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MeTomoM Ge3MeKHOro POraTyKeHOro IHTerPaTbHOT0 Opoby nia pospaxyHky dymkmii ['pima
BUBYEHO €KCUTOH—(OHOHHY B3aEMOIII0 y CKJIaIHIl cdhepuuniii HamorerepocTpykTypi. OTpumano
TOYHWH QHAJITUYHUN BUpPa3 /s MACOBOTO OMEPATOPa KBAa3IYaCTHHOK, IO B3aE€MOIIIOTH 3 yCiMa
BiTkamu (PoHOHIB cucTemu. Busnadeno npuaunu HestiHiitnol 3a1exsoctu Big ToBuuau mapy 3-HgS
IIJTsT 3CYBY OCHOBHOTO PiBHSI €HEPTil €KCUTOHA BHAC/ILIOK B3aEMOIIL 3 MOIAPU3AMIHHIME (POHOHAMK
y cdepuuniit nanorerepocucremi CdS/3-HgS/H»O.

Knio4oBi ciioBa: ekciron, GOHOH, B3a€MOIis, HAHOTeTePOCTPYKTypa, dbynkmia I pina, macopuit

OTepPaTop, PO3TaayKeHnit inTerpaabumit gpi6.

PACS number(s): 63.20.Ls

I. BCTVII

[TepcmekTuBE 3acTOCYBAaHHS HAIMIBIPOBIIHIKOBAX e~
TEPOCUCTEM Yy HAHOEJEKTPOHIIl, JIa3epHili TexHili Ta
IHIMMUX TaJIy3AX € MOTYXRHUM CTUMYJIOM IO BUBUYEHHS
disnunmx gBumy HUX. EXCepuMeHTaIbHO i TEOPETUIHO
HaROIIBIN JOCITIMKEHl KBa31ABOBUMIPHI ILJTOCKI HAHOTEe-
repocrpykrypu [1, 2] Ta xBasiomHoBuMipHi (KBaHTOBI
aporn) [3, 4].

Bupuenuio chepuaHIX KBAHTOBUX TOYOK MTPUCBIIEHO
MEHIITe TIPallb. X0Ya CIIEKTP eJIEKTPOHIB, JiPOK Ta eKCH-
TOHIB BUBYAJIN /11 TAKUX CHCTEM 1 €KCIEPUMEHTAIHHO
[5], i Teoperuuno [5-8]. B mepeBamiit GisbmocTi TEO-
PETUYHNX TIpallh B3AEMOIIII0 JIEKTPOHIB 3 TTOJISIPU3AITiii-
HuMu (POHOHAME He BpaxoByBasu. [ljis mpocTol HaHO-
reTePOCUCTEMHU, AKA CKJIAJAETHCSA 3 HAIBIPOBIIHUKO-
BOI KYJIbKH B [[i€JIEKTPUYHOMY CEpPEIOBUIIi, OyJsa po-
3BUHY T TEOPis eJIeKTPOH—(POHOHHOI B3a€MOIii B HAO V-
KeHHl e(peKTUBHOI Macu O/ €JIeKTPOHA 3 BUKOPUCTAH-
HIM MOJMEeJTIi JieJIeK TPUTHOTO KOHTUHYYMY TOJISIPU3AILiii-
HuX (DOHOHIB. [JId CKJIAIHUX TETEPOCUCTEM 3 KiJIbKOMA,
pi3HEMEI mapamMu HOmiOHA Teopisa He po3pobJieHa, X0da
OCTaHHI peasizoBaHi ekcrnepuMeHTaabHO [10].

Harmmoro MeToio € BUBYEHHsT eKCUTOH—(pOHOHHOI B3a-
emonii B ckmammiii cdepnuniii rerepocucremi CdS/S-
HgS/H20 ta pospobka meromy 6Ge3aMe:KHUX PO3rasy-
JKEHMX IHTerpajbHuX HAPOoOIiB K MaTeMAaTHIHOrO ala-
paTy na pospaxynky dbyskmiii [ pina kBasivacTurox y
CKJIQJHUX reTepocucTeMax. Buznaummo BeTmanny mepe-
HOPMYBaHHs (POHOHAMU €HEPril OCHOBHOI'O CTAHY E€KCH-
TOHA Y JIOCJIKYBaHIl HAHOTETEePOCUCTEM].

