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Hpencx{aaal—l HOBBIII TUM CIMHOBBLIX BOJH B XOJOMHBIX napaMarHuUTHBIX rasax, BO3HUKAIONIUI BClIeICTBUE

Cl'II/IH-Opﬁl/ITaJIbHOFO B3aUMMOIENCTBUA.

HNmeroTca B BUOY 601bIIMAHOBCKME Tra3bl TAMEIbIX aTOMOB C HEeHY-

JeBbIM Opﬁl/ITaJIbeIM MOMEHTOM. J3aKoH AUCIIEepPpCHU 3TUX BOJH oIpeneilseTcA aMHJIPITyI[Oﬁ pacceaHusa Npu

Cl'II/IH-Opﬁl/ITaJIbHOM B3aMOJENCTBUU.

BosmoskHOCTE pacmpocTpaHeHUA CIMHOBLIX BONH B
MONAPU30BAaHHBIX [ApaMarHUTHBIX ra3ax TeopeTHUYeCKH
paccmarpuBanack B paGorax Bamkwuna [1] u 3atem —
B paborax Jlané c coaBTopamu [2] B Hauame 80-x ro-
noB. B sTux paGorax Teopus OCHOBbIBalach Ha BUPHU-
albHbIX NONpaBKax (hepMU-KULKOCTHOrO TUNA (MOMpas-
ku Jlanpay B Teopuu hepMU-KULKOCTH), a G0IbIMAHOB-
CKUii MHTerpail ompefelan auib AuddysnoHHOE 3aTy-
B nammux paGorax [3—-5] mo-
Ka3aHo, YTO TEOPHUA CIMHOBBIX BONH B XONOJHBIX mapa-
MarHUTHBIX rasax (Bblllle TeMIepaTypbl BBIPOHAEHHA)
MOsKeT ObITh OCTPOEHA TOIbKO Ha OCHOBE GOJIbIMaHOB-
CKOF0 KBaHTOBOI0 WHTerpalla CTOJKHOBeHHWii Ge3 BBe-
IeHuA (EeHOMEHONOrnYecKNX [06aBOK B KHUHETHYECKOe
ypaBHeHUe (Tak Ha3blBaeMOe CaMOCOIIacoBaHHOE IMOIe).
YueT BUpHANbHBIX IONPABOK (EPMHU-HMIKOCTHOrO THUNA
(monpaBku Jlangay B Teopuu (epMU-RULKOCTH) UMEH-
HO B CUJIy IPUMEHHMOCTH GOIbIMaHOBCKOTO MPUOIHKe-
HUA ObLI GbI ABHBIM NpeBbIlleHHeM ToyHocTH [6]. Cama
CTPYKTypa KBaHTOBOIO HMHTerpajia CTOIKHOBEHMH MO-
#eT NMPUBECTH K BO3HMKHOBEHHUIO ci1abo 3aTyXaloliuX
CIIVHOBBIX BOJH B XOIOIHBIX rasax, B 4aCTHOCTH, B Mar-
HUTHOM [oNle UM, Kak Gy[eT MoKa3aHo jJaliee, BCIEACT-
BY€ CIIMH-OPOUTANBLHOr0 B3aNMOAEHCTBHUA ae B OTCYT-
CTBME MarHUTHOrO MOJA.

