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1. BBEAEHUE

PazBurne Texnosoruit B 06,1acTu HAHOIJIEKTPOHUKHI
v HaHO(OTOHUKN B TEYEHUE IMOCJIEIHUX IECATUICTUI
MIPUBEJIO K OCTPOH HEOOXOIUMUOCTH CO3IAHMUST TPWHITA-
[MMaJIbHO HOBBIX MaTepuajioB, PU3MIECKUe W XUMUYIE-
CKHE CBOUCTBA KOTOPBIX OTJIUYAIOTCA OT CBOMCTB COOT-
BETCTBYIOIINX OObEMHBIX KOMIIOHEHTOB. OIHO U3 Ha-
MpaBJIeHN, KBAHTOBA IJIA3MOHUKA, B HACTOSIIIEE Bpe-
MsI ABJISIETCS OBICTPO PA3BUBAIOIIEICS 00/ IACTHIO UCCTIE-
JOBAHUI, KOTOpast BKIIOYUAET B ce0sI N3y IeHrne KBaHTO-
BBIX CBOMCTB CBETA M MEXaHU3MOB €r0 B3aUMOIEHCTBUs
¢ MaTepueli Ha HAHOpa3MepHOM yposHe [1-3].

Onruyeckne cBOIICTBa HAHOPA3MEPHBIX ITPOBOJISI-
IUX YACTUI[ OUPEIEIAI0TCA HAJUINEM JIOKAJIN30BAH-
HBIX [OBEPXHOCTHBIX IIJIa3MOHHBIX pe3oHancoB (LSPR)
B MX CHEKTPax BO30y»KJEHHBIX cocTosiHuii [2,4-8]. ITo-
JIyIIPOBOITHUKOBBbIE HAHOKPUCTAJIIBI U KBAHTOBBIE TOY-
KI TMPEJICTABJSIOT CODOM MEePCIEKTUBHBII TUII MaTePU-
aJIOB C IIA3MOHHBIM PE30HAHCOM B ONTHYECKOM CIIEK-

* E-mail: andrei ipatov@mail.ru

858

Tpe [4,5,9-15], npuueM 9acTOTHI X MJIA3MOHHBIX MO
KaK IPaBWIO JIeXKAT HAMHOTO HUKE IO CPABHEHUIO C
PE30HAHCHBIMI YaCTOTaMH B METAJIIMIECKUX HAHOYa-
crunax [16] u MOryT BaphbUpOBATHCS B IIUPOKOM JUa-
Ma30He OT TeparepIoBoil 10 NHMPAKPACHON 1 BUINMOM
vacreil cuekrpa [16-22] myTeM n3MeHeHus apaMeTpoB
KaK MaTepuaJia CaMOro HAHOKPHUCTAJIA, TAK U OKPY-
karomeit ero cpenpt [13,14,16,17,21,24-27], a Takxe
OT WCIIOJIb30BAHHOT'O METO/Ia JIETUPOBAHUS, OT KOTOPO-
o 3aBUCUT KOHMUTYpAIUs HOCUTEEH 3apsaa OCHOB-
HOTO cocTostHus cucreMbl [13,18,19,28-30].

B 3aBucumocTu oT pacrpejiesieHusT JIOTHOCTA Jie-
JIOKAJTI30BAHHBIX 3aPSI0B JIUTOJIHHDBIN TLJIA3MOH MOYKET
[IPEJICTABJIATH CO00I KaK rapMOHUYECKUE KOJIeOaHUs B
HaIPaBJIEHUU HOPMAaJIA K IMOBEPXHOCTH MOHHOTO OCTO-
Ba [31,32], Tak u BpamaTeIbHOE JBUYKEHHE CHCTEMBI
3apsI0B, IPU KOTOPOM OHHU OCIWJLUIMNPYIOT TAHTEHIIN-
AJIBHO 110 OTHOIIEHWIO K T'PAHUIE KOPa BHYTPH CPaB-
HHUTEJLHO TOHKOTO CGEpPUIECKOro CJIOsl, B TO BpeMs,
KaK pPaJuajbHOE JIBUKEHUE MPAKTUIECKU HE BKJIIOYA-
ercs [33,34].

Kouutonapie Hanokpucrajuibl (KBAHTOBBIE TOYKH )
TUNA  <«gIPO—000JI0YKay COCTOAT u3 AByX (mm 6o-
Jiee) MOJIyIPOBOJHUKOBBIX MaTEPHUAJIOB, 00Pa3yOIIuX
CTPYKTYPY W3 IOJICUCTEM, Pa3JIEJEHHBIX 0aphepOM Ie-
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repornepexofa. OHU OTIUYAIOTCH OT <OJHOKOMIIOHEHT-
HBIX» KBAHTOBBIX TOYEK CYIIECTBEHHO 06OJIee BBICOKOI
doroxumuaeckoii cTabuIbHOCTHIO [35], IpraeM ocobeH-
HOCTH X CTPOEHHs IO3BOJISIOT JIEMKO BApbUPOBAThH UX
B0HHYIO CTPYKTYPY /IS CO3JAQHUS SJIEMEHTAPHON 6a3bI
HAHOPA3MepHOii onrodjiekTponuku [36-39].

B03MOKHOCTE BapbUpPOBaHUSI TAKUX OITHYECKUX
CBOMCTB HAHOPAa3MEPHBIX KBAHTOBBLIX TOYEK <«SIPO—
obostoukar (manee CSQD, core-shell quantum dots),
KaK JJINHA BOJIHBI JIOMUHECHEHIINH, KBAHTOBDIH BBIXOI
U BpeMs YKHU3HU BO30Y?KJIEHHBIX COCTOSIHUII CHCTEMBI,
NIPUEEJIa K 3HAYATEIHHOMY HPOTPECCY B TEXHOJOTHSIX
cuHTe3a 110100HbIX cTPYKTYD [39—41]. C npakruyeckoii
TOYKHU 3pEeHHus] BHEIIHsIS 000JI0UKa TaKKe UI'PaeT poJib
bGapbepa MeXKIy SIpOM W OKpYyzKaloleil cpemoif, dTo
JleJIaeT HAHOKPUCTAJLT MEHEe IyBCTBUTEIBHBIM K U3Me-
HeHusAM (PUBHYECKMX U XUMUYCCKUX CBOICTB OKpYZKe-
uus [39]. Dror addexr, B gacrHocTu, gaer BO3MOK-
HOCTDb 3ddexruBnoro npumenerns QSQD misa cozma-
HUsl OHOJIOrMIeCKIX MapKepos [35,42].

B macrosmee BpeMsi B KadecTBe OCHOBBI JIJIsI 1]I-
pa u obomoukn CSQD kak mTpaBMIO HUCIOJB3YIOTCS
monynpoBomauku tuna 1I-VI, IV-VI, III-V, obpazys
koHbwurypanuu suga CdSe/CdS, CdS/ZnS, CdSe/ZnS,
InAs/CdSe, InP/ZnS [39,40,43].

B GosbmmacTBe ciydaeB msossmusa siapa CSQD
OCYIIECTBJISETCS ITyTEM HAHECEHHWS TOBEPX HETO IMOJIY-
[IPOBOJIHUKOBOI'O MATEPHAJIA € JAPYTOi MIUPHUHON 3a1pe-
IMEHHON 30HBI, 9€M y MaTepuaJsa sjpa, TakKuM obpa-
30M, 9TOOBI 00€ TPAHUIIHI 3AIIPEIIEHHOM 30HbI MaTepHa-
J1a, 000JIOYKN OKA3bIBAJIUCH BHYTPHU 3AIIPEIIEHHON 30HbI
saapa. [Ipn TaKOM pacroIOKeHNN SHEPTETHIECKAX 30H
oba THUITa HOCHTEJEH 3apsifa, W 3JeKTPOHBI U JIBIPKH,
OKa3bLIBAIOTCH 3aK/IIOUYEHHBIME BHYTPH O0JIACTH sJIpa.
Takast cuTyalus Ha3bIBAETCA CTPYKTYPOIl IIEpBOro TH-
Ia WM KBAHTOBOU TOYKOM C reTeponepexosoM IIepBoro
poaa. HanpoTus, B cTyKTypax BTOPOrO THUIIA, OIITHYE-
CKHMM CBOHCTBaM KOTOPBIX IIOCBSIIIEHa JaHHas paboTa,
B3aMMHOE PACIIOJIO’KEHNE 30H MATEPUAJIOB Apa u 000~
JIOUKH TAKOBO, 9TO 00€ I'DAHMIILGI W BAJEHTHONW 30HBI
U 30HBI IIPOBOMMOCTU MATEPUAJIA SIPA OKAZBIBAIOTCS
HIKe (WM BBIIIE), 9eM y MarepuaJia 06o1oakn [44,45].
B pesynbTare 97€KTPOHBI B JBIPKU OKA3BIBAIOTCS TIPO-
CTPAHCTBEHHO PA3JICIEHHBIMU 0apbepOM I'€TePOIEPEXO-
JIa, TaK, 9TO KaXKJblil U3 TUIIOB HOCUTEJICH 3apsaa, JIo-
KaJIM30BaH B cBoeil obactu [44]. D10 IpUBOIUT K CY-
IECTBEHHOMY CHU?KEHHMIO CKOPOCTH B3aMMHOH PEKOM-
OUHAIIUY JIEKTPOHOB U JBIPOK U, TAKUM 00Pa30M, yBe-
JIMIMBAETCS MX BPEMS YKU3HU 0 CPABHEHHUIO CO CTPYK-
TypaMmu nepsoro poga [45-48].

Kaxk 6bu10 mokazano B pabore [40], sror addexr
MOKeT ObITh UCIOJIB30BAH IIPU CO3IAHUHU HOJTYIIPOBOI-
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HUKOBBIX JIa3€POB Ha OCHOBE HAHOPA3MEPHBIX KBAHTO-
BBIX TOYEK. TaKkKe 0XKMJIAeTCsI, YTO MPOCTPAHCTBEHHOE
pa3sjiesieHne HOCUTe el 3apsijia B KBAHTOBBIX TOYKAX C
reTepoIepexol0M BTOPOI'O PoJia JaeT ITUM CTPYKTYpaM
MIPEUMYIIECTBO [IPU UX UCIOJIB30BAHUN B KAYECTBE dJIe-
MeHTHOH 6a3bl Jyist boToBostbTanku [44] n doromomu-
Hecuenruu [40,41,46,47].

BaxKHO Tak»Ke OTMETUTH, YTO B OTJUYUE OT ILIa3-
MOHHBIX MOJ KAK B OJIHOKOMIIOHEHTHBIX MOJIYIIPOBO/I-
HUKOBBIX HaHouacturax [17,28,29], tak u B Meras-
JIMYIECKUX Kiacrepax [49-53], miasmonuble KogebaHus
B HAHOKPHUCTAJIaX (KBAHTOBBIX TOYKAX) THUIIA «sIPO—
0060/109Ka» BO30OYKIAIOTCS B CHCTEME, COIEPKAIIEit T1Ba
THUIA JIEJOKAJM30BAHHBIX HOCUTEJIEH 3apsija, B3anMO-
JeiicTByomux Mexkry coboit. KostekruBublie siByrieHus
B JIByXKOMITOHEHTHBIX CHCTEMAX y¥Ke ObLIH MPEIMETOM
uccyieioBanust B psizie pabor [54-59], B KOTOphIX GBLIO
[MOKA3aHO, YTO B ONTHYECKUX CIEKTPax HAHOPAa3Mep-
HBIX CHCTEM, COJIEPYKAIUX CBOOOIHBIE 3aPsIbl TIPOTHU-
BOITOJIO?KHOT'O 3HAKA, TaKKe HabJIF0aeTCs TUIaHTCKU
JIMIIOJIbHBIN IIJIA3MOHHBIH pe3oHanc. O HAKO XapaKTep-
Hoit ocoberrocThio CSQD sBisieTcs TO, YTO TaKas KOH-
durypamusi MOXKeT NPUBOJIUTH K [POCTPAHCTBEHHOMY
PAa3/IeJIEHAIO 3aPsi/IOB PA3HOrO 3HAKA OJIarojapst HaJIU-
quio Gapbepa reTepornepexo/ia BTOPOro POJIa MKy sij-
pOM 1 ODOJIOUKOIA.

