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1. B8EAEH~E 

MaTepHanw, Hcnonb3yeMwe B KOHCTPYK~HRX AeHcTBY~HX H BHOBb 
c03AaBaeMWX RAepHWX H TepMoRAepHwx YCTaHOBoK, HcnWTWBa~T BWCO
KHe paAHa~HOHHwe H TennOBwe HarpYSKH npH AnHTenbHOM BosAeHcT
BHH nOTOKOB HeHTpoHoB H APyrHx BHAOB HsnY4eHHH. TaKHe B03AeH
CTBHR npHBOART K 3Ha4~T,nbHwM ~3MeHeHHRM HX MexaHH4eCKHX 
H CTPYKTYPHWX CBOHCTB • OAHHM H3 HaH60nee BpeAHWX RBneHHH, 
cy~ecT,eHHO COKpa~a~HX CpOK 3KcnnyaTa~HH KOHCTPYK~HOHHWX Ma
TepHanoB, RBnReTCR paAHa~HOHHoe pacnyxaHHe, 06ycnoBneHHoe 06
pa30BaHHeM B MaTepHanax nop. 

a HaCTOR~ee BpeMR npo~eccw sapO*AeHHR H pOCTa B'KaH~HOHHWX 
H ra30BWX nop B 06nY4aeMWx MeTannax AaneKO He RCHW 1,2 , He
CMOTPR Ha TO, 4TO 3Ta np06neMa H3Y4aeTcR y*e B Te4eHHe He
CKonbKHX AeCRTKOB neT. nO-npe*HeMY B ~eHTpe BHHMaHHR OCTa~TCR 
BOnpoCW BWRCHeHHR MexaHH3MOB 3apO*AeHHR H pOCTa nop H AHcnOKa
~HOHHWX neTenb, BnHRHHR Ha HHX MHor04HcneHHWX $aKTopOB, TaKHX, 
KaK TeMnepaTypa 06nY4eHHR, ynpyrHe HanpR*eHHR, HanH~He npHMe
ceH, CTPYKTYPHwe CBOHCTBa, CKOPOCTb reHepa~HH T04e4HWx Ae$eK
TOB, pe*HM 06nY4eHHR H PRA APyrHx/t-3/. 

AeTanbHoe BWRCHeHHe BnHRHHR Bcex Bwwenepe4HcneHHWX $aKTopOB 
Ha BenH4HHY pacnyxaHHR KOHCTPYK~HOHHWX H MOAenbHWX MaTepHanOB 
Tpe6yeT npOBeAeHMR MHor04HcneHHWX 3KcnepHMeHTOB B peaKTopax. 
OTMeTHM, 4TO BBHAY HH3KHX CKopOCTeH Ae$eKTo06pa30BaHHR TaKHe 
3KcnepHMeHTW Tpe6Y~T AnHTenbHWX 06nY4eHHH. KpOMe Toro, 06nY4a
eMwe 06pa3~w aKTHBHpY~TCR, 4TO 3aTpYAHReT HX HccneAoaaHHe H ew
3weaeT He06xoAHMOCTb npHMeHeHHR "ropR4HX" KaMep. OTMe4eHHwe 
TPYAHOCTH npH HccneAoeaHHH enHRHHR HeHTpOHHoro 06nY4eHMR 
Ha M3MeHeHHR MexaHH4eCKHX H CTPYKTypHWX CBOHCTe peaKTopHWX Ma
TepManoe cTHMynHpoBanH TaKHe HccneAoBaHHR C npHMeHeHHeM APY
rHX BHAOB H3ny~eHHH - 3neKTpOHHoro /Ha YCKopHTenRX M B eWCOKO
BonbTHWX 3neKTpOHHWX MHKpOCKonax/ M 06nY4eHHR TR*enWMH MOHaMM 
pasnH4HWX 3HeprHH. OCHOBHWM npeHMy~ecTeoM TR*enwx HOHoe, 
no cpaBHeHH~ C 06nY4eHMeM HeHTpOHaMH, RenReTCR eWCOKaR CKOPOCTb 
Ae$eKTOo6pa30BaHHR, 4TO nOSBonAeT nonY4HTb 3Ha4HTenbHwe YPOBHH 
noepe*AeHHH 3a OTHOCHTenbHO KopOTKHe BpeMeHa H HaAe*HO KOHTPO
nHpOBaTb ycnOBHR 06nY4eHHR. 

