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B HbIHEe meiicTByIONMX CBETOMMITYJIBCHBIX aTOMHBIX HMHTep(epoMeTpax BXOMHAs BOJIHA aTOMAapHOIO BEIIEeCTBa
pacuiemieTcs Ha [BE COCTaBJIAIOIME, KOTOpbIE 3aTeM pPEKOMOMHUPYIOT M HMHTep(GEepupyioT Ha BBIXOIHBIX
noprax. VHTrepdepenius onpenessieT BEpPOSTHOCTb TOTO, HA KaKOM IIOPTY OyHeT 3aperucTpHpoBaH aTOM. YTOJ
OIHOKPATHOTO TIpOLiecca PACIICIUICHHsI OY€Hb MaJjl, U MO3TOMY IpOLECC OTKJIOHEHHS IOBTOPSICTCS MHOTOKPATHO.
Kpome Toro, m3-3a BepoATHOCTHOIO XapakTepa OOHapy)KeHHs aToMa Ha KOHKPETHOM IIOPTY IPOLECcC U3MEpeHHs
JOJDKEH OBITh MOBTOPEH MHOTOKPAaTHO IPH HMIEHTHUYHBIX HAadaJIbHBIX ycsoBusX. B Hacrosmeil pabore mpemioxeH
HOBBII THII aTOMHOTO HHTep(epoMeTpa, B KOTOPOM TPAIUIMOHHBIA METON U3MEPEHHsI COCTOSHISL aTOMa 3aMEHEH Ha
BBICOKOYYBCTBUTEJIbHBI METO[] MOJIIPU3AIIMOHHON CHEKTPOCKOINHU C HCIOJIb30BaHHEM pabovero BEeIeCTBa CryCTKa
aTOMHOTO KOHJIeHcaTa. B pesysbrare npejuiaraemMasi KOHCTPYKIMS OCBOOOXIaeT HHTEPHEPOMETP OT HEOOXOMUMOCTH
BHIIICYTIOMSIHYTHIX MHOTOKPATHBIX ITOBTOPEHHM, COXpAHSS IPH 9TOM BBICOKHI YPOBEHb TyBCTBHUTEJIBHOCTH. Jliist
pacILIeIUIeHNs] TIOCTYIIATEeJIbHOTO JBMKEHHSI aTOMa HCIOJIb3yeTcsi pe3oHaHcHass nudpakims Kammuer-/upaka. Yuc-
JIEHHBIE PacyeThl 10 ONPEESICHHIO TOBEPHYTOH COCTaBJIAIONIEH 30HIUPYIOMIETO MOJIS MOKa3bIBAIOT, YTO OTHOIIECHHE
BBIXOIHOTO CHI'HaJIa K BXOJHOMY CHTHAJTy B HOPMAJIBHBIX YCJIOBHSX CHEIMAIM3HPOBAHHON JITAOOPAaTOPUH JIa3epHOU
(M3HMKN ¢ WCTONB30BAHMEM CTYCTKAa aTOMHOTO KOHJCHCATA IIEJIOUHBIX METAaIUToB ¢ KoHmenTpammeir 10 cm™ u
JIMHEHbIMU pa3Mepamu nopsaka 10 um nocruraer 3Hauenus 0.1.

KmoueBbie ci0Ba: aTOMHEBI HHTEphEPOMETP, HOJIAPU3ALIOHHAS CIIEKTPOCKOIIHS, aTOMapHBI KOH/ICHCAT, IUdpaK-

s Kammrsr— upaka.
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BeepeHue

CBeTOMMITYJIbCHBIII aTOMHBIA HHTepdepomerp [1-6] —
9TO BBHICOKasl TEXHOJIOTMS KBAaHTOBOW METPOJIOTMU M KBaH-
TOBOTO 3OHAMPOBaHHU [7-9], OCHOBaHHasi Ha BOJHOBOM
npupone Marepuu. B aromMHOM mHTepdepoMeTpe aTOMHBII
BOJIHOBOM IIaKeT pas3fessercs, KaKk U B CTaHIAPTHBIX ONTHU-
YeCKHX UHTepdepoMeTpax, Ha [Ba MyTH, KOTOPHIE 3aTeM OT-
paxKaloTcsl 1 PEKOMOMHUPYIOTCA. YTOJ pacllieIVIeHus 31ech
oOpasyercsi IyTeM KOMOWHAIMOHHOI'O paccesHus (OTOHa,
B pe3y/IbTaTe 4Yero OKa3blBaeTc OYeHb MajbM M JUIA ero
yBeJIMYEHUs TpeOyeTcs aKKypaTHOE HaKOIUICHUE MHOXKECTBA
aKTOB BO3MEHCTBHS, 10 HeCKOJIbKuX cot [10,11].

