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I. Beryn

MoHnokpucraniuni wiiBku La,Ga-3amimenux ¢pepur-
rpaHaTiB  3aCTOCOBYIOTBCS B SIKOCTI  aKTHBHOTO
cepelloBHUINA ULt MIPUCTPOIB (yHKIIOHATTBHOT
MikpoenekTponiku. 3amiimenns ionis Fe’', ski 3aiitmaroTs
KPHCTAJIIYHO HEEKBIBAIEHTHI TETPa- Ta OKTAIIOPOXXKHUHU
(d- Ta a-mo3umii 3aMIMIyIOThCS Y CITiBBiIHOIICHHI
~90+5%:10+5% [1], BimmoBimHo), iomamu Ga’*
BUKOPHCTOBYETHCS 3 METOIO 3MEHIIICHHSI HAMArHiYeHOCTI
HAaCHUEHHs NpH He3MiHHIA BenmunHi edexty Dapanes,
IO JI03BOJISIE 3aCTOCOBYBATH Uil OOEPTAaHHS IUIOIUHA
TOJISIpy3allii 3HAYHO MEHI 30BHINIHI MAarHiTHI TIOJIS,
MOPIBHSAHO 3 YHUCTHM 3aji30-iTpieBuM rpanatom (3II).
3amimenns iomie Yo' B JOJICKACIPUYHHUX  TTO3HUIIISIX
ionamu La®" npussoauts 10 3pocTaHHs CTanoi rpaTKu
IUTIBKH, SK PE3yJIbTaT, 10 3MEHIUEHHS PI3HULI MIX
CTaJIUMH TPATOK IUTIBKA Ta MiJKIAJKA TOPIBHSHO 3
grctuM 31T, 1o 00yMOBITIOE HE3HAYHI POCTOBI HANIPYTH
B TreTepoeriTakciiiaii cucremi. [lopsn i3 3acrocyBaHHIM
B MarHitoontuili, La,Ga:3II" miiBku 3aCTOCOBYIOTBHCS B
HaJIBHUCOKOYACTOTHIN EJIEKTPOHIIT B SIKOCTI
CI1abOMarHiTHOTO MpoImapKy Mix miiBkamu 3117, B skux
reHepyroTecsi MarHiToctatnyai  xBmwii  (MCX) [1].
MoxmBicTh TeHepalii B JOCTIDKYBaHUX CTPYKTypax
NWIHAPUYHUX MarHiTHuX nomeHiB (LIM/I) Ta By3bka, B
NOPIBHSHHI 3 IHIIMMH MarepiajlaMd IbOTO KJacy,

mHUpUHa CMYrH  (pepoMarHiTHOro  pesoHaHcy |,
BIJNIOBIIHO, MEHIII BTpaTd TpPH IepeMarHidyBaHHI
BiJIKPUBAIOTh MOXIIMBICTh 3aCTOCYBaHHS
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JIOCTIIKYBaHOTO MaTepiary B MIPUCTPOSIX
CHEeProHe3aJICKHOT MArHITHOT 1AM’ SITi.

3acrocyBanHs ioHHOi immmaHTamii  (II)  mmsa
Morudikarii KpUCTaTigHOT Ta MartiTHol
MIKPOCTPYKTYpH MIPUTIOBEPXHEBUX mapiB

JOCTIKYBaHIX IUTIBOK MOKE 3AIHCHIOBAaTHCS SIK JUISA
CTBOPCHHSI IUIAHAPHOI CKJIaJIOBOi HaMarHiue€HOCTi Ta
kaHaniB npocyBanHs LIMJ] (LIM/I-texHouoril) Tak 1 as
ONTHYHMX XBHJIEBOJIIB (MarHiTOONTHKA).

II. O0’ekTH TAa METOIH AOCTIIKEHHSA

MoHokpucTaniudi miaiBku  cknany YaglagoFesss
Gag4¢012 Ta TOBHIMHOKW 2,44 MKM, BHPOILYBaINCs
METOZOM  piakoda3Hoi emiTakcii, Ha HEMarHiTHUX
miKIagKax —rampoiiHiii-ramieBoro rpanary (I'TI) 3
wiommHow 3pizy <I11>. IMmuanramis mpoBoAMIaCh
ionamu F+ 3 eneprieto 90 keB B no3oBomy iHTepBaii
11083210 em™ B YMOBaX, [0 BUKJIFOYAIA CaMOBIIITAI
1 epeKTH KaHATIOBAHHS.

