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B TpexMepH~X OAHOOCH~X ~eppoMarHeTHKaX /O~M/ OpH He cnHw
KOM 6onbWO~ KOHCTaHTe aHH30TpOnHH cnpa&eAnHBO COHH-&OnHOBOe 
npH6nHmeHHe. MomHo npeAnonomHTb, 4TO BKn~4eHHe cna6oro none
pe4Horo non~ npHBOAHT nHWb K ManoMy H3MeHeHH~ 3HeprHH CnHHO
BO~ sonH~ H HHSKonema~y~ 4aCTb cneKTpa MOmHo onHcaTb KaK ras 
HeB3aHMOAe~CTBY~HX KBa3H4aCTH~ C SaKOHOM AHCnepCHH ~f 1 (k) + 
+ fl (k). nocneAOBaTenbHO KBaHTOBOMeXaHH4eCKH nonpa&Ka fu 1 (k) 
B cny4ae O~M C OAHOHOHHO~ aHH30TpOnHe~ Ha~AeHa B pa6oTe as
TOpa H B.UyKepHHKa 11~ TaM me noKasaHo, 4TO pesynbTaT oTnH4a
eTc~ oT pesynbTaTa nonyKnaccH4ecKo~ TeopHH. nosme passHT~~ 
B/l/ MeTOA 6~n HCnOnb30BaH An~ Bb14HCneHH~ fu 1 (k) H B cny4ae 
06MeHHO~ aHHSOTpOnHH/21. 

B CHnbHOaHH30TpOnH~X O~M, a TaKme B OAHOMepH~X CHCTeMaX, 
CnHH-BOnHOBOe OnHCaHHe HenpHMeHHMO HS-sa cy~eCTBOBaHH~ HH3KO
nema~HX CB~3aH~~X COCTO~HH~ MarHOHOB /CnHHOB~X KOMnneKCOB/. 
B cna6oM nonepe4HOM none a o6~eM cny4ae TaKHX CHCTeM nonpasKa 
~( 1 yme HeAOCTaT04Ha An~ onHcaHH~ scex HHSKonema~Hx eos6ym
AeHH~, nonHoe onHcaHHe AOnmHo BKn~4aTb TaKme B~4HcneHHe no
npaeoK K 3HeprH~M CnHHOB~X KOMnneKCOB. 3TH nonpaBKH, KPOMe 
TOro, onpeAen~~T, KaK M~ nOKameM AanbWe, 4aCTOT~ HOB~X nHHH~ 

B cneKTpax pacce~HH~X He~TpOHOB /3TOT ~aKT An~ cneKTpOB OnTH-
4eCKOrO norno~eHH~ 6~n noKasaH paHbwe e 1 3. 41 I. 

B HaCTO~~e~ pa6oTe M~ Ha~AeM nonpaBKY~fl K 3HeprHH CnHHO
BO~ BOnH~ H nonpaBKY ~£ 2 K 3HeprHH CB~3aHHOrO ABYXMarHoH
HOrO COCTO~HH~ aHH30TpOnHOH ~en04KH CnHHOB S= V2, B~3BaHHble 
cna6~M nonepe4H~M noneM. noKameM; 4TO e onpeAeneHHO~ o6nacTH 
3Ha4eHHH napaMeTpOB 3TH nonpaBKH nonHOCTb~ onpeAen~~T 3aKOH 
AHCnepCHH OCHOBH~X /TO eCTb caMbiX HH3KHX no 3HeprHH/ BeTBe~ 
sos6ymAeHHH CHCTeMbl. B~4HCnHM Koppen~~HOHHY~ ~YHK~H~ npH T = 0 
H 06CYAHM B03MOmHOCTb 3KCnepHMeHTanbHOrO Ha6n~AeHH~ HCCne
AOBaHHbiX 3AeCb BenH4HH B KBa3HOAHOMepHbiX MarHeTHKaX. 

1. raMHnbTOHHaH aHH30TponHOH cnHHOBO~ ~eno4KH' s = V2. B Mar
HHTHOM none sanHWeM B BHAe l{ = l<o + V, ' rAe 

J{o=-J~ [a(SeSf+l+S~~!l) +StS~\1]-hOSz 
/1/ 

V = -2h8x /2/ 

... -~. 

I 
( ;>:: j. t c~ .. t·. " 

·-. .~: .:" .. -:. -::. 

3AeCb U - KOHCTaHTa o6MeHHO~ aHH30TpOnHH, 0 _5. a _<1; t1a , 2h -
SeeMaHOBCKHe 3HeprHH, o6ycnosneHHble COOTBeTCTBeHHO npOAOnbHOH 
H nonepe4HO~ KOMnoHeHTaMH nonA, h0 = g ~'8 Ho· 2h = g I'S H 
J>O; sa::l:Sr· · 

CneKTp CHC~e~ /1/ H3y4eH B pa6oTaxl6·71. ,lln~ 3HeprHH CBR-
3aHHOro COCTORHH~ n MarHOHOB a/&,7/ HaHAeHO BblpameHHe 

