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MIKPOMATHITHUM PO3IIOJLI HOBEPXHI IIJIIBKU HA OCHOBI
KOMIT’'FOTEPHOI MOJIEJII

Pe3tome. 3anpononogano memoOuxky, ma po3pobieHo KOMN'IOmMePHY MoOeilb, O O0CHIQNCeHHS
NOBeOiHKU MASHIMHUX HAHOMamepianie nio0 6nAueoM 308HIULHIX MacHimHux nonie. I[lobyoosarno epagixu
PpO3nooiny eekmopa HamazHiveHocmi. [Iposedeno ananiz ompumanux pesynomamie 32i0H0 MIKpOMACHeMmuyHoi
meopii. OmMpuUMaHo 3anexCHOCMi OCHOBHUX MAcHIMHUX Xapakmepucmuxk ¢epomazHemuxa. Ompumano
meopemuyHull pO3PAXyHOK Nemili MaeHImHo20 2icmepe3ucy 07 YIbmpamoHKux Niieok, 6e3 8paxy8aHHs 6NAUGY
cmpymie Dyxko.

Kniouogi crosa: mikpomacHimuuii po3nooin, KOepyumugHa cuid, nemis MazHimHoz2o 2icmepesucy.

V. Andreychuk Y. Bachinsky M. Nakonechniy

MICROMAGNETIC DISTRIBUTION OF FILM SURFACE BASING ON
THE COMPUTER MODEL

Summary. Computer design of distributing the magnetized ferromagnetic gives the possibility to predict
the behavior of material in variable magnetic fields. The software in the environment of MatLab was developed
in this paper for the design of micromagnetic distribution on the surface of one layer film. The mathematical
model was realized on the basis of discretely dipole approximation taking advantage of the Monte-Carlo
method.

The crystalline barn of F°* atom was chosen as discretely environment. The total inside energy of
dipole consists of exchangeable interrelation energy, dipole energy — dipole interrelation, energy of surface
magnetical anisotropy and the external energy of magnetic field. In the realized model the surface of the film
was distributed into n-identical parts, in which the modules of magnetical moments are considered to be similar,
and the total film magnetization depends on mutual location of each of moments. Calculation was carried out in
polar system of coordinate, as in one-layer films the magnetic moment and vector of magnetic anisotropy can be
change a in one plane.

According to the results of calculation vector fields of magnetization distribution were built for different
values of tension and dependence of the sample magnetization on outside magnetic field. It was shown in the
paper that sharp magnetization at small enough values of outside field takes place due to the reorientation of
magnetical moments domens, the direction of which is close to the direction of the outside field. Further increase
of magnetization takes place due to the increase of the domens area. Basing on the behavior of the sample the
estimation of magnetization saturation value and the power of coercive force was carried out.

To build the loops of magnetic hysteresis the model on the basis of arctangents that gives the results
close to the experimental ones was used. The built loop does not represent the total expenditures while
overmagnetizing, as the expenditures for vortex currents were not taken into account.

Key words. Micromagnetic distribution, coercive force, magnetic hysteresis loop.

IMocranoBka mpo6jemu. CTpiMKHII PO3BUTOK Ta BIPOBAKEHHS HAHOTEXHOJOTiH
BHMAarae 3HaHHS MOBEAIHKM MaTepiajiB 3TiTHO 3 CyYaCHHM CTAHOM MIKpOMAarHiTHOI Teopii.
Komm’toTepHe MOJICTIOBaHHS J1a€ MOXIIUBICTh PO3paxyBaTH BIACTHBOCTI Ta CIIPOTHO3YBATH
MOBEIHKY O00’€KTa Ha CcTajii Mojem. MareMaTHYHe  MOJICIIOBAHHS  IMAPOKO
BHKOPHCTOBYEThCSI B 0arathox c(epax HayKH, OCOOJNHMBO JOMITHHO HOTO BUKOPHUCTOBYBATH
TO/JTi, KOJI HEMOJJINBO OTPUMATH PAKTUIHE BUPIMIICHHS 3aBIaHHS.