PeHTreHOCTPYKTYpHI TOCTIIKEHHS TPOBOIIUINACH 3
BUKOPHCTAaHHSAM  JBOKPHCTANbHOI  Oe3amcrepciitHoi
cxemu Ha ycranoBui JIPOH-2.0 B cumerpuuHii
reomeTpii bpera (CuK,,-BunpomiHtoBaHH:), BinOnBaroda
miomuHa  <444>.  YTBOpeHHS 1  HAKONMMYEHHS
pamiamiitaux aedekTiB MpH iOHHIHM iMIUIaHTaIll Bede 10
3MiH MDKIUIOIIMHHOI BiACTaHI B TOpPYIIEHOMY ImIapi
(BimHOCHA nedopmaliisi B HanpsSMKYy HOPMaJIbHOMY 10
IUIOLIMHU IUTIBKK 3poctae). Lli 3MiHM 3yMOBIIOIOTH
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MOSIBy Ha EKCHEPUMEHTAIbHUX KPUBHUX JU(PPaKIiiHHOrO
BinOusanus (K/IB) nonarkoBoi ocimisiiiiHOT CTPYKTYpH
(10C), mo € pesynbraToM iHTEepdepeHmii peHTreHiBCh-
KHX TPOMEHIB, PO3CISHMX HPHUIIOBEPXHEBHM MIApOM 3
HETIEPEPBHUM PO3IIOALIOM MIKIUIOMIWHHIX BiJICTaHEH.
KongepciiiHi enekTpoHHI MeccOayepiBChKi CIEKTpH

(KEMC) Fe’’, orpuMyBamucs mnpH  KiMHATHil
TeMmepaTypi B PEXHUMiI TOCTIHHHX IPUCKOPEHD;
BHKOPHCTOBYBANOCh  Jpkepeno  y-kBautis  Co>' B

XpOMOBiH Matpuili 3 akTuBHICTIO ~90 MKu. Peectparris
KOHBEPCIMHHUX ENEeKTPOHIB 3MIHCHIOBAIaCh MPOTOYHUM
miumnsHuKOM (96% He + 4% CHy,); xaniOpoBka criekTpiB
MPOBOAMIIACH BiTHOCHO a-Fe.

Hns monokpuctaniunux mwiiBok 31T 3 mommHOIO
3pizy (111) umciao HeeKkBIBaJEHTHHX NO3MWIIH, IO
BUHUKAIOTh BHACITIJIOK 3aJICKHOCTI BEJIMYUHH
KBaJIpYNOJIBHOTO PO3MICIUICHHST BiJl BEIUYMHU KyTa ©
MK HampsIMKOM €(EeKTHBHOI'O MAarHITHOTO TIIOJIS Ta
BiCCIO  CHMeTpil Tpaji€eHTa  EJIEKTPUYHOrO  IIOJIS
CKOPOYYETHCS JI0 TPBOX
(0,,=0;0,=7052",0,=54°44") i KEM cnektp €
CYIEPIIO3UINIE€I0 TPHOX KOMIIOHEHT 31 CITIBBIIHONICHHIM
ILJIOII] Sq:Sa:Sp=6:3:1. 3aMilieHHs Fe
HEMarHiTHUMH  iOHAMH  TNPU3BOJUTH 1O  IOSBH
HEEeKBIBAICHTHUX NO3uLil Fe’' 3 MOPIiBHAHO MEHIIMME
e(eKTHBHMMM TOMAMH Ha  sjupaX.  LImoipHOCTi
YTBOPECHHSI HEEKBIBaJCHTHHX IIO3UINH BU3HAYAIUCS 3
OiHOMIiaTEHOTO pO3TOAiTyY:

(n) —Lk(z'")(l—k)" ne z-— Koopz{I/IHauiﬁHe
" = _ )

n!(z—n)’
gucio (z = 4, 6); n — 9UCI0 MarHiTHUX cyciniB, 0 <n < z,
k — BimHOCHA KINBKICTHP HEMArHITHHX iOHIB B CYCiIHIX
miarpatkax. BukopucToByBanmcs maHi Ipo BMICT i0HIB
Ga®" Ha dbopmynbHy oauHHLIO (Xg, = 0,46), oTpumaHi
METOJIOM MiKpOPEHTI€HOCIIEKTPATLHOTO aHawizy.
Buxozsiun 3 AIMOBIPHOCTI 3HAXOJPKCHHSI MarHiTHUX 10HIB
B GmIKHEOMY oToueHHi Fe’’ 6yino BupineHo uoTHpH
MarHITOHEEKBIBAJCHTHI  mo3uIlii  MeccOayepiBChbKOro
saapa. ExcnepuMeHTaNbHI CIEKTPH anpOKCHMYBAJIHCS
yoTUpMa CceKkcreTaMu ( 3 HECKBIBAICGHTHI a;, ap, a3 —
OKTaro3utii i onHa d-terpamosuris) Ta xybdrerom D, mo
BIZIIOBITa€ aTOMaM Fe”, SIKi HE TPUHMAIOTh yYacTi B
HaJOOMIHHIHN B3aeMoOiT 1 3HAXOIATHCSA B
napaMarHiTHomy craHi. Bubip napabomiynol ¢opmu
(hoHY 3yMOBIIIOBABCS MPOSIBAMU F€OMETPUUHHUX (aKTOPIB
npu Habopi EeKCHEPUMEHTAIBHOIO CHEKTPY, tyasopy
48 ron. 3anoBiibHA  ANpPOKCHUMALSl  CIEKTPY  JUIs
HEIMIUIAHTOBAaHOi IUTIIBKM Oyjga MOXIHMBAa  TUIBKH
NPUIYCKAIOUM, IO sapa Fe’’ 3 uMcIOM MArHiTHHX
cyciniB < 2 nepeOyBaoTh B TapaMarHiTHOMY CTaHi.

