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Exact and socioeconomic sciences

bog‘lig. Shu ma’noda tijoratlashtirish, axborotning ommaga ochiqligini ta’minlash, kutubxona

xodimlarini yangi texnik sharoitlarda ishlashga tayyorlash, kitobxonlarning axborot madaniyatini

oshirish, ularga xizmat ko‘rsatishni tashkil etishning maqgbul shakllarini ijtimoiy jihatdan oqgilona

hal etish muhim ahamiyat kasb etadi.
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CTPYKTYPA U CBOUCTBA OJHOMEPHBIX MUKPOMATHUTHbBIX
KOHOUTI'YPALIUU B PEPPOMATHUTHBIX KPUCTAJIJIAX
Iapunos M.3., 'Hazapos J.C., '3okuposa 3.M., 'Uopoxumosa C.III., 2Mymunos II1.X.
IByxapckuit zocyoapcmeennoiii ynusepcumem, *Byxapckuii unnoeayuonHblil yHusepcument.
Aunnomayun. B Oannou pabome aHATUBUPYIOMCA Hpocmeluie  OOHOMEPHble MUKPOMACHUMHbLE
KOHQpueypayuu 6 O00beMHbIX (DeppOMACHUMHBIX KPUCATIAX, NpeHedpecas NOS8epXHOCMHbIMU 3pdexmamu Ha
Hamaenuuusanue. bananc meocoy obmeHHOU U aHU3OMPONHOU IHEPUAMU Onpedelsiem CIMpPYKmypy u YCmoudusocms
OOMEHHbIX CMEeHOK KoHeuHou moawunvl. [lonyuennvie pezyibmamovl 0aiom @QYHOAMEHMAIbHOEe HPeOCAsleHue o
MUKPOMACHUMHBIX KOHQUSYPAYUAX 8 MACCUBHBIX (DepPOMASHUMHBIX MAMeEPUanax u axmyanibhvl ONsl pa3pabomxu
MacHumoonmudeckKkux u CnNuUHmpOHO6blX MOHKONIEHOYHbIX npu60p06.
Kniouesvie cnoea: «xpucmann, OomenHas —CMpPYKmMypa, OOMEHHAsl 2PAHUYA, HAMASHUYEHHOCMD,
MazHUmocmamu4ecKkas SHepeusl, qbeppozwaeﬁemux, MAZCHUNHOE no.Je.

STRUCTURE AND PROPERTIES OF ONE-DIMENSIONAL MICROMAGNETIC
FORMATIONS IN FERROMAGNETIC CRYSTALS
ISharipov M.Z., 'Nazarov E.S., 1Zokirova Z.M., 'Ibrokhimova S.Sh., *Muminov Sh.H.

!Bukhara state university, >Bukhara innovation university.

Annotation. This work analyzes the simplest one-dimensional micromagnetic configurations in bulk ferromagnetic
crystals, neglecting surface effects on magnetization. The balance between exchange and anisotropy energies
determines the structure and stability of domain walls with finite thickness. The results provide fundamental insight into
micromagnetic configurations in massive ferromagnetic materials and are relevant for the development of magneto-
optical and spintronic thin-film devices.

Keywords. micromagnetism; domain wall; magnetic anisotropy, exchange interaction;, uniaxial crystal;
magneto-optical materials; spintronic applications dynamic micromagnetic phenomena.

Bgenenne. V3yuenne MukpoMarHuTHEIX KOH(Urypanuii B GeppOMATHMTHBIX MaTepHaIax
OCTaéTcsi aKTyaJbHbIM B  COBPEMEHHOM (M3MKM  KOHJEHCHUPOBAHHOIO  COCTOSHHUS U
MaTepuaioBeIcHHs.. MUKpPOMarHeTu3M O00ECHEeUMBACT TEOPETHUECKYI0 OCHOBY Ul TOHUMAHUS
TOr0, Kak BEKTOP HAMarHM4E€HHOCTH U3MEHSIETCSl B IPOCTPAHCTBE MO/ BIUSHUEM KOHKYPHPYIOIIUX
OOMEHHBIX, aHM30TPOIHBIX U MAarHUTOCTaTHUECKUX B3aMMOJACHCTBUI. Bo3HuKatome B pe3ynbraTe
3TOr0 IPOCTPAHCTBEHHO HEOJHOPOJHBIE COCTOSHHSA, B YAaCTHOCTH, MarHUTHbIE JOMEHBI U
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JOMEHHBIE CTCHKH, OTBETCTBEHHBI 3a IMIMPOKHM CHEKTP MAaKPOCKOIMYECKHX MArHUTHBIX U
MarHUTOONTUYECKUX CBOMCTB, HAOJIIOAaEMBIX B KPUCTAJUIMYECKUX TBEPBIX TEJax.

