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VlCCﬂeAOBaHbI CTaTUYHECKNE N JNHaAMWNYECKINE CBOIiCTBa AHN30TPOMNHOro cbeppvlmarHeTMKa C nogpeweTkamum S =

=1 wu 0 = 1/2 n HereiizeHbeprosckum (bunuHeRHbIM N BUKBAAPATUHHBIM MO CMHAM) OOMEHHBIM B3aMOAeli-

cterem ans nogpewerku ¢ S = 1. AHN30TpONKs ONpesensieTcsl N3MHIOBCKMM B3aVIMOLEACTBNEM MOLPELLETOK.
MokasaHo, 4To Npu yyeTe HerelizeHbeproBckoro 0bMeHHOro B3anMoaelicTens nogpewweTku ¢ S = 1 B aHusoTpon-
HOWl cuCTeMe BO3MOXHa peanu3auunsi hasbl C BEKTOPHbIMU napameTpamu nopsigka (deppumartutHas asa)
n hasa, xapakTepusyemasi Kak BEKTOPHbIMM, TaK U TEH30PHbIMM NapameTpamu nopsgka (KeagpynonbHo-dep-
pumartutHasi). Onpegenen Tun pasoBOro nepexofa Mexagy 3Tumun hasamu, a TakxKe yCjoBUe KOMMeHCaLmn

MArHNTHbIX MOMEHTOB MOLPELUETOK.

1. BBEAEHUE

DeppuMarHeTHKY IPEJICTABJISIOT COOOI MATHUTHBIE
MaTepPUAJIbI, CBOWCTBA KOTOPBIX B HEKOTOPOM CMBbIC-
Jie TIPOMEKYTOYHbIE MezK/ly (deppoMarHeTUKaMyu U aH-
tudeppomarnernkamu. Kak u antudeppoMarHeTuku,
dbeppuMarHeTuKn CoAep:KaT MAarHUTHBIE IOJIPEIIETKN
C aHTUNAPAJJIEIbHBIMA HaMarHUYeHHOCTAMH. Kak u
deppomvaraeruku, gpeppuMarHeTuku 00/ a0T HEeHy-
JIEBO CyMMapHO#l HaMarHm4eHHOCTBLIO, KOTOPasd, OJ-
HaKO, MOYKET O0paIlaThbCsd B HYJb B TOYKE KOMIIEHCA-
nuu. PeppuMarHeTuku BCerja pacCMaTPUBAJINCH KaK
BasKHbIE MATEPHUAJIBI MATHUTHOW 3JIEKTPOHUKHU, HO B
TUX MaTepuaJax IIOCTOSHHO OOHAPYKNUBAIOTCH HOBbIE
WHTepecHble CcBoiicTBa. B Hadase HaIero crojerus
odopMuIach HOBas MEPCIEKTUBHAsT 00JACTh (DyHIA-
MEHTAJILHON M TPUKITHON (HDUBUKNA MarHETU3Ma, I0-
JlyduBINast Ha3BaHue peMTOMATHETU3M, OCHOBAHHAS HA
BO3MOXKHOCTU MAHUILYJTUPOBAHUST CIIMHOBOW CHUCTEMOIt
MAarHeTUKOB C MOMOIIMBI0 (DEMTOCEKYHIHBIX JIA3EPHBIX
UMITY/THCOB [-'14'72_1.'] Husa dbeppumaruernkoB (KOHKpeT-
HO, CILIABA PEIKO3EMEJIbHBIX U IIePEXOIHBIX METAJLIOB
GdFeCo) 6bu1 obHapyzKeH CBepxObICTDLI (3a Bpems
HOPSIZIKA HECKOJIbKUX ITHKOCEKYHJI) II€PEBOPOT HaMAar-
HUYEHHOCTEN HOJPENIeTOK I10J JIefiCTBUEM JIa3ePHOI'O
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HMITYJIBCa, ¢ JUTHTenbHOCTHIO Menbie 100 dbe [5,8]. Oka-
3aJ10Ch, ITO ITOT dPMEKT HANMPAMYIO CBA3AH C HAJIU-
queM IBYX IOJPENIeTOK U B (hOpMUpPOBAHUEU IDPDEK-
Ta CyMIECTBEHHYIO POJIb UI'PAeT 00YCIOBJIEHHOE OOMEH-
HBIM B3aUMO/ICICTBHEM M3MEHEHWe MOJIyJiell MarHUT-
HbIX MOMeHTOB noperteTok My () u May(t), Takoe, 4ro
X CyMMa, OCTAETCs TIOCTOSTHHOMN [7_7.,8] Taxum obpaszom,
Js onncanus 3ddekTa CymecTBeHHa IUCTO TPOI0Th-
Hasl 9BOJIOIUS MATHUTHBIX MOMEHTOB I10JIPEIIETOK.

B HOBOIl M MHTEHCHBHO pa3BUBAIOIIECsT 00IACTH
MPUKJIATHON (PU3MKH MArHeTu3Ma, — CIHHTPOHWKE B
[TOCJIE/THIE TO/bI BO3HUK MHTEPEC K CKOMIIEHCHPOBAH-
ubiM MaraetakaM (en. [BH11]). Dro ceasamo ¢ Tem, uTo
JIJI HUX JUHAMUYIECKHE TIapaMeTPhbl (4aCTOThl MAIHUT-
HOI'O PE30HAHCA, CKOPOCTH JIOMEHHBIX CTEHOK ) sIBJIAIOT-
cs1 OOMEHHO yCHJIEHHBIMU. BO3MOXKHOCTH HCIIOJIH30Ba~
HUSI CITIUHOBON HAKAYKN AHTH(MEPPOMATHETHKOB CTAJIA
MTOHSITHA, TTOCTIe PabOTHI [:_1-2'], B KOTOPO# OBLJIO IOKA3aHO,
9TO CIIMHOBBIM TOK AKTUBHO BJIUSET HA MATHHUTOYIO-
DSITOYEHHBIE CHCTEMBI C HYJIEBBIM WHTETDATBLHBIM Mar-
HOTHBIM MOMEHTOM. B MpHHIHIE, 9TO TO3BOJSET TO-
BBICUTH CKOPOCTH PabOTBHI CHCTEM 3alliCU W CUATHIBA-
Hust nHMOpMAaTN rij%_ié] U CYIIECTBEHHO (10 BEJINIUH
HOPsIIKA Teparepir) MOBBICUTH PabOUyIO YaCTOTY I'eHe-
pPATOPOB € HAKAYKON CIIMHOBBIM TOKOM [:_l-?‘ﬁ'_l-@'] Ojina-
KO aHTU(EPPOMATHETUKN 0018 JAI0T BHICOKOM 1yBCTBHU-
TEJHLHOCTHI0 MATHUTHOTO TIOPSIZIKA K HATIMIUIO JTedeK-
TOB, HAPYIIAIOIINX TOPENIETOYHYIO CTPYKTYPY KPUC-
TAJUIMIeCKOTO 00pa3ia, ITo 3aTPYy/IHSEeT UX IpUMeHe-
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nue B Hanocucremax. C pyroit ¢cTopoHsl, st dheppu-
marnerukoB tuna GdFeCo, aMopdHBIX CILIAaBOB pejI-
KO3EeMeJIbHBIX JIEMEHTOB C 9JIEMEHTAMHU TPYIIIBI JKeJIe-
38, MOYKHO HCIIOJIb30BATh CTaHIAPTHBIE HAHOTEXHOJIO-
THUH, TaKUe YKe, KaK JJIsi KIIACCHIEeCKIX MATEPHAIOB Ha-
HOMATHETH3Ma, JKeJie3a, HUKeJIs WK nepMmasios. las-
HO m3BecTeH TOT (pakT, 4T0 3PHEeKTH OOMEHHOTO YCU-
JIEHUST JIMHAMUYIECKUX IIaPAMETPOB, CXOJHBIE C TEMH,
YTO M3BECTHBI /1T AHTU()EPPOMATHETHKOB, UMEIOT Me-
€TO Jist (PepPUMATHETUKOB, HAXO/ISIINXCS B HEITOCPE/T-
CTBEHHOI OJIM30CTH TOYKU KOMITEHCAIUMH OJIPENTEeTOK
[:_2-(_1] B cBs13u ¢ 9THM BO3HUKAET BO3MOYKHOCTH MCITOJb-
30BaTh (heppUMATHETUKY, HAXOSTIIECS BOIN3H TOTKN
KOMITEHCAITNN, I PA3TUIHBIX TPUOOPOB CBEPXOBICT-
poit cnuHTpOHUKH. B HemaBHUX paboTax sKCIIepUMeH-
TaJbHO U TEOPETHYUECKH WCCJIE/I0BAHa CBEPXOBbICTpAsT
(co cKOpOCTSME MOPsiZIKA KM/C) JUHAMUKA JOMEHHBIX
crenok [21,23] u BoicokouacToTHas muHamMuKa dbeppu-
MATHUTHBIX BUXpeii [:_2-23’,2-4] [Ipemmokena cxema Mar-
HUTHOTO HAHOTE€HEPATOPa Ha OCHOBE (DEPPUMATHETUKOB
¢ HAKAYKOM CHMHOBBIM TOKOM, PaDOTAIONIETO B HAaIa-
30me Tepareprt [25]. DTH 06CTOATEILCTBA JIETAIOT JTe-
TaJbHOE UCCIIE/IOBANNE PA3JINTHBIX ACIIEKTOB CIIHOBOM
JUHAMUKN (hEPPUMATHETHKOB MTPAKTUIECKU BaYKHBIMU
u akTyambabIMT (oM. HemaBHmi 0630p [26]).

