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1. BBEJIEHUE

CoOCTBEHHOE FHEPreTHYECKOE pa3pelleHHe CIUHTULISIIIMOHHOTO IETEKTOpa IIOHUMAETCS
MHOTHMH aBTOpaMH Mo-pa3Homy. Tak, mpu 00CyXIeHHH COOCTBEHHOTO SHEPTETHYCCKOTO
paspereHus B pabote [1], aBTOpbI OCHOBBIBAIUCH Ha (OPMYIIax, MOJTyICHHBIX
bpeitren6eprepom [2], u npuBenennbix B kuure bupkca [3]. B wacTHOCTH, OHU TIPHUBOIAT

hopmyny IS CpeTHero 3HaYEHUS
Q=N-p-M,(1)
1 Mo (UIIMPOBAHHYIO GOPMYITY 1151 OTHOCUTENbHOM TUCIIEPCHUN BBIXOJHOTO CUTHAIA

CIHUHTUUIAMUOHHOTO JCTCKTOPA

rre N u n,ﬁ - CpellHee 3HAYCHUE U OTHOCUTEIIbHAS TUCIIEPCHS YUCIIa CBETOBBIX ()OTOHOB; P U

2
T]p - Cp€aAHEC 3HAYCHUEC U OTHOCUTEIIbHAA JUCIICPCHUA BEPOATHOCTHU 06p330BaTB (bOTOHy

(OTOANEKTPOH HA IEPBOM JUHOJE (POTOYMHOKUTEISL.

Jlanee OHM BBOAAT MOHATHS COOCTBEHHOI'O SHEPreTHUYECKOTro pasperieHus R.,
paspelieHus, CBSI3aHHOTO ¢ NpeoOdpa3oBaHreM CBETOBOIO (GoToHa B HOTOINIEKTPOH R, U

paspelIeHus, CBI3aHHOIO C IPOLECCOM YMHOXKEHUs GoTroanekrpoHa POY R,, , koTopsie

ONpCACIIAOT SHEPTCTUUCCKOC PA3PCHICHUC CHUHTUIUIAIIMOHHOI'O JECTCKTOPA R , CBA3aHHOTO C

OTHOCHTEJIBHOM IUCIIepCHeii CUIHANA Ha BBIXOJIE CIIEKTPOMETpa
Y 2 2 2
R*=R"+R’+R}, =5.547;. (3)

HpI/I 9TOM OHH OTOXACCTBIIAIOT COOCTBEHHOE OHEPreTUUCCKOC pa3pClICHUC Ri CO cjilaracMbIM B



KBaJ[paTHBIX CKOOKax B opmyiie (2); pa3pelieHue, CBsI3aHHOE ¢ IpeoOpa3oBaHUEM CBETOBOTO

(oTona B poTod1EKTPOH R, CO BTOPBIM CriaraempiM B (hopmyiie (2); a paspelieHue, CBA3aHHOE

C IpolieccoM YMHOXeHHs (otoutektpoHa DOV R, , ¢ mocnenHuM wieHoM B popmyie (2).

I[anee, ABTOPLI IIOJIararoT, 4TO COOCTBEHHOE SHEPreTUICCKOC pa3pClICHUC, T.C. OTKIIOHCHUC
OTHOCHUTEIBHOM JUCIICPCHUH YK Cila CBETOBBIX (i)OTOHOB oT HyaCCOHOBCKOfI CTaTUCTUKH,

00YCIIOBJIEHO JIBYMSI TIPUYMHAMH: HEMPOIIOPLUHUOHAILHOCTBIO CBETOBBIXOa R ) 1

HCOJHOPOAHOCTBIO KpHCTalJIa CHUHTUILIIATOPA Rinh , KOTOpad CBsA3aHa C JIOKAJIbHBIMHA

(1)J'Iy1(TyaIII/I$[MI/I KOHUOCHTPAUUHN JIOMUHECIICHTHBIX LICHTPOB,
Y 2
Ri - Rnp + Rinh ’ (4)
ABTOpBI OTMECYAIOT, YTO CYICCTBYECT MHOXKCECTBO CbaKTOpOB, OMpECACIIAOINX

paspelienue, CBI3aHHOE ¢ NPeodpa3oBaHNEM CBETOBOTO (oTOHA B hOTONEKTPOH R, ! 1) munHa

BOJIHBI poTOHA U KBaHTOBas 3PpekTuBHOCTE DY 1151 3TOM UITMHBI BOTHBI, 2) KOdDPHUIueHT
MPOIMYCKaHUsI CHUHTHILISITOPA U OTpaKaTeIbHas CIIOCOOHOCTD €ro0 OTPAXKAKOIIETO MOKPBITHS, 3)
onTHYecKas cBs3b ¢ okHoM DY, 4) yron magenus poToHa Ha PoTOKATOA, 5) HEOTHOPOTHOCTH
¢dboTtokarona, 6) apdexTuBHOCTH COOpa GOTOINEKTPOHOB HA MEPBHINA TUHOI.

