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I 

Xopomo H3BeCTHO, qTo lliHpHHa nHHHfi HCITYCKaHn:g H rrornorueHn:g cyruecT

BeHHO 3aBHCHT OT pa3H006pa3Hb!X cjmIOKTyn:py10ruHX aneKTpHqecKn:X H MaPHHT

HbIX rronefi, JJ.eHCTBYIOIDHX Ha aTOMbl H g,13,pa B cpeJJ.e, llng H3yqean:g BnHgaHg 

paann:qHbIX MeXaHH3MOB ymHpemrn Ht!. «i>OPMY nn:HHH B rrocneJJ.Hn:e POJJ.bl npHMe

ageTcg MeTOJJ. rrepeceqeHHg ypoBHefi, IT03Bong10ruHfi HCKnJOqHTh Bnn:gHHe 94>

«t>eKTa Dorrrrnepa /l/, 

B 9TOH CBg3H Mb! XOTHM o6paTn:Th BHn:MaHHe Ha TO, qTo MeTOJJ. rrepe

ceqeHn:g YPOBHefi B HeKOTOpb!X cnyqagx JJ.aeT BO3MO)KHOCTh pa3JJ.enn:Th BKna

JJ.bl B lliHPHHY nHHHH, Bbl3BaHHbie rrpoueccaMn: pacrraJJ.a aTOMOB ( 5IJJ.ep) H He

OJJ.HOpOJJ.Hb!M ymHpeHHeM ( T,e, ymHpeHn:eM, BO3HHK8IOIUHM H3-38 MOJJ.YJI5IUHH 

rronomeHn:51 rrepeceKaIOIDHXC5I ypOBHefi 4>n10KTYHPYIOIUHM noneM), YKa38HH85I 

BO3MO)!(HOCTh Bbl3BaHa cneJJ.yIOIDHM o6CT05ITenhCTBOM, KaK H3BeCTHO, HHTeH

CHBHOCTh n:anyqeHn:51 ] ( ll) KaK 4>YHKUH5I BHelliHero rrong, Bbl3b1Ba10ruero pac

ruerrneHHe rrpH OTCyTCTBHH 4>JIIOKTyn:pyrorun:x rronefi, HMeeT BHJJ. 

b 2 
J ( H) = cons t \ a + --- I , 

all+ i y 
( 1 ) 

PJJ.e y - pacrraJJ.Hag mn:pHHa, Bbl3BaHH85I rrpoueccaMH, IIpHBOJJ.5IIDHMH K rrepe

XOJJ.Y aTOMa (5IJJ.pa) H3 B036ymJJ.eHHOPO COCTO5IHH5I B OCHOBHoe; cqn:TaeTC5I 

JJ.n5I KOHKpeTHOCTH, qTo pacmenJieHn:e Bhl3bIB8eTC5I MaI'HHTHbIM IIOJieM [l , 

CorJiaCHO ( 1) M8KCHMyM KpHBOH J ( ll) ne)KHT rrpn: 3HaqeHHH H = 0 . 

ITyCTh Terrepb Ha H3nyqaTenH IIOJJ.efiCTBOBaJIO JJ.06aBOqHoe rrapanneJibHOe no

ne h , Bbl3B8Blliee H3MeHeHn:e pacmerrneHH5I Ha HeKOTOPYIO Bennqnay !'J. W • 

B 9TOM cnyqae MBKCHMYM Kpn:Bofi J ( H ) KaK qiyHKUEIH ll 6yJJ.eT He rrpH 
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H = O, a npn sHaqeHHH H = - h • QqeBHJ:lHO, qTo nosIBne1me J:lo6aBoq-

Horo nonSI Bb!SbIBaeT CJ:lBlif' MaKCHMyMa KPHBOi!:, HO He HSMeHSieT ee BHJ:la. KaK 
Hm 

cneJ:lCTBHe, nnomaJ:lb S = f J ( H) d H noJ:l KPHBOH / ( H ) , BSSITaSI B J:lOCTa-
-H m 

ToqHo WHpOKHX npeAenax - .. m H m» lh I , I y / a I , He 6yAeT SaBHC8Tb OT h 

Ecnu Mb! HMeeM Tenepb COBOKynHOCTb aTOMOB ( SIJ;lep). noMeIUeHHb!X BO BHew

Hee HeOJ:lHOpOJ:lHOe none, HeOJ;lHOpOJ:lHOCTb KOTOporo HMeeT cnyqail:Hblil: xapaK

Tep, TO Ha K8)KJ;l08 SIJ:lPO (aTOM) J;leHCTByeT CBOe h ' cnyqail:Hb!M o6paSOM 

38BHCSIIUee OT nonO)K8HHSI nsnyqaTenSI B npocTpaHCTBe. 

