Math-Net. Ru

B. I Apxunkun, C. A. Meicausen, Kseanmosas saexkmpornura, 2009, Tom 39, HO-
Mep 2, 157-162

HcnonpzoBanue Obmepoccuiickoro Mmaremarudeckoro nopraua Math-Net.Ru monpasymesaer, 4To BbI IPOYATAIN 1
COIVIACHBI C IIOJIb30BATEIHCKUM COIJIAIICHHEM
http://www.mathnet.ru/rus/agreement

[lapaMeTpr 3arpys3ku:
IP: 193.218.138.78
18 Maza 2022 r., 12:33:43




«KBaHTOBas 3JIeKTpoHHKa», 39, Ne 2 (2009)

ke@sci.lebedev.ru — http://www.quantum-electron.ru 157

HEJIMHEUHO-OIITUYECKHUE ABJIEHUA

PACS 42.70.Qs; 42.82.Gw; 42.50.Gy

Bimsinue 3/1eKTPOMAarHuTHO MH/yIIHPOBAHHOM MPO3PavYHOCTH
Ha CHeKTP JAe(PeKTHBIX MO/I OITHOMEPHOr0 (OTOHHOI0 KPHCTAJLJIA

B.I'. Apxunkun, C.A.Mpic/mBen

H3yuen cnekmp nponyckanus 00Homepno2o gomonno2o kpucmaiia (PK) ¢ dedhexmom usz mamepuaaa, 6 Komopom 603MoxHcHA
9AEKMPOMASHUMHO UHOYYUPOBAHHAA NPOIPAUHOCb. AHAAU3 8LINOAHEH C YUEMOM NPOCMPAHCMEEHHOL HeOOHOPOOHOCINU 83AU-
Mmodeticmeyrowux noaeii 6 ®K. Yemanosaeno, umo cnekmp nponyckanus maxozo PK sasucum om npocmpancmeenno2o nepe-
Kpulmusa 0e@eKmMHbIX MO0, 8030YHCOAeMbIX NPOOHBIM U YIPAGAAWUM uzAyueHuamu. [lokazano, umo 3.4eKmpomMaHumHo
UHOYYUPOBAHHAA NPO3PAUHOCHTL MOMCEM NPUBOOUNTb K 3HAUUIEABHOMY CYICEHUIO CHEKMPA 0e@heKMHOI MOObL.

Karouegvie cao6a.: ghomonnvie kpucmaiivl, I4eKmMpoMaZHUMHO UHOYYUPOBAHHAS NPO3PAUHOCTND.

1. BBenenne

HccnenoBanue cBorcTB (poTOHHBIX KpucTtaylioB (PK) u
pa3paboTka yCTpOMCTB Ha UX OCHOBE B HACTOSIIEE BpEMS
SIBJISIFOTCSL HOBBIM, aKTUBHO Pa3BUBAIOIINMCSI HATIPABIICHU-
eM B ontuke [1 —4]. B ®K couerarorcst yHukaabHasi KOMOU-
HaIWs AUCIIEPCUOHHBIX CBOMCTB U JIOKAJIU3ALUS U3JTyUEeHHS],
4TO MO03BOJISIET 3(G(GEKTUBHO YNPABJISITH MOTOKAMH CBETA.
HoBble BO3MOXXHOCTH TOSIBJISIFOTCS B TaK HA3BIBAEMBIX pe-
30HaHCHBIX PK, B KOTOPBIX NX COOCTBEHHBIE CIIEKTPAJIbHbIE
U TUCTIEPCUOHHBIE CBOCTBA JOIOIHSIOTCS CBOMCTBAMU TIO-
MEITEHHBIX B HUX aTOMOB [5, 6] 1 KBAaHTOBBIX 5M [7, §].

Taxue cTpyKTypbl 00J1a/1at0T HEOOBIYHBIMHU JIMHEHHBIMHU
1 HeJIMHEHHBIMY ONTHYECKUMHU CBOMCTBAMU U ITPEICTABIISIOT
MHTEPEC HEe TOJIBKO ¢ PU3NIECKON TOUKHU 3PEHMSI, HO ¥ C TOUKH
3peHHs] BO3MOXXHOCTH MX MCHOJIb30BAHUS JIS CO3AHUS OII-
THYECKUX YCTPOUCTB, HAIPUMEP MUKPOTPAH3UCTOPOB U Tie-
pexirouateneit [5], ontuueckoit namsTu [9] u ap.

VHHKaJIbHBIMHA CBOWCTBAMH O0JIAAIOT CPEbl C 3JICKT-
POMAarHUTHO MHAYIMPOBAaHHOI npo3pavHocThio (DUIT) (cMm.,
Hamp., 0630p [10]). MaTepuaj, B KOTOPOM MOXET BO3HUK-
HyTh DUII, manee 6ynem HaswiBaTh DUII-cpenoii. B ycio-
Busix DUTI pe3oHaHCHO moTIoNIaromas cpeia st (pooHOro
MOJIsI CTAHOBUTCS IPO3PAYHON ¥ CUIILHOIUCTIEPCHOM B MIPH-
CYTCTBUH AOIOJHUATEILHOTO CUJIBLHOTO J1a3zepHoro mois. C
DOUII cBsizaHbI TaKUE SBJICHUS, KAK 3aMEJJICHUE TPYINIIOBOMN
CKOPOCTH CBETOBBIX MMNYJIbCOB («MeJIeHHbII» cBeT) [11],
3aIKCh, XpaHEHNE M CYNThIBAHHE HHHOPMAIUH O CBETOBBIX
ummnyibcax [12, 13], a¢pdexTuBHBIE HETMHEHHBIE B3aMMO/IEH-
CTBHUS HU3KOIHEPI€TUYECKUX JIA3€PHBIX UMITYJILCOB (BIJIOTH
JI0 UMITYJICOB, COJIEPKAIIMX eAUHIYHBbIC POTOHBI) [14] 1 Ap.
Vka3zanuble 3Q(QeKThl HAOI0AATUCh B ATOMHBIX U TBEPIO-
TEJBHBIX CpeAax, MOMMPOBAHHBIX PEIKO3eMebHBIMI HOHA-
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mu, B N-V-1ieHTpax B aimMase, B 003e-3WHIITEHHOBCKOM KOH-
JIeHcaTe U MOJIyIPOBOAHUKOBLIX KBAaHTOBBIX siMax [10]. Mn-
TepecHble 3P PeKkThl BOZHUKAIOT NpH BBeacHUU DUTI-cpebl B
ONTHYECKHU pe3oHaTOp. B vacTHOCTH, HAOMFOAATIOCH 3HAYH-
TeJIbHOE (IIPUMEPHO Ha [(BA MOPSIIKA) CY)XEHHE CHEeKTPaJib-
HO¥1 MOJIOCHI MTPOITYCKaHUsI Pe30HATOpA OeTyIlei BOJHBI, 3a-
nosHeHHoro DUII-cpeoit, Mo CpaBHEHUIO C MOJIOCON MPO-
MyCKaHMs MyCcTOro pesoHaropa [15—17].

