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( >rpy1nypHo-cpa:10Bbie ll3MeHeHirn IIOBepXH0CTei1 MeTaJIJIOB, o6nyqa

f'Mh!X MO!lUl!,IMH HOHHUMll HJIII 3Jie1npoHHUMII nyqRaMII, Ha6mo,UaJIHCb B 

IlOCJJe).I.Ulle ro,Ubl BO MHOrIIX 3l{CIIepIIMeHTaX [l-4). HecMOTpR Ha o6HJille 

'll{C!lepHMeIITaJibHOro MaTep0:ana, MexaHII3M B3aIIM0,Uei1CTBllR IIHTeHCll

BHIJX nyql{Oll ('. IIOBepXH0CTbIO TBep.uoro Tena eme He .uo l{0HIIa RCeH 

[2]. O;urnM H:3 IIO,UX0,U0B I{ IIHTepnpeTaUllII 31{CUepIIMeHTaJII,Hb!X .uanHhIX 

110 '-)Jl('J{T!)OIIHO-HOHHOH MO).I.IIqlIIRaUIIII IIOBepXHOCTei1 MeTaJIJI0B II CITJia

H0ll llllJUII0TCJI HCCJIC)I0BaHIIJI M0,UeJIII TepMoynpyrIIX npoueccoB [2]. IlpII 

o6nyqenIIII MeTaJIJIIIqecRoro o6pa3ua II0IIHbIMII IIMITYJibCaMII HaH0CeRyH

lIHOH JIJTHTeJihH0CTII npoIICX0,UIIT llHTeHCIIBIIblll pa3orpeB Il0BepXH0CTII 

o6pa:ma C II0CJie).l.y101uIIM ero 611CTpbIM 0XJia}l{,UeHIIeM. IlpII 3T0M B 06-

pa:nw H036y}l{).l.aIOTCJJ BOJIHI,I TepMoynpyrIIX HanpR}l{eHIIi1, yRa3hIBaIOIUIIe 

Ila TCMI!epaTypHo-.uecpopMaUHOHilble MO,UIIcpirnauIIII noBepXH0CTII II ne

peCTpoi1Ry cTpyRTyp11 RpIIcTaJIJIII<JeCR0i1 perneTRII MaTepIIana [2-6). B 

Harnett npe)IhI)IyIUei1 pa6oTe [7] qIIcJieHH0 II3yqaJiaCh ,UIIHaMHKa ynpy

rnx uanpR}l{eHIIH II TennonpoB0,UH0CTII B }l{eJie3HOi1 MIIIIIeHII npII IIMIIYJih

CII0M o6JiyqeHIIII BbIC0l{0'.:)I-lepreTIIqecRIIMII II0IIaMII. BbIJIO o6Hapy}l{eHo, 

lJT0 'JB0JII0IIIIR TepMoynpyrIIX uanpRllieHIIH npIIB0,UIIT I{ B03HIIl{H0BeHIIIO 

JI0l{aJIII30llaHHOi1 CTPYRTypu, l{0T0paR M0llieT 6b!Th IICII0Jih30BaHa .UJIR 

o6bRcHeHIIR crpyRTypno-cpa30BbIX II3MeHeHIIi1 o6nyqaeMOH IT0BepXH0CTII. 

B )Iamrnii pa6oTe M0)IeJIIIpy10TcR TepMoynpyrIIe :=icpcpeRThI, K0T0pble B03-

n111rn10T B MeTaJIJIIIqecROM o6pa3Ue II0JI .ueiiCTBIIeM nepII0,UIIqecRII MeIIR-

101ueroCJI co BpeMeHeM II0HHoro IICTQqHIIRa. I,fayqeHa ,UIIHaMIIl{a B3a

lIMO,UeHCTBIIR IIMIIYJihCOB TepMoynpyrIIx uanpRllieHIIi1. IIonyqeHo, qTo 

3BOJIIOUHJI TepMoynpyrux HanpRHleHIIi1 B o6pa3ue TOJIIUIIH0i1 lo 3aBIICHT 

OT B3aIIMH0i1 RoppeJIRUIIII .UBYX BpeMeHHhIX nepaMeTpoB: t1 = r- Bpe

MCHH ;reii ('.TBIIJl II0HHoro IICToqnmrn, II h = lo.._ BpeMeHII "OTRJIIIKa CIIC-
1JQ • 

TeMbI" (vo = Vsound), BhIRBJieIIhI pe}l{IIMbl pe30HaHcHoro ycIIJieHIIR II 

ocna6JICHIIR IIMITYJihC0B TepMoynpyrux HaIIpR}l{eIIIIfi, 3aBIICRIUIIe OT lIX 

Il0JIJipH0CTII. 



