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AkmyanbHocmb. Paspabomka 6ypogoeo nopodopaspyLuarouieso UHCmpyMmeHma eceeda HaueneHa Ha nosbIeHuUe 3ghghekmusHocmU U
pecypca e20 pabomsl, @ makke Ha pacluupeHue obacmu e2o npumeHeHusi. BaxHol cocmagnsiouwieli 0aHHO20 npouecca sesiemcs
U3y4eHuUe MexaHu3Ma paspyuwieHust 20pHol nopodsl paboyeli yacmeko paspabambigaeMozo uHcmpymeHma. CambiM CIOXHbIM, HO 8aX-
HbiIM senisiemces uccnedosaHue 2ybuHbl pe3aHusi—ckanbigaHus 20pHOL nopolbi pe3yomM. Hecmomps Ha Mesikue 2abapumsi paccmampu-
saemoli cucmemb, Ons 6onee Ao0CMOBEPHO20 Pe3ynbmama Heo6Xo0UMO yyumbleams 6ce hakmopbl, 8USIOL4UE Ha NPOUECC PaspyLe-
Husi 20pHOl nopolbl pe3uom. Ecru 2osopums 0 Haubonee eecoMbix hakmopax, Komopble okasbleaom efusHUe Ha 3GHexmusHOCMb
paspywieHusi 20pHol nopodbl, HEO6X00UMO omMeMUMb CUrbi CONPOMUBIIEHUS], 803HUKalOWUe Ha 3ab0e ckeaxuHbl. CambiM MEKUM
pesuyom obiadaem anmasHbili nopodopaspywarowudi uHcmpymeHm. AnmasHbil mun 6ypogoeo UHCmMpyMeHma siensiemcst do80sbHO 80C-
mpebogaHHbIM 8 NPoU3soocmee. B c8s3u ¢ aMuM akmyanbHbIM S8RSemcs passumue Meopuu U 803MoxHocmel uccrnedosaHusi Mexa-
HU3Ma paspyLweHus 20pHOU nopoldbi anMasHbIM PE3UOM C y4emom 603HUKaIOWUX Ha 3a60e NPoueccos U seneHull, 8 MoM yucne U npe-
nsmemeyowux 8HedpeHuto e20 8 nopody.

Lenb: ebiseneHue 803MOXHbIX UCMOYHUKOB CUST CONPOMUBIEHUS BHEOPEHUI anMa3Ho20 pesua 8 20pHyto nopody; onpedesnieHue cme-
NeHU 8ITUSIHUS CUT CONPOMUBIEHUS U Opyaux (hakmopos Ha 8eNUYUHY 2nybUHbI Pe3aHUs—CKarbIeaHusi NOpoObl anMasHbIM PE3UOM.
O6BeKkmbI: MeXaHU3M PaspyLieHusi 20pHOl NOPodb! €AUHUYHBIM anMa3HbIM PE3LOM.

Memodbi: skcnepumeHmarbHble, aHanumuyeckue uccne0o8aHus, aHasu3, Memod KOMNbIOMEPHO20 MOOETLPOBaHUSI.

Pesynbmambi. PazpabomaH npozpamMmHbIti npodykm, no3eonsiowuli demasbHo ucciedogams MexaHU3M pas3pyweHusi 20pHolU nopodsi
€0UHUYHBIM anmasHbiM pe3yomM. OnpedenieHo, Ymo conpomuesieHUe co CMOPOHbI cPedbl, BO3HUKWEL Ha 3a60e CK8aXUHbI, OKasbigaem
8/USIHUE Ha Pe3ybMUPYIOWYI0 8eUYUHY 2lybUHbI Pe3aHUs—CcKasbieaHusi 20pHOU Nopodk! anmasHbIM pe3yoM. Benuduxa pesynbmupy-
foweli cunbi conpomuUBNeHUs Pe3uyy 3agucum om euda NPoMbIBOYHOL XUOKOCMU U muna paspywaemoli 20pHol nopods!. BbisicHeHo, Ymo
no Mepe pocma fUHeHOU CKOPOCMU nepemMewieHus pe3ya Habndaemces: pocm conpomuesieHUst 20pHOLU Nopodk! U CHUXeEHUE 2ybuHb|
8HedpeHUs pe3ya 8 20pHyr nopody.

Knroyeenie crnosa:

Byposoli uHCmMpymeHm, MexaHuU3M paspyweHUusi, anMasHbIli pe3eu, cuia cConpomugneHusi, Mo0enupogaHue.
Beepenue pasIMYHbIE BHUIBI PE3LOB, OTIUYAIOLIMECS COCTABOM,

MPOYHOCTHBIMHU XapaKTePHCTHKaMHU, pOPMOH, pazMepam,

npenHazHaueHueM u T. . OJUH U TOT ke pPe3el] MOXET

Hanpasnerne coBpeMEHHOTO MPOEKTHPOBaHUS OYpo-
BOTO MOPOZOPA3PYIIAIONIET0 HHCTPYMEHTa HEMOCpe-

CTBEHHO CBS3aHO C TOBBIICHHEM 3()(QEKTHBHOCTH, pe-
cypca paboThl M pacIIMpeHHeM 00acTH ero NPUMEHEHHS
[1-22]. KommbtotepHoe MozeupoBanue obnagaer 6oib-
MAMHA BO3MOXKHOCTSIMH B HAYYHOM HCCIEIOBAHUH Pa3-
JYHBIX TpotieccoB [15-30] u Ha JaHHBI MOMEHT OCTaeT-
¢ BOCTPEOOBAHHBIM METOJIOM B TOM YHCIIe M B 00JNACTH
pa3paboTKK MOPOIOPa3PYILIAIOIIEr0 HHCTPYMEHTA.

Paspabotka OypoBOro mMOpoAOpa3pyIIaeMoOro HH-
CTPYMEHTa HAUMHACTCS C MCCIENOBAHUS MEXaHH3Ma pa3-
PYIICHHS] TOPHON TOPOIEI ero pabodelt TOBEPXHOCTEHIO.
B panee mposexenusix padotax [1-14, 19, 20, 27, 28]
JI0Ka3aHO, YTO Ha Pe3yNbTaT UCIOJIB30BAHHS TIOPOAOPA3-
pyIIaero MHCTPYMEHTa OKa3bIBaeT BIMAHWE LEnas CH-
crema (haKTopoB.

OCHOBHBIM pa3pyIIAIONIM MOPOIY 3MEMEHTOM Oypo-
BOT'O MHCTPYMEHTA SBJISeTCS pesell. B OypeHun H3BeCTHBI
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BBITIONHATD PA3THYHbIE (YHKIMK B 3aBUCHMOCTH OT €TO
MECTOTIONIOKECHNS M TEOMETPUN PACIIONOKEHHS B IOPO-
JI0pa3pyLIalomeM HHCTPYMEHTE.

[lo3ToMy B OCHOBHOM HCCIIEJOBAHHIO MOJBEpracTcs
T, Gopma, pa3Mep, TeOMETPUsl YCTAHOBKU pe3ua B Oypo-
BOM HHCTPYMEHTE, a TAaKkKe TIIATEIbHO U3yYaroTCs Mpo-
IIECCHl ¥ SIBICHNMS, BIUSIOMIE Ha 3(p(EKTHBHOCT paspy-
IIEHHS IOPO/Ibl KOHKPETHBIM PE3LIOM MM TPYIIIOH PEe3LoB.

