Jlekuis 6
AnTH(depomarseTusm y Ha0amxeHHi Beiicca.
JI.J.JJannay, E.M.JIudmmm, Cratuctuueckas pusuka, (Kypc, T.5)

Mu Bxe He pa3 BUIIMCYBAJIM TaM1IJIbTOHIAH JJISI CHCTEMH MarHiTHUX MOMEHTIB,

JIOKaJII30BaHUX Y By3JaX KPUCTAIIYHOI I'PaTKH Y 30BHIIIHHOMY MAarHiTHOMY TOJIi

A=-BY i, ~5 > I(n-m)i i,

n#m

nie ﬁn - OMepaTop MAarHiTHOTO MOMEHTY €JEKTPOHa B KPHMCTaIid4HOMY BY3JI,
J(n-m)=J(m-n) - obMminHmMii iHTerpan Mixk N-M i M By3mTaMu KPHCTATIYHOI
IpaTKH, MO Mae posmipHicTs eneprii. Skmo J(n—m)>0, To Mu mMaemo crpasy 3
(dbepoMarHeTukoM,  SKIIO XK J(n—m)<0 - TO EHEPreTUYHO  BUTITHO

aHTH(EepOMarHiTHE BIIOPSIKYBaHHA. [HIIMMHU CJI0BaMH, B IbOMY BHITaJIKy MarHiTHUM
MOMeHTaM (4H CIliHaM) BUTIAHO BHOYAYyBaTH TaKy CTPYKTYPY, 00 CYCiAHI MarHiTHi
MOMEHTH Oy HampaBlieHl B Pi3HI CTOPOHU. BHUHMKae B HalMpoOCTIIOMY BUIAAKY
Haye JBl IPaTKW, B KOXHIA 13 SIKUX CIIHU B PIBHOBO)XHOMY CTaHI BHOY/JyBaHi B
OJTHOMY HAMPSIMKY, a CyMapHi CIIIHA KOKHOT 3 MiATPaTOK HAIPaBJICHI MPOTHICKHO. Y
pe3yabTaTi cepeHid MarHiTHUM MOMEHT TaKOro MarHeTHKa y pPiBHOBaXHOMY CTaHI
nopiBHIOe Hy1I0. OTHAK TaKke MarHiTHE BIOPSAKYBaHHS MOXKE CYTTEBO BIUTMBATH Ha
edeKTu Ta SIBUIIA B TaKii peuyoBUHI. ICHye TaKOX TOYKa MEPEXOAy A0 CUMETPUYHOT
dasu, me Take BHOPSAAKYBaHHS 3HUKae. BiamoBimHa TtemriepaTypa Ha3HBA€ThCS
temriepatypoto  Heemst. OcCHOBHMIA CTaH TaKOro MarHETHKA  HA3WBAETHCS
HeeNnBChKUM. Ha OCHOBI BHUIIMCAHOTO TaMUIBTOHIAHY PO3IJISTHEMO TEpexiA
napaMarHeTHK — aHTH()epOMarHeTuK, BUKOPUCTOBYIOYH CHOPMYJIbOBaHe paHimie (Ha
noTIepe IHiI M JiekIii) HaOmmkeHHs Beiicca.

VYsaBuMo co01 cucTteMy 13 BKJIQJCHUX OJIHA B OJIHY JIBOX MIJATPATOK, HAMPSIMOK
MarHiTHUX MOMEHTIB y BY3JlaX MiArPaToK JA3epKajbHO BigoOpakeHi (B OCHOBHOMY

CTaHi, 3p03yMiJIO).
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OnepaTrop MarHiTHOrO MOMEHTY €IEKTPOHa [}, B OKPEMOMY BY3Ii KOXHOI i3

HiATrPaToOK HAOIMKEHO MOXKe OyTH 3alIMCaHU Y BUTTISAL
l"ln = ZIUOSH !

ne Sf - omepaTtop MPOEKIii ChmiHy B N - My BYy3/1l Ha HAmpsSMOK 30BHIIIHHOTO
MarHiTHOTO TIOJISI.

