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BuBueHO MeXaHi3M criH-TiepeopieHTaliiHoro (hazosoro nepexony (CII®II). TociipKeHo 3MiHY CTPYKTYPH
JIOMEHHHX MeX Ipu (ha3oBOMy Iepexoii. 3amporoHOBaHi BIINOBIIHI EKCHEPUMEHTY MOJel JTOMEHHOL
crpykrypu (JIC). IlokasaHo, mio (a3oBHil HepexiJ LUIIXOM 3apOAKOYTBOPEHHS B JOMEHHIH MexXi BHKIHKAE
CII®IT | pony 3 ocroBOi (azu B kyroBy daszy. Mexanizm CIIDII He 3aneXUTh Bifi BEJIMYUHU CITiBBiJHOIICHHS

MK KOHCTaHTaMH1 aHi30TpOoii.

Kuarouosi cioBa: nomenna crpykrypa (JC), nomenHa mexa (JIM), aHi3oTporis, CHiH-IIepeopieHTaiiHUIA

¢basosuii nepexin (CIIDIT).

Cmamms nocmynuna 0o pedakyii 24.10.2012; npuiinsama oo opyky 15.06.2013.

Beryn

Jlo HacTynHOro 4acy CIiH-IiepeopieHTaliiHi ($a3osi
nepexomu (CIIDII) mobpe BUBYEHI TiTbKH B KYOIYHHX
¢eporpanatax. Ha BigMiny Bij KyOiuHHX (eporpaHaTiB
(epuT-rpaHaTOBI IUTIBKA MAlOTh 3MIIIAaHY aHi30TPOIIIO:
(Ky)
0JIHOOCKOBa pocToBa aHnizorpomis ( Ky, ). Bick poctopoi
OMHOOChOBOI  aHizorpomii  <111>
MEPHEeHANKYSIPHO  IUTOUIMHI  TUTIBKH.
kpuctanorpadiyaoi  awizorpomii  THIY
OpIEHTOBAaHI MiJy KyroM JO IUTIONIMHUA  IUTIBKH.

BigHOmEHHS KOHCTaHT OJHOOCHOBOI 1  KyOi4HOI
aHI30TpOIIi Ta HAMATHIYEHICTh HACHYCHHS 3aJIeXKaTh Bif

Ku/Ke(T) i Mg(T).

TeMIIepaTypl MarditHol koMmneHcanii Ty 1 Temmeparypi
N

OKpiM  KpucTrasorpadiuHoi  KyOidHOI icHye

Opi€HTOBaHa
Tpu  oci
<111>

TEMIIEPATYPHU: IIpu

Heenst TN HaMarHiYeHICTh HACHYCHHS JIOPIBHIOE HYIIIO.

BruB 3MimmaHoi aHi30Tpomii Ha MOBEIIHKY TOMEHHOI
crpykrypu (JC) BuBueHo mie HemoctaTHbo. JIC myxe
YyTIMBa 10 3MiHM MarHITHUX XapaKTepHCTHK ILTIBOK 1
BiJUI3€pKaJIfOE BC1 3MIiHM aHI30TpOMii i HAMAarHiYeHOCT.
VY 3B's3ky 3 nuM mnoseginka JIC moOnm3y KpUTHYHOT
TEMIIepaTypH, e piBHI MarHiTHIi MOMEHTH MiJATrPaTOK

(Ty) abo smimroerbes  amisorponis (T crinosoi

nepeopi€eHTaitii), 0COONMMBHI  1HTEpeC
JIOCIIITHUKIB. 3aBasgKu OIITUYHIN IPO30POCTI
emitakciiaux — mriBok  JIC  MoXKHa  Bi3yalbHO

criocrepirati 3a jgomomoroto edekry dDapanes, a mpu

BUKJIMKA€E
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CHIHOBI  TepeopieHTaIlii  3aCTOCOBYBAaTH  METO[
KOJIbOpOBOI peectpanii. Tomy rutiBku QepuTiB-rpaHatiB
MOXYTb OyTH BUKOPHCTaHI y pOJIi MOJENBHOr0 00'€KTa
i BUBYeHHs (asoBux mepexomie (®II) Ta cmiH-
nepeopieHTaIliHHIX (Pa30BHUX IEPEXO/IiB.

