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€ BO3MOMKHOCTH MCHOJIb30BAaHUsI ONTHYECKH MPO3PAUHBIX
IMATHETHKOB /ISl CO3laHMsi MAJOrabapuTHbIX
AeicTBYIOmUX (hOTONOAAPUMETPOB

B.JL. Tpornsko, M.M. Acanos

BBHAUHOHHBIA YHHBEPCHTET

@ NOCBAWERA UCCALODBANUIO BAUSHUR OOMEHHOU CIPYKMYPbL ONMULECKU NPO3PAYHBIX (heppumazHemu-
1 ummpuii-aarnuesozo Geppuma-zpanama, Ha denoaspusayuio onmuteckozo ayua. Iokasano, 4mo
IPYRIMYPE ONMUKECKHU NPOIPAUHO20 PEPPUMAZHEMUKE HAXOORULE20CH 6 MAZHUMHOM ROAL, MERLULEM NOAR
SHaUUmeAbiO DenoAspusyem npoxodR ULl caemoBol AYY U, CAZ00BAMERLHO, CHUNGEM HYBCMBUMEAHOCMD

51 MOXKJIHBOCT! BHKOPHCTAHHS OlITHYHO ITPO30PHX $EPHMATHETHKIB AJIS CTBOPEH-
BAPHTHHX LLIBHIKOMIIOYHX @OTOMOJISIPHMETPIB, Ckpuneys A.B., Tponsko B, Acaros M.M.
0 NPUCEAYCHE QOCAIBHERHIO BrAl6Y JOMEHHOL CMPYKMYpPY ORMURKO NPOIOPUX (PEPUMASHEMUKIE, 30K e-
8020 hepumy-zpanamy, Ka EnOARPUIALII0 ONMUUKO20 npoMmens. [Toxasaro, wo oMeRna cmpyrmypa
40p020 (EPUNMAZHEMURA, ANUE SHAXOOUMECR 6 MAZHIMHOMY NOAL, MENIUOMY NOAS HACUNEANS, SHAUHO
JB CBIMAGBULL NPOMIKD | OMINe SHUNCYE HymAausicme memody.

IRCH OF OPTICALLY TRANSPARENT FERRITES APPLICATION POSSIBILITY FOR PORTABLE
ED PHOTOPOLARIMETERS CREATION, by Skrypets A.V., Tronko V.D., Asanov M.M. — This work is
search of optically transparent ferrites, specifically of yttrium-gallium ferrite-garnet, domain structure
optical beam depolarization. It is shown, that domain siructure of optically iransparent Jerrite, which is
 magnelic [ield, less then saturation field, considerably depolarizes passed light beam and, consequently,
thod sensitivity.

CAOBA: NONAPHMETPHA; ONTHUECKHE CBOIHCTBA (DePPOMArHETHKOB; ACTIOAPHAALIIS CBETA.

polarimetry; ferrites’ optical properties; light depolarization.

LIS PN NPOH3BONCTBEHHEIX H CMIEUHANBLHEIX 3AKAY, B HACTHOCTH B KOCMHYCCKON HaBWrauwi,
H!OﬁXOEHMUC'H; TOUHOH ﬂ[lOCTpaHCTBEHNO!TI OPHEHTAUMH PASHECEHHLIX 0OBEKTOB, @ HMEHHO HaMe-
MHOTO Pa3BOPOTA OOLEKTOB W MEPEAayn 3TOrO Hanpasaesus no septikamu [1-4]. Jlas sroro
HONB3YIOTCH ipOTOHOAHp".\’Ieﬂ)H‘«I?CKHE yc'rpui«lcma € MarsHTOONTHYECKHM MOLYARTOPOM passopoTta
W flosiapuaatiy Ha keaple W Tikenom danrte (1, 2, 4]. PeansHas aMuauTyna KoseGaHHi miocKo-
allH, Co3MaBaeMan TAKWMH MATEpHANAMH He Tipessilaer 1° NpH MepeMeHHLIX MArHATHBIX MOAsX
oit nopsiaka 8-10% A/m. Jlas cosianns takax nojelf NPHMEHSIOT MOLLHBIE HOAMATHHUHBAIOLLME
MMEIOUIHE SHAUNTEBHYI0 NOCTORHHYI0 Bpemeny (7> 1072 ¢). Bobwwe MarsuTHbe nods, raba-
JUHOHHOCTh, MaJias aMIIUTYAa BpALeHHs MJIOCKOCTH MONAPU3AUHH CBETOBOrO Jyya OrpaHHunBaoT
b HCNONB30BaHHA CbOTOﬂOJlﬂPHMETPOB C nNapaMarHuTHLIMH MAarHHTOONTHYECKHMH MaTepHanamu B
M CHCTEMAX Pas3jiHYHOrO HA3HAYEHWA.

