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OEmAH XAPAKTEPHCTHKA PAEOT~ 

AKTYAJlbHOCTb TEM~: MaTeMaTH4eCKHe acrreKTbl 

HccnenoaaHH.H HenHHe8HblX HBneHH8 B MarHHTHblX CHCTeMax 

.HBR.HPTC.H OBHHM H3 caMblX 6blCTpopa3BHBaPmHXC.H HanpaaneHH8 

COBpeMeHHOH ¢H3HKH. Oco6eHHO rrocnenHHe n~c.HTHneTH.H 04eHb 

HHTeHCHBHO 'HCITORb3YPTC.H MeTOBbl MaTeMaTH4eCKoro 

MonenHpOBaHH.H B pa3RH4HblX o6naCT.HX ¢H3HKH, B qacTHOCTH, B 

¢H3HKe KOHBeHCHPOBaHHOro COCTO.HHH.H, TBepnoro Tena, 

rrna3Mbl, rHnpo-, a3POBHHaMHKH,B HenHHe8H08 OITTHKe,B 

6ttonorH4eCKHX HayKax H np., 4TO TeCHO CB.H3aHO C H3y4eHHeM 

HeRHHeHHblX B036yEneHH8 conHTOHHoro THITa. 06b14Hble rronxonu 

3BeCb OCHOBaHbl µa ¢eHoMeHonorH4eCKHX TeopH.HX, 

paccMaTpHBaPmHx MarHeTHK KaK crrnowHyP cpeny, H 6a3HPYPTC.H 

Ha OITHCaHHH CITHHOBblX BORH B MarHeTHKaX 

ypaBHeHH8, 

rrocpencTBOM 

HenHHe8HblX BH¢¢epeHUHanbHblX TaKHX KaK 

HenHHe8Hoe ypaBHeHHe rnpenHHrepa,cHHyc-ypaBHeHHe ropnoHa, 

ypaBHeHHe JlaHnay-JIH¢WHUa. JIOKaRH30BaHHble peweHH.H 3THX 

ypaBHeHH8 OITHCblBaPT MarHHTHble conHTOHbl. 

HMePmHeC.H 3KcrrepHMeHTanbHble naHHble conepEaT yKa3aHH.H O TOM, 

4TO 3TH KnaCCH4eCKHe MonenH He Bcerna OKa3blBaPTC.H nocTaT04HO 

T04HblMH H He Y4HTblBaPT P.Hn 3¢¢eKTOB (TaKHe KaK, HarrpHMep COK­

pameHHe nnHHbl KnacCH4eCKoro CITHHa). TaK KaK peweHHeM KBaHTO­

B08 3ana4H HBn.HeTc.H peweHHe BeKoaoro orrepaTopHoro ypaBHeHHH, 

T.e. BHaroHanH3aUHH KBaHTOBoro raMHRbTOHHaHa H HaXOEBeHHe 

co6CTBeHHblX 3Ha4eHH8 H BeKTOPOB, a peweHHe KnacCH4eCK08 3ana-

4H ecT~ peweHHe HenHHe8HblX ypaaHeHH8, IT03TOMY o6bl4HO CTapaPT­

C.H crreuHanbHblM o6pa30M rrepe8TH K KnaCCH4eCKOMY OITHCaHHP KBaH­

TOB08 3ana4H c coxpaHeHHeM ee CB08CTB, TeM caMblM CTanKHBaPTC.H 

C aKTyanbH08 rrpo6neM08 Bbl.HBneHH.H H H3y4eHH.H T04eK COITPHKOCHO­

BeHH.H KnacCH4eCK08 H KBaHTOB08 TeopHH HenHHe8HblX CB08CTB Mar­

HeTHKOB. C npyroa CTOPOHbl, OCHOB08 TeopeTH4eCKoro H3y4eHH.H 

6onbworo Knacca MarHeTHKOB .HBR.HPTC.H KBaHTOBble MOnenH re83eH-

6epra. EcTeCTBeHHO B03HHKaeT Borrpoc 06 OTHOWeHHH KonneKTHBHliX 

-HenHHe8HblX 3¢¢eKTOB B KnaCCH4eCKHX H KBaHTOBblX Monen.Hx, T.e. 

o ¢opMynHpoaaHHH nocTaT04HO rrocnenoaaTenbHo8 11rrpouenyp~ cae-

neHHH" 

qecKHM 

KBaHTOBblX peweT04HblX 

rroneauM Mo~en.HM • 

HenHHe8HblX .HBneHH8 B 

Monenea re83eH6epra K KnaccH-

KaK H3BeCTHO, rrpo6neMa 

aHH30TpOITHblX MarHeTHKaX 

rrpencTaBn.HeTC.H OBH08 H3 HaHMeHee H3y4eHHblX Ha ceronHHWHH8 

neHb B ¢H3HKe TBepnoro Tena, rro3ToMy rronxon K He8 _"_._ " ~ ....... -~~:...-.,, 
.:r~0~ 1 etrkT, 
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Tpe6yeT yqeTa Bcex CilHHOBUX CTeneHe8 CB06o.nu H .nonxeH 6UTb 

OCHOBaH Ha 6onee o6mHx npe,ncTaBneHHHX O CilHHOB08 CHCTeMe. 

Pa3BHTHD MaTeMaTHqecKHX MeTO.llOB peweHH8 3THX npo6neM H nony­

qeHHD MaKpOCKOnHqecKHX Mo.nene8 H ypaBHeHH8 IlOCBHmeHa nepBaH 

qacTh .llHCCepTaUHH. 

O.nHaKO HeCMOTPH Ha HanHqHe TaKoro MOmHor.o .HHCTpyMeHTa 

aHanHTHqecKHX HCCne.noBaHH8 Hentrne8HUX .nmpcpepeHUHanbHUX ypaB­

HeHH8, KaK MeTo.n o6paTHo8 3a,naqH pacceHHHH, .nocTaToqHo nonHoe 

Hccne,noBaHHe MHOrHX Hen~He8HUX HeHHTerpHpyeMUX, MHoroMepHUX .H 

.llHCCHnaTHBHUX CHCTeM B03MOXHO TORbKO 6naro.napH HCilORb30BaHHD 

qHcneHHUX MeTO.llOB. ~pyraH qaCTb ,nHccepTaUHH IlOCBHmeHa qHcneH­

HOMy·Mo.nenHpOBaHHD nonyqeHHUX HOBUX nonyKnaccHqeCKHX Mo.nene8, 

OilHCUBaDmHx MarHHTHUe CHCTeMU co CilHHOM S=l. 

uenbD .nHccepTaUHOHH08 pa60TU HBnHeTCH TeopeTHqecKoe HCC­

ne.nosaHHe .H MaTeMaTHqecKoe Mo.nenHpoaaHHe pa3nHqHux aHH30Tpon­

HUX MarHeTHKOB re83eH6epra, C pa3nHqHUMH 3HaqeHHHMH cnHHa s. 

n~oue.nypa nepexo.na K KBa3HKnaccHqecKoMy onHcaHHD MarHeTHKa 

re83eH6epra CTPOHTCH Ha OCHOBe nocTpoeHHH npo6HUX 4JYHKUH8, 

o6o6meHHUX KOrepeHTHUX COCTOHHH8 Ha rpynne SU (2s+l),yqHTUBa­

DmHx pa3MepHOCTb npocTpaHCTBa CilHHOBUX. COCTOHHH8, nonyqeHHH 

COOTBeTCTBYDmHx ypaBHeHH8 H HX qHcJieHHoro Mo.nenHpOBaHHH. noc­

TpoeHJ,I HenHHe8HUe ypaBHeHHH B ,ne8CTBHTenbH08 H KOMnneKCH08 

napaMeTpH3aUHH H HCCne,noBaHU nonyqeHHUe ypaBHeHHH OilHCUBaD­

mHe HenHHe8HyD JlHHaMHKY cpeppoMarHeTHKOB • 

HayqHaH HOBH3Ha pa6oTU COCTOHT B o6me8 nocTaHOBKe 4JH3H­

qecK08 3a,naqH, no.nxo.ne H MeTo.nax ee peweHHH. B KaqecTBe MeTo-

.na. MaTeMaTHqecKoro OilHCaHHH KBa3HKnaccH~ecKoro nose.neHHH 

KBaHTOBUX CilHHOBUX CHCTeM C npOH3B0RbHUM CIIHHOM nocTpOeHU 

o6o6meHHUe KorepeHTHUe COCTOHHHH Ha rpynne SU (2s+l). nocTpo­

eHll rHMHnbTOHOBU ypaBHeHHH JlBHXeHHH .nnH SU (3), SU(4) Kore­

peHTHUX COCTOHHH8 KaK B .ne8CTBHTenbH08, TaK H B KOMnneKCH08 

napaMeT~H3aUHH. Bnepsue ycTaHosneHo ycnoBHe KRa3HKnaccHqecKo­

r.o npH6nHxeHHH ,nnH aHH30TPOIIHUX MarHeTHKOB re83eH6epra 0-$>>! 
(c5- CTeneHb aHH30TponHH). Ycpe.nHeHHe KBaHTOBoro raMHRbTOHHaHa 

no SU(2) KC Il03BOnHno BUHBHTb o6naCTb npHMeHHMOCTH ypaBHeHHH 

JlaH,nay-JIH4JWHUa • Hccne.noBaHU KBaHTOBUe H KnaccHqecKHe BaKyy­

MU MOJienH re83eH6epra. IloKa3aHo, qTo .nnH MO.nene8 co CilHHOM 

S >> i aaKyyM nerKonnoeKOCTHoro MarHeTHKa HBnHeTCH 6oronD60B­

CKHM _KOHJIE!HCaTOM MarHOHOB .• Ha8,neHU ypaaHeHHH ,onHCUBaDmHe Ma­

noaMnnHTy.nHue CilHHOBUe BORHU B MarHeTHK3.X co c·nHHOM S=l KaK C 
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o6MeHH08, TaK H c 0.llHOHOHH08 aHH30Tpomrn8. IloKa3a.HO HanHqHe Bll­

