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B crarTi po3mIIHEHO MMTAHHSA MOJENIOBAHHS INPOLECIB y HAHOCEPEIOBHIIAX 3 YPaxXyBaHHAM BIIACTHBOCTEH
CIIHOBOTO KOHTHHYYMY IUIIBKH. 32 paXxyHOK MAarHiTHOTO BIOPSIKYBaHHS y TPHIIOBEPXHEBOMY IIapi IUTIBKH

YTBOPIOEThCS TOABIMHUIA IIap MATHITHHX 3apsiB,

HAHOCTPYKTYpPH.

SKHA PO3TJSIHEHO B  HaOMMKEHHI

IOMEHHOI CTIHKH

KorouoBi ci10Ba: HaHOCEpEHOBHINA, TOABIHHI IIAPH MATHITHUX 3apsiIiB.

Cmamms nocmynuna 0o pedakyii 07.04.2008; npuiinama 0o opyxy 15.09.2009.

Beryn
Maremaruune MOJICIIIOBaHHS TIPOIIECiB y
HAaHOCTPYKTypax € HaJ3BUYAITHO aKTYaJIBHOIO

MpoOIEeMOI0, - HAHOMPUCTPOi CIIOYaTKy MOBHHHI OyTH
pO3paxoBaHi 1 HUIAXOM MaTEeMaTHYHOTO EKCIIEPHMEHTY

JNOCTIDKeHHI  1X  XapakTepUCTHKH, a BXKe IMics
3aBEpIICHHS I[LOTO €Taly — BHUCOTOBJICHI 1 IIISIXOM
(I3UYHOTO  eKCIEpUMEHTY JOCHIIKEHO iX peanbHi

BUXIIHI XapaKTePUCTHKH.
JlocimipKeHHSIMM  TIPOLIECIB Y HAATOHKHX IUTIBKaX
3aliMalOThCS TPUBAINH 4ac, HAOyTO MEBHOTO JOCBILY 1 B

MOJICIIIOBaHHI IPOLECIB CTPYMOINPOTIKaHHSA y LHUX
IUTiBKaxX. AJie 3arajJbHAM HEIONIKOM pO3pOOICHUX
MOJENIE € HENOCTAaTHE BHCBITIEHHA IOBEIIHKH

CIIHOBOTO KOHTHHYYMY B HAaHOCEPEIOBHIIAX.

Meroro JaHuUX AOCHIKEHb € Crpoda BpaxyBaHHS
MAarHITHUX SIBUIL, 10 BiOYBAIOTHCS B MPHUIIOBEPXHEBUX
miapax HaHOIUIIBKM Ta IX BIUIMB CJICKTPHYHUA Ta
MarHiTHUH OMip IUTiBOK.

I. HanoMar”iTHi ABHIIIA B HAATOHKHUX

IIIBKAaX

MarHiTHi BIaCTHBOCTi epOMarHeTHKa B OCHOBHOMY
BU3HAYAIOTHCSI CIIHOBMMH ~MArHITHUMH MOMEHTaMH
€JIEKTPOHIB, 5K 3aBISKA OOMIHHUM CHJIaM IIPUMYIIYIOTh
iX Opi€HTyBaTHCSA MHapajienbHO OfuH ogHOoMy. Lli cmm
MarOTh KBaHTOBY IIPHPOLY.

BnactuBocti  BenmkoraGapuTHUX — (epOMarHiTHUX
BUPOOIB BH3HAYAIOTHCS CTAHOM BIOPSAKOBAHOCTI iX
MarHiTHUX JIOMEHiB, pPO3MIPH SIKUX MalOTh MOPSIOK

10° 107 m.

HaHOTOHKMM  TUTIBKAM — TNPHTaMaHHI  OCOOJHUBI
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epexTH, sKi MOXXHA OXapaKTEepU3yBaTH SK SBHILNA
HaHOMarHeTH3My. Y HAATOHKIH IUTIBI, BUTOTOBIICHIH 3
HeepoMarHiTHOro Matepianry, HpPUIIOBEpXHEBHH IIap
MOXE TIOBOJAMTHCH SIK (epoMarHeTwK, IO Mae
MOBEPXHEBUIM MAarHiTHUH 3apsil 1 MarHiTHe IoJje, sKe
OIIOBUBAE HAHOCTPYKTYPY.

