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3MpOBaHA B3aMMOCBSI3b MEXKITy KaXXIbIM (PaKTOPOM W pa3BUTHEM ITOBEPXHOCTHBIX KapcTOBEIX (hopm. Ompenerne-
HBI 3aKOHBI PacCIpeeNieHns] KapCTOBBIX ()OPM M I'paHWIHBIC 3HAYECHUS (haKTOPOB, COOTBETCTBYIOINE WHTEPBa-
JIaM ¢ pa3IM4YHON CTEMEHBI0 OMacHOCTH. MToroBas oLleHKa KapCTOBOM OMAaCHOCTH HCCIEAYEMON TEPPUTOPUU
nposeneHa nmocpenctBoM ESRI ArcGIS 10 ¢ npuMeHeHHEM WHTETPaIbHOIO IOAXO0AA, MAKCUMAIbHO YIUTHIBA-
OIIETO POJTb KaXKA0To (hakTopa B pa3BUTHU KapCTOBOIO MpoLiecca.
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Beeaenue

MeToanka BbIIOJHEHHS padoThI
Bes tepputopus Kamyxckoit obmactu xa-

PaKTEPU3YCTCA Pa3BUTHEM KapCTa U, KaK CJIC- B nmpouecce uHTErpagbHbIX IOCTPOCHUIN Ma-
cTBHE, (POPM €ro MpPOSBICHHS HA MOBEPXHOCTH  TeMaTHUECKOHW — CTATHCTHYECKON 06paboTke
semmi. HanGosbinas KOHICHTPAIKs KapCTOBEIX  onipepraroTesi Kak CaMM  KapCTOMPOSIBICHHS,
opm ormeuena Ha TeppuTopur CyXHHHYCKOTO  Tag 1 KOMIUIEKC (DAKTOPOB, ONPEIENSIOLMX
paﬁOHaz, rAe WX TUIOTHOCTb JOCTUTAeT 7  ppuponmbie yCHOBHS PAasBUTHS KApCTOBOTO
wr./km". TIpucyrcTBre B TeONOrnyeckoM paspe-  ppopecca (LllepGaxos, 2013).
3¢ KapCTYIOIMXCs TOPOJ 3aTPYAHSCT BBIOOD BausiHue paccmarpuBaeMbIX (akTOpOB MpH-
MCCT Ul CTPOUTEILCTBA M SKCILTYaTalMiOo Cy-  pogHOro CTpOCHUSI HA MHTCHCUBHOCTH Pa3BHTHS
LWCCTBYIOWMX 00BCKTOB. PalOHMPOBAHMC TEP-  yapcra OLEHMBACTCS IOCPEACTBOM X COMOCTAB-
putopuy 00/1aCTH [0 KAPCTOONACHOCTH M JIOKA-  jeHpst ¢ HCCICAYEMbIMH KapCTOBBIME (OpMaMIt
JIU3AIHS TIOIIACH, OarONpPUATHBIX JUTS LeneH (puc. 1). Llenpto conocTaBiaeHUs ABISACTCS ycTa-
TPAKAAHCKOTO 1 HPOMBIIIICHHOTO CTPOMTCIIE™  gopnenne SMNUpUYECKUX (pUC. 2, YepHas Kpu-
CTBa, ABIIAIOTCS TCPBOCTCIICHHOW 3aladeii IPH  pagq) u  Teopermucckux (puc. 2, KpacHas
UX XO35HICTBEHHOM OCBOCHUH. IUTPUXIYHKTHPHAs ~ KPUBAsi) PacIpe/IeleHHi
WHTerpanbHblil TOJXO/ MPH OLEHKE KapCTO-  gapcroBbIX (HOPM 110 3HAYCHHSM (AKTOPOB TIPH-
BOI OIaCHOCTH, paccMaTpuBaeMBIH  J1anee B ponporo crpoeHms. JUIs 9TOr0 HCIOIB3YIOTCS
JIAHHOM CTaThe, 1aeT BO3MOXHOCTH KOMIUICKC-  nerospl KapTOrpaUueckoro M rpauyeckoro

HOTO aHaIM3a BCeX (HaKTOPOB, BIISIOIIMX Ha MOJIETTUPOBAHUSL € TOCJIEIyrolel aHaau- TH4e-

pasBuTHE KapcToBOro Tporuecca (yosHekui, CKO# 00pabOTKOMN KOJMYECTBEHHBIX JaHHBIX.
Hyonsuckas, 1992; Coxonosa, 2010).
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¢ KapcToBble popMbl ~ "~ PeyHas ceTb

Puc. 1. Ilpumep kapmoepaguueckozco conocmagienus pakmopos npupooH020 CMpOeHUst U KapCmosblx
Gopm: A — kapmozpaghuneckas MoOenb U3MEHYUBOCU 3HAYEHUT UCCaedyeMblX hakmopos,; b — Ha kapmo-
epaghuveckue mooenu «HaKIaobl8armMesy paccmampugaemvie Kapemogule (popmvl, B — npuceausanue xkaogic-
001l Kapcmogoil popme 3HaueHus: hakmopa 6 mouke ee I10KAIUIAYUU
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Puc. 2. Ilpumep epaghuueckoeo ananusa pacnpeodeieHuil Kapcmoguix )opm no Gaxmopam npupooHoco

CcmpoeHust 6 8U0e KPUGbIX NIOMHOCIU PACHPeOeNeHUs]

[To popmam sMOMPHUECKUX KPUBBIX OOLIUX
pacripenesieHuil noaduparorcs Hambosee Moj-
XOJSUIME TEOPETUYECKHE PACIPEACICHUS —
HOpPMaJIbHBIN, JIorapu(pMUUYeckn HOPMAaNIbHBIH,
9KCIOHCHIMAJIBHBIM. DTU pacnpeneicHus Mpu-
CYIIM NPAKTUYECKU BCEM IMPHUPOJHBIM 3JIEMEH-
TaM, YTO HEOJHOKPAaTHO MOJYEPKUBAIOCH HC-
CJICZIOBAHUSIMU MHOTMX aBTOPOB, @ UX MCIIOJIb-
30BaHUE OMpPAaBJAHO MPOCTOTOH M yJOOCTBOM
MOJIy4eHHUs KOHEYHOro pesynbraTta. Hakower,
TOYHOCTb TPOTHO3UPOBAHUS C MPUMEHEHUEM
ceMelicTBa HOPMAlbHOIO 3aKOHa pacIpesene-
HUS ABJISETCA JOCTaTOYHO BBICOKOM, O YeM CBHU-
JIETENbCTBYIOT PE3YyJIbTaThl paHee BBINOIHEH-
HBIX ucchenoBanuii  (Xomenko, Tommaues,
1983; Illep6akoB, Karaes, 2011).

B nanHOM ciydae kpurepuanbHOE J0Ka3a-
TEJIBCTBO CXOKECTH TOTO HJIM MHOTO 3MIIMpHYe-
CKOTO paclpesieleHuss ¢ TEOPEeTHUYECKHM HOp-

MaJIbHBIM 3aKOHOM IO3BOJISIET OJMHAKOBO Olle-
HUBaThb HHTEPBAIbl MAKCUMAaJbHOW JIOKaIu3a-
LMY KapCTOBBIX MPOSIBICHUN. Takue nHTEpBaIbl
NpeJIaraeTcsi BbIACATb, ONMUPAsICh HA MPABUIIO
«TpeX CUIM (CTaHIAPTHBIX OTKJIOHEHUN)», SB-
JSIIOIIEECs]  XapaKTepHOM OCOOCHHOCTBIO Kak
HOPMAaJIbHOTO, JIOTHOPMAaJbHOIO, TaK M HKCIO-
HEHLMAJIBHOTO pacnpeneneHuid. Ero cyrp 3a-
KJIFOYaeTCsl B TOM, YTO HOPMAaJbHO pacrpeje-
JICHHBIC 3HAYCHUS HCCIeayeMoro (akTopa WiIn
CBOMCTBa 3aKIIIOYCHBI B MHTEpBaie [-30; +30].
COOTBETCTBEHHO BCE 3HAYCHHUSA, BBINAAAIOLINC
U3 3TOrO MHTEpBaa, CYUTAIOTCS AHOMAJIbHBIMU
U He NpHHAUIeKAIUMHI JaHHOMY pachpesene-
HHUIO.

