
cp- /Jv() 

~~ -~I 

PA30PWEHTAUHH ~EP 

l~ve-~f 

P4 - 7808 

u YrnosoE PAcnPE~EnEHME Y-KBAHTOB 
B PEAKUHHX C BORblllMMM BHOCMMb001 MOMEHTAMM 

1974 



.... -. -

>-' '.· 

. P4 - 7808 

~aM 3yH XHeH 

PA30PHEHTAUHH ~EP .·· ' 

" YrnosoE PAcnPE~EREHHE Y-KBAHTOB 
;··x. . 

8 PEAKI.ll1HX · C BOJiblliHMH BHOCI1Mb001_ MOMEHTAMH. 

Hanp;tant•Ho B Jl_lD 

~~~~Eli~BHWt UH~
~e~HWX __ acCJ1e.lOBIIUII 

.. SHGIIHOTEKA 
. . '~ . ···· . 



• 

'\ 

i~ 

· .. . , 

\'o 

®i974 06t>e6uiieilfii.ia uiicmumyii .Rdeplli.tx uccAe6oed;,uii Jty6iia 

i 0 

') 

.. 
I 

§J. BBE,4EHHE 

PeaKD,HH C a -qacTHD,aMH H. TJDKen~MH HOHaMH WHpOKO 
ucnonL3YIOTC.Il B nocne~HHe ro~LI ~n.11 nony'leHH.Il opueHTHpo
aaHHLIX .11~ep H H3y'leHH.Il yrnoaoro pacnpe~eneHH.Il ux 
y -KBaHTOB. TaKoii MeTo~ ynop.ll~O'IeHH.Il .11~ep oKa3LIBaeTcJI 
BeCLMa 3«ll4leKTHBHLIM ~nJI H~eHTHIIJHKaD,HH KBaHTOBLIX xapaK; 
TepHCTHK·· Jl~epHLIX COCTO.IIHHH H HX y -nepeXO~OB /eM., 
HanpHMep,_ /1,2/j .• MeTo~ ,opueHTHpoaaHHLIX .11~ep. ycneumo 
npuMeHJleTCJI TaK>Ke ~nH peweHH.Il npo6neMLI onpe~eneHHJI · 
cnHHa CnOHTaHHO , ~enJIID,HXCJI · H30MepOB nyTeM 0 H3repeHHJI 
yrnoaoro pacnpe~eneHHJI ux ocKoJiKoB ~eneHHJI /.'l,1 • qeTKaJI 
aHH30TponHJI yrnoaoro pacnpe~eneHHJI, H~6nro~aeMaJI B onLI
TaX KaK no y -KBaHTaM, TaK H no OCKOnKaM ~eneHHJI 

noKa3LIBaeT, 'ITO CnHH .ll~pa B COCTO.IIHHJIX, o6pa3yiOID,HXCJI 
nocne npou.ecca ucnycKaHHJI Heii:TpoHOB H y-KBaHTOB, ocTa-. . . . . ~ . . . ' 

eTC.Il CHnLHO OpHeHTHpOBaHHLIM B nnoCKOCTH, nepneH~HKy-
n.llpHOH HanpaaneH~IO nyqKa. TeM H'e MeHee H3Bne'leHHe 
HHIIJopMaD,HH 0 KBaHTOBLIX xapaKTepHCTHKaX;3THX COCTOJIHHH 

" .\ - • ~'-f • . 

H3 3KCnepHMeHTanLHLIX ~aHHLIX 'laCTO 3aTpy~HHTenLHO H3 -.3a 
GonLWOH Heonpe~eneHHOCTH B OD,eHKe .CTeneHH OpHeH
'.i-aD,HB cnuHa Jl~pa. ,Un.11 ycTpaHeHHJI noB: TPY~HOCTHHeo6~o7 
~HMO BLIJICHHTL 3aKOHOMepHOCTH pa30pHeHTaD,HH CnHHa .ll~pa 
no Mepe ucnycKaHHJI HeiiTpoHoB H y -KBaHT.OB nocn_e o6pa3o
aaHHJI KOMnayH~-. .Il~pa~ 3TOMY BOnpocy iJOCBJlllJ,aeTC.Il Ha
CTOJIID,aJI pa6oTa. EcTeCTBeHHO, 'ITO pe3ynLTaTLI p~c'leToB 
opHeHTaD,HH CnHHa. TeX HnH HHLIX cocT<).IlHHH OCTaTO'IHOrO 
.ll~pa ~OmKOHLI 6LITL. 'IYBCTBHTenLHLI K MO~enH, HCnOnL3yeMOH 

-~nJI onuq~HHJI npou.ecca 3aCEmeHHJI 3THX cocro.IIHHH a·J.~epifoii: 
peaKD,HH •. Jl03TOMY. B TeX cny'laJIX, xor.zia HH4JopMatiHIO 06 
.• ~ , . ·.. ., . . - ~ ' . -_ :< . . . . ·; .,. . -- . ' . 

