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1. BBEltEH~E 

np~ 803Ae~cTB~~ pa3n~4H~X ~3nY4eH~~ MaTep~an~ ~cn~T~8a~T 

3Ha4~TenbH~e ~3MeHeH~R CTpYKTYP~ ~ BamHe~w~x CBO~CTB. K TaK~M 

~3MeHeH~RM npemAe Bcero cneAyeT OTHeCT~ RBneH~e paA~a~~OHHoro 

ynp04HeH~R, ~ccneAOBaH~~ KOToporo nOCBR~eHO 60nbwoe Kon~4eCTBO 

pa60T /CM., Hanp~Mep,/)-4//. B nocneAHee BpeMR HapRAY c He~T

pOHH~M 06nY4eH~eM 3TO RBneH~e ~3Y4aeTCR ~ c np~MeHeH~eM nY4KoB 
KaK nerK~X 3apRmeHH~x 4acT~~ /npoToH~ ~ anb$a-4acT~~~/, TàK 
~ 60nee TRmen~x ~OHOB c B~COK~M~ 3Hepr~RM~. ~CCneAOBaH~e 803
Ae~CT8~R TRmen~X ~OH08 Ha pa3n~4HWe TBepA~e Tena ~MeeT BamHOe 
3Ha4eH~e He TOnbKO AnR MOAen~pOBaH~R He~TpOHHOrO 06nY4eH~R, HO 
~ AnR B~RCHeH~A ABneH~H, npO~CXOAR~~X np~ B3a~MOAe~CTB~~ 3apR
meHH~X 4aCT~~ C TBepA~M~ TenaM~. 

H3MeHeH~A MeXaH~4eCK~X CBO~CTB MeTannOB ~ cnnaBbs ~3Y4an~Cb 

np~ 06nY4eH~~ ~X nerK~M~ ~OHaM~ B A~anaSOHe A03 nOBpe*AeH~~ OT 
10-5 cMe~./aT. /np~ TaK~X A03ax Ha4~HaeT npOAsnATbCR 3~~eKT 
paA~a~~OHHoro ynp04HeH~R/ AO ~2·10-2 cMe~./aT. /cM./1-4//. ~o
CT~meH~e 60nee B~COK~X AOS nOBpemAeH~~ saTPYAHeHO TeM, 4TO CKO
pOCTb reHepa~~~ Ae$eKTOB B 3T~X 3Kcnep~MeHTax cotTaBnReT
10-8-10-7 cMe~./aT.c, 4TO np~BOA~T K AOCTaT04HO An~TenbH~M 
BpeMeHaM 06nY4eH~R /-5.104-105 c/. n03TOMY ~ccneAoaaH~e npo~ec
coa paA~a~~OHHoro ynpo4HeH~R MeTannOB, 06nY4eHH~x AO B~COK~X 

AOS nOBpemAeH~~ TR~en~M~ ~oHaM~, npeAcTaBnReT ~HTepec AnR Ae
TanbHoro B~RCHeHHR oco6eHHocTe~ TaK~X npo~eccoB. 

50nee w~poK~e B03MomHocT~ AnR HaKonneH~R Ae$eKToB B 06ny
4aeM~X 06pa34Bx npeAcTaBnR~T YCKop~Ten~ TRmenblX ~OHOB c ~HTeH
C~BHOCTRM~ l012_1013 4acTH~/CM2c ~ 3Hepr~RM~ ~1 M3B/HYKnoH. 
np~ TaK~X 3HeprHRx npo6er ~OHOB B MeTannax COCTaanReT R = 
= 5-8 MKM, 4TO AaeT B03MomHOCTb ~cnonb30BaTb AnR ~3Y4eH~R npo
~eCCOB paA~a4~OHHoro ynpo4HeH~R MeTOA ~3MepeH~A M~KpOTBepAOCT~, 

KOTOP~~ W~POKO npHMeHAeTCA B nOA06H~X ~ccneA08aH~Ax/2,4,5/. 
CneAyeT OTMeT~Tb, 4TO Ben~4~Ha M~KpOTBepAOCT~ Koppen~PyeT 

c APyr~M~ MexaH~4eCK~M~ CBO~CTBaM~ MaTep~anOB, TaK~M~, KaK npe
Aen TeKY4eCT~ H np04HOCTH. 

