Jlekmia Nel8

depoMarHeTUKH i aHTH(PepoOMarHeTUKH
1. B3aemopnist MixK eJleMeHTAPHUMH 30y IKEHHSIMH

Ha munynmii nexmii Mu OTpUMaNd CHEKTP 130TPONHOro ¢epoMarHeTuka 3a
Manux 30ymkeHb. [Ipu 1boMy MU BUXOJWIIH 13 3100yTOT0 HAMU TaMiJIbTOHIAHY:

H=H,+H_, (1)
ac

Ho=Ep+[B+L(O)]Y 41, =S I (n—m) 2y )

n n#m
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Hint - _EZ:‘J(n_m)ﬂnﬂnﬂmﬂm y

i [, [, - omepaTopu CIiHOBHUX 30ymKeHb. Taki omepaTopu MOXKYTh OyTH yBeIeHi
no metoxy l'onacreiina_llpumakoBa. A came, SIKIIIO aTOM Ma€ CIiH S, TO

énzﬂgvzs_ﬂ:ﬂn! érjl-z\lzs_,[[m&n[lnl éﬁzs_,&n/&n! (3)

ne [, [, - omepaTopy HapOKEHHS Ta 3HHIIECHHS 30yHKEHHS HA N - My BY3Ji
KpucTaniyHoi rpatku. [Ipu npomy mij criHOBUM 30yMKEHHSM aTomMa MU OyIemMo
pPO3YMITH 3MEHIICHHS HAa OJMHHULIO MPOEKII CIiHY Y3/J0BX MAarHiTHOTO IOJS.
[lepecTanoBOYH1 CIIBBIAHOIIEHHS MAJisi OMNEpPATOpIB CIIHIB 3aJ0BOJBHSIOTHCA,
SKIO omeparopud [, [I, 3aJ0BOJIBHAIOTH OO3IBCBKUM  KOMYTaIlliHHM

CITIBBIIHOIIEHHAM
[ﬂn’ﬂr;}:an,m ) (4)

Haramaemo, mo omepaTtopu il 3HAaKOM KOPEHs CIiI PO3yMITH B CEHCI
PO3KIIQZICHHST BiNOBITHOTO KOpeHs B (3) B HECKIHYCHHUH PSA 32 ONEpaTopamMu
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VY HaOIMXEHHI MaJIoro 4uciia 30y/IKeHb <,[1f,' [ln> < S onepartop H (20) moxHa

int
posrasaaTy sik 30ypeHHs. Tozl B HyJIbOBOMY HAOJM)KEHHI €HEPTeTUUYHHUMN CIIEKTP
CIIHOBUX 30y/I’)KEHb BU3HAYAETHCS ONIEPATOPOM

Aﬁ:ﬁ—EO:[,uB+L(O)]Z,[1§,[1n—SZJ(n—m)ﬂgﬂm. (5)

Hiaronamzarisi oneparopa (22) 3MiHCHIOEThCS KAaHOHIYHUM TICPETBOPECHHSM JO
OTIepaTOpiB HAPODKCHHS Ta 3HUILICHHS [f [} ©IEMEHTapHHUX CIIHOBUX 30YIKEHb

— MArHOHIiB, IO XapaKTePU3YIOThCS IEBHUM 3HAYCHHSIM KBasiiMIyibcy 7K .
Axmo kpuctan MictuTh N eleMEeHTapHUX KOMIPOK, TO 1€ MEPETBOPEHHS Mae
BUTJISI

~ 1 A .
= explikn). 6
Hn N ;,Uk p( ) (6)
[TigcraBnsroun 1eit Bupas 10 (22),3100yaemMo

JAc

E(k)=uB+e(k),

e(k)=L(0)-L(k), Lk)=SY J(n)expikn)

nz0
ko V - ykcno HanOmmkuux cyciaiB (6 mis mpoctoi KyOidHOT IpaTku, 8 s

00’ emMonieHTpoBaHOl ¥ 12 s TrpaHENEHTPOBaHO) B KyOIYHOMY KpHCTaai 3
MIOCTIHHOIO TPAaTKH &, TO

L(k) =SJvcoska (8)

Otxe, B o0nacTi Mamx 3HaueHb Ka <1 3akoH aucriepcii eHeprii MarHoHiB MOXKHA
3aliCaTy B BUTJISA/L:

£(k)=L(O)—L(k)=%,

Jc
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- epexkTMBHA Maca MarHoHa.

