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Pedepar

Jumnnomuast pabora Ha 42 crpanuuax, 21 pucynka, 2 TtaOnumbl, 28
HMCTOYHUKOB.

KintoueBbie  crnoBa:  cuinymuH,  Mopdoiiorus,  (a3oBblid  COCTaB,
WHTEPMETAIUTU], TJ1a3Ma, MUKPOTBEPIOCTh, KOI(DPUIIMEHT TpEHUs, JIETUPOBAHUE,
KOMITPECCUOHHBIE TJIa3MEHHbIE TTOTOKH.

OO0mbekT uccneqoBanusd: cucrema «Nb/T1/Al-Si».

Lenb: popmupoBaHre KOMIIO3UTHOTO MOBEPXHOCTHOTO CIIOS B CHIIyMHUHE,
JIETUPOBAHHOTO aTOMaMU TUTaHA W HUOOWS, C TMOMOIIBIO KOMIPECCHUOHHBIX
IUTa3MEHHBIX TMOTOKOB, a TAaK)Ke M3Y4eHHE ero (pa3oBOro COCTaBa, CTPYKTYPHI U
TPUOOJOTNYECKUX CBOMCTB.

beimu HCITOJTH30BAHBI CIIeTyIONTUe METO]IbI UCCIICIOBAHMUS:
PEHTTCHOCTPYKTYPHBIM  aHamu3, ONTHYECKass  MHUKPOCKONHS, HW3MEpPEHHe
MUKPOTBEPAOCTH, ONpeeieHne KodpuinueHTa TpeHusl.

Y cTaHOBIEHO, YTO BO3ACHCTBHE KOMIIPECCUOHHBIX MJIA3MEHHBIX TTIOTOKOB Ha
cucremy «Nb/T1/Al-S1» mnpuBoauT K (HOPMHUPOBAHUIO TTOBEPXHOCTHOTO CJIOS
CHJIyMHHA JIETUPOBAHHOIO aTOMaMU TUTaHa M HUOOUA. B nerupoBaHHoM cioe
dbopmupyrorcs uatepmetauabl (Al Si1);Nb, (ALS1);Ti u autpun amomunust AIN.
[Tocne obpabotku cunmymuna KIIIT Ha nudpakrorpamme HaOMIOIAETCS YITUPEHUE
TU(PAKIMOHHBIX JIMHUM KPEMHHUS, YTO MOXET ObITh CBS3aHO C YMEHBIIEHUEM
pa3MepoB  MEPBUYHBIX  KPUCTANIOB  KPEMHUS,  BBIICISIONIMXCS  TpH
KpUCTaJUIU3AIUH.

H3meHneHnne pexkuMOB 00paObOTKH BIHSAET HA TOJLIMHY JETMPOBAHHOTO CJIOA.
Tommuua €0, C  yBEIWYEHHWEM IUIOTHOCTH  TIOTJIONIEHHOM  DHEPTHH,
yBennuuBaercst ot 14-21 mim (E=17 Jix/cm®,1 umi), go 45-55 mxm (E=30
Jix/cm®, 3 uMIL). YBeOMYeHHE KOIMYECTBA HMIIYIbCOB MPHBOAUT K
(GOpMHUPOBAHUIO OTHOCHUTEIHLHO OJHOPOJHOTO 10 CTPYKType ©  TOJIIUHE
JIETUPOBAHHOTO CIIOSL.

HauOosnbiiee  yBenmuyeHME  MHUKPOTBEPAOCTH MO  OTHOIICHHIO K
MHUKPOTBEPJAOCTH HCXOJHOTO oOpaslia HaOmrojaercs y obpasia, 00padoTaHHOIO
OJHUM HMITYJIbCOM C IUIOTHOCTHIO TOIJIOIIEHHOW »HEpruu, paBHOu 17 I[)K/CM2
(H=4,8 I'Tla). JlerupoBaHue atroMamMu THUTaHa U HUOOHUS TO3BOJISET YMEHBIIUTH
K09 HUIUHEHT TPEHHs IBTEKTHYECKOro crurymuaa 10 0.35(1umm 17 x/em?).



Py¢gepar

JlpimioMHast mpana Ha 42 crapoHkax, 33 mMaitoHKa, 2 Ta0milbl, 28 KpbIHIL.

KirouaBbiss cioBbI: cutyMiH, Mapdanoris, ¢aszaBbl CKIaJ, IHTEpMETaTil,
miasMa, MiKpanBEpaacilb, Kad(PIilbIEHT TpPIHHS, JIeraBaHHE, KaMIPAICIHHHBIA
MJ1a3MaBbis CTPYMEHI.

AO'ekt nmacnenaBanfs: cictaMa « Nb/T1/Al-S1 ».

