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PaccMOTpeH NMONSAPUTOHHBIA CHEKTP B LEHTpOCHMMeETpudHOM TbMnO3 mpu HH3KHX TeMmmepaTypax B CO-
pa3MepHOM aHTH()EPPOMarHUTHOM COCTOSIHUH TIOCIIe CITHH-(JION Imepexoja B MarHuTHOM moste. [loka3aHo, 4ro
Ha0Jfo1aeMast B 3TOM COCTOSIHUH JIMHEHHAs 3aBUCHMOCTD 3JIEKTPHUYECKOHN MOIsIpu3auu P 0T MarHUTHOTO HOJIs
H o0ycoBieHa ynopsiiodeHHeM CIIMHOB MOHOB TepOus. Maruuroanexrpudeckas sHeprus PGH (G — aHTH-
(beppoMarHuUTHbBIH BEKTOp TepOMs) MHIYLUPYET B LEHTpocuMMeTpuyHOM TbMnO3 6e3 yMHEHHOro MarHuTo-
anexTpudeckoro 3ddexra HerzamMubli crnektp TM u TE mnomspuronos. B anrudeppomarauraeix 180-
IpaJyCHBIX TEPOUEBBIX JOMEHAX OKA3bIBAIOTCS PA3IMYHBIMH CKOPOCTH 3JIEKTPOMArHUTHBIX BOJH, a HalpaBie-
HUS TIPELECCHHU HIICKTPUIECKOTO IIOJIsI ¥ TIOBOPOTA INIOCKOCTU MOJISIPU3ANUK UMEIOT NTPOTUBOIIOJIOKHBIC 3HAKH.
OneHkH 3TUX 3G HEKTOB TAIOT BEIUYMHY MOPSIKA 1073,

PO3MISIHYTO MONSPUTOHHUHN CHEKTP y LeHTpocuMeTpudHoMy TbMnOs3 mpy HU3BKHX TeMIIepaTypax y pos-
MipHOMY aHTH(EpPOMarHiTHOMY CTaHi MiCIs CHiH-(JION mepexoay y MarHiTHoMy moii. JloBeaeHo, mo crmocTe-
peXeHa y IbOMY CTaHi JIiHiffHA 3aJeXHICTh eNeKTPUYHOI mojspu3alii P Big MaraitHoro moist H 3yMoBieHa
YHOPSOKYBaHHSM CIiHIB 10HIB TepOito. MarHitoenekrpuuHa eneprii PGH (G — aHTH(QEpOMarHiTHUA BEKTOD
Tep6ilo) iHayKye y nentpocuMerpuanoMmy TbMnOj3, mo He Mae JNiHIIHOrO MarHiTOGNEKTPUIHOTO eheKTy, He-
B3aemHu# ciektp TM ta TE nomspuronis. Y antudepomaraitaux 180-rpagycHuX TepOi€BUX JOMEHAX BUHUKAE
PI3HMILS y NIBUAKOCTI €IEKTPOMArHITHUX XBWJIb, @ HAIPSIMOK IpELecii eIeKTPHYHOrO T0JIsl Ta IOBOPOTY ILIO-
LIMHH TTOJSIPU3aLiil MaOTh MPOTHISKHI 3HAKK. OUIHKH [UX €PEKTIB Jal0Th BETHUUHY OPSIIKY 1073,

PACS: 78.20.Ls MarauToonTHYEeCKUE SIBJICHUS.

KiroueBsie cioBa: aHTI/I(i)eppOMaI‘HI/ITHI)Ie JAOMEHBI, MAIrHUTOJJICKTPUIECCKUE B3aHMO£IeI71CTBPISI, HEB3aMHOCTb,

K03 GUIHEHT TPETOMIIEHHS, JT€eKTPOMArHUTHAs BOJIHA, MATHUTHOE TIOJIE.

