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Annomayus: VI3105keHbl pe3ysbTaThl UCIBITAHMI SKCIIEPUMEHTAIbHBIX KOHCTPYKLMIA Oypo-
BbIX Pe3I[0B, apMMPOBaHHBIX KyOuMuecKMM HUTpuIoM Gopa. OcyllecTBieHa CpaBHUTEJIbHAS
OLIeHKa pecypca, CKOPOCTM ¥ SHeProeMKOCTM OypeHns: pa3paboTaHHBIM MHCTPYMEHTOM, a TaK-
K€ CepUITHBIMU pe3liaMu. YCTAHOBJIEHO, YTO pecypc Hambosee 3GGEKTUBHON KOHCTPYKINMK
9KCIIEPMMEHTAIBHOrO GYPOBOTO peslia IPeBbIIaeT Pecypc CTaHAAPTHOTO pe3lia ¢ BOJIbppamo-
KOGAJIBTOBBIMU PEXYILUMIU TIacTMHaMU Gosiee yeM B 9 pas. IIpu aTom ckopocTh GypeHust sKc-
MepUMeHTaIbHBIM U CepUITHbIM MHCTPYMEHTOM NPAKTUYECKY He OTIIMYAIOTCS. YCTaHOBJIEHO,
YTO YHEPrOEMKOCTb OypeHMsl pa3paboTaHHBIMU Pe3LaMy ¥ CEPUIMHBIM Pe3l[OM OTIMYAETCS B
nperesax JOBEPUTEIbHOIO VHTepBaia. VICKIIoueHre CoCTaBIIsieT 9KCIIePUMeHTaIbHbIN pesel]
¢ TpeMs nepbsiMmu. [1okazaHa BOSMOXKHOCTD TOBBILIEHMSI TOUHOCTH ONpeeeHust 061aCTy Mpu-
MeHeHMsI MHCTPYMEHTa IOCPeACTBOM JVICIIOb30BAHMUST 9KCIIPeCC-MeTOa OLEHKM MPOYHOCTH
TOPHBIX TIOPOJI, B KOTOPBIX ITPOM3BOISTCS €r0 MCC/IeAOBaHMS. DKCIIPecc-MeTos 6bUT pa3pabo-
TaH Ha OCHOBE SMITMPUYECKOI 3aBUCUMOCTU MEXIY YCUIMEM, HEOOXOAUMbBIM [Jisl BHEIPEHMS
UHJIEHTOPA B CTEHKY CKBasKMHBI, ¥ TPOYHOCTHIO TOPHON MOPObL. [IpuBeIeHbl pe3yabTaThl 1C-
MIBITAHUI TOPHBIX MOPOJ, M OIMCaHye Mpubopa sl peann3anuy pa3paboTaHHOTO 3KCIIPecc-
MeTona. [lokasaHbl MPeMMyILECTBa MPEAJIOKEHHOIO 9KCIIPEeCC-MeTONa U MPeCTaBIeHbl €ro
CYIIECTBYIOIME aHAIOTU. Pe3ybraThl MPOBENEHHBIX UCCAEJOBAHUI CBUAETENIbCTBYIOT, UTO
UCTIONb30BaHKe Pa3pabOTaHHOTO 3KCIIPecc-MeTona obecrieunBaeT OIpefesieHre MPOYHOCTHU
0CaJIOYHBIX U MeTaMOP(M30BaHHBIX TOPHBIX ITOPOT, C OBEPUTEILHBIM MHTepBaIoM £22%.

Knrouessle cnosa: 6ypoBbie pe3iibl, KyOMUeCKuii HUTpUJ, 60pa, IKCIpecc-MeTo, OTpeneIeHusT
MIPOYHOCTH TOPHOI TIOPOJIbI, CKOPOCTh Oy peHsI, peCcypc, SHEPrOeMKOCTh, BpalliaTesibHoe Gype-
HIeE IIITYPOB, aHKEPHOE KpeIUIeHne.
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Abstract: The article presents the results of testing experimental designs of drill bits reinforced
with cubic boron nitride. A comparative assessment of the resource, speed and energy intensity
of drilling with the developed tool, as well as with serial cutters, was carried out. The resource
of the most efficient design of the experimental drill cutter is more than 9 times longer than
the resource of a standard cutter with tungsten-cobalt cutting inserts. The drilling speed of the
experimental and serial tools is practically the same. The energy intensity of drilling with the
developed cutters and the serial cutter differs within the confidence interval. An exception is the
experimental cutter with three feathers. The accuracy of determining the scope of the tool can
be improved by using the developed express method for assessing the strength of rocks. The
express method was developed based on the empirical relationship between the force required
to penetrate the indenter into the borehole wall and the strength of the rock. The article presents
the results of testing rocks and a description of the device for implementing the developed
express method. The article describes the advantages of the proposed express method and its
existing analogues. The results of the conducted studies indicate that the use of the developed
express method ensures the determination of the strength of sedimentary and metamorphosed
rocks with a confidence interval of #22%.

Key words: drilling cutters, cubic boron nitride, express method for determining the strength of
rock, drilling speed, resource, energy consumption, rotary drilling, anchoring.
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BBepeHue

B npouecce BpawartensHoro bypeHus
FOPHbIX MOPOA MPOUCXOAUT U3HOC NE3BUIA
paboyero MHCTPYMEHTa, UHTEHCUBHOCTb
KOTOpOro obycnoBneHa cneayoLwmMMm dak-
TOpaMu: CTPOEHUEM YIIENOPOLHOr0 Mac-
CUBA; AENCTBYIOLLMMU OCEBBIMU YCUITUSIMU
Ha pe3eL,; TPeHWEM NIe3BMWN MO paspyLuae-
MOW MOpOAE; pasMepaMu MHCTPYMEHTa U
€ro reoMeTpuyecK1MM NapamMeTpamMu; Tem-
nepatypow B 30He paspyLuenus [1]. MNpo-
M3BOAUTENBHOCTb BYpEHMs MpU 3TOM 3aBu-
CUT KaK OT TEXHOIOMMYECKUX MOKa3aTenen
peXxxuma BypeHus, Tak U OT KOHCTPYKTUB-
HbIX NapaMeTPOB FOPHOrO MHCTPYMEHTA
[2]. Ocoboe BnusiHMe 3aeCh OKa3biBaeT CTe-
MeHb U3HOCa Ne3BU BypoBbIX Pe3LoB, Mo
Mepe KOTOPOro NpomMCXoamuT NnageHne cko-
pocTu bypeHus [3]. Mpv onpeaeneHHOM u3-
HOCe pe3L0B BpallaTesbHOe bypeHue CTa-
HOBUTCS HepaLuMoHanbHbIM. B 3ToM cBa3n
OOHWM M3 NMyTen NoBbILEHUS IPPEKTUB-

HOCTM BpaLLaTeNibHOro BypeHus SBAseTCs
MOMCK HOBbIX MaTepuanoB A/ CO34aHus
pexxyLmux BcTaBok 6ypoBbix pe3uos. Oc-
HOBHbIM TpebOBaHMEM K TaK1M MaTepuanam
SIBNSIETCS MOBbILLIEHHAst U3HOCOCTOMKOCTb.