JlIo OCHOBHHX MAarHITHHX XapaKTepUCTHK  (epoMarHiTHUX  MarepiaiB  Ta
TOHKOILJTIBKOBHUX, 30KpeMa, MOKHA BIIHECTH IIMPUHY JOMEHHOI IpaHUIll, BETUINHY OOMIHHO1
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B3a€EMOJIIT Ta aHi30TpoIii. 3HAHHS IUX MapaMeTpPiB Ja€ MOXIIMBICTh HA OCHOBI KOMIT IOTEPHOI
MOJIeNTi PO3paxyBaTh TaKi XapaKTEPUCTHKH, SK HAMarHIYeHICTh HACHUYCHHS, KOCPIUTHBHY
CHITy, MarHiTHY IPOHUKHICTH Ta OOy TyBaTH IETJIFO MarHiTHOTO TiCTEPE3UCY.

AHaJi3 ocTaHHIX MOoCTiKeHb i myoJikamniii. Ha ocHOBI Teopii MiKpoMarHeTusmy,
mo Oyia po3pobieHa Jlangay ta Jlidmuiem, 3ampormoHOBaHO KilbKa PO3B’SI3KIiB 3a7aq JUIs
MoOJIeNief, M0 BiJOOpaXKaroTh MIiKPO-JAMCKPETHICTh CepeoBUINA. 30KpeMa, IIHpPOKe
MOIMUPEHHS] TP YUCETFHOMY MOJICTIOBAaHHI MarHiTHHX CEPeIOBUIN OTpHMaia MOJeibh Ha
OCHOBI TaK 3BaHOI JUCKPETHO-JHIIONBHOI armpokcumarii [1, 2]. BigmosigHo mo 1iei moxaerti
JICKPETHE CEepPEeIOBHINE PO3TIISIAETHCS K CYKYITHICTh MarHiTHUX JUTOJNIB (MOMEHTIB), Iif
SIKUMH 3aJIC)KHO BiJ] piBHS JeTati3allii i po3B’si3yBaHOl 3a/1a9i MOXKYTh PO3YMITHCS K OKpeMi
CIiHU, TaK 1 MarHiTHI MOMEHTH YacTOK, Ha sSKi pOo30MBAaEThCs cepeoBHINe. B ocTaHHROMY
BUIAJKy B SIKOCTI YacTOK MOXHA PO3MJISIAaTH caMi HAHOYACTUHKH, MIKPOKPUCTAIITH Ta
iHmMUM YuHOM copMoBaHi o00nacTi, B MeXax SKUX MarHiTHUH MOMEHT BBaXKae€TbCs
OJIHODITHUM.

VY pamkax JIMCKpETHO-IUIONBHOI ampoKcuMalii 3ajaya MoJsrae B BHU3HAYCHHI
PIBHOBaXXHOTO CTaHy a00 piBHOBa)KHOI KOH(QIryparii po3mnojaily MarHiTHUX MOMEHTIB. J[o
YHClia TaKUX 3aj7a4 BiTHOCITHCS 3a7adi JOCTIKEHHS CTATUYHUX MAarHITHUX XapaKTepUCTUK
Cepe/IOBUIN, HANpPHUKIA, BUBYCHHS JOMEHHOI CTPYKTYpH ab0 pO3paxyHOK IeTellb
rictepesucy. BimomMo Kinbka pi3HHX WiAXOMIB, IO JJO3BOJSIOTH BU3HAYUTH PiBHOBAKHY
KOH(QIryparito MarHiTHUX MOMEHTIB, KOXEH 3 SKHX, SK IpaBWJIO, OpPIEHTOBAaHUHA Ha
BUpIIIEHHS MEBHOTO Kiacy 3aaad. Hanpukiasn, 3acHoBaHMi Ha iHTerpyBaHHI MeTo/ oM PyHre-
Kyrra cucremn mudepenuianpaux piBHaHb Jlangay-Jligpmung-Iine0epra ams  KoXHOL
HAaCTyHHOI KOH(Irypamii MarHiTHUX MOMEHTIB, IOYMHAIOYM 3 BHIAJKOBO 33JaHOI.
Hactynamii migXin, mo T03BOJSiE OTpUMAaTH KOHQIryparii MarHiTHUX MOMEHTIB, JOCHTb
OJMU3BKUX 0 OCHOBHOTO PiBHOBAKHOTI'O CTaHy CHCTeMH, Oa3yeThcst Ha MeTosi MonTte-Kapio
[3, 4]. Onnak melt MeTon MOTpeOye BENHMKOI KiTHKOCTI OOYHMCIIEHb BXE MPH BIAHOCHO
HEBEJIMKIN KUTBKOCTI JIUIIOJIIB Y MOJIEI.

