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NPUMEHEHHUE AJIMA3ZHOI'O KOMIO3UIIMOHHOI'O TEPMOCTOHKOI'O
MATEPHAJIA TOBBIIIEHHOM N3HOCOCTOMKOCTMH JJISI ATMA3HOI'O
BBITJIA’JKUBAHUA CTAJIA 40X

Hsyuena 603MOICHOCMb UCNONBL308AHUSL HOBO20 AIMA3HO20 KOMNOSUYUOHHO20 MEPMOCMOUKO20
mamepuana (AKTM+) ona evienasxcusanus cmaneti, 6 uacmuocmu, cmanu 40X Ilokazano, umo
BBIIANCUBAIOWULL  UHCIPYMEHM, OCHAWEHHbII @cmaskamu u3z  aimasiozo komnosuma AKTM+, npu
BbICNIANCUBAHULU  3A20MOBKU U3 KOHCMPYKYUOHHOU JNecuposannoi cmanu 40X no ceoeu cmoiikocmu He
yemynaem — UHCIMPYMEHNY, — OCHAWEHHOMY — HpupoOHbiMu — aimazamu. [Tlpu  osmom  wepoxoeamocme
0bpabamuvleaemMol NOGEPXHOCMU COOMBEEMCMEYem MmpebOSaHUsIM, NPEObIAGIIEMbIX K OAHHOMY MUNy
UHCTPYMEHMA.

Knwuesvie cnoea: anmasuviii. KOMIO3UM,  GbI2IANCUBAHUE,  HAKOHEUHUK,  CMOUKOCD,
ULepox08amocmn

BBeaenune

Jlnst mosydeHusl BBICOKOTO KadecTBa TMOBEPXHOCTHOTO CJIOSI JIeTajded M TOBBIMICHHS HX
OKCILTyaTAIMOHHBIX CBOWCTB TPUMEHSETCS alMa3HOE BBITJIAKHBAHHE, MPEICTABISAIONIEe COOOM
MPOIIECC TIACTHYECKOTO J1e(POPMUPOBAHUS HCXOAHOTO MHKPOMPODHUIS MO JECHCTBUEM YCHIIWSA,
MPWIOKEHHOTO K anMaly. B pe3ynpTaTe MNPOUCXOIUT CTIaKWBaHHE MHUKPOTPEOEIKOoB
oOpabaTbiBaeMOl  MOBEPXHOCTH W  3alOJHEHHE  BMNAJWH  MHUKpomnpopuiss  oObeMoM
cnepopMUPOBAHHBIX TPEOCIIIKOB.

[Ipy anMa3HOM BBHITJIQXKUBAHUM B TOBEPXHOCTHOM CJIO€ JETAM IMPOUCXOIUT YIPYro-
iacTuyeckas jaeopmaiusi, COMPOBOXKAAIONIASICS YIPOYHEHHEM MaTepuana, IOSBICHUEM
CKUMAIOIIUX OCTAaTOYHBIX HAMNPSOKCHWH W 00pa3oBaHUEM OPHEHTHUPOBAHHOW MEIKO3EPHUCTOU
CTPYKTYPBI IOBEPXHOCTHOTO CIIOSI.

AnMa3HO€ BBIMJIAKMBAHME TPUMEHSETCS, Kak TMpaBwio, Mpu o00paboTke jeranew,
M3TOTOBIICHHBIX U3 YIIIEPOAMCTBHIX U JIETHPOBAHHBIX cTane, ymydmeHHslx 10 40-50 HRC, wmnm
3akaneHHbIX 10 55-63 HRC,, K KOTOpPBIM TPEIBABISIOTCS BBICOKHE TpeOOBaHHS —TIO
IIEpPOXOBATOCTU U U3HOCOCTOMKOCTH MOBEPXHOCTHOI'O CJIOS.