B mpakTike 0Te4ecTBEHHOTO KapCTOJIOrHye-
CKOr0 pallOHMPOBAHUSA IO CTENEHH YCTONYMBO-
CTH M KapCTOONACHOCTH K HACTOSAIIEMY BpeMme-
HU CIIOKMJIACh YK€ JOCTATOYHO ONPOOOBaHHAas
0a3a pamxupoBaHus Tepputopunr. CTpOUTETb-
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HbiMu Hopmamu CIT 11-105-97, 4. II npemo-
YKEHO BbIIENATh 6 KaTeropuil yCToOM4MBOCTH 1O
MHTEHCUBHOCTHU NpoBaiooOpa3oBaHus U 4 Kare-
ropuM yCTOMYMBOCTH IO AMAMETpaM MOBEpX-
HOCTHBIX KapcToBbIX aedopmanmii. HekoTopsie
TeppuTOopUaibHble cTpoutesbHble HopMbl (TCH
11-301-2004), k coxkaJIcHMIO, HC MMCIOIINE Ha
JTAHHBIM MOMEHT O(HIMATBHOTO CTaTyca, C y4ye-
TOM CTaIUHHOCTH U3bICKAaHUH TpeiaraloT 00b-
€MHATh JaHHbIE KaTErOPUM YCTOWYMBOCTH B 3
KaTerOpUU MO CTEHNEHU KapCTOOIACHOCTH:
OIIaCHYIO, TIOTEHIUAIBHO OINACHYIO U IPAKTUYE-
CKH HEOIIACHYIO.

BeieneHue onacHbIX UHTEPBAJIOB C y4ETOM
MpaBUJIa «TPEX CUTM» I HOPMaJIbHOTO U JIOT-
HOPMAaJIbHOTO 3aKOHOB PACIpEIeICHUs BEACTCS
OT cpedHe2o 3HaveHus TyTeM NpUOaBICHUS WIH
BBIUMTAHUS 3HAYEHUS CPEIHEKBAJAPATHUECKOTO
OTKJIOHEHUs ©. JJI SKCIIOHEHUNAIbHOIO 3aKO-
Ha [OHIKEHUE WU TIOBBIIIEHHE OIIACHOCTH
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(uKcHpyeTcs TIpU MOCTENICHHOM OTAAJIICHUHU OT
MUHUMAJIBHOTO 3HaueHus (akropa. B coorser-
CTBUU CO BCEM BBIIICCKA3aHHBIM TPU OIICHKE
KapCTOBOW OIMACHOCTH TMPEAJIaraeTcsi BBIICISTH
3 kareropuu (puc. 3):

— omnacHasi: [(-0)-(+0)] — A1 HOPMATBHOTO
¥ JOTHOpMaibHOTO 3akoHOB; [(0)-(+0)] wnm
[(+206)-(+0)] — Ans PKCHOHEHIMAIBHOTO 3aKO-
Ha;

— NOTCHIMANbHO omacHas: [(-20)-(-0)] u
[(+6)-(+20)] — Ang HOpPMAIBHOTO W JIOTHOP-
MaJIbHOTO 3aKOHOB; [(0)-(+0)] wu [(+06)-( +206)]
— I SKCITOHEHIMAILHOTO 3aKOHA,

— npaktuyecku HeomacHas [(0)-(-26)] u
[(+26)-(+0)] — mwid HOPMAJIBHOTO W JIOTHOP-
MaJIbHOTO 3ak0HOB; [(0)-(+06)] w [(+26)-(+0)]
— JJI OKCIIOHEHIMAILHOTO 3aKOHA.

4+

X

6 +20+3c +c +20+30

X

]l |

Puc. 3. Kamezopuu xapcmogoii onacnocmu no unmepsanam snadenuii paxmopa na ouggepenyuanvHo
Kpusoti pacnpeoenenus: A — nozapupmuuecku Hopmanvrozo, b — nopmanvnozo, B — sxcnonenyuansiozo;
kamezopuu onachocmu: 1 — onacnas, 2 — NOMEHYUATLHO ONACHAsl, 3 — NPAKMUYECKU HeONACHAs.

Jns  ynoOGcTBa  BBIMOJIHEHUS  MPOCTPaH-
CTBEHHOI'0 aHAJIW3a KaXJas KaTeropus OMacHO-
CTH U COOTBETCTBEHHO BCE MHTEPBaJbl 3Haue-
HUIl (hakTopa, COOTBETCTBYIOLIUE €il, KOAUPY-
I0TCSl OTIPEICIICHHBIM OaIOM.

WHTerpanbHblil y4eT BCEX aHAJIU3UPYEMBbIX
(akTOpOB OCYLIECTBISICTCA IMYTEM IPOCTPaH-
CTBEHHOTO HAJIOKEHUA APYr HA Apyra u mocie-
JYIOLIET0 CYMMMPOBAHUS TMEpeKIacCUPUIHPO-
BaHHBIX KapTOrpau4ecKux Mojenei N3MeHYH-
BOCTH OTJCIIBHBIX pacCMaTpUBaeMBbIX (pakTopoB
pa3sBUTHs KapCTa, BBIPAKEHHBIX B OaIbHOMN
(dhopme. MaTemaTHueCK WHTErpajbHBIA pacueT
3alUCBIBAETCS B CIEAYIOIIEM BUE:

X=agXg +AcXe Ay Xy +a5,XG,

T7e a; — BeCOBbIE KOA(PPUIIUEHTHI, X — CPETHEE

0ajIbHOE 3HAYEHUE ONACHOCTHU, ONPEIETICHHOE
no ¢axkTopaM BHYTPU KaXKAOW M3 BbIJICIEHHBIX
rpynmn: St — CTpYKTYypHO-T€KTOHWYecKoi, G —
reoJIOTUYECKON, /g — ruaporeosoruyeckon u
Ge — reoMop(oJIOrMueCcKOi.

IIpumeHeHre BeCOBbIX KO3((HUIMEHTOB B
MHTErpajbHOM MOJEIN MO3BOJISIET YCTaHABIIM-
BaTb YPOBCHb 3HAUMMOCTHU YACTHBIX OLIEHOK IO
Kax10i U3 oTAeabHbIX Ipynn ¢aktopos (Illep-
6akoB, 2014). OTo crpaBeIMBO B TEX ClIydasx,
KOI'JIa YCTaHOBJICHO, YTO B MpeAEax UCCIeaye-
MOH TeppUTOpUHN 0co0ast posib B Pa3BUTUHU Kap-
CTOBO-CY(h(O3MOHHOTO TMpoliecca MPUHAAIEKHUT
(dakTopaM OMNpeneNeHHON TPyNIbl WK, HApHU-
Mep, (pakTopsl TOH WM MHOM IPyHIbl yCTaHOB-
JIEHBI BEChbMa HEOJHO3HAYHO 10 MaJoOMy KOJIU-
4eCTBY BXOJIHBIX JJAHHBIX.
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Kparkass  xapakTepucTuka
ycaoBuii Kanyaxcekoii odactu

MPUPOAHBIX

Kanyxckast obmnacte pacrnosio)keHa B LEH-
TpanpHOW yactu Bocrouno-EBporneiickoii pas-
HUHBI ¥ rpaHnuut ¢ MockoBckoil, Tynbckoi,
Bpsiackoii, OproBckoit u CmosieHCKOW 0Ona-
ctsmu. [Tnomans Tepputopun 06JacT COCTaB-
asgetr 29,9 TeIC. kM’ B ee cocras Bxomur 24
palioHa U 2 ropoja 0O0JIACTHOTO TOJYUHCHUS
(®usnueckast reorpadus..., 2003).

Penved Kamyxckoit obmactu mpejcTaBieH
KaK HU3KHMH, TaK ¥ BO3BBINICEHHBIMH PaBHUHA-
MH: BBICOTHI M3MEHAIOTCS OoT 120 M u MeHee B
nosnune p. Oxku u 1o 279 m (3aiitieBa ropa) HaJl
YPOBHEM MOPSI.

Bonbmas vacte obnmacTu XapakTepuzyercs
JeTHUKOBOW M BOJHO-JIETHUKOBOH (opmamu
penbeda,  mepepabOTaHHBIMU  IIpOIleCCaMU
9pO3UU U JICHYIAIIH.

Ha ceBepo-BocToke o6nacTu, Kyjaa JeIHUK
MPAKTUYECKH HE 3aXO0JWi, 00pa3oBaIUCh 3pO-
3UOHHBIE paBHUHBI. Cpeau HEOOJBIIUX 3PO3HU-
OHHBIX (popM MpeobdIaaar0T HEeTTYOOKHEe JIOTIHU-
HBI, UMEIOIIME T0JIOTUE CKJIOHBI M 3a00J0YeH-
Hble nHUIA. CKIOHBI BOJOPA3/IENIOB U PEUYHBIX
JIOJIMH U3pe3aHbl IITyOOKUMHU JOJIMHAMU PYUbEB,
Oankamu u oBparamu. [lo qHy Ganok u oBparos
MPOTEKAIOT MMOCTOSHHbIE PYYbU MJIM OHO 3a00-
JI0YEHO.

Ha ceBepo-zamane oOmactu, OXBaueHHOM
0JIeZICHEHUEM, BCTPEYAIOTCSI MOPEHHO-3PO3HOH-
HbIE U O3EPHO-JIEHUKOBBIE PABHUHEI, & K IOTY
OT MOPEHHBIX PaBHHH BJIOJIb PABOOEPEXKbs PEK
Beite6etr n XKuzapel pacnpocTpaHeHbl 3aHIpo-
BbIC PABHUHBI.