II1. MoaesiroBaHHS mpouecy
paxianiiiHoro negeKToOyTBOPEHHS

Jnsi  KOPEKTHOro  aHaji3y eKCHEPHUMEHTaIbHUX
JaHux  Oyno  3miCHEHO  MOJENIOBAaHHS  IPOIECy
pamiamiifHoro  1eeKTOyTBOpEHHS B  JOCITIKYBaHY
CTPYKTYpy. BBakanocsi, 1o resepaifisi 1e)eKTiB HOCHTh
HE3aJIeKHUH XapaKTep Uil OKPEMHUX MIATPaTOK OKCHIIHOT
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crionykd. Po3paxyHKM yTBOpEHHsI KacKaJiB aToM-
atomHux  3iTkHeHb  (KAA3)  3gilicHroBanmmes B
HaOmmkeHHI amopdHOi MimeHi, mo 3abe3mnedyBayocs
YMOBaMHU €KCIepUMEHTY (IMIUIaHTaIlisl IPOBOAMIACH ITiJT
KyToM 7° BiTHOCHO HOpPMali [0 IUIOIIMHHU IUTiBKH).
Enementapauii akT OeQEKTOYTBOpEHHS — TEHEpalis
napu OpeHKernst, BKOpiHEHHH aTOM — BaKaHCIis, ITOB’ sI3aHi
MK COOOI0 CHJIaMH €JIeKTPOCTaTUYHOTO TPUTATaHHs. B
paMKax 3aCTOCOBAHOI MOZEINI BBaXKAJIOCH, 10 YTBOPEHHS
nedeKTy MOXIMBE IUINEe Yy BUOAIKY, KOJIH €EHepris
neperaHa IMIUIAHTAaHTOM IOHY MILEHI IEPEeBUILYyE
noporose 3uauenns Eq (Eq = 66,56 i 40 eB m1s Y*!, Fe*"
ta O [2]). Bsaxanocs, mo aeheKTOyTBOPEHHS
BiIOYBA€ThCA TUTBKM BHACHINOK TMepenadi  eHeprii
IMIUTAaHTaTOM B SIEpHY IiJICUCTEMY MIIlIEHI BHACIIIOK
MPYKHUX 3ITKHEHB, MIAMOPOTOBI ePeKTH (CTPYKTypHE
PO3BIOPSIKYBAaHHS INPH  HE MPYKHHX IpolLecax
30yKeHHS Ta iOHi3amii eNeKTPOHHHX OOOJIOHOK) HE
BpaxoByBanucs. JudepeHmianbHi mepepizu npy>KHOTO Gy,
1 HETIPY>)KHBOTO G, Ie(PEKTOYTBOPEHHS CITIBMIipHI TUIBKH
B TIPUIOBEpXHEBIH 30HI ToBmuHOW 10-20 HM mpH
TOBIIMHI mopymeHoro mapy ~150 am [3]; po3paxyHOK
3aJIeKHOCTI  1OHI3AlIHHUX 1 MPYKHUX EHEePreTHIHUX
BTpaT i0OHa-IMIJIAHTAHTA BiJ] HOTO MOYAaTKOBOI €HEPTii Ta
JIOBXXMHU TPOEKTUBHOTO TIPOOIry 10Ha-IMIUIaHTaHTA
MpEeACTaBIeHO0  Ha  pHC. 1. 3acToCOBYBaIOCS
monemoBanHsas Il Ha ocHoBi Meromy MonTte-Kapio;
BBA)XKAJoCsd, IO AaTOM-aTOMHI B3aeMOAil B Kackamii
B3a€EMOHE3aJIEeXKHI 1 a0COMIOTHO MpYyXHi. [oH-IMIIaHTaHT
9l aTOM BiJJadi BUIIAJKOBHM YHHOM B33a€EMOJIE 3
aTOMOM MillIeHi, HMOBIpPHICTh 3ITKHEHHS IPOIOpIliiiHa
mepepily 3IiTKHEHHS 3 BpaxyBaHHSIM KOHIICHTpALii
aTOMIB TIEBHOTO COPTY, IX €HEpTii 3B’A3Ky B TpaTIli Ta
MMOPOTOBHX EHEPrii 3MIlIeHHsA. MakcuMmalbHa EHepris,
Ky MOXeE IepefaTd pyXoMuid atoM Macorw M; 3
CHEprier T; MapTHEPY 3 Macoro M,,:
Thax = 4MuM/(M; M) T;; T=Rnd(T.) — eHepris
nepenana aromy Bimnadi. [Ipu po3sutky KAA3 atomu,
mo Bojoxiots T > Ey cTBOPIOIOTH BacHI Kackaay NOKH
T ne crane menme Ey. Indopmanis mpo renepaumito i
pozButok KAA3 Oyna migmana craTHCTHYHIA 0OpoOIIi.
Jnst  3acTOCOBaHMX  yMOB  3aJa4i  MaKCHMaJbHO
IMOBIpHUM € TIporiec TeHeparii O@peHKeTiBChKOI mapu ~
60%; po3BUTOK Kackany 3 2 arowmiB Bimmadi ~ 20%, 3 —
8%, 4 — 5% 1 T.n. Cepenniii 00’eM PO3BIOPSAKOBAHOT
soun  Va=20A% Uirkoi 3zamexuocti Va(h) s
MpOaHaTi30BaHUX CTAaTUCTHYHUX MacuBiB (mis 100
IOHIB-IMIUIAaHTAHTIB) HE BUSIBJICHO, CIIOCTEPIra€Thes
MaKCUMyM 3HaueHHS V, Ha riaubuni ~ 50 aM. CepenHiii
mudepeHiianbHuii  TIepepi3 G, PO3pPaxoBYBaBCs 3
CTaTUCTUYHOTO  PO3MOALTY  €Heprii  nepeaaHux
IMIUTAHTOBaHUM aTOMOM MillleHi 3 TIHMOWHOIO B IpoIleci
ranbMyBaHHs; O, = 5,95107'% cm.

