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CTALIMOHAPHBIN PEXKUM CBSI3AHHBIX KOJIEBAHUII MATHUTHBIX BUXPE
B MHOTI'OCJIOMHOM CITUH-TPAHC®EPHOM HAHOOCHHUJLJIATOPE

© E.I'. Exomacos, /I.®. Hepanosckuii, H.I'. IIyrau, B.H. Ha3apos

Uccnenyercst cBsizaHHasi JUHAMHKA MAarHUTHBIX BUXpEH B CIUH-TpaHC(EpHBIX HaHoocImuisiTopax. CruH-
TpaHc(hepHBIM HAHOOCIIHIUIITOPOM Ha3BIBACTCS CTPYKTYpa, B KOTOPOH 3a cueT 3(h(eKTa mepeHoca CIIMHOBOTO MO-
MEHTa MEXIy CIUH-TOIAPU30BaHHBIM TOKOM M HAMAarHM4E€HHOCTHIO BO30Y’KAaeTcs MpeLeccus HaMarHUYeHHOCTH.
Panee xoporio u3ydeH ciyvai ClMH-TpaHC(EpPHOro HAaHOOCIHMILIATOPA, KOTOPBIM MPEACTaBIseT COO0H TPeXCIoi-
HBIM HAHOLMJIMHJP, TAE JBA MAarHUTHBIX CIIOSI pa3zelieHbl HEMarHUTHOM MPOBOSIIEH Mpocioiikoil. B mepmamnoe-
BBIX HAaHOIIWIMHIIPAX OTPEICICHHBIX pa3MEePOB MATHUTHBIN BHXPh MOXKET OBITH Pealn30BaH KaK OCHOBHOE COCTOSI-
Hue. [l IBYXBUXPEBBIX CIUH-TPaHC(EPHBIX HAHOOCUMILIATOPOB HAMIEHBI IBE YacCTOTHI Il TUPOTPOITHON MOJIBI
CTAallTMOHAPHBIX CBA3AHHBIX OCL[I/IJ'IJ'ISIHI/Iﬁ BPIXpefI. O}IHa U3 OTUX YaCTOT 60HLHI€ YacCTOTHI, HOHy‘leHHOﬁ UL ciiy4dast
OITHOTO BUXps, a BTOpas MEHbIIE. B maHHOW paboTe paccMOTpPEeH ciiydail CHHH-TpaHC(HEpHOTO0 HAHOOCHHILIATOPA
UWUTHHAPUYECKON (POPMBI, COCTOSAIIETO U3 YETHIPEX MPOU3BOJIBHBIX MO TONIIMHE MEPMATIOEBBIX MAarHUTOMSTKUX
MAarHuTHBIX CJIOEB, Pa3/ICJICHHBIX TPEMs HEMarHUTHBIMH IIPOBOJAALIIUMU CIIOSAMH. Ka>1<)11>1171 U3 MAarHUTHBIX CJIOCB
COZIEPKUT MarHUTHBIN BUXPh KaK OCHOBHOE COCTOSIHHE. J{isl MpHOIMKEHHOTO aHATUTHYCCKOTO UCCIICIOBAHIS CTa-
LMOHAPHON AMHAMHUKUA TaKUX BUXPEH OJMHAKOBOW KMPaJbHOCTH MOYKHO HCIOJNB30BaTh YPQPEKTUBHBIC YPaBHEHHS
Tuns 17 BEKTOPOB IIEHTPOB MATHUTHBIX BHXpEH. B MOTEHIMANbHON SHEPTUU TaKOW CHUCTEMbI, B MPHOIMKEHUH
[IApPHOT'0 B3aUMOJEHCTBUS, YUUTHIBAECTCSl KBa3UyIpyrasl SHEPIUsl OTKIOHEHUS BUXPS OT IOJIOKEHHS PABHOBECUS U
SHEPTHS B3aUMOJICHCTBHS BUXPEH, CBSI3aHHAS C MATHUTOCTATUYECKUM B3auMojeiicTBreM. Permenns 3¢h(peKTHBHBIX
ypaBHeHI/II\/‘I JBHKCHUA UCKAJIUCh B MPECAIIOJIOKEHHNHU, YTO OHU B YCTAHOBUBIIEMCA PEKUME UMCIOT B TapMOHNYEC-
CKUX KoJleOaHMid. DTO TO3BOJISIET CBECTH CHCTEMY TU(PPEPCHIMAIBHBIX ypaBHEHHH K CHUCTEME alreOpanvecKux
ypaBHEHHH. AHATUTHIECKOE PEIICHUE TAKOH CHCTEMBI YPaBHEHUI MOKET OBITh ITOIYYEHO IUIS CITydasi OTUHAKOBBIX
M0 pa3MepaM MarHUTHBIX U HEMarHuTHBIX cjioeB. [IpoBeeHO cpaBHEHHE MOIYUYEHHBIX YEThIPEX YacTOT TaKHX KO-
neGaHMi CO CllydyaeM BUXPEBOTO CIIMH-TPaHC()EPHOTro HAHOOCIMILIATPA C TPEMs, IByMS U OJJTHUM CBOOOJHBIMU Mar-
HUTHBIMA cosiMd. [TokazaHo, 9TO [T YETHIpeX MAarHUTHBIX CIIOEB C OJMHAKOBBIMH T€OMETPUICCKUMH U (pu3mue-
CKUMH TapaMeTpaMH, CyLIECTBYeT MaKCUMallbHasi COOCTBEHHAs! 4YaCTOTa, KOTOpasi OOJbIIEe COOTBETCTBYIOIIMX MaK-
CUMAJIBHBIX YaCTOT IJIA CUCTEM C OJHUM, JIBYMs WJIN TPEMS MarHUTHBIMHA CJIOAMMU.

