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8 nocnenm1e ronhI BenyTCSI IIHTeHCIIBHbie 8KC!repnMeHTanbHbie 

nccnenoaaansi paccesiansi aneKTpoaoa BbICOKoli aaepr1111 aa sinpax, 

KOTOpbie no3BonmoT nonY,IBTb ueaHy!O IIH!pOpMaUIIIO 06 IIX CTpyK-
/ l-10/ /1-3/ 

Type , TaK, aKcnepnMeHTbI XoBillTanTepa c aaeprneli 

aneKTPOHOB 750 Maa 06aapy>1mn11 NTOHKYIO CTPYKTypy' B pacnpenene-

HIIII aneKTpnqecKoro aapsina naoTonoa Ca 11 nann IIHTepecahle cae-

A8HIISI 06 IIX 1130TonnqeCKOM CTpyKType. Haq11aaeTCSI Cl!CT8M8Tl!qec

K08 nayqeane Heynpyroro paccesiansi aneKTpoHOB c aoa6y>KJ1ea11eM 
· ./7-10/ 

·nncKpeTHbIX sinepHbIX COCTOS!Hlll! , 113 KOTOpb!X MOlKHO nonyqaTb 

caeneHIISI 06 8Hepr1111, MynbTHnonbHOCTH, npnaeneHHOM BepOSITHOCTII 

nepexona II TaK Ha3bIBaeMoli nnoTHocTn nepexona, 

TeopeTnqecK8SI l!HTepnpeTaUl!SI 8THX naHHblX C uenb!O 113Bne

qeHl!SI IIHQOpMau1111 o CTpyKType sinep HBnsieTCSI B np11au11ne 6onee 

HanelKHOli, qeM B cnyqae !IX 30HAIIPOBaHl!SI c11nbHOB3a11MoneliCTBYIO

IUIIMII sinepHbIMI! qacT11UaM11, T8K KaK 53al!MOA8MCTBl!e aneKTpoHa 

c. sinpaMII SIBnsieTCSI aneKTpoMarHl!THbIM H xopolllo OilllCbIBaeTCSI ypaB-
/ 11/ . 

HeH11eM llnpaKa · , BTopasi BalKaasi oco6eHHOCTb aneKTpoaaoro pac-

cesiHHSI no cpaaaeHl!IO C TpaJ:UIUIIOHHbIMII MeTonaMI! a f3 11 Y-

cneKTpOCKOilllll COCTOl!T B B03MOlKHOCTH np11 !pl!KC!!p0B8HHOM 8Heprnn 

aneKTpoaa E 1!3M8HSITb aen11q11Hy nepenaHHoro sinpy 11Mnynbca q 

II nonyqaTb, T8KIIM o5pa3oM, caenemrn O Al!HaMl!qecKIIX CBOMCTBaX 

sinpa, 

BMecTe C TeM, Teopl!SI II M8TOAbl pacq~Ta ceqeHl!M pacceSIHl!SI 

aneKTPOHOB Ha Hnpax paapa5oTaHbl aaaqnTenbHO XylKe II 6aa11py!0TCH 

B 6onhlllllHCTBe cnyqaea Ha TaK aaab1BaeMoM MeTone ¢aaoaoro aaa
/ 12/ 

n113a , TO ecTb Ha npHMOM q11cneHHOM pelll8Hl!I! ypaBH8HHSI ll11-
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paKa. QqeBllJ:tHbie TpyJ:tHOCTll TaKOI'O, IIOLIXOJ:ta, CBl!3aHHhie B OCHOBHOM 

C ero TpyaoeMKOCThlO II OTCyTCTBlleM rrp11Moli CB113ll BXOLIHhlX rrapa

MeTpOB sneKTpOH-l!J:tepaoro B3a!IMOJ:teHCTBllll C peaynhTaTaMll pac

qeTa, He II03BOIIIIIOT C'JllTaTb ero HaJ:telKHhlM MeTOLIOM KaK LIIIII ll3BIIe

'JeH1111 l!HqlOpMaUIIII O CTpyKType smpa 113 IIOCTYIIaJOl!lllX BO Bee 6onh

WeM o6beMe 3KCIIep11MeHTanbHhlX J:taHHblX, TaK 11 LIIIII rrpoBepKll rrpeJ:t

cKaaaHl!ii paanl!'IHh!X Moaeneii 11apa. 