OAHaKO cpaBHeHHe pesynbTaTOe no paAHa~MOHHOMY paCnyxaHH~ 
MaTepHanoe, 06ny~eHH~.•.l1nIi.tWJ!IMH .!19J1i!~"" .H HeHTpOHaMH, BCTpe4aeT 
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onpeAeneHH~e TPYAHOCT~. CBRSaHH~e C paSnH4HeM npO~eCCOB nOTepb 
3Hepr~~ H Ae~eKT006paSOBaHHR. 

OCHOBH~e paSn~4~R TaK~X npo~eCCOB SaKn~4a~TCR B cneAy~~eM: 
11 TR*en~e HOH~ C 3Hepr~RMH nopRAKa 1 M3B/a.e.M. cy~eCTBeHHy~ 
Aon~ 	cBoeH 3Hepr~~ TepR~T Ha 3neKTpOHHoe TopMOmeHHe; 21 pacnpe
AeneHHe 06pasY~HxcR T04e4H~X Ae~eKToB no np06ery HOHa CHnbHO 
HeoAHopoAHO; 31 npH 06nY4eHHH HOHaMH, KOTop~e OCTa~TCR B 06
pas~e, MorYT BO~HHKaTb 3Ha4HTenbH~e HanpRmeHHR. BnHR~He 
Ha npo~ecc~ ~OpMHpoBaHHR Ae~eKTHOH CTPYKTYP~; 41 B~COKHe CKO
pOCTH Ae~eKTo06paaOBaHHR MeHR~T xapaKTepHCT~KH AH~YSHOHH~X 
npo~eCCOB. 4TO GKaa~BaeTCR Ha 06paaOBaHHH KnaCTepOB T04e4H~x 
Ae~eKTOB IMe*AQysenbH~x ~ A~cnOKa~HOHH~X neTenb. BaKaHCHOHH~X 
H raaOB~X nop/; 51 paanH4He B cneKTpax 3HeprH~ nepBH4Ho-B~6H
T~X aTOMOB npHBQAHT K pa3nH4H~M oc06eHHOCTRM 06paaoBaHHR Ae
~eKTOB B KaCKaAClX aTOM-a'rOMH~X cOYAapeHHH; 61 npH YKaaaHH~X 
B~we 3HeprHRX HOHOB He npOHCXOART RAepH~e peaK~HH. npHSOAR~He 
K 06pa30BaHH~ TpaHCMYTa~HOHH~X npHMeceH IB 4aCTHOCTH. He Ha
pa6aT~BaeTCR renHH, MeHR~~HH BenH4HHY pacnyxaHHR H T.A.I. 

DonbwHHCTBO YKasaHH~X pasnH4HH HMeeT MeCTO H npH 06nY4eHHH 
MaTepHanOB pasnH4H~MH TRmen~MH HOHaMH. TaK. HeCMOTpR Ha OT
CYTCTBHe RAepH~X peaK~HH. BHeAPReM~e HOH~ caMH MorYT HrpaTb 
Ponb npHMeceH IHnH AononHHTenbH~X MemAoysenbH~X aTOMOB npH 06
nY4eHHH c06cTBeHH~MH HOHaMHI H OKaS~BaTb saMeT Hoe BnHRHHe~~;' 
Ha KHHeTHKY sapomAeHHR H pOCTa nop. n03TOMY B~RCHeHHe OC06eH
HOCTeH paAHa~HOHH~X 3~eKTOB B MaTepHanax, 06nY4eHH~X pasnH4
H~MH TRmen~MH HOHaMH, npeACTaBnReT BamH~H acneKT AnR TaKoro 
MOAenHpOBaHHR. 

Uenb HaCTOR~eH pa60T~ - HccneAoBaHHe pasnH4HH B npo~eccax 
paAHa~HOHHoro pacnyxaHHR MOAenbHoro MaTepHana - MeAH npH 06ny
4eHHH HOHaMH MeAH H HOHaMH KceHOHa C 3HeprHRMH nopRAKa 
1 M3B/a.e.M. 

2. METO~HKA 3KCnEPHMEHTA 

HccneAOBaHHe paAHa~HOHHoro pacnyxaHHR .npOBOAHnOCb Ha 06pas
~ax MeAH 4HCTOTOH 99,99%. 06pas~~ npeACTasnRnH C060H AHCKH 
AHaMeTpOM 3 MM H Ton~HHoH 100 MKM IAnR nocneAy~ero HSY4eHHR 
B npOCBe4HBa~eM 3neKTpOHHOM MHKpocKone/. nocne MexaHH4eCKOH 
H 3neKTponHTH4ecKoH nonHpOBKH Bce 06pas~~ OTmHranHCb B BaKYYMe 
10-3 na npH TeMnepaType 700°C B Te4eHHe 4aca. 

