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Y'ICHblH ceKpeTapb 

.!IHCCepTaUHOHHOro COBeTa 

JI, 720.001.06 K.cjl .-M .H. ~ A . r . none11KO 

Oli~MI XAPAKTEPHCTHKA PAl>OTbl 

AITTyaJJbHOCTb TeMi.1 

P a3p a6oTKH n ep c n eKTHB H1>1x si.uepHbl X H Tep Mosi.uepHblX p eaKTopH1>1x 

ycTaHOBOK .!IHKTYIOT HOBble Tp e6oBaHHll K KOHCTPYKUHOHHbl M MaTepHaJJaM . 

H c n oJJbJYIOWHecsi Ha ce r o.11HS1WHH H .11e 11b CTaJJ H Bbl.Uep lKHBalOT n oepeJK.11a1o mHe 

.11031>1 80-90 c Ha npH p a6o'IHX TeM n ep aTyp ax .110 500-550 °C. Jl,Jlll o6ecn e 'le HHll 

Tp e6yeMoro p ecyp ca 3KCn 11yaTaUHH H n OBblWe HHll 3KOHOM H'leCKOH ::icjlcjleKTHBHOCTH 

( Ha npHMCp , n OBbl WeHHll Bbi rop aHHSI TOn JJHBa B ll.!ICpHblX p eaKTOp ax .110 18-20% 

TlllKeJlb!X aTOMOB), KOHCTPYKUHOHH bl e MaTepHaJlbl aKTHBHOH 30Hbl .!IOJllKHbl 

o6ecn e 'IHBaTb p a6orncnoco6 HocT b npH TCM n ep aTyp ax .110 700 °C H n oep elK.llaIOW HX 

.umax .110 - 200 c Ha . 

0.UHHM HJ Ha npaBJJeHHH COJ.UaHHll MaTepHaJJOB, o6ecn e'IH BalOWHX onHca HH ble 

BblW e Tp e6oeaHHSI, llBJl ll lOTCll .!1HCn ep c 1rn- y npo 'IHCHHble OKCH.UaM H ( JI.Y O ) 

cjleppHTHO- MapTeHCHTHb1e CTaJJH. CTaJJH 3Toro KJJacca n oMHMO Bbl COKOH 

p a.uHa UHOHHOH CTOHKOCTH K p acn yxaHHIO, CBOHCTBCHHOH cjleppHTHO-MapTeHCHTHblM 

CTaJJllM, 0611a.ua10T BblCOKOH lKap o npO'IHOCTblO Ja C'leT npHCYTCTBHll B MaTp Hu e 

MaTepHana TepM H'leCKH CTa6HJlbHbl X OKCH.1108. l13BeCTHO, '!TO Ha HJIY'IWHC 

MexaHH'leCKHe xap a KTepHCTHKH n OKaJbIBalOT CTaJJH, B KOTOp blX .!IHCn ep CHble 

BKJllO'le l-IHSI HMelOT Ha HMeHbWHH p a3Mep H p aBHOMepHO p acnpe.11e11eHbl B MaTpHue 

MaTepHaJJa. 8 HaCTOllUlCe Bp CMll npOBO.!IHTCll J Ha'I HTeJlbH OC 'IHCJIO p a60T .!IJ!ll 

.!IOCTHlKeHHll Ha HJJY 'IWHX xapaKTepHCTHK, .!IJ!ll 'lero n o.116Hpa10TCll KaK 11ernpy10mHe 

.110 6aBKH, TaK H ycJJOBHll MexaHH'leCKOro 11ernpoBaHHS1. JI.m i KOHTp O!lll n ony'le HHOH 

Ha HOCTPYKTYPbl JI.YO CTaJICH npHMeH.lleTCll KOMn JJeKC MCTO.UHK, c p e.UH KOTOp blX 

Ha H60JJbWee 3Ha'le HHe HMelOT npoc ee '!HBa1o m aS1 3JleKTp OHHall MHKpOCKOnHll H 

aTOMH0 -30H.110Ball TOMorpacj>Hll . JJ,py rttM BalKHbl M H aKTyaJJbHblM Bo npocoM llBJllleTCll 

aHaJJ H3 p a.uHaUHOHHOH CTOHKOCTH MaTepHaJIOB TaKoro KJJacca, n OCKOJlbKY HX 

nOBblWCHHbl e CBOHCTBa B J Ha 'IHTeJJbHOH CTCn CHH JaBHCllT OT CTa6HJJbHOCTH 

BHe.up eHHblX B MaTpHUY .!IHCn epCHblX BKJllO'le HHH, llBJl.ll lOUlHXCll TO'!KaM H nHHHHHra 

.!IJ!ll .UHCJIOKaUHH H CTOKaM H .!IJ! ll TO'le 'IHbl X .uecjleKTOB. 0611y'!eHHe MOlKeT npHBO.!IHTb 
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K Cyll.\eCTBeHHOH nepecTpOHKe HaHOCTPYKTYPbl )],YO cnlJleH (Hanp11Mep, 

113MeHeH11IO pa3Mep08 11 Xl1Ml1'1eCKOro COCTa8a ynp0'1Hlll0ll.\11X 'laCT11U), 11 8 

pe3yJibTaTe - cyll.leCTBeHHOH pa,u1-rnu110HHoi1 nerpa.ua111111. TaK, MexaH11'1eCK11e 

11cnbITaHIDI o6pa31108 n11cnepcHo-ynpO'IHeHHblX OKCHnaM11 CTaJieH, o6Jiy'leHHblX 

HeHTpOHaMl1 npH HH3KHX TeMnepaTypax (< 400 °C), 06Hapyi1rn8a10T Cyll.\eCT8eHHOe 

oxpyn'l118am1e, KOTopoe 8blpalKaeTCll y8eJil1'1eH11eM npO'IHOCTH, CHl1lKeH11eM 

3Heprn11 Ha 8ll3Koe pa3pyweH11e 11 cn811re TeMnepaTypbI 8ll3Ko-xpynKoro nepexona. 

flp11 3TOM Ha116onee 11HTeHC118HO Hl13KOTeMnepaTypHoe oxpyn'l118aH11e npo11cxon11T 

np11 Hl13Kl1X n03ax (< 10 CHa) . OnHaKO, MexaHl13Mbl 11 npo11ecCbl, npoTeKalOll.\11e Ha 

aTOMHblX MacwTa6ax 8 )],YO CTaJillX non 06Jiy'leH11eM, 11 11X 8Jll1llHl1e Ha 113MeHeH11e 

MaKpOCKOnl1'1eCKl1X C80HCT8 MaTep11an08 (8 'laCTHOCTl1 Ha Hl13KOTeMnepaTypHOe 

Hl13Kono3HOe oxpyn'll18aH11e) no KOH11a He 113y'leHbl. 

)],Jill aTTeCTa111111 MaTep11ano8 Heo6xon11MO npo8eneH11e o6Jiy'leHl1ll, 8 

ycno8IDIX 6JI113K11x K peanbHbIM ycJI0811llM 3KcnnyaTa111111. B 3KcnnyaT11pyeMbIX 

peaKTOpHblX ycrnH080K 3TO MOlKHO peaJil1308aTb nocTaTO'IHO TO'IHO, onHaKO TaK11e 

3KCnep11MeHTbl 8eCbMa 3aTpaTHbl , 'ITO C8ll3aHO c nn11TeJibHOCTblO 06Jiy'leH11ll, 11 

CJIOlKHOCTblO np11 nanbHei1weM 11ccneno8aH1111 o6Jiy'leHHblX o6pa31108 c Ha8eneHHOH 

aKTl18HOCTblO. 

Ha116onee 6b1CTpbIM cnoco6oM co3naH11ll pa,u11a11110HHbIX no8pelKneH11i1 

ll8JllllOTCll ny'IKl1 TlllKeJiblX HOH08. 0Hl1 80Cnp011380nllT KaCK3,llHOe polK.lleH11e 

necjieKT08, KOTOpoe TaKlKe ll8JllleTCll OCH08HblM 11CTO'IHl1KOM reHepau1111 necjieKT08 

np11 npoXOlK.lleHl111 6bICTpblX Hei1TpOH08 '1epe3 MaTep11aJI . BalKHO OTMeTl1Tb, 'ITO np11 

o6Jiy'leHl111 MaTep11ano8 TlllKeJlblMl1 110HaMl1 06pa308aH11e pa,u11a11110HHblX necjJeKT08 

npo11cxon11T HeonHoponHo, no3TOMY 8 11Ml1TaU110HHblX 3KCnep11Me1ITax o6Jiy'talOTCll 

o6pa311bl nJill Ml1KpOCKon11'1eCKl1X 11ccneno8aH11H (npOC8C'll18aJOUlei-'i ) JICKTpOllllOH 

Ml1KpOCKOn1111 11 aTOMH0-30Hn080H TOMOrpacjm11). I la OCll08C n a1111i,1x 06 

113MeHeHl1llX M11KpOCTPYKTYPbl, nony'leHHblX 8 11M11TaUHOllllblX )KC11CpHMe~ITax, 

nenaeTCll nporno3 113MeHeHIDI MaKpOCK011H'leCKl1X C80HCT8. 

Bee 8b1weyKaJaHHoe onpeneJilleT aKTyaJibHOCTb npencrn8neHHOH pa6oTbI 11 

om1caHHbIX 8 HeH 11ccneno8aHl1H. 
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UeJibl-0 411ccepTa1.1110HHOH pa6oTbl Ll,eJiblO naHHOH pa6oTbI ll8JillJIOCb 

8blll8JleH11e npouecC08 11 MeXaHH3M08 380Jll011Hl1 HaHOMacwTa6Horo COCTOllHIDl 

n11cnepcHo-ynpO'IHeHHblX OKc11naMH CTaJieH c pa3JIH'IHblM11 Cl1CTeMaM11 

nernpo8aHHll non 803nei1CTBHeM o6Jiy'leHHll TlllKeJiblM11 110HaMH. 

