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PECYPCOCBEPETAIOLLMUE TEXHONOIMK NOBbIYU PYQl
HA BONbLUUX TMYBUHAX
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" HaunoHamnbHbIN TEXHUYECKMA yHUBEpCUTET « [IHENPOBCKAs MONUTEXHNKA»
(Ykpawuna, r. AHenp, npocn. AsopHuukoro, 19)
2 YKpanHCKUI Hay4HO-MCCNELOBATENbCKMIA U NPOEKTHO-M3bICKATENBCKNN UHCTUTYT
MPOMbILLNEHHOM TEXHOMOTUM
(YkpamHa, r. XenTble Bogbl, npocn. Ceobogbl, 37)

Beeoenue. Iloozemnasn paspabomxa pyoHsIX MeCmMOpO*COeHUl XapaKmepusyemcs yxXyoueHuem 2opHo-
2€07102U4eCKUX U 20PHOMEXHUYECKUX YCA08Ull, NOBbIUIeHIeM MpPebosanull K oXpane okpyicaroujeli cpe-
Obl U Heop, a maxaice 6e30NACHOCIU HCUSHEOEAMENTbHOCIU YeN06eKAd 8 30He GIUAHUSL 00BEKMO8 20PHO-
PYOHO20 npousgoocmaa.

Lenv pabomour. Coz0anue u eHedpeHue pecypcocbepearowux mexrono2ui 006wviuy pyo Ha 601bUUX
2NYOUHAX HA OCHOBE Pe3YIbMAM08 AHAIU3A NPOABTEHUs SHEPSUU 20PHO20 OUBILEHUS BOKPY2 NOO3EMHbIX
BbLIPADOMOK NYMeM PACKPLIMUsA PUIULECKOU CYWHOCMU DEHOMEHA UX 30HANbHO20 KANCYAUPOSAHUS.
Memooonozus. Ilpumenanca ycosepuieHCmeo8antblii Menmoo WAXMHbIX, 1a00PaAmOPHLIX U IKCHePUMEH-
MANbHBIX UCCTLEO0BAHUL, MEMOO MAMEMAMUYECKO20 U PUIUYECKO20 MOOETUPOBAHUSL, 4 MAKIHCE MeOpemi-
uecKkull ananus u 0606w eHue pe3ybmamos uccied08anull N0 CMAaHOAPMHbIM U HOBbLM MEMOOUKAM.
Hosusna. Ycosepuiencmeosana cyujecmeyiowjas Kiaccugpurayus Memooos uccie0o6aHus HanpsdiceH-
HO-0eOpMUPOBAHHO20 COCMOAHUSL 20PHBIX NOPOO NOCPEOCHBOM UCNONb308AHUS NPUSHAKA «CHOCOO
npeoCcmagienus Maccueay no QYHKYUOHAIbHOMY HA3HAYEHUIO: HamypHble (RpoMbluientble), Qusuye-
cKue (1abopamopHbvie) u ananumudeckie (meopemuiecKkue). Ycmanosneno, umo omnocumenbHoe Konu-
4eCcmeo NepeHanpasieHHol IHeP2ULL 20PHO20 OA6IeHUsL HA NOOOEPIHCAHUE COPHBIX 8bIPAOOMOK ONUCHIBA-
emcs napadono-eunepOOIUYecKoll 3a8UCUMOCbIO, Ha Daze ye2o paspabomanvl 2eodHepeemuyeckue
MexHoN02UU NOO3EMHOU PA3PAbOMKU PYOHBIX MECHOPONCOCHU.

Pesynomam. Paspabomansl mexnonocuieckue nooxoosl K NPOEKMUpoSaHu0 mpacc HapesHvix u noo-
20MOBUMENbHBIX 8bIPAOOMOK U 2e0HepeemuiecKue Uobl KDenieHUs 6 CIAmu4ecKux YCio8usx 30Halb-
HO20 KANCyiuposamus Ha 6ase npeodiodCeHHbIX MemoOOL02ULeCKUX NPUHYUNOE YNPABIeHUs dHepauell
NpeooXpanumensHol Kancynvl: npomusooeicmaue, ypasHogeuwusanue, cooelicmaue, ycmpanenue u ne-
penecenue.

Hpaxkmuueckas 3snauumocms. Onpedenenvl MexHON02UEeCKUe NAPAMempbl NPOBeOeH st 6YPOB3PbIBHbIX
U OYUCMHBIX PAOOM 8 YCAOBUAX OUHAMUYECKO20 0eDOPMUPOBAHUSL MACCUBA 8 DAHUYAX dHepeemuye-
CKUX 30H NPEOOXPAHUMENbHBIX KANCYA NymeM paspadomku ycmouuugol popmol 6b1pabomox nooceuxu
u ompesku 05 waxm YAO «3KPK». IIpednodceno usmenenue Hanpagienuti Oyperus IKCHIyamayuon-
Huix ckeaxcun ona waxm YAO «3KPK», a maxowce payuonanvHvle paccmosHusi Mexcoy CK8AXCUHamMu
onst waxm 'l «BocmI' OK». Onpedenena skonomuueckas 3¢pghekmusHocms mexHono2uiecKux peuleHull
1O YCOBEPUIEHCMBOBAHUI) NOO2OMOBUMETbHYIX, HAPE3HBIX, OYPOB3PBIGHLIX U OUUCMHBIX pabom 05 pyo-
HBIX Waxm Ykpaunvl no y0eibHbiM NOKA3amensim 3h@ekmueHocmu 20pHbix pabom.

Knrouegwie cnoga: kpenocms nopoo; 2opHoe 0agienue; coCmosnue opHblX NOPoO, Kancyia vipabom-
Ku; pecypcocbepezaroujue mexHono2uu.

