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BaHaA~H np~BneKaeT BH~MaH~e ~CCneAOBaTeneH KaK OA~H ~s nep­
CneKTHBHblX MaTep~anoB Am'! np~MeHeH~R B nepBoH CTeHKe TepMORAep­
HblX peaKTopoB no ~enOMY PRAY ero CBOHCTB B 4aCTHOCT~. no 6b1­
CTPOMY cnaAY HaBeAeHHOH paA~oaKT~BHOCTH/t/. np~4eM B 3TOH CBR­
s~ paCCMaTpHBa~T ~ 06naCT~ OTHOC~TenbHo HeBblCOKHX pa604~X TeM­
nepaTYP /- 3000 CI KorAa coxpaHReTCR KOppos~OHHaR CTOHKOCTb 
B TennOHOC~TenRxI1/. n03TOMY npeACTaBnReTCR He06xoA~MblM npOBe­
AeH~e AeTanbHblX ~ccneAOBaH~H no paA~a~~OHHOMY ynp04HeH~~ 
/a TaK*e oxpyn4H~aH~~/. B TOM 4~cne no paA~a~HOHHO-OT*~rOBOMY 
ynp04HeH~~ /POY/. T.e. nOBblweH~~ np04HOCTHblX xapaKTep~CTHK Ba­
HaA~R TeXH~4eCKO~/4~CTOTbI np~ nqcnepaA~a~HOHHOM OT*~re AO TeM­
nepaTYP 200-4000 C 3. B pa60Te/ 4/ 6b1no nOKasaHO. 4TO 3$$eKTbI 
POY Ha6n~Aa~TcR ~ B cnnaBax BaHaA~R, npH4eM Mo*eT npOHCXOA~Tb 
~x yc~neH~e nYTeM BBeAeH~R COOTBeTCTBY~~~X ner~py~~~x 3neMeH­
TOB. 

C npaKT~4ecKoH ~ TeopeT~4ecKoH T04eK speHHR Ba*HO BblRCHeHHe 
~sMeHeH~H npH nocneonepa~HOHHblX OT*Hrax He TonbKO npeAena Te­
KY4eCT~/3/. HO ~ APyrHx CBOHCTB. TaK~x. KaK nnaCT~4HOCTb. 
a TaK*e Bn~RHHR ~CXOAHOH TepMOMexaH~4eCKOH 06pa60TKH BaHaAHR. 
4TO ~ RBnReTCR ~enb~ HaCTOR~eH pa60TbI. 

METoaHKA 3KCnEPHMEHTA 

COAep*aH~e np~MeceH B ~ccneAOBaHHblx 06pas~ax BaHaAHR /MapKH 
BHM-l np~BeAeHO B Ta6n~~e. 

Ta6.flul.{a. 
/Macc. %/ 

Cr C 

COAep*aHHe npHMeceA a aaHaAHH MapKH BHM-l 

N2 02 Al si Fe 

0,001 0,02 0,01 0,03 0,16 0,2 0.06 

HcxoAHble n~CTbI npOKaTblBan~ xonOAHblM cnoc06oM C 06*aTHeM 70% 
AnR nonY4eH~R $Onbr~ Ton~~HOH 60 MKM. nocne TaKOH 06pa60TKH 
BaHaA~H YKasaHHoH 4HCTOTbI VoMeeT TeMnepaTYPY Ha4ana ~ KOH~a 
peKp~CTann~sa~~~ 775°C ~ 925°C cooTBeTcTBeHHo/ 4/. 3aTeM 06­
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HIE', 

4TO COOTBeTcTByeT A03e nOBpe*AeHHH 8,6xl0-4 CMe~/aT. PaC4eT 
ce4eHHR Ae~eK/g76pa30BaHHR npoBOAHnCR C Hcnonb30BaHHeM AaHH~x, 
npHBeAeHH~X B • TeMnepaTypa npH o6nY4eHHH 06pa3~oB 6~na 
100±20oC. 

AnR H3Y4eHHR POY o6pa3~~ OT*HranHCb nocne 06nY4eHHR npH 
TeMnepaTypax 180, 300 H 500°C B aaKYYMe He xy*e 10-6 TOPP a Te­
4eHHe OAHoro 4aca. 

Hcn~TaHHR Ha paCTR*eHHe B~nonHRnHCb npH CKOPOCTH Ae~pMa~HH 
10- 4 c- 1 H KOMHaTHOH TeMnepaType.norpeWHOCTH H3MepeHHR HarpY3­
KH H Ae~opMa~HH He npeB~wanH 0,5 H l%.AnR ynY4weHHR CTaTHCTHKH 
HccneAOBanOCb He MeHee Tpex 06pa3~oa OAHOH cepHH; MaKCHManb­
H~e pa36poc~ BenH4HH COCTaBnRnH He 60nee ±3% AnR np04HOCTH 
H ±l% AnR nnaCTH4HOCTH. Ha pHc.3 H 4 nOKa3aH~ COOTBeTCTBY~~He 
ycpeAHeHH~e no cepHH BenH4HH~. 

