Jleknus 6
AnTH(eppoMardeTnsm B npudanxennu Beiicca.
JI.J.JJannay, E.M.JIudmmi, Cratuctuueckas pusuka, (Kypc, T.5)

Mp1 YK€ HC pa3 BbIINUCBIBAIM TaMWJIBbTOHHAH [JII CHUCTEMbl MArHUTHBIX
MOMCHTOB, JIOKAJIM30BAHHBIX B Y3JaX KpHCT&HHH‘ICCKOﬁ PEUICTKKM BO BHCHIHCM
MAarHMTHOM IIOJIC

A =-BY fn—5 Y 3 (n=m)in.
n

nZm

rae fi, - ONepaTop MATHUTHOTO MOMEHTA BMIEKTPOHA B KPHCTA/UIMYECKOM Y3IIe,
J(n-m)=J(m-n) - oOMeHHBII wHHTErpaxT MeXIy N-M ©W M y3mamu
KPHCTAJUTMYECKOM PeIICTKH, HMEIOInii pasMepHocTs suepruu. Ecmm J(n—-m)>0,
TO MBI HMeeM Jeno ¢ deppomarueTikom, ecmi J(N—m)<0 - To SHepreTHyecKH

BBITOJIHO aHTHU(EppOMarHuTHOE ymopsjaodeHrue. VHBIMU cjoBaMH, B ATOM Cllydae
MarHUTHBIM MOMEHTaM (HJIM CIIMHAM) BBIFOJHO BBICTPOUTHCS TaK, YTOOBI COCEAHHE
MOMEHTHl OBLTM HampaBJieHbl B pa3Hble CTOPOHBI. Bo3HukaeT kak Obl JiBE
MOAPEIIETKH, B KAKIOU U3 KOTOPBHIX CIIMHBI B PABHOBECHOM COCTOSIHUM BBICTPOCHBI B
OJHOM HAaIlpaBJIEHWHU, & CYMMApHBIE CIMHBI KaXKJIOW M3 TMOJPEUICTOK HAIpPaBJICHBI
MIPOTHUBONOJIOKHO. B pe3ynbrate cpelHM MarHUTHbIA MOMEHT TaKOTO MAarHeTHUKa B
PABHOBECHOM COCTOSIHUM paBeH Hym0. OJIHAKO TaKO€ MAarHUTHOE YMOpSI0YEHUE
nMeeT Mecto. CyIecTByeT Tak)Ke TOUKa Mepexo/ia K CAMMETPUIHOH (pasze, rie Takoe
YIIOPSAIOYECHHUE Hhcue3aeT. CooTtBeTtcTBytO1IAS TemIeparypa Ha3bIBaCTCs
temnepatypoil Heenst. OCHOBHOE COCTOSIHUE TAaKOTO MAarHeTUKa Ha3bIBACTCS
HEEJNEBCKMM. Ha OCHOBE BBIMMCAHHOTO TaMUJIBTOHMAHA PACCMOTPUM MEPEXO]
napaMarHeTuK — aHTHU(QEpPPOMArHeTHK, HCHONb3Yys CHOPMYJIUPOBAHHOE paHee
npubmkeHue Beiicca.

MpICTIEHHO TIpeACTaBUM ce0e CHUCTEeMY W3 BJIOKEHHBIX JPYr B JIpyra JBYyX
MOJPENIETOK, HAMPABICHUE MAarHUTHBIX MOMEHTOB B y3JIaX MOAPEIIETOK 3€PKaJIbHO
oTpakeHHOE (B OCHOBHOM COCTOSIHHH, pazymeercs), cM. Puc 1.
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OnepaTrop MarHUTHOTO MOMEHTA 3JIEKTPOHA ff, B OTAEILHOM y3JI€ KaXKI0U 3

IMoAPCUICTOK HpI/I6JII/I)KCHHO MOJKET OBITh 3aITMCaH B BHUIC

rae éf - OmepaTop IPOEKUMM CHMHA B N - M y3JIE HA HANpPaBICHUE BHEIIHETO
MAarHATHOTO TOJIA.

