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WzyuyeHue kapcToBo-cy(hdO3MOHHON OMacHOCTM B TIpPOlleCcCEe WHXEHEPHO-TEOJOTMUECKUX W3BICKAHU
M pa3paboTKa MPOTUBOKAPCTOBBIX MEPOINPUSITHII Ha 00BEKTaX, PACIONOXKEHHBIX Ha TEPPUTOPUM MOCKBHI,
KpaitHe aktyanbHas TeMa. CoracHo “KapTe onmacHOCTY ApeBHMX KApCTOBBIX (DOPM M COBPEMEHHBIX KAPCTOBO-
cyhd0o31OHHBIX TTPOLIECCOB”, YYaCTOK IJIolIanbo 4.9 kM? Ha ceBepo-3anaje r. MockBa, B Mpejiesiax KOTOpo-
ro B XX B. 3a(pMKCHpPOBaHBI BCE U3BECTHBIE HA TEPPUTOPUM Troposia KapcToBO-Cy(hhHO3MOHHbBIE TTPOSIBJICHMUS,
OTHOCHTCS K OTaCHOM KaTeropuu. B cTaThe neTaibHO aHATM3UPYIOTCS MHXEHEPHO-TE0JOTHIECKHEe YCIOBUS
3TOrO y4yacTKa I0 pe3yJibTaTaM M3ydeHUs OypOBBIX XYpHAJoOB U KOJOHOK Oojiee 440 ckBaxuH. CocraBe-
Ha KapTa MOIIHOCTU TJIMHUCTBHIX OTJOXEHMI, MepeKphIBAlOIIUX 3aKapCTOBAHHBIM TOPU30OHT, B MacIlTade
1 : 5000. IMpemytoxeH HOBBII MOAXO K pailOHUPOBAHUIO TEPPUTOPUH TIO CTETIEHU KapcTOBO-Cy(h(Po31nOoHHO
OMNACHOCTH, B pe3yJIbTaTe Yero B Impenesax MOoCKBbI TUIOIIAb y4acTKa, OTHOCSIIIIETOCS K TEPPUTOPUHN OTTaCHOM
B KapcToBO-Cy(h(HPO3MOHHOM OTHOIIIEHUM, YMEHbIaeTcs 10 2.50 km2.

KiioueBble ciioBa: kapcm, gopouka, Kapcmoso-cy@@o3uoHHblil nPo8an, NOGEPXHOCIHbLE NPOSGACHUS, KAPCMOBO-
cygho3uonnas onacHocmo, palioHuposanue
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BBEAEHME

OnuH u3 HauboJjiee aKTyaJlbHbIX BOIPOCOB MpU
MPOMU3BOJCTBE MHKEHEPHO-TEOJOTUYECKUX U3bICKA-
HUI Ha TeppuTOpu MOCKBBI — OIIEeHKa OITACHOCTU
TEPPUTOPUU B OTHOILLIEHUM PA3BUTHS “KAPCTOBBIX Je-
dopmanmii”. I1Ipu 3TOM B COOTBETCTBUM C TPeOOBAHU-
SIMU HOPMaTHBOB K KapCTOBBIM Jie(hOpMalIisiM OTHOCST
¥ IPOSIBJICHUSI KapCTa, W IIPOSIBIICHYUsI, 00pa30BaHHbIE
B pe3yJbTaTeé COBMECTHOIO INMPOTEKAHUs KapCTOBOIO
U cy(po3roHHOTO TMpolieccoB (KOTOpOe UccienoBaTe-
JIM Ha3bIBaIOT “KapcToBO-CY(PPO3MOHHBIM” TIpoliec-
coMm [1]), a nuHOrma M TONBKO Cydhdo3noHHOrO. B co-
orBercTBuu ¢ CIT 22.13330.2016 “OcHoBaHMd 30aHUIA
U COOpPYXEHUM. AKTyaJIMu3UpoBaHHasl peaakLus
CHull 2.02.01-83*”: “k 3axapcmosanHbiM OMHOCAMCSA
meppumopuu, 8 npeoesax Komopvbix pAcnpoCMpPAHeHbl
godopacmeopumvle nopoowvt”. Tepputropusi MOCKBbI

TMOJTHOCTBIO OTHOCUTCS K OOJIACTU pacIpOCTpaHEHUS
KapOOHATHHIX OTJIOXEHUI, KOTOPHIE XOTSI M OYEHBb
MEIJIEHHO, HO pacTBopsiorcs. OmHAKO CKOpPOCTh
MX PacTBOPEHMsI TaKoBa, YTO B MaciiTabax cpoka
CITy>XOBI COOPYXKEHUS YBEINUECHNE pa3Mepa KapCTOBOM
MOJIOCTY HE UTPAaeT 3HAYUTEILHOUI POJIM B IIOATOTOB-
K€ U TPOTEeKaHWHW Ipoliecca MPOBaJO0Opa3OBaHUS
M BBIXOJE INMPOBajla Ha 3eMHYIO MoBepxHoCTh [1, 21].
l'opasno cyiiecTBeHHee TO, YTO KapOOHATHbIE MOPO-
OBl KAMEHHOYTOJBHOIO BO3pacTa IJIMTEIbHOE BpeMs
WCIIBITHIBAIN ACHYIALIMOHHOE BO3IEeICTBUE, HAXOISICh
Ha TIOBEPXHOCTU 3eMyiu (UM B HEMOCPEACTBEHHOM
OJIM30CTH OT Hee) C KOHIIA ITalie030s1 U J0 CepeaAUHBI
ME303081, a TakKXKe OOJbIIyI0 YacTh KaiiHO305. B TO
BpeMsI KapCTOBBII IPOLIECC pa3BUBAJICS OY€Hb aKTUB-
HO, B pe3yJbTaTe 4Yero B HACTOSIIEE BpeMsl MMEETCS
JIOCTAaTOYHO OOJIBIIIOE KOJIMYECTBO MPOSIBICHUN Kap-
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CTa B KAMEHHOYTOJIbHBIX IIOPOAaX, IIOTPeOSHHBIX MO
OTHOCUTEJIbHO MOIIHOM TOJIIIEN NPEeUMYILIECTBEHHO
MUCTIEPCHBIX ME30-KANHO30MCKUX OTJIIOXEHUM, B KO-
TOPBIX Pa3BUTO HECKOJIBKO BOAOHOCHBIX TOPU30HTOB
(B TOM 4HCJIe HATIOPHBIX).

HosBple mnposiBieHUsT KapcToBO-CY(P(HO3MOHHOTO
mpoliecca Ha TeppuTOprMu MOCKBBI He (DUKCUPYIOTCS
yxe 6osee 25 ner. HecMoTpst Ha 3TO, ITpY NU3MEHEHNUN
WHXEHEPHO-T€OJIOTUYECKMX  YCIOBMIA, BO3MOXHA
akTuBM3auus Iporecca [20]. BaxHo oTMeTUTb, 4TO
OTHECEHME TEPPUTOPUU K TOM UJIM MHOWM KaTeropuu
OIMACHOCTU B KapCTOBO-CY(PHO3MOHHOM OTHOIICHUU
BleYeT 3a co0Of KaK M3MEHEHHE OOBEMOB WHXKe-
HEPHO-TeOJOTMYECKNX W3BICKAHUI, TaK M 3aTpar
Ha MMPOEKTUPOBAHME M Peaan3alnio IMPOTUBOKAPCTO-
BbIX MeponpusiTuii. OUeBUIHO, YTO 3TO B 3HAUUTENb-
HOI CTeNEHU BJIMSIET HA CTOMMOCTb IIPOEKTA B 1IEJIOM.

ITPOBAJIOOBPA3OBAHUE
HA TEPPUTOPUU MOCKBHI

Ha tepputopun MocCKBbI HOA3€MHbIE TIPOSIBJICHUS
KapcTa ObLUTM yCTAaHOBJIEHBI €II€ B MEPBOI YETBEPTHU
MPOIIIOro BeKa B Ipoliecce OypeHus cKBaxkuH. B Ha-
qgaje 1930-X TogoB MHOTOYHCIEHHBIE IIOA3EMHBIE ITPO-
SIBJIEHUS KapcTa TakXe BCTPeYaJMCh MPU TMPOKIanKe
NEPBBIX JIMHUN METPONOJIUTEHA U UHBIX COOPYKCHUIA.
Ilpu ocBoeHMM MOA3EMHOIO MPOCTPAHCTBA ToOpoaa
WHXXEHeP-TeoJIoraMyd U CTPOUTENISIMU OBbLIM OOHApy-
JKEeHbI pa3pyllIeHHbIe 30HbI B KAPOOHATHBIX MacCHUBAaX,
MHOTOYHMCJIEHHbIE TPEIIMHBI, MEJIKNE KapCTOBbIE MO-
JIOCTU, KaHaJIbl, BOPOHKY 1 KOTJIOBUHBI Ha TIOBEPXHO-
CTU KaMEHHOYTOJIbHBIX OoTiIoXeHu [16]. OmHako Bce
3aUKCUpPOBaHHbBIE MPOSIBJIEHUSI KapcTa ObUIM JIUIIb
MOJA3eMHBIMU.

Kapcr Ha TeppuToprM ropoja cBs3aH ¢ HUIMYUEM
B pa3pe3e MOIIHOM TOJIIM KapOOHATHBIX OTJIOKEHUIA
KaMEHHOYTOJIBHOTO BO3PacTa, KOTOPhIE IMTOBCEMECTHO
MEPEKPHITHI TOPOJAMU ME3O30MCKON U KAMHO30MCKOI
apbl. McTopus reogoruuyeckoro pa3BuTus, a UMEHHO
JUIUTEJIbHOCTh KOHTUHEHTAIBHBIX [IEPEPHIBOB B OCA/l-
KOHaKOIUIEHUU B MEPMCKOE, TPUACOBOE U PAHHEIOP-
CKO€ BpeMsI, a TAKXKE B MTAJICOTEHE M HEOTEHE MPUBEIU
K TOMY, YTO MPAKTUYECKU BCH TOJIIA KAMEHHOYTOJIb-
HBIX KapOOHATHBIX OTJI0XEHUI HEPABHOMEPHO 3aKap-
CTOBaHa.

o cepeanHBI TPOILIOTO BeKa MPU M3YICHUN K-
30TEHHBIX T€OJOTMIECKUX ITPOIIECCOB KapCTOBO-CY(P-
(bo3rmoHHOMY IIpolieccy He MPUAABAIOCH OOJIBILIOIO
3HaueHus. B 1930-e roapl ObLIM 3a10KYyMEHTUPOBAHbI
MepBbie ITOBEPXHOCTHBIC TIPOSIBICHUS Kapcra, a B
1960-x Ha ceBepo-3amanme ropoia Havajiu PeryJIsspHO
BO3HUKATH TTPOBAJIBI M JIOKAJIBHBIE OCETaHUST 3eMHOM
IMOBEPXHOCTU. BHICOKAsi MHTEHCHMBHOCTD IIPOBAIO00-
pa3oBaHUsI CTajla JUKTOBAaTh HOBBIC YCIOBMS ISl O€3-
OIIACHOTO OCBOEHMSI TEPPUTOPUHU U, CJeIOBaTEIbHO,
MpUBeJIa K HEOOXOAUMOCTH M3YYeHUS TIPUIUH, YCIIO-
BUI 1 (haKTOPOB Pa3BUTHS STUX SIBJICHMUIA.

