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[IpoBeneHo mocmiKeHHS MeXaHi3My 3HOIICHHS Pi3albHUX 1HCTPYMeHTIB i3 ¢cBN mpu mexaniuHiit
00pobmi 3HOcocTiiikoro 4daByHy Mapkun MY210X30I'3 nns BH3HAYEHHS paIliOHAJbHUX YMOB
(dopmyBaHHsT (i3UKO-MEXaHIYHMX BJIACTHUBOCTEH MOBEPXHEBOTO MIapy LbOTo Marepiaiy. Pe-
3yJABTaTH OTPHMAaHi 3a JOMOMOIOI0 ONTHYHOI, CKaHYIOuOi EJNeKTPOHHOI MIKpOCKOMii, a TaKoX
EHEeProAMCIIEPCIHOT CrIeKTpOCKOMii. 3HOUICHHS 10 3aHiH 1 mepeaHiii TOBEepxXHi OyiIH OCHOBHUMH
BUJIAMH 3HOIICHHS B JOCJIIKYBaHOMY Jliala30Hi MIBUAKOCTEH pi3aHHs. Aresis 1 CTUpaHHs Oyiu
OCHOBHHMMH MeXaHi3MaMH1 3HOUICHHS MMPH MIBHIKOCTSIX pi3aHHs BiJ 39 M/XB.

Kuro4oBi ciioBa: 3H0COCTIMKHI YaBYH, MexaHiYHa 00poOKa pi3aHHSIM, IHTEHCUBHICTh 3HOILITYBaHHS,
cBN, pecypc iHCTpyMEHTY.

MEXAHMUW3M N3HOCA PEXYIIUX UHCTPYMEHTOB HA OCHOBE cBN
ITPU TOYEHUMU BBICOKOITPOYHbLIX YYI'YHOB
K. A. Ismopa, A. C. IOnak, A. /I. [lorpednsik, B. A. OxpuMeHnko

IIpoBeneHo uccnea0BaHNE MEXaHU3MA U3HOCA PEKYIIMX HHCTPYMEHTOB U3 CBN npu MexaHu4yeckoil
00paboTke BbICOKOIPOYHOTo uyryHa Mapku MU210X300'3 anst onpeneneHus parioHaIbHBIX YCIIO-
BUi (popmupoBaHuUs (PU3NKO-MEXaHUUECKUX CBOMCTB MOBEPXHOCTHOI'O CJIOS 3TOr0 Marepuaia. Pe-
3yJIBTaThI IIOJYYEHBI C IOMOIIBI0 ONTUYECKON, CKAHUPYIOILIEH 3JIEKTPOHHON MUKPOCKOIIMH, & TAKKE
DHEProAuCIIepCHOHHBIN CIIEKTPOCKONINHU. M3HOC 10 3a1HeH 1 TIepeIHel TOBEPXHOCTH OBLTH OCHOB-
HBIMHU BUJaMHU U3HOCA B MCCIIEAYEMOM JIUala3oHe CKOPOCTeH pe3aHus. ANre3us U CTUpaHus ObUIH
OCHOBHBIMH MEXaHH3MaMH1 U3HOCA MTPH CKOPOCTAX pe3aHus oT 39 M/MHH.

Ki1roueBble cj10Ba: U3HOCOCTOMKHUI Uyr'yH, MeXaHHUYecKas 0OpadoTka pe3aHHeM, HHTEHCHUBHOCTh
m3HammBaHmsl, cBN, cpok ciryk0b1 HHCTpyMEHTA.

WEAR MECHANISM CUTTING TOOLS BASED ON cBN
TURNING OF DUCTILE IRON
K. A. Dyadyura, A. S. Yunak, A. D. Pogrebnjak, V. A. Okhrimenko

On the example machining cutting tools of ¢cBN finish turning of U4210X301I'3 ductile iron with, the
results of investigations of the mechanism of wear of the cutting inserts by optical, scanning electron
microscopy as well as energy dispersive spectroscopy. Flank wear and crater wear were the main
wear modes within in the studied of cutting speeds. Adhesion and adhesion induced abrasion were
the main wear mechanisms at cutting speeds from 39 m/min.

Keywords: iron, machining, cBN, tool life, tool wear.

BCTYII IIOBEPXOHb TEPTH, 110 3HAXOAATHCSA B YMOBAX

Ha cydacHoMy eTamni po3BUTKY IPOMHUCIIOBOCTI
MOCTa€ MUTAaHHS BUOOpPY ONTHMAIbHUX
TEXHOJIOT1i BUPOOHMIITBA MAIIMH Ta MPO-
JNOBXKEHHS 1X TepMiHY cnyxkOu, akuii O6u
3a0e3neuyBaB HEOOXiTHY TEXHIKO-EKOHOMIYHY
e(DEeKTUBHICTb.

VY HaykoBOMY IIaHi LS 3ajlaya BUMAarae
MOMYKY KOPENsIii MiX BIACTHBOCTSIMU
Marepiary, yYMOBaMH €KCILUTyaTarlii 1 peCypCHUMHU
XapakTepucTUKaMu. [IuTaHHs JOBrOBIYHOCTI

