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1. BBE.IIEHI-IE 

AycTe!mTHUe xpoMOHHKeJieBue CTaJIH WHpOKO npHMemuoTCH B peaKTO

pocTpOeHHH H aTOMHOH TeXHHKe, a TaKxe nJIH pa3pa6aTUBaeMHX TepMO

HnepHHX peaKTOpOB. CpenH nyTeH ynyqweHHH panHaUHOHHOH CTOHKOCTH 

MaTepHaJIOB npHBJieKaTeJlhHHMH BllrJIHnHT MeXaHHKO-TepMH'leCKaH o6pa6oT

Ka H xononHaH ne~opMaUHH[l]_ TaK, nyTeM MeX~HHKO-TepMH'leCKOH o6pa-

60TKH MOXHO noJiy'{HTh HcxonHyD MHKpOCTPYKTYPY C pa3HOH BeJIH'{HHOH 

3epHa, a B 3aBHCHMOCTH OT CTeneHH, xononHOH ne~OpMaUHH - MHKpOCT

PYKTYPY C pa3HOH TTJIOTHOCThD nHCJIOKaUHH. 

Xopowo H3BeCTHO, '{TO ~H3H'{eCKHe, XHMH'leCKHe, a oco6eHHQ Mexa

HH'leCKHe CBOHCTBa TTOJIHKpHCTaJIJIH'{eCKHX MaTepHaJIOB cymecTBeHHO 

3aBHCHT OT COCTOHHHH MHKpOCTPYKTypu. UeJihD HaCTOHll(eH pa60TU HBJIH

JIOCh H3y'leHHe BJIHHHHH TaKHX 3JleMeHTOB HcxonHOH MHKpOCTPYKTypu,KaK 

BeJIH'{HHa 3epHa H HCXOnHaH TTJIOTHOCTh nHCJIOKaUHH Ha 3~eKTH,panHaUH

OHHOro ynpO<JHeHHH XpOMOHHKeJieBOH CTaJIH OXl 8H1 OT, o6ny<JeHHOH 

HeHTpOHaMH (E > 0,1 M3B). 

2. MET0.111-!KA 3KCnEPI-IMEHTA 

.IIJIH HCCJienoBaHHH HCTTOJlh30BaJIHCh o6pa3Ull xpoMOHHKeJieBOH CTaJIH 

OX18H10T B aycTeHHTHOM COCTOHHHH ( OTXHr npH 

1050°C, 30 MHHYT, BaKyyM 10-
3 

na) H nocne xonon110A ne~opMaUHH (no 

ypoBHH 307.). XHMH<JeCKHH COCTaB CTaJIH npHBeneH B Ta6JIHUe 1. 

o6pa3Ull nnH MexaHH'leCKHX HCTTUTaHHH C pa3MepaMH pa6o'leH qacTH 

15x3 MM H3rOTOBJIHJIH H3 ~OJihrH TOJlll(HHOH 50, 100 H 480 MKM. (noipo6-

HO MeTOnHKa npHrOTOBJieHHH H HCTTHTaHHH MHHHaTDpHHX o6pa3UOB npen

CTaBJieHa B pa6oTe[ 21 i. 

Ta6JIHUa 1. XHMH'leCKHH COCTaB CTaJIH OX18H10T (7. Bee) 

C---' 

C Ni Cr p s Mn Ti Fe 

0,034 9,75 18, 9 0,019 0,015 1,61 0,53 OCTaJihHOe 



qTo6ll nonyqHTb o6pa3Ull C pa3nHqHUM pa3MepoM 3epeH, OHH 6unH 

OTOUeHll npH TeMnepaType 1050 H 1100°c B TeqeHHe 20-100 MHHYT B 

BaKyyMe 10-3 Ila H oxnax.n.eHU aproHoM. B pe3ynbTaTe .nnH Hccne.noBaHHH 

B3HnH o6pa3Ull, pa3Mepu 3epeH KOTopux COCTaBHnH 15, 20, 32 H 40 MKM. 

