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)LHqJpa.KI.Ufll Me,ll]IeHHIJIX 3JieKTpOHOB ()i,J,!:J) Ha llOBepX!!OCTH TBep)\I.X 

Ten li3ytlaeTCS! 3KCllepHM8HTaJibHO H TeOp8THileCKII ylf.e 01\0JIO 

lli!TI!.n;ecl!TH neT. OcoCieHHO pesKo no3pocno 4ncno 3Kcrrepl!BeHTaJJ1Hux 

paelor no pa3JIH4HUM acneKraM rrpoCineuaTHKH paccem!lfil 3JJCKTponon 

rnep.n;uu renoM a cepe.n;~me rnecrw.n;eci!Th!X ro,ii;oB III , '-ITO ooycnoanc­

Ho B rrepByJJ 04epe,l\b rrporpeCCOM B OOJJaCTH BilKYY!.IIlOil TCXI!OJ!Orl!n 

1'1 B Mero.n;ax llOJJY'IeiH!il lli!CTOH llOB8pXHOCTlf. YlKC B nepBbiX ::mcne­

pnMeHTaX /
2- 6/ CIUJJO OTI.IC'I8HO 3IIa'll'lT8JibH08 BJII'li!HIIC JIU ;~ll<;rpUKl(llOH­

HYJJ KUpTIIHY a.n;copClL\IIlf rason, 11 K JlaCTOi1!4CMY Bp8MCHI1 Fi.l:..i no:mo­

JIIWa yCTUHOBI'ITb pH,ll; CY!ilCCTB ellll!1X <lJaKTOB 1 KUCU!OIUilXC i1 CBOtlCTB 

a,JtcopCiara. Cansano aro c TeM, 'ITO Me.n.nenHue 3JICY.Tpollu (f., 
- 107-12 10

2 
3B, f1 2' l-5), OCIJJa.n;a.ff ,1JlllllOii BOIIIIL!

1 
cpanmn:oii 

C llOCTOl!HHUMJ1 p81ll8TKI'! 1 ITIJOHHKUDT nrnyCIL TBCp.IJ:OfO T8Jl::t BCCfO 

Ha H8CKOJlbKO aTOMHIJIX CJI08ll 1 '-ITO )LCJIU8T llX YHI!KilJlhHLll.l I'LICTpy­

MeTOM 113ylleHI'!JJ noaepXHOCTHUX aaneunll. rrocKoJJLI\y fe ~ Lo :JB, 

TO Bnlll!HI'l8 KOnedaHHll p8lil8TKlf HCCJII(8CTBCJIH0 1 XOTII, Y.aK 6y.n;eT 

llOKa3a!IO BO BTOpOM 'IUCT!l Ha CTOIIIJ18ll paCIOTbl 1 IIX MOlKH 0 Y'I8CT1 

OcJUili!UM oelpa30M 1 .li.OCIUBJ!l!Sl K raMnnhTOHlfaHy cjrOHOHHYIO llUCTh 11 

OpOBO,ll;ll Te I!Jlli 11Hbl8 anrrpOKC!1Mal.UfH 11p11 ycpC.l\H8lllll1. 8Yll\8CTB8JIH88 

ylleT Bnl1l!HI'lil rroaepxHocTHUX nna3!.tOIIOB, '-lcrty nocnHmena TpeThil 

11acn .n;aHHOl.J pa<loTbl. 3.n;ecL xe MU Cly)(et.t nonaran, 'ITO pacceMBaTe­

JJI1 qJI1KCI!pOBUHLI B paBHOB8CHIJIX 110JIOlKCHHIIX 1 11 '-ITO BKna)( l1Jia3MO-

HOB MOJDJO He YlliiTUBaTL. TaK11M 00pa30M 1 rrpe.n;MCTOM HUCTOSIII\8H 

paelOTl>l iiBHTCll ,1\eTUJlhHOC OCICyl't.,ll;ei!He .l\Ll3 IIpH Y48T8 il.l\COpCIL\lfl1. 

HeKoropue pesynbTaTbl rarnero 110.1\XO.n;a rrpiiBe.n;eHbl B /b/ • AJLcopel~uo 
Cly.n;eM paccMaTpHBan B Mo.n;enl'! perneTOilHoro ra3a c B3UIDJo.n;eilcT­

BHeu aTOMOB, a.n;copCIHpOBa.HHHX Ha CIJJUJ!tail!UHX COC8,ll;IIHX ysnax 
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peryRRPHOH CTOVKTYPU /?/ * 1 O~HOM8pHOi.t (§2) HRH ~ByMepHO~ (§3). 
no 3Toil npodneMe, HecMoTpll Ha ee 6esycJIOBHYD reopeTHlleCKYIJ 

II npaKTl!ll8CKYRl 3Ha 'll!MOC Tb 1 no CYll\8CTBy H8T T80p8TII'l8CKIIX llCCJI8-

,ll,OBaHHH1 - 8,ll,HHCTBeHHaa rry6JIHKa~JJ: jgj KacaeTCll O~HOMepHliX 
cncreM. Ecnn ytJecrb, o~naKo, Blirueyi10MHHyrue oco6eHHOCTH .UM3 

