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AxkmyanbHocmb uccriedosaHus 0bycnogneHa Heobxodumocmbio nouckog nymell yeenudeHuss hpedenbHol anybuHbl 6yPeHUsT CKBaXUH
ydapHo-epalwamerbHbIM CNOCOBOM U NOBbIEHUS €20 NPOU3BOOUMETBHOCMU.

Llenb: ycmaHosneHue thakma pocma npou3godumenbHoOCMuU npouecca y0apHo-8pawjamenbHo20 BypeHust Yepe3 nogbiueHue MexaHUu-
yeckoll ckopocmu BYPeHUst CKBAXUH NPU YBENUYEHUU SKCUEHMpUCUmema npusioxeHus ydapa, ycmaHoeieHUe OCHOBHbIX 3agucumocmeli
mexaHuyeckol ckopocmu bypeHus u yenybneHusi 3a 060pom Kak OMKIUKO8 cUcmeMb! «BypeHue» om eenudyuH ocesoli Hagpy3Ku, Ya-
CMOMbI 8paWeHUsT U SKCueHmpucumema npusoxeHusi yoapHbIx UMnynbcos; 060CHO8aHUEe pacliuperusi duanasoHa ahhekmusHo20
Da3pyLIeHUsI NTaCMUYHbIX 20PHbIX NOPOO.

06Bbekm: MexaHU3M paspyWEeHUsT 20pHbIX NOPOO BHEUEHMPEHHBIMU YOaPHBIMU UMNYITbCaMU.

Memodbi: nocmaHoeka U onucaHue 3KkCNepuMeHma no PaspyweHut0 20pHbIX NOPOO BHEUEHMPEHHbIMU YOapHbIMU UMNYbcamMu C UC-
NoMb308aHUEM 8 Ka4yecmee 2eHepamopa 8HEUEHMPEHHbIX YOapHbIX UMNYIbCO8 B8bICOKOYacCMomHo20 2udpoydapHuka B-6; usmepeHue
Nofy4YeHHbIX 8 Xo0e KCNEPUMEHMaA IMNUPUYECKUX AaHHbIX; camucmudeckasi 06pabomka NoyYeHHbIX IKCNEPUMEHMasbHbIX OaHHbIX
0151 ycmaHo8eHUs YCPeOHEHHBIX 3HaYEHUL OMKIUKO8 cuCmeMbI; 06pabomka nosyyeHHbIX 0aHHbIX N0 Memody NOHO20 (hakMOPHORO
3KCnepuMeHma, HaxoxdeHue Mamemamuyeckux modeneli MexaHuyeckol ckopocmu 6ypeHus U yenybneHus 3a 00uH 06opom 6 3agucu-
Mocmu om 8efIUYUH 0Cegoll Hagpy3KU U Yacmomb| 8paLEHUS U UX epaghudeckast UHmepnpemauyusi; aHasmu3 nomyyeHHbIX IMNUPUYeCKUMU
memodamu OaHHbIX, (hOPMUPOSaHUE OCHOBHbIX 8b180008 N0 Pe3ybmamam NPogedEHHO20 UCCIE008aHUS.

Pe3ynbmambl. YcmaHogneH ¢hakm pocma npoussodumenisHOCmU npouecca ydapHo-epalyamesnbHoe0 BypeHus nymém ghukcayuu
¢hakma noebILLIEHUS MEXaHU4eCKOU CKOpocMmU BYPEHUs Npu y8euUYeHUU 3KCueHmpucumema npunoxenus yoapa 6 duanasoHe 0-2 mMus-
numempa. OnpedenéH xapakmep USMEHEHUS OMKIIUKO8 CUCMeMbI «yenybrieHue 3a 060pom, MexaHUYeckas ckopocmb BypeHus» npu

USMEHEHUU PEXUMHbIX Napamempos BypeHust U SKCUeHmpUcUmema npuoXeHust yoapHsIx UMNYIbCO8.

Knroyeenblie cnoea:

BypeHue, akcueHmpucumem, npou3godumesisHoCMb, yanybneHue 3a 00uH 060pom, SKCNepUMeHM, paspyLieHUe, 20pHas Nopoda.

BeepeHune

VnapHo-BpaluiatensHoe OypeHHe — IPOBEPEHHBIH,
HEpPCIEKTUBHBIA U Pa3BUBAIOIIMICSA BBICOKOIPOU3BOLH-
TENbHBIH METOJ MPOXOJKH CKBAXHH B MOPOJAX MIMPOKO-
r0 JMama3oHa TBEPHOCTH, B OCOOCHHOCTH TBEPIBIX M
oueHb TBEPABIX. lleneBoe Ha3HAUEHUE TAKUX CKBAXKUH
MOXKET OBITh Pa3NHUHBIM — OT OYpPEHUs HEryOOKUX Tex-
HIYECKHX CKBAXHH JI0 I'€0NOTOpa3BeIOYHbIX, ITyOMHA
KOTOpBIX JOCTHraeT 4eTBépToro jecsitka metpos [1-8].
Ho, HeCMOTps Ha BBICOKYIO IO OTHOLICHHIO K TPaIWIlH-
OHHOMY BpalaTelbHOMY OYpEHHIO POU3BOAUTENBHOCTD
polecca pa3pyleHus TOPHBIX NOPOJ Ha 3a00€ CKBaXH-
HbI, IPAKTUYECKOE NPUMEHEHUE YIapHO-BPAIATEIbHOTO
OypeHus: OrpaHHYEHO BBHAY MAIOH MpEAenbHON rinyou-
HBl OypUMBIX CKBaXHH. JlaHHOE OrpaHMYeHHE 00YCIIOB-
JIEHO MapamMeTpaMH CEpUIHO BBIMYCKAEMbIX Ha JaHHbIN
MOMEHT KOMIIPECCOPOB BBICOKOTO JABIEHHUS — UX TEXHU-
9EeCKHE XapaKTePHCTUKH He 00ECIeYHBAIOT BHIHOC [LIaMa
¢ 320051 CKBA)KHH, TITyONHOH CBBINIE MEPBBIX METPOB YET-
BépToii cotru [9-13].

OpHUM 13 METOZOB MOBBIICHUS IPOU3BOAUTEIBHOCTH
TpoLecca pa3pyIeHHs TOPHBIX MOPOJ] Ha 3200€ CKBAXKHHBI,
a BMeCTe C TeM M NpeJIeNbHON ITyOMHbI OypeHHus yIapHo-
BpAILIATEIbHBIM CIIOCOOOM SABIIAETCS H3MEHEHHE MEXaHH3-
Ma paspyllieHUs TOPHBIX IOPOJ, JAOCTUIaeMoe IyTEM
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HaHeCeHUs M0 NOPOJOpPa3pyLIAloIeMy HHCTPYMEHTY He
IICHTPATBHBIX, 4 BHEICHTPEHHBIX YHAPHBIX HMITYJIBCOB.
Hanecenre ymapHBIX HMITYJIbCOB C OKCIEHTPHCHTETOM
TIPUBOJIAT K BO3HUKHOBEHHIO TAHTCHIIUATBHBIX C/IBUTOBBIX
YAAPHBIX YCUIUIA B TUIOCKOCTH 320051 CKBaXKHHBI, YTO OKa-
3bIBAET BIUAHUE HA 00BEMBI pa3pyILEeHHs TOPHBIX OPOJ, B
0COOCHHOCTH pacivpss Juana3oH 3QQeKTHBHOTO UCTIONb-
30BaHMS YIAPHO-BPAIMIATENHHOTO OYypeHHs TUIACTHYHBIX
TOPHBIX TOPOJI, B KOTOPBIX (hOpMUpYyeMas TaHTCHI[HATbHAS
COCTABJISIONIAS Y/IAPHOTO MMITYJbCa pealu3yercss Haubo-
JIee IPOLYKTHUBHO.

Paspymienie TOpHBIX TOpPOI B YCIOBUAX YyAAPHO-
BpAIATENIEHOT0 OyPEeHHS SBISETCS CIOXHBIM MHOTO(AK-
TOPHBIM MApaMeTPoM, peau3yeTcs TIIaBHBIM 00pa3oM C
TIOMOLIBIO OCEBOTO Y/apa BHICOKOH SHEPTHH, BETMYHHBI
YacTOTHl BpALIEHUS NPU ITOM CPABHUTEIHHO Majbl M
o0ecrieunBaOT B OOINBIIEH Mepe TepeMenIeHne opoIo-
Pa3pYLIAIONIMX IEMEHTOB T10 320010 CKBAXHHBL, a € T0-
MOIIBI0 OCEBON HATPY3KH NPENOTBPAIIACTCS OTCKAKUBA-
HHE JI010Ta OT 320051 ckBaxuHsl [ 14-16].

OZHUM M3 TIaBHBIX KOMIUIEKCHBIX MapaMeTpoB Mpo-
mecca OypeHws, MO3BOJIAIONINX OLEHUTH (PPEKTHBHOCTD
€ro MPOBE/ICHHE, SABISCTCS MEXaHMIECKas CKOPOCTh Oy-
PCHUS, YHCIICHHO PaBHAs MPOU3BENCHHUIO YIiTyOleHus 3a
OZIMH 000POT MOPOJOPa3PYIIAOIIET0 HHCTPYMEHTA U €0
9acToTH Bpamenus [17]:

135



M3BecTns Tomckoro nonuTexHuyeckoro yHneepeuteta. MnxuHupuHr reopecypeos. 2020. T. 331. Ne 1. 135-147
HeckopomHbix B.B., FonosueHko A.E. SkcnepumeHTanbHoe nccnenoBaHne npoLecca paspyLUeHnst FopHbIX MOPOA BHELIEHTPEHHBIMY ...

v, =h,o.
3a omuH 000poT 3a00i CKBaKMHBI YITyOHTCS 3a Be-
Jnaury hys, OmpenensieMyro Kak
_F-Z
o6 E

3a6

h ,
rae F, — 00béM MyHKH pa3pymieHus, M3; F..s — mmomans
32005 CKBOXHUHBI, M*; Z — YUCIIO paJHalbHBIX PEe3I0B Ha
TOpIIE MOPOOPA3PYLIAONIETO HHCTPYMEHTA.

