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B pabote mccienoBaHbl CIMHOBBIE COCTOSHHS HETrei3eHOeProBCKOr0 MarHeTHKa CO CIIMHOM MarHUTHOTO HOHA
S = 2. TToka3aHo, YTO yueT BBICIIMX CIIMHOBBIX HHBApPHAHTOB IPUBONUT K peanu3anuu crnenuduyeckux das c
TEH30PHBIMH TapaMeTpaMH HOPsJKa, pealn3alys KOTOPbIX HeBO3MOXHA B MarHetukax ¢ S=1. MccienoBana
CBOOOJHASI YHEPTHS CHCTEMBI B PA3IMYHBIX CIIMHOBBIX COCTOSHHAX. ONpeaereHsl TeOMEeTpuIecKne 00passl
TEH30pHBIX (a3 B CIMHOBOM HMPOCTPAHCTBE.

Knioueevie cnosa: Herei3eHOEProBCKHI MarHeTHK, BBICIIME CIHHOBBIC WHBAPHAHTHI, CIIMHOBBIH HEMAaTHK,
TETPOrOHAIILHOE CIIMHOBOE COCTOSIHUE.

BBEJIEHUE

Hayiane 0OMEHHOro B3aMMOJICHCTBHUSI B KPUCTAILIAX TIPUBOUT K BOSHUKHOBEHHUIO (MPH
JIOCTATOYHO HHU3KHX Temreparypax) ¢eppoMarautHoro/antideppomarautioro [1, 2] wmm
Gomnee cnokHOrO [3,4] ymopsmodeHHs. DTO YIOPAIOYEHHE XapaKTEPH3YETCS CIIOHTAHHBIM
HApyIICHHEM CHMMETPHH OTHOCHUTENIbHO oTpaxkeHus Bpemenn t— —t. Tlpu ostowm,
TraMIJIbTOHVAH, OIUCHIBAIONINA TAaKUE COCTOSIHHS SIBISICTCSl OMJIMHEHHBIM MO CITHHOBBIM
orneparopaM 1 MHBApUAHTHBIM OTHOCHUTECIIBHO BpaIIIeHI/Iﬁ B CIIMHOBOM IIPOCTPAaHCTBC. OZIHaKO,

TaKoM HWHBAPUAHT ABJIACTCA €AUHCTBECHHBLIM TOJIBKO IJIA CUCTEM CO CIIMHOM S= % I[J'Dl

MarHuToymnopsAa04€HHbBIX CHUCTEM C S > CIIMHOBBIC HWHBApPHAHTHI, ACTBYIOIIHME B
2

- - m
0OMEHHOM B3aUMOJIEHCTBUH, UMEIOT BUJT (SnSn.) , e M= 2S, S — penmmunHa crivHa. Yder

TAKOTO BHAa WHBAPHAHTOB MOXKET IIPUBOIUTH K pPEATH3AINHN CITMHOBBIX COCTOSIHHM C
HCBGKTOpHBIM TUIIOM ynopmorleﬂwl. 9TI/I COCTOAHUA CI/IMMeTpI/I‘IHBI OTHOCHUTCJIbLHO I/IHBepCI/II/I
BpPEMEHH, TO €CTh Ul HUX CpeJJHee 3HaueHHe CIMHA Ha y3j1e OOpaIlaeTcsi B HOJb, HO MMeEET
MECTO CIOHTAHHOE HapyIlleHHe HEMPEPHIBHOM CHMMETPHH, CBS3aHHOC C HETPHBHUATHLHBIMH
KBaI[p}/HOJILHBIMI/I CpeZIHI/IMI/I, T.C. CpeZLHI/IMI/I 3HAQYCHUSAMHN BCJINYUH, 6HJII/IH€I7[HBIX 110
KOMITOHEHTaM crivHa [5, 6]. Bo3MOXHOCTE CYIIECTBOBAHKS TaKHX (HEMATUUECKUX) COCTOSHHIM
JUIT MarHUTHBIX CHCTEM OOYCIIOBIIEHA BBICOKOH CHMMETpHEHl OOMEHHOTO B3aMMOJICHCTBUS,
WHBAPHAHTHOTO OTHOCHTEIHLHO TIPOM3BOJIGHBIX BpAIllEeHWHd B CIIMHOBOM IIPOCTPAHCTBE.
Crarryeckrie ¥ TUHAMUYECKUE CBOMCTBA HEMATUYECKUX (Da3 aKTUBHO W3YYarOTCS B IOCIIETHEES
BpeMs He TOJIBKO B CBSI3M C ONMMCaHHEM (ha30BBIX COCTOSHUN KPUCTAIUTMIECKUX MarHETUKOB, HO
W 71 OTMCAaHuUs 003e-dHHITIEHHOBCKIX KOHACHCATOB HEHTPATHHBIX aTOMOB C IIEBIM CITFHOM
[7,8]. Heobxoaumo OTMETHTH, YTO MOMOOHBIC WCCIICIOBAHMSA OTHOCATCS, B OCHOBHOM, K
MarHeTiKam CO CIIMHOM MarHuTHOro woHa S =1. Kasanoch Obl, ¢ yBEIHYECHHEM BETMYHHBI

CIIMHA MArtuTHOTO yopa BMsHUE KBAaHTOBBIX 3((EKTOB MOMKHO yMEHbIIAThCst. OIHAKO,
VICCIIE/IOBAHUSI MATHETHKOB CO CITMHOM MArHUTHOTO MOHA OOJIBIIE SAMHHUIBI TOKa3BIBAOT, UTO
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y4eT BBICHIMX CITMHOBBIX WHBAPHAHTOB MPMBOIMUT K BOSHUKHOBEHHMIO HOBBIX (a3, TAKUX Kak
aHTHHEMaTHYeCKast, Uit MarHeTrka ¢ S = 3/2 [9].

