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OEilUASI XAPAKTEPl-1CH1KA PAEiOTbl 

AKTYAJlbHOCTb nPOEillEMbl. noabiWeHHe pa6oTOcnoco6HOCTI1 B 

C04eT3HI1111 C BbiCOKOiil 3KOHOMI14HO<?Tbl0 R,D,epHbiX 3HepreTI14eCKIIIX YCT3HOBOK 

(SI3Y) C peaKTopaMiil Ha TenllOBbiX HeliiTpOHaX, C03,D,aHiile peaKTOpOB Ha 6biCTpbiX 

HeliiTpOHaX Ill MHOrD4e1leBbiX YCTaHOBOK Ha 11X OCHOBe, pa3BI1Tiile 11CCJle,D,OBaHI1Lil no 

ynpaBJlReMOMY TepMOR,D,epHOMy CI1HTe3y 11 pa3pa60TKa npoeKTOB TepMOR,D,epHbiX 

3HepreTI14eCKIIIX yCTaHOBOK (T3Y) noTpe6osa1lO peweHIIIR MHOri!IX HaY4HO

TeXHI!I4eCKIIIX npo6neM. 3Tiil np061leMbl CO,D,ep)l(aT ,ll,OCTaT04HO WlilpOKiillil Kpyr 

sonpocos R,D,epHolil <f>1i13111Kiil, <f>1i13111Kiil Tsep.o.oro Tena, Tenno<f>1!13111Kiil, peaKTopHoro 

MaTepl!lallOBe,D,eHI!IR , 3K0110rlillil , a TaK)I(e MHOri!IX ,D,pyrVIX, B CBR31i1 C 4eM C03,D,aHbl 

Ha4liiOHa1lbHble Ill Me)l(,ll,yHapO,ll,Hble nporpaMMbl . 0TMeTI!IM, 4TO Bbi60p 11111111 

C03,D,aHI!Ie HOBbiX MaTeplilaJlOB, KOTOpble ,ll,OJl)I(Hbl Bbi,D,ep)I(IIIBaTb BbiCOKiile 

MeXaHVI4eCKVIe, TepM1i14eCKiile , 31leKTpOMarHIIITHble Harpy3KVI 8 yCJlOBIIIRX 

B03,D,elilcTBIIIR MOLUHbiX nOTOKOB lii0Hiii3111PYIOLUIIIX lil31ly4eHiillil C WIIIPOKIIIM cneKTpOM 

no 3HeprliiRM Ill nO COCTaBaM , He06XO,ll,liiMOCTb pa60Tbl B KOpp031i10HHO-aKTIIIBHbiX 

cpe,D,aX, nplil BbiCOKIIIX TeMnepaTypax Ill ,D,aBJleHIIIRX RBJlReTCR O,ll,HOiil 1113 OCHOBHbiX 

np0611eM 8 C03,D,aHIIIVI Ha,D,e)I(HbiX, 6e30naCHbiX Ill 3K0110rVI4eCKVI 4VICTbiX R,D,epHbiX 

ycTaHOBOK . 

K HaCTORLUeMy speMeHI!I OTKPbiTbl 111 liiHTeHCVIBHO lil3y4aiOTCR <f>1i131114ecKiile 

RBJleHI!IR, npOTeKaiOLUiile B TBep,D,biX Tenax nO,D, 803,D,eliiCTBiileM lii0Hiil3lilpy10LUIIIX 

lil31ly4eHiillil 111 so MHoroM onpe.o.enRIOLUI!Ie pa6oTOcnoco6HOCTb 31leMeHTOB 111 y3nos 

SI3Y , T3Y; K HVIM OTHOCRTCR pa,D,Iila41110HHbllil pOCT VI pacnyxaHiile, ynp04HeHiile Ill 

oxpyn4VIBaHVIe , pa,D,Iila4liiOHHaR non3y4eCTb 111 .o.p. O.o.HospeMeHHO c 3TiiiMiil 

np04eCCaM111 pa,D,Iila41110HHO-CTIIIMY1llilpOBaHHble <f>a30Bble npespa[UeHIIIR Ill 

VI3MeHeHIIIR cTpyKTYPbl R,D,epHble peaK4111111 111 , KaK cne.o.cTsllle, pa.o.111a41110HHOe 

nerlilpOBaHI!Ie, TaK)I(e npliiBO,ll,RT K lii3MeHeHVIIO <f>1i131i1KO-MeXaHIII4eCKIIIX CBOiiiCTB 

peaKTOpHbiX MaTeplilallOB . Cne.o.yeT 3aMeTIIITb, 4TO B OCHOBe BCeX 3TI1X RBJleHVIIil 

ne)l(aT neps1!14Hble npo4eCCbl cMeLUeHI!IR aTOMOB 1113 y3nos KPIIICTaJllli!IYecKolil 

peweTKiil 111 o6pa3osaHI!IR npo.o.yKTos R,D,epHbiX peaK4Iillil , a yposeHb lii3MeHeHI!IR 

<f>1i13VIKO-MeXaHI!I4eCKVIX CBOiiiCTB a,D,eKBaTHO CBR3aH C KOH<f>V1rypa4111RMIII 

pa,D,Iila41110HHbiX ,D,e<f>eKTOB Ill aTOMOB-TpaHCMYTaHTOB. 3TO 06CTORTe1lbCTBO ,D,aeT 

Ha,D,e)l(,ll,y Ha C03AaHIIIe npe.o.cTasneHIIIIil o pa.o.111a41110HHbiX 3<f>Q>eKTax lii3MeHeHIIIR 

I ObVi~u:iii.&..~ R lllj:TlryT 
\'ll~)'!iW.X HCcJ!h:l~lu11C 
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CBOLiiCTB TBepAbiX Ten 111 yCTaHOBneHII15l AOCTaTO~HO 06ll.\111X 3aKOHOMepHOCTelil 111X 

paA111aU.II10HHoro nospeJKAeH1115l . 

li13BeCTHO , ~TO An5l npOBeAeHII15l nOnHOMaCWTa6HbiX paAII1aU,II10HHbiX 

II1CnbiTaHII1Lil Tpe6yeTC5l An111TenbHOe BpeM5l 06n~eHII15l B 111CCneAOBaTenbCK111X 

peaKTopax An5l Ha6opa BbiCOKOrO Q>moeHca HeliiTpOHOB, COOTBeTCTBYIOll.\111X 

AeliiCTBYIOll.\111M 111n111 npoeKT1.1pyeMbiM 513Y. A1JII1TenbHble 3KCn031.1U,II1111 o6ny~eHII15l 

np1.1BOA5lT K Cyll.\eCTBeHHOLil aKTI.1BaU,II1111 111CCneAyeMbiX 06pa3U,OB, ~TO Tpe6yeT 

111CnOnb30BaHII15l A111CTaHU,I.10HHOLi! 111 3all.\111THOLil TeXHII1KII1 , a BCe BMeCTe 

cneu.111anbHbiX Meponpll15lTII1Lil B o6naCTII1 aKonor111111 . 

Heo6XOAI.1MOCTb B ycKopeHI.-1111 pean1113au,111111 yKa3aHHbiX BbiWe nporpaMM 3a 

C~eT 6biCTpelilwero Ha6opa He06XOA111MOLil A03bl . nospeJKAeHII15l, OTCYTCTBII15l 

pe3KOrO yMeHbWeHII15l aKTII1BaU,111111 np111 COXpaHeHII1111 AOCTOBepHOCTII1 pe3ynbTaTOB 

paA111aU,1110HHbiX 111CnbiTaHII1Lil nocn~111na OCHOBaH111eM An5l pa3BII1TII15l yCKOp111TenbHOLil 

TeXHII1KII1 Cneu,ll1anbHOrO Ha3Ha~eH1115l 111 n05lBneHII15l W111pOKOrO Knacca 111CTO~H111KOB 

3ap5l)l(eHHbiX ~aCTII1U, . np111 1110HHOM 06ny~eHII1111 6blnll1 AOCTII1rHYTbl BbiCOKII1e 

CKOpOCTII1 Aecf>eKT006pa30BaHII15l, B pe3ynbTaTe ~ero BpeM5l Ha6opa He06XOA111MbiX 

A03 COKpall.\aeTC5l B 103-106 
pa3, a aKTII1BaU,II15l o6pa3U,OB npaKT111~eCKII1 

OTCYTCTByeT. 

3aMeT111M, ~TO np111MeHeH111e T5l)l(enbiX 111 nerKII1X 1110HOB C BbiCOKII1M111 

YAenbHbiMII1 1110HII13au,II10HHbiM111 noTep5lMII1 aHepr111111 Aano B03MO)I(HOCTb o6Hapy)I(II1Tb 

P5lA OC06eHHOCTelil B npou,eccax o6pa30BaHII15l Aecf>eKTOB, KOTOpble He MOrn111 6b1Tb 

o6b5lCHeHbl B paMKax MexaHII13Ma ynpyr111x coyAapeH111Lil. li!Menocb TaK)I(e om111~111e 111 

B npou,eccax pacnblneHII15l MaTep111anos np111 111x 6oM6apA111POBKe ocKonKaMII1 

AeneHII15l 111 T5l)l(enbiMII1 1110HaMII1 . 

0TMe~eHHOe BbiWe nocn~111n0 OCHOBaHII1eM An5l pa3BII1T1115l OAHOrO 1113 

pa3Aenos cf>II13111K111 KOHAeHC1.1pOBaHHbiX cpeA - paA111aU,1110HHOLil cf>II13111KII1 TBepAOro 

Tena . 04eHb CKOpO Bbl5lCHII1nOCb, ~TO np111 111CnOnb30BaHII1111 3ap5l)l(eHHbiX ~aCTII1l.l, An5l 

MOAen1.1pOBaHII15l B03Aeli1CTBII15l HeliiTpOHOB Ha np111MeH5leMble 111n111 BHOBb 

pa3pa6aTbiBaeMble MaTepll1anbl 513Y He06XOAII1MO C03AaHII1e MeTOAII1K111 111 TeXH111KII1 

111MI.1TaU,II10HHbiX 3KCnepii1MeHTOB . 0AHOBpeMeHHO C 3TII1M 111CnOnb30BaHII1e 

YC'<Opii1TenbHOLil TeXH111KII1 nOKa3ano , ~TO 06ny~eH111e TBepAbiX Ten 111HTeHC111BHbiM111 

nOTOKaMI.-1 ~aCTII1l.l, BbiCOKII1X 3Heprii1Lil OTKpbiBaeT 111 CaMOCT05lTenbHOe HanpasneHII1e 
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paA111aU,II10HHOLil cf>1113111KII1 TsepAoro Tena - MOAII1cf>II1KaU.1115l CTPYKTYPbl 111 csolilcTB np111 

1110HHOLi1111MnnaHTaU,I.1111. 

UEJlb 1t1 3A,ll,A'-IIt1 PA60Tbl. non~eHI.1e c~eTHO-aKcnepii1MeHTanbHbiX 

AaHHbiX o paAII1aU,I.10HHO-TepM111~ecKII1X npou,eccax 1113MeHeH1.1Lil cf>1113111KO-

MexaHII1~ecK111X CBOLiiCTB TBepAbiX Ten , 111CCneAOBaHI.1e npou,eCCOB B3aii1MOAeliiCTBII15l 

T5l)l(enbiX 3ap5l)l(eHHbiX ~aCTII1l.l, (1110HOB) 111 6biCTpbiX HeliiTpOHOB C 

KOHAeHCII1posaHHbiMI.1 cpeAaMII1 , 1113y~eHII1e npou.eccos Aecf>eKToo6pa6osaHII15l s 

MOAenbHbiX MaTep111anax, 1113MeHeHII15l MII1KpOCTPYKTYPbl 111 Q>a30BOrD COCT05lHII15l , 

onpeAeneHII1e Kp111Tepll1eB MOAen111posaHII15l An5l ou,eHKII1 PaA111aU.1110HHOLil 

nospeJKAaeMOCTII1 np111 o6ny~eHII1111 1110HaMII1 111 Heli1TpoHaMII1 peanbHbiX MaTep111anos 

5lAepHOLi1111 TepM05lAepHOLil 3HepreT111KII1 . 

An5l AOCTII1)1(eHII15l nocTasneHHOLil u.en111 pewanii1Cb cneAYIOll.\111e 3aAa~ll1: 

1. li13y~_eHII1e K111HeT111KII1 111 MexaHII13Ma Q>a30BbiX npespall.\eHII1Lil B ypaHe 1.1 ero 

cnnasax c xpoMOM , ycTaHosneHII1e napaMeTpos TepM111~ecKolil o6pa6oTKII1 c 

u,enbiO cf>opM111posaHII15l B ypaHe MenKo3epH111CTOLil paBHOOCHOLil CTPYKTYPbl. 

2. 1!1ccneAOBaHII1e Koppo3111111 noA Hanp5llKeHII1eM U.111PKOHII15l 111 ero cnnasos s napax 

LiloAa c ycTaHosneHII1eM rpaH111U. Aecf>opMaU,II1111, onpeAen5liOll.\111X 

pa6omcnoco6HOCTb MaTep111ana TennoBb1Aen5liOll.\111X aneMeHTOB 513Y. 

3. li!CCJleAOBaHII1e cf>YHAaMeHTaJlbHbiX acneKTOB npou,eCCOB B3aii1MOAeliiCTBII15l 

T5llKeJlbiX 1110HOB 111 6biCTpbiX HeliiTpOHOB C MOAeflbHbiMII1 MaTep111anaMII1 

(afliOM111HII1Lil , U,ll1pKOHII1Lil , MeAb, HII1Kenb, BaHaA111Lil) 111 KOHCTpyKU,1110HHbiMII1 

peaKTOpHbiMII1 MaTep111aJlaMII1 (U.111PKOHII1eBble cnnaBbl, XpOMOHII1KeneBble CTaJlll1 111 

AP .) 111 yCTaHosneHII1e Koppe!l5lU.111Lil paAII1aU,1.10HHbiX aQ>Q>eKTOB 1113MeHeHII15l 111x 

cf>1113111KO-MeXaHII1~eCKII1X CBOLiiCTB B 3aBII1CII1MOCTI.1 OT napaMeTpOB o6ny~eHII15l. 

4. li13y~eHII1e cf>1113111KO-MeXaHII1~eCKII1X CBOLiiCTB MeTaJlflOB 111 CnflaBOB, o6ny~eHHbiX 

BbiCOK03HepreTII1~eCKII1MII1 nOTOKaM111 1110HOB 111 HeliiTpOHOB , ycTaHOBneHII1e 

KPII1Tep111eB MOAen111posaHII15l paA111aU.II10HHbiX nospeJKAeHII1Lil 111 B03MO)I(HOCTelil 111x 

nepeHeCeHII15l Ha peaflbHble KOHCTpyKU,II10HHble MaTepll1anbl, nepcneKTII1BHble An5l 

5lAepHOLil 111 TepM05lAePHOLil 3HepreT111KII1 . 