KiroueBple cnoBa: MarHWTHBIM BUXPh, CTAllMOHApHAs AWHAMHKA, CIHUH-TPAaHC(EpHBIH HAHOOCIMIIIATOP,
MYJIBTUCIOWHBIE HAHOCTPYKTYPBI, CIUHTPOHHKA.

Beenenne. Maruuroanekrpudeckue 3QQeKThl HAaMarHMYCHHOCTH, HAa3bIBAIOTCSl CIHH-TpaHchep-
B HACTOsIIEEe BpeMs LIMPOKO HCIOJIB3YIOTCS ISt piMu HaHoocumiuisiTopamu (CTHO). Panee xoporio
CO3MaHUS  HOBBIX  YCTPOHCTB  CHHHTPOHUKHU nzyueHbl ctpykrypel, e CTHO mpencrasistor
(cm., Hanpumep, [1, 2]). B MarHUTHBIX HAHOCTPYK- c000¥i HaHOITWJIMHIIPHI, T/I€ JBa MArHUTHBIX CIIOS
Typax 3a cueT 3¢pdekra mnepeHoca CIHUHOBOTO pas3zielieHbl HEMAarHUTHOW MPOBOJSAIIEH MPOCION-
MOMEHTa MEIy TOKOM M HaMarHU4E€HHOCTBIO MO- koii [1]. B mepmamioeBbIX HAHOIMIUHAPAX OIpe-
KeT BO3HUKHYTH IpsAMoe B3anmoaenicTtBue. CTpyk- JISIEHHBIX pPa3MEpPOB MAarHUTHBIA BUXPb MOXET
Typbl, B KOTOPBIX TaK BO30YXIaeTcs MperecCHs OBITh peanu3oBaH Kak OCHOBHOE cocTosHHue [1].

EKOMACOB Esrenwnit ['puropseBud — 1.¢.-M.H., Y PUMCKUN YHUBEPCUTET HAYKW M TEXHOJIOTHH, bammkup-
CKUH TOCYJapCTBEHHBIN MeJarOrMYeCcKuil YHUBEPCUTET UM. M. AKMYJIBI,

e-mail: ekomasoveg@gmail.com

HEPAJIOBCKUM [lennc ®exopoud, TIOMEHCKHUI TOCY IapCTBEHHbIH YHHBEPCHTET,

e-mail: denner198123@gmail.com

[IYT'AY Hatanbst ['puropreBna — k.Q.-M.H., HannoHanbHBIH HcCIeOBaTENbCKUM yYHUBEpCUTET «Bpiciias
IIKOJIa SKOHOMHKH», e-mail: npugach@hse.ru

HA3APOB Bnagumup HukonaeBnu — k.¢.-M.H., MHCTHTYT (QU3uKu Monekyn u kpucraiuioB Y OUI[ PAH,
e-mail: nazarovvn@gmail.com

26



E.I'. Exomacos, /[.®. Hepaoosckuii, H.I'. Ilyeau, B.H. Hazapos. Cmayuonapubulii pexcum...

