
n.r. 3acT8.89HKO, O,A. XpycTanea 

P-629 . . 

HCnOJibSOBAH·HE HHTEP<l>EPEHUHH 
KBAHTOBblX YPOBHEH 

.LlJI~ OnPE)lEJIEHH.H BPE.MEHH )KYf3HH 
onTvftiECKHX nEPEXO.LlOB 

/) ttA~ /A.. ~ /(0 eAUJ~ I 

19M I 'i ,, I ~ lf, ! Ytfl- l/'IJ-· . 

.0y6Ha 1960 roA 



JI,f', 3acTa.seHKO, O,A, XpycTaneB 

P-629 

VICDOJib30BAHVIE VIHTEP<PEPEHUVIVI 
KBAHTOB~X YPOBHEA . 

.LJ.JI.H ODPEJJ.EJIEHVI.H BPEMEHVI )KJ.13HVI 
ODTVIY:ECKVIX DEPEXO.LJ.OB 

,..--

HanpaeneHo B :>KypHan 
*0nTHKa 1i cneKTpOCKOni!SI 6 

! tHl ~~>e;umeHnwii HHcruryr. ·1 j RJtepmu IICCJJeJlonanu!t 
'- · 6H6nJ10TEKA 



A H H 0 T a U H H 

PaccMoTpeH MeTo.z:t onpeaeneHHH BpeMeHH :>KH3HH soa6y:m:aeaaoro cocTOHHHH 

8TOM8 ITOCpe.z:tCTBOM Ha6nro.z:teHHH 38BHCHMOCTH peaOH8HCHOI'O pacceHHHH CBeTa Ha 

8TOMe BO BHeWHHX ITOnHX OT BSnH'iHHbi STHX noneii. 

_... 



----------------~-----~~------------------

B pH.ne cnyqaes npSIMOe onpe.neneane speMeHH :>KH3HH soa6y:>K.neaaoro cocToSI

HHH aaTpy.naeao. B CBH3H c aTHM B aacToHwea pa5oTe ncnonhayeTCR cnoco6 onpe.nene~ 

HHSI ecTeCTBeHHoa WHpHHhi 1 OCHOB8HHhia Ha H3MepeHHH HHTeHCHBHOCTH pe30H8HCHOro 

- pacceSIHHSI Ha 38.ll8HHDla yron B 38BHCHMOCTH OT BenHqHHhi npll:no:>KeHHhiX K pacceHB8Te

niO BHeWHHX nonea. _Co.nep:>KaHH~ pa50Thi OCHOB8HO Ha .ll8HHOM B {1] KaqeCTBeHHOM 

onncaann HsneHHa HHTep¢epeaunn B cnyqae qacTnqaoro nepeKphiBaHHH no.nyposaea 

(eM. T8K:>Ke [2) H [3] ). 

B § 1 paccMaTpnsaeTcH· cnyqaa, Kor.na aTOMhi paccensa·renH aaxo.llHTCH s napan-

nenhHhiX aneKTpnqeCKOM H M8rHHTHOM llCJUIX. 

B § 2 paccMaTpnsaeTcH peaoaaacaoe pacceHHne B cnyqae 1 Kor.na yposHH soa5y:>K

.neaaoro cocTOHHHH paccensaTenH pacLuenneH&I saanMo.netl:cTsneM aneKTpoaaoa o6onoqKn 

.co cnnHOM H.npa H aa paccensaTenh aano:>Keao saewaee MarHHTHoe none. 

§ 1. PaccMoTpHM peaoaaacaoe pacceHHHe cseTa aa aToMax qepea aeKoTopoe 
1) 

Boa6y:>K.lleHHOe npoMe:>KyToqaoe COCTO.Snme _ • Bse.neM cne.nyrowHe o5oaaaqeHHH: 7: -

BpeMSI :>KH3HH B035y:>K.lleHHOro 8TOMa1_ j - ero MOMeHT 1 /11 

Ha och z , Em - saeprHH ypoBHH c npoeKunea MOMeHTa m 

- npoeKUHSI MOMeHTa 

1 .II,., - aMnlUITY .ll8 

peaoaaacaoro pacceHHHH 1 cooTseTCTsyrowaH aToMy yposnro. M&x 6y.neM cqw:aT:r., qTo 

HHTeHCHBHOCTh na.naromero aa paccensaTenh nanyqeHHH Mano MeHHeTCH B HHTepecyro

mea aac o5nacTn aaeprna. 

