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' ' 
B HaCToJimee BpeMJI nyqJUI OTJ>~aTeJILru.rx noHo~ BO,Z!;Opo,Z!;a nmpoi<o ·nc-

IIOJIL3yiOTCJI ,ZI;JIJI peiUeHRJI pJI,Z!;a IIpnRJia.znn,rx 3a,Zl;aq· C HCIIOJIL30BaHUeM YCKO-
. ' 

pnreJieii ( CM., HanpnMep,[l-6]),_ Ilpn 3TOM OC06eHHOCTI> aTOMHOH CTpy-KTypLI 
. · .. , ' . . - - . . . .-· . . ' .. 

HOHOB .H- ll03BOJIJICT 3{p¢eKTHBHO HCIIOJIL30BaTL nepe3apJI.z:un,lli: MCTO,Zl; ynpa-
~ ;_ • • ·' ' 7 ' • • •• • ·; '· • :. • • • • • _: ~ ' • • • 

BneHRJI 'nol:o:Ka~m 6LicTpLIX •i'acrnn [7] B coqeraHnH· c oneparnBHoii HeBo:my- • . 
- • • . ~ ··- . ·' - , - .- r . , "' .A - • • - • -

maromeii ,ZI;llamocrnKoii r!YqKa [8-10]. _ B H<m6oJILrueii crene!ill npeUMYmeCTBo _ 
• '' - - ~ - ·•• . ... • • ' '·.. ) . ·-. :. - - • ' •• ; '. :- .. : '·· ~ • : ! ' .- -

,ZI;llarHOCTHIUI IIOTOKOB OTpnrr;aTCJILHLIX HOHOB IIpOJIBJIJIC']:CJI npn HCIIOJIL30Ba~ 
• ' ~ . • • ~ ~' • ; • " \ ·, ·, 1· • . < • 

Hnn ¢oTOHHLIX :MnmeHeii, KOr,Zl;a nii¢opMarr;RJI o nyqKe _ nepe,Z!;aercJI- 6i.rcrpLIM 

<~JieKrpoHaM B p~3y.ill.rilTe o6,Z~;HpiUI qacrn noHo:B B6JIH3n o,ZI;Ho¢oronnoro no

pora [11]. Ilpe,Z!;e~mre B03MoiKB:ocrn i'aKoii ,ZI;llamocrinrn: onpe,ll;eJIJIIDTCJI pac

npe,Z!;eJieHRJIMH 3JICKTpOHOB B IIpOCTpaHCTBe CROpOCTCH OTHOCHTCJILHO BCKTOpa 

CKOpOCTH HOHa. IlpeD;~3HOHHLie BHyTpeHHHC MHme~~ lP~TOHOB :nJIJI 30H,ZI;H- . 
" . ~ "' . ·-~:· _, . . ,,··~ . -" . . -~~-: ·~ ,. . - . -~: . '--

poBaHRJI nyqKa ¢opMnpyrorcJI c noMom;LIO ;ra3epnoro H3JIY'ICHRJI. B OTJIH: 
. r . • . • ~-: \ {_ _-... ~" ·.: ->~ ' ' :. '; 

qn:n or o.rino¢oronnoro :MexaHn3Ma, no;romennoro B ocnoBy ,ZI;llariiocrHIUI, npn · 

. ¢oToo6.ilnp~e _ OTp~aTeJILHH~- -~OHOB B JI~3~pHLIX IrOJIJIX MoryT )Ip~JIBJIJITL~JI .. 
<~¢¢e~TLI ,ZI;llHaMnqecKoro c,ZI;Bnra nopora, KoppeJIJirr;nonnoro B3aHMo,n;eiicTBRJI , 

• • . ; ~ 1 • • . . : • ··: . ' : 1.. ' • ~ •• '.. ' • : .: ~ " • i . ' . . .. ' - . . 

<~JieKrponoB n MHo~o¢oronnoii o6,Z~;HpiUI [12-: IS] .. YBeJinqellnerropor~ cBJI3aHo 
0 ' ' • '0': ' 0 0 _.. ' ' ' L ', ; ' ~ ~ ~ 

CO IUTapKOBCIUIM C,ZI;BnrOM OCHOBHOrO C?CTOJIHI,IJI 3JICKTpOHa H rpaHnrr;LI He

IIpepLIBHOro cne~rpa. B pa6oTe.[i9] o~Me:qa~TcJI, qro yqer KOppeJIJID;iroHHLIX ' . . 
<~¢¢eKTOB npn pa3pymennn _no~a Ji~ npnBO,ll;liT JIHIUL K MaiiLIM no~paBK~M 

- K ,ZI;llCIIepcnoHHOH 3aBHCHMOCTH B~p-OJITHOCTH lPOTOOTpLIBa' 3JICKTpOHa; : J13~

BCCTHLie pe3yJILTaTLI no ,ZI;ByxipoTOHHOH o6,ZI;llpKe. H- no~eHLI ,ZI;JIJI o6JiaCTH. 
.. . - . ~- . . ' 

' 0 

3Heprnii ¢oronoB w B cncreMe rioKoJI nona HH)I{e o,ZI;Ho¢oronnoro nopor·a it n ° 
.,. . : ; ~ _,. >' < : - ~.:... ~ ' T' "; : ' ~ : • : ' : - '. c ' -. " • 

cym;eCTBC~H0"3alc3HCJIT He TOJILKO OT IIOJIJipn3arr;nn pOTOHOB, HO H OT,BLI6paH-; 
' --. . -. . . ,. ' ·' ";. . . '. 

HOH TeopernqecKOH MO,Zl;eJIH [18]. Ilo~TOMY npn H3yqeHnH BJIRJIHRJI IIOJIJIPH-

ava•c~ I.C'It'J"'t 
• f IM' -II:CJeG:Iild 

SMSJUiOTEKA . · -......... ·~· ----.. _ ... 



I, 

Ja:D;HII H: MO~HOCTII <PoTOrmoif MHIIIeHH Ha oRoJionoporom.r:H pa3naJI Honon H-

. (0 < W - ct ~ ct) B<URHO pa~CMaTpHB~TJ,O.IUIOcpOTOHHLIH H ,l.lByxcpoTOH~ILIH 

RaHaJILI n paMRax e,zm:Horo noro,c~.n;a. B cimJH c TeM, 'lTo crariP!ecmUI :H .zm:- -

· naMH'lecRaJI noJIJipn3yeMocm aTOMHoro ocTOBa H- MaJILI no neJIH'lHHe, a nx · 

Ji:Ja-qe:H:nJI .n;mr Rona cJia6o -qyncTBHTem.nu R RonRpeTHOMJ. DH.n;J rroTeHn;HaJI~ 

n3aHMo.n;eiiCTBIDI aJieRT~OH~ c aToMoM · [18], .n;armLie irccJie.n;onaHHJI npono.zm:-
- . - ~ 

JIHCL B . pm,max aHaJIHTII'lCCRH peruaeMOH O)UI03JICRTPOHHOii MO,i(eJIH. noTeH-

ni:IaJia HyJienriro· -pa.n;Hyca (8- no~eHil1IaJI [20]). ,n:llir y.n;o6cTna n pacqeTax 

HCnom.3yhcJI 'aTOMHaH CHCTeMa e.zummi e = 1i :=;; M. = 1. 

