Jlexuusa Nel7/

deppoMarHeTHKM U aHTH(EeppPOMArHEeTUKHU
1. O6mennas 3Heprus peppoMarHeTuka

Ha nmpomnwioii nexknuu HaMH  YCTaHOBIEH BHJA  TaMIJIbTOHHAHA
deppomarnetuka. CreayeT HAlOMHHUTH, YTO TJABHBIM BOMPOC, KOTOPHIH Hac
WHTEPECOBAN, 3aKIIOYANICS B BBIICHCHHHM XapakTepa JHEPTeTUYECKOrO CIIEKTpa
dbeppomarneTuka BOJTU3M OCHOBHOTO COCTOSTHHUS, KOTOPOMY, KakK IIOKa3bIBaeT
OMBIT, W KaK JOJDKHa OOBSCHATH TEOPHUS, COOTBETCTBYET IMapaliebHas
OpHEHTAIHS] MATHUTHBIX MOMEHTOB OT/AEIHHBIX aTOMOB.

BcrmomuuM, dWto ecnm KpuCTaul (POPMUPYETCS aHAJIOTHYHO MOJIEKYJIe
BOJZIOPO/Ia, TO €CTh, U3 OTAEIBHBIX aTOMOB, K&XJBIH W3 KOTOPBIX COJEPKHUT IO
OJTHOMY DJJIGKTPOHY B OCHOBHOM COCTOSIHMHM, TO HCIIOJIB3ysl yKa3aHHBIN
raMUJIbTOHHAH, MOKHO MPUOIMKEHHO HAUTH SHEPTeTHYECKUE YPOBHH KpUCTAJIIA.
Opnako myig  uccienoBaHus Oojiee  OOMIMX —CIIy4aeB  MHUKPOCKOIMYECKUN
TaMUJIBTOHWAH SIBJSIETCS CIUIIKOM  CJIOXKHBIM, YTOOBI WM MOXHO OBLIO
HEIMOCPEICTBEHHO TMOJIh30BaThCA. [[03TOMY €CTeCTBEHHO MOIMBITATHCS MEPEHTH OT
MUKPOCKOIIMYECKOTO TaMIIbTOHMaHa K TaMUJIbTOHHAHy, HUMeIoneMy Ooiee
IPOCTYI0 MAaTEMaTHUYECKYI0 CTPYKTYpy M MPHUBOIAIIEMY B TJIABHBIX YepTax K
TAKOMY K€ JHEPreTHYeCKOMY CIEKTPY, KaK W HCXOJIHBIM TaMHJIbTOHHAH. JTOT
NEPexo]l MOKHO TPOU3BECTH aHAJIOTHYHO PACCMOTPEHHOMY BBINIE MEPEXOIy OT
MUKPOCKOIIMYECKOTO TaMWJIBTOHHAHA [JBYyX aTOMOB BOJOpPOAa, K OOMEHHOMY
raMIWJIbTOHHAHY, HMEIoIIeMy O0oJiee TMPOCTYI0 CTPYKTYpPY, Ye€M HCXOJIHBIN
raMmwibToOHHaH. [Ipu 3TOM, KaKk MBI BUJENH, €CIH PEeUb UAET 00 SHEPreTUIeCKUX
COCTOSIHMSIX, BO3HHMKAIOIMIUX W3 OCHOBHBIX COCTOSHUW JBYX aTOMOB U
OTJIMYAIONIUXCS TOJBKO 3HAYCHHEM CYMMapHOrO0 CIWHA S, TO WCXOJIHBIN
raMUJIbTOHHAH SKBUBAJIEHTEH OOMEHHOMY TaMHIJIbTOHUAHY .

Hame rmaBHOE mpeanosioxeHue 3aKIYaioch B TOM, YTO MBI IMOJTYYUM
MPaBUIBHYIO (DU3UYECKYI0 KapTUHY HHEPTeTUYECKOTO CIEeKTpa (eppoMarHeTHKa
BOJIM3M €ro OCHOBHOTO COCTOSIHHSI, €CJIH 3aMEHUM MHUKPOCKONMUYECKUN
raMIJIbTOHHAH (peppoMarHeTka CyMMOil OOMEHHBIX TaMIJIBTOHHAHOB Pa3IMYHbIX
nap ero atoMoB (0osiee TOYHBIM BBIBOJ TAKOr0 raMHJIbTOHHAHA IPHUBEICH B
pabotax boromobosa u Ts011koBa).