VY pobori [1] exciepumentansHo BuBYeHo CIIDIT y
beput-rpanaroiii  mriBi. B [2]  TeopermyHO
nocnimpkeno Mexanizm CII®IT. [TokazaHo, mo 3apoakom
CII®II | pony € nedexr mniBku y Burisiai O-rpamycHol
mexi. B [3] BuBuena crpykrypa O-rpamycHoi Mexi i
3HAWJCHO €HepreTHYHUU Topir mepexoay 3 O-rpamgycHoi
Mmexi B 180-rpamycHy mexy. 3agada naHoi poboTu — e
BU3HAYCHHS MexaHismy  CIIDII Ha OCHOBI
eKCIIePUMEHTANBHUX Aocii/pkens [1]. Jlns BupirineHHst

miei  3amadi  BUKOPHUCTAHO  METOJ  MOJICTIOBAHHS
noMmeHHUX Mex (JIIM).
Sk ans  QyHIAMEHTAJIBHOI HAyKH, TaK 1 s

MIPUKIIAIHOI y’)KE€ Ba)KJIUBO 3HATH, IO BiIOYBAETHCS 3
JIC mpu 3MiHi aHi30Tpomii, SK 3MIHIOETHCS TOMEHHA
mexa. Lle akryanbHi gocmimxenss. [lo-mepe, CIIOIT
MOXXHa BUKOPUCTOBYBATH IIPH TEPMOMATHITHOMY 3aIHCi
y TodIli CHiHOBOI nepeopienTaii [4]. ITo-apyre, mobau3y
CII®IT Garato ¢isuuHUX BenuYdH (TETUIOEMHICTS,
MarHiTHa CHPUHHATIMBICT, MoAyab HOHra, koediieHt
3aracaHHs Ta iH.) MaroTh aHomami [5]. Tomy Takuit
MarHiTHUH Marepian Moke OOMEKyBaTH Jiana3oH
PpOOOTH TEXHIYHOTO IPUCTPOIO.

. Omnuc pe3yjabTaTiB 10C/IiIzKEHHS

Jlyis1 BUpIIIEHHS TTOCTAaBIIEHOT 3a/1a4i JOCHIKYEThCS
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BIUIMB 3MIIIAHOI aHI30TPOIil Ha OCOOJHMBOCTI TOMECHHUX

CTPYKTYp  IUIBOK  (pEepHUTIB-TpaHATiB 3  pIi3HOIO
BEITMYUHOIO OJIHOOCHOBOI aHi3orporii y
temneparypHomy inrtepami 90K-T,. B  poGori

MIPUBEJCHI PE3yJIbTATH TOCIIIKEHD JBOX IUTiBOK. OOHIBI
nopepxuro a1l i

koedimient sxocri Qfb. TImiska Nel 3i cmabkoro

IUIIBKA  MaloTh PO3BHUHCHY

OJTHOOCHOBOKO aHI30TPOIIIEI0 CKIIany
(YBi)3(FeGa)5 012 (TN = 421K, Toyka MarHiTHOI
KOMIICHCAIli1 TC = 223K 1 HaMarHi4eHiCTh HACHYCHHS
KiMHATHI#

TN = 421K npu TeMIepaTypi

4p MS =1140 30&5 ) Mae ocboBY a3y y BY3BKOMY

TemriepaTypHomy intepBaini npu T > 360K . [TniBka Ne 2

3 CWJIBHOKO  OJHOOCHOBOIO aHi3OTpOHi€IO CKi1any
(TmBi);(FeGa)s O, (T =437K, Ty =120K ,
3

4pMS =17,5X0 “O¢ mnpm kiMHaTHIi TeMmmepaTypi)

Ma€e ocbOBY (ha3y B IIMPOKOMY TEMIEPATYPHOMY
inTepBani mpu T >TI\7' BuBueno ocotnmBocti CIIDII B

IUX IUTiBKaXx. Ha OCHOBI eKCIepUMEHTaJbHUX JaHHX
MoOyIOBaHO MO JOMEHHUX CTPYKTYp 1 JOMEHHHX
MEX.