CneAOBaTenbHO, KpHBaSI, onHCblB8IOIUaSI HHTeHCHBHOCTb nsny,:JeHHSI / (H), 

eCTb cyMMa KPHBb!X ( 1) co cnyqaHHO CJ:lBHHyTb!Mli MaKCHMyMaMH. 3To npH

BOJ:lHT K a4><i>eKTHBHOMY ywnpeHHIO nHHHH. OJ:lH8KO BCneJ;lCTBHe Toro, qTo BCe 

KpHBbie noJ;l06Hbl J:lpyr J:lPYI"Y' nnomaJ:lb noJ;l KpHBOH / (H) ' BSSITaSI B J;lOCTa

Toqao wnpoKHX npeJ;lenax H m >> hm, L ( h m - MaKCHManbHOe xapaKTepHoe 
a 

HSMeHeHne h B yKaSaHHOM H80J:lHOpOJ:lHOM none) ' He 6yJ;leT 38BHC8Tb OT 

pacnpeJ:leneHHSI h n 6yAeT paBHa Toil: )1{8 nnomaJ:lH B OTCyTCTBHe cnyqaji-

Horo pas6poca h • HesaBHCHMOCTb paccMaTpHBaeMoil: nnomaJ:lH OT MaKCH-

MyMa ywnpeHHSI J;laeT BOSMO)KUOCTb onpeJ;leneHHSI BennqHHbl y 

PaccMoTpHM aTo1' Bonpoc 6onee noApo6ao, IlpeJ;lnono)KHM, qTo Mb! nsy

qaeM nepeceqeHne J:lBYX ypoaaeil:. BonHoBaSI qiyHKUHSI, onucbrnaromaSI aBon10-

un10 aTHX ypOBHeil: BO BpeMeHH, HMeeT BHJ:l 

tp (t) = '?1 (t)+ '?2 (t), (2) 

f'J:le 

--
1
-E t -Lt 

tfr ,( t ) = c I e 1i I e 2 cf,,( t ) I i > , i = 1,2, c 1 = tfr 1 ( 0) , 

E 1 - -aaeprnSI i ypoBHSI B nocTOSIHHOM none, BbISbIBaromeM pacmenneane, 

Y - pacnaAH8SI wnpnaa H3y'ia8Mb!X yp0BHeH; cp ( t )- aMnnnTyJ;la BepOSITH0C-
1 

TH o6aapy)KHTb aToM B M0MeHT apeMean t B cocTOSIHHH I i > , nsMeHe-

HHe BO apeMeHH KOTopoil: noJ:lqHHSieTCSI ypaBHeHHIO 

i t .!.±.!_( t ) 
a t 

.J..(E I - E ) t 
I V

1 
e ( t ) e 1i e cf, e ( t ); 

f=1,2 
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V(t} .- B3aHMoneticTBHe aTOMa C q>nIOKTYHPYIOIIlHMH nonSIMH (aanpHMep, 
➔ ➔ 

V ( t) =- µ J{ ( t ) • µ. - MaI'HHTHblit MOMeHT aTOMa, J{( t) - q>nIOKTyHpyro-

mee MaI'HHTHoe none). 

Ha (2) cne.QyeT, 'ITO aMnnHTyJla pacna.Qa aTOMa B H0KOTOpb!it MOMeHT 

apeMeHH A ( t) MO)KeT 6hITb aanHcaaa B BHne 

(3) 

_L, 
e 1 ¢, 

1 
( t) a

1 
, 

a 1 - aMnnHTy.Qa pacnana H3 cocTOSIHHSI I i > • CnenoaaTenbHO, HHTeHCHB-

• HOCTb H3ny'leHHSI B MOMeHT BpeMeHH t nocne B036y)KJ:l0HHSI J ( t) paBHa 

(4) 

rne 'lepTa O3Ha'laeT CTBTHCTH'leCKOe ycpenHeHHe no COCTOSIHHSIM CHCT0Mbl, 

IlpH Henpepb!BHOM B036y)KJl9HHH HHTeHCHBHOCTb H3ny'leHHSI paaaa: 

