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TO CTAaTHCTHYECKOro MopenupoBanust (Monre-Kapio).

Pa3paboTtanHas MeToauKa AJIs pacyeTa TEIUIOBBIX MOTO-
KOB Ha TEJI0 UMEET MPAKTUIECKUI HHTEPEC Uil OPraHu-
3alUM U CIEIHAINCTOB, 3aHUMAIOIIUXCS OIpe/IeIeHHEM
TEIJIOBOIO MOTOKA.

Ha pucynke moka3ansl 3aBUCHMOCTH KOG uUIreH-
Ta Temonepenadyn Ha cdepe OT ymia HpU pasIMYHBIX
gyucnax Peiinompaca (Re=0.1, 3.8, 3243). Ilomyuen-
HBIE pe3yIbTaThl CpaBHEHHI ¢ pesynsraramu Dogra VK.,
Wilmoth R.G. [7] u Bamenxkosa I1.B. [6]. 3nech yroa ot-
KJI4JIbIBACTCS OT TOYKHA TOPMOIKEHUSI.
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Venosoe pacnpeoenenue C, na chepe

Ha PUCYHKE BUJHO, 4YTO TEIJIOBOH ITOTOK B CBOGOII-
HOMOJICKYJIAPHOM U B KOHTUHYAJIbHOM PpEXUMax Jio-
KaJIbHO-MOCTOBBIM METOAOM ONPEACIIACTCA XOPOILIO,
HO B IIEPEXOJHOM PEIKUME NACT IMOBLINICHHOC 3HAYCHUC
ko3 unmenta npumepno Ha 15% na yriax 20-55 rpa-
mycoB [6, 10]. MoXHO cKa3aTh, 94TO PE3yJbTaThl, MOIY-
YCHHBIC JIOKAJIbHO-MOCTOBBIM METOAOM, AAKOT ITPpaBUJIb-
HO€ TIOBEACHHUE U AOCTATOYHO XOPOIIO COINAaCyrOTCsa
C pe3yjibTaTaMu METOAa HpAMOTO CTAaTUCTHYCCKOIO MO-
nemuposanust (IICM). JlokanbHO-MOCTOBOW METOA aeT
B [IEPEXOTHOM PEKUME 3aBBIIICHHOE 3HAYCHHE KOA(]-
¢unuenTa Temonepeaadn npuMepHo Ha 15% Ha yrmax
20-50 rpaaycoB. MeTOAUKH U Pe3yibTaThl CMOTYT OBITH
TIOJIC3HBI ITPU CO3AAHUN COBPEMEHHBIX U IEPCIEKTUBHBIX
BO3QYUIHO-KOCMHUYCCKUX alllaparoB HOBOTI'O IOKOJIE-
Hust [8-11]. Pabora BeimonHena npu noxpaepxxke PODU
(I'panT Ne 14-07-00564-a).

Cnucok JiMTeparypbl

1. ABayesckuii B.C., l'amuueiicknii 5.M. u np. OcHOBBI TemIonepe-
Jlaud B aBUALIMOHHOM M PaKETHO-KOCMUYECKOi TexHuke. — M.: Mammuno-
cTpoeHue, 1992. — 528 c.

2. Benonepkosekuit O.M., Xnonkos 10.1. Metonsl MonTe-Kapio
B MEXaHUKE KUAKOCTHU U rasza. — M.: Az0yka, 2008. — 330 c.

3. Xnonkos 10.1., 3es Mbo Mpunt, Xnonkos A.1O., Wxo 3un Me-
TOABI MOHTe-KapJ'IO JUISL OTIPEACIICHUS adPOTEPMOINHAMHUYICCKHUX XapaK-
TEPHCTHK THIIEP3BYKOBBIX BO3MYIIHO KOCMHYECKHX chcTeM // Materials
digest of LI International Research and Practice Conference «Physical,
Mathematical and Chemical Sciences: Theoretical Trends and Applied
Studies», — London: IASHE, 2013, pp. 41-44.

