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[IpoBeneHo mocCIipKEHHST MEXaHi3My 3HOIIEHHS pi3ajdbHUX iHCTpyMeHTIB i3 cBN mpu mexaniuHii
00pob11i  3HOCOCTIliKOr0 uYaByHy Mapkum MU210X30I3 st BU3HAUEHHS paliOHAIBHUX YMOB
¢dopmyBaHHS (i3UKO-MEXaHIYHUX BJIACTHBOCTEH IOBEPXHEBOrO INApy LBOro Mmarepiany. Pe-
3ylbTaTd OTPHMaHi 3a JOTOMOIOI0 ONTHYHOI, CKaHYIOYOi EJEKTPOHHOI MIKPOCKOMII, a TaKoX
EHEePTOAMCIIEPCiitHOT crieKTpOoCKomii. 3HOMIEHHS M0 3aHii 1 MepeHili TOBEpXHi Oy OCHOBHUMH
BUJIAMH 3HOIICHHS B JIOCIIJKYBAaHOMY Jlialla30Hi MIBUIKOCTEH pi3aHHs. AAresis i cTUpaHHs Oyiu
OCHOBHHMH MEXaHI3MaMHM 3HOIIICHHS MPH IBUIKOCTAX pi3aHHs Bix 39 M/XB.

KarouoBi ciioBa: 3H0COCTIHKNI YaByH, MEXaHi4HA 0OpOOKa pi3aHHSAM, IHTCHCUBHICT 3HOIIYBaHHS,
cBN, pecypc iHCTpyMEHTY.

MEXAHMU3M U3HOCA PEXYIIUX UHCTPYMEHTOB HA OCHOBE ¢BN
INPU TOYEHUU BBICOKOITPOYHbLIX YYT'YHOB
K. A. Iamiopa, A. C. IOnak, A. /I. Ilorpednsk, B. A. OxpumeHnko

IIpoBeneHO HecaenoBaHue MEXaHU3MA M3HOCA PEXYIIUX HHCTPYMEHTOB 13 cBN mmpu MexaHuueckoi
00paboTke BbIcOKOTIPOoYHOTO uyryHa Mapku MY210X301°3 st onpenesnenus: paioHaIbHBIX yCII0-
BHUA (HOopMHUpOBaHUS PU3UKO-MEXaHUICCKUX CBOWCTB IMTOBEPXHOCTHOTO CJIOS ATOTO Marepuana. Pe-
3yJbTaThl IOJIYyYEHBI C IOMOIIBIO ONITHYECKOH, CKAaHUPYIOILEH IEKTPOHHOW MUKPOCKOIINH, A TAKKE
OHeproaucnepCuoHHbIN crieKTpockonuu. V3Hoc 1o 3aaHel 1 nepegHel MOBEpXHOCTH ObLTH OCHOB-
HBIMHU BHJIaMH M3HOCA B HCCIICAYEMOM JHaNa3oHe CKOPOCTEH pe3aHus. AIre3us U cTUpaHus ObLIn
OCHOBHBIMH MEXaHW3MaMM U3HOCA IIPU CKOPOCTSX pe3aHust oT 39 M/MUH.

KnroueBble cjioBa: N3HOCOCTOMKMI 4yryH, MexaHW4ecKas 00pabOTKa pe3aHneM, HHTEHCUBHOCTD
n3HamuBanus, cCBN, cpok ciry>kObI HHCTpYMEHTA.

WEAR MECHANISM CUTTING TOOLS BASED ON ¢BN
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 UU210X30I'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 [IOBEPXOHb TEPTH, L0 3HAXOAATHCSA B YMOBaX

Ha cyyacHomy erarii po3BUTKY ITPOMHUCIIOBOCTI
NocTae NMUTAHHS BUOOpPY ONMTHMAJbHUX
TEXHOJIOT1M BUPOOHHUITBA MAlIMH Ta MPO-
JOBXEHHS 1X TEepMiHY ClyXOu, sKuili 6u
3a0e3redyBaB HEOOXiTHY TEXHIKO-€KOHOMIUHY
e(hEeKTHBHICTb.

Y HaykoBOMY MJaHi I 3ajlaya BUMAarae
MOMYKY KOpensmii MiX BIaCTUBOCTSAMU
Mmarepiaiy, yMOBaMH eKCIUTyaTallii 1 peCypcHUMHU
xapakTepucTukaMu. [IuTaHHS JOBrOBIYHOCTI

CKJIaJIHOTO CIEKTPY pPyHHIBHUX BIUIUBIB, 3a-
JUIIAEThCS HANO1IbII aKTyalbHUM 00’ €KTOM
BUBUCHHS. [ fioro BupimeHHs HEOOXiaH1
KOPEKTH1, (pi3u4Hi Ta po3paxyHKOBi, MOAETi
3HONIYBAaHHS, 3aCHOBAaHI Ha pe3yibTarax
TEOPETUYHHX 1 EKCIIEPUMEHTATBHUX JTOCTII-
KE€Hb, KIHETUKHU MOLIKOJKYBAaHOCT1 1 pyii-
HYBaHHS IMOBEpXHEBUX 1apiB [1].
BigmoBiiHO 10 OCHOBHHUX IIOJIOXKEHD
MeXaHIKH TEXHOJIOTIYHOI CIaJKOBOCTI, Ha
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KOXKHIN CcTajlii HAaBaHTAXXEHHS B TIOBEPXHEBOMY
mapi BUpoOy BigOyBaeThCcs Oe3mepepBHE
HaKOMU4YeHHS nedopmanii 1 BUUEpHaHH
pecypcy minactuuHocTi [2, 3]. Peanizamis
11efl TEXHOJOTIYHOI CIIagKOBOCTI TO3BOJISAE
MIPOTHO3YBATH 1 KOHTPOJIIOBATH EKCILTyaTaIliifH1
XapaKTepUCTUKU MaTepialy Ha OCHOBI
BCTAHOBJICHHS CIaJIKOBHX 3aKOHOMIpPHOCTEH
(opMyBaHHs apaMeTpiB CTPYKTYPHOI'O CTaHy
Ta (pI3UYHMUX BIACTHBOCTEH JeTajiel mija Ji€ero
HaBaHTakeHb. O1iHKa KIHETUYHUX 1 EHEPreTHKO-
AKTHUBAIITHUX XapaKTePUCTUK TTOBEPXHEBOTO
mapy Marepiany, Moau(ikoBaHOTO y TpoIieci
TEeXHOJOTriyHOoI 00poOKHM, MpHU Pi3HHUX
BHJIaX 1 peKHUMax, JO3BOJISE€ OOTPYHTYBAaTH
3a0e3MeueHHs PECyPCHHUX MTOKAa3HUKIB.