B oTcyTcTsne saewanx nonea see Ern o.nnaaKOBhi, noaTOMY aMnnHTY.llhi lim 
CKna.llbiB8IOTCH1 TaK qTo .nn¢¢epeaunanhaoe ceqaane peaoaaacaoro pacceSIHHH ecTh 

w --
. j I. 
I~·/}, ' ' ( 1 ) 

2) 
. .Llanee aano:>KHM aa paccensaTenh cnnhHoe MarHHTHOe none. TepM pacmennTCH aa 

1) -
npnse.neHHOe HH:>Ke paCCMOTpeHHe OTHOCHTCSI H K .llpyrHM Cnoco6aM B035y:>K.lle-

HHSI 8TOM81 aanpHMep, B036y:>K,lleHlriO C llOMOWhiO aneKTpOHOBo 

2) 3.nech H B .nanhaetiweM Mhi aaa&xsaeM none 
paa.llBH:>KeaHe yposaea c paaHhiMH In · cymecTseaao 
soa6y:>K.neaaoro ypoBHH: 

CHnhHhiM 1 ecnH Bhi3biB8eMOe HM 
5onhWe eCTeCTBeHHOa WHpHHhi 

(2) 
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2j-'+l ypOBHetl:, pacnono:m:eHHhiX CMMM9Tpli'IHO OTHOCMTenhHO ypOBHH C m:=O • B 

9TOM cnyqae BKnB.ll.&I COCTOHH!itl: B035y:m:.aeHHOf'O 8TOM8 C pa3HbiMM In CKnB.llbiBBIOTCH 

093 MHTep¢epeHUMM 1 T8K 'ITO C9'!9HH9 pe30H8HCHOI"O pacceHHMH 

r 
~ w /ll;n/2 (3) 

rn=-; 
Jlanee .uononHMTenhHO Hano:m:MM Ha pacceMBaTenh aneKTpMqecKoe none B HanpaaneHMM 

OC!i ~ • 3neKTp!i'I9CKOe none O.llMHBKOBO CM9lll89T ypOB9Hh .C npoeKUMHMM - fn M m • 
0TCIO.ll8 BM.llH0 1 'ITO BenH'IMHhi nonetl: MO)KHO llO.llOOpaTb T8K 0 'ITO H9KOTOpbi9 M3 ypOBHetl: 

· C pa3HhiMM m OY.llYT COBna.aaTb! 

Em =. En1. npM rn, =F P12 . 
I 2 

Tor.ua BKnB.llbi 9TMX COCTOHH!itl: B pe30H8HCHOe paCC9HHMe OY.llYT MHTep¢epHpOB8Tb M9)K,':" 

.llY co5otl: TBK 0 'ITO ceqeHMe ppcceHHHH -

. . J . . 

W-/lfm+fl~/z_ /!Jm/2__ /!Jm~/~ L. /flrn/~ 
I I m=~ 

(4) 

np!i M3M9H9HMM KBKOrO-nMOO H3 nonetJ: COBna.aeHMe ypOBHetl: paCCTp8MB89TCH M K0f'.ll8 

9T8 "paCCTpOtl:Ka" .llOCTMf'89T TBKOtl: BenM'IMHbi 0 • 'ITO .UnH BC9X m, H mz. Bbinon-

HHeTcH ycnoBMe (2), cetieHMe pacceHHMH cHoaa npMHMMaeT BM.ll (3). 

TaKMM o5pasoM saBMCMMOCTh pesoHaHCHoro pacceHHMH OT MarHMTHoro nonH npM 

¢MKCHp0B8HHOM aneKTp!i'l9CKOM npe.UCTBBnHeTCH KpMBOtl: 1 KOTOpaH nOCTOHHHa BCIO.lly, 

KpOMe yqaCTKOB 1 Ha KOTOpbiX npOHCXO.llMT 'IBCTM'IHOe nepeKpbiB8HM9 ypOBHetl: C pasnnq-
, 3) . 