Homennas rpanuua (/1)) mpeacrasiser co0oi mepexoiHyr0 00aacTb, pa3Aeisiollylo /1Ba
OJIHOPOJIHO HAMArHMYEHHBIX JOMEHA, OPUEHTHPOBAHHBIX BJOJIb PA3HBIX JIETKMX OCEU. XOTs €€
XapakTepHas TOJILIIMHA, OOBIYHO B IMANa30HE OT JIECSATKOB JJO COTEH HAHOMETPOB, COCTABIISAET JIUILb
Mallylo J0J0 00béMa Marepuaia, JOMEHHAas CTEHKAa WIPAeT PEUIAloIlyl0 POJib B ONpEACTICHUU
MarHMTHBIX, ONTHYECKUX M TPAHCIOPTHBIX CBOMCTB CHCTEMBl. BHYTpEHHssI CTpyKTypa TpaHHIIbI
00yCJIOBJI€Ha TOHKHM OalaHCOM MEXIy OOMEHHOH SHepruer, crocoOCTBYIOIIEH OIHOPOIHOMY
HaMarHM4YMBAaHUIO, U SHEPTrUel MarHUTHOM aHU30TPOIINHU, KOTOpask BEICTPAUBAET HAMarHUYEHHOCTh
BJIOJIb KPUCTAJUIOTpaUUeCcKH MPEeaNOYTUTEIbHBIX HalpaBiIeHU. PaBHOBECHBIN OanaHC JOMEHHOMH
CTEHKHM U €€ SHEPIUs ONPEeIIA0TC MUHUMHU3AMed IOJHOI0 MUKPOMAarHUTHOTO (pyHKIIMOHAIA.

C Teopernyeckoil TOUKHM 3PEHHUS, OJHOMEPHBIE MOJEIN W3MEHEHHS HaMarHMYe€HHOCTU
IpeJularaoT Haubosee npsiMoit crnocod NoHUMaHus GOPMHUPOBAHUS TOMEHHBIX CTEHOK B 00BEMHBIX
MaTepuaiax. B Takux Mopensx MmoBepXHOCTHBIC 3(D(EeKThl He YUHTHIBAIOTCSA, W MPEAIOIaraeTcs,
YTO HAMAarHW4eHHOCTb M3MEHSETCS BJOJIb OJHOM IPOCTPAHCTBEHHONM KOOPAMHATBHL. OTH
MPOCTEUIINE OJTHOMEPHBIE MUKPOMAarHUTHBIE KOH(QUTYPALIUH TAI0T aHATTUTHYECKOE MPECTaBICHHE
o OanaHce 0OMEHHOTO M aHM30TPOITHOIO BKJIAZIOB U MO3BOJIIOT BHIBECTH SIBHBIE COOTHOILEHUS IS
LIIMPUHBI M DHEPIHUH JOMEHHOM cTeHKM. Kitaccmueckuil Noaxoj, MHULMUpOBaHHBIM Jlanmay wu
Jiupummem [1], ocraérca HeOTheMJIEMOW OCHOBOH  COBPEMEHHOIO  MHUKPOMArHUTHOIO
MOJIETTUPOBAHUS, KOTOPOE PACHpPOCTPAHAETCS HA TOHKHE IJIEHKH, MHOIOCJIOMHBIE CUCTEMBI U
HaHOCTPYKTYpUPOBaHHbIE MaTtepuaisl [2-4].

B nannoif paGore Mbl aHanu3upyeMm (yHIaMeHTaIbHBIE OJHOMEPHBIE MHUKPOMArHUTHBIE
KOHUrypauu B 00bEMHBIX (PeppOMArHUTHBIX KpHCTaIaX, yJaesss ocoboe BHUMAaHUE YCIOBUSIM
GopMHpOBaHUS M YCTOHUYMBOCTU JOMEHHBIX cTeHOK c pasmepamu 90°. Ocoboe BHHMAaHHE
ylIensercss pold CHUMMETPUM MAarHUTHOM aHM30TPONMHM U SHEpreTudyeckoMy OalsiaHcy,
OTIpeIeIISAIONIEMY KOHEUHYIO TOJIIIMHY cTeHKH. [IpencraBieHHble 3/1eCh pe3ybTaThl 00€CIeUHBAIOT
TEOPETUYECKYI0 OCHOBY, IPUMEHUMYIO KaK K OOBEMHBIM KPUCTAJUIaM, TaK U K TOHKOIUIEHOYHBIM
MarHMTOONTUYECKUM CHUCTEMaM, I'/ie aHaJOTUYHbIE MUKPOMAarHUTHbIE MEXaHU3MbI HAa0JII01al0TCs B
HaHoMaciTaoe.

