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HccneAOBaH~e MexaH~4eCK~x cao~cTB MeTannoa a npo~ecce o6ny-
4eH~~ B OTn~4~e OT CTaBW~X yme TpaA~~~OHH~M~ MeTOAOB ~3y4e

H~~ ~x cao~cTB nocne o6ny4eH~~ no3aon~eT,B np~H~~ne, nony4aTb 
HOBYIO ~H<)>OpMa~~IO 0 np~pOAe paA~a~~OHHbiX 3<)><)>eKTOB B MeTannax, 
4TO MOmeT 6~Tb CB~3aHO KaK C Bn~~H~eM 6~CTponpoTeKaiO~~X npo
~eCCOB /Hanp~Mep, o6pa30BaH~eM HeycT0~4~B~X <)>peHKeneBCK~X 

nap 11/, T -acnbiWeK/2/, reHepa~~e~ YAaPHbiX aonH /3/;, raK ~ oco6eH
HOCT~M~ paA~a~~OHH~X 3<)><)>eKTOB n~~ o6ny4eH~~ MaTep~anOB B Harpy
meHHOM COCTO~H~H. 8 HaCTO~~ee apeM~ B n~TepaType ~MeiOTC~ AaH
H~e 0 MeXaH~4eCK~X CBO~CTBaX MeTannOB, nony4eHH~e B OCHOBHOM 
np~ aHyTp~peaKTOPH~x ~cn~TaH~~x MaTep~anoe Ha non3y4eCTb/4,5~ 

Hap~AY c 3T~M~ AaHH~M~ 6onbwo~ ~HTepec npeACTaan~eT ~3Me
peH~e MexaH~4eCK~x cao~CTB MeTannoa a npo~ecce ~x o6ny4eH~~ 
ycKopeHH~M~ T~men~M~ ~oHaM~. KaK cneAyeT ~3 pa6oT~/6~ o6pa3o
eaH~e CMe~eH~~ B npo~ecce o6ny4eH~~ MeTanna ~OHaM~ yrnepOAa 
npo~CXOA~T CO CKOpOCTbiO B 104 pa3 6onbWe~, 4eM np~ o6ny4eH~~ 
He~TPOHaM~ c 3Hepr~e~ 1 M38. KpoMe Toro, B 3Kcnep~MeHTax 
C T~men~M~ ~OHaM~ cy~eCTBeHHO o6ner4aeTC~ KOHTpOnb 3a <)>~3~4ec
K~M~ ycnoa~~M~ ~x npoaeAeH~~. 

HeAaBHO 6~n~ npoaeAeH~ 3Kcnep~MeHT~/7/ no ~3y4eH~IO an~~H~~ 
~OHHoro o6ny4eH~~ Ha npo~ecc~ non3y4eCT~ ~ pa3pyweH~~ antOM~

H~~.e KOTOp~X 6~no nOKa3aHO, 4TO CKOpOCT~ 3T~X npo~eCCOB 
o4eHb c~nbHO eo3pacTatOT noA Ae~cTB~eM o6ny4eH~~. 