PE3YflbTA~ 3KCnEPHMEHTOB H HX 06CYIAEHHE 

AHarpaMM~ paCTR*eHHR Heo6nY4eHH~x 06pa3~oB IpHc.2al HMenH 
THnH4H~H AnA OUK-MeTannOB BHA. B Ka4eCTBe xapaKTepHCTHK Mexa­
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puc.I. HeATPoHHWH cneKTp 

peaKTopa HBP-2 B KaHane 

nHeBMOnOqT~ IKpHBaH II 

H cneKTp AeneHHH IKpH­

BaB 2/. 


pa3~~ C pa604eH 4aCTb~ 


O,06x3xll MM OT*HranHCb 
~ 


B Te4eHHe 4aca npH TeM­

nepaType 900°C /Henon­

HaA peKpHCTannH3a~HA -

COCTOAHHe II H npH 

11000C InonHaR peKpH­

CTannH3a~HA H POCT 3ep­

Ha - COCTORHHe III. 

CpeAHHH pa3Mep 3epHa 

B COCTORHHH I paaHAnCR 

20 MKM, B COCTOAHHH II 

- 50 MKM. 


06nY4eHHe o6pa3~oB 
ocy~ecTBnAnOCb B peaK­
Tope H6P-2 fla6opaTopHH 
HeHTpOHHOH ~H3HKH OH~H. 
CneKTpw HeHTpOHOB peaK­
Topa H6P-2 H cneKTp Ae­
neHHR nOKa3aH~ Ha 

COCTaBHn 8xl0 17 H/cM2 IE > 0,1 M3B/, 
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PHc.2. XapaKTep~e AHarpa~ pacTH~eHHB: a - 06pa3e~ 
He 06nyqeH; 6 - 06pa3e~ 06nyqeH, OTEHr npH 300°C. 

HH4eCKHx caoHcTB 6wnH Hcnonb30BaH~: npeAen nponop~HOHanbHOCTH 
IannI; BpeMeHHoe conpOTHBneHHe los/; ycnoBHoe paBHOMepHoe YA­
nHHeHHe 16p /, onpeAenAeMoe AO T04KH PB; ~ee YAnHHeHHe - 606 ; 
cpeAHHH K03~H~HeHT Ae~opMa~HOHHoro ynpo4HeHHR A= 
= (OB - aTH)/(&p - 6TH), AnA paccMaTpHBaeMwx AHarpaMM IpHc.21 
BenH4HHa ~ onpeAenAnaCb Ha Y4acTKe npaKTH4ecKH nHHeHHoro Te4e­
HHA. 

06nY4eHHwe o6pa3~w 06HapY*HBa~T oTpH~aTenbH~e BenH4HH~ A 
IpHc.26/. B 3TOM cny4ae 3a BenH4HHY Pe npHHHManH T04KY AHarpaM­
MW, COOTBeTCTBY~~~ B03HHKHOBeHH~ weHKH IKaK H AnA He06nY4eH­
HWX 06pa3~oB/. nocne 06nY4eHHA A030H 8.10 17 H/cM2 BenH4HHa 
~an~ COCTaBHna 60-80 Mna IpHc.3/; 3TO 6nH3KO K BenH4HHe ~a = 
= 60 Mna, nonY4eHHoH B pa60Te/61 nocne 06nY4eHHA npH TeMnepaTY­

1018pe lOoC AO A03W H/cM2. 3aMeTHM, 4TO pe3ynbTaT~ He BnonHe 
conOCTaBHM~, T.K. B AaHHOH pa60Te HeHTpOHHoe 06nY4eHHe 6~no 
HMnynbcH~M IAnHTenbHocTb HMnynbca 6WCTPWX HeHTpoHoB 220 MKC, 
a 4aCTOTa cneAoBaHHR HMnynbcoB 5 r~, CM., HanPHMep/4/1. npH­
POCT an~ npHMepHO OAHHaKOB AnR COCTORHHH I H II. B 3aBHCHMO­
CTH OT TeMnepaTYPW nocnepaAHa~HOHHoro OT*Hra pa3HH~a B np04­
HOCTHWX CBOHCTBax BaHaAHA, HaXOAA~erOCA B 4aCTH4HO III H non­
HOCTb~ II II peKpHCTannH30BaHHOM COCTORHHH, TaK*e OCTaeTCA npaK­
TH4eCKH OAHHaKOBoH. 3TO 03Ha4aeT, 4TO conpoTHaneHHe ABH*eHH~ 
AHcnOKa~HH 06ycnoBneHO, nO-BHAHMOMY, aAAHTHBHWMH BKnaAaMH 

,OT HCXOAHoro "neca" AHcnOKa~HH H OT paAHa~HOHHo-cTHMynHpoBaH­
HWX KnaCTepOB T04e4H~X Ae~KTOB. 

5 
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PHc.3. BnHRHHe 06nyqeHHR H OT~ra Ha 0nQ 10 , 01 
H 0B 1-, -I BaHaAHR, npe~BapHTenbHo peKpHCTannH30­
BaHHoro npH 9000C III H 11000C 111/. 

B 3aBHCHMoCTH OT TeMnepaTYPw OT~Hra BenH4HHW 0nQ H 0B H3­
MeHRDTCR HeMOHOTOHHO. OT~Hr npH TeMnepaType 180°C npHBOAHT 
K Ha4anbHOH CTaAHH 06W4Horo OT~HrOBoro nOHH~eHHR 3¢$eKTOB yn­
p04HeHHR: BenH4HHW 0nQ H 0B nOHH~aDTCR, a HX pa3HOCTb B03paCTa­
eT, 4TO, KaK H3BeCTHO. RBnReTCR npH3HaKOM B03paCTaHHR nnaCTH4­
HOCTH. OT~Hr npH 300°C npHBOAHT K POY, XOTR HCXOAHwe BenH4HHW 
0nQ H Os He AOCTHraDTCR; B TO ~e BpeMR pa3HOCTb BenH4HH (OB -
- OnQ) YMeHbwaeTCR. H, HaKOHe~, OT~Hr npH 500°C npHBOAHT K B03­
BpaTY CBOHCTB, npH4eM 60nee 3aMeTHoe CHH~eHHe ynp04HeHHR npo­
HCXOAHT B COCTORHHH C KpynHwM H COBepweHHWM 3epHOM 111/. 

