
iilUeKC 3624 

l 
l;f/;'{lJ.tP :bJi~plJIJ. fJ/1 1'tUSPSfl,1'S 

EPEBAHCKHFI C/JH3Hl./ECKH FI HHCTHFYT 
··" ·===~;;;;;;;~~~ I • 

I 

... , 

Elill-622(I2)-b3 

M.E:1~iYfivlITH, c .r .APYTIOHflli, 

r .A .IIArOPCIOO~ ' II. r. TEP-APYTKHffi-I-CABBHJI:a 

B03v101KHOCT1 MOIUHOt.1 <l?:EMTOCEKYHJllIOfl 

31\IMCCIB1 3JIEKTPOHOB C KPHBHX IIOBEPXHOCTfil! 

/; fl/;'{ lJ. t 1983 EP EBA H 



EPEBAHCKH~ ~H3HqECKHU HHCTHTYT 

Bl>H-622(12)-83 

M.E.A1'1PYMlli, C .r .APYTIOHffH, 

r .A .HAI'OPCKIDi , H. r. TEP-APYTICllilH-CABm.IJJi 

BO!!dOiHOCT1 MOJllHOrt (f?EMTOCEKY1UUIOH 

3MHCCW1 3.lill\TPOHOB C I\PVillbIX IIOBEPXHOCTHi 

EpeEaI-I 1983 \ Jlfel!llHCi<: ~fi $11911•ec1'd 
t, JHCTvrrYT 

3·. ~ npen,.sre• 



© EpesaHCKUU cpuau'lecKuu ·uHcTuTyT, ! 983r. 

8qxpeKT XO~O,ItliOtt 8Mli!CCHH aneKTpoHOB l1!3 MeTaJIJia B ,ll;OCTaTO'lliO 

CWlliHOM a~eKTplPl0CKOM nOJie l1!3BeCTeH B ~TepaType [I-3], KaK :H 

ero npHMeHemie ,nJIR reHe~ MOlllHIDC KMIIYJI:bCOB TOKa [4] . 0,nHa­

KO c YM0Hb.IlleHKeM ,Ir,JIKTMbHOCT111 HM!IY~hca w:m: pasMepoB aMli!TTepa 

nOf!BJUleTCH He06XO,IJ;>IMOCTb Y'lll!TblBaTb ~HKe BHeruHero IlOJlf.[ Ha 

npocTpaHCTBeHHoe pacnpe,neneHll!e BJieKTPOHOB BHYTPll! TeJJa. 

B ,naHHoa pa.6oTe npK BhI'IKC~emm: TYHHeJI:bHoro B.BTOaMll!cCKOHHo­

ro TOKa yqTeHa HeO,ItliOp0,ItliOCTl> IIJIOTHOCTJI! a~eKTpoHOB B6JIH3ll! no­

BepXHOCTJI! MeTaJJJia. B KaqecTBe aMHTTepa paccMoTpeHa Mo,neJI:b Me­

TaJIJilI'lecKoro mapa c Z36YTO"llibIM 3S.p!1.IJ;OM,, pacnpe,nMeHJl!e IIJIOTHOC­

TH KOTopcro onpe,neneHo z3 KBa3ll!KJiaCc~ecxoro ypa.BHeHZH ToMaca­

...iliepMJI!. MO,IJ;Mb mapoBoro 8Ml'ITT0J>B. OTpa.;KaeT pea.m:.:ayJO reoMeTp:WO 

MJl!RPOOCTPID!: XO~O,ItliOro ICaTO,na [4,51 JI[ Il03BOJI.ll0T yqeCTb BJirunll!:e 

BeJll!1lllHH pa.n;>IyCa Iq>HBK3HH Ml<IKPOOCTplllt Ha 3HaqeHJl!e IJJIOTHOCTH 

3apH,ll;a BHYT~ Te.mi. 06Ii'lll,IO l3 pacqeTax [3] 38.Bll!C:BMOCTl> OT pa,ItHY":­

ca Iq>ZBH3Hli co,nep!GITCH TOJI:bKO B BeJIKtmHe BHe111Hero IIOJIH, KOTO­

poe Ilpl!HHM!).0TCH O,ItliOpO,ll;HllM z pa.BHHM ero 3aaqeinn> Ha IIOBepXHOCTH 

Mmq>OOCTPZH. ~a pa.3,ll;Ma MeTaJJJI-Balcy'yM npll! 9TOM rrpmnn.ll.0TCR: 

ILnOCKOi. 

Yp:l.BHeltl!l:e ToMaca...iliept.m c yqeToM noTe~a.na Heit_'rpaJIDBHx aTOr 
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WOB pemeHO 'Il'ICJ1€HHO .n;JUI mapoB c paaJIJl1IHHMJI[ pa,in!yCaMl!I. 

B Ka.lK,Il;OM CJiy"<Iae orrpe.n;MeH M8.KCJIM1Jl1:,HHI 38.J;l!OI; , COOTBeTCTBYJO. 

n1Jll TYHHe.JlbHoli aKcrroHeHTe, paBHott e~e. 

IloKa3aHO, 'ITO .n;JlF.! pa,n;:eycoB maia, paBHHX (5+50).IO-BOM, nm­

pllHa CJioa: H36l:lTO'IHHX 3.JleKTpOHOB rro:PJI,Itl(8 paaMeIR mapa. 3TOT KPK­

Teplfl orrpe.u;eJI.1IeT MlfflliMa.JibHHe IR3Mepl:l mepoxo:aa.TooTel noBepXHoo~ 

amTTepe., xoTopl:le cJie,eyeT rrpmmMB.TI> BO BHEM8Hl'Ie rrpa onpe.u;e.nemnl 

9MHOOKOHH6ro TOEB. . 

