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KaK ~aeecTHo, ~3y4eH~e penaKCa4~~ Hanp~meH~~ noaeon~eT aHa
n~a~poeaTb 3neMeHTapH~e MexaH~3M~ nnacT~4ecKo~ Ae$opMa4~~. np~ 

3TOM onpeAen~~TC~ TepMOaKT~Ba4~0HH~e napaMeTp~,pa3Aen~~TC~ KOM
noHeHT~ np~nomeHHoro Hanp~meH~fl.B nocneAHee epeM~ paae~ea~Tc~ 
~ccneAOBaH~~ penaKCa4~~ Hanp~meH~H e MeTannax noA AeAcTe~eM 
o6ny4eH~~ - paA~a4~0HHOH penaKca4~~ Hanp~meH~~. e KOTop~x onpe
Aen~eTc~ CKOPOCTb paA~a4~0HHOH non3y4eCT~/l, 2/. 8 HaCTO~~eH pa-
6oTe ~3y4anacb penaKca4~~ Hanp~meH~H e an~MHH~~ noA AeAcTe~eM 
o6ny4eH~~ e~coK03HepreT~4H~M~ ~oHaM~ yrnepoAa nocne HarpymeH~~ 
o6pa34a e ~cn~TaTenbHOH MaW~He. 

8 HarpymeHHOM c~nOBOM KOHType nocne OCTaHOBK~ ~cn~TaTenbHOH 
Maw~H~ cyMMapHa~ An~Ha ero 3neMeHToe ~ o6pa34a /c~cTeM~ 11o6pa-
3e4-Maw~Ha11/ $~Kc~poeaHa. CneAOBaTenbHo, YAn~HeH~e o6pa34a 
e 3TOM cny4ae AOnmHo np~eecT~ K coKpa~eH~~ 3neMeHTOB c~noeoro 
KOHTypa, B 4aCTHOCT~ A~HaMOMeTpa. A 3TO, B CBO~ 04epeAb, MOmeT 
6~Tb aaper~cTp~poeaHo KaK cnaA Harpy3K~. B pa6oTe/3/ noKa3aHo, 
4TO e on~caHHOM e~we cny4ae penaKca4~~ Hanp~meH~H e ~cn~T~eae
MOM o6paa4e on~c~eaeTc~ ypaeHeH~eM 

c1 
,_- -- /1 I 

M 

rAe ( - CKOPOCTb nnacT~4eCKOH Ae$OpMa4~~ o6pa34a, a - CKOPOCTb 
penaKCa4~~ Hanp~meH~H B HeM, a M - 3$$eKT~BH~H MOAYnb C~CTeM~ 
11o6pa3e4-MaW~Ha11 . np~ 3TOM 
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rAe E , f0 , S - COOTBeTCTBeHHO MOAYnb ynpyroCT~, pa6o4a~ An~
Ha ~ nn~aAb nonepe4Horo ce4eHw~ o6pa34a, a Z - mecTKOCTb 
~Cn~TaTenbHOH MaW~H~. 

Ecn~ penaKCa4~0HH~e ~cn~TaH~~ npoBOA~Tc~ e TaK~x ycnoe~~x, 
KOrAa PaA~a4~0HHa~ penaKCa4~~ MomeT AaBaTb OCHOBHOH BKnaA B ~3-
Mep~eMy~ penaKCa4~~ Hanp~meH~H ~ CKOPOCTb paA~a4~0HHOH non3y4e
CT~ (p Ha ycTaHOB~BWeHC~ CTaA~~ on~c~BaeTC~ COOTHOWeH~eM 