Mera i 3aBmaHHsl JaocaiTKeHHs. Po3poOuTH MareMaTH4YHY MOJENb PO3MOJITY
HaMarHigeHOCTI Ha MOBEPXHI TOHKOI MarHiTHOI IUIIBKH, IO JaBajia 0 MOIIMBICTh OIIIHHTH
MarHiTHI BJIACTUBOCTI HaHOMATepiay.

Bukiag ocHOBHOro marepiajly Ta MeTOAUKA JOCTiKeHb. J[0Opi pe3ynbraté 3
BH3HAYCHHS PIBHOBKHOI KOH(Irypariii MarHiTHAX MOMEHTIB JIa€ ITiJIXiJ, 3aCHOBaHHWM Ha
peakcarii CHCTEMH Y BIIITOBITHOCTI 3 TMOBEIIHKOIO 11 BHYTPIIMHIX €()eKTHBHUX MAarHiTHUX
MOJIiB, IO JifOTh Ha KOXKEH JMIOJNb. J[JI IhOTO y BHIIQJAKOBOMY IOPSIKY PO3PaxOBYIOThH
JIOKaJIbHE TI0JIe Ha TIEBHOMY MArHiTHOMY JHIIONI W Yy BIJINOBIAHOCTI 3 JIFOYAMH CHIIAMHU
BCTaHOBJIOIOTH HOTO HOBE MOJIOKeHHs. OOYHMCIEHHSI MPOBOMATH IO THUX Tip, TIOKH He
CTaOTI3YIOTHCS TTOJIOKEHHS BCIX MarHiTHUX MOMEHTIB.

V nmaniit Moaeni GepoMarHiTHa IIiBKA PO3TIIAIAETHCS K JIUCKPETHE CEPeIOBHIIE, IO
CKJIQTAETHCS 3 MArHITHUX JIUIIOJIB, PIBHOMIPHO PO3IMOIiICHUX 10 11 00’ emy. BinbHa eHepris
Takoi cucTeMH Oy/le BHpakaTHCS CYMOIO €HEprii 3epeH TMOCTIMHUH 1 JOpiBHIOE
HaMarHiueHOCTi HACUYCHHS.
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E:E06+Ez)un+Eam3+E3' (1)
BBaxaetbest, mo (epomarsiTHa IUTiBKa mepedyBae NMpH TeMIepaTypi, BUIIM TemmepaTypu
Kropi, i 110 rpaHuIl 3epeH He BIUIMBAIOTh HA MArHiTHY B3aEMOJII0, a MOIYJIh HAMarHiYeHOCTI
Toxi eneprist 0OMiHHOT B3aeMoii JUist i-ro Jumoss Oyae JOpiBHIOBATH