Ha coBpeMeanoM aTarre aaan11aa aaHHhIX yrrpyroro 11 neyrrpy

roro pacces1111rn sneKTPOII0B Ba)!(!IO llMeTb IIBH0e Bb!pa)KeHHe, CBll3hl

BaJOl!lee ceqe1111e pacce11H1111 c 11aepHoli rrnoTHOCThJO aap11aa (111111 

rrepexoaa). HcHo, 'ITO B perneann ST11x a·aaa'I 6onhwoe ana'leHne 

rrp1106peTaeT pa3BHT11e Te0pllll C HCIIOIIh30BaHIIeM rrpn6nn)!(eHHhlX. 

MeT0LI0B, orrnpa!Ol!lHXCII ua 0CH0BHhie xapaKTepHble qepTbl J:taHHOli 

rrpo6neMbI. 

Uenb HaCTOl!l!leli a11ccepTaun11 KaK pa3 II C0CT0l!T B pa3B11TIIII 

11a116onee aaeKBaTHOI'0 LIIIII aaHHOH aaan'lll Bh!C0KOSHepreTl!'JeCK0I'0 

rroaxoaa, BcecToponaero MeToL111'1ecKoro a11an11aa rrony'leP.HhlX Bb1pa

)!(e1111li J:tIIII aMIIIIIITYLlhl pacce11HIIII II IIIIIIJOCTpau1111 ero rrpaKTl!'JeCKIIX 

B03MO)!(HOCTeli B Ka'leCTBeHH0M II K0IIU'JeCTBe!IH0M" aHan11ae C0Bpe

Mel!HhlX 3KC1Iep11MeHTa1IhHhlX aal!HhIX. 

B CBll311 C 3TIIM B /ll!CcepTaUl!II aaH aHanna Bh!C0K03HepreTH'Jec

K0I'0 rrp116n11)!(eH1111 B rrp11Me11e111111 K ypaBHeHHJO D11paKa II rrony'lena 

/13/ 
B SIBII0M BIi/le aMIIIIIITYAa II0Te11u11anb!IOI'O pacceSIHIIII. • TaKoe 

11p1161111)!(e!l11e, 110-BIIAIIMDMY, Han6onee ecTeCTBeHHO E aaaa'le pacce

HIIIIH aneKTp0II0B Ila Mpax, l'Ae o6hI'IHO xopowo BbinOIIHIIIOTCSI 0CII0B!lhle 

ycnoBl!SI 110/lXOJ:ta E» V. k R » I . Ha STOH OCHOBe paapa6oTaH 

" /14-15/ 
II0IIJOCIIOII MeT0LI . II rrony'leHhl Bbipa)!(eHIISI /llISI aMIIIIHTYJ:thl 

pacce11n1111 ,meKTpOHOB Ha 11Apax B SIBHOM anan1:Tl!'JecKOM BIi/le 

/16/ 
IIPII pacrrpeaeneHIISIX IIII0TH0CT!I aap11aa IIp0113BOIIbHOI'O Bl!Aa 

A MIIIIl!TyJ:ta H81IAeHa C TO'IHOCTbJO, KOTOpa11 II03BOIIl!eT rrpoBDAIITh 

ne TOIIbKO Ka'leCTBeHHhIM, HO I! KOIIl!'leCTBeHHhlM aHaIIll3 CDBr,eMeH-

/ 1/ 
HhlX 3Kcrrep11MeHT81IbHhlX aaH!lhlX 1 'ITO rrpoBepeno rryTeM MeT0All-

'JeCK!IX cpaBnen11il c TO'IHhIM MeToAoM q,aaoBoro .anam,aa. 3aTeM 

Me'I'O/l rrp11Me1111eTCSI AIISI ana:IH3a SKcrrepl!MeHTanbHhlX AaHHhlX C uenbJO 
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BbrnBnemrn KDHKpeTHhlX B03MO)!(H0CTeli B IICIIOIIb30B8111111 ST0T'O 

noAxoaa K aaaa'laM ynpyroro_n aeynpyroro pacceHHIIH sneKTpoaoB 

Ha S!Apax, a TaK)!(e AIISI nony'JeHHSI HOBOM 11aqiopMau11n 0 CTpyKTy-

/17, 18, 19/ 
pe HJ:tpa • 

il11ccepTaUHSI C0CT0IIT 113 BBeaeHl!Sl 1 n11Tll rnaB1 · 3aKIIJO'Je!IHSI 

ll llBYX npHII0)!(eHnli. 