-1 
fn (k) = nh 0 + Jlhy(dmy- ooa) (shny) , 

-
1 + v t- u 2 

y=ln----
u· 

/3/ 

0TMeTHM, 4TO npH n=l e~pameHHe /3/ AaeT npasHnbHOe 3Ha4e
HHe AnA 3HeprHH cnHHoao~ sonH~ f 1 (k) = ho + J(l- a oosk) • B no
cneAHee speM~ nony4eH PRA pesynbTaToe, yKasblsa~Hx Ha cy~ecT
BeHHY~ ponb COHHOB~X KOMnneKCOB /3/ B o6naCTH HHSKHX TeMnepa
Typ. C 3THMH 8eTB~MH cneKTpa CBR3~Ba~T He06bi4HOe noBeAeHHe 
TennoeMKOCTH/81, apeMeHH penaKcaUHH/9; TeMnepaTypHoro ywHpeHHR 

/101 
ueHTpanbHoro nHKa H nHHHH $MP OAHOMepHblx MarHeTHKOB. OTMe-
THM TaKme, 4TO 8 MaKpOCKOnH4eCKOM OnHCaHHH O~M nocpeACTBOM 
ypa8HeHHR flaHAay-flH$WHua CnHHOBWM KOMnneKCaM COOTBeTCTBY~T 
COm1TOHHble peweHHR /11/ • . 

8 AaHHOH pa6oTe MW HaHAeM nonpaBKH ~f 1 H fu e K 3HeprH~M 
£ 1 H fe H3 /3/, BW38aHHble cna6biM noneM /2/. 06~He CBOHCTBa 
onepaTopa 80SMYUieHHR V 8biRCHeHbl paHbWe 8 pa6oTax 11"41 • Onepa-.. -- - -----·- ··---········- ---··-··-·· -···"· ............................................... _ 
I VJ.I .. I"''MCC I nt;;n,I~I-~U--~ I._.Y 1 ,.,.,.,._.,, __ -••-•·•-•••..,. ••r•-- • ·-•"rot"" --- • -··· ••••• 

MH C OAHHaKOawMH K8a3HHMnynbCaMH k ueHTpa HHepuHH; 4HCna Mar
HOH08 8 3THX COCTORHHRX OTnH4a~TCA Ha eAHHH~y. AHanH3 Bblpame
HHR /3/ noKa3blsaeT, 4TO 8eTBH ln~) c pasHWMH n nonapHo nepece
Ka~TCR /npH b0=0 HMeeM En> fn- 1 An~ k = 0 H ~ < l n-l An~ k = 11 I 
H, KaK 06b14HO 8 TeOPHH B03MYUieHHH, cneAyeT pa3nH4aTb cny4aH 
HeBbiPO*AeHHOrO H A8YKpaTHO 8WpomAeHHoro YPOBHR. ,llnR HeBblpom
AeHHOrO YPOBHA nonpaBKa ~En KBaApaTH4Ha noV H SaAaeTCR HS-
8eCTHbiM BWpa•eHHeM: 

~En= l: IV01 1
2 (E 8 - E1 )-

1 , 
lal 

n = 0,1, •••• /4/ 

nonpa8Ka K 3HeprHH OCH08HOrO COCTORHHR ~Eo nerKO HaXOAHT
CA, TaK KaK 8 CYMMY /4/ BKnaA AaeT nHWb COHHOBa~ BOnHa C k=O. 

BeKTOp COHHOBOM eonHbl sanHWeM 
noM~b~ /2/ H /4/ nony4aeM 

~ lkt -
8 8HAe 11 > = N l: e Sr 10 > H c 

t 

e -1 
~E0 =-b N~ , ~ = £ 1 ~=0) =ho+ J(l-a). /51 

npH Bb14HCneHHH ~E1 B CYMMe /4/ He06XOAHMO y4eCTb BKnaA AByx
MarHOHHbiX COCTO~HHH. KaK yme OTMe4anOCb, MeTOQ. paSBHTbiH B pa

l 
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6oTe/1/ All~ OM~ c OAHOHOHHOH aHH30TponHeH H npoH3BOllbH~M 8 

B OAHO-, ABYX- H TpexMepHOM Cl1Y4a~X, npHMeHHM C He60llbWHMH 
H3MeHeHH~MH B CJ1y4ae 06MeHHOH aHH30TpOnHH. M~ He CTaHeM e~
nHC~BaTb npoMe~yT04H~x npeo6pa3oeaHHH, a cpa3y npHBeAeM pe-
3YllbTaT All~ Hawero cny4a~: 

l:!t =l:!E -l:!E =-h2 [ _ .:._ ~1-a)(l-rosk) J2 (1-a) 2 
1 1 0 " + 2 - + ----- P (A )] 

u 1:! 1:!2 1 1 ' 

/6/ 
4p oo52 ..!. 

2 p 1 (A) = -----, p 
k J(aoo5- -p) 

A- v' A2 -4J2a2 0082 !._ 
2 

k 
2Jaoo5-

2 

A1 =ho+J(l+a)oo5k. 

