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I. Beryn

Mexi 3aCTOCYBaHHS eMiTaKCIHHUX MOHO-
Kpuctamiuaux (Qepur-rpanaropux IriBok (OI'TI) B
SKOCTI ~ aKTMBHOTO  CEpelOBHINA TIPH  CTBOPEHHI

NPUCTPOIB (YHKIIOHATIBHOI MIKPOEJIIEKTPOHIKM 3HAYHO
PO3IIUPIOIOTBCS  3aBASKH JIOKaJIbHIM Mojudikamii ix
CTPYKTYPHHUX 1, BIJIIOBIZHO, MarHiTHUX BJIACTHBOCTEH
LIISIXOM 10HHOTO ONpPOMiHEHHS. MarHiTHi BIacTHBOCTI
(MarHiTooJHOBICHA aHi30TpoIis, HaMarHi4eHicTb
HACHYCHHS)  iOHHO-iMIUIaHTOBaHoro  mapy  @ITI
Oe3mocepelHFO TIOB’sI3aHI 3 pamiamiiHUME JedeKTaMu
KpUCTATIYHOI TpPaTKH 1 OJHIED 3 OCHOBHHX WiJIeH
TEPMIYHOI TMOCTIMIUIAaHTAIiiHOT O0OpPOOKM € CTBOpPEHHS
MAarHiTOaKTUBHOI'O IIapy KOHKPETHOI TOBLIMHH 3 4Yaco-
Ta TEepMOCTaOLIBHUMHU Xapakrepuctukamu. OpHuUM i3
Croco0iB  KepoBaHOI 3MIiHH BJIACTUBOCTEH  1OHHO-
IMIUIAHTOBAHOTO IIApy € TEepMIYHMH Bigmai, sSKUA
MIPOBOANTHCS 3 METOIO IIiJBHIICHHS TEPMOCTaOUILHOCTI
Ta BCTAHOBJICHHS 337aHUX (I3UYHUX ITapaMeTPIB IJIiBKH.
HocmimxenHs KIHETUKH Bigmany (3anesxHOCTI
CTPYKTYPHO-YyTJIMBOTO IapaMeTpy BiJl 4acy NpH Pi3HUX
TeMIepaTypax) IO3BOJISIE OTPUMATH iH(OpPMAIo Tpo
XapakTep, PO3MOMALT Ta KUTBKICTh THIIB JE(EKTiB, a B
pAAl BUTAAKIB BU3HAYMTH YHUCIIOBI XapaKTEPUCTUKH
MIPOIIECY peraKcariii.

Pamiariitue JedexkToyTBOpeHHs B Oararo-
KOMITOHEHTHHX T'e€TepOeMITaKCIiHNX (epUT-rpaHaTOBHX
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TUTIBOK Y TOPIBHSIHHI 3 MaCMBHUMHM HaIliBITPOBIIHMKaMHU
Ma€ psJ XapaKTePHHX BIJMIHHOCTEH, IIOB’SI3aHHX B
Hepiry 4Yepry i3 HasBHICTIO B CTPYKTYpl JEKUIBKOX
KpHucTajorpaiyHuX 1 MarHiTHHX IIAIPaTok Ta IOJs
NpYXHUX nedopMamiid, 3YMOBICHHX PO3XOIKECHHIM
CTaMX TIPaTOK IUTIBKH Ta WiAKIAAKH. BUBYEHHIO
mpoIiecy pamianiifHoro Ae(eKTOyTBOPEHHS Ta peaKcarlii
IMIUTaHTaiHHO-IHAYKOBAHOTO HAINPYKEHOTO CTaHy B
npunoBepHeBux mapax PITI mpucesueHo psg poOIT

[1,2], mpore ocobmmMBOCTI MeXaHI3My Iepediry
pyHHYBaHHS  CTPYKTYpM Ta  TEPMOCTUMYJIbOBAHOI
BinOy10BH amop(hizoBaHUX BHCOKOJI030BOIO
iMmmnanraniero  mapie - OI'Tl  3anumarotbes  Maio
JOCITIIPKEHUMH.

II. O0’eKTH Ta MeTOAM JOCTIKEHHS
MoHokpucTaiuHi TUTIBKU OI'TI CKJIazy
YLOLuMgSm0,55CaO,ng0,02Fe4,1Ge0,90 12 TOBUIMHOKO
3,5 MKM BHpOIYBAJINCS METOJIOM piaKoda3Hoi enitakcii
Ha TIAKIAANI  MOHOKPHCTAy — TaJ0JiHIA—Talli€eBOTO
rpanary (Gd;GasO;;) 3 mommHoro 3pizy  (111).
Kpucranorpagiuna po3opieHTaLisA 3pa3KiB HE
nepesuiyBana 7' . 3paskd ONPOMIHIOBAIUCA MOTOKOM
ionis B” B inTeppami 103 1-10'-1-10"°cMm™ enepriero
80 xeB. ImmnaHTamisi mTpoBOAWSIACK TMPW  KIMHATHIM
TeMmIepaTypi Ha ycraHoBui Tumy “BesyBii” B pexunmi,
1110 BUKJIIOYAB KaHaoBaHHs. [ 3ano0iraHusam epexry
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CaMOBIJNaay  TyCTHHA IMIUTaHTaii  He
nepeBuIIyBaa 2 MKA/cy’.

HocnijpkeHHsT mporiecy  Biamaiay  IpPOBOXMIOCS
METOJIOM ~ BHCOKOTeMIeparypHoi audpaxkromerpii 3
BUKOpUCTaHHAM  au¢ppakromerpa  JIPOH-2.0 Ta
BHCOKoTemIiepatrypHoi npuctaBku YPBT-2000. B skocti
MOHOXpOMaTopa 3aCTOCOBYBAaBCS MOHOKpHCTAI
raJioNiHii-rauTieBOTO TpaHaTy 3 IUIONMHOIO 3pizy (111).
Binmanm 3pa3kiB mpoBOAMBCS B aTMocdepi aproHy
(P=0,8 arM.) mpu Temmeparypax 400 ta 700°C. Yac
peectpauii KpuBHX IUQpaKUiiHOrO BiJOWBaHHS HE
[IEPEBUILYBAB 7 XB. Temneparypa Bijmany
miaTpuMyBanacs 3 Tounictio 5°C.

Jdns  nocnmipkeHHS  MarHiTHOI  MIKpOCTPYKTYpH
3aCTOCOBYBABCS METOJl KOHBEPCIHHOT ~ eJIEeKTPOHHOI
MmeccbayepiBcbkoi (KEM) cmekrpockorii. CriekTpomerp
tuny SATPC-4M  mpamioBaB y peXuMi ITOCTIHHUX
npuckoperb. s momimmenHs skocti KEM cnekTpis
3ai3a y BHXIOHIN IIHXTI BUKOPHUCTOBYBAaBCS OKCHJ
Fe,0;, 36aradennii 1o 8% izotomom Fe'. KEM CIIEKTPU
Fe’’ oTpumyBamucs npu KiMHaTHiii TemmepaTypi 3
BUKOPHCTaHHSM JDKepella TraMMa-KBaHTIB Co”’ B
XpOMOBIH MaTpuili 3 akTuBHICTIO ~35 MKu B pexumi
NOCTIMHUX TpHUCKOpeHb. [l peectpaiii KOHBEpCiHHUX
€JIEKTPOHIB BUKOPUCTOBYBABCS MIPOTIOPIIHHMIA
ra3onpoTOYHMH JIYWIBHUK, IO IIPAIfoBaB Ha CyMilli
96%He+4%CH,. Kaniopysanuss KEM crnexTpiB 3aiiza

MPOBOJIMIIOCH BIIHOCHO MeTajiuHoro a-Fe.