B~BBegeHlll! npnBeaeH Kp8TKl!M o63op cymecTBYIOllll!X SKcne

p11MeHTa1IbHhlX ll8HHhIX no ynpyroMy II aeynpyroMy pacceHHIIIO 

sneKTp0HOB Ha cpeJ:tHl!X II TSl)!(ellbIX S!Apax. AnannaupyIOTCSI co

BpeMeHHhJe TeopeTn'leCKl!e MeTOAhI, K0T0pbie ucnonb3YJOTCSI npu 

o6pa6oTKe STl!X J:taHHhIX. ¢>opMyn11pyJOTCSI 3aAa'II! a11ccepTau1111 

11 AaHo pe3JOMe nony'leHHh!X peaynbTBT0B. 

B~_nepBoli rnaBe uayqaeTcH BhICDKosnepreTH'lecKoe np116nu-

)!(eHne Alli! pacceSIHIISI J:tllpaKOBCKIIX 'IBCTIIU na S!Apax, npl!'leM 

pacCM0Tpeaue npoBO/ll!TCSI B o6meM Bl!Ae, KDraa Maccoli 'IBCTl!Uhl 

nenh3H npeae6pe'lb no cpaBaenuJO c ee Slll;Jprneli, 11 y'IHThIBaeTcH 

B03M0)!(!10CTh nornomenl!H HAepl!hlX '18CTIIU. B Bb!COKDSHepreTH'JeC-

K0M np116nu)!(en11n ( E » I V 1 , k R •» I ) pewaeTcH ypaBnenue 

ilnpaKa C onTH'JeCKIIM noTenunanoM l! B SIBII0M BIi/le HaX0/ll!TCII 

KBa31!KnaccH'JeCKHe BOIIHOBbie qiyHKUlll! paccel!Hllll. 01111 OTIIl!'JaJOT-

/20,21/ 
CH OT rrony'lel!Hh!X paaee cmrnopHblM npeJ:tSKCII0He!IUHanb-

HhlM <paKTOpOM, KOT0pbltt coaep)!(llT 'IIIe!lbl II0PIIAKa V /E I n, KaK 

oKa3b1BaeTc11, nrpaeT 6onhwyro ponb rrpn aeTanbHDM orrncannn anqi

qiepenunanbllh!X ceqennli pacce11nn11. Ha 6aae STHX qiynKunli aanhJ 

Bb!pa)!(eHl!SI AIISI aMIIIIHTyAhl pacceHHHSI rrpn neKOT0pb!X llOII0II!lll

TenbHb!X rrpn6nn)!(e!IHSIX l! Bb!SIBIIl!eTCSI l!X CBSl3b C ll3BecTHhIMll 

/20-23/ 
peaynbTBTaMH, rrony'lel!Hh!Mll B PHAe Apyrnx pa6oT • B 06-

l!leM OKa3bIBaeTCH, 'ITO B BblCOKOS!lepreTH'leCK0M rrpu6nn)!(eHHII 

aMIIIIHTYAY II0Te!IUHanb!IOT'0 pacceHHHSI M0)!(H0 aarrncaTh B BHAe: 