Beenenue. B Hactosmee Bpems IryOuHBI pa3pab0TKu pyIHBIX MECTOPOXKICHUH 0~
cturn otMeTk 1500 M, 4TO MPHUBENO K 3HAUUTEIBHOMY YXYALLEHUIO T€OAMHAMUYE-
CKUX YCIIOBHH NOOBIYM PYIHOTO ChIpbs. Tak, Hampumep, ynpyras HOTCHLUHUAJbHAs
SHEprusi YKPanHCKOTO KPHCTAJUIMYECKOTO IIMTa Hayajga MPOSABIATHCS HE TOJIBKO B
BUJIE ILIEIYIICHUH U 3aK0I000pa30BaHui, HO M B BHJE TOPHBIX YIApOB, CTPEIISTHUNA
3eMJICTPSICEHUI Pa3InYHON aMILTUTYABl. DTO MPUBENIO K MOTEPe TOPHBIX BHIPAOOTOK
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¥ 3a11aCOB MOJIE3HBIX NCKOIIAEMBIX, IOBPEKAECHUIO 0OBbEKTOB, TPABMHUPOBAHHUIO U THOEIIH
moneit. [losTomy co3nanne U BHEAPEHUE pecypcocOeperaronux TEXHOIOTHI T00ban
PYO Ha OONBLIMX [TyOWHAX Ha OCHOBE PE3YJIBTaTOB aHAIN3a IPOSBICHUS SHEPTUH TOp-
HOTO JaBJICHHUS BOKPYT MOA3EMHBIX BHIPAOOTOK MyTEM PACKPBITHS (PU3NUECKON CyII-
HOCTH ()eHOMEHA UX 30HAIBHOTO KaIllCYJMPOBAHMS — BaXKHAsI HAYYHAs!, IPaKTHYEeCKast 1
conuanbHas 3agaqa [1, 2].

Teopust 1 MeTOABI UCCIe0BAHUA. ABTOpPAMH BBITIOJTHEHBI HCCIIEIOBaHUS B 00na-
CTH CO3JIaHMA U BHEIPEHUs pecypcocOeperaonx TEXHOIOTH JoObYr pya Ha O0Ib-
MIMX TTyOMHAaX Ha OCHOBE PE3y/lbTaToB aHAIN3a MPOSBICHUS SHEPIHU TOPHOTO JaBiie-
HUSI BOKDYI TOA3EMHBIX BHIPA0OTOK IyTEM PAaCKpPHITUS (DU3NYECKOW CYITHOCTH
(eHOMeHa MX 30HaJNBHOTO KamncyiaupoBaHus. [Ipoanann3upoBanbl Qu3ndecKue CBOM-
CTBa FOPHBIX TIOPOJ U HOBBIE TUIIOTE3HI O TOPHOM JaBJIEHUH C YUETOM OLIEHKH CTETIEHU
YCTOWYMBOCTH OOHAKEHUH, BHISIBICHHUS 3aKOHOMEPHOCTEN UX 1e(hOPMHUPOBAHUS U pa3-
PYLIEHHS, YBA3KH U3BJIECUEHH Py U TIOPOJ BO BPEMEHH U IPOCTPAHCTBE, ONIPEIEIECHUS
napaMeTpOB KOHCTPYKTHUBHBIX 3JIEMEHTOB CUCTEM Pa3pabOTKH, CLIOCOOO0B KPEIUICHHS 1
COOTBETCTBYIOIIMX THUIIOB KPENH, MPOMBIIIJICHHBIC, Ta00paTOpHBIE U TEOPETHYECKUE
WCCIIeIOBaHMsI, a TakKe aHaJu3 M 000OILICHNE pe3yNbTaToB MCCIEIOBaHUM MO CTaH-
JapTHBIM U pa3padoTaHHBIM MeToAuKaM [3].

O0cy:x1eHHue U OLEHKA MOJYYeHHBIX pe3yabTaToB. Pa3paboTkoll TexHOIOTHi
MOA3EMHOM JOOBIUN MOJIE3HBIX HCKOMIAEMbIX B HAIIPSDKEHHBIX MTOPOJaxX aKTUBHO 3aHU-
Mmanuch yuensle Poccuiickoit @enepaunu, Yxpaunsl, Pecriyonuku Kazaxcran, Peciy-
omuku Keipreiscran, I'epmanuu, ABcrpun, llIBeitmapun, ®@panruu, Anrmuu, CLIA,
Kananpr, FOAP u npyrux pa3BUTHIX TOPHOIOOBIBAIOIINX CTpaH Mupa. MccienoBarenu
YUUTBHIBAJIM U3MEHEHNUS HANIPSHKEHHOCTH MacCcHBa MO CTENIEHU BIMAHUSA Ha ITapaMeTphl
Kperei BIpaboToK U cucTeM pa3paboTku. IlpuknagHoit popmar OONbIIMHCTBA Hayd-
HBIX pa3pa0dOTOK, KOTOPbIE OCHOBBIBAJIMCH HA MPUHIIMIIE TPOTUBOACHCTBHS BO3pacTa-
IOLIEN PHEPTUH TOPHOTO JABJIEHUS, CTABUI LEJIbIO TOJIBKO MUHUMU3UPOBATh 3aTPaThl
Ha 100bruy. Takoi moaxon caenans HeBO3MOXKHBIM PACKPBITHE (PU3MYECKOH CYITHOCTH
SBJICHUS] 30HAJBHOW NE3MHTETpald TOPHBIX MOPOA, KOTOPOE MPOSABIAETCS BOKPYT
BCEX IMOA3EMHBIX BBHIPAOOTOK, YTO HECKOJIBKO MPHOCTAHOBHIIO pa3BUTHE (QyHIaMeH-
TaJbHBIX TEOPUM O TOPHOM JIaBJIEHHUHU. 32 HECKOJIBKO MOCIETHUX AECATUIETUH 3TO CTa-
JI0 3HAYUTEIBLHON Nperpasoi Ha My TH CO3JaHMsI HOBBIX TUIIOTE3, TEOPUH HIIM METOOB,
ONMCAaHUA U MOJEJIMPOBAHUS 30HAIBHOTO CTPYKTYPHUPOBaHMS MAaCCHBA BOKPYT TOPHBIX
BbIpaboTok [4—10].