ip .. KGa, /3/ 

rAe G - cKopocTb Ae$eKToo6paaoeaH~~, a - np~nolKeHHoe Hanp~me

H~e, a K - MOAYnb paA~a4~0HHOH nonay4eCT~, MOmHo, noAcTae~e 

/3/ e /1/, nony4~Tb An~ paA~a4~0HHOH penaKca4~~ Hanp~meH~A 

/4/ 
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3gecb ~ap(t)= a
0

-a(t), rge a 0 - HanpR>KeHI-'te B Ha4ailbHbli1 MoMeHT 

penaKCal..l~-'~~-'~ t = 0. 
AnR epeMeH penaKCal..ll-1~-'~ t <<(MKG)-l sblpa>KeHI-'Ie /4/ MO>KHO npeg-

cTaBI-'ITb B BI-1Ae 1 

1\ap(t) = a0MKGt. 
/5/ 

H111-1 c y4eToM /3/ nony4aeM 1-13 /5/, 4TO np1-1 t = 0 

ip ( 0 ) = ~ ap.s..:? 
Mt 

!61 

~OPMYilO~ /6/ MO~HO BOCnOilb30BaTbCfl 1-1 Ailfl 04eHKI-1 CKOpOCTI-1 pagl-1a-
41-10HHOi1 non3y4eCTI-1 Ha HeycTaHOBI-1BWei1Cfl CTaAI-11-1. 

KaK cnegyeT 1-13 /6/, AilR onpegeneHI-'IR cKopocTI-1 pag1-1a41-10HHOi1 
nOI13Y4eCTI-1 He06XOAI-1MO 3HaTb 3<!>$eKTI-1BHbli1 MOAYilb CI-'ICTeMbl "o6pa-
3e4 -MaWI-'IHa" M. Ero MOX<HO Hai1TI-1 cnoco6oM, nogo6HbiM npegno>KeHHOMY 
B pa OTe Ailfl onpegeneHI-'tfl ~eCTKOCTI-1 I-1Cnb1TaTeilbHOi1 MaWI-'IHbl. Q6-6 /4/ 
pa3el..l, Harpy>KeHHbiA B MaWI-1He AO ypoBHfl HanpR>KeHI-'Ifl, npl-1 KOTOpOM 
B gailbHei1weM 6ygeT I-13MepRTbCR penaKca41-1R, HarpeeaeTcR, Hanpi-1-
Mep, 3neKTPI-14eCKI-1M TOKOM. Torga Tennoeoe pacw1-1peH1-1e o6pa34a ~f 
npl-1 HarpeBe ero Ha ~T npi-1BegeT K COKpa~eHI-1~ Clo'IIlOBOrO KOHTypa 
MaWI-'IHbl C A1-1HaMOMeTpOM ~fM. npl-1 3TOM 3a C4eT yMeHbWeHI-'Ifl HanpR
>KeHI-'tfl B o6pa34e npOI-130i1AeT ero C>KaTI-'te Ha Beill-141-'tHY ~ f . npl-1 
"' " " ynp. 
"'I-'IKCI-'tposaHHOI-1 gn1-1He CI-'ICTeMbl o6pa3e4-Maw1-1Ha" 

AO AO .AO 
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T 

rge a - K03<t><l>~-'~4HeHT Tennoeoro pacw1-1peHHR, ~p - naAeHHe Harpy3-

KH np~ Harpese o6pa34a. 
Bb1HecR B npaeoi1 4aCTH /8/ (~P/S)~3a cKo6Ky, nony4aeM 

M=~ a ~T' /9/ 

rge ~a= i\P/S - cnag HanpR>KeHHR npH Harpese o6pa34a. 
¢opMyilbl /5/ Ailfl paAI-1a41-10HHOi1 penaKCai..IHI-1 HanpR>KeHHi1 H /6/ AilR 

