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H11lKe paccMaTpiiBaJOTCll nayxaTOMHbie MoneKynbi, o6n.anaJOmlle A -ynaoeHIIeM. 

TaKIIe MOneKynbi IIM910T OCb CIIMMeTpllll II IIX COCTOl!HIIll MOryT 6b!Tb OXapaKTepii30-

61.1Hbl KBaHTOBbiM 'IIICnoM A -npoeKulleA op611TanbHoro MOMeHTa sneKTpoHHOA o6o

·IIO'IKH Ha OCb MOneKynbi, Ecn11 He Y'IIITbiB8Tb Bnlll!HIIll BpameHIISI MOneKynbi Ha sneK

TpOHHOe llBIIJKeHIIe, TO sneKTpOHHbie coCTOl!HIIll c A 11 - A ( np11 paBHbiX npO'IIIX 

KB8HTOBblX 'IIICnax) 6ynyT BblpOlKll9Hbl, 83aiiMOlleliCTBII9 sneKTpOHHOro llBIIlK9HIIll C 

111 
epameHIIeM rrpiiBOiliiT K CHl!TIIIO 9Toro BbiPOJKlleHIIll ( SIBneHIIe A - ynaoeHIIS!) • 

;-.r poBHII o6pa3yJOllliiXCSI ny6neTOB o6nana10T npoTIIBOrronolKHbiMH 'IBTHOCTl!MII, Benii'IHHa 

pacmenneHIIll A cpaBHIITenbHO Mana. Ecn11, HarrpiiMep, sneKTpOHHOe cocTOSIHHe 

HMeeT I A I = 1 -8 
11 CrriiH S = 0 , TO A MOlKeT 6b1Tb nopllllKa 10 s.a. En1130CTb 

A -ny6neTHbiX ypoaaeA 11 IIX npoTIIaononolKHal! 'IBTHOCTb rro3aonSIJOT aanel!TbCll, 'ITO 

OHII SIBnSiniiCb 6b! XOpOlllHM 06'beKTOM llnl! BbiSIBneHIISI HBKOTOpblX B3aiiMOlleliCTBIIA, 

He COXpaHSIIOlllHX '19TBOCTb, 

B HaCTOSillleA pa6oTe np11aeneHbi oueHKH aenii'IIIHbi CMellliiBaHHll A -ny6neTHbiX 

YPOBHeli C rrpO'IHBOrrOnOlKHOli 'IBTHOCTbiO, KOTOpoe IIMeno 6~1 MeCTO rrpll cymeCTBO

BaHIIII He coxpaaSIJOlllero 'leTHOCTb cna6oro B3aiiMOneAcTBHll 'lepe3 Hei!TpanbHbie TO

KII, a T8KlKe npa Hanii'IIIH y sneKTpOHOB 1 n1160 HyKnOHOB sneKTpH'IeCKIIX llHrrOnbHbiX 

MOMeHTOB, 3TO CM9llliiB8H119 llOnlKHO rrpOHCXOlliiTb yJKe B rrepBOM rrOpS!llKB ITO pac

C'M8TpiiBaeMbiM B38HMOllBliCTBIIliM 1 B TO Bp9Mll K8K 06bi'IHOe cna6oe B38HMOlleliCTBIIe 

'!epe3 3apl!lK9HHble TOKII MOJKeT CM9llliiB8Tb A -ny6neTHbl9 ypOBHH naiUb BO BTOpOM 

nopl!llKe. 

CHa'lana paCCMOTpiiM HeliTpanbHbiB TOKII, C y'leTOM TOnbKO 'lneHOB rrOpS!JlKa 

~ , rne V - aenH'IIIHa CKOpOCTH sneKTpoaa, T3KOMy B3811MO)leJiCTBIIIO MBlKilY sneK

TpOH8MII COOTBeTCTByeT rrCeBllOCKanl!pHbiJi rrOTeHUIIan Bllll8 
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B npaaeAeHHbiX BblpalKeHHsx f.. 
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rAe G - 6eapaaMepsas KOHCTasTa cna-
"'I' c .. .. 

