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Y po06oTi TOCTITKYIOTHCSA CIIHOBI XBUJI Y TOHKIH ILTIBIT 3 OTHOOCHKOBOTO (DEPOMATHETHKY, B SIKOMY 3aa-
HO JIBOBUMIPHY IIepiouYHy crucTeMmy aHTUTOUYOK. DepomMarHeTuk, 3 SKOT0O CKIIATAETHCS ILUTIBKA, MAE THUII «JIe-
TEa Bick». J[y1s1 ommicy TakWX XBUJIb BUKOPHCTOBYETHCS MATHITOCTATHYHE HAOJIMIKEHHS 3 ypaxXyBaHHIM Mar-
HITHOI JUII0JIb-TUIOJIBLHOI B3a€MOI11, 0OMIHHOI B3aeMo/Iii Ta epexTiB aHidoTpormi. JIJ1s Takux XBUJIb 3aIuca-
HO PIBHAHHS JIJISI MATHITHOTO TOTEHITIANY, JJIS BHIIAJAKY CHCTEMH BIITAJIEHUX aHTHUTOYOK 3HAMIEHO TAKOMK
IUCIIepCifiHe BITHOIIEHHS TA CIEKTP IIONEePEeUYHNX XBUJILOBHMX umces. J|Jisg BHIIAIKIB IJIIBKH, TOHKOI IIOPIB-
HSHO 3 OOMIHHOIO JOBJKMHOI, Ta ILIIBKH, OOMEsKEHOI METAJIOM 3 BHMCOKOI IIPOBIIHICTIO, 3HAMIEHO TAKOMK
CITEKTP ITO3/I0BYKHIX XBUJIbOBUX YKCEJI TA CIEKTP YACTOT CIIIHOBUX XBUJIb.

Kmiouosi ciosa: CminoBa xBmisi, Hamomarueruam, Tonka marhiTHa miiBka, AHTHTOYKA, JIMITOIBHO-

00MIHHA Teopis.

1. BCTVII

CoiHoBl XBWMJII Yy MArHITOBIIOPSITKOBAHUX  Ma-
Tepiasiax [1, 2] akKTHUBHO JOCTIIYKYIOTHCS Y OCTAHHI Je-
CATUPIYYSA — SIK TEOPETHYHO, TAK 1 eKCIIePUMEHTAJIBHO.
CriHOBI XBUJIL € 00'€eKTOM MOCJII:KeHHS [Jis HOBUX I'a-
JIy3eil (pisuku — MartHoHiku [1] Ta cmiETpoHiKHU [3] — Ta €
MEePCIeKTUBHUMHU [IJISI YUCJIEHHUX MPAKTHYHUX 3aCTO-
CyBaHb, 30KpeMa, JJIsT CTBOPEHHS HOBHUX IIPHUCTPOIB 36e-
piraHus, mepegadi Ta o0poOku maHux [4, 5].

CmiHOBl XBIJII Y HAHOCTPYKTYpPaX € 0COOJIMBO aKTya-
JIBHOIO Ta IOIIYJISIPHOI TEMOIO JJIS JOCJIIPKeHb IIPOTS-
TOM OCTaHHIX POKIB. ¥ UYHCJIEHHUX POOOTAaX BHUBUAIOTHCS
CITIHOBI XBWJII Yy TOHKHX (DEPOMATHITHUX ILTIBKax [6],
MIKPOHHO-PO3MIPHUX MATHITHMX KBAHTOBUX TOUKAX
[7-9], mamomporax [10-12] Ta OLIBII CKJIATHUX HAHOCKC-
Temax (muB., Hanmpuriam, [13]). Ockiabku MardiTHI Bia-
CTHUBOCTI HAHOCTPYKTYP 3aJIesKaTh CYyTTEBO Bij ix dopmu
Ta PO3MIpIB, CIIIHOBI XBHUJI JOCIIIKYIOTHCSI Yy HAHOCHKC-
TeMax Pi3HUX KOHQIrypaliil OKpeMo.