Hanmomuum, yto npu GopMynupoBKe MOJIOKEHUNH TEOPUU CPETHEro MOJIs IS
(beppoMarHeTUKOB CYUTANIOCH, YTO HA KaXKJbIi BBIJICJICHHBIII MarHUTHBIII MOMEHT B
y3JIe IEMCTBYET HEKOE CPEIHEE MOJIE, COCTOSAIIEE U3 BHEIIHETO MAarHUTHOIO IOJS U
NOJISI BCEX OCTAJIbHBIX Y3JIOBBIX MAarHUTHBIX MOMEHTOB. OmnepaTop 3TOro Mo
IIPEACTABIIACTCS B BUIE

preI[HeHHOG SHAYCHHUC 3TOI0 IOJIAA OACTCS BBIPAKCHUCM
H=B+> J(n-m)in,.
m

B CUIly TpaHCHHHHOHHOﬁ HHBAPUAaHTHOCTU CUCTCMBI CPCIHECC 3HAYCHUC MAIrHUTHOI'O
MOMCHTAa /_Jm B Y3JIC HE MOKET 3aBUCCTh OT HOMECPA y3Jia

—

Hm

a,
IIO3TOMY HUMCEM

> I (N=m)fy, = *;J(n—m):ANﬁ.

m

HpI/IHI/IMaH BO BHMMAHHEC, YTO BCC MAarHMTHBIC MOMCHTLI B Y3JiaX IapaJlICIIbHbI WU
AHTUIIAPAJIJICIIbHBI 110 OTHOIINCHHUIO K IIOJIO, BBIPAXKCHHC JIA 3(1)(1)CKTI/IBHOI‘O I10JIA
MOKHO IIPpEACTAaBUTb B BUC

H, =H+ANu.

HamarandeHHocTh ¢eppomarHeTuka onpenensaack 3(QQPEKTUBHBIM I0JEM
Beticca:

5 — po(H + AN )
M =N gth T

[Tockosbky



M =Ny,

JIETKO NIPUHATH K CIICAYIONIEMY YPaBHEHHIO IS onpeieacHus U (YpaBHEHHIO
Beiicca)

_ Ho\H +AN 1
,u—,uoth{ ( < )}

Jlnst  anTUdeppoMarHeTMKa KapTHHA HECKOJNBKO MeHsiercsa. CpemHuid
MarHUTHBI MOMEHT B y3Ji€ «BepxHei» moaperierku (cMm. Puc.l) 6ymem o0o3Havath
NOCPENCTBOM [, «HUKHEW» MOAPEUIETKU - [ . B COOTBETCTBUHU C HAllle MOJIETBIO

CpeaHM 1IIOJICM JUJIA MArdbMTHBIX MOMCHTOB /74_ ABIKICTCA IIOJIE, CO34aHHOC
MAaroiMTHbIMU MOMCHTaMHU ﬁ_ )41 HaO60pOT

H,=H+ANg, H_=H+ANy,.

[Io aTOM mpuYMHE BMECTO OAHOTO YpaBHEHHs Belicca Ioiydaercs cHcTema
JBYX YPaBHEHUU

Auu@ﬂ%““%NM%,#=MWY“H+M“”}

T T

DTy cuCTEMY IOCTATOYHO MPOCTO poaHam3upoBath pu H =0. B atom cirydae ona
oOpeTaeT BUJ

_ AN gl _ AN Loty
=g ANy = gl AN |

YuuteiBas, 4Yro I8 aHTU(EPPOMArHETUKOB J(n—m)<0 (cnemoBaTeNbHO,

= %Z J (n - m) <0), u3 ypaBHEHUS] MOXHO YBUJETb, YTO CYIIECTBYET PEIICHUE
m

M=l f=—{,

rae 4 ynoBIeTBOpPSIET TOMY K€ YPaBHEHHUIO JUIs ITapaMeTpa NOps/Ka, 9To U B CIIydae
dbeppomarneTuka

a t(H+ AN
/'l_ll’loth{ 0( T )}



[Tpu sTOM BBIpaskeHue aus TemnepaTtypsl Hemst ©
O= AN

COBMAJIaeT ¢ BbIpakeHueM sl Temneparypbl Kiopu. Takum oOpa3om, mpuxoanum K
BBIBOJy, 4YTO TEMIIEpaTypHas 3aBUCHUMOCTb HAMArHWUYEHHOCTH ISl KaXKJIOM W3
NOJIPENIeTOK Takas ke, Kak U B ciydae ¢eppomarHetuka. CymmapHas xe
HAMarHM4eHHOCTb aHTU(eppoOMarHeTuKa paBHa HyJIto

M =N (4L + 1) =0.