IIpuHATO cYMTATh, YTO K KOHILYy IPOILIOTO BeKa
Ha TeppUTOpUU Topona 3adukcupoBaHO 42 TOBEpX-
HOCTHBIX TIPOSIBJICHUSI KapCTOBO-CY(h(HO3MOHHOIO
npouecca [1, 2, 11, 12]. OnHako B UX YMCJIO BXOOUT
Takke 3 MOHMXEHUS 36MHOM TOBEPXHOCTU HEycTa-
HoBJieHHOro reHesuca [10] (puc. 1). Y3 42 nposiB-
JICHUII  KOMIUJIEKCOM  MHKEHEPHO-TEOJOTMYECKUX
(Bxiouass OypeHHME) M TeOo(PU3UYECKHX METOIOB
n3ydyeHo 14, Ha ydacTkax uUx (popMupoBaHUS OBLIN
MOCTPOEHBI T€0JIOrO-TUAPOTEOIOTUUYECKIE Pa3pe3bl
[11]. ITpoBanbl 3achuKCUPOBaHbBI BIOJIb XOPOILIEBCKO-
ro 1mrocce, okoyio yiaul 3-ii XopouieBckoii, Kyycu-
HeHa, 3opre, bep3apuna, Mapmana TyxaueBcKoro
u HapoaHoro omonueHusi. O0pa3oBaHUE HEKOTOPBIX
MPOBAJIOB HA TEPPUTOPUM XKUJIOM 3aCTPOMKHU MPUBEIIO
K aBapUIHBIM CUTYallUsIM M HEOOXOAMMOCTU IIPOBE-
JeHUsSI MEPOMNPUSITUI 10 JMKBUIALIUM TOCIESICTBUNA.
Hanpumep, B okTsi6pe 1969 1. B LIeHTpe U O I0KHOM
CTEHOHN XWJIOTO 5-3TaxKHOTO 3[aHUS, PACITOJIOXKEH-
HOIO IO ampecy XoOpollleBckoe Imocce, m. 35, K. 2,
oOpa3oBaiMCh ABa IpoBajia nuaMmeTpamu 4.5 u 4 M
Y IIyOMHOM 3.5 1 3 M COOTBETCTBEHHO, UTO IIPUBEJIO
K BBICEJIEHUIO XUTeJel JoMa, He0OXOAUMOCTH obec-
MeYeHUsT UX KUJIbeM, CHOCY JOMa U PeKyJIbTUBALIUU
wiomanku [3].

B pesynbrare BcecTOpoHHero aHanu3a B 1984 1.
[JIABHBIMU TIPUYMHAMM, CITOCOOCTBYIOIIIUMH aKTUBH-
3alMd KapcTOBO-CY(M(MO3MOHHBIX IMPOLIECCOB, OBLIU
Ha3BaHHI [§]:

— YCUJIEHHBIE OTKAYKU ITOA3EMHBIX BOJ U3 3aKapCTO-
BaHHBIX U3BECTHSIKOB B ITPOMBIIIUIEHHBIX LIESIX, B pe-
3yJIbTaTe KOTOPBIX Ha TEPPUTOpUN MOCKBBI CO3/1aJ1aCh
OoIpllIasl IEeNPECCMOHHAsT BOPOHKA, WM3MEHMBILAS
TUAPOTEOJIOTUYECKUIN PEKUM;

— OTCYTCTBHUE MJIM HEAOCTAaTOYHasd MOIIHOCTb BOOO-
YIOPHOTIO CJIoA IOPCKUX INTMH, OTACIAIOIICIO BOAOHA-
CBIIICHHBIC YETBCPTUYHBIC OTJIOXCHUA OT 3aKapCTO-
BaHHbIX WM3BECTHAKOB, BCJICACTBHMEC YE€ro BO3HUKACT
BE€pTHKaJIbHasA d)HHLTpaLII/IH NIOA3CEMHBIX BOJ B 3aKap-
CTOBAaHHBIC TOPHU30HTHI U3BECCTHAKOB;,

— 3HAYUTCJIbHBIC CKOPOCTHU (l)I/UHJTpaLII/II/I TIOA3EMHBIX
BOJ 3KCILTyaTUPYEMbIX BOOOHOCHBIX TOPU30HTOB U JIP.,

— BCKPBITBIE TIOJIOCTA B OTJIOXEHUSIX KAMEHHOYTIOJIb-
HOI CUCTEMBI.

B Hauajie mpollioro Beka Nnbe3oMeTpuueckasl mo-
BEPXHOCTh TPELIMHHO-KAPCTOBBIX BOJI BOJIM3U MOCKBBI-
PEeKY TIOYTH COBITafaia C ypOBHEM IPYHTOBBIX BOI, a K
KoHILy 1950-X romoB OTKaYKy MPUBEIN K CHUKEHUIO
Hanopa Ha 20—30 M B paiiloHe MarucTpajJbHbIX YJIUII,
3BeHuropoackoro mocce u Ha 30—40 M B palioHe
XopoieBckoro u Jlenunrpaackoro mocce. K cepe-
nuHe 1960-x pexum crabunusupoBaicst [2], omHaKo
MIpoBaj006pa30BaHNe TTPEKPATHIIOCH TOJBKO K KOHITY
Beka. CoriacHO MCClIeOBAHUSIM, TTPOBEAEHHBIM TIPU
M3Y4eHUU YCIOBMII 00pa3oBaHMs KapcTOBO-cy(ddo-
3MOHHBIX SIBJIEHUI B palioHe XOpOIleBCKOIo II0cce
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Puc. 1. Cxema pacrnonoxXeHus! CKBaXKUH C ITOA3¢MHBIMU MPOSIBJICHUSIMU KapcTa.

WHXXEHEPHO-TEOJIOTUYECKON  OITOJI3BHEBOM MapTUEN
rugpopexkxumMHoi akcrenuuuu B coctaBe C.U. Ilap-
¢enona, B.B. lanunosa, 11.B. barypuHoBckoii u 1p.,
Ha 1975 r. cymMMapHBIlA BOOOOTOOpP M3 HIKHEKaMEH-
HOYTOJILHOTO BOIOHOCHOTO TOPM30HTA COCTaBMII
10800 ™M*/cyr (Bomozabop “OxTabpbcKkoe mojie”),
U3 CpeIHEKAMEHHOYTOJBHOIO BOJOHOCHOIO TOpH-
3oHTa — 28 000 M3/CyT, a N3 BepXHEKAMEHHOYTOJIbHO-
ro BogoHOCHOro ropuszonta — 1000 M3/cyT, mpuueM
OOJILIIMHCTBO BOM03a00pPHBIX CKBaXXMH paboTain
B BeECEHHe-JIETHEE BpeMsl.

C MoMeHTa BOBHUKHOBEHMSI TOTEHIIMAJIbHOM oTac-
HOCTHU 1T MH(PACTPYKTYPHI, XKU3HHU U 3M0POBbS Ha-
ceJIeHUs TTOSIBUJIMCH PabOThI IO U3YYEHUIO MeXaHU3Ma
MpoBaIo0Opa3oBaHUsI, MPUYUH U YCIOBUI MTOSBICHMS
MIPOBAaJIOB, PAaiOHNPOBAHUIO TEPPUTOPHH TI0 CTEIICHU
KapcToBoil onacHoctu [2, 3, 11—13, 15], BHOCHIMCH
W3MEHEHHUSI B CYIIECTBYIOIIYI0 HOPMATUBHYIO 0a3y.
B 1984 r. TeppuTtopuio ropoja no cTerneHu onacHOCTH
MOACIUIM Ha OIACHYIO, TMOTEHIIMAJIbHO OITaCHYIO
¥ HEOoNacHylo MO TaKUM MpU3HaKaM, KakK Hajaudue
TTOA3EMHBIX 1 TIOBEPXHOCTHBIX TIPOSIBJIEHUH, CTETICHD

3aKapCTOBAHHOCTU Y TPELIMHOBATOCTH, MOIIIHOCTb
BOJIOYIIOpa, TPaJAMEHT BEPTUKAJILHOU (UIbTpallvu,
HaJIMYMe APEeBHUX TOTPeOEHHBIX M IOJETHUKOBBIX
JOJIMH, HaJIUuMe B paspe3e IMepeoTIOXKEHHBIX Oolee
MOJIOIbIX OTJIOXXEHWI, COCTOSIHME W CBOMCTBa Iec-
YaHO-TJIMHUCTBIX YETBEPTUYHBIX OTJIOXeHUI [8].
OpnHako KapTa palilOHUpOBaHUS TEPPUTOPUU MOCKBHI,
OCHOBaHHasl Ha BbILIENEPEUNCTICHHBIX MpPU3HaKaXx,
He ObLj1a cOoCTaBJieHa.

[Mocnennasss kpymHas paboTa o paitOHUPOBAHUIO
(oHa Xe mepBasd U €IUHCTBEHHAs Ha CETOTHSIITHUIA
JeHb KapTa pailoHMpOBaHMUS), MCIOJb3yeMasi BCEMU
0e3 MCKITIOYeHUsS MOCKOBCKMMU WHXEHEepaMU-TeO-
moraMn — KapTa omacHOCTM IpeBHMX KapCTOBBIX
¢dopM U COBPEMEHHBIX KapCTOBO-CYDDHO3MOHHBIX
npoueccos (M. 1 : 10 000), coctaBiena 6bu1a B 2012 1.
WucturyroM reoskonorud um. E.M. CepreeBa PAH
coBmecTHO ¢ I'BY Mocropreotpect [9]. Ha Heit Tep-
puTOpUSI TOpOoJia TTofie/ieHa Ha OTIacHYI0, MOTeHIIUAb-
HO OIIaCHYI0 M HEOIIACHYIO IO “onacHocmu OpeeHux
Kapcmoevix U COB8PeMEeHHbIX Kapcmogo-cyho3uoHHbIX
dopm” . Kputepussmu AJisi BbIeJIeHUs KAaTeropuu orac-
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HOCTH COBPEMEHHBIX KapCTOBO-CYy(h(PO3MOHHBIX TTPO-
1IECCOB TMOCTYXWIN: HaJluure/0TCyTCTBUE Ha 3eMHOM
TMOBEPXHOCTU TIPOSIBJIEHUI B BUIIE BOPOHOK U MYJbI
OCelaHWsI, TPUYPOUYEHHOCTh K  JOJETHUKOBBIM
U COBPEMEHHBIM PEYHbIM JOJMHAM; OTCYTCTBUE, Mpe-
PBIBUCTOCTb U MOIIHOCTb CJIA00MPOHUIIAEMOTO CJIOSI
TJIMHUCTBIX TIOPOJ, PAa3AesIolero rpyHTOBbIE U Tpe-
IIIMHHO-KapCTOBbIM BOTOHOCHBIE TOpU30HTHI. Corac-
HO 3TOM KapTe, MPaKTUYECK! BCS TEPPUTOPUS TOpona
OTHOCUTCS K HEOMTACHOM WJIU MOTeHLIUATbHO OMTaCHOM
KaTeropusIM, K OMAacHOM OTHECEeH JIUIIb HeOOJBIION
y4acToK Iuiomanbio 4.9 kM2, B Ipenesiax KOTOPOIo
U 00pa3oBaJIMCh BCE ITOBEPXHOCTHBIC IPOSIBICHUSI.
C 2012 r. HOBBIX MacCIITA0OHBIX padOT 1O COCTABIEHUIO
KapT palilOHUPOBAHUS HE MPOBOIUIIOCH, 3 UMEIOIIASICSI
KapTa He aKTyaJu3upoBajlach, HECMOTPS Ha yBeJIUYe-
HHUE KOJIMYECTBA CKBaXKMH B 0a3ax JaHHBIX OpraHu3a-
LIMIi, y4aCTBOBaBIIIMX B €€ CO3IaHUMU.

Bce Teopernyeckue NMpemyoxeHus: o paioHUpo-
BaHMIO TEPPUTOPUU TOpOAA MO CTEIEHU KapCTOBO-
cy((PO3MOHHOM ONAaCHOCTU BKJIIOYAIOT KPUTEPUH,
OOJILIIMHCTBO 13 KOTOPBIX ITPAKTUYECKN HEBO3MOXHO
OIpeAeIUThL TIPU CTAaHAAPTHOM HaOOpe WHXKeHep-
HO-T€OJIOTUYECKUX MCCAEAOBAaHUNA. ABTOPBI KapThbl
CUUTAIOT, TIPU “palloHUpOBaHUU Meppumopuu no ondac-
HOCMU COBPEMEHHBIX Kapcmoso-cyhpo3uonHbix npouyec-
€08 HA ONACHBIX U NOMEHYUANbHO ONACHBIX Y4ACMKAX NpU
ghopmuposanuu epaduenma 6epmuKaIbHOU PUAGMPAUUU
3 u bonee 603MONCHA AKMUBU3AUUSL KAPCMOB0-CYpgho-
3UOHHBIX npoyeccos” [9], omHaKO caMm IpaJiueHT B paii-
OHMPOBAHUU HE ObLT YYTEH.

