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Abstract. Background and Objectives: The development of magnonics, focusing on the transfer of magnetic moment or electron spin instead
of charge, has opened new opportunities for the application of spin waves (SW) in the design of devices for data processing, transmission, and
storage in the microwave and terahertz ranges. Yttrium iron garnet (YIG) films are used as the magnetic material for forming spin-waveguiding
structures due to their exceptionally low SW damping, even at nanometer thicknesses. One promising approach to controlling SW is the use of
two-dimensional arrays of magnetic nanostructures, such as cylinders and half-cylinders made of magnetite. Materials and Methods: This study
involves numerical micromagnetic modeling of a microwave waveguide with an array of magnetite cylinders and half-cylinders on its surface.
The modeling focuses on varying the geometric parameters of the nanostructures and the direction of the external magnetic field to investigate
their influence on SW propagation characteristics. Magnetite was chosen due to its unique magnetic properties and compatibility with modern
micro- and nanofabrication technologies. The micromagnetic modeling was based on the numerical solution of the Landau-Lifshitz-Gilbert
equation. Results: The results of the modeling provide insights into the ability to predict and control SW behavior depending on the geometry
of the magnetic elements and the orientation of the external magnetic field. This opens new perspectives for the development of highly efficient
magnonic devices. Identifying optimal configurations for the cylinders and half-cylinders could lead to the creation of more compact and energy-
efficient components for magnonic logic circuits and other applications in the field of magnonics. Conclusion: The study has presented a significant
step towards the development of new magnonic devices operating on the principles of spin electronics. The findings offer potential for further
exploration and optimization of spin wave dynamics in nanostructured waveguides, contributing to the advancement of magnonic technology.
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BeepeHue HarblIeHus [6] WM BaKyyMHBIM HOHHBIM pactibl/ie-

HueMm [7, 8].

B HacTosiiee BpeMsi pa3BUTHE MAarHOHUKHU
[1, 2], HartpaB/ieHHOE HA HUCC/IeJOBAaHKE TIPOL[ECCOB
MepeHoca MarHUTHOTO MOMEHTA WJIM CIMHA JJIeK-
TPOHA BMECTO MepeHoca 3apsifia, OTKPbIBaeT HOBbBIE
BO3MOKHOCTH MpPUMeHeHUs] ClMHOBBIX BosH (CB)
[IIJIs TOCTPOEHUs 3/ieMeHTHOH 6a3bl mprbopoB o6pa-
60TKH, Mlepefjaur U XpaHeHUs: MH(GOPMAIUK B MUK-

POBOJTHOBOM U TepareprieBOM [uarma3oHax [3, 4].

B Takux ycrpoiicTBax WH(OPMAI[MOHHBINA CUT-
Han koaupyercsi B (ase wiu amruiutyge CB,
a JIoTMYeCKUe OIepalyy peajy30BaHbl Ha OCHO-

Be MPUHIIUITOB CITUH-BOTHOBOU UHTepdepeHiyu [ 3].

B kauecTBe MarHUTHOTO MaTepuasia, UCIOIb3yeMo-
ro /7151 GOpMHUPOBAHMSI MAarHUTHBIX BOJTHOBEYIINX
CTPYKTYP, UCIIONB3YIOTCS TUIEHKHU JKeJie30-UTTpure-
Boro rpaHata (OKUI' (YIG)), meMoHCTpupyloLye
PeKOpAHO HU3KUE BeJIMUUHBI 3aTyxaHus CB, B Tom

yuc/ie TPU HAHOMETPOBBIX TommuHax JKUT [1].

[Mnenku YKUT' MoryT ObITH TOIyYeHbI METOAAMU
>KUIKO(a3HOM AMUTAKCUH [ 5], TEXHUKOM Jla3epHOTO