XonomHble W YABTPaxoNOfHble ra3bl MPOLONHAIOT
0CTaBaThCA aKTYalbHbIM 0GBHEKTOM TEOPETHUYECKUX U
SKCIePUMEHTANbHbIX KcciefoBanuii [7]. Ecau panbie
MCcCIefoBaHUA GbLIM MOCBALIEHBI aToMaM B S-COCTOA-
HUAIX, TO B [OCIeIHee BpeMA MOABUINUCH pPaGOTHI ¢
xonopueiMu atoMamu ¥ B P-cocrosmmax (In(*P ),
Ga(*Py5)) [8]. Bpm sToM, onHaKO, MO-IpeKHEMY
He yHenfieTcA NONMHOIO BHUMAaHUA MHKPOCKOMUYEC-
KO#l CTPYKType KBaHTOBOI'0 GOIbIMaHOBCKOr0 HHTErpa-
1a CTONKHOBEHHUII C yYeTOM BceX BHYTPEHHUX CTEIeHel
cBoGOABI aToMa (CHKH, OpOUTANbHBI MOMEHT, CM., Ha-
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npumep, [9, 10]). BocnenoBaTensHoe BbIUnCIeHNE KBaH-
TOBOTO WHTErpajia CTONKHOBEHHUH MO3BOIAET MOCTPOUTH
TEOPUIO CIHUHOBBIX BOJH B XOJOOHBIX razax 0e3 BBe-
nenus HEeHOMEHONOTMYECKUX N00aBOK B KUHETHYECKOe
ypaBHenue. VIMeHHO TaKoii MeTO[ MCIOIb30BaICA B Ha-
mux paboTax 1o UCCIeI0BaHUIO CTUHOBBIX BOIH B XOJO.I-
HBIX MapaMarHUTHBIX razax ¢ aTOMaMM B S-COCTOAHUAX
[3-5]. Bacrosamas paGora mocBsileHa HCCIEJOBAHUIO
CMHUHOBON IMHAMMKYU B XOMOMHBIX razaX ¢ y4eTOM CIUH-
op6UTaNbLHOr0 B3aUMONENHCTBUA B P-coCcTOAHUY.

CouHOBasA 3aBUCUMOCTh aMILIUTY bl paccesnus (1'-
MaTpULbI) YacTUL cO CIUHOM 1/2 cBfA3aHa Kak ¢ 0OMeH-
HBIM, TaK U C PENATUBUCTCKUM CIIMH-OPGUTATLHBIM B3a-
umoneicteueM. OGMeHHOe B3aMMOIeWCTBHE, KaKk Mpa-
BUJIO, fIBIAIETCA OCHOBHBIM. OIHAaKO B TAMENbIX aTo-
Max CHOUH-OpOUTalbHOE B3aUMOIEHCTBHME MOMET CTaTb
CPaBHUMBIM 110 MOPANKY BEIMUYUHBI C OGMEHHLIM B3au-
MogeiicTBueM (cM., Hanpumep, [6]). UccnenoBanue ycio-
BUil BO3HMKHOBEHUA CIIMHOBLIX BOJIH B YIbTPaXOJOTHLIX
razax ¢ y4eToM 0GMEHHOTO B3aMMOMAEHCTBUA GbLIO BbI-
TIOJIHEHO B 1IEJIOM psAfe paboT, B TOM uucie ¥ B paGoTax
aBTOpOB [3—5].

Vmea B BuOy TAmeNnble aTOMbI C HEHYJIEBLIM Op-
GuransupiM MomentoMm (I, Br, In, Ga), 6ymem cHaua-
Ja y4uThiBaTh B T-MaTpuile TOJIbKO YiIEHbI CO CIIMH-
OopOUTaANbHLIM B3aUMOIENHCTBUEM:

Tis = K(i1 + 22)(:91 + 52) + Q(z1 - 22)(:91 —382), (1)