Uenb~ HaCTOR~e~ pa60T~ RBnAnOCb ~SY4eH~e paA~a~~OHHoro ynp04
HeH~R BaHaA~R ~ H~KenR, 06nY4eHH~X ~oHaM~ KceHOHa, aprOHa ~ Heo
Ha c 3Hepr~RM~ -1 M3B/HYKnoH. ·l ' ,.~ rrvt , ' ;~;~.; ·-~·~~~?~~~~~l;;I
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2.	 METOA~KA 3KCnEP~MEHTOB.
 

PE3YIlb TATbl
 

~ccneAOBaHHH npoBoAHnHcb Ha 06paa4ax HHKeJlR 3neKTpoHHo-ny
4eBo~ nnaBKH H BaHaAHH /4HcToTa 99,6%/. nocne MexaHH4ecKo~ 06
pa60TKH H 3neKTpOnHTH4eCKOH nOnHpOBKH 06pa34bl OTmHranHCb B Te
4eHHe OA~Oro 4aCa B BaKYYMe npH TeMnep~Typax 8000 H 11000C COOT
BeTCTBeHHO. 

06nY4eHHe MeTannOB,6~no npoBeAeHO Ha YCKOpHTenHX ~U-100 (Ar, 
Ne) H Y-300 (Xe) fla60paTopHH RAepHWX peaK4HH O~H~ npH TeMnepa
Typax, 6nH3KHX K KOMHaTH~M. MHKpOTBepAoCTb 06nY4eHHblX 06pa340B 
H3MepHnaCb npH HarpY3Ke 0,5 H. MaKCHManbHaR rny6HHa npOHHKHOBe
HHR HHAeHTopa B MaTepHan COCTaBnHna 3,5 MKM. 

6j) 
PHc.l. rrpO~HrrH rroBpe~AeHHH,(MEy!
c03AaBaeMb~ HOHaMH Ne - 1,Ar JfOH 

-15	 Ar· - 2, Xe - 3 B BaHaAHH. 
10
 

-16
 
1D Ha pHc.1 npHBeAeH~ aaSHCHMO

CTH ce4eHHR 06pa30BaHHR Ae~eKToB 

B BãHaAHH OT rny6HH~ npoHHKHoBe
HHR TRmen~x HOHOB, pacc4HTaHHwe 

1 no	 MeToAY, npeAnomeHHoMY B/6/. 
o 2 4 6 8 R.,I'1Ú1 BHAHO, 4TO Ha rny6HHax ""'3,5 MKM 

BenH4104Ha O'D npeseuuaer 3Ha4eHHe 
Ha BXOAe B MHweHb B 3 pa3a. npH YKaaaHHo~ HeoAHopoAHOCTH aHa4e
HH~ O'D' B HHTepBane HarpY30K 0,5-1 H B npeAenax T04HOCTH HaMepe
HH~ ~e Ha6moAanocb aaBHCHMOCTH MHKpoTBepAocTH OT BenH4HHbl Ha';' 
rpyaKH /CM. pHc.2/. 

Ha pHc.3 AaH~ aaBHCHMOCTH npHpocTa MHKpoTBepAocTH HHKenR 
~ BaHaAHH 6H, 06nY4eHHwx TRmen~MH HOHaMH OT A03~ nOBpemAeHH~ 

Kt. KaK H3BecTHo/1/, B 06nacTH Aoa nOBpemAeHH~ OT 10- 4 AO 
1 cMe~./aT. 3KcnepHMeHTanbH~e KpHB~e, THna npHBeAeHH~X Ha pHc.3, 
MorYT 6~Tb onHcaH~ cTeneHHo~ aaBHCHMOCTb~ BHAa 

6H	 = A (Kt)o, /1/ 

rAe A H o - HeKoTop~e napaMeTp~, 3aBHCR~He OT CBOHCTB MaTepHa
nOB H ycnoBH~ 06nY4eHHH. 06pa60TKa KpHBWX no MeTOAY HaHMeHbwHX 
KBaApaTOB n03BonHna nonY4HTb aHa4eHHH BXoAH~HX B /1/ napaMeTpOB 
/CM. Ta6nH4Y/. BHAHO, 4TO AnR pa3nH4H~x HOHOB napaMeTp~ A H o 
oKaaànHcb 6nH3KHMH. OTMeTHM, 4TO npH 06nY4eHHH MeAH H HHKenH 
npOTOHaMH H anb$a-4aCTH4aMH!2/ K03$$H4HeHT OKa3anCR paBH~M 
0,32. 

