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§ 1. nycTb HeKOTOpaSI KBaHTOB8SI CIICTeMa /aTOM, SI,llpO, "aneMeHTapHaSI" 

qacTIIua/ Mo:>KeT Haxo.uIITbCSI B LlByx 6nII3KIIX aHepreTIIqecKIIX cocToSIHIISix Et II £2 

KOT0phrM cooTBeTcTByroT qacToThI W1 == £,/-/; II lU.z.;:: £2. //; . 3To 3HaqIIT, 

qTo ee BOJlHOBaSI ¢YHKUIISI IIMeeT BIILl 

l- w,. t 
(lz "\/1, t t /1 / 

r Ll e '\//1. II ~ - .B0JlH0Bbie ¢YHKUIIII, COOTBeTCTByrou.rne K8:>K]lOMy II3 paccMaTpII-

BaeMbIX COCTOSIHIIti, a Koa¢¢IIuIIeHTb! a...t, onpe.uengroTcSI xapaKTepoM npo-

uecca, npIIBe.uwero K o6pasoBaHIIIO cIIcTeMhI. B cIIny p'aanIIqIISJ qacToT • w.:t II wt. 
COCTOSIHIIe /1 I He SIBJlSieTCSI CT8UIIOHapHbIM; 

¢YHKUIISI nepIIO,llIIqecKII II3MeHSieT CBOll BIILl OT 

at '¥11. + 

C TeqeHIIeM BpeMeHII BOJlH0BaSI 

(l,t Yt 
~ Xi \/!et~/t+ /aJ,/~ 

Ll0 

"'V X,:: C/2. 'lf/i «i '¥'~ 

\I/ c,J./2 I (X,J, I 2.· 
I 

t + 

/1' / 

/ 1 "/ 

npIIqeM nepexo.u OT /1'/ K II"/ II 3aTeM CHOBa K 11'1 npoIICX0,llIIT C qacTOTOli 

"6IIeHIIfi" 

/2/ 

OnIIChIBaeMaSI CIITY8UIISI aHanorIIqHa Toil, KOTopag IIMeeT MeCTO npII ·o6pa30BaHIIII 

HettTpaJlbHblX K-Me30HOB: ¢YHKUIIII "t'i II 

uaM, ~ II ~ - K':-II ff4-·Me3oHaM; 

30H8M CBSl38H C pa3JIIIqIIeM Ma CC e O - II i 
5( LJ{mcz) 
. -J; 

AHanorIISI CT8H0BIITCSI eu.re 6onee IlOJlHOfi, 

0 0 ·eo 
~ CO0TBeTCTByIOT - II -qacTII-

.., 0 i. ..i. ...... 
nepexo.u OT fl -MeaoHoB K /<-" -Me-

e; ,- qaCTIIU II Ilp0IICXOLlIIT C qacTOTOll 

ecnII paccMaTpIIBaeMOe COCTOSIHIIe MO:>KeT 

nepexoaIITb B :3HepreTIIqecKH 6onee HH3Koe, KOTopoe anSI npocTOThI npe.unonaraeTcSI 

Hepacu.renneHIIeM lcM. pIIc.1/. ,llnSI onpe.ueneHHOCTII MbI 6y.ueM cquTaTb, qTo npu 
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paccMaTpITBaeMOM rrepexone ITsnyqaeTcH y irnaHT IITnIT ¢OTOH I, XOTH . 60J1hWaH 

qacTh rrocnenyIOIUITX BbIBODOB OTHOCITTCH K rrepexonaM n106oro TITIIa. 

EcnIT aHeprITIO HITIBHero ypOBHH yCJlOBHO rronOIBITTh paBHOI HyJlIO, TO IT3nyqae

MOe &JleKTpOMarHITTHOe none OIIITChlBaeTCH ¢yHKUITel 

A= 
A /) i(W, i + if,_ ) 

1 {, . + )\2 -e 
t,, ( Wz t + &z ) 

/3/ 

rne aMrrJJITTYAhI . A :t- IT A.t IT ¢a3hI J :J. IT s:L 38BITC HT OT Ben ITq lfH a,.t H a z' 
OT THIIa rrepexona H OT yrna, rron KoTOpbIM Ha6nIOnaeTcH BbineT ¢oToHa /yron 

:OTCqHTbIBaeTCH OT KaKoro-nIT6o HaIIpaBJleHHH, CBH38HHOro C rrpoueccoM o6pa3oBaHHH 

BOa6y}KneHHOPO COCTOHHITH, HaIIpHMep, - OT HarrpaBJteHITH ABITIBeHHH qacTITU, Bb!3hIBa

.!01UHX stnepHyIO peaKuITIOI. 

BepOHTHOCTb perucTpauHici ¢oTOHa 

P =IA ( == A> A: + 2 A A,. G.d9 t + J ) ' 141 

rne Q = wt-w~' J = J1. - d'a. • 4neH 21/ i 11:i {o5 (S? t + cJ) 
COOTBeTCTByeT TOMY, qTO Ha H3b!Ke TeOpHIT KOne6aHITit Ha3hIBaeTCH "6ueHITHMIT". npu 

ycpenHeHl!IT IIO BpeMeHll 9TOT ~JleH oqeBHAHO Bhma.aaeT; JlJlH ero Ha6.1110neHHH He

o6xonHMO HMeTb MaJlOITHepuHOHHbll perncTpITpY!OIUHI IIpIT6op, BpeMH ycTaHOBJleHJrn 
xi 

KOTOporo M8JlO no cpaBHeHHIO C rrepHOJlOM "6HeHITR". 

x I vJ3 cooTHowemrn HeorrpeneneHHOCTH cnenyeT, qTo aHepreTH.qecKaH pa3pewaIO-

mast crroco6HocTh TaKoro rrpu6opa LI E >> lj 52 
T.e. OH He B cocTOHHHH oTnaqHTh ¢oToH c aHepraeit f :J. OT ¢oToHa c aHep

rlfel f 2 • C npyro\ cTopOHhI, nnH ¢oToHa c qacToTol W:,. BepoHTHOCTh ua-

6nIOneHHH paBHa A 4. , nnst ¢oToua c qacToTol W.2, - A: . noaToMy, ecnu 
perlfCTpllpyIOIUHH rrpu6op B COCTOHHITH onpenenHTb aHeprIIIO ¢oTopa c Heo6xon1:1-

MOH ToqHOCThIO, TO BepoHTHOCTh per11cTpauITIT ¢oToHa paBHa A :I. + A ,t~• 

3To He npOTHBopeqITT COOTHOWeHITIO /4 /, IIOCKOJlhKY B paccMaTpHBaeMblX ycno

~HHX rrpu6op HeMHHyeMo no.ruKeH o6nanaTb 60JlhWH.M BpeMeueM ycTaHOBJleHITH, 
qTo IIpIIBO.llHT K ITcqe3uoBeHHIO HHTep¢epenuITOHHOro qJieHa. 

..... 
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BpeMSi t B Bblpam:eHHII /4 / OTC'!HTbIBaeTCSi OT MOMeHTa o6pa30B8HH8 Boa6y)I{.;.. 

neHHOf'O COCT05IHH5I. noaToMy, Ll1Ul cpaKTH'!eCKOf'O Ha6nroneHH5I "6HeHHM" Heo6XOLlHMO 

KaK JIH6o "npHB838TbC8'" K 9TOMY MOMeHTy. EcJIII pe'!b HLleT O Boa6ym:neHIIH aToMa 

HMnyJibCHb!M ny'IKOM aneKT!)OHOB HJIH cpOTOHOB, TO MO)l{HO "npHB838TbC8" K MOMe11-

TaM npOXO)l{LleHHSI HMnyJihCOB; ecJIH pe'lb Hi:teT O stnepHOM peaKuHH, TO MO)l{HO HCCne

LlOBaTb aana3LlbIBarouure COBnaneHHSi Me)l{ny nepBH'!Hb!MH '!8CTHU8MH II CBSI38HHblMH 

C HlIMlI BTOpH'IHbIMH cpOTOHaMH; MeTOLlHKy aana3LlblB8IOUIHX COBnaneHHii MO)l{HO 

HCnOJib30BaTb H B cJiy'!ae ,nByx nocnenoBaTeJibllblX 

cxeMe pHc, 2. 