Hait.u;eHO, 'ITO B rrpHHHTOK MO.u;eJIH wa.poBoro 3MRTTepa 3MKCCKH 

aJieKTpoHoB npexpamaeTca: IIPH aap.a:,n;e ma.pa Ne< NKpe (NKp"'V&R/ea), 

r .n;e Vr, - µ:i. 6oTa Bmco.u;a MeKTpOHOB K3 HeaapsDiteHHor o maµ:i. c pa­

n;:eycoM R • 3a.MeTKM, 'ITO B CJiy-qae ITJIOOKor o aMHTTepa TYHHeJil>HO·e 

rrpoxoJl':,Il;eHHe 3JleKTp0HOB B03MOJ!tHO llPK JIIoOOM OTJIB'IHOM OT HYJIH 3Ha­

qeHD BHemHero O,n:Hopo.n;eoro IIOJlff, Ta.K :KaK B TaKOtl: MO.D;eJIH 3JleK­

TPK'I8C~ rroTeHUl!aJI Ha oecKoHe'IHOOTK HeorpaHK"<IeHHo BoapacTaeT 

rro a6coJIKlTHo:li BeJIKqKHe. PeaJII>mm ~alf'Iec!Ulli rroTeHUl!aJI,o.n;eaiw, 

.n;OJlllteH 3a.Izy Jl.f.!T:&Cfi, KaK 3TO rrpOHCXO.u;KT B MO.D;e.JIB mapoBoro 3MRTTe­

pa c H30HTO'!HHM aap.a:,n;oM. 

ItiqHCJieHa BpeMeHHaJI 38.BHCHMOCTI> 3MHCCHOHHOro TOKa K3 npe­

.D;eJll,HO aapsDiteHHoro M8TaJ.Li1H'fecxoro mapa. IToKa.3a.Ho, 'ITO aMllCOIOH­

HJ:lll: TOK nop.f.(ll;Ka CBOero MaKCKMaJThHOro 3Ha'IeHIDi (HeCKOJll>KO e,JUilll1lJ; 

Ha I08A/cM2 ) B Te'IeHKe HeCKOJll>KKX: ~eMTOC0KYH.u; (IO-I 5c). 

06C~RJTCR YCJIOBM, rrpH KOTO:pIDC aBT08JI8KTPOHHl:Ii!: 9M1!!TTep 

~OJteT CJJY.liO!TI> KaTo.n;oM .n;Jlff JiaaepHoro ycKopKTeJIR [6] . 

I. Mo,n;eJI:& mapoBoro 3MllITTepa 

BHtm:CJil'!M 3MKCCKOHH!:ltt TOK H3 MeTaJIJIH'!l:eCKoro 38.prut'.eHHoro ma.µ:i. 

pa,n;eyca R c rroTeHIJ,MaJIOM Bl:lXO;I(a V ('L) , aaBHca:ntHM TO.JlbKO OT µ:i.c­

CTOIDmff (. ,1(0 ~eHTpa uapa. ~HKIJ;tIJI v ( '1.) B .rr,a.HHOK pa6oTe TIOJJY-
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• 
~eHa HHTerpapo:ea.HKeM 3KpaHHpOBaHHOrO KYJIOHOBCKoro TIOTemnra.rra 

no o6~eMY maia c BBe.n;eHKeM HOpMHpoBOl!HOr o MHOl!J!ITeJIH K ,rrpK­

BfI3HBa.IJllero v ( 7.) K 3KCrrepKMeHTaJI:&HHM 3Ha'IeHHIIM µi OO'.m BliXO­

;I(a Vt : 

4 gre.~JUo a.~ : 
v (?..) 

R 

{ 

1 - R~ a. ( Q: $ h ( 'l { a ) ' 

R-7. R•Z 
R-a.. - R•Q (.l -~ --e Q + -<>- L ' el. c:. z. 

'l. < R 
(I) 

?..::> R, 

a 2 -8 
r.n;e ;u 

0 
- ITJIOTHOCTI> a TOMOB Bc111ecTBa, a.

6 
=ti /mi.. = 0. 529. IO CM -

- OOpoBCI<IDi: pa.n;HyC, Q - pa.n;:eyc 3Iq)ru!E:pOBKl'I, xapaKTepH3YIOll\11!tl: 

"pa3MiTKe" noTeHnKM:&Horo rropora BHXo.n;a aJieKTpOHOB B6Jm3H rpa­

mru;tl. B ,IT,aJibHeiimeM a.. rrpe.u;rroJJaraeTCff paBHI:lM cpe.n;HeMY paccTOJI­

mito JU; 11~ Me.1!i,JJY aTOMa.MH BellleCT:sa.. IlapaMeTP K rrop!I)J;Ita e.n;HHH­

IJ.H: HarrpKMep. A1IJi Me.n;a K = I. 05. ,Il,JllI BO.Jlbifil>aMa K = I. 42 ,.n;Jif! 

a..mcm:mm K = 2. 06 . 