E + ➔ ➔ ·➔ ➔ 
f(0)~-Jv

1
g(r,k l'k 1 ,a)v

1
e 

217 
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'l 
l 

l 
r.[{e aMnm1TyAHm1 g n <j,a3oBa51 <I> <j,yHKllllll Y'll!TbIBalOT l!CKa>KeHHe 

nnocKOH ·BonHhl '!aCTl!llhl. B none noTeHI1Hana V (;) • 

Jlanee paCC'll!Tb!BalOTC51 AllcpcpepeHllllanbHb!e ce'leHH51 pacce51Hll51 

B o6nacTH ManhIX yrnoB pacce51HH51 El < (k R) -t n B Han6onee HH

TepecHol1 o6nacTH 6onbllll!X yrnoB 0>( k R )- 1 
, r.[{e Ha6nIOAaeTc51 

nncppaK11HoHHaH KapTHHa. B '!aCTHoM cnyqae, Korna nornomeHue 

OTCyTCTByeT II Maccol1 '!aCTl!llbl MO>KHO npeHe6pe'lb, nony'!alOTCSI 
/23/ 

H3BeCTHb!e pe3ynbTaTbl pa6oTbl • 

BTopaSI rnaBa .[{HCcepTalll!ll noCBSillleHa pa3pa60TKe BbICOKO

::rnepreTl!'!eCKOI'O npn6.iitt>KeHHSI AnSI ynpyroro II Heynpyroro pacce

SIHH51 sneKTPOHOB Ha Sinpax. 3anaqy ynaeTCSI pa361!Tb Ha nBe qacT11: 

pac'!eT B paMKax Bb16paHHOH Monen11 anpa panuanbHOH cpyHKllHII 

pacnpeneneHll51 nnOTIIOCTII 3apSina ( nepeXO.[{a) p ( X) II Bbl'IHC-
. L 

neHl!e Kl!HeMaTl!'!eC~KIIX IIHTerpanoB, Y'll!TbIBaIOllll!X 11cKa>Ke1111e BOnHh' 

sneKTPOHa B KynoHOBCKOM none SI/lpa - F LM (El): 

2Jr+l 1 2 

a 11 (8 )= aM{El)--- I --1 F JEl)I 
, 2Jr +1 LM 2L+l L 

F (El)=211iq I , 
LM c=tt 

f 
0 

GLM( X,f) 

q2 (x,,) 
er 

lqxf+ I <I> (x,f) 

e pL(x)xdx, 

( 2) 

(3) 

rne <j,yHKUIIII G , q , <I> ynaeTCSI HafiTI! B SIBHOM BIi/le. 
LM el /1 3/ 

3aTeM H3naraeTCSI nonIOCHOlf MeTo/l pac'!eTa Kl!HeMaTll'!eCKIIX 

1111Terpan0B F 00 (8) nnH cny'laH ynpyroro pacceSIHIIH sneKTpo110B 

11a Sinpax c·ct,epM11eBcK11M pacnpenene1111eM nnoTHoCTII 3apSina 

~l I 
p (x) "P (x)=p ¢ (x; R, b) =p ----

o qi o o l+e z 

z = x-R 
~b~ (4) 

KOTOpbllf ~OCTOI!T B nepexone Ha KOMnneKCHYIO nnocKOCTb no nepe

MeHHOH llHTel'pllpOBaHI!H X II 11cnonb30BaHI!II nonIOCHb!X oco6eHHO

CTefi cpepM11-nnoTHOCTII ( 4)' l!MeIOUlefi npOCTb!e nonIOCa B TO'!Kax 

6 

t;;; 

x. = R + i f (2 s + 1) 11 I, , B KaqecTBe nepBofi 11nn10cTpa111111 AaH 

np11Mep 6opHoBcKoro np116n11>KeHl!SI ( G00= I, q ;r= q 2 , <I> = 0), rne 

nonyqaeTCSI TO'!Hoe Bb1pa>KeH11e: 

E 811 111, 1 
{;,0 (El) = - p O Rb [ cos q R - R sin. q R cth q 11 b ] ----

q 2 sh q 11 b 

OTKYAa, B 'i!'ICTHOCTII, npl! b ➔ 0 cnenyeT 1!3BecTHb!H pe3ynbTaT 
. /~/ 

nnSI cTyneH'!aToro pacnpeAene1111SI nnoTHOCTH 3apHna • C no-

(5) 

MOlllbIO nonIOCHOI'O MeTona nony'IeHo aHamiTll'!eCKOe Bb1pa>KeH11e 

nnSI cpopMcpaKTopa ynpyroro pacceSIHIISI B o6meM cny'!ae c y'leToM 

IICKa>KeH!!SI sneKTpOHHOtt BonHh;: 

G (xf, , ) 
Foo<'3)=4112qpob I oo o (R 

'q 2 (x',d 
er 0 

exp i [ qR, +<l>(x
0

~,)] 

+irn b cthq 111,) · (6) 
2sh q11b 

B paMKax 11cxonHhIX np116n11>KeH11fi CE» V , kR » 1 , El >(k l{)- 1 
) 

~ 

OHO xoporno cornacyeTcH c TO'!HhIMII pac'!eTaM11 ce'le1111l1 no MeToAY 

cpa30Boro a11an113a II yno6110 nnSI a11am13a sKcnep11MeHTanbHhIX na11-

HhIX C noMOlllblO )( 2 -MeTona. 