Llenpto maHHOW pabOTHI SIBISETCS HCCIEIOBAHUE BO3MOMKHBIX (DA30BBIX COCTOSHHUIA
W30TPOIHOTO HEreM3eHOEProBCKOr0 MarHeTHKa CO CIMHOM MAarHWTHOrO HMOHa S =2 mpu
PA3JIMYHBIX COOTHOIICHHSIX KOHCTAHT OOMEHHOTO B3aUMOJIEHCTBHSL.

1. OTHOMOJAPEIIETOYHBII MATHETUK

I'amunsTOHKAH PICCHG,I[yeMOﬁ CUCTEMBI MOXHO IIPEICTABUTH B BUIC:

_1 J(n_n')(gngn’)+K(n_nl)(gngn’)z+

2 ’ 1 c o 3 1 c o 4

' |+D(n=n")(S,Sy ) +F(n—n')(S,Sy) | . (1)
rac J y K, D, F- 0OMEHHEIE HUHTCTpAJIbl, COOTBETCTBYIOIIUC PA3JIMYHBIM  CIIMHOBBIM
vHBapuaHTaMm. lIpedmonaraercs, 4TO paccMarpuBaeMasl CHCTEMa HaxOAWUTCS TP HHU3KUX
temneparypax (T <<T., T, —Temneparypa Kiopu), mOCKOIbBKy MMEGHHO B 3TOM Clydae

HanoOoJee SIPKO MPOSIBIISIFOTCS KBAHTOBBIE CBOMCTBA CUCTEMBI.
IMockonbky rammibToHMaH (1) MHBApUAHTEH OTHOCHTEIBHO BPAIICHHHA B CITUHOBOM
MIPOCTPAHCTBE, IJISl YMPOIICHUS NANBHEHININX BBIYUCICHUH YJOOHO IMEpenucaTh €ro B

TEPMHHAX TEHEPaTOPOB rpymibl Bparennii SU (5) :
B j . i A
H ==Y > a(n-n")g0;,0,, )
n=n'i<j
rae al — numeituble KOMOMHAIKM OGMEHHBIX MHTEIDANOB, & — YHCIIOBbIE KOI(D(HIMEHTL.

IlockonbKy — paccMaTpuBacTCs — Cllydald HU3KHMX — TEMIEPATyp, BIIOJNHE  aJCKBATHBIM
OpUOIIDKEHUEM SIBIISISTCST TIPUOIIIDKEHHE CPeHero mouisl. Bbinenss B ramuibTOHHaHE (2)

CpemHHe TIOJsl, CBS3aHHBIE C BEKTOPHBIMH (<Ol' >o <S'> ,I=X,¥,2) U TCH30pHBIMU

napamMeTpamy TopsiaKa (<O; >0 = qij ,1=0,2,Xy,Yz,ZX; ¥ T.1.), TaMIWIbTOHUAH (2) MOXKHO
HPEICTABUTD B BHJIE:
H=Hinw+Hy,
rie
_ j i i i i
Hop ==Y Y al g (o (0! >O)(ojn, ~{of >O) ®)

n=n"i<j
. . . : S\ 2
7o =23 8¢ <o;>ozo;n -NYads <o;>0. 4)
i<j n i<j

Jlmst quaroHanu3aIii OHOY3€IBHOTO TaMUIbTOHHAaHa (4) HeoOXOAWMO TPOBECTH
M (M-1) 1oBOpOTOB B CHOHHOBOM IIpocTpaHcTBe (M =5 — 4UHCIO JHEPreTHYEeCKHX
YpOBHEH MarHUTHOrO WoOHA). Jlns 3TOW mporeaypsl  BOCIOIB3YyeMCS METOJIOM
JMaroHau3aluu raMuiabToHUaHa N-ypoBHEBOH CHCTEMBI, B OCHOBE KOTOPOTO JIC)KHT
UCIoJIb30BaHue anredpol omeparopoB Xabbapma [10]. Tlpexne Bcero, mepeiaém B
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COOCTBEHHYI0  CHUCTeMy KoopauHat, B kotopod OZ-—ochb KBaHTOBaHHS U

<SX>0 = <S y>0 =0, a TeH30p KBAJAPYNOJLHOTO MOMEHTA (|, MPHUBEJAEH K TIIABHBIM OCSIM

- q; =0 (i = xy, yz, 2x).
[octpoum Ha Gasuce omepatopa S° omepatopsl Xa66apma X = | I>< J | . Cs3p
CTIIMHOBBIX ONEPATOPOB C omeparopamu Xaboapia
St = 2(X21 + X’H)+\/6(X1° + Xo’l); S- :(S+)+; 2S°? :[S*,S’l.
dopmainbHas 3aMKuch 0JHOY3EIBHOI0 TaMUIBPTOHHAHA B IPEACTABICHHH OIEPaTOPOB
Xabbapma umeet BU:

" " *

Hy =2 EXT+ VXV =(V,)
i i#]

e Ei’— «3aTpaBOYHBIN» CIEKTP HCXOJHBIX COCTOSHUN |i>; Vij — HeIWaroHaJbHEIC

cllaraeMble TaMHJIbTOHMAHA. B pesynbraTe yHHTapHBIX IMpeoOpa3oBaHUN OJHOY3ENbHBIH
raMWJIbTOHHUAH IPUMET JUArOHAIbHBINA BUJ:

Hy =UsU" =3 EX", ()

1
u=u (a21’a20"") = HUij (aij ),
U, (@) =1+ (cosa—1)f(X "+ X ¥ )+sina(x " - x )
[TapameTpsl mpeoOpa3oBaHUl ONPENEISIFOTCS CUCTEMON YpaBHEHHH
V (@, @5,...)=0.
B obmiem ciayvae s AuaroHaqu3alMu 5-u ypOBHEBOW CHCTEMBI JOJKHO MIPOBEICHO
20 yHuTapHBIX MOBOPOTOB. OJHAKO, MOCKOJIBKY MBI HAXOIUMCS B COOCTBEHHOH cucteme

KOOPIHWHAT, B KOTOPOM, B YaCTHOCTH <Sy>0 =0, u gpyrue cpenHue paBHBI HYIIO, TO

YHUCJIO IMOBOPOTOB YMCHLINACTCA BABOC. KpOMG TOT'0, HEAHUAIrOHAJIBHBIC 3JICMCHTHI Vii+l nu

V.., paBHBI HyIIIO, CIEAOBATENBHO, UL IPUBEICHUS OJHOY3CIbHOIO raMUIbTOHUAHA (4)

K JIMaroHaJbHOMY BHJY JIOCTaTOYHO TIPOBECTH 6 TOBOPOTOB. IIOCKOJIBKY MBI
paccMaTprBaeM TOJNBKO ciydaii Huzkux Temmeparyp (T — 0), MOXHO IpeamonokKuTh,

YTO MArHuTHBIC HMOHBI HAaXOJATCA B OCHOBHOM COCTOSHHH ‘l//g's.>=|l//2>. W3 mectn

npeoOpa3oBaHuii Ha BHJ OCHOBHOTO COCTOSIHHSI OKAa3bIBAIOT BJIHMSHHE TOJNBKO TpHU
noBopota Uy 5 (¢), Ugg(B), Uy_1(0). Ecii ocHOBHOE COCTOSIHHE HE BBIPOXKICHO, €ro

MOZKHO MMPEACTABUTH B BUJIC
w2)=U31(0)U35 (8)V3.,(0)|2) =
= C0s¢-C0S B-c0s6|2) +sin B|0) +sin |-1) +sing-cos B|-2).

Pemas  ypaBuenue Illpeaunrepa c¢ ramunbToHHaHoM (5), Halimem SHepruio
OCHOBHOTO COCTOSTHUS
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E, = —|J cos? 2pcos? 3 —%K (1—sin2p)sin? 23 + 3K |cos* 0 +

+ﬂj cos 2 cos? 3 + 3K cos 23 +18(D —5F)(1—cos 24 c0s> 6) — (6)

—9(D —8F)sin? B}sinz 26 —%(J +3K)sin® 0

3mecs  BBemeHBl  ciepyromme obosHawenws: J, =2J,—K,+41D,-79F,,

K, =K, —5D, +43F,.

ITockonbKy MBI paccMaTpUBaeM MOBEACHUE MAarHETHKA B CIIy4ae HU3KUX TEMIIEPATyp
(T —>0), nma aHanmuM3a COWHOBBIX COCTOSHHMH JOCTATOYHO OrPAHUYUTHCA YUYETOM
HIDKAHIIIET0 3HEPTeTHYEeCKOr0 YPOBHA. B 3TOM ciydae IUIOTHOCTH CBOOOJHON DHEPTHH
CHCTEMBI COBMANAeT C OJHEPrueld OCHOBHOro cocrosHus (6). AHamM3 IUIOTHOCTH
CBOOOJ/IHOIM 3HEPTrUU TO3BOJSET CHIENaTh HEKOTOPHIC BBIBOJBI O CIIMHOBBIX COCTOSIHUSX
CHUCTEMBI IPH pa3JIMYHBIX COOTHOUMICHUAX OGMGHHBIX HUHTCTPajioB.

1. IlpeanonoxuM, 4HYTO COOTHOIIEHHE OOMEHHBIX WHTErpajioB TaKOBO, YTO

Jo>Ky, Dy, Fy. Dro ycnoBue Ha MarepuanbHble KOHCTAQHTBI — COOTBETCTBYET
CIIEAYIONIMM TapaMeTpaM YHHTapHBIX mpeoOpazoBanuii: ¢ = =6=0. B sToM ciyuae

HIKaNIITAM OHEPIreTUYCCKUM YPOBHEM ABJIACTCA E2, a BOJIHOBas Q)YHKHI/IH OCHOBHOTI'O

COCTOSIHUSI MMEET BH[I |V/2>:|2>- C yd4eToM 3TOTo, CpeaHHE IO 3TOMY COCTOSHHIO

) (57 )-a 5=
CrenoBaTenbHO, TapaMeTPHI TTOPSIKA B 3TOM COCTOSTHHU PaBHBI
<sz>:2, 0 =<o§> :3<(SZ)2>—6 =6, ¢ :<o§> :5<(sz)3>—17<sz> -6,
df =(0F)=35((s")*) —155<(sz )>2 +72=12

