
" 

OT3bIB 

HaY1fHOrO KOHCYJIbTaHTa Ha Jl,I1CCepTaUI1l0 lllaHbrl1HoM ,lJ,apbl1 BJIaJl,I1MI1pOBHbI Ha 

TeMY «3aKOHOMepHOCTI1 rrOJIYLIeHI151 YJIbTpaMeJIK03epHl1CTbIX MeJl,HbIX CrrJIaBOB C 

rrOBbIWeHHbIMI1 rrpO"LIHOCTHbIMI1 11 3KCrrJIyaTaUl10HHbIMl1 CBOMCTBaMI1», 

rrpeJl,CTaBJIeHHYIO Ha COI1CKaHI1e Y"LIeHOM CTerreHI1 KaHJI,I1J1,aTa TeXHI1LIeCKI1X HaYK 

no CrreUI1aJIbHOCTI1 15.16.01 - MeTaJIJIOBeJl,eHl1e I1 TepMI1"LIeCKa51 06pa60TKa 

MeT3JIJIOB 11 CrrJIaBOB. 

L(I1CCepTaUI10HHa51 pa60Ta lllaHbrl1HoM ,lJ,.B. rrOCB5IllJ,eHa 113YLIeHI11O 

BJI 1151 H 1151 I1HTeHCI1BHOM rrJIaCTI1LIeCKOM Jl,ecpopMaUI1I1 (11I1,lJ,) , B "LIaCTHOCTI1, 

KpYLIeHI151 rroJl, BbICOKI1M Jl,aBJIeHl1eM (KB,lJ,) I1 paBHOKaHaJIbHOrO yrJIOBOrO 

rrpeCCOBaHI151 (PKYIl), Ha rrpO"LIHOCTHble CBoMcTBa, 3JIeKTpOrrpOBOJl,HOCTb 11 

3KCrrJIyaTaUI10HHble CBOMCTBa Jl,l1crrepCI10HHO - TBepJl,elOllJ,I1X HI13KOJIerI1pOBaHHblx 

XPOMOBbIX, Ul1pKOHI1eBbIX, racpHl1eBbIX, XPOMOUl1pKOHl1eBbIX I1 xpoMoracpHI1eBbIX 

6POH3, rrpeJl,Ha3Ha"LIeHHbIX Jl,JI5I pa60TbI B KaLIeCTBe 3JIeKTpOJl,OB KOHTaKTHOM 

CBapKI1. XpoMoBble, Ul1pKOHl1eBble I1 XPOMOUl1pKOHl1eBble 6POH3bI WI1POKO 

I1CrrOJIb3YIOTC5I B rrpo113 BOJl,CTBe rrOCJIe COOTBeTCTBYIOllJ,eH TepMI1LIeCKOM 

06pa60TKI1, 3aKJIIO"LIalOllJ,eMC5I B 3aKaJIKe, Jl,ecpopMaUI1I1 I1 CTapeHI1I1, B pe3YJIbTaTe 

"LIero Jl,OCTl1raIOTC5I CO"LIeTaHI151 BbICOKI1X MeXaHI1LIeCKI1X CBOMCTB C BbICOKOM 

3JIeKTpOrrpOBOJl,HOCTblO. 

B Jl,aHHOM pa60Te B KaLIeCTBe Jl,ecpopMaUI1I1 rrOCJIe 3aKaJIKl1 6bIJIa rrpI1MeHeHa 

I1HTeHCI1BHa51 rrJIaCTI1LIeCKa51 Jl,ecpopMaUI151, KOTOpa51 Jl,aeT B03MO)J{HOCTb 

3Ha"LII1TellbHO rrOBbIwaTb rrpOLIHOCTb MaTepl1aJIOB 3a C"LIeT CPOpMl1pOBaHI151 

YJIbTpaMeJIK03epHI1CTOM (YM3) CTPYKTypbI. I1HTepec K Hl13KOJIerl1pOBaHHbIM 

Jl,I1crrepCI10HHO TBepJl,elOllJ,I1M MeJl,HbIM CrrJIaBaM, rrOJl,BeprHYTbIM 11I1,lJ" 

rrp05lBI1JIC5I B Jl,OBOJIbHO 3Ha"LII1TeJIbHOM KOlll1"LIeCTBe I1CCJIeJl,OBaHI1M, B KOTOPbIX 