3HOCOCTIMKI BUCOKOXPOMHUCTI YaBYHY
€ OJIHMMHU 3 OCHOBHHMX KOHCTPYKIIMHHUX
MarepiajiaiB MpU BUPOOHULTBI AeTasiel s
0COOJIMBUX YMOB €KCIlJyaralii, TaKux sK
IHTEHCUBHE abpa3KBHE 1 KOPO3iiiHE 3HOLTYBAHHSL.
JlaHi MaTepianu BOJOMIIOTH BIACTHUBOCTSIMHU,
AQHAJIOTIYHUMHU KAPOCTINKUM CTaJSIM TpU OLIbIIT
HU3bKIi BapTOCTi. 3HOCOCTIHKI BUCOKOXPOMHCTI
YaByHY BIAHOCATHCA J10 BaXKKOOOPOOIIOBAaHUX
MarepiajiB B MAIIMHOOY{yBaHHI1 3aBIsSKU CBOIH
BHCOKIi TBEPIOCTI.

[Tpote iX mUpoKe BUKOPUCTAHHS OOMEKEHO
yepe3 TPYAHOIIl, OB’ s3aH1 3 MEXaHIYHOIO
00poOkoto pizaHHsAM. BapitoBaHHSA BMicTy
XpOMY B YaByHax NPU3BOJIUTH 10 YTBOPEHHs
KapOiiB Pi3HUX THIIB 3 METAJIEBOIO OCHOBOIO,
IO JA03BOJISIE BUKOPUCTOBYBATH 1i YaBYHHU
JUIS. BUTOTOBJICHHSI JIeTallel, M0 MpaioioTh
y KOpO31HHUX CepeloBUIIAX 1 IPU IIUPOKOMY
niara3oHl HAaBAHTAKEHHS.

Ha nanuit yac BeayThcs JOCHIIKEHHS,
10710 TPOTHO3YBAHHS HAJIWHHOCTI eKCTUTyaTaIii
nertaneil 13 3HOCOCTIMKOTO 4aByHY 3aJI€KHO
BiJl peXXMMIB MeXaHIuYHOi 00pOOKHU pi3aHHAM
[4, 5]. ¥V GinpmiocTi BUNAAKIB CKIIAAHI AeTall
Taki sk poOoui Kojeca, i3 3HOCOCTIHKOTO
BUCOKOXPOMHUCTOTO YaBYHY HpParHyTh
BUTOTOBJISTH 3 MIHIMalIbHUM 00CSTOM
MeXaH14HO1 0OpOOKH pi3aHHAM, 3aJIUIIAI0YN
HEBEJIMKI IPUITYCKH.

Y 1bOMy KOHTEKCTi, HIPOBOIAATHCS J0-
CJIIDKEHHS 3 METOIO PO3IIMPHUTH 3aCTOCYBaHHS
pi3ajJbHUX IHCTPYMEHTIB 3 KyOIYHOTO HITPHIY
6opy (cBN) nns yuctoBUX omepaniii npu
00po011i 3HOCOCTIHKUX YaBYHIB.

3HOWEHHS pPi3aJbHUX IHCTPYMEHTIB,
K TpaBUIIO, BinOyBaeTbCs y pe3yibTari
XIMIYHOTO TEPETBOPEHHS o0nacTeil poOounx
HOBEPXOHb, IO TPYThCS, MIACTUUYHOTO
3MiHEHHS (OpPMH MiJ BIJIMBOM BHCOKHUX
TEMIIeparyp, BTOMH HaBaHTa)KEHUX ITOBEPXOHb,
aOpa3WBHUX 1 aAre3iWHUX Ail, KPUXKOTO
pyiinyBaHHs. HaBeneHi BUAM 3HOIIYBAaHHS
MOJKHA TIOTIEPEIUTH 33 PaxXyHOK ONTHUMi3amii
napaMeTpiB peKUMY pi3aHHS 1 MPaBUIBHOTO
BHOOPY IHCTPYMEHTAJILHOTO MaTepiay.

[IpomucnoBicTe 3amikaBieHa y ¢QyH-
JaMEHTaJbHOMY PO3yMIHHI BUHUKHEHHS
MPOIIECiB 3HOMICHHS Pi3aIbHUX IHCTPYMEHTIB
Ha ocHOBI ¢BN npu 00po0Oii 3HOCOCTIMKUX
BUCOKOMIITHUX YaBYHIB. Xoua IIi B3aeMOJil
€ HA/I3BUYAIHO CKJIATHIMHU, iX PO3YMIHHS JTyKe
npoOiemMaTHyHe, ajle BOHO MOKe €(heKTUBHO
JOMOMOTTH Yy MiABUIIEHHI €()EKTUBHOCTI
00pOOKH pi3aHHSIM 3HOCOCTIHKUX BUCOKOMIITHHX
YaBYHIB.

MeToro 1aHOTO € JOCHIIIKEHHSI MeXaH13My
3HOUIEHHS pi3aJbHUX 1HCTPYMEHTIB 3 cBN
Ha npukianl «6opcunity» [18] npu o6poodii
3HOCOCTIHKOIO BUCOKO XPOMMCTOIO YaBYHY
mapku MYU210X3013.