B nanHOil paGoTe MBI IIPEJICTABJISIEM TeEOpETUYE-
CKUl aHAJIN3 ONTUYECKUX CBOMCTB JIBYXKOMIIOHEHT-
HBIX HAHOPA3MEPHBIX MTOJIYIIPOBOJHUKOBBIX CHCTEM TH-
na <«saapo—o060JI09Ka» BTOPOro Tuma. llpu onucanum
UX OCHOBHOI'O COCTOSIHMS ObLjIa HCIIOJIb30BaHa MOJEJIb
crynendaroro norennuasa [60, 61|, koropelit npu ero
JIOCTATOYHOM BBICOTE 0OECIEUNBAECT TPAKTHUIECKH TOJI-
HOe IIPOCTPAHCTBEHHOE Pa3jie/ieHue KOMIIOHEHT CUCTe-
MBI TAKUM 00Pa30M, 9TO MEPEKPBITHE OTHOYACTHIHBIX
BOJTHOBBIX (DYHKIIHIT 3JIEKTPOHOB U JBIPOK OKA3BIBAETCSI
MIPEeHeOPE’KIMO MAJIO.

OCHOBHOI1 11€J1bI0 PAOOTHI SIBJISIETCST MCCJIEIOBAHME
3aBUCUMOCTH XapaKTepa IJIA3MOHHON MOJBI OT BBICO-
Thl TOTEHIMAJBHOrO Gapbepa. Bwigo mpomemoncTpU-
pOBaHO, 4YTO €e YBeJMYEHUE B CPABHUTEIBHO Y3KOM
JMarna30He 3HAYEHUH TMPUBOIUT K CYIIECTBEHHOMY W3-
MEHEHHIO PACIPEJeJIEHUsST LIOTHOCTU JEIOKATN30BAH-
HBIX HOCHTEJIeil 3apsiia M, KaK pe3y/bTaT, K IIepexo-
JIy OT MOBEPXHOCTHOTO IJIA3MOHHOIO pe3oHaca Mu [62,
63| TPAHCJSAIMOHHOIO THUIIA, XAPAKTEPHOI'0, HALIPUMED,
JUTsl MeTaJUINYecKuxX HaHoKsacTepos [9,10], k Bpama-
TeJIbHO} OBEPXHOCTHOM Mogie [33,34].

Hamr mojxom ocHOBaH Ha  CaMOCOIIACOBAHHOM
KBAHTOBO-MEXaHUIECKOM  OIUCAHUU  MHOTOYACTHY-
HBIX BO30YXKJIEHUII B CHCTEME JeJIOKAJIM30BaHHBIX
HOocHuTesIeil 3apsiga. PacdeTbl OCHOBHOIO COCTOSIHUSI
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CHUCTEMBbI IIPOBOJIUJINCH B HpI/I6JII/I)KeHI/II/I XaprI/I*CDOKa
C y49€eTOM HEJIOKaJIbHOT'O OOMEHHOTO B3aI/IMO,I[€IL/'ICTBI/IH B
ImoacucreMax 3JIEKTPOHOB U JIBIPOK.

MpbI moka3bBaeM, 9TO IO MepPe yBEJUIEHUs BBICO-
TBI Oapbepa pacupejiesieHne JEKTPOHHON U JILIPOU-
HOM IIJIOTHOCTEeHt B B KBAHTOBOII TOYKE MMeeT TE€HJeH-
nuo K GOPMUPOBAHUIO Y3KOTO JABOITHOTO SJIEKTPOHHO-
JIBIPOYHOTO CJIOS BOJIM3U I'PAHUIILI Pa3Jiesia spa u 000-
gouku. IIpu 3TOM 3ameTHast mepecTpoiika pacipe/ie-
JIEHUsI TIJIOTHOCTH 3aPS0B IIPOUCXOIUT IIPU H3MEHe-
HUM BBICOTHI HGapbepa B CPABHUTEJHHO Y3KOM JTHAIla-
30HE 3HAYEHUH, UITO, B CBOIO OYEPE/Ib, IPUBOJIUT K CY-
[IIECTBEHHOMY M3MEHEHHUIO ONTUIEeCKUX XaPAKTEPUCTUK
CHCTEMBI, B YACTHOCTH, YACTOTHI ILJIA3MOHHOTO PE30-
nanca. [Tocneaunit 3bPeKT cBsA3aH B MEPBYIO 0YePeIb
C U3MEHEHWEeM XapaKTepa ILJIA3MOHHOW MOJBI OT IIO-
BEPXHOCTHOW TUIOJBHON MOJIBI TPAHCJISIIIUOHHOTO THU-
ma, Ipu KOTOpoit 3pdeKTUBHO BO30YKIAETCs JTBUKE-
HU€e 3aps/I0B B PAINAIHLHOM HAIPABJIEHUU, K BPAIIa-
TeJILHOM MOJIE, JJIs KOTOPOi XapaKTePHO BO30YXKIeHne
TOJILKO YTJIOBBIX CTereHeil cBOOOIbI, B TO BpeMsi, KaK
pajnaabHOe JIBUKEHUE OCTACTCS MPAKTUICCKU 3aMOPO-
JKE€HHBIM.

2. TEOPETUYECKUII IIOIXO0/I

PaccMoTpum 371eKTpOHERTPATBHYIO CUCTEMY B3au-
MOJIEHCTBYIOIMUX (PePMUOHOB, COEPAKAIILY IO PABHOE KO-
JIMYEeCTBO YaCTUI, OTPULIATEIBHOIO U MOJOXKATEIHBHOTO
3aps/ia, IPOCTPAHCTBEHHO Pa3/esIeHHbIX 6apbepoM re-
Tepollepexojia BTOPOTO POja U IIPU 3TOM CBA3AHHBIX
MeXK/1y CODOI KYJIOHOBCKUM B3aUMOJEHCTBUAEM.

[Iyctes a1 nmpumepa B 00JIACTH Spa IMIPHUCYTCTBY-
T N OTpUIIATEIbHBIX CBOOOHBIX HOCUTEJIEH 3apsija,
a B 00JIaCTH ODOJIOUKHM — TaKOe K€ KOJIMYECTBO I10JI0-
KuTebHbIX. [10700HbII TOAX0 1 BITOJTHE OMPABIAH IPU
BBICOTE Oapbepa JOCTATOYHON /I TOTO, 9TOOBI pas3jie-
JINTh HOCUTEJIN 3aPsijia IIPOTUBOIIOJIOXKHOIO 3HaKa. [Ipu
MEHBIINX 3HAYEHUSIX BBICOTHI Dapbepa, KOria pacipe-
JIeJIEHUsI TIJIOTHOCTH 3aPS0B 3aMETHO IIePEKPBIBAIOTCS,
9Ta [IPOCTasi MOJE/b, Pa3yMeeTCs, He B IIOJIHOI Mepe Co-
OTBETCTBYET CUTYAaIlUH, HO, 10 HAIlIEMY MHEHUIO, [T03BO-
JIsieT Ha Ka94eCTBEHHOM yPOBHE aJIEKBATHO OINCHIBATH
CIIEKTP BO30YKIEHHBIX COCTOSTHUN JIBYXKOMIIOHEHTHOMN
CUCTEMBI.

Hamee OyneM Ha3bIBATH OTPUIATEILHBIEC UACTUIIHI
asteKTpoHaMu ¢ 3 HEKTUBHON MACCON B 30HE ITPOBOJIM-
MOCTH M, & MOJIOXKUTEIbHBIE TaCTUIHI, COOTBETCTBEH-
HO, JBIpKaM#u ¢ 3(@PEKTUBHON Maccoil B BaJIEHTHOI
30HE My},.
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IlonHbIA raMUIBTOHHAH OINMCHIBAEMON CHCTEMBI
mpeJicTaBisieT coboit rammiabronnan N, = N 3JIeKTpo-
HOB U N = N, JBIPOK, B3aMMOJIEHCTBYOMUX JIPYT C
JIPYIOM IIOCPEJICTBOM KYJIOHOBCKOT'O IOTEHIHaJa V, ¢
MIOTEHITIAJIAMEA BHYTPH SIApa U 00009KA Veore T Vihell,
COOTBETCTBEHHO,

H=
Ne 4 N,

g A o i

2me 2myp,

1 Ne Nh
—1—5 (Z \% (re,r'e)—l—z V (rp, 1),
e h

N, Np,
+ Z %ore(re) + Z ‘[shell (Th) +
e NE’Nhh
)— Z V (re, rh)).
e,h
(1)

B obrmem ciryuae mapaoe KyJI0HOBCKOE B3aMMOECTBIE
MeXK]ly YaCcTHIlAMA B TOYKAX I, U Iy 3PEPEKTUBHO
SKPAHUPOBAHO IIyTEM BBEJIEHUS CTATHIECKON K-
TPUYECKOHM TPOHUIIAEMOCTH B COOTBETCTBYIOIIEM ITOJIY-
npoBojHuKe. Vcnomp30Banne CTaTuIeCcKOi JU3JIEKTPU-
YeCKOIl NPOHMUIIAEMOCTH B Haleil Mojenn o0ycJoBJIe-
HO TeM, YTO MAacCIITab SHepruil 3JIEKTPOH-IBIPOTHBIX
KOMILJIEKCOB COOTBETCTBYET IHEPIUU CBA3U IKCUTOHA
Banbe—-MoTTa, Jj1s1 KOTOPO# YaCTOTHON 3aBUCUMOCTDHIO
JIMDJIEKTPUIECKO MTPOHUIIAEMOCTH MOYKHO MpeHebpedh
[64], Tak 9TO MYJIBTHUIIOIBHOE PA3JIOKEHUE [IOTEHIIUATIA
MEXKYaCTUIHOTO B3aUMOIENCTBUSI MOYKET ObITh 3aIuca-
HO B Buje [65,606]

YLM(na)YENI(nb)
2L+ 1 ’

(2)

V(ry,rp) = 4re? Z D (1, )
LM

rae

q)L ((Ta,Tb) < Tcore)

_ ot (61 —2) (L+1) (ramy)”
errEt ey (Ley + (L 4 1)eg) r25EY
QL ((ra,7s) > Tcore) =
_ 2 (e2 —e1) Lr2gd! 3)
ezriﬂ eo (Ley + (L + 1)es) (rarb)LH7
(2L + 1)rL

o (ra < Teore < Tb) (L€1 + (L + 1)52) Té-{-l’

TJE Teore — PAAUYC CPEPUIECKU CUMMETPUYIHOTO SJIpa
CSQD, rs . obosHadaroT, COOTBETCTBEHHO, HAMOOJIb-
Myl 1 HAMMEHbIIWA M3 PaguycoB Tqp, & €1 U €2 —
CTaTUYECKHUE INIJIEKTPUIECKUE IIPOHUIIAEMOCTH SIPa 1
06010ukn. OIHAKO, IIOCKOJIBKY OCHOBHOM IEJIbIO JaH-
HO# pabOTHI OBLIO UCC/IEIOBAHNE 3aBUCAMOCTU OITHU-
geckux cpoiicts CSQD ot BbICOTHI 9 (HEKTUBHOIO I10-
TEHIMAJBHOIO Oapbepa, Pa3Iesioniero obaacT Ajapa
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7 0DOJIOUKHY, IIPU [IPOBEJIEHUHN PACUYETOB ObLIU IIPUHSI-
ThI 3HAYEHUS €1 = €9 = 1, 4TOOBI HE YBEJIMYUBATD YUC-
JIO HE3aBHCHUMBIX IIAPAMETPOB B KCIIOJIb3yeMON MOojie-
JIA, TJe JIU3JIeKTPUYECKHe KOHCTAHTHI B IIEPBYIO Ode-
pPe/ib UrPaOT POJIb MACIITAOUPYIOIEro Kosdduimenra
IO IIKaJIe SHepPruii.