K HacTosiLLeMy MOMEHTY MpUMeHeHMe
MaTepuasnoB Ha OCHOBe Kapbuaos Bosboh-
paMma B Ka4eCTBe apMUPYHOLLIMX BCTABOK AJ1St
OypOBbIX pe3LOB MpPaKTUYECKU HE UMeeT
pe3epBOB MO MOBbILLEHWUIO U3HOCOCTOMKO-
CTV MOPOAOPa3PYLLAOLLErO MHCTPYMEHTA
W, COOTBETCTBEHHO, MO YBE/IMYEHUIO CKO-
pOCTU pa3pyLLUEHUs TOPHbIX MOPOZ 3a CUET
MPUMEHEHUS  BbICOKOMPOW3BOAUTENbHbIX
pexunmoB bypeHusi. Takum 0bpa3oMm, Tex-
HOJIOFMYECKMUIM MPOPbIB 34eCb BO3MOXEH
NULWb NPY YCIOBUK 3aMeHbl BONbhpaMo-
KODanbTOBbIX CMIABOB Ha COBPEMEHHbIE
CBEPXTBEPLblE KOMMO3ULIMOHHbIE MaTepu-
anol (CTKM).

B HacTosILLMI MOMEHT TEXHONMOIUS UC-
MbITaHUI OYpOBbLIX Pe3L0B peannsyeTcs
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MoCpeacTBoM BypeHUst KPOB/IM FOPHbIX Bbl-
paboTOK MCCNesyeMbIM UHCTPYMEHTOM.

[aHHbIn noaxon TpebyeT Hannuua go-
CTOBEpPHbIX CBEAEHMI O MPOYHOCTU pas-
pyLLaEMOro MaccuBa, Tak Kak NpoBeAeHue
UCMbITaHWUIN B3 YTOYHEHMS MPOYHOCTHbIX
CBOWMCTB MOPOLHbIX C/IOEB KPOB/IM MOXET
MPUBECTYM K BOMBLIMM MOrPeLLIHOCTSM BCnes:-
CTBME LUMPOKOrO AMana3oHa U3MEHEHUS
(hU3MKO-MEXaHNYECKUX CBOMCTB FOPHbIX MO-
poA, B Npesenax 0OaHOro nyacrta nog Bauvs-
HMEM Pa3nnyHbIX (PaKTOPOB OKPY>KatoLLEen
cpenbl.

Tak, HanpuMep, NPOYHOCTb NPU OAHO-
OCHOM CXXaTuK afeBpOSIUTOB W apruaiu-
TOB nnacTa «[1oneHoBCKMM» LIaxTbl UMe-
Hu Knposa namensieTcsa ot 20 no 60 Mla,
T.e. B 3 pa3a. [1poYyHOCTb MecyaHMKOB AaH-
Horo niacTa konebnetcsa ot 40 no 100 MMa,
T.€. U3MeHsieTcs B 2,5 pasa.

BpemeHHOe conpoTuBneHme CXxaTuro
necyaHukos nnacta 21 waxtbl Onbxepac-
ckast uamensietcs ot 40,4 no 146 Mlla (6o-
nee YyeM B 3 paza), anesponutoB — ot 21,7
po 99 MTla (6onee yem B 4,5 pasa), rpa-
BenutoB — oT 34,4 no 117,8 MTla (6onee
yeMm B 3 pasa).

CrepnyeT Takxe OTMETUTb, YTO MOrpeLL-
HOCTb B OMpEeLeIEHNN MEXaHUYECKMX CBOMCTB
FOPHbIX MOPOL, OKa3bIBAET HEraTUBHOE BNNSI-
HWe He TOMbKO Mpu pa3paboTke ropHoOro
MHCTPYMEHTA, HO U 3a4acTyro NPUBOAUT K
HepaLMOHaNbHOMY NMPUMEHEHUIO FOPHbIX
MaLUWH BCNEeACTBUE 3aBUCMMOCTU UX KOH-
CTPYKTUBHbIX MapamMeTpoB OT ¢u3mKo-Me-
XaHUYEeCKUX CBOWCTB pa3pyLUaeMbiX 00b-
exToB [4, 5].

YunTbiBas BbILLIEN3NOKEHHOE, MOXHO
KOHCTaTMpOBaTb, YTO MOBbIWeHWe 3hdek-
TUBHOCTW BpaLLLaTeNIbHOrO BypeHust LLINMypoB
TpebyeT He TONbKO CO3AaHUs HOBbIX 0bpas-
uoB 6ypoBbix pesuos Ha ocHoBe CTKM,
HO TakXe W pa3paboTku MeTomonoruye-
CKMX OCHOB MPOBELEHUSI UX UCMbITAHUN,
OCHOBOW KOTOPbIX JO/MKEH SIBASITLCS 3KC-
Npecc-MeToL, ornpeaeneHnst MPOYHOCTU rop-
HbIX MOpPOA.
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3a pybeXkoM Mpu BeAEHUM FOpHbIX paboT
B HacTosILLee BpeMsi HanbosbLLEee pacnpo-
CTpaHeHWe MONYYUSIU SKCMPECC-METOAbI
onpeneneHunsl MPOYHOCTU FOPHbIX MOPOA,
nocpencteoM mMonotka LLmuara (Method
for Determination of the Schmidt Hammer)
[6, 7] v ucnbiTaHWem obpasua nopoapl To-
YEYHOW HarpyskoM Ha creuuanbHOM Mpu-
6ope (Method for Determination of the
Point Load Strength Index of Rock) [8].
[aHHble MeToLbl pernaMeHTUPYOTCS U pe-
KOMEHIYIOTCS K MpUMeHeHUo MexayHa-
POAHbIM OBLLECTBOM MO MEXaHWUKE FOPHbIX
nopog, (ISRM).

