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TocynapcTteennoe mpeanpusaTHe YKpPaMHCKMA HAayYHO-MCCIIEIOBATENLCKUM M MPOEKTHO-M3bICKATENbCKUI
uHCTUTYT npoMbinuieHHoH Texaonornu (I'Tl « YkpHUITUWpomTexnomoruny), XKentsie Bonsl, Ykpanna;
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%CeBepo-KaBkasckuii ropHo-Meramnyprudeckuii uactutyt (CKI'TY), r. Bnagukaskas, Poccus

AnHoTanusi: OTHIM U3 caMbIX IPOOJIEMHBIX MECT IIPHU [TOJ3EMHON T0OBIYE Py B SHEPrOHAPYIICHHBIX MACCUBAX SIB-
JIIETCS MOTAIEHUE TEXHOTEHHBIX IIYCTOT, KOTOPBIE BIUSIOT HA BOSHUKHOBEHUE U IEPEPACIIPEACIICHUE HAIPSKEHHO-
nepopmanmonnoro cocrosiaus (HJIC) maccuBa roprbsix mopoa. Mx cymiecTBoBaHHE B 3¢MHOM KOpE HMPOBOLMPYET
HapyILeHHEe JHEBHON MOBEPXHOCTH, & TAKKE CIIOCOOCTBYET BO3HUKHOBEHHIO T€OMEXaHIMIECKHX U CEHCMUUYECKUX SIB-
nenuid. Llens nccnenoBanust — 000CHOBaHKE IPUPOJOOXPAHHBIX U peCypcocOeperaroux TeXHOIOTHUM OralieHuns Iy-
CTOT TPH MO/I3EMHOM J100bIYe PYZ HA OCHOBE YCTAHOBIICHHSI 3aKOHOMEPHOCTEH MPOSIBIICHHSI TOPHOTO JIAaBJICHHS Mac-
CHBa TOPHBIX TIOPOJ, YTO MO3BOJIUT 0OECTICUUTh COXPAHHOCTh THEBHOM MOBEPXHOCTH U JKU3HEACSITEIHLHOCTD HAcele-
HHS, IPOKUBAOLIET0 B 30HE BIMSHUS FOPHOIOOBIBAIOIIET0 peroHa. OCHOBHBIMH OTPHLIATEIBHBIMH HOCTIEACTBUSMU
BO3JICHCTBHS TOPHOM TEXHOJIOTUH Ha OKPYKAIOIILYI0 PUPOAHYIO CPEy M YelIOBEeKa SIBIISFOTCS OONbIINE 3aTpaThl Ha
COXPaHHOCTh JTHEBHOH ITOBEPXHOCTU M obecTiedeHHe )KU3HEACATEILHOCTH HACENICHUS, TIPOKUBAIOIIETO B 30HE BITHS-
HHS TOPHBIX OOBEKTOB, BBIBOJ] OOJIBLIMX IIIOLIAAEH 3eMeNb N3 SKOHOMUYECKOro 00opoTa u 1ip. Ha ocHOBe nccnenoBa-
Hus Mexannzma H/IC maccuBa nmopoz ¢ ucnonp30BaHueM reopr3nueckuX 1 MapKIIEHAEPCKUX METOI0B IPeIoKeHa
MIPUPOIOOXPAHHAS TEXHOJIOTHS MOTallleHns] TEXHOT€HHBIX ITyCTOT B SHEProHapyIIeHHbIX MaccuBax. OHa MO3BOMIAET
00ecne4nTh COXPaHHOCTh AHEBHOM MOBEPXHOCTH U JKU3HEACSTEIILBHOCTD HACEJICHUS], IIPO’KUBAIOILIETO B 30HE BIMSAHUSA
TOPHBIX OOBEKTOB (IIAXTHI, OTBAJIBI, POMBIIUICHHBIE IUIOMAAKHI A/ 3aKJIaJOUYHBIX KOMIUIEKCOB, IIPEIKOHIICHTPALIMN
Y KY4HOT'O BBIIIETIAYMBaHMsI METAJUIOB U3 HEKOHIUIIMOHHOTO PYAHOTO CHIPbsI, XBOCTOXPaHWIMII U 1p.). [IpennosxeHsl
KOMOWHHMPOBaHHBIE T€OTEXHOJIOTHH TIOTallIeHHE MTYCTOT MPHU Pa3pabOTKe PYIHBIX MECTOPOKICHHUN MO3eMHBIM OJ104-
HBIM BBILIETAYMBAHIEM 1 OCYIIECTBIEHO HAyYHO—METOMYECKOE COTTPOBOKICHNE M TEXHUUECKOE oOecreueHre Oypo-
B3PBIBHOH TMOATOTOBKU CKAIBHBIX PyIl U 0TpaboTku [1BB onbITHO-3KCIIepuMEHTANBHBIX OJIOKOB Ha MUYYpHHCKOM
mecropoxxaenun I'TI «Boct'OK», Ykpauna. Pe3ynbrarhl ucciie0BaHU MOTYT OBITh HCIIOIb30BaHbBI IIPH MOA3EMHOM
Ppa3paboTKe PyIHBIX MECTOPOXKICHUN CIIOKHOW CTPYKTYPBL.

Ki1roueBble cj10Ba: SHEPrOHAPYILIECHHbBIN TOPHBIA MacCcuB, OA3EMHAs A00bIYA Py, IPUPOAOOXPAaHHAS U pecyp-
cocOeperaroiasi TEXHOJIOTHsI, TIOTallleHNe TEXHOTEHHBIX MTyCTOT.
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Abstract: One of the most problematic aspects in underground ore extraction in mining-disturbed rock masses is back-
filling of man-made voids, which affect origination and redistribution of stress-strain state of the rock mass. Their ex-
istence in the earth's crust provokes subsidence/collapse of the day surface and also contributes to arising geomechanical
and seismic phenomena. The purpose of the study is to substantiate environmental-friendly and resource-saving meth-
ods for backfilling of voids in underground ore mining based on revealing the features of rock integrity of the day surface
and life-sustaining activity of the population living in the mining-affected area. The main negative consequences of the
impact of mining on the environment and humans are high costs for conserving day surface and ensuring life-sustaining
activity of the population living in the mining-affected area, as well as removing large areas of land from human activity,
etc. Based on the study of a rock mass stress-strain state using geophysical and surveying methods, an environment-
friendly method for backfilling of man-made voids in disturbed rock masses is proposed. It enables ensuring the integrity
of the day surface and life-sustaining activity of the population living in the mining-affected area (in the vicinity of
mines, dumps, sites of backfilling complexes, preconcentration and heap leaching of metals from substandard ores,
tailings storage facilities, etc.). Combined geotechnologies are proposed for backfilling of voids during the development
of ore deposits by underground block leaching, and scientific and methodological and technical support was provided
for drilling and blasting preparation of hard ores and underground leaching of pilot blocks at the Michurinsky deposit
of GP VostGOK, Ukraine. The research findings can be used in underground mining of ore deposits of complicated
structure.

Keywords: disturbed rock mass, underground ore mining, environmental and resource-saving method, backfilling
of man-made voids.
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BBenenue

OcHoBHBIMH TIOKa3aTe MU (D (HEKTUBHOM TTOT-
3€MHOM JIOOBIMHU PYJT TIPH OCBOCHHU MECTOPOXKICHHIA
CJIOKHOM CTPYKTYpBI SIBIISIFOTCS CBOWCTBA TOPHOTO
MacCcuBa M TEXHOTCHHBIC YCIIOBHS pa3padotku [1, 2].
KiroueBbM (hakTopom it 00ecriedeHrs] COXpaHHO-
CTH TIOBEPXHOCTH TIPU OTPAOOTKE PYITHBIX MECTOPOXK-
JIeHUI sBIsIeTCst (haKTop 3aroyiHeHus myctor [3, 4].
0COOEHHO OCTpO IMpobJIeMa CTOUT B YCIIOBHUSIX CIIOXK-
HBIX MECTOPOXKICHHUI, B HEOTHOPOIHBIX TOPHBIX Mac-
CHBaX C BBICOKOM KpEIOCTBIO IOPOJX U CIIOKHOU
CTpYKTYpOii [5, 6].

[TosTomMy 060CHOBaHUE IPUPOTOOXPAHHBIX
U pecypcocOeperarnux TeXHOIOWA MOoTaleHus
MyCTOT MPU MOA3EMHOM 100bIYe pya Ha OCHOBE
YCTaHOBJICHHSI 3aKOHOMEPHOCTEH MpPOSBICHUS
TOPHOTO JABJICHUS MacCHBa TOPHBIX MOPOA IS
oOecrieyeHns JKU3HEICSITEIbHOCTH HAaCeIeHus,
NPO’KHBAIOLIETO B 30HAX BIMSHUS TOPHOJ0OBIBA-
IOIMX PETHOHOB, ABJISIETCS aKTyaJIbHOW HAy4HOM,
MPAKTHYECKON U COIHMAILHOM TIPOoOIeMoid, TpeOy-
romieii morcka >(heKTuBHBIX perrenuii [7]. dan-
Hasi paboTa ABIISETCS MPOJIODKEHUEM HCCIe10Ba-
HUH C y4aCTHEM aBTOPOB, OCHOBHBbIC Hay4YHBIC U
NPaKTUYECKHE pe3yabTaThl KOTOPHIX Hamboisiee
MIOJTHO TIpUBEIeHBI B paboTax [8, 9].

ean u 3apaun

Llenv uccnedosamnuss —0060CHOBaHUE TPUPO-
JIOOXPaHHBIX U pecypcocOeperaromux TeXHOI0-
I'Mi MOrameHus mycToT IpH MOA3EMHOM 100b1ue
PYA Ha OCHOBE YCTAHOBJICHHS 3aKOHOMEpPHOCTEH
NPOSIBJIICHUS] TOPHOTO JaBIICHHUSI B MAacCCHBE TOp-
HBIX TIOPOJ, YTO IO3BOJIUT OOECIIEYUTh COXPaH-
HOCTh JIHEBHOW MOBEPXHOCTH M JKU3HEIEATENb-
HOCTh HacelleHUs, IPOKUBAIOIIETO B 30HE BIIUS-
HUS TOPHOZ00BIBAIOIIETO PETrHOHA.

