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M3zioxeHbl pe3ynbTaThl UCCASAOBAHUIA BIMSHUS MAarHUTOMMITYJIbCHOM 00pabOTKU Ha JIOKAJbHYIO CTPYK-
TypYy U MarHUTHBIE CBOICTBa 3aMeliéHHOTO (pepputa BaFe , _ . Zn 09 (0.25 = x = 0) 1511 MUKPOBOJTHOBBIX
ycTpoiicTB. M3MeHeHre MarHUTHBIX CBOMCTB (heppUTOB B pe3ysibTaTe BO3ACHCTBUSI HA HUX UMITYJIbCAaMU
€1a60TO MarHUTHOTO TOJISI YKa3biBaeT HA BO3MOXHOCTh YIIPaBJICHUs TTapamMeTpaMy (DeppuTOB MOCpE-
CTBOM MAarHUTHOTO IOJISI U TEM CaMbIM BJIMSTh Ha pe30HaHCHbIe XapakTepuctuku CBY-ycTpoiicTB Ha ux

OCHOBCE.
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MHTepec K u3ydeHU10 KepaMUIeCKUX TeKcaroHalb-
HBIX (eppuTOB OapHsi C YaCTUYHBIM 3aMelIcHUEM
MOHOB xeJe3a noHamu AP, In*, Se’t, Zn?* cBasaH ¢
BO3MOXXHOCTBIO WX IIPUMEHEHUSI B MUKPOBOJIHOBBIX
ycrpoiictBax [1, 2]. Kepammyeckue marepmanbl, I10
CpPaBHEHUIO ¢ MOHOKPUCTA/UIMYECKMMHU aHAJIOTaMU,
o0JramaroT 0oee IMMPOKUMU BO3MOXKHOCTSIMU U3Me-
HEHMsSI UX COoCcTaBa, 00ee BBICOKOM TEXHOJIOTMYHO-
CTBIO MX U3TOTOBJICHUS, a TaKxXe 0oJiee IUPOKUMU
BO3MOXHOCTSIMUA M3MEHEHMs Oualia30Ha MX pPe30-
HaHCHBIX 9acToT [3, 4]. ITlocpencTBOM BHEIITHUX BO3-
JNEUCTBUIT MOXHO BJIMSATh Ha XapaKTep pacripenelie-
HUS 1e(EeKTOB U MOHOB 3aMECTUTEIIe B KpUCTAJUIM-
YeCcKOM CTpPYKType deppuTa M, Kak CJIeICTBHE, Ha
MOJISI MarHUTHOM KpUCTaIorpaduyeckoil aHu30-
TPOIINM, a, 3HAYUT, 1 Ha mapaMeTpbl CBY-ycTpoiicTB
[5]. Hambomnee akTyaapbHO HCIIOJIb30BAaHME TaKHUX
BO3ACUCTBUI 111 peppUTOB C HEU30MOPGHBIM 3aMe-
IIEHUEM MOHOB Xeje3a clab0 MarHUTHBIMHU WA
IaMarHUTHBIMU noHaMu. [Ipu 3TOM mIs1 mOBHIIIIE-
HUSI KCIUTyaTallMOHHBIX CBOMCTB pa3jIMYHbIX MaTe-
pUaJIOB CPpaBHUTEIILHO HENABHO CTajl0 MCHOIb30-
BaThCs BO3IEHCTBME HAa HUX CJIAOBIX MMITYJIbCHBIX
MarHUTHBIX mojiei (cMm. [6—12] u nuTepaTypy Tam
XKe), YTO M COCTABIISIET IIPEIMET PACCMOTPEHMSI B Ha-
crosmieit padore. MccienoBaHo BIUSTHUE MAarHUTO-

UMITyJIbCHOIT oOpabotku (MMO) Ha J0KaldbHYIO
CTPYKTYpy M MAarHUTHBIE CBOMCTBAa 3aMEIEHHOTO
¢eppura BaFe, _,Zn, Oy, roe (0.25 >2x = 0)