Baxkmo orMeTuTh, ITO ps aciekKToB (husuku dep-
pUMAarHeTHKOB M3yYeH CPaBHUTENbHO cjiabo. B wact-
HOCTH, OTMEYEHHBIH BbIe 3(HHEKT MepeopueHTAII
HaOTIOAICS 7Tt (heppUMarHeTHKa, COAEPKAIIET0 KaK
€J1aD0aHU30TPOITHBIE MOHBI, TAK W PEIKO3eMeIbHbIE MO~
HbI, 00JIaJIaI0NIe HEeMAJIOH OJIHOMOHHOI aHU30TPOIIN-
eit. Hammane HemMasioi O HOMOHHON aHM30TPOIHHU TTPHU-
BOJIUT K CYIIECTBEHHO KBAHTOBBIM 3hdDeKTaMm, He OIu-
CBIBAEMBIM CTaHIAPTHON (PEHOMEHOJIOTUIECKON TeopU-
eit [274]. Tlonmoe omucanne 1006HBX 3dderTOB Tpe-
Oyer ydera NUHAMUKN TEH30PHBIX IEPEMEHHBIX, IIPE/I-
CTaBJISIONIUX COOOIl KBAHTOBBIE CPEIHUE OT OIEPATO-
POB, OMJIMHEHHBIX 10 KOMIIOHEHTAM CIIMHA, YTO BBIXO-
s 3a pamkn ypasuenns Jlanay — JIudumma [28,29].
B uacrrOCTH, 115t MarHeTHKA ¢ hePPOMATHUTHBIM B3a-
UMOECTBAEM SKBUBAJCHTHBIX CIIMHOB U OOJIBIIOI 0/
HOMOHHOM aHM30TpONMell MoKa3aHa BO3MOKHOCTH -
derTa KBAHTOBOI'O COKPAINEHUS CIUHA, IIPU ITOM Ha-
MarHU9YeHHOCTH MEHbIIe HOMUHAJIBHON JazKe IpU HyJTe-
BOII TeMIlepaType ['5(_1] fBienne KBAaHTOBOI'O COKpaIIie-
HU¢ CIIMHA XapPaKTEePHO JJIs MarHETHKOB C OJTHOMOHHOIT
AHM30TPOIIHNEH TUTIA «JIET'Kasl INIOCKOCTh», HO He HAOJIIO-
JlaeTcsd B MarHeTUKax ¢ OJJHOMOHHOU aHU30TPOIInei Th-
1a «JIerkKas oCb», YTO 00YCJIOBJIEHO CTPYKTYPOil OCHOB-
HOTO COCTOSTHUS [:_)7]_:,;32] DdderT CoKpaIleHns CITHA
OBLTT TPEJIJTOXKEH JIJIsT CBEPXOBICTPOTO MTPOI0IHLHOTO «ITe-
PeKTIOMeHust> CrmHoB [33,184].

335

Onnako 3p@deKT KBAaHTOBOIO COKPAIEHUs CIITHA
HaOJTIOJIACTCS HE TOJIHPKO B CHJIBHO aHU30TPOITHBIX Mar-
HETHKAaX, HO U B TaK HA3bIBAEMbBIX HEIeii3eHOEPTOBCKUX
MAarHeTUKaX. XOPOIIO M3BECTHO, UTO B OOIIEM CJIytae
U30TPOITHOE OOMEHHOE B3aMMO/IEHCTBHUE JJIsi MATHETHU-
Ka co couHoM S > 1/2 me orpanumumBaercs OuiuHeil-
HBIM B3aUMO/JICIICTBHEM U MOYKET BKJIIOYATH BBICIITHE
uaBapuadTel Tuna (S1,S2)" co 3HaveHuAMU N J10 25,
re S — BEMYHHA CIHHA MATHETHOTO moma [33HS|.
B wacrtrOCTH, OOMNMiT raMUILTOHUAH JJIsT U30TPOITHO-
ro 0OMEHHOrO B3aMMOJIEiCTBUST JBYX crnuHoB S = 1
coziepkut ciaaraemble (S1,S2) u (S, S2)?. Marueru-
KU, KOTOPBIE€ ONHUCBHIBAIOTCS TAKUM TaMUJIbTOHHAHOM,
[IPUHSTO HA3BIBATH HETeH3eHOEPrOBCKUMI MarHEeTHKA-
v [39,89,14-50]. B mogenun usorpommoro mereiizer-
6eproBCKOro MarHeTHUKa I[PU BCEX COOTHOIIEHUSIX I1a-
paMeTpoB OMITHHEHHOTO U OUKBAIPATITHOTO OOMEHHBIX
B3aUMOJICHICTBUI BO3ZMOXKHO JIUHAMUYECKOE COKpAaIle-
HU€ CIIMHA, YTO MPUBOJIUT K IPUHIUINAJIBHON HEBO3-
MOKHOCTH UCIOIb30BaHus ypasuenus Jlammay —JIud-
[UIA [Tl OTIMCAHWS JIMHAMUKY MATHHTOYIOPSIOYEH-
HOII cucrembl. TakuM 00pa3oM, B TAKMX CUCTEMAaX BaXK-
HYIO POJIb TaKXKe UI'PAeT IPOJIO/IbHAS JIMHAMUKA MAar-
HUTHOTO MOMEHTA.