Ha (I) cJie,eyeT, ~To .n;ocTaTo~Ho MaJioe KOJIH'IecTBo Hs6gTo'l!Hl:lx 

aJieKTPOHOB o6.7Ia;r.aeT OTp:inr,aTeJil>HOR ITOJIHOtt 8HeprHeli H HaXO.n;KTC.fI 

B CBH3aHHOM COCTOHHHK, llOCKOJll:>KY Ha µiCCTOJIHIDDC OT IIOBepXHOCTH 

ma.pa' 6oJil>IllKi 'I€M a. , 3Jl8KT:pH'l:eCKHtl: rroTeHUl!M CHCTeMi orrpe.n;e­

JIHeTCJi TOJll>KO sap.a:,n;oM :e:a6HTO'llil:lX aJieKTpoHoB Ne. :e: ITPK 7.. - 00 

CTpeMHTCll K eyJIJD , OCTaBB.HCl> TIOJIO.lKHTeJ.lliHHM. Ra~~aJi c HeKOTopo­

ro 3Ha"<IeHH.a "<IHCJJa H36HTO"lHHX aJieKTPOHOB Ni<p rroJIHaa aHeprrui: 

3Jl€KTpOHOB .BepXHero 3HepreTH~ecKoro ypOBHfl CTa.H;OBHTqa ITOJIOJKH­

Te.JlbHOil:. XOT.fI 3a C'IST rropora Bl:lXO.n;a v ( 7..) OHH Bee ellle H8XOM-

TCH B IIOTeHIJ,Ma.JlbHOH JIMe. Ha PRC.I JIHHH.f! I COOTBSTCTByeT CJiy'IaIO 

N < N KP , a JI:mnrn 2 , 3 CJJy'IaIO N > NI( r . \T?opMY J1a ' orrpe.n;eJlF.!J(lllafI 

N KP , HMeeT BH.D; 

NKp"' 
'l.oV(1o) 

ti? 
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r.I(e rz.. - rpawm,a a.iie:KTpOHHOI'O 06.na.:Ka, He COJIIU•JV!Jl!!f!Si c llOBepx­

·HOCTI>I> llfl.pl. B CJiy1111e · N >N kp a11exTpomt M<>cyT · TyHHeJmpOBa.T:E. 

IIO;D; 6api.epoM 

U: Nf..'/t-V('l.)-(Nf
2
/'l.-V('Z.o)), . 'l >"lo 

BJJ.I(Ho, ( cM. pzc. I) , 11To llllKCJD18Jlldloe SBB."ieime U · na.n;aeT c yBe­

Jm11em1eu N . , ;D;OCT)U'aH '$YJIJJ. !Ip[. N = N~ ·• Be.mmma Nm - ~c:e:­
MaJil>Hoe c KJJacc:m:qecKOI TO'llRH speHl!Si 3Ha"i8HHe 1Dl!CJia K36HTO'?HWC 

3~eKTpoHOB mape. - onpe;o;eJIJteTc~ yc~oBJieM: 

N :. V' ('l.) 'I/ (3) 
m . !2. , 

r.D:e mTpEX osHa"iaeT )tllqxpepe~aHBe no 'Z. • YCJIOBHe (3) osHB.• 

11aeT plBeHCTB~ CHJl!i OTT8J1l'CHBa.HJUt BSOO'l'O'IDIHX M8ItTpoBOB ee.Nm/7.: 
B03Bpa!lla.nqel cHJie V 

1

{ 'lo) noT~Horo nopora.. 

~OPMYJI!i (2) :a: (3) npe,ll;CT8.BJJJD)T co6oi lf!y~OHW11>HJ:le y~e­

Hemm OTHOCKTMI>HO N11pH Nni , noCKOJ.U,xy Be.mr<nma 'lo sa:mtcKT OT 

'll!CJia a~eKTpoHOB o6JiaRa. Eo.nee KpKTH11Hl:lM x saa11emm · 'Z 0 Jl:BJISi­

eTCH .ypaBBemie (3), Tax xax l'pl.ItReHT !fly~ V/Vr, B6JIH3H rpa­

HKrOI TeJ.la CYI11eCTBeHHO 60Jll.ll!e e~. 3a.MeTltM, 11TO ;11,JIR llOTeH­

~Horo rropora V( 1) T:ima ·"JlilliMOyrom.Hmi JilllKK" qiopMYJJa (3) 

,ll;aeT qiKs:e:'!ecu 6eccMHCJieHiioe oecxoHe'llioe 3Ha'!eIDie ;rI.JIR N..., • 

Hax:01K,IJ;emi:e Be~ NKp :a Nm '· a TaKlKe '!KCJI.a MeKTpOHOB, npH 

KOTOPOM SMKCCKOHH!iii TOK CYI11eCTBeHeH, CBSi3aHO c onpe,ll;MemreM 

qiyHxr.um pacnp~,ll;Memm: H30HT011HOI'O sap~ n. ( (.) . B ,ll;aHHO:li pa­

OOTe <PY~ ll(1.) HaxO;D;KTCSi KS ICBa.3KKJiaCCK'!eCKOro ypamremm 

TOMaca..il?epMZ, Bwmca.BHoro ,ll;J1.f.l s~eKTpoHHoro o6JJaR:a BO BHellll!eM 

noTeHU11a.niHOM IIOJie. ~HHKTHaJi KOBlliKrypaIJ;WI OMaKa OIIpe,ll;eJIR:eTca: 

rpaBJnHHM YCJIOBHeM n. (1) = 0 ;11,JIR. ~ ~ "l 0 • c Y'!eTOM STOro 

yCJIOBmI ~HeHlle ;11,JIR n (.::.) MOl!HO 38.IlHcaTI. B . RHTff!'p;urbHOM BK}(~!· 

~-

(351
2
1; ~ )2'3 21~ 2{ 'Z 'l;, } 

n.l1) + 431e ~Jz'an.(7.')di.1 + J'l'tt(i')di' -V(1):'l(
4

) 
0 'l 

r.D:e V 0 = e c. N / 7. o - V ( -z o ) 

IIepBl:l:li 111IeH B (4) HMeeT CMhlM MaKCHMaJibHoii Kl'!Hern'!ecxoii 

3Heprmi: XOJIO.lUIHX 3JieKTpOHOB, BTOpoii 'fJleH onpe,ll;eJmeT C06CT-

BeHHl:l:li rroTeH!.tlfB.JI o6~xa. 