J11 OTCYTCTBJII8 CKOJ!bKO-Hltdy,l\b y~OBJl8TBOpHT8JibHOi.t KBaHTOBOMexam1-

'l8CKOi.t reopJIIJII a,n,cop6~Ki1 1 MOXHO ilOilliTaTbCll o6cy~HTb ~aHHYRJ 

11p06JleMy - H8KOTOplie pe 3yJibTaTli1 llOJiy 'l8HHbl8 3~8Cb 1 ony6JIHKOBaHbl 

HaMH B /[J/ - B paMKaX npOCTOil KBaHTOBOCTaTHCTHll8CKOil MO,JJ;emt 

a,n,cop6~HH 1 npe.n;JIOlK8HHOH H pa3BHTOH B / 7/ • ~IIHCTB8HHUH 
qJ8IIOM81IOJIOrH'l8CKMll napaMeTp B .n;aHHOil MO,ll,8Jlli KOHCTaHTa 3<Wl8KTHB-

II oro B3aHMO,ll,8 HCTB l!JJ: a.n;aT OM~B 1 HaXO~IIIJ!l!XCll Ha 6JIHlltailruuX 

coce.n;HHX Y3Jiax, C ( l > () ...-npHT all:emte, [ < 0-<JTTaJIKMBall!1e), 

onpe.n:enaeMuil H3 3KcnepHMeHTaJibHUX .n;aHHUX 110 rennoraM a~cop6~HH 1 
IT03BOJIII8T BllOJIHe y,n,OBJI8TBOpHTeJibHO OITHCaTb BCD COBOKYilHOCTb 

,ll,aHHliX ~Jill H8KOTOpliX CHCTeM a.n;cop6ar-a~cop6eHT. ITpH 3TOM pa3-

Bl!Ba8MHH Hlll!:P. llO,ll,XO~ He TOJ!bK~ llOJIHOCTbD llO~TBep~aer BliCKa3aH­

H08 B 1972 ro.JJ:y o~HID! H3 aaropoa (BK~) npe.n;nonollteHI!e o nepao­

creneHHOll pOJIM KOppeJill~OHHHX 3<Wl8KTOB B ilpOHCX0~8HMM ,D;OilOJ!­

IIMT8J!bHliX lli!TCH ,ll,l!qJpaK~HOHHOil KapTIIH8 paCC8.f!llllll ilJlll a.n;cop6~HII 1 
HO J1 fl03BOJIII8T 0~81111Tb B8J!li'lln!Y 3Tl!X KOpp8JillW1il l!3 3KC118pMMeH­

TOB 110 ,ll,M:J. 

§I. 06~ee BHpa~eHMe ,ll,Jlll Ce'l811Hll £aCCellH.IIll 3JI8KTpOHOB 

Aw,;m TYAa pa,cceaHM.f! ( T-MarpH~a) CHCreMH pacceHBareJJeit, 

llOTeH~aJI KOTOpOH MOXHO npe.n;cTaBMTb KaK Cynepii03M~D OT~8JlbHUX 

IIOT8H~HUJ!OB: 

* B repMHHOJiorHH $H3HKH noaepxHocTnux HBJieHwlt aTOl!ll 3TH 
Ha:maaDrca "a.n;ar OMaMH ". 

4 

VC'[) =2.:v(i-"R;), (I) 

f - HOMep ysJia, R t - Koop.I(llHaTa f -ro pacceHEaTe.llff, .na­

ercH EHpaz8Hll8M /IO/: 

T =L tf + L ff Gotf' + L tfG.t,.,G. t.f" -t ... 
1 

(2) 
f i tf' J•f' 

(#f" 

r,n;e tf - MaTpHUa aMDJil'!Ty,ll;li paCC8HmUI Ha j -OM aTOMe, 

G.=(E.-£p+ifri • £p=P/2m. 
MHrerpa~bHoe ypaEHeHHe ~ MarpHUH aMITJIHTY,ll;li pacceHHHH Ha 

OT,IJ;8~bHOM paCC8.11EaTeJie t (p; P) MM88T EM,ll; /II/ 

tcr:r) = -urp: p) * ~ lf(p~ p") G. (p,P") trr~ -p) cip", (3) 

T, e, EC8U8JIO orrpe,n;e.llffeTM El1,ll;OM 4Jypb8-KOMIIOH8HTH IIOTeH~ITaJia 

pacceMEare.llff V(p;p) 
na~epeH~aJibHOe ce~eHMe pacceHHl1.f! ~aeTCH E!:lpaxeHMCM 

6Ch'rt) = 1~ = (2n-)4ml <IT (f, p)\ 4) , (4) 

3,D;8Cb < ... > 03Ha~aBJT CTaT.IICTM~8CR08 ycpe,IJ;HeH.IIC ITO COCTOHHl110, 

xapaRrepH3yeMOMY "raM.IIJibTOHHaHOM a,n;copOUM.II" (eM. HIDKe) .< B (4) 

11 ,n;anee MCIIO~b3Y8TM C.IICT8Ma e,n;MHMU, E KOTOpOH t,_ - IIOCTOHH­

HM llnaHKa, ,n;e~eHHM Ha 2 91 , paBHa 8,ll;MHWUe), CEH3b M8JK,Izy 

T c p; p> n t q:r; p) ~erRo ycraHaEJIHEaerM c noMOUibiO (2) 

T c -p:?) = L: t, rp-, r > + 
f 

(5) 

+ L f t, <-p: p") Go {p) f') t, (p'; f) rlp" + ••• 1 

§tj' 
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tfcp~p>= t rp;p)expr-iq,Rf ), ~ = p~ p. 

