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TiocJie ycTa.H0BJie.HHII T0ro cpaKTa, _'ITO BblCOKOTeMnepaTypHhle CBcpxnp0B0.ll,Hlllill 

· (BttTI); o6Jiyqemrne ,!l,0CTaT0'IH0 TRJKenmm ll0Hal.m, cnoco6H_bl nponycKaTb 6ea Ha

pymeHHJI CB0HX CBepxnpoB0,ll)Ill~X CB0ilCTB TOIUI cymecTBCHH0 6oJibUJHe, 'leM' He 06-

-nyqernwe (acpcpeKT nHHHHura), 6blJIO npoae.ne~o 6oJibllloe Ko.nw1ecrno c1Kcnep11~eHT0B_ 

c uecKOJiblillMH nmaMH BT.CTI 11 ycKopeIDiblMH t.tacmuaim, o6Jia,naanmim lllHpolillM 

ua6opoM -ropM03HblX crioco6uocTeil~ BblliCHHJIOCb, _ 'ITO n11uu11ur B03pacTaJI oco6eHJIO 

3aMCTH0, Kor.zi.a B pe3y.iu.TaTe o6Jiy'le.HHII B MaTepHaJiaX B03HHKaJIH JIBa3HHenpepblBHble 

Tpe°irn cno,11,XO.!VIUUiMH nonepe'IHLIMH pa3MepaMH (CM., 1ianp11Mep, o63op [l]). OHH ua-

6mo.zi.aJIHcb.c noM0l1\bIO•pa3JIWIHbJX cpH3H'leclillx MeTo.zi.oa, BRJIIO'lan c1Jie1npoHHyro MH

KpocKOITHIO BblCOKoro pa3pellleHHH. -B MOHOKpHCTaJIJiax Tpelill npe.nci-aBJIJIJillCb B BHJ].e 

a~Opq>Hb!X _ o6JiaCTefi 3JIJIHilTH'leCKOrO 11JIH Kpyrnoro ce'1e1ma ~o Cpe.II,HHM pa,D.Hy~oM ,/l0 -

· 5 HM c .zi.ocTaTo'IHO pC31illMH rpaHJ1UaM11. O.II,H11M 11:i uatt6oJI-ee nepo1IT.Hb1X MexaiIH3-.,, 

MOB o6pa3oBaHlUi TalUIX.'.fpeK0B MOJKH0 C'llfT~Tb nnailJieHHe Bem~cTiia,.06ycJioBJieHIIOe 

BblJ].eJIHBllleilc~ np11 npOXOlRJl:eHHH H0Ha 3Hepmeil, C' nocJie,nyIOl1\l1M CBepx6blcTpb1M 3a-

• TBep.neaa.HJ1eM. 

HaCKOJib1c(O llaM HJBCCTIIO, Il0Ka He 6bJJIO, C,!l,eJiaH0 pact.IeT0B J}a3MepoB . TpeKOB B 

BT,CTI. B uacT0Jitneil pa6oni J\IUOCT.aHOBHMCJI Ha M0,/lCJill paC'!CTa B Bap11a1ue, Becuia 

6Jll13KOM H T0MY, :mTopblil :iie.zi.aaHo HCIJ0Jib30BaJICJI <l1paHuyJcimM11 aaTOpaMH ,!l,JIJI _onH

ca1~ IlP<?,UeCC0B TpCK006pa30BaHHJI B HeCBepxnpoB0.l(Jll1\l1X ~!aTep11aJiaX (RaK B Me-

TaJIJiaX, TaK 11 1130JIJITOpax) [2-4]. 'B 0CH0BY M0J].eJIH; IlOJIO}l{eHa: CBJI3aHJiaJI CHCTeMa 

HeJIH11ell:m,1x JJ.Hq>cpepem.\HaJibHLIX ypaane1mti IIapa6011tt~ecnoro nma, )''IHTblBaroman 

itaK 3,iieKTJJOHJible, TaH lI <pOHOHHble CTene.1111 cao6o.n.w, a TaHme B3am10.n.eilCTBlle MCJR,ny 

HHMII. B ~JIHH,!1,p114ec1mx H00JJ,lll1:HaTaX CHCTe~rn ltMCCT BH,!l,: 

C ( )aT • . - a [, ( DT.]· 1<.(T,)81~ , • _ - -• p • T. -:--
8 

= -
8 

A. T,)-
8 

+ ---
8

. - g(T. -1;) + A(r,t), t r r r __ , • . . ( 1)' 

-· c·(·T.)BT;, - a [J,'('T, )oT;]' K;(T;)-oT; - _(T T),' 
P i ; -at = -a \; ; -a +---a+ 9 " - i ' _ -- . --, _ r .- r_ r _- r . 

