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'.:<., Ha6mo.uaeMrui . KOHUe11Tpau~S1, .ueq>eKTqB e KpeMm~H. o6n)"Iel~\IOM llOHa~m · 
KpHnTOHa C 311eprnefi 210 M::18, 0611ap)')KHBaeT B :n~OCTpa11crne11110~1 pacnpe.ue-
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nenuu; 11apS1JJ.y i; cym.ecrnoea,meM CTa11.uaprnoro nHKa, BTppou m1K, pa~nonmKe1111b111 • 
Ha 6onbllleM pacCTOSIHHH OT o6n)"IaeMOH 'noeepXIIOCTiI. AMnnH~y.ua BToporo n'i-1Ka / 

, . pacTeT ~btci:pe~. · no cpae11e111110 C nep~~l1\1, H' npH. onpe.uene111101C1 cpn10ei1c~ npeBbl
maeT aMrulHT)'JlY nepimi'9 llHKa. · J{allllblH. 3KCnepHMellTan!>liblH cpakT 06-b~CIISleTCSI . 
·o6p:uoeai-iH~M cneuHq>H'IeCKOH o6nacrn 8.!J.Oflb npo6era HOiia :_ na:ienrnoro TpeKa,. ' 
JI ueHTpanbHOH qaCTH KOTOporo nnornocn/1<peMHHSI IIH)Ke, qe~ B Henoepe~eHHOM 
MaTepmme: Pa:m11ra, cpe110Menonornl!eCKIDI MO.Uenb ~iaKonne;iHSI 1'~ll~~llbtX pa,ruia
UH~HHbIX .ueq>eKTOB, 11a OCHOBe ; KOTOpOfO nonyqe110 . 3llalJe!IHe pa,uuyca 30Hbl 
nom-1,KeHnofi : nnoTIJOCTH,' ~ . TaK)Ke napaMeTpbl . .ruicpcpy31iit ~aKaHCHH, KOTOpb1e 
cornacyio-rc~ C HMelOIUH~HC~ o~e11KaMn.' Hpoee.ue11~ ¢pae11e1111e\JK~nepi1Me11TarJbllOii. 

'I 3aBHCH.MOCTH pacnpeie.iiemrn ,necpeKTOB e.uonl. npoeKTIIBIIOro·npo6era c·pac11ernoiL. 
Pa6orn BblflOmJe1fa 'e Jla6opa'ropHH ~.uepttblX peaKUHii 0J15Il1. · . . 
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. The second peak in the defect disthlmtio~. located beyond the standard I cine. 
has been 'ob~~rved into, silicon samples, irradiated by. krypton fons with an. energy' 
2IO MeV; Thernte of the second peak afuplitud~,increase is higher w_ith respect to 
the first one., The ampHtude of t_he second. peal(exceeds'the amplitude o(the,,first 
peak ·under .the· certain influence. This ex~eriment has been explain'ed by the latent 

: tracks. formation along. the· projected range. The phenomenofogicai. model ·of the· 
point ·defect &!~nee has•been developed. Th.e value of the lowered density zone 
rndius and .the paiamet~rs of t,he point defect diffusion of the model, wllich is in 'an 
agreement with the existing estimations; have been. found. The comparison· of the 
-experimental' and th!! calculated µis~ributions of the defects has be~n pe~formed'.' 
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1. BBE)];EHHE 

RBJiemrn, npoJICXO,lUIJl\He npn ,!J;BHlKemrn BhICOKOclHepreTH"'leCKOH 3apHlKeIIIIOH 'la

CTJIIIhl B TBep,n;oM TeJie, ,!J;JIHTem,noe BpeMH IlpllBJieKa!OT I( ce6e BIIl!Manne. B IIa'laJie 3TO 

HanpaBJieHne IICCJie,n;onaHJil!: 6h!JIO CTIIMYJillpOBaIIO B03MOlKHOCTb!O perncTpan;nn OCKOJI

l(OB ,n;eJieHHH H,n;ep II ycKopeHIIhIX HOIIOB TBep,n;oTeJibHhIMII TpeKOBh!Mll ,n;eTeKTOpaMJI 

[l, 2]. B ,n;aJibHel!:rneM pa60Thl, CBH3aIIHhle C MO,!J;H!pJil(arrnel!: MaTepnaJIOB, B 'laCTIIOCTH, 