JdpyruM KauecTBEHHO HOBBIM AaCIICKTOM IO OTHOIICHHIO
K TPaJIIIMOHHBIM ONTHYECKHM MHTeppepoMeTpaM SBJISCTCS
METOJl perucrpanuy. 3xech MH(MOpMamUs o pasHocTH (a3
oIperesisieTcsl MyTeM IOACYeTa aTOMOB, 3apETHCTPHPOBAH-
HBIX Ha WX OCHOBHBIX M BO30Y)KICHHBIX BHYTPEHHHX 3HEp-
TeTHYIECKUX YPOBHSX (BBIXOIHBIX IMOPTaX ), HAMPSIMYIO ariesl-
JIPYS K CTAaHIAPTHOW TEOPHH KBAaHTOBOTO m3MepeHwusi [12—
14]. BeposiTHOCTHBI XapakTep MOCJECAHEI0 MPUBOIHUT K
HEOOXOMMMOCTH MHOTOKPAaTHOTO TOBTOPCHHSI BCEro IIMK-
Jla B3aMMOJCHCTBUS, obecrieunBasi MICHTHYHbIC HavyasIbHbIC
YCJIOBHSL.

B Hacrosimieit paboTe mpencTaBieHa HOBasi CXeMa aTOM-
HOro mHTephepoMeTpa, B KOTOPOH WH(POPMANHUS O BHIXOI-
HOM COCTOSIHHM aTOMa OIPENeJISIeTCsl He MyTeM IOofcyYeTa
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aTOMOB Ha /IByX BBIXOOHBIX MOPTax MHTEpQepoMeTpa C ero
MHOTOKPaTHBIM TIOBTOPEHHEM, a IO OJHOKPAaTHOMY aKTy
BBICOKOYYBCTBUTEJIbHOM MOJIAPU3ALMOHHON CHEKTPOCKOIUH
soHmupyrontero mnosst [15-17]. OcoGeHHOCTBIO Mpepara-
MOl CXeMbl SfBJIAETC TaKXe TO, 4TO HMHTep(hepeHIus
ATOMHBIX BOJIH IIPOMCXOIMT HE 3a CUYET NMPOCTPAHCTBEHHOTO
TIEPEKPBITUS] JIByX TNPEABAPUTEIBHO pPa3eSICHHBIX TpPAaeK-
TOpPHiA, a 3a CYET ONTHYCCKUX IEPEXOIOB MEXKIy [BY-
MSI JUCKPETHBIMH CEMEHCTBAaMU HMITYJIbCHBIX COCTOSTHHIM
MOCTYNATEJIbHOTO ABIKCHHUS aToMa Ha €ro OCHOBHOM W
BO30YK/ICHHBIX BHYTPEHHUX COCTOSIHUSIX, I'€HEPHUPYEMBIX
mudpakumeit Kanumsi—upaxa.