Paanogm3nka, INEKTPOHNKa, aKyCThKa

OfHUM M3 BO3MOXKHBIX TIOIXOJOB K YIIpaB-
JIHUIO CIIMHOBBIMM BOJIHAMH SIBJISIETCSI HCIIOJIb-
30BaHUEe [BYMepHBIX MaCCHUBOB MAarHMWTHBIX Ha-
HOCTPYKTYp [9]. DTU MacCHUBBI MOTYT U3MEHSITh
XapaKTepUCTHUKU CITMHOBBIX BOJIH, BK/IIOYast UX AUC-
MepCHUOHHBIe CBOWCTBA U pacrpocrpaHeHue [9].
B yacTHOCTH, MacCHBbI MarHUTHBIX L[UJTMH]POB/
TIOTYL[WIMH/IPOB MPECTaB/IAIOT 0COOBIN MHTEpeC,
TaK Kak MOYKHO BapbUpPOBaTh UX reOMeTPHI0 U Mar-
HUTHbIE CBOWCTBA, YTO OTKDHIBAET BO3MOKHOCTHU
nuist 60J1ee pa3HOCTOPOHHETO YIIPaB/IeHUS TTapaMeT-
paMM CIIMHOBBLIX BOJIH.

YucneHHOe MUKPOMarHWTHOe MOZeupoBa-
Hue [10] uwrpaeT K/IHOuUeByH) pOJib B U3yueHUMH
XapaKTepUCTUK CIMHOBBIX BOJH B  CJIOKHBIX
CTPyKTypax. MUKpOMarHuTHOe Mo/e/IMpOBaHUe
TI03BOJISIET He TOJILKO TTyO)Ke TOHATh OCHOBHBIE
MeXaHW3MBI B3aUMOJEHCTBUS CIIMHOBBIX BOJTH
C MarHUTHBIMA HAHOCTPYKTypaMu, HO U HCCIIe-
[0BaTh BJWsSHHE TeOMEeTPUM 3JeMEeHTOB Ha HX
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3¢ $eKTUBHOCTE yTIpaB/ieHUs CTUHOBBIMU BOJTHAMU
Y 3aTyxaHue.

B pamkax JaHHOUH paboThbl IPOBEIEHO YUC/IEH-
HOe MUKPOMAarHuWTHOe Mojie/IMpOBaHue MHUKPOBOJI-
HOBOJ]a C MAaCCUBOM LIUJIMH/IPOB Y TIOJYLIU/TUH/IPOB
W3 MarHeTUTa, PACIIOJIOKEHHBIX Ha ero MoBepXHo-
cti. Ocoboe BHUMaHWe yAeleHO BapbUPOBAHUIO
reoMeTpUueCcKUX rapaMeTpoB HaHOCTPYKTYp, Ta-
KUX KaK JuaMeTp LWIMHAPOB/TIONYLIMIUHAPOB,
a TakKe HarpaB/jeHWs] BHEIIHero MarHUTHOIO IIO-
JIsl, YTO T103BOJISeT BBISIBUTh WX BJMSHUE Ha Xa-

PakKTE€PUCTUKU PACIIPOCTPAHEHHSA CIIMHOBLIX BOJIH.

Marnetut [11] 611 BEIOpaH B KauecTBe Marepua-
7a [J1s HAaHOCTPYKTYP Osaroziapsi ero yHUKaabHBIM
MarHUTHBIM CBOMCTBaM ¥ COBMECTUMOCTHU C COBpe-
MeHHBIMY TeXHOJIOTHSIMU CO3/IaHUsI MUKDO- ¥ HAaHO-
cTpyktyp [12].

IMonyyeHHbIe pe3ysbTaThl MOZeTUPOBAHUS I10-
Ka3bIBAIOT BO3MOXKHOCTh YIPaB/IEHUsS MTOBeJJeHUEM
CTIMHOBBIX BOJIH B 3aBUCUMOCTU OT TeOMETPUH
MarHUTHBIX 3JIEMEHTOB U HarpaB/IeHUs BHEITHEro
MarHUTHOTO TIOJIS, YTO OTKPHIBAeT HOBBIE BO3-
MOXXHOCTH JIJII pa3paboTKU BLICOKO3(D(PEKTUBHBIX
YCTPOUCTB MarHOHUKU.