CKJIaJIHOTO CHEKTPY pyHHIBHUX BIUIMBIB, 3a-
JTUIIAETHCS HANOLIBII aKTyalbHUM 00’ €KTOM
BUBUYECHHsA. [l #loro BUpileHHS HEOOXiaH1
KOPEKTHi, (i3U4HI Ta pOo3paxyHKOBi, Moaei
3HOIIYBAaHHS, 3aCHOBAaHI Ha pe3yibTarax
TEOPETUYHHX 1 EKCTIEPUMEHTAJIbHUX JOCI1]I-
XKEHb, KIHETUKHU MOMIKOJKYBAHOCTI 1 pyil-
HYBaHHS TIOBEpXHEBHX mmapis [1].
BiagmoBiTHO 10 OCHOBHUX IIOJIOXKEHD
MEeXaHIKA TEXHOJOTIY4HOI CHaaKoBOCTI, Ha
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KOKHIHM CTa/Ii1 HABaHTa)KEHHS B TIOBEPXHEBOMY
mapi BupoOy BinOyBaeThcs Oe3mepepBHE
HakonmuueHHs Aedopmanii 1 BUYepHnaHHs
pecypcy muactuuHocti [2, 3]. Peanizamis
1€ TEXHOJIOrIYHOI CIaJIKOBOCTI JO3BOJISE
MIPOTHO3YBATH 1 KOHTPOJIIOBATH EKCILTyaTaIliitH1
XapaKTEepUCTUKH MaTepialy Ha OCHOBI
BCTaHOBJIEHHS CIIaJIKOBUX 3aKOHOMipHOCTEH
(dbopMyBaHHS IapaMeTPiB CTPYKTYPHOTO CTaHy
Ta (I3UYHHUX BIACTUBOCTEH JeTaeH i i€
HaBaHTaXeHb. OIIHKa KIHETHYHUX 1 eHEPTeTUKO-
aKTHBAILITHIX XapaKTePUCTUK TTOBEPXHEBOTO
mapy Marepiaiy, MoaudikoBaHOTO y TpoIeci
TEXHOJOTiyHOI 00poOKHU, MpuU pi3HUX
BHJaX 1 peKUMax, J03BOJIsiE OOIPYHTYBaTH
3a0e3MeYeHHs pECYpCHUX MOKa3HUKIB.

3HOCOCTIfKi BUCOKOXPOMHCTI YaByHY
€ OMHHUMHU 3 OCHOBHHMX KOHCTPYKIIHHUX
MaTepianaiB Ipu BUPOOHHUIITBI AeTadeH s
0COOMMBUX YMOB €KCIUJyaTalii, TaKux sK
IHTEHCHBHE a0pa3rBHE 1 KOPO31ifHE 3HOIITYBAHHSI.
Jlani Matepiaju BOJOMIIOTh BIACTHBOCTSIMHU,
AHAJIOTTYHUMHU >KapOCTIHKUM CTAJISIM TPH OLTBIIT
HU3bKIH BapTOCTI. 3HOCOCTIIKI BUCOKOXPOMHUCTI
YaByHY BIJHOCSTBCS /10 BaXKKOOOPOOIIOBaHUX
MarepiajiB B MalmMHOOYTyBaHH1 3aBISKH CBOil
BHCOKIH TBEPIOCTI.

[Ipote iX mUpOKe BUKOPUCTAHHS 0OMEXEHO
yepe3 TPYAHOINIl, OB’ sA3aHI 3 MEXaHIYHOIO
00poOKot0 pizaHHIM. BapitoBaHHS BMICTY
XpOMY B YaByHax NPU3BOJIUTH 10 YTBOPEHHS
KapOiiB Pi3HUX THITB 3 METAJIIEBOIO OCHOBOIO,
110 J103BOJISIE BUKOPUCTOBYBATH 11 YaBYHHU
JUIS. BUTOTOBJICHHS JIeTajiel, 10 MpaliooTh
y KOpO3iHHUX CepeloBUIIaX 1 IPU MIUPOKOMY
Jiara3oHl HaBaHTAKEHHS.

Ha nmanumit yac BeayThCs AOCIIKEHHS,
II0/I0 MPOTHO3YBaHHS HAIHHOCTI €KCILTyaTaIlii
neranel 13 3HOCOCTIMKOTO YaBYHY 3aJI€kKHO
BiJl PEKUMIB MEXaHIYHOI 0OpOOKH pi3aHHIM
[4, 5]. V Ginpmiocti BUNAJKiB CKJIaAHI JAeTal
Taki Ak poOoYi Koyieca, i3 3HOCOCTIHKOTO
BUCOKOXPOMHCTOTO YaBYHY HparHyTh
BUTOTOBJSITH 3 MiIHIMaJIbHHUM 0OCSATOM
MEXaH14HO1 00pOOKHU pi3aHHIM, 3aTUIIAI0YN
HEBEJHKI TPUITYCKH.

Y 1bOMYy KOHTEKCTi, IPOBOAATHCS JO-
CITI/DKEHHS 3 METOIO PO3IMIMPHUTH 3aCTOCYBAHHS
pi3aJbHUX IHCTPYMEHTIB 3 KyOIYHOTO HITPHUIY
6opy (cBN) nng uuctoBuX omeparliii npu
00poO11i 3HOCOCTIHKMX YaBYHIB.

3HOIEHHS pi3aJlbHUX IHCTPYMEHTIB,
K MpaBuUJIo, BiAOyBae€ThCcs y pe3yibTaTl
XIMIYHOTO MEepPeTBOPEHHs 0bnacTeil podounx
MOBEPXOHb, MO TPYThCS, MIACTUYHOTO
3MiHEHHsS (GOPMH TiJl BINJIMBOM BUCOKHX
TeMIIeparyp, BTOMH HABAaHTa)KEHUX TOBEPXOHb,
a0pa3uWBHUX 1 aaTe31WHUX A1, KPUXKOTO
pyiiHyBaHHs. HaBeneHi BUAM 3HONMIYBAaHHS
MOKHA MONEPEAUTH 32 PaXyHOK ONTHMIi3alii
napaMeTpiB peKUMY pi3aHHS i MPABHIBHOTO
BHOOPY IHCTPYMEHTAJIBHOTO MaTepiay.

I[IpomucnoBicTh 3amikaBieHa y ¢QyH-
JaMEHTaJbHOMY PO3yMIHHI BUHUKHEHHS
MPOIIECiB 3HOMICHHS Pi3aJIbHUX 1HCTPYMEHTIB
Ha ocHOBI ¢cBN mpu 06po0ui 3HOCOCTIHKHX
BUCOKOMIITHUX 4YaBYHiB. Xoua Il B3aeEMOii
€ Ha/I3BHYAIHO CKJIaTHAMHU, iX PO3yMIHHSI TyKe
npoOiemMaTU4He, ajie BOHO MOXe e(EeKTUBHO
JOTMOMOTTH Yy MiJABUIIECHHI €(PEeKTUBHOCTI
00pOOKH pi3aHHIM 3HOCOCTIHKUX BUCOKOMIITHUAX
YaBYHIB.