2 

nonyKJlaCCH4eCKa~ TeOpH~ /KllaCCH4eCKOe onpeAelleHHe paBHO
BeCHoro HanpaeneHH~ MarHHTHOrO MOMeHTa H AHaroHal1H3a~H~ KBaA
paTH4HOH 4aCTH raMHllbTOHHaHa ronwTeHHa-npHMaKoea/ AaeT All~ 
nonpaBKH l:!t 1 llHWb nepe~e ABa 4lleHa T04Horo pe3yllbTaTa /6/. 
BenH4HHa Pj onpeAen~eTc~ rnaeH~M o6pa3oM BKllaAOM ce~3aHHoro 
COCTO~HH~ CM. AallbWe/. 4neH C p 1 B B~pa~eHHH /6/ CYilleCTBeH, 
XOT~ 6~ nOTOMy, 4TO 06JlaAaeT OC06eHHOCTb~ B T04Ke k

0
, rAe 

ko 
p =a 0082 - • 3Ta T04Ka He 4TO HHOe, KaK T04Ka nepeCe4eHH~ KpH-

BbiX t 1 (k) H t2 (k) • :An~ 3Ha4eHH~ k0 MO~Ho nony4HTb ~sHoe e~pa~e
HHe: 

Ja2- h2 
K 0 = arccos ------ • Ill 

Ja(2- a) 

B T04Ke k0 e~pa~eHHe /6/ HenpHMeHHMo, H All~ Haxo~AeHH~ no
npaBKH 1:!£ 1 HY~HO nOllb30BaTbC~ ~OpMyllaMH TeopHH B03MYilleHHH 
All~ ABYKpaTHo BblpO~AeHHoro ypoeH~. B 3TOM cny4ae nonpaeKa nH
HeHHa no non~ H Mo~eT 6b1Tb npeAcTaeneHa e~pa~eHHeM & \-= -l\i2 1= 
=-hl<li8+12>I • .Qn~ HaXO~AeHH~ MaTpH4HOro 3lleMeHTa <liS 12> 
Mbl BOCnOJ1b3yeMC~ ~BH~M B~pa~eHHeM All~ BeKTOpa ABYXMarHOHHOrO 
KOMnne.Kca /7/: 

12> = ~ Bm m ~ s- I 0 > 
m

1 
<m

2 
1 2 1 ~ ' 

--- .k 

B 
_ v' 1-r2 •r<m1 +m...) (m -m 

mm- --e ~r 21 
1 2 Nr 2 • 

/8/ 
k 

r = aoo52 . 

C noMOillb~ /8/ All~ nonpaeKH s T04Ke k0 nony4aeM _ 

ko 2 2lro 2(1-a) 008- · v' 1-a 008 -+ 0 2 1:!£ = -h<liS l2>=-hf(k0 )~h-----.&.----------- . /9/ 
1 k 

3 

1 +a (a- 2) co 52 ___Q_ 
2 

"-, 

'I' 

~ 

2. nonpaeKa l:!E2 onpeAell~eTC~ BKllaAaMH Tpex4aCTH4H~X H OAH0-
4aCTH4HOrO cocTO~HHH raMHllbTOHHaHa H0 c ~HKCHpoeaHH~M k. Ha 
nepBOM 3Tane Bbi4HClleHHH nOCTynHM TaK ~e, KaK H npH Bbi4HCJ1eHHH 
l:!E 1 /cM/ 11 /. PaccMOTPHM ~YHK~HIO Q2 (0= ~ IV2gl 2 ((-Eg)- 1= 

2 + - l{ -1 - ....t I lgl = -h <21(8 + 8 ) ( 0-() (8 +ll ) 2> H BOCnOllb3yeMC~ onepaTOpH~M 
-1 -1 ) -1 

TO~AeCTBOM [ 8, A 1= A [ A,B A All~ Toro, 4T06bl npHeecTH 1'1t2 
K BHAY /npoMe~yT04Hble B~4HCJleHH~ He COAep~aT npHH~HnHallbH~X 
TPYAHOCTeH/ 

f 
----- + 1:!£

2 
=l:!E -l:!E =-h2 [ _!_

2
-4 + J(l-a) 2 0 -- ----- + 

1:! 1:!2 Mo ( 1- (2 

k 

J2_t~-:.~~~-P2 ), 
2 

1:! /10/ 
(1-a )( 1-a 2 oo#-) 

-1 2 k [ 2 )) Me = 4008 -· ------------ + a(l +a 
2 

1+a(a-2)oo82 ~ 
~YHK~H~ f(k) HaHAeHa B /9/, a Bel1H4HHa P 2 onpeAen~eTC~ cne

AYIOiliHM o6pa3oM: 

- -1 -
P 2 = < 31 (H0- t 2) I 3 > , 

/11/ 
13>= ~ B (8-

1
+8-+

1
+8-

1
+8-+

1
)8-S-IO>. 

< mlm2 me m.l m2- ~ m1 m2 
ml m2 

8blpalKeHHe An~ Bm 1m9 AaHo B /8/. 