L 8lf>q}eRTLI ripocTpaHcTnEmHoii opHeHTarum 1'1MITYJILca H 
. .. . ' . ~ • . ' ! , 

ITOJI11pH3a:QHH H3Jiy"!eHHJI npH O,ltHOlf>OTOHHOH o6.ziHpRe 

6LICTpLIX HOHOB H-
: _,_ '. '· ' 

BoJIHonaJI cpymmHJI e.znmcrneHHoro cnJIJaimoro s- cocTi)Jlmm n .rroTeH:n;H-
. . 

aJie HyJienoro pa.zm:yca npe.n;cranJIJieTcJI. n nu.n;e 

ff
·,•1c-

W0 = -~-:exp(:--:-(r.), .... r. . . . . . (1) 

r.n;e ct·= ( 2/2- aneprillr cnJiJH. IIpH aTOM: yqex'n3ilHMo.D:eiic~nHJI c 8- rroTeH~ 
n:HaJioM 3RBIIBaJieHTeH nno.n;y rpaHH'lHoro · ycilonirn · 

(2) 

B nerrpepLIBHOM cneRTpe · oT' nJiocRI:Ix BOJIH OTJIH'laiDTCJI TOJILRO: s- BOJIHH c · . . . 

cpa3oft pacceJIHHJI 

k 
, 7Js = -arctan(' · (3) 

-r.n;e k-' HMnym.c 3JieRTpOHa. MaTpll~IHLiii aJieMeHT o.zmocpOTOHHOii o6.zm:pm' 

llOHa H3 S~-CBJI3aHHOro B p- ROHTimyaJThHOC COcTOJIHIIe B .n;HII~JI!.HoM npn6JIH- .. 

';.:_;_ 2 

\ 
-' 

,., 
)KCHIIH HMeeT BH,ll; 

V(J) _ ·<.0. j•T•(-)*( ... ;;'\•T• _d ... ~ ps - ::1~ ":!! f er J ":!! 0 r -:-;-

= ~21k L:C -i)1{2l +~) exp(i7J!)/P,*(cos0f;:)X 
I . . .·· . . . . •. 1ff( .·.· ... 

x2k · j 1(kr)(er)- -
2 

exp( ...:(r)r2dr: dit, 
- . r 7r_- -. ' 

{4) 

r.n;e ~-nanpJI)Ke~H~CTL no~, 'lf~±) = {1f2k) 2:1 i
1(2l+1) ~xp{±_i7J,)·~(~~~();;:)x 

x Rkl ( r )- BOJIHOBLie cpyHRnHH nerrpepLinnoro cneKTPa n nJiocKononnonoM rrpH-

6JiilmeHHH Rkl(r) = 2k · j,(kr ), J \]!~~)* ~\]!~±) dk ,;(2;)38(k'.:_ k), 1Jl- cpaa.onLiii 
- . k k .. · .... . . , . . . 

C,l.lBHr napn;HaJThHOii.l-:: BOJIHLI, ~- noJIHHOMLI Jleman.n;pa, j,( kr )- _ccpep~eCRHe 

<PYHKD:HH BecceJIJI CHOpMHpOBKo~Jj,(k'r)j,(kr-)r2dr ·= 7r8(k'-:- k)/2k'k, e

neKTOp noJIJipH3aD;HII, ii = rfr' k 2 = p; = 2(w- ct)• BLipameHHe ,li;JIJI onepa-.. '• .. 

~opa ( eii) 3aBII~llT OT noJIJipH3aD;HH' H3JIY:'leHII1I. B _qa<;THOCTH, ,li;JIJI JIHHeiinoii 
' 4. ' ' ' . . • . ~· . - • . . ' ' 

HRpyronoii noJIJipH3an:rui HMeeM (eM., nanpnMep, [21]) 
• • - ., ' • • ... -. '. -< • • ; '" ,· .:. -'' ' •• • ·_; ~ ~ .: ,: • ; • " • £ - '" ' !, '.. ' "' ' ' 

( eii) = { J41i73. Yw{ ()~., <pne? - JIHHeiiHaJI ,noJIJip~~an:~; ' ' < ' {5) 

V81fl3 · Yt,±t(On, <pn)-:- JienoKpyronaJI( + ), upanoKpyronaJI(- ), 
' -, • ' -l. • ' 

r.n;e Yw H Yl,±l. - ruapOBLie (ccpepH'leCRI:Ie) <l>YHRnHH, '(One, <pne) H (On, <pn) 

- ccpepnqecRI:Ie ROop,zm:HaTLI ne:Kiopa ii ~TH?CHTeJThHO BeKTOpa rroJIJipH3ani:IH 

H HMnym.ca cpoTOHa cooTneTcTnermo.. IIom~FaJI1 ()ke- yroJI Mem.n;y HMIIYJIL

coM 3JieKTJ)OHa H BeKTOpOM noJIJipH3alpiR . cpoTOJ;l~ B CHCTeMe noKOJI HOHa, 

noeyqaeM H3BeCTHYIO B JIHTejniTyp~ [22] yrJIOB;YlO. 3a~HCHMOCTL BepOJITHOCTH 

BLIJieTa aJieKTpona ll.M JIHHeiino _ noruq)H~6iianlioro H:JcyqeJiiiH 
\ 

· ~~~ = 4~J2;(((2 :k2)2 Pt(cosO~.).' 
•<' R - ••• :', ;, ·- ,;,' 

da<1l ( 
dO .(Oke)ll ex IVps~~f ex cos

2 
()ke· ' (6) 

,L(JIJI uaeyqeimii c· Rpyronoii: _noJIJipHaainreii: MaTpli'lH;,m 3JJ:eMeHT ( 4) rrp~:.. 

a· 



o6peTaeT BH.Zt 

<t> . q:) • ~ k . . . e . . ( . ) 
~sl± = =t=4:n. y 27l't, f t'2 ..L l-2\2 • sm 1c • exp ~1<p1c , (7) 

r.n;e (81c, <p~)- c<!Jepll'ICCRHe ROop.znmaTU BCRTOpa ~-OTHOCHTem.no ~nym.ca. 

<!JOTOH_a, BCpxmlli 3HaR. COOTBeTCTByeT. JICBORpyro~o:ff noJJRpH3aiJ;HH,, a HIDK

mm ~ npaBORpJrOBOif. flp~ 3TOM yrJIOBaJI 3aBHCHMO.CT:b .n;H<!J<!JepeHD;Hamnoro 

ceqeHHJI onpe.n;eJJReTCJI 
·_.; 

da<1> · · . · ·. · 

:. ·dO' (O~c)l± ex IV;,S~~I 2 ex sin
2 B~c. (8) 

.... 

Y~pe~ (6) no IHlnpaBJICH~ BCRTQpa no~~3aiJ;HH <!JoTOHOB, noey

qaeM anam>rHqnyro (8) 3RBHCHMOCT:b ,ZI;JJRHenoJJRpH30BaHHoro HJ~CHIDI (cr.!. 

iaR~e [23]). 

C _noMo~Lro 'pe.JJRTHniicrc:rillx ilpeo6pa~o:Baimii: npHXo.n;HM 'R cire.n;yroilill:M 

nupameHHJIM .n;JIR RoMUo:HenT' HM:rxylu.2a 3JI~R;pon~: ( P:z:, Py, Pz) H ero .RlrileiH-. . . 

qecRoif 3HeprHH (Ee) B Jia6opaiopm~it cHCTeMe oTcqeTa: 

P:z: =Po· (cos8ke ·sin a- sinB~e.· cos<p ·cos a); 

Py =Po· [sinBke · sin<p ·.sin_7J- (sinB~ce · coscp ·sin a+ 

+cosB~ce l cos a)~ ccis7J]i 

Pz = 1f3C +. 7P0 • [(sinBke · cos<p··'sin.a+ . . . . .{9) 

+cos eke . cos a) ~i~ 7]- sin_ eke . sin <p. cos 7]]; 
.. . . ' 

Ee = ('Y __.: l)C2 -:J- 7f3CP0 • [(sinOke · cos<p: sin a+ 

+cosO~c~ · cosa)sin7J.-" sinOke · sin<p · cos7]]; 

. . 
r.n;e Pz- ROMnoHeHTa HMny.m."ca 3JICRTpona B nanp"aimeHHH .n;BH.lKeHIDI H- Hona; 

