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06w:rur xapaKTepHCTHKa .n11ccepTau;1111 

B naHHoii: pa6oTe ·•aBTop ucCJ"IellOBan irnneHue Eo3e-3ii:m1ITeii:HOBCKoii: KOHlleHcaumi B 

aTOMHhlX nOBYIIIKaX c'yqeTOM rpaBUTaUUOHHOrO rronJI 3eMnU. EhlnU paccMOTpeHhl cnyqau 

uneanhHoro ra3a u ra3a B3auMoneii:cTByro11.rnx qacTuu, a TaKiKe 6o3e-ra3 BO Bpawaroweii:cJI 

nOBYIIIKe. 

AKTYaJJbHOCTb pa60ThI 

K qucny KBaHTOBhlX 3cpcpeKTOB B aTOMHblX CUCTeMax MO)KHO OTHeCTU 3cpcpeKThl CTaTu

CTUKU' aHCaM6nJI weno'IHhlX aTOMOB. Ba:iKiiblM !TpUMepOM uccnenoBaHUll 3TOll npo6neMbl 

cny)KaT Eo3e-811HIIITeii:HOBCKall KOHlleHcauull aTOMOB B noBylllKax. 

3anaqa O BnUllHUU rpaBUTaUUOHHOrO nonll Ha KpllTU'leCKYIO TeMrrepaTypy Eo3e-3ii:H

IIITeii:HOBCKOll KOHlleHcauuu (E3K) aTOMOB B nOBYIIIKax c KOHe'IHhlM IlOTeHuuanbHblM 6a

pbepo~i l'IBnlleTCll aKTyanhHOll B CB5!3U C o6cy)KJiaeMblMU 3KCrrepuMeHTaMU Ha Me)KJiyHa

pOllHOll KocMU'leCKOll CTaHUUU no uccnenoBaHUIO 3TOro 3cpcpeKTa ~ ycnOBUllX HeBeCOMOCTU 

(ycKopeHue 10-69). 
PaccMOTpeHiiall B pa6oTe 3anaqa o ra3e B3auMoneii:CTByrowux qacnm Bo Bpawaro

we11cll noBylllKe aKTyanbHa B CBll3U C B03MO)KHOCTblO 3KCrrepm.rnHTanhHOll peanu3auueii: 

TaKOll Cl!CTeMbl. 

U:eJib pa60TbI 

Uenbro naHHoii: pa6oTbI l!BnlleTcl!: 

1) BblllCHeHUe BnllllHUll rpaB!ITaUUOHHOro IlOnll 'Ha CllBUr KpUTU'leCKOll TeMrrepaTypbl 

603e-KOHl1eHcauuu aTOMOB B nOBYIIIKax C KOHe'IHblM IlOTeHuuanbHhlM 6apbepoM u oueHKa 

,Benn'IUHhl 3TOro Cl!Bl!ra B 3aBUCl!MOCTll OT BblCOThl 6apbepa. 

2) TiocTpOeHne MOl!enn ra3a B3al!MOl!eii:CTBYIOllll!X 'laCTl!U BO Bpawaroweii:cl! nOBYIIIKe, 

Oill!CblBaJOweii: cpOHOHHbJe ll pOTOHHbJe B036y:ameHl!ll B TaKOll CUCTeMe, a TaK)Ke B3aUMO

neii:CTBl!e Me)Kl!Y Hl!Ml!. 

Hay'!Hrui: HOBH3Ha 

1) B 3anaqe o 603e-KoHneHcaunn · aTOMOB B noBylllKe BnepBhle paccMoTpeHo BnUl!Hne 

nonll Tl!)KeCTn Ha TeMrrepaTypy 6o3e-KOHlleHcauuu nneanhHoro ra3a B KOHe'IHOii: noByI11Ke 

c y'leTOM ee necpop111aunu B CMhlcne ucKa)KeHUll rroTeHuuanhHOro 6apbepa u rrepeonpene-

neHnll 3HepreTl!'leCKUX ypOBHeii: B Heii:. . 