COKoqacTOTH08 MOJIU B MarHOHHOM cneKTpe S=l MarHeTHKOB. 

nocTpoeHU, KorepeHTHUe COCTOHHHH B ¢H3HqecKo8, HarnHJIH08 

napaMeTpH3aUHH B KaqecTBe npo6HUX ¢YHKUH8 JinH Hccne.noBaHHH 

S=l MarHeTHKOB. nonyqeHa CHCTeMa ypaBHeHH8, .OilHCUBaDmHe 

CilHH-KBa,npynonbHUe BORHU B MarHeTHKe C o6MeHH08 aHH30TpOnHe8. . . 
HccneJIOBaHHe OCHOBHOro COTOHHHH nerKOOCHUX MarHeTHKOB co 

CilHHOM S=3/2 B OTCYTCTBHH OJIHOHOHH
0

0ro B3aHMOJie8CTBHH IlOKa3ano, 

qTo JIRH HHX KnaccHqecKoe OilHCaHHe OCHOBHOro COCTOHHHH HBnHeT­

CH nonHUM. Ha8JieHU JIOilORHHTenbHlle BUCOKoqacTOTHlle Mo.nu B Mar­

HOHOM cneKTpe ~erKOOCHoro MarHeTHKa co CilHHOM S=3/2. 

qHcneHHUMH MeTOJiaMH npoaeJieHo HccneJIOBaHHe CHCTeM ypaB­

HeHH8, OilHCllBaDmHx Mano~MnnHTYJIHUe BORHU B S=l neKOOCHUX Mar­

HeTHKax H IlOKa3aHo, qTo KaK B cnyqae o6MeHH08, TaK H B cnyqae 

OJIHOHOHH.08 aHH30TPOilHH, CTaUHOHapHlle HenHHeiiHIIe BORHU OKa3U­

BaDTCH 3axaaqeHHUMH SU(2) ceqeHHeM cnHHoaoro ¢a3oaoro npocT­

paHCTBa.B 3TOM CMUcne SU(2) ceqeHHe B CilHHOBOM 4Ja30BOM npocT­

paHCTBe HBnHeTCH "KnaccHqecKHM" aTTpaKTOpOM. 

HayqHoe H npaKTHqecKoe 3HaqeHHe pa6oTu onpeJienHeTCH yc­

TaHoBneHHeM HOBllX 3aKOHOMepHOCTe8 ¢H3HqecKHX CB08CTB, xa­

paKTepHUX JIRH WHPOKoro Kpyra o6~eKTOB. YKa3aHU o6nacTH npH­

MeHHMOCTH pa3nHqHUX BapHaHTOB npoue.nypu CBeJieHHH OT KBaHTOBO­

ro OilHCaHHH K KnaccHqecKOMY,KOTOpue MoryT 6UTb HCil0Rb30BaHU 

.nnH WHPOKoro Knacca MarHeTHKOB. 

nocTpoeHHUe B KaqecTae MaTeMaTHqecKoro MeTo,na KBa3HKnac­

cHqecKoro OilHCaHHH MarHeTHKOB OKC - Ha rpynne SU (2s+l) MoryT 

HBHTbCH HHCTpyMeHTOM .nnH .nanbHe8wero Hccne.noaaHHH WHPOKoro 

Knacca MarHeTHKOB C npOH3B0RbHUM CilHHOM. KC B .ne8CTBHTenbH08 

napaMeTpH3aUHH, ,naDmee y.no6ttoe, ¢H3HqecKoe onHcaHHe cnHH 

KBa.npynonbH08 JlHHaMHKH MarHeTHKOB, HMeeT BaXHoe 3HaqeHHe B 

nonyqeHHH KBa3HKnaccHqecKoro OilHCaHHH MarHeTHKOB co CilHHOM S}j 

1. nonyqeHHUe CHCTeMU ypaBHe.HH8, OilHCUBaDmHe ManoaMnnHTYJlHlle 

BORHU· B JIO Mo,nenHX S=l/2, 1, 3/2 MarHeTHKOB c o6MeHH08 H o.n­

HOHOHH08 THilaMH aHH30TponHe8,MoryT 6llTb 6a308 JlRH .nanbHeiiWHX 

TeopeTHqecKHX Hccne.nosauH8 H qHcneuuoro Mo.nenHpoaaHHH. o6ua­

pyxeuuue .nononHHTenbuue Mo.nu Kone6auH8 H coKpaweHHe .nnHHU 

KnaccHqecKoro CilHHa B OCHOBHOM COCTOHHHH MarueTHKOB, MOXeT 

npe.ncTaBm!Tb HHTepec .nnH 3KcnepHMeI!TaTOPOB, H3MepHDDlliX Mar­

HOHHUe cneKTPU CHCTeMU. 

TeopeTHqecKHe pe3ynhTaTU, nonyqeHHUe B BHCcepTaUHH, CTH-
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MynHPYDT nocTaHOBKY HOBliX 3KcnepHMeHTOB B pa3nHqHliX o6naCTHX 

(pH3HKH KOHneHCHPOBaHHOro COCTORHHR,MarHHTOynopsnoqeHHliX TBep­

nlix Ten ( BORHli 3apnnoB08 nnOTHOCTH, CilHHOBlie BORHli B cpeppo­

MarHeTHKaX H T.n.), rHnponHHaMHKH H T.n. 

nonyqeHHSe B nHccepTaUHH ypaBHeHHR MoryT 6STb HCilOnb30-

BaHS B HccnenoBaHHH pa3nHqHsx MarHeTHKOB, THna CsN(F~-

OCHOBHSe pe3ynbTaTS, BSHOCHMSe Ha 3amHTY-

1. nocTpoeHS o6o6meHHSe KorepeHTHSe COCTORHHH Ha 

rpynne SU(2s+l),n03BORHDmHe npoBeCTH aneKBaTHOe 

nonyKnaccHqecKoe onHcaHHe pa3nHqHsx uonenea cpeppoMarHeTHKOB 

C npOH3B0RbHSM 3HaqeHHeM cnHHa. 

2. nonyqeno ycnoBHe KBa3HKnaccHqecKoro npH6nHxeHHR nns 

aHH30TponHsx MarHeTHKOB rea3eH6epra c) · S-:>'> i • HaaneHa 06-

nacTb npHMeHHMOCTH ypaBHeHHR nannay-nHcpwHua O<< i , T.e. OHO 

anneKBaTHO OilHCSBaeT KBa3HKnaccHqecKoe noBeneHHe KBaHTOB08 

CHCTeMS B o6nacTH Manoa aHH30TPOilHH. 

3. nonyqeHo ypaaHeHHe, onHcsaavmee cna6oHenHHe8Hse cnH­

Hoase BOnHS B nerKOOCH08 MonenH co CilHHOM S=l H HaaneHS HX 

conHTOHonono6Hse peweHHH. npoBeneHo HccnenoaaHHe KBaHToasx H 

KnaccHqecKHX BaKyyMOB MarHHTHSX CHCTeM. IloKa3aHO, qTo BaKyyM 

nerKonnocKoCTHoro MarHeTHKa re83eH6epra npH 6onhWHX s nanneT­

cn 6oronD60BCKHM KOHneHCaTOM MarHOHOB. 

4. nonyqens H HccnenoaaHs KnaccHqecKHe BaKyyMnse cocToR­

HHR nnn S=l MarHeTHKOB H BSRCHeHo, qTQ nnn cpeppoMarHeTHKOB C 

o6MeHH08 aHH3oTponHe8 cpeHoMeHonorHqecKoe onHcaHHe nannay-nHcp­

WHUa OCHOBHoro COCTORHHR RBnReTCR nonHSM. Ho B OCHOBHOM coc­

TORHHH MarHeTHKOB C O./tHOHOHH08 aHH30TponHe8 HMeeT MeCTO COK­

pameHHe nnHHS KnaccHqecKoro CilHHa, T.e. Ha OCHOBHOe COCTORHHe 

cymecTBeHHO BRHReT KBanpynonbHSe B3aHMone8CTBHR. 

5. Ha OCHOBe nocTpoeHHSX o6o6meHHSX CilHHOBSX KorepeHTHSX 

cocTORHH8 rpyrrrrs SU(3) rrpoaeneHo HccnenoBaHHe ¢eppouarHeTHKOB 

co crrHHOM S=l, KaK nnn cnyqan o6MeHHo8, TaK H nnn cnyqan on­

HOHOHH08 THilOB aHH30TpOilHH. IlOKa3aHo cymecTBOBaHHe norronHH­

TenbH08 BSCOKoqacTOTH08 Mons Kone6aHH8 B MarHOHHOM crreKTpe 

cpeppoMarHeTHKOB co CilHHOM S=l. nonyqens ypaBHeHHR, OilHCSBaD­

mHe CilHH_OBSe BOnHS B MarHeTHKax co CilHHOM S=l KaK nnn cnyqag 

o6MeHH08, TaK H nnn onHoHOHH08 THilOB aHH30TPOilHH. 