B TDeTbeli rnaBe LIIICCepTaUIIII paCCMaTpl!BaeTCH 3anaqa Bbl-

. '!l!cneHl!H ceqe1111SI ynpyroro paccesrnm1 sneKTpoHoB Ha SILlpax·, pac

npeneneH11e nnoTHOCTII 3apSIL1a KOTOpb!X MO)KeT l!MeTb np01!3BOnb

HYIO cpepM11-nono6HyIO ( TO eCTb 11Me10lllYIO cpepM!!eBCKIIH cnan Ha rpa

Hnne SIL1pa) cpopMy. TaKoe 0606me1111e OKa3bJBaeTCSI 11eo6XOL1l!Mb!M 

III KaK npl! npoBeneHl!II a11an113a SKCnepnMeHTanbHb!X /laHHbIX , TaK 

11 Ilp!! anpo611p0Ba111111 B ynpyroM pacceHHIIII sneKTPOHOB nnoTHOCTefi 

3apSIL1a, paCC'!l!TaHHb!X B paMKax Tex 11n11 l!HbIX Monenefi SI/lpa. 

PacnpeneneH11e nnoT11ocT11 3apSIAa c pan11anbHhlMI1 Bapna1111HMI1 Bo 

BI!YTPIISIL1epHofi o6naCTII ·npeACTaB~~ElTCSI. B.· Bl!.[{e p·a3nO>KeHIISI ITO oa-

31!Cy, o6pa30BaHHOMy 113 lipOll3BOLIHb!X cpepM11-nnoTHOCTI! ( 4) 

N (m) 
p(x)=pL a¢ (x;R.,b) 

om::d> m ( 7) 

7 



'I 
I 

I 
I 

11 
l 
j 

I 

' 

(m) a m (0) 
</> (x;R,b)=--</> (x;R,h), 

azm 
( 8) 

· . /16/ 
r.oe m -IO lipOll3B0.0HYIO ( 8) ynaeTCSI 3alIHCaTh B SIBHOM BHne 

TaKoe npencTaaneHne xopowo rrepenaeT aKcnoHem1nanhHhiii cnan 

Ha rpaHnue sinpa n pa.onanhHbie aapnaunn B ueHTpanhHOii o6nacTn, 

B TO :>Ke BpeMSI OHO Il03B0lIS!eT npencTaBllTb aM_IllIHTyny pacceSIHllSI 

aHanHTH'!eCKll, B Bnne psina no ll3BeCTHbIM qiyHK!lllHM, C TeMn :>Ke 

. K03qlqlllUHeHTaMH 

CTH Gapsina ( 7), 

a m , KOTOpbie Olipe.oenHIOT pa3lIO:>KeHHe IllIOTH0-

/16/' 
a llMeHHO : 

N (m) 
F (0) 

00 
~ a 

m=O m 
Foo (0 ) 

(m) m-1 

F (0h-4112qb 2p (-i) ~ 
00 0 f 

G (x',,) 
00 0 

<( (x ', , ) 
er O 

[ b q el 

( 9) 

m-1 
( x' , , ) ] x 

0 

X [m +iqer (x'o ,, ilR+if17bctbq11bJ] exp i[,qR+i<l>(x'o,:n 
2 sh'q 11 b 

( 10) 

MeTO/:ll!'!eCKl!e pac'!eTbI rrp11aonsiT K xopoweMy cornac1110 c 113-

BeCTHhIMH TO'!Hb!Mll pac'!eTaMI! nnsi paccesiHllSI 3lieKTpOHOB C 3Hep-

/ 1/ 
rneii 750 MaB • fiBHaH 3aBl!CllMOCTb ce'!eHllSI pacceHHllSI OT K03qJ-

qlllUlleHTOB pa3lIO:>KeHHSI lllIOTHOCTll 3apsina a lI03B0lIHeT llOCTaBHTb 
m 

psin Gana'!, He nocTyITHhIX paHee ll3-3a. TpynoeMKOCTll MeTona qiaGo

aoro aHan11Ga. 

