Jlekmia Nel9

CuiHoBi XBWJIi B aHTH(EPOMATHETUKY

Haranmaemo, mo antudepomarseTi3m (Bij aHTH- 1 pepomMarHeTu3M) — OJIUH
13 MarHiTHUX CTaHIB PEUYOBWHHU, KU BIAPIZHIETHCS THM, 110 MAarHiTHI MOMEHTHU
CYCIZHIX 1i CTPYKTYpPHHUX OJIMHMIIL OPIEHTOBAHI TaKMM YHHOM, IO iX CyMapHUU
MarHiTHUM MOMEHT HaJ3BUYallHO Majiuii 1 MaJla HaMarHi4eHiCTh TiJIa B IIIJIOMY.
[{um ctan anTH(deEepoMarHeTu3My BIAPI3HIETHCS BiJ CTaHy (epoMarHeTU3My, 3a
SKOro ojiHaKoBa (CIIBBICHA i OJJHO HampaBjcHa) OPI€HTAIlISl MArHITHUX MOMEHTIB
IPUBOJUTH 10 BUCOKOI HAMAarHiue€HOCTI 3pa3ka. Taka ynopsiAKOBaHICTh HACTYIa€e
HUKY€ MEeBHOI TeMIIepaTypH, 10 Ha3UBAEThCA TeMiiepaTyporo Heeds.
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I Take OyBae!

I xypiio3: I3 X0I0gHUX aTOMIB JIITIIO 1 CBITJIA BIepIle 310paiu aHTH(PEepOMarHeTuK
(TapBapacekuit  yuiBepcuter, 201%h.) HacmpaBmi miTiii 0Xo0JOIXKyBaBcs U
YIOPSAKOBYBABCSI B ONTUYHHUX IPATKaX, JOSATAIOCS caMe Take aHTU(EpOMarHiTHE
BIIOPSAKYBaHHS.

OnHum 13 HANOpPOCTIMHX MPUKIIA/IIB JIBOTI1 IPEIIII TKOBOTO
aHTH(epomarueTuka € KyOiunuii kpuctan ROMnF; i3 Temneparyporo Heesns, mo

nopiBHoe 82,K . Ilone aHizoTpomii B IIbOMY KpHCTall HaIpaBjeHEe B3IO0BXK OCi
TPEThOro mopsiaky i BenbMu Mane (~4epcmed) y TOpIBHAHHI 3 OOMIHHOIO
B3aemoyieto (~ 8,910 epcmeo).
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VY SKOCTI TeOpeTHUHOI Mojenl aHTU(hepoMarHeTHKa PO3TISTHEMO KpHUCTal,
CKJIaJICHUH 13 IBOX miarpatok A i B, 1o BkiasieH1 ogHa B OHY TaKUM YHHOM, 1110
B KOXHOTO 10Ha MIArpaTku A Bcl HaWOMMK4Yl Cyciau € ioHamMu miarparku B i
HABIaKh. MarHiTHI MOMEHTH [{,S 1 cmiHM S ioHiB A 1 B onaunakosi. B

OCHOBHOMY CTaHI 0€3 30BHINIHROTO MAarHUTHOTO TIOJS KOXKHA 13 MIATPATOK
HaMarHiueHa 10 HaCUYeHHs, a CyMapHi MarHiTHI MOMEHTH MiIIPaTOK HaIlpaBJICHI B
MPOTUJICKHI OOKH.

IIpocra aBomigpemiTkoBa MoJe/]b aHTH(epOMAarHeTMKa Ha NPHUKJIALI ABOX
OJTHOBHUMIPHHUX JIAHUIOKKIB i3 NPOTHJIEKHO HANPABJIEHUMH MATrHITHUMH
MOMEHTAMH BY3JIiB:

by by by by
v by by by
by by by by

OTxe, MJIE OCHOBHOTO CTaHy, SIKHM ONMHUCYETHhCS BEKTOPOM CTaHy ‘O>, MOKEMO

3arIMcaTu.
Sil0)=s/0), SE|0)=-9/0). (1)

Omnepatop ["aminbToHa aHTHdEpOMAarHeTHKA MOYKHA 3aIMMCATH Y BUTJISII

H=-253% J,,(n-m}§ 5P ~H 2 BSD. (2)

a,fnzm

ne a, [ - npoOiraroTh aBa 3HaueHHs A i B, n i m - Bektopu rparku; B -

MargitHe mone B Kpucram. Jlo6yrox omepatopie SPSY  moxe Oyru
MPEICTABIICHO y BUTJISIIL