l1CTIOJ!h3YCMM 3,l.{eCh t -MaTp>ma CE.fi3aHa C HCTIOJih3yeMOH E"ilJaso­

EOM aH:urnse" aMTI.IDITY.uoil A en',~) , ti' = "0' , ti =% 
qiopMyJIOi1 

tcp~p> =-C2~Y2m- 1 Afn:ril= 

=- 2fpm (2yr) 2L ( 2 e+i)Cl't~ i) fe (i\)L'), 
e 

(6) 

MH npnEeJin EHpaEeHJI!e .llJI.fi 6eccrrnHOEHX paccenEaTeJiei1. llpn reo­

pern~ecKOM OOCYE.nCHJI!H mtJ Ha ~HCTHX !lOEepXHCT.fiX lliHpOKO 3KCURY­

aTHpyeTC.fi Tip116JIHEeH.He H30TpOHHOrO pacce.fiHH.fi ~e (p):: f(p) reo 
B aToM c.rryqae 

t _..,- '"~ )-2.( )-t. 2 f •) )-2 1. r-aid (p, p)=-(Gl\ 2ipm (fXP i - .1.. =-(2r. (rnpY smo L • (7) 

PR:n sKcnepnMeHTaJihHHX qiaKTOE no $l.3 npn a:ncop6unn y:n,aeTC.fi y:n,oE­

JieTEopnreJJhHo 00h.f!CHHTh 0 eC.ID! EOCTIOJih30EaTbC.fi pesyJibTaTaMH, 

TIOJIY~eHHbiMH HHEe H (7). 

CJie:n,yeT OTMeTHTh, ~To npe:ncraEJienne (7) t -MaTpHUH ~-

pes UapaMeTp b -c{lasy S -EOJ!Hbl~e .fiEJI.fieTC.fi, KOHe'!HO, e:n,nH-

CTEeHHHM E03MOEHHM. Bo MHOrHX CJIY~a.A:X OHEaeT y,no6HO EHpa3HTh 

t -Marpney '!epes napaMeTp a. -.nmrny pacceSIHH.fi, EEe:n,ennyKJ 

~epMH .llJI.fi EH'!HCJieHB.fi :n,nqiqiepeHnnaJibHbiX Ce'!eHHH pacce.fiHH.fi Me:n,­

JieHHHX HeHTpOHOE Ha aTOMHHX CHCTeMax / 12/. 0:n,EaKO qiOpMaJihHOe 

Tip.HpaEHHEaHHe :n,nqiqiepeHUHaJihHOrO Ce~eHH.fi paCCe.fiHH.fi Ee.ID!~HHe a2 

(2tt)~m 2 lt<p'.p)l 2 = a
2 

(8) 

E HaweM c~ae :n,aeT neo:n,nosna'!Hbli1 pe3yJihTaT (a> D) 

6 

t(p;p) =-~a (V1-p'-C1 2 ±ipct) 
(2rd m • 

( ~)) 

BE60p 3HaKa E (9) MOJKHO ocymecTEJI!Th BBC.I\Cl!HC:.l, C118.1\Yil 

<Pepw/
121, KaasHrroreHnHaJia 

If (:;) :: c d( l). 
(IO) 

llpH 3TOM E c.rryqae pacce.fiiiH.fi Me,llJICHHHX 3JleKTpOHOE, .I\JIH J(OTOpbiX 

HeTipHMeHHMO OOpHOECKOe TipV!OJIHEeHHe, KOHCTaHTy C HylKHO no­

,l.{OOpaTb TaKHM 00pa30M, 'lTOOhl ECCb P.fi.1J; TeOpHH ED31VJYII(CIIi!ti, no­

JIY~aiOllll1i1C.fi HTepauneti ypaEHeHH.fi ( 3), :n,aEaJI T0'4HI1ii pesy Jib TaT 

)J,JI.fi Ce~eHH.fi pacCe.fiHH.fi 3JieKTpO!Ja Ha OT)J,eJibHOM a TOMC: 

dd 
d9-= 

a2 
(II) 

IIo:ncraEJI.fi.fi (IO) E ( 3) n peWaH ypaEneHHe ( 3) r:e~·o.uoM HTe­

PaunH, TIOJIY~l1M 

~I 1 2 t(p;p) = (~R')3- ( 2 ,.)s +~I -

00 (' Jp' -. I r ,z . =-- 8n:m g p,-p +1 

02) 

03) 

11Hrerpan ( 13) pacxo:n,HTC.fi. Ho P.fi.n reopvr11 EOsM·fwemfii, crpo­

ro rOEOpR, He V!MeeT CMblCJia, eCJ!l1 ECe ~JieHbl pR,lla, Ha~HHM CQ 

ETOporo, 6eCKOHe'!Hbl, l TOObl COXpaHHTb CML:CJI KEa3HTIOTeHUHaJia 

:'>epMn, ycnernHo npHMeMEweroc.A: .I\M onncaHM pacce.A:Hll.fi MC.IJ.JieHHHX 

Hei!TpOHOE Ha aTOMHblX CHCTeMaX /!2 • 1 ~/ HeOOXO)J,HMO EEeCTH rpa-
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Hl1'll!h::: }?l1PTY8.JlbHL:ll HMITYJihc L H cooTEeTcTEYIO!H.I1M oelpasoM rrepe­

H::JflMMpo:EaTb KDHC'raHTY C I! (!0) /I4/, 
!:Meer.·' 