5. 1!1ccneAoBaHII1e paA111aU.1110HHO- OTlKII1rosoro ynpo~HeHII15l (POY) saHaA1115l 111 ero 

cnnasos , o6ny~eHHbiX T5l)l(enbiMII1 1110HaM111 111 Heli1TpoHaMII1 , 1.1 pa3pa6oTKa 

MOAefl111 , no3BOn5liOll.\elil on111caTb 3aBII1CII1MOCTb POY saHaA1115l OT Q>niOeHca, 

TeMnepaTypbl o6ny~eHII15l 111 XII1M111~eCKII1 aKTII1BHbiX nerll1pyl0ll.\111X A06aBOK. 
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6. Pa3pa6orKa 111 C03AaH~t~e KOMnneKca 3Kcnep~t~MeHTMbHbiX ycraHOBOK Af15l 

06Jly4eHII15l MaTep~t~aflOB Ill 3JleMeHTOB B 51AepHbiX peaKTOpax Ill yCKOp111TeJ15lX 

T5J)I(eJ1biX IIIOHOB (aMnyflbHble, neTJleBble ycraHOBKIII, BaKYYMHble KaHaflbl Ill T.n .), 

n03BOJ15110Ll\111X nOJlyYaTb, nOAAep)I(IIIBaTb Ill KOHTp0!1111pOBaTb YCJ10Bit151 

o6nyYeHV15l. 

7. nonyYeH~t~e 3KCnep~t~MeHTaJ1bHbiX AaHHbiX 0 npocrpaHCTBeHHbiX Ill 

3HepreTit14eCKIIIX pacnpeAeJ1eHII15lX IIIOHHbiX ny4KOB Ill COOTBeTCTBYIOLl\IIIX 

CTPYKTYPHbiX 111 CTPYKTYPHO-cj>a30BbiX 1113MeHeH~t~5lX s o6nyYeHHbiX MarepVIanax. 

05L4As:l METOA~KA ~ccnE,QOBAH~Iil 6blna HanpasneHa Ha nonyYeH~t~e 

aKcnep~t~MeHranbHbiX AaHHbiX o npou,eccax crpyKTypo- 111 Ae¢eKToo6pa3osaH~t~5l s 

WIIIPOKO~ rpynne Marep~t~aflOB, BKJ1104ai0Ll\e~ MOAe!lbHble (AI, Zr, Cu , Ni, V), a 

TaK)I(e peaKTOpHble (u,lllpKaJlO~ Ill XpOMOHIIIKefleBble CTafllll ABYX TltlnOB COCTaBOB 

OX18H10T 111 OOX17H14M2), 51AepHoe ronn~t~so (U+0,4%Cr 1t1 AP-), np~t~ 

paA~t~au,~t~OHHo-repM~t~YecKoM B03Ae~crs~t~~t~. ,IJ,n5J BBOAa paA~t~au,~t~OHHbiX Ae¢eKTos 

111CnOJ1b30BaJ1111Cb yCKOp~t~Teflltl T5l)l(eJ1biX IIIOHOB C 3Hepr11151Mit1 BnJlOTb AO 1 0 

MaB/a.e .M., Af15l crpyKTYPHbiX 1113MeHeH~t~~ - 51AepHble peaKropbl c noroKOM 

6biCTpb1X He~TpOHOB (E>O, 1 MaB) nop51AKa 1,41017 He~rp/(M2 ·c) . 

CeYeH~t~5l o6pa3osaH~t~5l Ae¢eKTOB no rny6~t~He o6pa3u,a paccY~t~TbiBan~t~ no 

KOMnbiOrepHo~ nporpaMMe E-,[l.EP-1, a AfliiiHbl npoeKT~t~BHbiX npo6eros Rp - c 

~t~cnonb30BaH~t~eM KOMnbiOTepHo~ nporpaMMbl TRIM-90. 

,IJ,n5J aHafl~t~3a paA~t~au,~t~OHHbiX a¢¢eKTOB s o6nyYeHHbiX Marep~t~anax 

111CnOJ1b30BaflaCb CKaHIIIPYIOLl\a5l Ill npocse4111Bai0Ll\a5l 3JleKTpOHHa5l MIIIKPOCKOn11151, 

MeTOAbl peHTreHOBCKOrO aHaJ11113a, 3JleKTpOH-n03111TpOHHO~ aHHitlrltlfl5ll.l,lt1111, 

BHYTpeHHero rpeHit15l, a TaK)I(e WltlpOKIII~ cneKTp MeTOAOB 111CCfleAOBaHII15l 

MexaH~t~YeCK~t~X cso~crs . OrMeT~t~M, YTO s CB513111 c Heo6xOA~t~MOCTbiO 

MIIIHIIIaTIOplll3aU,111111 IIICnbiTaHIII~ 1113-3a MaflO~ Bef11114111Hbl Rp 6biJ1111 pa3pa60TaHbl 

cneu,~t~aflbHble MeTOAVIKIII , n03BOJ15liOLl\111e nepeHOCIIITb nonyYeHHble pe3yflbTaTbl Ha 

MaKpOCKOnlt14eCKII1e o6pa3U,bl . 

KoMnneKc 3Kcnep~t~MeHTaflbHbiX MeTOAOB o6ecne4~t~Ban KoppeKTHOCTb, 

nOBTOp5leMOCTb Ill 06beKTIIIBHOCTb nonyYeHHbiX AaHHbiX 111 , KaK CfleACTBIIIe, IIIX 

AOCTOBepHOCTb. 06nyYeH~t~e npOBOAIIIJlOCb Ha yCKOp~t~TeflbHOM KOMnfleKce T5l)l(eflbiX 

~t~OHOB <t>ns:JP (~LJ,-100, Y-200, Y-400 111 AP -), o6naAaiOLl\eM w~t~poK~t~M cneKTpoM 

IIIOHOB : OT Ae~rep11151 AO KCeHOHa np111 3Hepr11151X OT 1 AO 10 MaB/a.e.M ., a TaK)I(e B 
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51AePHbiX peaKTopax ~6P-2 (O~s:l~), EV'JA 111 MARIA (CsepK, Pecny6n~t~Ka nonbwa) 

B sepTIIIKaflbHbiX KaHaJlaX C nOTOKOM 6biCTpb1X Hei/npOHOB 1 ,38·10
17 He~rp/(M2 · c) . 

nocnepaA~t~aU,IIIOHHble lt1CCJ1eAOBaHII15l Bbln0J1H51J1111Cb Ha ycraHOBKax Ill 

aHaJ1111Tit14eCKIIIX np~t~6opax ~A3 (CsepK), ns:JP O~s:l~ . ~MET PAH, ~A3 Ill 6rY 

(r .MIIIHCK), ~A3 111M.~ . B . Kyp4aTOBa . 

HAYLIHAs:l HOBit13HA. np~t~ BblnOJ1HeHII1111 AIIICCepraU,IIIOHHO~ pa60Tbl 6biJ1111 

snepBble peweHbl cneAYIOLl\ltle sonpoCbl : 

1. ~3y4eHa K~t~Her~t~Ka ~t~3orepM~t~YecKoro npespall\eH~t~5l cnnasos U-0,4 sec.o/oCr , s 

pe3ynbrare Yero ycraHosneHo, YTO s ~t~Hrepsane reMnepaTYP 400-660°C 

npespall\eH~t~e on~t~Cblsaerc5l ABYM51 C-o6pa3HbiMII1 KPVIBbiMVI (paHee 6b1na 

~t~3secrHa OAHa C-o6pa3Ha5l Kp~t~Ba51) . 

2 . ~ccneAOBaHa Kopp031115l o6pa3u,os 111 o6onoYeK rennoBbiAef15110Ll\111X aneMeHTOB 

1113 U,ltlpKOHIIIeBbiX cnnaBOB nOA Hanp51)1(eHitleM B cpeAe napOB ~OAa (OCKOJlKOB 

AeneH~t~51). 

3 . ~3yYeHbl paA~t~au,~t~OHHble a¢¢eKTbl s MeTannax (AI, Zr, Cu, Ni, V) 111 cnnasax (Zr-

1%Nb 111 cnnasax V c A06asKaM~t~ Zr, Y, Nb, Ti 111 Fe) nocne 111x o6nyYeH~t~5l 

T5J)I(eJ1biMII1 IIIOHaMIII C 3HeprV151Mit1 6onee 1 M38/a.e .M. Ill 6biCTpb1MVI He~TpOHaMIII C 

3Hepr~t~51Mit1 6onee 0,1 M3B AO ¢!110eHCOB 2 ·1 0 24 He~rp/M2 , OCHOBHbiMIII 1113 KOTOpbiX 

51BJ15JIOTC5l: 

- paA~t~aU,IIIOHHOe ynp04HeH~t~e, 3aBIIIC5lll\ee AJ15l 4111CTbiX MeTaJ1J10B OT cPJliOeHCa 

o6nyYeHII15l 111 crpeM5lll\eec5l K HaCblll\eH~t~IO np~t~ ysen~t~YeH~t~ltl ¢n10eHca; 

- ypoBeHb HaCblll\eHII15l a¢¢eKTa ynp04HeHII15l 3aBIIICIIIT OT MaCCbl 6oM6apA111PYIOLl\111X 

IIIOHOB , 4TO o6yCJ10BfleHO pa3J1111411151M111 B 3HepreT~t~4eCKIIIX cneKTpax nepB1114HO-

Bbi6111TbiX aTOMOB (nBA) ; 

ynpoYHeH~t~e saHaAII15l 111 era cnnasos, xapaKTep Koroporo np~t~ o6nyYeH~t~~t~ 

T5J)I(eJlbiMII1 IIIOHaMIII Ill He~rpOHaMIII AeMOHCTp~t~pyer KaYeCTBeHHOe nOA06~t~e . 

nocrpaA~t~au,~t~OHHbl~ OT)I(~t~r CJlO)I(HbiM o6pa30M ~t~3MeH5leT yposeHb paA~t~au,~t~oHHO

or)l(~t~rosoro ynp04HeH~t~5l (POY) 111 cH~t~)l(eH~t~5l nnacr~t~YHOCTIII np~t~ coxpaHeH~t~~t~ 

pa3f111141115l s npoYHOCT~t~, o6ycnosneHHoro ~t~CXOAHO~ CTPYKTYPO~. 

Pa3s~t~ra ¢eHOMeHOJ10rlt14eCKa5l MOAeflb, n03BOJ15liOLl\a5l on~t~carb 

cosoKynHOCTb 3Kcnep~t~MeHTOB no 3aB~t~C~t~MOCTII1 POY saHaA~t~5l or ¢n10eHca, 

TeMneparypbl 06Jly4eHII15l Ill Xlt1Mit14eCKO~ aKTIIIBHOCTIII ner~t~pyiOLl\IIIX 3JleMeHTOB . 
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4 . it1CCJleAOBaHbl cp1!131!1KO-MexaHii14eCKI!1e CBOC1CTBa U,1!1pKOHii1fl, ero CnJlaBOB 111 

xpoMOHI!1KenesoC1 cran111 r111na OX18H 1 OT, o6nyYeHHbiX TfllKeJlbiMI!l 1!10HaMI!1 111 

6biCTpbiMii1 HeC1rpoHaMI!1, KOTOpble nOKa3aJlli1 CJleAyiOU(ee: 

- c pocroM cpniOeHca yseflii141!1Baercfl npeAefl reKyYeCTI!l cro.2 111 B MeHbweC1 creneHII1 

npeAefl np04HOCTI!1 np111 3aM9THOM yMeHbW9Hii11!1 nJlaCTii14HOCTI!1; 

- ycTaHOBJl9HO, 4TO np111 paBHbiX nospeJKAaiOU\Ii1X A03aX 06Jly49Hii19 H9C1TpOHaMI!1 

np1!1BOAI!1T K 6onee 1!1HTeHCI!1BHOMy ynp04H9H1!110 MareplllallOB , 4eM 06Jly49Hii19 

1!10HaMI!1. np1!141!1Ha 3Tii1X pa3Jlli141!1C1 MOlKeT 6b1Tb CBfl3aHa C 3HepreTI!149CKii1M 

cneKTpOM nBA 111 CKOpOCTbiO o6pa30BaHii1fl paAI!1aU,I!10HHbiX Aecj>eKTOB CTPYKTYPbl; 

- paC49TH0-3KCnep1!1M9HTaJlbHble li1CCJ19AOBaHI!1fl KOHU,eHTpaU,Ii11!1 Aecj>eKTOB, 1!1X Tlilna 

111 pa3MepOB nOKa3aJlli1, 4TO Ha Ha4aflbHbiX CTaAiilf!X M9XaH1!13M ynp04H9Hii1fl 

onpeAeflf!eTCfl MOAeflbiO 6apbepHoro paA111aU,Ii10HHoro ynp04H9Hii1fl 111 onli1Cb1Baercfl 

ypasHeHI!leM ilcro,2=A( 1-e·B<I>t) 112. 

5. 1113y4eHbl paAI!1au,1!10HHble scpcpeKTbl 1!13MeHeHI!1fl crpyKTypbl 111 csoe1crs OCHOBHbiX 

KOHCTPYKU.IilOHHbiX Marepl!laflOB ~3Y ( cranee1 aycreHI!lTHOro r111na OX18H 1 OT 111 

OOX17H14M2), o6ny4eHHbiX TfllK9JlbiMI!1 li10HaMI!1 111 6biCTpb1Mii1 HeC1rpoHaMI!1 . 

6. C03AaH KOMnneKc 3Kcnep1!1M9HTaflbHbiX ycraHOBOK Aflfl o6ny4eHII1fl 

KOHCTPYKU.IilOHHbiX Marep111anos 111 sneMeHTOB aKTI!lBHbiX 30H ~3Y s fiAepHblx 

peaKTopax 111 ycKoplilrenflx, no3BOJlf!IOU\1!1X noAAeplK1!1BaTb ycnOBI!lfl o6ny4eH111fl Allfl 

BHyrp1!1peaKTOpHbiX 1!1Jlli1 nocrpaAI!1aU,I!10HHbiX 1!1CCfleAOBaHI!1C1 cp1!131!1KO-M9XaHii149CKii1X 

CBOC1CTB . 

