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IlocTynuna B pemaxkuuio 3 aBrycra 2010r.

[Tonnasa pacTBOpMMOCTH HPHMeCH B MOIMKPHCTallle BO3pacTaeT C yMeHbIIeHHeM pa3Mepa 3epeH, IOTOMY
YTO NpUMech PacTBOPAETCA He TOILKO B 06beMe KPUCTAIIMTOB, HO U Ha rpaHunax 3epeH. IItoT addekT oco-
GEeHHO BelIWK, eclIu ancOpOLUOHHBIE clod (WIM 3epHOrpaHMYHbIe (asbl) MHorocioiusle. Tak, pacTBopuMOCTb
MapraHiua B HaHOKPHCTaLINUYecKUX IIeHKax (pa3mep 3epeH ~ 20HM) Golee ueM BTpOe HpPEBBIIIAET PacTBO-
puMocTb MapraHina B MoHokpuctamiax ZnO. ToHKMe NMIEHKN HaHOKPHCTAIINYECKOr0 OKCHMIa LKUHKA, Jeru-
POBaHHOTO MapraHileM B MHTepBaie KoHIeHTpauuii ot 0.1 mo 47 at.%, GbLIM MONTYyYeHBI U3 OPraHUUECKUX
mpekypcopoB (6yTaHoaToB) MeTonoM “muakoil kepamuru”. OHU obnaganu (eppoMarHUTHBHIMU CBOMCTBaMU,
IOCKONbKY yZAelbHafd IIOMAAh TPAHUL 3ePeH B HUX Bbllle KpuTHueckoii [B.B. Straumal et al., Phys. Rev. B
79, 205206 (2009)]. HccnemoBaHusA ¢ MOMOIIbIO MPOCBEYHMBAIONIEN 3IEKTPOHHON MHKPOCKONMU BBICOKOrO pas-
pellleHNs, MOKAa3aly, YTO KpUCTalIuueckue HaHozepHa Zn(O c BIOPIMTHOl pelleTKO# pasfeneHbl aMophHBIMHI
IpocnoiikaM¥, TONIIMHA KOTOPLIX pacTeT C yBelWUeHHEeM KOHIeHTpanuu MmapraHuma. Mopdonorua sTux mpo-
CIIOEK CHIBHO OTIMYalach OT CTPYKTYPHI aMOP(HBIX IIIEHOK NpelcMadyMBaHUA Ha IpaHHUIAX 3epeH B CHCTeMe
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B 2000 r. Tomam JuTab ¢ cOTpyIHUKaMU BIepBbIe
TeOpeTUYeCKU NMpefCKa3alu, YTO OKCUABI (U, B YACTHOC-
i, okcug nuuka ZnQ), nerupobaHHbie “MarHUTHBIMU”
aromamu (nanpumep Co, Mn unu Fe) moryrt obnagathb
(eppoMarHUTHBIMU CBORCTBaMu ¢ TemmepaTypoit Kio-
pu Bellle KOMHaTHOM [1]. dTa pabora BhI3Bana Orpom-
HOE YKCJI0 SKCIepPUMeHTalbHbIX KCCIe0BaHUil, aBTOPBI
KOTOpBIX MbITalWCh OOHAPYMUTH MpejAcKa3aHHbIN dep-
pomardetusM. OOHUM rpynmnaM 3KCHEPUMEHTATOPOB
yIanoch HaWTU XOPOIIO BOCMPOM3BOAMMEBIH (heppoMar-
HeTusM y ZnQ, Apyrue KOIIEKTUBBI CTONb e HaTeMHO
CBUETENLCTBOBANU O €ro OTCYTCTBUM. ABTOphI pabo-
ThI [2] mokasanu, uTo Bce meno B rpanunax seped (I'3)
Memay kpucramautamu ZnQ. @eppomarseTusm HabiIo-
IaeTcAl TONbKO, ecly MIolagb TpaHull 3epeH B eIUHU-
e o6beMa MaTepuana Bhillle HEKOTOPOT0 KPUTUUYECKOTO
3HaueHus sy, = (2 +4) x 105 m? /M3 gaa ZnO, nerupo-
BaHHOrO Maprasuem, u sy, = (7 £ 3) x 107 m2/m® paa
unctoro ZnO]. UueiMu cnoBamu, I'3 o6pasyioT cBoero
pona “3epHorpaHuyHyio neHy” B monukpuctainax ZnQ,
KOTOpas CTaHOBUTCA (ePPOMarHUTHOMN BhIlIe HEKOTOPO-