H3MeHeHHe YAnHHeHHR H cpeAHero Ae$OpMa~HOHHoro ynp04HeHHR 
npHBeAeHO Ha pHc.4. 06nY4eHHe Aa~e OTHOCHTenbHO HH3KOH A030H 
npHBeno K oxpyn4HBaHHD BaHaAHR MapKH BHH-l. npH OT~Hrax 6p 
H 60 6 H3MeHRDTCR B CTOPOHY, npoTHBonono~HYD H3MeHeHHD xapaKTe­
PHCTHK np04HOCTH. B COCTORHHH II HarpeB Ha 300°C, KorAa B03HH­
KaeT MaKCHManbHoe POY, BW3WBaeT CHH~eHHe nnaCTH4HOCTH. 

" 

::7" 
i,~ l,,' ""Jl15.' ~ .P. 

'" ~(I J'~ 6~' Nt7~-*' 

JO 

Jr+ I 
J,! ]1+ .,r"""--""/--!-.JL)r' 

J 

I 

V 
/' 

ilL I I I' , , , L. I I ..... _ JfKJ .!If» .I(J() SM __ "".,. 

;"'.-r: , ·c 
PHc.4. BnHRHHe 06nyqeHHR Ha paBHOMepHoe 10, 0/, H 06~ee 1-, -I 
y~nHHeHHe, ~e~opMa~OHHoe ynpOQHeHHe 1+1 npH paCTR~eHHH BaHa­
~HR, npe~BapHTenbHO peKpHCTannH30BaHHoro npH 900°C III 
H llOOoc III/. 

BenH4HHa l nocne 06nY4eHHR CTaHOBHTCR oTpH~aTenbHoH. T.e. 
Ha6nDAaeTcR Ae~opMa~HOHHoe pa3ynp04HeHHe. H3MeHeHHe A npH OT­
~Hrax TaK~e npOTHBononO~HO xapaKTepy HSMeHeHHR 0nQ' 0B' 

OnHcaHHwe Bwwe pe3ynbTaTw COB7eJTHo C paHee nonY4eHHwMH/41 
H AaHHWMH, npHBeAeHHWMH B 0630pe 3 , n03BonRDT HaMeTHTb npeA­
BapHTenbHYD cxeMY oc06eHHocTeH POY H B03MO~HWX MexaHH3MOB ero 

,B03HHKHOBeHHR. 

HEKOTOP~E 3AKOHOHEPHOCTH POY 

1. ~BneHHe POY Ma~CHManbHO B 06naCTH TeMnepaTyp 10,22 f 


f 0,35/Tnn , KorAa OUK-MeTannw H cnnaBW H 6e3 06nY4eHHR HMeDT 


s 



nOHHlKeHHYIO nnaCTH4HOCTb l"npHpOAHYIO xPynKocTbll1 BCneACTBHe 
60nbworo BKnaAa HanpRlKeHHR naHepnCa B COnpOTHBneHHe nnaCTH4eC­
KOH Ae¢oPMa~HH/7/. nOCKOnbKY Ae~OpMa~HR B 06naCTH AeHCTBHR POY 
npoHcxoAHT no MexaHHSMY KaHanHpOBaHHR AHcnOKa~HH 10 4eM CBHAe­
TenbcTByeT OTpH~aTenbHOCTb BenH4HH iiI, oxpyn4HBalOIlIee Bm1RHHe 
POY MOlKeT 6~Tb SHa4HTenbH~M 101, cneAOBaTenbHO, HMeTb npaKTH4ec­
Koe SHa4eHHe. 

2. B pa60Te/ 3/ oTMe4anocb, 4TO npH nocnepaAHa~HOHH~X OTlKH­
rax B 06nacTH TeMnepaTYP POY MeTOAaMH 3neKTpoHHOH npOCBe4HBalO­
llIeH MHKpOCKonHH He B~RBneHO saMeTH~x HSMeHeHHH KOH~eHTpa~Hi1 
HnH paSMepOB KnaCTepOB paAHa~HOHH~X Ae~eKTOB IMan~x neTenb/, 
n03TOMY 0 MexaHHSMe POY MOlKHO CYAHTb nHWb no MaKpOCKonH4eCKHM 
CfJOHC TBaM .. 

.JO 

PHc.5. H3MeHeHHe PaAHa~OHHoro ynpOQHeHHg npH OT~re B 3aBHCH­
MOCTH OT a/ 4lmoeHca HeATpoHoB /ToOn. = 70.;c1600C/. "___" - AaH-
Hag paOOTa; 0/ TeMnepaTYp~ oOnyqeHHg /~eHC 1020 H/CM2/. 