P:z: nanpa;eJiena nepneH.n;HRyJJRpno, a Py JIC.lKHT B nJiocRoCTH B3aHMo;ne:ncrnHJI 

<!JoTOHa H HOHaj . <p- a3HeyTam.HLd!: yroJI BlliJICTa 3JICRTpOHa OTHOCHTCJII,HO 

4 

i 

I 
I 

' ! -

,· 

BCRTOpa noJJRpH3RIJ;HH <lJOTOHR (0 ~- <p ~ 27l')j a- yroJI .UC}l(.n;y nJIOCROCTLIO 

noMpH3an;HH <!JoToHa H nJiocRo.cnro ero B3aHMo.n;eifcTBHJI c HOHOMj 7]~ yroJI 

nepeceqeHHJI nOTOROB HOHOB H <!JoTOHOBj C-· CROpOCTL CBCTaj / = 1/ vf1--" [32, 
' . ' 

{3- CROpOCTL HOHa B C.n;HHHIJ;RX C. . ;z:J:JJR JIHHCifHO noJJRpH30BRHHOrO H HC~ 

no.111ipir3oBannoro H3~emm pacqe; pacnpe.n;eJieHHif BepoJITHOCTH ·. BLIJieTa 

3JICRTpOHa B npocrpaHCTBe (Px/ Po,· Py/Po) -~no 3nepmH, npe.n;CT~lm~HHOii B. 

6e3pa3Mepn~x'e.n;HHH~axX S =[Ee :_ ('Y :_ .l)C2]/(~.17f3P0C) (co6cTBeHHLIC 
. . ~. 

O.n;HO<lJOTOHHLIC pacnpe.n;eJieHIDI ), npODO.n;HJICJI qHCJICHHlliM .· MO,ZI;eJIHpOBRHH~M B 

pa6oTe [24] npH ricno.ill.JoBanim nup~meli:Hii (6) H (9). ·no yrey <p, a TaRme 

no yrJiy a ,l{JIR HenoJJRpH30BRHHlliX· <lJOTOHOD noJiaraJIHCL ceyqaiiHLIC paBHO

_MCpHlliC pacnpe.n;eJieH~ u npe.n;eJia~ [0,.2_7!'] H [0, 7l'j cooT:IieTcTnenno. RoJIH

qecTno JiqeeR .n;ricRpe~~IIJX pa36HCHHii CO<._:TRDJJRJIO 20 X 20 ,l{JJR npocTpaHCTBa 

nonepeqHLix m.irrym.con ~ 20 no 3HeprHH. llpH 3TOM, o61I!ee R~JIH'!eCTBO npo-

aHaJIH3HpODRHHhlX 3JICRTpOHOB (o6:blqno''N 5 ·105) :nu6HpaJIOC:b TRRHM, <iT06lll 
--' -',, ., . ' 

.. -:·· • • < 

CTaTHCTHqCCRHii pa36poc :'lHCJia C06LITHii D RRiK,l{Oii JiqeiiRe ypoBHJI 0.1 OT 
< ' i ~ . . : .. -. \ ·, ;; -~·- . 

MRRCHMyMa. pacnpe,ZI;~JICHll:JI 'ne. rrpeBUllraJI 5-10%. lloJ:ryqeHH~e ,ZI;JJR pa3-
, .· 

JIHqnux 3HaqenHii a H 7J TpexMepnue. npe.n;craBJieHHJI nopMHponannLix no 
' ' ' -~~ • - v • •. • ; 

·aMnJIHTy.n;e co6cTBeHHlliX j<1>(Px, Py)·- pacnpe.n;eJieHHii H-·Hx TonorpaMMlll, a 

TRRiKC j(XS)- pacnpe.n;eJICliHJI npHDC,ZI;CHlll Ha pHc.1-9. 

C yqeToM o.ziHna~onoroyrJiol'loro .n:n.<P¢epeHn;HaJI~Horo ceqenHJI (8) npH

ne.n;ennue Ha pHC. J;.6 H 9.3;BHCHMOCTH ,ZI;JJR,HenoJiil:pHJODaHHOrO H3JiyqeHHJI 

cnpane.n;miD:bi TaRme n.n;JJR <l_>oTonon c KpyroBoii (nHPRYJIRP_l!o~) _noJJRpu3a

n:Heii. 
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Plic.l. Tp~xMepuoe npeJ(CTaBJICHHe Hope~rs~HH~ro co6~~BeH~· 
noro j<1l(P.,, P11 )· pacnpe.~~:enennn :JJieKTponoB Hero TOnorpaMMa npn 

O.li;HOl}JOTOHHOtt o6.li;Hpne n- HOIIOB c 'a = 0, TJ = '/r /2. Eonee lKHpuoa 

Kpnaoa Ha TonorpaMMe BUJ(eneu ypoBeHL 0.5 OT aMnJIHT}'J(hl pacnpe-

J(CJICIUIJI 
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' PH:c.2. a= 7r/4 (37r/4), 7J = 1rj2. 
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-0.72 

0.91 

0.68 

P.Y/Po 

Puc.3. 'f/ = 7r /2, nenoJIHpH3oBannoe H3JIJ'Ien:ae 
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-0.72 

Puc.4. a= 0, T] = 7r/4: 
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" tii 
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~~ ! tii 
)( ~ 

" Q . Q- ~ ~-.;. ~. 
-..... . ' ~ ~ . )( 

~ Q " 
~~ 

~ 

~ 
~ 
tii 
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0.91 

0.68 

0.45 
0.68 0.68 

1 "."' ~ "1 0.21 

~ -~-~~ ~/ I~ -o.o2 

-~ ' '-0.25 ·~ 
0.21 

-0.02 -0.02 

-0.25 

-0.48 

·f 
:._....;._- P>'/Po 

-0.72 

---Py/P~ 

Pnc.5. a= 7r/4, 7J = 7r/4 
Pnc.6. 7J = 1r /4, nerroJillpH3oBannoe H3ny~enue 
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--=- I 

I 
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-0.25 -0.02 0.21 
Q.gl ~I I I I I I.I('""T '·I I I I I (I~ l"([l"'CC(__r-t::(!'K(I I r:~:::!"\11 j j I I_ (l Q.gl 0.91 

0.68 1- I "- \.. ·"'-\~))))~~~ l =I 0.68 0.68 

0.45 1- ' """"'- v. 7S ::--.._ )\tll 0.45 0.45 

.. ~! ~::: k ~ ~"2' &I ., . qos 

'-0.02 ' -0.02 

~ .··· C!os 
.. ~ 

...:0.25 ~ -0.25 -0.25 

:::::.~os~ ·J~::: 
~ -0.48 

I -0.72 

5 -0.95t~ 
-0.95 -0.72 -0.48 -0.25 -0.02 0.21 -·-- -·-. 

- P>/Po PY/Po 

~ PHc:7. a= 7f/4, T/ = 37f/4 mm a= 37f/4, T/ = 7f/4 PHc.S. a = 7f /2, npoH3BoJILnoc 1f 
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1.00 

0.80, 

0.60 

0.40 

0.20, 

o.oo· 1'' j,,,,,,,,,·t,,,·,·,·,,,,,,,,,,,,,, '''''''I 
-10.00 -5.00 

1.00. 

' 0.80 

0.60 

0.40 

0.20 

,0.00 
xs 

5.00 10.00 

0.00 lflllllllljiiiTtrJ iljlit'ftiTIIJillllllljl 
-1 0.00 -5.00 0.00 5.00 10.00 

'xs.' 

a 

6 

Pnc.9. HopMuposanHoe co6cTBeHHOe pacnpe,lleJieHue 3JieKTpOHOB 

no 3Hepruu npu O,!IHo<j>oTOHHolt o6,!1upKe H- uonos c 17 = 7r/4, 37r/4 

. (a) II 17 = 7r /2 (6) ,!IJIJI pa31Ili'IHOl! llOJIJ!pl!3anUll l!3JIY'IeHllli: a = 
1r /4 ( • ), a = 0 ( + ), HenoJIJ!pn3oBanm>~e <j>oTOHI.I (b.); a = 1r /2, 

llp01!3BOJibi!Oe 17 (*),a= 7r/4 (*,77 = 3n:/4) 

14 

• 

• 

l 
._.', 

l 
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·i 

--: 

·, 
Ilpe)J:cTanne:HHLie pe3yJIDTaTLI ITORaaLinaroT, 'ITO co6crneHHLie pacnpe.n;e-

. ,. . '·.·.· ". ... 