C03)].aHJieM HOBhIX npocTpancTBeHHhIX CTPYKTYP B IIOJIYIIPOBO,!J;HHKOBhIX MOIIOKpHCTaJI

Jiax [7, 8]' IICCJie,n;oBaIIJIH no BJIHHHll!O llOHH3aD;HOIIIIhIX IlOTepb aneprnn Ha 3BOJI!OD;H!O 

,n;ecpel(THOl!: CTPYKTYPhl [3, 4], a TaKlKe 3l(CIIepnMeIIThl no pa,n;nan;noHHOl!: CTOl!:l(OCTll HII

TerpaJibHh!X MIIKpocxeM [5, 6], IlOJIY'lllJlll 3Ha'IHTeJibIIOe pa3BIITHe B Be,n;yll\HX n;eIITpax 

IIO !pll3HKe TJilKeJihJX HOHOB Bh!COKHX aneprnl!:. JJ:anIIaJI npo6JieMa TaRlKe npe,n;cTaBJIHeT 

60JII,IlIOl!: llHTepec C TO'IRH 3peHHH OCIIOB !pll3llKll TBep,n;oro TeJia • 

. O,/\IIHM ll3 Han6onec BfilKHhIX acpcpeRTOB, B03IIHRa!Oll\llX npn ,!J;BHJReIIHII 6h!CTporo 

Rona ( c aHeprnel!: E > 1 MaB/HYI(JioH) B TBep,n;oM Tene, JIBJIHeTCH o6pa3oBanne cne

D;ll!pll'lecKol!: o6rraCTll B,!J;OJII, npo6era llOHa - TpeKa, MHKpOCTPYKTypa ROTOporo cy-

11\eCTBeHHO OTJIJI'laeTCJI OT CTpoemrn HCXO,!J;HOro 06pa3n;a. B HeKOTOphIX ,!l;H3JieKTpHRax 

TpeKH MOJRHO Ha6JIIO,!J;aTb nenocpe.n;cTBeIIHO C IIOMOJl\b!O 3JieKTpOHHOf0 MHKpOCRona. 

O.n;llH ll3 Hall60Jiee ycneilIHh!X MeTO,!J;OB BH3yaJill3aIIHll TpeKa 3aKJI!O'laeTCH B llCilOJII,30-

BaHllll ll36npaTeJibHOf0 XllMH'leCKoro TpaBJieHllH. Ilpn TaKol!: o6pa6oTRC TpeRJI npo

HBJIJI!OT ce6H yBeJIH'leHIIOl!: B cpaBHeHHII c HeilOBpem,n;eHHhIM MaTepnaJIOM CROpOCTb!O 

XIIMJI'leCKOro TpaBJieIIHH. Bo3MOJRHO o6napymenne TpeROB 3a C'leT npen;IIIIHTan;nn npn

Mecn B IIOBpelK,n;eHHOl!: 30He. B MeTaJIJIH'leCKHX CTeRJiax IlJiaCTH'leCROe Te'leHne Ma

TeprraJia B HarrpaBJieHml, rreprreH,n;HRYJIHPIIOM narrpanJieHHIO na,n;amll\ero rry11Ra, 061,

JICHJieTcH o6pa30BanneM JiaTeHTHhIX TpeKOB [9]. YcRopeHHaJI ,n;ncpcpy3HJI npnMecn B 

IIOJiyIIpOBO,!J;HJIRax, o6Jiy'leHHhIX llOHaMJI BhICORllX anepni:l!: [10, 11], BepOJITHO,TaRlRe 

o6ycJIOBJieHa B03HllKHOBeHneM TpeKOB. 

