
Ome'IaTaHO Mero,noM rrp.S!MOro perrpO.JJ.Yl.lHposamrn 
c op11rntta11a, rrpe.nocTasneHHoro asropoM. 

CTo.nm1caHO B ne'laTh 03.12.2018. 
<l>opMaT 60X90/16. oyMara oct>ceTHall. CTe'!aTh ocl>ceTHall. 

Yen. ne'I. n. 1,5. Y'l.-113.ll. n. 0,96. T11palK 100 3K3. 3aKa3 N2 59559. 

1'fa.naTeJJhCKliM OT.lleJJ 06be.n11HeHHOro liHCTHT)'Ta ll.llepHhlX liCCJJe.noBaHHM 
141980, r: ,[ly6tta, MocKOBCKall o6n., yn. )!(on110-K10p11, 6. 

E-mail: publish@jinr.ru 
www.jinr.ru/publish/ 

Oh lil')ll1111 ~ HI lhlr'.1 VII ICTVITYT 51,nEPHbIX HCCJIE,nOBAHm1 

KOPIIEEBA 

l ~ 1rn 1 t.:p1111a A11eKcaH.IJ.pOBHa 

7-2018-62 
Ha npasax pyKonHCH 

~--

c ·1·py1, I YPI lhlE ')<I><l>EKThl OEJIYLIEHIUI 

MOllJ\Ml1BbICOKIIX3HEPfl1ll 

B )lHCI II I'< '110-YI IPOlll JEllllhIX OKCII,[(AMII CTAJUIX 

C'11l!1l11:tJ11.11t1 c ·11o : 0 I .!M .O <l>H3HKa KOH)J,eHCHpOBaHHOro COCT051HIDI 

i\BTOPE<t>EPAT 

' lll(l'l! ill'illlllll JIU COHCKaHHe y<!eHOH CTerreHH 

lil lllJ(ll) lillil <l>ll'JllKO-MaTeMaTH1!eCKHX HayK 

,lfy6Ha 2018 



Pa6oTa BbinOnHeHa B Jla6opaTOp1111 llllepHblX peaKU11H 11MeH11 r.H. <t>nepoaa 

06be.lll1HeHHOro 11Hcrmyrn ll.llepHbIX 11ccnenoaaH11i1. 

Hay'ln1>1ii pyKoaooumen1> 

CKypaToB Bna.llHMHp AneKceeBH'f, 

.llOKTOp cliH311KO-MaTeMaTl14eCKHX HayK, Ha4anbHl1K ceKTopa JUIP 0115Il1, r. ,ll,y6Ha 

Opu~uaJ11>H1>1e onnonenmw 

UpuXO.llbKO Kupunn EsreubeBH'f, 

.llOKTOp ctiu3HKO-MaTeMaTl14eCKl1X HayK, noueHT, Ha4MbHl1K OTnena crpyKTypHblX 

11ccnenoaatt11i:f 11 pan11au110HHbIX TexHonorni:f Hau110HanbHOro 11ccnenoaaTenbcKoro 

ueHTPa «Kyp4aTOBCKl1H 11HCTmyT», r . MocKBa 

IJ.enenes ApKa.llHH Eop11cosu'f, 

noKTop cliu3HKO-MaTeMaT11'-1ec1<11x HayK, npoctieccop, aenyun1i:f Hay'-IHblH COTPY.llHl1K 

na6opaTop11u ao3nei1CTBl1ll 113ny'-leH11i1 Ha MeTannb1 11MET P AH, r. MocKBa 

Be,11,ymaH oprauu1a1.111H 

<l>enepanbHOe rocynapcTBeHHOe 6!0.lllKeTHOe y4pelK.lleH11e "11HCTl1TYT TeOpeT114eCKOH II 

3KCnep11MeHTMbHOH cli11311Kl1 11MeHl1 A.11. An11xaHoaa Hau110Hanb11oro 

11ccnenoaaTenbCKOro ueHTPa "Kyp43TOBCK11H 11HCTl1TYT" 

3am11rn n11cceprnu1111 cocro11Tcll «2.P »JZ.K..fo,op 20 f!} r. a f'G '-lac. ~ M1111. 11a 

3acenau1111 n11ccepTaUl10HHOro COBeTa )], 720.001.06 np11 06be.lll1HeHHOM 11HCTl1'fYI c 

ll.llepHblX 11ccnenoeatt11i:f (011J111) no anpecy: 141980, r . ,ll,y6Ha, MocKoecKall o6n ., yH . 

)l{on110-K10p11, n. 6. 

c n11cceprn1.111ei:f 11 aBTOpecliepaTOM MOlKHO 03H3KOMl1TbCll B uay'-IHOH 6116n110TeKe 11 11a 

CaHTe 011J!J1. 

ABTOpecliepaT pa3ocnaH « ?Jt » J<?P..ai'p 20 f P r. ~- .. ~ -

"'---- ~ ~ 
Y'leHblH ceKpcrapb n11cceprnu110HHoro coacra)], 720.001 .06 

K.cti.-M .H. A . r . nonCKO 

Olill{Ml XAPAKTEPllCTl1KA PAiiOThl 

AKTyaJibHOCTb TeMbl 

)J,11cnepcHo-ynpo4HeHHb1e 0Kc11naM11 ()],YO) cnnaab1 paccMaTp11aaJOTCll a KaL1ecTBe 

nepcneKT11BHb1x KOHCTPYKU110HHbIX MaTep11anoa nnll o6ono4eK Tennoab1.llenll10llll1X 

3neMeHTOB (TB3n) peaKTOpoB HOBOro nOKOneHl1ll [1,2]. BXO.llllllll1e B COCTaB TaK11X CTanei:f 

n11cnepCHbJe 4aCTHUbl OKC11.lla 11TTp11ll, xapaKTep113YIOlll11eCll Bb!COKOH TepMOCTOHKOCTblO, 

llBnlllOTCll 6apbepaMl1 .llJlll .llBmKemrn .lll1CJ].OKau11i:f 11 3cliclieKT11BHblMl1 CTOKaM11 .llJlll 

pa,11,11au110HHblX ,11,ectieKTOB, 4TO nOBblWaeT pan11au110HHYIO CTOHKOCTb CTanei:f B uenoM . 