)],irn peweH11ll nocTa8JieHHOi1 uen11 peweHbl cneny10ll.l11e 3a,ua'111: 

• Pa3pa6oTaHa MeTon11Ka 06ny'leH11ll 06pa3U08-11rn TlllKeJibIM11 110HaM11 11 11x 

nocneny!Oll.\HX 11ccneno8aHHH MeTonoM TOMorpacji11'1eCKOH aTOMH0-30Hn080H 

M11KpOCKOnl111. 

• flpo8eneHbl 11ccneno8aHHll 11cxonHoro COCTOllHl1ll n11cnepcHo-ynpO'IHeHHblX 

OKc11naM11 CTanei1 ODS Eurofer 11 8bICOKoxpoM11CTbIX cTanei1 13,5%Cr- ODS c 

pa3Jil1'1HblM coneplKaH11eM THTaHa (0---0,3 Mac.%). 

• Tipo8eneHbl aTOMH0-30Hn08ble 11CCJieno8aHHll 113MeHeHl1H HaHOMaCWTa6Horo 

cocTOllH11ll n11cnepcHo-ynpo'IHeHHOH 0Kc11naM11 crnn11 ODS Eurofer non 

803nei1CT8HeM 110H08 Fe c 3Heprnei1 75 K3Bhaplln nnll pa3Jil1'1HblX 

1108pelKnalOll.\11X no3 (8nJIOTb no 32 CHa) np11 KOMHaTHOH TeMnepaType. 

flpo8eneHO cpa8HeH11e noJiy'leHHblX pe3yJibTaT08, c naHHblMl1 Hei1TpOHHOro 

06ny'leH11ll crnn11 ODS Eurofer Ha peaKTope EOP-60 no no3bl 32 CHa. 

• Tipo8eneHbl HCCJieno8aHl1ll aTOMHOMacwTa6HbIX 113MeHeHl1H 8 CTaJil1 

ODS Eurofer 11 8bICOKOxpoM11CTbIX CTaJillX 13,5%Cr- ODS c pa3Jil1'1HbIM 

coneplKaH11eM THTaHa nocne 06ny'leH11ll 8bICOK03HepreTl1'1HblMH 

(IOI K3B/ HyKJIOH) 110HaM11 Fe 11 Ti no no3 1- 3 CHa np11 KOMHarnoi1 

TeMnepaType 11 np11 300 °C. 

Hay'IHaH HOBH3Ha pa6oTbI 

Bnep8bie 8 Pocc1111 pa3pa6oTaHa MeTon11Ka o6ny'leHHll 06pa3L108-11rn 

TlllKeJiblMl1 110HaMl1 11 11X 11ocneny10ll.\l1X 11ccneno8aHl1H MeTonoM TOMOrpacjJH'leCKOH 

aTOMH0-30Hn080H M11KpOCKOnl111. 

Tipo8eneHbl aTOMH0-30Hn08bie 11CCJieno8aHIDl H3MeHeHl1H HaHOMaCWTa6Horo 

COCTOllHl1ll n11cnepcHo-ynpO'IHeHHOH OKC11naM11 cTanH ODS Eurofer non 
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so3nei1crs11eM Hl13K03HepreTl14HbIX (75 K3B/3aplln) 110HOB Fe nnll pa3!ll14HbIX 

nospe)l(Jlal0lll11X no3 (BnJlOTb no 32 CHa) np11 KOMHaTHOH TeMnepaType. CToKaJaHO, 

4TO OCHOBHbie neTaJ111 113MeHeHl1ll HaHOCTPYKTYPbI np11 o6Jly4eHl111 TlllKeJlblMl1 

110HaMl1 HaxonllTCll B xopoweM cornac1111 c naHHbIMl1 HeHTpOHHOro 06Jly>-IeHl1ll Ha 

peaKrnpe EOP-60 no no3bI 32 cHa. 

CTposeneHbl 11CCJlenoBaHl1ll aTOMHOMaCWTa6HbIX 113MeHeHl1H B CTaJ111 

ODS Eurofer 11 BbICOKoxpoM11CTbIX CTailllX 13,5%Cr--ODS c pa3!ll14HbIM 

coneplKaHl1eM Tl1TaHa nocne o6ny4eHl1ll BbICOK03HepreTl14HbIMl1 (101 K3B/ HyKJlOH) 

110MaM11Fe11 Ti no no3 1- 3 CHa np11 KOMHaTHoi1TeMnepaType11 np11 300 °C. 

BbllIBJleHbl OCHOBHbie 3aKOHOMepHOCTl1 113MeHeHl1ll HaHOCTPYKTYPHOro 

COCTOllHIDI n11cnepcHo-ynpo4HeHHbIX OKc11naMl1 CTa!leH B yCJlOBl1llX 

Hl13KOTeMnepaTypHoro KacKanoo6paJy10U1ero o6ny4eH11ll. 

Hay4H3SI" npaKr11'fecKasi 3Ha'fl1MOCTb pa6oTbt 

Pa3pa6ornHHaJI MeTon11Ka o6ny4eHl1ll 06paJuos-11rn n11cnepcHo-ynp04HeHHbIX 

CTa!leH, nepcneKTl1BHbIX KOHCTPYKU110HHbIX MaTep11anos llnepHoi1 11 TepMollnepBoi1 

TeXHl1Kl1, 11 11X nocnenyl0llll1X 11ccnenosaH11H MeTOnOM TOMOrpacjJ11'feCKOH 3TOMH0-

30Hnosoi1 M11KpocKon1111 no3BO!llleT nony4aTb 11Hc)JopMau1110 o npoueccax, 

npo11cxonllllll1X s o6ny'feHHOM MaTep11ane 11 np11sonllllll1X K nerpanau1111 ero 

3KcnnyaTaU110HHblX CBOHCTB, nnll o60CHOBaHl1ll nocneny10ll1l1X peKOMeHnau11i1 nnll 

pa3pa60T411Ka MaTep11anoB. lilcnOJlb30BaH11e 11Ml1TaU110HHbIX 3KCnep11MeHTOB c 

11CnOJlb30BaHl1eM TlllKeJlOl10HHbIX ny4KOB no3BOJ111T yMeHbllil1Tb 411CJ10 11 06U1ee 

BpeMll ceaHCOB peaKTOpHOro o6ny4eHl1ll B 060CHOBaH11e 3KcnnyaTaU110HHOro 

pecypca HOBbIX pa3pa6aTbrnaeMblX MaTep11anos. 

CTposeneHHbie B naHHOH pa6oTe 11M11Tau110HHb1e 3Kcnep11MeHTb1 noKaJan11, 4TO 

np11 o6ny4eH1111 TlllKe!lbIMl1 110HaM11 Ha116onee cylllCCTBCHHbIC 113MCHCH11ll B 

HaHOCTPYKTYPHOM COCTOllHl111 11ccnenyeMblX )],YO CTaJleH (113MeHeH11e COCTaBa 

KJlaCTepOB, yseJ1114CHl1C l1X KOJ1114eCTBa) npo11cxonllT ylKe np11 n03ax nOpllnKa 

HeCKOJlbK11X CHa. 3To n03BOJllleT npenno!lOlKl1Tb, 'fTO Ha TeMn oxpyn411BaHl1ll )],YO 
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CTaJleH B 3Ha411TeJlbHOH CTenCHl1 BJ111lleT KaK yseJ1114eH11e KOJ1114eCTBa KJlaCTepoB, 

TaK 11 113MeHeH11e l1X COCTaBa, 4TO 113MeHlleT npoxolKneH11e 4epe3 Hl1X n11rn0Kau11i1. 

CTo!ly4eHHble B pa6oTe pe3y!lbTaTbl no 113MeHeHl1!0 HaHOCTpyKTypHoro 

COCTOllHl1ll JJ,YO CTa!leH non 06Jly'feH11eM TlllKeJlblMl1 110HaMl1 npencraBJllllOT 

11HTepec nnll pa3pa60T411KOB HOBblX peaKTOpHblX MaTep11aJlOB llnepHOH 11 

TepMollnepHOH TeXHl1Kl1, a TaKlKe nnll 11ccnenosaTeJleH, 3aH11Ma10ll1l1XCll 113y4eH11eM 

npo6JleM B3al1Monei1CTBl1ll o6Jly4eH11ll c TBepnbIM TeJlOM. Pe3y!lbTaTbl MOlKHO 

np11MeHllTb B AO BHI1l1HM 11M. A.A. £04sapa, !1HCT11TyTe c)J11311K11 MeTa!l!lOB 11M. 

M .H. M11xeesa YPO PAH, <l>AHO PAH 11 np. 

Hay4Hble 11 npaKT114eCK11e pe3y!lbTaTbl n11ccepTau1111 11cnOJlb3YIOTCll np11 

nonroTOBKe BbmycKHbIX Ksan11c)J11Kau110HMb1x pa6oT cryneHTOB Hau110Ha!lbHOro 

11ccnenosaTeJlbCKOro llnepHoro yH11Bepc11TeTa «Ml1<l>l1». 

OcHOBHbie noJJomeH11S1, BbIHOCHMbie Ha JautHTY 

• MeTon11Ka o6ny4eHl1ll 06pa3uos-11rn n11cnepcHo-ynpo4HeHHbIX 0Kc11naM11 

CTa!leH TlllKeJlblMl1 110HaMl1 11 l1X nocneny10llll1X 11ccnenosaHl1H MeTonoM 

TOMOrpa~Jl14eCKOH aTOMH0-30HnOBOH M11KpOCKOnl111. 

• Pe3y!lbTaTbl 11ccnenosaH11i1 11cxonHoro cocTOllHl1ll n11cnepcHo-ynpo4HeHHbIX 

OKc11naM11 cTanei1 ODS Eurofer 11 BbICOKoxpoM11CTblX CTanei1 I 3,5%Cr- ODS c 

pa3!ll14HblM coneplKam1eM Tl1TaHa (0--0,3 Mac.%) MeTonoM TOMOrpac)J114eCKOH 

aTOMH0-30HnOBOH M11KpOCKOn1111. 