JieH~ 3neRTpoHon ITprr ~.zmocpoTOHHoil:o6.u;rrpRe rroHon H-: CYJ;UeCTnemri.ri.r o6-. 

paaoM 3anrrcJIT OT IToJIJiprraan;rrrr cpoToHon rr yrJia ITepeceqeHHJI, 1!3aHMo.n;eii-

cinyromrrx ITY'!Ron.- ,l(JIJI f(XS)-· paciTpe.n;eReHHii xapaRTepHa CHMMeTpHJI 

OT~oc~TeJID~~ cpe.zmero 3Ha'!eHHJI alieprHHaJieRTpoHa E: = (~ -i)C2:c r~~-
• • ' .• ., ·, ,: I • 

Hrrn;aMrr ('y- 1)C
2 ± 7/3P0 C (eM. prrc.9). -Harr6onee Y3RHe paciTpe.n;eJ.IeHHJI 

ITo a~eprrrrr ITocyqaroTcJI. HeaanrrcrrMo ~T TJ .n;JIJI a = ir /2 •. )J.JIJI JC~>(P.,, Pv)-.. ~ . ' ' . ' . ' . . . - . . 

paciTpe.n;eneHrrii, aa rrcRJIIO'IeHrreM.a = 0 rr .TJ = 1rj2, x~paRTepim oTcyTcrnne 
' . . ' ' . "~ . ' . . ' ' . 

aRCHaJILHOH CHMMeTpHH OTHOCHTeJThHO HaiTpanJieHHJI HMITyJIDca HOHa. ARCH-. \·.: -. . - . :· ./, .. - ' ' 

aJILHO CHMMeTpH'IHLifr CJIY'Iaii ( CM. prrc.1) 'C001:BeTCTByeT Harr6oJiee Y3ROMY 
., --· ' ' . -... 

yrnonoMy paciTpe.n;eJieHrrro aJieRTpoHoll n Jia6opaTopHoil: crrcTeMe oTc'IeTa. B 

CBJI3H c TeM, 'ITO ·ITpH cpoToo6,lurpRe irporrcxo.u;rr~ .zinyxqacTH'IHLiii pa3BaJI H-:. 

~oHa, JC1l(p.,, Py)-paciT~e.n;eJieii:rui: Iipo.n;yRT<lB pa3nana (aJieiSTPOH, aToM :Bo.no~. 

po.n;a) .rrMeiOT O.lOIHaKOBLIH ~H,ZI;.· Ilpe.n;cRa3aHHLie ITOJIJipH3iHJ;HOHI:JLie 3cpcpeRTLI· 

,ZI;JIJI .. TJ, = 7r /2 IT ;(J! = '0, 7r /2' _ITOJIY'IHJIH Ra'!eCTBeHHOe ITO,ZI;TBepJR,ll;eHHe 'rrPH 

perrrcTpan;rrrr YrJIOBLIX paCITpe.n;eJieHHil: aTOMOB BO,ll;Opo.n;a B · S~CITepHMeHTe ITO 

cpoToo6AHpKe neHToqaoro nyqKa noHoB H:, [25]. 
(> 

2. Ilap:QHaJILHLie pacnpe.n;eJieHH,I aneRTpOHOB iipH ,ll;ByX<IJOTOHHOH 

o6.n;HpRe HOHOB H-B6JIH3H o.n;Ho<Po,TOHHoro nopora 

Ilprr ,ZI;OCTaTO'IHO BLICOROH ITJIOTHOCTH 'cpOTOHOB B MHilieHH poJR,ll;aiOTCJI 

Ta:EOI<e 3JieRTpOHLI ITO RaHaJIY_n:·¢oT~~IHOil: ~6JiH~m'H:_ HOlia(~> 1), Bepo-. 

~rn6cT:i.RoTopoii ·~ ·e~~IIY npe~~Hn panHa (cM:,:HaiTprr~ep;··[26)): · 

. ~C~) === CT(~). (17);..= 4:n(27r)~~k~J wk>l~dOh . : (10). 

r.n;e o-Cn)_ ceqerme n- cp'oTOHHoii o6.n;rrpm ,ZI;JI1I .n:a:HHoii qacron.t rr 'noJIJiprr:. 

3aiJ;HH H3JIY'IeHHJI, · Vf~n) - COOTBeTCTBYIOIIlHH~ MaTI>H'IHLiil: 3JieMeHT ITepexo.n;a . 

:15-'. 
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3JieKTpOHa II3 HaqaJn.HOro Z - COCTOJIHIIJI B KOHeqHoe COCTOJIHIIe "f". B 3JieK-
-- - f 

TpoMarHHTHOM rro.iJe HarrpJDRermocTH-~, 11 - IIJIOTHOcT:r. MOIIJ;HOCTII <PoTOHHOii 

Minuerm :riiinm)To::< <PoT<)HoB :B ciiCT~Me rroKoJI IIoaa, d01 = sin01dfhd<tJJ> 

k1 II (0;, ~~ )- IIMIIy.m.c <Po~03Jie~Tp~~a ~ ero c<P~p~~q~cKJie K~Op~HaTI.I CO

OTBeTCTBeHHO. .z:i:JIJI TaKIIX MIIUre~eii .· C ~H~prii~H <Po;OII,OB B6JIII:JII . rropor~. 

c1 (0 < 'w ~ €t. ~- c{) OCHOl:IH.LIM KOJIKYPIIPYIOIIJ;HM rrpon;eccoM o.zmo<l>OTOH-
·. ' ··' .... . 

Hoii o6.zmpKH ( CM. B.LipaJKeHIIe (6) JI.JIJI v;,~>) -JIBJIJI~TCJI KCtHaJI pa3BaJia H'-- ~ 
n = 2. C~e,ey-JI pa6oTe [17], rrpeJI.~aBIIM JI.ByxcpoTOHH.Liii ~aTpiiqH.LJ:ii ,3Jie!.reH; 

rrepexoJI.~ 113 ~o'cHoBllo.ro ·Is > ~ocToJIHIIJI B cocTOlmii~· jk' > HerrpeplimHoi~ 
crreKTpa B BIIJI.e . 

v,(2) _ __ lc'lc lcs · ' 1 ·. ··J vP>. v;(l) : il 
' .•' ,.' b .:- (27r)3 . ' E~c + Ct- w- iC (-t +0; (11) 

rJI.e.E~c = k2 /2,Y~c~~ ::= ~ Jwt>*(e?)w~+>d?- o.zmo<PoTorm.Liii MaTJ)IIqa.LJ:ii 3Jie'

Me~T rrepexo,li,a B. Herrpep.LIBHOM. crreKTp~. B B.LipameHIIII' (11) yqTeHa IIJIOT

HO~T:r. rrpoMemyToqH.LJ:X cocTOJIHIIH 3JieKTpoHa dk j (27r )3 B IIHTepBaJie IIMrry.m.:.. · 

coB k + k + dk·JI.JIJIIIcrro.m.3yeM.LIX Bo.iJHOB.LIX <l>YHKniiii. C yqeToM (6) II BIIJI.a 

<l>YHKD;IIH W~±). ,li,JIJI JIIIHeiiHO IIOJIJipH3(>BaHHO_!'O II3JiyqeHIIJI IIOJiyqaeM 
' ', ' ~ 

.VIc~~~=:= (2~)a.]~(-i)1:(i)1(2l~+ 1)(21+ 1)exp[i(771 ~-7JI•)]x 
,_· ' .. ' . ,,. ' 4k 
xw/'/.J/'1.(-i)~· {(2+k2)2x {12) 

dk 
xPI.(:o~()!ce). B~c+ €t.,... w- i~ ; 

rJI.e W/'1 = fr3il•(k'r)_: j1(kr)dr, I/'1 = f~i(c9s()k'r)(eii)~(cos0f;:)dii., TaK. ··. -·' ,. - . ' 

KaK B 3TOM C~ae B03MO>rul.LI sps- II spd- JI.Byx<PoTOHH.Lie IIepeXOJI..LI, C yqeTOM . 