A~ A~ _a ~ l ~ ~ ~ ~
§740 =8980 +1(5050 + §0g0), @
JIe olepaTopu éf(”) BU3HAUYAIOTHCA, K 1 paHillle B TOMEPEIHIX JIEKIISX, BUpa3aMu:

S =S £i87. (4)
O6minni inTerpamu J,, ,(n—m) noBuHHI 3210BOTBHATH HEPiBHOCTSM

Jaa(n—-m)=Jgz(n-m)>0, J,z(n—-m)<O. (5)



VY BianoBigHocTi 3 MeroaoMm [omacteitna — [IpumakoBa mepexi BiJi CIIHOBHUX
onepaToplB 70 OmNepaTopiB HAPOHKEHHS 1 3HUIIEHHS CIIHOBUX 30Y/KEHb

A1 , Ah, BrT , Bn, SK1 JIFOTh Y MPOCTOPI YUcel 3armoBHeHH (y TomepenHii JeKii, 1e

frtocst mpo (hepoMarHeTHKH, Ii ONEPaTOpH MO3HAYAIMCS JTepoto f, fL ., [,

ajie K TaM IIUIOCS YChOTO MPO OAHY MiAIPATKy), MOBUHEH MPOXOAMTH 3TiJIHO
bopmynam:

SW=A2s-AA, §P=\25-AAA, §V=S-AA, (6)
§® =B/\2s-B/B,, §® =25-BB,B,, §¥=S-B'B,.

Omnepatopu A, A,, B, ,B, MOBHHHI 3a10BOJBHATH 0O03€BCHKUM KOMYTAIliHHIM
CITIBBIIHOIIEHHSIM

AB|=0m [BoBn = [ABH]=[A B, =0

3a wmanmux 30yIKeHb Yy TOJOBHOMY HAaOMMKEHHI, SK 1 paHille HaMu
BUKOPHCTOBYBAJIOCS, MAaEMO

SW=J2SA,, §W=V2SA, §¥=s-AA, (7)

S®=\2s8;, §®=J25B,, §¥=S-BB,
3a 1OIOMOTO0 ITUX q)opMyJI BUITMCAHUU paHime raM1UJIbTOHIaH 3BOIUTHCS 10 BUY
1=E+H +H,, ®)

ne
E =N {LAA(O)—% L (0)]

Ls(k)=S> J s(n)expikn), a B=AB,

nz0

L,;(0)=S> J M), a,B=AB,

nZz0

H1:;(G+A¢Aq +G.B1B, |-



A~ ~ A A 1 ~ A A A
-S| dutn-m) Aty + BBy |- 3,0(n-m)  ABi+ A |
nZm
G, = L (0)£ 14,B— L5 (0).
Onepatop HA2 MICTUTh OUIBII BUCOKI CTETeHI 0030HHHUX OMEpaTOpiB 1 TYT HAMU HE

BUIIUCYETHCA.

[lepeiiaemo temnep y 3100yTOMY raMiJIbTOHIaH1 H1 710 0030HHUX OIEpaTopiB

KOJIEKTUBHUX 30ymkens Ac, A, B/, B, 3a momomororw He pa3 yke pO3IISHYTHX

HaMH KaHOHIYHUX IIEPETBOPEHb, YHACHIJIOK SKUX BI1AOYBAa€ThCSA Mepexia 0
KOJIEKTUBHUX 3MIHHHUX .

A, :% A explikn), B, :%;ék exikn), 9)
A :%Zﬂ:ﬁhexp(—ikn),

ne K - xBuiboBHMii BekTOp y mepuuiii 3oHi Bpimtoena, onepatopu A, A, B/, B,
3aJI0OBOJILHSIOTH Y BIAMTOBITHOCTI 3 (6) IepecTaHOBOYHUM CITiBBITHOIIECHHSIM

Ach |70, [BoB =40 [AB]=[A B =0,
SIK HACIIIOK [BOTO IEPETBOPEHHS OTPHMAEMO’
H, :;ﬁk , (10)
e
Ay =a()ATA, + BIOBA B, + M) AB5 +ABL ),
(k) = a(-K) = Lun(0)~ Laa (k) + 4B + 4(0).
BK) = B(=K) = Lpn(0) = Laa (k) ~ 4B + ¥(0).

Y1) = (k) = =S L (K).