Komb6unarms coiicte SUII-cpenpl co cBoiictBamu OPK-
CTPYKTYP OTKPBIBAET HOBbIE BO3MOXKHOCTH JIJIsI YIIPABJICHUS
ontuueckuMu xapaktepuctukamu ®K u cpera [18—22]. B
3TOM IUIaHe 0oJbmon naTepec npeactrasisitor PK ¢ mukpo-
WM HaHoAe(eKTaMH — MUKPO- U HAHOPE30HATOpPHI. Takue
CTPYKTYPBI CIIOCOOHBI JIOKAJIM30BaTh CBET B 00bEME, MCHb-
meMm 4> (A — mHa BosHbl) [23]. B pesyipTaTe CTAHOBHTCS
BO3MOXHBIM CHJIbHOE B3aHMOJICHCTBHE U3ITyYeHUS MaJION
MOIIIHOCTH (M Ja)Xke €IUHUYHBIX (DOTOHOB) C BEIIECTBOM
[18]. B paboTe [19] nokazano, uto BBenenue DUII-cpensr B
kauecTBe nedekta B @K nmpuBOIUT K yBEJIMYCHUIO BPEMEHU
KU3HU J1Ie(PEKTHOU MOJBI (YBEJIMYCHUIO TOOPOTHOCTH), a B
[20] Ha 3TO¥ OCHOBE MPE/JIOKEH ONTUIECKUH IIEpEKIIFOYaTe b
C MOIIHOCTBIO TMEPEKIIIOUEHHS], COOTBETCTBYIOILEH HECKOJIb-
KUM JecaTkaM (OTOHOB, U BPEMEHEM IepekitoueHus: ~ 100
nc. B ykazaHHbIX paboTax mpeanosyarajiochk, YTo IpoCTpaH-
cTBeHHbI pazmep DUII-cpebl MHOTO MEHbIIIE IJTUHBI BOJI-
HBL.

HecoMmHeHHBI HMHTEpeC HpPEACTaBISET Cllyyald, Koraa
pasmep obOsactu, 3anmMaeMoit DUII-cpenoif, cpaBHUM C
JUIMHON BOJHBL. [Ipyn 3TOM HEOOXOOUMO Y4YMTHIBATh, YTO
Moabl @K SBISIOTCS NPOCTPAHCTBEHHO HEOAHOPOIHBIMU,
T.X. DUII 3aBUCUT OT HHTEHCUBHOCTH YIPABJSIFOIIETO OIS
B TaHHOH TOYKe. ITO U MOTHUBHPYET NaJIbHEHIIee N3yueHrne
ontuueckux coiicts PK, ckombunupoBannbix ¢ IUII-cpe-
namu. Llenb HacTosei paboTsl — HCCIIEIOBATD CHEKTPAJIb-
HbIe cBOlcTBa ogHOMepHOTO PK, conepxkariero DUII-cpeny
B Ka4ecTBe Ae(EKTHOTO CJIOS, TOJIIIMHA KOTOPOro CpaBHUMA
C JUTMHOM BOJIHBI. AHAJIA3 BBIMIOJIHEH C YI€TOM MPOCTPAHCT-
BEHHON HEOJHOPOIHOCTH MOJIeH BHYTPH Ae()EeKTHOTO CIIOSI.
PaccmoTpens! 1Ba cityyast: 1) 4acTOThI B3aMMOIEHCTBYFOIITUX
moJjiell OJIM3KH, MOITOMY Ne(PEKTHBIE MOJbI, KOTOpPbIE OHU
BO30YXXIAIOT, XOPOLIO MEPEKPHLIBAIOTCS B MPOCTPAHCTBE,;
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2) YaCTOTHI MOJIeH Pa3HECCHBI, TaAK YTO BO36y)K,IIaCMLIC nuMun
L[C(bCKTHBIG MOJBI MO-PA3HOMY PACIPEACIICHbBI B IPOCTPAH-
CTBE.

2. Mopeanb U ee npuOJIMKeHHsI

Pacemorpum opgnomepusiii @K co cTpykTypoit THma
(HL)HDH(LH)™ (puc.1). 3necs H u L 0603Ha4aroT au-
3JIEKTPUYECKHE CJIOM C BLICOKHM M HU3KHMM IOKa3aTeIsIMU
TIPEJIOMJICHHS Ny W N U TOJIIMHAMU dy U dy; t = dy + di. —
MEPUOJT CTPYKTYpbl; M — umcio OucioeB (mepuonos); D
0003HauaeT Me(eKTHBINA CIIOW ¢ moKa3aTeeM MPeTOMIICHHS
np ¥ TOJIIUHOM dp. JlepekTHBIN CJION 3a10JIHeH CpeIoi, KO-
TOpyro OyneM MOIeIMpPOBAaTh TPEXYPOBHEBBIMH aTOMaMH
(puc.2), cunTasi UX HEMOABMKHBIMU U HE B3aMMOJEHCTBYIO-
MU Mexay coboit. Ilepexompl MeXAy HUKHUMHU OCHOB-
HBIM cocTosiHAEeM |0) ¥ MeTacTaOMWIBHBIM COCTOSIHEEM |2)
JIATIOJILHO 3arpelnieHbl. MIcXoqHo 3acesieHo TOJIBKO COCTOS-
uue |0).