MeTor0 JaHOTO € TOCTIHKCHHS MEXaHi3My
3HONIEHHS pi3aJibHUX 1HCTPYMEHTIB 3 ¢cBN
Ha npukiaal «6opcurity» [18] mpu o6pobii
3HOCOCTIHKOTO BHCOKO XPOMHUCTOTO YaBYHY
mapku M4Y210X30I3.

2. TEOPETUYHMI ONNUC
JOCIIAKEHHSA

JIOBrOBIYHICTh PYXOMHX CIIOJIyY€Hb JIMITY€
TepMiH cIIy>)kOM MaIuH, a iX 6e3BiIMOBHICTh
BHM3HAYA€ TEXHIKO-EKOHOMIUYHY €(EKTUBHICTb,
a 1ol 1 6e3neky ekciutyartarlii. Tomy MeTtogam
OILIIHKU (paKTUYHOTO CTaHy JAeTalel pyXOMHX
3>€THAaHb 1 MPOTHO3YBAHHS IX PECypCHHUX
XapaKTEePUCTHK 3 METOIO 3a00IraHHs aBapiiHIX
Bi/IMOB BIJIIOBiJaTbHUX BY3JIIB T4 MEXaHI3MIB
MPUAUSIETHCS TIABUIIICHA yBara.

Binomo [6, 7], 1110 OCHOBHI SIBUIIIA IPU TEPTI
KOHIICHTPYIOTBCS] B TOHKOMY TIPUITOBEPXHEBOMY
mapi marepiany. HaykoBuii 1 mpakTudHui
1HTEepeC MaloTh TEPMOAMHAMIUHI ACTIEKTH CTaHy
[IBOTO MIAPY 1 3B’ 30K 3HOILTYBAHHS 3 [IMM CTAHOM.
VY poborax [8, 9] mokazaHo, M0 OyAb-5AKY
TpuOOCHUCTEMY CIiJI PO3IIIAIATU K BIIKPUTY
HEPIBHOBAXHY TEPMOJUHAMIUHY CHUCTEMY.
VY pob6orax [10, 11, 12] chopmynboBaHuit
NPUHUUI BTOPUHHOI AUCUTATUBHOI Te-
TEPOTEHHOCTI, 3TiIHO 3 SIKUM Yy MpoIlleci
TepTs BiAOYyBaIOTHCS SBUIIA CTPYKTYPHOI
MPUCTOCOBAHOCTI (amanTaiii) KOHTaKTYHUHUX
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MaTepialiB, IPU AKUX BCl BUAM B3a€EMOJIT Til
JIOKaJII3yIOThCS B TOHKOILIIBKOBOMY 00’ €KTI —
BTOpHHHUX cTpykTypax (BC). ¥ BignoigHOCTI
3 UM OPUHIUIOM BTOPHUHHI CTPYKTYpHU
HeOoOXiqHI JyIsl po3citoBaHHS eHeprii mpwu i
NIepexo/Ii 13 30HU TEPTS Y TOBEPXHI T, IPHUOMY,
pPO3CiIOBaHHS €HEeprii MOBUHHO Bi0yBaTUCH
3 HAIMEHIIOIO MBUKICTIO IPUPOCTY EHTPOTI].
BTopuHHI CTPYKTYypU BUKOHYIOTH 3aXHCHI
¢byHKII1, 0OMEXYIOUH MOUIUPEHHS B3a€MOJIT
BCEPENIMHI TUT TEPTS 1 3HIKYIOUH IHTEHCUBHICTh
1€l B3aeMoyIii. [X mosiBa BifmoBimae MPUHLIAITY
Jle Ulatense [8, 10].

[Ipu po3poOui pexoMeHAAIiId MIOT0
NPUHIHUIIB PalliOHAIBHOTO BHOOPY PEXKHUMIB
MEeXaHIYHO1 OOPOOKH pi3aHHSM Ta 3aCTOCYBaHHS
3HOCOCTIMKHUX IHCTPYMEHTAJIbHUX MaTepiaiiB
pO3MIIHEMO TPUOOCHCTEMY «IHCTPYMEHT-
o0poOuroBaHui mMarepian». Y BTOPUHHUX
CTPYKTypax TpHOOCHUCTEMH MPOXOIATh HACTYIIHI
OCHOBHI TEpMOJIMHAMIYHI TTOTOKH: TIOTIK TETLIa,
MOTIiK PEYOBUHH, MOTIK (Pi3UKO-XIMIUHUX
MEPETBOPEHB 1 MOTIK JOJAaTKOBUX BIIJIMBIB
(3acrocyBannst 30P, HecTarioHapHICTh PEKUMIB
pi3aHH TOLIO).

VY po6ori [ 13] mokazaHo, 110 SKIO0 MeXaH14-
Ha SHEPTis TePTs € €NUHUM JDKEPEIOM 3MIHU
BUPOOHUIITBA CHTPOITi1, TEPMOJUHAMIYHA CHC-
TeMa He BTpaudae CTihKocTi. J[ms MoxiauBoc-
Ti IPOXOJKEHHsI caMoopraHizanii HeoOxigHo
OLUIBIIIE OJTHOTO HE3AJICKHHX JKEepea IUCHTIAIT
eneprii. Humu MoxyTh OyTH XiMiuHI peakiii,
110 MPOTIKAIOTh HE CAMOBUIBHO 1 1HIIIHOBaHI
teprsm [ 14, 15]. [1pu Temmnieparypax pizanss 7' @
(onmTuMmanbHa TemMIepaTypa Ui KOXKHOTO CTaHy
TpUOOCHCTEMHU «IHCTPYMEHT — 00pOOITFOBaHUNA
Marepiain, IpH sIKid IHTEHCUBHICTb 3HOIITYBaHHS
pI3aJIbHOTO IHCTPYMEHTY MiHIMaJIbHA) 1 BUIIE
Ha QPUKIIHHOMY KOHTAKT1 3’ IBISFOTHCS HOBI
JoKepena TUCHMAIIii eHeprii — XiMidH1 peakilii,
[0 1H1I1HOBaH1 TEPTAM, 3 HAJIUIIKOBUM
BUPOOHUIITBOM €HTPOTii, YaCTHUHA SKOT MOXeE
CTaTU HETaTUBHOIO BEJIMUYMHOIO 3aJIEKHO BiJ
BUJY XIMIYHUX peakiliid, ki BigOyBarOThCS.
PosrnsiHemMo 3MiHy BUPOOHHUIITBA €HTPOMIi
OJIHOTO 3 KOHTAKTYIOUUX T1J1 — pI3aJIbHOTO
IHCTpYMEHTY.