2. B3al1Mo,nei:icTBl1R 11:MIIYJibC0B TepMoyrrpyr11x HarrpR>KeHl1H 

rro,n ,nei:icTBl1eM rrep110,n11qecK11 MeRIOII.\erocR co upeMeHeM 

11:0HH0ro 11:CTQqHM:Ka 

B npe,11;1,r.n,yIIJ,eil: pa6oTe [7] Mhl 1rnyqam1 TepMoynpyrrre npouecchl, l{0-

T0phle B03HIJKaIOT IIpII 0)],IIHQqHQM IIMIIYJihCH0M II0HH0M 06ny11emrn T0II

l{fiX rrneHoR. Tepl\rnynpyrne HarrpJilliemrn, B03Hl:llrnIOIIHW npn mnwce

Ryn.n,noM l:lMIIYJihCH0M 06ny11eHHl:l rwnaMH yrnepo.n,a, 61,rnn paCC'll:lTa HJ,I 

.n,nJI o6pa3IJa H3 llieJie3a. · Ocuosm,1e xapa1nepncnmn I1011noro nyq1{a 

H TeIIJIOq:>II3l:lqecRl:le rrapaMeTpU llieJie3a, IICII0Jlh30BaHHJ,lf' B pac, 11t-'Tax, 

rrpnBe.n,em,1 B pa6oTe [7]. AHaJIH3 .D.l:ll-JaMHRII Tepr..rnynpyrIIx 11anpHH{<'

Hnii, rrpoBe.n,eHHhlii B pa6oTe [7], II0Ra3aJI, qTo M0MeHT BpeMerrn t = T' 8 

Teqemi:e R0Toporo o6pa3eIJ rro.n,BepraeTCJI o6ny'IeHHIO, onpe.n,enHeT nopor 

"cTpyRTYPHhlx", .n,etj:>opMaUIIOHHhIX H3Meneunil: B MaTepIIane. Ynpyro(' 

HaIIpJillieHl:le a-(x, t), R0Topoe tj:>opMnpyeTCJI Il0CJie 0Tl{JII0'leHHJI IIC'l'O'I

Hl:ll{a npn t > r, eCTh 0)],l:lHO'IHI,Iii IIMITYJihc; MLI Ha6mo.n,aJil:l o6pa:m

BaHIIe 6oJihIIIHX. no aMITJIIITy.n,e ynpyrnx uanpHllieHIIi1. XoTH IIMIIYJihC 

HanpJillieHHH IT0CJie MHoroRpaTHhIX OTpallieHHH OT rpaHl:lU o6pa3Ila HP 

o6uapylliHBaJI CR0Jih yro.n,uo 3aMeTH1IX II3MeHeHnii qrnpMhl II Cl{0pon11 ( 8 

l:lHTepBaJie O < t < 2, .JT)' TeM He MeHee, B0IIpoc 06 0UPHl{e ero aMIJJJIJ

TY.D.11 l:l C!Wp0CTII 3a )],0CTaToqHo 6oJihIIIOH nep11on BJWMe]Il:l 0CTaBaJICJI 

0TRphIThIM'. 

