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© EpesaticKuu ipuau .. ecKuu UHCTUTyT, 1 '98,0 

I.0,D.HHM H3 HHTepecHeAlllHX cJieACTBHR TeopHH nHOHHoro KoH,D,eH­

caTa [I] HBJUl'.STCS B03MOllCHOCTh CYIJ\9CTBOBaH.HS rHraHTCKHX JVJ,ep 

C MaCCOBblM llHCJIOM A ~ Anof'Ol• B OCHOBHOM COCTOJlll\HX H3 HeATpOHOB. 

IJ,na TaKHX JVJ,ep CBfi3h A H 3ap~ H,D.pa ~ AaeTca cooTHomeHH­

eM 

~ = z A'/3. 
0 I (I) 

I'Ae A nopo<? H 2. 0 BbipalKSl)'rCfi t1epe3 H9AOCTaTO'lffiO TOtlHO H3B9CT­

Hble JVJ,epHble KOHCTaHTbl. Tax, J1,1lSt IJ)!Jyx MOAeJieJ:l. ( 6 ) H ( c ) 

pa60Tbl [
2] ' KOTOpble ~ HeltTpOHHOR llHAKOCTH 11.BXYr CBH3aHHOe COC• 

TOHHHe, 3TH B9JIHtlHHbl paBHbl : A nopol. = 2. 82 • IO 7 , il. 
0 

= 186 H 

3HeprM CBH3H Ha HyKJIOH t =-35 M3B ( MOA9J1h 6 ) ; A nopoe = 

=I .23 • I010, .~'o=I62 H c =-3,5 Mae (MOAen 't ) .,Ll.rul onpeAeJieHHR 

noporoeoro MaCCOBOI'O llHCJia, c KOToporo CTa6HJIH3HPYIJTCfi HeA­

TpOHHble H,D.pa, BeChMa CYIJ\8CTB9HHO 3H8HHe cywa.pHOI'O 3ap~ ( c 

yqeTOM BaxyyMHHX 3J19KTpOHOB) ' Haxop,mqeroca B oc>~eMe .11,Il.pa. 

0,11,HaKO, KaK t!JyAeT BH,11,HO H3 pesyJihTaTOB AaHffOA pa60Tl>I, CyMMS.p­

HblR sapJVJ. y nopora cTa6HJIH381.\HH He weaee 30% co6cTseHHoro aapH-

1111 a,u.pa. llosTouy npH onpeAeJieHHH A r.opoe o~eHOtlHO YOllHO orpa­

HH'tlHThCH C06CTB9HHblM aapJVJ,OM a,u.pa. 3p,ech ,ll,,J1JI KOHKpeTHOCTH Mbl 

3 · 

·1 



paCCMOTpHM HBHCBJ138HHyl) MOAeJib HeRTpOHHblX Jl,U,ep - MOAeJib ( (, ) • 

XOTJI TB.KHe .R,D.pa B OCHOBHOM COCTOJIT H3 HeRTpOHOB (~/A~Io-3), 
TeM He MeHee HX 3anJ1,U, BeCbMa CSOJibDIOA ( z ~ z. ~ =5.5°104 ) • 

~ nopo~ _ 

OTO B CBOll oqepeAb npKB0,11,KT K PSIJIY HHTepecHHX 1Pl4sHlleCKHX CJie,11.-

CTBHR. Tax, eCJIH paccuaTpKBaTb "aToM" c Ta.KHM fiAPOM, TO CSo.nblllaa 

qacTb sJieKTpoHHhlX op6HT Ta.Kero aToMa CSy,11.eT HS.XOAKTbCJI BHYT.PH 

.R,D.pa . 3HSHHe ae noJIHoro sa,pRAa, aa.xo~erocJ1 B oCS~eMe .R,D.pa,xo­

TopIDt B paccwaTpHBaewoN CJiyqae CSyAeT onpe,11.eJIJiTbCJI He TOJibKO 

co6cTB8HHhDI sapJl,U,OM .R,D.pa, HO H s.neKTpOHBMH, MOl!eT npeACTaBJIJ!:Tb 

HHTepec npH noHcKe TS.KHX J1,U,ep. B Aa.HHoA pa6oTe onpe,11.eJIJieTCJI pac­

npe,11.eJieJme 3JI9KTpOHOB B aTOMe c HeRTpOHHhlM .fl,ll.pOM, a TaKJ(e pac­

npe,11.eJieHHe BaxyyMHlilX 3JI8KTpOHOB. 

