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OOTONMHAYIMNPOBAHHBIE BOJIHBI
BO3E-KOAEHCATA B OIITUYECKUX
CBEPXPEIIETKAX

C.0. Exomun

A aHOTan s

Ha ocrose momenn Bosze - Xabbapma ommcana guHAMHUKA YIHTPAXOIOIHBIX ATOMOB B y3-
JTaX OMTHUYECKOH pemerkn (CBepXpemerkn). JInHeiHas W KOIbIEBasg PEeNIeTKA pPACCMOTPEHBI
I7I ABYX THUIIOB B3aMMOIEUCTBUs O030HOB: OTTAJIKWBAHWE W MPUTAXKEHNE. UWCIEHHO HADJIIO-
TaeMoe KBAHTOBOMEXAHIMYIECKOe TOKOBOE COCTOSIHME ATOMOB 003€-KOH/IEHCATa BOZHUKAET M3-33
MPBIKKOBOTO TPAHCITOPTA XOJIOIHBIX ATOMOB, BRI3BAHHOTO BO30Y K IEHNEM CUCTEMBI OUTAPMOHI-
YEeCKUM JIEKTPOMArHUTHBIM TI0JIEM ITPW PAMAaHOBCKOM pe3onance. Korma sueprus B3anMomeii-
cTBUsi DO30HOB CTAHOBHUTCH OIM3KON K dHepruu (HhOTOAKTUBAINK, TOK OO30HOB yMEHDLITAETCH,
YTO MOYKET OBIThH OTHECEHO K MPU3HAKY (ha30BOTO MEPEXoIa OT CBEPXTEKYYECTH K U30JISATOPY.
B pazymopsmouentoit TuHeHHON MernoYKe MOTeHITHAIOB, B KOTOPOU T/IyOMHA OIMTHIEeCKUX TOTEH-
IIUAJIOB MEHSIETCST OT Y371 K Y3JIy, PACTEKaHNEe TOKA, TI0 CaiiTaM PEIeTKN MOIABICHO AHATOTITIHO
neiicteuio 3 dexra Jokamm3anun AHIEPCOHA B TBEPIABIX TEJIAX.

KurroueBbie ciioBa: 603e-3iHIMTENHOBCKMIT KOHIEHCAT, OTITHYECKast CBEPXPeNIeTKa, ourap-
MOHHMYECKOE I10JIe, PAMAHOBCKUN Pe30HAHC, (ha30BbIA MEePexo/I.

BBenenue

Nurepdepennyst HECKOTBKUX ILIOCKIX MOHOXPOMATHIECKUX CBETOBBIX BOJH CO3/IA€T
I paKIUOHHY 0 KAPTUHY, B KOTOPOI HAIIPAXKEHHOCTD K TPUIECKOTO OIS IePUO/In-
YECKU MEHSIETCs B MPOCTpaHCTBe. TaKyIo MepuoJndecKyio CUCTEMY HA3BIBAIOT ONTHYe-
ckoii perrrerkoii (OP) [1]. OP — maccuB MUKPOCKOTTHYECKUX MOTEHINAIOR (y3710B), chop-
MUPOBAHHBIX MOJT AEHCTBUEM BHICOKOTACTOTHOTO IMTapK-3dhdexra B moje narepdepnpy-
IOIIUX JTA3ePHBIX JIyIeil. YIbTpaxoaoaHbie 0030HbI, 3aXBaYEHHBIE HA TAKNE MTOTEHIINAJIHI,
[TUPOKO UCMONB3YIOTCA B KAYECTBE MOJIETbLHOM CHCTEMbI JIJIsT U3YYeHUs (DYHIAMEHTA b
HBIX 9 PEKTOB B KBAHTOBOH (pr3nKe, TAaKNX, Kak (PA30BBIA MEPEXo] OT CBEPXTEKYIeCTH
K MOTTOBCKOMY H30JTOpY [2].