[TockoJibKy B paMKax MOJEIH CTyIeHIaTOro IOTeH-
[IHAJIA JIEKTPOHBI U JIBIPKY YKECTKO OIPAHUYEHBI B CBO-
€M JIBUXKEHWH BHYTPH 00beMa HAHOUYACTHUIIHI, 3AITUIIIEM
Veore ¥ Vihell, COOTBETCTBEHHO, Kak [60, 61]

0, 0 <7 < Treores
Veore(r) = § Ve, Teore < T < Tshell, (4)
00, T > Tshell
n
Ve, 0< 7 <7eore,
Vinel(r) = €0, Teore <7 < Tshell, (5)
00, T > Tshell,

TI€ Tshell > Tcore — Pammyc obosouku CSQD, a mo-
TeHIMAJ bl Ve u V, OIpeje/inM, COOTBETCTBEHHO, KakK
PA3HOCTH T'DAHUI, 30H MPOBOJUMOCTA U BAJIEHTHBIX
30H MOJIYIIPOBOIHUKOB, Pa3JeJIEHHBIX 0APHepOM reTe-
ponepexojia. Ilpu 1npoBereHMM YHCJIEHHBIX PacYeToOB
B JAHHOU paboTe OBLT PACCMOTPEH YACTHBIN CIIydaii
Ve =V, =Up.

Jjist onucaHWs MeXKYaCTUIHOTO B3aUMOIENCTBUs
B OCHOBHOM COCTOSIHUW CHUCTEMBI OBLIO HCIIOJb30BAHO
npubmkenne Xaprpu—Poka, B paMKax KOTOPOTO O/I-
HOYACTHYHDIE BOJHOBBIE (DYHKINH 3JIEKTPOHOB @; (T; (e ))
U JBIPOK g (Ta (h )) VJIOBJIETBOPSIIOT CAMOCOTJIACOBAHHBIM
ypasHeHusiM [57, 58, 67]:

hQAi e e e e
- W@(I‘g )) + (Ucore( ( )) JrU( )( ( ))

~ U @) U @) )0l = i), (6)

hQAa e 3
= Gy Yalrl?) # (Vann(e(?) + U 1) -

— U @) + TP D) ) a (rP) = eadra ().
311eChb €; U €, — OJHOYACTUYHBIE SHEPIUU IJIEKTPOHOB
n JIBIpoK, Uy © y U gL ) XapTPUEBCKHE MOTEHIINAJIBI.

B caygae cucrembr, nmeroreit 3amoiHeHHEBIE 000JIOYKH,
OHU 3aIMCHIBAIOTCS B BUjie [67]

U5 6) = [ Vi
) r) = /V(r,r')ph(r')dr'7
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rjae 00'bEMHBIE KOHIIEHTPpalIuu 3JIEKTPOHOB U JBIPOK
) =2 ¢i(r)ei(r),
i
r)=2) ¢i(r)da(r)
a
BBIYUCJIAIOTCA IIYyTEM CYMMHPOBaHHA IIO BCEM 3aIlOJI-

HEHHBIM OJIHOYACTUYIHBLIM cOCTOssHUSAM. IIpn aTOM HeJlo-
KaJIbHbIe OOMEHHBIE II0OTCH U(e) U, (h)
muansl Uy’ 1 Uy

, COOTBET-
CTBEHHO, BBIPAYKAIOTCA KaK
* d /
U)Se)(r)(bi(r) = 22/ ¢ |rr’|) - ¢j(r)7
(8)
U (1) (r) = —¢* 3 / %w)
b

Jlng onucaHWsT MHOTOJIEKTPOHHBIX KOPPEJIAInii
OBLJIO KCIIOJIb30BAHO TPUOJIMKEHNE CaydaiiHbix (a3 ¢
HeJIOKAJIBbHBIM 0OMeHHBIM B3anmMo/eiicteuem (IICDOO
uiu RPAE), cienys paboram [54,55,57,58], B KOTOpBIX
9TOT MeTOJ| ObLI 00OBIIEH IS IBYXKOMIIOHEHTHOMN CH-
creMbl (PepMUOHOB. B paMKax 9TOT0 110/1X0/1a BOJTHOBASI
dyukiums Bo3byxaennoro cocrosuus |y ) npemcranis-
€TCsl B BUJIE CYIEPIIO3UIINN OTHOYACTHIHBIX BO30Y XK j1e-
HUl TUIA YACTUA-BAKAHCHUSI

@) = > (X ara

+ 3 (xWata, +vPata,) 1@0), (9)

Y() +A )|®O>+

re MepPBOe CJIaraeMoe OIHUCHIBAET BO30YKIECHHE JIEK-
TPOHHO IOJICHCTEMBI, 8 BTOPOE CJAraeMoe — IbIPOU-
HOi, |Dg) oBo3HAUAET OCHOBHOE COCTOSTHUE KOMILIEKCA,
onepaTopbl @7 M G €cTh OJHOYACTHYHBIC OIEPATOPLI
DOXKJIeHUsI ¥ YHUYTOXKEHUS. 371eCh U Jlajiee WHIEKCHI
1 ¥ M HUCIOJIb3YIOTCH JJIsi 0O03HAYEHNS 3aII0THEHHBIX 1
HE3aI0JTHEHHDBIX OJTHOYACTUIHBIX COCTOSTHUM 3JIEKTPOH-
HOM MOJCHUCTEMBI, & UHJIEKCHI G U § — COOTBETCTBEHHO,
JIJIST 3aHATHIX U HE3AHATHIX COCTOSIHUI JBIPOYHON 10J1-
cucTeMbl. AMILATYIHBIE KO3(MdunmeHTsr X, (k) X,E’?

8 k)
n Y'”” ? Y
381 BO BPEMEHU» ) OUPEIEJIAIOT BKJaJ COOTBETCTBYIO-
H_[eﬁ ITapbl 9aCTUIla-BaKaHCHUA B MHOT'OYaCTUYIHOE BO3-

Oyzk1eHHOe cocrosnue (9).

(aMILUTUTY/IBI «BIIEPE] BO BPEMEHNU » ) («Ha-

Bo36y:kmennbie COCTOSTHIST MHOTOYACTUIHON crcTe-
MBI C 3AII0JHEHHBIME 000JI0YKaMuU, obJragatomnieil cde-
pUYecKoil cuMMerpueii, B npub/nkennn LS-cBs3u Xa-
PAKTEpU3YIOTCs MOJHBIM YIJIOBBIM MOMEHTOM L 1 ero
upoekumeii M [69], nosromy Bce opHOYACTHYHBIE BO3-
Oy>KJIeHUs] «JIaCTHUIA-BaKaHCHs» B cyneprnosumuu (9)
UMEIOT Ty K€ MYJIbTHIIOJIbHOCTD.
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Jlng onucaHWsl ONTUYECKUX CBOWCTB 3JIEKTPOH-
JIBIDOYHBIX ~ KOMILIEKCOB JOCTATOYHO PACCMOTPETH
TOJILKO JIUTIOJIbHBIE TIEPEXO/IbI U3 OCHOBHOI'O COCTOSHUS
|Pg) B BO3OYXKIEHHBIE MHOIOYACTHYHBIE COCTOSHHUSI
|®r) c L=1, M =0.

B paGorax [54, 55,57, 58] Obu10 10Ka3aHO, 4TO aM-
IUIATYAHBIE KOIDDUITHEHTHI ng), ngk) u Yék), Y,(Lk) B
cyneprosuruu (9) onpesessiFoTCs Iy TeM PellleHnsT MaT-
puunoro ypasHenuss [ICDPO 1y ABYyXKOMIIOHEHTHOM
CUCTEMBI:

Uz® =, z®, (10)

e {2 — COOCTBEHHBIE UMC/Ia MATPUITHI

Ale) B C D
U —-B@" _A" _Dp* _C*
C D AR) B ’
_D* —Cc* —BMW* _AMW*
<) (11)
.
X,
y®

31ech 3jieMeHThl dpMuToBRIX MarTpuln, A, B, C, D
BBIpAXKalOTCA 4epe3 OJHOYACTUYHBbIEC YHEPIUH €;, €, U
KYJIOHOBCKHE MaTPHUYHBIE 3JIEMEHTHI IIapHOI0 MeXKdYa-
CTUYHOT'O B3aMMOJIENCTBUSA

<045|V|777> = 5‘7@‘775‘713‘771 X
< [ eIV o, (e ()’ (12)

¢ OJIHOYACTUIHBIMU (DYHKIUSAMHU, IIOJIYyICHHBIMUA B Pe-
gysibrare pemenus ypasaenuii (6), rae V(r,r’) onpese-
JIEH COIIacHO (2).

Matpuist A u B cBsizbiBaroT Mexk 1y cobOil OJIHO-
YACTUYHBIE BO3OYKJEHUsI BHYTPHU JIEKTPOHHON U JIbI-
POYHO¥M TOCUCTEM, COOTBETCTBEHHO, M UX BUJ HE OT-
JIJaeTcs OT ciydasi craHgapTHoro ypapaenus [ICDO
JUUTsL OJTHOKOMIIOHEHTHO} CHCTeMBI 3apsioB [67]

Az("rez,jn = 6ij5mn(€n - 61') + <Zn|U|mj>a

A((z};?bt = 5ab55t (65 - ea) + <at|U|Sb>,

(13)
B .. = (ij|UJmn),
B, = (ab|U|st).

Marpuunble snemenTsl B (13) BkiouatoT B cebs Kak
upsiMoe (XapTPHUEBCKOE), TaK M HEJIOKAJIBHOE OOMEHHOE
B3auUMOJIENICTBHE

(@B|Ulyn) = 2(aB|VIyn) + (aBVIny), (14)

rJie MHOYKHUTENb 2 TIepes; npsMoii KoMioneHTol B (14)
HIOSIBJISIETCS B PE3YJIbTATE CYMMUPOBAHUS 110 CIIMHOBBIM
[I€PEMEHHBIM.