IMosyuenHble pe3yabTarbl W HUX o0cy:kaeHue. PaBHOBecHOe pacmpeneneHue
HaMarHM4YEeHHOCTH B (EpPPOMAarHUTHOM KpPUCTAJUIE OINpeAesseTcs MHUHUMHU3AIUed MOJHOU
MUKPOMarHuTHOW 3HEPIUH, BKIIOYaollell OOMEHHYI0, aHU30TPOMHYIO M MarHUTOCTATUYECKYHO
cocrasistonye [2,3]. B oqHOMEpHOM cilyyae, KOr/la HAMarHH4eHHOCTh U3MEHSETCS TOJIBKO BJOJIb
OJIHOM KOOpJIMHATHI (Z), OJIHAS SHEPIHsl Ha eAMHUILY 00beMa MOXKET OBITh BhIpaXKeHa Kak

2
E=4 dm +Kf(m)+E, (1)
dz

rne A - KOHCTaHTa OOMEHHOM kecTKOCTH, K - KOHCTaHTa aHU30TPOIIUH, f (1) OMUCHIBAET YIIIOBYIO
3aBUCUMOCTBH SHEPIMHM aHU30TPOIMH, ONPEACIIEMY0 CUMMETPUEN KpUCTAlIa, a Epus - TNIOTHOCTh
MarHuTOCTaTU4YeCKoW »sHepruu. Bektop m = M/Ms - eAMHUYHBIA BEKTOpP HaNpaBJICHUS
HaMarHW4eHHOCTH.

B o0beMHBIX (eppOMarHUTHBIX KpUCTAJUIAX, TJ€ BIMSHHUEM BHEIIHUX MOBEPXHOCTEH
MOXKHO IpeHeOpeub, MarHuTHas CTPYKTypa OIpeAeNsieTcsl TJIaBHBIM 00pa3oM KOHKYpEHIHEH
OOMEHHOTO B3aMMOJEHCTBMS M MAarHuTHOM aHu3oTponuu. OOMEHHass DSHEpPrusi CTPEMUTCS
BBICTPOUTH COCEJIHHE CIHMHBI MapajuleIbHO JpYyr Jpyry, YTO HPUBOAUT K OJHOPOIHOU
HAMarHU4YeHHOCTH, B TO BpeMs Kak DSHEPrus aHU30TPOIIMU OIPAHUYMBACT HAIPABIICHUE
HaMarHMYEHHOCTH OINpPEAeIEHHBIMU KPUCTAUIOrPaUYECKUMU OCSIMM — TaK Ha3blBA€MbIMU
NErkuMu ocsiMU. [Ipy HanMuMK¥ HECKOJIBKUX SKBUBAJICHTHBIX JIETKMX HAIIPaBICHUN KPUCTAJUI
o0naaeT BBIPOXKAECHHBIMH OJHOPOAHO HAMAarHWYEHHBIMM COCTOSIHUSIMH, KOTOpBIE€ MOTYT
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COCYIIECTBOBAaTh B pa3HbIX 4YacTiax Kpucrtauia. OOmacTv, HaMarHMYEHHbIE BJIOJb JTHUX
SKBHMBAJICHTHBIX HalpPaBJICHUM, 00pa3yl0T MarHUTHBIE JJOMEHBI.

Mexy coceqHUMH JOMEHaMH HAMarHWYeHHOCTh HE MOMKET HW3MEHSTHCS CKauKOM,
MOCKOJIBKY 3TO HPUBENO Obl K PE3KOMY YBEIMUYEHHIO OOMEHHOH sHepruu. BmecTo 3TOro BEeKTOp
HAaMarHMYEHHOCTU IOCTENEHHO MOBOPAYMBAETCS HAa KOHEUHOM PACCTOSIHHH, 00pa3zys JOMEHHYIO
CTEHKY - MEPEXOIHBIA CIIOW, Pa3AEISAIOIIMN JOMEHbI C pa3IM4HOW opueHTauue. Koneunas
TOJIIMHA CTEHKHU, o0O3HauaeMas Kak O, BO3HUKAET B pe3yibTaTe MUHUMH3ALUUU (PYHKIHOHAIA
IIOJIHOW SHEPIHH.