[lpy  BbIIMAXUBaAaHUM HA  TOKAPHOM  CTaHKE  CTaJbHBIX  JleTallel  MUHYyTHas
MPOU3BOAUTENBHOCTD cocTaBisger 30—60 MM JJIMHBI JETaiu, T. €. Takas K€, KaK U MPU TOHKOM
ToueHnu. OHAKO ClIeIyeT YUUTHIBaTh, UTO aIMa3HOE BBITJIAXKMBAaHUE oOecreyrBaeT 0ojiee YUCThIE
noBepxHoctu (0,8—0,2 MKM), 4eM TOHKOE TO4YeHHE. TPYAOEMKOCTh ajJMa3HOTO BBITJIAXKUBAHUS
JeTanel, U3rOTOBJICHHBIX M3 3aKAJIEHHBIX CTajel, MeHbIIEe TPYJIOEMKOCTH CyneppUHHUIIA, TOHKOTO
nudoBaHus W T. M. Tpu Tpedyemoir mepoxoBatoctu 1,6-0,8 mxm — Ha 10-20%, a mpum
mepoxoBaToctu nmosepxHoctu 0,4—0,2 Mmxm — Ha 15-30%.
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TexHonoruueckue 3aTpaTbl Ha OMNEPALMIO AJIMa3HOTO BBITVIAXKUBAHUS HEBEJIHUKH. ITO
CBSI3aHO C TEM, 4YTO JJsI €€ BBIIOJHEHUS HE TpeOyeTcs: JOpOrocTosiiero o0opyaoBaHus,
MPUCTIOCOOJIEHUS] MPOCTHl M JIEUIeBBbl, @ MHCTPYMEHT XOTS M JOPOroi, HO o6iagaeTr OoJbIIOn
CTOMKOCTBIO.

ANMa3HBI  BBITTOKUBAIONIMA ~ MHCTPYMEHT, KaK MPaBWIO, TMPEACTaBIsCT  COOOM
LWIAHAPUYECKYIO JEPKABKY U3 CTIM U 3aKPEIUICHHBIA B HEW C MOMOIIBIO MMAWKKA KPUCTALT aJMasa.
Pabouasi moBepXHOCTh BBITJIAXKHUBATENST MOXKET UMETh (GopMmy chepbl, IMIHHIPA, KPYrOBOIO TOpa U
KoHyca. Hauboree pacrpocTpaHeHHOM B CHITY €€ YHUBEPCATLHOCTH SIBIIsIETCS chepuueckas hopma [1].

JIns1 “U3rOTOBIEHUS BBIMIAXKUBATENEH UCIOJIB3YIOT MOHOKPUCTAJUIBI IPUPOJHOTO ajiMas3a U
cuHTeTH4Yeckue mnonukpucrammyeckue anmasel ([ICA), game Bcero tuma «bammacy (ACB) u
«kap6onamo» (ACIIK), xotopeie monydaroT u3 rpadura B HPHT ycnoBusix B mpucyTrcTBUH
CILIaBOB-pacTBOpHTeNeil yriuepona, Hanpumep, Ni—Cr. [leneHue Ha aBe rpymnmbl ObUIO CIENAHO
YCIIOBHO T10 JaBJICHUIO MPOBEACHUS CHHTE3a MOJIUKPUCTAILIOB: «Oanmnac» — npu Aasienuu 6,0 — 7,0
I'Tla, «xapbonago» — npu 8,0 — 12,0 I'Tla [2].

Otn mapku [ICA mnpumeHstor B OypoBBIX KOPOHKax, MAJii HM3TOTOBICHUS BOJOK U
MHCTPYMEHTA, HMCIOJIb3YEMOIO NMpHU BBINVIAKMBAHUU CIIJIaBOB M 4YyryHoOB. CBOMCTBa 3THX THIIOB
I[ICA (TBepmOCTh, HM3HOCOCTOMKOCTH) MPHOIMKAIOTCS K CBOHWCTBaM NPHPOIHOTO ajaMasa.
[IpenMy1iecTBO MX UCIIOJIB30BAaHUS 3AKJIFOYAETCS B TOM, YTO B OTIMYKE OT IPUPOJAHOIO alIMas3a OHU
He 00JIafaloT aHW30TPONHUE CBOMCTB M MOATOMY HE TPeOYIOT OMpeesIeHHON OpPUEHTHPOBKU B
Nep>KaBKe, a HEJOCTAaTOK — ATO HU3Kash TePMOCTOMKOCTh. B TO ke Bpemsi u «bamtacy (ACH), u
«kapbonano» (ACIIK) mpu 700 °C wm Bblme noA Majnelnied Harpy3kod MNpeBpaiaercs B
3eJIeHOBaThIi MOpoIoK [3]. A kKak U3BECTHO [4], MpU BHINJIaXXUBAHUU TEMIIEpPAaTypa B KOHTAKTHOM
30HE OKa3bIBAECT CYILECTBEHHOE BJIUSHHE HA CTOMKOCTh MHCTpyMeHTa. Iloaromy, Kak mokazanu
WCIIBITaHus [S], mpH BhITIIaKUBaHUH cTa’du Mapku 40X CTOMKOCTH BBITJIAKUBATEIS U3 IPUPOIHOTO
anmasa B 2,6 paza Bbille, ueM BoirtaxkuBaresnsa u3 ACh.

