Jlexmis Nel7
depoMarHeTUKH i aHTH(epoOMarHeTUKH

1. O6minHa eHeprisi pepoMarHeTuka

Ha Munymiit nexiii HaMu BCTaHOBJICHO BUJI TaMiJIbTOHIaHY (pepoMarHeTuka.
Cnin Haramarty, 10 TOJIOBHUE MUTAHHS, SIKE HAC IIKaBUJIO, MOJISITAI0 Y MPOSICHEHHI
XapaKkTepy EHEepPreTUYHOro CHeKTpy (epomarHeTka MmoOIM3y OCHOBHOTO CTaHYy,
SAKOMY, SIK TIOKA3y€e JTOCBi, 1 MIOBUHHA MOACHIOBATH TEOPIs, BIAMOBIAA€ MapayieabHa

Opi€HTAIlIl MAarHITHUX MOMEHTIB OKPEMHUX aTOMIB.
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3ragaeMo, MO SKIIO KpUCTal (POPMYETHCS aHAJOTIYHO MOJIEKYJi BOJHIO,
TOOTO, 13 OKpPEMHX aTOMiB, KOXE€H 13 SIKUX MICTUTh IO OJHOMY EJIEKTPOHY B
OCHOBHOMY CTaHI, TO BHMKOPHUCTOBYIOUM 3a3HAUY€HUN TraMiIbTOHIAH, MOXKHA
HaOJIMKEHO 3HAWTH €HEepreTUYH1 piBHI kpucTany. OgHaK s JOCHIKEHHS OUIbII
3arajJbHUX BUMAJKIB MIKPOCKOIIYHUN TaMiIbTOHIAH € HAATO CKIATHUM, 00U
MOKHa Oyno HUM Oe3mocepeHbO KOPUCTYBAaTUCA. TOMy MpUpOTHO CIpoOyBaTh
neperTy BiJl MIKPOCKOIIYHOIO TaMUJIbTOHIAHY J0 raMUJIbTOHIaHA, 110 Ma€ OUIbII
POCTy MaTeMaTU4YHy CTPYKTYpYy 1 NPHUBOAWTH B TOJIOBHUX pHCaX IO TOTO XK
pe3yJabTary, o ¥ MIKpOCKOMIYHUHN ramiabToHiaH. Lle¥ mepexin Mo)KHA MPOBECTH
aHAJIOTIYHO PO3TJIIHYTOMY PaHIIIE MEPEXO1y BiJ MIKPOCKOMIYHOTO TaMUIbTOHIAHY
JIBOX aTOMIB BOJHIO 0 OOMIHHOTO TaMIJIbTOHIaHY, SIKHMM Mae OLIbII MPOCTY
CTPYKTYpY, HDK BUXIAHUN raMuibToHIaH. [Ipu 1ipomMy, sk MU Oa4riid, SIKIIO MOBa

Wjie PO €HEepPreTHYHI CTaHW, 10 BUHUKAIOTH 13 OCHOBHUX CTaHIB JIBOX aTOMIB 1
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BIAPI3HSAIOTBCA TUIBKM 3HAYEHHSIM CYMapHOTO CIiHY S, TO MOYaTKOBUM
raMuIbTOHIaH €KBIBAJICHTHUN OOMIHHOMY.

Hame rojoBHE NpUIYIICHHS TOJSATAl0O B TOMY, IO MH OTPUMAaEMO
npaBwibHY (Gi3MYHY KapTUHY (epoMarHeTvka MoOim3y HOro OCHOBHOTO CTaHy,
SKITO 3aMIHEMO MIKPOCKOTIYHUN TaMiIbTOHIaH (hepoMarHeTika CyMor OOMIHHHUX
raMiJIbTOHIaHIB PI3HUX map Horo aTomiB (OiabII TOYHE BHBEACHHS TaKOIO
raMuTbTOHIaHY HaBeleHO B poboTax boromoo6osa it Ts0mikoBa).