1. Ocob6auBocti AC mumiBkm Nel mnpu 3mini
TeMnepaTypH.

v -7, (puc. 1)

IMITyJIbCHAM ~MATHITHAM TIOJIEM, TIEePICHIUKYISPHUM
TUTOIIMHI TUTiBKH, GopMyeThes rpatka LIM]] (puc. 2,A),
MOTIM MAarHITHE TMOJIC BUMHKAEThCI. MOKIUBICTD
¢opmyBanus IIMJI CBigUuTh NPO HASBHICTH B IIH
obnacti TemmepaTyp ochoBoi (a3u. Ha opamxeBomy
moji crocrepirarothest TemHo-3eneni [IMJI. Ile nBi

IHTEpBajJi  TeMmIeparyp

ocboBi (azu. I[lpu T2 JesIKl TJITHKH  IOMEHHOI MExi

PO3IIUPIOIOTECS, 1 Bil IMX JUISHOK IO OOHIBa OOKH
CIIOCTEPIraeThesl 3MiHa KOJIbOPY MOs (Bifl OpaHKEBOTO
110 skoBTOro) i IIMJI (Bix TeMHO-3€1€HOr0 10 3€JIEHOr0)

(puc. 2,b). Binbysaetbcss CIIDII mepmioro pomy 3
ocboBOi (asu B KyroBy a3y [6]. 3apoakom crmiH-
A ) ! o 10 A A
Px10, m Kan"4n " M
120 E g- HarpiBaHHS —12C
- : 5 - OXOIIO/UKCHH -
I
80 - : — 8§80
| ! -
40 - : . — 40
I |
" ! ! -
N 2.T9.' . L2h |
200 80 320 360
Tk T.K

Puc. 1. TemneparypHi 3aJeXHOCTI XapaKTEPHCTHK
mwiiBku Ne 1. 1- mose xonancy; 2— nepioa JIC.
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nepeopi€eHTaliifHOro (asoBoro mnepexomy € JOMEHHa
Mexa. Ta mutsHka momenHoi mexi [IMJI, mupuHa sxoi
30inpImnacs, € 3apoAkoM KyroBoi ¢asu. B camiit IM
BinOyBcs (a3oBuii mepexin, sikuii 1 iHiniroBas CIIDII y

BchOMy  3pa3ky. Lli  nmBa  QaszoBi  mepexomu
B3aeMoroB's3aHi. CIiBiCHYBaHHS OChOBOI 1 KyToBOI (ha3
0

criocrepiraeTbcss B iHTepBaii temmeparyp DT =15".
Crig 0co0IMBO TiIKPECIUTH, IO Bi3yallbHO MeXa MK
OCBOBOIO 1 KYTOBOIO (Da3zaMM HE CIIOCTEPITaeThCs.

2. Ocobausocti JIC mriBku Ne 2,

I'patka IIMJI cdopmoBana npu 215 K. OnpepxaHo

IBI OChOBI (a3u Ol i 02: opamkeBi I[MJ] Ha

kopruHeBoMy moii. ITpu 185K nesiki MiISIHKH KPYTITHX
Mexx [MJ] cramm Oinpm mmpokumu. [loGnu3y 1ux
IUISHOK 3MIHMBCS KOJIp MOJNs 3 KOPWUYHEBOTO Ha
senenuit, a [IM/] 3 opamxkeBoro Ha Oinwii. I{e cBiTUUTH
PO [OYATOK MPOIECY CIIHOBOI MepeopieHTalil i NosBy