. 2) Brrepable paccMoTpeHa 3anaqa o ra3e B3anMoneii:CTByrowux qacT·uu BO Bpawaro

weii:cl! ,nOBYIIIKe. faMnnhTOHl!aH Cl!CTeMbl 3anncaH B Blllle cyMMbl raMUnhTOHUaHOB cpo-

' HOHOB, pOTOHOB ll raMnnhTOHl!aHa B3am.mneii:CTBllll Me)Kny Hl!MU. Haii:neHbl UHTerpanbl 

llBl!)KeHU51 B TaKm1 'cncTeMe, C y'leTOM KOTOpbIX nony'leHbl ypaBHeHUll 3cpcpeKTUBHOrO neii:

CTBllll ir.nll cpOHOHHhlX CTeneHeii: CB060llbl, orrpenenll!Ollllle, B 'laCTHOCTll, nnoTHOCTb cpOHO

HOB B OCHOBHOM COCTOl!HUl!. 
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IlpaKTll'IeCKM D;eHHOCTb 

3cpcpeKT I13MeHeHIUI KpIITil'leCKOll TeMrrepaTyphI 6o3e-KOH.!IeHCal(IIII rrpII H8.JIO)KeHilll 

rpaBIITaUHOHHOro IIOJIJ! MO)KeT 6bITh rrpOBepeH 3KcrrepI1MeHTaJihHO B Koq,wce, rryTeM 

cpaBHeHHl! .zraHHhIX Ha 3eMJie H B KocMoce. 

IIony'leHHal! MO.!IeJib <pOHOH-pOTOHHbIX B3aHMO.!IeikTBllll MO)KeT 6bITh IICIIOJib30BaHa 

.!IJIJ! orrncaHl!l! ra3a B3aHMO.!IellCTBYIOil.{IIX 'laCTlll( BO Bpall{aIOil.{eiicl! JIOBYIIIKe. 

Anpo6ao;n:J:J: ~n:ccepTao;nn: 

Pa6oThI, BOIIIe.!IIIIHe B .zmccepTaUIIIO .zroKna.zrhIBannch Ha ceMIIHapax JIT<P Ol15IH H 

6hIJill rrpencTaBJieHbI Ha KOHcpepeHUill!X: 

1) II Me)K.zryHapo.zrHoe coBeruaHHe rro <pil3RKe HII3KHX TeMrrepaTyp B ycnoBHl!x MHKpo
rpaBHTaUIIH, CWS'99, Mronb 28 - ABrycT 2, 1999, r. t.JepHoroJIOBKa, PoccI1l!. "Gravity 

and light in trapped Bose-condensate". 

2) IV Me)K.zryHapo.zIH~ Hay'lHM KOH<pepeHUill! MOJIO.!IhIX y'leHhIX Ol15Il1, 31 l!,HBapl! -

4 cpeBpamr, 2000, Ily6Ha,, PocCHl!. "JloByIIIKa .!IJil! 603e-KoH.zreHCaTa B none Tl!)KeCTII". 

3) XXXII CoBeruaHI1e rro <pil3HKe HH3KIIX TeMrrepaTyp (3-6 OKTl!6pl! 2000, r. Ka3aHh). 

"BJIHl!HHe rpaBHTaUHll Ha 6o3e-KOH.!IeHCaUIIIO B JIOBYIIIKax". 

4) 10th International Laser Physics Workshop (LPHYS'Ol, 3-7 HroJil! 2001, r. MocKBa). 

"Gravity in boson trap: shift of critical temperature and tunneling". 

5) III Me)K.!IyHapO.!IHOe COBeruaHile ITO !pll3HKe Hll3KIIX TeMrrepaTyp B ycJIOBlll!X MIIKPO

rpaBI1TaUIIII, CWS'99, ABrycT 12-ABrycT 18, 2002, r. t.JepHoronoBKa, PocCHl!. "Phonons 

and rotons in gravitational field". 

Ily6JIHKao;n:n: 

Ila pe3yJibTaTaM .!IllCCepTaUIIII orry6JIHKOBaHO IIl!Tb pa60T. 

CTpyKTypa H 06'beM ~n:ccepTalJ;HH 

IlHccepTal(lll! co.zrep)KIIT 4 rnaBhI (155 CCbIJIOK) H IIMeeT 06beM 91 CTpaHIIUa. 