BBenenune

W3BecTHO, YTO CBOMCTBA 3JIEKTPOMArHUTHOM BOJIHBI
CYIIECTBEHHO 3aBHCAT OT CPelbl, B KOTOPOW OHA paclpo-
crpansiercs. IIockoapKy B 3J€KTPOMarHUTHOM BOJIHE IpHU-
CYTCTBYIOT M 3JIEKTPUYECKOE, U MATHUTHOE IOJIA, TO OHA
Hanbosee aKTHBHO B3aMMOJAEHCTBYET CO CpeAaMH, NMEo-
IIUMH COOCTBEHHBIE (CHIOHTaHHBIE) IEKTPUUECKOe U (HMIIN)
MarHuTHOE MOJIs, T.€. C CETHETOAIEKTPUKAMH, MarHeTH-
KaMM, CErHeTOMarHeTMKaMu. B3aumopeiicTBue 3JEKTpHU-
YECKOM M MAarHUTHOM IIOJCHUCTEM, HA3bIBAEMOE MAarHUTO-
anekTpudeckuM (MD), B HEIIEHTPOCHMMETPUYHBIX aHTH-
(eppomMarHeTHKax paspemaeT JMHEHHYIO CBSI3b MEXIY
CTaTHUUYECKO 3eKTpuieckor momsapmanueit P n BHemmHIM
HOCTOAHHBIM MarHuTHbIM nonem H, P =o; H; [1-3].
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Takue BemiectBa ¢ JmuHEWHBIM MDD 3ddekrom (JIMIDI)
Ha3bIBAIOT MAarHUTO3JIEKTPUKAMH, B HEKOTOPBIX M3 HHX
HaOojanack 3HauMTeNbHAs BeluyrHa MO BOCIpHUHMYH-
BocTH O, =~1072 . Wzydenune nposisnerns MO B3aumozeii-
CTBHU B ONTHYECKHUX SIBJICHHUSX HE TPEeOyeT MPHIOKEHUs
BHEIIHUX CTATHYECKUX OJICKTPUYECKOrO0 U MAarHUTHOTO
moreit. B 60—70-x Tomax MpoNUIOTO CTONETHS ONITHYECKUE
CBOHCTBa MAarHeTHKOB, MarHUTO3JEKTPUKOB W CETHETO-
MarHeTUKOB aKTHBHO HCCIJICAOBAIHMCH IKCIIEPUMEHTAIHHO
U TeopeTHyecku. beuiM mpenckasaHsl HOBblE 3(QeKThl,
cpear KOTOPBIX HanboJiee UHTEPECHBIMU SIBIISIIOTCS HEB3a-
WMHBIC SIBJICHUSI: TUPOTPOITHOE JBYNPEJIOMIICHHE U HEB3a-
MMHOE OTpa)XCHHE CBeTa B MAarHUTONIEKTpuKax. Tak,
OKHJAIOCh Pa3IM4Yue B CKOPOCTSAX CBETAa MPU HHBEPCUH
HAIPABJICHUS €0 PACHPOCTPAHEHHS M CMEICHUE TIIaBHBIX
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ONTHYECKUX OCEH OTHOCHUTEIBHO KPHCTAIUIOrpauIecKuX
HampaBieHuil. Ot HOBBIE 3 dekTh nmemn MD mpoucxo-
KneHue. PesynbTaThl  MPENpHHATHIX HM3MEPEHHH B
GdVO, [4] 3HaUUTENbHO OTIAMYAIUCH OT TEOPETUYECKHX
pacderoB. M TObKO HEJABHO YIajoCh OOHAPYXUTH Tpe-
CKa3aHHBIC HEB3aHUMHBIC oOmNTUYEeCKHe APPekTh [5-7].
OKCIIepUMEHT B HELEHTPOCHMMETPHUYHOM aHTH(eppoMar-
Heruke Cr,O5 mokxasain, 4yTo BEeIMYMHBI OOOUX YIOMSHY-
TBHIX BBIIIE YPPEKTOB JTHHEHHO 3aBUCAT OT MO BOCTIPHUUM-
guBocTH 0. O0a »pdexTa MEHSIOT 3HAK MPH W3MEHCHHU
HarpasJIeHUs] BeKTopa aHTtudeppomarderusma L Ha mpo-
TUBONOJIOKHOE. B pesynbrare yrisl BpameHus 6 mioc-
KOCTH TIOJISIPU3AlMK T1aJIalOUIero JIMHEWHO MOJIsIpU30BaH-
HOTO CBETa II0CJE IMPOXOXKIEHHsS aHTU(EPPOMArHUTHBIX
(A®) nomeroB L' u L OKka3hIBAIOTCS pasiuduHBIMA. Be-
JMYMHA Pa3HOCTH YIJIOB BpamieHus B JoMmeHax B CryO3
AO=0"—-0" =8 =23-10"pan.

He tak maBHO B opropombmueckoM AD® TbMnO; Obin
OTKPBIT KOJOCCANBHBIN HenuHeHHbn MO sddext [8], a
TaKKe JMHEHHAs 3aBUCUMOCTD JJIEKTPUYECKON HOJsIpH3a-
uuu P, ot mMarHurtHoro moss H y mocne cruH-GIIoN TIe-
pexoza [9]. OgHako 3TOT KPUCTAIUT HE SIBISETCS MarHUTO-
3JIEKTPUKOM: OH LIEHTPOCUMMETPUYHBIM U JIMHEWHAs
3aBHCUMOCTh P~ H B HEM BO3HHMKAET JIUIIb B 1OCTATOY-
HO CHJIBHOM MarHuTHoM moie. Ilpencrasnsercs nHTepec-
HBIM HCCIICIOBATH BIHMSHUE YKa3aHHOW JMHEHHONH MO 3a-
BHUCHMOCTH Ha 3JIEKTPOMAarHUTHBIE BOJIHBI B TaKOW cpere.
DJIeKTPOMarHUTHBIE BOJHBI B Cpele NPUHITO HA3bIBATh
nonsgputoHaMu. TbMnO; — HEHTPOCUMMETPUYHBIN Kpu-
crayu (Tpyrmna CHMMETPHH Dé?l) 6e3 JIMDD. Huxe Tem-
neparypel Heens Ty =42 K cnuHbl HMOHOB Maprasia
00pasyiOT MOJy/IMPOBAHHYIO KOJUTHHEApHYIO A, CTPYKTY-
py B1oNb OCH Y C BEKTOpPOM MOAyISuMH K, =0,295p"
(b* — BekTop obOparHoit perretkn). Huke Temmneparypbl
1, =28 K nossisercs eme ogHa komrnoHeHTa A®D BekTo-
pa BIOJb OCH Z M BIIEKTPHYECKas MOJISIPU3ALUSI BIOJIb TOH
xe ocH [8,10]. CriuHBI HOHOB TEpOUS YIOPSAOYUBAIOTCS
npu Gosiee Hu3KUX Temreparypax 7 <7’ =7 K, obpasys
HecopazMepHyr ¢azy ¢ k)’/ ~0,42b". Kpucrammdeckas
pemerka TbMnO;3 nmeer HeHTp WHBEPCHH, OTHAKO MOHBI
Maprafna (ux 4) 3aHUMAroT B HEW [EHTPOCHMMETPHYHBIE
MO3UNKH, a 4 WOHA TepOus — HEUEHTPOCHUMMETPHUYHBIE.
[Tocnennee 0OCTOSTENBCTBO pa3pellaeT IMPHUCYTCTBUE B
TEPMOJMHAMUYECKOM MOTEHIMAJe ClaraeMbIX C HEepBOH
CTeNeHbl0 dNeKTpudyecko mnosspuzanmu u AD BekTopa
cnuHOB TepOust g Buaa [11]

LgiM;, Fgpd,
A:Ml—Mz—M?) +M4, g:MS—Mé—M7 +M8 . (1)

rne A, g — A®D BEKTOpBI COOTBETCTBEHHO MapraHILEBBIX
(1-4) u TepbueBbIX (5—-8) MarHUTHBIX MOMEHTOB B ITO3UIIH-
X 4b u 4c¢ [12]. Yucny cniMHOB B MaHTaHUTE TEPOUS COOTBET-
cTByIOT ImecTb AD BEKTOpOB: Tpu MaprasieBsix (A, G, C)
u Tpu TepOmeBmIX (a,g,c ). HeiirpoHorpadpuueckue wuc-

cienoBanus [13] mokazand, 9TO 3HAYUTEIBHO OOJIBINE WH-
TEHCUBHOCTH ITHKOB, COOTBETCTBYIOIIMX A- M g-(azam,
KOTOpBIE B JajIbHEHIIIEM U pacCMaTpUBAIOTCSI.

