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HayuHo-ucciegoBaTeJlbCKUH HHCTHTYT Ja3epHoi ¢pusuku 199034, CaurT-IleTep6ypr, Poccua

Iloctynuna B pepakuuio 11 masa 2004 r.

Haiinena monApr30BaHHOCTE aTOMapHOro KoHJeHcaTa Bo3e-diiHmTelHa B yCIOBUAX ero craboro Bo3Gy:xme-

HMA Ta3epPHBIM U3JIYyUYEeHUEM C 4YaCTOTOM, 61M3Koil K pe3oHaHcHOM. OnpeneneH KoadpunueHT KyGUYHOM 110 OO

HelINHeHHOCTH MoKa3aTelf IIpeloMiIeHUA KOHJEeHCaTa B peMUMe MENJIEHHOI'0 paclajaa BcleqCTBrUe CIIOHTAHHOT'O

HU3Ny4YeHUus BOSﬁy?KI[eHHI:IX aToOMOB, a TaK€ B CTAallUOHAPDHOM pexUrMe, Korja noTepy aToMoOB BOCIIOIHAIOTCA

BIIPBICKMBaHMEM aTOMOB B JOBYIIKY. B o6oux cryvaax koadpduuueHTs KyGUuHOM HeTMHEeTHOCTH KOHAeHcaTa Ha

HECKOJBKO MOPAJKOB IMIPEBOCXOOAT COOTBETCTBYIOIME BEIUYNHbBI U3BECTHBIX HelINHEeHHbIX cpen. Ol'Ipe,E[eJ'[eHbI
yciaoBusa HabuaogeHusa rucrepesuca B nHTep(bepOMeTpe, copep:raieM KOHOeHCaT B CTallMOHApHOM COCTOAHWH,

IIpY HAJINYUU Naaamuero jJa3epHoro U3nry4YeHn .

PACS: 42.50.Rh, 67.40.—w

OTraIuk aTomapHoro G603e-3MHIITEHOBCKOIO0 KOH-
nencatra (BOK) Ha Bo3neiicTBUe a3epHOr0 U3IYyYEHUSA
IeKUT B OCHOBE PANa METOIOB €ro aHanusa, NMpUYEM
Haubollee MHTEPECHBI, C Halleil TOUKM 3peHud, DKCIe-
pPUMEHTAalbHbIE U TEOPETUYECKUE UCCIEI0BaHUA, IOCBA-
eHHbIe pe3oHaHcHOMY Bo30ymaeHuo BOK [1-3]. On-
HaKO B YCJIOBUAX 3TUX paboT BO3JeiicTBUE CBeTa PUBO-
IUT K MPaKTUYECKU MONHOMY pa3pyllIeHUIO KOHeHcaTa.
B nmanHoIT cTaThe MBI UCCIEAYEM YCIOBUA PE30HAHCHOTO
Bo36y#aennsa BAK, npu KoTOpbIX OH MeHAETCA JOCTa-
TOYHO MEJIJNEHHO, MIPOABIAA NPU 3TOM aHOMAalbHO BBICO-
KYIO ONTUYECKYIO HEIMHEHHOCTD.

IIpu B3aumogeiictBuu BIK ¢ ameKTpoMarHUTHBIM
nonem ¢ HanpsaenHocThio (Ee~ ™! 4+ E*ei“t) ypapue-
HUf, CBA3BIBAIOI[ME BONHOBbIe GYHKIINM KOHIEeHcaTa U
aTOMOB B BO30Y’#JEHHOM 3IEKTPOHHOM COCTOAHMU (Ma-
TepuanbHaAd BolHOBafg ¢yHrnusa & 'bge’iEgt/h +
+ ®.e~Fet/h) umeror Bun [4-7]
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31ech MHIEKCHI g U € OTHOCATCA K HOpMallbHOMY M BO3-
Oy:JeHHOMY cocTofHUAM atoma, M — macca aToMma,
A — onepatop Jlannaca, e — 3apAn 3NeKTpoHa, d — MaT-
PUYHBIH 3IEMEHT JUNOJLHOI0 MOMEHTAa Iepexo/ia aToMa,
0 = w — w, — paccTpoiiKka YacTOTHI Jazepa OT 4acTOThI
aTOMHOTr'0 Tlepexoja, a — JIVHA pacCeAHUA, ¥ — CKOPOCTh
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Bpemenu ®. = 0 ycnosue Hopmuposru [ |®,|2d*r = N,
rae N — 4uclio aTOMOB B KOHJeHcare.