OUII Bo3HUKAET U B3aUMO/ICHCTBUN TPEXYPOBHEBOTO
aToMa C IBYMsI JIa3epHBIMH MOJISIME: C1a0BbIM IPOOHBIM C Ya-
CTOTOHM ] ¥ CIJIBHBIM YIPABJIISIOIIAM C YaCTOTOU (7, KaK
mokaszaHo Ha puc.2. [TokazaTtess npeJIoMIIeHHs 1JTsl TPOOHO-
TO MO Ny = Np B NPUCYTCTBUM CHJIBHOTO YIIPABJISIOLIETO
0JIs1, B3AUMOICHCTBYIOIIETO CO CMEXHBIM EPEXOI0M, UME-
et Bup [10]

1 TV BT

mo =14 ~y=14F— 110920 1
° * A dio + |G2|2 M

[\]

rj€ ¥ — MakpOCKOIMYECKasi BOCHPUUMYHUBOCTH ATOMOB K
npoOHOMY TOJIH; A1g = w1 — w9 — 1 19; Ay = 01 — Wy —
oo — 10; w19, o U 'y, I'yg — PE30OHAHCHBIC YACTOTHI U
MOJIyIIMPUHLI COOTBETCTBYIOLIUX HEPEX0onoB; G» — YacToTa
Pabu mis yupassisrorero mos; F = |d10|2N/(2h80F10); dio —
MATPHUYHBIN JUIOIBHBIA MOMEHT miepexona |1) — |0); /i — mo-

n=1 ny | nL ny, |nu np ny| np ny, | ny n=1
Puc.1. Cxemarmueckoe m3o0paxeHue CTPyKTypbl ogHoMmepHOro @K c

JIe(pEKTHBIM CJIOEM.

Puc.2. Dneprernueckas nuarpaMma TPEXypPOBHEBOI'O aTOMa, B3aUMO-
JIEHCTBYIOIIErO €O cJIa0bIM MPOOHBIM (YAaCTOTA ) U CHJIBHBIM YIIpPaB-
JISIFOLIUM (MacTOTa ;) JIa3€PHBIMHU TOJISIMHU.

crosiHas [lnaHka; ¢ — JJeKTpuyecKasl MOCTOsSHHAS, N —
mI0THOCTE aToMoB. B K pacnpenenenue nosst B nedexre
HEOJHOPOHO, TIOATOMY YacToTa Padu ynpasJisroIiero noJis
3aBUCUT OT HPOCTPAHCTBEHHOW KOOPAWHATHI z, T.e. G =
Gy (2). Ipu G, = 0 (ynpasisroliee 1moJie 0TCyTCTBYeT) pop-
myna (1) onmceiBaeT OOBIYHBIN JIMHEWHBINA TOKA3aTENb Mpe-
JIOMJICHHS.

Ha puc.3 noka3zansl 3aBucumocth Re y (106aBka k moka-
3aTesto mpesioMiieHus) U Im y (morsiomenue) 1 aHcamOJIs
ATOMOB C JIOPEHIICBCKUMHU (POPMAMH JIMHUI Pa3pPELICHHBIX
MEPEX0/I0B OT HOPMUPOBAHHON OTCTPOMKHU YACTOTHI MPOO-
HOrO HoJIst 21 = (w1 — wy9)/ 1o VTS Cllydasi pe30HAHCHOTO
VIPABJISIFOIIETO TOJis. BUAHO, 4TO B CHIEKTpe MOTJIONMICHUS
MPOOHOr0 M3JIYYEHUsT MMEETCs y3KUU mpoBaj (OKHO TpoO-
3pavYHOCTH), COOTBETCTBYIOIIUI YMECHBIIICHHUIO HOTJIOIICHHUS
U3ITy9CHUS HA YACTOTE, YAOBICTBOPSIONICH ABYX(POTOHHOMY
(paMaHOBCKOMY) Ppe30HAHCY ] — @y — wyy = 0. Mupuna
OKHA MPO3PATHOCTU MOXKET OBITh MHOT'O MEHBIIIE CIIEKTPaJTb-
HOI IIMpHHBI paspelieHHoro nepexoma |0) —|1). Jis Ha-
6mroienus 3¢ dexra HeobxoauMO, 4TOOBI YacToTa Pabu yn-
PABJISIFOLIET O M3y YCHSI, HHAYUPYIOIIEro IITaAPKOBCKOE (1U-
HaMUYECKOe) paclierneHre yposHs |1), Obuta 6osbiie I.
CriexTpajbHAs 3aBUCHMOCTD OKa3aTelIsl IPEJIOMIICHHS HMe-
€T KPYTO# HAKJIOH B 00JIACTH OKHA MPO3PAaYHOCTH, YTO CO-
OTBETCTBYET 00JIbIIO0# mucnepcn. OTMETUM, YTO YeM 00JIb-
116 MHTEHCUBHOCTb YIIPABIISIOLIEIO MOJIs, TeM OOJIbIIe IIy-
6uHa U mupuHa npoBasa. Takoe MoBeACHHE IIOKA3ATEs Ipe-
JIOMJIEHHS U1l TIPOOHOW BOJHBI OOYCJIOBJIEHO KBaHTOBOM
KOTePEHTHOCTLIO W MHTEPPEPEHIINEH Pa3InUHBIX MyTeil me-
pexoma atoma u3 cocrosiHus |0) B cocrosime |1) [10]. Ha
puc.3 IS CpaBHEHUS IPUBEACHBI TAKKE aHAJIOTHYHBIC 3aBU-
CHMOCTH PE30HAHCHOM BOCIPHUMYUBOCTU B OTCYTCTBHE YII-
PABJISIOIIET O M3JIyYCHHUSI.

ITycTs IBE IUIOCKHE MOHOXPOMATHYECKHE BOJHBI E| ) C
JacTOTaMH m) > HagaroT HopMaisHO Ha PK u pacnpoctpa-
HSIFOTCS BIOJIBb OCH Z (z = () COOTBETCTBYET I'PAHHMIIC IEPBOTO
ciosl). B cranmoHapHOM TpUOJIMKEHUHM BOJIHOBOE ypaBHE-
HHe, ONHuChIBaromiee pacmupoctpanenue BoaH B OK, mmeer
Bu [1]

Imy,Rey
1.0

0.5

—0.5

Puc.3. 3aBHCHMOCTH HOPMHPOBAHHBIX MHUMBIX (I, /') 1 neficTBUTEb-
HeIX (2, 2') wacreit DUII-Bocnpummunsoctu (I, 2) (Gy = Iy, wy —
w2 =0, I'jg/T'20 = 10) 1 0OBIMHOI JMHEHHOW PE30HAHCHOW BOCIIPUMM-
auBoctu (1, 2') (G5 = 0) OT OTCTPOUKH YACTOTHI IPOOHOTO TIOJIS.
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2 2
d’E;,  ofn’(z,0)
dz? c?

