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EnexkTpoannamMika 1miiiBKOBHX cepe10BHILL
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[ToGyoBaHO MaTeMaTH4YHI MOZEII NEPEHECEHHs 3apsly B IUIIBKOBUX CEPEllOBHILAX 3 YpaxyBaHHAM HOJBIHHHX
apiB 3apsiIy Ta MAarHITHUX JMIIOJIB TIPU MOBEPXHEBUX obJacTeil CTPyKTYp.
KorodoBi croBa: moBiifHi mapy eIeKTPUYHUX Ta MATHITHUX 3aps/iB, 3yCTPIYHO CKEPOBaHi IOJIS.

Cmamms nocmynuaa oo peoaxyii 13.09.2005, npuiinama oo opyky 15.03.2006.

Beryn

B nokampHili 007acTi 0€3MEXKHOTO 130TPOITHOTO
CepelloBUINA BiICYTHIA PO3MOiICHU 00’ eMHUI 3apsy i
HECKOMIICHCOBAaHHWH MAarHITHHH MOMEHT. SIKIIo 3 IOTO
CEepellOBUINIa BHOKPEMUTH TOHKY IUTIBKY, OyayTh
MPOTIKATH TIEPEXifHI TPOIECH 3 YTBOPEHHIM  OiIs
TOBEPXHi IUTIBKH PO3IMOIIIEHOTO MPHUIIOBEPXHEBOTO
3apsAny, a y IUNBII PO3MOAUIEHOT0 00’€MHOTO 3apsay
MPOTHJICKHOTO  3HAKy. A TaKOX  YTBOPCHHSIM
HECKOMIIEHCOBAaHMX MAarHITHUX MOMEHTIB Ha 000X
MTOBEPXHSX TUTIBKH.

I. Ioasiiini mapu 3apsiny NJIIBKOBHUX

CTPYKTYP

3 BHXOJOM 3 IUNBKM BUIBHHUX €JIEKTPOHIB B
MPUITIOBEPXHEBUX Iapax BCEPEAMHI 1 30BHI IUTIBKH
YTBOPIOETHCS TOABIMHUN ENEKTPUYHUN map 3apsay, i
esleKTpruHe 1oje 3 HampyxkeHnictio E. IIponec Buxony
CJICKTPOHIB 3 IUTIBKH MPOJOBKYETHCS 1O TUX Iip, MOKH
He 3pIBHSIOTHCS NOJA — qudy3iliHe, 0 3yMOBIIIOE BHXi[
CJICKTPOHIB 3 IUTIBKHM, Ta IHJYKOBaHEe 3yCTpiduHE
CJICKTPHYHE TI0JIC.

3 MeTOr0 BpaxyBaHHsS HEOJHODITHOCTEH Y 3aJsraHHi
piBHs DepMi B €IEKTPOHEUTPAILHOMY CEpEIOBHUII, B
SKOMY  CTaBCsS  PO3PUB  CTPYKTYpH  CepeIOBHIIA
JIOIIUTLHUM € BBEJIEHHS YCEPEAHECHOTO IUQY31HHOTO
T0JIsI, BiJINIOBiNaIBHOTO 3a TIEPEHECEHHs HOCIIB 3apsmy 3
obnacteid, ne ix eHepreTHdYHi piBHI OiNBII BHCOKI B
obnacti 3 HmwkYMM 3ansaraHHsaM piBHI Depmi [1]. Tle
MoJe  OXapakTepH3OoBaHE 3a JIOIOMOTOI0  BEKTOpa

HanpyXeHocTi audysiitHoro nons N abo audys3iiHOTO
MOTEHITIay ¥. 3 3aBepIIeHHAM (OPMYBAHHS IMOJBIHHOTO
mapy 3apsaiB MOJIOKEeHHs piBHIB DepMi KOHTAKTYFOUHUX
CepellOBHUIIl CTAaHE OJHAKOBMM. B SKOCTI TIpaHUYHHX
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YMOB BUCTYNAIOTh Pi3HHMIN PiBHIB DepMi KOHTAKTYIOUHX
CEPENIOBUIN y iX eNEeKTPOHEHTPaTbHOMY CTaHi.
Ha TOBEPXHi TTiBKH YTBOPIOETHCS