Icnye meBHI aHayoriss MK CIIHOBUMHU XBUJISIMH M KOJIUBAaHHSMH aTOMIB y
TBEpPAUX TilaXx. MarHoHW i (OHOHM BHOCSTH BKJIAJ JO TEIUIOEMHOCTI TBEPAOTO
Tia. Y KpUCTallax YUCTUX (PEpOMarHiTHUX METaliB y KOXHIA eJeMEHTapHIM
KOMIpIIl € TI0 OAHOMY 10HY. TOMY B ITMX KpHCTajaX TUIBKUA OJIHA TUJIKa CIIIHOBHUX
xBWIb. [lpy 1bOMy €Heprisi MarHoHiB TpsIMy€e N0 HYJs NOpu HAOIMKEHHI
XBWJIBOBOTO BEKTOpa N0 TIeHTpy 30HM bpimmoena. [0 rinky Ha3uBaKwTh
aKyCTUYHOIO TUJTKOIO MarHOHIB.

Y ¢epomarnitaux cruraBax (Fe—Cr, Fe—Ni, Fe—-Ni—Al Ta in.) B
eJIEMEHTapHIM KOMIPI[ MICTUTbCS JEKIJIbKa MarHiTOAaKTUBHUX 10HIB. BoHM MaloTh 1
BIJIMOBITHE YWCIIO TUIOK CHIHOBUX XBWiIb. OpHa 13 HUX — aKycThyHa. Yactotu
THITUX XBUJIb MIPSMYIOTH 10 CKIHUEHHUX TPAHUIlh TTPU 30UIbIICHH] JOBXUHU XBUJII,
i ri1KM Ha3WBAaIOTHCSA ONTUYHUMM T1JIKAaMH MarHOHIB.

B3aemoaisi MarHoHiB i3 KOJTMBAHHAMHU I'PATKHU

Y HynbOBOMY HAOJMKEHHI €HEPreTUYHUN CIEKTP CIIHOBUX 30yIKEHb Yy
KPUCTaJli BUBHAYAETHCSI HABEJICHUM BHINE BUPA30M TIJIBKH 32 YMOBHU JKOPCTKOTO
3aKpinneHH;1 10HIB (bepOMarHeTHKa y By3Jax IpaTku. KO X ypaxyBaTH
MOXKJIMBICTh iX 3MINICHHS 13 PIBHOBAXHUX TIOJIOKEHB, TO Tpebda po3risiaaTd
3aJIe)KHICTh OOMIHHMX 1HTerpamie J(N—m) BiJ 3MillleHb gﬁ,,fm 10HiB.

3a MaJIMX 3MillleHb 10HIB 13 MOJIOKEHb PiBHOBAru ciija 3amiautd J(N—mM) B
HaBEJCHHUX BUIIEC raMUIbTOHIaHAX PO3KIIAICHHSIM:

I(n-m)+(& ~&,)Dpm * ..., (9)
e
D, = ann—En)
o&-&) |

[TotiM, y BIAMOBIIHOCTI 10 MaTepiajiB paHille IPOYUTAHUX JISKIH, y popmyii (9)

HEOOXimHO 3aMminuTH 3MmimeHHs ¢,,&, omneparopamu 3MimeHb  ¢,,&n

A~ ~

¢ ém = &,,¢,, 13raarty, 1o onepaTopy 3MilIeHb BUPAKAIOTHCS Yepe3 OrnepaTopu

MIOPOJDKEHHS Ta 3HUILEeHHs GoHOoHIB b, b :