Marpunst C u B cBsazbiBaoT Mexk 1y coboii BO30y K-
JIEHUS 9JIEKTPOHHOMN U JILIPOTHOIT II0JICUCTEM U IIO3TOMY
COJIEPKAT TOJBKO KOMIOHEHTHI IIPSIMOIO KYJIOHOBCKOT'O
B3aUMO/JIENCTBUA

Cim,as =
Di7n,as =

—2(is|V|ma),

—2(ia|V|ms). (15)

TToJtoKuTeIbHbIE COOCTBEHHBIE YUCIR ()i €CTh SHEPrUun
[IEPEXOJI0B MEXK /Iy OCHOBHBIM cocrosiaueM |Pg) u Koppe-
JIIPOBAHHBIME BO30Y K IeHHBIME cocTostHusME |Py) (9).
IMosnyuennsle npu pemennn ypapreruii (10)—(11)
CIIEKTPbI 9HEPIrUil BO3OYKIEHHBIX COCTOSHMI U COOT-
BETCTBYIOIIUE BOJHOBBIE (DYHKIUHU TTO3BOJISAIOT OMUCHI-
BaTh IPOIECCHI, CBA3AHHLIE C BO30YXKICHUEM CHCTE-
MBI ITOJ1, JICHCTBUEM PA3JIMIHBIX BHEIIHUX BO3JIEHCTBUIA.
Tak, OTKJIMK CHCTEMBI Ha BHENIHEE SJIEKTPOMATHUTHOE
OJIE OTIPENIENISIETCST CIIEKTPOM JIUTIOIBHBIX BO30Y 2K JIe-
uuii. CUIbl OCHUJUIATOPOB [k JJIs JIUIOJIBHBIX [EPEeX0-
JIOB MEKJIy OCHOBHBIM M k-M BO3OYKJIEHHBIM COCTOSI-

HUEM DABHBL:
fx = 2D, (16)

rae 4 = memp/(Me + myp,) — IpUBEIEHHAS Macca
3JIEKTPOH-JIBIPOYHOMN mapbl. CHJIbI OCIUJIISITOPOB Y0~
BJIETBOPAIOT IpaBuity cymMmM Tomaca—Paiixa—Kywna [67],
2 e =N

JunosbHble MaTpuuHble 31eMeHThl Dy (B Kauub-
POBKE JIJINHBI) BBIYUCJISIOTCS Iy TE€M CYMMUPOBAHHUSI 110
BCEM OJIHOYACTUIHBIM BO30YKIenusM [55, 57, 58],

Dy =3 (X0 dim + YR i) +

m

+ 30 (X Wdas + Y PdL), (17)

rae dop = (a|z|f) — omHouacTHUHBIE AUIOIBHBIE aM-
IUIATYAbL JJI [apbl YaCTULA-BAKAHCUA JIJIA IJIEKTPO-
HOB U JBIPOK, COOTBECTBEHHO, & aMILIATYIHbIE KO3(]-
bunmenTo! X(ek), X;Lk) u ng), Y;Lk) HOPMHUPOBAHBI B
COOTBETCTBHU C YCJIOBHEM

> (1X0P — i) +
3 (IXDP -y PR) =1, (18)

Baxxno ormeTnTh, 9YTO ABUKEHHE IIEHTPA MacC BCeit
CHCTEMBI B II€JIOM TaK:Ke ABJSeTCH JIUIOJIbHBIM BO3-
Oy KJIeHUeM U MPU HEIOCPEJCTBEHHOM YHUCJIEHHOM pe-
mernn ypasHenusi (10) ero HEBO3MOXKHO OTJEJNUTH OT
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ﬂ'VII'IOJ'IbHaﬂ nn1a3MOHHaA MoJa. ..

OTHOCHTE/ILHOI'O JIBUZKEHUS 3JIEKTPOHOB U JBIPOK B CH-
CTeMe WX MEHTPA MacC.

Yr0o6bl HCKIIOUUTD JIBUZKEHUE IIEHTPa MacC U3 CIIeK-
Tpa BO3OYXKIEHWH CHUCTEMBI, YTO OKA3aJ0Ch OCOGEH-
HO BayKHBIM TP MAJIBIX 3HAYMEHUSX BBICOTHI Oapbepa
Up, ObLI TpuUMEHEH MeTOZ, OCHOBAHHBIN HA HCIOJIb-
30BAHMM [POEKIMOHHBIX OepaTopoB [54, 55, 57, 58].
WNnes meroma cocromT B mepexoqe OT OA3UCHOTO Ha-
6opa OJJHOYACTUYHBIX BO30Y2KeHuii B pazsoxenuu (9)
laB) = atag|®o) xk HOBOMY GasmucCy JMIOIBHBIX BO3-
Oy:kaeHuil |yn), He CONEPIKAIUX JBIZKEHUS IEHTPA

MacCC CUCTEMBI,

|vn) = Pewm|aB). (19)
31ech pCM — TIPOEKIIMOHHBII OIlepaTop, MaTPUYHbIE
3JIEMEHTBI KOTOPOT'O PaBHBI

PynPap
PM o = 500y — —LE2E 20
yn,a avy9pBn QCM ) ( )

rIe SHaMeHaTeJIb

Qom =Y

wm

2

)

Py )

2+Z

a Pap = (@|p.|B) — omHOUACTHUHBIE MATPUIHBIE DJIe-
MEHTBI ONEPATOPA UMITYJIbCA.

BousinoBast dyukiusa k-ro mumoabpHOTO BO30Y K IE€H-
HOT'O COCTOSIHUS Pj, OTHOCUTE/ILHO HEIIOIBHKHOTO IeH-
Tpa MacC Telephb IMO-NPEKHEMY 3alliChIBAETCS B BU-
ze passoxkenus (9), HO y»Ke II0 HOBOMY Ga3ucy oj-
HOYACTHYHBIX JIANIOJIBHBIX BO30ykeHuit (19) ¢ HOBBI-
MU aMILIUTYAHBIME KO3 PUIMeHTaMu Xi(:;), 17155)
x® v P nx 3HAYEHUS, a TaKyKe SHEepPrus BO30YK-
nenus (), OIPeJeIsIoTCs KaK KOMIIOHEHTHI COOCTBEH-

n

)

HOTO BEKTOPA M COOTBETCTBYIOIEE COOCTBEHHOE HUHCJIO
MaTPHUITHI U = PcvUPew, mostydenHoit B pe3ysbTa-
Te JefiCTBUS MPOEKIMOHHOIO OIIepaTopa Ha MCXOJIHYIO
marpuiy (11).

3. OBCY2XKJIEHUE PE3VYJIBTATOB

IIpu mpoBeseHnu pacdeToB CHEKTPOB (POTOIOITIO-
MRS TOIYIIPOBOIHIKOBBIX KPUCTAJITIOB TUIA «SIJIPO—
060/101UKay OB BBIOpAHBI CHEPUIECKH CUMMETPHUI-
HbIE 3JEKTPOHHO-ILIPOYHBIE KOMILJIEKCHI C PaJHyca-
MU SAPa Tcore 75 art. em,. 4 uM u 000JI0YKH
Tshell = 150 aT. em. ~ 8 mM, coorBeTcTBEeHHO. B masib-
HEWIeM YCJIOBUMCSI HA3BIBATbH HOCUTEJIH MAaTEpUaJIa

~
~

SIIPA JIEKTPOHAMHE, 8 MATEPHaJIa 00OJOUKH, COOTBET-
CTBEHHO, JILIPKAMHU, KaK, HAIPAMED, B T€TEPOCTPYKTY-
pax tuna CdSe/CdTe [45] mim CdS/ZnSe [40]. ITo-

CKOJIbKY IIeJIb pa6OTBI COCTOMT B HCCJICJOBAaHUUN 3aBU-

863

CHMOCTH OIITHYECKUX CBOMCTB CHCTEMBI OT OJHOTO KOH-
KPETHOTO TIapaMeTpa, a MMEHHO OT BBICOTEI Gaphepa
Vo =V, = Uy B (4), (5), Jyisi 9UCIEHHBIX PACIeTOB
JIIST MOJIEIbHOM TeTepOCTPYKTYPHI ObLIN HCIIOIL30Ba-

HBI 3HAYEHUS €1 €2 = 1 u sddeKTuBHBIE MACCHI
me = 0.2mgy u my, = 0.5mg JijIg 3JIEKTPOHOB U JIBIPOK,
COOTBETCTBEHHO, TJIE 1My — Macca CBOOOIHOIO 3JIEKTPO-
Ha.

B kadecTBe oObekTa ucciie0BaHUsI OBLIN BHIOpa-

HBI CTPYKTYDPBI, comepxkarime [N 50 map wacTwmil.
DTO COOTBETCTBYET CpesiHEN KOHIEHTPAIN 3JIEKTPOH-
JBIpoUHbIX map (n) = 3N/47mrgen ~ 0.9 - 1020 cm—3,
YTO TIO MOPSIJIKY BEJIMYUHBI OJIN3KO K CpeJIHEl KOHIIEH-
Tpaiuu Hocureseil B axcuepumentax [29,30]. Coorser-
crBytonmii 3¢pdekTuBHBIN pajauyc Buraepa-3eiina, T.e.
CpeJlHee pACCTOSTHUE MEXK/Ly TIapaMy HOCHUTeJIEH B mpe-
JIETTHHOM CJIy9ae OTCYTCTBHsS Oapbepa, OKa3ajcsd pab-
HBIM 15 = (3/4m(n)) = 1.7 HM, 9TO MO3BOJISIET IPH
OIMCAHUN JBUKEHHA YACTUIl U JILIPOK MCIIOJIb30BATDH
upubizkenue orubaromeil dbyukuuu [70,71], npumene-
HUE KOTOPOTO ONPABJAHO CYINECTBEHHO OOJIBIIAM pa-
JILYCOM T4 110 CPABHEHMIO C TUIUYHLIMH 3HAUCHHUSIME
HOCTOSIHHOM peleTKr HaHOKpucTawios [64]. ITo stoi
JKe MpUIrHe MBI MpeHebperaeM BO3MOXKHOM Hemapabo-
JINYHOCTHIO M aHU30TPOINElH BaJEHTHON 30HBI U 30HBI
[IPOBOJIMMOCTH MATEPUAJIOB U HCIOJIb3YEM MO/IEJIbHbIE
3P PEKTUBHBIE MACCHI M U M}, COOTBETCTBYIOIINE N30~
TPOIHBIM ¥ TAPaBOJIMIECKIM 30HAM, 8 TAKKe OMHUChIBa~
€M HUcCJIe/lyeMble HAHOCUCTEMbI KaK ChEePUIeCKU CHM-
METPHUYHBIE, JJIsT KOTOPBIX IIPUMEHAMA, MOJIEJTb CTyTIEH-
gaToro norernmana (4), (5).