DHeprus yaapa MOKeT OBbITh IPEICTABICHA B CIEY-
JOILEM BHJIE:

A2F -q,

Te ( — yAenbHas SHEPro€MKOCTh Pa3pyIICHHs TOPOIbL,
):[)K/Ms.

Takum 06pa3oM, BBIpaKEHHE [T ONPEACICHHSA MeXa-
HUYECKON CKOPOCTH OyPEeHHUS UMEET BHI:

A Z-w
q.F'saG

CorniacHO TONyYeHHOH 3aBUCHMOCTH, MEXaHHYeCKas
CKOpOCTh OypeHHs yIapHO-BpaIlaTelbHBIM CIIOCOO0M
OPSAMO TIPONOPIMOHANBHA SHEPIUH M YaCTOTE YIapHBIX
HMITyJIbCOB, MEPEIaBaeMbIX 320010 CKBAXHHBI, HO 00pat-
HO MPOTOPIHOHAILHA SHEPTOEMKOCTH PA3pYIICHHS TOp-
HO¥1 OPO/IBI U IUIOMIAIH 32005 CKBAKHHBL.

M

MexaHu3m pa3pyLueHus FOpHbIX Nopos,

BHELIEHTPEHHbIMW YAaPHLIMU UMNYNbCaMi

[Ipu paspyiieHnr TOpHBIX TOPOJ NEHTPAIBHBIM yaa-
pOM IO MOPOJOPa3PYLIAIOIIMMHE BCTABKAMU PEAIU3Y-
I0TCA HOpMallbHble TMEePHEeHAUKYIAPHbIE K IJIOCKOCTH
320051 HANpPSKEHUs,, paspylICHUE MOPOJ HMPOU3BOAUTCS
MyTEM CMATHS U JPOOJICHUS YAapaMy BEICOKOH SHEpPTHH,
a TaHreHIUANbHbIE CABUIOBbIEC YCUJIUS B CUIy CHMMET-
PUYHOCTH yZapa KOMIEHCUPYIOT ApPYr apyra. B To ke
BpeMsl IIPU HAHECEHUU yJapa ¢ HEKOTOPHIM 3KCLEHTPH-
CHUTETOM MEHAETCS MEXAHU3M Pa3pyLICHHS TOPHOU MOPO-
bl — yap CTAaHOBUTCS HECUMMETPUYHBIM OTHOCHTEILHO
IIOPOAOPA3PYIIAIOIIET0 UHCTPYMEHTA, BCIEACTBHE YET0O
TaHICHUUAILHBIE CABUIOBbIE YCWIIMS HA IOPOAOpPa3py-
[IAIOMKUX BCTaBKAaX MEpPecTaloT KOMIEHCHUPOBATb IPYT
IpyTa, IPHBOASA K CMEIICHIIO PE3LOB BIOJIb 33005 CKBa-
KUHBl ¥ (OPMHPOBAHMIO TAHTCHIMAIBHBIX CIBHUTOBBIX
YCHIIMH, JEHUCTBYIOIIMX B IUIOCKOCTH 32008, JOTIONHSS
HOpMaJIbHBIE.

Ha ocHose Teopun JK.B. byccunecka nomy4eHsl 3aBy-
CUMOCTH [ pacuéra HOPMAJbHBIX M KacaTelbHbIX
HalpsDKEHUH 10 [OPOJ0pa3pyLIAIOLMMY  BCTaBKaMU
TIPU BHELIGHTPEHHOM Y/Iape COIVIaCHO CXeMe Ha puC. 1:

3-Q-cos® ¥, -cos’ A
= )
2-7-17
_ 3-Q-cos’ i, -COSA-sinA ,
2-7-1?
re | — HOMEp MOpPOOpa3pYIIAOIIeH BCTABKH, OMpeEIe-
JAIOUMIA 3HAUCHHUE [ 1 ;.

CornacHo TpEACTaBICHHBIM (DOPMYJaM, OYECBHJIHO,
YTO [PU HAHECEHUH BHELIEHTPEHHOTO yapa HalpshKeHUs
IO TIOPOOPA3PYIIAIONIMMHI BCTAaBKaMHU OyZAYT HE PaBHBI,
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NpPUHUMAs MaKCHMallbHble 3HAYeHHS CO CTOPOHBI MPH-
JOXKEHUS yaapa U MUHUMAJbHbIE B IPOTUBOIOJIOXKHOM
TOUKE HAaHECEHHUs yaapa cTopoHe. IIpu 3ToM Takke Bax-
HO OTMETHTb, YTO B CPAaBHEHHH C YPOBHEM HAMPSKCHUI
0] OPOOPA3PYLIAIOIMMI BCTABKAMU TIPU LIEHTpPaIb-
HOM yJape (Te BCe HAMpsHKEHHs PaBHBI MEXIY COOOM)
IpU BHELEHTPEHHOM HAHECEHHWM YJAapa MaKCHMAaJbHBIE
HaIPSKEHUS 3HAUMTENbHO BbIIIE, 8 MUHUMANbHBIE CYIIe-
CTBEHHO HIKE CPEIHEr0, YCTAHOBUBIIETOCS MPH IICH-
TPaNbHOM yJape YPOBHS HAMpsHKEHWH MO TOpOoaopas-
pyLIalomUMK BecTaBkaMu. QopMUpyeMble IPH HAHECEHHH
BHELICHTPEHHOI'0 yJAapHOTO HMMITYJbCA TaHTeHLUaJIbHBIE
yIapHBIE YCHIHS OKa3BIBAIOT BIWSHIE HA GopMy M 00B-
€MBI JTyHOK pa3pylIeHHUs, a TakKe 00eCreqnBaloT OT/e-
JIeHHE YacTel MaccuBa FOPHBIX MOPOJI, KOTOPBIE HCIIBITA-
U pazpyLIaromiee Bo3AHCTBIE, pa3eleHbl TPEIUHAMY,
HO Y/IEpKMBAIOTCS B JyHKaX pa3pylleHus CHIaMH BHYT-
PEHHUX CBsi3ed TOpojbl. TakuM 00pa3oM, MOSBICHHE
OTKJIOHSIONIEH CHJIbI, KOTOpas JEHCTBYET B IIOCKOCTU
3001 B MOMEHT HAaHECEHHS BHEIEHTPEHHOTO yjaapa H
BHEJPEHHS PE3LOB B MOPOJY, NPUBOAUT K MOBBILEHUIO
IPOU3BOAUTENBHOCTH TPOLIECCA PA3pyLICHHS TOPHBIX
nopoJ1 Ha 3a00¢ CKBaXuHBI [18].

Puc. 1. Cxema nepedauu yOapHuiX UMRYIbCOS U CO30AHUS
Hanpsicenutl noo NopooopaAPYUAOWUMY  6CIAG-
Kamu npu moyeuHom yoape

Fig. 1. Scheme of the transfer of impact pulses and creation
of stresses under the picks with a point impact



M3BecTns Tomckoro nonmTexHuyeckoro yHneepeuteta. MnxuHnpuHr reopecypcos. 2020. T. 331. Ne 1. 135-147
HeckopomHbix B.B., FonosueHko A.E. SkcnepumeHTanbHoe nccnenoBaHne npoLecca paspyLUeHnst FopHbIX MOPOA BHELIEHTPEHHBIMY ...

Taxxe HE0OXOUMO OTMETUTH (HAKT CHUKEHHS CHIIBI
yJapa mMpU POCTE BETHUMHBI IKCIICHTPUCUTETA MPUIOKE-
HHUSL yIapHOTO UMITyJibca (puc. 1):

Q-h

2’
2. e2+(h)
2

rie Q — cunma ynapa, H; h — Beicota ynapHuka, m; e —
9KCIIEHTPHCUTET MPHUIOKCHUS yaapa.