CuHTte3 (peppUTOB OCYLIECTBIISUIA B BO3IYILIHO
aTMocdepe Mo TPaTUuIIMOHHON KepaMHYECKO TeX-
Hojoruu. CrnekaHue QeppUTU30BAHHON IIUXTHI
MIPOBOIMINA IIPU HOPMAJIbHBIX aTMOC(MEPHBIX YCIIO-
Busix nipu temreparype 950—1100°C B TeueHue IByX
yacoB. O0Opa3lbl B BUJIe KOJIEll C BHEIITHUM JIUAMET -
poM 16 MM, BHYTPEHHUM IUAMETPOM 7 MM, BBICOTOM
5—6 MM NIPOXOIVUIM ITOJHBIA LMKJI UCCAEIOBAHUIA:
PEHTIEHOBCKMIA, MacC-CIIEKTPOMETPUIECCKIIT, MUK-
pockonuyecKuii. MarHuTHbBIE XapaKTepUCTUKU M3y~
yanu Ha yctaHoBke MK-33. Perucrpanuio méccoay-
SPOBCKUX CIIEKTPOB IIOCJIE M3MEJIbUeHUSI 00pa3lioB
MMpoBOIMIN Ha criekTpoMmeTpe MS-1104Ems ¢ ncrou-
HukoM usnyyenus Co®’ B marpuiie xpoma. Iinss MUO
HVCHOJIb30BAI UMITYJIbCHl MATHUTHOIO MOJISI aMILIM-
tynoit 100 B, nautenbHocThIO 0.1—0.5 ¢ ¢ UHTEepBa-
JIoM Mexny ummnyiabcamu 1—2 c¢. KomuuectBo mm-
nyJIbCoB cocTapsiimo 10—50.

Ilo naHHBIM PEHTIEHOCTPYKTYPHOTO aHajiu3a
deppursr BaFe,, _ ,Zn, O,y uMenu CTPyKTYypy rexca-
roHaJIbHOTO (hepputa Gapus. Takas CTpyKTypa co-
xpaHsinack n nocie MMO. Hanbonee 3aMeTHBIE 13-
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Ta0muna 1. MarnutHsle napameTpsl depputa BaFe ) 75Zn, ;509 10 ¥ OCTIE MATHUTOMMITYJIBCHOM 0OpabOTKM pas3nny-

HOM IJIUTEeJIbHOCTU

VnenbHass HAMAarHUYEHHOCTD KospuutupHast cuna,
JInnTeIbHOCTh 00PabOTKHU, C ) 4 ) Temnepatypa Kropu, K
HacChIILIEHUS, A - M~ * KT KA M
0 52.5 60 700
5 51.5 58 690
20 46.1 40 686

Tabsmua 2. ITapameTpsl CBEpXTOHKOI CTPYKTYpbI cekcturiera ¢peppura BaFe,; 75Zn 5509 OT HOHOB Xene3a, pacrnoJo-
KEHHBIX Ha TpaHUIIe TeKCAaroHaJbHOTO 1 IIIIMHEIBHOro 0JI0Ka (mompeireTka 12k)

IlutenpHocTs | MarHuTHOE mosie Ha | M30MepHBIii ciBur, KBanpymonsHOe OtHocutesbHast MIoLmanb
57 o ~ _,| xomMrioHeHTOB monpereTKy
006paboTKH, ¢ anpax Fe>’, kO MM * C pacIIerieHue, MM * C 12k, oTH. €1,
0 412 0.36 0.42 46.1
5 416 0.35 0.40 46.5
20 408 0.40 0.36 47.0

MeHeHus nocie MU O npereprieBanga KOSPLUTUBHAS
cula W yaellbHass HAMAarHUYEHHOCTh HACBIIIEHUS
(ta6a. 1). KospuutuBHas cuia yMmMeHbInagach ¢ 60
10 40 KA - M~!, a HAMATHUYEHHOCTD HACBILLEHUA — C
52.5 10 46.1 A - M? - xr~!. Habmonaemoe u3MeHeHMe
STUX MapaMeTPOB MOXKET OBITh CBSI3aHO C Mepepac-
npeaeacHeM UOHOB U KUCIIOPOIHBIX BAKAHCUIA.