InYLIaJIOCb BJII151Hl1e l1J1,lJ, Ha CTpyKTypy 11 OTJI,eJIbHble rrpOLIHOCTHble I1 

TeXHOJIOrI1"LIeCKl1e CBOMCTBa, B OCHOBHOM, Cu-Cr, Cu-Zr, Cu-Cr-Zr CrrJIaBOB. XOT5I 

B 3TI1X I1CCJIeJl,OBaHI151X I1 6bIJIO rrOK33aHO, "LITO I1Il,lJ, rrpl1BOJl,I1JIO K rrOJIY"LIeHI1IO 

YJIbTpaMeJIK03epHl1CTOM CTpyKTYPbI 11 B03paCTaHl1lO CBOMCTB, OJl,HaKO Bce 3Tl1 
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MCCJ1e)],OBamUI 6bIJ1M pa3p03HeHbI, KOJ1MyeCTBO J1erMpYlOIlJ,MX 3J1eMeHTOB 

BbI6MPaJJOCb npOM3B0J1bHO B KmK)]'OH OT)],eJ1bHOH pa60Te, YCJ10BM5I npOBe)],eHI151 

I1Il)], M nOCJ1e)],YlOIlJ,erO CTapeHM5I BhI6MPaJJMCh TaK)l(e npOM3B0J1hHO, YTO He 

n03B0J151J10 )],OCTOBepHO ou:eHMTh POJ1h J1erMpYlOIlJ,MX 3J1eMeHTOB B npou:ecce 

ynpOYHeHI151 npM l1I1)], M nOCJ1e)],YlOIlJ,erO pa3ynpOl.JHeHM5I npM HarpeBe, a TaK)l(e 

HeKOTophle )],pyrMe oc06eHHOCTM BJ1M5IHM5I npe)]'BapMTeJ1hHOH TepMMyeCKOH 

06pa60TKM Ha npou:eCChI paCTBopeHMSI I1J1M BhI)],eJ1eHM5I ynpOYH5IlOIlJ,MX cpa3 npM 

I1Il)],. qTO KaCaeTC5I )],McnepCMOHHO TBep)],elOIlJ,MX CnJ1aBOB Cu-Hf M Cu-Cr-Hf, TO 

06 3TMX 6poH3ax B J1MTepaType HeT )],aHHhIX no BJ1M5IHMlO 1m)], M o-q,eHh MaJJO 

)],aHHhIX no npOYHOCTHhIM CBOHCTBaM M MX 3J1eKTpOnpoBo)]'HOCTM 6e3 l1I1)],. 

C 3TOH TOYKM 3peHM5I )],MccepTaU:MoHHYlO pa60TY WaHhrMHoH )],.B. 

OTJ1MyaeT CMCTeMaTMyeCKOe MCCJ1e)],OBaHMe CnJ1aBOB npM BhI60pe Pa3J1MYHhIX 

cpaKTopOB, TaKMX KaK CMCTeMa J1erMpOBaHM5I HI13K0J1erMpOBaHHhle 

)],McnepCMOHHO ynpOYH5IeMhIe Me)],Hhle CnJ1aBhl Cu-Cr, Cu-Zr, Cu-Hf, Cu-Cr-Zr, 

Cu-Cr-Hf; npe)],BapMTeJ1hHa51 TepMMyeCKa51 06pa60TKa - 3aKaJJKa MJ1M ODlmr; 

Bhr60p I1IT)], - KB)], M PKYIT; BhI60p TeMnepaTYP M BpeMeHM 3aKaJJKM, OT)l(Mra M 

cTapeHMSI; BhI60p MeTO)],OB I1CCJ1e)],OBaHM5I cTpyKTyphI M CBOHCTB. 