E =0, 2

Te ¢ — CKOPOCTh CBETA B BAKYyMe; 1 — OKA3AaTeNb MPEJIOM-
JICHUSI, PaBHBIH /1y, AL WU 1ip B COOTBETCTBYIOILIEM CJIO€ IS
MPOOHO U YIPaBJISIONIEH BOJH (JIUCIEPCHS iy U 1f, HE YUH-
TBIBAETCSH).

Kaxpgoe mose B j-M cjoe (j COOTBETCTBYET OIHOMY M3
cioes H,L,D) ectp cynepmno3unusi npsiMmoil © oOpaTHOU
BOJIH, SIBJISIFOLIIUXCS PELlICHHEeM ypaBHeHUs (2):

Eyj5i(2) = Ay, €995 + Byj e i, (©)

3nech Ayj,o; ¥ Bij 2 — aMIUIUTYAbI IPSIMOIA 1 OOPAaTHOM BOJIH;
qij,2 = klvznj; ki = 2n/212; nj — HOKa3aTeJ b MPEJIOMIICHUS
IS COOTBETCTBYIOIIEH BOJIHBI B j-M CIIO€.

AmnnuTynet Ayj o 1 Byj 2 yI0OHO BHIYUCIATD, UCIOJIb3YsI
METOJ PEKYpPEHTHBIX COOTHoueHui [24,25]. Husa atoro
pa3o6beM Bce ciion PK Ha mocraTouHo Gosbiioe ynucio K
MOJICIIOEB, TAKUX, YTO B Mpeesiax KaXJIoro MOJCIOs ¢ HO-
MEPOM M1 TI0JIE MOXKHO CUMTATh MOCTOSIHHBIM. M3 ycrnoBuit
HETPEPBHIBHOCTH 3JIEKTPHIECKON M MATHUTHOW COCTABIISIIO-
WX TTOJICH Ha TpaHMIle pa3jesia MOCIOEB C HOMepaMu m 1
m + | mojy4aeM CHCTEMY YpaBHECHUI, CBS3BIBAIOIIUX aAMII-
JIUTYJBI TIOJIEH B COCEHUX MOACIIONX (Aajiee HHIEKCHl 1 u 2
OIyCKaeM):

Am + Bm = g,;ilAnHl + gm+le+17 (4)

qm(Am - Bm) = qm+1(g;;i1Am+l - gm+le+l)7 (5)

rae gm = exp (i(bntm); m=12,.. . K+1; t,=zpy1 — zZm —
TOJIIIMHBL MOJCI0EB; TOJIIUHA IOCIECIHEr0 MOCIO0s
tgr1 = 0. OyHKINHA g, YIATHIBAIOT U3MEHEHUs (a3 BOJIH U
WX 3aTYXaHHUE B 11-M IMOJCIIOE.

BBoas ammnTyiHbIe KOA(GOUIUEHTBI OTpaXKeHust R, =
B,/ A, u3 ypaBreHuit (4), (5) MOXHO MOJIyYUTh PEKYPPEHT-
HOE COOTHOIIIEHHE, CBS3BIBAIOIICE KOADDUITUESHTHI R,y U R,y |
B COCETHUX MOJICIIOSX:

2
o I'm + gm+1Rm+1

=M ombltmt (6)
1+ rmg,gﬁL]RnH—l

m
3ntech 1y = (gm — qm+1)/(@m + ¢m+1)- C TOMOIIBIO TIOJTyYeH-
HOT'0 COOTHOILIEeHUs (6) HaxonauM Bce R,,, HAUMHAs C IpaBoi
rpanunsl PK, ¢ yuerom rpannunoro ycinosust Rgi; =0 u
MOJIy4aeM BbIpaxxeHue 1t A, | 4epe3 A,, B IpOU3BOJbHOM
HOJICTIOE M:

1+ Ry,

—_—- @)
gm+11 + g1 Rt

Am+l = Am

C ucnonp3oBanueM cooTHoureHus (7) ompeaensieM Bce
Ay, HauUnHAas ¢ jeBoii rpaHuibl K. 3aTeM BhIYUCIISIEM aMII-
JINTYAy 0OpaTHOM BOJIHEL B, = A, R,,. KoadduimenTo mpo-
nyckanusi (T) u orpaxenus (R) mist mpoOHOW BOJIHBI OTI-
penemnstoTCs COOTHOIICHISIMU

T= A1kl /|4wl>, R=|Biol /|4l ®)

3neck Ao 1 A g1 — AMIUTATY 1B IPOOHOM BOJIHBI HA BXOJIE U
Boixoqie ®K, a By — aMIummTy1a IpoOHON BOJTHBI, OTPAXKEH-
Hoit oT Bxomuou rpanu ®K. [IpocTpancTBeHHOE pacmpeie-
JIEHHE YIIPABJISIFOIIETO MOJIsI PACCUMTBIBACTCS pH np = | 1
CUMTAETCS 3aIAHHBIM MPHU BBIYUCICHUN KOIPPUIIUSHTA TPO-
MyCKaHMS POOHOM BOJIHBI.

3. Pe3yabTaThl U UX 00CYyK/1eHHE

C ucnosjbp30BaHMEM IPUBEIACHHBIX BbIle GOpMyJ ObLIN
paccurTaHbl HPOMYCKaHUE U IPOCTPAHCTBEHHOE pacipeeie-
HUE aMILUTUTYJ TPOOHOM B YIPABJISIFOIIEH BOJH B Pa3JIMIHBIX
ycsoBusix. [Ipu 3Tom mpeanosaraiock, 4To npoOHasi BOJHA
siBJsieTcs crnaboit (|Ey| < |E,), T. €. OHA IPAKTHYECKH HE U3-
MEHSIET HACEJIEHHOCTU YPOBHEH, C KOTOPBIMU B3aUMOIeicT-
ByeT. [T03TOMY U BLIYMCIIEHUH ITPOITYCKAHUSI TPOOHOT O HO-
g1 B yesoBusix DUII ynpaosiroriee mosie cantaercst 3aaaH-
HBIM C IPOCTPAHCTBEHHBIM pacnpeaenenueM BHyTpu PK, xo-
TOPOE YCTAHABJIMBAETCS] B OTCYTCTBHE MPOOHON BOJIHBI MPU
3aJJaHHBIX TapaMeTpax.