2. TEOPETUYHUWI ONIUC
JOCIIKEHHSA

JIOBroBi4HICTh PYXOMHX CIIOJIYY€Hb JIMITY€
TEPMiH CITyKOM MaliuH, a ix 0e3BiAMOBHICTh
BHU3HAYA€ TEXHIKO-€KOHOMIUHY €(DeKTUBHICTH,
a iHoxi 1 6e3mneky excruyararii. Tomy MeTogam
OILIIHKM (paKTUYHOTO CTaHy JAeTalled pyXOMHX
3>€IHaHb 1 MPOTHO3YBAaHHS IX PECypCHUX
XapaKTEPUCTHK 3 METOIO 3ar00IraHHs aBapiitHUX
BiJIMOB BiJNOBiJabHUX BY3JIiB T4 MEXaHI3MiB
NPUIISETHCS MiBUIIICHA yBara.

Binomo [6, 7], 110 OCHOBHI SIBUIIA TIPU TEPTI
KOHIIEHTPYIOTHCSI B TOHKOMY IIPUTIOBEPXHEBOMY
mapi Marepiany. HaykoBuii i npakTu4yHHUR
1HTEepeC MaroTh TEPMOAMHAMIYHI ACTIEKTH CTaHY
IIHOTO APy 1 3B’30K 3HONTYBAHHS 3 IIAM CTaHOM.
Y poborax [8, 9] nmokazano, mo Oyab-sIKy
TpUOOCHUCTEMY CHiJ PO3MISLAATH K BIAKPUTY
HEPIBHOBAXXHY TEPMOJAMHAMIUHY CHUCTEMY.
VY poborax [10, 11, 12] chopmynboBaHuit
NPUHIUI BTOPUHHOI NUCUMATUBHOI Te-
TEPOTEHHOCTI, 3TiIHO 3 SIKUM Yy MpoIleci
TepTa BiAOYBAaOTHCS SBUINA CTPYKTYpHOI
MPUCTOCOBAHOCTI (ajanTaliii) KOHTaKTyIuX
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MarepiaiiB, IPU SIKMX BC1 BUIW B3aEMOJIT Ti
JIOKaJI3yI0ThCSl B TOHKOIIJIIBKOBOMY 00’ €KTI —
BTOpUHHUX cTpyKTypax (BC). Y BignosinHocTi
3 UMM NPUHIOHUIIOM BTOPUHHI CTPYKTYpH
HEOOXiIHI JUIs pO3CitOBaHHS eHeprii mpwu il
nepexo/il 13 30HU TePTS y HOBEPXHI TLJ1, IPUUOMY,
pPO3CiIOBaHHS €Heprii MOBHHHO Big0yBaTHCS
3 HAMEHILIOO IIBUJIKICTIO IPUPOCTY EHTPOMII.
BTopuHHI CTPYKTYypU BUKOHYIOTH 3aXHCHI
¢byHK111i, 00MEXYyI0UH MOMIUPEHHS B3a€MO1T
BCEpEIMHI TUT TEPTA 1 3HIKYIOUH IHTEHCUBHICTh
i€l B3aemoptii. [x mosiBa BimmoBimae NPUHIIAITY
Jle atense [8, 10].

[Ipu po3poOui pexoMeHAalid MIOH0
HNPUHIUIIB PalliOHATLHOIO BUOOPY pEKUMIB
MEXaHIYHOi 0OpOOKH pi3aHHSIM Ta 3aCTOCYBaHHS
3HOCOCTIMKHUX 1HCTPYMEHTAIbHUX MaTepiaiiB
PO3TISTHEMO TPUOOCHCTEMY «IHCTPYMEHT-
o0poOmroBaHui MaTepiany. Y BTOPHUHHUX
CTPYKTypax TPUOOCUCTEMHU NPOXOATh HACTYTIHI
OCHOBHI TEpMOAMHAMIYHI IIOTOKH: MOTIK TerIa,
MOTIK PEYOBUHH, MOTIK (Pi3UKO-XIMIUHHX
MEepPEeTBOPEHD 1 MOTIK JOJATKOBHUX BILINBIB
(3actocyBanns 30P, HecTalliOHApHICTH PEKUMIB
pi3aHHs TOLIO).

VY pob6ori [13] moka3aHo, 110 KO0 MEXaHi4-
Ha EHEPris TEPTS € €JUHUM JHKEPEIOM 3MIHU
BUPOOHUIITBA EHTPOTi], TEPMOIMHAMIUHA CHC-
TeMma He BTpadae cTiikocTi. st MokauBocC-
Ti MIPOXOJIKEHHSI caMoopraHizailii HeoOxiJHO
OLIbILIE OTHOTO HE3AJICKHUX JKEepesia Jucunartii
e”eprii. Humu MoxyTh OyTH XiMiuHI peakiiii,
10 MPOTIKAITh HE CAMOBUIBHO 1 1HIIIHOBaH1
teptsam [ 14, 15]. IIpu Temnieparypax pizanus 7' wap
(onTHMaNbHA TEMIIEpaTypa sl KOKHOTO CTaHy
TpUOOCHCTEMH «IHCTPYMEHT — 00pOOIIOBaHUM
Marepiain, U sIK1 IHTEHCUBHICTb 3HOIITYBaHHS
pi3abHOTO 1HCTPYMEHTY MiHIMaJIbHA) 1 BUILE
Ha (QPUKIIHOMY KOHTAKT1 3’ ABJISIOTHCS HOBI1
JpKepesa JUCHIIAlil eHeprii — XiMi4Hi peakuii,
0 1HINIHOBaHI TEePTAM, 3 HaJIUIIKOBUM
BUPOOHHUIITBOM EHTPOIIi], YaCTHHA SKOT MOXKE
CTaTH HETAaTUBHOIO BEJIMUYMHOIO 3aJIEKHO B1J
BUJY XIMIYHUX peakIlii, fAKi BigOyBalOTHC.
Po3rnsiHeMO 3MiHY BUPOOHUIITBA €HTPOIIiT
OJIHOTO 3 KOHTAaKTYIOUUX Tl — pi3aJIbHOTO
IHCTPYMEHTY.