Cucrema ONTHYECKUX JIOBYITIEK C KAIISMIA 003€-KOHIEHCHPOBAHHOTO PA3PEKEHHOT0
ra3a TpeJICTABJISAET, MO CYNIECTBY, NCKYCCTBEHHYIO CPely, B KOTOPOil aToOMHas CHCTeMa
npeObIBAET B KONEPEHTHOM COCTOSHUU, & MapaMerpbl MAacCHBa 003e-3fHIITENHOBCKIX
kongencaros (BOK) moryr saddekruBro yupasisarhes ¢ nomolnpio pesonanca Deri-
6axa [3| wiu BuemHuMm 1osiem. BesegcrBue KBaHTOBON uHTEPMEPEHIMU MEXKIy KOH-
JIeHCaTaMM UX PENTeTKa MOYKeT MOMIePKNUBATH KOJIEKTHBHBIE BO30YKIEHNS, KOTOPHIE
B MPUOJINKEHUN CUILHONW CBA3W MeXKJy OO30HAMH B sdeiKe PermeTKd TPeICTaBIISTIOT
co0boit HeTMHeHHbIe YeIMHEHHbIE BOJIHBI, WM COJTUTOHBI B IMIUPOKOM TOHUMAHUU 3TOTO
repmuHa. [Ipu onpenenennbx yeIoBIUAX HEOIHOPOAHbIH ancamMbab Kanenb BOK B y3max
OP cuocoben npoussoaurb adbdexr sxa [4].

Hemasuo OP ¢ mgBymst TumamMu MUKPOCKONWYECKUX TIOTEHIIMAJIOB B OHOM sueiike
(caidime) permerkn (omruueckas ceepxpererka — OCP) npurneksa ocoboe BHnManue [5].
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CBepxperneToyHbie CTPYKTYPhI XapaKTepU3yIOTCs PA3HOCTHIO SHEPTHil YPOBHENH B CO-
CeHUX MHUKPOCKOMMIECKUX IMOTEHIINAIAX, TAKOW, UTO TMPHU CBEPXHU3KOU TemIepary-
pe KBAHTOBOE TYHHETMPOBAHUE MEXKIy OMU3IeKAIUMA Y3JIaMU W CARTAMU TOIABIEHO.
TepMoaKTUBMPOBAHHBIN TIEPEXOJ, C OJTHOTO Y3JIa Ha JIPYTOil Tak:Ke MaaoBeposdTeH. B or-
CYTCTBHE MTPSIMOTO TYHHEINPOBAHUS MTPBIKKU Yepe3 OMTUIECKUH Oapbep MeKIy y3/1aMu
MPOUCXOIAT B pe3y.anaTe paccedaHnsda BHECIITHETO 6I/IFapMOHI/I‘IeCKOFO JIEKTPOMATHUTHOT'O
IIOJIA Ha PEIIeTKe B YCIIOBHAX PaMaHOBCKOT'O pe30HaHCa C OCHOBHBIMU COCTOAHUAMMN KOH-
JIeHCaTa, B y3JIOBBIX HoTeHmanax gdeek [6]. [Tapamerpsr BO30YKIeHUS MOI'Y T KOHTPOJIU-
POBATHCA BHEITHUM HU3/TyIeHHEM, KOTOPOE OMPEeIeIseT BEPOATHOCTD MPBIKKOB O030HOB
MEKIy CONPS’KEeHHBIMH caiiTamMu.

B paccmarpuBaemoii 3a1a4ue 603e-KOHIEHCAT B BUIE MACCUBA, KA YIeP:KUBAETCS
B sTUefiKax OJHOMEPHOI ONTHYECKOM PEeIeTKH, MPeICTaBIAINel coboit HabOp Uepemry-
IOMUXCA ABYXDbAMHBIX aCHMMETPHUYHBIX OIITHYECKUX JUIIOJIBHBIX IMOTEHIIUAJIOB (queK
nian CaﬁTOB). yﬂpraXOHO,IIHBIe ATOMBI 3aHUMAKT HUXKHHUE KOHe6aTeJIbeIe COCTOAHUA
KayKJI0TO y37a, COOTBETCTBEHHO @ W b, C SHEPTUAMN £, j, €p,j , HAXOAACH B CBOEM OCHOB-
HOM COCTOAHUU. ATOMI)I B3aHMOﬂeﬁCTByIOT JIATITh Ha KOPOTKOM PACCTOAHWH. KOHJeHC&T
KaK IIeJI0e MOMEINEH BO BHEITHIOK MarHUTHYIO JOBYIIKY B (DOPME «CHUTApBI». Y POBEHb
9HEPrur OCHOBHOT'O COCTOAHHNA B Y3JI€ THUIIa 4 COBIIaJaeT C HU2KHUM YPOBHEM MarHUTHOM
NOBYMmKHA. JI7TsT onmmrcannsa Takoil CHCTEMbI B MPUOIMKEHUH CHTHHON CBSI3U MCIOIH30Ba-
nach Momenb bose—Xabbapaa B BuIe ypaBHEHWH ABUKEHUA I AMILTATY, BEPOSITHO-
crn Hacesennoctn y3ios OCP [7, §].