YpaBHeHMe pacnpocTpaHeHUs AIA MeJIeHHO MeHAIO-
meiicAi BO BpeMeHH aMILIUTYAbI NMoif E B cKalApHOM
NpUGIMKEHNN UMeeT BHJ

20’—2“’atE = —AE — k*E — 4nk>P. (3)
31eck kK — BOJIHOBOE YMCJIO J1a3epHOT0 U3NYy4YeHMA, JHU-
HelfHaf YacTh NUANEKTPHYECKO} MPOHMIAEMOCTH £g & 1
U BBeJleHa MOJAPU30BaHHOCTL P = (ed)ézéee”t. Hm-
Nyabc, MPUOGPETEHHBI aTOMOM IPU TOTJIOIEHUN CBe-
Ta, k,, 3HaUUTeNbHO GoOJIblIe, YeM MMIYIbChl aTOMOB B

KoHgeHcare. I03ToMy B (2) MOKHO NONOKHUTD
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Torpa, unterpupys (2) no BpeMeHH, NOILYyYUM
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3, = (D -t / B®,x
0
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X exp [—%(t —t') +i (Z’;/TI + 5) (t— t')] at'.  (4)

W3meHeHNns BO BpeMeHM BOMHOBON QYHKIMY KOHAEH-
cara [JON#Hbl NPOUCXOAUTH Me[lleHHee, YeM MPOMCXO-
IUT caMo ee yCTaHOBIEHUe, KOTOPOe OIpeaelNfeTcs Bpe-
MeHEM MeHIy CTOIKHOBEHMAMM aToMoB (T 1 mc).
BelecTBeHHYIO YacTh MONAPU30BAHHOCTH ONpeAeNfeT
MHHMas 4acThb N0Ka3aTels NOAMHTEr PAlbHOM KCIOHEH-
Thl B (4). OHa gocTuraer makcumyma npu 6 ~ /2.
OTmeTuM, uTO XapakTepHoe 3HaueHue y ~ 108c¢c7!.

~
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Ilpu sToM B ciyuae Bo3Gy:IeHUA, HAPUMeEp, TUTUEBO-
ro KOHJeHcaTa BUAMMBLIM CBETOM BellMYMHaA hkf/2M =~
5-10%¢c™! <« /2. TloaTOMy MOHHO NONOHUTD

0 —iv/2 edE

P, = - —idt(}
c T e t+2/4 2 ¢ 9
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P (ed)?E & —iv/2 B, 2
2R §2442/4007
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. 1y/2
zhc’)t<1>g = —WA‘}_Q + Zm Rq:’g+
47rh a
+ LA 2 (6)
rie vg = |edE|/h — yactora Pa6u. Ecin mupuna na-

3epHOro My4yKa 3HaYUTeNbHO NpeBbilaeT pa3Mmepbl BIK,
BTOpOIi UlleH B MpaBoii yacTu (6) mpakTUYeCKU He 3aBH-
cut oT KoopauHat. Ilpu 3TOM, KpoMe HecylecTBEHHOro
(a30BOro MHOMUTENA, OH NPUBOAUT K 3aTYXaHUIO aM-
MIATY AbI BOMHOBOM (yHKIIUU:

2 2
8,2 - &2 exp (— 2 Vi), 7
|Q| |9| p 62+’Y2/42 ()
Torpa BrIpameHue ANA NONAPU30BAHHOCTH BKIIOYAeT
KyOMYHBINI [0 MO0 YleH:

P_(ed)ZE d—iv/2 ( _ﬁ v/2 t) 1,
2k %2 ++%/4 2 82++%/4 gt
(8)
W3 (8) cnemyer, uto KoahduLueHT KyGMUuHON (KeppoB-
CHOﬁ) HelIMHEeHHOCTH

7(ed)* &y 5
2R (32 + /A Tt ©

€9 =

dTa BelMYMHA IMHEHHO 3aBUCHT OT BPeMEHH, U ee 3HAaK
onpenensercA 3HakoM paccTpoiiku . Ionomus |6 =
~ /2,7y~ 108c !, ed ~ 2.5-10 '8 en.CGSE, |®,?
= N, (N, = 10'®cm~3 — rouuenrpauus atomos [1]),
OIIEHHM Ea:

2 ~ 10"ten.CGSE. (10)