[Ipu BeirnaxkuBanuu cranu IIX15 croiikocts HakoHeuHukoB U3 ACIIK He oTnmyanack ot
CTOMKOCTH HAKOHEYHHKOB U3 MPUPOJHOTO anmasa [S].

Takum o00pa3oM, akTyaldbHOW 3amadedl MOBBIIEHUS A(PGEKTUBHOCTH  AJIMa3HOTO
BBIMVIAKUBAHUS SIBJISETCS MOBBILICHHE TEPMOCTOMKOCTH pabOYMX 3JIEMEHTOB MHCTPYMEHTA, YTO
MO3BOJIUT CHU3UTh 3aBUCHMOCTb €T0 CTOMKOCTH OT TeMIlepaTypbl Hallku HpU H3TOTOBIECHUU
MHCTPYMEHTa W TeMIIepaTypbl B 30HE KOHTaKTa Hpu pabdoTe, MO3BOJIUT B KOHEUHOM HTOIe
YBEJIMYUTH CKOPOCTU BBITJIQ)KUBAHHUS.

B Hucturyre cBepxtBepabix mMatepuanos um. B.H. bakyns HAH VYkpaunsl ciexkanuem B
HPHT ycnoBusix aiMa3HbIX MHKPOIIOPOIIKOB C J00aBKOW N-cioiHBIX TpadeHoB (N>2) B
konmyectse 0,01-0,30 % (o macce) mosydeH HOBBIM alIMa3HbI KOMITO3UIIMOHHBIN TEPMOCTOMKHIA
MaTepuan noBblIeHHON u3HococToikocTu (AKTM+) ¢ mpouHocThio He MeHee, yueM Ha 30%, u
M3HOCOCTOMKOCTBIO TIPY TOYEHHUH MecuaHuka |X kareropuu mo OypuMOCTH HE MEHee, YeM B 5 pa3
BBIIIC, YeM Yy TOJIMKPHUCTAIIIIOB, MOJYYCHHBIX 0e3 m00aBKu N-ciioiHBIX TpadeHoB [6]. Bricokue
HKCIUTYaTAallMOHHBIE XapaKTEPUCTHUKH HOBOTO MaTepuayia JIOCTUTHYTHI Ojaronapsi BBICOKUM
TpUOOJOTMUECKUM CBOMCTBAM BBOJAMMBIX B IIMXTY N-CIOHHBIX Ipa)eHOB, 4TO oOecreunBaeT
YMEHBILIEHUE TPEHMsSI MEXIy ajiMa3HbIMM 3€pHaAMH M HX 3aKIMHHBAHME HA 3Tare XOJIOAHOIrO
YIUIOTHEHHS IIUXTHI, YTO B KOHEYHOM HTOre IO3BOJIAET IOJYy4aTh HAINpPSOKEHHBIA MaTepuan ¢
MOBBIIIEHHON MJIOTHOCTBHIO U YPOBHEM MHUKPOUCKAKEHUH PEIIETKH ajiMa3a Ha MOPSAIOK BbIIIE, YeM
y MOJIMKPHUCTAIIIOB, TIOTY4YEHHBIX 0€3 100aBKH rpadeHoB.
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ens paboThl — wH3yYUTh BO3MOXKHOCTH wucnonb3oBanusas AKTM+ mias  ammasHoro
BBITTIAXKUBAHUS CTaJleH, B 4acTHOCTH, cTaiau 40X.