B qeTsepToii rnase nnccepTau1111 pa3pa60TaH MeTon rrpsiMoro 

aHalil!3a 3Kcrrep11MeHTanbHbIX naHHblX yrrpyroro pacceHHllSI aneKTpOHOB 

C uenb!O 113Blie'!eHl!SI MonenbHo-He3aBHCllMOH ( .. 3KCrrep11MeHTanbHOii") 

/17/ 
llHqJOpMaUIIII O pacrrpeneneHHII IllIOTHOCTII 3apsina • OH COCTOIIT 

B Ilpl!MeHeHl!ll MeTona HaHMeHbllll!X KaanpaTOB K K03qlqlllUlleHTaM 

pa3lIO:>KeHHSI lllIOTHOCTll 3apHna ( 7)' KOTOpble B ce'!eHllll pacceHHllH 

8 

t 

l 
1. 

J 
<I 

/; 

~' 
I.' ,, 

Ill 
!l 

,, 

f 
i 
'/ 

N 

o ( '3 , k; a , ••. , a ) = a ( '3 ) I ~ a 
t N M m=O m 

F <m> ( 0 ) 12 
00 

( 11) 

Bh1CTyna10T Terrepb KaK rronroHO'!Hhie napaMeTph1. Heqin311qecK11e pewe

HIIH, llpl!BO/:lHllllle. K 3HaKorrepeMeHHh!M qiyHKUIISIM pacrrpeneneHIISI 

lllIOTHOCTII 3apsina (7), llCKlIIO'!a!OTCSI BBeneH11eM norrOlIHIITenhHOro 

ycnOBIIH, KOTOpoe Tpe6yeT, 'IT06b! OllTllManbHblH K 3KCllepnMeHTanb-

HbIM naHHhIM Ha6op a 
1 

, ••• , a N orrpenensin pacrrpeneneHne rrnoT-

HOCTH 3apHna B 3anaHHOM Kopnnope p +8 ( rrpaKT1!'18CKII OKa3bIBa-
l - I 

eTCSI nocTaTO'!HblM GanaTb HeCKOlibKO orpaHl!'IIIBa!Ollll!X TO'!eK B 06-

naCTII rroaepxHoCTHoro crrana). MeTon rrpnMeHsincsi nnsi aHannGa 

3KCllepHM8HTanbHblX naHHbIX no paccesiHll!O 3neKTpOHOB C 3Hepr11eii 

250 n 750 Maa Ha sinpax 
4° Ca 11 

48 Ca ( pe3ynhTaTbI 

aHann3a naHh1, Harrp11Mep, Ha p11c, l n 2 nnsi cnyqasi paccesiHHH 3neKT

poHoB C 3Hepr11eii 750 M 3B). noKa3aHo, '!TO ~rrony'!eHHbl8 TaKHM 

o6pa30M .. 3KCrrepllMeHTalihHbie" lllIOTHOCTll _( lllTp!!X"-llYHK;IIPHbie Kp!!

Bbie Ha pnc. l ll 2) conep:>KaT ll3BeCTHYIO HeorrpeneneHHOCTb B UeHT

palibHOii o6naCTll sinpa. HMeHHO, pa3lill'!HbIH xon IllIOTHOCTll 3apsina 

B ueHTpanbH0tt qaCTI! sinpa Hl!KaK He OTpa:>KaeTCSI Ha ce'!eHHSIX pac

ceHHllH B naHHOH (n3yqeHHOH lIOKa 3Kcrrep11MeHTalibHO} o6naCTll yr

lIOB pacceHHHH, llnH sinpa 48 Ca npHMOii aHan113 rrp11son11T K pac

rrpeneneHHHM nnoTHOCTH Gapsina, 0Tn11qa10m11Mcsi OT HaiineHHOro 

/1/ . 
B pa6oTe , B rrocnei:rneM rraparpaqie 4 rnaBhI naH rrpnMep aHa- · 

n113a 3KcrrepnMeHTanbHhIX naHHblX no ynpyroMy paccesIHIIIO 3lieKTpo-

HOB C 3Heprneii < 250 Mas, Ha p1<ine sinep, pacrrpeneneHne rrnoT-

HOCTll 3apsina KOTOpb!X paCC'IHTbIBanocb B paMKax Monenn He3aBIICII

Mb!X '!aCTllU C rroTeHUllanoM Bynca-CaKCOHa. A Han11311py10TCSI 3Ha'!e

HllSI rronyqeHHhIX TaKl!M o6pa30M cpenHeKBanpaTll'!HhlX 3ap11noBbIX 

/18/ 
pannycoa 

nsiTasi rnaaa rrocBHllleHa HeyrrpyroMy paccesiH1110 aneKTpOHOB . 

