Jlexuist 8(2). AuBuck pa3om i3 8(1).

MeToa cepeHBOr0 MOJISA B TEOPIl MPOCTOPOBO-NEPIOAUUYHHUX CTPYKTYP
3apsiKeHNX YACTHHOK HAJl MOBEPXHEK0 PIAKHUX JieJIeKTPUKIB

Yacruna II. ®a3oBuii nepexia 10 NPOCTOPOBO MEPIOAMYHUX CTPYKTYP B Teopil
CHUCTEM 3aAPS/IKEHUX YACTHHOK HA/I IOBEPXHEI0 PIAKUX JieJIEKTPUKIB

3. Po3noain 3apsaaiB i moJiiB y BUNIA/IKY IUIOCKOI MOBEPXHI PiAKOro AiesleKTPpUKa

[Tpu po3s’si3anHi cuctemu piBHsIHL (2.18) — (2.21)0ymemo mpHUTPUMYBATHCH
metoauku pobotu [10], me Taka 3amaya po3B’A3y€ThCS y BUNAJKY PO3IOALTY 3aps/IiB HaJ
MJIOCKOI0 MEXEI0 MACHBHOTO TBEPJIOTO JTieJIEKTPUKA.

3pobuMoO TOmNepeHhO KUIbKA ICTOTHHX 3aMedaHuil. SIKIO0 Ha OCHOBI PIBHSHHS
(2.18) po3B’s3aTH 3ama4y PO MPOCTOPOBHMM PO3MOILT 3apsAiiB 1 IMOJIB HaJ ILIOCKOO
MEXKEI0 PIIKOro JieJIEeKTPUKA, TO PO3IMOJILI MOIIB, SIK Y MIAKIAIII, TaK 1 B caMii TUIIBII
PIAKOrO JieIeKTpUKa OJHO3HAYHO BHM3HA4aloThes 3 piBHAHB (2.20) — (2.22)ns 11p0ro
nepiie 3 piBHsAHBH (2.18)3pyduHo mepenucaTy y BUIJISII:

0°p(2) _

37 4na/]jdg€1/z{exp,8(£p —¢/)+ :}‘1’ e, =£2’ Bi=T. (3.1)

2m

Jie BBEJICHO MMO3HAYCHHS
Y(2)= p+ep(2), v=(2m)**/2mn’, (3.2)

1 BpaxoBaHO, III0 CIiH eJIeKTpoHa aopiBHioE 1/2. Benuuuny (Y 3a3BHYail Ha3UBAIOTh
CJIEKTPOXIMIYHUM MOTEHIIAJIOM.

3a3naunmo, mo piBHsHHA (3.1) MOokHA 3BecTH 110 AU(DEPEHIIaTbHOTO PIBHSIHHS
nepmoro mopsaaky. [lomuHoxyrounm s mporo piBHaHHA (3.1) (09,(2)/02) i
BUKOPHCTOBYIOYH TOTOXHY PiBHICTh

04 ) 1 10, [ aew
=-————In|e +1],
( 0z jeﬂf-w) +1  pBQoz [ ]

MICIsT HECKJIAHUX BHUKJIAIOK MPHUIIEMO A0 HACTYIHOTO 3BHUYAWHOTO Au(]epeHIiaibHOro
PIBHSIHHS TIEPIIOTO MOPSIKY:

(‘wlj = 12”u]°d553’2{exp,8(5—¢/) + J}_l +C, (3-3)

0z

ne C, - aesixa 1OBUIbHA CTaja IHTErpyBaHHA. TakUM 4YMHOM, BUHUKAE NOTPeOa PO3B’ A3aTU
PIBHSIHHS
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3HaK Tepea KOPeHEeM Y IIbOMY PIiBHSHHI Ma€ BUOHMpAaTHCS 3 TaKux MipKyBaHb. Cuiia, o
Jl€ Ha 3apsaad npu Z> g? , TIOBUHHA OYTH NPUTUCKAIOYOIO 11 3apsad 10 TMOBEPXHI
nieneKkTpuka. ToMy y pasi HO3UTUBHUX 3aps/IiB HaJ JICJICKTPUKOM 3HAK TEpe]l KOpEHEM B
OCTaHHIA (QopMyJi BUOUPAETHCS MO3UTHUBHUM, y pa3l HETATMBHUX 3apsJiiB HETaTUBHUM.
Jlani y BCiX BUKJIAAKaxX JJi BU3HAYEHOCT! BBRXATUMEMO, IO Y il poOOTI BUBYAETHCSA
pO3MOJIIST HETaTUBHUX 3apsAiB HajJ TOBEpXHEKW jdierekTpuka, Q = —‘Q‘, a OoOTKe,

TOTEHIIAN @, 3aJ0BOJILHSE PiBHIHHS

1/2
09, _ |16m | 32 i
=" desg’ expB(e-y)+3 +C . (3.4)

Y wmogemi Tomaca-@epmi y ii TpaauIiHHOMY pPO3YMiHHI BBa)Xae€Tbcs, IO Ta3
4acTUHOK € BupopkeHuM [9]. Sk mokazaHo B po60Ti [10], y 3aranpHOMY BHIIQJKY,
3aJIe’KHO BiJ TEMIIepaTypH, IUIBHOCTI YaCTHMHOK 1 30BHINIHHOTO MPUTUCKAIOYOTO OIS,
ra3 eIeKTPOHIB MoOKe OyTH BHPO/DKEHUN TMOOJM3Yy TOBEpPXHI JieIeKTpuKa i
HEBUPOJDKCHU HA 3HAYHIN BifcTaHi Bif 1i€l moBepxHi. OHAK, SKIIO TApaMeTPH CUCTEMHU
Taki, II0 Tra3 eJEeKTPOHIB € HEBUPOKEHUM II0OJM3y IOBEPXHI [ICJEKTPUKA, BiH
HEBUPOJHKEHUM 1 B yChOMY MPOCTOP1 HAJl AI€JIEKTPUKOM. Y 111 poOOTI MU BBaXKaTUMEMO
ra3 HEBUPOUKEHHUM. Y IbOMY BHHOAAKy (QYHKIIS PO3MOJAUTY €JIEKTPOHIB Mae OyTu
0JIM3bKOIO0 710 O0IBIIMAHIBCHKOT (DYHKIIIT PO3MOILITY.

{exp,B(gp —z//)+ ]}_1~ expB(z/l—ep)<< ’ (3.5)

BIJIIIOBITHO 70 YOTO BHpa3 JIs TYCTHHH PO3IMOJAUTYy rasy mo koopauHati (muB. (2.18))
HaOy/ie BUTTISIAY:
Jm

n(2)=—- B expBy ). (3.6)

VY 1poMy noJiirae ouH 3 MOMEHTIB Moaudikaiii mojaen Tomaca-depMi CTOCOBHO
JOCITIIKyBaHOT cucTteMu. Kpurepili HEBUPOIKEHOCTI E€IEKTPOHHOIO ra3y B TepMiHax
XapaKTEepPHUX BEJIMYMH JIOCTIPKYBaHOI CHUCTeMHU Oyje HaBeIeHO HmK4e. Y pasi
HEBHUPOJ/KEHOTO EJIEKTPOHHOTO Ta3y Haj IJIOCKOK TOBEPXHEI0 PIAKOTO ieNIeKTpUKa
piBasaEs (3.4) y pasi copaBemmBocti yMOB (3.5) Mae aHamiTHYHUN PO3B’SI30K
(moxmamuine nus [10]):



(B/C)eM+1-1

=C,e®aT,  B=4mrip 2, 3.7
J(B/C)e#+1+1 & W (3.7)

KoncranTtu iHterpyBanHs C, ta C, y Bupasi (3.7) BU3SHAYarOThCS 3 HACTYIIHUX YMOB.

