Jlekmisa Nel6

depoMarHeTUKH i aHTH(epoOMarHeTUKH
1. O6minHa moaens pepoMarHeTuka

MarniTHe BIOpPSIAKYBaHHSI.

[ia HU3Ka KPUCTAIIIB Ma€ BIOPSAIKOBAHY MarHiTHY CTpyKTypy. Lle o3Hagae,
110 3a BIZICYTHOCTI 30BHIITHLOTO MarHiTHOI'O MOJIsA cepeHe (KBAHTOBOMEXaHIUHE)
3HAQYEHHsS MAarHiTHOr0O MOMEHTY, IPHUHANMHI, OJHOIO0 3 aTOMIB Yy KOXHIH
eJIeMEHTapHIM KOMIPIll BIAIMIHHE BiJ HYJIS.

Y  HallmpocTiioMy  THUIl  MAarHiTOBHNOPSIAKOBAHMX  KPUCTaIB  —
¢epomarnerukax (Fe, Ni, Co, Dy) —cepenHe 3HaueHHS MarHiTHUX MOMEHTIB
yCciX aTroMiB Ma€ OJHAKOBY OpIEHTAlll0, SKIIO TIIBKA  TeMIeparypa
dbepomarueTvka He TMEPEBUIIYE MEBHOI KPUTHYHOI TEMIEPATypu — TeMIIepaTypu
Kropi. 3aBasku niboMy (pepoMarHeTUKH MarOTh CIIOHTAHHUWA MarHiTHUH MOMEHT,
TOOTO, MAaKPOCKOIIYHUN MarHiTHUH MOMEHT, BIIMIHHUM BiJ HYJS 3a BIJCYTHOCTI
30BHINIHHOTO MAarHITHOTO TOJIS.
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4 OLTBII CKJIaJIHUX MAarHiTOBIIOPSIKOBAaHUX KpucTagax -
antudepomarnerukax — (10 iX 4HCIa BITHOCATHCS KapOoHatH, O€3BOMHI
cynbdaru, okuciu, Gropuan nepeximaux meranie Mn, Fe, Ni, Co) —cepenni
3HAYEHHS MarHiTHUX MOMEHTIB aTOMiB (32 BiZICYTHOCTI 30BHIITHBOTO MAarHiTHOTO
NOJIsI) KOMIICHCYIOTh OJIMH OJHOTO B MEXax KOXHOI €JIEeMEHTapHOI KOMIpKH.
[HmMME  croBamu, aHTH(EPOMArHETUK € CYKYIHICTIO JBOX miarparok (ix
HA3WBAIOTh MATHITHUMH MiAIPaTKAMM), ISl KOXKHOI 3 SKUX CEPEIHE 3HAYCHHS
MarHiTHUX MOMEHTIB BiJIMIHHE BiJ HyJisg. Taka MarHiTHa BHOPSJIKOBaHICTh Ma€
Micie, SKIIO Temreparypa aHTU(depoMarHeTHKa HIDKYa TEeBHOI KpPUTHYHOI
TemrepaTypu — remnepaTtypu Heens.
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IcHye Takox iIe OJWH TUIl MAarHiTOBHOPSAKOBAaHUX KPHUCTAJiB — ()epHUTH,
K1 CKJIAJIAFOTHCA 13 JICKUJIBKOX MAarHiTHUX MiATPAaTOK, MarHiTHI MOMEHTHU SKUX, Ha
BIJIMIHY BiJ aHTU(EpPOMArHEeTHKIB, HE KOMIICHCYIOThCS, TakK IO (eputr Mae
CHOHTAHHUM MarHiTHUH MOMEHT.

1 | borh o h g
TNE A

deputamu €, HAIPUKIA, CIIOTYKH MEPEXiTHUX METaNIIB TUITY KOMIUIEKCHHX COJICH
MnOFe,O,, 3Y,0,5Fe 0O, (Y - irpiii) Ta inmi.