-f -nepexonoB, HLlYUIHX no 

nplI ycpe,n11e11HII no BCeM yrnaM HHTepcpepeHUHOHHbIH '!JieH 06bI'lHO Bbma.naeT, 

noaTOMY ,!lJISi HaomoneHHSI "6HeHHM" He06XO,!llIMO TaK)l{e <pHKCIIpOBaTb yron • non 

KOTOpbIM perHCTPlIPYIDTCSi Ha61110naeMbie cpOTOHbI, a B CJiy'lae nocn e,noBaTeJibHbIX 

O -n.epexo.noB - yron Me)l{ny HanpaBneHHSiMH BbIJieTa o6oIIx cpoToHOB, CnenyeT, 

HaKOHeu, aaMeTHTb, 'ITO paccMaTpIIBaeMbie '~6HeHH8" 11a6J110,na:EOTCSI _TOJibKO npII 

pacmenneHIIH Bepx11ero ypoBHSI 11 He Ha6n10na10Tcst npII pacurennemrn HH)l{Hero 

/pHc, 3/. B 9TOM cnyqae K0He'!11oe cocTOSiHIIe onHChlBaeTcst cynepnoaHuHefi bByx 
I II 

OpTOf'C!-I aJibHbIX cpyHKUIIM f II ~ , npII IIHTerpaUIIH no KOTOpbIM IIHTepcpepe11uIIoH-

Hbiti '!JieH BbmanaeT. 

Ec1111 Bepx1111fi 

IOUIHX, TO 

rne 

ypoBeuh pacurenneH 11e 11a .nBe, a Ha - 6onhur ee '!IIcno cocTaBn8-

e-i_ (w~t ·+ cf,<) 
A := ~ A K J 13' I 

+ 2I [ A" Ae {oJ {QKe i + 
H:::f:. t 

TaKHM o6pa30M II B 9TOM CJiyqae Ha6nronaIOTC8 "6IIe1111st" HeCKOJibKO 6onee CJIO)l{HOii 

xi 
CTpyI{TypbI 

xi 
LJaCTHbIM CJiy'laeM 9THx·"6HeHIIii:" SiBnsteTCSI o6bI '!HbIH 9KCnOH8HUH8JlbllbI!f pacnan, 

KOTOpbIH MO)l{HO C'!HT8Tb peayJibTaTOM 6IIeHHH Me)!{ LlY pa3JIII'!Hb!M H q 9CTOTaMH, 

COOTB8TCTByIOUIHMH 8CT8CTB8HHOii ill IIpHHe ypoBHSI. 
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CoOTHOW9HlHI /3 / l{ /4 / OTHOCSITCSI K SIBneHHSIMt npoTeKa!OIUHM B H9KOTopolf 

q:>HKCUpOBaHHOtt TO'IK9 npocTpaHCT Ba. EcnH HHTep ecoBaTbCSI ll Ll pyrllMH TO'IKaMll npo-

CTpaHCTBa, TO BM9CTO /3/ cnenyeT aanucaTb 

A ~ A ~ e ' r w. l - II, X+ ~ > If 2. e i. fwz -I: - J,(2. x + dz. ) 
I /3" I 

a BM9CTO /4/ 

p= 
.e .t 

A1 + A.i + 

-
2A,A2 Cos (SU-XX+ J)} /4" / 

rne ")I H'1.- Ki. . 

via /4" I cnenyeT, 'ITO, llOMllMO Bp9M9HHbI:X "oll9Hlltt"' MO)KHO TaK)Ke f'OBOpHTb 0 

"'6HeHllSIX"' npocTpaHCTBeHHbIX, npll'19M o6a Tuna "6ueHutt" H90TnenUMbI OLllfH OT 

npyroro. 

§ 2. CooTHoweHUSI /4/, /4'/ u /4" I MOryT paccMaTpUB8TbCSI KaK OCHOBa 

aKcnepuMeHTanhHOro MeTona, noaBonsiromero onpenenHTh xapaKTep pacmenneHuSI 

/ nyoneT, TpllnneT ll T.n. / ll pacCTOSIHUSI M9)KLlY cocenHUMH ypOBHSIMH. rpaHHUhl 

npUM9HHMOCTll onpenenSIIOTCSI npe)Kne Bcero B03MO)KHOCTSIMH COBpeMeHHOtt panuo

T9XHHKll. B HaCTOSIIUee BpeMSI BnonHe B03MO)KHa perucTpauHSI aanaanbIBa!OIUHX COB-

-e 
naneHHtt npll BpeMeHaX ~ 10 ceK, 'ITO COOTB9TCTByeT "6ueHHSIM" C 'laCTOTOtt 

a L.. e -1 - J\ 
JC. "" l O ceK /npocTpaHcT BeHHhIM nepHonaM ,./ l c..,-) 10 cM / u ~rn epreTHt1ecKHM 

paCIU enn 9HllSIM 

L1 £ ,!;: 10-S SB. 

BTopasi rpaHuua onpenensieTcSI aHepreTH'leCKott wupuHott nepexona, nocKOnbKY nnsi 

Haonl0Ll9HHSI _'19TKllX "6ueHHii" paccTOSIHHe M9)KLlY ypOBHS!Mll non)KHO npeBOCXOLlHTb 

HX WHpHHy. noMHMO ecTeCTB9HHOli WHpHHbI anecb cnenyeT npHHHMaTb BO BHHMa

HH9 H H9KOT0pbl9 npyrue HCTO'IHHKH ywllp9HHH. CymecTB9HHO, onHaKo, llOU'19pK

HYTb, 'ITO .a.onnnepOBCKOe TennoBoe. ywupeHlle He llrpaeT HllKaKott ponu, llOCKOJibKY 

Bee paccMaTpUBa9MbI9 'laCTOTbl CMemaIOTCSI 0.0.llHaKOBO H 'laCTOTa "6H9Hllfi" He ua- -

MeHSl9TCSI. 

ManocTb no.a.naromHxcsi HaonroneHHIO pacmenneHntt H O)KH.a.aeMasi 6onbwasi 

TO'IHOCTb ll3MepeHHA ll03BOJISIIOT HaneSITbCSI, 'ITO OllllCbIB89Mb!:l1 MeTOLl MO)KHO 6yueT, B 

I 
'j 

r·; 
-: 
1l p 
d 
'l 
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'laCTHOCTH, npnMeHSITb ..Z:l,TISI aHannaa pacmenneHntl:, -B08HHKaIOll.{HX nplt Hano)KeHHH 

BHellIHHX nonetl:. TaK, HanpHMep, a MarHHTHOM none H V""' 104 
raycc st.oepHbie 

ypo1:11rn pacmennstIOTCSI Ha BeJIH'lirny L1 f e,,,10-8 
aB, HaXOJJ.Slll.{YIOCSI BHYTPH o6nacTH 

npHMeHHMOCTH MeToaa. CneuyeT OTMeTHTh, 'ITO HMeHHO JJ.lISI aeeMaHOBCKOf'O _pac-

menneHHSI SIJJ,epHblX ypoBHetl: BpeMeHHbie _ "6HeHHst" '( -KBaHTOB cpaKTH'leCKH y)Ke 

Ha6JI IOJJ,alIHCh, XOTSI SIBJleHHe on He bIBaJI0Cb Ha JJ.PYPOM_ sta bIKe. Hcnon1:,ayromeM nony

Knaccn qecKOe npeucTaBneHHe o napMopoBcKoil: npeueccHH cnHHa Boa6y)KJJ.eHaoro co-

CTOSIHHSI. Peq1:, HJJ,eT 0 

/cM,,HanpHMep, [1) I. 

BJlliSIHlili Mar HHTHOT'O nonst Ha Yf'lIOBbie O O -Koppenstunu 

npli H3Jiy'leHHH nepBOf'O 0 -KBaHTa SlJJ. po noJIHplI3YeTcS1, 

BCJieJJ.CTBHB qero BTopoil: 0 -KBaHT, HcnycKaeMb!il: nonHpli30BaHHbIM SIJJ.p0M, HMeeT 

aaHa0_Tponaoe yrnoaoe pacnpeueneane. Och cHMMeTpHH yKaaaaaoro yrnoaoro pac

npeueneHHSI "npn:BH3aHa", K0He'l:ao, _K aanpaaneanro nonstpnaaunn npoMe)KyT0'l:Horo 
. ' 

C0CTOSlHHSl SlJJ,pa. ao BJ:lellIHeM Maf'HHTH0M none CnHH stapa COBepwaeT napMOpoB

CKYIO npeueccnro, a c HHM "npeueccnpyeT" n yrnoaoe pacnp_eueneHne. noaToMy 

npH (pHKCHpOBaHHOM HanpaaneHHH BepoSITHOCTb Ha6nroaeHHS1 BTOpH'IHOf'O O -KBaHTa 

SlBJISleTcSl nepHOJJ.H'leCKOil: cpyHKUHeil: BpeMeHH. 

nocKOJibKY 'laCT0Ta napMOpOBCKOil: npeueccnn COBnauaeT c·'laCTOTOil: 6HeHHtl: 