II. TAMIJIbTOHISIH EKCUTOH-®OHOHHOI
B3AEMO/III ¥ COEPUYHIN
HAHOTETEPOCHUCTEMI CdS/3-HgS/H,O

Posrisimemo cdepnuny Haworerepocucremy CdS/3-
HgS/H,0, sika xapakrepusyerbCs HapaMerpaMu, Ha-
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BenennMu B Tabsuni. Exepris E i xBuiaboBa (yHKIIisT
¢(r, 7)) EKCUTOHA B OCHOBHOMY CTAHI y HAOJIMKEHHI
edeKTUBHUX MAaC IJIs eJIEKTPOHA 1y 1 OipKu mp po3-
paxoBani B mpaui [10]. Cunexkrp i BekTOpU nOJspU3aLii
OOMEeKeHNX ONTUYHUX Ta, iHTepdeiicHnx (HOHOHIB y MO-
et JieJIeKTPUTHOTO KOHTUHYYMY OTPHUMAaHi OJI Takol
cucremu B [11].

Bpaxosytoun Bimomnii 3 [11] moTeHmisi mosist mosisipu-
3aliii, AKe B3aEMOIE 3 eKCUTOHHUM EJIEKTPOHOM i Hip-
KOIO, Ta [epPeBONAYd IaMiJIbTOHIAH eKCHUTOH—(POHOHHOI
B3a€MO[ii B 300parkeHHsI BTOPUHHOIO KBAHTYBAHHS 33
BCiMa 3MiHHUMY, OOEPKNMO TTOBHUI raMiTbTOHISAH y BU-
IOl

H=H, + th + Hins. (21)

laMiTbTOHISTH €KCUTOHIB B OCHOBHOMY CTaHi
H,, = Ei*a (2.2)

3 eHeprieio
E=FE} +E} (2.3)
h e? h
€ e
- <wlswls m‘ ¢lswls> + E!]a

ne F, — mmpuna 3abopownenoi zoum 3-HgS; fs,Elhs —
eHeprii OCHOBHUX PiBHIB €JIEKTPOHA i JIIPKHU, BiApaxoBaHi
BiJl IHA 30HU MPOBITHOCTH i BEPXY BAJIEHTHOI 30HU, BiI-
noBinHO; 41,4 — OmepaToOpM TMOPOIXKEHHA i 3HUINCHHS
€KCHUTOHHOTO 30yIXKEeHHsI DO30HHOTO THITY .

OCKIZIbKM B S-CTAHAX 3aPAOKEHI YACTUHKMI He B3ae-
MOZIIOTD 3 inTepdeiicaumu dononamn [9], To B Hpj, Bpa-
xoBaui sinmre obmexeni LO-dounonu, i romy 3riguo 3 [11]
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Puc. 1. [disrpamue 300paXkeHHsI MTOBHOTO MAaCOBOTO OMEpaTOpa KBAa3IYaCTUHKM.

Kpucran| p | me, mo | mn, mo| a,A E;,eB|V.,eB|V,,eB|Qr,MeB| 0 | €xo
CdS (0) 0.2 0.7 5.818 | 2.5 3.8 6.3 57.2 9.1 | 5.5
B-HgS |(1)| 0.036 | 0.044 [5.851| 0.5 5.0 5.5 27.8 18.2111.36
H,0 [(2)] 1 ~ | — | — 115 | o 178 1.78
Tabsuns.
1 o] 1
_— ALs
=3 3 0 (B +3). (2.4
e Qo i 2y — eneprii oomexennx onruwaaux (ououis CdS i -HgS Binmosinuo; b/\p, b — OTepaTopy MOPOIKEHHST i

3HUIIEHHA (POHOHIB y P-CTaHi A-IO CEePemOBUIIA.
laminbToHIsTH ekcuTOH—(OHOHHOI B3aeMO/Iii