MarniTHa BHOOPSAIKOBaHICTE (Qepo- W aHTU(PEpOMArHETHKIB BUHUKAE
3aBJSKH KOPEJALIsIM MDK HampsIMKamMH CITIHIB €JIE€KTPOHIB OKPEMHUX aTOMIB IIHX
TiJl, MAarHITHAA MOMEHT SIKHX Ma€ B OCHOBHOMY CIIHOBY mpuposy. L{s kopemnsiis
3yMOBJICHA, B CBOIO 4Yepry, B3a€MO3B’SI3KOM MiK MPOCTOPOBOIO CHUMETPI€IO
XBUJIBOBOT (DYHKIIIT Ta BETMUYMHOIO CYMapHOTO CITIHY CHCTEMHU €JIEKTPOHIB. Takwuii
B3a€MO3B’ 30K, IO € HACIIJKOM HEPO3PI3HEHHOCTI OJHAKOBHX YAaCTHUHOK,
MPUBOJUTH JO 3aJIEKHOCTI €HEeprii CHUCTEMHU BIJ BEJIMYMHHU ii MOBHOTO CITiHY,
OCKUIBKM XBWJIbOBUM (DYHKIIISIM, III0 MalOTh PI3HY MPOCTOPOBY CHUMETPIIO,
BIJINIOBIIAI0Th, y3araji Ka)Xy4yu, pi3Hi 3HAUE€HHS €HEeprii CUCTEMH.

CyTTeBUM € Te, IO MPU IBOMY TaMUIBTOHIAH CUCTEMU MOXKE ¥ HE MICTHTH
YJICHIB, 110 OMHUCYIOTh MAarHiTHI, TOOTO, PENSITUBICTCHKI, B3aeMozii. Tak mo MoBa
e Tpo YHCTO KBAaHTOBUU e(EKT, TMOB'S3aHUN 13 THM, IO EJIEKTPOHU
niakoproroThes ctatuctuil depmi-ipaka. et edekr HazuBaeTbcsi 0OMIHHUM
eeKTOM, a PO 3aJISKHICTh SHEPTii CHCTEMH Bijl BEJIMYMHH IIOBHOTO CIiHY (TOOTO,
PO 3aJICXKHICTh €HEPrii BiJl BIaCTUBOCTEH CUMETPIi XBHILOBOI (DYHKIIIT) 3a3BHUUAM
TOBOPSITh, 1110 BOHA 3yMOBJIEHA OOMIHHOIO B3a€EMO/IIEIO.

MoJiekyJia BOTHIO.

XapakTep OOMIHHOT B3a€EMOJIl HAWIPOCTIIIE MOXXHA TOSICHUTU Ha MPHUKIIL
MOJICKYJIH BOJHIO, JIBa €JICKTPOHU SKO1 €JIEKTPOCTATUYHO B3aEMOMIIOTH MK COOO0I0
Ta 000Ma MPOTOHAMH MOJIEKYJIH
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["aminbTOHIaH CHCTEMH €JEKTPOHIB MPH 3aKPIIUICHUX HA 3aJaHii BiJCTaHI
A7pax Ma€ BUTIIA!

2 2
H:p1+p2+ez[; 111 1 1) (0.1)
2m FTo Tar Tao T Tho

fie Py, P, - OmepaTopH iMITyJbCy EIEKTPOHIB, M 1 € - iX Maca if 3apsn, a Iy, -
BiJCTaHb MDK yacTHHKamMu (1,2 — iHAeKCH eleKTpoHiB, a,b - iHaekcu smaep,
lp=r). Ockinbku H He MICTUTH WIEHIB, IO OMHUCYIOTh MAarHiTHY B3a€MOJIIO

€JICKTPOHIB, TO XBWJIbOBY (DYHKIIIFO CUCTEMH €JIEKTPOHIB {/ MOKHA MPEICTABUTH Y
BUIJISLAL 100yTKy npocTopoBoi @(r,,r,) # cniHoBoi X(0;,0,) XBunboBUX (GyHKIiH

W(rouro,) =@, )x(0,0) (0.2)

(0,0, - npoekii CriHiB eIeKTPOHIB Ha AESAKY BICb).

dyHKINSA (¢ TOBUHHA OyTH, 3TriiHO TpuHuuMy I[laymi, aHTHCUMETPUYHOIO
BIJIHOCHO OJIHOYACHUX MEPECTAHOBOK KOOPAMHAT 1 CIIIHOBUX 3MIHHHUX €JIEKTPOHIB.
Ile o3Hauae, OYEBUJIHO, 1110 CUMETPUYHIN CITIHOBIM XBUJILOBIM (DYHKINT BIIIOBIIAE
aHTHCUMETPUYHA IPOCTOPOBA XBHIbOBA (QyHKIIA 1 HaBmaku. OyHkuia X(0;,0,)
OyZe CMMETPUYHOIO, SIKIO CyMapHUW CIH S 000X eNeKTpoHiB Oyae piBHUM
oaunuill, S=1, i aHTUCUMeTpuuHOIO, sKIO S=0. ToMy nmpocTopoBa 4YacTHHA
XBWIbOBOI (DYHKIIT Oyne aHTUCUMETPUYHOIO Tpu S=1 il CUMETPUYHOIO NpH
S=0. Mu 6ynemo no3Hauatu ui GpyHKII1 BianoBigHo uepes3 @,(r,r,) u ds(ry,r,).