De-mail: straumal@issp.ac.ru, straumal@mf.mpg.de

ro mopora MepKONANUN. IOITOMY MHTEPECHO ObII0 GbI
y3HaTh, KaKOBa CTPYKTYpa I'paHull 3epeH, BhI3BIBAIOIINX
(heppoMarHeT3M B OKCHUJE ITUHKA.

Jpo3pauHble OKCUIHbIE MOTYTPOBOOHUKMN C (eppo-
MarHUTHBIMU CBOHCTBaMM WHTEPECHBI C TOUKHU 3peHuf
BO3MOKHBIX MPUMEHEHU 3TUX MaTepualoB B CITUHTPO-
Huke. Monsl Mmaprauiia o6iaagaioT HaubOMbIIUM MarHUT-
HbBIM MOMEHTOM cpenu BceX 3d-3meMeHTOB. JaMarHu-
YEeHHOCTh HACBIIIEeHWA Y OKCHIA IUHKA, JerupoBaHHOTO
MaprasniieM o0Hapy:K1uBaeT UHTEePECHYIO HEMOHOTOHHYO
3aBUCUMOCTD OT KoHuenTpauuu Mn [3—18]. Tu darTsr
MOT'YT 06BACHATBLCA CUILHON cerperaiueil Mapraiia Ha
I'3 B okcuge nuuka. Mo:HO Jame o:MUOATh NOABIEHUA
IOCTAaTOYHO TOJCTHIX mpocioek Ha ['3, momobHo amopd-
HBbIM 3epHOTpPaHUYHBIM ()a3aM B OKCHUIe HMHKA, Jerupo-
BaHHOM BHUCMYTOM [19—24]. Jo03TOMYy leNblo JaHHOM
paboThl GbINI0 MccIeqoBaHue CTPYKRTYpbI ['3 B HaHOKpHUC-
Talnu4yecKoM OKCcHUe IMHKA, JerMpOBaHHOM MapraHIeM.