2 7 -~ A
o5 ol ).
(ryr Q(K) - gacroTa neBHOI r'iiku (DOHOHIB).
SIKIII0 MPOBECTH TaKy 3aMiHy, TO JIETKO MOMITHTH, [0 BOHA MPUBOIUTH, IO

CYTI, 10 TIOSIBH B raMijibToHiaH1 (1) HOBOTO J0JaHKY Hsp’\,ib,



HA :HA0+HAim+HA (10)

sp,vib?
ae

b= _SZ(En _Emj nm:ar:r[[m

[Tepexoasun fajii B I[bOMY BHpa3si 70 OMEPaToOpiB HAPOKEHHS W 3HUIICHHS
MaraoHiB (auB. (6)),

A =%;ﬂk exp(ikn)

1 BUKOPHUCTOBYIOYH HaBEJICHHM BHUIIE BUPa3 JJI OIEPATOPIB 3MIIICHHS B TEPMiHAX
MOPO/DKEHHsT Ta 3HHIIEHHS (oHOHIB D 0 3100ymemo omeparop B3aemonii 3a
y4acTi JBOX MarHoHiB Ta OJHOTO (DOHOHA:

Hepui = . [D(k =0) =~ D(K)](B + B2 ) A e (11)

k.09
D(k) = sz 5 NQ(k) Dime(K)exp k(m-n)].

Ile#i omepaTop OIHKCYyE MPOICCH BHIIPOMIHIOBAHHS ¥ IIOTJIMHAHHS MAarHoHa
dononom. Ilpomec BumpoMiHOBaHHS (OHOHA MOXHA PO3MIBIAATH  SIK
YEPEHKOBCHKE BUIIPOMIHIOBAHHS 3BYKOBHX XBWJIb MAarHoHOM. YMOBa TaKOTO
BUTIPOMIHIOBaHHSI  3BOJWUTHCS O BHMOTH, IMOOM MIBUAKICTH MAarHoHa
MEepPEeBUIIlyBaJIa IMBUIKICTh C,.. PO3risgarodm MarHoH $K KBa314aCTUHKY 3

. * .
BUIMMCAHOIO paHilie e()EeKTUBHOW Macow M , YMOBY BUIIPOMiHIOBaHHsS (HhOHOHA
MOJKHA 3alluCaTu y BI/IFJ'IH,Z[i:
*
rk>mc,.

B3aemoais Mixk Marnonamu

MarsoHu BiAIOBIIAIOTh BJIACHUM 3HaueHHSAM TramiibToHiaHy (5). Lleli raminbToHI
OTpHMaHUH 13 TaMiibTOHIaHy ['ali3eHOepra B pe3yibTaTi JBOX HAONMKEHB. a) 3a
BpaxoBYBaHHS Yy HECKIHUEHHUX psAax MpeICTaBICHb CIIHOBUX OMEpPaTOpiB depes
orepaTopu CIIHOBHX 30Y/K€Hb TUIBKH IEPIIMX JO0JAHKIB, 0) MPH 3HEXTYBaHHI
OnepaTopoM I-AIint y (2). ITpu BimMOBI Bix MX HAOJIMKEHb MAarHOHH BKe HE OyIyTh
HE3AJIOKHUMHU 30yDKeHHSIMH. MK HUMH 3’ SBUThCA B3aemois. [l B3aemoito
NPUIHATO MOAUIATH Ha JIBI YaCTUHU. a) JUHAMIYHY B3a€MOJIiI0, 3yMOBJIeHY (2); 0)
KiHEMaTU4YHY B3a€EMO/Ii10, 3yMOBJICHY ypaxyBaHHSM HACTYITHUX YICHIB 3a MEPIIUM
y po3KIiIaieHHsx orepaTtopis (3) B psix 3a [ i1, .
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PosrnsitHemo crepiry omepartop awHaMidHOi B3aemoxii. [IpoBomsun B (2)
TIEPETBOPEHHS JI0 ONepaTOpiB KOJIEKTHBHUX MOJ] — MarHOHIB, 37100y/1eMO:

1 = 1 Nt T
Hin = _Z—NSZ L(k =K' e b iy (12)
Jie SIK 1 mepi

L(k) =8> J(n)exp(kn)

n#0
A cymyBaHHs BinOyBaeTbes 3a Bcima K,K',q,q' mpu yMOBi BUKOHAHHS PiBHOCTI
k-k'+q-q'=g

7€ g - JOBUIbHUN BEKTOp 00epHeHOi IpaTku. OnepaTop YeTBEPTOro MOPSAIKY 3a
MarHOHHUMHU OIePaTOpaMH OTHCYE PO3CIFOBAHHS MarHOHIB OJIMH Ha OJTHOMY.

[I{o6u oTpuMaTH onepaTop KIHEMAaTUYHOT B3a€MO/I1i MarHoH1B, HEOOX1IHO Y
BUXIJIHOMY TaMIJbTOHIaHI CIIHOBHUX B3a€MOJIN BpaxyBaTH WICHU HACTYITHOTO
NOPSAAKY B PO3KJIAJEHHI CIIIHOBUX OIEPAaTOpiB 3a ONepaTopaMu CIiHOBHX
30ymkeHb. [licisi BUKOHaHHS HEOOX1THUX BUKJIAJOK 13 MEPEXO0M JI0 ONepaTopiB
HAPOJKEHHS 1 3HUIIEHHS MarHOHIB OTPUMAEMO

-1 A A s
Ho= g 2 LK) (24 i Bty + Bl BB

Je TiJACYMOBYBaHHsS BeAeThcs 3a Bcima 3HaueHHsmu K,K',(,q", sgki Jexats y
nepirii 30H1 bpiyutroeHa i 3a10BOJIBHSAIOTh YMOBaM

k+k'=q+q'+g,

7€ g - 3HOBY K TaKH JOBUIbHUI BEKTOP OOEPHEHOI IPaTKHu.

TemnoeMHiCTh Ta3y MATHOHIB.

B3aemo/iist MarHoHiB Mixk c00010 1 3 (GOHOHAMH KOJIMBaHb IPATKU MTPUBOIUTH
JI0 3MIHM iX 4HWclia 1 10 BCTAHOBJIEHHS TEPMOJMHAMIYHOI piBHOBaru. Sk yxke
3a3Ha4yasoCh, 3a MaJIMX T'YCTUH MarHOHIB iX MOXHa PO3IJIAJIaTH SIK 003e-4aCTUHKH
3 BIIMOBIAHUM 3aKOHOM KoMyTallii. OCKIJIbKHA YKCJIO MAarHOHIB HE 30epiraeThes, iX
XIMIYHUM TIOTEHIA] JOPIBHIOE HYJIO 1 CEpEIHE 3HAUCHHs 4YKClia MarHoHiB 13
XBUNBOBUM BekTtopoM K 1 eneprieto E(K) mpum Temmeparypi O=KgT

BU3HAYAETHCS TAK )K€, K 1 9nciio GOHOHIB, PopMyIIOIO

(i) =[expE8) 1) (13

(N



3a BIZICYTHOCTI 30BHINIHHOTO MAarHITHOTO TIOJIS

7%k 2

E(k) =&(k) = zzm* .

CepenHsi eHeprisi MarHoHIB y KpHCTajl 3 OJHUM 10HOM B €JI€MEHTapHIA KOMipIl
JOPIBHIOE:!