B MomynupoBaHHBIX COCTOSIHMSIX WHBapuaHThl (1) He
MIPUBOJIT K OTJIMYHOM OT HyJIsl cpeaHei nmonspusaunu. Ho
B CHJIbHOM MarHuTHOM none H, > 4,5 Tn npu Temmepa-
typax T <T’=7 K cnus-hyion COMpOBOXKIAETCS Iepe-
Xxo/ioM B copazmepHyto AD a3y, B KOTOpOii 3ekTpuie-
CKas HoiApu3anus P JIMHEHHO 3aBHCHT OT MAarHUTHOIO
nosst H , [9]. Ipu sToM nmHeiinyto saBucnmocts P (H )
MHIYIUPYET TOJIBKO TepBoe ciaraemoe B (1), T.e. CIIMHBI
Tepbus. CrimHBI MapraHIeBOd MOJCHUCTEMBI (BTOpOe ciia-
raemoe B (1) ¢ A® BekTopoM A) MHAYLMPYIOT HE3aBHCS-
IIYI0 OT MarHUTHOTO TOJISl 3JIEKTPUYECKYIO MOJISIPH3ALUIO
HOA BO3/ACHCTBHEM YIOPSIOYEHHBIX CIIMHOB TepOus.
Bknan cimHOB Maprasiia B paccMoTpeHHbIe 3 (deKThl He-
B3aUMHOCTH TIPH PacCHpOoCTpaHeHHH cBeta B AD roMeHax
TepOusI OKa3hIBACTCS HE3SHAYNTEIBHBIM (CM. Jajiee).

Amnanus BnusiHus MO B3aumonenicteus P g, M; Ha no-
JSIPUTOHBI B HHU3KOTEMIIEpaTypHOH copa3MepHO# (hase
(T<T’) B TbMnO; B MarHMTHOM MoIe H,>4,5 Tn
MOKa3aJl BO3MOXKHOCTH 3()(EKTOB ONTHYECKON HEB3aMMHO-
ctu B 180-rpanycHbix AD TepOMeBbIX JOMEHAX: pa3jinuue
B HHUX CKOpOCTE€ll MOJSIPUTOHOB, NMPOTHBONOJOXKHBIE Ha-
MIPABJICHHS MPELECCHH IIEKTPUYECKOTO TN U IOBOPOTA
TUTOCKOCTH ToJsApu3ain. OTr 3(h(HEeKTs TOMEHHON HEB3a-
MMHOCTH BO3HHKAlOT B TI€pBOM NpHOmMmkeHnn mo MD
B3aUMO/ICHCTBUIO U MIMEIOT MOPSIOK BETMUMHEI 1073,

Ten3op 00001eHHOIT BOCHPUMMYHUBOCTH

B MD cpenax snekTpuyecKkuii (MarHUTHBIA) MOMEHT
MHIYLUpPYETCsS KaK DJIeKTPUYECKUM (MarHUTHBIM), TaK H
MarHUTHBIM (3NeKTpudeckuM) nosieM. [loatomy Hapsmy c
TEH30pAaMH JMDJIEKTPUYECKOM X[, M MarHutHo X
BOCIIPHUMYHMBOCTEH BBOJMTCSA TeH30p MD BOCIPHUHMYH-
Boctu Xj" =0P/0H, X}i¢ =0M /OE;, KOTOpbIii B OT-
CYTCTBHE 3aTyXaHHs 5pMUTOB, T.¢ X" = (X/i¢)". Otk
MoMmeHTOB P, M Ha s5ekTpudeckoe e 1 MaraHutHoe h noss
B BOJIHE OMNKCBIBAETCS TEH30POM O0OOIIEHHOW BOCIPUHM-
YHBOCTH

X _ 5{ zscm ) Pt = Xﬁcek +X§thk > )
l{;:e i’;cl Mi = irl’cihk +Xir/?eek .

PaccMoTpum B030y>K/IeHHS 371€KTPOMArHUTHOM BOJHOU
CIHMHOB TepOus. B oTCyTCTBHE MOCTOSHHOTO MarHUTHOTO
MOJISL CIIMHBI JIeXkat B IutockocTH (X,Y) [14]. B MaruuTHOM
none Hy||Y nopsaka 1-2 Tn npoucxoaut (a3osslii me-
pexon meporo pojaa [8,10], u cnuHBI TepOUS MPEATNono-
JKUTEJIbHO OPHUEHTUpPYIOTCA BIOAb ocu X. B mone
H,, >4,5 Tn copazmepHas (haza cocrout n3 AP 1OMEHOB.
[Tapbr MarHUTHBIX MOMEHTOB Tepoust (5, 8) u (6, 7) ne-
JKaT B MapajuleNIbHBIX IJIOCKOCTAX (X,Y). B3anmonelictBue
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BHYTpH Iap — (heppOMAarHUTHOE, a MEKIY IUIOCKOCTAMH
— anaTudeppoMarauTHoe. CunTas MarHUTHYIO aHHU30TpPO-
Ui cinaboi, MOXKHO B OOMEHHOM NPHONMKEHHH I10JI0-
KUTb Ms= Mg, Mg =M; (1.e. a=c¢=0) U nucrnons3o-
BaTh JIBYXIOJPEIIETOYHYIO MoJieNsb [12], monaras

M; +Mg =M, Mg +M; =M, , G=M, -M,,M=M, +M, .
3)
Hcronb3ys TabiuIly HEPUBOAUMBIX MPEICTABICHUH TPYII-
el Pbnm [12], cBOOOIHYIO PHEPTUIO OJHOTO JTOMEHa Tep-
OueBOW TOACUCTEMBI JIByXOCHOTO KPHCTalla 3aluIleM B

BHIE

1 1 1 1
F=> (4,G* +BOM2)+Z cG* +2 (B1G; +BoGZ + 8, M +é‘>2M§)—MH+E (WP +byP] +b,P}) -

(4)
— Pe+ WM G, P, +vyM G, P, +v;M ,G P, +v4M ,G P, +vsM ,G_P, +vM.G.P, +v;M .G P, .