[Tocne TastHUS JeAHMKA pEYHbIC JOJTHHBI
Hauanu  QGopMUpoBaThCA 3aHOBO. [loaTomy
OOJBIIMHCTBO PEUYHBIX JOJIMH cnabo paspabo-
TaHbl, 0COOGHHO B BEPXOBbSAX pEK, Ine Haliro-
JACTCsl YEPEIOBAHUE Y3KUX U PACIIUPCHHBIX
YYaCTKOB.

Ha teppuropun Kamyxckoit oGmactu mpo-
TekatoT 2043 pekn oOmied NPOTSHKEHHOCTBIO
11,7 eic. kM. Pekn oGmacTu oTHOCATCS K Oac-
ceitny Kacnuiickoro (p. Bonra) m Yephoro
(p. Anenp) mopeit. Cpean KpynHbIX pek o0ia-
CTH CTOUT BBIIEIUTh OKy U ee mputoku Kuz-
py, Yrpy u IlpoTBy. Pexkm xapakrepusyrorcs
MOWMEHHBIMH, V-00pa3HbIMH, CJIa00M3BHIIN-
CTBIMHU JIOJIMHAMU. bepera pex BBICOKHE U KpY-
Thl€, MECTaMHU CKaJIUCTbI€, CKJIOHBI JIOJMH T10JI0-

rHe, CWIbHO H3pEe3aHbl OBparaMu W OajKaMu
(dwusmueckas reorpadusi..., 2003).

CrpyKTypa 0CaZlo4yHOro 4exJjia TECHO CBs3a-
Ha ¢ pynnamenToMm miardopmel. B HmkHel ya-
CTH 4Y€XJIa BBISIBJICHBI Pa3pPbIBHBIC HAPYILCHHUS, a
B BEpXHEW YacTH HaJA pas3jJoMaMM — 30HbI MO-
BBILICHHOM TPELUIMHOBATOCTH MOPOI.

Ha uccnenyeMoii TeppUTOpUU YETKO BbIJE-
JSIOTCS. TPU TPOTSHKCHHBIC 30HBI MOBBIIICHHON
TUTOTHOCTH JIMHEHHBIX CTPYKTYP (JTMHEaMEHTOB)
IOT'0-BOCTOYHOTO TPOCTUPAHUS U TPU TPUMBI-
KaoIllie K HUM — CEBEPO-BOCTOUYHOTO.

Kpome nuHenHbIX AucIoOKalui B 0Ca09YHOM
4yexJe BBIJCNAIOTCS KOJIBLIEBBIE CTPYKTYpBI
(puc. 4). Onna u3 Hanbonee KpynHsIx — Kanyx-
CKasl KOJIbLEBAsA CTPYKTypa ¢ JUAMETPOM Kajlb-
nepsl  13—15 kM, oOrpaHMYeHHOW pa3lioMaMu,
HAKJIOHEHHBIMH K LIEHTPY CTPYKTYPBI.

Kpome Heé Ha TeppuTopun 061acTv HadIIO-
JIAIOTCS €llle JBE KOJIbLEBBIE CTPYKTYphl — FOX-
HoBcKasg M JlyrHuHckas. OHM HMEIOT 3JUIMIICO-
BUJIHBIM XapakTep 3aMKHYTOH JENPECCUM U TaK
&Ke orpaHuyeHsl paziomamu (boopos, 2006).

I'eonoruueckuii paspes Kamyxckoii o0mactu
CJIOKEH JIBYMS KOMIUIEKCAMM IOPOJL: HUINCHUM —
KPUCTANTNYECKUM (YHIAMEHTOM, CJIOKEHHBIM
MeTaMopUuUecKUMHU O0Opa30BaHUAMU, U 6epX-
HUM — OCaZl0OYHBIM YEXJIOM, KOTOPBIN 3ajeraer
Ha KPUCTALUIMYECKOM (yHIAMEHTE C pPEe3KUM
YIJIOBBIM U CTpaTturpauueckuM Hecorjacuem
(dusmueckast reorpadus..., 2003; bobOpos,
20006).

B crpoeHnn ocagouHOro yexia NpUHUMAIOT
yyacTue Ii1yOOKO morpebeHHble 00pa3oBaHus
BEH/ICKOH CHUCTEMBbI, OTJIOKEHHs Ianeo3os (xe-
BOH, KapOOH), LIMPOKO, HO HE MOBCEMECTHO
pacnpocTpaHeHHbIE OTJIOXKEHUSI Me30304 (Iopa,
Mell), OCTPOBKM MNajieOreHa M MHUOLIEHa, mnepe-
KPBITbIC YEXJIOM YCTBEPTHUHBIX 0Opa3oBaHUI.
OO6uiast MOIIHOCTh OCAZ0YHOIO uYeXja HW3MEHs-
etcst ot 350 go 1500 m u Gonee (ITerpos, 2003).
KapcToBanuto moABep>KeHbI IOPOIBI IEBOHCKOM
U, B OOJIBINICH CTETICHU, KAMCHHOYTOJIBHOW CH-
CTEM, B CBSI3M C UEM OMNHUCaHME 0osee JPEeBHUX
OTJIO’)KEHUN HWKE HE TIPUBOTUTCSL.

JleBoHCKasi cucTeMa 3ajieraeT Ha TIyOuHE
250-500 m. DpaHCKHI SPYC MOIIHOCTBIO J0
120 M mpeacTaBieH  TeppUTeHHO-KapOOHAT-
HBIMH OTJIO)KEHUSMHU (TJIMHUCThIE W3BECTHSIKHU,
Mepreym U TiuHbl). DaMEeHCKUH SIpyc MOIIHO-
cThio 710 250 M mpejacTaBiIeH B OCHOBHOM J0JIO-
MUTaMH, PeXe H3BECTHSKAMH, C TEPPUTECHHBIM
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MaTepHaioM B BHJE MECUAHWKA, APTHIUIMTA U
NPOCIOCK TIWH, BCTPEYAOTCS MOIIHBIE MPO-
cJiou rumnca 10 16 m.

KamenHoyrosibpHasi cucTemMa Ha TEPPUTOPUN
obnacTu BeIIEISICTCS B 00BEME TYpPHEHCKOTO,
BU3CIHCKOTO SIPYCOB HWKHETO OTHaena W Oari-
KUPCKOTO U MOCKOBCKOTO SIPYCOB CPEIHEr0 OT-
JeNia, UMCKIIUX IIHPOKOE PACIPOCTPAHCHHE.
MOMIHOCT, KaMEHHOYTOJBHBIX  OTIIOKCHUH,
paBHas B pailoHe boposcka 200 M, k roro-
3amaHoi OKpanHe O0NacTH CHIKASTCS N0 Hy-
ns. HuxHUI oThen mpejcTaBiieH TeppUTeHHO-
KapOOHATHBIMH  OTJIOKEHUSMHU:  W3BECTHSKH,
TJIMHBI C TIPOCTIOSIMH aJIeBPUTOB, TIECKOB M TeC-
YaHHUKOB, a TaK)Ke MPOMBIIIICHHBIC 3aJIeKHU YT-
ns. CpenHuil oT/IeN — MECTPOIBETHBIMU TJIMHA-
MU C MPOCTOWKAMH TECKOB, MECYaHUKOB, alleB-
POJIUTOB U TUH3aMHU U3BECTHSIKOB, JTOJIOMHUTOB.

Best teppuropust o6nactu sSBISiETCS 30HOM
9PO3HOHHOTO Cpe3a KaMEHHOYTOJIbHBIX OTJIO-
keHuil. IMEHHO ¢ HUMH CBs3aHa aKTUBHOCTH
KapCTOBBIX TMPOIIECCOB B TOJMIIE MOPOJ (30HBI
TIpOOJIeHUs, TPEITUHBI, TIOJOCTH).

IOpckas cucrema Ha Tepputopuu Kamyx-
CKO# 00nacTu BbIIENsAETCS B 00beMe 0ATCKOTO U
KEJUIOBEMCKOrO SIPYyCOB CpEAHEro OTnena, a
TakkKe OKCPOPACKOTO, KUMEPHIKCKOTO U THU-
TOHCKOTO SIPyCOB BEpXHEro otaena. MOIIHOCTh
IOPCKUX OTJIOkKEHUH u3MeHsiercs oT 2 1o 50 m.
Cucrema B OCHOBHOM MpeACTaBleHa KOHTUHEH-
TalbHBIMU OOpa30BaHUSIMH, COCTOSALIUMH U3
MEeCYAHO-TIMHUCTBIX  OTJOXKEHHUH, MecyaHo-
QIEBPUTUCTBIX TIUH C PEIKUMU MPOCIOSIMHU
Meprens U U3BECTHSIKA.