ITycte Bce aTtombl (eppomarHeTrka wmero cnuH 1/2. Torma oOMeHHBIMH
raMWJIbTOHMAH  (eppoOMarHeTHka, KOTOPBIM MBI 3aMEHSEM  HCXOJHBIN
MUKPOCKOIINMYECKUH, OyIeT UMETh BUJI CyMMbI TaMUJIbTOHHAHOB

He==2 3 I(Rin)3S, (1)
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riae § u S, cHuHBl aTOMOB, HAaXOIAIIMXCA B |-M M M-M y3max pemieTku U

J (le) - HeKoTopas PyHKIHs OT paanyc-Bekropa R, , coenuusromero | -it u m-

Im?
i y31bl (CyMMHpOBaHHE MPOU3BOAMTCS IO BCEM MapaM aTOMOB KpHUCTaslia). JTa
byHKIMSI, HOCSIIIas Ha3BaHUE OOMEHHOTO MHTETpaja | -ro ¥ M-ro aToMoOB, O4YEHB
ObICTPO  (IKCIIOHEHIIMAIBHO) YOBIBAGT C YBEIUYCHUEM PACCTOSHHS MEXITY
aTOMaMH, TaK KaK OHa OINpPEAENSeTCs] CTENEHBI0 MEPEKPHITH BOTHOBBIX (DYHKIUN

aTOMOB. HOG)TOMy IMPAaKTHUYCCKN BCIMYHHA J (le) OTJIMYHA OT HYJIA TOJIBKO B TOM

ciy4ae, ecii | -ii 1 M-i aTOMBI SBJISIFOTCS COCEAHUMH, TIPH STOM
I(Rin)~ €=, e

rIc & - IOCTOSHHAs peneTku W ¢ - 4YHCIeHHBIA mapamerp mopsaka 0,1,
OTIpEICTISIEMBIN CTETICHBIO IEPEKPBITUS BOJTHOBBIX (DYHKITHI COCETHUX aTOMOB.

B »3TOM raMmibTOHHMAHE PACCTOSIHUS MEXKIYy AaTOMaMH CYUTAeTCs
3aJlaHHBIMU, a JWHAMHUYECKUMHU TIEPEMEHHBIMU SIBIISIOTCS TOJIBKO OTIEPATOPHI
CIIMHOB aTOMOB, KOTOpBIC JCUCTBYIOT (a, CIEIOBATEIbHO, M CaM TaMUJIbTOHHAH
H.) Ha BOJHOBYH (QYHKIMIO CHUCTEMbI, MPEACTABISIONIYI0 COOOW (QYHKIIUIO

TOJILKO OT CIMHOBBIX IMEPEMEHHBIX, HO HE OT MPOCTPAHCTBEHHBIX KOOPAHHAT
YaCTHIL.
Jnis heppomarneTnka OOMEHHBIN UHTErpai MOJIOKHUTENEH

J(R)>0,
6J1ar0z[ap;1 4CMY B OCHOBHOM COCTOAHHHU CIIMHBI BCCX aTOMOB UMCIOT OIHY M TY K€
OpPUCHTALNIO. Orta OpuCHTalUuA, OAHAKO, HC BbBIACIICHA, CCJIIM YUYUTLIBATH TOJIBKO
oOMeHHOe B3auMmojelcTBue. HampaBinenue 310 ompeaensercss pensiTUBUCTCKUMU
B3aUMOJICUCTBUSMHU, O KOTOPbIX pCYb 1I1JIa BBILIC.

