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MeTomoMm KoHBepcifiHOI eJMeKTpoHHOI MecHayeplBChbKOl CHEKTPOCKOMIl JOCTIIKEHO 3pasKu

iTpieBoro dheporpatary, mo nepebyBaioTh B Je(peKTHOMY CTaHl, BUKJINKAHOMY HOHHOIO IMILIaH-

Talero KucHo 3 erepriero 90 keB. PosrasanyTo BIIuB piBHSA depeKTHOCTH IMIIAHTOBAHOTO APy
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cifiHa eleKTpoHHA MecBayepiBChbKa CIEKTPOCKOIILS, 130MePHI 3Cy B, e(peKTUBHE MaTHETHE TOJeE.

PACS number(s): 75.70.-i; 76.80.+y

3a JOMOMOTOI METOAY KOHBEPCIHHOI eXeKTpOH-
HOl MecBayepiBebkol crmekrpockomi (KEMC) mu  no-
CA1AUA N 0COBIMBOCTI POPMYBAHH e(peKTUBHIX MarHeT-
Hux monais H, Ta isoMepHoro scyBy J ma sapax Fe®”
B eMTaKCIHIX MOHOKpHcTaIIUHNX IIiBKax YsFesOqs,
mioTaHnX MOHHIM IMILTaHTallll (1711) KICHEM 3 eHePTI1€ro
90 weB. MI mposommnu B reomerpii, mo BHRIOUATA
edeKTU KaHATIOBAHHS, a I'yCTUHY HOHHOTO CTPYMY IMiJ-
bupaan Tak, OO TeMIlepaTrypa 3pa3Kka B X0l 1M-
MIaHTAIll He MePeBUILyBada TeMIEPATyp, HPU SKUX
IHIIMOIOThCA  Anudpy3ifial mporecu. st HOJIIIIeHHS
SIKOCTU KOHBEPCIHTHUX eNeKTPOHHUX MecOayepiBCHKIX
(KEM) cnertpis spaskm sBarauysanm izotormom Fe®”
go 10 ar. mporenTis. KEM croexrpn Fe®” puximmoro
Ta IMIIAHTOBAHWUX 3pa3KIiB 3HIMAJN B TreoMeTpil BLI-
buBanus Ha TUNoBoMy crnexrpoMerpl AI'PC-4M 3 Bu-
KOPUCTAHHAM Iepesa raMa—KBaHTIB ° Co aKTUBHICTIO
90 mK1 B XxpoMOBIft MATPUIT TPU KIMHATHIH TeMTIEPATY Pi.
A5t peecTpallil KOHBEP CIHUX €TE€KTPOHIB BUKOPUCTAHO
MIPOTOYHO—TIPONIOPINHHNANA MTIUNIbHIK, SKIA IIpaIfoBaB
Ha rasosiit cyminn 96% He ta 4% CH,. Kanibpysanus
KREMC 3mificHeHO BIIHOCHO HITPOTIPYCIAY HATPIIO.

Y XOIKeHHA IMIIAHTOBAHOTO HOHY KHCHIO B KpU-
CcTaXluHy T'PaTKy IpPU BIAHOCHO MAaJWUX M03aX Bele IO
YTBOPEHHSA Ta HATPOMAFKEHHS, SIK TPABUIO, TOUKOBIX
pamAMAHNX deheKTiB, sAKI BUKINKAIOTH BHY TPIIIHI Ha-
npyru o. ko suexTysarn srinsoM NI Ha mpy i KoH-
cTaHTH 3ami30-iTpiesoro rpanata (311, To B HATIPAMEKY
HOpMaJl 0 TIONMHU TIIBKY PeIaKCalls X HAIpyT
3YMOBIIOE KOTePEHTHE 3MIIMEHHA aTOMIB IpaTKA 3 1XHIX
MO0 KeHB PIBHOBArY 1 BUKINKAHY MM BIIHOCHY 3MIiHY
Miskaonwmaaol Biactani Ad/d, npudomy:

E Ad
= — 1
1—v d (1)

o

e v — woedirient [lyaccona, E — monyns FOura.