W3yuenue paspyleHHs TOPHON MOPOABI OJHUM pe3-
IIOM 3aTPYJHEHO ero HeOONbIIMMH pa3MepaMu. Pa3mepst
Pe3LOB COBPEMEHHOTO BOCTPEOOBAHHOTO, OCOOCHHO ai-
Ma3HOTO, OypoBOI0 MHCTPYMEHTA 3a4acTyl0 HE NPEBBI-
watotT 1 Mm. IIpu aTOM IpOLECCHl, KOTOPBIE IPOTEKAIOT B
npefenax Takoro 3JEMEHTa, B 3HAUUTENBHON CTENeHH
BIUSIOT Ha oOwmii pesynstar Oypenus. Mcnonb3oBanue
KOMITBIOTEPHOTO MOJIETMPOBAHUS MO3BONIAET O€3 3aTpy -
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HEHHH, TOYHO M HATJIAHO KCCIIEI0BATh MENKOradapur-
Hele cuctems [5, 9, 10, 11, 13, 15-28], uto sBuseTcs
MPEUMYIIECTBOM HCIIONB30BAHKS €T0 TPU MPOEKTHPOBA-
HUM OypoOBOTO MOPOJOPA3PYIIAIONIETO HHCTPYMEHTA U
JIaeT BO3MOXKHOCTD Pa3BUTHS HAyYHOH TCOPUH B OONACTH
paspyleHus TopHoi mopoasl [5, 6, 10, 13, 19, 27, 28].

MocTaHoBKa npobnembl

Kak wm3BectHo [1-14, 16-18, 20], npu Oypenun 00-
JACTh pa3pyLICHUS TOPHON MOPOIBI OTIAMIAETCS OT BEJIH-
YUHBI BHEIPEHNUS B HEE alMas3Horo pesna. [Ipudem enu-
YUHA TIIYOMHBI Pe3aHHA—CKAIBIBAHUS TOPOABI AIMa30M
KONeONeTcss B 3aBUCUMOCTH OT MHOTHX (haKTOpOB MpO-
1iecca OypeHwus.

OCHOBHOM CHIIOH, COCOOCTBYIOIIEH BHEAPEHUIO All-
Ma3HOTO pe3la B TMOPOJY, SBISETCS pPe3yJbTHUPYIOIIee
yeunue (R) (puc. 1), Bo3HHKatomee B pe3ylbTaTe Aei-
CTBHSL OCEBOTO M TAHT€HIMAIBHOTO YCHIHIL. MeansHbm
ciydaeM J(QQEKTHBHOTO paspyIIeHus 3a00s SBIACTCS
TIOJTHAS peaNn3alys MPHUIOKEHHBIX K pe3iy cuil. OqHako
pe3ell UCTIBITBHIBAET HEM30EKHOE COMPOTUBICHHE CO CTO-
poHbl 3a005. [IOMHMO W3BECTHOTO COMPOTHBIEHHS CO
CTOPOHBI HEpa3pyIIEHHOTO TOPHOTO MACCHBA, Ha pe3el
OKAa3bIBACT BO3JCHCTBIE 00pa3oBaBIIascs Ha 3a00¢e KH-
Kas cpena. Takas cpeia COCTOUT U3 IPOMBIBOYHOTO areH-
Ta M IUIaMa, T. €. ABJIACTCS IUIOTHBIM BEIIECTBOM, MOJI-
BEPKEHHBIM THAPOANHAMUKE TIporiecca OypeHus.

MeToguka

PaccmoTpuM Bo3neiicTBHE BCeX, OMMCAHHBIX BBILIE,
CHJI Ha aJIMa3HbI{ pe3el 1Mo cXeMe, NPUBEICHHOW Ha pucC.
1. TIpoTHBOAEHCTBYIOIMMI BHEAPEHHIO PE3la B MOPOLY
CHIIAMH SIBIIIOTCS: ycHiie F;, HampaBleHHOE HABCTpEdy
0CEBOMY YCUIHIO; R, sBMIsIOmMIEeCs pe3yIbTaTOM TECUCHHUS
NPOMBIBOYHOTO areHTa; R, — COMpPOTHBIICHUE PbIXJIOH
HOPO/Ibl, HAXOJALIEHCS MO AAPOM CHKATHS.

Puc. 1. Cxema uccredosanus 6neopenus aimasHo2o pe3yd 8
20pHYI0 NOPOOYy

Fig. 1. Diagram for studying rock destruction with a dia-
mond cutter

Kak cremyer u3 aHanm3a cxXeMbl MEXaHH3Ma paspy-
IICHIS TOPHOH TMOPOJIBI AIMa3HBIM Pe3noM, GopMyra amns
pacuera yCwius pe3aHds—CKabIBaHHUs, C YYeTOM MpOBe-
JICHHBIX paHee aHAIMTUYECKUX mpeoOpazoBanuid [12],
OyzieT BBITTIAETD CIESAYIOMNM 00pa3oM:

n(h +o,25\ﬁ)2 o, (1+1go,)
F = +

’ 2tgy,,
+f(P-F,)+Rcosy,, (6]

rae N — riyOuHa BHEIPEHHS aliMasa B TOPHYIO TIOPOAY, M;
d — maMmeTp anMasHoOro pesla, M; G — IIPEIEI POYHO-
CTH Ha CKalblBaHHE TOpHOW mopoxsl, Ila; ¢, — yron
BHYTPEHHETO TPEHHS B 1e)OpMUPYEMBIX 00beMax Mopo-
bl TIEpe]l IepeHel TPaHbio peslia, IPpaj; Yo — YTOl CKa-
JBIBaHUS TOPHOH HOPOJIbI IEpes NepeiHeH rpaHbio pesla,
rpaz; f — xoadduument Tpenus anMasHoro pesua o rop-
HYIO [IOPOJy B YCIOBHSX NMPUCYTCTBHSA Cpenbl; P — oceBast
Harpyska Ha peser, H; F, — ycumue, BBI3BaHHOE COIPO-
THUBJICHUEM CpEJibl, HAMPABICHHOE HABCTPEUy OCEBOMY
yerwmo, H; Fr,— crta TpeHus anmasHoro pesua o mopo-
Iy B ycnoBusx nmpucytcrsus cpenpl, H; Rg— conporusne-
Hue cpensl, H; y, — nepeanuil yron pesna, rpag.

IIpu sTOM ycunue pe3aHusA—CKajblBaHUA TOPHOM IO-
POZBI MOXKHO MPEACTABUTH HECKOJIBKO HHAYE:

e _(P=F) 2)
bty

TJie yCUIINe, HAlPABICHHOE HABCTPEUY OCEBOMY YCUIIUIO,
F. (puc. 1) onpenensiercs mo GpopmyJie:

F, = Rsiny,cosy,. 3)

B ¢opmyne (3) comporuBneHne cpempl MOXKHO pac-

CUUTATh MO U3BECTHOU (hopMmyre BepHymu amst ckopocT-
HOTO Haropa

R. = 0,5v5CcpcS 4)

1 (GopMyne I pacdeTa IUIOMIAN TepeqHel MoBepXHO-
CTH pe3la

S =0,125ndH,

I71e U} — JMHEiiHas CKOPOCT MEPEMEILCHNs Pesia, M/C;
C.— xoarment dopmsl pestia (OPHEHTUPOBOUHO MOXKET
MBMEHsThCS OT | — mockwid pesety, 10 0,5 — MpHOCTPEHHBIN,
OpUCHTUPOBAHHbIN TPAHBIO BIIEpEN); P, — BECOBAS ILIOT-
HOCTH Cperel, H/M’; S — miomanp nepenHeil moBepXHOCTH
pe3iia, M*; H — BBIMYCK a/iMa3a 3 MAaTPHIIBL, M.

