHKA MSTKO- U TEKYYeIUIaCTHYHOTO.
Momsnocts 10,3—-14,3 M.

UI'D3-4. Cyrnunok (aQ) cBEeTIIO-KOPUYHEBBIH, B OT-
JEIBHBIX IPOCIIOSAX CEPBIH, TYTOIIACTUYHBIH 10 MSATKO-
MIJIACTUYHOT O, TSDKEJIBIH IECUaHUCTHIH, C BKIIIOUCHUSIMH
I'paBUs U IPECBBI KPEMHHUCTBIX ¥ U3BECTKOBUCTHIX TTOPOJL
10 5—-10 %. HeBblaep:xaH 1o npoctupaHuto. MomHocTs
0,9—-3,7 m.

UI'D-5. I'muna (eP2) kpacHOBaTO-KOpHYHEBAs, Oy T-
Bepaas, Jerkas nblieBaras, ¢ CyiIb(paTHBIMHI BKIIOYCHH-
SIMHM ¥ CTSDKEHUSIMH, C BKJIIOUCHUSIMU IIEOHSI U JIPECBbI
rumca 1 u3BecTHska 10 15—-20 %. Momtaocts 5,3—11,9 M.

UI'D-6. U3Bectnsik (P1) cBeTiio-cephlii HU3KOH Mpoy-
HOCTH, CHIIBHOTPEIINHOBATHIN (TpelMHaMK pa30ouT Ha
meOeHb U JIPEecBy), pa3MsArdacMblii, BEIBETPEIbIN, cila-
Ob1ii. BckpbiTas MOIIHOCTSH 2,5—-6,8 M.

Ha yuacTke BCKPBIT BOJOHOCHBII TOpPH3O0HT,
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YcnobHble 0003HAYEHUA HO pa3pe3ax

YecnobBHbele 0003HAYEHUS HO NAQHe

MH)KEHEDHU—ZEO/]OZU‘-IECKUQ ckbaxuHa

v 2.6 2nyduna ycmaHobnexus nodsemHsix Bod, M

6.2 zpanuua W3 u zayduna nodowbel, M

15.0 2nydunHa 3ad0s ckBaxuHb, M

KoHcucmeHuus 21UUHCMBIX, CMENneHb
BodoHackiweHUs necyaHblx 2pyHmob

nonymbBepduie, Manol cmeneHu BodoHacuiweHus
myzonnacmuyHsle
meky4ue, BodoHackweHHbe

m HACHNHOU 2pyHM @ usbecmusi

necok Menkui 2eHesuc u bospacm

7 UHXeHepHO-2e0/102u4ecKul
Cy2nuHoK

m @ 3nemenm (UI3)
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c-1 @ UHXeHepHo-zeonozudecka ckbaxuxa
195.2 adconomHas omMemKka Yycmbsi, M
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KOHMYP COOpYXEeHus
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NPUYPOUYCHHBIH K TOJIIE aJTIBUAIBHBIX TECKOB.
YcTaHOBHBIIUICS YPOBCHB 3a()UKCHPOBAH HA TITyOWHAX
2,5—-3,0 M. Kapcryromasics Tos111a U3BECTHSKOB B KPOBJIE
HEe 00BOJIHEHA, MOJIOCTEH Ha KOHTAKTE MEKIY TIHHAMH
U M3BECTHSAKAMM, a TAKXKE B TOJIIE M3BCCTHSIKOB, CKBa-
JKHHAMU HE BCKPHITO.

HopmaTuBHBIC 3HAYCHUSI MEXaHHYCCKHUX XapaKTepH-
CTHUK CBOMCTB rpyHTOB MI'D, BBIICTICHHBIX B IOKPOBHOM
TOJIIIE, TPUBEICHBI B Ta0.uIe 4. B Tabnuie 5 npusene-
HBI 3HAYCHUS PACCMATPUBACMBIX MCXaHHYCCKUX Tapa-
METPOB B KaXJI0H OTACIBHON CKBaXKUHE, PACCUNTAHHBIC
KaK CpeJHEB3BEIICHHbIE 110 MOIIHOCTH OTAEIbHBIX WT™D.

Pesynbratrsl onpeseneHus KapcToONacHOCTH ¢ MpU-
MCHEHUEM PacCMaTPUBACMOW METONHMKH MPUBEICHBI B
Tabyunax taoi. 6—-8.