Haragaemo, mo npu ¢opMynroBaHHI MOJO0XKEHb TEOPii CEPEIHBOTO TOJS IS
(hepoMarHeTukiB BBaXKajaocs, 1110 HAa KOXKHUM BUAUICHUH MarHiTHUM MOMEHT Yy BY3JI
i€ Jesike CepeaHe ToJe, MO0 CKIAJAETHCS 13 30BHINTHROTO MAarHiTHOTO TOJIS Ta OIS

BCIX 1HIIKX BY3JIOBUX MOMEHTIB. OmepaTop OO MOJIs MPEICTaBISIETbCA Y BUTIISAIL

H=B+Y J(n-m)n

m

m-

YCCpCI[HCHC 3HAQYCHHA LIbOI'0 IOJI JAETHCS BUPA30OM.

H=B+Y J(n-mjn_.

m

Y cuny TpaHCHAIIAHOT 1HBApPIAHTHOCTI CUCTEMHU CEpPEAHE 3HAYCHHS MAarHiTHOTO

MOMeHTy [y BY3JI1 HE MOJKE 3aJI€KaTH BiJl HOMEpPa By3JIa



TOMY MaeEMO

> I(n-mjp_=p> I(n-m)=ANp.

m m
[Ipuitmaroun 10 yBaru, 1O BCl MarHiTHI MOMEHTH B By3JaX MapaieibHi abo

aHTUTIApAJICTFHI 1O BIAHOMIEHHIO JO TOJs, BUpa3 Jig €EeKTUBHOTO TOJISI MOKHA

300pa3uTH y BUTJISIII
Hy,=H+ANgu.
Hamarniuenicts pepomMarueTrika BU3Hauajgach eeKTUBHUM moJieM Beticca:

o (H +ANp)

M = Ngth

OCKUIBKH

JIETKO TPUITH A0 piBHSHHS 7S BU3HaueHHs U (piBHSHHs Belicca)

(H +/1N,u)
T

4= pth {28

Jia anTrdepomMarHeTuka KapTHHa A€o 3MiHIO€Tbea. CepenHiit MarHiTHHM

MOMEHT Yy BY3Ji «BEpXHbOI» miarpatku (auB. Puc.l) Oynemo mo3Hauatu uepe3 [,

CHW>KHBOI» MIATPATKUA - [L. Y BIANOBIJHOCTI 3 HAIIOI0 MOJEIUIIO CEPEAHIM IOJIEM



JUIs MarHiTHUX MOMEHTIB [/, € moJie, YTBOpPEHE MarHiTHUMU MOMEHTaMu [

HaBITaKH1

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

I3 1i€l mpuynHM 3aMicTh OAHOTO DPIBHSHHS Belicca BUXOAWTH cucTemMa JIBOX

PIBHSIHB

to(H + AN L to(H + AN £,
,U+:,Uoth{ ( - )}, Iu_:'uoth{ ( - )}

[{to cucremy nocuTh mpocto npoanamizyBaTu npu H =0. ¥V npomy Bumagky BoHa

HaOyBae BUTIAY:

YpaxoByrouu, 110 TUISt aHTHU(PEepOMarHeTUKIB J (n - m) <0 (oTxe,

A= N ZJ (n—m)<0), 3 piBHstHAs MOXHA OGAYHTH, 1O iCHYE PO3B’ A30K:

o=, J=-H,

ne J{ 3a710BOJIbHSE TOMY K PIBHSHHIO, IO 1 B BUIIAJKY ()epOMarHeTHKa:

— to(H +AN 1
,u—,uoth{ ( < )}

[Ipu npomy Bupas nis temneparypu Heens ©



O= AN

cmiBnagae 13 BupazoMm ans TemmepaTypu Kriopi. Takum ymHOM, HpPUXOIUMO 10
BHCHOBKY, III0 TeMIIepaTypHa 3aJ€KHICTb HAMAarHi4eHOCT! NIl KOXHOI 3 MiArpaToK
Taka K, SK 1 B BuUmaaky ¢epomarHernka. CymMapHa X HaMarHiueHiCTh

aHTH(epoMarHeTuka JOPIBHIOE HYJIIO
M =N (4 +L)=0.