TaHrennuansHoe ycunue, IeHcTBYyOIEe B IIOCKOCTH
TOpLA@ MOPOAOPA3PYIIAOIIEr0 HHCTPYMEHTA BCIEACTBUE
HAHECEHUsI BHELIEHTPEHHOIO yIAapHOTO UMITyJIbCa U He-
paBEHCTBA TAHTCHIIMATBHBIX CIBUTOBBIX YCHJIMH Ha TIO-
POZIOpAa3PYIIAIONINX IEMEHTaX, PACTET NPH yBEIMUCHHU
9KCLEHTPHCUTETA TIPHIIOKEHUS yaapa:

2-P-e Q-e

(4-62 + Hz)(e2 +h42]

P=Q-CcosA=

Pe
©Jae? + H? H'

e H — BBICOTA IOPOJOPA3PYIIAIOLIEro HHCTPYMEHTA, M.
CornacHo TOJNyYEeHHOH 3aBUCHMOCTH, BEIHYMHA OT-
KJIOHSIOMIEH CHJIBI HIPSMO NPOIIOPIMOHAIBHA CUJIE yiapa U
OKCHCHTPUCUTETY MPUJIOKEHUA YAapHOr0 UMITyJbCa, MMpHU
3T0oM 00paTHO NPONOpPLUOHAIBHA BBICOTE IOPOAOPA3py-
IIAOLIEr0 MHCTPYMEHTa (KpaTyailieMy pacCTOSHHIO OT
TOYKH NPWIOKEHHS BHELIEHTPEHHOTO YAAPHOTO MMITyJIbCa
10 3a00s ckBaxuHbI). CrenoBatensHO, Hanbonee >(dek-
THUBHOE NPHMEHEHHE MeXaHM3Ma pa3pyLIeHHS TOPHBIX
TIOPOJl BHELCHTPSHHBIMU yJIApHBIMUH HMITyJIbCAMH BO3-
MOJKHO B YCJIOBHSIX ITHEBMOY/IAPHOTO OYPEHNS, NMEIOIIEro
3HAYUTENBHO OOJBLIYIO SHEPIHIO Yaapa MO OTHOLICHHIO K
THJIPOYZIapHOMY OypEHHIO, a TAKKe MEHbIIEE PACCTOSHUE
OT TOYKH €ro MPHUIIOKEHHS 10 320051 CKBKHHBI.
I'paduueckas MHTEpIpeTalMs BETHYMH CHIBI yjapa |
TaHTEHIMATBHOTO YCHIUS B 3aBHCHMOCTH OT BETMYMHBI 3KC-
LIeHTPUCHTETa TIPHJIOKEHHUS yIapa TPeICTaBIeHa Ha PHC. 2.
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Puc. 2. 3agucumocmsb cunvl yoapa u maH2eHYUaIbHO20 YCUIUsL
HA ROPOOOPA3PYUAIOUUX BCIMABKAX OM GEIUMUHBL IKC-
yeHmpucumema RPUIOdNCeHUst Yoapa npu ciedyiouux
napamempax yOapHOU —CUCHEMbl. 8eC  YOapHUKA
Q=358,8 H, svicoma yoapnuxa h=0,152 m, evicoma no-
podopaspyuaiouezo uncmpymernma H=0,65 m

Fig. 2. Dependence of the impact force and the tangential
force on the value of the eccentricity of impact ap-
plication with the following parameters of the im-
pact system: impactor weight Q=58,8 N, impactor
height h=0,152 m, height of the rock-breaking tool
H=0,65m

CreneHb UCCNeaoBaHHOCTM MeXaHU3Ma
BHELIEHTPEHHOro pa3pyLleHunsi FOPHbIX Nopos,

Ha naHHBI MOMEHT HM3BECTHO HECKONBKO JKCIICPH-
MEHTAJIBHBIX HCCICIOBAHMH, KaXKI0€ M3 KOTOPHIX UETKO
YKa3bIBaCT HA IIOBBHINICHHE NPOM3BOAMTENLHOCTH IIPO-
1ecca paspyIieH:s! TOPHBIX MOPOJ P CMENICHAN TOYKH
HAHECEHMUs y/iapa OT COOCHOTO MOJOXKEHHS Ha HEKOTOPOe
paccrosHue. [IpnduéM M pasimivHBIX ITapaMeTpoB yaap-
HOM CHCTEMBI ¥ pAa3iNYHBIX (DH3UKO-MEXAHHUICCKUX
CBOWCTB pa3pyIIaeMBIX TOPHBIX MOPOJ ONTHMAJIBHEIC
BEJIMYMHBI JKCIEHTPUCHTETA (CMEIIEHUS OT COOCHOTO
PACTIONOXKEHHUS) IPUITOKEHHUS yaapa OyayT pasiuyaThCs.

Tak, HampuMmep, H3BECTHBI PE3YJIBTATHl CTEHIOBBIX
ACTIBITAHHH Pa3pyIIeHHs TOPHBIX OPOJ BHEI[EHTPCHHEI-
MU YOApHBIMU MMITyTbCAMH TIPH HAHECEHWH €IHHMIHBIX
yaapoB (puc. 3). MCHBITaHHIO TOABEPrajuch MpaMop
(umeromuit TBEpHOCTH 765 Mlla u Ko3(duumeHT mia-
cruyHoCTH 3,3) ®  TpaHOAMOpPHT (C  TBEPAOCTHIO
2 489 MIla u xo3dppumuentom mwiactuarocty 1,1). Yaap
HaHocwICS ¢ AByMs ypoBHsimu 3Heprun — 0,17 u 0,2 xJIx,
BEJIMYKMHA JKCICHTPHCHTETA €ro MPUIOKEHHS BapbUPO-
Bajach B quamasoHe oT 0 10 42 MM, J0JIOTO CHAOKEHO
BOCEMBIO TTOPOJOPA3PYIIAIONINMA BCTABKAMH C IOMY-
chepuueckoii paboueil moBepxHOCThIO W3 ciuiaBa BK u
umeet quametp 90 mm [18].

V, cm?®
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AR

=77
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Puc. 3. 3asucumocmu o06véma paspywenus mpamopa —
aunuu 1, 3 u epanoouopuma — aunuu 2, 4 om sxc-
yeHmpucumema NPULOHCEHUs YOapo8 npu dHepeull
yoapa 0,2 x/lxc (0se sepxnue nunuu) u 0,17 x/lorc
(0ge HudicHue nunuu) [18]

Fig. 3. Dependence of the marble destruction volume — lines
1, 3 and granodiorite — lines 2, 4 on the eccentricity of
impact application at impact energy of 0,2kJ (two
upper lines) and 0,17 kJ (two lower lines) [18]

E, mm

[IpencraBieHnble rpaduKn CBHACTEIBCTBYIOT O TOM,
4TO JUIl KaXIOH KOHKPETHOM MPAKTUYECKOH CUTyaluu
(COBOKYMHOCTb T€OJIOTUYECKUX (haKTOPOB 1 TEXHUUECKUX
XapaKTEPUCTHUK yJapHOH CHCTEMBI) CYIIECTBYET OIIpeie-
N€HHAs BEIMYMHA JKCLEHTPUCHTETA MPUIOKEHHUSA BHE-
LIEHTPEHHOTO YJapHOrO0 UMITyJbCa, KOTOpas MPUBEIET K
MaKCHMAJIBHOMY NPHUPOCTY 00bEMA pa3pyLICHUs TOPHOH
nopoasl. Taxke, IO IPEeCTaBICHHBIM 3aBUCUMOCTSAM
00BEMOB pa3pyLIeHHs FOPHBIX TOPOJ] OT SKCLEHTPUCUTE-
Ta TIPUIOKEHHs Yapa, MOKHO OTMETUTh, YTO C YBENH-
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YeHHEeM JHEpPruH eIMHUYHOTO yapa ONTUMAaNbHAs BEH-
YUHA IKCIEHTPUCUTETA TAKXKe YBEUUUBACTCS.

Takoke W3BECTHBI PE3yNbTATHI ONBITHOTO OypeHHs Ha
CTCHJIC C HAJOKEHHEM BHEICHTPEHHBIX YAApHBIX M-
MyJbCOB TIPH TUAPOYIApHOM OYpeHHH ajiMa3HBIMH KO-
POHKaMH JIONIepHTa M Mpamopa, Tie OTMEYEeH POCT Tpo-
U3BOAUTENBHOCTH OypeHUs MpH ONpeNeNEHHbIX, B UH-
TepBaie oT 1 1m0 3 MM, BeTMUMHAX OJKCIEHTPHCHTETA
npunoxenus yaapa [19].

[IpoBenéHHbIe UCTIBITAHUS PA3PYLICHUS I0JEPUTA TO-
Kas3alM, 4TO MAaKCHMAaJbHBIE 3HAYEHHS MEXaHUYECKOil
ckopocTH OypeHHs MPU BceX 3HAYCHUAX IKCLEHTPUCHTE-
Ta NPUIOKEHUS yAapa (B HKCIEPHMEHTE peaan30BhIBa-
JUChH YIApHbIC UMITYIIbCHI C BETMUIMHON SKCIEHTPHCUTETA
0; 2,4; 6,8; 11 Mm) ObUTH ZOCTUTHYTHI PH HAKOONBIIEM
3HAUYEHWHM 4YacTOThl BpAaLIEHHUS IOPOAOPA3PYIIAIOIIETO
HHCTpyMeHTa. [Ipn 3TOM MakcuManbHas HHTCHCHBHOCTD
pocTa MEXaHWYECKOH CKOPOCTH (SBISIOIIEHCA KOM-
IUTEKCHBIM TI0Ka3aTeIeM MPOM3BOAUTENLHOCTH Hpolecca
pa3pyLIeHHs. TOPHBIX MOpOJ) Habmofanach NpH yBENH-
YeHUH HKCLEHTPHCUTETa TPUIoKeHus ynapa ot 0 (ueH-
TpaNbHBIH yaap) no 2,4 mM. [lpu WchbITaHMM MeHee
HpOYHOTO ¥ OoNee IIACTHYHOTO MpaMopa IIONYHCHEI
AHAJIOTUYHBIE PE3YJIBTATHL.