6. nocTpoeHS KorepeHTHSe COCTORHHR, Il03BORRDmHe npoBeCTH 

HccnenoaaHHe S=l uarHeTHKOB B yno6Ho8, cpH3HqecKo8 napaMeTpH-

3aUHH. Ha.OCHOBe 3THX KorepeHTHSX COCTOHHH8 nonyqeHa CHCTeMa 
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ypaBHeHH8, OilHCSBaDman nHHaMHKy CilHH-KBanpynonbHSX BORH B 

MartteTHKe rea3eH6epra c o6MeHttoa aHH3oTponHea. 

7. npoaenetto qHcneHHoe HccnenoaaHHe CHCTeM ypaBHeHH8, 

onHcsaavmHx ManoaMnnHTynHse, cna6ottenHHe8Hse aonHs B S=l ner­

KoocHux MarHeTHKaX KaK c o6MeHH08 TaK H c onHOHOHH08 THilaMH 

aHH30TPOilHHH. C IlOMOmbD qHcneHHSX H aHanHTHqecKHX MeTonoa no­

Ka3aHO, qTo HenHHe8Hue aonHs OK~3sBaDTCR 3axaaqeHHSMH "Knac­

cHqecKHM" SU(2) ceqeHHeM, T.e. nocnenHee rrpencTaBnneT co6oa 

oco6oro pona KnaccHqecKH8 aTTpaKTOP B CilHHOBOM cpa30BOM npocT­

paHCTBe. 

8. nonyqeHS H HccnenoBaHS KnaccHqecKHe OCHOBHSe_COCTOH­

HHH MartteTHKOB co CilHHOM S=3/2 c o6MeHH08 aHH30TponHe8 KaK B 

KOMnneKCH08 TaK H B ne8CTBHTenbH08 napaMeTpH3aUHH. IlpH HCC­

nenoaaHHH nHHe8HliX KOne6aHH8 a6nH3H OCHOBHoro COCTOHHHH ner­

KOOCHOro MarHeTHKa o6HapyxeHu nae nononHHTenhHse ascoKoqac-· 

TOTHlie Mons Kone6aHH8. 

Anpo6auHn pa6oTs. Pe3ynhTaTs, nonyqeHHSe B nHccepTaUHH, 

noKnanuaanHcb H o6cyxnanHcb Ha HayqHsx ceMHHapax nBTA H nT~ 

OHHH, TrY (r.nywaH6e), ~TH AH TanxHKHCTaHa, Ha IV MexnyHa­

POJtHOM coaemaHHH "ConHTOHS H IlpHnoxeHHH". (ny6Ha , 1989), Ha 

III Mexnyttaponttoa pa6oqeR rpynrre "HenHHe8HoCTb H Typ6yneHT­

HOCTb B (pH3HKe" (KHeB, 1987), Ha MexnyHaponHoa KOHcpepeH­

UHH "NEEDS - 92" (ny6Ha, 1992), Ha Mex.nyHaponHsx KOHcpepeH­

UHHX "HenHHe8HOCTb H xaoc" (TawKeHT, 1990), "ConHTOHli H xaoc" 

( EpDccenb, 1990 ), "HenHHe8Hse 3BOnDUHOHHSe ypaBHeHHH H 

nnHaMHqecKHe cHcTeMs" (ny6Ha, 1990, rannrronn, 1991), Ha III -

pa6oqeM coaemaHHH "Teopnn conHTOHOB H npnnoxeHHH" . (IlymHHO, 

1987), Ha BC6COD3H08 KOHcpepeHUHH "MexqacTHqHse B3aHMoneRCTBHH 

B pacTBopax" (nywaH6e, 1990), Ha 26-28-oa HayqH08 KOHcpepeHUHH 

cpaKynhTeTa (pH3HKO-MaTeMaTHqeCKHX H ecTecT·aeHHSX HayK YnH 

HM.n.nyMyM6u (r.MocKaa 1990-1992 rr) H Ha exeronttoa Hayqttoa 

anpenhcKoa KoHcpepeHUHH TrY (r.nywaH6e, 1980-1992 rr) 

CTpyKTypa pa6oTS. nnccepTaUHR COCTOHT H3 BBeneHHH, 

wecTH rnaa, 3aKnDqeHHR, CIIHCKa UHTHPOBaHH08 nHTepaTyps. 

no TeMe nnccepTaUHH ony6nHKOBaHo 30 pa66T; B TOM qncne 

MOHOrpacpHH. 

KpaTKoe conepxaHHe pa6oTs. Bo aaeneHHH o6cyxnaeTCH coc­

TOHHHe H aKTyanbHOCTb npo6neM,KOTOPSM IlOCBHmeHa nHccepTaUHR, 
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naeTcH xpaTKH8 063op HaH6onee cymecTBeHHUX pe3ynLTaToB, nony­

qeaaux no H3yqaeuuu npo6neuau B MOMeHT aanHcaHHH nHccepTaUHH, 

c¢opxynHpOBaHa uenb nHccepTaUHH H OPHrHHanbHUe pe3ynbTaTU, 

nonyqeaaue B nHccepTaUHH. 

rnaBa nepnaH IlOCBHmeaa KBa3HKnaccHqeCKOMY OilHCaHHD aHH-

30Tponaoa MonenH re83ea6epra. CpaBHHBaDTCH nna napHaHTa npo­

uenypu cneneHHH aa npHMepe MonenH rea3ea6epra c onaoocaoa 

aHH30TPOITHe8 WHpOKO H3BeCTHOe H qaCTO HCilORb3yeMoe npeo6pa30-

BaHHH xonll!TeHHa-IlpHMaKOBa, IlO3Bommmee "6030HHPOBaTb 11 Hcxon­

HliH raMHRbTOHHaH H CilHHOBUe xorepeHTHUe COCTOHHHH. Bu6HpaeM, 

raMHnbTOHHaH cnenyDmero BHna: 

11. ',. L·\1 .( A 11. A A "2: "r: ! 
H=-1 - s:s:- -+ Si~ s:-)-t &s. s. 

• 2 J J-t-1 J-t-S. l J J+l 

J 
(1) 

nponeneH cHMMeTpHHHU8 aaanH3 H3oTponaoro nerxoocHoro 

{RO) H nerxonnoCKOCTHOro {Ril) MarHeTHKOB 'H IlOKa3aHo, qTo OHH 

HMeDT SU{2),U(1) CHMMeTPHD COOTBeTCTBeHHO. 3necb B xaqeCTBe 

npo6HUX ¢YHKUHH BUCTynaDT 

3ea6epra-Be8nH 

KorepeHTHUe COCTOHHHH rpynnu rea-

ex. a+_ oZ Q 
\ol)=e. 10> 

Id. Ii 
-- "t:>O 

e. 2 L 
11=1 

o(,, 

'-It!!' \Yl). (2) 

nponeneau 6o30HH3aUHH Hcxonaoro KBaHTOBoro raMHnbTOHHaHa 

(1) C nouombD npeo6pa30BaHHH XonwTe8Ha-IlpHMaKOBa (XIl) 

,._ ( -t- 1/ 5 .+ ~ {ii' .1. - Q; OJ ) 2 0. 
J . 2 S J 

A 

.s- C7' + ( D~ Q· )112. 
j -:::: '( 2 s QJ 1 - ~ s :J 

A 2; .._ • 
S. = s - aJ aJ 

J 

6 

, 

(3) 

.. 

" 

r, 

B HH3KOTeMnepaTypuoM npenene, pa3naraH KOPHH B 

noncTaBnHH B (1) nocne ynopHnoqeHHH onepaTOPOB 

nepexona Kc - qHcnaM nocpeJlCTBOM rnay6e~oBCKHX KC 

nonyqHM ypaBHeHHe 

PHJl, 

H 

(2) 

ot. ollot/ 2
( 

1 ) 3 o!/ct/'I 
L -- - ol. - t::,d.. + -- ~ - -- + -- -- + 

J 5 ().., - XX S • 4 S O ! 3 5 ·q ~ 2 5 2. 

ol iol.J( /2 - 2 
cl.. ol.x ol.~x c,(. 2 

+ --- - --- +---
5 2S 2S 

.llBH nepexona OT KBBHTOBOH CHCTeMU K 

He06XOJlHMO ycpenHeHHe (1) no CnHHOBUM 

COCTOHHHHM (OKC) 

\Y.) 
J 

(1+ I~ 12Js ~- s:t" e. J l s,-s,> 

npHBOJlHT K ypaBHeHHD! 

(4) 

KBBCCHqecKOH 

_KorepeHTHUM 

(5) 

;_ ~ = o1 - 6 o1. --t- 6 -~-!_,~t ( 1 + ~ 
2 

) _ 
]SOo xx S 2.S 

;io1} 
s 

(6) 

rne B (6) nnH cpaaHeHHH o6oHx Monenell: cnenaHa cnenyDmaH non­

cTaHoaxa L[> ➔ oL/vis. 

HccnenyeTCH BO3MO~IIOCTb COOTBeTCTBHH 3THX Monenell: HB npn­

Mepe no MOJleBH rel1:3eH6epra. ITpn cpaBHeHHll MOJleBH rrxrr H CKC 

(4) ll (6), nonyqeHU ycnoBHH npnMeHHMOCTH rrxrr (a TBK~e CKC) 

eCTb He S))> 1,a J. s >> 1 ll CHCTeMU xrr ll CKC B cnyqae no MoryT 

6UTb caeneHU npyr K npyry TOBbKO B Hll3llieM nopHJlKe no B3BHMO­

nel1:CTBHD (B TpeTbeM nopHJlKe no nonD). 