Cepe/r MaTHITHUX HAHOCTPYKTYP OCOOJIMBE MicIle 3a-
MMAaioTh MArHITHI TOYKHM Ta IX CHCTEeMM, a TAKOK MAarHi-
THI aHTUTOYKH Ta iX cucremu. Cucremu dhepoMarHiTHUX
TouoK [14, 15] Ta ABOBUMIpHMX IPATOK MATHITHHX I'pa-
Hya [16] IHTEHCHBHO MOCIIKYIOTHCS Yy OCTAHHI POKH.
IIpore, cucremu ¢depomaruitHux aHTUTOUYOK [17, 18]
3aJIAIIAIOTHCA ITOPIBHAHO MAJIOMOC/IIMKEHUMHU, a  CIi-
HOB1 XBHJIl y TAKUX CHCTEMAaX HPAKTHUYHO HE JOCIIIKY-
0TbeA TeopeTuyHo. [Ipu bOMy crcTeMH MATHITHHAX aH-
THUTOYOK € ITePCIIEKTUBHUMU 3 TOUKH 30Dy 34CTOCYBAHHS
y TexHil (y mpucTposix 30epiranHa iHpopmarii [19], y
MAaTHOHHHX XBHJIBOBOIAX [4], IK OCHOBA MaTHITHHX Me-
TamarepiaaiB [20], y SKOCTI JBOBHMIPDHUX MATHOHHUX
KpucTaJaiB [21] ToIo), mo poOUTh JOCTIIKEHHS X Mar-
HITHHX BJIACTUBOCTEHN, 30KpPeMa CIIIHOBUX XBUJIb ¥ TAKUX
cucTeMax, aKTyaJIbHUM.

¥V po0oTi posTIANAIOTHCSA CIIHOBI XBHJIL y (hepomar-
HITHIA IUTIBII 3 JBOBHUMIPHOKI IIEPIOJUYHOIO CHUCTEMOIO
aHTATOYOK. JIJIs ommMcy TAKMX XBUJIb BUKOPHUCTOBYETHCS
MAaTHITOCTATUYHE HAOIMKEHHS 3 ypaxXyBaHHAM MAaTHIT-
HOI JUII0JIb-TUIOJJIBHOI B3aeMo/ii, 0OMIHHOI B3aeMoIii Ta
edexTiB axizorporii. ¥ poboTi oTpuMaHo audepeHItiiiHe
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PIBHSHHSA [/ MATHITHOTO ITOTEHITIAIY TAKUX XBUJIb, 34
#0ro JTOIIOMOr0I0 3HAMJIEHO JUCIIePCIiHe BITHOIIEHHS Ta
CIIEKTP ITONEPEYHUX XBUJIHOBUX YHCEJ [JIsI BUMAIKY
CHCTEMH BIIJAJIEHHX AHTUTOYOK. (s mBOX YacTKOBHX
BUIIAIKIB 3HAMIEHO TAKOMK CIIEKTP II03J0BMKHIX XBUJIBO-
BUX YHCEJI T4 CIIEKTP YaCTOT CIIIHOBOI XBIJIL.

2. TIOCTAHOBKA 3AJTAYI

Posriissremo depomMaruiTHy IJINBKY TOBIIMHU [ 3 OJ-
HOOCHOBOTO (DEPOMATHETHUKY, IO MAa€ THUIl «JIETKa BICH».
Hexait y miil Bl IpucyTHA IIepioguvHAa CHCTeMa OI-
HAKOBUX KPYrOBHX AHTHATOYOK 3 BIJICTAHAMH MIisK
IEHTPaMHU CyCIIHIX aHTHUTOYOK @ Ta pamiycamu R (mus.
puc. 1). Bynemo BBaskaTw, 1mo depomMarHeTur, 3 sIKOTO
CKJIAA€ThCA ILUIIBKA, XapaKTePU3YITHhCS HACTYITHUMU
mapaMeTpaMu: KOHCTaHTa OOMIHHOI eHeprii @, KOHCTaH-
Ta OJHOBICHOI aHi3oTporii £ (BBasKAETHCA MOCTIMHOI),
ripoMarHiTHe BITHOIIEHHS ) (BBAKAETHCS ITOCTIMHUM).
IIpuiimemo Tako:xK, 10 BiCh JIETKOTO HaMarHivyBaHH (a

OT:Ke, 1 pIBHOBasKHA HaMarHIYeHicTb M, , AKy MH BBa-

JKAEMO ITOCTIMHOI0 ¥ BCbOMY 00’€MIi ILJIIBKHM) CIIPAMOBaHA
OPTOTOHAJIFHO J0 ILTiBKH; 0b0epeMo Bick Oz y mpomy Ha-
mpamkry. Bygemo BBaskaTw, 110 30BHIIITHE MATHITHE I10JT€

Hée), y AKOMY 3HAXOOMTHCS ILIIBKA, € OJHOPIIHHUM Ta

crpsimoBaHe y310B:x ocl Oz.