• Pe3y!lbTaTbI aTOMH0-30Hnosb1x 11ccnenosaH11i1 113MeHeH11i1 HaHoMacwTa6Horo 

coCTOllHl1ll n11cnepcHo-ynpo4HeHHOH 0Kc11naM11 crnn11 ODS Eurofer non 

s03nei1cTs11eM 110HoB Fe c 3Heprnei1 75 K3813aplln nnll pa3ill14HbIX 

nospe)l(Jla!Ollll1X no3 (Bn!lOTb no 32 CHa) np11 KOMHaTHOH TeMnepaType. 

• Pe3y!lbTaTbl 11ccnenosaH11i1 HaHoMacwTa6HblX 113MeHeH11H B cTan11 

ODS Eurofer 11 BblCOKOxpoM11CTbIX CTa!lllX 13 ,5%Cr- ODS c pa3ill14HbIM 

coneplKaH11eM Tl1TaHa nocne o6ny4eH11ll BblCOK03HepreTl14HblMl1 

(IOI K3B/HyK!lOH) 110HaM11 Fe 11 Ti no no3 1- 3 CHa np11 KOMHaTHOH 

TeMnepaType 11 np11 300 ° C. 
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• npoueCCbl 11 MeXaHl13Mbl 113MeHeH11H HaHOCTpyKTypHOro COCTOJIHl1JI CTalleH 

ODS Eurofer 11 BbICOKoxpoM11CTb1x CTanei1 13,5%Cr- ODS c pa31111'1HblM 

conep)f(aHl1eM Tl1TaHa nOCJle Hl13KOTeMnepaTypHOro ('.S 300 °C) 0611y'-!eHl1JI 

TJllKellblMl1 110HaMl1. 

Jll1'-IHblH BKJl311 3BTOpa 

np11roTOBJleH11e o6pa3uOB nllJI TOMOrpacjl11'1eCKOH aTOMH0-30HnOBOH 

M11KpOCKOn1111 11 nonroTOBKa 3KCnep11MeHTallbHblX c6opoK n11J1 0611y'leH11J1 Ha 

ycKop11Te11e; Mone1111poBaH11e B3al1MoneHCTBl1JI ny'-!Ka 110!-lOB c 113y•-iaeMblMl1 

06paJuaM11, np11 n0Mom11 nporpaMM SRIM; 11cc11eno0aH11e o6pa3uOB Ha 

npoCBe'-!11Ba10meM 311eKTpOHHOM M11KpocKone no 11 noc11e 0611)"-leH11J1 ; npo0eneH11e 

11cc11enoBaH11H 0611y'-!eHHblX o6pa3uOB Ha onT11'1eCKOM TOMOrpacjl11'1eCKOM aTOMHOM 

30Hne (vlT3<1>); o6pa6oTKa 11 aHan113 nony'leHHblX pe3yllbTaTOB. 

CTpyKTypa " o6beM 1111ccepTau1111 

,ll,11ccepTau11J1 COCTOl1T 113 BBeneH11J1, 4 rnaB, 3aKJllO'leHl1JI 11 cn11cKa 

1111TCpaTypb!. ,LJ,11cccpTau11J1 ° l13Jl0)f(CHa Ha 119 CTpaH11uax MaWl1HOnl1CHOro TeKCTa, 

conep)f(11T 63 p11cyHKa, 23 rn61111ub1. 

Anpo6au11H pa60Tb1 

OcHOBHb1e pe3y11bTaTb1 pa60Tb1 n0Klla,Ub1Ban11cb 11 06cy)f(na1111cb Ha 

c11eny10llll1X Me)f(JlyHaponHblX 11 o6mepOCCl1HCKl1X KOHcjlepeHL{l1JIX, ceM11Hapax 11 

WKOJlax: 

BcepoCCl1HCKaJI Ha)"-IHaJI WKOJla n11J1 M011onelKl1 «PeaKTOpbl Ha 6blCTpblX 

Hei1TpoHax» (06H11HCK, Pocc11J1, 26- 30 OKTJ16pJ1 2009) ; VII, VIII , IX Kyp'-!aTOBCKaJI 

MOJ10nelKHaJ1 Hay'IHaJI wK011a (MocKBa, Pocc11J1, 2009, 20 I 0, 2011 ); Hay'-!HaJI cecc11J1 

H1151Y MI1<1>I1 (MocKBa, Pocc11J1, 2010, 2011 , 2012, 2013); 0Tpac11e0oi1 ceM11Hap 

«<1>11311Ka pa.u11au110HHblX no0pelKneH11H MaTep11anoB aTOMHOH TeXH11Kl1 )) (06Hl1HCK, 

Pocc11J1, 2010, 2011 , 2012, 2013, 2015, 2016); Bcepocc11i1cKaJ1 Hay'IHO-TexH11'-leCKaJ1 

KOHcjlepeHu11J1 «MaTep11a11b1 J1nepHoi1 TexH11K11» (Aroi1, Pocc11J1, 20 IO); 

VI Bcepocc11i1cKaJ1 Hay'IHO-TexH11'-!ecKaJ1 KoHc)lepeHu11J1 «<l>113114ecK11e CBOHCTBa 
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MeTanllOB 11 cnnaBOB» (EKaTep11H6ypr, Pocc11J1, 17- 19 OKTJ16pJ12011); «Second Joint 

Helmholtz-Rosatom School devoted to FAIR Accelerators and Scientific Program» 

and !TEP Winter School of Physics «Extreme State of Mattern (Bekasovo, Russia, 

19- 26 of February 2012); Junior Euromat (Lausanne, Switzerland, 23-27 July 2012); 

X Me)f(JlyHapon1-1&1i1 ypa11hCKl1H ceM11Hap «Pa.u11au110HHaJ1 cjl11311Ka Mern111100 11 

cn11a00B» (KblWTblM, Pocc11J1, 25 cjle0panJ1 - 3 Maprn 2013); XXIV, 

XXVI Me)f(JlyHaponHaJI KOHcjlepeHu11J1 «Pa.u11au110HHaJ1 cjl11311Ka rnepnoro Tena» 

(Ce0acTono11b, Pocc11J1, 2014, 20 I 6). 

ny6JJl1K3Ul1H 

MaTep11anb1 n11ccepTau1111 113JlO)f(eHbl B 34 ne'-!aTHblX pa6oTax, 113 H11x 9 cTaTbl1 

B Benym11x peueH311pyeMblX Hay'IHblX )f(ypHanax 11 113naHl1JIX, peKOMeHnoBaHHblX 

BblCWeH arreCTal.{110!-lHOH KOMl1CC11eH , 25 pa60Tbl B Tpynax 11 MaTep11anax 

KOHCpcpeHul1H . 

OCHOBHOE CO)J.EPJKAHME PAI>OTbl 

Bo sse11eHHH o6ocHoBaHa aKTya11&HOCTb TeMbl n11ccepTau1111, 

ccjlopMy1111poBaHa uellb, Hay'IHaJI HOBl13Ha 11 npaKT11'-leCKaJI ueHHOCTb pa60Tbl; 

np110eneHbl OCHOBHble no11olKeHl1JI, Bb!HOCl1Mble Ha 3am11Ty. 

B nepsoil rJJase npo0ene11 aHanl13 1111TepaTypHblX naHHblX o 01111J1H1111 

0611y'leH11J1 Ha CBOHCTBa n11cnepCHO-ynpO'IHCHHblX OKC11naM11 CTaJICH. noKaJaHO, '!TO 

,LJ,YO CTalll1 non 0611y'leH11eM xapaKTep113YeTCJI Hl13KOTeMnepaTypHblM (< 400 °C) 

oxpyn'l11BaHl1CM, KOTOpoe Bblp~aeTCJI B CHl1)f(eHl111 3Heprn11 BJl3KOro pa3pyweHl1JI 11 

cn011re TeMnepaTypbl BJl3Ko-xpynKoro nepexona, KOTOpal! np11 6011bw11x 

no0pe)f(Jla10m11x no3ax MOlKeT y0e1111'-!11BaTbCJ1 no TeMnepaTyp 3Kcn11yarnu1111 . 

C'l11TaeTCJ1, '!TO nono6HhlH 3cjlcpeKT B cjlepp11THO-MapTeHc11THblX cTanJIX nocne 

HCHTpOHHOro 0611y'leHl1JI 06yc110BJleH 06pa30BaH11eM Bb!COKOH flllOTHOCTl1 

n11c110Kau110HHblX ncrellb 11 npyrnx necjleKTOB, Hanp11Mep KJlaCTepoB BaKaHC11H. 

OnHaKo npo0eneHHb1e B nocnenHee 0peMJ1 11cc11eno0aH11J1 HaHOCTpyKTypb! 

9 
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c~epp11THO-MapTeHCl1THblX )],YO cnUJeH o6Hapy)f(l1Jl11 B 11cxonHOM COCTOSJHl111 

HaHOpa3MepHble KJJacTepbl , 06beMHaSJ nJJOTHOCTb KOTOpblX 3Ha'll1TeJlbHO 

npesocxon11T nJJOTHOCTb pan11au110HHO-l1H.llyu11poBaHHblX n11c110Kau110HHblX neTeJJb. 

non 06JJy'leH11eM np011CXOnl1T 113MeHeH11e Xl1M11'1eCKOro COCTaBa 11 yse1111'1e~111e 

KOJll1'1eCTBa HaHOpa3MepHbIX KJJacTepoB, '!TO TaK)f(e MOlKeT BJll1llTb Ha ns11lKeH11e 

n11c110Kau11w 11 np11son11Tb K oxpyn'l11BaH1110 )],YO CTaJJeH. B TOlKe BpeMSJ 

Heo6xon11MO OTMeTl1Tb, '!TO MexaHl13Mbl 11 npoueCCbl, npoTeKal01Ul1e Ha aTOMHblX 

Macwrn6ax B )],YO CTaJJSJX non 0611y'leH11eM, 11 11X BJll1SJHl1e Ha 113MeHeH11e 

MaKpOCKOn11'1eCKl1X CBOHCTB MaTep11anos no KOHUa He 113y'leHbl. 