C ueJihIO 6onee .n,eTaJihHoro IJ3y11eHl:lH smrpoca 06 ynofi:qnsocrn HM

nynhca a-( x, t) ero speMeHHiUI .3B0JIIOIIIIH 61,rna pacc•rnTaHa qncJieHHo _Jl0 

t ~ 25T. ,ll,JIJI II3Y'lemrn '.:jBQJIIOUl:ll:l Tepl\rnynpyrIIX nanpHHWHIIH B Ha'!e

CTBe HCXO)],HOH M0)],eJUI MI,! IICII0Jlh30BaJIH, Ra!{ IJ. B HaII1ei1 IIJ)PJIJ,I)],YIILCH 

pa6oTe [7], CIICTeMy ypasnennil: 

!Cl2 !Cl:.! '.l2]' UO"x 2UO"x (/. -- = V -.- - (l'--
c)f2 s j)x2 c)f'2 ' 

( I ) 

- oT · c-J2T . aa-x 
(cp + goT) ot = fi:o ax2 -:- /3T at + q, (2) 

co CJie)],yIOIIJ,JJMl:l naqaJih!IhlMII ll rpaHl:l'IHhIMII ycJJ0BHJIMH: 

2 

( 
l 

I 

Da-x(x, 0) 
O"x(x, 0) = f)t = 0, O"x(0, t) = O"x(l, t) = 0, (3) 

T(x, 0) = To, 
8T(0, t) = 8T(l, t) = O. 

8:-1; ax 
(4) 

B ypasneHHHX ( 1) - (2) a- = o-x(x, t)- nanpJillieHne, T = T(x, t)
H'MnepaTypa o6pa3ua, a q = q(x, t)- tj:>yHRIIHJI, 0ill:lChlBaIOIIJ,aJI TeIIJIO

B0H l!CT0qHl:ll{. OTMeTHM, 'ITO see BeJIII'll:lHhI s tj:>opMynax (1) - (2) Bhlpa~ 

mem,I B 6e3pa3MepHhIX eJ]IIHIIIIaX, a RpaTRIIH BhlB0)], ypaBHeHIJH (1) - (2) 
HJ>HBC)],ell B pa6oTe [7]. <l>opMyJihI, BhlpalliaIOIIJ,IJe 6e3pa3MepH~e BeJIII

'Blllhl paccMaTJ)HBaeMOH ~0)],eJIIJ 11epe3 tj:>yH,ll.aMeHTaJihHhie II0CT0JIHHhie, 

HMPIOT BIi)], 

2 _ Er2 
_ EarTo _ ~ /3 _ aro-o 

Vs - ['2 ' Cl' - ' fi:o - /2 ' -Po o O"o CoPo o copo 
II 

Ea}To 
9o = copo 

<l>yHRIIHH q( X' t)' 0IIHChIBaIOIIJ,aJI IJCT0'IHIIR, orrpe.n.eJIJIJiaCh npn '.HOM 

C JJeJJyIOIUIIM BhlpallieHIIeM: 

H 

q(x, t) = Eoj(t) 
zeRo 

q(x, t) = O, 

T 

copoTo' 
npn t :S 1, x ::; ro 

npn t > 1, x > ro_, 

rJJe x = -
1
x, t = 1 , r0 = &1 , 10 -ToJIIIJ,IJHa o6nyqaeMoro 06-
0 T 0 

pa3ua, T-BpeMJI .n.eii:CTBHJI IJCT0'IHIJRa; Eo, j(t) = canst = Jr;ax, ze, 
Ro-Ha'laJlhHaJI ::rneprnJI, IIJI0TH0CTh T0Ra, 3apJIJJ. H cpe,ll.HJIJI ,ll.JIIIHa rrpo-

6era II0Ha C00TBeTCTBeHH0. 

KaR noRa3hIBaIOT 'IIICJieHH11e pe3ynhTaT11, IIMITYJihC yrrpyrIIx Ha

rrpJillieHni1 a-( x, t) JIBJIJieTCJI, B o6IIJ,eM, HeycToil:ql:lBhIM o6pa30BaHIJeM. 

O.n.HaIW xapaRTep neycToil:qHB0CTH a-( X' t) CHJlhH0 3aBHCIIT OT HeJIIJHeii

H0ro 'IJJeHa /3T 8;t B ypaBHeHIIl:l (2): npn 0TCYTCTBIIl:l .uaHHoro qJieHa. 