UtoObl HAWTH PaBHOBECHYIO KOH(MUTypallMIO BEKTOpa HaMarHWUYEHHOCTH M(z),
MUHUMH3HPYETCS MOJHAsE YHEPTUsi OTHOCHTEIBHO MPOCTPAHCTBEHHBIX M3MEHEHHMH yrioB 0(z) u
#(z), omMCHIBAIOUIMX HampaBieHue M B cucteMe KOOpAMHAT Kpucramia. llpumenenue
BapHAallMOHHOTO NPUHIUIA IPUBOUT K ypaBHEHUIO Diinepa-Jlarpanxka:

d( @oE dE _, o
dz\ o(d0/dz)) 060
KOTOpPO€ OIpeNesieT pPaBHOBECHBIM NPO(UIb HAMAarHWYEHHOCTH BHYTPU JIOMEHHOW CTEHKHU.
KonkypeHuus oOMEHHOM 1 aHU30TPOITHON 3HEPruil onpenessieT XapakTepHyIO TOJIMHY CTEHKH U
3aKOH BpaIllCHHUs BEKTOpa HAMarHU4€HHOCTH.

B HpOCTGﬁH.ICM CjIyda€ OIHOOCHOI'0 KpuCTaJula, '€ JIErkasi och PacCIIoJIOKCHa BJOJIb
HaIIpaBJICHUA Z, SHCPIrUsad aHU30TPOIIMU MOKET OBITh 3aIKcaHa Kak

E, =Ksin20 (3)
a ITOJIHBINA O,Z[HOMeprIﬁ (I)yHKI_[I/IOHaJ'I OHECPIUr CTAHOBUTCA
2
E=4 bz +Ksin’ 6. 4)
do

MuHUME3AIUS 3TOr0 (YHKIMOHANA AT XOPOIIO H3BECTHOE pelIeHMe s OJI0XOBCKOM
cTeHku ¢ paauycom 180°:

. z
O(z) = ztan™' | exp| Il (5)
r/ie TONIMHA CTEHKH OTPEIeNSETCs BhpaKeHHeM
A
s=4 6
% (6)

OTOT pe3ynbTar SBHO JIEMOHCTPUPYET, YTO PABHOBECHAs TOJILIMHA CTEHKH ONPENENIAETCS
OTHOIIEHHEM OOMEHHOH >KECTKOCTH K CHUJIE aHMU3OTPOINMU: CUIIBHBIM OOMEH pacHIMpseT CTEHKY, B
TO BpeMs KaK CHUJIbHAs aHU30TponHus cykaeT €€. [IonHyo SHEpruio CTEHKU Ha €JUHUILY IUIONIaan
MO>KHO OLIEHUTh KakK

y=4JAK (7)
YTO TMpPEACTaBIsieT COOOM MUHUMAJIbHYIO TIOBEPXHOCTHYIO SHEPrHI0 JIOMEHHOM CTEHKHU
0JIOXOBCKOTO THTIA B OJHOOCHOM (heppOMarHeTHKE.

Cxemaruueckass WJUIIOCTpallMs 3aBUCHUMOCTH TOJHOM SHEPrMM OT TOJIIMHBI CTEHKH O,
BO3HHUKAIOIIEH B pe3ysibTaTe B3aUMOEHCTBYSI OOMEHHOW U aHU30TPOITHOW SHEPTUH, MpeCcTaBlIeHa
Ha pucyHke 1.