3.1. Cayuaii 6,IM3KHX 4aCTOT

B 3TOM ciIyuae criekTpaabHOE pacCTOSHEE MEXIY YacTO-
TaMu MPOOHOTO W YHPABJISIOMIETO MOJIEH YKIIAIbIBACTCS B
mupuny nedextaoit Mmoanl K. B kauectBe DUIT-cpeas pac-
CMATpPHUBAJIMCh ATOMBI HATPUS, KOTOPBIA YaCTO HCIOJIb3Y-
ercss B akcnepumenTax no DUII (cm., Hamp., [26]). HuuHa
BOJIHBI TPOOHOT0 U3JTyUEeHHS COOTBETCTBYET Mepexoay BOIM-
3u Dy -nuanm (4 = 589.6 um), a yposuu |0) u |2) 6:m3ku (w19
—w2)/2n = 1.8 T'Tn). apamerpsr ®K 6butH CleayrOLIN-
Mu: M = 10, }’ZHdH = I’lLdL = /11/4, anD = ).1/2, ny = 235,
ny = 1.45, 4} = 589.6 HM COOTBETCTBYET IIEHTPY 3aIPELICH-
HOU 30HBI; Ie(eKT pacnoioxeH B rieHTpe OK.

Ha puc.4 cnomnrHo# KpuBO# MOKa3aH CIEKTP MPOITyCKa-
Huss @K i mpoOHON BOJHBI B OTCYTCTBUE PE30OHAHCHBIX
aToMoB (np = 1) B medekTHOM citoe. CieKTp IpeaCcTaBiIseT
c000i1 pe3kuil MUK ¢ Pe3OHAHCHOW JIJIMHOW BOJIHBI Ap = A1,
MaKCUMYMYy NpomycKkaHus cooTBeTcTByeT 2 = (. [Tapamert-
pbt @K BBIOpaHbI TAKUMH, YTOOBI CIIEKTP 1e(PEKTHONH MOJIbI
XOPOILIO NepeKPBIBAJICS C ATOMHBIME nepexoaamu |0) — |1) u
[1) — |2) (mast atoma Na), a ee cieKTpaJibHas IIMPUHA OblIa
MHOT'0 0OJIBIIIE PA3HOCTH YaCTOT B3aMMOJICHCTBYIONINX TO-
neit. HlTpuxoBast KpuBasi COOTBETCTBYET CHEKTPY IpOIycKa-
Huss @K 11 mpoOHOI BOJIHBI NMPU HAJIMYUU PE3OHAHCHOU
JIBYXYPOBHEBOI1 cpeibl B Ae(heKTHOM CJIO€ U B OTCYTCTBHE YII-
PABJISIFOIIET O JIA3ePHOTO U3JIyYeHus. BUIHO, 4TO B 3TOM City-
yae HaOJIFOAAI0TCS JBa MUKA C MPAKTUYECKU HYJIEBBIM MPO-
MyCKaHUEM B IIEHTPE MEXAy HUMH. Takoe TOBEJCHUE [ie-
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Puc.4. Crnexrps! npomyckanust K 11t mpoOGHOIT BOJHEL B CiTydae, KOraa
PE30HAHCHBIX aTOMOB B JieekTe HeT (np = 1) (CIuTomIHast KpuBasi) U Kor-
Jla OHM UMEIOTCsl, HO YNPaBJIIOLIee 0JIe OTCYTCTBYET (IUTPUXOBasl KPHU-
Bast), mpu F =5 x 107*, wy — w1 = 0.
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Puc.5. IlpocrpaHCTBEHHOE pacnpe/esieHue HHTEHCUBHOCTH YIPaBJIstO-
wero noJjist BHyTpu @K (okupHas KpuBas) ¥ cxeMaTH4ecKoe n300paxeHue
npoduis mokazaTtess HpeJoMIIeHUs (TOHKast KpuBasi). [uHa z HOpMHU-
poBaHa Ha NEPHOL CTPYKTYPHI /, & UHTEHCUBHOCTDb — HA BXOJHYIO HHTEH-
CHUBHOCTH .

(exTHONM MOl OOYCJIOBJIEHO JMHEHHBIM HOTJIOLIEHUEM U
JUCTIEpCUEH 3a CUeT PE30HAHCHBIX ATOMOB B Ie()EeKTHOM CJI0€
[6—8]. BTOT 3p(pexkT MOKHO TPAKTOBATH KaK PACILIECIICHUE
nedextaoit Mmoasl OK. OH aHATIOTHYEH BOSHUKHOBEHUIO HOP-
MaJIbHOW MOJOBOH CBSI3M TIOJTYIIPOBOTHUKOBBIX MHKPOPE30-
HaTopoB [§8]. OTMETHM, YTO B3aUMOJCUCTBHE MEK3OHHBIX
BO30YXXICHUH C 3JIEKTPOMATHUTHBIM MOJIEM B HOJIYyIIPOBOI-
HUKOBOM MHKDPOPE30HATOPE B HACTOSIIIEE BPEMsI HHTCHCHB-
Ho uccyenyetcs [27]. C npyroi cTopoHsl, 3TOT 3Q(DeKT Takxke
HAJCHTHYEH BAKYYMHOMY pacileruieHnto Padbu Moapl onTuye-
CKOTO pe30HaTOpa, 3aloJHEHHOTO aToMamu [28].

Ha puc.5 moka3zaHo mpocTpaHCTBEHHOE pacIpeiesieHue
MHTEHCUBHOCTH yrpasJstoiiero moJisi B @K Ha pezonancuoit
qacToTe Wy = wi. BUAHO, 4TO MOJIEe JT0KaIM30BaHO B Aedek-
THOM cJioe. M3-3a GJIM30CTH YaCTOT MPOCTPAHCTBEHHOE Pac-
npejeieHre MpoOHOTO MOJIsl HA Pe30OHAHCHON 4acToTe ] =
W19 B IPUCYTCTBUH YIPABJISIOMIETO TOJISI MPAKTHYESCKH COB-
NaJaeT ¢ MPOCTPAHCTBEHHBIM PACIpeIeICHUEM ITOCIIEHETO.
3a cuet 3¢ dekTa JOKaIM3ANMUU ITH TOJISI 3HAYUTEITBHO Tpe-
BBIIIIAIOT CBOM 3Ha4eHUs Ha Bxoje B K.