Hint = Z Z ox(p)ata(by, + bap) (2.5)

A=0 p=—00

MicTuTh GyHKIII 3B’s3KY, ABHUI BULJIsAI SAKUX 3aJI€KUTh Bill CIIBBIIHONIEHb MK €HEPrisiMA OCHOBHOI'O CTAHY €JIeK-
tpora (mipku) i pismwni moremmisaiis mux wactuaok y CdS rta §-HgS. V sunanxy, xomm 0 < Ef, < Uf — U§,
0< El'LLS < Ul — Uk, byuxnis 3p’asky excurona 3 LO-domonavu CdS mae Burs

2Q) 1 1 g h2(keR, h2(khR
) =[R2 (- o) [ ) (e G g, (2.6
Ry €x0 €00/ Jo  Tpp Ve VCy

a ¢yukiia 38’a3ky 3 LO-dononamu [-HgS —

_ [EQn (L 15 [ sin(mpp) <f2(kfRop B f?(k?Rop>
(251 (p) - \/ RO <5001 501)6/0 TP \/CTe \/CTh dp7 (27)
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f(k{Rop) = (k{Ro) ™" {a sinfk{ Ro(1 + dp] + fe cos[k{ Ro(1 + dp]}, (2.8)
ae = sh(kgRo)[cos(k{Ro) + ki Ro sin(k{ Ro)] + — cos(ky Ro)[kg Roch(kgRo) — sh(kgRo)], (2.9)
0
,63 = Sh(k‘SRo)[k(fRo COS(k‘fRo) — Sin(k‘fRo)] + % Sln(kiRo)[Sh(k‘SRo) — k‘SRoCh(k‘SRo)] (210)
0
Koncranra HopMyBaHHst
C. = sh(2k§Ro) 14 Vi (ki R1) (KT R1) + [vi(Kf R1) + kf Riv2 (K R
T 2k§Ro (kf Ro)? (ks Ro) (kf Ro)? (kf Ro)
i (kf Ro) + [v1 (k{ Ro) + k{ Rovy2(k{ Ro)] " Y1(kf Ro)[v1 (kf Ro) + ki Rova (ki Ro)]
(k{R1)? (k{Ro)*
Yi(k{Ry) + [vi (ki R1) + k{Rivy2 (ki R1)]
e 3 e ? (211)
(kl RO) (kl Rl)
e
Y (kfRo) = Qe Sin(k‘fRo) + Be COS(k‘fRo), (212)
Yo (ki Ro) = Be sin(k{ Ry) — . cos(k{ Ryp), (2.13)
ke = [ 2malE = U5) e [2mi(E° = UF) (2.14)

h2

B obnacri emepriit, ne US" — US" < Elejg, y dopmy-
sax (2.6)—(2.13) morpibHO 3pobuTH 3aminy ko — iko, a
B 06sacti |E, | < |US"| — saminn ko — iko, ka — iks.

OcCKi/IbKY 30BHIIIHIM CEPEIOBUINEM I€TEPOCUCTEMU €
niesektpuk HoO, TO B HBOMY Eo02 = €02, 3Biacu ¢o(p) =
0, TOOTO eKCUTOH He B3aEMOIIE 3 TO3TOBKHIMA (DOHO-
HAMW CEPEIOBUIIA.

Orke, MOBHUII TaMiJIbTOHISH €KCUTOH—()OHOHHOI CH-
CTeMW BU3HAYEHMIA, MO NTA€ 3MOTY PO3PAXYBATH MEpe-
HOPMYBAHHSA TOJIAPUBAIINHIME KOJTUBAHHIAMU €Hepril
€KCUTOHA.