6oro B38HMOAefiCTBHSI 'lepe3 HefiTpanbHble TOKH, m I' - MaCCa npOTOH8i r I t pI t 
.. 

0 -
I 

panHyC-BeKTOp, onepaTop-HMIIynbC H CUHHOB8SI M8TpHU8 I -ro sneKTPOHa, m- MaC-.. .. .. .. 
ca sneKTposa; A 

1 
, I

1 
, R 

1 
< A

2 • I 2 • R2 - 8TOMHblfi HOMep, CUBS H KOOp-
,.. ~ .. .. 

AHHaTa nepaoro (aToporo) SUlpa a MoneKyne; 38IIBCb ({a p l 8 ( r - R ) B 
I I I 1, 2 

X Y p - p ) 8 ( t - ; ) ) o603s8'laeT, 'ITO onepaTOpbl [ ; p l H ( p - p )leficTay~T 
l I I J I I l I 

TonbKO sa 8 -<jJyHKUH~. CyMMHpoaasae a ljlopMynax ( 1) H (2) aeAeTcst no aceM 

sneKTpo~ MOneKynbl. 

Ecna o6oasa'lHTb qepea 1/1 + H 1/J _ aonHOBble ljlyHKUHH A -Ay6neTHbiX co-

CTO!UiHfi C nonolKBT9nbHOA H 0TpHU8T9nbHOA 'leTHOCTb~ COOTBeTCTBeHHO, TO K09Ijllj!B

<t/J_/V88+V8~/1/J+> 
~ 

UH8HT CM8WHB8HHSI A89TCSI Bblp8lK9HH9M • MOlKHO UOK838Tb, 

'ITO no nopstAKY aenB'lHHbl os paaes 

(A +A ) 
I 2 

m c r t! 
MOn 

v 
c 

111ax I a, b I, (3) 

rne a H b 8CTb OTHOW9HHSI paCCTOBBHB MelKAY KOMUOHeBTSMH TOHKOA CTpyKTypbl 

1'1 COOTB9TCT58HHO p8CCTOHHH51 MelKny COcenHHMH 5p8Ul8TenbHbiMH ypOBHHMB K pac

CTOHHH~ MelKnY pa3nH'lHbiMB sneKTpOHHbiMH TepM8MH, r MOn 06"bElM MoneKynbt, no-

1 -4 -24 3 v 2 
.ao>KHB a .. a. --, b .. 10 , r • 10 CM , - " a , A + A • 10 B 

137 Mon c 1 2 
1'1 Bbtp8lK851 fl B 9,B,t Mbl UOny'lHM nnH K09Ijllj!HUH9HT8 CM9IIlHB8HH51 OUeHKy 
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A (4) 

10-9 

G --
6. 

ByneM Tenepb C'IHT8Tb, 'ITO onao aa Hnep MoneKynbt o6nanaeT sneKTPH'leCKHM na
.. .. /2/ 

nonbabtM MOMeHTOM, sanpasneHHbtM no cnHHY-f!nPa D z DI , qeMy a raMHnbTo-
"' .... ... 

Haase saaaMo.aeAcTBHB cooTBeTCTByeT qneH V z- D It , r.ae E - sneKTpaqecKoe 

none, neAcTay~mee B MecTe pacnono>KeHHH Hnpa, o6na.aa~mero nanonbHbiM Mo-

M8HTOM, npa 9TOM CMeWH58HHe II -ny6neTHbtX ypossen HMeeT MecTo n&Wb a nps-

6nalKeHHH, y'lHTbtaa~meM csepxToHKOe B3SHMoneikTaae. Kos!j>ljlauHeHT CMemaaaaast 

no nopSUlKY senH'lHHbt pasea 

De_~- c. 
y2= --a 2 f> 

c 

(5) 

3.aecb a 
0 

- 6oposcKHA panayc, c - oTaoweaae aenH'lHHbl caepxToHKoro pacmenne

HHst K p8CCTOSIHH~ MelK.ay paanH'lHbiMB sneKTpOHHbiMH TepMSMH, no.acTaBnstst BM8CTO 

D sepxa~~ sKcnepHMeHTanbay~ rpaaauy Ans sneKTpHqecKoro nanom.aoro MOMeHTa 

-13 /3/ -20 /4/ 
npoToaa D < 1,3 • 10 CM e (.ans aeATpoaa D < 2,4• 10 CM e ) H nona-

--7 • 
raH c •10 , Mbt nony'IHM cne.ay~my~ oneHKY 

y < 
2 -

r.ae ~ CHOB8 Bblpa>Keso B 9.B. 