!nH 3neKTpOHHO-MHKpOCKOnHqecKHX HCcne.noBaHHH Hcnonb30BanHCb 

o6pa3Ull B Bline .UHCKOB c ,nHaMeTpOM 3 MM H TOnlUHHOH 100 MKM. ttccne

.noBaHHH npoBO,nHnHCb Ha 3neKTpOHHllX MHKpOCKonax JEM-lOOCX H Tesla 

B5540. 

o6pa3Ull o6nyqanH B peaKTOpe EWA (CBepK, 

Type He puwe 80°C .no ~n~eHcoB OT 5x10
20 

nonbwal npH TeMnepa

.no 2x1023 H/M2
. IlOTOK 

6ucTpllX HeHTpOHOB (E>0,1 M3B) COCTaBnHn 1,38x10
17 

H/M:c. 

PacTHXeHHe o6pa3UOB ocymecTBnHnH Ha MaWHHe INSTRON-1121 H 
-5 -1 

TIRA-TEST co CKOpOCTb~ .n~opMaUHH 5,5x10 c . 

3; PE3YnbTAT~ 3KCilEPHMEHTOB 

Ha pHc. 1 noKa3aHU .nHarpaMMll pacTHJCeHHH Heo6nyqeHHOH H o6nyqeH

HOH CTanH OX18H10T .c pa3nHqHUM pa3MepoM 3epeH. CpaBHeHHe KpHBllX B 

Hcxo.nHoM cocTOHHHH H nocne o6nyqeHHH noKa3ano, qTo o6nyqeHHe npHBO

,nHT K H3MeHeHHHM BHna, oco6eHHO cymecTBeHHllM .nnH xonO/l,H0/1,C!pOpMHpO

BaHHOro COCTOHHHH (pHC.2), H napaMeTpOB .nHarpaMMll paCTHJ:eHHH. BenH

'IHHa 3epHa He H3MeHHeT OCHOBHOfO BH.na KpHBllX, XOTH o6pa3Ull C 

6onee KpynHllM 3epHOM ynpoqHH~TCH B MeHbllieH CTeneHH, qeM MenK03ep

HHCTlle o6pa3Ull. 3aBHCHMOCTb npe.nena TeKyqecTH u OT BenHqHHll 3epHa 
0,2 

.nnH Heo6nyqeHHOH H o6nyqeHHOH CTanH noKa3aHa Ha pHC.3. H3 pHCYHKa 

BMHO, qTo npe.nen TeKyqecTH KaK HCXO.UHOro MaTepHana, TaK H o6nyqeH

HOro xopowo onHcuBaeTcH ~opMynoH xonna-IleTqa[
3
]: 

u - 1 o,2 - ul + kd- 12, (I) 

r.ne u
1 

- HanpHxe1me TpeHHH; d - cpe.nHHH pa3Mep 3epHa; k - nocTOHH

HaH, CBH3aHliaH C pacnpoCTpaHeHHeM .ne~OpMaUHH qepe3 rp,alIHUll 3epe11 

(onpe.nenHeT B KaKOM-TO CMucne npO'IHOCTb rpaHHU 3epeH). 

<l>H3H'ieCKHH CMUCn 3TOro ypaBHeHHH npHBO.UHT K TOMY, 'ITO HanpHJ:e1me 

U CBH3aHO He TOnbKO C npeo.noneHHeM .nHcnoKaUHHMH npenHTCTBHH 
0,2 

2 

\ 
\ 

I 
I 

.I 

BHYTPH 3epHa U , HO H C 11eo6xo.nHMOCTb~ o6ecneqHTb nnacTH'IHOCTb B 
I 

cnOJ:HOM KOHrnoMepaTe no-pa3HOMY /1.C!pOpMHpOBaHHblX 3epeH. 3HaqelJHH napaMeT-

poB ul H k, nonyqeHHllX H3 o6pa60TKH ypaBHeHHH (1) H pHC.3, npHBe.ne

Hll B Ta6nHue 2. 