OpHeHTaD,HH CnHHa .ll~pa MO>KHO nony'IHTL 3KCnep~MeHTanLHO 
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/HallpHMep, KOr.D;a H3BeCTJiid CllHHhl H MYllLTHllOllLHOCTL, 
COOTBeTCTBYIOUUie 'paccMaTpHBaeMoMy y - nepexo.ny /~ H3y
qeHue'yrnOBOfO pacnpe.neneHHR y~KBaHTOB OpHeHTHpOBaH~ 

. . HhlX R.D;'ep Mo;i{eT .D;aTL cae'.i(eHu.ll ()'MeXaHH3Me npoTeKaHHH:, 
R.D;epuo:H peaxnuu. 

• qio6w· o6oiiTH rpoMo3.nxue qucneHHhle pac<ieThl, a :no:H 
pa6oTe opueHTanuR cnuHa R.D;pa B o6nacTB: KBa3HHenpepwa
uoro, ·cm;inpa annpoi(CHMHpyeTcR HeKoTopo:H cilYHKilHeii pac-
npe.neneHHR npoeKilHH CnHHa Ha, OCL KBaHTOBaHHR ":· 
/Hanpaaneuiie .· nyqxa/. 06LJqHo ucnonL3}'10T annpoxcuManHJO 
B au.ne rayccoacxoro pacnpe.neneHHR: ., 

. 2 . 2 
exp - ( M ·/2 a .I ) 

f(M) 
~ exp _:_ ( M 2 /2a.2) 
M' J 

/1/ 

r.ne J - cnuH paccMaTpuaaeMoro cocTOSHHR, M- npoeKnHR · . . . 
cnuHa Ha HanpaaneHue nyqxa, a 1 - HeKoTopLI:H napaMeTp, 
xapaKTepH3YIOIJUIH pa3MLITHe pacnpe.neneHHR no M. cl»u3u
qec:Koe 060CHOBaHHe annpoKCHMallHH . /1/ .[tnR COC~ORHHH, 
o6pa3yiOulBXCR nocne. HcnapeHHR .HeHTpOHOB, .D;~HO B pa6o-, 
Tax / 5,61. 

.. ~ - ·.:._ 

§2.~'PA30PHEHTAaH.R CIIHHA .R,l(PAIIPH 
HCHAPEHHH HEilTPOHOB 

· ' •' IlpeiuJonO)f(HM-; qyo CllHH KOMUayH.D;- R.D;pa nonHOCTLIO OpH
eHTHpOBaH B llllOCKOCTH, nepneH.D;HKYllRpHOH nyq:i<y /cnyqa:ii 
peaxnuu c _. 6eccnuHoBhiMH qacTuna:M:H · iia qeTHo-qei-Hoii 
MHWeHH/, T.e. 

(M ) ._ ({ ' .. fc 1 ~ o,M 1c . . c /2/ 

unu. cornac:Ho /1/: 
·alc=O. 

HcnapeHHe HeiiTpOHOB H3 KOMnayH.D;~R.D;pa· BLI3LIBaeT ywu-; 
peuue pacnpe.neneHHR npoexnuu cnuua. BLiqucnu:w napa
MeTp pa3MLITHR a (lJ.) .D;llR COCTO_HHHR, o6pa3YJOU{erocg no~~e 
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ucnapeuus ueiiTpoHOB. PaccMaTpHBaR ucmipeuue ueiiTpoHOB 
KaK nponecc cnyqaiiHoro 6ny)l(.l(aHHR no npoeKilHH CllHHa; 
MO)f(HO nony~HTL Mg a (n) Bhlpa)KeHHe / 4,5/: . 

J . . 

a(n)=yv<Mj>, 
J . 

/3/ 
2 . 