I ()-II 

A 
(6) 

I' 

PaccMoTpHM, HaKOHeu, cnyqal1 1 Kor.aa sneKTpH'leCKHM .aanonbHbiM MOMeHTOM o6-

na.aaeT sneKTpOS, i1Mel0l'CSI .ase B03MOlKHOCTH : nat5o sneKTpH'leCKHA .aHIIOnbHbli! Mo

MeHT sneKTpoaa ue aaaacHT oT opt5aTanbaoro .asa>KeHHst sneKTpoaa a aanpasnea 

IJO ero CIIHHy, nHt50 nHIIOnbHblfi MOMeHT CyllleCTBeHHO 38BHCHT OT COCTOHHHH op6HTanb-

HOrO .aBHlKeHHSI, B npa6nHlK9HHH naynH nepaol1 B03MO>KHOCTH OTBeqaeT B38HMO.aefi

/5/ 
CTBHe 
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(8) 

rne t; - 6e3pa3MepHaSI KOHCTaHTa 1 XapaKTepH3YIOlllaSI BenH'IHHY aneKTpH'I9CKOrO .. 
.z:mnonhHoro MOMeHTal E1 - none, nel!:cTBY!Olllee Ha I -btl! aneKTpoH c KoopnaHaTol!: 
.. x) ( 
r • !18Terpanbl B BblpalKeHHH 8) SIBnSIIOTCSI HeonpeneneHHbiMH

1 
a CyMMHpOBaHHe t 

a o6oax BblpalKeHHSIX aeneTCSI no seeM aneKTpOHaM MoneKynbi, CMewaaaHue non 

nel!:CTBH9M B03MYlll9HHSI VI nOSIBnS!eTCSI TOnbKO B npa6nH)K9HHH, Y'IHTb!BaiOweM 

rnnH-op6nTanhHoe B3aHMOnel!:cTene. KoaqxpnuaeHT cMewusaHHSI no nopSILIKy eenH'IHHbi 

paaeH 

Y = " eb 3 ., - me 
e 

--2- 8' 
a !'I 

0 
(9) 

• 
rne a HMeeT TOT lKe CMbiCn, 'ITO H B BblpalKeHHH ( 3), 

CMewusaHH e non nel!:CTBHeM B03MyWeHHSI v2 MO)KeT HMeTb MeCTO .llalKe B 

npa6nalKeHaH, He Y'IHTb!BaromeM cnaH-op6HTanhHoro saaHMO.llel!:cTBHSI. B aTOM cny-

'!ae K03$cjlH!lH9HT CM9lllHB8HHSI HMeeT nOpS!.llOK BenH'IHHbl 

y =( 
4 

e~ 

Jr. c 

e 

ZQ 2 11 
0 

(10) 

CMeWHB8HHe HCCne.llyeMbiX ypOBHel!: MO)KHO 6btn0 6bi 06HapylKHTb no Ha6niO.lle

HHIO OnTH'I9CKH 3anpeweHHbiX nepeXO.llOB, llel!:CTBHTenbH0
1 

paCCMOTpHM K8KHe-na6o 

fl-ay6neTHbl9 ypOBHH B036ylK.ll9HHOrO aneKTpOHHOrO COCTOSIHHSI
1 

C OJ:IHOrO H3 KOTo

pb!X B03MOlKeH E1 nepexo.ll Ha TpeTul!: yposeab (aa puc. I c6oKy yposHeli BbinHca