Co.n;ep)lrnmrn no rnaaaM 

IlepBM rmlBa IIOCBl!Il(eHa o63opy JIIITepaTyphI. 

Bo BTopoii rJiaBe paccMaTpIIBanocb rroBe.zreHHe KpIITH'leCKoii Te11,mepaTyphI E3K 

aTOMOB B rrapa60JIH'leCKOll JIOBYIIIKe B IIpIICYTCTBile rpaBIITaUIIOHHOro IIOJIJ!. JloByIIIKa 
IIMeJia KOHe'lHhlll IIOTeHI(IlaJibHhIII 6apbep Uo, cpaBHIIMhill C 3<p<peKTaMn rpaBIITaUIIOH

HOro IIOJIJ!. IloKa3aHo, 'lTO .!IJIJ! CJIY'lal! H.!IeaJihHOrO ra3a HaJIO)KeHile rpaBHTaUIIOHHOro 

IIOJill rrpnBO.!IIIT K H3MeHeHIIIO KpIITil'leCKoii TeMrrepaTyphI Tc E3K. Pac'leT rrpOBO.!IIIJICll 
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PHC I: IlyHKTilpHal! ll CIIJIOIIIHM JIHHllll OIIIICbIBaIOT rroTeHUHaJihI rrapa60JIH'leCKHX JIOBY

IIIeK B BaKyyMe (U0 ) H B rpaBHTaUIIOHHOM none (U-, U+) 

.zrnll cny'lall .zrByMepHoii noByIIIKII. HarrpHMep, B cny'lae 2D 3Ha'leHHl! rrapaMeTpOB no
BYIIIKII, B3l!Tble ll3 3KCrrepI1MeHTa, rrpIICIIOC06JieHHOro .zrmr MO.!IeJIHpOBaHHl! raJa B .!IByx 

Il3MepeHHllX, paBHhI 

Uo ~ 10-8 eV, h = 2 mm, w ~ 10-13 eV, 

R = 101° CM-2 , nmax = Uo/nw ~ 105
, mgh ~ 5. 10-

9
eV. 

3.zrecb R - IIOJIHM IIJIOTHOCTb 'laCTIIU, h -BbICOTa JIOBYIIIKH, w - 'laCTOTa JIOBYIIIKH, nmax 

- 'lIICJIO ypOBHeii B JIOBYIIIKe, g - KOHCTaHTa rpamITal(IIOHHOrO B3aHMO.!IellCTBlll!, a m -

Macca aToMa meJIO'lHOrO MeTaJIJia. CoOTHOIIIeHHll .!IJill KOHCTaHT rpaBHTaUHOHHOrO IIOJIJ! 

g, 'laCTOThI JIOBYIIIKII w II B3alIMO.!IeiicTBilll Me)K.!IY aTOMaMH G MOryT 6hITb 3arr1ICaHhI B 

BH.!Ie 

( 
n )112 

mg - ~100, 
nw mw 

10-13eV:::::: nw « GN:::::: 10-11 eV, 

mg - ~1 ( 
n ) 112 

GR mw ' 

41rn2 b G = --, b - .1IJII1Ha paccellHilll. 
m 

If3 3TIIX COOTHOIIIeHHil Mhl MO)KeM c.zrenaTh BhIBO.!I, 'lTO paccMaTpl!BaeMM HaMH CllCTeMa 

llBJilleTCll 
a) Me30CKOIIH'leCKOll, TaK KaK JIOBYIIIKa llBJilleTCll KOHe'lHOll II rpaBHTal(IIOHHOe none 

MO)KeT cymecTBeHHO ll3MeHIITh reoMeTpHIO CIICTeMhI, 
b) HerrepTyp6aTIIBHOll, TaK KaK 3Ha'leHne 3HeprHII rpaBIITaUIIOHHOrO IIOJIJ! cpaBHHMO 

C 3HeprI1eii G B3aIIMO.!IeiicTBlll! Me)K.!IY aTOMaMII. 
ABTOp y<lllTbIBaJI BJillllHile rpaBI1TaUI10HHOro IIOJill KaK IIOHH)KeHHe IIOTeHUHaJihHOrO 

