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Pedepar

Jumiomuas pabota 42 c., 25 puc., 16 ICTOUHUKOB.

3APBTEKTUYECKUN CHUJIYMHWH, KOMIIPECCUOHHBIN TUTASMEHHbBIN

[IOTOK, CTPYKTYPHO-®A30BOE COCTOSHUE, HUOBUN,
JIETUPOBAHUE.
OOBEeKT WuCCleNoBaHMUS - 3a3BTEKTUYECKHM cuiymuH (cuctema Al-Si).

Conep:xanue kpeMHust okoJio 36 %.

Lenr  paboTrel —  ucciaeAoBaTb  CTPYKTYpy U TpUOOJOTHYECKHUE
CBOICTBAIIOBEpPXHOCTHOTO  CJIOSI  3a9BTEKTUYECKOTO CHJIIYMHHA, JIETMPOBAHHOIO
aTOMaMH HUOOUS MOJI AEUCTBUEM KOMIIPECCUOHHBIX IJIA3MEHHBIX MTOTOKOB.

Metonpl  HWCCleNOBaHMS:  PEHTIEHOCTPYKTYPHBIM  aHanu3;  pacTpoBas
AIEKTPOHHAS MHUKPOCKOIIHS; U3MEpEeHUe MHUKpPOTBEPIOCTH; U3MEpPEHUE
Koa(pumenTa TpeHus.

YcTaHOBIEHO, YTO BO3JEHCTBUE KOMIIPECCHOHHOTO IJIA3MEHHOTO MOTOKa Ha
cuctemy Nb/CHIIyMUH NPUBOJIUT K JIETMPOBAHUIO MOBEPXHOCTHOTO CJIOSI CHIIYMHHA
aToMamu HUoOus. B nerupoBanHoM cioe popmupyrorcss unrepmeramuinasl Al3Nb u
AINb,. M3MeHeHHe MIOTHOCTU MOTJIOMIEHHOW 3HEPTHH MPUBOJUT K HEMOHOTOHHOM
3aBUCUMOCTH OOBEMHOW JI0JM MHTEPMETAUIUJIOB B aHanuupyemom cioe. I[locne
oOpabotku cunymuna KIII wHa gudpakrorpamme HaOmomaercss yHIMpPEHUE
TU(GPaKIUOHHBIX JUHUN KpEeMHHUS. Y BEIMUEHUE INIOTHOCTU MOTJIOMIEHHOW SHEPrUH U
KOJIMYECTBA MMITYJIHCOB MPUBOAUT K YBEJIMUYEHUIO OJHOPOJHOCTH paclpeaesieHus
HUOOUSI B JIETUPOBAHHOM CJIO€, YTO CBSI3bIBAETCA C YMEHBIICHHEM pPa3MEpOB
MEPBUYHBIX KPHUCTAJJIOB KPEMHUS, BBIICISIOIIMXCS MpU Kpuctamuiuzauuu. [lpu
omxkure (500°C) o6pasuos, ob6padoranueix KIIII, mpoMCXOAUT yIIMpEHUE OIM3KO
CTOAIUX JTU(PAKIMOHHBIX JUHUN KpemHHs U uHTepMeramumaa (Al,Si);Nb, uto
MOXET OBITh O0YCIIOBJIEHO BbIJICJICHUEM AUCHEPCHBIX npeuunutatoB Siu (Al Si);Nb
U3 TEPECHIIEHHOTO TBEPJIOr0 pacTBopa, CHOPMUPOBAHHOTO B  pe3yJbTaTe
Bozaeictus KIIII. U3MeHeHrne MUKPOTBEPIOCTH MOBEPXHOCTHOTO CIIOS TPOUCXOIUAT
B Mpenenax MOrPelHOCTH u3MepeHusd. JlernpoBaHue 3a’3BTEKTHUYECKOTO CHIIYMHUHA
aTOMaMHl HUOOUS MPUBOJUT K YBEJIIMUCHUIO KO3(P(UIIMEHTA TPEHUS TOBEPXHOCTHOIO
CJI0S1.

[lonyyeHHsle pe3yabTaThl MOTYT OBbITh MCIOJIB30BaHbI s pa3paboTKu
sHEprocOeperaroeldl TeXHOJOTUH YIYUIISHHUs] SKCIUTyaTallMOHHBIX XapaKTEPUCTUK
MOBEPXHOCTH CILJIABOB HA OCHOBE aJIFOMUHUSL.



Pagepar

JlpimuiomHast mparna 42 c., 25 mai., 16 KpbIHi.

3ARVTAKTBIUHLI CIIYMIH, KOMIIPECCIOHHbBI IIIASMEHHBI TIATOK,
CTPYKTYPHA-®A3ABLI CTAH, HIEBIU, JIETABAHHE.

AQ'eKkT JnacieiaBaHHS - Y30p 3a3BTEKTHMYECKOTO cuIyMmiHy (cictaoma Al-Si).
YTpbiManHe KpaMHis Kasist 36%.

Mbrta mparbl - nacienaBaib CTPYKTYpPY 1 MIKparBépaaciib aBepxXHeBara Cios
3a3BTEKThIUHAra CUIYMIHYy, JIeTaBaHara aramami HIEOIT majg — JA3esSHHEM
KOMIIPECCIOHHBIX TIA3MEHHBIX TAaTOKAY.