(2) 

rie c., C; H rl(.,J{; - TeITJIOCMHOCTl1'11 TeilJIOilpOBO)UIOCTll 3JICHTpOHH0li CHCTeMbl 11 

pellleTlill, p - ITJIOTHoCTb nemecrna, g -,- K~HCTaHTa, onp~.n.eJIJIIOUlaJI o6MeH c1uepr11eil 

MeJK,ny 3JieHTpoHaMn 11 pemeTl{oit, ·A(r, t) _;_ MOIL\HOCTb c1ueproBbl,!l,eJI~HlIJI B M0MeHT 

BpeMeim t B T0'IHe r, r.n.e paCCT0JIHlle 7' 0TMepJICTCJI nepneH,llHHyJIJipno TpaeHTop1111 
l-l0Ha. . - . . . - . . - - • . 

· TioCHOJibKY B BetneCTBe IIJ)0llCX0,ll.HT IlJiaBJieJme, a TaJOHC ll3-3a HCT0'le'IH0CTH HC

TO'lJIHRa, paccAtaTpnaaeMan cncTeMa MomeT 6b1Tb pemena TOJihRO •mcnenno. B Mo.ne;m 

TepMani,'uoro nHKa o6w•mo npmmMaeTCJI ynpoma101n.ee npe,1J,IIo~ome1me K,(T.) = 
_ con~t, Ilpll H0TOJ)OM ypaBHemte (1) MOJRCT .6b1Tb IlJJC,llCTaBJICH0 B nn.n.e: 

._ 1 . A(r,t) 
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r.ne De = K./ pC. - K03<pcpnuneHT TeMnepaTyponpono,llHocTn B 3JieKTpoHHoil IJo.n.cn

cTeMe, r = pC./ g - IJOCTOJIHHaJI npeMeirn o6Meua 3Heprneil MeJK,ny 3JICKTpoHaMn 11 

pemeTuoil. 

MaTeMaTH'leCHaJI MO,!l,eJib lICTO'lHlfRa A(r, t) OITHCaua B pa6oTe [5]1 •. PacqeTbl IJOHa-

3blBaJOT, 'ITO npouecc ,meproBbl,!l,eJieHHII B 3JieRTpOHHOli IIO,llClICTeMe Ilpll npoxolK,!l,emni: 

HOHa qepe3 nemecTBO IIpaHTH'leCHH 3aKaH'll1BaeTCJl IIpn t "' 10-·14c, T.e. 3a,!l,OJir0 ,no -

Toro, HaK IIp01130li,!l,CT IIepe,naqa cymecTBeHHOli ,!l,OJIH 3Heprnn OT 3JieHTpOHOB pemeTHe, 

T.H. IIpJIMble 3KCITCplt:MeHTaJibHble H3MepeHiui: C IlOMOIL\bio Jia3epuoii:' q>CMTOCeKYH,ZUJOli 

TeXHHlill ,!l,aJOT BeJIH'lllHy T = (0.5 + 3) X 10-12c. lfaMepeHHe 3TOli Benwnnibl ,!l,JIJI 

BTCTI, no-BH,!l,HMOMY, ue npoBO,!l,llJI0Cb, noc1T0My B HamlfX pacqeTax BeJIH'lllHa r·c'llf~ 

TaJiaCb IJO,!l,I'OH0'lHblM napaMeTpOM, JieJKamttM B YKMa.HHblX IIpe,!l,eJiax: TaKHM 'o6pa30M1 

npn t 2::: 10-14 · C M0JKHO C'llfTaTb, 'ITO A(r, t) = 0, a IJOCT)'IlHBIIIaJI B nemecTBO 3ueprJ1JI