HeoOxigHo Bumaratu, moO BIACYTHICTH 3apsiiiB HaJ IUTIBKOIO PIAKOTO IIENEeKTpUKa
HANpyXEHICTb ENEKTPUYHOTO ToJisi B obOmacti «1» popiBHIOBaa HampyXEHOCTI
30BHIIIHBOTO MPUTATYIOUOTr0 eeKTpudHoro nois E. [TorpiOHo Takoxk, o0 iHTerpan 3a
immysibcamu Ta KoopuHaTamu Bifl GpyHkuii posnoniny f (z) B obnacti «1» nopisnrosas

MOBHOMY YHCITy YaCTHHOK HaJ MOBEPXHEIO TUTIBKU PIAKOTO aienektpuka. Hacmpasai Taka
piBHICTh Ma€ OyTH HaOIMKEHOIO, OCKUTHKY TIEBHA YACTKA 3aps/IiB MOB'sI3aHA 3 MPOCTOPOBO
NEPIOAMYHOI0 CTPYKTYPOIO MOBEPXHI pifakoro mienekrpuka. IIpore, Bigmosigno (1.11),
(2.7) — (2.11)Mu BBaXKa€eMoO, 110 KUIbKICTh TAKMX YaCTHHOK MaJjio MOPIBHSHO 13 3arajJbHUM
YUCJIOM 3apsAJiiB HaJ TMOBEPXHEI0 IUIIBKH PIIKOr0 JieJeKTprKa. 3pOOUBIIM HEOOX1THI
BUKIIQJIKH, OTPUMAEMO:

— _ 2ren
C =E", C, —E+2ﬂens' (3.8)

Po3B’s130k (3.7) 103BOJII€E BHU3HAUMTH 3aJIC)KHICTh HAIMPYKEHOCTI €JICKTPHYHOTO

nosisa E (z) = —% BiJl KOOPIUHATH Z HAJl IIOBEPXHEIO PIAKOIro JieIeKTpUKa 2= &
z

_e1tx(@
—E——F—— 3.9
e @)= 2 (3.9
1 pO3MOIiI TYCTHHH €JIeKTPOHIB N(Z) !
_zE 4@
n(z) =4 = (3.10)
87 (1- x(2))

ne GyHkmis Y(Z) gaeTbes BUpa3aMu.

E, -
E, +

K@= Ced--D)iz},  Z=(FE) BT (1D

Bemnunna E,, mo Bxoauts B (3.11),€ Hanmpy’kKeHICTIO CyMapHOTO €IEKTPUYHOTO TOJIS Ha
HOBEPXHI PiIKOro JieJeKTPHUKA 3 IUIOCKKM Ipodinem z= ¢,

E, = —(MJ (3.12)
0z

z=¢
Ta 3a JOITIOMOTI'OKO (1)OpMYJII/I



E, - E =4rmen,, (3.13)

NOB'sI3aHA 3 HANPY’KEHICTIO 30BHIMIHBOrO Mol E Ta yuciaoM 00'eMHUX 3apsfiB Ny, 110
NPUIAAAI0Th HA OJAMHUITIO TUIONII TIOCKOT OBEPXHI AieNeKTPUKa,

dzn(z2), (3.14)

S

>
M'—;S

3BepHIMO yBary, o mpu z - « E, » E, sk 1e puruuBae 3 popmy (3.9), (3.11)3 orsay
Ha 1110 00CTaBUHY cripaBeInBa Gopmya:

E2-E® :%Tvexp(,&//)Td&ey2 exp Be), (3.15)

o orpumyethes 3 (3.4) 3 ypaxysanusam (3.5), (3.12).3a3naunmo, 1110 A1 PiBHOBAXKHOT
CUCTEMM 3apsiB HAJ A1EJEKTPUKOM BEJIMYMHA N, HE 3aJ€KUTh H1 BiJ KOOPAMHAT, Hi BiJ
PO3MOALTY TIOJIIB 1 BU3HAYAETHLCS JIUIIE 3aralbHUM uuciaoM N 3apsiB Haa AICIEKTPHUKOM
Haragaemo, mo Ham# 49uciio 3apsaiB BBaXKAETHCS 3aJaHUM CIIOYATKY, 3aBISKH YOMY
cucteMa He OOOB'SI3KOBO KBa3lHEWTpaibHA, JUB. 3BEPHEMO yBary TakKOXX Ha Te, IO
BEJIMYMHA N, XapaKTepU3ye HaINpyKeHICTh nomaTkoBoro (crocoBHo E) moms, 1o
MPUTHUCKAE 3apsId 0 MOBEPXHI JieiekTpuka [I[puaomy 1€ mosiae mopomKyEThCS CAMUMM
MU 3apsiiaMi. SIK JIerKo MepeKOHaTHUCs, MPU BEIUKUX Z, Z>> Z, (cMm. (3.11)),po3monin
3apsAiB HaJ TOBEPXHEH0 [IEJIEKTpPUKAa OJU3BKUN J10 OOJBIIMAHIBCHKOTO PO3MOALTY, a
HAIPYXKEHICTh CJICKTPUYHOTO TOJIS CKCIIOHEHIIIHHO MparHe HaIpy»KEHOCTI 30BHIITHBOTO
MPUTUCKAIOYOTO €JICKTPUIHOTO ITOJIS.

[ToTeHIianu CyMapHOTO €JICKTPUYHOTO IMOJIS Ta 30BHIIIHBOTO €JIEKTPUYHOTO TOJIS
y IUIBII PIAKOrO JiCIEKTpUKa Ta TBEpAiM miakiaami BigmoBigHo a0 dopmyn (2.20) —
(2.22), (3.9), (3.11) — (3.14)3Ha4ar0ThCS BUPA3aAMH:

@(z)-—f( 2-&)+4,, afg(z)——g(z+d) °(d+?)+¢o, (3.16)

d

90D =-E(z-F)+4.  #@D=-=(2-F) Y,
99 (z)——g (z+d)+—(d+5)+¢0 ,

d

Jie BBEJICHO MO3HAYCHHS @), = P, = @, @51(;) = ?ﬁé?) =gl

Ha ocnoBi otpumanux ¢opmyn (3.9), (3.11) — (3.16pu3HavacThcs 1 3HWKCHHS
piBHS TOBEpXHI ¢ y TepMiHax mapaMerpiB 3amaui BuXomsud 3 Qopmymu (2.19) 3
ypaxyBaHHSM HepiBHOCTI (3.5):



e+1
8rEaK?

§=-——2(E}-E?). (3.17)

[Tpu oTpuMaHHI 11LOrO BUpa3y HeoOXigHO (2.19) mepeTBOPUTH AOJAHOK 3 JIOrapr(pMOM.
Jns mporo Tpeba MIiJACTAaBUTH B IIeH JOJAHOK SIBHUU BUpa3 s He30ypeHoi (yHKI
po3noaiiny 3 ypaxyBanusMm (3.2) ta ckopuctatucs dopmynoro (3.15). 3a3Haunmo, M0
BIJICYTHICTh 3apsaiB BiAmoBigHo a0 (3.13) BenuuwHa , SIK 1 MOBUHHO OYTH, JAOPIBHIOE
HYJTIO.