Ha ceronHllwH11i1 ,11,eHb 6onbw11HCTBO Hay'-IHbJX pa6oT, nocBllllleHHbJX 

pa,11,11au110HHOH CTOHKOCTl1 ,ll,YO-cTanei:f, HanpasneHbl Ha 11ccne,11,0BaH11e 113MeHeHl1ll 

MexaH11'-1eCKHX CBOHCTB 11 M11KpOCTPYKTYPbl no,11, B03.lleHCTBl1eM o6ny4eHl1ll HeHTpOHaM11, 

a TalOKe nerKl1Ml1 11 TlllKenbIMl1 110H3Ml1 H113Kl1X :J11epr11i:f (OT HeCKOnbK11X ,11,ecl!TKOB K3B 

,11,0 en11H11u M 3B). 0,11,HaKo noM11Mo HeHTpOHOB MaTep11anb1 Tpy6oK TB3noe, 

KOHT3KTl1PYIOllll1X c ll,11,epHblM TOnnHBOM, noneepra10TCll 06nr1eHl1IO OCKOnKaMl1 neneHl1ll 

- TlllKenb1M11 110HaM11 c 3Heprnei:f OKono I 00 M3B. <t>opM11poeatt11e B HaH04aCT11uax 

OKCl1.ll0B cneu11Cp114eCK11X pan11au110HHbIX noepelKneH11H, xapaKTepHbIX TOnbKO nnll 

,11,aHHOro 811,11,a pan11au110HHOro B03.lleHCTB11ll, TaKl1X KaK naTeHTHbie TpeK11, MOlKeT 

np11eecT11 K aMopcp113au1111 0Kc11noe 11 nalKe 11x ,11,11ccou11au1111, 4TO, e ceoio 04epe,11,b, 

MOlKeT OTPa311TbCll Ha MexaHl14eCKl1X CBOHCTBaX )J,Y0-CTanl1. CTpaKTl14eCKl1 BCe pa60Tbl 

no CTPYKTYPHblM :JcjJcj>eKTaM 11ou11Jau1111 B uauopaJMepHbIX MaTep11anax noCBll!lleHbI 

113y4eHl110 MeTanJ111LleCKl1X 11 nonynpOBO.llHl1KOBblX HaH043CT11U B .ll113neKTp114eCKl1X 
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MaTp11uax, B TO speMll KaK pe3yJibT3Tbl 11ccnenosatt11H CBOHCTB OKCl1)lHbIX qacn111 B 

MeTann11qecK11x MaTP1111ax npencrnsneHbI scero B HeCKOJibKl1X ny6n11Ka111rnx. 

rny611Ha nospe)KneHHoro CJIOll B MeTannax np11 06nyqeH1111 

BblCOKO:rneprernqecKHMl1 (E ;;::: MJB/HyKnoH) Tll)Kenb1M11 110HaM11 npesb1waeT 

HeCKOJibKO M11KpOH, qTO 3Haq11TeJibHO ysem1q11saeT n11ana30H B03MO)f{Hb!X MeTO)ll1K 

11ccnenosaHJrn, B qaCTHOCTl1, 33 cqeT np11MeHeH11JI MeTO)lOB HaHOl1H)leHT11pOBaHl1ll. 

IlOCTOllHHO pacryutee '111CJIO pa6oT c 11cnOJib30B3Hl1eM 3THX MeTO)lOB )lJill 113yqeHl1ll 

MexaH11qecKl1X CBOHCTB peaKTOpHblX MaTep11anos, B TOM '111CJie 11 .[(YO-cnnasos, 

CBl1)leTeJibCTByeT 06 11X HeCOMHeHHOH aKTyanbHOCTl1. Heo6XO)ll1MO OTMeTl1Tb, '!TO B 

H3CTOllU(ee epeMll B Jil1Teparype npaKTl14eCKl1 HeT )l3HHblX no MeXaH11'1eCKHX CBOHCTB3M 

.[(YO-cnnaBOB, o6ny'leHHbIX Tll)KeJiblM11 110H3Ml1 BblCOKl1X 3Heprni1 . 

U.eJJb H 33)l3qlf JlHCCepTauHOHHOH pa60Tbl. 

IJ.enhIO n11cceprnu110HHOH pa6oTbI J1BJIJ1eTcJ1 11ccnenosatt11e pa.n11au110HHO-

cT11Myn11posaHHh1x 113MeHeH11i1 CTPYKTYPbl 11 MexaH11'leCKHX csoiicTB .[(YO-cTaneii, 

BbI3BaHHbIX 06ny'leH11eM TJ1)KeJibIM11 110HaM11 c JHepnrnM11 1-3 MJB/ HyKnoH. B 

cooTseTcTs1111 c uenbIO 11ccnenosaH11JI, nocTasneHbI 11 peweHbI cneny10ut11e Ja)laqu: 

MeTO)l3Ml1 npocse'111BaIOU(eH JJieKTpOHHOH Ml1KpoCKOn1111 (I13M) 113y'leHbl 

cTpyKrypHble 113MeHeH11JI e HaHo'!aCT1111ax Y-Ti-0 11 Y-Al-0 B .[(YO-cTanllx 3I1450 11 

KP4 B 3as11ci-rMocT11 OT cjlnIOeHca 110Hos, sen11'!11ttb1 ynenbHbIX 110H113aI.{HOHHb1x norepb 

JHepr1111, TeMnepaTyphI 06ny'leH11ll 11 TeMneparypb1 nocTPa.n11au110HHOro OT)K11ra; 
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-npoeeneHbl 3KCnep11MeHTbl no H3H011H)leHT11pOBaHl1IO .[(YO-cTaneii, 06nr1eHHblX 

110H3Ml1 Kp11nTOHa 11 KCeHOHa c 3Hepr11llMl1 OCKOJIKOB neneHl1JI, 11 ycTaHOBJieHa 

33Bl1Cl1MOCTb ypoBHll ynp04HeHl1ll OT )l03bl pan11a11110HHblX nospe)K)leH11H. 

IloJJOlKeHHH, BblHOCHMhle H3 330.lllTY. 

l) Onpe.11ene1rne noporosoro 3Ha'!eH11S1 yneJihHbJX 110H113a1111ottHb1x noTepb JHepr1111 

6bICTpb.1X TSI)KeJibJX 110HOB llJISI 06pa3osaH11S1 naTeHTHbJX TPeKos e HaHo'lacT1111ax 

n11poxnopa Y 2 Tii01; 

2) Pe3ynbTaTb1 3neKTpOHHO-M1tKpocKon11•1ecK11x 11ccnenoeaH11i1 M11KpOCTpyKTypb1 

HaH0'13CTl11\ Y-Ti-0 11 Y-Al-0 B 33B11Cl1MOCTl1 OT cjlnIOeHCa HOHOB Kp11nTOHa (107 

MJB), KCeHoHa (167 MJB) 11 BHCMYTa (700 MJB); 

3) .[(aHHbJe 3JieKTpOHHO-M11KpOCKOril1'!eCKl1X 11ccnenosaH11H MOpcjlonor1111 naTeHTHblX 

TpeKOB rrp11 pa3HhJX TeMnepaTypax 06ny'leH11S1 11 e npouecce rroCTpan11au110HHoro 

OT)K11ra; 

4) Pe3ynbTaTb1 11ccnenoeaH11JI Mexatt11'!eCK11x csoiicTB .[(YO-cTaneii 3I1450, Cr J 6 (Fe­

l 6Cr-3 W) 11 KP4, o6ny'leHHbIX 110HaM11 KCeHoHa 11 Kp11nT0Ha c JHeprnSIMl1 

OCKOJIKOB neneHl1SI 11 ycTaHOBJieHH3ll 33B11Cl1MOCTb ypOBHSI pan11au110HHOfO 

ynpO'!HeH11ll OT Jl03bI rrospe)K)leH11i1. 

