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CPABHEHUE PE3VYJIbTATOB ONPEJEJEHUS HANIPSIKEHUI HA TPAHSIX PE3IA
N3 MOHOKPUCTAJIJIOB AJIMA3A AHAJIMTUYECKUM 2-D ! 3-D METOJJOM
KOHEYHBIX 3JIEMEHTOB

Ilpogedeno cpaenenue pe3yrbmamos onpeoenenus GepOSMHOCMU PA3PYWEHUs pe3yos U3
MOHOKDUCIANIO08 AAMA3A C Y4emMOM UX AHUZ0OMPORUYU NPU UCNOIb308aHUU aHarumudeckoeo 2 —D memooa
no ¢opmyram A.B. bemawnennu, a maxxce 3-D memodom xomeumnwvix snemenmos. [nsi cpaenenus
UCNONb306ANU  3HAYEHUS CUNbI  pe3aHusi, NOJY4eHble DKCNEPUMEHMANbHO Npu  MOpYeeoM mModeHUU
AIOMUHUEBLIX CNIABOG C PA3TUYHOU 2TIYOUHOU U CKOPOCHbIO Pe3aHUs.

Knitouegvle cnoga: memoo KOHeUHbIX eMEHMO8, AIMA3HbIU pe3ey, BepOSMHOCHb Pa3pyUieHus,
CUTIbL pe3aHUsl, AIOMUHUEBbLE CIILABDI.
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PA3JJEJI 3. PABPAFOTKA U BHEJJPEHUE OFOPY][OBAHUA U MHCTPYMEHTA, OCHALLJEHHOI'O
TBEPJ[BIMU CHIVIABAMMH, B PA3JINYHBIX OTPACJIAX IIPOMBILIJIEHHOCTH

Jlis pacdera NPOYHOCTH PEXKYLIET0 HMHCTPYMEHTAa HEOOXOIMMO 3HATh pacHpeiesieHue
HanpspKeHUH B ero pexyued yactu. A. B. beranenu [1] mnpemioxun MeTon ONpeaesieHus
HamnpsOKEHUH B PEXYIIed 4acTH MHCTPYMEHTa, NpPUHUMAs S3IIOPY paclpelieleHns] KOHTAKTHBIX
HOpPMaJIbHBIX HampspkeHUd B ¢GopMme mnapaboibl. DTOT METOA SBISETCS pa3BUTHEM PAaOOTHI
®. P. Apunbanpia, KOTOPBIM MpHU pPELICHUHM aHAJOTHYHOW 3ajjaud OrpaHUYMBAJICAd TpPEyrojJbHOM
AMIOPOIl KOHTAKTHOT'O HAMpPSDKEHUS Ha PEXylleM KiIuHe ¢ nepeaHum y = 0°. XoTsa npeayiokeHHbIM
METOAOM OIPEIEIISAIOT HANPSKEHUE B KOHTAKTHOM 30HE, UM HEBO3MOKHO ONPEAEIUTh HANpsSKEHUE
3a MpefefaMd KOHTAKTHOW 30HBI B ONACHBIX TOYKaX. TakuM 00pa3oM paccuuTaTh MPOYHOCTH
PEXYILEH YacTH MHCTPYMEHTa 3THM METO/OM He Henb3sl. DOpMylibl, MOITYYEHHBIE IJs TUIOCKOM
NOCTaHOBKM 3amaun A. B. beranenn, Moryr OBITh OCHOBOW ISl ONpEJeNICHHUs BEIUYHHBI
BEPOSITHOCTH DPAa3pyLIEHUs, HO OHU HE YYUTHIBAIOT CJIOXHOIO OOBEMHOrO pacHpeaeieHHs
HaIMpsKEHUS, KOTOPOE BO3HUKAIOT BJOJIb PEXKYIIEH KPOMKH Ha HEKOTOPOM paccTOsIHUM OT Hee. Llenp
HACTOAIIEH paOdOThl — MPOBEPHUTH BEIWYMHBI ITUX HampspKkeHUi ¢ momoinsio MKD B TpexmepHoit
MIOCTAHOBKE, KOTOpBIE 3aTeM OyayT HCIOJb30BaTh Ul pacueTa
BEPOATHOCTH pa3pyLIECHUsI.