HECKOMIICHCOBAHHMiI MAarHiTHHHi MOMEHT cTpymy 1 ,
He3BaXKaloyM Ha Te, 110 Ha EJEeKTPOHHiM opOiTi € 1Ba
CJIEKTPOHH 3 MPOTHJIC)KHO CKEPOBaHWUMH cIliHamu. [lyxe
6araro pi3HOTO POy IOJIB KPYYEHHS AilOTh OJHOYACHO
B 130TPOITHOMY OJHOPiJHOMY O€3MEXHOMY CEpeIOBHILI,
ajie B [JbOMY BHIIQJIKy BOHH B3a€MHO KOMIIEHCYIOTBCS. A
Ha TIOBEpPXHI TUTIBKH IIi€i TOBHOI B3a€MHOT KOMITCHCAITi1
4yepe3 pO3pHB CTPYKTYPH HeMa.

ITosBa Ha TMOBEpXHI IUIIBKM HECKOMIIEHCOBAHOTO
MAarHiTHOTO MOMEHTY CTPyMYy IHAYKYE B IITiBKOBOMY
cepeloBUIl 30ypeHHs TIONIB KPYy4YeHHs, B pe3yibTaTi
YOro B IUTIBLI iCHYE PO3IMOJUICHUH HECKOMIICHCOBAHHMN
MarHiTHU# MOMEHT cTpyMy. To0TO, B OKOJi TOBEpXHi
ICHY€ MAarHITHUH TUITONb — MOJABIHHWN IIap MarHiTHUX
3apsiB.

CxaisipHUi MarHIiTHHN HOTeHIan ¢, Ha oOkiIammi
ILOTO IUTIONS [2]

I R
o, = Uk 1)
ne M — MarHITHUI MOMEHT cTpyMy, R — paniyc chepu.
st posramy — TOMB - KPYYeHHS — HATJISAIHI

300paKeHHs, TyXe 3PYIHO OTPHMYBaTH B chepuuHil
CHUCTEeMi KoopauHaT, 00 pe3yabTaTH PO3paxyHKy MOXKHA
oJlep)KaTH 3 PO3B’sS3yBaHHS OJHOBHUMIPHUX ITOJHOBHX
3a/1a4, SKIIO TOHKY IUIBKY 300pasuTtu B (opwmi mooi
chepu.

MarHiTHI MOMEHTH CTPYMY €JEKTPOHA, aToMa,
Mojekynu [3] JOCHimKYyBaJMCh MPOTATOM Oararbox

pokiB. ToOto, € peanbHa ©0a3za IS PO3PaxyHKIB
MOABIHHOTO  IIPUIOBEPXHEBOTO  MArHiTHOrO  IIapy
wiiBkd. Ilpm  po3puBi  cepenoBHIAa  YTBOPIOIOTHCS

mudysiiiHe Tmoyie Ta ToJe KpydeHHs, sKe B JiTeparypi
4acTO Ha3WBaloTh TopciiiHuM mosieM (the torsion fields)
abo cmiHOBMM. 3ajady TiMOTETHYHOTO YTBOPEHHS



P.A. IleneHcukuii

MarHiTHOI JMIIOJBHOI CTPYKTYPU B IIPU IOBEPXHEBOMY
mapi ITBKM MOKHA po30yayBaTH Ha OCHOBI aHAJIOTii 3
MoOyIOBOIO TIOABIHHUX EJNEKTPUYHUAX IIapiB ILIIBKH,
PO3IIISTHYTOIO BHIIIE.

Po3puB CTPYKTYpH CepefoBHINAa BHKIHKAE MOSBY
mudy3iitHO TOPCIMHUX  TIOJIiB MEPIIOTPUINHH
YTBOPEHHS B IUTIBKaX PO3MOMIJICHUX CIEKTPUYHUX Ta
Mar"iTHAX 3apsfiB, TMOSBY CTPyMiB, OOMEKECHHUX
00’€MHUM 3apsJoM 1 IIe [UTOT HHU3KH JOCIHIIKCHUX 1
30BCIM HE JOCITI/DKCHUX SBHII. SIKIIO pPO3MISIHYTH Y
B32€EMO3B’S3Ky IUQY3iifHO — TOpCIiiHI MO, TO MOXHA
Oynmo © BiINMOBICTM Ha MHWTaHHA NpPO Te, SKI came
CJICKTPOHH TOKHMJAIOTh IUIBKY, a SIKI 3aJIMINAIOTHCS B
Hill. OmicaHe BUIE Ma€ 3HAYESHHS IS TOHKO TUTIBKOBHX
CEepellOBUIN,  TOBIIMHA  SKUX  CIIBpO3MipHa 3
XapaKTEepPUCTUYHUMHU JOBXKUHAMU. Po3risa npoxoauTs B
pamMKax MakpOCKOMIYHUX ((DEeHOMEHOJOTIYHNX) ySBIIEHb
JUISL yCepeIHEHHX MOJiB. JJMCKPETHY CTPYKTYpY ILTiBKA
MIPY TAKOMY PO3IJISIi MOYKHA HE BPaXOBYBATH.