CKOpOCTI-1 pagl-1a41-10HHOi1 nOI13Y4eCTH, KaK OTMe4ailOCb BbiWe, cnpaseg
Ili-1Bbl B TOM Cily4ae, KOrAa Ha6Il~AaeMaR penaKCai..IHR HanpR>KeHHi1 
B03HHKaeT TOilbKO BCileACTBI-1€ pagl-'lai..IHOHHOH nOI13Y4eCTH. no3TOMY 
3KCnepi-1MeHTailbHO Heo6XOAHMO C03AaTb TaKHe yCilOBHR, np~ KOTOpbiX 
nilaCTI-14eCKaR ge$OpMa4Hfl ocy~eCTBilReTCfl 3a C4eT pagHa4HOHHOi1 
nOI13y4eCTI-1. ~X MO>KHO peaili-130BaTb, HanpHMep, B6IlH31-1 HaCbl~eHHR 
KpHBOi1 TepMOaKTI-1BI-1POBaHHOi1 penaKCal..ll-11-1 HilH nocne OCTaHOBKI-1 HCnbi
TaTeilbHOi1 MaWHHbl B ynpyroA o6nacTI-1. TeMnepaTypa np1-1 3TOM He 

AOilMHa npeBbiWaTb 0,5Tn11 ./5/. 
MeTDA~Ka 3Kcnepi-1MeHTa 6blna paHee onHcaHa/6/. 06ny4eHHe HOHa-

M~ yrnepoga npoBOA~IlOCb Ha yCKOP~Tene Y-200 na6opaTOPHH RAePHbiX 

2 
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PHc.l. CnaA ypoBHH Harpy3KH so speMeHH nocne ocTaHoBKH 
HCITbiTaTeJ1bHOH MaWHHbl 6e3 06J1y"l!eHHH H annapaTypHoro 
APeii¢a /1/, 6e3 o6ny"l!eHHH H c APeii¢oM /2/, npH nocTOHH

HOM cpeAHeM TOKe HOHOB yrnepoAa /3/. 

peaKI..II-1~ U~HH'I. jHeprl-'lfl 1-'tOHOB Hd l:!bi.I'>UI-\t: Y'-"-Vf.IY''"'''n ~~::--:-:::~nnn=> 
110 M3B. Ucnoilb3oBaili-1Cb gsa pe>KI-1Ma o6ny4eHI-1fl: a OAH~x 3Kcnep~
MeHTax o6Ily4eHI-1e npOBOAI-1Il0Cb npl-1 nOCTORHHOM cpegHeM TOKe ~QHOB, 
B gpyri-'IX seill-141-'tHa cpegHero TOKa I-'IOHOB 1-13MeHRilaCb C nepi-10AOM 
9 c 1-1 rny61-1HoA MOAYilRI..II-11-1 50%. AnR npl-'troTosneHI-'IR o6pa340B ~cnonb-
3osancR xonogHoKaTaHHbiA an~M~HI-1A 41-1CTOToA 99,99Z. To11~1-1Ha o6pa3-
40B HaXOAI-'IIlaCb B npegenax 75-90 MKM, 4TO COCTaBnfleT npi-1MepHO 
nOI10BI-1HY npo6era lo'IOHOB B ail~MI-'IHI-11-1. 3Kcnepi-1MeHTbl npOBOAI-1111-'tC b 
B TeMnepaTypHOM I-'IHTepsane /0,3-0,35/Tnn.; 1-'tccnegyeMbiA gHana3oH 
HanpR>KeHI-1i1 cocTaBilRil 0,2-0,9 npegena ynpyrocTH. AHailH3 ~ o6pa
tioTKa penaKCai..II-'IOHHbiX KpHBbiX npOBOAHilHCb Ha y4aCTKaX MaW~HHbiX 
Al-'tarpaMM, cooTBeTCTBY~HX epeMeHaM 600 c H 6onee nocne Ha4ana 
06Ily4eHHfl. JTO CBR3aHO C speMeHeM ycTaHOBileHHfl CTai..I~OHapHoro 
Tennosoro pe>KHMa npH o6ny4eHHH. BenH4HHa annapaTypHoro gpei1<t>a 
onpegenRnacb ABYMR He3aBHCHMbiMH cnocoGaMH: no cpasHeHH~ yposHeA 
HyileBO~ Harpy3KH AO H nocne o6Ily4eHHfl H no MOAeilbHbiM 3KCnepH
MeHTaM, B KOTOPbiX Harpy>:<eHHbiA o6pa3e4 HarpeBailCfl 3Il€KTPH4eCKHM 
TOKOM H H3y4ai1Cfl cnag Harpy3KH BO speMeHH. 