HayqHaH HOBHJ11a. 

8 HaCTOlluteii pa6oTe srrepsb1e: 

- 113y'leHO cjlopM11posaH11e pa,n11a11110HHblX necjleKTOB B HaHO'laCTl11\3X OKCl1)l0B B 

MeTanJil1'1eCKOH MaTp11ue no KaHany JneKTpOHHOfO TOpMO)KeHl1JI 11 ycTaHOBJieHO 
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noporosoe 3Ha4eHHe yneJJbHblX HOHH3al\HOHHblX noTepb :rneprnH nmr o6pa30BaHHR 

aMopcjlHbJX naTeHTHblX TpeKOB s ttaH04aCTHL1ax nHpoxnopa Y 2 Ti20 1; 

- npenCTasneHbJ pe3yJJbTllTbJ no 3BOJJJOUHH MHKpOCTpyKTypb1 HaHo4aCTHLl Y-Ti-0 H Y­

Al-0 B 3aBHCHMOCTH OT cjlnJOeHca BblCOK03HepreTH4eCKHX TSIJKeJlblX HOHOB; 

- noJJy4eHbl nattHble 0 MOpcjlOJJOrHH JlaTeHTHb!X TpeKOB B HaH04aCTHL(ax Y 2Tii01 npH 

pa3HblX TeMneparypax 06JJy<leHHll H pa3Hb!X TeMneparypax nocTpanHaL(HOHHOW 

TepMH4eCKOW o6pa60TKH; 

- MeTOl(OM HaHOHHl(eHTHposaHHJI HCCJJenosaHbl MexaHH4eCKHe CBOWCTBa JJ;YO-cTaJJeW, 

o6JJy4eHHb!X 6bJCTpblMH Tl!lKeJlblMH HOHaMH, ycTaHOBJleHa 3aBHCHMOCTb ypoBHll 

panHaL(HOHHOro ynp04HeHHll OT l\03bl panHaL(HOHHblX nospelKl(eHHW. 

3Ha'IUMOCTb noJiy'leHHblX pe3yJibT3TOB. 

Pe3yJJbTllTbJ HccnenosaHHW 3BOJJIOl\HH CTPYKTYPbl sMecTe c H3MeHeHHl!MH 

MeXaHH4eCKHX CBOWCTB )J,YO-CTaJleW Ha npHMepe JJ.YO-CTaJleW 30450, Cr 16 (Fe- I 6Cr-

3 W), KP 123 H KP4 MOryT 6b1Tb HCnOJJb30BaHbl l(Jlll Ol\eHKH 3KcnnyarnUHOHHblX 

xapaKTepHCTMK MaTepHMOB, HCnOJlb3yeMblX B Ka4eCTBe o6oJJ04eK TB3Jl0B B peaKTOpax 

HOBOro noKOJleHMll . 

Anpo6ao.nH pa60T1>1. 

OcnosHbJe pe3yJJbTllTbJ nposeneHHbJX HccnenosaHHW noKnanbrnaJJHCb Ha cnenyJOU\HX 

poccHWCKHX H Me)f(l(yttapOl\HbJX KOttcjlepettL(Hllx : 5-aR MelKnyttaponHaH KottcjlepeHUHR 

«PanHal\HOHHbJe B3aHMOl(eWCTBHll c MaTepHaJJaMH: TeOpHR H npHMeHeHHe - 2014» ( 12-15 

MaR 2014 r., Kayttac, JlHrna); XLIV MelKnyHaponHaH TynHHOBCKall KOttcjlepem-111J1 no 

cjlH3HKe B3aHMOl(eWCTBHll 3apl!lKeHHblX 4aCTHL( c KpHCTaJJJlaMH (27-29 Mall 2014 r ., 
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MocKsa, PoccHR); MelKnyHaponHall KOHcjlepeHL(Hll no DbJCTpblM Tll)J<eJJbJM HOHaM s 

MaTep11anax (SHIM-2015), (18-21 Mal! 2015 r., )J,apMWTlll(T, fepMaHHR); 4-blH 

CHMn03HYM cOTPYllHH4ecrna OVIJll1 H IOlKHo-AcjlpHKaHCKOW pecny6JJHKH (4th HNR­

South Africa symposium), (21-25 ceHrn6pll 2015 r., JJ.y6Ha, PoccHll); XXlI 

MelKnyHapOl\Hall KOHcjJepeHl\Hll «B3aHMOl(eWCTBHe HO HOB c nosepXHOCTblO 2015» (20-24 

asrycTll 2015 r., MocKsa, PoccHH); 15-aR Me)f(l(yHaponHaR HHlKe1-1ep1-1all KOHcjlepeHUHll 

«Ha1-10Mexa1-1114ecKHe HCnbJTllHHll MaTepHaJJOB: Hay'-IHble HCCJJenosaHHJI H pa3pa60TKH -

Y» (4-9 OKTll6pll 2015 r., AJJ6ycjlewpa, CTopryraJJHll); 43 COBeU1aHHe CTporpaMMHO­

KOHCYJlbTllTHBHOro KOMHTeTll OVIJll1 (PAC-2016), (JJ.y61-1a, PoccHll, 28-29 l!ttsapll 2016 

r.); 45 COBell\aHHe DporpaMMHO-KOHCYJlbTllTHBHOro KOMHTeTa 0115U1 (PAC-2017), 

(JJ.y61-1a, Pocc11l!, 19-20 l!ttsapll 2017 r.). 

Jln'IHblH BK.JI3A. 

JlH4HbJW sKJJan asTopa l!BAAeTcll onpenenll10U1HM. Bee pe3yJJbTllTbJ, npHsenett1-1b1e s 

nHccepTllUHH, nonyYeHHbJe n1160 caMHM asTopoM, JJH6o npH ero 1-1enocpencrne1-11-10M 

y4aCTHH. 

CTpyKTypa u o6beM i.uccepTaL1nn. 

)J,HccepTllllHR cocTOHT H3 ssenett11l!, YeTb1pex mas, Bbrnonos, nsyx npHJJOlKeHHW H cn11cKa 

l\HTHpyeMow nuTepaTypb1, BKJJJ04aJOU1ero 149 HaHMeHosaHHW. Pa6orn coneplKHT 113 

CTpaHHL(bl, 56 pHCYHKOB H 4 Ta6JlHL\bl. 
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Coi.epi1rnuue paoOTbl 

Bo BBCACHHH o60CHOBaHa aKTyaJJbHOCTb Hay4HOH pa60Tbl, c<jJopMyJJHpOBaHbl ueJJb, 

3a)l,a4H, Hay4HaR HOBH3Ha H npaKTH4eCKaR 3Ha4HMOCTb. np11Be)l,eHbl nOJJO)f(eH1111, 

BbJHOCHMb1e Ha 3all\HTy. KpaTKO 113JJO)f(eHa cTpyKTypa ,ll,HcceprnuHH. 

