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YCNOBMSX NPOMUTKK M HU3KOTEMAEPATYpPHOR TEPMOCOPaboTkM, MOXET NPUBOAUTE K hopmu-
POBAHUIO PASMUYHON KOHUEHTPALMN KPUCTANNUUECKMX a3 CNNaBOB M OKCUAOB METanmnoe
(puc. 1, 6).

OTAENLHO CTOST pedynbTathl TepMooGpaboTky ykasaHHbIX Bbiwe 06pasyoB Ha Bo3-
ayxe npw Temneparype 1200 °C nocne TepmooGpaboTkn B Ha. Monyuaemsiit martepuan no
CBOUM XapaKTepUCTUKaM SBASETCH CHIMOLUHEIM U OTHOCKTCS K Knaccy kepamuk. Otnudne o1
XOPOILO W3BECTHBIX, TAK Ha3bIBAEMbIX, KBAPLEBLIX KEPAMMK, COCTOMT 8 Hanuuun 30 noape-
WETKA KNACTEPOS C TEMU WM WHBIMW CBOMCTBAMYW (B NPUBOAMMOM B HacToswew padote
cnyuae paccmatpusaeTcs aHTudbeppomarneTuk NiFe,04). B oTnudune oT 06pasuos, coaep-
saluux Ni v Fe, ans obpasuos ¢ Fe, TepmooBpaboTka Ha Bosayxe npu 1200 °C npusognT K
oBpasosanmio oKCMAOE xenela (NpeumyliecTeeHHo Fe;0s) (cm. puc. 1, 6, kpusas 4).

DU3NeKTpUYeckne ¥ MarHUTHLIE XapaKTepUCTUKK, Bhini NPOBEASHE! NCCNenoBa-
HWS 4aCTOTHON 3ABWUCAMOCTV NPOBOAMMOCTY, @ TaKKe ASWCTBUTENBHORA (€) N MHUMON (£")
KOMMOHEHT AY3NEKTPUYECKON NPOHULAEMOCTY ONanoBbiX MaTPNL, 3anosHEHHbIX KpucTan-
nUTaMU MeTannos (puc. 2). AN3NeKTpUYEcKne NOTEPN HU3KME BO BCEM ANANa3OHe W Mano
33BUCAT OT YacToTbl. [UINEKTPUHECKas AUCMEPCHS HacTOT & MMKDOBOSHOBOM AnanasoHe
BbipaxeHa cNabo, BCE OCHOBHBIE U3MEHEHMS, BOSMOXHO, NPONCXOART Ha Boree Hn3Kknx vac-
ToTax.
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Puc. 2. YacTOTHbIE 3aBUCUMOCTV: ASWCTBUTENBHOM (8) ¥ MHUMOM (6) KOMNOHEHT ANINEKTPU-
4EeCKO# NPOHULIEEMOCTN, @ TAKKE MUKPOBOMHOBOW NPOBOAMMOCTM (8) ONAanoBbIX MaTPUL,
MexcgeprIeckne NONOCTM KOTOPLIX YaCTUHHO 3anonkeHsl knactepamu NisFe (1) u NixFe; (2)

B uccneaosaHHoOM AManasoHe 4acToT MPORBASETCA AWUINEKTPUYECKAR AMCNEPCHS,
XapaKTepHas Ans KOMMO3UTHBIX MAaTEPUArIoB, APU ATOM, £' MOHIKAETCA ¢ YacToTon. Ans nc-
CNEAoBaHHbIX HAHOKOMMNO3MTOB AUINEKTPUYECKVE NOTEPN BOIPACTAKIT KaK B CTOPOHY HAZKAX
yacToT {f < 10 ML), Tak 1 B CTOPOHY BbiCOKUX (Brke k TMy uacToTam). Bospactanue Hus-
KOUACTOTHBIX NOTEpb €' 0BYCNOBMNEHO BKNBAOM MPOBOAUMOCTH HA NOCTOSHHOM TOKE, @ Bbl-
COKOMACTOTHbIX — CBR3BHO C AMCNEpeHed €. N3yuenHble mMaTepuankl ABNAOTCS, TaK Hasbl-
BaEMbIMU, NNOXYMY AUBNEKTPUKAMM C BLICOKUMA MOTEPSMMU W Pa3BWTON PEeNaKkcaunoHHoM
nonspU3aune’, Ybk NOTEPU U MPOBORUMOCTE HA BLICOKNX YACTOTax Mano OTNMNAIOTCH OT
napameTpos ONanoBoi MaTPULibl C HE3ANONHEHHBIMIA MEXC(EPUYECKUMU NONOCTAMM.