K HaCTOJill\eMy apeMeHJl pa3BHThl HeCROJILl(O MO,n;enel!: cpopMnpoaaHHJI TpeKa. I-fa
BeCTHO, 'ITO rrpaRTH'leCim BCJI 3HeprHH 6h!cTporo HOHa 3aTpaqnaaeTCJI Ha HOHJI3a

D;ll!O ll B036ylK.n;eHne 3JieRTpOHOB. B COOTBeTCTBllH C MO,!J;eJib!O "TeIIJIOB0fO .RJIHHa" 

[3, 12] 3JieRTponLI 3a Bpeirn ~ 10-15 c TepMaJIH3YIOTCJI n 3aTeM nocpe,n;cTllOM 

3JieRTpOH-cpOHOIIHhIX H !pOHOH-cpOHOHHhIX B3aJIMO,n;el!:CTBHl!: 3a BpeMJI ~ 10-12 C 

nepe,n;aIOT CBO!O 3HeprnIO 6JIHJRal!:rnJIM aTOMaM. JlaTeHTHhll!: TpeR 06pa3yeTCJI npn 

6h!CTpOM OCTh!BaIIHll D;llJIHH,n;pn'IeCKOl!: o6JiaCTll pacrrnaBJieHIIOfO BeJl\eCTBa, o6pa3y!O

Iliel!:cH B,!J;OJII, TpaeRTopnn ,!J;BHJReIIHH HMIIJiaIITllpyeMoro nona. Mo,n;em, "KYJIOIIOBCKOro 

B3ph!Ba" [13, 14] 061,HCIIHeT MexaIII!3M cpopMnpoBaHHJI TpeKa KYJIOIIOBCKHMII CHJiaMH 

pacTaJIKllBaIIHJI HOHOB OCTOBa, B03HHKa!Oll\IIMH B pe3yJibTaTe BhICOKOl!: CTenenn llOIIH3a

IIHll, C03,!J;aBaeMol!: npn TOpMOJReHJill naJieTa!Oll\el!: 'laCTHIIhl. TpeK o6pa3yeTCH,eCJill (i) 
CllJlhl KYJIOHOBCKoro OTTaJIKHBaHllH ,n;ocTaTO'IHhl ,!J;JIH pa3ph!Ba perneTO'IIIhIX CBJI3el!:,II (ii) 
IIO,!J;BlllKIIOCTI, 3JieKTpOIIOB ll ,!l;hlpOK MaJia, 'ITO o6ecne'IHBaeT B03MOJRIIOCTI, 3IIa'IHTeJib

IIhIX rrepeMell\eHnl!: noHOB perneTKH 3a BpeMH penaKcan;nn 3apH,n;a. B pa6oTe [4, 15] 
o6cym,n;aeTCJI BJIHHIIHe rrpocTpaIICTBeIIHOl!: ll BpeMeIIIIOl!: KorepeHTIIOCTll B036ylR,!J;eIInl!:, 

rrpllBO,lUill\el!: I( reIIeparrnn y,n;apIIhIX BOJIH, 'ITO MOJI!eT 6h!Tb npll'IHIIOl!: o6pa30BaIIHJI 

,n;ecpeKTOB. 

Pa3Jill'IIIhle MeTO,!l;hl ll3Mepemrn xapaKTepHCTllK TpeKa IIOKa3h!BaIOT, 'ITO B ,!J;ll3JieK

Tp!IKaX Tpe1( npe,n;CTaBJIHeT co6ol!: Tpy611aTyIO cTpyKTYPY, co,n;epJRailIYIO aMopcpnoe 

lh. \t •.. ,;;:~-;>,.-~ 1;~.~iYT I 
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Jl,!q)O C pa,n;11ycoM Rtr rropJI,n;Ka HeCKOJlbKIIX HaHOMeTpOB, OKpyJKeHHOe CIIJibHO CJKaTofi 

o60JIO'IKOll. ATOMHaJI IIJIOTHOCTb 11,n;pa TpeKa HIIJKe IIJIOTHOCTII MaTpllUhl. CymecTBYeT 

rroporoBaJI 3Hepr1111 IIY'!Ka, Et, HIIJKe KOTopofi TpeKII He cpopM11py10TCH. Pa,n;11yc TpeKa 

CIIJibHO 3aBIICIIT OT 3JieKTpOHHhIX IIOTepb 3Hepr1111, (dE/dx)., II B cJiy'lae o6pa30BaHlrn 

Herrpeph!BHoro UIIJIHH,n;p11'IeCKoro TpeKa rrporropu110HaJieH 11M, Rtr ~ ( -dE / dx ) •. 
B IIOCJie,n;rr11e ro,!l;hl orry6JIHKOBaHO MHoro pa6oT [16-24] ' pe3yJihTaThl KOTOphIX ,n;e