JUis  NOCTMXKEHUS TOCTaBJIEHHOW —LeNu
HE00XO0/IMMO PELIUTh CIEAYIOIINE 3a0auH.

1. Ilpoananu3upoBarh (akTOpbl MpPOsIBIIE-
HUS TOPHOTO JIaBJICHUS B CKAJILHBIX MTOPOAaX Mac-
CHBOB CIIO’)KHOTO CTPOEHUS C BRICOKOH WHTEHCHB-
HOCTBIO Pa3pBIBHBIX CTPYKTYP.

2. BoiaBuTh ycioBust pOpMUPOBAHUS OCTa-
TOYHOH Hecyliel CIOCOOHOCTH B HAPYLICHHBIX
HopoJax B YCIOBUSX 00BEMHOTO CXKATHUSI.

3. OnpenenuTh yCIoBUs B3pbIBAa HA «3aXa-
TYIO» Cpeay, CHIXKeHUs Kod(hduimenTa pa3poix-
JICHUS 110 Mepe 0OTOOWKH €105l TOPHOM Macchl B 3a-
KpPBITOM 00BbEME M YBEIMUYCHHS CEHCMUYECKOTO
a¢dexTa B3pBIBHBIX KOJICOAHHIA.

4. Yemanosums mapaMeTpbl CeCMUYECKUX
Kosie0aHUH, Ka4yecTBO APOOJIEHUS! PYIAHOrO Mac-
CHBa U IOKa3aTelb YNJIOTHEHMs 3aKHMAIOLIETO
MaTepuana.

5. Pa3paboTaTh NPHUPOJAOOXPAHHBIE H Pe-
cypcocOeperaromuye TeXHOJIOTHH MOTaIIeHUs ITy-
CTOT NpPH MOA3EMHOH O0OBIYE PYJ B CKAJIbHBIX
MECTOPOXKJICHHUSX B YHEPTOHAPYIICHHBIX MacCH-
BaX CJIOKHOM CTPYKTYpBI.

OcHOBHBIE 110JI0OKEHHUS

Hccneoosanue cywecmeyiowux peuieHull
npobnemvl. AHanU3 TEXHOTEHHBIX IyCTOT IIO-
Ka3bIBACT, YTO C YBEJIMUCHHUEM TITyOUHBI pa3pado-
TKU PYAHBIX MECTOPOKICHUN U TPOJIOIKUTEIb-
HOCTH CyIIECTBOBAHHS KaMep KOJIMYECTBO CaMo-
oOpylieHuii mopoji B HUX BoO3pactaer. Pe3yib-
TaThl aHAJIM3a MTO3BOJISAIOT CAEIAaTh BHIBOJI O TOM,
YTO BaXKHBIM SIBJISIETCS OOpa3oBaHUE TEXHOI'CH-
HBIX IyCTOT, KOTOpPbIE BIMSIOT Ha BO3HUKHOBE-
Hue u nepepacnpenenenne HJC maccuBa rop-
HBIX nopoA. VX cyliecTBoBaHUE B 3€MHOM KOpe
MPOBOIIMPYET HapyIIEHHE JIHEBHOW TOBEPXHO-
CTH, a TaK)Ke BIUSHHE T€OMEXaHHUECKUX U CeH-
cmudeckux siienmii [10, 11].

Memoowr ucciedosanuii. B xone uccueno-
BaHMUs MCIIOJIb30BaHbl METO/bl KOMIUIEKCHOTO
aHalM3a M CUHTE3a, MPAKTUYECKOIO OIbITa U
Hay4YHbIX JOCTH)KEHHH B 001aCTsIX:

— I€0TEeXHOJIOTUH;

— TEXHOJIOTHH ¥ TEXHUYECKUX CPENICTB TO-
TameHus MyCcTOT NPU MOA3EMHON T00bIYe Py B
SHEpProHapyIICHHBIX MaCCHUBaX;

— TEOPHUH U MPAKTHKH B3PBIBHOTO Pa3pyIie-
HUS TBEPABIX CPel.

MeTtoaaMu MOAETUPOBAHUS HAa OCHOBE JK-
BUBAJCHTHBIX M ONTUYECKH aKTHBHBIX MaTepHa-
JIOB UCCIIEIOBAIIUCH:

— BIMSHUE HapyIIEHHOCTH MacchBa Ha
YCTONYMBOCTh BBIPAOOTOK, U3MEHEHUE (PaKTOPOB
MIPOSIBJICHUSI TOPHOTO JTABJIICHUS C YBEIMYCHUEM
[JIyOUHBI TOPHBIX paboT;

PA3PABOTKA MECTOPOXKJIEHUHA MOJE3HBIX NCKOITAEMBIX
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— 3aBUCUMOCTH Je(OpMHUPOBAHO-HAMPS-
KEHHOTO COCTOSTHHSI HapyIIEHHBIX MOPOJ OT Ta-
OapUTHBIX pa3MepPOB BHIPAOOTOK.

Taxoke ObUIH MCTIONIB30BaHBI METO/IbI MEXa-
HUKHU CIUIOIIHBIX CpeJ, MaTeMaTU4eCKON CTaTu-
CTUKU U METOJIbl UCCIIEIOBAaHUSI BOJIHOBBIX IPO-
neccos [12, 13].

Hccnedosanue  mexanusma — passumus
Hanpsicerull u oeopmayuti 8 30He GIUAHUSL NOO-
3eMHbIX nycmom. B TpaKTHKE HCIIOIb30BaHUSA
TEXHOJIOTUM M TEXHUYECKUX CPEACTB MOTAIICHUS
OyCTOT TMpH TOA3E€MHOM J00BIYe pyn B
SHEPrOHAPYIICHHBIX MacCHBax Haunbonee
pacIpoCTpaHeHbI CIIAYIOIIUE croco0bl (puc. 1).

[Toramenue u3omsIMeN MyCTOT MEPEMbIU-
KaMu 0e3 3aM0JHEHUSI MaTepHalIOM MPUMEHSIETCS
npu oTpaboTKe PYIHBIX TEJN Mallol M cpemHeit
MOITHOCTH, (pJIAHTOBBIX M CJICMBIX PYIHBIX TET,
HE OKAa3bIBAIOMIMX BIIMSHUS Ha MOA3EMHBIE 00b-
eKThI M 3€MHYIO ITOBEpXHOCTS [ 14, 15].

[loramenne oOpylIEeHHEM BMEIIAIOIINX
nopoJ sBNsieTcss Hanboliee pacrpoCTPaHEHHBIM
CrocoO0M, 4TO 0OBSICHAETCS MPOCTOTOM OpTraHu-
3a1uu padboT, BEICOKOH CTENEHBIO MEXaHU3AIUHN 1
MaJloi 3aTpaTHOCThIO. K ero Hegocratkam OTHO-
CATCS TPYAHOCTH KOHTPOJIS IMOJIHOTHI 3aroJIHe-
HUS IIyCTOT W YIpaBJIEHUs MpPOLEeccCOM 00pyiie-
HUS TIPU YMEHBIICHUH MOIIHOCTEH PYIHBIX TEJ
Ha riyounax 6oaee 500—600 m.

[Ipu orpaboTke MecTOpOXAEHUM Ha 0OJIb-
MIMX NTyOWHAX BO3HUKAET HE0OXOAMMOCTD Iepe-
X0Jla Ha Apyrve TeXHOJIOTUH MOTallleHNs MyCToT.
Crioco6 moramieHusi 0OpyIIeHHEM BMEIAOIINX
HOPOJ] XapaKTepU3yeTCs] 3HAUUTENbHBIMU IOTE-
pSAMH M pa3yOOKMBaHUEM W pa3pyIICHHEM Mac-
cHBa J10 moBepxHoctu [16-18].