1. MeTo/b! U MaTepuansl

PaccmarprBaemble  CTPYKTypbl — ITOKa3aHbI
Ha puc. 1. OHU TIpeACTaB/sIOT CO00H MHUKPOBOJI-

HOBOJ, C MacCHMBOM LWJIMHZPOB/TIONYLIAIUH/POB
(puc. 1, a, 6) Ha TOBEPXHOCTH. MHUKPOBOJHOBO,
BeirioniHeH w3 1ieHku JKUTD (Y,Fe.O,,) amuHOM
L, = 4 mm, mmpuHo#i L; = 300 MKM ¥ TOJII[UHOMN
w = 10 MKM. [TUIMHAPBI/TIONYLIWTUHAPEI ObUTN BbI-
nioHeHb! n3 MarHetura (Fe;0,) TommuHoN 10 MKM,
nuametrpoMm d = 5 1 10 MKM. MaccuB L[UIUHAPOB/
MOJYLMIMHAPOB pacrosaraacs B obmactu Lz =
= 1mM X 300 MKM, pacrojio)KeHHOM OT Hauasa
koopguHaT Ox Ha paccTossHuM 1.5 MM. Paccrosnue
MeXAY LWIMHAPaMU/TIONYLUIMHADPaMU B KaXKA0M
ciyuae u = 10 MKM, a k = u+d/2 vxm. Tlpu d =
= 5 MKM B 00/1aCTb L3 MOMeIasacs MacCcuB 66 x 20
(xonuuecTtBO N0 Ox X Oy) MUKPO3/IEMEHTOB, a IIPU
d = 10 MM BMewaincs 50 X 15.

C nomMo1bi0 MUKPOMarHuTHOTO MOZle/TMpOBa-
HY$1, OCHOBAHHOI'O Ha pellleHUY ypaBHeHUd Jlanaay—
JIndpumna—Tumsbepra (JIJIT) [10], 6pu10 mipoBe-
[leHO HCC/e/loBaHME PEeXUMOB PpaclpoCTpaHeHUs!
CB B cTpyKTypax C pa3/M4yHON reoMeTpuei mar-
Hetuta (cMm. puc. 1). YpaBHeHue JIJII' MOXXHO
Npe/iCTaBUThb B BUJE:

M =y[Hy x M|+

o oM
ot ’

Moo i

s(xy

rae M — BeKTOp HaMarHWYeHHOCTH, O — IlapaMeTp
satyxanus, H.p = Ho+ H jemag + H o — 30 PexTHB-
HOe MarHuTHoe moje, H, — BHelllHee MarHUTHOE

I)in vl Paul
L /
W
o7 » N|
Y L, ala
X P L, P
L1 k d =
u
w | YIG |
L, 6/b

Puc. 1. Cxematuueckoe u306pakeHre CTPYKTYp C MarHeTUTOM B ¢opme mHununzpa (a) u nonyuunusgpa (6): L, — mupuHa

JKUT" MUKpOBOJIHOBOAA, L, — pytHa YKV MUKpOBOTHOBO/A, L, — 06/1acTh HaHeCceHHs MacCHBa MarHeTuTa, w — TostuHa KU

MHKPOBOJIHOBOZa, d — ;1aMeTp LIW/IMHAPA, U, k — pacCTOSTHUS MeXXIY LMIMH/PaMU/TIoNyLUInHApamy, Py, u P,y — aHTeHHBI /IS
B030y>/ieHust ¥ pueMa CB coOTBeTCTBEHHO (LjBeT OH/IAlH)

Fig. 1. Schematic representation of structures with magnetite in the form of a cylinder (a) and a half-cylinder (b): L, is the width

of the YIG microwave guide, L, is the length of the YIG microwave guide, L, is the area where the magnetite array is deposited,