BakHbiM cBOiicTBOM 0OMeHHOTro ramuibToHHaHa (1), KOTOPBIH OOBIYHO
Ha3bIBACTCA Faﬁ36H6CpFOBCKHM raMnMJIbTOHHAHOM (FOBOpHT TAKXXC O MOACIIU
dbeppomardeTuka [aif3eHOepra, mnojapasymeBas TMoOJl OTUM (eppoOMarHeTHK,
KOTOPBIM OMHUCHIBACTCS raMuIbToHHaHOM (1)), AABJsIETCS TO, YTO OH KOMMYTHPYET
C KaXJI0M M3 MPOCKIIMA CYMMapHOTo CliuHa (peppoMarHeTuka

Im

5=35. 3)

JIeCTBUTENBHO, HCHOJIB3YS HW3BECTHBIE IEPECTAHOBOYHBIE COOTHOLIEHUS IS
OIEPaTOPOB MPOEKIHM CITMHA aTOMa

[éa’ énﬁ} = igaﬂyéydm

(a, 3,V - KoopAMHATHbIE MHIEKCHI), JIErKO yOEUThCS, YTO



U TIO3TOMY

A A

H.S=SH..

Otcrona ciemyeT, 9YTO €CIM YYUTHIBATh TOJBKO OOMEHHOE B3aMMOJICHCTBHE,
TO KBaJIpaT MOJIHOTO CIIMHA CUCTEMBI U €Tr0 MPOEKIMS Ha KaKylo-Iru00 OCh OyIyT
KBaHTOBOMEXAHUYECKHUMH HHTETpPAJIaMH  JBWUXKEHUSA, TO €CTh, OOMEHHOE
B3aHMMOJCHCTBHE cCaMO II0 ce0e HW3MEHUTb JTHX BEJIMYHMH HE MOXKET. OTO
0OCTOSITEILCTBO SIBJISIETCS. COBEPILICEHHO IOHATHBIM, €CJIM BCIIOMHHUTB, 4YTO C
MUKPOCKOITMYECKOM TOYKH 3peHUs OOMEHHOE B3aMMOJECHCTBHE — A3TO YHUCTO
AIIEKTPOCTATUYECKOE B3aMMOJCHCTBUE C YUETOM CUMMETPUU BOJIHOBBIX (DYHKIHIN
CHCTEMBI.

Kak yxe yka3pIBaJoCh, MarHUTHBIH MOMEHT (eppoMarHeTHMKa HMEET B
OCHOBHOM CHHHOBYIO Tpupoay. IlosToMy MOXKHO ONpEACIUTh OmIepaTop

[UIOTHOCTH MarHUTHOTO MOMEHTa (peppoMarteTika M (r) B Touke r kax cymmy
I\7|(r)=2yOZI:S15(r—R,), (4)

en .
rae [ :ﬁ - marHeToH bopa, R, - paxuyc-BeKTOp, ONpEAEAIOIUNA TOJOKEHNE

| -ro y3ma KpUCTaIITMYECKOM PEIIETKH.
['amMunbTOHMaH OOMEHHOrO0 B3aUMOJCHCTBUS MOXHO BBIPAa3UTh 4Yepes
OmepaTop IJIOTHOCTU MarHUTHOIO MOMEHTA

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

Jlerko Y6CI[I/ITI>C}I TAKKEC, YTO OIICpaTOphbI HpOCKHI/Iﬁ IINIOTHOCTH MArHuTHOIO
MOMCHTA YAOBJCTBOPAIOT KOMMYTAIIMOHHBIM COOTHOIMICHUAM

N

[Mi (r)’Mk(r')}ZZi‘siklml (r)o(r=r’).

['amunpronnany (1) cOOTBETCTBYET MaKpOCKOMHMYECKas OOMEHHAsT SHEPTHSI
deppomarneTrka

1

W, =- .
2(244)

Idrjdr'j(r—r')M(r,t)M(r',t), (5)
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rie M (r,t) - IUIOTHOCTH  MAaKPOCKOIHMYECKOTO MATHHTHOIO  MOMEHTA

(eppoMarneTrka, SBISIOIIAsACA, BOOOIIE TroBOpsA, (YHKUMEH KOOPAMHAT H
Bpemern, u J(r) - HekoTopas (yHKuMs OT [ M OT Temmeparypsl T . Ora

byHKIUA, Tak ke, KaKk U GyHKIus J (r) B MHUKPOCKOIIMYECKOM TaMHJIbTOHHAHE,

OBICTPO YMEHBIIAETCSI C POCTOM [ W TIPH JOCTATOYHO HHU3KUX TeMIlepaTypax
(T <xT,, T, - remneparypa Kiopu) mano ominuaercs oT GyHKIuu J (r )