B cBsa3m ¢ armM, mpejcTaBisieT WHTEPEC HCCIe0-
BaTh (ba30Bble COCTOSIHUSI U JMHAMUYECKHE CBOHCTBA
M30TPOITHOTO HErei3eHOeproBCKOro (heppuMarHeTnka,
B KOTOPOM OJIHA U3 MTOJIPEIIETOK UMEET CIINH MarHUTHO-
IO MOHA PABHBIN eauHuUIE, a Bropad — cuud 1/2. lpu
9TOM B IOJPEINIeTKE CO CIIMHOM €INHUIA YIUTHIBAETCS
He TOJIbKO OUJINHeiiHOe 0OMEHHOe B3anuMO/IeiicTBIe, HO
u OWKBaJIpaTUvIHOE. B OIHOMOAPENIeTOUHBIX MATHETH-
KaX WM MarHeTUKaX ¢ 9KBUBAJEHTHBIMU [TOIPEIeTKA~
Mu ¢ S > 1 y4uer BBICIIUX CIIMHOBBIX WHBAPUAHTOB IIPH
OTIPEJICIEHHBIX YCIOBUAX IIPUBOIUT K BOZHUKHOBEHHIO
COCTOSIHUsI, B KOTOPOM ITapaMerp JUIOJbHOTO CIIHHO-
BOTO YIOpsIIOUeHns1 paBeH Hymo, (S) = 0 m xapak-
TEpU3YeTCsl CIIOHTAHHBIM HAPYIIEHHEM BPAIATELHOM
CHMMETPHUH, KOTOPOE CBSI3aHO CO CIIMHOBBIMU KBAJIPY-
MOJIbHBIMI TTApaMEeTPaMU

Sik = <SiSk + SKSi), i, k=uwzy,z2

(mg S = 1) uau GoJiee CJIOKHBIMU MYJILTUIIOILHBI-
vu cpenmmvu (ma S > 1) [34,87). Bosmuknosenme
9TOr0 COCTOSIHUS CBSI3aHO C BJIMSIHUEM OOJIBIIOTO Ou-
KBaIPATUIHOr0 OOMEHHOIO B3aUMOIEHCTBUA (CpaBHU-
MOT0, WJIN JIaKe IMPEBLIMIAIONIEro OnInHeiinoe ooMeH-
Hoe Bzaumojeiicrsue). Ilpu sToMm Gosibinoe Guksaipa-
TUYHOE B3aUMOJEICTBIE IPUBOIUT K KBAHTOBOMY COK-
PAIIEHWIO CIIMHA W BO3HUKHOBEHUIO MTPOJIOJIBHOM JIHA~
MUKH B CHCTEME.
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Takum 06pa3om, yaeT Hereit3eHOeproBCKoro 0oMeH-
HOT'O B3aMMO/IEHCTBUS B aHU30TPOIHOM (beppuMarHe-
THKE MOXKET [PUBOJUTH K BOSHUKHOBEHUIO KBAHTOBBIX
3bdEKTOB U, KaK CJIEJICTBUE, K TTPOSBICHAIO CIEIN(MU-
qecKuX (PA30BbIX COCTOSTHUI. DTU 3(PDEKTHI MpaKkTIIe-
CKU HE UCCJIEJIOBAHBI, OTMETHM TOJIBKO pabOThI [',_5- 1:,'._5-2'],
B KOTOPBIX IIPOBOJIMJICS AHAJN3 OCHOBHBIX COCTOSIHUIT
U CIIEKTPOB TOYHO PENIAeMbIX OJHOMEPHBIX MOJIesei
THUIA CIUHOBBIX Tlernovek. [loHnmanne posu cruerudu-
9eCKUX KBAHTOBBIX 3(PMHEKTOB COKpAIEHNs CIIMHA MO-
JKeT OKa3aThCsl CYNMIECTBEHHBIM JIJIsT OTTUCAHUS 3D deK-
TOB THUIIA JIA3ePHOI TepeopueHTaAINN B (heppuMarHeTh-
Kax, TeM 0oJiee ITO OCHOBHAS CTAJIUs [IEPEOPUEHTAIINN
[TPOUCXOJIUT B TeYEHHe BPEMEHHU, KOTJIA TeMIIepaTypa
MEHSIETCsI CJ1a00.

2. PA3ZOBBIE COCTOAHUSA

B kadecrBe wuccieyeMoil CHCTEMBI PACCMOTPUM
JIBYXIIO/IPENIETOUHDII AaHU30TPOIHBII MArHETHK CO CIIN-
HOM MArHUTHOTO HOHA IEPBOil moapernetkn S = 1 n
BTOPOli — ¢ = 1/2 u HereiizeH6eproBCKUM OOMEHHBIM
B3anMOJIeHCTBIEM JIJIst oaperteTkn ¢ S = 1. AHu30T-
POIINS OIpeEseTcs N3NHIOBCKUM B3aNMO/IEHCTBHEM
moperteTok. IIpn 3ToM B mIepBOit OIpeIeTKe yInThI-
BaeTCs KaK OmmHeliHoe OOMEHHOe, TaK 1 OMKBaIPaTHI-
Hoe OOMeHHBIe B3amMO/ieficTBrs. [aMIIbTOHIAH TaKOil
CHCTEMBI MOXKHO IIPEJICTABUTE B BHJE

1 !/
H = —5 Z Jl(m—m )Um,o'm’ —

m,m/’

1 | ,
-3 Z Jg(n—n')SnSn/—§ Z K(n—n')(S,Sn)* —

n,n’ n,n’

1 z Qz
- EZA(m_n)Um,Snv (1)

riae J; > 0 — KOHCTaHTa OOMEHHOTO B3aWMOJEHCTBUSI
JUUISL IOZAPEIIeTKy co cimHoM o = 1/2; Jo > 0, K > 0 —
KOHCTAHTBI OMJIMHEHHOr0 M OMKBAAPATUIHOIO OOMEH-
HBIX B3auMogehcrsuil misg S = 1; A < 0 — KoHcTaH-
Ta AHU30TPOIHOIO (U3MHIOBCKOI'O) MEXKIIOPENIeTOTHO-
ro B3anmoyieiictust. lasbaeiiee paccMoTpenue 0yaem
POBOJUTD [yl Cirydas Huskux remieparyp (T < Ty,
T — remueparypa Heess).

N3menenne pa30BBIX COCTOSHHUI CBSI3aHO C U3Me-
HEHUEM BEJMYUHbI OOMEHHBIX UHTErPAJOB (M HUX CO-
orHOmenns Mexk1y coboit) [28,44, 50,53, 54]. Bapua-
[T MATEPUAJIbHBIX IIAPAMETPOB CUCTEMbI MOYKET IIPO-
UCXOUTh, HAIIPUMED, IIyTeM U3MEeHEeHIsT KOHIIEHTPAIUN
MarHUTHBIX MOHOB, WM IPUJIOYKEHNEM BHEIIHUX MeXa-
HUYECKUX HAIIPSIPKEHUI, IPUBOJSIIMX K JiepopMaIiun

KPHUCTAJIINTIECKON pereTku. B KoHTeKkcTe JaHHO#M pa-
6OTHI HE IPUHIIUNIAAIBHO, KAKUM 00PA30M ITPOUCXOIUT
U3MEHEHNEe MATePUAJbHBIX KOHCTAHT B PaCcCMATPUBAE-
MOIT MOJIeJIN.