,l\n~ Bel1H4HHbl P 2 MO~HO B~BeCTH ypaBHeHHe MeTOAOM, HCnOllb30-
BaHHbiM e1 11 npH e~BOAe ypaeHeHH~ An~ P1• PeweHHe ypaeHeHH~ All~ 
p 3aTPYAHeHO, TaK KaK no CyllleCTBy 3TO peweHHe HeKOTOPOH 3~

~KTHBHOH Tpex4aCTH4HOH 3aAa4H /HaXO~AeHHe Pl CBOAHTC~ K pe
WeHHIO 3~eKTHBHOH ABYX4aCTH4HOH 3aAa4H H B /6/ B~nHCaH llHWb 
pe3yllbTaT/. AHal1H3 sblpameHH~ /11/, OAHaKo, noKa3bleaeT, 4TO 
An~ 3Ha4eHH~ a; He CllHWKOM 6m13KOro K 1, MO~HO pa3BHTb MeTOA 
npH6nH~eHHoro sbi4HClleHH~ P2 • 3THM Mbl H 3aHMeMc~ e HaCTO~IlleH 

pa6oTe. 
8 MaTpH4HbiH 3JleMeHT P2 BKllaA Aa~T Tpex4aCTH4H~e COCTO~HH~ 

CHCTeM~ /1/. H3BeCTHo 1 Y, 4TO 3TH COCTO~HH~ MO~HO pa3Ael1HTb 
Ha TPH Kllacca: COCTO~HH~, 3HeprH~ KOTOP~X C T04HOCTb~ AO N- 1 

MO~eT 6b1Tb npeACTaeneHa B BHAe t 1 (k 1 ) + t 1(k 2 ) + t 1 (k 3),• yc
llOBHO 3TOT KJlaCC 0603Ha4HM CHMBOllOM /1 + 1 + 1/; COCTO~HH~ 
c 3HeprHeH t 2 (k 1 ) +t 1(ks) /Knacc /2 + 1// H TpeTHH Knacc co
CTORHHH /3/, KOTOPbiH npH ~HKCHPOBaHHOM k COAep~HT llHWb OAHO 
COCTO~HHe, 3TO KllaCC CB~3aHHbiX Tpex4aCTH4HbiX COCTO~HHH/~7/. 
Bblpa~eHHe All~ P 2 YA06Ho pa3Ael1HTb Ha TPH 4aCTH, y4HT~ea~111He 

BKnaA yKa3aHH~x Knaccos: P2 = ~ 1+ 1+ l) + P~ l) + P~3> • Mo~Ho 
npoeepHTb, 4TO B npeAelle a ->0 COCTO~HHe 13 > nepeXOAHT B co6-

4 



CTBeHHOe COCTO~HHe raMHnbTOHHaHa H3HHra H B 3TOM npeAene 
<3(2+ 1) 1-a> =<3(1+ 1-t) !3>= O.j-leTPYAHO AOKa3aTb, 4TO npH Ma-
nblx a <3(2+ 1)13> -aN-~ dJ(l+l+l) !3> _:s aN- 1 • An~ AOKaaaTenbCT-
ea nocneAHHX o~eHOK YA06Hee nonb30BaTbC~ He CTaHAaPTHOH ~op
MOH BOnHOBOH ~YHK~HH TpeX4aCTH4HbiX COCTO~HHH /aH3a~eM 6e
Te//6~ a ~OPMOH, ~BHbiM o6pa30M y4HTbiBa~eH coxpaHeHH~ KBa3H
HMnynbca k /TaKa~ ~OpMa AnR CB~3aHHbiX COCTO~HHH HCnOnb30BaHa 
B HaWeH pa6oTe 171/. TaK KaK Knacc /2 + 1/ COAep~HT N COCTo~
HHH /npH ~HKCHPOBaHHOM k /,a Knacc /1 + 1 + 1/- N2 cocTo~
HHH, TO no nop~AKY BenH4HHbl npH ManOM a HMeeM p~2.+ 1)- a 2 , 
p ~ 1'f 1 + 1) ~ a 2. Y4HTb1Ba~ TaK~e, 4TO npH h 0 « J cocTo~HH~ /2 + 1 I 
H /1 + 1 + 1/ OTAeneHbl 111enbl0 nop~AKa J OT COCTO~HH~ j2>, a co
CTO~HHe j3> OTAeneHO 111enbl0 nop~AKa a2 J OT TOro ~e COCTO~HH~ 

12> MO~H03aKni04HTb, 4TO p(2+1)jp(3)-a4 H p(1+1+1)jp(S)<a4 
' 2 2 2 2- . 

TaKHM o6pa30M, npH a 4 << 1 BKnaA Tpex4aCTH4HOrO CBR3aHHOrO co
CTORHHR AOMHHHpyeT B p 2 , H n03TOMy 

p2 =P2(S)= J<3Ja>J2 (ts -t2 )-1 . /12/ 

YcnOBHe a 4 << 1 BblnOnHReTCR B 3Ha4HTenbHOM HHTepsane no a 
(a :5 0,6) , B KOTOpOM ne~aT 3Ha4eHHR a AnR H3BeCTHbiX KBa3HOAHO-
MepHbiX MarHeTHKOB [ (CH ) 3 NH] CoCl 3 · 2H 2 0 c a=0,34 191 H 
CoQ 2 • 3-1 2 0 ,,C a =0,15,12! npH ho >> J. ycnoe1o1e cnpaBeAnHBOCTH pa
BeHCTBa /12/ CTaHOBHTCR 6onee ~eCTKHM (a 2 « 1), HO OHO AnR 
yKa3aHHbiX MarHeTHKOB TaK~e BblnonHReTCR. 

npH Bb14HcneHHH P 2 no ~opMyne I 12/ AOCTaTo4HO eocnonb3oe;H h

CR RBHbiM Bblpa~eHHeM AnR BeKTOpa TpeX4aCTH4HOrO CBR3aHHOrO co
CTORHHR j3>, HaHAeHHOrO B HaWeH pa6oTe /?/: 

J t4-<m +m +mg) m -m m -m 
l3>=(1-lr1 !