B Tabnwuie 6 npuBeacH pacdeT BEPOSTHOCTH U HHTCH-
CHUBHOCTH 00pa30BaHUs POBAJIOB B paliOHE, K KOTOPOMY
MpHYypOUYCHa M3BICKHBaeMasl Turomanaka. Jliist aToro cHa-
yaja OMpeesICHbl YaCTHBIC BEPOSTHOCTH 00pa30BaHUs
MpOBaJIOB OTAECIBHO AJs KaXXJ0T0 U3 TPeX HcCieaye-
MBIX MEXaHUUYECKHUX CBOMCTB. ITOroBasi BEposSITHOCTh
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ONpeJeNieHa B pe3yabTaTe OCPEJHEHUs YaCTHBIX BEIU-
yiH. UTHTEeHCUBHOCTH MPOBaIo00Opa30BaHus BEIUYNCIICHA
no gopmyne (4) oT cpenHeil BepoITHOCTH 00pa3oBaHuUs
npoBajioB. TakuM 00pa3oM, HHTEHCHBHOCTH 00pa3oBa-
HUS IPOBAJIOB IIPU JAHHBIX CBOMCTBaX I'PyHTOB MOKPOB-
HOH TpyHTOBOH TONIM cocranisier 0,27 mT./KkM2To/, 4TO
coorBeTcTBYeT Il Kareropuu ycroituuoctu. Crnenyer
00paTnuTh BHUMaHHE HA TO OOCTOSTEIBCTBO, YTO BEPO-
STHOCTH 00pa30BaHMs MPOBAJOB OyAET TEM BEHIIIE, YeM
CI0XKHEE MHKEHEPHO-Ie0JIOTHYECKUH pa3pes III0Ia K1
n mmmpe auddepeHInpoBaHHOCTD CIIATaoNINX ¢ I'PyH-
TOB 110 CBOMCTBaM.

B Tabnune 7 npuBeeH pacyeT OTHOCHTEIBHON BEpO-
STHOCTH 00pa30BaHMs MpoBaja. Beraucnenus npuypoue-
HBI K Ka)KJJOW CKBa)KMHE U BBIIOJIHEHBI JJIs1 KaX0r0o U3
TpEX UCCIIEyEMbIX CBOMCTB rpyHTa. MITOorosas BeianunHa
OTHOCUTEJIBHOM BEPOSITHOCTHU OINPE/EICHA B PE3yJIbTaTe
OCpEIHEHUS YaCTHBIX BEIMUHH, YCTAHOBJICHHBIX MO KOH-
KpeTHBIM cBoiicTBaM. CorylacHO pacuery, HanboJsee Be-
POSITHBIN OpeoJ1 00pa3oBaHusl MpoBaJa B TPaHKUIAX II0-
a1 IPOEKTUPYEMOT0 COOPYIKEHUS TATOTEET K MECTY

pacnonoxeHus ckBaxuH NeNe 1 u 3. B unxkenepHo-reo-
JIOTUYE€CKOM OTHOLIEHUM B JJAHHBIX CKBA’KMHAX BCKPbI-
BaETCs MPOCIION TYromiacTUYHbIX cyriauHKoB (UI'D 4).

YacrHble MOp(OMETpHUECKHE XapaKTEePUCTHKH Kap-
CTOBBIX ()OPM OIpEJIeNICHBI I MUHUMAJIEHOT0, MaKCH-
MaJIBHOTO U CPEJHETO U3 CPEIHEB3BEIICHHBIX 3HAUCHU I
MEXaHUYECKUX CBOMCTB I'PYHTOB, Pa3BUTHIX B IOKPOBHOM
tonme (cMm. Tabm.uiy 5). IToroBeie cpeiHUE 3HAYCHUS
MOpP(POMETPUUECKUX IOKa3aTeseil KapcTOBBIX (HOpM
ONpeeNeHbl B pPe3ylabTaTe OCPEAHEHUSI UX YaCTHBIX
BEJIMYUH, YCTAHOBJIEHHBIX JJIsI KOHKPETHBIX CBOICTB
(tabnmua Tabm. 8). B pedynbprare pacueToB CpeAHUN AH-
aMeTp nposaia cocTaBul 13,9 M, 4UTO COOTBETCTBYET
kareropuu ycroitunBoctu b. CpeqHss BbICOTa KapCcTo-
BOH ITOJIOCTH M MOIIHOCTBH 30HBI APOOJICHHUS, ITPU KO-
TOPBIX BO3MOXHO 00pa3oBaHUE MPOBAJIA yKa3aHHOIO
JIMaMeTpa B JaHHBIX YCJIOBHUSIX, COCTaBISIOT 3,8 U 6,6 M
COOTBETCTBEHHO.