06nY4eHHe 06pas~oB npOBOAHnOCb Ha YCKopHTene Y-300 na60pa
TOPHH RAepH~X peaK~HH HOHaMH KceHOHa C 3HeprHeH 124 M3B H MeAH 
C 3HeprHeH 63 M3B B TeMnepaTYPHOM HHTepBane OT 400 AO 7000C. 
HHTeHCHBHOCTH nY4KOB HOHOB KceHOHa H MeAH COCTaBnRnH 3xl011 
H 6xl0 11 HOH/cM2c COOTBeTCTBeHHO. 
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BaKYYM.npH 06nY4eHHH 06pas~oB COCTaBnRn 10-3 na. ~R YMeHb
weHHR cOAepmaHHR MacnRH~X napoB B sOHe 06nY4eHHR nepeA MHWeH
H~M YCTPOHCTBOM pacnonaranaCb aSOTHaR nOBYWKa C YSKHM KonnHMa
TOPOM. MHweHHoe YCTPOHCTBO COCTORno HS oxnamAaeMoro npOT04
HOH BOAOH ITeMnepaTypa BOA~ 200 CI nepeAHeH AHa~parM~, sa KOTO
POH pacnonaranaCb nOAnomKa C 06nY4aeM~M 06paS~OM, HMe~~aR Ha
Ae*H~H TennOBOH KOHTaKT C nOAorpeBH~M YCTPOHCTBOM. MHweHHoe .. 	 YCTPOHCTBO 4epes HsonHpY~He npOKnaAKH KpenHnOCb K OXnamAaeMO
MY BOAOH weCTHrpaHHHKY. HarpeB 06pas~oB ocy~ecTBnRnCR 3neKTpH
4eCKHM TOKOM H sa C4eT Tenna, BHOCHMoro nY4KOM HOHOB. CTa6HnH

•
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sa~HR TeMnepaTYp~ 06pas~oB BO BpeMR 06nY4eHHR npOBOAHnaCb Tep
MoperynRTopoM. T04HOCTb nOAAepmaHHR TeMnepaTYp~ COCTaBnRna 
±5°C. 

nocne 06nY4eHHR 06pas~~ HccneAOBanHCb Ha npocBe4HBa~~eM 
3neKTpOHHOM MHKpOCKone JEM-l00CX. HaY4eHHe CTPYKTYP~ 6~no Bbl
nonHeHO Ha rny6HHe 3 MKM OT 06nY4eHHOH nOBepXHOCTH. 

3. PE3ynbTATbi 

3neKTpOHHO-MHKpOCKonH4eCKHe HccneAoBaHHR 06pas~oB MeAH nOKa
sanH.4TO BO BceM TeMnepaTYPHOM HHTepBane OT 400 AO 700°C, KO
TOP~H 6~n HSY4eH, npOHCXOAHT 06pasoBaHHe nop. B6nHSH rpaHH~ se
peH Ha6n~AaeTcR 06eAHeHHaR SOHa, B KOTOPOH nop~ OTCYTCTBY~",: ... 
H npH npH6nH*eHHH K KOTOPOH HS Tena sepHa cpeAHHH paSMep nop 
YBenH4HBaeTCR, a HX nnOTHOCTb YMeHbwaeTCR IpHc.la/. HapRAY 
C nopaMH BO Bcex HccneAoBaHH~X 06paa~ax npHCYTCTBY~T paSBHTaR 
AHcnOKa~HOHHaR CTpYKTypa H MenKHe CKonneHHR p.e~eKTOB C AHaMeT
POM MeHee 10 HM, OCHOBHaR 4aCTb KOTOP~X, nO-BHAHMOMY, npeACTaB
nReT TeTpa3AP~ Ae~eKToB ynaKoBKH IpHc.16/. 