ITockoJIbKY MEKITOIPenteTouIHOe OOMEHHOE B3aUMO-
JIeiiCTBUE SIBJISETCSl AHU30TPOIHBIM W BBIJIEJISIET JIeT-
KYIO OCb — OCb Z, 3Ty OCb yJIOOHO BBIOPAThH B KaIECTBE
ocn KBaHtoBaHws. [lanbHeifinmue Bbraucsenus Oyiem
[IPOBOJIUTD, UCIIOJIB3Ys oneparopbl CTuBeHca [',_5-5], 1o-
CKOJIbKY OHHM SIBJISIIOTCS reHeparopamu rpyuist SO(3)
U peasu3yIoT MOJIHBII HAOOD IMHAMUYECKUX MePEeMeH-
HbIX. TOr/Ia raMUJIbTOHINAH CUCTEMbI IPUHUMAET BU]T

1
H= =3 7 (=) (05,05 400 h 05,07 —

m,m’

A5 a1

n,n’

X (S557 + SUSL + S35) —3 S Kln— ') x

n,n’

1 .
(503,08, + 04,08, + 05,0h + 08,08, +

0 = 1
+ Ognogn’) - 5 ZA(TTZ - n)arznszv (2)

e
08 = 3(8%)2—S(S+1), O} = % (5%, (5F+57)] , .
o1 ) 1 )
Oy = 52 [$%.(87=57)],, O3 =5 [(ST)*+(57)"],
03 = - [(5*)2 = (57

27
— omnepatopbl CTUBEHCA.

Boiensist B ravusronnane (B) cpemue mous, cps-
3aHHbIE KAK C JUINOJILHBIMU [IAPAMETPAME  HODSIKA
(S#), Tak u ¢ kBagpynoabubivMu (g5 = (Oh)), nomyanm
OJIHOY3€JIbHbIH MaMUJIBTOHUAH:

Ho = FUUZ + FsSfL — BgOgn — B%O%n + A; (3)

s = 3400 - (20 - £2) (59,

2
H, = SA0)(S%) —~ h0)e), B ="
B3 = @qg,
A= -J1(0)(c%)? + % (JQ(O) — @) (S*) +




MITP, Tom 158, Boi. 2 (8), 2020

HerelizenbeproBckuii aHN30TPOMHbIA heppuMarHeTnk

rie J1(0), J2(0), K(0), A(0) — mynesbie dypbe-KOMIIO-
HEHTHI OOMEHHBIX HHTErPAJIOB.

Ha 6a3ucax cobcTBeHHBIX (DYHKIINIT OmepaTopos S*
(IM),M =—-1,0,1) u 0* (|m), m = —1/2,1/2) mocrpo-
um onepatopsr Xab6apa [56-H9| coorercTBenHo IS
nepsoit XM'M — |M')(M| u sropoii Y™™ = |m/)(m|
nozpenieTok. CBsi3b CIHHOBBIX OIIEPATOPOB U OII€PATO-
pos CruBeHca ¢ oneparopamu Xab0ap/ia UMeeT BHU/L

g = x1 _x—1-1 02— xl-l  x—1

Og — Xll _ 2)(00_'_)(—1—17
z_ 1 (Y1/2 1/2 _y-1/2 71/2) 7

2
ot = yl/2 —1/27

g

o .

= (o

Torma B TepmmHax ormeparopoB Xabbap/ia OTHOY3E/b-
HBIIl TaMUJIBTOHUAH ('_3) MOXKHO TIPEJICTABUTH B BUIE

o lﬁg (Y1/2 /2 _y-1/2 71/2) n
2
+FS (Xll o X*lfl) o Bg (lel _’_Xfll) o
—BY (X" —2XxP 4 XN (4)
KaK BUJ/IHO, 'aMHNJIbTOHUAH @) ABJIdeTCd HeJuaroHaJlb-

HBIM U JIJIgd €ro JuaroHaJJin3alliid UCIIOJIb3yeM yHUTap-
HOE U—v-TIpeobpa3oBaHue,

Ho = U()HoU™ (),
B pe3yJbTaTe 4ero MHoJIy4YuM IaMUJIbTOHNAH @:) B BUJE

7:[0 — €1X11 +50X00 +€_1x—1—1+
+ 81/2Y1/2 1/2 + E_l/QY_l/Q —1/27 (5)

e

g1 = —BY 4+ Hgcos2a — B3 sin2a + A,
g0 = B(Q) + Av
e 1 =—BY — Hgcos2a + Bisin2a + A, (6)

1 —
- H,, - H,,
2 2

SHepreTudecKue ypoBHU MarHUTHBIX MOHOB COOTBETCT-
BEHHO IIePBOI M BTOPOH IIOJIPEHIETOK, & BOJIHOBbIC

€1/2 = €_1/2 = —

QYHKINE MOIPENETOK NMEIOT BH/
U(1) = cosa|l) +sina| — 1);
T(0)=10) u ¥(-1)= —sina|l) + cosal —1);
1 1 1 1
(=) =1=) u o-=)=|-2).
2 2 2 2
U3 sIBHOTO BHJIA SHEPreTHIECKUX YPOBHE ciesyer,
ITO HUBIIMMU SHEPIeTHIECKUMH yPOBHSAMU SIBJISFOTCS

8 ZKIOT®, Bouin. 2 (8)
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€1 /Uit ofipenteTku ¢ S = 1 1 €13 JI/IsA HOJPEIIeTKH,
cooTBercTByIONIEit o0 = 1/2.

CBsi3b CIMHOBBIX OIIEPATOPOB C ollepaTopaMu Xao-
6ap/ia, TOCTPOEHHDBIX Ha Oa3mce COOCTBEHHBIX (DYHKITHIH
ravmabronnana (5), Teneph nMeer BHL

S7 = cos2a (X' =X, ') —sin2a (X, 7'+ X,

S+_

n

V2 [sina (Xgl—Xglo) + cos a (Xg_l—i—XrlLO)] )
Sy = (S0,

e (« — mapaMeTp YHUTapHOrO U—vU-IIPeodpa30BaHUs,
onpeaeadeMblii COOTHOIIIEHUEM

Hgsin2a = —Bj cos 2a.

W3 5T0i1 CBSI3U CIIMHOBBIX OMEPATOPOB C OIIEPaTOPa-
Mu Xabbap/ia MOXKHO OTIPEIEIUTD TapaAMETPhI TIOPSIIKA
Kak (QYHKINIO

(8%) =cos2a, ¢3=(03) =sin2a, ¢f=(09) =1.

ITockosibKy MBI paccMaTpuBaeM CiIydail HU3KUX
TeMIIepaTyp, CBOGOIHAS HEPTUST CHCTeMBI (B pacdere
HA OJIUH CIUH) B IPUOJIMKEHUN CPEIHErO 110Jisl COBIIA~
JIaeT C dHEPrueil OCHOBHOI'O COCTOSIHUS, T.€. C JHEPIU-
eif HUBINX dHEepreTuIecKnx yposHeit. Takum obpazom,

JIISE TJIOTHOCTH CBODOTHOMN SHEPIUU IIOJTy YaeM

F=Fs+Fs, Fs=¢e1, Fo=¢c1.

YauTsiBas sIBHBI BUJ SHEPreTUYIECKUX YPOBHEH MO/
PEIeTOK U MapaMeTPOB MOPsiIKa, CBOOOIHYIO SHEPIHUIO
KakK (PYHKIINIO IapaMeTpa « IPeJICTaBUM B BHUJE

K(0)

12
cos 2a — % (J2(0) — K(0)) cos? 2a.