III. 30BPAKEHHS KBA3IYACTHUHKOBOI
®YHKIIIT TPTHA Y BUTJISIOAI BE3SMEXKHOTO
PO3TAJIV2KEHOTI'O IHTEI PAJIBHOT'O IIPOBY

CrekTp excuTOH—(OHOHHOI CHCTeMHu, IO Horo omnu-
cye ramisbrodisin (2.1), MOXKHA BHU3HAYUTH METOIOM
bynkmiit ['pina. [I71g 10T0 PO3IVISHEMO GiIBIT 3araTh-
HI TaMiTbTOHIsIH, KU OMHUCY€E CHUCTEMY Oe3CIIiHOBUX
KBa3i4aCTUHOK, sIKi B3a€MOIIIOTH 3 (P)OHOHAMU IIPH LyKe
Hn3bkux remneparypax (T = 0 K). Taminbronisn Takoi
CHCTeMU y 300pakeHH] I1cesT 3aTOBHEHHs TmoBmii [12—
13]:
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h2

H=> eyppafac+ Y or(@af, am(bgr +b7,)
K

Aa.k
+ 3 Qaa(bdybax +1/2), (3.1)
Aq
ne Fyx — 3akoH ancrnepcii KBa3ivaCTUHOK; a: 1ak —

orrepaTop’ MOPOIKEHHs i 3HUINEHHS, SKi 33/I0BOJIHHSI-
OTh KOMYTAIIifiHi 91 aHTUKOMYTAIIiliHi CITiBBiTHOIIEHH A
3aJIEKHO Bif CTATUCTUKY KBazidacTuHOK ((hepMionu uu
6osoun); (g — 3akoH mucmepcii ¢oHOHIB Tinkm A 3
KBasiiMmymbcoM (; bq)\ i bgn — oneparopu G0O30HHOTO
tuny; ¢a(q) — dyuknia 38’sa3Ky KBa3idaCTUHOK 3 (HO-
vonamu (A =1,2,...,7).

Ilisi BUABJIEHHS CHEKTPA KBAa3iYaCTHHOK, MEPEHOP-
MOBAHOTO B3aEMOIIEI0, HeOOXimHO BusHaUNTH Dyp’e—
so6paxennsa ool @I G(k,w’). Voro susmauae pis-
uanna Halicona (h = 1)

G(k,wl) = {wl —Ebfk — M(k,w’)}_l (3.2)

4yepes noBuuii Macosuii oneparop (MO) sk cykynuicTb
ycix HesBigHux misrpam Qeitnmana. s Toro, mob oT-
pumaru 300paxents MO y Burjsmi 6e3MexxHOTO pO3Ta-
JIyZKEHOIO 1HTerpaJsibHoro aApoby, fk i y [14], maaoemo
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Bci misrpamu MO He mpocTO y MOCTIIOBHOCTI 36i/Th-
IMEeHHsT KiJTbKOCTU BEPIWH, a 3TPYMYEMO iX 3TiAHO 3
IBOMa BaxK/MBUME o3HakaMmu (puc. 1): pumcbki mudpu
3BEPXY B3aAI0Th MOPSNOK CTEMeHs KBAAPATA MOIYJIA

3riggo 3 mpaBuiaMy 3iCTaBjeHHs OisrpaM 3 aHaJIi-
TuaHUMY Bupasamn y texuini [Maitaca [15] (e Bike BUKO-
HAHO IHTErPYBAHHS 33 BCIMa MPOMIKHUMM YACTOTAMHU),
JisirpaMa, 1o BpaxoBye Juire oaHOo(MOHOHHUI mportec,

dyHKLj 3B’13KYy, apabchbki nudpu IpaBopyd — MaKCH- A€

MaJIbHY KiJIbKICTh (POHOHHUX JIiHIN, sIKi TPOXOISATH HAJT

OfHi€I0 3 KBA3IYACTUHKOBUX (CYUiIBLHWX ) JTiHi y misrpa-

Max Ha3BaHOI rpymnu. Apabebka nudpa n OOHOYACHO 3a-

JIa€ MaKCUMaJIbHY KiJIbKICTh BipTyasibHUX (POHOHIB, IO

0epyTh y4acTh y TPOIECAX B3AEMOii, Ky ONHUCYE 3ra- = Ml(l)(k,w’ ) = Z
Ianuit Kjac giarpam. A

|62, (a)I?