B MwKkpoBOnHOBOM u TIU AwnanasoHax Bce kepamuyeckne o6pasubl NpakTHeckd
OAMHAKOBbI — HEMHOO BbIlWE €' Y ONAnoBbIX MATPUL, MEXCDEPUYECKNe NONoCTN KOTOPbIX
uacTiHo 3anofiHeHst NisFe n NoTepw/NPOBOAMMOCTL Y ONanoBeIX MaTpuu, Mexcdepude-
CKWE NOMOCTM KOTOPbIX YACTUUHO 3anonHeHsl NizFe;. Ha Huskux yactovax pasnuuve no €' un
noTepAM/NPoBOANMOCTH HamHoro Bonbwe. B gnanasone 1 MMy -3 Ty 6binu UccnefoBaHb!
ANANEKTPUYECKME XapakTepucTuky 0BpasLIos HAHOKOMMO3NTOB, Ybih MEXC(epudyeckie no-
nocTy GblIM 3anOfHEHb METANNaMu, CYHTE3NPOBaHHLIMW B M, mpu Temnepatype fo
1000°C. WUamepeHus oBpasuos, NOMyueHHsix C PasfnyHLIX TEMNepaTypamMn cuHTesa, noka-
321, 4TO UMEET MECTO BIMSHWE HA U3MEPAEMBIS NAPaMETPbI, KOHLIEHTPaLMM KpucTannye-
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ckoil (hasbl B COCTABE CMHTE3NPOBAKHLIX MeTannos. CrnedyeT OTMETUTL 3HaUUTENbHOE
YMEHbBLUEHNE KOMMOHEHTOB AMINEKTPUMECKO@ NMPOHULAEMOCTH 8 kepamukax, HekoTopsie
nony“eHHbIE Pe3yNbTaThl Ans 06pa3LoB ONanoBbiX MaTPUL, COASPXALUMX B Mexchepnie-
CKUX MNONOCTAX KNacTepbl NisFe NpeAcTaBneHsl Ha puc. 3.
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Puc. 3. HacToTHbIe 3aBMCUMOCTH AENCTBATENBHOM () W MHUMORA (L") KOMMNOHEHT MarHUTHO#
NPOHULEEMOCTI W TaHreHca noTeps (195,) Anst oBpa3syos ONanceLix MaTpul, Mexcgepuye-
CKM& NONOCTY KOTOPLIX COAepXaT KﬂaCTeEb\ NisFe: OGpasusl nogsepxeHe! TepmootpaboTke 8
Hz npn TemnepaTtype: a) 650 °C; 61000 °C

3aknioueHne

MonydeHtl 06pasubl HAHOKOMMO3UTOB HA OCHOBE OManoBLIX MaTpuL, Mexcdepuye-
CKMe MOMOCTM KOTOPbIX 3anCMiHEHbl KNacTepami MarHUTHeIX MaTepuancs (CoeAuHEHnA Ha
ocHose Ni u Fe) ¢ ofpazosaHuem 3D-HaHOPELIETKU Takux KnacTepos. CUHTE3NPOBaHHbIe
HaHOKOMMO3WTbI MPEACTaBNAKT NPOCTPAHCTBEHHO HEOAHOPOAHbIE MaTepuarbl ¢ MOAYALN-
el (ancnepcuen) INEKTPUYECKUX 1 AMINEKTPUYECKMX NAPAMETPOB B HaHoananasoHe. Pe-
3yNbTaTol HACTOAWEN paBoThl COSAROT NPEANOCHINKM ANA PaspaboTky YNPasnAeMbIX Mar-
HUTHBIMIA MONSIMUA BLICOKOWACTOTHLIX YCTPONCTB, paBoTa KoTopkix ByAeT OCHOBaHa Ha vc-
NONL3OBAHNM MUKPOBOMHOBOTO MArHWTHOMO PE3OHAHCa B MarHUTHLIX HAHOKOMNO3WTax Ha
OCHOBE ONANoBbIX MaTPWL.