Poarnsasemo criHOBY XBUIIIO, IO PO3IIOBCIOKYETHCS
y omwmcaHi#l Buie 1uriBii. Bpaxyemo y piBusuHi Jlan-
nay-Jlidmuia sk MarHITHY OUNIOJb-TUIOIBHY, Tak 1
00MIHHY B3aeMosiio (BBasKaeMo, 110 ILIIBKA € TOHKOIO, a
BiZICTAHI MK AHTUTOYKAMU MOKYTH OyTH SIK MAaJIMMHU,
TaK 0 CYTTEBOK € SIK MATHITHA JUIIOJIb-IHUIIOJIbHA, TAK
1 0OMIHHA B3aeMOJIisA, TaK 1 JOCATL BEJIUKHUMH JIJIS TOTO,
106 OOMIHHOI B3a€MOIICI0 MOXKHA OyJI0 3HEeXTYBATH).
Kpim Toro, ocKiIbEM MH pO3IJIAgaeMo OJHOOCHOBHI (he-
POMATHETHK, MU MAa€EMO 3AJIUIIUTHA TAKOK JIOJAHOK, IO
BpaxoBye aHisoTpomiro. J[mcumariiero — Ta, BIAIOBIIHO,
3racaHHsAM CIIIHOBUX XBWJIb Y IUIIBI[l — HEXTYEMO, OILyC-
Kalouy peJlaKcallifHuil momaHok y piBusHHI Jlanmay-
Jlidmmiia.
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Puc. 7 - Cucrema aHTUTOUOK, IO PO3TJISAAETHCS

3Bacrocyemo JIiHeapu30BaHy TEOPi0 CIIHOBUX XBHJIb,
BBAYKAIOYM, 10 HAMATHIYEHICTb /77 Ta MAarHITHE I10JIe h
CITIHOBOI XBHJII € MaJIUMU 30yPeHHSAMU 3arajabHOI HaMa-
rHigeHocTi M Ta BHYTPIMIHBOIO MATHITHOTO IIOJIS gY
mIiBkM, BimmosigHo. Taxum ymHOM, mJ1s 30ypeHHSa m

HAMAarHIYeHOCTI BUKOHYEThCS ‘ﬁ’l‘ <<‘M0 , IJIs1 30ypeH-

Hs h MAaTHITHOTO IIOJISI ‘h‘ <<‘H(()L) , e M, — HamarHi-

venicTh Hacuuenns, H{ — piBHOBaykKHe 3HAYCHHS BHY-
TPINTHBOTO MAarHiTHOTO TI0JIST (tak b11(0)
o L o o =
M (F,t) = My +m(7,t), HY (7,t)= HY +h(F,1)).
Mertoro maHoi poboTH € oOTpUMAHHA TUQEPEeHIIHHOTO
PIBHSHHS /I MATHITHOTO OTEHINAIy OMHUCAHUX BUIIE
CIIIHOBMX XBWJIb y MATHITOCTATHYHOMY HAOJIMMKEHHI, a

TAKOMK IHMCIEPCIAHOr0 BITHOIIEHHS Ta CIIEKTPY MoIepe-
YHUX XBUJIBOBUX YUCEJI JJIS TAKUX XBUJIb.