)
W —ek—q; — Qa1

(3.3)

nmisrpamu knacy (II), mo omucyrors nBoGOHOHHI IPOUECH NEPHIOrO IOPIAKY 3a KBAIPATOM MOMYJIs (ByHKILH
)
3B’A3KY,

-y |67, (a1) P12, O 1 1
Aar (@ = exk—ar = Ma) (@ = ek—qi—as = D — Drogs) (W —k—qr — Dvar - @ — Ek—qo — Do
A2q2

Awnanizyouu ysech kiiac gisrpam (II) (puc. 1), nepexonaemocss (BUKOPUCTOBYIOYU PO3KJIAJ Y Psifl P€OMETPUIHOL
nporpecii), mo BCo 6e3MeKHy CyKyIHICTh MifrpaM, sKa BPAXOBY€E ONHO- 1 ABOMOHOHHI NPOLECH, MOKHA OTPUMATU

2
MIJISIXOM TIEPEHOPMYBaHHSI €HEPreTUIHOr0 3HaMeHHuka, onHodononHoro MO. TobTo nBodonorumit MO M1( )(k,w’ )
samaioth misrpamn kaacy (IT) (pue. 1), axkum BimnmoBinae anamiTHaHMii BUpa3

|éx, (a1) A

M (ko) = , (3.4)
/\12611 w' = €k—aq1 — Q)\lch - M1(2) (kawl)
MY (k, Z |¢i\2 a2)|? Az (k;w's Aisdi; Aos q2) | (3.5)
Asqs W = fk—aqi—qz Q)\lch - Q/\1612
- —0
A =1, Ak A Aaz) =1+ w, Tkoar e (3.6)
W = €k—q2 — Q)\qu

IIpomemypa mepeHOPMyBaHHS € YHIBEPCAJIBLHOIO i CIPABENJINBOIO ¥ OYIb-IKOMY TOPSOKY 1. 3ACTOCYBABIIH ii, OTPHU-
MYIOTh TouHe 306pazkents MO y BUrisam 6e3Me:KHOrO pO3TaIyKEHOroO iHTer pajJIbHOro TiLIACTOro (OCKIILKA CyMu
32 XBUJIbOBUMU BEKTOPAMHU PO3IVILIAIOTH sIK BIANOBinHI iHTErpasm) npoby

loa, (an) > Ay

2) !
MP (k)= 3.7
1 (kW) -5 [$r0 (a2)|® A2 (k;w ;A 15q15)2592) (3.7)
Atar , A202 W' —Ek_q; - 592 Q/\1<11 Qxyap —o—
W —ek—q — Ma s ¢ (an) I An (0 s A1301302:025 -5 A0 3Gn )
ndn w’ 751‘7 ln lq 721 1QAlql
KoedinienT A,, BU3HAYAETHLCSI BUPA3OM
!
Ap(k;w's A di; A2; 255 A ) = 1
! n—p
w _‘gk—Z"’p - Zl:l Q>\lqz
1=
+ § H = (3.8)

— & P n "
s=1p=1 Z q’+21=1 q"+p(s+1)_21=1nkzqz+21=1 X o= (s ) D fp—(s+1)
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Y Bunajaxy, Kou (DOHOHHA CHCTEMa MA€ JIUIIE OIHY
riniky xosmBanb (A = 1), MO (3.7) i koediuientn A,
(3.8), Ak i moBuHHO OyTH, 30iralOTHCA 3 BIANOBIAHUMI
BupasaMu npaii [7], BUSHAYEHUMHU [1J1s1 TAKOI MOZEJIL.