It TIOCTpOeHMST KapThl pallOHMPOBAHUS BCETO
ropona HeoOXOIUMO MCIOJIb30BaTh KPUTEPUU, KOTO-
pble MOXXHO TMOJIyYUTh M3 apXMBHBIX MaTepuaaoB 0e3
MPOBEACHUSI TOTIOJIHUTENIbHBIX MccienoBaHuii. Cpenu
MPeIJOXEeHHBIX KPUTEPUEB pallOHUPOBaHUs HaubO-
Jiee JIETKO OLIEHWBAaeMBIM 0e3 TOTTOTHUTEIBHBIX U3bIC-
KaHU# sIBIsIeTCsI, 6€CCIIOPHO, MOIIHOCTh TIIMHUCTHIX
OTJIOXKEHUI, MepeKphIBAIOIINX 3aKapCTOBaHHBINM TO-
pu3oHT. [1py 3TOM TpaHWYHBIE 3HAYEHUS MOIIHOCTH
JUIST KaXNIOW KaTeropuu OMacHOCTH — BOMPOC 10 CUX
TTOp IUCKYCCUOHHBINA.

[TepBbIif 1 HanboEee U3BECTHBIM MOAXOM K paiio-
HUPOBAHUIO TEPPUTOPUM II0 CTEIIEHU KapCTOBO-CY(-
(po3noHHO# OMACHOCTU € YYETOM MOUIHOCTU TJIMHU-
CTBIX OTJIOXKEHUI, IEPEKPHIBAIOIINX 3aKapCTOBAHHBIM
TOPU30HT, onucaH B “MHCTpyKLIMK IO IPOEKTUPO-
BaHUIO 30aHUI U COOPYXEHUI B pailoHax I. MOCKBEI
C TIPOSIBIEHMEM KapcTOBO-CY(M(HO3MOHHBIX IIPO-
neccoB” [8]. CorjacHoO 3TOil METOAMKE, K ONAaCHBIM
CJieqyeT OTHOCUTh TEPPUTOPUHN C MOIIHOCTBIO TIEpe-
KPBIBAIOIINX INIMHUCTBIX OTJI0XEHUI MeHee 3 M, K M0~
TEHIIMAJIBHO OMACHBIM — TEPPUTOPUU C MOIITHOCTBHIO
3—10 M, K HEOMaCHBIM — C MOIITHOCTBIO Oosee 10 M.
Ho namenenuit Ne4 ot 27.12.2021 8 CI122.13330.2016
WCIOJIb30BAJIaCh AHAJIOTUYHAS TPagaIus.

Bropoii moaxon K pallOHUPOBAHUIO, YYUTBHIBAIO-
LUK MOIIHOCTb IJIMHUCTBIX MEPEKPhIBAIOIIUX OTJIO-
xkeHuit, npemnoxeH A.Jl. KoueBbim, JI.I. YepTKOBBIM
u W.JI. 3aiionueM B crathe “KapcroBo-cyddo3moH-
HbIE TIPOLIECChl HA TEPPUTOPUU T. MOCKBHI U MpooIIe-
MbI OLIEHKU MX onacHOCTu” [13]. ABTOpBI yKa3aHHOM
paboThI MocJie NeTaJbHOTO aHaau3a yCJIOBUi 00pa3o-
BaHUS IIOBEPXHOCTHBIX IIPOSIBIICHUI KapcTa U YIIOMSI-
HYTBIX BBIIIE METOAMK PAaliOHMPOBAHMS IIPEIIOXKMIIN
K OIACHBIM OTHOCUTh TEPPUTOPUU C MOIITHOCTBHIO
MEePEKPHIBAIOIIMX INIMHUCTBIX OTJIOXEHUIN MEHee 5 M,
K TIOTEHLIMAJILHO OMACHBIM — C MOIIHOCTBIO 5—12 M,
K HEOITaCHBbIM — C MOIITHOCThIO OoJjiee 12 M.

LenssmMu paHHOTO MCCACHOBAHUS SIBIISIIOTCSI pas3-
paboTKa HOBOTO MOAX0oAa K PailOHUPOBAHUIO TEPPU-
TOPHUI1 TI0 CTENEeHU KapcTOBO-Cy(h(HO3MOHHOM orac-
HOCTH U YTOUHEHHME KapThl pallOHUPOBAHUS y4acTKa
Ha ceBepo-3amage MOCKBBI, paHee OTHECEHHOIO
K OITAaCHOMY I10 CTENEHM KapcTOBO-CYPDHO3MOHHOMN
OITACHOCTHU.

IIpupoaHbie yCa0BUS TEPPUTOPHA

T1pu BBITIOJIHEHUM HACTOSIIIEH pabdOTHI aBTOPHI MC-
MOJIb30BaIM JaHHBIE 00 MHXKEHEPHO-TEOJOTUYECKUX
YCIIOBUSIX Y9aCTKa, KOTOPBIN MpU MacIiTabe Ucciaeno-
BaHwuit 1 : 10 000 rmo cTeneHu OMacHOCTY COBPEMEHHBIX
KapCcTOBO-CY(P(HO3ZMOHHBIX ITPOLIECCOB, ITOJTHOCTBIO
OTHOCHTCS K OIAaCHOM Kateropuu [9].

Hccnenyemas Tepputopusi HaxOAUTCS Ha 3amane
ropoma u umeeT miomanb 4.9 kMm% B reomopdorio-
TUYECKOM OTHOUIEHUW TEPPUTOPUST pacrojiaraeTcs
npeuMylliecTBeHHo B Tipeaenax III  (xombIHCKOIT)
HaamnoiMeHHo# Teppackl MockBbl-peku. Kpome To-
ro, B Mpejenax 3TOro y4acTKa BBIIENSIETCS KpyIHas
rnorpedbeHHasi JOYeTBepTUYHAsl OOJMHA, B KOTOPOW
Me30301CKHe OTIOXKEHUS IOKATbHO Pa3MBbIThI.

B reosornyeckomM CTpoeHUM NPUHUMAIOT y4acTue
OTJIOXKEHUSI YeTBEPTUYHOM, IOPCKOM U KAMEHHOYTOJIb-
Holl cucTeM. YeTBepTUUHBIE OTJIOKEHUSI paciipocTpa-
HEHbI MMOBCEMECTHO U MPeACTaBIeHbl TeXHOI€HHBIMU
TPYHTaMU, aJlTIOBUAJIbHBIMU OTyIOXeHUsIMU 11 (MHEeB-
HUKOBcKoM) u 111 HagmoliMeHHBIX Teppac M BHICOKOM
TTOMMBI, JIETHUKOBBIMHA OTJIOKEHUSIMH MOCKOBCKOTO
ropu3oHTa. OTIOXEHUS YEeTBEPTUYHOM CHCTEMBI
MPEACTABJICHBI CBSI3ZHBIMU M HECBSI3HBIMU TI'PYHTaMU
cyMMapHoil MomtHocThIO OoT 20 mo 50 M. OTioXeHus
IOPCKOH CUCTEMBI paclpOCTpaHeHbI Ha OOJIbIIIEH YacTH
TEPPUTOPUHU U MPEACTABICHBI ITMHUCTBIMU FPYHTAMMU.
KaMeHHoyro/bHasi cucTema MpeacTaBjieHa OTJIOXe-
HUSIMU BEpXHETo 1 CpeIHero oTaenoB. BepxHuii otaen
MpeacTaBlieH He BblIep>KaHHbBIM MO TIJIOIIAAN U MOIII-
HOCTH YepedoBaHMEeM KapOOHATHBIX MOPOI (M3BECT-
HSAKaMM U M3peaKa JOJJOMUTAMU) U TJIMH, a CPeIHUI
OTHeNT — KapOOHATHBIMU OTJIOKEHUSIMU.

Ha TEPPUTOPUN PA3BUTHI HaﬂMOpeHHIﬂﬁ 1 Hadb-
}OpCKI/Iﬁ BOJOHOCHBIC KOMIIJIEKCBI, 4@ TaKX€ BOIJO-
HOCHBIC TOPU30HTLI B OTJIOKCHMUAX KaMeHHOYI‘OJ'IbHOfI
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cucteMbl. HanMopeHHBIII BOTOHOCHBIM KOMILIEKC
pacpoCTpaHeH JIOKAJbHO, a0COJIOTHbIE OTMETKU
YPOBHSI cOCTaBIISIOT 137—142 M, rOpM30HT Oe3Hanop-
HbIl. Hagblopckuii BODOHOCHBI KOMILIEKC pacIpo-
CTpaHEeH TPaKTUYECKU IMOBCEMECTHO, aOCOJIIOTHbIE
OTMETKM ypOBHS u3MeHsI0Tcs oT 128 no 140 M, ropu-
30HT HAMOPHO-0E3HANOPHBI, B MECTaX OTCYTCTBMSI
BOJOYIIOpA, OTACISIIONIETO €r0 OT BOJ KAMEHHOYTOJIb-
HBIX OTJOXEHUI, TPOUCXOOUT OObEAUHEHUE ITUX
BOJJOHOCHBIX TOPU3OHTOB. BOMOHOCHBIE TOPU3OHTHI
KaMEHHOYTOJILHOI CHCTEMBI TMPUYPOYEHBI K Mep-
XYPOBCKHUM, PAaTMUPOBCKUM U  IOJOJIbCKO-MSY-
KOBCKUM OTJIOKEHUSIM.

METOAWKA U PE3YJIBTATHI
NCCIIEAOBAHUA

B 6a3e maHHBIX UHXEHEPHO-TEOJOTMYECKHX CKBa-
xkuH UT'D PAH B rpanuiiax 30HbI, opeae/IeHHOM KaK
ornacHasi ¢ IMO3UIMIA OLIEHKU OTMACHOCTU COBPEMEH-
HBIX KapcTOBO-CY(PdO3MOHHBIX TpoleccoB [9], co-
nepXutcs nHdopMalys o 589 ckBaxkuHax, Cpead HUX
229 BCKPBUIM KPOBJTIO OTJIOKEHUI KaMEHHOYTOJIBHOM
cuctembl. JlaHHble OOJBIIMHCTBA 3TUX CKBaXXWUH
HCITIOJIb30BAIMCh TIPU MOCTPOEHUU KapThl [9]. B 0a-
3¢ gaHHbIX ['BY “Mocropreorpect” mnoa JaHHBIM
Ha 2024 r. B rpaHU1IIaX UCCJIEIyeMOro yuacTkKa UMeeTcsl
395 ckBaXWH, BCKPBIBIIMX 3aKapCTOBAHHBIN TOPH-
30HT. [Ipu 3TOM 176 CKBaXwH IyOIMPYIOTCS B IBYX
0azax, 53 ckBaXXMHBI €CTh TOJILKO B 0a3e JaHHbIX UT'D
PAH, 219 ckBaxKUHBI €CTh TOJILKO B 0a3ze faHHbIX [ BY
“Mocropreotpect”. Takum obpa3om, B aHaIu3e MC-
TIOJTB3YIOTCS JaHHBIE 10 448 CKBaKMHAM, BCKPBIBIITIM
MNEPBBIA OT IMMOBEPXHOCTU 3aKAPCTOBAHHBINA TOPU30HT.
IIpu mromanu yvyactka 4.9 KM? IIJIOTHOCTH JAHHBIX
cocrapisieT 91 BeIpabOTKY Ha 1 kM2,

Tak kak, corinacHo CIT 446.1325800.2019 “Umxe-
HEPHO-TEOJIOTMYEeCKNE W3BICKAHUST UIS CTPOUTEhb-
ctBa. OO1IMe TpaBuJjia IPOM3BOICTBA paboT” (Tabauia
6.1), Takasl IJIOTHOCTH TOPHBIX BbIpaboTOK Tipm 111
KaTeropuu CJIOXHOCTU WHXEHEPHO-TeOJOTMYeCKUX
ycinoBuit (mMeHHO 111 kaTeropus C10XHOCTHU IMPUCBO-
€Ha UCCJIeTyeMOMY Y4acTKy W3-3a HAJIMYUS TOBEPX-
HOCTHBIX TIPOSIBJICHUII KapcTOBO-CY(H(HO3MOHHOTO
npoliecca) najbHelIne KapTorpadudeckue mocTpoe-
HUS MIPOBOJUIINCH B MacITabe MHXEHEPHO-TE€OJIOTH-
yeckoit ceeMku 1 : 5 000.