r.ne v - . qucno ucnapRIOUUIXCR HeiiTpOHOB, < M 
1 

> - cpe.D;Hee 
xaa.npaTHqHoe OTKnoHeHue npoexnuu cnuu~ R.D;pa nocne. uc-
mipeHHR Ka)J(.D;OrO HeiiTpOHa, T.e. CllHHa KOMnayH.D;-R.D;pa, 

<M2> 
J 

~.M ~ f 
11 
(M 

1
) 

~ f /M 1 ) 
/4/ 

r.ne f 11 ( M J) - .BepoRTHOCTL o6pa30BaHHR s.npa B no.ncocTos.
HHH M1 nocne ucnapeHHR ueiiTpoua H3 KoMnayu.n-s.npa. 

Mo)J(HO noKa3aTL, ucnonL3ys cTaTHCTuqecxyro TeopuJO 
s.nepHLix peaxnuii, qTo: 

P(J) fmax 

£ 11 (M 1 )=A~ c c ~ Tf(f
0
)C

2
(.JfJc,MJ-MJ)'/

5
/ 

J c n < Ec:J c) e = M J · -

r.ne A - HeKOTOpLIH HOPMHpOBOqHhiH K03«W!HllHeHT, p C (J c) -
pacnpe.neneuue ·. i.cnu8a KOMnayu.n- s.npa, .J c ,n ( E.J)- nnoT

HOCTL COCTOS_HHH S.D;pa, Tf (c
0 

)- K03«W!HllHeHT npoHHJlae:wo
CTH HeiiTpOHa C 3Heprueii ' c '11 H op6~TallLH~M MOMeHTOM 
e . /B cilop:wyne /5/ npeHe6peraeTCS CnHHOM HeiiTpoua/. 
cl»aKTBqecKH K03«W!BllHeHT T (c ) ucqe3aeT npB e > e m~x ' 

npH'IeM B paccMaTpBBaeMLIX HaMB cny'laRX MO)f(HO cqBTaTL, 
qTo r max« Jc, J • Tor.na npB CYMMBPOBaHBB no J c B cllop
Myne /5/ MO)J(HO npeHe6peqL B3MeHeHHeM BenuqBHLI 
P (J ) /il(E J ) B Y3KOM BHTepaane J -f < J <J+f · · u 

. max- - max 
nerxo noxa3aTL, qyo: 

e max 

f 
0 

(M 1 ) = A' ~ T e (f 
11 

J . /6/ 
f= MJ 

Ope.nnonaraR noxa~ qyo ace ucnapsJOIJUiecs·HeiiTpOHLIBMeiOT 
O.D;HHaKOBYIO 3HeprHIO, H3 /3/, /4/ B /6/ MLI nonyqHM: 
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(a (n)_) 

J 
v 

• 

r ~ax 
2 

~ t J f :M J Te ( f n ) 

£max 

~ I Tr<f~) 
MJ f= MJ 

171 

T~KHM · o6pa30M, opHeHTaUH.Il cnHHa .11~pa, o6pa3yroll{eroc.ll 

nocne HCnapeHH.Il HeHTpOHOB, OnHCLIBaeTC.Il rayCCOBLIM pac

npe~eneHHeM · 111 c napaMei'poM pa3MLITH.Il a }n) , onpe~e
nHeMLIM 4JopMynoii 17 I. IlpHMLie qucneHHLie pacqeTLI opu-

. eHTaUHH CIIHHa .ll~pa no liJopMyne· 151 IIO~TBep~HllH 3TOT 

BhiBO~ •. 

()~) 

3 

1 

0 1 2 3 

A=230 
150 
so 

En (M~B) 
Puc. 1. 3aBHCHMOCTh rrapaMeTpa pa3MLITHJI a(~) OT 3HeprHH 
HCnapJIIOll{HXCJI HeHTpOHOB ,lJ,llJI pa3nHqHLJX .!l~ep. . . 

6 

.... 