[TogpazymeBaeTcs, 4YTO IUJIOTHOCTh MAaKPOCKOMUYECKOTO MArHUTHOIO
MomeHTa M (r,t) CBsI3aHa C ONEPATOPOM IJIOTHOCTU MAarHUTHOro Mmomenta M (I’)

COOTHOIICHHUEM
M (r,t)=SpoM (r), (6)

rae O - JIOKaJIbHO paBHOBECHAs! MaTpHIlA MIIOTHOCTH.

Bepremcss  Temepp K = MHUKPOCKONHMYECKOMY  (raii3eHOEproBCKOMY)
ramwibToHrany (1). B mampHelinieM CHUHOBBIA TaMUJIBTOHHAH KpPHCTaIa BO
BHEIIIHEM cJ1a00M MarHUTHOM mnose B :{O, O,B} OyneM 3amuchiBaTh B BUJIC:

Au=-4Y B8 -3 3 3 (n-m;3,, @

nZm

rae ﬂoz% - marseton Bopa, J(n—-m)=J(m-n) - oOmeHHbIi HHTErpai

MEXIy N-M U M y3JaMH KPUCTAINIMYECKOW PEIIETKH, UMEIOINN pa3MEpHOCTh
SHEPrUM, S, - BEKTOPHBIC CIHHOBBIC omepaTopsl (B emuHHIax 7 =1),
YAOBJIETBOPSIOLINE IEPECTAHOBOYHBIM COOTHOLIEHUSAM

EEEEPS; (8)

CnaGoe wmarHuTHoe moje B BBegeHO B TraMUJIbTOHHAH, YTOOBI BBIACIUTH
HanpaBieHue (och OZ ) HAMarHUYEHUs B KpUCTAIUIE. DTO NPUXOIUTCS AEaTh
IOTOMY, YTO B IEJIIX YIPOIICHUS JaJbHEHIINX BBIKIAIOK B FaMHJIbTOHHAH HE
BKJIIOYEHBI B3aUMOJCHCTBUS CHHHOB C DJEKTPUYECKHM II0JIEM aHHU30TPOIHU
kpuctaiia. Kak yke HamMM OTMeyanoch, TaKU€ B3aMMOJCHUCTBUS HMEIOT
PENIATUBUCTCKHIA XapakTep U SBISAIOTCS MajbIMU. XOTS TaKHe B3aMMOACHUCTBUS U
MaJlbl IO CpPaBHEHHIO C OOMEHHBIM B3aHMMOJCWCTBUEM, OHU €CTECTBEHHBIM
00pa3oM BBIIEISIOT B KpUCTaJIe HalpaBieHne HamarouueHus. Hamomaum takke,
YTO BCJEACTBHE ObICTPOro yObiBaHUS (QyHKIUH J (n —m) C PacCTOSIHUEM MEXAY

atomMmamM#, B cymMme (7) MOXXHO YYHUTHIBATh B3aMMOJCHCTBHE TOJBKO MEXKIY
OJIMKAUIITMMU aTOMaMH.
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BBeneHHBII TaMWIBTOHWAH, KaK JIETKO YOEOUTHhCS, KOMMYTHUPYET C
OIIepaTopoOM KBaJpaTa CyMMapHOIO CIIMHA U €ro IMPOEKIUMEH Ha MAarHUTHOE I10JIE
B ={O, O,B}

gzz(zénj 5=y (10)

Kpajpar oneparopa cnuHa S? KaskJ0ro aToMa UMeeT TOJBKO OJHO COOCTBEHHOE
3HA4YEHUE S(S+l), rne S - omuo w3 3Hauenmin 1/2, 1, 3/2,..CnuHOBbIE

omnepaTopbl JICMCTBYIO B MPOCTPAHCTBE CHMHOBBIX (PYHKIIMMA ‘S,SZ>, rae S

npuHumaer 2S+1 3HauyeHu, iS,i(S—l),...OnepaTopr é(,éy,éz MO>KHO

3aMEHUTH OTllepaTopamMu
§=S,, S§'=§+i§,, §=S§-iS, (11)
YIOBJIETBOPSIOLIUMU I1EPECTAHOBOYHBIM COOTHOLIEHHSIM

[é*,é‘}zzéa [st}zs [é{é‘}:—é‘. (12)

Omepatopsl S',S™ B mpocTpaHCcTBE CIMHOBBIX (YHKIHiA ‘S,SZ> UMEIOT CJEAYIOLINe

OTJIMYHBIC OT HYJIA MAaTPUYHBIC 3JICMCHTHI.