[Toramenue TBepACIOMIEH 3aKIaT0YHON
CMEChI0 O0ecTIeYrBaeT JyqIlne MoKa3aTelu IKC-
yataiui Help. OCHOBHOM 00beM MyCTOT 3a-
KJIa/IbIBAIOT CMECSIMU ITPU OJTHOBPEMEHHOI OTpa-
00TKE OTKPBITHIM U TOA3EMHBIM CHOCOOAMH
MOIIHBIX KPYTOMAJAIOMIUX PYIHBIX T€ MECTO-
POXICHUH, JIOKAIN30BAaHHBIX B HWHTEHCHUBHO
HapyILIEHHBIX MOPOJAX CPEAHEN YyCTONYMBOCTH.
HocTomHcTBa crmoco6a COCTaBISIOT MHUHHUMAITh-
HBI€ 3aTPAThI, CPABHUTEIILHO HEOOIBIUE TIOTEPH

U pazyOoXHBaHHE, HOCTYIHOCTb Jii KOHTPOJIA,
COXpPaHHOCTh BMEIIAIOIIET0 MacCHBa U 3€MHOM
noBepxHOCTU. K 0COOEHHOCTSM TEXHOJOTHH OT-
HOCATCSI TOBBIIIEHHOE TpeOOBaHME K MOJIHOTE
MPECTAaBICHUI O MaccHBe, Oojiee AeTalbHas ero
W3Y4YEHHOCTh U MOCTOSIHHBIN F€OMEXaHNYECKUd 1
ceiicMuueckuii Mmonutopunr [19, 20]. B mocnen-
Hee BpeMs 3aKJIaJKa MPUTOTaBIMBACTCS C 3aMe-
HOM IIeMEHTa W3MEIbYCHHBIMH BSDKYIIUMH B
CMECH C TECYaHO-TPABMUHBIMU MaTepUaTaMU.
[IpodHOCTh 3aKIagKKM H3MEHSETCS B IIHPOKUX
npeaenax B 3aBUCUMOCTH OT Ha3HAuCHHs UCKYC-
CTBEHHBIX MaccuBOB. Ha psge mecTopoxneHui
TBEP/ACIOIIYIO 3aKJIAJOYHYI0 CMECh MPUMEHSIOT
13-32 HeOOXOIMMOCTU COXPAHEHUS JHEBHOU IO-
BEPXHOCTH MO AKOJIOTMYECKUM YCIOBUSAM U TO-
BBIIICHUSI 0€30MaCHOCTU KU3HEACSITEIbHOCTH B
rOpHOI0OBIBAIONINX peruonax [21, 22].

Kombunuposannoe nocawenue nycmom
npu pa3paboTKe PyTHBIX MECTOPOXKACHUH IMOJ-
3eMHbIM Os0yHBIM BbllienauyuBanueM (I1BB)
HaXOJUT MPUMEHEHUE B PA3BUTHIX TOPHOA00BIBA-
IOIKX CTpaHax Mupa (puc. 2).

[Ipn pByxcranuiiHOW o0OTpaboOTKEe pYIBI
OTIOPHOE JIaBJIEHUE IepepaclpesiensierTcss Ha Ka-
Mepbl BTOPOil oduepesn, a Harpy3ka Ha KOHCTPYK-
[IUU OTPEIEINseTCs] MacCOW MOpPOJ BHYTPHU BO3-
HUKIIETO CBOJA €CTECTBEHHOTO PAaBHOBECHS IO-
pox. HapymienHbie TOpobl B peienax cBoja Je-
(dbopMupyroTCa, HO MOT'YyT 00pa30BaTh MPOYHYIO
KOHCTPYKILIMIO M HE NPEensTCTBOBaTh MpOIecCy
BoitienadnBanus [23, 24]. IlepcrieKTHBHBI Te€0-
TEXHOJIOTHH, MIPU KOTOPHIX HA JHEBHYIO MMOBEPX-
HOCTh BBIJAIOTCS OoraThle PyIbl, a OcCTajabHas
pyna mepepabaTbiBaeTCs Ha MECTE 3aJleraHus
(Tabm. 1).

Pazpabotka pymubix mectopoxnaenuii [16B
TpeJIIoJiaraeT CO3/IaHNe B SHEPrOHAPYIIICHHBIX Mac-
CHBax Y4acCTKOB C IIOPO/IaMHU Pa3HOM MPOYHOCTH:

— OJIOKH 3aTIOJTHEHBI PYHBIM MaTePUATIOM,
KOTOPBIN MOJABMKEH U CKIOHEH K CIICKUBAHUIO;

— OJIOKHM XapaKTepU3YIOTCS BOJOHACHIIIICH-
HOCTBIO M OCJIa0JICHHEM IPOYHOCTH TIOPOT;

— B TIPOIIECCE BBIICTAUYNBAHIS MHHEPAIh-
HBIC YaCTHIIBI TIEPEMEIIAFOTCS.
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Puc. 1. BiusiHue mycToT HAa 3eMHYI0 HOBEPXHOCTH (CXeMBbI):
a — TIePEKPBITUE U3 MIPOYHBIX NOPOJ; O — INIOCKasi KPOBJIS IIPU CAaMOYNPOYHEHHH TIOPOJI; @ — OOpYLIEHHE TOPO/I,
HE JIOCTHUTAIoIIee 3eMHON TTOBEPXHOCTH; 2 — 0OpYIICHNE TIOPOJ C BOBJICUYCHUEM B IIPOLIECC 3eMHOM MOBEPXHOCTH

Fig. 1. The impact of voids on the earth's surface (schematics):
a — overlaying hard rock; b — flat roof at rock self-strengthening; ¢ — rock collapse, not reaching the earth's surface;
g — rock collapse involving the earth's surface

I o T e N = ]

)
. :

Puc. 2. KomOunnpoBanHas pa3padoTka pyIHOr0 MeCTOPOKICHH:
1, 2 — Gorarsle 1 OeiHBIE 10 COAEPIKAHMUIO MTOJIE3HOTO KOMITOHEHTA PYZbl COOTBETCTBEHHO (HEOAHOPOAHOCTH); 3 —
KOMIIIEKC KYJHOTO BBIIIETaYNBAHNS OCTHBIX U 3a0aIaHCOBBIX pyH; 4, 5 — pyJOKOHTpPOJIFHAS M 000TaTUTENbHAS CTAHIINS
(PKC) u padpuka (POD) cooTBeTcTBEHHO; 6 — 3aKI1aJOYHBIA KOMILIEKC;
7 — 1eX MPUTOTOBJICHHS BBIIIEIAYNBAIONINX PACTBOPOB

Fig. 2. Combined development of an ore deposit:
1, 2 —rich and poor ores, respectively; 3 — complex for heap leaching of poor and off-balance ores (heterogeneities); 4, 5 — ore
control and concentration plant (CCP) and processing plant (PP), respectively; 6 — stowing complex;
7 — shop for preparation of leaching solutions
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Tabuuma 1

Tunuzanus nmpoueccoB MoA3€¢MHOI0 0JIOKOBOI'0 BbIIICJTAaYMBAHUA Py
Typification of underground block leaching processes

IIpouecc

IIapamerpsl nponecca

YcaoBus peajau3anuu nmpoumecca

Jpobnenue py sl

Ob6ecnedenue kpymHoctd +20 MM, —50 MM

PaBHOMepHas IUIOTHOCTH pynbl. Bos-
MOXKHOCTh CO3JJaHHUS KOMIIEHCAIMOH-
HOTO TPOCTPAHCTBA AT B3phIBA

OporreHue pyabt

CKBa)XMHBI B HETPOHYTOM MacCHBe.
Pa30peruBanne ¢ MOBEPXHOCTH PYIbL.
CKBa)KHHEI B pa3pyImIeHHOH pye ¢ 00CaIKoii.
Hcnonp3oBaHue MEIKO3EPHUCTBIX MaTepHaioB.
I'mppaBnuyeckuii pa3pbiB HOPOX

OtcyTcTBHE HEPOHHUIIAEMBIX 30H U Ka-
HAJIOB B OTOUTOH pyne

C6op mnpoayKiu-
OHHBIX PACTBOPOB

[IpoTuBodMIBTPALIMOHHBIE 3aBECHI.

I'uapousomnsnys yyacTKOB BBILIETaUUBaHUS.
ONeKTpOBaKyyMHBIH APEHaK PaCTBOPOB.
Hcnonp30BaHNE CHHTETHYECKUX IMOJMMEPHBIX MaTepHa-
JIOB

Hckimrouenne mnomajgaHusi MPOIYKTOB
BBIIIENIAUMBAHUSL B OKPYXAIOMIYIO

cpeny

dusnyecKkue METOMbl: HATHETaHHE CIKATOr0 BO3AyXa,
B3PBIBAHUE Py, YMEHBIICHUE KPYIHOCTH IMPOIOPLMO-
HAJIBHO TPAaJUCHTY KOHIICHTPAIUU, 0TOOHKA CII0SMH C Iie-
PEMEHHOU JINHUEH HAaUMEHBUIEr0 COIPOTHUBIICHUS 3aps-
JI0B, YIIPABJICHUE JLIUIICOUOM BBIIIYCKa, aHAIIU3 YIIbTPa-
3BYKOBBIX KOJICOaHHMIA,

3JIEKTpOMarHuTHast 00paboTKa pacTBOPOB.

