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BBenenue

B nazepHbIX (OTOAKyCTUYECKMX METOJaX AUATHOCTUKU CTPYKTYPHI PA3IUYHBIX
o0pa3I10B B Ka4eCTBE UCTOUHHUKA BO30YKJCHUS 3BYKa HAXOMAT MPUMEHEHUE U TUPOKO
ucnoib3ytorcsa OecceneBbl cBeToBbie mydku (BCII) [1-4]. B wactHOCTH, TpUMeHEHUE
OeccereBhIX CBETOBBIX MyYKOB B ONTHUKO-aKyCTHUECKONW MUKPOCKOMHH MO3BOJISIET (-
(EeKTUBHO yBETUYMUBATH (POKYCHYIO TITyOHMHY MOTYy4aeMoro (pOToaKyCTHUECKOro n300-
paXXeHUs TI0 CPABHEHHUIO ¢ OOBIYHBIM IayCCOBBIM CBETOBBIM IydkoM. Mcmolib3oBa-
HUE Pa3IMYHBIX BHAOB mosgpu3annoHHbIX MoJi BCII o0bscusercs tem, uto BCII
00JIaIat0OT PSIZIOM YHUKAJIBHBIX CBOMCTB, Hampumep, 0e3AudpaKkiMOHHOCTbIO TPHU
pacrnpoCTpaHEHUH B MTPOCTPAHCTBE.

[lepcrieKTUBHBIM MaTEpPUAIOM B Pa3JIMUHBIX OOJACTSAX HAYKH U TEXHUKHU SIBJIS-
fotcs yriepoansie HaHOTPyOku (YHT). OmHuM #3 THaBHBIX JOCTOUHCTB 3THX
CTPYKTYp SBJISIETCS BO3MOXKHOCTh YIIPABJICHHSI CBOMCTBAaMHU CO3/]aBa€MBIX CJIOCB
YHT myteMm u3MEeHEHHUS] T€OMETPUYECKUX Pa3MEpOB M KOHPUTYpaIllMd HAHOOOBEK-
ToB. Kitaccuueckasi Teopusi JIEKTPOJUHAMHUKUA HE BCErJa MOXET OBITh MPUMEHEHA
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JUIsl OMIMCAHUsI HAHOTPYOOK U, CJI€0BATEIbHO, TPEOYETCs MOMCK HOBBIX KBa3WKJIAC-
CUYECKUX TEOPETUUYECKUX MOJXO0JI0OB U HCCIEAOBaHUM, KOTOPBIE MO3BOJISIIN ObI pe-
maTh 3aJayd MUKPO- U MaKpPOCKOIHUYECKOHN AJIEKTPOJIUHAMUKH [5], Jexalue B oc-
HOBE TEOPETUUECKOM 0a3bl COBPEMEHHOM (hOTOAKYCTHUECKON CIIEKTPOCKOIHH.

JlanHast paboTa OCBsIIIIeHa MOCTPOEHUIO MOJIETU (POTOAKYCTUUECKOTO Mpeodpa-
3oBanusi MoJi bCII B croe XxupallbHBIX YIJIEPOAHBIX HAHOTPYOOK ISl Cliydast Mbe30-
IEKTPUUECKOIN pETUCTpaluU PE3yJIbTHPYIOLIErO CUTHAA.

1. IlpoBOAMMOCTH XMPAJBHBIX YIJIEPOIHBIX HAHOTPYOOK

[IpoBogumocTs xupaibHbIXx YHT B HUIMHAPUUYECKUX KOOPAMHATAX OMPENCIIS-
€TCsl, IO AHAJIOTUU C [5], COOTHOIIEHUEM (CKOPOCTh JIEKTPOHOB Ve << ¢, ¢ — CKO-
pPOCTb CBETA):
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BripaxkeHue aJisi IpOEKIIUU BEKTOPA CKOPOCTH JIEKTPOHA HA OCh Z TOJYUYEHO C
ydqeToM (popMyIIbl U(pz ) = as(p)/ Op, [6] 1 cOOTHOLICHHS TS pacTIpeeTICHHS YHEP-

TUU B paMKax MPHUOJMKEHUS CUIBHOW CBS3HM, KOTOPOE YUYHTHIBACT B3aUMOJICHCTBHE
JIUIITH ONMMKANIIINX COCEAHUX aTOMOB B T'eéKCaroHAJIbHOM CTPYKType [5].