CTpyMy

I11. Pe3yabTaTil T2 00rOBOpPEHHH.

BHacniiok rajgpMyBaHHs iOHa B TBEpIOMY Tl 1
nepenadi Moro eHeprii B SIEpHY Ta EJIEKTPOHHY
HiicucTeMy MiIIEHI OKpeMi aTOMH 3MILIYIOThCS 3 By3JIiB
KPHUCTAIIYHOT rpaTku i BKOPIHIOIOTHCS B
MDKIUIOIMHHOMY HPOCTOPi, CIPUYMHIOIOYH JIOKAIBHY
3MiHy MDKIDIOIIMHHOI  BifgcTaHi. TakuMm  YUHOM,
(hopMmyeThcst TIPOQiNTE BIIHOCHOI 3MIHM MIKIUTOIIMHHOI
Bigcrani (Ad/d)(z) (nmpodine medopmariii), BUrIIsA SKOTO
BHU3HAYAETHCS MPODisIeM po3NOIily eHepreTHYHUX BTPAT
iOHA — IMIUIAHTAHTa [0 DIMOWHI THOPYIIEHOro IIapy.
Judpaxitiss PeHTIeHIBCHKUX MPOMEHIB 0€3M0CepeaHbO
HOPYLIEHHM INapoM 3 TIPajgi€eHTOM MDKIUIOIIMHHOT
BiZICTaHI BHKJIMKA€ MOSBY Ha KPHBHUX AU(PaKIiiHOrO
BinOuBanHs (KJIB) kpiM ronoBHUX OperiBCbKuX MiKiB

IUIIBKA T4 MiAKIaOKA  JIOJATKOBOI  OCIMJISILIHHOT
crpykrypu  (AOC).  MaxkcumanbHa  nedopmarris
BU3Hayajacs 3a I0JIOKEeHHSIM KpaiHboro mika JJOC. Ha
OocHOBI  ekcrnepuMeHTanbHuX — KJ/IB,  oTpuMaHmHx

Oe3mocepelHEO B TPOIIECi BiAIay, MPOCIiIKOBYBaIacs
3MiHa MaKCUMaJIbHOI BIiTHOCHOI AedopMariii 3 vacom mpu
pisHEX Temmeparypax. B momepenHiii poboti [3] Hamm
BUBYAJIaCs KIHETHKAa 3MIiHH pO3MOAUTY  BiJHOCHOI
MibkIutomuHHO1 Biactani (Ad/d)(z) (BMB) no rmmOuni
MOPYILEHOTO MIapy VISl IUTIBOK 3al1i30-ITPIEBOrO IpaHaTy
(3Il') imMmmanToBaHMX ioHaMu B’ B TemmepaTypHOMy
inrepsani Bignamy 150-700°C. Bignosiguo no manux [4],

ne  mpodine (Ad/d)(z) 3amaBaBCs  aCHMETPHYHOIO
rayciaHolo, po3moin BMB ONU3bKHN 10
CXOIUHKOIIOAIOHOTO (0>>0,), TOMYy  3HAYeHHSI

723

MakcuManbHOi  gedopmariii, ske  Oe3mocepenHbO
BU3HAYAEThCS 3  EKCIOEPHMEHTY MOXE CIyryBaTd
CTPYKTYPHO-YYTIHBHUM TAPAMETPOM.

Jns BUKOpHCTaHMX YMOB IMIUIAHTaWii eHeprid,
nepesiaHa i0HOM B SIZIEPHY IIJCHCTEMY MATPHIIL IO BCii
JIOBKUHI TpPEeKy He JOcsATae 3HaueHb, HEOOXITHHUX LIS
PO3BUTKY Kackaay BTOPUHHUX 3iTKHEHb. [OHOM-
IMIUIAHTAHTOM BTPa4yaeThes (BIJAMOBIIHO 10 Pe3yJbTATIB
MAIIHHOTO MOJICJIIOBaHHS Ipolecy IMIUIaHTalii 3a
moromoroo mporpamu  SRIM-2000) =~ 100 eB  mpu
MIPOXOJIKEHHI MPUOJIU3HO OJHIET eIEMEHTAPHOT KOMipKH
(a0=1,23785i5~10'5 HM), B sKiii 3HaxoauThbcs 160
atomiB. Kackagpa ¢ynkmis V(E), gk BigHOmEHHS
muGepeHIliaTbHIX IEPEPi3iB 3MIMICHHS TTEPBHHHOTO Ta
BTOPMHHHX 10HIB, JUIS €KPaHOBAHOTO KYJIOHIBCHKOTO

noTeHmiany HabyBaec BHIY V(E):%IH(E%E) iB
d

YMOBax EKCIIepHMEHTY ONu3pKa 10 oxuHMLI. B mporeci

raJibMyBaHHS YacTHMHKAa (opMyBaTuMe TpEK, IO
CKIAJA€ThCs 3 BiIJaJeHUX OJUH BiJl OJHOIO HA BiACTaHb
<1HM B32€MOI30JbOBaHHX  CKOpEJIHOBAaHHX  TIap

Openkens. PyifHyBaHHA KpUCTaNi4HOI CTPYKTYypH Y
JTAHOMY BHIIAQIKY BiZOyBaeThCs y IMpoIeci Habopy A03H,
K pe3yJbTaT HAKONMYECHHS TOYKOBHX Je(eKTiB 3
HACTYIIHMM 1X 3B’S3yBaHHAM Yy KOMIUIEKCH. Takum
YUHOM, OJJHE 3 OCHOBHHUX II0JIOXKEHb MOJIENI 3aCTOCOBHOI
NpU PO3B’SI3KY 3a7a4l — MPONOPLIHHICTh MAaKCUMAJILHOT
nedopmariii 0 KOHIEHTpAIl MEePBHUHHUX pPajialliiHuX
nedekTiB  (QpEeHKETIBCHKHX Map 3MIIICHHHH aToM-
BaKaHCis) BUCOKOWMOBIpHe. Xapakrep TreHeparii
pamianiitHux neeKTiB [a€ MOXKIUBICTD MPHUITYCTUTH, IO
TEpPMIYHO AKTHBOBAaHA pPEKOMOIHAILs Iapy BaKaHCIis-
BKOpIHEHUH 10H HaliMOBIpHIIIa caMe MiX NEPBHHHUMH
KOMIIOHEHTaMH TapH (aHITUIMIS CKOpeTboBaHuX Tap). B
HECTIHKMX Tapax aroM 30epirae 3B’S30K 31 CBO€IO