MOHCTp11py10T 3Ha'IIITeJibHOe OTJill'llle 113MepJieMh!X rrpocjJ11Jiefi ,n;ecpeKTOB, C03,D;aBae

MhIX B pe3yJibTaTe BbICOK03HepreTll'leCKOll llOHHOll IIM1IJiaHTau1111, OT rrpocjJ11Jiefi, rrpe,n;

CKa3h!BaeMh!X CTaH,n;apTHOll Teop11efi [26, 27]. 8Kcrrep11MeHTaJibHhle rrpoqmJIII cyme

CTBeHHO nmpe 11 11Me10T xapaKTepm,re "xBoCTLI", 3aJieraiom11e 3aMeTHo rJiy6JKe pac

'leTHofi ,!l;JIIIHhl rrpo6era. B pa6oTax [18, 22] c,n;eJiaHo rrpe,n;rroJioJKeHlle o TOM, 'ITO 

pe3yJibTaTbl 3Kcrrep11MeHT0:\3 MoryT 6h!Tb o6'bJICHeHJ.i HeKOTOpblM Bll,!l;OM KaHaJI11poBa

HllJI. B pa6oTe [24] rrpe,n;JiaraeTCH paccMaTp11BaTb B Ka'!ecTBe 06JiacT11 KaHaJI11poBaH1111 

TpeKH, C03,D;aHHble, paHee rrpollle,D;llIIIMII IIOHaMII. Ilo MHeHIIIO aBTOpOB 3TOH pa6oThl 

[24], CIIJibHO CJKaTaJI BHellIHJIJI o6JiaCTb TpeKa crroco6Ha y,n;eplKIIBaTb IIOHhl, JieTJl!l(lle 

rro,n; He60JibllIIIMII yrJiaMII K ero OCII. Hcrrh!Th!BaJI MHOJKeCTBeHHhle OTpaJKeHIIJI, IIOH 

,!l;BIIJKeTCJI u o6JiaCTII IIOHIIJKeHHOl!: IIJIOTHOCTII, 'ITO yueJill'IIIBaeT ,!l;JIIIHY rrpo6era. 

Ilp11 IICCJie,n;oBaHIIII rrpocp11JIJ1 pacrrpe,n;eJieHIIJI ,n;ecpeKTOB MeTO,!l;OM peHTreHOBCKOH 

.n;11cppaKu1111 B KpeMHIIII c op11eHTau11ett rrouepxHocT11 [111], o6Jiy'leHHOM 110HaM11 I{ r 84 

C 3Hepr11ett 210 M3B rrp11 cjJJIIOeHcax OT 1012 IIOH/cM2 ,n;o 1014 IIOH/cM2, 6h!JIO o6Hapy

JKeHo, 'ITO no Mepe yueJill'leHIIJI cjJJIIOeHca rrpOIICXO,n;IIT 06pa80BaH11e BTOporo IIIIKa IIO

BpeJK,n;eHIIH, paCIIOJIOJKeHHOro rny6JKe rrepuoro [25]. AMIIJIIITy,n;a BTOporo IIIIKa paCTeT 

c yueJill'leHlleM cjJJIIOeHca 6h!CTpee u cpaBHeHIIII c aMIIJIIITy,n;ott' rrepuoro ( CTaH,n;apTHOro 

rr11Ka) 11 rrp11 orrpe,n;eJieHHOM cjJJIIOeHce rrpeBhllllaeT aMIIJIIITY,!J;Y rrepuoro IIIIKa. 8Kcrrep11-

MeHTaJibHble 3aBIICIIMOCTII KOHUeHTpau1111 ,n;ecpeKTOB OT rrpoeKTIIBHOro rrpo6era IIOHOB 

I{ r84 
B KpeMHIIII [111] B 3aBIICIIMOCTII OT cjJJIIOeHca [25] rrpe,n;CTaBJieHbl Ha p11cyHKe 1. 

UeJib HaCTOJI!l(eil: pa60Thl 3aKJIIO'laeTCH B IIOCTpoeHIIII cpeHOMeHOJIOrll'leCKOH MO

,n;eJI11, ofrbJICHJIIO!l(el!: o6HapyJKeHHhIH 3cpcpeKT, 11 3KCTpaIIOJIJIUIIII 3KCIIep11MeHTaJibHhIX 

KpllBhIX pac'leTHhIMII. 

