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Poccus, 620075, r. EkatepuH6ypr, yn. Mammuna-Crbunpsika, 58.

AkmyanbHocmb uccredosaHusi 0bycriogreHa Heobxo0uMocmbto cmpoumesiscmea 30aHull U coopyxeHull Ha0 cmapbiMu 3a6pOWEHHbI-
mu waxmamu. CmpoumenbCmeo cesi3aHo C ONACHOCMbI0 Npogasia 3eMHOL NOBEPXHOCMU U paspyweHus 30aHull. dma npobrema umeem
LIUPOKOE pacnpocmpaHeHUe 80 8CeM MUPE.

Lenb: onpedenums puck 3acmpoliku Heb0sbWwoeo yyacmka 3emiu, Komopsili pacnonoxeH Had cmapoli 3010mopydHoU waxmod, onpe-
Oenume napamempb| 8ePOSMHbIX 0NACHbIX NPOUECCO8 U CNPO2HO3UPOBamb NomeHyuasbHbIl yuiepo.

Memodhbi: aHanu3 apxugHbIx 20pHO-2e0/102U4eCKUX OOKYMEHMO8 3aBPOLEHHOL Waxmbl, PEKOHCMPYKUUS U 08yMepHOe MOOenupogaHue
20pHbIX 8bIpabomok nod uccredyemoli meppumopueli, HamypHoe 8usyanbHoe obcrnedosaHue NOBEPXHOCMU, aHaIU3 apXUeHbIX onmu-
YECKUX KOCMUYECKUX CHUMKO8, aHanu3 6a3bl aHHbIX 0bpyweHull nogepxHocmu, eeogpusuyeckue 30HOUPOBaHUS 20pHO20 Maccusa C
OHesHoU nogepxHocmu.

Pesynbmambi. C nomowbro 08yMEpHO20 MOOENUPOBaHUS YCMaHo8IeHo, Ymo U3 AeyX epaHUMOUdHbIX Oaek, Komopsle paspabamsiga-
JIUCh 8 2paHuyax uccrnedogaHusi, morbko 00Ha npedcmagnsiem onacHoCMb, Mak Kak dpyaasi No 2e0/102UYECKUM YCI08USIM OCHOBHbIM
mesiom 3anezaem 3a npedenamu uccnedogaHusi. dmo obneeyaem ycrnosus O cmpoumenscmea. OnacHble npouecchl om wmpeka u
opma daliku, komopasi nadaem no y4acmok, Mogym 6bImb MObKO 8 caMoll 3anadHol Yacmu wupuHoli 5 M. YemaHoeneHo, ymo ¢ 1957 2.
8 3MOM Mecme He HabdanocL NPosanos NOBEPXHOCMU, @ ONACHbIE ABIIEHUS, 3apeaUCmPUPOBaHHbIe 8 OKPECMHOCMSX, npedcmaens-
tom u3 cebs npocedaHue epyHma duamempom 1-2 m u enyburoli 0,5 m. B 1020-3anadHom yeny yyacmka Had opmom 2eopadapoM 8bisie-
JleHa 30Ha 2ny6uHoU 3 M, 3anOHeHHas KPYNHO- U MENTKOOBIOMOYHbIM MamepuanoM, Ymo, 8eposimHee 8ce20, sienisemces crnedcmeuem
om e20 0bpyweHust. MHOukamopbl, Komopbie Mo2ym 6bimb UOeHMUMUUUPO8aHb! Kak Nycmomb| Ui 0e3UHMe2pupo8aHHbIli Maccus, He
0bHapyxeHbI 08yMs Memodamu.

Bbigodbl. CdenaH npoeHO3 napamempos 8pedH020 8UsIHUS cmapoll waxmbl Ha ycmolyugocmb nogepxHocmu. MccredogaHusmu
YCMaHOB/IEHO, YMO Ha 3MOM yyacmke Had 3abpoweHHOU waxmol MOXHO nocmpoums kommedx 6e3 pucka Heobpamumbix nospexade-
Hull 80 8pemst akcnyamayuu. 3emnsi 6eaonacHa Onis cmpoumeniscmea U npoxugaHus. OnpedenieHbl 2eoMempuyeckue napamempsi U
yacmoma nposigneHuli epedHo20 eusiHUS No003emMHol paspabomku. MpednoXeHbl 2e0mexXHUYECKUe Mepbl MUHUMU3AUUU 803MOXHO20
8peOH020 8NUSHUS 3abPOLIEHHOU WaxXmb!.

Kntoyesblie crnosa:
3abpoweHHas waxma, cmapble 8bipabomku, 0bpyweHue 2pyHma, npocadku, cmpoumenbcmeo,
6e30nacHOCMb, NPO2HO3 U OUEHKA, 2e0MEXHUYECKUE MEPbI, YCI08US Pa3MEEHUsT 30aHUS.

