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pe<ilepaT 

«YJ1bTP3MHKpOCKOnH'IeCKHii 3H3J1H3 H3HOCTPYKryPhi nepCneKTHBHhlX 

)],HCnepcHo-ynpo'lHeHHhlX OKCH)],3MH CT3J1eii» 

f-(HcnepcHo-ynpOYHeHHble OKCH)laMH (f-(YO) CTarm (ODS dispersion "'..."'''',u steels) 

pa3pa6aTbIBaIOTC5I )lJIJI KOHcerm/KlmC)H nepBOH CTeHKH 6Y)lymHx 

TOnJlHBHbIX 3JIeMeHTOB B Ha 6blCTPbIX HeHTpoHax H )lJl5I 

B peaKTopHblX YCTaHoBKax IV nOKOJIeHH5I. MaTepHalbI 3Toro KJlacca 

TeMnepaTypbl )l0 700°C, H o:>I<H)laeTC5I HX YCTOHYHBOCTb K Pa)lHallHOHHOMY 

)l0 )l03 200 CHao MeXaHHyeCKHe f-(YO CTaJIeH cymecTBeHHO 3aBHC5IT OT 

xapaKTepHCTHK pa3Mepa H npOCTpaHCTBeHHoro 

OKCH)lHblX BKJllOyeHlIH. pa.:'tMe;pHbIe OKCH)lHble BKJ1IOyeHH5I 5IB,l51lOTC.H TOYKaMH 

H B TpaHCTMYTallH.HX npH 

HeHTpOHOB, H pa)lHallHOHHbIX 

B pa60Te HaHOCTpYKTypa f-(YO CTaJIeH, JlempOBaHHblX Pa3.1HYHbIMH 3JleMeHTaMIf, 

HCCJle)lOBaHa MeTO)laMH npOCBeYHBalOmeH 3JleKTpOHHOH MHKpOCKonIfH (fl3M) H 

roa(DHH (A3T). CTaJIeH, B paMKax 

HallIfOHaJIbHblX H/HJ1H HCCJle)lOBaTeJ1bCKHX B fepMaHHH, ~noHHH,Pecny6JlHKe 

ODS 10% xpoMa, ODS H KP-

CTaJIH (1 15 %). ~noHcKIfe CTaJIIf KP (1, 2 H 3) TaK)I(e '"'V""""'IJ'''''''' AI. 

HTTPH.H BO Bcex CTaJISl:X B )lHana30He 0.1 17 aT.%, B TO KaK CO)lep)f<aHHe 

KHCJlOpO)la npe)lCTaBJleHO B )lOCTaTOYHO nmpOKOM lU1ana30He OT 0.12 ltO 0.63 aT. 

MHKpOCKOnHyeCKHH aHaJIH3 BbffiBHJl 3HaYHTeJlbHOe l{HCJIO HaHopa3MepHbiX OKCH)lHblX If 

Cpe)lHHH pa3Mep OKCIf)lOB OT 3 )l0 8 HM, 06beMHasI ILlOTHOCTb COCTaB_1Sl:_1a 

)l0 13 x 1 K.1acTepoB 6.1H3KH K pa3MepaM OKCH)lOB, HO HX nJ10THOCTb 

3 3
H3MemmaCb OT 2 x 1 M- )l0 M- . PaCyeT ynpOYHeHHSl: HCCJle)lyeMbix f-(YO CTaJIeH 3a CyeT 

pa111HYHblX THnOB 6apbepoB nOKa3aJI, 1.JTO OKCIfltHbIe BKJ1I01.JeHH.H )lalOT HaIf6011bllIl1M: BKlla)l, H TOllbKO 

B CllYYasIX Austenitic ODS H 1 ODS BKJla)l OT 6bLl conOCTaBlIM C BKlla)lOM OT OKCH)lOB. 