Beszarparni obepranbHi BIIACTHUBOCTI
MIKPOYaCTHHOK B 00’€KkTax >kuBOi 1 HexwBoi [Ipupomm
OPUBOJATH [0 HAaAUICHHS iX BIACHUMH MAarHiTHUMH
MOMEHTaMH. Y MPOTOHIB 1 HEHTPOHIB Il BIACHI MarHiTHI
MOMEHTH Ha TPH IMOPSAIAKH MEHII, HIK B €JICKTPOHIB,
MarHiTHI MOMEHTH aTOMIB 1 MOJIEKYJl B OCHOBHOMY
BU3HAYAIOTHCSI MATHITHUIMH MOMEHTaMHM eJleKTpoHiB. Ha
MOJICKYJIIDHOMY  piBHI  iCHye CKJagHa CHCTeMa
MAaTrHITHHUX IIOJIiB, BiIOBIJAIILHUX 3a MEepedir XiMIiYHUX
peakuiii, kartamizy, KIHETUKH TMPOLECiB, 3a OOMIH
peuoBuH. JITOICHKMH MO30K € T€HEpaTOpPOM MarHiTHHX
noJ1iB. MarHiTHI HaHOEJIEMEHTH TaKi K kpuctanu Fe,0,

3YMOBIIIOIOTh ()eHOMEHAJIbHY MPOCTOPOBY OPIEHTAIIO Y
O0/kin 1 roay6iB. OOeprajbHUII MarHiTHUH MOMEHT
(criiHOBWMIA MOMEHT) €JIEKTPOHIB BOJIHIO
craHoBuTh 9,35- 107 A- m° .

OxpeMi Imapu HAHOCTPYKTYpP OIOBHTI MAarHITHUMH
MOJSIMH, YTBOPCHUMH Yy MOJBIMHUX IIapax MAarHiTHUX
3apsagiB. s po3paxyHKy 1 JOCHIIDKCHHS IMX IIOMIB
Teopii  enmexTpomarHetusmy, crBopeHoi k. K.
MakcsenoM, HepoctaTHbO. KilacnyHa enekrpoauHamika
MOBMHHA OYTH JOTIOBHEHA CYTO KBAaHTOBHMH SIBHUILAMHU:
SIBUIIAMH 3aXOIUICHHS! MarHITHHUX 3apsiliB Ha TOBEPXHEBI
MarHiTHi piBHI, @ TaKOX KOHTAaKTHHMH 1 TIOBEpXHEBHUMH
SABUIIAMH JUIS €NEKTPUYHMX HOCIiB 3apany. Tooro, mis
HOCIiB MarHeTU3My 1 EJIEKTPHKH KpiM iXHIX 3apsmiB
noTpiOHa me ¥ iHdopMaris mpo iX eHepreTHYHUA CTaH.
SIkmo feski i3 3apsAAiB, M0 YTBOPIOIOTH MOABIHHHN IIap
3apsliB, BIIXOIAThH BiJl CBO€ET MIOHHOI MapH, HAITPUKIAI,
y BHMNAJKY, KOIX 3a0upaeThes iH(hOpMaIis 3 MarHiTHOTO



MarHiTHi BIaCTHBOCTI HAHOCTPYKTYP

YW EIEKTPUYHOTO HOCiA iHQopMallii, SKAM SBISETHCS
MOJBIAHMI IIap 3apsaiB, €HEpris JIOKaJIbHOI 00JacTi
CTPYKTYpH 3MEHLIY€ETHCS i BUIIPOMIHIOETHCS
MiKpo4acTHHKA — (poToH. POTOH PO3MOBCIOIKYETHCA SIK
IUIOCKa eJleKTpoMarHiTHa XBwisl. DoToH — me oxaHa
JiiffoBa CKJIaJoBa, NPUCYTHS Y MaTeMaTHYHHUX MOJIEISX
mpoleciB, MO MPOTIKAIOTH y HAHOCTPYKTypax. Il
Ba)XJIMBICTh Ha/[3BUYaiiHO BHCOKa. Ha Hamry nmymky, came
Taki ONTHYHI 3B’S3KU TMPALMIOIOTH Yy KOPi HAIIOro
ronoBHoro Mos3ky. Came Tak 3B’s3ami /0" HeiiponiB
MiXk cOOO¥0 i 3 IHIIIMMU JIAHKAMH JIFOJICEKOTO OpTaHi3My.