3TOM HCTIOJIB30BAIUCH PA3HBIE TEXHOJOTHH TOPHBIX PadoT,
CBS3aHHBIE C MCTOPUUYECKUM TEPHOJOM pa3pabOTKH
(XVII-XX B.) u reonoruyeckumu 0cobeHHOCTMH. B pe-
3yJIBTATE TOTO OIACHBIE TIPOIECCH HA TEPPUTOPHSX CTa-
PBIX IIAXT TPOTEKAIOT C PA3HBIMH TAPAMETPAMH.
Crenuduka ompeneneHusl KauecTBa MCIOIb30BAHUS
NOAPaOOTaHHBIX TEPPUTOPHIL 3aKITI0UAETCS CIIIE U B TOM,
4TO C TEUCHHEM BPEMEHU CKYJAeeT HH(OpMalusi O Ieo-
METPHYECKHX I1apaMeTpax IO3eMHBIX BBIPAOOTOK, O
PACTIONOXKEHNN OTHOCHTENBHO MOBEPXHOCTH H CIOCO0e
ux morameHus. [Ipu 3TOM NMOCTOSHHBIE MEIJIEHHOTEKY-
I1e NPUPOJHBIE TIPOLECCHl, TAKME KaK M3MEHEHHe I'UJl-
poreosnoruueckux ycnosuii [11-13], cyddosus [14, 15],
BBIBETPUBAHUE TOPHBIX Topoj [16], reoxmHammueckue
konebanus [17, 18] m Apyrue M3MEHSIOT YCTOHYMBOCTD
TIOBEPXHOCTH Haj BbIpaboTkamu. B crapbix 30Hax o0py-
IIeHUs NPOMCXOJUT YIUIOTHEHHE TPYHTOB B MpOBale U
OIACHOCTb OCENAHUS MOBEPXHOCTH CHUXKAETCs, B APYTHX
MecTax Ha000pOT — 00pa3yIoTCsl HOBBIE IIPOBAIBL
Muoroo0pasue (hakTopoB, BIMSIOMNX Ha JeopMu-
POBaHHE MOBEPXHOCTH CTAPBIX MAXT, 00YCIOBUIO OTCYT-
CTBUE YHU(HUIMPOBAHHOTO METOJA MPOTHO3a O€30MacHO-

BeepeHune

[Ipobnema 6e30mMacHOCTH 3aHUN HAJ CTAPHIMH IIAX-
TaMH paclpocTpaHeHa Bo BceM Mupe. Hamprmep, B AB-
ctpammuu  HacumteiBaeTcss Oomee 50000 3a0pomreHHBIX
maxr (o cocrosuuio Ha 2012 r.), B Kanane 6onee 10000
(mo cocrosHuto Ha 2000 r.), a B FOxHON Adpuxe nourn
6000 (mo cocrosHuto Ha 2009 r.) [1, 2]. B uenrpanbHoi
Erpornie B 2005 T. HacuuThIBasoCh 226 TOPHOIOOBIBAIO-
IIUX PETHOHOB, B 46 % KOTOPBIX J0OBIYA TIONE3HBIX HC-
KOTIAEMBIX MOJTHOCTBIO MPEKPaTUIIaCh, T. €. UMEIOT MECTO
TEPPUTOPUH JHKBUAMPOBaHHBIX maxT [3]. Ha Teppuro-
pur BenukoOpuTanuu Oonee JBYX MUIUTMOHOB 3IaHHH
TIOJBEPKEHBI BO3/CHCTBIIO HETMTYOOKHX YTONBHBIX MIAXT
[4]. Iupoko pacnpocTpaHeHbl HebGomnbInHe 3a0polIeH-
Hble maxthl B Konro [5].

Vpan Goree Tpex BEKOB SBISCTCS PYIHBIM U METALTYp-
THYECKUM perroHoM Poccrin. MicToprdecku Tak CoXHIoch,
9TO CTaphle U 3a0pOIICHHBIC ITAXTHI HAXOISITCS B TPAHHLIAX
MHOTHX COBPEMEHHBIX YPalbcKUX roporioB (puc. 1). [llaxter
TIOCTPOEHBI TIPH pa3pabOTKe MECTOPOXKICHUH UEpHBIX U
LBETHBIX METANOB, 30J70Ta, comud u yrd [6-10]. Ilpu
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CTH 3IaHUI TIPU 3aCTPOIKE TAKUX TEPPUTOPHIL, HECMOTPSI
Ha MHOT000pasie periaMeHTHpYIOmuX A0KyMeHToB: CII
21.13330.2012, CII 116.13330.2011, CHull 22-02-2003,
CII 248.1325800.2016 u np. ITosTomy Ge3omacHOCTH 3a-
CTPOMKH 3eMeNTb HaJl CTAPBIMK IIAXTaMH OIICHUBACTCS HA
OCHOBE KOMIUIEKCA PA3HOCTOPOHHMX HCCIEJOBAHUM.
Kpome atoro, B Poccunm He cymiecTByeT oOIeHAIHO-
HaNbHBIX TIPOTPAMM MO peadIIHTAMK MOAPA00TAHHBIX
tepputopuid. [To3TOMy Ha KaXJI0M BBIPAOOTAHHOM Me-
CTOPOXKIICHHH, TJIE PACIIONOKEHBI 3a0POIICHHBIC MIAXTHI,
OpoONeMBl PENIAIOTCA ¢ TPHUBICYEHHEM CPEACTB CO00-
CTBEHHHKOB 3€MeIb, 3aCTPOMIIUKOB WA MyHHIIHIIATATE-
ToB. OTHOMY W3 TaKUX TIPEMEPOB IIOCBSIICHA Ta CTAThsL.