BBe,ll;eM rrepeM~HHYID Q = (3.,/jf rt)
11/J8_JU

0
a

6 
R npOH3Be,ll;eM 3aMeHy 

X = <}_ (1- ~.), r,n;e 4
0 
= 7.o/Q

6
• YpaBHeHHe (4) rrepenmneTCJI B BH,ll;e 

K 

-nG(x)=~4·J~1(x')(1-.£)(x-x')dx'+x(x)-x(o)- ~xq.0 , (5) 
Cj.0-x q.. 0 9-

0
-X 

0 

r,ll;e 

<to I 

J l , X a I 

V"' a lx )(1-cr:) dx, x. y 'r 16 J ~ 
"'~grea.Jl'.a.~ ' ".> = 32.JU.o.s/TI 

0 

KOJllIIIecTBo anexTpOHOB 06.na.:Ka N Bl:lpaJKaeTca: '!epes napa-

MeTp V : 

N = 4 jf .f'o ?. 0' Q
6 

V . (6) 
Q . 

BH,ll;HO , ~TO Q r; v HMeeT CMHCJI IIOBepXHoc~ott IJJIOTHOCTH H36HTO'l-

HHX 3JleKTpoHOB B e~ IIOBepXHOC'l'HOH IIJIOTHOCTH aTOMOB ma.pa. 

~epes rrapaMeTp v orrpe,ll;eJIR:eTCJI rroTeHrzyraJilpe M eKTpOHHor o 06-

Jla.Ra Ha pacCTOHHIDIX 7.. ~ 7. 0 • : 

1fe ( 7.) = 45ftJUo a.Ii?.: v/ 7. (7) 

IIpH 7..-= t.. , 4>e( 'Z. .) :::::. ~ \f'Jiu22cM-3)("Zo/IcM) .o. 96x rn8E. 
tPyH~ ll('Z) IlOJIHOCT:E.10 onpe.n;e.ru:i:eT 6ap:E.ep , 'Iepes KOTopim TyH-

HeJIHpyJOT SJieKTpOHbl o6~xa. Orrpe,ll;eJIR:H IlOTOK 3JieKTPOHOB K IIOBepx~ 

? 



:wcTH wapa '!epe3 3Ha'!eHW! liX CKOpOCTeii H ILJIOTHOCTH B carvJOM rJiy -

6orw.~ '!aCTH IIOTeH.u;;rnJI:OHOH HM!:1 HaM,II;eM Bbipa.JKeIIBe .JJ;JIH IIOBepxHOCT­

HOi1: IIJIOTHOC TH 3MHCCHOHHOro TORa: 
~~ 0 

J-=j0 j(1-~)3exp{- 3:~[j( ~0~~ -X(x)+X(O)+ 
0 x -x 

, '/2 
2 2 ' 1/2 7 

+o,,,~(c.-~)) dx+J(u,...~(2 - y)-~ 2(x)) dx] 1dy, 

(o ) 

32 ~ :!> 
0 

r,n:e do= 3 Otn}! GQ 6 Cd.. e ' 0 m - M9.KCIDVla.JI:OHOe 3.Ha'!eHHe <lJyHKI.J;YU'l 

~(*l , d..=-e~nc• B To<rn:ax - X1 ,X2 (xuX2 >o)rro,II;b!HTerpa.JI:oHJiie 

pa;~emm: B HHTerpaJJax no X o6pamaIOTCH B HY JI:o. BepxIDiili rrpe,n:eJI 

Bl:1-

HHTerpHpOBaIDIH J m paBeH: 

Ym c {:- ·11-1 V~"- ~ (o))/t~ , .J<('6:+ x(o))/q,o, 

V'.!:-(n~<~(o))/q,o · 
?. 

Po (7. m)LJ...,(2-Yrn)/2 .. pnpe;rr.eJJH.eT rrpe,n:eJThl rrp11'!eM Bhlpa.JKeIDie 

fIOJ1!!0M 3HeprnH MeKTPOHOB' ,JJ;aKIJlIDC BRJla,JJ; B TyHHeJI:oHHH 

(9 ) 

1I3MeHeHIDI 

T OK 

( P~ ('Z..) - Ma.KCJ.L'v1aJibHw1 HMIIyJihC 3JI8KTPOHOB, Hax o,l.\ID!lHXC.fI Ha pa­

,n;u:i'ce (. ) • CJie,noBdTeJihHO, rrpH BWIOJIHeIDIH ycJIOBH.fI 

Y"(l\!+x(o))/q, o (IO) 

TYHHeJllipoBaTh MO~eT JII060M H3 H30hlTO'!HHX 8JieKTPOHOB. 