5

3m00yTHii TamiIbTOHIAH TaK CaMO HEIIarOHANBHUNA. A SK MU 3HAEMO, IS
BBEJCHHS CJIAOKO B3a€EMOJIIIOUOTO Tra3y KBa3lYacTMHOK Horo tpeba 3poOuTu
laroHaJILHUM

Hy =)+ Z& (0K (A K), 1=1.2 (11)

A~ A~

JUist bOTO yBEIEMO HOBI KaHOHIYHI MEPEeTBOPEHHs Bij omeparopis A, A, EA’{ 3(
no oneparopiB [ (K), i (K) dopmymnamu

£4 (k) = Acchg(k) + BZ, sher k), (12)

25() = A shgrk) + B che(k),
ne sh@k), ch@k) - rinepoomiuni pyukmii geskoi Benuunau ¢K), sika B mporieci
mlarogamizami mipiarac Bu3HadeHHro. Ciix 3a3HA4YMTH, IO TaKUHA BUIJIAL
MEPETBOPECHD € TUIOJIOM BEJIMKUX 1 TPOMI3IAKHAX BUKIAIOK. AJle BOHU BITOBHI

BU3HAYCHI, a0COJIOTHO TOYHI 1 HiJe¢ HIYOTO HE MOBHHHO MPH X MPOBEIEHHI
«3aMiTaTUCS ] KWIMM». YBEJICHE HaMU TepeTBOpPeHHs 3a Oynb-skoi ¢K) €

yHITApHHM, OTXxe, yBemeHi Hamu omepatopu /[ (K), i (K) 3amoBONBHSIOTH

0031BCHKUM NIEPECTAHOBOYHUM CITIBBITHOILICHHSIM:
LA (), A7 (K') = 0.6,

Bennmunna ¢{K) Bu3HauaeThbes i3 yMOBH, MO0 BUXIJHWN TaMiIbTOHIaH TPUIHSIB
niaronanbHy dopmy (11).13 (11), (12)BuTikae:

[ 24,0, Hy | = &)1 (k) = £,(k) Achg(k) + B shgrk)).
3 itmoi cropor, 3 (10), (12)maemo
| A (k),Hy | = A (a(k)ehgk) - y(k)she(k)) + B (y(k)chg(k) - B(k)sherk))
I3 MOPIBHSHHS 1BOX OCTAHHIX PIBHOCTEH 3HAXOMMO CHCTEMY 1BOX PiBHSIHB:
(£,(k) - a(k))chg(k) + y(k)shgk) =0, (13)
y(k)ehg(k) = (& (k) - B(k)) shek) =0.

[3 yMOBHM MOKJIMBOCTI pO3B’sI3aHHA 11€1 CUCTEMU OTPUMYEMO 3HAYEHHS €HEpPTii
eJIEMEHTApPHUX 30y/KeHb (3aKOHU TUcIepcii)



&(k)=3| al) = Ak = (a() + AGF =42 (k) |. (14)
I3 BU3HAYEeHs BUTIKAE, 110
a(k) = B(K) = 2448
OckinbKH, SK YK€ MOBHJIOCS, B aHTH(EPOMArHETHKY BelInuuHa [4,B 3HauHO

MeHIlIa OOMIHHMX iHTerpaiiB, To B (14) ciig 30epertd TUIBKM 3HaK + mepen
KOpEHEM:

&(k)=3| atk) = Ak) +(a )+ AG) =4y (k) | (14)

[TpoBoasiun nmajai aHaNOriuHI OOYMCIACHHS IS [[lz(k),l:lk}, 3100y1€eMO

HacTynHuil Bupas i &,(k):

&,()=5| At =a()+{atk) + BIOY = 4y*(k) | (15)

3a BIACYTHOCTI 30BHIIIHBOTO MAarHiTHOTO TMOJSI OOWIBA 3100YTHUX pO3B’SA3KU
CHIBIAAAIOTh

£(K) = &,(k) =Ja?(k) = y3(K) . (16)

B o6nacti manux 3HadeHb XBUIbOBHX BekTOpiB K (ka <1, a - mocriliHa rpaTku) B
130TPOITHOMY KPHCTaJIl MOYKHA BUKOPUCTOBYBATU HAOJIMKEHI BUPA3H:

y)=p(0)=lk?,  S(atk)+B))=1(0) =k, (17)

1 1
|, :ESZnZJAA(n), l,= —ESZnZJAB(n) :
n n

[Ipn BUBEIEHHI OCTaHHIX BHUpPa3iB HEOOXIAHO CKOPHUCTYBATHCS PO3KIAJICHHSIM
senman L s(k), a,6=AB

Ls(k)=SD> I s(n)expikn), a 3=AB

nz0

B psij 3a Maumu K (ka < 1), BpaxoByrouun po3kiiajeHHs i ekcrioneHTH exXpikn):



exp(kn )=1+ikn —%(kn)2+

I nomivaroun, mo BHACHIAOK J,\(N) =J 40 (—N), Jag(N) =Jg(—N)