L •2J ' l --8..,.m] 2 P -
_- I( z. 1 2. , f' -

O p-p ~tO 

811 M ( L + ~ p ~n t ~ ~ t ~ 111 p ). 
(I4) 

l:oTpCO::JEClE ~aJiee, 'iTOcJbl FI>ITOJIHRJJOCb Hepa:EeHCTEO 

( c~9\)3I \ < 1 
' 

(I5) 

il3 (I2) ITDJJY'1l1M Eb'paJKeHvre ~ MaTpl1l\bl aMITJll!TY~ pacceRHl1R 

c /(2'fl) 3 

t Cf, p) = 1 + c l/(2rr) 3 
(I6) 

~13 ypal?H8Hl1JI (II), HCITOJib3YR (I4), (I6) H (4), MOJKHO Hai1Tl1 

KOHCTal!Ty C 

_ - (L + ~ p{;nt}p) ±~a. V1-p"aL 
C- ·--

~z [(L -t :Lp~nU)2. + '112p2._ 'ilz.1 
2.. L. + p 4 4 a.2. 

~;WillpaH ll3 YCJI::JI!Iifi (I5) 3HaK ITJIJOC E '1i!CJJHT8JI8 li! IIpOJI3PO,Uff 

c::mpa:IICHllC, riOJJY'111M Ol\OH'1aT8JlbH::J 

~2. i 
c -==-~ ' 

iYI l ' () L - D il v 4 2 
+- ~ p -<:-n ~ + - i- P a 

2. l+p 2~ 

(I7) 

8 

" 

il;:,~cTaEJIJm ( I7) E ( IO), Hati~eM EHpaJKeHHe lVIfi KEa3Hli::JTeH-

UMaJia 

_ 112. _t __ _____ -==-~~~:- :-- r cr;, 
V(7J=-m- L+£pe kL + E-V1-p"-rt~ 

2 ~ L+P .Q.ct 

(I8) 

KOTOphiM MDJUIO ITOJih30EaTbCR ~ pac'ieTa ceqemm Hsoorponnoro 

paCCeRHHR M8M8HHOro 3JleKTpOHa Ha OT~eJibHOM aToMe ITO T80pl1ll 

EOsMymemrn. 

KaK E~O H3 (I8), 1f(;z") l1M88T CMhlCll TOJibKO rrpn pet~ i . 
Y'iHTI:JEM, 'ITO sHaK paEeHcTEa HCI<JJID'iaeTcR ycJJOEHeM (I 5), rrpH­

xo~ K CTpOrOMy H8paEeHCTEY 

pu < 1 
' 

(I9) 

EHpalK8.101118My JCJIOEHe rrp.11MeH.I1MOCTl! TeOpHU E03Mylll8Hl11\ ~ OIIHCa­

Hl1R paCC8RHHR M8M8HHhlX 3Jl8KTpOHOE. YcJIOEHe (I9), Kal\ H CJJe­

~OEaJIO OJK~a·rb, REJIReTCR 60Jiee CJia6b:M, '18M YCJI::JPHe npHM8Hll-

MOCTli! 60pHOECKOrO rrpHcJJJli!lh8Hl1R F ct << 1 

&:6op 3HaKa IIJIJOC E EllpaJKel!lm ~JIR KOHCTlli!TlJ C COOTB8T­

CTEyeT, 0'18E~HO, ENcJOpy 3HaKa ITJIIOC ll E rrpe,ncTaPJJ8l!Hll ~J1FI 

t -MaTpli!U!J (9): 

t(p;p)=- 1.)2 a(~p'ai'+ipa) 
(2n m · (20) 

Tru<OM EH6op CTaJI E03MOlK8H CiJiar8~apii OT6opy paCXO,UiiiiU1XC.H EOJIH 

d ~ + 0 E (I3)) /II/. 
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,; .U:JJILHe;; '1i81.' I],: 6y.ncr.~ JI[CflOJIL30EaTL OOa IIpe,ncTaEJI8HUFI 

l\Jl'l t -f.JaTj'llii.H ll'l:JT[l~JlliJOro p8.CC8HHUF! (7) II (20), MCXO.ll,F.! 

J!CEJIInl.JHTeJibHD ll3 YIJ.J6CTHa I'H'lHC.'!emri1. 

n:JJJ:CT3.I'JL8H C.\ 1 ) p ( 5) H PT'::J.ll,F.! OO::J3Ha<JeHI1e 

' ,/ 2 L • ) c7 :=ct1 (v1-p:lf- +tpa5 , (2I) 

H:h.ner.1 

1' Cci. -p ) =- ....L.-~ c D - i ~ 7[1- + 
I' (2rr)2.h1 ~ t "L 

+ 1 ~~ c c 
1

.,cp'R5-pRf')J ip"(R
1
-Rr) 41:.:__ <

22
> 

(2'l1:)"rn:~.L .• ' :t· t.- e -£--,, . ,- ...... 
5t{ -E +to 

l!JI!i, 3U1!CilHH l!llTerr'3.il l' (2:2) ero V!3E8CTHb!M 3Hal.JCH!1CM /IS/· 

1\f;p)=-_i __ "-. C G-i~Rf 
(2.K)2 m 0 f -

f 

1 
~ ... 