HOnsg aHamm3a OBUIM WCIIOJIB30BaHBI OypOBEIC
JKypHaJIbl U KOJOHKM 448 CKBaxKWH, pacIlOI0XEHHbBIX
B TpaHMIIAX HCCIedyeMOMl 30HBI, U 215 CKBaXuH,
BCKPBIBIIMX MEPBBI OT MOBEPXHOCTU 3aKapCTOBaH-
HBII TOPU3OHT B Ipeaeiax 30HbI 250 M 3a ee TpaHuUlIa-
mu. CKBaXMHBI 32 MpeeaMU UCCIEIYyEMOro y4acTKa
WCTIONIB30BAINCH TSI 00jiee TOUHOM WHTEPITOIAIINT
y TPaHUII UCCIIeTYyEMOI TepPUTOPUH.

UccnenoBarenu cxoAsiTcsi BO MHEHUU, YTO
Ha TeppuTOpu MOCKBEI 00pa30Bajioch MUHUMYM 39
KapcTOBO-CY((HO3MOHHBIX ITOBEPXHOCTHBIX IIPOSIB-

JIeHUI. ABTOpaMM HACTOSILLEN CTaTbU ObUIM IIpOaHa-
JIU3UPOBAHHBIE OTYETHI O PETMOHATBLHOM W3YYeHUU
KapCTOBBIX TIPOSIBIICHUI Ha TeppUTOPUU MOCKBHI,
cocraBineHHbie C.U. ITapdpenossiM, H.H. JIeOKoBBIM,
H.T. KajMBIKOBBIM M Ap., COAepKaIe NH(POpMAaLINIO
O MECTOIOJOXEHUN TIPOSBJIEHUA, B COOTBETCTBUU
C Hel TposiBieHUWsT ObLIM HaHeceHbl Ha KapTy. M3
apXMBHBIX OTYETOB ObLIa ITOJyYyeHa WHMoOpMaIIUs
0 Jate obpaszoBaHUsl (JaTe TMEpPBOTO YINOMMHAHUS
B apXMBHBIX UICTOYHUKAX), JUIMHE, IIUPUHE U TI1yOUHE
KaXIoro mposiBieHus. Ha ocHoBaHMM 3TMX HaHHBIX
ObLIO BBISICHEHO, YTO TPU TOHUXKEHUS HEyCTaHOB-
JIeHHOTO reHe3uca (cMm. puc. 1) umerot guametpsl 250,
150 u 80—30 M (moHMKeHUE OBaIbHOI (DOPMEBI), IpU
9TOM caMble OOJIbIIIMEe AUaMeTpbl MPOSIBIEHUM Kap-
CTOBO-CY(P(PO3MOHHOTO TeHe3uca COCTaBIAOT 53, 40
u 38 M. JIBa U3 Tpex MOHIMKEHUII HEYyCTAaHOBJIEHHOIO
npoucxoxneHus: 3akaptupoBaHbl E.I'. KauyruHbim
B 1932 r., nuH(popmMaLus 0 TpeThbeM IoJIydeHa oaroaa-
psl apXuBHOMY ToIorpa¢pr4eckKoMy IUIaHy MaciuTrada
1 : 2 000, noctpoeHHOMY Mo AaHHBIM 1947 . [Ipyroi
3aJJOKYMEHTHpOBaHHON MH@opMaLuu o0 3Tux ¢op-
Max pelibepa HeT. YUuThIBasg MX OOJBIION pa3Mep
B IJIAHE, HE CBOMCTBEHHbINA TaHHOW UWHXXEHEPHO-TEO-
JIOTUYECKOIT 0OCTaHOBKE, aBTOPHI CKIIOHSIOTCS K TOMY,
YTO X IMPOVCXOXKIECHUE BPSI JIU CBA3aHO C KapCTOBO-
cy(P(PDO31MOHHBIM IIPOLIECCOM.

BypoBoli XypHas Win KOJOHKA KaXI0i CKBa KM HbI
U3ydyaluch, Heobxoaumash MHMOpMaIs 3aHOCUIACh
B 0a3y aTpuOYTHMBHBIX IaHHbBIX, KOTOpas B Mpollecce
KCCeIOBaHUS MOMOIHSIACh HOBBIMU MOKAa3aTe My
CTPOEHUS U COCTOSTHUSI T€0JIOTUYECKOM CPEbl.

B Havasie aBTOPBI MOMBITATTMCH ONIPENETUTH TPUYPO-
YEHHOCTb MTOBEPXHOCTHBIX MPOSBIEHUI K KAKOMY-TO
orpeaesIeHHOMY JHUarna3oHy XapaKTepUCTUK CTPOSHUS
3aKapCTOBAHHOTO TOPU30HTA U MEPEKPBIBAIOIICH €ro
Toju. B KauecTBe XapaKTepuCTUK IS aHAIM3a ObLIN
BbIOpaHbl TaHHBIE O COCTOSIHMU TEPBOTO OT TMOBEPX-
HOCTH CJIOSI KapOOHAaTHBIX OTJOXEHW, MOIIHOCTH
SKPaHUPYIOIIETO TJIUHUCTOTO CJIa0ONPOHUIIAEMOTO
CJ1051, a TaKXKe KOJIMYECTBO BOJAOYITOPOB B IepeKphbIBa-
IOLLEH TOJIILIE.

OnHo u3 YCJIOBUI pa3BUTUS KapcTOBO-cydhdo-
3MOHHOTO TIporiecca — HaJWJIue MOJ0CTeH, B KOTOPHIE
ObI MOT OBITh BIHECEH OWCIIEPCHbIN MaTepuan. Taku-
MM TIOJIOCTSIMU B YCJIOBUSIX MOCKBBI MOTYT CJIY>KUTb
TPEIIMHBI U ITyCTOTHI B M3BECTHIKAX M IOJOMMTAX
KaMEHHOYroJibHOro Bo3pacta. Ha puc. 1 mokaszaHbl
CKBaXKMHbI, B KOTOPBIX MPU OYpeHUN ObLIU BCKPBITHI
He3aIlOJTHEHHBIE TTOJIOCTH.

B rpanunax umcciemyeMoil 30HbI 3a()MKCHUPOBAHO
39 noJiocTeii: 5 — B OTJIOXKEHUSIX CPeHEro oTAesa Ka-
MEHHOYTOJIBHOM cucTeMbl ¢ BbicoToii ot 0.2 1o 1.2 M
(B cpenem 0.66 M); 34 oOHapyXEHBI B OTJIOXEHUSIX
CpeIHero OTaeIa KAMEHHOYTOJIbHOM CUCTEMBI, VX BBI-
cota uameHsietcs ot 0.1 mo 1.2 M (B cpearem 0.51 m).
Ha puc. 2 mpuBemeHa rucrorpaMma BBICOT ITYCTOT.
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Puc. 2. T'ucrorpamma BBICOT IYCTOT.

ITonocT BCKpHITHL B 38 CKBaKMHAX (B OMHOM M3 CKBa-
SKUH BCKDBITHI IIOJIOCTU B OTJIOXEHMSIX 000MX OTAEIOB
KaMEHHOYTOJIbHOM CUCTEMBI).

HJst yCTaHOBJIEHUSI MNPUYPOYEHHOCTH IIOBEpPX-
HOCTHBIX ITPOSIBJICHUIA K TUITY CTPOSHUS TOJIIIU I'PYH-
TOB, MOKPBIBAIOIIMX 3aKapCTOBAaHHBIM TOPU30HT,
a VMMEHHO KOJIMYECTBY BOIOYIOPOB, 3aje€rarolInx
HaJ TEpBHIM OT IOBEPXHOCTH CJIOeM KapOOHATHBIX
OTJIOXKEHMM, aBTOpaMU BBINIOJHEHO PaliOHUPOBAHUE
TePPUTOPUH II0 TUMY pa3pesa. Jasa paliloHUpOBaHUSI
WCIIONB30BAJIM NaHHBIe 448 CKBaXXMH, pacrojo-
KEHHBIX B TpaHUIaX HCCaeayeMoro ydactka. Umes
0 IIPOBEIEeHUU MOJOOHOr0 paliOHMPOBAHUS IPUIILIA
aBTOpaM MCCJIENOBAaHMS IOCJe M3ydeHUs MyOJMKa-
o A.B. Aamnkeena, A.JI. Parosuna n B.H. Cenes-
HeBa [4].

B HacrogiieM wucciaeqoBaHMM pailOHMpOBaHUE
OBUIO BBIITOJTHEHO IO ABYM ITOKa3aTeJIsIM:

— HaJIMYHIO B TOJIILE S3KPAHUPYIOLIETO TNIMHUCTOTO TO-
PU30HTA, 3aJIETAIOIETO HA TIEPBLIM OT ITOBEPXHOCTH
c1oeM KapOOHATHBIX (3aKapCTOBAHHBIX) OTIOXEHUI;

— HaAJIMYUIO TIMHUCTOTO CJI0S B TIePEKPHIBAIOLIEH ITec-
YaHOU TOJILIE.

B pesynbrate ObUIO BbIAENeHO 4 palioHa, XapaKTepu-
3YIOIINXCS CIACTYIOIIMHA OCOOCHHOCTSIMU CTPOSHMS
(puc. 3), Korga Ha KapOOHATHBIX OTJIOXKEHUSIX 3aJIeTaloT:

— HeCBsI3HBIE (MecyaHble) OTJIOXeHUs (TUM 1);

— HecBsS3HbIE (MecyaHble) OTJIOXEHUS], OMHAKO B MX
TOJIIIIE TIPUCYTCTBYIOT CBSI3HBIE (TTMHUCTHIC) OTIOXKE-
HU (TUI 2);

— CBSI3HBIE (IJIMHUCTBIC) OTJIOXKEHMSI, @ BCE OTJIOXKEHMUS
BBILIIE IO pa3pe3y MpPeacTaBieHbl HECBSI3HBIMU TTOPO-
namu (tur 3);

— CBSI3HBIE (IJIMHUCTBIE), OMHAKO B TOJIIE HECBSI3HBIX
(TecyaHbIX) BBIIIEIEKAIUX OTIOXKEHUI BCTpedyaeTcs
elIe OMH CJION CIabONPOHUIIAEMbIX TTOPO (TUTI 4).

I'panuia yuactkoB ¢ 1 1 2 THIIOM pa3pe3oB SIB-
JIgeTCs TIPUMEPHOI TPaHUIIeH JTUTOIOTUYECKIUX OKOH
B BOIOYIIOpE, OTIOENSIONIEM KaMEHHOYTOJBHBIN BO-
JIOHOCHBI TOPU30HT OT HAABIOPCKOTO BOIOHOCHOIO
KOMILIEeKca.

PesynbraToM cTana KapTa palilOHUpOBaHUS TEPPU-
TOPUU TIO TUITY CTPOSHUSI TEePEKPHIBAIOIIEH TOJIIN
(puc. 4). Tepputopuu ¢ IEpBLIM TUIIOM pa3pe3a 3aHU-
marwoT 8.3%, ¢ BropeiM — 3.6%, ¢ tpetbuMm — 34.6%,
C 4eTBepThIM — 53.5% OT IUIoLIamMd MCCIIEAyeMOro
yJacTka.