XUMUYECKHE METOBI: IPOMBIBKA BOJIOM C aKTUBU3UPYIO-
MU J00aBKaMH, BBEJCHUE XUMHUECKHX COCTABOB.
Bronorndeckne METOABI: HCIIOIB30BAHUE IITAMMOB OaK-
Tepuil

HonyquHe 3aJaHHOT'O pa3pbIXJICHHUA.
YBennueHue COACPIKaAHUA TIOJIC3HOTO
KOMIIOHCHTa B pacTBOPE OO IpUEMJIC-
MOI'0 3HAaUYCHH

WuaTercnpukamms
mporecca
Kontpons  mon-

HOTBI BbIICIAYN-

CKBa)KUHHBIC METOJIbL: OYpEHHE 110 MOPO/IC IS BBEJCHUS
KOHTPOJIHPYIOLIUX YCTPOUCTB, OypeHHe Mo 0TOUTO# py e

IIpencraBurenbHOCTh MPOO U U3MeEpe-
HUH JU1s1 BCETO OJI0Ka

BaHUS ¢ 0TOOpOM Mpoo.

ITpoxo/xka BEIpabOTOK ¢ 0TOOPOM P00

Co3nanne TaKMX YYacTKOB IPOBOIUPYET
POCT PaCTATHBAIONIUX HAMPSHKCHUA W Harpy3Kd
Ha DJIEMEHTHl NPUPOAHO-TEXHOT'€HHOW CHUCTEMBI
[25, 26]. CoanancupoBaHHOE COCTOSIHHE PYyIOBME-
IIAFOIIETO MacCHBa 00ECIIEUMBACTCS, €CIIH OJIOKH
IIbB pasrpyKeHbl OT KPUTHUYECKUX HaIpsSHKCHUN
HCKYCCTBEHHBIMHU M €CTECTBEHHBIMU MacCHBaMHU.

IIpakTHKa MOATOTOBKH 3aMacOB PYy/JIHOI0
MECTOPOKIeHUS] K MOA3eMHOMY OJI0YHOMY BbI-
eJIaYMBAHHIO

OyeHka celicmuuecko2o 0eticmausi 83pbléa Ha
noO3eMHble U NO0BepXHOCmHble 00bekmbl. B To-
clie[IHEe BpeMs YCIOXKHIIUCH YCIOBHS TPOU3BO/I-
CTBa FOPHBIX PadOT U3-3a YBEINYEHUSI TITyOUHBI OT-
pabOTKH, BBIEMKH PYIHBIX Tel IO 3aCTPOSHHOM
MECTHOCTBIO, HAJTMYHMSI OXPAaHHBIX IIEIMKOB B HEIO-
CPEICTBEHHOM OJIM30CTH OT 3€MHOM MTOBEPXHOCTH.

HenpemennbiM TpeOoBaHHEM K BEIEHUIO TOPHBIX
paboT B 3TUX YCJIOBUSX SIBJISETCS MOJIHAS COXPaH-
HOCTb OOBEKTOB M 3€MHOW MOBEPXHOCTH, C OJHOMN
CTOPOHBI, M 0OecredeHre HeoOX0AUMOI POU3BO-
JUTETBHOCTH — ¢ pyroif. bezonacHocTs 0TpaboTKH
MECTOPOIK/ICHHSI B 3HAUUTEIILHON CTETIEHU 3aBUCHUT
OT XapakTepa U MHTEHCUBHOCTH BOJIHOBBIX SIBJIE-
HUI NpU B3pBIBAX, COCTOSIHUSL MAaCCHBA, MEPEAAr0-
LIETO B3pBIBHBIE COTPSCEHHUS, MIOBEICHUS pa3siny-
HBIX 00BEKTOB P B3aUMOJICHCTBUH C BOTHOBBIMU
(hopMHUPOBaHUSAMU IIPU B3PHIBAX.

OCHOBHBIM YCIIOBUEM COXPAaHEHUS YCTONYU-
BOCTH TOPHOI'O MAaCCHBa ITPU NEPUOJUUECKUX TUHA-
MHUYECKUX HANPSKEHUSAX SBISIETCS COXPaHEHHE
00BEMOB Cpe/Ibl, T.€. BEIMUMHbI HAPSKEHUH, BO3-
HUKAIOIIMX NPU B3pbIBAX, HE JOJDKHBI BBI3bIBATH
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OCTaTOYHBIX JiehopMaLiii B MacCUBE TOPHBIX I10-
pox. Toraa, ucxons u3 ycioBUN COXPaHHOCTH Iop-
HOT'O MaCCHBA, BEJIMYMHBI OTHOCUTENBHBIX Je(op-
Maryi IIpY B3pbIBE £ HE JOJDKHBI IPEBBIILIATD J10-
MyCTUMBIX Ej, T.€.
E.> E.. Q)

OtHocutenbHble AehOpMalU IIPU B3pbIBaX
C y4EeTOM JBYKPATHOI'O 3a11aca POYHOCTH MacCuBa
TOPHBIX [TOPOJ], ONPENEIIAIOTCS U3 BBIPAKCHUS

@)

rae U — CKOpOCTh CMENeHHs TIPH B3PBIBaX, CM/C;
Cp — CKOpOCTh pacIpOCTpPaHEHUS TMPOAOIBLHBIX
BOJTH B MaCCUBE TOPHBIX MTOPOJ, CM/C.

CremoBarenbHo, IS TOTO 4TOOBI oOecIie-
YUTh YCTOMYMBOCTh M COXPAaHHOCTh MacCHBa
Y OKPYKAIOIIEeH CpeJlbl, CKOPOCTh CMEIICHHS TPU
B3pbIBaX HE JIOJDKHA MPEBBIIIATh JOMycTUMYHO Uy,
T.€. CIISITyeT COOJFO/IaTh YCIOBUE

Uz > Us. ©)

JlonmycTuMBbIe CKOPOCTH KoJIeOaHU TpyHTa B

OCHOBaHWH COOPYKEHHH Pa3HBIX KJIACCOB B pPa3-

JINYHBIX IOPOJaX IIPUBEICHLI B TabII. 2.
Tabmuma 2

JomycTuMble CKOPOCTH KOJ1e0aHU VISl COOPY KeHUH
Permissible vibration velocities for structures

Xapakrepuctuka ropasix nopoa | Kpenocrs no- | Ckopocrs TPOX02K- TloNyCTHMAS CROPOCTH KoMeGARE, cM/e, I
poa no IIpoTto- | 1eHus MPOAOILHOI .
COOpY KeHMIl KIacca
JBSIKOHOBY, T BOJIHBI, KM/C
| 11 11 v

PrIXJ1000I0MOYHBIE  OTIIOKCHHS,
HAHOCHI 0,5-1,0 1-2 4,1 8,2 12,2 20,4
CHJIBHO TPEIWHOBATHIE TIOPOIBI C
TJIMHOW M BEICOKOH MTOPUCTOCTEIO 1-3 2-3 6,8 13,6 20,3 34,0
CkanbpHBIE TIOPOJBI CO 3HAYHUTEINb-
HON €CTECTBEHHOW TPELIMHOBATO-
CTBIO 3-5 3-4 9,5 19,0 28,4 47,5
OTHOCUTEIHLHO MOHOJIUTHEIC II0-
POJIBI C OTACIBHBIMY TPEIIMHAMH U
MyCTOTaAMH 59 45 12,2 24,4 36,7 60,0
MOHONUTHBIE TOPOJBI, ClAbOTpe-
LIIMHOBATEIE 9-14 5-6 14,9 29,8 44,6 74,5
OueHb KPETKUE TTOPOIbI, MOHOJIHT-
HBIC, MPAKTHYCCKH 0€3 TPEUTUH 14-20 67 17,8 35,6 53,3 89,0

W3 nanHbIX Tabu. 2 ciemxyer, 4TO MPHU CO-
OJIFOJICHUH YKa3aHHBIX MTAPAMETPOB COXPAHHOCTH
MOBEPXHOCTH oOOecreunBaeTCs IMPU MPOU3BO/I-
CTBE TIOJI3EMHBIX B3PBHIBOB, a 37aHHS U COOPYXKe-
HUS, TIOCTPOCHHBIC HA HEH, He OyayT mpereprie-
BaTh HAPYIICHH, TaK KaK JOIMYCTHMAsi CKOPOCTh
cmemienus (1-3 cM/c) anst )KUIBIX 3JaHUH 3HAUN-
TETHHO HIDKE JTOMYCTUMBIX CKOpPOCTEH HJsl pas-
JUYHBIX TOPHBIX TOPO/I.

Oyenxa  erusAHUA
YC08Ull Ha ceticmuyeckuti 3ghghexm 63pvisa. AHa-
JIU3 TIOJIYYCHHBIX paHee WH)KCHEePHO-TeOJI0rruye-

2OPHO-ceolocudecKux

CKMX JaHHBIX II0Ka3aj, YTO B TEOJOTHYECKOM
CTPOCHUH y4acTKa MPUHUMAIOT yJacTHe (CBEpXy
BHU3) MMOYBEHHO-pPACTUTENbHBIN cioii (Q4), ec-
coupnble cyrmmHku (I3 Q23), cymecm u cy-
rmuHKd  (N2—Q1), Mesnkue cpenHe3epHUCThIe

necku Oydakckoro sipyca (f2 B). OOmias momi-
HOCTh OCaJ0YHBIX MOPOJ cocTaBisieT 12—-14 wm.
OcanouHble OTJIOKEHHSI TOBCEMECTHO 3aJIEraroT
[0 3JIIOBHIO KOpHI BbIBeTpuBaHus (Pr—M:z) kpu-
craunueckux mopoj mporepo3osi (RRi1). Kopa
BBIBETPUBAHUS MPEJICTaBI€HAa TJIMHUCTO-00110-
MOYHBIM MaTepHalOM — MEPBUYHBIM KAOJINHOM,
JPECBSHO- U TE€CYaHO-TJIMHUCTBIM, B 3aBUCHUMO-
CTH OT COCTaBa KPUCTAUIMYECKUX TTOPOJ.