1. ®opmynupoBKa mojzean. OcCHOBHbIe ypaBHEHU

Junamudeckue ypaBHeHHs [ aMIUIATYJ, BEPOATHOCTU a; U b; HaXoxkaeHus 6o-
30HOB Ha y37ax THIA a U b B j-ii s9elike PEIIeTKH MOJyIeHbl HA OCHOBE MOJIETHLHOTO
ramMuabToHaHa Bboze — Xabbapaa

H=- Z (jb X bi(@t o +at;) + Ja x a5 (b7 +0%50) +3_c_) +
j(sites)

+ Y et + Y epgbt b+
J J
1 P SU | oy 1 ~t~ T+ T T T
+ §Uaa;aj a2+ iUbb;bj b2 + 5Uab;ajaj(b+jbj +B,1bt 1),

yauTbBaomero szaumoneiicreue Uy, Upp, MEXKIy aToOMaMu B OJHOM y37€ W B3aHMO-
neiicrBust Uy, MEXKLy ATOMAMM M3 COCETHUX Y3JI0B, 4 TAKKE WHIYTUPOBAHHBIE 38 CIET
BKP nepeckokn MexK/Iy coceHuMH y3namu pemterku (7, ). B ravunbronnane (2) at
(@;) — omepaTOpBI POXKAEHUS (YHIUTOKEHHsI) GO30HOB B OIITHYIECKOl sTUeiiKe j, 171 KO-
TOPBIX BHIMTOJIHEHBI MTPABAIA KOMMY TAIIAN [/b\m,g"'k] = Okm [Gm,0 k] = Okm . lpamvoe
TYHHEJTMPOBAHWE BHYTPH SYEHKH W MEXKIy SUEHKAMU OTCYTCTBYET M3-3a PA3HOCTH B
SHEPTHUAX € W € CHJIBHO JIOKATM30BAHHBIX OCHOBHBIX COCTOSHHIN B y3max. Cmmy B3a-
uMomeicTBIs GO30HOB HA y31ax a W b 1 TPOCTOTBI MOKHO CYMATATH OJMHAKOBOM, TO
ecth Uyq = Uppy = U, mpuuem U > 0 COOTBETCTBYET B3aMMOIEHCTBUIO OTTAJTKWUBAHUS,
a U <0 — npursxkenns. [lycts Takke J, = Jp + Jo -

[IppokKy gepe3 onTudecKkuii bapbep MeKIy y3JaMu THMa ¢ W b Kak B Mpeaesax
OJHON AYEHKM, TAK W MEXKIY Y37TaMHU COCEJHUX S9YEeK MPOUCXOAAT B PE3YJILTATE Pa-
MAHOBCKOTO PACCESTHUS BHEITHUX YIbTPAKOPOTKAX OUTapMOHUIECKUX UMITYTHCOB CBETA,
¢ HECYIIUMW 9aCTOTAMU Wwe W w1 HA PABHOMEPHO OCBEIIAEMOIl permerke.
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Yacrora paManoBCKOTo pe3onanca Awg paBHA Pa3HOCTH MEKIY HEKOTOPOI cpeaHeit
110 BCeM g4YefiKaM BeJIUYUHOU SHepruu 51(70) HA y3J1ax Tuma b u SHeprueil OCHOBHOIO CO-
CTOAHUS Ha, y37aX TUMa, ¢. [IOCKOIBKY CUMTaeTcs, 9T0 MOTEHIINAT MATHUTHOMN JIOBYIITKA
MeHsSIeTCsT ¢J1ab0 MO CPABHEHUIO C MPOCTPAHCTBEHHBIM TTEPUOIOM ONTHYECKON PEIeTKH,

TO €CTh &4 (5) c1abo 3aBUCHT OT j, TO MOXKHO CYUTATH YTO
_ _
hAwo = h(wl — WQ) =&, — Ea,(j)'

VpaBHeHusT MOJIeNN, sBISIONecs ypapHenusyu aiizenbepra, ¢ yqeTroM KOMMYyTa-
[IUOHHBIX TPABUJ I/Isi OO30HHBIX OTIEPATOPOB BBITJIAIAT CJIEIYIONUM 00Pa30M:

o0 gy ~ . PR ST L TE T s
zh&aj = 7j0 BZAth(bj + bj,l) + €a,jAj + Uaaa+jajaj + Uab(b+jbj + b+j,1bj,1)aj,

0~ o - SRR L .
iho.bj = —Joe RN (@; + @jgr) + €505 + Unpb " jbiby + Uap(@F j1@11 +a"53;)b;.