Ha yuyactkax ¢ 1 u 2 Tunom paspesa He 3apuK-
CHUPOBAaHO HU OJHOTO KapcToBO-CYy(h(PO3MOHHOTO
MIpOSBIECHMUs, HA y4acTKax ¢ 3 TumoM — 22 IIpo-
apnenns (12.88 mr/km?), ¢ 4 Tunmom — 17 mposB-
neHuit (6.42 wmt/KM?). OTCYTCTBUE TPOSIBICHUMN
Ha ydyacTKax ¢ 1 M 2 TUmmaMu pa3pe3oB MOXKHO
O00BSCHUTDH KOJbMaTallMel TpeIMH B KapOOHATHBIX
OTJIOXEHHUSIX TIECYaHBIM U TIMHUCTBIM MaTepHUaoM
[14]. HauBpIcHIasa MIOTHOCTH IPOBAJIOB Ha y4acTKax

Puc. 3. Tunst CTPOCHMUA TOJIIU I'PYHTOB, 3aJieramieit Hamn TICPBBIM OT ITOBEPXHOCTU CJIOEM Kap60HaTHI)IX OTJIOKEHUIA.
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Puc. 4. Kapra paiioHHpOBaHUSI TEPPUTOPUH T10 TUITY CTPOSHUSI IIePEKPbIBAIOIIEH TOJIIIHN.

¢ 3 TUTIOM CTPOEHMUS NepeKphIBaOILEH TOMIIA — OHA
MOYTH B 2 pa3a BblllIe TNIOTHOCTU Ha yyacTKax ¢ 4 TH-
ITOM CTPOCHHUS. DTO CBUAETEILCTBYET, UTO HATUIMNE
B TIepeKphIBaIOIIEil TOMIIE CBSI3HBIX OTJIOXEHMIA
BTOPOT'O BOJIOYIIOPHOTO CJIOSI MOXET SIBASIThCA (pak-
TOPOM, YMEHBIIAIOIINM BEPOSITHOCTb 00pPa30BaAHMS
Ha 36MHOI TMOBEPXHOCTU 3aMKHYTOTO JIOKaJbHOTO
MOHUXEHUsI KapCTOBO-CY(h(HO3MOHHOTO MPOUCXOXK-
NEeHUS.

ABTOpaMM ObLIa COCTaBJIeHa KapTa palOHUPOBaHUs
TEPPUTOPUHM MO MPeodIamarolIeii CTeleHN TPEUIUMHO-
BaTOCTU TIEPBOTO OT MOBEPXHOCTHU CJIOSI KapOOHATHBIX
oToxXeHui (puc. 5). 11 3TOro B KaxXmnoi CKBaXXUHE,
BCKPBIBIICH TTOAOIIBY TIEPBOTO OT MMOBEPXHOCTH CJIOST
KapOOHATHBIX OTJIOXKEHHUI (JIlodoro Bo3pacTta), ObLIO
OIpeNeieHO COOTHOIIEHUE MOIIHOCTEe! IpOCIoeB
PA3IMYHOM CTETIEHH TPEIIMHOBATOCTU (MOHOJUTHBIX,
CIa00TPEIIMHOBATBIX, CPEeAHETPEIIMHOBATHIX, CUJIb-
HOTPEILIMHOBATLIX U Pa3pyLIEHHBIX 10 MYKU U IIEOHS)
K MOIIHOCTH BCEro IEPBOTO OT IMOBEPXHOCTU CJIOSI
KapOOHATHBIX OTJOXEeHUM. TpelnmHOBAaTOCTh ITIpO-
cJoeB ompenejieHa MO JaHHBIM OYPOBBIX XKYypHaJIOB
¥ KOJIOHOK CKBaXXUH. [ToydeHHbIe TOUECUHbBIE TaHHbBIE
KJIacCU(ULIMPOBAIMCH B 3aBUCUMOCTH OT TIpeodIana-
IollIeil CTeNMeHU TPELIMHOBATOCTH B aHAJIM3UPYEMOM

cjloe KapOOHATHBIX OTIOXeHMi. g mocTpoeHus
KapThl UCMOJIb30BaHbI TaHHBIE OYPOBBIX XKypHaaoB 119
CKBaXXUWH, PACIOJIOXEHHBIX B TpaHUIIaX UCCIETyeMOTo
yJacTka.

TeppuTopru ¢ MOHOJUTHBIM U CJIaOOTPEIINHO-
BaTbIM TIEPBBIM OT MOBEPXHOCTHU CIIOEM M3BECTHSIKA
3aHuMaloT 1o 0.6%, TeppuTOpMHM C TpEIIMHOBA-
TeIM — 25.2%, ¢ CUJIBbHOTpEeNMHOBAaTEIM — 73.6%
OT IUIOIIAAXM BCEW wucCclenyeMoil TEeppUTOPUU.
Ha mnepBbIx AByX THUIIax Y4acTKOB pacroJjiaraeTcs
10 OMHOMY KapCTOBO-CY(P(PO3MOHHOMY MOBEPXHOCT-
HOMY TIposiBIIeHMI0. Ha yJacTke, rme B pa3pese mep-
BOTO OT MOBEPXHOCTHU CJI0S1 KAPOOHATHBIX OTJIOXKEHU I
npeodysanaloT TpelMHOBaTble TPYHTHI, pPacloyo-
xeHbl 17 nposiBennii (13.68 mt/km?), Toe CUIBHO
TpelIMHOBaTEIe W pa3pylieHHble — 20 MpOosSBIeHUN
(5.44 wt/xm?). U3 3TOro MOXHO 3aKJIIOYUTH, UYTO
CTeNeHb TPEUIMHOBATOCTU MEPBOTO OT MOBEPXHOCTU
CJ1051 KapOOHATHBIX OTJI0XKEHUI TaKXKe BIUSIET Ha Be-
POSITHOCTBH TTIOBEPXHOCTHOTO IPOSIBJICHUS: YeM CJIOM
0oJiee TpEIIMHOBATBIN, TEM BEPOSITHOCTb OOJIbIIIE,
OIHaKO OHa 3HAYUTEJbHO MEHbIIE, €CIU MePBbIA
OT TIOBEPXHOCTHU CJIOM 3aKapCTOBAaHHBIX OTJIOXECHUM
MPEACTaBJI€H MPEUMYIIECTBEHHO CUJIBHO TPELIMHO-
BaTbIMU OTJIOXXEHUSIMU.

TEOBKOJIOTUA. UHXEHEPHASA 'EOJIOTUA. TMAPOTEOJIOTUA. TEOKPUOJIOTUA Ne2 2025
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Puc. 5. KapTa paﬁOHI/IpOBaHHH TEPPUTOPUM IO npeo6naz[aromel7r CTENCHU TPECIIMHOBATOCTH IEPBOT'O OT ITOBEPXHOCTU CJI0A

KapOOHATHBIX OTIOXEHU.

PaiionMpoBaHue TeppUTOPHH IO CTENEHN
KapcToBO-Cy(h(03MOHHOI ONACHOCTH

IIpuHUMas BO BHUMaHUE WHXEHEPHO-T€OJ0TIIE-
CKUE YCJIOBUS UCCIIEAYEMOTO y4yacTKa U MUHUMAaTbHbIE
CKOPOCTM pacTBOPEHUsI KapOOHATHBIX OTJIOKEHUI,
MpU pailOHUPOBAHUN TEPPUTOPUU TIO CTEIEHU OIlac-
HOCTH HEOOXOIMMO YYHUTHIBATH OIMACHOCTh MMEHHO
KapcToBO-Cy((O3MOHHOIO Mpoliecca, T.€. 0NACHOCMb
degpopmuposanus u pazpyuieHus nepexkpoiearoujeli moa-
wu u 06pazosanue NOGePXHOCMHbIX NposeaeHui (BOpo-
HOK, ITPOBAJIOB 1 MYJIbJ OCEIaHUSI).

Ilepen TeM, Kak mepexoauTh K PaiiOHUPOBAHUIO
TEPPUTOPUHU MO CTEMEHU KapCTOBO-CY(H(HO3MOHHOM
OIMaCcHOCTHU, CcJieayeT OOOCHOBaThb BO3MOXHOCTb/
HEBO3MOXHOCTb MCIOJb30BaHUSI HEKOTOPBIX KpHU-
TepueB, MpeajaraemMbix B pabore [8], a MMeHHO:
BEJIMYMHEI TpagleHTa BEPTUKAJIbHON (UIbTpALUH,
JaHHBIX O (U3UYECKUX M (PU3UKO-MEXaHUUYECKUX

CBOMCTBaX TPYHTOB U IMPUYPOUYEHHOCTH K JTOJICTHU-
KOBBIM TOJIMHAM.

HOnsg  ompeneiaeHus TpaaveHTa BePTUKAIbHOMN
unbTpauy HeOOXOOMMBI JaHHBIE 00 YPOBHSIX Kap-
CTOBBIX M HATKAPCTOBBIX TIOA3EMHBIX BOI 1 MOIITHOCTH
pasnessolero ux Boaoymnopa. Tak Kak THAPOTreoso-
TUYECKHUE YCIOBUSI aHTPOIIOTEHHO-OCBOEHHBIX TePPU-
TOPUI MEHSIIOTCSI OYeHb ObICTPO, UCITOJb30BAHUE ap-
XUBHBIX JaHHBIX BeCbMa MpobiaeMaTnyHo. B mpenemax
ucciaenyemoir tepputopun Ha 2024 1. pa3MelieHbI
5 meicTByIOIINX HAOMIOMATEILHBIX THIPOTEOIOTHYE-
ckux ckBaxuH (I'TIBY “MocakomonutopuHr”), 3
U3 HUX PACIIOJOXEHBI KYCTOM U TMO3BOJISIOT HaOJ0-
JaTh YPOBHHU JIOHCKO-MOCKOBCKOIO (BOIOBMeEIIAI0-

Me  TOPOABl  —  HECBASHBIE  OTIOXEHHUS
f ,lg]afs3 — II'ms’), MOmOJIILCKO-MSIYKOBCKOTO (BOIO-
BMEIIAOIIMe MOPOAbl — KapOOHATHbIE OTIOXEHMS

C,pd — mc) 1 KallMpcKoro (BoIOBMELIAIOIINE TIOPO-
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Obl — KapOoHaTHble OTIOXeHUs C,ks) BOTOHOCHBIX
TOpU30HTOB. [IBe apyrue CKBaKUHBI OOOPYAOBaHbI
JUIS MOHWTOPUHTa JTOHCKO-MOCKOBCKOTO M ajieK-
CHHCKO-IIPOTBMHCKOTO (BOIOBMeELIAOIINE KApOOHAT-
Hble omIoXeHus Cial — pr) BOOOHOCHBIX TOPU3OHTOB.
K coxxaneHuto, Mo TaHHBIM CYIIECTBYIOIINUX B HACTOSI -
LU MOMEHT HabJIIoAaTeIbHbIX CKBAXXUH PailoHUPO-
BaHVE TEPPUTOPUHU IO BEJIMYMHE TpamveHTa BEPTH-
KaJbHOM bunabTpamm He MIPEACTABIISIETCS
BO3MOXHBIM.

CornacHom. 6.1.7. CI147.13330.2016, cpok naBHO-
CTH JaHHBIX O (PU3NYECKUX U (PUUKO-MEXAaHNYECKUX
CBOWICTBAaX TPYHTOB Ha 3aCTPOEHHBIX TEPPUTOPHUIX
COCTaBJIIET 2 rofa, YTO TAKXKE [1eJaeT HEBO3MOXHBIM
U VX UCITOJIb30BaHME TIPU PafOHUPOBAHUN.