7 . YcraHosneHbl o6U(Ii1e 3aKOHOMepHOCTI!1 1113MeHeHI!1fl cp1!131!1KO-MexaHII14ecKII1X 

CBOC1CTB Marepl!laJlOB, paA111aU,Ii10HHbl9 3cpcpeKTbl np04HOCTI!1 111 nflaCTI!14HOCTii1, 

paAI!1aU,Ii10HHO-OTlKii1fOB09 ynp04HeHII19 MeTaflflOB 1!1 CnJlaBOB, nOilY49HHbiX B 

KOppellfiU,Ii10HHbiX 3KCnep1!1M9HTaX np111 06Ily49Hii11!1 TfllK9JlbiMI!1 li10HaMI!1 1!1 

H9C1TpOHaMI!1, 4TO AaeT B03MOlKHOCTb 1!1CnOJlb30BaTb 1!1X Allfl npaKTI!149CKOfO 

peweHI!lfl 3aAa4 cp1!131!1Kii1 paA111aU,I!10HHbiX nospeJKAeHI!1C1 111 peaKropHoro 

Marep1!1anoseAeHI!1fl . 

8. Ha OCHOBe Onb!Ta, nofly4eHHOfO np111 1!1HAYKU.Ii10HHO-BaKyyMHOC1 nflaBKe 111 Jlli1Tb9 

CnJlaBOB ypaHa, C03AaHbl 1!1 BH9ApeHbl Ha OnbiTHOM 3aBOA9 060PYAOBaHII1e 111 

l 9XHOJlOfl!1fl np01!13BOACTBa 3Jl9MeHTOB 3aU\Ii1Tbl raMMa-1!1CT04Hii1KOB . 
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9. 1113yY9HHble scpcpeKTbl MOA111cj>1!1Kau,li1111 CTPYKTYPbl 111 csoe1crs np111nosepxHOCTHbiX 

06JlaCTeC1 1!10HH0-06JlyY9HHbiX MeTaJlJlOB 1!1 CnJlaBOB 111MeiOT BalKHOe 3Ha49Hii19 Allfl 

npaKTii149CKOf0 1!1CnOJlb30BaHI!1fl B HOBbiX f!A9PHO-cpli131!149CKI!1X T9XHOJ10fli1f!X. 

OCHOBHbiE nOJlQ)I(EHIIIs:l, BbiHOCIIIMbiE HA 3AW,II1TY: 

1 . Pe3yflbTaTbl 111CCJleAOBaHII1fl Kli1H9Tii1Kii1 111 MexaHI!13Ma 1!13orepM1!14ecKoro f3~a.

npespaU\eHII1fl s cnnase U+0,4o/~Cr 111 Hay4Hble OCHOBbl Bbl6opa pelKII1MOB 

repMoo6pa6oTKii1 c u,eflbiO nony4eHI!1fl PaA111aU,Ii10HHocroC1KoC1 

MeflKOKp1!1cranfll!14ecKoC1 crpyKTypbl. 

2 . Pe3yllbTaTbl 1!13y4eHI!1fl npou,eccos Kopp031110HHoro pa3pyweHI!1fl sneMeHTOB 

o6ono4eK rssnos 1!13 u,1!1pKOHI!1fl 111 ero cnnasos B cpeAe napos C1oAa; ycraHOBJl9Hii1e 

noporOBbiX Hanpf!lKeHI!1C1 111 Aect>opMaU,I!1C1 s Marep111ane Allfl pa3Bii1Tii1fl pa3pyweHI!1fl. 

3 . PaA111aU,Ii10HHble scpcpeKTbl B Merannax (AI , Zr, Cu, Ni, V) 111 111x cnnasax, 

BKJll04aiOU\Ii1e crpyKrypHo-cpa30Bble 1!13MeHeHII1fl, paA1!1aU,Ii10HHOe ynpo4H9Hii1e, 

paAII1aU,Ii10HHO-OTlKii1fOB09 ynp04H9Hii19, B pe3yllbTaTe 1!1X 06Ily49Hii1fl TfllK9JlbiMii1 

li10HaMI!1 111 6biCTpb1Mii1 H9C1TpOHaMI!1. 

4. Pe3yflbTaTbl 1!1CCileAOBaHII1fl npou,eccos o6pa30BaHII1fl Aecj>eKTOB crpyKTypbl, 111x 

Tl!lna 111 KOHcp1!1rypaU,Ii11!1 B 3aBII1Cii1MOCTii1 OT TeMneparypbl, A03bl nOBP9lKA9Hii1fl 1!1 1!1X 

CBf!3b c 1!13M9H9HI!1eM cp1!131!1KO-M9XaHI!149CKI!1X CBOC1CTB M9TaJlJlOB 1!1 

xpoMOHI!1KeneBbiX cranee1 aycreHII1THoro KJlacca r111na 18-10, o6ny4eHHbiX 1!10HaM111 c 

3Hepr1!1ee1 6onee 1 MsB/a .e .M . 111 HeC1rpoHaMI!1 c 3Hepr111f!Mii1 6onee 0,1 MsB . 

5. MOA9Illi1POBaHI!19 paAII1aU,Ii10HHbiX nospeJKA9HI!1C1 111 p93YllbTaTbl KOppellfiU,Ii10HHbiX 

li1CCJ19AOBaHI!1C1 MeXaHI!14eCKii1X CBOC1CTB KOHCTpyKU,Ii10HHbiX peaKTOpHbiX Marepl!laflOB 

(cnnaBbl U.li1PKOHI!1fl, aycreHII1THble cran111 OX18H10T, OOX17H14M2 111 AP -) np111 111x 

06Jly49Hii11!1 Tf!lK9JlbiMii1 1!10HaMI!1 1!1 6biCTpb1Mii1 H9C1TpOHaMI!1 . 

6 . KoMnneKc sKcnep1!1MeHranbHbiX ycraHOBOK 111 o6opyAoBaHII1fl Allfl o6ny4eHI!1fl 

MaTep1!1aJlOB 111 3Jl9M9HTOB KOHCTpyKU,1!1C1 B aKTI!lBHbiX 30HaX fiA9PHbiX peaKTOpOB 111 

Ha yCKOp1!1T9Jlf!X TfllK9JlbiX 1!10HOB (aMnyflbHble, neTJleBbl9 ycTaHOBKI!l, BaKyyMHbl9 

KaHaflbl) , o6ecn941!1BaiOU\Ii1X BHyrp1!1peaKTOpHOe 111 nOCTPaAI!1aU,Ii10HH09 li13Y49Hii19 

CBOC1CTB MaTep1!1aflOB . 

8bln0JlH9HHafl pa6ora 1!1 ee pe3yflbTaTbl BHOCf!T BKilaA B pa3Bii1Tii19 HOBOfO 

Hay4HOf0 HanpaBJl9Hii1fl B KOMnJleKCHOC1 npo6neMe cp1!131!1Kii1 TB9PA0f0 Tefla, 

CBf!3aHHOC1 C cp1!131!1KOC1 paA1!1aU,Ii10HHbiX nOBP9lKA9HI!1C1 KOHA9HC1!1pOBaHHbiX cpeA, 111 

aKKYMYillilpyiOT HOBble CB9A9Hii1fl Allfl pa3Bii1Tii1fl np06Jl9Mbl MOAI!1cj>li1KaU,Ii11!1 
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CTPYKTYPbl 111 cso~crs Marep111anos np111 B03Ae~CTBII1111 nnKenbiX 1110HOB BbiCOK111X 

sHepr111~ . 

AnP05A1...1~51 PA50Tbl. OcHOBHble pe3ynbTaTbl A111cceprau,II10HHO~ pa6oTbl 

AOKnaAb1Banii1Cb 111 06CY)I(Aanii1Cb Ha CneAYIOLl.I111X CII1Mn03111yMaX, KOHcpepeHU,II1s:lX 111 

cosell.laHII1s:lX : CoselllaH111e no 3Kcnepii1MeHranbHbiM pa6oraM no cnnasaM ypaHa, 

PocceHAOpcp, 11110Hb 1963 r.; IOrocnascKo-nonbCKII1~ CII1Mn03111YM no rexHonor111111 111 

Merannyprll1111 ypaHa, ceHTs:l6pb 1963 r. ; Konterencja Metaloznawcza PAN, Krakow 

1968 r .; Polish-Italian Symposium on Reactor Materials , Zakopane, June, 1970; Ill 

International Powder Metallurgy Conference, Karlove Vary, CSRS, 1970; 

KoHcpepeHU,II1s:l crpaH-YneHOB C3B no aroMHO~ 3HepreTII1Ke, ronnii1BHbiM U,111KnaM 111 

paA111aU,II10HHOMY Marepll1anoseAeHII110, Ynbs:lHOBCK, 1971 r. ; Konferencja Komitetu 

Hutnictwa PAN, Krynica, 1971 r .; Seminarium POLONU "Metody i urzadzenia dla 

izotopowych badan nieniszczacych" , Warszawa, pazdziernik 1973 r.; Seminarium 

"Metody i urzadzenia dla izotopowych bad an nieniszczacych", Osrodek lnformacji o 

Energii Jadrowej, Warszawa, 1975 r. ; Konferencja Naukowo-Techniczna, 

Energetyka Jadrowa 79, Swierk, czerwiec 1979 r .; CoseL11aH111e no l'lAepHbiM 

cp111nbrpaM 111 paA111aU,II10HHOMY Marepll1anoBeAeHII110, ,LJ,y6Ha, 1986 r. ; International 

School and Symposium on Physics in Materials Science Using Nuclear and 

Complementary Methods (ISSPMS'93) Jaszowiec, Poland, 12-18 september 1993; 

1-st International symposium "Beam Technologies (BT'95) , Dubna, Russia, 

February-March 1995; VI MmKHaU,1110HanbHOe cosell.laHII1e "PaA111aU,II10HHas:l cpii13111Ka 

rsepAoro rena", CesacTOnonb, 1-6 11110ns:l 1996 r.; Ill 111 IV HayYHO-TeXH1114eCKII1e 

KOHcpepeHU,111111 "BaKyyMHas:l HayKa 111 TeXHII1Ka", ryp3ycp , 25 CeHTs:l6ps:l -2 OKTs:l6ps:l 

1996 r ., 23-30 ceHTs:l6ps:l 1998 r .; CII1Mn03111YM "C111Heprer1111<a, crpyKTypa 111 

cso~crsa Marep111anos, caMoopraHII13YIOLl.lll1ecs:l rexHonor111111" , MocKsa, 1996 r. ; VII 

Me)I(HaU,II10HanbHOe COBell.laHII1e "PaA111aU,1110HHas:l cpii13111Ka TBepAOrO rena", 

CesacTOnonb, 30 11110Hs:l-5 11110ns:l 1997 r .; VI International School-Seminar "Heavy 

lon Physics" , September 22-27, 1997, Dubna, Russia . 

nY5Jl~KAI...I~~ 

no pe3ynbTaTaM 111CCneAOBaHII1~ , BOWeAW111M B HaCTOI'lll.IYIO A111CCepTaU,II110 , 

Ony6nii1KOBaHO 93 pa60Tbl, B TOM 4111Cne 52 CTaTbll1 B Me)I(AyHapOAHbiX 111 

POCCII1~CKII1X HayYHbiX )l(ypHanax, TeMaTII14eCKII1X C60pHII1KaX, C006Ll.leHII1s:lX, 

npenpii1Hrax 06beAII1HeHHoro 111HCTII1TYTa l'lAepHbiX 111CcneAOBaH111~ , HHCTII1TYTa 
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l'lAepHbiX 111ccneAoBaHII1~ (CsepK) 111 HHCTII1TYTa arOMHO~ 3HepreTII1KII1 (CsepK) , 

nareHTbl 111 1113o6pereHII1s:l , 26 BHYTPeHHII1X npenpii1HTOB HA3. OcHOBHble pe3ynbraTbl 

npeACTasneHbl B 45 HayYHbiX ny6nii1KaU,II1s:lX, BOWeAW111X B Cnii1COK U,111T111pyeMbiX 

pa6or. 

CTPYKTYPA A~CCEPTAI...I~~ 

,lJ,II1CCepTaU,II10HHas:l pa60Ta COC.TOII1T 1113 BBeAeHII1s:l, 5 rnas, 3aKnl04eHII1s:l , 

OCHOBHbiX pe3ynbTaTOB 111 BbiBOAOB 111 Cnii1CKa 111CnOnb30BaHHO~ nii1TepaTYpb1. 

nonHbl~ 06beM A111CCepraU,II1111 COCTaBns:leT 365 CTp., B TOM 4111Cne 331 CTpaHII1U,a 

TeKCTa, 165 p111CYHKOB , 37 Ta6n111u,, n111repaTYPHbl~ 063op COAep)I(111T 341 pa60TY. 

COAEP)I(AHIIIE PAEiOTbl 

80 BB8A8HIIUI onpeAeneHa o6naCTb 111CCneAOBaHII1iii 111 1113naraeTCs:l 

KOHU,emyanbHbliii nOAXOA K npo6neMaM cpii13111KII1 P8AII1aU,1110HHbiX nospe)I(AeH111iii 

TBepAbiX Ten 111 u,enecoo6pa3HOCTb npii1MeHeHII1s:l Ts:l)l(enbiX 1110HOB BbiCOKII1X 3Heprll1iii 111 

6biCTpb1X HeiiirpoHos , a ral()l(e paccMorpeHbl nepcneKTII1Bbl MOA111ci>111Kau,ll1111 crpyKTypbl 

111 CBOiiiCTB B pe3ynbTaTe B3aii1MOAeiiiCTBII1s:l 3aps:l)l(eHHbiX 4aCTII1U, (1110HOB) C Bell.leCTBOM. 

,lJ,aHO 060CHOBaHII1e HayYHO~ 111 npaKTII14eCKO~ 3Ha4111MOCTII1 pewaeMO~ B 

A111cceprau,111111 npo6neMaTII1KII1 . 

B nepsoiii rnase 1113naraiOTCs:l pe3ynbTaTbl Bnll11'lHII1s:l repM111YecKoro 111 

paA111aU,1110HHOrO B03Ae~CTBII1~ Ha CTpyKTypy, cpa30BOe COCTOs:lHII1e 111 MeXaHII14eCKII1e 

CBO~CTBa peaKTOpHbiX MaTepll1anOB, cneu,ll1cpll14eCKII1e OC06eHHOCTII1 sew,eCTB, 

OTnll14aiOW,II1XCs:l APYr OT Apyra COCTaBOM 111 np111pOAO~ X111MII14eCKII1X CBI'l3e~ . 