Ha pHc.5 conOCTaBneH~ BenH4HH~ 80, cornaCHO pa60Te/6/ 101 no 
AaHH~M HacToRllIeH pa60T~. Hs pHc.5a BHAHO, 4TO C POCTOM ~nlOeHca 
npoHcxOAHT nocTeneHH~H nOADeM HHSKOTeMnepaTYPHoi1 BeTBH KPHBOH 
sa C4eT YBenH4eHHR BKnaAa B ynp04HeHHe, 06ycnoBneHHoro paAHa­
~HOHH~M BQanei1cTBHeM. Hs cpaBHeHHR KPHB~X 1 H 3 IpHc.5al aBTO­
p~ pa60T~/31 AenalOT B~BOA 06 OTCYTCTBHH POY nocne 06nY4eHHR 

1020AOSOH H/cM2. OAHaKO 3TOT BWBOA, nO-BHAHMOM~ owH604eH, 
nocKonbKY BenH4HHa 3~KTa, CYAR no KPHB~M 1-3, npH6nHlKaeTcR 
K nOCTORHHOMY SHa4eHHIO npH Aosax nopRAKa 1020 H/cM2 InORBne­
HHe Ha KPHBWX 2 H 3 Y4aCTKa C HeSHa4HTenbHO HSMeHRlOIl\eHCR BenH­
4HHOH 80/, HO npH 3TOM 8KnaA POY B 06lllee ynp04HeHHe coxpaHReT­
CR CYllIeCTBeHHWM. 

3. npo~eccw, OTBeTCTBeHHwe sa POY, npOTeKalOT H npH caMOM 
06~4eHHH, ecnH TeMnepaTypa oGnY4eHHR HaxOAHTCR B TeMnepaTYP­
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HOM AHanaSOHe POY. 3TO XopOWO BHAHO HS pHc.56; B 4aCTHOCTH. 
nocne 06nY4eHHR npH TeMnepaType 2000c no~nepaAHa~HoHH~H OTlKHr 
npHBOAHT K 60nbwei1 BenH4HHe 80 IToT~. C 3000 C/, 4eM nocne 06­
nY4eHHR npH 700e. 

4. YCTaHoBneHo, 4TO BenH4HHa 3~~eKTa POY nOHHlKaeTCR C YMeHb­
weHHeM COAeplKaHHR npHMeCH KHcnopOAa B BaHaAHH/ 3/. TaK, B cnna­
Be V - 3,5 Macc.%Ti, B KOTOPOM Kia?OPOA CBRsaH B coeAHHeHHe 

I 
Ti9x 3~eKT~ POY He Ha6nlOAalOTCR . HCXOAR HS 3Toro, B pa60­
Te 31 AenaeTCR B~BOA 0 TOM, 4TO AnR cnnaBOB POY HecYllIecTBeHHo; 
oAHaKo, KaK no~~,aHO HHlKe, cHTya~HR He CTonb OAHOSHa4Ha. 

5. B pa60Te MeTOAOM HSMepeHHR MHKpOTBePAOCTH IKOTOP~H 
AaeT TaKYIO lKe HH~opMa~HIO 0 POY, KaK H MeTOA pacTRlKeHHR/ 3/1 HSY­
4eH~ ceMb cnnaBOB BaHaAHR, nerHpOBaHH~X OTHOCHTenbHO HHSKHMH 
KOH~eHTpa~HRMH npHcaAoK 101 06ny4eHH~x HOHaMH KceHOHa C 3HeprH­
ei1 124 M3B AO cpeAHero YPOBHR nOBpelKAeHH~ 6,5.10- 3 cMew/aT . 
3TH HccneAOBaHHR nOSBonHnH B~RBHTb 061l1YIO saKOHOMepHOCTb: 3~~eKT 

POY OKaS~BaeTCR TeM B~we, 4eM 60nbwe YPOBeHb AHcnepCHOHHoro 
ynp04HeHHR IT.e. 3~eKT CTapeHHRI B He06nY4eHHoM COCTORHHH. 
KpOMe Toro, YCTaHOBneHO, 4TO BKnaA B ynp04HeHHe. 06ycnoBneH­
H~H B~COKOi1 HCXOAHOH nnOTHOCTblO AHcnOKa~HH ICOCTORHHe I II, npH­
MepHO aAAHTHBHO CKnaA~BaeTCR C BKnaAoM OT 3~~eKTa POY, 4TO nOA­
TBeplKAaeTcR 101 pesynbTaTaMH HacToRllIeH pa60T~. BenH4HHa POY BOS­
paCTaeT/4 / OT 80 = 85 Mna AnR BaHaAHR, reTepHpOBaHHoro A06aB­
KOH 0,3 aT.% HTTPHR, AO 80 = 240 Mna AnR MaKCHManbHO CTapelOlllHX 
Cnn?BOB IHanpHMep, AnR cnnaBa BaHaAHR C 0,2 aT.% Til; no AaH-
H~M 3/ Ha6nlOAanHcb MaKCHManbH~e BenH4HH~ 80 AO 170-210 Mna. 