3 TOMY CJiy'!B.!O COOTB8TCTBYIOT JIBIDU'I 2 H 3 Ha pHC. I. 0TM8THM, 'ITO 

MaKCHM8.JI:oHOe 3Ha'!eHHe IIJIOTHOCTH 8MliCCHOHHOro TOKa drn ,II;OCTHra­

e TC.fI rrpH N =- N,,, • 

3a.nmneM TaKJKe ypaBHeHHe, orrpe,n:eJtFIKI!.{ee H3MeHeHHe 'IHCJia H3-

0tlTO'!Hhlx 3JI8K TPOH0B co BpeMeHeM: 

dN 
--::- '1'.il'l~ j/e, (II) 

3,IJ.8C:b 

dt 
J ~JtN ) - J;yHKUliH 11JIOTHOCTH 8MliCCHOHHOro TOKa OT '!llCJia 

~.we KTPOHOB . 

8 

Ou;eHRa YCJIOBHH' rrp.11 KOTOpil!X wapOBOM 3M.11TTep MOJKeT CJiy.ii<:.11 Tb 

KaTO,JJ;OM ,JJ;JIH i,popMHpOBa.IIBH CHJibHOTO'IBOro IIy'!l<a 3JI8KTPOHOB, Tpeoy­

eT 'Il'!CJieHHoro aHaJIHsa 1JopMyJI!:1 (b) ::JMHCCHOHHoro TOR.a, T.e. perne­

HHH HHTerpa.JI:oHOro ypa.BH8HIDJ: (5). 

2. llHCJieHHhlli a.HaJIH3 

YpaBHeHHe ( 5) , orrpe,n:eJIHIOmee 0YHKUHIO IIJIOTHOCTH .11s61i1TO'!Hbl ' 

3JieKTPOHOB, B ,n:aHHOM pa6o Te perna.Jioc:r:, 'I.11CJieHlio . ITo sa,n:aHHoi'. l'eo­

MeTpHH rnapa H aJieRTPOHHOro OOJiaKa HaxO,Il;}!JiOCb 'I.11CJIO H30bITO'!Hl.['~ 

3JreKTpottoB. BbI'!HcJieHHH rrpoBo,n:>rJinc:r:, rrpu q, = ro, rn2 , ro3 , rn4 lJ.Jifi. 

3Ha'!eHlli1: KOHCTaHT J'Ao !1 K ' COOTB8TC TBYIOUIHX Me,II;H' BOJI:or!JpaM'j H 

8.JIIOMl1Hll!O. 

!Ia pMc. I rrpHBe,JJ;eHLI rpajJHrrn noTeHIJ;HaJI:oHoro rropora, HCKalKeH­

Horo IIOT8HIJ;llaJIOM H36bITO'lliblX :JJI8K'l'POHOB ,Il;JIH wapa :VI3 Me,II;H pa,n::vry­

ca IOG Q 6 .JJ:JIH 3.Ha'IeHHti v , paBlfl:F L.OU9b9, O. CIIIb, 0.07602 . 

Be.JI.lf'lllila (q,
0

- q,) Q 6 , orrpe.n:eJIHIOl!lM pace Tomme MeJK.ny rpa.HHu;eH 

3.l!eKTPOHHOro OCiJiaKa H GOBepxHOC'l'b!O 1uapa' rrpH 3TOM paBHa 

- bQ6' - 7.5Qfi' 0 ,5Q5 ( 3HaJ{ ;,nmyc 03Ha'!aeT, '!TO 3JI8KTpOHI10e 

o6JiaKo HB.XO,II;HTCH BHyTPH rnapa). l31mHo, 'I'ro rrp>r \J = C.OCBb9 

3JieKTpolill TYHHeJIHpo:aa. Th He MOI"JT, npH v = 0 . OIII5 y11.e MoryT ; 

O,n:HaKO 3MllCCHOHHb!H TOK rrpeHe6pe;;:11MO Ma.JI H3-3a OOJI:OWOH W>iPHHH 

6ap:r:,epa. B 'l'p eneM cJiy'!ae -\) v.1il'l3KO K CB08lll,Y rrpe,JJ;eJI:oHOMy 3Ha­

"'!8HH!O .Jm~ O. ObG H IIJIOTHocn sr.mcCH)HHoro TOKa j ~ 3.I05A/c~·2 

TartJKe HOPH,II;Ka MaI<CHMaJihHoro TOI<a Jrn~ S.6 . I0° A/cM2 • 

Ha p>rc . 2 I!Jl8.JJ:C TaBJieHH rpalinr.:i1 rLi!OTHOCTll H36blTO'!HHX aJieRTpo ­

HOB n. ( 'l.) ,Il;J!FI M8,Il;Hb!X wapoB c pa,l.'tlIYCru.m IO ' rn2 H rn3 oopOBGl(llC 

Pa.JJ:JIYCL. -· Ha Bcex Tpex rpajlHRax BeJIJNHHa v BHCil<!paJiac:o TaKoit, 

'!TOCi!l OOOTBeTCTByI<JWliii 81VMCCHOHHbiii TOI{ npH6Jill3HT8JibHO COBIT"1,UaJI 

9 



B ;n;aHHoM CJIYtiae STOT TOK ,..._, 4.lOt; A/cwf. IlpR R = lOQ.6 SJieK­

TpoHHoe o6Jia.KO sarroJIHJieT Bee:& o6'beM mapa, IIPH R = IOOQ
6 

TOJlll!MI· 

Ha CJIOR Pl36b!TO'!HhlX SJ16KTPOHOB IIOp.IJ,JJ;lia IO% OT pa.mryca mapa Pl B 

CJJyttae R = I03
Q 6 umpkrna cJioa Memme IIpon;eHTa OT R . 3TR ouei 

IQI hoRa3b!BaIDT, 'ITO mepoxoBaTOCTR rroBepxHOCTR RaTo.u;a MOlKHO pac-

CMaTPRBa.T:O B BR,D;e OT,146.JThF!liX MmtpoOCTPml:, ecJIR pasMep HepOBHOC­

Teli ~ 100 a.Ei. B o6paTHOM CJJylffi.e MO,D;eJI]) He?a:BPlCffiltIDC ;u;pyr OT ;u;py. 

ra OCTPml: HenpRMeHRMa Pl IIOBepXHOCT:O KaT0,!4a MOJKHO C~TaT:& rJia,n;­

KOH. 