MeToaunka npoBeAeHUs IKCNepUMeHTa
n 06p860TKVI JKCnepuMeHTanbHbIX AaHHbIX

OmnBITHOE MCCNEI0BAaHIE PA3PYLICHHS] TOPHBIX MOPOJ
MPOU3BOAMIOCH Ha OypoBoM crenje (puc. 4). K ocHos-
HEIM y3J7aM, KOMIUIEKTYIOIINM CTEHI, OTHOCATCS: Oypo-
Boit cranok CKb-4, ycTaHOBIEHHBIN Ha 3CTaKajie BBICO-
TOW OKOJIO JIByX METPOB M 00OpYNOBaHHBIH TPHOOPOM
HNCB a5 u3MepeHust MEXaHH4ECKOH CKopocTH OypeHus;
Hacoc Oyposoit Hb-3, obecrieunBatomuii mogavy mpoMbl-
BOYHOHM JXKHIKOCTH B quamasoHe ot 15 mo 120 n/mum;
YCTPOHCTBO (uKcanuu Onoka OypUMON TOPHOU TOPOJIBI
pasmepom 0,7x0,7x0,7 m; 3ymmd.

B pamkax skcnepuMeHTa MPOM3BOJUIOCH OypeHue
unrepsana |, cocrapmomero 0,01 M ¢ u3MepeHueM
3aTPaveHHOr0 Ha 3TOT mpouecc BpemeHu t. Mzmepenue
HPOM3BOJMIOCH BPYYHYIO MEXaHIHIECKUM CEKyHIOMEpPOM
BTOPOTO KJacca TOYHOCTH «Aratr». KomudecTBo moaasa-
eMOii B XOJie DKCTIEPUMEHTa MPOMBIBOYHON KUIKOCTH —
BOJIbI — OCTaBANOCHh HEM3MEHHBIM — 70 JI/MUH.

KommoHoBKa 11t 9KCTIEPUMEHTAILHOTO HCCIIEIOBAHHS
Oypenust uaTepBana 0,01 M Mpamopa 1 JonepuTa BKIIIOYa-
7na B ce0st Tpéxinaporneunoe n1010to 3111-59-K-11A B kaue-
CTBE TOPOOPa3pPYLIAIOLIEr0 HHCTPYMEHTA M BBICOKOYA-
CTOTHBIA ruapoynapHuk IB-6 [20]. DkcueHTpucuTeT
TIpUIIOKEHNA yapa B 1 1 2 MM oOecrieurBaics MOIH(pH-
Kaliei Topua yJaapHuKa MyTEM yaaneHus onpenenéHHon
YacTH ero HIKHEro Topia (puc. 5).

O0paboTKa pe3yJbTATOB OIBITHOTO HCCICAOBAHHUS
pa3pyIIeHns] TOPHEIX IOPO] BHEICHTPEHHBIMU YIapHBI-
MH WMIYJIbCAMH B YCIOBUSX YIapHO-BPaI[aTeIHHOTO
OypeHus CKBaXHH BBITIONHSIACK 10 IUTAHY HOJHOTO (ak-
TOPHOTO JKCTIEPUMEHTA. B COOTBETCTBUM ¢ HUM ]I pea-
JU3alliU BCEX BO3MOKHBIX KOMOUHALMI YpoBHEH (akTo-
poB o0mee MHHAMAIBLHOE KOJMYECTBO OIBITOB PABHO
N=2", rzie k — uncio (axTopoB. B npuBeIEHHOM OTIBITE B
KauecTBe (haKTOPOB MPHHATH JABA IapameTpa peKHMa
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OypeHns: 4acToTa BpaleHus OypoBOro CHapsga ®, oce-
Bas Harpyska P,., COOTBETCTBEHHO YHCIO HEOOXOMMMBIX
OTBITOB PaBHO 4eThIpEM. [l TOTO UTOOBI (haKTOPHBIH
OKCIIEPUMEHT CUHUTAIICS TIONHBIM, B HEM JIOJDKHBI OBITH
YYTCHBI BCE BO3MOKHBIC KOMOWHAIINHI HA JIBYX YPOBHSX.

Puc. 4. Cmeno 013 nposedeHuss IKCNEPUMEHMANbHBIX pa-
6om na b6aze cmanxka CKb-4

Fig. 4. Stand for experimental work on the basis of the
SKB-4 drill rig

Puc. 5. Mooughuyuposannwiii yoapuux Ons Hamecemus: eHe-
YeHMPEHHO20 YOapHO20 UMNYIbLCA

Fig. 5. Modified impactor for applying an eccentric impact
pulse

IIpy mpoBeAeHMM MCCIENOBAaHUN HENOCPEJCTBEHHO
(pMKCHpYeMbIM MTOKa3aTeNeM ABNAIACh CKOPOCTh OypeHus
Omoka ropHoil mopoxsl Ha uHTepBane mmHOA 0,01 M.
B xauecTBe OTKIMKOB CHCTEMBI TIPHHATHl BEMYNHBI Me-
XaHW4eCKol ckopocTu Oypenus Vy (1) u yrmybnenus 3a
omuH 0060poT hyg (2). Tlnan SKCIepUMEHTANBHBIX padoT
Ipe/CTaBleH B Ta0M. 1.

Mzﬁ M/, Q
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Tabnuua 1. Ilnan sxcnepumenmanbHulx pabom

Taonuua 3. O606wéHHbIE 3HAUEHUS OMKIUKOS CUCTEMb]

Table 1.  Plan of experimental work Table 3.  Generalized system response values
Homep 3HaveHus (HakTOPOB B KOJOBBIX Joneput/Dolerite
OTKIMKH
OIIbITa 0003HaYCHHUAX Feedback Yacrora Bpa- OceBas MexaHnueckast CKOPOCTb HPH, M/4
Experiment Factor values in code notation ienHust, O0/MHH | Harpyska, Mechanical speed at, m/h
number By B ® ®P, Vu | hes Rotation nmaH E=0wm | E=lam | E=2 wn
1 + — — + — — frequency, Axial load, (mm) (mm) (mm)
2 + _ + — - — rev/min daN
3 + + _ _ — — 155 800 0,403 0,417 0,445
4 + + + + - - 1200 0,790 0,877 0,997
390 800 1,450 1,735 2,010
1200 2,620 3,480 3,700

daxropamu, HanboJIee 3HAYNTENHHO BIUSIOMUME Ha
nporecc OypeHus, SBIAIOTCS OCHOBHBIC PEKMMHBIC T1a-
paMeTpel — oceBasi Harpyska P, 1aH, duxcupyemas Ha
yposasix 800 u 1200 naH, u yactoTa BpamieHus ©, MUH -,
¢uxcupyemas npu 3HaueHusx 155 u 390 muH . Tak Kak
I TIPOBEJICHHS DKCIIEPHMMEHTa BBIOpaHO 1Ba (akTopa,
YUCIIO OTBITOB, HEOOXOMMOE IS €ro MpoBeNeHus, — 4.
Coueranusi BHIOpAHHBIX BEMMYMH (PAaKTOPOB MO3BOJIMIIM
YCTAHOBHTP YETHIPE pexumMa OypeHus (Taomn. 2):

Tabnuya 2. Couemarnusi (hpakmopos npu pasiudublx pedici-
max OypeHus,

Table 2.  Combinations of factors for different drilling modes

Mpamop/Marble

Yacrora Bpa- Ocesas MexaHnueckasi CKOPOCTb IPH, M/4
menust, o0/MUH |  Harpyska, Mechanical speed at, m/h
Rotation naH _ _ _
frequency, | Axialload, | EOMM | E=Lwm | E=2 mv

rev/min daN (i) (i) (i)

155 800 0,817 0,925 1,090

1200 1,810 1,940 2,243

390 800 2,070 3,267 3,665

1200 3,460 5,673 6,690

Pexxum/Mode

®akrop/Factor 1 > 3 7

Ocesas Harpy3ska, 1aH

Axial load, daN 800 | 1200 | 800 | 1200

YacToTa BpaleHus, MHH

Rotational frequency, min™ 1551 155 | 390 | 390

Pe3y11bTaTbl JKCnepumMmeHTanbHOro nccnegoBaHusa
pa3pylieHnsa ropHbIX Nopoa BHeLeHTPeHHbIMU yaAapHbIMU
nMnynbcamu B yCNoBusAX yaapHo-BpallaTesibHOro 5yp6HVI$|

,Z[Jlﬂ TNOBBIICHUSA NOCTOBEPHOCTH MOJIYYCHHBIX 3MIIA-
PUYECKUX PE3YJIbTATOB MPU KAXKIOM YCTAHOBJIECHHOM pe-
KuMe OblLTa TIPOBEEHa Cepus OINBITHBIX HCCIEN0BaHUMH,
COCTOAIIAsA U3 TPEX MOBTOpeHHH. JJ0CTOBEpHBIM 3HAYEHU-
€M OTKJIMKA CHCTEMbl CUMTANOCh CPEIHEE 3HAUEHUE II0
pe3ysbTataM TPEX MOBTOPEHMH IKCNEPUMEHTA C OTHOCHU-
TENbHBIM OTKJIOHEHHEM OT/IEbHBIX 3HAUEHUH OT CPEAHETO
He 6omee 7 % (3). [Ipu npeBbImreHnH 0603HAYEHHOTO M0~
pora OTHOCUTENILHOTO OTKJIOHEHHUS 3HaYeHHe He NPUHUMA-
JI0Ch KaK JIOCTOBEPHOE Y HE YUUTBIBAJIOCH B PACUETaX.

VMi — VM

g=-2_".100 %. 3)
\Y

M

O6001EHHbIE 3HAYSHHSI MEXaHUYECKOH CKOPOCTH OY-
PEeHUS KaK OTKJIMKA CHUCTEMBI TIPH Pa3HYHBIX PEKHMAX
OypeHust IoNepuTa U MpaMopa MpeCTaBICHBI B Ta0I. 3.