Knaccudukanus MeToaoB Hceae10BaHUsA COCTOSIHUS TOPHBIX nopox. Pa3pabor-
Ka MECTOPOXXAEHHH B Pa3HOOOPa3HBIX YCIOBUSAX 3aJIEraHUs TPU Pa3HBIX CBOHCTBAX
PYZL ¥ IOPOA XapaKTEPHU3YeTCsl paCTPECKUBAHNEM, PAacCIanBaHUEM, 3aK0JI000pa3oBa-
HHEM, OOpyIICHHEM, YIapOONacHOCTBIO M IPYTUMH (OpPMaMH MPOSBICHUS YHEPTUH
TOPHOTO AaBieHHs. AHAIN3 TOPHOTEXHUYECKUX U T€OAMHAMUYECKUX YCIOBUHN pa3pa-
OOTKH PYIHBIX MECTOPOXACHHH YKpauHBl MOKA3aJl, YTO JUHAMHYECKUE MPOSBICHUS
TOPHOTO JIABJICHUsSI YKa3bIBAIOT Ha BHICOKYIO 00€CIIEUeHHOCTh OTEYECTBEHHBIX PYIHBIX
MECTOPOXKJICHUH YIPyrod MOTEHUHUAJIIBHONW 3HEpruer ropHeix nopoa. Hakomienue Ha-
MPsDKEHU B MacCUBE M pa3pyllIeHNe TOPHBIX TTOPOJ, BO3HUKAIOIINE B MPOLIECCE OTPa-
OOTKHM MECTOPOXKICHUH, N3y4aroTCsl pa3HOOOpa3HBIMU MeToaMH. B 0cHOBY OONBIINH-
CTBa MPUMEHSIEMBIX METOJIOB UCCIIEIOBAHUHN MOJI0OKEH MPUHIIUII 3aBUCHMOCTEH pa3HbIX
CBOWCTB TOPHBIX TIOPOJ] OT MX HaNpsHKEHHO-Ne(OPMUPOBAHHOTO COCTOSIHUS MOJ] BO3-
JIefiCTBHEM €CTECTBEHHBIX U MCKYCCTBEHHBIX SHEPreTHYECKUX MOJIEi B MacCHUBeE.

Hecmotpst Ha MHOTOOOpa3ue MpUMEHSEMBIX METOAOB U CPEACTB ITUArHOCTUKU U
KOHTPOJISl HANIPSDKEHHO-AC(POPMUPOBAHHOTO COCTOSTHHSI MACCHBA, M0 PYHKIIMOHATILHO-
My Ha3HauUEHHIO MX MOXXHO OOBEMHUTH B TPH Kiacca: HaTypHbIE (IPOMBIILJICHHBIE),
¢usnueckue (maboparopHele) U aHanUTHYEeCcKHe (TeopeTnyeckue). Kmaccsl noapasne-
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JSIFOTCSL Ha TPYNIBl (BU3yaJbHBIE, MapKIICHAEPCKHE, MEXaHUYECKHE, Te0(pU3NIECKIe
U Ipyrue) u aajee Ha BuAbl. [Ipu moMoiy mpusHaka «crnoco0 npeicTaBIeHHs MacCu-
Ba» OblIa YCOBEPLICHCTBOBAHA CyIIEeCTBYIOIas Kiaccuduranus (tadm. 1) [11].
Co3pnaHne aHAIMTHYECKOM MOJIeNHN, aleKBaTHO OMMCHIBAIOIIEH SBIEHHE 30HAJIBLHO-
IO KalCylHpOBaHMs TOPHBIX BBIPAOOTOK KaK OJHOTO M3 HEMO3HAHHBIX (DEHOMEHOB

Taéauua 1. Knaccupukauus MeTo10B Hcciie10BaHUS HANPS:KEHHO-1e()OPMUPOBAHHOTO
COCTOSIHHSI TOPHBIX OPOJT

Table 1. Classification of rocks stress-strained state resear ch methods

Krace I'pynna Bun
1. Harypnsie BusyanbHble HaGmonenust v onieHKu
(TIPOMBITIIICHHBIE) .
Mapkmeiinepckue Mapkieiiepckue CbeMKH
Mexanuueckue Pa3rpy3ku MaccuBa

KomnencanuonHoi Harpy3xu
Pa3noctu naBienuit
Yrpyrux BKIOUEHUH
JleopMariuu CKBayKHH
I'myOuHHBIX perepoB

leodusngeckue AkycTuieckue
YbTpazByKoBbIE
Pagnomerpuyeckue
DIEKTPOMETPUUECKUE
I'eomaruuTHbIE

II. ®usnueckue HccnenoBanus cBOMCTB MOpPOJT [InoTHOCTHBIE
(;mabopaTopHbIe) Mexannueckue

OKBUBAJICHTHBIC MaTEPHAIIBI MogenupoBaHus Ha Ipeccax
LleHTpOOEKHOTO MOJEIUPOBAHHS

OnTHKO-NIOIIPHU3AIOHHEIE MopgenupoBaHus Ha Ipeccax
TeHTpoOeKHOr0 MOJETUPOBAHHS
O6BeMHOH (OTOYIIPYTOCTH

DNeKTPOAMHAMIYECKIX DNeKTPUUECKHX CETOK
QHAJIOTUH DJEeKTPONPOBOHBIX MaTEPHAIIOB
III. Aranutuyeckue | MexXaHUKH TOPHBIX TOPOJ Cruto1mHoMi cpesibl
(TeopeTnyeckue) Yupyroctu
[Tnactnunoctu
[Ton3ydectn