3. PIBHAHHA IJId MATHITHOI'O
IIOTEHIIAILY

Bammmemo  JrineapizoBaHe  piBHsHHA Jlammay-
Jlidormmrta 11 crriHOBOI XBHUTL y OmUMCAHIN BHIE epo-
MAarHITHIHA IUTIBII 3 CUCTEMOI0 aHTUTOYOK. BpaxoByroun,
IO III0 HAMATHIYEHICTh Ta II0JIe€ XBHJIl IIePIOJHUYHO 3Mi-
HIOIOThCA 3 dYacoMm, Tak o m(F,t)=m,(r)exp(iot),

fz(?,t) =h, (F)exp(iet), 3 [2] orpumyemo piBHAHHA A/

myg , h, y HaCTyITHOMY BUIJIAMI:

HO
3 |
B+ |,

M, ; (D

iomy =y | M€, x| hy +ahm, —

IJIS. HANTOI CUCTEMHU MOSKHA BBAYKATH ﬁ(()i) = I:I(()e). Jos
TOTO0, 100 3pOOUTH CHCTEMY PIBHAHD IIOBHOIO, BUKOPHC-
TAeMO MATHITOCTATAYHE HAOJMIKeHHA (JIUB., HAIIPU-
Kaamd, [2]), BBasKam4uM moJie CIIIHOBOI XBHJII h moreHmi-
AJBLHUM: ﬁ:—Vd), ne @ — MargiTHuUR nOoreHIipail. Y
TakoMy ~ HabamskeHHI 3  piBHsHHA — MaxcBesa
divh =—-47-divin oTpEMaeMo Ipyre CIIBBiHOIIEHHS
CHUCTEMU

AD, =4z divin, , ©)

TyT @0 — IOTeHITaI aMILIITY i1 30ypeHHs oA A, , Tak
o hy =-Vd,, O(F,t) =, (r)exp(iot).

OTpuMaemMo PIBHSAHHS [JId AMILIITYIH MAaTHITHOI'O
notenmiany o, BHUKJIOYUBIIK aMILITYIy 30ypeHHS
TYCTHHYM MATHITHOTO MOMEHTY M, 3 CHCTEeMH DiBHSIHB
(1), (2). JloMHOKHMMO BEKTOPHO IepIlie PIBHSIHHS CHUCTe-
MU 3JIiBa Ha OPT €, Ta Bi3bMeMO JUBEpreHINo Big 060X

YaCcTUH PIBHAHHA. 3BasKaiouW Ha Te, o mo:=0, a 3

. . AD
piBHaHHA (2) divm, = 4—0 , MA OTPHAMAEMO
v

o .
————div(e, xm,) =

7M0 ( : 0) ®)
2 0) :
aq;(’-ri ah— ﬂ+H° AD,
Z 4r 0

=-AD, +

3acrocyBaBmu g0 000X YACTHH PIBHSAHHS OII€PaTOp

HY) .
aA—| B+ MO , TICJIST TeAKUX [IePeTBOPEeHb OTPUMYEMO
0
2 (1) (@)
H H
%— O+ B-aA ||| =2+ p |+4r—aA ||x
r M, M, M,
o , -(4)
H o°d
XAQ +47| ——+ f—ar |—=2 =0
M, 0z

Ak MoxHA 6auwTH, PIBHAHHS, III0 MA OTPUMAJIH, €
AHAJIOTTYHUM JI0 B1JJOMOTO PIBHSHHS JJIS ITHIIHIPUIHO-
ro HaHOAPOTY (muB., Hampukaasd, [10]).

3ayBakumo, 110 y PiBHAHHA (4) He BXOOATH IeOMeT-
puuHi mapamerpu cucremu. Jlame piBHAHHA Oyme Bip-
HUM 111 Oy[Ib-sIKOI CHCTEMHU 3 OJHOOCHOBOrO dhepomar-
HETHUKY, SIKII0 PIBHOBAYKHA HAMATHIYEHICTH CIIPSIMOBA-
HA Y3I0BYK OCl JIETKOTO HAMArHIYyBaHHSA (4 OTIKe, 30B-
HIITHE MATHITHE 0JIe BiACYTHE a0 CIIPSIMOBAHO TAKOMK
V3II0BK ITHOT0 HAIPSAMKY), Y3I0BK AKOI TAKOMK CIIPSIMO-
BaHa Bick Oz. i1 BUKROpPHUCTAHHS CHUMETpIi CHUCTEMU,
SIKy MU PO3IJVISIA€MO, HEeOOXIIHO TaKOK, 100 If BICH
CITIBITAIaJIa 3 HOPMAJLIIIO [0 TIOIIMHHY ILJIIBKH.
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CIIHOBI XBUJIT YV ®EPOMATHITHIH TIJIIBITI. ..