JlokasnibHass cTpyKTypa, paclipenejieHue HWOHOB
Fe’* no xpucramiorpaduyeckuMm MO3ULUSAM 1O U
nocie MO wuzydanu MeTogoM MéEccOayIpOBCKOM
cnekTpockonuu. Haubolsiee 3aMeTHOEe U3MEHEHUE
apaMeTpOB CBEPXTOHKOM CTPYKTYPHI MEcCcOay>pOB-
cKUX criekTpoB nnociae MO ob6pa3110B ObLI0 0OHaApY-
xkeHo mis coctaBa BaFe, ;5Zn;,50,9 (Tabn. 2). Aas
OLIEHKM IIPUYMH UX U3MEHEeHMs (CHIDKEHUS) ObLIN
HCITOJIb30BaHbl pe3yJbTaThl MECCOAYIPOBCKUX MC-
clieqoBaHui, obecreyrBarolle OLIeHKY U3MEeHEeHU
JIOKJILHOTO OKpYXeHus sinep uoHoB Fe B kpuctai-
JIMYEeCcKOU cTpyKType deppuTta. [ToryyeHHBIE KapTH-
Hbl CBEPXTOHKOM CTPYKTYpbl MEcCcOay3pOBCKUX
CIIEKTPOB COOTBETCTBOBAJIM reKcaroHajJibHOMY (ep-
puty BaFe ;0,9 ¢ oTaMyammmmcsl pacnpeaejacHueM
WOHOB U J1e(eKTOB 0 y3jJaM ero KpucTaInyecKoit
CTPYKTYpbl. Takue pasanuusi OTYETIMBO MPOCIEXKM -
BalOTCS Ha TOBEICHUN MMapaMeTPOB CBEPXTOHKOM
cTpykTypbl AI'P-criekTpoB uMcciemoBaHHBIX 00pas3-
oB (tab6i. 2). [Tocne MU O nHTEHCMBHOCTD CEKCTH-
niaeTa oT moapeleTku 12k ysBenmuymBaiack. OmHO-
BPEMEHHO YBEJIUYMBAJIOCh KBAAPYITOJIbHOE pacLlIeT-
JIeHUE U YMEHbIIAJICSI UBOMEPHBbIN CABUT CIIEKTpa,
KOTOpBIE YKa3blBalOT Ha W3MEHEHUE CTENEeHU JIO-
KaJIbHBIX MCKaXKeHUI OKTa3ApoB. B cooTBeTCTBUU C
JMaHHBIMU MO U3MEHEHWIO U30MEPHOTO CIBUTA MOX-
HO CYIWUTb O JOINOJHUTEILHOM CMEIIEHWU HMOHOB
Fe |, wiu kuciopoaa OTHOCUTENBHO LIEHTPA MTOJTUD/I -
poB 12k, n1bo ¢ ynopsitoyeHUeM KMCIOPOAHbBIX Ba-
KaHCHIT B OJMMKalllleM OKpPY:KeHWU MOHOB KeJie3a.

MN3BECTUA PAH. CEPUSA ®USNYECKAA  tom 87
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IIpuHMMas BO BHUMaHUE NOHHBIE PaaIUyCHl IIMHKA 1
Xejre3a, HabmonaeMbIi 3 PEeKT MOKET OBITH CBSI3aH
C YaCTUYHOI JIOKanu3auueil moHoB Zn’" B Gamxaii-
IIIMX K TTO3UIUsIM 12k TeTpasapuyecKuM y3iam (Ioj-
peiietka 2¢). Takoe nepepacrpenejeHue MOHOB MO-
XKET CIOCOOCTBOBATh CHIDKCHUIO JTOKAIBbHBIX MCKa-
XEHUN KPUCTAJUINYECKOM CTPYKTYPbl, YMEHBIIEHUIO
IOJIsI aHU3O0TPOIIUM M, KaK CJICACTBUE, KOIPILUTUB-
HOM cuIbl (heppura.