ITonyqeH KBBCCHqecKHH raMHBbTOHHaH, HBll:JjeHU OCHOBHUe coc­

TOHHHH H MBrHOHHUe cneKTpU. ITpoaeneuo CPBBHeJme KnaccnqecKHX 

aHanoroB KaK nnH no, TaK n nnH nn Monenea. OTMeqaeTCH, qTo 
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o6cyZJiaeMue B naaaoa rnaBe KnaccHqecKHe ypaBHeHHR cnpaBe.1tnHBU 

JIHIIIb IlPH JtOCTaToqHo xanoa aHH30TpOilHH J<< KtQ; • B IlPOTHB­

HOM cnyqae HCilOJlb30BaHHe SU(2) KorepeHTHUX COCTOHHH8 BPR.lt JIH 

MOZHO cqHTaTb onpaunaHHUM. Ha8.1teHU BupaxeHHR )tJIR )tHCnepCHH 

nerKOilJIOCKOCTHUX MarHOHOB. 

w:: "!.\Kl ✓ Kt-t 2.&-, , 
(7) 

H ycTaHoBJieHo, qTo TaKyn xe t%J<)pxyny B cnyqae rnay6epouux KC 

naeT MO)teJib C yceqeHHUM PH.ltOK nxn - H C OCbD KBaHTOBaHHH, ne­

xamea B nn. 

HccnenoBaHo KBa3HKnaccnqecKoe noBeneHHe HaqanLHUX naxe­

TOB CilHHOBUX BOJIH (mpe)tHHrepOBCKHX CHCTeH) B paMKaX JIO MO)teJIH 

re83eH6epra B6JIH3H CTaUHOHapHUX COCTOHHH8. nnHaMHKY TaKHX na­

KeTOB MOZHO OilHCaTb HeJIHHe8HUM ypaBHeHHeM mpe;tHHrepa 

. n-1 
l 'f + ~rr -+- 'fr r 

Ju(fJ. 't'-= o. 
d ( \ '1'1~ 

H3yqeao noueneHHe Bo upeueHH cpenaeKBanpaTHqaoro panHyca: 

Bl-l)-= <Y-2>::. 1,r1j1'fl2 Y''lJZ)r = 

(J l'!'I' ;trf J l'!'l 2 r•J"r, 

r;te D - pa3MepHOCTb npOCTpaHCTBa. 

HMea B BHJtY ypaBHeHHe (8), 6yneM HMeTb 

Bl-t:)-= ~t.: (N<r 2 >)-== & J (dKq;J("aK~)tr+ 

-t-'fl> f( JU(<PJ \\\'1 2 -U\ J2)r. 
J c1 lt'l'12

) 'J 
B KaqecTBe npHMepa, paCCMOTPHH noTeHUHaJI BH)ta 

-t 11 
U(<p)-::: - n p . Torna 

8 

(8) 

(9) 

(9) 

.Bll)-==- &E-: { l>ln-1)-2 J 2~-
1
rr J <p" r7>-1

J\". (10) 

OTcnna, MonenL ( l.O) npH 2) '= 1. , n = 2. o6nanaeT ycTo8qH­

BUMH CTaUHOHRPHUMH naxeTaMH CilHHOBUX BOJIH. B OCTaJihHUX MO)te­

nax 3TOro KJiacca B 3aBHCHMOCTH OT HaqaJibHOro COCTOHHHH naxeTU 

JIH6o xonnancHpynT, nH6o pa3,1tyBaBJTca. 

Bo BTOP08 rnaBe HCCJienyeTCH MO)teJib ¢eppoMarHeTHKa rea-

3eH6epra C OOMeHH08 aHH30TponHe8 

~I:::- J \{ ~- t. -i- o SJ! SJ~ t L:-- J J+1 ~,J (1l.) 

J 
IloKa3aHo, qTQ B cnyqae aHH30TPOilHH THna "nerKo8 OCH" 

( 6 > 0 ) KaK nna 5=1/2, TaK H )tJIH S=l. MarHeTHKOB, BaxyyMy 

MO)teJIH (1l.) COOTBeTCTByeT co6cTBeHHaH ¢YHKUHH 

14'> = n 10>. • 
j J 

(l.2} 

IlOCKOJibKY KBaHTOBaa 3a;taqa )tJIH MO)teJIH (l.1) C aHH30TPOilH­

e8 THna "nerKaa IlJIOCKOCTb 11 ( {i < 0 ) He HBJIHeTCH ToqHo pemae­

M08. TO B npenene s >> i HCilOJib30BaHO npeo6pa3oBaHHe XOJIWTell:­

Ha-IlpHMaKOBa (3), )tJIH 6030HH3aUHH CilHHOBoro raMHJibTOHHaHa 

{1l.). B HMilYJibCHOM npe;tcTaBJieHHH Bll)teJieH KOH)teHCaT a 6oronn-

6oncKOM npH6JIHXeHHH, )tJIH qero coaepmeH IlOBOpOT a IlPOCTPaHCTBe 

anre6pu SU(1,l.} (T.e. aHanor u-v - npeo6pa3oBaHH8 ooronn6o­

aa}. B pe3yJibTaTe nonyqeH orpaHHqeHHU8 CHH3Y JtHCKpeTHU8 

cneKTP 3HeprHH H 6oronn6oacxaa nHcnepcHa 

✓~ I 
W tK)-::: l<Q! 7( K2

-+ (l'>\ , (13) 

rne 0.-:::: 2.&/a:. TaKHM o6pa3oM noKa3aHo, qTo aaKyyM JIil MarHe­

THKa re83eH6epra eCTb 6oronn60BCKH8 KOH;teHCaT MarHOHOB. 

B KaqecTBe MeTO)ta MaTeMaTHqecKoro OilHCaHHH KBa3HKJiaCCH­

qecKoro noaeneHHH MarHeTHKOB C npoH3B0JlbHUM CilHHOM s, nocTpo­

eHa MaTpHua o6o6meHHUX CilHHOBUX KorepeHTHUX COCTOHHH8 (OCKC) 

B ¢YHJtaMeHTaJibHOM npe;tCTaBJieHHH rpynnu SU(2s+1}. 

l lt'> ~exr[ f [1; T/- -rj- ,j-JJ Io> ~ 
J 
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2S -½_ { 2S J =lU+f-1~1 2

) IO)+f~lj>' 
(14) 

2S 

rAe \~1 2 = L It\ 12 

- i ) 
I 

1T i".· 
! I< -2 , 'f :::- _< t:q If/ 

L /-fl d , 
,.. 

" T .... 
.l 

rpynnu 

H Tj - - reHepaTOPll ¢YH.llaMeHTaJibHOro npe.ncTaBJieHHH 
i · i SU(2s+l), I0>=(0, ••• ,0.1) , IJ >=(0, ..• ,0.1, 0, ••• ,0) 

9TH-KorepeHTHlle COCTOHHHH COOTBeTCTBYIOT TOqKaM npoeKTHBHOro 
~s 

npocTpaHCTBa Cp =SU(2s+l)/SU(2s)*U(l). 

KBaHTOBaH CHCTeMa co CilHHOM S=l B ¢YH.llaMeHTaJibHOM npe.nc­

TaBJieHHH OilHCUBaeTCH SU(3)/SU(2)*U(l) KorepeHTHllMH COCTOHHHH­

MH 

Ii>::: ( ~+ l"t'11 2 + 1~7. 1
2)½ {IO>+-~, 11> -t- f2. 12.>}' (l

5
) 

H JICHBeT B qeTupexMepHOM npocTpaHCTBe. CilHHOBLIX COCTOHHHH, a 

SU(2) OCKC 

\4'> .1 -( 10> ;'12 't' 11> .-t- '-t' 2 I 2) J 
1+l't'l2 L 

(16) 

OilHCllBalOT nose.neHHe CHCTeMLI B SU(2) ceqeHHH 3TOI"O npocTpaHCT­

Ba 

s:1 n '+', 3'2.-= f//2 
(17) 

noxa3a110, ,no su ( 3") · KC yq1nuna10T 3¢¢exT, "coxpamenHH 

.llJIHHU" xnaccm1ecxoro cnHHa 

52.·+ 9,2-::: i , 
(18) 

r.ne 
2 I\J\ AA I\"- A,. 9.. -== < s + s 2-> < s i s -> + < s -s•i > < s z s + > + 

+ < s-+s"' > < s-s.- >· -t- c.1-< s:esl >·)
2 

10 

·i 

<I 

Ha OCHDBe paCCMOTpeHHH COOTBeTCTByIOmero ~e8HMaHOBCKOro 

HHTerpaJia nocTpoeH KJiaccuqecKHH JiarpaHJ1CHa11· 

2 
s;;;- ·t. -. ~ tp .. - ~ L-= l l. ,., ' 'f; 'P, 'l'J 
1+ l't'1l2 + /~12 

-:JI(~,~) (19) 

H CK06KH nyaccoua, COOTBeTCTBYIOmHe 3TO~ JiarpauxeBOH <PYHKUHH. 

IlDCTpoe111,1 raMHJlhTOHOBll ypaBHeHHH JIJIH SU(3) KC. 