Pacc4HTaHH~e Ha OCHOBe 3neKTpOHHO-MHKpOCKonH4eCKHX ~Torpa
~HH AOSOB~e saBHCHMOCTH cpeAHero AHaMeTpa H KOH~eHTpa~HH nop, 
a TaKme BenH4HH~ 06~eMHoro pacnyxaHHR npHBeAeH~ Ha pHc.2 H 3 
AnR cnY4aR 06nY4eHHR MeAH HOHaMH KceHOHa C 3HeprHeH 124 M3B 
npH TeMnepaType 06nY4eHHR 500°C. ~os~ nOBpemAeHHH B MeAH npH 

Xe 12006nY4eHHH KaK HOHaMH , TaK H HOHaMH Cu IE = 63 M3BI pac
C4HT~BanHCb C HcnonbSOBaHHeM nporpaMM~ E~EP-1 IBepcHR 
1985 r./4/1. Ha pHc.4 nOKasaH~ np~HnH nOBpemAeHHH H saneraHHR 
BHeApeHH~X HOHOB Xe H Cu. nOporoBaR 3HeprHR CMe~eHHR B~6Hpa
naCb paBHoH 29 3B. Ha pHc.4 OTMe4eHa SOHa, B KOTOPOH npOBOAH

<II 

nHCb 3neKTpOHHO-MHKpOCKonH4eCKHe HccneAOBaHHR. 
Hs pHc.2 H 3 BHAHO, 4TO B HSY4eHHOM HHTepBane YPOBHR nOBpem

AeHHH OT 0,42 AO 2,7 CHa CTeneHb paAHa~HOHHoro pacnyxaHHR BO.. 
spaCTaeT OT 0,5 AO 6% H MeHReTCR npaKTH4eCKH nHHeHHO C AOSOH. 
B TO *e BPeMR KOH~eHTpa~HR nop B npeAenax T04HOCTH ee onpeAe
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PHc.l. 3neKTpOHHO-MHKpOCKOnHQeCKHe WOTOrp&PHH CTPYKTYPhl 06pa3
~OB MeAH, o6nyqeHHhlX HOHaMH Xe C 3HeprHeH 124 MsB npH TeMnepa
Type 500°C: a/ CBeTnononbHoe H306paxeHHe o6eAHeHHOH nopaMH 
30Hhl B6nH3H rpaHHQhl 3epHa, 6/ TeMHononbHoe H306paxeHHe nop 
H MenKHX cKonneHHH PaAHa~oHHhlX AeWeKToB. 

4, 

pacnyxaHHR MeAH /CM. PHc.5/. 
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PHc.2. ~o30BaR S~BHCHMOCTb 
pacnyxaHHR MeAH, o6nyqeHHOH 
HOHaNH Xe C sHeprHeH 124 MsB 
npH TeMnepaType 5000C. 
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PHc.3. ~OSOBhle SqBHCHMOCTH 
KOH~eHTpa~H (~) H cpeARero 
paSMepa nop (0) B MeAR, o6ny
QeHHOH HOHaNH Xe npH TeMnepa
Type 5000C. 

neHHR npaKTH4eCKH He H3MeHReTCR, cpeAHHH AHaMeTp nop B03paCTa
eT, 4TO H 06ycnOBnHBaeT Ha6~AaeM~e BenH4HHbi paAHa4HOHHoro 

6J 
CHQ. 

30 

20 

• 
10 + 

... 

1\
II 

II 


n 
II 
II 

" 
",II: 
/1

I 

l" 

Ill! i fl 
I 
1\ 
I 
I 
.:110...

.N;1l10tG 

1,5. 

1,0 

t 0,5 

Ha pHc.6 H 7 npHBeAeH~ TeM
nepaTypH~e 3aBHCHMOCTH BenH4H
H~ pacnyxaHHR MeAH, KOH4eHTpa
4HH H pa3MepOB nop npH 06nY4e
HHH 06pa340B HOHaMH KceHOHa AO 
A03~ 1 ,25xl015 HOH/CM 
/0,42 cHat. BHAHO, 4TO nono*e
HHe TeMnepaTYPHoro MaKCHMYMa 
pacnyxaHHR npHxoAHTCR Ha 06
naCTb T = 650°C, KPQMe Toro, 
cpeAHHH AHaMeTp nop C YBenH4e
HHeM TeMnepaTyp~ 06nY4eHHR He
YKnOHHO B03paCTaeT, a KOH4eHT