B kmaccruueckom mipesesie omepaTopbl 3aMeHEHbI C-UUCIOBBIMU TTOISAMIA:

., 0a; . i

Zha—tJ = —J5 e (bj + bj—1) + a,50; + Uaalaj[*a; + Uan(|bj|* + bj—11%)a;,

. 0b; .

Zha_tj = —Joe” 2 (a; + ajy1) + €0,5bj + Unlbj|*b; + Uas(las]® + [aj41]*)b;.
SamMena

1 1
a;j exp [ﬁ(gb’j +€aj — hAw0)t:| =aj, bjexp |:ﬁ(€b,j + €a,j + FLAwo)t:| =b;

B CHCTeMe ypaBHEHUI NPUBOIUT K YPABHEHUAM /I MeJIJIEHHBIX epeMeHHbIX:

% = %Ujaj — dulaj|*a; — duap (|by|* + [bj—1*) a;+

Hi b+ by explin(es 51+ 0 - 0]
abj i ; 2 . 2 2 M
5o = —5Mibs — dulb[*b; — duap (Jag]* + |aj41[*) b+

+if {aj + aj1exp(it(e; — €41 + %(m - 77j+1)))} ;

rae 7 = tToil, f = Toh_ljo, Ugh = Toh_anb, u = Toh_lU, €5 = €a7j/U, n; =
= Toh 'Aep;, Ny = epy — 51(70). [Tapamerp Ty mpeacraBiasger coboit HEKOTOPOE
XapaKTePHOE BPEMs.

B nanpueiiem B Hacrosmieit pabore BosuukaOBeHue BoH BIK paccmarpupaercs
B apyx tunax OCP: koibiesoit u jguHeitHol. B ciiyuae KOJBIEBO# peIneTku ¢ mepu-
OIMYECKUMU TPAHUYHBIMUA YCJIOBHUSIMHU BCE CANTHI CUMTAIOTCS WUICHTUYHBIMU, U TOTIA
n; =0, Ty = h/U. B numeiinoii permerke BeIHTIHHLI PACCTPOEK 7); 33TAOTCI HOPMATIL-
HO PACIIPE/IETEHHBIMU CJIY YAHHBIMY YUCIAME C OOPATHON MOTYIIUPUHON PACIPEIeTeHUs
1.

KpanroBoMmexannueckas MIOTHOCTh TOKA BEPOSATHOCTH 3AMMCHIBAETCS CJIEILYFOIIIAM
obpazom:

I = g/NZ (((I;Lbj —+ b+jaj) —+ (b+jaj+1 —+ bja+j+1)) s I = J(t) exp(fiAwot) + 3.c.
J
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J(7) = Q/Ni [a+jbj +bja’ i1 exp (—iT (Ej —&jim+ %(773‘ - 77j+1)))] (2

j=1

rae g — HOPMUPOBOYHBIN MHOXKUTETH. B (2) mepBoe ciaraemoe B KBaAPATHBIX CKOOKAX

OTBEYAET TOKY BHYTPHU SYEHKHN, BTOPOE — TOKY MEXKJY COCETHUMU SUeiKaMu.
OrmernM, 9TO MCEeBIOTOK (2) mpeacrasiser coboit HEKOTOPOE KOTePEHTHOE COCTOSI-

HIE CHCTEMBI, TOI00HOE KBAHTOBOMEXAHIIECKONH KOTePEHTHOCTH B (pOPME OIS PUBAITAH.

N
IMonHoe 4ucio aTomos nocrosnuo, Tak 4ro y. (|aj|? + |bj[?) = Na. ILiorHoCTb 6030~
j=1

nos 1o ayeiikam OCP
n;(7) = laj (1) + [b; (1) [*. (3)

2. OrmeHku mapaMeTpoB MOIeJn

Yacrora KomebaHuil wy, B y370BOM KBA3UTAPMOHIYECKOM IOTEHIIHAE IIyOUHBL Vo
MOKeT ObITb OlleHeHa KaK Wy, ~ (ERVOpt)l/Q/h, IZie SHEePTHA OTIA49H aTOMa eCTh Fr =
= h%k?/2m, k = 2m/\. Dueprus hwj, omnpejenseT pacCTOSHUE MKy OCHOBHBIM CO-
CTOSTHMEM U dHEpPTrueil mepBoii 30HbI OJIOXOBCKUX BO30Y K IEHMIA.