C yd4eroM IUIOIAAH KOHTAKTHPYIOIIETO CO CPEemoi
pesia, GopMyna pacuera peakiuu Oy/ET BHITISACTH Clie-

JyIOmUM 00pa3om
— 2
R. = 0,0625vyC.p. mdH. (5)

Ecmm npunsts, ut0 1, = 2107, T0 N0 Qopmyie (5)
MOXHO OIIPEACIUTL COMPOTUBIICHUE CPEAbl B 3aBUCHUMO-
CTH OT YacTOTHI BpAIIEHHsI OypOBOTO HMHCTPYMEHTA ® U
pazuyca Topla KOpOHKH I' — pacCTOsHUS OT LIEHTPa TopLa
JI0 TOYKH YCTAHOBKH alMa3HOTO pe3lia:

R, = 0,25 m3w?r?C.p.dH.

Pemmenne ypasuenwii (1) u (2) anst omnpenenenus ycu-
M Pe3aHMA—CKaJIbIBAHMA TOPHOH mopossl pestoM F,
TI03BOJIIJIO MONYUUTh CEAYIONIEe BRIPAXKEHHUE:

n(h+0,25vh) o,

PATS

(1+ tgcp”)+ f (P - Rcsiny”cosy“)+

(P - Rcsinyncosyn)
gy,

YUYUTHIBAIOIIIEE MHOTHE (haKTOPHI UCCITEYEMOM CHCTEMBI,
a MMEHHO CXEMbl pa3pyLICHUs TOPHOW TOpOJbl amMas-
HBIM PE3LOM C YYETOM TE€OMETPUYECKHX MapaMeTpoB,
BHEIIIHUX CHJIOBBIX, @ TAK)KE XapaKTEPUCTUK paspyluae-
MO TOpPOJIBL.

+R.cosy, - =0,

41



3BecTis TOMCKOro NOMUTEXHUYECKOro yHuBEpeuTeTa. MHxuHpuHr reopecypcos. 2020. T. 331. Ne 10. 4048
HeckopomHbix B.B., Monosa M.C., XaputoHos A.HO. BrinsHue cun conpoTuBIIEHNS Ha ryOuHY pe3aHusi-CKanblBaHUs FOPHON ...

[Tocie npeobpazoBaHuil UMEEM:

n(h+0,25Vdh) o,

gy (1+tgo, )+ R.cosy, +
. (. 1)
_ ———=0. 6
+(P RCSInyncosy“)L f oy, 0 (6)

JIns manpHEHIIEero HMcCaeIoBaHMg, MaTeMaTHYeCKOrO
peoOpa3oBaHusl CIOKHOTO BBIPAXKEHHUS, TIPOBEPKH aJICK-
BATHOCTH TOJIYYaEMbIX PE3YJbTATOB M IPEIOKCHHOM
MaTeMaTHYeCKOH MOJENH B Cpele TpapuIecKoro mpo-
rpammupoBadus LabVIEW [23-26] paspaGoran mpo-
rpaMMHbId  mpoaykT  Burenie almazom03.avi. Ombir
IIPUMEHEHHST KOMITHIOTEPHOTO MOJICITUPOBAHKS Pa3pyIiie-
Hust TopHOM mopoxs! B cpeze LabVIEW [28] mokasan, uto
JAHHBI METOJ MCCIENOBAHUS AT JOBONBHO JTOCTOBEP-
HBIC W TOYHBIE PE3YIIBTATHL

[lomydyenHas mporpaMma peanm3yeT BCECTOPOHHHIA
pacyeT ONMCaHHOW MaTeMaTH4eCKO MOJIENN: YUUTHIBAET
pasMepsl aIMa3HOro pesla, NepeBOAUT BCE Pa3MEPHOCTH
UCXOIHBIX JaHHBIX B cucteMy CU u, peaimsys anroputm
Bounciennit hopmyn (1)—(6), ompenenser rinyouHy pe-
3aHUS TIOPOABI alTMa30M C YUETOM CHIIBI CONPOTHBICHHUS
obpasoBasIeiics Ha 3a00€ Cpebl.

JUi IONHOM KapTUHBI Pa3pyIIEHUs TOPHOHU MOPOJBI
aIMa30M, TIOMIMO TTyOMHBI Pe3aHus, HEOOXOIUMO TaKKe
paccMaTpuBaTh pa3Mephl M HAIpPABICHIE PaclpoCTpaHe-
HUS 30HBI MIPEIpa3pyIIeHNs, KOTOpas YKa3blBaeT Ha BO3-
MOXHYI0 0071aCTh pa3pylIeHHs TOPHOM MOPOABI anmas-
HBIM pe3noM. J[7Is 3TOro B MpOrpamMMmy 3alokeH pacyeT
[IyOMHBI TIPOHWKHOBEHHS SIpa CXKATUS MOPOABI B
HATpaBJICHHH JEHCTBUS OCEBOW CHUIIBI, T. €. TITyOHHBI 00-
PO3IBI pa3pyIIeHus, onpeaensemMoit mo popmyne (7):

h, = 0,25cosa(2h + \/%), O

a Takke TIyOMHBI TPOHMKHOBEHWS SIpa CXaTtus B
HATpaBJICHAM JCHCTBUA PE3YNbTHPYIOIEH OCeBOTO H
TAHTCHIMAIBHOTO YCHJINH, NEHCTBYIONNX Ha anMas, Ko-
TOPYIO MOXKHO HalTH 1o hopmyie (8):

MN = 0.25(2h + Vdh). 8)

Takast mporpaMma MO3BOJISET UCCIICIOBATh MEXAHU3M
pa3pyLICHHs IOPOABI aaMa3aMH pPa3IMYHOr0 pa3Mepa
OPH 33JaHHOM (WM HPEIIoaracMoM) BBITYCKE anaMasa
U Pa3IHYHBIX MOKA3aTeIIX OCEBOr0 M TAHTEHIHAILHOIO
YCHIHH € y4eTOM COIPOTHBIICHHS Cpelbl, 00pa3oBaB-
mieiicss Ha 3a00¢ CKBaXKMHBL [IpH 9TOM YYHTBIBAIOTCS
pa3IMYHBIC CBOMCTBA pa3pylnaeMol mopojsl. IIporpamma
HO3BOJIIET KMCCIENOBATh TAKHE TPYIHOAOCTYIIHBIE IS
IPOM3BOICTBEHHOTO JKCIIEPUMEHTA IIPOLECCHI, KAK Me-
XaHU3M Da3pyLICHHs IIOPOJbI OJHMM alMa3oM, pa3Mep
KOTOPOI'0 MOJKET JOCTHIaTh JECAThIC JAOIH MHLIMMETPA,
a IUIOWIA b PaspyLIEHHS TOPO/IBI He IpeBbimaet 1 Mm%,