BaKaHCI€I0, HABKOJO  SIKOI  yYTBOPIOETHCS  30HA
HECTIMKOCTI; T pO3MIpH BH3HAYAIOTHCSA 3aICIKHICTIO
MEPiOAUIHOT YaCTHHHU MMOTEHIIAILHOT eHeprii

BKOPIHEHOI'O aroMa BiJ BiJCTaHi J0 HOro BakKaHCIi.
OWiHOYHI PO3PaxyHKHA BEJIUYMHU 30HH HECTIHKOCTI
HaBKOJIO PIBHOB2XHOTO IIOJIOXKEHHSI Y BY3Ji TIPaTKH,
MOTPANMBIIA B MEXI K0T BUONTHI aTOM aTepMi4HO, 4H 3
MiHIMaJIFHIMH 3aTpaTaMy €Heprii Moxxe peKoMOiHyBaTh

3  BJIACHOIO  BAKaHCI€IO, MOXHa  3poOWTH  3a
2
- ea
CHiBBiAHOIIEHHAM [5] 1, =,|——— , e a— cepeaHs
4ne, U,

BiZIcTaHb MDK aToMaMu KpucramiyHoi rpatku (miast 31T

0,18651<a<0,3005 am), U, — eHepris Mirparii
MDKBY3JIOBUHHOTO aTOMA.

Jns  KITBKICHOI ~ XapakTepUCTHKH  IPOIECy
HaKOIUYCHHS CTPYKTYpPHOTO PO3BIOPSIKYBaHHS

npuroBepxHeBoro mmapy PI'Tl excriepuMeHTanbHI HaHi

(A% )max (D) 6yau anpoKcHMOBAHI 3alEKHICTIO BHIY:

op)=t-ew(-NA, | Ne=enD, aeo(x) -

JudepeHianbHUHA nepepis HpPY>KHOTO
nepekToyTBopeHHs, D — no3a ompomiHeHHs, Ny —
CepeIHe YMCIIO aTOMIB B ONUHHINI 00’€My MiIleHi (s
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3IIC Ng= 8,4~1022 CM'3), Ny, — KpUTUYHE 3HAYEHHS
KOHIIeHTpaii gedekTiB (puc. 1).

Bimmosimo 10 pospaxymkiB, N, CTaHOBHTbH
z0,6-1022 CM'3, o0  BiATIOBimae 11031 OMpPOMiHEHHS
~2-10% em™. Taxum YUHOM, 3aCTOCYBaHHS TUHAMIYHOI
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Puc. 1. [1o30Ba 3aNeXHICTh CTYIIEH] BiTHOCHOTO

posBropsikyBaHHs (D) (1) Ta MakcuMaIbHOT

BiTHOCHOI Aedopmartii (A% ) (D) (2) ns omiBok 31T,

imrutanToBanux B, E = 80 keB.

Teopii audpakiii s CTPYKTYpHOI — JIarHOCTHUKH
MIPUITOBEPXHEBUX MIAPIB CIYIIHE TUIBKA OIS 3pa3KiB,
IMIUTAHTOBAHHUX J103aMU <2:108 em™ Cnan
MakcuManpHOI  gedopmarii mpw  Jg03aX  OUTBIINX
5-10"°cM?  TOSCHIOETHCA — YACTKOBOIO  PENAKCAIIEr0
HApyr, a Mpd [OAANBIIOMY 3pOCTaHHI 103U —
HApOCTaHHSIM  KOHIEGHTpamii 00’€THaHb TOYKOBHX
nedexris, mo mpm3BomMTh TpH Ny =2-107cm™ 1o
peHTreHOaMOp(HOCTI TPUIOBEpPXHEBOrO mapy. [
JIO3M OTIPOMiIHECHHS 1-10"cm™ KOHIICHTPALisl TOYKOBHUX
IeeKTiB CTaHOBHUTH :0,5-1022 CM'3; cepenHs BiJICTaHb
MIDK HAMH CTaHOBUTH rm:3,6-10'10 M, TOOTO CIiBMipHa 3
ro. Jdnsa miei mo3sm JOC mMOBHICTIO 3HUKAE;, CepemHii
po3mip nmedexty r1o<<L (L~4MKkM — [IOBXHHa
eKCTHHIIT), TOoMy BKIan Au(dy3HOI KOMIIOHEHTH B
KyTOBHI PpO3MOJI IHTEHCUBHOCTI Jy)K€ HE3HAUYHUIA.
30iabIIeHHsT KOHICHTpaMii Ae(eKTiB 3 POCTOM I03H
iMIUIaHTaLii NPU3BOANTH A0 NPUTHIYEHHS ITUHAMIYHOTO
pexxumy andpakiii peHTreHIBCHbKHX IPOMEHIB 1 INpH
KPUTHYHUX 3HA4YEHHSX Ny, pPO3CIIOBaHHA KpPHCTAIOM
BiIOYBAETHCS 3TiTHO 3 KIHEMATHYHOIO TEOPIEIO.

Ha xpusiit (D) (puc. 1) mpocniakoBytoTbhcs Tpu
JUISTHKH, SIKi MOYKHA IHTEPIIPETYBAaTH HACTYITHUM YHHOM.
B o6sacTi HU3BKHX J103 iOHHI TPEKU HE TIEPEKPUBAIOTHCS,

IeQeKTHICTh CTPYKTYpH MiHiManpHa. [lpm  mos3ax
D=(2+4)10"cm™ MOYNHAETHCS MOCTYTIOBE
HAKONIMYCHHS TOYKOBHUX JAe(eKTiB 3 HACTYIHHM

3B’SI3yBaHHSM iX Yy KOMIUIEKCH, LIO HiITBEPIKYEThCS
eKCIICPUMEHTANEHUM  (aKTOM  PI3KOTO  3pPOCTaHHSA
BIIHOCHOI 3MIHM MDKIUIOIIMHHOI BiACTaHi B 1HTEpBai
103 1-10"* — 1-10" B" /em™.

[Nomanpie 30iNbIICHHS AO3M Bele A0 NEPEKPHUTTS
IOHHHX TpPEKiB Ta TMOSBH KOMIUIEKCIB, 3JaTHHX
npuegHyBatd 10 cede AudyHAyroUl TOYKOBI Ae(EKTH.
Hudysis nedekriB CIIPUYMHSAE YTBOPEHHS

PO3BIOPSIIKOBAHUX amMoppHIX obmacrei, o
MPHU3BOINTE JI0 MOCTYIIOBOTO BUXOAY 3anexkHocTi ®(D)
Ha 1uiato. OTpuUMaHW XapakTepHUW BUTIIAL KPUBOI
o(D) mepexnmkaeTscs 3 pe3yiabTaraMu podoTtH [6], B
SKii aHaJOriYHa 3aJIe)KHICTh Oyjia eKCHepUMEHTAILHO
OTpUMaHa, BB&XKAIOYM IHTEIPAIbHY IHTEHCHUBHICTH
napamMarHiTHOL KOMITOHEHTH MeccOayepiBCbKOTo
CIEKTPY MPOINOPLIHHOIO A0 CTyNEHI pO3BIOPSIKYBaHHS
KPHCTaJIIYHOT IPaTKH.