F = =300 + 3RO/

_ A0

} ™)

31ecb MBI y4/Id, 9YTO KOHCTAHTa AHU30TPOIIHOIO MEXK-
nozpenierounoro obmena A < 0. Borpaxenne (-'_7.) 3a-
BHCHT KaK OT MaTePHAJbHBIX [IapAMETPOB MarHeTUKa,
TaK U OT IapaMeTpa . MUHUMH3UPYS JIOTHOCTH CBO-
60/IHO}T SHEPIUH IO ITapaMeTDPY ¢, IOJIYIHM CJIe/IyIoIee
ypaBHEHue:

[A(0)]
4

pemrenusda KOTOpOro MMerOoT BUJL

sin 2a+ (J2(0)—K(0)) sin2«acos 2 = 0, (8)

1A(0)]/4

cos2a = m

sin 2a = 0,

IIpoananusupyem o ApOOHO STH PEITEHUSI.
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Kax sierko BujieTnh, perennemM ypaBHEHHUS Sin 2a =
0 gBaAOTCA CIEAyIOmMUe 3HAYEHNs IapaMerpa «

0, 7. IlocKOJIbKY MBI TIPEJITIOTIAracM, 9TO KOHCTAHTA

MEZKIIOJ[PEIEeTOYHON0 OOMEHHOT0 B3anMoeicTBust A <
< 0, eITMHCTBEHHBIM DEIEeHUEM JIjIsi TapaMeTpa (v siB-
JseTcs o = . DTO O3HAYAET, IYTO B CHCTEME Peasn3y-
erca deppumarautHoe ynopsiouenne (FiM) ¢ Bekro-
DPAME COCTOSIHUST TIOPEITETOK

-k

1
1) u '@(
(S%) = cos2a =1, qg:L quo.

2

1

2

[w(1))

U apamMeTpaMu HopsdJiKa

Kax Bujno, B 3TOM cocTosSHUM TIepBasi U BTOPasl MO/l
pelIeTKN JOCTUTAIOT HACBIIEHNUA, HO BEKTOPLI HaMar-
HUYEHHOCTH II0/IPENIETOK aHTUKOJIJIMHEAPHBL.
Heob6x01uM0 0TMETUTH, YTO 9TO COCTOSTHUE SBJISIeT-
Cd yCTOMYUBBIM, €CIi MaTepuaJsbHble ITapaMeTpPhbl CUC-
TeMbl YJIOBJIETBOPAIOT CJIE/IYIONIUM COOTHOIICHUIM:

14(0)]

JQ(O) > 07 4

J2(0) > K(0)
W3 nmocenero coornorenus ciaeayer, aro FiM-daza
ycTOYMBa TPU 3HAYCHUSIX KOHCTAHTHI OWJINHEHHO-
ro OOMEHHOIO B3aMMOJEHCTBUS CYIIECTBEHHO MEHb-
X, YeM B CJIydae U30TPOITHOTO OJHOIOIPEITeTOIHO-
ro Hereizenbeprosckoro deppomarunernka B FM-da-
3e ['.3‘:5_1] IIpu 3TOM aHM30TPOIHOE MEXKIIOJIPEIIETOTHOE
obmeHnHOe B3anmMmoJieiicTBre 3 MEKTUBHO «yCUIUBAET>
reii3eHOEpProBCKMit OOMEH, T. €. BTOPas IMOJIPEINTeTKa COo-
3/1a€T MTOCTOSTHHOE MO IMATHUIHBAIONIEE [10JIe, CTaOMIIN-
3upylolee CpefHuil MarHuTHBLIA MOMEHT IIEePBOM IIOJI-
peIeTKN.

CymMapHOe 3HaYeHNEe MATHUTHOTO MOMEHTA CUCTe-
wmbt B FiM-dasze pasao

z z_l
(o —|—S>—2.

Bouiee unTepecto BTOpoe pelenne ypasHeHus (8).
ITockonbKy cos 2 ompejiesisieT CpeJIHIil MarHUTHBINA
MOMEHT (Ha y3Jie) [epBOii M0PeNIeTKH, ITa BeJININHA
JIOJZKHA OBITH HOJIOKNTEIBHOM, T. €.

A
Ao,
K(0) = J(0)
Tockoabky |A(0)] > 0, K(0) — J(0) > 0. Kpome Toro,
byHKIMs OS2 OrpaHnYeHa, CJIEI0BATENIBHO,

[A(0)]/4

cos2a = %(0) — J(0)
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Taxum obpazom, npu K (0) > J(0) B cucreme peasn-
3yeTcsi COCTOsIHIE ¢ HAMAIHUYEHHOCTBIO [IePBOii oJ[pe-
[IETKN MEHbBIIE MAKCUMAJIBHO BO3MOXKHOIO, & BTODAst
MOJIPEITIETKA, COXPAHSIET HACHIEHHOE 3HAUEHNE HAMAT-
uuuennocru ([(c*)| = 1/2). Kagpynosibuble napamer-
PBI [OPsIJIKA TIEPBO OJIPEIIETKH B 9TOM CJLydae UMEOT
BUJI

¢ =(03) =sin2a <1, ¢3=(09) =1.

Taxum obpasom, pu

K(0) > J(0), K(0)—J(0)>|A(0)|/4

B crucreMe peasmusyercs ¢raza, B KOTOPOIl KaK BEKTOP-
HBII TTapaMeTp Hnopsika nepsoil mogpemerku ((S%)),
TaK U KOMIIOHEHTBI T€H30Pa KBAJIPYOJIHHBIX MOMEHTOB
(¢9) TiepBoit OIPeNeTKN TPUHIMATOT TIPOMEIKY TOUHBIE
3HAYECHUSI, JICXKAIUE B MHTEPBAJIE MKy HYJIeM U €Ji-
HuUIel, a BTOpasi MOJpPENIeTKa UrPAeT POJIb MOCTOSH-
HOTO <IIOJIMArHAYIUBAIOIIETO TOJsT». TakuM oOpa3owm,
pu GOJIBIINX 3HAYEHUSX KOHCTAHTHI OUKBAIPATUTHO-
ro OOMEHHOTO B3aWMOJENCTBUsI B IIEPBOIl IO/peIneT-
Ke BO3HUKaET 3(PpDEKT KBAHTOBOTO COKPAIIEHUS CIIU-
HA [}_2-?,-';’)-3, ',_374] Takoe cocrostHre HA30BEM KBaJ[PYIIOJTh-
no-deppumaraurabiv (QFiM). Dra dasza Gyuer ycroii-
JUBa [IpU

(K(0) — J2(0))* — A2(0)/16
K(0) — J2(0)

> 0.

BekTopsr
QFiM-daze umeror Bus

OCHOBHOT'O COCTOAHUA TIO/IpENIeTOK

))=l2)

BekTopbl HAMarumveHHOCTH TEPBON W BTOPOIT MOpeE-

B

1

2

1

2

[W(1)) = cosa|1)+sina|—1), ‘@ (

[IETOK AHTUKOJUIMHEAPHBI, U, CJICJOBATEILHO, B 9TOMH
dasze ¢ yuerom KBAHTOBOIO COKPAIIEHUs CIMHA IIED-
Boit mopernerxy [27, 33, 34| BosmozKHA TOUKA KOMIIEH-
calyn MarHUTHBIX MOMEHTOB HIOJIPENIETOK (CKopee, JIK-
Hus KoMmencaiun). U3 yciosus (S?) = —(0*) n yun-
ThIBast, uro (0°) = 1/2, nosyunm

|A(0)]/4
K (0) — J(0)

1
5"

Pemmrenue sToro YpaBHEHUA UMECT BUJ

[A(0)] = 2(J(0) — K(0)). 9)

1)
Takum 00pa3oM, ypaBHEHHE (g) OIIMCBHIBAET JIMHUIO B
nepemennbix (J, K, A), Ha KOTOpOil cyMMapHbIii cpel-
HUAN MArgsuTHBIE MOMEHT IIOJPENICTOK paBeH HYJIIO

((S* + o) = 0). Ynobuee nepermcars ypasuenne (b))
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Puc. 1. ®azoBasi gnarpamma aHU30TPONHOro He reiizeHbep-
rosckoro cheppuMarHeTuka ¢ nogpewetkamm S = 1 un o =
= 1/2. CnnowHas XupHasi IuHus — anHusi pa3oBoro nepe-
xona FIM—QFiM, wTpuxosas nnuHMA — AUHNUSA KOMMEHCaLUn

B UpuBeleHHbIX nepemenunx y = |A|/K, © = J/K.
Toraa ypasuenne () npuver iy

y=2x—2. (10)

HeobxoauMo OTMETUTD, YTO B OTCYTCTBHE MEXKIIOIPE-
nrerounoro obmennoro Bzaumogeiicreus (A(0) = 0)
(S%) = cos2a = 0, T e. mapamerp o = 7/4. D10 O3HA-
qaet, 4o upu A(0) = 0 B epBoii ojpereTke peainsy-
€TCsl HeMaTUIECKOE COCTOSTHUE [:;9—',_5-4_;], napameTphbl 110~
PAJIKA KOTOPOT'O UMEIOT BUJT

= (03 =1, ¢§=(0) =

IIpu sTOM «IIOAMArHHUYMUBALOIIEE ITIOJIE», T.€. BTOPAs
Ho/IpenieTKa He OKa3bIBAeT HUKAKOTO BJIUAHUA Ha

(9%) =0,

[IEPBYIO.