K npumepy, npu OypeHun B u3BecTHAKE (0¢=19 MIa)
HHCTPYMEHTOM, apMHUPOBAHHBIM ajMa30M JHAMETPOM
0,9 MM, Ipu oceBoii Harpy3ke P=5H u ckOpocTH pe3aHus
V,=3 M/c, mepeOupast 3HAYEHHS TAHT€HIIUAIBLHOTO YCHUITHS,
MOXXKHO HaOJIOfaTh W3MCHCHHE HAIPABICHHS SApa CiKa-
THS U BBIOpATh U3 psfia ONTHMAlIbHOE 3HAYeHHe I 3b-
(exTUBHOTO OYypeHUS B MPEIJIOKEHHBIX YCIOBHAX
(puc. 2). Burenie almazom03.avi. mpou3BOAUT MOMEH-
TaJIbHBIA pacyeT, CTPOUT CXEMY B3aUMOJACHCTBHS alMa3-
HOTO pe3lia ¢ IOpomoH (pHC. 2) M BEIBOJKUT €¢ Ha KpaH.
Tax, onTUMaabHBIM IS MCCICAYEMBIX YCIOBHE OymeT
3HauCHHE TAHI€HIMAJIbHOIO YCHIIHA B Ipeaenax oT 4 10
7 H. B sToM ciydae SApo CKaTHA pacrojaraercs mepes
nepefHer rpaHplo anMmasa (puc. 2, 6), YTO HPHBOIMT K
CKAJIbIBAaHUIO U PE3aHMI0 TOPHOH MOPOJBI, a YYHTHIBAS
TBEPIOCTh U3BECTHSAKA, — TAKOE PACIIOIOKEHHE CHII CIO-
coOcTByeT Ooiee 3 PEKTHBHOMY €r0 pa3pyLICHHUIO.

ald

Puc. 2. Pe3ynvmamvl KOMNbIOMEPHO20 MOOETUPOBAHUS MEXAHUZMA paspyulerus uzsecmusaxa aimazom 0,9 mm npu ocegom
yeunuu S H: a) F,=2H; 6)F,=3H;¢) F,=4H;2) F,=6 H
Fig. 2. Results of computer simulation of the mechanism of limestone destruction by 0,9 mm diamond with axial force 5 H:

a)F,=2H;b)F,=3H;c)F,=4 H;d)F,=6 H

AHanu3

[TonyyeHHble pe3ysbTaThl KOMIBIOTEPHOTO MOJEIH-
POBaHHS TIOATBEP)KIAIOT BHIBOABI, CIEIAHHBIE B HCCIE-
noBaHusAX [12], 4To yKa3bIBaeT Ha aAeKBAaTHOCTH TIpe]-
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JIOKEHHOH MAaTeMaTH4YeCKOM MOJENIH M IO3BOJISET HC-
[ONB30BaTh €€ I JalbHEHIIero u3yveHus ocoOeHHo-
CTel MeXaHW3Ma pa3pyLICHHs TOPHOU MOPOJIbI ATMa3HBIM
pe3Iom.
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Pe3ymbTaThl KOMIBIOTEPHOTO MOJCIMPOBAHUS TMOKa-
3aJIM, YTO cpeda, 00pPa30BaBIIAsACAd U3 CMECH HPOMBIBOY-
HOTO areHTa M Iiama Ha 3a00e, OKa3bIBaeT BIMSHUE Ha
BCIMYUHY TyOMHBI pPe3aHUs—CKalbIBaHMS anma3zoM. Ha
H3MEHEHHE PEAKINH COTMPOTUBJICHHS CPEIbl OKA3hIBACT
BIMAHKME €€ TIOTHOCTh M CKOPOCTh pe3anus. Ha miot-
HOCTb, COOTBETCTBCHHO, BIMSIOT THI IIPOMBIBOYHOIO
areHTa M BHJ pa3pyliaeMod ropHo# moponsl. CKOpocTh
PE3aHUS—CKaIBIBAHUS B CBOIO OYEPENb OIMPENCIAETCS
YaCTOTOW BPAIICHHS TOPOIOPA3PYLIAOIIETO HHCTPYMEH-
Ta U MECTOIOIOKEHHEM HCCIeayeMoro amMasza. K Tomy
e, HeMAJIOBAXKHOM ABIsSETCS (hopMa alIMa3HOro pesla u
TeOMETPUYECKUE MapaMeTphl €ro YCTAHOBKH B IOPOJIO-
paspyIaeMoM HHCTPYMEHTE.

OCo0EHHOCTBIO KPYIJIOTO pe3la, K HpUMepy, ABILeT-
¢ TO, YTO TIEPEIHUH €ro yroj IOCTOSHHO MOXET Me-
HATBCSA TPU M3MEHEHWH TIIYOMHBI MOTPYkKEHHS peslia B
ropHY0 mopoy. OpHEeHTHPOBOYHO MEPEIHMI YToMl MOX-
HO OTIPEJICTUTH TI0 3aBUCUMOCTH (9):

Y =90 —q, 9)
TI€ O — Yrol MEeXAY BEKTOpaMHU PEe3aHHS—CKATBIBAHUS
(puc. 1) ropHO# IOPOJIBI PE3LOM, TPAI.
Boree TouHO, ¢ yueToM ITyOMHBI BHEAPEHHS pe3lia B
TOPHYIO TIOPOJY, HEpeAHHIl Yol pesra MOXHO OImpesie-
auth 1o (opmyae (10):

r-h
v, =90—0,5arccos , =, (10)

rae hy, — riryOuHa BHeIpeHns anMasa B OOy TIPH CTa-
THYECKOM BJIABIMBAHUH, ompesensercs no dopmyine (11).

P (11)
mp,, (1+ tgo)

TZIE Py — TBEPOCTH TOPHOI TTOPOJIBL.

Jlms Gonee TOYHOTO pENICHHS MOKHO HCIOIB30BaTh
(GopMyy ¢ yaérom cHiIsl R., BRITaNKHBAIOLIEH peser] U3
TIOPOJIBI, U TO BBIPAXKEHHE YKe OyAeT TOCTATOUHO OJIH3-
KO K 3HaUCHHIO BHEJPEHHUs alMa3a B IIOPOIY B HpoLecce
Pe3aHNA—CKaIBIBAHNA, T. €. B IMHAMUKE:

h,=r-

yn

h=r— |r*—

P —0,0625v C p ndHsiny, cosy, (12)
w, (1+1go) |

JUist pacueTa BEMYMHBI IEPEJHETO YIUIa pe3lia BaKHO
OMpPEAETUTh YTON 0, KOTOPHIA YKa3bIBAaeT HAIpaBieHHE
JeiicTBus pesynprupytoteit cunbl R. [l pe3nos pazHoi
(hopmbl (HE0OPAOOTaHHBIH, C OCTPHIMH IPAHAMHU, OBAJIH-
30BAaHHBIM, MOJMPOBAHHBIN) 3HAYEHHUS YINa O OMpesesne-
HBI Ha OCHOBAHHH JKCTIEpUMEHTANbHBIX JaHHBIX BUTPa,
NpUBEACHHEIX B pabote [14], B KOTOPOH NpeACTaBICHHI
3HAUeHHs, MO3BOJISIONIME PACCUUTATh JAHHBIA YTOJ.
Jlannbie u3 pabotsl [14] mpuBeneHs! B TAOMHIIE.