B mpomecax, mo mpoTikalTh Yy HAHOCTPYKTypax 3
posmipamu  /+/00 HaHOMETpiB, BHHITKOBY pOJIb
BiZlirpac MOBEpXHA. 3 pPO3pUBAMU aTOMHHX 3B’S3KIiB
MOB’s5I3aHE YTBOPEHHsI ITOBEPXHEBUX MAarHiTHHX DIBHIB,
Ha SKi 3aXOIUIIOIOTHCS KBAaHTH MarHeTusMmy. Y IUTIBII
PO3MIIIy€eThCS JTIOHHA T1apa, 3aXOIUICHOTO ITOBEPXHEIO
MarHiTHOro MoHoIoJsl. TakUM YMHOM, TTOBEPXHSI TUTIBKH
CTa€ MarHiTHAM JIUCTKOM 3aXOIUICHHX HOBEPXHEBUX
3apsmiB, a TPHUIIOBEpXHEBa 00JacTh obmacTio
PO3IOALICHOTO MAarHITHOTO 3apsiay.

AHaJIOTIYHIM YHHOM YTBOPIOETHCS
MIPUITOBEPXHEBUI MOABIMHAN 1Iap EIEKTPUYHHUX 3aPSIiB.
Yepes pO3pHUBH aTOMHUX 3B S3KIB  YTBOPIOIOTHCS
MOBEPXHEBI eNeKTpoHHI craHu (piBHI Tamma, piBHI
Hlokni), ski po3TalmioBaHi Ha eJNEKTPUYHIA Hiarpami
HIDKYE BiJl eHepreTHYHHX PiBHIB y mtiBLi. ToMy dacTuHa
BUIBHUX  €JIEKTPOHIB  IEPEeXOJUTh Ha Ii  piBHI,
YTBOPIOIOYM TIOBEPXHEBHH  EJEKTPUYHUI  3apsin
CIeKTPUYHUHA JMCTOK, 1 IHAYKYIOYH B IDIBII 3apsij
MPOTHIICKHOTO 3HAKY. YTBOPIOETHCS MOIBIHHMINA IIap
SNIEKTPUYHHUX 3apsSMIB, SJNEKTPUYHE IIOJIE SKOTO TaKOXK
OMOBMBAE HaHOIUIIBKY. llel moxaBiiHMN enekTpuYHUi
map 3apsAiB TaKoX  BHKOHYE  (QYHKIIIO  HOCIS
inpopmarrii.

3rigHo mociimkens, nposeacaux C. Tikamsymi [1,2]
CHEprisi KYJIOHOBCHKOI B3a€MOJII MiX OJWHHYHUMHU

€JIEKTPUYHUMH 3apsaamMu (e =1,6-107" KJZ) CTaHOBUTD

2,1-10°% k. Tobto, BUXOIAYM 3 BHpa3y IJs CHEprii

B3a€EMO/IIT MiXK 3apsiIaMu
2

e
We=— 1)
dree,r
Uil Marepialry 3 BiJHOCHOIO  JII€JIEKTPUYHOIO
NPOHUKHICTIO &£=064  OTPUMYEMO BiIJallb MK

eﬂeKTpl/I'-IHI/lMI/I JIMCTKaAaMH HOﬂBiﬁHOFO eHeKTpl/I'-IHOFO
wapy 3apsagiB mopaxky 10 ° M. MarsiTHO-aMMOIbHA
B3a€EMOJIs. 3riHO MUX e JociikeHb [1,2] B 7 0’ pasiB
MeHma. ToOro, Uil MAarHiTHOI IUTIBKM 3 BiJHOCHOIO