PaCCMOTpI/IM TCIICPb CUTYalIUIO C BOCIIPUUMYHUBOCTBIO

_( oM _ U, Ol
St L S I B
aH T,PH-0 aH TPH-O0 aH TPH-O0

bynem paccuntsIBaTh €€ IpU BBICOKHUX TeMIieparypax. Toraa

- H+ANu - H+ANL,
po= g AN gy =y N ARA

HuddepeHuupys 3Tu BbIpaXXeHHs IO MATHUTHOMY TOJIIO0, TIOJTy4YUM

a/“+} _H 1+/]N(%j (%j _H 1+/]|\|(aﬂ+j
(aH o T{ H | oy ol LOH fpy o T oH | o ol

OTKYJla UMEEM

{(Mj {%j }JﬂSMNﬂS{(MJ {%J }
aH T,PH-O0 aH TPH-O0 T T aH TPH-O aH TPH- O

Vcnons3ys nanee ompeneleHus Temmeparypsl mepexoga O u BocnpumMumMBOCTH,
IPUXOAUM K BBIPOKEHHIO

_ 2N
Y ~Tro

Jlerko BUAETh, YTO BBIPAXKEHUE [JIsI MArHUTHOM BOCHPUMMYHMBOCTU
aHTU(EeppOMarHeTUKa BHEIIHE I[OXO0XE Ha TaKoe K€ BbIpAKEHUE IS
BOCIIPUUMYHMBOCTH (PeppOMarHeTuka,

- N
T-0

X
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OHO oOTIMYaeTcs YHCICHHBIM MHOXKHTEIIEM M 3HAKOM Tepell TeMIepaTypou
nepexona. M wWMeHHO B 3TOM 3HAaKe 3aKIIOYAETCS KOPEHHOE OTINYhe — HET
PacXoauMOCTH B TOouke (a3oBOro mepexoga. EcTh, 0qHAKO, U3JIOM MPOU3BOAHON IO
TEeMIIepaType OT BOCIPUUMYHUBOCTH, KOTOPBIA MOXET OBITh JOCTATOYHO IIPOCTO
MOCYHUTaH. JTO 3HAYMT, 4YTO (Pa30BBIH MEpPEeXoJ]l B aHTH(PEPPOMArHUTHOE COCTOSHHE
BCC K€ JIOJDKCH OIINyIIaThCsd TPH H3MEPCHUH TEMIICPAaTypHOHW 3aBUCHUMOCTH
MarHUTHOW BOCIIPUUMYHUBOCTH aHTH(EPPOMArHETHKA.

OTMeTUM, YTO B pEAIbHBIX KpHUCTAUIaX CHUHBI Ha MOJpPEIIeTKaX MOTYT
OTJIMYAThCSA 110 BEIMYMHE, HANPUMEpP, B CiIy4yae, KOIJIa TOJPEIICTKH BEIIeCTBa
COCTABJISIIOTCS  Pa3HBIMU COpPTaMH aTOMOB. VHBIMH clioBamMH, CyMMapHBIH
MarHUTHBII MOMEHT B OCHOBHOM COCTOSTHUHM KPHCTaJIa HE PaBHSETCS HYJHO. Takue
BeIIeCTBa Ha3biBalOTCA (eppumardeTrikamu. Creayer TakKe HANOMHHTH, 4YTO B
peabHBIX KPUCTAJUIAX MPEUMYIIECTBEHHOE HAMpPABJICHUE MArHUTHBIX MOMEHTOB B
y37aX PEIIeTKH MOXKET HE COBIIAJIaTh C HaMpaBlieHWEeM BHerHero mnojis. [losisisercs
MOHSTUE OCH JIETKOTO HAMAarHWYWBAHWS, CBS3aHHOW C KpHUCTALIOTPadhUUECKUM
HalmpaBJeHUEM. B0k 3TOTO HampaBICHHS PACIOjaraeTcs BEKTOpP CIIOHTAHHOTO
HAMarHUYMBaHUS TpU HYJICBOH TeMIeparype ¥ B TIpejaesie CJIadoro BHEIIHETO
aneKkTpoMarautHoro mojigs H — 0.

Daykryauuu B peppomarderukax. [lpumennmocts noaxoaa Beiicca.