10 cocrosiHue Ha3oBeM (eppomarauTHeiM (FM).
2. Ilpennonoxum teneps, uto K, > Jy, Dy, Fy, T.e. mapamerpsr 0606mennoro u-v

paBHBL

npeoOpasoBanust paBusl @ =7/4, 0=0, a «yrom» — HeonpexeneH. B srom ciyuae
BOJTHOBasi )YHKIMsI OCHOBHOTO COCTOSIHUSI HIMEET BUJ

\y/g,sl>=%cosﬁ(|2>+|—z>)+sin £|0). @)

Kak u paHee, HmXalllUM SHEPreTUYECKUM ypoBHeM sBisiercs E,. B stom

COCTOSTHMHM HapaMETpPhI TOPsIAKAa UMEIOT BHUI.
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<sz>=0, 4% =6c0s243, o2 :<(SX)2>—<(SV)2>: 23sin 24,
qs :<Off> =12(6—Scos2 ﬂ),

qf =<Off> =%(<(S+)4>+<(S‘)4>j =12cos? p.

OTO CIHMHOBOE COCTOSHUE HA30BEM «CIIMHOBBIM HEMATHUK» WM «KBaJPYIOJbHOE
cocrostHre» 1 0003HaunM ero QU.

DTO COCTOSHUE B CIIMHOBOM MPOCTPAHCTBE MOXKHO TPEACTABUTH KAK JJUTUIICOU]T
BpalleHus (c OCBIO BpalleHus 02), MTOCKOJIBKY TUIS HEro

<(S : )2> = 4co0s® 3, <(Sx(y) )2> - %(\/Esin pt \/Ecosﬂ)z . OnHako, B OTJIMYHE OT
FM - cocrosaust (00pa3oM KOTOpOrO TakKe SIBISIETCS OSJUIMICOHMI BPAIICHHS C
«OCAMU» <(S z )2> =4, <(S X )2> = <(S y )2> =1), 8 QU-COCTOSIHUM 3JUTUIICOU/T SIBISIETCS
«TrO(pUPOBaHHBIM» B IJIOCKOCTU X0V, T.€.

4
<(SX cos y+ S sin ;() >:gcoszﬂcos4;(+gcos2 B+12sin? B+43c0523¢052,

(Szcos sin )
y+S sin ;() ~ const.
i=Xx,y

Ha Puc. 1 npencraBneHa 3aBHCHMOCTh «TodpupoBku» smmmnconna B QU-daze ot
napaMeTpa yHUTapHOro npeodpazosanus (. M3 satoro PucyHka BUAHO, 4TO mapameTp [

NEPEMCIIMBACT KBAaAPYNOJbHBIC COCTOSHMSI: |l//> = (|2>+|—2>)/\/§ — 0CEBOII HEMAaTHK

(f=0)u |y/> = | 0>— MIOCKOCTHOH — Hematnk (S =7x/2).  CrnenoBarensHo,

reOMETPHYECKHM 00pa3oM paccMaTpUBAEMOTO  CIIMHOBOTO  COCTOSHHS  SIBIISICTCS
JBYXOCHBII sumricona. B atom cocront crnenuduka cucteMsl ¢ S = 2 1o CpaBHEHHIO CO
cryqaeM S=1. J[na marHetnka ¢ S=1 Tomomorusi HeMaTH4eCcKoW (a3l TakoBa, 4YTO
TeOMETPHUYECKUM 00Pa30M ITOTO COCTOSIHUS SBJISIETCS JIMO0 0CeBOM HeMaTuK (0HOOCHBIH
AIUTATICOM]T), THOO TJIOCKOCTHOW HeMaTHK (OECKOHEYHO TOHKHUI AUCK).

Heo0x0quMo Takke OTMETHTh, YTO HapaMeTp YHHTApPHOTO TMpeoOpasoBanus [3,

«CMEIINBAIOIIAN» COCTOSIHUS |2> 51 |O> B paMKaxX JaHHOW MOJEIH SBISETCS

HCOMPCACIICHHBIM. OTta HCOIPLCACICHHOCTDb SIBIIACTCS CIICACTBUEM CUMMETPpHUUN
TraMHUJIbTOHHAHA CHUCTCMBI, U HMCUYE3aCT HA JIMHUAX (I)aSOBLIX nepexoa0B, rac CUMMETPHUA

HapymiaeTcs. BiiroueHne OJHOOCHOM OJHOMOHHOW aHU30TPONUM — ~ (SZ)2 W
MarHUTOYIPYyroro B3aMMOJEHCTBUS CHUMET BbIpoXxiIeHue o f. OpHako, aHamu3
CIIEKTPOB DJIEMEHTAPHBIX BO30YXKICHHUH ITO3BOJISICT YTOUHHTH Mapamerp [ BO BCIKOM
ciy4ae Ha JTHHUAX HeycToiunBoctd QU — dassr [7,8].
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PYPOR [

6) h 'é?[]c'