6apbepa JIOBYIIIKH. IlpH 3TOM 'laCTb aTOMOB IIOKI1.1IaeT JIOBYIIIKY ll ypOBHII 3HeprHH B Heii 
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C.ZIBIIra!OTC51. IlyHKTIIpHM JIIIHII51 ( CM. Puc. 1) onIICbrnaeT IICXO.ZIHb!H noTeHIJIIaJI napa6o

JIII'leCKOll JI0BYIIIKII, a cnJIOIIIHM JIIIHII51 - noTeHuuarr napa60JIII'leCKOH JIOBYIIIKII, l!CKa

:lKeHHblll rpaBIITaUIIOHHb!M noJieM. 

llrrH ynpomeHII51 paC'leTOB napa60JIII'leCKM JIOBYIIIKa 6bma JaMeHeHa npHMOYrDJibHOH. 

8To 3Ha'lIIT, 'ITO Mbl onIIChIBaeM .uecpopMaUII!O napa60JIII'leCKOrO noTeHunarra B rpaBIITa

UIIOHHOM norre KaK lICKa:lKeHIIe CIIMMeTpII'lHOH npHMOyrOJibHOH JIOBYIIIKII C noTeHUIIaJIOM 

U0 .uo acIIMMeTpII'lHOH npHMoyroJihHOI'i noByIIIKII c 6aphepaMII U+ - U_ = mgh. 
3a.ua'la COCTOIIT B TOM, 'lT06bl oueHl!Tb C.ZIBIIr KPIITII'leCKOH TeMnepaTyphl npu nepe

xo.ue OT CIIMMeTpII'lHOH np51MoyrOJibHOH JIOBYIIIKII K aCIIMMeTpII'lHOH KaK Mepy B03.ZieH

CTBII51 rpaBIITaUIIOHHoro nOJI51 Ha 3cpcpeKT E8K. 3Ha'leHII51 R B npHMOyroJibHOH II na

pa6oJIII'leCKOH JIOBYIIIKax Mb! C'lIITaeM 0.ZIIIHaKOBblMII. Mo:lKHO npe.unOJIO)KIITb, 'ITO C.ZIBlff 

Kpl!TII'leCKOH TeMnepaTyphl E8K B napa60JIII'leCKOH JIOBYIIIKe, o6ycJIOBJieHHb!H HaJIII'lIIeM 

rpaBIITaUIIOHHOr0 noJIH, IIMeeT TOT )Ke nopH.ZIOK BeJIII'll!Hbl 'ITO II B npHMoyroJihHOII JIO

BYIIIKe, TaK 'ITO IIMeeTC51 Ka'leCTBeHHOe cornacue Me:lK.ZIY BeJIII'll!HaMII KPIITII'leCKIIX TeM

nepaTyp Ti --+ T/ 9=0 , T/ --+ T/q;oo B npHMoyroJihHOH II napa6om1•1ecKm1 rroByIIIKax. 

Pac'leT noKa3aJI, 'ITO 3cpcpeKT KOHe'lHOrO pa3Mepa .ZIJIH cJiy'la51 .uecpopMIIpOBaHHOH npH

MOyrOJibHOH JIOBYIIIKII nmax ~ 10, conpOBO)K,Zla!OlllIIHC51 Ha116orree JaMeTHb!M rpaB11Tau11-

0HHbIM C.ZIBIIrOM Tc, MO:lKeT Ha6JIJO,ZlaTbC51 B napa6om1'leCKOH JIOBYIIIKe npu BblilOJIHeHIIII 

YCJIOBII51 

(w2h - 2g)--+ +0. 

8To ycrrOBIIe 03Ha'laeT, 'ITO Ha1I60JibIIIIIH C.ZIBIIr Tc MO:lKeT Ha6JIJO.ZiaTbC51 Henocpe.ZICTBeHHO 

nepe.u pa3BaJIOM JIOBYIIIKII. 

PeJyJibTaTbl Bbl'llICJieHII51 KpIITII'leCKOH TeMnepaTyphl B none TH:lKeCTII II B ero OT

cyTCTBIIII MoryT TpaKTOBaTbC51 KaK nepeMemeHIIe JIOBYIIIKII l\Ie:lK.ZIY 3eMrren II KoCMOCOM. 