4. ITUCIEPCIAHE BIIHOIIIEHHA

BuaiigeMo AucriepciiiHe BiJHOIIEHHS IJIA CIIIHOBUX
XBUJIb, K1 MU PO3TJIAIAEMO, KOPUCTYIOUUCH PIBHAHHSIM
(4).

BayBaskumo, 110 KAPTHHA CIIIHOBUX XBUJIb Y CHCTEMIl
3aJIEKUTDH CYTTEBO Bl MIHIMAJIBHOI BiJICTAHI MIK CyClI-
HIMH aHTATOYKAMHU d. KIIO 11 BifcTaHb € MEHIIon abo
HOPSAAKY XapaKTepHOI JOBMKUHHU OOMIHHOI B3aeMOTil /lex,
OTIUC CITIHOBUX XBUJIb y CHUCTEMI yCKJIATHIOETbes. [Ipore,
3a d >> lex CIIIHOBA XBHJISI MOKE€ BIJIBHO POSTOBCIOMIKY-
BATHUCh Yy MPOMIMKKAX MUK aHTUTOYKaMu. Po3risiHeMo
el BUIIAJIOK.

3pobrMO IPHUILYIEHHS, 110 CUMETPisA PO3B'A3KY PiB-
HAHHA (4) cmiBOajgae 3 CHUMETPIEI0 CUCTEMU, Ta BBEIEMO
paziyc-BeKTOp 7| y OPTOTOHAJIBHIH [0 MO ILJTOIIIMHI,

saxy mu Oymemo BBaskatu mronmHow x0y. O6epemo Bici
Ox Ta Oy y mi# moomwuHl Tak, mob X HATPSIMKA CIIiB-
mamaiv 3 TPAHCIAIIMHUMYA HanpaMraMmu cucremu. Jiist
CHCTEMHU KOOPIWHAT, 00paHol TAKWM YWHOM, OPTOTOHA-
JIbHI pajiyc-BEKTOPW IIEHTPIB AHTUTOYOK 3AMUCYIOTHCS

Y BEDJIAML Ty, = a(Nljex +Nye

), me Nij, Nzj — 1 umc-
J1a, ] — HOMep aHTUTOYKH. B TaKOMYy BUIIAJKy MU MOXKE-
MO IIYKATH MATHITHHI IIOTEHIlaJ Y BUIVISIl CyIepIIo-
3UIIll IMIIHIPUYHAX (PPOHTIB XBUJIb 3 OJHAKOBUM IIO-

IIepevYHNM XBHUJIBOBUM YHCJIOM kl

d)_exp( (kiz- a)t)) 5
Z( in n( ‘ roj‘)+B N, (k ‘ ,(5)

’"o ‘)) exp (inBj)

TyT 6 — MOJISIPHUHA KYT, IO BIIPAXOBYETHCS JJISI IIEHTPY
J-1 aHTUTOYKH.

3BrigHo HAILIOrO IIPUIIYIIEHHS, CUMETPiA Pe3yJIbTyIo-
40l KAPTUHU CIINHOBMX XBWJIb CIIBIAJAE 3 CHMETPIEIO
cucremu. OTske, 11 KOKHOTO 1 Bcl Ajn Ta BCl Bjn piBHI
Mix coboro (mosHaummo ix Aj Ta Bj, BIAIIOBIIHO), a YHCIIO
n Mae Oytu kpatHuM 4. 3 ypaxyBaHHAM IIOTO IIEPEITH-
mremo (5) y BATTIsAIL

D= exp(i(/q Z= a)t))x

X'Zy:L(A"JM (kl o) ‘)-FB N4n(k ‘rl 7o ‘))exp(élzne) (6)

-7

IlincraBumo po3rs’sa3ok (6) y piBHaHHsS (4). 3 BiacTu-
BOCTe JIiHIMHOCTI omepartopa Jlamiaca mMu orpumMaemMo
U1 KOSKHOI XBUJIL (a OToKe, 1 IJIs CYIIePIIO3UIIIl XBUJIb)