CoAep)l(aH111e rnaBbl xapaKTep1113yercl'l , no Kpa~He~ Mepe, ABYMI'l oco6eHHOCTI'lMII1: 

BO-nepBbiX, np111 06Ll.leM 0630pHOM xapaKTepe rnasa COAep)I(111T 111 C06CTBeHHble 

op111r111HanbHble pe3ynbTaTbl asropa 111, so-sropbiX, 111CXOAI'l 1113 nocrasneHHbiX B 

A111cceprau,111111 3aAaY nonyYeHII1s:l 3Kcnep111MeHranbHbiX AaHHbiX no paA111aU,II10HHbiM 

nospe)I(AeHII1s:lM TBepAbiX Ten 111 Bbi60py 111n111 C03AaHII110 MaTepll1anOB HOBO~ 

rexHII1KII1, s rnase paccMorpeHbl c no3111U,111~ peaKTopHoro Marep111anoseAeHII1s:l 

OCHOBHble 111CnOnb3yeMble MaTepll1anbl aKTII1BHbiX 30H s:lAepHbiX 3HepreTII14eCKII1X 

YCTaHOBOK. 

0TAenbHbl~ naparpacp nOCBs:lll.leH Bnll1s:lHII110 TepMII14eCKII1X B03Ae~CTBII1~ , 

Hanps:l)l(eHHOrO COCTOs:lHII1s:l 111 KOpp031110HHO-aKTII1BHO~ cpeAbl (OCKOnKOB AeneH111s:l) 

Ha KOMnoHeHTbl rennoBb1Aenl'liOL11111X sneMeHros: Merannii1YeCKII1~ ypaH 111 era cnnas 

c 4 sec.% xpoMa, U,II1PKOHII1eBble cnnaBbl r111na Zr+1 sec .%Nb 111 u,111pKano~-2 . 
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np1.1 1.1CcneAoBaHI.11.1 KI.1HeTI.1K1.1 <t>a30BbiX npespall.\eH1.1Vi P~a s cnnasax U-Cr 

ycraHOBneHO, 4TO Al.1arpaMMa 1.130TepM1.14eCKOrO npespall.\eHI.15l COCTOI.1T 1.13 AByx 

OTAenbHbiX C-o6pa3HbiX KPI.1Bblx: sepXH5l5l s 1.1Hrepsane reMneparyp 660-520°C, 

H1.1:>KH5l5l B 1.1HTepsane 520-400°C. np1.1 3TOM MeXaHI.13M npespall.\eHI.15l 1.13MeH5leTC5l 

s o6nacr1.1 reMneparyp 500-520°C. TepMoo6pa6orKa cnnasa U+0,4%Cr 1.13 p

<t>a3bl cnoco6crsyer o6pa3osaH1.110 MenK03epH1.1CroVI crpyKTypbl, YTO np1.1BOAI.1T K 

nOBbiWeHI.110 pa3MepHOV! CTa61.1nbHOCTI.1 ypaHa np1.1 o6ny4eH1.11.1 (p1.1C.1 ) . 

r>. c 

640 I 
_,- · '-' 

.-- I 
j4 

,/ t i 560 
\ \ 

r ---~ --~ '--.. I ........_ 
480 

I I ............ 
.......... 

400 

10 50 102 5x102 103 Sx 1 03 1 04 Sx 1 04 1 05 

BpeMR,C 

P1.1c .1. npeAnonaraeMa5l AL-~arpaMMa reMneparypa-speMR-npespa~eHL-~e An5l cnnasa U-

0,4 sec .%Cr B o6nacr1-1 630-400°C. 

np1.1 1.13y4eHI.11.1 KOPP031.10HHOro pa3pyweHI.15l U,1.1pKOHI.1eBbiX o60I104eK TB3nOB 

ycraHosneHa crpora5l 3aBI.1CI.1MOCTb Me:>KAy nospe:>KAeHI.15lM1.1, o6pa3osaH111eM 1.1 

HaKOnJ19HI.19M npOAYKTOB Aefl9HI.15l, OCHOBHbiM 1.13 KOTOpbiX 5lBJ15leTC5l liiOA. 

6blnl.1 onpeAeneHbl noporOBble Kp1.1rep1.11.1 An5l B03H1.1KHOBeHI.15l KOPP031.11.1 noA 

Hanp5l:>KeHI.1eM: ysenl-14eHI.1e npeAena reKy4eCTI.1 1.1 nOHI.1:>KeHI.1e nnaCTI.14HOCTI.1 np1.1 

<t>niOeHCe HeCKOnbKO BbiWe, YeM 1025 HeVirp/M2
; YAn1.1HeHI.1e AO pa3pyweHI.15l np1.1 

3TOM COCTaBn5leT MeHee 1%. BTOpbiM Ba:>KHbiM <t>aKTOpOM B pa3BI.1TI.11.1 pa3pyweHI.15l 

B BI.1Ae Tpell.\1.1H MO:>KeT OKa3aTbC5l CKOpOCTb Ae<t>opMaU,I.11.1 Marep1.1ana. 0crpa5l 

KOpp031.15l nOA Hanp5l:>KeHI.1eM 6blna 3aMe4eHa np1.1 CKOpOCTI.1 Ae<t>opMaU,I.11.1 OKOnO 

( 1-3)"1 0 "
3 

MI.1H"1. Ba:>KHa np1.1 3TOM 1.1 KOHU,eHrpaU,I.15l ViOAa, np1.14eM KPI.1TI.14eCKOV! 

An5l pa3pyweH1.15l 5lBJ15leTC5l KOHU,eHTpaU,1.15l ViOAa np1.1MepHO 3 Mr/cM3 An5l 

10 

reMneparypbl 573 K 1.1 HaYanbHOro Hanp5l:>KeHI.15l 310 Mna. 3aMeTI.1M, 4TO 

o6nyYeH1.1e , KaK 1.1 xonOAHa5l Ae<t>opMaU,I.15l , snl.15ler Ha npo5lsneHI.1e CKnOHHOCTI.1 Zr

cnnasos K K0pp031.11.1 nOA Hanp5l:>KeHI.1eM , 4TO nOATBep)I(AeHO 3KCnep1.1MeHTMbHO. 

B cospeMeHHOVi aroMHoVI rexH1.1Ke KOHCTPYKU.I.10HHble Marep1.1anbl HaXOA5lTC5l 

B KOHTaKTe C KOpp031.10HHO-aKTI.1BHbiMI.1 cpeAaMI.1 , KaKOBbiMI.1 5lBn5liOTC5l 

TennOHOCI.1Tenl.1 . noKa3aHo, 4TO o6ny4eHI.1e, B03HI.1Kal0ll.\1.1e Hanp5l:>KeH1.15l 1.1 APYrl.1e 

repMo-paAI.1aU,I.10HHble s<t><t>eKTbl ycyry6n5liOT Koppo31.10HHoe B03AeVicTBI.1e cpeAbl. 

B 3TOM nnaHe W1.1pOKOe pacnpocrpaHeHI.1e B Ka4eCTBe KOHCTpyKU,I.10HHbiX 

Marep1.1anos ~3Y nony41.1n1.1 xpoMOHI.1KeneBble cran1.1 1.1 cnnaBbl HI.1Ken5l . 

)J,n5l repM05lAepHbiX peaKTopos (T~P) c MarHI.1THbiM YAep:>KaHI.1eM nna3Mbl 

nepcneKT1.1BHbiMI.1 MaTep1.1anaMI.1 An5l OTAenbHbiX KOHCTpyKU,1.1Vi B paCCMaTp1.1saeMbiX 

npoeKTax MOrYT cny:>KI.1Tb no Mepe ysenl.14eHI.15l pa6041.1X reMneparyp or 150 AO 

1 000° C aniOM1.1H1.1Vi , BaHaA1.1Vi 1.1 1.1X CnnaBbl , a TaK:>Ke <t>epp1.1THble 1.1 ayCTeHI.1THble 

xpoMOHI.1KeneBble cran1.1 , MOni.16AeH 1.1 sonb<t>paM . 

Marep1.1anb1 aKTI.1BHbiX 30H ~3Y, no <t>YHKU,I.10HanbHOMY Ha3Ha4eHI.110 

o6beAI.1HeHHble s ronni.1BHble (Aen5lll.\1.1ec5l), nornOll.\aiOll.\1.1e, 3aMeAn5l10ll.\1.1e 1.1 

0Tpa:>Kal0ll.\1.1e HeViTpOHbl, 1.1 HaKOHeU, - KOHCTpyKU,I.10HHble Marep1.1anbl , HaXOA5lTC5l B 

1.1HTeHCI.1BHbiX non5lx 1.10H1.131.1PYIOL1\1.1X 1.13nyYeHII1Vi . EcrecrseHHO, 1.1x paAII1aU,I.10HHa5l 

CTOViKOCTb 6yAeT onpeAen5lTb pa60TOCnOC06HOCTb 3neMeHTOB 1.1 y3nOB 5lAepHbiX 

yCTaHOBOK. 

VICXOA5l 1.13 HOBbiX KOHU,enu,1.1Vi no C03AaHI.110 TaK Ha3biBaeMbiX 6e30naCHbiX 

5lAepHbiX peaKTOpOB 1.1 paCW1.1peHI.15l B CB5l31.1 C 3TI.1M pa60T no aTOMHOVi 

3HepreTI.1Ke, B nepByiO rnasy BKnl04eH 0630p AaHHbiX no nOBeAeHI.110 OCHOBHbiX 

BI.1AOB MaTep1.1anOB aKTI.1BHbiX 30H , BKnl04a5l 1.1 pe3ynbTaTbl C06CTBeHHbiX 

1.1CCneAOBaH1.1Vi. BMeCTe C TeM , OCHOBHOe BHI.1MaHI.1e HaMI.1 YAeneHO 

paAI.1aU,I.10HHbiM s<t><t>eKTaM 1.13MeHeHI.15l CBOViCTB 3TI.1X Marep1.1an0B, 1.1CXOA5l 1.13 TOro , 

YTO B ocHose nospe:>KAeHI.15l 5lAepHoro rop104ero, nepcneKTI.1BHbiX nornor1.1reneVI Ha 

ocHose 6opa, 3aMeAn1.1TeneVI Ha ocHose 6ep1.1nn1.15l 1.1 AP· ne:>KaT 5lAepHble peaKU,I.11.1 

c o6pa3osaHI.1eM aroMos-rpaHCMYTaHTOB (ocKonKOB AeneH1.15l , npOAYKTOB 5lAepHbiX 

peaKu,1.1VI r1.1na (n ,a)) , BKnl04aiOll.\1.1X ra3oo6pa3Hble aroMbl , a raK:>Ke Ae<t>eKTbl 

CTPYKTYPbl . noAp06HO paCCMOTpeHbl OCHOBHble BI.1Abl nospe:>KAeH1.1Vi : 

paA111aU,1.10HHOe pacnyxaHI.1e , paA111aU,I.10HHa5l non3y4eCTb, ra30Bb1AeneH1.1e , 

HI.13KOTeMneparypHoe ynpoYHeHI.1e 1.1 BbiCOKOTeMneparypHoe oxpyn41.1BaHI.1e . 
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3aMeH1M, 4TO OCH08HYIO pOJlb 8 VI3MeHeHI!U.1 C8011\CT8 KOHCTPYKI..lVIOHHbiX 

MaTepV1aJ108 VlrpaiOT KaK CKOnneHVI~ aTOM08 renVI~ 8 pe3yJlbTaTe peaKUVIVI B(n,a )Li , 

TaK VI 8TOpV14Hbte c:j>a3bl 8 8VIAe Kap6VIA08 , HVITPVIA08 , c:j>a3 na8eCa VI AP ., 

npV180A~ll.IVIe K OXpyn4VI8aHVIIO VI npe)I(Ae8peMeHHOMy pa3pyweHVIIO npVI 

non3y4eCTVI 8 pe3ynbTaTe PaAVIaUVIOHHOro CTapeHVI~ . 

Afl~ o6ny4eHVI~ VI VICCJleA08aHVI~ paAVIOaKTVI8HbiX o6pa3U08 8 li1HCTVIryTe 

~AepHbtX VICCneA08aHVIV1 VI li1HCTVITYTe aTOMHolli 3HeprVIVI (r.C8epK, Pecny6nVIKa 

nonbwa) C y4aCTVIeM a8TOpa C03AaH KOMnneKC cneuVIaJlbHOro 060PYA08aHVI~ . 8 

rna8e AaHo onVIcaHVIe aMnynbHbtX VI neTne8btX ycTaH080K An~ o6ny4eHVI~ 

MaTepVIano8 8 ~AepHbtX peaKTopax E:WA VI MARIA VI na6opaTopVIV1 " rop~4VIx" KaMep 

An~ nocnepaAVIaUVIOHHOrO VICCJleA08aHVI~ o6pa3U08. na6opaTOpVI~ 8Knl04aeT 12 

" rop~4VIX" KaMep CO C8VIHI..l08QII\ 3all.IVITOII\ , KOTOpa~ n0380Jl~eT pa60TaTb C 

PaAVIOaKTVI8HbtMVI MaTepVIanaMVI AO 4 T6K (100 KtOpVI). KaMepbt o6opyA08aHbt 

C08peMeHHbiMVI MaWVIHaMVI VI npV160paMVI An~ VICCneA08aHVI~ MeXaHVI4eCKVIX , 

c:j>VI3V14eCKVIX VI XVIMVI4eCKVIX C8011\CT8 o6ny4eHHbiX KOHCTPYKI..lVIOHHbiX MaTepVIaJl08 . 

Bo BTopol1 rna8e paccMoTpeHbt Hay4HO-MeTOAVI4eCKVIe 8onpocbt, 

06ecne4VI8aiOL1.1VIe 8btnOnHeHVIe nOCTa8JleHHOIIi 8 AVICCepTal..lVIVI npo6neMaTVIKVI , 

8Knl04aiOL1.1VIe 060CH08aHVIe VI 8bt60p MaTepV1aJ108 An~ VICCJleAOBaHVIII\ , 

MeTOAOJlOrVIIO 06J1Y4eHV1~ o6pa3UOB T~)l(eJlbiMVI VIOHaMVI VI 6btCTpbtMVI HelliTpOHaMVI 

VI Vl3y4eHVI~ VIX c:j>VI3VIKO-MeXaHVI4eCKVIX CBOIIiCTB . 