{3) ITOJiyqaeM CJie,zyrom;Iie B.Lip~eH:~ JI.~ IIHTerpaJIOB w/'1 ~ Ig> ="f(~l' + 
+1){21+,1) J/'1: P1 (cosOi.1)~0f .: 

[
1 a . 2 .··. J 

w2i=O.S1r k'k . 8 k6(k'·-k)+ (k')3 •6(k'-k) · 

\ 16' 

I 

l 
l 

I 
j 

t . , 

. l¥. ._. ·.:1 ,· [ -~, fJ8(k':_k) . k .· .· 
·· 

01
-:- /(2 + (k')2 · -2 ·ak. k'k . + (k2- k'2- ia)2+ 

+ ;.n • .n . •n · 7 
k . ] 

(13) ' 

. (2) 2c )2 ·c . ·). 
J2l = J 411" : P2 COS ()k'e 

(2} 1• . 2 . ' . 
Iol ='= 3(47r) ·Po( cos O~c•e) 

B. pe3y.m.Taie rrpii JIHHeiiao . rroJIJipn:3onaHHOM II3JiyqeHHII B.LipameHIIe JI.JIJI 

MaTpiiqHoro 3JieMeHTa JI.Byx<PoTO:imoro nepexo,li,a 3JleRTpoHa :8 ROHeqHoe. co-. 
' . . . ' . ' . . 

CTOJIHIIeC _IIMIIYJII.COM k' := Pow = V2(2w- €t) B CIICTeMe IIOROJI IIOHa IIpii~ 
' ~ • T ' ,. • • • 

o6p·e~a~± BIIJI. . 
•' 

. (~) = w2 . 4j27r(.· ·.·J. [Jdi). exp( -i7Jo) . Wot...,. I~i> . W2d X ' . vk'sll .. (27r )3 ' . ' 
' ,_ ' 

' k3. - - dk -

, .. x((2+k2)2 · Ek+.c1 -w-i~-

=~2. ~ ·:{exp(~i7Jo) ·:[((w·- E:,);._: 
, , 3w

4 
: -~ : · , " . · • . , :':, · ' ' · 

p4),· 

.. ; 

...• : · 312 Po(cos()k'e) 
+z\12(w- ct) ]· ..jW 

. -~f,(co:~e,) ·(2w- ~,;y ' 

"""" 

r,li,e rrepnoe CJiaraeMoe D. <PIIrypH.LIX CR06RaX COOTDCTCTDyeT sps-. IIepCXOJI..Y II 

Y'liiT.LinaeT DRJiaJI. pe3oHaHCHLrX rrpoMelliyToqa.LJ:x cocTOJIHIIii Henpep.Lii:moro 
' . . . 
crreRTpa c 3Hepr1Ieii E~c = w .,... c1 .• a BTopoe- eCTh peJynhTaT. ~iiTerpHponaHIIJI 

• ; :... • • ' • ' • < • • • ~ 

D CM.LICJie rJiaDHoro 3HaqeHIIJI II COOTDeTCTDYCT DIIpTyaJILHOMY spd- ncpeXOJI.Y. 

- Yr.n:oBaJI 3clDIICIIMOcT:b ~DYXqlOTCJHHoro li.II~pq;epeHnHa.ii:r.H?r~ ~~qcHlll_! n6JI~3ll 
IIOpor<~; €i (0 < W- €t ~ €t) Oirpe,li,eJmeT.CJI 

. da(2) . . - . (2} 2 . . 2 . 

. dO (Ok'e)ll CX: jVk'sll,l CX: (?COS ()k'e - 1)2 
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.. Ilp1I IICIIOJII,30DaHIIII OllepaTO'pa (5) II 3HaqeHIIJl Vk~) D n:ii:.n;e (7) C .IIOMOIIJ;LJO 

( 11) 11oeyqaeM c.ITe.n;y~rn;IIe nLipmf<eH_!IJi .n;JIJI MarpiiqHoro ::meMema .n;nyxqw

TOHHofi o6.n;npKH1IOHa II yr~~DO~ ROMIIOHeHTIJ .n;n¢cpepen~~m.Horo C~~eHIDI 
n MIIIIIeHII c Rpyronofi IIOJIJip1I3aD;IIefi: 

(2) . 2'.j2ir( - . · • 2 · 2w - f:t 
vk'si± = -R ~ ·exp(±2z<p~:•) ·Sin fh·. .A I 

da(2) . (2) 2 4 • 
_. dO ( th• )j± ex IVi:•sl± I ex sin Oe (16) 

. ' .' . . 

,[(JIJI ::meprHII cpOTOHOD HIDI<e O.n;HOcpOTOHHoro 110pora aHaJIOriiqH(lJI 3aBIICII-

M~CTL noeyqeHa n pa6ore [27J. B ro · me npeMJI .n;JIJI JIIIHefiHo lloJIJip1I30BaH

Horo II3JiyqeHIIJI. c yqeroM DLipameHIIJl (14) .n;JIJI Ha.n;rroporonofi .n;nyxcpoTOHHOH 

o6.n;npRII IICIHOB H- II pe3yJILTaron pa6orLI. [27] .n;Jpi ct/2 < w < c1 xapaR-

repHa cymecrneHHM 3aBIICIIMOCTL yrnonoro pac11pe.n;eJieHIIJl cporoammrpoHOB 

· OT 3Hepr1III cpOTOHOB. 0Ha MeHJieTCJI OT 11paRTIIqecRII II30Tp011~0ro BfiJIII~II 

.nD)'XcpOTOHHo~o 11opora .n;o HpKo BLipa~eHHoro pac11pe~eJieH1IJI·11o Ha11panne-

HIIJO neRropa· IIOIDrp1I3aD;IIIf ·IIPII w ~ c1• B oRpecTHOCTII o.n;HocpoTOHHoro 

. IIOpora pacllpe.n;eJieJIIIe (15) •II pe3ym.TaTIJ pa6oTLf [27]·XOpOIIIO corJiacyiOTCJI 

Mem.zry eo6ofi. Ycpe.n;Herme n:i.Ipamemm (15) 110 HallpanJieHIIJIM neRropa IIO

-JIJip1I3aD;IIII cporoHon rrpiino~r 1< cire.n;yromefi yi:Ji6nofi 3aBIICIIMOCTII BLIJiera 
• > - ' ... - • • • .. 

3JieRTpOHOB OTHOCIITeJILHO IIMIIym.ca- cpOTOHOB 11p1I .n;DyXcpOTOHHOll OROJIOIIO-
.. ' ' ' • ," • ,< •• • 

porOBOll ofi.n;npRe liOHOB D HeiiOJIJipii30BaHHOM li3JIYqeHIIH; 

da<2l · .. · 
· dO (Ok' )jup ex 3 sin4 

()k,- {8/3) sin2 
()k, + 8/9 . {17) 

J.f3 BLipamemrfi (14) li (16) DII.n;H0 1 qro B O.n;H03JieRTpOHHOHMO)J;eJIII 110-. . - . . - . . . - ·.. . . . ·~ 

TeHn;nana :Hynenoro pa.n;nyca .n;nyxcporoHHaJI o6.n;npRaorp1In;arem.Horo IIOHa 

liMeeT Mecro·.n;ame 11p1I W = f:t II paBiiOM HYJIIOMaTpiiqHOM 3JieMeHTe (6).· Ilpii 
' •• !, ( \' 

3TOM B OROJIOIIOporoDOll o6JiaCTII OCHOBHIJM RaHaJioir cpOTOOfi.n;HpRII C n= 2 JIB- . 

