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NMPUMEHEHWE 30/1b-N'EJIb METOA
ANA CNHTE3A MATHUTHBIX HAHOCTPYKTYP

B TeueHMe nocnegHero AecaTUNETUSA Pe3KO BO3POC MHTEPEC K HAHOpPA3MeEPHbIM
cuctemam, obnagarULMM MarHUTHbIMU CBOMCTBaMU. OTO 06bSACHSETCAS UX YHU-
KanbHbIMUN (PYHKLMNOHaNbHbIMN CBOWCTBaAMW, OTKPbIBAKOLWMNMMN BO3MOXXHOCTb UX
pasnnUHbIX NPUMEHEHUNI B ONTO- N HAHO3NEKTPOHUKE, N3MEPUTENbHOW TexXHUKe,
MHOPMaLMOHHbLIX TEXHONOTMAX HOBOro MOKONEHNSA, CpeAcTBax CBA3N M Np. ITu
CUCTEMbI MOTYT CUMHTE3MPOBATbLCSA B BUAE MOHONNUTOB, NNEHOK, NopowkKoB [1—3].

OCHOBHOI uenblo paboTbl ABASNOCb MUccnegoBaHMe BANAHUS TeMnepaTypbl
Ha CTPYKTYPHble U MarHUTHble CBOMCTBa MNEHOYHbIX 06pa3yo0B, coAep >Kalymnx
coeanHeHnsa EexOoyOr, n ycTaHOBNEHME CBA3N MeXAy COCTaBOM U pas3mepamMmu
MarHUTHbIX YacTuLl, N XapaKTePUCTUKAMM 30/1b-T€Nb CUCTEM C (DEPPUMATHUTHbI-
MW CBOWCTBaMWU.

METOAMKA 3KCMNEPUMEHTA

B oTeuyecTBEHHO 1N 3apyb6e>KHOW MpaKTUKe N3roOTOBAEHWUS MHOTOKOMMOHEHT-
HbIX MaTepuanoB, cofep>alinx eppo- U eppuMarHUTHble HaHOCTPYKTYpPbI,
onuncbiBaeTcsl 30/b-Tefib MeToq [5— 7], NpyU UCMONb30BaHMM KOTOPOro KOHEYHbIN
theppoMarHUTHbIA MaTepuan opMmpyeTcs 13 301b-KONNONAHOTO pacTBopa. [aH-
HbIM METOAO0M MOTyT 6bITb MONYyYeHbl ABYXMepPHbIe N TPexXMepHble CTPYKTYpPbl, CO-
CTOosILLMe N3 HaHOo4YacTuL dpeppuMarHeTnKa, pasMeLlleHHbIX B AuaMarHUTHOW maT-
puue (Si02, npuyem Ana KaXkAolh 13 dpa3 xapaKTepHO OTCYTCTBUE NpuMeceit 1 oa-
HOpoAHOCTbL (ha3oBOro cocrasa.

Ba3oBas mMeToaMKa co3faHus MNeHOUYHbIX 06pa3y0B C MAarHUTHbLIMU CBOCTBA-
MW npeacTaBnseT coboi rMbpuUaHbIN 301b-renb MmeToq (puc. 1). CmelwleHne ncxon-
HbIX KOMMOHEHTOB B pacTBOpe M Nocneayluias UX TepMmyeckasi o06paboTka npu-
BOAAT K MONYYEHMIO FOMOFeHHbIX MaTepuanoB U CHUXKEHUID TeMnepaTypHbIX U
BPEMEHHbIX MapamMeTpPOB CUHTE3a.

OnA M3roToBMEHUSA CUNNKATHbIX 30/b-Teflb MNAEHOK MPUMEHSANN cnefytoLme
XUMNYECKUNE BELLECTBA KBaANMMUKALMM HE HUXKE «XU»: TeTpasTUNopToCUIMKaAT,
asoTHas KucnoTta, AUCTUANMPOBaHHas BoAa, HUTpaThl KobanbTa u XKenesa, 3TUNO-
BbI COUpPT.