Jst moOymoBrM MaTeMAaTHIHHX MOJENed TPOIeCiB
CTPYMOIICPEHECEHHS B TOHKOIUTIBKOBHX CEpEJOBHUIIAX
MOTPi0Hi :

a) piBHSIHHS
CepeJIOBHINa;

0) pIBHSIHHS B3a€MO3B’SI3KIB TIOTOKIB Ta CHI Yy
IJTIBKOBOMY CEPEIOBHIIII;

CJNICKTPOAMHAMIKH UIS  IUTiIBKOBOTO

B) PIBHSHHS 3B’S3KiB  3apsaiB Ta IIOTCHINATIB
IJTIBKOBOTO CEpPEOBHIIIA.

IIpu npakTuyHiii MOTPebdi pO3MIMpPEHHS KOJa
MpoIeciB, IO  PO3TIIAOTBCS,  MOXYTh  OyTH
BUKOPHCTAaHI ~ MaTeMaTHYHi  MOJETl  TeHepalliitHo—
peKOMOIHAIMHNX — MPOIECiB, TPOLECIB  3aXOIUICHHS
HOCIIB 3apsay Ha TIOBEpXHEBI piBHI, MoXxe OyTH

BpaxoBaHa poJib Je(EKTIB Ta JUCIOKALii IUTiBKH.

II. PiBHAHHYA LTIBKOBOI

eJIeKTPOAMHAMIKH
D
Hxo6 +0 + —, 2
THE S +5 0 2 @
— 0B
Ex- —, 3
mi P o
ot
D= p,, (5)
B 3aranbHOBiIOMI  PIBHSHHS — €JIEKTPOJMHAMIKA
HariBIPOBITHUKOBUX CepeoBUILL BBEJICHO

pO3MONUICHHI y TUIIBKOBOMY CEPEIOBHUII 3 00 €MHOIO
TyCTUHOIO [, MATHITHMH 3apsJ Ta TyCTHHA HOTOKY

MarHiTHUX MoHomnomnis J,, . B cyuineHOMy cepenoBmILi
BiH JIOPIBHIOE HyIi0. PO3pHB CTPYKTYypH CcepeloBHINa
NPUBOIUTH 1O YTBOPCHHS HAa TOBEPXHI IUTBKH
HECKOMIICHCOBAHOTO ~ MArHITHOTO  IOTOKY  CTPyMiB
(HECKOMIIEHCOBAHOTO PE3yJIbTYIOUOTO CIIiHA), T Ai€l0
SIKOTO  IHAYKYIOTBCSL 30YpEHHS CITIIHOBOI CTPYKTypH
TUTIBKOBOTO CEPEIOBUINA 1 BHHUKAE PO3MOIIICHUN B
HBLOMY MarHITHUH 3apsI.
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B yTBOpeHOMY B IpU MOBEPXHEBOMY IIIapi IUTIBKA
MATHITHOMY JWIIONi JIIOTh JBa 3YCTPIYHUX OIS —
TopciiiHe (CIHOBE) 1 3yCTPiUHO CKEepOBaHE MarHiTHE.
SKmo 70 TUTBKKM HE TPUKIAJACHO CTOPOHHI JpKeperna
eHeprii, i TIOJISt B32EMHO 3piBHOBaXKEHi.
[IpunoBepxHeBHii  MarHiTHHUA  JTHTIONb cTilike
YTBOPEHHS , TaK caMo 5K 1 MOABIMHMIA MPUIIOBEPXHEBUI
CJeKTPpUYHUHA mmap. SIKMo po3mIamaTH TiMOTETHIHY
3amaqy HOro YTBOPEHHS, TO OTPUMYEMO IEPEXiTHUIA
MarHiTHUH motik. [lo amamorii 3  eNeKTpUYHUM
MONBIHHMM  IIApOM  MOXXEMO  JUIi  MAarHiTHOTO
MIPUITOBEPXHEBOTO WO BBECTH IMOHATTS MAarHiTHOTO
3apsay, SK IHTerpaja Mo 4Yacy BiJl IOTO IEPEXiTHOTO
MAarHiTHOIO MOTOKY 1 TOHATTS PO MAarHiTHY €MHICTh
BOTO JUIOJIA, SIK BiXHOIICHHS HOTO MarHiTHOTO 3apsmy
JI0 PI3HHUII CKaJSIPHUX MAarHITHUX IMMOTEHINANiB Ha HOTO
TIOJTIOCaX.