HaitOinpmuii iHTepec Uit AeTAILHOTO JAOCIIIKECHHS

CTaHOBUTH caMe Onm3pka [0 KpUTHYHOI 7032
OIIPOMIHEHHS 1-10"em?, npu SIKIH TUTBKH
PO3MOYHMHAIOTECS TMPOLECH B3aEMOJMIi 1 KOArymsmii

TOYKOBUX  AedekrTiB, 1, HAK  OUIKYETbCA,  pO3-
BIOPSIIKYBAHHS CTPYKTYPH 3YMOBIIIOETHCS BHCOKOIO
KOHIICHTPAIIEI0 CaMe TOYKOBUX pamialliiHux Ae(eKTiB —
CKOpeNbOBaHUX (DpeHKETIBChKUX map. s oTpumaHHS
iHpopMmauii npo nepebir mporecy BiAnany MPOBOAUBCS
i30TepMIYHUIA Binnan 3pa3Ka IMIUIAHTOBAHOTO JI03010
1:10"cm? mpu temmeparypax 400-700°C 3 0ZHOYACHOIO
peecTpaliero KpUBHX KadaHHsi. BuOip temmepaTypHUX
Jarma3oHIB  BiANANY JETaJbHO PpO3IIISIABCS HaMHU B
podori [3].

BinmosimHo 10 [7] moka3oM BiTHOBJICHHS CTPYKTYpHU
BHACIIZIOK pelakcalii CKOpelIhbOBAaHMX IMap MOXKe
BBAKaTHCA JIHIMHICTh 3aJIEKHOCTI BIHOCHOI KIJIBKOCTI
Bignanenux nedexris @ Bin 2 (me t — wac Bigmamy).

ExcnepumenranbHa 3aJIEKHICTD o) JUIs
temneparypu  Bimmany T =400°C  (puc.2) nmae
MOJMJIMBICTP  BHIOUINTH  PSX  TIOCHIJOBHHUX  €TalliB
penakcanii qedekTiB pi3HOTro THUILY.

OuikyBaHa JIHIAHICTD 3MEHILEHHS  BIJIHOCHOT
KUTBKOCTI BiIaICHUX nedextiB TTOYHMHAE
cupaBmKyBatucs  depe3 ~120xB  Bigmamy, 110

MOSICHIOEThCS. Ha MOYATKOBUX €Talax Bifmaay 3HAYHOIO
KOHIICHTPAIIEI0 TOYKOBHX Je(EKTiB, paaiyc 30HH

0.5+

1%
0.4- %}
0.3 %%

0.2+ o

¢,BigHOCHA K-Tb BignaneHunx gedekris
[e]

0.0 : T .

T
0.01 0.02 0.03 0.04
A2 -2
t " ,c

;
Puc. 2. 3aiexxHicTh BIIHOCHOI KIJIBKOCTI BiAIIaJIEHUX
nedekTtie O Bix -2 ( t—wyac Bignany) ams mwiisok 31T,
imnnanToBanux B, Imnnantanis B (E= 80 keB,
D=1-10"cm™®), T = 400°C.

HECTIMKOCTI SIKMX CIIBMIPHHN 3 BiJICTAHHIO MK HHUMH.
Ie#i BHCHOBOK MiATBEPIKYETHCSA CKCIIEPHUMEHTATEHIMHE
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Taoaunsa 1

IapameTpu npoliecy pesakcanii paiamiiinux aepexty, yrBopenoro npu iMmianTanii ®ITI ionamu B,
(D =1-10"cm?, E = 80 xeB)

. A 13 0
Crazis ( ddo’% 7,10 ¢ E,, B T,.°C
I 0,65 1,6 2,0 400
11 0,46 8,4 2,7 400 < T, <700
I 0,27 2,0 2,8 700
JAHUMH 3aJI€KHOCTI KOHUEHTpalii nedekrTiB Bixg n03u KUUIBKICTh ~ €JIEMEHTAPHUX  aKTiB  peKkoMmOiHamii 3a
OTIPOMiIHCHHSI. OJIMHHUIIO qacy. Pesynbratn anpOKCUMAIIii
JUJIss OTpUMAaHHS YHCIIOBUX XaPaKTEPUCTUK MPOIECY MPEJCTaBICHO B Ta0M. 1.
Bimamy eKCIIEpUMEHTAIbHA 3aJI€XKHICTD Bigman  iMmmaHTanmifHWMX —~— TOMIKO/DKEHB  IPU
temreparypax <400°C (cramis 1) BinOyBsaerbcs

(A%)max(t)ﬂpﬂ temneparypax 400 Tta  700°C

arpOKCHMYyBaacs 3aICKHICTIO BUIY
Ad Ad —t
ERRAEY, Th e
1 0i
i exp(Ea i/ij
(Ad/d)y; — nmedopmaris, 3ymMOBIEHa IOYAaTKOBOIO

KOHIICHTpAIlI€I0 i-T0 MedeKTy 3 eHepriero akTmBamii Ey;
Toi XapaKTepUCTUYHUM 4Yac penakcauii (puc. 3).
BigmoBimHO M0 mpUNyIIEHHS TPO  BiXHOBICHHA
CTPYKTYpH K aHITUIAiI0  (PEHKETMIBCHKUX  Map
BUKOPHCTAaHI KIHETWYHI DIBHAHHS TIEPIIOTO TIOPSIKY,

141

0.2

0.0+

t, xB
Puc. 3. 3miHa BiTHOCHOT MAKCHMATBHOT Jiepopmartii
ik 31I° B mpotieci Bianary npu Temieparypax
400°C Tta 700°C. ImmnanTanis B, D = 1-10"%cm?,
E=280«keB.

TOOTO KiHEeTHKa 3MiHH KOHIIEHTpatlii gedekriB N 3 vacom
BiJIIIAJTy OMHUCYEThCS PIBHSHHAM Buay dN _KN, nIe

dt
K =v-exp(-E, /kT)— mBuakicte peakuii; v=1/t9 —
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IUITXOM BiTOYIOBH KUCHEBHX MiATpaToK. OTpuMane Ui
BHIA/IKy BHCOKOA030BO imMruanToBaHOi @I'TI 3HaueHHS
aKTUBAIIHOI €Heprii Hboro mporecy ctaHoBUTH 2,0 eB i
€ MEHIIMM 32 BIANOBiAHE 3HAYEHHSI UL JO3H
ompominerss  8-10"B.cm? [3], 1m0 MOSCHIOETHCS
O1IBILIOI PYXJIMBICTIO aTOMIB B aMOpQHiil (a3i.

Cranis 11 npouecy BiamnoBiae yCyHEHHIO JeeKTiB,
BIJINAN SIKUX aKTHBI3YETHCS 1 MPAKTHYHO 3aBEPILYETHCS B
npomikky Mk 400°C Ta 700°C. Ileit eram, 1m0
XapaKTePU3Y€EThCS MOPIBHAHO OLIBLIMM 3HAYEHHSM 4acy

penakcauii (7, = 8,4-10™" ¢), nop’s3ammii 3 mudysiiiEuM

BiJTHOBJICHHSIM KaTiOHHOT cumMeTpii. Ile miaTBepaKyeThes
BiTHOIICHHSAM MOYaTKOBUX nedopmarniii eramis [ Ta II,
IO  BIANOBIZAa€  PO3PaXyHKOBOMY  BIJHOILIEHHIO
KOHIICHTpalii Je(eKkTiB B aHIOHHIA Ta KaTiOHHUX
MmiATpaTKax.