IIpoBeieHHbIE CPABHUTENLHBIE PACTETHI OCHOBHOTO
COCTOSTHASI JIBYXKOMIIOHEHTHBIX CHCTEM IIPU Pa3JInd-
HBIX 3HaUeHuAX Uy MoKazaJsu, 4To JaxKe B IpeebHOM
ciaygae Uy — 0, TO ecTb B mpubamKeHUH CBOOOIHOM
JIEKTPOHHO-JIBIPpOYHON Kam [59, 64], ee HamnHuzmIasd
[OJIHAS SHEPrUsl COOTBETCTBYET KOH(MUrypaIlyuu o0enx
MOJICUCTEM C 3aMKHYTBIME 00OJIOUKaMu M cdepude-
CKM CHMMETPUIHBIM PACHpPEJIeeHneM OObEMHON KOH-
[EHTPAIMN 3JEKTPOHOB U JBIPOK p.(r) u pp(r). Hus
chepruecKu-CUMMETPUYHBIX MOJCACTEM C 3aMKHYTbI-
MU OBOJIOYKAMA W M30TPOIMHBIMUA YTIOBBIME 33BHCAMO-
craMu p(1) COBOKYIIHBIE HHJIEKCBI «i» U «a» y OJHOYA-
CTUYHBIX BOJHOBBIX DYHKIWMH ¢; U ¢, B (6) obo3HAUA-
10T HAOOP KBaHTOBBIX yuces (n,l, m, o), rae n — paju-
aJIbHOE KBAHTOBOE MMCJIO, | W M — yTJIOBOW MOMEHT U
€ro IPOEKIHs, 0 — IIPOEKIMs CIIMHA, & CAMU BOJHOBLIE
QYHKIUY 3alUCBIBAIOTCS KaK IIPOU3BEICHIE Palualb-
HOIi, YIVIOBOIi U CIMHOBON KOMIIOHEHT [72],

Pnl (T)

¢nlma (I‘) == }/lm (9a @)XO' (21)
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IIpu 3amanubix mapamerpax g N 50 Bo BceMm
JUaa30He M3MEHEHUs BBICOTHI Oapbepa HAMHHU3IIEl
[IOJIHOIl SHEPIMH COOTBETCTBYeT KOHQUIypalus ¢
MOJIHOCTBIO 3allOJIHEHHBLIME KBAHTOBBIMU 0GOJIOUKAME
1522p%3d'04 f145918 n1s 06enx mojcucTeM, TO ecTh IpH
MAKCAMAJBHO BO3MOXKHBIX 3HAYCHUAX OPOHUTAILHOTO
MOMEHTa, JJIsl KasKJO0ro TJIABHONO KBAHTOBOT'O YHCJIA,
KaK 3TO HabJI0Ja/IOCh, HAIIPEMED, U B CIydYae OIHO-
KOMITIOHEHTHBIX HAHOKPHCTAJJIOB C IIOBEPXHOCTHBIM
TunoM Jiernposanus (29,30, 33, 34].

Cunel octmyisitopos (16) Gbuin HaliieHBI B pe-
syabrare pemerus ypasHenusi IICPO (10)—(11). Hust
YUCJIEHHBIX PACYETOB CIEKTPOB (POTOIOrIOMEHUS ObLI
ucnosb3oBad Mero) Bu-crutaiinos (B-splines) [73,74],
OCHOBaHHBI Ha 3aMeHe OJHOYACTHYHBLIX COCTOSHUIL
HEIPEePBIBHOTO CIIEKTPA, JUCKPETHBIM HAOOPOM ICEBIO0-
cocTosgumil. PauabHble 9aCTh OMHOYACTHIHBIX BOJIHO-
BoIX pyHKumMit P, (1) NpecTaBagioTcs B BUjE JIUHEd-
HOIl KOMOMHAIIMK KyCOYHO-HEIIPEPLIBHBIX ITOJUHOMOB,
3aJaHHBIX HA JOCTATOYHO GOJIBIIOM KOHEYHOM DaJIu-
asbHOM uHTepBase [0, Rmax],

Ngp1—1

Py(r) = Z CiBix(r), (22)

rae Ngpl — IOJIHOE YuCJIO cILiaiiHoB nopsanka k. Ilpn
sroM dyukuuu P, (r) yIOBIETBOPAIOT I'DAHUYIHBIM
yeaoBusaMm Pp(0) = Pyi(rshen) = 0, TO ecTb, corsac-
HO (4), (5), depMuOHHAS CHCTEMA TIPEJIIOIArAeTCs [0
MEIIEHHON B C(hePUIECKYIO IIOTEHIINAIBHYIO SIMY Pali-
V€A T'shell C OECKOHEYIHO BHICOKMMU CTeHKaMu. [1pm aToMm
JJ1s obecriedeHusT HeOOXOAMMOM TOMHOCTH PE3YILTATOB
(~ 107%) a1s mpaBUIa CyMM OBLIH HCIOIB30BAHBI 50
CIUTAfHOB 7-TO TOPSITIKA.

Buauasie 6bu1 paccuanTaHbl pacpeeaeHns 00beM-
HOI NJIOTHOCTH 3apdana JJId SJIEKTPOHHOU M IBIPOY-
HOIl KOMIIOHEHT B mpejesbHOM ciydae Uy = 0, To
€CThb JJId 3JIEKTPOHHO-IBIPOYHON KallIu, cofepzKalieit
N = 50 gactui 060ero copra, CBI3aHHBIX MEXKTy CODOit
TOJIBKO MEXKYaCTUYHBIM B3auMojeiicTBueM. Pesysbra-
ThI pacdera B npubsmxkenun Xaprpu-®oka (6) npu-
BeseHbl Ha puc. 1 a. I3 rpaduka BuIHO, 9TO Oy I€H-
Hble (DYHKIUU PACIIpeieIeH s UMEIOT BHJI KOMIIAKTHOMN
pPaauaJibHO-CUMMETPUYHON CTPYKTYPHBI, JIUIIb HE3HA-
YUTEHFHO PAa3/INdasich n3-3a pasHoCTH 3PHEKTUBHBIX
MacCC JIEKTPOHOB U IBIPOK.

Pacnpenenenns cun oCImLIATOPOB, TAKXKE JJIs
CpaBHEHUSsI TIOCYUTAHHBIE B 000MX MPUOJIMKEHUSIX, 110~
Ka3aHbl Ha puc. 1 b BepTuKagbHbIMEU JuHUAMA. [losty-
YeHHBIE PACIIPEIEICHIS CIII OCITUJIIITOPOB CBUIETE b~
CTBYIOT O HAJIMYUU B OITHYECKOM CIIEKTPE KOMILIEKCa,
TUTAHTCKOTO JUIIOJIBHOIO PE30HAHCA, CBSI3aHHOIO, KaK

864
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Puc. 1. a — PacnpegeneHnsi nnoTHOCTW 3apsifia 3/1€KTPOHOB
Pe N ABIPOK pp, B ABYXKOMMOHEHTHON cuUCTeMe, cofeprkaliieli
N = 50 nap vactuy npn Uy = 0. b — Pacnpegenerus cun
ocumnnsitopos (17) (8 % ot npaBuna cymm) B npubnvxeHmn
cnyvaiitbix as ¢ obmerom (MCPO). Orubatowas ceveHus
choTonoroWEHNs NoKasaHa NyHKTUPHBIMU JTUHUAMUN. TOHKU-
MW BEPTUKASIbHBIMU LUTPUXOBLIMU JIMHWASIMU OTMEYEHO MOJIo-
xerune €, (23) M 4acToTbl ABYX OCHOBHbBIX OAHOHACTUYHbIX
nepexopoB 5g — 6h A5t SNEKTPOHHOW 1 AbIPOHHON NOACUCTEM

ObLII0 IPOJIEMOHCTPUPOBAHO B pabore [58], ¢ Bo3byxk1e-
HUEM ITOBEPXHOCTHBIX IIJIA3MOHHBIX KOJIEOAHUIA.

Hns cpaBHeHus Ha rpaduke Tak>Ke MMOKA3aHO I10-
JIO2KEHUE YACTOThI TAPMOHMYECKUX KOJIEOAHUI [IeHTPA
Macc cucTeMbl B ajguabarudeckoM npubsuxkenuu (31,

58,
0=

Ha stom xe I‘paCbI/IKe OTME4Y€CHDbI IIOJIOZKEHHA YaCTOT

4me?h?

SN (23)

/ pe(r)pn(r)dr.

OCHOBHBIX O/IHOYACTUYHBIX JUIOJIbHBIX II€PEXOJI0B JIJId
JIEKTPOHHOU W JBIPOYHON IOACUCTEM C HAMOOJIBINH-
MH CHJIAMHU OCIUJIJISTOPOB, COOTBETCTBEHHO, 59 — 6h,
u 5g — 6he.
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OkazaJioch, ITo MpeobIIa atoNiast J0JIsi CHJI OCITUII-
JaropoB (84%) upuxoauTcs Ha YHEPIUU BBIIIE IIOTEH-
[yaJja MOHU3AIUU, YTO IPUBOJIUT K CUJIBHON (hparMeH-
TaIUK JINHAU [JIA3MOHHOTO PE30HAHCA, 9acTOTa KOTO-
pOTO IOTaIaeT B 00JIACTH HEIIPEPBHIBHOTO CIIEKTPA. IJTa,
OCODEHHOCTD TIJIA3MOHHOI'O PE30HAHCA B SJIEKTPOHHO-
JIBIPOYHBIX KAILISIX OTJIMYAET €r0 OT aHAJIOITIHOIO BO3-
OyKJIeHUsI B CHCTEME JEJIOKAIIM30BAHHBIX JJIEKTPOHOB
B METAJIMIECKUX KJIACTEPAX, TJIe TOJOXKEHNE TIA3MOH-
HOT'O PE30HAHCA HAXOUTCS HUYXKE MOTEHIINAJIA HOHU3a-
muu [9,10]. HemocpeacTBeHHOE HCC/IEIOBAHIE MEXAHU3-
MOB YIIMPEHUsI JUHUI B OINTHYECKAX CIIEKTPAaX HAHO-
pa3MepHBIX 00'bEKTOB, KOTOPBIM OBLIIO YIeJIEHO BHUMA-
HUEe aBTopaMu psija ybsmkanumit [75-80], He siBisteTcst
[IEJIBIO JTAHHOW PAOOTHI.

[HosToMy syisi MOJIyUueHHs] COOTBETCTBYIONIUX Ce-
JeHuit poTOHOrIomEeHsT HaOOPhl PACCUUTAHHBIX JIHAC-
KPETHBIX CHJI ociuuiaTopoB (16) Hamu Obuin 3amMene-
HBI JIOPEHIEBBIMU NPOMUIAME, MIUPUHA KOTOPBIX Ha
[TOCTPOEHHBIX TOHKUMU ITyHKTUPHBIMU JIMHUSME I'Da-
dukax ObL1a BeIOpana Kak 'y = 0.1Q; ama k-ro au-
[TOJIBHOTO TIEPEX0a C IaCTOTOM {2y.

Hecmorpst Ha criibHYI0 (hbparMeHTAIINIO PE30HAHC-
HOM JIMHWH, IIJIA3MOHHBIE KOJIEOAHUS B JIBYXKOMIIO-
HEHTHOI CHUCTeME J[a2Ke B OTCYTCTBHE PA3JIEIUTEIHHO-
ro 6apbepa MOXKHO CYATATh rapMOHUYEeCKUMHU. BHer-
Hee 3JIEeKTPOMArHUTHOE I10JIe BO3JIEHCTBYET HEIoCpe/I-
CTBEHHO Ha IEHTPHI MACC 3JIEKTPOHOB WM JBIPOK U HE
3aTparnBaeT WX BHYTDEHHee IBIKeHHe. B cBOw ode-
pe/ib, PACIIEIJIeHne YUCTO TAPMOHUYECKON IIIa3MOH-
HO# MOJIbI, COOTBETCTBYIOIIEN OTHOCUTEILHOMY JIBUKE-
HUIO IIEHTPOB MAacCC 3JEKTPOHHOU M JBIPOYHON IIOJCHU-
CTEM C 4YacTOTOl KosebaHuii (),, IPOUCXOIUT IIyTeM
CMeIMBaHUsl IJIA3MOHHON MOJIBI U BHYTPEHHUX BO3-
Gy>KIeHni JacTuI] KoMILIekca [57,58].