Ilpo6JieMa Henpo6RBaHIDJ: IIOBepXHOCTJI[ M8TaJIJJa CYJl18CTB8H.Ha IIpR 

H3rOTOBJ18HRH MOII!HRX pesoHaTOpOB ,14.JI.ff HOBoro IIOKOJieHliif.[ e+e- YCKO­

PRTeJiel1:, r,!4e Tpe6yeMHe sJieKTp~ec:iw:e IIOJlfI -v I MsB/cM cos.rr.amCJI 

MeraBOJI:OTHHMllI IIOT8HUJiaJla.MH. B CBa3Pl c STRM IIOBepxHOCTPl peso.Ha­

TOPOB o6pa6aTl:lBa.JOTCR Mexa~ecKH io Bb!COTbl Mll!KpOHepOBHOCTel1: 

"-'I0-4 CM, a saTeM aJIMa.3HOH IIaCTOH mJIH([Jy.IDTCR ;n;o mepoxoBaTOC­

Teii "' 2. I0-6 CM [ 8 J . BH,D;HO, 'ITO TaKaa 06pa60Tita Y.IJ:OBJ16TBOPfI6T 

rrp:irne,;n;eHHOMY Bb!IJJe KpHTepmo rJia,D;KOCTR IIOBepxHOCTH. 

Ka.It 6b!JIO OTMetteHO Bb!Ille, IIpe,D;eJI:&HHe 3HatteH:wI v COOTBeTCTBy­

·oT rrepecetteHmo y6HBaI!llleli ITO q..
0
-ci cpyHronmX'(o) c B03pacTa.l!JI1HMR 

3HatteHRaMH v . Ha pnc.3,4,5 yKasaHHHe <l>YHKURR .11so6pa.JKeHH . .IWI 

111apoB R3 Me,D;R,. aJii<NIDiM R BOJI:o<Ilpa.Ma IIPH q. = 102 , 10
3

• 104 • 

IIpe,!4cTaBJieHH TaIOKe rpatlJRKR IIJlOTHOCTK swccROHHoro TOKa. Ilpe,!4eJI:o.:.. 

Hble 3.Ha tteHRR B,e.mr<nrn V m , j >n R q. 
0 

- 9- = J,,, D;pRBe,D;eHH B Ta~e • 

3aMeTHM, 'ITO c yMeH:&meHReM q. IIJlOTHOCTh 3MllICCPlOHHOro TOKa B03-

pacTaeT, XOTR IIOBepXHOCTHaR IIJlOTHOCT:O Pl36b!TO'IHHX SJ18KTPOHOB 

ra,n;aeT. 

BpeMeHHyl!J SaBRCRMOCT:& IIJlOTHOCTH sMll!CCROHHoro TOita MOlltHO no-

IO 

JJy'IlIT:O Pl3 ypaBHeHWI (II). l'ICIIOJI:osyH 'IlICJieHHO Haii,D;eHHyJD \f>yH~ 

j ( y) . ,U.Jm MllIK,POHHb!X mapoB ypa:eHeHE:e (II) ne;peIDicb!BaeTCH B Bli· 

,D;e v(-1:) 

e.f'oQ6 s d-). = t 
d (J (v)/J") ' (I2) 

vm 
r;n;e B KatJ:eCTBe cpe,D;Hero 3HatteHM 3MllICCliOHHOro TOKa d BH6paHO 

3Ha'!eHHe, paBHOe 108 A/c~, npe,D;IIoJiaraeTCH, ttTo npn t= O map 3a­

:pIDKeH .IJ:O npe;n;eJI:&Horo 3.Hatte:mm: Nm= 4.ft .f'J o ?.! 0.6 v,,,. KoajxpmnrnHT 

epoo..6/JnopH.IUi.8. rn-12 
c, a 3TO 3HatJ:PlT, 'ITO :xai:nKTepHl:le BPS­

MeHB. aa,D;atIR no Iq>llliHe:lt Mepe 111emme nmtoceRYJmH!iiX HHTepBaJioB. 

lfirCJleHHOe HHTerpHpOBaHRe ypa.BHemm: (12) ,D;aeT Bl'I,Il; \{lyHI<J:U!H v(t) Pl 

CJl0,Il;OBaTeJI:&HO, Bblpa.lKeHPie ,n;Jlff B~dMeHHOH 3aBHCRMOCTH IIJIOTHOCTH 

SMRCCPlOHHOrO TOKa. )Lna M8,Il;HOrO ruapa C :tn.ItliYCO.M I04 a 6 WYHICUW'I 

' J(t) .11306pa.JKeHa Ha pHc.6. B CK06KaX no OCR a6CD;HCC yRa3aHbl 3Ha-

tteHRR BeJIR'IlIH!il q.- q,o ,ll;JIH COOTBeTCTBY1W16ro MOMeHTa BpeMelilI. BH,D;­

HO, 'ITO 3Mll!CCHOHHblli TOK IIOpii,Il;Ka I08A/c~ B TetteHRe H0CKOJThKPlX 

cpeMTocexyH,D; (Io-15
c), np~eM 3a mr:icoceeyH,D;H!ilH l'lHTePBaJI TOK na,n;a­

eT Ha TPH IIOPfI,D;Ka. 