1 .
Ey=AY.(M,-M), @)
ne A — BemumuuHa OOMiHHOrO mapamerpa; Mi, M; — HamarsideHicTb i-ro, j-ro JHUIOJIB.
CyMyBaHHSI TIPOBOAMTHCS JIUINE TO CYCIHIX JWNONSX Yy 3B’SA3Ky 3 THM, IO BEIHMYMHA
mapameTrpa A Ppi3Ko crajgae 3 BijcraHHIO. B Mipy aHi3orporii oOMiHHOT B3aeMOJIii, BOHA
(dopmye nHIe BEIMYMHY HaMarHideHocTi (y BUIMAAKY (epoMarHeTuka) i He BILUIUBAE Ha iX
Hampsim [5]. Ile 3ymMoBIIeHO THM, IO OOMiIHHA B3a€EMOJISl € YCEPETHEHOKO KYJIOHIBCHKOIO
B3aEMOJIIEI0, SKa HE 3aJICKUTh BiJl HANPSIMKY aTOMHHUX CHiHIB. Tak sSK 31 CIIIHOBHMH
MOMEHTaMH IMITyJIbCY IIOB’s3aHi CIIIHOBI MarHiTHI MOMEHTH, TO YIOPSJIKYBaHHS aTOMHHUX
CHIHIB BiJIMOBIa€ YIIOPSIKYBAHHIO CITIHOBUX MAarHiTHUX MOMEHTIB aTOMiB

ms = _2’ﬂ6S s (3)
e S — KITbKICTh HE CKOMIIEHCOBaHWMX CHiHiB. Tomi 1isi KpucTamiuyHOI PENITKH, 0
ckiamaerhed 3 N aTtomis,

M =|m|N. 4

Ha Bigminy Big oOMIHHOI B3a€MOJIii, JUIOJB-JAMIIONBHA B3a€EMOJIS € HabaraTo CJadIIoro,
MpOTe BOHA ¢J1a00 crajiae 3 BijicTaHHIO. TOoMy BpaXOBYBaTH MOTPIOHO Bech 00’ €M 3pa3ka.

Py [CAUR IR ARUI A )
> r.

J=1 ij ij
l#]

OGMiHHa eHepris i JHUMOJIb-TUIIOIbHA B3aeMOis (GOPMYIOTh JOBKHHY BekTopa M , a Horo
HampsiM BHU3HAYAETHCS €Heprielo aHizoTpomii. Sk Oaummo 3 QopMymH, eHepris IUIMOJIb-
JATIONIGHOT B3a€MOJIIT 3alIle)kKMTh HE JIMIIE BiJ B3a€MHOI OpieHTaIlii CITiHIB, ajge W Big iX
opieHTarii BifiHOcHO BekTopa r. CmiHu B KpucTani (OpMYIOTh MpaBWIBHY pemitky. Ilpu
IIbOMY B SIKOMYCh HalpsiMi BOHH PO3MOJIUICHI MIUIBHIIIE, a B SKOMYCh — piJIe, o
MPU3BOIUTH JI0 BUALICHHS HampsMy BekTopa M [6].

E,. =-V(K sin’®+K,sin'®), (6)

aMis.

ne Ki,K, — KoHCcTaHTH aHi30Tpomii, sSKi 3aexaTh BiJl BUAY Matepiainy; ® — KyT Mixk M i BicCio
JIETKOTO HaMarHiuyBaHHsS. BHaciilok iHBapiaHTHOCTI yacy B PIBHSHHS BKJIIOYAIOTH JIMIIE
KOMIIOHEHTH BeKTopa M y napHi#t creneni[7].

Bxkmajm 30BHINIHBOrO MAarHiTHOTO TOJIS B 3arajlbHy €HEpriro ()epoMarHeTHKa BHPaKAETHCS
eHepriero 3eemaHa

E ,=—(M-H), (7
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e H — 30BHIIIHE Mar"iTHe MOJIE.
PiBHOBa)kHA KOH(Irypariis po3mojaily MarHiTHAX MOMEHTIB BIJIOBiTa€ MiHIMyMY
BUTIBHOI €Heprii cucTeMu

dE ®)
ZW =0.

3rigHo 3 [S] B yABTPAaTOHKUX IIJTiBKaX Bich Jierkoro HamarHiuyBanus (BJIH) nexuts y
IUTOMIMHI IJTIBKY, @ MAarHITHUH MOMEHT «00epTaeTbesi» B IUIomMHI XY. ¥V monsipHil cuctemi
koopauHar M =M cos(a), M =M sin(e). Sk Gauumo 3 piBHsHHs (8) Ta puc.l, moBHa

SHEPTis JTUTIOJIS 3aJIe)KHUTh BijJl B3AEMHOTO PO3TaIllyBaHHS HOTO CYCiTiB, TOOTO B KyTa o (0 —
KYT MIX i-TUM 1 j-TUM JTUIOJISIMHU).