D> nIp(n)=0, > nJ,z(n)=0.

nz0 n#0

[Mincrapisroun poskianeHus (17)y dopmymnu (14a), (15),0tpumaemo

£,(K) = £,(k) = £4B+K [Y(0)(I+1 ;). (18)

Otxe, eHeprisi JOBrOXBWIBOBUX MAarHOHIB B aHTU(EpPOMArHeTUKaX JIHIMHO
3aJISKUTh BiJl XBWJIBOBOTO BeKTOpa. Taka >k 3aleXHICTh Mae Micue # I
aKycTU4HUX ¢oHOHIB. TomMy MarHoHM aHTHU(EpPOMarHeTUKy BHOCATH B
TETUIOEMHICTh KPHUCTANIB 32 HU3bKHX TEMIIEPATyp BHECOK, NPOMOPLIHHUH, 5K 1 B
BUMAAKy (OHOHIB, TpeTi cTemeHi TemmepaTypu. Haragaemo, mo B
(depoMarHeTukax CHEeKTp MAarHOHIB KBaJpaTHUYHUN 3a XBUIHLOBHUM BEKTOPOM, IIO
OPUBOJWIO /10 BHECKY B TEIUIOEMHICTh (pepOMarHeTuka, MpONOPIIOHATEHOMY
©%2, A me HagaBano MOKIMBOCTI BiOKPEMHTH B TEILIOEMHOCTI (DepOMAarHeTHKA
BHECOK (DOHOHIB BiJi BHECKY MAarHOHIB, a TaKOXX BHpaxyBaTH JAesKl (i3HuHI
XapaKTepUCTUKU MarHOHIB, HAPUKJIAJ, iX €(PEeKTUBHY Macy.

Bennuuny ¢(k) B yBeneHoMy Hamy KaHOHIYHOMY IEPETBOPEHHI MOXKHA

3HAWTH, Ak nepire i3 piBHAHb (13) momuoxutu Shg(K), a npyre —ua chg(k),
MICJIS YOTO 13 ITUX PIBHAHB OTPUMAEMO:

2y(k) _ 2chgshg _
a(k)+B(k) ch’p+shZy th2g. (19)

3HaHHA L€l BEIMYMHU BUMAraeTbes i1 BuzHaueHHS &,(K) B (11). ITicns mesxux
IPOMI3JKUX, ajle MPOCTUX oOunciacHb aiasi Bumaaky B=0 (y mpomy BHIaaky

&,(k) = &,(k) = &(K) ) MmoxxHa TIPUITH 10 HACTYITHOTO BUpa3y

£,(k) = -2£(k)sh?gtk),

A~

miciist yoro Bupas a1 H, HaOyBae Bike 30BCIM IIPOCTOrO BUIJIALY:
H, =) (4 04 (0 -shPg(k)), 1=1,2. (20)
|

O6epHeHe KaHOHIYHE MEPETBOPEHHS 1A€ThCS BUPa3aMu



A = I (k)ehg(k) - 25 (K)she(k).
B, = 25 (K)chetk) - 24 (K)shar(k).
[li dopMynu HamarOTh MOXJIMBOCTI OOYHCIWUTU CepeaHl 3HAYCHHS (PI3UIHHUX

BEJIMYMH, IO BIJHOCATHCS A0 PI3HUX MIATPaTOK. SIK TPUKIAN, BUPAXYEMO
3aJIe)KHICTh CEPEIHbOT0 3HAUEHHSI MarHITHOTO MOMEHTY HiArpaTku A Bif

MA(@) :,Uozn‘,<s1Az> = N (1_%;<A:An>] :

~

IlifcraBnsioun 10 wiei popMynu 3HadeHHs omepatopis Ay, A, uepes oneparopu
[ (K), 4 (K) 13 momepeaHix Gpopmy1, 3HaHIEMO:

A+ A PP 1
>(AA )= z{(é +(fy (k)u1<k)>](ch2¢+ sh%) —5} .
n k
[Tpu oTpuManHi 1IbOTO BHpa3y Tpeda BpaxyBaTu PiBHICTb

(2 (k) (K)) =( 13 (k) iaK))

[Ipu B =0 3100yTa BUIlE piBHICTH CIPOIIYETHCA 1 11 MOXKHA 3aMMMCATH y BUTJISII:
A+ A\ 1, /vy n ak) 1
S(Ah)=3 (3raomw)S9-3. ey

Tyt <,[11+ (k) [ll(k)> - CepelIHE YHCII0O MAarHOHIB, IO MalOTh XBHJILOBUH BekTop K.