#Y?O~I-----------r------------~j 
2470 
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PHc.6. TBepAoCTb oxna~eHHNX c neQblO 
OT IIOOOC CnnaBOB BaHa,o;5di - THTaH: I-I ­
0.4 aT.% IO+N+C/;lol- MeHee 0.05 aT.% 3THX 
npHMeCeH B paCTBope. 
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He06xOAHMO OTMeTHTb. ~TO CAenaHH~e YTB~p~AeHHR He HaXOARTCR 
B npOTHBope~HH C pesynbTaTaMH pa60T~/8/. nOCKonbKY 3~eKT CTa. 
peHHR HeMOHOTOHHO saBHCHT OT cOAep~aHHR XHMH~eCKH aKTHBHOH 
npHcaAKH. 4TO 060RCHReTCR TepMOAHHaMHKOM BsaHMoAeHcTBHRI91. 
Ha pHc.6 nOKasaHO HSMeHeHHe TBepAOCTH B cocTapeHHoM COCTORHHH 
cnnaBOB V-Ti C 06~~H~M cOAep~aHHeM npHMeceH ICM. Ta6n.ll 
H o~eHb HHSKHM cOAep~aHHeM, AocTHrHyT~M nYTeM reTepHpoBaHHR 
AononHHTenbHoH npHcaAKoH 0.2 aT.% HTTpHR. BHAHO. 4TO 3~eKT 
CTapeHHR MaKCHManeH npH KOH~eHTpa~HH npHMeCH Ti - 1 aT.%, HO 
peSKO naAaeT npH KOH~eHTpa~HH -3+4 aT.%. 

B03MOIH~E MEXAH~3M~ POY 

MHKPOCKonH~eCKH? MeX~HHSM POY. B oc06eHHOCTH B cnnaBax. 
e~e AaneKO He RceH 3/, ~MeHHo n03ToMY npOAon~eHHe era Hsy~eHHR 
He06xoAHMO. nocKonbKY PQY BXOAHT B KOMnneKC RBneHHH. onpeAenR~­
~HX paAHa~HOHHoe ynpO~H~HHe MaTepHanOB. Ba~HO OTMeTHTb. ~TO 

B cnnaBax, cOAep~a~HX OAHOBpeMeHHO H aKTHBH~e npHcaAKH H npH­
MeCH BHeApeHHR, MexaHHSMW ynpo~HeHHR cy~ecTBeHHO 60nee cnO~H~, 
~eM B MeTannax, cOAep~a~HX TonbKO npHMeCH BHeApeHHR. TaK. cnna­
B~ BaHCTap-7 IMacc.%I: 9,7Cr - 3,4Fe - 1,3Zrl H v - 15Cr - 5Ti 
06HapY~HnH ropaSAo 60nbwee paAHa~HOHHoe ynpQ~H~HHe npH 400+ 
+6000c, 4eM cnnaBW V - 3Ti - lSi H V - 20Ti/ i4 /. npH~HH~ TaKHX 
pasnH~HH He RCH~. OAHHM HS ~aKTopOB, BnHR~HX Ha ynpO~HeHHe. 
RBnReTCR MHrpa~HR paCTBopHMWX npH HeBWCOKHX TeMnepaTypax npH­
MeceH BHeApeHHR IB OCHOBHOM KHcnopOAal K oTAenbHWM Ae~KTaM 
CTPYKTYP~, COSAa~~HM BOKpyr ce6R HCKa~eHHR peweTKH H, cneAOBa­
TenbHO, nonR ynpyrHx HanpR*eHHH, KOTopwe 06ycnoBnHBa~T saMeTHY~ 
3HeprH~ CBRSH C aTHMH npHMeCRMH. ~ononHHTenbHoe conpOTHBneHHe 
ABH*eHHID AHcnOKa~HH 6r, COSAaBaeMoe Man~MH npenRTCTBHRMH IMe~­
ysenbHwe H BaKaHCHOHHwe neTnH, nop~, BWAeneHHij B~yrOH ~as~ 
H T.A.I, npH6nH*eHHO onHC~BaeTCR COOTHoweHHeM/ i : 

'6T = ex~b v'Nd 111 

rAe ~ - MOAynb cABHra, b - BeKTop 6~prepca, N H d - KOH~eHTpa­

~HR H cpeAHHH paSMep npenRTCTBHH, ex - napaMeTp, xapaKTepHSY~­
~HH ynpyroe BsaHMoAeHcTBHe AHcnOKa~HH H npenRTcTBHR 10nHcWBa­
eT "M~HOCTb" npenRTcTBHR KaK cTonopa/. ~aHH~e 0 POY BaHaAHR 
nOB~weHHoH 4HCTOT~, cOAep~~ero, B OCHOBHOM, TonbKO npHMecH 
BHeApeHHR IKHcnopoAa, asoTa/, YAoBneTBopHTenbHo onHC~Ba~TCR 
COOTHoweHHeM 111, npH ycnoBHH, ~TO SHa~eHHR BenH~HH N H d 6e­
PYTCR HS 3neKTpoHHO-MHKpocKonH~ecKHx HccneAoBaHHH, a BenH~HHa 
ex BospaCTaeT OT -0.55 AO -1/101 Hs-sa 06pasoBaHHR BOKpyr CTO­
nopOB aTMoc~ep~ npHMeceH. 

nO-BHAHMOMY, MexaHHSM ynpo~HeHHR BcneACTBHe 06pasoBaHHR BO­

Kpyr npenRTcTBH~ nPHMecHoH aTMoc~ep~ HaXOAHT 3KcnepHMeHTanbHoe 

nOATBep~AeHHe. OAHaKo 6es ero AeTanHsa~HH HeBOSMO~HO 060RCHHTb 

~en~H PRA Ha6n~AaeM~x oc06eHHocTeH POY. Bo-nepBWx, He RCHO, 

no KaKOH npH~HHe 06ny~eHHe npH 200°C npHBQAHT B npo~ecce POY 

K 60nbwHM BenH~HHaM ynp04HeHHR, ~eM 06ny~eHHe npH 70°C 

ICM pHc.56/. BO-BTOP~X, npeACTaBnReTCR saTpYAHHTenbHWM 06oRC­

HHTb AaHH~e/41 0 BospaCTaHHH 3~eKTOB POY B cnnaBax C ~aCTH~­

HO reTepHpOBaHH~MH npHMeCRMH BHeApeHHR Inc cpaBHeHH~ C HenerH­

pOBaHH~M BaHaAHeM/. 