PosrnsiHemo Tenep cutyariito 31 CIpUHHITIUBICTIO

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

Bbynemo o6paxoByBaTtH ii 3a BUCOKHX TemmepaTyp. Toi

_ 2H+/]N_ —_ 2H+/]N+
o= ANy s g ANG
JudepeHiiirorouu 111 BUpa3u 1Mo MarHiTHOMY MOJII0, 3100y1eMO:

a/‘ﬂ _H 1+/]N(%j (%j _H 1+/]|\|(aﬂ+j
(aH o T{ H | op o (OH fpy o T H | o ol

3BIIKA MA€EMO

{(%j {%j }=2ﬂ3+ﬂ'\'ﬂ§{(aﬂ+j {%j }
OH Jron.o \OH Jrpp o T T OH Jrpp.o \OH oy g

BHKOpPHCTOBYIOUM Jajli BU3HAYEHHS TeMmIeparypu nepexoay © i cnpuitHsariausocri,

MPUNAEMO 10 BUPA3Y
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y= 2N L5 _
T+0
Jlerko OayuTH, 110 BHpa3 IS MAar"iTHO1L CIIPUHAHSITIIMBOCTI

aHTH(epoMarHeTuka 30BHIIIHBO MOAIOHUHN 10 TAKOTO BHpA3y AJS COPUUHSATIMBOCTI

(hepoMarHeTuka,

BiH Bigpi3HA€THCS YUCIOBUM MHOKHHMKOM 1 3HAKOM Tepe]] TEMIIEPATypoIo Mepexoy.
I came B 11bOMy 3HaKy MICTUTBCS KOpiHHA PI3HMIPI: HEMae PO30DKHOCTI B TOYIN
(dazoBoro mepexomy A0 aHTHU(PEPOMArHiTHOTO CTaHy. €, OJHAK, 3J1aM TOXITHOI 1O
TeMIepaTypi BiJl CHpUHHATIUBOCTI, SIKUI MOXKe Ay>Ke MpocTo OyTu mopaxoBaHuM. Lle
3HaYuTh, MO (a3oBUil mepexis A0 aHTU(PEPOMArHITHOTO CTaHy BCE K IOBHUHEH
BITUYBAaTUCA TPU BUMIpI TeMIIEpaTypHOi 3aJ€KHOCTI MArHiTHOI CHPUHHSTIMBOCTI
aHTH(epoOMarHeTukKa.

3a3HauuMoO, [0 B peaJbHUX KpHUCTAlaX CIIHM Ha MIAIPaTkax MOXKYThb
BIAPI3HATHUCS 32 BEIMUUHOIO, HATIPUKIIAJ, Y BUIAKaX, KOJHM MIATPATKH CKIATAIOThCA
pI3HUMH CcOpTaMu aTOMiB. [HIIMMHU cCllOBaMH, CyMapHUM MAarHiTHUA MOMEHT Yy
PIBHOBR)XHOMY CTaH1 MOBHICTIO HE CKOMIICHCOBAHMM, 1 HE JNOPIBHIOE HYJIO. Taki

PEYOBUHM HA3UBAIOThCSA (hepuTaMHu.
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Craixg TakoXX Harajatd, 110 B PEabHUX KpHCTajlaxX MEepeBaXHUM HaANpSIMOK

Mar”HiTHUX MOMEHTIB y BY3JIaX TIpaTOK MOXKE€ HE CIIBIAgaTH 3 HAMPSIMKOM
30BHIIIHBOTO ITOJIA. 3’ IBIAETHCS IMOHATTS OCl JIETKOTO HaMarHiYeHHs, OB A3aHOI 3
KpucTtagorpadiyHUM HAMPSIMKOM. Y3JIOBXK IOTO HANPSIMKY PO3TAIIOBYETHCS BEKTOP
CIIOHTAaHHOTO HaMarHiYe€HHsS 3a HYJIbOBOI TEMIIEpaTypW 1 B TpaHHUIl CIa0KOro

30BHIIIHBLOTO MaraiTHoro nojigs H — 0.

daykryanii B pepomarderukax. 3acTocoBHicTh miaxoay Beiicca.