['pannuHbIX pa3zHocTEl
['paHUYHBIX 2JIEMEHTOB
KoHeuHbIX 251eMEHTOB

CuHepreTuueckue OHTponuiiHele
TepmonnHamMuueckue
DHepreTuveckue

(1)H3I/I‘-ICCKOI‘O MHpa, BO3BMOXHO IIPHU HCIIOJIB30BAHUN CHUHEPICTUUCCKUX MCETOAOB HUC-
CJICAOBAaHUA: 3HTpOHHI>'IHBIX, TEPMOAUMHAMUNYCCKUX, SHCPICTUUCCKUX. TCpMOI[I/IHaMI/I-
YeCKUU MeTol, co3naHHbii B. @. JlaBpuHEeHKO, aripoOMPOBaH U IIUPOKO MPUMEHSETCS
npu MozienupoBaHuu. OCHOBBI SHTPOIUIHOTO METO/a B PaMKax TEPMOAMHAMUYIECKOM
Teopuu ObUIA TOpaOOTaHBI U PACIIUPEHBI AJISl HCIIOJIh30BAaHMS B KauecTBe 000CO0IeH-
HOTO METO/a uccieaoBanus. Jlanee Ha 6a3e SHTPONMUUHOTO METOA, KOTOPBIN OIpee-
JII€T IIapaMeTpbl HEHAPYLIEHHOTO MAaCCUBa, U TEPMOAMHAMUYECKOIO METOAA, KOTOPBII
MOZETMPYET COCTOSIHUE MaccrBa B IPHUKOHTYPHOH 30HE (30HE pa3rpy3ku), ObLT pa3pa-
0oTaH eme OMH CHHEPTeTUYECKUM METOM, KOTOPBIN ABIAETCS dHepreTudeckum. OH
MO3BOJISIET MOJENIMPOBaTh COCTOSIHME MacCHBa B JHEPreTHUECKHUX 30HAX, KOTOPHIE
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(GOpMHUPYIOT IPEIOXPAaHUTENBHYIO KaICyITy, U OIMCHIBATH B3aUMOICHCTBUE MEXaHHYe-
CKOM, TEpMOAMHAMUYECKOH U APYTruX BUJOB dHEpruif [12].

Omnpenesienne pa3mepoB 1 GopMBbI JHepreTHYeCKUX 30H B kancyiae. opmupo-
BaHHE TOPHOH BBIPAOOTKH SIBISIETCS] IPHYMHOMN HAPYILIEHNsI SJHEPreTHIeCcKoro OanaHca
HEHapYIIEHHOTO MaccHBa, YTO 0OYyCJOBIMBAET BO3HUKHOBEHUE M MPOTEKaHHE B HEM
CaMOOPTaHU3YIOMINXCSl TEPMOAMHAMHYECKUX MPOLECCOB MyTeM MpeoOpa3oBaHus 1Mo-
TEHIUATBHOW YHEPTUH B paboTy AeopMaiuy nopo. B pesyisrare 3THX mpoLeccoB B
npezeax BMEIIAIOUIeT0 MacCHBa MOSIBIISIIOTCS] SHEPIreTHUECKUE OIS, POPMHUPYIOIIUE
000co0IeHHbIE YHEPTeTHYEeCKHE 30HbBI. [ pagieHT 00beMHON TIIOTHOCTH OTEHIINAIb-
HOU DHEPTHH B KOHTYpPE BBIPAOOTKH U OKPYXKAIOIIEM €€ MACCHBE IpelonpeaesieT H-
TEHCHBHOCTh TMPOTEKaHUs Mpolecca AeGOpPMUPOBAHUS MUHEPAILHOTO BEIECTBA B
BUJIE LICTYIICHHsI, OTCIIOCHUS, OOPYLICHUS, CTPENSHUS WK FopHOTO yaapa. [ pagueHt
TEMIIEPaTyp PYAHUUHON aTMOC(hephl B BBIPAOOTKE U MOPOJIaX, OKPYKAIOIIHUX €€, OIpe-
JeNsieT ypoBeHb (PAKTUUECKUX TEPMUUYECKUX HANPSKCHUH HA MOBEPXHOCTU OOHaXe-
Hus [13].

Tabauna 2. KoMIoHEHTBI NOTEHIMATBHBIX HANIPSZKEHUI B HEHAPYIICHHOM MACCHBE
TOPHBIX OPOJ YKPAHHCKOI0 KPUCTALIMYECKOr0 IIMTa

Table 2. The components of potential stresseswithin the unbroken rock massif of the Ukrainian
Crystalline Shield

[ORINVERONE Pamiyc xpyra Vipyrue noreHuanbHble
Tny6una | JaBienne BHeIIHKE Hanpsokenus, MIla BHYTDPEHHHX nanpsoxenus, MIla
H,m 0 MIla | peprykansueie | ropusontansupie | HANPSKEHUH | ropysontanbHele | BepTHKANLHELS
Oap ) R, m Aoy = Ady Aoy
500 15,0 7,72 15,0 7,72 7,72 7,35
1000 30,0 15,64 30,0 15,64 15,64 14,33
1500 45,0 24,08 45,0 24,08 24,08 20,92
2000 60,0 32,80 60,0 32,80 32,80 27,02
2500 76,0 42,24 76,0 42,24 42,24 32,64
3000 91,0 52,25 91,0 52,25 52,25 37,53

B pesynbrare HapyIIeHUsI MEXaHUYECKOTO U, KaK CIEJCTBHE, JHEPTETHUECKOTO pPaB-
HOBECHUSI HEHapyLIEHHOTO MacCHBa BOKPYT BBIPaOOTKU 00pa3yeTcst HECKOJIBKO 30H, B
KOTOPBIX MPOTEKAIOT MPOLECCH MPeoOpa3oBaHus MOTEHIMAIBLHON SHEpruu B paboTy
JnepOpMUPOBaHUS TIOPOA U MEpexoAa TEIUIOTHl OT HAarpeToro MaccuBa K PYIHHYHON
arMocdepe. DHepreTHUECKUE 30HbI XapaKTepHU3yIOTCs 0oJiee BEICOKHMMU MapaMeTpaMu
MHTEHCUBHOCTHU: HANPSKEHU, TEMIIEPaTypbl, INIOTHOCTH, HAMarHUUEHHOCTH — IO CPaB-
HEHHIO C HETPOHYTHIM MacCHUBOM. B 3aBUCHMOCTH OT yclioBHI TPOBENEHHUS BEIPAOOTKH
(pu3mueckue cBoiCTBa MOPOA, IyOHHA 3aJOKeHH, popMa cedeHus1, rabapuTHbIE pas-
MEpHBI, BUIBI KperieHns1) OyayT BapbHpOBaThCs pa3Mepsl U (opma 3HEpreTHUecKux
30H. PacueTHpie 3HaYeHus1 Koadduuuenta GopMbl SHEPrETHYECKUX 30H A AT pyI U
nopo mpouHocTsio 40—180 MIla, koTopbIe ONpeAeNIOTCs COMIaCHO PacueTHBIM Ha-
NpPsDKEHUSIM, IpUBeeHb! B Ta0. 2 [14].