Bo BTOpOH rJJaBe np11seneHbl csenemui 0 X11Ml1'1eCKOM COCTaBe 11 

M11KpocTpyKType 11cc11enosam1b1x B n11ccepTau1111 n11cnepcHo-ynpo'!HeHHbJX 

OKc11naM11 cTanew, 06opynosaH1111 n11SJ nposenemu1 11M11Tau110HHb1x 3Kcnep11MeHTOB 

11 OCHOBHblX MeTonax 11cc11enosaH11SJ HaHOMaCwTa6Horo COCTOSJH11ll MaTep11a110B. 

"1cc11enosaH11e BJll1SJHl1SJ TSJ)f(eJJOl10HHOro o6JJy'leHl1SJ Ha HaHOCTPYKTYPY 

nepcneKTl1BHb1x peaKTOpHblX MaTep11anos nposon 11JJOCb Ha o6pa3uax, 

113rOTOBJJeHHbJX 113 n11cnepcHo-ynpo'!HeHHbJX OKCl1.llaM11 CTanew. CTanb ODS Eurofer 

(9o/crCrWVTa) npo113seneHa Ha Planzee B paMKax EsponewcKow nporpaMMbJ 

c03naH11SJ nepcneKTl1BHblX TepMOSJnepHblX peaKTopoB 11 OTHOCl1TCSJ K KJJaccy 

Ma11oaKT11s11pyeMb1x ¢epp11THO-MapTeHCl1THbJX cTanew . CTan11 13,5%-Cr ODS, c 

pa3!111'1HbIM conep)f(aH11eM rnrnHa (O; 0 ,2; 0 ,3 ; 0 ,4 Mac.%), npencrnBJJSJIOT co6ow 

MoneJJbHbie BblCOKOXpOMl1CTble )],YO cnnaBbl, 113lOTOBJJeHHbJe B HHCTl1TYTe 

TexHoJJornw Kapncpy3. )J,JJSJ n11cnepcHo-ynpo'!HeHHbJX OKC11naM11 CTaJJew 

xapaKTepHO HaJJl1'111e nsyx Tl1nOB HaHOpa3MepHblX oco6eHHOCTew : nOMl1MO 

OKCl1.llHblX 'laCT11U pa3Mepa.M11 OT en11Hl1U no neCSJTKOB HaHOMeTpOB 11 nJJOTHOCTblO 

- 10
21

- 10
22 

M-
3
, npenCTaBJJSllO!Ul1X 113 ce6SJ OKCl1nb1 c co6CTBeHHOH peWeTKOH 11 

Ha6JJIOnaeMblX np11 nOMOlU11 npocse'111Ba101UeH 3IleKTpOHHOH Ml1KpOCKOn1111, B 

MaTep11a11e, KaK npaBl1JJO, coneplK11TCSJ 60JJbWOe '111CJJO (- 1023- 1024 M-3) 

HaHOpa3MepHblX ( 1-4 HM) KOrepeHTHblX c MaTp11uew KJJacTepoB, KOTOpble 
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npencTaBJISJIOT co6oH 0611aCTl1, 06ora1UeHHbJe 11TTp11eM, Kl1CJJOponoM 11 npyrnMl1 

11er11py10lUl1Ml1 no6aBKaM11. 

"1M11TaU110HHbJe 3KCnep11MeHTbl no o6JJY'leHl110 )],YO CTanew TSJ)l(eJlbJMl1 

110HaMl1 nposon111111cb Ha Jll1HeHHOM ycKop11TeJ1e c npocTpaHCTBeHHO-onHoponHOH 

KsanpynonbHOH ¢0Kyc11posKow Tl-inp-1 ("1T3<D). 0611y'leH11e o6pa3uos 

np0113BOnl1TCSJ KaK B pelK11Me Hl13Kl1X 3Heprnw (75 K3B/Z, f.llC z - 3aplln 110HOB), nnSJ 

'lero 11CnOJJb3YeTCSJ ny'IOK Ha BbJXone 11H)f(eKTopa 110HOB, TaK 11 B pe)f(l1Me BblCOKl1X 

3Heprnw (101 K38 / HyKJJOH) Ha ny'IKax, ycKopeHHbrx s ycKop11Te11e Tl-inp-1 c 

nOK<J:>. np11 11cnOJ1b30BaH1111 110HOB Hl13Kl1X 3Hepr11H (75 K38/3aplln), 0611y'laJOTCSJ 

o6pa3Ubl nnSJ TOMOrpac~11'1eCKOH aTOMH0-30HnOBOH Ml1KpOCKOn1111, KOTOpble 

npencrnBJJSJIOT 113 ce6SJ 11rny c pan11ycoM 3aKpyrneH11ll KOH'l11Ka I 0-50 HM 11 

KOHYCHOCTblO MeHee 10°. np11 3TOM MaKCl1MaJJbHOe KOJll1'1eCTBO ne4JeKTOB 

reHep11pyeTcSJ rm rny611He - 25 HM, '!TO COOTBeTCTByeT 0611aCTl1 , HenocpencrneHHO 

11cc11enyeMOH B aTOMHOM 30Hne. 

np11 11CnOJJb30BaHl111 BblCOK03HepreTl1'1HblX 110HOB (101 K38/ HyKJJOH) 

0611y'laJOTCSJ o6pa3Ubl B 811.lle n11cKOB n11aMeTpOM 3 MM, c 3apaHee nonroTOBJJeHHOH 

nosepXHOCTblO. B nocJJenyIO!UeM 113 o6JJy'leHHblX n11CKOB, MeTonoM 

c¢0Kyc11poBaHHOro 110HHOro ny'IKa, Bb1pe3a10TCSJ c JanaHHOH rny611Hbl 11r!lbl nM 

11ccJJenosa1111SJ Ha aTOMHOM JoHne. B cnyyae 11cno11bJOBaH11SJ 110HOB T11TaHa 11 

lKeJJe3a, ny'JOK COCTOl1T 113 110HOB BTOpOH 3apllnHOCTl1 c 3Heprnew 4 ,8 M3B 11 

5 ,6 M3B, coorneTCTBeHHO. MaKc11MaJJbHb1e nospelK.lleH11SJ np11 11cno11b30BaH1111 

110HOB Fe (5,6 M 3B) o6pa3YfOTCSJ Ha rny611He - 1,4 MKM, a B cnyYae 110HOB Tl1TaHa c 

3Heprnew 4 ,8 M3B - Ha rny611He - 1,2 MKM . 

B HaCTOSJ!UeH pa6oTe 11cc11enosaH11SJ 113MeHeHJ1jj HaHOMaCWTa6Horo COCTOSJHl1SJ 

)],YO CTaJJeH non B03neHCTBl1eM TlllKeJIOl10HHOrO 0611y'leHJ1jj nposon11JJOCb MeTOnOM 

TOMorpa¢11'!ecKow aTOMH0-30Hnosow M11KpocKon1111. CYTb naHHoro MeTona 

3aKJJIO'laeTCSJ s noCJ1enosaTeJ1bHOM 11cnapeH1111 aTOMOB c nosepxHocT11 o6pa3ua 11 

noc11eny101UeM neTeKT11posaH11eM 11cnapeHHb1x 110HOB. B naHHOH pa6oTe 

11cc11enosaH11SJ nposon11JJ11cb c 11cno11b30BaH11eM nsyx np116opos: 3Hepro-
11 



CKOMneHc11posaHHOro onTw-1ecKoro TOMorpacjlw1ecKoro aTOMHOro 30H!la (ECOT AP 

CAMECA) 11 aTOMHOro 30H!la c JJOKaJJbHblM JJJeKTpO!lOM (LEAP 4000 CAMECA). 

B TpeTbeu r JJaee npe!lcTasneHbl IlaHHble o Bill1llH1111 06nyLfeH11ll Ha 

HaHOCTPYKTYPY !ll1cnepCHo-ynp04HeHHOH OKC11!laM11 cjiepp11THO-MapTeHCl1THOH 

cTan11 ODS Eurofer. 

l1M11TaUHOHHble J Kcnep11MeHTb1 no 06ny4e111110 o6pa3UOB IlJUI 

TOMorpacjl114ecKOH aTOMH0-30H!lOBOH Ml1KpOCKon1111 Hl13K03HepreTl14HblMl1 110HaMl1 

npoBO!l11JJl1Cb c 11cnoJJb30BaH11eM nyLfKOB 110HOB Fe (75KJ8/Japll!l) saKyyMHO­

!lyrosoro 11CT04Hl1Ka 110HOB MeTaJJJJa. 06nyLfeH11e npOBO!ll1il0Cb IlO pa3i111LfHblX 

nospelKJlalOU(l1X Il03 (BnilOTb IlO 32 CHa) np11 KOMHaTHOH TeMnepaType. 

11ccJJe!lOBaHl1ll aTOMHOMaCwTa6HblX 113MeHeHl1H npOBO!ll1il11Cb Ha OnTl1LfeCKOM 

TOMOrpacjl114ecKoM aTOMHOM 30H!le ECOT AP s l1T3<l>. AHaJJl13 TpexMepHblX 

pacnpe!leJJeHl1H JJleMeHTOB B 11CCile!lOBaHHblX o6beMax nOKaJaJJ, LfTO B MaTep11ane 

nocne 06nyLfeH11ll no-npe)((HeMy Ha6JJ10!la10TCll KJJacTepb1 06orall(eHHb1e Y 11 0 . B 

TO)((e speMll c ysen114e1-111eM nospelKJlaioll(eH !l03bl Ha6JJ10!laeTCll yxo!l 113 cocrnsa 

KJJaCTepos N 11 V. np11 JTOM pa3Mepb1 11 nJJOTHOCTb KJJacTepOB He 113MeIDllOTCll, 11 

COCTaBJJlllOT 2-4 HM 11 - I024 
M-

3
, COOTBeTCTBeHHO. 