- . ~ .(-'R -(21drn. L.. C1- c
1

, e.-' P + -p R;,) e'piR+-R!'l 
fctf I~- Rt' l 

(23) 

IlO,llCTClEl1T' (:23) P ( !l), .nJ!fl )1:11,[ljJC[l8f![(l1a.TILHOrO f:el.J8lll15I l130T[l::JIT-

HOr:J [lHCCC.flllHR l.ieJl)Ielll!i:Y. :-lJlCKTPOllOP Ha aT:JMHoi; CHCTCM8 TIJJIY­

'lillA OKOH'larenLHO Al/: 

_d~-" < • -i~CR+-RJ.) 
d SL-£--, ct c r ) e. + 

f,( 

+'f: (c
1
(,',('") 0 -1·qR7 -~oi{f'R>·pR5 .. ) 

J,J'f:f" f :J. v 

+I: (cfc .C,)e'if.~,-irp-'R5 -pRt') 
h!',J" 1 J 

10 

,e ->piRf·-~!"1 
\f,-~ \ + 

! Kr 

.eiplR~- Rf 1 

\ ~! - ~5'\ 
+ 

(24) 

~ 
1 

1 
~ 

§2. ,lJ,rnJJpaKW!R Ha OUHOM8pHb!X U8IIO'lKaX ( ITJJJ:lf.:cpa;.:) 

Ey.ueM C'lHTaTh, "iTO JJ;!i3 npOHCXJ,ll.l1T Ha peryJLFIPIIJ;j crr:/YT}'­

pe pasMepHOCT'' d ( d: 1 2) , Na ys.'!OP J(OTorJ:; :>ar!flTL: aJ(-

' 
aTJMaMll, (tv' -/'l.z) ysJI::JE oOJia.n:aJOT CEo;',cTEar.;;; 'lliCTJ.: r;opcpx-

HOCTM x/ L TaKoM cJiy'lae 

tf = ot n.:T + _13( 1-Ylj ), Yl~= o, 1., (:~5) 

- ~, ) 
o1.. , j3 cyTh <flyHm~vrVI p, VL, n PVI.IJ:a ( 7) rlJm (2G ;; 5JEJ!flm·-

c.fi t -MaTpHgaMH 3aH.fiTOrJ l1 CEOOO.IJ:HOrJ Y3Jia, COOTE8TCTP8HiiJ. 

faMHJ!bTOHI1aH a.ucopelU1111 .uaeTC.fi E!1paJKCHl18M /?/ 

u ,~ c. "". r I =-)! 2-, nf - 2 0 11sJ\,_. 
,. k*h 

( ::.;:; ) 

)! CCTh cpy!!KUl1H Ter.mepaTyph!, .UaEJJCHH.FI H "PHyTpCBH!1X CP oii f:TP" 

a.n:aTDMOE, £ -sqxpeKTl1E!We E33.J'[MO,neliCTPHe; r:yMt,mp~ll'ill!U; r (;:,;';) 

EC.IJ:CTC.FI ITO Y3JiaM perueTKII P rrepEOM CJiaraeMOM ll n:J Pf:CI' naparn 

ClJil1J!taHUJl1X coce.ueJ: EO ETO[lOl•i CJ!araeMOM. K:.iJK)J.f.:,i Y3CJI l!MCeT 'Z. c5Jil1· 

Y.\aiiurnx coce.neii. ITo.ucraEJI.fi.Fl (25) E rrepPu:i; YJJCll (2,1), TJ ecTL 

upeHeOperM MHoroKpaTHblRi pacceRHl1eM, 11 Y'lHTr:ra.FI TfXlliCjlfll(l1DHHYIO 

l1l!Eapl1aHTHOCTb, ITOJ!y'laCM 

~1•Vl'J~)=AN~ c-ifRl + BN~<non.,>t_;,~r:;l 
J f ' 

A =r2,-.)
4

n'l"[t~\ 2 +(o~.~·+-~..·y)e1, (27) 

e ::: < n~ '>. B = 121\)4 1n2.l \-{\2. -."'-)-:.~.f.,. 1\~1 2 \, 

x/ 0THOllleH!1e IVa./;/= e ( 0 ~ e !0 1 ) 110 T8pV'!1HOJIOI'Ioll1, CJIO-

JKJUJUJeMC.A B OOJ!aCTl1 l!OBepXHOCTHHX .ABJieHl1•;, eili !h"k·-·rr '~ .. U-

Kp!>Tl1eM". 
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ITepa:ii 'lJieH, ecJil! yqecn, 'lTD 2..exp(-i~R~)~ NLli .. ,}, 
~ J ~ 
!f - I'CKTOp o6paTHDH peweTI<H, "ff..,- IIpOBI<UIDI Cj; Ha JIBHH!l 

H IIJIOCKOCTb, CDDTEBTCTECHHO, OITHCUEaeT 0611'lHYIO qJpayHI'OWCpDEy 

.n;rrcppam(HJO; ETDpoil lJJI8H EC81(8JIO OIIp8.D;8JIR8TC.fi H3MCH8HH8M .I{H£.P­

paKl(HOHHOil I<apTHHN, o6yCJIDEJI8HHI1M a.I{CDpOUlfCH. 'ITOOU npoaHa­

JIU3!1pDEaTb ero EKJia.I{, H800XO,I!HMO paCTIDJiaraTb EllpalKCHH8M .I{JIR 

mpHoro KoppeJIRropa < n. ll.:r> • Cpasy JKe rro.n;qepi<HeM, '!To npe­

uedpeJKeHac KOppeJIRl(UDHHbll.m s£W>eKTaMH ( <nol'lt'>- <no><Vtt'>=82) 