IlepBriit 3Tanm pabotbl MHTepdepoMeTpa — TreHepauus
CeMENCTBA SKBUIMCTAHTHBIX UMITYJIbCHBIX COCTOSIHUI ITyTeM
Iu(pakiud aToMa Ha PE30HAHCHOM IIOJIE CTOSYEH BOJIHBI
JIa3epHOro U3JTydeHus. i 3Toro u3BecTHOE MPUOIIIKEHUE
Pamana—Hara pacnpoctpansiercss Ha Oosiee IJIATEIHHBIC
BpeMeHa B3aNMOJICIHCTBYS, 3acesisisi OCHOBHBIC U BO30OYKICH-
HBle BHYTPEHHUE COCTOSIHHMSI aTOMa IPAKTUYECKH ITOPOBHY.
Ha BTOpom sTame B3ammoneicTBus Oerymiast BOjIHa MOPOK-
JIaeT MHTep(EepEeHIMOHHbI MpoIecC MEXIY ceMelcTBaMU
HMITYJIbCHBIX COCTOSIHMIX OCHOBHOTO U BO30YXKICHHBEIX BHYT-
PEHHHUX COCTOSHHWI aToMa. B Xome sToro B3ammonencTBHs
pacrpeniesieHlss MMITYJIbCa Ha HIDKHEM U BEPXHEM BHYT-
PCHHUX YPOBHSIX IEPUOANYECKH OCIIIIMPYIOT, IIepeMernast
LEHTPBl PaclpefiesieHuss B IPOTHBOIOJIOKHBIX HaIpaBiIe-
Husx. [locnenylomee 3oHmUpyIOmee IOJIE paclpoCTpaHs-
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eTcs BIOJIb HANpaBJICHUs] CTOsueii W Oerymeil BOJH H,
B3aHMOJICHCTBYS C aTOMHBIM aHcamOJieM, HpPOELUpPYyeT ero
COCTOSIHUSI B CIIEKTP BpAILECHHUSA IUIOCKOCTH MOJISPU3ALIN
3oHAUpYylouero nojis. Mckomaa uHpopmanus od ocraTtoy-
HOIl MHTep(EPEHIMHI BOJIH MAaTEPUN B HEM IPENCTABIISAETCS
B BUIC aCHMMETPUYHO PACIIPENESICHHOr0 CeMeNCTBa Y3KUX
MaKCHMMYMOB, CMEIIEHHBIX OTHOCHUTEJIBHO IpYyr [pyra 3a
cuer a¢pdexra lomiepa. Mcnonb3oBaHne Takoro metona
AMarHOCTHKU IO3BOJIUT CYIIECTBEHHO YNPOCTUTH 3KCIEPHU-
MEHTAJIbHYIO alliapaTypy aToOMHOro HHTepdepoMerpa, co-
XpaHMB IIPA 3TOM €€ BBICOKYIO TOYHOCTb.

1. TleHepauusa n nHtepdepeHyna
MMMYJIbCHbIX COCTOSIHNI aToMa

1.1. TleHepauuna UMNYAbCHbIX COCTOAHUIA aTOMa
nasepHbIM MosieM CTofiYel BOJIHbI

PaccMoTpuM nBYXypOBHEBBII aToM ¢ Maccoil M 1 dacto-
TOH ONTHYECKOIo NEpeXofa wy, B3aMMONAECHCTBYIONIHMN C Jia-
3€pHOU CTOAYEH BOJHOW C PE30HAHCHOM 4aCTOTOU @ = wq
W HaNpsHDKEHHOCTBIO AyIeKTpudeckoro mosisi E. YpaBrenns
9BOJTIOLNA 3TOHM CHCTEMBI XOPOIIO M3BECTHBI U MOTYT OBITH
3alucaHbl B BUMIE

D PN 2t = —ap coskzez 1), (1a)
ot " Moz )9 T e Y

ii+ia—2 e(z,t) = —2¢ coskzg(z, t) (1b)
at " 2M 922 T coskzgiz. L.

re g(z,t) u €(z,t) — KOMIIOHCHTH ATOMHOI BOJIHOBOI
(hyHKUIUM:

Y(z.1) = g(z. t)pee 'S +e(z, o, &,

COOTBETCTBYIOIIE OCHOBHOMY U BO30YKICHHOMY BHYTPEH-
HHM COCTOSIHUSIM cooTBeTcTBeHHO, { = dE/h — w4acrora
Pabu nuist Gerynmx BOJIH, COCTaBJISIONIMX CTOSIYYIO BOJIHY,
d — IUMOJIbHBIA MATPUYHBIA 2JIEMEHT ONTHYECKOTO Tepe-
xoma, K = w/c.

MpI TakxKe TperoiaraeM, 4To 10 B3aMMOEHCTBHS aTOM
HAXOMWJICSI B COCTOSIHMM I[OKOSI WJIM HMEJT IUCKPETHOE
pacrpeniesicHie UMITyJIbca ¢ Imarom fik:

9(z.0)= ) 1™ ez 0)= > fo™

nN=—o0 N=—o0

Torma obmme pemenuns ypasaenuii (1a), (1b) MoxxHO nckath
B BUIC

9z.t)= D iMgn(n, t)elmimkeimeniot,
mn=—oo

e(z,t): Z imem(n’ t)ei(m—kn)kz—i(m—#n)zwrt’ (2)
m,n=—oo

e M ¥ N — YHUCJI0 MMITYJIbCOB (POTOHOB, MPHOOPETEHHBIX
COOTBETCTBEHHO IpH AU(PAKIMU Ha CTOSYCH BOJIHE W

CYIIECTBOBABIINX B NCXOTHOM COCTOSIHUH, @y = hk? /2M —
yactoTa otaaun. Torga ypasHenue lllpenunrepa naer cieny-
I0I0YyI0 crcTeMy O GepeHINATbHBIX YPaBHEHHUI 1JIs1 BOJTHO-
BBIX (DYHKLMH, BXOMSIMX B pasyiokeHne (2):

dgm(n, t) _ §em—1(n, t)ei(2m+2nfl)w,t
dt (3a).
_ écem“(n, t)ei(2m+2n+1)wrt’
dem(n, t)

— ggm—l (n, t)ei (2m+2n—1)wyt
dt (3b).