Otrxe, dopmynu (3.2), (3.7), (3.8), mo cyri, € TOU-
HIOM PO3B’SI3KOM 3a/1adi MPO BM3HAYEHHST aHAJITHIHOTO
Bupasy mia Dyp’e—3o0pazxkenms nosmoi ®I cucremm
KBa3i4aCTUHOK, IO B3AEMOIIIOTH 3 (POHOHAMM, sIKi OIIM-
cye ramisibronisn (3.1). Y upomy sBunaaxy G(k,w') Bin-
mykano y suriani BPII 3 awmasitnano BU3sHaUeHNMNI
riJIkaMy AOBIJIBHOIO M-ro HopAnky. fAxmo x ¢doHOHHA
cucrema Mae juiie onay rinky (A = 1), ro BPIII Bupo-
IIKYETHCS y DE3MEXKHUI iHTer paJIbHII JTAHITIOTOBUH apio
[14]. XapakTepHa 0cobauBicTh 306paxkenHs (3.7) Ta, mo
B TiJIKax HOBLJIBHOIO M-rO HOPsAOKY (yHKIIl 3B’A3KYy €
mume y suraami [y (q)|?, a He B crenensax DOBiLTHHUX BH-
COKUX TOPSNKIB, K Y Tpamuliitunx pagax Peitnmanin-
CHbKOI TeXHiKH.

Opnorunnicts crpykrypu MO (3.7) mae 3mory nopis-
HSHO MPOCTO CKJIACTH AJITOPUTM HOTO PO3PaxyHKy Ha
EOM, sxmo 3amami 3aKOoHW INUCIEpCil KBa3ivacTMHOK
(Ex), donoHiB (hq) 1 dyukuiit ixaboro 38’a3Ky (Hr(q)).
[Ting wac rakux pospaxyskis mosaoro MO nmorpi6HO 06pU-
BaTU TIKK Apo0y Takoro mopsaky (n), axuii 3abesrme-
Yy€ DOCTATHIO TOYHICTH. 3PO3YMIJIO, IO YUM OLIBIIA
B3aemonia |y (q)|?, Tum Gimbmmit nopAnoK N MOTPIGHO
BpaxoByBaTu. OmHAK, HABITH y BUOAIKAX, KOJHM E€HEP-
riss B3a€Moii 3HAYHO TIepeBUIIY€E HANRDIIBINY 3 eHeprii
dOHOHHUX T1JIOK, MOTPIOHO BPAXyBaTH TOPIBHSIHO HEBE-
JIUKY KIJIbKICTb N (POHOHHHUX IPOIECIB, OO OTPUMATH
pesyJIbTaT 3 JOOPOI0 TOYHICTIO.

IV. IEPEHOPMYBAHHS
MOJIIPUBAIINHUMU ®OHOHAMMA
OCHOBHOT'O EKCUTOHHOT'O CTAHY B
CdS/3-HgS/H,0

PossuryTnii y monepemanomy naparpadi meTton pos-
paxyuky dyukmil [ piHa 3acTocoBHIM 10 raMiibTOHIAHA
(2.1). B mporo Bumanky ex = E,Q\q = Q, cyma
3a ( MEPEXOONTh y CyMy 34 p, TOMY, OCKLJIBKW B Ma-
coBomy omeparopi (3.7) cyma 3a ¢ — P CTOCYETHCA
squnre (GyHKIill 3B’A3Ky, OOUITBHO BBECTH MO3HAMEHHS

m(¢) =

3 = 307 [6a(p)® i Gesposmipnmii mapamerp ay =
$, /0y, AKWil XapakTepusye eHepriio B3aeMomil excu-
TOHA 3 ONTUIHUMEI (POHOHAMHU CEPEIOBUIIA A B OMUHUIISIX
eneprii nporo (poHOHA.

Xoua [ Takol MOMAEsi Bimome TOUHE iHTerpaJsibHe
®yp’e—306paxenms O [15]

_exp(- Xadd)
21

x / del(#'=e=2 25 AT o exp(—iat)

G(W') (4.1)

OIHAK TPAMOI MOXKJIMBOCTU OTPUMATH 3 HHOTO TOUHMIA
CIIEKTD cucTeMu Hema. JIuine 3a I0OATKOBOI YMOBH, IO
omepaTop KiJTbKOCTH KBAa319ACTHUHOK MJOPIBHIOE CBOEMY
KBaIpaTy, MOXKJIMBE yHiTapHe neperBopenns [12], sxe
BI3HAYAE€ NMEPEHOPMOBAHMII €HEpreTUYHUil CIeKTp CHU-
cTeMn

T n
Exdn =E— DB+ Dy, (4.2)
e =1

(n=0,1,2,...,00).