Hexait yci aromu ¢epomarnernka MawTh crin 1/2. Tomi oOMiHHMIA
ramibTOHIaH (pepoMarHeTHKa, SKUM MH 3aMIiHSE€MO BUXIJIHHA MIiKPOCKOIIYHUN

ramMuIbTOHIaH, Oy/ie MaTH BUIJISIT CyMH raMiIbTOHIaHIB

He==2 3 I(Rin)3S: (1)

I#m

ne § i S, - chniHm aromis, 1o 3HaXo#AThCs B |-My i M-y Bysmax rpatku i
J (le) - nesika QyHKLiA BiJ pajaiyc-BekTopa R, mo cnomydae | -it i m-if By3nu

(cymyBaHHS TTPOBOIUTHLCS 3a BCiMa mapaMu aTtoMiB Kpuctaiy). Lls dynkis, mo
HOCUTh Ha3By OOMiHHOTO iHTerpamy |-ro i M-ro aromiB, ayke IIBUIKO
(ekcroHeHITiaIBHO) 3racae 31 301IBIICHHSM BiJICTaHI, OCKIJIbKA BOHA BU3HAYAETHCS

CTYNEHEM MEPEeKPUTTS. XBUIbOBUX (YHKIIA aromiB. ToMy MpPaKkTUYHO BEJIMYMHA

J (le) BiIMIHHA BiJ] HYJISI TUIbKH B TOMY BHUTAJAKY, Ko |- i M-ii atomu €

CYCITHIMH, TIPU LILOMY

I(Rp)- €. 2

ae a - mocridHa rpatku 1 & - yucioBui mapamerp mopsaky 0,1, skwmii
BU3HAYAETHCS CTYNEHEM MEPEKPUTTS XBUIHOBUX (YHKI[IH CYCIHIX aTOMIB.

VY 1mpoMy raminpTOHIaHI BIACTaHI MK aTOMaMH BBaXKAIOTHCS 3aJaHUMH, a

JUHAMIYHAMHU 3MIHHUMH € TIJIbKW ONEPAaTOPH CITIHIB aTOMIB, sKi Ail0Th (a, OTXKe, 1
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caMm raminbpToHiaH H.) Ha XBHWILOBY (PYHKIIIIO cHCTeMH, IO € (QYHKIEI TUIBKH

CHIHOBHX 3MIHHHUX, aJie HE B/l MPOCTOPOBUX KOOPAUHAT YACTHHOK.
Jlnst pepoMarneTnka OOMIHHUHN 1HTErpa MO3UTHBHUN
J(R,)>0,

Im

3aBASKM 4OMYy B OCHOBHOMY CTaHI BCl aTOMHU MOBHHHI MaTH OAHY M Ty X
opieHTaiito. Llg opieHTamis, ojgHAK, HE BHUJIJICHA, SKIIO BPaxOBYBAaTH TUIbKU
0oOMIHHY B3aemojiro. HampsMok 1€  BHM3HAYa€TbCs  PEISATUBICTCHKUMU
B3aEMO/IISIMH, TIPO SIKI MOBA WITLIA paHiIIIe.

Bax11BorO BIIACTUBICTIO OOMIHHOTO TraMiabToHiaHy (1), skui 3a3BUYAi
Ha3WBAaIOTh raminbToHiaHOM [aii3eHOepra (TOBOPATH TAaKOX TPO MOJIENb
[ait3enOepra, Mamum Ha YyBa3l MOJENb (EepOMarHeTHKa, IO OMHUCYETHCS
raminbroHianoM (1)), € Te, 110 BiH KOMYTY€E i3 KOXKHOIO 3 MPOCKI[I CyMapHOIro

criiny (pepoMarHeTuka
5=35. 3)

J{iicHO, BUKOPUCTOBYIOYM BiJJOMI KOMYTAIlIiHI CITIBBIAHOIICHHS JIJII OIEPaTOpiB

IPOEKILii CIUHY aToMa
[Sa’ Snﬂ} = igaﬂySydm

(a,[,y - koopauHATHI iHAEKCH), JIETKO BIEBHUTUCH, L0

1 TOMy



HS=SH..

3BiJICH BUTIKA€, IO SIKIIO BPaxXOBYBAaTH TiJIbKKM OOMIHHY B3a€MOJiI0, TO
KBaJpaT IOBHOIO CIIIHY CHCTEMH Ta MOro IMpOEKIlis Ha MKy BICh OyayTh
KBAaHTOBO - MEXaHIYHUMHM IHTETpajaMH pyxy, TOOTO, oOMiHHA B3a€MOJIl cama 1o
€001 3MIHUTH IIMX BEJIUYUH HEe MOXke. Llg oOcrtaBuHA € aOCOMIOTHO 3pO3YMLIONO,
SIKITO 3TaJIaTH, IO 3 MIKPOCKOTIYHOI TOYKM 30py OOMIHHA B3a€MOJISl — II€ YHCTO
eJIEKTPOCTAaTUYHA B3AEMOJISI 3 YypaxyBaHHSIM CHUMETpPIl XBUIBOBUX (DYyHKIIN
CUCTEMH.