00 

J = const f I ( t) d t. 
0 

(5) 

Ilpe.Qnono?l(HM, Tenepb, 'ITO nonSI, BbI3bIBaromHe nepeMemHBaHHe ypoaaeit, 

nH60 OTCYTCTBYIOT, nH60 ManbI ( 0 ponH TaKHX noneii: B pa3nH'lHblX cny'laSIX 

CM,, aanpHMep, 
121 ). 8To O3Ha'laeT, 'ITO B CHCTeMe (2') HenHaroaanbHble 

• t 
'lneHhI MO)KHO oT6pocHTb, KaK cnencTBHe, ¢. ( t) = exp I - ..!... f V ( r ) d r I 

I 1i, 
0 

II . 

CnenoaaTellbHO, 

J = const I 1 
y 

I I c,1 2 1a,1 2 +2Rec,c; a, a\ 

CiJ = 
E1 - E 2 

~ 

foodte-yt -Kut,1,. (),i,.*() e .,,
1

t.,,
2

t, 
0 (6) 

Y'lHTb!BaSI, 'ITO nnSI 'IBCTOT nm>> nonaoit nrn:pHHbl ypoaaeit 

n 
Ynona. 

m -ICiJ t 
f e dCiJ = 21r8(t), 

-Om 
HeTpynao nony'lHTb: 
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nm 2n 
S = f J d <u = canst { __ m_ 

-U y 
m 

2 2 7 IC I I I a 
1
1 + 2 TT Re C 1 C; a 1 a*:z l, (7) 

I'.cte n 
• m 

MaKcnManbHaH sennqHHa pacmenneanH, ncnonbaosaaHaH B aKcne-

pnMeHTe. KaK ll cne.oosano 0>Kll.08Tb .onH Um>> umplIHbl MaKCIIM)'Ma KplIB0il:, 

S He 38BIICRT OT CB0iiCTB <jJ~IOKTynpy10meI'O II0nH, 

C .opyI'oii cTopoHhI, .onH U,,?>y110na. HHTeI'pan 

°" -y t - 1U t i 1 ) f e e m¢ (t}¢* (t)dt=---+0(-
2

• 

o 1 2 n n 
(8) 

m m 

TiosTOMY IIHTeHCllBHOCTb nsnyqeHnH 

Cu= fl m paBHa 

J (0 ) npn sHaqeHnn pacmenneHnH 
m 

J(Om)=const{-1- IIC 1 1
2 la 1 1

2 -2ReC 1 Cja 1 a~ _j_+0(-
1-)1. (9) 

y , n n 
m m 

CpaBHHBaH Me>K.OY co6oii (7) n ( 9), HeTpy.oao saMeTHTb, qTo 

S-0 [J(n )+J(-0 )] 
F = m m m 

2TTReC C* a a* 
1 2 1· 2 y. (10) 

!( n ) 
m I 1c,12 1a,l2 

I m 

Ba>KHO OTM8TIITb; qTo 0TH0!lleHne, CT0HIIIee nepe.o llllipllHOii Y B Bbrpa>KeHnli 

( 10) I HBnHeTCH II3B8CTH0ii BennqlIH0ii, Koa<jJ<jJnuneHTb! CI xapaKTepnsyIOT 

nonHpli38UII0HHOe COCT0HHne nsnyqaTenH B M0MeHT B036y>K.09HllH ll M0I'YT 

6b!Tb Hait'leHhI, ecnn ll3B8CTHbl ycn0BIIH B036y>K.cteHnH. OTHO!ll8Hlie aMIInHTY.O 