CesizanHbIe ¢ AeQopMalUsIMHU YIIPyTUe HANPSDKEHUS SBISIIOTCS MOTEHIMATbHBIMUY,
MOCKOJIbKY paboTa, KOTOPYIO OHM MOTYT BBITIOJIHUTD, 3aBHCUT OT BEJIIMYMHBI 0OpaTu-
Moii epopMaliui, BO3HUKAIOIIEH MTPY YaCTUYHOM HJIM MOJTHOM CHSITUU BHEIIHEW Ha-
rpy3ku. B pesynbrare npupaiieHui MOTEHIMAIBHON 3HEPrMM B TOPHBIX IOPOAAx
VKparHCKOTro KpUCTAJIMYECKOTO HIUTA TOIBKO 4acTh €€ AW ydacTBYeT B IpoLeccax
nepopmupoBanusi. Bozpacrtanue BepTukanbHOTO AaBienus 10 91 MIla na riryoune go
3000 M MpUBOIUT K MepepactpeeeHUI0 TOTEHIIUAIbHON YHEPTUH B MAacCUBE, KOTO-
past cocTaBiseT JUId BEPTUKAIIBHBIX YIPYTHUX MOTEHLIUANBHBIX HanpskeHuit 57 %, nis
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TOPU3OHTANBHBIX — 95 %. [lomydeHHbIe KBaipaTUYHbIE 3aBUCUMOCTH MOTEHIIUATBHBIX
HampsDKeHUM, TEUCTBYIOMINX B HEHAPYIIICHHOM MAaCCHBE TOPHBIX TOPOJT YKPaUHCKOTO
KpPUCTAJIMUECKOTO IINTA, MpeAcTaBiIeHbl Ha puc. 1 [14].

Jlis ompesiesieHust KOMMYeCTBa SHEPTHY TPU KPEIUICHUHU U TOJICPKAHUN BBIPa0o-
TOK HEOOXOMMO HAUTH Pa3HUILY MEX Ty BEPTHKAILHBIM JIaBJICHHEM MacCHBa Ha KPeIlb
Y BEITMYMHOM OTIIOPa, CO3/IaBaeMOM KPEIEKHON CUCTEMON BBIpaOOTKU. [1Jis 3TOT0 BOC-
MOJIB3yEeMCs SKCITPECC-METOIUKOM, OCHOBAHHOM Ha ydeTe U3MEHEHUS (JOPMBI SHEpre-
TUYECKUX 30H A JUIS pa3IUdHOM npouHoctu nmopon Kpusbacca (puc. 2) [15]. YMenbIie-
Hue ko3 dunuenta A ot 1 10 0 0TOOpakaeT Bo3pacTaHHe TOPHOTO JABICHHS OPOJ Ha
KpeIlb BHIPAOOTKH, BETMYMHA KOTOPOTO Ha 1 M? Kpenu CO CTOPOHBI KPOBIIH OIPEIeIs-
eTCsl Kak 00beM MacCHBa, 3aKIIOUCHHOTO B NPUKOHTYPHOW HEPreTHUSCKOW 30HE,
Y HAaXOIUTCS KaK Pa3HOCTh MEXKY BEPTUKAIBHON MOIYOCHI0 MPUKOHTYPHOM 30HKI a U
[IOJIOBMHOM BBICOTHI IOATOTOBHUTENLHOM 0,5/ HIM OYUCTHOH 0,5|np BBIPA0OTKH:
P, =v(a—0,5h), MIla.
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Hanpsoxenusi: ® — ropu3oHTanbHble, AGx(y) = AGy(); B — BEpTUKAJIbHBIE, AGzy)

Puc. 1. M3MeHeHNe NOTEHIMANBHBIX HAIPSXKCHUI, NEHCTBYIOIIUX B HEHapy-
IIEHHOM MAacCHBE TOPHBIX TOPOJ
Fig. 1. Dependences of potential stresses acting within an unbroken rock massif

['paHWYHBIM 3HAYEHUEM SIBISIETCS YCTOWYMBOCTH KOHTYpa BBIPAOOTKH, MPU KOTO-
POM MHUHHMMAaJILHOE 3HAaUY€HHE A PUHUMAIOT paBHBIM 0,5, 4TO COOTBETCTBYET UCIONb-
30BaHUIO MTPUHIIUIIOB YPaBHOBEIIMBAHUS, CONCHCTBUS U ycTpaHeHus. Eciiu 3HaueHne A
npudnmxaercs x 0,5, To JaBieHHe MOPOJ] Ha KPEeIb CyIIeCTBEHHO BO3PACTaeT U Mpe/o-
npeiessieT NpUMEHEHHE TPH pa3paboTKe KPENeKHBIX U MOIACPKUBAIOIIUX CHCTEM
MIPUHLIMIIOB NTEPEHECEHUS U IIPOTUBOJACHCTBHYSL.

Pacuerts mokazanu, 4To, HapUMep, IS ITOATOTOBUTENTLHOM BRIPAOOTKH, TIPOBOAUMOMN
B noponax mnpoynocteio 80 MIla, 3Havenus A = 0,9 — a = 0,44 m, ipu 0,8 —a = 0,68 M,
mpu 0,7 —a=1,0m,0pu 0,6 —a=142m,upu 0,5 -a=2,0munpu 0,1 —a=16 m.
JJist OuMCTHBIX BBIpaOOTOK 3TH 3HAUEHHS B CpelHEM B 2 pa3za Bbime. [lomumo 3TOTO,
OTHOCHUTENIFHOE KOJIMYECTBO UCIIOIB3YyEMOM SHEPTHH HAXOAUTCA B 9KBUBAJICHTHOM OT-
HOIIICHHUH K JTABJICHUIO MAaCCHBa Ha KOHType BEIPaOOTKH [16].

