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1 Bsenenmne

HM?IOTCSI BellecTBa (HallpUMep, KPHCTATIMYECKHe [1]), anexTpomarunTHEIE
CBOMCTBA KOTOPHX MOXHO OMMCHIBATH NPEHMYIUECTBEHHO PACIpenesIeHHAMN
nunonei. MynpTHNONBHOE pa3noXeHHe MIOTHOCTH TaKoro pacnpenenenus
MMEET AN OTINMYHH OT Pa3iOXeHHs TOKa 3apANOB, YTO NMPUBONMT K MHTe-
PECHBIM CIIeICTBHIM OTHOCHUTENIbHO XapaKTepa B3amMONEHCTBHN OMIIONbLHBLIX
CHCTEM C BHEMIHWMH nonsmu. Ilonuelit aHanus 3Tux pasnoxeuuii uMeer ue
TOJIBKO aKaJleMHYeCKUl HHTepec.

Wssectno (2, 3], yto B pamkax anexTponuHAMEKH Maxcsenna-Jlopenna
MyJLTUIONBHOE PA3TIOXKEHHE TUIOTHOCTH 3apsAia-TOKa CONEPXUT TpH BuIa Ga-
3UCHBIX IMNONeH: dneKkTpudeckuit Q, MarunTHeIR M 1 (nonspubiit) Topoun-
uetit T'. OnekTpoMarHMTHas Cpena, B KOTOpO# HeT HM CBOGONHBIX, NH CBS-
3aHHBIX 3apanoB (p = 0), Hu He3aMKHYTHIX TokoB (divj = 0), onucniBaerca
TONILKO MarHMTHBIMU H TOPOMAHKIMY nonspusauusmu [4]. Ilpu onucaunu pac-
NpeneNieHus HaMarHHYeHHOCTH B sape, BratT u Baiickong (cm. ux xunry (5],
B KOTODO# UMTHPYIOTCS UX NPENUIECTBEHHUKH), NO-BUIOMMOMY BIEpBLIE NONT
Ha3BaHHEM “MHIYUMPOBAHHBIE 3NIEKTPHUYECKUE MONEPEYHBIE MOMEHTHI” BBEJIH
MaTHMTHBIE BKJIaJIbl B TOPOMAHKE nonApusauun. IIpn knaccuduxannm Toueu-
HBIX TPYNI MarHUTHOM CHMMETDHM KPHCTAJJIOB Ha BBLIEJIEHHOCTL THIIA CHM-
MeTpHH, KOTOpPbIM 06MajaeT TOPOMAHEIA QANONb, yKasiBaioch B [6]-[9]. Mar-
HeTHKH, NONYyCKaIOUHe CYILECTBOBaH!e TOPOMIAILHOTO YHOPANOYEHHS, OblH

Ha3BaHB! TOPOMKaMM. IIpMMephl MAPHUTHHX KPUCTAJIIOB, NOMYCKAIOMUX TO-
pOUIIHOE yMOpALOYEeHHe, NMPUBENEHH! B YNOMAHyTaX Bbie paborax. M3 no-
cleqHUX paboT MO 3KCNEPHMEHTAIBHOMY M3yYEHHIO TOPOMIHON MOJISpH3auiu
OTMETHM €e H3MepeHNs B MAaCHUTHOM mbesoanekTpuke Gas_;Fe 03 [10] u B
maruuToasekTpuke Cry0s [11].

B 1986 r. B anmapaT 31eKTPONMHAMMKH CIUIOLWIHLIX cped 6bUIO BBENEHO
ceMelCcTBO aKCHalIbHBIX Topoununsix MomenTos [12] !. IloBosmbHO ckopo 3Tum
MoMeHTaM 6bUIo Hallleno BecbMa sApKoe NpHMeHeHue B ¢u3uke Moiiekyn. B
1991 r. 6pinio ykasano [13], 4To Monexynbl psina apOMATHYECKHX COCAHHEHMIT
(anTpanen, ¢eHaHTpeH, NeHTAaUeH M AP.) NPH KPHCTAJUINUECKOR yNaKoBKe
MOTYT CO3aBaTh AKCHANbHLIH TOPOUIHLIH MUKPOMMIIONL 3a CYET YHOPAIO-
YeHNS JIEKTPHYECKMX AUIOIEH ATOMOB B COCTaBe BKJIIOUEHHOTO B CIIOXKHYIO
MoJleKyly UMKinueckoro ¢parmenTta Gensonsroro kombua Ce (cM. Puc.l).
OTO 1Mo3BONHIO OGBLACHATL B3aMMONEHCTBHE MHUKPOKPHCTAJIOB ApOMATHYC-
CKHX BelecTB ¢ NepeMeHHEIM MarHuTHBIM nosieM [14]. Taxoit HeoGuIunbIf BUIL
MarHUTO3JIEKTPHUECKOi HHAYKUNH GblII Ha3BaH apOMarHETHIMOM.

OTH ycnexu, a TakXe HEyNOBNETBOPDEHHOCThL COBPEMEHHBIM COCTOSHHMCM

o ncropuueckum npuunnam 8] Gasncuutii annons aToro cemeficTna Mioraa obosnaya-
erca kKak G.
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Teopuu 3ddekta boma-Aaponosa [15] n mossnenue ero anaioros (cM., Haip.,
[16]) 3acTaBaseT 6onee cHCTEMATHIECKH OTHECTHCH K BOIPOCAM MYJIbTHIONL-
HBIX IPENCTaBJIEHUH PalIMYHEIX KOHQHUIypaIMi, KOTOphIE MOT'YT BO3HHKATh,
HaIlpEMep, B JUIONBHAIX CPelaX, ¥ K BHIGOpY apaMeTpOB [ OIIHCAHHS JT€K-
TPOMAarHUTHBEIX CBOMCTB KBAHTOBHIX O6BEKTOB, HAIIPEMED, MOJIEKYII CO CIIOXK-
HBIM CTPOEHHMEM. :