B ocHoBe npuHUMNa fencTBMS MONOTKA
LLIMuaTa nexuT B3aMMOCBS3b MEXY Bbl-
COTOV OTCKOKa GOMKa npu co3naHuK yaap-
HOro MMMynbca MO MOPOAe C 33afaHHbIM
ycunveMm u ee npoyHocTbto. OnpenenexHvie
MPOYHOCTHbIX CBOMCTB OCYLLECTBASIETCS MO-
CPefCcTBOM MOCTPOEHMUS KOPPENSILUOHHBIX
3aBucumocTen [9]. [aHHbIM MeToA nepBo-
Ha4afbHO Hallen LUMPOKOe NMpUMEHEHUE B
CTPOVTENbCTBE AJS ONpPeAeeHUs NMPOYHO-
CTU 6eToHa, 04HAKO B AaNbHEWLIEM CTan
NPUMEHATLCS TakxKe U B ropHoMm aene [10,
11].

CnepyeT OTMETUTDb, YTO 3HAUMTENIbHas
HEOLHOPOLHOCTb FOPHbIX MOPOA BHOCUT
6ONbLUYIO MOrPELUHOCTb MPU OLEHKE UX
MPOYHOCTU C MOMOLLbH0 MonoTKa LLimMuaTa.
Mpu 3TOM UccnenoBaHWe CKanbHbIX MOPOL,
TpebyeT 0b6s13aTeNIbHOM TapupOBKM MOJOT-
Ka 015 KaXX[0ro BUAA MOPOAbl Ha KaXKAoM
KOHKpeTHOM MecTopoxaeHun [12, 13].

B cooTBeTCTBUM C METOLOM TOYEUHOM
Harpy3Ku ornpeaeneHue NPoYHOCTU FOPHOW
MOpOoAb! OCYLLECTBSIETCS MOCPELCTBOM Paz-
pyLLEHUs 0bpa3Lia Mexay KOHUYeCKuUx ny-
aHcoHoB. McxoaHbIM NapamMeTpoM Aist Bbi-
YMCNEHUS MPOYHOCTU ABNSETCS yCUMe,
HeobxoouMoe sl packasblBaHUS MOPOAbI.
Ha ocHoBaHMM ero BeMYMHBI NPOU3BO-
OUTCS onpefeneHne MHAEKCa NPOYHOCTH
MCMbITaHHOM NMOPOAbI C AaSIbHEMLLNM Bbl-
YMCNIEHMEM Mpefenia NPOYHOCTM MpY of-



HOOCHOM CXKaTUM U PacTSXKEHUM MO Koppe-
NALMOHHBIM 3aBUCMMOCTSM. B kavecTse
06pasLoB ropHOM NOpoabl MOryT UCMOb-
30BaTbCsl KEPHbI, KOTOPbIE B COOTBETCTBUM
C METOAOM MOTyT ObiTb pa3pyLUeHbl aK-
CUaNbHbIM UKW AMaMeTpasbHbIM MPUo-
YKEHWMEM Harpysku. MeTon Take MoXeT
ObITb peann3oBaH Ha 0bpasLax KyCckoBsa-
Tou popmbl [8, 14].

B HacTosiLee Bpemsi MeTOf TOYEYHOM
HarpysKku Hallen LUMPOKOEe MPUMEHEHUE B
FOPHOW OTpacnv ANsi peLleHus Npov3BOa-
CTBEHHbIX 33[a4 B Pa3/IMYHbIX CTPaHax MU-
pa [15]. Tak, nccnepoBaTenbckoe noapas-
[leNeHne HeEMeLLKON MaLUMHOCTPOUTENbHOM
komnaHum Thyssen Krupp Fordertechnik
YCreLwHo NpUMEHSIeT AaHHbIM MeTon Ans
OLLEHKM MEXaHUYeCKUX CBOMCTB NMOPOA, pas-
JINYHBIX MECTOPOXKAEHMI NMPU NPOEKTUPO-
BaHUW ANS1 HUX FOPHbIX MaLwmH. [pu 3Tom
MCMONb3yeTCs CreumanbHO pa3paboTaHHoe
B KOMMaHUKM MporpamMMHoe obecnevyeHune
ONs 06paboTKM pe3ynbTaToB UCMbITaHWUM
0b6pa3LoB ropHbix nopog, [16, 17]. Mpor-
pamMMHOe obecrneyeHune NO3BONSIET BbIYMUC-
NSTb TakuMe XapaKTepUCTUKM, KakK UHOEKC
MPOYHOCTU FOPHOW MOPOAbI, CPELHUE U
MaKCUMasibHble 3Ha4YeHUsI NMPOYHOCTU Ha
PaCTSKEHWE U CKATWE, HaK/IOH perpeccu-
OHHOM NpsiMOK, NapaMeTp pa3bpoca npoy-
HOCTM, @ TaKXKe SHepreTUYeckue 3aTpaThbl
Ha pa3pyLUeHMe FOPHOM MOPOAbI.

CnepyeT yKazaTb, YTO MPUMEHUTENBHO
K pELLEHWIO 334341 MO ONpeseneHuU o Npoy-
HOCTM MOPOAHbIX C/I0EB KPOBMIM FOPHOW
BbIpabOTKM MCMOMb30BaHWE METOAA TOYeY-
HOM Harpysku BO3MOXXHO JILLb NMOCPea-
CTBOM MCMbITaHUS BbIOYPEHHbIX KEPHOB.
Mpu 3TOM HEOBXOAMMOCTb Y4eTa C/IOUCTON
CTPYKTYpbl 0CaA0UHbIX FOPHbIX MOPOS, a TaK-
K€ pacrnuioBKU KEPHOB A0 TpebyeMbix
CTaHAAPTOM pa3MepPOB YC/IOXKHSIET MpoBe-
JEeHWe UCCeaoBaHNM.