Ha cramii III BimOyBaeThcs mpomec yCyHEHHS
TUCITOKAIINA, IO HACHIAYIOTHCS IIPH eIiTaKCitHOMY
HapoIlyBaHHI 3 JAedeKTHOi KpUCTamigHoi  a3m.
OueBUIHO, BEJIMYMHY aKTHBALIHOI eHepril mnpoiecy
(2,8 eB) crin ouikyBatu O1m3bkoro 10 E, aHanoriuHoro
npoliecy Micis IMIUIAHTAlli 3 HHXKYOK [103010, WIO
MiATBEPAUIOCH EKCIIEPUMEHTAIBHO.

Po3paxyHKOBI 3HaYCHHS YaciB €JICMECHTApHUX aKTIiB
mporiecy wirpamii  gedekrTiB, M0 JIeKaTh B MEXax
(1,6 +8,4)10" ¢ miaTBepmKYIOTh TPHIYIIEHHS PO
MEPEeBaXHO  OJIM3BKOMIFOUO - AHITUIAIIHUNA ~ MeXaHi3M
BiZIOYJOBU CTPYKTYpH.

B poborti [2] Oymo 3amporoHOBaHO TiMOTE3y PO
HAsBHICTh TPU J103aX 9~10'4—2~10150M'2a30x LEHTPIB
moYaTKy amopdiszalii: Ha MOBEPXHi Ta B 30HI MAKCHMYMY
pamiamitHuX ~ OedexTiB, 3  YTBOPEHHSM  CKIAJHOI
mrapyBaroi CTPYKTYpH HOPYIIEHOTo MIapy: amopQHUii-
MopyIeHnH-aMopQHUI-TOPy IICHUH-HETTOPY IICHUH.

IlpoBemeni B maHiii  poOOTI  JOCIIIHKEHHS
TEPMOCTHMYJIHOBAHOT BiOymOBU MOPYIICHOTO
. . . . +

BHCOKO/I030BOIO IMILIaHTALI€FO ioHiB B

MPUTIOBEPXHEBOT'O 1Ay, JO3BOJIMIM HIIATBEPAUTH JIaHy
MOJIEJIb Ta OTPUMATH YUCEJIbHI XapaKTEPUCTHKH POLIECY
BiZI0y/JOBM KPUCTAIIIYHOI CTPYKTYPH.
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Puc. 4. 3miHa iHTErpaNbHUX IHTEHCUBHOCTEH NOAATKOBUX OCHMILLIHHUX cTpyKTyp Ha K/IB, oTpuManux B
nporieci i3orepmiunoro Bignany npu 400°C ta 700°C.

Immnantanis B, D=1-10"cm?, E =80 keB .

Byno mpocrexxeno muHamiky 3miau JJOC Ha K/IB B
mporeci Binnmay (puc. 4). Cnoctepiraerbest 30UTbIICHAS
BIJTHOCHOT iHTEeTpaIbHOT IHTEHCUBHOCTI J0C,
3MEHIIICHHS BiACTaHI M DOAATKOBUMHM ITIKAMH Ta PIiCT
iX IHTErpajbHOi IHTEHCHBHOCTI. PicT iHTerpanbpHOl
IHTEHCHBHOCTI JI01aTKOBOT OCHMJISILIIHHOT CTPYKTYpH Ta
NosiBa Ha 3HAYHI KyTOBIM BiACTaHi BiJi TOJOBHOTIO
OperiBCbKOro MakCHMMyMy NOAATKOBUX IIKIB B IpoIeci
Bigmany  OITl  (immmaHTaris B, E =80 keB,
D=1-10"cm?), nop’s3aui 3i 36IIbIICHHSIM BiTHOCHOTO
BMicTy nedekTHOi KpucTanmiuHOi (asu B 3pas3Ky
BHACIIIOK TBepAO(a3HOI emiTakCiiiHOi pekpucTaNizawii
amMop(HHX 30H.

I3otepmiunmii  Bigmanm mpu  400°C  BuABHB
JBOCTAiHHUI XapakTep 3MiHH IHTETpaIbHOT
IHTEHCUBHOCTI OJATKOBOI OCHWJIALINHOI CTPYKTYpH Ha
KJIB; Ha koxHilt cramii 3mina S(t) HOCUTH JiHIHHUN
xapakrep (puc.4,a). OrpumaHuii pe3yapTaT MOXKHA
IHTEepIIpeTyBaTH HACTYIMHMM 4YHHOM. Bimomo [8], mio
nporiec  TBepAo(da3HOI peKpucTamizaiii B CHUCTEMI
amopdpua ¢asa - kpucramiyda ¢asa MNPU3BOIUTH [0
JIHIHOTO 30UTBIICHHS BIIHOCHOTO BMICTY KPHCTaJIIYHO-
BITOPSIIKOBaHOI cTpykTypH. LlIBuakicts TBeprodazHOi
peKpucTamizaiii He 3aleXUTh BiJ TeMmeparypu i Ha
MPOTS3i BCHOTO BiANANy 3aJIMIIAETHCA CTANOK. Takum
YHMHOM, BIJHOBJIICGHHS PO3BIIOPSIKOBAHOI BHACIIIOK
iMmmranranii - ctpyktypu  npu 400°C  BimOyBaeTbes
LUISIXOM ~ TBepAoQa3Ho-emiTakciiiHoro MexaHisamy. B
JAHOMY BHIIAJKY BilOyBa€ThCS HapOIyBaHHA Ne()eKTHOT
KPHUCTaIIYHOi (pa3W Ha TPHOX POCTOBHX IUIOMIMHAX!
ICHTpaJbHa  KpHCTamiyHa  jAedekTHa 30HA,  sKa
PO3ILIHUPIOETHCS B TpOIIeCi TBepAO(a3HOI emiTakcii sK 110
NOBEPXHI, TaK i BIIIMO IUIIBKH Ta Ae(eKTHA KpHCTalliuHa
30Ha, Oe€3MocepeaHbO TpHisiraroya 10 HeropyUIeHOol
YACTHUHH ILTIBKH.

3MeHIIeHHsT  KyToBOro  KoedimieHTa  JIHIHHOT
3ajexHocti  S(t) Brpuui micna =~ 250 xB.  Bixmaimy
CBIIUUTh TPO 3aKiHUYEHHS TIPOLECYy pEeKpHCTai3allii
BHYTpimHBOI amopduoi 30HH. Ilicas mBOro mporec
BiIOYHOBM KPUCTAIIYHOI CTPYKTYpPH IIPOJOBXKYETHCA B
HAIpPSIMKY 10 IOBEPXHI IITIBKU. AHaJi3 3Ha4eHb KYTOBUX
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HaXWIB  3aJeKHOCTI  IHTETpajbHOI  IHTEHCHBHOCTI
OCHWIIAMINHOI CTPYKTYPH BiX "acy Bimmaiy (puc. 4) maB
3MOTY  pO3paxyBaTH  IIBHIAKICTE  TBepAO(a3HOTO

eMiTaKCIMHOTO BIJHOBICHHS KPUCTANIYHOI CTPYKTYypH
OI'TI 3 amopdHoro crany. OtpumaHe 3HAYCHHS
IWBHAKOCTI Vi, = 7,6+1,1 HM/TOI.