TpauccpopMnpoBaJiaCb B ueuoTopoe H~'laJibHoe paCIIpe.neJieHHe TeMnepaTypbl 3JICHTpo

HOB T.(r;0). -
TeopeTll'leCIUIC 11 3KCnepHMeHTaJibHblC lICCJie,!l,OBaHHJI noua3blBaJOT, 'ITO, ,nJIJI pac

CMaTpnaaeMblx npo:ueccoB K03q>cpnuneuT TeMnepaTyponpoBO,!l,HOCTH D. '3JieKTpOHOB 

IJOCTOJIHeH II HMCeT npaRTH'leCIUI o,nmiaKOB0C 3Ha'leHHe KaH ,nJIJI MeTaJIJIOB;'TaH 11 ,!l,JIJI 

,!l,ll3JICHTplIROB De ~ lcM2 / c: 9TO CBJI3aHo C TeM' 'ITO CHJibH0 Bo36ylK,!l,eHHaJI o6JiaCTb 

BHYTPl1 TpeRa MH0ro3ap1I,llHOro 110Ha xapaKTepl13yeTCJI np116Jil13HTeJihHO o,nmiaKOBblM:11 

napaMeTpaMH, He 3aBHCIIl1\11MlI OT CB0HCTB BemecTBa Ilpll HOMHaTHblX TeMnepaTypax 

[6].' B uaCTOJIIL\eil pa6oTe Mhl, cJie,nyJI [4], B3JI1Il1 D. = 2cM2 /c. 

Cae.n.eHHJI O IJJIOTHOCTH p CBepxnpoBO,!],JIIL\llX MaTepnaJIOB 6wm B3JITbl 113 pa6oTbl 

[7]. B qacTHocTn, ,nJIJI Y Ba2Cu301 H Bi:1Sr2CaCu20s npnHHMaJIHCb 3Ha'!e.HHII 6.39 

11 6.52 r / CM3 COOTBeTCTBeHH0. 

9KcnepHMCHTaJibHble cne,ne.HHII o C; 11 K; a HHTepecyromeil nae 06nacT11 TeMIIepa

TYP 0TCYTCTBYJOT. TI03TOMY ,!l,JIJI HX OUeHIUI nplIIIIJIOCb npn6eruyTb H 3HCTpaII0JIJIUlllI 

lI3 o6JiaCTlI ROMHaTHblX TeMnepaTyp C yqeT0M cpyHHUHOHaJibHblX 3aBHCHMOCTeil, no.n.

CKa3bJBaeMbJX cymecTBYJOmttMH MO,!l,CJIJIMl1 BTCTI • .l(JIJI TeilJIOCMROCTH pemeTKlI C; Mbl 

orpaHH'IHJIHCb IJOCTOJIHHblM 3Ha'leHHeM, CO0TBeTCTBYJOIL\HM 3aHOHY .l(roJioHra lI TITH 

C; = 24.9.l(JK/MoJibK, nocKOJibHY npn6JIH3HTeJibno 90% 3Toro 3Hat.Ie.HHII .n.ocTnraeTcJI 

yJKe IIpH ROMHaTHblX TeMnepaTypax [8] 11 cymecTBCHHOro OTJill'llIJI OT noro 3HatICHlIJI 

IIp11 6oJiee BblCOKHX TeMnepaTypax TeoplIJI He npe.ncua3h1Baer • .l(JIJI oueHKH K; ii M0HO

HpncTaJIJiax lICIJ0Jib30BaJil1Cb pa6oTbl [9 - 13], ,!],al011\HC IIpn K0MHaTIIblX TeMIIepaTypax 

MaHcnMaJibHble 3Ha'ICHHII 5.6 x 10-2 11 4.0 x 10-2 .l(JK/c cM K ,!l,JIJI Y Ba2Cu30 7 H 

Bi2Sr2CaCu20 8 . coorneTCTBCHHO (npocTble o:uenlill noHa3h!BaroT, 'ITO HHTepecyromne _ 