Jlng n3ydeHus mnpouecca TOHKOIO KOCOYTOJIbHOI'O TOUEHUS

|

Lt "4
e MoOHOKpucTauiamu anmaza B UCM um. B. H. bakyns HAH
AWHAMOMETEP
praI/IHBI HCITIOJb30BaIn ABTOMATHU3UPOBAHHYIO CUCTCMY
\ u3MepeHus cui pe3anua [2]. brok-cxema anmapaTHOW YacTh
E—

b

CHUCTEMBI TIOKa3aHa Ha puc. 1.
Jns  ToYeHHMs HCNONBb30BAIM PE3LOBYIO BCTaBKY C
MOHOKPHUCTAJJIOM CHHTETHUYeCKoro anmmasa ¢upmbl «De Beers»

:E%H

YCUNUTEND

= 1 Becom 0,1 kapar (puc. 2), opuentamus {l111}. MoHokpucTamI

-G ajgMasa 3aKkpeIruBuUIM B PeXylled BCTaBke | MeTOAOM MauKwu.

TP <: " 3aTtaunBasii  Kpuctayur Ha  ctaHke 3AP3637, noBoaky

doimmncn HoMwoTEP OCYIIECTBIISUIA  HA  YYyrYHHOM  TPUTHPE, IHAPKUPOBAHHOM

Puc. 1. brok-cxema 3 anMas3HeIM TopomkoM Mapku AM 40. ['eomerpus pesna mocie

asmomamusuposannou nosoaku: y=0°, 0=8°, A=0°, paguyc npu Bepmmue I = 0,19 mwm,
USMEPUMELbHOU CUCIEMbBL  panuyc 3aKpyrIICHUS pexylied kpoMku — 0,3 MKM

ABTOMaTH3UpPOBaHHAS cucrema U3MEpEeHUs
COCTaBIISIIOIIMX CHJIBI PE3aHUsl COCTOSIA M3 YHUBEPCAIBHOTO
nuHamometpa YJIM—100 konctpykumun BHUHWUN (Poccus) u
pa3paboTanHoro Hamu TeH3oycunutens «Tomaszy, a Takxe AL
ADA 1406 ¢upmer «HOLIT Data Systems» u mepcoHaabHOTO
KOMIIBIOTEDA. VYpasnenue AT, perucTpanuro u
IpeBapUTENIbHYI0 00pa0OTKY 3KCHEPUMEHTANbHBIX JIAaHHBIX
Puc. 2. O6uwuii 6ud JUIsl curHajga AD M CWiIbl pe3aHUsl BBIIOJIHSUIM C HOMOUIbIO
nporpammbl «PowerGraphy.

HccnenoBanu mpoiecc pe3aHuss Ha BBICOKOTOUYHOM
TokapHoM  cranke  TIIK-125BM ¢  OeccTyneH4aTbM
peryJinpoBaHHEM YacTOThI BpaIlleHUs IIIUH e TaaBHoro aswkeHus ot 100 1o 2400 06./MuH.

Pe3yJibTaThl 3KCIIEPUMEHTOB M HX AHAJIN3

[locne skcnEepUMEHTOB MOJIYYMJIM PE3YNIbTaThl O COCTABISIOIIMX CUI pe3aHus (puc. 3) B
3aBHCUMOCTH OT CKOPOCTH pe3aHus npu Ti1yonHe 20 MKM.

NAACMUHbBL U3
MOHOKpucmanna aimasa, x40
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0,5 RErap—— = ; Ilpu rnyOune pesanuss 20 MKM
‘ Halmo1amm:

1. Pe3koe moBblieHne cui mnpu V
e 3 : =170 m/MuH, 0co6eHHO cHITBI PX;

02 <~ & 2. TIOCTENEHHOE CHUKEHHE CHII
- o T npu V=170-250 m/MuH.

[lokazanHusbie Ha puc. 3

50 100 150 200 250 ;00  3aBUCHUMOCTM  HW3MEHEHHS  3HAuCHUs

V, M/MUH BEJTMUNHBI CHJIBI 00yCIIOBJICHBI

Puc. 3. 3asucumocmu cocmasnaowux cun pesanus ~ BO3HUKHOBEHHEM Ha MaJIbIX CKOPOCTAX

om ckopocmu npu t = 20 Mkm 3aTOPMOXKEHHOI'O CJIOSl, YTO MPHUBOIUT K

HOBBIIIEHHIO cri [3].