IBOX HOBUX (a3, BEKTOpPM HAMAarHIYEHOCTI SKUX

CHPSIMOBAHI ITiJ] KyTOM JI0 TUTOLIMHY TUTIBKH! 03 <m->

— Gimmit xomip IIMJT i O 4 <i’|.1> — 3ejieHe mone. B

IUTBI[I 3 CHJIBHOIO  OJHOOCHOBOIO  aHI30TPOII€I0
BinOyBaeThest Oesricrepesicauii CIIDII 3 ochoBoi (asu B
kyroBy ¢asy. ILle CII®II mepmroro pomy [6]. Sk i B
3pasky Ne 1, 3apoakom kyroBoi ¢azu € 180-rpamgycha
nomeHHa Mexxa. Dazouit nepexin B JIM ininitoe CITIDII.
OO0nacTb CIiBICHYBaHHsSI OChOBUX 1 KyroBux (a3 25 K.

Mexa MK OCbOBOIO 1 KyTOoBOIO (hazamMu  He
CIIOCTEPITaeThCS.

3. Anamiz ¢a3zoBux mnepexomiB B IOMeHHil
CTPYKTYPi.

Jlns TOSICHEHHST EKCIIepUMEHTAJIbHUX PEe3YJbTaTiB
MPOBEACHO MOJICNIOBAHHS JIOMEHHUX MeX. OCKIIbKU
eKcrepuMeHT mokaszas, 1mo CIIDPIT 3 ockoBoi (a3u B
KyTOBY (pa3y BiiOyBa€eThCsl OJHAKOBO B ILTIBKaX 3 Pi3HOIO
OCHOBOIO aHI30TPOII€I0, TO MPUBEICHI MOJEII JOMCHHUX
CTPYKTYp TUIbKHU OZHI€T IUTiBKH — TTiBKU Ne 1.

3anporonoBani  moxemi  JIC  MOSCHIOIOTH

ocobnmuBocTi B inTepBani 400 - TI\7 (puc. 3). B obmacri
-7, (puc. 1)
N R
01 <111> i 01 <1 >. [Jomenna mexa 180-
rpagycHa OsoxiBceka (puc. 3,A). Ilpu 0XonomKeHHI 10
T, ITix
BIUIMBOM KYOI4HOI aHI30TpOIii Ha JAESKUX JUISTHKaX MEX
M1 3miHr0€ThCSs OpieHTais criHiB. Lle npu3Boauts 10

3MiHH Opi€HTAMI{ CIIiHIB B IPUJIETJINX JIO JOMEHHOI MEXi
00acTsix, TOOTO CIOCTEPIracThCst 3MiHA KOJIBOPY MO 1

M/ (puc. 2,B). 3'aBiastroTbest KyTOBi (ha3u (Dl <11>

1

CrioCTepiraloThcsi  O0ChoBI  (hasm

3MEHIIYETHCSI  OJIHOOCHOBA  AHI3OTPOIIis.

(xoBTa) i 51<JJ_1> (3emena). TakuM YHHOM, IIiJ

BIUIMBOM KyOi4HOI aHi3oTpomii BinOyBaeThcs (ha3zoBuit
TepexiJl B TOMEHHIH MEXi, SIKHH Y CBOIO Yepr'y BUKIIHKAE
CII®II 3 ockoBOI (pa3u B KyTOBY a3y y BCbOMY 3pa3Ky.
B mpoMy BuUMagKy JOMEHHa Mexa OchOBOi (ha3u
BUCTynae 3apoakoM kyroBoi ¢aszu. CII®II 3 ocboBoi
dbasm B KyroBy a3y BiIOYBa€Tbcs  IUIIXOM
3apoakoyTrBopeHHs. [licnst ¢azoBoro nepexoiy n1oMeHHa



Poib 3apoakiB B criH-TIepeopieHTaIlifHOMY (ha30BOMY MEPEXOI. . .

Puc. 2. Buau JIC mniBku Ne 1 npu 3mini T: A—rparka LIIM/], 370 K; B—1IM/], 365K; C—-/J1C, 290 K.