B maiinpocrimomy BUNIAKY, SKAH peai3yeThCs Ipu
ionamu (M, <<M,))

KOHIIGHTpalii  pamiamifHuX  Ae(eKTiB  OMUCYETHCA
piBHAHHSIM n,(D)=n,+ No,D; N — KoHLIEHTpaIlisl 10HIB

IMIIIAHTALil  JIETKUMH 3MiHa

mimeHi; (N3 = 8,2'1022 CM'3); D — no3a onpoMiHeHHS; N
— KOHIIEHTpAIlil TeHeTHYHUX (POCTOBHMX) TOYKOBHUX
nedekriB; ny << ngq [4]. Ilpn 3Ha4HIA KOHIEHTpauii
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Puc. 1. 3anexHiCTh €eHEPTETHYHHUX BTPAT, TIOB’A3aHUX 3
npyxHiM (1) Ta He npykHIM (2) rajgbMyBaHHIM
IMILJIAaHTaHTA Ta JOBXHUHH MIPOSKTUBHOTO mpoliry (3)
BiJl CHEPTii IMILIaHTa F' (®I'TI cxmany

Y sLagoFes s4Gag 46012).

3MillleHb ~ HMOBIPHICTH ~ TOrO, IO  HOBOYTBOpPEHI
KOMITIOHEHTH 1map DpeHkenst ONUHATHCI B 30HI
HECTIHKOCTI IHIIMX Ae(eKTiB 3pocTae i 30UIBIICHHS Ny 3
poctoM D 0OMeXyeTbCSI aHITUIALIEIO 3MIMIEHIX aTOMiB
Ha BXKE€ iICHYIOUMX BaKaHCisX. Hakonmm4aeHHs pamiamiiHux
neeKTiB, IO OOMEXYEThCS aHITUIAMIEI0 OMUCYETHCS
piBHSHHSIM [5]

dn,/dn=No,(1-Vn,), (1)
PO3B’SI30K IKOTO

n,(D)=1/V, (1-exp[-No,V_ D]),

e V, — 00’eM 30HH HECTIMKOCTI.

