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Beryn. ByrneneBi HaHOTPYOKH € mepcrek—
THUBHHAM MaTepiajoM Uil CTBOPEHHS HAHOKOMIIO3UTIB 3
HEOOXIIHUMHU [ieJeKTPUYHUMH Ta ONTHYHUMH BJlac—
THBOCTSIMU. Benmka muroMa MOBEPXHsS TaKUX HAHO—
TpyOOK 3abe3rnedye TXHIO BHCOKY aJcOpOLiiHy 31aT—
HICTh, BHACJIJIOK YOTO HAHOKOMIIO3UTH Ha X OCHOBI
MOJKHA BUKOPHCTOBYBATH SIK Uy TJIMBI €IEMEHTH ONTHY—
HUX CEHCOPIB MIKIATUBUX Ta3iB[1].

ByrieneBi HaHOTPYOKM 3 iHTEPKaIbOBAHUMHU
(epOMarHiTHUMH PEHOBUHAMU € MEPCHEKTUBHUMH IS
BHKOPHMCTaHHS B SKOCTI MAarHITHUX KOMIIOHEHT IIiJ| yac
CTBOPEHHSI KOMIIO3WIIIMHUX MaTepialiB A pamgioTex—
HIYHUX NPHUCTPOIB (aHTeH, TpaHc(opmaropis, (QiabTpiB
TOIIIO).

[Ticns BBeNeHHS B MATpHIli PI3HUX BUJIIB
JIOMi—IIIOK, 30KpeMa PiAKOKPUCTATIIYHNX, HAHOTPYOKH
CTBO—PIOIOTH HAHOKJIACTEPH MaJMX PO3MipiB, L0 Aae
MOXIT—BICTh TXHBOI'O HIBHAKOTO HaMarHiuyBaHHS B
30BHII-HOMY  MarHiTHOMy TIOJi 32  paxyHOK
o0epTaHHS BEKTOpa MAarHITHOTO MOMEHTY OKPEMOTO
HaHOKJIacTepa Ta Kepy—BaHHSA IXHBOIO Opi€HTaMLi€ro
[2,3].

BpaxoByroun BuINecka3aHe, AOCHTIDKEHHS Jli—
eNeKTPUYHHUX Ta ONTHYHUX XapaKTEPHCTHK, SIKUM IPH—
CBsiYeHa 111 po0OTa, € aKTYaJILHOIO 3a/1auelo.

OcHoBHa yacTuHa. /11 CTBOpEHHST HAHOKOM—
MO3UTiB OyJI0 BUKOPHCTAHO OaraTOCTiHHI HAHOTPYOKH
MCVYNT giamerpom 10-20 HM, 3aBIOBXKKH B Cepei—
HboMy 20 MKM, Ta HeMaTHYHMH pifakui kpucran SCB,
SIKI 3MINIYBAINCh B OJHOPITHY CyMiIl B YJIBTPa3By—
KOBifi BaHHI Bponosx 30 xB mpu Temmeparypi 60°C.
KoHueHTparisi piKoro Kpucraia B HAHOKOMIIO3UTI
3MiHIOBanacs B Aiana3oHi 17-50%. Hanokommosuramu
3aMOBHIOBAIIICH PIAKOKPHUCTAIIUYHI KOMIPKH 3aBTOBIIKH
23 MkM. Bu3HaueHHA [iaNeKTPUYHOI TMPOHUKHOCTI
NPOBOJIMIIOCS HA OCHOBI BHMIPIOBaHHsS €MHOCTI, MpH
yactoTi 1 k['1. [Toxnbka BuMiproBaHHs! cTaHOBHUTH 4%.