OOMmiHHa eHepris MiHIMaJbHA TPH Opi€HTAalli MarHiTHUX MOMEHTIB B OJHOMY
HaMpsIMKYy, €Heprisl JHMIOJb-IUIMOJBHOT B3a€MOIl MiHIMajdbHa TpPHU Opi€HTAIlli MarHiTHUX
MOMEHTIB TPOTHJIEKHO OJIMH OJHOMY. EHepris aHizoTpomii MiHIMaabHa TpPH Opi€HTAIlil
MarHiTHUX MoMeHTiB y370BK BJIH. Enepris 3eemana miHiMalibHa U Opi€HTAallil MarHiTHUX
MOMEHTIB Y3JIOBX 30BHIIIHHOTO MArHiTHOTO IOJIS. 3MIiHIOIOYH OPIEHTAIlI0 BHITAIKOBAM
YMHOM BHOPAHOTO JMIIONS, HOCITaeThesl Takoi KoHpiryparii, mpu sikiif eneprist cucremu Oyze
OJM3bKa HYJIIO.

b
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Pucynok 1. 'eomeTpudHe npencTaBieHHsS MOAENI

Figure 1. Geometric presentation of the model

Ha ocnoBi Mmojieni Oysio po3po6iieHo KOMIT IOTepHY Iporpamy B cepepoBuini MatLab.
VY Hill BUIIAJKOBUM YHHOM BHOpPAHOMY JMITONI 3MIHIOBAJIA HOTO KyT 0 B IUIomuHi XY, THM
caMHM 3MiHIOIOYM HOTr0 HaMarHi4eHicTh. 3TiHO 3 PiBHSAHHIM (8) po3paxoByBalll TaKUl KyT
o, TP SIKOMY a0COJTIOTHE 3HAYCHHS BHYTPIIIHBOI eHeprii cucTeMu OyJio MiHiMaTbHUM. JlaHy
oTiepalito MPOBOAMIM JI0 TUX Iip, IIOKW BHYTPIIIHS €Hepris cucTeMHu He Oyna Oim3bka ado
nopisHioBana vymo (E_ ., [0).

PesyabTaTn MoaemoBaHHs. SIk 6aunMo 3 piBHSHHS (8), CHEPris CHCTEMU 3aJICKUThH
Big KyTa a, mo Moxe 3minroBarucs Big 0° mo 360°. MozenoBatHs IPOBOAMIOCS IS ILUTIBOK
samza (Fe™"). 3nauenns oGMiHHOro iHTerpama nopismoe J=1x10° erg/em’. erg/cm’,
KOHCTaHTH aHi30TPOIIii K1:4,3><105 erg/cm3, K2:2,05><105 erg/cm3, M=1716 emu/cm’.

ucm
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PucyHnok 2. PiBHOBa)kHa KOH(irypallis MarHiTHUX MOMEHTIB. 30BHIIIIHE MarHiTHE MOJe HaNpsMJICHe
NepIeHIMKYIIPHO OCi Jlerkoro HamarHiayBanHs: a) H=8, 6)=90, B)=130, r) H=220 (Bennunna H nana y
BigHOCHMX BenmnuuHax M H/K)

Figure 2. Equilibrium configurations of the magnetic moments. External magnetic field is directed
perpendicular to the axis of easy magnetization