Taknum 00pa3oM, HTOroBast KAPCTOONACHOCTh y4acTKa
W3BICKaHUH, OIMPAsCh JIUIIb Ha JIe()OpPMaIIHOHHO-TIPOY-
HOCTHBIE CBOMCTBA T'PYHTOB IMOKPOBHOW TOJIIHU, OLIEHU-
BaeTcs kareropuei ycrounsoctu 11-b.

3amMeTHM, 4TO POU3BEICHHAS OLICHKA SIBJISIETCS He-
KOTOPBIM MPHUOIMIKEHHEM K PEeaJIbHOM KapCTOOIMaCHO-
CTH, TaK KaK HE yUUTHIBAET CTPYKTYPHO-TEKTOHUYECKHE
ycloBHsl (THIT CTPYKTYPBI, TUIOTHOCTH Pa3pbIBHBIX Ha-
pYUICHUH, TUHEAMECHTOB), T€OMOP(POIOTHICCKHIE OCO-
OeHHOCTH (3JIeMEHT penbeda, yIaJeHHOCTh OT PeUHON
CeTH, MPEBBIIICHUE HAJ[ CPETHETOI0BEIM YPOBHEM DEK),
reoJIOrMYecKoe CTpoeHne (OO0 MOITHOCTh ITOKPOBHOM
TOJIILH, MOLHOCTH Pa3HOBO3PACTHBIX HAIJIACTOBAHUIL
TPYHTOB) U THJIPOTCOJOrMYECKHE YCIOBHS (YyPOBEHb H
MHUHEpaJIU3aHI0 TPYHTOBBIX BOJ) KaK CaMOro y4acTka,
Tak W paiioHa npowusBozacTsa padoT B nesnoMm [20]. [Ipu
MIOJIHOM yueTe BceX (paKkTOpOB pe3yJIbTaT OLEHKH, IMO-
Jy4EHHOH TOJBKO MO CBOMCTBaM I'PYHTOB MOKPOBHOM
TOJIIIH, MOKET OBITh CYIIECTBEHHBIM 00pa30M CKOPPEK-
TupoBaH. Hanpumep, 115 HHKEHEPHO-T€OJIOTUUECKUX
YCIIOBUHM JJAHHOTO MpPUMEpaA C y4ETOM 3aBHCUMOCTEH U
3aKOHOMEPHOCTEH, PUBEICHHBIX B padote [20], oxxua-
eMasi IPOTrHO3Hasl KaTeropus yCTOMUYMBOCTHU ILIOMATKH
coctaBut IV-B ¢ nuana3oHaMu U3MEHUYMBOCTH MUHTEH-
cuBHOCTH npoBajioodpazoBanus 0,02—0,04 mr./kM2TOI
U CPEJHEro JuaMeTpa mposaya — 6—-8 M.

3aknioyenue

B pesynbrare npoBeJeHHBIX UCCIIEAOBAHUI yCTaHOB-
JICHBI CTATUCTUUYECKUE PACHpEAEICHUs U 3aBUCUMOCTH
MEeXAy Ae(pOpMaIMOHHO-TIPOYHOCTHBIMU CBOHCTBAMH
JUCIIEPCHBIX IPYHTOB MOKPOBHOM TOJIIH U Pa3BUTH-
eM 3akapcToBaHHOCTH. Ha nx ocHoBe pa3paboTaHbl U
MIPEIOKEHBIL:

—  cHocoOBbI JUIst BBIYMCIICHUS] BEPOSTHOCTHBIX Be-
JMYUH 00pa30BaHUs HOBBIX KapCTOBBIX ()OPM, KaK B IIpe-
Jies1ax HeKOTOPOH TIOIAa U, TaK U B KOHKPETHOM TOUKe
Ha MECTHOCTH,;

—  IIPOTHO3HBIC YpaBHEHUSs [UIsl pacyeTa Mopdo-
METPHUYECKHX XapaKTePHCTUK KapCTOBBIX (hOPM;

—  aJIbTepHATHBHAsl METOMKA BEIYHCIICHUS 0a30-
BOI'0 HOPMAaTUBHOI'O NOKa3aTelss MHTEHCUBHOCTH IIPOBa-
71000pa30BaHMUs, UCXO/S U3 BEPOSITHOCTH 00Pa30BaHUs