Hae IIpOCTpaHCTBCHHble xapaKTepHCTlllill TpeHOB, IlO-Bll,!l,llMOMY, He oqenb CHJibHO 3a

BHCHT OT K;). 
B paMKax nplIHJITblX 3,!l,eCb IIpn6JllIJKemrn, ypaBHeHHe (2) npHHHMaeT B11,n: 

l .JJ:;rn paccMOTpeHHblX HaM11 cnyqaeB MO,n;eJib' rrpo,n;eMOHCTpllpOBaJia TO'lHOCTh' BI,JqJ!cJieHirn TOp

M03HOii: CIIOC06HOCTH OT 10 (Jlllll JierRIIX UaJieTaJO!llllX 11,n;ep) JlO 25 (Jlllll TIIJKeJiblX) %. Ilo3TOMY, Jlllll 

ycTaHOBJieHIIII COOTBeTCTBHII C 3RCIIep11MeHTallhHblMH ,n;aHHblMII, Mbl rrpOH3BeJIH COOTBeTCTBYJOillYJO rre

peHOpMHpOBRY HCTOqH11Ra. 
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IIocKom.Ky BeJlli'IIDia C0 6.T. npe.n;cTaBJIHeT co6ofi cyMMapHy10 ,rnepr:1110, nocTy

Ill1BIIIYIO B 3JieKTpOHffYIO no.n;c11cTeMy OT BHeruHero 11cTO'llillKa, 11 nocK<>1IbKY T. >> T;, 
113 (4) CJie.n;yeT, 'ITO JII06hle Bap11awm Ce, Ilp:11 KOTOphlX OCTaeTCH cnpaBe,AJil1BhlM Hepa

BeHCTBO C. << C;, He CKa3hlBaroTCH Ha TeMnepaType T; perueTK:11. BHanmx pac'l:eTax 

npmnrnaeTCH 3Ha'l:eH:11e 3JleKTpOHHOli TemioeMKOCT:11 2.4 X 1Qc-:2 l1 2.0 -x_l0_:2 Jl.m/ CM3 I< 
.n;JIH YBa2Cu30111 Bi2Sr2CaCit20s, KOTOphle cornacy10TCH c npl1HHTh!M a,necb aHa'l:e-

- HHeM TeMnepaTyponpoBO.n;HOCT:11 3JieKTpOHOB np:11 BhlCOKl1X TeMnepaTypax l1 npaBl1JlbHO 

BOCilpOl13BO,IVIT COOTHOiueHHe MelK.n;y 3JleKTpOHHhlMl1 l1 <pOHOHHh!Ml1 T~MIIepaTyponpo

BO.n;HOCTHM:11 np:11 KOMHaTHOli TeMnepaType. 

· CBe.n;eH11H o TennoTe 11 TeMnepaType nnaBJieHlfH HeKoTOphlx BTCII MOlKHO HafiT:11 

, B pa601:ax [14-: 16]. Jl,JIH y Ba2Cu301 l1 Bi2Sr2CaCu20s Tenm:iTa IIJiaBJieHl1H paBHa 

_810 ± 5 11 731 ± 21 KJJ,m/Mom, a TeMnepaTypa nnaBJieHl1H Haxo.n;11TcJI B•l1HTepBanax 

1010 - 1300 11 860 _:__ 1000 °0, COOTBeTCTBeHHO. O,nHaKo, npoBe,AeHHh!e npe,n;Bap:11-

Tem.Hh!e pac'l:eTh!. c 11cnoJib30BaH11eM 6116Jrn:0TeK11 nporpaMM,:pa3pa6oTaHHofi Numer

ical Algorithms Group (CIIIA) noKa3aJil1, 'ITO_ yqeT Tennom nnaB_JieHlfH np11Bo,n11T 

K cym:ecTBeHHOMy,yBeJil1'leHl110 3aTpaT MaJI1l1HHOro BpeMeHl1 l1 Hym.n;aeTCH B )l;OIIOJIHl1-