Kak Mbl yxe yOexaanuch, TEOpUS CPENHEro Mojsl, Kak U Teopus (ha30BbIX
nepexonoB Jlangay, HENpaBWIBHO ONMCBHIBAET IIOBEACHUE MAarHeTUKA B Y3KOU
OKPECTHOCTH TOYKHM NEpexoaa. IJTO MPOUCXOAMT MNOTOMY, YTO 3TH TEOPUU HE
YUUTHIBAIOT (IYKTyallud, KOTOpPhIE B OKPECTHOCTH TOYKH TIEpexoja pPe3Ko
BO3PACTAIOT U WIPAIOT TEM CaMbIM ONPENEIAIONIYI0 poib. B 3TOM pasnene sekuun
MBI TOTIBITAEMCSI OLEHUTHh BIMSHUE HA (Ha30BbII Mepexoa KOPPEsIuii MarHUTHBIX
y3J0BBIX MOMEHTOB. OJHAaKO MPEX]e OMpEAeNIUM MOHSATHS AATbHEr0 W OJIMKHETO
IOPsIZIKA U CIIMHOBBIX MOJENerd MarHetuka. Ha camom nene, 1o cux nop, uzyyas
MarHeTUKN HM)KE TEMIEPATYpPBI MEPEX0/a, HAXOAACH B YINOPAJOYEHHON MAarHUTHOU
¢aze (HecUMMETPUYHON (ase), Mbl HMENU JIeJI0 C CHCTEMaMH C JATbHUM MOPSIAKOM.
OTO OTpa)xajoch TeM OOCTOSTENBCTBOM, YTO B YIHOPSAOYEHHOM MarHuTHOW (¢ase
MarHUTHBIA MOMEHT B Yy3JI€ PELIETKH HE 3aBUCUT OT Homepa ysia. [lombiTka
«TIOBEPHYTH» ITOT MarHUTHBI MOMEHT, U3MEHHUTH €r0 HAIIPaBICHUE HATAJIKUBAIAChH
Ha CONpOTUBIIeHHE cocenell. Ho Takas cuTyanuss MMEeT MECTO II0 OTHOLICHHIO K
J1000MY y3JI0BOMY MarHUTHOMY MOMEHTY B yNOpPsIOYeHHON MarHUTHOW Qaze. [lo
ATOW TMPUYMHE BBIJCICHHBIN Y3JI0BOM MAarHUTHBII MOMEHT Kak Obl «JyBCTBYET»
HaJIMYM€ MAarHUTHBIX MOMEHTOB BO BCEX OCTAIBHBIX Y3JIaX KPUCTAIIMYECKOU
peleTKu. ITO U 03HAYaeT HAJIMYUE B CUCTEME JaibHero nopsaaka. Ho takoi nansHuit
MOPSAJOK HMCUYe3aeT B TOUKE Mepexofa OT HECUMMETPHUYHOM K CHMMETpUYHOU (haze
MarHeTuka (MM BO3HUKAET MpH 00paTHOM MEPexo/ie).

BirxHUN TOPSZOK CBSI3aH C JIOKAIBHBIME (DIIYKTYaIMsIMUA CITMHOB (MarHUTHBIX
MOMEHTOB) Ha OJIM3KHMX paccTOsiHUsX. B Teopuum cpemnero moist Beiicca Takue
¢uykryanun (OMvKHUE KOPPEJSIMU) HE yYUTHIBAOTCA. [103TOMYy B MpHOIMKCHUH
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Belicca monydaercs, 4YTO C MCYE€3HOBEHHWEM CIIOHTAHHOM HAaMarHM4Y€HHOCTH
ACYe3aeT M B3aMMOJIEHCTBHE MAarHUTHBIX MOMEHTOB, TO €CTh, WCUE3aeT OJIVIKHUI
MOPSIOK,

Wi =pa;=0,ecm f=0.

OI[HaKO INOHATHO, 4YTO €CJIN UMECT MCCTO MAIrHUTHOC YIIOPAJOYCHHUE, TO

W #0
naxe ecm [ =0. PaccMOTpUM BO3MOXXHOCTB peanu3aluu OJMKHETO HOPAIKA B
CIIMHOBOM CHCTEME M OLEHUM (YHKLHUIO, XapaKTepU3YIOIIYI0 3TOT MOPSAOK, a
MMEHHO, KOPPENAIMOHHYI0 GyHKIMIO [/, . Bynem usydarth koppesnsiuu npu T >0,
TO €CTh, CO CTOPOHBI CUMMETPUYHOH (ha3bl, I/1€ MapaMeTp MopsaaKa paBHIETCS HYJIIO,