OO0mme cBeeHNs 0 MeTOAe KOHEYHBIX 3JIEMEHTOB

Mertona koHeUHBIX dseMeHTOB (MKD) mo3BosisieT YnciieHHO pelaTh MUPOKUH CIIeKTp 3a1ad,
KOTOpbIE MaTeMaTU4IeCKH (OPMYTUPYIOTCS B BUAE CUCTEMBI TU(GEpEeHITNATBHBIX YPaBHEHHHA. DTOT
METOJI MOKHO HCIIONIb30BaTh JUIA aHaiu3a HanpsXKeHHO-Ie(OPMUPOBAHHOTO  COCTOSHUSA
KOHCTPYKLUH, TEPMHMUYECKOrO aHajdu3a, pEIIeHHs TIUIPOra3oJuHaMUYECKUX 3ajad M 3a4ad
BJIEKTPOJIUHAMUKH [4].

CrutoniHas cpefia IBIsieTCS HEKOTOPOH BUPTYalIbHON CyOCTaHIIUEH, KOTOpasi HEMPEPHIBHBIM,
CIUIOIIHBIM O00pa30M 3alojHSeT 4YacTh MPOCTpaHCTBa. B 3TOW CBS3M ONMUCAHUE €ro JBHKEHUS
CBS3aHO C 3aJaHUEM BEJIIMYUH, XapaKTEPU3YIOUIMX IBUKEHHE B KaXJIOH TOYKE ONPEECICHHOMN
ob0jacTu mpocTpaHcTBa. JlpyruMu clioBaMHu, TpU ONHUCAHWU JABMXKEHHUS CIUIOLIHBIX Cpef
MPUXOJUTCA UMETh JIEJO C TMOJIIMU CKAISAPHBIX M BEKTOPHBIX BEJIMYMH, XAPAKTEPU3YIOIIHUX ATO
JBIOKEHUE [5].

s pacuera moseit ¢ momompio MKD B paccmarpuBaemoili 00JaCTH  HEOOXOAMMO
OTIpENICNIUTh MaTepHajbl AIIEMEHTOB U 3aJaTh UX CBoicTBa. B 3amauax medopmupoBaHus Mpexie
BCETO0 HYXHO YKa3aTh YIPYTHE€ CBOMCTBA MOXIyibh ynpyroctu U koddduuuent Ilyaccona. Ecmm
MpeArnoiaraeTcsl IIacTU4eckoe aedopMUpOBaHHE, HEOOXOAUMO 3a/1aTh HACTOSIIKE JAUArpaMMbl
ne(opMUpOBaHUS, KOTOPBIE alMPOKCUMHUPYIOTCS OWITHMHEHHBIMA HIH MYJIbTHIUMHEHHBIMU KPHBBIMH.
CocrosiHME Tenma  XapaKTEpU3YeTCsl KOHEYHBIM  KOJIMYECTBOM  HE3aBUCUMBIX  I1apaMeTpOB,
OIpEJICJIEHHBIX B Yy3JlaX KOHEYHO-3JIEMEHTHOW ceTKU. Takue mapaMeTpbl Ha3bIBalOT CTENEHSIMHU
cBobonbl. B paccmoTpeHHBIX Aanee AeOpMaIMOHHBIX 3a/a4aX B KauecTBE CTENEHEeW CBOOOIbI
MPUMEHSUIN TIEpEMEILIEHUS Y3JI0B, CPe/Ii KOMIIOHEHTOB KOTOPBIX OBbLIN U YIJIOBBIE NiepemereHus [4].

