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B enekrpocraTnyHOMY HaOJNMKEHHI PO3TIITHYTO BIUIMB IMiAKIAJMHKA Ha ONTHYHI BIACTHBOCTI Majoi KyJsCTOL
yacTUHKH. [ MozAenbpHOI cucteMH "OAHOpiAHA KyJsd NMOONH3Y HAIliBHECKIHYCHHOI MiTKITaJHHKA B OJHOPIAHOMY
30BHIIIHBOMY IIOJI" OTPHMAaHO CHCTEMy pIBHSHb JUIS 3HAXOMKEHHS MYJBTHIONBHHX KOE(IIi€HTIB pO3KIaLy
€JICKTPOCTATUYHOTO MOTEHIiaNy Kyii. B numonsHOMy HaOmMKeHHI 3HAHICHO TEH30p MOISIPU30BHOCTI KyJI B Takiit
cHucTeMi 1 IpoaHaizoBaHO e()eKTH BIUIMBY IiAKIIaJUHKN Ha ONTHYHI CHEKTPU YaCTHHKH.
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I. Beryn

Bennka KinmbkicTh (i3UYHHMX 3aCTOCYBaHb MallMX
(3BMUaifHO HAHOPO3MIPHMX) YACTMHOK IIOB’s3aHa 3
BHUKOPHCTaHHAM IX y BUIVISAAI Pi3HOMaHITHHX IUTIBOK Ta
MOKPUTTIB JUIA NOTPeO ONTHKH, OITOCJICKTPOHIKH Ta
IHTEeTpaIbHOI ONTHKH. BaXXITMBUM IIpH I[HOMY € Te, IO

Takl YAaCTHHKH 30aTHI CHWJIBHO  B3aEMOIIATH 3
€JIeKTPOMArHiTHUM BUIIPOMIHIOBaHHSM. 3 YaciB poOOTH
Mi [1] weit ¢dakT TMOSCHIOEThCS  30YyIHKEHHAM

MOBEPXHEBUX IUIA3MOHIB B YaCTHHKaX, 1[0 [IPU3BOJIUTD,
Hallpukjiaa, A0 TI0OdBU HOBOI'O l'[iKy MOTJIMHAHHA Y
CIEKTpPi YaCTUHKH ITOPIBHIHO i3 CIIEKTPOM BiJIIOBIHOTO
CYLUIBHOTO MaTepiany. B3aemomis dwacTHHOK (4epes
IHyKOBaHi TOJIs1) K MK COOOI0, TaK i 3 MiAKJIaJINHKOIO
MPU3BOAUTD bi (o) IO JaJIBIIOT MoudiKkarii
OJTHOYACTHHKOBOTO CIIEKTPY.

BrumB miscuacmunkosoi B3aeMomii BUBYEHHH IO
BOTO Yacy AOCHTH JeTaiabHO. B poboti [2] mokasaHo,
IO HAaBITh IUAMNOJL-IAINOJBHA YacTHHA M€l B3aeMoOmil
BUKJIMKAE PO3ILIEIJICHHS OJJHOYACTUHKOBOTO PE30HAHCY 1
3MIIIEHHS HOBOYTBOPEHHX PE30HAHCIB B HANPSMKY SIK
YepBOHOI, Tak 1 (ioneToBoi Mexi crekrpy. Sk CBIAYUTH
exkcriepuMeHT [3], Taki K edekTH MarTh Micie 1
BHACJIIZIOK B3a€MOJIIT YaCTHHOK 3 niOKIaouHkor. Ane B

TEOPETUYHHUX POOOTAX 3arajbHOMPHUUHATO BBAXKATH
(muB., Hampuknanm, [4,5]), MmO [A B3aEMOIIS MOXKe
MPU3BOJUTH  JIMIIE  JIO 4uepgoHO20  3MINICHHS

OJTHOYACTHHKOBOTO pe3oHaHCy. [ MOSICHEHHS K
CIOCTEPEKYBAHOTO (i01em08020 3MIIECHHS TOBOIUTHCS
3aydatd epeKTH HeIOKAIBHOCTI [6] abo po3mipHi [7] un
HaBITh KBAHTOBI [8] edekTu.