JlerupoBaHHbIe MapraHiieM TOHKUE GecOpUCThIe Ha-
HOKpUCTAINYeCKMe TNIEHKY OKCUIA UHKA ObIIU CUHTE-
3MpPOBaHbI C UCMONb30BaHWEM TaKk Ha3bIBaeMOI'0o MeToJa
“mupnoit kepamuru” [25]. B kauecTBe mpexypcopa uc-
nonb3oBanca GyTtanoat nuuka (II), pacTBopeHHbIi B op-
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raHuyecKOM pacTBOPHUTeNE C KOHIEHTpauueil NMHKa OT
1 no 4xr/m>. Jlaa momydyeHWA NerMpoBaHHBIX MIEHOK C
KoHIeHTpamueid mapranua ot 0.1 mo 47at.% GyraHoat
uunka (II) cmemusanca ¢ Gyranoarom mapraunpa (IIT)
B COOTBETCTBYIOIIEH MPOMOPIUU. I PeKypcop HAHOCHI-
cA Ha TMOMUKPUCTANINYECKYIO (DONBTY M3 YHCTOr0 alio-
MHUHMA WIK HAa MOHOKPHCTAIIBI candupa ¢ opueHTanu-
eii moBepxHocTu (102). Docne cylmKkM HA BO3AYyXe MpU
100°C B Teuenue 30 MUH POBOAUICA TEPMUUECKUI MU-
ponu3 B medu COMpPOTHBIeHUA Ha Bo3ayxe mpu 550 °C.
KoHueHTpanuu nquHKa ¥ MapraHiia B HOJIYYeHHBIX IJIeH-
Kax WM3MepAluch C MOMOIIbI0 aTOMHO-aAcOpOIMOHHOM
cnekTpockonuu B npubope Perkin-Elmer u ¢ momotibio
BIEKTPOHHO-30HIOBOI'0 PEHTIEHOBCKOI'0 MUKpOaHalu3a
(99MA) na ckauupyiomeMm murpockomne Tescan Vega
TS5130 MM c sHeprogucHepcUOHHBIM CIEKTPOMETPOM
LINK ¢upmbt Oxford Instruments. Ronnentpauus apy-
rux ¢eppomaruutueix npumeceir (Fe, Co u Ni) ne
npeseimrana 0.001 at.%. JneHKM GBI MPO3PAYHBIMH,
MHOIJa C 3eJleHOBaThIM OTTEHKOM, TolmuHoi oT 50 1o
900 uMm. Tonmwuna miIeHOK ompeaensiach C MOMOIUILIO
J9MA u (Ha momepevHBIX cpe3ax) ¢ MOMOLIbIO MPOCBe-
4yuBaOIell 3MeKTPOHHON Mukpockonuu (DIM). IIM-
U3MepeHud NPOBOJUINCH Ha BIEKTPOHHOM MHUKPOCKO-
ne Jeol JEM—-4000FX mpu yckopfiolleM HampAeHUu
400xB. Mudparnua peHTreHOBCKUX JIydeil M3yuanach
Ha gudparToMeTpe Siemens ¢ KCIONb30BAHUEM H3IY-
uyeHufl Fe Ka. Ouenra pa3mepa 3epen D npoBojuiach
M0 YIIMPEHWIO MUKOB PEHTTEeHOBCKON NUMpAKIUU C TMO-
mombio dopmyusl Hlepepa 3 = 0.9A/Dcosf, rme A —
INWHA BONHBI PEHTTEeHOBCKOTO U3NyueHud, § — yron nu-
¢parnuu, § — nonmymupuna oudpakINOHHON TUHUM Ha
cepenuHe ee BbICOTHI [26]. MaruurHbie cBOMCTBa MIEHOK
U3MEPANUCH C HOMOIIbIO CBEPXNPOBOAALINX KBAHTOBBIX
MarautomMeTpoB SQUID Quantum Design MPMS-7 u
MPMS-XL.

Bce usyueHHbIe IEHKY OKCUIA IMHKA obnaganu dep-
pPOMarHuTHBIMU cBoiicTBaMu. KpuBaA HamarHudeHHOC-
TH IJIA UIEHKM OKcuaa nuHKa ¢ 13 at.% mapranuna Ha
candupoBoil moanoxke npuBegeHa Ha puc.l. OHa ume-
eT BUI, TUNWYHBIM A ¢heppoMarHeTuKa: HachIIeHUE
IpU NPUIOMEHHBIX TonAX Beime ~ 2 Ta u ructepesuc c
KO3pUUTUBHOI cuinoii okono 0.03 Tn. damarunyeHHOCTD
HaCBINEHNA [JIEHOK HEeMOHOTOHHO M3MEHAEeTCA B 3aBU-
CHMOCTH OT KOHIIEHTpaluy MapraHila B UHTepBale OT
0.01 no 0.16smy/r [18].