Bce Hsy~eHH~e 06pas~~, KaK B AaHHoH pa60Te, TaK H B/4/, HS­
rOTOBneH~ HS MaTepHanOB B COCTORHHH ~aCTH~Horo CTapeHHR, no­
CKonbKY 6~nH nony~eH~ nyTeM BWCOKOTeMnepaTYPHoro OT~Hra C no­
cneAY~~HM oxna*AeHHeM B BaKYYMHWX ne~ax ICKOPOCTb oxna~AeHHR 
npH TeMnepaTypax HH*e 600°C He 60nee 5+10 rpaA/MHH.I. n03TOMY 
B HHX Aon*H~ npHCYTCTBOBaTb cy6MHKpocKonH~ecKHe ~aCTH~W BWAe­
neHHH IHnH SOHW rHHbe - npecToHal ~as BaHaAHH - npHMeCb BHeA­
peHHR IVeO, V2 N V20/, a B cnnaBax C aKTHBHWMH npHcaAKaMH ­
~as THna TiO/12 J, TiN1 - X , TiC 1 - X H AP., ~TO H Ha6nIDAaeTcR Me­
TOAOM npocBe~HBaID~eH 3neKTpoHHOH MHKpOCKonHH IpHC.7/. B~Aene­
HHR OTCYTCTBY~T B6nHSH rpaHH~ sepeH, ~TO CBHAeTenbcTByeT 06 
y~acTHH BaKaHCHH B 06pasoBaHHH ~aCTH~. PasMep HaH60nee KpynHwx 
~aCTH~ -50 HM, OAHaKO HMe~TCR H 60nee AHcnepCHwe. CYAR no AH~­
paK~HoHHOH KapTHHe, B~AeneHHR COSAa~T HHTeHCHBHwe nonR HCKa*e­
HHH B MaTpH~e. 

npH 06ny~eHHH 06pasYIDTcR KnaCTepw paAHa~HOHHWX Ae~eKTOB 
InpenRTcTBHR THna "A"/. npHnRTcTBHR npHMeCHoro npOHCXOlKAeHHR 
HaSOBeM "C", KorAa B HHX 'BXOART aKTHBHwe npHcaAKH IKoMnneKcw 
TiO, TiN 1 _ X , TiC 1 - X , A120al H THn "B", KorAa B KOMnneKC BXO­
AHT V. 

KaK HSBeCTHO, xapaKTep 3Bon~~HH Man~x BWAeneHHH ITHn "B" 
H "C"I saBHCHT OT TeMnepaTYp~ 06ny~eHHR. npH HHSKHX TeMnepaTY­

PHc.7. MHKPOCTPYKTypa 
BaHaAHH, oxn~eHHoro 

C IIOOOC Ix 83001. 
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,pax 3a C4eT AeHCTBHR paAHa~HOHHoro nepeMeWHBaHHR npoHcxoAHT HX 
paCTBopeHHe, CBoero pOAa nepexoA B nepeCy~eHHYH TBepAYH paCT­
BOp. npH 60nee BYCOKHX TeMnepaTypax npeBanHpyeT $aKTop paAHa­
~HOHHO-cTHMynHpoBaHHoH AH¢$Y3HH npHMeceH, npHBoAR~HH K YCKope­
HH~ npo~eCCOB CTapeHHR. 

npHMecH BHeApeHHR KaK B npo~ecce 06nY4eHHR, TaK H nocneAY~­
~ero OT*Hra, AeKopHpY~T Bce Ae$eKTY CTPYKTYPY, C03Aa~He AHna­
Ta~H~, OAHaKO npH AaHHOM 06beMHOM cOAep*aHHH MaKCHManbHoe yno­
pRA04eHHe B03HHKCJeT npH HeKOTopOM 10nTHManbHoM" paCCTORHHH Me*­
AY npenRTcTBHRMH/12~ 3TOT BY BOA cneAyeT H3 Toro, 4TO ABH*Y~He­
CR AHcnOKa~HH BYrH6a~TCR Me*AY npenRTCTBHRMH. npH4eM MHHHManb­
HYH paAHYc H3rH6a p onpeAenReTCR HaTR*eHHeM nHHHH AHcnOKa~HH 
rd, a HMeHHO: 

P '" 1Jb/Td' 12/ 

HanpR*eHHe. C03AaBaeMoe npenRTCTBHRMH, npH6nH*eHHO MO*HO npeA­
CTaBHTb B BHAe: 

TOp'" 1J £ f. 131 

rAe E: - AHnaTa~HR, c03AaBaeMaR npenRTcTBHRMHi f - 06beMHaR AO­
nR npenRTcTBHH no OTHoweHH~ K MaTpH~e. MaKcHManbHoe ynp04HeHHe 
AocTHraeTcR npH rd= rop. lecnH ~d > ~op., TO AHcnOKa~HR nepe­
pe*eT npenRTcTBHe/; Y4HTYBaR, 4TO paCCTORHHe Me*AY npenRTCTBHR­
MH A '" P, HaxoAHM: 

~x = b/E:f; ~x - (b/E)1/3 A~~, 141 

rAe Amax H dmax - paccToRHHe Me*AY npenRTcTBHRMH H HX pa3Mep, 
cooTBeTcTBY~He MaKcHManbHOMY ynp04HeHH~. 