Ta6nHua 2. 3HaqeHHH napaMeTpoB ypaBHeHHH Xonna-IleTqa .nnH 

11eo6nyqelJHOH H o6nyqeHHOH CTanH OX18H10T 

<t>n~eHc, HIM2 u 1, Mna k, Mila MM
112 

0 88 12 

5x1022 228 16,8 

KaK BH.UHO H3 Ta6nHUll 2, o6nyqeHHe HeHTpOHaMH aycTeHHTHOH CTanH 

OX18H10T yBenH'IHBaeT napaMeTpll ul H k, HO 3~eKT pa.nHaUHOHHOro yn

poqHeHHH B 6onbweH cTeneHH onpe.nenHeTcH yBenHqeHHeM u. PaHee no

XOJ:He pe3ynhTaTu .nnH o6nyqeHHOH Me.UH npe.ncTaBneHll B pa60Te[ 4] 

AHanH3 3KcnepHMeHTanhHllX .naHHllX (pHC.3) noKa3UBaeT, qTO 

BenHqHlJa npe.nena TeKyqecTH yBenHqHBaeTCH C yMeHbWeHHeM 

pa3MepOB 3epeH. CornacHO C .UHCnOKaUHOHHOH MO.nenb~ .ne~opMauHmrnoro 

ynpoqHeHHH nonHKpHCTannHqecKHX MaTepHanoB 3aBHCHMOCTb nanpHJ:eHHH 

11aqana nnacTH'ieCKOH .ne~opMaUHH OT BenHqHHll 3ep11a o6ycn0Bne11a pe3-

KHM yBenHqe1meM nnoTHOCTH .nHcnoKaUHH npH yMeHbwemrn d ( cpe.nHHH 

pa3Mep 3ep11a)[ 5]_ !OKa3aHO, qTo npH .naHHOH CTeneHH .ne~OpMaUHH c 

nnoTHOCTb .nHcnoKaUHH p o6paTHO nponopUHOHanbHa cpe.nHeMy pa3Mepy 

3epHa: 

p p + 
0 

(3 • C 

d 

r.ne p - HCXO.UHaH nnoTHOCTb .UHCROKaUHH; (3 - K03~HUHeHT. 
0 

<l>H3HqecKHe TeOpHH ynpoqHeHHH npHBO.UHT K 3aBHCHMOCTH BH.na 

u = u + a·µ-b•p
112

, 
I 

(2) 

(3) 

~.ne a - OOCTOHHHaH (nopH.nKa 1), µ - Mo.nynb C.UBHra, b - BeKTOp li~p

repca, p - cyMMapnaH nnoTHOCTb .UHCnOKaUHH. 

3 



IlO)lCTaBJIHH p H3 ypaBHeHHH (2) B ypaBHeHHe (3) H npHHHMaH, 'ITO 

~-E d >> p0, noJJ)"laeM 

'1 = '1 + a.•µ-b· ({3·c) 112 ·d-l/Z. 
I 

CpaemrnaH 3TO ypanueuHec (1), nonyqaeM, 'ITO k = a.·µ-b·(/3·cl
112

• 

(4) 

Cornacuo ypaeHemm ( 1 J eeJIH'!1-rna npe.nena TeKy'!eCTH coJiepJKHT B 

ce6e 3Ha'!eHHH npo'!HOCTH Tena 3epeH H rpaHHUU. CTpyKTypa rpaHHUU 

npeJICTaBJIHeT COOOH o6naCTb C JIHHeHHUMH )le~eKTaMH B BH)le )lHCJIOKaUHH. 

o6naCTb rpaimu 3epe11 npO'!Hee, '!eM MaTpHua[ 6J, H BJIHHHHe o6nyqeHHH 

Ha ee CBOHCTBa 6yJieT OTHOCHTeJib!IO ue60JibWOe. 