da puc.2 mpuBelieHa 3aBHUCHMOCTb IepuUoa C BIOD-
IUTHOM pelleTKU OKCHUA IUHKA OT KOHIEHTpaluu Map-
raidia QA pa3HOro pasMepa 3epeH. Jpu HoGaBlIeHUU
Maprasia nepuop pemeTku pacteT. Korma mocturaet-
cA TpeJeNn pacTBOPUMOCTU Mapralila B MaTpulle, nepu-
Ol pelleTKU OKCHAAa IUHKA MepecTaeT YBeIMUNBaThCA,
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Iuc.1. 3aBUCMMOCTL HaMarHUYEHHOCTH OT IPHUIIOMKEHHO-
ro MarHUTHOTO MOIA JJIA [IeHKHU oKcuaa nuHka ¢ 13 at.%
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Iuc.2. 3aBucUMOCTH NU3MEHEHNUA IePUOAA C BIOPIUTHOM pe-
IIeTKY OKCH/A [IHKA OT KOHIIEHTPAaLUy Mapratua Iif pas-
HOro pa3mepa 3epeH. JaHHble I MOHOKPHUCTamIOB (Tpe-
YTOIbHUKHM) B3ATHI U3 pabore! [29]. Touku muA moaukpuc-
tannoB ¢ pasmepoMm 3epeH 1000 (cBerable KBampaThbl) U
100 M (pom6s1) mpuBoaaTcea mo gaHHbM [30 —32]. Ilepuox
pelleTKHU B IIIEHKAaX OKCHA IUHKA ¢ pa3MepoM 3epeH 20 HM
IpUBOAUTCA N0 AaHHBIM [33] (TeMHble KPYHKHM), a TaKike
u3MepeH B JaHHO} pa6ore u B [27] (TeMHble KBagpaThl)

a Ha KapTuUHaX OU(PaKUUU PEHTIEHOBCKUX iaydeil [27]
U BIeKTPOHOB (pHUC.3) MOABIAIOTCA IMHUN KyOGUYECKOro
okcuma Maprauna Mn3;O4. B MoHOKpucTannax mpemnen
pacTBopuMoOCTH JocTuraerca y:;ke mpu 10at.% Mn. B
HOJIMKPUCTALIAX IPU HoGaBlIeHUM Mapratiia ero aToMbI
pacronaraloTcA Kak B o0beMe, 3aMelllad aTOMBI [UHKA B
BIOPLUUTHOI pemeTke, Tak U B (MeHee IUNIOTHOYIAKOBaH-
HBIX) rpaHunax 3epel. Ancop6uuonnas eMKkocTs I'3 Mo-
#eT GbITh BechbMa BelnKka [28], 1 noToMy ofiias pacTBo-
PUMOCTh Maprafiia yBelIn4nuBaeTCA 10 CPABHEHUIO C MO-
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HokpuctamwioM. Yem menbue 3epHa (TO ecTh ueM G0Jb-
llle TPAHUIl B eIUHUIE 06beMa), TeM CUIbHee BO3pacTaeT
obmwasn pactBopumocTs (puc.2). Tak npu pasmepe 3epen

MMuc.3. RapTuna gudparumu 31eKTPOHOB OT oGpasia OKCHU-
na nuaKka c 30 at.% mapranna. WHIeKchl 0IA CUILHBIX JIH-
HU BIOPIUTHOM pelleTKU OKCUIa IMHKA pa3MelleHbl clieBa
B cToaben. WHmeKkcel niA ciabbIiX TMHUM 4YacTHIl BblAele-
HUI OKCHa MapraHila pa3MelleHbl CBepXy B CTPOKY

100 um ona gocturaet 20 at.% Mn, a npu 20 um—30at.%
Mn. MakcumanbHaa pacTBOPUMOCTb B 00hEMe He 3aBH-
CUT OT pa3Mepa 3epeH, 1, TakuM 00pa3oM, Ipu pa3Mepe
3epeH 20 HM TONBKO OJJHA TPeTh aTOMOB Maprasia pac-
TBOpeHa B 00beMe, a [JBe TPETH — Ha IPaHULAX MERIY
3epHaMU.