Hcxonnbie MmaTeprasbl U METOABI MCCIETOBAHUS

Jlna usrorosnennss AKTM+ ucnonbs3oBaiy MUKPOIIOPOIIOK CHHTETHYECKOTO ajiMa3a MapKH
ACM 3epuucroctu 40/28, a B kauecTBe n-cioitHOro rpadeHa — mpoaykKT GuUpMBI «Angstrom
Materials, inc.» (CIIIA) mapku N 002-PDR (Nano Graphene Platelets), cocrosimuii u3 uenryek
pa3mepoM MeHee 10 MM, TommmHO# 1,0—1,2 HM 1 yaenbHol moBepxHOCThI0 400—-800 M2/T.

Criekanvie MUXTHI IpoBOAMIH 1ipu nasieHun 7,0—7,5 I'Tla, Temmepatype 1250-1350 °C no
cxeme, npeiokeHHoH B [7]. IIpoaomKuTeIbHOCTh CICKaHUs cocTaBiisia mpubauzurenbHo 200 c.

Nzrorosnennsie oOpasupl kommnozura AKTM+ wumenn tBepmocts HV = 50 I'Tla, ux
M3HOCOCTOMKOCTh MpU TOYeHHH mecuaHuka [X kateropun
oypumoctu cocrasisuia 0,019+0,009 [8], TepMOCTONKOCTH
1200 °C.

[locne  cmekaHWsi TMOBEPXHOCTh  MOTYYEHHBIX
00pa3IoB KOMIIO3UTa TUAaMETPOM 4 MM H BBICOTOH 4,5 MM
MOJIBeprajii XUMHUYECKOH OYHMCTKE OT OCTaTKOB rpaduta u
METaJUIM3UPOBAIIN ITyTEM 3JIEKTPOIUTUYECKOTO OCAKIACHUS
Menu (puc. 1). MeTannu3upoBaHHblE BCTaBKU U3
komno3uta AKTM+ 3anamBanu B OTBEPCTHE CTaJbHOM
JIEpKABKHU U3 CTau 45.

HepxaBky, apMupoBaHHYIO KoMmo3utom AKTM+,
JUIsL TIPUAAHUS HEOOXOIHMMOM reoMeTpuueckor (OpMbI H

Puc. 1. Buewnuii 6uo obpasyos paamyca oOpabarbiBai Ha OCCIICHTPOBO-NLIU(OBATEHOM
komnosuma AKTM+: I — nocne CTaHKE II0 BHEWHEW [UIMHAPUYECKOW IOBEPXHOCTH,
XUMUYECKOU O4UCIKU, 2 — nocie KOTOpas B  JaJbHEHIIEM  cioyxwina  0a3oi  Tpu
Mmemanrmsayuu LICHTPUPOBAHUU HAKOHEUYHHUKA B CIIELIUAJIbHOM II0OBOPOTHOM

npucrocodneHun it GOpMUPOBAaHUS  ChEpPUUSCKON
dbopMbl paboueil yactTu mpu ero 3aTouke. llocie 00pabOTKM HUIMHAPUYECKONW MOBEPXHOCTH
JIepKaBKM HAKOHEYHHMKA IPOBOJIUIM 3aTOYKy IO ero pabouedd wactu moj yriaom 100° Ha
kpyrinounumdoBaibHoM — ctanke. DopmupoBanus chepuyeckoid  ¢Gopmbl  paboueil  yactu
HAKOHEYHMKA BBIMIOJHSIM Ha YHHMBEpPCaJbHO-3aTOYHOM CTAHKE B CIENHMAJILHOM IOBOPOTHOM
YCTPOMCTBE, YCTAHOBJICHHOM Ha CTOJIE CTaHKA 3aTOYHOTO (puc. 2).
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Puc. 2. Ilosopomnoe ycmpoiicmeo ona gopmuposanus cgepuueckoii gpopmvl paboueii yacmu
HAaKOHeYHUKA

Panuyc cheprr paboueld yacT HAKOHEYHWKA, KOTOPBIA KOHTPOJHUPOBAIM HAa ONTHYECKOM
Mukpockorie MM 40 ¢upmbr Nikon ¢ momorpo pagnycomepa, COCTaBIIsIT 4 MM.