PHc.4. ITPOWHnH pacnpeAeneHHR 
AeWeKToB. C03AaHHhlX B MeAH 
HOHaNH Xe (I) H Cu (II), H npo
WHnH saneraHHR BHeApeHHhlX aTO
MOB. 
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PHC.S. eBeTnOnOnhH~e 3neKTpOHHO-MHKpOCKOnHQeCKHe ~TorpaWHH 
CTPYKTYP~ 06pag~OB MeAH, 06nyqeH~ HOHaMH Xe npH TeMnepaType 
soooe AO $nmeHCOB: al 1,25x1015 CM-2 , 61 2,Sxl015 CM-2, 
bl 5,2Sx1015 CHr2, rl 8xl015 CM-2 • 
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PHc.6. TeMnepaTYPHa.ll gaBH PHc.7. TeMnepaTypH~e gaBHCH
CHMOCTh pacnyxaHH.Il MeAH, 06- MOCTH KOH~eHTpaUHH \~) H cpeA
nYQeHHOA HOHaMH Xe AO ~eH Hero pa3Mepa nop (0) B MeAH, 
ca l,25xl015 CM-2 • 06nyQeHHOA HOHaMH Xe AO ~eH

ca 1,2Sx1015 CM:2 . 

pa~HR nop HMeeT ~KCHMYM npH TeMnepaType T = 5000c, a 3aTeM 
YMeHbwaeTCR IpHc~/. 
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AnR BWRCHeHHR pa3nH4HH paAHa~HOHHoro pacnyxaHHR npH 06nY4e

HHH MaTepHanOB ra30BWMH HOHaMH IB AaHHOM cnY4ae HOHaMH KceHO

Hal H HOHaMH MeTannOB, 06pa3~w 6wnH o6nY4eHW HOHaMH MeAH 

C 3HeprHeH 63 H3B AO A03W 7x1015 HOH/cM2 , 4TO Ha rny6HHe 3 MKM 

COOTBeTcTByeT CTeneHH nOBpe*AeHHR 1,15 CHa, B TeMnepaTYPHoH 

06naCTH OT 400 AO 5500 C. Ha pHc.9 H 10 nOKa3aHW TeMnepaTypHwe 

3aBHCHMOCTH BenH4HHW pacnyxaHHR, a TaK*e KOH~eHTpa~HH H pa3Me

pOB nop. BHAHO, 4TO, KaK H B cnY4ae o6nY4eHHR HOHaMH KceHOHa, 

C B03paCTaHHeM TeMnepaTYPw cpeAHHH pa3Mep nop YBenH4HBaeTCR, 

a HX KOH~eHTpa~HR HMeeT MaKCHMYM npH TeMnepaType 4500 C H 60nee 

6WCTPO cnaAaeT npH AanbHeHweM YBenH4eHHH TeMnepaTYPW. TeMnepa

TypHWH MaKCHMYM pacnyxaHHR pacnono*eH B o6nacTH T = 4500 C. 

Heo6xoAHMO 3aMeTHTb, 4TO B 060HX cny4aRx lo6nY4eHHR HOHaMH Kce
HOHa H MeAHI CKOPOCTH Ae~eKTo06pa30BaHHR 6wnH OAHHaKOBWMH 
H COCTaBnRnH 10-~ cHa/c. 
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PHC.S. CBeTnOTIOnbHHe SneKTpOHHO-MHKPOCKOTIHqeCKHe ~OTorpa~HH 
06pas~oB MeAR, 06nYQeHHhlX HOHaNH Xe AO ~eHca 1,25xl015 CM-2 

npH TeMnepaTYPax: a/ 400oC, 6/ 500oC, s/ 600o C, r/ 700o C. 
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PHc.9. TeMTIepaTYPHaR: saSH PHC. 10. TeMTIepaTYPHJ>le saSHCH
CHMOCTb pacnyxaHHR MeAR, 06 MOCTH KOH~eHTpa~H (~) H CPeA
nYQeHHOH HOHaNH Cu /c sHep Hero paSMepa nop (0) S MeAH, 
rHeH 63 MsS/ AO ~eHca 06nyqeHHoH HOHaNH Cu AO ~eH
7xl015 CM-2 • ca 7xl015 CM-2 • 

4. OEiCylltEHHE 

npW 3neKTpOHHO-MWKpOCKonW4eCKOM HccneAOBaHHH 06nY4eHHwx 06
pa3~OB MeAw 06Hapy*eHw 06eAHeHHwe nopaMW 30HW, pacnono*eHHwe 
B6nw3w rpaHw~ 3epeH, npW4eM WHpHHa TaKWX 30H COCTaBnReT 60nee 
100 HM. KaK XopOWO w3BecTHo, wx 06pa30BaHwe 06DRcHReTcR YXOAOM 
BaKaHCWH W Me*AoY3enbHWX aTOMOB Ha rpaHW~bl 3epeH. Ha OCHOBaHHH 
nonY4eHHWX AaHHWX MO*HO CAenaTb BWBOA 0 TOM, 4TO AnR MOAenHpo
BaHWR 3$$eKTOB paAwa~WOHHoro pacnyxaHwR MaTepwanOB C nOM~b~ 
TR*enwx HOHOB Heo6xOAWMO Bw6wpaTb 06pa3~w C Ton~HHaMw,no KpaH
HeH Mepe BABoe npeBwwa~~WMW WWPWHY 06eAHeHHOH 30H~. 