B KaqecTBe HIICTpyMeHTa HCCJie.IIOBaHml: KBa3HKJiaccuqecKoro 

noBe.IIeHHH S=l MarHeTHKOB IlOCTpoeHO KC B YJI06Ho8, qJH3HqecK08 

napaMeTpH3aUHH .ne8CTBHTeJibllUX <PYHKUHH. 

l't'> 
• ,\ 2: • A ';/ • ,\ it A X':/ 

-1.'fs -les -l-Xs -2i~q . 
e. e e e tu>..., 

(20) 

r.ne 
" x~ 1.. ( o o - i ) q -==2 0 0 0 

j_ 0 CJ 
- KBaJipynoJibHU8 MOMeHT. 

ITapaMeTpU e - onpe.neJIHeT OpHeHTaUHIO BeKTOpa CilHHa, 

OTHOCHTeJibllO OCH oz, l.f> - poTaUHOIIHYIO .llHHaMHKY BeKTOpa 

CilHHa H ¥ - BpameHHe xsa.npynOJibHOro MOMeHTa. napaMeTp 

;I- xapaxTepH3yeT H3MeHeHHe .llJIHHll 

CilHHa H KBa.npynoJibHOrO MDMeHTa. 

BeKTopa KJiaccuqecxoro 

B napaMeTpH3aUHH (20) 

Taxxe HMeeT MeCTOTOlK.lleCTBO (18), r.IIe 

S2= coS28, 9.2 -::::: Si11 2 ~ Ha ocnoBe KC (20) nonyqeuu 

raMHJibTOHOBll ypaBHeHHH .llBHZeHHH. ~aJiee HCCJie.llOBaHLI 

.llHHaMHKa CilHHOBUX BDJIH H CTaUHOHapHUX COJIHTOHOB B 

0.llHOMepuoM aHH30TPDilHOM qieppoMarHeTHKe. nonyqeuu CHCTeMLI 

ypaBHeHHH H .llHCnepcH-OHHLle COOTHOWeHHH KaK nerxoocuoro TaK 

H JierKOilJIOCKOCTHOro qieppoMarHeTHKa B cnyqae o6MeHHOH 

aHH30TPOilHH. 06uapyxeHO, qTo KaK B cnyqae RO TaK H RIT 

BaxyyMa pacnpocTpaHHIOTCH HH3KoqacTOTHLle CilHHOBLle BOJIHU C 

.llHCnepcuen COBna.naIOmen C SU(2) MO.lleJihlO H He3aBHCHMO OT HHX 

cymecTBYIOT CTOHqHe BLICOKoqacTOTHUe BOJIHLI. 
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B TpeTbe8 rnaae npoaonHTCH HccnenoaaHHe MarHeTHKa rea-

3eH6epra (11) co cnHHOM S=l. nonyqeHo KBa3HKnaccHqecKoe onH­

caHHe uonenH (11) c IlOMOmbD cpenHHX OT CilHHOBUX onepaTopOB, 

nocne qero nonyqHM KnaccHqecKHH raMHRbTOHHaH 

J{ a,.( ~ )2 ,. " ,.. 2j H::: -f <S> -<S-t-><S->-(1+&J(<sr>) Jx c21) 

IlOKa3aHO, qTQ OCHOBHUe COCTOHHHH nerKOOCHoro MarHeTHKa 

3'1 = 1'2::: 0, 

paBHO H nerKOilROCKOCTlioro 

i'1 -:::: {2 , ~ 2 = i 

(22) 

(23) 

COBnanaDT c KnaccHqeCKHMH, T.e. nexaT B SU(2) ceqeHHH qeTU­

pexMepHoro cnHHoaoro ®a3oaoro npocTpaHcTBa. Eonee Toro, coa­

nanaDT TaKxe H COOTBeTCTByDmHe HM KorepeHTHUe COCTOHHHH 

\O)y::: IO>$U(2). 

IlpH HccnenoaaHHH MarHOHHUX cneKTpOB BUHBneHO cymecTBOBa­

HHe nononHHTenbHHX BUCOKoqaCTOTHUX Mon Kone6aHHH 

w-= ¼ (.1+ 8) , 
(24) 

B cnyqae nerKoocHofi uonenH, H 

w -:::; 32 , 
(25) 

B cnyqae nerKonnocKocTHofi. 

HafineHa CHCTeMa ypaBHeHH8, OilHCUBaDmaH cna6onHHefiHUe 

CilHHOBUe BORHU nerKOOCHoro S=l uarHeTHKa C o6MeHH08 aHH3OTpo­

IlHe8, KOTOpaH B ManoaunnHTynHOM npH6RHXeHHH CBonHTCH K CHCTeMe 

i. ~ - 3\ XX -+ 2 (} $1 - 4 j\ 3'~ -+ 2 ( 1- c)) It\ I 2 ?.i == 0., 

i i-
2 
+ ,_, ( 1. + o ) !'2 ,.... 2 r/ = o. 

(26) 

YcTaHoBneHU nepaue TpH HHTerpana nBHXeHHH CHCTeMU (26). 

noxa3aHo,qTo au6paHHaH uonenb (21) coxpaHHeT nnHHY xnaccHqec­

xoro cnHHa, T.e. 

12 

r1) 
, Ii 

-l 

,17 

~ 
( 

-;) \ < s ►)2 
'clt 

0. 

CTaUHOHapHue noKaRH3OBaHHue peweHHH CHCTeMU (26) HMeDT BHn 

e . .g - · _ i_w c 
>1::. -~ e_ 
- Ch ({ 2 6_ - w' x) ~ 

"f1.2. 

t 2 = 2-w+ o 

CORHTOHOB nono6HUX HenHHe8HOMY ypaaHeHHD rupenHHrepa. 

(27) 

B cnyqae ne8CTBHTeRbHO8 napaMeTpH3aUHH paccMaTpHBaeMaH 

MOnenb (21) OilHCUBaeTCH CHCTeMOH ypaBHeHHH 

St.\19-'f = 2 6 C:OS'l$} Si..YIS tose - Q; ( C0':>2<a- exx­

--, '-; Si.V\2.g ~x0x-COS2~Si..n0Cos0-'f_;), 

G 
o.! ( toS2~ S,i..Y'\0 • i>xx + 2 co.s2~ co.se 0x: 'Px _ 

- '-f Sln2~ Si.Y\0 lfx <ax) , 

~ 

't 

o, 

l 
. . (28) 

2 <:O.S 2.~ - o.! 2.Si.n2~ ( <axx-t 2d~ e ~)( 0x)-

- M 2~ ( c\.'l 0 · e,,- 'f:- e:- 't ~!)] 

KOTopaH npH ~ =O COBnanaeT c ypaaHeHHeM HaHnay-HH®mHua. Ha8-

neHU xnaccHqecxHe aaxyyuu B HacTonmea napaueTpH3aUHH. ~onon­

HHTenbHUe BUCOKoqacTOTHUe Monu Kone6aHH8 B MarHOHHOM cneKTPe 

coBnanaDT C (24) H (25) B KOMnneKCHOH napaMeTpH3aUHH COOTB~T­

CTBeHHO. 

npoBeneHo qHcneHHoe HccnenoBaHHe CHcTeMU (26). nonpo6Ho 

H3naraeTCH MeTOnHKa qHcneHHUX 3KCilepHMeHTOB H o6cyxnaDTCH 

cxeuu,no KOTOPUM npoBonHnOCb qHcneHHOe MonenHpOBaHHe naHHOH 

CHCTeMU nnH noxanH3OBaHHUX CTaUHOHapHUX pemeHHfi (26) B6nH3H 
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S0(2) Ce'ieHHH. 

~IlH MoneHHPOBaHHH B03MymeHHllX CTaUHOHapHllX 

HHTepecHO paCCMOTpeTb noaeneHHe BeilH'IHH 

11,. li) -== b.1l 0) e >-<:.up t 
A5ul2) t A2 l+) = 6 2 {o) e. :, 

pemeHHil 

xapaKTepH3YIDmHX Bllxon CHCTeMll H3 S0(2) Ce'ieHHH, rne 

MaKCHMailbHOe OTKilOHeHHe CHCTeMU H3 S0(2) Ce'ieHHH, a ll2-

HHTerpanbHOe (ycpenHeHHOe) 3Ha'ieHHe OTKilOHeHHH CHCTeMU H3 

S0(2) Ce'ieHHH. XapaKTepHCTH'ieCKHe noKa3aTenH 

. - ,i·h7 
>-s-u-p - t:-oo 

~ -ln !It; lH - 3'1'
2
<+Jh II 

i 113~ to) - r~ 2 <0J/211 

- l,:,.., ,i 
Asuc2J- -1:, ... _ t. l j I~~ (lJ - ~;~c-v/2 l dx 

n ~ 
J/f~(o) -f;to)/2 I J;e 

COOTBeTCBeHHO OllHCUBalOT cxonHMOCTb CHCTeMu K SU(2) Ce'ieHHJO 

no SUf ji2 - "$:/2 I H HHTerpanbHYID xapaxTepHCTHKY 

cxonHMOCTH CHCTeMu K SU'(2) Ce'ieHHIO B uenoM. 