,ll.nll aHan113a K11HeT11K11 113MeHeH11H HaHoMacwTa6Horo cocTOllHHll cran11 ODS 

Eurofer no!l 06ny4e~111eM 6brn11 npoaHan11311posaHbl !laHHble 11cxO!lHOro cocTOllHHll 11 

COCTOllHHH nocne o6JJyLfeHHJI 110HaMl1 )((eJJe3a np11 KOMHaTHOH TeMnepaType !lO !l03 

3, I 0, 13 11 32 CH a, a TaK)((e nocne peaKTOpHoro 06nyLfeH11ll IlO !l03bl 32 cHa np11 

332 °C. CpaBHeH11e Km1ueHTpau11H x11M11LfeCK11x JJJeMeHTOB !lilll pa3i111LfHblX 

COCTOllHHH nOKaJbIBaeT, LfTO c pOCTOM !l03bl o6nyLfeHl1ll B MaTp11ue yseJJl1411BaeTCll 

CO!lep)((aH11e V, Mn, 0 , Y. 3TOT JcjlcjleKT, LfaCT11LfHO o6ycnosneH p3Il11au110HHO­

l1H!lyu11posaHHblM o6MeHOM aTOMOB MelKJly KJJacTepaM11 11 MaTp11uei1. CpasHeH11e 

KOHUeHTpau11H X11Ml1LfeCK11X JJleMeHTOB, ycpe!lHeHHblX no HCCJle!lOBaHHblM 06beMaM 

(pa3Mepb1 KOTOpblX - I 0 x I 0 x I 00 HM
3
) Ililll pa3i111LfHblX COCTOllHHH, nOKaJaJJO 

yseJJ11LfeH11e KOHUeHTpau11H Mn, Y, 0. 3T11 113MeHeH11ll He Moryr 6b1Tb o6bllCHeHbl 

nepepacnpe!leJJeH11eM JileMeHTOB BHyTp11 11CCJJeityeMblX o6beMOB (o6MeHOM 

12 

3JleMeHTaMl1 MelKJly KJlaCTepaM11 11 MaTp11UeH). no-B11!ll1MOMy, JTO yseJJl1LfeH11e 

CBll3aHO c pacTBopeH11eM 6onee KpynHblX LfaCT11U OKC11!la. 4aCT11Ubl (Y 1 sMno2)03 c 

pa3MepaM11 2: I 0 HM Ha6JJIO!laJJl1Cb np11 11CCJle!lOBaHl111 Heo6nyLfeHHOro COCTOllHl1ll c 

nOMOU(blO npocseLf11Ba10ll(eH JJJeKTpOl·IHOH Ml1KpOCKOn1111, HO 113-3a MaJJOH 

KOHUeHTpau1111 OHl1 He nonaita!OT B o6nacTb aTOMH0-30H!l0BblX 11CCJle!lOBaHl1H. Ha 

P11cyHKe I npC!lCTaBJJCHO cpasHe1-111e KOHUeHTpau11H x11M11LfeCK11x JJJeMel!TOB B 

KJlaCTepax Ililll pa3i111LfHblX COCTOllHl1H. KaK Bl1!lHO, np11 yseJJ11LfeHHl1 

nospelKJlalOU(eH !l03bl B KJJacrepax npo11cxo!l11T yMeHbWeH11e KOHUeHTpau11H V, N , 

LfTO o6ycJJOBJleHO JJJeMeHTHblM o6MeHOM KJlaCTepoB 11 OKpy)((a!Oll(eH MaTp11Ubl no!l 

B03!leHCTB11eM o6JJyLfeHl1ll. 
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P11cyHOK I - CpasHeH11e KOHUeHTpau11H JJJeMeHTOB B KJJacTepax crnn11 ODS Eurofer 

Ililll pa3i111LfHblX COCTOllHl1H : 11CXO!lHOe, 06JJY'le~1Hoe 110HaMl1 Fe (75 KJB/Japll!l) , 

06ny4e~moe HeHTpoHaM11 !lO !l03bl 32 c1m Ha peaKTOpe EOP-60 
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OcHOBHb1e n eram1 113MeHemrn HaHoMacwTa6Horo cocTOllHl1ll CTaJ111 ODS 

Eurofer np11 06ny<-1eH1111 110HaM11 HaxonllTCll B xopoweM cornac1111 c TeM, •no 

Ha6monMOCb nocne o6IIy'leHl1ll Hei1TpoHaM11 : v 11 N BblXOn llT 113 COCTaBa KJiaCTepOB 

B OKpy)f(aJOwylO MaTp11uy, KOHUeHTPaUl1ll Y , 0 11 Mn pacTeT He TOJibKO B MaTp11ue 

BOKpyr KJiaCTepoB, HO 11 B ueJIOM B 11CCJienosaHHblX HaHOMacwrn6HblX 06beMax. 

0TMeT11M, 'ITO 11MeeTCll HeKOTopoe HeCOOTBeTCTBl1e nosen eHl1ll KOHUe~npau1111 y 11 

Mn B KJiaCTepax : pOCT KOHUeHTpau11i1 11TTp1111 11 MapraHua B KJiaCTepax 3aMeTHO 

MeHbwe, 'leM np11 Hei1TpOHHOM 06ny'leH1111. Om1oi1 113 B03MO)f(HbIX np11'111H 3Toro 

HeCOOTBeTCTBl1ll llBJilleTCll HenocTaTO'IHO BblCOKall TeMnepaTypa B ycJIOB11llX 

o6Jiy'leHl1ll 110HaMl1 (KOMHaTHall TeMnepaTypa) . c npyroi1 CTOpOHbl , CBOH BKJla)l 

MOryT BHOCHTb pa3Mepb1 11 <jJopMa o6pa3ua. YBeJI11'1eH11e KOHUeHTpau1111 y np11 

HeHTpOHHOM 06Jiy'lem111 BepOllTHO CBl!3aHO c paCTBOpeH11eM KpynHblX OKCl1nHblX 

'laCTl1U, np11CYTCTBYIOwl1X B MaTep11aJ1e. B CJiy'lae o6Jiy'leHHll 06paJua-11rJibl B 

l1Ml1Tau110HHblX 3Kcnep11MeHTax, BepOllTHOCTb HaXO)f(JleHl1ll KpynHOH OKCl1n HOH 

'laCT11Ubl B6Jil1311 OCTp11ll MaJla, 11 COOTBeTCTBeHHO np11xon X11M11'1eCKHX 3JieMeHTOB, 

COCTaBJilllOll\11X OKC11n, B 11CCJien oBaHHblH 06beM TaK)f(e yMeHbWaeTCll . n n oTHOCTb 

'111CJia HaHopa3MepHblX BKJIIO'leHl1H B 11cxonHOM COCTOllHl111 11 nocJie o6Jiy'leHHll 

110HaMl1 )f(eJie3a no n o3bl 32 CHa o n 11HaKOBa, 11 COCTaBJilleT (0,9 ± 0,5) . I 024 
M-

3 
11 

(0,8 ± 0,5) . 1024 
M-

3
, COOTBeTCTBeHHO. 0TMeT11M, 'ITO nocne o6Jiy'leHl1ll HeHTpOHaMl1 

no coornercrny10wei1 n o3e np11 330 ° C OTMe'laeTc11 yseJI11'1eH11e '111cna KJiacTepos n o 

(2,4± J,0)· J024
M-

3
. 

OcHOBHb1e npoueccbl o6MeHa 3JieMeHTaM11 Me)f(Jly KJiacTepaM11 11 MaTp11uei1 

(Hanp11Mep, v 11 N) npOllBJilllOTCll Ha n o3ax :5 JO CHa. 3T11 n o3bl COOTBeTCTBYeT 

nepeKpb1Tl1IO KaCKMHblX o6nacTei1 , B KOTOpbIX rnaBHblM o6pa30M po)f(JlalOTCll 

nec~eKTbl np11 110HHOM 11 HeHTpOHHOM o6ny'leHl111 . 

Y!M11Tau110HHble 3KCnep11MeHTbl c 11cnOJib30BaH11eM BblCOK03 HepreTl1'1HblX 

110HOB nposon11Jil1Cb Ha BblXOne Jil1HeHHOro ycKop11TeJill TY!np-1 110HaMl1 )f(eJie3a c 

3Heprnei1 5,6 M 3 B 11 110HaMl1 THTaHa c 3 Heprnei1 4,8 M3B <jJJIIOeHca I . I 015 
CM-

2 
np11 

KOMHaTHOH TeMnepaType 11 300 ° C . Y!ccnen osaHl1ll 11cxon Horo COCTOllHl1ll 11 

14 

1 
I 

J 

113MeHeHl1H HaHOCTPYKTYPbl non B03n ei1CTBl1eM o6Jiy'leHl1ll nposon 11n 11cb MeTOn OM 

TOMOrpa~Jl1'1eCKOH aTOMHOH Ml1KpOCKOn1111 Ha aTOMHOM 30Hne c JIOKaJlbHblM 

3JieKTponoM LEAP 4000 CAMECA B YIHcrnTyTe TexHonorni1 Kapncpy3 (KIT). 