Sk yxe BKa3zyBajaocs, MarHITHUN MOMEHT )eépoMarHeTiKa Ma€ B OCHOBHOMY

CIIHOBY mpupoay. ToMy MOXHA BHU3HAYUTH OIEpPaTOp TYCTMHM MAarHiTHOTO

MomeHTy depomarternka M (r) y Toumi r six cymy
I\7I(r)=2,LJOZI:§5(r—R,), (4)

eh )
ae M, =ﬂ - marHeToH bopa, R, - paxiyc-BekTop, 1110 BU3HAYa€ MOJI0XKEHHs | -

0 By3JIa KpUCTAIIYHOI IPaTKH.
[aminbTOHIaH OOMIHHOT B3a€EMOJII MOXHA BHPA3UTH YEpe3 OMEepaTop

I'YCTUHHU MAarHiTHOTO MOMCHTY

jo=-_1 rr’r—r’A A'.
He= Z(Z—%)ZIdjd I(r=r )M (rM(r’)

Jlerko BNEBHUTHUCH TaKOXK, IO OMNEPATOPU TMPOEKIIM TyCTHHM MAarHiTHOTO

MOMEHTY 33/I0BOJIBHSIOTh KOMYTAI[IMHUM CITi1BBITHOIIICHHSIM:



I'aminproniany (1) BiAmoBigae MakpocKoIliyHa OOMIHHA  €HEpris

dbepomarneTnka

ez_%jdr'[dr'j(r —rIM(r,)M(r' 1), (5)
2(244)

e M (r,t) - TyCTMHA MAaKpOCKOIIIYHOTO MAarHiTHOTO MOMEHTY, IO €, B3arani

Kaxy4ad, QyHKIie0 KoopauHaT Ta dacy, i J(r) - meska dyHKuis Bix KoopauHATH

r i Bix temmeparypu T. Llx dynkuis, sx i dysxuis J(r) B MikpockomigHOMy

FaMiHBTOHiaHi, MBHUIKO 3MCHIIYETHCA 31 3pOCTaHHAM [ 1 3a JOCTAaTHBO HH3BKHX

temneparyp (T < T., T, - Temneparypa Kropi) mano Bimpi3HA€eTbCS Bin QyHKII
J(r).

Maetbcst Ha yBa3l, IO TYCTHHa MakKpPOCKOMIYHOTO MAarHITHOTO MOMEHTY
M(r,t) moe's3ama 3 OmEPaTOPOM TYCTHHH MArHITHOTO MOMEHTY M (I‘)

CITIIBBIIHOIIEHHAM

~

M (r,t)=SppoM (r), (6)

ne O - JIOKaJbHO PIBHOBa)KHA MATPHIIS T'YCTHHHU.
[ToBepHemMoch  Temep A0  MIKpoOCKomiyHOro  (rai3eHOEpriBCHKOIO)
raminbToHiany (1). Y mojaibiioMy CIIHOBHH TaMUIbTOHIAH KPHUCTAly Y

30BHIITHBOMY MarHitTHoMy moii B ={0, O,B} OyzZeMo 3anucyBaTH y BUTIISIL

He= -4y BE -5 Y I(n-m)35,, (7)

nZm
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ne fy =% - maraeToH bopa, J (n - m) =J (m - n) - 0OMiHHHMI iHTErpan Mix N-

A~

M 1 M By3JaMu KPUCTAIIYHOI TI'PAaTKH, SKUH Ma€ PO3MIPHICTh eHeprii, S, -
BEKTOpHI  CmiHOBI omeparopu (B omuHHISX7 =1), 10 3aJ0BOJILHSIOTH

MepPEeCTaHOBOYHUM CIiBB1HOIICHHSIM
[Sﬁ,ﬂ}:i%,mﬁ (8)