MernoBas cuctema Ha TeppuTOpUH 0OIacTH
pacnpocTpaHeHa HEpaBHOMEPHO, OTCYTCTBYET B
CEBEpO-3aMaJHON 4acTu. B cTpoeHnn cucremsl
NPUHUMAKOT y4aCTUE HWKHUN U BEPXHUN OTZE-
abl. OTIOXKEHUS MPEACTABICHbI TEPPUTCHHBIMU
NopoAaMH, B OCHOBHOM KBapIlEBO-TJIAyKOHHUTO-
BBIMU MECKaMHM C MEJKOW rajbKOW W I'paBUEM
KpeMHsT W KBapla, MECYaHUKaMH, aJCBPUTHU-
CTBIMU TJIMHAMHU U MHOTOYMCIICHHBIMU KOHKpE-
nusMu gpochoputoB. B roxkHBIX palioHax oOna-
CTH Ha BO3BBIIIEHHBIX y4acTKax BOJOpa3jiena
pacmnpocCTpaHeHbl TOJIIM Mella TYPOHCKOTO BO3-
pacra.

['TMHUCTO-TEpPUTEHHBI  COCTAaB  FOPCKO-
MEJIOBBIX OTJIOKEHHUH WrpaeT CYLIECTBEHHYIO
pOJIb B pa3BUTUHU KapCTOBO-CY(P(HO3UOHHBIX SIB-
JIEHUI BO MHOTOM OJ1arojapsi CBOMM BOJIOYIOp-
HBIM CBOKCTBaM.

OT10KeHMsI aJeoreHOBON U HEOreHOBOM
CUCTEM paclpocTpaHeHbl B ceBepHOH yacTu Ka-
JTYKCKOW 00JacTH M NPUYpPOUYCHBI K JIPEBHUM
JIOHEOT'€HOBBIM JI0JIMHAM, BPE3aHHBIM B HMKHE-
KaMEHHOYT'OJIbHBIE OTJIOXKEHHS, MPEACTABIICHbI
neckamu, cynecsamu 1 rauaamu (bo6pos, 2006).

OTnoXeHUsT 4YETBEPTUUYHON CHUCTEMBbI Ha
TEPPUTOPUN OOJACTU pPa3BUThl TNPAKTUUYECKU
noBceMecTHO. OOImass MOIIHOCTH OTJIOKEHUHI
mmensiercs ot 10-15 go 50-80 m. IIlupoxoe
pacnpoCTpaHEHHE HMMEIOT MOPEHHBIE OTJIONKE-
HUS, IPEACTABIECHHBIE B OCHOBHOM CYIJIMHKaMH
C TpaBHMEM, TaJIbKOW M BaJlyHaMH OCAJ0YHBIX W
W3BEP/KEHHBIX IOPOJ, Pa3HO3EPHUCTHIMU IIEC-
KaMM M cynecsimu. HammeHnee pacnpocTpaHEHbI
QJUTIOBHAJIBHBIE M O3€PHBIE OTJIOXKEHUS — Iepe-
CJIaMBaHME PA3HO3EPHUCTBIX IIECKOB C I'PAaBUEM
U TallbKOM, CYITIMHKOB, cyneced u rauH (boo-
poB, 2006; Iletpos, 2003).

CoryiacHO BBILIENPHUBEIEHHOMY OIMCAHUIO
re0JIOTHYECKOTO CTPOEHUsI IPUIIOBEPXHOCTHOM
TOJILIY U €r0 PacwIEHEHUs, B pa3pe3e TEPPUTO-
pun Kamyxckoit obmactu Obu1o BblnesneHo 13
TUIIOB TE€0JIOTUYECKOTO CTpoeHus. llepBblit u
caMblil TJIaBHBIN KpuUTepul, Oiaronaps KOTOpo-
My 13 TunoB OblIM pazfeneHbl Ha 2 OOJbIINE
IPYNIIBI, — 3TO BO3pPAcT KapCTYIOLIUXCS OTJIO-
xenuil. K nepBoii rpynmne pa3pe3oB OTHOCATCS
YYacCTKH{, B IIpeferax KOTOPBIX KapcTyrouleics
TOJILIEH SIBJISIFOTCS KAMEHHOYTOJIbHBIE OTJIOXKE-
HUS, KO BTOPOH — YYacTKU C KapCTYHOIIMMHUCS
OTJIOKEHUSIMU I€BOHA. Pa3nuuHble THUIIBI reos1o-
IMYECKUX Pa3pe30B XapaKTEPU3YIOTCA Pa3HOO00-
Pa3HBIM COYETaHHEM PACCMATPUBAEMBIX CIIOEB
(puc. 5).

Kopennoe ornnuune 2—4 n 10-12 tunos pas-
pe3a oT 5 U 13 TUIIOB — 3TO NMPUCYTCTBUE NPO-
CJIOEB KOPCKO-MEJIOBBIX IIMHUCTBIX OTI0XCHHUM
MOILHOCTBIO OT 2 M U Oonee. Hanuuue B paspe-
3€ TAKUX TNIMHUCTBIX MPOCIOEB, CONJIACHO MOC-
KOBCKOMY OIIBITY M3yYCHMs KapOOHATHOIo Kap-
CTa, KapAWHAJIbHBIM 00pa3oM BIMSCT Ha JWHA-
MUKy TPOTEKaHUs KapcTOBO-Cy(h(PO3nOHHOTO
mporecca.

KapcToBble ¢opMbl 1 0cO0EHHOCTH HMX pac-
NpoCTpaHeHHust

K nanbonee xapakTepHbIM (hopMam MOBEPX-
HOCTHBIX TPOSIBJICHUN KapCTa, BBI3BIBAIOIIAM
HaMOOJIBIINE OCIOKHEHUS TIPU XO3SIHCTBEHHOM
OCBOCHHH TEPPUTOPHIA, OTHOCITCS KapCmogwvle
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60pOHKU U JIOKANbHbIE noHudicenus. Cpeay moj-
3eMHBIX KapcTOBBIX (POpM HamOONBIIYIO Orac-
HOCTb MPEACTABIISAIOT 1OJI0CMU Y 30HbL OpoO]ie-
HUs — VHTEpBaJbl, B MIpeJeiax KOTOPbIX Kap-
CTYIOLLMECS MOPO/Ibl 3AJIEralT B CHJIBHO Hapy-
LIEHHOM Pa3yIJIOTHEHHOM COCTOSIHUU.
N3ydyeHne u oLEHKa pacrnpoCTpaHEHUs OT-
punarenbHbIX (GopMm penbeda Ha TeppUTOpPUU

d:? IpaHuua Kanyxckoi obnactu

® OCHOBHbIEe HacerneHHble NYHKTbI

———— JloKanbHble oTpuLaTernbHble KOMbLeBble aHoOManuu NMHUN

====30HbI NONOXUTENbHbLIX aHOMaInui
— — — 30Hbl OTpULATENBHbIX aHOManui

/\/ Paanombl oCHOBHble

Pa3nombl BTopocTeneHHble

/ JInHeameHThI

RIS
RIS
SIS
RERLLSH
LALXR

MopBuXHbIE nNosica

L\\‘ Il — MocKoBCKMIA NOABUXHbIV NOsiIC
m Il — Mavyenmcknii NOABUXKHbIA NOSAC

E IV — BpsiHcko-Kanyxckasa nogBmkHasi 3oHa
KpaTOHbI U 30HbI

»" %J%
‘l;".(/

Kamyxcko#i 061acTi OCyIIECTBICHBI B Pe3yilb-
Tare:

— cOopa, aHanmu3a U O00OOIICHUS APXUBHBIX
MaTEpUaJIOB TE0JIOTUYECKUX, THUAPOTEOJIOrHue-
CKUX, WHXCHCPHO-TCOJIOTHYCCKUX, CTPYKTYp-
HBIX, TCOPHU3NICCKIX M KAPCTOJIOTUUYCCKUX HC-
cJIEJOBAHMM, BBITTOJHEHHBIX B 1952 — 2018 rT.
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m " — BpsaHckuit kpaToH. CmorneHcko-Cnac-[lemeHckuii 6nok, MNepnkpaToHHas soHa

m " — BpsAHckuiA kpaToH. CmoneHcko-Cnac-feMeHckuii 6ok, Co6CTBEHHO KpaToH

S
m [1 — BopoHeXcKuii kpaToH. Tynbckuii 6rok, AKTUBU3VPOBaHHasA NepUKpaToOHHas 30Ha

Puc. 4. Cxema cmpykmypHozo pationuposanus 6epxueti 4acmu 3eMHOL KOpbl
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pa3IMYHBIMU OPTAaHU3ALMSIMH, XPAHIIIUXCS B
OI'BY «Pocreondouny, DBY «T®T'U no Ilen-
TpaJbHOMY (enepaabHOMy OKpyry», Kamyx-
ckom punnane BY «TOI'N no LlentpansHoMy
(benepambHOMY OKpYry». 3 naHHBIX MCTOYHH-
KOB TOJIy4CHbI cBeAicHUS 0 110 KapcTOBBIX BO-
pOHKaXx;

— aHanM3a U JemudpupoBaHus Tonorpadu-
YEeCKUX IUIAaHOB M KapT Macmurtada 1:25 000 —

1:100 000. ITo maHHBIM MaTepHajlaM 3aKapTH-
poBaHo 1907 orpuniatenbHbeix hopM penbeda;

— JemupupoBaHUI KOCMUYECKUX CHUMKOB
BBICOKOM TOYHOCTH M3 Pa3THUYHBIX HCTOUYHHKOB
(Google, Yandex, Here, Bing), orpaxkaromux
CUTYallMIO0 B pa3Hble BPEMEHHbIE TEPHOIbI, JUIS
yMeHblIeHuss omnOku. Takxke npu aemudpu-
pOBaHMM  KapCTOIPOSIBICHUM  HCIIOJIb30BaHbI
cnyrtHukoBble pemenus: I'MC-uenrpa III'HNY,
MIO3BOJISIFOLIME I0JIy4aTh BBICOKOTOYHYIO CITYT-
HUKOBYIO Cb€MKY IOBEPXHOCTH 3€MJIM B peajlb-
HOM BpeMeHH. C HCIO0JIb30BAHUEM CITyTHUKO-
BBIX JTAHHBIX BBIEICHO 4195 BOpOHKOOOpa3HBIX
hopm.