Q , Mb! HMeeM, oqeBHJJ.HO, ueno C JJ.BYMSl coBepweHHO 8KBHBa1IeHTHblM H nouxo
x/ 

aaMH K OJJ.HOMY H TOMY )Ke SIBJieHHIO • .HabIK "6neHHil:,, Ka)KeTcSI HaM_ 6onee npeu-

'no'ITHTeJibHbIM. B cnny CB0etl: o5mHOCTH; OH OXBaTbIBaeT Bee THnbI _"'6neHntl:," B TOM 

qncne H TaKne, KOTOpb!e He HMeIOT HHKaKOf'O OTHOllieHHSI K napMopoBCKotl: npeuec-

CHH 

xi 

xx/ 

xx/ C o6meil: TO'IKH. apeHliSI o6ner.qaeTcst TaK)Ke ycTaHoaneHne paa.TIH'l:Horo poua 

BTopotl: THnH'IHbltl: npnMep Ha6nroueHHS1"'6neHHil:"·casiaaH C H3BeCTHbIM MeTOJJ,OM 
onpeaeneHHSl f'lipOMaf'HHTHOf'O OTHOllieHHSl ./1'1 -Me30Ha no Ha6_JIIOJJ,eHHIO napMo
poBCKOtl: npeueccnn yrnoaoro ,PaqnpeueneHHSI aneKTPOH0B, o6paayromnxcst npH 
ero pacnaue lcM.,HanpnMep, L2J/. 

CaMO co6otl: paayMeeTcst, 'ITO B Ka)KJJ,OM. KOHKpeTHOM cnyqae M0)KH0 yKa3aTb 
caotl: cneuncpnqecKnli nepnOJJ.H'l:ecKHil: npouecc, HrpaIOmHtt ansi aaHHoro cnyqasi 
pOJib napM0pOBCKOtl: npeueccnn. vfHbIMH CJI0BaMH, B Ka)K]lOM KOHKpeTHOM cny
'lae cymecT ayeT cooTBeTc TBY romnil qacTH btii nonyKnaccnqecK Ht!: cnoco6 onnca
HHSI SlBJJeHHSI, 8KBHBaneHTHbili o5meMy noaxouy, paccMaTpHBaromeMy KBaHT0Bo
MexaHH'leCKHe "6HeHHSl". 
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CBst3eii Ii auanorHii. Hlillie yKa38Hbl HeKOTOpbie 8KcnepHMeHTbl no Ha0JIIO,UeHHIO 

"6neHitii" t ocymecTBJieHite KOTOpblX KallieTCSl none3HblM Ii B03MOlliHbIM. 

1. 0 0 - COBna.aem1st .UJlSl r'83006pa3HblX liCTO'IHliKOB B CJiyqae, Kor.ua 

pa,!lHOaKTliBHble aTOMbl 0611a.aa10T MaI'HliTHblM MOMeHTOM. "BlieHHSl" CBS138Hbl C 

3eeMaHOBCKliM pacmenneHHeM ·npoMelliyTO'IHOI'O COCTOSlHliSl sinpa B M8I'HliTHOM 

n 8 -1 
none aTOMHOii O0OJIO'IKH. OmunaeMaSl 'IaCTOTa .)[ l/) 10 ceK ; TO'IHOe ee li3Me-

peHHe no3BOJlliJ10 Obi onpe.aenstTb BeJIH'IliHbl I'lipOM8I'HliTHb!X OTHOWeHHii B036ymneH

HblX Sl,!lep. 

2. B OilTliK9 YllO0HO HCnOJib30BaTb npepbIBHCTOe B036y_m:neHHe HccnenyeMb!X 

aTOMOB C noMOIUbIO MonynHpOB8HHOI'0 no lIHT9HCHBH0CTli nyqKa 9J19KTpOH0B, 003-

6y,K.aa10mero CB9T8 lI To.!l ■ 

Hb19 

B HHTeHCUBHOCTli H3Jiy'IaeMOI'O cBeTa U0!I)K:Hbl npostBUTbCSl "6nemu1"' CBst3aH

co CB9pXTOHKliM pacmenneHH9M ypOBHeii B036ym:neHHoro aTOMa 12<./)108
ceK -~. 

npu Hanom:eHHH BH9WH9I'0 nonst /aneKTPH'IeCKOI'O nu6o M8I'HHTHOI'OI Il0SIBJISIIOTCSI 

"611eHHSI" aa C'IeT WTapK0BCKOI'0 Jlli0O aeeMaHOBCKOI'0 pacmennemrn. Heo6xonu

Mbl9 nonst oKa3bIBaIOTcst ManbIMH / H (../110 raycc/, a Me'.ron Ha6moneHHSI Kam:eTcst 

CB9TOCHJ1bHbIM. 

3. n pH HaJIH'IHH C0BpeMeHHb!X qx>TOyMHO)K:HTeneii, perHCTpupy:omux co cpa BHH

Te.TlbHO BbICOKOii acpcpeKTHBHOCTblO OT.[leJibHb!e KBaHTbl BlI!lHM0I'O CBeTa, K8)K9TCSI 

peanbHb!M npoaeneHHe Oilb!TOB no HccnenoBaHHIO O0bl'IHb!X H aanaanbIB8!0IUHX coB-

naneHHii Mem:ny nocne.uoaaTenbH0 nany<IaeMbIMH cpoToHaMH /aHanor:u<IHo 'l[ ?f-coB

na.ueHHSIM I. npH Hanom:eHHH BH9WHero nonst B03HHK8IOT "6HeHHst" t Il03BOJISIIOIUH9 

l{CCJ19.[l0B8Tb aeeMaHOBCKOe H W Tap Ko BCK09 pacmenneHHe npoMem:yTO'IH0I'O aTOM-

x/ 
HOI'0 ypOBHSI • 

4. B H9KOTOpbIX H3 onncaHHb!X 0ilbITOB B03Mcim:Ho ,no-BH!llIMOMY, Ha6n10ne

une If npoc:TpaHCTB9HHbIX. "6H9Hlttl" • 

"§ 3. Bbillle ym:e OTM9'I8.T10Cb, 'ITO .UJISI Ha6n10.ueHHSI IrnTepcpepeHUHH Memny 

.llByMSI pacmenneHHbIMH ypOBHSIMH H900XO!llIMa "npHBSI3Ka" K MOM9HTY o6paaoBaHHSI 

xi 
6e3 H8Jl0)K9HlISI BH9WHero nonSI H3 Onb!TOB TaKoro pona MO)K:HO H3BJ19'Ib 

cBeneHHSI o HaJIH'IHH HIIH oTcyTCTBHH reHeTH'IecKoii. cBst3H Mem:.uy paccMaTpH

BaeMbIMH cpc>TOHaMH, o nopstnKe cnenoBaHHSI nepexonoB, o BpeMeun m:H3HH 

H cBepXT0HKOii cTpyKType npoMem:yTO'IHOI'0 co CTOSIHHSI. 

·" ~ 
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B030Y)K..Q8HHOI'O COCTOSIHIHI. CxaaaHHOe cnenyeT li3 Toro, 'ITO npM ycpenHeHMM 

"5MeHMti" no BpeMeHM MHTepcpepeHUMOHHbifi qneH B Bbipa)KeHMM /4/ BbmanaeT. 

CnenyeT, onHaKo, MMeTb B BMLCY, 'ITO cpopMyna /4/ aanucaHa nnsi cnrrnsi, xorna 

9HepreTH'!ecxoe pacmenneHHe MHOI'O 5onbille ecTeCTBeHHOti illHPHHbI ypOBHSI. B npo

THBHOM 

J /4 
117 

rne ~ - BepOSITHOCTb nepexona H3 BepxHero COCTOSIHMSI B HH)KHee B enHHHUY 

BpeMeHH. YcpenHeHHe no BpeMeHM He· npHBOL{HT Tenepb K nonHOMy HC'Ie3HOBeHH!O 

HHTepcpepeHUHH, 'ITO noaBonsieT OQOii:THCb 5ea "npHBSI3KH 11 K MOMeHTy B03HHKHOBe-

HHS! B030y)KneHHOI'O COCTOSIHHSI. nocne ycpenHeHHSI no BpeMeHl? nonyqaeM 

-P= 
.2 2 A CoJ d - --X Im J 

A1+A.i+2A1 2·1+ 322/;t.e 
npH g /;t_ - 0<> 

naeT. B oopaTHOM npenenbHOM cnyqae nonyqaeM 

li= 11: +A; +2AtA.i ~rJ, 
'ITO COBnanaeT c /4/ npH ycnoBHH oTcyTcTBHSI "5HeHHii:" IQ = Of. 