BhI60p KOJ1MyeCTBa J1erI1pYlOIlJ,MX 3J1eMeHTOB 

)],MccepTaHT npoBo)],MJ1 Ha OCHOBaHMM cooTBeTcTBYlOIlJ,MX )],MarpaMM COCTOSIHMH 

KOJ1MyeCTBO J1erMpYlOIlJ,ero 3J1eMeHTa (B Bec.%) 6hIJ10 6J1M3KMM K MaKcMMaJJhHOH 

paCTBOpl1MOCTI1 ero B TBep)],oM pacTBope Ha OCHOBe Me)],l1. 

bOJ1bWOe 3HayeHI1e HMeeT TeXH0J10rH5I nOJ1yyeHM5I KayeCTBeHHoro 

I1CXO)],Horo MaTepl1aJJa. 3Ha5l "3TO, WaHhrl1Ha )],.B. Ha npOT5I)l(eHI1M BceH pa60ThI 

npOCJ1e)l(MBaJ1a 11 KOHTPOJ1l1poBaJJa KaK npou:ecc BhIllJ1aBKI1 CJ1I1TKOB Ha CTa)],I111 

no)],rOTOBKI1 III11XThI, Henocpe)],cTBeHHoro nJ1aBJ1eHM5I 11 KOHTPOJ1SI nOJ1yyeHHOrO 

CJ1I1TKa Ha npe)],MeT OTCYTCTBM5I nop M paKOBI1H, TaK 11 npou:ecc nOCJ1e)],YlOIlJ,eH 

rOpSIyeH KOBKI1 npl1 nOJ1yyeHI1I1 npyTKa 6e3 BM)],I1MhIX )]'ecpeKToB, a TaK)l(e 

oCYIlJ,eCTBJ1SIJ1a KOHTPOJ1h u:eJ10CTHOCTI1 06pa3UOB nOCJ1e Jill)],. 

B pe3YJ1hTaTe MCCJ1e)],oBaHI1H WaHhrl1HOH )],.B. 6hIJ1M YCTaHOBJ1eHhI 

3aKoHoMepHocTM BJ1M5IHI1SI KB)], Ha TepMl1yecKYlO cTa611J1bHOCTh, MI1KpOTBep)],ocTh 



I1 3JIeKTpOnpOBOAHOCTb CnJIaBOB B 3aBl1Cl1MOCTl1 OT JIerl1pOBaHI151 I1 

nOCJIeAYIOw.erO CTapeHI151, KOTOpble nOKa3aJIl1 YJIyqWeHl1e 3Tl1X XapaKTepl1CTI1K B 

P5lAY Cu-Cr, Cu-Zr, Cu-Hf, Cu-Cr-Zr, Cu-Cr-Hf. £bIJIH TaKlKe YCTaHOBJIeHbI 

3aKoHoMepHOCTl1 BJII151HH5I PKYTI Ha CTPYKTYPY, MeXaHWIeCKl1e CBoMcTBa H 

3JIeKTpOnpoBoAHOCTb CnJIaBOB Cu-Cr, JIerHpOBaHHblx racpHHeM, I1 6bIJIO nOKa3aHO, 

qTO JIerl1pOBaHl1e npl1BOAHT K 3HaqHTeJIbHoMY YMeHbweHHIO pa3Mepa 3epeH H 

cy63epeH I1 YBeJIHQeHl110 npOQHOCTHbIX xapaKTepHCTI1K B P5lAY Cu-Cr, Cu-Hf, Cu

Cr-Hf. 