VY pob6ori [16] HaBeneHa HacTymHa GOpMy-
J1a JIIHIMHOT IHTEHCUBHOCTI 3HOITYBAaHHS, KA
OTpHMMaHa 3 YMOBH BTPaTH TEPMOJUHAMIYHOT

CTIMKOCTI TIPU TEPTi 1 yTBOPEHHS TUCUTIATUBHUX
CTPYKTYD

2-X-k v, D,
PR S X ()
Y  r,T-p

ne X1 Y — neski 4aCTUHU MEXaHI4HO1 eHeprii
TePTsl, SKi PO3CIIOETHCA Y BUIJIAII TeIJIa 1 Ha
dbopMyBaHHS TOTOKY pe40BUHU (y TpoIreci
3HOIIIYBaHH!); kK — Koe(ilieHT mponopLiiHOC-
Ti MK MacO0 3HOIIICHUX YaCTHHOK 1 TOTOKOM
EHTPOIII{; 7 — HIUIbHICTh PEUOBHHU 3HOIIECHUX
YaCTHHOK; kcp 1 Dcp — BIATIOBITHO CepejHi
3HAYEHHs TEIIONPOBIAHOCTI 1 KoedilieHTa
mudy3ii y BTOpHHHUX CTPYKTYpax (TpUITyIIEeHHS
iX He3aJIe)XHOCTI BiJl MIBUIKOCTI pi3aHHsA);
T, — MIIHICTh aJAre3iiHuX 3B’ A3KIB Ha 3pi3
B YMOBaX KOB3HOTO KOHTAKTy; 7 — Temmeparypa

KOHTAKTY.
SKIO y BTOPUHHUX CTPYKTypax Tpuodo-
CHCTEMHU «IHCTPYMEHT — 00poOntoBaHu

Marepian IPOXOIATh Y 3araTlbHOMY BUITAJIKY TEp-
MOJIMHAMIYH1 TIOTOKH TeIlj1a, PEYOBUHHU, (i3UKO-
XIMIYHUX TIEPETBOPEHB 1 IOMATKOBUX BILIMBIB, TO
3MiHa BupoOHuIITBa H/I 3 yacom Oyzae nopiBHIOE

diS_(fm-p,-V-X)z_

dt A-T?
m
— . V.Y ¢ |+
Jn P D-T
V.,
if‘m.pr'Vv.Z.L T +JB.XBa (2)

11

ne, J, — NOTIK JI0NaTKOBHX BILIMBIB; X, — Tep-
MOJMHAMIYHA CWJIA, 110 BUKJIMKAE TIOTIK JO/aT-
KOBHMX BIUIUBiB; L , — Koe(]ilieHT B3aeMozil
CIIOJTyY€Hb; J — MIBUAKICTH pi3aHHS (KOB3aH-
Hs); . — KOE(ILIEHT TePTS; p, — MUTOME HOP-
MaJbHEe HaBaHTAXKEHHS; A — TETUIONPOBITHICTH;
Y — nesika yacTuHA 3araabHOTO BUPOOHUIITBA
EHTPOIIi IIPU TEPTI, 110 BUTPAYAETHCS HA Pop-
MYBaHHS MTOTOKY PEYOBUHHM;, Z — JIeSKa YaCTUHA
MEXaHIYHOI €Heprii TePTs, 1110 BUTPAYAETHCS HA
¢izuko-xiMiyHi neperBopeHHs B BC.

Konkperusartis Bennaun J, 1 X, 3a1€XKUTh BiJl
BUJTY 3aCTOCOBYBaHUX JOAaTKOBHUX BILTUBIB. L[5
CKJIa/I0Ba BUPOOHUIITBA EHTPOII] y 3arajJbHOMY
BUTIQ/IKY HE 3QJICXKUTh BiJ XaPAKTEPUCTHUK TEPTSI
pu QPUKIIHHOMY KOHTAKTI.
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Jlnst mporHo30BaHoOi ajanTalii MoBepXoHb
TEPTA 1 3HUKEHHS IHTEHCUBHOCTI1 3HOIIIYBaHHS
HEOOX1JHO 3aCTOCOBYBAaTH 1HCTPYMEHTAIbHI
Marepiaju Ta 3HOCOCTIMKI MOKPHUTTS, L0
MICTATH XIMIUHI €JIEMEHTH 1 CHOJIYKH, 3/1aTH1
B MEBHUX YMOBaxX BCTyNaTH y XIMIUHY
B3a€MOJIiI0 3 00pOOIIOBAaHUM MaTepiajoM Ta
3 HaBKOJIMILIHIM CEpeIOBHUIIEM, CTBOPIOBATH
HEpPIBHOBAXH1 BTOPUHHI CTPYKTYPH 3 B1JI'EMHUM
BUPOOHUIITBOM eHTporii. [lomaTkoBi aii Ha 30HYy
pizanHs (3actocyBanHsa 30P, He cTalioHapHICTh
€JIEMEHTIB peXXUMY pi3aHHS TOINO) MOBUHHI
CTIPUSTH IOMY.

Y naniii poOOTI HaBeACHI pe3yJbTaTH
JOCTII)KEHHsI MPOTHO30BaHOI ajmamnTtaiii
MOBEPXOHb TEPTS 1 3HMWKEHHS 3HOUIYBAHHS
IHCTPYMEHTIB 3a paXyHOK 3aCTOCYBaHHSI
IHCTpyMEHTaJbHUX MaTepialiB, M0 Mic-
TSITh XIMIYHI €JIEMEHTH 1 CIOJIYKH, 3/1aTHI
y MEeBHUX yMOBAaX TEPTsS BCTYNAaTH Yy B3a-
eMOJIif0 3 0O0poOOBaHUM MaTepiajloM Ta
3 HaBKOJIMILIHIM Cepe0BUIIEM, CTBOPIOBATU
HEpIBHOBAXXHI BTOPUHHI CTPYKTYPH 3 BiJl €eMHUM
BUPOOHUIITBOM EHTpPOMii 1 3HHUKYBATH
3HOILIYBaHHS.