Ha ne6ombmioit momanu 15 Ap B paiione 3abporieH-
HOM MIAXTHl HEOOXOMMMO Pa3MECTHTh KOTTEK. Y4acTOK
pacrosoKeH Ha MOBEPXHOCTH bepe3oBckoro 3010TOpY -
HOTO MECTOPOXKICHHS, pa3paboTka KOTOPOTO BEIEeTCS
noa3eMHbIME padoTamu ¢ 1748 1. [19]. dopma u pactio-
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JIOKECHHUE 3eMENBHOTO Y9ACTKA TAKOBBI, YTO TPEATIOYTH-
TENBHOE MECTO PasMEMICHUS IOMa HaXOIUTCS B 30HE
BIUSHUS Pa3pabOTKH ABYX JNacK. | paHUTOMIHBIC TaiiKu,
KOTOpBIE pa3pabaThIBAIKCE IIAXTOM, B 3TOM MECTE Tepe-
CEKAIOTCS M BBIXOIAT HA MOBEPXHOCTB. [ OpHBIE PabOTHI
3aKOHUMIMCH 37ech B 1860 r. JlanHble 00 0OpyIICHHAX
TOBEPXHOCTH, CTOCO0E M TONHOTE TOTANICHHS TOPHBIX
BBIPaboOTOK OTCYTCTBYIOT. C yuerom naBHocTH — 170 et
TI0CTIe OKOHYAHHS PaspabOTOK — BEPOSTHOCTH TOTO, UTO
OTACHBIE MPOIECCH HE aKTUBU3UPYIOTCS TIPH CTPOUTEIb-
CTBE U JKCITyaTalus KOTTe/ka Oymer 0e30MacHOM, BEI-
COKa, HO PHCK MOBPEKACHHUS 3JaHHS OCTAETCS HABCET/a
[20, 21]. 3amacoB 3070Ta, TOJIEKAMUX OTPabOTKE, MO
YYacTKOM HET. JTO CO3/aeT MONOKHUTEIbHYIO MepCIeK-
TUBY JIs1 cTpoutenbetsa. Llens paboTsl — crporao3upo-
BaTh TAPaMETPHI BPEIHOTO BIHSIHAS CTAPBIX MOJ3EMHBIX
TOPHBIX pa0OT Ha 3eMENIFHOM y4acTKe W BHIOpath 0e3-
OTACHOE MECTO IS pa3MEIIeHHS KOTTEIKa.
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Puc. 1. I'opooa Ilepmckoco kpas, Ceeponosckoii u Yensbunckoi obnacmeii Poccuu, 20e pacnonodicenvt 3abpouiennvie u
cmapvule wiaxmol (8 kauecmse 6azvl O CO30AHUSL PUCYHKA UCTIONb308aHbL Oannble ¢ catma [22].

Fig. 1. Cities of Perm Krai, Sverdlovsk and Chelyabinsk regions of Russia, where abandoned and old mines are located (the
data from the website [22] is used as the basis for drawing
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Jlmst Toro 4TOOBI MOBBICUTH OE30TMACHOCTh 3aCTPOHKH
1 TIPOYKUBAHHS B 3TOM MECTE HA/I0 ONPEIEIHUTD:
® MecTa, Iie MOXKeT ObITh MPOCEAAHNE TPYHTA B TEUE-
HHE BCETO CPOKa CITyXKOBI KOHCTPYKIIUH;
®  [apaMeTphl BEPOSTHBIX OMACHBIX MPOIECCOB;
® MOTEHIHMANbHBIH yepo;
® TCOTECXHUYECKHE MEPOTPHATHS Il CHIKCHHS PUCKA.

MeToabl ¥ maTtepuansi

Ha uccnenyemMoM y4acTke HUKOTA He OBUIO HHCTPY-
MEHTAJIbHOTO KOHTPOJIS BIMAHHUA CTapblX TOPHBIX BBIpa-
0oTox Ha medopMUpOBaHHE 3eMHOU moBepxHOCTH. [lo-
CTYI B MOJ3¢MHbIE BRIPAOOTKH OTCYTCTBYeT. OHH JINKBH-
JMPOBAHBI, HO CIIOCO0 JIMKBHAAIMKE U KA4ECTBO IOTaIle-
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HHUS BHIPAOOTAHHBIX MPOCTPAHCTB HEU3BECTHBI. DTO 00Y-
CJIABIIMBAET HEOOXOAMMOCTH KOMIUIEKCHOTO HCCIIEIOBA-
HHUSI COCTOSTHUSI MACCHBA TOPHBIX TTOPO]I.

Ha mepBom 3Tame uccleoBaHMIA BBIMOIHEH MOUCK
APXMBHOW JIOKYMEHTAIMU O TEOJOTUYECKHUX YCIOBUIX U
TOPHBIX paboTax, KOTOPhIE 3/1eCh BENHCh. B KOMIaHWH,
KOTOpas TPOAOIDKAET pa3padaThiBaTh MECTOPOXKICHHUE,
O0HapyKEHBI MaTepUANbl O PACTIONOKCHHH PYIHBIX TEl,
UX KOJNHMYECTBE, TOPU3OHTAILHON MONIHOCTH, HANpaBie-
HUM MaJIeHNS U yTiIe 3aneranus (puc. 2). Y4acTok pacmo-
noxeH B paiione naex Cracckas u Kpusas. Brixonsl Ha
TIOBEPXHOCTh JIACK 3aJICTar0T Ha 3aIaJHOM TpaHHMIle, KO-
TOpas ABJACTCS TPUOPUTETHOH IS pa3MEIeHUsS COOpy-
KEHUHN, UCXO/IS U3 TIOKETaHUH 3aCTPOMIIHIKA.
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Puc. 2. Pacnonooicenue 3emenvpHozo yuacmka omHocumellbHo 30ﬂ0m0pdeblx 0aex u 30Hbl GIUSHUSL 3(16p0W€HHOZZ waxmaowl
Fig. 2. Location of the land plot relative to the gold dikes and the zone of influence of the abandoned mine