TeJThHOli OilTl1Ml13aUID1 paC'l:eTHoro anrop11TMa. Ilo:1TOMY, B HaCTOHm;eM coo6m;eHl1l1 im 

orpaHl1'lllMCH pac'l:eTOM pa.n;llycoB TpeKOB B paMKax Mo.n;eJil1, He Y'll1Th!Bal0m;eii: 3'r0T 

qiaK-rop. _ Ilo HalIIHM ou;eHKaM 3TO He .n;onlKHo np11BO.n;l1Tb K cym;ecTBeHHh!M l13MeHeHl1HM 

Rr,acq• B Ka'l:eCT,!le np11Mepa pe3yJihTaToB pac'l:eTa Ha pllc.1 noKa3aHa aaBl1Cl1MOCTb 

• 

1500 
-- Dpeua penu;caJ.tHH 1. 15 , ac 
· - - Dpeua penaxc&ItHB 1.55 nc 
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Pnc. L 3aBHCllMOCTb MaKCHMaJibHOli TeMnepaTyphl peilleTK:11 OT paCCTOHHlfH .no 

u;eHTp~ TpeKa, 06pa3y10m:erocn npn B3al1Mo.n;eii:cTBl1l1 l10HOB 129Xe(10MsB/nyKn) c 

YBa2Cu301 npn paaJil1'lHhlx :maqeHlfHX napaMeTpa BpeMeHl1 peJrnKcau;l1l1 r 

MaKCHMaJibHOli TeMnepaTy phi pemeTK:11 OT paccTOHHllH ,no u;eHTpa TpeKa, 06paay10m:e-
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Ta6Jll1D;a 1. XapaKTepHCTHKl1 HaneTaJODlero Ha Y Ba2Cu301 °HOH~, 3Ha'-leHHe no.nro

H0'l:Horo napaMeTpa npeMeHH penaKcamrn r, sKcnepHMeHTanbH1,1e H pac'-leTH!,le 3Ha'-le

HHH pa,!l;Hycon TpeKa 

A E dE/dx T Rpac" R..cn J1CTO'-IHHK 

MsB/HYKJI m~B/HM nc HM 

n"Xe 41 13 0.63 0.55 0.56 (1 i 
i:,19Xe 10 22 l·.15 1.31 · 1.3 [li) 
1~"Xe 1.3 24 1.15 2.26 2.0-3.0 (18) 

""Xe 2.6- 29 1.40 2.42 2.5 (19 

'"°Pb 20 36, . 1.62 3.5 3.5 (20 

•u~Pb 3.7 39 1.62 4.3 4.0 (21 
,uopb 10 · 41 , 1.95· 3.2 3.0 (19) 

- --

rocn npn B3al1Mo,neii:cTBlll1110~0B 129X e·(lOl\faB/Hy1rn) c Y Ba2Cu30 7 • n1m'paanwmhlx 

3Ha'-leHl1HX napaMeTpa BpeMeHH penaRcau;1111, T. 9Hcnepl1MCIITaJibHOC 3Ha~ICHl1C pa.nl1- l 

yea TpeKa Rmn = 1.3 HM [l i], 06pa3y10m:erocn B p~3YJihraTe nnaBJie!Itt~; 11 -6b!CTporo 

0CThlBaHl1H Bem:ecTBa B6Jil13l1 TpaeKTOJ)l1H HOHa, ynaeTCH aocnpo113BeCTl1. npl1. 3Ha<Ie

Hl1HX BpeMeH:11 penaKcall;l111 r' = 1.15 nc .nnn T~aa. = 1:300_ °C H r" = 1.55 nc ,nnn 

r;JlaB = 1010 °0. B Ta6Jlllu;e 1 npl1BC,AeHbl 3HCIICpl1MCHTanh!lble R,.cn l1 pac<I~THble 

Rpac" aHa'l:eHlfH pa.n;llycoB TpeKoB, a TaKme BJ)CMH 'r' aneKTpo11-c!io110HHoii: penaHca

D;ll:11 )l;JIH paamNHh!X HaJieTaIOm;l1X H0H0B (TnJlaB = 1300 °C). Ha p11c.2 npHBC)l;eHa 
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dE/dx, xaB/HM 
l -