rae [; — omepaTopsl op6UTANbLHOrO MOMEHTA OBYX CTal-
KuBaromuxca atomoB (¢ = 1,2), § — cooTBeTcTBYIO-
e omnepatopel cnuHa, K u () — ckanfapHble BelUYu-
HbI, 3aBUCAIME OT KHUHETUYECKOW HSHEPruyd YacTHUl u
yriaa paccesnus. Jlaiee paccMaTpuUBaIOTCA aTOMBbI, €
l1 =1l =1mu s; = s, =1/2. Taraa dopma 3anucu ome-
paTopa CnMH-0pGMTalLHOr0 B3aUMOAEHCTBIA MO3BOIAET
pa3fenuTh B3anMOJeiCTBIE MPOTUBOMONOKHO U Mapal-
NelbHO HAMPAaBIEHHBIX CMUHOB, YTO BecbMa yI0GHO mpu
paccMOTpPEHUU CIUHOBBLIX BOIH (cM. [6]).
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Kak 6b110 mMoKasaHO B HamuX MPeNbLAYIIAX pabo-
Tax, OCHOBHYIO DOIb B BO3HMKHOBEHHM CIHMHOBOIl BOJ-
HbI B MarHUTHOM IOJe IPY HU3KKUX TeMIepaTypax Wr-
paeT MHMMas uYacTh 4leHa yXoja B MHTerpaie CTOJIK-
HoBeHmit. JIuddy3noHHOE 3aTyXaHWEe CIMHOBOH BOIHBI
onpefenfieTcA NeiiCTBUTENLHBIM YIEHOM NPHUX0Ia, KOTO-
pblii MeHbIIe 4ieHa yXona B oTHomenuu A/A\p, roe A —
aMIIUTyda paccesiHiA, a Ap — He6GpoilleBckasa NIMHA
BONIHBI aTOMOB. BpUM HU3KMX TeMIepaTypax 3TO OTHOLIe-
HUe MHOro MeHbIIe 1, 4To ofecnednBaeT craboe 3aTyXa-
HUe CNMHOBON BONHBI MpU s-pacceanuu [3, 9]. B macro-
Ameil pa6oTe GyIeT MOKa3aHO, YTO B rasax, aTOMBI KO-
TOPBIX UMEIOT HeHyIeBOil 0pOUTaIbHBINA MOMEHT, CIIMHO-
Bas BOJIHA MOKeT BO3HUKHYTb M3-3a CIMH-0POUTAILHOTO
B3anMogeiicTBUA U 6e3 MarHUTHOTO Moid. Bymem pac-
cMaTpuUBaTh aTOMbI B P-cocToAHUN (OpGUTANbHBIN MO-
meHT L = 1, npoeknuu momenta m = 0,+1). Takrue
aTOMBI, KaK YIOMUHAIOCH BBIIIE, YHe UCCIeIyIOTCA DKC-
nepuMeHTalbHO. B uacTHocTH, 6b1IM OGHAPYKEHBI aHO-
Mall{ B 3eeMaHOBCKON pejlaKcalil XOJIOZHBIX aTOMOB
ralius ¥ MHOMA B COCTOAHUAX 2Py, 2Py /5 (7).

®ynrknusa Burnepa aTomoB co cnunoM 1/2 numeeT Bujg

Fan(2,) = 5O (daspus(pr2) + Hinohs), ()

MOCKONBKY B 2TOM ciiydae Ito6afd (QyHKIUA OT CIMHA
cBOAUTCA K JauHedHoil [6]. 3pmech 3aBucumocTb f OT
op6UTANTBLHOTO MOMEHTa BKJIOUeHa B (QYHRIUM Q,p, U
pi; C(p) — HOpMHUpOBaHHOE HA ENUHUIY MAaKCBeIIOB-
CKOEe paclpefielieHle aTOMOB [0 MMIYJibcaM; 7 — KOH-
nentpanus atomos (eMm2); A = {a,a} u B = {b,3} -
KOMOWHUPOBaHHbIE UHAEKCH, 06heIUHAIONINE TPOEKIUN
opb6uTanbHoro MmoMmenta (a,b) u cnusa (a, 3); dap — cuM-
Boi KpoHekepa; a1, — 6e3pazMepHas MaTpulla ¢ eIUHNY-
HBIM CIIeIOM ((Paa U Pph, — OTHOCUTEILHbIE 3aCEleHHOCTH
ypoBHeii a u b); ul, — MaTpuua CIMHOBOrO MarHMTHO-
ro MOMEHTa aToMa, BhIpasKeHHadA B eIMHUIAX MarHeTo-
Ha Bopa; foﬁ — BekTop Matpun Baynu. B HacToameit
paGoTe mpepnoiaraeTcA OTCYTCTBUE BHEUIHUX BO3Jeii-
CTBUIi Ha CPely U MOITOMY IMPUHATO: Pab = Pablab;
Map, = HapOab-

Unen npuxoma B P-COCTOAHUAX MO-TPEHHEMY OIpe-
IelfieT TOJbKO OU(G(DY3MOHHOE B3aTyXaHWe CIMHOBBLIX
BOJH M B XONOAHBIX rasax OCTAeTCA MallbIM — MPOMOp-
[IMOHANBLHO OTHOUIEHWIO MHUMOW M BeIeCTBEHHON yac-
Tell aMIIUTYAbI pacceAHnA. BosaToMy B HacTofmel pa-
GoTe OH He paccMaTpHUBaeTCAH.