VY po6orti [16] HaBeaeHa HacTymHa Ghopmy-
Ja JMiHIAHOT IHTEHCHUBHOCTI 3HOIIIYBAaHHS, sIKa
OTpUMaHa 3 YMOBH BTPaTH TEPMOJUHAMIYHOT

CTIMKOCTI TIPU TEPTi 1 YTBOPESHHS JUCHITATUBHUX

CTPYKTYp

rz'X'k Tnn.DCp
Y A, Tp

Jy = (1)

ne X 1Y — JmesKi 4aCTUHU MeXaHI4yHOI eHeprii
TEPTS, SIK1 PO3CIFOETHCS y BUIIISIAI TEIIa 1 Ha
dbopmMyBaHHS MOTOKY pedoBUHH (y Tpoieci
3HOIIyBaHHs); K — koedilieHT mpomnopuiiHoc-
T1 MDDK MacO0 3HOIIEHUX YACTUHOK 1 ITOTOKOM
EHTPOIIii; I — HIUIbHICTh PEUOBHHU 3HOILIEHUX
YaCTHHOK; ch 1 Dcp — BIJNOBIAHO CepeJHl
3HAUYEHHS TEIIONPOBIAHOCTI 1 KoedimieHTa
mudy3il y BTIOpUHHHUX CTPYKTypax (MPUIYIIeHHS
iX HEe3aJeXHOCTI BiJl MIBUAKOCTI pi3aHHsA);
T, — MINHICTh aAre3ilHuX 3B’43KiB Ha 3pi3

n
B YMOBaX KOB3HOTO KOHTaKTy; T — Temmeparypa

KOHTAKTY.
SIKIIO y BTOPUHHUX CTPYKTypax Tpuodo-
CHCTEMHU «IHCTPYMEHT — 00OpoOIroBaHUM

Marepiam IPOXOIATh y 3araJlbHOMY BUTIAIKY Tep-
MOJIMHAMIYHI ITOTOKH TETIa, PEYOBHUHH, (PI3UKO-
XIMIYHUX TIEPETBOPEHb 1 IOJJATKOBHX BILIHBIB, TO
3MiHa BupoOHuITBa HJI 3 wacom Oynie mopiBHIOE

diS_(fm-pr-V-X)z_
dt AT?
m
—|f .0 -V-Y —|+
nPr 5.7

ifrﬂ.F)r.V.Z.LVX +JB.XB3 (2)

11

ne, J, — MOTIK I0JaTKOBUX BILIMBIB; X, — Tep-
MOJIMHaMIYHa CHJIA, 1110 BUKJIMKAE MOTIK J0/AaT-
KOBUX BIUIMBIB; L — KkoediuieHnT B3aemMoii
CIONy4eHb; V — MIBUAKICTH pizaHHS (KOB3aH-
us); f — koedilient Teprs; p, — NUTOME HOP-
MaJIbHE HaBaHTKEHHSI; A — TETUIONPOBITHICT;
Y — nesika yacTHHA 3arajbHOro BUPOOHHIITBA
EHTPOIIIi PH TEPTi, 10 BUTPAYAETHCS HA (Hop-
MYBaHH$ II0TOKY PEYOBUHH; Z — NesIKa YaCTUHA
MEXaHIYHOI eHeprii TepTs, 1110 BUTPAYAETHCS Ha
¢i3uko-ximiuHi neperBopenHs B BC.

Konkperusamis Benuaunn J, 1. X, 3a1€XKuTh Bijt
BUJIY 3aCTOCOBYBAaHHX JTOAATKOBUX BIUMBIB. L[5
CKJIaJJ0Ba BUPOOHMIITBA EHTPOMI{ y 3arajJbHOMY
BUTIAJIKY HE 3QJIC)KHUTH BiJl XapaKTEPUCTHK TEPTS
npu GPUKIIHHOMY KOHTAKTI.
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Jlns mporHo30BaHOi ajanTaiii MNoBEepXOHb
TEPTA 1 3HUKEHHS IHTEHCUBHOCT1 3HOIIIYBaHHS
HEOOX1/IHO 3aCTOCOBYBATH 1HCTPYMEHTANIbHI
MaTepiajii Ta 3HOCOCTINKI MOKPUTTS, L0
MICTATH XIMIYHI €JIEMEHTH 1 CIIOJIYKH, 3/1aTHI
B MEBHUX YMOBAaX BCTYNAaTH Yy XiIMIiuHY
B3a€MO/I10 3 00pOOIIOBAHUM MaTepiaioM Ta
3 HaBKOJIMIIHIM CE€peJJOBUILIEM, CTBOPIOBATU
HEpiBHOBaKHI BTOPHHHI CTPYKTYPH 3 Bil’€MHUM
BUPOOHUIITBOM eHTporii. JlofaTkosi Aii Ha 30HY
pizanHs (3actocyBanHs 30P, He cTalliOHapHICTD
€JEMEHTIB PEXUMY pi3aHHS TOIIO) MOBHHHI
CIIPUATH LIbOMY.