M =0. ITokaxem, 4TO B 9TOM CiIy4ae L U Z 0. Beigenum 1Ba Kakux-JIM00O COCETHUX

MAarouTHbIX MOMCHTOB H OLCHHM KOPPCIIALUIO ,U_L/JZ . HYCTB OAHMH H3 JOTHUX
MOMCHTOB, HAIIPpUMCEDP, /.ll HUMECT 3HAUYCHHC +in' TeM caMbIM MbI IIO CyTH

NOTpeOoBalu, 4YTo0bl L4 U, = U, = [l ,. Vicnionb3yem nanee i pacCMOTPEHHS Ty

KE UICI0 CaMOCOIr1aCOBaAHHOI'O (CpC,Z[HCFO) ITIOJIA.
Eyz[eM TAKKC CUYHUTATb, 4YTO BHCIIHCC II0JIC OTCYTCTBYCT. Ha momeHT ,UZ

JISUCTBYET IOJIE, CO3/IaBAEMOE MOMEHTOM 4 ¥ OCTaJbHBIMH MOMEHTAMH
H, =/U1‘]21+Z‘J o Hj -
7
CpeziHee 3HaUEHUE ITOTO MOJIS ONPEAEIETCS BhIPAKEHHEM
Ha = todor+ 3 3 1 = ) +i2‘] 7= +_123 A
ef — Hovor sy = Hol 21 gH = H o 21 pH K -
71 Mo 571 Hp 71

Kaxk ToJIbKO MBI HalMcaayd TaKoe I10JIC, Cpa3y KE€ MOKCEM BLIINIUMCATDb YK€ IIPUBBIYHOC

JUId Hac ypaBHeHue Beicca, HO 11s L4 UL,

:Ug‘le"'Z;‘JZj M
7

Fhi, = pigth =

Beeem Temepb 0o0O3HaYEHUE L4 U Eg(rl—rj). Tornga ypaBHeHHME MOXKET OBITh

3allMCaHO B BUJC.



ﬂg‘le(rl_rz)"'jZi‘iJ 7 (r 1_rj)g(r 1_ri)

g(rl_rZ) = (gth T

B npubmmwkenun Beilicca wuckomas GyHKIuA g(rl—r J-) paBHa Hymwo. U3

BBIIIMCAHHOTO YPABHEHHUS BUJIHO, OJTHAKO, YTO CYLIECTBYET HETPUBUAIIBHOE PELICHHUE.
B camowm nene, B mpocToMm cityyae

\g(rl—rj)\«ug, >3, (rl—rj)<<@

JE0

(mocitleqHEE HEPaBEHCTBO MOJXKET OBITH CIPaBEJIMBO 10 TOW MPHUYHMHE, YTO
TeMIlepaTypa mepexo1a MPOMOPIHOHATIFHA YUCITY Y3JI0OB WA OJMKAUIINX COCENEeH,
TaKuM 00pa3oM, OHO BBITIOJIHSETCS TEM JIy4Ille, 4YeM OOJIbIIe YHCIIO OIMKANIIIX
cocenieil) Mbl MOXKEM pa3JIOKHUTh TAHTEHC THUICPOOIUYESCKHH B ST O MaJloMy
apTyMEHTY:

ﬂngl(rl_rz)"'jZ;‘J 7 (r 1_rj)g(r 1_rj)

g(rl_rz)::u(ZJ T

Pasnaras manee Bxopnsuiue B 3To ypaBHeHHE QYHKIUHU B psag Pypse U cUUTasi, U4TO
B3aMMOJICHCTBUE MEKy MOMEHTAMH 3aBUCUT TOJIBKO OT PACCTOSHUS MEXIYy HUMU

J,, (rl—rj)=J2]. (rj —rl),

MPHUAEM K CIEIYIONEMY YpaBHEHHIO it 00pa3oB DOypre GyHKIINNA ¢ (r1 =T, )

lzg(q) = 453(a)+9(9)d(@),
Ho

PEUICHUE KOTOPOT'O UMCET BHU

153 (@)
g@)=="7"~, T>0.
T~ 63(a)
B mmnHOBOoNHOBoM mnpezmene (g — 0) J(Q) - J(O)=AN. VuureiBasg, urto
O©=£IN , nonyunm

HI@ w40
T-453@) T-©

9(q) =