Ha ocHoBaHWMM aHanM3a pPE3yNbTATOB AKCIEPUMEH-
TANBHOTO MCCIEI0BAHUS 110 METOAY MOJHOTO (haKTOPHO-
r0 JKCIEPHMEHTa MOCTPOSHBI MaTeMaTHYECKHE MOJENH
MEXaHHYECKOH CKOpPOCTH OypeHHs MONEpHTa JUISi BEH-
9HH SKCIICHTPHUCHTETA IPUIOKEHNUS yaapa, paBHBIX 0 MM:
E=0 Mmm

v, =1316+0,719-P_+0,389-w+0,196- P, - o,
E=1 mm:

v, =1627+0,98-P_+0,551-0+0,321- P, - o,
E=2 mm:

v, =1,788+1,067-P_+0,561-0+0,285 P, - .

B xopne aHanmza momyyeHHbIX SMIMPHIECKUX PE3YIib-
TAaToOB IO METOAY MOJHOr0 (DaKTOPHOIO IKCIIEPUMEHTA
BBIABIEHB OCHOBHBIE 3aKOHOMEPHOCTH W3MEHEHHS Me-
XaHAYECKOH CKOPOCTH OypeHHs JOJepuTa OT BEIHYHH
0CEBO}1 Harpy3Ku, 4acTOThI BpallleHUs OypOBOTro MHCTPY-
MEHTa M BEJIMYUHBI OSKCUEHTPUCHTETa MPHUIOKEHUS
yIapHBIX UMITYIbCOB. ['padmyeckas MHTEpIpeTanus mo-
Jy4eHHBIX 3aBUCUMOCTEH IpecTaBlIeHa Ha puc. 6.

CornacHO MOTYYeHHBIM MaTeMaTHYECKUM MOJIEISIM
MEXaHHYECKOH CKOpOoCTH OypeHHs JoIepuTa Npu MaKcH-
MaJIbHBIX TEXHOJNOTHYECKUX PEeXUMaX 3a(hUKCHPOBAHBI
CIIEIYIOLME NTPEAEIbHbIE 3HAUCHUS Vy!

e 2,62 M/4 ipu HeHTpanbHOM yaape (E=0 Mm);

e 3,479 M/4 IpH HKCIEHTPHUCUTETE MPIUIOKEHHS yaapa
E=1 MM (TIOBBINIEHHE MEXaHUUYECKOH CKOPOCTH OTHO-
CUTENBHO COOTBETCTBYIOLICH MPH LEHTPAILHOM yJaa-
pe pasHo 33 %);

e 3,701 M/4 TIpH 3KCIEHTPUCHUTETE TPUIOKEHHS yaapa
FE=2 MM (TOBBITIIEHHE MEXaHMYECKON CKOPOCTH OTHO-
CHTENBHO COOTBETCTBYIOLICH MPH IEHTPATBEHOM yaa-
pe paBHO 41 %, OTHOCUTETLHO BENTHMYMHBI MEXaHHYe-
ckoii ckopoct mpu E=1 mm — 6 %).

CornacHo TONYYEHHBIM 3aBHCHMOCTAM MeEXaHU4e-
CKOM CKOpOCTH OypeHWs J0JepUTa OT OCEBOM HArpyskH,
YacTOTHI BpAIICHUS OyPOBOTO MHCTPYMEHTA U BETMYHMHBI
SKCIIEHTPHCUTETa MPUIOXKEHUS yJapa MOXHO ClenaTh
CIIEYyIOINEe OCHOBHBIC BBIBOJIBL:
¢ MaKCUMAJbHBIE BEMYMHbl MEXaHMYECKOH CKOPOCTH

OypeHust oepuTa 3aUKCUPOBAHBI TIPU MAKCUMAJTh-

HBIX BEJIMUYMHAX OCEBOW HArpy3Kd M 4acTOTHI Bpalle-

HUs. OypOBOTO MHCTPYMEHTA HE3aBHCHMO OT BEIMUU-

HBl SKCLEHTPUCHTETA INPMIOKEHUS YAAPHOTO HM-

TyJIbCa;
® IpM YBEIMYEHUH OKCLEHTPUCUTETA HPUIIOKEHHSA

yIapHOTO MMITyJbca Ha mHTepBaie ot 0 10 2 MM 0e3

M3MCHEHHSI TEXHONOTHYECKUX IIapaMeTpoB OypeHHs

MEXaHHYeCKast CKOPOCTh IEPMAHEHTHO BO3PACTALT;

e oTMeucHO Oonblliee BIMSHHE BEIMYMHBI OCEBOH
Harpy3Kd Ha MEXaHHYECKYH CKOPOCTh OypeHwus,
HEXENH YacTOThI BpallleH!s CHapA/Ia.
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OceBas Harpyska/ Axial load

Yacrora Bpamenus/ Rotation frequency
ala

Oceasn Harpy3ka/ Axial load

~Ny=0.5 Lv=0.75
Yacrora Bpamenusi/ Rotation frequency
o/b

Puc. 6. Mexanuueckas ckopocms paspywenus oonepuma npu: a) E=1 mm; 6) E=2 um
Fig. 6. Mechanical rate of dolerite destruction at: a) E=1 mm; b) E=2 mm

——w=155 06/MUH;
P=800gaH

———w=155 06/MuH;

P=1200aaH

w=390 06/MUH;

P=800 gaH

——w=390 06/MuH;
P=1200paH

4

; 35 y =0,54x +2,7267 IR —

= ’ R?=0,8952

= S 3

; S /

£5 25

a5 y=0,28x + 1,4517
52 2_

Ss 2 R2 =0,9999

=8

< ©

(5] (_U 1[5 |

= 2 y = 0,1035x + 0,7845

§ 3 3 R2=0,9916

28 y = 0,021x + 0,4007
£E2 05 RZ=09643
b

= 0

0 1

BeqnunHa 3KcHEHTPUCHTETA NPUJIOKEHH yAapa
Value of the eccentricity of the impact application

Puc. 7. Mexanuueckas ckopocme pazpyuienus 001epuma npu pasiuidHblxX 6CIUYUHAX IKCYSHMPUCUMEMA NPUTLONCEHUSL YOapa
Fig. 7. Mechanical rate of dolerite destruction at different values of the impact application eccentricity

Anam3 JAHHBIX JUarpaMMbl 3aBUCUMOCTH MEXaHUYC-
CKOH CKOpOCTH OypeHMs JONepHTa OT BENMYMHBI KCLEH-
TPHCHTETA TIPHIOXKEHNS yaapa MPH Pa3NHYHbIX PeKHMax
OypeHus Ha pric. 7 O3BOJISET CAENATH CIICAYIOLINE BHIBOIBL:
®  VHTECHCHBHOCTb POCTA BEJIMUMHBI MEXaHUYECKOH CKO-

pocti OypeHHs NpH YBENTMYSHHH SKCIICHTPHCHTETA

NPUIOKCHUA YIAapHBIX HUMITYJIbCOB TOBBIIIACTCA C

MHTEHCU(DHUKAIHEH PEXKUMHBIX TAPaMETPOB;
®  yBeIMYCHHUE DKCICHTPUCHTETA IPHIIOKEHHS yiapa Ha

BcEM JiManasoHe mHTepBaia oT 0 10 2 MM mpH pas-

JIMYHBIX COYETAHMSIX PEKUMHBIX MApaMeTpOB TPUBO-

IWT K TIOBBIIICHAIO MEXaHIYECKOI CKOPOCTH OYpEHHUSs

¢ ompeenéHHOH 3((PEeKTUBHOCTHIO.

AHanu3 pe3ynbTaToOB SMITMPHYECKOTO HCCIETOBAHUS
pa3pyIICHUs] MpaMopa COrNMAaCHO NPE/CTABICHHON BBILIE
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METOJIMKE TIONHOTO (PAKTOPHOTO SKCIIEPHMMEHTA MO3BOJIHI
ONpEAEAUTh MaTEeMaTHYECKHE MOJENH MEXaHUYECKON
CKopocTH OypeHHst Mpamopa JUIs BEJIMUHMH SKCICHTPHCH-
TeTa NPHIOKEHHS yaapa, PaBHBIX
E=0 mm:

v, =2,039+0,726-P_ +0,596 &+0,099-P_ -,
E=1 mm:

v, =2,951+1,519-P_ +0,855-+0,348-P_ - o,
E=2 mm:

V, =3,422+1,756- P, +1,045- 0+0,468-P_ - .

CornacHO MOTYYEHHBIM MAaTEMaTHYECKMM MOJENAM
MEXaHHYECKOH cKopocTH OypeHHs Mpamopa IpH MakcH-
MAJBHBIX TEXHOJOTHYECKUX PEXUMaX 3a(HKCHPOBAHBI
CIELYIOIIME IPEACIBHBIC 3HAUCHHA Vy,!
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o 3,46 M/4 ipu LieHTpaIBHOM yaape (E=0 Mm);

o 5,673 M/4 TIpH SKCLEHTPUCUTETE NPIIOKEHHS yaapa
E=1 MM (TOBBITIIEHIE MEXaHUYECKOH CKOPOCTH OTHO-
CUTEJTIbHO COOTBETCTBYIOLIEH NMpPH LEHTPATbHOM y/a-
pe paBHO 64 %);

o 6,691 M/4 TIpU SKCIICHTPHUCHUTETE TIPHIIOKEHHS yaapa
E=2 MM (TIOBBITIIEHIE MEXaHHYECKON CKOPOCTH OTHO-
CUTENBHO COOTBETCTBYIOLICH MPH IEHTPAILHOM yJa-
pe paBHO 93 %, OTHOCUTENBHO BEITMYMHBI MEXaHUYe-
ckoit ckopocty mpu E=1 mm — 18 %)).