AD = — (k] +K7)® . (7

OTske, IiC/IA IIICTAHOBKYU POo3B’sI3Ky (5) y piBHSHEHS (4)
MU OTPUMAEMO JUCIIEPCifiHe PIBHSIHHS, aHAJOTIYHE 0
JIUCITEPCIMHOTO PIBHAHHS JJIS IIAJIIHIPUYHOI HAHOTPYO-
KM Ta IIAJIIHIPAYHOTO HAHOIPOTY:

Z(hz‘ +kf)3 +2a(,5’+27r)(/q2| +kf)2 +
,(8)
,[;’([;’+4ﬂ')— 5 —47zak|2‘ (k|2| +kf) 47rﬂk| | =

0
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(e)

P 0
e f="0
e f M,

HOIITEHHS Y BUTJISIIL

+ . 3Bifgcu orpuMaeMo IucIiepciviHe Bij-

B
k—j ©)

w=yM, |a*k* +2a(2ﬂ+ﬁ~)k2 +B(47r+,3)—47rk12|£a +

TYT IIOBHE XBUJIBOBE YHCJIO kz

=k +k}.

5. CIIEKTP XBHJIBOBUX YN CEJI

3ayBaKuMo, 1110 XBUJIbOBE YKCJIO CIIIHOBOL XBUJI Mae
Bl KOMIIOHEHTH — IIO30BJKHIO Ta IIOIIEPEYHY, 1 OTKE,
IIJIs OIMCY CHIHOBOI XBWJIL piBHSHHSA (9) OTPIOHO IT0TI0-
BHUTH CIIEKTPOM MHPUHAUMHI OJHiel 3 IIUX KOMIIOHEHT.
3HaiiIeMo CIIEKTD IIONEePEeYHHX XBHUIBOBHX UHCET R,

IJIA BUIIAJKY BIINAJI€HUX AHTUTOUYOK, OIMMCAHOMY y IIO-
mepeIHbOMY PO3JILITL.
Jna orpuMaHHA cuexTpy k, IOTpiOHO, B3araJyi, Ha-

KJIACTH TPAHWYHI YMOBH Ha T'PAHUII aHTUTOYOK (AKIIO
rPaHUYHI YMOBH HE IIOPYIIYIOTH CHUMETPio 3a1adi, BOHU
MaoTh OyTH IOEeHTHYHMMM HA KOMKHIM AHTHTOYI Ta
IepexouTHu caMi B cebe Mpu MOBOPOTI HA KyT I7/2 BITHO-
CHO OCl aHTHUTOUYKH). lIpoTe, OCKIIBKHU 3T1IHO 3pO0IEHO-
ro y TIIONEPEeIHBbOr0 PO3MIL MPUIYIIEHHS CHAMETPIs
PO3B’sI3Ky BIIIIOBIae cuMeTpli 3a1adl, MOKJINBO 3HANTH
IoepeyHe XBUJIbOBE YHCJIO 3 MIPpKYBaHbL CHMeTpil, He
HARJIAJAI0YN TPAHUYHI YMOBH.

Ax moskHa 6aunTH, B cucTeMl HASBHA TPAHCIIAIIAHA
CcUMeTpida 3 mepiogoM TpaHcamii a. Bukopueraemo ama-
Jior Teopemu Bitoxa. [umingpuyni QyHKILI, 110 BXOAATD
y po3B’s130K (6), He e IeplogUYHNMU, IIPOTe, 34 BEJIUKUX
BIICTAHEHN BiI LIEHTPAJIbLHOI AHTUTOYKKA BOHHU ACHMIITO-
THUYHO IPAMYIOTH J0 HACTYIIHUX BUPA3iB:

2 I,
2k "1—’“0 ‘COS( L‘rl_roj‘ % ﬂJ (10

%fbj‘sin(ki‘ﬂ—fbj‘ % ”] .(11)