aETOI.iaTHlJCCKI! ITpHEO.I{MT K EbiEO.I{,y, 'ITO a.I{COp6UIDI He EJIM.fleT Ha 

reoMeTpH'lCCKlll E~ .n;HcppaKl(HOHHOM KapT!t!Hbl, a EJIM.fl8T JIHWh Ha 

HHTCIICHEII::lCTh lliiTBH. JTO HaXO.IU!TC.fi E p83I<OM IIpOTHEOp8'lHH C 

3KCIJepHMCHTOM. }J;m OJJ:HOMCpHOIT CHCTCM11 ( d::: { , 2 -:: 2) MCIJOJih-

3yerv; TO'!Hb!e ,i,DPMYJihl .I{JIR <n•n~<), K=0,1, ... , /I6,I7/ 

<n·>=<rt;>== x~:=:e == ~ 
2 

<n.n~>=<tlon-{>= x 2 ::: N1 [JJ:.-1 +(fl. •n)"l.] 
2{flo-t>D • 0 

' 

<ho Vlz):=<no11-~>= )( 3::: #;, -2f/tf.fo -t-fl/1 
2

\ 1_-{2.JYc -tYl)'l] 
2(N.,-fv2)2- l 0 ' 

o<·2 
<rzcVt~'>=<•1cVl ... )::: x/·-+ (X\- x::) (t , K ~ 3. 

(28) 

'Iepe3 n "t., ;\ Nm E (28) 0603HalJeHU CJIB.n;yiOmHe 

E 8J!H'lHHbl : 

n::i-2./'1., 't:o[ 1.-tJ. l 12 Vp'-4-P 
1\2 +tie (:,-4J\:) j ';t 2 ' 

(20) 

p=-1- I 1 + /li (11>2tl .. ~t-.'J 1 ~' __ 1 
fV. - {\' L f\' _fl.' J ' JVm- pl-1-rnf) 

• • l 1'2. e + 

12 

f!O.I{CTaHOEI<a (28) E (27) JJ:£lCT /B/ 

~(ti~tr) = 2r.(A +Br;)t.J d(¢)-+ Bf/x~d- rd + 

-+ 2Bt/r 11-A.)rt +;,;x, -x,; ....02iJ:.. .... ... .. ~ _. A 

2 B r( ~c') CCS;fJ- fl. 
T ,, X~ - L r\ (1 - 2A ( 0 s ;, + ;t 2 

O.J) 

q, = rl f r , d. - paCCTO.F!HHe MCJK,lly Y3Jiar.m. 1 - 8)(!1HH'lllbri l p em­

TOp, HanpaEJIBHHHi1 I')J;OJ!h UCIJO'lKH Y3JIOE. 

CTCIO.I{a .llJI.fi MaJILTX ITOKphlTVf~l 6 , ~!CIJCML3YH 
3 

rrpeHe6peran 'lJieHaMn rropR.n;I<a G. WlXD.J\I!r.: 

d1<n;ilJ~ 2rr (A+ Bf 2 )N[(¢) + BNG( > ~)-

- 2 B N 8 2 
( t. - £ i>') : c" ¢'. 

(2U) H (2~ ) , 

(:U) 

Tali Ka.K r -<IlYHKUI!.fi 3.I{CCh !1l\18CT rrcpl!O)J; 2r. • TO rrerru:; 

lJJI8H E UpaEOM 'laCTll (3I) CDDTE8TCTEYCT HM11lJ1110 Ha )(J: · paRi(:lOII­

HOi1: Raprmw OObllJHbiX dparrorcmrx MC1J(CI1MYI,1Dl', :mpe.n;eJIRer.mx :rc­

JIOEHeM ¢::2 'if I> , h. - 1(8JI::J8, K::JTOpll e V!M8IOTC.fi 11 E CJIY'lClC l\vHjr­

cppaKl(VfH Ha '!Hcroti uenolJKe, TO ecn npu B = (; • !{poMc roro, 

KaR EH,!I,H::J 113 (31), l!(J.Jll1lJH8 a.n.copOH[lOEaJIHDro ra3a npl1P::J!\HT R 

TIO.F!EJICHHIO .I{OIJOJIHllT8JihH11X Mai\Ci!f!lY~1CJJ! I1p!1 ¢:: 2n ( Yl + ± ) 
~opMyJ!bJ (30) l1 (3I) MDJ'YT OL:Th ECl10JIL3oEmw !' sa.n;atJax o H:O 

KEC13l!O.I{HOM8pHbiMJl CHCTmJa.l\~11 ( I!DJ!l1r·.lf:[lar;11!) • 

§3. )i.HJJPill<L\Hii !Ia ,I!EYII~epHL:X pClll8T!(UX 

GoptllllaHCL R CJIY'lCliO .n.Eyw:pHo,; KEa.n.parH:llc petuerrm. y.n;o6H::J 

PECCTU ¢=:~TeL .p '= '[ { ._ , r;le x_ - nocTO.fiHHllil. 
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~ 

pe:ueTKi1, j , J 1 

- OpThl .uer;apTOEOti Tip;IMDyrOJibHOM CHCT8MH KO-

Op)l.I'!HaT, .If PDCTIOJJb30EaTbC.fl JJ.Jlfi (no l'tt) O,I(HOi1 H3 arrnpOKCHM<lUHti, 

I' I\oTopoi; Y'll1Th:PaJOTG.fl KoppeJI.flUJ10HHh!e 3tl1JleKThl 117 • 18/0 B "noJIH­