B HacToswmei cTaThe HalleHL TOJHEE HabOphl GasHCHHIX OHNONEH s
¢usndecku Hanbonee 3HaYMMBIX TUIONBLHEIX cpen [9]. Hanee, ncxons U3 MaTe-
MaTH9IecKoro ¢pakTa X CyLIECTBOBAHHA, yKa3aH Pl BO3MOXHBIX HEOOHIYHKIX
QYHKIMHA OTKIIMKA BEIECTBA, HAXONSIIErocs B KOHAEHCAPOBAHHOM COCTOSHHUH,
Ha HEONHOPOIHKIE H/MIH NUHAMHAYECKHE 3IIEKTPUYECKHE U MarHUTHEIE TOJIS.
B sToM oTHOIIEHMH aHHAs CTaTha SBISeTCs pasBuTHeM pabor [12] m [17].

2 IlocTpoenme MYJIbTHIIOJILHBIX MOMEHTOB
I CIIMHOBBIX (nnnonbumx) cpen u UX B3a-
NMOOENCTBUA C BHEIIIHUMU IOJIAMU

IIpencraBum, 4To MMmeeTcs Hekas "cpena” (CHCTeMa) HENPEPHIBHO paclpene-
JIEHHBIX 3JIEMEHTAPHHIX 3JIEKTPHYECKUX JUII0JIed, KOTOpas OIMCHIBAETCA Orpa-
HHYEeHHOH B mpocTpaHcTBe ¢yHknumei d : » € V, B obmem ciaydae 3aBucs-
e oT Bpemenu. JonycTum, 4TO B Takoil cpene o Pa3sINYHLIM IIPHYNHAM —
BCJIENCTBHUE BHY TPEHHAX B3aMMONENCTBUH MM IIOX BAMSHHMEM BHEIIHHX IoJiei
~ MOTYT BO3HHKaTh M BHICTPAHBAaThCA arperaThl PasiIMYHBIX KOHQUIYpaLuH,
COCTOSIIME U3 KOHEYHOrO MHC/a 3IeMeHTapHHX aunoseil. OunucwBas cBOH-
CTBa arperaToB C IIOMOINLIO MYJILTUIONBHLIX IIapaMeTPOB, BLIIAIIEM IIepBLIE
YJIeHLl Pa3IoXeHHs SHEPrUU MX B3aMMOINEHCTBHS C BHEIIHMMH HOJIAMH:

W=— /V d(r)E(r)d’r = -ér—ofdivE' — QE — TYrotE —

—PWrotrotE — %Q;,-(V,-E,- + V,E;) - T;; YV (rotE); +

415D V)E + .. = ~QE ~ T@rotE + PO(Vp— AE) +
+..= -QE+TYH +PIG-E)+.., (1)

roe Q = [d(r)d®r — oO6LIYHLI TOMHEIA 37€KTPHYECKHil MANOMLHEIN Mo-
menT cucremul (Puc.la), T = 17 x d(r)d®r — axcmanbHHIH TOpOMAHHI
munonbEE MoMerT cucremu (Puc.1b), P = L [[r(rd) — 2r%d]d°r — no-
JSpHBEIA NONOMNaJbHEIN AunonbHb MoMeHT (Puc.lc). Bmecre omm cocra-
BISIOT 6asMCHYIO TPORKY BEKTOPOB i Pa3flOXEHHS INIOTHOCTH paclpelene-
Hus Namsoro suma. Kpome mmx B (1) mMetorcs: ro? = [ rEd®r - ckanspruIi
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MOMEHT, KOTOPBI B Pa3JIOXEHUH TOKa COOTBETCTBYET BPEMEHHOM IMPOM3BOI-
HOl OT CpPEeNHEKBAAPATUYHOIO paluyca 3apsia, T.e. IBOHHOMY chepHIeCKOMY
cnoto (Puc.1d) %; #4®) = [[2r(rE) + r?E]d®r - cpennexBaIpaTHYHBIA pannyc
[PONOJILHOM YACTH AMIOILHOIO MOMeHTa (J, KOTOpHIA 00pa3yeTcs IBOHHLIM
UWIHHAPHYECKUM ciioem nunoned (Puc.le); Qi; u Tigd)- — 3JIeKTPUYECKHH H TO-
POMIHBIN KBaIpPYNOIbHEI MOMEHTHI, ONpeiesiseMule 10 QORIYHBIM TIpaBAIIaM.
Bce B3agMoneficTBIS MYJIBTHIIONLHEIX Xapak TEPUCTHK C IOJIEM HIIM IIPOU3BOJI-
HBIMH OT HEro B BhpaxeHHH (1) JIOKaJIbHEI ¥ OTHOCATCS K HEKOTOPOl CpelHei
TOUYKe, “UEHTPY” CUCTEMHI.

Ecnu xe B3aumoneiictue dFE 3amennts Ha pH , To nepBhie 4ieHHl pa3Jio-
XeHHUs SHEPI'UM B3aMMONEHCTBHS pacIpeleleHHs IUIOTHOCTH MArEATHEIX -
HoJieil ¢ BHELTHAM HEOMHOPOMHBIM MarHHTHEIM IIOJIEM NPHHEMAIOT BHI

W=-— / pw(r)H(r)dr = —MH — TWrotH —

PWrotrotH — --;-Mij(v;Hj +VH) - TPV (rotH); + .. =

= —MH - TWE — PW(rotj — H)
= —MH — TWrotH + PWAH™® ...  (2)

BunuM, 4TO COrVIacHO NyaJIbHOCTH 3J€KTpoMarHeT:msMa MoMeHT @ B (1) 3a-
MEHSeTCd Ha MarHUTHHIN NUIOJNbHEIA MOMeHT M, XapakTepHusyIOomui 3KBu-
BaJIeHTHYIO paMKy ¢ TokoM; TP - ma monspHmit Topounumi munons T™; a
BEKTODHEIN N0JoMAabHEl nunonbabii MoMenT P@ — na akcmansamii P,