B HacTo~~e~ pa6oTe anepa~e ~ccneAyeTc~ ~3MeHeH~e Ae<!>opM~
PYtO~ero Hanp~meH~~ a npo~ecce o6ny4eH~~ ~cHaM~ pacT~r~eaeMoro 
c nocTo~HHO~ cKopocTbiO antOM~H~eaoro o6pa3~a. 06ny4eH~e npoao
A~nocb Ha ~~KnOTpOHe Y-300 B na6opaTOP~~ ~AePH~X peaK~~~ OH~H. 
CxeMa 3Kcnep~MeHTanbHO~ ycTaHOBK~ npeACTaeneHa Ha p~c. 1. 
HoH~ 12 C, ycKopeHH~e AO 3Hepr~~ 84 M38, 4epe3 <)>onbry a~XOAHoro 
<)>naH~a ~oHonpoBoAa a~BOA~n~Cb Hapymy ~ 4epe3 A~a<)>parMY /3/ 
nonaAan~ Ha pacT~r~aaeM~~ o6pa3e~ /4/, ecn~ <)>namoK /2/ 6~n 
e OTKP~TOM nonomeH~~. ToK ~OHOB nop~AKa 0,1 MKA ~3Mep~nc~ Kon
neKTopoM /5/, Kan~6poBaHH~M no ~~n~HAPY $apaAe~. an~Ha npo6e
ra ~oHoe 6wna 6onbwe Ton~~H~ o6pa3~a. TeMnepaTy~a o6pa3~a, 
3aB~C~~a~ OT TOKa ~OHOB, ~3Mep~nacb MeAb-KOHCTaHTaHOBO~ Tep
MOilapo~ ~ He npeBblwana 120°C. HarpymeH~e npoBCA~nocb Ha A~CTaH
~~OHHo ynpaen~eMo~ ~cnbnaTenbHO~ MaW~He ZM-10 nJ:~~ cKopocT~ 