Ho~:l'laJJbHOM paCt!CllJ!Clll111
11

/I 7 ' 18/ HM08M 

di eli; ii) = 4r.2 (A .. B 62)/V d(¢>)[(¢')-+ B#&{1-8)­

-2 B[J((->~- f2.) ( ccs<t 4 ccs<t '), 

4 ' " ( ')4-' II. L=-<Ylv..'>- i'-.,' rK l- i-b --.. 
J" .\ .1 - ~ ;_J I( ~'1 t• cxp(-j;V-f'£"-) 

< 

(32) 

;; "cynepno3JiU110IJHOrA np:r6JJHJKeHHI'l" 117 • 18/ noJJy"!aeM /S/ 

cL. (1~: i\)::: ~n.c (A • ?-E/J f/ f(<P) J(<P 'J + 

+ PNHl-0 1 ____u_~t -------------- _ (33) 

lt-2;-..cc:; .p + ,x")( t- 2 ?,coset'~ ~ 2) 

IlpH MaJJIJX n::mpi,Tl!.flX ({j d-) 
c:. (32), (33) npi'!DO~RT K pe3yJJb-

TaTy: 

6dh.;h.)-:::4<i~(A+Pf 2;/l-;(¢)cN') t B]J~{l-b)-

-2Bf/G 2 (t-E~'i)(ccc,.f + .-c~ct>'). (34) 

JlJ!.fl JJ;PyMepHoii TpeyroJJbHOii pet:JeTKll ( z = 6 ) c T::J'4HocniO .uo G 2 

EHpaJKeHHe ,UJ!.fl 61 MOlKHO ll:JJJY'41'!Tb, CCJIH POCTIOJib30Ea't'bC.fl pe3yJib­

TaTaMI'I /I?/ 

6~ cit',nr:::::: 4n"(A~BI/).JV fr¢)!rn t Bt-"e(l. -f)-
(35) 

-2BNG 2 (t-f~f) (::-os cp + '::osq:,'+ co:> (1'- ¢')]. 
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- -d 
r.ne ¢:::~; J. , ¢'= ~f ,HO i R J'- OpTI:I KOCoyrOJib-

HOH CMCTeMI:I KOOp~HaT C yrJJOM Me~ OCRMM paEHIJM J.r/'3 o Oc­

HOPHOH OC06eHHOCTbiD EhlpaxeHMH (32)-(35) .flEJI.fleTC.fl HaJIH"!He .1(0-

IIOJIHHTeJibHIJX 'IJI8HOE, CE.fl3aHHI:IX C a,ncop6UHeii M o6yCJIOEJI8HHHX 

KOpp8.11.fiUHOHHI:IMR :3q¢8KTaMMo EcJJH nepEh!e CJiaraeMhJe OIIHCIJEaiOT 

Odhl'IHHe 6parrOPCKM8 MaKCHMyMI:I, HM81!Xl{Re B KOOp,nMHaTaX [ ( <t>/
2

1\) , 

( cp /2r.) } HH.Il:6KCb! ( tn, rt..) , TO TipM a,ncop6l(MH E03MOJKHO E03-

HMKHOP8HMe .I(OIIOJIHHT8JlbHI:IX TI.flTeH C KOOp,nHHaTaMH ( tn + f/2., h + 1'
2 

) 

.1(J!.fl (32)-(34) M ,npyx .I(OTIOJIHHT8JibHb!X TI.flTeH C KOOp.I(MHaTaMM 

( m +1/3, l'l.+:J.p ), ( 'm+2j3 , 'rt+ih ) .1(J!.fl (35)o ECJIH EOC­

TIOJib30EaTbC.fl TipaEMJJOM, npe.I(JJOXeHHb!M E padoTe /19/, MOJKHO yc­

TaHOEHTb, '4TO .1(J!.fl CHCT8M, E KOTOpi:IX cymeCTEeHHO E3aHMO,lleticTEHe 

JIMWb 6JIH~wn:x coce.nen, Ha KEa,npaTHOH peweTKe o6pasyeTC.fl 

cTpyKTypa C(2x2), aHa TpeyroJibHOH- CTPYKTypa (3x1)o ITepEaH 

CTPYKTypa o6pasyeTcJI, HanpHMep, npM a.ncop6UHH H HaW (IOO) 

1201, N HaW (IOO) 1211, CO Ha Ni (IOO) 122/ B i Ha 

Cu (IOO) 12310 BTOPa.fl CTPYKTYpa Ha6JIIO,naJiacb, HanpHMep, npl'l 

a,ncopdL\HM Q Ha f/ 8 ( liO) /24/. 

McnoJib3Y.fl EHpaxeHHH .1(JJ.fl ~~epeHUHaJibHoro ceqeHMH pac­

CeHHMH (33) n: (35), MOlKHO yKasaTh cnoco6 3KcnepHMeHTaJibHoro 

onpe,neJI8HH.fl KOHCTaHTH E3aRMO.I(8HCTEH.fl £ .liJl.fl .nEYX paCCMOTpeH­

HI:IX TMIIOE peweTOKo B CaMOM ,neJie, 3Ha.fl E OTHDCHTCJlbHIJX e~n:­

L\aX IDlTeHCHEHOCTJI! M1 M M a o,nHoro H3 ,llonoJIHMTeJibHI:IX MTeH 

npH TeMneparypax T1 M T;l cooTEeTCTEeHHo, MOlKHO onpe,lleJIHTb 

£ M3 ypaEHeH.IiH 

E=-
~n. M~ 

M~ 

~1.- j3?.. 
(36) 
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. 
3 ( .t:1J. e f\z£- e P• f) = 5 ( M ~_ - i) . 