Korna HocuTEnaMu MarHMTHBIX MOMEHTOB #BJISIOTCS CIHMHOBLIE YaCTHIHL,
HalpuMep, HEATPOHH, TO MYILTHNOIbHOE DAa3lIOXEHME PacHpeneieHus HX
MarHUTHEIX MOMEHTOB (HallpUMep, B sljpe WA B HEATPOHHOM 3Be3fe) MOIy-
YaeT NepBUYHHIA CMEICI. B Teopun koHIEHCHPOBaHHOIO COCTOSHUS BEIIECTBA
Ha BO3MOXHOCTH TOPOMIAJILHOTO YIOPSJIOUYEHHS] CIIMHOBBIX MaTHUTHEIX MOMEH-
TOB B MEPOBCKHMTaX BHepBhle ykasnBaioch A.C. XKenynesnim [6]. Ynopsnoue-
HYe XK€ MarHMTHLIX YacCTHUIl B CBEPXTOHKUX IJIEHKaX B 3aMKHYTHIE KOHMHUTY-
PaIlMH, KOTOPEIE MOXHO ONMCHIBATb TOPOMIHEIMA MOMEHTAaMH, IO-BUIAMOMY,
BoofIle mpencTaBiuseT coboi obmuit ciaydail (cM., Hanp., [18] u [19]). Ot-
MeTHM, YTO OGMEeHHEIE B3aMMONEHCTBUA MeXNy CIMHAMH, PaCIOJIOXKEHHBIMU
Ha IUIOCKOCTH, TaKxe MPHUBONAT K U3BECTHO# pemieTke puxpeil Kecrepimmna-
Tayneca, pacro/IoXeHHEIX B “aHTHTOPOUIHOM” TOpAIKe.

. Pasnoxenns, nonobusie (1) u (2), oueBMEHO, MOXHO BHIIOJIHATH IS
IBYX OCTABIIMXCH (QyHNAMEHTaJbHBIX (TOPOMIHEIX) NMIOJIBHLEIX pacIpenelie-
mumit 7(r) u g(r). Ilonyyennsle B pe3ysbTaTe TaKHX Pa3jOXEHWH BUXPH BhI-
COKOTO IOpSAMIKa BPS /M Peah3yloTCs B KPUCTa/NIMYECKUX BellecTBax. Llis

2Takyo KoHGHTypPALHIO B Y4CTHOM CIIydae MPA PaBHOM HYJIIO BHYTPEHHEM Paliyce HHO-
raa Ha3sHBaOT “exoM”.




¥X 06pa30BaHMs HYXHHl 9K30THUYECKHE CPElbl, B KOTOPHIX 3Jl€MEHTapHbIE HO-
cATen® yxe obNnanaloT, HalpuMep, TOpoUnHHMY Junoismu. OTmerum, yTo
HOC/IefHAE SKCIEPUMEHTH YKa3HBalOT, YTO HEATPHMHO, BHAMMO, MaiOpaHOB-
CcK¥ie 4acTHInl, ¥ 06pasyloT cpennl Bhicokoi mtoTHocTH (10%cM™3). Ussectno
(cm., manp., [20] 1 [21]), uTo Takme HEATPHHO OGIANAIOT TONBLKO TOPOHI-
HEIMM [MIOJLHEIME MoMeHTaMH. Ha BO3MOXHOCTL KOT€peHTHHIX B036yxIe-
HESX B TaKoil cpene, ofecliedMBaloMX Bo3bykIeHNe MeXIy alpOHaMH Ha
YPOBHE TPaBUTALMOHHHX, 6uiiIo Briepsrle ykazano B.M. Kopiokunnim [22].

3 BekTopHBEIE NapaMeTphl M HeEJIWHEHLIE
cpensl

W3noxeHHEI BbIIIE MATEpHall OTHOCHTCH K TAK Ha3LIBAEMO#H JIMHEHHON 3J1ek-
TponuHamuke. CornacHo ee ypaBHeHHSM 3Jl€eMEHTapHbie OObEKTH, HAIIPUMED
JTATIONH, ynpannmo"i‘ca TI0J1eM KaKoro-Jnbo THIA MM TOKOM IPH KOHTAKTHOM
B3aMMOIIEHCTBHA ¥ He MEHJIOT Ipy 3TOM CBOMX NapaMmeTpoB. Kpome mumo-
7iell MOXHO BBeCTH H Gonlee cClloXHBIe 0OBEKTHI, COCTaBIe€HHbLIE U3 JNUIOJIEH:
KBaJPYTOJiN, OKTYIONH ¥ T.I. IIpocTeiliiue MakpocKomMdecKue KOHCTPY KU
TaKoro pojia MOXHO IIpeCTaBUTb, HAllpUMep, B BUJAe ABYX HIU TpeX TOKO-
BLIX II€Telb, PACIOOXKEeHHHX BOIN3M Opyr Ipyra WM CBA3aHHLIX B €MUHLIH
koHTYp. PaccMorpuM, Hampumep, npoBONOYHOE KOJILIO, H30THYTOE B (opme
nporneiiepa. Ilpu NpoXoXIeHMM IO TaKOMY KONbIY TOKa KaXOasd M3 NETENh
co37aeT MarHUTHOE IoJie, ¥ MBI MOXKeM NPUOIIMKEHHO ONUCHIBATL X MarHUT-
HBHIEe CBOHCTBA C MOMOMILIO MATHUTHRIX MOMEHTOB. TOrfia 3Heprus JNOKadLHBIX
B3aMMONEHCTBUI THUX IBYX IleTellb C BHEIIHUM MATrHHUTHRIM IIOJIEM INIPOM3-
BOJILHOH KOHUI'YypalUH 3allMCHIBAETCH TakK:

Wi = p; Hi{1} + px Hi{2}. (3)

Tlon NOKANLHOCTHIO NONPA3yMEBAETCS OTHECEHHOCTH CIIaraeMbIX BBEIEHHOM
SHEPTUM K IEHTpPaM NeTelh. BBeneM Tenmepb KpoMe BEKTODOB i ¥ fix, KO-
TOpEIE, OTHOCACH K PA3IMYHLIM NETJISM, NPAMHCAHE K PA3IMUYHEIM TOYKaM
npoctpancTsa {1} u {2}, xBanPyNONLHKI MOMEHT CHCTEMEI B BHIE CHMMe-
TPUYHOTO TEH30pa BTOPOro paHra p;. Kax ¥ B mpenminymem naparpade,
HapaMeTp Li; YYUTHIBAET BKIall B SHEPTHIO, CO3NAIOMMIACH 3a CHYeT Tpaniu-
€HTa HaAJJaraEMOTO Ha CHCTEMY BHEIIHETO MarHMTHOTO IOJif, T.€. 3a CYET He-
ONHOPOIHOCTH TOJIA MeXIy leHTpaMu netens. Torma Buipaxenne (3) MoxHO
npubINKEHHO TIEPENMCaTh B BRIE

Wi = piH{0} + pe Hi{0} + pix Vi Hi {0} (4)
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Bunum, uTo Teneph Bce WiIeHH pa3lioXeHHMS OTHECEHH K HEKOTOpOH cpemHei
TOYKE, KOTOPYIO MEl Ha3biBaeM IEHTPOM CHCTEMHI M B TakOM IIpENCTaBJICHUH
3HEepruy B3aNMONEHCTBUA U COCTOMT BCA CYTh MYJIbTHIIONLHOTO Pa3JIOKEHHS.

[IpennonoxuM Tenepn, 4TO MaTepHall, U3 KOTOPOTO CAeaHH NeTJH, rubok
71 MarHuTHOE I0jie, OPHEHTUPYIolllee MATHUTHhHIE MOMEHTH MOXeET nedopMu-
POBAThL KOHTYDHI HETENb. JTO BO3MYILEHHE MEl MOXEM YYeCTh BBENEHHEM
KBaJIpyTONLHON ToNspH3yeMocTu cucTembl al™). JlononHuTeNbHAS SHEPrus
JIOKAJILHOTO B32aHMMONEHCTBUA CHCTEMBI C MATHETHEIM IIOJIEM ONMCHIBAETCH yXKe
HEJIMHEHHBLIM TI0 MOJIIO BHIPaXKEHUEM

Wi = oy HiH{0}. (5)

Taknum 06pa3oM MBI ONyYaeM HOBOE KAYECTBO B H3yHeHHH CBOHCTB CHCTEMBbI
nunoneit. O6obimas, ckaxeM Tak, 4TO HaJloXeHHe mona H; wunyump €T B
Cpelle HOTIO/IHATETLHYI0 MATHATHYIO IMNONBHYIO nosapusannio My = agy Hi,
KoTopasi, B CBOIO OYepeNlb, CriocobHa BlamMoneicTBoBaTh ¢ noneM Hy. 3necw
ag,:") 6yneM Ha3bIBATH KBaIpaTHYHON MarHNTHON BOCIPHMMMYHBOCTBLIO CPENHI.
HMrak, Mbl BBeNN HeNMHEHHOe B3aMMONEHCTBHE, YUHTHIBAIOLIEE HEJIMHEN-
HBII OTKJIMK CPelbl Ha MarHuTHOE nolie. B npuHuMne, TeH30p @ MOXET UMETh
NPOM3BOJIbHOE KOJMYECTBO MHIEKCOB U B BhIpAaKE€HUM 1A SHEPTHU OH JIONKEH
6LITH CBEPHYT C COOTBETCTBYIOUINM CHMMETPHUYHBLIM TEH30POM, COCTaBJIeH-
HBIM M3 BEKTOpPA HANMPAXKEHHOCTH BHEIIHEro MarHuTHoro noiss. EcTecTsenHo,
4TO NepOpMallni, TIONOGHEIE ONMCAHHLIM [UIS CHCTEMBbI MATHHTHBIX IUIOJE,
MOXeT MCTILITHIBATE M CHCTEMa, COCTABJICHHAs M3 2JIeK TPHIeCKNX NUnosell. B
3TOM CIIyYae BhIPaXEHHs IUIf OHEPTUM UX B3aMMONENCTBHUS C BHEIHUM OJIEK-
TPUYECKMM IojieM 6yNyT COBEPLUEHHO MIOEHTWYHH BBENEHHLIM BHIIE, a Mar-
HHUTHYIO BOCIPMMMYHBOCTh B HUX MBI 3aMEHHM Ha djleKTpuieckyio of. [lo-
CKOJIbKY pealibHbIE CHCTEMbI, U3 KOTOPBIX COCTOUT Miobad cpena, — 3TO ATOMEI
U MOJIEKYJIhI, HAXONALIMECH B COCTOSHNH HENPEPLIBHOW BHY TDEHHEH M BHEIITHEH
IHMHAMHUKH, TO, BCJIENCTBHE B3aMMOCBs3€ll HCTOUHHKOB Uyepe3 MOoJisf, BO3MOXKHEI
U CMelIaHHbIE NOJNISPU3YEMOCTH, HalpUMep, MarHUTOYJIEKTPUUECKHE C 3HEp-
ryuel B3aMMONCHCTBHA:
4 Wni = ﬂ,Jk EH;Hy. (6)
Uwmes B Bumy opranmaumo KOMMNbIOTEPHOH MaMATH, BBEJIEM IOJIAPU3YEMOCTH
TPeTbero paHra, OTBeYalollylo cUMMeTpuu 3(ddekTa Xoida, U COOTBET-
CTBEHHO, HEPTHIO B3aUMONCHCTBHA:

1 em ’ :
WNL = za,(k; )E:'Hle, (7)

roe J; - BHELIHUH TOK, MPOTEKAIOWMi Yepe3 pacCMaTpHBaeMylo cucTeMy. B
4aCTHOCTH, 3TOT TOK MOXeT GhIThb TOKOM CMELIEHHs, YTO DEalu3yeTcs, Ko-
r[a M3ydaeMas CHCTEMa pa3MellaeTcs B M0Jie KOHNEHcaTopa. bBynem cuu-
TaTh, uTo Temsop alfy’) - aHTHCHAMMeTpHYeH mo mHmexcam i u k. Torma B

7
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Tensope E;H; MOXHO BHIEIUTH TOIBKO aHTHCHMMETPHUHYIO YacTh, U MBI B
npabe IS KOHKPETHOH 3KCNePHMMEHTAaJIbHOR CUTYallMd CBA3aTh C HUM BEKTOD
¥Ywmosa-llofinTuHra A1 CBeTa, MPOXONALIETO Yepe3 KPHCTAINI C NOJ0baloIuMu
HenuHelHbIME cBolicTBaMHU. Ilo aHamorum ¢ npenbnyIIUMU PacCyXICHHUAMH
MEl MOXX€M BBECTH MHIYHHPOBAHHYIO TOPDOUAHYIO NOJISPU3ALHMIO

T = %aff,:;}) EiHy = ol™S;, ®)
KOTOpas OTKIMKAaeTCd Ha Npoxondiuil depes kpucraiia tok J;.  Iedcrsu-
TeNbHO, >JIEKTPOMArHUTHAS BOJHA, IPOXONS, HAIpUMeED, uepe3 GheppOMarHuT-
HBI IOU3JIEKTPHMK, MOXET, B IIPUHIMIIE, COBEPIIATbL B HEM NEPEOPHEHTAaNMIO
TONAPH3allMK, NpeBpalliad ero B ciabulil deppoMarHeTHk, obnanalomui To-
pounHoit monspusanueit. KoHKpeTHO TakuMu cBocTBaMM MOTYT o6llalaTh
pasuyYHLIe [IEPOBCKATH, MAHTAHUTH (CM., Hamp., [23]) u Apyrue mocraTouno
CIIOXHEIE COSHEHHUS.

OKCIEepUMEHTATOPH NPH H3MEPEHMM TOPOHAHOA NONAPH3AalMH KPHCTAI-
JI0B, €CTECTBEHHO, HocTynaioT npowe. Hampumep, B [10] uayuyancs orkmux
MoHokpucTallla Fe-Ga-oxcuna Ha MarautHoe none. MasecTHo, uTo y Takoro
MaTepHasa HeppoMarHHTHBIE CBOHCTBA COYETAIOTCH C NbE303JIEK TPHIECKUMHU
(BcoMHUTe aHaTOrMIO ¢ ynpyrumu netismu). B skcrmepuMenTe uaMepsaiace
BeJIMYMHa WHAYLUHPOBAHHON 3J1eKTPHYECKOH MOJIAPU3allNy IIPH HAJIOXKEHUM Ha
KpHcTas1 MarHuTHoro nons H:

P = o™ H;, (9)

f;m) Ha3nlBaeTCcia TEH30pOM Marnn'rosnex'rput{ecxoﬁ BOCIIpHHAM-~
YHBOCTH. AHTHCHMM@TPH‘!H&H YacTh TEH30pa ClS;m) KaK pa3 ¥ onpenenser
TOpOKlIHHfI HOUIIOJIbLHEIE MOMEHT COIJIACHO COOTHOLICHHIO RyaJiIbHOCTH:

re TeH30p o

a,(»;m) - agfm) = €k Tk, (10)
rne €jk - aHTHCHMMETPHYHBIA enuHuyHEA Tensop JleBn-Uusnra. Ilonapu-
3allUf, OPUXONAMIAaACS Ha ONHY SJIEMEHTApHYIO f4ellKy KpHCTalila H3ydae-
MOTO OKCHJI2, TpHBea K 3HAYEHHIO TOPOMIOHOIO IUIOJLHOIO MOMEHTa paB-
soro |T|24up A. Ananornunnii 5¢dexT 6611 IONyYeH M1 MATHATOIEKTPHUKA
Cr,03, NOMEIIEHHOIO B CHIIBLHOE MarHATHOE 10Jle, IpeBLIWAolIee TIoJle CIHH-
¢aon nepexona.


http:ITI24J.LB

4 Bxaaabl NOJAPU3YyEMOCTEM B BEKTOPHBIE
MOJIAPU3AINMA CPel ¥ MX MYJIbTHUNOJbHLIE
Pa3JIoKEeHUA

B macTosimeM naparpage Mul pa3oBbeM MONHEIA HOPMAIR3M BKIIAI0B BRICIINX
(cMemaHHBIX) TONApH3yeMoCcTell B YeThipe 6a3iCHEIE INIOTHOCTH paclpenee-
HHUA NOJISPH3alliM NPOU3BOJIBLHOM cpenn: P, M, T® 5 T@, B npurname,
[pPOM3BOAA HaJleé MYJIbTUIONBHEIE PAa3IOXKEHAS 3THX HOJIHKIX BHPaXeHuR I
3HEepPruH UX B3aMMONEHCTBHI C BHELIHUMHE NONAPA3ANNIMHA, MBI TIOIYIUM 0600~
LIeHNe Nperayumx GopMysl Ha Ciydail HenuHeHHuX cpen. B cooTBeTcTBHM
¢ ¢yHOaMEeHTAILHBIME B3aMMONEHCTBHUAMH KaXIOod M3 MOJAfpH3alldii BBeNEeM
IIOJIAPH3YEMOCTH, YUYUTRIBAIOIIHE BCE€ BO3MOXHEIC BAPHAHThI HHAYIHPOBaHUS
IaHHOHW IOJIAPH3aIMA BHEIIHMMHU noNsMu u TokaMu. O6o3Hadas konwdgecTso
CBEPHY THIX MHIEKCOB B KaXIIOM 4jieHe TOYKaMM, BLINUIEM caMuie obmue Bul-
paXeHHUs NJIs 3IeKTPAYECKOH NOJIIPH3alii € YIETOM BCEX BKJIAJIOB BIIOTH IO
YeTBEPTOrO NOpAIKa:

P = o) E4a ) :EE+a{ :EEE+.. 40{"™ :EH+a{*™ EEH +...