Buxpessie CTHO xapakTepu3yloTcsi TeM, 4TO HX
MAarHUTHBIE CJOU COJIepP>KaT MArHUTHBIA BUXPb.
OTMmeTnM, 9TO TPAKTUYECKHH WHTEpeC K TaKuM
cTpykTypam He orpannuuBaercs CTHO [3-4].
B Takux cTpykTypax HaijeHa TUPOTpPOIHAs MOJa,
COOTBETCTBYIOIIAasi KPYTOBOMY TPAHCISIIUOHHOMY
IBVDKCHUIO BUXPS B AFICKE BOKPYT ero mneHtpa. [lo-
Ka3aHo, UTO IS OMUCAHUSI TUPOTPOITHOTO JIBHIKE-
HUS BUXPS MOXHO WCTIONB30BaTh YpaBHeHHS THIIsl.
Merto nocTpoeHusl ypaBHEHH Ha OCHOBE METOja
KOJUICKTUBHBIX TIEPEMEHHBIX I THUPOCKOIIHYC-
CKOM NHWHAMHUKU BUXpPEH B HAaHOAMCKE MPHUBEJCH,
Hampumep, B [1, 5]. Ilpu BeiBoze TakuX ypaBHEHUH
OBLT MCIOJIB30BaH MPEAJIOKEHHBIA B [6] aHATUTH-
YECKUU aH3all, ONMUCHIBAIONINI MUHUMU3UPYIOLLYIO
MarHMTOCTaTHYECKYIO SHEPTHI0, CTPYKTYpPy CTaTH-
YeCKOT0 MarHUTHOTO BUXpS. BbUTO mMOy4eHo, 4To
4acTOTa OCIIIISAIUN BUXPEBOTO SApa BOKPYT T'€O-
METPUYECKOTO IIEHTPa HAaHOJWCKA WUMEET IJIMHEH-
HYyI0 3aBHCHMOCTb OT COOTHOIIICHHS Te€OMETpHde-
CKHX Pa3MepoB JIMCKa.