JIJieTcJI nnpryam.HIJfi spd- nepexo.n;. AHaJiornqHIJfi BLino.n; 6IJJI panee c.n;eJiaH 

./' 

18 

-

. 
.1 

J 

l . i 

1 
'I 
1: 

·~ 

'j 

I 
'>I· 
\ 

' i ") 

\ 
'i 

n pa6ore. [17], a.n;JIJI JIIIHefiHo IIOJIJip1I30BaHHoro II3nyqeHIIJI n o6nacr:i HlliRe 

O.n;HOcpOTOHHO~O 110pora (w < etA- ;_pa60Tax [28-30].· ,[(JIJI mmefiHo IIOJIJip1I3o

naHHoro II HelloJIJip1I3onaHHoro II3eyqeHIIJl pacqer pac11pe.n;eneHIIfi nepoJirno-

CTII BIJiiera 3JieRTpOHa 110 RaHaJIY n ·=. 2 D 11pocrpimcrne IIOIIepeqm IIMIIYm..: 

con na6oparopHofi CIICTeMLI · oTcq~r; (P.,f Pow, Py/Pow) II 110 aHeprmr, _npe.zi;

cranJieHHofi n 6e3pa~Mep!mxe~IIn;axXW = [Ee:_(7-1)C2]f(O.i-y,BPowC) . . . . . 

( co6crneHHIJe .n;nyxcporoHHLi~ pac~pe.n;enem?ul), 11pono.zniric.R:- qncJieHHIJM :Mo.n;e-
, . -.· . -. ' '. - ~, . 

JIIIpOBaHIIeM 11p1I 0 < ~ ~ ~~ 4::_ f:t C IICIIOJI1,30B~Il:IICM BLipaiReHIIfi {9) II {14}. 

3a ncRJiroqeHIIeM_reHepan;IIn,cnyqafiHoropaellpe.n;eJieHIIJl yrna ()k'e 110 3aRoey 

{3 cos2 O~:•e- 1 )2 oco6eHHOCTII Mo.n;eJIIIpo:mm~ aHaJioriiqu~ paccMorpe:HHoMy' 
-

DIJIIIe o.n;HocpoTOHHOMY RaHaJiy. IIoeyqeHHIJe .n;JIJI pa3JIIIqHIJX 3Haqe!fllii a 

II 7J rpexMepHLie 11pe.n;cranneiriur.HopM1IponannLix no aMIIJIIITy,n;e co6crneH

HLIX .n;nyxcporoHH,Lix' j(2) ( P., 1 Py )- pac11pe.n;eneH1Ifi II IIX TOIIorpaMMLI, a TaRme, 

f(XW)- pac11pe.n;eneHIIJi: 11p1Ine.n;eHLI Ha piic.l0-)8. IIpe.n;cranJ!~nnue pe- , 

3YJILTaTIJ IIORa3~aror, qro c Y.qeTOM Pow~ Po o6rn;IIfi xapaR_T~P. pacnpe.n;ene-:

mrfi IIpii TeX me a 1'I.7J fiJIII3C>R.R.pe3ym.TaTaM, IIOnyqeHHIJM )J;JIJI O.n;HOcpOTOHHOll . 

ofi.n;npRII IIOHOB ( CM. p1IC.1-9 )'. 

IIoeyqeHHIJe ,nJIJI JIIIHefiHo lloJIJip1I3ona:Hnoro II3nyqeHHHpe3ym.TaTIJ (6) ~ 

n (15) cornacyroTc~ (11pn a~1) = 1, a~2) = 10/7n a~2J: = 18/7) c np1Ine~ 
)J;eHHIJM B pa6ore (31] BLipameHIIeM .n;~ yrJIOBOH .3aBIICIIMOCTII. n- cpOTOHH~ro 

.n;ncpcpepeHD;IIam.Horo ceqeHrur 

da(n) = a{n} .. [1 + t ~·~~ · P2m(cosO~:e)]. 
dO . m=l . • . . 

(18) 

r.n;e a~~- ,R03cpcpiiD;1IeHTLii JIBJIJIJOIIJ;IIeCJI cpyHRD;IIJIMII IIH';I'eHCIIBHOCTII II IIIII- · 

p1Im.i clleRTpa II3JIYqeHIIJl MIIIIIe:Hn. 
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0.91 
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n nr 

if(.\)J r, ( ~ @ } ·~.. . . : -0~ 
-0.25 

-, ·, ' .. 

-0.48 

- -:-1- l.._ I ""1 -0.72 

---PY/Pow' 

Pnc.IO. · TpexMepnoe npe.llciasnenne nopMnposannoro co6cTBen

noro JC2l ( Px, P11 )- pacnpe.lleJieHnH. :meKrponos n ero ronorpaMMa npn-' 

.llBJXcpOTOHHOfi OKOJIOllOpOrDBOJI:_ 06.!!11pUe H- lfOHOB C a.= 0, TJ = 
f • ' - • , , .· 

=71" /2. BoJiee lRI!p.noll: KpnBoll: na ronorpaMMe BLI.lleJteu yponellb 0.5 or 

aMnJIRTY.llLI pacnpe.lleJielll!J! 
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PY/Pow 

Pnc.ll. a= 7r/4 {37r/4),.ry = 1rj2 
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r;;;r·??~s~·~··"C;;:'jo.91 " 
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1-::: 0.21 

J1 
. ' 

' . 
-0.02 
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~ .... ,, 

-0.25 -0.25 

OH~·~ 
"'0.48 -0.48 

-0.72 

0.91-0.95 

---- PY/Pow 

Plic.13. a= 0, TJ = 7r/4 
PHc.12: 'T] '= 7r /2, ·rrerroJIRpH30B.annoe 113JJJ'leiiHe 
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Pn:c.14. a= 7r/4, 7J = 7r/4 

-0.02 

-0.48 

-0.72 

~ 
--.ci 
rC 
'~ 

rtci 

~~ 
ci 

~~ 

~~ cf. 

0.91 
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,. ---Py/Pow 
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.~ .... 

· Pn:c.15. 7J ~ 7r /4, neiioMpnaouannoe n3~Y'Ienne 
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PHc.16. a= rr/4, 7J = 3rr/4 Hnn a= 3rr/4, 7J:::;;, rr/4 PHc.17. a= rr/2, np~HaBimhnoe 7]-
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.Pnc.IS. HopMnpoBaHnoe co6cTB~nnoe pacnpeJ~enenne 3JieKTpo

noB ITO 3Heprnn Hpll 1\BJXtiJ(>TOHHOil: OKOJIOHOpO~OBOlt 06J~npKe H

l!OHOB c 7J = 7r/4, 37r/4 (a) n 7J = 7r/2 (6) MJI pa:JJIH'lHoll no

J!Jipn3annn H31IJ'leniDI: a = 1r f 4 (•), _a = 0 ( +), nenoJinpn3oBannue 
·-. - - - . 

tlJOTOHLI (6); a= 1rj2, llpOH3B01ILHOe 7J (*),a= 7r/4 (*,i] = 37r/4) 

28 

3. Ha.zi~oporon~ o6.n;npKa B na3epHOM iioJie H pacnpe.n;eJieHHJI 

.... QJOT03JieKTpOHOB • -

l~eJyJThTIIpyromiie co6cTBeHHLie pacnpe.neJieHIIJI 3JieKTpoaon n npocTpaH

CTDe nonepe'IHLIX IIMllYJThCOD Jia6op~TOpHoil CIICTeMLI OTC'IeTa (P,, Py) H.;no 

3Heprmr (Ee) onpe.neJIHIOTCJI cyMMoii: cooTneTcTnyromiix pacnpe.neJieHnii: oT 

0.1lH0¢0TOHHOro II .llDYX¢0TOHHOrO KaHaJIOB 06.1lllpKII C y'IeTOM HX CTaTDeCOD. 