(S,S,+1S[S,S,)=(S.S|S[S.S, +1=[(S-S,)(S+S,+ ). (13)

~

Kak BHJHO, OIIEpaTop S* YBENHYMBACT, @ ONEPATOpP S yMEHBIIACT HA CAMHUIY
IPOEKIINIO CIIMHA HA OCh Z.

Bocmonp3yemcsi  temeph  tumu  QopMmysiiamMu  ais  IpeoOpa3oBaHUs
ramunbToHUaHa (7). [Ipu 3TOM MBI HOJDKHBI cUUTaTh, 4yTO (Gopmynsl (11) - (13)

CIIpaBCJIMBLI OTACIBHO AJI KaXXI0I0 Y3JI0BOI'O CIIMHA Sn . CnuHOBBIC OIICpPaToOphI,

OTHOCSIIMECS K PA3HBIM aTOMaM, KOMMYTHPYIOT MEKTy COOOH.
Hcenonb3yst TOKIeCTBO

o - A7 1 A+ ~— ~— A+
55 =88 +5(55+55) (14)
raMuJIbTOHHAH (7) MOYKHO ITPeoOpa30BaTh K BHIY

H=E,+H,+H,, (15)



rac

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

A, = (1B + L) (S~ §) -5 2 (n-m) &S
H, =—%msz (n-m)(s-&)(s- &),
L(O)=SZnZ.J(n), U=Ng.

B deppomarneruke oOMeHHble uHTerpaysibl J(N) TOJOXKHUTEIbHBI. MUHHMYM

seprun (E . =E,) cooTBercTByeT COCTOSHHIO, TIPH KOTOPOM BCE CIHUHBEI

min
HaIrpaBJICHbI BAOJIb ITOJIA. B036y}K,Z[CHHBIC COCTOAHUA O6p8.3YIOTC}I ITpHU IMOBOPOTE
OJHOI'O MJIM HCCKOJIbKUX CIIMHOB ITPOTHB ITOJIA.

IIpeacraBjieHue CHUHOBBLIX ONEPATOPOB Yepe3 OMEepPaTopbl CIHMHOBBIX
BO30Y:K/ICHH.
KBagpaTr omepaTopa CrMHa KaKJIOH 4YacTUIBl B y3JIe UMEET TOJbKO OJHO

COOCTBEHHOE 3HAUYCHHE S(S+l). CnenoBatensHo, Tpu omeparopa S',S,S°

CBSA3aHbI MEXK]ly COOOI paBEHCTBOM
§=(&) +1(56 +58)=5(s+1).

[Toaromy OTu omepatopsl MOXHO BBIPa3UTh 4Yepe3 JBa HOBBIX HE3aBUCHMBIX
omeparopa [, [, - OTlepaTopsl CIMHOBBIX BO30YKICHHHA.

[Ipouenypa mnpencTaBieHHE CIMHOBBIX OMNEPATOPOB 4YEpe3 OImepaTophbl
CIIMHOBBIX BO30YXJIE€HUH 0oJiee ClI0KHAs, YeM B ciydae (POHOHHBIX BO30YXKIACHU.
Haubonee ynoOHBIM Takoe MpenCTaBICHHE CBSI3aHO C TaK HA3bIBAEMBIM METOJIOM
[Nonacretina — [Ipumakosa. Eciu atom numeer ciuH S, To