CooTBeTCTBEHHO, 3a BpeMs ycTaHoBlenus t = 1073 ¢ Ko-
3 OUIUEHT KepPOBCKOi HETMHEAHOCTH NOCTUTAeT BeJU-
yuHBI €5 & 10? e1.CGSE. Onnako Takas rurantckas He-
JIVHEHHOCTh pealu3yeTcA NPU BO3JAeHCTBUM OUEHb Cla-
6oro nosA. Bpema uaMeHeHMA KOHJEHCATa JOIHHO ObITh
Gonblie, yeM BpemA ero ycraHoienus. W3 (10) BuzgHo,
YTO MHTEHCUBHOCTh U3IYUYeHUA HONHHA yI0BICTBOPATh

YCJIIOBHIO
|E> <10 "en.CGSE ~ 2.4-10 °Br/em’.  (11)

Haitnennas nenuneitnocts B3R cymecTBeHHo HecTa-
nuoHapHa. JlnA nepexoja oT UMMYNLCHOTO BO3Gy# AeHUA

K HEINpPepbIBHOMY Heo0X0AMMO BOCIIONHATh yXxong BO3-
6yH{IIeHHbIX aTOMOB U3 KOHJeHCaTa UX BIPBICKMBaHHUEM
B OocHOBHOM cocToAHuu. IlocienoBaTennHoe paccMoT-
penne TaKoW 3ajadu TpeﬁyeT HCIIOJb30BaHNUA MaTpU-
bl IIJIOTHOCTH, TaKk KaK TOJbKO TaKUM 06pa30M MOMHO
CTpoOro y4yeCcThb NoTepnu 1 BOCIIOJIHEHHWE KOHIOeHcaTa. I[J'Iﬂ
OJHOMEpPHOIr'o KoHJaeHcaTa [8] B OTCYTCTBHE CIIOHTAHHOI'0
pacnaga n aTOMHOM HaKkavyKkH ClIpaBeJINBbl YPaBHEHUA
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Ipu sTOM monApu3oBaHHOCTL Py = (ed)'1>;<I>eei5t /s, roe
§ — momepevHas mIoWanL KOHAeHcaTa. B cucremy ypas-
HEeHW# 1A MaTPULbI IIOTHOCTH TAKON CHCTEMbI MOKHO
(peHOMEHOIOrNYeCKH BBECTH JUCCUNATHBHbIE WIEHbI:
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3xeck p — cCKopocThb Hakauku atoMoB B BARK u v, yr —
CKOPOCTH MPOAONLHON U MONepevHoii penakcamuii, KoTo-
pble NpUGAU3UTENLHO PaBHbL ApYT Apyry. B (14) onyue-
HbI YJI€HbI CO BTOPBIMU NPOM3BOJHBIMHU 10 2, TAK Kak Ja-
e CKOPOCTH OTJa4Yil aTOMOB MPU MOTrJI0LIeHUHd POTOHOB,
KOTOpble 3HAYMTENbHO NPEBBIIAIOT CKOPOCTU aTOMOB B
KOH/leHCaTe, He BIUAIOT HA KUHETUKY B3auMOJeicTBUA
B3K co cBeToMm, Kak 3TO MoKas3aHO BbIlle. B craiuo-
HapHoM pexume 8|®,|%/0t = 8|®.|? /0t = OP, /8t = 0.
Monomus B (14) ;. = pe~ ¥t npuxomum K anreGpan-
YECKUM BhIpaeHUAM:

ed
=|®. |2 = —i—(E*u — c.c.
p=18f = —is (B - cc),
ed 4Arha
p=—or B2 = [2*)/ (6 + 712" + 1)
(15)
Btopoit unen B 3uHamenarere (15) mnopazxka

103—10* ¢! < v, nosToMy B AambHeiilleM UM MOHSHO
npenebpeus. Toraa us (15) cnenyer
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MHMMas YacTh TMOJAPU30BAHHOCTH OMpefeNfeT DKCIO-
HeHINaNbHOe 3aTyXaHHe aMILUIUTY/IbI TOJA C AeKpeMeH-
TOM
mk(ed)?yr
o= —7r -
2 52
h(yg + 02%)s

Monaraa k = 1.2-10%cm™!, ed = 2.5 - 1078 en.CGSE,
yr = 108¢!, § = 7, |B4*/s = N, = 102 em 3,
monyyum o = 10 cm ! (aL = 0.1 gns woupencara ouau-
Hoit L ~ 100mrM). JloGaBKa K BeI[ECTBEHHON 4acTu
IUANEKTPUYECKO MPOHUIAEMOCTH

@)% (17)

Ae = Agg + 52|E|2,

27 (ed)?6 5 m(ed)? N, 4
Agg = —5—2—1|® ~+t——— =+16-1
£o h(y2 +52)s| ol hyr 6-1077,
(18)
d 2
er = Aeg—D" . 101en.CGSE.