ITpuypoyeHHOCTh K HOJIEIHUKOBBIM ITOJMHAM
Ha y4acTKe MCCIIEeIOBAHUS CIIEAYeT OINpeAeIsTh He 10
MOJIOXKEHUIO UX TaJbBEra, a 10 PacIOIOXEHUIO JOJIVH
B IIJIJaHEe, OJHAKO TaKME JOJMHBLI ONAaCHBI MEHBbITUMU
(M HyJNIEeBBIMM) 3HAYEHUSIMU MOIIHOCTU IOPCKMX
OTJIOKEHUI, UYTO YYMTBIBAETCS MpPU ITOCTPOCHUU
KapThl MOILIIHOCTH CBSI3HBIX OTJIOKCHUI, 3aJIeTalolInX
HaJI IEPBBIM OT ITOBEPXHOCTH 3aKAapPCTOBAHHBIM TOPH-
30HTOM.

Takum oOpazom, ocHosHbiM (DocmosepHbiM) ha-
pamempom npu pailoHupoganuu meppumopuu Mockeébt
no cmeneHu Kapcmoso-cy@gho3uonHol onacHocmu, KaK
Yokce 2080PUAOCD Bbllie, A8AAEMCA MOUHOCb 2AUHUCHIBIX
OMAONCEHUI, 3aNeearouux Hao NepeviM Om HOBEPXHO-
cmu ca0eM KapOOHAMHbBIX OMAONCeHUll. DTO CBSI3aHO,
B MEPBYIO OUYepelb, C UX IKpaHUpyollel (yHKIMEH:
OHM 3aTPYIHSIOT JOCTYIT MOBEPXHOCTHBIX BOA (4acTo
arpecCUBHBIX K KapOOHATy KaJIbliMs) K U3BECTHSIKAM
KaMEeHHOYTOJIbHOI CUCTEMBI W TIPETISTCTBYIOT Pa3BH-
tuto cyddosun [7]. [To 3TUM MpUYMHAM MOBBILIEH-
Hasi MOIIIHOCTb 3KPaHUPYIOIIMX OTJIOXEHUN MOXET
CIY>KUTh MPEMSITCTBUEM IS 00pa3oBaHUs TpoBaa,
BOPOHKU WJIM MYJIbIBI Ocenanus. HecoMHeHHBIM TIpe-
WMYIIIECTBOM SIBJISIETCST JOCTYITHOCTD TTOTYJIESHUS STOM
uHbopmMmaluu rpu o6ypeHuu. [Toatomy, Beiies 3a Beny-
IIMMU paboTaMu, B KaueCTBE OCHOBHOIO MapamMeTrpa
JUIS1 pAlOHMPOBAHUS TEPPUTOPUN ABTOPBI UCTIOJIb30-
BaJIM MOIITHOCTb 9KPaHUPYIOIINUX TTMHUCTHIX OTJIOXKE-
HU, TIepeKPBIBAIOIINX TIEPBBII OT TOBEPXHOCTH CJIOM
U3BECTHSIKA.

ABTOpaMM HACTOSINETO WCCIeIOBaHUSA OblIa
MOCTpOeHa KapTa MOILIHOCTY 9KPaHUPYIOLIUX TIMHU-
CTBIX OTJIOXKeHMUI (puc. 6). [1pu ee mocTpoeHUM BCiIed
3a aBropamu Kapthel [9], yuuTsiBajgach oOIasi MOIIl-
HOCTb CBSI3HBIX TPYHTOB, 3aJIeTAIONINX HaX ITEPBHIM
OT TIOBEPXHOCTU CJIOEM KapOOHATHBIX OTIOXKEHMIA.
MOIIHOCTh 3KPAaHUPYIOIIUX TJIMHUCTBIX OTJIOXKEHUI
ormpeaensijach MyTeM CYMMMpPOBaHUS MOIIHOCTeH
Pa3HOBO3PACTHBIX CBSA3HBIX OTJIOKeHUiT. CyMMUpoOBa-
HHE TIPOBOIMIIOCH OT KPOBJIM KapOOHATHBIX OTJIOXKE-
HUI IO TIOOOIIBHI TTEPBOTO BCTPEUYSHHOTO B pa3pese
CJI0S1 HECBSI3HBIX TPYHTOB. IIpu mocTpoeHMU KapThl

WCIIOJIb30BAJIACh NaHHbIE 448 CKBaXKH, PACIIOJIOXKEH-
HBIX B TPaHUIIAX M3y4aeMOM TePPUTOPUH.

B mnpenemax wucciiemyemoro ydactka [9] oOmias
MOIITHOCTh 3KPaHMPYIOIINX TJIWHUCTBIX OTIOXEHMUIH,
MEePEKPHIBAIOIINX TIEPBBIII OT ITOBEPXHOCTU CJIOM
KapOOHATHBIX OTJIOKEHUI (M3BECTHSIKA), U3MEHSIETCS
oT 0 10 19 M. DXpaHUpyIOLIKNe TIMHUCThIE OTIOXEHUS
OTCYTCTBYIOT Ha (.59 KM? TEppUTOPUU, UTO COCTABJISIET
11.9% ero miowmanu.

Ha ocHoBe mpencraBieHHON  KapThl  (CM.
puc. 6) 6110 TIPOBEIEHO PafOHNPOBAHTE TEPPUTOPUHU
MO0 MOIIHOCTU 3KPAHUPYIOLIMX TJIUHUCTBIX OTJIOXE-
HUI C UCMHOJIb30BaHWEM JIBYX HAO0OpPOB TpaHUYHBIX
3HayeHuil (puc. 7). Ilpu cMmeleHUn rpaHuULIbI, OTAE-
JIIOLIE yJ4aCTKM OINACHOM KaTeropuM OT y4aCTKOB
MOTEHLIMAJILHO OIAaCHOW KaTeropyuu, C W30MaxUThl
3 10 5 M TUIOLIAAb YYacTKa, KOTOPbIA MOXHO OIpe-
JeJIUTh KakK OIacHBbIN, yBeauuuBaeTcss Ha 1.19 km?
(24.1%), a ruiolIagb HEONACHOIO ydacTKa MpU cMe-
IIEHUM M30MaXUThl PaiOHUPOBaHUS, OTHESIONICH
HEONacHyl0 KaTeropuio OT IMOTEHIMaJbHO OMAaCHOM,
¢ 10 1o 12 M ymenbimaercs Ha 0.21 km? (4.3%) (Taba. 1).

C noMol1ibio reonHPOPMaLMMOHHOM CUCTEMBI OBIJIO
aBTOMATUYECKU U3BJICUeHO 3HaUeHUe MOILIHOCTH TJIK-
HUCTBIX OTJIOKEHUI, TIePEeKPhIBAIOIINX 3aKapCTOBaH-
HBII TOPU3OHT (CM. pUC. 6), B MECTaX M3BECTHBIX TTPO-
BasioB. M3 42 mpoBajioB ABa 00pa3oBaJIMCh HA y4acTKax
C MOIIHOCTBIO SKPAaHUPYIOIINX TJIUHUCTHIX OTJIO-
xkenuii 10< A <12 m. Iloatomy B pajbHEHIEM IIpU
paiOHMPOBaHUN TPAHULEH MeEXOy MNOTCHLHUAIbHO
OITACHOIT 1 Oe30I1aCHOI KaTeropusMu Obljla BhIOpaHa
M30IaXUTa DKPAHUPYIOIIUX TJIUHUCTHIX OTIOXEHUH
12 M. B xauecTBe 3HaYE€HUSI MOLIHOCTU 3KPaHUPYIO-
LIMX TIMHUCTBIX OTJI0XKEHU, SIBJISTIOLIErOCs IpaHULIei
MEXy ONIaCHOM U MOTEHIIMAbHO OMACHOM KaTeropu-
SIMM, aBTOPbI TaHHOTO MCCIEI0BaHUS UCIIOJb30BaIn
MOIITHOCTb 3 M, IpUIEPKMBAsICh pabOTHI [§].

Takum o06pa3oM, MepBBIM IMapamMeTpoM paloOHU-
pOBaHUS TEPPUTOPUM IO CTEIEHU KapCTOBO-CYyd-
(po3MOHHOI OIMAacCHOCTM aBTOPBI HACTOSILEH CTaThbU
KCIOJb30BAIM MOIIHOCTh TJIMHUCTBIX OTJIOXEHUIA,
MepeKpbIBAIOIINX 3aKapCTOBAaHHBIN TOPU3OHT.
K omacHoii TeppuTopuu MpenjaraeTcsi OTHOCHUTb
YU4aCTKU C MOIIHOCTBIO 3KPAHUPYIOIIUX TIUMHUCTHIX
OTJIOKEHUI, TNepeKPhIBAIOIINX  3aKapCTOBaHHBIN
TOPU30HT, MeHee 3 M, K MOTeHUMAIbHO OIMACHBIM —
3—12 M, K HEOIIACHBIM — TEPPUTOPHUHU C MOIIHOCTHIO
SKPAHUPYIOIIUX TJIUMHUCTBIX OTJIOXEHU Oojee 12 M
(puc. 8a).

YunteBasl, 4To 3a MocienHWe 25 JeT Ha JaHHOU
TEPPUTOPUHU HE 3apEeTUCTPUPOBAHO HU OJTHOTO MOHU-
KEeHUS 3¢MHON MOBEPXHOCTH MPUPOTHOTO TeHE3UCa,
TaK KaK OTKAuKM TOA3EMHBIX BOJ CTalu Oojiee yMme-
PEHHBIMU U HE MPUBEJU K MOHWXEHUSIM UX YPOBHEH
JIO OTMETOK BTOPOII IOJI0BUHBI XX B., aBTOPHI CAEIAIN
BBIBOJ, O BeCbMa HM3KOM BEPOSITHOCTU OOpa3oBaHUS
HOBBIX TIOBEPXHOCTHBIX IIPOSIBJICHUI KapCTOBO-
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Puc. 6. Kapta MomtHOCTH 9KpaHUPYIONINX TJIMHUCTHIX OTJIOXEHU, TIEPEKPHIBAIOIINX TTEPBhI OT TTOBEPXHOCTH CJIOM Kap-
OOHATHBIX OTJIOXKEHUI (U3BECTHSIKA).

(a) Q)

Puc. 7. KapTsl pailoHHpOBaHUSI TEPPUTOPUHM ITO MOIITHOCTY TIIMHUCTHIX OTJIOXEHMUIA, ITePEKPBIBAIOIINX IIEPBHII OT IIOBEPX-
HOCTH CJIOI KapOOHATHBIX OTJIOXKEHUI (M3BECTHAKA), IO u3omaxutam: a—3u 10 M, 6 —5u 12 m.
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TaﬁJmua 1. ITnowanb Y4yaCTKOB IIpH paﬁOHHPOBaHHH TEPPUTOPUUN ITO MOIIHOCTU TNIMHUCTBIX OTJIOKEHMI 10 U30Ma-

xutaMm 3n 10MusSul12m

MouTHOCTb 3KpaHUPYIOIINX TJTH -

., [Tnomans, km?
HUCTBIX OTJIOXEHUI, M

MONTHOCTh 3KPaHUPYIOLITUX

. [Mnomank, kM2
[JIMHUCTBIX OTJIOXEHMI, M

<3 2.28 <5 3.47
or 3 mo 10 2.35 orS5mo12 1.37
>10 0.30 12 u 6osee 0.09

(a)

(6)

Puc. 8. Kapra paitoHupoBaHusi TEppUTOPUU: a — IO U3OMAXUTAM TJIMHUCTHIX OTIOXeHUH 3 1 12 M, 6 — 10 ymaJleHHOCTH
OT GJIMKAMIIIEro TTOBEPXHOCTHOTO MPOSIBIIEHNST KAPCTOBO-CY(P(hHO3MOHHOTO mpoliecca.

cy(d(POo3MOHHOro Ipollecca B YCIOBUSIX COXpaHCHUS
YPOBHE MOA3eMHBIX BOJ Ha COBPEMEHHBIX OTMETKAX.