IlosBa B KpucTami TOYKOBUX JedeKTiB Ta Ix
KOMIUIEKCIB MPU3BOAUTH 10 CIIOTBOPEHHS KPHCTATIYHOI
TpaTKHd BHACTINOK 3MilleHh OTOYYIOUHX Je(EKT iOHIB;
MpH [aHii TeMmmepaTrypi Lell CcTaH MOXHA BBaXKaTH
KBa3IpiBHOBWKHUM. B pamkax Takoi Momeni 3MiHa
00’eMy KpHCTay IpU BHECEHHI CEePUIHOCHMETPHUIHUX
nedekTiB B NPY)KHBOI3OTPOITHOMY  CEPE/IOBMINI €
HporopliliHa 10 KOHIEeHTpalii nedekriB. TakuM YHHOM,
BiTHOCHA 3MiHa MaKCHMAaJIbHOI Jedopmartii (A%) S

max
3aikcoBaHa  EKCIEPUMEHTAIbHO, €  BEIMYHMHOIO

YYyTJIMBOIO /IO KOHIEHTpAIll Ae()eKTiB B MOPYIICHOMY
nrapi:

(Ad4)  (D)=V,n,(D) @)
\_/H — edextuBHUA 00’eM gpedexTa (ycepeaHeHHH IO
nedexTax ycix THITIB). ATIPOKCUMYIOUH

eKCIIepUMEHTANIbHY 3aJIeKHICTh (A%) ¢dyskmiero (2) 3

max
BpaxyBaHHsiM (1) (puc.2) Oyno OTpUMaHO YHCENbHI
XapaKTepUCTUKU  pajialliiHOro  e(eKTOYTBOPEHHS:
pajiyc 30HH HECTiHKOCTi CTAHOBHUTH I, = 4,4 + 0,9 A,
edextuBHuil pagiyc JedEKTy I 09 + 0,2A,
Tep =To - I, Tp — pazaiyc gedexty micas penaxcauii B
MIOPOXKHUHI pajiyca 1. OTprMaHe 3HaUEHHS I, KOPEJIoe

746

-3
n.cm Ad/d
2.8x10% .o,
2.4x10% 4 A 08
2.0x10%+ lo7
* lo6
1.6x10%2+
1.2x10%+ g.j
21 A
8.0x10*" 1o
4.0x10%" + A los
00t ‘ 0.1
13 14
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Puc. 2. 3ajiexxHicTh BIIHOCHOI 3MiHM MaKCHMaIbHOL
s . . vos +
nedopmartii (A%) Bijx 1o3m iMrutadTanii ionamu F
max

(E =90 xeB) (Mapkepu), anpokcumallisi piBHIHHIM (2)
(cyuinpHa JIiHis) Ta BIAMOBIAHI 3HAUCHHS KOHIICHTPAII|
3MIII[CHUX aTOMIB - TIOSICHEHHS B TEKCTI.

3 OTPUMAHUMH 3HAYCHHSAMH pajiyca 30HH HECTIHKOCTi
JUTS BUTIAJIKY IMIUIAHTAIlli i0HAMHU B* (E =80 keB) B 31T,
Ie 1, = 3,5 A [3].

I'pannuni 3HadeHHS KOHIEHTpamii meeKTiB, B
MeXax SAKHX ~JUHAMIYHHA ~ Xapaktep  Iudpakiii
PEHTTCHIBCBKUX  NPOMEHIB  TOPYIICHHM  IIapoM

MOPYIIYEThCS 1 PO3CIIOBaHHS BiJOYBa€ThCSl BIAMOBIIHO
10 KiHematmdHOi Teopii, craHoBmsATh (2,6+3)10% M,
TOOTO «amopdizallisy MOYUHAETHCS, KOJM 3MIIICHO 3
PEryJIsIpHUX MOJIOKEHb ~ 3% 3arajibHOi KiJIbKOCTI 10HIB.

IV. Pe3yabTaT T2 00rOBOpEHHS

MmoBipricTs epexty MeccOayepa f uyTnmBa 10 3MiH
KpHCTaIIuHOI MikpocTpykTypH; f Hece iHpopmalio mpo
(OHOHHMI CHEKTP KPUCTATy, >KOPCTKICTh MIXKaTOMHHX
3B’3KIB Ta aHI30TPOITHMH XapakTep KOJMBaHb 1
3MEHILYETHCS 3 POCTOM PO3BIIOPSIKYBaHHS CTPYKTYpHU
npu ioHHIK imrutaHTanii. Ilpore excrepumeHTanbHA
sanexsicte  f(D)  (puc.3,a)  xapakTeppu3yeTbcs
3pOCTaHHSIM HMOBIpHOCTI e(deKTy B TOpIBHSAHHI 3
HEIMIUTAaHTOBAHOIO IUTIBKOIO MpH J03aX imrutaHTtarii (1-
2)‘1013 CM'Z, K€ BHUXOOHUTH 3a MEXl IOXHOKH
ANPOKCHMAIIi 1 BIITBOPIOETHCS B JO30BUX 3aJCIKHOCTSIX
IHIIUX MapameTpiB MecOayepiBChbKUX crekTpiB (puc. 3,0;
4,a;4,0).