PacqeTLI no 4JopMyne 17 I noKa3anH, qTo ~n.11 cocTO.IIHHH 

C 6onhWHMH CnHHaMH, J ~ f max,, napaMeTp a(l) !lJai<THqecKH 

He 3aBHCHT oT J. Ha puc. 1 npe~cTaBneHa 3aBHCHMOCTh na

paMeTpa a )n) OT 3HeprHH HeHTpOHOB npH V = 2. ,D.aHHhle ~ll.ll 
K034J4JHUHeHTa T (f n) B3.11Thl H3. pa60Thl / 71. 113 pHC. 1 BH~Ha 
o6xua.11 TeH~eHUH.Il pOCTa mipaMeTpa pa3MLITH.Il a Jnl npH 

yoenuqeHHH MaCChi .ll~pa H 3HeprHH HeHTpOHOB. · ~ 

,§3. PA30PHEHJ;,~H.JI CIIHHA .Jll(PA IIPH 
HCIIYCKAHHH y - KBAHTOB 

Pacna~ OCTaTOqHoro .ll~pa MO)I(eT 6LITh 4JopManhHO pa3-

~eneH .Ha ~Ba 3Tana: HCnycKaHHe CTaTHCTHqecKHX y·-KBaH

TOB B o6~aCTH KBa3HHenpepLIBHOrO cneKTpa H y -nepe)W~hl 
B o6nacTH ~HcKpeTHoro crreKTpa. PaccMoTpHM, KaK Me

HJieTC.Il OpHeHTaUH.Il CIIHHa JI~pa IIpH CTaTHCTHqeCKHX y-rre

pexo~ax, rrpe~rronaraR, qTo oce y -rrepexo~LI RBJIJIIOTCJI 

~HIIOllhHLIMH H HMeiOT O~HHaKOBYIO 3HeprHIO. . 

0pHeHTaUHIO JI~pa B COCTOJIHHH CO CIIHHOM .J ', o6pa3yiO

IUeMCJI IIOCJie CTaTHCTHqecKHX y -rrep_!;!XO.lJ;OB, MO)I(HO rrpe~-

·cTaBHTh B'BH~e: 

f ·,(M 
1
,) ~- G · :£ P (.)) Q(.J.J') f (M 

1
) C 

2(J'l.l,~l 1 ,,·~1 
1
- ~1 1,). ) . .)1\1. n n . . . . , . 

J. 181 
r~e G - HeKOTOphlH HecymecTBeHHhiH uopMHPOBoqHhiH K034J-

4JHUHeHT, pn (.)) H f n ( ~~ jJ- . pacrrpe~eneHHJI JI~pa , 110 CIIHHY H 

rrpoeKUHH CIIHHa rrocne HCIIapeHHJI HeihpoHOB, Q (.).) ') - IIPH

oe~eHHhiH MaTpHqHLJii 3neMeHT y -rrepexo~a. · BLI'IHcneHHe 

4JopMynLI 181 B IlpH6JIH)I(eHHH BhiCOKHX CIIHHOB (.J ,.J '>/ l) ~aeT: 
2 

Ml 
G' I exp -----· --

M J = M J , 2 ( a { n) ) 2 
.ry<,MJ,) 19/ 

M.J, ±I 

r~e napaMeTp a (n) BLipa,KaeTCJI 4Jop~ynoii 17 I IHanoMHHM, 
. ( n) . . . . 

qTo oenH'IHHa a J ,onpe~enJieMaR !lJopMy noii 17 I, !lJaKTHqec-

KH He 3~·BHCHT OT .J/. «l>yHKUHIO fy (~ly) B <)JopMyne /91 C 
xopoWeH TOqHOCThlO MO)I(HO OnJITh aniipOKCHMHpOBaTh Tayc

COBLIM pacnpe~eneHHeM 
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-
f ·· (M ) "' exp .-

M2, 
J 

2 ( ~(y) } 2 . /10/ 

ECJIH nOJIO)KHTL a(y)=a(n) +-1a,(&r<a(n)~ TO ynmpeHHe I<OH
Typa rayccoBoro pacnpe~eneHHB, Bhl3BaHHoe cTaTHCTaqec
I<HMH y -n.epexo~aMH B o6micTH I<Ba3HHenpepLIBHoro cnexT
pa, .HeTpy~HO BhlqHCJIHTL, pa3JIO'IOIB /10/ B pg~ H cpaBHHB 

· c /9/. Tai<HM nyTeM MLI nonyqaM: 

(n) 1 -1 
.1a = [a ( exp - ( ) + 2)]. 