OnHako BO3MOXHOCTh IOBTOPHOM aKTWBHM3ALIMU
MPOSIBJICHUIA BO BTOPOil mojioBuHe XX B. U 00pa3o-
BaHUsS Ha HEOOJIBIIOM YAAJIEHUM OT HUX HOBBIX
MPOSIBJICHUIA TIpM  HE3HAUYMTEJIbHOM M3MEHEHWU
TUIPOTEOJIOTMIECKOTO PeXUMa MCKITIOYaTh He CTOMT.
[Tomoe mpocTpaHCTBO PACTBOPUMBIX ITOPOI B TIPO-
mecce MpoBajTo0Opa30BaHMS 3aITOTHSIETCS YaCTUIIAMU
BBILIEJIEXAIIUX TPYHTOB, HO MPEATONOXUTh MOJHYIO
KOJIbMATaIMIO BCEX TPEIIMH KapOOHATHBIX OTJIOXE-
HUI MOXHO TOJIBKO B CTyJae IpeKpalieHus mMpoBajio-
00pa3oBaHMUsI 1O €CTECTBEHHBIM ITPUIMHAM.

B Mockse ke mpoBasooOpa3oBaHue aKTUBU3UPO-
BaJIOCh 110 TIPUUYMHE CUIIBHOTO AaHTPOIIOTEHHOTO ITOHU -
JKEeHUS YPOBHSI MOI3¢MHBIX BOA I OCTAHOBUJIOCH MOCIIE
MpeKpalleHns: 0eCKOHTPOJIBHBIX OTKadeK. [loaTomy
OBITh YBEpEHHBIMM, YTO IIYCTOTHI B KapOOHATHBIX
OTJIOKEHUSIX B 30HE BbIHOCA MaTepuasa 3aroIHWINCH

MOJIHOCTbIO B TIPOIIUIOM BeKe U OCTAJUCh 3aroJ-
HEHHBIMM 10 CETOOHSIIHETO IHS, Helb3sd. Henbss
OIHO3HAYHO YTBEPXKIATh, YTO YBEIMYCHUE IPpaglleHTa
BEPTUKAIbHOUM (PUIBTpALIMM He TIPUBEAET K IIPO-
JOJDKEHUIO BBIHOCA HECBSI3HBIX TPYHTOB B TPEIMHbI
U TIOJIOCTY KapOOHATHHIX OTJIOKEHUI Ha yJacTKaX yKe
M3BECTHBIX IposiBiieHn#. Tak KaK OCYILEeCTBIISIONIe
CTPOUTETLCTBO KOMITAHUM He TIepealoT MHMOOpMAaIIUio
00 00beMax OTKayeK HU B OJHY roCyIapCTBEHHYIO Op-
TaHU3aIUI0, OCYIIECTBIISIONIYIO THIPOTre0JI0TNUeCKUIA
MOHMUTOPUHI Ha TEPPUTOPUU TOpOHA, OTCICKUBATH
W3MEHEHUE BeJUYMHBI TpaJgueHTa BepTUKAIbHOM
(punbTpauMy He TPeACTaBIsIeTCsI BO3MOXHBIM. Mcxo-
ISl U3 9TOr0, MCIIOJIb30BaHUE IpaJiueHTa BepTUKaJb-
HOI (pUIIBTpally JJII CBOEBPEMEHHOTO OIIpeae/ICHUS
OITACHBIX Y MOTEHLIMAJILHO OIACHBIX YYaCTKOB aBTOPHI
CUUTAIOT HETIPUEMJIEMBIM.

KoMIutekcoM  MHXEHEepHO-TeOJIOTUYECKUX — Me-
TOJOB U3y4eHO Bcero 14 mposiiaeHuii. M Bce mpose-
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JIEeHHBIC Ha CETOMHSIIIHUN TeHb MHOTOYMCIICHHBIE FC-
CJIeIOBaHMS MO OMpele/eHNI0 MPUIMH aKTUBU3ALUU
MpoBajI000pa30BaHUsI HE CMOTJIM OTBETUTh HA OCHOB-
Hble Bompochl: “IloueMy mpoBaibl 00pa30BaAINCh
MMEHHO Ha 3Tux Mectax? Ilouemy Mpu MAEHTUYHBIX
YyCIOBUSIX Ha JBYX YydYacTKax, IMpoBajd o0pa3oBajicsd
TOJIBKO Ha omHOM u3 Hux?”. [ToaTOMY yTBEepKIaTh, YTO
KapcToBO-cy(h(PO3UOHHBIN TIpoliecC Ha TEPPUTOPUU
ropojia OJIHOCTBIO M3YYeH U MOHSITEH, TOXE HETb3s.

W3 Bcero BBIIIECKA3aHHOI'O HAIMPAIIMBAECTCS BbI-
BOJ. €CTh KaKOH-TO (akTop IpOBajIooOpa3oBaHUS,
KOTOpPBIM Ha CYILIECTBYIOIIEM 3Tare MCCIeI0BaHMS
YCTAaHOBUTH HE yaaloch. Tak Kak reojiornyeckas cpe-
Jla HEOAHOPOJIHA U B IUIaHE, U B pa3pese, U, JoIycKasl,
YTO MecTa 00pa30BaHUs BCEX M3BECTHBIX MPOSIBJICHU I
SIBJISIIOTCSI OOJIACTAMU € HAJIMUMEM KaKOTO-TO OIlpe-
NeJIEHHOTO, JTOCTOBEPHO HEYCTAaHOBJICHHOTO Habopa
XapaKTepUCTHK STOM Cpembl, aBTOPHI BHIIBUTAIOT
MPEIIoJOXEeHNE, YTO TIPU HM3MEHEHUM CYIIECTBY-
[olleil TUAPOTeOIOTUIECKOM OOCTAHOBKM YYaCTKU
W3BECTHBIX MTPOSIBIICHUI U Haubosiee MpUOIUKEHHbIE
K HUM TEPPUTOPUHU ¢ HAUOOJIbILIEi1 BEPOSITHOCTBIO MO-
TYT HOABEPTHYThCSI MPOLIECCY ITPOBATIO0OPAa30BaAHYIS.

OTOT JOBOJ, B COBOKYITHOCTM C HEBO3MOXHO-
CTBIO OLICHKM BEJIWYMHBI TIpaJgueHTa BEPTUKAJIb-
HOM (QUABTpallMM UM MCIOJb30BaHUS (HUMUECKUX
M MEXaHWYECKMX CBOMCTB YETBEPTUYHBIX U IOPCKUX
OTJIOXKEHUM IIPY PaliOHMPOBAHUY TEPPUTOPUM TI0 CTE-
TMeHU KapcTOBO-CyPPO3MOHHOMN OMTACHOCTHU, HABOJIUT
Ha MBICIb O JOMYCTHMOCTH MCHOJIb30BAHHS METOIA
PAifOHMPOBAHUA O YAAJIEHHOCTH OT OJIMKAiilero u3-
BECTHOr'0 MOBEPXHOCTHOTO NMPOSIBJICHUS.

OCHOBOIOJIOXXHUK ~ METoJa  pallOHMPOBAHUS
TEPPUTOPUM TIO YHAJIEHHOCTH OT TOBEPXHOCTHBIX
nposiBieHuit Kapcra — M.A. CaBapeHckuii [18]. CyTb
MeTOoNa 3aKJII0YaeTcss B MOCTPOCHUM KapT M3OJUHUI
paBHOM ymaJeHHOCTH OT M3BECTHBIX TTOBEPXHOCTHBIX
nposieieauii. U.A. CaBapeHckuii B padore [17] oTme-
qaJl, YTO IMTOBEPXHOCTHBIE KAPCTOBbIE (DOPMBI JIOKAJIH-
3YIOTCS B TIpeneiaX HeKOTOPHIX 00J1acTeit (KapCTOBBIX
MoJIeil) U YKCJIO UX TIPOSIBICHUI Ha eNUHMILY TUTOIIA-
IV YMEHBIIIAeTCs 10 Mepe YBEIMYEeHUs YIaJeHHOCTU
OT U3BECTHBIX (HhOPM, CJIENOBATEIbHO, YMEHbBIIAECTCS
U CTerneHb onacHocTu. Onupasich Ha €ro TPYIbl, psia
ABTOPOB BBITIOJHWJI TPOTHO3MPOBAHUE YCTOMYUBO-
CTU 3aKapCTOBAaHHBIX TEPPUTOPHUI IO YHATIEHHOCTH
OT KapCTOBBIX MposiBeHU [19]. MeTon 30HUpoBaHUS
TEPPUTOPUM IO Mepe YNAJEHHOCTU OT KapCTOBBIX
(opm 6bLT BKITIOUEH BO BTOpylo yacth CIT 11-105-97.
Merton yaajleHHOCTM OT OJIMXKAWIIero KapcTOBOIO
MPOSIBJICHUST TO3BOJISIET YCTAHOBUTH CTETNEHb ITOMI-
BEpKEHHOCTH paiioHa 00pa30BaHUIO TTOBEPXHOCTHHIX
MPOSIBJIEHNI, U OH aKTUBHO HCIIOJb3YyeTCSI BMECTE
C IPYTHMU METOIaMHU M METOIMKAMM OLIEHKH OIacHO-
ctH [ 5, 6]

B 3aBucumocTu ot macimrabda KapThbl 1 ITIOCTABJICH-
HBIX 3aJa4y OTCYET pacCCTOAHHA MOXKHO BECTH KakK

OT LIEHTpa MPOSBIIEHUs, TaK U OT eTo Kpas. Ecin Bo-
pOHKa B MaciuTabe KapThl OTOOpaXkeHa ILIOIIagHbIM
3HaKOM (pa3Mep BOPOHKHU OTOOpaxkaeTcsl B MacITade
Kaptel), To M.A. CaBapeHCKMII Tpe/iaraeT CTpPOUTh
W30JIMHUM YHAIEHHOCTH OT KpaeB IIPOSBICHUIA.
Macirab KapTUpoBaHMSI B JAHHOM MCCAEAOBAaHUU
coctapisteT 1 : 5 000, mmaMeTphl TPOSIBJIEHMI KapCTO-
BO-CY(p(PO3MOHHOIO TeHe3uca M3MEHSIIoTCs oT 1.5
10 53 M (Ha kapte 0.3—10.6 MM), UX CpeIHUI TUAMETD
coctabjisieT 12 M (Ha Kapte 3.0 MM), TO3TOMY paliOHU-
pOBaHME TEPPUTOPUU MO YAAUIEHHOCTU IPOBELEHO
aBTOpaMM OT LIEHTpa MposgsieHuil. Kpyriyio dopmy
B IJIaHe UMeIoT 27 u3 39 mposiBIeHU KapCcTOBO-Cy(d-
(hosznonHOTO TIpOUCXOXAEHMS. JInaMeTp N30MeTpUU-
HBIX OHM:KEHUI n3MeHsieTcs ot 1.5 1o 53 M (B cpen-
Hem 10.47 wm). OrTHOLIEHMS MIMHBI K IIMpPHUHE
Yy OBaJIbHBIX MPOSIBICHWI n3MeHsieTcs oT 1.25 mo 3.0,
camoe 0oJIbllle OBaJIbHOE TTOHWXKEHNE UMEET pa3Mephl
40 x 25 M, camoe MasieHbKoe — 4.5 X 3.0 M, 1151 onipe-
JeJeHUsT TPAaHWYHBIX 3HAYEHWH pailOHUPOBAHMS
10 YIaJeHHOCTHU TSI OBAJIbHBIX TOHUKEHU I ObUT B3SIT
cpemHuit muametp (cpeaHee apuPMETUIECKOE MEXKIY
JJTMHOM U ILIMPUHON TTPOSIBICHUST).

st onipenenieHUsI BHELTHE I'paHUIIbl OTTaCHOM Ka-
Teropuu, OTAEJSIONIEH ee OT MOTeHILIMaIbHO OTIaCHOM,
aBTOPBI TIPUMHSUIM PACCTOSIHUE OT ILIEHTpa MpoBaja
paBHoe 2.5R (rne R — pamuyc IpoBaja); ISl OTaese-
HUSI TEPPUTOPUM TIOTEHIIUAIBHO OMTACHOM OT Heollac-
Hoii — SR. Ilpu HaJoXEeHUM KPYTOB OOHOI U TOH Xe
KaTeropuu OIACHOCTW BOKPYT pa3HbIX MPOSIBICHUI
OHHU OOBEIVHSINCH B €AMHBINM KOHTYp. B mmpoTuBHOM
ciayyae TEppUTOpHUSI palloOHUpYeTCs OTHEIbHBIMU
OKPYXXHOCTSIMU.