240° e .-=+" 300 240° e .---7'300

1207, .-+

; i 0
99 12 12.0p01 : 111.99 12,01}

24(.1:“"‘----".. AP 300" 200 e F
7) 270° e) 270°

Puc. 1. 3aBucumocTh «ropupoBKH» siumHncouna ot mapamerpa (: a) [ =0,

0) f=ios. ) B=1o 1) f=11 ,zoﬂ—zooom )ﬁ=§
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3. Paccmotpum eme omun cmyuait: Dy > K,,F,. B stom ciydae Hmkaitmmii

JHepreTuyeckuil yposenb — E,, a BoHOBast (hyHKIUS OCHOBHOIO COCTOSIHHSI HMEET BH[

|w2>=%(|2>+\/§ |—1>). CpenHre OT CIHHOBBIX OIEPATOPOB B 3TOM COCTOSTHHH

(s7)=0 {(s) )={( )= (")) =2

a TmapamMeTpHsI MOPSAKA PABHBI:

(s7)=0, 9 =0,0§ =10, ¢3 =(03) %[<(s+)g>+<(s—)3>j=4\/§, o =-28;
@-(ot)-4{[st((s''+(s V")) -22

DTO COCTOSHHE TaKXKe SBJISCTCS HEMATU4YC€CKHUM, HECMOTpd Ha TO, YTO OHO

HallTOMHWHACT IapaMarHuTHOC, IIOCKOJIBKY BCC CpCIHHUE OT KBaJApaToOB CIIHMHOBBIX
OIepaToOpOB OANHAKOBLI. HCO6XO,I[I/IMO OTMCTUTHB, YTO B 3TOM COCTOSAHHHU BO36y>K,I[eHHBIC

PaBHBI:

OHEPTECTUYCCKUEC YPOBHHU MAarHUTHOI'O MOHA TPEXKPATHO BBIPOXKIACHBI, T.C. El = E—l = EO'

['eomeTpuyeckuM 00pa3oM 3TOrO COCTOSHUS (B CIIMHOBOM NPOCTPAHCTBE) SIBISETCS
He cdepa, a TeTpadap. OTo BUAHO U3 aHATIHM3a CIEAYIOLINX KOPPEIsSITOPOB:

<(SX cos y +S7 sin ;()3> =+/2c0s3y,

1+\/§
2

3
<(SZ cos y +S*sin ;() >= 2co0s® y + sin3;(—§003gosin2;(,

. 3 7 .
<(SZ cos y +S”sin ;() >= ZCOSSZ—EcosZst 7
3
Jlerko  BUAETH, YTO  KOPPEIATOP <(SX cos y +S7 sin ;() > HHBapHaHTEH

U N
OTHOCHUTEIBHO MOBOPOTOB B Iuockoctd XOVY Ha yron ?, CIIeI0BAaTENIbHO, B 3TOM
TUIOCKOCTH JISKWUT PaBHOCTOPOHHHWH TPEYToJdbHHWK. EciM B CIIMHOBOM MPOCTPAHCTBE
~ ~ . 3
cAenaTh JBa IMOBOPOTA, TaK, YTOOBI KOPPENSATOP <(SZCOS 7 +S%sin ;() > JeXan B
i o
wiockoctd ZOX (S’ —KOMIIOHEHTBI CIIMHOBBIX OINEPATOPOB B «IOABEPHYTOM» CHCTEME

KOOPJMHAT), TO OH TaKke Oynaer mpornopuuoHanen COS3y . CrenoBarenbHO, 3Ta rpaHb

TaKke TIPEACTaBIsICT COOOM PaBHOCTOPOHHHWM TPEYroJbHUK. Takum 00paszom,
reOMEeTPHUYECKIM 00pa30M 3TOTO CIIMHOBOTO COCTOSIHUS SIBJISIETCS TETpadip. ITo (Ga3oBoe
cocTosiHue Ha3oBeM TQ-coctostnueM [7, 8].
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Kpome toro, TQ-cocrosiare obnamaer emie OJHUM HHTEPECHBIM CBOMCTBOM. Ecmm

BOJIHOBYIO GyHKIHIO 3TOTO COCTOSTHHUSI IIPENCTABUTE B BUJIC
1 .
|¢//2> = E“ 2> + \/E | —l> e ) , TO JIETKO MOKa3aTh, q9T0

oF) = <(S *+isY )3> = <(S+ )3> = 4\/§eﬂ7 . Torma mMbl MOXeM copMHPOBATH BEKTOP

+

+ - —
6 C KOMIIOHEHTaMH O =%=4\/§COSQ/, o’ =%=4\/§Siny:
|

c=6c"+8%¢Y = 4\/§(§X cosy +&”sin }/) . DTOT BEKTOp, MPU OTPAKCHUH BPEMEHH,

BefleT ce0s KaK BEKTOpP HAMArHWYEHHOCTH, MOITOMY BEKTOpP O SIBJISAETCS MCEBIOCITMHOM
[9]. Takum 0Opa3oM, B paccMaTpuBaeMOl CHCTEME UMEETCS €Il OJMH JOMOJHUTENbHBIN
napameTp MopsKa, OMUCHIBAEMbIN HEHYJICBBIMU CPETHUMHU OT KYOUYECKUX MO CITUHOBBIM
omepaTopam BeipakeHuH. [lepeMeHHas y ompenenser OpUCHTALUI0 M U ¢ B IUIOCKOCTH
XOY. Emie pa3 noguepkHeM, 4YTO ¢ MEHSET 3HAK MPU OOpAlICHHH BPEMEHU, TIOATOMY OH
BeneT ce0s Kak “IiceBIOCIINH .