KakroBa e cTpyKTypa TaKuX TpaHull, rae “copATa-
HO” IBe TPETH PaCTBOPEHHOIO B MOMUKPUCTANIE MapraH-
na? Ja puc.4 npuBeJeHbI CBETIONONbHbBIE MUKPODOTO-
rpaduy MIEHOK NerMpoBaHHOrO oKcuaa nuHKa ¢ 10ar.%
Mn (puc.4a) u ¢ 15a1.% Mn (puc.4b), nonyuenHsie ¢ mo-
MOIIIbIO TPOCBEUYNBAIOIIEN AIEKTPOHHON MUKPOCKOTHUU
BBICOKOI'0 paspemieHud. JpAMOe pa3pelleHUe peleT-
KU [O3BONAET BUIETh 3epHAa KPUCTANINYECKOr0 OKCUIA
IMHKA C BIOPIUTHON pelleTkoit. Ja puc.4a Xopouo BUA-
HO, UTO Ha TpPaHUIIaX Me# Ay STUMU 3epHAMU PacloNoH#e-
HBI MPOCIOiKN aMopdHO#l pa3bl. Jpu yBeIUUeHUN KOH-
neHTpanuu Maprauna ot 10 mo 15 at.% monsa amopdHoii
¢a3e1 Bo3pacTaeT. ITO HArIAJHO BUJHO U3 CPABHEHUA
CTPYKTYyp Ha puc.4a u b. Tax, Ha puc.4b onHo u3 3epeH
OKCHJla HMHKA C BIOPLUUTHON PEIeTKOM (B LEHTPEe CHIM-
Ka) TMOJHOCTBIO OKPY#HeHo amopdHoi obaacTbio, Gora-
TON MapraHieM. JOCKOIbKY amMopdHbIe IPOCIOHKU B
o6pasie ¢ 15at.% Mn yse [ocTaTOuHO BEIUKH, HTO 103~
BOJIAJIO HAM MOTYYUTh KapTUHBI (ypbe-mpeobpa3oBaHuA
InA aMophHBIX M KpUCTALIUUecKuX ydacTkoB. Coor-

Iuc.4. CeeTnonmonbHble MUKpOodoOTOrpaduu MIEHOK JIeru-
POBaHHOI'0 OKCHAA LMHKA, MOTyYEHHbIe C IIOMOIILIO MpO-
CBeuHnBalolleil AMeKTPOHHON MMKPOCKONUYN BBICOKOTO pas-
pemenusa. (a) Oxcup uuuka c¢ 10ar.% wmapranma. 3a-
MeTHBI aMop(HbIe IPOCIONKU Mex Iy KPUCTALINUYECKUMU
uaHoszepHamu ZnO. (b) Oxcun nuuka c 15at1.% mapran-
na. Kpucrannnueckue HaHo3zepHa Zn(O okpy#eHBI aMopd-
HBIMM mpocnoiikamMu. Ila Bpe3kax Noka3aHbl KapTUHBI
¢ypbe-npeobpa3oBaHuA IiIA aMOpP(HBIX U KpHUCTALINYec-
KHUX y4YacTKOB