Sk 6aurmMo 3 prc.2, IpHU MaTUX 3HAYCHHSX 30BHIITHBOTO TOJIST KOH(Irypartis JTATIOJiB
JUIs 3MEHIIEHHST BHYTpPIIIHBOI eHeprii opienTyeThest B3AoBk OJIH. IIpoananizyBaBimm
puc.2.3, MOXHa MOOAYUTH, IO CTPIMKE 3POCTAHHS HAMarHideHOCTi CUCTeMH IpHu Maimx H
CIPUYMHEHE NePeopieHTAIlI€I0 MAarHiTHUX MOMEHTIB JTUIIOJIB, HANPSM SIKUX OyB OJIM3BKHI 13
HalpsIMOM  30BHIITHBOTO MarHiTHOro mojs. [lomaneime 3pocTaHHS HaMarHi9YeHOCTI
BiIOyBaeThcsl HAOaraTto MOBUIBHIIIE, OCKUIBKM 3MEHIIEHHS BHYTPIIIHBOI €Heprii cuctemu
BIIOYBa€eThCA 3a paxXyHOK TepeopieHTalii MarHiTHUX JUIOJNIB cucTeMu. llomambine
30inpmenHss H Oyzae cympoBomxyBaTucsi 3pocTaHHsM HamarHideHocti. [Ipu neskomy Hy
cHUCTeMa Tepeiie y crad MarHiTHoro HacuueHHs M/Mg=1. Bennumna H,, 3aiexuth K Bif
XapaKTepUCTHK 3pa3kKa, Tak 1 BiJ opieHTanii Bektopa H Binnocuo OJIH (puc.3).

WiMs

1
50 100 150 200 250
MsH/K

Pucynok 3. 3anexxHicTh HAMarHiue€HOCTI 3pa3Ka Bil 30BHIIIHBOTO MarHiTHOTO MOJIS:
V — BekTop H, Hanpsimnenwnit y3nosx OJIH; m — Bextop H, nepnenankynspanii OJIH

Figure 3. Dependence of the magnetization sample on the external magnetic field:
V —vector N directed along the easy axis; m — vector H is perpendicular to the easy axis
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Mamemamuuna mooenvb nemii cicmepesucy.

Ha cporomni icHye BenMKa KUTBKICTh MaTeMaTHYHUX MOJENel Ui OMHCYy MeTelh
MarHiTHOTO rictepesucy. IcHytoui Moaeni 0a3yroThCsl Ha KyCOUKO-JTiHIHHUX, TinepOoiYHuX,
Jorapu(MidHAX Ta EKCHOHCHIAJBFHUX alMpOKCHMAIlISIX, YCi BOHH TIOKAa3ykOTh JIOOpi
pe3ynbTaTé B crnabkux moisx [8]. Ilpu momsx Gmm3pkux abo OiMBIIUX KOSPIUTHUBHOI CHIH,
MOTPiIOHO BUOMPATH MOJIEITh 3aJICKHO BiJl MATHITHUX BJIACTHBOCTEH KOHKPETHOTO MaTepiaiy.
MaremaTuyHa MOJENh HA OCHOBI apKTAaHTEHCIB y IJIOMY IOKa3zye J00pi pe3yjbTaTH B
Iporieci nepeMaruiuyyBaHHs (pepoOMarHeTUKiB.

2 H+H TM
M=—M arctg| ——<tg| ——2 ||, 9
g arctg | — 18| M ©)

c

ne M, He, M;s; — HamarHiueHiCTh HACHUYEHHS, KOEPIMTHBHA CHJIA Ta 3aJUIIKOBA
HaMarHivyeHicTh BianoBiIHO. HemoikoM Takoi ampokcuMarlii € He3aMKHEHICTh TeTJI
MarHiTHOTO TicTepe3ucy npu H — oo Ta MOKIJIMBICTS i1 3aCTOCYBaHHSI JIUIIE TTPU OTTMCYBAHHS
TPaHUYHUX TETEIb.

Ax OGaummo 3 puc.3, mpu mnepeMmarHidyBaHHi B HampsMmky OJIH 30imbmeHHs
HaMar"iueHoCTi BiIOYBAETHCS 3a PaXyHOK 3POCTaHHS JOMEHIB HAMPSMOK SKUX 30iracThesl 3
HaNpsIMKOM 30BHIITHBOTO TOJIS, OCKUIBKM Toyie TpukianeHe mapanensHo OJIH, mporec
HaMarHidyBaHHs 3aKiHYyeTbcs B JOCHTh CJIAOKMX 30BHIMHIX moysix. [lim  wac
nepemartigyBanHs nepreHaukyisipao OJIH, mpu H=0, momenu OymyTh Opi€HTOBaHI SIK Y
HanpsMky H, Tak 1 mapanensHo OJIH, xyT mix sikumu 45° (puc.2a).