Omnpenesienne BeJMYMHbI HANPSKEHUH HA IepeJHeld M 3aJHeill NMOBEPXHOCTAX C
NMOMOIIBI0 CHCTEMbI KOHeYHO-3J1eMeHTHoro aHaiau3sa ANSYS ® wuMX cpaBHeHHe ¢
TeOpeTHYeCKHMH 3HAYEHUSIMH AHAIUTHYECKOro MeToja (Mjiockas 3axayva 2-D)

[IpouHocTh pexylield YacTH MHCTPYMEHTA ONPEIENsIA MO JOMYCTUMBIM HAIPSKEHUSIM
nepBoro poza [l] aHasornyHo pacueTy NPOYHOCTU AETAaled MAIlMH U AJIEMEHTOB COOPYKEHUH.
CornacHo 3TOMYy METOJy HpH JEUCTBYIOIIECH HArpy3Ke OnpeAessiiv IilaBHOe HanpsikeHue 61 > 62
> 063.

P,H

0,4

03 , — ‘

A. B. beranenu [1] mpemioxxuyi MeTOJ pacyera XpyHKOW MPOYHOCTH PEXKYIIEH YacTh
WHCTPYMEHTA [0 PaBHOACHCTBYIOIIEH COCpPENOTOYCHHOW Cuie pe3aHus R, TpUIOKEHHOW K
BEpLIMHE PEXyIIero kiauHa. [Ipu 3TOM pacnpeneneHue HANpsHKEHWM NMPUHAMAETCS KakK MPOCTOE
paanansHOE U BhIpaxaetcs (GhopmyInoit:
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R e 0 ) o G

br B+sinf B—sinf

(@)

rae R — paBHonelicTByromas cuia; b — mmpuHa cpezaeMoro cios; r, 6 — moJaspHble KOOPAUHATHI; V
— YTOJ1, OTIpeIeIISIFOIMI HallpaBIeHHE CHIIBI PE3aHHUs; 3 — YToJl 3a0CTPEHHUS; Y — IEPEAHUN YTOL.

C nomomipto nporpaMMmbl ANSYS B HHTEpaKTUBHOM PEKHUME MOKHO OMPENEIISITh TJIAaBHOE
Hanpsbkenne (Maximum Principal Stress). Ilone pacnpenenenust o1 npu t = 20 mxm, u V = 70
M/MHH ITOKa3aHOo Ha puc. 4.

Kak cnenyer u3 puc. 4, B 30HE

e MPUIIOKEHHS CHJTBI BO3HUKAIOT
31559 CKAMAIOIIME  HAmpsDKEHWs, a  Ha
! ::::: HEKOTOPOM  PAcCTOSIHUM OT  PEXYILEH
I KPOMKH — 00JlacTh  PacCTATHBAIOIINX
! 16754 HanpspKeHWH. JTa 007acTh HAXOJUTCS Ha
s paccrostrmn I' = (1,3-1,5)c, Te c-1uMpuHa
= i:ﬁs 30HBl KOHTaKTa CTPYXKH C nepeI[HeIEI
-3382,4 MOBEPXHOCTELIO, npuHATadg paBHOU
: I e TOJIIIMHE MaTepHalla, KOTOPBIA Cpe3acTes.
K- -4406.6 Min Paccrostaue ot pexytei KpOMKH
. B 30HC MAaKCHUMAJbHBIX HAaMpPSKECHHUMA
Puc. 4. Cxema noas pacnpedenenus enasnozo MIPUHUMAJTU paBHBIM 2¢. OOBIYHO TTOJTHAS
Hanpsiscenus ol Ha nepedHell N08epXHOCMuU nuHa kouTakta € = (1,8-2,5)c1, tae c1 —
JUTAHA TUTACTUYECKOTO KOHTAaKTa,
KOTOpYIO 17151 Y = 0° BEIYMCTISUIH 110 opMyIie
: ( n )
asin| —
= 4 ,
sin® sin[% + (Dj
| @)
re 47 § Sm((p)-_ TOJNIINHA cpe3a; S — noaaya; @ — yroi IIOCKOCTH CIIBUTA.

[locne pacuera maremaTuueckoi Mozaenu B cpene ANSYS ObuiM monydeHbl 3HAUCHUS
IJIABHBIX HAIPsDKEHUH U1 00beMHOM 3a1aun (3-D) ans pa3nuuHbIX pexXMMOB pe3aHusl U OHU ObLTH
CPaBHEHBI C BEJIMYMHOMW IJIaBHBIX HAIPSHKEHUH, TIOJTy4deHHbIE ¢ ToMolibio popmyisl A.B. beranenu
JUIS TUTOCKOM 3a7jau. DTU CpaBHUTEIbHbBIE IpauKK MOKa3aHbI HA puC. 5.