3. 06cyJK,IJ;eHKe pe3y~:oTaTOB 

XOJIO,D;HaH 3MRCCRH 3JI8KTpoHOB c K,PRB!lX M6TaJIJIPltJ:eCKRX IIOBepx­

HOCTeli MOlKeT 6HT:& P!CITOJI:o30Ba.Ha ,ll;JIH cpopMRpoBaHIDi CliJI:oH9To'IHb!X 

MeKTPOHHb!X IJY'IKOB. Vl36b!TO'IHblli 3aPH,IJ;, B .rr,aHHOM CJiyttae IIOBepxHOCT­

HHH, IIP~ STOM co3~aeTcR npHJio~eHHHM K MeTaJIJIY IIOCTOHHHb!M IIOTeH­

D;HaJIOM. B CJ1yqae, ecJIH paccMaTpRBa.eMoe B xattecTBe ItaTo.u;a MRKpo­

PCTPHe P!MeeT xapa.KTepHHe pa3M0PH, 6oJfbnme 50 a 6 , ,IJ;J!R onpe.n;eJie­

HIDJ BeJIRtIHHbl B03HRRaBll!ero SMPlCCPlOHHOI'O TOKa MOlKHO PlCIIOJI:o30BaT:O 

pesyJI:oTaTbl ~3pa.60Tamrott B ,Il;aHHOH :tn60Te MO,Il;eJIR ma.poBoro arvrn:T'Te-

II 



p a c J.13011TO'!HUM sapH,D;OM . ,L.ei1CTBliT8JlbHO, HHTepecyHCb rrpe;r:i;eJIJ:,Hhl­

Ivll1 3Ha'!8H:lilllllli TOKa, MH:ItpoocTpMe MOJKHO paccMaTpl'!BaT:b B Bl1;I.J;8 l'I30-

Jl!1p0Ba!-IHOro lllapa, IIOCK OJILKY .xapaKTepHh!e BpeMeHa 8Ml'ICCH!1 ,...., ro-I5 + 

I013c MHOrO M8HHll8 Bp8M8Hl1 IIO;I.J;IlliTKli MlntpOOC'.l'plIH BH8WHl'IM TOKOM. 

. iip1IB8;I.J;8HHhl8 oueHKYI IIOKa3h!Ba!OT' 'ITO c rrpei:i:e.JILHO sapffii\eHHblY. 

rnapOB TOit IIJIOTHOCTLJO "-' I G0 A/ cr.11
2 

tIJoprvrn:pyeT rry'IOK ,I\J[YiHOtI "-' rn-5 + 

ro-6 C~;1 . 
3apH,D;l1T:b wap ):(0 n p ei:i:e.'ThHOrO 3Ha'!eHY.H ~lOiKHO, nCIIOJl:b3YH ;r:i;o­

i10J!HliT8JIJ:,HOe .nasepHoe ITOJ!e . Ha rrepBOM IIOJ!y rrepuo;n:e 3TO IIOJie,IIOBhi­

llJM rro1'eHUVIaJ1nHIDi: rropor Bh!xo.n;a , sarrnpaeT M30h!Toqrru:tf sapH:.n;,Ha 

BTOpOM IIOJIYII8pMO,Il;8, CI IBMaH ):(OIIOJIHl'IT8Jl:bIUM 6ap:r:,ep, CTlilvJYJll1:PY8T 

8MliCCIDO. CymecTB8HHO, qTO oopaTHaH 11B.CTOTa JiasepHoro IIOJI.ff 

"' Io-15c ITOpH,D;I<a xapa!tTepHoro Bp8M8H1I 3Ml'ICCl'Ili 8Jl8KTpOHOB, T. e. 

JiasepHOe ITOJ!e MOJK8T 6h!T:b 1ICITOJ!J:,30BaHO B Ka'!8CTBe CBoeo6pa3HOrO 

newrl'IJIH, sapFDKa!Oll(ero wap i:i:o rrpe.n;eJ11:,Horo 3Ha'!emui:. 0.n;HoBpeMeHHO 

rrponc,co,eyrT rrpocTpaHCTBeHHaH MO.IT.YJ!mJ;HH rry'II<a, 'ITO rrosBOJI.ffeT pac­

c MaTpimaTL rrpe.n;JIOJK8HHhlii M8XaHYI3M rpeMTOCeKyH.n;HOH 8MllICCID! KaK 

Hru160Jiee rrpMeMJieMIDi: .n;.JIH paspa60TK11 KaTOJJ:HOti '!aCTlI J1asepHHx yc­

Kop11TeJ1eiJ: [ 6} . 
Ka.K OTMeqeHO, Harrpm.~ep, B [9] 8Ml'ICCllIOHHaH CIIOCOOHOCT:b COB-

perneHHh!; [ ItaTO;I.J;OB rrpaKTJiqecrm He orpaHHqeHB. III ITJIOTHOCT:b TOKa 

.ifril,1!ITJ/lPY8TCH JlllIW:b .JJ;8HCTB118!A rrpocTpaHCTB8HJTOro sapH,D;a 8Jl8KTpOHOB. 