2 . )l..rul pemeHHJI DOCT8.BJI8HHOA sa,u.a~ BOCDOJib3yeMCJI CTaTHCTH­

qecKoR MOAeJibll Touaca~epMH. Bo.nbllloA sapJl,ll, He£iTpOHHWt J1,U,ep 

npHB0,11,KT K B~COKHM KO~eHTpaQHml SJieKTpOHOB, SHeprHJI ~epMH KO­

TOpb!X oKas~aeTcR B pe.nRTHBHCTCKOA oCS.nacTH. B paccMaTpHaaewou 

c.nyqae y:paBHeHHe Towaca~pMH npHoCSpeTaeT BHA [ r] 

AV:- Ldfe'[(~Ji2ti.\"!;f 1 
( V~± 2m.caV)

3
/a_ n..PJ > (2) 

r,u.e V - noTe~aJibHM aHeprHJI a.neK'l'pOHOB Ha c4Jepe pa,D,Hyca 'l. , 

rlp -n.JIOTHOCTb saPJl,D,B. .a.o,pa, rn.. H e - - COOTB0TCTBeHHO Mac­

ca H 3apS1,U, 3JI0KTpOHOB. 3,u,ecb H B(6 H 9) BepXHHA 3H8K npH 'llJieHe 

'2. me~ v COOTBeTCTByeT BB.KyyMHHM 3J10lC'l'pOH814, a HHmillD - HeA~ 

TpaJibHOMy a'l'owy. STo ypaBHeHHe AJIJi pacupe,u,e.neHHJI BaJ<YYllHblX a.nek­

Tp<-'HOB ,l1JIJ! oCSbNHHX J1,U,ep ( A/z ~ 2.. ) npHCS.noeHHo pemeHo aHSJIH­

,THQeCJCM B [ I ] Wiii ~yx npe,u.eJlbHHX c.nyqaeB. K CO:mJieHHIJ, B Ha­

meu c.nyqae aToro c.u.e.na'l'b H0J1b3Jl. B [3] ypaaHeHHe (2) Wiii Baxy-

'i 

YJllHb!X sJieKTpOHOB pemeHo a.HaJIMTH'tleCKH AJIJi S1,U,ep c A "" 10° + 108 • 

OAHaKO, KaK IIOK8ll8M HHJte, HCD0Jlb30B8HH0 B [3] npH6JIHllt0HHOI'O Me· 

TO,u.a. [I] He KOppeKTHO. Tax, c DOMOll{bll saueHH nepeMeHHblX B [I] 
ypaaHeHHe (2) npHBOAffTCJI K BKJJ.Y, co,11.epllj8.ll\eyY 6espasMepHWl 

1apa.MeTp 

A/R= ~ (ea/1icf
112 

(3/Jr) t/r; n; '/"?> / R , (3) 

KOTopIDt ,11,lIJl S1,U,ep. c i/ A ,..., 0.5 y,11.oeJieTaopaeT ycJIOBHll VR <<; 1 

qTO ,u.a.eT B03MOJIHOCTb c4JepH'tleCKYIJ sa,u.aqy CB8CTH K IIJIOCKO~ H 

pemHTb y:paeHeHKe SHaJIHTHqecKK. 0,D,Hruco ,IVIR paccMaTpH_BaeMblX JiAe,P 

/../R nopJl,11.Ka 0,3 , 'llTO ,11.eJiaeT STO Hp>t6JIHl!eHHe HenpKI'O,ll.blM. 

IlOSTOMY pesyJibTaT [3] 0 DOQTK DOJIHOR HeATpaJIK38QHK BHYTPH.ff.Aep 

Horo sapSf,11,8. .a.o,pa BaKYYNffblMK a.nexTpOHaMK a:eJIJ1eTCJ1 oWKCSO'IIBblM. 

OTcm,11.a H 38HHJ!eHHoe onpe,11.eJieHHe noporoaoro sHa'lleHHJI waccosoro 

'llKC!!a A nopoa 

Pa,D,Hyc HeATpOHHblX S1,U,ep R CBSi3aH c A COOTHOmeHHeN 

R= 'Zo (tio/n) I"?> A '/3 , 

(4) 

r,11.e "[
0 

=l.3 cp , n
0 

- Jl,U,epHM DJIOTHOCTb, t1, =6,62 t'l.0 -

rlJIO'l'HOCTb HeHTPOHHWt S1,U,ep B pacCMB.TpHBaeMoi:i NO,D.eJIH. Upe,o.no.nara?., 

'llTO 3apJIA .R,D.pa pacnpe,u.eJieH paBHOMepHo ( B ,11,a.HHOA sa,u.aqe ~:epaaHo­

uepHOCTb pacnpe,u.eJieHHJI upOTOHOB y xpaa Sl.IJ.Pa H0CYll{eCTBeHHa ) H 

~AeJI~~ saweHy nepeueHHLIX 

A. =Z./R V==- r.e~t /Rx .• 
(5) 

~ yqeT,· It (1) 11 ( ) H3 ( 2) DO.nyqHM 

!' 