VY TepMmiHax BBEIEHUX BUIIE BEIUYUH MOXKe OyTH C(HOPMYIbOBAHUN 1 KpUTEpii
HEBUPOJHKEHOT'O €JIEKTPOHHOTO Ta3y HaJl MOBEPXHEIO IJIIBKH PIAKOTO J1€JIeKTPUKA!

VT ¥%n (E +27en,) < 1. (3.18)

BugHo, mo 1s HepiBHICTh MOPYUIYETHCS y pa3i HU3BKUX TEMIIEpaTyp Ta CHUIIBHHUX
30BHINTHIX MTPUTHCKAIOYHX TOJIB (IUB. y 3B's13Ky 3 tuM [10]).

Buxonsun 3 dopmynu (3.9), HeBaxKO OTpUMATH BUpa3 IS CAMOY3TOKEHOTO
NOTEHI1aTy, BIAMOBIAAIBLHOTO 32 PO3MOAUT 3apsAdiB 1 MOJIB HaJ TMOBEPXHEI0 PIIKOTO
JleJIeKTPHUKA:

¢51(Z)=¢0—E( E) 2Ez, Inl X((Z)) (3.19)

ne BemmumHu X(Z), Z, Bu3HauaioThes ¢opmynamu (3.11). Haramaemo, mo Hamu

BBAXKAETHCS, 110 HAJl MOBEPXHEIO IUIBKU PIIKOTO Ji€IEKTPUKa PO3TAIIOBaHI HEraTHBHO
3apsAKEHl YACTUHKU - €JEKTPOHU. 3 Ii€l MPUYMHHU HAMPAMOK MPUTATYIOUOTO TOJS Mae
30iraTucs 3 HaIpsIMKOM OC1 KOopAHHAT 0z.

Bupasu (3.9) — (3.11)yomyckatoth rpannuHuii nepexiay E — 0.V pasi BiacyTHoCTI
30BHIIIHBOTO MPUTUCKAKOYOTO TOJIS 11 PillICHHsI HA0yBaOTh BUTJISTY:

El(z)EjoEo{u 22‘205 } | n(z)EjO,BSE;T{1+ 22‘205 } (3.20)

ne (mop. 3 (3.11))
z,=(BeEy)™,  E,=4rmen,, (3.21)

a BenuurHa ¢ Moske OyTH 3Haiinena 3 (2.19)a6o (3.17):

E+1
8rEak?

F=- E2. (3.22)

Sk nerko mobauwTtH, MOpiBHIOOYM MK cobOoro Bupasu (3.9), (3.10)i (3.20), y pasi
BIZICYTHOCTI 30BHIIIHBOTO MPHUTHUCKAKOYOTO TOJIA €KCIOHEHIIWHUK XapaKTep CraJaaHHs



CJIEKTPUYHOTO TOJI Ta MIUIBHOCTI 3apsi/iiB HAJ MOBEPXHEIO JIENIEKTPUKA 3MIHIOETHCS
O11bII CITAOKUM CTaTEeYHHUM clalaHHsaM. CaMOy3roPKeHUI TOTEHIT1all, BIATOBIJaIbHUN 3a
PO3MOIIN 3aps/aiB 1 TMOJIB HaJ IMOBEPXHEI PIAKOrO JICNIEKTPUKA, y IbOMY BHUITAJIKY
BU3Ha4Ya€eThes BUpazoM (mop. 3 (3.19)):

#.(2) =¢,—2E,z,In| 1+ Zz_z:? , (3.23)

B sxkoMmy BemnunHH E,, Zz, matotbcs Qopmymamm (3.21). 3a3HauMMO TaKoX, IO
HepiBHIiCTh (3.14)y 1boMy BHIIaJKy HAOYBA€E BUTIIALY:

(en,)’ v 8" <1 (3.24)

1 3JIMIIAETHCS CIPABEJTUBUM B 00JIACTI BIZITHOCHO BUCOKHMX TEMIIEPATyp Ta MaJOro YKcia
3apsAAiB B 00Cs31 HaJ OJMHUYHOIO ILIOHICI0 MmoBepxHi, AuB. (3.14). ®opmymu (3.16)
3aJIMIIAIOTHCS  CIPABSAJIMBUMH 1 B I[IbOMY BHIAQAKy HEOOXiTHO TIJIBKM B HHX
noknactu E, =4ren, 1 E=0.

3a3Ha4YMMO TYT TAKOXK TaKy oOcTaBuHy. Buire 3a3Hauanocs, 1o aHajai3oBaHa HAMU
cucTeMa He rmepeadadanacs KBa3WHEHTpaJdbHOW. YMOBa KBa3iHEUTpanIbHOCTI IS
CHCTEMH, 0 PO3IIISAAETHCS, O3HAYAE, II0 YUCIIO 3apS/iB BU3HAYAETHCS HAMPYKCHICTO
30BHIIIHBOTO MPUTATYHOYOTO eIeKTpUUHOro nojisi E , a came:

E = 47en,, (3.25)

7€ 4MCIo 3apsiiiB Ny, L0 NPUNAJAae HAa OJUHMIIO IOl IJIOCKOI MOBEPXHI PI1IKOIro

nienekTpuka, ngaetbcs  Qopmynor (3.14). IHmmMue  clnoBaMH, B CHCTEMI MOXKeE
YTPUMYBATUCS TIIbKM Taka KUIBKICTh 3apsjiB, sika MOTpiOHA s HeWTpamizarii il
30BHIIIHBOTO MPHUTATYIOYOTO EJIEKTPUYHOrO TOJs, AWB., Hanpukiad, [3, 4]. Y upomy
BUMAAKY PO3MOJAUI 3apsiAiB 1 MOJIB HaJl TOBEPXHEIO PIIKOTO JIEIEKTPUKA TaKOXK JAEThCS
dopmynamu (3.20) — (3.21),sxi, omHak, 3amicTh BenmuuMHM [E, Tpeba minctaBuTH

HaANPY>KCHICTh 30BHIITHLOTO MPUTATYIOYOTr0 ejekTpuaHoro oyt E (mus. (3.25)).
Otpumani Bupasu (3.9) — (3.25)i € po3s’s13k0oM 3a7adi PO PO3MOJLT IOJIB Ta
HEBUPOJDKCHOTO Ta3y EIIEKTPOHIB Yy CHCTEMi 3apsAKCHHX YaCTHHOK HaJl TUIOCKOIO
MOBEPXHEIO PIAKOIo AieIeKTPUKa Y MPUCYTHOCTI 30BHIIIHBOTO MPUTHCKAKYOTO MOJs 200
BiJICYTHICTh OCTAaHHBOTO. 3BEpHEMO yBary Ha Te, IO y IIMX BHUpa3ax dieeKTPHUYHA
IPOHUKHICTh £ PIAKOro AieJIeKTpUKa MPUCYTHS TUIbKU Y dopmynax (3.17), (3.22)mns
BETMUMHH & , IO XapaKTepH3ye 3HIKEHHS PiBHS IUIOCKOI IOBEPXHI ITiT BIULIMBOM THCKY,
CTBOPIOBAHOTO 3apsilaMU HaJ II€I0 TIOBEPXHEI0, 30KpeMa 1 3 JOIMOMOTOK 30BHIIIHBOTO
OPUTATY€E ENEKTPUYHOTO Tmouid. [IpuuMHOI0 1BOTO € OAHOPIAHICTH 3adadul B3IOBXK
MOBEpPXHi, 32 KOOPIMHATOI P. Y pa3i HAsIBHOCTI HEOAHOPIAHOCTEH MO P PO3B’SI3KU
PIBHSIHb 1ICTOTHO 3aJI€KaTUMYTh BiJI BUIY MICJCKTPUKA, TOOTO BiJl MOTO Mi1€JICKTPUIHOI
MPOHUKHOCTI €. 1 HEOJHOPITHOCTI MOXYTh OyTH MOB's3aHI 3 AK 3 HEOJHOPIAHOCTSIMU