[Ipu tiyomne pesamms t = 20 mxm u ckopoctu V = 150-170 m/mMuH HaOIROIATH
MaKCUMAaJIbHYIO BEJIMYMHY COKUMAIOMIMX HANpsHKEHUH Ha MepeaHeil MOBEpXHOCTH NpU 0ObEeMHOU
3a/1aue, 4To OOYCIIOBJICHO KoJieOaHWEM CHJI pe3aHusi U 00pa3oBaHHWEM 3aTOPMOKEHHOTO CJIOsI Ha
nepenHen nmosepxHocTy [3]. MakcumanbHble HaNpsYKEHUS HA 33JHEH NOBEPXHOCTH MEPEXOIAT U3
C)KMMAIOIIKX B pacTsrupawomue npu V = 120 M/MUH U 3aTeM MepexosT CHOBA B CKMMAIOIINE MTPU
V = 180 m/mMuH. Pa3zHuiia Mexay BeTHMYMHAMH MAaKCHUMAaJIbHOTO HANPSHKEHUS 0ObEMHOM U TUTOCKOM
3aJla4yM Ha MepeaHel moBepxHoCTH cocTaBisuia 18% — 25% wa 3aanent 25% no 36%, npudem s
00BEMHOM 3ajaun HANPSHKEHUS BCET/1a MPEBBIIAIOT HAPSHKEHHS TUIOCKOM 3aj1aue.
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o, MNa
o, MMa
3
2
3

2200 V, M/MUH
V, m/MUH

®= ob'emHa —@— nnocka

a o
Puc. 5. — 3asucumocmu maxcumanvHol GeludUHbl HANpAXCeHUll Ha nepeowel (a) u 3aowueu (0)
NOBEPXHOCMU pe3yd 8 3A8UCUMOCMU Om CKOpocmu pesaunus npu t = 20 MKM 01 NIOCKOU U
00vbeMHOll 3a0ay

HccnenoBanne BepoOSITHOCTH pa3spylleHHs pe3l0B M3 MOHOKPHCTALIA ajMa3a IpHU
miockoi 2-D u o0bemHuoili 3-D 3agauax onpenesieHus: HanpsKeHUst
O0603Ha4MM HaNPSKEHMS, BOZHUKAIOIIME B OMACHBIX TOUKAX BEPILIMHBI Pe3lia MPH TOUECHUH,
SR, TIPOYHOCTH MOHOKPHCTAJUIA ajMa3a IMpU PACTSHKEHUH M CXKATUU — COOTBETCTBEHHO Sp M Sc. B
nporiecce 0OpabOTKM 3a CuUeT HEOAHOPOJHOCTU CBOMCTB Marepuaia JAeTald M JAUHAMHUKHA
CTpYXK00Opa3oBaHus cuiia pe3aHus kKoneosiaeTcs. C yueToM 3TOTO HANpPsHKEHHsI B OTTACHBIX TOYKAX
O,

peslia XapakTepu30Bajdd CPEIHUM 3HAUEHHEM Sk CpEHEKBaIPaTUUECKUM OTKJIOHEHHEM :
npeanoiaras, YTo UX pacnpeaeaeHue He MPOTUBOPEYUT HOPMAJIbHOMY 3aKOHY [6].
[IpouHocTh MOHOKpHCTaIa aiMasza TaKKe XapaKTepU30BaJId CPEAHUMH 3HAYCHUSIMHU

npeaciia NpoYHOCTH NPpHU PACTSHIKCHUHM M CXKATHUM W HUX CTAaHAAPTHBIM OTKJIOHCHUEM Usp’o-sc'