P11c. 2. 3aBl1Cl1MOCTb no,nroHo'l:Horo 3Ha<1e111111 Bpeueni-I ,rneRTpoB- 1!10Ho1111oii: penaRca-

wm T OT TopMoanoii: cnoco6HocTl1 naneTamm:ero HOJrn. dE / ,fr 

3aBHCl1MOCTb no,nrOH0'-lH0ro 3Ha<ICHl1H. BpeMCHl1 3JICHTJ)OII-(jJOIIOHllOH penaucaUHl1 T OT 

TopMoaHofi cnoco6HocTn HaJieTalO!llero HoHa dE / d;r. Pac<1eT11an Hpl1BaJI ,nnH r nony

'l:eHa c n0Mom;h10 norapHq>M~'l:ecKoii:.annp~RCHMan;11I1 Y = 1.03.508 * ln(X) - 2.06493. 

BH,nHo, <rTO I1cnoirba0Bam1an npl1 pac'!eTax Mo,nenb Hennoxo cornacyeTCR c · 3KC

nep11MeHTOM, HeCM0TJ)H Ha To,_ '-ITO caMl1 3KCIICpHMe1naJibllhle )laHHble, nony<IeHHblC 

paaHhlM:11 aBTopaM:11, nopo10 cymecTBemm paanH'-laIOTCH. 
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EapaweHKOB B.C. H Jip. 
Pac1.1eT TennoBoii penaKcaUHH 311epnrn, BbllleJJHBweiicll · 
B BhICOKoi'e~mepaTyp110M cBepxnpoBO.llllHKe YBCO, · 
o6JJY'!aeMOM ycKopeH!lblMH HOl!a~rn 

Pl7-96-51 I 

. B . MO)leJJH TenJJOBOro. nHKa npoH3Be)lel!bl pac'leTbl pam1yc0B ;peKOB, o6pmy-. 
IOIUHXCll ~ BblCOKOTeMnepaTypH0M CB;pxnpoBO)lllllKe YBa2Cu307' 06JJY1.1eJIIIOM 

ycKopeHHhIMH uouaMH c rnpMoJ11oii cnoco611ocTh10 dE / dx = 13 + 41 K3Bh1M .. 
Mo)leJJJ, )leMOIICTpupyeT Y.llOBJJeTBcip1neJJbllOe cornac11e C. 3Kcnep11Me11:ranhllblMII 
)lallllblMH. flOJJY"eHa · 3aBHCIIMOCTb xapaKTepnoro BpeMellll 3JJeKTpOH-q:>OHOIHIOii. 
pemiKcaUHH OT dE / dx. 3m BpeMe11a 0KaJ1,rna10Tcll ne;+;a~11M11 B )lonycn1MbIX 
3KcnepHMeHTOM npeJienax. }laH KpaTKHii o63op 11a116onee cymecrneu111,1x 3KC
nepHMeHTan1,111,1x )laHHblX, He06XO)lllMblX Mll 'TaKoro po.Ila pac1.1_eTOB. 

.Pa6orn BblnOJJHeHa B Jla6opaTOpH11 Bbl'lllCJJHTeJJbllOii TeXIIIIKII H aBT0~1annaum1 
0115H1. 

Coo6m~m1e 061.emrnemmro 1111cr11ry-ra i111ep11L1x nccHe;io~~11111. p.y611a •. 1996 
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Barashenkov V.S. et al. 
Computation· of Thermal Relaxation of Energy 
in High Tc Superconducto: YBCO 

Bombarded by Accelernted -Ions 

Pl7-96~511 

In the framework of thermal spike model calculations·of radii of tracks induced 
by accelerated ions with stopping power dE/dx_= 13 + 41 keV/nm in high Tc 

superconductor YBa2Cu/>7 have been petformed. The model dem<?nstrates a good 

fit to the experiment. A brief.survey of experimental facts essential for calculations 
of this kind is given. Dependence ofcharacteristic.electron-phonon relaxation time 
on dE / dx is obtainei The times are in experimentally allowed range. A brief survey 
of exp,erimental facts essential for calculations· of this kind is given. 

The investiga_tion has been. performed at the· La_boratory of Com·puting 
Techniques and Automation, JINR. -- , 

Communication of the Joint Institute for Nuclear Research. Dubna; 1996 