" 

t"=51,1(A/to'"'/h ~'- ('/' 2
t-2,65·10_?>,,. +/12-3:1(9(/-x), 

(6) 

r,n,e e (x) - !pyHKI.\IUI XeBHCM,Ita. YpaBHeHHe (6) ,ll,OJIJ!HO ClhlTb ,D.OilOJI• 

HeHO rpa.HnllH!ilMH yCJIOBHJDm: 

. a) JJ.1IR HeATpBJibHoro aToMa 

t<o)=o, r(o0)=0, (7) 

COOTB8TCTBYDJ{HMH paBeHCTBy HYJIJO HailpH&eHHOCTH B 4eHTpe H no­

T8Hl.\HaJIY B 6ecKOH0'1lHOCTH H 

6) ,D.JIH. BaKYYMHbiX 3JI8KTpOHOB 

t(o)"'o, f{Xc) = 0,002.65Xc 1 (8) 

r,n,e x c. - Pa.,n.Hyc OClJiaCTH Ba.KyyMHbiX aJieKTpOHOB, KOTOpb!A Haxo-

,IJ.HTCH H3 yCJIOBHH. CllIBBKH BHyTpeHHaro H BHelllHero pemeHHA. 

'4HcJieHHble pacti:eTbl. no.nyqeHHblX Kpaeswc: sa.,u,a'll Clh!J!H BblllOJIHe­

Hbl Ha 3.BM EOCM-6 c rrpHMeHeHHeM HenpepHBHoro a.HSJiora MeTo.i:ta 

HbllTOHa [
4

] ' KOTOp.bltt Il03BO.llileT CBeCTH HeJIHHeAHyl) sa,n.aqy K 

cpaBHHTeJibHO Jl0I'KO pe8JIH3yeMoa Ha 3BM IlOCJI0,D.OBaTeJibHOCTH JIHHeM­

H&IX sa,n.aq, pewaeMbIX MeTO,ll,OM npOI'OHKH. 

fu&ea IPYHK4Hll t (x) Jierxo Mamo Bli'llHCJIHTb xo~eHTpai.µw 

anexTpoHoB ti.. e ( x ) , a Tane HaKonJieHHb!A B cifiepe pa.,n.Hyca x 
sapH,D. 3Jl0KT,POHOB /I/ ( x) 

l( 

/\/ (x) = ( 4 le
6

/ .35111. ~ c ?>) J; [ 1f·+ (2mc~R/z. e')x t ]3/a dx. (9) 

0 

EcJIH 'llHCJieHHb!R cqeT npoae,o.eH npaBHJibHo, To ,IVISI HeATpaJibHoro 

aTOMa HeOClXO,IJ.HMO Bbil10JIHeHHe YCJIOBHa 

6 

l 

li.rn. N(x)/~ = 1. (IO) 
Y.-o0 

Ana scex paccMoTpeHHblX aHa1:1eHHA A aTo yCJIOBHe BblIIOJUUi-
JIOCb • 

3. Pac1:1eT 6blJI npose,o.eH P.JIH. pa3JIH'l:lHblX 3Ha.'lleHHM A - HallH· 

Haa c nopora cTa.ClHJIH3~H HeRTpoHHoro H,D.pa. B Ta6JIH4e I JJ.1IR 

,Pa3JI,H'l:lHblX 3Hati:eHHR OTHOCH'l'eJibHOI'O pa.,n.Hyca x npHBe,D,eHbl 3Ha­

ti:eHHH. + ( ><) / x H N ( X ) / 2 • lfa pesyJibTaToB pac'tleTa BHP.­

HO, 'llTO )J.1IR Bcex HJJ.0P OTHOCHTeJibHOe pacnpe,n,eJieh~e aJieKTpOHOB B 

JUU)e DOtl:TH 0.AffO H TO Me,H OKOJIO 70% sapa,Ita aJieKTpOHOB HSXO,IJ.HT 

ca B H,D.pe. Ha pHc.I ,D.JIH. noporosoro H.,n,pa c A = 2.7·I07 npHBe­

,D,eHa 3aBHCHMOCTb IV ( x} / 2 H BepoHTHOCTb pacnpe,n,eneHHH 3apa,u,a 

3JieI<TpOHOB rte 'i G B aTOMe. Ha TOM ll(e pl.fCyttKe nyHKTHpOM IlpH­

Be)J.eHO pacnpe,o.eneHHe sapa,Ita H,D.pa. H3 pHCYHRa BM,D,Ho. 'l:lTO ,n,o 

paccTOH.HHa 'i. ~ 0,7 R 3apH,D. H,D.pa noti:TH noJIHOCThm KOMIIeHcM­

pyeTc.fi sapH,D,OM aJieKTpOHOB. AHMOI'H'llHaa KapTHHa 6y,D.eT H ,D.JIH. 