Ae<)>opMa~~~ 3 ·1 o-3 c -l. c~rHan c A~HaMOMeTpa /6/ /s/4epe3 yew 
n~Tenb /7/ nOAaaanc~ Ha ~~<)>pOBO~ BOnbTMeTp m-68000 ~ CaMon~wy
~~~ noTeH~~oMeTp Kcn-4 /8/. non~Kp~cTann~4eCK~e o6pa3~~ ~3 
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PHc.l. CxeMa 3KcnepHMeHTanbHOH ycTaHOBKH AnH H3yqeHHH MexaHH

qecKHX CBOHCTB MeTannOB npH paCTHEeHHH C ilOCTOHHHOH CKOpOCTbW 

B npo~ecce o6nyqeHHH. 
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PHc. 2. THnHqHbiH yqacToK 3KcnepHMeHTanbHOH KPHBOH pacTHEeHHH 

npH HMnynbcHOM o6nyqeHHH. CneBa - cxeMaTHqecKoe H306paEeHHe 

3ailHCbiBaeMOH BO BpeMH 3KCilepHMeHTa ~HarpaMMbl paCTHEeHHH: ~al 

H ~a 2 - CKaqKH HailpHEeHHH B HaqanbHbiH H KOHeqHbiH MOMeHTbl o6ny

qeHHJI j ~ S- B03BpaT HanpHEeHHJI, CBJI3aHHbiH C oxna~eHHeM 06pa3-

~a nocne npeKpa~eHHH o6nyqeHHH. 
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anwMHHH~ 4HCTOTOH 99,99% C pa3MepOM pa6o4eH 4aCTH 15x3x0,08MW 
WTaMnOBanHCb H3 npOKaTaHH~X anwMHHHeB~X ~Onbr H OT~HranHCb 
npH TeMnepaType 300° a Te4eHHe 1 4. 

Ha pHc. 2 npHBeAeH THnH4H~H y4acTOK 3KcnepHMeHTanbHOH KpH
eoH. B Ha4anbH~H MOMeHT o6ny4eHH~ Ha6nwAaeTC~ CKa4K006pa3HOe 
naAeHHe Ae~OPMHpyw~ero Hanp~~eHH~ ~a 1.nocKonbKY npH BKnw4eHHH 
HOHHOro ToKa o6paae~ peaKo HarpeeaeTc~. TO Ha6nwAaeM~H cKa40K 
~al MOmeT 6~Tb CB~3aH KaK C paAHa~HOHH~M, TaK H C TennOB~M 
3~~eKTaMH. 3aTeM 3a C4eT nepeMe~eHH~ nOABH~HOH T~rH B~6HpaeT
C~ YAnHHeHHe, CB~3aHHOe C TennoB~M paCWHpeHHeM, H 3anHC~BaeT
C~ AHarpaMMa pacT~~eHH~ o6pas~a eo speM~ o6ny4eHH~. B npo~ec
ce o6ny4eHH~ MaTepHan paaynp04H~eTc~: ero Ae~opMa~H~ npoHcxo
AHT npH MeHbWeM Hanp~~eHHH H C MeHbWHM ynp04HeHHeM. npH nepe
KPbiTHH ny4Ka ~na~KOM Ha6nwAaeTCR CKa4K006pa3HOe yeenH4eHHe 
Ae~opMHpyw~ero Hanp~~eHH~ ~2 . TaK KaK epeM~, Heo6XOAHMoe An~ 
npeKpa~eHH~ o6ny4eHH~, ropa3AO MeHbWe speMeHH oxna~AeHH~ 
o6pa3~a, TO CKa40K HanpR~eHH~ B KOHe4HbiH MOMeHT o6ny4eHH~, 
sepo~THO, xapaKTepHayeT paAHa~HOHH~H 3~~eKT, a nocneAyw~ee 
nocTeneHHOe ysenH4eHHe Hanp~~eHH~ AO ypOBH~ COOTBeTCTBYW~ero 
Ha4any CKa4Ka ~a 1 /c Y4eTOM ynpo4HeHH~ npH Ae~opMa~HH noA 
ny4KOM/rH3MeHeHHe Ae~opMHpyw~ero Hanp~~eHH~ npH oxna~AeHHH 
o6pa3~a. BenH4HHa ~a 3 HaXOAHTc~ a cooTeeTcTBHH c AaHH~MH o6 
H3MeHeHHH npeAena TeKy4eCTH B SaBHCHMOCTH OT TeMnepaTyp~/9/, 
no KOTOp~M 3TO HSMeHeHHe COCTasn~eT -10% Ha 1QQ 0 0.BenH4HHa 
paAHa~HOHHOrO 3~~eKTa COCTaBn~eT -50% H SaBHCHT OT HHTeH
CHBHOCTH o6ny4eHH~, a TaK~e OT npHno~eHHOrO BHeWHerO Hanp~~e
HH~ H Ae~opMa~HH o6pas~a. 

TaK KaK 4Hcno cTa6HnbH~x Ae~eKTOB a ycnosH~x 3KcnepHMeHTa ~ 
HeSHa4HTenbHO, a paAHa~HOHH~e 3~~eKTbl Ha6nwAaWTC~ Cpasy ~e 
B Ha4anbH~H H KOHe4H~H MOMeHT~ o6ny4eHH~, TO OHH, no-BHAHMO
My, MOryT 06b~CH~TbC~ ynOM~HYT~MH B~We 6~CTponpoTeKaW~HMH 
npo~eccaMH. Cy~ecTBeHHY~ ponb Mo~eT HrpaTb TaK~e 3~~eKT AHHa
MH4ecKoro npe~epeHcalto{~anbHeHwHe 3KcnepHMeHT~ AOn~H~ cno
co6cTsoeaTb B~~CHeHHW ~H3H4eCKHX MeXaHHSMOB, OTBeTCTBeHH~X 

sa pasynpo4HeHHe MeTannoe a npo~ecce o6ny4eHH~. 

B SaKnw4eHHe aBTOP~ 6naroAaP~T aKaAeMHKa r.H.~nepoea H 
npo~eccopa IO.U.OraHec~Ha sa nOAAeP~KY a nocTaHOBKe 3KcnepHMeH
T08 H nocTO~HHoe 8HHMaHHe K pa6oTe, npo~eccopa IO.B.KoHo6ee8a, 
B.C.Kapace8a H r.C.4YAHH08a sa Y4dCTHe 8 o6cy~AeHHH 3KCnepHMeH
TanbH~X pe3ynbTaT08 H ~eHH~e SaMe4aHHR, a TaK~e n.f.COKOnOBy, 
H.H.4epHRBCKoro H B.A.CKypaT08a sa noMo~b 8 npoBeAeHHH 3Kcne
PHMeHT08. 
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