Sk MU BXKe BIIEBHIOBAJIHMCH, TEOPIS CEPEAHBOTO MOJIs, SK 1 Teopis (azoBHUX
nepexoiB Jlannay, HEMPaBUIBLHO OMHUCYE TOBEAIHKY MAarHETHKa y BY3bKOMY OKOJI
ToukH nepexony. Lle BimOyBaeThcst TOMy, IO 111 TeOpii HE BPaxoOBYIOTh (IYKTyallil,
K1 B TOYIIl MEPEXOAYy PI3KO 3pOCTAalOTh 1 BIAITPalOTh THUM BHU3HAYAIbHY pOJib. Y
BOMY PO3LJI1 JIEKI[iil MU OIL[IHUMO BIUIMB Ha (ha30BUI MEPeXi KOPELiil MarHiTHUX
BY3JI0BUX MOMEHTIB. OpHaK, TONEpPeIHbO BU3HAYMMO TMOHITTS JAJIEKOro W
OJIMKHBOTO TOPSAKY JJIS CIIHOBUX Mojened MarHeTuka. Hacmpapmi, 1o nux mip,
BUBYAIOYM MArHETUKH HUX4YE TEMIIepaTypu TMeEpexoay, 3HaXOII4YNCh B
yIOPSAKOBaHIM (HecuMeTpuuHil) (as3i, MU MajM CIpaBy 3 CHCTEMaMH 3 JaJbHIM
nopsinkoMm. Ile BigoOpakamoch Ti€l0 OOCTaBMHOIO, IO B YHOPSAKOBaHIN ¢asi
MarHiTHUM MOMEHT y BYy3J1 IpaTKM HE 3alIeKUTh BiJ HoMepa Bysna. Cnpoba
IOBEPHYTU» 1€l MarHiTHMA MOMEHT, 3MIHUTH HOro HampsMOK HAaTHKaJlach Ha
CIIPOTHB MOTO CYCIIiB. AJie TaKa CUTYyaIlis Ma€ MICII€ TIO BIAHOIIEHHIO 10 OY/b-sSKOTO
BY3JIOBOI'O MOMEHTY B YIOPSJAKOBaHINA MarHiTHii ¢azi. [3 1miei npuunHu BUALICHUI
BY3JI0BHI MarHiTHUA MOMEHT 3MYIIEHUH BiIYyBaTH HasBHICTh MAarHITHUX MOMEHTIB
B yCIX IHIIHUX By3JaxX KpuCTamigyHOi rpatku. lle ¥ o3Ha4ae HASIBHICTh y CHCTEMI
JAIBHBOTO TOPSAAKY. AJe Takuil TOpPSAOK 3HUKAE B TOUIl TMEPEXOAy BiA
HECUMETPUYHOI 10 CHMETPUYHOI (ha3um MarHeTwka (200 BHHHUKAE TIPU 3BOPOTHOMY
epexo/ii).

bmwxHiii MOpsAIOK TOB'S3aHUNW 3 JIOKATBHUMU — (DIYKTyalisIMA — CITIHIB
(Mar”HiTHEX MOMEHTIB) Ha OJIM3BKUX BIICTaHIX. Y Teopii cepeaHporo mojis Belicca

taki ¢urykryariii (OJMKHI Kopelsilii) He BpaxoByrOThCs. ToMy B HaOmmkeHHI Beticca
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BUXOINTH, IO 31 3HUKHEHHAM CIIOHTAaHHOI HAMar"HideHOCTl 3HHKAE B3a€MOIIsA

MarHiTHUX MOMEHTIB, TOOTO, 3HUKA€E OJIMKHINA MOPSIOK,

W =ag, =0, asxmo H =0.