VY naniil po60Ti HaBeAeHI pe3ylbTaTH
JNOCHIIXKEHHSI MPOTHO30BaHOI ajanTaiii
MIOBEPXOHb TEPTA 1 3HUIKEHHS 3HOUIYBaHHS
IHCTPYMEHTIB 3a PaxyHOK 3aCTOCYBaHHSA
IHCTpYMEHTAJBHUX MaTepialliB, M0 Mic-
TSTh XIMIYHI €JIEMEHTH 1 CHOJYKH, 37aTHI
y MEeBHUX yMOBaxX TepTsd BCTyNaTH y B3a-
€MOJIi}0 3 00pOOJNIOBAHUM MaTepiallioM Ta
3 HaBKOJIMIIIHIM CEpPEeOBUIIEM, CTBOPIOBATH
HEPIBHOBAYXH1 BTOPUHHI CTPYKTYPH 3 BiJl’ €EMHUM
BUPOOHHUITBOM €HTpoOmii 1 3HUIKXYBaTH
3HOIITYBaHHSI.

3. METOIU JOCJIIIKXEHb

Jns excCnmepuMEHTalbHHUX JOCJIJIXKECHB
BUKOPHCTOBYBAJIUCSI 3aT'OTOBKH 13 3HOCOCTIMKOTO
BHCOKOMIIIHOTO 4aByHY Mapku MY210X301°3,
XIMIYHUN CKJIaJ SIKMUX HaBeJAeHHWH y Tabm. 1.
ExcnepuMeHT mpoBOAUBCA Ha TOKApPHOMY
Bepctati 3 UIIK moxmeni 16K20T1 6e3 30P.
O06po0OKa 3ar0TOBKH 3/IIHCHIOBAIACH 3 TTTHOWHOIO
pizanus t = 0,5 mm, nogauero S = 0,25 Mmm/00,
IIBUJIKICTh pi3aHHS BapitoBanacs B Jiama3oHi
V = 40-100 m/xB. [19]. Ins mochigxeHb
BUKOPUCTOBYBABCS PIKYUYUH 1HCTPYMEHT
Ha ocHOBiI cBN Mapku «b6opcuHiT», a came
niaactuHu tuny RNMNO070300. Pixy-
4i MJIACTUHU Oyiau pO3MillleHI MiJ KyTOM
y =-7° a, = 7° [18]. O6pobka pixyyoro
TJTACTHHOIO TPOBOUIIACS JI0 BETUYHHH (PacKu
3HOLIECHHS hZ = 0,5 MM 110 3aJHIN MMOBEPXHI
TJTACTHHHU.

Y npotieci 10CiKEHb OyI10 MPOaHaIi30BaHO
MIKPOCTPYKTYpPY Ta BH3HAYE€HO TBEPAICTH
3arOTOBKHU.

Jlnst oTpUMaHHS MIKPOCTPYKTYPH J10-
CHIJKYBaHOI 3aroTOBKH (micist mutidyBaHHs)
MIPOBOIMIIOCS TpaBieHHs 3 % pO3YMHOM a30THOI
KHCJIOTH B CIIMPTI, 1 TPUBAJIO BiJ 1—3 XBUIIUH,
710 TOTEMHIHHS OCHOBU. JlOCTiI’)KeHHS MPO-
BOJIMJIOCS. HA MeTalorpagivHOMy MIKPOCKOITi
NEOPHOT 3i 36inbmennsm y 500 pasis.

TBepaicte 3arotoBkm MUY210X30I'3
BH3HAUYAJACh 32 JIOMIOMOTOI0 MIKpOTBEpIOMipa
[IMT-3 i3 maBantaxxenusam 980 H 1 wacom
BUTPUMKH 15 c.

Takox Oyno BH3HaueHO Tomorpadir
MOBEPXHI Ta XIMIYHUM aHai3 3arOTOBKH,
3 BUKOPUCTAHHAM PACTPOBOI €IEKTPOHHOT
Mmikpockonii PEM-100YM, sikuii ocHamieHui
CHUCTEMOI €HEProJUCIepCIiHOTO aHali3y
(EDS), 1o mano 3Mory mpoBeCTH JIOKaIbHHUI
XIMIYHHNA aHaATI3 CKJIaay 3aTOTOBKH.

3 MEeTOI0 BU3HAUEHHS XIMIYHMX 1 (I3UUHUX
B3a€MOJii, IO BNJAUBAIOTh Ha MHPOIEC
3HOIICHHS Ta YTBOPEHHS (PacKu 3HOLICHHS
B Tiporieci 00poOKu, OyI0 IPOBEIECHO XIMIYHHUN
aHaJli3 Ta OTPUMAHO 3HIMKH MIKPOCTPYKTYPH
pi3ajdbpHUX IUIACTUHH. AHaJi3 MPOBOAUBCS
3 BUKOPUCTAHHSAM pPacTpPOBOI €JIEKTPOHHOI
Mikpockonii PEM-100YM. sikuit ocHameHui
CHCTEMOI €HepTroJAuCIepCiiiHOTO aHali3y
(EDS).

Takox BHU3HaueHO mapaMeTpu ¢Gacku
3HOIICHHS Ha 3aJHIM MOBEpPXHI 1 OTPUMAHO
ONTUYHI MikpodoTorpadii 3a Jo0MOMOrow
iHCTpyMeHTalbHOTO Mikpockormy MBC 9.

Pentrenaudpakuiitai (XRD) gocnimkeHHs
CTPYKTYpPHU MaTrepially piXydoi MJIaCTUHKHU
najid 3MOTy BH3HAa4yuTH npupony ¢das
CHOJNIy4YEHHS HAa TPAHUISAX MIX 3epHaAMU
c¢BN i Si,N,. JlocmipkeHHss MPOBOAUIUCS Ha
aBTomMaTu3zoBaHomy audpakrometpi JJPOH-4-
07. Cucrema aBromaruzariii JIPOH-4 3acHoBaHa
Ha MIKpPONPOLECOPHOMY KOHTPOJIEPi, AKUU
3abe3mneuye ynpasiaiHHSA ToHiomeTpoM ['YP-9
1 mepenauy nanux y mugposomy Burisiai Ha [1K.