(E)= E0+Zk:£(k)<Nk>. (14)

Axmo B kpuctami N egeMeHTapHHX KOMIPOK 00’ e€MOoM V, TO, EPEXOasuu B I
dbopmyIi BiJi CyMyBaHHsI 10 IHTETPyBaHHsI, OTPUMAEMO

5/2

VN (2m*G)) % X4dX
E)=E,+ . — (15)
e
hkmax

%= 2m*o’

3a HU3bKHUX TEMIIEpaTyp, KOIU X,>>1, BepXHIO rpaHULIO 1HTErpaa MOXKHA
3aMIHUTH Ha HECKIHYEHHICTh. TO/I1, BpaXOBYIOYH, 1110

T xidx _3Jmr
I =3 ¢(5/2)

¥

0
ne {(X) - n3era-dyukuisa Pimana, ¢ (5/2)=1,34., maemo

(E)=E,+AVO®™2, x; >1, (16)

ac

3/2
A:im_’; ,
42\

OT)KC, IIATOMA TEIJIOEMHICTh MAarHOHHOT'O razy 3a HHU3LKHX TCEMIICPATYyp
BHU3HAYA€THCI 3aKOHOM

5
CV = amag@3/2’ amag ZEAkB . (17)



Haramaemo, mo TemIoeMHICTh (OHOHHOTO Ta3y 3a HHU3BKUX TEMIIEpaTyp
npornopliiiiHa Ky0y TemrepaTypu

Cv = ath)S’ a :% 37_3 = Zva_?”

" s(nv) 7

ne V, - WBUIKICTh 3BYKY BIAMOBIAHOI T'JIKM KoiuBaHb.l[s oOcTtaBuHa 103BOIISIE

BUJIIJTUTH TEIJIOEMHICTh MarHOHHOTO Ta3y 13 3arajabHOi TETUIOEMHOCTI TBEPAOTO
tina. CripaBi, SKIIO

C, =80 + 2,000, (18)
TO Tpadik 3a1eKHOCTI QYHKITT

@—SIZCV - aph@3/2+ amag

BIJI @32 Oyne npsimoro JiHier0. Haxwr i€l miHii BU3HaYa€e BETUYUHY aph , @ TOUKa

MNEPpETUHY 3 BICCIO OopAuHaT BHU3HAYa€ BCIIMYHHY a.mag. 3Hawuu o0 BCINYHUHY,

MO>KHA OOYHMCIIUTH €PEKTUBHY Macy MarHOHa.
HasBHiCTp MarHoHiB y KpUCTajl 3MEHIIy€e MarHiTHUA MomeHT M, = £{,SN

rioro ocHoBHOTrO cTany. CepemHiii MarHITHUH MOMEHT Y3/IOBX OCl HaMarHI4eHHS
KpUCTaTy BU3HAYAETHCS BUPAZOM:

) -n38),

n=1

ne 4, - marHetoH bopa. IlizctaBmstoun S =S— /I, i BUKOPUCTOBYIOUH

HEePETBOPEHHS [, =%Z ,[Ik exp(ikn) it popmyny (13), maemo:
K

(M.} =M,(1-¢), (19)
ne
My =1, SN,
_v(em*e)"*% xedx _ v (2mr@)* -
£==0 g iexz_l_mzs( - J (312), %>1, {(3/2)=2612
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Takum 4YWMHOM, 3a HU3BKHX TEMIEpAaTyp MAarHITHUA MOMEHT KpPHUCTaIy
3MEHINYEThCS TIPU 3POCTAaHHI TeMIlepaTypu Npomopuiitno ©¥2 - 3akoH TphoX
npyrux bioxa.

3BEpHEMO OKpeMy i OCOOJMBY yBary Ha Ty OOCTaBHHY, III0 MU BU3HAYUJIH
TaKy B3aJeXKHICTh «HA KIHYMKY T[epa», He 3BEpPTalouuch [0 JIaHUX
EKCIIEPUMEHTAJIbHUX JTOCII1IKEHb.