HaWH 3KCnepHMeHTaJibHUe )laHHUe CBH)leTeJibCTBYJOT, 'ITO paJ1HaUHOH-

11oe ynpO'!HeHHe aycTeHHTHOH CTaJIH OX18H10T HBJIHeTCH pe3yJibTaTOM yn

pO'!HeHHH MaTpHUU, a He rpaHHUU 3epeH. B Ta6JIHUe 3 noKa3aHU 3Ha'!e

HHH H3MeHeHHH npe)leJia TeKy'!eCTH )lJIH JlBYX pa3HUX pa3MepoB 3epeH B 

3aBHCHMOCTH OT ~JIJOeHca HeHTpOHOB. BHJIHO, 'ITO MeJIK03epHHCTaH CTaJib 

MeHbWe TIO)lBepxeua paJIHaUHOHHOMY ynpoqHeHHIO. 

Ta6JIHila 3. Pa)lHaUHOHHOe ynpO'!HeHHe o6pa3UOB CTaJIH OX18H10T 

C pa3JIH'!HUM pa3MepoM 3epe11 

<l>JIJOeHC, H/M
2 lirr I cr"cx. 'ii 

0' z 0.2 • 
0 

d = 15 MKM d = 32 MKM 

5·10
20 

4, 1 29 

1 • 102 
I 10,2 30 

5·10
22 71,9 100,7 

2·10
23 

111,4 132,5 

• I HCX. ( OOJI. HCX.)/ 
,:.(1 (1 = (1 -(1 (1 

0,2 0,2 0,2 0,2 0,2 

,)le (1 HCX.H (1 o6n._ npe)leJIU TeKy'!eCTH COOTBeTCTBeHHO HCXO)lHOf'O H 
o,z o,z 

o6ny<IeHHOf'O MaTepHaJia npH O)lHOM H TOM JKe 3Ha'!eHHH BeJIH'!HHU 3epHa. 

4 
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B Ta6JIHUe 4 npHBe)leHU MexaHH'!eCKHe CBOHCTBa npH HCTIUTaHHH Ha 

pacTHJKeHHe XOJIO,!IHO,!lecpopMHpoBaHHOii , CTaJIH OX18H10T ( co CTeneHblO o6-

JKaTHH 307.), o6nyqeHHOH HeHTpOHaMH, a Ha pHC.4 npe)lCTaBJieHU 3aBHCH

MOCTH npe)leJia TeKy'!eCTH OT ~JIJOeHca HeHTpOHOB CTaJIH B aycTeHHT

HOM COCTOHHHH H nocne XOJIO)lHOH )l~OpMaUHH (CO CTeneHblO o6JKa

THH 307.) . Pa)lHaUHOHHOe ynpO'!HeHHe XOJIO)lHO)le~opMHpOBaHHOH CTaJIH 
23 2 • 

npH ~JIJOeHce 2·10 HIM COCTaBJIHeT 667., a B aycTeHH3HpOBaHHOH CTa-

JIH 1387.. 

Ta6nHua 4. MexaHH'!eCKHe CBOHCTBa CTaJIH OX18H10T XOJIO)lHO-

)le~opMHpoBaHHOH (307.), o6nyqeHHOH HeHTpoHaMH 

(E>0,1 _M3B). ·"0,2- ycJIOBHUH npe)leJI TeKy'!eCTH, 

"B - npe)leJI npO'IHOCTH, o - OTHOCHTeJibHOe YJl

JIHHeHHe 

<l>JIJOeHC, H/M2 
rr , Mna 

0,2 
rr

8
, Mna o, 7. 