KaK noKa3an aHanVI3 nVITeparypHbtX AaHHbtX , HawVI VlccneAOBaHVI~ VI P~A 

coo6pa)l(eHVIV1 3KOHOMVI4ecKoro , 3KonorVI4ecKoro VI AP . x apaKTepa , OAHVIM Vl3 

OCH08HbiX 8VIA08 Cbtpb~ aTOMHOII\ npOMbiWJleHHOCTVI ~8Jl~9TC~ M9TaJ1JlV149CKV111\ 

ypaH VI ero cnna8bl. YpaH VICnOJlb3Y9TC~ TaK)I(e VI B APYrVIX OTpaCJl~X HOBOII\ 

T9XHVIKVI: MeTannyprVIVI, CaMOJ19TOCTp09HVIVI , CP9ACT8aX 3all.IVITbl OT y - VI X

VI3Jly4eHV111\ VI AP · 

HVI3KVI9 Ce49HVI~ 3aXBaTa TenJl08biX H911iTpOHOB y l..lVIPKOHVI~ VI aJliOMVIHVI~ , 

Mana~ aKTVI8aUVI~ y BaHaAVI~ , 8biCOKa~ KOpp03VIOHHa~ CTOIIiKOCTb VI )l(aponp04HOCTb 

Y XPOMOHVIK9JleBbiX CTanell\ TVIna 18-10, a TaK)I(e P~A APYrVIX C006pa)I(9HVIV1 AenaiOT 

VIX OC06eHHO nepcneKTVIBHbiMVI An~ KOHCTPYKUVIIIi s:13Y VI Ts:lP . 

0AHOspeMeHHO c 3TVIM BbtCOK04VICTbte nonVIKPVICTaJlllVI4eCKVIe MeTaJlJlbt AI , 

Cu , Ni , Zr VI V, a TaK)I(e Vlx cnna8bt ~BJl~IOTC~ npeKpacHbtMVI o6beKTaMVI An~ 

KOppen~UVIOHHbiX VICCJ19A08aHV111\ CTeneHVI paAVIaUVIOHHbiX no8p9)1(A9HVIV1 npVI VIX 

12 

06Jly4eHVIVI T~)l(eJlbiMVI VIOHaMVI VI 6btCTpbiMVI Heii\TpOHaMVI , a TaK)I(e An~ peweHVI~ 

c:j>yHAaMeHTaJlbHbiX 80npOC08 paAVIal..lVIOHHOIIi c:j>V13VIKVI T8epAOrO Tena . 

06ny4eHVI9 3ap~)l(eHHbi MVI 4aCTVII..laMVI npOBOAVIJlVI Ha C03AaHHOM 

yCKOpVIT9JlbH0-06Jly4aTeJlbHO KOMnneKCe na6opaTOpVIVI ~AepHbiX peaKUVIIIi 

VIM .r .H .<!>neposa 0li1s:1li1 , 8Knl04aiOll.leM B ce6~ YCKOPVITeJlVI T~)I(9JlbiX VIOH08, 

COBOKynHOCTb VIOHHbiX ny4KOB KOTOpbiX AaeT B03MO)I(HQCTb nOJ1Y4VITb npaKTVI49CKVI 

BeCb AVIana30H yCKOp~9MbiX 4aCTVII..l OT nerKVIX (reJlVIII\) AO T~)l(eJlbiX (KCeHOH). 

KpoMe TOrO , BO BTOpoll\ rna8e AaHO OnVICaHVI9 YCJ108VIIIi o6ny49HVI~ 

06pa3UOB VI C03AaHHbiX VIOHHbiX KaHaJlOB VI yCTaH080K An~ VI3Y4eHVI~ 

paAVIaUVIOHHbiX 3c:j>c:j>eKT08 B TB9pAbiX Tenax , MOA9J1VIpOBaHVI~ PaAVIaUVIOHHOIIi 

nospe)I(Aa9MOCTVI npVI H911\Tp0HHOM VI VIOHHOM 06Jly49HVIVI , a TaK)I(e An~ 

VICCJleAOBaHVI~ OCHOB MOAVIc:j>VIKal..lVIVI CTpyKTypbl VI C8011\CTB npVI VIMnJlaHTaUVIVI 

T~)l(eJlbiX VIOH08 C 3HeprVI~MVI , npeBbtWaiOll.IVIMVI 1 M38/ a.e .M . 

npVIM9H~9Mbtlli AVIana30H 3HeprV111\ VIOHOB (OT 1 AO 10 M38/a .e.M .) VI VIX Mace 

(OT 4He AO 136Xe) AaeT 803M0)1(H0CTb o6ny4aTb MaTepVIaJlbl C TOJlll.IVIHaMVI AO 100 

MKM , no3son~eT sapbVIposaTb cKopocTb 8B9A9HVI~ Aec:j>eKT08 CTPYKTYPbt VI 

B9JlV14VIHY yAeJlbHbiX VIOHVI3aUVIOHHbiX noTepb 3HeprVIVI , 4TO 8a)I(HQ An~ Vl3y4eHVI~ 

VIOHHOIIi VIMnnaHTaUVIVI VI MOAVIc:j>VII..lVIPOBaHVI~ C80IIiCT8. 8 pa60Te HaVI60Jlee WVIpOKO 

VICnOJlb30BaJlVICb C03AaHHbl9 yCTaH08KVI An~ 06ny49HVI~ VIOHaMVI 8biCOKVIX 3HeprV111\ : 

22Ne (E= 230 MaB), 40Ar (E= 460 MaB) VI 
129

Xe (E=124 MaB) . 

06ny49HVI9 OCYL1.19CTBJl~Jl0Cb B Tpex pe)I(VIMax: B 8aKyyMe, B aTMOCc:j>epe 

VIH9pTHOrD ra3a VI Ha B03AYX9 . YcTaHOBKa An~ o6ny4eHVI~ CHa6)1(9Ha ycTpOII\CTBOM 

All~ peryllVIpOBaHVI~ VI nOMep)l(aHVI~ T9MnepaTypbl VI 803MQ)I(HQCTbiO 06Jly49HVI~ B 

TeMnepaTypHOM VIHTepsane OT 77 AO 1 000 K VI npVI KOHTp011VIpyeMOM VI3M9HeHVIVI 

nJlOTHOCTVI nOTOKa VIOH08 OT 10
6 

A010
12 

VIOH/ (cM
2
C) . 

li1MVITaUVIOHHbl9 3KCnepVIM9HTbl npVI o6ny49HVIVI Ha yCKOpVITeJl~X 3ap~)l(eHHbiX 

4aCTVII..l An~ V13Y49HVI~ ~8Jl9HV111\ , npoTeKaiOll.IVIX 8 MaTepVIanax aKTVI8HOIIi 30Hbl s:13Y , 

npV189JlVI K He06XOAVIMOCTVI 0Tpa60TKVI MeTOAVIK 06Jly49HVI~ VI nOClleAYIOL1.19rD 

VICCJ19A08aHVI~ c:j>OJlbr MeTaJlJ108 C x apaKTepHbiMVI TOJlll.IVIHaMVI OT 22 AO 100 MKM , 

o6ecne4VI8al0ll.IVIX yCJ108VI~ MaKpOCKOnVI4HOCTVI o6pa31..l08 ( o6ny4eHVI9 " Ha 

npocTpen" ) . 

li1ccneA08aHVIe Aec:j>eKToo6pa308aHVI~ VI APYrVIx oco6eHHOCTelli CTPYKTYPHO

c:j>a308btx V13M9HeHVIIIi OCyll.leCT8Jl~Jl0Cb C VICnOJlb308aHVI9M CKaHVIPYIOll.lelli (C3M) VI 
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npocse4!11Bai0Ll.leill (n3M) 31leKTpOHHOill MlllKpOCKOnllllll, peHTreHOCTPYKTYPHOrO 

aHa111!13a, 3JleKTpOH-n031!1TpOHHOill aHHlllr!I11151U,llllll, BHYTPeHHero TpeHll151, 

Mecc6ay3poscKoill cneKTpocKOnllllll 111 AP· 06wlllpHyiO 111 secbMa u,eHHYIO 

lllHQ>opMaLJ,llliO no nospe;>KAeH!I151M CTPYKTYPbl YAanocb nonyYlllTb nYTeM ll13y4eH!I151 

3q,Q>eKTOB ynpo4HeH!1151 o6ny4eHHbiX o6pa3u,os no AaHHbiM li13MepeH!I151 

MlllKPOTBepAOCTlll, np04HOCT!I1 111 nllaCTli14HOCTlll, B CB5131!1 C 4eM 3Tlll MeTOAbl 

lllHTeHClllBHO nplllMeHS!JllllCb. 

TpeTbst rnasa nocsHLl.leHa li13JlO)I(eH!I110 pe3yllbTaTOB lilccneAOBaHlllill 

paAlllaLJ,lllOHHOro nospe;>KAeH!I151 4!11CTbiX MeTannos np111 o6nyYeHI!IIil TSI)I(ellbiMI!I 

lllOHaMI!I 111 6biCTpb1Mlll HeiiiTpOHaMlll. 

PaccMOTpeHbl npou,eccbl PaAlllaLJ,lllOHHoro ynpo4HeHll151 PHAa MeTannos no 

pe3yllbTaTaM MlllKPOTsepAOCTlll 111 noKa3aHo, 4TO PaAlllaLJ,lllOHHoe ynpoYHeHllle 

alliOMI!IHll151, H!I1Ke1151, MeAlll C pOCTOM <j:>JliOeHCa TSI)I(eJlbiX lllOHOB CTpeMI!ITCSI K 

HaCblll.leHllliO. 3aBI!IClllMOCTb nplllpOCTa MlllKpOTBepAOCTI!I XOpOWO OnlllCbiBaeTCSI 

Bblpa)l(eHlllS!Mlll Tlllna : 

AJ151 Cu, Ni: L\H=L\H0(1-exp(-aF)) 1/2 111 

AJ151 AI: L\H=L\Ho( 1-exp( -aF)), 

rAe L\Ho-nplllpOCT Mli1KpOTBepAOCTV1 B T04Ke HaCblll.leH!I151 3Q><j:>eKTa paAlllaLJ,lllOHHOro 

ynpo4HeH!I151 np111 <j:>niOeHce F>1/a, a= 5,4·10·10, 5 ,9 10·10 111 1 ,9·10-13 AJ151 Cu, Ni 111 

AI cooTseTCTBeHHO. 

lt1ccneAOBaHllle MlllKpOCTPYKTYPbl 06Jly4eHHbiX o6pa3LJ,OB MeTOAOM n3M 

noKa3allO Ha11!114llle AlllCJlOKaLJ,lllOHHbiX neTellb BaKaHClllOHHOrO 111 Me)I(AOY3ellbHOro 

TlllnOB 111 TeTpa3APOB Ae<j:>eKTOB ynaKOBKlll . 061ly4eHllle lllOHaMI!I nplllBOAIIIT K 

06pa30BaH!I110 KnaCTepos T04e4HbiX AeQ>eKTOB KaK OCHOBHOrO BlllAa nospe)I(AeH!I151 

CTPYKTYPbl. KnacTepbl paAlllau,lllOHHOro npo!11CXO:>KAeHll151 MO)I(HO xapaKTepli130BaTb, 

Hanpi!IMep, nplll 06Jly4eHI!Illl MeAlll, xapaKTepHbiM pa3MepOM d 1<5 MKM, 

npeo6naAaiOLl.llllM a o6Ll.leill KapTlllHe . KoHu,eHTpau,lllH 111 pacnpeAeneHllle KnacTepos 

no pa3MepaM li13MeH5110TC51 C pOCTOM <j:>JliOeHCa Ill ynp04HeHll151 ClleAYIOLl.llllM 

06pa30M: Ha Ha4aJlbHOM 3Tane nplilpOCTa MlllKpOTBepAOCTlll nplil F1=10 12 !110H/CM2 

COOTBeTCTBYIOLl.laSI lllHTerpallbHaSI KOHLJ,eHTpaU,ll151 KnaCTepOB Ae<j:>eKTOB p1 = 1 , 9 ' 1 0 16 

Cllil 
3

, B 06JlaCT!I1 MaKClllMallbHOrO npl!lpOCTa nplil F2=2,2'1013 I!IOH/CM2 

KOHU,eHTpaLJ,!I151 KnaCTepos p2=5·1016 CM.3 111 Ha yYaCTKe HaCblll.leHI!ISI nplll F3= 6 ·1013 

li10H/CM
2 

KOHU,eHTpaU,!I151 COCTaBJlS!eT p3=8,2·1016 CM.3 (pliiC .2) . 
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J I P1=1,9 ' 10 16 ~1 · ~2=5 · 10 16 I p3=8,2·1016 

0 ,7 

0,6 

0,5 

0 ,4 

0,3 

0 ,2 

0,1 

II L I I I r,..._, Ill hr-. 
0 5 10 0 5 10 15 0 5 10 15 d, HM 

. ' 

P11c .2 . 3aBIIICI1MOCTI1 OTHOCI1TeJlbHbiX KOHLJ,eHTpaU,I1j;\ K!laCTepOB OT 11X A11aMeTpa d1 np11 

Q>moeHcax Ft=10 12, 2,2·1013 11 6 '1013 IIIOHICM2 AJlR MeA11, 06JlyYeHHO~ 110HaMI1 129Xe C 

3Heprt-~e~ E= 124 M3B. 

AHa11!113 3Kcnepli1MeHTallbHbiX AaHHbiX no KOHu,eHTpau,lllHM 111 pa3MepaM 

KnacTepos Ae¢>eKTOB 111 cTeneHIII ynpo4HeHI151 OT Q>niOeHca noKa3biBaeT 

HeCOMHeHHYIO CB513b, 4TO AallO B03MO)I(H0CTb B Ka4eCTBe MeX3Hli13Ma npou,ecca 

nplllHS!Tb 6apbepHyiO MOAellb ynp04HeH!11Sl, B OCHOBe KOTOpoi/1 Jle)I(I1T ynpyroe 

B3alllMOAeiiiCTBllle o6pa30BaBWI1XCSl 80 speMSl 06JlyYeHli1Sl CKOnneHlllill T04e4HbiX 

Ae¢>eKTos c AlllCnoKau,lllSlMlll. 

CpaaHeHIIIe aKcnepliiMeHTaflbHbtX 111 pacYeTHbtX 3aBIIICIIIMOcreill 1113MeHeHI!IR 

MI1KpOTBepAOCTI!I 8 paMKaX 6apbepHOill MOAelllil ynpo4HeHIIIR OT <j:>niOeHCa IIIOHHOrO 

06Jly4eHI1Sl A3110 YAOB1leTBOPI1TeJlbHOe cornaCllle. 

t\1151 cpaaHeHll151 sQ><j:>eKTOB PaAlllaLJ,lllOHHoro ynpoYHeHIIISl np11 o6nyYeHllllll 

lllOHaMlll 111 HeiiiTpOHaMlll o6pa3LJ,bl OAHOill cep1111 061lyY3Jlli1Cb Ha yCKOp11Te11SlX 

1-lOHaMlll 22Ne c 3Heprt-~eill 230 MsB ( nOTOK 1 011 110HICM2c), HeiiiTpoHaMlll c 

3Heprt-~eill 6onee 0,1 MsB a peaKTopax EWA (noTOK 1 ,39·1013 HeliiTp./cM2c) 111 lt16P-

2 (noTOK 1 ,4·1 0 12 HeliiTp./cM2c) . YcTaHosneHo, 4TO OAlllHaKOBbllii ypoaeHb 

PaAlllaLJ,lllOHHoro ynpoYHeHlllSl o6pa3u,os 1113 u,lllpKOHIIISl np111 o6nyYeHllllll HeliiTpoHaMIII 
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xpOMOHI!IKe11e8biX CTaJle~, KaK OAHIIIX 1113 OCH08HbiX Kpi!ITeplilaJlbHbiX C80~CT8, 

onpeAen~IOLUiiiX 803MOlKHOCTio npliiMeHaHiil~ KOHCTPYKLzytOHHbiX Marep111anos e 

~AepHO~ TeXHI!IKe. 