Ha Ha4anbHYX cTaAHRx OT*Hra 06nY4eHHoro MaTepHana HaHMeHee 
YCToH4HBye paAHa~HOHHye npenRTcTBHR pa3pywa~TcR laHHHrHnHpY~T/, 
4TO YMeHbwaeT BKnaA B ynp04HeHHe, 06ycnOBneHHYH 06nY4eHHeM. 
OAHaKo npH 3THX npo~eccax BYCB060*AaeTCR 3aXBa4eHHaR HMH 4aCTb 
npHMeceH BHeApeHHR, KOTOpye MorYT MHrpHpoBaTb K BYAeneHHRM 
InpenRTcTBHRM THna "B" H "C"/, AeKopHPYR HX H TeM CaMYM yBenH­
4HBaR 3¢$eKTHBHY~ 06beMHY~ AO~ f, 4TO B COOTBeTCTBHH C BYpa­
*eHHeM 131 nOBYWaeT Top •. TOT $aKT, 4TO Ae$opMa~HR B 06nacTH 
POY npoHcxoAHT nYTeM KaHanHpoBaHHR AHcnOKa~HH, nOKa3YBaeT, 
4TO AHcnOKa~HH nepepe3a~T npenRTcTBHR, T.e. Top, < Td' n03TOMY 
60nee ByrOAHYMH, C T04KH 3peHHR Ha6noAaeMoro Ha 3KcnepHMeHTe 
nOBYWeHHR npeAena TeKY4eCTH, RBnR~TCR IIMOLqHyel I npenRTCTBHR, 
pacnono*eHHye Ha OTHOCHTenbHO 60nbwHx paCCTORHHRX APyr OT APY­
ra. 

B paMKax onHcaHHOH BYWe CXeMY YAaeTCR onHcaTb Ha6n~AaeMye 
3aBHCHMOCTH npH POY OT pa3nH4HYX $aKTopoB. 

A030BaR aaBHCHMOCTb Aon*Ha HMeTb xapaKTep KPHBOH 2 Ha pHc.5a. 
Y4aCTOK I - OT*Hr ManyX paAHa~HOHHYX KnaCTepOB H BYCB060*AeHHe 
aTOMOB npHMeCH BHeApeHHRj II - AeKopHpOBaHHe oCB060AHBWHMHCR 
npHMeCRMH npenRTcTBHH THna "B" H "C'I, a TaK*e HaH60nee YCTOH­
4HBYX - THna IWI; III - OKOH4aTenbHoe HC4e3HOBeHHe npenRTcTBHH 
nma "A" H AeKOHAeHca~HR npHMeCHYX aTMoc$ep BOKpyr npenRTcTBHH 
"B" H "C". npH ManoH nnoTHOCTH H pa3Mepe npenRTcTBHH nma "A", 
KorAa (N.d)A « (N'd)B C' TaKaR aaBHCHMOCTb nepeHAeT B KPHBY~ 
THna I IpHc.5a/, a B CnY4ae (N.d)A » (N.d)B C - B ~PHBY~ TH­
na III. ' 

TeMnepaTypa 06nY4eHHR IpHc.56/: POY MaKc'HManbHo, KorAa 
B npo~ecce 06nY4eHHR npoHcxoAHT YBenH4eHHe pa3MepOB npenRTCT­
BHH "B", "C" ITeMnepaTypa 06nY4eHHR 2000C/. npH 700C, nO-BH­
AHMOMY, npeBanHPyeT. KaK OTMe4anOCb BYWe, paAHa~HOHHaR rOMore­
HH3a~HR. npH TeMnepaTypax 06nY4eHHR 4600c H 60nee B~COKHX B03­
paCTaeT' paCTBopHMOcTb KHcnopOAa B BaHaAHH, TeM CaMYM YMeHb­
waeTCR 06beMHaR AonR BYAeneHHH BHAa V60, a TaK*e npOHcxoAHT 
HX nepecTapHBaHHe, BcneACTBHe KoarynR~HH InocKonbKY 06nY4eHHe 
B peaKTope AnHnOCb OKono HeAenH/. 

BnHRHHe KOH~eHTpa~HH XHMH4eCKH-aKTHBHYX npHMeceH ITi, AI 
B BaHaAHHI CTaHOBHTCR nOHRTHYM, ecnH Y4ecTb, 4TO 3$$eKT 06Y4­
Horo CTapeHHR npOXOAHT 4epea MaKCHMYM IpHc.6/, HanpHMep, npH 
oTHoweHHH aT.% 0 : aT.% Ti = 1:1. COAep*aHHe KHcnopoAa B BaHa­
AHH 06Y4HO COCTaBnReT 0,2+0,8 aT.%, n03TOMY POY MaKCHManbHO / / 
B cnnaBe C 0,2' aT.% Ti/ q / H nOAaBneHO B cnnaBe C 3,5 aT.% Ti 8. 