Jlns  OLiHIOBaHHS  OPIEHTAIIIfHOTO  BIUIMBY
BYTJICIIEBUX HAHOTPYOOK Ha PIIKOKPUCTAIIYHY pPeUO—
BUHY JOCHI/DKEHO 3MiHY MAieJIeKTPUYHOI MPOHUKHOCTI
HAHOKOMITO3UTY B 3aJIC)KHOCTI BiJl KOHIICHTpAIii PiIKo—
KpHCTaJIIYHOI PEYOBHHH, a TaKOX IiJ{ €0 MarHiTHOTO
monst. PimkokpucramiyHa KoMmipka Oyna po3MmimieHa B
30BHIIIHBOMY MarHiTHOMY IO, SIK MOKa3aHO Ha PUCY—
HKy 1. Ha pucyHnky 2 300pakeHO 3aleXHICTh JlieNeK—
TPUYHOT TPOHUKHOCTI HAHOKOMITIO3MTY BiJl KOHIICH—
Tpamii piIKoro KpucTana A Pi3HUX 3HAYCHb IHAYKIIT
MarHiTHOro mois. SIK BUAHO 3 PUCYHKa, JieeKTpUYHA

MIPOHMKHICTh HAaHOKOMITO3UTY 3MEHIIY€EThCS 31 3011b—
IICHHSM KOHIEHTpAMii PiIKOKPUCTATIYHOI PEYOBUHU
0e3 B3aemMoii 3 MarHiTHUM MojeM. XapakTep 3MiHH
JEIeKTPUYHOI TPOHUKHOCTI Bix KoHmeHTparii PK B
HaHOKOMIIO3UTI HE 3MIHIOETBhCS MPU PI3HUX 3HAUCHHSX
IHAYKIiT MarHITHOTO TIOJSL, OJHAK 30UTBIICHHS 1HIYKIIi{
HPUBOIUTE 10 3MEHIIEHHS a0COJIOTHOTO 3HAYEeHHS
JIieNeKTPUYHOT TPOHUKHOCTI.

1

Puc. 1. CxemaruuHe 300paskeHHs €KCIIEPUMEHTAIBHOT
yCTaHOBKH: | — MarHit; 2 — 3pa3ok; 3 — JiaMarHeTu4Hi
KOHTaKTH; 4 — MyJIbTUMETD.

Sk 1 OIIBLIOCTI PIAKOKPHCTAIIYHMX PEYOBUH,
HEMaTHYHOMY pigkoMy kpucramy SCB BmactmBa aHi—
30Tpomisi MarHiTHOI crnpwitHATIHBOCTI [4]. Byrmenesi
HAaHOTPYOKM Halle)KaTh [0 JIaMarHiTHUX pEYOBHUH,
Ticist BBEJICHHS 1X Y MarHiTHe 10Jie BOHU OPIEHTYIOTHCS
B3JIOBXK IOJIsI. 32 paXyHOK B3a€MHOTO BIUTHBY MOJICKYII
piakoro KpucTanga Ta BYyTJIELEBUX HAHOTPYOOK BinOy—
BAETHCSI OpIEHTAIliSl HAHOKOMITO3UTY, HACIIIKOM 4OTO €
3MiHa BEJIMYMHH J1€JIeKTPUYHOT IPOHUKHOCTI [5].

Sk MoxHa T00aUMTH 3 PHCYHKA 3 IUISL TPHOX
HAaHOKOMIIO3HTIB 3 KOHIICHTPAIII€I0 PIIKOTO KpHCTaia
17, 29 ta 37 % npu 30iAblIeHH] iHAYKIIi MarHiTHOTO
nons Bigx 0 no 650 mTn gienekTpu4Ha NPOHHUKHICTH
3MeHIyeThes. [iciist moanemoro 301UTbIeHHS THAYKITT
MarHITHOTO TOJIA [ieeKTpUYHA MPOHUKHICTh Mpak—
THYHO HE 3MIHIOETECS[6], 1 BXOAUTh B CTAaH HACHYCHHSI.
Ile moxxHa moscHutu THM, 1O Mojekyiau PK ta HT
30PIEHTYBAJIICH CTPOTO TIO TOJIFO TP iHAYKIIIi MarHiT—
Horo moisa 650 mTa 1 momaneie 30UIBIIEHHS Mar”HiT—
HOTO T0JIs BXKE He BIUIMBAE HAa OPIEHTALIII0 CTPYKTYPH.