HccnenoBaHue U 0lIeHKA ITAXKHO-KAMEPHOI cUcTeMbI pa3padoTKH ¢ 0TOO0I KO
PYIBI U3 MOA3TAXKHBIX LITPEKOB. VccnenoBaHnne COCTOSIHUS TOPHBIX MOPOJ BOKPYT
OYHUCTHBIX KaMep BBITMOIHAIIOCH AJIs1 6a30BOT0 U MPEIaraeMoro BApuaHTOB 3aI0KEHUS
MOAATAXKHBIX OypOBBIX HITPEKOB Ha MPUMEPE OYUCTHOTO OJIOKA B MapKIIEHAEPCKHX
ocsix 110-118 mo 3anexu OcHoBHas kapeepa 2 maxTsl « TeproBckas» [TAO «Kpuso-
poxckuii XKPK» rop. 1200 M. TeopeTrueckue nccieqoBaHUs MO OMPEAETICHUIO pa3-
MepOoB 1 POpM 00IacTel BO3MOXKHOTO Pa3pyLICHHUS] MAaCCHBA TIPOU3BOIUIIN C TOMOUIBIO
JHEPreTHYECKOT0 MeToja. PacmpeneneHue o0iacTeil BO3MOXKHOTO pa3pylIeHUs B
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OKPECTHOCTH OYUCTHBIX KaMep MpeJCTaBiIeHO Ha puc. 3, a. V3 pucyHka BUAHO, 4TO
OypOoBBIC IITPEKU MOMAAAOT B 00JIACTH MHTEHCHUBHOTO pa3pylieHus mopoj. Jladopa-
TOPHBIC UCCIICIOBAHMS MPOBOIMIIM Ha SKBUBAJICHTHBIX MaTepraliaX Ha CTeHIC (hu3nde-
CKOTO MOJICIIMPOBAHUSI, YCTAHOBJICHHOM B JJAOOpaTopuu Kadeaphl CTPOUTEIHCTBA, TE0-
MEXaHUKHU U reoTexHUKHU (HanuoHansHbIl TEXHUYSCKUN YHUBEPCUTET «/J{HEenpoBCcKas
MOJIUTEXHUKAY, T. JlHenp, YKkpauHa).

[Ipu MoaenupoBaHuK 0a30BOTO BapHaHTA 3AJIOKEHUSI OYPOBBIX IITPEKOB PACCTOS-
HUE OT KaMepbl IPUHUMAJIOCH SKBUBAJICHTHBIM 5 M (puc. 3, 6, g). ®akT HEeyCTOWYNBO-
CTH TOPOJA HOATBEPKIACTCS SKCIIEPUMEHTAMU, MPOBEICHHBIMU HAa SKBUBAJICHTHBIX
Marepuasax, ¢ BBICOKOW CTENEHbIO JOCTOBEPHOCTHU. [[pOMBIILIIEHHBIE HCCIIEIOBAHUS
OBUIM peaJu30BaHbl C MOMOIIBI WHCTPYMEHTAJIBHBIX METOJOB C HUCIOJIB30BaHUEM
JJIEKTPOHHBIX MPUOOPOB (TaXOMETp, Ja3epHas PyJIETKa) MO ONpeesieHUI0 (haKkTude-
CKHX pa3MepOB OYHMCTHBIX Kamep (puc. 3, 2).

Koadduument Gpopmsl 30H A

Puc. 2. 3Haduenus A 11 pa3IU4IHON MPOYHOCTH MOPOJT
Fig. 2. The values df for various rock strength

[Mony4eHHbBIE pe3yNbTaThl UCCIEIOBAHNI YHEPTETHUECKOTO COCTOSIHUS TOPHBIX TO-
POA B OKPECTHOCTH OYHMCTHBIX Kamep Jalld BOZMOXKHOCTH pa3paboTaTrh METOJHKY 10
BBIOOPY pallMOHAJIBHBIX MECT 3aJI0KEeHUS OYpOBBIX BBIPAOOTOK HITH BEIOOpa UX paIfio-
HAJILHOTO KPETUICHHSI.

[MpuHIMI ypaBHOBEIIMBAHUS YUUTBIBACT OaslaHC MEXIY (hakTopaMu SHEPTUU Mac-
CHBa, C OTHOH CTOPOHBI, M pazMepamMu U GpopMoii BEIpabOTOK, C APYToi, U MO3BOJISIET
HaXOAUTh MEXIY HUMHU OaJaHC M MPaKTHYECKH HE UCIOIB30BaTh SHEPTHUIO ISl Kpe-
TUIeHUs! 1 oaepxkanus BIpadoTok (0—10 %). [IpuHIUIEI coneicTBUS U yCTpaHEHHSI
OJIM3KY 10 YPOBHIO MCIONB3yeMoi sHepruu Maccua (10-35 %). Pazauma B Tom, 9T0
TPUHIIMIT CONCHCTBUS IPUMEHSIOT JJIsl OYMCTHBIX BBIPAOOTOK MPH MPOHU3BOACTBE J0-
OBIYHBIX Pa0OT, & MPUHIUIT YCTPAHEHHS — PH COXPAHEHHH YCTOHYNBOCTH MTOJTOTOBH-
TEJLHBIX BBIPaboTOK. CaMbIM 3P QEKTUBHBIM METOIOIOTHYECKIM PUHIIATIOM SIBIISICT-
Cs TIPUHITUI TIEPEHECCHWs, KOTOPBIA IMO3BOJISIET MCIONB30BaTh 10 86 % 3HEpruu
MaccuBa MOCPEICTBOM CaMOPETYIHPYEMOTO aHKEPHOTO KPEIUIEHHsI, KOTOpOe HEeHTpa-
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JU3yeT KOHBEPTCHIIMIO MacCHUBa 3a CYCT DHEPTHU JMBEPTECHIIUN. JKOHOMHYECKas (-
(heKTUBHOCTH IPEJIaraeMoro MOAX0/1a COCTaBIsIeT 1,5 TPH/T, UTO IPU MPOU3BOACTBEH-
HOW MOIHOCTU INaxTel B 1,5 MuH T/Tog coctaBuT 2,25 MuH TpH. ys ymoOctBa
CPaBHEHUS TIOKA3aTeNIN CTPYIIITUPOBAHEI 110 BUY BBITIOIHICMBIX TOPHBIX pa0OT — MOJI-
TOTOBUTENBbHEIC U ouucTHBIE [17]. YnenbHas 3 ()EeKTUBHOCTh MOATOTOBUTEIBHBIX Pa-
00T omuchIBaeTCsS MapadoIO-TUIIEPOOTUICCKON 3aBUCUMOCTBIO OT HCIIONB3yeMOH
3HEpruu Maccusa (puc. 4).