B maniii poOOTI MOKa3aHO, MI0 E€KCIIEPUMEHTAIBHO
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CIIOCTepe)XXyBaHI e(EeKTH PO3MIEIUNICHAS 1 3MileHHAS
PE30HAHCY Maioi YacTHHKH BHACIHIZOK II B3aeMOIil 3
MiAKIAAWHKOIO IIIJIKOM TPHPOTHO TMOSCHIOIOTHCS Ha
OCHOBI KJIACHUYHOI EJIEKTPOCTATHKH 3 BHKOPUCTAHHSIM
MPOCTOTO TUIMOJILHOTO HAOIMKEHHS ISl TTOJIIPU30BHOCTI
YacTMHKH Ta Moxaeni JlopeHma s JieNleKTpUYHO1
MPOHUKHOCTI MaTepialy YaCTHHKH Ta MiJKJIQJANHKH.

II. OcHoBHI piBHSIHHS

OnTryHi BIACTHBOCTI Mayioi KyJli BH3HAYAIOTHCH,
TOJIOBHMM YMHOM, ii (JIUIIOJIBHOIO) MOJSIPH30BHICTIO OL .
Slkio Bupas s O BIAOMHIA, TO MOXXHA 00UMCIUTH [9]
e(EeKTUBHOCTI  TOTJIMHAHHA Ta PO3CIIHHS  CBITJIA

YJACTHHKOIO, a 3 yMOBU OL(®_ ) —> 00 — TAKOXK i 4acToTy

res
PE30HAHCHOIO INOMJIMHAHHA ©, . Ilonspu30BHICTh Kymni

moONM3y WiAKIAAWHKA MOXKHA 3HAWTH 3 PO3B’S3KY
BIZITOBITHOT 3a1a4i.

B Oarathox BuIagKax peanbHI CHCTEMH MallUX
YaCTHHOK, pPO3TAllOBAaHMX HAa  MiIKIaAIi, MOXHA
pO3MIISIIATH SK CHCTEMH OJHOPIAHUX KyJb IOOIU3Y
HAIIBHECKIHYCHHOTO CEepelOBUINA. Takuil po3risig €
3aCTOCOBHHM Y THUX BHUIIaJKaX, KOJH PO3MIPU YaCTHHOK
Ha0araro MeHII 3a TOBHIMHY MiAKIAIWHKH, IO
3BHYAiHO W Mae MiCIe TOZi, KOJNM NpAIiOIOTh 3
HaHoYacTHHKaMU. OCKITbKA MU IIKAaBUMOCS BIUIMBOM Ha
OINTHYHI BJIACTUBOCTI YACTHHOK CaMe MiJIKJIaJUHKU 1 He
[IKaBUMOCSI BIUIMBOM IHIIMX (CYCIZHIX) YacTHHOK,
OynmemMo Hajami pO3TISAAaTH MOJAEIBHY CHCTEMY, IO
CKJIaJIa€ThCsl JIMLIE 3 €AMHOI OJHOPIMHOI Ky paniyca
R, posramioBanoi B 0{HOPiJHOMY HaliBHECKIHYEHHOMY
CEpeZIOBUIII TOOTU3y OJHOPITHOI HAIMIBHECKIHUCHHOT
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M — ToUKa CIIOCTEPEIKEHHS

Puc. 1. Kyns no6iusy nifkIaguHKY B OJHOPLIHOMY 30BHilIHbOMY 1ol E

migkiaaguakn (puc. 1). IToje MoOHOXpoMaTHYHOT XBHJIL
_ i(kr—ot)
E=Ege ,
R <<\ (A — noBxuna XBuIli) Maike HE 3MIHIOETHCS B
00’eMi Ta okoJii yacTUHKU, ToMy ontudHi (A ~300 HM)
BnactuBocti HanovyacTuHku (R ~10 HM) MoxHa

OTpuUMaTu 3 CJICKTPOCTATUYHOI'O HaGJ’II/DKeHHH, TOOTO
po3rigaaroiun CUCTEMY B O,HHOpi}_'[HOMy

eJIeKTpOCTaTHYHOMY IoJii HanpyxenicTio E, .