Tabmums 1
Ximiununii ananiz yvaByny mapku H4210X301'3, y %
Ximiunmii .
eITeMEHT C Cr Fe Mn Tnmmi
% 2,1 ~33,5 ~60,04 ~3,45 ~0,55
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[Ipu 3WoMIIi BUKOPHCTOBYBAJIOCS BU-
npomiHoBaHHa CuKo (noBxkmHa XBHIII
0,154 um), dokycyBanus no bperry-bpenrano
026 (20 — OperroBckwii KyT). 3HAYCHHS CUITU
CTPYMY 1 HAaIpyTu Ha PEHTTEHIBCHKIN TpyOI1Il
cranoBuin 20 MA 140 xB. 3iiomka 3pa3kiB npo-
BOJIMJIACS B peXKUMI Oe3nepepBHOI peecTpartii

(mBHaKicTh — 1 M/XB), ianazoH KyTiB 260 Bifg
10° no 60°. ExciepuMeHTadbH1 pe3yabTaTi
nepenaBanucs 0e31mocepeHb0 B IporpaMHuit
MakeT MiATpUMKU ekcnepuMeHTy DifWin-1
ISl ToTiepeiHboi 00poOku. IaeHTudikais
KpHUCTaTIuyHUX (ha3 MpOBOIUIIACS 32 IOTIOMOTOIO
kaproteku JCPDS (Joint Committee on Powder
Diffraction Standards).

CepenHniii po3mip kpicramitis 3a Lllepepom
PO3PaxXOBY€ETHCS 32 HACTYIMHOIO hopmyrioro [17]:

K-
B, -cosO

ne K — 06e3po3MipHa KOHCTaHTa, 3ajie)KHa
Big GopMHu KpHUCTaliTiB (mpuiimMaemMo
K =1), A\ — noBxuHa XBWJI PEHTT€HIBCHKOTO
BUIIPOMiHEHHS, B — iHTerpanbHa IMpPUHA
TudpaxiiftHoro mpodito, Gi3udHe PO3LIMPEHHS
B SIKOMY BiZI0YBa€ThCS JIHIIIE Yepe3 Mali po3Mipu
OKP, 6 — xyTt nudpaxmii.

[nentudikanis kpucramidyHux ¢as mnpo-
BOAMIIACSA 3a JOINOMOIOK MPOTPaMHOTO
3abe3neuenHs Match! Ta Bukopucranss 6a3u
nanHux Crystallography Open Database (COD).

4. PE3YJIBTATHU JOCIIKEHb

4.1 XapakTepucTHKA 3ar0TOBKH

Marepian MUY210X30I'3, HaneKUTh 10 €BTEK-
TUYHUX O1IMX YaBYHIB, sIBJsi€ COOOIO CILIAB,
y SIKOMY HaJJIMIIKOBUHN BYyTJElb, 10 HE 3HA-
XOJUTHCSI B TBEPJAOMY PO3UMHI 3ali3a, IpHU-
CYTHiH y 3B’sI3aHOMY CTaHi y BUIJIAII KapOiiB
3ariza HeMeHTUT-neai0ypuTHoro tumy Fe C..

AHa3y091 MIKpOCTPYKTYpY (puc. 1), Mmoxe-
MO 3pOOUTH BUCHOBOK, 1110 KpHCTali3aLis OU1nx
YyaByHIB B1JIOyBa€ThCs 32 METACTaOLILHOIO CHC-
TEMOIO 3 YTBOPEHHSM JIe1i0ypUTy IEPBUHHOTO
ta nepiity. CTpykTypa Marepiaiy BU3Hauanacs
3a BIJIOMUM XIMIYHHUM CKJIaJIOM, IPOBOIMIIMCS
PO3paxyHKH €KBIBAJICHTY 110 XpPOMY Ta HIKEIO,
3a piarpamoro [lleddrepa.

Anani3 300paxeHb ONTHYHUX MIKpPO-
(dhoTorpadiit mokazaB HasIBHICTb OKCH/IIB TBEP-
IUX KapOiaiB, HE METalleBUX BKIIOYEHBb Ta
HasBHICTP IOp Ta PAaKOBUH Ha MOBEPXHI 3pa3Ka
(puc. 1).

TBepuicTh 3aroToBKM cTaHOBUTH 634 HV (57
HRC).

4.2. XapaKkTepucTHKA PixKy40ro
iHCTpyMeHTY Ha ocHOBi cBN

Pixxydi mimacTuHu 3 «OOPCUHITY» MAIOTh PO3MIp
3epeH npuoau3Ho 4—12 MM, i3 BMicTom cBN-
Si,N, mpubausno 3 % Bin MacoBoi yacTkw [ 18,
20].

MiKpocCTpyKTypa pi3aJIbHUX IHCTPYMEHTIB 13
cBN mapku «00pCHHIT» MMOKa3ajid B OCHOBHOMY
HasBHICTh JBOX B3a€EMONMPOHHUKAIOUYUX
6esnepepsuux ¢a3 Si,N, i ¢cBN (puc. 2) XRD
anai3 miareepauB HasBHiCTh Si,N, i BN (Boron
Nitride) B sskocTi ocHOBHEX (a3 (puc. 3).

Ha puc. 3 naBenena audpakrorpama
pixydoi mmactuHu 3 «OopcuHiTy». Ha
nudpakTorpaMax CrocTepiraeTbes psia MiKiB,
sKi Oynu 1iAeHTH(hIKOBaHI HAMU SK BIAOUTTA
Bia kpucrtanorpadiuaux miomudH (101), (120)
s rekcaro”ansHoi Ta (111), (020), (202),
(311) xy6iunoi ¢a3. [TonoxxeHHs UX MiKiB
no6pe y3romkyerbest 3 nanumu COD st BN
Ta Si3N4 (kapTtka Ne 96-900-8835, 96-901-3141
BIJIMOBIJTHO).

