Jlekus Nel8

deppoMarHeTHKM U aHTH(EeppPOMArHEeTUKHU
1. B3aumopeiicTBHE MeKI1Yy MATHOHAMM
Ha npomoi neKuu Mbl MOTY4YHIIM CHEKTP U30TPOMHOrO (heppoMarHeTuka

IIpu MaJIbIX B036y}K,Z[CHI/I}IX. HpI/I 9TOM Mbl HCXOOWJIM H3 IOJYYCHHOI'0O HaMH
raMuJIbTOHHaHa

H=H,+H,,, 1)
rJIe
I—AIO=EO+[,uB+L(O)]Zn:,[1§,[1n—Sr;1J(n—m),[/;,[zm, (2)
3 1

_ _ AN
Hint - ?‘J (n m):un:un:um,ums
rae [, [, - onepaTtopsl CIIMHOBBIX BO30YKaeHHH. Takue ornepaTopbl MOT'YT OBITH

BBEJEHBI IO MeToay Merofom ['omacrelina — [IpumakoBa. A UMEHHO, €ClId aTOM
AMeEET CIIMH S, TO

éF,LAIrT\/ZS—,[In,[In, S::VZS_ﬂnﬂnﬂm érfzs_ﬂnlan’ (3)

rae [, [, - omepaTopsl POXKIECHHS M YHUYTOKEHUS CIIMHOBOIO BO30YKICHHUS Ha

y3ie N kpuctayia. [Ipu 3ToM moj COMHOBBIMH BO30YXIAECHUSMU MOJIEKYJIBI MbI
OyZieM MOHUMATh YMEHbIIIEHHWE HA €IUHUILY MPOEKIMU CIIMHA BAOJIb MArHUTHOTO
nosnsg.  llepectaHOBOYHBIE ~ COOTHOIIEHWS Il  ONEPATOPOB  CIHMHOB
YIOBJIETBOPSIIOTCS, €CIM  ONepaTopbl L, [I,  YJIOBIETBOPAIOT 0GO3€BCKUM

KOMMYTAallMOHHBIM COOTHOLICHWAM
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HanoMHuMm, 4TO omepartopsl IOJ 3HAKOM KOPHS HAJ0 IIOHUMAaTh B CMBICIE
pa3IokKEeHHUS COOTBETCTBYIOMIETO KOPHS B (16) B OECKOHEUHBIN PsiI IO OIlepaTopam
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B npubnmxenun manoro yucia Bo30YKICHHUI <[1§ ,[In><<S omnepaTop I-A|int (20)

MOXHO paccMaTpuBaTh Kak BO3MylleHHe. Torga B HyJI€BOM  MNPUOIMKEHUU
HHEPreTUYECKUM CIIEKTP CIIMHOBBIX BO30YXIECHUHN ONpPEEsieTCs] OnepaTopoM

AH =H - Ey =[ B+ LO)]Y i =S Y. I (=) 4 iy (5)

n#m

Jlnaronanuzanus oreparopa (22) OCYIIIECTBIISIETCS KaHOHUYECKUM
npeoOpa3oBaHHEM K OIEparopaM pOXKACHUS W YHUUTOXKEHHS [, [l

AIIEMEHTAPHBIX CIHMHOBBIX BO30YXKIEHUS — MATHOHOB, XapaKTePU3YIOIIMXCA
OTpENeICHHBIM 3Ha4YeHueM kBasuumnyibca 7K. Ecim kpucramn comepxut N
AJIIEMEHTApPHBIX SUEEK, TO 3TO MPeoOpa30BaHUE UMEET BU/I:

~ 1 A )
= explikn). 6
My N ;,Uk p( ) (6)
[ToxcraBuB 3TO BhIpaXkeHHE B (22), MOIyIHM
AH =3 E (k)AL (7)

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

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

nz0

Ecimu v - uncno Omwkaimux coceneit (6 mas mpocToit KyOuueckoi peiierku, 8
JUIS 0OBEMHOIICHTPUPOBAHHON ¥ 12 N1 TpaHCICHTPUPOBAHHON) B KyOHYECKOM
KPUCTAIIJIE C TOCTOSTHHOM PEIIeTKHA &, TO

L(k) = SJvcoska (8)

CnenoBareibHO, B O0JIACTH MaJIbIX 3HAYeHHMN Ka <1 3aKOH JHMCIEPCUU SHEPTHH
MAarHOHOB MOYKHO 3aIMCaTh B BUJE!

£(k)=L(O)—L(k)=%,
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- 3(pexTHBHAS Macca MarHoHa.