camoi MOBEpXHi, TaK i 3 HEOJHOPIAHUM PO3IOAIJIOM Ha Hiil 3apsaay (a6o Toro i iHIIOTO
OJIHOYACHO JMB. Yy 3B'13Ky 3 1tuM [10]). ¥ HacTynmHOMY po3im Oyje po3riIsHyTO BHITaI0K
MPOCTOPOBO TMEPIOAUYHUX HEOAHOPITHOCTEH MOBEPXHI IUTIBKU PIAKOTO JICICKTPUKA, 10
BUHUKIIM B pe3yibTaTi (pa3oBOro mepexomny.

4. KputnuHi napametrpu ¢a30Boro nepexojay cMCTeMH /10 MPOCTOPOBO MEPioIMUYHOTO
npogdisio NoBepxHi PiAKOro AieeKTPpUKA

BuxigHumu piBHSHHSMU [ JIOCHIDKCHHS KPUTHUYHUX [apamMeTpiB TakKoro
dazoBoro mepexoay OyayTh piBHsSHHS (2.24), (2.25) ta rpanwuHi ymoBu (2.26).
3BepHEMOCs 10 Tiepioro 3 piBHsAHB (2.24).1le piBHsHHA 3 ypaxyBaHHsM (opmyn (3.6),
(3.9), (3.11)Mosxe OyTH 3amucaHe y BUTIISII:

0°¢\(z.0)

Sz =2%x(7) (1 x(2) " 4.2q) (4.1)

ne GyHKIis Y (Z) naetbes BupaszoM (3.11).Y pesynbrari 3aMiHH

s.(za)=€7n(¢), ¢=(x(2)+)(1-x(2))", (4.2)

piBHsHHS (4.1)Ha0yme HACTYITHOTO BHUTJISLY:

(¢2-1)7" +2(¢ + 212, )7 - ;1= (4.3)
PosB'si3anns piBasHHAS (4.3) maeThes Bupazom [12, 13]
n(¢)=Cm(Z)+Cm,(¢), (4.4)

e
m(¢)=¢+20z,, 17,()=({ +202,) [d (¢ +)" 7 (¢ -7 (¢ + 21,)
(4.5)

Oynxkuis 77, (Z ), SIK HEBAKKO TEPEKOHATHUCS, HE 33JI0BOJBbHIE yMOBi (2.3) 00MeKeHOCTI

HANpPY>KEHOCTEH EeJIeKTPUYHOro mojisi B o6nacti «1» mpu Z — +oo. 3 1€l mpUUMHU Y
po3B’s3ky (4.5) HeoOXxigHO mokiactu C,=0. 3a3HaynMo, 1m0 (YHKIIis /71(Z ) MOJIIHOM

ko601 [12, 13]. TakuM 4YKMHOM, MPUXOAMMO IO HACTYIIHOI'O BHpa3y MJjs IMOTEHIaIy

$.(z,9):

1+ x(2)
1-x(2)

$.(z.q)=C(q)e ( +2qzoj- (4.6)



Po3B'si3anHst Ipyroro Ta TpeThoro 3 piBHSHB (2.24)y 3araJbHOMY BHIIAJKy MalOTh
BUTJISI

#,(z2,q)=C? (q)e* +C¥ (q)e %, (4.7)

#5(z.0)=C” (a)e* +C;7 (a)e ™.

3 ypaxyBaHHSM Ti€i OOCTaBMHH, IO HANPYXEHOCTI MOJIB MPH Z - —co OBUHHI
3aNMIIATUCA KiHIeBUMH, KoHcTanTy C¥ (q) B (4.7) HEOOXiJHO MOKJIACTH PIBHOIO HYJIIO,
C{¥(q)=0. Koncrantn x CY(q), C?(q), C?(q), C!¥(q) marors 6yrn 3uaiineni 3
rpaHudHuX yMOB (2.26).5Ik jerko mepekoHaTHCs, 1l KOHCTaHTH OyayTh BUPaXKEHI yepe3
BenmunHy &(Q), o npexcrasise coGow BianosixHo (2.7), (2.14), (2.15¥Dyp'e-06pas

npodi0 TPOCTOPOBO MEPIOAUYHOI MOBEPXHI IUIIBKU PIAKOTO JI€JIEKTPUKAa Ha TBEPin
T IKJTa A1l

b= E(a)e an- o) LA

+2quJ(EOB(£—1) £ - renh) (4.8)

#,(2.0)=(q)(Ab-aB) " (47en-bE, (e - 1) & )(< (A+ 1) - ))

#,(z.9)=-&(q)(Ab-aB)™ &sgleq(g_z) (0+ 1)(4nena— bE, (& - J)g‘l) ,

A€ I CIIPOIICHHS 3alliMCy BBCICHO TaKl IO3HAYCHHS.

EOZ—EZ, 5E£d_£, (49)

8T EqtE

a=2qz, +E,/E, b=ag+4men/E, n=

A=C-1, B=£q(C+1), C=oge™9,
Po3B'st3ku piBHSAHB (2.25) 1151 TOTEHITiaiB ¢C(,e) (z,9), a=1,2,3 narotecs hopMyIaMu
#9(z,9)=C (q)e ™™, (4.10)
7y (z.a)=C{* (q)e” +C{? (q)e™,

7 (z,9)=C{¥ (q)e*.

Burmsin uux pimens oOpaHuil TAKMM YMHOM, 11100 HANpy>KEHHS 30BHIIIHIX IOJIIB MpU
Z - too 3anmmanucs KinneBumu. Koncrantu y Bupaszax (4.10) takox MOXYyTh OyTH

3HAM/IEH] 3 BIAMOBIAHUX IPaHUYHKX yMOB (2.26), BHACIIOK YOro MOTEHIAIN ¢£(,e)(z,q)
MOXXYTbh OyTH 3amMCaH1 y BUTIISII:



#%(2.9)=&(a)BE(e-1) e (B-qn) "' (4.11)

#9(z,q)=&(q)e*(B-qA) " gE(e- 1){3“(3‘2) (A+1)- eq(z—.«f)} 1

77(z0)=&(a)¢ ™ (B-0A) " gE (e -1)(1-0) ™,

Jie BCi KOHCTAHTH, SIK 1 paHille, BU3HAYarThes popmynamu (4.9).
3BepHEMOCS Temlep JO0 OCTaHHBbOTO piBHAHD (2.24). IlijxcTaBisiouu 10 HBOTO
3HaleH1 po3s’ s3ku (4.8), (4.11)3 ypaxyBanssam (2.15)orpumaemo:

®(d,)¢(a,) =0, (4.12)

ne dynkuis @ (q,) Mae BUIIIAA:

o EZ - E?) c2f, +Cf, + f .
®(q,) = AP . 4.13
(@) 4 C’g,+Cg,+g, al+) (4.13)

Jits criporieHHst 3anucy y hopmymi (4.13)yBeneHo Taki Mo3HAYSHHS:
f=(e-0)(-(e-0(2) + x+(e+y), f=25(-(e-D) (290" +e(x+ J+y),  (4.14)
[—(52—1)(2x)2+ x(2+ F+ 3+ 2(c+ J-y(e2+ 2- ).} ,

(g—]_)((g—]_)Zx(Z(+])—y), gZEZ((£2—1)2>((2>(+jD—y),
g, =(1+¢)((1+ &) 2x( 2+ Y +y),

fs

G

y SIKMX, Y CBOIO Uepry, JiTepaMH X 1 y MO3Ha4YeH1 0€3p0o3MipHiI BEIUUYUHU
2 _ 2
Gl EE
eE, =
Sk nerko Gauwury, piusuHs (4.12) nomyckae nBa po3s's3ku: &(g,)=0 u ®(g,)=0.