w is the thickness of the YIG microwave guide, d is the diameter of the cylinder, u, k are distances between the cylinders/ half-
cylinders, P;, and P,,; are antennas for excitation and taking SW, respectively (color online)
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none, H jqe — none pasmaranuupanus, H,, — 06-
MeHHoe Tose, Y = 2.8 MI'y/3 — rupomMarHuTHoe
otHoleHue. ITapamerpsl 3aTyxaHus 1eHku JKUT
UM MarHetura pasHbl 5-107% um 2-1072 cooT-
BeTcTBeHHO. KoHcTaHTa obmeHa B muieHke JKUT
cocraBasieT A, = 3.612 n/lx/M, a B MarHeTuTe
Aexp = 1.210 n/l)x/M. HamarunueHHOCTH HachblLe-
Husg JKUI' 1 MarHeTuTra cocCTaBAsitoT 4TMy;c =
= 1750 I'c u 4nMys,, = 6000 I'c COOTBETCTBEHHO.
CrpykTypa Obula MoMmelrieHa B OJHODOZHOE CTa-
TAUYeCKoe MarHutHoe nojne Hy, = 1200 3, Hampas-
nerHoe o Oy nanst 3QdeKTUBHOTO BO30YKIEHUs
TOBEPXHOCTHBIX MarHUTOCTaTnuueckux BoaH (ITM-
CB). PaccmarpuBanuch ciiyuau, KOrjjla BHeLIHee
MarHuTHoe Tmose ObIJIO HarpaBlIeHO B TOMOXH-
TeJIbHOM W OTPHLaTeJIbHOM HarpaBjieHWd mno Oy.
B ciyuyae mosio)KUTe/NBHOrO HarpaB/leHHsl BOJIHA
Obu1a «ripmkaTa» K rpanute JKUI-marueTur, B cy-
yae OTpHULIaTeTbHOTO0— K HIDKHel rpanule KUT'.
Ons Bo30yxzaenns CB umIynbcoM K TijieH-
ke JKUI' B o6nactTh BXOZHOM  AHTEHHBI
P, IpUKNa/IbIBAaIOCE MarHuTHOe Tone 1, (t) =
= hesinc(2mf,,t), TAe LeHTpanbHas 4YacToTa
fm=6TTw, hy = 0.001 3. Ins Bo3byxaenus CB Ha
orpezie/ieHHON YacToTe K tuieHke JKUT' B obnactu
BXOZHOM aHTeHHbI P, IPUK/Ia/ibiBal0Ch MarHUTHOE
none h,(t) = hysin(2mf,t), rae f, — KOHKpeTHas
yactoTa, h; = 810> J. 3arem, B 060MX C/yda-
SIX, 3HaueHWe JUHAMMUUeCcKOl HaMarHW4YeHHOCTHU
m,(x,y,t) B 06/1aCTH BBIXOAHOUN ceKimu P, 3aru-
ChIBaJIOCH C marom At = 20 TC B TeUeHUe BpeMEHU
T = 300 HC, YTO [AOCTAaTOYHO A1 AOCTUKEHUS
yCcTolumBoro cocrosiaus. Bo3oyxaenue CB um-
Mmy7bcoM TpeboBanoch, 4TOObI B [ajbHeHIIeM

€ IOMOIIIBI0 6BICTPOTO ITpeobpa3oBanust Pypwe [13]
13 BpEMEeHHOU 3aBUCUMOCTA HaMarHUUeHHO CTH TI0-
JIYUUTh aMIUTUTYAHO-YaCTOTHYIO XapaKTePUCTHKY.
Bo30ykzeHrne Ha OIpee/ieHHON UacToTe Tpe-
OoBasioCch [yl MOCTPOEHUs TPOCTPAHCTBEHHOTO
pacripegenienuss nHTeHcuBHocTH CB 110 (hopmyne
I = \/m2+4m?[Inax, TA€ Inax — 3TO MaKCUMasbHOE
3HaueHVe UHTeHcuBHOCTU CB.

3uauenHust m.(x,y,t) paCCUNTHIBATUCE [/IST BCEX
sueek 1o popmysie m,(x,y,t) = my(x,y,t) m;(x,y,0),
rae m;(x,y,0) COOTBETCTByeT OCHOBHOMY COCTOSI-
HU0. [I5is yMeHblleHUst oTpaxkeHuit CB oT rpaHuil
pacueTHOM o06sacTv ObLTM BBeZIEHBI TIOTVIONA-
IOIe CJA0M C TeOMEeTPUYeCKH BO3PACTAIOIIUM
KO3 GHUIIMEHTOM « (3alITPUXOBaHHBIE 00/1aCTH
Ha puc. 1) [14, 15]. Pa3mep siueliku CeTKH ObLT 2 X

X 2 X 1 MEM.