Jaiixa KprBast mmeeT monoroe 3amajHoe MajieHue moj
yriom 20° (puc. 2). I'opHbIe pabOTHI 1O JaHHBIM paspa-
0O0TYMKA MECTOPOKIIEHHS TI0 ITOM Jlalike He Benmch. Eciu
0 3TOM Jaiike OBUTH HE 3aJJOKYMCHTHPOBAHHBIC TIO/3EM-
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HBIC TOPHBIE Pa3palOTKH, TO C YUETOM YCIIOBHI e 3aJera-
HUS OHM JIOJDKHBI OBITH PACTIONOMKEHBI 32 TpeIeiaMu Uc-
ClIelyeMOoi TepPUTOPHH. DTO ellle OAWH MOJOKUTEITHHBIN
(akTOp B MOMB3Y OE30TMACHOCTH CTPOHUTEIHCTBA.
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Jaiika Cracckas Takke BBIXOIUT Ha TOBEPXHOCTH B
palioHe 3amajHOM TPAaHWIB! YYacTKa, HO MMEET KPyToe
BOCTOYHOE MajieHue moj yriom 70°. OOHapyxeHHas B
apXuBax TPOEKIUS TOPHBIX PabOT Ha BEPTUKAIBHYIO
IIOCKOCTH (pHC. 3) HE MMeeT KOOPAMHATHON TPHBS3KH K
IIaHy MOBEPXHOCTH (pHC. 2), HO 00a yepTexa BHIIOJTHE-
HBl B Macmraax. [Ims UX COBMENICHHS HCIIONb30BAHEI
KOHTpPOJIGHBIE TOYKH, KOTOPHIE €CTh Ha IUIaHE M Ha TPO-
eKIIMH — YCThS JINKBUAMNPOBAHHBIX BEPTHKATHHBIX BBIPa-
0O0TOK, pacronokeHHbIE K CeBEPY OT TPAHMI UCCIIEN0Ba-

Hust: 1) maxta Ne 491; 2) mraxta BeHTWIAIHOHHAs. CoB-

MECTHB IIPOEKIUI0 TOPHBIX paboT U IIaH MOBEPXHOCTH

(puc. 3), ycTaHOBIEHO, YTO:

® II0J yYacTKOM MPOXOJMT IITPEK Ha IIyOWHE OT Io-
BepXHOCTH 18 M;

e pa3paboTKa BeNach ¢ HU3KON MHTEHCHBHOCTHIO B Iie-
puox ¢ 1745 mo 1860 rr.;

¢ BBIPaOOTKH SBISIOTCS TYIHKOBBEIMA U, CKOPEE BCETO,
HOCHUIIA Pa3Be[OYHEII XapaKTep.

CeBep 02
0 2paHuubl y4acmka
LGS, Ipan WX. Ne30 H
7 H e e v 0
_ Y =1 [ ,—\J_L‘
—— | C e
NV X X N ]
— ]
0 10 20m
————
iy i e e A SN SIS SIS e AU SN Seiiee MRS RO SRR S s = = - e e e SR e MEIe 50

Puc. 3. Dpacmenm apxusnvix mamepuanos. IIpoekyus na 8epmMuKaibHyi0 NIOCKOCHb NOO3EMHBIX 2OPHLIX pabom 8001b pyo-

Ho2o mena Cnacckas 8 ucciedyemom paiione

Fig. 3. Fragment of archival materials. Projection on the vertical plane of underground mining operations along the

Spasskaya ore body in the study area

OTH JaHHBIE TOBOPSAT O caboi HAPYIICHHOCTH TOp-
HOTO MaccHBa. J[OMOMHATENBHO YCTAHOBIEHA 30HA BPE-
HOTO BJIMSHHS TOPHBIX Pab0T, KOTOpask HAHECEHA €Ile BO
BpeMsl pa3pabOTOK U CKOPPEKTUPOBAHA NO3JHEE C yue-
TOM TpeOOBaHHUII HOPMATHBHOIO JOKYMEHTa IO OXpaHe
3JaHUM M CoopyxeHWi mpu paspaboTke bepesoBckoro
MECTOPOXKICHHS.

B rpaHnmax uccnenoBaHHS 1O APXUBHBIM JAHHBIM
BEPTUKAIbHBIE TOPHbIE BHIPAOOTKU C BBIXOJOM Ha IIO-
BEPXHOCTb OTCYTCTBYIOT. JTO TPETHH MOJOKUTEIbHBINA
(akTOp B OTHONICHWH OE€30TACHOCTH CTPOHTEIBHCTBA.
OnHako B palioHe [Oro-3almajHoro yrjia yyacTka Haxo-
JUTCSL CIIeTasi BePTUKAIbHAS BHIPaOOTKA — BOCCTAIOLIHIL
opT BeicoTod 10 M. Ecit oH 110 cux mop He oOpywuics,
TO MOXET IPEJCTABIATH ONACHOCTD I 34aHHS.

JUts OLEHKM TPOMCXOIMBIINX paHee B 3TOM MeCTe
OTIACHBIX TIPOIIECCOB MPOAHATH3HPOBAHBI KyPHAIB! PETH-
cTpaiuu oOpyIIeHUi MOBEpXHOCTU. B apxmBax komma-
HUU-Pa3pabOTUMKa MECTOPOXKNCHUS BBINONHEH MOHCK
3ammucedt 3a 1957-2014 rr. Kpome 3T0T0, BBINONHEHO BU-
3yanpHOe o0cneioBaHNe MOBEpXHOCTH. [Ipnm HaTypHOM
00cye[oBaHuH 1IeNIeBBIMH 00BEKTaMH OBLTH CIIEBI MPO-
CaJI0K MOBEPXHOCTHU, TPELIUHBI, YCTYIBI U APYTHE U3Me-
HeHus penbeda. DTH Ke ciefbl BIUAHUA TOPHBIX padoT
Pa3bICKUBAIMCh NPU aHAIM3E APXMBHBIX ONTUYECKHUX
KOCMHYECKIX CHIMKOB.