(4.15)

[epruuii i3 uux po3s’s3KiB € TpuBiaabHuM. PiBHicTH &(Q,)=0 O3Hauae, MO IPOCTOPOBO

NepIoANYHI CTPYKTYpPH Ha IMOBEPXHI PIAKOro AleJIeKTpHKa BIICYTHI. |HIIMMU cloBamu,
MOBEPXHS PIAKOTO AieNEKTPUKA 3aUIIA€Thes MI0ockoro. CaM akT HasBHOCTI (ha30BOTO
NEPEexXoy M0 MPOCTOPOBO MEPIOAMYHOTO MNPOGUII0 MOBEPXHI PIAKOTO AieNEKTPHKA
nepeabavae, mwo é(q,)#0, qus. (2.7), (2.14), (2.15)Takum YuHOM, y ILOMY BUIMAIKy MH

MIOBUHHI 3BEPHYTHUCS 10 IPYroro po3s’sizky, ®(q,) =0, 3 IKOr0 BUILIMBAE PiBHSIHHSL:



o (s~ E?) c2f,+Ch,+ ,
4re C’g,+Cg,+g,

—a(K2+0§):0. (4.16)

Ile piBHSHHS BU3HAya€ JMIINE MOIYJb BEKTOpa (, SK (YHKIIIO (I3UYHUX NapaMmeTpiB
3aja4l — TeMrepaTypu T , UMcia €JIEeKTPOHIB Ng HaJ OAMHMIICIO TUIOIII TIOCKOT MOBEPXHI
PIIKOTO JIeJIEKTPUKA, TYCTUHH IIbOTO JIENeKTpUKa p, HOro KoedilieHTa MOBEPXHEBOIO
HATATY @ 1 A1eNEKTPUYHOT MPOHUKHOCTI &£, @ TAKOXK JIEIEKTPUYHOI IPOHUKHOCTI TBEPAOT
migkIagka &, . lle BUKIMKAHO Ti€0 OOCTaBUHOIO, 110 B JIHIKHOMY HAOJIWXKEHHI TEOpii
30ypens 1o &(g,) cucrema i30TpomHa ImOA0 ¢,. Haragaemo, 1mo cam BeKTOp (),
XapakTepu3ye OOCpPHEHY PEIIITKY ABOBUMIPHOI MEPIOJUYHOI CTPYKTYpPH BCEpeauHi ii
eIeMEHTapHOro ocepenky, exp(iggp)= cogd,X)+i sifa,y). Sk yxe sragysamocs Buie,
JUIS TIPOCTOTM MOKHA BBa)KaTH, IO TOBEPXHS PIIKOTO [i€JICKTpUKa MPOCTOPOBO
OJIHOp1HA B310BK ocl Oy 1 mepioguuHa B310BkK ocl Ox. Toxai BexTop (|, mapaneibHuil
oci X, a Horo MoIynb ¢, SBJsi€ COOOIO MOCTINHY OOEPHEHOI I'PaTKM TaKOl MepiogU4HOT
CTPYKTYypH. Y 1IbOMY BHUIIQJIKy NMPO(dIb MOBEPXHI PIAKOTrO JiE€IEKTPUKA, 110 YTBOPUBCS
BHACHIOK (a30BOro mepexoay, Haraaye npoduis jucta mudepy. Buine Takox
3a3HAYANOCS, 11O JIiHiliHe HAOMMKEHHS He BU3HAYae camoi aMutityau ¢ (q,). B upomy mu
Oe3mocepeIHbO MePEKOHANHCS TiT Yac aHaizy Gopmynu (4.12).

VY(4.16) Benmuuunu C, f, f, f,, g,, g, g, MatOTh JOCUTh CKJIQJHY 3aJCKHICTh BiJ 0,
auB. (4.9). 3 1€l NpUYMHU aHATITHYHUKA pO3B’A30K piBHsAHHA (4.16) y 3araibHOMY
BUIAJIKY HEMOXJIMBHMA. 3ayBa)KUMO, OJHAK, IO YMOBOI TIOSIBU HOBOi ¢azm —
NEPIOIUYHUX CTPYKTYpP y CHUCTEMI 3apsyDKeHUX (epMioHIB HaJ TOBEPXHEIO ITUTIBKH
PIAKOTO JieNEeKTPUKA € PIBHICT HYJIS Y KPUTUYHIN TOYIIl BEKTOpa 3BOPOTHOI I'paTu ¢,

A, =0. (4.17)

Ilpu g, =0 B KpuTHUHIK TOuwi piBHsIHHSA (4.16)Ha0yBaE BUTIIALY:

T :%(ES—EZ). (4.18)
e K

PiBasHHS (4.18)€ piBHSHHIM KPUTHUYHOI IMMOBEPXHI (Pa30BOr0 MEPEXOy B TPUBHMIPHOMY
npocropi {E,T,n.} (zus. (3.14)). Hanpukiaz, sikuto 3adikcyBatu Temieparypy T i 4ucio
3apadiB N, Ha OAWHUIIO IUIONII TJIOCKOTO JieNeKTpuKa, To 3 piBHSAHHA (4.18) MoxHa
3HaWTU KPUTHYHE 3HAYCHHS 30BHIIIHBOTO mois E,=E.(ng,T), BHIIE SKOro B CHCTEMI
BiIOyAeThesl (pa3oBuii mepexisi 3 YTBOPEHHSIM MPOCTOPOBO MEPIOJUYHOI CTPYKTYpHU
MOBEPXHI PIKOTO JTIETCKTPHUKA.