+8{™ H+p™ HH+8{™  HHH+..+8{™ :HE+8{™)  HHE+... (11)

NIy am g T gm g gy T BT 4P H I 4T EH I

887 g 460 Jede 48T i gege T 4 48T BT ST H I 4 48 BRI,

roe J™ = 1(5 + D) =rotH; J° := rot E; yucia OpU DONApU3yeMOCTIX 060-
3HaYaloT MX TEH3ODHKIA PaHT, H MOXHO IEPEHTH K HEIPHBONEMEIM TEH30paM,
HaIlpUMep, BBOIA NOMYCYMMY H TonypasHoctb af™ u A u t;

718 MarHUTHOH IOJSpH3amAN:

M =&{™ H+s{™ HH+6{™ HHH +..4+5{™ :HE+&{"™ HEE+...
+8)-E+8{":EE+4{ EEE+..+0{™ :EH+3{™) :EEH +... (12)
#4470 Jm 447 i gm gm 440 Lgm gm g g 44 H I AT BT 4 A8 THET ™ .

+87 Je 48D e ger 8 e e ge 4o A 8T BT 4 B  H IS4 48T I EH I+

nns TOpOHJ.IHOﬁ NOJAPH3aNMA MAarHATHOTO NNPOHRCXOXICHNA:

T =" Jmaa()gmmyaNigm gm gmy 4587 JmE4E{") UM EEY...

e

+839.E483° .EE+B EEE+..ABS Y EIm 4B EEI™ 4.

(13)
™ HAT™ HHA™  HHH 4. 47 ™ I H45 ) I Bt A7 ™ UM HE ...
4377045 aege 4 B0 e gede g 48T BT 4B HI 4 4B S EH I
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pitre:s TOPOHLIHOP“I nojisipu3aiuy EKTPHUECKOTO NPOUCXOXKICHHA:

Tr=a{"getalNaeaeqalivege ge+.. 4687 0o E+a 9 U EE+...
+8{) E+5{) . EE+B{ : EEE+.. 48" :EJ 4 5{*" EEI*+... (14)
+5™ H43 ™ HH 3™  HHH 4. 43 ™ e H 437 T B4, 43 ™) LI HE +...

+857.gm 5 cam gm g 51 L gm gm gm 48D B 4 3 H I A5 BRI

HeTpynHo y4ecTsh B 5THX BHPaXeHHSX IVIS JAHHOTO PACCMATPHBAEMOTO
KpHCTailla HyajlbHble CHMMETDHH, KOTOpHle NPHBELYT K PAaBEHCTBAM THIA
g™ = B9, ?5?) = &7 u T.n. Bce BK/aIH B TONSPH3AIMH, COTEPXAaIie
BexTOp J™ ¥ J°, Ha3sLIBAIOT HENOKANLHLIMM, M B IOC/ENHEE BpeMs JKCIie-
PHMEHTATOPH Hay4YMJIHMCL UX H3MEpATh B HEKOTOPHIX CIy4asX OTHEIbHO OT
nokanbHBIX 3¢dekTon [24]. EcrecTsenno, 4To B NpUBENEHHHIX BHILE $HOPMY-
JIaX YaCTh BEKTOPOB HAIPMKEHHOCTel MOXHO 3aMEHHUTh Ha UX NPOM3BONHLIE.
Panr nonspusyeMocTelt IpH 3TOM BO3DacTeT, M 3THU BKJalbl B COOTBETCTBY-
oume nosipru3anvy TaKxke GyneM Ha3blBaTh HEJIOKaJIbHBIMH. B03M0}KHH n
Ipyrie HelMHeRHLIe KPOCC-WieHbl, KpOME MarHHTOIEKTPHYECKHX: MEXaHO-
MarHNTHEIE, TEPMO3JIEKTPUIECKHE U IP.

Tenepr npouspeneM MyJILTHIONbHEE Pa3fioXEHMS BEKTOPHHIX HOJAPU3a-
umit cpell ¢ yYeTOM CBOHCTB HX mosigpusyemocTd. [lns aToro Bocnonbiyemcs
dopMynaMyu AN 3HEPTHHM B3aMMONENHCTBHS 9THX NONSPH3almil C BHEIIHUMH
nonsmu (1) u (2). Haunem ¢ ananusa snexTprdeckoil nonspusanun. [IpucyT-
CTBHE B BHIPaXEHHH IUIS NOJNAPU3ALAK BEKTOPA 3JIEKTPUUECKON HalpsiXKeH-
HOCTH MOOWQUIEpPYeT OlpefelieHue MyIbTUNONbHEX MOMEHTOB: HaIlpUMep,
3NeK TPUYECKHi AUNONbHLIA MoMeHT Q = [ P(7)d°r nonyuuT nobasku 3a cuer

HoJApU3yeMocTe age), o). .. ,7{em™) . TlpuBenem M mpEMepa BKJAm OT
af?: ' |
QY = ol :/EEdar. (15)