2(a n } 2 
/11/ 

PaccMoTpHM TenepL npou;ecc pa3opHeHTau;HH JI)J;pa npa 
y -n.epexo~ax B o6nacTH ~HcxpeTHoro· cnexTpa. 3~ecL 6onee 
Y~06HO HCnOJIL30BaTL npe~cTaBJieHHe CTaTHCTHqecxoro TeH-
30pa·f6/, COrJiaCHO I<OTOpOMY H3MeHeHHe OpHeHTall;HH B~pa 
npH y -n.epexo~e H3 COCTOBHHB 11 B COCTOBHHe 1 2 onpe~e-
JIBeTCB cPOPMYJIOH . 

J J 1-J 2-L · . ~ ' J 
P k 2 =( -1) [(21 1 + l) ( 21 2+ 1)] W(J1 111 212,kL) Pk 1 ' /12/ 

r~e L - .MYJILTHnOJILHOCTL .y -nepex_o~a. W - I<03cPcPHu;HeHT 
Paxa, k - ~opx~ox noJIHHOMa Jle)KaH~pa B Bhlpa)KeHHH ~JIB 
yrJIOBOrO pacnpe~eJieHHB Y -I<BaHTOB /14/, pl- CTaTHCTH
qeci<HH TeH30p, CBB3aHHhlH C cPYHI<D;Heii pacnpe~eJieHHB no 
npoei<u;HH cnHHa f{M J) CJie~yroiu;eii cPOPMYJIOH: 

. ~ J-MJ 
P J = ( 21 + l) 2 ~ ( -1) C(J1k, M J- M J )£( M J) • /!3/ 
k MJ · 

CTaTHCTHqecxaii TCH3op CBB3aH c I<03cPcPHu;HCHTaMH A2 H 
A4 B cllopMyne ~JIB yqiOBoro pacnpe~eneHHB y - I<BaHTOB 

W(O),. 1 + A 2P 2 (cosO)+ A4P4 (cosO) /!
4

/ 

cne~yroiu;HM o6pa3oM 16 1: 
J1-JrL 

Ak(J1L1 2) ,(-1) t2L+1) (21 

8 

Jl 
(J 111 LL,k1 2) pk • 

+1) ~C(LLk, 1-l) W /15/ 

:~ 
l 
' 

,A), 
'II: 
I 

';1. 
"· 

Pacna;n B~pa H3 COCTOBHHB 11 B COCTOBHHC. 1 2 MO)KeT npo
HCXO~HTL Ta}()KC qepe3 npoMe)KyTOqHoe COCTOBHHe Jm X 

x {J 2:.! 1 _2:21 ) • B 3TOM CJiyqae BMeCTO /12/ Mhl HMeeM:' ,.· 
I m 2 :... . · 

J Jr-~ -L1-L2 ~ 
p 

2 
= (-1) · ((21 1 + l) (2J2+1)] 2 (21m+ 1) X 

k 

X W (Jl 11 1m1~,kL1) W 1 m1m 1212,kL 2) • /16/ 

HeTpy~Ho noxaJaTL; acnoJIL30BaB cBoiicTBa I<03cPcPHu;HeHTOB 
Paxa, qTo B cnyqae, xor~a y -nepexo~hl y~OBJICTBopxroT 
COOTHOWeHHBM 

J 1 = 1 2 + L '"' J 2+ L I + L 2 ' 
/17/ 

~Ba KaHana pacna~a /12/ H /16/ ~aroT o~HHai<OBhlii peJyJIL
TaT ~nx pl2. 3To 03HaqaeT,, qTo, B qac.THOCTH, o~~H I<Ba~
pynonLHhlii nepexo~ 11 ~ 11 -2 ocna6nxeT opHeHTau;HID x~pa 
B · Taxoii *e cTeneHH, xax xacxa~ ~Byx ~HnOJILHhlX nepexo-

1 I 
~OB 1 I --> 1 I -1--. 1 1 - 2. 3TOT pe3yJILTaT'HeTpy~IIO o6o6-
Iu;HTL ~iu cnyqag 6onee CJIO)KHOH cxeMLI pacna,l:(a Me~y co
CTOBIIHSMH _ 11 , 12 : eCJIH BCe y -nepexo~hl B 3TOH 06JiaCTH 
y~oBneTBopxroT ycnoBmo I 17 I, TO He 3aBHCHMO oT ~eTaneii 

CXeMhl pacna~a OpHeHTall;HIO g~pa B COCTOBIIHH 1 2 BCer~a 
MO)KHO paccqaTaTL no npocToii cllopMyne /12/ HJIH no mo6o.ii 
cllopMyJie, aHanoraquoii /16/. · ,'. 