Kaxoe Bo3byxuennoe cocrosinne Py (9), mouy-
YeHHOE B pe3yJIbTare, B O0IIEM CiIydae COJEPXKUT B cebe
BKJIA/IbI TPAKTUIECKH BCEX OJTHOYACTUIHBIX IIEPEX0/I0B
@i = Om U @q — OPp, DU ITOM OTIIMYASICH UX AMILIU-
TYJHBIMU KO3 PUIMEeHTaMI U, KaK CJIeJICTBHAE, XapaK-
TePOM JBUKEHUS yIacTBYomux dactuil. [Ipupoia kon-
KPeTHO# k-if CHeKTPaIbHOM JIMHAU MOXKET OBITH IIPO-
aHAJIM3UPOBAHA IIyTEM HCCJIEJIOBAHUSI COOTHONICHUIT ee
ornenpupix ammanrys X F) u V%) a rakke coorser-
CTBYIOIIEH TJIOTHOCTH IEPEXO0/I0B, KOTOPAsi OIPeIeIs-
ercsi Kak

(k)

oY) (1) = (@1]6p(r)|Bo) =
=3 (X W1 @om) +

m

+ 3 (XB s 0)on ) + Y 6ur)si () . (24)

an

Y(k) QS% (r)d):‘n

im

() +

7 KIT®, oI 6

865

st cpaBHUTEIHLHOTO aHAIN3a OBLIN BHIOPAHBI JIBE OC-
HOBHBIE JIMHUHM B CIIEKTPE, OTMEYEHHbIE Ha Tpadure
puc. 1b mudppamu «1» u «2». Ha puc. 2 npuseseHbl
COOTBETCTBYIOIINE PaJuaJIbHble DacIlpeieseHus I1JI0T-
HOCTH II€PEXO0B Ha (DOHE IIOTHOCTU JIEKTPOHHON U
JBIPOTHON KOMITOHEHT OCHOBHOT'O COCTOSTHUSI CUCTEMBI.
W3 rpadukoB BUIHO, 9TO JIsi JUIIOJIBHON MOIBI «1»

~
~

¢ sueprueit (2 0.82 3B, Ha KOTOPyIO NPUXOIUT-
cst okoy10 20% CyMMBI CHJT OCIUJLISTOPOB, MAKCHMYM
[JIOTHOCTHU II€PEXOJIOB IPUXOJIUTCS Ha 00JIacTh BHEI-
Hell TPAHUIIBI 3JIEKTPOHHO-JIBIPOYHOI0 KOMILIEKCA, ITO
CBUJIETEILCTBYET O IPEMMYIIECTBEHHO PAJANAILHOM U
[IpU 3TOM CHH(MA3HOM XapaKTepe JIBUYKEHHsS YaCTUIl B
9TOM KoJiebaTeIbHOM Iporiecce. HampoTus, mjist MOJIbI
«2» ¢ Q9 =~ 0.66 3B, comepzkameit okoso 7.5% mnpasu-
Jla CyMM, pAacIpejesieHue IIJIOTHOCTH [IEePEX00B UMeeT
OJIH MAKCUMyM B 0O0'beMe CUCTEMbBI U, TAKIM 00pa3oM,
KOJIeDAHUS B 9TOM BO30Y2K/IEHHOM COCTOSIHUH HE SIBJIsI-
IOTCH ITIOBEPXHOCTHON INIA3MOHHON MOMOIL.
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h
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Q
0,0
-2,0x10°
— —

T T
100 120 140

Puc. 2. PagnanbHble pacnpefeneHns NAOTHOCTU AUMONbHbIX
nepexofoB pir (1) (B OTHOCUTENbBHBIX eAnHMLAX) A5 BO3BY>K-
[OEHHbBIX COCTOAHWIA, COOTBETCTBYIOWMX AUHUAM «1» n «2»
Ha rpacpuke puc. 1(b), Ha doHe pacnpepenerusi 3apsposoi
NAOTHOCTU 3/EKTPOHHON N AbIPOYHON KOMMOHEHT

YT00B!I BHIABUTH IPUHININAILHOEC PA3IMYNE STUX
JIBYX MOJ, II0 CBOEMY XapaKTepy, TaKzKe ObLI IIpoBe-
JIeH aHAJIN3 COOTBETCTBYIOIINX aMILUIATYL «BIIEPEI-»> W
«HA3aI-BO-BpeMeHN». JJIT KOJJIEKTHUBHBIX BO30y2Ke-
HUIl IJIA3MOHHOI'O THITA XAPAKTEPHBLI OJIM3KHE II0 II0-
PSIKY BeJMUuHBI 3Hadenuss X u Y, B TO BpeMs, Kak
JUIsL IpYrUX MoJi Habuiogaercs coornomerne X > |V,
Bobimoit BKIa1 aMIIIATYAbI «HA3a/1-BO-BPEMEHU» CBU-
JIeTeIbCTBYET O 3HAYUTEILHOM CMEIINBAHUY 3JIeKTPOH-
JIBIPOYHBIX COCTOSIHUI M CYIIECTBEHHO KOJLIEKTHBHOM



A. H. Vinatos

MHITP, Tom 163, BBII. 6, 2023

7x10° : 4x10° :
6X10_5_‘ U,=0.82 3B T oore (1) U,=0.89 aB T ore PN
e 1 3x10° 3
X 1 '
T 4x10° 3 s
E ] ; 2107+
= 3x10°
= |
2x10° 4 1x10%4
s
1x10 b)
1 0
0
T T T T T T T T T T T T
0 20 40 60 80 100 120 140
5x10°

T T T
100 120 140

r, aT.eq.

4x10°

3x10° 1

2x10° 4

1x107° -

T T T
100 120 140

r, at.eq.

Puc. 3. PacnpegeneHns nnoTHOCTY 3apsifa 3/IEKTPOHOB 1 AbIPOK B ABYXKOMMOHEHTHOI cucTeMe, copgepxkaein N = 50 nap 4vac-
TWL NPV PasvyHbIX 3HAYeHUsIX BbiCOTbl bapbepa Uy 1 cOOTBETCTBYlOWME pajmasibHble pacnpefeneHns nAOTHOCTU MEPEXOAOB
ON151 NN1a3MOHHOI MoAbl

XapakTepe Bo30yKeHus. HapoTus, MaJible 3HAYEHUST
3J1eMeHTOB Y XapaKTepHBI JJIsI IPEUMYINeCTBEeHHO O/l
HOYACTUIHBIX COCTOSTHWI, JJIT KOTOPBIX MEXKIACTHI-
HbIe KOPpeJIAIUN IIpaKTudecku He urpator posn. Oka-
3aJI0Ch, YTO BO30Y2KJIEHHOE COCTOSIHUE, CHJIA OCIUJLISI-
TOpa KOTOPOTO COOTBETCTBYET JIMHUHU «1» B CIIEKTPE,
upejicrapiisier coboii auHelnyo kombuHamio (9), B KO-
TOPOil JTOMUHUPYeET IIapa ABYX AMIOJLHBIX HMEPexo0B
HOMO-LUMO 5g — 6h MexKIy 3JIeKTPOHHBIMU U JTbI-
POYHBIMU OJHOYACTHIHBIMU COCTOSTHUAME C OECKOPHE-
BBIMH P IMAIbHBIMA BOJHOBBIME (DyHKImsIMA Py (1) 1
BCEMH BO3MOKHBIMH IIPOEKIUAMHI yTJIOBOTO MOMEHTA.
ITpu srom 3madenns |Ysq—6n| ~ 0.3 s obenx KoMIo-
HeHT, a coorHoutenus |Y|/X miasa sTux mepexomos co-
craBJstior ~ 0.6 u ~ 0.7, COOTBETCTBEHHO, JJIS SJIeK-
TPOHHOHM W JBIPOYHON mozacucTeM. BKItag oCTaJbHBIX
OJTHOYACTUIHBIX COCTOSHUI OCTAETCA HE3HATUTETHHBIM
U HE OKa3bIBaeT 3aMEeTHOTO BIUSHUS Ha XapaKTep 3TOTO
MHOTOYACTUIHOTO BO30Y K JIEHUS.

Taxum obpazom, kojedaTeIbHAS MOJIA C IACTOTOMN
0.82 3B ob/sajilaeT BCceMHU NMPU3HAKAMHU TOBEPXHOCTHO-
ro IJIA3MOHHOTO PE30HAHCA <«TPaIUIMOHHOTO» TPAHC-

866

JISIMUOHHOI'O TUIIA, IIPH KOTOPOM BO30Y K JIEHbI IIPEUMY-
IIIECTBEHHO paJuaJibHble cTerneHn cBobobl. Hamporus,
cpean Ko3PDUIUEHToB Y, COOTBETCTBYIOIINX JTUHUU
«2», OTCYTCTBYIOT 3HAUeHHs, Ipesbimaomye 1072, u,
x0Tsl cyMMMupoBaHue (9) BKi0YaeT B cebst CPABHUMBIE
10 BEJIMYWHE BKJIAJIbI HECKOJIBKUX OJTHOYACTUIHBIX U~
[TOJIBHBIX [IEPEXOJIOB, 9T MO/ HE MOXKET ObITh OTHECEe-
Ha K KOJUIEKTHBHBIM ILJIA3MOHHBIM BO30YKIEHUSIM.

CienoBaresibHO, B Ipejiejie HU3KAX 3HAYEHUI I10-
TEHIIMAJBHOIO Oapbepa MEXKIy SAPOM U O0OO0JIOUKOMN
B 9JIEKTPOHHO-BIPOYHOM KOMILJIEKCE I10J] BO3efCTBU-
€M BHEIIHEr0 3JIEKTPOMAIrHUTHOTO II0JIsi BO30YXKIaeT-
Cs KOJUIEKTUBHAST TADMOHIIECKAs MOJIa, CIIEKTPAJIbHAS
JINHUSI KOTOPOIi B PE3YJITATE MEKIACTUIHBIX B3aHUMO-
JIefiCTBUN OKa3bIBAETCsl yIIUpEHa U (PparMeHTHPOBaHA
Ha OTJEJIbHBIE JINHUU B CIIEKTPe (POTOMOTJIONIEHNUS, OC-
HOBHOI MUK Cpeay KOTOPBIX COXPaHsAeT CBONCTBa JU-
[TOJIBHOT'O IIOBEPXHOCTHOIO ILJIA3MOHA TPAHC/IAIMOHHO-
ro THIA.

ITocne Toro, kak ObLIM BBISIBJIEHBI KPUTEPUU, IIO
KOTOPBIM OIIpeJesIseTcsl IJIa3MOHHAsT MOJa B CIIEK-
Tpe BO30YXKJIEHHBIX COCTOSIHUIl JIBYXKOMIIOHEHTHOMN
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3JIEKTPOHHO-ILIPOYHO CUCTEMBI B OTCYTCTBHE IIO-
TEHIIMAJBHOIO Oapbepa MeXKIy SIAPOM U ODOJIOYKOIA,
MOSIBUJIACH BO3MOYKHOCTH HCCJICIOBATD BIIUSIHUAE, KOTO-
poe 0Ka3bIBAEeT IMOTEHITUAIBHBIN Oapbep Ha ONTUIECKIE
CBOIICTBa KBAHTOBOU TOYKHN B 3aBUCUMOCTHU OT €TI0 BbI-
coTbl. Pacdernl mokazasin, 9TO U3MEHEHHE BBICOTHI
bapbepa Jlaxke B CPABHUTEJIBLHO Y3KOM JIMAIa30HE ee
3HAYEHUN MOXKET IPUBECTU K KAPIAMHAJIBHBIM M3MEHe-
HUSIM B PACIIPEIEJIEHUN IUIOTHOCTH 3aPS/I0B B CHCTEME
U, B UTOI'e, B CIIEKTPE €€ JUIOJIbHBIX BO30YKIEHUIA.