©opMyna /5/ onHCbIBaeT TaKHe SIBneHHSI K8K BnHSIHHe MarHMTHOI'O nonsi Ha 

yrnoBoe pacnpeneneHHe Yo -coananeHI-1ii: npH ycnoBHH, 'ITO paapeillaIDmee 

BpeMSI cxeMbI COBnaneHHfi 6on1:,we BpeMeHH )KH3HH npoMe)KyTO'IHOI'O COCTOSIHHSI 

/5/ 

xi 
sinpa • AHaJIOI'H'IHb!e npHMeHeHMst B03M0)KHbI, KOHe'IHO, li B onTMKe npu HBOJI!O.lle-

HUI-1 COBnaneHHH Me)Kny nocn enoBaTeJibHO McnycxaeM bIMli cpOTOHaMM. K 9TOfi )!(e 

KaTeropMM OTHOCMTCSI I-I BJIMSIHHe BH9WHero nonsi Ha yrnoBoe pacnpeneneHue peao-

xi 
Ecnu paape1I1aIDmee BpeMSI cxeMbI coBnaneHMti r:- ½. l V> ;t, To cpopMyna /5/ 
3aMeHSieTCSI npyroti, HeCKOJibKO 5onee CJIO)KHofi. CoBnaneHMSI MCnOJib3Y!OTCSI 

B naHHOM cnyt:tae He L{JISI npMBSI3Kli K MOMeHTy o5paaoBaHMSI npoMe)KyTO'IHOI'O 

ypOBHSI sinpa, a nnst BbI..QeJieHMSI O -xBaHTOB cpMKCMpoBaHHOI'O HanpaBJieHifH. 
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xi 
·HaHCffO __ p~_c:cestHHOro caeTa , ecnR cneK_TpanbHast wRpRHa B03oy)K.aarowero caeTa 

npeBOCXO.llliT ecT0CTB0HHYIO WlipRHY paccMaT-pilBaeMoro-nepexoaa .... Y:KaaaHH.Q0 SIB1Je

ffl{8 Ka)KeTCSl SKCnepRMeHT81lbHO nerxo H8OJlIO.ll88MblM. BMecTe C TeM, HaCKOJlb

KO HaM H3BeCTHOt OHO no.apooHO He Hcc11e.aoaa11och, XOTSI BnOJlHe aHa1tor1Prnoe 

C paccMaTpHBaeMoil ToqKI{ apeHHSl SlBJleHHe .aenonstpH38UHH pe3OH8HCHOro H3JlyqeHHSl 

no.a .aeilcTBHeM BHewHHX no11e8 06c11e.aoaaHo aechMa no.apo6Ho. 

§ .4. "BReHHst", KaK H3BeCTHO, TeCHO CBSl38HbI C MO.llYJlSIUHeil rapMOHHqecKHX 

Konee5aHHil. no cymecTBy, MbI CT8JlKHB88MCSl 3.ll8Ch C .llBYMSI CTOpOHaMH O.llHOro H 

Toro )Ke npouecca. npl'- aMnJlHTY.llHOil M o.ayJlSIUHH SJleKTpOMarHHTHOe non~ 

A= AO ( i + a~)/ i) l'w-t 
/6/ 

MO)KeT OblTh -raxme npe.acTaaneHo B an.ae 

Au tLf i(w-~ Jt A='Aoe iW~ tie i{WH)i z ' /6' I 

BennqHHa a H83bIB88TCSl r1tyOHH08 aMnJlHTY.llHOA MO.llYJlSIUHiio ,llanee Hae oy .aeT 

oco6eHHO HHTepecoBaTb T8K H83bIBaeMaSI qacTHaH MO.llYJlSIUHH, npH KOTOpoil qacToTa 

H3M8HHeTCSI BO apeM8HH no 38KOHY 

w( 1 + 1 Cc~ Yt), w(<f) 
/7 / 

r.a.e J. - r11y61rna 'l8CTOTHOit Mo.aynstUHH. 

3neKTpOMarHHTH08 Yf118 

. . i J L4) ('I:'} d'l:' i(wt + ~ in,.yt} 
A =Ao e q A ·e 

0 

/8/ 

MO:>K8T ObITh B 9TOM cnyqae npe.acTaB118HO B BH.lle 

xi 
3xcnepHM8HT81JhHOe HCCJl8.llOBaHH8 SToro BJlHSIHHSl noaaongeT onpe.aenHTh 

aennquay ~ / it , T.e. stBnsteTcst y.ao6HbIM MeTo.aoM · .HaMepeHHst apeM ean mn3HH 

aTOMHbIX ypOBHeil •. B OTCYTCTBHH BH0WHero no11g· BH.ll yrnoaoro pacnpe.aeneHHH 

38BHCHT OT nonaoro cnHHa pacceHB8IOW8tt CHCT0Mbit 'ITO MO:>KeT ObITh ncnonb-

3OB8HO .llJlSl onpe.a·eneHHSl cnHHa si.apa H HCCJl0.llOBaHHSI CBepXTOHKOtt CTpyKTypbI 

aToMa. YxaaaHHbie BO3MO:>KHOCTH anonae aaanornqH.bI TeM; KOTOpbie qiaKTnqecxn 

HCilOJlh3YIOTCSl npH H8OJlIO.ll0HHH nonstpH3aUHH pe3OH8HCHoro l'i3JlyqeHHSI H ero 

.aenOJlSlpH38.UHH no.a .ae8cTBH0M BH0WHHX nonett. 

j 
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/8' / 

CywecTBeHHO 3SM9THTb, 'iT0 apryMeHTOM 6ecceneBblX cpyHKUHtt SIBJlSleTCSI B9JlH'iHHa 

wfJ. 
i • OTCIO..(lS cneayeT, 'iT0 aMnJlHTY..!lhl 6oKOBhlX 'iSCT0T MOt"YT 6b!Tb 6onb-

WHMH ..Qa)Ke npH HH'iTO)KHOtt rny6HHe MOL1YJ1HUHH t ecJlH TOJlbKO OTHOW9HH8 

..(lOCTaT0'iHO B9JlHKO. l1MeHHO 8TO o6cTOHTeJlbC'l'BO SIBJlHeTCSI C pacMaTpHBae

HH)Ke TO'IKH 3peHHSI HaH60nee ueHHblM csoilcTBOM 'iSCTOTHOtt MO..QYJlSlUHH. 

· r3 47 
npeanOJlO)KHM, 'iTO C nOMOIUblO MeTO..(lHKH "oxJla)K..QeHHhlX KpHCTannoa* t:. 'J 

rrpOH3BO.llHTCSl aa6n10neaHe pe30HSHCHOI'O nOI'JlOIU9HHSI "(. -nyqett~ npeanoJlO)KHM 

.aanee, 'IT0 c nOMOIUblO Maf'HHTHOI'O nonSl /nH6o KaKHM-HH6y L1b erue cnoco6oM /. 

aHepreTH'l8CKH9 ypoBHH nornoTHTeJlSl /nH60 H3Jly'iaTeJIS1/ CMerueHhl HJlH pacruen-

nenhl. Pe30HSHCHoe nornorueaHe npH 8TOM HCtteaaeT. OHO MO)K8T 6b1Tb BOCCTaH0B

neao nyTeM ttaCT0THOtt MO.llYJlSlUHH, ecnH ttaCTOTa MoaynstUHH coBnanaeT C eenHttH

aott -cMerueanst /pacruenneHnst/ nnH MeHbWe ee B uenoe 'iHcno paa. CKaaaaHoe 

M0)KeT 6hlTb HCn0Jlb30B8HO L1JlS1 8KcnepHM8HT8JlbHOI'O onpeaeneHHSl I'HpOMSI'HHT-

HblX OTH0W8HHtt Sl,llep H B npyrHX aaanorH'iHhlX uenstx. 