TaxuMm o06pa3oM, MOpA PACCMOTPEHUU CIUHOBBIX
BOJIH B XOJIOJHBIX razax co CIHMH-OPGUTAIbHBIM B3aMMO-
IedCTBMEM [OCTATOYHO BBIUMCIUTH JUIIL WiEeH yXooa

° [p,z] B uHTerpamze CTOJNKHOBeHHH.  3Iech

r r
a,m,a’ ,m

a U m — MpOoeKUuUu CIOUHa U 0p6HTaJ’IBHOl"O MOMEHTa
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aToMa [0 CTONKHOBeHHf, a &' U m' — Te ke BeIWUUHBI
YneHsl yxoma GoIbLIMaHOBCKOTO
MHTerpaia [IJf CTOIKHOBEHWH C NepeBOPOTOM CIHHA
(1/2 - —1/2 unu —1/2 — 1/2) nnsa aToMoB B COCTOA-
uun 2Py )5 (em. (1) u (2)) umeroT crenyiomuii Bua (1
(epMMOHOB):

Inocjie CTOINIKHOBEHUA.

IZ%,L%’I[p, z] = —inm*h? /w (p1)Nt1(p1) X

X (Re(Q)tpo,o + Re(K)(2¢p-1,-1 + tpo,o) dpq; (3)

2-L,—3,

° . lpo] = intR? / w (pr) 71 (p1) X

x (Re(Q)po,0 + Re(K)(2¢0—1,—1 + ¢o,0) dp1.  (4)
AHanoruyusie
IO

i-1,-
MeHO# Ha Bepxuue unmexcer (] |, uy ;)

$-1,-1 $1,1- p Ki15H11
03HAYalT LNUKINYECKHMe KOMIIOHEHThI MAarHUTHOI'O
3neck BenmuuuHbl K u () OTHOCATCA K
HYJeBOMY YTy paccefinufi. J[ucrnepcroHHOe ypaBHeHUe
IJIA CIUHOBLIX BOJIH, CBA3AHHBIX CO CHUH-OPOUTANTbHBIM
B3auMoJeicTBrEeM, MOMKeT ObITh 3aMKUcaHO CIeTYIOMUM
ob6pasom (cp. co ciyyaeM OGMEHHOr0 B3aUMOJEHCTBUSA
cnuHoB [3]):

MHTerpansl I°y 1 _p2] u
2 lsgs 1

l,l[p)m] OTJIMYaITCA OT I[IPHUBEOEHHBIX 3a-
29

MOMEHTa.

(kv — w)ik; (p) = Fuis / w (p) g (1) dpr,  (5)

rie w u k — yacToTa U BOJHOBON BEKTOP CMUHOBOM BOJ-
HbI, V — BEKTOp CKOpPOCTH aToMa, a yacToTa Vfg, CBf-
3aHHaf cO CIUH-OpOUTANbHLIM B3auMoOJeicTBUEM, UMe-
eT BHU[

vrs = nm’h? (Re(Q)go,0 + Re(K) (2011 + ¢o,0))-
(6)
SaROH ,[IPICHepCPII/I paCCManHBaeMbIX CIIMHOBBIX BOJIH B

rugposvHamudeckom npubmmmenun (vps > kv) ompe-
nenfieTcA (popMynoit
k>v?
- (7)

3vis
Kak yxe ymomuHanoch BhIlle, CMUH-OPGUTANbBHOE B3a-
umopeiicteue aua TAxensix aromos (J, In, Ga) mo no-
PAIKY BelWUYMHbI CPaBHUMO ¢ 0OMeHHBIM B3auMoJeicT-
BUeM. B03TOMYy MOKHO OKUAATh, UTO OMUCAHHBIN BUJ
CIMHOBBLIX BONH, BbI3BAHHBIX CIUH-OPOUTANbLHBIM B3au-
MoJeiicTBUeM, MOeT HabiioJaThCA B XOJIOOHBIX rasax
TAMENbIX 3JeMeHTOB B MarHUTHBIX JIOBYLIKaX.

Agtopsl 6narogapat U.JI. Beiirmana 3a nonesHbie 06-
cy#aeHus pa6orsl. BaboTa BbImonHeHa Mpu GUHAHCOBOM

noxgep:#ke Boccuiickoro donna gyHIaMeHTaNIbHBIX HC-
cnemoBanuii (rpant # 08-02-00189).
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