8 3TO~ rna8e npeACTa8neHbl peaynbTaTbl no lil3'f'l9Hiill0 PaAiilaUiiiOHHbiX 

a¢¢eKT08 111 no8pelKAeHiil~ CTPYKTYPbl cra11111 OX18H 1 OT nocne o611'f'l9Hiil~ liiOHaMIII 

22Ne (E=230 M38), 129Xe (E=124 M38) Iii He~1TpoHaMiil (E>O, 1 M38) AO 

OTHOCiiiTallbHO Hlii3KI!IX A03 n08pelKA9Hiil~ 10'4 -1 0-
2 

CHa, YTO Aa110 803MOlKHOCTb 

1!1CK1110YiiiTb C110lKHbl9 peaKUiillil MelKAY KOMn119KCaMiil Aecj>eKTOB. Obl110 noKa3aHO, 

YTO 0611yYeHI!Ie liiOHaMiil Ill He~TpOHaMiil nOBbiWaeT npeAeJl T9K'f'l9CTiil, 8 M9HbW8~ 

CTeneHiil - npeA911 npOYHOCTiil Ill nOHiillKaeT nnaCTI!IYHOCTb. 0AHaKO paBHbli/1 yp088Hb 

ynpOYH9Hiil~ nOC119 H9~TpOHHOrO 0611yYeHiil~ AOCTI'!raeTC~ nplil M9HbW9~ A039 

no8pelKAeHIII~. YeM 8 cnyYae I!IOHHaro o6nyYeHiil~ (plilc.4). 

t.cro.2. Mna 

1000-
... - 06A)"ieHHe HeKrpOHaMH 

• - o6A)"ieHHe HOHaMH Ne 

100 

1000 

100 

10 I I 1- I II II II I I I II II" I I I II II •• 10 
1.0E-05 1.0E-04 1.0E-03 1.0E-02 

A. cHa 

P11c .4 . 3asi1CI1MOCTb 113MeHeHI1~ npeAena reKyYeCTI1 cra1111 OX18H1 OT or A03bl 

paA113l..\110HHbiX nospelKAeHI1~. 

noKa3aHO, YTO npOYHOCTb XOpOWO Oni-1CbiBaeTC~ BblpalK9Hiii9M cr=cro+AE
0

, 

rAe cro - npeAen reKyYeCTI!I, E - Ae¢opMaul'l~. n - noKa3arenb ynpoYHeHIIISl . np111 

3TOM nonyYeHo xopowee cornac111e pacYeTHbiX 111 3Kcnep1!1MeHTa11bHbiX AaHHbiX. 

0 1MaTI1M, YTO B 11CC11eAOB3HHO~ A030BO~ 06113CTIII noKa3aT911b ynpOYH9HIIISI "n" 

nOHI1lK39TCSI C yB9111!1Y9HIII8M cj>11108HCa, YTO MOlK9T 6b1Tb 06b~CH9HO 

" K3H31111POB3HI19M A11C110Kal..\lll~", 03H3YaiOLUI!IM, YTO 1111AIIIPYIOIUI19 A11C110K3Uii111 

18 

" BbiMeTaiOT" TOYeYHble A9cj>9KTbl Ill IIIX CKOn11eHI1~ B nllOCKOCTI!I CK011blK9HI1~ Ill 

o6nerYaiOT ABIIIlKeHIIIe C119AYIOLU111M AliiC110KaUI!I~M. 

Aoaoea~ aaBII1CII1MOCTb ynpaYHeHI!I~ np111 o6n'f'leHI!1111 xopowo onii1CbiBaeTc~ 

BblpalKeHII1eM r111na t.cr0 ,2= A( 1 - e -B<!>t) 112 , rAe ct>t - cj>niOeHc; A , 8 - cj>II131!1YeCKI!Ie 

napaMeTpbl: A=233,4 Mna 111 8 = 4,66·1o-17 1110H/ cM2 All~ 1110Hoe Ne; A=306 Mna 111 

8=6,39·10-
20 He~Tp ./CM2 All~ H9~Tp0HOB . 

MIIIKpocrpyKTypa o6paauoe xpoMOH111Keneeo~ cra11111, o6nyYeHHa~ 1110HaMI!1 111 

He~TpOHaMI!I B 111HTepeane A03 1 0 -
4
-10-2 CHa, no AaHHbiM n3M , COA8PlKII1T 

He6011bWiile, pa3MepOM MeHee 4 HM, KllaCTepbl Aecj>eKTOB . 3aBII1Cii1MOCTb 

paA111aU1110HHOrO ynpOYH9Hii1~ OT cj>11108HCa li10HOB All~ YII1CTbiX M9TaJ1110B (KpOMe 

U111PKOHI!I~) 111 CnnaBOB C pa3JlliiYHbiM liiCXOAHbiM COCTO~Hii18M I!IM98T T9HA8HUI!IIO K 

HaCbiLU8HiiiiO . PeaynbTaTbl no PaAII1aUI!IOHHOMy ynpOYHeHI!IIO cram1 OX18H10T, KaK 111 

YII1CTbiX Merannoe Cu , Ni , V np111 o6nyYeHiillil I!IOHaMI!I 22Ne, 40Ar, 129Xe OAH03HaYHO 

yKa3biBaiOT Ha TO, YTO MaKCI!IMaJlbHbl~ 3cj>cj>eKT ynpOYH8Hiil~ Ha61110AaeTC~ np111 

0611yYeHiillil Ha1116011ee T~lKellbiMI!I liiOHaMI!I . 3TO nOATB9plKAaeT npeACTaB119Hiil~ 06 

onpeAe11~10LU8~ p011111 B paAI!IaUIIIOHHOM ynpOYH9Hii11!1 M9Ta11110B Aecj>eKTOB, 

o6pa30BaHHbiX BbiCOK03HepreTIIIY9CKI!IMiil aTOMaMI/1 OTAaYI!I, KOTOpble o6paayiOTC~ 

nplil npOXOlKA9Hiillil nOTOKa T~lK911biX I!IOHOB Yepe3 o6paaeu. 

YYIIITbiBa~ repMo-paAI!IaUI!IOHHYIO aKTI!IBaUIIIIO npoueccoe 3B01110Uiillil 

06pa3yiOLUI!IXC~ nplil 0611yYeHI!IIil Aecj>eKTOB Ill I!IX CB~3b C cj>I!I31!1KO-MeXaHI!IY8CKI!IMiil 

CBO~CTBaMI!I, lii3YY9HO BJllii~Hiile 0611YY8Hiil~ liiOHaMI!I Ill He~TpOHaMiil nplil pa311111YHbiX 

TeMneparypax Ha 3B01110UI!IIO AliiCJlOKaUI!IOHHO~ CTPYKTYPbl. noKa3aHO, YTO 

MI!IKpOCTpyKTypa XpOMOHI!IK9118BbiX CTanei/1 , 0611yYeHHbiX nplil TeMneparypax 353-

373 K, BKJliOYaeT AliiCJlOKaUIIIOHHble neTJllil . npliiYeM B 60JlbWI!IHCTBe CllyYaee 

M8lKY3811bHbl8 aTOMbl 06b8AI!IH~IOTC5l Ha nllOTHOynaKOBaHHbiX nllOCKOCT~X { 111} B 

AliiCJlOKaUIIIOHHble neTJllil Cl>paHKa C B8KTOpOM Ei10prepca Tlilna b=a/3<111 > . 

OcranbHa~ YaCTb- aro 6e3Ae¢eKTHble nem111 c eeKTopoM Ei10prepca b=a/2. 

TaKIIIM o6pa30M , nplil OTHOCii1T811bHO Hlii3KI!IX TeMneparypax 06Jl'f'l9Hiil~ (<0,3 

T nn.), KOrAa M8lKY3911bHbl8 aTOMbl nOABiillKHbl , a BaKaHCI!IIil ManonOABiillKHbl, 

KOHU8HTpaUI!I~ M8lKY3811bHbiX Ali1C110Kal..\liiOHHbiX neTellb 6biCTpO AOCTiilraeT 

HaCbllU8Hiil~ C A030~ . 8 3aBI!1CiiiMOCTiil OT CTeneHiil nOBP8lKA8Hii1~ MliiKpOCTPYKTYPa 

cran111 npeAcraen~eT co6o~ nocneAOBaTellbHO Kllacrepbl Ae¢eKToe , Ae¢eKTHble 

neTJllil Cl>paHKa, TpaHCcj>OpMii1PYIOLU1118C~ B COBepweHHble , a 3aTeM B C9TKY 
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A 111cnoKau,ll1iii . Ysenw·l8HII1e TeMneparypbl o6ny'leHII1~ ycKop~eT npou,ecc ssomou,111111 

AecpeKTOB C o6pa30BaHII18M A111CnOKaU,II10HHOiii C8TKII1. 

N" -3 I,M 

E+22 

6 ,00 
=r 

x 573K 

4,00 .;:! o773K 
X A 873K 

X X 
)( 

0 
2 ,00 ~ X 0 

All c. c. A A 
0 

A 

0,00 ~~~ L ,·, L 1 I L I I L I 1 L L L L L L j I I L I I I I I I (I I I I I I I I I jl I I I I I . I I j 

0,00 0,50 1,00 1,50 2,00 2,50 

(a) A. CHa 

di, HM 

8 0 
; 

x 573K 

40 ..:l o773K 
A 873K 

20 :l A 
X 

A A X 
A 0 

A xOX 

00 j A >< 

0,00 0,50 1,00 1,50 2,00 

(6} A. cHa 

P111C .5 . 3aBII1CII1MOCTb KOHUeHTpaU,I/1111 Ali1CilOKaU,II10HHbiX neTellb (a} 111 cpeAHero 

paJMepa A111CilOKaUI-lOHHbiX nerenb (6) s cran111 OOX17H14M2, o6ny4eHHOill 1110HaMI-1 Ar 

(E=225 M3B} npa-1 pa3HbiX TeMnepaTypax , OT A03bl. 

8 3aKniO'l8HII18 3aMSTII1M, 'lTO MII1KpOCTpyKTypa CTanll1 Tll1na 18-10, 

o6ny'leHHOiii T~>KenbiMII1 l-lOHaMII1 111 HeiiiTpOHaMII1 np111 TeMnepaTypax 473-923 K, 

COA8P>Kii1T MS>Ky381lbHbl8 Ali1CilOKaU,Ii10HHbl8 neTill/1, cpeAH111iii pa3Mep KOTOpbiX 

B03pacTaeT, a KOHU.eHTpau,ll1~ noHI!1>KaeTc~ c ysenl!1'leHII1eM TeMnepaTypbt 

20 

o6ny'l8HVI~ (p111c .5). noKa3aHo, 'ITO PaAVIaU,VIOHHOe ynpO'lHSHI/18 xpOMOHVIKenesoiii 

cTanVI OX18H 1 OT ~en~ eTc~ pe3ynbTaTOM ynpo'lHSHI/1~ MaT111U.bt, a He rpaHVIU. 3epeH. 

nepeXOA~ K KOppen~U,Ii1VI nospe)I(AaSMOCTVI MaTepVIMOB VIOHaMVI VI 

HeiiiTpOHaMVI, OTM8Tii1M, 'lTO np111 o6nY'l8Hii11!1 VIOHaMVI 06pa3yiOTC~ AecpeKTbl TVIna 

KnacTepos. 0AHaKo npVI Tex >Ke caMbtX A03ax ynpO'lHSHVIe npVI o6nY'leHVIIi1 

HeiiiTpoHaM111 6onbwe, 'leM npVI o6nY'leHV1111 1110HaMVI (cM.p1!1c .4). MVIKpocTpyKT)'pa 

CTallli1 0X18H10T, 061lY'l8HHOiii VIOHaMtir 111 HeiiiTpOHaMI/1 np111 TeMneparypax 353-373 

K, COA8P>Kii1T BbiCOKYIO KOHU,8HTpaLJ,Ii110 A111CnOKaU,Ii10HHbiX neTenb Me>KY3enbHOrO 

Tli1na np111MepHO B OAVIHaKOBOiii KOnVI'lSCTBe (pVIC .6). 

N, M"3 

5x1023 

1023 

5x10
22 

1022 

60 
5x1021 

1021 

10-4 

6 -IIIOHbl Ne 230 M3B 

0-HeliiTpOHbl (E>O, 1 M38} 

6 

0 

60 

ll 

5x10"4 10"3 5x10"3 10·2 

A. c.H,a. 

6 

5x1o·2 

P11c.6. 3aBI-1CI-1MOCTb KOHUSHTpau,~-11-1 KllacTepos Ae¢1eKTOB s cran11 OX18H 1 OT oT 

A03bl nocne o6nY'leHI-1~ 1-lOHaM!-1 Ne (E=230 M3B) 11 HeiiiTpoHaMI-1 (E>O, 1 M3B). 

nony'leHHbl8 pe3yllbTaTbl VICCil8AOBaHII1iii Mi11KpOCTPYKTYPbl xpOMOHI!1KelleBOiii 

cTanli1 OX18H 1 OT He AaiOT noKa nonHero o6b~CHeHii1~ pa31lli1'lli1iii s A030BbtX 

3aBII1Cii1MOCT~X paAI!1aU,VIOHHOrO ynpO'lH8HII1~, nony'leHHbiX npVI 061ly'l8Hii11!1 li10HaMii1 

22Ne 1i1 HeiiiTpOHaMii1 (E>O , 1 M38), B TO >Ke speM~ 3aBVICii1MOCTb ynpO'lHSHI/1~ B 
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o6oli1X cnyYaHx YA08JleT80PI!ITeJlbHO oni!ICbJ8aeTc51 8blpa)l(eHI!IeM t'.cr0 ,2=A( 1-e-
8<Pt) 1/

2 

Iii AaeT xopowee cornaclile c 3Kcnepli1MeHTOM. 