Ilo naHHBIM HaOMIONATENBHBIX CKBAXHUH,
MPOOYPEHHBIX TI0 MPOCTHPAHUIO 3JICIKH, HIKHSS
TpaHuIla KOPBI BEIBETPHUBAHUS MKy ocsimu 61—69
HaxoauTcs Ha rayonHe 20—24 M OT 3eMHOM MTOBEPX-
HoctH. Kpucrannmueckue nopoas! GpyHaameHTa a0
60 M Ha HccrelyeMOM y4acTKe MPeCTaBIeHbI ajlb-
OUTHTaMU MaCCUBHOU TEKCTYpPBI, CPEJHEH POYHO-
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CTH, UHTEHCUBHO KaTaKJIa3UPOBAHHBIMHU U TPELIH-
HOBaTBhIMH. DKCILTyaTallMOHHBIE OJIOKH PacCIoo-
JKEHBI MPAKTUYECKU B LIEHTPE JCTIPECCUOHHOU BO-
POHKH, TIPOCTHUPAIOILIEHCS B MEpHIMAaHATILHOM
HaIPABJICHUU BJIOJIb BCETO MECTOPOXKIeHUA. B pe-
3yJbTaTE BEACHUS TOPHBIX paboT YPOBEHb MOA3EM-
HBIX BOJI 3/1€Ch MOHMKaeTcst Ha 20—30 M HUKE TOp.
210 M. ['opHBIE TIOPOIBI MPAKTUYECKH HE O0BOJI-
HeHbl. Kpucramimdeckue nopozpl SKCIUTyaTalioH-
HBIX OyokoB 5-84-86 m 5-88-90 mpencraBieHb
MUTMaTUTaMd OMOTUTOBBIMH CEPOTO IIBETA, CPe/-
HE3CPHHUCTHIMU C TMOP(HUPOBUIHBIME BBIJICIICHH-
SIMA KPUCTAJUIOB TOJIEBBIX IIMATOB. BeTpewarores
OCTaHIIbl OKBAapIIOBAaHHBIX OWOTUTOBBIX T'HEHCOB.
[Mopona cnabotpermyHOBaTas, IUIOTHAS, KpEMKas.
Penkue TpemmHbl MocaoiHbIe ¢ KapOOHATOM Kpe-
noctbio f = 14-15.

[Io ropHO-T€ONOTMYECKUM  YCIOBUSIM
OJIOKM HaxoIATCS MEXAY JBYMS TEKTOHUYE-
CKUMH paznomamu. OJIuH pa3ioM — C F0)KHOU CTO-
ponbl 0J10KOB Ha pacctostHuM 25-30 M, ¢ ceBep-
HOH CTOPOHBI OJIOKOB Ha paccTossHUHU 40 M — BTO-
poii paznom. [lluprHa TEKTOHUYECKUX Pa3IOMOB
kosebnercs oT 5 1o 10 M. YKa3aHHbIE TEKTOHU-
YECKHUE Pa3IOMbl MOTYT CIYXHUTh KaK 30HOM IO-
TJIOMICHUS CeHCMUYECKHX KoJeOaHUW TpH Mpo-
XO0’KJICHUU BOJIH BKPECT MPOCTUPAHUS PA3JIOMOB,
TaK ¥ BOJTHOBO/IAMH TPHU MAJICHUU CEHCMUYECKUX
BOJIH BJIOJIb HAPYILIEHUH.

[To rOopHOTEXHWYECKUM YCIOBUSIM Kak B
CTOPOHY OXpaHseMbIX O0BEKTOB (JOMa MOCeNKa
Kuzensryp, Ykpauna), Tak u B ctopony p. UHryn
BbIIIe 6110k0B 5-84—-86 u 5-88-90 Haxonarcs ot1-
paboTaHHbBIE U 3aJI0’KEHHBIE OJIOKU, KOTOPHIE PU
BEJICHUU B3PBIBHBIX pa0OT B ONBITHOM OJI0KE OY-
YT CIAY>KUTh 30HOW TIOTJIONIEHUS U OTPaKEHUS
CECMUYECKUX BOJH. B Kax10il reonornyeckoit
CTPYKTYpE MMEIOTCS O0IIHMe W JOKaIbHBIC (haK-
TOPBI, BIUSIOIINE HAa PaCIpPOCTpaHEHUE CEHCMU-
yeckux BOJH. K oOmmmM reomorunyeckum (akTo-
pam, KOTOpbIE MOTYT BIUSATH HA UHTEHCHUBHOCTh
CEHCMOB3PBIBHBIX BOJIH, OTHOCATCS PBIXJIBIE OT-
JIO’)KEHHSI, TEKTOHUYECKHE Pa3IoMbl (TIOCIICTHNE
MOXXHO paccMaTpHUBaTh KaK BO3MOXKHBIE BOJIHO-

BOIbI), yroJ najaeHus nopoa. CKopocTh pacipo-
CTpPaHEHUs] CEUCMUYECKUX BOJH OIpPEAeNseTCs
CTENEHbIO TPEIIMHOBATOCTH MacCHUBa.

IIpn mnepexone CeUCMHUYECKOW BOJIHBI B
30HBI HAPYUICHUN €€ UHTEHCUBHOCTh MOXET BO3-
pacTatb UM yMEHbIIAThCsl. PhIXJIble HaHOCHbBIE
MOPO/BI SIBJSIFOTCS CBOEOOPA3HBIM (PHIBTPOM KO-
Je0aHui B CEliCMHUYECKOM BOJIHE, KOIAa MOCIEI-
HsA npesnomisieTcs B HuX. IHTeHCUBHOCTD KoJie-
OaHMIi MTOJIHOCTHIO 3aBUCUT OT MOIIHOCTH HAHO-
COB: Y€M BBIIIE MOIIHOCTh HAHOCOB, TEM HIKE
ceiicmuueckuii d¢¢dekr. B ropHom Maccuse, HE
3aTPOHYTOM TOPHBIMH pPa0OTaMU U HE UMEIOIIEM
pa3noMoB, ceiicMuueckuil 3((EKT ycuiruBaercs.
Ceticmuyeckuit a¢dext ymenbmaercs B 1,5-2,0
pa3za npu IpoOX0XkKJACHUN CEHCMUYECKHX BOJH 4Ye-
pe3 mperpany B BHIIe OTpabOTaHHOIO MPOCTPaH-
CTBa Kamep, OTpaOOTaHHBIX U 3AJ0KEHHBIX 0J10-
koB. OCHOBHO€ BIIMSIHME€ HA U3MEHEHHE WHTEH-
CHUBHOCTHU CEMCMHUYECKUX KOJICOaHUM OKa3bIBAIOT
TEXHOJOTHYeCKHe (hakTophl pa3pabOTKH MECTO-
POXKICHHUS:

— B TBUIBHOM CTOpPOHE B3pbIBa CKOPOCTh
BO3MYILIEHUsI MaccuBa B 1,5 pasa Bbllle, 4eM BO
(haHroBoOIi CTOPOHE, U B 2 pa3a BHIIIE, YEM B CTO-
poHy ¢poHTa;

— IIPOBEJICHHE B3PBIBHBIX PabOT B OJIOKE HA
HIDKEJIeXKAIeM TOPU30HTE MOCJe OTPAOOTKHU BbI-
HIeJIeKAIUX OJIOKOB M WX TIOTAIIEHUsI BEIET K
YMEHBIIIEHUIO B 2 pa3a CKOPOCTH CMEIICHUs B
CEHCMUYECKOM BOJIHE, a IPU B3PbIBE PSAJIOB CKBa-
UH mpy HOPMUPOBAHUU OTPE3HOM e — B 1,5
pasa;

— MPOXOXKJACHUE B3PHIBHOM BOJHBI uYepe3
BBIpaOOTAHHOE MPOCTPAHCTBO YMEHBIIAET CKO-
pocTh Konebanust B 2 pasa.

B namewm cimydae mpu moAroTOBKE IKCILTY-
aTalMOHHEIX 010KOB 5-84-86 n 5-88-90 k mox-
36MHOMY BBIIIIEIaYMBAHUIO B3PHIBHBIC BOJIHBI OY-
YT MPOXOJUTH Yepe3 pa3ioMbl U BEIpAOOTaHHOE
MPOCTPAHCTBO, YTO MOHUKAET CECMUUECKUE KO-
nebaHus B 2 pa3a U CHIDKaeT ceicMudecKuit a¢h-
¢dexr B 1,5-2,0 paza, yepe3 HaAHOCHI, UTO TaKkKe
TTOHMKAET CEHCMUYECKHE KoJieOaHus N0 2 pas.
OrneHuBasi yciaoBHsl OTPaOOTKH JKCILUTyaTaIlMOH-
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HbIX 0510K0B 5—84-86 1 5-88-90, cnenyet oTme-
TUTh, YTO (PU3UKO-MEXAHUUECKUE U THIPOTEO0II0-
TMYECKHE CBOICTBAa FOPHOTO MAcCHBa, HAJIWYUE
O0TpabOTaHHBIX U 3AJI0KEHHBIX OJIOKOB, Pa3JIOMOB
¥ HAaHOCOB CIIOCOOCTBYIOT COXPAaHHOCTH HOBEPX-
HOCTH U >KUJIBIX 10MOB 1nocesika Kuzensryp, 6ma-
TONPUSTHBI AJI1 IPOU3BOJICTBA B3PBIBHBIX PaboT
B OJIOKe.