Otpunarensaslie GopMbl penbeda, mpocie-
JKUBAIOIMECs HA KOCMOCHUMKaxX U Tomorpadu-
YEeCKHUX KapTax, IPUYPOUYEHBI IIIaBHBIM 00pazomM
K IIEHTPaJbHOW 4acTh 00JacTu, Ije UX IJIoT-
HOCTH npeBbinraer 1 mr./kv’, a B CyXHHHUYCKOM
paiioHe gocturaer 7 . /KM (puc. 6).

[TongzemHas 3akapCcTOBaHHOCTb M3y4Y€Ha OT-
HOCHUTEIBbHO ¢1a00. OCHOBHBIM HCTOYHHKOM
JAHHBIX SIBJISIOTCS KOJIOHKM U pa3pes3bl apXuB-
HBIX KapCTOJOTHYECKUX, I'€0JOTMYECKHUX, THJ-
POTEOJIOTUYECKUX, PEXKE HHKEHEPHO-TEOJIOTH-
YECKHX, CKBAYKHUH.

OOHapyxeHHe KapCTOBBIX MOJIOCTEH U Tpe-
LIMHHBIX KaHAJOB pa3MepoM 2—3 M, NpHU IIy-
OuHe 3a1eraHus KPOBJIU KapCTYIOIIMXCS TOPOJA

A

§.16-

Z14

2

312 A

Q

20 A

:.

3 &1

26

Q

g4

521 /\/\I\ /™

Q ,-.’Q N qQ \(LQ \5% \%Q W\Q '\:’Q '{\Q "';QQ m:\}Q

I'nyOuna 3anerasus, M

KonudecTBo 30H ap 0011 €HuA, 1IT.

[9%]
(o]

—_— NN
wm O W

—_
(=]

10 M u GoJiee, CTAHOBHUTCSI MAJIOBEPOSTHBIM J1a-
e C MPUMEHEHHEM COBPEMEHHBIX BBICOKOTOY-
HBIX Treou3ndyeckux metroqoB. [lpu Oypenun
BCKPBITHE TOJIOCTEHl C BBIIICOTMEUCHHBIMH
pasMepamMu CKopee CIy4aiiHOCTbh, HEXKEIN 3aK0-
HOMEPHOCTb.

OTnuuuTeNnbHON YepToil KapOOHATHOTO Kap-
CTa SBISICTCS IIUPOKOE Pa3sBUTHE 30H ApoOiie-
HUS, KOTOpBIC CIy)KaT NYyTAMH (QUIBTPaLUU
MOJI3EMHBIX BOJI, PaCTBOPSIOIINX KapCTyIOIIHe-
cst mopoiel. CrieioBaTeNIbHO, HA y4acTKax JIOKa-
TU3aIMK 30H JApoOsieHus Hauboliee BEpOSTHO
3aJI0’KEHHE KapCTOBBIX MOJOCTEH, KOTOpPhIE MPU
OTIPE/ICTICHHBIX YCIOBUSAX TPAHCIUPYIOTCS B
BBIIIIEJIEXkKAIME TOPU3OHTHI BIUIOTH JIO BBIXOJA
Ha JIHEBHYIO MMOBEPXHOCTh C 0Opa30BaHUEM OT-
punaTenbHbIX (opM penbeda.

Bcero mo JlaHHBIM apXHMBHBIX KOJIOHOK Kap-
CTOJIOTMYECKMX CKBaXXMH Ha UCCIEIyeMOi Tep-
putopun 3adukcupoBaHbl 1 He3amoJHEHHas
KapcToBasi MOJOCTh M 72 30HBI JpoOJeHus,
00JIbIIas 4acTh KOTOPBIX BCTpEUEHa 10 IIyOH-
Hbl 60 M (puc. 6, A). BepTukaibHas MOIIHOCTh
30H JIpo0OisieHust B cpeqHeM Kosebuercst oT 0 1o
2—4 M, B €IMHUYHBIX CKBAa)XMHAX PErUCTPUpPY-
F0TCS 30HBI ApOOIeHNs MOITHOCTBIO 10 20-30 M
(puc. 6, b).

W3 puc. 7 BUAHO, 4TO NPAKTHUUYECKU BCE 30-
HBl ApOOJIeHUsI NPUYPOUEHBI MO0 K ydyacTKam
MOBBIIIEHHOW MJIOTHOCTH Pa3BUTUS IOBEpX-
HOCTHBIX KapcToBBIX (opMm, iaubo k mnepude-
PUMHBIM YacTAM TakuX ydacTkoB. JlaHHoe 00-
CTOATEJILCTBO TOJIHOCTBIO COTJIacyeTcsi ¢ Teope-
TUYECKUMHU MPEINOChUIKAMHU PACHpPOCTPAaHEHUS
3aKapCTOBAHHOCTH, COIJIACHO KOTOPHIM IO-
BEPXHOCTHOE OTPaXKEHHE KapCTOBBIX Aedopma-
Uil B pesbee MECTHOCTH SIBISETCS MPSIMbIM
CJIEICTBUEM PA3BUTOMN MOJ3EMHOM 3aKapCTOBAH-

b
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0 2 4 6 8 10 12 14 16 18 20 22 24 26 28

BepTI/IKaJ'I bHasi MOIIHOCTb, M

Puc. 6. Kpusvie pacnpedenenus 3ou opobaenus: A — no enyoune sanecanus; b —no eepmukanbHol MOWHO-

cmu
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HOCTH. B CcBA3M ¢ yeM mnpu aHaIM3€ KapCTOBOMN
omacHoctu Tepputopun Kamyxckoit oGmactu
OBLJIM KCITI0JIL30BaHbI NOBEPXHOCTHBIC KapCTO-
MMPOABJICHUA.

OcHoBHbIE YCJOBHS M (PAaKTOpPbI Pa3BUTHA
Kapcra

Ha Tteppuropun  Kamyxkckoit  obmactu
HanboJice IIUPOKO Pa3BUT KapOOHATHBIN THII
KapcTa BCJIEJCTBHE IIOBCEMECTHOTO pacIpo-
CTpaHeHHsI KapOOHATHBIX MOPOJ| JICBOHCKOH W
KaMEHHOYTOJIbHOH ~CHCTEM, MpeACTaBICHHBIX

MNOTHOCTb NOBEPXHOCTHLIX KAPCTOBLIX (DOPM, LUT./KM?

[ ]o-025
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[ Jo75-1,00
>1,00

ull

L OCHOBHbIe HacerneHHble MYHKTbI

&

paHuuya Kanyxckoi obnactu

AOMWHWUCTPaTUBHbIE PanioHbl
BopoHku co cnyTHuKa
BopoHku ¢ Tonokapt

BopoHku no gaHHbIM hoHO0B

30Hbl gpobneHus*

* LiBeT 1 pa3mep yCNOBHOIO 3Haka 3aBUCUTOT
KonuyecTBa 30H ApobneHus (LT.),
BCKPbLITON KapCTONOrn4ecKomn CKBaXKNHOM

0 15 30 60 Km
T T N N A TR R B |

rJIaBHBIM 00pa30oM HM3BECTHSIKAMH, PeXe — J0-
nomutamu. Ha roro-3amane oGnactu KapcToBO-
MY MPOLECCY MOJBEPKEHBI TAKXKE TOJIIH MeJia
TYPOHCKOT'O BPEMEHH.