B nepeoif rnaee «Pai.ua11uo11noe i.elj>eKTooopaJoeauue e )1,YO-cnnaeax» 

(JJHTepaTypHblU 061op) npe,ll,CTaBJJeH KpaTKHH ofoop OCHOBHblX Tpe6osaH11H, 

npe,ll,bRBJJReMbIX K KOHCTPYKLIHOHHbIM MaTepHariaM )),Jiii o6ono4eK TB3JJOB peaKTopos TV 

nOKOJJeHHR, paCCMOTpeHbl oco6eHHOCTH CTPYKTYPbl 11 CBOHCTB .[(YO-cTarieli. npHBe)l,eHbl 

,ll,aHHbJe no pa,ll,1131.1110HHO-CT11Myn11poBaHHOMY H3MeHeH1110 CTPYKT)'Pbl OKCHAHbJX 

HaH04aCTl1U 11 MexaHH4eCKHX CBOHCTB .[(YO-cTariell, npe,ll,CTaBJJeHbl OCHOBHble 

MeXaH113Mbl pa,ll,11au110HHOro ynp04HeHl1R, o6oCHOBaH Bbl6op MCTO,ll,OB 11CCJJe)l,OBaHl1R 

MexaHHYecKnx csolicrn MaTep11arios nocne 06nyYeH1111. B KOHue rnaBbJ np11se)l,eHb1 

noCTaHOBKa 3a)l,a4H H ueJJb )l,HCCeprnu110HHOrO HCCJJe)l,OBaHHR. 

BTopaH rnaea «MaTep11aJ1bl H MCTOAbl HCCJICAOB3HHU» nOCBRJJ.\eHa 

11ccne,ll,OBaHH10 .[(YO-cTarieli 3fl450, Cr! 6 (BHMMM HM. A. A. lioYsapa, PoccHR), KP4 

(YHHBepc11TeT K110TO, JlnOHHR) [3,4] B 11CXO)l,HOM COCTOllHH11 H 11CnOJJb30BaHHblM 

MeTO)l,aM 11CCJJe)l,OBaHl1R. .[(aHHble .[(YO-cnnaBbl 6blJll1 npe,ll,OCTaBJJeHbl B paMKax 

peari113au11H KOOp,ll,11Hal(HOHHoro 11ccne,ll,0BaTenbcKoro npoeKTa MAI' AT3 

"Benchmarking of advanced materials preselected for innovative nuclear reactors". 

0T,ll,eJJbHbJe 3KCnep11MeHTb1 npoBO,ll,HJJHCb Ha .[(YO-cTari11 KPl 23 {YH11sepcHTCT K11orn, 

JlnoHHR) H Ha MO,ll,eJJbHblX o6pa3uax BblCOK04HCTblX Me)l,11 11 H11KeJJR (Advent Research 

Materials Ltd, MTI Corporation). 
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0KCH,ll,Hb1e 4acrnub1 B .[(YO-cTari11 3fl450 H KP 123 npe,ll,cTasneHbJ Tl1TaHaTOM 

11rrp1111 Y2Tii01. Pa3Mepb1 4acT11u s 3n450 sapbHpy10Tc11 OT 5 AO 200 HM, s KP123 - oT 

5 )l,0 30 HM, cpe,ll,H11H pa3Mep H KOHueHTpauHR B o6enx CTaJJRX COCTaBJJReT 10 HM 11 1016 

CM"3 COOTBeTCTBeHHO. y 2 Ti201 B 3fl450 c pa3MepaMH )l,0 10 HM 11MelOT 4eTKYIO orpaHKy, 

4acT11ub1 66nbwero )l,11aMeTpa xapaKTep113y10Tc11 oKpyrnoll <jJopMOH. B CTMH Crl6 

np11cyTcTBY10T )),Ba T11na 0Kc11,ll,Hb1x YaCTHu: Y 2 Ti Os H Y 2 Ti201. Pa3Mepb1 'Jacrnu 

Bapb11py10TCR OT 5 )l,0 200 HM, cpe.QH11H pa3Mep - 10 HM, KOHueHTpau1111 4aCTl1U 

COCTaBAAeT 10 15 CM.3• 0KCH)l,HbJe 4aCTl1Ubl B CTaJJl1 KP4 npe,ll,CTaBJJeHbl aJJIOM011TTp11eBblM 

OKCl1,ll,OM Y 4Ab09 (YAM). Pa3Mepb1 4acT11u sapbHpYJOTCR OT 2 AO 30 HM, cpe,ll,HHH 

pa3Mep COCTaBJJReT 5 HM, KOHueHTpau1111 - 1016 CM·3• 

nepe,ll, npoBe)l,ett11eM CTPYKTYPHblX 11CCJJe)l,OBaHHM 11 MexaHl1'·JeCKl1X 11CnbJTaHl1H 

o6pa3J.lbl no,ll,BeprariHCh MeXaH11YeCKOH wn11<jJoBKe H non11poBKe Ha ycTaHOBKe DP-U2 

(Struers, Demnark) c ,llaJJbHeliwell 3JJeKTpox11MH4eCKOH non11poBKOH. 

l1ccJJe.QOBaHHR MHKpOCTPYKTYPbl .[(YO-CTaJJeH 6bJJJH npoBe)l,eHbl MeT0,11aM11 

npOCBe4HBaJOJJ.\eM 3JJeKTpOHHOH MHKpOCKOnHH (n3M) Ha 6a3e 11.eHTpa 

Bb1coKopa3pewa10ll\eH 3JJeKTpOHHOH MHKpocKonHH yH11sepcHTeTa HM. HeJJbCOHa 

MaH,11enb1 (nopT 3n113a6cr, IOAP). B pa6oTe 11cnOJJh30BaJJl1Ch npocBe4HBaJOll\11e 

3JJeKTpOHHbJe M11KpocKonb1 JEOL JEM 2100LaB6 11 JEOL JEM-ARM200F c 

np11CTaBKaMl1 ,llJJR 3Hepro,1111cnepCHOHHOrO (3.[(C) aHaJJH3a 11 cneKTpOCKon1111 

xapaKTepHCT11YeCK11X noTepb. CTpyKTYPHhJe HCCJJe,11osaH1111 o6nyYeHHbJX MaTep11arios 

npOBO,llHJ111Cb Ha MaCCl1BHblX (- 400 MKM) o6pa3uax, H Ha npe,11aap11TeJJbHO YTOHeHHblX 

nepe,11 o6JJy4eH11eM TOHKl1X QlOJJhrax. ToHKHe 06pa3J.1bl 6blJIH np11roTOBJJeHbl B reoMeTp1111 

• 
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nonepe•rnoro ce'-!eH11J1 (cross section), TalOKe 6hrn11 11cc11enosaHhl n11aHapHbie o6paJllhl. 