_ égm+1 (n’ t)ei (2m+2n+1)wrt.

3ameHa t — t 4 27/ He MeHsAeT ypaBHEHMH, T.€. UCKO-
MBbl€ pelIeHHs MOTYT OBITb NMEPUOAMYECKUMH C MEPUOIOM
T =2n/w.

W3-3a 3aBHUCAIMX OT BPEMEHH 3KCIOHEHLMAJIbHBIX KO-
¢unmentoB pexyppentHasi cucrema (3a), (3b) He mmeer
TOYHBIX AHAJIUTHYECKHX pemeHuil. V3BecTHoe mpubimke-
Hue Pamana—Hara [18-20] cootBetcTByeT 3ameHe kKoaddu-
[WEHTOB Ha eUHHMILY, T.¢. pH (2m+ 2n+ 1)w, t < 1, uHo-
I7la Ha3blBaeMoe MPUOIMKEHUEM KOPOTKHX BpEMEH B3auMO-
neiictus. IlpuHnMaeM 3mech Oosiee ciaboe OrpaHUYCHHUE
Ha BpeMs B3auMopeicTaus: wrt < 1. Torna npubmxeHHbIe
pelIeHNs MOXXHO 3aIicaTh B BUE

gm(n, t) = fnlﬂf_l)men(mm)w,t
X Im (ﬁ sin(2wr (M+ n)t)) , (4a)

em(n, t) = fn%em(mn)w,t
Jm <ﬁ+n) sin(2w; (M+ n)t)) , (4b)

I7ie TMpefronaraeTcs, 4YTo aToM [0 B3aHMOJCHCTBHS Haxo-
IWIICS B OCHOBHOM COCTOSIHUH, & Jm(X) — yHkimst Becce-
4. OTMeTHM, 4TO pelieHue umeer mnepuon 1 = 2m/wy. U,
HAKOHeIl, IPUHSAB BBINOJIHEHHUE YCJIOBUS HOPMHUPOBKH

oo

> (gn(n )P +[ea(nH?) =1

mn=—o0

3a MOKa3aresb KOPPEKTHOCTH MPUOIIINKEHHs, MOXHO JIETKO
ybemuThest, 9YTO MpUMEHNMOCTh (opmyit (4a), (4b) BecbMa
HajexxHa B mpenerax ft < 27.

Tenepp Mbl MOXeM Hepenucarh BoipaxeHus (2) B Gosee
KOMITAaKTHOM BHJIE:

g(Z,t) = Z gl(t)eilkzn—ilz(urt’

i=—o0

oo

e(z,t) = Z e|(t)e”sz”z“"t (5)

i=—o0
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Puc. 1. XapakrepHslil B paclpefie/ieHUsi BEPOSITHOCTEH MM-
MyJIbCHBIX COCTOSIHUIA JIUISi OCHOBHOTO (Y€PHBIE KPYXKH) W BO3-
OysKieHHOro (KpacHble KBaJpaThl) BHYTPEHHUX COCTOSIHAN aToMa,
TeHepPUPYEMBIX I0JIEM CTOSTYEiT BOJIHBI

rae (GyHKIUu

I—s

L det N~ e LD
gl(t) =e Z i f%f
s=—o00
¢ .
X Jis (w_rl sin(2erIt) |,
oo I—s
S G
et) =¢ > fu 5
S=—00

X Ji-s (i sin(2a>rlt)> ,
7 \ ol

ABJISIIOTCST  aMIUIMTYIAMH BEPOSITHOCTH | -(pOTOHHBIX HM-
OyJbChiX cocrosimit. OHM mMOKas3aHel Ha puc. 1 (mpm
£ =1.8-10°Hz, t = 10ns). Kak BHIHO, KOJIMYECTBO HMM-
MYJIbCHBIX COCTOSHHN M MPUMEPHO ONMHAKOBBIA XapakTep
UX pachpernesieHds BIOJHE OCTaTOYHBI Ui BHIOOpa OIl-
TAMAJIbHOM CHUTyallMM [JIs TOCJICAYIONIeH pean3ald |
peructpanmu uHTephEepEeHINI BOJH aTOMHON MaTepHU.