H3BeCTHO, qTo pacupeaciCHue MMPOYHOCTH

© fiS2) XPYINKHX MaTePUAJIOB JYYIE BCErO OMUCHIBACTCS
& 3akoHOM  BeiiOymia. OpHako 1pH  OLIEHKE
7S apaMeTpoB pacHpeiiesieHuss Mo Majol BBIOOpKE
i \ (mo 30 o06pa3noB) TPYyIHO OTAATH MPEANOYTECHUE
3aKkoHy BeiiOyinia 1mo cpaBHEHHMIO ¢ HOPMaJbHBIM
—r7A WIH JorapupMUUECcKu HOPMAaJIbHbIM
I Sp O pacnpenenenuem [7].
Puc. 6. Jupgepenyuansrole gynkyuu Jlnst ynpoleHHst pacyeToB IPEAIIOIOKUM,
pacnpedenerus SR u SP YTO paCHpPENCIICHUE IPOYHOCTU MOMYUHSIETCSA

HOpMaJbHOMY 3aKoHy ( puc. 6) [8].
Kak wu3BecTHO [8], BEpOSATHOCTH pa3pylIeHHUs pe3lla B TaKOM Ciydae OYyIeT paBHATHCS
wiomaan Qurypsl, 0o0pa3oBaHHON mepeceueHHEeM KpHUBBIX OTHX ¢yHkumid. Torma s
PacTATHUBAIOIIMX HAMIPSHKCHUI BEPOSITHOCTH Oy/IeT:

Sa oc
P=[f(S,)ds+ [ f(Ss)ds,
’ 5 ©

rae Sa — HampshKeHHe, COOTBeTCTBYyomIee Touke 4 muddeperunanpusix Gpynkuuii f(Sp) u f(Sr).
Benmuuuny Sa Haxonuiu, pemiasi CHCTEMY ypaBHEHHH [§]
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1 —
f(Sp) =mexp[—(SA —SP)Z/ZGSZP];

° ) 4)
f(Sy) =———=—exp| —(S, —S;)?* /202 |,
( R) O'SR'\/E pl: ( A R) USR]
OTKyJ1a
(052R —O'SZP)ZS,i +2(o, S, _O-SZRSP)SA +0§RS§ —O';S; - ZO'SZPO'SZP In(o /o )=0 (5)

Koopaunara Touku A — Sy sBisieTcst KopHeM ypaBHeHus (D)

CorjacHO JHMTEPaTYypHBIM JaHHBIM TIpEAC] MPOYHOCTH TPU PACTSHKCHUU U CKATUU
MOHOKPHCTAJIIOB aimMasa mupokuit. Tak, S¢ = 200 — 8900 MIla [9], mpeaesr mpoYHOCTH TPU U3THOE
Su =200 — 500 MITa. YuuTbiBasi, 4T0 OOBIYHO JJIsI XPYNKHX MaTepuayoB Sp cocrapuser (1/ 30 — 1/
60)Sc 1 oxoo 1/2S,, B manbHEHIIMX pacyeTax JJIs nepeaneit moBepxHocTu npuHsim Sp = 200 MIla;
Sc=1960 MIla, a s 3aaneii Sp = 180 MIla; S¢ = 1660 MIla.

B Tedyenue neprosia yCTOWYMBOCTH PE3CI] MOXKET Pa3pyLIMTHCS KaK CO CTOPOHBI MEpEeaHEN
rpaHd, Tak W 3aaHei. [ pacdera BEpOSTHOCTH pa3pylICHUS HAMPSIKCHHE Ha TPaHSIX PE3IOB
CpPaBHUBAJIM C TPaHUIIAMU MPOYHOCTH TPH PACTSHKCHUH U CxXaTHU. B aTom ciydae ¢gopmyna (3)
NPUHUMACT BU]I

s, o
[7(Sp)ds + [ 1(S)ds
0 s,

SC{

0
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YuuTbIBasg, YTO BEPOSATHOCTH pa3pyLIEHUS CO CTOPOHBI IEpelHEeld M 3aJHel TIpaHel
HE3aBHCHMBbIE ClTydaiiHble, BEPOSTHOCTD Pa3pyLICHHsI pe3lia B [IEJIOM BBIUUCISUIN 10 (popmyrie
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KpuBbie BeposTHOCTH pa3pyllieHus], BRBIYUCICHHBIE IO (hOpMyIiaM i IIOCKOH U 00beMHOM
3aJ1a4M, NOKa3aHbl COOTBETCTBEHHO HAa pPHUC. 7.
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Puc. 7. Kpugvle usmenenus 6eposimmocmu paspyuleHus pe3ya npu U3MeHeHuUu CKOpoCmu pe3aHus
0151 3a0a4u onpeoeieHUss MAKCUMATbHBIX HAnpsdcenull npu 2nyoune pesawus t = 20 mkm: a —
niaockou; 6 — 00veMHoU
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Bwwnycx 19. [IOPOJHOPA3PYIIAIOLIMY U METAJIOOBPABATBIBAIOIIIMHA HHCTPYMEHT — TEXHHUKA
U TEXHOJIOI'UA ET'O U3I'OTOBJIEHHUA U IIPUMEHEHUA