Mbra: ¢apmipaBaHHe KammasiTHara mnaBgpxoyHara Iuiacta Y CUIyMIHE,
JeraBaHara aramami ThITaHa 1 Hi€O01s, 3 JamamMorail KaMIpdICCiEHHBIX MJIa3MEHHbIX
naTokay, a TakcamMa BBIBYUSHHE sro (aszaBara cCkjaay 1 TpblOalariuHbIX
yJIacIiBacIsy.

bbuti ckapbICTaHbl HACTYIHBISI METAJIbI JAC/IeJaBaHHS: PIHTICHACTPYKTYPHBI
aHalli3, amnThlYHAs MIKpacKaris, BbIMIpIHHE MIKpalBEPAACI, BbI3HAUIHHE
Kad(ilbIeHTa TPIHHSL.

Bri3Hauana, mTo Yiely KaMIIpAICIMHBIX MJIa3MaBbIX CTPYMEHSY Ha CICTAIMY
«Nb/T1/Al-S1» npeBom3ie Aa ¢dapMmaBaHHS NaBApXOyHara IUlacTa CUTyMIHY
JeraBaHara aramami ThITaHy 1 HIE€O0Ir0. Y JeraBaHbIM Iwiaciie (apmyrola
inTpmeranianl (AlS1);Nb, (Al,Si);Ti 1 "HiTpeID amtoMidito AIN. [lacnsa anparoyki
cimyminy KIIIT Ha npidpakrarpame Hazipaela nambip3HHe I PaKIbIMHBIX JTIHIN
KPAMHIIO, HITO MOKa OBblllb 3Bsi3aHa 3 MNaMSHIIHHEM Mamepay MepliacHbIX
KPBIITANIEY KPIMHIIO, IITO BBLIYUYAOIIIA NPl KPBIIITATi3allbll.

3MeHa pKbIMay amnpaioyki YIuiblBae Ha TAayUIYbIHIO JIeraBaHara IJiacTta.
TayurupiHs 1ulacta, 3 HaBENIUSHHEM INYBUIBHACII MArjblHyTall  3HEprii,
naBsuriuBaenma an 14-21 mxm (E=17 I[)K/CMZ, 1 imm.), ma 45-55 mxm (E=30
Jlx/cm®, 3 imm). TlaBeniusHHE KONMBKACI iMITyJIbCay HPBIBOI3INb Ja GapMaBaHHs
aJIHOCHA aJHApOJHAara ma CTpyKTYpbl 1 TayIIUbIHI JIeraBaHara Iiacra.

HaiiGosnpmiae maBeniusHHE MiKpanBEPAACIll ¥ alHOCIHAX Ja MiKparBEpaaciii
3bpIXOJIHAra Yy30py Haszipaelia ¥ y30py, ampalaBaHara aJHbIM IMITyJbcaM ca
IIYBUILHACIO MATVIBIHYTAN SHeprii, poyraii 17 x/cm” (H=4,8 TTla). JleraBanne
aTaMami ThITaHy 1 HI1€01I0 J1a3Bajisie 3MEHIIBIIb Kad(IlBICHT TPIHHS 3YTIKThIUHAra
cinmyminy ma 0.35(1 imm. 17 Jx/cm?).



The Summary
The diploma paper includes 42 pages, 21 images, 2 tables, 28 references.
Key words: silumin, morphology, phase composition, intermetallic compound,
plasma, microhardness, friction coefficient, alloyage, compressive plasma current.

An item of researching is the system «Nb/T1/Al-Si».

The task is generation composition surface layer in silumin alloyed by
titanium atoms and niobium atoms with compressive plasma current also its
analysis of phase composition, structure and tribological properties.

Following methods were used like the X-ray structural analysis, optical
microscopy, measurement of microhardness, definition of friction coefficient.

It was determined that excitation of compressive plasma current on
«Nb/T1/Al-S1» system forms surface layer of alloyed by titanium and niobium. In
alloyed layer intermetallic compound ((ALSi);Nb, (Al,S1);Ti, AIN) are formed.
After handling of silumin by compressive plasma current enlargement of silicon
diffraction line is observed that depends on size decreasing of primary crystal
which are liberated during crystallization.

Changing of handling mode influence on thickness of alloyed layer. The
thickness of layer is increased during increasing of density of absorbtion energy
from 14-21 pum (E = 17 Jem?,1 pulse) to 45-55 pm (E=30 J/cm’, 3 pulses).
Increasing of pulses form homogeneous alloyed layer by structure and thickness.

The most increasing of microhardness relative of the initial model is
observed in the model processed by one pulse with absorption energy equal to 17
J/em® (H=4.8 GPa). Alloying by titanium and niobium atoms allows to decrease
friction coefficient of silumin to 0,35 (1 pulse, 17 J/cm?).