2. IBYXIOAPEIIETOYHBIA MATHETUK

PaccmMoTpuMm  Temepb  ciiy4ail  OTPHUIIATEIBHOH  KOHCTAHTBl  OWJIMHEWHOTO
(reiisen6beprosckoro) oOmenHoro B3ammopedcrBus J, <0, uyro coorBercTBYET
pcainzanuun z[Byxno,upemeTquoﬁ MaFHHToyHOpHHOquHOﬁ CHCTCEMBI. HpeanonaraeTc;I,
YTO MOJPEIICTKH SKBUBAICHTHBI, 4 CIHMH MArHATHOTO HOHA, Kak W paHee, S=2.
JHanpHeiilee paccMoTpeHne OyieM MpOBOIUTH sl ciay4ast Hu3kux temmeparyp (T —0).
MarHeTuk omuchiBaeTcs rammibroHnanoM (1), HO Temeph WHAEKCHI N, N' — HOMepa

moapenretok (N, N'=12). BeibepeM B KauecTBE OCH KBAHTOBaHHS OCh Z, TIPH ITOM
cpejHee 3HAUYeHHe CIIMHA MEPBOM MOApemeTKH (Ha OIUH Y3€) <S> mapajieasHo ocH Z ,

<S>=<Sz>ez , 4 CpCAHCC 3HAYCHUC CIIMHA BTOpOﬁ MNOAPCIICTKH AHTUIIAPATUICIIBHO 3TOH

ocd. YJI00HO TIOBEPHYTh BTOPYIO IMOJPEIIETKY TaK, 4YTOObI HAIpaBICHUE OCEH

KBaHTOBAHHs o0enx THO/IPEIETOK COBIIA I VHUTapHBINA OBOPOT

U((p)zHexp(i(oSr)](-)Ha yroll (=7 TPUBOAAT K CIEAYIONINM IPeoOpa3OBaHIsIM
o

(coXpaHSIOIUM CTaHIAPTHbIE KOMMYTAIHOHHBIE COOTHOIICHHUS) KOMIIOHEHT OrepaTopa

CIIMHA BTOPOM MOAPENIETKH:

Sy =Sy, S > -8, Sh - S

JlanpHelye BBIYMCIEHUS AHAJIOTWYHBI IPUBEICHHBIM paHee, NpPH PacCMOTPEHHUH
OHONOAPEIIETOYHOr0 MarHeTuka. I1ooToMy MBI MOKeM cpa3y BBIIHCATh IUIOTHOCTH
cBOOO/IHO SHEPTUH NMPH HU3KUX TeMIIepaTypax
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F= cos? 6 —

J'cos? 2pcos* g +gK’(1—sin 2)sin? 23 — 3K’

—[j/0082g0C052 B3 —3K'cos23+18(D —5F)(1—c052<,o)cos2 B+ (9
+9(D — 8F )sin? ﬁ}sin2 6 cos? 0 +%(J~’—3K’)sin4 0

rae BBEIICHBI CIIAYIOIINE 0003HaYEHUs J (; =2J,-K,+41D, - 61F,,

K{=K,+D,+13F,, a mapaverper ¢,/[,0 SBIfIOTCA «yriaMu» TOBOPOTOB B

CIIMHOBOM ITPOCTPAaHCTBE, XU ONPCACIIIIOT OCHOBHOE COCTOAHUE CHCTEMEIL.
|Wrst) =U21(0)U2 (B)U3-2(9)]2) =
= C0SC0s B cosf|2) +sin B|0) +sin G| -1) +sinpcos B|-2)

W3 ycnoBusi MUHMMyMa TUIOTHOCTH CBOOOAHON sHepruu (9) MOXHO ONpenenuTh
paBHOBECHBIC 3HaueHWs mapameTpoB [, 6, @. Ilpudem, cymecTByeT Tpu Habopa

(9)

PaBHOBECHBIX ITapaMETPOB, COOTBETCTBYIOIINE PA3TMYHBIM CIIMHOBBIM COCTOSHHUSM:
1. p=pf=60=0. D10 pemieHne, COOTBEICTBYIOIIEE YCIOBHIO MaKCHMAaILHOTO

HACBILIICHHS <SZ>=2, YCTOMYHBO TpU .TO' <0 mu 30' —3|Z6 < 0. Kpome Ttoro, B 310M

COCTOSIHUM  OTJIMYHBIMM OT HYJII SBJBIIOTCS  TOJBKO OCEBBIC TCH30PHBIC MOMCHTHI:

as =3<(SZ)2>—S(S +1)=6, 0 :5<(SZ)3>—<SZ>(3S(S +1)-1)=6,
qd =35<(sz)4>—<(sz)2>[305(s +1)-25]-35(S+1)[2-S(S+1)]=12. Bo

BTOPOI TMOJpEHIETKE MapaMeTphbl MOPSIKa: <SZ> =-2, qg =0, qg =—0, q2 =12.

®DyHKIMA ~ OCHOBHOTO  COCTOSIHMS ‘l//g's.>=|2>. Takoe COCTOSHHE  HA30BEM
aHTH(EepPPOMArHUTHBIM.