B mporuecc pacTBopeHuss MOTyT ObITh BOBJIC-
YCHBI CPEAHCPACTBOPUMBIC TUIICHI U AHTHJIPH-
THI B BHJIC MPOCJIOCB M MPOIJIACTKOB B KapOo-
HaTax, a TaKke CynbpaTHO-KapOOHATHBIM
KOMILJICKC MOPCOBCKOTO TOPU30HTA U MOIIHAS
03CPCKO-XOBAaHCKasl  THUIICOHOCHAs  TOJINA
(ITetpos, 2003).
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256

C.B. ll]epbaxos, 3.B. Kusunesa

Pa3zBuTne kapcToBOrO mporecca B MacCHBE
TOPHBIX TIOPOJ OMpenenseTcs 00s3aTeIbHBIMU
yciaoBusiMA. Ha akTHBHOCTB M XOJ MPOTEKaHUS
KapCTOBOTO TPOLIECCa BIMUACT KOMIUICKC (PaKTo-
POB, OTpaXAaIOIIMUX MPUPOTHBIC OCOOCHHOCTH
CTPOCHHUS KapCTOBOTO MacCHBa.

[Ipu uccnenoBaHMM KapCTOOMACHOCTU TEp-
putopun Kamyxckoit obnmactu ObUIM paccMOT-
PCHBI U TIpOaHaTU3UPOBaHbl 17 (aKTOpPOB MpH-
POJTHOTO CTPOEHUS, pa3/ie/IeHHBIX Ha 4 TPYIIIbI:
CTPYKTYPHO-TEKTOHUYECKYIO, T'€0JIOTHYECKYIO,
THJIPOT€0JIOTUYECKYI0, TeOMOP(OJIOTHIECKYIO
(Tabnuua). Jlns ynoOGcTBa aHanuza B paboTe uc-
M0JIb30BaHbl  (PAaKTOpPBI, MMeEIOLINe KOJU4Ye-
CTBEHHYIO ()OPMY BBIPAKEHHS, YCTAaHOBICHHbBIE
o OONBIIOMY 00BEMY JTaHHBIX, TOTYYCHHBIX C
KapTorpauuyeckux MaTepHalioB  pazIMYHON
HaNpaBJICHHOCTH U U3 (OHJOBBIX MaTepUAIIOB
re0JIOrMYECKHX, THAPOre0IOTHYECKUX U HHXKe-
HEPHO-TEOJOTMYECKMX CBhEMOK MPOULIBIX JIET
(KuBunesa, baxyrun, Lllepbakos, 2019; Llep-
0akoB, Karmmn, 2019).

[lokaszaremu reosoru4eckod U TUIPOre0sIo-
TMYECKOM I'PYII IIMPOKO NMPUMEHSIOTCS B MPAK-
TUKE KapCTOJIOTMYECKUX HCCIIEOBAHUI U peKo-
MEHJIYIOTCSl ISl OLEHKH KapCTOBOM ONACHOCTH
psnoM HopMmatuBHbIX JokymeHToB (TCH 302-
50-95; HHcrpykuus 0O HNPOEKTUPOBAHMIO...,
1984). B reonoruueckoii rpymnme Haubolee ya-
CTO BCTpEYaloTCsl MOKa3aTelau IIyOuHBI 3aiera-
HUSl KapCTYIOIUXCS MOPOA M MOIIHOCTU BOJO-
YIOPHOHN TommuM opckux riuH. Cpemu ruapo-
IEO0JIOTHYECKON TPYMINbl HNPAKTUYECKH BO BCEX
HOPMAaTHBHBIX JIOKYMEHTaX paccMaTpUBaeTCs
KOMIUIEKCHBIN 110Ka3aTellb — BEPTUKAIBHBIN Ipa-
JUeHT ¢uibTpaunu. J{aHHslii akTop BKiIIOUaeT
B ce0s1 MbE30METPUUECKUE YPOBHHU IPYHTOBBIX U
KapCTOBBIX BOJ, & TaKXXE YINOMSHYTYIO BBbILIC
MOLIHOCTb BOZOYMOPHOI! TOJILLH.

dakTopbl  reoMOp(OJIOTHYECKON  IpyIHIbI
(YAa7IeHHOCTh OT PEYHON CETHU M IMPEBBIIICHUEC
CPEIHEro ypOBHSA BOJOTOKOB) MO3BOJISIFOT OLle-
HUTh B KOJMYCCTBCHHOW (opMe TMOKa3aTeny,
TPaJULIMOHHO BBIJENIsAEMbIE TIPU OLIEHKE KapcTa
B KauecTBeHHOH (opme (moiitma, yctym, BoJoO-
pazzaen). DakTopbl CTPYKTYPHO-TEKTOHHUECKOMH
rpynnsl (IVIOTHOCTh TEKTOHWYECKHUX Hapyllle-
HUI U yJAJIEHHOCTh OT HUX) HaIpsSMYIO CBs3a-
Hbl C TPEUIMHOBAaTOCTBIO (BOAOINPOHHUIIAEMO-
CTBI0) KapCTOBOT'O MAaCCHBA.

Jns kaxaoro ¢axkTopa yCTAaHOBIEHBI BHJL
TEOPETHUYECKOTO 3aKOHA paclpeieieHus Kap-
CTOBBIX (OpM, a TaKXkKe cpenHee 3HaueHHe WU
CPEIHEKBAIPATUICCKOE OTKJIIOHCHHE (Tadyuma),
ONpCACICHHLIC C MNPUMCHCHHUCM CTaHAAPTHBIX
(dbopmMyn MaTeMaTUYECKON CTATUCTUKH.

Pe3yabTaThl OlIEHKH KAPCTOOMACHOCTH U UX
o0cyxaeHmne

Kak oTmeueHO BbIlIE, /Ui OLIEHKH KapCTo-
Boil omacHocTu Kamyxckoit 061acTi UCTIONb30-
BaHO 17 (akTOpOB, OTpAKAIOIIUX 0COOEHHOCTH
CTPOEHHUsI KapcToBOro maccuBa. J[ms kaxmoro
U3 HUX YCTAHOBJIEHBI 3aKOH paclpeliesieHus] U
KaTeropuu KapCTOBOM OMAcHOCTH B OaJlIbHON
dopMe mTO WMHTepBajaM 3HaueHHWH (aKTOpPOB.
VYdacTku, B mpeaenaXx KOTOPHIX 3HAUYEHUs HC-
ciegyemMoro (pakropa XapaKTepH3YIOTCS Kak
MPAKTUYECKH HEOIacHbIe, KOIUPYIOTCS 0auiom
1, ydacTku ¢ NOTEHIIMAIbHOW KapCcTOBOM orac-
HOCTBIO — 0aJIJIOM 2 U COOTBETCTBEHHO YYacCTKH
oracHble — 6aymioMm 3.

BBuny oTCyTCTBHS YHMBEpCAlbHOTO Mare-
MaTHYECKOT0 MEXaHU3Ma OIpeesieHUs BIIuUs-
HUS Ka)XJIOTO KOHKPETHOTO (hakTopa Ha MHTEH-
CHUBHOCTb pa3BUTHs KapcTa BecoBble Ko3(hdu-
LUEHTHI IPU MOCTPOSHUM UHTETrpajIbHOW Mojie-
JM KapCTOOMAaCHOCTH ObUIM Ha3HAYEHBI 3KC-
[EPTHBIM CIOCOOOM.

HtoroBas uHTerpajgbHas MOJENb KapcTo-
omacHocTu Teppuropun Kamyxckoir oGnactu
[IOCTPOEHAa C NPHUMEHEHHEM [POrPaMMHOIO
komiiekca ESRI ArcGIS 10. Bee nocrpoenus
BBINOJIHEHBI B 08a 9mand.

Ha nepeom smane mocTpoeHbl MPOMEXKY-
TOUHBIC PACTPOBbIC MHTEIPAJIbHBIC MOJICIN Kap-
CTOOMNACHOCTH OTAEAbHO M1 Kaxgon w3 4
rpynn (GakTopoB (CTPYKTYpPHO-TEKTOHHUYECKOH,
ICOJIOTUYECKON, T'MAPOreOJOrH4eCKOW U Treo-
Mopgosorunueckoif). Ilpn moctpoeHuu mnpome-
AKYTOUHBIX MOJesell Beca Bcex (pakTOpOB IpHU-
HUMAaJIICh PaBHO3HAYHBIMHU.