B nsnoiil rna8e li13Jlara10TC51 npaKTI!IYeCKiile acneKTbl li1Cnonb308aH1!151 

pe3yJlbTaT08 I!ICCJleA08aHI!IL;i 8 OTpaC1151X aTOMHOL;i HayKiil Iii TeXHI!IKI!I. 

MeTOA MOAiilcj>I!IKal..ll!llil ypaHa nYTeM nerl!lp08aHii151 XpOMOM Iii noAp06Hble 

I!ICCJleA08aHI!151 KI!IHeTI!IKI!I 1!130TepM1!14eCKoro npe8paw.eHii151 cnna8a ypaHa c 0,4 

8ec .o/oCr HaWJllil npaKTI!14eCKOe npi!IMeHeHI!Ie AJ151 C03AaHii151 MeJlK03epHI!ICTOL;i 

CTPYKTYPbl , o6ecne41!18aiOw.eL;1 n08biWeHHYIO paAiilal..lliiOHHYIO CTOL;iKOCTb ypaHa . 

Co3AaHI!Ie OAHOPOAHbiX Iii pa8HOOCHbiX 3epeH pa3MepoM 30-50 MKM 

ocyw.ecT8115leTc51 nYTeM Harpe8a 8 ~-o6naCTI!I c nocneAyiOw.eL;i 1!130TepM1!14ecKoL;i 

3aKaJlKOL;i nplil TeMnepaTypax 530-550°C. noA06Ha51 TeXHOJlOrli151 li1CnOJlb308aHa 

AJ15l np01!1380ACT8a CTep)I(HeL;i cnna8a U+0,4%Cr AJ151 aKTI!18HOL;i 30Hbl peaKTopa 

"Hylle8oL;i" MOW.HOCTI!I AGATA (r.C8epK, Pecny6m1Ka nonbwa). 

1!1CCJleA08aHI!151 a8TOpa 8 06JlaCTiil 8aKyyMHOL;i MeTannyprlillil ypaHa 6b1Jllil 

TeCHO C8513aHbl C npaKTii14eCKI!IM li1CnOJlb308aHiileM 8 TeXHOJlOrlillil np01!1380ACT8a 

Tenn08b1Ae115110W.IiiX Iii nornow.aiOW.IiiX 31leMeHT08 A1151 liiCC1leA08aTellbCKI!IX HAepHblX 

peaKTOp08 EWA Iii MARIA (r.C8epK, Pecny61lli1Ka nonbwa). 

BaKyyMHa51 I!IHAYKl..lliiOHHa51 nna8Ka Iii C03AaHI!Ie cepl!llil neyeL;i pa3Jlli14HOL;i 

MOW.HOCTI!I n0380Jlli1Jllil np01!1380Aii1Tb, KpOMe ypaHa, p51A MeTaJ1Jl08 8b1COKOL;i 

41!1CTOTbl, 8 TOM 41!1CJle racj>Hii151, TOp1!151 Iii uep1!151. 0AHI!IM 1!13 rna8Hb1X acneKT08 

npaKTI!14eCKOrO li1CnOJlb308aHI!151 I!IHAYKl..lliiOHH0-8aKyyMHOL;i n!la8Kiil Iii Jlli1Tb51 ypaHa 

6b1Jl0 C03AaHI!Ie np01!1380ACT8a 8 TeXHii14eCKOM MaCWTa6e 31leMeHT08 3aW.Ii1Tbl y

I!ICT04HI!IK08 1!13 o6eAHeHHOrO ypaHa , a TaK)I(e neTJle8biX YCTaH080K, peHTreH08CKI!IX 

annapaT08, Aec)>eKTOCKono8 1!1 T.n. Pa3pa6oTaHHa51 a8TOpoM TexHonorL!151 nna8KL!1 111 

Li13rOT08JleHL!151 3aW.Li1Tbl 1113 o6eAHeHHOrG ypaHa 6b1Jla 8HeApeHa Ha OnbiTHOM 

3a80Ae li1HCTLI1TYTa 51AepHbiX Li1CCJleA08aHL!1L;i; HeKOTOpble 31leMeHTbl TeXHOJlOrli11!1 

CTaJ11!1 npeAMeTOM naTeHT08aHL!151. 

1!1ccneA08aHL!151 no Koppo31!11!1 noA HanpH)I(eHLI1eM Llli1PKOHL!151 111 ero cnna808 8 

KOHTaKTe C OCKOJ1KaML!1 Ae11eHL!151, Hanp1!1Mep, L;iOAOM, HaWJ1Li1 npaKTL!14eCKOe 

Li1CnOJlb308aHI!Ie 8 C08MeCTHbiX pa60TaX C li1HCTL!1TYTOM aTOMHOL;i 3Hepr1!1Li1 

Li1M.Ii1 .3.Kyp4aT08a np111 Ol..leHKe pa60TOCnOC06HOCTL!1 T83Jl08 peaKTOp08 TL!1na 

BB3P. 

22 

Pe3yllbTaTbl Li1CCJleA08aHL!151 nOA061!151 Li1 pa3111!141!1L;i np111 06JlyYeHI11lll T8epAblX 

Tell T5l)l(eJlbiML!1 I!IOHaML!1 Iii 6biCTpbiMI!I HeL;iTpOHaMI!I 6bl111!1 Li1CnOJlb308aHbl 8 

nporpaMMaX no C03AaHL!110 Li1 060CH08aHI!IIO 8b160pa MaTeplila1108 AJ151 6biCTpblX 

peaKTopo8 6P Iii AJ151 I!IMI!ITal..ll!llil 3cj>cj>eKT08 no8pe)I(AeHI!151 MaTepL!1all08 HeL;iTpoHaMI!I 

c 3HeprL!1eL;i 14 M3B 8 nporpaMMax no pa3pa6oTKe TepMOHAepHbiX peaKTopo8 

(HlP) . noA06HOe MOAe111!1P08aHI!Ie no8pe)I(AeHL!1L;i liiOHaML!1 Iii HeL;iTpOHaMI!I ew.e 

Tpe6yeT YTOYHeHLI151 111 pa381!1Tii151, OAHaKo ~e ceL;iyac no pe3yllbTaTaM Koppe115ll..llillil 

8 li13MeHeHI!IIil MexaHii14eCKL!1x C80L;iCT8 AaHbl npaKTL!14eCKiile peKOMeHAal..ll!llil AJ151 

aJ110MI!IHL!151 Iii XpOMOHI!IKelle8biX CTaneL;i npL!1MeHL!1TeJlbHO K I!IX li1CnOJlb308aHL!110 8 

31leMeHTax aKTL!18HOL;i 30Hbl HAepHbiX peaKTopo8 EWA 111 MARIA (Pecny6ni!1Ka 

nonbwa). 

An 51 1!1CnOJlb308aHii151 8biCOK03HepreTL!14eCKL!1X T5l)l(eJ1biX Li10H08 8 

Li1ML!1Tal..lli10HHbiX Li1CcneA08aHii151X H~Ho 6b1110 pewi!ITb PHA npo6neM, C8513aHHbiX c 

MeTOAI!IKOL;i liiCC11eA08aHI!IL;i. li13-3a He60llbWOrO npo6era T5l)l(eJlbiX I!IOH08 TOJlW.IiiHa 

o6pa3Ua AOJl)I(Ha 6b1Tb orpaHL!14eHa; n03TOMy AJ151 Li1CnbiTaHii151 MeXaHii14eCKL!1X 

C80L;iCT8 nplil paCT5l)l(eHL!11!1 Li1CnOJlb308a111!1Cb MI!IHL!1aTIOpHble 06pa3l..lbl CTalllil 

pa3MepaMI!I 15x3 MM Iii T011W.Li1HOL;i 50 MKM 8 cneUL!1allbHO CKOHCTpyL!1p08aHHOM 

3ax8aTe 111 onpeAeneHbl ycn081!151 (8e111!141!1Ha 3epHa, T011W.L!1Ha o6pa3ua, rpMiileHT 

no8pe)I(AeHL!1L;i no T011W.Li1He o6pa3ua), nplil KOTOpbiX pe3yllbTaTbl I!ICnbiTaHI!IL;i 

MexaHL!14eCKL!1X C80L;iCT8 ML!1HL!1aTIOpHbiX o6pa3l..l08 6YAYT COOT8eTCT808aTb 

pe3yJlbTaTaM , nOJlyYeHHbiM Ha MaCCii18HbiX 06pa3UaX 8 L!1H)I(eHepHOL;i npaKTI!IKe . 

3TOT MeTOA Li1Cnb1TaHL!151 ML!1HI!IaTIOpHblX o6pa3l..l08 L!1CnOJlb308aH 8 Li1CCJleA08aHI!151X 

non3yYeCTI!I o6pa3U08 KOHCTPYKl..lliiOHHbiX 311eMeHT08 060PYA08aHL!151 8 

KOH8eHl..lli10HaJlbHOL;i 3HepreTI!IKe. 

0Tpa60TaHHble MeTOA0110rli14eCKiile npL!1eMbl no 061ly4eHL!110 T8epAbiX Tell 

T5l)l(eJlblML!1 Li10HaMiil Li1 Li1CC11eA08aHL!110 I!IX C80L;iCT8 3cj>cj>eKTI!18HO Li1CnOJlb3YIOTC51 AJ151 

Li13y4eHL!151 TaKL!1X cj>l!131!14eCKI!IX 518JleHL!1L;i, KaK paAL11al..lliiOHHOe ynp04HeHL!1e Iii 

oxpyn41!18aHI!Ie, paAL11al..lliiOHHoe pacnyxaHI!Ie, pacnbllleHLI1e Iii 611Li1CTep1!1Hr, 

paAL11al..lLI10HHa51 non3yYeCTb 111 pa3pyweHI!Ie 111 T .n . 
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OCHOBHbiE PE3YJ1bTATbl 1!1 BbiBOAbl 

1 0 nposeAeHO CII1CTeMan14eCKOe 111CCneAOBaHII1e PaAII1al\1110HHbiX 3cpcpeKTOB B 

MOAenbHbiX MeTannax: MIOMII1HII1111 , L\111pKOHII1111 , MeA111 , HII1Kene 111 BaHaA111111 , a TaiOKe 

cnnasax Zr+ 1 sec .o/oNb 111 V c He6onbW111M111 (1-2% ) A06asKaMII1 Zr, Y, Nb, Ti 111 Fe 

nocne 111x o6nyYeHII15l T5l)l(enbiMII1 1110HaMII1 (c E AO 10 M3B/ a .e .M.) 111 6biCTpbiMII1 

He~TpoHaMII1 (En>O, 1 M3B) . 

1 . 1 . CpaBHII1TenbHble 111CnbiTaHII15l MexaHII14eCKII1X cso~CTB (npoYHOCTb, 

nnaCTII14HOCTb, TBepAOCTb) 111 MII1KpOCTpyKTypbl n03BOnll1nll1 ycTaHOBII1Tb K0ppen5ll\11110 

Me)I(Ay PaA111al\1110HHO-cTII1MYnll1posaHHbiM np111pocTOM npeAena TeKyYeCTII1 111 

MII1KpOTBepAOCTII1 cro .2=3, 27 a( P) H~( P)( 0,1 )", YTO Aano B03MO)I(HOCTb 1113Y4111Tb 

paAII1al\1110HHble 3cpcpeKTbl ynp04HeHII15l TBepAbiX Ten. 

1.2. PaA111al\1110HHOe ynp04HeHII1e 111CCneAOBaHHbiX 4111CTbiX MeTannOB , MOHOTOHHO 

ysenii14111Ba5lCb C cpniOeHCOM, CTpeMII1TC5l np111 60nbWII1X A03aX K HaCbiW,eHII110. 

CTeneHb ynpoYHeHII15l 3as111c111T OT MaCCbl 6oM6apA111PYIOW.II1X YaCTII11..\ , YTO 

CB5l3biBaeTC5l C pa3nll141115lMII1 B 3HepreTII14eCKII1X CneKTpaX nepB1114HO-Bbi6111TbiX 

aTOMOB (nBA). YcTaHosneHo, YTO 3cpcpeKT ynpoYHeHII15l An5l MeA111 o6ycnosneH 

KnaCTepaMII1 AeQ>eKTOB C pa3MepaMII1 nOp5lAKa 5 HM . 

1 .3 . 3HaYeHII15l CTeneHII1 paA111al\1110HHOro nospe)I(AeHII15l saHaAII15l 111 ero cnnasos 111 

111X ynp04HeHII15l (PY) np111 06nyYeHII1111 T5l)l(enbiM111 1110HaMII1 111 He~TpOHaMII1 nOKa3a11111 

KaYeCTBeHHOe nOA06111e. nocTpaA111al\1110HHbl~ 0T)I(II1r CnO)I(HbiM o6pa30M 1113MeH5leT 

yposeHb paA111al\1110HH0-0T)I(II1rQBOro ynp04HeHII15l (PQY) 111 nOHII1)1(aeT nnaCTII14HOCTb 

MeTannoa np111 cox paHeHII1111 pa3nll141115l B np04HOCTII1 , o6ycnosneHHoro 111CXOAHO~ 

CTPYKTYPO~ . np111 HII13KOTeMnepaTypHoM OTnycKe B cnnasax saHaA1115l c Zr, Y 111 Mo 

Ha6n10AaeTC5l 3cpcpeKT paA111al\1110HHOro pa3ynp04HeHII15l (PPYC), CB5l3aHHbl~ C 

paCTBOpeHII1eM KOrepeHTHbiX 30H rii1Hbe-npeCTOHa no MeXaHII13MY TepM1114eCKOro 

B03BpaTa. 

1.4. YcTaHosneHo , YTO s OTnll14111e OT MeTannoa (Ni , Cu, V) B L\111PKOH111111 B 

111HTepsane 111CCneAOBaHHbiX cpniOeHCOB (AO 10
15 

1110H/ CM
2

) OTCYTCTByeT o6naCTb 

HaCbiW,eHII15l 3cpcpeKTa paA111al\1110HHOro ynpoYHeHII15l . 

1 .5. Pa3BII1Ta cpeHOMeHOnOrll14eCKa5l MOAenb, n03BOn5liOW,a5l Onii1CaTb COBOKynHOCTb 

3KCflepii1MeHTOB no 3aBII1CII1MOCTII1 POY OT cpniOeHca , TeMnepaTypbl 111 ner111py10w,111x 

A06aBOK B BaHaA111111 . 
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2 . npoBeAeHbl Koppen5ll\1110HHble 111CCneAOBaHII15l 1113MeHeHII15l cpii13111KO-

MexaHII14eCKII1X CBO~CTB L\111PKOHII15l 111 ero cnnaBOB, a TaiOKe xpOMOHII1KeneBO~ CTM111 

ayCTeHII1THoro Knacca Tll1na OX18H10T, o6nyYeHHbiX T5l)l(enbiMII1 1110HaMII1 111 

6biCTpbiM111 He~TpOHaMII1 . 