OmHak 3po3yMiJio, 110 KOJIM Ma€ MiCIIe MarHiTHE BIOPSIIKYBaHHS,

Wi %0
HaBiTh KO [ =0. Po3riasgHeMo MOXKIMBICTB peanisamii OJMKHBOrO IOPSIKY B
CIIHOBIN cHCTeMl ¥ OMIHMMO (YHKIIIIO, KA XapaKTepu3ye Ied TOpSAIoK, a came,
KopensLiiiny Qyukuito (4. bynemo BuBdatm koppensuii npu T >©, To6T0, 3i

CTOPOHM CUMETPHU4YHOI a3y, 1€ mapamerp HOpsAAKy mopiBHIOEe Hymo, [ =0,
[loxkaxemo, Mo B TakoMmy Bumanky (i #0. Buginumo nBa skux-neOynb CycimHix

MAarHiTHUX MOMEHTIB W OLIHMMO KOpeJALilo L4/, . Hexali oguH 13 0MX MOMEHTIB,

HANpUKIanA, [4, Ma€ 3HaueHHA +/4. TMM camMMM MM IO-CyTI BHMAaraemo, oo

L, = U, = U .. BukopucTaeMo maii Ui po3nisay Ty XK 1€ caMOy3roJKEHOro
(cepemHBOTO) ITOJTS.

bynemo Takox BBaKaTH, IO 30BHIIIHE Ioye BiAcyTHe. Ha momeHT [, nie

I10JIC, YTBOPIHOBAHC MOMCHTOM ,U_L 1 IHITUMU MOMEHTaMH

H, =/‘A’1‘]21+Z‘]21'&i'

171

Cepez[He SHAYCHHS LBbOT0 ITOJISI BU3HAYAECTHCA BUPA30M

_ 1 _ 1 —_—
Heq =/u0‘]21+2‘]2j/uj = 21+_ZJ M = 21"'_2,‘J pH K -

71 Mo 571 Mo 71
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SIK TUIBKM MM HaIMCAJIA TaKe I10JIC, Biz[pasy K MOXEMO BHIIMCATH BXXEC 3BUYHC IJIA

Hac piBHsAHHA Belicca, ane s (4 U,

N§J21+Z;sz HH;
IEa

i, = pith =

YBenemo Tenep nmo3HaueHHs Lyl =g (r1 =T ) . Tonai piBHSHHS MOXe OyTH 3alMCaHO B
BUTJISA/L:
2 _ — -
IUO‘J21(rl rz) +Z‘J 3 (r 1 rj)g(r 1 ri)

71

g(r,—r,) =it T

VY mnabmmwxenni Beiicca BiamykyBaHa QyHKIis g(rl—r j) JOpiBHIOE Hym0. [3

BUIKMCAHOTO PIBHSIHHS BHJIHO, OJHAK, [0 1ICHYE HETPUBIaIbHUN po3B’ s130K. CrpaBi,

y IPOCTOMY BUIIAJKY

\g(rl—r,-)\«ug, >3, (rl—rj)<<@

JE0

(ocTaHHS HEPIBHICTH MOXE OYyTH CHpPaBEUIMBOIO 3 Ti€l MPUYMHHM, IO TeMIIeparypa
nepexo 1y MpomnopiliiiHa 10 Yucia BY3J1iB UM HAHOMKUMX CYCIJIIB, TAKMM YHHOM, IO
BOHO BHKOHYEThCSI THM Kpalie, YuM Oiibllle YHCIO HAHOMKYMX CYCiZliB) MH

MO’KE€MO PO3KJIACTH TAHT'€HC TiNepOOoIIYHUI B psAJ] 32 MAJIUM apTyMEHTOM:

ﬂg‘]zl(rl_rz)"'jzi‘i‘] 7 (r 1—rj)g(r 1_ri)

g(rl_rz):ﬂg T
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Posknagatoun mami QyHkmii, mo BXOIATh B 1€ piBHAHHA, B pian Dyp’'e Ta