pa,cna.oa BO MH0I'IIX npaKTnqecKH B8>KHhIX cnyqagx Bb!pa>KaeTCH T0nbK0 qe

pea Koa<jJ<jJnuHeHThI Kne6!lla-fop.oaaa. KaK cne.ocTBRe, paseHCTB0 ( 10) noa

B0nHeT aaiiTII pacna.oHyIO lllliplIHY y • TaK, B cnyqae .OIIII0nbH0I'0 nepexo.oa 

Me>K.OY C0CT0HHllHMll C nonHhIMII M0M8HT8MII O II 1 IIHTep<jJepeHUllH ypoBHeii 

C m=±l IIp!IB0.OIIT K T0My, qTo 11p11 Ha6n10.oeH1III 110.0 yI'n0M gov K HanpaB

neHHIO BH8lllH8I'0 MaI'HHTH0I'0 II0nH F =-TTY (npe.ononaraeTCH, qTo aT0M B03-

6y>K.oaeTCH nHHeiiHO nonHpli30BaHHh!M CBeT0M, 118A8IOlllllM B.OOnb BHewHeI'O 

M8I'HIITH0I'0 nonH, nepB0HaqanbH0e Bblp0>K.09Hlie Me>K.OY yp0BHHMll C m = ± 1 

nm = 0 CHHT0 sneKTpaqecKHM noneM TaK, qTo Mb! M0>KeM paccMaTpHBaTb 

C0CT0HHIIH Cm=± 1 H938BllCIIMO OT C0CT0HHIIH C m=O ). 
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TaKHM o6pa30M, B Tex cnyt18SIX, KOI'.l.l.8 ywupeuue ypOBHeii Bbl3B8110 1'10.D.ynSI

uueii ux nono)KeHHSI qin10KTyupy10mHM noneM, a ywupeuueM ua-aa qimoKTynpy10mero 

B38HMO.D.eiiCTBHSI, CMeWHB8IOlUero YPOBHH, MO)KHO npeue6pe'Ib, Mb! MO)KeM OT.D.e

nHTb .o.pyr OT .o.pyra BKna.o. pacna.D.Hoii II qinIOKTyaUHOHHOll lllHpHHbl x/. TaKaSI 

CHTyaUHSI B03HHKaeT BCer.D.a, KOI'.D.8 B38HMO.D.ei1CTBHe KOMMYTHpyeT C raMHnb

TOHH8HOM, Bbl3h!B8!0lllHM pacmenneHHe ( HeO.D.HOpO.D.HOe ywupeHHe) • TTpocTei1-

lllHM npHMepoM TaKOI'O B03MylUeHHSI SIBnSieTCSI HeO.D.HOpO.D.HOCTb BHewHero no

nSI, BbI3h!B8IOlllero pacmenneuue. 0TMeTHM T8K)Ke, "ITO CK838HHOe BbIWe cnpa

Be.D.nHBO H npH uanH"IHH CMelllHB8!0IUHX nonei1, ecnu Mhl 6y.D.eM OT6Hp8Tb .D.nSJ 

H3ytJeHHSJ nepecetJeHHSJ ypoBHH, KOTOpb!e TaKOe B38HMO.D.eil:CTBHe He MO)Kel 

CMewaTb. H anpHMep, ecnH Ha CUC Te My .D.eHCTByeT nonepe"IHOe qinIOKTyHpy10-

IUee M8I'HHTHOe none, TO, BhI6upaSI YPOBHH C ~ m = 2 ' Mb! MO)KeM, B006IUe 

I'OBOpSJ, H36aBHTbCSJ OT BnHSIHHSJ 9TOI'O nonSJ (npe.D.nonaraeTCSJ, "ITO .D.pyrne 

ypoBHH npH IlOMOlllH BHelllHHX nonei1 OTO.D.BIIHyThl OT HHTepecyIOlUHX Hae ypoB

Hei1 .D.OCT8TO"IHO .D.aneKo, TaK 'ITO CMelllHBaHHeM HX C BhI6paHHOii H8MH napoi1 

YPOBHei1 MO)KHO npeHe6pe"lb). 
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xi 

PyKOnHCb nocTynuna B H3A8TenbCKHl!: OT.D.en 

31 MaSI 1971 I'OAa, 

HanH'IHe <j>moKTYHPYIOl!lero CM9IllHB810Illero non!! npHBOAHT K TOMY, 'ITO 

cf, 1 ( t) cf, Z ( t) 11aqn11aeT saanceTb oT Benn'IHHhI pacmenneHH!I w 
~K cneACTBne, nocne n11Terp0poBaHnS1 J ( w) no dw nHTerpan 

-bme_iw, cf, 1 (t) cf,~ (t)dt 11e CBOAHTC!I K 8(t), TaK 'ITO nnomaAb 

noA KPHBOl!: J ( Cu ) 38BHCHT OT Benn'IHllbl qin10KTyaunl!:. 8To n nOH!ITHO, 

T,K, nepeMelllnBaHne ypOBHel!: npHBOAHT K H3M8119Hll!O yrnOBOI'O pacnpe.D.e

ne11n!I. 
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