Jlexkus Nel9

CnuHoBBIE BOJIHBI B aHTH(eppOMarHeTuke

OgHuM W3 TPUMEPOB  JBYXIOAPEHIETOYHOTO  aHTHU(EeppOMarHeTuKa
aBseTca Kyonueckuit kpuctamn ROMnF; ¢ remnepatypoii Heens, paBroit 82,K .

[Tosie aHM30TPONUHU B 3TOM KPHUCTAJLIEC HAMIPABICHO BJIOJb OCH TPETHETO MOPSIKA U
BechbMa Masio (~49) 1o cpaBHEHHIO ¢ 0OMEHHBIM B3auMmoeiicTeueM (~8,9(105).

B kauectBe TeopeTHueckoil Monenu aHTHU(eppoOMarHeTHKa pPacCMOTPUM
KpUCTaJUI, COCTABJIEHHBIA M3 JBYX mnoapemeTok A u B, BCTaBieHHBIX Apyr B
Ipyra Tak, 4TO Yy KaXIOro HOHa mojpemeTku A Bce Onwkaiiimime cocenu
SBJISIFOTCS MOHBI NOApeIeTK B 1 Hao00poT. MarHUTHBIE MOMEHTHI [{,S U CIIUHBI

S noHoB A u B onuHakoBbl. B OCHOBHOM COCTOSHUHM 63 BHEIITHETO MATHHUTHOTO
mons Kakaas M3 TOJPEIIeTOK HaMarHW4YeHa [0 HACBHIIIGHHS, a CyMMAapHBIE
MarHUTHBIE MOMEHTHI MOJPEIIETOK HAIPABIEHBI B IPOTHBOIONOKHBIE CTOPOHHI.
Cre0BaTelbHO, B OCHOBHOM COCTOSHHM, KOTOPOE OIHCBIBAETCS BEKTOPOM
COCTOSTHHS ‘O>

Sil0)=s/0), SE|0)=-9/0). (1)

Onepatop ['amunbroHa aHTHUhEPpPOMArHETHKA MOKHO 3aucaTh B BUJIE

H=-253% J,,(n-m§ 5P ~H 2 BSD. )

a,fnzm

rne a, [ - npoberatot nBa 3HaueHuss A u B, N m m - BexTops! pemerku; B -

MarHuTHOe moine B kpucramne. IIpoussenenue omneparopos S¥SP moxer 6bITH
MPEACTABICHO B BUJIE

AO&P) = &nas 41 ( &-(@)&HB) 4 &(B) A+(a)) 3
ST =S S (STS T STST), (3)
IZIE OIIEPATOPHI éf(“) ONPENENSIOTCA, KAK ¥ PaHbLIE, BEIPAKEHUSAMHU

S = g@ +iga). (4)
OOMEHHbIE HHTETPaJIb J a.B (n - m) JOJIXKHBI YIOBJICTBOPSTH HEPABCHCTBAM

Jaa(n-m)=Jgz(n-m)>0, J,z(n-m)<O. (5)



2

B coorBerctBum ¢ Meronom l'onacrerina — IIpumakoBa mepexos OT CHMHOBBIX
OIIEpaTOpPOB K ONEPATOPAM POXKACHUS U YHUUTOXKEHHUS] CIIMHOBBIX BO30YXACHUN
A A, B, B,, n&edcTBylOIIMX B IPOCTPAHCTBE 4YHMCEN 3aIOJHEHHs, IOJHKEH
IPOUCXOAUTH COTNIacHO (hopmynam

SW=A25-AA, §P=\25-AAA, §V=S-AA, (6)
§® =B\2s-B/B,, §®=25-BB,B,, §¥=S-B/B,.

~

Omeparopsr A, A,,B.,B, HOKHBI  YIOBJIETBOPATH  KOMMYTAI[HOHHBIM
COOTHOIIICHUSIM

})

P)

AR =G (BB =0 [ABL]=|A B, =0,

[Ipu Manbix BO30YKIECHHUSIX B TJIABHOM MPHOIMKCHHUH, KaK 3TO JEJalIOCh HAMU M
panee, u3 (6) umeem

§0 =25k, §"=VEA, §)=5-KA, @)
§®=V2SE, §°=VE8,, §9=5-§8,

C momompo 3TUX (POpMyJ BBHIMMCAHHBIN BBIIIE TaMUJIBTOHUAH MpeoOpasyercs K
BULlY

H=E+H,+H,, 8)
rac

E =N {LAA(O)—% Lag (0)},

Ls(kK)=S> J s(n)expikn), a B=AB,

H1=;[G+A¢Aq +G.BiB, |-

—Sn;][JAA(n—m)(AIAn + éﬁémj—%JAB(n —m)(ATér; + Awémﬂ



G, = L (0)% 4B~ L5 (0).