KaK BWAHO W3 pwc.6 W 9 MaKCWMYMW TeMnepaTypHWX 3aBWCWMOCTeH 
pacnyxaHwR npw 06nY4eHww WOHaMW MeAH Ic 3HeprHeH 63 M3BI H Kce
HOHa Ic 3HeprweH 124 M3BI WMe~T MeCTO npH TeMnepaTypax 450 
W 6500c COOTBeTCTBeHHO. 

06W4HO TeMnepaTypH~e CABHrH MaKCWMYMa pacnyxaHwR CBR3WBa~T 
C W3MeHeHweM CKopOCTeH Ae$eKTo06pa30BaHHR B COOTBeTCTBWH C B~
pa*eHHeM: 

KB K2 
--=--+--In III 

T1 T2 Q K1 
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rAe T1 H T2 - TeMnepaTYp~ MaKcHMYMOB pacnyxaHH~, K1 H K2 - CO
oTBeTcTBY~He HM CKOPOCTH Ae~eKTo06pasoBaHHA, KB - nOCTOAHHaA 
60nb~MaHa, a BenH4HHa Q onpeAen~eTcA COOTHoweHHeM: 

Q = Em 
v 

+ 2Ef
v' 	 /21 

3AeCb Em - 3HeprHA MHrpa~HH BaKaHcHH, a Ef - 3HeprHA aKTHBa~HH 
v ~ v

06 paSOBaHHA '~KgHCHH. 
B pa60Tax • I Hsy4anocb paAHa~HOHHoe pacnyxaHHe MeAH npH 

06nY4eHHH HOHaMH MeAH Ic 3HeprHeH 500 K3BI H 3neKTpOHaMH 
Ic 3HeprHeH 1 H3BI npH CKOPOCTH Ae~eKTo06pasoBaHH~ 3xlO-3 

H l,3xl0- 3 CHa COOTBeTCTBeHHO. nono*eHHe TeMnepaTypHOrO MaKCH
MYMa pacnyxaHHA HaXOAHnOCb B TeMnepaTYPHoH 06nacTH B6nHsH T = 
= 500°C. CpaBHeHHe pesynbTaTOB pa60T/5,61 C TeMnepaTYPoH MaKCH
MYMa pacnyxaHH~ MeAH, 06nY4eHHoH HOHaMH MeAH IE = 63 H3B/, 
C HcnonbSOBaHHeM B~pa*eHH~ III nOSBonAeT o~eHHTb BenH4HHY Q, 
BXOA~~Y~ B Ill, KOTopa~ nonY4HnaCb paBHoH Q = 3,28 3B. no AaH
H~M pa60T~/71 3H!prH~ aKTHBa~HH 06pasoBaHHA BaKaHCHH AnA MeAH 
HMeeT BenH4HHY Ev = 1 3B. Hcnonbsy~ B~pameHHe 12/, MO*HO o~e
HHTb 3HeprH~ MHrpa~HH BaKaHCHH, KOTopa~ nonY4aeTCA BeCbMa pa
SYMHOH IE~ = 1,28 3B/. 

anA aHanHsa pacnyxaHH~ MeAH npH 06nY4eHHH HOHaMH KceHOHa 
He06xoAHMO BWAenHTb cneAY~He 06CTOATenbCTBa. 

Bo-nepBWX, npH TeMnepaType 06nY4eHH~, COOTBeTCTBy~eH MaKCH
MYMY pacnyxaHHA B cnY4ae 06nY4eHH~ HOHaMH MeAH. pacnyxaHHe 
npH 06nY4eHHH HOHaMH KceHOHa Cy~ecTBeHHO MeHbwe. 