Yron BHYyTpeH-

Tabnuya 4

il Memmadey eomone  Jacmes o

1 12 25 5

2 17 31 1

3 31 29 3

4 14 20 18

5 28 14 67
Tabauya 5

CkBaxu- Momgyns nedop-

Yron BHYyTpeH-
HETO TPEHUs O,

VYaenwsHOE Clie-

Ha manuu E, MIla rpanyc mwieHue ¢, klla
c-1 26,2 234 24,2
c-2 27,7 25,1 18,2
c-3 25,7 22,5 27,9
c-4 28,1 22,2 31,3
c-5 28,1 23,8 25,2
CraTtucTndeckas XapakTepUCTHKa CBOMCTB IO IUIOLIAIKE B
LeTIOM
min 25,7 22,2 18,2
max 28,1 25,1 31,3
cpenHee 27,2 234 254

KapcTOBBIX (OPM;

—  MEeTOoJuKa OLECHKH 3(PEKTUBHOCTH ITPOBEIACHHS
T€0TEXHUYECKUX MEPONPUATHIH M0 3aKPENICHUIO IPyH-
TOB IOKPOBHOH TOJIIH, MO3BOJISAIONIAsl HIPOTHO3UPOBATh
MHTEHCHBHOCTD IIPOBAIO00PA30BaHNUS M Pa3Mephl Kap-
CTOBBIX (POPM I10CIIE 3aBEPILCHN ST HHBEKIIHOHHBIX PadoT.

[Nony4eHHbIE pe3yNbTaThl NO3BOISAIOT B 3HAUUTEIb-
HOHI CTENEHHU AeTalu3UpPOBATh U KOHKPETU3UPOBATH
MPOrHO3 KapCTOBOM OMACHOCTHU, OCYILIECTBISIEMBIN ¢
NPUMEHEHUEM CTaHIapTHOIO0 HOPMATUBHOIO MOAXOAA,
3akperienHoro B CIT 11-105-97, 4. II [8]. B wactHOCTH,
BBEJICHHBII ITapaMEeTP OTHOCUTEIbHON BEPOSTHOCTH SIB-
JeTCs OJHOM U3 HEMHOTUX BEJIIMYUH, C IPUMEHEHUEM
KOTOpPOI MOKHO BECTH NMPOrHO3 KOHKPETHBIX MECT B
npezenax MucCiIeayeMoil Iomany, rjae Hanooiee Bepo-
ATHO Oy/IeT pa3BHUBAThHCS OCJAOJICHHAs 30HA MIIM BOBCE
MIPOM30MIET KapCTOBBIH MpoBasl. PazpaboTanHbIl criocod
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MEXAHUKA TPYHTOB

MEXAHUKA rPYHTOB

CpenHssis
BEPOSAT-HOCTH
00pa3oBa-HHUS
MPOBAJIOB, JI.C.

YacTHbIe BEpOATHOCTH 00pa30BaHKA IIPOBAJIOB, ONPEIESICHHBIC 10 3HAYCHUAM *

MomyIsl AeopManuu yrila BHyTPEHHETO TPEHUS YZAENBHOTO CLETUICHHS

Fmin  Fmax PE Fmin Fmax Po Fmin Fmax Pc P

0,930 0,957 0,027 0,607 0,772 0,165 0,322 0,851 0,529 0,240

* Pacuugposka OykeenHblX 0003HAYeHUNl GeIUYUH U eOUHUY UX UBMePeHlUsl npusedeHa 8 mexkcme.

YacTHBIE OTHOCUTEIIBHBIC BCPOATHOCTHU O6pa30BaHI/IH mnposaja,
OIIPEACIEHHBIC 110 3HAYCHU M &

CKkBaxuHa
yIJia BHYTPEHHETO YAEIBHOTO
Moyt eopManuH TpeHUs CILIETIJIEHHU S
PE Py pc

c-1 0,312 0,895 0,094

c-2 0,242 0,758 0,088

c-3 0,337 0,950 0,098

c-4 0,229 0,964 0,100

c-5 0,229 0,867 0,095

Tabnuya 6

NuTencHnB-
HOCTB 00-
pazoBaHus
MIPOBAJOB, LIT./
KM>TOJ

A

0,27

p
0,312

0,242
0,337
0,229

0,229

Tabnuya 7

CpenHsisi OTHOCHUTEIb-
Hasi BEpOATHOCTH 00pa-
30BaHU NPOBaJa, J.¢.

Tabnuya 8

YacTHbIE 3HaYCHUST MOPPOMETPHIECCKIX ITAPAMETPOB KapCTOBEIX (hOpM, OIIpe-
JIEJIEHHBIE T10 3HAYECHUSIM *

Cpennue 3HaYeHUs

MOp(hOMETPHIECKUX

g;grcgg:gfxg MOAYJIs feopMariu yrna ];}QZE%ZHHBFO YAEIBHOTO CLETIICHUS
d hp hz d hp  hz d hp bz d
min 154 2.8 49 151 27 48 48 52 90 112
max 17,9 32 56 191 34 60 112 54 94 161
cpenHee 16,7 3,0 53 171 31 54 80 53 92 139

* Pacuughposra OYK8eHHbIX 0003HAUeHULl BeIUYUH U eOUHUY UX U3MEPEeHUs NPpUBeOeHd 8 MmeKCme.

hp

apaMeTpoB KapcTo-
BEIX (hopM, I1.e.