B 00bEMHOM (QeppOoMarHUTHOM KpHUCTasie TOMEHHAas TpaHHIla pa3AeiseT ABE OJHOPOIHO
HaMarHM4eHHbIE 00J1aCTH (JIOMEHBI) C BEKTOPaMU HAMAarHUYeHHOCTH M1 1 M2, OpUEHTHPOBAaHHBIMU
BJIOJIb Pa3HBIX HAIPABIECHUH JIETKOTO HaMarHn4uBaHus. [[IIOCKOCTh IrpaHUIBl MOXKHO ONPEICIINTh
€€ HOpMaJIbIO N, a MIOBOPOT BEKTOPAa HAMarHWYEHHOCTH BHYTPHU T'PAaHUIIbI MOKHO OXapaKTepU30BaTh
IBYMsl yriamu: 0 - HAaKJIOHOM BEKTOpa HAMarHWYEHHOCTM K HOPMaJIM K TIpaHUIEe U ¢ -
a3MMYTAJIBHBIM YIJIOM, OIIMCBIBAIOIMM €70 [IOBOPOT BOKPYT HOPMAJIH.
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00 0

Puc. 1. Cxemamuueckasa unirocmpayusn 6ai1anca 6Kia008 00MeHHOU U AHU30MPONHOU
IHEPZUil, ONPedenaIou,ec0 PagHOBECHYI0 UWIUPUHY 0OMEHHOU CIEHKU O.

Ha pucynke 2 cxemaTH4yecku MokKa3aHo MOCTENIEHHOE BPAIllEHUE BEKTOPAa HAMAarHUY€HHOCTH

M(z) yepe3 nOMEHHYIO rpaHuily. MI3MeHeHHe TPOUCXOAUT HEMPEPHIBHO, MUHUMHU3UPYSI OOMEHHYIO

SHEPIUI0, a TPACKTOPHS BEKTOpa M OMMCHIBAET MOBEPXHOCTh KOHYCA C YIJIOM IPU BEPLIMHE Y, OCh
KOTOPOTO COBITAJIAECT C HAPABICHUEM JIETKOTO HaMarHU4YnBaHU.

Z |

/ P M,

M, /f\

L~ e

Puc. 2. Bpawienue 6ekmopa HamazHu4eHHOCMU Yepe3 0OMEHHYIO CPAHULY,
pazoenarouyro 06a oomena c Hamaznudennocmamu Mi u M. Yanot 01 u 02 onpedenarom
HANpPAagIeHUA HAMAZHUYEHHOCMU 8 COCEOHUX 0OMEHAX, a4 Y - Y20J1 NOGOPOMA KOHYCA.

B kpucramiax ¢ OZHOOCHOW aHU30TponHMel Jérkas ocb HaMarHUYMWBAHUS OOBIYHO
COBIIAJaeT ¢ HOpPMaNbl0 K cTeHKe. B 3Tom ciyuae 01 = 02 = 0, 1 HAMarHMYEHHOCTh U3MEHSETCS
TOJIBKO Ha a3UMYTaJIbHBINA yrou ¢. Takas KoH(UTYypals COOTBETCTBYET KIaCCHUYECKOM 0J10XOBCKOM
180° -Ho#f cTeHKe, T/le HAMATHUYEHHOCTh BPAIAETCS B IUIOCKOCTH CTEHKH, COXPAHssA MOCTOSHHYIO
BEJIMYMHY BO Bceil mepexonHoil obOnactu. HampaBneHne HaMarHMYEHHOCTH B JBYX COCEIHMX
noMeHax oTiruaercs Ha 180°, orcrona u Ha3BaHue.

HanpoTtus, marepuanbl ¢ IiaHapHOM (ABYOCHOW) aHM30TpONHEH, Takhue KaK HEKOTOpbIe
(beppUThl U TOHKME MAarHUTHBIC IUIEHKH, MOTYT MOJACP)KUBATh CTEHKH, TJe JIETKas OCh JICKHUT B
IUIOCKOCTU CTeHKH. B 3ToM ciywae kak 0, Tak M @ HU3MEHSIOTCA IO BCEM TIpaHule, U
HaMarHMYEHHOCTh BpALIAeTCs B IJIOCKOCTH, NMEPNEHIUKYIISIPHOM HOpManu K creHke. MHorna stu
CTCHKH Ha3bIBalOT CTCHKaMHU Tuna Hees, B 3aBUCUMOCTH OT KOHKPETHOTO ITyTH BpauieHus M.
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B MarHuTHO-aHM30TPOIHBIX KpHCTAUIaX OOBIYHO HAOIIOJAIOTCS JBa OCHOBHBIX THIIA
JIOMEHHBIX TpPAHUL - 180° u 90° - B 3aBHCHMOCTH OT OTHOCHTEIIBHOI OpHUEHTALUU
HaMarHMYeHHOCTH B cocefHmX noMeHax [2,3]. 90° - Hble CTEHKH COOTBETCTBYIOT MOBOPOTaM
HaMarHMYEHHOCTHU Ha T/2 MEX]ly COCEAHIMH TOMEHAMH. B 3aBUCMMOCTH OT CHMMETPHH KPHCTaIa
TaKue CTEHKH MOTyT Jjexarh B 1utockocTsax tuma (100), (110) wmm (111). Ilpu ompenenéHHBIX
YCIIOBHSX, B YaCTHOCTH, PU HATHYUM Ae(EKTOB MM LIEHTPOB MUHHMHTA, H3omupoBaHHble 900 -
HbIE CTEHKU MOTYT OCTaBaThCsl CTA0MIIBHBIMU J1aXKe B UJICAIbHBIX KpUCTaJLIaX.