(72 +67)

Ipu »atom v4/92 < 1, 1o ects |E? <
< 1.6-10"%en.CGSE ~ 0.4 BT/CM2. Takum o6pazom,
npejenbHble HEeNUHERHbIe 106aBKU B JUANEKTPUYECKYIO
OPOHULAEMOCThL Cpejbl B CTAMOHAPDHOM U HECTAlUO-
HApPHOM ciiydafx GAM3KU 10 BeluYUHE.

IIlpumepoM mnpuMeHEHHA T'UraHTCKOM onTUYECKOM
HenuHeilHocTu BIK cnymut cxema uHTepdepomerpa
®a6pu-Ilepo (aByX3epKalbLHOTO Pe30HATOPA), 3alONHeH-
Horo BAOK u Bo30yx#maeMoro BHEIIHMM MOHOXpOMa-
TUYECKUM Ja3epPHbIM M3IMyUYeHUeM C aMImauTymoi A;,
[9,10]. B npubamskeHuM MIOCKUX BOJH, NonomuB F =
= Aexp(ikz), roe A — amnauTyaa nons BHYTPU pe3o-
HaTopa, MOHO 3anucaTh:

TAin = A(1 — re 20LH), (19)

3meck T — aMIUIATYAHbIH KO3(pPULMEHT NpOMyCKaHUA
BXOJHOTrO 3epKala, © — Ipou3BeJeHNe aMIIUTyAHBIX KO-
5¢h¢ULUNEHTOB OTpaseHnaA AByX 3epkan. PazoBblil Ha-
Ger npy NPOXOAEHUM CBETA B ABYX HalpaBIeHUAX pe-
3oHaTopa § = 6y + 0>I. Paccrpoiika 6, Bapbupyercs
B IIMPOKOM JMana3oHe U3MEHEeHHEeM JIMHBI pe3oHaTopa
L B npenenax aaunbl BonHbl, ] = A? — MHTEHCUBHOCTb
ceera. Iomomus p = rexp(—2al) u cuuras 2 < 1,
MOy YUM:
Tl = I|1 — pe®|? =

6
=1 [(1 — p)? + 4psin? 1 I[(1 - p)? + p6. (20)
3neck T = |7|> — KoadduuueHT mponmyckaHMA BXOA-

HOro 3epKana nmo uHTeHcuBHOocTH. BBoga J = 6,1,
Jin = TO51;;, npuxXoauM K COOTHOIIEHHUIO

Jin = J[(1 = p)* + p(6o + J)?]. (21)
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dTo Ky6Guueckoe no J ypaBHeHUEe U ONpeaendeT 3aBU-
cumocTh J ot J;;,. Tourku neperuba cooTBeTCTBYyIOMIEH
rUCTEPe3UCHOM KPUBOI ONpeNelNfAi0TCA ypaBHEHUEM

6Jin
oJ
JTo ypaBHeHUe MeeT BellleCTBeHHbIE KOPHU NPU He-
o6xoauMoM ycnouu Guctabunsroctu 63 > 3(1 — p)? /p.

Ilycts B pesonaTtope conep:utcA BIR muunoit L =
= 50 meM. Torga 2aLl = 0.1 u |6y > 0.17. Kopun (22)

=3pJ% +4p0pJ + [(1—p)® +ph2] =0. (22)

26, 200\* _ [(1—p)® + pb3]
b2hp==g" =+ (3) 3 ' (23)

3
6062 < 0.