NmeeTcss omnpeneneHHas aHalOrWsg MEXAY CHOUHOBBIMH BOJIHAMU U
KOJICOAHUSIMU aTOMOB B TBEPAbIX Tenax. MarHoHbl U ()OHOHBI BHOCAT BKJIAJ B
TEIMJIOEMKOCTh TBEPAOTO Tena. B kpucTamiax yucThiX (eppOMarHUTHBIX METAIOB
B KQXJOM DJIEMEHTAPHOW SYEHMKE HUMEETCA MO OJHOMY HOHY. [loaToMy B 3THX
KpUCTAJUIaX TOJIKO OJIHA BETBb CIIMHOBBIX BOJH. [IpM 3TOM »HEpPrusi MarHoHOB
CTPEMHUTCSI K HYJIO TIPH MPUOIMKEHUH WX BOJHOBBIX BEKTOPOB K IIEHTPY 30HBI
BpuimiosHa. 3Ty BeTBb Ha3bIBAIOT aKyCTUYECKOW BETBbIO MAarHOHOB.

B deppomarauteix crutaBax (Fe—Cr, Fe—Ni, Fe—-Ni—Al u ngp.) B
AJIEMEHTAPHON SYEUKE COAEPKUTCS HECKOJIbKO MAarHMTOAKTUBHBIX HMOHOB. OHHU
MMEIOT M COOTBETCTBYIOIIEE YMCJIO BETBEH CHHUHOBBIX BOJH. OgHa W3 HHUX
akycTthueckas. YacToTel ApYyrMX BETBEM CTPEMATCS K KOHEUYHBIM MpeaeiaM Ipu
YBEJIMYEHUH [JIMHBI BOJIHBI. OJTH BETBU HAa3bIBAKOTCS ONTUYECKUMHU BETBSIMU
MarHOHOB.

B3aumoaeiicTBHE MATHOHOB € KOJI€OAHUSIMU PELIETKH.

B  HyneBoM  mpUOMMIKEHWHW ~ DHEPTETUYECKHA  CIIEKTP  CIHMHOBBIX
BO3OY)KJICHHI B KPUCTAJUIC OMPENCISICTCS MPUBEACHHBIM BBINIE BBIPAXKECHUEM
TOJIBKO TIPH YCJIOBUU JKECTKOTO 3aKpeIyIieHUs MOHOB (heppoMarHeTuka B y3jax
pemietku. Eciam y4ecTh BO3MOKHOCTh UX CMEILICHHS U3 PABHOBECHBIX MOJIOKEHHUI,
TO HAJ0 pPAacCMOTPETh 3aBUCUMOCTh OOMEHHBIX HHTerpajoB J(nN—m) or

CMEILEHUN g?n : g?m HOHOB.

HpI/I MaJIblX CMCHICHUAX MOHOB M3 TIIOJIOKCHUA PABHOBCCHUA CIICAYCT
3aMEHHUTH J (n - m) B IPUBCACHHBIX BBINIC TaMUJIbTOHAAHAX PA3JIOKCHUCM.

‘J(n_m)+(§?n_§?m)Dnm+“'1 9)
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[IpoBoas Takyr0 3aMEHy M MNEpPeXols K OIleparopamM CMEUIEHUW, ITOIYyYUM
oTepaTop B3aWMOJIECUCTBUS CIIMHOBBIX BO30YKICHUN U KOJICOAHHUM PEIIETKH

I_I’\sp,vib = _SZ (C?n - gm) Dnm/al:/’:{m ' (10)
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[lepexonst B O3TOM BBIPAXKEHHH K ONEPATOPAM pPOXKACHUS W YHUUYTOKCHUS
MarHoHoB u (oHOHOB O,h, ¢ moOMOIIBIO NpHUBENCHHBIX BhIIE GOPMYI, a TaKKe
BBIPAKEHUS

s 7 ~ A,
En_; Wg(k)e(k)(@"'b—k),

MOJlyYUM ONEpPaToOp B3aUMOJICHCTBUS C yYacTHEM JBYX MAarHOHOB M OJHOTO
dboHoHa

H i =~ 2 [ D(k =) =D(K)] (B, +B) & A (1)

D(k) = sz 5 NQ(k) nme(k)exp[k (m- n}

OTOT omeparop OIUCHIBAET MPOIECCHl HCIYCKaHWs W MOrjiouieHus (OoHOHA
marHoHoB. [Ipomecc wucmyckanusi (OHOHA MOXKHO paccMaTpuUBaTh  Kak
YEPEHKOBCKOE M3JIyYEHHUE 3BYKOBBIX BOJIH MAarHOHOM. Y CJIOBHE TAKOI'O M3IyYEHUS
CBOAMUTCS K TpeOOBaHUIO, YTOOBI CKOPOCTh MArHOHA IMpPEBBIIIANIa CKOPOCTh 3BYKa
C,.- PaccMaTpuBas MarHoH Kak KBa3M4acTHUIly C BBIITMCAHHOMN paHee 3P (EeKTUBHOM

Maccoi, yciaoBue u3nydeHrne ()oHOHA MOKHO 3aIlliCaTh B BUJIC:
hk>mc,.