Ha Hnpax C B036y:>KneHl!eM B HIIX HH3KOlie:>KalllllX COCTOSIHIIH, KOTOph!e 

MO:>KHO Oill!CbIBaTb B paMKax n106oii ( MaKpo- 11 Ml!Kpo-) Monenn 
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Puc.I. Auanea ll::a1,1x y_npyroro pacceS1HHS1 sneKTPOHOB, c SHeprHeA: 750 Mss 
Ha S!Jlpe Ca/ l / .. Beeoxy Hao6pa"'eHbl cnnowHoll KpHeolt p.n.a., 
nonyqeaaoe B pa6oTe/lf. nyHKTHpHoA - ¢epMn-nnoTHOCT& c napaMeT-
paMH c .. 3,602, z .. 0,576, WTpHx-nyHKTHpHOA - p.n.a., 
nonyqeHHble B H8W8M BHBnHae. BHHay COOTB0TCTBYJODlHMH KpHBhIMH 

H3o6pa>K8Hbl ne4><J>epeHUHBnbHbl8 ce1.1eHHS1, paCC'IHT8HHbl8 npH 9HeprHH 

aneKTpOHOB 750 H 250 M 8B, 

/ 14 19/ 
nnpa ' • ITocTpoeaa Teop11n Heynpyroro paccenHIIH sneKTpOHOB 

c 11cnonb3OB8HHeM an11a6aT11qecKoro np116n11lKeH11n, KOTopoe Tpe6yeT, 

qTo6bI saepr1rn ao36ylKnea11n nnpa Ll E 6bma_ Mana no cpaaaeHl!IO 

C Kl!HeTl!qecKOil saeprneil sneKTpoHoB E(E »LlE). B 3TOM cnyqae 

ceqea11e aeynpyroro.paccenHIIH TaKlKe ynaeTCH 3arr11caTb B a11ne 

pnna no 1!3BeCTHbIM B aaan11T11qeCKOM Bl!Ae cpyHKI111IlM, rne, OAHaKo, 

K03!p!p11!1HeHTbl pa3ITOlKeHl!H onpenenHIOT ylKe pan11anbHYIO nno·THOCTb 

nepexona 

p (x) = 
L 

.N 

~ a(L)<p(n)(x;R,b). 

n=O 

10 
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Pnc. 2. AHanua .aaHHbJX ynpyroro pacceSIHHH MeKTP0H0B c 3HepreeA 750Mse 
Ha SlllP~ 

48 Ca/I 1. Bsepxy H306pa}K8Hbl p.rr.a., BHH3y - C00TBeT
CTBYIOlllHe JJH#ePeHunanbHb1e ceqeaHsr, pacc'JHTBHHhle ,ansr aHeprHH 
750 MaB H aKcrrepHM81:fTanbHbl8 TO'IKH. CnnOllIHBSI KpHBBSI - p.n.a., 

nonrteHHOe B pa6oTe/1 ~ nyHKTHpHBSI - ¢epMH-nnoTHOCTb C napaMeT-

pBMH c ..., 3, 7369, z ... 0,5245; wTpHx-nyHKTHpHBSI - p.n.a •• nony- · 
'1eHHbIe B naIIIeM aaanuae. 

CpaBHeH11e c ToqffblMII q11cneHHhlMII pacqeTaMI! y6elKnaeT B xoporneil 

ToqHOCTII 11cnonb3OBaHHbIX np116nl!lKeH11il. MeTOA np11MeaneTCil nnn 
' 8 /10/ 

aHan113a sKcnep11MeHTan&Hb1X naHHbIX aa nnpe 5 Ni • IT0Ka-

3aao, qTo 11cnonb3OBaH11e MaKpo- II MIIKPO-MOAeneil nnpa AnH on11-

caHl!H Hll3KOITelKarnero KBanpynonhHoro COCTOHHl!Il npl!BOAIIT I< pac

XOlKAeHl!IO TeopeT11qecKl!X 11. 8Kcnep11MeHTanbHhIX cpopM~aK
0

TOpoB 

aeynpyroro paccena11n B pailoae neµaoro n11¢paK11noirnoro MHHHMyMa. 