Pab6oTa BbinonHeHa npv noaaepxke POOU (rpanT Ne 16-07-00642 A).
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®dyraaMeHTanbHble NPoGnembl Pagnuo3nekTpoHHOro npubopocTpoeHunn / Ma-
Tepuansl MexayHapopHol HayuHo-TeXHUYecKodl kondepeHumn «INTERMATIC-
2016», 21-25 Hosbps 2016 r., Mocksa. / MNoa pea. akagemuka PAH A.C. Curosa. —
M.: Fannes-MNpuHT, 20186, yacTe 1. — 281 ¢.

B HacTosuiA cBOPHUK BKMIOYEHbl MaTepuansl MexayHapogHon HTK
«INTERMATIC—-2016», oTpaxalolne HOBble Pe3ynbTaTbl HayYHbiX U WHXEHEPHbIX
MCCrenoBannit B 0BNacT MpUKNagHON huanku TBEPAOTO Tena, HaHOCTPYKTYp, du-
IVYECKON ANEKTPOHUKY, @ TaK Xe Npobnem HagexXHOCTU 1 KauyecTsa.

COEOpHMK PaccuMTaH Ha CrieunanicTos B o6nacTin nsuieckon paanoanek-
TpoHukM, OH Takke MOXeT GbiTb UCTIONbIOBaH MPencAaBaTenamu, acnupaHtamu u
CTYAGHTAMM NPY U3YYEHUN COOTBETCTBYHOLLMX KYPCOB.

B HacTosinit COOPHUK TaKKe BKNIOYEHLI COOTBETCTBYIOLLME TeMe MaTepharsl
VIlI BeepoCCCKoli LUKOMbI-KOHGEPEHLIMN MOMOABIX YYeHbIX «DyHAaMeHTankbHble
npoBnemsl Paano3NEeKTPOHHOro NpuBopocTpoeHus — 2016», 22-24 Hosbps 2016 r.,
Mockea.

Meponpusimue npogedeHo npu uHaHCoeol noddepxke Pocculickozo ghoHoa
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KPUCTANNU3ALMUA U GA3OBLIE NPEBPALLEHAA METANIOB (Ni, Fe)
V1 COEOVUHEHWW HA UX OCHOBE B MEXXC®EPUYECKUX
NONOCTAX ONANOBLIX MATPUL

©2016r. M.M. CAMOWNOBUY', A.®. BENSIHUH', B. BOBTYH?, [B. YY4EBA®, 6.B. X/ONos*

LeHTpanbHbii HaYyUHO-MCCe[0BATENBCKAN TeXHONOTNYECKNA MHCTUTYT "TexHomalw”, r. Mocksa,
2WucTutyT duankn AH YP, . Mpara, Yeuwckas pecnyBnuka,
SOPAINHCKAR PUNNAN MHCTNTYTA PANOTEXHUKY U SNESKTPOHUKN
um. B.A. Kotenohukosa PAH, 1. ®pasnHo,
‘LleHTpanbnbm Hay“HO-MCCIEA0OBATENLCKAN PEANOTEXHUYECKUA HHCTUTYT
M. akapemuka A M. Bepra, r. Mockea
e-mail: mihsamoylovich@yandex.ru

Beeaexne

OfHUM 13 HOBbIX TWNOB METAMATepUanos SBNSIOTCA HAHOKOMNO3WTL! HA OCHOBE
ONanoBLIX MaTPUL, YNOPAAOMEHHO 3ANOMHEHHbLIX PA3NUUYHBIMK 3NEKTPUYECKN-, ONTAYECKN-
UMM MarHATOAKTYBHBIMI BellecTBami. Onanossle MaTpUUbl NpeacTaBnsaioT 3D kyGudeckyto
CTPYKTYpY Ha OCHOBE pEeWeTvaTol ynakosku HaHoctep SiO, guametpom 200-350 um [1].
MnoTHelilias ynakopka HaWocep oBpadyeT mexctepuueckwe nonoctn (~26% obbvema
ONanoBoi MATPULbI), CBR3AHHbIE KAHANAMN, YTO NO3BONAET 3ANCIHATL VX PA3NUYHbIMUK BE-
wecTeamu. MoaoBHble MaTepuansi o6nafaleT HOBBIMU (YHKUMOHAMbHBIMU CBOACTBAMM,
KOTOPSIMU MOXHO YNPABNATb M3MEHEHWEM COCTaBa M CTPOEHUA BELUECTS, 3aNOMHAKWMX
nonocTy. s