OCHOBHBIC BBIBOJIBI 10 MOMYYEHHBIM 3aBUCHMOCTSAM Me-
XaHHIECKOH CKOPOCTH OYpeHHS Mpamopa OT OCEBOH Harpy3-
KH, 9aCTOTHI BpaIIeHHs1 OYpOBOrO MHCTPYMEHTA M BETHUH-
HBI 3KCLIEHTPHCUTETA PUIOXKEHHS yapa B OOIEM CXOXKH C
AHAJIOTMYHBIME BBIBOJIAMH TIO Pa3pyIICHHIO JONEPUTa, He-

NN
\\
3

\v=1.5

Yacrora Bpamenusi/ Rotation frequency
ala

V=55

v=5

Oceasn Harpy3ka/ Axial load

Puc. 8.
Fig. 8.

7

Mexanuueckas ckopocmbs paspyuleHuss Mpamopa npu:

CMOTpS. Ha OONBIIYIO pasHUIYY (UZMKO-MEXAHHICCKHX
CBOJCTB 3THX JBYX TOpHBIX ITOpof (puc. 8, 9).

B  kauectBe  00OOIIEHHOTO  CpaBHEHHS IO
BHELIEHTPEHHOMY Pa3pyILICHHIO MpaMopa | JOJNEpPUTa MOK-
HO OTMETHTH CJICAYIOIIYI0 TCHACHIMIO — OONbIIas HHTEH-
CHBHOCTh POCTa MEXAHHYECKOM CKOpOCTH OypeHHs Mpu
YBEJMYCHHUH SKCLEHTPHUCUTETA MPIIOXKEHHS yIapa B MHTEP-
Bajge or 0 10 2 MM HabOmomanach ISl MMEIOIEro Oosee
HU3KHE MPOYHOCTHBIE XAPaKTEPUCTUKH OTHOCHTENBHO JI0-
JlepruTa MpPaMopa, HE3aBHCHMO OT PEaT3yeMOr0 COYETAHMS
PSKUMHBIX TTAPaMETPoB. VICX0s U3 MHTEHCHBHOCTH POCTA
MEXaHMYECKOH CKOPOCTH OypEHHs MPEICTABICHHBIX TOPO]I,
MOJKHO TPEJTIONOXKKTh, YTO OINTHMANbHAS BEIHYMHA JKC-
IIEHTPHCHTETa TIPHIOKEHNA BHELEHTPEHHOTO yaapa i
MpamMopa HECKOJIBKO BBIIIIE, YeM IS IOJICPHTA.

v=6.5
V=6
v=5.5

OcesBast narpyska/ Axial load

Yacrora Bpamenusi/ Rotation frequency
o/b

a) E=1 mm; 6) E=2 um

Mechanical rate of marble destruction at: a) E=1 mm; b) E=2 mm

——

——w=155 06/MuH;

v =1,615x + 3,6593
R? = 0,9563

—

P=800 gaH

y =0,7975x + 2,2032

w=155 06/MuH;

T

/

P=1200 aaH
R?=0,9228

y=0,2165x + 1,7812
 R’=009495 _ — —

w=390 06/MUH;
P=800 pgaH

y = 0,1365x + 0,8075

R2=0,9857 w=390 06/MUH;

Mechanical destruction rate
w

P=1200 aaH

MexaHHYeCKasi CKOPOCTH Pa3pylleHust

1
Beanuuna IKCHCHTPUCUTETA NMPUJIOKCHUA yaapa

Value of the eccentricity of the impact application

Puc. 9.
Fig. 9.

Mexanuueckas cKopocmy paspyuweHus Mpamopa npu pasiuyHblX GeTUUUHAX IKCYEHMPUCUmMema npuiodxicenus yoapa
Mechanical rate of marble destruction at different values of the impact application eccentricity
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O600mwEHHbIe 3HaYeHHS YTITYOIeH!s 32 OUH 000pOT
KaK OTKIIHKA CHUCTEMBI TPH PA3IMYHBIX peXuMax Oype-
HUS TOTEPUTA K MpaMopa MPEeCTaBICHH! B Ta0. 4.

Tabnuua 4. O6006WéHHbIE 3HAYEHUS OMKIUKOS CUCTEMbL
Table 4.  Generalized system response values

Joneput/Dolerite

Yacrora Bpa- OceBas Vray6ienue 3a 0600poT mpu, MM/00
LieHus, 00/MHH | Harpyska, Recess per rev. at, mm/rev
Rotation naH _ _ _
frequency, | Axial load, 2= 2=, =2
e daN Mm/mm MmM/mm MM/mm
155 800 0,0433 0,0447 0,0475
1200 0,085 0,0943 0,1073
390 800 0,0623 0,074 0,086
1200 0,112 0,1485 0,1583
Mpamop/Marble
YacroTa Bpa- OceBast | VYriyOnenue 3a 060poT IpH, MM/00
LIeHHUs, 00/MHUH | Harpyska, Recess per rev. at, mm/rev
Rotation naH _ _ _
frequency, | Axial load, . o 2
i daN Mm/mm MmM/mm MM/mm
155 800 0,0877 0,0995 0,117
1200 0,1912 0,193 0,2413
390 800 0,0885 0,1393 0,1565
1200 0,148 0,2427 0,2857

Ha ocHoBanmy 00pabOTKHM pe3yIbTaToOB SKCICPUMEH-
TAJIBHOTO UCCIIEJOBAHMS PA3pYILICHHUs OJIOKa TOPHOH I10-
POJIBI TIOCTPOGHBI MAaTEMATHYECKUE MOJENH YIriIyOleHns
3a 000pOT NpH OYpeHnH JoNepuTa A BEINYUH IKCIICH-
TPHUCUTETA IPIIOKEHNUA yapa, paBHBIX £=0 Mm:

h =0,07565+0,0115-P_+0,02285-w+0,002-P - o,
E=1 mMm:

h =0,09038+0,02088- P, +0,03103- @+0,0249-P, - w,
E=2 mm:

h =0,09978+0,02238- P, +0,03303- w+0,00313-P, - .

MakcuMasbHble pacU€THbIE BENMYMHbI YTITyONneHus 3a
000poT mpu OypeHHH 10JepuTa MpU MAaKCHUMAJbHBIX pe-

0,112 mm/06 mipu tenTpatsHOM yaape (E=0 mm);

0,1672 MM/00 TIpH SKCIEHTPHCHTETEC MPHIOKCHHUS

ynapa E=1 mm (moBsleHne yraybneHus 3a 000poT

OTHOCHTENBHO COOTBETCTBYIOMIECH IPU LEHTPATBHOM

yzape paBHo 49 %);

e 0,1583 mMM/00 mpH 3KCIEHTPHCUTETE NPHIOKCHUS
yaapa E=2 MM (ToBbIlIeHHE YriyOaeHus 3a 000poT
OTHOCUTENBHO COOTBETCTBYIOLIEH MPU LEHTPATbHOM
ynape paBHo 41 %)

['padraeckas WHTEpIpETANHs MONYYEHHBIX 3aBHCH-
MOCTeH yriayOseHus 3a oJluH 000pOT MpU OYpeHUH JoIe-
pUTa OT BEIMYMH OCEBOH HATPY3KH, YACTOTHI BPAIICHHUS
OypoBOTO HHCTPYMEHTAa M BEIMYMHBI JKCIICHTPHCHTETA
NPIWIOKEHNST yAAPHBIX HMITYIbCOB, TMONYYCHHBIC MPH
00paboTKe SMIMPUUYECKHX PE3yJIBTATOB MO METOAY MOJI-
HOTO (PAaKTOPHOTO SKCNEPHMEHTa, MPEACTABICHH Ha
puc. 10.

CornacHo MONYYCHHBIM 3aBHCHMOCTSM YTIYOICHHS
3a 000pOT TpH OYpEHUH JIOJIEPUTA OT OCEBOM HArpy3KH,
9aCTOTHI BPAIICHHS M BEIWYHAHBI SKCICHTPHCHUTETA IIPH-
JOXEHHS yapa chOpMyIUpPOBAHBI CIICTYIOIINE BEIBOBL:
¢ MaKCHMAJbHbIC BEJIUYMHBI YrIyONeHus 3a 000poT

npu OypeHuu aonepuTa 3aQUKCHPOBAHBI MPH MAKCH-

MaJBHBIX BEIMYMHAX OCEBOM HATPY3KH M YacTOTHI

BpalIeHHs OypoBOTO WHCTPYMEHTA HE3aBUCHMO OT

BEJIMYMHBI KCICHTPUCHTETA TIPHIOKCHHS yIAPHBIX

MIMITYJIbCOB;
® IpU YBEIMYCHHHM OKCIEHTPUCUTETA TPHIOKCHHUS

yJIapHOTO UMITyIbca Ha uHTepBane 0—1 MM Habmoma-

€TCs TIOBBINICHHE YIITyOneHus 3a obopor Ha 49 %,

JaJbHelIIee MOBBIMICHNE SKCIIEHTPHCUTETA B HHTEP-

BaJe 1-2 MM TIpHBENO K MOHIDKSHWIO YIIyOKH 3a

obopot Ha 5 %;

e OTMEUYCHO HECKOJNBKO OOINbIICE BIUSHUEC BETMYMHEI

YacTOTHl BpAIICHUS HAa (DOPMHUPOBAHUE BEITHIMHBI

yrayOdeHus 3a OJWH 00O0pOT, HEXEIH OCEBOH

Ocesast narpyska/ Axial load

KHMHBIX TTAPAMETPaX COCTABJISIOT: HarpysKu.