BO-BTOPWX, Ha6n~AaeMWH MaKCHMYM pacnyxaHHA npH 06nY4eHHH 
HOHaMH KceHOHa CMe~eH B 06naCTb BWCOKHX TeMnepaTYP,H BenH4HHa 
pacnyxaHHA, HeCMOTp~ Ha MeHbwy~ CTeneHb nOBpe*AeHHA, npH6nH
SHTenbHO B ABa pasa 60nbwe, no cpaBHeHH~ C MaKCHMYMOM pacnyxa
HH~ npH 06nY4eHHH HOHaMH MeAH. 

anA 06~AcHeHHA YKasaHHWX pasnH4HH He06xOAHMO Y4eCTb. 4TO 
06nY4eHHe raSOB~MH HOHaMH MomeT cy~ecTBeHHO BnHATb Ha KHHeTHKY 
sapomAeHH~ H POCTa nop BaKaHCHOHHWX. KaK 6wno nOKasaHO B/ 8/, 
raSOBwe npHMeCH npH onpeAeneHHWX ycnoBHAX MoryT ABnATbCA ~eHT
paMH KOHAeHca~HH BaKaHcHH H cTa6HnHsHpoaaTb 06pasY~HecA Ba
KaHCHOHHwe CKonneHH~ IBaKaHcHoHHwe nopw/. npH HeBWCOKHX TeM
nepaTypax 06nY4eHHA 3TO npHBOAHT K YBenH4eHH~ Ino cpaBHeHH~ 
C 06nY4eHHeM c06cTBeHHwMH HOHaMHI KOH~eHTpa~HH BaKaHCHOHHWX 
nop H YMeHbweHH~ HX cpeAHero pasMepa, 4TO H Ha6n~AaeTcA 3Kcne
pHMeHTanbHO B cny4ae 06nY4eHHA MeAH HOHaMH KceHOHa npH =T06n • = 400°C. CneAcTBHeM 3Toro ABnAeTCR YMeHbweHHe BenH4HH~ BaKaH
CHOHHoro pacnyxaHHA. C YBenH4eHHeM TeMnepaTYp~ 06nY4eHHR npOHC
XOAHT BospaCTaHHe cpeAHero paSMepa nop, KOTopwe BcneAcTBHe npH
CYTCTBHA B HHX aTOMOB rasa IB AaHHOM cny4ae KceHoHal OCTa~TCR 
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 BaKaHCHOHH~MH nopaMH. AanbHeHwee YBenH4eHHe TeMnepaTYp~ 

npHBOAHT K YCHneHH~ npo~ecca HcnapeHHR BaKaHCHH HS nop, YMeHb

weHH~ KOH~eHTpa~HH nop H YBenH4eHH~ HX cpeAHero paSMepa. npH 

3TOM 06~ee 4Hcno BaKaHCHH B nopax YMeHbwaeTCR, B pesynbTaTe 

4ero BenH4HHa pacnyxaHHR npH nOB~weHH~X TeMnepaTypax Ha4HHaeT 

naAaTb. 


He06xoAHMO OTMeTHTb, 4TO npO~Hnb saneraHH~ HOHOB KceHOHa 
SHa4HTenbHO YAaneH OT 06nacTH, B KOTOPOH npoBoAHnHCb HccneAO
BaHHR no pacnyxaHH~ ICM.pHc.4/, n03TOMY onHcaHH~H Bwwe MeXaHHSM 
MomeT pa60TaTb TonbKO npH MHrpa~HH HOHOB KceHOHa K 06nY4aeMoH 
nOBepXHOCTH. 

