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CYJIb®UAbI U POCPU/IbI B KAYECTBE MOKPBITUM
HA OJHO-, IBYX M1 TPEXKAPBU/IHBIX TBEPJBIX CIINIABAX

'Kocmiox ru, 2Twm)qbees AT, 1Topoc;m rJ
lHaWOHafszbzﬁ aspoxocmuveckuti ynugepcumem um. H.E. JKykoeckoeo
«Xapvrosckuil asuayUOHHbBII UHCIUMY I
XUMIIPOM, Xapvros, Yipauna

B muteparype ecTh 3HAYMTENHHOE KOJIMYECTBO PabOT, MOCBSAIICH-
HBIX 9KCHEPHMEHTAIFHOMY HOIYYSHHUI0 HAHOCTPYTYP 0030p KOTOPHIX Tpea-
CTaBJIeH B paboTax; TEOpEeTHUECKHUEe PadOTHl, HO HM TEHHU IPyrHe HE pac-
CMaTPUBAIOT BO3MOXXHOCTD IOJTYYIECHHUS HAHOCTPYKTYP M HAHOCTPYKTYPHBIX
MOKPBITUH 13 cynbhuaoB U GpochumaoB (MOHBI cepbl U pocdopa), KOTopsie
TaKXKE MOTYT OBITh MCIOJB30BAHBI I CO3JaHHUS HAHOCTPYKTYPHBIX CIIOCB
Y HAHOTOKPBITHH, 00JaJar0IuX BBICOKOW HM3HOCOCTONKOCTHIO HPU BBICO-
KHX TeMIepaTypax. PaHee M3JI0)KEHHOE MOKA3bIBACT, YTO HCIIOJIH30BAHHE
cynbGunoB 1 GOCHUIOB MarHHUs B MOKPBITHUSIX MOMKET CYIIECCTBCHHO ITO-
BBICHTh PabOTOCIIOCOOHOCTh MArHUEBBIX CILIABOB OCOOCHHO MPH BBICOKHX
TeMIepaTypax, YTO A aBHAI[MOHHOH W aBTOMOOWJIBHON IPOMBIIIICH-
HOCTH SIBIIIETCS aKTyaJIbHOM U CBOEBPEMEHHOM 3a7a4ueii.

TeopeTrndeckn paccMOTpeHa BO3MOKHOCTH 0Opa3oBaHUS CYIb(U-
noB ¥ pochuaoB HA TBEPABIX CIIIaBax.

IIpu neiictBun noHoB docduaa (P) u cepsl (S7) Ha TBepbIil crIaB
BK6 00béM HaHOKIIaCTepa COCTaBISIET OT 9,08~10'9 1o 4,49-10'24 M’ U oT
8,49'10'29 o 3,16 102 ™ COOTBETCTBCHHO, 2 MAKCUMaJlbHasl IIyOWHa 3a-
JleraHus cocrasiser ot 9,05- 10" m g0 2,42- 10™® M Toraa Kak MUHHMAIBHAS
or 0 10 2,42-10® M 1 o1 0 10 9,97-10%* M coorBeTcTBeHHO M1t MoHOB P 1 S°.
BunHo, uTo OOJBIINE 3HAYCHHUS COOTBETCTBYIOT OoJiee NErKuM HoHaM (hoc-
¢dopa, a MeHbIIUE 3HAYCHHS OoJice TSNKEITBIM HOHAM CEphbl, HO 3HAYCHUS
BEJIMYUH OTJIMYAIOTCS HE3HAYMTENHFHO, YTO TOBOPHUT O BO3MOXHOCTH IPHU
OHOW W TOHM € DHEPruHl 3THX MOHOB MNOJYYaTh CIOW MPAKTHUECKH OJH-
HAKOBBIX pa3MEpoOB Ha MPAaKTUYECKH OAMHAKOBOH riryouHe. Pazmepsr HaHO-
KJIACTEpPOB HAXoIATCs B mpenenax 3,62-18.8 um (P) n 3,5-18,2 um (SY).
PaccmoTtpenst sHeprum nonoB 200 5B, 2000 3B u 20 k3B, MeHbIHe 3Ha-
geHus cooTBeTCTBYIOT dHepruu 200 3B, a 6onbime 20 k3B.