Bukopucrasuim pesyabratu, orpuMani B [1], ne 3 kpu-
Bol mucpaKImiiHoro BiAOUBAHHA Ha OCHOBI AMHAMIYHOIL

Teopil po3ClIOBaHHA PEHTIeHIBCHKIX IIPOMEHIB 6YI10 00-
yncaeno Beanunny aedopmarii wapy NI, dopmyay (1)
Ta MPOBIBIIM MaTeMaTWYHy OOpoOKy MecHayepiBChKUX
CTIEKTPiB, MU oTpuMasn saxesxHocTi Hy (o) 1a Hy(o) Bin
BeTMYMHN HaBeIeHO1 HANIPYTH, K1 300paskeHl Ha puc. 1.

Nas manux no3 (< 10*ion/em? ) anst Gapuunux ko-
edinienTiB OTpUMaHO TaKl sHaUEHHS (JiAAHKA | KpUBHX
Ha puc. 1):

AH, 1
T Ap 0.8 x 10~ %kBap™! (2)
AHy 1 s
— = 0.7 x 107 ?rBap™". 3
i, Ay = 07 107 k6ap (3)

[XHI BeIMUWHN B Meskax TOXUOKM oBumMcIeHHs 36ira-
IOThCS 31 3HAUCHHSAMY, OTPUMAHUMU B [2] [P [IPUKJI a-
JIeHHI CTOPOHHIX THCKIB. Bapuunmii koedilIleHT 3MIHN
MaTHeTHOTO MOMEHTY aToMma 3aniza B YzFesOis mopis-
Hio€ [3]

Ap 1
T“A—p = (0.96 = 0.06) x 10~%kBap™", (4)

TOMY 5T MaJIUX 03 CIIOCTepe Ky BaHa 3M1Ha MarHe THIX
moais Ha agpax Fe®” popMyerbes, B OCHOBHOMY, 3 pa-
XYHOK 3MIHM 1XHIX MaTHETHIX MOMEHTIB I JI€I0 CTBO-
peHNX IMILTAHTAIl€lo HAaIpyTr. AHAIOTIUHY TOBEIIHKY
MarHeTHUX MOJIB crocrepiraau B [4] mpu VI asory, ane
MeXaHI3M IBOTO SIBUINA B poBOTI He pO3TAA AN,

Haxzromxe moae Ha simpi Fe®” mosxia 306pasurn y Bu-
DISLIL CYMU TPBOX CKAANOBUX [5]:

S
Hn:HB_+H}{oB+HOH' (5)
So

Ilepmmit qomaHOK — B éMHe KOHTAaKTHE MOJIE, MO-
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nudiKOBaHe B pe3yabTaTl 3MeHIIEHHS CIHY S HoHa
Fe3t B floHHO-KOBaEHTHOMY KPUCTAJ, AKUM € 3aJ1130—
iTpieBmit Tpanar. [pyruii momaHOK — JOJATHUIA KO-
BaJEHTHNI BRI, 3YMOBAECHNI TEpPEeHOCOM 3apsly B
HOMIHAJbHO HE3alOBHeHY 45-00010HKY iiona Fe3t.
Tperift momamok — BIA €MHe HAITOHKE IIOJ€E, 3YMO-
BI€He TEPEHOCOM CITIHOBOI TYCTHHI 10 MEeHTPaJbHOTO
itona Fe3t Bin cycinnix Fe?t Bracainzok noaspusanii 2p—
op6itaxeit fiomis 0%,
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Puc. 1. 3anexHicTh edeKTHBHUX MalHeTHHX IIOJIB Ha

sEapax Fe®™ B Y3FesOis Bim BeumuumHu HaBegeHOL HAIIpyTH
o B X0l HaBOpy HO3M MIpH I xucnem 3 eHepriero 90 keB: a)
— IJIA OKTa—IOJMOKEHb 3adi3a; 6) — Iad TeTpa—II0Jd0KEHb
3aJisa.