[110]

b

112]

OpaHxe eMHo—
BUU SeJ'IeHI/II/I
>KOBTHI71 M 3eJICHUN

A\

A180

Puc. 3. Mojeni TOMEHHUX CTPYKTYp 1 pO3IOALTI HAMAarHiYeHOCT] Y JJOMEHHIH Mexi:
A—180° ocboBa;, b— 180° KyTOBa.

A

b)

Puc. 4. CratnuHuii coqiToH: A— pO3MOILI CIiHiB, B— TppoXBUMipHE 300paskeHHSI.

Mexxa samummnacst 180-rpagycHoro, ame i miomuHa
opieHTOBaHa mix Kyrom 1o oci <111>. B wmpomy
BUMaAKy po3BopoT criHiB Ha 180 rpaayciB BinOyBaeThCs
B Oumem mmpokiii M (puc. 3,B). Takuii mepexin B
JIOMEHHI# Mexi BiNoBigae MiHIMyMY i1 eHeprii.

1. O6roBopeHHs1 pe3yJIbTATIB

Pe3ynbTaT MOCHIIKEHb TOKA3aiH, IO Y 3B'SI3KY 31
3MIHOIO BEJIMYMHM CIIBBIJHOIIEHHS MiX KOHCTaHTAMH

Ku/Kq
3MiHIO€TBCﬂ CprKTypa JOMCHHUX MECXK Ta BUI I[OMCHHO.I.

CTPYKTypH, TOOTO BifOyBaroThbcsi (ha3oBi Hepexoaud B
JIOMEHHUX MeXaX 1 CIiH-TiepeopieHTaliiHl  (a3osi

aHizorporii npu  3MiHI  TeMIlepaTypu
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nepexofu. 3'ICOBAHO, IO JOMEHHI MeEXi HaiOUIbII
4yTJIMBi 10 TeMIepaTypHOi 3Minm Ky, / Kl' Jlomenny

MEXy MOXKHA PO3IJISLIATH K MArHiTHY HEOJHOPIIHICTB,
B SIKIl ICHYye BenMKWi HaOlp CHiHIB pi3HOI OpieHTAIli.
[Ipu neBHili TemMneparypi BiANOBiHA Opi€HTALls CIiHIB
B JOMEHHI  MeXi  BUSBIETBCI  CHEPrETHYHO
HaiiBurigHimoro. Ile 1 BHKIMKae mpolec nepedynoBH,
T00TO (hasoBmii mepexin. dazoBuii nepexia B JOMEHHIN
MEeXI BHKIMKAae CHiH-TIepeopieHTauiiinnil  (azoBuit
nepexin y BcboMy 3pasky. Xapaxrep (Ha3oBoro nepexomny
B JIOMEHHIN Mexi Bu3Haudae MexaHizm CIIDII.
Oco0amBocTi  criH-TIepeopieHTaniiHoro  (azoBoro
nepexony 3 ochoBOi (asu B KyTOBY a3y IOSICHEHO
VSBJICHHSM IIPO 3apOJ0K HOBOI (a3M sIK MPO CTATUYHHUH
CONITOH, pO3MIPH  SKOTO  POCTYTh 31  3MiHOIO
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CMIBBI/IHOIICHHS MiXK KOHCTaHTaMu aHi3oTporii (puc. 4).
B [2, 7] craTu4Huii COMITOH MPEICTABICHO K MATHITHY
HEO/IHOPIJIHICTh, TYCTHHA pO3MOALTY CIIHIB B SIKid
3MEHIIYETHCSI 3 BIJACTAHHIO TIO eKCHoHeHTi. Taka
HEO/IHOPITHICT 3 TIEBHOIO OpIEHTALIIEI0 CIIiHIB, fKa
BiJIMOBiIa€ KyToBUM (ha3aM, BUHUKAE B LIEHTPI JOMEHHOT
Mexi. OCKIJIBKH TYCTHHA PO3IOJLUTY CIIHIB 3MEHIIYETHCS
3 BIJICTAaHHIO TI0 €KCIIOHEHTI, TO Ha MEXi pO3.IiTy 0ChOBOI
i kyroBoi (a3 Hemae cTpuOKa T'YCTUHH CIiHIB KYTOBOI
¢a3u. Tomy Bi3yabHO MeKa MikK OCHOBOKO 1 KYTOBOIO
(dazaMu He CIIOCTEPIracThCs. YSBICHHS PO 3apOJOK
HOBOI (ha3u K MPO CTATUYHUI COJITOH JIa€ MOXIIMBICTh
3pO3yMITH XapakTep (a30BOro Mepexoay B IOMEHHIH
MeXi 1 IOSCHUTH Bi3yalbHY BIJICYTHICTh MeEXi MK
OCBOBOIO 1 KYTOBOIO (hazamu. BuBYEeHHs MexaHi3My
CII®IT y 3pa3kax 3 pIi3HOI BEIUYMHOI OIHOOCHOBOI
aHi3oTporii [0Ka3aJju, 110 MeXaHi3zM CITiH-
MepeOopiEHTAIIITHOTO (pa30BOr0 MEPEX0my 3 0CHOBOI (haszu
B KyroBy (¢a3y HE 3aJIeKHTh BiJl BEIHYUHH
CHiBBI/IHOIIEHHS MK KOHCTAaHTAaMH aHi30TpOIii.