2 

PHc.2. 3aBHCHMOCTb MHKpOTBepAOCTHHH 
I 

naxerra / +/ H aaaannx /t/ OT na-:f--t-1.3.1Ô'2. rpY3KH. UH~paMH YKa3aH ypOBeHb 
12.00 rroBpe~AeHHfl B CMe~./aT.?__~-~ 1~-3 
1100 

3.	 06CY}I{AEH~E . , 
1000 f i~~ O • KaK BHAHO Ha pHc.3, B ÁoaoBoH 

3aBHCHMOCTH npHpOCTa MHKpOTBepAo

900 CTH He Ha6n~AaeTcR Hac~~eHHR BnnOTb.1--! f O 
AO A03 - 1 cMe~./aT. AHanorH4Hw~ 

pe3ynbTaT 6~n nonY4eH B pa60Te/ 2/ 

0.5 D,1-5 -1 F, H npH 06nY4eHHH rUK-MeTannoB npOTO
-2 HaM~ H anb$a-4aCTH4aMH npH A03ax 

nOBpe~AeHHH AO 2·19 cMe~./aT. AnR AeTanbHoro B~RCHeHHR 3Toro 
Bonpoca Tpe6y~TcR AanbHe~wHe HccneAOBaHHH. B TO ~e BpeMH cne
AyeT cAenaTb B~BOA O TOM, 4TO pe3ynbTaTbl, nonY4eHHwe Ha paanH4
HWX 3apR*eHHWX 4aCTH4ax, XopOWO KoppenHpY~T. 

B pa60Te/ 3/ Ha OCHOBaHHH AaHHWX no H3MepeHH~ MHKpOTBepAoCTH 
H 3neKTpOHHO-MHKpOCKonH4eCKHX HccneAOBaHH~ BWCKa3aHO YTBep*Ae
HHe O cy~ecTBoBaHHH ABYX CTaAHH H3MeHeHHR 6H c A030~ nOBpe*AeHHR 
Kt, npH 06nY4eHHH He~TpOHaMH, npOTOHaMH H anb~a-4aCTH4aMH. Pe
3ynbTaTw, nonY4eHH~e B AaHHOH pa60Te, He noaBonH~T CAenaTb TaKO
ro BWBOAa. B npeAenax OWH6KH H3MepeHHH OTHoweHHe 6H/l~(Kt) OCTa
eTCA nOCTORHHWM BO Bce~ 06naCTH Aoa nOBpe*ÀeHHH npH 06nY4eHHH 
HOHaMH ~ceHOHa, aprOHa H HeOHa. peaynbTaT~ H3MepeHH~ MHKpOTBep
AOCTH HHKenR H .BaHaAHR, 06nY4eHHblX pa3HblMH TR*enWMH HOHaMH AO 
oAHHaKoBwx A03 nOBpe*AeHHR, nOKa3~Ba~T, 4TO MaKcHManbHw~ 3~eKT 

ynp04HeHHH Ha6n~AaeTcR AnR 60nee TR~enwx HOHOB, B AaHHoM cnY4ae 
AnH HOHOB KceHOHa. 3TO nOATBep*AaeT cy~ecTBY~~He npeACTaaneHHR 
06 onpeAenRlOU4eH poria B paAHa4HOHHOM ynp04HeHHH M~TanIlOB AeetJeK
TOB, 06paaoBaHH~x BWCOK03HepreTH4H~MH aTOMaMH oTAa4H, KOTopwe 
06pa3Y~TcR npH npoxo*AeHHH TR*enoro HOHa 4epe3 06paae4. 

Ha PHc.4 npHBeAeHW 3aBHCHMOCTH nnoTHoCTH aepORTHOCTH 06pa30
BaHHA Ae~eKToB nepBH4Ho-BH6HTWM aTOMOM c 3HeprHeH T AnR HHKenR, 
06nY4aeMoro HOHaMH KceHoHa, aprOHa H HeOHa npH 3HeprHRX 
1 M3B/HYKnoH. B~pa*eHHe AnR nnOTHoCTH BepOHTHOCTH Mo*eT 6WTb 
3anHcaHO B BHAe/ 7/ : 

Tmax 

P(T)	 = v(T) ~~ I J V(T")~~, dT', /2/ 
Ed 

rAe da/dT - cneKTp nepBH4Ho-BW6HTWX aTOMOS, Ed - noporoBaR 3Hep
rHR 06pa30aaHHR CMe~eHH~, Tmax - MaKCHManbHãH nepeAaHHaR 3Hep
rHR, v(T) - KaCKaAHaR $YHK4HR. KaK BHAHO H3 PHc.4, no Mepe YBe
nH4eHHH aTOMHoro HOMepa HoHa cy~eCTBeHHo MeHHeTCR BKnaA B 06
pa30BaHHe Ae~eKToB aTOMaMH OTAa4H c BblCOKHMH 3HeprHRMH. B 4aCT