AnR YT04HeHHR paccMoTpeHHoH cxeMW He06xOAHMO H3Y4HTb oc06eH­
HOCTH POY B xapaKTepHYX cnnaBax, HaXOAR~HXCR B paanH4HOM HCXOA­
HOM COCTORHHH - 3aKaneHHOM HnH AnHTenbHO COCTapeHHOM, 4TO 
H npeAnonaraeTCR CAenaTb B AanbHeHweM. C npaKTH4eCKOH T04KH 
apeHHR paCCMaTpHBaeMye 3¢$eKTW Ba*HY, ecnH 06nY4eHHe npOHCXO­
AHT npH TeMnepaTypax nopRAKa 0,3·Tnn , a cnnaB CKnOHeH K HH3KO­
TeMnepaTypHYM npo~eccaM CTapeHHR. KpoMe HeKOTOpyX cnnaBOB Ba­
HaAH~ 3TO xapaKTepHO TaK*e AnR $eppHTHYX H $eppHTHo-MapTeH­
CHTHYX XPOMHCTYX CTaneH. 

BblBO,Qbl 

1. np04HocTHwe xapaKTepHCTHKH 06nY4eHHoro BaHaAHR HaMeHR~T­
CR cnO*HYM 06paaoM B aaBHCHMOCTH OT TeMnepaTYPW nocnepaAHa~HOH­
Horo OT*Hra 1180+5000 C/, HO npH 3TOM coxpaHR~TCR pa3nH4HR 
B np04HocTH, 06ycnoBneHHye HCXOAHOH CTPYKTYPOH. 

2. nocne OT*Hra npH 1800C npORBnReTCR TeHAeH~HR K 06Y4HOMY 
OT*HrOBoMy paaynp04HeHH~. ~BneH~e POY Ha6n~AaeTcR npH TeMnepa­
Typax ~3000C, 4TO cornacyeTcR C paHee BynOnHeHHblMI1 11C.C'-,1f'AOBa­
HHRMH. 
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3. BnepB~e YCTaHOBneHO, 4TO RBneHHe POY conpOBO*AaeTCR CHH­
*eHHeM xapaKTepHCTHK nnaCTH4HOCTH. 

4. CpeAHee Ae~pMa~HoHHoe ynp04HeHHe nocne 06nY4eHHR CTaHO­
BHTCR OTpH~aTenbH~M H H3MeHReTCR IB 3aBHCHMOCTH OT TeMnepaTYp~ 
oT*Hral TaK *e, KaK xapaKTepHCTHKH nnaCTH4HOCTH. 

5. npeAno*eHa ~eHOMeHonorH4eCKaR MOAenb, n03BonR~aR eAHH~M 
06pa30M 06bRCHHTb 3aBHCHMOCTH POY OT A03~ H TeMnepaTYp~ 06ny­
4eHHR, a TaK*e cOAep*aHHR XHMH4eCKH-aKTHBH~X nerHpY~HX A06a­
BOK; HaMe4eH~ HanpaBneHHR AanbHe~wHx HccneAoB~HH~. 
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rOM~SOB n.H. HAP. 18-88-439 
PaA~aUHoHHO-OT3HrOBOe ynpOqHeHHe BaHaAHR 

asyqeHN MeXaHHqeCKHe CBOMCTBa BaHaAHR. 06nyqeHHoro 6hlCT 
Phl~ HeMTpOHaMH AO A09hl 8,6·10-4 c.H.a. B 9aBHCHMOCTH OT 
TeMnepaTYPhl nocnepaAHa~HOHHoro OT3Hra. llOKa9aHO, qTO RBne­
HHe P8AHa~HOHHo-oT*HrOBoro ynpOqHeHHR /POY/ Ha6nroAaeTcR 
npH TeMnepaType 300°C, qTO cornacyeTcR C paHee BbmOnHeHHN­
MH HccneAOBaHHHMH. BnepBhle YCTaHOBneHO, qTO POY conpOBO*­
AaeTCH CH~eHHeM rrnaCTHqaOCTH. llpeAno*eHa ~eHoMeHOnOrHqeC­
KaR MOAenb, n09BonRw~aH 06~HCHHTb 9aBHCHMOCTb POY OT A09bl 
H TeMnepaTYPhl 06nyqeHHR, a TaK*e OT cOAep*aHHR XHMHqeCKH 
aKTHBHhlX nerHpyw~x A06aBoK. 

Pa60Ta BhlnonHeHa B na60paTOPHH RAepHhlX peaK~HM OHHH. 

npenpHHT 061te.tumeHHoro HHCTHTyTa lI,1lepKI>.IX HCCJIeAQBaHItil. ,Ily6ua 1988 

IIeoeBOA 	 aBTopoB 
Gomozov L.I. et a1. 18-88-439 
Vanadium Radiation-Annealing Hardening 

The vanadium mechanical properties irradiated by fast 
neutron up to the dose 8,6.10-4 dpa are studied as a func­
tion of the post-irradiation annealing temperature. It is 
shown,that the radiation-annealing hardening (RAH) are 
observed at the 300°C temperature, and it agrees with ear­
1ier investigation. For the first time it is established, 
that RAH is accompanied by decreasing of the plastic pro­
perties. The phenomenological model, explain the depen­
dence RAH on the dose and temperature irradiation and 
on maintenance of chemical active 1egand impurities are 
suggested. 

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