XapakTep MOBeTHKEN e(eKTMBHUX MarHEeTHNX ITOJIB
Ha sapax mpm gosax > 10 iion/cm? Brkasye Ha HosiBY
nopsn 3 mepopMaIlHIME 1HIIMX MeXaHI3MIB 1XHBOTO
pocty. CBIIUEHHSIM IILOTO € Te, MIO IMCAs KPUTHUHIX
103 ( mopsiaky 2-4 x10'* jion/cm? ), npu sikux medop-
Malls IMILTAHTOBAHOTO APY UYACTKOBO 3HIMAETHCS 3a
paxyHok aMopdisaliii moBepxuesoro mapy [6], marueTHi
MOJNA Ha AApaX He 3a3HAIOTH CYyTTEBUX 3MiH (minsAHKa 2
KpHBUX Ha puc. 1).

st 3°sicyBaHHSI MO MINBAX MEXaHI3MIB TAKOTO POCTY
HaITOHKOTO o1 Ha aapi Fe®’ mpoanaxizyeMo 3Miny Be-
JMYMHK 130MepPHOro 3¢yBy 0 B Iporeci Habopy mosu. 111
3MIHU OJs a— Ta d—TIATPATOK, SIKl, SIK BLAOMO, TIPOIIOP-
IifiHi 3MiHAM TyCTHHE s—eJIeKTPOHIB Ha anpax Fe®’  30-
OpaskeHo Ha puc. 2.

3riaHo 3 KaJdibpyBaHHAM 130MepHUX 3CYBIB [7], ener-
Tponma KoHdirypamis aromis Fe®” B meiMmranToBanomMy
YsFesOq9 mast d- Ta a—mnoxoskeHb Mae Burasin 3d° 450
ta 3d° BimmoBimHO. 3GiMBITEHHS MiKITOUMHHOL Bil-
CTaHl, BUKJINKAHE I7H, BeJe 1o 30LIbIIeHHS BlIganal oO-
MIHHOI B3aeMomil B naHIokKy Fe,—O—-Fe; ta smimy 1i
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reoMerpii. Ik MoKa3yOTH po3paxyHku, spocranus Ad/d
wa 0.01 s6iabmye mo BiacTass 3 0.2000 am g0 0.2001-
0.2014 uMm mast a—tnonoskeHs Ta 3 0.1880 um mo 0.1881—
0.1898 uM mas1 d-ONIOKEHD 3aJ/13a 3ade3KHO BLI II0JO-
FHEHHST KICHIO B aHloHHIT marparmi. e 3611bimeH s B1a-
Jaal oOMIHHOI B3a€MO il Ta BUKINKAHI paaiamiHIMI de-
deKTaMU CIIOTBOPEHHST CUMETPIl OKTA€IPUUHOTO Ta Te-
TpaeIpUUHOTO OTOUEHHS 3271132 3MEHIIY IOTh TIEPEeKPUTTS
eqekTpoHHNX 06010HOK Fe3t 1a O?~ i BeayTh 10 d0KATI-
3amii xBHaboBoi Py UKl 4s—erexTpomnis ma sapi Fe?” mo
i1 3yMOBII0€ 3POCTaHHS 130MepHOTO 3cyBY. CTaH aToMiB
3a7i3a B TeTpa—TIOJOKEHH] XapaKTePM3YyEThCsT “3Milma-
HOM0  BaJeHTHICTIO — BeJIMYNHA 130MEPHOTO 3CYBY Ma€
[POMIsKHE 3HAUYEHHS MiK § A5 Fe3t ta Fe?t. Take
3MEHIIEHHST BAJEHTHOCTU 3YMOBJEHE YTBODEHHSIM Jie-
dexris B amionniii miarparmi [5], sika, 3aBAsKH piB-
HOCTI Mac IMIIIaHTOBAHOI YaC TUHKY Ta, aHIOHHIIX aTOMIB,
pyiiHyerhest HafiecperTuBHINIE. 15T d—TIOM0 e HE 38113
eleKTpOHHA KOH(Irypalis Mae BUMIAL 3d°4s”, a mapa-
MeTp « MiHsgeTbesi B Mesxax 0.10-0.05.
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Puc. 2. 3axesmicTe BeamumHM 130MEpPHOTO 3CyBy 6 Ha
sEapax Fe® B Y3FesOjs Bim BelWumHm HaBemeHOL HAIIPpyTH
0 B X0/l HaBOPy HO3M MPH IMIIAHTAINl KICHEM 3 €Hepriero
90 keB: a) — IJISI OKTa—TIOJMOKEHDb 3aJi3a; 6) — IJS Te-
Tpa-TIOJOKEHb 3aJi3a.