HMIIYJihC ynpyrnx HarrpJillieHII:i1 pacna.n,aeTCJI )I.0CTa'foquo 6hrcTpo; B npn

cyTcTBHH }Ke rrocJJe,11:rrnro l:lMITYJihC a-( X, t) 0TH0CIJTeJihH0 ,ll.0Jiro coxpa-

1rneT CBOH rrpoq:>HJih, X0TJI aMITJIHTYJJa ero rrpII 3T0M 3aMeTH0 yMeHbIIIa

eTJI (3a uepl:l0)], speMPHH, yRa3aHHhlH Bhime, MhI Ha6JIIO,l],aJil:l yMeHbilleHIJe 
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al\HIJIIITY.Ubl noqTII B,11,BOe ). J13BeCTHhle peruemrn [2-6], IIOJiytieHHJ,W B 

paMRax Teop1111 TepMoynpyrocn1 (na OCHOBe IICTIOJlb3YeMoii HaMII M0-

,11,eJIII), IIORa3bIBaIOT, qTo CBR3aHHOCTb TIOJieit TCMIIepaTypu II Ha npR HH'

Hllll oqen1 cna6aR . .LJ:eitCTBIITeJibHO, BJIIIRHlle HeJIIIHeHHOtl CBJI311 /jTil;;; 
Ha 3BOJIIOU:IIIO TeMnepaTyp11 T(x, t) HllqTO}I{H0 MaJIO (IIo cpaBIIeHIIIO C 

TeM, 1wr.ua ,11,aHHaR CBR3b OTCYTCTByeT ), 'ITO Tal{}J{P, cne,11.yf'T 113 nau111 X 

q11cJieHHbIX pe3yJI1TaTOB. TeM He MeHee, yqeT HCJIIIHettnoii CBJI311, KaH 

IIOKa3hlBaIOT pacqeThl, oqeHb BaJKeH ,11.JIR ycTOii'IIIBOCTII BOJIII ynpy1·11x 

nanpRmen11ii: IIMCHHO CJia6aR 3aBIICIIMOCTb IIOJieii Tf~MnepaTyJ)hl II IIa

IIpRlliCHllll 11rpaeT cyiu:ecTBeHHYIO poJib np11 3B0JIIOU:1111 BOJIII TepMoyupy-

' r11x nanpRllieHIIii ( T .e. IIOCJie OTKJIIOqeHIIR IICTOqHIIHa). 

PaccMOTpIIM Tenepb TepMoynpyrIIe 3cpcpeKTbI, ]{OT0pblf' B03HIIKalOT 

B MeTaJIJIIIqecRoM 06pa30:e no.n. .ueiicTBIIeM nep110,11.w1ecK11 Me1rn10iu:eroo1 

co BpeMeHeM IIOHHOro IICToqn11Ra. ITpII 3TOM npe,11.IIOJIO,J{IIM, qTo q(.r, l) 
RBJIRCTCR nepII0,11,IIqecKOii c}lYHRU:IICH BpeMeHII (p11c. l ). TTo cpaBHCllHIO 

C O,ll,IIH0qHhlM IIMIIYJibCOM IIOHHOro o6JiyqeHIIJI BI,I6op T<~flJIOBOro IICT0'I

HIIHa C onpe.uenennoii qacTOTOii CJIC,11.0BaHIIR IIMHYJibC0B, 11306pa}l{eirnoro 

na pIIc.1, 6onee a,11.CHBaTeH, Ha naru B3rJIR.U, 3KcrrepIIMeHTaJibIIhIM YCJIO

BIIRM IIonnoii 60M6ap,11.11poB1rn [2]. OcnoBnotl Borrpoc, npe.n.craBJIR101u11tl 

rrpe,11.MeT .uannoro IICCJIC,11.0BaHIIR, COCTOIIT B 113Y'ICHIIl1 ,11.IIHaMll!{II B3all

l\W,ll.CiicTBIIR IIMIIYJihC0B TepMoyrrpyrnx narrpm1{en11ii. )JJIJI a11aJI113a B3a

IIMO,ll.CllCTBllR llMIIYJihCOB TCpMoyrrpyrIIX narrpmKeHIIii y.no6no BBeCTII .llBa 

BpeMCHII:, 

1) t1 = T- BpCMR ,11.eiiCTBllR IIOHHOro llCTOqHII]{a; 

2) t2 = ~- BpeMR, neo6xo,11.HMOC ,11.JIR rrp~,11.BII}l{eHIIJI MaHCIIMyMa 

B0JIHI,I ynpyrnx nanpR}l{CHllii co CK0pOCTbIO Vo ~ Vsound na paccT0JI

HIIC lo (BpCMR t2 Mhl ycJIOBHO Ha30BeM BpCMCHCM "oTKJIIIHa CIICTCMl,I" Ha 

BHCIIIHee B03,11.CllCTBlle IIOHHOro o6nyqenIIR). 