B3aumoaencrBue Mexx1y MATHOHAMM.

MarHoHsl COOTBETCTBYIOT COOCTBEHHBIM 3HaueHHsM ramuibroHuana (D).
DTOT raMUJIbTOHUAH TMMOJy4YeH M3 raMuJibTOHUaHa ["alizeHOepra B pe3yiabTare ABYX
npHOJIMKEHUH  a) P ydeTe B OCCKOHEUYHBIX psaaxX MpPEACTaBICHUN CITMHOBBIX
OIEpaTOpPOB UEpe3 OMNepaTopbl CHUHOBBIX Bos6y>1<zerm”4 TOJIBKO TI€PBOTO

ciaraeMoro; 0) mpu NMpeHeOPEKECHUH OIepaTOPOM H B (2). IIpu oTkaze oT 3TUX

int
IPUOIMKEHUH MarHOHBI yXKe He OyayT He3aBHCHMBIMH BO30YKICHUAMH. MexTy
HUMH TMOSIBUTCSI B3aUMOJIECHCTBHE. ITO B3aWMOJICHCTBHE MPHHATO JCIUTh HA JIBE
YJacTH. a) JUHAMUYECKOE B3anMOJelcTBHE, 00YCIIOBICHHOE omepaTtopoMm (2); 0)
KHHEMATHUYECKOE B3aUMOJICUCTBHE, OOYCIOBICHHOE YYETOM IOCICIYFOIIHX
YJICHOB B pa3jiokeHuu onepatopos (3) B psim o [ [, .

PaccMoTpruM cHauasa orneparop AMHAMUYECKOTO B3aUMOAeHCTBUs. [IpoBes
B (2) npeoOpa3oBanue K oneparopaM KOJIEKTUBHBIX MOJ] — MarHOHaM, ITOJyYHM

Hin = =5 2 LK — KO e B (12)

II€ IO MPEKHEMY



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

nz0

U CyMMHpOBaHHE TpousBoauTcs mo Bcem K,K',(,q' mpu yciaoBWH BBITOJHEHUS
paBEHCTBA

k-K'+q-q'=g

rie g - OpOU3BOJIBHBIA BEKTOp OOpaTHOW pemieTkd. OmnepaTop 4YeTBEPTOro
NOPSIAKA 110 MArHOHHBIM OIIEpaTOpaM ONMCBHIBAET PACCESIHUE MAarHOHOB IPYTr Ha
ApYTE.

YToOb!l MONy4YUTh ONEPATOP KMHEMATHUYECKOTO B3aMMOJCHCTBUS MarHOHOB,
HEOOXOJMMO B HCXOAHOM TaMWJIbTOHHAHE CHMHOBBIX B3aWMOJECHCTBUN YYeCTb
YIEHbl CIEAYIOLIEro IMOpsAAKAa B PA3JIOKEHWH CIHHOBBIX ONEPATOPOB IO
orepaTopaM CIHUHOBBIX BO30yxnaeHuid. Ilocie BBIMOTHEHHS HEOOXOIUMBIX
BBIKJIAJIOK C MEPEXOAOM JI0 ONEPATOPOB POXKACHUS M YHUUYTOKEHUS MArHOHOB
MOJIyYUM

1 AR A s
= 7 2 ) (B8 Py + Pl AR ).

H,
rIe CyMMHUpPOBaHHE MPOBOIUTCS MO Bcem 3HaudeHwsMm K,K',q,qQ’, nmexamum B
IIEPBOM 30HE bpUILIIOAHA U yIOBJIETBOPSIOINM YCIOBUAM

k+k'=q+q'+g.

Ten10eMKOCTh ra3a MAarHoHOB.