PaccMoTpHM Tenepb pe3yilbTaTbl 3KcnepHMeHToB. Ha p1-1c.1 npeA
cTasneH y4aCTOK KPHBOA cnaga Harpy3KH B 3aBHCI-1MOCTH OT speMeHI-1 
OOilY4eHI-1fl /KpHBafl 3/. lla <!>oHe MOHOTOHHOrO I-13MeHeHHfl Harpy3KI-1 
BHAHbl Kone6aHHfl ypOBHfl Harpy3KH, CBR3aHHble C pe3KHMH KpaTKOBpe
MeHHbiMH H3MeHeHHRMH cpeAHero TOKa HOHOB. ropH30HTailbHaR npR-

3 _______________________________ ...... 
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PHc.2. Crr~ ypoBHH Harpy3KH BO Bpe
MeHH TIOCJie OCTaHOBKH HCilbiTaTeJibHOH 
MliWHHhi 6e3 o6Jiy'leHHH H armapaTyp
Horo APeil~a /1/, 6e3 o6Jiy'ieHHH H 
c APel'r~oM /2/, rrpH MOAYJIHpoBaHHOM 
cpeAHCM TOKe HOI!OB yrJiepOAa /2/. 

PHc.3. 06JiaCTb B03MOKHhlx 3Ha'ieHHH 
paAHa~HOHHOH peJiaKca~HH HaTipHKe

t;CAtO• HHH, rroJiy'ieHHaH H3 AaHHbiX pHc. I. 

MaR 1 noKa3biBaeT nOCTORHHbiH ypOBeHb Harpy3KH, KOTOpbiH AOJl>KeH 
Ha6J110AaTbCR nOCJle OCTaHOBKH HCnbiTaTeJlbHOH MaWHHbl B npeAeJlaX 
ynpyrol:i o6JlaCTH B OTCYTCTBHe 06Jly4eHHR H annapaTypHoro APeH$a. 
npRt~aR 2 - TO >Ke CaMOe npH HaJlH4HH annapaTypHoro APeH$a, HMeiQ
~ero MeCTO B 3TOM 3KCnepHMeHTe. H3 pHC. 1 BHAHO, 4TO 06Jly4eHHe 
npHBOAHT K cnaAY Harpy3KH, KOTOpbiH 3Ha4HTeJlbHO npeBbiWaeT BeJlH-
4HHY APel:i$a 3KcnepHMeHTaJlbHOH MeTOAHKH. Ha pHc. 2 npeACTaBJleHbl 
Te >Ke KPHBble, HO AJlR CJlY4aR MOAYJlHPOBaHHOro 06Jly4eHHR. 

Ha pHc.3 noKa3aHa o6nacTb B03MomHbiX 3Ha4eHHH paAHa4HOHHOH 
peJlaKCa4HH HanpR>KeHHH, noJly4eHHaR Ha OCHOBe aHaJlH3a KpHBbiX, 
npHBeAeHHbiX Ha pHC. 1. 8epxHRR rpaHH4a 3TOH o6nacTH HaXOAHJlacb 
nyTeM crnamHBaHHR no H30TepMH4eCKHM T04KaM KPHBOH 3 pHc.1 6e3 
y4eTa annapaTypHoro APel:i$a H HHmHRR rpaHH4a - c y4eToM APel:i$a. 