3. METOAU JOCJIIAXXEHb

JAns excrnepuMeHTaJbHUX JOCIHIIKEHbD
BUKOPHUCTOBYBAJIUCSI 3aTOTOBKH 13 3HOCOCTIMKOTO
BHUCOKOMIIIHOTO 4aByHY Mapku MY210X3013,
XIMIYHUM CKJIaJ SIKUX HaBeaeHHW# y Tabm. 1.
ExcnepuMeHT MpoBOAUBCS Ha TOKapHOMY
Bepctari 3 UIIK moneni 16K20T1 6e3 30P.
O0poOKa 3aroTOBKH 3/11HCHIOBAJIACH 3 TIIMOMHOIO
pizanns ¢ = 0,5 mMm, mogauero S = 0,25 mM/00,
IIBHIKICTh Pi3aHHS BapitoBajacs B Jiana3oHi
V' =40-100 m/xB. [19]. Inga mocaigkeHb
BUKOPUCTOBYBABCS PIKYUYHUA IHCTPYMEHT
Ha ocHOBI cBN mapku «6opcuHiT», a came
niactuHu tuny RNMNO070300. Pixy-
4i MJIACTHHHU OyIM pO3MIIIEHI MiJ KyTOM
y = -7°% a, = 7° [18]. O6pobka pixy4or
IUTACTUHOIO MPOBOAMIIACA 10 BEIMUUHU (DacKu
3HOWIEHHA /= 0,5 MM 110 3aaHii MOBEPXHI
TUTACTHHHU.

Y mporieci gocIipKeHb 0yII0 IPOaHATI30BaHO
MIKpOCTPYKTYpY Ta BU3HAUE€HO TBEPAICTH
3arOTOBKH.

Jnst oTpuMaHHS MIKPOCTPYKTYpH J0-
CHIPKYBaHOI 3aroTOBKH (Ticis mutiyyBaHHs)
IIPOBOJMIIOCS TPABJIEHHA 3 % pO3YMHOM a30THOI
KHUCIIOTH B CIIUPTI, 1 TpUBaio BiJ 1-3 XBUJINH,
0 TOTEMHIHHS OCHOBU. JlOCHII’KeHHS MPO-
BOJMJIOCS] HA MeTaJIorpagpiyHOMY MIKPOCKOTI1
NEOPHOT 3i 36inbmenssam y 500 pa3is.

Teepnicte 3arotoBku MUY210X30T3
BU3HAYaJach 3a JOMOMOTOI0 MiKpOTBEpIOMipa
[IMT-3 i3 HaBantaxxeHHsM 980 H 1 yacom
BUTPUMKH 15 c.

Takox Oyino BH3HadeHO Tomorpadiro
MOBEPXHI Ta XIMIYHUN aHaji3 3arOTOBKH,
3 BUKOPHUCTAHHSIM PacTPOBOI €JIEKTPOHHOI
mikpockonii PEM-100YM, sxuit ocHaieHui
CHCTEMOI €HepTOoAUCIEepPCiHOTO aHali3y
(EDS), mo nano 3Mory npoBeCTH JTOKAJIbHUM
XIMIYHUN aHaJIi3 CKJIaly 3arOTOBKH.

3 METOI0 BU3HAYEHHS XIMIYHUX 1 (PI3UYHUX
B3a€MOJiH, IO BNJIMBAIOTH Ha MPOIEC
3HOWICHHS Ta YTBOPEHHS (DacKu 3HOIICHHS
B Tporieci 00poOku, Oys10 MPOBEICHO XIMIYHUI
aHaJi3 Ta OTPUMAHO 3HIMKH MIKPOCTPYKTYPH
pi3ajJibHUX MJIACTUHU. AHaji3 NpOBOAUBCS
3 BUKOPHUCTAHHSIM PacTpPOBOI €JIEKTPOHHOI
mikpockonii PEM-100YM. saxuit ocHaeHui
CHCTEMOI0 €HepTOJAUCIEePCIHHOTO aHali3y
(EDS).

Takox BH3HAaueHO mapaMeTpu (acku
3HOIICHHS Ha 3aJHIi MOBEpPXHI 1 OTPUMAHO
onTU4Hi Mikpodororpadii 3a J0mMOMOT0I0
1HCTpyMeHTalIbHOTO Mikpockormy MBC 9.

Pentrrennudpaxkmiiini (XRD) gocmimxeHHs
CTPYKTYpHU MaTrepiany pixky4oi MJIacTUHKHU
nanu 3MOTy BU3HAYUTH Hpupony ¢as
CTHOJIyYEHHS Ha TPAHUISIX MIXK 3€pHaMU
¢BN 1 Si3N4. JlocmiKeHHsT TPOBOIMIIMCS HA
aBToMaru3oBaHomy nudpakromerpi JJIPOH-4-
07. Cuctrema aBromaruzaiii JIPOH-4 3acnoBana
Ha MIKpOTIPOIIECOPHOMY KOHTPOJIEPi, SAKUI
3abe3neuye ynpasiiHHA roniomerpom ['YP-9
1 mepeauy nanux y mudposomy Bursiai Ha [1K.