Le#t ¢akrT NOSACHIOETBCS NPYKHUM XapaKTepoM
JIOKJILHHUX 3MIH MDKIUIOIIMHHOI BiICTaHI JUIsl JaHUX 103
OINPOMiHEHHs] (BUHUKHEHHS HANPYT PO3TATY B HANPSIMKY
NEePNEeHANKYISIPHOMY 10 IUIOLNIMHM IUTIBKM 1 CTHUCKY B
HamnpsIMKy TapajeibHOMY). BinnoBinHo 10 pe3ynbraris,
OTPUMAHUX pu MaTeMaTHYHIH 00poO1i
peHTreHOAN(PAKTOMETPHIHIX JTAHX, npodinb
BIIHOCHOI 3MIHHM  MDKIUIOIIMHHOI  BiACTaHl  IA
D = (1-4y10" cM? € MOHOTOHHO CIAZHHM 3
MakcuMymoM  aedopmanii  Ha moBepxHi [6]. B
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Puc. 3. 3anexnicts iMoBipHOCTI epekTy Meccbayepa f
(a) Ta epeKTHBHIX MarHiTHHX MOMIB Ha sgpax Fe”’ s
PI3HUX HECKBIBAJICHTHUX IMO3MIIiH aTOMIB 3aii3a (0) Bif
no3u iMmianTanii ionamu F' (E = 90 keB). OITI
cknany Y glagoFes s4GagssOno.

MIPUIIOBEPXHEBOMY Iapi TOBIIMHOIO ~ 80 HM, 3 SIKOTO

Buititae ~90% KOHBEpPCIMHUX ENIEKTPOHIB, BiJHOCHA
3MiHa MDKIUTOIIMHHOT BiZicTaHi CTaHOBUTH
+(0,10+0,15) %  IlpyxHuit  xapakTep 3MEHILCHHS

BIICTaHi MiXX aTOMHHMH IUIOIIMHAMY MEPIICHIUKYISIPHO
J0 TUIOIIMHY IUTiBKU BeJe JO 3MEHILICeHHs BifcTaHel Fe,-
O ta Fey-O, mo @iKcyeT},CH SK 3pOCTaHHS €(EKTUBHOTO
nons Hey Ha sapax Fe’’ ta iimoBipHOCTI edexTy f
TIPHYOMY Uy TJIMBIlIAM JI0 HABEIEHHUX HANPYT € sapa Fe’’
B a-no3uuigx. 3minu Hey 3yMoBimoroThes nedopmaniino
IHIYKOBAaHUM  TIEPEPO3MOLIOM  CIIHOBOI  T'yCTHHHU
eNeKTpOHIB s-o0omoHKH atoma Fe’'. Ile MIPUILYLIEHHS
MIATBEPIKYETHCS 3a(iKCOBAHUM 3POCTAHHIM 130MEPHHUX
3CYBIB, [0 3YMOBJIOETHCSA 3MCHIICHHSIM CTYICHS
KOBQJICHTHOCTI XimiuHOro 3B’s13Ky Fe,- O (4,a) [7] .
3acrocyBaHHs 103 ompomiHenHs D >210" cm
Bele 0  TMOPYIICHHS  MPY)KHOTO  XapakTepy
nedexkToyTBOpeHHS; crocrepiraeTbest 3HIDKCHHS

-2

a . -~
H o¢ TP 3POCTAHHI IIMPHHU JIHI W, IO MOACHIOETHCS

POCTOM YHCJIa KPUCTAIIYHO T4 MAarHITOHEEKBIBAJICHTHUX
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Puc. 4. 3anexxHicTh 130MEpHUX 3CYBIB (a) Ta
KBAJIPYIOIBHOTO PO3IeNieHHs s saep Fe®' y pisanx
HEEKBIBaJCHTHHX MO3HUIIiH (0) Bif 103¢ IMIUTAHTAL]
iomamu F' (E = 90 xeB). ®ITI cknany
Y>sLagoFes 54Gag 4601,

MO3UIIINA  s1ep Fe57, saKi crmabo  BIAPI3HAIOTHCS  3a
BennunHO Hep, mpuyoMy came a-miarpatka 3
KOOpJHMHAIIIMHIM YUCIOM 6 € MEHII pajialiiiHo crilika
BHACJIIJIOK OJIN3bKOCTI Mac IMIJIAHTAHTA Ta KUCHIO.