Ha puc. 3 mokasaHbl BHEIIHUHA BUJ U OCHOBHBIC PasMEPbl U3TOTOBJICHHBIX HAKOHCYHHKOB,
apMUpoBaHHBIX KoMno3utoM AKTM+.

nepXaBka AKTM+  npunoii NCP-40

o
o — =
Q
22 >
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Puc. 3. Obwuii 6u0 u ocHosHble pazmepvl U320MOBIEHHBIX USHOCOCHOUKUX HAKOHEYHUKOS
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UcnbiTanus Ha CTOMKOCTh
HU3TOTOBJIEHHBIX HAaKOHEYHUKOB,
apMHUPOBAHHBIX KOMITO3UTOM AKTM+,

MPOBOAMIIM TPHU BBHITTAXKMBAHUU 3arOTOBKH W3
KOHCTPYKIIMOHHOW JierupoBaHHOM ctanu 40X,
umeroniet tBépaocts HB = 217 Mlla, nHa
YHHBEpCaIbHOM ToKapHOM cTanke C11%,

IIpouecc TOYECHUS HapyKHOU
MMOBEPXHOCTHU CTaJIbHOM 3aroTOBKH
MPOU3BOWIICS TIPU €€ 3aKPEIUICHUH B LIEHTpax
(puc. 4) nmpoxogueiM pe3riom CCMLF KCP B
crenyromem pexxume: noxada f = 0,07 Mmm/00;
ckopocth peszanus v = 100-130 wm/muH.
BeIrmakuBanue MpOM3BOAMIM B pexume: f =
0,07 MmM/006; ckopocth pe3anus v = 100—-130 m/mun; cuna Fy = 150 H.

Pe3yabTaThl IKCIIEPUMEHTOB

Kputepuem wu3HOca anma3a TpH BBITJIAKUBAHUHM SBISIETCS PE3KOE M HEOOpaTUMOe
YXyALIEHUE IIEepOXOBATOCTH oOpabaThiBaeMoll moBepXHOCTH netanu [9]. VYcranaBnuBaemas
AKCIEPUMEHTAIIBHO TMPOWICHHAs] JJIMHA MYTH BBITJIAXKHABATEJIEM, MPU KOTOPOM HAUYMHAETCS
KaTtacTpouuecKkuil U3HOC aaIMa3oB, OIMpeesieT CTOMKOCTh aamasa.

Ha puc. 5 nmpuBegeHa 3aBUCUMOCTh IIEPOXOBATOCTH 00pabaThIBAEMO 3aTOTOBKU U3 CTaJIH
40X OT IAMHBI MYyTH, MPONIEHHOTO HAKOHEYHHKOM, apMUpOBaHHbIM Kommno3utoM AKTM+, a Ha
puc. 6 — BHENTHHIA BUJ] paboueii YacTH HAKOHCYHUKA.

Voa
Puc. 4. 3acomoexa wuz cmam 40X,
3aKpenieHHas Ha YHUBEPCANbHOM MOKAPHOM
cmanke Cl1
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0,000+ : - - . - - - - . u3Hoca
0 10000 20000 30000 40000 50000 60000 70000 80000 90000 100000
OnuHa nytn, m
Puc. 5. 3asucumocms wepoxosamocmu obpabamwvisaemoui Puc. 6. Buewnuu 8U0
3aeomosku uz cmanu 40X om Onunbl nymu, NpPOUOEHHO20 GblelaNCUBames, OCHAUEHHO20
HAKOHEeYHUKOM, apMuposanHuim komnosumom AKTM+ AIMAa3HbIM KOMNO3UMOM

AKTM+, nocne 95000 m nymu

! cnipiTaHust MHCTPYMEHTA Ha CTOMKOCTD MPOBOANIH B TEXHUYECKOM yHUBEpcHTEeTe — ['abpoBO
(r. T'abporo, bonrapus) non pykoBoacteom A.1.H. M. T. MakcumoBa
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Hecmotps Ha mosiBuBmiyrocs Ha BctaBke n3 AKTM+ mmomaaky msHoca mociie 95000 m
IyTH, PE3KOTr0 YXYIUICHHUS IIEPOXOBATOCTH 00pabaThiBaeMOii MOBEPXHOCTH JAETAIM HE MPOU3OILIO
(puc. 5). CrnenoBaTelbHO CTOWKOCTH BBITJIAXHUBATENs, OCHAIIEHHOTO ajJMa3HbIM KOMIIO3UTOM
AKTM+, npu oOpabotke cramun 40X coctaBnser okono 100000 M myTu, T. €. OH IO CBOEH
CTOMKOCTH HE YCTYMAET HHCTPYMEHTY, OCHAIIEHHOMY MPUPOJIHBIM ajMaszoM [5].