2
)N ~lr2 i-2 I (e 8 1 2 r 1

2 1
r 2

3 2x 
m1<m2<ms 

_ _ _ I !_ -1 _!~!. 
xS S S IO>) r = r* = u(4-a 2)-l (2e S +ae S ) • m1 m2 m3 • 1 2 

B peaynbTaTe AnR P 2 nony4HM 

5 

(3) 2 2 2 2 -2 - 1 
P 2 = P2 = (1- a a )(1- I r 1 1 ) R 1 R 2 1\ 32 

a= oos!., R 1= 2a[ 1 +a -
2 

.;..a_·2~(,_2_;.+..,;;a_~L _ _a 2 a 3 
] , 

4-a 2 2-a 

R2 =1- 2a2a2 + a2a21r112' l\s2=t3 -£2 
2-a 

/13/ 

' J 

( 

3THM 3aKaH4HBaeTC~ Bbi4HCneHHe nonpaBKH L\t 2 B Cny4ae, KOrAa 
ypoBeHb t 2 (k) He BblpO~AeH. B T04Ke ko, rAe £1 (k0 ) = £ 2 (k0 ) • 
H B T04Ke k0; rAe £2 (k0) =fa {k0 ), Bblpa~eHHe /10/ HenpHMHpHMO 
/e nepBOM cny4ae HeorpaHH4eHHO eoapacTaeT TpeTHH 4neH, a eo 
eTopoM cny4ae - 4eTBepTbiH 4neH yKaaaHHoro Bblpa~eHHR/. B T04-
Ke k 0 1\£ 2 =-1\t 1 , a !\( 1 Bb14HcneHa e /9/. Mo~Ho HaHTI-1 1\t 2 · 
H B T04Ke k ~, HO Bb14HCneHHaR nOA06HbiM o6pa30M nonpaeKa cnpa
BeAnHBa TOnbKO npH 04eHb ManoM h /TaK KaK npH k = ko HeAaneKO 
OT t 2 H £3 HaXOAHTCR cneAYIOIIIHH ypoeeHb £4 /, H no3TOMY Mbl He 
CTaHeM 06CY~AaTb 3TOT cny4aH, npeAnO~eHHbiH 3AeCb cnoco6 Bbi-
4HCneHHR P

2 
B ~enOM npHMeHHM H npH Bbi41-1CneHHH P 1 , AnR KOTO

poro y HaC eCTb T04HOe Bblpa~eHHe /6/. nposepKa B 3TOM cny4ae 
nOATBePAHna nonHOCTbiO cneAYIOIIIYIO H3 MeTOAa T04HOCTb Bb14HCneHHH. 
0TMeTHM TaK~e, 4TO CBR3aHHOe COCTORHHe AaeT rnaBHbiH BKnaA 
HMeHHO e MaTpH4HbiH 3neMeHT /11/. O~eHHTb eKnaA paanH4HbiX co
CTORHHH B HCXOAHOM Bblpa~eHHH /4/ npeACTaBnReTCR 6onee TPYA
HbiM AenOM Ha-aa TOro, 4TO /4/ COAeP~HT CABHr OCHOBHOro COCTOR
HHR I\E0 -N,KOTOpb1H ~OpMHpyeTCR OTHIOAb He CBR3aHHbiM COCTORHHeM. 
OTMeTHM TaK~e, 4TO paHbwe & 2 YAanocb Bb14HCnHTb nHwb e MOAenH 
H3HHra, rAe TpeX4aCTH4Hble COCTORHHR HMeiOT npOCTOH BHA H B03-
MO~HO npRMOe CYMMHPOBaHHe no ~OpMyne /4/ ~~. 

B clo1nbHbiX nPOAOnbHbiX nonRx h 0 > h& l) = J a(1 +a) eeTBb £ 1 (k) 
He nepeceKaeT APYrHe eeTBH H3 /3/, H n03TOMY OCHOBHaR BeTBb 
B03MYilleHHOH CHCTeMbl HMeeT aaKOH AHCnepCHH l 1 (k) + & 1 (k) 
c & , (k) H3 /6/. 6onee HHTeoeceH HHTeosrtn h ~2) "~u--: ~~ D • 
rAe hb"' = J a(1 +a)/(2HT}. B TaKHX nonRx HH~aHwHe no 3Heprlo1H eeT
BH cHcTeMbl /1 I t 1 (k) H t 