NePCHeKTHBHBIMA MaTEPHAJIAMH LI HCMOAL3OBAHHS B LhOT()nOﬂﬁpHMETpBX ABNAIOTCH CHHTE3HPOBAH-
\pafHOTeXHHUeCKHX Lenel (heppHMArHeTHKH, KOTOpLIe Npo3patHbl He TonbKo 8 paauo v CBY nuana-
i0'# B oniTHuecKkoM, B yacTHoCTH B Gmikuem MK auanasowe [5]. TloBopoT niockocTi noaspusauus
 npoapauHbix (eppAtax octuraer 100° W BILE NDH YNPABASIONMX MATHHTHBIX MOASX MOPAAKA
A/m [6-8]. Buutn HccAeNOBAHE! METONIE HCTIONB30BAKKS STHX MATEPHANIOB B (hOTOMOAKPUMETPHH [9,
HO PAA NPEHMYIIECTB, B NEPBYK OHEPedb pesKoe CHHXeHHe MOUIHOCTH YMPaBAOUIHX CHIHAJOB
leHHe TpEﬁOBaHHﬁ K KayeCTBy ONTHYECKOrO KaHaja 3a CHeT yBeJHYeHHs yIia BpalieHHsa MJI0CKOCTH
kK coeta, YyBCTBHTE/BROCTL CO3AAHHOrO (oTonoaspumerpa coctasanaa 1,8 u orpannuusanach
3alliel CBETOBOrO Jyua Ha JoMeRax GeppuMarHiTHOTO 0fpasua.

HOM CTATBE HMCCJELYTCS BAHAHHE NENOJAPHIAUMH CBETa JOMEHHOM CTPYKTYPOH ONTHYECKH mpo-
MMATHHTHBIM KPHCTAA0M (MOAYJATOPOM) HA YYBCTBHTEJILHOCTB H, CENOBATENBHO, TOYHOCTH
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Puc. 1. K 06bACHEHHIO JOMEHHOH CTPYKTYphl (DeppHMarHeTika: @ — AOMeHHas CTPYKTypa (eppuMarHutHoro obp
B MAFHATHEIX MOASX, 3HAUHTENLHO MEHBIUMX NOJA HACHIUEHHA; 6 — JOMEHHAR CTPYKTYPA (heppHMarHHTHOrO 06pas
MAPHHTHBIX NOSX CPABHHMEIX M NPEBOCXONAIIMX MOJIS HACKIIEHHS; 6 — AOMEHHas CTPYKTYpa (eppuMarHHTHOr0 o
cheprueckoil (hopMbl H HOPMEI HANHTICOHAE BPAIEHHS B MATHHTHLIX NIOASX CPABHMMBIX H MPEBOCXOANIIHX NOJS
HHS.

2.ONIMCAHHE

Ha Bhixofe (heppuTa MAOCKOCTL NOJSPH3ALHN CBETA 110 NIONEPEUHOMY CeueHHio ByneT H3MeHsThCH 34
TOrO, 4TO HATPABACHNS HAMATHHHEHHOCTH B KAX/OM IOMEHe pacrionoxedn npoussoibho (puc. 1,a). 3a
TOTO, UTO MOMSPH3ALAA PASTUUHA B KAXKIOH TOUKE KPHCTAMIA, IPH CYMMHPOBAHHHA CBETOBOTO MOTOKA 110 B
NONepeyHOMY CeyeHuio Ha BhIXoAe 06pasiia Jiyu Oynet jenonspusosan. ONHaKO B KaXa0H ToUKe ronep
cevennsi 00pasia CBET NOJAPH3OBAH. PaccewpanieM Jyua Ha JIOMEHAX MOXHO npeHeOpeub, T.K. 3l
foKasatens npejoMienus An Ha MX rpanuue we npessitaer 1075 [11], r.e. reomerpuueckasn Qopma 1
COXpAHSIeTCH.