SAx mokasanm pospaxyHKHU, BUKOHaHI MeTonoMm Mon-
re—Kapuo 3a onumcanow B [8] MeToAUKO0O, IMILTAHTALLLS
depuT-rpanary mpu BUCOKMX J03aX BeJe IO CyTTEBOTO
MePePO3NOMLTY KOMIOHEHT MaTPUIIl IO TOBIINHI 1MIIIAH-
TOBAHOTO MMAPy. 3a PaXyHOK TAKOTO CeJeKTUBHOTO ITe-
peMilryBaHHs B obaacTi “XxBocTa” IMITaHTaIll ¢op-
MY EThCST MISAHKA 3 HAACTeXIOMETPpUUHUM KIUCHEM, STKUT,
OUEBUIHO, 1 3yMOBIIO€ TIOHMKEHHS CTYTICHS KOBAJEHT-
vocTu 3B 513Ky Fe—O mpu wactroBOMY 3HATTI AecbopMaril
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iMmranToBaHoro mapy. Came 1151 061aCcTh IMILTAHTOBA-
HoTO MWAapy 1 dopmye Ty uvactuny RKEM croekTpa, sika
BLATIOBI A€ MATrHETOBIIOPSLIKOBAHOMY 3ad13y.

——
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Puc. 3. KEM cnekrp 3amiza miisku YszFesO12, iMmianTo-
BaHOl KCcHeM 3 eHepriero 90 keB Ta mosoro 1 X 106 I‘/’IOH/CM2:
TOUKH—€KCIIe pUMEHT; CYIIlIbHA, JIHIS—Teope THIHIN PO3paxy-
HOK CyMapHOTO CIIEKTPA.

IIpoBemennii Bullle aHagl3 MOBEMIHKN BeJNYMHI 130-
MEPHOIO 3CYBY Ja€ IiACTaBU IPUILY CTUTH, IO 3HUFKEeHH
CTYIIEHST KOBaJAeHTHOCTH 3B A3Ky Fe—O mpu BICOKHUX HO-
sax I Beme 70 3MEHIIEHHS MONATHOTO KOBAJIEHTHOTO
Braany Hycs B HAATOHKE IOJe 1 pocTy Horo abcoaior-

HOTO 3HaueHHs H, HaBITh MpU HE3MIHHUX KyTaX Ta Bll-
cTaHax obmiHHOI B3aemomii (Hey = const).