Posrnsinemo Takuii (ha3oBuil mepexia 30BHINIHBOMY MO0 AokianHime. [ToOmu3zy
KPUTHUYHOTO 3HAYEHHS 30BHIMIHBOTO €JNEeKTPUYHOro Tois E., [0 BHU3HAYAETHCS



piBasHHsaM (4.18)E ~ E, (ane E>E_), BignoBigHo (4.17)3HadeHHs] BEKTOpa ¢, Mae OyTH
MaJIuM. 3 11i€i IPUYMHA BBAKATUMEMO CIPABE/JIMBOIO HEPIBHICTD

=Gl
s <1. (4.19)

ByneMo TakoX MPHUITyCKaTH, IO BUKOHYEThCS HEPIBHICTh (BUIMAJOK TOHKOI IUTIBKH
PIAKOTO JTieJICKTPHKA):

qd <1, EKE, (4.20)

BHACJIIIOK 4Ooro MoskHa mnpuOiam3Ho BBaxatn C=1, cMm. (4.9). Toxi piBusuHs (4.16)
HaOyBa€ TAKOTO BUTJISIY:

a(E> -E?)(f,+ f,+ f) ~4a(k*+q%)(g,+9,+ 99 = 0. (4.21)

3 popmyn (4.14), (4.9)BuaHO, 110 MpaBa YaCTHHA IOTO PIBHSHHS € TIOJIHOM Y€TBEPTOTO
CTYIEHsI MO0 (,. 3 OMISALY Ha Ty 00CTaBUHY, IO

0,+0,+0,=8X(2+ )&%, T+ F,+ f=—g((e-1) (20" ~(20+ Y+ ),

MOJKHA [MOOAYUTH, IO OJUH 13 KopeHiB piBHAHHA (4.21)nopiBHIOE HY/II0. TpH KOpeHi, 1110
3aJUIIAIINCS, MOXKYTh OyTH 3HalIeH] 3 PIBHSAHHSA

a(x2+(ﬁ§)2](2x+1)+ioj;f((s—l)(&f—(w Jee)=o 1=Z @2

[I{o6 3HaiiTH po3B's3ok piBHAHHS (4.22) mpu Mamux X (cMm. (4.19)), HeoOxinHO
PO3KJIACTU HOro Koe(illieHTH B s 3a pi3HULEIO E—E, B OKOJHUI KPUTUYHOTO 3HAUEHHS

NPUTUCKAIOYOI0 €JIEKTPUYHOrO Ol Ta (PIKCOBAHMX 3HAYEHHSAX DapameTpiB T,n,.

PiBHsHHS, 110 BUUIUIO, MICTUTh BCHOTO OJWH KOpPiHB, 1O Mae Gi3UYHMA ceHc. B
pPE3yNbTaTI MPUXOAUMO JI0 HACTYITHOTO BUPA3y IS

1+(£+1)ne3n2
— 2
qoz,(\/zE 2 FaT, (4.23)
Boo 4 14671 )
e+1{ e,
ne E,=E +4men,, K° =P (g+f) (muB. (1.12)). IHgekc «c» y NEIKMX BEIMYMHAX, MIO

BXOJATHh 10 (hopmynu (4.23) O3HAYae, MO Il BEJTUYWHM JIe)KaTh HAa TOBEPXHi (Pa3oBOro



nepexoy, 3amanoi Bupaszom (4.18). ITopiBHtoroun mami Bupasu (3.17)1 (4.18), moxHa
JIATH BUCHOBKY, 1110 Ha ()a30Bii MOBEPXHI CIIPABE/IMBE CITIBBIIHOIICHHS

S

— ~1
T =¢"eE,

: (4.24)

ne &, - 3HaueHHs 3CyBy ¢ Ha (pasosiii moepxHi (4.18).V 3B'a3ky 3 1um Bupas (4.23)
MOXe OyTH MPEJICTABICHUH y JICIIO 1HIIOMY BUTJISIIL:

N’
1+ Cl
- gak
g =« 255 il L (4.25)
Eo. 1+4 K&
£ (e+1)

Tyt HeoOxigHO 3poOuUTH TIeBHE 3acTepekeHHs. CTporo kaxyuu, B 00JaCTI MaJlUX ¢,
0, — 0 po3BuHeHa Teopis 30ypeHb (muB. (2.7) - (2.13))crae HeszacTocoBHOIO. OnHAK
piBHsiHHs (4.18)a60 (4.24) 11 BU3HAYEHHST KPUTHYHKUX TapaMeTpiB (pa30BOro mepexoay
70 TPOCTOPOBO-TIEPUOIUIHOTO BIOPSAKYBAHHS 3aJHINAIOTECS 1 B [bOMY BHUIAJAKY
cnpaBeaauBuMu. [logiOHa cuTyarlliss JOKJIAAHO PO3rsHyTa B poOoTi [11], e BUBYamUCs
¢da30B1 Iepexod B HOPMaJIbHIN (epMi-piauHHU, TTOB'SI3aH1 3 MOPYIICHHSIM TPaHCIAIIHOT
cuMmeTpii. Y crpaBxHii poOOTI NOKIAAHUN aHaTI3 1i€l MpoOIeMu MPOBOAUTH HE OyAeMO.
3a3HaunMo Jamie Taky oOcraBuHy. PiBHsHHsA (4.16), (4.21), (4.22)Bunucani y
NPUITYIICHH], MO0 Q, ~ kK, K° :g(g+ f), muB. (1.12). SIkmo BBakaTH Li¢ NPUITYIICHHS

OOMEXEHHSIM BEIMYUHH ¢, <3HU3y», To ¢opmymn (4.23), (4.25) 3anumaroThCs
CHpaBeJIMBUMHU B 00J1aCTi MaMX Q, y pasi, Ko BHUKOHaHI oOMexeHHs (4.19), (4.20).
VYmoga (4.19)3 BukopuctanssiM (4.24)moxe OyTH 3amucaHa y BUTIISLIL

é

Q¢ < 1. (4.26)

3a3HaunMo, M0 L yMOBA BIAMOBIAA€ 3pOOJEHOMY BHUIIE MPUIYUICHHIO MPO MaJiCTh
IpaJieHTiB IpodiII0 MOBEPXHI PiAKOTrO AienekTpuka, auB. (2.9) — (2.11)Ockinbku g, ~ &,
TO BiAMOBiAHO 70 (4.26)Mae BUKOHYBATUCS HEPIBHICTD

S

K

«1. (4.27)

OcTaHHS HEPIBHICTH MOKE€ OyTH BHKOPHCTaHA JUIS TMOJAJBIIOrO CHPOIICHHS (HOopMyIn
(4.25). Slkmo BBaXkaTH, MO AiCIEKTPUYHA IMPOHUKHICTH PIAKOTO iCJICKTPHKA HE HAJTO
BEJIMKA, £ ~ 1, TO 3 ypaxyBaHHsM (4.27)dopmyina (4.25)moxe OyTH 3amucaHa y BUTIISAIIL:

< 4.28
: (4.28)

E. |\ €ak?




abo

E-E. |/&n?
= [2 c 2= = 4.29
% E (et (4.29)

Tyt Mu onucyBanM CTaH HECUMETPUYHOI (a3 MmoOm3y MOBEpPXHI (Pa30BOTO MEPEXOIY
(4.18)ab6o0 (4.24).11e npumyckae, mo kopinb (E-E,)/E,, B (4.28)e manum,

(E-E.)/E,. <1. (4.30)

OT1xe, 1100 BUKOHYBaJIacsi yMOBa ¢, ~ K , HEOOX1JTHO 33JJ0BOJIbHUTH HEPIBHICTD

\/77t-:-2njc/£a'/(2 & >1. (4.31)

3ayBa)XMMoO, 10 JIeJIEKTPUYHA MMPOHUKHICTh TeJII0 £ Majo BIAPIZHAETHCS Bl OJAWHUIIL,
£-1=0.057. Kpim Toro, B €KCIIiepUMEHTaX 3 €JICKTPOHAMHU HaJ MTOBEPXHEIO PIAKOIO TeIlii0
peaJbHUMH € YMOBH, KOJHM CIIpaBe/uiMBa HepiBHICTb (4.27) abo (T.k/eE,)<1. 3 wmiel

npuunand ymoBu (4.27), (4.30), (4.31y ubomMy BUNIQJKy MOKYTh OyTH 3amo0BosieHi. OTxke,
nepioj] 3BOPOTHOI I'PaTU MEPIOAUYHOI CTPYKTYpPH Ha MOBEPXHI PIAKOTO TeNii0 B MEBHUX
YMOBax MOBHHEH XapaKTepU3yBaTHCh Bupa3oM (4.29).