Cnabke MarHiTHe mosie B yBeneHo 70 raMiibTOHIaHy, IIOOM BUAUIMTH HAMPSMOK
(Bich 0Z ) HamarHiueHHs y KpucTaii. Lle 10BOAUTHCS POOUTH TOMY, IIIO 3 METOIO
MOAJIBIIIOTO CHPOIICHHS BUKIAIOK JO0 TaMUIbTOHIAHY HE BKIIIOUEHO B3a€EMOJIIT
CITIIHIB 3 €JIEKTPUYHHUM I10JIeM aHI30Tpomii Kpucrany. Sk HaMu B)KE BIAMIYaIOCh,
Taki B3aeMOJIi MalOTh PEIATHBICTCHKUM XapakTep 1 € MaluMH. Xouda Taki
B3a€MO/Ii 1 MaJii B IOPIBHAHHI 3 OOMIHHOIO B3a€MO/I1€10, BOHU MPUPOJTHUM YHHOM
BUJIUISIFOTH Y KPUCTAJIl HANIPSIMOK HaMarHideHHs. Haragaemo Takosk, 110 BHACTIIOK
mBUAKOTO0 yOyBaHHS (QyHKIIT J (n—m) i3 BificTaHHIO MiX aTtoMamu, y cyMi (7)
MOXHa BpPAaXOBYBaTH B3a€EMOJII0 TUIBKM MDK HaWOMMKYUMH  aTOMaMH.

VYBeneHuil raMigbTOHIAH, SK JIETKO BIIEBHUTHCH, KOMYTYE 3 OIEPATOPOM

KBaJpaTy CYMapHOI0 CIiHY Ta HOTo MPOeKIlii Ha MarHiTHe noje B ={0,0,B} :

n

gzz(zénj 5=y (10)

KBazipar onepaTopa criny S2 KOXKHOTO aToMa Ma€ TillbKM OJIHE BJIAaCHE 3HAYEHHS

S(S+l), ne S - oagHo u3 3Hauenp 1/2, 1, 3/2,..ChiHOBI omeparopu AilOTh Y
IpOCTOpl  CHIHOBHUX  (YHKIIiH ‘S, SZ>, ae S, mpuitmae 2S+1 3HaveHb,

iS,i(S—l) ,...0neparopu éx, éy,éz MOYHA 3aMIHUTH OTlepaTOpaMHu:



§=S,, S'=S+iS,, S =S-iS,, (11)
SIK1 3aJIOBOJIBHSIIOTH TTEPECTAHOBOYHUM CITiBB1THOIIICHHSIM

[é*,é‘}zzéa [é{é*}zé*, [é{é‘}z—é‘. (12)

Omneparopu $.S y TPOCTOpi1 CHIHOBUX (PYHKITIN ‘S,SZ> MalTh HACTYITHI

BIJIMiHHI BiJ] HYJISl MATPUYHI €JIEMEHTH

(88.+1S'(88)=(S8|S[SS,+=((S-S)(S+5+F.  (13)

Ak BUgHO, omepatop S 30UTBIITy€E, a Omeparop S 3MEHIIyE Ha OJWHHIIIO
MIPOEKIIIIO CITIHY Ha BICh Z.

Ckopucraemoch Tenep UMy (GopMyiamMu JJsl IEpeTBOPEHHS raMiJIbTOHIaHy
(7). IIpu upomy Mu moBuHHI BBaxkatu, mo (opmymu (11) - (13) cmpaBemnusi
OKPEMO JJisi KO)KHOTO BY3JIOBOTO CIIHY én . CriiHOB1 omepaTopH, 110 BiTHOCSTHCS

JI0 PI3HUX aTOMIB, KOMYTYIOTh MK CO0OIO.

BukopucToByIOUM TOTOXKHICTh

88,258 + 155 +55) (19
ramiiibToHiaH (7) MOKHA 3BECTH 110 BUILY
HA=E0+HA1+|:|2’ (15)
ne
1

E, = ~#BNS-ZNSL(0),



~

A, = (1B + L) (5 &) —%ZJ (n-m&§,

i, =-

NI~

%J(n—m)(s—éf)(s—éﬁ]),
L(O)=SZnZ.J(n), U=NL.

Y ¢epomarnernka oOMiHHI iHTerpaym J(N) mo3uTHBHI. MiHIMYM eHeprii

(E,, = E;) Binnosigae crtaHy, 3a sKOTO BCi CIIiHM HaIpaBlIeHi Y3J0BXK OIS,
30ymKeH1 CTaHU YTBOPIOIOTHCS MPHU MTOBOPOTI OAHOTO a00 JEKUTHKOX CITIHIB TPOTH

ITOJIA.

IIpeacraB/ieHHsI CIIIHOBHMX ONePaTOPiB Yepe3 OnepaTopy CiHOBUX 30y/17KeHb.