HcnonL3YB 3TOT pe3yJILTaT H cllopMyny ~''liS/, MO)KHO 
~oxa3aTL Tai<)Ke, qTo ·y -nepexo~LI c o.ziuuaxoBoii MYHLTH
nonLHOCTLIO B KaCKa~e 

. L1 . L2 . L3 
1 ~ 1 - L 1 - 1 - L 1- L2--+ 1 - L 1 - L 2- L3 ~ .. · /17/ 

cooTBeTCTBYIOT o~HHaKOBOMY yrnoBOMY pacnpe~em'mmri. OT.
MeTHM, qTo TaKoe CBOHCTBO ADB qacTHOro CJiyqaxE2-rie
pexo~OB 6LIJIO ~OI<a3aHO B pa6oTe /8/, 

.9 
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§4. MO/l,EJih PACqETA OPHEHTAIQHi.JI/l,PA 
. H YTJIOBOTO PACIIPE/l,EJIEHH.JI Y -KBAHTOB 

cl»opMynhl /1/, /7/, /10/, /11/, /12/ ~aroT npe~cTas
neHHe o cTen.eHH pa3opaeHTanB:H a~pa npa acnycl<aHHH HeiiT-. 
poHos H·y -KaaHTOs s a~epHoii peaK:nHH. PaccMoTpHM Tenepb 
sonpoc; KaK HCDOnb30SaTb 3TH clJopMynbi S KOHKpeTHhiX 
pac'leTax. 

HcnapeHHe HeiiTP,OHos H y-KsaHTOB s o6nacTH HenpepLis
Horo CDeKTpa MO)KHO ODHCaTb C DOMOJ:nblO CTaTHCTH'IeCKOH 
Mo.nenH, Le. npH pac'leTe napaMeTpa pa3MhiTHH rayccosoro 
pacnpe,neneHHH no clJopMyne /1/ 3a 3HeprH10 HeHTpOHOS f n 
MO)KHO S3JITb HeKOTOpoe cpe,nHee 3Ha'leHHe · f"'n , DpH'IeM 

f 
n 

2T, /18/ 

r.ne T - TeMnepaTypa a,npa. Jl~po, o6pa3y10meecx nocne 
HCnapeHHJI HeHTpOHOS, HMeeT TaK)Ke onpe,neneHHYIO 3Hep
rHIO, paSHYIO~ cpe,nHeMy 3Ha'leHH10 3HeprHH S036y~eHHJI £. 
llocne. nepsoro CTaTHCTH'IeCKOrO y -nepexo,na 3HeprHX Jl,D;pa 
cTaHOSHTcx_ pasHoii E- ;-Y , r.ne ;- y- . cpe,nHxx 3Heprax 
y-nepexo,na, K(nopax cornacHo p~~oTe 191 pasHa: 

E 
f = 2 v- . /19/ y a . 

r.ne a - napaMeTp nnoTHOCTH yposHeii x.npa. YwapeHHe KOH-
- . - - . ~ . 

Typa rayccosoro pacnpe.neneHHX no npoeKnHH cnHHa, Shl3-
saHHoe Ka)K,D;biM. CTaTHCTH'IeCKHM Y -nepeXO.D;OM, paCC'IHTa
HO no clJopMyne /11/. qucno c'TaTHCTH'IeCKHX y -nepexo.nos 
MO)KHO paCC'IHTaTb, ecnH 3a,naHa HH)KHJIJI rpaHHna o6naCTH 
KSa3HHenpephlsHoro cneKTpa. KaK npasano, 3Ta rpaHHna 
MO)KeT 6h1Tb sb16paHa pasuoii /I., r.ne A- c.nsar 3HeprHH, 
csx3aHHhlii co cnapasaHHeM· s x.npe H onpe.neneHHblii s pa6o
Te 110 ( B o6nacTH ,nHcKpeTHoro cneKTpa npe.nnonaraeTcx, 
'ITO see y -nepeXO,D;bl HMeiOT CSOHCTSO, Sblpa)KeHHOe COOT;. 