B Poccum HamnbonbLuee pacrnipocTpaHe-
HUWe Mpu PELLEHUM FOPHO-TEXHOMOMMYECKMX
3a4a4 NoyYunIn 3KCNpecc-MeToA Onpeae-
neHus ko3chbULMEHTa KPEMOCTU TOPHbIX

nopog no NOCT 21153.1-75 n akcnpecc-
MeTO[, ONpeaeneHnsl KOHTaKTHOW MPOYHO-
ctu, pernameHTupyembivi FTOCT P 50834-95.

KoadbduumneHT kpenocTn ropHom no-
poabl B cootBeTcTBMM ¢ TOCT 21153.1-75
BbIUMC/ISETCS HAa OCHOBaHMM obbeMa pak-
LMW FOPHOW MOpOofbl NMOC/Ee NPOCENBAHMS,
0bpa3oBaHHOM ApobneHveM obpasua 3Ta-
NOHHOM rupen. MeTop peanusyetcs c no-
MOLLIbIO CneumanbHoro npubopa MOK-1.

HepnoctaTkoM MeTona SBNSIETCS HU3Kas
TOYHOCTb, @ TaKXXe HeobXoAMMOCTb MoA-
FOTOBKM KEPHa K MPOBEEHMIO UCTbITaHWUI
MOCPEeLCTBOM pa3AeneHust Ha 0bpasLbl pe-
rnamMeHTMpyeMoro obbema.

KoHTakTHasi MpoYHOCTb B COOTBETCT-
Bum ¢ FOCT P 50834-95 Bbluncnsietcs Ha
OCHOBaHWUW BENIMUYUHBI YCUNUIA, HEOBXOAN-
MbIX ANS1 pa3pyLueHus 0b6pa3La ropHou no-
poabl ABYMS MHIAEHTOpamu B (opme yce-
YEHHOr0 KOHYCa C pa3fIMYyHbIM ANaMeTpoM
ocHoBaHui. CornacHo aaHHOMY 3Kcrnpecc-
MeToLy OrnpefeneHve KOHTaKTHOW Mpou-
HOCTM BO3MOXHO OCYLLECTBASTb 1 BAAB/IU-
BaHWEM WMHAEHTOPA B CTEHKY CKBaXXMUHbI,
YTO MO3BOJISIET YCTaHABIUBATb MPOYHOCT-
Hble CBOMCTBA NMOPOAHbIX NMPOCI0EK KPOB-
nun. OfHako B3aMMOLENCTBME UHAEHTOPA
B BMAE YCEYEHHOr0 KOHYyCa C LUAVHAPU-
YeCKoM MOBEPXHOCTHIO CTEHKM CKBaXKUHbI
NpUBOOMT K 06Pa30BaHUIO KOHLIEHTpaTopa
HaMps>XeHWUM U pa3pyLUEHUIO FOPHOM Mo-
pOAbI NPV MEHbBLLEM YCUIIUU, YTO MCKaXKa-
€T pe3yNbTaTbl U3MEPEHUW B CPaBHEHUM C
KOHTaKTHOW MPOYHOCTbHO, YCTaHOBNEHHOM
npu UCMbITaHUM 0bpa3La.

DTOT HepjocTaTOK Obll yCTpaHeH B
aKcnpecc-mMeTone, paspaboraHHoM B MH-
ctutyte yrnsg CO PAH [18]. Otanumtens-
HOW OCOBEHHOCTbIO MEeTona SIBNSIETCS UC-
MONb30BaHWE UHAEHTOPA CO Chepuyeckom
KOHTaKTHOW MOBEPXHOCTbIO. AHanuTuYe-
ckoe 0DOCHOBaHME HOBOro 3KCMpecc-me-
Toga 6bino maHo H.B. YepmaHueBsbiMm,
B.T. Mpecnepom u B.E. AHydpreBbiM Ha
OCHOBaHMM Knaccuyeckon 3agaum I Mepua
[19]. Ons peanusaumm mMeToaa aBTOpaMu
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Puc. 1. JlabopatopHas Bepcns ycTporicTea «[1pouyHocTHomep MCLL-1x»
Fig. 1. Laboratory version of the device «Strength meter PSSH-1»

6b11 NpenioXxeH Npubop, KOTOPbIW Mony-
yun HassaHwue «lMuHomeTtp» [20]. OgHako
pa3paboTumMKM SKCMpPecc-MeToAa Tak U He
YCTaHOBU/IN KOPPENSILUOHHOW 3aBUCHMO-
CTV LNs OMpPeAeneHus MPOYHOCTM NOPOAbI
Ha OCHOBaHMW NMapaMeTPOB ee pa3pyLUeHUs!
WHAEHTOPOM.

CnenyeT Tak)xe OTMETUTb, YTO UCMOSb-
3yeMbii B Npubope MHAEHTOP UMEET 3Ha-
untenbHbin gnametp (10 mm) [19], uTo 3a-
TPYAHSIET NMPUMEHEHME 3KCMpecc-MeTona
L1 UCCNEefoBaHMS 0COB0 KPEMKMX FOPHbIX
nopog.

CnoxwBLuascs cuTyaums nokasana oT-
CYTCTBME 3KCMPecc-MeToAa U TEXHUYECKO-
ro yCTPOMCTBA AJis €ro peanvsauuu, yaoBs-
NETBOPAOLLMX TPeBOBAHMAM OMEPaTUBHOMO
YTOUYHEHMSI MPOYHOCTHbIX CBOMCTB MOPOA-
HbIX NMPOCIOEK KPOB/IN FOPHbIX BbIPaboToOK
npv NPOBELEHUM UCMbITaHUI By POBbIX pe3-
LLOB. DKCMPEeCC-MeTOoA, COOTBETCTBYHOLLIMM
LaHHbIM TpeboBaHuMaM, Obin pa3paboTaH
aBTOPOM HacTosiLien cTaTbu. B cooTtseT-
CTBUM C HUM Mpesen NMPOYHOCTU FOpPHOU
nopoabl yCTaHaBNMBAETCS Ha OCHOBaHUM
ycunus, HeobxoanMOoro ANs BHELPEeHUS
nHaeHTopa ¢opmbl 67 no FTOCT 880-75
Ha rnybuHy 0,5 MM B ropHyto nopogay,
B CTEHKY CKBaXXMHbI, MPOBYpPEHHON B KPOB-
Ne anMa3HoW GypoBOM KOPOHKOM Auame-
TpoMm 56 MMm.