06pa3Ubl nn11 11ccnen oBaHl1H Bbipe3aJll1Cb MeTOn oM ccjJOKyc11poBaHHOro 110HHOro 

ny'IKa Ha pa3HblX rny611Hax OT o6Jiy'laeMOH nosepxHOCTl1, 11, COOTBeTCTBeHHO, 

11ccnenOBaJll1Cb o6naCTl1 c pa3Hb1Ml1 BeJil1'111HaM11 nospe)f(n eHl1H. 

non B03nei1CTBl1eM 06ny'leH1111 B MaTep11aJ1e npo11cxon11T 

nepepacnpeneneH11eM Xl1Ml1'1eCKl1X 3JieMeHTOB: B 11ccnenosaHHblX 06beMax 

1-1a6n10naeTcll yMeHbwe1rne conep)f(aH11ll 0 , V, Y, Si, Ni, Co. np11 3TOM npo11cxon11T 

113MeHeH11e COCTaBa KJiacrepoB: nocne o6IIy'leH11ll 3aMeTHO yseJil1'111BaeTCll 

06oraweH11e no Y , 0 , a TaK)f(e no Cr, Si, Mn. 3ToT 3~><jJeKT MO)f(eT 6bITb o6bllCHeH 

pacrnope~IHeM 6onee KpynHblX (> 10 HM) OKCH)lHblX 'laCTl1U T11na Y203 11 

(Y 1 8Mn0 2)03, np11cYTCTBy10w11x B CTaJ111 ODS Eurofer 11 nornoweH11eM 

COOTBeTCTBYIOll\11X Xl1Ml1'1eCKl1X 3JieMeHTOB KJiaCTepaMl1 . Ilon o6HblH 3<jJ~JeKT 

yseJI11'1eH11ll KOHueHTpau1111 Y B craJ111 ODS Eurofer, xorn 11 He TaKOH 11HTeHCl1BHbIH, 

Ha6JI10n aJ1Cll np11 o6Jiy'leHl111 o6pa3UOB nIIll aTOMH0-30HnOBOH TOMOrpa<jJ1111 

Hl13K03 HepreT11'1Hb1M11 1101-1aM11 Fe no n o3 - I 0- 20 CHa. 06Hapy)f(eHHoe OTJI11'111e, no­

Bl1Jl11MOMy, o6ycnosJieHo T11noM o6ny 'laeMbIX o6pITTuos. B cny 'lae 11M11rnu110HHbIX 

3 KCnep11MeHTOB c BblCOK03 HepreTl1'1HblMl1 110HaM11 o6n y'lalOTCll MaCCl1BHble 

o6pa3Ubl B s11ne n11CKOB. B 3TOM CJiy'lae B03pacTaeT BepOllTHOCTb 6IIl13KOro 

cocen crna 11CCJienyeMOH o6Jiy 'leHHOH o6JiaCTl1 c KpynHblMl1 OKCH)lHblMl1 

BKJIIO'leHHllMl1. TaK)f(e CT011T OTMeTl1Tb, 'ITO, HeCMOTpll Ha yseJI11'1eH11e '111CJia 

KJiaCTepoB, cywecrneHHOro pa3IIl1'111ll, KaK no pa3MepaM, TaK 11 no COCTaBy, He 

Ha6n10naJIOCb : nIIll Ka)f(JlOfO COCTOllH11ll xapaKTepHO HaJl11'111e onHoro T11na 

KJiaCTepoB. XapaKTepHble pa3Mepb1 KJiaCTepOB B o6Jiy'leHHblX COCTOllHl1llX 

COCTaB!llllOT 2-6 HM . Ilp11 3TOM Ha6n10naeTCll He60JibWOe YMeHbWeH11e cpenHero 

pITTMepa c yseJI11'1eH11eM no3bl 06ny'leH1111. 

nposeneHO cpaBHeH11e 06beMHOH nJIOTHOCTl1 KJiaCTepOB B 11CXOn HOM 

COCTOllHl111, a TaK)f(e nocJie o6Jiy'leHl1ll 110HaM11 Ha pa3IIl1'1HblX paCCTOllHl1llX OT 
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o6nriaeMOH nosepx1-10CTH, OTBe'lalOLUHX pa3JJH'lHblM n03aM panHaUHOHHblX 

nospe)l(JleHHH (PHcyHOK 2). Ha rny6HHe 0,7 MKM (0,4 CHa) H I MKM (0,6 cHa), 

06beMHllil nJJOTHOCTb He H3MeHHJJaCb no OTHOWeH!-!IO K 11cxonHOM COCTOJIHHIO. B 

TO)f(C BpCMll, B o6pa3Ue, ll!.Ipe3aHHOM Ha rny6HHe 1,2 MKM (0,8 CHa), nJJOTHOCTb 

KJlaCTepoB yseJJH'lHJJaCb B 2 pa3a non B03nel1CTBHCM TlllKeJJOHOHHOro o6ny'leHl1ll. 

BepOllTHO naHHblH ::icjJ~JeKT TaK)f(e o6ycnosneH pacrnopeHHeM KpynHE.IX OKCHnHbIX 

'laCTHU nma y 203 H (YI sMno 2)03 H o6pa30BaHHeM 3a HX C'leT HOBblX 

HaHopaJMepHbJX Knacrepos. OnllTb )f(e, naHHbIH pe3ynbTaT 6b1Jl nony'leH npH 

o6ny'leHHH MaCCHBHblX o6pa3UOB BblCOK03HepreTH'lHblMH HOHaMH, B TO BpeMll KaK 

npH o6ny'lCHHH o6pa3UOB HrJJ HH3K03HepreTH'lHblMH HOHaMH yseJJH'lCHHC 'lHCJla 

KJlaCTepoB He Ha6monaHOCb na)f(e Ha Bb!COKHX no3ax ( - 32 CHa) . TaK)f(C CTOHT 

OTMCTHTb, '!TO YBCJlH'leHHe 'lHCJla KJlaCTepoB 6b!Jl0 o6Hapy)f(eHO npH HCCnenosaHHH 

o6pa3UOB crnnH ODS Eurofer 06ny'leHJ-1b1x B peaKTope EOP-60 no no3bl 32 CHa. 
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13 cny'lac crnn11 ODS Eurofcr a ycnoa11J1x 06nyqc11H5l no Jto3b1 32 cua 1rn 

pcaKTopc l:>OP-60 ofoiapy)f(CHO cymecrnc1111oe H3MCllCllHC COC'raBa KJJaCTcpoB H 

YBCJlH'lCllHC HX KOJJH'lCCTBa. rJpoBcne1111blC ll JJallllOH pa6oTC HMHTallHOllllblC 

JKcnepHMe11Tb1 noKa1anH, '!TO npH 11HJKOJ11eprcTH•1110M 06nyqc11HH Ho11aMH Fe 

11aH6onee cymccTsc1111b1C H3Mc11c11H5l npoHcxo11llT y)f(c npH no1ax nopllnKa 

llCCKOJlbKHX Clla (CMCLUCllHH Ha aTOM). llon B03ncl1cTBHCM KaCKa)lOB H3 COCTaBa 

KJlaCTepoB yxoJll-tT V, N. llpH 06ny'lc11HH Bb1COKOJ11cprcTH'lllblMH uo11aMH no no3h1 

I c11a, 3a C'leT pac-rnope11u51 Kpyrn1b1X OKCHJ1111.1x 'laCTHll, a KnacTepax 

yBcJ1H'lHBacrc51 co11cp)f(a11He Y H 0. KpoMe Toro B - 2 pa3a ysenH'lHBaeTCll 'lHCJ10 

KHacTepoB. HMc11110 a JTOM nua11aJ011e llH3Kux 110Bpe)f(na10111Hx 1103 (< I 0 c11a) 

11a6rno1iac-rcll MaKCHMaJlbllblH TCMll oxpyn'lHBaHHll CTaJJH ODS Eurofcr (PHcy110K 3). 

MO)f(llO npCJlllOJlO)f(H'fb, '!TO 11a TCMll oxpyn'lHBallHll )].YO CTaJJCH B 3Ha'lHTCJlbHOH 

CTCllCllH BJIHJICT KaK YBCJIH'lCllHC KOJJHYCCJ'lla KJJaCTepoB, TaK ~I H3MCllCllHC HX 

COCTaBa, 'ITO H3MCll5!CT npoXO)f(nCllHC Yepc3 llHX nHCJlOKaUHH. 
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PHcyHOK 3 - H1Me11c11H5l TCMnepaTypb1 Bll3Ko-xpynKoro nepexona CTaJIH 

ODS Eurofer non 06nr1e11HCM 11cl1Tpom1MH 11p11 TCMncpaTypax 300-330 °C 
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B qeTBepTOH rJJaBe npencTaBneHbI naHHbie o Bmrnmm 06ny<-1eH1U1 Ha 

HaHOCTPYKTYPY Mon enbHbIX BblCOKOXpOMHCTbIX n 1-1cnepcHo-ynpO'IHeHHbIX 

oKcHn aMH cTanefi 13,So/cr-Cr ODS c pa:inH'IHhIM con epll<aHHeM Ti . 

Ylccnen oBaHHll HCxonHoro COCTOllHHll crnneH I 3,5%Cr- ODS c pa3nH'IHblM 

con epl!<almeM THTaHa, a TaKlKe o6ny'leHHblX o6pa3UOB npoBOn HnHCb MeTO)lOM 

TOMOrpaqrn'leCKOH aTOMHOH MHKpOCKOnHH Ha aTOMHOM 30H)le c noKanbHbIM 

3neKTponoM LEAP 4000 CAMECA B KIT. Pe3ynbTaTb1 1-1ccnen oBaHHll Hcxon Horo 

COCTOllHHJI CTaneH nOKa:JanH, 'ITO BO Bcex COCTOllHHllX npHCYTCTBYIOT 

HaHOpa3MepHble (2- 6 HM) KnacTepbI. 8 CTanH I 3,5%Cr- ODS 6e3 coneplKaHHll Ti 

KnacrepbI o6orameHbI 0 , V, Y, Si, Mn H Cr. 06beMHal! nnoTHOCTh KnacrepoB 

(1 ,3 ± 0,2). 1023 M-3. 8 CTanH 13 ,5% Cr-ODS, nernpoBaHHOH THTaHOM (0,3 Mac.%), 

cocTaB KnacrepoB MeHJieTCll: o6orameHHe rnaBHhIM o6pa30M npo1-1cxon HT no Ti, 0 , 

Y, V H Cr. 06beMHal! nnornoCTh KnacTepoB (1 ,9 ± 0,2) · 1023 M-3. 