2. O6pasoBaHue acumMmeTpuun B
MMNYNbCHOM pacrnpepeneHun atoma

Cpasy mocsie reHepalud HMITYJIbCHBIX cocTostHuil (5)
aTOM MOXET HEKOTOPOE BpeMsl HAaXOAUTbCA B CBOOOIHOM
IBWKEHUM, B TEYEHHE KOTOPOIrO

g(Z, t) = Z gl(tl)e“kz—ilza)rt’

l=—00

oo
i 2
e(z.t)= > e(ty)e e, (6)
|=—c0
rae t; — BpeMs B3aUMOIEHCTBUA aToOMa CO CTOSYEH BOJI-

Hoil. [lanmee (¢ MomeHTa tp >t;) B3ammopeiicTBUE aToMa
[POIOJDKACTCS ¢ OIHOM M3 BCTPEYHBIX BOJIH (CO3HAIOIIMX
crostuyi0 BosHY). OHO MOMAapHO CMEIIMBACT HMMITYJIbCHBIC
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COCTOAHHA C OCHOBHOI'O U B036Y)KIICHHOI‘O ypOBHefI aToMa,
OT/IMYaoImMueCcd Ha OJUH @OTOHHbeI HUMITYJIbC, 1 TaKUM 00-
pa3oM OCymECTBJIACT I/IHTep(I)epCHLII/HO 9THUX BOJIH MaT€pUU.
B Pe3yJIbTaTC aMIIUTYIbI COCTOSHUIN HUMITyJIbCa B BOJIHOBOM

(GyHKIMR
9(z.t) = Y gt

|=—c0
e(z,t) = i e (t)e''x (7)
|=—oc0

MIPEACTABJIAIOTCH CIICAYIOIINMHU BBIPAXKCHUAMU:

gl(t) — Cl 1e_il|‘lw(t_t2> + Cl 2e—i11‘2a)r<t—t2)’

e (t) — dl’le—i,ui,lwr(t—tz) + d|,ze_i’ui‘2wr<t_t2>, (8)
e
Cli = CEe(t) + (2~ 1M)gi(b)
' M=o ’
*ey1() + (A — 12t
Ly = Erei(t) + (hia )ai( 2)’ 9)
A=A
diy = CEgi-i(t) + (w2 — 12)e ()
i1 — i ’
dip = Egi—1(t) + (w1 — 1Pe(ty)
W — i ’

1 1
Mg =5+ T g+ 1412+ P,
1 > 1 S e
i) =5 =T+ F 7+ 12+ 1ER

oo
g (t2) _ ei2|wrt1—i|2a)rt2 Z i PTS f s

2
S=—0o0

ﬂ\] s (f— sin(Za)rItl)) ,

X 7 =

o
o (tz) — ei2|wrt1—i|2(urt2 Z IPTS f L

2
S=—00

I—s

R (L

u ¢ = ¢ /. uarepdpepomerpa. Popmyist (7) u (8) (¢ co-
OTBETCTBYIOIIMME OOO3HAYCHHUSIME) 3aBEPIIAIOT ONHCAHUC
reHepaluy 1 MHTePGEePEHINH BOJIH MaTePHH, TTOICIKALINX
M3MEPEHHUIO Ha BBIXOIE aTOMHOrO HHTepdepoMeTpa.

CreyeT OTMETHTh, YTO KOHEYHOE HMITYJIbCHOE pacIpe-
IeJICHUC COICPIKUT [Ba THIAa HHTepdeperimu. OIuH U3 HUX
HPHCYI 3aa49e PacCesHUs Ha MEePUOINICCKOM HOTEHIHAIEe
U TIPECTABJICH CYMMOIi IO COCTOSIHHSIM HMITYJIbCa B BBIpa-
eHnu BosHOBOW (ynkimu (7). Hpyroit siBisieTcs: Kmodve-
BBIM JMHAMHYECKIM IMPOLIECCOM B IIPEJIAracMOM aTOMHOM
uHTepdepoMeTpe U MPEACTaBICH CYMMaMH IBYX WICHOB B
grcuressix (9), cMenmMBasi COOTBETCTBYIONINE MMITY/IbCHBIC
COCTOSTHUSI OCHOBHOTO ¥ BO30Y)KICHHOTO SHEPIEeTHYECKUX
YPOBHE# aToMa.
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j.=-1/2