Tabmuug 1
Ximiynuii anajis yapyny mapku H4210X301'3, y %
Ximiunnii .
eTeMeHT C Cr Fe Mn Inni
% =2,1 ~33,5 ~60,04 =3,45 ~0,55
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[Tpu 3iiomMIi BUKOPUCTOBYBAJIOCS BU-
npomintoBanHs CuKa (moBxuHa XBHII
0,154 um), dpokycyBanns no bperry-bpenrano
020 (20 — OperroBckuii KyT). 3HAYCHHS CUJIH
CTPYMY 1 HAIpyr'd Ha PEHTIeHIBCHKIN TPyOIl
cranoBmn 20 MA 140 kB. 3iiomka 3pa3KiB po-
BOAMJIACS B PEXKHUMI Oe3mepepBHOi peecTparii

(mBuaKicTh — 1 M/XB), nianmazoH KyTiB 260 Bif
10° no 60°. ExcriepuMeHTaJIbHI pe3yIbTaTH
nepenaBagucs 0e3rmocepeIHbO B MPOrpaMHUN
MakeT MiATPUMKH ekcrepuMeHTy DifWin-1
7 onepenuboi 00poOku. [nentudikaris
KpHCTANIYHUX (ha3 MPOBOJMIIACS 32 JOTIOMOTOI0
kaptoteku JCPDS (Joint Committee on Powder
Diffraction Standards).

Cepenniii po3Mmip kpicranitis 3a Lllepepom
PO3pPaxoBYETHCS 32 HACTYITHOO (hopmyItoro [17]:

K-\
B, -cosO

ne K — 6e3po3MipHa KOHCTAHTa, 3aJIeXkKHa
Bix ¢opMHU KpuUCTaliTiB (mpuiiMaeMo
K =1), A\ — noBxuHa XBUJ PEHTTCHIBCHKOTO
BUIIPOMIHEHHS, 3 — IHTerpanbHa MIMPUHA
mudpakiiiaoro mpodito, hpizuuHe pO3ITUPEHHS
B SIKOMY BiJ0yBa€ThCs JIMILE Yepe3 Majli po3Mipu
OKP, 6 — xyt nqudpaxmii.

InenTudikanis kpucramniuaux ¢as mpo-
BOoJAMIIAacCs 3a JONOMOIOK MPOTPaMHOIO
3a0e3neuenHs Match! ta Bukopucranus 6a3u
nanHux Crystallography Open Database (COD).

4. PE3VJIBTATHU JOCJ/IIJI’)KEHb

4.1 XapakTepHuCTHKA 3ar0TOBKHU

Marepian M4210X30I'3, HanexuTh 10 €BTEK-
THYHUX OILIMX YaBYyHIB, SBJIsSE€ COOOK CILIAB,
y SIKOMY HaJJIMIIKOBUN BYIJIEllb, 110 HE 3HA-
XOIUTHCS B TBEPJAOMY PO3YHMHI 3ali3a, MpHu-
CyTHIH y 3B’sI3aHOMY CTaH1 y BUIJIAII KapOimiB
3aJriza HeMEHTUT-1eai0ypuTHoro tumy Fe C..

[TV G T LR
i

e P

|- 7 N
b Ty )

X

AHani3yo4 MiKpoCcTpyKTypy (puc. 1), Mmoxe-
MO 3pOOHUTH BUCHOBOK, 1110 KpHUCTaJIi3allis 01X
YaByHIB BiJJOyBa€ThCs 32 METACTAOLIILHOIO CHC-
TEMOIO 3 YTBOPEHHSM JIe1I0ypUTy IEPBUHHOIO
Ta niepiity. CTpykTypa MaTepiary BU3Hadasacs
3a BIJOMHM XIMIYHUM CKJIQJIOM, IPOBOIUITHCS
PO3paxyHKH €KBIBaJICHTY 110 XPOMY Ta HIiKeJo,
3a niarpamoto [leddepa.

AHani3 300paeHb ONTUYHHX MIKPO-
¢dororpadiii mokazaB HassBHICTb OKCHJIIB TBEp-
IUX KapOigiB, HE METaJeBUX BKIIOYEHBb Ta
HasBHICTB TIOP Ta PAKOBUH Ha MOBEPXHI 3pa3Ka
(puc. 1).

TBepaicTh 3aroTOBKU cTaHOBHUTH 634 HV (57
HRC).

4.2. XapaKTepHUCTHKA PixKy40ro
iHCTpyMeHTY Ha ocHOBi cBN

Pixxyui niacTiHM 3 «0OPCUHITY» MalOTh PO3MIP
3epeH npubau3Ho 4—12 MM, i3 BMicToM cBN-
Si,N, mpu6nusno 3 % Bix MacoBoi yacTku [18,
20].

MikpocTpyKTypa pi3ajJbHUX IHCTPYMEHTIB 13
cBN mapku «O60opcuHIT» MOKa3aid B OCHOBHOMY
HAasABHICTh JBOX B3aEMONPOHHUKAIYUX
GesnepepBuux ¢a3 Si,N, i ¢cBN (puc. 2) XRD
anam3 marBepaus HassHiCTh Si,N, i BN (Boron
Nitride) B sskocTi ocHOBHHEX (a3 (puc. 3).

Ha puc. 3 maBemena nudpaxrorpama
pixydoi nmiaactuHu 3 «OopcuHiTy». Ha
nudpakTorpaMax CIoCTEpiraeThbCs psij MiKiB,
aKki Oynu i1eHTU(IKOBaHI HAMHU SIK BIIOUTTS
Bix kpuctanorpadiuanx mwiommH (101), (120)
st TekcaroHansHoi Tta (111), (020), (202),
(311) xy6iunoi ¢a3. [TosoxxeHHsT TUX MiKiB
nobpe y3romkyetses 3 nauumu COD mis BN
ta Si3N4 (kaptka Ne 96-900-8835, 96-901-3141
BIJIMTOBIJTHO).

Sk 1 ouikyBajocs, ocHOBHOIO ¢azoro € BN.
Kpim BN, BUsBIIEThCA HEBEIUKE KIIBKICTh
Si,N,, mpo mo curnanizye nossa jinii (006) Ha

LT A L R
o TR

Hewmetanesi
BKIIOUEHHS!