Ak 6aunMo, y bOMY CIIEKTPi € OCHOBHUI CTaH, IO Bi-
TTOBiIa€ HASABHOCTY B CUCTEMi KBa3i9aCTUHKHN 3 TTePEeHOP-
moBamoro ereprieio B = E —3°1_ a2Q,, i 6esvexna
KLJBKICTh 30yIKEHNX CTAHIB CUCTEMH, IO BiAIOBIIAOTH
€HepTisIM CUCTEeMH, KOJIN B Hiil iCHy€ KBa3i9aCTUHKA pa-
30M 3 OfIHMM i3 (DOHOHIB TiK® A (Eg\l) =E©® 1+Q)),3
nsoma bownomamu (Ey, x, = E© 4+ Qy, +Qy,) i T.a.

CrexTp po3rJIsSHYTOI cucTemMu 0e3 OyIb-SIKUX HOTAT-
KOBUX OOMeKeHb BU3HAUATH MeTonoM BPI. ¥V upomy
BUIAKY, OCKLJIBKU CyMa 33 ( CTOCYEThCs Jimiie (hyHK-
mii 3B’SI3KY 1 HE CTOCY€ThCs eHeprii KBas3idacTHHOK Ta
doHOHIB, posrajyxkeHnit iHTerpasbHUii api6 gy MO
(3.7) Bupomxyerhcst y mpoctuii posrasyxenuii (me iH-
rerpasibhuii). Bogsauu 3pyuni 6e3posmipui BesuuuHum:
eneprii dononis Qy = Q,/Q, wacrory ¢ = (w — E)/Q,
nosanit MO m(§) = M;(w)/S) BupaxeHnnii B ONUHUIISAX
minimasbHOl enepril doronis ) = min Qy, 3 (3.7) orpu-
MYIOTh

e

(43)
- aZ_A2(EM1,A2) ’ ’
M=1€—= Oy — 2N N =2 e AL o)
£— Alfozf...fZAnzl —Efzn Y-
=1
_ S
= 2= (4.4)

n—1 s
An(E M, ) =1+ Z H

s=1 p=1 £ - Z?:l QM +&— Zf:l Qn+pf(S+l) -
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OOCJJIIXKEHHSI EKCUTOH-®OHOHHOT B3AEMOIIT B COEPUYHUX HAHOTETEPOCUCTEMAX ...

Iucnepciiime piBHHH

§£=m(§) (4.5)
BU3HAYAE €HEPreTUIHUl COeKTP CUCTEMHU.

Mu Tyt He Gyaemo uikaBurucs 30y mkenumu (“38’a3a-
HrMu” ) craHamn efekTpoH—honoHHoI cuctemu B CdS/ 8-
HgS/H>0, a obmexumocs Jiuiie po3paxyHKOM MePeHOp-
MOBAHOI eHeprili OCHOBHOIO CTaHy €KCHTOHA.

'ex, meV
30

25

20

0 T e T r T
1 2 3 4 5 6

7,8

Puc. 2. 3aiexHIiCTh 3CyBy OCHOBHOI'O €KCHTOHHOIO DiBHS
Big kisibkocTn monomapis 3-HgS npu Ry = 4acds.

Koukperni po3paxyHKM BUKOHYBAaJIH 33 IOMOMOIOIO
EOM 3 mapamerpaMy CUCTEMU, HABEICHVUMI B TAOJINII.
BaJIeKHICTh 3CYyBY EKCHTOHHOTO DIiBHS BiJ TOBIIUHU
mapy (-HgS (n — ToBumBA mapy B OIMHUIAX GH,S)

¢iKCOBaHOrO 3HAYEHHSA PadlyCca BHYTPIIIHbOIO HAHOKPH-
crasia CdS mokazana Ha puc. 2.