3MiHa KBJIpYMOJIFHOTO pO3IIEIUIEHHS 3 POCTOM
J03M OmpoMiHeHHs I sgep Fe'’ B OKTakoopaHHALii
HOCHUTBH CKJIAJHUI XapakTep; 1€ IOB’S3aHO 3 BHCOKOIO
YyTIMBICTIO [BOTO TapaMeTpy OO0 3MiH y CHMeTpii
OMMKHBOTO ~ OTOYEHHA  MeccOayepiBCBKOrO  smpa
BHACIIIJOK HAaKONMYEHHS pamiamiianx aedekris; s d-
MiATpaTKU  KBAaApPYyMOJIbHE PO3LICIUICHHS 3MIHIOETHCS
cnabo (puc. 4,0).

upuna niHil, sIK mapameTp 4yTIMBHA 1O CUMETPIl
JNOKAIBHOTO OTOueHHs Fe’' 3poctae B NOpiBHSHHI 3
apcrum 31T npu 3amimenni ionis Fe*™ na ionn Ga™', sixi
BOJIOJIIFOTh MEHIIUM 10HHUM PajiycoM i CHOTBODPIOIOTH
CUMETPIir0 noyigs B
MICIISIX 3HAXOJDKEHHS siep 3amiza. [losBa pi3HUM YHHOM
OpDIEHTOBAaHMX Ta  CHOTBOPCHHX  KOOPAWHAIIMHUX
TOJIieIPIB Ta PO3OpIiEHTAIliS ITUIOIIMHY IUTIBKA BiIHOCHO
(111) BHUKIIMKa€E DOTATKOBE JIHIA HAaITOHKOI
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Puc. 5. 3anexxHicTs MUPHHY JIiHIK (2) Ta IHTErpaIbHOT

IHTEHCUBHOCTI NapIliaJIbHUX KOMIIOHCHT

Meccbayepisebkux criektpis Fe'’ (6) iz g03u

iMrutadTanii ionamu F* (E =90 keB). ®I'TI ckmamy

Y sLag Fes 54Gag 46012

CTPYKTYpH criekTpa (puc.5,a). 3MiHa BiIHOCHHMX ILTOI]
MapIiajJbHUX IiACHEKTPIB B OCHOBHOMY BH3HAYA€THCS

poctom 3 HaOOpoM JI03M  BIOHOCHOTO  00’eMy
MPUITIOBEPXHEBOTO  Iapy IUNBKH 3  paiamiiHo-
1HIyKOBaHUM MarHiTHUM PO3BIOPSIIKYBAHHIM
(puc. 5,0).

B HeiMIUTaHTOBaHIN IUTIBII sapa Fe” 3 umcmom
MarHiTHUX  cycigiB < 2  nepeOyBaTUMyTh B
napamMarHitHoMy crani 1 QopmyBaTumMyTh JyOJeTHY
CKJIQJIOBY CHEKTPY 3 KBJIPYIOJbHHM pO3LICIUICHHSIM
A=1,9 MM/c, 110 CBITYUTH PO 3HIKECHHS BAJICHTHOCTI
3a;miza 3 3 no 2. IMruiaHTaniiiHe pO3BIOPSAKYBaHHS
CIPUYMHIOE PICT BIIHOCHOTO BMICTy IapamarHiTHOI
¢da3u (puc.6), NpUIOMY CIIOCTEPIra€ThCSl TEHACHLIS 10
3HIDKCHHS ~ KBaJpYNOJBHOTO  PO3IICIUICHHA  JUIst
(puc. 4, 6) Bennunau i30MepHUX 3CyBiB O [uis AyOneTHOT
KOMIIOHEHTH CHEKTPIB [ElI0 MEHINI HaBEICHHX B
niteparypi namux mis Fe’™ [8]; e 3MeHIICHHS MOXHA
MIOSICHUTH B NIEPILY Yepry HasBHICTIO KUCHEBUX BaKaHCIH
B OMKHBROMY OTOYEHHI MeccOayepiBCBKUX saep Ta,
MOYKIIUBO, BIUIMBOM XIMIYHO aKTUBHHX 10HIB (TODY.
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Puc. 6. 3anexxHicTh iHTErpaJIbHOT IHTEHCUBHOCTI
IyONeTHOI KOMIOHEHTH MeccOayepiBChbKUX CIIEKTPIB
Fe*’ Bin noswm immnanrarii ionamu F* (E =90 keB). ©I'TI
cknany Y, glagoFes s4Gag 46012

0 5x10"