/). -
l 

qHcneHHllMH H aHanHTHqecKHMH MeTonaMH noxa3aHo, qTQ nH­

HeilHue BOilHll paccMaTPHBaeMOH MonenH 3anonHHIOT Bee qeTupexMep­

HOe cnHHOBOe qJa30BOe npocTpaHCTBO KBaHTOBOH CHCTeMll. ~ccneno­

BaHHe pemeHHH BHna (27) CHCTeMU (26) noKa3UBaeT, qTo xapaKTe­

PHCTHqecxHe noKa3aTenH OTPHUaTenbHll. TaKHM o6pa30M, HenHHeH­

Hlle CTaUHOHapHue BOilHll OKa3UBalOTCH 3axaaqeHHllMH SU(2) ce'leHH­

eM cnHHOBoro ¢a3oBoro npocTpaHCTBa. B 3TOM CMllCne SU(2) ce'le­

HHe HBnHeTCH nayxMepHllM 11KilaccHqecKHM aTTpaKTOPOM" B '1eT1,1pex­

MepHOM cnHHOBOM ¢a30BOM npOCTpaHCTBe CHCTeMll. npoaonHTCH HCC­

nenoBaHHe "MonH¢HUHPOBaHHOil 11 CHCTeMU ypaBHeHHH 

i.i;-~J()( +2bt; -411-?2 + 2 l1-S°)li\l 2
~2=0, 

L ½2. + 4 ( 1 +d O) $ 2 - 2 $12. 0 
(29) 

KOTopaH onHCUBaeT CTaUHOHapuue conHTOHll, HaxonHmHeCH TO'IHO 

B SU(2) Ce'ieHHH, H B 3TOM CMucne OHa 3qllpeKTHBHO Y'IHTUBaeT 

OT6pomeHHlle 'ineuu 6onee aucoKoro nopHnKa TO'IHOCTH. 

14 

npoaeneHuue aHanHTHqecKHe H qHcneHuue HccnenoaaHHH 

CTaUHOHapHllX pemeHHH CHCTeMll (29) noKa3UBalOT, qTO H 

3TOM cnyqae SU(2) ceqeHHe HBnHeTCH aTTpaKTOPOM 

yKa3aHHOM CMUCne. 

B 

B 

B 'ieTaepToR rnaae npoaeneHo HccnenoaaHHe nerKoocuon Mo­

nenH S=l ¢eppoMarHeTHKa re83eH6epra c yqeTOM onHOHOHHOH aHH-

30TPOilHH. 

A -i~~ 0 
H =- J ~ l \ Sj-1-1-t-

s~ s~ 1 . 
J ) j (30) 

J 
nonyqeH ee KBa3HKnaccHqecKHH aHanor, aupa%a10mancH qepe3 cpen-

HHe H napHUe KoppenHTOPll OT CllHHOBUX onepaTopow no SU(3) OCKC 

({ Q'l, ( ~ 2 I\ " ( " ,\2 \ A A } ~=j 
2

° <S>x)~<S,t)(S->- <S~>J-o<~/'Sl> Jx. 
(31) 

IlOKa3aHo, qTo B OTnHqHH OT MonenH c o6MeHH08 aHH30TpOnHe8, 

nnH KBanpaTa KnaccHqecxoro cnHHa HMeeT MecTo ypaBHeHHe 

d(<.S>l 

ot 

-2 2 -

ltd ~. >2 -1\ 'f2 
(1 + IJ, 12,,t- I f2 l2)2 

(32) 

OCHOBHlle COCTOHHHH MonenH (31) coanana10T C xnaccHqeCKHMH, 

T.e. HaxonHTCH B SU(2) ceqeHHH, coanana10T TaK%e H COOTBeTCT­

ay10mHe HM KdrepeHTHue cocTOHHHH. BuHaneHo cymecTBOBaHHe no­

nonHHTenhHOH BllCOKoqacTOTHOH Monu W-=-40 B MarHOHHOM cneKTpe 

MonenH (31). nonyqeHa cHcTeMa ypaBHeHHH, onHcuBa10maH cna6oHe­

nHHeRHue cnHHOBlle BOilHll B HerKOOCHOM ¢eppoMarHeTHKe C onHoH­

OHHOH aHH30TPOITHe8. 

1. • 
L - °t 

WO 1 
a! sv.x -+ c5 i\ - 4 f1 '!2 + 2 /:i\ \2 

f1 ~ 

• 1 • 
l WO $i_-:::; 'ff2 - 2J/· • (33) 

PemeHHH 3TOro ypaBH~HHH B BHne HenHHenuux cnHHOBUX BOilH 

(IlilOCKHX BOilH) IlOPO%JlalOT nHcnepCHIO. 
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W-:wi-= W2-= Lvo r<za~ +21&1-4(61 /f2.l2. 
2 1+ 2(1-10\)~'2. 

(34) 

Y~TaHOBneHU TPH nepaux HHTerpana nBHXeHHH CHCTeMU {33). Han-

neHU CTaUHOHapHue noKanH3OBaHHUe pemeHHH CHCTeMU ypaBHeHHH 

(33) B BHne 

g 
~ = ch U o- W/w~ X') 

LWl 
e.. 'V/ 

'+'2.-:: 2 - W/wo 

(35) 

ITpoaeneHO qHcneHHOe HCcnenoaaHHe CTaUHOHapHUX pemeHHH (35) 

CHCTeMU (33) H o6HapyxeHO, qTo HenHHeHHUe BOnHU OKa3UBaDTCH 

3axaaqeHHUMH SU{2} ceqeHHeM ¢YHKUHOHanbHOro CilHHOBOro ¢a3OBO­

ro npocTpaHCTBa, B OTnHqHH OT nHHeHHUX BOnH, 3anonHHDlliHX ace 

qeTupexMepHoe CilHHOBOe ¢a3OBOe npocTpaHCTBO. TaKHM o6pa-

3OM,KaK H B cnyqae o6MeHHOH aHH3OTPOilHH, nna CTaUHOHapHUX 

COCTOHHHH SU(2) ceqeHHe HBnHeTCH oco6oro pona KnaccHqecKHM 

aTTpaKTOPOM. 

B nHTOH rnaae paccMaTpHaaeTCH nonyKnaccHqecKoe onHcaHHe 

MarHeTHKOB co CilHHOM S=l B neHCTBHTenbHOH napaMeTpH3aUHH. 6y­

neM HccnenoaaTb aHH3OTPOilHUH MarHeTHK,HaxonHmHHCH B MarHHTHOM 

none, raMHnbTOHHaHOM 

I\ -{ A ~ b A~ A~ I\)(] 
H __ J \. s. S- ;-- S. Sj + 1. + A Cs ,J. - L J J·d J (36} 

J 
ycpenHHH (36) no KorepeHTHllM COCTOHHHHM (20) H nepexona K KOH-

THHyanbHOMY npeneny nonyqHM KnaccHqecKHH raMHnbTOHHaH cnenyn­

mero BHna 

:11~ _ ~o H CoS
2 

2g ( 1.+ & C.05
2 8) - ~; ( LfSin2 2:r ~: + 

2 2 2) A ] +Co~?2y e)(+Cos 29sL·n 2 B·<-f; -t- c.o52~Sir,$COS'f' dx. 
(37) 

ITOCTpoeH narpaHXHaH, COOTBeTCTBYDlllHH KnaccHqecKHM CHCTeMaM 

16 

L -::::. t C.OS2j \ )' --r c.05{:)-'f) - Jf ( 9 J 'f, :r_., 'J J · (38) 

TaKxe nocTpoeHu cKo6KH nyaccoHa nnn KnaccHqecKHX conpHxeHHUX 

¢YHKUH8 cl..-: C.O !', 2.ca 'I{ H ~ ~ c.os2'ac.ose, 'f 

~ 1 _ l & B s c _ s e. & E> ). (~ o c _ h. ~ s·B ) (39) 

tB,CJ - &c1.. 6'6 '8ot- o'6 + b(j} E-r 6<[> b'P • 

BapbHPYH narpaHXHaH (38) c yqeTOM (37) MU npHneM K CHCTeMe 

ypaBHeHHH nonHOCTbD OilHCUBaDmea CilHHOBYD nHuaMHKY ¢eppOMarHe­

THKa C o6Me!IHOH aHH3OTPOilHeH uaxonHme8CH BO BHelliHeM MarHHTHOM 

none. 

JlnH ¢eppoMarHeTHKa C onHOHOHHO8 

aHH3OTponHeH nHHaMaqecKHe CHCT8Mll ypaBHeHH8 HMeKYr BHn: 

1 • - cose ( ) qz ( - 'f ~ () -- s~n2.a c.os2.;r-1 --t ~ Cos2.Q co.se. \0 2 _ 
W

0 
Co$ 2.~ d 2 d Ix . 

1 
SihE) 

( · v r:.osFJ 
c.os2.a exx-'-fSi.rr2a-a ex +A-.-COS'f 

<1 d <IX Smt9 :, 

1- 0::::; Q; (LtJin29SinB·tJx·'fx-C:os2~Sin0-'-fxx­
Wo 

- 2 cos 29 co se 0x·'fx) - o -l:~ 2y Sin 25 sine cose -,. 

1 • 

~~ 

-tASi11~., 

s 
2 

SiYl2)J' 5in 2 8., 

-[ cos2e 
!_ )' ::: _ 2 cos2;1 + S cosi.3 
Wo (i- sL·n23 c.os2.t1) -t-

-t }f,2~cos2}'~111 2 0J+ q.,2 (2si.n2~-~xx-
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- C052.1 ·(½ e · 0)()( -t- lt CO.S.2~- ~: -t-C.0':.2,1. e: -t­

C.OS 'f 
-t- C.052~-'f)(

2 
+ trs,112.~c-/.~6 •~x·9x) -A~ J 

KOTopuR IlOJIHOCTb~ OilHCUBaeT HeJIHHefiHyn nHHaMHKY MarHeTHKOB C 

onHOHOHHOR aHH30TporrHe8 IlPH HaJIHqHH MarHHTHoro IlOJIH. 