\
e]
(18]
o
<
<
<
=
=z

51

h=0,06 &
]
=
=
2
he0,07 .h=008 0,09 E

h=0,

| h=0.07
h=0.06
i | |\ h=0.05 \
Yacrora Bpamenusi/ Rotation frequency Yacrora Bpamenusi/ Rotation frequency
ala o/b

Puc. 10. Yenyonenue 3a 00un o6opom npu paspywenuu oorepuma npu: a) E=1 mum; 6) E=2 um
Fig. 10. Recess per one revolution in dolerite destruction at: a) E=1 mm; b) E=2 mm
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CornacHo MOJYYECHHBIM TpauKaM 3aBHCHMOCTH
yrIyOneHnst 3a OfIMH 000POT OT OCEBOW HATPY3KU U Ya-
CTOThI BpalleHUs Mpu OypeHUU Joieputa (mpumep Ans
9KCMIEPUMEHTa € HAHECEHHEM YIAapHBIX HMIYIbCOB C
BENMYMHON OKcHeHTpucuTeTa E=2 MM TpuBenéH Ha
puc. 11) paspymieHue TOpHBIX MOPOJ MPOU3BOAUTCS B
30HE YCTAJOCTHO-TIOBEPXHOCTHOTO pexuMa (Tak Kak
Oonblas BeNMYMHA YIIyOneHus 3a OJuH 000pOT MpH
MIOCTOSIHHOM OCEBOM Harpys3ke JOCTHUTaeTcs MpU MaKCH-
MaJbHOHM 9acTOTE BPAIICHHS).

0,2
0,18
016 y = 0,0001x + 0,0045
(=]
20,14
S0 y=0,0001x - 0,013
“ 0,1
! max
Zoos MM V= 1E-04%~=0,0311
50’06 med)N/ /
0,04 minw
0,02
0
500 700 900 1100 1300 1500

OceBasi Harpy3ka

Puc. 11. Yenybnenue 3a ooun obopom 6 3a8ucumocmu om
0cesoll HazpysKu U yacmomol eépawjenus npu: E=2
MMm (Oonepum)

Fig. 11. Dependence of the recess per revolution on the
axial load and rotation speed at: E=2 millimeters
(dolerite)

Ha ocHOBaHMH pe3ynbTaToB HUCCIEAOBAHUS pa3pyle-
HHUSI OJI0Ka TOPHOM MOPOJIbI OBLTH MOCTPOCHBI MATEMATH-
YecKue MOJICNH YriayOieHus 3a o00poT Tpu OypeHHH

Ocesasn Harpy3ka/ Axial load

Yacrora Bpamenusi/Rotation frequency
ala

Mpamopa Ul BEJIUYMH SKCIEHTPUCUTETA NPUIIOKEHUST
yaapa, paBHbIX

E=0 mmM:

h, =0,12885-0,0106- P +0,04075-0—0,011-P_ - w,

E=1 mm:

h,; =0,168625+0,022375- P, +0,049225- w+0,002475- P, - w,
E=2 mmM:

hs =0,2+0,020975- P +0,06338- w+0,00123- P, - w.

MaxkcuMasbHbIe pacyETHBIE BETHYMHBI YIITyOICHHS 32
000poT mpu OypeHUH MpaMopa MPH MAKCHMAJBHBIX pe-
JKUMHBIX TTapaMeTpax COCTABIIIOT:

o 0,0934 Mm/06 nipu nieHTpasTEHOM yaape (E=0 mm);

o 00,2427 MM/00 mpH DKCHCHTPHCUTETE NPUIOKCHHSA
ynapa E=1 MM (moBBIIIEHHE YTIIyOIeHus 3a 000poT
OTHOCHTENBHO COOTBETCTBYIONIETO MPH IEHTPATEHOM
yaape paeHo 160 %);

o 00,2856 MM/00 mpH SKCHCHTPHCUTETE HPUIOKCHHSA
ynapa E=2 mm (noBsleHne yriayoneHus 3a 000poT
OTHOCHTENBHO COOTBETCTBYIOIIETO MPH LEHTPATEHOM
ynape paBao 206 %, OTHOCHTENBHO BEMHUUHBI Nyg
npu E=1 MM — 18 %).
3HaueHue yriayOneHus 3a ouH 000pOT HpHU paspyLie-

HAM Mpamopa C HAaHECEHHEM IICHTPAIBHBIX YIapHBIX

AMITYJIbCOB B CPaBHEHWH C COOTBETCTBYIOIIMMH 3HAUe-

HUSMHU JIJIS JIOJIEPUTA TIPENCTABIACTCS aHOMANbHO HHU3-

KUM. BeposiTHO, JaHHOE 0OCTOSTENBCTBO CBS3aHO C He-

HAJUTSKANIMM BBITONHEHAEM JKCIIEPIMEHTA, TaK KaK IpH

pacuére JaHHOTO mapameTpa ObLIO 3a)HKCHPOBAHO M HE

YUTEHO B pacu€Tax TpH aHOMAJBHBIX 3HAUCHHSL.
I'paduyeckas MHTEPIPETALMS MONYUYCHHBIX 3aBUCHMO-

cTeii yrnybnenus 3a ofuH 000poT Tpu OypeHHH Mpamopa

OT BEJIMYHMH OCEBOI HArpy3KH, 4acTOTHI BpamieHHs Oypo-

BOTO MHCTPYMEHTA M BEUYMHBI SKCIEHTPHCHTETA TIPHIIO-

KEHHS! yIaPHBIX HMITYJIbCOB TIPEACTABIICHBI Ha puc. 12.

Ocesas Harpy3ka/ Axial load

\
Yacrora Bpamenusi/Rotation frequency

o/b

Puc. 12. Venybrenue 3a ooun obopom npu paspywenuu mpamopa npu: a) E=1 mm; 6) E=2 um
Fig. 12. Recess per one revolution in marble destruction at: a) E=1 mm; 6) E=2 mm
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Puc. 13. 3asucumocmv yenybnewus 3a 00urn ob6opom om
ocesoll Hazpy3Ku u yacmomul epawjeHuss npu E=1
MM (Mpamop)

Fig. 13. Dependence of the recess for one revolution on the
axial load and rotation frequency at E=1 millimeters
(marble)

Pe3ynbTarTel aHaM3a 3aBUCHMOCTH TlapameTpa yriyo-
JNeHUs 33 OJMH 00O0pOT OT BENHYMH OCEBOH HATPY3KH,
9acTOTHl BPAIICHMS M JKCHEHTPHCHTETA MPHJIOKEHHUS
yzaapa (puc. 12, 13) B o0ImeM COOTBETCTBYIOT pe3yJibTa-
TaM, TIOJyYEHHBIM INPU SKCIEPUMEHTE C HOJIEPUTOM —
MaKCHMaJbHbBIE BEIMYMHBI YIIyOneHus 3a 000poT NHpH
OypeHnu MpaMopa 3aUKCHPOBAHBI TIPH MaKCHMAIbHBIX
BEJIMYMHAX OCEBOH HArpy3KH M YacTOTHI BpamIeHHs Oy-
POBOr0 MHCTPYMCHTA HE3ABUCUMO OT BEJIMYMHBI IKCICH-
TPUCUTETA MPUJIOKEHNS YHAPHBIX HUMITYJIbCOB, a TAKKe
OTMEYEHO HECKOJIbKO Oolbllee BIMAHHME BENHYMHBI da-
CTOTHI BpaIleHNs Ha ()OPMHUPOBAHIE BEINUMHBI yTiIyoOire-
HUS 32 OMH 000pOT, HEKENM OCEBOH Harpy3ku. Pexum
pa3pyLIeHHsT MpamMopa, COO0pa3HO PeXUMY paspyLIeHHs
JI0NIepUTa, POU3BOJMTCS B YCTAIOCTHO-TIOBEPXHOCTHOM
30HE.

3aknioyeHue

Pa3pymreHne ropHBIX MOPOJ BHELGHTPEHHBIMH Yaap-
HBIMH HMITYyJIbCAMH — COBPEMEHHBIH IPOTPECCHBHBIIN
METOJ TOBBINICHWS MPOM3BOJUTENBHOCTH IIpoIecca
yAapHO-BpaIIaTeNbHOr0 OypeHus CKBaxuH. Ero mpakTu-
Yeckasi BepH(UKalys MPOM3BEeHa ceprell SKCIIepUMeH-
TOB:

e mpocreifiiee ompesencHue O00BEMOB  pa3pyLICHHS
TOPHBIX TOPOJ OAMHOYHBIMH  BHELCHTPEHHBIMU
yAapHBIMH HMITyJIbCaMH ¢ U3MEpeHueM 00bEMa, TIIy-
OMHBl ¥ IIOmMAAUM 00Pa30BLIBAIOIIUXCS JTYHOK pa3-
pytenus [18];

¢ aHaIM3 BHELEHTPEHHOTO Pa3pyIICHUs TOPHBIX MOPOJ
THAPOYIAPHUKOM C HCIIONB30BAHHEM KOJIOHKOBOH
TpyOBI M anMa3HOM KOPOHKH B KadecTBE MOPOAOPA3-
pyLIAIONIero HHCTpyMeHTa [19];

® B JJAHHOM UCCIEJOBAHUU — Pa3pylLICHHUE FOPHBIX MO-
POJL BHELIEHTPEHHBIMH YAAPHBIMY UMITYJIbCAMH C UC-
TIONIG30BaHAEM THAPOYIapHUKAa KaK WHCTPYMEHTa,
TeHEPHUPYIOILETO yAAPHBIE UMITYIIbCHI, M TPEXIIAPOII-
€4HOTO JI0JI0TAa B KauyecTBE MOPOAOPA3PYILIAOIIEro
HHCTPYMEHTA.