Kak Bugum npu riyOune pesanus t = 20 MKM HauOoOJbIIask BEPOSITHOCTh Pa3pyIICHUs IS
pelIeHusl MII0CKOH 3a/laun OTpeieNIeHusT HanpsbkeHusl, a uMeHHo 50% wnabmomaercs npu V = 150
M/MHH. DTO OOYCIIOBJIEHO TIIOBBIIICHHUEM KOHTAKTHOTO HAIPSDKEHUS CO CTOPOHBI IepeaHen
MOBEPXHOCTH M BO3MOXKHOTO 00pa3oBaHMs 3aTOPMOYKEHHOTO CIJIOSI HA ATOW MOBEpXHOCTH. [lpm
MOCTPOCHUH KPUBOM BEPOSITHOCTU Pa3pyILICHUS C UCIIOJIb30BAaHUEM HAPSIKEHHUS, TIOJIyYEHHOTO IIPU
pemenun o0beMHoOM 3anaun B cpeae ANSYS, monyunna HanOonblryo BepossTHOCTh 60%, T. € Ha
10% OGompIiie, 4eM MpH ITIOCKOM 3a1ade.

MakcumanbHasi BEpOSITHOCTh, @ UMEHHO 13%, Habmonanacs ipu V = 110 m/mun. [lpu V =
110 — 170 m/mMuH BeposITHOCTH CHMXKanachk ¢ 13 mo 2% u octaBanach HemsMeHHo# mpu V = 170 —
250 M / MuH.

[pu pemrennu o0beMHOM 3amaun B cpere ANSYS ycTaHOBHIM 0071aCTh HA PEXKYIICH KPOMKE
pexyIiel TIaCTUHBI, I7Ie BO3HUKAIOT HaUOOJbIIME HampsokeHns. OHa HaXOAUTCSI HA PacCTOSHUM I =
(1,3—-1,5)c, rae ¢ — mmpuHa 30HBI KOHTAKTa CTPYXKH C TIEPEIHEH MOBEPXHOCTHIO HHCTPYMEHTA.

Paznuia Mexy 3HaUeHUSIMU HaNpsHKEHUH MPU pelieHnd 00beMHOH 3a/1auu U 1o GopMyliam
A.B.beranenu cocrasnseT 4% — 30%, 4TO CyIIECTBEHHO BIMSAET HA BEPOSITHOCTh, KOTOPAsi 3aBUCUT OT
BEJIMYMHBI KOHTAKTHBIX HANPSKEHUI BO3HUKAIOIINX Ha TIEpeTHEN 1 3aHEH MOBEPXHOCTAX.

Pa3Huna Mexy 3Ha4eHUSIMU BEPOSATHOCTH pas3pyllieHus coctapisieT okoso 10%. ITostomy
B ¢opmyne, kotopyro mnpemioxun A.B. beranenu nans  omnpeneneHus HaNpsDKEHUS 110
paBHOCHCTBYOMICH cuiie R, ciemyer mcnonp3oBath yrouneHHoe paccrosiaue I = (1,3 — 1,5)c B
30HE MaKCUMAaJIbHBIX HAIMPSHKEHUH.