[Ipu Temmnepatypi © BOHO JOPIBHIOE:

(5 ()R ()) =N = [exp[%j - 1}

(bynxkuis po3noainy 6o30HIB). Haramaemo, 1o 4uciio MarHoHiB He 30epiraerhcs,
OT)Ke, XIMIYHUH MOTEHIIIAJl Y B OCTaHHIM POpMyJIi BIICYTHIM.

[Toximumo Bupa3 (21) Ha yuciio eneMeHTapHux KoMipok N. Tum camum mu
BU3HAYMMO WMOBIPHICTh TOTO, 110 B €JIEMEHTApHIA KOMIPIIl CIiH OJHOI 13 IPaToK
«repeBepHyTO». Hanpukiasn, y BUNaAKy TMiATPATKU CITiHY, HAIIPABICHOMY JIOTOPH,
Ma€EMO:



Wo ()

NS ERNCIE

Jlerko moGauuTH, MO 151 IMOBIPHICTH BIAMIHHA Bl HYJS HaBITh 32 aOCOJIIOTHOTO
HyJIs1, KOJH cepeiie urncno marHoniB N, nopisHioe Hyesi:

ak)
0( ) 2N Z{E(k) }
IIpu B=0 u ka1

ak). | o 1
e(k) I+l Kk’

1 ¥ 1ol
Wol+)= 2\ T+ T N &k

[lepexoasum BiJ CyMyBaHHS JI0 IHTETPyBaHHs, MAEMO

TOMY

3kmax
26;72 j kdk — 3D
11 azk’“ax
252218 Tak-2D
N;k 27'[-([
¢
a maXdk
Z‘[ I -1D

TakuM 4yuHOM, JUIsI OJTHOBHUMIPHOTO KpHCTala HE ICHY€ BIIOPSIKOBAHOTO CTaHY
HaMarHiuyeHHs MiArPaTOK, OCKUIBKM B I[bOMY BHUNAJAKy MHMOBIPHICTb Wo(l)

PO3XOOAUTHCA.

IMpukaan 3acrocyBanb. Dizukam BAaJI0CSH MOKEPYBATH MATHOHAMH B
aHTU(epoMaArHeTUuKy!

KBaHTH CIIHOBMX XBWJIb, MarHOHH, BEAYTh JIO YTBOPEHHS HOBOI 00acTi
CJICKTPOHIKHM MiJ] Ha3BOK MarHoHiKa, 3aMIHIOIOYHM CO0O0I0 €JEKTPOHU SK HOCIIB
iHdopmarii. ['pymi ¢izukiB 3 Himepmannis, Itamii, Beaukobpuranii Ta Ykpainu
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BJAJIOCS TMOUIMPUTH KOTEPEHTHI CIHIHOBI XBWJII B aHTU(EPOMAarHeTHKY 3a

JIOTIOMOTOI0  yJILTPAKOPOTKHX JIa3epHUX iMMyJbciB Ha Teparepuosux (~107c¢™
yacTtoTax. ¥ crarTi, onyouikoBaniii y Nature Physics (Nature Physics v 17, pages
1001-1006 (2021))BueHi 3a3Ha4yarOTh, IIO MPOJAEMOHCTPOBAHHM MiIXiJ JaCTh
3MOTYy 30epiraTu 1 3uuTyBaTt iHGopmMalliio Habararo mBuale Ta 6€3 0OMEKEHb,
110 HAKJIaIal0ThCSl BUKOPUCTAHHSIM JIJIsl MATHOHIKH ()epOMArHeTHKIB.

Illo Take MarHoHika?