31ech MmepBhIC TPH CIIaraeMbIX OMKCHIBAIOT OJHOPOIHOEC OOMEHHOE B3aMMOJICHCTBHE. Tak Kak B3auMOJICHCTBUE CIIMHOBBIX
BO30YKIICHUI C IEKTPOMArHUTHON BOJHOM MPOUCXOIUT B OOJIACTH MAJIBIX BOJHOBBIX BEKTOPOB, TO HEOJTHOPOIHBIN 00-
MeH (T.e. COOCTBEHHAs JMCIIEPCHs CIIMHOBBIX BOJIH) HE yuuThiBaeTcs. Jlanee B (4) CTOST SHEPIUM MAarHUTHOW aHH30TPO-
UK ¥ B3auMozelcTBus cnuHoB ¢ MarHuTHbIM nogeM H =Hj +h (h, e — MarauTHOE u 31eKTpUYECKOE MO B 2JIEK-
TPOMarHUTHOU BoJiHE). ClaraeMble TPEThEro MOpsIKa TI0 MOMEHTaM SBJISIFOTCS dHeprueit MO B3auMOJEHCTBHS, KOTOpOe
npenmonaraercst caadbbiM. OCHOBHOE COCTOSHHME CHCTeMBI B MarHMTHOM mone H || Y, Gonpmem momst crnmH-(roma
Hy =4,5Tn, takoso:

Go I[Py |l X, My Y,

2 2 2 2 p—1-1

GxO:GO E—Ao/c,A0<0,My0=mO=H0(B—V3GoB ) 5 (5)
B=By—4y>0, By>0, Pyy=P)=—vsmyGob; " .

Hcnonb3yeM paBHOMOAYJIBHYIO MOJENb, T.€. nonaraeM MG =0, M2 +G? = (4M, )2, rae M — MarHUTHBI MOMEHT
PEIKO3EMENIBHOTO HOHA.

ITpu BerYMCIEHMH BocrpuuMuuBocTel nonaraeM G =Gy +g, M =mg,+m, P =P, +p . 3ameruM, 4To B OTIMYUE OT
obo3HaueHns g B (1) 3meck u manee BekTOp g 0003HauaeT Mainbie Bo3OyxaeHus AD Bektopa G TepOHUs B ABYXIIOIpEIIIe-
tounoit mogenu (3). Ucnonesyem ypaBHeHus nprkeHus Jlanmay—JIndmmmna mist AD u ypaBHEHHE NBIKCHUS IS DJICK-
TPUYECKOW TMOJIIpU3aN

- F ) [ax @7 4o | [ou 2Bl o, oF
m—y{[anM}+[GxaG”, g_y{[anG}-[GXaMH’ P TR 6)

31ech Y — TMPOMarHUTHOE OTHOLIeHHE, f — (eHOMeHOIorn4ecKas MOCTOSHHAS MOpsAAKa KBaapaTa YacTOThl OITHYE-
CKUX (DOHOHOB.
B nureftHOM npubmimkeHnn Mo MO B3aUMOICHCTBHIO C yUeTOM (4) ypaBHEHHUS ABWKCHHUS UMEIOT BH]

. =ymg(Bym, —h;), By=B+8,, Bp>0, B =B+3,

iy, = =YGo (vsmop; +Brg.)

iy = Y[m, (W GoFy — Bimg) + g, (B1Go —vimoRy) + p,, (v4 = vy )mg Gy +mgh, ],

&y =¥mo(vsmop, +P2g.),

gy =—-YGy (BZmz _hz) > (7)
&: =YIm, (BGy —vymoFy) +v3GoPyg + pyv3(Gg —mg) = Goh, 1.

Py == fbipy +v3(mog, + GOmy) —el,

Py ==f(bypy +Gomy +vymyg, —e,),

Pr ==f(b3p, +vsmog, —e.).

Ypasnenns (7) pacnanatorcs Ha TE Bonnst (e, i, h,) 1 TM Bomusl ((h), e, e;).

TM noJIsipuTOHBI Tepous gy, g-. [lonaras Bce nepemenHble 1 e, h~exp (—ioy),
B TIEPBOM MpUOIIKEHUH 1o ciabomy MD Bzaumopeiict-
BHIO B (4) moirydaeM CileIyIONIfe KOMIIOHEHTHI 0000IIeH-

HOT'O TEH30pa BOCIIPMUMYNBOCTH:

W3 ypaBueruit (7) BUOHO, YTO 3JEKTpOMarHUTHeIE TM
BOJTHBI B HU3KOTEMITEpATYPHOH cOpa3MepHO# (haze BO3OYxK-
Jal0T NEPEMEHHBIE /My, Py, Pz U KOMIIOHEHTHI AP BekTOpa
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f xm — BZYng

2 27 W 2 27
03 -0 0, -0

_BaGov* f(Gg-m5) _ 1y
(0, -o*)of -0?) 4’

e _ f e _
Xxx_ 2 2>Xzz_
(1)1—(,0

em _ yme _
Xxy _ny -

me _ em _ iYVSGOmOfw _ iYI
Xy =Xy = 3 T an’
(0 —07)(w; ~0”) T
o2 =, n=12,3, o2 =p,y’G3B. (8)
B ¢opmymax (8) ®, — wacrota AD BO3OyxIEHHUI,

o, ~1012 ¢!
KUX 9aCTOT O, .