BETCTBYIOLIME KPUCTAIIMYeCKUe 3epHa (cieBa U crpa-
Ba) U amopdHas npocioiika (B cepelnHe) 0TMeUeHbI Ha
puc.4b 6yxBamu A, B u C.
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duc.4 HarnAAHO JEMOHCTPUPYET, UTO MPOUCXOITUT
MpU TMOCTEeNeHHOM R0oGaBIEHWM Mapralila K HaHOKpPUC-
TalInyecKoMY OKcuny nuHka. YacTh aToOMOB Maprasia
nonajgaeT IPU JerMPOBaHUM B KPUCTANINYECKYIO PelIeT-
Ky 3epeH 1 BHOCHUT BKJIA] B CMellleHle MTUKOB Judparkiuu
PEHTTeHOBCKUX ITyueil oT oflacTeit KOrepeHTHOro pac-
cefAHUA (3epeH ¢ BIOPUUTHO! pemeTkoii). Ipyrasa dacTb
aToMOB MapraHlla — MpPUMepHO JBe TPeTU — MomajaeT
B aMop(HbIe MPOCIORKHU, OKPYHAIOlINe U pa3Aelfolue
3epHa. TU amMopdhHbIe IPOCIOMKY CTAHOBATCA BCE TOJ-
Ile C POCTOM KOHIleHTpanuu Mapranina. KomuuecTBeH-
Hafd OlleHKa, IPOBeIeHHaA HaMu paHee, TIOKAa3bIBAET, UTO
npu 30at.% Mn, Korga gocTuraerca mpejen pacTBOPH-
MoCTU AnA pa3mepa 3epeH 20HM, TOXIIMHA 3epPHOrpa-
HUYHBIX Npocioek cocTtaBndgeT 6—10 MoHOcIoeB okcuaa
Maprasiia, a Ha BHeIlIHeil MOBepXHOCTH — ABYX MOHOCIO-
eB [27]. Takasa cuTyanusa KopeHHbIM 06pa3oM OTIMYAET-
Cfl OT ciy4asn OfHOCIONHOM agcop6uuu Max-JIuuna (Ha mo-
BepxHocTH unu Ha I'3) [34]. AmopdHbIe npocnoiiky 3ep-
HOT'paHMYHOU ()a3bl MOCTOAHHON TOJNIIUHLI B HECKOIBKO
HM BIEepBble HaOmoganuch ¥ ObBLTIM TEOPETHUYECKHU ONMU-
caHbl C MOMOIIbIO MoJenu GanaHca CHUI B MHOHEPCKUX
paGorax Kuapka Ha Hutpuge kpemuus [35,36]. dosme
HEeKpHUCTallMYecKie NPOCIOAKY NOCTOAHHON (1au “paB-
HOBECHO#”) TONMMHBI B HECKONIbKO HM HEOJHOKPATHO
Habnonanuch B Kepamukax [19—24] uam Ha rpaHunax
merani/okcuy [37,38]. Toukue paBHOBecHbIe IPOCIOii-
KU, MOABIAONIMecA B 0fHO(a3Hoit o61acTu (a3oBoii nua-
rpaMMmbI Ha '3 unu BHENTHUX MOBEPXHOCTAX, OBLIU TPO-
ananusupoBansl Kanom [39]. UM Grina BeIABUHYTA Uzef,
YTO Mmepexo] OT HENONHOr'0 CMauuBaHUA BHEIIHEH Mo-
BEPXHOCTU K MONHOMY MpeAcTaBafeT co6oit ¢hasoBoe mpe-
BpalleHue. Jo3e 5Ta uiedA Oblia yCHEUIHO NpPHUMeHeHa
K ['3, u cymecTBOBaBIINE K TOMY BpPeMeHH dKCIIEPUMEH-
TanbHbIe TaHHbIe 0 cMauyuBaHuy '3 6bITK NepecMOTpPeHbI