C POCTOM BHWIHETO MArHWTHOTO NOAS YBEJHUHBAETCS PasMep AOMEHOB, HAMATHMHEHHOCTh KOTOpH
npasieHa 80k STOro Mo/iA. JIOCTHIHYS floel HACKIUEHHS, AOMEHHAA CTPYKTYPA HCUE3aeT, MpH 3TN H
FHHYEHHOCTh 06pasia Gynet neopsopoawoit (puc. 1,6). Toabko oGpasust B dopme cdepsl W HIIHTICON:
LLeHus GylyT ONHOPONHO HAMATHHHYEHB! B MOJSIX HACHILEHHs (pHC. 1,B) H, CEIOBATENIBHO, B TAKKX 06Pa3
JIeTIONAPH3ALHA AY4a OYAET OTCYTCTBOBATH. 1

Marpuua Miossepa, onMCHIBAOWAS ONTHYECKH NPO3paynbiil (eppuMarHuTHEIH o6paseil MOLAs
aWanoruM ¢ MaTpuLell akTHBHOTO paccenBaioniero semecrsa [12, 13] sanuwercs B Buge:

0 0 0
plcos2p —p'sin2 0O
p'sin2p  p'cos2p 0

0 0 Q44
rie R, aq, 2 — COOTBETCTBEHHO KOI(MUUHEHTE OTPAXEHWS W TMOIOLICHHS CBETA MOAY/ISTOPOM M. eff
nuusa; p' — cTeneHb NOAAPH3AMK 06Pasua'; ¢ — yro f0BOPOTA MMIOCKOCTH MONAPHIALMK; (g — 9
MATPHILL!, XapaKTEpHaYIOWHH AeN0AAPH3AUMIO KPYTOBOH KOMIIOHEHTH CBETOBOTO NMOTOKA.

B thoTononspumerpax najaioutuii Ha MOAYJSTOP CBET BCETAA MJOCKOMOJSPH3OBAH, MOSTOMY 57
HAMW MCMOIB30BAH He Oysier. B nepsyio ouepes a4y ONPEfensiercs nonepeuHLIMA MarHHToONTHYECKHN
HHAMH.

Bripazkenue s FUPOMAarHMTHOrO pdexrta Papanes B ONTHYECKH NPO3PAYHOM (BePPHMATHETHKE §

sun [7]:
2.
@ C‘['rM-

rfe £ — [M3JEKTPHYECKas MPOHHUAEMOCTb; y — FMPOMAarHUTHOE OTHOIIEHWE; ¢ — CKOPOCTh CBeTd:
NPOEKLUs HAMATHHYEHHOCTH BEWIECTBA HA HAMpaBleHHe PACTPOCTPaHeHHA CBeTa.

Crenenb NONAPH3AUHH CBETA NOC/E KPHCTAME MOLYAATOPA ONPEASARETCH BbIDAMEHHEM:

1Pl = (1 = R)?e 2

coo~

F Dooanux.

Poux.
e Pronoux. — IHEPrUs MOMAPHIOBAHHOMN COCTABARIOIEN MOTOKA Ha BhIXOKe 00pasua; By — 3HEp
10TOKa Ha BhIXoze 0Gpasua.

ICrenens nonapu3aumn oGpasua oGosnauaercs uepes p, TK. NAPaMeTpH p, ki, ky TPANMUMONHO BBCAEHN AAR NOApHIA
npi3M
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Prisi CBETOBOrO NMOTOKA Ha BhIXOAe 00pasua OnpefessieTcsi BEIPakKeHHeM:

Poux.