Ha pucynke 3 cxemaruuecku mokasan npumep 90° -HOM CTEHKH, pacHONOXEHHOH B
mockocTd (100) Takux Kak HUKEIb-UTTPHEBBIN skene3o-rpanar (JKUI'). PaccMoTpeB cTpykTypy
90° TOMEHHBIX I'PaHUI] B OJHOOCHBIX U JBYOCHBEIX MaTepHasaX, HOJIE3HO PACCMOTPETh CUTYAIMIO B
KyOM4ecKuX (YeThIPEXOCHBIX B MAarHUTHOM OTHOLICHHM) KpUCTaiaX, rAe JaHAmadT SHEepruu
AQHU30TPOINHMH CTAHOBUTCS 3HAYUTENIBHO OOJiee CIOXKHBIM. B Takux cucTreMax HaMarHMY€HHOCTb
MOKET OBITh OPUEHTHPOBAHA BAOJb HECKOJIBKHUX SKBUBAJICHTHBIX OCEH JNErKoro HaMarHMYKWBaHUS,
00bIYHO BIOJIb KpucTauiorpadpudeckux HampaeineHud (100) wm (111). CocymecTBoBanue
HECKOJIbKUX HAINpaBlICHUH JIErKOro HaMarHMYMBaHUS MPUBOAUT K BO3MOXKHOCTH CYyIIECTBOBaHUS
HEMPEPBIBHOTO HA0Opa SHEPTeTUICCKH SKBUBAJICHTHBIX OPUEHTAINI IOMCHHBIX IpaHull [6,7].

z 4

X

Puc. 3. Cxemamuueckoe uzoopascenue 90° 0omennoi zpanuyvl, pacnoioHceHHol 8
Kpucmannozpaguueckou naockocmu (100).

3akaiouenue. B naHHONW paboTe MBI IMPOAHAIM3UPOBATIU IMPOCTEHIINE OJHOMEPHbBIE
MHUKPOMarHuTHbIE KOH(QUTYpaluud B OOBEMHBIX (DEPPOMArHUTHBIX KpPUCTAJUIAaX, yIEIHMB 0coboe
BHUMaHHE (QYHIAMEHTAIFHBIM MEXaHHW3MaM, YIPABISIONIM (HOPMUPOBAHHEM, CTPYKTYPOH W
YCTOHYMBOCTBIO JOMEHHBIX TpaHull. PaspaboTannas 3ech TeopeTHdeckas Moenb omuchiBaeT 90 -
JIOMEHHbIE TpaHUIbl U TMPOSICHSIET BIMSIHHE KpHCTauIOrpaduyeckol aHM30TPONIMM Ha HX
TEOMETPUIO U SHEPTETHKY.

[TosrydyeHHble pe3yabTaThl 00ECeUnBalOT (PU3HUUECKYI0 OCHOBY Uil TOHMMAaHUS TOBEIEHUS
JIOMEHHBIX I'PAaHUI] HE TOJIBKO B MACCUBHBIX KPUCTAILIAX, HO M B TOHKUX IJICHKaX ¥ MHOTOCIIOMHBIX
CUCTEMax, I'JiIe TIOBEPXHOCTHBIE M pa3MarHuyuBaronue 3¢(eKTsl UrparoT CYIIECTBEHHYIO POJIb.
Takue 3HaHUS HEOOXOOUMBI JJIsi MHTEPIPETAlM MarHUTOONTHYECKUX SIBJICHUN, ONTHUMHU3ALUU
MaTEepHAJIOB Il ONTHYECKUX M CIMHTPOHHBIX MPUJIOKECHUH, a TakKe Il pa3pabOTKH MarHUTHBIX
Y MarHUTO(OTOHHBIX YCTPOMCTB HOBOTO MIOKOJICHHS.
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