B sKcMepuMenTax Ha yIbTPaxoJoaasx atomax o Rb [9] ¢ maccoit m = 1.4-1072% xr
(B3auMO/IeHiCTBIE OTTATKUBAHWSA ), JJIMHA BOJHBI JIA3EPHOrO u3Jydenus, (hOpMUPYOIIe-
r'0 OIITHYECKYIO TOBYIIKY, cocTapsger 800 HM, 9T0 AaeT Bemmanny Er ~ 2.0-10730 Ix.
ITpoTsyKeHHOCTh BOIHOBOI (DyHKIMM OCHOBHOTO COCTOSTHUST OCIWIIATOPA, eCTh Ax) =
= (h/mwy,)/? . Yenosue maocti Az, O CPABHEHMIO € TEPUOIOM OTTHYUECKOH PEeTKHI

A/2 Bener K HEpaBEHCTBY Vopt > §E r - C apyroii CTOPOHBI, IPUHSB TEMIIEPATYPY KOH-

nencuposanusg T, ~ 1 mMxK, nmeem nepanenctso Vopi > kpl. =~ 102 I ~ 5.0ER,
YTO IO3BOJIAET IPUHATH Vopy KaK MHHUMYM Ha IOpAnOK OosbmmM, deM Ep. Torma
XapakTepHOe 3Ha4YeHue BeIuduHbl AT, MOXKHO OLeHHTh Kak Az, =~ 100 HM npu
huwp, ~ 8-1073 Ik ~ 4ER.

Ormerum, 9TO BCJIEACTBHE MAJOCTHA PAIAYCA TEHCTBUS TOTEHITHAIA, OTTATKUBAHS,
TO ecTh paspekeHnocTr BOK, BLIMOMHEHO HEpaBeHCTBO as <K Az, (1uHa paccesanus
$-BOJIHBL ag = 5.5 HM). DTO, B CBOIO OYEPE/ib, II03BOJISET [OJIYIUTh OLEHKY /LI BEJINIK-
HBI ITapaMerpa B3auMoeiicTBus Ha y3iae U ~ hwhasAz,jl ~ 0.2FERr, to ectb U < hwy,,
OymeM Tak:ke cauTaTh, 910 U > Uy .

B coorBercTBUM C BUIOM MOMENHHOTO MOTEHIMAJIA ONTHYECKON PEIIeTKY TJIyOUHBI
ONTUYECKUX JIOBYIIIEK TUTIA ¢ U b B sTueiike pa3usaTcs. Pa3HOCTh 3HEpruii OCHOBHBIX KO-
J1ebaTeIbHBIX COCTOSTHUI B OoTeHInaaax V, u Vj, JOJIKHA YIOBIETBOPSTH HEPABEHCTBY
ep—&q > U, Uy . Ecniu mpubiuzkeHHO NpUHATH € ~ hwy, , & COOTHOIIIEHUE MEeXK Ty rTyOu-
HAMM [OTEHIMAJIOB yCTAHOBUTL Kak V,/Vj, > 2, TOo 4acrora paMaHOBCKOIO PE30HAHCA
COCTABUT

Awg ~ (ep —£4)/h =~ 1.2Er/h =~ 25 k1.

3. PeByJII)TaTI)I YUCJIEHHOTI'O 3KCIIepruMeHTa

Pemtenue cucrembr auddepenimanbubix ypasaenuii (1) no komuuecrsy caiiros OCP
OBLIO MOJIYYEHO € MOMOIBIO YUCTEHHOW TPOIELyphl TPeIuKTop —KoppekTop. 2Kemnae-
Mag abCoIoTHAS TOYHOCTH HopsaAaka 10™4 jocTuransach uTepanusaMu HA Karx<IoM Bpe-
MEHHOM IITare JijIs Kayk/I0ro nHaeKca caita j. Pe3ynabrarom Oblia MIOTHOCTHL OO30HOB
B sideiike (3) W WHTErpagbHash BeJIWINHA — TNIOTHOCTH TOKA aTOMOB (2) mo caiftaM pe-
ITIETKHN.