0 702 947 11,0 

5x1020 . 871 1019 3,5 

1x10
21 

874 1023 3,4 

5x1021 
906 1074 2,7 

5x1022 
981 1094 2,0 

2x1023 
1166 1218 1, 9 

HCCJie)lOBaHHH MHKpOCTPYKTypu Ha II3M noKa3aJIH, 'ITO B aycTeH!13H

poeaHHOH CTaJIH e HCXO)lHOM COCTOHHHH Ha6JIJO)laJOTCH cerMeHTU JlHCJIOKa

UHH C HH3KOH nJIOTHOCTblO, 1, 1 x1010 -2x1011 M-
2

. B XOJIO)lHO)le~opMHPO-'

BaHHOM MaTepHaJie B HCXO)lHOM COCTOHHHH cyMMapHaH nJIOTHOCTb JlHCJIOKa

UHH 6una BUCOKaH H COCTaBJIHJia 5x1015 M -
2

• KpoMe Toro, Ha6JIJO)laJiaCb 

)lHCJIOKaUHOHHaH ceTKa C OJIOTHOCTblO ~4x1015 M-2
• nocne o6ny'!eHHH 

cyMMapHaH OJIOTHOCTh JlHCJIOKaUHH COCTaBJIHJia 1-2x10
15 -2 

M KaK B 

aycTeHHTHOM, TaK H B XOJIO)lHO)le~pMHpoBaHHOM COCTOHHHHX 

Ha6JIJO)laJIHCb O'!e!lb Manue )le~eKTU ( "black spots'') 3-4 HM, noXOJKHe 

5 



t 

Ha Tillme, KOTOpLie IIOJI)"leHbl IIOCJie OM)"leHllil TlllKeJlblMU UOHaMul71. B o6n)"leHHOM xonO.!lHO

.ne(flopMHpoBaHHOM MaTepHaJie, KpOMe "black spots", Ml,I Ha6JIIO)laJIH )lHCJIOKa

UHOHHYIO ceTKY,XOTH H C MeHhWeH IlJIOTHOCThIO, qeM B HCXO)lHOM MaTepHa-

4~U ...,.-

4'.)Q 

------· ... -· -- . 

Jie. I 350 

cymecTBeHHaH nepecTpOHKa HCXO)lHOH MHKpOCTPYKTyp1,1 B pe3yJihTa-

Te o6JiyqeHHH HBJIHeTCH 

Hl,IX .necfleKTOB H HX B3aHMO)leHCTBHH C 

Ha 3~eKT pa.nHaUHOHHOro ynpoqHeHHH 

XOJIO)lHO)lecfJopMHpOBaHHOM COCTOHHHHX. 

pe3yJihTaTOM a6cop6UHH Toqeq

)lHCJIOKaUHHMH[Sl, H 3TO BJIHHeT 

CTaJIH B aycTeHHTHOM H 

~ ~ 

3 

2. 
t 

Puc. I. ,lluaipaMMa pacTllJKeHllil Heo6n)"leH

Hoii - I u o6JI)"leHHOii (2 x 1023 HIM2) 

cranu OX18HlOT c pa3Hoii BeJiuquHoii Jep

Ha 2 - 15 MKM; 3 - 32 MKM; 4 - 40 MKM. 

£ 

6 

2. 

E. 
Puc.2. ,llttaipaMMa pacTllJKeHttll 06n)"le1rnoii 

(2 x 1023 
HIM

2
) CTantt OXI SHI OT B aycTe

HttTHOM COCTOllHUU - 1; 2 - rrocne xonO,!l

HOii ,!lecpopMal.lUU. 

i ~-
<1l 

1:-: 
~ 

N 
ci 

b 

300 

250 

200 

150-I---····~·~~ .• -. 

100 

50 +---·-·- ·······--•~- .. -----4-I 

• 11eo6;,y,1c11J1a~;-J_· 

I 5x10
22

i!/M
2 

A 2x I 023 11/M 2 
-

0 ~----·----·- -----.1~~~~~~~-·-r---·--· ·-
5 5,9 7, 1 8,2 

d-I/2 [ MM -1/Z l 

PHC. 3. 3aBHCHMOCTh npe.nena TeKyqecTH OT pa3Mepa 3epeH B CTaJIH 

OX18H10T, 11eo6nyqe1111ofl H o6nyqemmfl 11eflTpo11aMH ( E>O, 1 M3B) 

1200 -·-·-· 

1000 

800 -½-----+ 
<1l 

~ -- aycT. COCT. 
N 

bo 
600 -l---t--·· -1-----1--------·· -• JlC{jlOpM. 30'7. 