3 MIpKyBaHb CUMeTpIi Ha IMepiojIl TpaHCcsIii a dasa
uux (QYHKIE Mae 3MIHIOBATACH HA BEJIWYUHY, KPATHY
2. 3BicH OTPUMYEMO, IO IIOIEPeYHEe XBUIBOBE UHCIIO
CIIIHOBOI XBHJII MOKe OyTH IIpejcTaBJIeHe y BUTJISIL

kL=2”N, (12)
a

me N eNu{0} — Homep momepeunoil momu. Ilimcrasiis-
0YM TAKUM BUIJISA TOIEPEYHOTO XBHJIBOBOTO YHCJA Y
piBusHHA (9), OTPHUMYyeMO AUCIEPCIiiHE BIIHOIIEHHS Yy
BUIJIAIL
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2
27N

oy (k) =M, |a* k12+(aj2 +2a(27r+,5’) Iﬁ-r[(l]z +,B(47r+ﬂ~)—47rlq2‘ a+

KoHkpernsyBaBimy TOBIIMHY ILUIIBKH Ta T'PaHUYHI
YMOBH HA 1i TPAHMIAX, MOYKHA TAKOK OTPUMATH CIEKTP
MIO3I0BYKHIX XBUJIBOBUX UHCEJI 1, OTKe, CIEKTP YaCTOT
crmioBol xBuuil. Tak, [JIs IUIIBKY, TOHINN 3a OOMIHHY
IOBXKUHY lex, CIIHOBUMY KOJTUBAHHAMU y Haupamiry Oz
MOKHA 3HEXTyBaTH, IOKJaBmK k|| =0 Ta 3ammcaBiIn
CIIEKTP YACTOT CITIHOBOI XBUJI1 Y BUTJISAIL

4 2
oy =yM, az(@] +2a(27r+[¥)(@] +,3(47r+[¥) .(14)
a a

AKII0 TOBIIMHA ILIBKHU IIEPEBUILYE lex, ajle Ha il
TPAHUIAX 3HAXOAUTHCS HEMATHITHHH MeTasa 3 JIOCHUTh
BHICOKOIO MPOBIAHICTIO, TAK IO MPY 3aIKCl TPAHUYHUX
YMOB MU MOKeMO BBaKaTH Ii 17easbHOI0, T'PaHUYHI
YMOBHM JJISI MATHITHOTO ITOTEHINAJIY 3BOOATHCS 10 YMOB
OOHyJIEHHA HOro HOpMaJIbHOI moxigHoi o®/0z Ha rpa-
HUIAX IUTIBKY, 3BITKH OTPUMYEMO

2
ki, == (15)
16792 S7’a(27+pB) . -
oy, =yM, I 54 + I()2 )+ﬂ(47[+ﬁ)—
\ Dy i (16)
2 ~
—16773 (BJ a+%
l 47" Dy,

27N

TyT Beamauna Dy =1/

HOMED HOS,Z[OB?ICHBOi MOIOH.

6. BUCHOBKHA

Takum uwmHOM, B po0OTI IOCTIIKEHO IHUIIOJIBHO-
OOMIHHI JIIHINHI CIIIHOBI XBUJII Y TOHKIHM (pepoMartiTHIN
IUTIBITl 3 JTBOBUMIPHOK MEPIOIUYHOI CHCTEMOI0 AHTUTO-
4oK. HalIeHo qudepeHITiiiHe PIBHAHHS /19 MATHITHOTO
TIOTEHITIAJTY TAKUX XBUJIb y MAarHITOCTATHYHOMY HaOiIu-
skerHl. PiBHAHHA po3B’sidaHe s BUMAIKY, KOJIM AHTH-
TOYKH € JIOCUTH BIIJAJICHHMMM, TaK III0 MIiHIMAaJIbHa BIiJC-
TaHb MUK HUMHU HA0AraTo ImepeBUIlye OOMIHHY JOBXKUHY;
OTPHMAHO IUCIIePCIAHE BIIHOIIEHHS /I TAKUX CIIIHOBHUX
xBuib. JJ1sg BUIAmKy BIOOAaIeHHUX AHTUTOUYOK OTPHUMAHO
TAKOK CIIEKTP IIOIEPEUHNX XBUJILOBUX UKCEJL.

Jlj1st 1BOX YaCTKOBMX BHUIIAAKIB (IJIIBKA, TOHKA IIOPI-
BHAHO 3 OOMIHHOIO JOBKMHOIO, Ta ILJIIBKA, o0OMe:keHa
MeTaJIOM 3 BHCOKOI0 IIPOBIIHICTIO) OTPHMAHO CIIEKTP
YaCTOT CIIIHOBOI XBUJIL.