ITocKOITbKY B_. naHHO_M paCCMOTpeHl!II yqTeHbl scpcpeKTbl IICI<illl<eHHil 

nnocKOil BOITHbl sneKTPOHa B_ KYITOHO['CKOM none_ nnpa, a nucnepCIIOH-

11 
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HbJe nonpaBKII B 3TOH o6uaCTII nepeAaHHblX IIMITYUbCOB AUS! S!Apa 

58 /25/ 
Ni MaUbl • TO npll'!HHbl TaKOI'O pacxo>KAeHIISI MO>KHO OTHO-

Cl!Tb aa cqeT HeAOCTaTKOB cywecTBYIOWIIX MOAeueil: S!Apa, 11cnoub-

30B8Hflb!X AUS! on11caHIISI B1!6pau110HHbIX COCTOS!HIIH B KpyI'UbIX S!Apax. 

C Apyroil: CTOpOHbI, SIBHaSI 38BIICIIMOCTb ceqeHIISI OT KOS<pqlll;.: 

u11eHTOB paauo>KeHIISI n~peXOAHOH nUOTHOCTII (12) Il03BOUS!eT npoao

AIITb IlpS!MOH 8H8Ull3 TaK>Ke II AUS! 3Kcnep11MeHTaUbHbIX AaHHblX 

Heynpyroro pacceSIHIISI c ueubto uaaueqeHl!SI * sKcnepnMeHTaUbHoil:* 

l!HcpopMaUl!II O nepeXOAHOH nnoTHOCTII S!Apa I! BeuuqnHe B(EL) • Mo-

. /10/ 
AeUbHO-HeaaBl!Cl!Mbll! IlpS!MOH aHaU1!3 AaHHb!X AUS! 58 Ni- (cM. 

puc. 3, WTpnx-nyHKT!!pHaSI Kp!!Basi) AaeT nuOTHOCTb nepexoAa Ra (x ), 
_ /26/ 

3HaquTenbHO OTu11qa10wytocS1 OT npeACKaaaHl!ll MOAenu , '!TO, B03-

MO)KHO, yKa3bIBaeT Ha Bb!AeneHHyto poub BHeWHIIX HYKUOHOB npu 

Boa6y)KAeHllll S!Apa. 
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P11c. 3. Aaanu3 ynpyroro ¥ Heynpyroro pacceSIHIISI sneKTpoaoa c Bo3~YlK-

AeaneM -·nepaoro 2 yp0BHSI 58 Ni / 10/. ITyHKTllpHbte KpllBbte. -
pacql!!Tbt aa 6a3e r11npon11aaM11qecK08 Monen11 c q,epM11-nnoTaocTbto, 
cnnoWHbte - c noMoWbto nnoTaocTe8 3apsina II nepexona, nonyqea
HbtX B Ml!KpOMOnen11/26/IJJTpllx-nyHKT11pHble KpHBbte - 0AIIH 113 
BapllaHT0B nnoTH0CTII 3apsina Po II nepexona P2 1 B0CCTBH0B
neHH-blX 113 npllM0I'0 He3aBIICIIM0I'0 aaan113a 3Kcnep11MeHTBilbHblX 
naHF-tbIX. 
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\ 

B aaKUtotJeHnn npuaeAeHa CBOAKa nonytJeHHhtX peayubTaToB. 

TTpllUO)KeH!ISI A II B COAep,KaT Bb!BOAbl Bb!pa)KeH!IH AUS! cpyHKUllii 

G 1x f ) , q el ( X, f) II ~ ( X, f), Y'IIITbIBatoWHX IICKalKeH11e 
LM J.; ' 

sueKTpOHHOH BOUHbl B KynOHOBCKOM none S!Apa. 

OcHOBHb!e peayubTaTbl AHCCepTau1111 COAep,KaTCSI B pa6o-

/ 13-19/ XIX Tax u AOKUaAbIBan11cb Ha e)KeI'OAHOM coaewaH1111 no 

S!AepHOH cneKTpOCKOIIl!II II CTpyKType aTOMHOI'O S!Apa. 
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