BriBoanI

VYCTaHOBIEHO, 4YTO MAaKCUMAaJbHbIE HANpPSIKEHUs, ONpeleieHHble ¢ mnomoupro MKD
HaxosaTcs Ha pacctosaud I = (1,3 — 1,5)C ot kpas pexyiueit kpomku (o Gopmyne A.B. beranenu
I = 2¢). MakcuManbHast BEposiTHOCTH paspymenust (13%), 3apuxkcuposana npu V = 110 M/MuH. O10
00yCJIOBJICHO BO3HUKHOBEHHUEM paCTATUBAIOIIMX HAMNpsHKCHUN Ha MepeiHed MOBEpXHOCTH pe3lia.
[Tocne xoppexktupoBku ¢opmynsl A.B. beranenu pasHuiia MeXIy pacyeTaMu BEpOSITHOCTEH,

BBINOJIHEHHBIX C YYETOM HAIpsDKEHUH 1Mo cKoppekTupoBaHHOM ¢opmyne u MKD cocraBuia ot 1%
- 16%.

Hasedeno nopieusanus pe3ynibmamie GU3HAUEHHs UMOBIPHOCI PYUHYBAHHS PI3Yi6 3 MOHOKPUCMATIE
ammasy 3 ypaxyeamuam ix awizomponii npu eupiwienni anarimuunum 2-D memoodom 3a ¢popmynamu A.B.
bemanenni, a maxooic 3-D memoodom cKinueHHux enemenmis. [[isi NOPIGHAHHA SUKOPUCMOBYBANU 3HAYECHHS
CUNU pi3aHHs, Wo OVIU OMPUMAHI eKCNEPUMEHMAbHO NPU MOPYEBOMY MOYIHHI AIOMIHIC8UX CHAAGIE 3
PI3HOI0 2TIUOUHOIO | UWBUOKICMIO DI3AHHSL.

Kntouoei cnoea: Merton ckinuennnx enemeHtiB (MCE), ammasHumii pisenp, HMOBIpHICTB
pyWHYBaHHS, CHJIA Pi3aHHS, ATFOMiHI€BI CTUIABH.

COMPARISON OF RESULTS OF THE DETERMINATION OF THE STRESSES
ON THE CUTTING EDGES FROM DIAMOND MONOCRYSTALS BY ANALYTIC
2-D AND 3-DBY THE FINITE ELEMENT METHOD

The aim of the study was to compare the results of determining the probability of fracture of incisors
from diamond single crystals, taking into account their anisotropy when solving by an analytical 2-D method
using the formulas of A.V. Betanelli, and also when solving with the finite element method 3-D. For
comparison, the cutting forces were used, which were obtained experimentally at the end turning of
aluminum alloys with different depth and cutting speed.

Key words: finite element method, diamond cutter, fracture probability, cutting force, aluminum alloys.
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PA3JJEJI 3. PABPAFOTKA U BHEJJPEHUE OFOPY][OBAHUA U MHCTPYMEHTA, OCHALLJEHHOI'O
TBEPJIPIMU CIIVIABAMMU, B PA3JIMYHBIX OTPACJIAX IIPOMBILI/IEHHOCTH
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3®PEKTUBHBIE METO/IbI OBPABOTKH JIETAJIEM ATTIMA3SHBIMU U
ABPA3ZUBHBIMHU XOHUHT'OBAJIBHBIMHU BPYCKAMMU

Ha ocnoee ananuza seprucmocmu SiC (kapbuoa KpemHus 3e1eH020), UCNOIb3YeMO20 8 KAUecmee
abpasuBHO20 HANOJHUMENL NPU  U32OMOGIEHUU XOHOPYCKO8 Ol  NIOCKOGEPUWUHHO20 XOHUHSOBAHUS,
npumenenue usmenvyeHuvlx yacmuy SiC 0151 U320MOGIeHUS. AHATOSUYHBIX OPYCKO8 NO3BONUNO 0Oecnedums
VeenuueHue MAcioéMKOCmu, Niowaou ONOPHOU  NOBEPXHOCMU U NOAYYUMb  ONMUMATbHBIL — ee
MUKPORPODUTD.

Kniouesnie cnosa: kapouo Kpemnusi 3e1eHblil, USMENbYEHHbLE YaACmUuYbl, AOPA3UEHbII HANOIHUMEND,
NIOCKOBEPUUHHOE XOHUH208AHUE, ONMUMAIbHAS CIMPYKMYPA NOBEPXHOCMHO20 CNOS, MACIOEMKOCHb,
nI0WAOb ONOPHOU NOBEPXHOCMU, ONMUMALLHBII MUKPORPODUILL NOBEPXHOCHI.
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