BllHSl:HHe HOHaMH )KeJle3a H THTaHa B )lHana30He )l03 )10 CHa npH 

OT KOMHaTHoH )l0 500° C. H3MeHeHH.H 

MeTO)laMIf MHKpocKonHH H aToMHO-30H)lOBOH 

Pa3MepbI OKCH)lHbIX BKJ1IOyeHHH nO)l npaKTHyeCKH He H3MeHSl:llHCb, HO 

Ha6mo)laJIOCb YMeHbllIeHHe HX nllOTHOCTH B CTaJISl:X 10Cr ODS H ODS, B TO 

KaK B ODS 06beMHaSl: nJlOTHOCTb OKCH)lOB He H3MeHHJlaCb npIf )l0 30 CHao B 

lIellOM HCCJle)lOBaHHbIX f-(YO CTaJIeH OT npH )l0 30 CHa npH 

TeMnepaType 350°C H3MeH5IllOCb He3HaYHTeJlbHO, 'ITO Ha IfX pa)lHa[(HOHHYlO CTOHKOCTb H 

HH3KYIO CKJlOHHOCTb K ynpOYHeHl110 H oxpynYHBaHHlO. 

f-(YO CTaJIH Eurofer HODS 13.5Cr-0.3Ti 6bIJlH HOHaMH Au C 945 M3B H 

HOHaMH C 167 KOMHaTHoH TeMnepaType. 'Y!3MeHCHIfSl: MHKpOCTpyKTYPbI, 

BbI3BaHHbIe 06JlyYeHHeM, 6bIJlIf npOaHaJIIf3HpOBaHb! B MaKCHMaJIbHbIX 

3HepmH H 30 K3B / HM COOTBeTCTBeHHO. B )lOJlIf 

MeJlKHX OKCH)lHblX BKJ1IOyeHHH HM). B CTaJIIf HOHaMIf H Au npHBeJlO 

http:TpaHCTMYTallH.HX


C 

K 06pa30BaHIUO aMOPtPHhIX TpeKOB BO BKJl104emUIX OKCH,Ll.a HTTPH51. nQ',u,pn/.... , 60J1ee 8 HM C 

,Ll.HaMerpOM TpeKoB 2 HM H HM COOTBeTCTBeHHO. 

OCHOBHblC pe3YJlbTaTbi pafioTbI. 

B HaCT05IweH MeTO,Ll.aMH nDOCBet1HI~ak)llJeH MHKpOCKonHH H 

TOMorpatPHH BnepBhle KOMnJ1eKCHble HCCJ1e)lOBaHH5I HCXO)lHOrO COCT05IHHH .D:YO 

pa3HbIMH CHCTeMaMH C HCn0J1h30BaHHeM TaKHX ::meMeHTOB KaK AI, H V. 

rIOMHMO :noro, BneOBble 3KcnepHMeHTbI no .D:YO HOHaMH BU,""",,","UI 

)lHana30He)lO 30 CHa npH n<ypur",v OT KOMHaTHOH )l0 DC, a TaK)Ke HOHaMH C :mepfHeH 

M3B H HOHaMH Xe C npH KOMHaTHOH TeMnepaType C nOCJ1e)lYIOWHM 

aHMH30M H3MeHeHHH CrpYKTYPHO-tPa30BOrO COCT05IHHH. CJ1e)lYIOWHe OCHOBHble 

pe3YJ1bTaTbI: 

1. 	 MeTo)lOM TOMorpatPHH BnepBble nOKa3aHO, 4TO B tPOpMHpoBaHHH 

HrpaeT 60J1blll)® POJ1h, 4eM V H AI. 

Ha npHMepe .D:YO H)leHTH4HYIO npOue)lypy TepMo06pa6oTKH BnepBble 

6b!J10 nOKa3aHO, 4TO HMH4He Ti H aT.% B "",'TAr,U., 

pa3Mepa OKCH,Ll.HhIX 4aCTHU C 9 HM )l0 3 HM, a KJ1aCTepOB C 9 HM )l0 4 HM, H 

O)lHOBpeMeHHOMY YBeJ1H4eHHIO o6beMHoH nJ10THOCTH C ,Ll.0 ,Ll.J1H H 

OKCH)lHhIX 4aCTHU. 