Camoe obIree 3aKII0O9EHIE, KOTOPOE MOKHO CIeNaTh U3 PE3yIbTATOB YHCICHHOIO
aHaM3a MOJIEJIH: TPOIEce pacnpocrparenus: obmaka aromoB BOK u3 nokamuzoBanuoit
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Puc. 1. Boausr BOK B kombresoit omaopoauoit OCP B ciayvyae moTeHIMAIa OTTAJIKUBAHUS
6030HOB Ha y31e pemerku. IIpm3nakm dazosoro mepexogza Morra mo napamerpy u/f. Nat =
=100, v = 1. (a) u/f = 0.5, uaw/u = 0.25; (6) u/f =5, uas/u = 0.25; (8) u/f = 50,
Uap/u = 0.25

obiacTu mepBoHAYATLHON KOHIeHTpanuu npu 7 = 0 o caiitam j OCP onpenensiercs
MPeXK/Ie BCErO 3HAKOM [IJTUHBI PACCESHUs] S-BOJHBI, TO €CTb TEM, SIBIISIETCS JIH B3au-
MOJIEHICTBHE MPUTSKEHUEM WU OTTATKHBaHUEM. [[Ts MOJOKUTETbHBIX BETUIUH Tapa-
MeTpa, HEJIMHEHHOTO B3aWMOIEHCTBUS 1 COBMECTHOE JEHCTBUE OTTAJKUBAHUS YIHTPA-
XOJIOJHBIX aTOMOB U (DOTOUHIYITUPOBAHHOTO MPBI}KKOBOTO MEXAHW3Ma, B COCEIHUE JIO-
BYIIIKHU MPUBOJINT K OBICTPOMY PACIIBIBAHUIO CT'yCTKA 6030HOB. [Ipy MaIbIx 3HAYEHUSIX
napamerpa u/f (puc. 1, a u puc. 3, 6) upoduib Boaabl BOK npuobperaer Bum mia-
TO C Pe3KUMHU (PPOHTAME, XAPAKTEPHBIMU I YAAPHBIX BOTH. J[amee OTMETHM, 9TO B
pamMkax 6030HHON Momean Xabbapa ¢ POCTOM OTHOIIEHUS MapaMeTpa, B3anMOIeHCTBIAS
aToOMOB Ha OHOM y3je U K mapamMerpy, YIUTHIBAIONIEMY TYHHEIUPOBAHIE ATOMOB Jp ,
mpn Jo < U mpeznckaspiBaercst dasopbrii mepexon Morra [2, 6, 8] u3 crepxreryuei
dasber B dasy audmekTpruka, KOraa ToK B cucreme mpekpaiiaercsa. C yBenqudeHueM riry-
OUHBI ONITUYECKON MTOTEHIIUATBHON MBI ATOMHBIE BOJTHOBBIE (DYHKIIUU CTAHOBATCS BCE
bosiee m HGosee TOKAMM30BAHHBIMU, W B3AMMOIECHCTBHE Ha y37/I€ pacreT. B To ke camoe
BpEMSsI, MATPUYHBIN JIEMEHT TYHHEIHHOTO TIEPeXoa yMEHBINAeTCs . ZIBHbIe MpU3HAKU
TAKOTO MEePEeX0/Ia MPOSABJIAIOTCS B TIOBEICHUN IIJIOTHOCTH TOKa aToMOB (puc. 1 oT a K 6),
najieHre KOTOPOrO yBEJIUYUBAETCs ¢ pocToM orHomenus u/f. Menkomacmrabuas uh-
repdepeHnnonHas KapTUHA Ha KapTe B PAJAIUAIX CEPOro IBETA HA HUKHEH TaHe n
puc. 1, a ectb pe3yabTar HHTEPMEPEHIIUN KOTEPEHTHBIX BO3BPATHBIX BOJH BCIEICTBHUE
MEPUOINIECKUX TPAHUYHBIX YCJI0BUi. BO3HWKAET CBOEro poja KapTHHA CTOSTIUX BOJIH
BEPOSITHOCTH HACEJIEHHOCTH Y3JIOB PEIIETKH.