DOJIbwoe BHHMaHHe 6bIJIO YAeJIeHO WaHbrHHoM ,lJ..B. 3KCnJIyaTa!;-l:l10HHbIM 

cBoi1cTBaM I1CCJIeAOBaHHbIX XPOMOUHpKOHl1eBbIX H xpoMora<pHHeBblx 6POH3, a 

I1MeHHO, H3HOCOCTOMKOCTH, YCTaJIOCTHOH npOQHOCTH, CTOMKOCTH 3JIeKTpOAoB 

KOHTaKTHoH CBapKI1 B XOAe MOAeJIbHbIX HCnbITaHHM. Bce 3TH HCnbITaHH5I 6bIJIH 

npoBeAeHbI ,lJ.HCCepTaHTOM, H 6bIJIO YCTaHOBJIeHO YBeJIHQeHHe H3HOCOCTOMKOCTI1, 

YCTaJIOCTHOH ,lJ.OJIrOBeQHOCTI1 H CTOMKOCTI1 3JIeKTpO,lJ.OB HCCJIe,lJ.OBaHHbIX 

YJIbTpaMeJIK03epHl1CTbIX 6POH3 no cpaBHeHHIO C HX KpynHoKpHCTaJIJIHTHbIM 

COCT05lHHeM. 

Bce OCHOBHble pe3YJIbTaTbI pa60TbI WaHbrHHOM ,lJ..B. 6bIJIl1 ony6JIl1KOBaHbI 

B OTeQeCTBeHHbIX )l(ypHaJIaX, peKOMeH,lJ.OBaHHblx BAK, I1 3apy6e)l(HbIX 113,lJ.aHI151X I1 

npe,lJ.CTaBJIeHbI Ha Me)l(,lJ.YHapOAHbIX I1 POCCI1HCKHX KOH<pepeHUH5IX. 

llpH BbITIOJIHeHI1H ,lJ.HCCepTaUHOHHoM pa60TbI WaHbrHHa ,lJ..B. np05lBl1JIa 

ce651 KaK KBaJIl1<pHUl1pOBaHHbIM CneUHaJIHCT, YMelOw.HH rpaMoTHO nO,lJ.OHTH K 

nOCTaHOBKe 3KCnepl1MeHTaJIbHbIX I1CCJIe,lJ.OBaHHM, YMelOw.HH pa60TaTb 

11I1TepaTypHbIMI1 I1CTOQHHKaMH H cnoc06HbIM HaYQHO 060CHoBaHHo 

aHalll13l1pOBaTb nOJIYQeHHble pe3YJIbTaTbI I1CClle,lJ.OBaHI1M. WaHbrHHa ,lJ..B. 

OCB0I111a Bce MeTO,lJ.bI HCClle,lJ.OBaH1151, KOTopble He06xo,lJ.I1MbI B npouecce 

npOBe,lJ.eHI151 pa60Thl, I1 Bce 3KcnepHMeHTaJIbHble pa60TbI npOBO,lJ.HJIa 

caMOCT05lTellbHO. 

BbITIOllHeHHa51 ,lJ.HCCepTaUHOHHa51 pa60Ta WaHbrHHoH ,lJ..B. HMeeT BbICOKYIO 

HaYQHYIO I1 npaKTHQeCKYIO 3HaQHMOCTb H OTBeQaeT Tpe60BaHI151M BAK P<l> K 

KaHAI1AaTCKHM ,lJ.HCCepTaUH5IM, a ee aBTOp, WaHbrl1Ha ,lJ..B., 3aCJIY)I(HBaeT 

C 

http:MeTO,lJ.bI
http:YMelOw.HH
http:YMelOw.HH
http:3JIeKTpO,lJ.OB


'. 

npHcy~~eHHH eM yqeHOM CTerreHH KaH~H~aTa TeXHHqeCKHX HayK rro 

CrreUHaJIbHOCTH 05.16.01 - MeTaJIJIOBe~eHHe H TepMHqeCKaH 06pa60TKa MeTaJIJIOB 

H CrrJIaBOB. 

HayqHbIM KOHCYJIbTaHT, 


Be~ylil,HH HayqHbIM COTpy~HIifK, 


KaH~.T.H. bOqBap H.P. 


T10~rrIifCb bOqBap H.P. y~ocToBepH 


H aqaJIbHIifK OT~eJIa Ka~poB KOpOqKIifHa r.A. 
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