Ha puc.6 npusenen crextp npomnyckanust @K st mpo6-
HO#t BoJHBI B ycioBusix DUII gedexTHOro ciost mpu pas-
JIMYHBIX HTHTEHCUBHOCTSIX YIIPABJISIIOLIEr 0 U3Jy4yeHust. B pac-
YeTax MOJIarajoch, YTO YHOPABJISIOLIEE MOJIe UMEET MPOCT-
PAaHCTBEHHOE pacmpe/iefieHne, mokazanHoe Ha puc.S. Buano,
YTO B IIEHTPE JIMHUU MPOIYCKAHUSI HAOTIOIAeTCsl Y3KUH MUK,
00YCIIOBJICHHBIN HEMOTJIOMIAFOIINM CHIIBHO TUCTIEPCHOHHBIM
pPE30HAHCOM, KOTOPBII uMeeT mecTo B yciaosusx DUII. Crek-
TpaJjibHas IIMPUHA JAHHOTO MHMKAa MHOTO MEHbINE IIMPHHbI
00BIYHOM (HEpe30HAHCHOM) T1e(PeKTHOU MOJIBL. DTOT MUK ECTh
nposiBiienue 3pdexra DUIIL. [IBa Apyrux nuka aHAJIOTUIHBI
MUIKaM, TIOKa3aHHBIM IIITPUXOBBIMH KPUBBIMU Ha puc.4. Yka-
3aHHBIM 3HAYCHHSIM 4acTOThl Pabum (puc.6) COOTBETCTBYET
MHTEHCUBHOCTH YIpaBJisitolero noJjs (Ha sxozae B ®K) B He-
CKOJILKO MBT/CM?, 4TO CPAaBHUMO C HHTEHCHBHOCTSIMHU, MIPH
koTopbix HaOmogam DUII B 0OBIYHBIX stueiikax (M., HATp.,
[9, 26]), nmm gaxxe MeHbIe UX. OTMETUM, UTO C YBEJIMICHHEM
otHomeHus I'yg/») MHTEHCUBHOCTD YHPABJISIFOILETO MOJIS,
HeoOxomumast st Habmoaenust DUII, ymenbmaercs. Ilpu
3TOM LEHTPAJIbHBII MaKCUMYM CyxkaeTcsl. DPPeKT JIoKaIu-
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Puc.6. Crnextpol nponyckanust ®K iis npoOHoit BosiHbl B ycsioBusx DUIT
npu G, = 2I'yy (crutomnas kpuBasi) u SI'jo (IuTpuxoBas KpuBasi) (3Haye-
Hiust G COOTBETCTBYIOT HHTEHCUBHOCTHU YIPABJISIFOIIETO TOJISI B MAKCH-
myme); I'yg/Ta = 10, F= 5 x 1074
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Puc.7. Cnextpsl nponyckanusi @K q1st mpo6HOii BoJiHbI B ycioBusix DT
npu wy — wy = 0 (crtomHas kpusasi) u STy (luTpuxosasi kpusas); G, =
5l (COOTBETCTBYET MHTEHCHBHOCTH YIPABISIONIETO MOJS B MAaKCH-
MyMe).

3alMy [OJIs Takke 1mo3BoJisieT Habmonats DUII B cpenax ¢
MaJIbIMU CHJIAMH OCLUJUISITOPOB (HampuMep, B pelKo3e-
MEJIbHBIX MOHAX), Korja TpeOyercss OoJibllias WHTEHCHUB-
HOCTb ynpasJisiroriero mossi. [ToyioxkeHne neHTpaIbHOTO pe-
30HAHCA MOYHO U3MEHSTh, BAPBHUPYSI YACTOTY YIPABJISIFOIIE-
ro nossi. Ha puc.7 nmokazan crnexktp nponyckaaust OK s
ciIy4ast, KOTr1a UMeeTcsl OTCTPOMKA YaCTOTHI YIPABJISIOLLET O
U3JIy4YeHNs OT pe30HaHca. BUIHO, YTO MOJI0KEHHE Y3KOTO pe-
30HAHCA CMEIIAETCS M OH YIIUPSIETCS.

3.2. Ciyuaii Xopoio pa3HeceHHbIX YacTOT

B sTOM cityyae pa3HOCTBH 4acTOT B3aMMOJIEHCTBYIOIINX
MoJIel OOJIbIIE CIEKTPAJIBHOW IMUPHUHBI JeQEKTHON MOIbI, U
4aCTOThI IPOOHOU M YHPaBJISIFOLIEH BOJIH HE MONAIA0T OJ1-
HOBpeMeHHO B okHO mpo3paynoctu OK. [Mostomy HeoOx0-
JIMMO UMETh JBe Te(eKTHBIE MO, B TaHHO CUTYyaIluu mpo-
CTPAHCTBEHHBIE PACIPE/IEICHUs MOJIeH pa3HbIX Te(eKTHBIX
Mo OyyT pa3anyaThesl, YTO OKA3BIBAET CYLLECTBEHHOE BJIH-
stHMe Ha ucciieayemsblit a¢dext. Paccmorpum @K ¢ mapamert-
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Puc.8. TIpocTpaHCTBEeHHbIC pacHpee/ieHIs HHTEHCUBHOCTEH MPOOHOIM
(IITPUXOBasi KpUBAS) U yIIPABJISAIOLIEH ((KUPHAS CIUIOIIHAS KPUBASI) BOJIH,
a TAK)Ke CXeMATHYECKOE H300pakeHue MPOQUIIs IIOKa3aTelIs IPeIoMIIe-
HUS (TOHKas CIUIOIIHAS KPUBAs).

pamu M = 35, npdp = 340/4 (Ag COOTBETCTBYET HEHTPY HEP-
BOI 3aNPEILIEHHOW 30HBI), OCTAJIbHBIC TApAMETPhI UMEIOT TE
K€ 3HAYEHHs, YTO W B mpeApiayiieM ciaydae. B takom OK
CYIIECTBYIOT N1Be Ae(heKTHBIE MOJIBI, CIIEKTPhI KOTOPBIX pac-
MOJIOKEHBI Y KpaeB 3ampelieHHoi poTonHoi 30HbI. Mofa Ha
4acTOTe YHPABJISIOLIEH BOJIHBI COCPEIOTOYEHA Y AJIMHHO-
BOJIHOBOT'O Kpas 30HbI, & HAa YaCTOTE NMPOOHOHN BOJHBI — Y
KOPOTKOBOJHOBOTO. [IpeArnonoxum, 4To pa3HOCTDb ITHX Ya-
CTOT paBHa yacToTe nepexona |0) — |2) HeKOTOpOil runoTe-
Tuaeckont DUII-cpemspr.