ITocnensnM 3Tanom OBUT MOUCK reo(pU3NIECKUMH Me-
TOJAMH IYCTOT WM PaspbIXJIECHHBIX TOPHBIMH pa3padoT-
kamu rpyHTOB. Kak mpaBuio, B moapabOTaHHOM TOPHOM
MacCHBE MYCTOTHl OOJNBIINX Pa3MEpOB JOBONBLHO PEOKOE
ABeHue. Yale BCEro MmoocTH OT CTapbIX LIAXT HAXo-
JATCS B COCTOSIHUM TIOJTHOTO MJIM YAaCTHYHOTO 3aIlONHe-

HUSL M OTJIMYAIOTCS CTENEHbIO 3all0JHEHNUS U IIOTHOCTBIO
3aTIOTHHUTEIS.

OCHOBBIBasICH Ha CO3JJAHHOW MOJIENH CTapOi MIAXTHI,
NPUHATH TIyOMHA 30HAMPOBAHMS, AT 30HAUPOBAHUS B
npodwie 1 ceTka npopuiel ¢ sueiikamu 3x3 M, 9TOOBI
He MPOMYCTUTb BIMSHUS TOA3EMHBIX BBIPAOOTOK AMa-
METpOM 10 2 M Ha CBOICTBa rOpHBIX NOpoA. B xauectse
MHCTPYMEHTOB HCIIOJB30BaHbI METO/l T€OPaAHOJIOKAIINH
¥ CIEKTPANBHOTO ceticMomnpopumupoanus [23-26]. [pu
UCCIEI0BAHUAX MOA3EMHBIX MYCTOT NMPUMEHSIOT U JpY-
THe reo(pU3NYECKUe METOIB! B 3aBHCHMOCTH OT BHEIITHHX
YCIOBUH ¥ pemaeMbix 3amad [27]. Merogom reopaiuo-
JOKAIMM 30HAMPOBaHME NpoBeAeHO Mo 14 mpodumsim
obweil mpotskeHHOCTbIO 490 M, KOTOpBlE IyOIMpYIOT
npoMIM CEKTPATBHOTO ceiicMonpodumpoBanns. Pe-
3yNBTAaThl TEOPU3MYESCKUX HCCIENOBAHUN COMOCTABIIA-
JUCh C TAHHBIMH aPXUBHBIX JIOKYMEHTOB M aHAM3HPOBA-
JUCh B KOMILIEKCE. DTO CHIKAET OIMOKH METOJIOB | TI0-
BBILIAET HAJIEKHOCTh OLIEHKH.

PesynbTathl

Ha ocHOBe apXWBHBIX IaHHBIX CO3IaHa TBYMEpHAs Mo-
JIeJTb PacTIpOCTPAHEHHS TOPHEIX BRIPAOOTOK I0J] YIaCTKOM
(puc. 4). Mogenb, Kak pe3yJibTaT CO3JaHHs a0CTPAKTHOTO
OpeCTaBJICHUA rpa(bymecmx JaHHBIX JJI1 aHalIu3a, OIlH-
CaHHs U OODBACHEHUS YCIOBHH MOAPaOOTKH MOBEPXHOCTH
TOPHEIMH PabOTaMH, BKJIIOYACT: MOBEPXHOCTB, TPAHHIIBI
WH/IUBHTYaIbHOM 3aCTPOMKH, PACTIONOKEHUE U 3aJIeTaHue
PYAHBIX TEJ, a TAKKE MaKCUMaJIbHBIN TOPU3OHT T'OPHBIX
BbIpabOTOK +18 M. Bce MaHHBIE MMEHOT KOOPAMHATHYEO
TIPUBSI3KY U BBIMOJIHEHBI B MacwiTabe. Mojienb yIpoIeHHO
BOCIIPOM3BOJUT 3aJICTAHHE JAeK, TaK KaK MaJo JAaHHBIX
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JUI1 TOYHOTO IIOCTPOEHHUs, a I€OJOTMYECKUE JAHHBIE BO-
o01me oTCyTCTBYIOT. TeM He MeHee U3 pe3ynbTaToB Moje-
JMPOBAHMS CTAHOBUTCS OUYEBUJIHO, YTO:

e TropHBIe paboThl mo fadike KpuBas He OKa3bIBAIOT

OIACHOTO BIIHSHUS;

e MoA3eMHble BbIpabOTKH N0 naiike Cmacckas pacro-

JI0KEHBI II0J] y4aCTKOM;
® OIACHBIE NPOLECCHl MOTYT OBITh TONBKO B 3aMagHOM

YacTH.

BusyansHoe o0cnenoBaHie MOBEPXHOCTH IIOKa3ajio,
9TO TEPPUTOPHS BHIPOBHEHA IOJ 3aCTPOHKY U IOOBIE
CTapble OIACHbIE IPOSABICHUS CABIKEHUA TOPHBIX IIOPOX
YHUUTOXEHBL. Ha crnaHupoBaHHOI MOBEPXHOCTH CBEXKHE
TPELMHBI U IPOBANIBI OTCYTCTBYIOT. 10 clIoBaM MECTHBIX
KuTenel, pembe( 0 BHIPABHHBAHWSA HMEI B IOTO-

3amajgHo YacTH poceJaHne TUaMeTPOM 2 M U ITyOUHOH
0,5 m. Tlpn anamm3e apXUBHBIX KOCMITIECKUX (DOTOCHHM-
koB 3a 2001-2020 rr. n3aMeHeHWH MOBEPXHOCTH BHIIIE
paspernaroeil crocoOHOCTH CHUMKOB, HE YCTAaHOBICHO.
AHani3 *KypHaJIoB PerHCTpalli MPOBAIOB Ha TEPPUTO-
pun bepe3oBcKoro 30J0TOPYIHOTO MECTOPOXKIEHHS BbI-
TOJNHEH C MOMOMIBI0 0a3bl JaHHEIX mpoBajioB [28]. 3a
1957-2014 tr. B paifoHe y4acTka He 3aperHCTPUPOBAHO
HH OJTHOTO CIy4ast O0pYIIeHHUS TTOBEPXHOCTH HIIH IPYTHX
omacHeIX ABIeHUH. C y4eToM JIUTENbHOTO Tepruoja mo-
clle OKOHYaHWs paspabotku (Oomee 170 neT), Majbix
00BEMOB  BHIPaOOTOK, OTCYTCTBHEM HA MOBEPXHOCTH
CBEXHX H CTapbIX MPOCEHaHHIl MPOIecC COBIKEHIS TEO-
PETHYECKH MOXHO OTHECTH K CTaJuHM OKOHYAHHS, YTO
TI03BOJISIET CTPOMTENBCTBO HEKOTOPBIX 3aHHH.