_____ ,. ____ _ 
400 

200 -1 
-·-· ~·-·-·•-· --·. ·--·-

0 2E•22 ,a:+22 6E+22 8E+22 1E+23 1.2E+23 1.~£+23 1.6[+23 1 :-1E+t'3 .:t:+23 

1l>J11oe11c [11/M 2 l 
PHC. 4. 3aBHCHMOCTh 11pe.neJia TeKyqecTH OT cflJIKJem:a 1ieHTpOHOII cTaJIH 

OX18Hl OT u aycTeJIHTJIOM COCTOllllHH H llOCJJe XOJIO)lJIOii 

.necflopMaUHH ( 307.) 
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PyKonHCb nocrymma B H3,!laTeJibCKHH OT,[leJI 
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XocpMa11.A. . Pl4-96-32 
8mrn1rne BeJlH'lllllbl 3ep11a If .XOnO.!ll!Oii .uecpopMaUIIII 
Ha pa,nuau1101111oe ynpo411e1111e xpOMOIIIIKenesoii CTaJIII ox I SH I OT 

O6pa3Uhl xpoM01111Kenesoii _cTan11 OX I SH I OT B ay,CTe1111rnoM cocrn51111111 · c 
pa3nH4llblM pa3MepOM 3epe11 H B XOJIOJ].IIO.UecpopM!tpOBallllOM COCT051111111 (06;KUTlle 
·30%) 06J1y4e11b1 B peaKTOpe «EWA»· 11eiiTpo11m,111 (E>O, I M::iB) .uo · cpmoe11ca 

23 2 · . · ' . , . · 
2x IO · 11 / M np11 Tel\mepaType 80°C. nocnepa,n11amm1111b1e ·11cmna111rn 11a pacrn-
;Ke1me flOKa3aJIH, 4T0 npe.ueJJ TeKy4eCTH ysenwmsaeTC51 C yMellbWe1111el\l BeJJllllllllbl 
3ep11a B COOTBeTCTBIIII C ypas11em1eM · Xomm - neTLia. MeJJK03ep111ICTa51 · CTaJlb 
ynp041151eTC51 .B MeHbWei1 CTeneim, 4eM CTanb C 6onbWIII\I pa31\tep0!\1 3ep11a. 
Pa,nuauumrnoe ynpo411e1111e rnaBllbll\1 o6pa30M 06ycrlosne110 yupO'llletmeM MaTpllUbl, 

. a 11e, ynpo411e1111e~1 rpa1111u 3epe11. 

Pa6orn BbIIIOnlleim B Jla66paTOpH11 ~.uepllblX pea~u11ii 111\1; r.H.cti11eposa 0115111 
H B l111cTHTYTe aToM11oii i11ep~u11 (CsepK, Pecny6n11Ka nomwa). · · 

Coo6iuc1111e O{il,emmemmro 111:crnryrn l1J1cp11b1x 11cc~ei1osam1iL .[ly611a: 1996 
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Ilepeso.u asrnpa 

Hofman A. Pl4-96a32 
The Influence of Grain Size and Cold Deformation . 
o~ the Radiation_ Hardening of Auste~itic Stainless Ste~) OH I_8N JOT 

The specimen of austenitic stainless steel OH I SN I OT of solution annetffed .with. 
different g~ain size and 30%cold worked were irradiated in reactor EWA at 80°C 

23 . · 2 .. · . . ' · ·' .· .• 
to tluences up 2x JO ·. ri / m (E>O. I Me V). Post irradiation tensile test showed the 
change yield strength with grain size according to Hall~Petch's eqtiatitin. The 
radiation harde~ing of fine steel was weaker _than· that of steel with large grain size, 
and is caused mainly by. matrix hardening pot by grain_ boundary hardening_. 

I. 

The investigation has been '.performed at the Flerov Laboratory of Nuclear 
Reactio~. JINR and Institute of Atomic Energy (Swierk, Poh~nd) .. 
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