BHa'larre 6urra Bhl'lIICJieHa KplITII'leCKM TeMnepaTypa (T//2D)* = 2.02 · 10-6 K .ZIJIH N/20 
aTOMOB B .uecpopMIIpOBaHHOH JIOBYIIIKe Ha 3eMrre. 3aTeM 6urra Han.ueHa Tc .UJI51 JIOBYIIIKII B 

KocMoce. TaM cpa30Bb!H nepexo.u npOIICXO.ZIIIT B He.uecpopMHpOBaHHOH JIOBYIIIKe C TeM )Ke 

'lIICJIOM aTOMOB N/2D np1I TeMnepaType Ti/2D = 5.05 · 10-7 K. EcrrII oTnpaBIITh JIOBYIIIKY 

o6paTHO Ha 3eMJI!O, OHa .uecpopMIIpyeTCH, II 'laCTb aTOMOB nepecTaHeT y.uep:lKIIBaTbC51 

e10. OcTaBIIIMC51 'laCTb aTOMOB Nf /2D COBepIIIIIT cpa30Bb!H nepexo.u npu TeMnepaType 

T//2D = 5.03 · 10-7 K. 
TaKIIM o6pa30M, Mb! IIMeeM TPII TeMnepaTyphl nepexo.ua (B 0.ZIHOH II TOH )Ke JIOBYIIIKe) 

B Tpex pa3JIII'lHhIX C1ITyau1IHX I, II, III: 

(Tc±/20)* = 2.02 · 10-6 
K--+ T~/2D = 5.05 · 10-7 

K--+ 

--+ Tc±/2D = 5.03 · 10-7 
K, 

CTapT Ha 3eMrre (I) --+ B KocMoce (II) --+ 

--+ cp1IHHIII Ha 3eMrre (III). 

(1) 

TaKOBa KapTIIHa .ZIJIH n.uearrhHoro 60Je-ra3a B 2D crry'lae. EcTb ocHoBaHIIH nonaraTh, 

'ITO B 3D pac'leTe npOII30H.ZieT yBeJIII'leHIIe 3Ha'leHIIH KPIITII'leCKIIX TeMnepaTyp. 

Me30CKOnII'leCKM npHpo.ua 3TOH Ja.ua'llI COCTOIIT B Cl!JibHOH 3aBIICHMOCTII C.ZIBIIra Tc 
OT IICXOJIHbIX napaMeTpOB JIOBYUJKII II OT cnoco6a ycTaHOBJieHII51 COOTBeTCTBII51 IIX 3KCne

p1IMeHTaJibHbIM .uaHHbIM. 
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Ilorry'leHHhle peJyJihTaThI .ZIJIH C.ZIBIIra KPIITII'lecKon TeMnepaTypu E8K BepHhl, ecrrII 

Mbl npeHe6peraeM TYHHeJibHbIMII 3cpcpeKTaMII, KOTOpb!e HeCKOJlbKO II3MeH51T pe3yJibTaT. C 

y'leTOM TYHHennpoBaHII51 6orree TO'lHO C'llITaTb noTeHUIIaJI npHMOyrOJibHb!M BHYTPII JIO

BYUJKII II rpaBIITaUIIOHHbIM CHapy:lKII. B 3TOM CJiy'lae OTHOUJeHIIe p = n/N 'llICJia aTOMOB 

n, BhIJieTeBUJIIX II3 JIOBYIIIKII 3a C'leT TYHHerrup0BaHIIH, K nOJIHOMY 'llICJiy N aTOM0B B JIO

BYUJKe MO)KeT 6h1Tb Bbl'llICJieHO c nOMOlllb!O cpopMyJI CTaH.uapTHOH TeopIIII TYHHeJihHOro 