Y4yacmok 3acmpouku
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Puc. 4. /leymepras mooenv 3anecanusi NOO3EMHBIX 20PHBIX 8bIPAOOMOK HOO YUACMKOM Cmpoumenbcmea kommeodica: 1) pa-
dapoepamma; 2) cnekmpozpamma; 3) epanuya ebleempusanusi; 4) npoexmuoe pacnoiodicenue Kommeoica

Fig. 4. Two-dimensional model of underground mine workings under the cottage construction site: 1) radarogram; 2) spec-
trogram; 3) weathering boundary; 4) cottage design location

JInst MOBBILICHUS HAISKHOCTH OICHKH 0€30MacHOCTH
CTPOUTENBCTBA TeODU3MIECKUMI METOIaMi 00CIIe/10Ba-
Ha CTPYKTYpa M0ApabOTaHHOTO TOpHOTro MaccyBa. Mero-
aoM CCII no BceMy ydacTKy Ha rirybuHax 25 M oTMeya-
eTCsl TPaHUIA MEXKIY BEIBETPENBIMU TOPOJAMH H KPETI-
KHM CKaJbHBIM OCHOBaHHEM. B foro-3amagHoM yriy reo-
pazapoM BBISBICHA 30HA TTyOWHOH 3 M, 3amojHEHHAS
KPYIHO- ¥ MeJKOOONOMOYHBIM MaTepHanoM. MHaukaTo-
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PBI, KOTOpBIE MOTYT OBITh MACHTH()HIMPOBAHBI KaK ITy-
CTOTHI WJIM JIE3UHTETPHPOBAHHBIN MAacCHB, HE OOHapyxe-
Hbl 000MMH METOZAMU.

06cyxaeHve pe3ynbLTaToB

B pesynbrate mccnemoBaHHS TOPHO-TEOJOTHYECKUX
YCIOBUH 3a0pOICHHOW MaxThl 10 Jaiike Cracckas W
KpuBas bepe3oBckoro MecTopokIeHHS, BH3yaIbHOTO
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00CnesI0Banus MOBEPXHOCTH, TEO(M3UUECKUX HCCIIEO0-
BaHHMH MacCHBa TOPHBIX TOPOJ B UCCIEAYEMBIX TPAHHIIAX,
TJIe TIPE/IONaraeTcs CTPOUTENBCTBO KOTTE/KA, MyCTOTHI
3HAYUMBIX pa3MepOB OT NOA3CMHBIX BI)Ipa6OTOK OTCyT—
CTBYIOT. JTO TMO3BOJISIET PAacCUMTHIBATHL HA 0OE30MacHOE
CTPOUTENBCTBO KOTTE)KA B 3aMaJJHOM YacTH B COOTBET-
CTBHH C JKEJAHUEM 3aCTPOUIINKA.

Iox ygacTkoM MOTYT HPHCYTCTBOBATH MHKPOITYCTOTBI
obbemoM 10 1 M° Ha rryOuHe 18 M. OTH IMyCTOTHI MOTYT
OBITh PacMONOXEHBI TONBKO B 3aMaaHoOi YacTd. Ha octanb-
HOH TUTOMI/H TIOJI3eMHBIX TOPHBIX BBIPAOOTOK HeT. MHTeH-
CUBHBIE U OTIaCHBIE JIehOpMAIIH TPYHTA HCKITFOUAOTCSL.

13 BO3MOKHBIX BpEJHBIX MPOSBICHUN OT MOJ3EMHON
pa3paboTKy B 3amagHON YacTH MOTYT IIPOM3OUTH JO-
KaJIbHBIE TIPOCAJIKK AUaMeTpoM 10 1-2 M u riyOuHoi 10
0,5 M. Haubonee BeposITHO, YTO TakWe SIBICHUS MOTYT
OBITH B MOJIOCE MIMPUHOM 5 M OT 3amaHOHW TpaHHIIBI
y4qactka. OHH pa3BMBAIOTCS Yalle BCETO B BECEHHUH U
OCCHHHMM TEpPUOABI, KOIJa KOJUYECTBO aTMOC(I)epHLIX
OCaJIKOB yBennuuBaercs. IlepuoguvHOCTb MOSBIEHUS
MPOCAJIOK COCTABISET OJJHO coObITHE pa3 B 30—40 rer.

OTH mapaMeTpsl YCTAHOBJICHBI M3 aHa3a 0asbl MPo-
BaJIOB Ha bepe3oBCcKoM MecTOpoKIEeHNH, KOTOpas OXBa-
thiBaet Oonee 1100 cimywaes 3a 57 net [28]. 3a 310 Bpems
HeOoNbIIe TPOCENaHus MO KOHCTPYKUMSAMH 371aHHiH
TIPOSIBISUTHCH HEOJHOKPATHO M HHUKOTAA HE MPHYMHSIIA
HE0OpaTUMBIX Pa3pyIIEHUH KOHCTPYKIIHH.