Ha tepputopun o61acté 1O CTPYKTYpHO-
TEKTOHWYECKHM (paKTopam mpeolnataroT ydacT-
KM, OTHOCsIIHUE K omacHbIM (51%) u moTeHIu-
anbHO omacHbIM (35%) kateropusiv, a Ha JOJIIO
IIPAKTUYECKH HEOMACHBIX TEPPUTOPUI MPHUXO-
mutes 14% mnomamu obmactu (puc. 8, A).
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Tapamempuvr meopemuyeckux 3aKOHO8 pacnpedeneHus Kapcmoguix (hopm 01 paccmMampusaemvlx QaKxmo-

P08, Xapakmepu3yloujux ycioeus paeumus Kapcmd

ITapameTpsI TeOpeTHYECKOTO
Ne acnpeaesaeHus 3akoH pacnpeneJie-
@akTOpbI pa3BUTHA KapcTa peL paciipei
n/m CpeIHEeKBaJPaTH- HUSA
cpenHee
YyecKoe OTKJIOHEHHE
1. CmpykmypHo-mexkmonuueckue paxmopui
Jlorapudmuaecku
1 |YgameHHOCTh OT THHEAMEHTOB, M 452436 5706,85 pud o
HOPMaJTbHBIH
V maaeHHOCTh OT pEerHOHaIbLHBIX Pa3JIOMOB Jlorapudmudecku
2 TR P P 1339,85 1360,00 pumiriec
Y KOJIBIEBBIX CTPYKTYP, M HOPMaJTbHBIH
3 JluneliHas MIOTHOCTH pErMOHAIBHBIX pa3- 0.35 0.19 Hopwmanbusrit
JIOMOB M KOJIBIIEBBIX CTPYKTYP, KM/KM’ ’ ’
2. I'eonozuueckue gpaxmoput
MOIITHOCTB OTIOKCHHUM TTOKPOBHOM TOJIITH
i P Hl Jlorapudmuuecku
4 |(rmyOuHa 3anmeraHus KpOBJIM KapcTyrommx- | 33,28 22,63 N
N HOpPMAaJIbHBII
Csl OTJIOXKCHMUIN), M
. Jlorapudmuuecku
5 |MoOILUHOCTh YETBEPTUUHBIX OTIOKCHUH, M 19,17 12,01 pud o
HOPMAaJIbHBII
6 MOoIITHOCTh HEOr'€H-YETBEPTUYHBIX OTJIO- 18.53 14.96 Jlorapudmuuecku
KEHHH, M ’ ’ HOpPMaJIbHbII
7 MOIHOCTh IOPCKO-MENOBBIX TITMHUCTHIX )14 269 Jlorapudmuuecku
OTJIOKCHHH, M ) ’ HOPMAaJIbHBIN
3. T'uopozeonozuueckue ghpaxmopot
Jlorapudpmuuecku
8 |['myOuHa ycTaHOBJICHHS TPYHTOBBIX BOJI, M 8,58 7,39 pud N
HOPMAaJIbHBII
I'nmyOuHa ycTaHOBJICHHS TPEIIMHHO- .
I pett 25,33 13,99 HopmalibHblit
IJIACTOBBIX BOJI, M
BricoTa Hanopa TpemMuHO-IIIIaCTOBBIX Jlorapudmuuecku
10 33,88 31,78 N
BOI, M HOPMAaJTHHBII
11 [MuBepamu3amus rpyHTOBEIX BOJ, T/IM 0,56 0,22 HopmanbsHsrit
12 MuHepanu3zaiys TPEIMHHO-ILIACTOBBIX 0.62 136 Jlorapudmuuecku
BOJI, /oM’ ’ ’ HopwmanpHbiit
4. I'eomopghonozuueckue paxmopui
[IpeBbImIeHne HAI CPETHAM YPOBHEM N
13[P ALepen yp 96,10 28,18 HopmanbHaerit
pPEeK, M
N Jlorapudpmudecku
14 |Y naneHHOCTh OT pEYHOH CeTH, M 1235,29 1041,56 prd o
HOPMAaJTHHBII
Y 1aneHHOCTh OT OCHOBHBIX TIaJICOASIbTO- OKCTIOHEHIIHAITb-
15> 7% A 1923,72 2611,79 o
BBIX Y TTAJIGOPYCITOBBIX MTOTOKOB, M HEBIH
KoadduimenT ropuzoHTaibHOM pacurie- .
16 b P p 0,16 0,05 Hopmanbuslit
HEHHOCTH penbeda
CrerneHb BEPTUKAIBHON PacuIeHEHHOCTH N
17 p p 82,32 19,09 HopmanbHbiit
penbeda

* CTaTUCTUYECKUH ITapaMeTp 3KCIIOHEHIMaIbHOr0 3aKoHa pacnpenenenus A = 0,00026.

CornacHo (pakTopaM IeoJOrHYEcKON Ipym-
Tbl, HanboJee pacpOCTPaHEHBI MO MIIOIIATN
YYaCTKH, KJIacCU(UIUPOBAHHbIE KaK OIAacHbIE
(78%). lloTeHnnanbHO ONacHbIE U MPAKTHYECKU
HEOIaCHbIE YYaCTKH 3aHUMAaIOT COOTBETCTBEHHO
10 u 12% nnomaau obmnactu (puc. 8, b).

[To daxTopam ruapoOreosIOrnyecKom TpyIbl
HanOoJiee MHUPOKO MPEICTABIEHBl YYaCTKH, OT-

HECCHHBIC K OMACHOW KaTeropuu, — Ha UX JOJI0
npuxoautcs 62% mnomanu obnactu. [lorenun-
QJIBHO OMNAaCHbIE YYacTKH 3aHMMarT 33% mio-
maau. Ha mpakTudecku HeOMacHble Y4acTKU
npuxonutes Bcero 5% oOmei momanu Ka-
myxckoi obnactu (puc. 8, B).

B reomopdonorudeckoM OTHOIIEHHH TLIO-
aau, 3aHAThIC PA3IMYHBIMH KapCTOOTIACHBIMH
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yJaCTKaMH, PACIpPEIeNMIINCh CIEAYIOMHNM 00-
pasom: omacHasi kareropusi — 13%, moTeHuu-
anbHO omacHas — 59%, MpakTUYECKH HEeOoMmacHast
—28% (puc. 8, IN).

Ha emopom smane monydyeHa WUTOTOBas HMHTE-
rpaibHas MOJeNnb KapcroomacHocTn Kamyx-
CKOH 00JIACTH IyTeM CyMMHUPOBAHUS TPOMEKY-

TOYHBIX MOI[CJ'IGﬁ, MOCTPOCHHBIX IJIA Ka)I(I[Oﬁ nus3
A

B
Funporeonoruqecxaa

rpynna

KaTteropuu kapcToBoii OnacHoCTM

|:' npakTu4yeckn HeonacHasa

I:I noteHUuuanbHoO onacHasa

|:| Mpanuya Kanysxckoii obnactu
|:| AQMUHUCTpaTVBHbIE paiioHbl

4  BBIIIEPACCMOTPEHHBIX  Tpynm  (akTopoB
(puc. 9). Ilpu pacuere WUTOrOBOW MOJEIHU WC-
MOJIb30BAIIUCH CIICAYIONINE BECOBBIC KOA(U-
IUEHTBl JUIS OTACJBHBIX Tpymmn (HaKTOpOB:
CTpYKTYpHO-TeKTOHMYeckue — (,2; reomoruye-
ckue — 0,3; runporeonornyeckue — 0,2; reo-
Moposornueckue — 0,3.

B

l'eonoruueckas

rpynna

—— KpynHble peku

[ Bomoxparmnuua, osepa

OCHOBHblE HaceneHHble MyHKTbI

Puc. 8. IIpomescymounvie kapmul kapcmoonacrocmu Kanysicckotl obnacmu, nocmpoennvle o pakmopam.
A — cmpyxkmypno-mexkmonudeckoti epynnvl, b — ceonozuueckoii; B — eudopoceonozuueckoii,; I'— ceomopghono-
2uyeckou
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KaTteropuu kapcToBOI OMacHOCTM

El npakTn4yeckn HeonacHaa
‘:' noTeHUunanbHO onacHas
l:’ onacHasa

I:l IpaHuua Kanyxckoi obnactu
|:| AOMWHMCTPATUBHbIE PalioHbI

® OCHOBHble HaceneHHble MNYHKTbI £

YKenesHas gopora
- KpynHble peku
D BopoxpaHunuiua, osepa
*  BopoHku co cnyTHUKa
¢ BopoHku ¢ TonokapT ‘\5

. BopoHku no aaHHbIM (hOHAO0B

< Q.;»\:-
s }.'HLHHoﬁ L &

Puc. 9. Kapma xapcmoonacrnocmu Kanyscckoii oonacmu

3Ha4yeHUA BECOBBIX KO3((UIUCHTOB mnpH-
HUMAJIUCh WCXOJd U3 BIMSHUSA TOW WIM HWHOMN
rpynnbl  (aKTOpOB Ha Pa3BUTHE KapCTOBOTO
nporecca, 00beMa U HaJIeKHOCTU MMEIOIINXCS
JTaHHBIX. Tak, HanmpuMep, reoJOTHYECKONW Irpyn-
ne ¢gakTtopoB npucBoeH kodpdunuert 0,3 BBU-
Iy TOCTaTOYHOI'O KOJIMYECTBA U PaBHOMEPHOTO
pacnpoCTpaHeHus: [0 TEPPUTOPUU CKBAXKUH C
nHpOpMaIHEH O TeOJOTHYECKOM paspese. ['ui-

POreOIOTUYECKOM TpyIe PakToOpoB MPUCBOCHO
3HaueHUEC BecoBOro koddduimenta 0,2, 4ro
CBS3aHO C HEJIOCTATOYHBIM KOJMYECTBOM XUMHU-
YEeCKUX aHaJIM30B MOJ3EMHBIX BOJl U OTCYTCTBH-
€M CHCTEMaTHYeCKHX 3aMepOB YCTaHOBJICHHS
HX YPOBHEH IO CE30HaM roja.