A

Omneparop H, comep:kut Oonee BBICOKME CTEIEHH OO30HHBIX ONEPAaTOPOB U B
HACTOSIIIIMI MOMEHT HaMU HE BBITTMCHIBAETCH.

~

Ilepeiinem Teneppr B NOJMYYEHHOM TIaMUJIBTOHHAHE Hl K O0O030HHBIM

orepaTopaM KOJUIEKTHBHBIX Bo30yxaeHuit A;, A, By, B, ¢ momousio He pa3 yxe
paccMaTpHBaeMbIX HAMH KaHOHHYECKHX IpeoOpa3oBaHumil

~ 1 ~ ) A~ ] ~ .
,Ah_W A explikn), Bn—W B, exgikn), (9)

A+ ~
’

rae K - BomHOBBIC BEKTOPHI B IIepBOi 30He bpuintosHa, oneparopsr A7, A, B/, B,
YIOBIIETBOPSIIOT B COOTBETCTBHH C (6) IepecTaHOBOYHBIM COOTHOILICHUSIM

AA =8, [BB|=d,. [AB]|=[A B, ]=0.
B pe3ysibTaTe 5TOr0 peoOpa3oBaHHs MOIYUHM
H, :;Hk , (10)
e
R =at A A+ BROBLB., + k) Bl +AB., )
(k) = a(~K) = Lp(0)~ Lua (k) + 4B+ 1(0).
B(K) = B(=K) = Lpn(0)~ Laa (k) ~ 4B+ ¥(0).
Y(K) = (k) ==L L (k).

[Tony4yeHHBId raMHUJIBTOHUAH MNO-TNIPEXKHEMY HEIMArOHANIbHBIA. A HaM, Kak Mbl
3HAEM, JUIsl BBEICHUS T'a3a KBa3U4aCTHULl HAJI0 CAENATh €r0 JUaroHaJabHbIM

Hi = &o(k)+ 26 (A (4 (k). 1=1.2 (11)

C nsroit ICJIIBIO BBCIAEM HOBBIC KAHOHHYCCKUEC HpCO6p&30BaHI/I}I OT OIICPaTOpOB

Af, A< EABQ é»k Kk onepatopam [ (K), 4 (K) dopmynamu



£4 (k) = Acchg(k) + BY, sherk), (12)

f(K) = Alshg(k) + B_ chg(k),
rae sh@k), ch@k) - rumepOonuueckne GyHKIMH HeKOTOpo# BeauunHbl @K),

KOTOpasi B IPOIIECCe AMArOHAM3alN TTOJICKHUT OnpeesieHuio. BBeaeHHOe HaMu
npeoOpazoBanue mpu Jr000M @K) sBISETCS YHUTApHBIM, CIIEJOBATEILHO,

BBefleHHble Hamu  omeparopsl A (K), /4 (K)  yHooBIeTBOpSIOT  (G03€BCKUM

NNepeCTaHOBOYHBIM COOTHOIICHUAM
(2 (), 2 (K)]= 3,0

Bennmunna ¢(K) ompenensiercs w3 ycloBHs, YTOOBI WCXOTHBIA TaMIJITOHUAH
NpUHSUT qUaroHaidbayto popmy (11). U3 (11), (12)cnenyer

[ 24,0, Hy | = &)1 (k) = £,(k) Achg(k) + B shgrk)).
C npyroii cToponst, 13 (10), (12)nveem
| A (k),Hy | = A (a(k)ehgk) - y(k)she(k)) + B (v(k)chg(k) - B(k)sheik))
V3 cpaBHeHHs IBYX NOCIIE/HHX PABEHCTB HAXOJMM CHCTEMY JBYX yPaBHeHI
(£,(k) - a(k))chg(k) + y(k)shgk) =0, (13)
y(k)chg(k) = (& (k) - B(k)) shek) =0.

N3 ycmoBus pa3pemIiMMOCTH 3TOM CHUCTEMbl YPaBHEHMH IIOJIy4aeM 3HA4yeHUeE
HHEPIUU JIEMEHTAPHBIX BO30YKIECHUN

&(k)=3| al) = Ak = (a() + AG) =42 (k) |. (14)

N3 onpenenennit cneqyer, 4To
a(k)—pL(k) = 2,UOB .