Pewas ypaBHenust MakcBesuia Ajisl INIOCKUX BOJIH, pac-
MPOCTPAHSIOLIMXCS B HampaBiennn N =ck/® B miocko-
ctu (X,Z), ¢ nomomsio BeipakeHuid (3) m (7) momydaem
YpaBHEHUS

1 OOBIYHO HA MOPAAOK MCHBIIE ONTHYEC-

(nz _,YZ)ex - (nx +iv )ez - th =0,
gjey —(n,=v2)h, =0, ®
8363 + (i’lx - l'Yl )hy =0.

31eck BBeAEHBI 0003HAYEHNS

Q2 —?
81=1+4T|:X;x=ﬁ,92=(,012+41_5f,

Wy —®

S’zz—(,l)2 2 2
gr = 1+4nXE =2~ Q2 = 03 +4nf,

Q2 -
u=1+4nX;”y=h,9i=mﬁ+4nﬁ272G§.

a

[TonstpuTOHBI UMEIOT pa3HbIe CBOWCTBA B 3aBHCUMOCTH
OT HaIpaBJICHUs PACIPOCTPAHEHHUSI.

1. BonnoBoii Bextop k || Z . OrpanuunBasce, Kak 1 pa-
Hee, MEepBBIM MOpsakoM 1o MO BaumoneicTBuio, U3
ypaBHeHnwuii (9) s kodddureHTa npeaomMieHus moy4a-
€M BBIpaKEHHE

ck,

n,=—==v,*./e;u, U >0, ¢ — ckopocts cBera. (11)
ITockonbky ®; > ®,, To U3 Broporo yciosusa (11) cne-
JIyeT, YTO TMOJSIPUTOHBI CYIIECTBYIOT B TaKMX YaCTOTHBIX
obmacTsax: W< ®,, Q, <0<, ®>Q,. Ilpucyrcreue
MD mnapamerpa Y,(®)~v3G, (cMm. (8)) menaer cHEKTp
HOJIIPUTOHOB HeB3auMHbIM: O(k,) # 0(—k,). B ¢uxcu-
POBAHHOM 4acTOTHOM 00JIACTH 3HAK Y, 3aBUCHUT OT 3HaKa
mHOxutenst (v3Gp), T.e. or 3Haka Gy = Gy B AD nome-
He. OrMeruM, 4YTO B
(Gg —mg) >0, Tak KaKk MarHUTHOE II0Ji€ XOTsA U OoJblle
moyis cnuH-(JoNa, HO MEHbIIe OOMEHHOTO TOJIs,
Hy < GyB.

IIycte v3Gy > 0. B yactotHO#i obnmacty ® <®, MO
nocrosHHas Y, <0. IlpucyrctBue 7Y, nenaeT CHEKTp

paccMaTpuBaeMoOll  CUTyaluu

3Gy >0

Puc. 1. Cxematuueckoe TpencTaBiIcHUe crekTpa TM mosipuTo-
HoB ¢ k|| Z mpu v3Gy > 0.3Hakn (+) 0603HA4AIOT IPOTHBOIIO-
JIO’KHBIC HAIIPABJICHHUSI BPALLCHUS JICKTPHYECKOTO OIS B BOJIHE.

cllerka acuMMeTpudHbIM (cM. puc. 1). Ilpu mManbix ® Be-
JIMYKHA TPYIIIOBOH CKOPOCTH MONSAPHTOHOB V =| 0w/ ok, |
s k., >0 Oonpure, yem ns k, <0, V., >V_.

IMonaras B ¢popmynax (11) @ =0 u yunTpIBasg Manocth

OTHOILEHUA | Y, / /€11l |, HOIydaeM

V+_V_:_ﬂ (12)

g1

C usMeHeHMEM 3Haka Y,, T.e. B AD nomene, rae Gy <0,
HaoOopot, V, <V_. W3MeHenue 3Haka G;; paBHOCHJIBHO
3aMeHe 3Haka BOJHOBOro BekTopa, k — —k. Takum obpa-
30M, NOJApUTOHBI B 180-rpagycHsix A® nomMeHax pacnpo-
CTPAHSIOTCS C Pa3HOI CKOPOCTHIO.

B Ooee BBICOKHX YaCTOTHBIX 30HaX
Q, <0<, ®>Q; MD BaumonelcTBHe MPUBOIUT K
CMEIICHUIO JMCIIEPCHOHHBIX KPHUBBIX BIOJL OCH k, Ha
gactotax £2,, ;. Bennmumusl cmemennit k; Ha gacToTe
Q, u k, HagactoTe {2 paBHEI

2
by ~ v3GofQ, - v3Go0yg (13)
00)12 CBQ]

3nauenue k, <<kj, Tak Kax |ky/ky |= 0,/ 4B, 0, <L
W MOCTOSIHHAsi OOMEHHOT0 B3auMoeiicTeust B >>1.

W3 ypaBHenwmii nBuxenus (9) ciemyer, 4yTo mamaromas
JIMHEIHO nonspu3oBaHHas BonHa (k,, ey, h,y B TbMnO3
BCJIeACTBHE MO B3aMMOJCHCTBHS CTAHOBHUTCS AJUIMITHYC-
CKH TTOJISIPU30BAHHOM, TIOTOMY UYTO

e _ g :iiy“/a (14)
e, (n;—72)€3 g3/l
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3raku (L) COOTBETCTBYIOT KO3 (HUIMEHTaM IpeIoMIe-
Hus (11) HAa AUCHIEPCHOHHBIX KPUBBIX pHC. | W O3HAYaIOT
MIPOTHBOIIOJIOXKHBIC HAIPABIICHUS BpAILEHUS 3JIEKTpHYec-
xoro noya. CornacHo (8) nocrosHHas Y ~ Gymy, MO3TO-
MY HanpaBJICHUC BpalllCHUSA MCHACT 3HAK KaK MNpHU U3ME-
HeHuM Hanpasiienus nons Hy B nannom AD nomene, Tak
U B NPOTHBOMOJIOKHBIX AD 10MEHaXx B 3aJaHHOM Mar-
HUTHOM Tone. B Toukax mumHEMYMOB (£2,, k), (2, ky)
HalpaBJCHUE BPAIICHHUS BEKTOPA 3JIEKTPUYECKOTO MO
MEeHseTca Ha oOpaTHoe. 3aMeTHM, YTO JUIMITHYECcKast Ho-
nsipuzanust (14) BO3HMKAET TOJBKO B NMPUCYTCTBUE MTOCTO-
STHHOTO MarHUTHOTO TIOJISI.