CTaTnec pa~npe.neJieH~ on~e.neJIHeTcJiuep<?RTHOCThiO o6.1lllpKn {10) .llJIH .naa

noii: llOJIHpH3aUIIII II M~mHOCTII ¢oTOHHOH 1\IIIIIIeHII. flOJID.3YJICb MaTpH'IHbiMH 

3JieMenTaMII (6), (7), .(14) II (16), a,TaioRe Y'IIITLIDaJI nJIOTHOCTh ik'/(2rr)3 
~ . . . . 

ROHe'IHLIX COCTOJIHIIii: ::IJieKTpOHa D HenpepLIDHOM cneKTpe; noJiy'IaeM CJie.nyro-

miie DLipameHIIJI .llJIH DepOJITHOCTII n- ¢oTOHHOii: 06.1liipKII ( n = 1, 2) D MIIIIIeHU ·- .. " . - . . ' . . . ' . 

' c JI~~eii:noii: II Kpyronoii: noJIHpiiJauneii:: 

wp> = w~l) = e2/3)?R2w-'-4~(w.:::. ~t)3f2 
,· 

wp> = (1f18)?R4w"'"8 v'tt(2w- "t:t) [(w .;.;_ tt)2'+ (2/5)(2w.::.. ~t)2] 
. . ~ . 

W~2) = (1/120)?R4w-8 v' tt(2w ::-- tt)(2w ::- tt)2 (19) 

(2) . ;- . . (2) 
WI i(O<w-e:,¢:e:,):=::: (8j3)W± . 

TaKIIM o6pa3oM, n o.nno3JieKTponaoii: :~.w.neJIII noTenuiiaJia H~Jienoro pa.llllyca, 

nepoJITHOCTh .nnyx¢oToanoii: naiinoporonoii: o6.rinp}m IIOHa cymecrneHHLIM o6~ 
-' . . . . 

pa30M JaDIICIIT oT· noJIHpii3aUIIII MHIIIenii, npn'Ietr .nllii JIIIHeiino noJIHpii3o-
~ . 

naHHoro II3JIY'IeHIIJI oaa 3Ha'IIITeJThHO 6oJIL_IIIe, '!eM n CJIY'Iae c Kpyronoii: no-

JIHpii3aUIIeii:. B ~6-!IaCTII.Hll)l{~ o..ruio¢oioHaoro nopora .riaHHLii:i riollpoc Te-

opeTII'IeCKII paCCMaTpHDaJic!l, HanpiiMep, B pa6oTaX (27,32-35) .. _-B OTJIII'IIIII 
. . -. ' . ~ . - . . 

OT llOJIY'IeHHoro BLIIIIe-pe3yJThTaTa; D 3TOH o6JI~CTII (w < tt) COOTHOIIIeHHe 

Me)l()l;y BepOJITHOCTJIMH .llDYX¢0TOHHOfi o6.nnpKII D IDIHeHHO II UIIpKyJUipHO no-
. . 

JIHpH30DaHHOM H3Jiy'IeHlm Ka'IeCTDeHHO MeHJieTCJI D 3aDHCII1lOCTII OT 3HeprHH 
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- .. 
cpoTOHOD. B qac~HOCTH, HeCMOTp11 Ha Ko.rr;rqecTDe~Hoe paJ.rrn~ne;peJyJILT~TOD 

pa3HiilX pa6oT, HepaDeHCTDO p =: Wpl(w)/Wk2)(w) » 1 D 06JiaCTH .llllyxcpo-
• ' . ' . 

TOHHoro nopora (w·;:::: ct/2) nepexomn D cooTHoiUeHHe p ::=; 1 npH w ::=;ct . 

. IToeyqeHHaJI JaDHCHMOCTL oi<oJionciporonoit o.mmcpoTOHHoit o6.zmpKH /I.JI11 . 

llOHa H-:- corJiacyeTCJI c DHrHepoDCKHM JaKOHOM HOHHJaUHH s- I<Da·HTODoro- co

CT01IHH11 (2J,36,_37) H HJDeCTHiilMH 3I<Cne~m,£eHTaJILH~MH peJy:rr-TaTaMH (38,39). 

B COOTDeT~TDHII C (19) OTHOIUeHIIe CTilTDeCOD co6CTDeHHiilX p~cnpeli,eJieHHH 

O.luiOcpOTOHHOrO H .llDYXcpOTOHHOro KaHaJIOD _ 06lJ.HpKH. D6JIII3H nopora- onpeli,e

·JIJieTCJI COOTHOIUeH:HeM 

wp> 3 W11
> . 15cPCw- ct)t.5c 

W <2> = 8 : w<2> ~ 41r . I 
I ± "Y 

(20) 

r/I,e 1-y = R2C /21r- nJIOTHOCTL MOIUHOCTH MHIUeH:H D aTOMHiilX e.zmHHUaX 

(1 a.e: = 6.436. 1015 
BTicM2). c yqeTOM DiilpameHHJI (10) /I,JI11 JiliHeii:Ho no-·. 

JI1IPHJODaHHOro H3JI~qeH:H11 Ha pnc.19.n!mne/I,eHa noeyqeHHaJI TeopeTnqecKM 

15.0 
a~2) [10-49cM4 :ceK] 

10.0 

-.-.:.:·. I ~~· ,·· ...., "•-!"3 I fl~ ' • I 
II:" \ 11":.:.... I 
if \ . '~.1 

-- •f • ~ L~ \ .. . _.-·.-·-J 
:J ·-·--t'" It . '\ I 
J · Z I 

f· I .. I -
I 

;5.0 

0.0 I I 
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Puc.19. 3auncnMocTL napunaJihiior~ ·ceqeann .nuyxqJOTOHHOlt 

o6,nHpKH HOHa H- B JIHHCiiHO llOJIIIpH30BaHHOi!• MHUICHH (;,p>) OT 

3Heprnn <PoTona (w). -1, 2, 3 - TeopeTnqecxne pe3JJihTaTU pa6oT 

(29,40.,41) COOTBeTCTBCHHO 
•'''-

1.3 

Jann:cnMOCTL rrapn;naJILHoro ceq~HHII,oi<o.ironoporonoit (w > ct) .llllyxcpoTOH~ 

Hoito6.zmpKHHOHa H- OT 3Heprn:n: cpoToHa. ,l(JI1I_cpaBHeHH11, TaM me rrpeli.-,·

craDJieHiil TeopeTn:qeCI<He peJyJILTaTiil pa6oT (29,40,41] /I,JI11 cpOTOHOB·~ W < ct: ·. 

fipiiDe/I,eHHiile ceqeHH11 HOpMIIpOBaHiil Ha O.lmH, II3 li.Dyx 3JieKTPOHOB y IIOHa 

H- II xopoiUO CTiilKYIOTCJI Ha rpa~e o;:tiiocpOTOHHOH o6~KH-

IToeyqeHHiil~ -li.JI11 KaHaJIOB ri = 1, 2 peJyJILTaTiil noJBO~IOT li,eTaJILHO n:c

cJie/I,OBaTL 3BOJIIOUIIIO peJyJILrnpyroiun:x C06CTBeHHiilX pacrrpeli,eJie~ 3JieK-. 