Ha puc 1. npeacraBieHsl 3aBUICHMOCTH 00beMa HaHOKJIacTepa (a),
MHUHUMAJIbHOM (6) 1 MakcuMaibHOM (c) riryounsl 3aneranus HK ot sneprun
nona ¢octopa (P;) ans mnactun nz T15K6. Buano, uto o6sém HK ko-
neGrercs B guanasone ot 3,58-107° 1o 8,56:10%* M* (200 3B, z=1wu 20
K3B, z=23) COOTBETCTBCHHO, MHUHHMAJbHAas TIyOMHA 3alieraHus OT
0—2,01-10'8, MaKCHUMaJIbHast — OT 1,43-10'9 Ji (o) 3,25-10'8 M (COOTBETCTBEHHO
2005B, z=1u 20 k3B, Z = 3).
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Puc. 1. 3aBucumoctu 06bema nHanokjaacrepa (HK) (a),
MHHHUMAJIBHOM () 1 MAKCUMAJILHOM (6) riryouHbI 3ajeranust HK
U TeMIIePaTYPHBIX HanpsikeHui () npu geiictBuu noHoB ¢ocdopa (P+)
¢ pa3aM4HbIM 3apsiaoM (z =1, z =2, z=3) naa T15K6

epexox k MoHAaM cepbl (S") MPUBOAUT K yMEHBIIEHHIO 00BEMA
HK no Benuuwnn 3,58-10'28 - 7,82'10’24 M3, MUHUMAaJbHas TITyOWHa 3aie-
ranus cocrasut 0—1,92- 10 a makcumanbHas 1,4+ 10'9—3,14- 10 M cooTseT-
ctBenno nipu E;=200 98, z=1u E;= 20 k9B, z = 3 (puc. 2).

BuaHO, 9TO 3HAYCHHS BEJIMYMH JUISL 3TUX HMOHOB OJIM3KH, HO JUIS
¢dochopa onm Gombile, TAK KaK aTOMHBINH Bec ero MeHbIne (30,97 ae) yem y
cepsl (32,068) Onu3kue 3HAYCHUS CBEIEHBI ¢ HEOOJBITUM OTIUYHEM Macc
nOHOB. Bc€ 3T0 MO3BOMIAET MPAaKTHUECKH B OJHHX CIOAX IOIydaTh u (oc-
¢bunbl 1 CyIbQUIBI U 3TOT CJIOH MOBBICHT KaK M3HOCOCTOMKOCTH TaK W pa-
60TOCTIOCOBHOCTB TIPU TOCTATOYHO BEICOKHX Temmeparypax (mo 2000 °C).

PeanbHbIl pasMep HaHO3epHA I Cynb(GUIOB Koiebaercst oT 5,6
o 26 HM, ans WOHOB (ocdopa u or 5 10 24 HM. T.e. A1 POCHUIOB U
CyIb(QUIOB HAHOCTPYKTYPHBIC CIIOW MOTYT OBITh PEaJIN30BAHEI.

Paccmotpenue TpexkapoumHoro tépmoro cruiasa TT10K8b B cimyuae
6ombapauposku nonamu P u S’ moxaskisaet, uto 06séMbI HK cocraBnsoT
2,18:10%°-1,05-10% m* (P*) u 2,03-102°-9,44-107* v’ (S"), MmunMMabHBIE
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rryOrHb! 3aneranns HK 0-4- 107 M, a MakcuMmaibHbie 1,21 10'94,01 10%m ®H
1 1,18:10°-3,91-10% M (SH).
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Puc. 2. 3aBucumoctu 06bema HaHokiaacTepa (HK) (a), MunnmabHoii (6)
H MaKCHUMaJIbHOI (¢) rinyOuns! 3ajeranust HK, makcumanbHbIX
TeMIepaTyPHbIX HANPsSIZKeHUI (2) IpHU JelicTBUU HOHOB cepbl (P+)
¢ pa3JM4HbIM 3apsiaoM (z =1, z= 2, z=3) nas T15K6é

B sTOoM cirydae Taxke €CThb BO3MOXKHOCTH 00pa30BaTh CIOW CYJb-
¢unoB u GpochunoB Ha OJHON TITyOHMHE U 00ECTICUUTH 3HAYUTEIHHYIO H3HOCO-
CTOMKOCTh K abpasMBHOMY M3HOCY HPH JOBOJIBHO BHICOKHX (10 2000 °C)
TeMmeparypax, B 3TOM Clydae pasMep 3epHa coctabiseT 4,827 um (P) u
4,7-25 um (SY).

