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CémkumH Ceprert Buktoposuy

CMmaruH BukTtop MaBnosuy

BnaanBOCTOKCKMI rOCYAapCTBEHHbIM YHUBEPCUTET IKOHOMMKM U CEPBUCA
Poccus. Bnagusoctok

[MepkonauMoHHas KpuBas B NpubamkeHun
CaMOCOrnacoBaHHOIO Mons

Ona mopenu U3unHra pasbaBneHHOro MarHeTMka NocTpoeHa 3aBMCUMMOCTb Hamar-
HUYEHHOCTM OT KOHLEHTpaLMM NPUMECH NPU HYyNeBOW TemnepaType B npubaunxke-
HWMM CaMOCOrNacoBaHHOro nons. NpoBefeHO CpaBHEHMWE MOJYYEHHOW 3aBUCUMO-
CTU C NEepPKONSLMOHHON KpMBOM pelueTku bete.

KnioueBbie cnoBa M cnoBocoveTaHusa: Ga3oBble nNepexoabl, NePKONSLMOHHAS KpU-
Bas, Mogenb M3unHra, peweTka bete.

HccnenoBanue Ga3oBbIX Nepexo/ioB B pa30aBieHHbIX ¥ HEYIOPSIIOUEHHBIX Mar-
HeTUKax SBJIEeTCS IIPeAMETOM TeOPEeTUUeCKMX U IKCIIePMMeHTalbHbIX UCCIe0-
BaHMI1 yske Ha MPOTSDKeHMM MHOruX JietT [5]. B paborax [1-4] Mbl Mpeasoxkuam
KJIaccuuKaImMio caMOCOTIaCOBAaHHBIX METO/IOB pacueTa HaMarHMYeHHOCTU U
KPUTUUYECKMX TOYEK UMCTBIX M pa3baBIeHHbIX MarHeTMKOB. VI3BecTHO, UTO Ha-
MarHMYeHHOCTh B Mojeny M3uHra pas6aBieHHOro ¢heppomMarHeTuka B HyJ€BOM
BHEITHEM MarHMTHOM ITOJI€ U TIPU HYJIEBOI TeMIepaType COBNaJaeT C MepKOJIs-
IIMOHHOV KPWBOW PELIeTKN — BEPOSITHOCTBIO (B 3aBMCUMMOCTY OT KOHIEHTpalun
MAarHMUTHBIX aTOMOB) TOTO, YTO JAAHHBI/I MAarHUTHBIM aTOM IPUHAIJIEKUT OECKO-
HEYHOMY KJIacTepy Takux aTomoB [5]. B HacTosiiieit paboTe Mbl BbIYMC/ISIEM Ha-
MarHMYE€HHOCTh Pa36aBJe€HHOrO IO y3JIaM M3WMHTOBCKOTO MarHeTMKa ¢ KOOPAM-
HAI[MOHHBIM YMCJIOM peLIeTKM { MPU HYJIEeBOI TeMmIiepaType. Ty HaMarHUM4eH-
HOCTD (B 3aBMCYMOCTY OT KOHLIEHTpaL ¥ MarHUTHBIX aTOMOB) Mbl CDaBHUBAEM C
M3BECTHOW TepKOJISIIIMOHHOV KpuBOil perieTku Berte [5]. PaccmoTrpum Mogenb
Vi3unra c pasbaBjieHeM 10 y3jaM. [aMMUIbTOHMAH 3TO MOIe/ I MMeeT BUI:

E(p)=—-L,

-
(L

y& &Jooy —HE G 0, M

rge @; - OObIUHbIE M3MHTOBCKME IepeMeHHble, OINpefessioliyie OpPUeHTAIUI0
MarHyMTHOTO MOMEHTA aToMa U IIpMHMMAaloIye 3HaueHus +1 u -1;