[Tonut Ha HEBENMUKI Ta MPH IILOMY HMOTY>KHI OOUHMCITIOBATIEHI MIPUCTPOI pOCTE
pa3oM 13 OOMEXKEHHSMH MaciiTaOyBaHHS 3BUYHOI HaM €JIEKTPOHIKH, TOMY 3a
OinbIl €(PEeKTUBHUMM TEXHOJIOTISIMU BYEHI 3BEPTAIOTHCS JI0 HOBHUX Trajy3ei
HAHOEJIEKTPOHIKHM, a 30KpeMa - MarHOHiKM. BoHa KepyeThcsi MarHOHaMH, SKi
3/IaTHI 3aMiHUTH €JICKTPOHHU CHiHAMU YaCTUHOK. I[CTOpis BUBYCHHS KOJEKTUBHUX
CITIHOBHUX 30Yy/’KeHb y MarHiTOBMOPSIKOBAaHUX MaTepialiax, TaK 3BaHUX CIIIHOBHX
XBWJIb 1 MOB'I3aHUX 3 HUMM KBa31YaCTUHOK MarHoHIB, Hajidye Bxe Ouibine 60
pokiB. BTiMm, A0Bruii uyac MarHoHM OynM JHIIE 3PYYHUM JUIsI MaTEMaTHKIB
npuiioMoM, SKUM Oylo 3py4HO OINKCYBaTH CIOHTaHHI HaMarHi4yBaHHS
dbepoMarHeTUKiB - MartepiaiiB, IO 3/JaTHI HAMarHiTUTHCS 3a HEBEIUKHUX
TeMriepaTyp 1 0€3 30BHINIHROTO MAarHITHOTO TIOJIA, ajie BTpPAvyarOTh CBOi
BJIACTUBOCTI 3a KPpUTHYHOI Temnepatypu (touka Kropi). Tak mepeBepHeHMi criH
pPYXa€eTbCs KPUCTAJIOM, J€ BCl 1HIII CIIHU JUBISTHCS B MPOTUIIEKHY CTOPOHY, Ta
3MYIIy€E iX MepeBEePTATUCS Y CBOIO, YTBOPIOIOYU CBOEPINHY XBWIIO. L xBUs, 110
nepeBepTae CIiHM, 1 € MarHoHOM, SKHH 3MEHIIyE KUIbKICTh MPaBUIBHO
PO3TAIIOBAaHUX CITiHIB 1 TUM CaMUM MOCTYIIOBO 3HIKYE HAMarHiueHiCTh PEUOBUHH,
MOKM Ta OCTaTOYHO HE 3HHMKHE 3a KPUTHUYHOI TeMmreparypu. 3 dacoM (i3uku
HABYWMIIMCS CTBOPIOBATH MAarHOHU 1 KepyBaTH iXHIM CTaHOM, a 3 IIUM 1 3'sBUIacs
171Ies] BUKOPUCTOBYBATU iX Jyisi 0OpoOKu, 30epiraHHs Ta nepenadi iHpopmarii. Y
MarHOHHUX TMPWJIaJaX MarHOHHW CTaHYTh aHaJOraMH €JICKTPOHIB, alie, Ha BiAMIHY
BiJl OCTaHHIX, MIIKOPATUMYThCS CcTaTUCTUIN bose - EitHmTeitHa 1, MOXIHBO,
3MOXKYTh IiepeaBaTu iHpopMarllito 6e3 BTpatu eHeprii. Tak MarHoHika craia y ps
rajry3ei, MOKJIMKaHUX 3POOUTH TEXHOJOTIi e()EeKTUBHIIINMYU, TPUBEPTAIOYN YBary
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JOCTIAHUKIB 11€€10 CTBOPEHHS HOBOTO MOKOJIHHA (YHKI[IOHAJBHUX MPUCTPOIB,
KEPOBAHMX MArHiTHUM MOJIEM, B SIKUX OyIyTh BUKOPUCTOBYBATUCS CITIHOB1 XBHIIL.

Hagiuio BueHUM aHTUPEepOMarHeTuKu?

O4eBHUAHO, 110 MAarHOHU K KBa31YaCTUHKH XapaKTEpHI came JJIsi MarHiTHUX
pPEUYOBHH. 3JIEKHO BiJl MOBEAIHKM y MPUCYTHOCTI MArHiTHOTO TOJISI Maike BCi
pEYOBMHM YMOBHO MOXKHa pO3JIUIMTH Ha YOTHPH KIJACH. JlIaMarHETHKH,
napamMarHeTuKy, pepoMarHeTuky 1 aHTHGepoMarHeTky. KilbKiCHOKO MIpOO Takoi
knacudikalii € MarHiTHa HPOHMKHIiCTb. Ii 3HaueHHS i y (bepOMarHeTHKlB 1y
aHTH(EepOMArHeTUKIB CKJIajgae OuIbllle OJWHUII, OJHAK OpIEHTAlllsl MAarHITHUX
MOMEHTIB Y aHTU(EpPOMarHeTHKy MaiKe€ MOBHICTIO KOMIIEHCYE CTBOPIOBAHE
aToMaMu B KpHUcCTaji MarHiTHe moje. [lepmr yepe3 Takuil «po3Kiag» IMOTaHO
HAMarHi4ylThCs, a JIPYTUM CITIBHAINIpaBJeHA OPIEHTAIllSl MarHITHUX MOMEHTIB,
HaBIaKH, JOMIOMArae.