ITockonbKy, Kak yxe roBOpPUIIOCh, B aHTH(deppoMarseTuke [iB 3HaunTensHo

MEHbIIIE OOMEHHBIX WUHTErpajioB, To B (14) ciexyer COXpaHUTh TOJILKO 3HaK +
nepea KOpHeM:
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&(k)=3| alk) = Ak) +(a () + AGF =42 (k) |. (14)

[IpoBonms masiee aHATOTHYHBIE BBIYUCICHUS IS [[Iz(k),Hk] MOJTY9IHM

BbIpakeHue 1t &,(K):

&,() =5| Ak =a() +[(atk) + BO) = 4y*(0) | (15)

HpI/I OTCYTCTBUU MAT'HUTHOTO ITIOJIA 00a HaﬁHCHHBIC pEUICHUA COBIIaAAarOT

£(K) = &,(k) =Ja?(k) = yA(Kk) . (16)

B obOnactu Manbix 3HaYeHHWH BOJHOBBIX BEeKTOpoB K (ka<1) B m3oTpomHOM
KPHCTaJIE MOYKHO HCIIOJIb30BATh MIPUOIMKEHHBIE BHIPAKCHHS

YO =p(0)=lk2,  Z(atk)+Ak) = 1(0) =k, (17)

1 1
|1, :ESZnZJAA(n), l,,= —ESZnZJAB(n) :
n n

[Ipy ToONyYeHUH TIOCICAHUX BBIPAKCHUH HEOOXOJMMO  BOCIIOJB30BATHCS
pasnoxennem semnund L s(k), a,6=AB

Ls(k)=S> J s(n)expikn), a B=AB

nz0
B psia o MansiM K (ka < 1), yauTsiBas pas3inokeHue SKCroHeHTsl eXpikn):

exp(kn )=1+ikn —%(kn)2+

M 3aMeTHB, uTO BCIeACTBUE Jpn(N) =Jpa(—N), Jag(N)=J,5(-N)

> NI =0, > nJ,g(n)=0.

nz0 nz0

[MoxcraBnss paznoxkenue (17)B dopmyssl (14a), (15), moryanm

£,(K) = £,(K) = £46B+K [Y(0)(I+1 ;). (18)
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CrnenmoBarenbHO, SHEPTUS JITMHHOBOJIHOBBIX MarHOHOB B aHTH(eppoMarHeTHKax
JUHENHHO 3aBUCHUT OT BOJIHOBOTO BeKTOpa. Takas ke 3aBUCHMMOCTb XapaKTepHa M
s akyctudeckux (oHoHoB. [loaToMy MarHoHsl aHTudeppoMarHeTvka BHOCST B
TETJIOEMKOCTh KPHCTAVIOB NPU HHU3KHX TeMIepaTypax BKIJAJ, TakKkKe KakK U
(OHOHBI, MPONOPIIMOHAIBHBIA TPEThEH CTENEeHN TeMIiepatypsl. Hamomuum, 4ro B
¢deppoMarHeTukax CHEKTpP MAarHOHOB KBaJIpaTWYEH IO BOJHOBOMY BEKTOPY, UTO
NPUBOAMIO K BKIAAy B TEIJIOEMKOCTb (heppOMarHeTuka, MpONOpPLUOHATIHLHOMY
©%2, D10 maBano BO3MOKHOCTh OTIAENMTh B TEIJIOEMKOCTH (eppoMarHeTHka
BKJIa/I MarHOHOB OT BKJIaJa ()OHOHOB, M BBIYMCIUTH HEKOTOPHIE XapaKTEPUCTUKU
MarHoHOB, Harpumep, 3PPEKTUBHYIO UX MacCy.

Bennmuuny ¢(K) BO BBeIEHHOM HAaMHM KaHOHHUYECKOM NpeoOpa3oBaHUU

MOJKHO BBIYHCIIHTB, eciau mepBoe u3 ypaBHeHuit (13) ymHoxwute Ha Sh@g(K), a
Bropoe —Ha Ch@(K), mocie yero u3 3TUX ypaBHCHHI MOIyIUM

2y(k) _ 2chgshg _
a(k)+B(k) ch’p+shZy th2g. (19)

3HaueHne 3TOM BeIM4MHBI TpeOyeTca A ompeneneHus sHepruu &,(Kk) B (11).