JuHamMuKka MarHUTOCTAaTUYECKH CBSI3aHHBIX
MarHUTHbIX BuXped B nByxBuxpeBbix CTHO
(cm. mammpumep [1, 5, 7-9]) cuIBHO 3aBUCHT OT B3a-
UMHOM OpHEHTAllM HAMAarHUYEHHOCTH B LIEHTpE
(mmn xope) Buxps. B Takoil cucteme CBSI3aHHBIX
BHXPEH YBENMYMBAETCA YHCIO BOSMOXKHBIX COCTOS-
HUH, OMpENeNIeMbIX TMapaMeTpaMyd TOJSPHOCTH U
KHPaIbHOCTH BHUXpPEH, KOTOPOE MOXKHO HCIOIb30-
BaTh JUIS PUKIATHBIX IIeed, HalpuMep, Mpu Co3-
JJaHUW MarHUTHOW mamsTu. B nmaHHOM ciyuyae Haii-
JEHBl JBE YaCTOTHI Ui THPOTPOIHOM MOIBI CTa-
LIMOHAPHBIX CBSI3aHHBIX OCHWULILMHA BUXpel [5].
[Ipuyem omHa M3 3TUX YAcTOT OOJBINE YACTOTEHI,
MIOJTy9E€HHOM ISl CIydasi OJHOTO BUXps, a BTOpas
MeHbine. [loydeHHbIE aHANUTHYECKUE PpEIICHUS
Ka4eCTBEHHO OIMCHIBAIOT M3BECTHBIE AKCIIEPHMEH-
TaJIbHBIE W YWCJICHHBIC pe3ynbTaTel [8—12]. Jlms
CIIydasi TISITUCIOMHON CTPYKTYpBI C TPEMsI MarHHT-
HBIMH CJIOSIMH TIOKa TIPOBEICHO KpaifHe OrpaHUYeH-
HOE KOJHMYECTBO HCCIICIOBaHWN. B OCHOBHOM WC-
CJIeIOBAJICSL CIy4ail OAHOPOAHO HAMarHUYCHHOTO
OJTHOTO CBOOOTHOTO MarHUTHOTO cios [13—15]. Jlns
CiIy4asi CEMUCIIOMHON CTPYKTYphI C YETHIPhMS Mar-
HUTHBIMHU CJIOSIMH HaMU HE HAWJCHO HU OJHOTO HIC-
cnenoBanus. OTMeTuM, uTo B [16] pemieHa 3agada o
HaXOXXICHUU COOCTBEHHBIX YaCTOT KOJUIEKTHBHBIX
MAarHUTHBIX BUXPEBBIX KOJICOAHWHA IS KJIacTepa U3
YETHIPEX MEPMAJIOCBBIX OJUHAKOBBIX HAHOIMCKOB,
PAacTIoNIOKEHHBIX B (popMe KBajpara B OJHOU TLIOC-
KOCTH. B maHHO# paboTe MpoBeAcH aHATM3 IMHA-
MUKH YETBIPEX MArHUTOCTATUYECKU CBS3aHHBIX
BHUXpEeU CEMUCIOMHON LHUINHIPUUECKON CTPYKTYypE.
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OcHoBHBIE ypaBHeHUsI M pe3yJbTaThl. Pac-
CMOTPUM TPOBOJSAIINNA CEMHUCIOWHBIA HAHOAMCK,
YETBIPE CJI0 KOTOPOTO0 MAarHUTHBIE U3 IEPMalIos], a
JeXalye MeXAy HHUMH, CJIOM HEeMarHUTHBIE
(puc. 1). CocraB nepmainos — NigyFey, ero kpatkoe
obo3znavyenue Py. [lycTh B KaXIOM M3 MarHUTHBIX
CJIOEB CYILIECTBYET MAarHUTHBIA BUXPb, KaK OCHOB-
HOe cocTosHHE. [ mpUOTMKEHHOTO aHAIUTHYC-
CKOT'O HCCJIEJOBAHUA CTALlMOHAPHOU NWHAMHUKHU Ta-
KUX BUXpEH OJMHAKOBON KUPAIbHOCTHU U MOJSPHO-
CTH MOKHO MCIIOJIE30BaTh dY(PPEKTUBHBIC YPaBHEHHUS
st BeKTOpoB 71 (1), 15 (t), r3(t) m ry(t), onpene-
JSIOIIMX TIOJIOXKEHHs LEHTpoB Buxpeit [14]. Pac-
CMOTPUM CTaLIMOHAPHYIO JWHAMUKY CHCTEMBI 4e-
TBIPEX CBA3AHHBIX BUXpPEH. DHEPIUIO 3TOW CHCTEMBI
B NpUONMKEHUH HapHOTO B3aUMOJICHCTBHS HaIld-

[IeM CIIEAYIOIAM 00pa3oM:

i )= =

K72+ S w,(F: Fry)s (1)
2i<a 7 1s;s3“J(J )

rie K i~ KO3 PUIIMEHT KBA3UYNPYroCTH j -T'O

BUXDPA; Uy, WUy, W3 — KOI(DOHLIUEHTHI, KOTOpPBIE

OTIPENIETISIOT MarHUTOCTATHUECKYI0 DHEPTHIO Tap-
HOTO B3aUMOJICHCTBUS COCEIHUX BuXpeh. Jns
NPHUOJIMIKEHHOTO aHAJIMTUYECKOTO HCCIICIOBaHUS
CTaIlMOHAPHON MWHAMUKH TaKUX BUXpEU MOKHO
HCTIONB30BaTh A((EeKTUBHBIE ypaBHEHHUS IUISI BEK-

Topos 7 (f):

ij?.—gW:O, Q)

J
"
HaAMaroHnm4CHHOCTh HaCBIICHUA _] -ro cjiod, Y — ru-
POMArHuTHOE OTHOULICHUEC, L j o TOJIIIIMHA _] -Iro

ciosi, W — sHeprust cuctemsl, onpezernsiemas (hop-
mydoit (1).