4. Koran M.H. [lunamuxka paspexenHoro rasa. — M.: Hayka, 1967. —
440 c.

S.Lee Lester Laminar heat transfer over blunt nosed bodies at
hypersonic flight speeds // Jet Propulsion.— 1956.— V. 26, N4.—
P. 259-269.

6. Bawenkos I1.B. UnciieHHbli aHAnu3 BBICOTHOH a3pOTepMOMHA-

MHKH KOCMHYECKHX alIaparoB: AWC. KaHA.—TexH. Hayk, HoBocubupck:
WTIIM CO PAH., 2012.

7. Dogra V.K., Wilmoth R.G., Moss J.N. Aerothermodynamics of
1.6 -m- diameter sphere in hypersonic rarefied flow. J. AIAA. —1992. - V.
30,N7.—P. 1789 - 1794.

8. 3ess Mbo MBHHT BbICOTHAs a3pOTEepMOANHAMUKA TUTIEP3BYKOBBIX
BOBJLYILIHO-KOCMHYECKHUX crcteM // Marepuansl I1 MexyHapoaHoii Ha-
YUHO-IIPaKTHUECKOi KoH(pepeHnH «CaitHC-TIPOEKThI MOJIOIbIX YYEHBIX —
2013». — PocroB-na-[{ony, 2013. c. 27-30.

9. 3es Mbo MeunT, Xnonkos A 1O. Hccienosanue aspoTepMoIiHa-
MHKH NEPCIICKTHBHBIX IUIIEP3BYKOBBIX JICTATEIBHBIX arnapatoB // Tpyusl
MAM. 2013, Ne 66, 19 c.

10. 3ess Mbo Mbunrt, XionkoB A.}O. MeTtoauka pacuera TEILIOBbIX
MOTOKOB B JITAMUHAPHOM M TypOyJI€HTHOM morpaHudHom cioe // Tpymst
56-ii Hayunoii kondepenuun MOTU «CoBpemennble npobnemsl (yHaa-
MEHTaNbHBIX ¥ IPHKIAIHBIX Hayk». — XKykosckuii, 2013. ¢. 28-29.

11. Xnonkos .M., Yepupimes C.JI., 3es Mbo Msbunr, Xiorn-
koB A.1O. Beenienue B cienranbHOCTh 1. BEICOKOCKOPOCTHEIE J1€TaTeb-
Hble annaparsl.— M.: MOTH, 2013. - 192 c.

SPECIFIC FUTURES OF OPTICAL ANISOTROPY IN
TERBIUM IRON AND TERBIUM GALLIUM GARNETS

Pashkov A.D., Khubulov A.K., Tsidaeva N.I., Abaeva V.V.,
Turiev A.M., Enaldieva E.V., Butkhuzi T.G., Khaimanov S.A.,
Ramonova A.G.

North-Ossetian State University, Natural Sciences Research
and Education Centre, e-mail: vip.sagittarius@yandex.ru

We reported magnetooptical properties of Tb*"
in single crystals of Tb,Fe O and Tb,Ga, O, for ion
occupying sites of D, symmetry in the garnets structure. It
is shown that in the employed Voigt geometry the magnetic
linear birefringence and the dichroism reach values
10, and have a strong dependence on the wavelength
and a strong anisotropy. The absorption spectra were
obtained at temperatures of 30K, 100K using magnetic
field up to 25 kOe applied parallel and perpendiculare
to the electric vector E linearly polarized light on the
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’F,—F,and ’F, — 'F optical transitions region. The aim
of this research was revealing of a role of contributions
of exchange interaction and a crystal field in splitting of
energy levels of the basic condition 'F, ion Tb** multiplet
in Tb ferrite-garnet by studying of character of spectra
magnetic linear dichroism (MLD) paramagnetic and
ferrimagnetic crystals placed in an external magnetic
field. More over, the assumption about nonreciprocity
of magnetic linear birefringence (MLB) spectra and
dichroism with the change of the relative orientation
of the magnetization vector I and the light wave vector
has been experimentally confirmed. This effect may use
as a base for the design of the different transducers, for
example, magnetooptical optical channels commutator.
Introduction

Rare earth iron garnets with narrow ferromagnetic
resonance linewidths, very low hysteresis losses, and
excellent dielectric properties have been widely applied
in microwave devices in a wide range of frequencies
(1-100 GHz), magnetooptical transducers and typically
employed as magnetic recording media [1-11]. The garnet
structure is responsible for a number of specific features
in the behaviour of the magnetic, magnetoelastic, and
magnetooptical properties of these compounds, which
qualitatively differ from those of crystals with cubic
symmetry of the environment of the magnetic ions.