06ny 'leHHe np0Bon1-1nocb HOHaMH Ti c 3Heprnefi 4,8 M 38 n o cl>n10eHca 

I . 1015 CM-2 npH KOMHaTHOH TeMnepaType. DbinO o6HapylKeHO H3MeHeHHe COCTaBa 

KnacTepoB non o6ny'leHHeM : BO Bcex MaTep1-1anax no)l o6ny'leHHeM yBenH'IHBaeTCll 

CO)leplKaHHe Si ; B CTanH I 3,5%Cr- ODS 6e3 conepl!<aHHJI THTaHa paCTeT con eplKaHHe 

Y, a B CTanH 13,5%Cr- ODS 0,3 Mac.% Ti y BenH'IHBaeTCll con eplKaHHe Ti H 0 B 

Knacrepax . 3ToT 3q>q>eKT MOlKeT 6bITb o6bllCHeH pacrnopeHHeM 6onee Kpy nHbIX 

OKCHn HblX 'laCTHU npHCYTCTBYIOlllHX B )J,YO CTanllX H nornome~me 

COOTBeTCTBYIOlllHX XHMH'leCKHX 3neMeHTOB KnacTepaMH. TaK B MOnenbHOH CTanH 

I 3,5%Cr- ODS He con eplKamefi THTaH MeTon oM npocBe'IHBaIOllleH 3neKTPOHHOH 

MHKpOCKOnHH 6binH o6HapylKeHhl OKCHn Hble y 20 3 'laCTHl..{bl pa3MepOM 6onee 10 HM. 

8 CTanH 13,5%Cr- ODS 0,3 Mac.% Ti TaKlKe 6binH o6HapylKeHhl KpynHble OKCHn Hble 

'laCTHUhl (> 10 HM), HMe10m1-1e cocrnB Y2Ti20 7. CnencrnHeM pacTBopeHHll oKrnnHhIX 

BKnlO'leHHH l!BnlleTCll yBenH'leHHe KOHl..{eHTpaUHH 3neMeHTOB, COCTaBnJIIOlllHX 

OKCHnhI, B MaTpHUe MaTepHana. nono6HblH 3cl>cl>eKT yBenH'leHHJI KOHl..{eHTPaUHH Y 

non o6nyqeHHeM TaKlKe Ha6mon ancll B cTanH ODS Eurofer. B cny'lae 

HMHTaUHOHHblX 3KCnepHMeHTOB c BblCOK03HepreTH'IHblMH HOHaMH 

o6ny'lalOTCll MaCCHBHble o6pa3Ubl B BHlle nHCKOB. 8 3TOM cny'lae B03pacrneT 

18 

BepOllTHOCTb 6nH3KOro cocen cTBa HccnenyeMOH o6nacTH c KpynHhlMH OKCHnHblMH 

BKnlO'leHIUIMH. 

XapaKTepHbie pa3Mepb1 KJJacrepoB non o6ny'leHHeM (no no3bl - I CHa npH 

KOMH3THOH TeMnepaType) He H3MeHlllOTCll, H COCTaBnlllOT 2-6 HM. DbinO npoBeneHO 

cpaBHe~me 06beMHOH nnOTHOCTH KnacTepoB B HCXOnHOM COCTOllHHH, a TaKlKe nocne 

o6ny'leHIUI HOHaMH, Ha pa3nH'IHblX paCCTOllHHllX OT o6ny'laeMOH noBepxHOCTH 

(P1-1cyHOK 4). TaKlKe KaK B cTanH ODS Eurofer nocne o6ny'leHHll HOHai\>m 

Fe (5,6 M 38) H Ti (4,8 M 38), BO Bcex HccnenyeMbIX CTanJIX 13,5%Cr- ODS nocne 

06ny'leH1U1 110HaM11 Ti o6HapylKeHo yBenH'leH11e o6beMHOH nnoTHOCTH KnacTepoB. 

npH 3TOM MaKCHManbHOe yBenH'leHHe nnOTHOCTl1 'IHCna KnacTepOB 06HapylKeHO Ha 

rny611He 1,2 MKM, COOTBeTCTBy1omefi MaKCHManbHOH noBpelKn a1omefi no3e 

- 0,8 CHa. 8 CTanH 13,5%Cr- ODS 'IHCno KnaCTepoB yBenH'IHBaeTCll B 2 pa3a, a B 

crnnH 13,5%Cr- ODS 0,3 Mac.% Ti B 3 pa3a. 

P1-1cyHoK 4 - 06beMHall nnoTHOCTb KnacTepoB B 1-1ccnenyeMb1x CTanllx ODS Eurofer, 

I 3,5%Cr- ODS (0 H 0,3 Mac.% Ti) B HCXOn HOM COCTOllHHH 11 nocne o6ny'leHl1JI 

110HaMH Ti c 3Heprnefi 4,8 M38 np11 KOMHarnofi TeMnepaType no cl>moeHca 

I . I 0 15 
CM-

2 
Ha pa3JJH'IHblX paCCTOllHIUIX OT o6nyqaeMOH noBepXHOCTH 
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J],nll 1ny'-lemui pon11 TeMnepaTypbr 06pa:31.1a 6brno npose.neHo .nonom111TeJJbHOe 

11ccne.nosaH11e o6paJUOB cran11 13,5%Cr-ODS c co.neplKaH11eM 0,3 Mac.% Ti 

o6ny'-leHHOH 110HaM11 Ti c :rneprnei1 4,8 M:iB .no ¢moeHca I · I 0 15 
CM-

2 
11 3 · I 0 15 

CM-
2 

np11 TeMnepaType 300 °C. 06pa3l.lbl Bbipe3aJJl1Cb c rny611Hbl 1,2 MKM, '-!TO 

COOTBeTCTByeT nospelK.naIOllll1Ml1 .U03aM 0,8 11 2,4 CHa. AHaJJl13 Xl1M11'-!eCKOro 

cocrnsa noKaJan, '-!TO np11 TeMnepazype 06ny'-leH11JI 300 °C KnacTepb1 npaKT11'-lecK11 

He 113MeHJIIOT CBOH COCTaB. MolKHO npe.nnOJJOlKl1Tb, '-!TO .UJISI CTaJ111 I 3,5%Cr-ODS c 

co.neplKaH11eM 0,3 Mac.% Ti M11KpOCTpyKTypa SIBJJSleTCSI 6onee CTa611JlbHOH, 3a C'-!eT 

60JJbWero '-111CJJa OKC11.UHblX BKJllO'-!eHl1H MeHbwero pa3Mepa, no cpasHeHl1IO co 

CTaJJS1M11 ODS Eurofer 11 I 3,5Cr-ODS. 8 TO)f(e speMS1 , ysen11'-!eH11e nnoTHOCTl1 '-!11cna 

KJJacTepos nocne 06ny'-leH11S1 np11 TeMnepaType 300 °C .no .U03 0,8 11 2,4 CHa 

aHaJJOfl1'-IHO o6paJUaM, o6ny'-leHHblM np11 KOMHaTHOH TeMnepaType .no .U03bl 0,8 CHa. 

3aMeTHblH pocT o6beMHOH nJJOTHOCTl1 KJJaCTepOB non B03.UeHCTBl1eM 

o6ny'-leHl1SI TSllKeJJblMl1 110HaMl1 .no .U03 - cHa Ha6n10.nancS1 .UJJSI scex 

11ccne.nosaHHb1x JJ,YO craneH. Ysen11'-!eH11e o6beMHOi1 nnoTHOCTl1 KJJacrepos 

Ha6nIO.nanocb pauee B cran11 ODS Eurofer nocne 06ny'-leH11S1 Hei1TpoHaM11 B 

peaKTope EOP-60 np11 330 °C. CTo.no6Hbie 11JMeHeH11S1 MOfYT npo11cxo.n11Tb 3a C'-leT 

KaCKa.nH0-11H.UYlll1POBa~IHOro paCTBOpeHl1Jl KpynHblX OKC11.UHblX BKJllO'-leHl1H (T11na 

Y20 3, Y2Ti20 7 11 T . .n.), Ha6nIO.naeMbIX B .naHHbIX MaTep11anax MeTo.noM 

npocse'-l11Ba101llei1 JJJeKTpOHHOH Ml1KpOCKon1111, 11 cjiopM11poBaH11eM HOBblX 

KJlaCTepoB, 11H.nYlll1POBaHHblM 11!111 yc11nem1bIM HaJJl1'-111eM cso6om10 Ml1rp11py101lll1X 

.ne¢eKTOB, C03.UaHHblX nyTeM o6JJy'-leHl1Jl. 

06HapylKeHHOe 113MeHeH11e X11Ml1'-!eCKOro COCTaBa KJJaCTepOB no3BOJ1JleT 

npe.nnoJJOlKl1Tb, '-!TO npo11cxo.n11T 06MeH Xl1Ml1'-!eCKl1M11 3JleMeHTaMl1 MelK.UY 

KJlaCTepaM11, MaTP11uei1 11 OKCl1,UHblM11 '-1aCT11uaM11. TaK, o6Hapy)f(eHHOe B CTaJJl1 

ODS Eurofer nocne 06ny'-leH11S1 Hl13KOJHepreT11'-!HbIM11 110HaM11 YMeHbWeH11e 

KOHl.leHTpau1111 v B KJlaCTepax, c O.UHOBpeMeHHblM yseJJ11'-leH11eM ero co.neplKaHl1SI B 

MaTp11ue YKaJbIBaeT Ha o6MeH 3JleMeHTaMl1 MelK.ny KJJaCTepaMl1 11 OKpylKaIOmei1 

MaTp11uei1. Hccne.nosaH11S1 o6paJuos JJ,YO cTanei1 nocne s03.nei1cTs11i1 

BblCOKOJHepreTl1'-IHblX ny'-IKOB 110HOB noKaJaJJl1 yseJJ11'-1eH11e B KJlaCTepax 
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KOHl.leHTpau11i1 3JleMeHTOB, np11cyTCTBYI01lll1X B OKC11.UHblX '-1aCT11uax. TaK B 