Ky (x,x5)
Ko (x3,X3)

Ky (x3,x4)

Puc. 1
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Bynem momarath, 9TO pericHue ypaBHeHUH (2)
B YCTaHOBUBHLIEMCA PCKUME UMCIOT BHUJ FapMOHU-
YECKUX KOJICOaHMIA:
Fi(t) =1y, exp(ior); j=14. 3)
[loacranoBka (3) B ypaBHeHHUS (2) MPUBOAUT K
CHCTEME JIMHCWHBIX alreOpandecKuX YpaBHEHUA, KO-
TOpast MOXKET OBITh HAIKCAHA CIIETYIOIIHM 00pa3oM.
(le_Kl)?l —lez +OF3 +Ol_’:4 =0
—A + (G0 —K))r —pyr3 +0-74 =0 @
0.7 =iy +(G30 - K3)73 —usry =0
YcnoBre pa3penimMOCTH CUCTEMbI ypaBHEHU
(4) MmoxeT OBITH HAHJCHO U3 IETCPMHUHAHTA:

GIO)—KI — 0 0
- G,o-K - 0
det Ky 20— K Ho ,(5)
0 “Hy Gio-K3 -y
0 0 —H3 G40)—K4

U 3alMMCaHO B BUJIC XAPAKTCPUCTHYICCKOI'O YPAaBHCHUS
JUIA 9aCTOThI (0, KOTOPOC UMECT CHG,Z[YIOH_IHﬁ BU:

" —(®), + 0O, + 0y +®y, )0 +
(30 + O, @y, + OO + Oy Oy, +
T4, Mgy + O D3 — le - Qi - Q§ o’ —
~ 0y W3 Wy + W 030, + 0, D, Dy + (6)
T4, D Mgz — Dy, (Qi + Qg) - 0302Q§ -

_6003912 — Wy, (le + Q; )+ QfQ; - 0301(’302Q§ -
_6001@049; - ('0030304Q12 + 00, D, 0300, =0,

rae

0oy = ud 0gy = i 03 = i Wy = ks
01 G, 02 Gy’ 03 Gy’ 04 G,
2 2 2
i 2
M1 _ 2 2 _o M3 _ Qg‘ 7

- b - b
GG, GGy GGy
[Tomyuennoe ypaBHeHHe (6) UMEET IpOMO3JI-
Kuii BuA. /7S TONydeHHWS €ro aHaJIMTUYECKOTrO
pelIeHUs] pacCMOTPUM TPOCTOM cilyyall OJMHAKO-
BBIX cJI0eB. Torza 3To ypaBHEHUE IPUHUMAET BH/I:

o' — 4,0’ + (6w, —3Q%)0’ - )
—(40) — 60,00 +Q" —30XQ* + o) =0
rne 0oy =K/G,Q=n/G.

Pemenne ypaBHenus (8) meromom Deppapu
MO3BOJIIET HAHTH COOCTBEHHBIE YaCTOTHI CBSA3aH-
HOM AMHAMUKHU 4eThipex Buxpeil. [IpuBeaem mnoiy-
YEHHBIHA PE3YyJIbTAT:
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(,01’2:0)0i1 3_2\/5 90)3,4:0)01_\34_2\/§Q'(9)

W3 ypaBHeHus (8) MOXXHO MOYYUTHh YACTOTHI
JUTSE KosieOaHui BUXper u i cimydaeB N=1,2, 3.
st cimydast oqHOTO MAarHUTHOTO CIIOST IMEEM

oxHy 4dactory Mo = K /G coBmagaromyo ¢ us-

BECTHOM 1715 3TOTO Cciydasd. J[nst cimydas AByX mar-
HUTHBIX CJIOEB uMeeM ZBE 4acTOTHI

0y, =0y FU/G, coBnajawue ¢ U3BECTHBIMU
Wt 3TOro ciydvast. Jltst Ciydast TpeX MarHHTHBIX
o = 0y —2,

W3 = O +\/§ﬁ CpaBHEHHE 3THUX 4YacTOT C 4ac-

CJIOEB UMEEM Wy, = O,

ToTamu (9) MOKa3bIBACT, YTO MJIS YETHIPEX MATHUT-
HBIX CJIOEB C OJMHAKOBBIMU MapamMeTpaMHu, CyIIe-
CTBYeT MaKCHMallbHasi cOOCTBEHHas 4acToTa, KO-
TOpasi OOJbIIIE COOTBETCTBYIOIIUX MaKCHMAaIbHBIX
YacTOT AJII CHUCTEM C OJHHUM, IBYMS WIH TPEeMs
MarHUTHBIMH CIIOSIMH.