Taxolt Bkitan mMoxeT ObITH HOCTAaTOYHO BENMK, €ClM cpella obiafaeT CHIlb-
HBIMHM HeJIMHEWHLIMHA CBOACTBaMU ¥ BelIMYMHA @3 CyLECTBeHHa. Kpome Toro,
5TOT BKJ/IaJ MOXeT YCHJIMBAThCA U 3a cdeT MHTerpasa. llepexons B chepuye-
CKYIO CHCTEMY KOOPAWHAT, MBI MOXEM IIePeucaTh €ro B Bule

fE;E‘kdar = /E"’rzdr/nmkdﬂ, (16)

rie n = E/|F|. Takue unrerpajisl 4acTo BCTPEYalOTCA B JIEKTPONNHAMUKE
M CTATHCTHYECKOH MEXAHUKE M, X 3HAYEHNA HAXOOATCA COrylacHO obmei dop-
MYJIRL:

1
/n.-njm, = {80k .81 —8ub;.....6 1 +...} (17)
L
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[lps Hanuumi nononHuTenbHEx ycnoBuit Tuna divE = 0 wm divH = 0
B3STHE TaKHX HHTErpajloB yCIoXHAeTCA. B ¢pusMvueckoM sKcrepuMeHTe Hajla-
raeMble Ha KPHCTaI M0JI MOTYT MMETh Pa3HOE IPOMCXOXIICHHE, B YaCTHO-
CTH, MOTYT MMeTh pPa3Hylo 4acToTy. Tak snexTpoontuyeckuit adpdext Ilo-
KeJlbCa, 0OLIMHO Ha3hBaeMbIH THHEHHEIM, eCTh 3¢(EKT BTOporo nopaaka, T.K.
ABJIAETCS Pe3ybTaTOM ONHOBPEMEHHOIO BO3NEHCTBHA 3JI€KTPUYECKOTO MOJSA
HM3KOH YaCTOTH K CBETOBOH BOJIHHI, B KOTOPO# CYHIECTBEHHON OOLIYHO ABJISA-
eTCH 3NeKTPHYecKas COCTaBlfAlIlai. 3JHaMeHUTHIH 3¢dekT Keppa obpryno
Ha3hIBAIOT KBAaAPAaTHYHHIM, MOCKOIBKY MOKa3aTellb NPEIOMIIEHHS KPHCTAIIa
MPONOPLUMOHAJIEH KBAAPATy CMEIIAIONIEr0 HU3KOUACTOTHOIO MOJIS, ONHAKO IO
YUCIy moJiell, CTOSAMMX B BHIPaXXE€HUH IUIA JHEPTHM B3aMMOINENCTBHS, 3TOT
a¢pexT, Boobiie roBops, TpeThero nopsaka. Crelyer Takxe pasiuyaTh CTa-
THYECKMI ¥ muHamudeckuil s¢dexTh.. [Ipn u3yvyenun mexaHu3MoB nMHaMH-
4ecKuX 3QQPEKTOB yUUTHIBAIOT CYMMOBLIE M Pa3HOCTHEHIE YaCTOTH, M OT HX
HaJIIeXaIlero BEGOpa MOXET CHIBLHO 3aBHCETHh BEIMYMHA 3(deKTa.

HerpynHo BeinucaTh ¢opmyny mng @, yYMTHIBAIOUIYIO BCE HEIMHEHHBIE
JIoKaJIbHbIe BKJalbl, HCNIONb3y A Bhipaxenne (11). B nmonspusamuax (11), (12),
(13) n (14) nHenoxanbHble nonspusyeMocTn 6ynem obosHadaTh TeMu xe Gy-
KBaMU, YTO ¥ IpPeXIe, HO 3arllaBHHIMH. Torna, Hanpumep, BKJIal 3a CHeT
HeJIOKaJIbHOW NOJIAPU3YEMOCTH BTOPOTO paHlra B OUNOJIbHEIE MOMEHT GynmeT
BHITJISIETh Tak:

QY =ap: [VEer. (18)

Tensop nox MHTErpaIoM MOXHO, €CTECTBEHHO, Pa3bUTh Ha HENPHBONMMEIE Ya-
ctu. Tornma cnen ero, pasuumit divE, cBeneTcs X pacHpenesieHHIoO IUIOTHOCTH
BHEIIHEro 3apsla, CUMMETPHYHai 4acThb PUKCHpYeT KBalpyNoJbHble CBOMH-
CTBa OeACTBYIOWIETO Ha CHCTEMY 3JIeK TPHUYECKOro NoJis, a aHTUCAMMETpUYHAS
- aKCHaJIbHblE€ CBOMCTBA 3TOrO TOJIA.