Jlnst cpaKTH'ieCKOI'O ocyrueCTBJ18HHSl ttaCTOTHOil MonynstuHH B H8KOTOpbIX cny

ttastx MO)KH0, no-BH,llIIM0MY, HCnOJlb30B8Tb YJlbTpaasyKOBbie Kone6aHHS1 HCTO'IHHKa 

/11H60 {IOI'1IOTHTe11S1/ o' - ny'ieit, np1rnonSIIUHe K nepHO,llH'leCKOMY H3MeHeHHIO 

pacCTOS1HHS1 Me)Kny HCT0'iHHK0M H nornoTHTeTleM. ¢>H3H'i9C°KOtt npH'IHHOtt '18CTOT-

x/ 
HOli MOL1YJlS1UHH S1BJl51eTCS1 npH 8T0M acpcpeKT .[lonnnepa • Ee.nu CK0pOCTb HCTO'IHHKa 

u H3M8HS1eTCSl no 38K0HY 

u = v Co1)) t) 
To none, aocnpHHHMaeMoe aenoaBH)KHhlM nornoTqTeneM, HMeeT BH.ll /8/, npH'leM 

t1 = lf 
r c • noaToMy B /8' / B Ka'leCTBe apryMeHTa BX0,llHT BeJlH'IHHa 

wif 
~ 

H Lt.TISI aa6J1IOL18HHSI 3SM8TH0I'0 acpcpeKTa .lI0Jl)Kff0 6bITb BhID0JlHeH0 YCJlOBHe 

xi 
Mo)KHO T_8K)Ke CKS3STb , 'IT0 6oKOBble ttaCT0ThI n0SIB,TISllOTCSl B pe3yJlbT8Te 

H3MeHeHHS1 Ko11e6aTei1bHOI'O COCT0SIHHS1 HCT0'iHHKa npH H3Jly'ieHHH ){ :..KB8HTa. 

Ko11€l6J1IOIUHACst HCT0'iHHK paccMaTpHBaeTCSl npH 8T0M K8K KB8HT0Bbitt 0CUHJ1-

1IS1T0p, 9HeprHst K0TOporo KpaTHa_ BeJlH'iHHe fl"/ sj8KOBO )Ke H KBSHT0MexaHH-

tte_CK0e 06'bS1CHeHHe aMnJ1HTYL1H0tt M0L1YJlS1U_HH [ • 
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w-vv-,t 
"V C 

191, 

TaK KaK Ha6n:io.uaeMbie CMemeHHSI MOI"YT 6b!Th rropsi:.nKa ecTeCTBeHHOii: illHpHHbl 

1/ 't t r.ue t - BpeMSI )KH3HH, TO ycnoBH~ 191 MO)KeT 6b!Tb TaK)Ke 38IIHC8HO 

B BH,lle 

w '£:" lf V, t 
C 

19' I 

B KaqecTBe KOHKpeTHOI"O IIpHMepa yKa)KeM, 'ITO .nmI )( - Hany'!eHHSI lr,67 * 
. r;,- -5 ,I 5 -1 , 1C,- 15 

BpeMSI )KH3HH l, e,,,-, 10 ceK, y c.-.> 10 ceK , vV v V'> 10 H ycnoBHe 19' I 
-5 

BbIII01JHSieTCSI IIpH· v~ 10 CMlceK • 

ilpyrott cnoco6 '!8CTOTHOH Mo.uynSIUHH CBSI38H, ITO cymecTBy, C Mo.uynsi:uHeH 

caMoro rrpouecca HanytieHHSI lnH6o rrornomeHHSI I c rroMO!llbIO rrepeMeHHoro Mar

HHTHoro rronsi: [
6 ]. Hano)KeHHe rrocTOSIHHoro MarHHTHoro non si: H rrpHBO.UHT 

K li3MeHeHHIO qacTOTbl KaKott-nH6o O.UHOii: H3 aeeMaHOBCKHX KOMIIOHeHT Hanyqae-. ftH · 
MbIX f -nyqeii: Ha aenH'lHHY rropsi:,oKa T , r.ue JU - si:.uepHbIH MarHHTHbiii: 

H Co1 y t MOMeHT. noaTOMy H81JO)KeHHe rrepeMeHHO!"O M8I"HHTHOI"O rronsi: 

xi 
Bbl3bIBaeT 'laCTOTHYIO MO.UYJISIUHIO • B Bbipa)KeHHSI 171 H 181 BXO.UHT aenH'!HHa 

/l/H 

-Aw i :: 
a apryMeHT cpyHKUHH Becc ensi: B 18' I paBeH 

.JUH 
f"v 

42,1 
-y 

r.ue 2/\ - 'laCTOTa napMOpOBCKOii: rrpeueccHH rrpH 8MII1IHTY.UHOM 3Ha'leHHH 

1101 

. -J 67 :M- 1·91 
rrepeMeHHOI"O_ II01ISI. ilnSI z_n ycnOBHe THII8 BblII01IHSieTCSI B .ll8HHOM 

C,Tiy'!a e rrpH H c.---, 10-100 raycc. 

xi 
nosi:BneHH9 6oKOBbIX 'laCTOT CBH38HO B ,ll8HHOM cnyqae C TeM, 'ITO IIpH 

H3.1Iy'leHHH " -KBaHTa rrornomaeTcSI nH6o .llOII01IHHTenbHO H3lly'!aeTCSI 

HeKOTopoe KOJIH'!eCTBO KB8HTOB pa.uHo'!aCTOTHO!"O rronsi:. AHanoI"H'!Hb!e SIBne-

HHSI HMeIOT MeCTO H IIpH MO.UYJISIUHH IIpouecca IIOI"1I'OllleHHSI r -ny'leii:. 

_ __, 
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§ 5. nycTb BepxHHfi ypoBeHb H3Jiyqa10mefi CHCTeMbl pacmerrneH Ha ,qBa. IHJIH 

60.TlbWee qrrcJio/ rro,qypOBHH. llpe.a:rroJIO)KHM TaK)Ke, qTo HMeeT MecTO HeKOTOpaH 

MO.OYJIHUHH, rrpHBO.OHLUaH K ,QOilOJIHHTeJibHOMY pacmerrneHII!O K8)K,QO!"O II3 rro.a:ypoB

Hefi /cM. prrc. 41. Tor.a:a rrpII ycpe.a:HeHHII no BpeMeHH, He3aBIICHMO OT qacTOTb! 

MO.OYJIHUHH ~ • Ha61110.a:aeMaSI IIHTeHCHBHOCTb H3JiyqeHHH 6y,qeT pamia CYMMe 

HHTeHCHBHOCTefi, OTHOCHLUHXCH KO BCeM ypOBHHM. I-1CKJIIOqeHH:eM HBJIH!OTCH TaKHe 

qacTOTbl MO.OYJIHUIIH, nprr KOTOpb!X HeKOTOpb!e H3 ypoBHefi COBna.a:aIOT .a:pyr C .a:py-
n 1 /2// I /J 

!'OM, HanprrMep, "" COBna.a:aeT C {7 JIII6o a COBna.a:aeT C O II O.QHOBpeMeH-
/J If 

HO O COBrra.a:aeT c Ci . YKa3aHHOe noJIO)KeHrre ,QOCTHraeTCH nprr Bb!IlO.TIHeHIIH 

oqeBH.QHOI"O paBeHCTBa. 

r.a:e 2 - paCCTOHHHe Me)K,qy HaqaJibHb!MII ypOBHHMH 

B qacToTax, a N - 11106oe uenoe qrrcno. 

/11 / 

• Bbipa)KeHHOe 

EcJIII paBeHCTBO /11 / Bb!IlOJIHeHo, TO HMeIOTCH COBna.a:a10mne ypoBHH, ,QJIH 

KOTOpb!X cne.a:yeT CKJI8,Qb!B8Tb He IIHTeHCHBHOCTII, a aMnJIIIJ'Y.ObI. 3TO npIIBO,QllT. 

K HHTepcpepeHUIIOHHOMY CKaqKy IIHTeHCII BHOCTH, IIcqe3aromeMy npn .O:MbHefiweM 

H3MeHeHHH )) • BenrrqrrHa CKaqKa MO)KeT 6h!Tb KaK noJIO)KIITeJibHOfi, TaK H 

OTprruaTeJibHOH B 38BHCHMOCTII OT Toro, B KaKofi MOMeHT BpeMeHH o6pa30BaJIOCb 

B036y)K,qeHHOe COCTOHHIIe. nprr COOTBeTCTBYIOLUeM ycpe,qHeHHH HH'repcpepeHuIIoH

Hblll qJieH Bbma.a:aeT, rr ,QJIH Ha6nro.a:eHIIH llHTepcp~peHUifH Heo6xo.a:HMO ocymecTBIITb 
'-. 

"npHB513KY" cpa3bl MO.llYlIHUIIII K MOMeHry o6pa30BaHIIH B036y)K,qeHHOI"O COCTOSIHHSI. 