[TomydenHbIe pe3ynbTaThl MO3BOIMIN 000CHOBATh HOBBIC TEXHOJOTMU BCKPBITHS,
MOJITOTOBKHU U pa3pabOTKH PYIHBIX MECTOPOXK/ICHUI Ha YKpanHe U 3a pyOeKoM, KOTO-
pble TIO3BOJIAIOT UCHIOIB30BaTh A0 86 % SHEPTruu ropHOTO JABICHUS C YKOHOMHEH pe-
cypcoB 10 37 % [18].

a w 4 s

Puc. 3. DraxkHo-kamepHas cucTeMa pa3padOTKH ¢ OTOOMKOW PyAbl U3 MOASTAXKHBIX OypOBBIX IITPEKOB,
NPON/ICHHBIX 10 OPOJE — @; PE3YAbTaThl TEOPETHIECKUX — O, 1a0OPATOPHBIX — 6 ¥ IPOMBILUICHHBIX — &
HCCIIeIOBaHMI IpeTaraeMoro crnocoda Hape3KH OYHCTHBIX OI0KOB Ha maxtax Kpuebacca
Fig. 3. Horizon-chamber mining with ore breaking from sublevel drilling rock galleries — a; the results of
theoretical — 6, laboratory — 6, and industrial — e research of the suggested method of cutting stoping blocks
at the mines of Kryvbas

IepcnexTuBbI pa3zBUTHA UccaeA0BaHMIA. [IpeenoM pa3BUTHS BOTHOBBIX IPOLIECCOB
BOKPYT TOPHBIX BBIPAOOTOK SIBJISIETCSI YCTAHOBJICHHE YHEPTETUUCCKOTO PABHOBECHS B IIPE-
JIOXPaHUTENILHOW KarcyJe U NMPUPAaBHUBAHUE €€ MPOYHOCTH K HEHAPYLIEHHOMY MACCHUBY.
Pa3ButHe reosHepreTMYecKuX METOAOIOIMYECKUX OCHOB ONITUMU3ALUU TEXHOJIOTHH TOp-
HBIX pa0OT JOJKHO MPUBECTH K CO3JJAHUIO COOTBETCTBYIOIICH MOJICHCTEMBI aBTOMATH3a-~
IIUH POCKTUPOBAHHUS Y TUIAHUPOBAHUSI TOPHBIX pabOT, TOBBIIICHHIO SKOJIOTHYECKOH 0€30-
MIACHOCTU OKPYXKAIOLIEH Cpelbl U YIYyYUICHUIO [I0Kas3areliell 370pOBbs HACEICHUS,
MPOKUBAIOIIETO B TOPHOAOOBIBAIOIIEM H TTepepadaThIBAIOIINX PETHOHAX.

BuiBoaswl. Yemanoenen xinaccuukalmoHHBIN PU3HAK «COCTOSHUE UCCIIEAYEMOTO
MacCHUBa», MO3BOJISIOIINHI pa3ieuTh HAYYHbIE TEOPUU O TOPHOM JABJIEHUU Ha MOA3EM-
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HbIE BBIpaOOTKM Ha TPH OCHOBHBIX Kilacca: cuil, AeOpMalii 1 COCTOSIHUNA MacCHBa.
Teopuu cun conepxar IpyIIbl THIIOTE3 COCTOSHUS CBOAA, 0aJoK M IMT. Teopuu ne-
dopmanmii comepkar TpyIbl TUIOTE3 paspyLleHus], peslakcalny, MoJa3y4ecTd Hapy-
IIEHHOTO MaccuBa. TpeTuil KilacC — COCTOSHUE MAacCHBa CONIACHO T€PMOAMHAMHUYE-
CKOH 1 9HEpreTHUeCKON TEOPHUSM 30HAIBHOTO KallCYTUPOBaHU MOA3EMHBIX BHIPAOOTOK.

Ilokazano, 4To CYUIECTBYIOLINE TEOPUH HE MO3BOJISIIOT YCTAaHOBUTH pa3sMepsl, (hop-
My, KOJIMYECTBO 30H U 00pa3yeMbIX B HUX obnacteil neopManuii v, IMaBHOE, OTKPHITH
(U3NUECKYIO CYIIHOCTh SIBJICHUS, KOTOPOE MPUBOIHUT K 30HAILHOMY CTPYKTYpHUpPOBa-
HHUIO MAaCCHBa BOKPYT BBIpaOOTOK. Pe3ynpraTtoM 3THX HCClIeIOBaHUH CTAN0 IPU3HAHUE
JAHHOTO (PEHOMEHATBHOTO SIBJICHHUSI OAHOM M3 CIOKHEWIINX MpoOieM ropHOW HayKu,
HE TOAJAIOLINXCS pelleHHI0 Ha 0a3e COBpeMeHHBIX mpesncTaBieHuil ¢pusuku. C uc-
MOJIb30BaHUEM CHHEPIETHYECKOTO METOJONIOTHYECKOTO MTOUCKA PACKPHITa (PH3HUYECKast
CYIIHOCTb TaKOTO HCCIIeAyeMOoro ()eHOMEHa, KaK 30HANbHOE KalCyJHMpOBaHHE BbIpa-
OOTKH CHCTEMOH KOJNBLEBBIX YJHEPIETHUECKUX 30H, U ONIMCAHBI (PU3NYECKHE MPOLECCHI,
NPOTEKAIOIINE B IPEAOXPAHUTEIBHOM Karcyse BEpabOTKH.