HbiMM m 0 f'.ll9 KpMB8H MM99T \3KM9 9KCTpeMyMhi (cM.£2] . ). 

¢opMy KpMBOtl: BOnM3M 9TMX 9KCTpeMyMOB MO)KHO Onpe.aenMTh ll:G cne.ayiOIUMX 

npOCThiX COOopa:m:eHMtl:o nycTh MHTep¢epHpyiOT )lBa ypOBHH C 9H9pf'HSIMM ~ M ~ t 

TOI".ll8 M8Tp!i'IHbitl: aneMeHT pe30H8HCHOI"O pacceSIHMSI .BO BTOpOM nopSI.UKe T90p!i!i B03My

lll9H!itl: HM99T BM.ll! 

3) 
. AHanof'M'IHhitl: 9KCTpeMyM MM99T KpMBaSI MHT9HCMBHOCTM npM HyneBbiX 3H8'!9HMSIX 

nonetl: 1 KOI".ll8 Hano:m:eHMe nonetl: npHBO.llMT K nocTeneHHOMy p83.llBll:)K9HMIO nepBOHaqanbHO 

coana.uaromnx ypoBHeA. r'lpM aTOM npoMCXO.llMT ne.pexo.u oT ¢opMynhi ( 1 ) K ( 3). 

no CyiUeCTBy1 MM9HHO 9TO HBneHMe MCnonh3Y9TCSI B OnhiTBX no T8K,H83biB89MOtl: 

MBf'HMTHOtl: .aenonHpM38UMM pe30H8HCHOI"O paccemfMSI CB9Ta (cM.1 HanpMM9p1 [4] ) • 
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(5) 

I'.lle 11 II 8. HeKOTOpbie, B006me I'OBOpSI, KOMUJieKCHbie •mcna, 3aBIICSillliie OT CBOii:CTB 
. 4) . . 

ypOBHeii:, COCTOSIHIISI ilOJISip1I3aUIIII CBeTa II yrna paCCeSIHIISI • VlHTeHCHBHOCTb pe30HaHC-

HOI'O CBeTa paBHa 

·W 
~ 

I 2 /Ze (/J g '/ -· 2 dn? (;9 g ~ Z: ~ -~)/;t 
-1- ~{I+ t:: ~~-~ ) y 4- ~ j J 

I'.lle ~ IIHTeHCHBHOCTb pacceSIHHSI B,llaJIII OT SKCTpeMyMa. npii onpe.oeneHHh!X yrnax H 

cocTOSIHHSIX nonSipii3aUIIII HaneTamfUero n pacceSIHHoro ¢oTOHOB ~IIcna II 8 MOI'y'I 

IIMeTb O,lliiHaKOBYID ¢a3y t TO I' ,lla IIHTeHCIIBHOCTb B6J11I31I SKCTpeMyMa 6y ,lleT paBHa 

5) 

(6) 

lUIIpHHa KpiiBOii: onpe.lleJISieTCSI IICKJIID~IITeJibHO e9TeCTBeHHOii: lllHpHHOii: JlHHHII II Mai'HHT-

HhiM MOMeHTOM SJieKTpOHHOii: 060J10~KII ( J -¢aKTOpOM) • 0TCID.lla, Henocpe,llCTBeHHO 

cne.oyeT B03MO:>KHOCTb SKCITepiiMeHTaJibHOI'O onpe.oeneHHSI BpeMeHH :>KII3HH 

CymecTBeHHo, ~To .llBH:>KeHne aTOMOB II CBSI3.9.HHoe c HHM .oonnnepoBcKoe H3MeHe

Hne ~aCTOThl ¢oTOHOB He BJIHSieT Ha paCCMOTpeHHYID. Bh!ule KapTHHY 1 llUSTOMy .llJ1Sl Ha-

6J1ID.lleHHSl ee .llOCTaTO~HO SJieKcrpH~eCKOI'O ilOJ1Sl 1 KOTOpoe pa3,llBHrl!eT ypOBHH B036y:>K.ll9H" 