J1cc11enosaH11e nosepxHocT11 ,lJ.YO-craneii noc11e pan11au110HHO-TepMw1ecKoro 

B03neiicrnm1 ocymecrnmrnoch MeTonoM P<1>3C (peHTreHoscKoii cjJoTo311eKTpoHHOH 

cneKTpocKon1111) Ha cneKTpOMeTpe K-Alpha (Thermo Fisher Scientific). 

,l1.m1 Mone1111poBaHl1ll B03nei1CTBl1ll OCK011KOB ne11eHl1ll o6p33l.lbl 6brnl1 0611y'-leHbl 

110HaM11 Ar, Xe, Kr 11 Bi c 3HepnrnM11 1-3 M3B/HyK110H Ha ll11KnOTpOHax l11.\- I 00 11 Y-400 

(JUJP 0115Jl1), 11 110HaM11 Xe c 3Heprnei1 1,67 M38/HyK110H Ha u11K110Tp0He DC-60 (115J<I> 

HJlll, PK) np11 cjJ111-0eHcax I· I 0 12 -1 · l015 CM"2 B n11anaJOHe TeMneparyp OT 300 no I OOOK. 

OnHoponHoe pacnpene11eH11e ny'-!Ka 110HOB no n11oman11 M11weHei1 nocT»ranocb 3a C'-leT 

CKaH11poBaH»ll B BepT11K3nbHOM 11 rop1130HT3nbHOM Hanpas11eHl1llX ( OTK1IOHeH11e He 

npesh1wano 5%). KoHTp011h cpmoeHca 0611y'-leH11ll c TO'-IHOCTbl-0 15% nposon1111cll np11 

nOMOllll1 lll11111Hnpa <l>apanell, Ha Hl1)f{HIQIQ '-!aCTb KOToporo c noMOlllbl-0 nsyCTOpoHHero 

yrneponHoro CKOT'-la 6hinl1 np11Kpen11eHbl o6p33llbl. CpenHRll n110THOCTb noroKa 110HOB 

COCT3B11ll11a -2· I 01° CM-2c-1. J13MeHeH11e TeMneparypbl o6paJUOB np11 0611y'-leH1111 

KOHTpo1111posanOCb c nOMOlllbl-0 06paJUOB-CBl1neTe11ei1, K KOTOpblM 6bl11H noncoen11HeHbl 

TepMonapbl. E11aronapll cneu11anbHhIM MenHhIM nep)f{aTeJlllM o6paJUOB c sonHbIM 

ox11a)f{neH11eM TeMneparypa 06pa3uos a npouecce 0611y'-leH11ll He npesb1wana 80°C. 

HHTerpanbHall no3a 0611y'-leH11ll n11ll rny611Hbl I MKM OT 0611y<1eHHoi1 nosepxHOCTl1 11 

Be1111'-111Ha 3Heprn11 311eKTpOHHblX noTepb paCC'-111TblB3nl1Cb c nOMO!llbl-0 nporpaMMbl 

SRIM-2013. 

0611Y'-feH11e o6paJUOB nposon11110Cb KaK no CTaHnapTHOH MeTon11Ke, TaK 11 c 

11cno11b30BaH11eM cneu11anbHb1x nornoma1-0m11x cjJ1111bTpos, no3B011lll-Olll»X nposecT» 
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P11c. I. CxeMa «paJsepTK11» npocjJ1111ll nospe)f{neH11i1 no nosepxHOCT11 06pa1qa c 

11cno11h30BaH11eM nornomaJOmero cjJ1111bTpa. 

«paJBepTKY» npocjJ1111ll nospe)f{neHl1H 861111311 nosepxHOCTl1 0611Y'-feHHOfO MaTep11aJ1a 1s1. 

,lJ.aHHbie cjJ1111bTpb1 npencrnsrurn11 co6oi1 Al <J:>o11brn p331111'IHOH Tom1l11111 .1, 

ycrnHos11eHHb1e 111160 n11ocKo H3l\ o6paJllOM, 111160 Ha cneu11a11bHOM U-06p<ni10M 

CTanbHOM npocjl1111e (P11cyHOK I), B noc11enHeM c11y4ae np11 11cxonHOH T011lllHHe cpOJlhl II II 

6 MKM To11m11Ha nornoma1-0mero cjJ1111hTpa sapb11posanacb OT 6 no 20 MKM. 

Hcc11enosaHl1ll MeXaH11'-!eCKHX CBOHCTB ,l1.Y0-cTanei1 nposon111111Cb MCIO}(CIMll 

KBaJl1CTaT11'-!ecKoro 11 n11HaM11'-!ecKoro HaH011HneHT11posaH11ll c noMOlllblO Nanoln<lenh.:1 

G200 (MTS Nanolnstruments, CWA), Hysitron Tl 750 Premier (Hysitron, CWA) 11 CSM 
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NHT (CSM Instruments). Kea:rncrnTwiecKoe HaHOl1HJ:1eHT11poeam1e 6hrJio npoee):leHo co 

CKOpOCTblOOTHOCl1TeJibHOH 

necjJopMa1..11111 0,01 c-1, KOHTpon11pyeMOH rny611HOH BHe):lpemur 11H):leHTOpa 11 Bb1nep)f(KOH 

np11 MaKCl1MaJibHOH Harpy3Ke B Te'-IeHl1e I 0 ceKyHn nmr )J.YO-CTaJieH 11 Me):ll1 11 14 ceKyH):I 

nm1 Hl1Kem1. f'ny611Ha BHe):lpeHl1ll l1HL1eHTOpa COCTaBJillJia OT 0,3 LIO MKM. B 

KBll311CTaTl1YeCKOM pe)f(11Me HaHOl1HneHT11pOBaHl1ll 6bJJIO cnenaHO He MeHee 20 

113MepeHl1H, Ha OCHOBaHl111 KOTOpb!X onpeneJillJil1Cb BeJil1'-IHHa rnepnocru 11 CTaHL1apTHOe 

OTKJIOHeH11e. )J,11HaM11YeCKOe HaHOl1HL1eHT11poeaH11e (CSM) 6blJIO npoBe):leHO co 

CJie):lylOll.111MH napaMeTpaM11: '-laCTOTa rapMOHWleCKOH COCTaBJllllOll.leH ttarpy3K11 45 l'-1, 

aMnJIHTyna KOJie6aH11H 11HneHTOpa non neHCTBl1eM rapMOHl1YeCKOH HarpYJKl1 2 HM, 

MaKCl1MaJibHall rny611Ha BHenpeHl1ll 11H):leHTOpa - 2 MKM, OCHOBHOH pe)f(HM Harpy)f(eHHll 

- c nOCTOllHHOH CKOpOCTbl-0 OTHOCl1TeJibHOH ):lecjJopMa1..11111 o,01c- 1 LIJill 11CKJllOYeHl1JI 

BJil1l!H11J1 CKopocTHOro cjJaKTopa Ha eenwrnHy TBepnocT11. AHan113 naHHbIX nnll 

onpeneneHHll p113MepHbrx JcjJcjJeKTOB npoBOJ:111JICll c 11cnonb3oeaH11eM Monen11 Nix 11 Gao, 

LIJ!ll o6pa60TKl1 11CnOJib30BaJil1Cb naHHble no rny611He BHe):lpeHl1ll 11H):leHTOpa Yepe3 

Ka)f(J:lbJe 20 HM. 