BBAYKAIOYH, 110 B3a€EMOI MI’)K MOMEHTAMU 3aJIEKUTh TUILKH B1J BIACTaH1 MI’)K HUMA
Jy; (rl—rj)z.J2j (rj —rl),

MPUIIEMO 10 HACTYITHOTO PIBHSAHHS AJisl 00pa3iB Pyp’ e GyHKUIN (r1 =T )

%g(q) = 1 3(@)+9(a)J(a),

Po3B’ 130K SIKOTO Ma€ BUTJIAL.

_HI@ T>0.

9=7 ~/53(@)’

Y posroxswibobiii rpanuui (g — 0) J(q) - J(0)=AN. Vpaxosyrouu, 1o
O= ,ug/] N , orpumaemo

M@ w40
T-453@) T-©

9(q)=

Takum ynHOM, BHIHO, 10 Dyp’e-komnoHneHTa ¢(() PO3XOAUTHCS MPHU HAOIMKCHHI
710 TOYKH (Pa30BOTO MEPETBOPEHHS.
JlocniguMo Ternep MpoCTOPOBY 3AJIEKHICT KOPEAIINHOT QyHKIIIT ( (r) )

g(r):%;exp(iqr)%.

PosrnsHeMo aani JOBrOXBUIBLOBY I'PaHUIIO ¢ — 0, TOOTO, BUMAIOK BEJIUKUX PalyCiB

KOPEJSIIi  — o TOoOIU3y TOUKH (ha30BOTO MEPEXOTY

2

J (q)qfojer (D {1—iqr —%J =J(0)-ac?,
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Je

E_jdrr23(|r|) JO0)=AN =0/ 4.

[TapameTp a 3a OPSAIKOM BEIUYUHH TOPIBHIOE
a~JO)Z=ANr2=0r2 /1,

7e I, - XapakTepHUuil paaiyc B3aemoii. Takum 9uHOM

_ 0 exp(iqr)
9(r)= N ;[(T—@)/au§}+q2'

OCKUIBKH
e 4T
J'dr exp( Iqr)T v
abo
arr e
_Zexp |qr y2 A q T ,
1 TIOM1Yar04H, 110
aut =0Or2,
Ma€EMO
) e exp(-riry,)
g( ) - 4 !
2(2n) r

ne r,, - pajalyc KOpessiii,
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Sk merxo GaumtH, pagiyc KOpemsiii I, y Touri (a3oBOro mepexomy MpsSMye 10
HECKIHYEHHOCTI. 3B1JICH BUTIKAE, IO MPU HAOIMKEHHI 10 TOYKU (a30BOTO MEPEXOTy
MarHiTHI MOMEHTH IOYHHAIOTh INMMKYBaTUCS B OJIOKM HECKIHUYEHHO BEIIMKOTO
posmipy. Iloku He BinOyBcs (dazoBuii mepexim, 11 OJOKM OpIEHTOBaHI
HEBIIOPAIKOBAHO, TaK IO CEpelHId MarHiTHUA MOMEHT 3pa3ka SK 1 paHille,
nopiBHOe Hymro0. [i uykTyaltiiini mposiBU JadbHbOTO MOPSAAKY Ha (OHI OIMXKHBOTO
MOPSAJKY 3aBEPUIYIOTBCS B TOYLI MEpPexXoay, KOJIM BCl OJOKH CKOPEIbOBAaHO
BUILIUKYIOTHCS Y3/IOBXK OJHOTO HAmNpsSMKY, 3aJaHOro abo 30BHIIIHIM MarHITHUM
nojieM, ab0 HampsMKaMH, MPOJUKTOBAHUMHU PEISITUBICTCBKUMHU B3aEMOJISIMU Y
BUIIQJKy BIJICYTHOCTI 30BHINIHBOIO MAarHiTHOTO TIOJIA (BHITQJOK CIIOHTAHHOTO

HaMarHi4YeHHs).