EniTakciiine BimHOBICHHS amMOp(}i30BaHOI YaCTHHHU
OITI 3aBepuryeTbcsi B TeMIEpaTypHOMY 1HTepBalli
400°C-700°C,  mo  MiOTBEPIKYETBCS  YaCOBOIO
3aJICKHICTIO 1HTErPaNbHOI 1HTEHCHBHOCTI OCHMJISIIIIAHOT
CTpYKTypH Iipu Temreparypi Biamary 700°C (puc. 4,6).
Ipu 700°C BigOyBaerbcs BiAmax BKe IIOBHICTIO
peKpucTanizoBaHoro Imapy. B TOpiBHSHHI 3 Biimanom
OI'T], iIMIUIAHTOBAHOI JTOKPUTHYHOK 0300 810" cm?
[3], TpuBaicTh mpouecy penakcanii 1e(eKTHOTO CTaHy B
JAHOMY BHIIQJKy 3HAYHO HIKYa (TMPHOIM3HO BTPHUYI),
npu ONM3BKUX TIOYaTKOBUX 3HAYCHHSA  BiTHOCHOI
MakcuMalibHOT JIedopMariii Ta BiACYTHIH ABOCTamiitHUit

XapakTep Hpolecy 3MiHU (A%) 3 gacom. llIBuakicTh

MpOIIECY BIHOBJICHHS HApOMICHOro 3 aMop¢HOi (aszu
JIe(OPMOBAHOTO  KPUCTAIy BHIIA, 10 OYCBHIHO
3YMOBJIIOETBCS BIJICYTHICTIO B Takiil CTPYKTypi CTIHKHX
KOMIUIEKCIB ~ TOYKOBHX  Je(EKTIB Ta  MPOTHKHUX
JNe(PEKTOYTBOPEHb, M0 3’SBIIIOTHCS B IDIBIN IIpH
omnpoMiHeHHI. CTBOpPEHHS MIKPOCKOIIIYHOI MOJENi, sKa
ommcyBaja 0 CIIOCTepeKyBaHI MPOIECH Ha aTOMapHOMY
piBHI HE SBISETBCI MOMJIMBAM, OCKUIBKH BHMArae
JETaJbHOTO YSBICHHS IPO BIACTHBOCTI BCIX TPHOX
CKJIaZIOBMX Mpolecy: Kpucrany, amopdHoi ¢asu Ta
Mik(a3HOI TpaHHUILI.

Indopmanito  mpo  BITHOBIEHHS  MAarHiTHOTO
BIOpPSAKYBaHHA B npunoBepxHeBomy miapi ®I'TI Gyio
OTPHMAHO BUKOPHUCTOBYIOUH METOJ MeccOayepiBChKOi
CIEKTPOCKOMI{ KOHBEPCIMHUX EJIEKTPOHIB. 3acTOCOBaHA
METOJIMKa OCOOJMBO ILIHHA THUM, IO JIa€ MOXIIHMBICTH
oTpuMaru iHQOpMaUil0 IPO CHMETPiI0 ONMKHBOTO
otoueHHs sizep Fe B ToHKOMY mm1api, TOBIMHOIO < 90 HM.
Ocob6muBocti 3acrocyBanHs KEM crmekTpockormii s
JOCTIKCHHSI MarHiTHOI MIKPOCTPYKTYpH EHIiTaKCiHHUX
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MOHOKPHUCTAJIIYHAX IUIIBOK 3 CTPYKTYPOIO
aHaJIi3yBaJIMCS HAMU B poooTi [9].

Ionu 3amiza y CTpyKTypi IpaHaTry 3HaxXOISThCS B
JIBOX KPHUCTAIIYHO-HEEeKBIBaJICHTHUX OKTa-  Ta
TeTpanopoxHuHaX (a- Ta d-mo3mmii). 3aJeXHICTH
KBaJIpYNOJIBHOTO PO3IICIUICHHST BiJ BEIMYMHUM KyTa 6
Mi HanpsAMOM e(QEeKTHBHOro MarHiTHoro nons He, Ta
Biccto cumetpii Tpanienta enekrpuaHoro moist (IEIT)
3YMOBJIIOE MOSIBY TPbOX HEEeKBiIBaJICHTHUX
TETpacAPUYHUX MO3MIINA 3ami3a, SKi BH3HAYAIOTHCS
HampsMKkoMm oceit cumerpii [100], [010] i [001]; Ta
YOTHPHOX OKTACIPUYHHMX TMO3UINHA, 0 BiNOBIIAIOTH
Hanpsmkam TEIT [111], [TIIJ, [ITIJ Ta [IIT]
MeccbayepiBCbKMI CHEKTp YHCTOTO 3aii30-iTpieBOro
rpanaty  (3II') YsFesO;;  mnpencraBiase  coGoro
CYNIEPIIO3UIIII0 CEeMH MaplialbHUX cekcreTiB. Jis
MOHOKPHCTAIIYHAX IUTiBOK Y;FesOjp, BUpOIIEHHX Ha
TaIoNiHIN-Tai€BUX MIKIagKaX 3 IDIOMIMHOK 3pi3y
(111), wabip KyTIB CKOpOYYETbCS JO  TPbOX
6, =00, = 70°52', 0, =54°44' 1 MmeccOayepiBCbKHit
CIEKTP MOXKHA arpOKCHMYBaTH TPbOMa KOMIIOHEHTaMH
31 CIBBIAHOLICHHSM ILIOLL S, :S, :S, =6:3:1.

rpaHary

[opyuieHns HenpsiMoi oOMiHHOT B3aemonii mpu
3aMillleHHI 3ajli3a B TeTpa- Ta OKTAalO3MLisAX Ha
HEMarHiTHIi 10HM YW  pyHHYBaHHI  KPUCTaJIIYHOI
CTPYKTYpPH TpH IOHHIM IMIUIAHTAIlii MPU3BOIUTH [0
MOSBM MAarHiTOHEEKBIBAJIEHTHUX IIO3MLIN 3amiza 3
MEHIIMMH (TIOPIBHSHO 3 HEIMIUIAHTOBAaHMM 3Pa3KOM)
e(peKTUBHUMHU TMOJSIMH Ha fA1pax, aX JO TMOsBU
napaMarHiTHOro crany ionis Fe’' B mHamromy Bumamky
iomn Ge’* Buricmsroun xariomn Fe’'  Timpkm 3
TETPANO3ULIIH (3 HMOBIpHICTIO 95% [10])
CIIOTBOPIOBATUMYTh TAKUM YHHOM OJIMDKHE OTOYEHHS
anep 3ajiiza, 1Mo mnepedyBaTUMyTh B OKTaeAPHYHUX
no3uuisx. BinnoiaHo no momnepenHix mociipkeHb [2] i
CKa3aHOro BUILE, P 10HHIH IMIUIaHTAllii B IIepIIy Yepry
pPYHHYBaTUMYTbCSl KHCHEBI KOOPIHMHALIMHI MOJiepH.
CrocTepiraerbcs CeJIEKTUBHE pPYHHYBaHHS MIATPATOK