3 puc. 2 BUIHO, MO 3aJIEKHICTh A, Bim N € CKAa-
HOIO HeJIiHiHOK (yHKIi€, Xod4a Ii MOBEHiHKA 3pO-
3ymijsia 3 (isuyHux MmipkyBaHb. [1oTpiOHO 3ayBaxKuTH,
[0 B3AEMOJIisi eKCUTOHA, 3 TOJIIPU3AMINHIMEA KOJINBaH-
HAMM TIporopiiiina Besuunni el — gy ! aka ona CdS
cranoButh 0.072, a mna B-HgS — 0.033. Orxe, mpu
n = 0, koo nanokpucras CdS micturhes y Bomi (mapy
B-HgS mema), excuron mepebysae y cdepuuniii morem-
nistapHilk simi CdS i BHaC/IIOK B3aeMomil 3 mosigpu3aiiii-
HUMU KOJIMBAHHSAMU IIHOTO KPUCTAJIA 3MIHIOE €HEpTriio
OCHOBHOTO CTaHy Ha ~ 1lmeV, mo c/1abko 3aJ1eKUTh
Bing Besmmunnu Ry.

fAxmo y rerepocucremi momaru ommH map (-
HgS(n=1), To Bunukae me omua (rmbia) moTeHIIisTbHA,
sAMa, B Ky [NepeMilla€TbCsl eJIEKTPOH (YHACII0K 6ib-
woi cepentboi eeKTUBHOL Macu), a JAipKa IIe TOJIOBHO
mepebyBae B CdS. Buacsimok mporo cepemmst BiICTaHb
MiK €JIeKTPOHOM i JipKO0 30iTbIIy€eThCSI, BOHN CJradIme
B3aE€MOKOMITEHCYIOTh CBOI TMOJISIPU3AIINAH] MO 1 TOMY
A, 30LTBITyETHCA. 3 TOHAIBIINM 301TbIIeHHAM 1 (2-3)
yxe i mipka HabIMKaEThHCs 10 Mexi momisty CdS i S-HgS,
a TOMY 3HAYEHHsS CTBOPEHOI HEIO TMOJISPU3allil rerepo-
CHCTEMU 3MEHIIYEThCs, OTKE, 1 A, 3MeHmyerbes. [pu
n > 4 i eJIeKTpoH, i mipka mepedyBalTh B OCHOBHOMY
B ryubmiit smi B-HgS, mpuyomy BHACTIIOK MaJsImX po3-
MipiB MU paiis/ibHA BilICTAHb MiXK HUMH MaJia, TOMY
MOJIAPUBANINHL MO MaibKe B3aEMOKOMIIEHCYIOTHCS 1
mpu n ~ 4;5 A,, minimaasue. [logasbine 361IbITEHH
n posmuptoe amy [(-HgS, mo mae 3smory ejexTpoHOBi
BiamamuTuch Bim OipKH, a OTKe, TMOCTIA0TI0E B3AEMOKOM-
MEHCAIIII0 TTOJIAPU3AIINHIX TOJTiB, MO BiJIMOBITHO MPUBO-
IUTH 10 30LabmeHHs A, .

Hapemrri 3ayBaxkumo, mo mpu n > 7 3HAYEHHA 3CYBY
A, HabmmkaeTbea 10 Eie p — Foe 1, 1 TOMy BUKOpHUCTaHA
MOJIEeJTh, KA He BPAXOBYE MiXKPIBHEBY B3AEMOIII0 Yepe3
dOHOHM, HE € 3aCTOCOBHOIO.
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INVESTIGATION OF THE EXCITON-PHONON INTERACTION IN
NANOHETEROSYSTEMS BY II THE INFINITE BRANCHING INTEGRAL FRACTION
METHOD

M. Tkach
Chernivtsi State University, 2 Kotsyubynskii Str., Chernivtsi, UA-274012, Ukraine

The exciton—phonon interaction in the complicated spherical nanoheterosystem is studied within the method
of the infinite branching integral fraction for the calculation of Green functions. The exact analytic expression for
the mass operator of quasiparticles interacting with all phonon modes of the system is obtained. The reasons of
the non-linear dependence of the exciton basic energy level shift due to the interaction with the polarizational
phonons in the spherical CdS/8-HgS/H>0O nanoheterosystem on the 3-HgS core thickness are established.