=12

Puc. 2. LlupkyssipHO NOJSIPU30BAHHOE [OJIe HAKAYKH BBI3BIBACT
OITHYECKYIO0 aHU30TPONHIO (B YaCTHOCTH, THPOTPOIIAIO) B aTOMHOMN
cpefie (TOHKOM CJIO€ OXJIAKICHHBIX JIa3epoM aToMOB), Bpallas
IUTOCKOCTH IOJIAPU3ALIMN 30HAUPYIOIEro H3JIyYeHHUsL.

12 B ,l ‘\ 1' ‘\
’ § ’ A)
. ‘\ . \
/\m 6 B " \‘ ’l
\Q) 0 ! s :'
\Q/SO ‘ " ‘\ "
76 - “ 'l “ ’l
-12F NS N
l ) l l l
0 1510% 3.0-10% 45-10*
o,

Puc. 3. BpemeHHasi 5BOMIIOIMSI CPEMHETO aTOMHOIO HMITYJIbCA
Ha BO30YKICHHOM (KpacHasi CIUIOIIHAsl KpuBas) M OCHOBHOM
(IepHast INTPIXOBAsI KPUBasi) YPOBHSIX BHYTPCHHEH SHEPIHH aTOMa.
WMIysIbehl TIpeficTaBiIeHbl B IMHANIAX WUMITYJIbca OTHAYM (OTOHA.
[Ipennonaraercsi, YTo HET CBOOOTHOIO PACIPOCTPAHEHHST MEXKITY
cTostueil M Oerymeil BOJHAMH Hakadkm orly = orl] = w1073
uf = 10%

PerVICTan,I/Iﬂ pe3ybTata
nonapunMmeTpnvyecCKmMm mMmetoaom

st msmepennsi cocrostaust (7), 3almyTaHHOIO MEXIY
MOCTYIATEJbHBIMA M BHYTPEHHUMH CTENEHAMH CBOOOJEI
aToMa, NMPUMEHUM MOJIAPUMETPUYECKUI METO, B KOTOPOM
Mojie HAaKaykK{ CTOsYed M MocJiemyonieil Oeryumieil BOJIH
MOJIIPU30BAHO 1O KPYry M CBA3BIBAET MAarHUTHBIE IIOJ-
YPOBHH TPEXypPOBHEBOI'O aToOMa, Kak IOKa3aHO Ha puc. 2.
OHO mNpUOJIM3UTEIBHO BBIPABHUBAET HACEJICHHOCTH OBYX
MIOTypOBHEH, OMTHOBPEMEHHO (HOpMHpPYsST Ha Ka)KIOM M3 HUX
IOMCKPETHBIH HabOp HMITYJIbCHBIX COCTOSIHUI, conep KaIiuii
UCKOMYIO MH(pOpMaIMIo 00 MHTep(hEpEeHINH BOJIH aTOMHOU
MaTepur. 30HAWpYIOIIEe I0Jie MMEeT JIMHEHHYIO IOJIspH-
3alHI0, NMPEACTaBJICHHYIO B BHJIE CYMMBI [BYX OOpaTHO
BpAIAIOIXCA KPYTOBBIX HOIAPHA3ALUNA.

3oHmupylomee Mojie MMeeT JIMHEHHYIO IIOJISIpU3aLHIo,
IIPECTaBJICHHYIO B BUIE CYMMBI IByX OOpaTHO BpallaloNIyX-
csl KpyroBbIX nosisipusanmit. KommoHeHTa mpoOHOro moss ¢
MOJIIPHU3ALIHEH ITOJIs1 HAKAYK! aKTUBUPYET ONTHYCCKHI Mepe-
xon j1.z =—1/2 < j3, = —1/2, a obpaTHas: moispu3aIys
aKTHBHpPYET ONTHYECKHI Mepexom Ji, = 1/2% j3,-_1)2,
HE BO3MYILCHHBI 110JIeM Hakavku (puc. 2). Takum o6paszom,
IBE KpPYroBble KOMIIOHEHTHI NpPOOHOH BOJIHBI B aTOMHOM
cpelie paclpoCTPAHSIOTCS C Pa3HBIMH (ha3OBBIMH CKOPO-
CTAMHM, YTO IPUBOAUT K IIOBOPOTY CYMMAapHOU JIMHEHHOH
nonApusanuy. [Ipy 3ToM UMITyJIbCHOE paclpenesieHue aTo-
Ma — HocHuTesss mHpopMarmy 00 WHTepPEepeHIMH BOJH
MaTepud — OTHO3HAYHO OToOpa)kaeTcs 3a cueT d(ddekra
Homsiepa Ha CIEKTpe 4YacTOT IIOBEPHYTOH KOMIIOHEHTHI
MIpOOHOI BOJIHBL