KBajpaT omepaTopa CHiHy KOKHOi YaCTHMHKH y By3Ji Ma€ TilbKH OJHE
Bracue 3Hayenns S(S+1). Omxke, Tpu oneparopa S',S™,S” noB’s3aHi Mix co6OK0

PIBHICTIO

Tomy 111 omepaTopd MOKHA BHPA3UTH YEpE3 JiBa HOBUX HE3AIECKHHUX OIEpaTOpU
[, [, - omepaTopu CIIiHOBHUX 30Y/KEHb.

[Ipouienypa mnpencTaBieHHs CIIHOBUX ONEPATOpiB Yepe3 ONepaTopu
CHIHOBHX 30Yy/DKeHb OUIBII CKJIagHA, HIK y BHUMAAKy (POHOHHHX 30YIKEHb.
Haiibinp11 3pydyHUM Take MpeACTaBiCHHS MOB’ si3aHE 3 Tak 3BaHMM [ oJjacreliHa —

[TpumakoBa. SIkmo arom mae cmid S, To

S =25k, S =25t ih, S=S- Dk, (16)



ne [, [, - onepaTopy HApOKEHHS Ta 3HHUILEHHS CIIIHOBOTO 30y KEHHS Ha BY3JI

N xpuctamy. [Ipu 1mpomy mig cmiHOBUM 30YKEHHAM MU OyaeMo pO3yMiTH
3MCHILIEHHS HAa OJWHHUINI0 TPOEKIii CHiHy y370BX MAarHiTHOTO  TIOJS.
[TepecranoBouHi criBBigHOMmEHHs (12) 11 omiepaTopiB CITIHIB 33 I0BOJILHSAIOTHCS,

AKIIO omeparopu  fL, fI, 3aJ0BOJILHSIOT OO3IBCBKMM  KOMYTAI[iHUM

CITIBBIIHOIIEHHAM

| B 2, | = G- (17)

Haragaemo, mo omeparopu mif 3HAKOM KOPEHS CJiJ PO3YMITH y CEHCI PO3KIaIy

BiamoBigHOTO KOopens B (16)y HeCcKiHUEHHMIA psijl 3a onieparopaMu f1: [, .

VY 3B's13Ky 3 THM, IO CIIH aToMiB (PIKCOBaHO, HOB1 OIEpPaTOpH MIIOTh Yy
npoctopi GyHKIINA Big mimmx gucen N, , mo mpoOiratoTh TUTbku 2S+ 1 3Ha4YeHb!
0,1,2,..5. OOMexXeHHSI «9HCell 3allOBHEHHS» BIJPI3HAIOTH HOBI OMEPAaTOPH Bif
3BHMUYaHUX 0031BCHKUX OMEPATOPIB, IO AIIOTh Y MPOCTOPI PYHKIIIH 13 JOBUIBHUMU
YHCJIaMH 3alI0BHEHb. 3a/10BoJIeHHsI yMOB N, < 2S cTBOpro€ HU3KY TPYAHOILIB, SIKI

HE MalOTh CYTTE€BOTO 3HAYEHHS TUIbKHM 32 HU3BKUX TeMIIeparyp, KOJu 30yIKeHi
cTaHu OJU3bKiI 10 OCHOBHOTO, TOOTO, MICTSITh Maje YMCJIO MEPEBEPHYTHX CIIIHIB,

10 MOK€ OyTH BUPAKEHO HEPIBHICTIO:
(i) <S. (18)

Sk yke TOBOpWIIOCH, paaukanu B (16) cmig po3yMiTH SK HECKIHYCHHI PSAH 3a

creneusmu [ [, 1 2S:

_ 1 ~frin
S =J2_S(ﬂﬁ-4—sﬂﬁﬂnun+--}
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Toxni mpu BukoHaHHI HepiBHOCTI (18) mokHa 30epertn B (16) TimbKW mepiii

JTIOJaHKH

S =2S, §=pV2S, F=S-4 k. (19)

BukopucroByroun 11i HaOmmxkeHi Bupasu, raminbroHian (15) moxkHa 3BectH 10

BUIIALY.