Ha puc.8 mokazaHbl MpOCTPAHCTBEHHBIE PACIIPEICICHIS
WHTEHCUBHOCTEHU JIe(PEKTHBIX MOJI, KOTOPbIE BO30YXKAAIOTCS
NpOOHOW ¥ yIpaBJIsolleld BoJIHAMH B oOJiactu Aedekra.
BuaHo, 4TO MakKCHMMyMBI paclpeeeHuil He COBMAaloT
(mpobHOE ToJIe ABAXKABI OCIUAIUIAPYET B 00JIacTH JedeKrTa).
PaccunTaHHBIN CIEKTp MPOMYCKaHusI MPOOHOW BOJIHBI B yC-
soBusix DUIT uzobpaxen Ha puc.9,a. Tam xe 1151 CpaBHEHUS
MOKa3aH CHeKTp JepeKTHOW MOl /Jis MPOOHOW BOJIHBI B
OTCYTCTBHE yIpaBJiisroliero mossi. IIposai B meHTpe cOOT-
BETCTBYET PACHICIICHUIO epeKTHOI MOIbI, BO30YXKIaeMOi
npoOHBIM TOJieM (Kak W Ha puc.4). B otnmume ot cirywas
OJIM3KUX 4ACTOT B JAHHOM CiIy4ae criekTp npomnyckanus PK B
yenoBusix DUIT umeet 6ostee cioxHYI0 GOpMy — Y3KHU MUK
Ha (OHE IMUPOKOU «IOJIOKKNY, IIUPUHA U BBICOTA KOTOPOU
3aBUCSIT OT UHTEHCUBHOCTH YIIPABJISIOILIET O 1MoJIsl. Takoe mo-
BeJIeHUE CIIEKTPa MPOIMYCKAHWS MBI CBSI3BIBAEM C OCOOEHHO-
CTSIMH IPOCTPAHCTBEHHOT O PACIPEIC/ICHHS B3AUMOIEHCTBY-
FOLIUX TOJIEN.

KauectBenno nosenenue nponyckanuss @K npu cospa-
Hun DUTIT MOXHO MOHSTH, HCHOJIB3YS AHAJIOTUIO MEXTY Of-
HoMmepHbiM DK ¢ nedexrom u pezonatopom ®adpu—Ilepo,
AMEIOIIUM JUIMHY ¢, PABHYIO TOJIIHHE JEe(PEKTHOTO CIIOS
®K, u 3anosmaenabiM DUII-cpenoii. B ciayyae ogmHaKOBBIX
3epkail koadounmenT npomnyckanus pezonatopa T = I /Iy
(ly — MHTEHCUBHOCTD CBETA Ha BXoje B pezoHaTop Pabpu—
Ilepo, I; — UHTEHCUBHOCTH MPOIIEIIIETO CBETA) OMpPEAeIs-
eTcst hopmyJtoit Diipu [29]
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Puc.9. Cnextpsl nponyckanust @K st mpoOGHO# BoJIHBI B yeoBusix DT
(a) u 3aBucuMocTH (P(PEeKTHBHOTO TMOKa3aTeJIsl IPEIOMIICHHS OT OTCT-
POUKY 4YacTOTHI TPOOHOM BOJIHEI (6) ipu G, = 251" ¢ (KUPHBIE CITOIIHBIE
kpuBble), 150"}y (IITpUXOBBIE KpUBBIE), 5I'( (IITPUX-IIyHKTHPHbIE KPH-
Bble) 1 G, = 0 (TOHKasl CIUIOIIHASI KpUBas); w; — wp = 0, 19/ = 10.

rae T, u R, — KO3(pPHUIMEHTHI MPOMYCKAHUS U OTPAXKCHUS
3epkai (7, + R, = 1); § — HabGer ¢a3wl 3a JBOWHON MPOXOT
pesonatopa. OTmeTnmM, 4To B obtiem ciyvae 71, 1 R, 3aBu-
CAT OT JJIMHBI BOJIHBI cBeTa. [T0CcKoJIbKY MOJIS B pe30HATOpPE
HEOTHOPOIHBI, TO C IOMOIIBIO METOAA PA3JIOKEHUSI 1OJISI ITO
MOJIaM Pe30HaTOopa, IPUMEHSIEMOTro B Teopuu Jiazepos [30],
HECJIOXKHO TMOKa3aTh, 4To Haber ¢aswl § ¢ yyetom DUII
onpezenseTcst GopMyJioit (IIpu HOPMAJTILHOM TaICHIH)

_ 4nd

4ndne
o=—-(1+ dn ff.
A

Aeft) = i

(10)

31ech

1 d
= | UG
0

U (z) — HOpMHUpOBaHHAs MOJIa pe30HATOpAa, BO30YXkKIaemasi
npobHBIM TosieM; y(z) — DUII-BocnpunmuuBocTh u3 (1).
ITapameTp ) MOXHO paccMaTpHBATh Kak 3(P(PEKTUBHYIO
DUII-BOCIPUUMYHUBOCTD, BHIYUCIICHHYIO C BECOBBIM (DaKTO-
poMm U, (2).

N3 (9) u (10) cieayeT, 4TO Bce OCOOCHHOCTH TOBEICHUS
ko3¢ punmeHTa nponyckanus st MpOOHOTO MOJIsI OTIpeAeIsi-
FOTCS 9PPEKTUBHON BOCHIPUUMUYUBOCTBIO oy HITU 3P PEKTHB-
HBIM ITOKa3aTeJIeM PeJIOMIIEHUS M. Ha puc.9,0 mpuBeneHbt
3aBUCUMOCTH Im #egr OT 4aCTOTHI MPOOHOIO MOJISI IPU Pas-
JINYHBIX MHTEHCUBHOCTSIX YIPABJISIOLLETO U3JIy4eHHs!, KOTO-
pble 1 OOBSICHSIIOT MOBEICHHE MTPOITYCKAHUSI.