MaremaTrka IS pacdyeTa BpaIIaloIIeHCs] KOMITOHCHTHI
30HIMPYIOLIETO MOJIst Xopouro m3BectHa [17] u maer

Epy(z,t) = w [eXP(—imF(‘Up)kpZ)

q
pvr/2+iyk"z>}’ 19

—exp< A
p—

rIe mapameTp HEOTHOPOIHOro YIIUpeHHs y BBouuTcs (e-
HoMeHosorndecku, (i = 7N |d?/3h, Ni — aromHas
IUTOTHOCTh Ha J1; = +1/2 TMORypOBHSX COOTBETCTBEHHO,
Kp = wp/C, wp — Kpyropas 4acToTa mpobHOIi BoJHBL, d —
MIPUBEJCHHBI MATPUYHBIA 3JIEMEHT ONTUYECKOTO Mepexona,
Ap = wp — wo, V¢ = hk/M — cropoctb ofnHO(OTOHHOI
oTHayH, a

|g|('f3)|2

rae t3 — MOMEHT BPEMEHU, KOraa GGFYH_[aH BOJIHA HaKa4Ku
BBIKJTIOYACTCA.

KoHeuHo, jKenaTesbHO ONTHMH3HPOBATH M YIIPOCTHTDH
npupony BbixonHoro cursana (10). IMeHHO [1u1s1 9TOM 1iesn
B cxeMy uHTepdepoMerpa Oblla BBemeHa Oeryinasi BOJHA
HaKauK{, KOTOpas PACKauMBacT MMITYJIbCHBIC pacIipenesie-
HOSI HA OCHOBHOM H BO30Y)XICHHOM YPOBHSIX aromMa B
HPOTHBOIOJIOXKHBIX HAIPABJICHUSIX ¢ GOJIBLION aMILUTUTYIOM
(puc. 3) [21], cosmaBasi cBoero poma kora Illpemurrepa
B MMIIYJIbCHOM NPOCTpaHCTBe. IloApu3aloHHast ClieKTpo-
CKOIIHS [IPOCLIUPYET 9TU CHIIBHO ACHMMETPUYHbIC Paclpene-
JICHHsI MIMITYJIbCa Ha CIIEKTPaJbHOE pacIpelesicHUe Bpalia-
IOIIErocst KOMIIOHEHTa MMpobHoit BoHbL. Ha puc. 4 mokasan
pe3ysIbTaT IS YCJIOBUI IIEPBOrO SKCTpeMyMa puc. 3.

Ecnu oxaxeTrcsi HCOOXOMMMBIM HMETh HEKOTOPYIO MpEs-
BApHUTEIIPHYI0 MHPOPMAIIMIO O CHCTEME, TO CIIEKTP MOYKHO
M3MEPUTh Cpasy IOC/IC BCTPEYHBIX BOJIH, KOTHA pacipe-
[EJICHHE aTOMHOTO MMITYJIbCa CHMMETPHYHO OTHOCUTEIIBHO
Ha4aJIbHOro (HYJIEBOIO) 3HAYCHHMSI.

Ontrka n cnektpockonus, 2025, Tom 133, Boin. 4
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Puc. 4. Crektp noBepHYTO! MOJISIPU3ALMK 30HIUPYIOLIETO OIS
B MOMEHT IIEPBOT0 MaKCHMyMa pHC. 3. AcuMMeTpusi 00ycCJIOBICHa
OITUYECKMMH TepPeXoqaMH B OCryiieM MoJie HaKayKh U CIIY)KHT
MHIUKaTOpOM WMHTep(depeHIN MaTepuajbHBIX BOJIH. Paccrpoiika
pe30HaHCa 30HAMPYIOIIECH BOJIHBI II0 TOPU30HTATILHON OCH OTIIONE-
Ha B €MHMIAX YaCTOTHI OTHAYH @y . TOJIIMHA aTOMapHOro obpasma

paBsa 10um, a miotHocts pasHa 10°cm™3, uro sBnsmiorcs

XapaKTepHBIMH 3HAYEHUSIMH 11 MarHUTOONTHUYECKUX JIOBYIIEK.
3HaueHUs] OCTAJIBHBIX ITAPaMETPOB TAKHUE JKe, KaK Ha pHC. 3.