I 3maBanocst 6, 111 MarHoOHIKM Kpallle MiaiiayTh pepoMarHeTUKH, B SKUX
JIETIIe MaHIMyJIIOBaTH MarHiTHUM mnopsakoMm. CIIHOBI XBWJII MOKHA CTBOPHTH,
HaIPUKJIaJ, 32 JIOMOMOrOK PE30HAHCY 13 30BHINIHIM 3MIHHUM MArHiTHUM TOJIEM
abo 3a paxyHOK HarpiBy Marepiany. BTiM, BaxiuBo mnam'satatu, IO
aHTH(EepOMAarHiTHI MaTepiaal <«BCEPEAMHI» BCE X MAarHiTHI, 1 HANpsAMOK IXHIX
YIOPSAKOBAHUX CITIHIB 3MIHIOETHCS MK OKPEMHMH aTOMHUMH By3JlIaMH. A OTXKe
akou iHpopMarlis 30epiranacs 6 y MarHoHax aHTU(epOMarHeTHKiB, BoHa Oyina 0
HEYYTJIWBA JI0 30BHINIHIX MarHiTHUX TOJIB, 1 MarHiTHO HE BIUIMBaJia 6 Ha CBOIX
CYyCiZliB, HE3QJIeKHO BIJ TOT0, HACKIIbKMA IIIJIBHO €JIEMEHTH MOXYTh OyTu
po3ramoBaHi B mnpuctpoi. Ilpudomy 1e MoxyTh OyTH 130JIATOpPH, MeETajH,
HaIiBMETaJId, HAMiBIPOBIAHUKH 1 HABITh HAJAIPOBITHUKH, TOAl K (pepoMarHeTHKU
- 16 TEepeBaXHO METajld, XO04Y 1 JyKe MOolupeHi. buipln TOro, 3aBasku
CITIBHAIIPABJICHIM CTPYKTYpl CIIHOBOT'O BIOPSAKYBaHHS, 4acTOoTa 1 IIBHUJIKICTH
NOIIUPEHHS CIIHOBUX XBUJb B aHTU(PEpPOMarHETUKY 3HAYHO BHUIA, HIK Y
aHanoriyHoMmy  ¢epomaretuky. Yepe3 1€  aHTH(PEPOMAarHETUKH  CTaIU
MEpPCIeKTUBHOK  TuIaThOpMOI0 Ui MIBUAKOI mepenadi  iHopmarii  6e3
pO3CItOBaHHS, OJHAK 3aJUIIAETHCS HEBUPIIICHUM TUTAHHS, SK BHUSABIATH Ta
KepyBaTH MarHoHamu Yy aHTudepomarHetukax. llum 1 3aifHsmacs rpymna
nocniaaukiB 3 Higepnannis, Itanii, BenukoOpuranii Ta Ykpainu 3a yuacti bopuca
IBanoga 3 [ncturyry maraetusmy HAH ta MOH VYkpainu.

IIlo BAA/10CS 3pOOGUTH B eKCIIePUMEHTI?