Cnixogi iaome P BOOHD

Cris npamoss

Eompanessirewnt e W0

OpToBOASHE Mapapopeis

[Tpumnyckarouu, 110 B3aEMOJIisl MK aTOMaMu € CIa0KO0, Ta 1110 BOHW 00U/IBa
3HAXOJAThCS B OCHOBHOMY CTaHl, MOXXHAa HaOJMXEHO MOoOyayBaTH (QyHKIIIT
@.(r,r,) 1 ¢5(ry,r,) 3a 10MOMOror0 XBUIILOBUX (DYHKIIIH €EKTPOHA, IO PyXa€ThC

B KYJIOHIBCBKOMY TOJI1 KOKHOTO 3 siAep:

1

Ps(ry.r,) =2(Ty2)

(p(r)2 () + ()2 (). S=0.  (03)



Pa(r,r,) = {¢(ra1)¢(rb2)_¢(ra2)¢(rb1)}’ S=1,

2(1— y2)

e ¢(r m) - HOpMOBaHa XBHJIbOBA (DYHKIIiS aTOMa BOJIHIO, 10 «CKJIaJCHUI» 13 | -TO

enekrpona (1 =1,2) i a-ro sapa (a=a,b) i

yzj.dr1¢(ra1)¢(rb1)' (0.4)

3HaueHHs1 eHeprii Mosekyiau B crtaHax 13 S=1 ta S=0 nos’'s3ani 3
Gynxuiamu @,(r,,r,) Ta Pg(r,,r,) CHiBBITHOMCHHIMU:

E,, () = [drdr Ba(rur JHE(r 4 ), (0.5)
E (= Jdrldr2¢s(rl,r JHP(r 1 ).

V nux iHTerpangax OIyLIEHO 3HAaK KOMIUIEKCHOTO CIIPSKEHHS, OCKUIBKU @,(ry,r,) 1
@s(r,r,) € milicHUMH B CHJIy NPHIYLIEHHS PO Te, II0 aTOMU 3HAaXOISATHCS B
OCHOBHOMY cTaHi. IlifcTaBisioun Crogu HaBeneHi Buile Bupasu Wit @,(r,r,) i
@s(ry,r,), 3HalnEMO!

- AN -B(r) - AN +B(r)
E ()= N E () Ty (0.6)

JAc

A(r) = [drdr U @2 (r,)8°(r,)

B(r) = [ drydr U (r )P ()P (r. )@ (rs)

r r12 a rbl

1.1 1 1
u=e?[ls -1 1 (0.7)
Fa2

(v Bupazax mis EH(r) 1 EH(r) BinkuHyTO He 3anexui Big | momamku, mo e

CHEpPTri€l0 JBOX aTOMIB BOJIHIO, SIKI 3HAXOJSATHCS Ha HECKIHYEHHIM BiJICTaH1 OJMH
BiJl OJTHOTO).

Bennuuna A(r) Bu3Hauae, OYEBHIHO, EIEKTPOCTATHYHY CHEPTiI0 B3a€MOIil

JIBOX aTOMIB y MPHUIYIICHH], IO KOXKHUMN 13 €JIEKTPOHIB <OKOPCTKO» MOB’ I3aHUM 3

onmHUM sitpoM (enexTpoH 13 smpom @, enexTpoH 2 3 siapom D), a Benmmuuna B(r) -
ix oOmiHHYy eHeprito. OcTaHHsS Ha3Ba IIOB's3aHa 3 THUM, IO BeauuwHa B(r) e
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MaTPUYHUM €JIEMEHTOM EJIEKTPOCTaTUYHOI eHeprii B3aemoaii U eneKTpoHiB Mix
CTaHOM, B IKOMY €JIEKTPOH 1 «HAIEKUTH» APy A ¥ IEKTPOH 2 <HAICKUTH SIPY
b, i cranoMm, B sikOMy eNeKTpoH 1 «HanexxuTh» saapy D i enexTpoH 2 «HaiexnuTh»
aapy a. Cmig Haragatd, 0 IOPOCTOpOBa YacTUHA XBUJIbOBOI (YHKII aToma
BOJIHIO

cama 1o co0l Ma€ eKCIOHEHIIIaIbHY 3aJIEKHICTh BiJl KOOPIAWHATH, HAPUKIIAL, AJIs
OCHOBHOT'O CTaHY:

r h e
ry~exp-—|, a=——m, = ,
o(r) p[ aoj mca d 2¢,hc

ne a, - paaiyc bopa, a a =1/137 - nocTiiiHa TOHKOI CTPYKTYPH.