2 
(k) nepeceKaroTcR Me~AY co6oH e T04Ke 

ko H He nepeceKaiOTCR c APYrHMI-1 eeTBRMH /3/. BoaMyllleHHe V 
CHHMaeT BbiPO~AeHHe B T04Ke k 0 , H B peaynbTaTe AnR CHCTeMbl 
K = K0 +V nony4aeM ABe HenepeceKaiOilllo1eCR rH6PHAHble eeTBI-1 eoa-
6y~AeHHH. npl-1 ManbiX /6onbWHX/ k COCTORHHR nepBOH BeTBH RBnRIOTCR 
n04TH OAHOMarHOHHbiMH /CBR3aHHbiMH/, a COCTORHHR BTOPOH BeTBH
no4TH CBR3aHHbiMH /OAHOMarHOHHbiMH/, 86nH3H ko HMeeM COCTORHHR 
CMeWaHHOro THna. HaHAeHHble Bblpa~eHHR AnR l\t 1 H 1\( 2 BMeCTe 
C £ 1 H t 2 H3 /3/nonHOCTbiO onpeAenRIOT 3aKOH AHCnepCHH ofieHX 
BeTBeH, Ka4eCTBeHHO OnHCaHHaR 3AeCb CHTya~HR HanOMHHaeT cny4aH 
nepece4eHio1R CnHH-BOnHOBOH H ~HOHHOH BeTBeH cneKTpa MHOrHX Mar
HeTHKOB. npH AanbHeHWeM yMeHbWeHHH ho cneKTP B03MYilleHHOH CHC
TeMbl nocTeneHHO ocno~H~eTCR Ha-aa onycKaHH~ npH 6onbwHx k eeT
eeii /3/ c n >2. np..., ho = 0 nonpaBKH & 1 H 1\t 2 onHcblsaroT CABHr 
nepBbiX ABYX BeTBeH nHWb npH Manblx k, 

noA4epKHeM e111e pa3, 4TO Mbl paccMaTpHBaeM nonpaBKH K Heebi
PO~AeHHOMy HnH ABYKpaTHO BblpO~AeHHOMY ypOBHIO, 3TO HCKnl04aeT 
MOAenb Ha1o1Hra (a= 0) npH ho = 0, , rAe AnR nro6oro n t 0 = J. .QriR 
3TOrO cny4aR cneKTP CHCTeMbl HaHAeH npH npOH3BOnbHOM h B pa6o
Te 11~. 
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3. nepeMeWHBaHHe COCTORHHH CHCTeMbl Ko c pa3HbiMH n, ·Bbi3BaH
HOe noneM h, npHBOAHT K CHR-1!1~ aanpeTa, cy~eCTBOBaewero B CHC
TeMe 111, Ha npRMOe B036ymAeHHe CnHHOBbiX KOMnneKCOB. 3TOT 3~
<!>eKT 6bln HaMill paHbWe HCCneAOBaH nHWb npH k=0 lo~./2- 4/ I.3AeCb 
Mbl Bbi4HCnHM nonepe4HbiH KOppenRTOp npH npOH3BOnbHOM k, 4TO no-
3BOnHT HaM 06CYAHTb HeKOTOpy~ B03MOmHOCTb Ha6~AeHHR KOMnneK
COB Ill B 3KCnepHMeHTaX no HeynpyroMy pacceRHM~ HeHTPQHOB.<!>ypbe
o6paa napHoi1 nonepe4HOH KoppenR4HOHHoi1 <I>YHK4H11 np11 T = 0 onpe
AenReTCR cneAY~~HM paeeHCTBoM: 

en(~w)=li fd\ei(gt+Wt)<¢ ISx(t)Sxl¢ >. 
2rrt-oo 0 f 0 0 

1141 

3AeCb f¢0 > - OCHOBHOe COCTORHHe CHCTeMbl; ~"t) = eiKt Ste -iKt(1l = 1)• 
npH ManbiX h B cny4ae HeBblpOmAeHHbiX ypoeHeH Bblpa3HM no TeOpHH 
B03My~eHHH BeKTOPbl COCTORHHH CHCTeMbl J( = J( 0 + V 4epe3 BeK
TOpbl COCTORHHH CHCTeMbl J(0 Is o6~eM BHAe TaKHe COOTHOWeHHR 
BbrnHcaHbl e 141 I H noAC4HTaeM en(q,w) no <I>OPMyne 114/. Pe
aynbTaT e HaweM cny4ae, ecnH orpaHH4HTbCR 4neHaMH nopRAKa h2, 
HMeeT BHA 

XX 2( ( 1 2 (, e (q,w)=4h N8 w)B q) + "4(1+2bh )8 w-w 1(q)) + 

/151 

+ h 2 F ( q) 8 (w - w ~ ( q) ) + e ::np. 
::;1-1""·" wi=tt~'lJ-t-Ufl\.V 1'1 w2 = t2 ~1l) -t-ru2 ~~~~· iit:~tsllli1 "tJit:H 1J /I~/ 
OnHCbiBaeT nonpaeKy K HHTeHCHBHOCTH 6p3rrOBCKOro nHKa /rnaBHbiH 
4neH KOTOporo AaeTCR KOppenRTOpOM ezz(~w) /, BTOpOi1- H3MeHe
HHe HHTeHCHBHOCTH H 4aCTOTbl CnHH-BOnHOBOH ni1HI111, TpeTHH 4neH 
OTpamaeT CHRTHe 3anpeTa Ha B036ymAeHHe nHHHH ABYXMarHOHHOro 
CBR3aHHOrO COCTORHHR H nocneAHHH 4neH, KOTOpbiH Mbl 3AeCb He 6y
AeM o6cymAaTb, onHCbiBaeT BKnaA COCTORHHH ABYX4aCT114HOro He
npepbiBHOro cneKTpa. <!>yHK4HR b(q) B 115/ Bbi4HCnReTC9 no AO
BOnbHO rpoM03AKOi1 cxeMe /cM./4/ I,"' Mbl nony4HnH peaynbTaT 
nHWb npH Q = 0: 