W3 pasencrBa IIOTHOCTH CBODOIHON HEPIUU B
FiM- u QFiM-daszax nosyunm juanio ¢$a3oBoro ie-
pexoia MeXKIy STUME (ha3aMU:

[A(0)]

U/ B IPUBEJIEHHBIX [ePeMeHHBIX (z,Y)

— 4(J(0) - K(0)),

y=4—4z. (11)

[Tosygyennbie pe3ysibTaThl MO3BOJISIOT TOCTPOUTH
Gdaz30ByI0 IMArpaMMy HCCIEIYEeMON CHCTEMBI, TPUIeM
ee ymaobHee M300Pa3UTh B MPUBEICHHBIX MEPEMEHHBIX

(z, y) CxemaTndno »Ta AuarpamMma IPHUBEIEHa Ha
puc. IL
Ilis  onpenenenust Tuma  haszoBoOro  Hepexoia

QFiM-FiM wucrosib3yem TepMOIUHAMIIECKYIO TEOPHIO
dazoBbIx nIepexo10B Jlanmay [:60] Jtst 3TOTO paccMoT-
pUM ILUIOTHOCTH CBOOOHOI HEPIUU (-7 ) B OKPECTHOCTH
dazosoro nepexoga QFiIM—FiM, T.e. B okpecTHOCTH
4 — 4zx. IlockobKy BTOpasi MOIpEIIeTKa
«IIOJIMATHUYIUBAIOIIErO  IOJIsT» U

JIMHAHA Y
BBITOJIHSIET POJIb
HaMarHUIeHHOCTH ee B 0benx haszax OJMHAKOBA U I10-
crostana ([{(0%)| = 1/2), cocpenoTounm cBoe BHUMAHUE
Ha mepBoit mojperrerke. Kak ObLIO IMOKa3aHO paHee,
CpeJIHUA MArHUTHBIA MOMEHT IIePBOM [OJIpelleTKN
paBeH cos2a u mapamMerp « (HAKTUIECKH OIPEJIeIsieT
rmapamMerp HOPsIIKa CUCTEMbI. PacK/iaIpiBasi IJIOTHOCTh
CBODOJHOI IHEPIUU (:_Z) B PsiJi IO 9TOMY IIapaMeTpy B
QFiM-dasze B okpecTHOCTH JTUHUU (DA30BOIO IIEPEXOJIA
(v — 0), mosyuum

F=Fo+Aa?+0a*+..., (12)

e )
A =2J5(0) — 2K (0) + §|A(O)|,
1 8 8
O = —=]A(0)] — =J2(0) + =K (0).
40 500 + 5K O)
Jtst yopornenns aHaJin3a, BBIPAYKEHUS (:_12‘) npeJicra-
BuM KO3bdurmentsr A 1 © Kak GyHKIMA OTHOCHTE b
HBIX [IEPEMEHHBIX T, ¥

A= @(4x—4+y)7 0= @(—y—lGx—i—lG).

Anammz kosdpdunmenros A u © BO/M3M JuHEAE Y =
= 4 — 42 nokasbiBaeT, 4T0 Kodpuimerr A ¢ ToIHO-
cThIo 10 MHOKUTENd K(/2 coBuanaer ¢ aunueii pazo-
Boro nepexojia, u B QFiM-daze A < 0, a koapdunu-
ear © > 0. Takoe nosesenne K03MDUIUEHTOB PABIIO-
JKEHUsI TEePMOJIMHAMUYIECKOTO ITOTEHITHAIA ('12 ) cBue-
TeJBCTBYET O TOM, 4TO (a3oBbiii mepexos QFiM-FiM
SIBJISIETCS TIEPEXOJIOM BTOPOTO POJIA.

3. CIIEKTPBI SJIEMEHTAPHBIX
BO3BY2KJIEHUI

3.1. FiM-daza

st 6ostee TTOTHOTO aHAJM3a MCCIIEyeMOil cucTe-
MBI HCCJIEJIYEM CIIEKTPBI 3JIEMEHTAPHBIX BO30YKJICHMIA
B FiM-da3ze. s 3T0ro BoCIOIb3yeMcsi METOJIOM 00-
30HU3AIUN Xab0APIOBCKUX OMEPATOPOB [51:] Omneparo-
pam X cTaBaTCs B COOTBETCTBHE IICEBI0Xa00aP/I0BC-
Kue omepaTopbl X, KOTOPBIE CBSI3aHBI C GO3CBCKH-
MU OIEPATOPAMU POXKJICHUST M YHUITOKEHUST MAIHOHOB
CJIEJTYIOIIME COOTHOITEHUSIMIL:

8*
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X, = b,

X00 — ,+ ,

T T i ~1/21/2 1

Xﬁbl = 1—a$an—bjbn, Y = §—Cm0m,

10 _ ~ 1/

0, PR e

Xt =p,, youz-12 (13)

GO—1 _ -+

{(" = bn, = (1 - C;;Cm)cmv
o1 _ + -

X0 =0, vl

XU =0t

X0 = btay,

3ech a — 603e-011epaTopbl, COOTBETCTBYIOIIIE TIEPEXO0-
JIy MOHA TEePBOIl MOJIPEeIeTKN 13 COCTosiHus [ B co-
crostaue Ey, b — COOTBETCTBYIOT IIEPEXO/Ly U3 COCTOSsI-
nus Fq B cocrosane F_1, a omepaTopsl ¢ — O03EBCKHIE
OTIEPATOPBI, COOTBETCTBYIOIINE MIEPEXO/Y MOHA BTOPOI
HOJIPENIeTKU U3 cocTognud Ey /o B cocrosame E_y /5.

Boobie rosopsi, oeparopsl Xabbapia, a ciemsoBa-
TEJIbHO, W TAMUJIBTOHHAH @:) HE MOT'YT OBITH BbIparKe-
HBI HU Yepe3 Kakue-jInb0 KoMOWHAIN 003eBCKUX OIre-
paTopoB. B To ke BpeMsi, MOXKHO TOCTPOUTH OO3€BC-
KUl aHaJI0T TaMUJILTOHUAHA (-'11'), T. €. OIlepaTop, JeicT-
BYIOINH B OECKOHETHOMEPHOM TI'MJILOEPTOBOM ITPOCT-
paHCTBe, IpUYeM OIpejieIeHHas YaCTh €r0 MaTPUIHBIX
9JIEMEHTOB OKA3bIBAETCS PABHONW MATPUYIHBIM 3JIEMEH-
TaM MUCXOJIHOTO TAMUJIBTOHUAHA.