B TpeTbeii rJiaee «PeJyJlbTaThl u o6cy'.lK)leuun. CTpyirrypttb1e uccJie11oeauun» 

npenCTaBneHbl pe3yJibTaTb1 cTpyKTYPHhrx 11ccnenoeaH11H )J.YO-CTaneH np11 06ny'leu1111 

Tll)f(eJiblM11 BbJCOKOJHepreT11YecK11M11 110HaM11 e 11HTepeane TeMneparyp OT 300 no I OOOK. 

y CTaHOBJieHO, 'lTO OKc11nHble YaCTHl..lbl Ha OCHOBe Ti-Y-0 B )J.YO-CTaJillX 3IT450, Cr 16 11 

KP 123 MeHee crn611JibHb1 no cpaeHeH1110 c Y AM-YacT111..1aM11: 06nyYeH11e 110HaM11 

12 

Kp11nTOHa 11 KCeHOHa np11B0):111T K cjJopM11poeaH1110 B YaCTl1'-lllX n11poxnopa JiaTeHTHblX 

TpeKOB c peHTreHOaMopcjJHOH CTpyKTypoH (P11cyHOK 2). 

P11c. 2. IT3M-11306pll)f(eH11e YaCTH'-lbl Y 2Ti20 7 B )J.YO-crnn11 KP 123, o6nyYeHHOH 

167 MJB Xe B pelK11Me en (I), B pecjJJieKce OKC11na B pe)f(l1Me TIT (2), B pecpJieKce 

TpeKa e pe)f(11Me TIT (3). <l>moeHc 110HOB I 0 12 cM·2• 

)J,nll eap11a1..11111 ypoBHll JJieKTpOHHoro TOpMO)f(eH11J1 np11 onpeneneH11ll nopora 

06pll30BaH11ll nareHTHblX TpeKOB np11 06ny'leH1111 110HaM11 Xe 11 Kr 11cnoJib30BaJil1Cb 

norJIOL1.1alOL1.1He aJIIOM11HHeBble cjJHJibTpb!. 3aBl1Cl1MOCTb n11aMeTPa TpeKa OT BeJil1Yl1Hb.I 

HOHl13al.1110HHb.IX noTepb 3Heprn11 Se 6b1Jia nocTpoeHa Ha OCHOBaHl111 nonc'leTa He MeHee 

10 3HaYeH11H n11aMeTpOB TpeKOB LIJill Kll)f():IOH 3Heprn11 (P11cyHOK 3). CornaCHO 

nOJIYYeHHOH 3aBHCl1MOCTl1 c yYeTOM B03M0)f(HblX JcjJcjJeKTOB paccel!Hl1ll np11 o6Jiy'leHl111 

'lepe3 cjJ11JibTPbl nopor. o6pll30BaHJ1ll TpeKOB B n11poXJiope Haxon11TCll B 11HTepeane 

7,4+9,7 K38/ HM. 
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PHc. 3. 3asHCHMOCTb .nHaMeTpa TpeKa s HaH0YacTm1ax Y 2Ti201 OT yposttll 

y.neJJbHblX HOHH3aUHOHHblX noTepb :rneprHH HOHOB. x - )J.aHHble pa60Tbl [6] . 

CT pH <PmoeHce HOHOB KCeHOHa 2· I 012 CM"2 JJaTeHTHble TpeKH HaYHHaJOT 

nepeKpb1BaTbCll, npHBO.!lll K noJJHOM aMopqrn3au11H OKCH.!IOB Y-Ti-0 npH I 013 cM·2. 

PHc. 4 . CTpyKTypa .ll,YO-CTaJJH KP4 nocJJe o6JJyYeHHll 167 M38 Xe .!IO cjJmoeHca 

2· 1014 CM"2(1), COOTBeTCTBYIOIUall .!IHcPpaKTorpaMMa (2), en H306pa)f(eHHe WO-

CTaJJH KP4 nocJJe o6JJyYeHHll 167 M3B Xe .!10 <PmoeHca 1,5· I 015 CM"2 (3). 
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CTpH TOM )f(e pe)f(HMe o6JJyYeHHll OKCJ1.!1Hble YaCTHUbJ Y-Al-0 c .!IHaMeTpOM .!IO 20 

HM crn611JJbHbl, 0)).HaKO B YaCTHuax c .n11aMeTpOM 6oJJee 20 HM perHCTpHpyeTCll 

HapyweHHe KpHCTaJJJJHYeCKOH CTPYKTYPbJ co cTopoHbl B03.!lei1cTBHll nyYKa HOHOB. 

AMopcjlH3aUHll Y AM-HaHo•-iacTHU 6b1JJa o6Hapy)f(eHa TOJJbKO np11 cjrnioettce HOHOB Xe 

Bbl We I 014 CM-2• npH 3TOM, npe.nnOJJO)f(HTeJJbHO B pe3yJJbTaTe HHTeHCHBHOrO HOHHOrD 

nepeMeurnBaHHll, .neTeKTHPYIOTCll cPa3bl xpOMHTOB, a B cjleppHTHOH MaTpHue 

Ha6JJIO.!la!OTCll .!IHCJJOKauHOHHble neTJJH c nJJOTHOCTblO - 5· 10 16 CM"3 (PHCYHOK 4). 

l1ccJJe.!IOBaHHe CTPYKTYPbl WO-cTaneii nocJJe BblCOKOTeMneparypHoro 06JJy<1eHHll 

nOKa3aJJO, YTO JJaTeHTHbJe TpeKH o6pa3y!OTCll BO BCeM HHTepsane TeMnepaTyp OT 300 .!10 

700°C, npH 3TOM )J.HaMeTp TpeKOB He3HaYHTeJJbHO yseJJHYHBaeTCll c B03paCTaHHeM 

TeMneparypb!. CTOKa3aHO, YTO npH BblCOKOTeMneparypHOM 0T)f(Hfe npe)J.BapHTeJJbHO 

06JJy•1eHHblX TOHKHX o6pa3UOB, B npHnosepxHOCTHOM CJJOe npOHCXO.!IHT cjiopMHposaHHe 

OKCH.!IHblX cjla3 MexO y, 'ITO no)J.TBep)f(.!laeTCll KaK CT3M-HccJJe.!IOBaHHllMH (PHcyHOK 5), 

TaK H aHaJJH30M P<l>3C-cneKTpos, CHllTblX c nocTeneHHblM TpasJJeHHeM nosepxHOCTH 

HOHaMH Ar. IlocKOJlbKY )J.aHHble cPa3bl MOfYT B3al1MO.!leHCTBOBaTb c y)f(e HMe!OIUHMHCll B 

CTpyKType JJaTeHTHblMH TpeKaMH, HCnOJJb30BaHHe npe)J.sapHTeJJbHO YTOHeHHblX o6pa3UOB 

.!IJlll HCCJJe.!IOBaHHll pa.1J.HauHOHHOH CTOHKOCTH WO-cTaJJeii npH BbJCOKHX TeMnepaTypax 

He KOppeKTHO. 