B saKn~4eHHe npeACTaBnReTCA Ba*H~M OTMeTHTb ~aKT OAHOBpeMeH
Horo cy~eCTBOBaHHR B 06pas~ax, 06nY4eHHwx HOHaMH KceHOHa, ABYX 
pasnH4H~X Mo~onorH4eCKHX ~OPM CKonneHHR BaKaHcHH, a HMeHHO 
BaKaHCHOHHwX nop H TeTpa3APOB Ae~eKTo, ~naKOBKH. B OTnH4He OT 
peSynbTaTOB HacToR~eH pa60T~ B pa60Te 91, rAe HSY4anacb Ae~eKT
HaR CTpYKTypa oc060 4HCTOH MeAH npH 06nY4eHHH HOHaMH MeAH 
c 3HeprHeH 14 H3B B TeMnepaTYPHoH 06nacTH OT 100 AO 5000C npH 
YPOBHe nOBpe*AeHHH OT 9 AO 40 CHa, aBTopbl He 06HapymHnH nop, 
a Ae~eKTHa~ CTPYKTypa COCTORna HS TeTpa3APOB Ae~eKTOB ynaKoBKH 
H AHcnOKa~HOHH~X neTenb. 3TO YKaSWBaeT Ha TO, 4TO HanH4He 
B HSY4eHHbiX B HaCTo~~eH pa60Te o6pas~ax MeAH raSOBWX npHMeceH, 
B 4aCTHOCTH KHcnopOAa, Mo*eT npHBOAHTb K 06paSOBaHH~ KOMnneKCOB 
Ae~eKTOB, COCTOR~HX HS raSOBOH npHMeCH H BaKaHCHH, KOTop~e o6na
Aa~T HHSKOH 3HeprHeH aKTH,a~HH AH~~YSHH H MorYT MHrpHpOBaTb, 
npHBOA~ K 06paSOBaHH~ nop )0/. npH 06nY4eHHH HOHaMH KceHOHa 
ponb TaKOH npHMeCH, nO-BHAHMOMY, MorYT HrpaTb aTOM~ KceHOHa. 
AeTanbHoe B~RCHeHHe MexaHHSMOB BnH~HHR raSOBWX npHMeceH, B TOM 
4Hcne H HMnnaHTHpOBaHH~X B MaTepHan B npo~ecce 06nY4eHHR, 
Ha npo~ecc~ 06paSOBaHHR 3HepreTH4eCKH BwrOAH~X KOH~Hrypa~HH 
BaKaHCHOHHWX CKonneHHH Tpe6yeTAanbHeHWHX HccneAOBaHHH. 

ABTOP~ 6narOAapRT aKaAeMHKa r.H.~nepOBa sa cTHMynHpY~~He 
H nnOAOTBopH~e 06cymAeHHR Ha Bcex 3Tanax BwnonHeHHR AaHHOH pa
60T~. 
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BarHH C.il. HAP. PI4-88-440 
Oc06eHHocTH paAHa~oHHoro pacnyxaHHH MeAn, 
06nyqeHHo~ HOHaMH KceHoHa H MeAH c 9HeprHeH 
1 M9B/a.e.M. 

HsyqeHo PaAHa~HOHHoe pacnyxaHHe MeAn, 06nyqeHHO~ THxe
nNMH HOHaMH KceHoHa /c 9HeprHeH 124 M9B/ H MeAH /c 9Hep
rHeH 63 M9B/. ilonyqeH~ TeMllepaTypHbre H AOSOB~e SaBHCHMOCT~ 
BenHqnHbl PaAH~OHHOro pacnyxaHHH. ilonoxeHHe. TeMllepaTypHo 
1"0 MaKCHMYMa pacnyxaHHH B cnyqae 06nyqeHHH HOHaMH MeAH xo
porno cornacyeTcH c HMero~HMHcH 9KcnepHMeHTanbHb~ AaHH~. 
ilpoBeAeHa o~eHKa 3HeprHH aKTHBa~HH MHrpa~HH BaKaHCHH. 
B TO xe BpeMH nOKasaHo, qTO npH 06nyqeHHH HOHaMH KceHoHa 
Ha6nroAaeTcH TeMllepaTYPHhlH cABHr MaKcHMYMa pacnyxaHHH. 
ilpeAnoxeHa ~eHOMeHOnorftqeCKaH MOAenb, 06~HcHH~aH TaKoe 
nOBeAI;!HHe. 

Pa60Ta BhlnOnHeHa B na60paTopHH HAepH~ peaK~HH OMRH. 
OpenpHHT O61.eJ:'I.HHelOloro lOICT1lT)'TIl JUlepHhIX HccnelloBaHHA. Jly6Ha 1988 

ilepeBoA O.C.BHHOrpaAOBO~ 

Vagin S.P. et a1. PI4-88-440 
Peculiarity of Copper Radiation Swelling 
Irradiated by Xenon and Copper Ions with 
Energy 1 MeV/a.m.u. 

The copper radiation swelling irradiated by xenon (with 
124 MeV energy) and copper (with 63 MeV energy) heavy ions 
is studied. The temperature and dose dependences of the 
radiation swelling quantity are obtained. The position of 
the temperature swelling maximum in the case of copper ion 
irradiation agrees with earlier experimental data. The es
timation of vacancies migration activation energy is car
ried out. It is shown that in the case of irradiation by 
xenon ions the temperature displacement of swelling maxi
mum is observed. The phenomenological model describing 
this behaviour is suggested. 

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