Tabnuya. Ycunus, eosHuxarowue npu pabome AIMA3HBLIX Pe3y08 PA3HOU CmeneHu oopabomxu (pe3yivbmamel ONbLIMHO2O
9KCnepumenma)
Table. Results of the experimental determination of efforts during the work of diamond tools
Anma3 HeobOpaboTausslii/Rough diamond
Topoxa/Rock HS?E%SOI;adHIi ;1&11\;:’13 Er?;?oap?gg:i TaHreHu_MﬂLHoe yoome | P | Py
aH F,p, taH Tangential force F,, naH E, E,
f/ﬁ;&]\/}:jg/ﬁii];i);cmu/Medlum hard 8.2 37 7.05 116 | 053
UsBecTask/Limestone 6,13 2,76 378 1,62 0,73
3,99 1,8 2,98 1,34 | 0,61
Cnanery/Slate
gffg;éi;;&iﬁﬁféf:blemard and very hard 527 2.36 37 142 | 064
Porosmi/Horn 5,34 2,5 2,62 2,04 | 0,95
Porosuk maraerurossiit/Magnetite horn 4.8 2,16 2,52 1,89 | 0,86
. 3,96 1,78 2,21 1,8 0,81
I'pannt/Granite
Anma3s oBanm3oBanHbiii/Ovalized diamond
Cpeoneti meepoocmu/Medium hard
Mpamop/Marble 2,71 1,21 2,45 1,1 0,49
Ussectsk/Limestone 6,24 2,8 3,84 1,62 | 0,73
Cnanery/Slate 6,1 2,74 4,0 1,52 0,69
Teepovie u ouenv meepovie/Hard and very hard
Amsourodpup/Albitofire 7,78 3,5 6,56 1,18 | 0,53
Porosuk/Horn 6,18 2,78 4,35 1,42 | 0,64
Poroeuk maraeruroBsiit/Magnetite horn 5,13 2,3 2,72 1,89 | 0,85
I'panut/Granite 6,52 2,94 3,84 1,9 0,86
Anma3 nonuposansiii/Polished diamond
(pacuetHble faHHBIE TpU Kodddunmente Tperns 0,056)
(calculated data with friction coefficient 0,056)
Cpeoneti meepoocmu/Medium hard
Mpamop/Marble 2,71 0,15 1,39 195 | 0,11
W3sectasax/Limestone 6,24 0,35 1,39 45 0,25
Cuanen/Slate 6,1 0,34 1,6 3,8 0,21
Teepovie u ouenv meepowvie/Hard and very hard
Ansourodup/Albitofire 7,78 0,43 3,49 2,23 | 0,12
Porosux/Horn 6,18 0,35 1,92 3,2 0,18
Porosuk marueturossiit/Magnetite horn 513 0,29 0,71 7,1 0,41
I'paunt/Granite 6,52 0,37 0,8 8,15 | 0,46
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U3 pacueToB, ¢ HCHIONB30BAHMEM TAHHBIX U3 TAOIHUIIEL,
CIIeIyeT, 9TO CpeHee 3HAUCHHE OTHOLICHHS OCEBOTO U
TaHTeHIManbHOro yeumuii (P/F,) 1 anvasos pasmdso-
ro Bujga o0paboOTKH HeoAMHaKoBo. Tak, mns HeobOpado-
TAaHHOTO alMa3a Takoe OTHOIIeHHWe cocTaBiser 1,37 B
caydae Oypenust u 1,79 B TBepabix mopogax. B ciydae
UCIONB30BAaHUA OBalIM30BaHHOrO ammasa P/F,=1,41
(B moponax cpenueii TBepaoctu) u P/F,=1,6 (B TBepaBIX
nopozax). Jlna nonuposansoro anmasa P/F,=2—4 (s no-
ponax cpenueil tBepoctn) u P/F,=7-8 (B TBEpABIX M
KpENKHX MOPOJIaX), YTO CYIICCTBEHHO BBIIIE, YEM C OBa-
JM30BaHHBIMU U HEOOPaOOTAHHBIMH JIMa3aMIL.

Takum 00OpazoM, yroin o, KOTOpBIA 00pasyercs MexIy
BEKTOPOM OCEBOTO P ¥ pe3yibTHpYIoIero ycwmii R
(puc. 3) Oyzer crexyromum:
® 11 HeoOpaOOTAHHOTO, a TAKXKE OBATM30BAHHOTO ajl-

MazoB 33-39° (mpu OypeHMH B TOpPHBIX MOPOAAX

cpenrert TBepaoctr) u 30 (pu OypeHHH B TOpOjax

TBEPABIX U KPETKHX);

e Ui TIONMPOBAHHBIX anMas3oB 14-26° (mpu OypeHuu
TOPOJ cpelHel TBepaocTH) u 7-8° (B Oonee TBEPAbIX
noponax) [12].

B mpomecce paboTl MOPOIOpa3pyIIAIOIIETO HHCTPY-
MeHTa ¢ HeoOpaOOTaHHBIMH IUTH OBANH30BAHHBIMHU aJMa-
3aMH B KaUeCTBE Pe3IOB SAPO CKATHA MOPOJIBI Pacoiara-
eTcsl Ha TepeHel TpaHu TaKoro peslia, YTo CocoOCTBYeT
CKAJBIBAHHIO U PE3AHMUIO TIOPOJBI CPEIHEN TBEPIOCTH.

[Ipu rcmoNbp30BaHUH MOIMPOBAHHOTO anMasa, B Mpo-
Tecce paspyuIeHus] TBEPABIX M KPEMKUX TOPHBIX MOPOT,
AP0 CIKATHA CMeIaeTcs moj pesen (puc. 3, 6), 4To co-
OTBETCTBYET pAa3/aBIMBAHMIO TaKOH MOpOIbL. 3a CYer
YBEJNHMYCHHS YTJIa 0. MPOUCXOJUT CMEIICHUE S/Pa CHKATHS
Ha [ePeHIO TpaHb pe3a MpH OypeHHuH MOpOJ CPeIHUX
1o TBepAocTH. Takoe cMeleHne 1aeT BO3MOXKHOCTD CKa-

JIBIBAHUIO NIOPOJIbl, XOTS IIPU 3TOM HOPOAA MO-TIPEKHEMY
IPEUMYIIECTBEHHO Pa3pyLIAETCs pa3jaBIUBaHUEM.

Puc. 3. Cxembl 83aum00eliicmeus aimasHulX pe3yos ¢ nopo-
0oll: a) 08aNU306AHHO20, 0) NOAUPOBAHHOLO

Fig. 3. Schemes of interaction of diamond cutters with rock:
a) ovulated; b) polished

Ha puc. 4 npencraBnens! rpauku 3aBUCUMOCTH CO-
npoTHBIeHus cpenbl R, mpu mioTHOCTH cpest 1,5 rp/em’®
(3aBHCHMOCTH (5)) OT JTMHEHHON CKOPOCTH MEPEMEIIeHHS
pesia I pasNuIHbIX JUaMeTpoB pesla. Brimyck pesma
U3 MaTpHIBI H omnpenernsics Kak 73 anaMmeTpa pesia.