PiBHSHHS ~ eNEKTpONWHAMIKA  CITiJi  JIOTIOBHHUTH
MaTepiaJbHUMU PiBHAHHSIMH IUTIBKOBOTO CEPEIOBHINAL
B=8aE—Tesaa—E, (6)
ot
== oH
B=p H+ — 7
WH+T, 0, — ™
= O —  9BO
0, :eu‘ln% +Ny +d, — ®)
ot
= O- — B0
0 =e N, +d, — 9
oM EE +N +d, 50 ©)

Je T, Ta T, - €JeKTpUYHAa Ta MarHiTHa CTajl yacy

M, Ta M PYXJIUBOCTI
€JIeKTPOHIB Ta IipoK; N Ta p — IX KOHIEHTpalii B
JIOKaJIbHiH 00nacTi miiBkoBoro cepenosuina; d, ta d, —
XapaKTEePUCTUYHI TOBKHUHH.

st po3B’sizaHHsT KOHKPETHHX 33Ja4 3 PO3PaxyHKY
NpOLECIB Y HAHOCTPYKTYypax 3pYyYyHO KOPHUCTYBaTHCh
amapatoM Teopii moTeHmiany. 3B’S3KM MOTEHIUANIB 1
HANPYXKCHOCTEH MOJIiB MAFOTh BUTJIISI;

TUTIBKOBOTO  CEPEIOBUIIA;

N, = -0, (10)
N, = -0, (11
E=-p- %+ 5 BH (12)
H=-0y, (13)
B=Hl A7 cLZB?EE (14)

JUis mOTeHIiaNiB HA TPAHUILIX PO3ALUTY CEpPEIOBUIIL
32CTOCOBYIOTHCS rpaHIYHI YMOBU KJIACHYHOT
elekTpoanHaMikh. Judy3iiiHi eneKTpOHHUN Ta TipKOBUI
NOTEHUIaMM X, Ta X, Ha IPaHULSX NPEACTAaBICHI Ha

OCHOBI €HEPreTHYHUX JliarpaM i30JIb0BaHUX CEPETOBHIIL.

BucHoBku

B mnpumnoBepxHeBHX IIapax IUTIBKOBUX CEpPEIOBHILL
ICHYIOTB 3yCTPIYHO CKepoBaHi nu(y3iiiHe Ta eneKTpuIHe



EnextpoanHamika IITIBKOBHX CEPEIOBHUII

MmoJisl 1 TOPCiiiHE Ta MarHiTHE MOJs, SKi B CTaTUYHOMY BIUIMBAIOTh HAa XaPaKTEPUCTUKU ILTIBKOBUX CTPYKTYP.
CTaHi B3aEMHO 3piBHOBaXkeHi. Sk Hacmimok ix nii B

MIPUITOBEPXHEBUX IIapax YTBOPIOIOTHCS IMONBIHHI ITapw
3apsAy Ta Mar”iTHI JAWIoii, $Ki Oe3mocepeaHbo
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Electrodynamics of the Film Environments
National University “Lviv Politechnik”, Lviv, Ukraine

There are double coats of electrical and magnetic charges in the above surface layers of the thin
films. These coats have an influence on the processes in the flow of current in the films. To consider the
impact of these coats of charge on the electromagnetic processes we should include the densities of
distributed volume electrical and magnetic charges in the equations of electrodynamics of the film
environments. In the limited terms surface densities of electrical and magnetic charges are present.
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