OrpaHuyeHusi uccnegoBaHus
1 0606LieHNs ero pe3ynbTaToB

[peanoxeHns no NpPakTM4eckoMy NPUMEHEHUO

B otHOmIEHMH 4YaCTOTHI OpoABJICHUSA MPOCATOK €CTh
YCJIOBUS, KOTOpblE MOTYT YBEIMYMTh HX YacToTy. OJTO
TUZIPOTr€ONIOTHIECKII pexxuM. B HacTosmee BpeMs paspa-
00TUHK MECTOPOXKACHNA BEACT BOJIOOTIMB C FJIy6I/IHLI
500 M, 1 3TO co3maer BOJHYIO Aempeccuio B ropoxe [11].
Ecnu B pe3ynbTarte MOMHOTO UCTOLICHHS MECTOPOXACHUS
OTKauKa BOJIbl OyJIeT NpeKpalieHa, T0 00BOJHEHHE TOPHBIX
TIOpOJT B paiioHe 3a0pOINICHHBIX MAXT M3MEHUT UX YCTOMH-
9qiBOCTh. OO 3TOM YCIIOBUH 3aCTPOMIIHK TIPEAYTIPEKIICH.

CHIDKEHHE YacTOThI MPOCeJaHNi M UX TOCTEACTBHI
HEo0X0MMO KOMIIEHCHPOBATh TEOTEXHHYECKUMH Mepa-
mu. Hanbonee panuoHanbHBIME C y4eTOM (PUHAHCOBOTO
OrofpKeTa 3aCTpOHIIIKA CTAHYT CIEIYIONIIEe MEPHL:

1. BusyanpHbI 0CMOTp TEpPPHTOPHH C LENBIO PAHHETO
o0HapyKeHus POCeIaHuii, MPOBaoB  T. M. OcMoT-
PBI HEOOXOMMO TIPOBOAHUTDL BO BPEMsl BECEHHETO Ta-
SHUS CHera (ampelb, Mail) U B TOXIJIMBBIA OCCHHUN
nepros (CeHTA0pb—HOS0ph). OOpa3oBaHUE NYX B Me-
CTaxX, T7ie OHH paHee OTCYTCTBOBAIH, SIBISICTCS MPHU-
3HAKOM MPOCEJaHNs TIOBEPXHOCTH.

2. Tlpocanku TOBEPXHOCTH 3aChIATh CKABHBIM TIPYH-
TOM WM weOHeM ¢ yruioTHeHueM. [locie nukBupa-
UM TIPOCAJKU YCTAHOBUTb BOKPYI OINACHOH 30HBI
OTpak/ieHHe Ha OJWH Mecsl. B mepron akTHBHOH
CTA/IMM UCKIIOUNTH JOCTYN K MecTy JIe(opMHpoBa-
HUS JIOZIeH M TEXHUKH, HE 3aHATHIX B JHKBHUAALMH
HPOCAKH.

3. B cooTBeTCTBHH ¢ MPOTHO30M JIOK&IBHEIC MPOCAIKH
HOBEPXHOCTH AUAMETPOM JI0 1-2 M MOTYT NOSBUTHCS
B 3allaJHON YacTW y4acTKa, IIMPUHA KOTOPOH 5 M.

[TosToMy pacmonokeHHe KalUTalbHBIX COOPYKEHHH
PEKOMEHIyeTCS BBIIIONHHUTE € OTCTYIUICHHEM 6 M OT
3amaJHON TPaHHIIEl yIacTKa.

Jist Toro 9To0BI OBITH B TOJTHOW YBEPEHHOCTH 00 OT-
CYTCTBHM 3HAYUMBIX MYCTOT, HY)XHO NpOOypHUTb He-
CKOJIBKO CKBaXWH. ['MyOMHA CKBa)XHH JOJKHA COCTaB-
J4Th 18 M.

PesynbTaThl MCCIIENOBAHHA HCIONB3YIOTCS HAa CTajun
TUIAHUPOBAHUS BApPUAHTOB 3aCTPOUKH TEPPUTOPHH M I
BBIOOpA MPOEKTHOTO PACTIONOMKEHUS CTPOCHHI HA TEPPUTO-
prn. VccrenoBanne CHIDKACT PUCK aBAPHEA M Upe3BBIYAi-
HBIX CHTYAIIHi IPH 3aCTPONKE U SKCILTyaTAlU! TePPUTOPHIT
B MECTaX 3QJICTaHHS [O/[3EMHBIX TOPHBIX BEIPAOOTOK.

MpeanoxeHns No HanpasneHMIo 6yﬂ,yLLlI/IX uccnegoBaHuia

OnBIT UCCTENOBAaHHS YYacTKa 3eMJIM Haj 3a0polieH-
HOM IIAXTOH, KOTOPBI PACIONOXEH HA Kpalo ONACHOM
TEPPUTOPUH, JOTONHICT HAIIY KOJUIEKIHIO CTPOUTENb-
CTBa B OMAcHBIX MecTax. Mbl uccnenoBamu 6onee 300 Ap
MOApaOOTaHHBIX TEPPUTOPHH B PA3NUYHEIX TOPOJAX
Caepanosckoii n YensgOunckoit obmacteit Poccun [6-8,
17, 18]. besaBapuiiHas 3KcIUTyaTalus 30aHUH U COOPY-
KEHUH Ha OOCIENOBAHHBIX IUIOMAIAX MOITBEPIKAACT
3¢ (eKTHBHOCTh MCCIIENOBaHM. B mambHEHmMX TUiaHax
ACCIICIOBAHUH MBI XOTHM CHH3HTbH JKCTIEPTHOCTH HEKO-
TOPHIX OLEHOK OE30TMACHOCTH TEppUTOpHi Ham 3a0po-
IIEHHBIMHU IIAXTaMK ¥ CO3JaTh OLIEHOYHBIA PEUTHHT, KO-
TOPBIH TTO3BONHT MO BAXKHBIM KPUTEPHSAM KAUCCTBEHHO
CTaHAAPTU3UPOBAHO ITOJXOIUTH K PeriaMEeHTHPOBAHHIO
CTPOHTENBCTBA B OIIACHBIX MECTAX.