én:ﬁgvzs_ﬂnﬂn! érjl-:\lzs_/}nﬂnﬂn! éﬁzs_[{n/&n! (16)

rae [, [, - ornepaTophl POXKICHUSA U YHUUTOKEHHS CIIMHOBOTO BO30YKICHUS Ha

y3ie N kpucramia. I[Ipu 5TOM IO CIMHOBBLIMH BO30YXKIEHHSIMH MOJIEKYIIBI MBI
OylieM TIOHMMAaTh YMEHBIIEHHE HA €IWHHILY IPOEKIUH CIIMHA BJOJIb MarHUTHOIO
noyist. IlepecranoBounbie cootHomrenuss (12) Ui omepaTopoB  CIMHOB
YIOBJIETBOPSIOTCS, €CJIM OIeparopel L, [l, YIOBIETBOPSIOT 003€BCKAM

KOMMYTAallUOHHBIM COOTHOIICHUAM



| B, | = G- (17)

HanomHuM, 4rO omeparopbl 1IOJ 3HAKOM KOpPHS HAJA0 NOHUMATb B CMBICIIE

pa3JIokKEHHUS COOTBETCTBYIOMIETO KOPHS B (16) B OECKOHEUHBIN PsiJI 11O OIepaTopam
~ A

2 i

B cBs3u ¢ TeMm, 4TO CHOUMH aTOMOB (UKCHpPOBAH, HOBBIE OIEPATOPHI
JNEUCTBYIOT B MpOCTpaHCTBE (PyHKIMI OT menbix uncen N, , mpoOerariux ToJIbKO

2S+1 3mravenmii: 0,1,2,...5. OrpanudeHre <«HHCENI 3aMOJTHEHUS» OTINYAOT

HOBBIE€ OMEPATOPhl OT OOBIYHBIX OO03EBCKUX OMEPATOPOB, KOTOPHIE ACHCTBYIOT B
OpoCTpaHCTBE  (DYHKIMI € MNPOU3BOJBHBIMU  YHCIIaMU  3aIOJIHEHUH.
VY nosnerBopenue yciaoBuit N, <2S coznaet psa TpyIHOCTEH, KOTOPbIE HE UMEIOT

CYIIECTBEHHOTO 3HAYEeHHWS TOJBKO TIPH HU3KHUX TeMmIeparypax, Kormaa
BO30Y)KJICHHBIE COCTOSTHUS OJTM3KH K OCHOBHOMY, TO €CTh, COJEPIKAT MAJIO€ YUCIIO
MEPEBEPHYTHIX CIIMHOB, YTO MOXKET OBITh BHIPAKEHO HEPABEHCTBOM

(B ) <S. (18)

Kak yxe roBopmioch, paaukaisl B (16) cieayeT moHuMarh Kak OECKOHEUHBIE
psiael 1o crenensM [ [ 1 2S

A n 1 Agomsn
S —\/E(,U; _4_S:urT/un/un + ]

Torma mpu BeImosiHeHUW HepaBeHcTBa (18) moxHO coxpanuth B (16) TosbKO
TIepBBIC ClIaracMbie:

S =2S, §=pV2S, §F=S-4h,. (19)

Wcnonb3yss ST TpUONMIKECHHBIE BBIpaKeHHs, ramwmibToHHaH (15) MoxHO
npeodpazoBatTh K BUILY

H=H,+H_, (20)
rac
Ho=Eo+[ 4B +L(0)]> =S I (n=m) f5 fhn (21)
n n#m

A~

e = =53 (V=) 25 L
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JHepreTuYecKnii CHeKTp HU30TPONHOr0 GeppoMarHeTuKa MNpPH MAaJbIX
BO30Y:KIEHUAX

~

B npubnuxeHun manoro yucia Bo30yKICHUI <,[1§ ,[In><< S omepatop H,,

(20) MmoxHO paccMaTpuBaTh Kak BO3MyIeHHE. Torna B HYJIEBOM TPUOJIMKCHUN
HHEPreTUYECKUM CIIEKTP CIIMHOBBIX BO30YXIECHUMN ONMpPEEsIeTCs] ONepaTopoM

AH =H -E, =[uB+L©O)]> ity -S> I (n-m) % &, (22)

n#m

Jlnaronanuzanus omeparopa (22) OCYIIECTBIISIETCS KaHOHUYECKUM
npeoOpa3oBaHHEM K OIeparopaM pOXKACHUS W YHUUTOXKEHHS [, [l