2 .1 . noKa3aHo, YTO o6nyYeHII1e L\111PKOHII15l 111 CTM111 OX18H 1 OT 

BbiCOK03HepreTII14eCKII1MII1 1110HaM111 (E- 10 M3B/a .e .M.) 111 6biCTPbiMII1 He~TpoHaMII1 

(E>O, 1 M3B) ysenii14111BaeT npeAen TeKyYeCTII1 111 , B MeHbwe~ cTeneH111, npeAen 

npo4HOCTII1 111 yMeHbwaeT OTHOCII1TenbHOe YAn111HeHII1e. YcTaHosne Ho TaiOKe, YTO np111 

OAH111X 111 Tex )l(e A03aX (B A030BOM 111HTepsane 10-5-10-2 CHa) ynp04HeHII1e 

MeTannoB np111 o6nyYeHII1111 He~TpOHaMII1 npii1MepHO Ha nop5lAOK Benii14111Hbl BbiWe, 

YeM np111 o6ny4eHII1111 1110HaM111 , 4TO CB5l3aHO C pa3nll141115lMII1 B cneKTpax nBA 111 

cKopocTbiO o6pa3osaHII15l PaAII1al\1110HHbiX AeQ>eKTOB . 

2 .2 . 3Kcnepii1MeHTanbHble 111ccneAOBaHII15l Tll1na AeQ>eKT08, 111x pa3Mepo8 111 

KOHI..\eHTpal..\111111 nOKa3anll1 , . 4TO Ha HaYanbHbiX CTaA1115lX MexaHII13M ynp04HeHII15l 

onii1Cbl8aeTC5l MOAenbiO 6apbepHoro ynpoYHeHII15l . nonyYeHo 8blpa)l(eHII1e A03oso~ 

3a8111CII1MOCTII1 ynp04HeHII15l . 

3. lt13yYeHbl paAII1al\1110HHble 3cpcpeKTbl 1113MeHeHII15l CTPYKTYPbl 111 C80~CT8 OCH08HbiX 

KOHCTPYKL\1110HHbiX MaTepll1an08 s:l3Y 111 Ts:JP : xpOMOHII1Kene8biX CTane~ Tll1na 

OX18H 1 OT 111 OOX17H 14M2, o6nyYeHHbiX T5l)l(enb1MII1 1110HaMII1 111 6biCTpbiMII1 

He~TpOHaMII1 8 WII1POKOM A111ana30He no8pe)I(AaiOW,II1X A03 111 TeMnepaTYP· 

3 . 1 . noKa3aHO, 4TO 06nyYeHII1e np111 TeMnepaTypax 353-373 K AO OTHOCII1TenbHO 

ManbiX no8pe)I(Aal0w,111x A03 10-4-10-2 cHa np11180A111T K o6pa3o8aHII110 8 CTPYKTYPe 

CTane~ MenKII1X (< 4 HM) KnaCTep08 . 3neKTpOHHOM111KpOCKOnll14eCKII1M MeTOAOM 

ycTaHo8neHa 111x np111poAa. noKa3aHo , YTO AaHHble KnacTepbl npeACTa8n5liOT co6o~ 

A111CnoKal\1110HHble neTnll1 Me)l(y3enbHOro Tll1na . CpeAH111~ pa3Mep neTenb 803pacTan, 

a KOHL\eHTpal\1115l nOHII1)1(anaCb C pOCTOM TeMnepaTypbl o6ny4eH1115l. no8biWeH111e 

A03bl nospe)I(AeHII15l AO 1-2 CHa np11180A111T AOnOnHII1TenbHO K n05l8neHII110 60nbWII1X 

A111CnoKal\1110HHbiX neTenb ct>paHKa . 

3.2. noKa3aHO, 4TO np111 o6nyYeHII1111 380nl01..\1115l MII1KpOCTPYKTYPbl CTanll1 npOII1CXOA111T 

cneAYIOW.111M o6pa3oM : KnacTepbl Ae<t>eKTOB , AeQ>eKTHble neTnll1 ct>paHKa , 

TpaHccpopM111PYIOW.111eC5l 8 co8epweHHble A111CnoKal\1110HHble neTnll1 , a 3aTeM s ceTKY 

A111CnoKal\111~. Ysen111YeH111e TeMnepaTYPbl 8 111HTep8ane 473-923 K ycKOp5leT 

npol\ecc 380nl01..\111111 Ae<t>eKTOB c o6pa3o8aHII1eM A111CnoKal\1110HHO~ ceTKII1 . 
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3.3 . noKa3aHO, 4TO np04HOCTHble 3aBIIICIIIMOCH1 CTaJleiiJ OT AeQ>OpMal\lillil XOpOWO 

onliiCbJBaJOTCs:! BbJpa>KeHI!IeM t.cr=cro+A~:", 4TO cornacyeTcs:! TaK>Ke c 3KCnep111MeHTOM. 

noKa3aTeJlb CTeneHiil ynp04HeHiils:! "n" C yBeJ11114eHiileM Q>JliOeHCa nOHIII>KaeTCs:!, 4TO 

MO>KeT 6b1Tb 06bs:!CHeHO KaHaillilpOBaHiileM AliiCJlOKal\l!liil. 

3.4. YcTaHosneHo, 4TO PaAiilal\I!IOHHoe ynpo4HeHIIIe xpoMOHI!IKenesoiil CTanlil 

OX18H10T s:~sns:~eTCs:! pe3yflbTaTOM ynpo4HeHiils:! MaTplill\bl, a He rpaHiill\ 3epeH . 

1!1CCJleAOBaHiils:! MeTOAOM n3M He Bbls:!Biilfllil pa3Hiill\bl B KapTI!IHe MliiKPOCTPYKTypbl 

CTaJl lil OOX17H 14M2 nocne o6ny4eHiils:! Ts:!>KeflblMIII I!IOHaMiil 111 HeiiiTpoHaMIII s 

Alllana3oHe TeMnepaTYP 473-923 K. 

4 . li1CCJleAOBaHbl TepMO-MeXaH1114eCKiile 3Q>Q>eKTbl nOJlliiMOpQ>HbiX npespall\eHIIIiil Ill 

Kopp03liiOHHOrD 

3JleMeHTOB 

pa3pyweHiils:! OCHOBHbiX KOMnOHeHTOB TenflOBblAefls:!IOll\liiX 

ypaHa (s:!AePHOe rop104ee) Ill L\liiPKOHiileBblX cnnaBOB 

(KOHCTpyKL\IiiOHHbliil MaTeplilafl 060f104Kiil TB3Jl0B). 

4 .1. li13y4eHa KI!IHeTI!IKa npespall\eHiils:l ~~u cnnasa U-0,4%Cr, B pe3yflbTaTe 4ero 

noKa3aHO, 4TO B liiHTepsane TeMnepaTyp 400-600°C OHO OnliiCbiBaeTCs:! ABYMs:! 

pa3f11114Hb1M111 C-o6pa3Hb1M111 KP111Bb1M111 (paHee 11130TepM1114ecKoe npespall\eHIIIe ~~u 

on111CbJBaJlOCb OAHOiil C-o6pa3HOii1 KP111BOii1). 

4 .2 . YcTaHosneHo, 4TO 11130TepM1!14ecKoe ~-+u npespall\eHIIIe npoTeKaeT no ABYM 

pa3f11114Hb1M MexaH1113MaM BbiWe 111 Hlii>Ke TeMnepaTypbl 520°C. B sepxHeiil 

TeMnepaTypHoiil o6naCTIII ( >520°C) peaKL\Iils:l npespall\eH111s:l conposo>t<AaeTCs:! 

npol\eccaM111 CABIIIrosoro ~-+u npespall\eHiils:! 111 BblAeneHiils:l 1113 TsepAoro pacTsopa 

MeJlKOAI!ICnepCHbiX 4aCTiill\ xpoMa. 

4 .3 . li13y4eHa Koppo3111s:! o6pa3L\OB L\111PKOHI!IeBbiX cnnasos (L\111PKanoii1-2) noA 

Hanps:~>KeH111eM s cpeAe napos iiloAa. noKa3aHo, 4TO pa3pyweHI!Ie MaTep111ana 

npOIIICXOA111T np111 AOCTI!I>KeHiillil onpeAeneHHoro noporosoro 3Ha4eH111s:! Hanps:~>t<eH111s:!, 

Bef11114111Ha KOTOpOrO nplil TeMnepaType 593 K COCTaBJls:!eT Afls:l XOJ10AHO

AeQ>OpM111pOBaHHOrO L\IIIPKanos:~-2 6onee 260 Mna. 

4.4 . YCTaHOBJleHO Haf11114111e M111HIIIMaJlbHOiiJ CTeneHiil AeQ>OpMal\111111, H111>Ke KOTOpOiiJ 

Koppo31110HHoe pa3pyweHI!Ie He npo111CXOA111T, 111 KPIIIT1114ecKIIIe 3Ha4eHiils:! 

COCTaBJls:!IOT: Afls:! nOJlHOCTbiO OTO>K>KeHHOrO L\liiPKOHiils:l 2-3%, np111 HenOJlHOM OT>Kiilre 

- 1% 111 6e3 OT>Kiilra- 0,7%. 

5. Pa3pa6oTaH 111 C03AaH KOMnneKC 3Kcnep111MeHTaflbHbiX ycTaHOBOK Afls:! 

06Jly4eH111s:! MaTep111aJlOB 111 3JleMeHTOB KOHCTPYKL\111ii1 B s:!AepHbiX peaKTopax 
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(neTneBble 111 aMnynbHble KaHaJlbl), Ha ycKOPIIITens:~x (BaKyyMHble KaHaJlbl), 

pa3pa60TaHbl 3KCnepi!IMeHTaJlbHble YCTpOiiiCTBa , n03BOJls:!IOll\lile KOHTpOillilpOBaTb 

yCJlOBiils:! 06JlY4eHiils:! , C03AaHbl CliiCTeMbl no o6pa60TKe AaHHbiX np111 

BHYTPiilpeaKTopHblX 111 noCTPaA111al\IIIOHHbiX I!ICcneAOBaH111s:!X ¢l1113111KO-MexaH1114eCK111X 

Ill XliiM1114eCK111X CBOiiiCTB TBepAblX TeJl. 

6 . 60JlbWas:! 4aCTb Hay4HO- IiiCCJleAOBaTeflbCK111X pe3yJlbTaTOB, nony4eHHblX nplil 

BblnOJlHeHiillil AliiCCepTal\111111, nerna B OCHOBy TeXHOJ10r1114eCKIIIX pa3pa60TOK 111 

liiCnOJlb30BaHa Afls:! npaKT1114eCK111X 1..\efleiiJ B 06JlaCT111 aTOMHOiiJ HayK111 111 TeXHIIIKiil . 

6 . 1 . li1CCJleAOBaHiils:! KIIIHeT111K111 111 MeXaH1113Ma 11130TepMIII4eCKOrD ~-+u-npespall\eH111s:! 

U-Cr-cnnasos no3BOJ1111Jl111 pa3pa6oTaTb npol\eCc TepMoo6pa6oTK111 

(11130TepM1114ecKas:~ 3aKanKa 1113 ~-¢>a3bl), o6ecne4111Bal0ll\eii1 c03AaH111e 

MenKo3epHIIICToii1 CTPYKTYPbl ypaHa (c pa3MepoM 3epeH 30-50 MKM) c 

nOBblWeHHOiiJ PaAiilal\IIIOHHOiiJ CTOiiJKOCTbiO. TeXHOJlOr111s:! BHeApeHa B npOiii3BOACTBe 

CTep>KHeiil 1113 cnnasa U -0,4% Cr Afls:l aKTI!IBHoiil 30Hbl peaKTopa AGATA (r.CsepK, 

Pecny6f1111Ka nonbwa) . 

6 .2 . Pa3pa6oTaHa TeXHOJlOr111s:! BaKyyMHO-IiiHAYKL\1110HHOiiJ nnaBK111 ypaHa 111 C03AaHa 

cep111s:1 BaKyyMHblX ne4eiiJ , KOTOpble 6b1Jllil BHeApeHbl B TeXHOJlOrlil111 np01i13BOACTBa 

TennoBbiAens:~JOll\liiX 111 nornoll\aiOll\IIIX 3JleMeHTOB Afls:l peaKTopos EVVA 111 MARIA 

(r.CsepK, Pecny6n111Ka nonbwa) . 

6 .3 . C03AaHo npo1113BOACTBO 3JleMeHTOB 3all\111Tbl y-111CT04H111KOB 1113 o6eAHeHHoro 

ypaHa , a TaK>Ke neTfleBbiX YCTaHOBOK peHTreHOBCK111X annapaTOB, AeQ>eKTOCKOnOB Ill 

T.n . Ha onbiTHOM 3aBOAe li1HCTIIITYTa HAepHblX 111CcneAOBaH111ii1 (r.CsepK, Pecny6n111Ka 

nonbwa). 

6.4 . Pe3yflbTaTbl no pa3pywa10ll\eiil KOppo3111111 L\IIIPKOH111eBbiX cnnasos s KOHTaKTe c 

OCKOJ1KaM111 AefleHiils:!, Hanp111Mep, iiJOAOM, HaWJ1111 npaKT1114eCKOe npliiMeHeH111e B 

COBMeCTHbiX pa6oTaX C li1HCTIIITYTOM aTOMHOiil 3Heprlillil liiM.Kyp4aTOBa nplil OL\eHKe 

pa6oTocnoco6HOCTIII TB3JlOB Afls:l peaKTopos Tlilna BB3P. 

6 .5 . Pe3yflbTaTbl IIICcneAOBaHiils:! nOA0611s:! 111 pa3Jll14111s:! np111 o6nY4eH111111 

KOHCTPYKL\IiiOHHblX MaTep11aflOB Ts:!>KeJlbiMI1 liiOHaMIII 111 6biCTpb1Miil HeiiJTpOHaMI1 

MOrYT 6b1Tb 11CnOJlb30BaHbl B nporpaMMaX nO 060CHOBaH11110 Bb160pa MaTeplilaJlOB 

Afls:! 6biCTpblX peaKTOpOB 11 11MI1Tal\11lil 3Q>Q>eKTOB nospe)I(AeH111s:! MaTeplilaJlOB 

HeiiJTpoHaMIII c 3Heprl1eii1 14 M3B s nporpaMMax no pa3pa6oTKe TepMOHAepHbiX 

peaKTOPOB. 
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