Takum 00pa3oM, BBITJAKUBAIOMIMNA MHCTPYMEHT, OCHAILICHHBI BCTaBKAMU U3 aJIMa3HOTO
komno3uta AKTM+, npu BBIrJIa’)KMBaHUM 3arOTOBKUA M3 KOHCTPYKIIMOHHOW JIETUPOBAHHOW CTalU
40X 1o cBO€M CTOMKOCTH HE yCTYNAeT MHCTPYMEHTY, OCHALLIEHHOMY IIPUPOIHBIMM aniMa3amHu. [Ipu
3TOM  IIEPOXOBATOCTh  00pabaThIBa€MOM  TMOBEPXHOCTH  COOTBETCTBYET  TpeOOBaHUSM,
IIPEIBABIAEMBIX K JAHHOMY TUITY HHCTPYMEHTA.

Busueno moocnugicme  BUKOPUCMAHHA HOB020 AIMA3HO20 KOMHOZUYINIHO20 MepMOCMIUKO020
mamepiany (AKTM+) ons euenadoicysanns cmanei, soxkpema, cmani 40X. Ilokazano, wo 6uenadxcysanbHull
iHCmMpyMenm, ocHawjeHull cmagkamu 3 aimasnoz2o komnosumy AKTM++, npu euenadoicysanti 3a20moexu 3
KoHcmpyKyitinoi necosanoi cmani 40X 3a ceocto cmitikicmio He NOCMYRAEMbCSL IHCMPYMEHMY, OCHAUEHOMY
npupoonumu  armasamu. Ilpu yvomy wopcmkicme 00pobNOaAHOT NOGEPXHI 8I0NOBIOAE GUMO2AM, WO
8UCYBAIOMBCSL 00 OAHO20 MUNY THCHPYMEHM) .

Knrouoei cnosa: anmasHuil KOMRO3UmM, 8USNAONCYBAHHS, HAKOHEYHUK, CIIUKICMb, WOPCMKICMb

S. V. Sokhan, V. V. Voznyi, A. A. Shulzhenko, A. N. Sokolov, V. G. Gargin
APPLICATION OF DIAMOND COMPOSITE THERMO-RESISTANT MATERIAL OF
INCREASED WEAR-RESISTANCE FOR DIAMOND SMOOTHENING OF STEEL 40X

The possibility of using a new diamond composite heat-resistant material (ACTM +) for ironing
steels, in particular, steel 40X, has been studied. It is shown that the smoothing tool, equipped with inserts
from the diamond composite ACTM+, when smoothing the workpiece from structural alloyed steel 40X is not
inferior to the tool equipped with natural diamonds. In this case, the roughness of the surface to be treated
corresponds to the requirements for this type of tool.

Key words: diamond composite, smoothing, tip, durability, roughness
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HA OCHOBE AJIMA3A U KVEUYECKOI' O HUTPUJIA FOPA

9.

kommosuiliaoro matepiany // O. O. Ulynexenko, JI. ABopcka, O. M. Cokonos, B. T'.

I'aprin, A. I1. 3akopa, M. B. Cynpyn. — Ony6s1. 25.10.17, Bron. Ne 20.

[TaTent Ha kopucHy monenb Ne 21897 Vkpaina MIIK CO1 B 31/06, CO1 B 31/04, CO1 B

33/025, CO4 B 35/52, CO4 B 35/573. Crioci0 oepkaHHS KOMITO3HUIIITHOTO MaTepiaay Ha

ocHoBi anmazy / O. O. lynexenko, B. I'. I'aprin, H. O. Pycinoa. — Omy61. 10.04.07,

bron. Ne 4.

Hosrrid N3HOCOCTOMKUU CBEPXTBEPBIN aJIMa3HbII KOMITO3UIIMOHHEIN

nonukpuctamueckuii marepuan / A. A. llynsxenko, JI. SIBopcka, A. H. CoxomnoB u p.

// CeepxtBepabie matep. — 2018. — Ne 1. — C. 3-11.

TopOuno B. M. AnmasHoe BeirnaxkuBanue. — M.: Mammnoctpoenue, 1972. — 105 c.
Ilocmynuna 26.04.18
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