Hbi HX '19THOCTu). Tenepb, ecna B pe3ynhTaTe HeKOToporo B3aHMO.llel!cTBHSI npoH3ol!:

neT CM9WHBaHHe BepXHHX ypOBHel!:, TO CTaHeT B03MOlKHbiM 3anpeweHHbil! paHee nepe-

) xx) 
XOJ:I (- -+ (-) , Gne.llyeT. O.llHaK01 HM9Tb B BH.lly 1 'ITO OTnenHTb 3anpeweHHyiO na-

HHIO OT paapeweHHOl!: MOlKHO nHIIlb B TOM cny'lae, ecna aenH'IHHa 116onbllle ana cpae

-7 
HHMa c Hero, HanpHMep1 npa A :? 10 a.s. 

x) /6/ 
8blpalKeHHe (8) He COJJeplKHTCSI S!BHblM o6pa30M B pa6oTe , HO nerKO MO-

lK9T 6biTb nonyqeHO H3 $opMynbi (31) ynOMSIHYTOli pa60Tbl, 

xx) Mbi npeHe6peraeM Ml H E2 nepexo.llaMH (-()--+ {-) 1 aepoS!THOCTb KOTOpblx 

npa6na3aTenbHO a 10-8 pa3 MeHbWe aepoSITHOCTH El-nepexoaa (+) .. {-). 
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noacTasnSIH s Bbtpa>KeHHH (4)1 (6)1 (9) a (10) A •10-7 
a.s.,Mbi nony'IHM 

f(IHI K03$$HilH9HTOB CM9111HBaHHS! cneJJy!OlllH9 Oll9HKH 

Y 
1 

< G 10 -
2 

; 
-4 

y 2 -: 10 
• 4 
' y 3 < 10 t; ; y 4 < 10 ' 

f<oHCTaHTa G 3aBenOMO M9Hbllle 6e3pa3MepHOl! KOHCTaHTbl Cna6oro B3aHMOnel!:CTBHS! 

-5 /7/ 
'lepea 3apS!)KeHHbte TOKH G << 10 1 a KaK 6btnO Hal!:aeHo e pa6oTe 1 B npeanono-

-10 
>K9HHH, 'ITO .llHITOnbHb!l!: MOMeHT aneKTpOHa HanpaBlleH no ero CITHHY1 ( < 10 , no-

3TOMY CMewasaaHe yposHell:l KOTopoe B03HHKno 6bi npa cymecTsoaaHHH B3aHMOneli-

CTBHl!: V + V N 1 V H 
e • e 1 

v 
npH HanH'IHB B3aHMO.lleACTBHSI 

6blno 6bl HeHa6niO.llaeMo Mano. CMeiiiHBaRHe ypoeaeli 

V 
2 

MOrno 6bl OKa3aTbCSI H Ha6nronaeMb!M - B naH-

HOM cny'lae BCe 3aBHCHT OT eenH'IHHbl KOHCTaHTbl ( B BblpalKeHHB nnSI V 
2 

TaKHM o6pa30M He HCKniO'IeH01 'ITO H3Mepe8He eenH'IHHbl cMeiiiHBaHHSI A -ny6-

neTHbiX ypOBIIeA MO)K9T .llaTb CBeneHHSI 0 .llHrrOnbHOM MOM911T9 9neKTpOIIa, 3aM9TBM1 

OJ:IHaK01 'ITO nnSI npOB9LI9HH51 TaKOrO H3MepeHHSI He06XOAHMO nonHOCTb!O H30nHpOBaTb 

MOneKyny OT BnHHHH51 BH9WIIHX 9neKTpH'I9CKHX nonel!:. 

B 3aKniO'I911He aBTOp pall no6narO.llapHTb M.H. noLtrope!lKOro 3a npennolKeiiHe 

TeMbl pa60Tbl H 3a MHOrO'IJIICneHHbl9 .llHCKYCCHH H B.n, nro50IIIH!la 3a 06CylKLt9HHe H 

KpBTB'19CKH9 3aMe'laHHSI. 
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