S
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— HHTEHCHBHOCTh CBETA Ha BEIXOME i-TO MOMEPEUHOro cevenis o6pasua.
| IONISPH3ATIHOHHBIX MPU3M BLIDAXKEHHE /LIS CTENeHH noaspusaunu p umeer sun [14]:
per

L.
wx — MHTEHCHBHOCTh TO/ISPH30BAHHO COCTABISIONICH CBETAa Ha BHIXOLE 00pasua; fy, — HHTEHCHB-
BCEro cBeTa Ha Bxosie oGpasiia.
Iyae, KOrAa NoJSIPH3AIHA N0 NONEPedHOMY CEHeHHIO ONHOPONHA, B BBIDAXKEHRH JUIA CTENEHH NONAPH-
i (2) O SHEpruil MOXHO TepeliTH K HHTEHCHBHOCTAM.

IeI0BAHMS AENONAPHIYIOMHX CBOHCTB ONTHYECKH MPO3PAuHOro (hJeppUMArHETHKA 3a CueT AOMEHHOH
[YPbi MOKHO MPOM3BOAHTH, HCTIONL3YS CHCTEMY, GII0K-CXeMa KOTOpO# H306pakena Ha puc.2. Jlas akene-
BHOTO M3MepeHHsl cTeneny noaspuaaltnk p’ o6pasua HeOGXOLHMO PErHCTPHPOBATS IHEPrHIO MPOLIe-
0BOFO MOTOKA IPH PACTIONIOMKEHHH AHAJIHIATOPA HA MAKCHMYM H MHHHMYM npomyckaus csera. [as

i mpowweAuiero yepes (ororonspumerp (puc. 2) ceetosoro ayua sekrop CTOKCa papeH:

(Vodup = [Pa] [Pu] (V).
&y (1 cos2a  sin2a 0) — sektop Crokca najaioiuero Jiyya; ®o — 3Heprusi CBETOBOro NnoToKa
cucremsl; [Py, [Pa] — cOOTBETCTBEHHO MAaTPHILl, ONHCHIBAOUIHE CBOACTBA MOAYJATOPA H aHANH3a-

HeesiefloBakuy 00pastia ¢ A0MeHHOM cTpyKTypol, Bektop Crokca nmagatouero ayua (V;) suaowame-
I, T.K. HEOGXOHMO HCNIONL3AOBATE HE MHTEHCHBHOCTb Jo, KOTOPAs XapakTepH3yeT M3MeHeHHe IHEprHi B

Wl IpoLIe/ilero yepes (oTONONAPHMETD CBETOBOFO MOTOKA CBETA HA BHIXOJE ONPEAENSETCH Bhpae-

@:(1%)%‘0"2?22 [14p" cos(a—B+¢)] (4)

-A3UMYT aHaNU3aTOPa.
1(4) oupenenum MakcHMaIbHO® W MUHHMAABHOE 3HAYEHHS CBETOBOrO NOTOKA HA BIXOAE 06pasua:

B e = (1~ R 2 (151 ®
P
B = (1= R)?e ™12 (1 =p); )
s (6) ua (5), noayuum:
Do wax _ 1=p' o

[ T—
AHANOTUM C MONAIPH3AUMOHHBIMH TIPHIMaMK (napametpsl &y, & [14]) BBemem napamerps & u &),
BYIOUIHe PACTONIOXKEHHIO aHANH3ATOPA HA MaKCHMYM (k}) # murHMYM (k) npomyckauus cBeta:

P, Doy
TR ST ®)
Dyux Puux
i (8) Buipaxenue 05 CTENEHH NOASPU3ALNY 0OPA3Ua 3AMKILIETCA B BHIE:

1-26Gd', (9)

1 2 3 4

o
[(\IIN/

cxewa horononspiveTpa: | — HCTOMHMK NAIOCKONOMAPH3OBANHOTO CBETA; 2 — MOAYANTOP; 3 — aHAAH3ATOp;
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2HAJOTHH C TAKHM XKe NapaMeTpoM noaspusatHosnsix npusm [14]).