HccnenoBaHo ocHOBHoe cocTOHHHe KJiaccHqecKoro aHanora ra­

MHJibTOHHaHa (36). nonyqeHU MarHOHHUe crreKTPU nerKOITJIOCKOCTHOfi 

MonenH C o6MeHHOfi aHH30TPOITHefi. 

w/-=.w
0

2 (t< 2 a;_,..,A)(K2.a;,.2/8/ +A), 

(41) 

W2 w 0 (2-tA), 

npH HCCJienoBaHHH OCHOBHOro COCTOHHHH KJiaccHqecKoro aHa­

nora raMHJibTOHHaHa (40) o6Hapy~eHo, qTo npH orrpeneneHHUX 3Ha­

qeHHHX KOHCTaHTU onHOHOHHOfi aHH30TpOITHH HMeeT MeCTO COKpame­

HHe KJiaCcHqecKoro CITHHa. B cnyqae aHH3TPOITHH THITa RO, 

Korna A~ 2 f, MHHHMYM raMHJibTOHHaHa nocTHraeTcH rrpH 

'f:=.OJ ~-::.o, 1-::.;Je=:• 
BeKTOP CITHHa Jie~HT BnOJib .§,x H COBnanaeT 

ITOJIH. EcJIH ~e A 2 < A~ , 

A~ -== : ( ✓ 16 + 2 3/ c5 + ~ 2' - ( 't + 8))) 

C HanpaBJieHHeM 

TO B OCHOBHOM COCTOHHHH 'f = 0 , 'o-::: 0, SL n 2. 'J 
AZ 

'tf2 

)lJIH 

$
. r,.. A ~ 't °i -r Az, 
llt\1.7 - -

- 2 lt5-A 2 

A(, o OCHOBHOe COCTOHHHe eCTb 

'-f> -=._ 0 V - 7T 
' u - -'t ) ~::O,.Si.110::.~ 

t" 
H3 (42) BHnHo, qTo ITPH onpeneneHHUX 3HaqeHHHX BHernHero 
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MarHHTHoro IlOJIH H IlOJIH onHOHOHHOR aHH30TPOilHH B OCHOBHOM 

COCTOHHHH HMeeT MeCTO COKpameHHe nnHHU KJiaccHqecKoro 

CilHHa. 

~nH nn ¢eppoMarHeTHKa, ecnH yqecTb BHemHee MarHHTHoe 

none, TO OCHOBHOe COCTOHHHe onpenenHeTCH 3HaqeHHeM 3TOro 

ITOJIH. .B 3TOM cnyqae npHxonHTCH pemaTb ypauHeHHe nnH g 

4 C"O':,l1Sih 2.~ - Ii I COS2.@ -t 2 A C052~ = 0 , 
a OCTaJibHUe rrapaMeTpU HMeDT 3HaqeHHe 

1T TT 'f=o, }{::. 2, 0::. 2 
PernaH ypaBHeHHe nnH g nonyqHM 

Si..,2..~ ~ o ,ecnH 

S
. 1°tl ,ecnH 
lt\ 2~-;,- -

'I 
KaK BHnHo, qeM 6onbme uenHqHHa BHemHero 

A...,,.o0 

A ➔ o 

MarHHTHoro IlOJIH, 

TeM MeHbme COKpameHHe nnHHU KJIRCCHqecxoro CITHHa. nosTOMY 

COKpameHHe CITHHa 3KCnepHMeHTaJibHO MOXHO o6HapyXHTb npH 

cna6oM BHemHeM MarHHTHOM none.nonyqeHU MarHOHHUe cneKTPU 

nn MonenH npH I 51 ::. ( J - Jo)/'J
0 

< Lt 

wl 
f Wo

2

Kza: ( 1-+ C.o~~) [If I (1+ Sit1@)..,. A cos~ -1;
2 q! 1 > 

_-( 8 101 w; =W! { 2 Sin~ ·Kzq; --t IO I 25in2d _ 2S~n~)J > 

rne TOXe cymecTByeT BUCOKoqacTOTHaH Mona KOJie6aHH8. IlepBaH 

Mona Kone6aHHfi noxoxa Ha 6oronD6oucKyD nHcnepcHD nn 

(43) 

MarHeTHKOB, a BTopaH ecTb nHcnepcHH 

ypauHeHHH KnefiHa-ropnoHa 

JIHHeapH30BaHHoro -

B wecTofi rnaBe Ha ocHoue o6o6meHHoro KorepeHTHoro cocTo­

HHHH rpynnu ~U(2s+1) c IlOMOWbD KOTOporo HCCnenyeTCH MarHeTHKH 

C IlPOH3BOJibH~M CilHHOM S. 

- I :ZS ) 25 -'f; -
I~>::: ( 1 -t ?- \ ~ J2

) z IO>+ 2 ~ Ii) 
l=i i::.t 

·10>::: (0, •.• ,1) 

(44) 

IL):::-{o, ... ,J,-••o) 

IlOCTpOeHU raMHJibTOHOBU ypaBHeHHH 
2S / CP -= sv (2s+1) svc2s) 9Ul1) 
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nuHxeHHH Ha npocTpaHcTBe 

1 nnH IlPOH3B0JlbHOrO. 



CilHHa S. 

r.lle 

• • l O 'J1 - O'lf 2,s [ r 1 l 
l 'J'K ~ ( 1 + f yr,\ ) (1 + lr,t ') Qi + ja, Jj, '\', 'f; O'f; , (45) 

d.Jv.. 
--=- ( 1, 

'\.. o, 

j 1- /( 
J = 0 

H3yqeHa KBaHTOBaH MO,llenb re83eH6epra ,llnH MarHHTHUX CHC-

TeM co CilHHOM S=3/2, r,lle OHO COOTBeTcByeT npocTpaHCTBY 

H OKC BUrnH.llHT cne,llyIDmHM o6pa30M sv('l)/suc3) llil-V(1.) 

_1/ r (46) 

14'> -::::(1.+f'f,ll-t/4'2i2-•t-/~I) 2110>-t½-1,11>;-~l'2>-t't'313~-

KBaHTOBaH CHCTeMa co CilHHOM S=3/2 XHBeT B 6-MepHOM 

npocTpaHCTBe CilHHOBUX COCTOHHH8, a raMHnbTOHHaH ycpe,llHeHH8 

no CilHHOBUM KC rpynnu SU(2) OilHCUBaeT ee IlOBe,lleHHe B 

HeKOTOPOM .llByMepHOM ceqeHHH 3TOro npocTpaHCTBa. HeTPY.llHO 

IlOKa3aTb, qTQ 3TO ceqeHHe ecTb 

~-:=. 
~ 

½-! 3 _,_ 
~'13 

'-t' '2. 
1 y'2. -=- -r-;, ) ½-' :::D~. 

l. 

(47) 

nonyqeHo ee nonyKnaccaqecKoe onacattae c noMombID cpe,llHHX, 

napHUX H TP08HUX KOppenHTOPOB CilHHOBUX onepaTopoa. IlOKa3aHO 

HecoxpaHeHHe .llnHHU KnaccHqecKoro cnHHa. Hccne,lloBaHu ocHOBHue 

COCTOHHHH KnaccaqecKHX raMHnbTOHHaHOB THna (22) H BUHBneHo, 

qTo OHH coana,llaIDT c pe3ynbTaTaMH ¢eHoMeHonoraqecKoro onaca­

HHH. 

nonyqeHU MarHOHHUe cneKTPU nerKOOCH08 MO,llenH H BUHBneHO 

cymecTBOBaHHe ,llOilOnHHTenbH08 BUCOKoqacTOTH08 MO,llU KOne6aHH8. 

nonyqeHU ,llHHaMaqecKHe CHCTeMU ypaBHeHH8 ,llnH MarHOHHUX 

CHCTeM B ,lle8CTBHTenbH08 napaMeTpH3aUHH. 

20 

OCHOBHUE PE3YRhTATU nHCCEPTAUHH OilYBRHKOBAHU 

B PABOTAX. 

1. X.O.A6,llynnoeB, A.B.MaxaHbKOB, ~.X.XaKHMOB "Knaccaqec­

KHe HenHHe8HUe MO,llenH B TeopHHKOH,lleHCHPOBaHHUX cpe,ll. 11 nywaH-

6e, H3-BO 11noHHW11 ,1989r, 179 c. 

2, X.O.A6.llynnoeB, A.B.MaXaHbKOB .0 npeo6pa30BaHHHX Xonw­

Te8Ha-IlpHMaKOBa .llilH MarHHTHUX CHCTeM H caMonoxanH3aUHH CilHHO­

BUX BOilH • IlpenpHHT OHHH, P 17-88-165, ny6Ha 1988. 

3. X.O.A6,llynnoeB, A.B.MaxaHbKOB O KBa3HKnaccHqecKOM 

OilHCaHHH aHH30TPOilHOro MarHeTHKa re83eH6epra. npenpHHT OHHH 

P 17-87-461, ny6Ha, 1987. 

4. X.O.A6.llynnoeB, A.B.MaxaHbKOB, ~.X.XaKHMOB Ilpeo6pa30-

BaHHe xonwTe8Ha-IlpHMaKOBa ,llnH MO,llenH re83eH6epra C O,llHOOCH08 

aHH30TponHe8. H3BeCTHH AH Ta,llx.CCP, 1989, 

CTp.80-84. 