] - 0OMeHHbII MHTeTpal,

H - mpomopuyoHaTbHA BHENTHEMY MarHUTHOMY ITOJTIO.
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CiryvaiiHast miepeMeHHas £; MokeT 6bITh paBHa 0 1 1, ee cpeiHee 3HaUeHMe (& .-} =p
omnpefesseT  BePOSTHOCTb  3allOJHeHMsI [-TO  y3jla  M3MHIOBCKUM  «CIIM-
HOM»;CYMMMPOBaH/€e B MEPBOJ CyMMe IPOBOAUTCS II0 BCEM YIIOPSIAOUYEHHBbIM I1a-
pam coceIHMX Y3JI0B, BO BTOPOit CyMMe — I10 BCeM y3jaM pellleTKu. bynem cumuTaThb,
YTO MarHMTHbIE ¥ HEMAaTrHUTHbIE aTOMbI pa3MellleHbl I10 y3jIaM PelleTKy CIydaiiHo,
0e3 KOppeJsaiuuy ¥ He IepeMeIlaloTcs IO BO3MEiCTBMEM TEIIOBbIX KojaeGaHumii
(«<BMOpO>KEeHHbIE» IIPUMeCH).

CornacHo [1-4] ofHUM U3 CIIOCOO0B MPUOIMKEHHOTO pellieHus 3aaun ¢
raMmuJIbTOHMAaHOM TuUna (1) SIBAsIeTCs CJIeQyIOIImiA.

PaccmoTpuMm Kiactep, COCTOSIIMIA M3 ¥ aTOMOB. [aMMIBTOHMAH 3TOTrO
KJIacTepa BhITJISIAUT TaK:

E, =—E_.,r|3;":.cr:. I:;:_,-":r_,-'__.'raE'}Lg:v!':;::":r:'_H' E"f:'g:" (2)

Bx

CymMMupoBaHue B IIePBOM (JIaraeMOM 3TOr'0 BbIpa)KeHUSI ITPOU3BOLUTCS
0 TMapam BXOASIINMX B KIacTep aTOMOB, SIBJSTIOMIMXCS OIVDKAMIIMIMM COCEISIMMU.
Bropoe ciiaraemoe B (2) onycbiBaeT B3aMMO/ECTBIE aTOMOB Ki1acTepa ¢ UX 071u-
SKaMIIMMM COCesiMU, He BXOIAIIMMY B KJIacTep, a TPeTbe cjlaraemoe — ¢ BHelll-
HUM TT0J1eM. TToyisT 0OOMEHHOTO B3aMMOJIeCTBUS Fﬂ“ BBIUMCJISIIOTCSL 11 KKI0T0
aToma KjacTepa CyMMMPOBAHMEM M3MHTOBCKUX TIEPEeMEeHHbIX (C y4eTOM pa3baB-
JIEHUST), COOTBETCTBYIOLINX BHEITHUM aTOMaM, COCeTHUM K IAHHOMY .

YcpeoHUM BeIMYMHY =% 1o aHCaMGITIO ¢ TaMITbTOHMAHOM (2), paccmar-
puBas Fﬂ“ Kak ITOCTOSIHHbIE, a 3aTem yCpegHUM I10JyYeHHOe BbIpaskeHye I10 CO-
BMECTHOV (YHKIUM pacripesesieHus] Iojieii OOMEHHOTO B3aMMOJeiCTBUS
W, [}1“) [TocTpouB aHanOTMYHOE BbIpaskeHMe [ IPYroro Kiacrepa, comepska-
mero 11’ = 1 aTOMOB, U IIPUPABHMBAS 3TY [[BA BbIPAKEHNS], TOYYMM ypaBHeHMe:

T o
Tl =— |exp(-BE,)

T
Tl =" lexpi—FEn )
’ L id e - I ( 10,
(o) = (Bm y = 25 )y
1o " Texp(— Eg) T Texp(— B0 s (3)

roe 0 = 1/kT.

IlanbHeNImMit pacyeT 3aBUCUT OT TOTO, B KAKOM TMPUOIVKEHMM pacCMaTPy-
BaTh (YHKIMIO pacIipefesieHus Tojieii 0OMeHHOro B3ammomeincTBus I, (.hg_,!).
[Tpocreiiniee MpubIVDKEHME TTOTYINM, €C/IV MPUHATH BCE }1“ TIOCTOSIHHBIMMU Be-
JVMYMHAMM, PaBHBIMM § P, TOe §; - UACI0 «BHEIIHUX» cocefeii i-ro aToma, [ —
XapaKkTepu3yolii HAMarHMYeHHOCTh TapamMeT], ONpeAesIomnIACS U3 pelleHns
CaMOCOIJIaCOBAaHHOTO ypaBHeHMs (3). Ijas unucroro (@ = 1) mMarHeTuka, B3sB
n=1un' =2 B 5TOM NPUOTIKEHNN, TIOTYINM:

M= th(gKp+ h) = o 2E 4)

chi2lg-11Ku+2h)+e— 28
rme M = {o} - cpegHsasS HAMarHMYEHHOCTD Ha y3ell,
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K = |J/kT (k - nocrosuHag bonbiiMana),

h=H_/kT,

& - KOOpAVMHALMOHHOE YYCJIO PelIeTKMN.

HerpynHo mokasaTh, YTO IpubamKkeHue (4) eCTb He YTO MHOE, KaK U3-
BecTHOe npubmokeHne bBere [3; 5].

PaccmoTtpum Tenepb Mogenb M3uHra ¢ pasbaBieHueM 10 y3/l1aM B CIydae,
korga p % 1. Paccykmast Tak ke, Kak B Clydae Hepa30aBIeHHOTO MarHeTHKa, IoJTy-
Y)M CaMOCOIIaCOBaHHOE YpaBHeHe [/1s1 OolpeeseH st HaMarumdeHHoct M [3]:

shi{2K{g—1)pp+2k)
®)

th(Kqpu + h) = (1 —p)th(K(q — Dpp+ h) + p s

M = th(Kqpu + h)

(2B {g—1)pm+Ih)i+e

3T0 ypaBHeHMe nepexomut B (4) npu p = 1 u umeer npu i = 0 Henye-
BOe pellleHye npu ycinosun & = K,
rne K.(p) = In 228, 6)

p, =1/ (E’fr_—pflj - MepKOJISIMOHHBII TTOPOT pelieTky bere [5].

3aMeTuM, YTO XOTSI ypaBHeHMs (5) HAIOT TOYHOE peIlleHue IJisi MOAEen
N3uHra Ha peiietke bete npu p = 1 1 TOUHOe 3HAUEHME MTEPKOJISILMOHHOIO I10-
pora . s 3TOM pellleTKM, X BCe >Ke Heslb3s pacCMaTpMBaTh Kak TOYHOeE pellle-
Hue 3amaun M3uHra 151 pa36aBjIeHHOTo0 MarHeTyKa Ha peleTtke bere.

3aBMCUMOCTh HAMAarHMYeHHOCTM TIPU HYJeBOI TemIiepatype (K — ©2) u
Hy/IeBOM BHemHeM 1ojie (A = 0) oT KOHILEHTpaLuy IBJISeTCs, KaK M3BECTHO, Be-
POSITHOCTBIO TOTO, UTO HEKOTOPBIII MAarHMTHBIA aTOM IMPUHAJIEXXUT OECKOHEeY-
HoMmy Kiaactepy W () [5]. DTa byHKIMS HAXOOUTCS U3 PELIeHNsT ypaBHEHNS

{th[crm') = (1—p)th((g — Dpx) +pth(2(g — L)px)
W(p) = th(gpx) '

Ha pucynke 1 nmokasaubl rpaduku dyukimm Wip) oia g = 3 (kpusas 1)
v g § = 4 (kpusas 3).

g pewetku bere nepkonsiunoHHas kpusast Wy(p) MOXKET ObITh BbI-
yucieHa TouHo [5]. s mocTpoeHust 3TOW KPUBOM MOXKHO MCIOJIB30BaTh Me-
TOJ MPOU3BOJANIEH (YHKIIMU, KaK B [5], HO TOT k€ pe3yibTaT MOXET ObITh
MOJIy4€H U M3 MPOCTHIX KOMOMHATOPHBIX cooOpaxkenuit. O003HaunM V Bepo-
ATHOCTH TOTO, YTO BBHIOpAHHBIN CIy4ailHO y3en pemieTku bere pa3daBneHHOTO
MarHeTvka He MPUHAAJCKUT OCCKOHEYHOMY KJIacTepy MAarHUTHBIX aTOMOB.
OueBunHO, uTO V cBsizaHo ¢ Wy(p) MPOCTBIM COOTHOILLIEHUEM:

1—V = pW, (p). ®)

(M

235
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BBezieM BepOSITHOCTb £ TOTO, UTO y3€JI PelleTKM, Y KOTOPOTO 10 KpaitHei
Mepe OIMH COCeIHMI y3es 3aIll0JIHeH MarHMTHBIM aTOMOM, He TPUHAIJIEXUT
6ecKkOoHeuHOMY Kjactepy. Toraa

e _ . q
V=(1—-p)+pZ- ©)
[lepBoe cnaraemoe B 3TOM BBIP&KEHMM — BEPOSITHOCTb TOTO, UTO JAHHBIN
y3€)'[ He 3aHAT MAarHMTHbBIM aTOMOM. BTOpOG - BepOHTHOCTb TO[‘O, yToO B YSJ'IE HaXo-

IUTCS MarHUTHbBIMA aTOM, HO BCe COCeIHMe y3Jibl HE IIPpMHAAJIEXKaT 6eCKOHe‘JHOMy
KIacTepy.

os |

os |

o7 |

oa |

os |

o4 [

o3 |

Puc. 1. I'padmku dyHKIMM W(p)

PaccmaTpuBasi Terepb OOVH U3 y3/70B, COCEJHUX K AJAaHHOMY, MOXHO 3a-
nucaTh ciaedylolee COOTHOIIEHME 1151 BEPOSITHOCTHU £

Z=(1-p)+pzo (10)

VpaBuenue (10) umeer TpuBManbHOe peliieHne Z = 1. MCK/IIOUMB 3TOT
KOPEeHb, IOJyYMM

T Zi=1/p. (11)
U3 ypaBHenwmii (8) u (9) mosyumm Boipaskenme Wy (@) uepes Z:
Wy(p)=1-—Z2Z° (12)

YpaBHenus (10) - (12) maioT pelieHye 3a7auy O HAXOKIEHUM ITePKOISALIN-
oHHoIt kpuBoit Wy (p) aist pemerku Bete. T'paduku dyukumit W (@) gna ¢ = 3
U q = 4 mpuBeneHsl Ha puc. 1 (kpusble 2 U 4 cOOTBeTCTBeHHO). OyHKuMs W (1)
obmamaer ciaepymmMUMu cBoiicTBaMu. OHA He paBHA HYJIO TOJBKO B MHTepBaje
P, <p=1 rme p. = 1/(qg— 1), 1 MOHOTOHHO BO3pacTaeT o 1 C pocTom p.
Ilpu p = p. dyukuus W, (@) MMeeT KOHEUHYIO MPOU3BOAHYIO, KOTOPYIO MOKHO
omnpenemutb u3 (11) u (12). InuddepeHIMpys 3TM ypaBHEHUS 10 P U UCKITIOUYNB
MIPOV3BOHYIO OT £, MMOTYYMUM (C YI4ETOM TOTO, YTO TIpU P = p. £ = 1):
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2gig-1)

.[r'l-‘;;::l (‘I’GE ) =

Bepuemcs tenepb K dyukuym W (p), onpenensemoit ypaBuenusvu (7).
Kaxk BugHo 13 puc. 1, ata GyHkims 6mm3ka K W (p); ¢ poctom g pasnmnume Mex-
Iy HUMM yMeHbInaercs. OmHaKO HaG/IOmaeTcs pasjinuyue B TOBEIEHUM ISTUX
byHKIMiT B6M3Y P .. [ToKaskeM, 4TO Ipu 2 = P, nmpousBogHas Gyukiym W(p) (8
orinune ot npousBopHoi Wj(p)) Geckoneuna. O6o3uaumm B (7) ¥ = qQpx u
Pa3JIOKMM BCe TUITepOOIMUYecke TaHTeHChl B (7) IO BTOPOTO HEHYJIEBOTO ujieHa
BO/MM3M v = (. B pesynbTaTe MOTyYMM, UYTO BOMU3U P = P,

W(p) = A(q)(p— p)*?, (14)

_ | 3i1+p)® sepn 1 S
e A(Q) = |y O W (p)=Z4(q)(p—pc) "

Del4—3p.—p,

(13)

g-2
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