OOmiHHAa  eHepris  BIAPI3HAETHCA  BAXKIWUBOIO  OCOOJMBICTIO.  BOHA
EKCIOHEHIIIMHO IMIBUAKO CHAaJa€ 3 BIACTAaHHIO MDX sJpaMu, Ha BIIMIHY BIJ
MOBUIBHO CITa/Iat04y0i eHeprii KyJOoHIBChKOI iX B3aemojii. Ile mosicHIoeThCs THM,
mo g0 B(r) BxoauTh M0OYTOK XBHJIBOBHX (DYHKIIIH €IEKTPOHIB, WIPUB’ SI3aHUX»
1o pizHux saznep, P(r)@(r,) 1 @(r,)9(r,,) . Tomy B(r) 3anexuTts Bix TOro, ko
MIpOI0  «IIEPEKpUBAIOTHCA» XBUIbOBI  Gynkuii  @(ry,) i #(r,), a Take
«TIEPEKPUTTS» EKCIOHEHLINHO 3MEHIIYeThCs 31 3pocTaHHsM . Ha miil migcrasi
MO>KHA CKa3aTH, 110 0OMIHHA B3a€EMO/IIS € KOPOTKOCSIKHOIO.

AxicHo Xix 3minu BenmuunH E (r) i E. (r) 3 poctoMm I', TOOTO, BijCTaHi

MK sSJpaMu, IMOKa3aHO Ha PUCYHKY. BuIHO, 1m0 1Ba HE30YHKEHUX aTOMa BOJIHIO
MOXYTb yTBOPIOBATH MOJCKYJy BOJHIO (siKiifi Bixmosizae kpusa E (r) 3

MiHIMYMOM) TUIBKH TIPH aHTHIIAPAJIENIbHIN Opi€HTAI] CITiHIB 000X €JEKTPOHIB.



Lle#i mpukiag HAOYHO TIOKa3ye, IO YHCTO KBAaHTOBHH e(eKkT oOMiHy
CJIEKTPOHIB MPHUBOJAUTH N0 €(EeKTUBHOI B3a€EMOJIi MDK aTOMaMH, CYTTEBO
3aJI©KHOMY BiJI iX CyMapHOTO CIHiHY, XO4a CHIHM ¥ HE BXOJATh SIBHO [0
MIOYaTKOBOTO (MiKPOCOKITIYHOTO) TaMiIbTOHIaHY CYKYITHOCTI aTOMIB, III0 BPaXOBY€
TITBKH €JIEKTPOCTATHYHY B3a€EMOJIITO.

OOmiHHaA B3a€EMOIs, IO JIGKUTD, SIK TIOKa3y€ HABEICHUW MPUKIIAJl, B OCHOBI
TOMEOMOJISIPHOTO  XIMIYHOTO 3B’SI3Ky, TOSACHIOE TakKOX NpuUposy Qepo- i
antudepomarnernsmy. Ha BigMiHYy BijJi MOJEKYJIW BOJHIO, JJi SIKOI OOMiHHA
enepris € Bix' emuoro, (B(r) <0), 3aBnsaxu yomy cras i3 cymapHum cridom S=0
BUSBJISIETbCS TAaKWM, 110 Ma€ MEHIIy eHeprilo, HiK craH 13 S=1, vy
dbepomMarseTvkax CTaHy 3 OUIBIIUM CITIHOM BIJTIOBIIa€ MEHIIA €HEPTis, TakK IO B
OCHOBHOMY CTaHl ()epOMarHeTHKa CIIHU BCiX aTOMIB MAalOTh MapajeiabHy
opienrarito (['eitzendepr, @penkens, JJophman).