MarHiTHOIO ~ MpoHWKHicTIO  u=10° Ha  ocHOBi
AHAJIOTIYHOTO BUpa3y JJIsl MarHiTHHUX 3apsiiiB
o,
ET 2
T Amup,r
Hid
OTPUMYEMO  BiJJaJib MDK MArHITHUMH JINCTKaAMH
MPUIIOBEPXHEBOTO MarHiTHOTO mapy 3apsiiB

nopsiaKy / 07 m.
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I1. Po3nmoain MarHiTHUX MOMEHTIB Y
HAHOCTPYKTYpAax.

UYepes po3puBH aTOMHHX 3B’SI3KIB Ha IOBEPXHI
30yprO€TbCS  CIIHOBUI ~ KOHTHHYYM,  3’SIBJISIETHCS
HECKOMIICHCOBAHWH  MAarHiTHMA  MOMEHT, MAarHiTHi
MOHOIIOJI TIEBHOI HOJISIPHOCTI  3aXOIUTIOIOTHCS  HA
MOBEPXHEBI  MarHiTHI piBHI. B TOBmi  muIiBKM
HAHOYACTUHKH, SIKi CTBOPIOIOTH BIIACHI MarHITHI ITOJIS, HA
MOPSAKM BUINI Bi MAarHITHUX TIONIB MIKPOYaCTHHOK
cTasnei, mepManoiB., 00’ €THYIOTHCS y TTAPH 3 TIPOTHIICIKHO
CKEPOBAaHMMH MArHiTHUMH MOMEHTaMHu. Y Ifi€i JiOHHOI
napu  pe3yJbTYIOUU MAarHiTHUH MOMEHT 3HHKOMO
manmii. CepequHa IUIiBKM He HamarHideHa. Ha moBepxHi
IUTIBKM MAarHiTHI HAHOYACTMHKHA DPO3MIIICHI TaKUM
YMHOM, IO IXHI MAarHiTHI MOMEHTH mapainenbHi. llei
edexr Binkputuii Xynaom y 1927 poui. IlosicHioeTbCS
BiH THM, IMIO0 Taka CTpyKTypa 3a0e3mnedyye MiHIMyM
eHeprii JokanpHOi oOmacti. IlpumoBepxHeBi Imapu
HAHOIUTIBOK CTBOPIOIOTH CHIIbHI MarHiTHi MOJIS.

CepenmoBuilie HaHOILIIBOK — Iie ocoOmmBa (opma
MaTepii. Y TIPHUIIOBEPXHEBHX IMapax SKOi PO3IOALTICHI
CHIIbHI €JIGKTPUYHI 1 MAarHiTHI MOJsI, SKi OOMEXYIOTh
MPOIIECH TPOTIKaHHSI CTPYMy 1 MarfiTHOTO TIOTOKY B
HO30BKHEOMY HANpPSMKY IUTIBKH.

3 BHILEHABEICHOTO BUILIMBAE, 110 Y BHOKPEMIICHIN
HAHOIUTIBLI HANpsIMU CHiHIB (MarHiTHUX MOMEHTIB)
PO3MillleH] HACTYITHUM YUHOM:

s——

—

Puc. 1. Po3ramyBanHs CliHiB y HAHOILTIBILI.

ToOto, Ha OBEpXHSX IUTIBKM — BOHH HapalielibHi, B
LEHTPI — aHTUIAapaIeNbHi.

Y  depomarHiTHOMy  CepemoBHWINI Yy  CTaHi
HAMAarHi9eHOCTi 3pa3ka CIIHW PO3TAlIOBaHiI HACTYITHHM
YHHOM:

YyvYyYyVvy
YyYvYyYVvYy
YyvYyyvy

Puc. 2. Po3ramryBanHs
(hepoMarHeTuky.

CMIHIB Yy HaMarHiYeHOMY

VY anTH(EpOMarHUTHOMY CepelOBHII 1S KapTHHKA
HaOyBae BUTIIAMY:
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Puc. 3. Cninn anTH(epoMarueTnka.