TpoHoB (aToMoB BOli.opoli.a) B Jia6opaTopHoit cn_creMe oTcqeTa npn: Hali.Ilopo~ 

roBoit; cpoToo6.zmpi<e IIOHOB H-, Ha BHyTpeHHIIX MHIIIeH1IX paJJiliqHoit nOJI1IPII: 

Jaun:n, qacT~Tiil II MOIUHOCTII IIJeyqeH~. B rrpocrpaHCTBe rronepe~ _IIM:. · 

nyJ!bCOB Jia6opaTopHoii cn:creMiil oTcqeTa (Pz, Py) 3TH pacrrpeli,eJieHH11 onpe-
',; 

/I,eJI1IIOTCJI BiilpaiKeHIIeM 

J(Pz, Py)ia,fJ ~ ~~~~fJ(Pz, Py) · :Vll)Cl) + ~~~~t}(-P;; Py}: ;. 
2
Wl

2

> (
2
)- ; . {21) 

P0 • Va,t] . · Pow · Va,t] 

r/I,e_ J1~;~>(Pz, P.j)- HopMIIpOBannHe ~apUIIaJILHH~ co6cTBeHime pa~npeli,eJie~ ·. 

HH11 0/I,HOipOTOHHoro II /I,ByxcpoTOHHOro.RamiJIOB ;n.riJI Biil6paiiiiOro yrJia ~ B 'M:i-. . . 

. IIIeHH c COOTBeTcTByiOw;eit noJI1Ip:H3aun:~ii a; ~~~~t}(Pz, Py) = 0 rrpn:'P; +Pi 2::: 

P 2. !(2) (P P.-) _ 0 . ·p2 ·rp2 ···p2 ; ·v;(1,2) · · · · -· - 6 .. : . o, ia,t] Zt y = -np~ z + y 2;:: . .ow• . a,t] - nO/I.IIOBepXHOCTHiilii 0 'beM 

HOpMIIpoBaHHiilX napUIIaJILHiilX pacrrpeli,eJieHIIit, B BiilpameHIIH (21) yqTeHa 
J ' • '~ { , •• :~ ·~ • ' • ' • 

~~ . . 
HOpMIIpOBI<a J1a:fJ ( Pz, Py )- pacnpeli,eJieHIIit no aMIIJIIITy,n;e, IIX npeli,CTaBJieHIIe . . . 
B. npocTPaHcTBe 6e3pa3MepHLIX nonepeqHiilX IIMIIyJi:LcoB (eM:. • pn:t~1---=--8, 1~ 

17); a'IIHTerpaJI pacrrpelJ.~JieHH11 no :::myprim noJt:araeTcJI paBHiilM e.zmmin;e; 

CooTBeTCTByiOw;ee BLipaiKeHIIe /I,JIJI peJy.ill.'l::Hpyromero co6crnennoropacrrpe.: 

li,e.ireHH11 3J!eKTpOHOB no 3Hepriiii IIMeeT B~ 

·· · . -- 10 · wJl) - ; .... ~L ·> >.10: WJ2)-

fla,t}(Ee) ==/ia~'!(XS) · .. (l) t fla,t](XW) · . (2) . , ; {22) 
· · . · . -y{3C • Sa,t] ·Po -y{3C · Sa,t] ·Pow 

rli,(/'Si~~).: IIJIOIUa.zur HOpMIIpOBaHimX naplin:aiD.mx lia,i X s, ~W)- pacrrpe-



,neJiemdi :ri: ncrrom.3yeTcJI e.nnnntman: nopM:HpoBI<a HHTerpaJia rrapnnam.HLIX 

· pacrrpe,neJiemm B rrpocrpancTBe rrorrepe'l1ILix. nMIIym.co:B. 

On;enHM MaKcHMam.nyro IIJIOTHOCTL Mom;nocTn <PoTimnoit Mnme:B:n J.y1.i; 

rrpn KoTopoit .nnnaMH'IecKHil poeT rropora · <Poroo6.nnpKH tl.c:1 em;e ne oKa-

3:hiBaeT 3aMeTHOrO BJIHJIHHJI Ha IIOJIY'IeHH:Lie pe3yJILTaT:LI~ C yqeTOM (18) n 

BeJIHqnH IDTapKOBCKHX C,Z:(BnrOB OCHOBH?rO COCTOJIH~ 3JieKTpOHa n rpaHnD;:LI 

nerrpep:hiBHoro crreKTpa B Jia3epnoM n'oJie R 3TO nMeeT Mecro · rrpn D.c:1 ~ 

8'R2 /4+R2 j4w2 ~ 0.1(w-c:1), r.n~ ?- ,nHHaMnqecKan: rroJIJipn3yeMOCTL ypoBHJI 

na.qacToTe rroJIJI_w (.ziJIJI nona H- n6JIH3n rropora <PoTOo6.nnpKH 8 ~ 103 a'.e. 

· [42]). 0Tcro.na rronyqaeM-

. ' c w- C:t. •. . 2 

I.rl.i ~ 5 . w- . -:;. 8 + 1/c:; 
·-

{23) 

C~OTHOIIIeHne 3TOU BeJIHqHH:LIU I.rll,2•irrpn KOTopoit wp> jwp> ~ 1, .naeT 

I.r11,2/Lrl.i ~ 0.37(w- ~t)0 ·5 (8 + 1fc:1) ~- 8 · 102(w -e1) 0·5 ~ {24) 

,ll;JIJI_ ,Z:(OCTaToqao MOID;H:LIX MHIDe~eii:BJIHJIHHe C,Z:(Bnra nopora O,nHO<lJOTOHHOll 

o6.nnpKH na nonyqennue _ B:Lime pe3ym.TaT:LI MO)KHO yqecTL rrpil: _ 3aMene C:t Ha 

ft = C:t + D.c:1 n coxpanennn <PYHKD;nonam.nux 3aBncnMocTeit. -- . " . - ~ : . . . ," . ' " . 

3aR.Ji'roqeuile 

·' .. 

. llpnne,nenH:Lie pe3yJILTaT:LI .neTam.noro n3yqenwi pacrrpe,neJiennit <PoTo-

3JieKTponon n Jia6opaTopnoi1 cncTeMe _oTcqeTa yKa3:LIBalOT na .B03MO)KHOCTL'-
. . ., - .. ~ . . ' . ' ' - . . ~ ; 

3<lJ<PeKTHBHoro yrrpaBJieHHJI rrpon;eccoM <PoTOo6.nnpKH 6:LicTp:Lix nonoB. H-:_ B 
• ' ,. ·,- ' • ' ·.o . -· '• ·-•- • '~ ~~ ~ ' . ·'- ··.~ • ~·~ -·-

Jia3epHOU MHIDeHn. .lJ:JIJI 3a,naq ,Z:Uia~H()CTnKH II0~6opoM ~MOin;HOC::rH H_3JIYqe-

HHJI, IIpOCTpaHCTBeHHOll OpHeHTan;nn IDmym.ca HIIOJIJipH3a!lHn <lJOTOHOB D03-
• • + ' > :.. • ... 

Mo)I{Ho · peaJIH30BaTL ycJioBHJI nepe.ilaqn · neo6xo~Moit n:H<i>opMannn · o rryqKe 

6:LicTp:LIM 3JieKTponaM c MaKcnMam.noit Toqnoc~LIO .. CJie.nyeT OTMeTnTL, -q.To 
. .. . . ' '· . ' - ·- . ' . ' . . . 
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n3-3a~ :MaJioit llOJIJipn3yeMocrn -aTOMHOro OcTOBa H- . npn n3yqeHHn OKOJio

IIOporoBoil <PoToo6.nnpiul nona B ncnom.3yeMoif MO,Z:(emLHe yqHTHBaJIOC:b no.:. 
( 

cJiecroJIRHoBnTem.noe B3aimo.n~i1CTBne npo.nyKTOB pa3BaJia (meKipoil:, aTOM 

no.nopo.na); .KOTopoe .nmi: .npyrnx OTpnn;aTem.nux nonon. MomeT nrpan''Bam-. 

nyro pom. {eM., nanpnMep, [34,43,44]). 
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