Jist  Toro, moOu MaTeMaTUYHO OMHCATH OOMIHHY B3a€EMOIIIO IS
MarHeTHKIB, YBEJIEMO JI0 PO3TIISTY OnepaTop

H=-J(r)SS, +E(r) (0.8)

ne S i S, - oneparopu cminiB enextpoHis i J(r),E(r) - meski ¢ynkuii Bix I, ki
MU Mig0epeMo TaKuM YUHOM, MO0 BIACHI 3Ha4YeHHs omepartopa H , mirodoro y
MPOCTOPI CIIHOBUX 3MiHHMX, CIIBIAJaNH 31 3HAYCHHAMH eHeprii E (r) m E. (r).

OCKIIbKH

1 1 1
3152=5(51+52)2—§(521+522)=—25(s+1)——j, (0.9)

TO BJIACHI 3HAYEHHs oleparopa SS, NOPIBHIOIOTE! —731 mpu S=0 1 711 npu S=1.

Tomy BrnacHi 3Ha4eHHs onepatopa H Oynyts cmiBnanartu 3 BenndnHamu E (r) i

ETl (r), AKIIO MOKJIACTH



I =E (-E (1), (0.10)
E(r)——E [N+ —E ,(n).

Bennuuna E(r) Bu3Hauae, OYeBMIHO, CEpEIHE 3HAUCHHS EHEPril aToMiB
(mapastebHiM Opi€HTaIll CIIHIB €JIEKTPOHIB BIAMOBIa€ CTaTHCTHYHA Bara 3/4,
TOJII SIK aHTHIapajelbHIA opieHTamii - cratucTiuaHa Bara 1/4), a J(r) - oOMiHHY
eHepri}o BinBomikatouuce BiJ 1i€i cepeaHbOl eHepri'l' 3a3BUYail pO3rIANAtoTH
Tipbk meprmid  gogaHok y (0.8), 3amexHuilt Bi CIIHY €JIEKTPOHIB. HOTro

Ha3WBAIOTh TaMIJIETOHIAHOM OOMIHHOI B33€M0,Z[11 CJ'ICKTpOHlB 1 MO3HAYAIOTh qcpe3
H
e

e ™ _‘](r)8182'

Mu 3100ynu OOMIHHY B3a€MOJIIO,PO3IJIANAI0YN KOHKPETHO MOJEKYNTy BOJHIO.
Ane 10 Hel MOXKHA MPUNTH 13 OLIBII 3arajJibHUX MIPKyBaHb, BUXOJSYH 13 BUMOT
1HBap1aHTHOCTI TaMUJIbTOHIaHA B3a€MO/I1 BIIHOCHO MPOCTOPOBUX 00EpPTaHb.

JIificHO, MOCTaBMMO MHTAHHA NP0 3HAXOKEHHS HAWOUIbII 3arajibHOTrO
BUpA3y Ui raMiIbTOHIaHY B3a€MOJIi IBOX OJHAKOBUX YaCTUHOK, MPUITYCKAIOUH,
0 BIH 3aJ€XKUTh TUIBKKM BiJ KOOPJAUHAT 1 CIIHIB YacTUHOK. OCKUIbKH 13
OIlEpaToOpiB CHIHIB YaCTMHOK S 1 S, Ta paaiyc-BekTopa I, IO BU3HA4ae ix
BITHOCHE TIOJIOKEHHS, MOKHA MOOYyIyBaTH TIIbKA TPU HE3AJIEKHUX 1HBapiaHTa
BIJTHOCHO TTEPETBOPEHB MPOCTOPOBUX 00EPTaHb

SS, (rS)(rS,), (0.11)

To mykanuil ['aminperoHian H Moxe OyTH MOBUIBHOIO (DYHKIIIEIO IIUX 1HBAPIaHTIB.
Bamicts (rS;)(rS,) 3pyuHime BBecTH iHBapiaHT

S, =3(nS))(nS,)-S5, (0.12)

r . .
ne n :F’ i 3anucatu H y BUrmsil

= 1(r,$S,,S,)., (0.13)

ne f - noBimpHa PyHKIIIS TPHOX HE3AIEKHUX 3MIHHUX.