Koaddunuent npu HenuHeiinom HaGere ¢asbl Ipu IBOI-
HOM mnpoxoxaeHuu BAK

8nékL(ed)* |®,|?
0y = TP _£ 52))2 2| ~ +10%ex.CGSE (6 ~ £77),
(24)
Tonomus 6y = 0.2, BeIGpaB ANA oNpeJeleHHOCTH OTPU-
IaTelbHYIO pacCTPOMKY, NpUHUMAaA Koa¢hULUEHT Npo-
NyCcKaHUA BXOJHOr0 3epKala N0 MHTeHCUBHOCTH T =
0.01, a p = 0.896, nonyuaem u3 (23) UHTEHCMBHOCTH Tie-
peraiouenusn I; o = 1.5-1073, 1.1 - 103 en.CGSE, unn
0.37,0.27 BT/CMZ. CooTBeTcTBYyIONIME 3HAYEHUA MHTEH-
CHUBHOCTHU IOJf, MAJaIoOUIero Ha UHTEPPEPOMETD, PaBHEI
Iini2 = 45 u 2.6Br/cm?. Torpa saBucumocts J OT
JinuMeeT S-o6pasublit BuA. IIpu mMOBBINIEHUM WHTEH-
cuBHOCTU BHemHero moaa 0 4.5Bt/cm? nabmonaetcs
TUCTEPE3UCHBIN CRAYOK MHTEHCUBHOCTU KaK BHYTPH pe-
30HaTOpa, Tak U B IpolleJieM U OTPaMeHHOM U3ITyue-
Huu. IIpu o6paTHOM yMeHBIIEHNN MHTEHCUBHOCTH CKa-
YOK Ha HUKHIOIO BETBb NPOMCXOJUT NPU UHTEHCUBHOCTHU
2.6Br/cm?.

Taxum o6pasom, npu pacnpoctpaneHuu B BOR mo-
CTaTOYHO cnaboro IasepHOro M3NYy4YeHUA OH BeJeT ce-
0a KaKk HelWHeliHasa cpela c aHOMalbHO GONBIMIUM KO3(-
(puIMeHTOM HKeppOBCKON HeIMHEHHOCTH, 3HAaK KOTOpOM
onpejendeTcA 3HAKOM OTCTPOMKM YacTOThI U3NYUeHUA
oT pesoHaHca. OnTumusanueil OTCTPONKU MOMHO HO-
OUTbCA CPAaBHUTENLHO HEeGONBIION BEIMYMHBI MOTJOIIE-
HuAa. Ilpu 3TOM B oTIMuYMe OT cTaHJApPTHOI ABYXYPOB-
HEBOI CUCTEMBbI CHIOHTaHHOE U3IMy4YeHNE NPUBOJUT K He-
o6paTUMOMY yX0Jy aTOMOB U3 KOHJeHcaTa. IMeHHO mo-
aToMy HenuHeiiHocTh BIK 3HauuTenbHO cunbHee, yem
JUIfl BCeX M3BECTHBIX HEIMHEHHBIX CPell, 0COGEHHO B CIIy-
yae MeJJIeHHOr0 pacnajia KOHJeHcaTa BcleJCTBUe CIIOH-
TaHHOr'0 M3Iy4YeHUA Bo306y:IeHHBIX aTOMOB. B ciyuae
conmuToHHoro cocrofnua BIK [8] onTuueckan HelnuHeii-
HOCTh JIOTMONHUTENLHO YCUINBaeTcA 3a cueT 3 PeKTuB-
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HOTO YMeHhIIIeHUA NIUHBI paccefinud a. B cTanmoHap-
HOM pejKMMe, Korja CHOHTAHHBIM pacrnaj BOCIONHAETCA
MaTepUaNbHOM HAKauyKoif, 60NbIIOEe 3HAUEHUE ONTHYeC-
KO HEIMHENHOCTHU BbI3BaHO Malloif CKOPOCTBIO MONepey-
HOI pelaKcaluM yJIbTPaxoJoTHbIX aTOMOB. JTo o6GCTo-
ATeNbCTBO M03BOJIAET HAGMIOJaTh MHOTHME HelHMHeiHo-
ONTHYECKUE ABIEHUA, BRIIOYaA caMOPOKYCHUPOBRY, NpU
BeCcbMa HU3KMX YPOBHAX MHTEHCUBHOCTH HeNpephIBHO-
ro nasepHoro uanyuenus. Iloka3zaHa Tak#e BO3MOM-
HOCTh HabOIIOJeHNA HU3KONOPOrOBOT0 I'MCTEpe3unca Npu
BO36Y#IeHUM a3epHBIM U3NYyUeHUeM UHTepdepomeTpa,
conepsamero BAK. 3 npuBeieHHBIX pe3ylbTaTOB Clie-
IyeT TaK#e, YTO B MIMPOKOANepTypHOM UHTepdepomeT-
pe, 3amonHenHoM BIK, Huskum noporom GynyTt obGna-
JaTb U Takue 3pPerThl KaK MmomnepevyHasd MOIYJIANUOH-
Hafl HEYCTOMYUBOCTD, BOJHBI MEPEKIIOUYEHUA U TUCCUTIA-
TUBHbIE COJUTOHBI [10]. Pa6Gora moppepskaHa rpaHToM
INTAS +# 211-855.
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