Experiment

Using the method of flux growth under 10 bars
of oxygen pressure, single crystals of Tb,Fe O, and
Tb,Ga,0,, were synthesized by B.V. Mill at Moscow
State University. X-ray diffraction measurements were
in agreement with the Jg3d garnet structure. Polished
platelets — 100-250 um thick-oriented perpendicular to
the [110] and [100] axes were obtained from the same
«as growny crystal. Magneto-optical measurements were
performed at a temperature of 30K, 82K, 100K and 295K
under a magnetic field of up to 25 kOe on the spectrometer
facility, characterized in [2,3,5]. MLB spectra were
obtained in energy regions 5100-5900 cm™ with a high
optical resolution 0.12 cm™ with the help of a modulation
technique. The experimental accuracy is estimated
at+2%. It is noted that the samples are cooled at the
lowest temperature in the absence of a magnetic field
prior to MLB measurements. The angle of rotation of the
samples was measured with 0.1° accuracy.

Results

The dependence of the intensity I(w) of the light
transmitted through the sample, as well as of the intensity
I (o) of the light without the sample, was registered with
an automatic recorder.
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Fig. 2. Freguency dependences of the contribution made to the refractive
index by E T ||[110]; the optical transition 'F,~F, of the Tb*" ion of
the ThIG: solid curve — ]E ||/110], E 1 f ||/]; dashed — k [l/110],
E LT lfoo1]

Fig. 1shows the measured absorption coefficient
k’(ho), in the Voight geometry, of an Tb,Fe0,, a plate

5712
cut in the (110) plane, at k |[[110], E L7 [ 110 ], Fig.
2 shows the n’(hw) spectra calculated on these results
with the aid of the Kramers-Kronig relations (n’ is the
contribution made to the refractive index by the light
absorption by the rare earth (RE) ions). A difference
between k’(hw) and n’(hw) at two E orientations is
evidence that the crystal is optically biaxial. This
difference in k’ is a maximum at the frequencies 5450 and
5500 cm!. It reaches 60-70%. As seen from Fig. 2,
An=n’  —n’ reaches avalue 1x107 and reverses sign
several times in the region of the absorption band.

Thus the character of the optical anisotropy of the
crystal depends on the relative orientation of the vectors
kand I. No such effect had been observed before for
Tb,Fe,0,,and for Tb,Ga.O,in such geometry of the
experiment to our knowledge.

Fig. 3 shows the transmission spectra of linearly
polarized light of a terbium gallate. The spectra are obtained
in a Voight geometry (the light wave vector & is normal to
a surface in which the magnetic field vector H lies). Within
the limits of experimental accuracy the spectra for the
perpendicular and parallel orientations of the vector £ to
the direction of H are in agreement. A single-component
structure for the transition ’F, — ’F, is observed at the 30K
temperature and three components at T=100K. At both
30K and 100K for the transition ’F, — ’F, two components
are observed.