MeTtazapl nacienaBaHHs: PIHTTCHACTPYKTYPHBI aHalli3; pacTpaBas 3J€KTpOHHAs
MIKpAacKaris; BBIMSIPIHHE MUKpABEPIACIIL; BIMIPIHHE Kad(ilIbIEeHTa TPIHHS.

VYcranoyneHa, wmTO Y3A3€IHHE KaMIpiaciiiHara IUla3MEHHara MaToKy — Ha
cicromy Nb/culymiH HpbIBOA3ING Ja JIETaBaHHS MaBsipXOyHara Iulacta CUIyMIHY
atamaMi HI€OIA. Y JneraBaHbIM Iutacie gapmyronua iHTIpMeTaniasl AlzNb 1 AIND,.
3MeHa HIYbUIbHACI MarjibIHyTal SHEpTril IPBIBO3IIb Ja HEMAaHATOHHAN 3aJie’KHACII]
ab'émHall momi IHT pMETAUIAAY ¥ aHalli3aBaHbIM IUIaclie, INTO 3Bsi3BacULa 3
NaMsHIIPHHEM TaMepay MEePIIACHBIX KPBILITAISAY KPIMHIIO, KIS BbUIYYaloOllla MpPbI
kpoimranizaneii. [lacna anpanoyki cityminy KIII nHa apidpakreirpamme Hazipaenia
HalIBIPIHHE  ABIPPAKUBIAHGIX JIiHil kpaMuiro. Ilper agmane (500 °C) ysopy,
anpanaBanHbix KIIII, axObiBaenia mambipsHHE OJi3Ka CTAsUIBIX JBIPPAKIBIHHBIX
mHiA KpaMHIS 1 uHTepMmetaiuaa (Al Si);Nb, mro moxka Oblip aOymoyieHa
BBUIYYIHHEM JbicniepcHbIX mnpaubimitatay Si 1 u (ALSi);Nb 3 mepacbluanara
usépaara pactBopa, cpapmaBanara ¥y BbIHIKY V3n3esHHa KIIIL IlaBeniusnue
IMYBLIBHACIII TarjJbIHYyTal SHEpPrii 1 KOJbKACIl IMIyJbcay MPBIBOI3ING Ja
MaBeJIYdHHS aJHacTaliHACILl pa3MepKaBaHHsA HIEOIs ¥y JeraBaHaMm IUIacle. 3MeHa
MIKpanBEpaaciii napsipxoyHara riacta aaObIBaella ¥ Mexax XiOHAcIll BBIMSPIHHS.
JleripaBaHHe 3a3BTAKThIYHAra CUIyMIHY aramami Hi€0is MPBIBOA3ILb /1a MABEIIYIHHS
Kad(pilbIeHTa TPIHHS MABSIpPXOYyHara rJacra.

ATpbIMaHbIsl BBIHIKI MOTYLb ObIllb  BBIKAPBICTAHBI JUIsl  paclpanoyki
sHeprazdeparajibHail TAXHAJIOT MAJAMIISHHS HKCIUTyaTallbIMHBIX XapaKTapbhICTBIK
MaBePXHi CIUIaBay Ha aCHOBE aJTFOMIHIS.



Abstract

Diploma thesis 42 p., 25 fig., 16 sources.

HYPEREUTECTIC SILUMIN, COMPRESSION PLASMA FLOW,
STRUCTURAL-PHASE STATE, NIOBIUM, ALLOYING.

The object of study is a sample of hypereutectic silumin (the system Al-Si). The
silicon content is about 36%.

The goal of the thesis is to study the structure and microhardness of the surface
layer of hypereutectic silumin doped niobium atoms under the influence of
compression plasma flows.

Methods: X-ray analysis; scanning electron microscopy; measurement of
microhardness; measurement of coefficient of friction.

It is found that the effect of compression of the plasma flow on the system Nb
/ silumin leads to doping of the surface layer silumin by niobium atoms. There are
formed intermetallides Al;Nb and AINb,. Changing the absorbed energy density leads
to a nonmonotonic dependence of the volume fraction of intermetallic compounds in
the analyzed layer. After processing silumin checkpoint on the diffraction pattern
observed broadening of the diffraction lines of silicon.Increasing the absorbed energy
density and number of pulses increases the uniformity of distribution of the niobium
in the doped layer,which is associated with a decrease in the size of the primary
silicon crystals released during crystallization. Upon annealing (500 © C), the samples
treated with CPF, there is a broadening close facing the diffraction lines of silicon and
intermetallic compound (Al, Si) 3Nb, that may be due to the release of the dispersed
precipitates Si and (Al, Si) 3Nb from a supersaturated solid solution, formed as a
result of exposure CPF.

Increasing the absorbed energy density and number of pulses increases the
uniformity of distribution of the niobium in the doped layer. Changing the
microhardness of the surface layer occurs within the measurement error. Alloying
hypereutectic silumin niobium atoms leads to an increase of the friction coefficient of
the surface layer.

The results can be used to develop energy-saving technology to improve the
performance of the surface of the aluminum-based alloys.