• 
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(Se = 35 KJB/HM). TaKHM o6pa30M, 3Ha4eHHe 35 KJB/HM MOlKeT paccMaTpHBaTbC51 KaK 

BepXHj!j! rpaHHL\a ypoBH51 JJieKTpOHHOro TOpMOJKeHH51 AJI51 <jlopMHpOBaHH51 TpeKOB B 

HaH0YacT11L1ax 1<ap6HAOB Cr23C6. 06nyYeHHe B peJK11Me MHOroKpaTHOro nepe1<pbJTH5! 

TpeKOBb!X o6nacTeii nepeBOAHT Kap6H):lbl B aMop<j)Hoe COCTORHHe, 4TO nO,[\TBeplK;:\aeTCH 

KaK pe3yJibTaTaMH IT3M aHaJIH3a, TaK H ,[\aHHblMH, nOJiyYeHHblMH MeTO,[\OM 

peHTreHOBCKOH AH<jlpaKL\HH. 

B 'feTBepTou rJiaBe «Pe1yJ1hT3Thl n o6cym):leHnH. Mexann'fecKne cnoucTBa» 

PHc. 5. HaH0YaCTm.1a rmpoxnopa B CTaJIH 3IT-450 nocne o6nyYeHIDI 167 MJB Xe npeACTaBJieHbI pe3yJibTaTbt Mexattw1ecKHx 1-1ccneAOBatt1-1ii WO-cTaneii H MOAeJibHbrx 

AO <j)JIIOeHca 1012 CM-2 c nocne,[ly!Oll\HM ODtmrOM np11 TeMneparype 450°C B o6pa3L\OB Cu n Ni MeTOAaMH HaHOHHAeHTHposamrn. ,ZJ,onycTHMbIH HHTepsan no 

pelKHMe CIT (1), COOTBeTCTByIOll\aH AH<jlpaKTOrpaMMa (2). rny6HHaM BHeApeHH51 HH,[leHTOpa ,[\JIJI onpe,[1eJieHH51 ypoBHJI pa,[IHal\HOHHOro ynpOYHeHIDI 

B CTPYKType ,ZJ,YO-cTaJIH 3IT450 OTMeYaeTCH 6onbwoe KOJIHYeCTBO YaCTHYHO 6b!JI onpeAeJieH c nOMOll\blO MeTOAa CSM BMecTe c HCnOJib30BaHHe MOAeJIH Nix H Gao, 

KOrepeHTHb!X <jleppHTHOH MaTpHL\e OKCH,[\Hh!X YaCTHL\ c ):le<jlopMHpOBaHHOM 6a3HpyIOll\eHC51 Ha KOHL1enL1HH reoMeTpHYeCKH He06XOAHMblX ,[\HCJIOKal\HH (I) [7]: 

KpHCTaJIJI11YecKoii peweTKoii, yposeHb Ae<jlopMal\HH MOJKeT AOCTHraTb I 0%. OcTaTOYHbie (!!_J' = I +~ 
H

0 
h ' 

(1) 

Hanp5DKeHIDI, Bb!3BaHHbJe TaKHMH ,[le<jlopMal\H5lMH, BO MHOrDM npeAonpeAeAAIOT 

H3MeHeH11e CTpyKTYPbl npH Bb!COKOTeMnepaTypHOM HOHHOM o6nyYeHHH, B YaCTHOCTH, r,[le h - rny61-1tta BHe,[1peHH51 HH,[\eHTOpa npH HaHOHH,[\eHTHpOBaHHH, h. - xapaKTepHM 

OHH MOrYT cnoco6crnosaTb peKpHcTaJIJIH3al\HH naTeHTHbIX TpeKOB. B peJKHMe BeJIH4HHa, 3aBHC5lll\M OT HH,[\eHTHpyeMoro MaTepHana H yrna npn BepWHHe HH,[\eHTOpa, 

nepeKpblTH51 TpeKOB BHe 3aBHCHMOCTH OT TeMneparypbl o6nyYeHH51 H TeMnepaTypbl H.- 3HaYeH11e MHKpornepAOCTH npH 60JibllIOH rny6HHe BHe,[1peHH51 HH,[\eHTOpa (h » h ' ). 

nocnepaAHal\HOHHOro OTJKHra soccTaHOBJieHHR CTPYKTYPbI OKCHAOB He npoHCXOAHT - see 

YaCTHL\bl HaX0,[\51TC51 B peHTreHOaMop<j)HOM COCTOHHHH. 

JlaTeHTHbie TpeK11 ttapHAY c YaCTHL1aM11 Y-Ti-0 6bJJIH o6ttapyJKeHbI TaJOKe B 

Kap6HAax Cr23C6. Tpe1<11 perncTp1-1po0an1-1cb B 06pa3L1ax cTaneii Crl6 H 3IT450, 

o6nyYeHHbIX 110HaM11 Bi c JHeprneii 700 MJB (Se = 53 KJB/ ttM) H Xe c Jtteprnii 167 MJB 
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PHc. 6. Pe3yJJbTaTbI ttaHOHHAeHTHposamu1 B pelKHMe CSM HCXOAHOH H 

o6nyYeHHOH HOHaMH Kcettotta )J,YO-CTan11 KP4 s KOOPAHttarnx H" 2-1 /h. <l>moettc 

HOHOB - 1015 CM-2. 