SIKIIO CIiH KOKHOI 13 YaCTMHOK JOpiBHIOE 1/2, TO OCTaHHIM BUpa3 MOXeE
OyTH 3HAYHO CIPOIICHMI 3aBISKM HACTYITHIA BIaCTUBOCTI criny 1/2: Oyab-ska
1[JIa TO3UTUBHA CTEMIHb MaTpulb SS, 1 S,, a TakoK NT00YTOK TAKMX CTEIIECHIB
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BUPAXKAETHCS Y BUTIISAI JIIHIMHOT KOMOIHAIIT cCAaMUX TaKMX MAaTPUIlh Ta OAUHUYIHOI
Matpuill. Taka BJIACTHBICTH € HACHIAKOM BIJOMOTO CIIBBIJHOIIEHHS JJIs
KOMITOHEHTIB citiny 1/2

i 1
S =§‘9k|m5m "'del :

BuxopucToByIouH 1€ CIiBBIAHOIICHHS, JETKO MEePEBIPUTH, HAITPUKIIA, 1110

(8182)2 :1%3__]2-812’

3.1 1
8_122 = 3 +§Slsz__2512

_ _1
S_Lz(slsz) - (Slsz) S12‘281:-
3BijcH BHTIKaE, MO po3kinanaroun GyHkmito f B psg mo cremenswm ii aprymeHTis,
ramMuibToHIaH H Mo’kHa MpeaCcTaBUTH Y BUTIISIIL:

H =U,(r)+U,(r)SS,+U {r)S,,, (0.14)

ae U (r), U,(r), Uy(r) - nmesxi ¢yHnkuii Bix Bigctani Mix uyacTuHkamu. Crnif
Harajaty Ime pas, Taka GopMmysa ClpaBeuBa TUIBKH Y BHITAJKy YaCTHHOK, IO
MaroTh crin 1/ 2.

I3 mepmumu BOMa JOJaHKaMH B Iili (OpMyJi MU BXKE MO3HAHMOMUIUCH
BUIIIC, TIPU PO3TJISIIII MOJIEKYJIM BO/HIO. 1[0 5k CTOCYEThCS TPETHOTO JOJAHKY, TO Y

BUMAJKYy JBOX EJIEKTPOHIB BOHO € iX EHEpri€l0 MarHiTHOI B3aeMOJli, TOOTO,

CHCPIi1€10 B3a€EMO/I11 MarHiTHUX MOMCHTIB C€JICKTPOH1B, RSL 1 RSZ . HpI/I HbOMY

2
%) r—]é Lls enepris wmicture y mnopiBHsHHI 3 U (r)+U,(r)SS,

U,(r) :(

2
o 1 X Vv
JOJATKOBHUHU MHOXHHUK - (TO‘IHIHIC Ka)quI/I, MHOKXHHUK E , A€ V - Be€IM4UYHUHa
C

MOPSAIKY CEPEeNIHbOT MIBUAKOCTI €JIEKTPOHIB B aTOMI. Y BUMNAAKY MOJEKYJIN BOJHIO
MU HE BPaXOBYBAIM III€T €HEPTIi, 0 MA€ PEIATUBICTCHKE MOXOHKEHHS, OCKUIbKU
V<C.

OOMiHHMI raMiJIbTOHIAH (pepOMArHeTHKA.

[lepeiinemo Temep 10 BCTAaHOBJIEHHA BUJIY TaMiUIbTOHIaHy (epoMarHeTHka.
['onoBHe mnuWTaHHSA, $KE€ HAC LIKABUTh, TMOJSIra€ y 3'CyBaHHI XapakTepy
CHEPTeTUYHOTO CIEKTPY (epoMarHeTHka MmoOIu3y OCHOBHOTO CTaHy, SIKOMY, SK
MoKa3ye JOCBIJ, 1 IK Ma€ MOSICHIOBATH TEOPis, BIANOBIIAa€ MapaneabHa OpieHTaIlis
MarHiTHUX MOMEHTIB OKPEMHX aTOMIB.
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SIKI10 NpUIMyCTUTH, 10 KPUCTal (GOPMYETHCS aHATIOTTYHO MOJIEKYII BOJAHIO,
TOOTO, 3 OKpPEMHX aTOMIB, KOXXCH 3 SIKHX MICTHUTh IO OJHOMY €JIEKTPOHY B
OCHOBHOMY CTaHi, BAKOPMCTOBYIOUH 3a3HAYCHUN raMiJIbTOHIaH MOXHA TTPUOJIN3HO
3HAWTH €HEPreTH4Hi piBHI KpucTana. OaHaK JJs DOCTIHKEHHS OUIbIN 3arajibHUX
BUMAJKIB MIKPOCKOIMIYHUN TaMiJIbTOHIAH € HAATO CKJIaJHUM, 1100 HUM MOXKHA
Oyn0 kKopucTyBaTHCs Oe3mocepeaHbo. TomMy PUPOAHO CIpoOyBaTH MEPEUTH BiJl
MIKPOCKOIIIYHOTO TaMUIbTOHIAHY JO0 TaMUIbTOHIAHy, IO Ma€ OiIbII MPOCTY
MaTeMaTU4YHy CTPYKTYpy 1 TPUBOAUTh y TOJOBHUX pHUCAaX JO TaKOTO XK
CHepreTUYHOr0 CHEKTPYy, SIK 1 BHUXIOHUM TramunbToHiaH. Llelt mepexim MokHa
3pOOMTH aHAJOTIYHO PO3IJSHYTOMY BHILIE TMEPEXOAYy BiJ MIKPOCKOIMIYHOTO
ramiJbTOHIaHy JBOX aTOMIB BOJIHIO, 10 OOMIHHOTO TaMiJIbTOHIaHY, 110 Ma€ OLIBII
IPOCTY CTPYKTYPY, HIK BUXITHUI raminbToHIaH. [Ipu nbomy, ik Mu Oa4uiid, KO
HJIEThCS PO EHEPTeTUYHI CTaHM, 110 BUHUKAIOTh 3 OCHOBHHX CTaHIB JIBOX aTOMIB 1
BIJIPI3HSAIOTHCS JIMIIIE 3HAYCHHSM CYMAapHOTO CIIMHA, TO BUXITHUM TaMiJIbTOHIaH
CKBIBAJICHTHUN OOMIHHOMY TaMiJIbTOHIaHY.