Mz. Mz. 
(37) 

Ilp11 II:JJIY'l'8HMl1 ( 36) l1 ( 37) 113 ( 33) l1 ( 35) Mhl EOCIIOJib30PamiCh 

T8M, 'lTO ,nJJ.f! CTPYKTyph: C(2x2) IIOKpllTHe e = 'l'z . a .nJJ.f! 

e = 113 • flp11 3TOM, 'lT06!:! IIpM l13M8H8Hl1l1 T8MII8paTyphl CO­

XpaHHTh l10Kpb!Tl18 IIOCTOfU!HW~, HeOClXO,nHMO, pa3yM88TC.FI, COOTE8T­

CTEyiOIIU1M 00pa30M M8H.FITb ,llaBJI8Hl18, 

OaEl1Cl1MOCTb l1HT8HCHEHOCTM ,nOIIOJIHMT8JibHhiX II.FIT8H OT T8MIIe­

paTypb: IIp>! a~cop6Ul1l'l Ha KE8JJ.paTHOM peweTKe, ,naEaeMM ypaEHe­

HM8M (3G), XOpOWO COrJiacyeTC.FI C :)KCII8pl1M8IITaJibHLlMl1 ,naHHhiMH pa­

OOT!> /
23

/ ITO l13MepeHMIO T8MIT8paTypHDLi 3aEl1Cl1MOCTH l1HT8HCHEHOC­

Tl1 n.FITHa (I/2, I/2) npH a.n.cop6Ul1H Bi Ha Cu. (IOO). 

JT:uTepaTypa 

I. u, ;,._;a·;';:;~-,·.J;. F1·-.cr·ess jr ~iurf::t2e Srie:r~ce, Ed..,'t.1, 19?2. 

2, o,.''l:'s.•;·· , L,ll,·,_:·.: .. l. l·:·::s,Rev,, .'30, 705, 1927, 

3. :,'!,Germer . ...:,r:.:·s,, ~4, •102, 132·), 

1 . .c,:cc:r;J •. .,:,~ ":·•··Lt•r,, 35, 5Bh, 1929, 

5, :<:. i<upp • • ·.r:r. FhJs,, 1,, 153, 1930. 

6. I'.:.·lapK, P.l3llp.'lh • .llM<DpaKUl1.FI aJieKTpOHOE, TITI1, IS33. 

7. B.!{. lleMHllH. R•DX, 44, 495, IS70; 45, 2867, I97I; 46, II9, I972; 

Tp. I 13cecoi03HO.I! I<DH<!JepeHUl1H no rroBepXHoCTHbJM .FIEJI8Hl1.FIM, JII'Y, 

I972, CTp.27. 

8. A.E.MosOJibKDE, B.K.•lie)l.ilHMH. JlAH CCCP, 2I9
1 

393, I974. 

9. C, ~ • ..]3.rrc·l, Ju1·f·:t ~e .::ic:~., ~' -.J , 1?2. 

IO. P. HbiOTOH. Teop1m pacce.FIH11.FI EOJIH H '!aCTl1U, 1.1., I.!Hp, I969. 

II.C.·~,n3llTa. BEe,neHHe B HepaBHOBecHyiO KEaHTOBYKJ craTHCTH'leCKYIO 

Mexammy, ;.r., :.1:1p, I969. 

16 

I2. E,Fern.i, Rice:::-ca Scientifico., 1• 13, ·~JJ6. 

I3. L,Van Ho•re, Phys,Rev,, 95, 249, 1954. 

I4. H.H. EoroJ006oe, Jl.B.Illi!pi<OE. Be.ueHne E teopii:ro KEaHTOEaHHHX noJieM, 

ll., HaYJta, I97J. 

I5. r.·J!.JlpYKapee; Teopl1.FI CTOJIKHOEeHH.I! ::>JI8KTpOHOB c aTOMaMH, !A., <PJII3-

rl13, I963. 

I6. C.B.Ta6JIKKDE, B.K.~e~HHH. J!ns.Met. 11 MeTaJIJIOEe,n., 23, 2, IS67. 

I7. B.K.<I>e~H:HH. B c6. "CTaTHCTM'leCKM ipH3HKa H KE8.HTOEM Teopl1.FI 
II 

TIOJI.FI, IIO,U pe,n. H.H.EoroJ006oEa, r.l.' Ilayxa, 1973. 

I8. B.K.~e.n;HHHH. MeJK.DYHapo,nH. KOHrpecc no MarHeTM3MY, 

M., 1974, CTp. I48. 

I9. R,L,Park, H,H,Madden, Jr,Surface Sci,, 11, 188, 1968. 

20. P.J.Estrup, J,Anderson, J, Che~hys., 45, 2254, 1966, 

21, P,J,Estrup, J,Anderson, J,Chem,, 46, 567, 1967, 

22. M,Onc1i, H,E,Farnsworth, Surface 3ci., 11, 203, 1968. 

23. F,Delamare, G,E,Rhead. Surface Sci,, }2, 172, 1973. 

24. T,W,Haas, A,G,Jackson, M,P,Hooker. J,Chem,Phys., 46, 3025, 1967. 

PYJtOIIHCb llOCTynnJia B M3,D;at8JibCKJII}i OT,IIeJI 
IO ~eapaJIH 1976 ro,11a. 

17 