Kai{ ll3BCCTHO [5-7]' ,11,IIHaMHqetRIIii TepMoynpyrnii 3c})q.>eKT C0CTOIIT 

B TOM, 'ITO 611cTpI,Iii ·narpeB ( np11 BHJII0'IeHlIII IICT0'IHlll{a II0HH0I'0 06-

JIY'ICHllJI) IIJIH "6hICTpoe oxJia}l{,11.ennP" ( np11 oTKJII0'lf'H Hll ncTo'I ii 1rna) 

C03,ll.aI0T ynpyrne HaIIpR}l{eHIIJI B TBC)),ll.OM TeJie. BhlcTphIH llctl'p<~H IIJlH 

3T0M C03,ll.aeT B 06pa3ue IIMnym,c ynpyrnx HaIIpJl}l{eIIIIii OTJ)III\iiTf'JlhHOH 

II0JIRJ)H0CTII (pnc.2, cnpaBa), a 6h!cTpoe OXJia}l{,ll.f'Hllf' -- IIMIIYJihC II0JI0-
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ih:llT<'JihllOH IIOJIHJHlOCTll (p11c.2, CJieBa). l{a1{ HH,LUIO ll:1 pHc.2, pac11po

CTf>alH'llll(' BOJIII IIOJIOtKHH'JihlIOii ll OTJ>lllldT<'JlhllOH II0JIJlj>l!0<'Tl1. C ,V'W

TOM HX MIIOl'OKJ)<lTHhlX 0TJ)<l)l{f'llll i,i OT rpaH ll ll 06pa:1ua. IIM<'<'T II ponrno

lIOJIOH{llh!H xapaKTep. B o6JiaCTll BCT)Je'III0fO CT0Jil{II0BC'l!IIJI 11MII.YJll,C0B 

ynpyrnx 11a11p.R)l{e1111H MI,I na6monaeM 11x B:1aHl\lllOt' yrnm·1111c' ( 1n1c.:3). 

Tqn10y11pynw 11Mny,11,c1,1 II0CJH' B:lilHMOJl<~HCTHHR coxpal!III0T CHUIO JI0-

haJ111:mBaJ1H0CTI,, TO CCTh 01111 BI,IX0.llJIT 11:1 CT0JIIUIOH<'IIHII fic:J :1al\1<'Tl!0l'll 

U:l.\WHf'll1111 ill\lTIJll1TY.llhl ll CH0))0CTH. (' .Y'WT0M 0OJlhlIIOii C1<0pocn1 H0JJII 

T<'))l\10.YIIJJ.YrHX llilll))ll}l{f'l!HH (vo = /Jso,mrl > !'jQ007) l\lhl fiyJl<'M lll\l<"l'h, 

1,al{ ('Jl{'JlCTBll(', 6om.111y10 '!aCT0TY p<'l'l1CT)lillllll1 o6JtaC'rH BhlC0KHX :ma

'ICIIHH aMIIJIHTY.llhl ynpyrttx llilllfHDKf'IIHH tt !la/lcll!HOl\l o6pa:lll<'. 

C,wpocn, Vu JlBHH{<'llllJI H0JIII ynpyr11x 11a1IfHIHH'lll1ti :1aHHCHT T0Jll,I{() 

OT cBoHcrn 0611y•1ac111oro 06pa:11la H ll<' :iaBHnn OT aMIIJIHTYJlhI. Ta1{ Hali 

'lilCTOTa ynpyrHX l{()JI('0airnH Oll]H~.ll<'JIJ!t'1TII TOJll,I{() TOJllllHIIOH o6pa:Hla 

( l2 = !! ), :rna11 CIWJl0CTh Vo ( Vo ,..__, 11.somul) l1 Cil<'IUlctJihll0 110/l0II))aR 