Hame rojioBHe TNpUIYIICHHS TMOJSITa€ B TOMY, IO MH OTPHUMAEMO
npaBUWiIbHY (PI3MUHY KapTHHY €HEPIeTUYHOTO CIIEKTPY (hepoMarHeThkKa IMmoOJn3y
HOro OCHOBHOI'O CTaHy, SKIIO 3aMIHUMO MIKPOCKOMIYHUN TaMiJbTOHIaH
(dbepoMarHeTrka CyMor 0OOMIHHUX raMiJbTOHIaHIB PI3HHUX Hap HOro atoMis (OiIbII
TOYHE BHUBEJICHHS TaKOTO raMiJIbTOHIaHy HaBeJeHO B poOotax boromroOoBa i
Tsa0mikoBa).

Hexaii yci aromm ¢epomarnernka maroth cmin 1/2. Toxi oOMmiHHWEI
ramiJbTOHIaH (epOMarHeTHKa, SKUM MH 3aMIHIOEMO BUXITHUN MIKPOCKOTIYHUH,
MaTUME BHUTJISI cyMu ramiiabToHiaHiB (0.8)

He==2 3 (Rin)SS, (0.15)

I£m

e S 1 S, - cmiHu aTowmiB, siKi 3HaxXomAThCA B | -My Ta M-My By3nax IpaTku i
J (le) - nesika (pyHKILis Bix pagiyc-Bekropa R, ., 1o 3’eanye | -if Ta m-ii By3nu

(ITimcymoBYyBaHHS IPOBOAMTHCS IO BCIX Mapax aToMiB Kpucrtania). L ¢yHKIis, 1mo
Ma€e Ha3By OOMIHHOTO iHTerpama |-ro ¥ mM-ro aromiB, AyXe IIBHAKO
(eKCIOHEHIIHO) 3MEHIIYEThCS 31 301IBIICHHSIM BIJCTaHI MK aTOMaMH, OCKLIBKH
BOHA BU3HAYAETHCS CTYNEHEM IMEPEeKPUTTS XBUIbOBHX (PyHKIIH aTtomiB. Tomy

MPAaKTUYHO BEeIU4YuHA J (le) BiIMIHHA BiJI HYJISI JIMIIIE B TOMY BHITQJKY, KO | -
i Ta M-I aTOMHU € CYCIJTHIMH, TIPH [ILOMY
J (le) ~§—

€
=, (0.16)
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1e a - moctiiHa rpaTku i ¢ - yrcnoBuid napametp nopsiaky 0,1, o BuzHa4a€eThCs
CTyNEHEM MEPEKPUTTS XBUJIOBUX (PYHKIIIHN CYCITHIX aTOMIB.