[Tocse HEKOTOPBIX JOCTATOYHO TPOMO3AKHX, HO MPOCTHIX BBIYUCIICHUH TSI Caydast
B=0 (B srom cmyuae & (k)=&,(k)=&(Kk)) moxnO mpuiitu Kk cremyromemy
BBIPAKEHHUIO

£(k) =26 (K)s?g(k),

A~

[Mocne vero BeipaxkeHue Wit H, oOpeTaeT yk COBCEM IPOCTON BUJ
H, = ()Y (4 K4 (k) -shPg(k)), 1=1,2. (20)
|

OOpaTtHOE KaHOHHUYECKOE TPeoOpa30BaHe UMEET BH/L

A = i (k)ehg(k) = iz (K)shgLk),

B, = 25 (K)chetk) - 24 (K)sher(k).
Ot GopMysbl TafOT BO3MOXKHOCTH BBIUHCISTH CPEIHUE 3HAYCHUS (PU3UUECKHUX
BEJIMYMH, OTHOCSIIMXCA K Pa3HbIM NOApeENIeTKaM. B kauecTBe nmpumepa BUUUCIAM

3aBUCUMOCTb CpPEIHEro 3HA4Y€HHs] MAarHUTHOIO MOMEHTa mojapemeTkn A or
TEMIIEPATYPhI

MA(@) =,Uozn:<énAz> = N [1_$Zn:<'8q'8h>j :
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~

[opacraBus B 3Ty (opMyldy 3HadeHUs onepaTopos A, A-, 4epe3 OIepaTopsbl
[ (K), 7 (k) u3 npexsiaymmx GopmMyst, HaxXoAuM

Z<A1+A"> - ;K% +( i (k)ﬂl(k)>j(ch2¢+ sh’g) __ﬂ '
IIpy moJTy4eHUH 9TOTO BBIPAKCHUS HAI0 YIECTh PABCHCTBO
(B 0000 = A0

IIpu B=0

IMMOJYYCHHOC BBIIIC PABCHCTBO YIIPOIIACTCA, 1 €0 MOKHO 3aIIMCaTh B BUJC
A+ A 1 ak) 1
>(AA, )= Z[[ {1 0)/00) | 209 - } @
n : £(k) 2

31ech < (k) ,[Il(k)> - cpellHee YMCII0O MarHOHOB, MMEIOIINX BOJIHOBOM BEKTOp K .

[Tpu Temneparype © oHO paBHO

(B () (k) =N, = [exp{%‘()} - 1}

(bynkmust pacmpenenenust 0o30HOB). HamomMHMM, YTO 4YHCIIO MarHoHOB HeE
COXpaHsieTCs, CIEeJI0BaTENbHO, XMMHUYECKUN MOTEHIMAN B MOcleqHeil ¢dopmyie
OTCYTCTBYET.

Paznenum Beipaxenue (21) Ha yucio snemeHTapHbix sueek N. Tem cambim
MBI OINpPEIEIUM BEPOSTHOCTH TOTO, YTO B BJIEMEHTAPHOW SYEHKE CIUH OJHOM W3
NOJIpEHIeTOK  «mepeBepHyT». Hampumep, B ciiydae MOJpEIIETKH CIIMHA,
HaIlpaBJIICHHOT'O BBEPX UMEEM

Wol1)= 5 Z(Ar )= le[(% - 21} (22)

Jlerko YBUACTH, YTO 3Ta BCPOATHOCTb OTIIMYHA OT HYJIA AAXKC IIPHU a0COJIFOTHOM
HYJIC, KOTJa CPCAHEC YUCIIO MAarHOHOB Nk PaBHO HYIIIO.

WO g



Ilpu B=0 n kax1

ak). | Vo 1
e(k) I+l Kk’

1 ¥ 1ol
= N

[Iepexonst OT CcyMMHUpPOBaHUS K UHTETPUPOBAHUIO, UMEEM

IIOATOMY

3 Kmax

2 [ kdk-3D
=
11_|a2ke
N;E" ﬁ! dk —2D
e dli
%T£ 1D

Takum o0pazoM, [UIi OJZHOMEPHOIO KpHCTala HE HMEETCA YNOPSJ0YEHHOIO
COCTOSIHMS HAMArHMYEHHOCTH TOAPEIIETOK, TaK KaK B OTOM CJIy4ae BEPOATHOCTb
Wo(l) pacxoauTcs.