3aknioyeHue

Ha ocHoBe MozienpoBaHus 1 MHCTPYMEHTaJIbHON Jua-
THOCTHKU Te0()H3MYeCKUMU METOIaMH OLEHEHO COCTOS-
HUE MOpOA MOApabOTaHHOrO TOPHOTO MAcCUBa, ClENaH
NPOTHO3 Pa3BUTUs MpoLecca COBIKEHUS M JaHbl PeKo-
MEHJAIMX TI0 MCTIONB30BAHMIO TOPA00TAHHOTO 3eMeIb-
HOTO ydJacTka. lccrmemoBaHWSAME YCTAaHOBICHO, YTO HaJ
3a0pOIICHHON IIAaXTOH MOXHO TMOCTPOHUTh KOTTEMIK Oe3
pUCKa HEOOPaTHMBIX TIOBPEXKICHUH BO BpeMs JKCILTyaTa-
vH. 3eMiist Oe30TacHa s CTPOUTENBCTBA U TIPOKUBAHHS.
Omnpe/ieneHbl TeOMETPUYECKHE TTAPAMETPhI U 4aCTOTa TIPO-
SBJICHUH BPEIHOTO BIMSHHUA MOA3eMHON paspabdotku. [lo-
TEHIMANbHBIN yIep0 s 37aHKs MUHUMAJICH, €CIU €ro
PACIONOKHUTh C yUeToM pekoMeHnauui. KoHcTpyKTHBHbIE
MEpOIpPUATHS, HAlpaBlIeHHbIE Ha MPOTHBOAEUCTBHE Jie-
(GopmarmsM ot moapadboTky, He TpedyroTes. B 1enom mo-
SUTUBHBIC PE3YIbTATBI I/ICCHC[[OB&HI/IIZ II0Ka3bIBalOT, YTO B
TOM MeCTe BO3MOKHO CTPOMTENBCTBO 3/1aHHUH OoJiee BBICO-
KOTO YPOBHS OTBETCTBEHHOCTH, YeM KOTTEK, U TOBbIILIA-
0T CTOMMOCTb 3TOTO 3€MENBHOI0 y4acTKa.

Asmopul bnazodapam uccredosamens Anexces 3amamuna
Jabopamopuu  npedomepayenus. MexXHO2eHHbIX Kamacmpog
HUnemumyma 2oprozo dena 6 2opode Examepunbype 3a evino.-
HeHue 2e0u3UIecKuUx ucciedo8aHull.

Paboma svinonnena 6 pamxax T'oczadanus Ne 0405-2019-0007.
Tema 3 (2019-2021 22.) «MemoOuueckue ocrosuvl pationuposa-
Hus meppumopuu Poccutickou @edepayuu no pucky mexio-
NPUPOOHBIX KAMAcmpogd, 00YCI0BIEHHbIX COBDEMEHHBIMU 2€0-
OUHAMUYECKUMU  OBUIICEHUAMY 3eMHOU KOpbI, HA ONACHLIX U
VHUKATBHBIX 00BEKMAx HeOPONOoIb308aAHUAY.
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INVESTIGATION OF GROUND COLLAPSES OVER A SHALLOW ABANDONED MINE
TO DETERMINE THE GEOTECHNICAL CONDITIONS OF INDIVIDUAL CONSTRUCTION
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The relevance of the study is caused by the need to construct buildings and structures over old abandoned mines. Construction is associ-
ated with the danger of failure of the earth's surface and the destruction of buildings. This problem is widespread all over the world.

The aim of the research is to determine the risk of building a small plot of land located above an old gold mine and the parameters of likely
hazardous processes; to predict potential damage.

Methods: analysis of archival geological documents abandoned mines, reconstruction and two-dimensional modeling of mine workings
under the studied area, on-site visual examination of the surface analysis of optical satellite imagery database analysis of the collapse sur-
face geophysical sensing of the mountain massif with the surface.

Results. Using two-dimensional modeling, it was found that only one of two granitoid dikes developed within the boundaries of the study,
is dangerous, since the other, according to geological conditions, is the main body lying outside the study. This facilitates the conditions for
construction. Dangerous processes from the drift and orta dike, which falls on the site, can only be in the westernmost part with a width of
5 m. It is established that since 1957, no surface failures have been observed in this place, and the dangerous phenomena registered in
the vicinity are the subsidence of the soil with a diameter of 1-2 m and a depth of 0,5 m. In the southwestern corner of the site above ort, a
3-meter-deep zone filled with coarse and fine-grained material was detected, which is most likely a trace of its collapse. Indicators that can
be identified as voids or a disintegrated array are not detected by two methods.

Conclusions. The authors have made forecast of the parameters of an old mine harmful effect on stability of the surface. The research es-
tablished that a cottage can be built on this site above an abandoned mine without the risk of permanent damage during operation. The
land is safe for construction and living. The geometric parameters of the probable harmful effect of underground mining and the frequency
of manifestations are determined. Geotechnical measures to minimize the possible harmful effects of an abandoned mine are proposed.

Key words:
Abandoned mine, old mine workings, ground collapse, subsidence, construction, safety, forecast and assessment, geotechnical measures,
building placement conditions.
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