Bce uccnenosanus 3a(UKCHpOBAIM NOBBIIIEHHE 00b-
€MOB Pa3pyILICHMS TOPHBIX IOPOJ TIPH OMPEIEIEHHBIX

144

BEJIMYMHAX SKCLEHTPUCUTETA TIPUJIOKEHUS yaapa, 3aBU-

CAMMX 0T PU3UKO-MEXaHMIECKUX CBOUCTB pa3pyIIacMbIX

TOPHBIX TIOPOJ M MapaMeTpoB YAApHOH cucTeMbl. Kax

npaBujio, ONTUMAJIbHAsA BEIWYMHA SKCHCHTPUCUTETA

TPUIOKEHHS yapa He MPeBbIlIaeT ABAALATH MUITUMET-

poB. IIpu 3TOM C yBenM4eHHEM SKCLEHTPHCUTETA MpH-

JIOXKEHUS yAapa, OUYeBHIHO, SHEPrUsl HAHOCUMOTO yaapa

CHIDKAeTCs, C 4eM, BEPOSATHO, B TOM 4HCIE M CBA3aHO

CHIDKEHHE O0BEMOB pa3pylICHHS TOPHBIX IOPOA HpH

BEJIMYMHAX HKCLUEHTPHCUTETA MPUIIOKEHHUS yAapa BbIIIe

ONTUMAJIbHOTO Anana3oHa. Ho B To e BpeMs TaHreHIU-

albHOE YCUIIME Ha IIOPOI0pa3pyLIAIOIIMX BCTABKAX, IPHU-

BOJISILEE K CMELIEHHIO [IOPOA0Pa3pyILAOLINX 3IEMEHTOB,

BO3pACTACT C YBENMYEHHEM OKcIeHTpucuTera. OmnTH-

MaJlbHas €r0 BEeJMYMHA, COOTBETCTBYIONIAS MAaKCUMAJb-

HOMY TNPUPOCTY OOBEMOB pa3pyLICHHS TOPHBIX MOPOI,

HPE/IIONOKUTETIbHO, COOTBETCTBYET JYUIIEMY COyeTa-

HUIO YMEHBLIEHUS CHJIbl IIPUJIaraéMoro BHELEHTPEHHOTO

yIapa ¥ IpHpocTa MepeaBaeMoil 320010 CKBaXXHHBI €ro

TaHT€HIUAIBHON COCTABNSIONIEH.

OcCHOBHbIE BBIBOJIbI 10 TPECTABICHHBIM 3MIMpPHYE-

CKUM JaHHBIM, UX HHTEPIIPETALHU 1 aHAIIU3Y:

® MaKCHMAaJIbHBIC BEIMYMHBI MEXaHUYECKOU CKOpPOCTH
OypeHust u yriayOleHus 3a OJUH 000pOT JONEPUTA U
Mpamopa 3apUKCUPOBAHBI TP MAKCUMAJBHBIX BENH-
YUHAX OCEBOW HArpy3Kd M YacTOTHI BpalleHus Oypo-
BOTO MHCTPYMEHTA HE3aBUCHMMO OT BEIMYUHBI JKC-
LEHTPUCHUTETA IIPUIOKEHUS YIAPHOTO UMITYJIbCa;

® IIpY YBEIMYEHUH OKCLEHTPUCHUTETA IPHUIIOKEHUSA
yAApHOTO MMITyJIbca Ha uHTepBane ot 0 10 2 MM Oe3
M3MEHEHHSI TEXHOJNOTHYECKHUX NapaMeTpoB OypeHHs
MeXaHU4yeckas CKOpocTh OypeHHs JonepuTa M Mpa-
MOpa [IEpMaHEHTHO BO3PACTaET;

® OTMCYCHO 60HLHI€C BIMSHHE BEIMYMHBI OCEBOU
HaTpy3Kd Ha MEXaHWYECKYH) CKOpOCTh OypeHHs Jo-
JepuTa 1 MpaMopa, HeXeNn YacTOThl BPAILIEHHs CHa-
paza, B TO K€ BpeMs Ha BENMUMHY YIrIyOneHus 3a
OIMH 000POT HECKOJBKO OOJIbIee BIMIHHE OKA3bIBa-
€T 4acTOTa BpaLLCHHS,;

® HHTCHCUBHOCTH POCTa BEJINYMHBI MEXaHMYECKOH CKO-
pocti OypeHus JonepuTa U Mpamopa Mpu yBelIuye-
HUM OKCLEHTPUCHTETA MPHIOKEHHS YAAPHBIX HM-
MyJIbCOB MOBBIIAETCS C MHTEHCU(HUKALMEH PEKUM-
HBIX NTAPaMETPOB;

®  YBCIIMYCHHUEC OKCICHTPUCUTETA NMPUIIOKEHHUA yapa Ha
BCEM Jauamna3zoHe mHTepBana ot 0 g0 2 MM mpu pas-
JIAYHBIX COUCTAHUAX PEIKUMHBIX MAPAMETPOB MPUBO-
JUT K MOBBILIEHUIO MEXaHUYECKOH CKOpOCTH OypeHHus
JOJICPUTA M MPaMOpa ¢ OMpPEAeNEHHON 3PPEKTHBHO-
CTbIO;

L 60]'[])1113.5[ UHTCHCUBHOCTbL pOCTa MEXaHMYECKOH CKO-
pocTi OypeHHs NPH YBEIMYCHUH SKCICHTPUCHTETA
NpUIokKeHUs yzaapa B uHTepBane of 0 1o 2 MM
HaOnroanach JUid UMEIoIiero 0ojiee HU3KUE Mpod-
HOCTHBIE XapaKTEPUCTHUKH OTHOCHTENbHO AONEepUTa
MpaMopa, HE3aBUCUMO OT PEalu3yeMOro COYETaHMS
PEKUMHBIX [IapaMEeTpPOB;

® Ha BI)I60p ONTUMAJIBHOM BEITMYUHEI 9KCICHTPUCUTECTA
TPUIIOKEHHS yaapa BIUAET THUN pa3pyliaeMoil rop-
HOW TOPOABI — B TOPOJAAX TBEPABIX, OKA3bIBAIOLIMX
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10.

11.

OOJIBIIIOE COMPOTUBICHNE TAHTCHIUATBHOMY CMeEIIle-
HUIO TIOPOJOPa3pyLIAIOIIKX dIEMEHTOB, OyzeT 6oree
3 (eKTHBHO MPUMEHEHHE MAJbIX BEIMYMH JKCLCH-
TPUCUTETA, B TO BPEMs Kak IIPH pa3pyIICHHH MOPOJ
Oonee MATKUX, TI0 TOMY K€ TIPUHIUITY, OONBIIHI A¢-
(exT OyneT AOCTUTHYT NMPH TOBBIIICHHOM 3KCICH-
TPUCHUTETE IPUIOKEHHUS YAAPHOTO UMITYJIbCa;

OTMEUEHO, UTO U JJIs1 JOJNEePUTa, U JUIL Mpamopa, pas-
JMYHBIX 10 (M3HKO-MEXaHHYECKUM CBOICTBaM rop-
HBIX MOPOJ, OOJNBIIMH TPUPOCT MEXAHUYECKOM CKO-
pOCTH peanmsyercs Ha MHTEpBANC H3MEHEHHS JKC-
LEHTpUCHTETa NpuiIoxkeHus yzaapa or 0 go 1 mm.
Tarke HEOOXOAUMO OTMETHTh, YTO HAHECEHHE BHE-
IICHTPEHHOTO yapa MPUBOUT K IeCTaOMIN3aIIH CH-
CTEMBI U TIOSBJICHUIO JICCTPYKTUBHOTO M3THOAIOIIETO
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EXPERIMENTAL STUDY OF ROCK DESTRUCTION BY ECCENTRIC IMPACT PULSES DURING
ROTARY-PERCUSSION DRILLING
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The relevance of the research is caused by the need to find the ways to increase the maximum depth of well drilling by the rotary-
percussion method and its productivity.

The main aim of the research is to establish the fact of growth of rotary-percussion drilling productivity through rising the mechanical
speed of drilling while increasing the impact application eccentricity; determine the basic dependencies of the mechanical drilling speed
and recess per one revolution as responses of the drilling system on the values of axial load, rotation frequency and eccentricity of impact
application pulses; justify the expansion of the range of effective destruction of plastic rocks.

Objects: mechanism of rock destruction by eccentric impact pulses.

Methods: formulation and description of the experiment on rock destruction by eccentric impact pulses using the high-frequency hydro-
hammer HV-6 as a generator of eccentric impact pulses; measurement of empirical data obtained during the experiment; statistical pro-
cessing of the obtained experimental data to establish the average values of the system responses; processing the data obtained by the
method of a full factorial experiment, finding mathematical models of the mechanical drilling speed and recess per one revolution, depend-
ing on the values of the axial load and rotational speed and their graphical interpretation; analysis of the data obtained by empirical me-
thods, formation of the main conclusions on the results of the study.

Results. The authors have established the fact of increasing the productivity of the rotary-percussion drilling by determining the fact of
mechanical drilling speed growth with rising eccentricity of the impact application in the range of 0—2 millimeters. The main dependences of
the mechanical drilling speed and recess per one revolution on the values of axial load, rotation frequency and eccentricity of application of
impact pulses were established.

Key words:
Drilling, eccentricity, productivity, recess per one revolution, experiment, destruction, rock.
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