2 J(1-a) J 2{1-;u) 2 dPl J 2 (1-u) 2 
b(O) =- -·+ --- + -- -· -f,_, + -----P (~ ), 

li2 li3 M 2 d>. 1\=/\1 4A3 1 ·n 

P 1 (>.) H >. 1 onpeAeneHbl B /61 (k=O), a Ao =~J +ho)• JlnR cj)yHK4HH 
~q),onpeAenR~~ei1 HHTeHCHBHOCTb HOBOH nHHHH, Mbl nony4HnH Bblpa
meHHe 

~q) =! c2(q)[(£2(q)-£t(q))-t -A-112, 

f(q) Bb14HCneHa B 191. 
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TaK KaK KOppenRTOp en (q,w) npRMO CBR3aH C Ce4eHHeM Heyn
pyroro pacCeRHHR Hei1Tp0HOB 11 C nHHeHHbiM OTKnHKOM CHCTeMbl Ha 
84 none, H3 BblpameHHR 1151 MO*HO 3aKn~4HTb 0 4TO B 3THX 3KCne
PI1MeHTaX 6YAYT Ha6n~AaTbCR H cnerKa Ae<!>opMHpOBaHHble noneM h 
ABYXMarHOHHble KOMnneKCbl. 8 6onee BbiCOKHX nopRAKaX nORBRTCR 
nHHHH, COOTBeTCTBy~~He B036ymAeHI1~ H 6onee TR*enbiX KOMnneKCOB. 

EAHHCTBeHHOe AO CHX nop npRMOe onTH4eCKOe B036y~eHHe CnH
HOBbiX KOMnneKCOB C n::; 14 OCy~eCTBneHO B CoCl2 l!f2 0 12/, CHR
THe aanpeTa e 3TOM coeAHHeHHH o6ycnoeneHo cna6oi1 aHH30TponHei1 
e nnocKocTH XY. YKa3aHHOi1 aHH30TponHei1 APYrHe MarHeTHKH He 
o6naAa~T, H n03TOMY npeACTaBnReT HHTepec paCCMOTpeHHaR HaMH 
B03MOmHOCTb CHRTHR 3anpeTa nyTeM BHeWHero B03AeHCTBHR. Cne
AYeT OTMeTHTb, 4TO B03MO*HOCTb B036Y*AeHHR KOMnneKca C q f, 0 
e 3KcnepHMeHTax no HeynpyroMy pacceRHH~ Hei1TPOHOB paccMaTpH
eaeTCR enepBble B HaCTOR~ei1 pa6oTe. K 3$$eKTaM npH q f, 0 OTHO
CHTCR ~<!><!>eKT pac~enneHHR rnaBHOH nHHHH B T04Ke q = ~ , rAe 
£ l (k0 ). = £2 (k0 ) H KOppenRTOp HMeeT npOCTOH BHA 

en (q, w) = [B(w- wi) +8(w -w~ )]/8 

c wi=£ 1 +A£ 1 , w~=£2 -At 1, At 1 Hai1AeHo e 191. TaK KaK o6e 
nHHHH HMeiDT OAHHaKOBY~ HHTeHCHBHOCTb lpaeHy~ nonOBHHe HHTeH
CHBHOCTH CnHH-BOnHOBOH nHHHH B CHCTeMe 1111, B03MO*HOCTb HX 
Ha6n~AeHHR 4enHKOM onpeAenReTCR paapewa~~ei1 cnoco6HOCTb~ 3Kcne
PHMeHTanbHOH YCTaHOBKH. 

~I'II...Jtcnnt>IC ~dl..."'t: 11>1 IIU IIUJIY"tt:HHI>IM aAeCb q>OpMynaM Mbl npOBenH 
AnR 3Ha4eHHH napaMeTpOB KBa3HOAHOMepHoro MarHeTHKa: 

/9/ -1 
[ (eH ) NH] O>Cl ·2H 0 : J = 13,76 ; u = 0,34; g

11 
=6,54; g.J..=3,4. 