Puc. 1. ®ororpadii waByny mapku M4210X30I'3: a) Tonorpadis mosepxai Ha PEM-100YM x680; 6) dpoTtorpadii Ha

MeTanorpadigHOMy MiKpockorti i3 30impmenHsM 500 pa3
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Tabmmuis 2
Po3paxyHok cepeanix po3mipiB kpicrauitis 3a Lllepepom
Innexe Mimtepa Po3mip kpucradnitis no llleppep, am
(111) 34,4
(200) 26,4
(220) 24,5
(311) 22,9

JOKV

Puc. 2. MikpocTpykTypa «OOpCHHITa» pi3ajibHUX
incrpymentis. Cipa ¢asza: crmomydenns SiN,. Temna
¢aza: cBN, PEM-100YM

12500

T(111)

10000

~
a
o
(=]
L

IHTEHCUBHICTb, B %

5000 A §
z 8 8N S
] < = | g B s
2500 | S|3N4I.S|3N4 =3 BN

b, Mg JL BN
0 T T T T T
15 30 45 60 75 90
26, rpag.
Puc. 3. PeHTreniscpka mudpakTorpama piXydoro

iHCTpYMeHTYy Ha 0cHOBi CBN «O0pCHHITY», 3 BHKOPUCTaH-
M CuKo BUIIpOMiHIOBaHHM

KyTi 20 = 35°. 1o po3mupenHio AU pakiifHux
JiHIA Ha MaJTuX KyTax 3a ¢popmynoio (1) Oyno
OI[IHEHO pO3Mipu oblacTeil KOTepEeHTHOTO
po3scitoBanns (OKP).

4.3 BnimB IBHAKOCTI pi3aHHA HA CTIHKICTH
iHCTpyMeHTY
BruB mBHIKOCTI pi3aHHS HA TEP10]] CTIMKOCTI
IHCTPYMEHTY 1 JOBXHHY Pi3aHHS Pi3aJIbHUX
1HCTpyMeHTIB Ha 0cHOBI cBN Mapku «60pcHHIT»
IpY CyXOMY YHMCTOBOMY TOYiHHI YaByHa MapKu
NY210X30I'3 naBeaeHo B Tadi. 3 Ta Ha puc. 4.
VY mporeci 1ocaipKeHHsT 0yJ0 BUABJICHO,
10 TEPMIiH CIYKOHU 1HCTPYMEHTY Ha OCHOBI
cBN mapku «6opcuHiT» 301IbIIyETHCS 13
301JIBIICHHSIM IIBUAKOCTI Pi3aHHS, MOKU HE
JNOCSITHE MAaKCUMAaJIbHOTO 3HAUEHHS, a MOTIM
TEpMiH CHyXOU 1HCTPYMEHTY MOYHUHAE
3MeHmyBaTucs. [IpuunHa mboro MoXe OyTH
T€, M0 KiJIbKICTh HAIMILIOTO IIapy (Ha OCHOBI
CIIOCTEPEkKEHHs) 3pocTae 13 301MbIICHHAM
MBUJIKOCTI pi3aHHS, IO Ji€ B SKOCTI
3aXMCHOI TIJTIBKHU /TS 3MCHIICHHS 3HOIICHHS
IHCTPYMEHTY, 110 MPU3BOAUTH A0 301TbIICHHS
TEPMiHY CIIy>KOM IHCTPYMEHTY 13 301IbIICHHAM
MIBUAKOCTI pizaHHsA. TMM He MeHIIe, KOIU
TeMImepaTypa pi3aHHs JyXe BHCOKa yepes
BHUCOKY IIBUIKICTh Pi3aHHS, IIap HA MOBEPXHIi
IHCTPYMEHTY CTa€ M SKIIMM. Y TaKuX yMOBax,

Tabmuus 3
CrilikicThb i 10B:KMHA pi3aHHSA Pi3ajJbHUX IVIACTHH 3 «OOPCHHITY»
HIBuaKicTh pizaHHs, . . . .
M/XB HeplO)l CTIMKOCTI, XB I[ommma p13aHHA, 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

] /
o~
Sl

5 I t }
20 40 60 80 100

120
V, m/xB

1, mm/mm 1,20E-03

1,00E-03"
8,00E-04

N

6,00E-04 \

4,00E-04 \

.

80

2,00E-04

0,00E+00

20 100
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Puc. 4. I'padik 3a1e:KHOCTI MK IBUAKICTIO pi3aHHs V Ta mepiogom cTiiikocTi 7' pixKy4oi macTuHu (pu 00pooii

yapyny MU210X301°3, 7= 0,5 mm, S = 0,25 Mmm/00)

BiH MOXE JIETKO CTHPA€ETHCS BiJ TBEPAUX
YaCTHHOK 3 00pOOIIFOBAaHOTO MaTepialry, a TaKOXK
3HOIIEHHS 1HCTPYMEHTY HPUCKOPIOETHCH.
[Ticnsa uporo, TepMiH CITy>KOU IHCTPYMEHTIB Ha
OCHOBI KyO19HOTO HITpUAY OOpY MIBHAKO Oyie
CKOPOUYBATHUCS.

4.4. BinmoBa pi3aJbHUX IHCTPYMEHTIB Ha
ocHoBi cBN «6opcuHiT

XiMIYHUH aHali3 epeaHbOT TOBEPXHI PIXkKyHOi
TUIACTUHM, 110 BUKOPUCTOBYBAJIACs Mpu 00poOIi
31 BUAKICTIO 69 M/XB (pHcC. 5), IOKa3ye HasB-
HICTB mapy Mn 1 ICKpaBO BUPaX€HY KOHIICH-
tpauito Fe, Cr (Tabm. 4).

3 METOI0 BUBUCHHS MEXaHI3MiB 3HOLICHHS
pi3ajbHUX IIACTHHMU, IO BUKOPUCTOBYBAIHCS
B €KCIEPUMEHTAaJbHUX HOCIHIIJKEHHIX,
po3rnanyTo ¢otorpadii (puc. 5, 6) Ha IKUX
MOKa3aHO 3HOUIEHHS MO 3aJHii 1 mepenHin
MOBEPXHAX PIXKYUOi KPOMKHU, ITpU 00poOIIi 31
HIBUKICTIO pi3aHHs 69 M/XB.