•1acr0Ty ( JlJIHT<~JihHOCTh) MeH{JlY HMIT,YJihCaMH lfCJ'O'IHtt Ha ( b 11a 1rnc. l), 
MO}KH0 CIWJ)J)f'JIH))OBaTh llMIT,YJihCl,l y11pyrHX nanpl!H{f'Hllil O}UlHill{OH0M 

HJIH pa3IIOH II0JIRpHOCTll. rlp11 '.)TOM MhI orpamI'lllBaeMCJI HCCJ!e/l0Ba

HHf'M B:laHMOJlCllCTBllR TCpMoynpyrnx llMITYJihCOB B IIOHepXIIOCTIIOH 06-

JJaCTll ;r ~ ro, COOTBCTCTBYIOIUCll rny6tt11e Hp01Il1l{IIOH(~IIIUI H0II0B H Ma

H'))llclJIC'. Oco6F,1i1 mnepec I{ no11y•1e111110 1rnpTHHhI JlHHaMHlrn B:1a11Mo

n<·iicTBHII H0JIII TC))MO,YIIpyrHX uanpHHWHHM H IIJJl11I0HCpXH0CTHhIX CJIOJIX 

Bhl3Ball Tpe6ottallllHMll 11pal{Tll.Hll. O6ny•ieHIH' T0IIIUIX llJteH0I{ M0IIUihlMH 

HMIIYJlbCH l,IM 11 HOH HhIMH ny•rnaMH' !{al{ IJOl{cl!ll,!Bil!OT ')l{CIWJ)HMCHTbl [ 1-4], 
M0,IU~T C0:1/lclBclTh COHeplll<'HIIO II0BhH' CTJ>,Yl<TY))hl C ()lWIJh llHTepccm,IMH 

JUI.R 11pa1nwwc1rnx ueneii tj>H3llHO-Xl1MH'ICCl{l1Ml1 CHOllCTBilMH llMCIIIIO B 

II0BCjJXII0CTllhIX CJIO.RX. IJOJIY'-WIIIII,W llclMH 11llCJICHllhlC J)C!l,YJll,T<IThl II0l{cL

:11,JBal0T, 'IT0 B IIOBepXHOCTIIOH o6JiaCTH M0H{II0 fJ0J[.YqWrh JJe}KHMhI pt~:m

HaHcnoro ycHJlf'Illl.R l1Jil1 ocna6JICHll.R llMIIYJihC0B TepMoynpyrHX HctnpH

H{CHHH. Ha p11c.4 H !'j C00TBf'TCTHf'HH0 II0l{ct:iam,1 l{ilJHHill,I B::lclHMO.lleH

CTB'III HMIIYJll,C0B ynpyrHX nanpR}l{f'IIHH O.llHHcll{()BOM ll IIJ)0Tl1BllfIOJIO}l{

IIOll 1101111puocT<~H. B:1a11MoneHcTBHe HMny11bcoB y11pyn1x 11an pHHWH_HH c 

O.llHilaKOBOH IIOJIRJ)II0CThl0 (n.1. pttc.4) Ilf)IIHO)~llT I{ HX ycHJICHllIO (MhI 

HMCf'M l{O')tjHj>HllHeH'J' ycHJICIIHR .llJIR aMIJJIHTY.lll>I peayJJhTHpy1011wro 11M-
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rrym,ca HaIIpR}l{eHIIM J( = <Tope,. ~ 2) j B3aIIMOJl.ell<-TBTie Hff' IIMIIYJibCOB 
ao 

C npoTIIBOIIOJIO}l{HOM IIOJIRpHOCTbIO ( CM. pIIc.5) - I{ IIX 3Ha'rnTeJILIIOM.Y 

pe3oHaHCHOMY ocna6JieHIIIO. ITocRoJihRY cRopocTb v0 , KaK 6LIJIO OTMe

qeHo BblIIIe, He 3aBIICIIT OT aMIIJIIITJJl.bl yrrpyroii BOJIHhI, TO cneilllaJIJ,HO 

rro.n.o6paHHblll rrep110.n.11qecKIIM reHepaTop IIMIIJJibCHOrO 0.0HHoro o6ny

qeHIIR MO}l{eT ycIIJIIITb aMIIJIIITYJJ.Y pe3JJibT0.py10111eii BOJIHhl yrrpyr0.x 11a

IIpR}l{eHIIM MHOroRpaTHO (I<n = n·K, n = 1, 2, ... -KpaTHOCTh yc0.neHJrn). 