AHanu3 Nomy4eHHBIX 3aBUCHMOCTEH MOKA3bIBAET, UTO
IpU JIMHEHHOH CKOpPOCTH B Tpenenax -5 m/c compoTus-
JIeHHE Cpelbl MOXKET JOCTUTaTh CYLIECTBEHHOTO BIMSHUSA.
BriOpanHble 3HAYCHWS JIMHEHHBIX CKOPOCTEH COOTBET-
CTBYIOT YacTOTE BpaIleHHs OYpOBBIX aIMa3HBIX KOPOHOK

JmametpoM ot 46 10 93 MM B mpenenax 1000-1500 MuH
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JluneiiHas CKOPOCTH pe3a, M/C

Puc. 4. 3asucumocmsv conpomuenenusi cpedbl OM JTUHEUHOL
ckopocmu pesya npu ouamempe pesya (mm): 1 — 2,
2-4;3-6

Fig. 4. Dependence of the medium resistance on the linear
speed of the cutter with the diameter of the cutter
(mm):1-2;2-4;3-6

Ha puc. 5 nnd Tex xe yCNOBHIH, YTO HCIIONB30BAHBI
IpH TIOCTPOCHHH TPa(QuUKOB HAa PHUC. 3, HPEICTABICHEI
3aBHCHMOCTH BEJMYMHB! BBITAIKUBAIOMEH CIUHI ((op-
myJia (3)), BEI3BAHHOW COIMPOTHBICHUEM CpEMIbI, OT JIH-
HEIHOM CKOPOCTH NepeMEEHNUS PE3LIOB.

Fn, QHH
2

’ 7

=

0 1 3 5
JInneiinas cKOPOCTH pe3ta, M/c

—

Puc. 5. 3asucumocmo ycunuss F, om numeiinoii cxopocmu
pesya npu ouamempe pezya (mm): 1 —2;2—-4;3 -6
Fig. 5. Dependence of the force F, on the linear speed of
the cutter with the diameter of the cutter (mm): 1 — 2;

2-4;3-6
ol
3 1
\ 2
\ .
0,001 ~%\
———
0
0 1 3 5

JIuneiinas ckopocTh pesiia, M/c
Puc. 6. 3asucumocmo 2nyounbl 8HEOPEeHUs. pe3yd 8 SOPHYIO
nopooy om nuHelHOU CKOpOCMU nepemeujeHus pes-
ya ouamempom (mm): 1 —2;2—-4;3-6
Fig. 6. Dependence of the cutter penetration depth into the
rock on the linear speed of the cutter movement.
Cutter diameter (mm): 1-2;2-4;3-6
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C y4yeToM BIHMAHHSA CHJIBl CONPOTHBIEHHUSA Cpeldbl U
pOCTa COMPOTHBICHUS TOPHON HOPOIBI TI0 MEpe PocTa
JTMHEHHOH CKOPOCTH TEpEMEINeHHs pe3la HaOMrofaeTcs
CHIDKECHHUE TITyOMHBI BHEIPEHHUS pe3lia B TOPHYIO MIOPOY,
410 cneayer u3 Gpopmynsl (12) u pe3ynbTaToB KOMIIbIO-
TEpHOTO MojenupoBanus. Ha puc. 6 mpeactaBneHsl rpa-
¢udeckre 3aBUCUMOCTH, TonydeHHble 1o (opmyne (12)
U TIpH HCTIONB30BAHAN JAHHBIX, 110 KOTOPHIM ITONYYCHEI
rpa¢uxu Ha puc. 4 u 5.
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INFLUENCE OF RESISTANCE FORCES ON THE DEPTH
OF ROCK CUTTING-CHIPPING BY A DIAMOND CUTTER
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Relevance. The development of drilling rock cutting tools is always aimed at improving the efficiency and resource of its work and to ex-
pand the scope. An important component of this process is the study of the mechanism of rock destruction by the working part of the tool
being developed. The most difficult, but important is the study of the depth of rock cutting—chipping with a cutter. Despite the small dimen-
sions of the system under consideration, for a more reliable result, it is necessary to take into account all the factors affecting rock destruc-
tion by a cutter. If we talk about the most significant factors that affect the efficiency of rock destruction, it is necessary to note the re-
sistance forces that occur at the bottom of the well. The smallest cutter has a diamond rock cutting tool. The diamond type of drilling tool is
quite in demand in production. In this regard, it is urgent to develop the theory and possibilities of studying the mechanism of rock destruc-
tion by a diamond cutter, taking into account the processes and phenomena occurring at the bottom, including those that impede its intro-
duction into the rock.

The aim of the research is to identify the possible sources of resistance forces to the introduction of a diamond cutter into the rock, to de-
termine the degree of influence of resistance forces and other factors on the value of the depth of rock cutting—chipping with a diamond
cutter.

Objects: rock destruction mechanism with a single diamond cutter.

Methods: experiment, analytical studies, analysis, computer simulation method.

Results. A software product was developed that allows a detailed study of the mechanism of rock destruction by a single diamond tool. It
is determined that the resistance from the side of the medium that arose at the bottom of the well affects the resulting value of the depth of
cutting—chipping of the rock with a diamond cutter. The value of the resulting resistance force to the cutter depends on the type of flushing
fluid and the type of rock being destroyed. It was found that as the linear velocity of the cutter increases, an increase in rock resistance and
a decrease in the depth of penetration of the cutter into the rock are observed.

Key words:
Drilling tool, destruction mechanism, diamond cutter, resistance force, modeling.

REFERENCES 6. Brook B. Principles of diamond tool technology for sawing rock.
International Journal of Rock Mechanics and Mining Sciences,
2002, vol. 39 (1), pp. 41-58.

7. Tretyak A.Ya., Popov V.V., Grossu A.N., Borisov K.A. Innova-
tive approaches to the design of highly efficient rock cutting tools.

of diamond rock cutting tools with anisotropic rock in order to Mining Information and Analytical Bulletin, 2017, no. &, pp. 225-230.

h N . In Rus.
E%e&glfilggagems of natural curvature of wells. Cand. Diss.]. Tomsk, 8. Evseev V.D., Mavlyutov MR. Puti povysheniya effektivnosti

razrusheniya gornykh porod [Ways to increase the efficiency of
rock destruction]. Materialy regionalnoy konferentsii geologov
Sibir i Dalnego Vostokai Severo-Vostoka Rossii [Materials of the
regional conference of geologists of Siberia, the Far East and
North-East of Russia]. Tomsk, 2000. VVol. I, 463 p.

9. Klimov D.M,, Karev V.I., Kovalenko Yu.F., Ustinov K.B. Mecha-
no-mathematical and experimental modeling of well stability in
anisotropic geomedia. lzvestiya Rossiiskoy Akademii Nauk. Seriya
Geograficheskaya, 2013, no. 4, pp. 4-12. In Rus.

10. Ma T., Zhang Q.B., Chen P., Yang C., Zhao J. Fracture pressure
model for inclined wells in layered formations with anisotropic
rock strengths. Journal of Petroleum Science and Engineering,
2017, no. 149, pp. 393-408.

11. Neskoromnih V.V., Popova M.S. Diamond tool development
using computer modelling data and system reserch results. Scien-
tific and Technical Journal «Petroleum Engineer», 2018, no. 3,
pp. 18-26. In Rus.