MonyyeHHble NMNeHKoo6pasyol e pacTBOPbl HAHOCUAW MeTOAO0M LeHTpudy-
rMpoBaHusa Ha NOANMOXKY C 4acToTol BpalweHus 2000 06/MuH (puc. 1). B KauyecT-
Be MOA/OXKEK MPUMEHSAIN: MOHOKPUCTaNINYECKN KPEMHU N KBapLLeBOe CTeK-
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vaponn3 TOOCAa
1 NONNKOHAeHcauna
MoanoXkKa MOHOKPUCTa/ITIMYECKOro

KPEMHUSI, KBapLy, 3o

BBefeHVie B 30/1b Coneit
Fe(N033 Co(N032

HaHeceHue 30718 Ha NOA/IOXKY
METOA0M LeHTPUMYrnpoBaHus

OTXXUT Ha BO3JyXxe

YacToTa BpaLleHust JlernpoBaHHas
200 06/MVH CUIMKaTHaA NieHKa

Puc. 1 BasoBas METoAMKA CO3AaHMs MNeHOYHbIX 06pasLIoB
C MarHUTHbIMK cBolicTBaMU

no. Cpasy nocne HaHeceHUsA o6paslbl OTXXUTannm NosTanHoO B MydenbHOW neyn B
TeyeHne 20 MuUH npu Temnepartype ot 200 go 900 °C.

N3yyeHune da3oBblX NepexofoB B CUHTE3MPOBaHHbIX MaTpuuax MNpoBefeHO C
MCMNOJ/Ib30BAHUEM N3MEPUTENBHO-BbIYNCNNTENBHOIO KOMMNJeKca «PeHTreH-cTpykK-
Typa», BKA4awuwero APOH-3M, TemnepaTypHyw npuctaBky YPA-2000, 610K
ynpaBneHnsa n ctabunmsayum temnepaTtypbl U KomMnbioTep Pentium.

CbeMKy peHTreHagnpakKunoHHbIX npodunen Fe~Co™ON-copeprkawen renb-
NNeHKWN, HaHeCeHHOW Ha KBapueBYyH MNOANOXKY, npoBoamnn Ha C u ™ -nsnyue-
Huun (Co-dpunbTp) No metony bperra-bpeHtaHo (0-20) ckaHMpoBaHMeEM AeTeKTO-
pa c warom A0 = 0,08 rpag. n BpemeHeM Habopa mMMnynbcoB 1 ¢ B MHTepBanax
20 < 20 < 70 rpag. MNpn o6paboTke pfaHHbIX (pacyeTe MJOTHOCTU YMNaKOBKW)
PEHTreHOBCKUX CMNEeKTPOB mcnofnb3oBanm nporpammy Powder Cell 2.3 [4].

Ona nccnegoBaHMA NOBEPXHOCTU NIErMPOBaHHbIX MNNeHOK 6bin Bbi6paH BbICO-
Kopaspewarwuwmnin atomHo-cunoson mmkpockon (ACM) SOLVER P 47 — PRO
(npouzBoacTBo pupmMbl «KNT-M D T»), N03BONSAOW NI BbISBUTbL CTPYKTYpPHble 06pa-
30BaHMA HAHOMETPOBOro macwraba.

MarHnTHble XapaKTepnucTUKN chopMmUpoOBaHHbIX CUINKATHbIX 30/1b-renb nine-
HOK, cogep>kawmnx coeauHeHnsa CoxFeyOz, nccnegosaHbl 6annMcTUHECKNM MeTO-
LOM MOCTPOEHMSA NeTNn rmcrtepesnca PeppoMarHUTHbIX MaTepuanoB npu pasnny-
HbIX HaMpPsA>eHHOCTAX BHELHero MarHUTHOro nons.

PE3YJIbTATbl N X OBCY>XAEHUE

TOHKMe nNneHKM coctaBa FexCoyOz — SiO2 HaHOCUIM Ha MOHOKpuUcTaninye-
CKU KpeMHui (nnockocTb (001)) n Ha KBapueBoe CTeKN0. Bce cMHTe3npoBaHHbIe
obpasubl oT>XXMUranm noatanHo Npu Temnepatypax 200 °C, 400 °C, 750 °C c BbI-
OepPXXKOo B TedeHMe 20 MUH.
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Puc. 2. ACM-1n3o6padkeHne rnoBepxXHOCTU 30/b-reflb MNEHOK,
cogep>kalpmx coeguiHeHust FexCoyOz — SiO2
a, 6, B — HefnermpoBaHHbIX, OTOXOKEHHbIX Mpy Temnepartype a — 200 °C,
6 — 500 °C, B —750 °C; r, 8, e — Fe—Co-coep>alLyx, OTOHOKEHHbIX
npy Temneparype r — 200 °C, g — 500 °C, e — 750 °C