2. Bonnosoii Bektop k|| X. JIuHeHO nmoJsipru3oBaHHAs
BomHa (k,, e, h,) B paccmatpuBaemoir M3 cperne mmeer
B3aUMHBIN CIIEKTP:

n, =%/g3u . (15)

BosnHa ocTtaercs TuHENHO MOJIIPU30BAaHHOM, HO, COTJIACHO
(9), MD B3aumMopeHCTBHE WHAYIHUPYET MOBOPOT IUIOCKO-
CTH TOJIIpU3aMY Ha yroa ¥

/€
e_x:tgﬂzYz_3 (16)
e

z 81\/H ‘

Hanpasnenue moBopoTa MIOCKOCTH TOJSPU3ALHUU TPOTH-
BOIIOJIOKHOE B JIOMEHAX C IPOTHBOIIOJIOXKHO HAIpPaBJIEH-
HbIMU AD BEKTOpaMH, TaK Kak IOCTOsIHHAA Y, ~ Gy,

TE noJsipuTOHbBI

W3 ypaBHeHuit aBmxkenus (7) cleqyer, 4To mepeMeHHEIE
nous (ey, hy, hz) BO30yXKIar0T MOMEHTEHI (.., m,, gy py)
B paccMaTpUBAacMOM OCHOBHOM COCTOSIHUM MAaHTaHHTA
Tepbus. B nmepBom mopsiake mo MO B3aumoneiicteuio TE
MOJISIPUTOHBI XaPAKTEPU3YIOTCS OOOOIIECHHON BOCIPUIM-
YUBOCTHIO ¢ KOMIIOHCHTAMHU

2
X° = f XM = Wy
Yy 2 2’ Tz 2 25’
w5 —O® By (0 — o)
m _ m _ iyme _ir3
sz__sz_—__’

(1)124 — 0)2 4r

2,2
vGyY fmyB, Ty (17)
2 2y 2 2N 4n
(0 —07) (W —07) 4T

em me
ny =Xxy =
V=Vq4 =V,
iy Gymgfo iy
(0% -0 ) (w3 -0”) 4n

©% = v?B,(B,G§ + Bymj) .

=X = _

me
XZ_)/ yz

IIpoBens BBIYMCIIEHUS, AHANOTWYHBIE IPENBLIYLIUM,
noJly4aeM clefyrolmui 3akoH aucnepcuu TE nossiputo-
HOB:

2 2 2
l“lxnx + MZ (nz + Fz) + 82F3 + 2F1F3 (nZ + rz)— Ezuxuz = 0,
(18)

rac

Q%—mz Qﬂx—mz Qﬁz—mz
S NI I A R BRI A B
(1)2—03 O)A—(D O)A—(D

B, +4n
Q% :(o%+4rpf, Qﬁx =0)124+4n3272m§, Qﬁz :2T (0124.
2
(19)

U3 ypaHenus (18) merxko Buaetsb, uto cnektp TE BouH,
PacIIpOCTPAHSIONINXCS BIOIb OCH X, B3aUMeH, O(—k, )=
= w(k,) . Ilpu pacnpocrpaHeHUU K€ BOJIH BHOIb OCU Z
K03(h(pUIMEHT NPeTOMIICHHS PaBEH

n, ==+ 17 [-T T3 £ ey (e, - T3)] =

| . . (20
=Ty, \/HZEZ (M, =T3),

4Gy f(By +4m)Y mg
Q% - 0?)(03 -0?)

MD nocrosiHubie I'y, I') comepxar mepByro cremeHb X-
koMnoHeHTsl AD BexTopa Gy, M 3TO JleJaeT CIEKTp He-
B3auMHBIM. AHanorumdHo (12) oIleHKa MpH HU3KHX YacTo-
TaX Pa3HOCTH CKOPOCTEH MOJSIPUTOHOB C MPOTHUBOIOIOXK-
HBIM HAIpaBJICHUEM PAaCIIPOCTPAHCHUS JACT BEITUUUHY

B ch—‘(o%

V,-V_ =
+ Q%

ey

B otimune ot TM monssputoHoB MO B3auMojeicTBre
B TE BoiHAax HE BHOCHT OCOOBIX YEPT B IMOJSAPU3ALILIO
BOJIH. VX >ymamTHYecKas MOJSpU3aIiusa — pe3yabTaT BO3-
pedictusa nonsa, Hg||Y, u MO B3aumopeiictBue TOXKE
JlaeT B Hee cBoM Bkiaa. Tak, nns k|| Z

hZ

h

X 28z

i

[Tye, Tz e (. -T]. (22)

O6cy:xnenue pe3yjbTaToB

OcHoBHoe oTiimaue criektpa TM u TE monsiputroHoB B
TOM, 4TO 17151 TM BOJIH BO3MOJKHBI HEB3aUMHBIE 3P EKTHI
U B OTCYTCTBHE ITOCTOSSHHOTO MarHUTHOTO MoJst. JeicTBu-
TEJIFHO, TPUBOAAIIAS K aCUMMETPHH criekTpa MD mocro-
AHHas Y, (8) oTamuHa oT Hyns u npu Hy =0. A B ciyuae
TE nonspuronos Bce MO Bocpuumuusocty npu Hy =0
00palarTcs B HYJIb.

OneHUM BEJIMYHMHBI PAacCMOTPEHHBIX 3((PEKTOB B
TbMnOs, mcmonb3ys HMEIOIIHecs 3KCIEePHMEHTAIbHBIC
JIaHHBIE.