Takum 4MHOM, yMOBa @, ~ K, OOMEXYIOUHM 3HAYEHHS BEJIWYMHU 3HU3Y, JO3BOJISE

YHUKHYTH 3a3HAYEHUX TPYAHOIIIB B 00JaCcTi MaIHUX (, 3 PO3BUHEHOIO TEOPI€I0 OOYPEHb

no &(p) (aus. (2.7) — (2.13)).TuM CaMHM BUIPAaBIOBYETbCS BHKOPHCTAHHS JIHINHOTO

HaOJIMKEHHS Teopli 30ypeHb Ta MIATBEPKYETHCS CHPABEIIMBICT OTPUMAHUX (HOPMYI

(4.23), (4.25)ra (4.29)3a ymoBHU cripaBeIIMBOCTI criBBigHOIICHD (4.27), (4.30), (4.31).
VY pasi, ko nopyuryersest ymona (4.19),

%Wl

X ,

eF,

piBHsHHS (4.16), 110 BH3HAYa€ 3aJI€KHICTh MEPIoay IpaT Bia (DI3UYHHX XapaKTEPUCTHK
CHUCTeMHM, MOXXEe OYyTH pO3B’si3aHE JHUIIE YUCeIbHO. Taki YHCEeNIbHI PO3pPaxyHKU
IPOBOJIVIIACS. HA OCHOBI €KCIIEPUMEHTAIFHUX JaHUX, OMyOiiKoBaHUX y poboTi [16]. V
il poOOTI OMHUCYETHCS EKCIIEPUMEHT, B SKOMY CIIOCTepiraiacs mosiBa MakKpOCKOIMIYHUX
JYHOK Ha piAKOMY MOBepxHi. ‘He, Korga BHeUIHee 3JEKTPUYECKOE I0JI€ MPEBBIIIAET
HEKOTOPOE KPUTHUECKOE 3HAYCHHE. KOJH 30BHIIIHE €NEKTPUYHE TOJIE TIEPEBUIIY€E TIEBHE
KpUTHYHE 3HaueHHs. BeranoBieHo, mo npu 30BHIMHbOMY 1ol B 18201 Temnepatypi 4,2
K Ha nmoBepxHi pinkoro *He Bupa3Ho criocTepiraiucs JBOBUMIPHI reKcaroHajibH1 JIYHKOBI
rpaTku 3 mepiogoM a=1.76mm (a=27/q,) 3 YUCIOM EIIEKTPOHIB MOPsAKY 10 y KOXHil
JYHII TIpu ToBIIMHAX reinieBoi miiBku Big 0,2 1o 1,9 cm. CepenHst KUIBKICTh €JIEKTPOHIB
n, (cM. (3.11)),110 3HAXOMATHCS HAJ OJMHUIICIO IUIOIII MIOBEPXHI PiJKOTO TEIiI0 B ILOMY
eKCIIEPUMEHTI MOXKHA OIUHUTH Tak. MOXHa BHpaxyBaTH BiJHOIIEHHSA KIJIBKOCTI



eJIEKTPOHIB B OJIHIN JYHIIl 10 IUIOIII €JIeMEeHTapHOro ocepenky. Ilioma enemeHTapHOTO
OCEpe/IKy B T'€KCAroHaJbHIM pEeIITIi JOPIBHIOE IUIONI pomOa 3 peOpoM a=1.76mm 1
KyTOM TpH BepliuHi, piBHUM 77/3. Takum 4wHOM, 37100yaemo, 1o n =0,37(10cm™.
BBaxaroun y ¢dopmyni (4.16) e<¢&,, q,=27m/a i MACTABISAIOYM 3HAYEHHS IapaMeTpiB
E=1820v/cm, a=1.76nm, d=1cm, T =4,2K, 3100yaemMo n =0,84[10Gcm™. Sk Jyerko
0aunTH, 30Ir PO3PAXyHKOBUX Ta €KCIMEPUMEHTAIHHUX 3HAYCHb BEIMYWHU 33J0BUIBHHMA,
0COONMMBO 3 OIJIsAAy Ha HAOMMKEHICTh OINHKKA IIi€]l BEIWYWHU, BHUXOIIYH 3
CKCIICpUMEHTAIbHUX JaHuX [16]. 3BHuaiiHO, TMOpIBHSHHS HAIIUX pPE3yJIbTATIB 3
eKCIIEPUMEHTAIbHIUMH JTAHUMHU MOXKE 37aBaTHCS HE LIJIKOM KOpEeKTHUM. [IpruunHo0 MoXke
Oyru kinbka mnpuuuH. [lo-mepmre, B ekcrepumenti [16] moBa, MaOyTh, ime mpo
PO3BUHEHHI MPOCTOPOBO MEPIOANYHUN pebe]) MOBEPXHI IUTIBKH PIIKOTO Telito. Y Halii
poOOTI pO3rIIsAIaBCa MPOCTOPOBO MEPIOIUUHMIA TPOdiiab MOBEPXHI B HECUMETPUUHIN (a3i
nob6u3y ¢azoBoro mepexoxdy. Ilo-mpyre, sk 3a3Hauanocs, 3 ypaxyBaHHSIM JIiHIHHOTO
HAOIMKEHHs. Teopii 30ypeHb He MOKHA BU3HAYMTH aMILTITYy Npodiio nosepxHi & (q,)

yepe3 (i3uUHI XapaKTEPUCTUKU CUCTEMH. TOMY HEMOXJIMBO 1 BKa3aTH, SIKUA camMe BUJ
Ma€ TPOCTOPOBO MEPIOJUYHHUIA peibed) MOBEPXHI IUTBKK PIAKOTO AieNEKTPHKA, IO
OMUCYEThCS Y Hammiii po6oti. HailOumpm mpocTuM BHIOM MHPOCTOPOBO MEPIOIUYHOT
CTPYKTYpH MOBEPXHI, 1110 BUHUKJIA B pe3yibTaTi (ha30BOTO MEPEX0ay, MOke OyTH penbed
TUNy TOBepxHI Jucta wmmdepy. ToMmy MNOpIBHSHHS pe3ynbTaTiB i€l poOoTH 3
eKCIIEPUMEHTAJIFHIMH PE3yJIbTaTaMU MOYKE MATH JIUIIIE SKICHUIA XapaKTep.