I0J 3TUM HOBBIM yrioM 3penus [40—42]. 3epHorpannu-
HBIH (pa30BbIil Mepexol cMauyuBaHUA MPOUCXOIUT NP He-
KoTOpoit Temnepatype TwagB, NP4 KoTopoii aueprua '3
0GB CTAHOBUTCA PAaBHOM 3HEPTUU ABYX Mexba3HbIX r'pa-
HUI[ pa3fenia TBepaoi u umgroit gas 20sy,. Beime TywaB
I'3 3amensaTca cnoeM muakoit ¢asel. B pesynbrate npu
TwaB B IByxdasHoii o6racTtu “TBepmaas ¢asa + pacnias”
(a3oBoit fuarpamMMbl MOABIAETCA KOHOJA 3€PHOTPaHM Y-
Horo (a30BOro mepexoga cMauuBaHUA. JTa KOHOJA NPO-
JIonaeTcA B oqHodasHol obracTu “TBephblit pacTBOp”
¢a3oBoii AuarpaMMbl KaK JIUHUA 3€PHOTPAHUYHOIO CO-
aupyca (MiIu TUHUA Nepexoia npencMadyuBaHusa). Mesm-
Oy NTUHUAMU O0GBEMHOr0 U 3epHOTPaHUYHOI0 CONMUAYyca
I'3 comepxuT cnoit KBa3u#UIKON 3epHOTPaAHUYHOI (a-
3b1. Brime Ty,gp dHEPreTUUECKU BBIMIPHILI OT MOIHOIO
cMmauuBanuf (0ge—20s1,) M03BONAET CTAGUIU3UPOBATh
ATY KBas3umuOAKYIO mpocioiiky I'3 ¢as3el. O6paszoBanue
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Ha ['3 cioa MeTacTabunbHOM #ugKOM Ha3bl TOMIUHOMN |
TpeGyet 3aTpat sHepruu [Ag. Koneunasa tonmuna [ I'3
¢dasel onpenenseTcA PaBEHCTBOM 3HEPreTHMYECKOTO BBI-
UrpHIIA OT MOJNHOr0 cMauyuBaHufA (ogp—20§L) U MIPO-
urpsiiia [Ag or o6pazoBaHuA MeTacTaOUILHON HUTKOM
¢azel. B aToit mpocTeiimeil Momenu cioi #ugKOMOI06-
Hoit (a3l Ha '3 TonmuHoit | noasaderca Ha ['3 mpu me-
peceyeHUM JMHUM MpefcMaunuBaHusA (3epHOrPAHUYHOTO
conunyca) cpt(T). Tonmuna | norapudmMudecku pacteT
Opu NpubnuKeHUn K IUHUM 00BEMHOr0 conupgyca. JTo
HPOUCXOAUT NMOTOMY, UTO 3a JINHMEH 06'beMHOr0 COTUAY-
ca moABAAeTcA “UcTUHHaA” obbeMHad xugxkaa dasa, u
ee TOIIMHA CTAHOBUTCA TepMOJMHAMUUYECKU GecKoHeU-
Hoit. ®Pusuuecku B AByxdasHoit obnacTu “TBepaad da-
3a+ pacmnaB” $a3oBoif [UarpaMMbI TONIIMHA #UITKON
¢ase1 Ha '3 onmpeensAeTcd TONbKO ee KONTUUECTBOM. 3ep-
HOT'paHUYHbIE IPOCIONKYN TONIMHONU B HECKOIBKO MOHO-
crnoeB, oGnajamle aHOMAalbHO BBICOKOM IIA TBepObIX
Ten AU(POY3UOHHONI MPOHUIAEMOCThIO, HabmOganuch B
cucremax Cu-Bi [43], Al-Zn [44,45], Fe-Si-Zn [46] u
W-Ni [47].