Pacuem oonycmumoti maccwr 3apsoos BB
Ha 00HO 3ameodnenue. KOHIIEHTpaLUsi SHEPTUU
B3PBIBHOM BOJIHBI BB B MaccuBe B3pbIBa€EMOIO
CJIOSl TIPU BEEPHOM PACIOJIOKEHUU CKBAXUHHBIX
3apsI0B pacHpeesieHa HEPAaBHOMEPHO, IPUYEM
MUHHUMAJIbHAsI HArpy3Kka MPUXOJUTCA HAa KOHLbI
CKBQ)KUH, a B LIGHTPAJIBLHOM ero yactu (Ommke K
YCThSIM CKBaXMH) MaKCUMallbHasi, YTO BIUSET Ha
KauecTBoO ApoOienus. [loaTomy BoHOBBIE pa3py-
HIMTEJIbHBIE MPOLIECCHI, BOZHUKAIOIINE B PE3YJIb-
Tare B3pbIBaHUSA BB MMEIOT CIIOXKHYIO KapTHHY,
0COOEHHO B OJIMKHEHN 30HE, HE MPEBBILIAIOLICH
ISITU PaJInyCOB B3PBIBAEMOT0 CJIOS OT €T0 IIEHTpA.

3a npezpenamMu 3TON 30HbI BO3MOXKHO I10JIY-
YUTh 3aBUCUMOCTH W3MEHEHUs CKOpPOCTEHl cMme-
HICHUS, XapaKTEPU3YIOUIUME pa3pyLIUTEIbHOE
JEICTBUE BEEPHOIO 3apsla B3pPBIBAEMOIO CIIOS
pyapl Ha OJHO 3aMENJIEHHWE OT €ro IpPOCTPaH-
CTBEHHOTO TOJIOXEHHS M0 OTHOUIEHHUIO K 3allly-
1aeMoMy OOBEKTY U paccTOsiHUS 110 Hero. Tak
KaK BEEpHbIN 3aps]] B3pPbIBAEMOIO CJIOSI SIBIISETCS
IUIOIIA/IHBIM C HEpPAaBHOMEPHBIM paclpesere-
HUEM KOHLEHTpPAllUU SHEPTUH, IPOCTPAHCTBEH-
HOE €r0 IOJIOKEHHE 110 OTHOLIECHHUIO K 3alIHIae-
MOMY O0BEKTY UMEET BaXKHOE 3HaUEHHE HapsILy C
pacCTOSIHUEM JI0 OXPaHIEMOro 00BbEKTa.

VY cTOMYMBOCTE 3alIMIIIAEMBIX ITOI3EMHBIX U
MOBEPXHOCTHBIX OOBEKTOB BO3MOXKHA IpH Ipa-
BUJILHOM OIIpEAETICHUH U COOIIOJEHUH HOpMa-
TUBHBIX OTPaHUYEHUH, T.€. YCTAHOBJIEHUHU JIOMY-
CTHUMBIX CKOPOCTEM CMELIEHUS I KaXKJI0ro 3a-
munaeMoro oobekTa. OxpaHseMblii 0OBEKT 3a-
LIMILIEH OT Pa3pyLIUTENbHBIX CEHCMUYECKUX BO3-
JeicTBUi KoJleOaHU TOPHOTO MaccuBa U TPYH-
TOB JHEBHOW MOBEPXHOCTU MpPHU YCIOBUHU, YTO
dakTHdecKkass CKOPOCTh CMEIIEHUS KOoJeOaHMit
MOJI3EMHBIX B3pPBIBOB MEHbINIE JTOMYCTUMOM, T.€.
cobiro1aeTcs yciaoBue

U, <uU_ . (4)

Tak kak ypoBeHb CKOPOCTH CMEIICHHS Ha
3alUIaeMoOM 00BEKTe (B Cpejie TOPHOTO MacCHBa
B ITOJI3EMHBIX YCJIOBUSX WIIM HA TPYHTE JHEBHOM
MOBEPXHOCTH)  OMNPENENAETCS  PAacCTOSHUEM
MEX]y [IEHTPOM 3apsijia U 3allUIIaeMbIM 00beK-
TOM, Macco B3psiBaeMoro BB Ha onHO 3amenie-
HUE U CPEJIOH, Yepe3 KOTOPYIO MPOXOIAT CeiCMHU-
YecKre KoJeOaHus OT MOJ3EMHBIX MPOMBIIIICH-
HBIX B3PBIBOB, TO JUUIsl 00OCHOBaHUsI 0€30MTaCHBIX
3aps/ioB B YCIOBHAX MUYYPUHCKOTO MECTOPOXK-
nenus ['TI «Boct'OK» (Ykpauna) Obuti mpoBe-
JICHBI  OTIBITHO-IIPOMBIIIUICHHBIC HCCIICIOBaHUS
JUTSl yCTAHOBJIGHUS 3THX 3aBUcUMOcTei. Obecre-
YEHHE YCTOMYMBOCTH 3alUIIAEMBIX OOBEKTOB,
PacIoIOKEHHBIX B TOPHBIX MaccHBax (pa3iind-
HBIC TOPHBIE BBIPAOOTKH M TOJ3EMHBIE KaMepHhl,
CTBOJIBI) M Ha TPYHTAaX JHEBHOH MOBEPXHOCTH,
JOCTUTAeTCs MPU UCIIOIBb30BaHUM JIJISI PACUYCTOB
CKOpPOCTEH CMEIEHHsI MAacCHBOB YCOBEpILICH-
CTBOBAaHHOW aBTOpPaMU W3BECTHOH (POPMYIIBI
M.A. Canosckoro [21]:

TS i

R2,08 >

cm/c, (5)

rae U — ckopocTh cMmenieHus, cM/c; K — koaddu-
IHEHT MPONOPLHOHAIBHOCTH, XapaKTepHU3YIO-
M CBOMCTBA CpEIbl, MPOBOASIIEH CelcMUYe-
CKHe KoieOaHus W PaBHBIN MpU MapaielTbHOM
PacCIOIOKEHNN BEEPHBIX CKBAXKMHHBIX 3apsAJI0B K
oXpaHsieMoMy 00bekTy 575, a mpu TOPLOBOM —
145; Q — macca 3apsiia Ha OJJHO 3aMeJICHUE, KT;
R —paccrosiHME OT LIEHTpa B3PHIBAEMOIO BeEep-
HBIMU CKBOXMHHBIMHU 3apsi/IJaMU CJIOS HA OJTHO 3a-
MEJICHHE 10 3alUIaeMoro 00beKTa, M.

Takum oOpa3oM, B 3aBUCUMOCTH OT TOJIO-
JKEHUS B3PBIBAEMOTO CJIOSI OTHOCHTEIBHO O0B-

T

€KTa 3aBUCUMOCTb UMECT BU .

— mpu mapawienbHoM U =575

R2,08 >
cM/c;
3/Q2,08
— npu TopuoBom U = 145W , cM/c.

W3 stux 3aBHUCHUMOCTEH BUJIHO, YTO IIpHU
TOPHOOBOM PACIIOJIOKCHUHU SHEPTHUA CHUKACTCA B
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4 pasa, 4TO MCIONB3YIOT IIPU pacyeTax JOIyCTH-
MBIX 3apsI0B Ha OAHO 3aMeieHue. Pacuer nomy-
CTUMBIX 3apsnoB BB Ha ogHO 3amemyieHue npu
B3pBIBAHUM OaJaHCOBBIX 3aMacoB SKCIUTyaTall-
OHHBIX 0JIOKOB MUYYpHHCKOTO MECTOPOXKICHUS
PEKOMEHIYETCS ONPENEIATh B 3aBUCUMOCTH OT
IIPOCTPAHCTBEHHOI'O IIOJIOJKEHUS B3PBIBAEMOIO
PYAHOTO CJI0s K 3allMIIaeMOMY 00BbEKTY 110 (hop-
MyJIaM:

— TMpU TapaUieIbHOM  PAaCIOJI0KCHUH
3[ 3
Q= R® % , kr, roe K1=545;
1
3/U 3

3
2

— npu TopuoBoM Q=R?® KT, TIe

Kz = 145.