Ha 3akiHueHHs po3aiuly 3poOMMO TakKoXX Take 3ayBakeHHS. Bci BUKOHaHI
pO3paxyHKH y Iii poOOTI BITHOCATHCS 1O BUIMAAKY 3apsIiB HaJl MOBEPXHEK TOHKOI
IUTIBKM  PIJKOrO JIIEJIGKTPUKA, PO3TAIIOBAaHOI Ha TBEpAid MIAKIAAII 3 BEJIHUKOIO
TICNIEKTPUYHOI0 TPOHHUKHICTIO &, > & (VI METAUIMYECKON MOMJIOKKUA &, — ). Y pasi

MAaCHUBHOTO PIAKOrO JAieNeKTpuKa d — o y BCIX HAaBEJACHHUX BHIIE (opMyiax HEOOXiIHO
NIOKJIACTH £, =&, K° = pg/a . SIKk MOXHA TEPEeKOHATHCS, y pasi pinieHHs piBHAHHA (4.16)

Hemae (izmgHoro ceHcy. OTke, MPUXOIUMO 10 BHUCHOBKY, IO Y pa3i CUCTEMH 3apsiB
HaJl MAaCHUBHUM DPIJIKUM JICJICKTPUKOM (a30oBHil mepexia i3 3aCHYBaHHSIM IMPOCTOPOBO
NEPIOIUYHUX CTPYKTYp HeMOxJmBHH. lle y3romkyeTbcs 3 TUM OOCTaBHHOIO, IO Y
EKCIIEpUMEHTax 3 JOCTIIKCHHS TaKUX CHCTeM TMOAIOHWM (a30Buii Tepexim J0ci He
criocTepiraBcst (IuB. y 3B'sI3Ky, Hanpukiazm, [4]).

BucHOBOK.

Takum uymHOM, HaMu TMMOOYIOBAHO TMOCHTIIOBHY TEOPII0 CHUCTEM 3apsiiB  Ha
MOBEPXHEI0 TIUTIBKK PIAKOro JiieJiekTpuka. B oCHOBI Teopii JEXUTh MOJIEIb
camoysrojpkeHoro mois B migxomi  Tomaca-®depwmi, y3araapbHEHOTO  CTOCOBHO
JIOCTiKyBaHOT ~ cucTeMHu. Po3BMHEHAa Teopis JO03BOJSIE  OTPUMATH  PiBHSHHSA
CaMOY3TO/DKEHHS Il TapaMeTpiB OMHUCY CHCTEeMU: (YHKINT PO3MOAUTY 3apsiiiB Haju
MOBEPXHEIO PIIKOTO J1eJIEKTPHUKA, MOTEHINaTIB eJIeKTPOCTATUYHOIO MOJIs Y BCIX 00JaCTAX
cUcTeMH Ta MpodUI0 MOBEPXHI PIAKOro IiefeKTpuka. ICTOTHOI € Ta oO0CTaBWHA, IO
TEOpis HE MICTUThH MIITOHKOBUX KOHCTAHT, 110 BU3HAYAIOTHCSA 3 eKcriepuMeHTy. OTpumMani
PIBHSIHHSL CaMOY3TO/KEHHSI Jal0Th MOKJIMBICTH omucatd (pa3oBuil mepexin y Takid
CHUCTEMI JI0 POCTOPOBO MEPIOANYHUX MPOQIIIB MOBEPXHI PIIKOTO AieNeKTpHUKa. Takui



nepexig OnucaHuil y 1id poOoTi y MPUMYIIEHH] MaJIol IMIUTBHOCTI 3aps/IiB HaJl TOBEPXHEIO
piakoro mienekTpuka. Lle mo3Bosisie BBaXkaTu ra3 3apsjiiB HEBUPOHKEHUM 1 OTpUMATH BCl
XapaKTePUCTUKHU CUCTEMH, IO IIKABJIAThH, B aHATITHYHOMY BUTIIsAi. Ciijl 3a3HAYUTH, 110
BUMOTa HEBHPO/KEHOCTI Ta3y HE € B IIbOMY BHUIAJKy Ba)UIMBHM. Po3BUHEHUWH y i
po0OTI MiXid JOMYCKAE y3arajJbHEHHS Y pa3l BUPOIHKEHOTO raszy 3apsiB Haj TOBEPXHEIO
pigkoro mienexktpuka. [loOymoBa Teopii AJii BHPOIIKEHOTO Tra3y BHUMAara€ OKpPEMOTO
PO3TIIsiAy HacaMIiepe] TOMY, 110 B JaHOMY BUNAAKY Y CUCTeMi HEOOXiJHO BpPaxoBYBaTH
HasBHICTh OOMIHHOI B3aemonii MK 3apsaamu. lle 3HAYHO yCKIanHIOE HEOOXiTHI
MaTeMaTH4Hl OOYMCIICHHS, BUMararo4u, OYEBUIHO, 3aCTOCYBAHHS YHCEIbHUX METO/IIB.
3a3HaunMoO, 110 y HEXTYBaHHI OOMIHHOIO B3a€MOJII€I0 OCHOBH MOOYAOBU Teopii Asis
BUMAAKY BHUPOIKEHOTO Tra3y HaJ IUIOCKOI TOBEPXHEI0 TBEPAOTrO JieNeKTPHKa
chopmyiboBani Hamm y pobOotri [10]. Okpemo ciig OOrOBOPUTH THTAHHS PO
3HAXO/KEHHsI aMIUTITY MPOCTOPOBO MEPIOJUYHOT MOBEPXHI PIIKOro aienektpuka. Lle
MATAHHS TOB'SI3aH1 3 130TPOIIEI0 3aBJaHHs, CHOPMYJIHOBAHOI Yy JIIHIHHOMY HaOJIUKEHHI.
CropaBai, sk 3a3Hadanocs Buiie (quB. TekcT micns dopmyau (2.17)), nepeOyBaHHS

ammutitya €(() mpodito moBepxHi MOB'SA3aHO 3 PO3BUTKOM TE€OPil 00YpEeHb 10 KyOiuHUX

wreHis & (d,) Ta BpaxyBaHHS BUIIMX TapMOHIK THITY £(q o1 T 00) £ (29,,) . Le npuszseno
0 10 MOSIBU B PIBHSHHAX CAMOY3TOJIKEHHS YJICHIB THUITY (Dpf (p))z, (ngE (p))s...[ll]. Taki
JOJIJAaHKU y PIBHSHHAX camMOy3ropkeHHs y Dyp'e - mpocTopi Npu3BOAATH 10 MOSBU WICHIB,
IPONOPUIHHNX CKAIApHOMY TBOPY (0,,0,,) . IHIIUMHK ClTOBaMH, 3'SBISETHCS JOAATKOBUI
napamerp, 10 Xapakrepusye (a3oBHil mepexii — KyT MDK BEKTOpaMH Oy U (g, 110
IPUHOCUTH y TEOpito aHizoTpomito. Haramaemo, mo B pamkax JiHIMHOTO HaOMMKEHHS
HaImoi Teopii MOyl MX BEKTOPIB PiBHI MiK c000I0, ‘qm‘ = ‘qoz‘ = (- Cama X BeIM4YMHA
0, BU3HAUAETHCS 4epe3 MapaMeTpu CUCTEMHM B PAaMKax JIHIHHOTO HAOIMKEHHs Teopii
30ypeHb, MpHHAMMHI TOONM3y MOBEpPXHI mHepexony. TakuMmM YUHOM, MNPUXOAUMO [0
BUCHOBKY, 110 aMIUNITYyIU IPOQUII0 MOBEPXHI Ta KYyT MIXK BEKTOpaMu (|, 1 (,, MOBUHHI
3HAXOJUTHUCS 13 OUIBII BHCOKHMX TMOPSAKIB Teopii 30ypeHb, IO pO3BHBAa€ThCA. B
iZleaTbHOMY BapiaHTi, BPaxXxOBYIOUHM pPE3yJIbTaTH eKcrepuMeHTiB [16], kyT MK numMu
BEKTOpaMU MOBHWHEH JopiBHIOBaTH 77/3. Taka 3agada Hapasi po3B’sa3aHa, aje MU 3 BaMH B
pamMKax JeKIlid ii po3risaaTtu He OyaemMo.
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