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Pegepar

HNunnomuass  pabora 40  crpanun, 20  pucyHkoB, 3 TaOJuIIbI,
15 UCTOYHUKOB.
KitoueBblie cioBa; ObicTpopexyias ctaib P18, koMipeccHOHHbBIE IMIa3MEHHBIE

MOTOKH, OTXKUT, CTPYKTYpHO-(a30BbIe MPEBPaIECHUs, MEXaHUIECKUE CBOICTBRA.
Oo0mnexT uccnenosanusa: Cucrema NbC/crans P18.

lens pabotel - wuccienoBaTh  (a30BbIl  cOCTaB, MEXaHUYECKUE U
Tpubosiornueckue  cBoiictBa  cucteMbl ~ NbC/ctans P18, mnonaBepruyrtoit
KOMOMHUPOBAHHOMY BO3ACHCTBHIO KOMIPECCUOHHBIX IUIA3MEHHBIX TIOTOKOB U
TepMUUYECKOM 00paboTKe.

Metoasl ucciaeqoBaHUsS — PEHTTEHOCTPYKTYPHBIM aHaau3, pacTpoBas SJIEKTPOHHAs

MUKPOCKOMUSI, U3MEPEHNE MUKPOTBEPAOCTH 10 MeToAy Bukkepca, Tpuboiornueckue
UCIIBITAHUS.

B pesynbTaTe BBINOTHEHHOM pabOTHl ycTaHOBIEeHO, uTo BosaeicTBue KIIIT Ha
cucteMy NbC/cramp P18 ¢ IIOTHOCTBIO MONOMEHHOH sHeprum 13-27 Jhx/cm’
IPUBOAUT K  PacTBOPEHHUIO KapOu10B FesW;C u (hopMUPOBaHUIO
BbICOKOTEeMMeparypHoit y-Fe ¢a3pl, HHTEHCUBHOCTh AUGPAKIIMOHHBIX JIMHUI
KOTOPOM yMEHBIIAETCS C YBEJIMYECHUEM 3HAYEHUS IUIOTHOCTU TMOTJIOMIEHHOM
sHepru. B aHanu3zupyemMoMm cjoe MOTYT COXPaHSIThCS YYacCTKU HEPACTBOPEHHOTO
nokpeiTusi NbC unu Moxer (opmupoBathesi paza &-NbN, makcumym 00beMHOI
70JTM OHOM uiu obeux ¢a3 HabMogaeTcs B o0pasiie, 00paboTaHHOM ¢ TTapaMeTpamMu
Q=18 I[)K/CM2 n 3 ummynsca. C yBeIMYEHHEM IUIOTHOCTH MOTJIOIIEHHON SHEPTUU
YMEHBINIAETCSI KOHIICHTpAllusi HUOOWS B aHanu3upyemoMm cioe. BosnelicTBue
KOMIIPECCUOHHBIMU TUIA3MEHHBIMH TOTOKaMU BEJIET K YMEHBIICHUIO BEITUYUHBI
mukpoTBepaoct ¢ 8,0 I'lla mo 4.5 I'Tla, koTopoe OOBSACHSIETCS PACTBOPECHHEM
kapounoB FesW;C. Omxur Ha Bozayxe (600° C, 3 yaca) He NPUBOAUT K M3MEHEHUIO
3HAYEHUI MUKPOTBEPAOCTH U Kod(ppuiineHTa TpeHust. TpruboIorndecKue UCIbITaHUsl
nmokazanu, 4to koddduiueHnt TtpeHus oOpas3ioB cuctembl NbC/ctamps P18 mocre
BO3JICUCTBUSA yBeauuwics 10 3HaueHus 0,5, 4TO CBS3BIBACTCS C YMEHBIIEHUEM
MUKPOTBEPAOCTU U (POPMHUPOBAHUEM PA3BUTOTO peibeha MOBEPXHOCTH.

[lonyyeHHble pe3ynbTaThl MOTYT Jiedb B OCHOBY TEXHOJIOTMU TMOBBIMICHUS

AKCIUTYaTallUOHHBIX XapaKTEPUCTUK UHCTPYMEHTA U3 OBICTPOPEXKYILEH CTAIIH.



Pegepar

Jpimiomuas npana 40 craponak, 20 mantoHkay, 3 Ta0minbl, 15 KpbIHil.

KitouaBbisi c1OBBI; XyTKapa3Has ctainb P18, kaMmpaciiiHbIs MIa3MeHHbBIS HaTOKI,
aanai, CTpyKTypHa-(ha3aBbisd nepaTBapIHHI, MEXaHIUHBIS YIacIiBacIll.

Ab'ext nacnenasanss: Cicrama NbC/crans P18.

MbaTta mpansl - gacienaBanb (aszaBbl CKJIad, MEXaHIYHBIS 1 TphlOandaridHbIs
VnacuiBacii cictambl NbC/ctans P18, maaBeprayrtaii kamOiHaBaHamy Y3/3€sIHHIO
KaMIIPACINHBIX IJIa3MEHHBIX MATOKAY 1 TAPMIYHAN anpaiioyIsl.