IIOOAKA

ABTOp BHCJIOBJIIOE TIOOSAKY  JOKTOPY  (bisuKO-
MaTeMAaTUYHUX HAYK, Tpodecopy, U4JIeH-KOPECIIOHIECHTY
AITH Vrpaiuu 10.1. I'opobirio 3a yBary g0 poborTu, -
HY IHMCKYCIIO T I[IHHI 3ayBaKEeHHI.

CounosBsie BOJIHBI B (DEPPOMATrHUTHOM IUIEHKE C I€ePUOUIECKON CUCTEMOM aHTUTOYEK

B.B. Kysum

Hauuonanvroili mexnuueckuti ynusepcumem Yrpaunwvt «KIIH», npocn. Ilo6eodwt, 37, 03056 Kues, Yxpaurna

B pa60Te HCCJIEOYIOTCA CIIMHOBBIC BOJIHEI B TOHKOM ILJIEHKE U3 OJTHOOCHOTO d)eppOMaI‘HeTI/IRa, B KOTOPOM 3a-
JaHa OBYMEpPHAd IIepuoJuYeCKasd CuCTeMa aHTUTOYEK. cDeppOMaI‘HeTI/IR, 13 KOTOPOIro COCTOHUT IIJIEHKA, UMeeT
THII «JIETKasd OChb». ,Z[JIH OIMMCaHKUA TAKHUX BOJIH HCIIOJIB3YETCA MAarHUTOCTATHYECKOe l'IpI/I6J'II/DKeI{PIe C y4eToM
MArduTHOI'O JUIIOJIb-IUIIOJIBHOI'O BSaHMoﬂeﬁCTBHH, 00MEHHOI0 B3aWMOJIEHICTBUS 1 Sfbdf)eKTOB AHU30TPOIINH.
HHH TAaKHUX BOJIH 3alIMCAHO YpaBHEHUWE JIA MATHUTHOI'O IIOTEHIIYAJIA, JJIA CJIydasd CUCTEMBbI YIaJIEHHbIX aHTU-
TOUEK HaMJeHO TaKKe JAUCIIEPCUOHHOE OTHOIIIEHYE U CIIEKTD ITOII€PEYHBIX BOJTHOBBIX YK CeJI. I[JIH ciaydJasd IJIeH-
KH, TOHKOM II0 CPaBHEHHUIO C 0OMEeHHOM I[JII/IHOﬁ, U IIJIEHKH, OPpaHI/I‘erHHOfI METAaJLJIOM C BBICOKOH IIPOBOIUMO-
CThIO, HaMJIeH TaKKe CIIEKTP IIPOJOJIBHBIX BOJTHOBBIX YHCEJI U CIIEKTP 9aCTOT TAKUX CIIMHOBBIX BOJIH.

Kmiouessie ciosa: CrmnHoBble BosHBI, Hamomarmeruam, ToHkas MarHuTHasa mieHKa, Anturouka, u-

TIOJIBHO-00MeHHAas Teopusd.
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Spin Waves in a Ferromagnetic Film with a Periodic System of Antidots

V.V. Kulish

National Technical University of Ukraine “KPI”, 37, Peremogy Prosp., 03056 Kyiv, Ukraine

In the paper, spin waves in a thin film (composed of a uniaxial ferromagnet) with a two-dimensional
periodical system of antidots are studied. The film ferromagnet is considered to have the “easy axis” type.
To describe such waves, the magnetostatic approximation with account for the magnetic dipole-dipole in-
teraction, the exchange interaction and the anisotropy effects is used. For such waves, an equation for the
magnetic potential is derived; for the case of remote antidots, the dispersion relation and the transverse
wavenumber spectrum are found. For the case of a film thin compared to the exchange length and for the
case of a film bounded by a high-conductivity metal, the longitudinal wavenumber spectrum and the fre-

quency spectrum of such spin waves are also obtained.

Keywords: Spin waves, Nanomagnetism, Thin magnetic film, Antidot, Dipole-exchange theory.
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