KpoMe Toro, Heo6xo.a:IIMO, KaK o6bJqHO, C!)HKCHpOBaTb HanpaBJieH:ue Ha6.1110.a:eHHH 

¥ - KBaHTOB la .QJISI 'y O -nepexo,qOB - HanpaBJieHHSI o6orrx '( -KBaHTOBI, 

TaK KaK npII ycpe.a:HeHIIH no BceM HanpaBJieHHHM llHTepcpepeHUIIOHH!:>IH qneH TdK )Ke· 

B b1Il8.0 a eT • 

,UJIH aMIIJIHTY.OHOH MO.OYJIHUIIH, KOTOpyro MO)KHO CBSI3bIBaTb C pa60TOH KaKoro

JIII60 rrpepbIBaTeJrn cBeTa, onHCbIBaeMoe SIBJieHne H:MeeT npOCTO.ii KHHeMaTrrqecKIIH 

CMb!C.Tl. B COBMeCTHOM ll3JIY'!eHIIll C ypoBHefi c:,- II 8 H:Me!OT MecTO "6IIem,rn", 

nponcxo.a:H mue c qacToTofi Q ·. npII BhmonHeHIIH ycnomisi /11 / npepbIBaTerrb 

pa6oTaeT CHHXpOHHO C "5neHHHMH" H KOJIHqecTBO npowe.a:wero CBeTa 38 BHCUT 
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xi 
OT" COOTHOWemrn cpa3 Me:>K.ay HlfMH • Ecn11 ycnoBHe /11 / He BbIIlOJIHeHo, TO Komr-

qecTBO CBeTa, npowenwero qepea npepbIBaTeJib 3a llOCTaTO'iHO OOJibWOe Bp9MSI, 

He 38BHCIIT OT qacTOTbI If cpa3hI npepbIB8HHii. 

B cnyqae qacT.OTHOii MO.llYJlSIIllfH SIM 9Hlf9 He CTOJib TpHBH8JibHO. ECJIH 093 

Moaynsu•:.r:':.(e i?:i,"t:1, C"A ~ e i ( W.i l +- d:l.) 

TO npH HaJIH'iHH qacTOTHOii MOllYJISIIlHH 

A:: A1 e i ( w, i + ~ t J,:,..,, Y t + J, ) i (w,. t rrA.1. ¥m 'tl t i2. ) 
_.L. A e 1121 
-,- .2 / 

npH'ieM, B o6meM cnyqae ~i. =/.: ~- BepOSITHOCTb OOHapy:>KeHHSI cpOTOHa 

p = / A/i. Ha OGHOBaHHH /8' / HMeeM: 

p::A/+A;-,.1A,A.t r.e [ Je (o<1)Ytn (dtJ_)(k[/e-m)Yt+S2itS~l3/. 
,m 

rne Q ~ w1 - \,\)
2 

, J = J,. - di, 

n pH ycpenHeHHH no BpeMeHH Bee qJieHbl, conep:>KaIUH9 KOCHHYChI, BOOOIU9 ro13opsi, 

Xx/ 
BbtnanatoT , T.e. HHT9HCHBHOCTb paBHa C)'"MM9 HHT9HCHBHOCTeil:. vfcKJIIO'i9HHeM SIB-

JISJ9TCSJ CJiyqaii, KOI'.1l8 BbIIlOJIHeHO COOTHOW9HHe /l l / 0 npH 9TOM yCJIQBHH 

~ ~ 1 (o1 , 'J '°' J Co.J rr e-m> y t + 52-l ·+ a J;: wJ r 1.'"'1 1l~~) LL- e 1 m .i - e e m 
vJ 3BeCTHO, 'iTO 

xi 

L 1 < °'1 J J f o(a J ·e e . e 1-N 
JN (ti., - o{:l ) . 

B 9TOM cnyqa~ npepbIBaTSJib MO:>KeT ObITb no cymecTBy 3aMeHeH C'i9T'iHKOM 

HJIH KaKHM-JilfOO .npyrHM ycTpottcTBOM, perHCTPHPYIOI..I,lHM CB9T TOJibKO B on

peneneHHbI9 MOM9HTbI BpeMSHH. MbI npHXO.llHM K nocTaHOBKe BOnpoca, np11-

MbIK8IOIUeii K conep:>KaHHIO § 2. 
xx/ . " t"'\ 3neci, npennonaraeTcsi, 'iTO qacroTbI y H.:JC BenHKH no cpaBHeHHIO c -1/,z;-

rne '(; - BpeMSI )Klf3HH pa.ccMaTpHBaeMoro ypOBHSJ. 
, 
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noaTOMY, OKOH'IBTeJJbHO nony'laeM: 
xi 

/14/ 

AHanOI"li'IHOe, HO HeCKOnbKO 6onee cnO)KHOe COOTHOUleHRe MO)KHO nony'lliTb n ilJHI 

M yn bT nnneTHoro pacmenn eH m1. 

Ecnli MonynSIUliSI npOli3BOilliTCSI C nOMOIUblO nepeMeHHOI'O MarHHTHOI'O nonsi, 

TO Ha OCHOBaHlili /10/ n /11/ HMeeM: 

,...__ ,....__ 

nony'leHHhie peaynbT8Thl MO)KHO, no-BliilliMOMy, Hcnonb3OB8Tb nnsi 9KcnepnMeH

TenbHOI"O onpeneneHHSI BeJllitJliHhl paanli'IHhlX pacwenneHH:ii y pOBHett KBaHTOBhlX 

CliCTeM. HH)Ke paCCMOTpeHbl HeKOTOpb1e E03MO)KHbie 9KcnepHMeHThI. 

1. C noMOLUblO ilBYX C'IeT'lliKOB Ha6nJOnaJOTCSI ¥"/f-coBnaneHHSI; liCTO'IHliK 

0 - ny'lett noMeLUeH B nocTOSIHHOe M8I'HliTHoe none li onHoepeMeHHO - B nepe

MeHHOe MarHHTHoe none, HanpaBneHHoe napannenhHO nocTOSIHHoMy. PerncTplipyJO

LUaSI cxeMa OT6RpaeT TOnbKO Te COBnaneHliSI. B KOTOpbIX nepBbI:ii O -KBaHT 

1 
o6paayeTCSI B MOMeHT BpeMeHH, COOTBeTcTBYIOIUH:ii onpen eneHHOtt cpaae .nepeMeH-

HOI"O nonsi. B 8THX ycnoBHSIX 'IRCno perHCTplipyeMblX COBnaneHRtt, Boo6me I'OBO

psi, He 38BliCliT OT COOTH.OWeHRSI Me)Kny Q li "'Y , liCilhITbIBaSI BMecTe C TeM 

pe3OHaCHbie "BbI6pochI" IIpli BhIIIOnHeHlili /11/. Pa3pewaJOwee BpeMSI cxeMbI.COB

naneHR:ii Mo)KeT Ilpli 8TOM HaxonRTCSI B nJ060M COOTHOUleHlili C BpeMeHeM )KR3Hli 

uay<IaeM oro nepexona. 

xi 
npn CMeweHlili MOMeHTa o6pa30B8HliSI B036y)KneHHOI"O COCTOSIHliSI Ha HeKOTOpoe 

BpeMSI T' cpaaa O li3MeHSleTCSI Ha Benli'lliHY (wJ.- wa.)T:SlT. noaToMy, yc

penHeHRe no T. npnBonnT k Rc'le3HOBeHRIO RHTepcpepeHuRoHHoro <IneHa. 

T .o. Mb! CHOBa IIpliXOilliM K BbIBOny O Heo6xonRMOCTli "npliBSl3Kli" MOMeHTa 

o6pa30B8HliSI B036y)KneHHOI"O COCTOSIHliSI IIO OTHOUleHRIO K cpaae MOilYJilipy!OIUHX 

Kone 6aH ntt. 

xx/ n .. 6 .. 
pli Monynsiunli 38 C 'leT MeXaHli~KliX Kone 8Hlili . 

o< °'- - w,; \I - I.Va. "II ::= ~ V'> ::£. c::::.::: J. 
1 - .t - ~C -v c ~ C C 

no 8TOtt npU'IRHe liHTepcpepeHUliSI npaKTli'leCKli He Ha6n10naeTcS1. 
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Cne.uyeT OTMeTllTb OTnllttlle npe.u naraeMOI"O 9KCnepllMeHTa OT 9KCnepllMeH

TOB, B KOTOpbIX nepeMeHHOe M8I"HllTHOO none oplleHTllpOB8HO nepneHLlliKYnHpHO K 

nocTOHHHOMY lcM., HanpllMep,[7,
8
] I. B nocne.uHeM cnyttae pa.unottaCTOTHOe none 

Bbl3b!Ba,eT nepeopnewraun IO cnllH OB B036y )K .ueHH b!X Ha ep, Uplltt eM B pesyrr bTaTe 

9TOI"O npouecca ll3MeHHeTCSI COCTOHHlle C8MOI"O nonSI - npOllCXO.llllT nornomeHlle 