Mertaasl nacnenaBaHHS — PIHTTEHACTPYKTYPHBI aHajii3, a TakcaMa 3JIEKTPOHHas
MIKpackamnisi, BbIMSpPIHHE MIKpalBépaacii na metanay Bikkepca, TpblOanariaHbis
BbITIpa0aBaHHI.

VY BBIHIKY BbIKaHaHail Mpalbl YCTAaHOYJEHA, IUTO Y3/3€sHHE KaMIIPACIHHBIMI
IUIa3MEHHBIMI naTokami Ha cictaMy NbC/ctans P18 3 mrysuipHacio mnarjiblHyTai
sHeprii  13-27 JIx/cM2 mnpsiBOm3Ib JAa pactBapaHHs KapOimay Fe3W3C 1
(dapMipaBaHHIO BhICOKaTAIMIIepaTypHail y-Fe da3bl, iHTAIHCIVHACIHL ABIPPAKIBIAHBIX
JIHIA AKOW NaMsHIIaella 3 MaBEeJIYdHHEM 3HAY3HHS IIYbUIbHACII NarjbIHyTai
sHeprili. Y anHaii3aBaHbIM IUJIAaClle MOTYIb 3axXOyBalllla Y4acTKi HepacTBOpaHara
nakpeiisg NbC abo moxa dapmipaBanna daza e-NbN, makcimym ab'éMuail mosni
angHo# a0o aben3Brox (ha3 Hazipaellla Ba Y30phl, anpalaBaHbiM 3 mapameTrpami Q=18
Jlx/cM2 1 3 iMOoynbcy. 3 MaBeNIYPHHEM IIYBUIBHACII MArjblHyTall »HEpril
NaMsHIIACIA KAHIDHTPAIbld HIOOi0 Yy aHali3aBaHBIM IUIacLe. Y3/I3esHHE
KaMIIPACIMHBIMI  TIJITa3MEHHBIMI ~ TTaTOKaMi  BSJ3€ Ja TaMSHIIOHHS — BEJIYBIHI
Mmikpansépaacui 3 8, 0 I'Tla na 4.5 I'lla, sikoe Taymausliia pacTBapI3HHEM KapOinay
Fe3W3C. Aaman na masetpsl (600° C, 3 ransidbl) He NPBIBOA3ILL Ja 3MEHBI
3HAUAHHAY MikpauBeépaacii 1 kasdinpieHTa TpIHHS. TpbiOaiariuyHbls BbIIpaOaBaHH1
nakasasni, [To Ka’(piubleHT Tp3HH y3o0pay cictambl NbC/ctane P18 macna y3n3esHus
naBsutiublycst 1a 3HaudHHA 0,5, ITO 3Bs3Baella 3 MaMsSHIIPHHEM MiKpauBEpaacii 1
(dapMipaBaHHEM pa3BiToOra pajibedy maBepxHi.

ATpbIMaHblsl BBIHIKI MOTYLb JIETYbl Y ACHOBY TOXHAJIOril MaBBIIIHHS
AKCIUTYaTalbIMHBIX XapaKTaAPBICTHIK IHCTPYMEHTA 3 XyTKap33Hai CTali.



Abstract

Thesis 40 pages, 20 figures, 3 tables, 15 sources.

Key words; high-speed steel P18, compression plasma flows, annealing,
structural-phase transformations, mechanical properties.

The object of research: NbC System/steel P18.

The aim of this work is to investigate phase composition, mechanical and
tribological properties of the system NbC/steel P18, subjected to combined action of
compression plasma flows and heat treatment.

Research methods — X-ray diffraction, scanning electron microscopy,
microhardness measurements by Vickers method, tribological tests.

As a result, the work revealed that the impact of compression plasma flows on
system NbC/steel P18 with a density of absorbed energy 13-27 j/cm2 leads to the
dissolution of carbides of Fe;W;C and the formation of high-temperature y-Fe phase,
the intensity of the diffraction lines which decreases with increasing values of the
absorbed energy density. In the analyzed layer may remain undissolved portions of
the coatings NbC or can be formed the phase of e-NbN, a maximum volume fraction
of one or both of the phases observed in the sample processed with the parameters
Q=18 j/cm2 and 3 pulses. With increasing density, the absorbed energy decreases the
concentration of niobium in the analyzed layer. The impact of compression plasma
flows leads to a decrease in the microhardness from 8.0 GPA to 4.5 GPA, which is
due to dissolution of carbides of Fe;W;C. Annealing in air (600° C, 3 hours) does not
change the values of microhardness and friction coefficient. Tribological tests
showed that the friction coefficient of samples of the system NbC/steel P18 after
exposure increased to a value of 0.5, which is associated with the decrease of
microhardness and formation of a developed surface relief.

The obtained results can form the basis of technology for improving the performance
of high speed steel tools.