Nurepecuo, aro ¢Gha30BbIil MEPEXOT MO TOKY D030HOB MOYXKHO 3a(hUKCUPOBATH U B CJTY-
9ae MOTEHIUATA TPUTsKeHus . [ 3TOro MOXKHO CPABHUTH MOBEIEHUE MTCEBIOTOKOBOTO
cocrosuug Ha rpadukax a) u 6) wa puc. 2. Bugno, 4yro Hamuuue TOKa, KOTOPbIi BU-
3yaJIbHO BOCIPUHUMAETCS KaK CTEMeHb PACTEKAHWS UCXOIHOTO paCTpee/ienns (HuK-
HUe MaHen puc. 2), SBHBIM 00pa3oM 3aBucuT or oTHorrenns |u|/f. Tax, na puc. 2, 6
npu GOJIBITIOM OTHOTIeHWN |u|/f TOK mpakTHUecKn orcyTcTByer. BoanoBasi KapTuHa
Ha pUC. 2, a4 XapaKTepHa TeM, 4TO mnepBoHadanbHas Karmig BIK co Bpemenem pac-
MaIaeTCsd Ha YCTONYUBBIE CAMOCTOSTETbHbIE (PPArMEHTHI DO30HHON IIOTHOCTH AHAJIO-
CUIHO TOMY, KaK MOIIHBIN ONTUYECKHI MMITYIHC B KEPPOBCKOM (boKycupyroreit cpeme
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Puc. 2. Bomuasr BOK B koawieBoit ogmopomamoit OCP B cayuae moTeHIma a mpuTsKeHust 6030~
HOB Ha y37e penrerku. [Ipusnaku ¢azosoro mepexoma Morra mo mapamerpy |u|/f. Nat = 100,
u=—1.(a) Ju|/f =05, uaw/|u| = —0.25; (6) |u|/f =5, ua/|u] =—0.25
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Puc. 3. Bomast BOK B mmeiinoit OCP: (@) aTOMBI TPUTATHBAIOTCS B y3/TOBBIX JIOBYTITKAX CO CITy-
TaifHo pacrpenenenabivME paccrpoiikamu (Ha Betaske) Ng: = 100, (a) moTenmmast mpuTsKenmns,
f =10, u=-0.01, |ul/f = 0.01, us = —0.0025; (6) morennmas orrankusanus, [ = 1.0,
uw=0.1, u/f =0.1, ue = 0.025; (&) boromnaynMpOBaHHOE pacIUIbIBaHNe 00JaKa GO30HOB 10
catitam OCP B ciaydae ofHOPOSHON KOIBIEBOM PENIeTKU ¢ OTTAJIKUBAHUEM aTOMOB Ha y3/ax,

£ =006, u=0.01, u/f =0.13, ug, =0

o - B we

C IUCTIEPCHell TPYIIMOBBIX CKOPOCTeH Pa3dMBAETCs HA YEIUHEHHBIE UMITYIHCHI — COJIUTO-
HBI. 3JIeCh CJIEyeT 3aMETUTh, YTO JJIs OPAWHAPHONW ONMTUYECKON DENeTKN YpPaBHEHUST
JBUKEHUS [T aMIJIUTY/T BEPOATHOCTH 3aCETeHHOCTH CANTOB B KOHTUHYATHLHOM TIpeeie
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naror HenuHeiiHoe ypasHenue IlIpenunarepa ¢ €ro COJIMTOHHBIME pereHusMu. B3anmo-
JefiCTBHE Ha y3/1aX UTPAET POJIb KEPPOBCKOH (POKYCHPYIOMEH HEMMHEHHOCTH, TOTIA KaK
IPbIKKOBBIE ciiaraembie — qudpakiuu. Y paBHenus oocyx aaomieiics moaenu (1) Gosee
CJIOYKHBIE, HO JIJTs1 OHOPOAHON KOIhIeBOit OCP oHM Takke MOTYT OBITH CBEJIEHBI K YPaB-
verusM, oym3kuM kK HYII, HO He 006/1aJa10IUM CBOWCTBOM MOJTHONH WHTEIPUPYEMOCTH.
VCTONYIUBOCTH ONTUYECKUX COJUTOHOB, KAK M3BECTHO, OOECTIeInBAETCS OAJTAHCOM JIH-
PPAKITMOHHOM PACXOIUMOCTH BOJHBI M HEJTHHEHHO camodokycupopku. B mHamem cy-
Jae MOJOOHBIMHM MEXaHU3MAMHU SABIAIOTCS HETUHEHHOe B3anMOICHCTBHE MPUTIKEHUST
603008 BHyTpu sgueiiku OCP u mexny siuefikaMy U NPBIKKOBas IOABUXKHOCTH ATO-
MOB, WHIYIINPOBAHHAST PAMAHOBCKUM DE30HAHCOM BHEITHErO0 OUTapMOHUYIECKOTO TOJIS.
Orcroma MOHATHA MPUPOIA YEIUHEHHBIX BOJH TI0THOCTH BIK, X0pormo 3aMeTHBIX HA
puc. 2, a (HUKHSASA TTAHED).