9Hepr1rn, xapaKTepHOe anH HaepHOI"O M8I"HllTHOI"O pe30H8HC8. C .upyroii CTOpOHbI, 

ec.riH nepeM eHHOe hone HanpaBJieHo napannenbHO nocTOHHHOMY, TO ero npHMOe 

nornomenne OK83bIBaeTCH HeB03MO)KHblM ll B pesynbTaTe paccMaTpllBaeMbIX H8Mll 

npoueccoB COCTOSIHlle nepeMeHHOI"O nonH, nO-Bll.llllMOMY, He ll3MeHHeTCH • 

2. C IlOMOlllblO OilHCaHHOH BbIUJe MeTO.llllKll cpoToH-cpOTOHHbIX COBna.ueHllH 

aHanorllttHblH 9KCnepllMeHT MO)KHO, KOHettHO, BbIDOnHllTb ll anH aTOMH b!X nepexo

.llOBxl. O.uHaKo, B OilTllKe y.uo6Heii ncnonb30B8Tb llMITyJibCHOe B036y)K.ll9Hlle 

n:ccne,nyeM b!X aT0MOB, npOISBO.llliMOe CllHXp0HHO c Mo.uynHuneii. TaKllM o6pasoM, 

M0)KH0, no-BII.ll llMOMY, nccne.u OB8Tb T8K)K e WT8pKOBCKOe ll CBepxTOHKOe paCmen-

JI9HllH onTn:tteCKliX ypoBHeL 

B 3aKnIO'I9Hlle H8CT0HLUero naparpacpa 38M9TllM, 'ITO npuQ = 0, cpopMyJibI 

1131 H /14 I MOI"YT 6b!Tb Henocpe.ucTB9HHO Hcnonb30B8Hbl LlJIH llCCilenOBaHIHI . 
BnllHHliH nepeMeHHOI"O M8J;'HllTHOI"O nqrrH na yrnoBOe pacnpe.ueneHlle pe30H8HCHOI"O 

uxxl O 
usny •re H IIH ll Ll pyrnx CXOLlHbIX SI BneH HI! • LlHO ll3 HHX - BJI HHHHe nep eM eHHOI"O 

nonH Ha nonSipll38UHID pe30H8HCHOI"O usnytteHHH y)K~ nsyttaJIOCb 9KcrrepIIMeHT8Jib-

[ 9 101 
HO n TeopeTIIttecKn ICM., HanpHMep, • J I. 

§ 6. Bbrrue paccMaTpllBanHCb HHTepcpepeHUHOHHbie SIBJI9HllH, B03HHK8!0lllll9 

npll COB.."19lll9HllH nepBonattanbH0 pa3BeaeHHblX ypoBHeii C noMOlllbIO MO.llynHUllH, 

AHanorHtt!H!H CUTyauuH Ll0JI)KH8 llM9Tb MeCTO H npu JI 1060M .upyroM cnoco6e 

COBMerueHHH. CoOTBeTCTByIOruHe HHTepcpepeHUHOHHbie acpcpeKTbI MO)KHO paccMaT

pHB8Tb KaK npe.uenbHb!H cnyttaii "6neHfIH,,. npu ycnoBHH, 'ITO ttaCTOTa "6HeHHH,, 

Q-.::,, 0 I "saMopo)KeHHbie 6HeHIIH" I. 

xi 
npu 9TOM B03MO)KHO TaK:>Ke HCnOnb30B8Tb H o6bI'!Hbl9 pa.u uopeso,HaHCHbie 

M9TO.llbI, CBH38HHbie- C nepeoplleHTauHeii cnuna aToMa. 

xx I f") 
yf HTepeCHO OTMeTHTb, 'ITO npll :IL = o, MOM9HT B03HHKHOB9HHH Bos6y)K.lleH-

HOI"O COCTOHHHH MO)KeT 6b!Tb He CBSl38H C cpasoii MOLlYJIHPYIOlll.HH Kone6am1ii. 

} 

__ .. ,,. 
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npe.onono)KHM, 'ITO o6pa3yromeecSI B pe3ynhTaTe KaKoro-nu6o npouecca 

B036y)K.oeHHOe COCTOSIHHe HMeeT .OBa ypOBHSI, KOTOpb!M COOTBeTCTByIOT 'I8CTOTbl 

W1. H W;i. ,Uanee, no.o .oeiicTBHeM HeKoToporo cpaKTopa /HanpHMep, nocTOSIH-

Horo M8T'HHTHOT'0 nonSI/ K8)K.[lb!ll H3 ypOBHeii .oorronHHTenbHO cMemaeTCSI H pacme-
' fl I ti 

IInSieTCSI eme Ha ,[(Ba C 'IaCTOTaMH W:1. WJ. W..z. H wl, , l13nytiaeMoe none 

MO)KHO 38IIHC8Th B BH.Oe 

• I 
/, l,V~ t ·A"eiw:'-t 

+ J. + 
• I t 

, w2 +. A .2,, e 
BepoSITHOCTh o6Hapy)KeHHSI (pOTOHa nponopuHOHanbH8 / A / 2. Ecnn: cpe.011 yKa-

38HHb!X 'I8CTOT HeT COBna.oaromn:x, TO 

IA/ 2 =/A:(+/A;'/
2
+ IA:1

2 

+/A"/:,_ 1 /15/ 

T.e. HHTeHCHBHOCTb H3nytieHHSI OK83bIBaeTCSI IIOCTOSIHHOfi, He 38 BHCSIIUefi OT BenH'IH

Hbl pacmennSIIOIUero cpaKTopa IHaIIpSI)KeHHOCTH MaT'HHTHOT'O nonSI/. 

npH COBIIa.oeHHH KaKux-n1160 'IaCTOT .oeno H3MeHSieTCSI. EcnH, HaIIpHMep, -

I II 
OK83b!BaeTcSI, 'ITO IIpH HeKOTOpoii aenH'IHHe HaIIpSI)KeHHOCTH nonSI c.v.,_ ::: "".t• TO 

/15'/ 

OTnH'IHe /15' / OT /15/ MO)KHO HCIIOnh30BaTb .unSI onpe.oeneHHSI BenH'IHHbl nepoo-

HatianhHoro pacmenneHHSI nH6o .onSI Hccne.ooBaHHSI 3aBHCHMOCTH 

LlOIIOJlHHTenhHh!X CMemeHHH H pacmenneHHll OT BenH'IHHbl paccMaTpHBaeMOT'O pac

mennSirouiero cpaKTopa. 

YKa3aHHb!fi MeTO,ll SIBnSieTCSI BeCbMa CBeTOCHnbHb!M H He 3'aBHCHT OT .oon,

IIJlepOBCKOfi Tennoooii IllHpHHbl paccMaTpHBaeMb!X ypOBHeii. 3TO o6cTOSIT,eJlbCTBO 

II03BOJ1SieT HCitOnb30B8Tb ero LlJlSI Hccne.ooBaHHSI BeChMa Manh!X pacruenneHHH 

pa3J1H'IHOH IIpHpOLlhI. n pHMeHHTenhHO K Hccne.ooBaHHIO TOHKOH CTpyKTypb! aToM-

Hb!X ypOBHeif 

pa6oTe[1
1
} 

OIIHCaHHh!ll MeTO.ll 6bm HCIIOnb30BaH B IIOSIBHBilleHCSI He.11a BHO 

TaM )Ke YK83b!BaeTCSI Ha B03MO)KHOCTh HaytieHHSI C ero IIOMOIUb!O 

TaK)Ke CBepXTOH!{OH cTi::YKTYPhI. HH)Ke KpaTKO OIIHCaHbl HeKOTOpbie .11pyrue BOa

MO)KHb!e IlpHnO)KeHHSI, 
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1. ATOM bl B03OY)KJl8IOTCS1 Hanpa BJieHHbIM ny'iKOM 9Jl9KTpOHOB, !pOTOHOB /pe-

30H8HCHO9 paccestmte/ H T • .ll. C IlOMOillblO IlOCTOSIHHOro MarHHTHOro IlOJISl npOH3BO

.llHTCS1 pacwenneHHe ypOBHeii oopaay10werocst B03OY)KJl9HHOro COCTOSIHHSI TaK, rrro, 

HanpHMep, ypoBeHb c IlOJIHbIM MOMeHTOM J = 1 pacwennstercst Ha TpH ypoBHst 

I tn = OJ!. l /. ,llanee c IlOMOIUbIO .llOilOJIHHTeJibHOro IlOCTOSlHHOro aneKTplI'IeCKOro 

IlOJISl IlO}lXO./lSIIUeii BeJIINHHbl MO)KHO .llOOHTbCSl COBil8}l9HHS1 IlOJIO)KeHHSl YPOBHeii, 

COOTB9TCTByIOIUHX rr, ,._ 1 H m =0. npH 3TOM HHTeHCHBHOCTb CBeTa, H3JiyqaeMo

r.o aTOMOM B H9KOTOpOM !pHKCHpoBaHHOM HanpaBJieHHH HCilb!ThIBaeT pe3KOe H3MeHe-

x/ u 

HHe, HC'I938IOIUee npH HapyweHHH COBila}leHHH y poBHeii • YKa3aHHblll MeTO.ll noaeo-

nsteT HCCJ19}lOB8Tb aqxpeKT WTapKa npH OTHOCHTeJibHO Manon BeJIH'IHHe aneKTpHqe

CKoro nonst. 