IMosnyyeHHBIC TaHHBIC YKAa3bIBAIOT Ha U3MEHEHME
JIOKAJIU3alu1 UOHOB Zn?' B OKTasIpUUYECKUX T103U-
musx mogpeurerku 12k. ITocne MMO uHTEHCHB-
HOCTb CEKCTHUILIETa OT moApeieTku 12k HeCKOIbKO
Bo3pacTaeT. I3MeHeHre KBaApYIIOJbHOTO U U30MEP-
HOTO CIBUIOB YKa3bIBacT Ha YMEHBIICHNE CTEIICHU
JIOKAJIbHBIX HMCKAXEHUI OKTa3IpPOB, SIBJISIOIINXCS
OVKaMIIIMMU COCeNsIMU 3TOM ToapenieTku. Takoi
3¢ deKkT BO3HMKAET JUOO B pe3yabTaTe HOMOIHU-
TeJIBHBIX cMelleHui noHoB Fe’™ mwin kucnopona or-
HOCHUTEJILHO 1LIEHTpa IOJMU3Ipa, JIM0O0 ¢ ynopsaode-
HMEM BaKaHCUI KHCIOpoaa B OmmKaiiieM oKpyxKe-
HUM WOHOB 3kejie3a. [IpuHMMass BO BHUMAaHUE
MOHHBIE PaIuyChl IIMHKA W XeJje3a, HaOJrogaeMbIid
3¢ deKT MOXHO CBSI3aTh C YACTUYHOH JIOKaJIu3aluei
HOHOB Zn?* B TeTpasapuueckoil noapeluerke dep-
puta. Takoe niepepacrpenejieHue HOHOB MOXKET ObITh
CBSI3aHO C IIPOLIECCAMM YIIOPSIIOYEHUSI KHMCIIOPOII-
HBIX BaKaHCHIi, CIIOCOOCTBYIOIIEE CHUKECHMIO JIO-
KaJIbHBIX MCKAXEHUI KPUCTATITINYSCKOM CTPYKTYPHI,
YMEHBIIIEHMIO ITOJISI aHU30TPOIIMH 1, KaK CIIEICTBUE,
KO3PIMTUBHON cuibl peppuTa. DTO oOecriednBaeT
yMeHbllleHre TeMIiiepaTypbl Kiopu npumMepHo Ha 2%,
HaMarHM4YeHHOCTY HAacChIleHus Ha 11% u Ko3pLu-
TBHOM cuia ¢ 60 mo 40 kA/M. Habmonaemast TeH-
JIEHIIMSI U3MEHEHUSI MarHUTHBIX CBOIICTB (heppUTOB
yKa3bIBaeT Ha BO3MOXHOCTh YIIPaBJICHUSI UX Mapa-
MmeTpamMu nocpeactsBomMm MMO n TeM caMbIM BIHUSTH
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Ha pe30HaHCHBIC XapaKTepUCTHKHM yctpoiicts CBY
Ha UX OCHOBE.

WccnenoBanue BBITIOTHEHO MPH (PUHAHCOBOI TTOM-
nepxke Poccuiickoro HaydHoro ¢oHna u ITpaButenb-
ctBa Kamyskckoit oomactur (poekt Ne 23-21-10069).
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Modification of the local structure and properties
of zinc-substituted hexagonal barium ferrites for microwave devices
under magnetic pulsed processing
M. N. Shipko* *, V. V. Korovushkin®, M. A. Stepovich¢, A. V. Trukhanov®

¢Ivanovo State Power Engineering University, Ivanovo, 153003 Russia

YThe National University of Science and Technology, Moscow, 119049 Russia
¢Tsiolkovsky Kaluga State University, Kaluga, 248023 Russia
*e-mail: michael- 1946@mail.ru

The results of studies of the effect of magnetic pulse treatment on the local structure and magnetic properties
of substituted ferrite for microwave devices are presented. The change in the magnetic properties of ferrites as
a result of exposure to them by pulses of a weak magnetic field indicates the possibility of controlling the pa-
rameters of ferrites by means of a magnetic field and thereby influence the resonant characteristics of micro-

wave devices based on them.

Keywords: barium ferrites, weak pulsed magnetic field, local distortions, magnetic properties
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