3 3 3 2 

npH 3Ha4eHHH npoAOnbHoro nonR Ho = 5 K3 eeTBb £3 (k) He nepe
ceKaeT eeTBb £2 (k), a £1 (k) "' £2 (k) nepeceKa~TCR e T04Ke ko-=101°. 
menb B cneKTpe CnHHOBbiX BOnH A npH TaKOM none pasHa 10,61 CM-! 
npH k=O Mbl nony4HnH CABHrH I A£ H3MepReTcR e eM -1 , H - e K31 
lit l =-4,4·1<r3 H2, A£2 =-9,3· 10"8~ npH k =60° Atl.. ~6,1.10-s.r, At2= 
=- 5,8·11T3 H2• 13 T04Ke ko HMeeM At 1 =-A£2 =-8,4·11U-2H.: JlnR OT
HOCHTenbHOH HHTeHCHBHOCTH 12 nHHHH CnHHOBOrO KOMnneKCa $op-
Mynbl 1151 H 1161 Aa~T 1 2 =7,6·10~4 H 2 npH Q=O H 1 2 = 
= 10-3 H2 npH Q=60°. nony4eHHble 3Ha4eHHR AnR Aq • A£2 .... 12 
HMe~T CMbiCn, ecnH BblnOnHeHO 06b14HOe AnR TeOpHH B03My~eHHH ycno
BHe ManOCTH CABHrOB At no cpaBHeHH~ C HHTepeanaMH B HeB03My
~eHHOH CHCTeMe H 12 <<1 IHHTeHCHBHOCTb CnHH-BOnHOBOH nHHHH B 
CHCTeMe I 1 I npHHRTa 3a 1 I. npH Q=O B none H =1 0 K3 CABHrH 
At 1 = -0,44 CM-l; A£ 2 = -0,93 CM-l H HHTeHCHBHOCTb 12 =0,076 
YAOeneTeopR~T 3ToMy ycnoeH~ "'• c APYroi1 cTopoHbl, KaK noKa3blea
eT cpaBHeHHe C 3KCnepHMeHTaMH/1V, MOryT 6b1Tb H3MepeHbl OnTH4e
CKHMH MeTOAaMH. 
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AeHTepHpoaaHHe coeAHHeHH.R [ (CH3 ) 3 NH] CoCl 3 2H 2 0 AOil>KHO 
ofiner4HTb HeHTpOHH~e 3KCnepHMeHT~, HO, B03MOlKHO, H3-3a HH3KQ
ro paapeweHH.R a o6nacTH q ~ t 0 npHAeTC.R opHeHTHpoaaTbC.R Ha 
6onee CHllbH~e non.R H. ·B non.Rx H ~ 15 K3 CABHr & 2 /a T04Ke 
t 0 I cpaBHHBaeTc.R c pa3HOCTb~~ 32 , H a 3THx cny4a.Rx Heo6xoAH
Mo pa3BHTHe HaCTO.R~eH CXeM~ TeOpHH B03My~eHHH All.R y4eTa He
CKOJlbKHX fil1H3KHX ypOBHeH. 4TO KacaeTC.R TeMnepaTypH~X 3~eKT08 0 
To npH T::: 2-3 OHH AOll>KH~ 6~Tb 3KcnoHeH4HallbHO Mall~MH (~=15 K). 

B CoCl2 ·2"--0 6ea MarHHTHoro non.R a 3KcnepHMeHTax no Heyn-
-.: ~ (k)/ 14/ pyroMy pacce.RHH~ HeHTPOHoB Ha6n~Aanacb KPHBa.R £1 • AHal1H3 

noKaa~aaeT, 4To a non.Rx* H 0 ::.s K3 H H :qo K3 a cneKTpe pac
ce.RHH~x HeHTPOHOB AOJl>KHa nO.RBHTbC.R H BTOpa.R JlHHH.R Ha 4aCTOTe 
w2 C HHTeHCHBHOCTb~ J

2 
= 0,1, no4TH H3HHrOBCKHH xapaKTep 3TOrO 

COeAHHeHH.R HCKJ1~4aeT 06CY>KAaBWHHC.R B~we 3~¢eKT pac~enJleHH.R 

rnaBHOH JlHHHH. 

* BeaAe M~ HMeeM a BHAY ~eppoMarHHTHYO ~aay yKa3aHHWX MeTa
MarHeTHKOB. B CoCl 2 2H 20 3Ta ~aaa cy~ecTayeT npH Htr"H 2= 
= 44,9 K3, a B [ (CH 3 ) 3 NH]CoC1 3 2H 2 0 - npH H2 =870 3. B AeHCTBH
TellbHOCTH >Ke All.R Hawero paCCMOTpeHH.R HeOfiXOAHM~ npOAOilbHWe 
non.R H2 + H0 • 
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PyKonHcb nocTyn~o~na e H3AaTeJ1bCKHH OTAen 

12 .RHeap.R 1982 roAa. 
·C:: 

ro~ea H.r. P17-82-17 
·Cna6oB036Y*AeHH~e COCTORHHR H KOppenR~HOHH~e ~YHK~HH 
aHH30TpOnHOH cnHHOBOH ~en04KH B nonepe4HOM MarHHTHOM none 

HaHAeH 3aKOH AHCnepCHH OCHOBH~X BeTBeH cneKTpa aHH30TpOnHOH ~en04KH 
cnMHOB S=l/2 a cna6oM nonepe4HOM none. B~4MCneHa napHaR KoppenR~HOHHaA 

~YHK~MR npH TaO M 06CY*AeHa 803MO*HOCTb Ha6n~AeHHR cnHHOB~X KOMnneKCOB 
8 KBa3MOAHOMepH~X MarHeTHKaX. 

Pa6oTa a~nonHeHa a fla6opaTopMH TeopeTM4eCKOH ~H3HKH OHRH. 

npenpMHT 06~AHHeHHOro MHCTMTyTa RAePHWX MCcneAOBaHMH, AY6Ha 1982 

IIUI;.;JlCV I .u. p 1/-l:l:l-1/ 
Feebly Excited States and Correlation Functions 
of Anisotropic Spin Chain in the Transverse Magnetic Field 

The dispersion law for the spectrum low-lying branches of anisotropic 
spin chain s=l/2 in a weak transverse field is found .. The pair correla
tion function at T=O is calculated and the possibility of experimental 
observation of spin complexes in quasionedimensional magnets is discussed. 

The investigation has been performed at the Laboratory of Theoretical 
Physics, JINR. 
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