2 • .ff.llpa KpHCTaJIJIH'IeCKOro pa}lHO8KTHBHOro eewecTBa HCilblTblB8IOT .llB8 

nocne}loBaTeJibHblX O -nepexo}la; COO.TB9TCTBYIOIUHe d""- KB8HTbl perHcTpHpyIOT· 

est C IlOMOillblO MeTO}lHKH '6'0- -c:oBil8}lEHHii. npe.llnOJIO)KHM, 'ITO npoMe)KyTO'IHOe 

COCTOSlHHe H,upa pacwenneHO 38 cqeT B38HMO.lleiiCTBHS1 KBa.llpynoJibHOro MOM9HTa 

Sl.llpa C H9O}lHOpO.llHh!M aneKTpH'I9CKHM noneM, HM9IOIUHMCS1 B yanax KpHCT8JIJIHtJe

CKOii perueTKH 0 npH 9TOM ypoBHH, }lJISl KOTOpblX MarHHTHbie KB8H'l'OBbie 'IHCJia m 
paBHbl no BeJIH'IHHe, HO pa3JIH'I8IOTCS1 no 3HaKy, cMewaIOTCH O.llHH8KOBO. C IlOMOIUbIO 

IlOCTOSIHHOro MarHHTHOro nonst MO)KHO CHS1Tb 9TO OCT8IOIUeecst BblpO)K}leHHe H 

.llOOHTbCSl Toro, 'ITOObl 1 HanpHMep, ypoBeHb m =0 COBnan C ypOBH9M ft1 =- 1 H T • .ll. 

3TOT npHeM IlO3BOJISieT conocTaBnSITb aeeMaHOBCKOe pacwenneHHe Sl./l9pHbIX ypoB-

H eii C K B8.ll pynoJib Hb!M • 

3. npe.llilOJIO)KHM Tenepb, qTo paccMaTpHBaeMoe pa.llHO8KTHBHOe oowecTBO 

H8XO.llHTCS1 - B raaooopa3HOM COCTOSIHHH, npH'l:eM aTOMbl OOJI8.ll8IOT OTJI_H'l:Hh!M OT 

HY1IS1 MarHHTHblM MOM9HTOM. Tor.Ila B npoMe)KyTO'IHOM COCTOSIHHH BCSl CHCTeMa 

B uenOM /a TOM + H.llpo/ 0O118.llaeT H9CKO1lbKHMH OJIH3KHMH YPOBHSIMH, C BH38HHblMH 

C pa31IH'IHbIMH B38HMHbIMH OpHeHT8UHS1MH CilHHOB aTOMa H S1Jlpa. 

xi 
AHanorH'IHblii IlO.llXO.ll BO3MO)K9H H npH 38MeHe ruTapKO BCKOro pacwenne

HHSI pacwenneHHeM, CBS138HHbIM C TOHKOii HJIH cBepxTOHKOii CTpyKTypoii 

8TOM8. no 8TOMy IlOBO.llY CM. (11) • 
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Opn HaJio:>KeHHl:I BHewHero MaI'HIITHOI'O IIOJIH Ka:>K.[lb!H 113 Hl:IX l:ICilbITbIBaeT 

seeMaHOBCKoe pacmerrneHne. 6naro.aapH tJeMy, rrpH cooTBeTcTByro~eii BeJIIItJIIHe 

IIOJIH, MO:>KeT rrpOH30HTl:I rrepeKpbIB8HHe, IIpIIBO.UHIUee K H3MeHeHHIO lJl:ICJia perucTpu

pyeMb!X oo -cOBI18.[leHHH. TaKIIM o6pa3 OM MO:>KeT 6b!Tb 1:I3MepeHO I'IIpOM8I'Hl:ITHOe 

xi 
OTHOWeHue B036y:>K.[leHHOI'0 COCTOHHlliI l:ICCJie.ayeMOI'O H.apa • Heo6xo.aHMbie LlJlH 

9TOI'O IIOJIH OK83b!B8!0TCH .ao·BOJlbHO M8Jl b!MH, IlOCKOJlhKY Be.TIHlJHHa --seeMaHOBCKOI'O 

pacmerrneHIIH orrpe.aenHeTCH IIOJIHI,IM MarHHTHb!M MOMeHTOM Cl:ICTeMbI, KOTOpb!H 

rrpaKTl:ItJeCKl1 paBeH MarHHTHOMy MOMeHTY aTOMa. 

§ 7. BbJWe y:>Ke OTMetJaJIOCh, 'ITO 61:IeHHH CBH38Hbl C 0.[lHOBpeMeHHblM .aeii

CTBHeM HeCKOJlbKl:IX 6JIH3Kl:IX ypOBH eii, He paspewaeMb!X perHCTpHpyIOIUHM rrpn6o

paM. C .apyroii cTopoHbI, ecnn pas pewaroruaH crroco6HocTb HacT_onbKO Ben1ma, 

'ITO K8:>K.[lb!H 113 ypoBHeii MO:>KeT 6b!Th OT.[leJieH .OT LlPYI'HX, 6rreHirn HClJe3aJOT, 

HeCMOTpH Ha H8JlHlJHe pacruerrneHHH. CKa3aHHOe MO:>KHO KpaTKO IIpOIIJIJIIOCTpupoBaTb 

Ha npHMepe pe30H8HCHOI'O pacceStHl:IH 1- nyqeii IIO MeTo.ay "oxna:>K.aeHHOI'O 

KpHCT8JIJla i, [ S,4]. 
Ope.aIIOJIO:>KHM, .[lJlH orrpe.aeneHHOCTH, 'ITO paccMaTpHBaeMoe H.LlpO IIMeeT 

ueJiblH CIIHH. Tor.aa npl:I H8JlO:>KeHHH .LlOCTaTOlJHO CHJlbHOI'O M8I'HHTHOI'O IIOJIH Ha 

pacce11BaTeJ1h 1111160 Ha nsnytJaTenh I rrpo11soii.aeT seeMaHoBcKoe pacmerrneHne, 

rrpeBblW8IOIUee ecTeCTBeHHYIO WHpirny ypOBHeii. B 9Tl:IX ycJIOBl:IHX pe30H8HCHOe 

pacceHHHe 6y.aeT CBH38H0 TOJlbKO C TeMH MaI'HH'i'Hb!Ml:I rro.aypoBHHMH BepxH_ero 

H HH:>KHeI'O COCTOHHIIfi, .[lJlH KOTOpb!X m = 0. 009TOMY, BepOHTHOCTb 06Hapy:>Ke

Hl:IH pacceHHHOI'O O -KBaHTa He 6y.aeT 38BIICeTb OT BpeMeHII, KaK 9TO HMeno 

6b! MeCTO B o6bllJHbIX MeTo.aax Ha6nro.aeHIIH pe30H8HCHOI'O pace eHHl:IH O -nyqeii, 

paspewa10ruaH CIIOC06HOCTb KOTOpb!X He CTOJlh Bb!COKa • .nanhH~fiwee pacCMOTpe

HIIe CBH38HHhlX C 9Tl:IM BOIIpOCOB IB qacTHOCTH, paCCMOTpeHHe YI'JIOBOI'O pac

rrpe.aeneHIIH pacceHHHbIX O -KBaHToBI 6y.aeT 'rrpoBe.aeuo B .upyroM MecTe. 

ABTOp 6naro.aapHT T.BuwKH, M • .Uaub1wa, JI.3acTaBeHKo, vl.Ko6sa-

peBa, B.OrneBeuKoro, JI.OKyHH, vI.Co6enhMaHa H T.f:>Koy ryau-tJ:>Kao sa MHoro-

lJHCJl eHHbl e O 6cy:>K .aeH 1:IH H IIOMO Illb B pa6oTe. 

xi 
vJHTepecuo OTMeTHTh, 'ITO H3MepeH HH, rro-BHll RMOMy, B03MO:>KHbl H B cnyqae, 

KOI'.[la CIIHH H.apa paBeH 112. 
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