IioweHHeM I 17 /. 3TOMY coo.THOWtmHIO y,nosneTsop.JIIOT Ksa.n
pynonLHble· riepeXO.D;bl Me~y poTanHOHHbiMH 'co'cTOJIHHJIMH 
'leTHo-q_eTHoro .JI,npa HnH y -nepexo,nbl x.npa c 6onLWHM Mo
MeHTOM qepe3 "apacTHhle yposHH". B pac'leTax npHHHMaeM 
SO SHHMaHHe, 'ITO Ka~oe COCTOJIHHe CO CDHHOM I ,D;HCKpeT-

'10 

Horo cneKTpa 3acen.JieTcH no .nsyM KaHanaM: n.a6o :Henocpe~
cTseHHO · nocne •. HCDYCKaHHJI CTaTHCTH'IeCKHX Y -KSaHTOS, 

. na6o H3 KacKa,na y -n.ep_exo~os qepe3 ne)KainHe sbiWe co
·cTOJIHHJI. llepshlii KaHan cooi'seTcTsyeT opHeHTanHH . .JI,npa, 
ODHCbiSaeMOH raycCOSbiM pacnpe~eneHHeM /10/, H HMeeT 
sec, paSHbiH sepOJITHOCTH o6pa30SaHHJI COCTOJIHHJI. CO. COB
HOM I nocne HcnycKaHHJI cTaTHCTH'IeCKHx y -xsaHTos. 3Ta 
sepo.JITHOCTL MO)KeT.6LiTL onpe~eneHa H3 3KcnepHMeHTa I CM., 
HanpHMep, 11 I I. B -cny<lae OTCYTCTSHJI 3Kcnep~MeHTanLHhiX 
,naHHhiX 3TY sepOJITHOCTb MO)KHO paCC'IHTaTb C DOMOJ:nblO 
ODTH'IeCKOH H. CTaTHCTH'IeCKOH MO~eneii /eM., HanpH

.Mep /1,5/ /. TaKHM· o6pa3oM, Ko3cllclJHnHeHThl Ak s clJopMyne 
.nnx yrnosoro pacnpe.neneHHJI /14/ Mo~o Shi'IHCnHTb cne-
AYIOinHM o6pa3oM: · · 

(I) (2) 
Ak= aiAk + a2Ak /20/ 

r.ne a 1 , a 2 - seca.·nepsoro H sToporo'KaHanos, senH'IHHa 
A<r pacc'IHTaua no clJopMyna:M /15/, /13/, /10/, a semi'IH
Ha A(~) - _no clJopMynaM /15/ ~ /12/, /16/. llpHpac'leTe 
A <f)· O'leHb y,no6HO HCDOnb30SaTb npasHna, SbiSe,neHHble . 
S KOHne npe,nhi~YJ:neH 'laCTH. 

B Ka'lec:rse HnnrocTpanHH npHMeHeHHJI npe.nno)KeHHoii MO
,nenH DpHSe,D;eM aHanH3 3KCnepHMeHTanbHbiX, pe3ynLTaTOS 
ne,nepepa H ,np. /1/ DO yrnOSOMY pacnpe,neneHHIO y -xsaHTOS 
'leTHo-q_eTHhiX H3oTonos l\to H Ru ,o6pa3yiOinHXCJI s peaKnHJIX 
(a, 2n ).XapaKTep y - nepeXO.D;OB, Ha6nro,naeMbiX ,S 3THX H30TO
nax, xopowo y,nosneTsqp.JieT cooTHoweHHIO /17 '/. B Ta6nH
ne npHse,neHhl K03cllcllHnHeHThl A 2 ~na HaH6onee· HHTeHCHSHhiX 
E2 -n.epexo.nos. B · 3Toii )f(e Ta6nane npe,ncTasneHhl napaMeTphl · 
pa3MbiTHH nocne HCnapeHHH HeHTpOHOS (a (n~H ;CTaTHCTH'Iec
KHX Y -x_saHTOB (a(y) ), paCC'IHTaHHble DO clJopMynaM./7/ H 

/10/. llpH paC'I,eTaX K034JclJHnHeHTOS A 2 6blnH HCDOnh30SaHbl 
3KcnepHMeHTanLHhle ~aHHhle .nna sepo.JITHOCTH Henocpe.n
cTseHHoro 3aceneHHJI COOTSeTCTSYIOJ:nCrO COCTOJIHHJI nocne 
HcnycKaHHJI HeiiTpOHOB H CTaTHCTH'IeCKHX Y -xsaHTOS •. H3 
TaGnHnhl sH,nHo 'xopowee cornacHe Me~y 3KcnepHMeHTanL