Mcnonb3oBaHWe anMasHOM KOPOHKM
obecneyvBaeT NpUeMNIEMYHO TOYHOCTb IKC-
npecc-mMeTofa, Tak Kak obecneunsaeT dop-
MWUPOBaHWE MOBEPXHOCTU CKBaXKMHbI 6e3
KOHLIEHTpUYEeCKNX 6opo3a, 0bpasyoLmx-
cs B Cny4yae BypeHus pesLoBbIM MHCTPY-
MEeHTOM. B pesynbTaTte 3TOro KOHTaKTHbIE
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yCNoBUS MpW NPOBEAEHUUN U3MEPEHWIA Pa3-
JINYHBIX MOPOA OCTAKTCS HEU3MEHHbBIMMU.

[ns peanuszaumm MexaHM3Ma KOHTaKT-
HOMO pa3pyLUeHMs FOPHOM NOpOAbl B CKBa-
XMHEe B COOTBETCTBMMU C JaHHbIM 3KC-
npecc-MeToAoM bbiio pazpaboTaHo cne-
uManbHoe ycTporctBo «[lpoyHocTHOMep
MCLU-1», nabopaTopHasi Bepcusi KOTOPOro
npuBesaeHa Ha puc. 1. YctpowcTteo coctout
13 CMNOBOrO ruapounnuHapa 1, umetroLe-
ro rMApaBIMYECKYHO CBS3b C U3MEpUTESTb-
HbIM rugpoumnuHapom 2. NHpeHTop ons
paspyLUeHUs TOPHOW NMOPOAbI COELUHEH CO
LUTOKOM CUJI0BOrO ruppoumnuHapa 1 wu
NPUBOOMUTCS B LBUXKEHME 3@ CYET Mofayu
B CMI0BOM ruapoumnmHap 1 paboyen xxua-
KOCTW Yepe3 pykaB 3. Hannuune npu stom
rMApPaBANYECKOM CBA3U MEXAY CMIoBbIM 1
M U3MEPUTENbHBIM TUAPOLUANHLPOM 2
obecrneymBaeT OTCNEXMBAHME MONOXKEHUS
MHOEHTOpa 3a CYET JaTyMKa nepemelle-
HWS, B3aWMOAEWCTBYHOLLErO0 CO LUTOKOM
M3MEPUTENbHOMO ruapouunuHapa 2.

KoppensiLmMoHHas 3aBUCMMOCTb, CBA3bI-
BatOLLLAS YCUSIME HA UHOEHTOpe, HeobXoAM-
MOe 4/ er0 BHELPEHUS B FOPHYHO Nopoay
Ha rnybuHy 0,5 M, 1 ee npesen NpoYHOCTH
Npy OZHOOCHOM CXaTwuw, Bblia yCTaHOB-
NeHa Ha OCHOBAaHUM 3KCMEPUMEHTaNbHbIX
DaHHbIX, NMOMYYEHHbIX MPY UCMbITaHUM 06-
pa3LoB ropHbix nopog. Mpu 3ToM B 06-
pasle BblOyprBanoCh anmasHou GypoBow
KOPOHKOM MepreHAMKYNSPHO K HannacTo-
BaHWIO OTBEPCTWE AMaMeTpoM 56 MM ons
ycTaHoBKM ycTpowcTea «[1poyHocTHOMep
MNCLU-1» (puc. 2, a).

[anee npoBoannoCh MHAEHTUPOBaHUE
obpasua npubopom (puc. 2, 6) He MeHee



ap

Puc. 2. BbibypuBaHue oTBepcTHs B 06pasLe aneBponunTa (a), UcroiTaHue obpasua yrs ycTporcTBom «[1pou-

HocTHomep [MCLL-1» (6)

Fig. 2. Drilling a hole in a siltstone sample (a), testing a coal sample with a «Strength meter PSSH-1» (b)

6 pas Cc LOBEpUTENbHbIM UHTEPBANIOM, HE
npesbiwarowmm 20%, a Takxe onpege-
NSNca npeaen NPoYHOCTM FrOPHOW Noposbl
Mpy OLHOOCHOM CXXaTUW B COOTBETCTBUM C
MOCT 21153.2-84.

Kak 6bino nokasaHo B pabote [21], oc-
HOBHOW NMPUYMHOW BbIXOAA U3 CTPOsi Bypo-
BbIX PE3LLOB SBNSETCS 3aTyNJIeHUEe pexy-
LLMX BONb(PaMOKOBaNbTOBbIX BCTABOK, YTO
aKTyanusupyeT UCC/IELOBaHMS, HAarpaBieH-
Hble Ha MPUMMEHEHWE HOBbIX MaTepuanoB
IS apMUPOBaHUS TOPHOTO MHCTPYMEHTA.
Haunbonee nepcnekTMBHLIMU Cpeay Takux
MaTepuanoB SIBNSHOTCS CBEPXTBEPAbIE KOM-
Mo3uThbl.

CaepxTBepble KOMMO3ULIMOHHbIE MaTe-
pUWanbl, BbIMYCKAaEMbIe B MPOMbILLIEHHbIX
MaclTabax, UCMONb3YHT B CBOEM OCHOBE
KybuueckuMn HUTpug 6opa vamM CUHTETU-
yeckmit anmas [22].

OCHOBHbIM LOCTOMHCTBOM CUHTETUYE-
CKMX aNIMa30B SBNSeTCS HanbonbLas TBep-
[OCTb CPeau BCeX CBEepPXTBEPAbIX MaTe-
puanos. bnarogaps aToMy anmasHbIv UH-
CTPYMeHT 0bnajaeT BbICOKOM abpasvBHOM
CTOMKOCTbIO M YCMELIHO NPUMEHSIETCS B
rOpHOM OTpacin U 0b6paboTke LBETHbIX
MeTaiNoB 1 nx cnnasos [23]. OgHako cy-
LLECTBEHHbIM HEAOCTAaTKOM TEXHUYECKMX
asIMa3oB SIBMSETCA HU3Kas TepMuyeckas
CTOMKOCTb, YTO MPENATCTBYET NPUMEHE-
HUIO TaKMUX KOMIMO3UTOB MpU TeMMepaTypax
Bbiwe 400 °C [24].