5 3BaxiarouyeHune

He npencrasnser 6onbmoro Tpyaa pa3BUTh NONHBIA (POpMaiu3M NONOGHLIX
MYJIbTHIONBHHX pasioxenuil. [lonnas nmapamerpusanua moboro ¢pyHnameH-
TaJILHOTO B3aMMONEHCTBUA OKaXeTCAd KyOMYecKOW pelleTKOM, 3amosIHSIoUIeH
HPOCTPAHCTBO, BOOOIIE rOBOpS, HEOTPaHWUYEHHO, HAIPHMep, B IOJOXHUTENlb-
HEIX HanpaBnénuax ocel X, Y u Z. Ha ocum X, xoropywo 6ynem cuutaThb
riaBHO#H, Gynem pacmonaraTh, aHaJM3MPys KaKylo-IMGO CIIOXHYIO JIEKTPoO-
MarHMTHYIO CHCTEMY, 3HaUEHUs ONMCHIBAIOIIMX €€ MOMEHTOB B NOPSIKe BO3-
pactanus [-monbHocTn. B HanpaBnenuu ocu Y 6ynmeMm dukcupoBaTh 3Haue-
HHS BKJAIIOB 2n-CTENEHHLIX PAagUyCOB pPacIpelesieHHs KaXIOro MOMEHTa B
nopsaxe Bo3pacTauug crenenu n. HanoMHHM, 94TO MyIbTHHONBLHLIA aHaJIN3, B
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€r0 MaTeMaTH4YeCKOH NONOIIIeKe, OCHOBLIBAETCA Ha TeopuH 0600IIeHHbIX (YHK-
Uil ¥, HeCMOTPA Ha OfIenpUHATHE. 3300y KACHHUE O IOMUHHPOBAHHH MOMEH-
TOB, BEJIHYMHBLI PAMYCOB MOI'YT OKa3aThCs ropasmo Golee CymeCTBEHHLEIMH
PN ONKMCAaHUHM Kakoi-1ubo KoHkpeTHOW cucTeMul. Tak, Hanmpumep, 3JUTHHCO-
HUOANLHEIA JBORHOM IO ¢ HEGONBIINM 3KCUEHTPHCHTETOM Ipexie Beero 6y-
IET ONUCHBATLCSA CPENHEKBAAPATHYHLIM 3apAA0OBRIM PANHYCOM, a IIOTOM YXKe
3NeKTPUYECKEM KBAaAPYHONbHHIM MOMeHTOM. C reoMeTpudeckoll ke TOYKH
3peHns pajuyChl ONMUCLIBAIOT MEPY OTKIOHEHHS KaXIOro [-MONLHOIO MOMEHTa
OT 3a/laHMS €ro B TOYKE C aKTYaJlbHO HyJeBHIMH pasmepamu [25]. [lauee,
M MOMEHTHI, ¥ PaAyChl, KaK MhI BHAMM H3 MaTepHaja 3TOH paboThl, MOTYT
HMeTb NONPaBKH 33 CYET HEIMHEHHOCTH B3aMMONEHCTBUS N3ydaeMON CHCTEMBI
C BHENIHMM HOJIEM. OTH NONPABKA MOXHO PACIONIOXKHTh BEPTHKAIBHO, Napa-
JIENBHO OCH Z, B IOpANKE BO3PACTAHMSA YUCIA HHAEKCOB Y TEH3OPOB MOJIIpU3Y-
eMOCTH, HaJ KaXMo# nosuinei Ma'rpnuu ¢duxcupyoleil 3Ha4eHus MOMEHTOB
MM PaJHycCOB.

OTMeTHM, 9TO B GONBLITMACTBE 3KCIEPHMEHTOB [IPH M3yYEHUH CBOUCTB CH-
cTeMbl OOBIYHO MCHOJNBL3YyIOTCS Jubo cTaTHdeckue, nubo W3MEHSIoInecs Co
BpeMeHeM rapMoHudYeckue nosis. Meul ofpalllaeM BHHMaHWE Ha TO, YTO OJIA
BLISIBJIEHHS BUXPEBBIX CTPYKTYP NEPBOrO IOPANKA - TOPOMIHLIX HHUIOIEH -
“guctyo” ¢yHkumio oTkiuka (6e3 mpuMecH NPYTHX MYJIbTHIONLHBIX B3a-
umorneiicTeuit) Mbl 6yneM nosiydaTh, HakjialuiBasg Ha HM3yYaeMyIO CHCTEMY
noJIs, pacTyue JuHeiHo Bo Bpemenu. JLis BHIABIEHUS BKJIaJiOB MOJOUOANb-
HBEIX OMIONied Ha30BeM MX BHXDEBHIMH CTPYKTYPaMH BTOPOIO NODPAAKa MK
2-Topamu [26], HaZo Hak/aNBIBAaTL Ha CHCTEMY TOMS, PACTYIUME BO BPEMEHH
KBaNpaTUYHO (M T.A. COOTBETCTBEHHO NOPAAKY n-Topa). EcrecTsenno, uto
BEJIMYMHA OTKJMKA GyZeT CTPEMHUTENBLHO NaJaTh C BO3PACTAHHEM MODPANKA N
M3-33 HaJIMYUA PeNISTHBUCTCKOro daxropa (1/c)" B sHepruu B3auMoneficTBHS
n-TOpa € BHEUIHUM TIOJIEM.

HonuepxueM To, UTO BHLIENEHNE BEKTOPHLIX BKJIaN0B Haubonee ynobHO mis
3KCIMIEPUMEHTATOPOB NIPH aHAJIN3e KPUCTALIMIECKAX 06 BEKTOB MaJlLIX pa3Me-
pos. Eme Gonee Harnsgano npuMeHeHHe 3TON METONMKH IIPH HMCCIENOBAHWH
3JIEKTPOMAarHATHEIX OTKJIMKOB HH3KOPa3MEPHBIX CTPYKTYP, IPEMEHAEMBIX B
HaHOTEXHONIOTUSX.

Avroput 6naromapunt MHTII “dynnaMentanphas Me’rponorns 3a mom-
DepXKy 3TOA TEMATHKM IO coriaimenuio 2.51.
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BxJiagpt nonspusyeMocteil B ueTspe Ga3sucHbie nONApH3aLiK
3/IEKTPOMarHHTHBIX CPEN

Tepeuncnenbt Bce B! B YeThipe 6a3MCHBIE UIOTHOCTH PACNIPENENICHUA 110~
NAPM3ALKU [IPOU3BOJIBHOM 31IEKTPOMarHUTHOM CPElIbl 32 CYET CMEILAHHBIX TOJIApH-
3yeMOCTeil BILIOTb O TEH30POB YETBEPTOrO MOpsAAKa. PaccMOTPEHbI KOHKPETHbIE
tpH3MYECKHE NPUMEDEL.
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Contributions of Polarizabilities to Four Basis Polarizations
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All contributions to four basis polarizations of an arbitrary electromagnetic
medium at the expense of mixed polarizabilities up to fourth rank tensors are pre-

sented. Some concrete examples are considered.
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