BbIYUCJICHU
CJIeJlyeT, 9TO NPU OTHOCUTEJIHHO MAJIBIX 3HAYEHU-
ax Uy < 0.4 sB Bnusinue Gapbepa Ha CTPYKTYDPY

N3  pe3yabTaToB  MPOBEICHHBIX

9JIEKTPOHHO-IBIPOYHOIO KOMILIEKCA ITPAKTHYECKU He
CKa3bIBAETCSL.
HaanHatoTcs upu Uy ~ (0.5-0.6) sB. Ha puc. 3 mus
OpUMepa  IIPeJICTABIIEHBI

BameTHble KAadYeCTBEHHBLIC W3MCHEHUS

pacupejiejieHusl 3JIeKTPOH-
HOIl W JIBIPOYHON IIOTHOCTH B 00beMe KBAaHTOBOM
TOYKN [UIsi PA3JIMIHBIX 3HadeHuil mnapamerpa Up.
s cpaBHeHMS TakKe IIOKA3aHbI COOTBETCTBYIOIIHE
pacmpejiejienus IJIOTHOCTH  JIUTIOJIBHBIX — II€PEXO0/I0B
JJIA IJIA3MOHHON JIMHUW, JTOMUHUDYIOMEH B CIIEKTpe
BO30Y2K/IEHHBIX COCTOSHIUI.

W3 mpuBeneHABIX TpadUKOB BUIHO, ITO JarXKe OTHO-
CHATEJIbHO HE3HATUTE/ILHOE U3MEHEHUE BhICOTHI baphepa
B nHTepBase (0.82-0.89) 5B BBI3BasIO 3aMeTHOE IEpE-
pacupejiesieHne ILUIOTHOCTU 3apsi/ia JIBIPOYHON IMOICH-
CTeMbl U, KaK pe3y/bTaT, CMENIeHNe IJIOTHOCTU Iepe-
XOJIOB K I'PAHMUIIE MEXKLy siipoM U 060j104uKoii. [ToMmumo
9TOr0 M3MEHUJICH CAM XapPaKTep PACIPEIeICHUs TLIOT-
noctu nepexonoB. Eciu npu Uy = 0.82 3B, kak u B
cJiydae OTCyTCTBUS Oapbepa, MAKCUMYM ILIOTHOCTH TIe-
PEXOI0B IPUXOIMUIICS HA BHEIITHIOI I'PAHUILY PACIIPEie-
JIEHUSI 3apsJI0BO#l IJIOTHOCTHU, UTO CBUJIETEIHLCTBYET O
1peo0JIaIaHuU B KOJIe0aTEIbHOM IIPOIECCE PAUAJIBHO-
HAIIPaBJIEHHOIO JBMKeHust, TO yxke npu Uy = 0.89 3B
HabJTIOIAETCs 3aMeTHOE IepeKPhITHE (PyHKIUI pacipe-
JieJIeHus TIJIOTHOCTEH 3apsiJIOB U JTUIOJIBHBIX IE€PEXO-
JIOB, YTO KOCBEHHO CBUJIETEJILCTBYET O BO30OYKICHIH HE
TOJIKO PaJIMAJIbHBIX, HO U YIVIOBBIX (BpallaTeJbHbIX)
creneHeit cBoOOBI BOM3U TPAHUILI dapa. JlanbHeit-
1ee yBeJUUIeHne BBICOTHI Dapbhepa, KaK BUJIHO U3 I'pa-
GbUKOB, IPUBOAUAT K ITOCTENEHHOMY ITPOCTPAHCTBEHHO-
MY Pa3/esIeHUIO JIEKTPOHOB U JIBIPOK B cucTeMe. Tak
npu Uy = 2.5 3B noJioxkuTebHbIE U OTpULIATEIbHBIE
HOCHUTEJIN 3aPSAI0B yKe MOYTU HOJHOCTHIO PA3JIeJIEHBI,
a B PACIIPEIEJIEHUN IIJIOTHOCTH IMEPEXOJ0B y ILIA3MO-
Ha, TIOSIBUJINCH OTJIEJIbHBIE «JIEKTPOHHBIN» M «JIBIPOY-
HbIll» MakcuMmyMmbl. [lpu sToM dyHKIMS pacupemesie-
HUsl TJIOTHOCTH IIEPEXOI0B B 3HAYNTELHON CTEIeHN 110~
BTOD#ET pacIlpe iesieHne IJI0OTHOCTH 3aPs/I0B, B 0CODEH-
HOCTH 3TO 3aMETHO JIjIsI JIEKTPOHHON MOJICUCTEMBI, UTO

CBHUJIETEILCTBYET O IMPEOOIAAHUN B IIJIA3MOHHON MOJIE
KoJIebaHmii BpalaTeJbHOTO THTIA.
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Puc. 4. PagunanbHbie pacnpegeneHust MaOTHOCTM LUMONbHBIX
nepexofoB pir (1) (B OTHOCUTENBHBIX €ANHNLAX) A5 N1a3MOH-
HOl MOAbl Ha (poHe pacrnpejenieHusl 3apsiBOBON MIOTHOCTU
3JIEKTPOHHON W [bIPOYHON KOMMOHEHT ANA 3HAYeHUN BbICO-

Tbl Bapbepa Uy = 15 3B (a) n 50 3B (b)

Ha puc. 4 (a, b) B xauecTBe miunocrpanuu u3o00pa-
JKEHBI PaCIpPEIeJIeHNs TIIIOTHOCTH 3aps/IOB U ILJIOTHO-
CTH TEPEXOJ0B B Ipejiesie OOBbINX 3HAYCHUH BBICOTHI
6apoepa Uy = 15 9B u Uy = 50 3B. Bux by pac-
[IpeJieJIeHusT IIJIOTHOCTH [I€PEXO/IOB B JIEKTPOHHOM MO/I-
CUCTEME MMPAKTUIECKU B TOYHOCTU BOCIIPOU3BOJIUT PAC-
npejieJieHne IIOTHOCTH 3apsijia, U3 9ero CJIeIyer, 9To B
KOJIEOAHUSX IJIA3MOHHON MOJIbI PA/INAJIHLHOE JIBUKEHUE
9JIEKTPOHOB 3aMOPOXKEHO U BO30YKEHBI TOJBKO YIJIO-
Bble (BpalljaTesbHble) cTeneHn cBobobl. B To Ke Bpe-
Msl JIJIsl JIBIPOYHON ITOJICUCTEMBI CUTYAIWsl HECKOJIBKO
VHasl, B €€ IUIA3MOHHBIX KOJEOAHUSIX BCE eIle IPUCYT-
CTBYIOT KaK yTJIOBBIE, TAK U PAJIUAJLHBIE CTEIEHH CBO-
6omp1. TeMm He MeHee, CyJisl TIO TOMY, 9TO TIPUA yBEJIHYIe-
uuu Uy ot 15 10 50 3B dbyuknum pacupeaeseHus mpak-
TUYECKH HE U3MEHHWJINCH, 3TOT Hapbhbep MOYKHO YCJIOBHO

7*
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CYUTATHL OECKOHEYHO BBICOKUM, IIPU KOTOPOM 3JIEKTPO-
HBbI 1 ABIPKU IIOJIHOCTBHIO IIPOCTPAHCTBEHHO Pa3€/ICHDI.
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Puc. 5. Pacnpegenenuns cun ocunnnsitopos (17) (8 % ot npa-

BUJIa CYMM) NPY 3HAa4EHNSX BBICOTLI NOTEHUManbHoro bapbepa

0.82 (a), 0.83 (b) n 0.87 3B (c). Orubatowme cootseTcTBYy!O-

LUMX ceyveHunii hOTOMOrNOLEHNS NOKA3aHbl TOHKAMUN NYHKTUP-

HbIMU UHUAMU. LLITPUXOBBIMN ANHUSIMI OTMEYEHbI YacTOTbI

ABYX OCHOBHbIX OfHOHACTUYHbIX Nepexonos 5g —6h ans anek-
TPOHHOI N AbIPOYHOWN NOACUCTEM

IIepecrpoiika CTPYKTYDPBI  JIEKTPOH-IBIPOTHOTO
KOMILJIEKCA [PUA U3MEHEHWHM BBICOTHI Oapbepa MexKIy
AJIPOM U 0060JIOUKOM HAHOPA3MEPHON KBAHTOBON TOUKH
B CBOIO OYepeIb MPUBOIUT K U3MEHEHUIO BCETO CIIEKTPA
BO30YKIEHHBIX COCTOAHUII CHCTEMBI, B OCODOEHHOCTH
MIOJIO2KEHUST  JIOMUHUPYIOMEH JIMHUKM — TIJIA3MOHHOTO
pesonanca. Ha pwuc. 5 TpuBeIeHBI pacIpee/eHus
CUJI OCHUJIIATOPOB, paccuuTanubie B pamkax [1CDO
JUIS  TPeX 3HAYeHWil BBICOTHI MIOTEHIMAJIBLHOIO Oa-
prepa B mHTepBajie or 0.82 mo 0.87 3B, B KoTOpOM
HabJIIOIAJIOCH  Hambojiee 3HAYUTEIHLHOE yMEHBITEHUE
NEPEeKPBITUA IIJIOTHOCTEH 3apdana IJIEKTPOHHON u
JIBIPOYHON MOJICUCTEM U YKA3bIBAJO Ha KAYeCTBEHHOE
U3MeHEHue CTPYKTYphl BCEro KOMILTEKca. Kak u B
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curyanuu ¢ Uy = 0, #Ha rpadurax Taxkxke ObLIH
[IOCTPOEHBI CedeHnsi (POTOIOIVIONIEHUS I[IPUA ITOMOIIA
JIOPEHIIEBBIX ITPOQUIIeii, MHUPUHA KOTOPHIX B IAHHOM
ciiydae ObuIa BeiOpaHa Kak 'y = 0.05€, a Takxke 1o-
KAa3aHbl IIOJIO’KEHUS OCHOBHBIX JIMHUN OMHOYACTHIHBIX
[I€PEXOI0B.

W3 rpadukoB puc. 5 a—¢ BUIHO, IYTO BO BCEX CJIy-
JasiX B CEYEHUsIX (DOTOIIOIJIOIIEHNS, [TOKA3aHHBIX TOH-
KUMHM CILIONIHBIMU JIMHUSIMH [IPUCYTCTBYET JOMUHUDY-
IO IJIA3MOHHBIN NHWK, YaCcTOTa KOTOPOTO Ha PHU-
CyHKax oTMmedeHa Kak {l.s. IIpm sTomM, Kak ciemyer
u3 puc. 5 a, b, yBesntueHne BHICOTHI bapbepa BCEro Ha
10 M3B npuBOIUT K CMENMIEHUIO PE30HAHCHON JIMHUU C
0.77 mo 0.58 3B, To ecth mpakTHuecku Ha 25 %. Tax-
JKe HabJII0JIaeTCsl 3aMETHOE IepepacIpe/ie/IeHue CaTell-
JINTHBIX JINHUW B CIIEKTPE, KOTOPbIE, KAK U B CJIydae
Up = 0, Mbl He mpuuncasgeM K BO30YKICHUSM ILIa3-
MOHHOTO THIIa, HECMOTPs Ha TO, YTO HA WX JIOJIO IO-
[pesKHEMY ITPUXOUTCH 3aMeTHAasi 9acTh CHJI OCIUJLISI-
TOPOB.