KnacTepax cran11 ODS Eurofer ysen11'-!11BaeTCS1 co.nep)f(aH11e Y 11 Mn, KOTOpb1e MOrYT 

np11HTl1 3a CLfeT pacrnopeHl1SI OKC11.UOB T11na y 203 11 (YI sMno 2)03. 8 TOlKe BpeMSI 

COCTaB KJJaCTepoB B CTaJ111 13,5%Cr- ODS c co.nep)f(aH11eM 0,3 Mac.% Ti nocne 

06ny'-leH11JI 110HaM11 4,8 M:iB Ti np11 TeMnepaType 300 °C .no MaKCl1MaJJbHOi1 .U03bI 

2,4 CHa He 113Me1rneTcS1. MolKHO npe.nnonolKl1Tb, '-!TO nosi,1we~111e TeMnepaTypbI 

np11BO.Ul1T K CTa611n113au1111 OKC11.UHblX BKJJIO'-le~rni1 , '-!TO OTMe'-!aJJOCb B HeKOTOpblX 

pa6oTax. no-B11.U11MOMy, M11KpocrpyKTypa CTaJ111 J 3,5%Cr-0DS C co.neplKaH11eM 

0,3 Mac.% Ti SIBJJSleTCSI 6onee CTa611JlbHOH, 3a C'-leT 60JlbWero '-111CJJa OKC11.UHblX 

BKJ110'-leH11i1 MeHbwero paJMepa, no cpasHeH1110 co CTaJJS1M11 ODS Eurofer 11 

13,5%Cr-ODS 6e3 co.neplKaH11S1 Ti. 3TOT :i¢~ieKT MOlKeT 6bITb o6ycnosneH TeM, '-!TO 

npouecc KaCKa,UHOro paCTBOpeHl1SI OKC11.UHblX '-!aCTl1ll ypaBimBew11saeTCSI l1X pOCTOM 

3a C'-leT .n11Cli¢y31111 aTOMOB Xl1M11'-leCKl1X JJJeMeHTOB o6paTHO B OKC11.U np11 BbICOKl1X 

TeMnepaTypax. 

OCHOBHblE BbIBO~bl 

I . MeTo.noM TOMorpa¢11'-!ecKoi1 aTOMH0-30H.nOBOi1 M11KpocKon1111 noKaJaHo, '-!TO s 

JJ,YO CTaJJSIX co.neplK11TCSI 3Ha'-111TeJJbHOe '-111CJ10 HaHOpaJMepHblX (2- 6 HM) 

KJJaCTepOB, 06beMHaSI nJJOTHOCTb KOTOpblX (- 1023-1024 M"3) MOlKeT 

MHOfOKpaTHO npeBbIWaTb nJJOTHOCTb OKC11.UHblX BKJJI0'-1eH11i1 , a COCTaB 

OTJ111'-laeTCSI OT COCTaBa OKC11.UOB . 

2. npose.neHHbie aTOMHO-MaCWTa6Hbie 11CCJJe.UOBaHl1SI CTaJJl1 J 3,5%Cr-0DS C 

pa3!111'-1Hb1M co.neplKaH11eM Tl1TaHa nOKa3aJJl1, '-!TO Tl1TaH 11rpaeT cymecrsem1y10 

ponb B ¢opM11posaH1111 TOHKOH crpyKrypbI JJ,YO CTanei1. T11rnH aKT11BHO 

y'-laCTByeT B npouecce ¢opM11pOBaHl1SI KJlaCTepoB, '-!TO np11BO.U11T K 113MeHeHl1IO 

11X COCTaBa 11 ysen11'-!eHl1IO 06beMHOH nJJOTHOCTl1 Ha nopSl.UOK (.no - I 024 M-3), no 

cpasHeH1110 co cnnasoM 6e3 co.neplKaH11S1 T11rn1rn. 

3. 8blSIBJJeHO, '-!TO 06ny'-leH11e np11BO.U11T K 06MeHy Xl1Ml1'-!eCKl1Ml1 JJJeMeHTaM11 

MelK.lly KJJacTepaM11, MaTp11uei1 11 OKC11.UHblMl1 BKJllO'-leHl1JlMl1 B JJ,YO CTaJJSIX. 

noKaJaHO, '-!TO nocne o6ny'-leHl1SI TSllKeJJblM11 110HaMl1 np11 KOMHaTHOH 
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TeMnepaType B KJiacrepax crnm1 ODS Eurofer yBemt'IHBaeTcll co)lep)KaHHe Y, 

Mn, 0, yMeHbwaeTCll KOHL\eHTpal\HH V, c Ol!HOBpeMeHHbIM yBeJIH'·JeHHeM ero 

CO)lep)KaHHR B MaTpHL\e. 8 KJiaCTepax CTaJIH l 3 , 5%Cr-ODS 6e3 CO)lep)KaHHR Ti 

yBeJiwrnBaeTcll KOHL1eHTPaL111ll Y, B craJIH c 0,3 Mac.% Ti yBeJiwrnBaeTcll 

KOBL1eHTpaL1H.ll Ti 11 0. 

4. noKa3aHO, 'HO B }J,YO CTaJillX nO)l B03)leHCTBHeM HH3KOTeMneparypHOfO 

06JIY'IeHHll yBeJIH'-IHBaeTCll 06beMHaR nJIOTHOCTb KJiaCTepOB. npH 06JIY'leHHH 

Tll)KeJibIMH HOHal\-rn l!O l!03 - 1 cHa B CTaJIRX ODS Eurofer H 13,5%Cr-ODS 

KOJIH'-leCTBO KJiaCTepoB yBeJIH'IHBaeTCll B - 2 pa3a, B CTaJ111 l 3 ,5%Cr-ODS c 

0,3 Mac.% Ti B - 3 pma. 0YeBHl1HO, no)l06Hbie H3MeHeHHll npoHCXOllllT 3a cYeT 

KaCKa)lHO-HHllYL\HpOBaHHOro paCTBOpeHHll KpynHbIX OKCl111HbIX BKJllO'leHHH 

(THna Y20 3, Y2Ti20 7 H T.)l.), Ha6J110l1aeMbIX B )laHHbIX MaTepHanax MeTOllOM 

npocBe'lHBaIOLUeH :meKTpOHHOH MHKpOCKOnHH, H cjiopMHpOBaHHll HOBbIX 

KJiacrepOB, HHllYUHpOBaHHOro HJIH ycHJieHHOro HaJIH'lHeM CB060l!HO 

MHrpHpy!OLUHX )lecjieKTOB, C03)laHHbIX nYTeM o6Jiy'leHHll. 

5. noKa3aHO, 'lTO OCHOBHbie )leTaJIH H3MeHeHHll HaHOMaCWTa6HOro COCTOllHHll 

CTaJIH ODS Eurofer no)l B03)leiicrnHeM o6nyYeHHll Tl!)KeJibIMH HoHaMH 

COOTHOCllTCll c H3MeHeHHllMH, o6Hapy)KeHHbIMH B :noii CTaJIH nocJie o6Jiy'leHHll 

Ha peaKTope 60P-60 l!O l!03bI 32 CHa. 

6. BblllBJieHO, 'lTO HaH60Jiee HHTeHCHBHO H3MeHeHHll HaHOMacwTa6Horo COCTOllHHll 

B CTaJIH ODS Eurofcr nOll B03)leHCTBHeM HH3KOTeMnepaTypHoro o6nyYeHHll 

npOHCXO)lllT npH noBpe)K)lalOLUHX )l03ax - HeCKOJlbKHX CHa. HMe11110 B JTOM 

)lHana30IIC IIH3KHX noBpC)K)laJOIUHX )l03 (< 10 c11a) Ha6monaeTCll MaKCHMaJibllblH 

TCMn oxpynYHBaIIHll CTaJIH ODS Eurofer. rloJ1y'lc1111i,1e )la1111i,1e no3BOJillIOT 

C)lCJl(lTJ, BblBOl\, 'lTO 11a TeMn oxpynYHBaIIHll )],YO craneii B 3lla'lHTCJlbIIOH 

CTClleJIH BJIHllCT KaK YBCJIH'-leHHC KOJIH'leCTBa KJiaCTCpOB, ·raK H H3MCllCHHC HX 

COCTaBa. 'lTO H3MeIIllCT npOXO)K)lCIIHC Yepe3 IIHX )lHCJIOKal(HH . 

7. noKa3aHO, 'lTO COCTaB KJiaCTepOB B CTaJIH l 3,5%Cr-0DS C CO)lep)KamteM 

0 ,3 Mac.% Ti nocne o6nyYeHHll HOHaM11 Ti np11 TeMnepazype 300 °C l!O 

MaKCHMaJibHOH )l03bl 2 ,4 CHa He H3MeHReTCll, B OTJIH'lHe OT o6nyYeHHR npH 
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KOMHaTHOH TeMnepaType. MO)KHO npel!nOJIO)KHTb, 'lTO rIOBblWCllfiC 

TeMnepaTypbl npHBO)lHT K CTa6HJIH3al(HH OKCH)lHblX BKJllO'-IeHHH. no-BHJlHMOMy, 

MHKpocrpyKTypa CTaJIH 13,5%Cr-ODS c CO)lep)KaHHeM 0 ,3 Mac.% Ti l!IJJl)l~IC» 

6onee cra6HJibHOH, 3a C'leT 6onbwero 'lHCJia OKCH)lHbIX BKJllO'-ICllftii Ml.:111.llll' l I) 

pa3Mepa, no cpaBueHHIO co CTaJillMH ODS Euro fer 11 13 ,5° o( ' 1 ClllS Ill 1 

COl!ep)KaHHll Ti. 8epORTHO, npol(ecc KaCKa)l11oro pacrnopemrn Okl'll 1111 .1\ •1.11 11111 

ypaBHOBeWHBaeTCll HX poCTOM 3a C'-ICT .l\HCIHl1y :nrn a I OMOll \ll~l ll'll' l llll\ 

JJieMeHTOB o6paTHO B OKC1111 npH BblCOKHX TCMneparypa\ . 
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