2. Inccunanus 3Hepruu deccesieBbIX CBETOBBIX IIYYKOB B CJI0€
XHPAJIBHBIX YIJIEPOJIHbIX HAHOTPYOOK

Bo3spaelictBue OecceneBoro CBETOBOro Mydka Ha TMOTJIOMIAIOIIMKI CJIOW XUpaslb-
HBIX HAaHOTPYOOK MPUBOJUT K MEPUOJUYECKOMY HU3MEHEHUIO TEMIIEPATYPHOIO MO-
JIsiI, KOTOPOC MOXKCET OBITH OITMCAHO YPAaBHCHUCM TCHJ’IOHpOBO)IHOCTI/I:

14T 1
VAT - -

A Qlu+e') (1)

rae K.,— kodhGULIIHEHT TENIONPOBOIHOCTH.
cn
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B ypaBuennn (1) Q — oO6beMHas TJIOTHOCTH TEIUIOBBIX MCTOYHHUKOB, KOTOpAS
OTIPEIEISETCS BEIPAXKCHUEM

Q=o.,E", ()
rie |oq,| = 2n|o,,|/A— npoBoaumocts ciost YHT. Ioacrasus B popmyiy (2) coort-
HOIICHHUE, ONHUCHIBAIONIEE MHTEHCUBHOCTh BONMHBI | =1/2 nm \E\z, JIETKO TI0-
JTy4UTh CKOPOCTH AUCCHIIAIIMU SHEPTUM:

2012 20¢n

= O
C\/ggo 0

Hcxonst n3 reoMeTpuu XUpaIbHBIX YIIEPOIHBIX HAHOTPYOOK, B ypaBHEeHUHU (1)
ormepaTop V2 = A 1enecoo0pasHo 3aIicaTh B IWIMHIPHIECKOH CHCTEME KOOPIHHAT.
Koadduimrent nornomieHus: BXOAIMMN B (3) onpeaensercs CIEAYIOIMMM 00pa3oM:

Q =20l g el 3)

_0) 8” _038”

°TeJe en’

[IpoBOAMMOCTH CBS3aHAa C MHUMOW YAaCTHIO JUANEKTPUYECKON MPOHULIAEMOCTH
opmynoit e =¢'—ig", &"=0c/weq (g = 8,85-10" d/m).

Takum oOpazoM, B IUTUHAPUYECKUX KOOPAMHATAX CKOPOCTh JUCCHUTIAIIUU DHEP-
ruu 6ecceneBbix cBeTOBbIX my4ykoB (BCII) B croe moriomarmmmux yriaepoaHbIX XH-
pabHBIX HAHOTPYOOK MOYKHO MPEICTAaBUTH CICIYIONIUM 00pa3oMm:

a

2locnlg € m? ,
QTE:%EKO%(WZ”% o In(an)+ 3 (ar) jexp(-oe 2), (4)
0

(ap)

rae o = 2K,,.
3. Pacuyer pe3yabTupyroumero GoroakycTu4ecKoro CirHajiaa

OnpenenuM amMmuTyay (OTOAKyCTUYECKOTO CUTHANA, BO3HUKAIOIIETO B CJIOE XHU-
panbHbix YHT nipu 06myuennn TE-monoit BCII, ocHOBBIBasich Ha UCIIOJIb30BAaHUU TbE-
303JIEKTPUYECKOTO METO/a PETUCTPALIUY CUTHAIA B COOTBETCTBUM CO CXEMOM, NpH-
BEJICHHOW Ha pucyHke 1.

Cuutass  rpaHMIBbl  CHCTEMBl  «0Opa3el-NIbE30JAETEKTOP»  CBOOOJHBIMM:
o(D=0)=0,5(l, =0)=0, a Takxe HCMOTB3Ys METOANKY, ONUCAHHYIO B [7], HaiizeMm
BBIpAYKEHHUE JJIs HANPSDKEHHs XoocToro xoaa V'™ Ha mpe3ompeodpasoBaTene

TE € ( )_ € TE
V _S—S Up\zzll—Up\zzO _S_SZR . (5)
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Pucynok 1 — Cxema peructpanuu GoToaKyCTUYECKOrO0 CUTHAa,;
1 — cro#i yriaepoaHbIX HAHOTPYOOK; 2 — MbE303JIEKTPUUECKUM JETEKTOP;
3 — akcuKOH; 4 — MOAYATODP; 5 — OGecceneB CBETOBOM IMTy9OK

B cootHotiennu (5) MHOXKHUTEINb

~ sin?(k,Al / 2)
Mg sin kyAl cos k1 + cos ky Al sin K

(6)

OIKCBHIBAET YUCTO aKyCTHYECKHE CBOWMCTBA CHUCTEMBI «CIOH YIIIEPOAHBIX HAHOTPY-
0OK — IIbE30AETEKTOP», @ MHOKUTEIb R™

TE _ E' Bk 14y + 5 +pj
(b + 20 Kso20ts | (L4 11y)- [+ 13 )- L+ 1)

OTIpeACIIAeT AUCCUITATUBHBIC, AUAICKTPUICCKUE, TEIIOPU3NUSCKAE U TEPMOYIPY-
THE CBOMCTBA HCCIEAyeMOro 0o0pasiia, a TaKKe IMOJISPHU3AlUOHHBIE W dHEpPreTHYC-
ckue napamerpsl bCII.