HOI'O aTOM a Ha BeJIH~HHY, 6onblllYID Jllllllb ilO cpaBHeHHID C ecTeCTBeHHOii:, HO He u .llOn

nnepOBCKOil:" lllllpHHOii: STHX ypOBHeii:. 0TMeTHM. eme, ·~TO .llJlSI cymeCTBOB8HHSl OilHCaHHOI'O 

Bhlllle a¢¢eKTa He06XO.llHM01 'lT06hi 3a BpeMSl. :>KH3HH B036y:>K,lleHHOI'O COCTOSIHHSI He 

npOHCXO.llHJ10 6hi nepeopH9HTaUHH. MOMeHTa aTOM a ll3-:"3a coy.oapeHHii: ( MaJlb!e ,llaBneHIISI), 

npe.llil0J102KIIM .llJ1Sl KOHKpeTHOCTH 1 ~TO OCHOBHOe COCTOSIHHe aTOMOB paccenBaTeJISI 

HMeeT MOMeHT 0 1 a B036y:>K.lleHHOe COCTOSIHHe 1 ~epe3 . KOTOpoe H.lleT pe30HaHCHOe 

pacceSIHne -MoMeHT I.nycTb /i - e.onHn~Hhiii: BeKTop B HanpaBneHnn noneii:, lf; -B HanpaBneHHH Ha~aJibHOI'!J, l7z . - KOHe~HOI'O ¢oTOHOB, 

4) 
BBn.lly ManocTH pacmenneHHSI BpeMeHa :>KH3HH Ha pa3HhiX no.oypoBHSIX MO:>KHO 

C~HTaTb O.llHHaKOBb!MH~ 

5 J B o6meM cny~ae, KOI'.lla ¢a3bi /1 n /5 pa3nH~Hhi 1 TaKoil: BH.ll HMeeT nonycyMMa 

HHTeHCHBHOCTeil: B TO~KaX, CliMMeTpH~HblX OTHOCHTeJ1bHO 9KCTpeMyMa, 
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Oprr aa,llaHHOM aHa~eHrrrr aneKTprr~ecKoro nons senrr~rrHy MarHrrTHoro nons ;t/=Jll 
MOJKHO nO,ll06paTb T8K 1 ~TO ypOBHll C m = 0 rr m =-I (nrr6o ,rn= I ) cosna.z::ly1. 

3neMeHTapHbitl: pac~eT noKaabmaeT, ~To AnH pacceHHITH HenonsprraosaHHOro cseTa 

nprr -- - .......... f/•&:;1 non, = no n'l. = / y2 ' --n,nt. = o 
aasrrcrrMoCTb AHcPcPepeHurranbHOro ce~eHrrH oT senrr~rrHhi f/ 
rrMeeT BRA: 

W' 
Wu I+ 1-r 

~ /.? 

jrz z-~ (H-H.)/1;~ 

nprr f-1 f'- ~-~ 

(7} 

§ 2. B aTOM nyHKTe Mhi paccMoTprrM cny~aa, KOr.lla pacmenneHrre soa6y:m:Aew 

HOro ypOBHH aTOMa Bbi3BaHO BaaHMO,lleficTBHeM o6onO~Kll C H.llpOM (csepXTOHK8H CTpyK

Typa) • KOTopoe a.lleCb rrrpaeT, no cyTrr Aena, TY :m:e ponb1 ~To rr aneKTprr~ecKoe none 

. B § 1. 

Jlmt npHMepa B03bMeM aTOM, OCHOBHOe COCTOHHHe KOTOporo HMeeT MOMeHT '1 =0, 

soa6y:m:AeHHOe - MOMeHT ::/ = 1, a MoMeHT stApa Tome paseH I = 1. On.epaTop soa-

6y:m:AeHHOro COCTOHHHSI aTOMa B MarHHTHOM none eCTb 

ot_ Y:T + ; T!-7. (8) 

3AeCb o( - nocTOHHH8Sl CBepXTOHKOfi CTpyKTypbi 1 c1- ...;. . rrrpoMarHHTHOe OTHOUleHrre 

aneKTpOHHofi o6ono~Krr; saarrMoAeficTsrreM stApa c MarHrrTHbiM noneM Mhi npeHe6peraeM, 

3asrrcrrMOCTb co6cTseHHhiX aHa~eHHfi 9Toro .onepaTopa OT senrr~rrl:lhi H cxeMaTrr

~ecKrr rrao6pa:m:eHa Ha prrcyHKe. llrrcPpbi y Ka:m:Aofi Kprrsoa oaHa.~aiOT npoeKurrrr MOMeH

TOB COOTBeTCT~yiOUlllX COCTOSIHllfi Ha HanpasneHHe nonst. 