3cpcpeKTa. B cny'lae u - < U+, paccMaTplIBaeMOM B .uaHHOH pa6oTe, 'llICJI€HHble 3Ha'leHII51 p 
.ZIJI51 HII:lKHero ypOBH51 JIOBYUJKII npII pa3JIII'lHb!X 3Ha'leHII51X nmax npe.ucTaBJI€Hbl B Ta6rr1Iue 

nmax 10 500 1000 2000 3000 
p 0.9998 0.96 0.77 0.12 0.0009 

Ta6JIIIUa. HHT€HCIIBHOCTb p TYHHeJI1IpOBaHII51 KaK cpyHKUII51 'lIICJia ypOBHeH B JIOBYIIIKe 

nmax 

Cy.UH no 3Ha'leHII51M p .UJI51 MaJioro 'lIICJia ypOBH€ll B JIOBYUJKe nmax, MO)KHO no.uyMaTb 

'ITO Bee aTOMbl MoryT BbIJI€TeTb II3 JIOBYIIIKe .ZIO Toro, KaK 6y.ueT npOII3Be,ZleHO KaKOe 

JIII60 ll3Mepemie. O.uHaKO 3TO He TaK, noTOMY 'ITO BpeMH TYHHeJIIIpOBaHII51 3aBIICIIT OT 

CKOpOCTII .ZIBII:lKeHII51 aTOMOB BHYTPII JIOBYIIIKII. TaK, cpe.ZIH5151 3HeprII51 Ha,ZlKOH.ZieHCaTHb!X 

6030HOB .ZIJI51 JIOBYIIIKII C 'lllCJIOM ypOBHell nmax ~ 50 .uaeT 3Ha'leHIIe CKOPOCTII aTOMa 

V ~ 1.5 . 10-3cm/ sec, TaK 'ITO aTOM npeo.uorreeT .ZIIICTaHUII!O h = 2mm Me:lK.ZIY CTeHKaMH 

JIOBYIIIKII 3a Bp€M51 Tnon-cond ~ 2 inin, 'ITO 60JibIIIe peaJibHOro BpeMeHII 3KCnepIIMeHTa 

~ lmin, II npOTYHHerrnpyeT II3 JIOBYIIIKII. Me:lK.lly TeM, 3Hepr1I51 aTOMOB .ZIJI51 Hll3K03Hepre

TII'leCKIIX ypOBHeH JIOBYIIIKII paBHa ~ 10-19eV, TaK 'ITO BpeMH nporreTa Me:lK.ZIY CTeHKaMII 

JIOBYIIIKII COCTaBIIT Tcond ~ 50 min, 'ITO MHOro 60JibIIIe peaJibHOrO BpeMeHII 3KCnepII

MeHTa ~ lmin. TaKIIM o6pa30M, 60JibIIIIIHCTBO aTOMOB Ha HII:lKHIIX ypOBHHX He CMO:lKeT 

npHH51Tb y'laCTII51 B TYHHeJIIIpOBaHIIll II nOKIIHYTb JIOBYIIIKY- O.uHaKO, Bb!COK03HepreTII

'leCKIIe aTOMbl npIIHIIMaJOT y'laCTIIe B TYHHerrnpoBaHIIII, 'ITO npIIBO.ZIIIT K yMeHbIIIeHII!O 

C.ZIBIIra KpIITII'leCKOH TeMnepaTypu Tc. HTaK, C.ZIBIIr Tc 6y.ueT TeM 6rrn:lKe K oueHKe (1), 
'leM MeHbIIIe 6y.ueT BpeMH Ha6n10.ueHII51. B JIJ060M cJiy'lae, C.ZIBIIr Tc, Bbl'llICJieHHb!H Bb!IIIe, 

MO:lKeT oueHIIBaTbC51 KaK BepxHIIll npe.uerr .ZIJI51 C.ZIBIIra, .ZIOCTII)KllMOrO B JI106on cpa3e I,II 
IIJIII III JKcnep1IMeHTa. PeJyrrhTaTu, norry'leHHhle B JTOM rrraBe, ony6rrIIKOBaHhl B pa6oTax 

[1,2]. 
B rJiaBe 3 HaM.ueHO Bblpa:lKeHIIe .ZIJI51 3cpcpeKTlIBHOro .uenCTBlI51 nJIOTHOCTII 6o3e-KOH

.ueHcaTa B napa60JIII'leCKOll JIOBYIIIKe C y'leTOM B3aIIMO.ZI€llCTBII51 Me:lK.lly aToMaMII B npII-

6m1:lKeH1III XapTp1I-<POKa-Eororr1060Ba. Bupa:lKeH1Ie .ZIJIH S,1 I norry'leHo nyTeM IIHTerplI

poBaHIIH CTaTIICTII'leCKOH cyMMbl ClICTeMbl no TpaeKTOp1I51M Ha.ZIKOH.ZieHCaTHb!X 6030HOB. 