In contrast to the gallate-garnet absorption spectra in
the terbium IG, the pattern of the absorption line structure
in analogous transitions is complicated, as is seen in
Fig.4: broadening of each of the components is observed,
and it becomes more difficult to resolve the fine structure
of the transitions. As is seen from a comparison, these
spectra disclose a substantial optical anisotropy of the
magnetic birefringence and dichroism. In formulating this
experiment we started from the fact that only the lowest
of the thirteen singlets into which the ground multiplet
of the terbium ion ’F is split by the crystalline field will
be populated at low temperatures, while the excited level
’F, has a singlet structure because the total moment equals
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zero, and its position will depend relatively weakly on the
orientation of / in the crystal. Consequently, the position
of the highly energetic components of the absorption line
fine structure in the electronic transition ’F, — 7F  (and
apparently in the transition 'F, - 'F)) should y1e1d
information directly about the anlsotropy of the lowest
levels of the multiplet ’F of the Tb* ion.

o
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Fig. 3. Absorption spectra of linearly polarized light of a Tb,Ga O, ,:
solid curve — T=30 K, dashed — T=100 K
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B paborax mo wucciemoBaHHIO (parMeHTanUHM Op-
ranndeckux ImieHok MnPc u PTCDA mox aelicTBrEM
HMMITYJIBCHOTO JTa3epHOTO M3NY4YeHHUs Obla OOHapyKeHa

3aBHCHMOCTb MAacC-CHEKTPOB YaCTHI[ JeCOPOIMOHHO-
TO IOTOKa OT KparHocTH oOmydenus [1]. IIpomcxomut
MoAU(UKaLUs TUICHOK, TPOSIBIAIONIEe KaK W3MEHEHHE
TapaMeTpoB ITOBEPXHOCTH. B wacTHOCTH, BO31elCTBHE
Ja3epPHOTO M3JIyYeHHs] Ha TOBEPXHOCTh IUICHOK IepH-
JIeHa B CIEKTPaJbHON oOnmacT (yHAaMEHTaIbHOTO IIO0-
DJIOMICHNS BBI3BAJIO HM3MEHEHHE ONTHYECKHX CBOMCTB
o0myueHHbIX ydacTkoB [2]. C momorpio MHTepdepeH-
IUOHHOTO MHuKpockonia MUH-4 Obi0 00HApYKEHO H3-
MEHEHHE OTpa)KaTeJIbHOH CIOCOOHOCTH OOIyYEeHHBIX
obnacreil. bonee neranpHOE HcceoBaHUE OOTYyUEHHBIX
y4acTkoB TieHOK MnPc (80 HM) ¢ TOMOIIBIO aTOMHO-CH-
noBoro Mukpockona (ACM) nokasaino, 4To MpOUCXOAUT
HeoOpaTuMoe M3MEHEHHE COCTOSHUS MOBEPXHOCTH [3].
B cBs13u ¢ yem, B maHHOU paboTe craBMiIach 3ajada HC-
ciieoBaHus Tormorpadun moBepxHoctu mieHok PTCDA
u PTCDI(C,H,), metomamu ACM 1 3aKOHOMEPHOCTEH
MOAN(HKAINN OPTaHWYECKUX IUIEHOK MMITYJIbCHBIM JIa-
3€PHBIM U3JTyYeHHEM HAaHOCEKYHAHOH IITHTETbHOCTH.

OOBEKTHI HCCIIEN0BAaHMS M TEXHHKA JKCIIEPUMEHTA.
B KkauecTBe MCTOYHHMKA M3IIYYCHHsI HUcmob3oBancs Nd**
YAG nazep coaneprueid xBanta 2.34 3B u qnmurensHO-
cThI0 mMIynbca 10 He. J[nMHA BOJHEI JTa3epa IOManaeT
B CIICKTPAJIbHYI0 001acTh COOCTBEHHOTO IOTVIOLICHHS
HCTIONIB3yEeMBIX OpraHndecKkux TuieHoKk kak PTCDA, tak
u MnPc. Ilnenkn PTCDA Hanocuiuch Ha MOBEPXHOCTh
GaAs (100) ¢ ucrionbp3oBanueM stueiiku KHyznceHa B Baky-
yme 107 IMa. B kadecTBe MCXOJHOTO MaTepualia UCIONb-
30BaJICS] OYMIIIEHHBIN OPOIIOK TPOU3BOACTBO KOMITAHUH
«Aldrich Chem. Co.». CKOpOCTb OCa’KIEHHUSI COCTABIIS-
na 0.1am/c. TonmmuHa MIEHOK KOHTPOIUPOBAIACH PE30-
HaHCHBIM METOIOM BO BPEMS HAIIbLIJICHUS. KauectBo (MO-
JEKYISAPHBII COCTAB) IUICHOK OICHNWBAJIACh CPAaBHEHHEM
UK — cnexkTpoB MONIOMIEHHs IIEHOK M MCXOAHOTO MO-
pormka. MccaenoBanue Tonorpadgun NoBEpXHOCTH 00ITy-
YEHHBIX IUIEHOK IPOBOAMIIOCH B YCIOBHAX (hOpBAKyyMa
(10'ITa) ¢ ucmomb30BaHHEM ATOMHO-CHJIIOBOTO MHUKPO-
ckornia NTEGRA-AURA xommanun NT-MDT.