Onnako Mopdornorua oborameHHbIX MapraHieMm
aMopdHbIX o6nacTeil MeKOy 3epHaMU OKcHAA ILIMH-
Ka CHUILHO OTJIWYAaeTCA OT OYeHb ONHOPOAHBIX U
paBHOMEpHO, TOHKMX aMopdHbIX mnpocnoex I'3-¢pa3
npeacmauynBanud B obpasuax Zn0:Bi; O3, momydeHHbIX
MeTofoM kuaKodasHoro cmekanusa [19-24]. Tak, B
ob6pasue ¢ 15ar.% Mn (puc.4b) amopdubie obracTu
HeTUKOM OKpY:KalOT OJHM 3epHa OKCcHAAa IUHKA U
JUIIb YaCTUYHO NPOHUKAIOT Memay Apyrumu. Tawas
MHMKPOCTPYKTypa OYeHb HaloMUHAaeT Mopdonoruio
OBy XGha3HbIX MOTMKPUCTAIIOB, B KOTOPBIX BTOpas (asa
HOJHOCTBIO CMayMBaeT OHHM, M YacTUYHO CMavyuBaeT
npyrue rpanunst [40-42,48,49]. denaBHO MbI MoKasa-
a4, uyTo BTOpaa (cMauuBaiomasa) (aza MoxeT GbITh He
TONBKO JKUAKON, HO U TBepuoit [50—52]. da mepsbIit
B3rJAN, CTPYKTYphl, OOGHapy:eHHble B OKCHIE IUHKA,
JerupoBaHHOM MapraHieMm (puc.4), CBUIETEeIbCTBYIOT 0
ToM, uTo ['3 MoryT cmauuBaThCcA U BTOPOil amopdHOi
¢azoii. OgHako 3To He Tak. B TpaguuuOHHOM ciyyae
cmaunBanue '3 B omHoit ¢asze cmoaMu apyroii asbl
MPOUCXOOUT B OBYX(haszHoi obmacTu o6beMHOI (a3oBOit
ouarpaMMbl. JpU 3TOM cOcTaB Kamaoil u3 das durcu-
pOBaH U He MEHAETCA NMPU U3MEHEHWU KOHIIEHTpaluu
KOMIIOHEHTOB. B HalleMm ciydae mpu yBelUYeHUU KOH-
IeHTpalUuyU MapraHiia ero cojep;kaHue B KPUCTALINTaX
MaTpHUIbl He OCTAeTCA IOCTOAHHBIM, a TOMe pacTeT
(cm. puc.2), a Beime 30ar.% Mn nosBnsieTca u BTOpas
o6vemuas ¢asa — okcug mapranna MnsO4 (cMm. puc.3).
JTo o3HauaeT, 4TO aMmopdHble HpocioiKkM Ha puc.4d —
3To He “McTuHHAA” o6beMHad, a 3epHOTpaHUUYHaA ¢dasza
¢ He HaGnonaBIIelicA paHee Mopdonorueii.
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Takum obpasoM, B faHHOI1 paboTe yaanoch sKCIepU-
MEHTAlLHO UCCIeIOBaTh CTPYKTYPY I'PaHUIl 3epeH B le-
rMpPOBaHHOM OKCH[e IUHKa, GopMUPYIOMUX “3epHOrpa-
HUYHYIO MeHY” ¥ OTBETCTBEHHBIX 3a NOABIeHUE (heppo-
MarHuTHBIX CBONCTB Yy OKCHAA [UHKA. Ja rpaHullax Ha-
6mtogaloTcAa amopdHbIe MPOCIONKU, KOTOPhle HE BHOCAT
BRKJaJ B CMelleHUWEe NUKOB AUdpPaKINN PEHTTEHOBCKUX
nyudeil oT oGiacTeli KOTepPEeHTHOro paccefiHufA (3epeH ¢
BIODLMTHOl pemieTkoii). B pedynnTare npu pasmepe 3e-
pet 20 HM Bcero IuIib TPETh JETUPYIOMUX aTOMOB Map-
rafija BCTPauBaeTCA B BIOPIUTHYIO PeLIeTKY KpUCTal-
JTUTOB, a MPUMEpPHO ABE TPETH MOMajaloT B aMopdHbIe
IPOCIOWKY, OKpY’KRaIONIUeE 3epHa.

ABToph! GnaromapAT A.J.JeKkpacoBa 3a MOMOIIbL B
npoBelleHNU 3KcnepuMeHToB, a npod. A.M.Tycaxa u
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6oTa BbIMONHEHAa NPU (PUHAHCOBOM COAEHCTBUU JOCCHIi-
ckoro hoHaa hyHAaMeHTalbHBIX UCCIeIoBaHuii (rpaHThI
# 10-02-00086 u # 09-08-90406), mporpaMMbI co3aHMA
u pasButufa JUTY “MUCuC”, a taume 'ocymapcTBen-
Horo ¢oHJa GyHIAMEHTATLHBIX UCCIEeNOBaHUM YKPAUHBI
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