[ns co3paHms GypoBOro MHCTpyMeHTa
B HacTosILLiee BPEMS UCMO/b3YHOTCS aiMas-
Hbl€ KOMTMO3ULMOHHbIE MaTepuasbl C ABYX-
cnonHon cTpykTypou. [MonyyeHne Takmx
KOMMO3MTOB OCYLLECTBNISIETCS MPU BbICOKMX
naBneHusx, nopaaka 6 —8 Ma, u Temne-
patypax 1400—1600 °C. Anmasocogep-
aLui cnomr B koMnosmTax GpopmupyeTcs
nocpeactsoM cesizki Co-WC-C, koTopas
MHOUNBTPUPYETCS U3 MOAJIOKKM Ha OCHO-
Be CreyYeHHOro kapbuaa sonbdpama [24].

OCHOBHbIM HELOCTAaTKOM TaKUX pexy-
LWMX BCTAaBOK SIBNSKOTCS CYLLECTBEHHbIE
orpaHu4YeHus B BblibOpe pexuMa paboTbl
WHCTPYMEHTA, 4YTO 00YCNOBNEHO NMPUCYT-
CTBMEM KODanbTa B a/IMa3HOM CJOE, KOTO-
pbIVi CHUXKAET TEPMOCTOMKOCTb KOMIMO3MTA.
TemnepaTypa HarpeBa ne3BUSt PeXKYLLUX
MNaCTUH NPU 3HAYUTENbHBIX CKOPOCTAX
pe3aHus MoxeT goxoauTb fo 700 °C, uyto
NpUBOOUT K BbICTPOMY TEPMUYECKOMY W
XMMWUYECKOMY U3HOCY MHCTPYMeHTa [24].

CeepxTBepble MaTepuasbl Ha OCHOBE
Kyburueckoro HUTpmAaa bopa NnLLEeHbI 3TUX
OrpaHUYEHUN, U HE3HAYUTENBHO YCTynMa-
tOT @/IMa3HbIM KOMTMO3MTaM Mo TBEPLOCTMU.
OHM MMEIT OTIMYHYHO CTOMKOCTb K yaap-
HbIM Harpyskam 1 061agatoT HU3KUM KO-
apduumeHTomM pecdopmaumm npu pabote
B YC/I0BMAIX BbICOKMX TemnepaTyp [22].
B 3701 cBSI31 UccnenoBaHUS BO3MOXHOCTM
MCMOMb30BaHUS TakMX KOMMO3WUTOB AJist
apMUpoBaHusi BypoBbIX Pe3LoB SBASOTCS
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Lnou KHb

Puc. 3. KoHCTpyKLmS pexkyLLmMx naacTUH, MPUMEHSAEMbIX B 3KCMIEPUMEHTasIbHbIX 6ypoBbIX pe3uax
Fig. 3. Design of cutting inserts used in experimental drilling cutters

aKTyanbHbIMM M 001afat0T NPaKTUYECKOU
3HaYMMOCTbHO A1 TOPHOM MPOMbILLIEH-
HOCTW.

[ns npoBegeHus nccnenoBaHui bbin
BbIOpaH KOMMO3UT C BbICOKMM COLEPYKaHU-
em (bonee 70 macc.%) kybuueckoro Hu-
Tpuaa 6opa (KHB) cBN-AL-TiC. PexxyLine
BCTaBKM BOblny BbIMOMHEHbI KPYT/IOM U MO-
NyKpyrnou ¢hopMbl U NpencTaBasam cobou
TBEPAOCMAaBHbIe MNACTUHbI, NMOKPbITbIE
cnoem KHbB (puc. 3). Ha ocHoBe faHHbIX
BCTaBOK OblNM M3rOTOB/EHbI ABYXMNepble
n Tpexnepble BypoBble pe3Lbl AUaMeTpPoM
28 mM (puc. 4, a-8). C uenbto npoBeaeHUs
CPaBHWUTENIbHOM OLLEHKU B UCCNIELOBAHUSX
TaKXXe MCMO/b30BaINCh CEPUIHbIE pe3Libl
PMY-30/M16 (puc. 4, 2).

DKCNEePUMEHTbI MO UCCNEN0BaHMIO Pas-
paboTaHHbIX 3KCMEPUMEHTaNIbHbIX KOHCT-
PYKLMIA BypOoBbIX pe3LL0oB OblM OCyLLecTB-

a) 6). ~

NeHbl Ha NlabopaTopHOM GYpOBOM CTeHAe
B ycnoBusix OO0 «[opHbI MHCTPYMEHT»
(r. HoBOKy3HeLK) 1 Ha MPOU3BOACTBEHHbIX
yCTaHOBKax Ha rOpHOA0DbIBAOLLMX Mpea-
npuatuax AO «Pacnagckas-Kokcosasi»
(r. MexaypeueHck), OO0 «LLaxta Anap-
avHckas» (r. Kantan) n OAO «YK «He-
PHOHrpUyronib» — waxTa «eHucoBckas»
(r. Heptonrpu). KoadduumeHT kpenocTu
paspyLUaeMbiX FOPHbIX MNOPOZ, U BETOHHbIX
6/10K0B, UCMONb3YEMbIX NpY BypeHUM Ha
nabopaTopHOM cTeHAe, cocTaBun 8 —9 no
wkane M.M. lNMpoToabskoHoBa.

PesynbTatbl

pacdmueckoe npencrasneHue 3aBuUCK-
MOCTM, CBS3bIBAOLLEN YCUINE HA WMHAEH-
TOpe, HEOOX0AMMOE [Nl er0 BHELPEHUS B
ropHyto nopoay Ha rnyéuny 0,5 M, u ee
npenen NpoYHOCTU MPU OLHOOCHOM CXKa-

Puc. 4. SkcriepumeHTanbHble KOHCTPYKLMM BypOBbIX pe3LoB: ABYXMEpbIX C Kpyraiou BcTaBkov (Tun 1) (a);
AByxriepbIx ¢ nonykpyrnov sctaskou (Tun 2) (6); Tpexnepebix (Tun 3) (B); cepuiiHoro pe3ua (Tun 4) (r)

Fig. 4. Experimental designs of drilling cutters: two-bladed with a round insert (Type 1) (a); two-bladed with a
semicircular insert (Type 2) (b); three-bladed (Type 3) (v); a serial cutter (Type 4) (g)
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Fig. 5. Correlation between the force on the indenter necessary for its penetration to a depth of 0,5 mm into the

rock and its uniaxial compressive strength

TWM, NpUBEAEHO Ha puc. 5. Annpokcumauys
[AaHHOW 3aBMCMMOCTM MO3BONSET 3aMmnCaTb
KOpPensiLMOHHOE YpaBHEHUWE B ClieAyto-
LeM Buae:

G, = 36,215 F %%, 1)
rae G_ — npeaen Npo4YHOCTW FOPHOM Mo-
poAbl NPV OAHOOCHOM OXKaTuu, Mra; Fw -
yCUNie Ha UHAeHTope ycTpowncTea «[Mpou-
HocTHomep [CLU-1», Heobxoanmoe Ans
ero BHefpeHus Ha rnybuHy 0,5 MM B rop-
HYIO MOpoLy, B CKBaXWHE [AMaMETPOM
56 MM, kH.