Heob6xi1mH0 BiA3HAUNTI XapaKTepHY 0CoBIUBICTE Pop-
MyBaHHS mopyueHoro wapy MW mpm mosi 1 X
1016 ﬁOH/CMz. KEM croexrp sanxiza misi I€l 1031
300paskeHO Ha puc. 3, 1 BIH € CYIEPIIO3UINEI TBOX
AyOaeTiB, MO BLAMOBIAAIOTH MapaMarHeTHOMY CTaHOBI
aTOMIB 3a113a 3 KBaAPYIIOJABHIM pO3MEIIeHHAM A =
1.82 mMm/c 1a 0.72 MM/c, WO KOpeNIOE 3 eKCIepUuMeH-
TaABHUMHU KBaJPYyIMOJIBHIMU PO3IIEIIeHHIME, HaBeIe-
vuMu B [9]. BinHOIeHHs A0 NAPIIsSAbLHUX AyDaeTiB
Sa/S4 mopisuioe 0.62, 1o € SausbkuM 10 HPOPMYIBLHOTO
BLOHOIIEHHsI 3aceleHocTell a— Ta d—IMArpaToKk y HeiM-
mraHoBaHii cTpykTypi (2/3). Ha mimcTasi poro MoskHA
Oy0 6 TMPUILY CTUTH, IO 3ad130 3 d—TI0J0HEHD ¥ PE3YIhb-
TaTi BHCOKOI030B0I M1 3HIKYE CBOIO BAJEHTHICTH 3 3
10 2 i dopmye nybaer 3 AE = 1.82 mm/c, a 3anizo 3
d—TI010 e HB 32T NIIAETHCA TPUBAJIECHTHIM 1 POPMYE Iy-
baer 3 AE=0.82 mm/c. OuHak orpuMaHi 3HAUCHHS 130~
MepHWUX 3CyBiB (pHc. 2) € MEHIIMM Bl 3araJbHOIPUIHA-
tux sHavenn ans Fe?t [9]. [le moswe 6yTn symosaene, Ha
HaIly AYMKY, JOJATKOBUME epeKTaMu, OB A3aHUMU 31
COPTOM IMITTAHTOBAHOTO foHA (KHceHb (POpMYy€ aHIOHHY
MATPaTKY) | BUMarae 1Mo Jal bIlioro eKCepuMeHTal bHOTO
Ta TEOPETHMYHOTO AOCHILIKeHHs. 30KpeMa, BlIOMO, IO
MOsIBa KATIOHIB 31 3HIKeHOIO BadeHTHICTIO B 31" Mo ke
6y TV BUKJIUKaHA BeJUKOIO KOHIIEHTP AT €0 TOUKOBUX Je-
dexris B amioHHill miarparii ta ixHboro Mirparieo [5].
Ha Biamimy Bizg I KICHIO, TIPW BIUCOKOIO30BI1 I 6o-
pou [1] ciocTepiraloTh nBa napaMarteTHi gybaeTu 3 pis-
HUMU BeJIMYMHAMHI 130MepHNX 3¢yBiB (6 = 1.09 Mmm/c Ta
0.76 MM /c), AKI OITHO3HAUHO Bl ITOBI TAIOTH Fe2t 1a Fe37.

Hpu NI sasssumu fioramu tuny P, As BUCOKOL030BA
IMTITAHTAINA He MPUBOAUTH MO PO3MIEMMEHHS MapaMar-
uwetHoro nyGaera [1]. Ile, oueBUAHO, MOB’A3aHO 3 TUM,
O Mepexis KPUCTAJIIuHOl TPATKA B aMOpHIN cTaH y
IIBOMY BUMAIKY BlADYBAETHCS HE B Pe3yabTaTl HATPO-
MaJKeHHsI Ta B3a€MOJIl OKPpEMUX TOUKOBUX IedeKTIB,
a B pe3yabTaTi yTBOPEHHS JTOKAJIbHUX aMOpP(HUX 30H B
0BacTl KOMKHOTO TPEKY, 30KpeMa BHACHIIOK TEMMOBUX
mikie [8].
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FORMATION MECHANISM OF THE EFFECTIVE MAGNETIC FIELDS AND OF THE
ISOMER SHIFT ON THE Fe’” NUCLEI IN YITTRIUM-FERRIT GARNET
AT OXYGEN ION IMPLANTATION
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Precarpathian University,
57 Shevchenko Str., Tvano—Frankivsk, UA-284000, Ukraine
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The yttrium—ferrit garnet samples in the defect state produced by the 90 keV oxygen ion implantation has
been investigated by the conversional electron Mosbauer spectroscopy methods. The influence of the defect level of

the implantation layer disturbed by the ion upon the effective magnetic field values on the Fe nuclei and covalent
bond degree Fe—O has been considered.