HhiMH H TeopeTH'IeCKHMH pe3ynLTaTaMH ~na xo3cllcllHnHeHTa 
A 2 , 3a HCKmo'leHHeM cnyqaa H30TOna 98 Mo. Bo3MO)I(HhiM 
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nmiceH:Hoii· sLime ypoBHJI .. 8 +. O.nliaxo ue HCKJIIO'I_eH,o, 'ITO TaxaB: 
cna6aJI OpHeHTa.l{HJI CBJ13aHa-C C~eCTBOBaHHeM YH30TOna 
98 Mo iiexoTopor:o H30MepHoro- · cocT'oJIHiu. c ·.- iiociaio-'IHO 

6onLWHM- speMeHeM ·)KH3HH. TaxaJI cul-yaUHJI .neiicTBHTenLuo· 
Ha6mo.lianacb y · H3oTonos· 92,9 4 Mo H 94 Ru B 3TOii :liCe 
pa6ol-e Jie.nepepa H .u;p, /I/. · 

~ ... .:~ 

§5::3AKJIJOqEHHE 

ITocxonLKY ucnapeHHe ueiiTPOHOB o6w'IHO ;iaeT rnaBHwii 
B~na.n ''~B npouecc pa30pHeHTaUHH JI,D;pa B JI,D;epHoii peaKUHH 
/eM. Ta6nuuy/, sonpoc o TOM, xax;:3aBHPHT cTeneH:L op:H:eu
rauuu ocTaTo'luoro JI.u;pa /unu au:H3oTponHJI yrnosoro pac
npe.neneiiHJI y -xsauToa/ OT ·3ueprHH na.naiOIUHX ·qacTHU u.· 
Maccw.:LJI,D;pa, Mo~o sw~cHHTb c noMOIULIO puc. 1. 3asB:cu-: 
MOCTb<aHH30TpOnHH yrnOBOrO pacnpe.u;eneHHJI, y .~KBaHTOB OT 
3HeprHH na,IJ;aiOI.l{HX 'laCTHU <ilaKT.H'IeCH npOJIBmieTCJI B 3a
BHCHMOCTH napaMeTpa pa3Mb1THJI a-<nl. OT cpe.u;Heii 3HeprHH 
HCnapJIIOIUHXCJI HeiiTpOHOB H, KaK BH,II;HO u3.''pB:c. 1, OKalbiBa
eTCJI cpaBHHTenb.HO cna6oii, KpOMe o6naCTH OKOno nopora 
peai<uuil, r~e ;" ~- .... 0; qTo ~kacaeTCJI. 3aslic:8:Mocru ... ciene:Hu'. 
opueHTaUHH . H aHH30Tponuu yrnosoro pacnpe.neneHHJI OT 
xapaxTepHCTHK /uanpuMep, oT cnuua/: paccliaTpHsaeMwx 
COCTOJIHHH, TO 3TO B 6onbWOH: CTeneHH:onpe.u;~nJieTCJI cno
C060M 3aceneHHJI 3THX cocTOJIHHii ua' nocne.nHeM 3Tane 

. ~ . . 
peaxuuu. Ecnu ypoBHH ocTaTO'IHOro JI,D;pa·.3acenJIIOTCJI rnas-

. HWM o6pa30M H3 xacxa.na y -n.epexo.nos qepe3 swcoxone
)KaiUHe ypOBHH, TO pacnpe.u;eneHHe no iipoeKUHH CnHHa OTnH
qaeTcs'oT rayccosoro, npu'leM mupuHa 3Toro pacnpe.u;tmeHBJI 
yMeHbWaeTCJI C yMeHbWCHHeM CnHHa paccMaTpHBae:woro. 

. COCTOJIHHJI /8/._ .Hao6opoT~.'ecnu )Ke 3TH C~CTOJIHHB 3ace-
miiOTCJI rnaBHWM o6pa3oM uenocpe.n;cTBeHHo nocne ucliape -.. - · 
BHJI HeiiTpOHOB HnH CTaTHCTH'IeCKHX Y -KBaHTOB/cnyqaipe- .
aKUHH c nerKBMH qacTHUaMH/, TO, xax cne.nyeT H3 I 1/ .~
/7/, /10/, pacnpe.neneuue no npoexuuu cnuHa 6y.n;eT 6nu3Ko 
K raycc~BOMY c napaMei'poM panibiTHJI, cna6o 3aBHCJIIUHM 
OT CnHHa JlaCCMaTpHBaeMoro COCTOJIHHJI •. 
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