Pe3iome un BbiBO[bl

IpemyiaraeTcss HOBBIA THUI aTOMHOTO HHTEphepoMeTpa,
OCHOBaHHBIIl Ha XOPOUIO Pa3BUTHIX HANPABJICHUSIX aTOMHOMU
ONTUKA U TOJSPU3AIMOHHON cHeKTpockorud. JlnHamuye-
CKasi CTausl mpoliecca MperosiaracT reHepanuo aTOMHBIX
SKBH/IMCTAHTHBIX UMITYJIbCHBIX COCTOSTHHI 3a c4eT Judpak-
MM Ha DPE30HAHCHOW CTOSIYeil HJIEKTPOMArHUTHOI BOJIHE.
HaspHeiimasi uHTEpEpeHIs 3a CYeT B3aMMOJICHCTBUS C
OJTHOI M3 TPy OEryIX BOJIH NEPHOANIECKA PacCKaunBaeT
pacnpernesieHlsi UMITYJIbca Ha OCHOBHOM U BO30YXIEHHOM
YPOBHSIX BHYTPEHHEH SHEpPruvl B IMPOTHBOIOJIOKHBIX Ha-
npaBJieHUsX. VI3MepuTesibHas cTains OCHOBaHA Ha TIOJISIPH-
3aIMOHHOI CIEKTPOCKOITNH, B KOTOPOH HHTEpdepeHIMOH-
Hasi KapTHHA aTOMHBIX WMITYJIbCHBIX COCTOSIHHI BOCIIPOM3-
BOJIUTCS B CIIEKTPAILHOM PACIpEC/ICHUH IOBEPHYTON KOM-
MIOHEHTH! 30HAUPYIOLIETO JICKTPOMAarHUTHOTO M3JTyICHHUS.

BbisiBJieHBl yCJIOBHSI, MpPU KOTOPBIX BBIXOIHAs HMHQOP-
Malusi aTOMHOro HWHTepdepomMeTpa ONTHMajbHA M WH-
(dopMarmoHHa. YCIOBUSI OOBIYHBIX CHEHATH3HPOBAHHBIX
naboparopuit (Hampumep, IUTOTHOCTh aTOMHOTO OOJiaka
N=10""cm=> u ero mmna z = 10 um, BHOpaHHbIE Ha
puc. 4) Gosee 4eM JOCTATOYHBI ISl YCIICIHOM Peai3alnm
IpeJyIaraeMoro aTOMHOTO HHTepQepoMeTpa.

Crnenyer Tarkke M00aBUTh, YTO W3-3a KOJIEOATEIIBHOTO
XapakTepa H3MCHEHUsI PaCHpelesICHUil HMITYJIbCOB IPO-
CTPaHCTBEHHBIC CMEIICHUSI aTOMOB OKa3bIBAIOTCSI MEHBIIIE
IUTMHBI BOJIHBI AEUCTBYIOIINX ONTHYECKHUX IOJICH: aTOMHBIC
TPACKTOPUH BCE BPEMsI OCTAIOTCSI MOJIHOCTHIO MEPEKPHITHI-
MH. DTO CBHUJETEJIbCTBYET O KOMIIAKTHOCTH KOHCTPYKIIUH
MOJISIPUMETPUUYECKOTO aTOMHOT'O MHTEp(epoMeTpa, a TAaKKe
0 TMEPCIIEKTUBHOCTH €0 MOPTATUBHOTO BapHAHTA.

Ontrka n cnekTpockonus, 2025, Tom 133, Boin. 4

®duHaHcupoBaHue paboThbl

Paborta BemonHEeHAa TIpM (uUHAHCOBOH mommepikke Ko-
MHTETa IO BBICIIEMY OOpa3sOBaHMI0 W Hayke PecryGmikm
Apmennsa B pamikax JlabopaTopum mccienoBaHWS W MOfe-
JIMPOBaHMS KBaHTOBBIX fBJIeHNH MHcTuTyTa Qusuku EI'Y.
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