OKCHZHOI  CIONYKH, TPUYOMY B TMepuly 4epry
PYHHYETBCSI caMeé OKTaIliArpaTka, 3 MaKCHMAJIbHOIO 3a
KIJIBKICTIO KHCHIO B OJNIDKHBOMY  OTOYCHHI Ta
MaKCHUMaJbHUMH BIICTaHSIMM KaTlOH-aHIOH. BuKkiamgeHi
BUIEC MipKyBaHHSA OyJM BHUKOPHUCTaHI Ui IMOOYIOBH

Mozmem — mpH  po3mH(pOBII  EKCHEPUMEHTAIBHUX
MeccOayepiBChbKIX CHEKTpiB. BBaxkamocs, o 3aMileHAs
10HaMH Ge* CIPUIHHIOE TOSIBY CHEKTPY

MarHiTOHEeKBIBAJICHTHUX [0 OJMXHbOMY OTOYECHHIO
siIep 3aji3a B a-KOOpAMHAINI. 3ai1i30 B TeTpacApUIHHX
MO3MIIX (POPMyBaTHME YIIHMPSHUN CEKCTeT. Buxomsiuu 3
Mozmemi [9] mpm dHCIi  MAarHITHHX cycigiB <2
MeccOayepiBChKUil aTOM 3HAXOIUTHCS B lTapaMarHiTHOMY
CTaHi, TOMY OWYiKyBajacsi HasBHICTb B CIEKTpax
napaMarHiTHa CKJIaJioBa, 3yMoBieHa ioHamu Fe, ski
3HAXOMATHCA B OKTAamo3uiisx. [lpum ampoxcumarii
EKCIICPUMCHTAIBHOTO ~ CIIEKTPY OyJI0 BUKOPHUCTAHO
MeToauky [11], mo M03BONMIO BiIAZHOBUTH (HYHKIIO
pO3MOAITY HANTOHKOTO IIONI Ha sApax 3amiza B a-
mo3umisix. B pamkax maHoi Mogmem sapa 3aii3a B
OKTakoopuHalii (opMyBaTUMYTh HEMEPEPBHUII CIIEKTP
napiiajbHUX KOMIIOHEHT, 130MEPHHUI 3CYyB ISl SIKUX €
JHIHHOIO (QYHKIEIO MO HA saApi. MarHiTHI MOMEHTH
MmiArpaToKk  BBaxkaiucs  KojeHiapHumu.  CriekTpu
BUXIJJHOTO Ta JBOCTyIEeHeBO Biananenoro npu 400°C Ta
700°C 3pa3ska HaBeIEHO Ha pucC. 5 Ta B Ta0IL. 2.

Xo4a BHXOJSIYHM 3 JAHUX PEHTTCHIBCHKOI MU(PaKIIii,
KpUCTaTiYHE BIOPSIIKYBAaHHS IMPUIOBEPXHEBOTO IMIAPY
TUTIBKH TICIISL BiMaTy TMOBHICTIO BiTHOBIIOETHCS, MIPOTE

BignoBimHO 10 pesynbratiB  KEC  cmektpockormii
MarHiTHa MIKpPOCTPYKTYpa TEPIUTh 3HAYHI
Tpanchopmarrii.

VY  BigmaneHiii  IUTBII  cIOCTepiraeTbes  SIK
3MCHIICHHS €()EKTUBHMX MACHITHHX IIOJIB Ha sapax
3aiiza B 000X KpuctanorpadiuHux MO3MIISAX TaK i 3MiHU
y ¢yskuii posmoniny edexTHBHOrO Mmois UL a-
KoopauHariii 3aiza (puc. 5). CriocTepiraeTbCsi TCHACHIIIS
JIO 3pOCTaHHsI 130MEpPHHX 3CYBIB Micis BiAHaIy A 000X

MO3UIIH, IO MOXE TIOSICHIOBATUCS CIIOTBOPEHHSIM
BiOyJOBaHWX KHCHEBUX TNOJI€ApiB 1 3MEHIICHHSIM
Taoaunsa 2

[Mapamerpu napiialibHUX KOMIIOHEHT eKCIIEPUMEHTAJIbHUX MeccOayepiBChKUX CIIEKTPIB (MOSCHEHHS B TEKCTI )
* co . . .
('— nnst @-no3uIil BKa3aHO CepeHbO3BAXKEH] 3HAYCHHsI e()eKTUBHOTO MAarHITHOTO TOJIS T 130MEPHOT'0 3CYBY)

Kpucranorpadiuna H, ) A
P P b S > ®, MM/C a® S, %
MTO3UILiS KE MM/C MM/C
MoHokpucTaniuHa mwiiBka Y oLug ¢3Smg s5Cag sPbg 2Fes 1Ge 9012
ronrHa opierrauii (111) BuxigHui
a* 440 0,65 -0,13 £0,02 0,40+ 0,02 32,8
d 381£03 | 043001 | -0,05+0,01 | 065001 | 174 63,8
- 0,40 + 0,01 1,97+ 0,02 | 0,23 +0,03 3.2
MouoxpucTaniysa miiBka Y ¢Lug ¢3Smy ssCag sPbg g2Fes 1Geg 9Oz
mwionuHa opierranist (111), micns Bignany mpu 400°C ta 700°C
a* 425 0,70 -0,01 £0,01 0,30+ 0,03 32,2
d 370£03 | 047+0,01 | 0,03+001 | 0,72+0,02 | 177 63,0
D - 0,46 £ 0,01 2,06% 0,02 0,22 £0,02 4,8
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wrommHa (111) Toukm —

eKCIIEPUMEHT, CYLIIbHI JiHIT — mapiiajibHi KOMIOHEHTH Ta iX oOBigHa. Ha momatky — pi3HHIEBHE CIIEKTp MiX

O6Bi,Z[HOIO Ta CKCIICPUMCHTAIIbBHUMU JTaHUMU

2) — UeHTpasbHa JIiHig — BiTHOBJIEHa (DYHKISl pO3IIOALTY HaATOHKOTO MOJIS Ha s[pax 3aii3a B a-MO3MIISAX, BEPXHS Ta
HWKHS (DOPMYIOTH JOBIpYMi iHTEpBaJ WMOBIPHOCTI 3HAXOIDKEHHS sIpa 3alli3a B a-MO3MLIT 3 NMEBHUM 3HAYEHHSIM

e()eKTUBHOI'O MAarHITHOTO ITOJIS Ha SPI
o,

1) — KEM chnexktp MoOHOKpucTaliuHOI ILIBKH Y oLuge3SmgssCagsPboaFes 1GepoOr,, mmomuna (111) micns
immianTauii ionamu B, D = 1-10"cm™, E = 80 keB Ta nocixyiouoro Bixnamy npu mpu 400°C ta 700°C.
2) — neHTpaJIbHA JIiHis — BiTHOBIIEHA (DYHKIISI pO3IIOALTY HAITOHKOTO IOJIS Ha sSpax 3aji3a B a-TIO3HUIisAX

CTyNeHI  KOBaJEHTHOCTI  XiMiuHoro 3B’si3ky. Lle
HiATBEPIKYETHCS 3pOCTaHHIM 3HAYEHHS
KBAJPYNOJBHOTO  PO3LICIUICHHS, IO  IOSCHIOETHCS

3HIDKCHHSM CUMETPil OJIHKHBOTO OTOYCHHSI.