M, =M cosa=0.71M,. (10)

OmiHIOBaNIbHY BEJNWYMHY KOEPIUTHBHOI cuiu s 180° [OMEHHHX T'paHUIlb
BHU3HAYAEMO 5K

H =p—, (11)

e p — KoeQillieHT, 10 3aJeXKHUTh BiJ] CUMETpil peIliTKH KpHCTala Ta MeXaHi3My
nepemaruiuyBanHs. [y penniTku 3aiiza BiH Jexuts y Mexax 0,03-0,05.

SO [ I B A A
1500
1000

500 . . .
PﬂcyHOK 4. ITeTnst Mar"iTHOroO TicTe €3UCY 3T1JHO

3 piBHaHHAM 9. M=1714 emu/cm”, H.=12 Oe,
M,.=0,71x M,

M, emufem?
=)

-500
Figure 4. Magnetic hysteresis loop according to

1000 equation 9
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Po3paxyBaBim 3HaueHHS 3aIMINKOBOI HAMArHIYeHOCTI Ta KOSPIIUTUBHOI CHIIMA 3TiHO
3 piBasmu (10) (11) Ta mijCTaBUBIIM OTpUMAaHI pe3yjIbTaTH B PIiBHAHHS (9), OTpUMaEMO
MeTII0 MAar”HiTHOTO TicTepe3ucy, 3o0paxkeHy Ha puc.4d. OTpumaHa MeTIsI MarHiTHOTO
ricrepe3ucy MpakTUYHO 30ira€Thes 3 pe3ylbTaTaMd, OTPAMAHUMH EKCIEPUMEHTAIBHO JIJIs
yucToro 3amiza. Sk 6aummo 3 piBHsSHB (9—11), oTpuMaHa MoJiebh HE Ja€ MOBHUX MAarHiTHUX
XapaKTEePUCTUK MaTepialy, OCKIILKH He OyJI0 BpaxOoBaHO BTPATH HA BUXPOBI CTPYMH.

BucnoBku. Po3po6ieno koM ’iotepHy mporpamy B cepemoBuimi MatlLab, mo mae
MOJKJIMBICTh HPOBOJUTH MIKPOMAarHiTHUM pO3paxyHOK YJIBTPATOHKHUX (epOMarHiTHUX
IUTIBOK, Ta 3a OTPUMAHHMH pe3ylbTaTaMu OyIyBaTd TIETII0 Mar"iTHOro ricrepesmcy. Ha
OCHOBI ~ OTpUMaHUX pe3yJbTaTiB MOXHa 3pOOUTH  BUCHOBOK, III0 OCHOBHUMH
MIKDOMarHiTHUMH BEJIMYMHAMH, [0 XapaKTepU3YIOTh TIOBEIIHKY (epoMarHeTuka, €
BEeITMYMHA OOMIHHOT B3a€MOJIii Ta 3HAUEHHS KOHCTAHTH Mar”iTHOI aHi3oTpormii. CaMe Bija IuX
BEJIMUUH 3ajJiekKaTh TEOMETPHYHI pO3MIpH JIOMEHHUX TpaHUIb Ta XapakTep IpoIecy
MepeMarHidyeHust y 30BH1]J_IHLOMy Mar”HiTHOMy Tmoji K (epoMarHiTHHX, TaK 1
aHTU(PEPOMArHiTHAX 3pa3KiB.

Conclusions. Computer software in an environment MatLab, which makes possible to

calculate micro magnetic ultrathin ferromagnetic films, and according to the results to build a
magnetic hysteresis loop has been developed in the paper. Basing on the obtained results it
can be concluded that the main micro magnetic variables that characterize the behavior of
ferromagnetic exchange interaction is the value of the constant magnetic anisotropy. These
are the values on which the geometrical sizes of domain boundaries and the characteristic of
the remagnetization process in an external magnetic field both ferromagnetic and
antiferromagnetic samples depend.
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