Buano, 4yTo KOHTYp JmHNH 3P )EKTUBHOTO MOTJIOMICHUS
(Im negr) IMEET TOCTATOYHO HEOOBIYHBII BH/T M C YBEJINUCHH-
€M MHTEHCUBHOCTH YIIPABJISIOIIETO MOJIS AMIUIUTY 1A JIHHAN
YMEHBIIAETCs], a cama JIMHUS 3aMeTHO ymupsrtes. Takoe mo-
BeAeHue Im e MOXKHO MOHSITh, PACCMOTPEB CHEKTPATILHOE
pacnpenenenue Im n(z) BHyTpu 1eeKTHOTO CJIOS, IPEICTAB-
nerHoe Ha puc.10. B Tex o0nacTsx, rae ynpasJsiolee moJje
HE PaBHO HYJIIO, IMEET MECTO PACIICIUICHHE JIMHAN ePeXo-
J1a, C KOTOPBIM B3auMOAEUCTBYeT NpodHoe noJe. [Ipu sTom
BeJIMYMHA PACIICIUJICHHS 3aBUCUT OT 3HAUCHHUS YIIPABIISIFOIIIE-
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Puc.10. CnextpanbHoe pacnpenenenue Im n(z) BHyTpu nedextHOro cnost
npu Gz =5r 10-

r'o MoJIsl B JAaHHOM TOYKe. PacinernieHue nucue3aeT B 00J1aCTH,
I'Jie aMIUTATY A ITO0JIsl CTAHOBUTCS PABHOM HYJIFO, I IOCTUTA€T
MakcuMyma B IieHTpe Aedekrta (cM. puc.8). Ha pesonancHou
qactote (2 = 0) 3aBucuMocTb Im n(z) ”MeeT ABa y3KKUX THKA
(ipu z/t = 35.7 u 37.8) u uHTErpasbHOE MO JHHE nedekTa
MOTJIOIIEHIE MUHUMAJIBHO, YTO MPOSIBJISIETCS B CIEKTPE MPO-
MYCKaHUs B BUJE y3KOro muka. [Ipy yBeIn4eHUH OTCTPOKH
BILUIOTH 0 ] =~ 2 (cM. puc.10) B 3aBucumoctu Im n(z) no-
SIBJISIFOTCSL Y€ThIPE MHMKA U MHTETPAJILHOE IOTJIOIICHUE yBe-
JIMYMBAETCS, CJIa0O MEHSISICh B 3TOMU CIIEKTPAaJIbHON 00JIaCTH.
Ilpu najnpHe#eM yBEJMYEHUH OTCTPOWKH B 3aBUCUMOCTH
Im n(z) ocraroTcst ABa NMUKA, YTO MPUBOJMT K CTYNIEHIATOMY
YMEHBIICHUIO HHTET PAILHOTO MOTJIOIICHHSI X MTOSIBJICHHIO J10-
HOJIHUTEJIBHBIX PE30HAHCOB B CIIEKTpPE mpomyckanus. [Ipu
OTCTPOWKAX, MPEBBIIIAOIINX PACIIEILICHAS JINHAH IEPEX0/1a
T0JIeM, CIIEKTP MPOIYCKAHUS OCTAETCS MPAKTHYECKH TAKUM
ke, KaK ¥ B OTCYTCTBHUE YIPABJISIOIIETO MOJIs (TTOKa3aH TOH-
KOH CIIJIOLIHOM KpHUBO# HA puc.9,a).

4. 3akouenne

Takum 06pa3oM, B HACTOSIIEH pabOTe TEOPETHYECKHU UC-
cJIeTOBaH CIIEK TP MponyckaHus oqaoMeproro ®K, comgepxa-
wero DUIl-cpeny B kauecTBe Ae(EKTHOIO CJIOS, TOJIIMHA
KOTOPOTO CpaBHUAMA C JJIMHOW BOJIHBI. PacyeTsl, BBIOIHEH-
HbIe C YYETOM NPOCTPAHCTBEHHBIX PACIpeNeICHUI ympaB-
JISIFOILIETO U MPOOHOTO MOJIei, moka3beiBaroT, 4To DUIT Mo-
JKeT IPUBOUTH K 3HAYUTEIILHOMY YMEHBIIIEHHIO CIIEKTPAJTb-
HOU mupuHbl nepexTHor Moasl @K i1 mpoOHOTO M3ITyYe-
Husl. [1py 5TOM MHTEHCUBHOCTD YNPABJISIOIIEIO U3JIyYeHHS
Ha Bxojie @K cpaBHMMA ¢ HHTEHCUBHOCTBIO B Cllyyae OObIY-

HOU KIOBETHI, B KOTOpoil Habromaercss DUI, wiu MeHblIe
ee. [Tonoxxenuem makcumyma nponyckanus K c nedexrom
MO>HO yIIPaBJIATh, U3MEHSISI YACTOTY YIPABJISIOLLETO MOJIS.
dopMma crekTpa MPOMyCKaHHUs 3aBUCUT OT MPOCTPAHCTBEH-
HBIX pachpeesieHuil MpOOHOro M YIPABJISIONIETO MOJIeH B
OK u onpezesnseTcs MOKa3aTeIeM IPeIOMIIEHNS TeeKTHO-
r'0 CJIOsl, TPOUHTETPUPOBAHHBIM MO MPOCTPAHCTBY. DdexT
JIOKAJIM3aluy 1oJIsl o3BosisieT Habmonats DUII B cpenax ¢
MaJIbIMU CHJIAMU OCUUJUISITOPOB, Korga Tpedyercs 00JIbIast
WHTEHCUBHOCTb YIPABJISIOIIETO TOJISI. Y3KUUH PEe30HAHC B
CHEKTPe MPOMYCKAHISI MOKHO MCIOJIB30BATH IS YMEHBIIIe-
HUS TPYIIIOBOI CKOPOCTH MPOOHOTO MMITYJIbCA.

Hannas pabora nomnepxxana rpantamu HII-3818.2008.3,
PHIT.2.1.1.1814 u unTerpammonusiM mpoektom Ne33 CO
PAH.
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