B3aumoneiicTBue MarHOHOB MeEXay co0oOM W ¢ (oHOHAMHU KoJeOaHUU
pELIETKH TMPUBOAUT K M3MEHEHUIO KX YHWCIa MW K  YCTaHOBJIEHHIO
TEPMOJIMHAMUYECKOTO paBHOBeCHs. Kak yxe 0TMeqanoce, Mpyu MajabiX MIIOTHOCTAX
MarHoHOB WX MOXKHO pacCMaTpuBaTh Kak 003€-4acTUIBI C COOTBETCTBYIOITUM
3aKOHOM KOMMYyTauuH. [IOCKOJIbBKY YHMCIO MarHOHOB HE COXPAHSETCS, MX
XAMUYECKUU TOTEHLHAT PABEH HYJII0 M CPEIHEE YHCIO MAarHOHOB C BOJIHOBBIM
BekTopoM K u sneprueit E(K) mpu temmeparype © =kgT ompenensiercs Tak ke,

KaK ¥ 4ucjo GOoHOHOB, popmyioit

o) = [ annER) )
<Nk>=<ﬂkﬂk>— expT—l : (13)
HpI/I OTCYTCTBUHU BHCHIHCI'O MAariHuTHOI'O I10JIA
h2k2

E(k)=&(k) =2
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CpenHssi 3HEpTHsi MArHOHOB B KPUCTAJUIE C OJTHUM MOHOM B 3JIEMEHTAPHOU siUeiiKe
paBHa

(E)= E0+;£(k)<Nk>. (14)

Ecou B xpuctaymie N sjeMeHTapHBIX sUeeKk oO0bema V, TO, MEpexojiss B ITOU
dbopmylie OT CyMMUPOBAaHUS K UHTETPUPOBAHUIO, TTOTYYUM

N VN (2m* @)5/2 0 yAdx

<E> = 4ﬂ2m*h3 ) e_xz _11 (15)

rac

X, = 7K ax .
2m*0
[Tpn HM3KMX TeMmeparypax, Korma X,>>1, BepXHuUU mnpenes HHTerpaia
MO’KHO 3aMEHUTh OECKOHEUYHOCTBIO, TOT'/1a, YUYUTHIBAS, UYTO
(00)

x*dx _3Jmr
I =3 ¢(5/2)

¥

0

rae {(X) - m3era-pynkuus Pumana, {(5/2)= 1,347, umeem
<E>=E0+AV@5’2, X >1, (16)
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CJICI[OB&TCJII)HO, yACIbHAA TCIUNIOEMKOCTbL MArdbOHHOI'O rasa IIpM HHU3KHX
TEMIICPATypax OonpcACIACTCA 3aKOHOM

5
C, =@ =§AkB. (17)

TennoemMkocTh (POHOHHOTO Ta3a MpPU HU3KUX TeMIepaTypax MPONOPLHOHAbHA
KyOy TemmepaTypsl
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C,=a, 0 a, =—"""8 3/3=3V3,
v ph ph 5(h\7)3 ; a

rae V, - CKOpPOCTh 3BYyKa COOTBETCTBYIOIIEH BETBH KoJieOaHHl. ITO

00CTOSITEIIECTBO MO3BOJISCT BBIACIIUTD TCINNIOEMKOCTh MAarHOHHOT'O Ira3a U3 O6H.ICﬁ
TCINIIOEMKOCTHU TBEPAOIO TEJaA. B camom ACIIE, €CIIN

C, =a,0°+a,,,0%, (18)
TO TpaduK 3aBUCUMOCTHU (DYHKITUU

@—SIZCV — aph@3/2+ amag

or @32 Oyner mpsiMoii jauHUer. HakiaoH sTod mpsMol ompenesnser BEIMYUHY

A+ @ TOUKA MEPECEUEHHs C OCBIO OPIUHAT OTPE/IENAET BEMUIHHY Srng - 3Has 3Ty

BEJIMYMHY, MOXHO BBIYMCIUTH 3((EKTUBHYIO Maccy MarHoHa. Hanuune MarHoHoB
B KPUCTAJIE yMEHBINAET MAarHUTHBIE MOMEHT M,=/,SN ero ocHOBHOro

COCTOSHHUA. CpC,Z[HI/Iﬁ MarHUTHBIM MOMEHT BAOJIb OCHM HaMAarHWM4CHHUS KpHUCTAJLIa
OoNpCACIIACTCA BBIPAKCHUEM

() =uoi<éf>,

rae /4, - maraeton bopa. [loacrasmsst S = S— fI; f1, , ucnionb3ys nmpeoOpa3oBaHus

i :%;ﬂk exp(ikn) u dopmyny (13), nmeem

(M.} =M,(1-¢), (19)
re
My =1, SN,
_v(em*e)"*% yedx _ v (2mr@) _
$=—5 2 '([exz—l_ZITZS( 2 j (312, x%>1, {(3/2)=2,612

CrnenoBaTenbHO, IPU HU3KUX TEMIIEPATypax MarHUTHBIA MOMEHT KpHUCTaJlIa
YMEHBITAeTCA TIPH BO3PACTAHMM TEMIIEPATyphl MPOMOPIHMOHANLHO OY2 - 3akoH
Tpex BTOpbIX biioxa.