Mupuna minii mis d-no3unii 3pocTae, IO TAKOX
MOB’S13aHO 3 3MiHAMH B CHMETpIl JIOKQIbHOTO OTOYCHHS
MeccOayepiBChKUX  saep.  3BY)KEHHS  JHII Ui
HEMePEepBHOTO CIIEKTPY HapLiaJbHUX KOMIIOHEHT, SKUMH
Oyno ampokcumoBano KEM cmektp mist 3amiza B a-
KOOPAMHALIIT MMOSICHIOETHCSI POCTOM YHCIIA KPUCTAIIYHO 1
BIANIOBIAHO MArHITOHEEKBIBAJICHTHUX IMO3MLIM IS
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MeccOayepiBChbKHUX siiep. 3HAueHHS KBaJPYMOJIBHOTO
po3iierieHHs (IUB Tadi. 2) s 1y0JIeTHOT KOMIOHEHTH
Jae  MiACTaBM  TOBOPUTH PO  HAasBHICTh B
NPUIIOBEpXHEBOMY Ilapi IUIiBKH i0oHIB Fe, mo 3HM3MIN
BaJIeHTHICTh 3 3 70 2. KyT o MiXk HanpsiMKamu rpajiieHra
CJIEKTPUKHOTO TI0JIS1 Ha A1pi, (IKWH B HAIIOMY BHIAJAKY
30iraeTscs 3 HampsmkoM [111] HopMmanmi A0 TUTOIIUHH
TUTIBKH 1 HANIPSIMKOM BHJIBOTY Y-KBAHTIB) Ta OPI€HTALII€I0
CIIHOBOTO MAarHiTHOIO MOMEHTY, SIKMH pO3pPaxOBYBaBCS
32 METOIHKOIO [9], MPaKTUYIHO HE 3MIHIOETHCS.
3acerneHicTh KpHUCTaJorpadiuHUX TO3HIINA 10HAMHA



TepMoCTUMYIbOBAHE BiTHOBJICHHS KPUCTATIYHOI CTPYKTYPH ...

3aj1i3a, MPOMOPIlHHA IO IHTErpaabHOI IHTEHCHBHOCTI

napiiajJbHUX KOMIIOHEHT, He 3MIHIOETBCS  IICIs
TBepA0(a3HOro BiIHOBIEHHS CTPYKTypu. Otpumani
HaM{  pe3ysbTaTd  akTyaJlbHi  Ipud  po3poOrmi
TEXHOJIOTIYHAX peXUMiB TEePMIiYHOI 00poOKHu

IMIUTAHTOBaHUX JIETKAMH 10HAMH CEpelHIX eHeprii
TIPHUITOBEPXHEBUX IIAPiB (QEepPUT-TPAHATOBHUX ILTIBOK IS
HaJaHHd 1M  Hameped 3aJaHuX, YacoCTaOUTbHUX
CTPYKTYpPHHX TA MarHiTHHUX BIAQCTHBOCTEH.

IV. BucHoBkmu

TepMmocTUMyITEBaHA BigOymoBa MTOPYIICHUX

: . . +
BHachigok immiuaHTamii  ionamu  B'  (E =80 keB)
npunoBepxHeBux mapiB ®I'TI Hocuth OGaraTtoctamiiHuit
XapakTep, IO 3YMOBIIIOETHCSA 3aJISKHICTIO KOHIIEHTPAMii
nepeBaKalounx THIIB patiauiiHux JedekTiB Bin 103U

OMPOMIHEHHS Ta IX peJNaKcallield Ha  OKPEeMHX
TEeMIIEpaTypHHX Jliara3oHax.

IMmnanTamiss  MOHOKPUCTaNIYHUX  eIITaKCIHHUX
(epuT-rpaHaTOBUX TUTIBOK CKIany
Y1 0Lup 63Smy ssCagsPbo g Fes 1GegoOr,  ionamm  B'

1 -2
(E = 80 keB) 3 103010 1-10"°cM™ npu3BOIUTH 10 MOSBH
Ha TIOBEpXHI IUTIBKK Ta B OOJIACTI MaKCHMAaIbHUX

SOEpHUX  BTpaT 10Ha-IMIUIaHTaHTa aMop(dizoBaHUX
mapiB, PpO3IUICHUX Je(PEKTHO-KPUCTAIIYHIM IIAPOM.
I3orepmiunmii  Bigman npu  400°C  crnpuumnHioe
TBepA0(ha3HO-CNITAKCIiHY peKpHCcTaIi3anilo aMoppHUX
mapiB 3 mBHIKICTIO 7,6%1,1 HM/TOA 1 BiIHOBICHHS
aHIOHHOi CHMeTpil KpHUCTaNiuHOi TpPaTKH 3 EHEpriero
Mirparii nedexris 2,0 eB.

Ocmadgpiniuyk b.K. — poktop (i3uko-MaTeMaTHUIHUX
HayK, npodecop, 3aBigyBad kadeapu MaTepiaJo3HaBCTBA
1 HOBITHIX TEXHOJIOTIi, IPOPEKTOP 3 HAYKOBOT POOOTH;
®Deoopie B./].— xanmunar (izMko-MareMaTUYHUX HayK,

JIOIIEHT KadeApu MaTepialo3HABCTBA 1  HOBITHIX
TEXHOJIOTII;

Kouyroouncoxuit B.O. = KaHIUJIAT (hizuko-
MaTeMaTUIHUX HayK, MOJIO I HAYKOBUH

CHiBpOOITHUK Kadenpyn MaTepiaJo3HaBCTBA 1 HOBITHIX
TEXHOJIOTIH;

Kacnpyk B.B. — acmipaHT Kadenpu MaTepiaJo3HaBCTBa i
HOBITHIX TE€XHOJIOT'IH;

IMTununie B.M. — xanauaat $i3uKo-MareMaTHIHAX HAyK,
JieKaH (aKyJIbTeTy MaTeMaTHKH Ta IHPOPMATHKH.
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Termostimulated Crystal Structure Reduction of Epitaxial Ferrite-Garnet Films
Light Ion Implanted Surface Layers

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

Termostimulated radiation defects relaxation in boron implanted epitaxial ferrite-garnet films on the base of
high-temperature X-ray diffractometry, Méssbauer spectroscopy, simulation of physical processes are investigated.
The dynamic of relaxation-reduction during annealing processes are observed. The velocity of thermal stimulated
solid phase epitaxy of amorphous garnet is calculated.
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