MakcuMaabHOE JOMYCTHMOE KOJIMYECTBO
BB Ha o/1HO 3aMe jIeHHE TS B3phIBAHHS 3aI1aCOB
JKCIUTyaTaIMOHHBIX 0J10KOB 5—84—86 u 5 —88-90

MpUBEICHBI B TA0JI. 3.
Tab6muma 3

MaxkcuMaibHOe KOJIHYeCTBO B3PbIBUYATBHIX BelIECTB B O/THOM 3aMe1JICHUH I10 0J10KaM

The maximum amount of explosives per blast by block

Homep B3phIBa, Cepust 3amen1enns, Maxkcmaibioe ko-
GuoKa I'opuszont, M Homep Beepa Me Jn4yecTso BB Ha oxHo
3aMe/JIeHue, K&
1 B3pBIB 240-260 3 75 1771
2 B3pHIB 225-240 1 25 2249
3 B3pHIB 210-225 5+5a 150 2832
4 B3pHIB 210-263 1+1+1 50 5594
brnox 5-84-86 225-210 8-8A 150 2777
brox 5-88-90 263-240 2 50 1969
KonuuectBa BB Ha ogHO 3amemieHne npu Otboiika 3amacoB  SKCILTyaTallMOHHOTO

BCTPEYHOM B3PBIBAHUM BEEPHBIMU CKBaXKUH-
HBIMU 3apsjamMu MpU pacueTax CKOPOCTeH cme-
IIEHUs TOPHBIX MAaCCUBOB (TIOA3E€MHBIE OOBEKTHI)
U CKOPOCTEH CMEIECHUS] TPYHTOB Y OCHOBaHMUS
MOBEPXHOCTHBIX 00BEKTOB HE CYMMUPYIOTCS, TaK
KaK HarmpaBlieHue (POHTOB CEMCMUYECKUX KOJie-
OaHMii MOCIe OJJHOBPEMEHHOTO B3pPhIBA HECKOJIb-
KHX CJIOEB TOPHOTO MacCHUBa B3aMMHO MPOTUBO-
M0J10kHO0. MakcuManibHOe KonuyectBo BB B o1-
HOM 3aMe/lJIeHHnH B Oioke 5—84—86 Huxke pacuer-
HOT'0 JOMyCTUMOTro 3HaueHus BB mis Bcex 3amu-
IaeMbIX OOBEKTOB B TAJIbHEH 30HE, KPOME OJIK-
HUX TOJ3EMHBIX 00heKTOB: Be 59%, mitpeka pas-
BeZI0OYHOTO B ocsix 59—71 (BbIpabOTKH, KaMephl,
MOJICTAHIINM), PACIIONOKEHHBIX HA PACCTOSIHUSAX
OT MecTa B3phIBa OT 22 10 35 M, pu HeoOX0 -
MOCTH TIOTpeOyeTCsl BOCCTaHaBIMUBaTh. B Omoke
5-88-90 BbIIE pacyeTHOrO AOMYCTHUMOTO IS
cienyomux 00beKTOB: pycio p. UHTym, xuibie
JIoMa, IITPEK BOCTOYHBIN MOJeBOU rop. 210 M,
MOJ3eMHas BJEKTPONnoJcTaHus rop. 210 M,
Bc 71% (92%) rop. 280 m.

0sioka 5—-84—86 Mo 00OCHOBaHHBIM TapamMeTpam
OypOB3pBIBHBIX pabOT 00€CTIEUnBACT YIIYUIICHUE
KadecTBa apoOieHus. IPeKT 3axaToit cpesl ¢
ONTUMAJIBHBIMU KO3 (DULIMEHTAMU PA3PHIXICHUS
PYIHOM Macchl B CpeJHEM MO OJIOKY COCTaBIsET
1,30, a gt 6:10ka 5—-88-90 — 1,25. ITOBBIIIEHHBIHI
(okMIaeMblil) 3aUM B HUKHEHW 4acTH yKa3aH-
Horo 0J10ka Mex 1y ropuzoHTamu 260 u 240 m no-
ciie 0OTOOWKM BCEX 3alacoB KaMmepbl Oiaromnpu-
ATHO CKaXETCs Ha IIPOLIECCe BBILIEIAYMBAHUS
Py ¥ MOJTYYEHHs IPOTYKTUBHOTO pacTBOpA.
obpazom,
reoMeXaHN4YeCKUM

Takum KOMOWHHPOBAHHOE

yIpaBlicHUE COCTOSTHUEM
SHEPrOHAPYIICHHBIX MAaCCHBOB TMPUMEHSIOT TIPH
J00BIYe Pa3HOCOPTHBIX Py, HampuMmep Iocie
BBIEMKH OOTaThIX Py, a OeIHbIe py/Ibl TopadaThI-
BatoT B Oiokax [16B [28, 29]. ['eomexaHunueckas
cOaaHCUPOBAaHHOCTh MAaccHBa 00ECIIeUMBAETCS
pa3ieneHneM €ro Ha IMpeleNbHBIC M0 YCIOBHUIO
00pa3oBaHMs CBOJIa €CTECTBEHHOTO PAaBHOBECHS

M COXpaHEHUs YCTOMYMBOM IIJIOCKOM KpOBIIU.
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BryTpHr 000C00JICHHBIX Y9aCTKOB MOTYT IIPHMeE-
HATBHCS Pa3IMYHbIE TEXHOJIOTMH IMOA3EMHON J10-
ObIuM pyn. 3amuTa CONPSHKEHHBIX YYaCTKOB Me-
CTOPOXKJICHUSI OT CEMCMHYECKOTO BO3IAEHCTBUSA
B3pbIBa BB niponsBoauTcs, Hanpumep, SKpaHupo-
BaHHEM. YPOBEHb HANPSIKEHUM B reOMEXaHHUYe-
CKOM CHUCTEME PEryJIMpyeTCsl HHXXEHEPHBIMU Me-
pornpustusmu [26, 27]:

— HAKJIOH HCKYCCTBEHHOTO MAacCHMBa Ha
PYIHBIN MacCHB CHHXXAET pa3yOOKMBaHHUE PYAbI
3aKJIaJIKOM;

— IIPENOXPAHUTENIBHBIN 3aKJIaJOYHBIN Mac-
CUB Ha IPaHUILE PYAHOM 3aJE€XU IPEACTABISAET
co00i1 3alIUTHYIO CTEHKY, YTO MO3BOJISET U3BIIE-
KaTh OCHOBHBIE 3aI1achl B OJIarOMPUSITHBIX TOPHO-
TEXHUYECKUX YCIOBUSAX;

— YOPOYHEHHE HEYCTOWUYUBBIX OPOJI aHKE-
paMu U CTaJIbHBIMHU KaHaTaMU 00ecrieunBaeT J1yd-
1€ [T0KA3aTeIN U3BJICUEHUS PYI.

TakuM 00pa3oM, ympaBlieHHE MacCHBaMU
OCYIIECTBIISIETCS KOMOWHHMPOBAHHBIM IOTalle-
HUEM: TBEPJICIOIIUMH 3aKJIJOUYHBIMU CMECSIMHU U
M30JSIMEH, a TaKXKEe TEXHUKO-TEXHOJIIOTMYECKUM
o0ecrneyeHreM MPOLEeCCOB MOTalleHus ¢ UCTIOIb-
30BaHUEM TPUPOIO- U pecypcocOeperarnmx
TexHojorui [28, 29].

AHaau3 pe3y/bTATOB MCCJIeI0BAHUI M
001IMe peKoMeH AU

Ha ocHoBe nccnenoBanusi MexaHuzma BO3-
HUKHOBeHUs1 M nepepacmpenenenus HJIC mac-
CHBa IIOPOJ] C UCIOIb30BAHNEM T'€OPU3NIECKUX U
MapKIIEHIEPCKUX METOI0B IPEUI0KEHA ITPUPO-
JIOOXpaHHasi TEXHOJOTHs IOTalleHusl MyCTOT B
sHeproHapymeHHsix MaccuBax [30, 31]. Dta Tex-
HOJIOTHSI TIO3BOJISIET O00ECIEYUTh COXPAaHHOCTh
JTHEBHOM MOBEPXHOCTU M JKU3HENEATEIbHOCTh
HaceJIeHUs, MPOKUBAIOILIET0 B 30HE BIUSHUS TOP-
HBIX 00BEKTOB (ILIAaXThl, OTBAJIBI MMYCTHIX MOPOJ U
3a0aJIaHCOBBIX 110 COJIEP’KAHHIO MOJIE3HOTO KOM-
MOHEHTa Py, MNPOMBIIUICHHbIE TUIOMIAAKUA IS
3aKJIaJIOYHBIX KOMIUIEKCOB, IPEIKOHIEHTPALUU
Y KYYHOTO BBIIIEIAYMBAHUS METAIIOB U3 HEKOH-
JUIIMOHHOTO PYIHOTO CHIPbSI, XBOCTOXPAHMIIUIIL]
u 1p.). OCHOBHBIMU OTPHULIATEIBHBIMU IOCHE-
CTBUSIMH BO3JICHCTBHS TOPHOM TEXHOJOTMH Ha

OKPYKaIOIIYIO PUPOTHYIO CPEly U YeJIOBEKa sIB-
JSIOTCS OOJIBIITUE 3aTPAThI HA COXPAHHOCTH THEB-
HOM TOBEPXHOCTH U 00ECTICUCHUE KUZHEICATEIb-
HOCTH HACEJICHUSsI, MPOKUBAIOIIETO B 30HE BIIHS-
HUS TOPHBIX 00BEKTOB, BBIBOJ OOJBIINX IJIOMIA-
neit 3eMenb U3 1osib3oBanus u jip. [lostomy HeoO-
XOJIUMO TIpelycMaTpUBaTh CPEICTBA HA MPOBEIEe-
HHUE ceayromux Meponpustaii [32, 33]:

— rnyOuHHas mepepaboTKa TEXHOTEHHBIX
OTXOJIOB (XBOCTOB oOOoramieHus), 00JaIarmux
0OJBIIMM Pa3HOOOpa3ueM MHUHEPATbHBIX (GopM
10 CPAaBHEHUIO C PSAIOBBIMU PYAAMH;

— PEeKYIbTHBAIMSL TEPPUTOPUU TTPOMBIIII-
JICHHBIX TUIOIMIAZIOK M ONHU3JIeKallel K HUM Tep-
PUTOPHUH MOCIIE OKOHYAHUS HKCILTyaTalllH;

— O3€JICHEHUE PEeKYJIbTUBUPOBAHHON Tep-
PUTOPUH TPABSHOM U KyCTAPHUKOBOW PaCTUTEIb-
HOCTBIO;

— TIOCTOSIHHBIA MOHUTOPUHT KOMIIOHCHTOB
OKpYKAfOIIeH Cpelbl B 30HE BIMSHHUS TOPHBIX
00BEKTOB.

s mepepaboTKU TEXHOTEHHBIX OTXOJIOB
(xBocTOB oOOoTrameHus) HeoOXOAUMO CO3daHUE
HOBBIX TEXHOJIOTHIA, KOTOpBIE TOJIKHBI 0a3upo-
BaThCS Ha TMOCJIEIHUX JOCTHKEHHSIX TOPHOI
Hayku. HeoO6xoauMo BBHIMONHATH UCCIEIOBAHUS,
KOTOpBIC HANPABIICHHBI HA YTHJIM3AIMIO HAKOII-
JICHHBIX OTXOJIOB TOPHO-METALTYPTHYECKOTO
npousBojctBa (I'MII). Buenpenue sddextus-
HBIX METOJIOB M3BJICUCHUSI METAJNIOB U3 OTXOJIOB
MO3BOJIUT YJIYYIIUTh JKOJOTUYECKYI0 0OcTa-
HOBKY B MECTaX UX CKJIaJIMPOBAHUS U 00ECTICUUT
JOTIOTHUTEIbHYI0 JTOOBIYYy TeoMaTepuasoB IS
TOPHOIOOBIBAIOIIEH MPOMBIIUIEHHOCTH. Mac-
mTabHOE BOBJICUCHHE B TPOU3BOJICTBO XBOCTOB
oborareHnusi, a TaKxe nepepadoTka OTBAJIOB 3a-
OaJIaHCOBBIX PYyJ Ha MOJYJBHBIX YCTaHOBKAaX
CIOCOOCTBYIOT TOJIYYCHUIO JIOTIOJTHUTEIHLHOTO
HMCTOYHUKA T€OMAaTepPHalIOB M CHIDKECHHUS 3arpsi3-
HEHUsI OKPYXKAIOIIeH Cpeibl B CTPaHaX C Pa3BU-
TBIMHU TOPHOI0OBIBatOIIUMH LIeHTpamu [32, 33].

Taxxke HEOOXOMMMO CO371aBaTh 3aIUTHBIE
JIeCOTIONIOCHI  BJIOJb  TPAHCIOPTHBIX  ITyTel
(aBTOMOOMITEHBIX, KEJIE3HOOPOKHBIX,
MyJIBIONPOBOIOB M Ap.). Teppurtopuu, 11
npenenbHo  forryctumas  KorueHTpanust  (ITIK)
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3arpsi3HEHHH TTPEBBIIICHA, HEOOXOIMMO TIePEeBECTH
O/l TIOCEB TEXHMYECKHX KYJIBTYP, B BOJOEMax —
3alpeTUTh BBUIOB PHIOBI, Kymanue u T.1. [34, 35].
C nenplo MpefOTBPAILCHHUS MBUIEBOrO IEpeHOca
3arps3HEHHOr0 MarepHhaia 3a TNpeeibl TOPHBIX
OOBEKTOB CAaHWUTAPHO-3AIIUTHBIC 30HBI M IIOJIOCHI
BOKpPYI  HHX  IIEJIECOOOpa3HO
BBICOKOPOCIIBIMHU JIPEBECHBIMH [TOPOAAMH, KOTOPbIE
OyayT  cHepXuBaThb CKOPOCTH  BeTpa  Haj

3aCa’K1MBaTb

yKa3aHHBIMA OOBekTamu. K Takum oObekTam
OTHOCSITCA IIAXThl, OTBAIbl IMYCTHIX TMOPOJ U
3a0aTaHCOBBIX 110  COJICPKAHHMIO  ITOJIE3HOTO
KOMIIOHEHTa pyJ, 3aKJIaJIOYHbIE KOMIUIEKCHI,
IUIOIIAJIKK  TPEAKOHLEHTPAIMMd M KYYHOTO
BBIIIETAYMBAHUSI METAUIOB M3 HEKOHIUIIMOHHOTO
PYZIHOTO CBIPbsi, XBOCTOXpaHuIHia u Ap. [1pu srom
IBUTH OYZIET OCEeaTh B ATUX JIECHBIX HACAKICHUSIX U
He Oy/IeT TOCTyIaTh Ha IPYTUe TEPPUTOPHH, B TOM
4HCIIe U B HACEJICHHBIC MyHKTHI [36, 37].

BriBoabI

1. Ommeueno, 9ro 0TOOKKA KaMEPHBIX 3a-
MacoOB C 33/IaHHBIM Ka4eCTBOM JpOOJIeHUs C Iie-
7610 3G (HEKTUBHOTO OIIOYHOTO BBIIIETAYHBAHUS
MOJIE3HOTO KOMIIOHEHTA TpeOyeT MOBBIIICHHS 3a-
YKUMa PYJHON Macchl, T1ie K0O3)PHUIIEHT pa3phiX-
JeHus JoJbkeH ObITh B peAenax 1,17-1,20. C ue-
JIBI0 TIOJTYYEHHUSI 33JTAaHHOTO Ka4eCcTBa APOOJICHUS
OTPE3HYIO IIeJIb HEOOXOIMMO PaCIoyiaraTh B IIEH-
Tpe OJ10Ka JIsl UCTIOIB30BaHUSI BCTPEYHOTO B3PbI-
BaHUs NMPHU OTOOWKE MEPBBIX OT OTPE3HOH IIETn
CJIOEB BEEPHBIMU CKBAXUHHBIMU 3apsIaMH.

2. Iloxazano, 94TO AN MOBBIIIEHUS Kaye-
CTBa JpOOJIEHHS 3a CYET YBEIMYCHUS YJelb-
HOTO pacxoja BB Ha oT60liKy pyaHOr0o MaccuBa

bubanorpapuyeckuii cnmcox

10 2,9-3,3 xkr/m° 1esiecooOpa3Ho UCTIOIH30BATh
KpYroBbI€ Beepa CKBAXUH AUAMETPOM 85 MM,
YTO YMEHBIIAET JJIMHY CKBOKHH M UX OTKJIOHE-
HUE OT 33/IAHHOTO HAMPABJICHUS MEXTY MOI3Ta-
xamu. g monydeHuss 3¢pQexTUBHOrO Kaye-
cTBa JpoOJieHus] B OJIOKE CIEAYyeT HCIOJIb30-
BaTh OTOOMKY Ha 3a)XaTylo Cpely, KOT/a C IByX
CTOPOH HABCTPEUy OCYUIECTBISIOT B3PHIB J0
BOCBMH CIJIO€B, MPU 3TOM KO3 PHUIMEHT pa3-
PBIXJIEHUS (3a)KMMa) JOJKEH HAaXOJUThCS B
npenenax 1,25-1,30.

3. [loxazano, 9T0 UCTIOIL30BAHUE BCTPEU-
HOTO B3PBIBAHHS PYIHOTO MAacCHBa Ha OTPE3-
HYIO ILIEJb MO3BOJISIET YBEIUYUTH KOJIUYECTBO
BB Ha ogHo 3amemyienue B 2 pa3a 3a CYET CHHU-
KEeHHMs1 cercmudeckoro 3ddekra KoneOaHUM
Mocjae OJHOBPEMEHHO B3PBIBAEMBIX JIBYX Bee-
POB CKBOXMHHBIX 3aps0B, pa3JAcICHHBIX Mac-
CHBOM pa3pBIXJICHHOW Macchl B 00BEME KOM-
MEHCAIMOHHOTO TpocTpancTBa. [lpu 3ToM 00-
pasyroTcs aBa GpoHTA CEMCMUYECKHX Kojebha-
HUI, HallpaBJICHHUE MTePEMEIICHHUS KOTOPBIX B3a-
HMMHO MPOTUBOIOJIOXKHO.

4. Pexomenooeana TEXHOJOTUS OTOOMKH
OanaHcoBbIX 3amacoB 61oka 5—88-90 Ha ocHOBe
pacuera MakcMMalbHOro konuuectBa BB Ha
OJTHO 3aMeJIJICHUE U TTOCJIe TIPOU3BOJICTBA 3aMe-
POB CKOPOCTEH CMEIICHHS TPYHTOB Ha IHCBHOM
MMOBEPXHOCTH Y OCHOBAHUS 3alUIIAEMbIX 00b-
€KTOB TIPU BEJCHUU B3PBIBHBIX paboOT B OJOKe
5-84—86 npu 10MyCTUMON CKOPOCTU CMEIEHUs
maccusa g0 0,8 cm/c.
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