B Bripaskenusix (5)—(7) BBenens! ciaenytomue odo3nauenus: U(z), Uy(z) — ynpy-
rue cmenieHus B cioe YHT u nbe3onpeoOpa3oBaTene; ey, Up — CKOPOCTU YIPYTHX
MPOIONBHBIX BOIH, By — 00BbeMHBIH MOIy/Ib yIPYrocTH, C' = Ay + 2/3 p, A, [y — Ko-
sppunmenTer Jlamd, ap — K03hPuUIMEHT 00BEMHOTO TEIUIOBOTO pPaCIIUPEHUS,
6 — ynpyrue HanpspkeHus, os = (1 —i)as, as = (Q/2Ben)"? — sddexrusblit K03QPU-
IMeHT Tepmudeckon nuddysun odpasua, Pe, — 3G dhekTuBHBIN KOdPPUIIUEHT Temre-
pPaTypONpPOBOAHOCTH 00pasma, Ly = Oe/Cs, Lo = K/os, Hg = K/oerr , Ki = Qfv, — BomHO-
BOC YHMCJIO YNPYTOoH BOJIHBI B Mbe3onpeodpasonarene, K = Q/v,, — BOITHOBOE YHCIIO
3BYKOBOH BOJHBI B 06paste, My = (k,cP)/(kc'), ¢® = cF (1 + e*/e°c%), ¢& — koadurm-
CHT JKECTKOCTH IIbE30TICKTPHKA, € — IbE30MOIYIIb, £ — AUIICKTPUIECKAs IPOHHIIA-
E€MOCTh ITbE€30KpHCTAILIA!

(7)
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—TE
E'" =na o ET, E™ = AT /(a% —c2) ®)
ATE _ 2ol Cc m”
ce'ey 4m (ap)”
J;n(Qp): 0 Jm(qp)/ 0 p — mpousBojHas OT ¢yHKIHMH beccens mo paguaabHON KOOP-

JHATe p.
AHanu3 BeIpaxkeHud (5) A aMIUIUTYAbl (POTOAKYCTUYECKOrO0 CHTHajla MoKa3all
HaJIMYUE PE30HAHCHBIX MMKOB B 00JIACTH TUrarepleBbIX 4YacTOT (PUCYHOK 2).

/

kot (02 + 2 2(an+32@r)l @)

y

VZE. OTH. eq.
(=3
T

Q. 510 T

Q. 510°Tq

PucyHnok 2 — 3aBUCHUMOCTb aMILTUTY Il (POTOAKYCTHUECKOTO CUTHAJIA
OT pagualibHON KOOpJAUHATHI p U YacToThl Moy sitinu BCIT Q;
a — yron korycroct BCII o = 1°% 6 — yron xonycroctn BCIT o = 2°

N3 pucyHka 2 Takke BUJIHO, 4TO yBenuueHue yria konycHoctu BCII Bnusier Ha
YaCTOTYy MPOSIBJIEHUS PE3OHAHCHBIX IMHMKOB B 3aBUCUMOCTH OT paJuajibHOU
KOOpDAWHATHI p. YIPaBICHUE aMIUIUTYJ0M pe3yJbTUPYIOUIErO0 CUTHala, BOZHUKAIO-
IIETO BCJIEICTBUE MOJYJUPOBAHHOTO TOTJIOIMICHHS] CBETOBOTO IMy4Ka, MOXKET OBITh
peanr30BaHO MYTEM HMCIIOJIb30BAaHUSI CXEM peryinpoBaHus yria konycHoctu BCII,
JEHCTBYIOIINX HA OCHOBE 3JieKTpoonTruieckoro sddekra [okkennca 8, 9].

Takum oOpa3zoM, B paboTe mMoCTpoeHa MOJAENb (POTOAKYCTHUECKOTO TTPeo0pa3o-
BaHUSI B CJIO€ XUPATBHBIX yTIEPOIHBIX HAHOTPYOOK, 00mydaembix TE-Momoit Gecce-
JIEBOTO CBETOBOI'O ITyYKa.
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