SIKa OCBITIIIOE CUCTEMY, 3a YMOBHU

Hexail €, €, Ta €& € JieNneKTpUYHi MPOHUKHOCTI

BIJITIOBIZTHO KyJTi, OTOYYIOYOro cepeaoBuiia (ambient) Ta
migkiaaguHky (substrate). [ToreHnian Y pe3ybTyH0HOro

mojlsl B HAIid  MOJENBHIM  cHCTEMI IOBHHEH
3aJJ0BOJIbHATH piBHsHHIO Jlamuaca Aq}(r):O Ta
CTaHJAPTHUM TPAHHYHUM YMOBaM
i j
i j oy’ oy 1
vo= oy, s — = g—, (D
%i on; ° ° On;
BIZIMOBITHO BCEPEAMHI Ta Ha MEXIi 001acTel 0TOUyHUYOro
cepenoBumia (obmacte [), kym (obmacte II) Ta
nigkiaaguakn (oonacts [I1). Tyt — JieneKkTpu4Ha

NPOHUKHICTh PEYOBHMHU, IO 3aIOBHIOE i-Ty 00macth (i
=[, 1I, III), \Vi — TOTEHINaNl Pe3yNbTYIUOro Mo B
o0acti i, a CUMBOJIOM G IO3HAYCHO CIiIbHY MEXy
noiry obnacrteit i Ta j.

Bynemo mrykatm po3B’s30K Hamioi KpaiioBoi 3amadi y
Bursii [10]

W[ = \thexl + ‘“Ij:( + W; = _EOr + ZAlmFlm (c ) + ZA{mEm (c 520_]‘[51 JCI10
Im Im

; 2
“VH = ZBlmGlm (c) ’

Im

3)
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1

mo_ _
Vo= “Vext + \Vind -

—Ejr+yy' + Y CFa(e), 4

Im
1

m _ '
Ve = —Eqr +y —
soBHimHboro nois E, B orouyrouomy cepenosuii Ta

!

EO
BCEpEanHI
"3a10MIIeHHS"

e Ta IOTEHII AT

BCEpeInHI M IKIaIAHKA BIITOB1AHO;

30BHIIITHBOTO
i
(E, #E,

™ . . 11 9]
CHJIOBHUX JIIHIM Ha MCEX1 Hl,I[KJIaI[I/IHKI/I); \VO — CTajuu

HaTpy>KeHICTh TOJISt

M AKITaJTHKA BHACIJIIIOK

: I o .
BHECOK JI0 NOTEHIIany \,,, , 1O IOB’si3aHui i3 BUOOpOM

MOYaTKy BIJUIIKy KOOpJMHAT; \|III( = ZAlmFlm (c) -

Im

. I -
BHECOK JI0 TOTeHHianmy \ , OOyMOBIEHMIi moJeM
. . : 1
iHIyKOBaHUX 3apsfiB  Kymi; Y, = ZA{m E.(¢') -
Im

I IKJIa IUHKY;
11

U

BHCCOK
1

\Vind

IHIYKOBaHHUX 3apsiiB

=chmFlm (c)

Im
IHAYKOBaHMX 3apsAfiB Kyldl Ta MiIKIaTUHKH Pa3oM;
_ _ 1 .
E, (l‘) =r Y, (E) a G, (l‘) =rY, (E) — KyJIbOBi
TapMOHIKH, PETYJSPHi, BIAMOBIIHO, HA HECKIHUCHHOCTI

Y,

Im

BHECOK [0 BI

Ta B HYJIEBI; £) — cdepuuna dyHKIis, HOpMOBaHA
y Y y P

CTaHAAPTHUM 4ruHOM [11]; £= r/ I — OIMHUYHUIA BEKTOP
B HaNpsAMKy I'; BEKTOpH C=r—T,, ¢'=r-r,, r, ta
I, mokasao Ha puc. 1.