1. Larin A.A. Issledovanie protsessa vzaimodeystviya almaznogo
porodorazrushayushchego instrumenta s anizotropnoy gornoy
porodoy s tselyu vyyavleniya zakonomernostey estestvennogo is-
krivleniya skvazhin. Dis. Kand. nauk [Investigation of interaction

2. Pushmin P.S. Obosnovanie modeli almaznoy koronki na osnove
issledovaniya mekhaniki razrusheniya tverdykh anizotropnykh
porod. Dis. Kand. nauk [Justification of the model of a diamond
crown based on a study of the mechanics of fracture of solid aniso-
tropic rocks. Cand. Diss.]. Irkutsk, 2006. 131 p.

3. Bukanov A.A. Gorshkov L.K., Osetskiy A.l., Soloviev N.V.
Printsipy konstruirovaniya i ekspluatatsii almaznogo porodora-
zrushayushchego instrumenta [Principles for the design and opera-
tion of diamond rock cutting tools]. Exploration and protection of
the subsoil, 2013, no. 7, pp. 44-49.

4, Gorshkov L.K., Osetskiy A.l. Development of principles for the
design and operation of a new diamond rock cutting tool. Journal
of Mining Institute, 2012, vol. 197, pp. 40-45. In Rus.

5. Huang H., Lecampion B., Detournay E. Discrete element model-
ing of tool-rock interaction I: Rock cutting. International Journal
for Numerical and Analytical Methods in Geomechanics, 2013,
vol. 37 (13), pp. 1913-1929.

47


mailto:alleniram83@mail.ru
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=55738324600&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=6507791328&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=7005786977&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84882245559&origin=resultslist&sort=cp-f&src=s&st1=+rock+cutting+tool&nlo=&nlr=&nls=&sid=d44b383b96b7b83f237a46d7314c9256&sot=b&sdt=b&sl=33&s=TITLE-ABS-KEY%28+rock+cutting+tool%29&relpos=27&citeCnt=72&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84882245559&origin=resultslist&sort=cp-f&src=s&st1=+rock+cutting+tool&nlo=&nlr=&nls=&sid=d44b383b96b7b83f237a46d7314c9256&sot=b&sdt=b&sl=33&s=TITLE-ABS-KEY%28+rock+cutting+tool%29&relpos=27&citeCnt=72&searchTerm=
https://www.scopus.com/sourceid/16214?origin=resultslist
https://www.scopus.com/sourceid/16214?origin=resultslist
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=7003956692&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-0036278860&origin=resultslist&sort=cp-f&src=s&st1=+rock+cutting+tool&nlo=&nlr=&nls=&sid=d44b383b96b7b83f237a46d7314c9256&sot=b&sdt=b&sl=33&s=TITLE-ABS-KEY%28+rock+cutting+tool%29&relpos=31&citeCnt=68&searchTerm=
https://www.scopus.com/sourceid/16352?origin=resultslist
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=55452519100&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=56651274700&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=56923981000&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=55655240600&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=55927660000&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85008477629&origin=resultslist&sort=plf-f&src=s&st1=anisotropic+rock+drilling&nlo=&nlr=&nls=&sid=323cded9f6d5718c7df7d7301166e99e&sot=b&sdt=b&sl=40&s=TITLE-ABS-KEY%28anisotropic+rock+drilling%29&relpos=90&citeCnt=29&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85008477629&origin=resultslist&sort=plf-f&src=s&st1=anisotropic+rock+drilling&nlo=&nlr=&nls=&sid=323cded9f6d5718c7df7d7301166e99e&sot=b&sdt=b&sl=40&s=TITLE-ABS-KEY%28anisotropic+rock+drilling%29&relpos=90&citeCnt=29&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85008477629&origin=resultslist&sort=plf-f&src=s&st1=anisotropic+rock+drilling&nlo=&nlr=&nls=&sid=323cded9f6d5718c7df7d7301166e99e&sot=b&sdt=b&sl=40&s=TITLE-ABS-KEY%28anisotropic+rock+drilling%29&relpos=90&citeCnt=29&searchTerm=
https://www.scopus.com/sourceid/17013?origin=resultslist

Neskoromnykh V.V. et al. / Bulletin of the Tomsk Polytechnic University. Geo Assets Engineering. 2020. V. 331. 10. 40-48

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Neskoromnykh V.V. Razrushenie gornykh porod pri burenii skva-
zhin [Destruction of rocks during drilling]. Moscow, INFRA-M;
Krasnoyarsk, SFU, 2015. 336 p.

Su O., Ali Akcin. Numerical simulation of rock cutting using the
discrete element method. International Journal of Rock Mechanics
and Mining Sciences, 2011, vol. 48 (3), pp. 434-442.

Kiselev A.T., Krusir L.N. Vrashchatelno-udarnoe burenie ge-
ologorazvedochnykh skvazhin [Rotary-shock drilling of explora-
tion wells]. Moscow, Nedra Publ., 1984. 102 p.

Aleksandrov A.N., Kishchenko M.A., Rogachev M.K. Modeling
the formation of solid organic particles in highly paraffin reservoir
oil. Scientific and Technical Journal «Petroleum Engineery, 2018,
no. 2, pp. 42-49. In Rus.

Hasan A.R., Kabir C.S. Wellbore heat-transfer modeling and ap-
plications. Journal of Petroleum Science and Engineering, 2012,
vol. 96-97, pp. 109-119.

Dong G., Chen P. 3D numerical simulation and experiment valida-
tion of dynamic damage characteristics of anisotropic shale for
percussive-rotary drilling with a full-scale PDC bit. Energies, 2018,
vol. 11 (6), pp. 1326-1331.

Ai Z.,Han Y., Kuang Y., Wang Y., Zhang M. Optimization model
for polycrystalline diamond compact bits based on reverse design.
Advances in Mechanical Engineering, 2018, vol. 10 (6), pp. 476-479.
Serikov D.Y., Gaffanov R.F. Investigation of the stress-strain state
of two adjacent centrifugal-volume-reinforced teeth of the arma-
ment of a bit drilling tool. Scientific-technical journal «Construc-
tion of oil and gas wells on land and sea», 2018, no. 9, pp. 42-47.
In Rus.

Detournay E., Richard T., Shepherd M. Drilling response of drag
bits: theory and experiment. International Journal of Rock Me-
chanics and Mining Sciences, 2008, vol. 45 (8), pp. 1347-1360.
Gao M., Zhang K., Zhou Q., Zhou H., Liu B., Zheng G. Numerical
investigations on the effect of ultra-high cutting speed on the cut-
ting heat and rock-breaking performance of a single cutter. Journal

Information about the authors

22.

23.

24.

28.

29.

of Petroleum Science and Engineering, July 2020, vol. 190, article
no. 107120.

Basarir H., Karpuz C. Preliminary estimation of rock mass
strength using diamond bit drilling operational parameters. Inter-
national Journal of Mining, Reclamation and Environment, 2016,
vol. 30 (2), pp. 145-164.

KorolevA.L. Kompyuternoe modelirovanie [Computer modelling].
Moscow, BINOM Publ., 2013. 230 p.

Travis J., Kring J. LabVIEW dlya vsekh [LabVIEW for everyone].
Moscow, DMK Press, 2011. 904 p.