2. cl>EHOMEHOJIOrMqECKAJI MO,ll;EJib 

TpaeKTOpllJI ,!l;BIIJKeHIIJI 6h!CTporo IIOHa B TBep,n;oM TeJie rrpe,n;cTaBJIJ!eT co6ott IIO'ITII 

rrpJIMYIO. JIIIHIIIO, IIOCKOJibKY Ce'leH11e pacceJIHIIJI Ha IIOHHhIX OCTOBax OTHOCIITeJibHO 

MaJio, TaK 'ITO ero 3Hepr1111 rrpaKTll'leCKII IIOJIHOCTblO 3aTpa'IIIBaeTCH Ha IIOHll3aUIII0 

II B036yJK,n;eH11e 3JieKTpOH0B. ToJibKO rrp11 II0HIIJKeHIIII 3Hepr1111 IIOHa ( rrp11MepHo ll.0 

200-300 K3B ,!l;JIJI TJIJKeJiblX IIOHOB ) BaJKHYIO pOJib Ha'IIIHalOT 11rpaTb yrrpyr11e B3aIIM0-

1J.efiCTBIIJI, 'ITO rrpllBO,!l;llT K OTKJIOHeHIIIO IIOHa Ha 6oJibllllle yrJihl. 

MLI 6y,n;eM IIOJiaraTb, 'ITO B pe3yJibTaTe rrpoxoJK,n;eHIIJI IIOHa BOKpyr ero TpaeKTOpllll 

06pa3yeTCJI aMopcp1130BaHHaJI o6JiaCTh unmrn,n;pn'IeCKOl!: cpopMhl, cpe,n;HJIJI IIJIOTHOCTh 

Bell(eCTBa KOTOpott, Ptr, MeHbllle IICXO,n;HOl!: IIJIOTHOCTII p. .LJ:n11Ha II pa,n;11yc 3Toro UII

JIIIH,D;pa orrpe,n;eJIJ110TCH ypoBHeM 3JieKTpoHHhIX rroTeph 3Heprn11, ( dE / dx ) •. 
C pocTOM cpmoeHca pacTeT II BepOJITHOCTh rrorra1I.aHIIJI IIOCJie,n;yiomero IIOHa IIY'IKa 

B yJKe o6pa30BaBllIIIHCJI TpllK. Qqeu11.z:(Ho, 'ITO 3Ta BepoJITHOCTh paBHa OTHOCIITeJihHOl!: 

IIJIO!l(a,n;II, 3aHHMaeMOH TpeKaMII Ha IIOBepXHOCTII o6pa3Ua. MbI 6y,n;eM C'IIITaTb, 'ITO 

rrorra,n;aH11e HOBoro IIOHa He rrpIIBO,n;IIT K ll3MeHeHIIIO remreTpIIII TpeKa II IIJIOTHOC'I'II 

Bell(eCTBa B HeM. 

2 

.ll:BIIJKeJme llOHa BIIYTPII o6JiaCTll IIOHIIlKeHHOH IIJIOTIIOCTII 11 6y1I.eT IIpllBOl(llTb K 

B03HllKHOBel!lllO BToporo IIIIKa B pacnpe,n;enennn l(ecjJeKTOB. 

Heo6xo.n;IIMO OTMe:rnTI>, 'ITO ,UJI/1 npoBepKII npe,n;IIOJ!0lKeHll/1 06 IICTO'IHHKe B03HIIKHO

BeHII/I BToporo IIIIKa B pacnpe,ll.CJICHIIH n;ecpcKTOB 6h!JI IIOCTaBJieH cneu11a,1bllldll 3KCIIe

pII1!eHT, KOTOphlil: 3aKmoqanc11 B cJJe1I.y1ome~1: KaK Blll\HO 113 p11c.l np11 cpmoe11cax ~1e11ee 

1012 non/012 BTopott n11K 11e 11a6mo,n.aeTrn, II03TOMY cpmoe11c F ':::'. 5xl013 no11/012 11a-