Jns TM BoiH pa3HOCTh CKOPOCTEH maercs GpopmyIoi
(12). B =Hm3kowactoTHO# o6macti B TbMnO; BemmunHa
JUIIEKTPUYECKOd mocrosHHOU € =24 [8]. OOMenHas
nmocrostHHast B >>1, moatomy u3 (8) u (10) crexyer, 9To
Q,=w,, u=1. Ing MO napamerpa 7Y, U pPa3sHOCTH
CKOPOCTEH BOJIH MOJIy4aeM BBIPaKEHUS
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UuE

. Yynuc

2C(£1 - 1)
€ B

Yo = —V3G0(81 —I)B_l 5 V+ -V_= V3G0 (23)

OOMeHHast IOCTOsIHHAsE B ecTh 00paTHass MarHUTHAs BOC-
MPUAMYHABOCTD, KOTOPYIO MOKHO OLIEHHTH, COTIACHO JaH-
HbIM paboTel [8, puc. 3(e)], X7, =B"~028107 U3 nmu-
HEWHON 3aBUCHMOCTH 3JIEKTPHYECKON MOJApH3amuu P =
=X fj’,”H y OT MarHuTHOro noust [9, puc. 2(d)] npu remre-
patype T = 2 K nonyyaem Xg,” =Y, /4n= 1,6-10_3. Or-
CIOJla BEIMYMHA Y,) = 2~10_2, a u3 (23) HaxoaAuM, 4TO Ma-
pamerp (v3Gy) =0,3. Toraa, cornacHo (23), OTHOCHUTEND-
Hasi Pa3HOCTb CKOPOCTEH NOJSIPUTOHOB B JIOMEHaX Ha
Hu3kux yacrotax (V. —-V_)/c= 1,6-10_3. OTa BeTUYMHA
pacter npu npubmpxeHuu Kk A® yactore ©, U CTAHOBUT-
cs1 Gouiblle Ha Hopsanok, ecimd o = 0,94w,. OgHako B He-
nocpeacTBeHHOH Omm3ocTH K AD yacrore UCIIOIB3yEeMOTo
JIMHEHHOTO NPUONMKEHHUS HEJOCTATOYHO.
Juist TE BonH u3 (19)—(21) cnenyer, uto

2¢(ey —1)md

V,—V_ =vGy ——2 M0
2 2
e, (B1Gy + Bymg)

24

rae €, =23 [8], a ciaraemble B 3HaMeHaTese aApoou (24)
OJTHOTO TIOpPsIJIKA, IMOCKOJbKY MAarHWTHOE Hose Ooble
nomst cmuH-Quiona, Hy > Gy./B|B; . Ecan mocrosHHBIE
Vo) —V4 =V U V3 OIHOIO NOPSJKa, TO PA3HOCTU CKOPO-
creii BoiH B AD nomenax mist TE (23) u TM (24) nonsipu-
TOHOB TOXX€ BEIMYMHBI OaHOTO Topsaka. Ognako B TE
BOJIHAX BenuuuHa dpdekra (24) MOXKET 3aMETHO peryJiu-
POBATHCS ITOCTOSIHHBIM MarHUTHBIM TOJIEM.

Hpyroit ormMeueHHBI 3 dekT TOMEHHOW HEB3aMMHO-
CTH — IPOTHBOIIOJIOKHBIE HAIPaBJICHUS! IOBOPOTOB ILIOC-
KOCTEH IMOJISIpU3aluy JIMHEHHO MOJIIPU30BaHHOTO CBETa B
180-rpanycupix AD nomenax — it TM BonH ¢ k|| X
onuceiBaercst ¢opmysor (16). Mcnosap3ysi Bblmenpuse-
JICHHbIE OLIEHKU IIApaMETPOB M 3HaueHue €3 =29 [8], no-
Jy4aem, 4TO YToJI IOBOPOTa B pe3ynbrare MO B3anMoeii-
CTBHS NIPUOIIDKEHHO paBeH tg O =4,5- 1073, Takum obpa-
30M, BCE€ YIOMSIHYTHIE 3()(EeKTH JOMEHHOW HEB3aMMHOCTH
MMEIOT OJIMH TIOPS0K, U OH COBIAAAET C MOPSIKOM BEJH-
YuHBI yIia IO0BOpoTa IockocTd nomspusanuu B CryO;
=8 =24-10" [5].

IlepBonauansHo miockas TM BonHa ¢ k|| Z B maHra-
HHUTE TepOHs CTAHOBUTCS SIUIMITUYECKH MOJSIPU30BAHHOM
B NpHUCYTCTBHE MarHHTHoro mons (14), e /e, =0,17y;,
rae nocrosHHas Yy ~ vsGyH (8). HampaBinenue Bpaiie-
HUSI JIEKTPUYECKOTO TI0JI1 B BOJIHE MEHSET 3HAaK Kak IpH
unsepcuu G, tak 1 H. MO sHeprus ¢ mapamMeTpoM Vs,
KaK U ¢ apaMeTpoM V3 B (4), sBIseTcA PEeIsITHBUCTCKOMH,
OJHAKO UL ONPEAENEHUs. V5 HET COOTBETCTBYIOLIErO 3KC-
NEpUMEHTA. Ecin VS )44 V3 OJHOT'0 MopdaAKa, TO BEJIMYMHA
SJUIMITUYHOCTU TOXKE MOPSIKA 1073

CruHBI Mapranma npH HH3KHX Temmeparypax 1 <77
1oCyIe CruH-¢iona B MarHMUTHOM Tonie f{, HaXoIsTcs B
copa3MmepHoi ¢a3ze [9]. MarHuTHast CTPYKTypa 3TOH (a3l