incraBisitoun posknanu (2)—(4) B rpannuHi ymosu (1),
IPOMI3IIKHX TIEPETBOPEHb OTPUMAEMO

i
Bupasu it BemmumH A, B, C. Ta Yy, uepes

Im > Im >

koedimientn A a TaKoXX CHCTEMY pPiBHAHB [UIA

Im >

3HaXOJPKEHHSI CaMHX Koe(ilieHTiB Alm :
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m _ a o l+m €, — &
v, =|1-—"[E,h,, A}, —(_1) Ay
g, €, +&,
2¢,
CIm = S Alm b
€, +&,
Im Im _
Z{ 1;m, llml}Alm - Ullm1 ’ (5)
Im
me E, - z-xoopmmnara sextopa E,; h, — Bucora

MoYaTKy BiJTiKy KoopauHat O HaJl MiJKIaANHKOIO;

Klm =(-1 l+m €, — & a TllmlF r—r ’
1ym; ( ) . + Ss I, “lm LM( K K)
l(e—¢ /
al = ( a) R21+1 , Ulm = ﬂalEg,S: )
le+(1+1)e, 3
(6)
T =) 2

QL +1)Q2L+1)

1/2

§ (L +M)!I(L - M)!
(+m)!(1—m)!(l, +m,)!(l, —m,)!

J“;“Em; &), O

Im _ gl ¢m
Iym, :6116m1

Kpomekepa, /; =0, 1,2, ... ,my=—1, .., I;, L=1+1,

Ej =

0araToiHIEKCHUI CHUMBOJI

M=m-m,, a cuMBoJIOM * MO3Ha4YEHE KOMILICKCHE

CTIPSDKEHHS.

Cucrema JI03BOJIIE  OOYHCIUTH

A
IHIYKOBaHMUX 3apsiB KyJii 1 TOMY € OCHOBOIO JJIsi
OOuMC/IEHHS TeH3opa IojspusoBHocti & Ky,
KOMIIOHEHTH $KOT'0 BHSBISIOTHCSA IMPONOPLIHHUMHU 1O

A, (I=1, m=-1, 0, 1) [12]:
47

PiBHSIHB

)

MYJIBTHIIONBHI  KOE(DIillieHTH po3Kiagy Imojs

Im

m
m;

Im —

A EM. (8

I11. [To1spU30BHICTH Ta ONTHYHI
BJIACTHUBOCTI KYJIi

B numonsHOMY HaOMMKEHHI, TOOTO BIAKHIAIOYH BCi
yienu 3 [>1, 3 (5) Ta (8) MoxkHa oTpUMaTH

a
a™ = 1 o, (9
m] +n 8a _85 al " ( )
g, +e, (2h)3
1, m=%+1
e M, = 5 me0’ a h € BUCOTA ICHTPY KyJi Haj

migkraguako0. OTxe, B oOpaHill cucTeMi KOOpIUHAT
(muB. puc. 1) TeH30p MONAPU3OBHOCTI Kyili Mae
JiaroHaJIbHUI BHTJISIII, MPUIOMY KOMIIOHEHTH

1 _ -1 :
o, =0, =0 Ky

1

OMHUCYIOTh  TMOJIAPH3AIIi0 B

: 0
HallpsIMKY B3JOBX [MAKIAAWUHKHU, a (X,O = B
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HaTpsAMKY HopMam mo migkraguake [12]. Bupas (9) €

OCHOBHUM Ui  TOJAIBIIOTO  BHUBYEHHS  BIUIMBY
MIAKIAAWHKA, SKAH MOXKHA IPOBECTH aHATITHYHO abo
yucesbHO.  Hibkue MM BUKOPHCTaeEMO  OOMBI
MOJKJTMBOCTI.

1. Inst oTpUMaHHS NESIKMX aHATIMUYHUX PE3YIIbTATIB
BB2XATUMEMO, 110 KyJIs 1 MAKIAANHKA MAIOTh YaCTOTHO-
3aJIeXKHI JIeNEeKTPUYHI NMPOHUKHOCTI JIOPEHIIEBOTO THITY
[9] (immekcoMm s TIO3HAYEHI BEIMYHHHU, IO CTOCYIOTHCS
T KT IMHKH )

2

o,
W, —0 —1yo
o,
g (0)=1+— — ,  (10)
(DOS_(’O _IYS(D

a OTOYYIOYHMM CEPEOBHIIEM € BakyyM abo po3pimkeHi
rasu (€, =1). B ubomy Bumazxy 3 ymosu o, ) —> ©

res
(v=v,=0)
3HAaX0MMO 3 (9) pe30HaHCHI YaCTOTH IOTIIMHAHHS CBITIa
KYJIEO:

B  HaONIMKEHHI MaJIor0  3aracaHHs

; an

~2 _ 2 2 ~2 __ 2 2
ne 0, =w, + o, /3, 0y, =0, +©, /2,

X, Enm[R/(2h)]3. 3 Bupasy (11) Gauumo, mio, Ha

BiIMIHY BiJ TIOOIMHOKOI KyIi, sIKa Mae€, sK Bigomo [9],
enuHU  (QPHONIXIBCHKUI)  OWIIONBHUM  PE30HAHC,
posTamioBaHa MmoOIu3y MiAKIAIUHKA KyJsi Mae YOTHPU

. + . .
pesoHanci gacrtotu (M, ), , WO BiAMOBIZAIOTH 3HAKAM

"+" abo "-" nepen xopenem y (11) Ta 1BOM 3HAuUCHHSIM
m=0, £1. CxemMa po3TallyBaHHA pE3OHAHCIB IO

. ~2 ~2
BIZJTHOIICHHIO 10 4aCTOT O‘)O Ta O‘)Os HaBCJICHA Ha pUC. 2.

o’ A

Puc. 2. Po3raiyBaHHs pe3oHAHCIB @, Ta @, 3TiIHO
piBasHES  (11).
pe30HaHCYy IIOKAa3aHO CXEMAaTH4YHO JUIS OJHiel

PosmemieHHss  0HOYAaCTHHKOBOI'O
3

KOMIIOHEHT moJsipu3oBHocTi (o a6o o). JIns inmoi

KOMITOHEHTH SIKICHMH XapakTep PO3LICIUICHHS TaKui
caMui, ajie 3 IHIIOK BEJINYNHOIO KBaJPAaTHOTO KOPEHS

\/_ 3 piBasHEA (11)

Hai, PO3TILIAYBAHOTO  HAMU
JIOPCHIICBUX TCIEKTPHIHHIX byHKIiH
HOJISIPU30BHICTH (9) MOXKHA 3anKcaTy y BUIIISAL

ISt BUIIA/IKY

(10)
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Puc. 3. E¢extuBnocti Q,,,, O, PO3CITHHS Ta NOTJIMHAHHS CBITJIA KYJEIO i3 3070Ta pagiycoM R =20 HM Ha IiIKIami

3 apceHiny raiiro y Bakyymi. [IlyHKTHpHI Ta INTTPUX-TIYHKTHPHI KPUBI — MO3IOBXKHI Ta OMIEPEYHI BEITMYNHA BiIIIOBIIHO,
CYLUTBbHI KPHBI — Ta K KyJIA, ajie 0e3 MiIKIaaKH.

2 _
am =R f + i
m 3 (0)+)2_0)2 (0)—)2_0)2 >
m m

(12)
+ _ (('0;1)2 — d)és
" (0,) —(w,)’
Gl (O SN
" (0,) —(0,)

3 onwsy Ha te, wo f +f_ =1, senuunnn f, Ta

f  MOXXHa IPSAMO TPAKTYBATH 5K CHJIH OCLHIISATOPIB MOJ

®, Ta ®, BiANOBiAHO, a mosApu30BHiCTH (12) — 5K

m

BHECKIB IIMX JBOX MOJI.

gactora ®) a6o ©

pe3yIpTaT  CYMEepIIO3MIii

3ayBaXuMo, IO  SKIIO

m

po3TalroBaHa HO6J'II/13y H4aCTOTH 6)05 N TO cula

OCLIIISITOpa BIANOBIAHOT MoaM 3rigHO (13) BUSBISETHCS
MaJIol0 i, OT)KEe, caMa MojJa — ONTHYHO HEAKTHBHOIO.
Bupasu (13) 103BOJISIOTE, TAKUM YHHOM, BU3HAUUTH, SIKI
3 YOTHMPBOX 30YIKyBAHMX PE3OHAHCHUX MO Kyl
(m=0, £1) e
CIIOCTEPIraTuCs B €KCIIEPUMEHTI.