611panc11 C !llaroM 1012 IIOl!/cM2 II II0CJie,n;yIOIUIIM IIOB0pOTOM o6nyqaeMOH II0BCpXH0CTII 

Ha MaJih!e yrnhl no OTHO!lleHIIIO K nanpaBJieHHIO II0!!II0fO nyqKa IIOCJie Ha6opa O'lepe

ll.l!OrD <pJIIOeHca. Ilpn llCCJie1J.OBaHHll 3TIIX o6pa3UOB MeTO,ll.OM pe11TreHOBCKOH .llll<ppaK

Ul!II ne 6LIJIO 0611apyme110 06pa80Ba1111e BToporo mrna B pacnpe1I.eJie111rn 1I.ecjJeKTOB. 

8TOT pe3yJJhTaT II0,ll.TBeplK,D.aeT npel(II0JJO;l{eH11e O np11po,n.e ero B03HIIKIIOBeHII/I • 

qT06hl yqecTh npoueccld peHp11cTaJI,1113au1111, npo11cxo.1V11Ulle np11 06nyqe11n11 [28, 
29], BBel(eM napaMeTp s,, paBHldH OTHOCHTeJibHOl!: IIJIOIUa,ll.11 II0BepXHOCTII 06pa3ua, 3a

HIIMaeM0H Hp11cTaJIJI11qec1wll cjJa3ofl B npe1I.e,1e ta6nr,enm --+ oo. O6o3Haqa11 n,1oma1I.h, 

3an11MaeMy10 TpCH0M Ha o6JiyqaeMoil nosepx110CTII o6pa3ua, ,,epe3 St,' a K0,1l!'leCTBO 

TpeK0B Ha C,ll.Ill!IIUe IIJI0IUa,ll.11 ~TOH IIOBepXH0CTH qepe3 n, m1eeM: 

I - S/ 
n = -

5
- · [I - cxp(-JSt,t)], 

tr 

(!) 

fll.e J 060311aqaeT IIJI0THOCTb IIOTOKa IIOH0B H t - BpCM/1. 

B paMKax pa3B11BaeMOH MO!I.eJIII o6pa3eU npel(CTaBJI/leT co6oil KpHCTaJI,1. B K0TOp0M 

IIMelOTC/1 UHJill!!,!l;pll'IeCKHe BHJIIOqeHH/1 aMop<pII30Balll!Oro Ben(eCTBa. I1cx01I./I 11:l coo6-

pa}KeIIIIH IIp0CTOTld, Mbl 6y.11eM CTp0IITh 01J.IIOMep11y10 MO,ll.eJII,. IlycTb OCh .1· 11anpaBJlf'lla 

BHYTPh o6paaua, 11epneH1J.IIKYJIHpHo ero II0Bepx11ocn1 II Ily'!0K nan;aeT BJ\0,1h :HOH 0("11. 

3anmneM ypaBrre11n11 6anarrca ToqeqHhIX ,n;ecpeKTOB B Kp11naJIJ111qecKoil 0611acrn: 

ac°' _ D 8
2

C0 + G (x t) - k;vCCv · at- °' ax2 " , (2) 

I1rr,n.eKCld i, V o603HaqaioT Me}K1J.OY3JIIIJI II BaKaHCIIII COOTBeTCTBCHllO, a Hlll{CKC (l 11p11-

Hl!MaeT 3Haqemrn i 11JJn v, C0 , - aTOMHhle K01IUe1npau1111 TO'IC'lllh!X 1I.ecjJeKTOB, D" -
Ko3cpcjJ11u11euTld 1I.HcjJcpy31111. Ko3cjJcjJnune1n pcKoM6n11au1111 k;v MmKeT 6h!Th Bhlpaa,e11 

ypaBrrenneM [30]: 

[ 
ti.E;"] - 41ra;v (D; + Dv) exp - kT , k;v - fl (:l) 

r,n.e n - 061,eM e1J.llllll'IIIOII 11qeJ!Kn, paBHLIH a 3 (a - IIOCTO/lllllaJI pe!llCTlill), a.,. - pan;nyc 

30Hld peHm:6mraunn, npnMepno paBHhlil y,woe1111oll nocT01I1111oll pe!ll.eTHll a.,, ':::'. 2a, 
ti.E;v - 311eprcTnqecK11ll 6apbep peKoM6m1au11n, k - nocToJ11111a11 Iio111,aMaHa II T -
TeMnepaTypa 06pa3ua. 