TpexMepHble NOAPSLIETK METANMO0B MOYYani B yCNoBUAX HAHOKOH(EAHMeNTa, a
VIMEHHO, C OFPaHUIEHMEM PA3MEPOB KPUCTAMNMNTOB, MPU KOTOPbIX KPUCTANIUTLl HEe pacna-
AAKTCA B OTIAYNE OT MPOLECCOB, MPOMCXOAAUMX B MAacCyBHbIX BewecTsax [2. 3]. Mepcnex-
TWBHBIMY BELIECTBAMM ANS 3aNCNHEHUS ORAnoBblX MATPUL ABNAKOTCA Takue NEPexoAHsbie
meTannbl, kak Ni 1 Fe 1 CiNasbl Ha UX OCHOBE, XAPAKTEPU3YIOLIMECH BLICOKON MarHUTHON
NPOHNLASMOCTbIO, MANOW KOIPLATUBHOA CUMOR 1 MOTEPAMN HA TUCTEPE3NC, NoUTH Hynesown
MarHMTOCTPIKUMEN U 3HAYUTENbHLIM MArHNTOPE3NCTUBHLIM 3DPHEKTOM.

Uenb HacTosiwen paboTbl — U3yUeHMe KpUCTannu3auvm U asossix npeBpaLleHni
metannoe (Ni-Fe) B Mexcthepruecknx NONOCTAX ONanoBbix MaTpWL, a Takke ANINEKTpuqe-
CKUX W MarHUTHBIX CBOMCTE HAHOKOMNO3UTOB.

MeToanKa 3KCNepuMeHTa

Onanossie MaTpiALbl NOMyHaNN PEakLMeN rMAPoNM3a TeTpasupa OpTOKDEMHUEBON
kcnoTbl {Si(OC,Hs)s) ¢ pacTeopom araHona (C,HsOH) B npucytcTeun kaTanusaropa —
ruapookcuaa ammonus (NH,OH). [InA nonyyeHna B Mexcdepuieckux NoNOCTAX Onanosbix
maTpuu meTannos (Ni-Fe), oBpasubl Ha NePBOM 3Tane NPONUTbIEANM BOAHBIMI PACTBOPaMM
wutpatoB Ni m Fe ¢ nocneaywiued HW3KoTemnepaTtypHoW TepmoobpaboTkoi  npu
300~500 °C. GopmypoBanue B MeXCHEPUIECKMX NONOCTAX ONanoebix MATPULL KpUcTann-
TOB METANNOB AOCTAraNnoChk BbICOKOTEMNEPATYPHON TepMooBpaboTkol HAHOKOMMO3UTOE B
H, npu cnepylowvx napameTpax: NpeAsapuTensHas NPOAYBKa PeaKUMOHHOM Kamepb! aso-
Tom — 20 MUH; Harpes u Bbiaepxkka B Hp npu Temnepatype 650-1000 °C (paBnenne H,
3-5 atm.), oxnaxaeHue B Hp Ao 250 °C. BeicokoTemnepatypHyto TepmooBpaBoTky nonyyen-
HbIX HAHOKOMIO3WTOB Ha BO3AYXE (NoNyYeHUe Kepamuki) NpoBoANNM nNpu 1200 ‘e.
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CoCTaB HAHOKOMNO3WUTOB ONPEAENANMA C UCNONb3OBAHNEM PEHTTEHOBCKOTO Andpak-
TomeTpa ARL X'tra (Thermo Fisher Scientific) (Cu ka-uanyueHne) n nasepHoro (NUHMs
632,8 Hv He-Ne nasepa; avameTp nstHa Nyya ~4 MkM®, rnyBuHa aHanu3vpyemoro cros
~3 MKM) MUKPOPamaHOBCKOro cnekTpomeTpa LabRAM HRB00 (HORIBA Jobin-Yvon). fleict-
BUTEMBHYIO (€ 1 MHAMYIO (€”) KOMNOHEHTbI AUSNEKTPUYECKOW NPOHWLIAEMOCTI M3MEPAIN C
MCNONB3IOBAHMEM AM3MEKTPUIECKOrO CMEKTPOMETPA € KOAKCUANbHOR M3MEPUTENbHON ayei-
kot Novocontrol BDS 2100 n umneaaHcHeiM aHannsatopom Agilent 4291B. KoMnoHeHTb!
[AV3NEKTPUYECKOR NPOHMLIAEMOCTH (¢, ¢, 1g5;) 1 MarHTHo# BocnpuumumeocTy (W, W', tgd,} B
ananasoHe: 1 My — 3 Ty M3MEPSNNUCEL C UCMOMb30BaHNEM KoHTponnepa Agilent N5260A u