CornacHO TOJXy4e€HHOH HWTOrOBOIl Kapre
KapcToomnacHoctu Tepputopun Kamyxckoit o0-
JacTu oracHas KaTeropus 3aHUMaeT
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57,2% nnomaau, TPeUMYIIECTBEHHO JIOKATH3Y-
SCh B LIEHTPAIBHOM U CEBEPO-BOCTOUHOMN YACTH.
[ToreHuManbHO OMAacHOW W NPAKTHUYECKHU He-
onmacHoW karteropusmu 3aHsito 32,7 u 10,1%
TEPPUTOPUU  COOTBETCTBCHHO. [IpakTruecku
HEOMACHAasl KATErOpHsi MPEUMYILECTBCHHO BbI-
JIEJSICTCSL B MpEeiiax TpaHul] XBaCTOBUUCKOTO,
Kuszngpunckoro u JIroauHOBCKOTO paiioHoB. Ha
BCCH OCTaJIbHOM TEPPUTOPUU OO0JIACTU TMOTECH-
LUAJLHO OMacHas M MPaKTUYCCKU HeomacHas
KaTeropun HMMEIOT OCTPOBHOE pacHpoCTpaHe-
HUE.

[Ipeobnanaroiee OONBIIMHCTBO — TOBEPX-
HOCTHBIX KapcToBbIX (opM (71%) rpynnupyer-
cs B mpejenax omacHou kareropuu, 27% kap-
CTOTIPOSIBJICHUI TOMNaJa0T B MpeAebl TPaHMI]

35 -
30 +
25 4

20

Mnowaab pacnpocTpaHeHne KaTeropun onacHocTH, %

1 2 3 4 5 6

MOTEHIMAJILHO OTMIACHOM KaTeropuu M jauiib 2%
KapCcTOBBIX (HOPM TNPUXOAUTCS HA YYaCTKH C
NPaKTUYECKHA HEOMACHON KaTerOpHEe.

Crnenyer OTMETUTB, YTO BBIICJICHHBIC KaTe-
TrOPUHM KapCTOOMACHOCTH XOPOLIO KOPpPETHpy-
IOTCS C TUIaMM I'€0JOTMYECKOro paspes3a, Xa-
pakTepHbIMU 1151 Tepputopun Kamyxckoit 06-
nactu. Tak, Hanbojee onacHbIC YYAaCTKH TATO-
TCIOT K TUIOIIAASM, JUISI KOTOPBIX XapaKTEPHO
3aJjeraHie YEeTBEPTUYHBIX pBIXJIBIX TPYHTOB
(IpenMyIeCTBEHHO NECKOB, CYyNecei, CYIJIMH-
KOB, TJHMH) HEMOCPEJICTBEHHO Ha KaMEHHO-
YTOJIBHBIX OTJIOKEHHUSIX MPH OTCYTCTBUU WJIH
(parMeHTapHOM Ppa3BUTUU  IOPCKO-MEIOBOTO
BOJIOYHOPHOTO TJIMHUCTOTO CJIOS Majod MOII-
Hoctu (10 1-2 M, puc. 10).

@ HeonacHble
O lNoTeHumanbHO onacHble
m OnacHble

L _

7 8 9 10 1" 12 13

Tunbl reonorvyecknx paspesos

Puc. 10. Hpoz;eHmHoe coomeemcmeue murnoe ceojocuU4eCcKUx paspe3o6 Kamecopusim Kapcmoonacnocmu

BriBoabl

1. Besa nccnenyemas teppuropun Kamyx-
CKOM 00JacTM XapakTepusyeTrcs pa3BUTHEM
MPEUMYIIECTBEHHO KapOOHAaTHOTO KapcTa Mpu
MOJAYMHEHHOM Pa3BUTUHU CYIb(paTHO-KapOOHAT-
HOTO. OCHOBHBIMHU KapCTYIOIIUMUCS TOPOJAMU
ABIISIOTCS W3BECTHIKU M JT0oMUTHL. [lIupokoe
pa3BUTHE Ha TEPPUTOPUHU O0JACTU UMEIOT IMO-
BEpXHOCTHBIE (BOPOHKH, TOHIKCHHS) W TIOJ-
3eMHBIE (30HBI APOOJIEHNS ) KApCTOBBIE (DOPMEI.

2. MeTo/iuka OIEHKH KapCTOOMACHOCTH OC-
HOBBIBAETCSl HA MHTETPAJIbHOM YYeT€ YacCTHBIX

OLICHOK, YCTAHOBJICHHBIX MO OTACIbHBIM (aK-
TOpaM, OKAa3bIBAOIIMM BIHUSHUC HAa Pa3BUTHUC
KapCTOBOTO MPOLECCa U PacHpOCTPaHCHUE Kap-
cToBbIX (hopM. OCHOBON METOIMKHU CTajdl aHa-
JU3 paclpesieeHuil KapcToBbIX (GopM 1o (ak-
TOpaM MPUPOJHOTO CTPOEHUS HCCIeayeMoit
TEPPUTOPUU U UX MHTETPAIbHBIN y4eT ¢ Mpu-
MEeHEeHHeM 0aUIbHOTO MPUHIIUIIA.

3. IIpu o1ieHKe KapCTOOMACHOCTH HUCMOJIb30-
BaHO 17 pa3IMyHBIX NPUPOJHBIX (HAKTOPOB,
pasfiesieHHbIX Ha 4 TIpynmsl: CTPYKTYpHO-
TEKTOHUYECKYIO, I'€0JIOTUYECKYI0, TUAPOTeoIo-
THYeCcKyto U reoMopdosornueckyro. s kax-
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7oro (paKTOpa yCTaHOBIIEHBI OCOOCHHOCTH pac-
npefeNeHns KapcToBBIX (opM, 10100paHbI
HauboJsiee BEPOSTHBIE TEOPETHUYECKUE 3aKOHBI,
OTMCHIBAIOLIME HAOJII0/IaeMble pacCIpe/ieeHHUsL.
C npuMeHEeHUEM NOPOrpaMMHOrO KOMIUIEKCa
ESRI ArcGIS 10 nmoctpoeHsl 4 mpoMexyTou-
HBIX MOJIEJIM M OJIHA UTOroBasi MOJIENb KapcTo-
oracHocTu Tepputoprn Kamyxckoit oGnacTu.

4. Ilo pe3ynpTaTamM pallOHUpOBAaHUSA TEPPH-
topun Kamyxckoil obiacTu mo KapcToomacHoO-
CTH C TPUMEHEHUEM MHTErpajbHOrO0 METOoJa
BBIZIENIEHBl 3 KaTEropuM pa3In4yHON CTENEHU
OTIaCHOCTH: OINacHasi, MOTEHIMAIBHO OMacHas 1
MpakTU4ecku HeomacHas. OnacHas KaTeropus
3anumaer 57,2% Ttepputopun Kamyxckoit 00-
JIaCTH, JIOKAJIU3yACh IIPEUMYIIECTBEHHO B IIEH-
TPaJIbHOM U CEBEPO-BOCTOYHOM yacTu. [loreH-
LMaJIbHO ONACHOM M NPAKTHMYECKH HEOIAcCHOM
KateropusiMu 3auaro 32,7% u 10,1% Teppuro-
pun oOnactu coOTBETCTBEHHO. [lpakTHuecku
HeollacHasl KaTeropusl IMPEUMYIIECTBEHHO BbI-
JeNIAeTcs B Ipesienax rpaHul] XBacTOBHUCKOTO,
Kusnpunckoro u JlronuHoBckoro paiioHos. Ha
BCEH OCTaJIbHOW TEPPUTOPUU OONACTH TMOTEH-
LMaJIbHO OINACHas1 W INPAKTUYECKU HEOIacHas
KaTeropun HMMEIOT OCTPOBHOE pacIpOCTpaHe-
HUeE.
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Zoning the Karstified Territories of the Kaluga Region
Using an Integrated Approach to Identify Favorable

Areas for Construction
S.V. Shcherbakov, Z.V. Kivileva
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The article considers 17 factors of natural structure of the territory of the Kaluga region divided into 4 groups:
geological, hydrogeological, structural-tectonic and geomorphological. The relationship between each factor and
the development of surface karst forms has been analyzed. Laws of distribution of karst forms and factors
boundary values corresponding to intervals with different degree of danger are defined. The final assessment of
the karst hazard was carried out by means of ESRI ArcGIS 10 using an integrated approach that takes into ac-
count the role of each factor in the development of the karst process as much as possible.

Key words: karst forms, karst hazard,; conditions of karst development; natural structure factors; integrated

technique, danger category.
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