MepeyeHb 06Pa3LOB rOPHbLIX NOPOA, Ha
OCHOBaHWUM UCMbITAaHUI KOTOPbIX Bblna yc-
TaHoBneHa 3aBucumMocTb (1), npuBeneH B
Tabnuue. Takxke B Hel yKa3aHO OTK/IOHEHME
BEJIMYUHDI Npesenia MPOYHOCTH NpU OAHO-
OCHOM COXXaTuW, OnpeaeseHHON B COOTBET-
CTBUM C pa3paboTaHHbIM 3KCMPECC-MEeTo-
[OM, OT 3Ha4YeHUsl, YCTaHOBNEHHOIO B CO-
otsetcteun ¢ FOCT 21153.2-84.

MpoBeneHHbIE UCMbITAHUS SKCNIEPUMEH-
TaNbHbIX KOHCTPYKLMIM BYpOBbIX pe3LoB
Ha OCHOBe Kybuueckoro HUTpuza bopa no-
Kaszanu, 4yTo byposou pesew, Tuna 1 obna-
[aeT HaMboNbLIMM pecypcoM Cpeam BCex
pa3paboTaHHbIX pe3uoB. Beicokyto mn3Ho-
COCTOMKOCTbHO TaKXKE UMEIOT U OCTasIbHbIE
LBYXMEpPble 3KCMEePUMEHTANbHbIE pe3Libl

(Tun 2, Tun 3). CkopocCTb 6ypeHus 3kcne-
pUMeHTaNlbHbIMW ABYXMEPbIMK pe3Lamu 1
cepumHbIM pesuoM Tuna 4 okasanach npak-
TUYECKM OOMHAKOBOM WM COCTaBWIa OKOO
26,5 mm/c. bypeHue TpexnepbiM pe3Lom
Tuna 3 B npouecce UcnbiTaHWUM HbLIO Npe-
KpaLLeHO M3-3a He#oCTaTka yCuus nopa-
uu, obecrneymsaemMoro BypoBOM YCTaHOBKOM
[25]. Pe3ynbTaTbl NpoBeAeHHbIX Uccneno-
BaHWW CBMAETENbCTBYHOT O BO3MOXHOCTYU
co30aHMs 3PDEKTUBHBIX KOHCTPYKLMI By-
POBbIX Pe3LI0B Ha OCHOBE KYOMYECKOro Hu-
Tpvaa 6opa.

Pe3ynbTaTbl NpoBefeHHbIX UCCNea0Ba-
HMI NMOKa3bIBaOT, YTO MCMONb30BaHUE pas-
paboTaHHOro 3KCrnpecc-mMeTona obecneyu-
BaeT OMNpeaeneHne NPOYHOCTU 0CafOUHbIX
1 MeTaMophU30BaHHbIX FOPHbLIX MOPOL, C
J0BEPUTENbHLIM MHTepBanoM +22%. [aH-
HblIl AOBEPUTENbHBIN MHTEPBaN TakxXKe Crpa-
BELUB U B BONMbLUMHCTBE CyyaeB npw
MCCnenoBaHUM MarmMaT1yeckmx nopog. Mck-
NHOYEHUEM B MPOBELEHHbIX UCCNEL0BaHU-
X CTaN KPaCHbI OPTOKJIa30BbI IPaHUT,
061aatoWmnmn 3Ha4YUTENbHOM HEOAHOPOA-
HOCTbHO, BbIPaXKEHHOW pa3MepamMu OKpa-
LUeHHbIX 0bnacTen, CoAepyKaLmMx pasnmny-
Hble MO CBOEMY COCTaBy MWHepasbHble
3epHa.
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OueHKa 0TK/JI0HEHUS] 3HaYeHUSA npeaesa NPoYHOCTU roOpHOM MOpPoAbI
rMpyu 0AHOOCHOM CXKaTuUM, YCTaHOBJIEHHOI0 3KCNpecc-MeTOAOM,

OT 3Ha4yeHus, onpeneneHHoro no FOCT 21153.2-84
Evaluation of the deviation of the value of the uniaxial compressive strength
of the rock, established by the express method, from value determined

in accordance with GOST 21153.2-84

lopHas nopopa

Mpepen npouHocTH
npu 0AHOOCHOM CXKa-
TUM, YCTAHOBJIEHHbIM
B COOTBETCTBMM C pas-

paboTaHHbIM 3KcN-
pecc-MeTopoM, MIMa

Mpenen npouHocTH
npyu 0AHOOCHOM
COKaTUK, YCTaHOB-
JIeHHbI! B COOT-
BetctBumn ¢ FOCT
21153.2-84, MINa

BennuunHa
OTKJIOHEHMS
pesynbTaToB

aKcnpecc-

MeTopa
ot FOCT, %

Yronb (waxra «Onbayepacckas»,

nnact 21-1-11, mapka MKO) 14,66 13,00 12,78
Yronb (waxta «um. Knuposa»,

nnact MNoneHoBckui, Mapka MXK) 11,90 15,00 -20,66
MecuaHuk

(paspe3 «TananHckmi», nnact 67) 162,62 135,25 20,24
YrancTbiv aprunnumT (LwaxTa

«mM. Kuposa», nnact MoneHoBckumi) 54,87 70,00 -21,61
ANeBponnT KPYMHO3EPHUCTbIN

(TepcuHckui parioH Kemeposckoi

obnactu, MakapbeBckoe

MECTOPOXKAEHNE KAMEHHOIO YI/s) 88,59 93,40 -5,15
MecyaHunk (TepcuHCKUA panoH

Kemepogckow obnactu, MakapbeBckoe

MeCTOPOXAEHNE KAMEHHOTO YI/isl) 86,42 96,55 -10,49
AneBponuT (WwaxTa « AnapauHcKas»,