. 3' 



Ta6nHu;a 

MaTepHaJI Ilapaxetpsr BOM6apAHpY~~H HOH 

KceHoH AproH HeOH 

A 781+30 880+35 467+20 
-

n 0,2.:!:.0.,01 0,3.:!:.O,015 o,2.:!:.0,0 1 

A 605+20 561+20 479+15 -
n o,29.:!:.0,015 o,323.:!:.0,02 O,33.:!:.0,02 

PHc.4. 3aBHCHMOCTb rrnOTHoCTH 
BepOHTHOCTH 06pa~OBaHHH Ae~eK

TOB OT TIBA c 3HeprHeH T OT 
3HeprHH OTAaQH B HHKene, o6ny
QaeMOM HOH.aMH Ne - 1, Ar - 2, 
Xe - 3. 

HOCT~, B. cnY4ae ~OHOB KceHOHa 
aTOMOB oTAa4~ c 3Hepr~RM'~ 60nee 
10 K3B, no cpaBHeH~~ c o6nY4e
H~eM ~OHaM~ HeoHa, o6paayeTtR 
np~MepHO Ha 40% 60nbwe. 3Kcne
p~MeHTanbHO Ha6n~AaeMoe pa3n~4~e 

B ~aMeHeH~~ M~KpO~BepAOCT~ Ha 
o6nY4eHH~x o6paa~ax H~KenR ~ Bao "1 B1Õ 1 10 -10 r,M3 
HaA~R np~ OA~HaKOB~X Aoaax no

AJlR pa3n~4HblX ~OHOB MO)l(eT 6~Tb 06"bRCHeHO paan~4~RM~ 

)l(eCTKOCT~ cneKTpOB nepB~4Ho-B~6~T~X aTOMOB. 

ABTOPbl 6naroAapRT aKaAeM~Ka r.H.$nepoBa ~ npo~eccopa ~.U.Ora

HeCRHa 3a BH~MaH~e K pá6oTe, a TaK)I(e P.U.OraHecRHa ~ A.M.MoPAye
Ba aa npeAocTaBneHHY~ B03MO)l(HOCTb pa6oT~ Ha YCKop~Tene HU-l00. 
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.UH,JJ;b!K A. 10. 14-86-410 
Pa,JJ;Ha~HOHHOe ynpoqHeHHe HHKenH H BaHa,JJ;HH, 
o6nyqeHHb~ TH~enb~H HOHaMH c 3HeprHHMH I M3B/a.e.M. 

MeTO,JJ;OM H3MepeHHH MHKpOTBep,JJ;OCTH HCCRe,JJ;OBaHO ynpoqHeHHe 
HHKenH H BaHa,JJ;HH, o6nyqeHHb~ HoHaMH Ne, Ar, Xe c 3HeprHHMH 
I M3B/a.e.M. OnpegeneHhl 3aBHCHMOCTH CTeneHH pa,JJ;Ha~HOHHoro 

ynpoqHeHHH OT ,Il;03bl llOBpe~eHHH B o6naCTH IQ-5-5•10-IcMe~./aT. 

lloKa3aHO, qTO pa,JJ;Ha~HOHHOe ynpOqHeHHe 3aBHCHT OT "~eCTKOCTH11 

cneKTpOB nepBHqHO-Bbi6HTb~ aTOMOB. 

Pa6oTa BblllOnHeHa B Jia6opaTOPHH H,JJ;epHb~ peaK~HH mUIH. 

llpenpHHI 06benHHeHHoro HHCTHTyra JIJlepHI>IX HccnenosaHHH. lly6Ha 1986 

ITepeBO,JJ; O.C.BHHorpa,JJ;oBOH 

Didyk A.Yu. et al. 14-86-410 
Radiative Hardening of Nuckel and Vanadium 
Irradiated by Heavy Ions with I MeV/a.m.u. Energy 

The hardening of nuckel and vanadium irradiated by Ne, 
Ar, Xe ions with 1 MeV/a.m.u, energy is investigated using 
the microhardness technique. The damage dose· dependence of 
radiation hardening is determined in the lo-5-5·1o-l dpa 
region, It is shown that radiation hardening depends on the 
"stiffness" of the primary-knock atom spectrum. 

The investigation has been performed at the Laboratory 
of Nuclear Reactions, JINR. 
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