CornacHo GnoK-cxeMe, H306PaXKEHHO! Ha pHC. 2, HAMM GbiJa CO3AAHA SKCMEPHMEHTANbHAS YCTAHOBKA Ul
MCCANOBAKS BAMAHNS MOAYASITOPA HA KPUCTAJLIE ONTHYECKH NMPO3PAYHOr0 (heppUMArHeTHKA Ha Aenoms|
1HI0 CBETOBOTO Jyya. B KauecTBe HCTOMHHKA W3MYUEHHS NJOCKONOAAPH3OBAHHOTO CBRTA HCTIONL30BAMCH A
¢ nauHo# BoaHbl A= 1,15 MKM, MOLYJSTOpP BHINOJAHEH W3 KPHCTAJUIA HTTPUH-TaliueBoro qeppHTa-rpaxal
aHanu3aTop npenctTasasg coGoi npuamy TaHa BRICOKOTO Kauectsa. Pesyabrathl, NosyyerHsie NpH IKCHE
MEHTAJILHBIX HCCAEAOBAHHSAX, MPENCTABACHE HA PHC. 3.

M3 puc.3 BMAHO, 4TO k| YBEJHUMBAETCH, a kj YMEHBLIAETCH C YBEJHUEHHEM YNPABASIOUIEr0 MarkH! TH
TO NOAR, T.K. YEPPUT CTAHOBUTCH ONHOPOAHBIM 110 HAMATHHYEHHOCTH, YTO CHHIKAET JeNOJAPHIALMIO CB
06pasue. 3apHCHMOCTh CTEMeHH NOMSPHIAUKH KPHCTAZAA p' OT BEAWUHHS! YUPABASIOLIEro noas Gu |
cuntana no opmyne (9) u Takme npeacrasiena wa puc.d. Kak BupHo us puc.3, crenens nosspi
C yBe/HYEHHeM YNPaB/AIIEr0 MarHHTHOO MO/S PACTET M NMPH NOAAX, GJHSKHX K HACHILEHHIO, A0C
3Hayenus 0,

TMorpewHocTs MeTORHKH WIMEPEeHHs YIOBHIX MOBOPOTOB ONPEAENSeTCs HYBCTBHTEJBHOCTbI0 OMHCAH
ONTHYECKOH CHCTeMBI, KOTOPass B CBOIO OHepelb CBA3AHO C OTHOUWIEHWEM CHIHA/NA K WyMy MO MOUH
[oatomy mnsi awazus3a onTHUYeCcKOro Kawana, no awanoru ¢ [10, 13], paccunraem oTHOweHwue ci
UIyMy N0 MOLIHOCTH, TIPH STOM CHHTAEM, 4TO APOGOBLIE WIYMBI HAMHOTO GOMBUIE BCEX OCTANLHBIX:

S AA2 4p" sin® 20

NULT 1—p’cos 20’
rae U, Uy — COOTBETCTBRHHO HANPSKEHUS, CO3/aBaeMble CHIHAJOM W APOGOBHIMH WwymMamH; A — nocTomHi
3aBUCALLas OT cBOWCTB OTONPHEMHNKA, § — yr0Bas aMIANTYAA KoneGaHH# MIOCKOCTH NOMAPHIALKH,
TaeM, UTO OHA H3MEHSIeTCH N0 MepHofHdeckoMy 3aKoHy: 6=0o®(t), rae ®(t) — npoHsBONbLHAA NEPHONH
YHKUHS, HIMEHSIOILAACS BO BPEMEHH C HACTOTOM w.

CuuTaem, UTO AHaNM3ATOP B AAHHOM ClIyuae OPHEHTHPOBAH Ha MHHWMYM TIPOMYCKAHHS CBETa, T.
CKOCTb HAHOOBLLIEr0 MPOMYCKAHKA AHANU3ATOPA | MIOCKOCTH MOMAPH3ALH MafIONIEro Ha HEro csera
HO MepreHAMKY IAPHbI:

™
p—p= 3 fiag

CuuraeM, YTO B KauecTse MOLYJMPYIOUWX HA KPHUCTAM ONTHYECKH MPO3PAuHOTO (epPHMArHETHKE
10TCA CHPHABL NPAMOYTOLHON (opmel. [IpH MOAYASUHE NPAMOYTOMNLHBIMK CHPHANAMH p' MaKCHMa
MEPHOA MOAYJIAILKH, YTO MO3BOJAET NOAYUHTH MAKCHMAMBLHOE OTHOLIGHHE CHIHANA K LIYMY Ha BBIXOAE.