B HACTOsIIIee BpeMsl elie He BHosHe sicHa. [Ipeamnonoxum,
9TO 3TO cocTosHue (M y» A;) . VIoHBI MapraHua 3aHUMaioT
B MaHTraHuTe TepOus LEHTPOCHMMETPHUYHBIC IIO3UIIMH,
MI03TOMY B copa3MepHoi ¢aze MD sHeprust MapraHieBou
TIOJICHCTEMBI C NIEPBOM CTEIEHBIO AIEKTPHUUYECKOH TOJISpHU-
3auuu P, Bo3MokHa nuub Bupa A,G, P, (Bropol uHBa-
puant B (1)). Ota MD 3Heprus BHOCUT M3MEHEHHS Kak B
PaBHOBECHOE COCTOSIHHME, TaK M B CHEKTP IOJISPUTOHOB.
OOMeHHOe B3aMMOJAEHCTBHE MEXAY CIHHHAMH Maprafia
3HAUUTEIBHO CHIIbHEE, YeM MEXIy CIMHAMH TepOwus, mo-
CKOJIbKY B MapraHIIeBOM ITOJICHCTEME TeMIepaTypa ynops-
jgouenus Ty =42 K 3HauutensHO Oojbllie TaKOBOH A
tepbust T’ =7 K. Temneparypa AD nepexoja u KBaapar
A® yacToTh! (8) MPONMOPIHOHAIBHBI MOCTOSHHON OAHO-
poxmHoro oomena B. Iloatomy A® yactoTa MapraHieBOH
MOJICUCTEMBl 3HAUUTENBHO OOJbIIEe TEpOUEBBIX YACTOT.
Bo30ysxneHns cnvHOB MapraHua 3Aech HE paccMaTpHBa-
10TCs, nonaraercst A, = Ay (paBHOBECHOE 3HaYEHUE NOCIE
cnuH-ona). Ydyer MO cinaraemoro vy4yG, P, B 9Hepruu
(4) B paccmaTprBaeMOM JINHEHHOM IPHOJIMKEHNN O3HAYaeT
JIHMIIb IEPEHOPMHUPOBKY BEIMUYMHBL V31 — V3 +Vy A4y B
dhopMyax i paBHOBECHOU MmoJisipu3anuu (5) U MOCTOSIH-
HOU 7Y, (8). BeanunHbl paBHOBECHOM MOSAPU3ALNU }_’0 u
Y, IPUMYT BHJ

PO = —bl_l(v3m0 + V()A())Go,

,=- 4B, Goy? fTv3Ga — my (vsmy + vy 4g)] o

(0,2 - 0*)0f -o?)

HO >Hsf'

Bropoe ciaraemoe B MOJSIpH3allMM €CTh €€ 3HAUCHHE B
moJie CruH-(IIona H‘s“f = 4,5 Tn, nocne 4yero moJsipu3a-
LU PacTeT JMHEHHO ¢ MAarHUTHBIM II0JIEM BIUIOTH JIO MOJIS
obmena H, =BG, [9]. Benuuunet By u 7y, (25) mo-
HpEeKHEMY MEHSAIOT 3HaK mpu 3ameHe Gy — —Gj, T.€. yKa-
3aHHAs NEPEHOPMHPOBKA JUIIb KOPPEKTHPYET BEIHUHHY
pPacCMOTpPEHHBIX BbIIE 3(P(PEKTOB CIEKTPAILHON HeB3a-
uMHOCTH B 180-rpagycHbIX TepONEBBIX JOMEHAX.

Takum 00pa3oM, NPOBEIEHHBIN aHAIN3 MOJSIPUTOHHOTO
crnexTpa B neHTpocumMerpudHoM A® TbMnO; B cuib-
HBIX MAarHUTHBIX MOJISIX W MPW HU3KHX TEMIIEpaTypax Io-
KazaJl BO3MOXXHOCTHh 3(P(PEKTOB 3HAUNUTEIHHONH TOMEHHOMN
HEB3aUMHOCTH TIOJIIPUTOHOB: Pa3lIMUUEe CKOPOCTEH AIIeK-
TPOMAarHUTHEIX BOJIH B AD moMeHax TepOus, dJUIMNTHYE-
CKYIO TOJIIPH3AIHAI0 BOJIH C MPOTHBOIOJIOXKHEIM HAIPaB-
JICHUEM BpAaLIEHUs! JIEKTPUYECKOTO TOJIsI B HUX, IOBOPOT
IIJIOCKOCTHU MOJIIpU3allu B IMTPOTUBOIIOJIOKHOM HallpaBJie-
HUH. OTH 3QPEKTh! SBISAIOTCS pe3ysibTaroM MO B3aumo-
JIEUCTBUS, & UMEHHO JIMHEMHOM 3aBUCHMOCTH 3JIEKTpUYe-
CKOHl TOJSIPU3aIid OT MOCTOSHHOTO MAarHUTHOTO TIIOJIA,
BO3HHUKAIOMIEH TMOCIe CIUH-(IION Iepexoa. 3aBHCUMOCTh
3¢} PEKTOB OT YaCTOTHI JaeT BO3MOXKHOCTh UX YCHIICHHUS
BOIM3U 4acTOT PE30HAHCOB ((,, M} U aHTUPE30HAHCOB
(Qa’ Ql )-
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in centrosymmetrical TbMnO3
I.E. Chupis

The polariton spectrum of centrosymmetrical
TbMnOj in the commensurate antiferromagnetic state
is analyzed at low temperatures after spin-flop transi-
tion. It is shown that the previously observed linear
dependence of electric polarization P on magnetic
field H is a result of spin ordering of the terbium ions.
Magnetoelectric interaction energy PGH (G is the
antiferromagnetic vector of terbium) induces a nonre-
ciprocity in the spectrum of TM and TE polaritons in
TbMnOj3 without a linear
magnetoelectric effect. Different velocities of electro-

the centrosymmetrical

magnetic waves, opposite directions of the rotations of
electric field and polarization plane in the terbium
domains with a reverse direction of antiferromagnetic
vector G were revealed. The order of these effects is
1072,

PACS: 78.20.Ls Magneto-optical effects.

Keywords: antiferromagnetic domains, magnetoelec-
tric interactions, nonreciprocity, refraction coefficient,
electromagnetic wave, magnetic field.

Domain nonreciprocity of electromagnetic waves
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