Ko3cpcpnuncHThl 1I.ncpcpy311n 3a11n!lleM B B11,n.e 

D0 = D~ exp( - E';'/ kT) , (I) 
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r.ne eenaq1rna E'; o6o3HaqaeT 3Heprmo aKTHeanaa Marpauaa .neqieKTa. 

CKopocTh reaepauaa rnqeqHLIX .neqieKTOB G0 M0lliHO rrpe.ncTaBHTh KaK 

Go.(x,t)=go.(P1rlx)•JStrn+go.(Plx)· [~: +Js,]. (5) 

B 3T0tt qiopMyne 9o. (pix) - ceqemre o6pa3oBaHHJI .neqieKTOB Tarra a na rny6aHe x 
B Bell.{eCTBe IIJI0TH0CTH p . ITepeoe cnaraeMoe B 3T0fi cyMMe C00TBeTCTByeT HHllieR

u1rn ToqeqHLIX .neqieKTOB H3 o6JiaCTH TpeKa, Tor.na KaK OCTa,1bHLie 'IJieHLI yqaTLIBaJOT 

.!leqieKT006pa3oeaaae rrpa rrpoX0lli]leHHH HOHa 'Iepe3 aerroepelli]leHHYJO 3oHy. 

CHCTeMa ypaBHeHHll (2) pernanacb qaCJieHHO. ITapaMeTpLI, BX0]IJ!ll.{He n qieHOMe

H0JI0rH'IeCKYJO MO]leJih, BLI6apaJIHCh cne.nyJOll.{HMH: 

Bennqaaa O603Haqeaae lJHCJIO E]IHHHI\LI 

811eprnJI Marpanan BaKaHcan Em 
V 

0.4 3B 
8aeprnJI MHrpauaa Melli]loy3natt Em . 0.22 38 

ITpe.!13Kcrr. MH. K03qiqi. ]IHqiqi. eaK. no 
V 

0.021 CM2C-l 

ITpe]l3Kcrr. MH. K03qiqi . .naqiqi. Melli){. no . 0.006 CM2C-l 

ITocTOIIHHaJI perneTKH a 2.35 · 10-s CM 

ITJIOTHOCTh eemecTBa MaTpHI\LI p 2.32 r · cm-3 

fpaHH'IHLie H aaqaJihHLie ycnoBHJI aMeJIH BH.1( C0 (x, 0) = C0 (0, t) = C0 (L, t) = 0. 

B pacqernx TOJill.lHHa o6nyqaeMoro 06pa3na 6Lina B311Ta paenott L = 100 MKM. Ce

qenae .neqieKT006pa3oeaaa11 g0 (xlp) 6hIJIO rronyqeao c acrroJih30BaHHeM KOMIThJOTep

Hofi rrporpaMMLI ID95 (31]. IToporoeaJI 3Hepra11 cMemeaatt Ed Bh!6apanaCh paeaon 

Ed= 15 3B. 

3. OBCY}K,I(EHME PE3YJlhTATOB M BblBO.I(hl 

Ha pacyHKe 2 rrpe.ncTaBJielll,I pe3yJihTaTh! pacqeT0B ]IJIJI H0HOB KpHIIT0Ha C 3Hep

rnett 210 M3B, HMITJiaHTHpoeaHHLIX B o6pa3en: KpeMHH/1. B KaqecTBe rrowoHoqHLIX 

rrapaMeTp0B HCII0Jih30BaJIHCh: 3HepreTH'IeCKHfi 6apbep peKOM6aaan:n:n: - flE;v, rra

paMeTp .5/ ( CM. BLIIIle), pa.nn:yc TpeKa - Rtr H IIJI0TH0CTh Bell.{eCTBa B neM - Ptr. 
Pe3yJihTaTLI qn:cJieHHoro pacqeTa CHJihHO 3aBHC/IT OT 3THX BeJIH'IHH. 