2. Bropoii ciyuaii ¢ =7/4, =0 peamnsyerca mpu J; >0 u K] >0. B srom
COCTOSIHMM HaMarHWYEHHOCTh CHCTEMBI <S>=O u B cucteme peanmsyercs QU-¢asa,

a0COJIIOTHO aHAJIOTHYHASI OMTMCAHHOM BbIlIe. [IpH JaHHBIX YCIOBHAX B CHCTEME HE MOXKET
peann3oBaThCs aHTHKBAAPYNONbHas (a3a (kak 3To HaOmomaeTcs, Hanpumep, 1 S = 3/2
[9]), mockombKy TapaMmerphl IMOpSAAKA B OTOM CIIMHOBOM COCTOSHHH OIPENEIISIOTCS
CPeIHMMHU OT YETHBIX CTENEHEeH CIMHOBBIX ONEPaTOpOB, W MOBOPOT HA 7T BO BTOPOi
HOJIPEUIETKE HE MEHSIOT BHJ MapameTpoB mnopsiaka. MyHKIUS OCHOBHOTO COCTOSHHS

‘(//g's_> = COS,B(| 2> +|—2>)/x/§+sin ﬂ| 0> . JlaHHOE COCTOSIHME, KaK U paHee, sSBIsSeTcs

HEMaTHU4ecKon (a3ou.
3.B tpemvem ciywae ¢=0, 6=0,c0528=-1/3. D10 pelenre yCTONUMBO MpH

Ko <0 n J;—3K;>0. CrnmHOBoe cOCTOSHHE, COOTBETCTBYIOLIEE STOMY CIY4aio,
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XapaKTepU3yeTcs CIAEAYIONMMHI [TapaMeTpaMu MOPSIIKA; <S> =0, qg = qg =0. Ha nepsbii

B3rJI 1, TaKoc COCTOAHUEC HAIIOMHUHACT rnapamMaraiuTHOC, TIOCKOJIBKY

2 2 2
<(S X) > = <(S y ) > = <(S z ) > =2 . OnHaKo, TOCKOJIbKY B MOJIETIH YYUTHIBAIOTCS BBICIIIFC

CIIMHOBBIC MHBAPHUAHTLI, TO CIIMHOBOC COCTOAHME XapaKTECPU3YCTCA BBLICIIMMH TCH30PHLIMH

KOMITOHEHTAM: qg =10, qg = %(<(S+)3> +<(S)3>) =442, q2 =-28,

3 3
qi’ :% [SZ,((S+) +(Sf) ﬂ = 2\/5. Bo Bropoii mojpemerke KOMIIOHEHTHI
+

Temsopa mmeor Bux Oy =—10, 05 = 42, Qe =-28,0; = 242 . ®yuxums
OCHOBHOTO COCTOSIHHSI TIEPBOH IOJPEIICTKH UMEET BUJ ‘l/lg_s'> = (|2>+\/§ |—1>) / V3. a

BTOPOM MOAPEIETKH — ‘Wg.s.>:(|_2>_‘/§ |l>) / \/§ Kak ormeuanocs panee,

TeOMETPUUYECKHM 00pa3oM 3TOr0 COCTOSHMS B CIIMHOBOM IIPOCTPAHCTBE SBIISIETCS
teTpasap. llpuyeM, BO BTOpO# MOJpEIIETKE 3TOT TETpa’Ap pPa3BepHYT OTHOCHUTEIHHO
TeTpa’Apa TMEepBOM MOAPEHIeTKH Ha Yroid 7, 4YTO BHUAHO M3 COOTBETCTBYIOIIETO
KOoppensTopa

<(SZX cos y +S2 sin ;()3> =—/2cos3y,

rje S, — KOMIIOHEHTBI CIIMHOBOTO OIEPATOPA BO BTOPOii MO/IPEIIETKE.

Takoe moBe/eHNE APaMETPOB MOPSIIKA MOAPEIIETOK U FEOMETPUUECKUX 00pa3oB B
CIIMHOBOM MPOCTPAHCTBE IMO3BOJISET PACCMATPUBATH TAHHOC CIMHOBOE COCTOSIHHE Kak
aHTHHEMaTHueckoe  (aHTUKBAAPYMOJIbHOE),  AHAIOTMYHOE  ciy4dalo ¢ S=3/2,
paccmorpenHomy B [9]. Omnako, B OTJIIMYHE OT CHUTyalldd, paccMOTpeHHOH B [9]
HOJIPEIICTKH OTIMYAIOTCSA He OPHEHTAIUEH TTIABHBIX OCEH AJUIUIICOMIOB KBAJAPYIOIbHBIX
MOMEHTOB, & OPHEHTAIHEel COOTBETCTBYIOIINX TETPAAPOB.

Takoe cocrossuue HazoBem ATQ- anTHTEeTpadapuueckoi (a3oi, B KOTOPOM B
oTiIMYMe OT Mojenu oxaHonoxpemérouynuka (TQ- Terpasmpuueckas (asza) cpeaHue Ot

i : . N
OIIepaTopoB <03> (i=0,3) BO BrOpOiIl TOIpEmIETKE, KAaK IOKAa3aHO BBIIIE, HMEIOT

MPOTUBOIIOJIOKHBIA 3HAK, a TIeOMETpPHUYECKHe oOOpa3bl B CIHMHOBOM MPOCTPAHCTBE
MOBEPHYTHI IPYT OTHOCUTENBHO JIpyTra Ha YTOJ 1T .
Kpome toro, ATQ-cocrosiHue 00amaeT CICAYIONUM CBOWCTBOM. EciiM BOJHOBYHO

(YHKLIHMIO 3TOTO COCTOSHHSA TPEACTaBUTH B BHUAE |z//>=(|2>+\/§ei7 |—1>) / \/é, TO

MOKHO TIOKa3aTb, YTO o) = <(SX +iS’ )3> = <(S+ )3> = 4\/§ei‘7 . Torma MoxHO
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chopMHMpOBaTL BEKTOP & € KOMIIOHEHTAMH O = (O'+ +o ) / 2= 4\/5 CoSy,
o’ :(cf+ —J")/Zi =425siny:
Gy =06 +078, =42 (cosyE, +sinyE, ).