T.109, N.3, 

5. Kh.O.Abdulloev, A.V.Makhankov. Quasiclassical 

description of easy-plane Heisenberg model and dynamics of 

wave packets. W.S.Singapore, 1990, pp. 387-391. 

6. X.O.A6.llynnoeB, A.B.MaxaHbKOB. KBa3HKnaccHqecxoe IlOBe­

,lleHHe HaqanbHUX naKeTOB CilHHOBUX BOilH B paMKax nerKOililOCKOCT­

H08 MO,llenH re83eH6epra. H3BeCTHH AH Ta,llx.CCP, 1991, 

N.2,242-247. 

7.X.O.A6.llynnoeB, A.B.MaxaHbKOB, ~.X.XaKHMOB. RoKanH3aUHH 

CilHHOBUX BOilH B nerKOililOCKOCTH08 MO,llenH re83eH6epra. H3BeCTHH 

AH Ta,llx.CCP, 1989, T.109, 3, CTp.80-83. 

8. x.o.A6.llynnoeB, A.T.MaKCY.llOB, X.X.MyMHHOB. qHcneHHOe 

peweHHe 3a,llaqH KOWH ,llilH HHTerpo-,llH~epeHUHanbHOro ypaBHeHHH 

llipe,llHHrepa B TeopHH CilHHOBUX BOnH. B c6.Te3HCU ,llOKila,llOB 26-08 

Hayqno8 KOH¢epeHUHH ¢akynbTeTa ¢H3HKO-MaTeMaTHqecKHX H ecTeC­

TBeHHUX HayK. M.H3-BO YnH, 1990, c.37. 

9. x.o.A6.llynnoes, B.r.MaxaHbKOB, ~.x.XaKHMOB. o xnacce 

peweHH8 BeKTOpHoro HenHHe8Horo ypaBHeHHH 

Ta,llx.CCP,1986, N9. T.29, CTp.527-531. 

10. Kh.O.Abdulloev, M.Aguero, 

rnpe,llHHrepa MH 

A.V.Makhankov, 

V.G.Makhankov, Kh.Kh.Muminov. Generalized spin coherent 

states as a. tool to study quasiclassical behaviour of the 

Heisenberg ferromagnet. Proceeding of the· IV International 

Workshop, .Dubna 1989; w.s.singapore, 1990, pp.244-265 •. 

11. X.O.A6,llynnoeB, A.T.MaKCY.llOB, B.r.MaxaHbKOB, x.x.My~ 

21 



MHHOB. HenHHe8HaH nHHaMHKa aHH30TPOITHoro nerKOilROCKOCTHoro 

MarHeHHTHKa co CilHHOM S=1. IlpenpHHT OHHH P 17-90-298, ny6Ha, 
1990 r. 

12. X.O.AnynnoeB, A.B.MaXaHbKOB, X.X.MyMijHOB. BaKyyM 

¢eppoMarHeTHKa re83eH6epra KaK 6oronv6oBcKHH KoHneHCaT MarHo­

HOB. IlpenpHHT OHHH P 17-90-310, ny6Ha, 1990 r. 

13. X.O.A6nynnoeB, x.x.MyMHHOB. 06o6meHHUe KOrepeHTHUe 

COCTORHHR H uenoqKa re83eH6epra nnH CilHHa S=1. nAH TanxHKHC­

TaH, 1990, T.333,'N10, CTp. 656-659. 

14. X.O.A6nynnoeB, x.x.MyMHHOB. OnHcaHHe MarHeTHKa ren-

3eH6epra npH npocTpaHCTBeHHOM IlOBOPOTe co CilHHOM S=1. nAH 

Tanx.CCP, 1990, T.33, N9, CTp.593-595. 

.15. X.O.A6nynnoeB, X.X.MyMHHOB, ~-X.XaKHMOB. BaKyyM ner­

K0IlROCKOCTH08 MonenH re83eH6epra KaK 6oronv60BCKH8 KOHneHCaT 

MarHOHOB. nAH Tanx.CCP, 1990, T.33, N6, CTp. 377-380. 

16. X.O.A6nynnoeB, A.T.MaKcynoB, X.X.MyMHHOB. nHHaMHKa 

CilHHOBUX BORH nerKonnocKOCTHoro MarHeTHKa re83eH6epra co cnH­

HOM S=1. nAH Tanx.CCP, 1991, T.34, 3, CTp. 153-156. 

17. Kh.O.Abdulloev, V.G.Makhankov,· F.Kh.Khakimov, 

Kh.T.Kholmurodov. Numerical simulation of the model 

Proceedings of the III International workshop, 1988, Kiev; 

Naukova Dumka, 1989, pp.16-18. 

18. X.O.A6nynnoeB, A.T.MaKcynoB, X.X.MyMHHOB. 06 onaon 

CHCTeMe ypaBHeHH8 B TeOpHH CITHHOBUX BORH. nAH Tanx.CCP, 1991, 
T.34, N,6, CTp.327-329. 

19. X.O.A6nynnoeB, A.T.MaKcynoB, X.X.MyMHHOB. raMHRbTO­

HOBU ypaBHeHHR nBHXeHHH B npocTpaHCTBe SU(3)/SU(2)xU(1). nAH 

Taµx.CCP, 1991, T.34, N7, CTp.431-434. 

20. X.O.A6nynnoeB, B.r.MaxaHbKOB, A.T.MaKcynoB, 

X.X.MyMHHOB; CHCTeMuypaBHeHHH nnH ¢eppoMarHeTHKOB C 

o6MeHHOH H onHOHOHHOH aHH30TponHeH. ~TT, 1992, T.34, N2, 
CTP.429-432. 

21; X.O.A6nynnoeB, B.r.MaxaHbKOB, A.T.MaKcynoB 

X.X.MyMHHOB. o6mHe nHHaMHqeCKHe ypaBHeHHH B rrpocTpaHCTBe 

SU(2s+1)/SU(2s)xU(2) HnerKOOCHU8 MarHeTHK co CITHHOM 

S=3/2. ~TT, 1992, T.34, N2,CTp.544-547. 

22. X.O.A6nynnoeB, A.T.MaKcynoB, X.X.MyMHHOB. 0 COOTBec­

TBHH KBaHTOBUX H KnaccHqecKHX Monenen B TeopHH KOHneacHpOBaH­

HUX cpen. MaTepHanu BcecoD3Horo ceMHHapa "MexqacTHqHue B3aH­

MoneficTBHa B paCTBOpax", 1990, CTp.51-58. 

23. X.O.A6nynnoeB, A.T.MaKcynoB, x.x.MyMHHOB. Hecoxpaae-

22 

HHe KBanpaTa KnaccHqecKoro cnHHa B aenHaenaon nHHaMHKe ¢eppo­

MarHeTHKe refi3ea6epra. BecTHHK TrY, nymaa6e, 1991, cTp. 88-92 

24. x.o.A6nynnoeB, A.T.MaKcynoB, X.X.MyMHHOB. 0 B036yx­

neHHH HOB08 Monu npH yqeTe onHOHOHH08 aHH30TponHH B TeopHH 

CilHHOBUX BOnH. nAH Tanx.CCP, 1991, T.34, N12. 

25. X.O.A6nynnoeB, A.T.MaKcynoB, X.X.MyMHHOB, 3HHn Pyc­

TaM. OilHCaHHe MarHHTHOH uenoqKH co CilHHOM S=3/2, c o6MeHH08 

aHH30TPOITHe8. BeCTHHK TrY, 1991, cTp. 158-163. 

26.Kh.O.Abdulloev, A.T.Maksudov, Kh.Kh.Muminov. 

Noncon-servation of classical spin square in the 

Heisenberg model ferromagnet. International Workshop 

Nonlinearity with Disorder. Tashkent, 1990, 1-7 oktober. 

27. Kh.O.Abdulloev, A.T.Maksudov, V.G.Makhankov, 

Kh.Kh.Muminov. Dynamic~l equations for spin chaiin in the 

SU(S2+1)/SU(2S)xU(1) space and easy axis magnet~Preprint JINR 

E17-91-221, Dubna, 1991. 

28. Kh.O.Abdulloev, V.G.Makhankov, 

Kh.Kh.Muminov. On semiclassical behaviour 

A.T.Maksudov, 

of the S=1 

uniaxical Heisenberg magnet. Preprint JINR, E17-91-219, Dubna, 

1991. 

29. Kh.O.Abdulloev, V.G.Makhankov, A.T.Maksudov, 

Kh.Kh.Muminov. Dynamical eguations for spin chain in the 

SU=3/2 easy axis magnet. Physia Scripta, 1992, N.2, p.340. 

30. x.o.A6nynnoeB,3HHn PycTaM, ~.x.XaKHMOB. PemeHHe CHC­

TeMU ypaBHeHHH c o6MeHHOH H onHOHOHH08 aHH30TponHeH B onao­

MepHOM ¢eppoMarHeTHKe B BHne CTaUHOHapHUX CORHTOHOB. YnH, 

1992. B c6. Te3HCU noKnanoB 2-on aayqaon KOH¢epeHUHH ¢aKynb­

TeTa ¢H3HKO-MaTeMaTHqeCKHX H ecTeCTBeHHUX aayK. M. YnH, 1992. 

PyKOilHCb nocTyrrHna B H3naTenbCKHH oTnen 
26 OKTH6pH 1992 rona. 

23 