2. Bupas (9) Moxxe OyTH BUKOPHUCTAHUH TaKOXK IJIS
NPOBENICHHS  YUCEeNbHUX  PO3PAXYHKIB  ONTHYHUX
BJIACTUBOCTEH Majoi Kymi MoOnmM3y WiAKIaAWHKA 3a
Bitomumu  Qopmynamu  [9]. Tlpu wupoMy MoxkHa
BUKOPDHUCTOBYBATH BEJIWYMHH &, €,, &  OyIb-sKOro

ONTUYHO AaKTUBHHUMHU 1 MOXYTb

N
BUIUISLY, BKIIOYAOuM peamictuui. Sk mpukiman, Ha
puc. 3 HABEJICHO pe3ynbTaTH PO3PaxXyHKy
edexTuBHOCTEl po3cisHus Q.. Ta mormuHamEs Q.

CBITJIa HAaHOYAaCTHHKOIO 30J0Ta paxiycom 20 HM, II0
JeXUTh Ha MIAKIAAWHINI 3 apceHimy ramiro. Posmip
YAaCTHUHKH 1 KOMOIHAIIO MaTepiajiB B3ATO 3 podoTu [13],

a Bemmuuen €,,(A) Ta €5,,,(A) — 3 [14]. Sk BugHO 3

puc. 3, WiIKIaAWHKA pPO3MICIUIIOE 1 JIEM0 3CyBae
PE30HAHCHY 4YacTOTy KyJi, a TaKOoX Maibke BIBidi

36imbInye edexrnHocTi Q. Ta Q.

IV. BucunoBkn

[pucyTHiCTh MiAKIAJANHKA KapIUHAIBHUM YHHOM
BIUIMBAE Ha OITHYHI BJIACTHBOCTI MaJIOi YaCTHHKH.
Bzaemoniss 3apsaiB, IHAYKOBaHMX B YacTHHII Ta
MIIKIaAMI T0JIEM eJIEKTPOMArHITHOI XBHIII, TIPU3BOIUTH
IO PO3IICIUICHHS PE30HAHCY KYJISACTOI YacCTHHKU Ha
yomupu pe3oHaHCH. [loNOKeHHST Ta IHTCHCHBHICTh
HOBOYTBOPEHHMX PE30HAHCIB BH3HAYAIOTHCS PO3MIPOM
YAaCTUHKM Ta 11 BIJACTAHHIO BiJ MOKIAAKUA, a TaKOX
KOMOIHAII€I0 JIeeKTPUYHNX MPOHUKHOCTEH YaCTHUHKH,
MIAKIAIKH Ta OTOYYHUOro cepeloBhina. Pe3oHaHcH,
YaCTOTH SKUX Majo BIAPI3HAIOTBCA BIA YaCTOTH
63055[0)(2)5+0)§5/2]”2, o

BHU3HAYAETHCA JIAme

napaMeTpamMy  MiAKJIAJK{, BUSIBISIOTECS — ONTHYHO
HEaKTHBHHMH. BIDIMB MiAKIaIMHKH HPH3BOIUTH, KPiM
TOTO, A0 30LUIBIICHHS MOTJIMHAHHA Ta PO3CISHHS CBITIa
YaCTHHKOIO.

T'oscenko B.B. — monoowutl HayKosuti cnigpooimHux,
I'peuxo JI.I. — O0okmop @izuko-mamemamuyuHux Hayx,
nPOGIOHUI HAYKOBULL CRIBPODIMHUK;

JImumpyk M.JI. — 0okmop QizuKo-mamemamuyHux Hayx,
npPOoGIOHUIL HAYKOBULL CRIBPOOIMHUK,

Cemuyk O.FO. — kanouoam @izuxko-mamemamuyHux
HayK, Cmapwutl HayKoguil cniepooimHux
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Optical Properties of a Small Sphere near a Substrate
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Substrate influence on the optical properties of a small spherical particle is considered in the electrostatic
approximation. A set of equations for solving the multipole coefficients of the electrostatic potential expansion is
derived for a model system of a homogeneous sphere placed in a homogeneous external electric field near a semi-
infinite substrate. In the dipole approximation, the polarizability tensor of the sphere is obtained, and the substrate
effects on the optical spectra of the sphere are analyzed.
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