2500

2000 |
y=0,13@+ 145x

0 10 20 30 40 50 60 70 80 90

Hcnons3yemas sneprus Maccusa, %

VY nenpHast 90 GEeKTUBHOCTD
MOJITOTOBUTENBHBIX PaboT,
TpH/M

Puc. 4. I3mMeHeHue yaenbHON ce6eCTOMMOCTH ITIOATOTOBUTEIIBHBIX
pa6ot (B enax 2013 r.) ¢ yBennyeHreM dJHEPIUuM MaccuBa
Fig. 4. Regularity of preparatory operations unit cost (prices for 2013)

Pazpabomansi TEXHOIOTUIECKUE TIOAXOABI K TPOSKTUPOBAHHIO TPACC HAPE3HBIX U
IOATOTOBHUTCIIBHBIX BBIpa6OTOK N TCOOHCPICTUUCCKHUE BUABI KPCIUJICHUA B CTATHYC-
CKUX YCJIOBUSIX 30HAJILHOTO KallCyJMPOBaHUs Ha 0a3e MPeIIOKEHHBIX METOA0JIOTHYE-
CKMX MPUHLUIIOB YIPABJICHUS SHEPIUE IPEIOXPAaHUTEIBHOM KaICyJsIbl: IPOTUBOJEH-
CTBHE, ypaBHOBEIIMBAaHNE, COACHCTBHE, YCTPaHEHHE W TepeHEeCeHHe. YCTaHOBIEHO,
YTO OTHOCHUTEIHFHOE KOJMYECTBO MEPEHANpPaBICHHON HEPTUH TOPHOTO NaBJICHHUSA Ha
noJiiep>KaHne TOPHBIX BEIPAOOTOK OMHCHIBACTCSA MapaboI0-TUIIepOOTNIECKON 3aBHCH-
MOCTBIO, Ha 6a3e 4ero pa3padoTaHbl T€0IHEPTETHUECKIE TEXHOJIOTHH MTOI3EMHOM pa3-
pabOTKM PYIHBIX MECTOPOXKICHH.

0O6ocHoeanbl TEXHOIOTUIECKHUE TTApaMeTPhI MPOBEJCHHS OYPOB3PHIBHBIX M OYHCT-
HBIX pabOT B yCIOBHSIX JUHAMUYECKOTO 1e(pOpMHUPOBAaHUS MacCHBa B TpaHUIAX dHEP-
TeTHYECKUX 30H MPEJOXPAHUTENBHBIX KaIlCyyl IyTeM pa3paboTKH yCTOWIMBOH (OPMBI
BbIpabOTOK moacedku u oTpe3ku s maxT YAO «3KPK». 11 KOHCTPYKTHBHBIX 3J1€-
MeHTOB OmokoB Ha mmaxtax [TAO «KXKPK» mpemnoxkena smmrncounanas hbopma, KOTo-
pasi UICKITI0YaeT caMoOOpyIIeHUE PyIbl, HOPOA M 3aKJIaJKH B OYHCTHOE MPOCTPAHCTBO
C HYJEBBIM 0ajlaHCOM MEXIy HCIIOIB30BAaHMEM U 3aTpaTaM HEPTHUU M0 MPUHITHUITY
ypaBHOBemrBaHus. [Ipeanoxeno naMeHeHne HalpaBIeHUH OypeHHs dKCILUTyaTalllnoH-
HbIX ckBaXuH s maxT YAO «3KPK», a Takke panroHaIbHBIC PACCTOSHUS MEXKITY
ckBaxuHamu 1yt maxt ['T1 «Boctl OKy.

Oyenena >xoHOMHYECKas 3(G(HEKTHBHOCTh Pa3pabOTaHHBIX TEOYHEPTETUUCCKHUX
TEXHOJIOTUH W peajr30BaHO NMPOMBIIIICHHOE BHEAPEHNE B TEXHUYECKIE M OpraHm3a-
IIUOHHBIE MTPOEKTHI pa3pabOTKH OTEUECTBEHHBIX U 3apYOEIKHBIX PyAHBIX MECTOPOXK/IEC-
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HUH yTeM pa3pabOTKy METOAWKU M CO3JaHuUs IPOrPaMMHOTO MPOAYKTA, BHIIOTHEHHS
pacueToB M uX aHanuza. OnpeaeseHa SKOHOMHUUYECKasi 3PPEKTUBHOCTh TEXHOIOTHYE-
CKHUX PELICHHH 10 YCOBEPLICHCTBOBAHHIO IIOATOTOBUTENBHBIX, HAPE3HBIX, OYPOB3PHIB-
HBIX ¥ OYMCTHBIX paboT Ul PyIHBIX IIAXT YKPAaWHBI 1O YAEIbHBIM MOKa3aTesiM d¢-
(EKTUBHOCTHU TOPHBIX PadOT.
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Introduction. Underground mining of ore deposits is characterized by deterioration of mining and
geological and mining conditions, increased requirements for environmental protection and subsurface
resourses protection, as well as human life safety in the zone of mining facilities influence.

Research aims at the creation and implementation of resource-saving ore mining technologies at great
depths on the basis of the analysis results of the rock pressure energy manifestation around underground
excavations by revealing the physical essence of their zonal encapsulation phenomenon.

Methodology. An advanced method of mine, laboratory and experimental studies, mathematical and
physical modeling, as well as theoretical analysis and generalization of research results using standard
and new techniques has been applied.

Novelty. The existent classification of methods for studying the stress-strain state of rocks using the
“method of representing the array” function has been improved to its elements: functional (industrial),
physical (laboratory), and analytical (theoretical). It has been established that the relative amount of
redirected energy of the rock pressure aimed to maintain the mine workings is described by a parabolic-
hyperbolic dependence, on the basis of which geoenergetic technologies for ore deposits underground
mining have been developed.

Result. Technological approaches have been developed to the design of face and development headings
runways, and geoenergetic types of fixing in static conditions of zonal encapsulation on the basis of the
proposed methodological principles of protective capsule energy management: counteraction,
counterbalancing, assistance, elimination, and transfer.

Practical significance consists in technological parameters of drilling and blasting operations and stoping
in conditions of dynamic deformation of a massif within safety capsules energy zones by developing a
stable form of undercutting and cuttings for PJSC ZZHRK mines. A change in production wells drilling
directions for PJSC ZZHRK mines has been suggested, as well as rational distances between the wells for
the mines of the State Enterprise VostGOK. Economic efficiency of technological solutions over the
improvement of preparatory, rifling, drilling and blasting, and cleaning works for Ukrainian ore mines has
been determined according to specific indicators of mining efficiency.

Key words: rock strength, rock pressure; classification of theories; production capsule; resource-saving
technologies.
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