V. BucHoBku

e MakcumansHOW  #imMoBipmicTio nmpu 11 F'
(E:90 KCB) DI'TI CKJlagy Yz,gLao’zFe4’2GaO,45012
BOJIOZIE TpoIeC reHeparlil (GPeHKeTIBCHKOI Mmapu
aHIOHHA BAaKaHCIA-BKOPIHCHUI KHCEHb; CEepEemHIN
00’€M PO3BIOPSIIKOBAHOI 30HU YTBOPEHOI IpH
KAA3 cranosuts ~20 A’; ycepenmenmii pasmiyc
HecTilikocti  nedextiB  cramosuTh 4,4+ 09 A,
edexTuHui paziyc nedekry 0,9 + 0,2 A;

e PiBeHp CTPYKTYpHOrO pO3BHOPSAKYBaHHS, IiCIA
SIKOTO TIOPYLICHUH IIap pO3CIlI0E€ PEHTI'CHIBCHKI
IpOMeHi KiHEMaTHYHO MTOYUHAETHCS npu
KOHIIeHTpaii gedekTis (2,6 £ 0,3)‘1021 oM ;

e EdexrtuBHi MarmitHi noms Ha sgpax  Fe'
3MEHIIYIOTBCSI 3 POCTOM JO3M  IMIUTaHTAmMii,
okranigrparka Fe® mopiBHSHO OUIbII YyTiaMBa 10
CTPYKTYPHOTO Ta MAarHiTHOTO PO3BIOPSIKYBaHHS
BHACJIJIOK 3aMilieHHs Ga TeTpaeqpuuHUX MO3UIIH
Fe® Tta renepauii pamianiiuux aedekTiB npu
IMILIAHTALT;

e Ipu nozax D=(1-2)10" cM™ BHacminok nosBu
MPY)KHUX Hampyr CTUCKY B IUIOLIMHI IIIiBKH
CIIOCTEpITaeThCs  PICT BENMYMHU  HWMOBIPHOCTI
epexty Meccbayepa, BennmuuH  e(EKTUBHHIX
MAarHiTHUX TIOJIiB Ha SApax Fe”, IO TOSICHIOETHCS

neopMaiiHIM MIEPEPO3IOILIOM CIIHOBOT
T'YCTHHH S-€JIEKTPOHIB aroma Fe’’ i
MiATBEPUKYETBCS  TCHACHIEID 10  3POCTAHHS

I30MEpHHUX 3CYBIB, TOOTO 3MCHIICHHSM CTYICHS
KOBAJICHTHOCTI 3B 513Ky Fe, — O;

e V BuXigHIM IUIBII HAasABHI 10HU Fez+3 YHUCIIOM
MAarHiTHHUX CycCifiB < 2 B mapaMarHiTHOMY CTaHi;

e PagiarmiitHe ne(QeKTOYTBOPEHHS 3YMOBIIOE pICT
BIZITHOCHOTO BMICTY MarHiTOHEBHOPSIKOBAHOT (a3u;
B3aemonisi  okpemux KAA3 B obumacri
MaKCUMaJIbHAX EHEpPreTHYHHUX BTpaT IMIUIAHTaHTa



[1]
(2]

[4]
[5]

[7]

(8]

KpucraniuHa i MarHiTHa MiKpOCTPYKTypa MPUIIOBEPXHEBHX LIAPIB ...

Ha rmbuni 500-1000 A Bese 10 mosBM obnacTeii 3 Ocmadpiituyk b.K. — nokrop (i3nKo-MaTeMaTHIYHUX
KHCHEM, [0 3MEHIIyE HayK, npogecop, 3aBigyBad Kadeapu MaTepiaJo3HaBCTBA

CTYIiHb KOBaJIeHTHOCTI 3B’s13Ky Fe-O Ta 3ymoBiroe 1 HOBITHIX TEXHOJIOTiH, IPOPEKTOP 3 HAYKOBOI pOOOTH;

nosBy Fe’* B mapamaruitaomy crasi. Aonyne JI.C. —  crapmmii  jgabopaHT — Kadenpu
MaTepialo3HABCTBA 1 HOBITHIX TEXHOJIOTIH;
Kouroouncekuit B.O. — KaHIuIaT (hizmKo-
MaTeMaTHYHUX HayK, MOJIOAIIU I HayKOBUI
CHIBpOOITHUK Kadenpyu MaTepiajJo3HaBCTBA 1 HOBITHIX
TEXHOJIOTIH.
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B.K. Ostafiychuk, L.S. Yablon, V.O. Kotsuybynsky

Crystal and Magnetic Microstructure of Fluorine Implanted Surface Layers of

LaGa-Substituted Ferrite-Garnet Films

Precarpathion National University named after V. Stefanyk,
57, Shevchenko Str., Ivano-Frankivsk, 76000, Ukraine

Radiation defects formation in fluorine implanted LaGa-substituted epitaxial ferrite-garnet films are investigated
on the base of conversion electron messbauer spectroscopy datas and simulation of ion implantation process. Crystal
and magnetic microstructure disordered mechanism in superficial implanted layers are studied. The influence of
disturbed regions defect level upon the effective fields values on the Fe’” nuclei, effect probability and covalent bond
degree Fe-O has been considered.
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