,u.pyrwc 3Ha1:leHHR A , Tru< xax OTHOCHTeJibHOe pacnpe,o,eJieHHe 

3JI8KT,POHOB )J.1IR Bcex .fi,JJ.ep IlO'llTH O,IJ.HHB.ICOBOe. 

,!l..nH. !fi'e.PMH - aHe,prHH aJieKTpOHOB E F B 4eHTpe H,D.pa noJiyqa­

eM 134 tnc?. H 47 me.' COOTBeTCTBeHHO ,D,JI.fi H,D.ep A =2. 7 •IO 7 111 
' 

3. I0
9 

• 3TH 3HalleHHH. E F He)J.OCTaTOtnlH )J.1IR CTa6HJIH3~H ?- -Me-

30HO B • a Te.Klle )J.1IR npoTeKaHIDI jJ 3BxBaTa (aqxpeKTa HeRTpo-

HH3~H) ' Tax KaK 3HeprHH ..?-> nepeXO,D,OB )J.1IR caepxnJIOTHblX 

H,D.ep HSMHOf'O Bblllle ( cfo "' 800 me -a [2] ) . 

B cnyqae BaKyyYHNX anexTpOHOB ~H3HllecKaa KapTHtta no'llTH 

He MeHH.eTca. 3AeCb TB.Klle OKOJIO ?Cf!, BaKyyYHhlX 3JieKTpOHOB Haxo­

,11,H.TCH. B H,D.pe, a CJIOR HeKOMIIeHCHpOBBJiHOro H,D.epHoro aapH,D,a HMeeT 

? 



TO."'l!IHHY" R /::, • Ha pHc. 2 npHBO~'fCSI aaBHCHMOCTb OTHOCHTeJibHor a 

Ha6JI1>AaeMoro aap.ii,.11,a Sf.IJ.Pa OT A • )J,1u1 rpaHH~ pacnpeAeJieHHSt: 

BaRYYMffblX aJiel<TpOI:fOB X c no.nyv;a1>TCJ1 aHatleHHJI 15 R H 5 R , 
cooTBeTCTBeHHo AJ1J1 .ii,.11,ep A =2.7·107 H 3.109 , ll'l'O KacaeT­

CJI lWHAeHCBJ.\W'I .fl - Me30HOB B Sf.IJ.Pe [3] • TO 38MeTHM: tlTO 

rJ1y6HHa .!IMlil V( O) = m_,.. c ~ (nopor po:s,u.elUUI ,/' - MesOHOB) 

wozeT ocyn\eCTBHTbCSI ,u.rut: J1Aep c A :::: 106 , KOTopoe HHJ1e 

nopora CTa6HJlll3a.qHM HelTpoHHbtX J1Aep. YtleT •e HeATpa.J1Ha~ 

sap.ii,.11,a Sf.IJ.Pa aJieKTpoHaNH BPJIA J1H HaCTOJibKO yweHbDIHT nopor, Tax 

~TO llOCTynJleHHe KOHA8HCB.qHH ~ M030HOB B HeATPOHHlilX Jl,IlPax 

U:aJIOBepOSiTHO. 

ABTOpN Bblp~ 6JiarO'A8.pHocTb npO<fleccopy C.I'.lifaTHHJIHY H 

yqa~THHKSM TeopeTHllecxoro ceMHHapa E~H sa o6cYl!,ll,eHlie ,n,aHHoR 

pa60TN. 
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IIO,ll,ill1CH K PHCYHKAM 

I. 3asKClrDlOCTb Ha.KOIIJieHHoro 3JleKTpoHHoro s~;JIA8. K IIJIOTHOCT" 

sepowrttoc'l'H n., e 'L 2 pacnpe,u.eJieHHH sJieK"i'poHOB OT P8./I>IYC 
7 

,D,JIH A = 2.7.IO • 

2. 3aBHCKMOCTb OTHOCKTeJibHOro Ha6JID)J,aeMoro aapP..)J,a R.n.pa 

mA. 
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