OLICHKHU KapCTOOIMACHOCTH BO MHOT'OM SBJISACTCS IIPAKTU- 3aBUCHMOCTHU OT CBOMCTB TPYHTOB, a TaKXKC (l)aKTOpOB
YCCKHU 6e3aHLTepHaTI/IBHLIM B YCJIIOBUSX WHTCHCUBHOM HMHOU npupoasbl, ABIACTCA OAHUM U3 MIEPCIHCKTUBHBIX
3aCTp0ﬁKH Opru OTCYTCTBUU AAaHHBIX 00 M3HAYaJILHOM HaHpaBJ’ICHI/Iﬁ Pa3BUTUA UWHIKCHECPHOTO KapCTOBCAC-
pem,e(be MECTHOCTH, a4 TaAKIKE B YCJIOBUAX (baKTI/I‘ICCKO- Hus. B MNEPBYIO O4YCpPECaAb 3TO KACACTCA paCHIMPCHUA
T'O OTCYTCTBHS MMOBCPXHOCTHBIX KapCTOHpOS[BHeHI/Iﬁ Ha reorpa(blzm PpacnoJIOKCHUA 3TAaJOHHBIX YYaCTKOB,

y4acCTKax € CCTCCTBCHHBIM CJIOKCHUEM pem)e(ba.

BOBJICKA€CMbIX B dHAJIN3, @ TAKKEC COBCPUICHCTBOBAHU A

Ilo HalmeMy MHCHHIO, ,HaJ'IBHCfIHIee yl".]'Iy6J'IeHI/Ie camMou MCTOAMUKH ITOHUCKA pacnpe;[eneHI/Ii/'I 1 yCTAHOB-
I/ICCJ'IC,HOBaHI/Iﬁ B YaCTHU IOMCKA CTAaTUCTUYCCKHX JICHHS 3aBUCHMOCTEH U3MEHUYHMBOCTHU MOp(l)OMCTpI/II/I

3aKOHOMEPHOCTEH Pa3BUTHS KapCTOBBIX (OPM B  KapcTOBBIX (GOPM.
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Survey is aimed to search statistical relations between
distribution and sizes of the karst forms and general
strength parameters of soils (deformation modulus, angle
of internal friction, cohesion intercept), which cover karst
rocks. To reach the aim of research was applied special
method of analysis, developed by authors. The method
allows, on the basis of cartographical comparison of two-
dimensional models of variability of physical-mechanical
properties of soils and karst forms, determining the type of
distribution of karst forms in the values of soil properties.
The method also was aimed on the definition of relation
between sizes of karst forms (diameters of sinkholes,
heights of cavities and fractured zones) and strength
properties of soils with selection of prognosis equations.

During the investigation it was observed that the
frequency of the karst forms occurrence in different
intervals of values of studied properties of covered
soils tends to normal distribution laws. Parameters of

normal distribution law were separately determined
for deformation modulus, angle of internal friction
and coherence intercept. Such dependencies allow
implementing preliminary probabilistic prognosis of karst
hazard, based on the parameters of cover soils.

There was noted the trend to increasing of average
values of morphometric parameters of karst forms on
the background of increasing of deformation modulus
and angle of internal friction of soils. Effect of coherence
on sizes of karst forms, on the contrary, has backward
character. Was mentioned that the prognostic equations
to calculate the sizes of karst forms depending on values
of deformation modulus and coherence have a view of
the power function, and for angle of internal friction —
exponential function.

Distributions and relations are shown as the obvious
graphs, which allow without routine calculations
determining numerical parameters of probability of karst
forms occurrence and mean expected sizes of surface
and underground karst forms. Taking into consideration
distribution of sinkholes in time, which complied to
Poisson’s law, was proposed the formula, which with known
probability of karst forms occurrence, allow calculating
one of the main parameters of karst hazard — intensity
of sinkholes occurrence. An algorithm to application
of obtained distributions and dependencies in tasks
on estimation of influence of measures of geotechnical
protection on the reduction of degree of karst hazard has
been offered. Applicability of obtained relations in karst
hazard estimation on the practice of engineering-geological
investigations has been considered on the example of
conditional area object.
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