ACM-n3obpakeHMs HaHECeHHbIX Ha MOHOKPUCTaNINYeCKUN KPeMHWi
(nnockocTb (001)) 30nb-renb MNAEHOK, coaep>kawux coeanmHeHnsa FexCoyOz —
SiO2, 0OTOXXXXEHHbIX NPUN YKa3aHHbIX TeMmrnepaTtypax, NpuBefeHbl Ha puc. 2. Psa-
O0OM NS cpaBHeHUA NpuBefeHbl N306paKeHUs NOBEPXHOCTU 30/ib-Teflb MAEHOK
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SiO2. BugHo, 4To 30Mb-renb nneHka SiO2 He MMeeT APKO Bblpa>XeHHbIX 0CO6GEH-
HOCTell CTPYKTypbl. [oBbIWeHNe TemnepaTypbl 06paboTKM NMPUBOAUT K «Crna-
XXMUBaHWUO» penbeda nneHKN B BEPTUKaANbHOM HanpaBneHUU 1N ee YNJOTHEHUIO.
Hanbonbwmnii nHTepec npeacTaBndaloT nneHkKu coctaBa FexCoyOz — SiO2, oTo-
XX>KeHHble Npun TemnepaTtype 750 °C. Ha ACM-n3obpa>xeHnm oT4eTNINBO BUAHbI
HaHoyacTuubl, MeloLW e cpegHUn pasmep 50 HM 1 OTBepcTMe CO CpeaHUM auna-
mMeTpoM 30 HM. [laHHble YacTuLbl BO3HUKAKT TOMbLKO Ha MOANO0XKaX U3 MOHO-
KPUCTaNIN4yeckKoro KpeMHusA, 4To CBUAETeNbCTBYET O BIUAHUM NpuUpoabl Nnoj-
NOXK KW Ha CTPYKTYpY 06pasylowmnxcs yactmy, U MexaHu3M ux pocTta, 61n3Kni K
anMTakcnanbHoOMYy.

MO>XHO NpeAnonoXNTb cneaylOUWmMn MexaHN3M obpa3oBaHUA AaHHbIX CTPYK-
Typ. B 3071e nonnkpeMHUEBO KUCNOTbl MpuU cTapeHUn obpasyeTcsa KONNOUAHbIN
pacTtBop cocTtaBa FexCoyOz. UMeHHO hopMuMpoBaHue AaHHOW MHorodasHoi cucTte-
Mbl MPUBOANT K TOMY, UTO >Kefe3ocojep>kaline yacTmubl MOHOAUCIEPCHBbI. Bax-
HYIO0 pO/ib UTpaeT KpuUcTanimyeckas CTpPyKTypa NoAnoXKKu, Xxapakrtepusyrouw,aacsa
KybuyeckKol cuMMeTpuel, MOCKONbKY o6pa3oBaHMe HaHOCTPYKTYyp M0A06HOro
Tnna Ha amMopdHbIX MNOANOXKax He BblABAeHO. B xoge Tepmoo6paboTku npu
200 °C ob6pasylTcs 3apoablllin KpUcTannnmyeckoin dasbl FexCoyOE C HEBbICOKOM
MNNOTHOCTbIO YMaKOBKMN.

Ha pwuc. 3 npeacrtaBfieHbl peHTreHorpamMmmbl WUCChedyeMblX HaHovacTul,
FexCoyOz B 3aBMCMMOCTM OT TeMnepaTypbl OT>XXnUra. Ha ocCHoBaHWUW NONYYEHHbIX

Puc. 3. PeHTreHorpamMmmbl CUHTE3MPOBaHHbBIX MaTpuLy,
B 3aBUCVIMOCTM OT TemrepaTypbl
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peHTreHorpamm c mcnonb3oBaHnem nporpammbl Powder Cell npoBenn pacuert
MNNOTHOCTM YNaKOBKU KpUCTaninyecknx a3 CUMHTe3MPOBaHHbIX MaTpuy, No Me-
ToAuKe, npeacTaBneHHoOW B pab6oTe [4]. Kak BUAHO M3 Tabamubl, NpU HU3-
KX TeMmnepatypax (200— 300 °C) HaHO4YaCTULbl XapaKTepPU3yTCa KybnuUyeckom
cMMMeTpuen (Tun a4eikn — nNpuMmuTmMBHas). B gnanasoHe Temnepatyp 200—
300 °C B maTpuLe cocylLecTByeT cMeCb OKCUAOB >Kefe3a n Kobanbta. NMNOTHOCTb
yNnaKoBKW MPOCTON Kyb6muecKoW AYeKW, KaK W3BECTHO, He npeBbiwaeT 55 %.
Janee B ananasoHe Temnepatyp 300— 600 °C npouncxoanT hasoBbIi Nepexopn OT
0QHOW KpucTannnyeckoin dasbl K Apyron ¢ase, npnyemMm MNAOTHOCTb YMaKOBKWU
pocturaet 81,5 %.