SIK 1 ouikyBanocs, 0oCHOBHOIO (pa3oro € BN.
Kpim BN, BusIBIIsI€EThCS HEBEIUKE KIJIBKICTh
Si,N,, npo mo curnamisye nossa jinii (006) na

Hewmeranesi

BKITIOYEHHS

Puc. 1. ®ororpadii waByny mapkn MU210X301I'3: a) Tonorpadis nosepxui Ha PEM-100YM %x680; 6) potorpadii Ha

MetasnorpadigaoMy Mikpockori i3 30inpmennsM 500 pa3
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Ta0uuus 2

Po3paxyHok cepeanix po3mipiB kpicraJiris 3a lllepepom

Inpexc Misuiepa

Po3mip kpucraJiris no lleppep, Hm

(111) 34,4
(200) 26,4
(220) 24,5
(311) 22,9

30kV

Puc. 2. MikpocTpykTypa «OOpCHHITa» pi3adbHHUX
incrpymentis. Cipa Qasa: crmomydenns SiN,. Temna
¢aza: cBN, PEM-100YM

12500

2(11)

10000 7

7500 -

IHTEeHCUBHICTb, B %

5000 - §
I o o ~
S S BN 8
-5 B N N S
2500 SIN,SIN,| S BN
gt T
15 30 45 60 75 90

20, rpag.
Puc. 3. PeHTrenischka mudpaktorpama piKydoro

iHCTpyMeHTY Ha ocHOBI cBN «0opcHHIT», 3 BUKOpPHUCTaH-
Hsim CuKo BUITpOMiHIOBaHHSIM

KyTi 20 = 35°. T1o po3mupeHHio qudpakiiiHux
JIiHIA Ha Manux KyTax 3a popmyinor (1) Oymo
OI[IHEHO po3Mipu obyiacTeil KOrepeHTHOTO
po3scitoBanHs (OKP).

4.3 BnuimB IIBUAKOCTI pi3aHHS HA CTIHKICTH
IHCTpyMeHTy
BrumB miBHIKOCTI pi3aHHS Ha MEPioja CTIHKOCTI
IHCTPYMEHTY 1 JJOBXKHUHY pi3aHHS pi3ajdbHUX
IHCTPYMEHTIB Ha 0OCHOBI cBN Mapku «60pcrHIT»
IIPU CYXOMY YHCTOBOMY TOUIHHI YaBYHA MapKu
MNY210X30I'3 naBeneHo B Tadi. 3 Ta Ha puc. 4.
VY mpoueci gocnigxkeHHs Oylio BUSABIEHO,
[0 TEPMiH CIyXOH 1HCTPYMEHTY Ha OCHOBI
cBN mapku «O6opcuHiT» 301abIIy€ETHCS 13
301JbIIE€HHSIM IIBUJIKOCTI pi3aHHS, MOKU HE
JOCSATHE MAaKCUMAaJbHOIO 3HAYEHHs, a MOTIM
TEpMiH CIyXOU 1HCTPYMEHTY MOYHUHAE
3MeHmryBaTucs. [IpuunHa nporo Moxe OyTu
T€, 110 KIJIBKICTh HAJIHUILIOTO Iapy (Ha OCHOBI
CIIOCTEPEKEHHsI) 3pOCTa€ 13 30LIbIICHHAM
MBHUAKOCTI pi3aHHS, IO J1€ B SKOCTI
3aXMCHOI MJIIBKU AJIsI 3MEHIIEHHS 3HOLICHHS
IHCTPYMEHTY, 110 MPU3BOAUTH 0 301IbIICHHS
TEPMIHY CITYKOU 1IHCTPYMEHTY 13 301JIbIICHHAM
HIBUAKOCTI pi3aHHsA. TUM He MeHIIe, KOJau
TeMIlepaTypa pi3aHHs Jy>Ke BHCOKa depes
BHCOKY IIBUJIKICTh PI3aHHS, IIap Ha MOBEPXHI
IHCTPYMEHTY CTa€ M’SKIIMM. Y TaKuX yMOBax,

Tabmums 3
CriiikicTb i J0BKHHA pi3aHHA Pi3aJbHUX IJIACTHH 3 «OOPCHHITY»
mB“HKIIS;)BpBaHHH’ Ilepion criiikocTi, XB JoB:kuna pizanusi, M

39 13,66 532,91

55 9,69 532,91
69 7,72 355,28
78 22,77 1776,38
97 21,98 2131,66
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T, xB 25

. /
N

10

5 I I } }
20 40 80 100

120
V, M/XB

1, mm/mm 1,20E-03
1,00E-03
8,00E-04

6,00E-04 \

4,00E-04 \

N

80

2,00E-04

0,00E+00 f f f f
20 40 60 100 120
V, m/xB

Puc. 4. I'padix 3anexHOCTI MK HMIBHIKICTIO pi3aHHS V Ta MEpiomoM CTIMKOCTI T pixydoi miacTuHu (mpu o0poOIi

yaByny M4210X30I'3,t= 0,5 mm, S = 0,25 Mmm/00)

BiH MOJXE JIETKO CTHPAETHCS BiJ TBEPAUX
YaCTHHOK 3 00pPOOIIFOBAaHOTO MaTepially, a TaKoXK
3HOIICHHS 1HCTPYMEHTY MPUCKOPIOETHCS.
[Ticnst mpoTO, TEPMIH CITY>KOM IHCTPYMEHTIB Ha
OCHOBI1 KyO14HOTO HITpUAY OOpy IIBUAKO Oye
CKOpPOYYBaTHCS.

4.4. BigzmoBa pi3ajJbHUX IHCTPYMEHTIB Ha
ocHOBI ¢cBN «0opcuniT

XiMIYHAHN aHaJi3 IePeaHbOT TOBEPXHI PiXKy4Oi
TUTACTUHM, 110 BUKOPUCTOBYBAIACS MPH 00poOLIi
31 WBUAKICTIO 69 M/XB (pHc. 5), MOKa3ye HasB-
HICTB mapy Mn 1 CKpaBO BUPaKEHY KOHIICH-
tpauito Fe, Cr (Tabm. 4).