PaccMmoTrpena Bo3MOKHOCTh 00pazoBanus GochumaoB U cyibhUaI0B
B oxHOKapOumHOM TBEpAOM cruiaBe BK6, nByxkapoumuom T15K6 u Tpex-
kapougaom T10K8b mo3BoiseT OLEHHTh TEXHOJOTMYECKHE IapaMeTphl
YCTAQHOBKH, IIPH KOTOPBIX BO3MOXKHA peaM3alys HAHOCTPYKTYPHBIX CIIOEB C
CYIIECTBEHHO yIYYIICHHBIME (PU3UKO-MEXaHHIECKUMHU XapaKTEPUCTUKAMH.

[Ipumenenne moHOB ¢ochopa U Ceprl TMO3BONUT IONyYaTh IMPaK-
TUYECKA OJWHAKOBBIN 00BEM 3EpeH W TIyOWHBI WX 3ajJleTaHus, a 3HAYUT
€CTh pealibHas BO3MOXKHOCTH CO3[aBaTh CIIOW Ha TBepIbIX ciuiaBax BK6,
T15K6 nu TT10K8b ogHOBpeMEHHO yCIIeIIHO padOTaIONINe IPH JOCTaTOYHO
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BBICOKHX TeMmIeparypax (Cyib(uabl) C BBICOKOW CONMPOTHUBIIEMOCTHIO abpa-
3uBHOMY m3HOCY (pochumpr).

IMokazaHo, 4TO MpH TEpexoie OT OAHOKAPOMIHOIO TBEPAOTO CIUIaBa
BK6 x nByxxapounnoy T15K6, a B nampHeHIIMM M K TpEXKapOHIHOMY
TT10K8b npuBoxuT K pocTy pasmepa 3epHa U MakCUMaJIbHOM ITyOuHE 3a-
JIeTaHUsI HAHOKJIacTepa.

Tak kaxk pocT pa3Mmepa 3epHa IpPU HArpeBaHUU TBEPIOCIUIABHOM
IUIACTUHBI PEANN3yeTCsi B MPOLECCe HAHECEHMs! MOKPBITHSA (M OYUCTKH), a
TaKKe NMPH HArPEeBaHHUHM IIACTHHBI NIPH PE3aHUU HEOOXOANMO YUUTHIBATH B
pexXHMMax OYMCTKH HAHECEHHE MOKPBITHS M B IPOLECCE Pe3aHHs 3TOT 3¢-
(heKT MPUBOJUT K TOMY, YTO HEOOXOJUMO MMETH 3amac IO pa3Mepy 3epHa
n71st ya€Ta ero pocra.

INFLUENCE OF ORIGINAL GRAIN SIZE
IN MATERIAL CUTTING TOOL ON THE EFFICIENCY
OF THE FORMATION OF NANOSTRUCTURES
UNDER THE FEMTOSECOND LASER RADIATION
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The dependences of maximum temperatures on the density of the
heat flux generated by radiation (g = 10'%...10' W/m® and £ = 107°...10™7 s),
which for MC306 are presented that at heat flux densities up to 10" W/m?,
temperatures are insufficient to obtain nanostructures, but in this case only
at times 107°-10"s there is a real possibility of the formation of
nanostructures. An increase in the heat flux density to 10" significantly
expands the range of technological parameters that make it possible to
obtain nanostructures, and they can already be implemented in the time
range from 101 t0 10710 s, and, therefore, to ensure the production of nano-
structures in the material, moreover, at shorter times they are realized closer
to the surface, and at longer times — on the material of the cutting tool [1, 2].

The results of similar studies are presented for CT from MC318
that the dependences retained their character, but the values of temperature
stresses increased and even by significant values, which indicates a higher
probability of destruction of the CT material, as well as a higher probability
of the formation of nanostructures.

To assess the grain size and determine the probability of obtaining
nanostructures, the grain volume was found and, taking into account the cri-
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