BeiBoabl. B nanHoOli pabore paccMoTpeH
CIUH-TpaHC(EepHBIH HAHOOCIWIUISATOP IUJUIHH]I-
prudeckoil GOpMBI, COCTOSIITUN U3 YETHIPEX IPO-
M3BOJBHBIX IO TOJIIMHE MArHUTHBIX CIIOCB pa3-
JIEICHHBIX TpeMs HEeMarHUTHBIMU MPOBOAIIUMU
cnosimu. Teoperwueckoe ommcaHUe CBSI3aHHOU
MUHAMHKNA BHXPEH MPOBOIUJIOCH Ha OCHOBE 3(-
(eKTUBHBIX ypaBHeHUN Twis miis KOOpJIUHAT
IEHTPOB BUXpEW C y4YeTOM B DHEPrUU BHUXpeEH
KBa3UyYNPYTOW SHEPTHH KaXJAOTO0 BUXPS U IHEP-
THH CBS3M BHXPEH B MPUOIMKEHUH OJIMXKANIINX
coceneil. s pexxuma cTalMOHApHOUM CBA3aHHOM
IWHAMHUKHA BUXPEW MOJNy4deHO anrebpanmdeckoe
YpaBHEHUHM HYETBEPTOrO MOpPSIKA ISl Omperese-
HUSI 3aBUCUMOCTH YacTOT OT IapaMeTPOB CHUCTe-
MBI, [l cimydasi OAMHAKOBBIX CJIOEB HAWICHBI
YEThIPE YACTOThl CTAIMOHAPHOW CBA3aHHOWU IH-
Hamuku Buxped. [lokazaHo, 4TO I YeTHIpEX
MarHUTHBIX CII0OEB C OJIMHAKOBBIMHU IapaMmeTpa-
MH, CYIIECTBYeT MaKCHUMalbHas CcOOCTBeHHas
4acToTa, KOTOopas OOJIbIIE COOTBETCTBYIOIIUX
MaKCHUMAaJbHBIX YacTOT ISl CUCTEM C OJHHUM,
JIBYMSI FUTH TPEMSI MAaTHUTHBIMHE CJIOSIMH.

Paboma evinonnena npu noodepaicke npoexma
«3epranvrvie nabopamopuuy Hayuonanenozo uc-
C1e008amenbCcKo2o yHugepcumema « Beicuas wikona
aKkoHoMuKku» U bawkupckozo eocyoapcmeennozo
nedazozuyeckozo yHueepcumema um. M. Axmynnol.
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OU3UKA

The coupled dynamics of magnetic vortices in spin-transfer nanooscillators is investigated. A spin-transfer
nanooscillator is a structure in which the precession of magnetization is excited due to the effect of spin moment
transfer between the spin-polarized current and magnetization. The case of a spin-transfer nanooscillator, which is
a three-layer nanocylinder, where two magnetic layers are separated by a non-magnetic conducting interlayer, has
been well studied previously. In permalloy nanocylinders of certain sizes, a magnetic vortex can be realized as the
ground state. For two-vortex spin-transfer nanooscillators, two frequencies for the gyrotropic mode of stationary
coupled oscillations of vortices are found. One of these frequencies is higher than the frequency obtained for the
case of a single vortex, and the second is lower. In this paper, we consider a case of a cylindrical spin-transfer
nanooscillator consisting of four permalloy soft magnetic layers of arbitrary thickness separated by three non-
magnetic conducting layers. Each of the magnetic layers contains a magnetic vortex as a ground state. For an ap-
proximate analytical study of the stationary dynamics of such vortices of the same chirality, one can use the effec-
tive Thiel equations for the vectors of the centers of magnetic vortices. In the potential energy of such a system, in
the approximation of pair interaction, the quasi-elastic energy of the deviation of the vortex from the equilibrium
position and the energy of interaction of vortices associated with magnetostatic interaction are taken into account.
Solutions to the effective equations of motion were sought under the assumption that they have the form of har-
monic oscillations in the steady-state mode. This allows us to reduce the system of differential equations to a sys-
tem of algebraic equations. An analytical solution to such a system of equations can be obtained for the case of
magnetic and non-magnetic layers of the same size. A comparison of the obtained four frequencies of such oscil-
lations with the case of a vortex spin-transfer nanooscillator with three, two and one free magnetic layers is carried
out. It is shown that for four magnetic layers with identical geometric and physical parameters, there is a maxi-
mum natural frequency, which is greater than the corresponding maximum frequencies for systems with one, two
or three magnetic layers.

Keywords: magnetic vortex, stationary dynamics, spin-transfer nanooscillator, multilayer nanostructures,
spintronics.
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