Jlerko yOemurbesi, uro anrebpa Jlu, mocrpoennas
Ha omeparopax X, coBmaaer ¢ aurebpoit Jlu omeparo-
pos X.

IIpumensas mnpeacrapieHue (ii_-;), MEPENnIIeM Ta-
MIIBTOHUAH Hcceayemoit cucrembl B FiM-daze gepes
0O3eBCKHE OIEePATOPHI, OTPAHNINBASICH KB IPATHIHDI-
MU JIEHAMHU TI0 OTIEPATOPAM POXKJICHUSI U YHUUTOZKE-
Hus KBasudacTuil. Kak mokasajum npoBeJieHHbIe Tpeod-
pa30BaHUsl, TAMUJIBTOHUAH MCCIIEyeMOil CUCTEeMBI JTra-
rOHAJIEH B TEPMUHAX OIIEPATOPOB POYKJICHWS U yHUITO-
JKEHUST:

H=> {Qu(k)ay ar-+Q (k)b bpt+Qe(k)cier}, (14)

rue Q;(k) oupenessior CHEKTPBI 3JIEMEHTAPHBIX BO3-
Oy KJIeHnt M30TPOIHOTO HErei3eHOEeProBCKOTO MarHe-
TUKA:

Q2 = 1(0) — Ja(k) + 1A, (15)
Q.= 3 (4(0) = L)+ 4O, (16)
@ =200) - K(O)+ 3[40 (7)

- -1
Ouesmyno, uTo BeTBH BO3GYxienmii (15) u (16)
SIBJISIIOTCS <IIOTIEPEIHBIMI» BO30YKICHUSIME 11€PBOii 1

340

3.5

0

Puc. 2. CnekTpbl anemMeHTapHbIX BO3Dy>KAeHUli HerelizeHbep-

FOBCKOrO aHm3oTponHoro beppumartetuka 8 FiM-chaze npm

Ji=1, Jo =15 K =145, |A] = 0.2. CnnowHas nuHns —

BeTBb (o (k), wWTpnxoBas nuHns — BetBb (2. (k) WTpUXNyHK-
TupHas nanHus — Betsb {2 (k)

BTOPOH MOJIPEIIETOK, COOTBETCTBEHHO, U B OTCYTCTBUE
MEZKIIOJ[PEIIETOYHOTO0 AHU30TPOITHOIO OOMEHHOIO B3a-
UMOJIENCTBUS (A = 0) NPUHUMAIOT CTaHJAPTHBINA BUJT
['ﬁIQ'] BoJjtee mHTEpECHBIM SIBJISIETCST TTOBEJIEHUE CIIEKT-
pa (:_1-27)7 KOTOPBIH MPEJCTABIACT COOOM «IIPOIOIBHYIO»
BETBb BO30OYXKJICHUI MTEPBOM MOAPEIIETKU, T. €. CBI3AH
¢ KojiebaHmeM JJINHBI BEKTOPA MATHUTHOI'O MOMEHTa,
IepBOIT TOAPEIIETKH. B 0TCyTCTBHE MEKIIOAPEIeTot-
HOro obmenHoro ssammoseiicteus (A = 0) sersn (17)
OTHUCHIBAET IPOJIOJIBHYIO BETBb BO30YK/IEHUN CIIMHOBO-
ro Hemaruka ¢ S = 1 [EIQ'] Kpowme Toro, u3 obpairenus B
HYJIb SHEPTeTUIECKO eI B CIIEKTPE (:_1-”_(:), npu k — 0,
[TOJTy9IMM JIMHUIO TtoTepu ycroitauBoctu FiM-dasbr:
1

2J5(0) — 2K(0) + §|A(O)| =0, (18)
KOTOPYIO B HEPEMEHHBIX (&, Yy) MOXKHO HPEJCTABUTL B
BUJIE

y=4—4x. (19)

- ]
(19) FiM-daser B
TOYHOCTU COBIIaJaeT ¢ JMHHUell (ha30BOro IHepexojia
. . .- =

FiM-QFiM, onpesensiemoit Boipazkenmem (1), 4ro

OOATBEPZKIACT CAeTaHHOE HaMU YTBEPXKIEHUE O TOM,

Jlmaus motepm  ycTOIIMBOCTH

9TO JAHHDLIA (A30BLIA TEPEXO] SABJISIETCS TePEX0I0M
BTOPOIO POJIA.

Ha puc. :_Z n300pazKeHbI CIIEK TPl BO30Y XK IeHU aHU-
30TPOITHOTO (hpeppuUMarHeTnka B peppuMaraHuTHON dha-
se. Kax crestyer ns rpacdukos n seipaskermit (15)—(17),
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BCe TPU BETBU BO3OYKJIEHUI MMEIOT SHEPreTHIeCKUe
meaun nupu k — 0. Ilpum sTom miess B crerpe «mpo-
JIOJIBHBIX» BO30Y 2K I€HUIT (:_1-'_3) MaKCUMAaJIbHA, U UMEHHO
9Ta BETBb TEPSIET YCTONIMBOCTD IPU (DA30BOM IIEPEXOJIE
Broporo pojga FiM-QFiM.

Heobxoanmo ormeruts, cuekrpsl £, u €, nupu k —
— 0 uUMeroT SHepreTuvYecKue IMeId, MPOMOPINOHAb-
ubie A(0). JIerko mowusTs, 9ro npu A(0) = 0, 1. €. Ha JI1-
Hun y = () KOHCTAHTA MEYKIIO/IPEIIETOTHOIO0 OOMEHHOTO
B3aMMOJIEHCTBYS MEHSIET 3HAK, CJIEJIOBATEIHLHO, ITO JIU-
aus HazoBoro mepexoaa n3 GeppuMarHuTHOTO COCTOSI-
uusi B peppomaranTHoe. OTHAKO, TOCKOJIBKY KOHCTAH-
Ta OWJIMHEITHOrO OOMEHHOrO B3aMMOJIEUCTBUs IE€PBOI
nozpereTku Jo 60JbIle KOHCTAHTH OOMEHHOTO B3au-
MOJIECTBIASA BTOPOi mozaperieTku Ji, BeTKa ), Gosee
«JKeCTKasi», U (Da30BbIil 1mepxoy u3 (GeppuMarHuTHO-
0 COCTOsIHUSA B (PepPPOMATHUTHOE ITPOTEKAET 10 Oojiee
«MATKOI» Moge €.

3.2. QFiM-da3za

Wcciteryem crieKTpbl 3JIeMEHTAPHBIX BO30Y K IEHUIT
B QFiM-ase, 1ockoIbKy HanbOJIbIINIT HHTEPEC TTPE/I-
CTaBJIsIET JIMHAMHUKA CHUCTEMbI B OKPECTHOCTHU JIMHUH
komrercaru. Kak yxke oTMevYaoch paHee, IapaMer-
DBI [IOPsIJIKA B 9TOU (haze UMEIOT BUJ

(S%) = cos2a =

0

=1

, q% = sin 2q,

a BEKTOPbBI OCHOBHOI'O COCTOAHUA IIOAPEHIETOK B

QFiM-dasze paBHbI

Wcnonwb3ya gBHBI BuJ TAapaMeTpoOB MOPSIKa U
ceasb (13) oneparopos Xab6apa ¢ onepaTopamu poz-

1

2

1

2

[W(1)) = cosa|l)+sina| — 1), ‘cp (

JIEHUS U yHUYITOYKEHIA MAarHOHOB, /I FaMUJIbTOHIAHA
cucrembl B QFiM-dase mosmyanm

H(k)

> [Bk)aj ax+C(k) (aka—r+aiaty)] +
+ 37 [BObEbr 4+ C ) (orboi + 5705,) | +
+3 " Blk)efer, (20)
e

B(k) = (2BY — H, cos 2a + Bj sin 2a) — Ja(k),

C(k) = —% (Jo(k) — K (k) sin 2a,
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B(k) = 2 (B3 sin2a — H, cos2a) +
+ (Ja (k) — K (k)) cos® 2a — Ja (),

— 1
s = 1A0) - ((0) - @) cos 20,
- 1 J1(0)
H, = 2A(O)cos2oz 5
K
BY = %, BY = é()) sin 2a.