BbUl:B.leH pH,Ll. KOppeJ151.UHH Me)K,Ll.y HCXO,Ll.HhTM COCTaBOM MaTepHMa H o6oraweHHeM 

DhIJ10 nOKa3aHO, 4TO B CTM5IX, B B Ka4eCTBe 

HCn0J1h30BMCH H V o60raweHHe no Cr, TOr)la KaK B CTMHX C Ha6J1IO,Ll.aeTCH 

06e,Ll.HeHHe no KpoMe TOro, Cpe)lH tPePPHTHo-MapTeHcHTHbIX .D:YO C BaphHpoBaHHeM 

"""no,,,, 060raweHHSI B 

no Mepe YBeJ1H4eHHH ero CO)lep)KaHHH B HCXO,Ll.HOM MaTepHMe. 

4. rIoKa3aHO, '-ITO ynp04eHHe CTalJeH ocyweCTBJ1HeTCSI B 6001bllleH CTeneHH 3a C4eT 

OKCH,Ll.HhIX 4aCTHU, 4eM 3a C4eT HaHOKJ1aCTepOB • .D:;15I CTalJeH C HaH6oJ1bllIeH nJl0THOCThlO OKCH)lHbIX 

4aCTHU, Ha6mo)laJOTCH 60J1ee BbICOKHe 3Ha4eHHH ynp04HeHHSI, no C ,Ll.pyfHMH CTalJHMH. 

5. rIpOCJIe)KeHa TeH)leHUHH K pa3ynp04HeHHIO cTMeH nOCJ1e 06J1Y4eHH5I HOHaMH )KeJ1e3a 

npH CB51.3aHHaH C pacTBopeHHeM OKCH,Ll.HbIX '-laCTHU B nDOil'eC(~e 06J1Y4eHHH H 

He3Ha4HTeJ1hHbIM HX Cpe,Ll.HerO 

H3MeHeHHe H 06beMHoH n.l0THOCTH OKCH)lOB HTTPHH B CTM5IX ODS 

Eurofer H 13,5Cr-(O-0,3)Ti no,Ll. UV,J,u.",'1..., (101 HOHOB 

Fe H Ti)lo )l03 ~ 1 - 8 CHa npH paCTBOpeHHe 

KpynHhIx OKCH,Ll.HhlX ,Ll.OJ1H MeolKHX 5 HM) OKCH,Ll.OB. 

TeMnepaTypbI OT tHl""'UAU )l0 300, 500 K cTa6HJ1H3aUHH 

06beMHOH nJ10THOCTH H OKCH)lHbIX BKJ1104eHHH B .D:YO CTMHX. 

7. tPOpMHpoBaHHe aMoPtPHhIX TpeKoB B (> 8 OKCH)lHbIX BK.lI04eHHHX 

CTalJH Eurofer nOC.le HOHaMH 167 M3B Xe H 945 M3B Au,Ll.o tPJ1lOeHCOB 1x 10 17 

1xlO18 M-2 H 1xlO15 ,5 x 10
16 

COOTBeTCTBeHHO. OKCH,Ll.Hbte BKJ1lOyeHHSI B CTMH ODS 1 

0,3Ti YCTOHYHBbI K aMoptPH3aUHH. B MHKpocTpyKType ODS HODS 1 

http:OKCH,Ll.OB


nOCJIe 06JIYQeHH51 Ha6mOLlaeTC51 YBeJIHQeHHe 06'heMHOH nJIOTHOCTH H YMeHhllleHHe CpeLlHerO pa3Mepa 

OKCHLlHhIX BKJIlOQeHHH. 
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