Jlnst ABOX 1HIIMX KOMIIO3UTIB 3 KOHLICHTPAIIEIO
PK 44 % Ta 50 % niemexkTpuyHa MPOHWKHICTH Mpak—
THYHO HE 3MIHIOEThCS TIpU 30UTBIICHHI 1HAYKIIT
MarHiT-Horo mojsi[7-8]. lle MoXHa TMOSCHUTH THM,
opienTanist Mojekys PK mij BIUIMBOM MarHiTHOTO moJs
€ JTy’Ke MaJiM, a TaKOX JlieNIeKTpUYHa MpoHUKHIcTh PK
€ Ha MOPSAA0K MEHIIOK BiJ JieIeKTPHIHOT IPOHUKHOCTI
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BYr—JICLEBUX HAHOTPYOOK, TOMY TMPH  BEIHKHX
KOHLIEHT—PALiX PIJKOr0 KPUCTATy B HAHOKOMIIO3UTI
BIUTMB MAr—HITHOTO MOJISI € HECYTTEBHM.
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Puc.3. anexHicTb AieneKTpUYHOT MPOHUKHOCTI HAHOKOMITO3UTY
BiJl iHyK1iii MArHITHOTO MOJIs 711 HAHOKOMITO3UTIB i3 Pi3HUM
BMiCTOM pigKokpucTaniuHol pedoBuHu: | — koHIeHTpauis PK B
HaHokommo3uTi — 50 %; 2 — 44%; 3 — 37%; 4 — 29%; 5 — 17%.

BucHoBOK. AHami3 OTPUMAaHUX pE3yIbTaTiB
MOKa3aB, [0 B 3aJIe)KHOCTI BiJl KOHIEHTpAIl pilKoro
KpHCTajla B HAHOTPYOKax 3MIHIOETHCS [ieNeKTpUYHA
MPOHUKHICTE CYMIIITi, a came, IpH 301IbIIECHHI KOHIICHT-
pamii pigkoro KpucTana [ieleKTpruYHa MPOHHUKHICTH
HAHOKOMIIO3UTY 3MEHIIYEThCS. AJIe MPHU KOHIEHTpallii
PK Ginbie 40 % BuxoauTh Ha HacwueHHs. 1{e CBiqUHMThH
mpo Te, 10 BUOMparounm MeBHy KoHmeHTpanito PK
MOXKHA OTpPHMAaTH KOMIIO3UTHY CyMIlll 3 Harmepes

PO3paxoBaHUM 3HAYCHHIM JieTeKTpUYHOT
HPOHUKHOCTI.

30inpIIeHHsT  IHAYKIII ~ Mar"iTHOro  ToJist
MIPUBO—IHTh bi (0] 3MEHIIICHHS JieTeKTpUIHOT

NPOHUKHOCTI KOM—TIO3UTY, a MPH 3HAYEHHI IHIYKIT
MarHiTHOrO mouyist 650 MTn, 3HaueHHs MAieNeKTPUYHOT
MIPOHMKHICTI HE 3MiHIO—€THCSI.
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3a paxyHOK B3a€MHOTO BIUIMBY MOJEKYJ Pill—
KOTO0 KpHCTaja Ta BYTJENEBUX HAaHOTPYOOK BinOyBa—
€ThCS OPIEHTAIliS] HAHOKOMIIO3UTY, HACTIIKOM YOr0 €
3MiHA BEJIMYMHU JieJICKTPUIHOI TPOHUKHOCTI.

Jlani pe3ynbTaT MOXHA AKTHBHO 3aCTOCO—
BYBATH y SIKOCTI MaTepiajiiB Ui iHTErpajibHOI ONTHKH,
30KpeMa JiIsl ONTHYHUX €JICMEHTIB Ji¢ MOTPIOHO Hare—
pen 3a1aT IeBHE 3HAYCHHS TTOKA3HUKA 3aJJOMJICHHS.

BpaxoByroun Te, mo 3MiHa AieTEKTPUIHOL
NPOHUKHOCTI BiI0YBAE€ThCsI BHACTIJOK Jiii MarHiTHOTO
MOJIss, TO 1 3HAYEHHS IMOKAa3HUKA 3aJOMJICHHS MOXKHA
3MIHFOBATH IIij Ji€}0 MAarHiTHOTO TIOJS, IO Y CBOIO
Yepry PpO3IIUPIOE 3aCTOCYBAHHS JaHUX KOMIIO3HTIB Y
MarHiTOONTHYHUX TEXHOJIOTIAX.
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