3BuyaitHi Metonu 30y/DKEHHS JIHIMHUX CIIHOBUX XBWJIb 3a3BUYAil
MOCIYTrOBYIOThCSl 3MIHHUMU MAarHiTHUMH TIOJISIMHM, OJIHAK CIIIHOB1 XBWJIl Y
anTudepomaruneTrukax GOpMYyIOThCS Yy TeparepluoBoMy Alana3oHi, IO pOOUTH
TpaauiiiHi JKepenaa (GOpMyBaHHS MOJIB (HAPHKIAL, MIKPOCMYXKKOBI JIiHIT 4H
KOILJIaHAPHI XBHJICBOIH) HETIPAKTUIHUMHU IS BUKOPHUCTAHHS B
aHTH(QEpPOMArHITHUX cepeAoBUIaXx. TOX J0Ci BAABAJOCS EKCIEPUMEHTATBHO
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peani3yBaTH JIMIIIE HEKOTEPEHTHI, TOOTO HEY3TO/KEHI CIHOBI XBHWII. TakoX, X0
BJIACTHBOCTI aHTU()EPOMATHETHKIB BBAKAIOTHCA NPUIATHUMH JUIsI MarHOHIKH,
HEMpsMi CIOCTEPEKEHHSI NepeHeceHHs 1HdopMalllii MarHoHaMu OKa3yioTh, IO
BOHa oOOMeXeHa JHIIe KiTbKoMa HaHOMeTpamu. Po3poOka HaIIIBHUAKHX
HAHOPO3MIPHMX MAarHOHHMX JIOTIYHUX CXEM BHMAara€ HOBUX IHCTPYMEHTIB 1
MaTepialliB Il TEeHepallli KOrepeHTHUX CIIIHOBUX XBWJIb Ha SKOMOTa BHIIMX
4acTOTaxX Ta Ha SKOMOTa KOPOTIIMX JOBKHWHAX XBWJb, OJHAK JOCI MPO TIOSBY
KOPOTKOXBHJIbOBUX  KOTEPEHTHUX MArHOHIB 'y aHTU(EpOMArHeTHKax HE
NOBLAOMIISIOCS. Y CBOiMl poOOTI (hi3MKaM BAATOCS 3MYCUTH MarHOHM KOT€PEHTHO
nomuproBatucs 'y optodeputi aucnposiro  (DyFeO3) 3 BukopucTaHHIM
YJIBTPAKOPOTKUX IMIYJBCIB CBITJIa HAa JETEKTOBAHWX JOBXKHUHAX XBWIb 10 125
HAHOMETPIB Ta MBUIAKOCTAMH 10 13 KIJIOMETPIB HA CEKYH/TY.

Optodeput nucnposito sBIg€ co00 aHTUPEPOMATHITHUN 130/5TOp 3
memnepamyporo Heens y 645 KenbBIHIB, 10 JTEMOHCTPYE OAHY 3 HAWCHIIBHIIIMX
CIIOCTEPEXKYBAaHUX B3aEMOJIA MK CIIHAMU Ta JIa3epHUMHU IMMyJbcamu. B
eKCIIEPUMEHTaX BYCHI BHKOPUCTAIM IUTACTHHY 3pa3ka ToBmuHOKO Yy 60
MIKpOMETpIB, sKy 30y[IKyBajld JIa3€pHUMHU IMIYJIbCAMH TPUBAIICTIO Y CTO
dbemMrocekyH, eHepris (OTOHIB SKUX HAIAMTOBYETHCSI B  CHEKTPATHHOMY
nianazoni 1,5 - 3,1enekTpoHBOIbTA. Y IBOMY Jiana3oHi TIMOWHA MPOHUKHECHHS
ceiTiia 3MeHmryetbest (Big 30010 50 HaHOMETpIB) 1 1a€ 3MOTY BU3HAYUTH JOBKUHH
XBWIb 30Yy/UKEHMX MAarHoHiB. JluHamiKy TOLIMPEHUX KOPOTKOXBHIIOBUX
KOT€PEHTHHUX CIIHOBUX XBWJIb (PI3UKHU JOCHIIMIA OJHOYACHO B JBOX T'€OMETPIfX:
BUKOpHUCTOBYIOuM edekt Dapages 1 wmarHitoontuyHuit edext Keppa 3
beMTOCeKyHIHOIO  po3aUIbHOW  31aTHICTIO.  Edexr dapanes  «Oaunuth»
JIOBrOXBUJIbOBI MAarHOHH, a KOPOTKOXBUJIBOBI CIIHOBI 30Y/PKEHHS MOMJIMBO
BUSIBUTH JIMILIE 32 gonomororo edexty Keppa.
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[IponeMoHCTpOBaHE TYT KEPEIO KOTEPEHTHUX KOPOTKOXBUIIHOBUX CITIHOBHUX
HOCIiB 1HQOpMaIlil BIAKpUBA€ HOBI TMEPCHEKTUBU M MAarHOHIKM HAa OCHOBI
aHTHU(EepOMarHeTUKIB y TEeparepluoBoMy Jiama3oHi, a cami mo cobi (as3oBo-
KOT€pEHTHI TEePEHECEHHS MAarHoHiB y aHTHU(epoMarHeTHKax TaKOoX IliKaBl 1 3
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TOYKU 30py (QyHIaMeHTambHO! (i3WKH, apKe MOXKYTh CTAaTH JDKEPEIIaMH
BUHUKHEHHS TaKMX €K30THYHUX SIBUII, SIK MarHiTHI COJITOHH, KOHAeHcaTtn bo3se-
EliHinTeliHa 1 cCriiHOBa HAAMPOBIIHICTb.