PesynmbraTel  KCHEPHMEHTOB M HX O0CYXJECHUE.
13BectHO, uTo mpu ocaxaeHuu Mmoiekyal PTCDA nHa
TOPSIIYIO TMOMIOKKY HMPOMCXOANT WX HYacTHUHAs (par-
MEHTalus ¢ rnocjieayroomei aecopOrueil (parMeHToB
¢ noBepxHocTH TeHkH [4]. CoracHO pesyabraram pa-
00THI [5], Jerkue QparMeHThl, OCKOIKH KapOOHMIIEHON
yactu Mojekyasl PTCDA, HauMHaOT mpucyTCTBOBAaTh
B CIIEKTPax AECOPONMOHHOTO MOTOKA MPU TeMIepaType
350K, a ¢parmeHTaMsi OCTOBa MOJICKYJIBI HAYMHACTCS
npu 470K.

VYduTeBast 3T Pe3ynbTaThl, a TAKXKe IUIAHUPYS I10-
CJICYIOIYI0 00pabOTKy Ja3epHBIM U3Iy4YCHHEM, B JaH-
HOIl paboTe oOcakJeHHWE OPraHMYECKHX IUIEHOK OCY-
IIeCTBISUIOCH 0e3 HarpeBa MOUIOKKH. B atom ciydae
noBepxHOCTHass TU(y3ust 3arpyrHeHa, W3-3a HU3KOH
TeMIIepaTypsl, 1 OCaKACHHBIE MOJEKYIIbl 00pa30BbIBa-
10T Ha OBEPXHOCTH MOAJIOXKKH arlIOMEPaThl — KJIACTEPHI.
IIpoucxonuT IBYMEpHBIH OCTPOBKOBBIM pPOCT ¢ oOpa-
30BaHHEM MAaJIOTIOABIKHBIX KIACTEPOB WM B Pe3yIbTare
IJICHKA MMEIOT CTONOYaTyro CTpykTypy. HeoOpaboran-
Has TUICHKA BBINISITUT JOBOJIBHO HEPOBHOM, U Jajee oHa
TOZIBEpranach OONTyYSHHIO MMITYJIbCHBIM JIa3€PHBIM U3-
Jy4eHHEM.

JleficTBue a3epHOro M3Iy4YEHUs B CHEKTPAIbHOMN
00JIacTH COOCTBEHHOTO IMOMNIONIEHHS IUICHKH MPUBOIUT
K YIUIOTHEHHIO TOBEPXHOCTHOTO CJIOs IUICHOK. MOXHO
BBIJIETIUTh TPU PA3TWYHBIX yJacTKa B 30HE OOIydeHHS,
IJe MPOM30LUIO YIUIOTHEHHE U CTyIEHYaToe yIalleHue
wieHkH (puc. la). OAUHOYHBINA CKaH, TPEICTaBICHHBIN
Ha (puc. 1b) B35T ¢ ypOBHA 55 — TO MKM IO TOPH30HTAJIH.
B nienTpanbHOi 9acTn obnacT o0ydeHHs: ypOBEeHb MO-
BEPXHOCTH OIyCTWJICS Ha 34 HM HIDKE 10 CPaBHEHHUIO CO
CIJIIYIOIIeH CTYIIEHBKO!, KOTOpasi B CBOIO OYEepeb OITy-
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