BEHTU/SLLMOHHbIN WITpeK 3-14) 70,36 75,00 -6,19
MecyaHUCTbIV aneBponuT

(pa3pe3 «TanguHckumm», nnact 84-86) 57,85 74,02 -21,84
MecyaHuk (waxta «Onbaxepacckas»,

nnact 21-1-11) 52,39 45,00 16,42
Aprunnut (paspes «TanguHCKUmn»,

nnact 67) 48,23 4310 11,89
Mpamop po3oBbin 88,50 72,57 21,96
Mpamop 61eaHO-po30BbIN 89,86 83,83 7,20
Na6ponoput 140,49 174,79 -19,62
[paHUT cepo-3eneHbin 141,74 141,99 -0,18
[paHWUT KpacHbIN OPTOK/IA30BbIN 155,86 118,76 31,23
[paHuT cepbin 120,88 149,26 -19,01
[paHWT 6nesHO-KOpPUYHEBbIV 110,46 140,76 -21,53
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Puc. 6. Pe3ynbTaTbl UCMbITaHUI pa3paboTaHHbIX KOHCTPYKLUMI 6YPOBbIX PE3LOB: pecypc (a); 3HeProeMKoCTb

6ypeHus (6)

Fig. 6. Research results of the developed designs of drilling cutters: resource (a); energy intensity of drilling (b)

O6cyxpeHue pesynbTaToB

AHanuzmpys 3HeproeMKoCTb paboTbl UC-
MbITAHHOrO FOPHOrO WMHCTPYMEHTa, CTOUT
OTMETUTb, YTO BypeHwe pe3uom Tuna 3 no-
TpeboBano HaMbONMbLLUMX SHEPreTUYECKUX
3aTpaT, KOTOpble NMpeBbILAKT bonee Yem B
2 pa3a AaHHbIM NnokasaTesib paboTbl 0CTanb-
HbIX pe3uoB. [pu 3ToM 3HeproeMkocTb by-
peHUS ABYXMEPbIMU IKCNEPUMEHTabHbIMU
pesLamMu OT/IMYaeTCst OT NapaMeTpoB pa-
60Tbl CTaHAAPTHOrO UHCTPYMEHTA B Npese-
nax CTaTUCTMYeCKoM ownbkum (puc. 6, 6).

3aknoueHune

Anpobauus pa3paboTaHHOro 3Kcnpecc-
MeTofa Oblna OCyLLECTBIEHA B YC/IOBUSX
000 «AbakaHckun pyoHuK» (r. Abaza) no-
CpefCcTBOM OMpesesnieHus MPOYHOCTU pya-
Horo Tena Ha ropusoHTe -200 ™. [Mpou-
HOCTb PyAbl MPU OLHOOCHOM CXaTuK B
COOTBETCTBMU C JaHHbIMU reosoropasse-
DOYHbIX paboT Ans LaHHOrO rOpU3OHTa
cocTaensieT nopsaka 128,282 Mrlla. Oonon-
HUTENbHbIK OTOOP 06pa3LLOB pyAbl C ro-
PU30HTA C AaNbHENLLUM WUX UCMbITaHUEM
B NpodwubHOM NnabopaTopuu nokasan Be-
NNYUHY Mpeaena NPOYHOCTM NPU OfHOOC-
HoM oxatuu pyabl B 1455 MMa. Mpu
3TOM MPOYHOCTb PYAHOrO Tena Ha AaHHOM
rOpPV30HTE, YCTAHOBMIEHHAs C MOMOLLbIO
pa3paboTaHHOro 3Kcrpecc-mMeToma U ycT-
povicTea «[lpouHocTHomep MCLU-1», co-
ctasuna 150,27 MTla. Taknm obpasom, oT-

KJIOHEHME pe3ynbTaTa U3MEPEHWI NOCpes-
CTBOM pa3paboTaHHOro 3Kcrpecc-mMeTona
OT JaHHbIX reosoropasBefoyHbIX paboT u
UCNbITaHWUM B NpoduibHOM nabopaTopum
coctasuno 17,14% w 3,28% cootseTcT-
BeHHO. BennuunHa oTkI0OHEHUN yKnagbl-
BAaeTCs B YCTAHOB/IEHHbIV B 3KCMpecc-Me-
TOAe [OBEepUTENbHbIM MHTepBan B £22%.
TakuM o0b6pa3oM, pazpaboTaHHbIW 3KCM-
pecc-MeToq, MOXET ObITb MCMOb30BaH AN
YTOYHEHWS] MPOYHOCTM MOPOLHbIX CIOEB
KPOBIU, B KOTOPOM OCyLLecTBsieTcs bype-
HWE UCMbITYEMbIMU BYPOBBIMU pe3Lamu.
MonoXxunTenbHbIA OMNbIT anpobaumm Ha
PYAHWKE TaKyKe YKa3blBaeT Ha HasMuue nepc-
MeKTMB MCMONb30BaHWs OMUCAHHOMO 3KCr-
pecc-MeToAa npu peLleHumn 3asay npoek-
TUPOBaHUS, UCCNEAOBAHMS M ONTUMMU3ALMM
KOHCTPYKLMM BYpPOBbIX KOPOHOK U FOPHbIX
MaLUWH yaapHoro aenctsus [26, 27].
Pe3ynbTaThl NpoBefeHHbIX UCCNea0Ba-
HW CBUAETENBCTBYHOT M O BO3MOXKHOCTM 3Ha-
YUTENbHO MOBbLICUTbL Pecypc BypoBbIX pes-
LL0B 6e3 3HAUMNTENBHOMO YXY/ALLEHUS APYTUX
TEXHOMIOFMYECKUX XapaKTEPUCTUK paboTbl
MHCTPYMEHTa NOCPeLCTBOM apMUPOBaHUS
ne3BuUii BYpPOBbIX Pe3LOB KYOUYECKUM HU-
Tpuaom 6opa. Mpu 3ToM BbicOKast TepMu-
yeckasi CTOMKOCTb KOMMO3UTOB Ha OCHOBE
KHB no3gonseT akcnnyaTmpoBaTh ropHbIn
MHCTPYMEHT B COYETaHMM C BbICOKOMpPOU3-
BOLMTE/IbHbIMU peXxKMMaMu BypeHus npwm
Temnepatypax fo 900 °C B 30He pe3aHus.
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