P P e mia

e
0 o1 0203 04 05 06 07 08 09 1 _H
@ H Y ®opwa( H " e
=% e max [ H P min s .
Puec. 3. Tpapuxn 3aBucHMOCTH B (HHAC)' 7= (HMc)' y’(”ﬂu)' P (Hmc)'
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i SHEPTHH CBETOBOTO MOTOKA W ornomenun CHFHANA K WIYMY B 5TOM CJyuae npeoSpasyloTes K BHAY:
=(1-R)% -ane 20 5 [l —p' cos 200+ 24p" sin 26p] ; (10)

BBAACH HA SKCNIEPHMEHTANbHBIX AaHHBIX (pre. 3) u Bupaxenusx (9), (10), 6uina nocTpoeHa 3aBHCH-
THOWIEHHS CHTHANA K LIyMy OT YIWia Packauki s WTTPHi-ran/nesoro deppura-rpatara (puc.4).
PKHO CUHTATh, YTO H3MEHeHHe aMILIHTY/bl YT/1a PACKAUKH MJIOCKOCTH NOASPH3ALHH By OT yNpaBAsiowero

2 H
0 O/ COOTBETCTBYET MPHBEACHHOM HA PUC. 3 3aBHCHMOCTH ga(H—-)
lhac

aTu3MpyeM cyual, KOra WCC/IE0BANlach ONTHYECKAs CHCTEMA ¢ HEHAEANbHBIM aHAJIW3AaTOPOM H
mopyaatopoM [9, 10] 1 cpaBHHM €ro ¢ pacCMOTPEHHBIM BhILlIe C/y4aeM MPH HCMOMB30BAHHH Aero-
{lIero MOAY/ATOPA W HAeaNbHOr0 aHaJanu3aTopa.
| ONTHYECKOM CHCTEMBI C HEHIEANbHLIM aHAMHIATOPOM H HIEANbHAIM HEAeNONAPHIYIOLHM MOTYAATOPOM
cHrHana k wymy umeer sua [9, 10]:
i AA? 4(1—2Gd)? sin® 26,
N~ (I—Gd)[1— (1—2Gd) cos 26,]'

ky — noasipH3aLHOHHEN nepekT npuam [14].
ky+ky
) pH. 4 H306parkensl rpadMKK 3aBHCHMOCTH OTHOUIEHHS CHIHAMA K WIYMY OT Yria PacKaukH juisi OnTHuYe-
EMbI C HEH/IeaIbHBIM MOLY/ISTOPOM H HAeabHEIM aHAAu3aTOPoM (KpHCTa/) i CHCTEMBI C HALANBHEIM
fTOPOM M HeH/lea/ibHbIM aHAAM3ATOPOM NPH PAa3AHuHEIX 3Hauernsx Gd.
3 pHC. 4 BHIIHO, HTO MOAY/IATOP HA HTTPHI-Ta/IHEBOM (heppHTe-TPaHaTe CYIIECTBEHHO ASTONAPHYeT Npo-
i CBETOBOMH JIy4 H BHOCHMAs WM JEroJIipU3allMA COM3MepHMa C BJHAHUEM no.nnpuzauymnﬁoﬁ TIPH3MBL
),2. OHaKo, HECMOTPS Ha BHOCHMYIO MOAY/ASTOPOM GOJbIIYIO JEN0AsPHALHIO, OTHOLIEHHE CHIHANA K
‘COOTBETCTBEHHO YYBCTBUTEJIbHOCTD, YMEHbIUACTCH JHLIbL B 4 pasa 1o CpaBHEHHIO C MOJHOCTHIO Heae-
e onTryeckoi ckeremoil. CaiefoBaTesIbHO, NPHMEHEHHE MOLY/ISITOPOB HA ONTHYECKH MPO3PAYHBIX

1
AN

Gd=0
Gd=0,1
Kpucmann
Gd=0,2
Gd=0,3

10 20 30 40 50 60 70 80 9,,°

Puc. 4. 3asrcumocTh NAN(B")
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(eppUMarHeTHKaX MO3BOMAET CO3/ABATH BEICOKOTOHHBIE, MANOraGapuTHLIE, NOTPEGAIOUIHE MAYI0 MO
(HOTONOAAPHMETPEL H 3HAYHTENLHO PACIIMPHTL OGJACTb HX MPHMEHEHHS.
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