8 pe3yJihTaTe qin:Tn:poBaHHJ! nyqrnee COBIIa]leHn:e 3KCrrepn:MeHTaJibHhIX Il pacqeT

Hh!X RpHBLIX 6hIJIO II0Jiy'IeHO rrpH CJie]lyJOll.{HX 3Ha'IeHn:J!X 3THX rrapaMeTpOB: s,=0.4, 
Rtr=5. 7 A, Ptr=l.95 r. cm-3 n: flE;v= 0.26 38. 

Ba.nHo, qTQ pe3yJihTaTh! BLiqHCJieHatt Y.!I0BJieTBOpn:TeJihHO 0IIHCLIBaJOT 3KCIIepn:MeH

TaJih!!hle ]laHHLie. MMe!Oll.{HeCJI pa3JIH'IHJ! CBJI3aHhl co 3!IaqaTeJihHLIMH yrrpomeHHJ!MH, 

BBe]leHHLIMH B M0,l(eJih. Bo-rrepBLIX, Mhl paccMaTpn:BaJIH 0,l(HOMepHyJO 3a]la'Iy. Bo

BT0pLix, TpeK 61,m arrrrpoKCHMttpoBaH UHJIIIII.UpH'lecKoii o6JiaCThJO, X0TJ! pa.nn:yc TpeKa 

J!BJIJieTCJI qiyHKUHefi rny6HHLI rrp0HHKH0BeHHJ! x. B-TpeTbHX, e ypaBHeHirn 6anaHca ,l(JIJI 

ToqelJHLIX .neqieKTOB Heo6xo,11HMO BKJIJOqHTh CT0KH, K0T0pLIMH, neCOMHeHHO, J!BJIJ!IOTCJ! 

II0BepxH0CTH TpeK0B. B K0MIIhJOTepHott rrporpaMMe ID95 (31] He Y'IHThIBaeTCJI .neqieK

Too6pa30Ba1me, BLl3h!BaeMoe 3JieKTpOHHLIMH II0TepJIMH 3Heprn:n:, 'ITO TaK}Re yxy.nmaeT 

4 

J 

\ 

I 
~ 
!/ 

2.5E-3~===========n-m 

---2E-3 -e-- F = 1•1014 cm·2 

1.SE-3 .t. 
0~ 

1E-3 

SE-4 

10 20 30 40 
rny611Ha (MKM) 

Pn:cyHoK 1. 8KcrrepHMeHTaJihHaJI 

3aBHCHMOCTh aTOMHOfi K0HUeHTpa

nn:n: .neqieKTOB, Cdef, B o6pa3Ue 

KpeMHH/1 (Ill], o6nyqeaaoro rrpn: 

KOMHaTHOll TeMrrepaType· n:oHaMn: 

Kpn:rrToHa c 3Heprnen 210 M3B .no 

qJJI!OeHca f, OT paCCTOJ!HllJ! ,110 II0-

BepXH0CTH. 

0 

2.SE-3 ...,..,====nTI-m-m-m==nTin-m 

2E-3 

1.SE-3 
> 

1E-3 

5E.4 

--- F•3•10
14

cm·
2 

-e-- F .. 1•1014 cm·2 

10 20 30 40 
fny61<Ha (MKM) 

PncyHoK 2. PacqeTHaJI 3aenca-

MOCTh aTOMH0H KOHD;eHTpan:n:n Ba

Kaacn:n Cv B o6pa3ne KpeMHHJI, 06-

nyqeHHoro rrpn: KOMHaTHOH TeMrre

paType HOHaMH KpHIITOHa C 3Hep

rn:e:ll: 210 M3B .no qinJOenca F, OT 

pacCTOJ!HllJ! ,110 II0BepxH0CTH. 

cornacne c 3Kcrrepn:MeHTOM. ITo aameMy MHeHnJO, yqeT reoMeTpnn TpeKa n nccne

.noeaane ero ponn KaK HCTO'IHHKa ll CTOKa TO'le'IHhIX .neqieKTOB MOllieT 3HaqnTeJihH0 

YJIY'lIIIHTh M0,lleJih, O,llHaKo 3T0 IIOTpe6yeT BBe,lleHHJ! H0BhlX napaMeTp0B . 

Pa6oTa BLIII0JIHeHa npn IIOMeplliKe Poccn:ll:cKoro qion.na qiya.naMeHTaJihHLIX nccne

.noeaHn:ll:,rpaHT 095-938-19-23 T. 
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