OTOT BEKTOp, MpH 00palleHNH BpeMeHH, BeET ceOsl KaKk BEKTOp HAMAarHUYCHHOCTH,
IO3TOMY BEKTOp O  SBISETCS  ICEBIOCIMHOM. Bo  BTOpoil  moaperiérke

Oy = —42 (COS y€ +sin j/éy), 4TO TAK)Ke MOSICHSCT MPUCTABKY AHTH» B Ha3BaHHUH

(hazer.
3AKJIIOYEHUE

B pe3yabTaTe MPOBCACHHBIX I/ICCJ'IGL[OBEIHI/Iﬁ YCTAHOBJICHO, YTO YBCJIMYCHUC CIIMHA
MAariuTHOro HMOHa IPUBOAHUT K BO3HHUKHOBCHHUIO HOBBIX KBAaHTOBBIX 3(1)(1)6KTOB, B
YaCTHOCTH, BO3HHUKHOBCHHUIO HOBBIX HCMAaTHYCCKHX (1)8.3: TeTpaSIIpH‘ICCKOfI n
aHTI/ITeTpaE)ILpI/IHCCKOI‘/'I ; B KOTOPBIX OCHOBHBIM COCTOSHHUEM SBIIACTCS

|w> = <| 2> +2 | —1>) / \/§ . Kpome Toro, Hemaruueckas ¢aza CTAHOBHUTCS BEIPOXKAECHHOM

10 TIapaMeTpy IOBOPOTa B CIIMHOBOM IPOCTpaHCTBE. [IoKa3aHO, YTO TeOMEeTpHYECKHM
00pa3oM HEMAaTHYECKOTO COCTOSIHUSI SIBJISICTCS JBYXOCHBIA JJUTHIICOW, B OTIMYHE OT
cimydas S=1 [11], rme reomerpuueckuM o0O0pa3oM B HEMaTHUECKOH (asze sBiseTcs
OJJHOOCHBIH »JumMIcona. B cucreMe He peanm3yercss aHTHHeMaTHdeckas (asza Kak B
cllydae TONyIEeaoro crmuHa S = 3/2, — e€ aHajJoroM CTaHOBHTCS AHTHTETPadIpUUECKast
¢aza. B TeTpasapuueckoil U aHTUTETPadIPUUECKOM (ha3ax BO3HUKAET JOTOJHHUTEIbHBIM
napameTp — MCeBIOCIINH, KOTOPBIH NpH OoTpakeHuH BpeMeHn t — —t mpeobOpa3syercs kak
BEKTOp HMCTHHHOTO cruHa. CIlieIylonMM 3TaloM HUCCICJOBaHUI B JaHHOM 00JacTH
SBJIICTCS ~ MCCICJOBAHWE TMOBEICHMS CHEKTPOB DIEMEHTAapHBIX BO30YKICHHH B
OKPECTHOCTSIX JINHNI (Da30BBIX MEPEXOIOB.
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VYV poboti mocmipKeHi CTaHHW CHiHIB Herai3eHOepriBCbKOrO0 MarHeTHKa i3 CIIHOM MAarHiTHOrO ioHa S = 2.
[Tokazano, mo o0MiK BUIIMX iHBApiaHTIB CIiHIB MPH3BOAMUTE N0 peamiszamii crerudiyanx (a3 3 TEH30pHUMHU
napaMeTpamMy IIOpSIKY, peanisamis sSKHX HeMOXIuBa B MarHetukax 3 S=1. JlocmijpkeHa BiNbHa €HEpris
CHCTEMH y Pi3HHUX CTaHaX. Bu3HaueHi reoMeTpudHi 00pa3u TeH30pHUX (a3 B IPOCTOPI CHiHY.

Knwwuoei cnosa. Heraii3eHOCPTiBCbKUIT MAarHeTHK, BUIII 1HBAapiaHTH CIiHIB, CIIHOBHA HEMATHK,
TETParoHaJbHUI CTaH CIIHY.

Kosmachev O. A. Nematic phases in Spin-2 magnetic / Kosmachev O. A. // Scientific Notes of Taurida
National ~ V.l. Vernadsky  University. — Series: ~ Physics and  Mathematics  Sciences. — 2012. —
Vol. 25(64), No 1. — P. 59-70.

The spin states of non-Heisenberg Spin-2 magnetic are investigated. It is shown that the account of high order
spin invariants results in the realization of the specific phases with tensor order parameters which realization is
impossible in Spin-1 magnets. The free energy of the system is investigated for different spin states.
Geometrical appearances of tensor phases are determined in spin space.

Keywords: non-Heisenberg magnetic, higher spin invariants, spin nematic, tetragonal spin state.
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