OHO OnIICbrnaeT norryKrraccn'leCKY!O .ZIIIHaMIIKY aTOMOB 6rraro.uap51 yCJIOBII!O hwf] << 1, 
cnpaBe.ZIJIIIBOMY nplI TeMnepaTypax 603e-KOH.ZieHcauIIu ~ 10-6 K napoB merro'lHhlx Me

TarrrroB. YcrrOBIIe 3KCTpeMaJibHOCTII 3cpcpeKTIIBHOro .uenCTBII51 t5S,,(p,µ) = 0 .uaeT ypaB

HeHII51 .ZIJI51 nJIOTHOCTlI KOH.ZieHCaTa p II XlIMII'l€CKoro noTeHuIIarra µ, Ka'leCTBeHHOe IICCJie

.ZIOBaHIIe KOTOpb!X n03BOJI5leT ycTaHOBIITb COOTBeTCTBIIe Me)K.Zly 3Ha'leHirnMII nJIOTHOCTeH 

603e-KOH.ZieHCaTa II KpIITII'leCKIIMlI TeMnepaTypaMII. O6cy:lK.ZiaeTC51 MO.ZieJib B3aHMO.Ziell

CTBII51 603e-ra3a C Hel'iTpOHaMII B CB513ll C 3KCnepIIMeHTaJibHOH B03MO:lKHOCTb!O Ha6JIJO-
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.nemilI CJll)Hra q>OHOHHOrO crreKTpa 6o3e-'laCTHU B JIOBYIUKe 3a C'leT B3aHMO.neiiCTBH5! C 

HeiiTpoHaMH. 
Ilarree B rnaBe 3 paccMOTpeHa 3a.na'la o ra3e B3anMo.neiicTByrownx qacTIIU BO Bpa-

maroweiicg JIOBYWKe. faMHnbTOHHaH CHCTeMbI 3arrncaH B BH,lle cyMMbI raMHnbTOHHaHOB 

qJOHOHOB Hph, poTOHOB H,at H raMHJlbTOHHaHa B3aHMO.neiiCTBH5! Me:lK.llY HHMH Hph-rot• 

Hph = I:,w(k)1/it1!Jk, 
k 

N . 
H,ot = fl I:, wt(x)L:w1(x), 

i=l 

N 
Hph-rot = L, "In L cp(x)wt(x)(L~ + L~)'1t1(x), 

n i 

3.necb fl - qaCTOTa BpameHH5!, n - Ha6op KBaHTOBb!X queen, COOTBeTCTBYIOWHH ypoBHIO 

noByIUKH, L - orrepaTop MOMeiiTa HMrrynbca, "In - KOHCTaHTa qioHOH-pOTOHHoro B3aHM0-

11eiiCTBH5!, w(k) - ::meprug qJOHOHHbIX B036y:lK.neHHH, ¢,(x) - orrepaTop q>OHOHHOrO rrong, 

wt (x), WI (x) - qiepMn-orrepaTOpbI pO:lK,lleHH5! H YHH'lTO:lKeHHll KBa3ll'laCTIIU pOTOHOB. 

OTMe'leHo Hanll'lHe HHTerpanoB JlBII:lKeHll5! raMllnbTOHIIaHa BbI6paHHOH MO.nenH 

H = H,ot + Hph + Hph-rot, 

[H,M]=0, 
. N 

M = '5:,n'l/;t'l/;k + '5:,wt(x)L~'1t1(x), 
k i=I 

[H,K]=0, 
N 

K= ~ L2 
L..J ., 
i=l 

rrepBb!H H3 KOTOPbIX coxpa~l!eT 'lHCno q>OHOH-pOTOHHbIX B036y:lKJleHIIH, a BTOpoii - KBa

.npaT IIOJIHOro MOMeHTa BpaweHHll. 
lkrrOJib3Y5! OT06pa:lKeHHe Jlnll orrepaTOPOB yr.rrOBoro MOl\!eHTa B TepMnHax qiepMIIOH-