2. MonyyeHHble pe3ynbTaThl

Bbbu1 mpou3BesieH pacueT BHYTPEHHMX IoJiei
pa3MarHAuvMBaHUs B KaXK0l cTpykType. Ha puc. 2
M0Ka3aHO pacrpejie/ieHde BHYTPEHHero I0Js
B ruteHke JKUT' ¢ MarHeTUTOM pa3/iMuyHOM reoMeT-
puu B cnoe zs = 10 MKM. MOXHO 3aMeTHTb, UTO
MarHeTHUT CO37,aeT HEOJHOPOAHOCTh BO BHYTPEHHEM
riojie rieHKu JKUI'.

Ons monyueHuss uH(GOpPMaLMA O TOM, UTO
MIPOMCXOJW/I0 C BOJHON TIOCje B3auMOZeNHCTBUS
C MacCMBOM MarHeTWTa pa3/MYHON TeOMeTpHH,
ObUT TIPOBE/IEH pacyeT CHEeKTPajbHOM MJIOTHOCTH
MOILJHOCTH CIIMH-BOJHOBOro curHaisa. Ha puc. 3
n300pa)keHbl AMIUIMTYAHO-YaCTOTHbIE XapaKTepH-
ctyku (AUX) 7151 pacCMaTpyUBaeMbIX CTPYKTYP MpU

Him (koe)
0.8 1.4

= 300 ala aﬁ = 6,/b,
89 : 38
: - -  O®

0 2 4
- elc 8lc; . eld zid,
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£ 150+ | 21504 [ X ]
E | T I
- Lo -] W

0 2 4 0

x-coordinate (mm)

x-coordinate (mm)

Puc. 2. PacnipeziesieHrie BHyTpeHHero moyist yis ryieHKy JKUT ¢ quMHapamu/monyuansapamu (a, 6/6, ) npu d = 5 MkM (a, 8)
u d = 10 MkMm (6, 2). ¥YBenrueHHast 06/1aCTb HEOAHOPOAHOCTH (a;, 6,, 8;, 2,) [T MUKPO3/IEMEHTOB €15, €16, €25, €26 (€nm, TIe
n/m — HOMep psifa/CTPOKK) (LIBET OHJIAMH)

Fig. 2. Distribution of the internal field for YIG film with cylinders/half-cylinders (a, b/c, d) atd =5 um (a, ¢) and d = 10 um (b,
d). Increased area of heterogeneity (a1, b1, c1, d1) for microelements e;s, e16, €25, €26 (€nm, Where n/m is the row/line number)
(color online)
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Puc. 3. AMIUIMTYAHO-YaCTOTHbIe XapaKTepUCTUKU s TieHKH JKUT ¢ nuvHapamMu/nonyuuavHpamu (a, 6/e, @) npu d =
=5 MKM (&, 8) 1 d = 10 MKM (6, 2), KOrZJa MarHUTHOE ToJie ObUI0 HAalpaB/IeHO B MOMIOXKUTENEHOM (LITPUXITYHKTHPHAS JIMHYST)
Y OTpHULiaTeIbHOM (CIVIOIIHAS JIMHUS) HarpassieHusix 1o Oy (LjBeT OHJIakH)

Fig. 3. Amplitude-frequency characteristics for YIG film with cylinders/half-cylinders (a, b/c, d) at d =5 pm (a, ¢) and d =
=10 um (b, d), when the magnetic field was directed in positive (dash-dotted line) and negative (solid line) directions along
Oy (color online)

Bapuyalliy HarpasJ/leHUst MarHUTHOr o 11os1s1. Cruion-
Hast/IITPUXIIYHKTUPHAsA JIMHUS ~ COOTBETCTBYET
OTpUL[aTe/ILHOMY/TIOJIOKUTE/IbHOMY HarlpaB/IeHUI0
MarHuTHoro mosist. LlITpuxoBasi MMHUSI COOTBET-
ctByer AUX s minenku KU 6e3 marHetuTa
npu H,, OpUEHTHPOBaHHOM B OTpHULIATEJILHOM
HarnpaBiaeHUKOy. Ilpu d = 5 MKM ¥ U3MeHeHUH
¢dbopmbl MarHeTtuTa AUX KaueCTBEHHO COBIAAANOT
(cm. puc. 3, a, 6). Ilpu 3tom B ciyuae IMoJoO-
JKUTENbHOTO HaripaB/ieHWsi Tojsi (YTO OTBeuaeT
«rpwxkaruio» [IMCB k rpanuue KUI'-MarHeTur)
IIMCB wuchbIThIBaja AOIMOJHUTE/NIbHOE Oc/abie-
HUe, KOTopoe OBLJIO TeM CHIbHee, UeM BBHIIIe
yacrorta. [Ipu yBemmuenuu nuametpa 7o 10 MKwM,
B C/lyyae MarHetura B ¢opMme LIMIMHAPA, MOYKHO
npoHabmoaTh BO3HUKHOBEHME MPOBAjIOB KakK TpU
TTOJIOKUTEIBHOM, TaK W INPU OTPULIATe/IbHOM Ha-
TIpaB/eHuM BHEIIHero MarHuTHOro moss mno Oy.