TTongiiauii ap Mar"iTHUX
MPUITOBEPXHEBOT 00IaCTi HAHOCTPYKTYpH

3apsiB
ne ii



P.A. Ilenencokuii

noMeHHa crinka. [1ig miero HampyKeHOCTi 30BHIIIHBOTO
MAarHiTHOTO TIOJISi BiIOYBAlOTHCSI 3MIHM TOJIOKEHHS
JOMeHHOI cTiHku. Ha cTiHkKy fie cuna

F=HAM 3)
ne AM — pisHuus HamarHiuyBaHocTel. [[MHaMika pyxy
CTIHKH MOKe OyTH OIMCaHa PIBHSHHSM:!

2
ma—?:H AM 4)

ot
KonexTuBHMII pyX CHiHIB — 1€ CHiHOBI XBWI. Y
HAHOIUIIBKAX  MOXJIMBI  CTOSYl  CHIHOBI  XBHII.
[opyweHns CIIIHOBOIO MOPSIIKY, 3YMOBJICHE

BIIXWJICHHSM CITiHA Bil TIOJOXKEHHS pIBHOBarm —
MPUYNHA TOSBU CIHOBUX XBWIb. OCHOBHE DPIBHSIHHSA
pyXy criHa y (epoMarHiTHOMy CEpeIOBHIIl — PiBHSIHHS
Jlarpay-Jlidpmmma [3]:

oM __
i -y [MHe] Q)

30ypeHHsI CIIIHOBOTO MOPSIIKY MPHUBOJUTE JIO TMOSIBU
HECKOMIIEHCOBAHOTO  MAarHiTHOI'O MOMEHTY. 3rigHO
npaBwia XyHzna [3] HeCKOMIEHCOBaHI MOMEHTH Ha
TIOBEPXHI HAHOIUTIBKM J0JaloThcst. HeckoMmneHncoBaHui
MOMEHT JIOKAIBbHOI O0NIacTi TOBEPXHI CIPHYUHIOE
3aXOIUICHHS! MAarHiTHOTO MOHOIIONS HA TIOBEPXHEBHH
MarHiTHUA piBeHb, TOOTO, MAarHITHI MOHOIONI MarOTh
IpaBO Ha ICHyBaHHA B IPHUIIOBEPXHEBHX LIapax
HAHOILUTIBOK. Y IUIIBKOBOMY CEPEIOBHIII MOSBISIETHCS
MAarHiTHUH MOHOIIOJb 3BOPOTHOI moJsipHOCTI . J[is
BpaxyBaHHS 000X THIIB JDKEpPEJ MarHiTHOrO IO —
MAarHITHHX MOHOIIOJIB 1 KUIBIIEBUX CTPYMIB IpHIaTHA
CUMETpHYHA CUCTEMA PIBHSAHB CJICKTPOIuHaMIKu [4].

3axoIsieHHs] BUIBHHMX €JIEKTPOHIB Ha IOBEPXHEBI
CJICKTPOHHI CTaHM 3 IHAYKYBaHHAM Yy IUIIBKOBOMY
CepelIOBUILll  PO3MOJUICHOT0O  00’€MHOrO  3apsmy
3BOPOTHBOT'O 3HAKY MPUBOJHTH JI0 YTBOPEHHSI MOJABIHHUX
eNeKTPHYHUX IIapiB 3apsAfiB. IXHe elTeKTpuyHE TONe
TaKOX OIOBHBAE HAHOCTPYKTYPY.

MarhiTHl 1  €JeKTpUYHI TN  HAHOCTPYKTYpP
B32€MOIIOB’SI3aHi:
_ 6B - —
E=-Vo-""+[V,B] ©)
ot
_ —q ==
B=[Va]-S[VE]-uVe, )

ne E — BEKTOp HANpPYkKEHOCTi eIeKTPHUHOTO Mous, B —
BEKTOp MarHiTHOI 1HIYKUiI, I7mTa 176 — BEKTOpH
HMIBUAKOCTEH PyXy MarHiTHHX Ta €JIEKTPHUYHUX 3apsiiiB,
@,Ta @ — MOTEHUiald CKaIIPHOIO MAaHITHOIO 1

eNIeKTPUYHOIO IOJiB, ¢ — IIBUIKICTh CBITNA, L, —

a0COIIFOTHA MarHiTHA MPOHUKHICTP TUTiBKH.
Po3paxyHOK AMHAMIKK €IEKTPOMArHITHUX IMPOLECIB
y HaHOIUTIBKOBHX CEPEIOBHIIAX 3/IIHCHIOETHCS Ha OCHOBI