YBeJI11qeH11e aMIIJIIITYJl.hl TepMoynpyr11x HanpR}l{eHIIM cB0.J1.eTeJibCTBYeT, 

B CBOIO oqepe,n:1,, 0 3Haq11TeJihHbIX .n.ecpopMaIJ0.0HHhIX II3MCHeH0.RX o6ny

qaeMoro ·MaTepIIaJia. 

TaRIIM o6pa30M, JJ.IIHaMIIKa B3aIIMOJJ.eMCTBIIR IIMIIYJihCOB Tepr..rnynpy

rIIX HanpR}l{eHIIM, B03HIIKaIOIUIIX B MeTaJIJIWJeCI{OM o6pa:JIJe IIOJI. Jl,f'.i-i

CTBIIeM nep110,n:11qecRoro IIOHHOro IICTOqHIIRa, 3aB0.CIIT OT B3alIMHOii. 1wp

peJIRIJIIII JJ.BYX BpeMeHHhIX nepaMeTpOB: t1 = T - BpeMeHTI ,n:eiicTBHH 

IIOHHOro IICToqm-rna 0. t2 = _/_o_ - BpeMeHII "OTKJIIIKa C0.CTCMbI" . Cne-vo . 
IJIIaJibHblM 110.n.6opoM qacTOThI (J1.JIIITeJihHOCT0.) Me}l{.n:y IIMIIYJibCaMH HC-

Toqn11Ka MO}l{HO CRoppem1poBaTb B3aIIMOJ1.eMCTBIIR IIMIIYJihCOB ynpyrrrx 

HaIIpR}l{eHIIM OJI.IIHaKOBOii. IIJilI pa3HOii. IIOJIRJ)HOCTTI. I1p11 3TOM B up11-

IIOBepXHOCTHOM cnoe MO}l{HO JI.OCTIIqb pe}l{IIMOB pe3oHaHCHoro ycTIJif~Hl111 

IIMIIYJibCOB TepMoyrrpyrTIX HaIIpR}l{eHIIM OJJ.lIHaKOBOii. IIOJIRpHOCTH TI OCJia-

6neHIIJJ HMIIYJibCOB pa3HOii. IIOJIRJ)HOCTTI. Pe3yJibTaTbl npoBe,n:eHHhlX 'Il1-

CJieHHblX IICCJie,n:oBaHlIM MoryT 6LITb IICIIOJib30BaHbl JJ.JIJI COBeprneHCTBOBa

HlIJI MOJJ.eJilI CTPYRTypHo-cpa30BhIX II3MeHeHIIH B MeTaJIJIWieCROM o6pa3IJf' 

IIOJI. BJilIRHHeM nepHOJI.IIqecRoro o6nyqenHR CTIJibHOTO'!HhIM HOHHhlM IIC

TOqHIIKOM. B qacTHOCTII, naM npe.n.cTaBJIReTCJI _nepcneKTHBHbIM JJ.OIIOJI

HHTb CIICTeMy (1)-(2) ypaBHeHHeM IIJiaCTIIqHOCTH, 'ITO Mbl IIJiaHJl.pyeM 

c,n:enaTL B Hanrnx cne,n:y10ru11x pa6oTaX. 

ABTopLI Bhlpa}l{aJoT 6naro.n.apuocTh npo(jieccopy l1.H.Me11m0By :1a 

06cy}l{J1.eHIIe IIOCTaHOBRH 3a,n:aqI1 I1 IJemn.re 3aMeqaHTIR. Pa6oTa BhlIIOJI

HeHa npH ITOJI.Jl.ep}l{I{('~ PocCHMCKOro cpoH,n:a cpyH,n:aMeJITaJibHhIX IICCJI('JIO