8

B ciyuae marHetvta B QopMme MOMYLWIMHApA
BO3HMKHOBEHUE IIDOBAJIOB BO3MOXKHO JIUIIbL IIPU
M0JIOKUTe/IbHOM Harpaeienun Hy nmo Oy. B 3a-
BUCHUMOCTH OT FeOMETPUU MarHeTuTa Hab/raeTcs
BO3MOJKHOCTb YIIpaB/ieHUsI CIEKTPOM TPOXOXKJe-
HUS TyTeM W3MEHEeHHs HarlpaBJ/ieHHsI BHEIHero
MarHuTHOTO TIOJSl.

[1pu uameHeHnn (popMbI MarHeTuTa Ha puc. 3,
6, ¢ MOXKHO BbIeUTh uyacToTy f = 5.195 I'Tw,
Ha KOTOpO# B c/ly4yae LIWJIMHAPOB BO3HUKAET TpO-
Bas. [TocMOTpPUM, UTO MPOUCXOAUT CO CIIMHOBOM
BOJIHOM Ha ZlaHHOM uyacTtoTe. [js1 3TOro MOCTPOUM
MPOCTPaHCTBEHHbIE pacrpeie/leHNus] WHTeHCUBHO-
ctu CBana nnenku JKUI' ¢ marHeTUTOM pasnuu-
HOUl (opMBI TIpU M3MeHeHWH opueHTaumu H, 110
Oy (puc. 4).

Ha puc. 4, a, 6 BuaHo, utro CB Ha uacTtoTe
f 3aTyxaeT cuibHee MOCJe MPOXOXKJEHUS] MacCUBa

HayuHbivi oTgen
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Puc. 4. IlpocTpaHCTBeHHbIe pacripefefieHdsi WHTeHCHMBHOCTH CIUHOBOM BosHbI [y mwieHKd JKUIT ¢ pumuHpgpamu/
MOy LWIMHAPaMH (&, 6/8, 2) AJist 9acToThl BXogHOro curHana f = 5.195 I'Ty npu d = 10 MKM, B C/Iydae MarHUTHOTO TI0JIS,
OPUEHTHUPOBAHHOTO B OTPULIATE/ILHOM (&, 8) U TIOJIOKUTETbHOM (6, 2) HarpaBieHusix 1o Oy (LBeT OHJIaliH)

Fig. 4. Spatial distributions of the spin wave intensity for YIG film with cylinders/half-cylinders (a, b/c, d) for an input signal

frequency f = 5.195 GHz at d = 10 um, in the case of a magnetic field oriented in negative (a, c) and positive (b, d) directions
according to Oy (color online)

MarHeTuta B ¢opMe LWIMHAPOB. DTO TPOUCXO-
IUT u3-3a OOJbINel TMJIOTHOCTH IIOTJ/IOIIAOIero
MOKpBITHS. [IpyueM CTOWT 3aMeTHWTh, UTO B 00-
JIaCTH TIOC/Ie MacCHBa MarHeTuTta (CM. puc. 4, a)
Hab/TF0IAeTCsl JIOKaIU3alusl MOIIHOCTA CIIMHOBOM
BOJTHBI B BHUJE TI0JIOC, TIPU 3TOM Takoi 3¢dekT
OKa3bIBAaeTCsI BO3MOXKHBIM TOJIBKO Juilb 1ipu Hy,
OpPHEeHTHPOBaHHOM B OTpHUL|aTe/IbHOM HallpaBaeHu!
Oy. Ha puc. 4, 8, 2 ciuHOBasi BOJIHA MPOXOJUT Mac-
CUB MarHetuTta B (opMe MONYLWIMHADPOB U TIPU
V3MeHeHUH OpHeHTAl[M BHEIHero MarHUTHOTO
10Jis 110 Oy TIPOCTPaHCTBeHHbIe pacripe/ie/ieHust UH-
TeHCUBHOCTU CB KauecTBeHHO COBMAJaoT.