B nuHeiHBbIX HEOTHOPOIHBIX MEMOYKAX ONMTHIECKUX MHUKPOIOTEHITHATIOB, KOTIA WH-
NUBUAIYATbHBIE PACCTPOMKH KaXKIOTO CalTa KaKHM-THOO 00pa30oM YIOPSIOYeHbI, Ha-
JapHOE 00,1aK0 6030HHOTO Ta3a co Bpemenem mepemernaercs mo OCP B manpasienun
rpaJInenTa pPacCTpoeK 7). Ecanm ye BenmanmHBI 1); pacrpeesenhbl CIy9aifHo, MoJoKe-
Hue (pparMeHToB MepBOHAYAIHLHOTO CIYCTKA, XAOTUUECKH MEHSIETCS OT OJIHOTO MOMEHTa,
BpeMeHHN K JIPYrOMY Tak, 9TO B Pe3yabTare 00JaKO ra3a yabTPAXOJIOTHBIX ATOMOB OCTa~
ercd npakrudecku Ha mecre (puc. 3, a). lurepecno, 9410 nepBoHadYaIbHAS ILIIOTHOCTD
aTOMOB COXPAHSAET CBOO JIOKATU3AINIO JaXKe B CIyUae MOTEHITHATA OTTATKABAHNA, KAk
MPEICTaBIeHO Ha, puc. 3, 6. OTCyTCTBUE 3aMETHOrO TOKA OO30HOB B Pa3yMOPSAI0OYEHHON
pemerke anamorngno adderry Anmepcona [10] JOKaTH3AMA JTEKTPOHOB B MOIYTIPO-
BOJIHWKE MPHU HU3KUX TEMIIEPATypPax MpH HAJIAGHH CAydailHbix aedexkTtos. B kadecrse
apryMeHTa B MOJIb3Y 3TOHM MUIIOTE3bI MOXKHO MPEITOKUTH IpaduK Ha puc. 3, 6, Te s
IPUMEPHO TOIO Ke OTHOIIeHus u/ f, HO B OTCyTCTBUE CJIY4allHOrO PACIPEe/IeHIs PAC-
CTPOEK 1);, INCIEHHBIH IKCITEPIMERT JaeT XapaKTEePHBIH PacTIhIBAIOIINCT MpohNIh
6O30HHOI TIIIOTHOCTH, 4TO O3Hadaer Haanune Toka B OCP.

Aptop Boipazkaer 6naromapuocrb A.M. Maiimucrosy u A.M. Bamaposy 3a mwimomo-
TBOPHBIE JUCKYCCHU IO 3aTPOHYTHIM B PAbOTE BOIIPOCAM.

PaGora somosnnena mpu noggepxkke POOU (mpoektsr Ne 09-02-00701-a, 09-07-
12144-ocbu) u PenepaabHoii me1eBoi mporpaMmbl « Haydmbie n Hay dHO-TIEIArOrnIecKue
Kaapel mHHOBAIMOHHOM Poccumy ma 2009-2013 roabr.

Summary

S.0. Elyutin. Photo-Induced Waves of the Bose Condensate in Optical Superlattices.

The dynamics of ultracold atoms loaded in an optical lattice (superlattice) is described
in the article on the basis of the Bose—Hubbard model. Both linear and circular lattices
are considered in terms of attractive and repulsive types of interaction between the bosons.
The numerically observed quantum-mechanical current state of the Bose condensate atoms
is due to a hopping transfer of the ultracold atoms caused by the excitation of the system
by the biharmonic electromagnetic field under the Raman resonance condition. When the
energy of interaction between the bosons is close to the energy of photoactivation, the boson
current decreases, which may be the sign of the superfluidity-insulator phase transition. In the
disordered linear chain of potentials, where the depth of optical potentials alters from one site
to another, the current spreading over the sites of optical lattice is suppressed in the same way
as in the Anderson localization effect.

Key words: Bose—Einstein condensate, optical superlattice, biharmonic field, Raman
resonance, phase transition.
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