BucHoBkn

BizyanbHo IOBENIEHO, 110 MeXaHi3M

[1]
[2]
[3]
[4]
(5]

[6]
[7]

magnetikah (Nauka, Moskva, 1979).

Oesricrepes3icHOro CITiH-TIepeopieHTaniifHoro (hazoBoro
Hepexoy MepIIoro poay 3 ockoBoi (a3u B KyTOBY (a3y
BiIOYBAETHCSI IUIIXOM 3apOJIKOYTBOPEHHS. 3apoJKOM
«HOBOI» (asm € Mexa rmovartkoBoi (dasu. €
TEeMIIepaTypHUH 1HTEpBaJ CHIBICHYBaHHS OCBHOBOI 1
KyToBOi (ha3. Mexa Mi>k OCBOBOIO 1 KyTOBOIO (ha3amMu HE
criocTepiraeTbes. BinCyTHICTH MeXi MIXK OCHOBOIO 1
KyTOBOIO (pazaMu BriepIIe IOSICHEHO YSIBISHHSM IPO
3apoIOK HOBOI (pa3y SIK PO CTATUYHHI COJIITOH, PO3MipH

SIKOTO POCTYTh 31 3MIHOIO CIIBBIJHONICHHS MIiX
KOHCTaHTaMH aHi30Tporil. ExcnepumeHTaIbHO
MOKa3aHo, M0 CIiH-TiepeopieHTAIiHUA  (ha30BHI

nepexig 3 ockoBOi (azu B KyToBY (pazy BinOyBaeTbcs
OJTHAKOBO B IUTIBKAaX 3 PI3HOI0 BEIWYMHOK OIHOOCHOBOI
anizorpomii. Mexanism CII®II He 3amexuTh Bix
BEJIMUMHU CIIiBBIIHOIIIEHHS MIX KOHCTaHTaAMH
aHi3oTporrii.
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A.V. Bezus

The Role of Nucleusin First-Order Spin-Reorientation Phase Transition

Donetsk National University, 24 Universitetskaya str., Donetsk 83001, Ukraine

The mechanism of spin-reorientation phase transition (SRPT) in ferrite-garnet films has been studied.
Changes in structure of domain boundaries during phase transition have been investigated. Domain structure (DS)
models appropriate for the experiment are proposed. It has been shown that the phase trangition through
nucleation in the domain boundary induces the first-order phase transition from axial to angular phase. The SRPT
mechanism does not depend on the val ue of ratio between anisotropy constants.

K eywor ds: domain structure, domain boundary, anisotropy, spin-reorientation phase transition.
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