Kak BumaO m3 puc. 6 a, Ha KOTOPOM IPE/ICTABIIE-
Ha 3aBUCHMOCTH YACTOTHI IJIA3MOHHOIO IMKA OT BbI-
COTBI TIOTEHIHATIBLHOTO Oapbepa B MIUPOKOM JIHAITA30HE
u3menenus Uy, nmenno na marepsas 0.6 g0 0.9 3B, B
KOTOPOM HaOJTIOIAIOCH HANDOJIee CYIIECTBEHHOE Y MEHb-
[IIEHUE [TEPEKPBITUSI IJIOTHOCTEN 3JIEKTPOHOB U JIBIPOK,
[IPUXONTCS U 001aCTh HanboJIee OBICTPOrO U3MEHEHUST
ILUIA3MOHHOM 9aCTOTBI, BBI3BAHHOTO BKJIIOYEHWEM Bpa-
MATEIbHBIX CTeleHeil CBOOOIbI B KOJIJIEKTUBHOM J[BU-
»xeHuu dacrtuil. [Ipu pajpHeiinem moBeieHnn bapbepa
OPOUCXOJUT IOCTEIEHHBIN Iepexo]] Pe30HAHCHOI MO-
bl OT JIAMIOJIBHOTO ILUIA3MOHA TPAHCJSIMOHHOTO THUIA
K BpalllaTe/IbHOMY IIOBEPXHOCTHOMY ILJIA3MOHY B IIpe-
JieJjie BbICOKUX 3HavueHuili Uy, IPU KOTOPBIX 3JIEKTPOHbI
¥ JIBIPKU IIPOCTPAHCTBEHHO Pa3esieHbl OapbepoM, Kak
9TO BUJIHO Ha puc. 4 a, b. ror haxT Takke MOIATBEP-
JKJIAeTCsI IPUBEJICHHO Ha puc. 6 b cOOTBETCTBYIONMIEH
3aBUCUMOCTBIO CHJIbI OCIIIJLIATOPA IIJIA3MOHHON MO/IHI,
KOTOpasi CliepBa OBICTPO BO3PACTAET IO Mepe BKJIIO-
YeHHUsI BPAIATEJbHBIX KOJEOAHUN U JIOCTUTraeT CBOe-
ro makcumyma upu Uy ~ 3.2 3B, korga B aBmkeHHN
YYIACTBYIOT OHOBPEMEHHO U YIJIOBBIE M PaJHMajIbHbBIE
CTeleHn CBOOOJIBI, & 3aTeM IIPU IIOCTEIIEHHOM 3aMOpa-
JKABAHUU MOCJIETHAX CTPEMUTCS K ACHMITOTHIECKOMY
npenery ~ 66%, Kak y MOBEPXHOCTHOIO IJIA3MOHA M-
CTO BpalaTeIbHOro THIA [33,34].

Ha pumc. 7 B kadecTBe mpuMepa NIPUBEICHBI
CIIEKTPBI  BO3OYIKJEHHBIX COCTOSIHHII  9JIEKTPOHHO-
JibIpodHoro Komiutekca npu Uy = 3.2 3B (a) u 15 9B
(b). B obonx ciaydasx B cedeHHH (HOTONONVIOIIECHIS
JIOMUHUDYET OJIMH OCHOBHOI ILIA3MOHHBINA ITUK, Yac-
TOTA U CHJIA OCHUJIISTOPA KOTOPOTO OIIPEJIEIAeTCS
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Puc. 6. a — 3aBUCMOCTbL 4acTOTbI NAa3MOHHOIO Pe30HaHCa
Qres OT BbICOTbI NOTeHUManbHoro bapbepa Uy B npnbnvxeHnn
MCPO. Ha BcTaBke OTAENLHO NOKa3aHa 3Ta e 3aBUCMMOCTb
B obnactn Hanbonee CyLeCTBEHHOrO ee U3MeHeHUsi. b — 3a-
BUCUMOCTb CWJIbI OCLMJINSATOPA MAa3MOHHOR mogbl (B % oT
npaBuia CyMM) OT BbICOTbI MOTEHUMaNbLHOrO bapbepa

corsiacHo 3aBucumMocTu u3 puc. 6. IIpm srom upm
Up = 3.2 3B masmonHas MoJa BKodaeT B cebs 80%
CIJI OCHMJUISTOPOB, B TO BpEMsl, KaK CATEeJIJIUTHBIE
JINHAW, COOTBETCTBYIOIINE OJJHOYACTHIHBIM [I€PEXO0IAM
npakTrdeckun orcyrcTByoT. Ilpm Uy = 15 3B cmra
OCIIWJJIATOPA [MOBEPXHOCTHOI'O ILIA3MOHA COCTABJISI-
er 67% mnpaBuia CyMM, 9YTO COOTBETCTBYET YHCTO
BpAIlATEIbHOMY THUIY BO30ykKjaeHnsi. BaxXHO Tak-
K€ OTMETHTb, 4TO OTHOIIEHHE PE30HAHCHBIX YacTOT
IJIABHBIX ILJIA3MOHHBIX JuHU 1pu Uy 15 5B u B
npeneabaoM ciay4dae Ug 0 3B okazajoch paBHBIM
0.83, 9r0 O4YeHb OJM3KO K OTHOIIEHUIO ILIA3MOHHBIX
9acTOT B TOHKOM C(DEPUIECKOM CJIOE U PABHOMEDPHO 3a-

DSYKEHHOM IIape, PABHOMY 4/2/3, 94T0 TaKKe KOCBEHHO
[TOITBEPKIAET TPAHCHOPMAIUIO IJIA3MOHHOM MOJIBI U3
TPAHCSINOHHON BO BPAIATEJHHYIO NPH U3MEHEHUH
BBICOTBI Oapbepa MeXKJIy sSJIpOoM U O0OJIOUKOHN JBYX-

869

U,=3.2 3B

5g-6h,

Cunbl ocumnnsitopoe, %

U,=159B

5g-6h, 5g-6h
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1,0
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Puc. 7. Pacnpegenetust cun ocumnnsitopos (17) npu (a)
Uo = 3.2 3B (b) Up = 15 3B. Orunbatowne cooTBETCTBYOLMX
cedeHnii hOTOMOrOWEHNS MOKA3aHbl TOHKUMU COLWHBLIMM
AnHUSMU. TOHKUMU MYHKTUPHBLIMU JIMHUSIMU OTMEHeHbl 4ac-
TOTbI iBYX OCHOBHbIX OfHOHACTN4HbIX Nepexomos 5g — 6h ans
3NEKTPOHHON U ABIPOHHON NOACHUCTEM

KOMIIOHEHTHOI KBAHTOBOII TOYKH C T'e€TE€POIEPEXOI0M
BTOPOT'O POJA.

4. SAKJIFOYEHUE

B mpejcrasiienHoii  pabore TEOpETHYECKH UC-
CJIEJIOBAHBI  ONTHYECKHWEe  CBOHCTBa  cdepudecKu-
CHMMETPUYHBIX HAHOPA3MEPHBIX KBAHTOBBIX TOYEK
TUMA <«sIJIPO—000JIOUKAY C TEePEeTONEPEX0JO0M BTOPOTO
poza, cogepxarux N = 50 map 3/IeKTPOHOB U JBIPOK.
Tlorennmanbubiit 6apbep, Pa3IeIONIi MeXK Ly COO0M
BHYTPEHHIOI0O W HAPYXKHYI0 YaCTH CHCTEMBI, OBLI
OIHMCAaH B PAMKaX MOJIEJIU CTYIIEHYATOIO ITOTEHIUAJIA.
st onmcanus MPOIECCOB B3AMMOEHCTBHSA HOCUTEIEH
3apsiia MeXK Iy cOOOil U C BHEITHUM 3JI€KTPOMATHUTHBI-
MM TI0JIEM OBLJI KCIIOJIb30BAH TEOPETUYECKUI IOIXO/I,
OCHOBaHHBIIT Ha TpuOaMKenun Xaptpu—Poka u mpu-
OJIMZKEHNH CITyYaiHbIX (a3 ¢ ooMenom. OKa3aI0Ch, 4TO
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10 Mepe IOBBIIIEHNS BBICOTHI 6aphepa KapIuHAJIbHBIM
00pa30M MEHSIETCS PACIIPE/IEeJICHIe IIJIOTHOCTEH 3apsi-
J1a 9JIEKTPOHOB U JBIPOK, YTO HAIJISIHO IIPOSIBUJIOCH B
PE3KOM YMEHBIIIEHUU UX IEPEKPBITHUS IIPU JOCTUXKEHUN
HEKOTOPOTO IMOPOTOBOTO 3HAYEHUS ITOTEHIIAAJIA.

BaxxHO OTMETHTB, YTO IIEPECTPONKA CTPYKTYPhI
KOMILJIEKCA TTPOUCXOIUT B CPABHUTEIBHO Y3KOM JIAATIA-
30HE 3HAYEHUII BBICOTHI DAPBHEPA.

JapHeiilee yBegnvIeHNEe ero BBICOTHI 00eCIIeInBa-
er 3bdeKTUBHOE MPOCTPAHCTBEHHOE PA3JIEJEHUE II0-
JIOXKUTEJIbHBIX U OTPUIATEIbHBIX 3apsjioB, (DOPMUPYsI
JIByXKOMIIOHEHTHYI0 CHCTEMY B BHUJE JIBONHOIO 3apsi-
JKEHHOT'O CJI0si BOJIM3W T'PAHUIIBI Pa3esia.

B npubnmxenunu ciydaitHpix a3 ¢ 0OMEHOM OBLT
WCCJIEZIOBAH CIIEKTDP BO30YKIECHHBIX COCTOSIHHN JIBYX-
KOMIIOHEHTHOIl CHUCTEMBI IPU Pa3/IMIHBbIX 3HAYEHUSIX
BBICOTHI IIOTEHIINAILHO Dapbepa, pPas3Iessiionero BHy T-
PEHHIOI0 M HAPYXKHYIO YaCTH CHCTEMBI. DBBIJIO mpose-
MOHCTPUPOBAHO, UTO CBOMICTBA ONTHUYECKUX CIIEKTPOB
OIIPEJIEJISIIOTCS HAJIMIUEM B HUX TMTAHTCKOIO JIAITOJIb-
HOTO PE30HAHCA, CBI3aHHOTO C BO30YK/IEHUEM KOJLIEK-
TUBHBIX ILIA3MOHHBIX KojieOanwmii. Ilpm sTom okaza-
JIOCh, 9TO XapaKTep KoJIeDaTeIbHOIO JBUYKEHNUST YaCTHUIL
[IpU IJIA3MOHHOM PE30HAHCEe NMPUHIUINAIBHO MEHSIET-
Cs TIPU yBEJUYIEHUU BBICOTHI Dapbepa B CPABHUTEIHHO
Y3KOM J[alla30He ero 3HAYeHn il ¢ paInajbHOro (TpaHCc-
JISIIMOHHOT0) HA BPAIATEIBHOE, UTO COIPOBOXKIAETCSI
PE3KNM M3MEHEHUEM PE30HAHCHON YaCTOTHI, COXPAHSIS
rapMOHUYIECKUN XapaKTep KOJeOaHuil HOCUTe e 3apsi-
Ja. BaxkHOo orMeTuTh, 9TO BBICOTA Hapbhepa, IIPU KOTO-
pPOil IIPOUCXOIUT «IEPEKII0UCHNE> TIIA3MOHHBIX KOJIE-
GaHnil ¢ paJuaJIbHBIX Ha BPAIATE/bHbIE OIPEIeISeTC s
TOJIBKO IIPOCTPAHCTBEHHBIM PACIIPEIEIEHUEM IIJIOTHO-
CTU HOCHUTEJIEH 3apsdja U WX KOHIEHTpAaIlUeld, 9TO Xa-
PaKTEPHO JJIs TapMOHMYECKUX KOJUIEKTHUBHBIX MOJI B
KOPPEJINPOBAHHBIX MHOIOYACTUIHBIX aHCAMOJISIX.
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