anranuaartopa Agilent E4991A.

JKCNePUMEHTANLHLIC Pe3YNLTaTL!

CocTaB HAHOKOMMO3UTOB. PEHTIEHOMA30BbLIM aHANNIOM ONANoBbiX MaTPUL C CUH-
TE3NPOBaHHBLIMM B MEXCHEPUUECKIX NONOCTAX COBANHEHMAMMU Ha ocHose Fe n Ni ycTaHos-
NeHo Hanuume kpucTannuueckux das NiFe; (npocTpaHcTsenHas rpynna Fm3m) (puc. 1, a,
kpusas 1) w NizFe (Pm3m) (puc. 1, a, kpueasn 2). PasMmep KpUCT&NNMTOB, PacCUMTaHHbIA No
YIUAPEHNIO  AMPEKLMOHHBIX  MEKCUMYMOB, cocTasun  42,7-64,2+m  ans NiFe; u
20,1-31,6 um ansa NisFe. Axanua o6pasuos onanoselX MaTpul, NOABEPIHYTbIX NOCneaoBa-
TenoHoW TepmooBpaboTke B H, npn 1000°C n Ha Bosayxe npu 1200°C, nossonun ycTaHo-

BuTb NiFe,O, (CTpyKTYpa wnuHenn, Fd-3m) (puc. 1, a, kpusan 3).
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Puc. 1. @) PenTreHoBckne AVEPaKTOrpamMmbl ONANoBbiX MaTpuy C CUHTE3VROBAHHBIMN B MEX-
cdiepuueckux NONOCTAX KpUcTannuTamu Ha ocHoee Ni v Fe npu TepmooBpabotke B H, npn
Temnepatype: 1) 650 °C; 2) 725°C: 3) 725 °C n TepmooBpaboTka Ha sosayxe npn 1200 °C.
6) CnekTpbl KOMBUHAUMOHHOrO PACCEsHNA CBETA ONanoBbiX MaTPUL C CUHTEIUPOBAHHBIMM B
mexcepuieckux nonocTax kpuctanautamn Ni-Fe, noasepriyTeix: 1 — TepMoobpaboTke B H,
npu 850 °C; 2 — nocnenosaTensHoi TepmoobpaboTke 8 Hz npu 650 °C v npu 1050 °C; 3 — Tep-
moobpaboTke &8 Hp npu 1000 °C; 4 — nocnenosarensHoi TepmooGpaboTke 8 H; npu 1000 °Cun

Ha Bo3ayxe npu 1200 °C.

CriexTpbl KP Anst cepvi 3kCNepUMEHTaNbHEIX 0GpasLoB, COABPXALLNX B MEXChepu-
HeCKMX MOMOCTAX KNAacTepbl METANNOoe, CMMaBoB W OKCWAOB, NpeAcTaBneHst Ha puc. 1, 6.
BoinU NonydeHsl U UCCNeA0BaHbl 0BpasLbl MArHUTHEIX HaHOKOMNO3WTOB Ha OCHOBE Onarno-
BbIX MATPUL C PA3NUYHBIM OTHOCUTENbHBIM COASPKAHMEM UCXOAHBIX KOMNOHEHTOB B NPOMu-
ThIBAIOWEM PacTBOPE CO CReAyKLUMMN CooTHOLeHWAamMu Ni: Fe: 1:1, 2:1, 3:1 n 1:3. Bbicoko-
TemnepaTypHas TepMooBpaboTka o6pasLios HAHOKOMMO3WUTOB, NOMTYYEHHBIX NPU Pa3NNYHBIX
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