B Ta6111-14e npHBeAeHbl Ha4aJlbHble yposHH HanpR>KeHHH penaKCa4HoH
HbiX KpHBbiX a0 , CKOpOCTH Ae$eKT006pa30BaHHR G , paCC4HTaHHble 6e3 
y4eTa BKJlaAa RAepHbiX peaK4HH, CKOpOCTH paAHa4HOHHOH nOJ13y4eCTH 
( , Bbi4HC.JleHHble C HCnOJlb30BaHHeM $OPMYJ1bl /6/ no AaHHbiM aHaJlH3a 
K~HBbiX paAHa4HOHHOH peJlaKCa4HH HanpR>KeHHH, a TaK>Ke CKOPOCTH pa
AHa4HOHHOH non3y4eCTH, npHBeAeHHble K eAHHH4HOH CKOpOCTH Ae$eKTO
o6pa30BaHH~ fp/G. Ha pHc.4 noKa3aHa nocTpoeHHaR no AaHHbiM 
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XapaKTepHCTHKH paAHa~HOHHOH rroJigyqecTH 

GxloB 
cHax c-1 

3,6 

3,0 

2 

4,5 

I l 

f 

fpX 1,07 • /G fp -
c-l CHa-1 flpHMe'laHHH 

1,7~0,6 4,7~1,7 MOAYJIHpoBaHHOe 
o6Jiy'leHHe 

1~0,4 3' 3~1 ,3 -"-
I ,8~0,6 9+3 -"-

2,6~0,9 5,8~2 o6Jiy'ieHHe rrpH 
TIOCTOHHHOM cpeA-
HeM TOKe HOHOB 

PHc.4. 3aBHCHMOCTb CKOpOCTH p~Ha
~HOHHOH TIOJI3y'leCTH, HOpMHPOBaHHOTI 
Ha CKOpOCTb Ae~eKT006pa30BaHHH, OT 
Ha'iaJibHOrO VOOBHH HaTIOHJKeHHH ne.naK

ca~HOHHbiX KPHBbiX I • - o6JiyqeHHe 
rrpH TIOCTOHHHOM cpeAHeM TOKe HOHOB 
yrJiepOAa, X - MOAYJIHpOBaHEOe 06Jiy
'ieHHe/. 

Ta6JlH4bl 3aBHCHMOCTb lp/G OT ao. BHA
HO, 4TO 3Ta 3aBHCHMOCTb He npOTHBO
pe4HT H3BeCTHOH H3 JlHTepaTypbl JlH-
HeHHOH 3aBHCHMOCTH CKOpOCTH PaAHa-

2. I..IHOHHOH nOJ13y4eCTH OT HanpR>KeHHR/ 1•2/ 
TaKHM o6pa3oM, a pa6oTe aHaJlH3H-

0 2.0 t,O 0 8() 5,MIJA poBaJlCR MeTOA H3Y4eHHR paAHa4HOHHOH 
non3y4eCTH no paAHa4HOHHol:i penaKca-

4HH HanpR>KeHHH. npHBeAeHbl 3KCnepHMeHTaJlbHble KpHBble paAHa4HOHHOH 
peJlaKCa4HH HanpR>KeHHH B XOJlOAHOAe$OpMHPOBaHHOM aJliOMHHHH npH o6-
Jly4eHHH BbiCOK03HepreTH4HbiMH HOHaMH yrnepOAa. 8 pe3YJlbTaTe o6pa-
60TKH 3THX KPHBbiX nony4eHbl CKOpOCTH paAHa4HOHHOH nOJ13y4eCTH npH 
pa3JlH4HbiX ypoBHRX HanpR>KeHHR. 