151 TEXHUIECKOTO YIIPOILEHMS TTPOBENEHUST paifo-
HUPOBAHUS TIPOSIBJICHHUS B 3aBUCHMOCTH OT THaMeTpa
ObUIM TofeieHbl Ha 4 rpynmbl. s Kaxaoi rpymiibl
orpenesieHbl PAcCTOSIHMS OT LIEHTPOB IPOBAaJoOB
JI0 TpaHUl, KaTeropuidi paloOHUPOBAHUS TEPPUTO-
pUM TI0 YOAJIEHHOCTH OT ONIDKAMIIETO TPOSIBICHUS
(Tabm. 2). HecMOTpst Ha TO, UTO TeHE3UC 3 MOHMXKEHUI
He OTIpeesieH, aBTOPBI BCE PaBHO YUYUTHIBATIN UX TIPU
MocjenyoeM pailoHUPOBaHUU.

PesynbraToMm crajia KapTa paiiOHUPOBAHUS TEPPU-
TOPWH IT0 YIAJIEHHOCTH OT U3BECTHBIX TOBEPXHOCTHBIX
KapcToBO-Cy(h(PO3MOHHBIX MPOSIBIeHU (puUc. 80).

Ha ocHoBe KapT pailoHMpOBaHUSI IO MOIIHOCTU
SKPAHUPYIOIIUX DIMHUCTHIX OTIOXEHUI W yHajeH-
HOCTH OT OJMXKaiiiero KapcToBo-cyd(dO3MOHHOIO
MPOSBIICHUS] TyTeM HAJIOKEHUsI OTHOM KapThl Ha APY-
rylo Oblja MOCTpoeHa pe3yJbTHPYIOIIAS KapTa paiio-
HUPOBAHUSI TEPPUTOPHU MO CTENEHH KapcToBo-cy(ddo-
3MOHHOI onacHocTH (puc. 9). Kaxnplii y4acTOK Takoi
CUHTETUYECKOM KapThl MUMEET IBE XapaKTePUCTUKMU:
MOIITHOCTh TJIMHUCTHIX TePeKPBIBAIOIINX OTIOXEHUH
U YIAJIEHHOCTh OT OJIMXKAKIIEro TOBEpXHOCTHOTO Kap-
CcTOBO-CcY(p(po3mMoHHOTO nposiBiIeHUs. B 3aBucuMocTu
OT MX COYETAHUSI yU4acTKy IpUCBauBalach KaTeropusi
OITACHOCTHU B COOTBETCTBUH C TabJI. 3.
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Ta6mmua 2. I'paHUIbl pailOHMPOBAHUS TEPPUTOPUU T10 YIAIEHHOCTH OT M3BECTHBIX TOBEPXHOCTHBIX KAPCTOBO-CY (-
(bO3MOHHBIX TTPOSIBIICHU I

PaccrostHME OT LIeHTpA TIPOSBICHUS, OIIPEACIISIIONIee TPaHUILY:
JlnameTp mpoBajoB, M
OITACHOTO YJacTKa, M IMOTEHIIMAJIBHO OITACHOTO YJIacTKa, M
<10 12.5 ot 12.5 no 25
10-20 25 ot 25 1o 50
20-30 37.5 or37.5m1075
>30 50 ot 50 no 100

(a)

©)

Puc. 9. Kapra paitoHupoBaHus yuacTKa, paHee IMOJTHOCThIO OTHECEHHOTO K OMACHOU KaTerOpUH 10 TI0 CTETIEHN KapCTOBO-
cyddosnonHoii omracHocTH [9]: a — 0630pHast, 6 — (pparmeHT KapTsl B Mactitade 1 : 5 000.
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Ta6smua 3. PaitoHnpoBaHue TEPPUTOPUY 110 CTENIEHU KapCTOBO-Cy(h(PO3MOHHOM ONaCHOCTH

Mo1HocTh NCPCKpbIBalOMX TJIN-

PaccrossHue ot Gmxaiiiero IIPOABJICHUA

HUCTBIX OTJIOXECHUN , M

<3

or3mo 12
>12

BrineneHo 4 kareropuu onacHOCTH, U KPOME Tpex
OOI1IeMCIIONIb3YeMbIX BBEleHA KaTeropusi “gecoma
onacHas” IS y9acTKOB, HauOoJjiee HPUOIKEHHBIX
K MeCTaM M3BECTHBIX MTPOBAJIIOB C MOIITHOCTBIO dKpa-
HUPYIOIIMX MIMHUCTHIX oTjoxeHuir <3 M. IIpu atom
yJacTKaM1 HEeOITaCHOM KaTerOpUM MpeuIaracTcsl CUm-
TaTh yoajeHHBIE OT IPOBAJIOB Ha paccTOsTHUE Oolee
2.5R ¥ ¢ MOIITHOCTBIO TNIMHUCTBIX OTJIOXEHUMN >12 M.

ABTOpaMHM TIOCTpOEHa KapTa paiiOHUPOBAHMS
B MacmTabe 1 : 5 000 1o crerreHn KapcTtoBo-cyddo-
3MOHHOI OITACHOCTM ydYacTKa ruromanpio 4.9 km? Ha
TeppuUTOpUK MOCKBBI, paHEe TTOJTHOCTBIO OTHECEHHO-
TO K OITACHOM KaTeTOpHH IO MPOSIBICHUIO COBPEMEH-
HBIX KapcTOBO-CY(D(HO3MOHHBIX mpoueccoB [9] (cM.
puc. 96).

Ha ocHOBe HOBBIX IOAHHBIX O TEOJIOTMYECKOM
CTPOSHUU TEPPUTOPUHU TIOCTpOCHA Oojiee meTaabHast
KapTa MOIIHOCTU TJUHUCTBIX OTJIOXEHUI, Tmepe-
KPBIBAIOIINX 3aKapCTOBAaHHBI TOPU3OHT, Ha 5TOM
y4acTke. DTO TO3BOJMIIO TOYHEE MPOBECTH TPAHUILY
MEXIY Y9acTKaMM pa3IMYHON KaTeropuu OMacHOCTH.
B pesynbTaTe BBeIeHNST BTOPOTO KPUTEPHUS — yHaIeH-
HOCTH OT M3BECTHOTO KapCTOBO-CY(D(HO3MOHHOTO TT0-
BEPXHOCTHOTO TIPOSIBJIEHMSI, aBTOPAM yIaJIOCh Y4eCThb
MIpY PaliOHUPOBAHHMH yJacTKa M STOT ITapaMeTp, paHee
He UCTIOb30BaBIINICS Ha TEPPUTOPUH T. MOCKBa.

BbIBO/IbI

B nipenenax obyiacTv, MOJHOCTBIO OIpeneiasieMoi
B HacTosillee BpeMs Kak omacHas [9], commacHo
MpeII0XEeHHOMY ITOAXOIY K pailOHUPOBAHUIO, 2 UMEH-
HO MCIOJIb30BaHUE ABYX ITapaMeTPOB: MOIITHOCTH TJIM-
HUCTBIX TTePEKPHIBAIOIINX OTIOKEHHHN 1 yIATeHHOCTH
OT OJIMZKAMIIEro IMOBEPXHOCTHOIO KapcTOBO-Cy(hdo-
3MOHHOTIO IMPOSIBJICHUS, ObLIA BbIACICHBI HEOMMACHbIE
yuactku mromansio 0.09 km? (1.83%), moTeHIMATBHO
omnacHele — 2.31 km? (46.86%), onacHble — 2.50 xM?
(50.70%) u Becbma omachble — 0.03 km? (0.61%). D10
MO3BOJINT CHU3UTb OOBEMBI IMPOBOAMMEBIX B TaHHOM
paiioHe  WHXEHEPHO-TCOJIOTUYECKIUX  M3BICKAHUWIA
3a cUeT IMTOHMKEHUST KATETOPUU CIIOKHOCTU MHKEHEP-
HO-T€OJIOTUYECKUX YCIOBUI TEPPUTOPUM.

Hns OGollee KayeCTBEHHOIO aHalIM3a peaabHOM
KapcToBO-cy(PPO3MOHHON OMacHOCTU HeoOXomu-
MO OpPTaHMU30BaTh ITIOCTOSIHHO JEHCTBYIOIIYIO CETh

2.5R-5.0R

IIOTCHIIMAJIBHO OITaCHas

HEomacHada HEoImacHasa

TUIPOTre0JIOTUYECKIX CKBaXXUH [IJISI PETryJISIpPHBIX Ha-
OJIFOICHUI 32 PEXXUMOM TOA3EMHbBIX BOJ (KapCTOBBIX
Y HaJKapCTOBBIX BOIOHOCHBIX TOPU30HTOB). DTO 1103~
BOJIUT YCTAaHOBUTh BEJIMYMHY Tpague€HTa BEPTUKAIb-
HOW (pUAbTpallMy U UCTIOJIb30BaTh JAHHBI KpUTEPUid
npu paiioHupoBaHUU. KonnyecTBO MyHKTOB HaOJIIO-
JIeHUsI JOJKHO 00eCIeurBaTh BO3MOXHOCTD MOCTPOE-
Hus KapT B Maciutabe xots 6s1 1 : 10 000 (cornacHo
tabmuue 6.1 CI1.446.1325800.2019 mrs 111 xareropun
CJIOXHOCTA  MHXEHEPHO-T€OJOTUUECKUX  YCIOBUI
IUIOTHOCTBL JAHHBIX 11 Macuitada ceemMku 1 : 10 000
JOJKHA COCTaBNIATh 16 BoIpaGoToK Ha 1 kM?). Takum
00pa3oM, Ha MCCIeAyeMOM YY4acTKe TIoIaabio 4.9 km?
JOJKHO HAXOOUThCS MUHUMYM 79 TOYeK HAOIIONEHUS
3a YPOBHSIMU MOA3€MHBIX Boa. Kpome Toro, Heo6xo-
JHUMO PacCIIMPUTh CETh re0Ie3nYeCKOro MOHUTOPHUHTA
3a OCalKaMM 3IaHUN U COOPYKECHUM.

Koppensuusi TaHHBIX TO3BOJUT clejaTh BEpU-
(bupoBaHHYIO OILIEHKY KapcTOBO-CY(h(hO3MOHHOM
OMNACHOCTHU UCCIIeTyeMO TepPUTOPUN.

Cmamosi nodeomoséieHa 6 pamKax GblNOAHEHUS
eocydapcmeennoeo 3adanus u naana HUP UITD PAH
no meme Noe FMWM-2022-0010.
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ZONING THE TERRITORY IN THE NORTHWEST OF MOSCOW ACCORDING
TO THE DEGREE OF KARST AND SUFFOSION HAZARD

E. R. Romanova~**, F. K. Bufeev*~*

aSergeev Institute of Environmental Geoscience, Russian Academy of Sciences, Ulanskii per. 13, str. 2, Moscow, 101000 Russia
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The study of karst hazard associated with the suffusion is a very relevant topic for construction sites in Moscow upon
performing engineering geological survey and developing means of protecting the territory. According to archival
data, a site with an area of 4.9 km? in the north-west of the city belongs to “hazardous” category. Within this area, 42
karst sinkholes were recorded in the 20th century. In the article, the authors analyze the geological conditions of the
site based on the study of more than 400 wells. The work attempts to find a connection between the parameters of the
geological environment structure and the appearance of sinkholes. A map of the thickness of clay deposits overlying
the karst horizon has been compiled. A new approach to zoning the territory according to the degree of karst hazard
has been proposed, as a result of which the area of the territory classified as “hazard” is reduced to 2.50 km?.

Keywords: karst, karst cavities, sinkhole, karst hazard, zoning according to the degree of karst hazard
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