Amnanizyoun pobody 4acTHHY iHCTPYMEHTY,
MOHa BHIIJIUTHU IB1 30HU 1HTEHCHUBHOTO
3pOCTaHHS 3HOLIEHHS 3aJHIX MOBEPXOHB:
nepia NpuiArae A0 BEpUIMHM pi3llsd, a Apyra,
npuOIU3HO, 10 CepeIUHU 3aTHbOI MOBEPXHS
IUTACTHHH.

BuBuenns ¢ortorpadiii mokazanu, II0
came B ApyTiil 30H1 HAWOINbII IHTEHCUBHO
BinOyBa€eThCs 3HOIICHHS. B TO# 4ac sk Ha
MepeIHIf MOBEPXHI B1A0YBAETHCS HAIMIIAHHS
yaByHa (puc. 5). O6poOnoBaHuil MeTan

Puc. 5. Tlepenust moBepxHs piXKy4ol IJIACTHHKU TIPH
00poOIIi 31 MIBUIKICTIO 69 M/XB

Ha 3HOLIEHIM MOBEPXHi pi3Ls 3HAXOIAUTHCS
y BUTISAI1 BiTHOCHO HEBEIUKHX YAaCTOK.
YactuHku 0OpOoOIIOBAHOTO METATY BHSIBIICHI
Ha MepeHIN MOBePXHI PIKYYUX IUIACTHH MPHU
poOOTI 31 MBUIAKOCTIMHU pizaHHA 69—78 M/XB.
VY mpomeci nociigkeHb Oyno BUSBICHO,
HOIIKO/DKEHHS Pi3aJbHUX IJIACTHH y BCHOMY
Jiana3oHi MBUAKOCTEH pi3aHHs, B OCHOBHOMY

Tabmuis 4
XimMiuHuii aHaJ/1i3 MOBEPXHI Pi3ajJbHOI MJIACTHHKH MicJs1 00poOKHU
)211“ Al K Ca Ti Cr | Mn Fe Co \4
% 30,411 3,003 1,787 | 0,433 | 0,173 | 0,995 | 22,324 | 38,364 | 2,509 | 100

®IIT ®UII PSE, 2015, 7. 13, Ne 2, vol. 13, No. 2

231



MEXAHI3M 3HOIIIEHHA PI3A/IBHHUX THCTPYMEHTIB HA OCHOBI ¢BN ITPH TOYIHHI 3HOCOCTIHKHX BHCOKOXPOMHCTHX YABYHIB

Puc. 6. 3HomIeHHS piXy4oi IUNIACTUHH TI0 3aHIN TTOBEpXHi

y BUTJSAI 3HOLICHHS MO 3aJHiil MOBEPXHI,
MOYaTOK PYHWHYBAaHHS MOBEPXHI MIACTUHU
MOMITHHUH BXXE Ha MIBUIKOCTI pizaHHsA 39 M/XB.

3HiIMKH 3poOseHi 3a momomorow PEM
(puc. 6) 1aI0Th MOXKJIUBICTh BU3HAYUTH CI1IN
abpasuBHUX ma3iB (puc. 66), MO € TUIO-
Be U1 abpa3uBHOro 3HOIIEHHA. [IpudnHo0
[IBOTO SBHUINA MOXKE OyTH Te, IO 3B’sA3Ka iH-
CTPYMEHTAJILHOTO Marepialy CTUPAETHCS
TBEPJIMMU YaCTUHKaMU KapOiay, 1110 BXOASTH /10
CKJIa Ty 3arOTOBKH, 1€ B CBOIO YEPTI'y MPU3BOIUTH
1o BinaineHHs 3epHa cBN Big marepiany.

BUCHOBKU

Ha mincTaBi mpoBeeHUX e€KCIepUMEHTab-
HUX JOCHIIKEHb MOXXHa 3pOOUTH HACTYIHI
BHUCHOBKHU:

1. OCHOBHUM MEXaHI3MOM 3HOIIECHHS IS
pi3alpHHUX MJIACTUH HAa 0CHOBI BN «06op-
CHHIT» € CTUPAHHS CIIOJIY9HOT'O Marepiany
TBEpAMMH YaCTUHKaMH KapOigy 3aroTOBKHU
3 MTY210X30I'3, Takok BCTAaHOBJICHO abpa3uB-
HUU XapakTep 3HOIICHHS.

2. 301IbIICHHS TEPMiHY CITYy>KOM THCTpYMEH-
Ty 31 3017bIIEHHSIM MIBUIKOCTI pi3aHHS, IS

pi3albHUX MJIACTUH Ha 0cHOBI cBN «6opcu-
HIT», MOXKJIUBE 33 paxyHOK HasBHICTh 3aXHC-
HOTO T1apy, C(hOPMOBAHOTO HA PIKYYiH KpOMITI
iHCcTpyMeHTy. OfHak, 31 301IbIIEHHAM IIBHU-
KOCTI pi3aHHs 1, BIIOBIIHO, TEMIIEpATypH pi-
3aHHs, I1ap Ha IOBEPXHI IHCTPYMEHTY ITOUYHNHAE
IUTABUTHUCS, 1110 MPU3BOIUTH A0 aOpa3suBHOIO
CTHPAHHS TBEPAMMH YaCTHHKaMH 0O0poOItoBa-
HOTO Marepialiy, [0 B CBOIO Yepry MPU3BOAUTH
710 TIPUCKOPEHOTO 3HOMIEHHS IHCTPYMEHTY.

3. BcraHoBiieHo, 1110 P MIBUJIKOCTI Pi3aHHS
V' = 69—78M/XB CTIHKICTb pi3aJIbHOI IUIACTUHU
MaKCcHMajbHa Mpu 00poOIi 3HOCOCTIUKOTO
BHCOKOXpoMucToro marepiamy MUY210X301°3.
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