AsTopbl ablpamaiOT 6naroAapHocTb B.P.Peren10 3a none3Hble 3aMe4a
HHR npH o6CY>KAeHHH pa60Tbl. 
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10. AaTOMaTH3a~HR o6pa6oTKH 3KcnepHMeHTanbHWX 
A8HHWX 

11. Bw~cnHTenbHaR MaTeMaTHKa H TeXHMKa 

12. XHMHR 

13. TexHHKa ~sH~ecKoro 3KcnepHMeHTa 

14. HccneAOB8HHR TBePAWX Ten H *HAKOCTeH 
RAePHWMH MeTOA8MH 

15. 3KcnepHMeHTanbH8R ~3HKa RAePHWX peaK~HH 
npH HH3KHX 3HeprHRX 

16, Ao3HMeTpHR H ~3HK8 38~TW 

17. TeopHR KOHAeHCHpoB8HHOrO COCTORHHR 

18. HcnonbsoaaHHe pesynbTaToa H MeTOAOB 
~YHA8MeHTanbHWX ~3H~eCKHX HCCneAOB8HHH 
B CMe*HWX o6naCTRX H8YKH H TeXHHKH 

19. 6H~H3HKa 

A~aHacbeB B.~. H AP· 
PenaKCa4HR HanpR*eHHH B anoMHHHH BO apeMR o6ny4eHHR 
B~COK03HepreTH4H~MH HOHaMH yrnepOAa 

18-83-791 

B pa6oTe H3Y4anacb penaKCa4HR HanpR*eHHH a xonOAHOA~OPMHpoaaHHOM 
anDMHHHH npH o6ny4eHHH HOHaMH yrnepQAa C 3HeprHeH 110 M38. np~naraeTCR 
MeTOA aHanH3a KpHB~X PaAHa4HOHHOH penaKCa4HH HanpR*eHHH, nony4eHH~X npH 
o6ny4eHHH npeAaapHTenbHO Harpy*eHHOro B HCn~TaTenbHOH MaWHHe o6pa34a. 
~OpMa penaKCa4HOHHOH KpHBOH onpeAenReTCR 3aBHCHMOCTbD CKOPOCTH PaAHa4HOHHOH 
non3y4eCTH OT HanpR*eHHR, CKOpOCTH Ae~eKToo6pa30BaHHR, a TaK*e *eCTKOCTbD 
CHCTeM~ 11o6pa3e4-MaWHHa 01

• CKOPOCTb paAHa4HOHHOH non3y4eCTH HaXOAHTCR no 
rny6HHe penaKCa4HH. 3KcnepHMeHTanbHOe H3y4eHHe penaKCa4HH HanpR*eHHH 
oc~ecT&nRnocb nocne npeAaapHTenbHoro Harpy*eHHR o6paa4a a ynpyroH o6nacTH. 
nony4eH~ CKOpOCTH paAHa4HOHHOH non3y4eCTH. 3aBHCHMOCTb CKOPOCTH PaAHa4HOH
HOH non3y4eCTH, HOPMHPOBaHHOH Ha CKOpOCTb Ae~eKTOo6pa30BaHHR, OT Ha4anb
HOrO YPOBHR HanpR*eHHR penaKCa4HOHH~X KPHB~X He npOTHBOpe4HT H3BeCTHOH 
H3 nHTepaTyp~ nHHeHHOH 3aBHCHMOCTH CKOPOCTH paAHa4HOHHOH nOn3y4eCTH OT 
HanpR*eHHR. 

Pa6oTa B~nonHeHa B na6opaTOPHH RAepH~~ peaK4HH OH~H. 

Afanasiev V.O. et al. 
Stress Relaxation in Aluminium During Irradiation 
by High Energy Carbon Ions 

18-83-791 

Stress relaxation on cold-strained AI samples was Investigated during 
the bombardment by 110 MeV carbon ions. A method is proposed to analyse 
the stress relaxation curves, measured under irradiation on the samples 
previously stressed in the test apparatus. The time dependence of the re
laxation curves is determined by the irradiation relaxation rate as a func
tion of stress, damage rate and by the stiffness of the "sample-apparatus" 
system. The irradiation creep rate is determined by the relaxation depth. 
The stress relaxation tests were made after preliminary stress in the 
elastic region. The rates of stress relaxation have been obtained. The ob
tained creep rate data, normalized to the damage rates given from the star
ting stress level of relaxation curves, do not contradict the well-known 
from the literature linear dependence of creep behaviour upon the stress. 

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