[Tpumensist u—v-npeobpazoBanne BorosioboBa K ra-
Lt |
MuibToHnAaHY (R0), MOJTyYnM CIIEKTPHI 3JIEMEHTAPHBIX
BOBOY XK IEHUIL:

Q2(k) = (K(O) — Jo(k) + i|A(O| cos2a +
+ (J2(0) — K(0)) cos? 2a> =

— (%sin2a(J2(/€) - K(k)))27 (21)

Q2 (k) (K(O) — Ja(k) + %|A(0| cos 2a +

+ (2J2(0) — 2K (0) — K (k) 4 J2(k)) cos? 2a>2 =

— (% sin? 2a (Ja(k) — K(k’))) , (22)

Qlk) = —5 (Ji(k) — J1(0) — |A(0)] cos2a) . (23)

1
2
Bersn (21) n (23), xax u B FiM-cbase, onpesensior
CIIEKTPBI <IIONEPEYHBIX» BO30YKIAEHUII COOTBETCTBEH-
HO IIEpBOii I BTOPOii IOIPEIIETOK, a BeTBb (22) ommucn-
BaET <IPOJIOJILHBIEY BO30YKIEHI MAIHUTHOI'O MOMEH-
Ta, CBA3AHHBIE KAK C BEKTOPHBIM IAPAMETPOM IHODS/I-
Ka, TaK M KOMIIOHEHTaMU KBaJPYIOJHHOIO MOMEHTA,
npuaenm sersu (21)-(23) upu o — 0, r.e. upu (S7)
cos2a — 1 B TOYHOCTH COBIIQJIAIOT CO CIIEKTPaMU
Bo30yx)mennit B FiM-daze. Kpome Toro, uz obpare-
HUs B HyJIb SHEPIEeTHYECKOIl meyn B cuekTpe ), mpu
k— 0u o — 0 moaydaem JIMHUIO

KOTOpAas COBIIA/IAET C IOy IeHHON panee muHuel haso-
Boro nepexoja mexiay FiM- u QFiM-dasamu. Takum
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Puc. 3. Cnektp «npogonbHoiiy BeTu Bo3OyxxaeHuii (k)

Hereli3eHGeproBCKOro aHU30TPONHOrO (N3MHIrOBCKOro) dheppu-

marHetnka B QFiM-dpaze npn J; = 1, Jo = 1.5, K = 1.625,
|A] =0.2

obpazom, dazossrii mepexoa FIM-QFiM mporekaer 1o
«IIPOJIONBLHON» BETBU BO3OYKJICHUI U SBJISETCS TIepe-
X0/10M BTOpOTO poza. Ha puc. (_)." [IPUBEJIEH CIEKTP «IIPO-
JOJIbHBIX» BO30yxKaenuii B QFiM-dase.

4. OBCY2XKJEHUE PE3VYJIBTATOB

[IpoBenennbie nccaenoBanms MOKA3aJM, YTO B aAHU-
30TPOITHOM Hereii3eHOeproBCKOM (hbeppuMarHeTuke ¢
nogpermerkamMu S = 1 u o 1/2 BosmoxHa peasiu-
3amus Kak (DepPUMATHUTHOIO COCTOSIHUSI C UHTETrPaJIb-

HBIM MArHUTHBIM MOMEHTOM (S*+07) = 1/2, rak u da-
3bl, B KOTOPOil OJJHOBPEMEHHO LIPUCYTCTBYIOT KaK BEK-
TOPHBIE IIapaMeTPhl MOPSIKa IIEPBOI U BTOPOIL Ioape-
merok ((S?), (o)), Tak n TeH30PHBIl IapaMeTp HOps-
Ka JiJIg 1IePBOil HOJPENIeTKH, HaJu9Ine KOTOPOro oby-
CJIOBJICHO BJIMSHUEM OHKBAIPATHYHOIO OOMEHHOIO B3a-
UMOJIEHCTBUS TIEPBOHM TO/PEIIeTKN. YUIeT ITOTO B3a-
UMOJICHCTBUSA IPHUBOAUT K KBAHTOBOMY COKPAIIEHHIO
CIIMHA IIepBOHl IIOAPEIIETKH, HO He BJIAFET Ha BeJI-
YUHYy MArHUTHOIO MOMEHTa BTODOil moapemterxku. Ilpn
9TOM BTOpAsl IOJPeIIeTKa UIPAET POJIb «II0/IMArHUIN-
BAIOLIEro» II0JIA U He IO03BOJIZeT HH IPU KaKUX 3Ha-
YeHUAX OMKBAJIPATHYHOIO OOMEHHOIO B3aUMOIECHCTBUS
IIePEBECTH IEPBYIO HOAPEIIETKY B COCTOAHNAE CIIMHOBO-
ro HEeMaTHKa [EIS_S] Oty da3y Mbl HA3BAJIN KBaJIPYIOIb-
Ho-deppumaraurnoit. ITockonbky B sTOR dase cpex-
Hee 3HaYEHIE MarHUTHOTO MOMEHTa IIePBOIl ITo/IpereT-
KU U3MEHSeTCs B 3aBUCUMOCTH OT COOTHOIICHUST OOMEH-
HBIX MHTETPAJIOB IIEPBOIl IIOIPEIIETKH U MeKIIOApeIe-
TOYHOI'O B3aUMOJEHCTBHA, B 9TOM COCTOSHUI BO3MOK-
Ha KOMIIEHCAIlld MarHUTHBIX MOMEHTOB IHOJPEMIeTOK.
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Mp1 nostyyusu ypaBHEHUE JIMHUA KOMIIEHCAIUN B IIPO-
CTPAHCTBE MaTepHAJIbHBIX IapaMeTpPOB, a TaKKe JIH-
Hun HazoBOro mnepexoya «deppuMarHuTHas—KBaIPY-
niosibHO-beppuMaranTHas dazay. Heobxommmo orme-
THTBH, YTO, KaK IOKa3aJ aHaJM3 IJIOTHOCTH CBODO/I-
HOIl YHEPIUU U CIIEKTPOB 3JIEMEHTAPHBIX BO30YKICHUIA,
JIAHHBIN (DA30BBIIl TTEPEXOJT SIBJISIETCS TEPEXOIOM BTO-
poro pojia, IpuYeM aHaJIU3 CIEKTPOB 3JIEeMEHTapHbIX
BO30OY2KIEHUI [TOKA3aJI, YTO JAHHBIA (ha30BbIi epexo/l
UJIET 10 <IIPOJOJIbHON» BeTBU BO30YIKJEHUIA, T.e. IO
BETBH, CBA3aHHON C IIPOJIOJBbHBIMYI KOJEOAHUAMI Mar-
HUTHOTO MOMEHTA II€PBOIi TTOAPEIIeTKNU.

OTMmeruM Tak»Ke, YTO PaCCMOTPEHHAsI HAMU 3a/1a-
9a MOXKET CJIYyKHUTb JIOCTATOYHO a/IeKBaTHOI MOJIEJIbIO
MarHUTHOI IIJIEHKHU, COCTOSIIEN N3 JIByX HEIKBUBAJIECHT-
HBIX MOHOCJIOEB.
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