3aKnyeHue

B cratbe uccienoBaHbl NpOLECCHl yIpaBJie-
HUS pacrpoCTpPaHEHUEM CIWHOBBIX BOJIH B MUK-
POBOJIHOBOJIe C IBYMEPHBIM MaCCHBOM LIWJIMH/POB
YU TOJYLWIMHAPOB M3 MarHeTWTa, PacIloyioyKeH-
HBbIX Ha NoBepxHOCTH IieHKU JKUI'. ITpoBegeHHOe
YyyC/eHHOe MUKPOMarHuTHOe Mo/le/TMpOBaHue Mpo-
JleMOHCTPHPOBA/ZIO BO3MOXXHOCTh W3MEHEHHs Xa-
pakTepucTuk CB 3a cueT BappHpOBaHUS reOMeTPUN
MarHeTWTa U OpHEeHTAal|MM BHELIHEro MarHUTHOIO
0JI. YCTaHOBJ/IEHO, YTO U3MeHeHue AuaMeTpa Lu-
JIMHZPOB Y MOJYLIWIMHAPOB, a TaK)Xe HalpaB/ieHUe
BHELIIHEr0 MarHUTHOTO M10J151 BAUSAIOT Ha aMILIUTY[-
HO-YaCTOTHbIe XapaKTepPUCTUKMU.

Pe3ynbrarhl MOKa3bIBalOT, YTO U3MEHEHUE Teo-
MeTPUU MarHeTUTa U BHEIIIHUX YCJIOBUM T03BOJISIIOT

Paanogm3nka, INEKTPOHNKa, aKyCThKa

yrpaBiaTh mapamerpamu CB, OTKpbIBasi HOBBIE
BO3MOXKHOCTH JIJIS1 CO3/IaHUST BEICOKO3(PPEKTUBHBIX
YCTPOUCTB MAarHOHUKW. BaKHBIM acCTeKTOM WUC-
C/leZlOBaHMS SIBJISIETCSI TeXHUUe CKasi pean3yeMoCTh
TaKWUX CTPYKTYP, VUMTHIBAsi COBPEMEHHbLIE MEeTO/IbI
MHKDPO- ¥ HaHOJUTOrpaduu.

Kpome TOr0, MarHeTur, UCTIOIb3yeMbIi B Kade-
CTBe MaTepuasa JJisi MeTaroBepXHOCTH, 0bsazaeT
VHUKaJbHBIMA MarHUTHBIMHA CBOWCTBAMU U IIAPO-
KUM CIIEKTPOM MpUMeHeHUus B GuomeauiyHe [16—
19] u ceHcopHbIx TexHonorusx [20, 21]. Ero
O61oCcoBMeCTUMOCTE [22] W BO3MOXKHOCTH (PYHK-
L[MoHanu3auuu [17] fenaioT MarHeTUT NepcCrek-
TUBHBIM MaTepyaoM i pa3paboTKM CEeHCOPOB
U YCTPOMCTB, MPUMEHAEMBIX B AMArHOCTHUKE U Jie-
yeHUM OHONOTUYECKHX cHCTeM. TakuMm o006pazom,
TIpeJiCTaB/eHHbIe Pe3y/IbTaThl MOTYT HAWTH MPUMe-
HeHHe He TOJbKO B MarHOHWKe, HO U B CMEKHBIX
00/1aCTsIX, TaKUX KaK OMOMeIULIMHCKAs WH)KeHepHUst
U CEeHCOpHKa, pacIIupsisi TOPHU3OHTHI HCIIOIb30Ba-
Hysg CB ¥ MarHUTHBIX HAHOCTPYKTYP.
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