3 METOI0 BUBUEHHS MEXaHI13MiB 3HOILIEHHS
pl3aJIbHUX MJIACTUHU, 10 BUKOPHUCTOBYBAJIUCS
B €KCNEPUMEHTANbHHUX JOCHIIKEHHSIX,
posristHyTO (hotorpadii (puc. 5, 6) Ha AKUX
MOKa3aHO 3HOIIEHHS MO 3aJHIN 1 mepeaHin
MOBEPXHAX PLKYUOI KPOMKH, IIpU 00poO1Ii 31
HIBUJIKICTIO pi3aHHA 69 M/XB.

AHanizyroun pobody 4acTUHY 1HCTPYMEHTY,
MOYHa BHUAIIATHA OBl 30HU IHTEHCUBHOTO
3pOCTaHHS 3HOIICHHS 3aJHIX MOBEPXOHB:
nepiia Npuisirae 10 BEpIIMHU pi3lg, a Apyra,
NpUOINU3HO, 1O CEPEIUHHU 3aIHbOI MOBEPXHS
TUTACTUHH.

BuBuenns ¢otorpadiit mokaszanu, 1o
caMe B JPYTid 30HI HAUOLIBII IHTEHCUBHO
BinOyBaeThcs 3HOHICHHS. B Toi vac sk Ha
TepeHil TOBEPXHI BiAOyBa€ThCS HAUITAHHS
yapyHa (puc. 5). O6poOntoBaHuil MeTan

R

x383 100

Puc. 5. Ilepennst moBepxHs piXKy4ol MIACTHHKU TPH
00poO0I1i 31 IBUAKICTIO 69 M/XB

Ha 3HOIICHIM MOBEPXHI pi3Is 3HAXOAUTHCS
y BUTJA1 BIJJHOCHO HEBEJIHMKHX YaCTOK.
YacTuHku 00poOII0BaHOTO MeTaly BUSBIEHI
Ha Mepe/iHii MOBEPXHI PIKYYHX IIACTHH MPU
pOoOOTI 31 MBUAKOCTAMHU pizaHHS 69—78 M/XB.
VY npoueci gocaigkeHb 0yja0 BUSABIEHO,
MOIIKO/KEHHSI Pi3aIbHUX TUTACTHH Y BCHOMY
Jianma3zoH1 MBUKOCTEN pi3aHHS, B OCHOBHOMY

Tabauns 4
XimiuHuii aHa/1i3 MOBEPXHi Pi3ajbHOI IVIACTUHKH Micjasi 00po0Kku
ijM' Al K Ca Ti Cr | Mn Fe Co W
% 30,411 3,003 1,787 | 0,433 0,173 | 0,995 22,324 | 38,364 | 2,509 [ 100
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Puc. 6. 3HOMmeHHS piXKydO0i IIACTHHU T10 3aIHIH TTIOBEPXHI

y BUTJIAA1 3HOLICHHS MO 3aJHIN MOBEPXHI,
MOYaTOK pyHHYBaHHS MOBEPXHI MIACTUHU
MOMITHUH BXK€ Ha IMIBUJKOCTI pi3aHHs 39 M/XB.

3HiMKku 3poOneHi 3a gonomororo PEM
(puc. 6) 1ar0OTh MOKIIMBICTh BU3HAYUTH CII1TU
abpaszuBHUX ma3iB (puc. 66), MO € THIO-
Be sl abpa3uBHOTO 3HOIIEHHs. [IpuunHoIO
I[BOTO SIBHIIIA MOXE OyTH Te, IO 3B’s3Ka 1H-
CTPYMEHTAJBbHOTO MaTepianay CTUPAETHCS
TBEPIUMH YaCTUHKAMU KapOiy, 110 BXOASTH 0
CKJIaJTy 3arOTOBKH, I1€ B CBOIO UEPr'y MPU3BOINUTH
1o BigaiieHHs 3epHa ¢cBN Binx matepiainy.

BUCHOBKHA

Ha migcraBi mpoBeaeHUX €KCIIEPUMEHTAb-
HHUX JOCIIJ)KEHb MOXHa 3pOOUTH HACTYIHI
BUCHOBKHU:

1. OCHOBHUM M€XaHI3MOM 3HOIIEHHS I
pi3ajdpHUX IJIACTHH Ha ocHOBI cBN «6op-
CHHITY» € CTUPAHHSI CIIOJIY9HOTO Marepiany
TBePAUMHU YaCTHHKAMH KapOiay 3aroTOBKH
3 MY210X30I'3, Takok BCTAHOBJICHO aOpa3uB-
HUW XapaKkTep 3HOLIEHHS.

2. 301bIICHHS TEPMIHY CIYXOU IHCTPYMEH-
Ty 31 301bIICHHSAM IIBUIAKOCTI pi3aHHs, I

pi3anbHUX MIACTUH Ha ocHOBI cBN «6opcu-
HIT», MOXKJIUBE 32 PaxXyHOK HasBHICTb 3aXHC-
HOTO 11apy, C(hOPMOBAHOTO HA PIKYUIH KPOMITI
iHCTpyMeHTy. OiHaK, 31 301JIbIIEHHSM IIBH/I-
KOCTI pi3aHHA 1, BIIMOBIAHO, TEMIIEPATYPH Pi-
3aHHS, [Iap Ha IOBEPXHI IHCTPYMEHTY TTOUYHNHAE
MJIaBUTHUCS, 10 TPU3BOAUTH 710 aOPa3uBHOIO
CTUPAHHS TBEPAUMHU YaCTUHKaMU 00poOOBa-
HOTO Marepiaiy, 0 B CBOIO Yepry MPU3BOANUTH
710 TIPUCKOPEHOTO 3HOLIEHHS IHCTPYMEHTY.

3. BcraHoBieHo, 10 MpH MIBUAKOCTI pi3aHHs
V = 69—78M/XB CTIHKICTb pi3ajbHOI TUIACTUHU
MakcHMalibHa Mpu 00poOIl 3HOCOCTIHKOTO
BHCOKOXpomHucToro matepianry MY210X301°3.
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