. Magda Yu.S. LabVIEW: prakticheskiy kurs dlya inzhenerov i

razrabotchikov [LabVIEW: a practical course for engineers and
developers]. Moscow, DMK Press, 2012. 208 p.

. Vasiliev A.S., Lashmanov O.Y. Osnovy programmirovaniya v

srede LabVIEW [Basics of programming in the LabVIEW]. St. Pe-
tersburg, University of Information Technologies, Mechanics and
Optics, 2015. 82 p.

. Popova M.S. The results of computer simulation of the tempera-

ture regime of a diamond drilling tool. Scientific and Technical
Journal «Petroleum Engineery, 2018, no. 2, pp. 23-26. In Rus.
Popova M.S., Kharitonov A.Y. Computer simulation of processes
at well drilling. Bulletin of the Tomsk Polytechnic University. Geo
Assets Engineering, 2019, vol. 330, no. 12, pp. 18-27. In Rus.
Borja R.l., Sama K.M., Sanz P.F. On the numerical integration of
three- invariant elastoplastic constitutive models. Computer Meth-
ods in Applied Mechanics and Engineering, 2003, vol. 192 (9-10),
pp. 1227-1258.

. Che D., Zhu W.-L., Ehmann K.F. Chipping and crushing mecha-

nisms in orthogonal rock cutting. International Journal of Me-
chanical Sciences, 2016, no. 119, pp. 224-236.

Received: 8 September 2020.

Vyacheslav V. Neskoromnykh, Dr. Sc., professor, head of the department of technology and equipment of investiga-
tion, Siberian Federal University.

Marina S. Popova, Cand. Sc., senior teacher, Siberian Federal University.

Anton Yu. Kharitonov, Cand. Sc., certified LabVIEW developer.

48


https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=36455175900&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=36467884700&zone=
https://www.scopus.com/sourceid/16352?origin=resultslist
https://www.scopus.com/sourceid/16352?origin=resultslist
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=35576550700&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=7007164082&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84860299669&origin=resultslist&sort=cp-f&src=s&st1=drilling+borehole&nlo=&nlr=&nls=&sid=3aa84903968b8367589ccf513081240a&sot=b&sdt=b&sl=32&s=TITLE-ABS-KEY%28drilling+borehole%29&relpos=77&citeCnt=82&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84860299669&origin=resultslist&sort=cp-f&src=s&st1=drilling+borehole&nlo=&nlr=&nls=&sid=3aa84903968b8367589ccf513081240a&sot=b&sdt=b&sl=32&s=TITLE-ABS-KEY%28drilling+borehole%29&relpos=77&citeCnt=82&searchTerm=
https://www.scopus.com/sourceid/17013?origin=resultslist
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57189875424&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=56923981000&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85049603210&origin=resultslist&sort=plf-f&src=s&st1=drill+cutter&st2=&sid=dde6ece14839ee5f8d0b2b14bacc7cc2&sot=b&sdt=b&sl=27&s=TITLE-ABS-KEY%28drill+cutter%29&relpos=6&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85049603210&origin=resultslist&sort=plf-f&src=s&st1=drill+cutter&st2=&sid=dde6ece14839ee5f8d0b2b14bacc7cc2&sot=b&sdt=b&sl=27&s=TITLE-ABS-KEY%28drill+cutter%29&relpos=6&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85049603210&origin=resultslist&sort=plf-f&src=s&st1=drill+cutter&st2=&sid=dde6ece14839ee5f8d0b2b14bacc7cc2&sot=b&sdt=b&sl=27&s=TITLE-ABS-KEY%28drill+cutter%29&relpos=6&citeCnt=0&searchTerm=
https://www.scopus.com/sourceid/62932?origin=resultslist
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=15831336200&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57191502005&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=16833488900&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57196473884&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57203593411&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85049940479&origin=resultslist&sort=plf-f&src=s&st1=drill+cutter&st2=&sid=dde6ece14839ee5f8d0b2b14bacc7cc2&sot=b&sdt=b&sl=27&s=TITLE-ABS-KEY%28drill+cutter%29&relpos=7&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85049940479&origin=resultslist&sort=plf-f&src=s&st1=drill+cutter&st2=&sid=dde6ece14839ee5f8d0b2b14bacc7cc2&sot=b&sdt=b&sl=27&s=TITLE-ABS-KEY%28drill+cutter%29&relpos=7&citeCnt=0&searchTerm=
https://www.scopus.com/sourceid/19700182334?origin=resultslist
https://www.scopus.com/authid/detail.uri?authorId=57215189212&amp;eid=2-s2.0-85080094444
https://www.scopus.com/authid/detail.uri?authorId=56453785600&amp;eid=2-s2.0-85080094444
https://www.scopus.com/authid/detail.uri?authorId=56102127000&amp;eid=2-s2.0-85080094444
https://www.scopus.com/authid/detail.uri?authorId=57215193948&amp;eid=2-s2.0-85080094444
https://www.scopus.com/authid/detail.uri?authorId=55797335300&amp;eid=2-s2.0-85080094444
https://www.scopus.com/authid/detail.uri?authorId=57207984957&amp;eid=2-s2.0-85080094444
https://www.scopus.com/sourceid/17013?origin=recordpage
https://www.scopus.com/sourceid/17013?origin=recordpage
https://www.scopus.com/record/display.uri?eid=2-s2.0-84951877257&origin=reflist&sort=plf-f&src=s&st1=+DIAMOND+CUTTER&st2=&sid=e2494a5469607989cfccee614a4fa910&sot=b&sdt=b&sl=30&s=TITLE-ABS-KEY%28+DIAMOND+CUTTER%29&recordRank=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84951877257&origin=reflist&sort=plf-f&src=s&st1=+DIAMOND+CUTTER&st2=&sid=e2494a5469607989cfccee614a4fa910&sot=b&sdt=b&sl=30&s=TITLE-ABS-KEY%28+DIAMOND+CUTTER%29&recordRank=
https://www.scopus.com/record/display.uri?eid=2-s2.0-0037469579&origin=reflist&sort=plf-f&src=s&st1=+DIAMOND+CUTTER&st2=&sid=e2494a5469607989cfccee614a4fa910&sot=b&sdt=b&sl=30&s=TITLE-ABS-KEY%28+DIAMOND+CUTTER%29&recordRank=
https://www.scopus.com/record/display.uri?eid=2-s2.0-0037469579&origin=reflist&sort=plf-f&src=s&st1=+DIAMOND+CUTTER&st2=&sid=e2494a5469607989cfccee614a4fa910&sot=b&sdt=b&sl=30&s=TITLE-ABS-KEY%28+DIAMOND+CUTTER%29&recordRank=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84994525475&origin=reflist&sort=plf-f&src=s&st1=+DIAMOND+CUTTER&st2=&sid=e2494a5469607989cfccee614a4fa910&sot=b&sdt=b&sl=30&s=TITLE-ABS-KEY%28+DIAMOND+CUTTER%29&recordRank=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84994525475&origin=reflist&sort=plf-f&src=s&st1=+DIAMOND+CUTTER&st2=&sid=e2494a5469607989cfccee614a4fa910&sot=b&sdt=b&sl=30&s=TITLE-ABS-KEY%28+DIAMOND+CUTTER%29&recordRank=