I
Il
I
+
I

0 int? (20)

JAc

Ho=Eo+[B+LO)Y 21 —SY I (n—m) 2 (21)

n nZm

R | DA
Hint - EZ‘J(n_m)ﬂnﬂnﬂmﬂm .
m#n
EnepreTnyHnii CrieKTp i30TPONMHOIO pepoMarHeTuka 3a Majux 30y/J1KeHb
VY HaOaMKeHHI Majioro 4uciia 30Yy/KEeHb < o [ln> <« S omnepartop I-AIint (20)

MOJKHA PO3TIsAaTH sIK 30yKkeHHs. Toll B HyJTbOBOMY HaOIMKEHH1 €HEepreTHIHUN

CIICKTP CITIHOBUX 36y,Z[)KCHI> BHU3HAYAETHCSA OIICPATOPOM

AH =H -E, =[uB+LO)]> i, -S> I (n-m) & &, (22)

n nZm

Hiaronamzariss omneparopa (22) BiOyBaeThCs KAHOHIYHUM IEPETBOPEHHSIM JO

OIlepaTOpiB HAPOJDKEHHS Ta 3HULICHHS [/ ,[4 €JIEeMEHTapHHUX CIIHOBUX 30YIKCHb

- MAarHoHiB, SIKi XapaKTEePU3YIOThCS TICBHUM 3HAUCHHSIM KBa3iiMITyscy ik . SIkio
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KpucTtan MictuTh N eleMeHTapHUX KOMIPOK, TO 3a3HAa4eHE MEPETBOPEHHS Mae

BUTJISI
N 1 ~ .
= exp(ikn). 23)
[TincraBuBmm 1ei Bupas 1o (22),3100ymeMo
AH =S E(K)AA (24)

ac

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

£(k)=L(0)-L(k), LK)=SY I(n)expikn)

nz0

VY 3B’ 3Ky 3 THUM, 1110 00MiHHI iHTerpanu J(N) eKCHOHEeHIIaabHO yOyBalOTh

2|n| K2
J(n)~expg—1, =—=510 Scm,
(n) [{ a, ] ag cm

31 30UIBLICHHSIM N, B OCTaHHIA CyMi MOKHa BpPaxOBYBaTH TUIbKH B3a€MOJIIO 3
HaHOMMOKIMMU atroMaMu. SIKIIo V - 9uciio Haiomwkaux cycimiB (6 mist mpocToi
KyOiuHO1 Tpatku, 8 mist 00 eMHOUEHTpUYHOI 1 12 - /JuIs TrpaHEHEeHTPUYHOI) Y

KyO14HOMY KpHUCTaJi 3 MOCTIHHOIO I'PaTKH a, TO

L(k) =SJvcosa (25)
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Otxe, B o0acTi Mamx 3HaueHb Ka <1 3akoH aucriepcii eHeprii MarHoHiB MOXHA

3aMucaTy y BUTJISII

h’k 2
2m* 1)

£(k)=L(0)-L(k)=

JAc

. K
m=——
vSJa

- edexTuBHA Maca MarHoHa. J[is omiHkM e(dEeKTHBHOI Macu MOKHA MOKJIACTH
v=6, S=1/2, a=10%m, J=kKT;, K - nocriiina BonbiMana, T, -

temmnepatypa Kropi, Toai

m =10'm, /T,
Je M, - Maca eJIeKTPOHa.

IcHye meBHa aHanoris MK CHIHOBUMH XBHJISIMU W KOJIMBaHHSMHU aTOMIB Y
TBEpAUX TiJIax. MarHoHU i1 JOHOHU MPUBHOCATH BKJIAJU B TEIUIOEMHICTH TBEPIOTO
Tida. Y KpucTajgax 4YMCTUX (PepoMerHaTHIX MeETaliB y KOXKHIA eJeMEHTapHii
KOMIpIIl € 1Mo oAHOMY 10HY. ToMy B IIMX KpHCTajaxX ICHY€ TUIbKH OJHA TLIKa
CITIHOBUX XBWJIb. [IpH 1IbOMY €HEprisi MarHOHIB NPSIMY€E 710 HYJIS MPU HAOIMKEHHI
iX XBWJIBOBUX BEKTOpIB 10 ILEHTpy 30HU bpimmoen. Lo rinky KoivmBaHb
HA3MBaIOTh aKYCTUYHOIO T1JIKOIO MarHOHIB.

Y depomarnitaux cruraBax (Fe—Cr, Fe—Ni, Fe—-Ni—Al Ta in.) B
eJIEMEHTapHIM KOMIPI[ MICTUTbCS JEKIJIbKa MAarHiTOAaKTUBHUX 10HIB. BoHM MaloTh 1
BIJIMOBIIHE YKCIIO T1JIOK CIMIHOBUX XBWIb. OJiHA 3 HUX aKyCcTU4YHA. YacTOTH 1HIIMX
NPSMYIOTh JI0 CKIHYEHHUX TpaHUllb MPH 30UIbIIeHH] MOBXUHM XBWil. Lli rinku

HA3WBAIOTh ONTUYHUMM T'JIKAMH MArHOHIB.