3aBUCMMOCTL MapaMeTPOB KPUCTA/IMYECKON PeLLeTKN OT TemnepaTypbl

TemnepaTtypa 06paboTKV NAEHOUHOro 30115,

MapamveTpbl o
KpUCTAINYE- cofeprkaLLero coeavHeHus CoxFey02 °C
CHON PeLLETHA 200 500 750 900
a 7,5928 8,2361 8,3904 8,3817
\% 437,737 558,686 590,664 588,829
Tun Avenkun MpocTan MpocTtasn Kybuyeckas rpaHe- Kyb6uueckasi rpaHe-
Kybuyeckas Kybuyeckas LIeHTpUpoBaHHasA LIeHTpUpOBaHHas
MnoTHOCTb
yMIaKOBKM <55 % <55 % 81,5 % 82 %
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Puc. i4. MeTna ructepesnca EexCo™NO2coaep>kaLlero rjeHo4YHoro

30M14, OTOXOKEHHOro npu 900 °C B TeyeHne 20 MVH

[y
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MoOCKONbKY MNOTHOCTb MOHOB XKefne3a 1 KobanbTa B faHHOW ase Bbille, YeM
B paHee cyuiecTBoBaBLlel ha3e, AaHHbI Nepexos COMPOBOXJAaeTCHa MPOLECCOM
MOBEPXHOCTHOW AN PY3nUM 3TUX MOHOB M3 NNEHKU K HaHo4dacTuue. MNpun Temne-
paType B gnanasoHe 600—900 °C ob6pa3ytoTcsa HaHo4YacTULbl CO CTPYKTYpPOU ne-
poBCKUTa HaHoKpuctanamuecko MUK-cTpykTypbl Fe—Co ¢ NAOTHOCTbIO yna-
KOBKMU nopsagka 82 %. [laHHble haKTbl YKa3biBalOT Ha XapaKTepHY0 Ana deppu-
MarHeTUKOB CTPYKTYpY 60/nbLWLIMHCTBA UccaeAyeMblX HaHOYacTUL,.

MeTna ructepesnca Fe~Co™Oj-cofeprkallero nieHOYHOro 3015, OTOXX>XEHHO-
ro npu 900 °C B TeueHue 20 MUH, NpuBegeHa Ha puc. 4. Coaep>kaHue Fe*Coy0 2
cocTtasnaer 30 macc. %.

MeTna ructepesnca agnsa Fe~Co”Oj-copeprkallieid NMNeHKN XapaKTepuayeTcs
COCTOSAAHMEM HAacCbIWEeHNA HaMarHnyeHHocTn Bs= 12 Nc, KoapunTnUBHaA cuna co-
cTtaBnseT Hc= 68 Oe, ocTaTouHas MarHUTHasa UHAYKUWSA Br cocTaBnseT nopsj-
Ka 2 lc.

BbIBO/bl

OonucaH 30/1b-Teflb MeTO CUHTe3a ABYMepPHbIX MaTpuy, obnagarouinx MarHmT-
HbIMWN CBOWCTBamMU. B KauyecTBe MCXOAHbIX NEerUPYyOLUNX COEAUHEHUA NCMONbL30-
Banm Co(N03)2u Fe(N0O33.

Mpwn nccnegoBaHuu noBepxHocTn Fe—Co-copepikalyeil NNeHKN, 0TOXIXKEHHOM
npu 750 °C, Ha ACM-n306pa>keHNn OoTYEeTANBO BUAHbI HaHOYaCTULbl, UMelLLne
cpegHnin pasmep 50 HM. [JaHHble YacTulbl BO3HUKAKT TONbKO Ha MNOANOXKe U3
MOHOKPUCTaNINYeCKOro KpemMHUdA, 4TO CBUAETeNbCTBYET O BAUAHUW MNPUPOLbI
MOANOX KW Ha CTPYKTYpPY 06pa3yolLnXcsa YacTul, U MeXaHNU3M UX pOCTa, KOTOPbIiA
6N1M30K K 3anMTakcuanbHOMY.

PeHTreHorpadunyeckme mnccnegosaHmda, nposegeHHble No metony Bperra-bpeH-
TaHo (0—20) c o6paboTKoW ¢ nmomouw,bio nporpammbl Powder Cell 2.3, BbiaBUIN
Hannume eppuMarHUTHbIX HaHo4dacTuy ¢ MUK-CcTpyKTypoi M NAOTHOCTbIO yna-
KOBKW nopgaaka 82 %.

CdopMmnpoBaHHble CUIMKATHbIE 30/1b-Tefib MAEHKW, coAep>Kaline coeguHeHns
CoxFeyOz, xapakTepusylTcs cnegyllWwMMn MarHUTHbIMW XapakKTepuUCcTUKaAMU:
ocTaTouyHass HamarHM4yeHHocTb Bs= 12 'c, KoapuntmBHasa cuna Hc= 68 Oe, ocTa-
TOUHas MarHUTHaa MHAaykuma Br= 2 lc.
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