BaHHM, rpaHT P<D<Dl1-97-0l-01040. 
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AMttpxattoB 11.B. H J:lp. P2-98-201 
MoJ:(eJih B3aHMOJ:(eHCTBml HMTTYJihCOB TepMoynpyrnx Hanp5DKeHHH 
B MeTaJIJiax [10J:l J:(eHCTBHeM nepHOJ:(lfqecKoro llOHHOro HCTOqHHKa 

OJ:lHHM ll3 TTOJ:(XOJ:10B K llHTepnpeTaUllll COBpeMeHHf,IX 3KCnepHMeHTaJihHhlX 
J:(aHHhlX no 3JieKTpOHHO-HOHHOH MOJ:lll(pHKaUHH noBepXHOCTll MeTaJIJIOB H C[lJlaBOB 
.HBJI.HIOTC.H llCCJieJ:(OBaHH.H MOJ:(eJIH TepMoynpyrnx npoueccoB. Pattee HaMH qncneHHO 
6blJIO o6ttap}')KeHO, qTo 3B0JIIOUH.H TepMoynpyrnx Hanp.H:lKeHHH npHBOJ:lHT K B03HHK
HOBeHHIO JIOKaJIH30BaHHOH CTPYKTYPhl, KOTOpa.H MO:lKeT 6bJTh llC[l0Jlh30BaHa M.H 
061>.HCHeHH.H CTPYKTYPHO-(pa30BhIX H3MeHeHHH o6nyqaeMOH noBepXHOCTH. B J:laHHOH 
pa6oTe MOJ:(eJIHPYIOTC.H TepMoynpyrne ::icpcpeKThl, K0T0phie MOryr B03HllKHYTh B 
MeTaJIJIHqecKoM o6pa3ue noJ:1 J:1eikTBHeM nepttom1qecKH MeH.HIOIUeroc.H co BpeMeHeM 
HOHHOro HCTOqHHKa. l13yqeHa J:lHHaMHKa B3aHMOJ:(eHCTBH.H HMnyJihCOB TepMoynpyrnx 
1rnnp.H:lKem1fi. TionyqeHo, qTO 3BOJIIOUH.H TepMoynpyrnx Hanp.H:lKeHHH B 06pa3ue 
TOJIIUHHOH lo 3aBHCHT OT B3aHMHOH KoppeJI.HUHll J:lBYX BpeMeHHh!X napaMeTpOB: 

t I = 't - BpeMeHH J:(eHCTBII.SI HOHHOro HCToqHHKa, H '2 =lo/Vo - BpeMeHH «OTKJIHKa 

CIICTeMhl» (vo = vsound). Bhl.HBJieHhl pe:lKIIMhl pe3oHaHCHOro ycnneHII.H II ocna6JieHH.H 

IIMTTYJJhCOB TepMoynpyrnx Hanp.H:lKeHIIH. 
Pa6oTa Bhf[lOJIHeHa B Jla6opaTOpH11 BbfqllCJIIITeJJhHOH TeXHIIKll II aBTOMaT113aUilll 

mum. 
ITpenpHHT Om,e11m1e1111oro HHCTHTyra ll/lepHl,IX HCCJJe/lOBaHHH. lly611a, 1998 

Amirkhanov I.V. et al. 
A Model of Interaction of Thermoelastic Strength Pulses in Metals 
under the Influence of Periodic Ion Sources 

P2-98-201 

One of the approaches to interprete the modern experimental data on the electron 
and ion surface treatment of metals and alloys is the investigation of models of 
thermoelastic processes. Earlier on we have numerically observed that the evolution 
of thermoelastic strengths leads to formation of a localized structure which may be 
used to explain the structural-phase changes of the surface treated. In the present 
work we have simulated the thermoelastic strengths in metals, which may be 
generated under the influence of periodic ion sources. The collision dynamics of 
pulses of thermoelastic strengths is investigated. We have obtained that the evolution 
of thermoelastic strengths in a sample of /

0 
thickness depends on a correlation of 

two temporary parameters: t 1 = 't - the time of action of ion sources and 

r2 = /0 /v0 - the time of «response of system» (v0 = vsound). The regimes of the 

resonance amplification and weakening of thermoelastic strength pulses are showed. 

The rnvestigation has been performed at the Laboratory of Computing 
Techniques and Automation, JINR. 
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