JlnH OprreHTHpOBKH OTMeTHM 1 ~TO npH J-1- 0 nnTb sepxHHX ypoBHefi cnrr-

B8IOTCSI B O.llHH C nonHbiM. MOMeHTOM KOnH~eCTBa .llBHJKeHHH 2 t TpH cpe,llHHX - B. 

O.llHH c nonHhiM MoMeHTOM 1, HHJKHHfi cooTseTcTsyeT nonHoMy MOMeHTy 0 . · Oprr 6onv 

lliHX H Tprr ~epxHrrx ypoBHst cooTseTCTBYIOT npoeKurrrr + / MOMeHTa aneKTpOHHOfi 

o6ono~KH 1 TpH CpetiHHX npoeKUHH £) , Tprr HHJKhHX npoeKUllH - 1. 
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.B ToqKe A nepeceKaroTCH ypoBHH c rrpoeKURHMH 21 01 1. nycTb B9KTOpbl 
~ n. 

/. 
CBH38Hbl COOTHOUJ9HHHMH /l n =- n n .:: n,no = 0 o I I Z ~ . • KaK STO 6hlnO o6~HCH9HO 

B § 1, TQqKe A COOTB9TCTBY9T SKCTpeMyM B ceqeHHH pe30H8HCHO~O pacceHHHH Ha naH

Hblii: y~on. 0J::lH8K01 B STOM cnyqae B OTnifqHe OT § 1 38BHCHMOCTb OT M8~HIITHO~O IIOnH 

MaTimqHQ~O aneM9HTa (5) He O~p8HifqHB89TCH 3H8M9H8TeneM
1 

qifcna ;!J H If C8MH 

aaBHCHT oT Ma~HRTHo~o nonH. OnHaKo, B cnyqae (eCT9CTB9HH8H 

lllMpMHa MHO~O M9Hbllle 

4!1~t4r 
CBepXTOHKO~O paCUJerrneHRH) OHM Mano M9HHIDTCH Ha HHT9pBane 

1 IIOSTOMY 38BRCHMOCTb HHTeHCHBHOCTH pe30H8HCHO~O pacceHHHH B6nH-

(6)6). 3M axcTpeMyMa onpenenHeTcH ¢opMynoii: BHna 

XoTH B TOqKe A nepeceKaroTCH TpR ypoBHH, HHTep¢epRpOB8Th 6ynyT, ecnM pac-

CMaTpMB8Tb nRlllb nHrrOnhHb!e rrepexonbi 1 TOnbKO ypOBHH C rrp09KUHHMH -2 H 0. 

3aBRCRMOCTh ceqeHHH OT H B6nH3R H = flo 

w /-+ -~ I+ 

JlnH HenonHpRaoBaHHo~o CBeTa q "'0,04. EcnH nanaroUJRii: H Ha6nronaeMbiii: pacceHH

Hbiii: CB9T nHHeti:HO IIOnHpM30BaHbl rreprreHnRKynHpHO rronro
1 

TO 0 = 0,20. 

B aaxnroqeHHe Bbrpa:lKaeM 6na~onapHoCTh. M.H.non~opeuKoMy, no npenno:lKe-

HHro KOTOpO~O BbiiTOnHeHa STa pa6oTa. 

PyKorrHCh rrocTyrrHna B RanaTenhCKRii: oTnen· 

9 HOH6pH 1960 ~ona. 

6) 
. HaUJ Bb!60p HarrpaBneHHH COOTB9TCTByeT neii:CTBHTenbHb!M A H B. 
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