HbIX orrepaTopOB MO:lKHO 3arrncaTb CTaTHCTll'leCKYIO cyMMY .nnll TaKOH CHCTeMbI B Bll.lle 

HHTerpa.rra rro TpaeKTOpH5IM 6030HOB H qiepMIIOHOB. ITocne HHTerpnpoBaHll5! IIO qiepMHO

HaM 6hlnII rroJiy'leHbI KBa31IKnaccn'leCKHe ypaBHeHllll os,, = 0 3qJq>eKTHBHOro .neiiCTBIIll s., .nnll Me.nneHHbIX qJOHOHHbIX TpaeKTOpHii H HHTerpanoB JlBH:lKeHIIll. Pe3ynbTaTbl, rro

.rry'leHHble B 3TOH rnaBe, orryoJIHKOBaHbI B pa6oTe [3,4,5] . 

qeTBepTaJI rnaBa co.nep,K1<1T: 
-3aKJIIO-'leHHe, B KOTOpOM cqiopMyrrHpOBaHbI OCHOBHble pe3ynbTaTbI JlHCcepTaUHH; 

-npHJimKeHHe, B KOTOpoM OIIHCaH MeTOJl 'lHCneHHOrO pac'leTa KpIITH'leCKOH TeMrre-

paTypbI; 
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Ha 38.IllHTY Bhl,!tBHraroTC.11 CJie.ztYIOI.QHe pe3yJibTaThl: 

1) PaccMOTpeHa 3a.naqa O 6o3e-3HHIUTeiiHOBCKOH KOH,lleHcaunn ll.ztea.ribHOro ra3a B 

aTOMHbIX nOBYIUKax. I1oKa3aHO, 'ITO Jl/Ill MarHHTHOH JIOBYIUKH C KOHe'lHbIM IIOTeHUJiaJib

HbIM 6apbepOM HaJIO:lKeHHe rpaBHTaUHOHHOro II0/151 Be,lleT K IIOHH:lKeli:HIO IIOTeHUHMbHOro 

6apbepa II K yBeJin'leHHIO KpHTII'leCKOH TeMrrepaTypbI Tc rrp!I coxpaHeHIIH 'lHCJia qacTHll 

B JIOBynIKe. 

2) I1oKa3aHo, 'ITO .nng .rroByIUKH B rpaaHTaUHOHHOM rrone BKna.noM TYHHeJihHbIX 3qJ

q>eKTOB (B BeJIII'lHHY Tc) MO:lKHO rrpeHe6pe'lb, ecnlI 60JiblllHHCTBO aTOMOB HaxO,lllITbC5! Ha 

HII3K03HepreTH'leCKHX ypOBH5IX. 

3) ITonyqeHO Bbipa:lKeHHe Jl/151 3q>qJeKTHBHOrO .neii:CTBH5! IIJIOTHOCTII 6o3e-KOHJleHCaTa 

aTOMOB B TpexMepHOH rrapa6onn'leCKOH noByIUKe C yqeTOM B3aHMO.neiiCTBII5! B Mo.ne.rrJI Bo

ron1060Ba. 

4) ITocTpOeHa MO,lleJib .nnll- ra3a B3aHMo.neii:cTBYIOWHX 'laCTIIU BO Bpawaromeii:CJl JIO

BYIUKe, OIIHCbIBaromall q>OHOHHble H pOTOHHble B036y:lKJleHIIJl, a TaK:lKe B3aHMOJleii:CTBHe 

!\Ie:lK.llY HHMH. 

5) Haii.neHbI HHTerpa.rrbI JlBH:lKeHHJl Jlnll MOJlenH ra3a B3aHMO.neii:CTBY!OlllHX qaCTHU BO 

Bpamaromeii:cl! JIOBYIUKe, C y'leTOM KOTOpbIX rro.rry'leHbI ypaBHeHIIJl 3q>q>eKTHBHOro .neii

CTBII5!, orrpe.nenl!!OlUHe, B 'laCTHOCTII, IIJIOTHOCTb HH3K03HepreTH'leCKHX q>OHOHOB. 
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