AJIIEMEHTAPHBIX CIMHOBBIX BO30YXKJEHUS — MATHOHOB, XapaKTePU3YIOIIMXCA
OTpENeICHHBIM 3Ha4YeHHueM kBasuumnyibca 7K. Ecim xpucramn comepxut N
AJIIEMEHTApPHBIX SUEEK, TO 3TO MPeoOpa30BaHUE UMEET BU/I:

A 1 ~ .
== explikn). 23
Hn N ;,Uk p( ) (23)
[ToacTaBuB 3TO BhIpakeHUE B (22), MoIy4nm
AH =3 E (k)AL (24)

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

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

nz0

B cBsi3u ¢ TeM, uTo 0OMeHHbIe HHTerpaibl J(N) SKCIOHEHIMATIBHO YOBIBAIOT

2|n| K2
J(n) ~expg = |, == _=510°m,
(n) r{aB} % me?

C pocToM N, B MOCHEAHEN CyMME MOYKHO YUYWUTBIBATH TOJBKO B3aUMOJIEHCTBHE C
aToMaMu OJIKalIero okpykenus. Eciau vV - uncno Ommkaimmx coceae (6 mms
MPOCTOM KyOMYeCcKOW pemeTkd, 8 s oO0beMHOIleHTpupoBaHHOW W 12 nis
I'PaHEIIEHTPUPOBAHHOW) B KYOMYECKOM KPUCTAJLIE C MIOCTOSHHON PEIIeTKA &, TO

L(k) = Svcoska (25)
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CnenmoBarenbHO, B O0JIACTH MaJIbIX 3HAYeHHMH Ka <1 3aKOH JHMCIEPCHUU SHEPTHH
MAarHOHOB MOXKHO 3allicaTh B BUJE!

h2k 2
k)=L(0)-L(k)= ol
£(k)=L(0)-L(k) o
rac
x hz
M =512

- o¢dexTuBHass Macca MarHoHa. Jis oueHku 5(PpGeKTUBHONW MacChl MOXKHO
nojoXuTh V=6, S=1/2, a=10%cm, J=KT., K - noctosuuas boipiMana, T
- remnieparypa Kropu, Torma

m =10'm, /Tg,
rac n'le - Macca 3JICKTpOHaA.

NMmeercst omnpeAesneHHas AaHAJIOTWs MEXAY CIHUHOBBIMM BOJHAaMU U
KOJIeOaHUSIMU aTOMOB B TBEPJbIX Tedax. MarHoHel U ()OHOHBI BHOCSAT BKJIAJ B
TEIUIOEMKOCTh TBEPJOTO Tena. B kpucTamiax 9ucThiX (eppOMarHUTHBIX METAIIIOB
B KaXIOW DJJIEMEHTAPHOM SYEHMKE MMEETCA 0 ONHOMY MOHY. [loaromMy B 3THX
KpUCTaJUIaX TOJIBKO OJHA BETBb CIIMHOBBIX BOJIH. [IpyM 3TOM 3HEprusi MarHoHOB
CTPEMUTCS K HYJIO MPU NPUOTMKEHUU MX BOJHOBBIX BEKTOPOB K LIEHTPY 30HBI
bpuiutrosHa. DTy BETBb Ha3bIBAOT AKYCTUYECKOW BETBBIO MATHOHOB.

B deppomarautheix crutaBax (Fe—Cr, Fe—Ni, Fe—-Ni—Al u ngp.) B
JIEMEHTAPHON SYEHKE COACPIKUTCA HECKOJIBKO MAarHUTOAKTUBHBIX MOHOB. OHH
UMEIOT U COOTBETCTBYIOIIEE YMCJIO BETBEM CINMHOBBIX BOJMH. OnHa M3 HHX
aKycTudeckas. YacToTel APYyrux BETBEH CTPEMSTCS K KOHEUHBIM IpeaesiaM Ipu
YBEJIMYEHUHU JUIMHBI BOJIHBI. OTH BETBM HAa3bIBAIOTCA ONTHUYECKHUMH BETBSIMU
MarHOHOB.