VY 1mpoMy ramibTOHIaHI BIJICTaHI M1 aTOMaMH BBa)Ka€TbCs 3aJlaHUMH, a
JUHAMIYHUMU 3MIHHUMH € JIMIIEC ONEPAaTOpU CIIIHIB aTOMIB, Kl JiI0Th (&, OTXKe, 1
caMm raMminbpToHiaH H.) Ha XBHILOBY (DYHKIIIIO cHCTEMH, IO € (QYHKIEI TUIBKH

B/l CIIIHOBHUX 3MIHHUX, aji€ HE BiJl IPOCTOPOBUX KOOPAMHAT YACTUHOK.
Jlns hepomarseTvka oOOMiHHUM 1IHTETpajl NO3UTUBHUN

J(Rn)>0,

3aBISIKH 9YOMY B OCHOBHOMY CTaHi CITIHM BCIX aTOMiB MarOTh OJHY U Ty camy
opieHTaito. Llsg opieHTalis, ojaHaK, HE BHUJIIJIEHA, SKIIO BPaxOBYBaTH JIUIIIC
0oOMIHHY B3aemojiro. HampsMok 1€  BHM3HAYa€TbCs  PEISATUBICTCHKUMU
B3aEMOJIISIMH, TIPO SIK1 WIIIOCS BUIIIE.

BaxrBoro BiaacTuBiCTIO 00MiHHOTO ramiabToHiany (0.15), skuit 3a3Buyaii
HA3UBAETHCS Tali3eHOCPTIBCHKUM TaMiIBTOHIAaHOM (TOBOPSATH TAKOX TPO MOJENb
¢depomarnetuka [aiizenOepra, mMaiounM Ha yBa3l Hig UMM (PepOMArHETHK, SKUN
ormcyethbes TaminbToHiaHoM (0.15)),€ Te, mo BiH KOMYTY€E 3 KOXKHOIO 13 TPOEKIIii
CYMapHOTO CITiHY (pepoMarHeTuka

s=%s. (0.17)

JliticHO, BHWKOPUCTOBYIOYM BIiJJOMi TEPECTAHOBOYHI  CIIBBIJHOIICHHS  JIS
OTIEpaTOPiB MPOEKIIiH CIiHA aTOMa

[Sa’Sn,B} = igaﬂySydm

(a,[,y - koopauHaTHI iHAEKCH), JIEMKO BIEBHUTUCH, L0

(S +Sn)(SiSm) = (SSn) (S +Sn)
1 TOMy
HS=SH..

3BiACH BUIUIMBAE, 110 MPHU BpaxyBaHHI JMIIEe OOMIHHOI B3a€MOJIIi KBaapat
MOBHOTO CIIIHYy CHUCTEMH Ta WOro TpOEKIis Ha sKychb BICh OYyIyTh
KBAaHTOBOMEXaHIYHUMH 1HTETpaJlaMd pyxy, TOOTO, OOMIHHa B3a€EMOJIA cama
co0010 3MIHUTHU IMX BEJIMYMH HecmpomoxkHa. Lls oOcrtaBuHA HIIKOM 3po3yMmina,
SIKITO 3TajiaTH, M0 3 MIKPOCKOIIYHOI TOYKH 30py OOMiHHA B3a€EMOJIsl — II€ CYTO
eJIEKTPOCTATUYHA B3AEMOJISI 3 YypaxyBaHHSIM CHUMETpPIl XBUIBOBUX (DYyHKLIN
CHCTEMH.



11

Sk 3a3Havanocs, Mar”HiTHUH MOMEHT (epoMarHeTHKa Ma€ TEePEeBaAKHO
ChiHOBY mpupoay. ToMy MOXHA BH3HAYHUTH OINEpPATOpP TYCTHHH MAarHiTHOTO
MOMeHTY (pepomarneTuka M (r) B TOYIN I SIK CyMYy

M (r):ZyOZI:SJ(r -R,), (0.18)

eh :
ne U, =ﬁ - MmarHeToH bopa, R, - paaiyc-BekTop, 110 BU3Ha4Ya€ MON0KeHHs | -

0 By3JIa KpUCTAIIYHOI IPaTKH.
'aminbTOHIaH OOMIHHOT B3a€MOJIi MOXKHAa BHUPA3UTH YeEpe3 oOmepaTop
I'YCTUHH MarHiTHOTO MOMEHTY

-1 r{dr'd(r-r’ .
H,= 2(2—;10)2jdjd I(r=r )M (rM(r’)

Jlerko mnepekoHaTUCS TaKOX, IO ONepaTOpyd NPOEKIId TyCTUHU MAarHiTHOIO
MOMEHTY 33/I0BOJIbHSIOTH KOMYTAIlITHUM CI1BBIIHOLIECHHSM

[Mi(r).M(r)]=2iggM, (r)o(r —r).