Pe3yJJbTaTbl HaHOHHAeHTHpOBaHHll )J,YO-CTaJJH KP4 B HCXOAHOM COCTOllHHH H nocne 

o6nyYeHl1ll HOHaMH Kr 11 Xe (PHcyttoK 6) B KOOPAHHaTax HL 1/h noKa3aJJH, 'lTO 

AOnyCTHMblH HHTepsan rny6HH BHeApeHHll" HHAeHTOpa orpaHH'leH ABYMll THTiaMH TO'leK 

nepern6a, KOTOpble cooTBeTCTBYIOT KpHTH'leCKHM BeJJH'lHHaM h.:1 H hc2· BeJJH'lHHa hc2 

COOTBeTCTBYeT rny6HHe 300 HM H xapaKTepH3YeT HaJJH'lHe pa3Mepttoro 3cp<j>eKTa npH 

HHAeHTHpOBaHHH (aHrn. indentation size effect - JSE), 'lTO OAHHaKOBO pa6oTaeT KaK AJ!ll 

o6JJy<!eHHOro, TaK H AJ!ll HCXOAHOro MaTep11ana. TO'lKH nepern6a BTOporo THna 

xapaKTepHbl TOJJbKO AJJll 06ny<1eHHbIX o6pa3U,OB, npH JTOM AJ!ll o6nyYeHHH HOHaMH Xe 

3Ha'leHHe hc1 COCTaBJJJieT 1,6 MKM, a HOHaMH Kr- 1,3 MKM. 

c y'leTOM nony'leHHblX AaHHblX 0 AOnyCTHMOM AHana30He TBepAOCTb 

onpeAeJJllJJaCb Ha rny6Htte 1 MKM OT o6ny'leHHOH nosepxHOCTH. f1peAeJJ TeKy'leCTH 0-Ay 

18 

HaxOAHJJCll H3 COOTHOWeHl1ll HV = 3,06XO-Ay. 3aBHCHMOCTb npeAeJJa TeKy'leCTH CTaJJeH 

3I1450, KP4 H Cr16, o6nyYeHHbIX 110HaM11 Xe 11 Kr OT A03bI paAHau,HOHHbIX 

nospe)f(IJ-eHHH npeACTaBJJeHa Ha PHcyHKe 6. 
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CH a 

P11c. 6. f1peAeJJ TeKyYeCTH )J,YO-cTanei-1 KaK cpyHKU,Hll A03bl paA11a11110HHbIX 

nospe)f(IJ-eHHH. 

Ilp11BeAeHHbie AaHHble CBHAeTeJJbCTBYIOT 0 BblXOAe 3aBHCHMOCTH npeAeJJa TeKy<leCTH Ha 

CTaAHIO HaCblU(eHHll npH A03e Bb!We 0,05 CHa. BeJJH'-IHHa ypOBHll paAHaU,HOHHOro 

ynpO'!HeHHll Ha 3TOH CTaAHH COCTaBJJHeT l 0-15%, '!TO cornacyeTCll c MOAeJJblO 

6apbepHoro ynpoYHeHl1ll. 

B 1aKJ110'le11nn AHcceprnu,11H KpaTKO 0606weHb1 pe3yJJbTaTb1 nposeAeHHblX 

HCCJJeAOBaHHH. 
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B Ilpm1mKeHHH 1 np1rne,ll.eHo onucam1e MeTOAHKH ucnoJJb30BaHHJI nornoll.lai-Oll.IHX 

cjlHJlbTpOB npu HCCJle,ll.OBaHHH MeXaHH4eCKHX CBOHCTB MeTOAOM HenpepblBHOrO 

H3MepeHHJI )KeCTKOCTH Ha npuMepe MOHOKpHCTaJlJlH4eCKOH Me,ll.H (MTI Corporation). 

B Ilp1tJl01Ke11uu 2 npuse,ll.eHbl TennocjlH3H<teCKHe napaMeTpbI Y2Ti20 1, 

ucnOJlb30Baswuecll npu pac<teTax B MOJJ.ellH Heynpyroro TepMu<tecKoro nuKa. 
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OcttoBHble pe1yJlbTaTbl u BblBOllbl 

1) OnpeAeJJeHbJ noporoBal! JHepntll JJleKTpOHHbIX noTepb JHepnrn Allll o6pa3osaHHll 

naTeHTHbJX TPeKOB B Hatto<tacrnuax Y2Ti201 np11 o6ny<teHHH .ll.YO cnnasos 

6blCTpblMH Tl!)KeJlblMH HOHaMH, COCTaBJllllOll.\al! 7,4+9,7 KJB/HM H 3aBHCHMOCTb 

,l:\HaMeTPa TPeKOB OT ypOBHJI yAeJlbHblX HOHH3aUHOHHblX noTepb JHeprnu B ,ll.HanaJOHe 

OT noporosoi1 AO 24 KJB/HM. <I>opMuposa1111e TpeKOB B Y2 Ti201 0611apy)KeHO B 

HHTepsane TeMneparyp o6n)"-leHHll 300+ lOOOK, npw 3TOM pa3Mep TpeKa HMeeT 

TeHAeHL\HIO K yBeJIH4eHHIO c poCTOM TeMnepaTypbl. 

2) Ycrn11osne11a sepXHllll rpa11uua ypoBHll JJleKTpo1111oro TOpMO)KeHHJI AJlll 

cjlopMuposattwll naTeHTHbJX TpeKoB B <tacTuuax Kap611AOB Me23C6 - 35 KJB/ttM. 

3) TioKaJatto, 4TO 06ny<te11ue B pe)K11Me MHOroKpaTHOro nepeKpblTHll naTeHTHblX TPeKOB 

np11BOAHT K non11oi1aMop¢113au11u11a11o<taCTHU Y-Ti-0 11 Me23C6. 

4) YcrnHosne110, <tTO OKCHJJ.Hb1e <tacrnub1 Y4Ali09 s .lJ.YO-cTan11 KP4 l!BJllllOTCll 6onee 

paAHaUHOHHO-CTOHKHMH K 803,ll.eHCTBHIO BblCOKOJHepreTH4eCKHX Tll)KeJlblX HOHOB no 

cpas11em110 c Y 2 Tii01. 

5) IToKaJatto, 4TO peKpHCTaJ1JlH3aUHll <taCTH4HO aMopcjl1nosa1111b1x <taCTHU Y2Th01 npu 

nocnepa,ll.HallHOHHOH TepMH4eCKOH o6pa60TKe 3aBHCHT OT COCTOllHHll HX HCXOAHOH 
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CTPYKTYPbJ. BoccrnHosneH11e nonHOCTblO aMop<j>113osaHHb1x HaHo'laCTl1ll Y-Ti-0 He 

Ha6JIIO)J.aeTCll. 

6) MeTO)J.aM11 HaHOl1H)J.eHT11pOBaHl1ll 113Y'JeHbl MexaH11'1eCK11e CBOikTBa .DYO-cTaJieH 

3TI-450, Cr! 6 11 KP4, o6ny'leHHbIX 110HaM11 Kp11nrnHa 11 KceHOHa c :meprnei1 l,2 

MJB/ttyKJioH. IToKa3aHo, '!TO 3as11c11MOCTb ypoBHll paJJ.11a1.1110HHOro ynpo'IHeHIDI 

CTaJieH OT )J.03bl pa.11.11au110HHb!X nospe)l()J.eHJ1H BbIXO)J.11T Ha CTa)J.1110 HaCbillleHJ1ll np11 

0,05 CHa. BeJil1'111Ha pa)J.11a1.1110HHOro ynpO'!HeHIDI, COCTaBJUllOlllall I 0-15% Ha CTa)J.1111 

Hacb1111eH11H, xopowo on11cbrnaeTcll MOJJ.eJiblO 6apbepHoro ynpo'IHeHIDI. 
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