CUMETPHYHOI CHUCTEMH PIBHSIHb €JICKTPOMArHITHOrO
T10JI41:
_- - oD
VH |=6, +—, 8
[viT]=6.+— ()
— ]
AE|=-5,-2L, 9
[AE]=-6, -~ ©)
(8B)=p,, . (10)
(AD)=p,. (11)

ne H — BeKTOp HamnpyXeHOCTI MarHitHoro moisi, D —
BEKTOD 3MIIlIEHHS, O, Ta J,, — TYCTHHH eNeKTPUIHOTO Ta

MAarHiTHOrO CTpyMiB BiAINOBifHA, P, Ta O, — IYCTUHU

pO3MONUIEHUX Yy  HAHOCEPEJOBHUILI MAarHiTHUX Ta
CJIEKTPUYHHX 3apsiliB.

Po3mipy IIOHHMX MarHiTHHX Ta EJIEKTPUYHHX
map CIiBpO3MipHi 3 TOBIIMHOKO TUTiBKH. BHacmimok Toro,
0 HANpPYXEHOCTI  BHYTPIIIHIX  MAarHiTHUX  Ta
CNeKTPUYHUX IIapiB TOABIMHUX INApiB 3apslaiB Ha
MOPSIAKK BUILI BiJl HAIPYXEHOCTEHl Yy IMO310BKHBOMY
HAMpsIMKY TUTIBKH, MarHiTHUH TOTIK Y [IbOMY HaIpsIMKY
Ma€ 3HAKOMO MaJIi 3HAYCHHsI, 8 MATHITHHUHA OIIp IUTIBKH —
BEJIETEHCHKHM.

MavieHbKi 3MIHA MAarHiTHOTO TOJS MPHUBOMASATH
JI0 3HaYHOI 3MIHHU €JIEKTPUYHOTO oropy cucreMu. Edekr
BEJIETEHCHKOT'O MarHiTHOT'O ONOpPY 3HAMIIOB NpaKTH4HE
3aCTOCYBaHHs [5] npu BUILYCKY JKOPCTKHX
KOMIT FOTEPHUX TUCKIB. Ixas emuicte 36impmIMIacs,
PO3MipH 3MEHIIIFITUCS.

Bucunosku

1. Ha oCHOBI MOEIHAHHA KBAHTOBHX MOBEPXHEBUX
e(eKTiB 3 TEOpi€r0 eNeKTPOMATHITHOTO IIOJISI BAAETHCA
CTBOPHTH MaTE€MaTH4YHI MOJEII IPOIECIB CTBOPEHHS Ta
nepeOyJOBM TOABIMHMX MIapiB MArHITHUX 3apsjiB y
MPUIIOBEPXHEBHX LIAPaX HAHOCTPYKTYP.

2. JIoMeHHI CTIHKM HAHOILTIBOK MOYKHA MPEICTABUTU
K TOJBIHHI IIApW 3apsaiB 1 JOCIIIKYBaTH CTaTHYHI
SIBHIIA 1 JMHAMIYHI IPOIIECH B HUX.

BHacniiok cmiBpo3MIpHOCTI JIOMEHHUX CTIHOK 3
TOBIIMHAMH HAHOIUTIBOK BUHHKAIOTh HOBI e(deKTH,
BJIACTUBI TIILKH HAHOILIIBKAM.
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In the article are shown question of design of processes in nanomaterials taking into account properties of spin
continuum of films. Due to the magnetic equipping with modern amenities the double layer of magnetic charges
appears in the surface layer of films, what shown in approaching of blast-furnace wall of nanostructure.
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