3mvienIM' q TO r<yJIOHOBC1{08 pacTamarnaHHe 3Jl8KTPOHOB MOJKHO OCJ!a­

OHTJ, ' rrpl1JIOJ!lliB rreprreH;n;ttKY MPHO K IIOB8pXHOCT11 Me TaJIJ!a .JJ;OCTaToqHO 

C}LllbHOe MarHHTHOe IIOJi e ' OXJia.Ji{,I(aKXL\88 8MllITTJ/lPY8lVIHM rry'IOK. Tpe6y.ff' 

'11'0 Ubl p awmU:VIOHHh!e IIOTepli Ha MarHllI'l'IIOM .JJ;OpOJKKe ,IT,Jll'IHOM Q Oh!Jll1 

cpa.BHHMhl c KID!eTM:'!ecRotl: sHeprMeiJ: norrepe'!Horo ,n;BlillteHIDI sJieR­

·rpoHOB' ou.eHKM B8Jlli'll1HY HeOOXO,!J;lIMOro MarHRTHOro IIOJlfI 

l?. 

• i' 

:o s I oli )'12 v H ,...., ( 3m c Y.. '-1 t Q , r;r:i;e 11 - rrpe;r:i;eJILHaH cRopocT:& aJieR-

TpoHOB. Bll',Il;Ho, 'ITO .JJ;Jl.ff paeyMHHX 3Ha'l:eHH.f.t ,n.i1IDill MB.rHllITHO~ .I\OpolK­

Rli Heo6XO.I(llIMfi IIOJIJI TIOpH,IJ;Ka IO r..~rc' cymecTBYKlIU'l8 B TeqeH1I8 ,IJ;O­

~eli MKRpocer<yH,I\H. Cos;r:i;aHl'!e Ta:irnx rro~eH rrpe;r:i;cTaBJl.ffeT crreUHa.Jih­

HyIO 3a,D;a'l:J • 

B 3a.KJll01!8HH8 aBTOphl BHpaJKa!OT o~aro,I\apHOCT:b A.U.AMaTYHH 3a. 

CTJirMYJillIPYKllll'Ie o6CYJK,JJ;8HllIJI H IlOJl83Hble 38.M8'1aHIDI. 

Tao.mru,a 

Me;r:i;n A.Jr KJVIJHIIDi B oJr:r:,1vpaM 

' ) 

O.ObO U. 095 0 . 099 9' = ll/" 
I ~n ; O.Gb3 u.099 0 . 103 q, = 103 
' 4 I o. Oo4 o. OU; o . I03 q, = IO 

I C • 2 
., 10-0d ~ 

rn A 

f m 

5.6 
5.2 
5.I 

I. 7I 
I.63 
I.62 

[,. 2 
7.5 
7. 5 

r.00 
I. 74 
I. 72 

I3 

b.3 
7.7 
7.7 

I. 50 
I.69 
I.6b 

q, = 

q, = 

q, = 

IG2 
103 
104 

q, = IO 
q, = rn3 
q, = rn'1 
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PHc.I IloTeHD;l1a.JThHHH rropor BHXO~ s~eKTPOHOB HS sapmKeHHOro 

Me.ruroro ma.pa c P~HYCOM IDOQ6 • IlpHBe.n:emrue rpajlHKH 

COOTBeTCTBYIOT ~ = 0.00989(1), 0.0III8(2), 0.07602(3) : 

LJ
0 

= 4,3 aB 

.. 
~ 

" WI .. .. 
el 

" eo ,. 
I< 

8 

" .I 
Of /J2 <U 11.• 114 VR 

fHc.2 I'pajl:mtH ITJIOTHOCTH H36HTO'!HIDC a~eKTpoHOB ,wiiI Me,IUIHX ma­

poB c pa,n;lcy'Ca.MH 10(1), la2(2) R 103(3) 6opOBCKHX pa­

,IJ;aYCOB. Bo BCex Tpex CJIY'ffi.!DC 9MRCCHOHHHi1: TOK"-'4,I08A/c~ 
Kp~ aTOMapHOH rroBepXHOCTH rnapa Ha OCH a6CIJ;RCC 000T~ 

BeTcTByeT e.n:mnru;e. 

u 

::i,-,.. 

:z:.o, 

1.1 '~ f.5 • f.1 ::Z:·<14 

Plic .3 Ilpe.n;M!:>HHe 3Ha'!emm sa.p.li.D:8. (Me.n::r,). 3HatIKaMR O - 06os-

1ra'!eHll clJyHro.umx.'(x), A-v(x), o- j(x)· . llliclJPH I,2,3 

COOTBeTCTBYIOT mapaM C paroiyca.Ml'I ID
2
Q 6 '. I0

3a 6, ID
4

U 6 • 
I 

Ilpe.n;emHHe 3Ha'!emm .n.mi: v onpe.n;eJI.ffDl'ClI rrepece'!eH:ia:eM 

KPKBOH X.'(X) ( 0) . C Kpm!OH V ( X) ( 6) • 
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PHc.6 BpeMeH.HaJI sa.BHCRMOCTb IIJ!OTHOCTH sMHCCHOHHOI'O TORB.. 

ITpliffie,n;eHHHli rp~HK COOTB8TCTBY8T M8,!l;HOMY mapy c pa,Il;l!Y~ 

COM IO\, J = IrJ3A/c,/-. 
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