[Tpu 3TOM aBTOPBI HE TPUBOAT HUA OJTHON (POPMYJIBI IS CBSI3U COOTBETCTBYIOIIMX
BKJIQJIOB C XapaKTEPUCTHKAMH CHUHTHUIIMOHHOTO KPUCTAILIA, 32 UCKITIOUCHHEM (OPMYITBI JUIS

paspelleHus, CBA3aHHOTO ¢ MPOoIleccOM YMHOKeHHUs (poToanekTpoHa @Y,

N 2
cuuTas, YTo HapaMeTpel P U v MOTYyT OBITH OIIPCACIICHBI OKCIICPUMCHTAJIBbHO.

I[anee, ABTOPBI BBOJAT OMMPECACIICHUC SHCPICTUICCKOT'O pa3pClICHU A CHUHTHUILIATOPA,

KOTOPOC MPEACTABJIACT CYMMY BKJIaa COOCTBEHHOTO OHEPTCTUYUCCKOT'O PA3PCIICHUA Ri u

BKJ1aga, CBA3aHHOTO C HpeO6p330BaHI/IeM CBETOBOI'O CI)OTOHa B (1)0TO3J'ICKTpOH Rp )

R?=R?+R2, (6)



B PE3YIbTATC OHU CHUTAIOT, YTO SQHCPICTHUIYCCKOC pa3pClICHUC CHUHTHIUIAINOHHOTO

CIIEKTPOMETpa onpenessercs Gpopmynoi

I[anee OHHM I0JIararoT, 4YTo JJIA UACAIbHOTO CHHUHTHUILIATOPA BKIAJ COOCTBEHHOTO

SHEPreTUYecKOro paspemenns R ¥ BKIIaJ, CBA3aHHBIN ¢ IPeoOpa3oBaHUEM CBETOBOIO ()OTOHA B
(orosnexrpon R, paBHbI HYIIO, ¥ TIPEIENbHOE pa3pelieH e CUUHTUILISIHOHHOTO

CTIEKTPOMETpa OYZIET ONpPeNeNATHCS BKIAIOM, CBI3aHHBIM C MTPOIIECCOM YMHOKEHUS
doroanexkrpona OOV (5).

B pa6oTe [4], mpu onpeneneHnu cOOCTBEHHOTO SHEPTETHUECKOTO Pa3pEIICHHs], aBTOPBI
(aKTUYIECKH MOBTOPSIOT MMOIXO0I, ONpeCIeHUs U GOpPMYJIbI, BBeICHHBIC B pabote [1], u
CUUTAIOT, YTO JUISI COBPEMEHHBIX CIIMHTHIIISITOPOB BKJIA]] B SHEPTeTUIECKOE pa3perieHue,

CBSI3aHHBIN C TIpeoOpa3oBaHuEM CBETOBOTO (DoTOHA B OTOINEKTPOH, R TMpeHeOpekuMo Mai, u

p

CcOOCTBEHHOE PHEPreTHUECKOE Pa3pelIeHHE MOKHO ONPEACTUTh U3 COOTHOIICHHS
2 2 2
R*=R°—-R},.(8)
B xuwure [5], npuBeneHa aHamoruyHas GopMysia Ui SHEPreTUUIECKOTO pPa3perieHHsI

CIHUHTUUIAMUOHHBIX CIICKTPOMETPOB

R*=R’ +R? +R’ +pr, 9)

lim
2 9] 2
rac Rinh - BKJIaJl, CBA3aHHbBIM C HCOAHOPOJHOCTBIO KpHUCTAalJIa CHUHTUIIIIATOPA, Rnp - BKJIaJ,

o 2 o
CBs3aHHBIN C HCIPOMIOPIIMOHATTBHOCTHIO CBETOBBIX0 14, Rtr - BKJIaZ, CBsI3aHHBIU CO C60pOM CBC€Ta

2

Ha (bOTOKaTOI[ (I)OTOYMHO)KI/ITGJ'ISI, Rlim - IpCACIbHOC pa3pClICHNC CHUHTUIIIINMOHHOTI'O

JETEKTOpa




(dopmyna Juis KOTOpOro coBHaaaet ¢ GopMyIioi Jyisi pa3pelieHus, CBI3aHHOTO C MTPOIIECCOM
yMHOXeHus: poTodnekrpona DIV (5).

B pa6ore [6], 1ana ¢popmyiia ajsi SHEPreTHYSCKOTo Pa3pelieHUs CIIMHTHILISIIMOHHBIX
CIIEKTPOMETPOB, BKJIAJIbl B KOTOPOH OTIMYAIOTCS OT MPUBEACHHBIX BBIIIEC (POPMYIT HE TOJIBKO

Ha3BaHUSAMH, HO TaKXKe M (PU3NYECKHM CMBICIIOM IIPUHMMAEMBIX BO BHUMaHHE IPOIIECCOB
2 2 2 2 2
(AE/E) =6, +6, +55+6;, (11)
rae &, - COBCTBEHHAs Pa3pelIaoNias CIOCOOHOCTb CLMHTHILISTOPA, §; - BKJIAJ, CBA3AHHbIN CO

c60pOM cBeTa (HOTOYMHOKHTENEM MM (POTOMOJIOM, 5. - BKIIAJ] CTATUCTHYECKHUX MPOLIECCOB
YMHOXEHUS AJIEKTPOHOB B POTOYMHOKUTENE I (DIYKTYaIMOHHBIX MTPOIIECCOB B (OTOMOIE, U

é‘nz - BKJIaJI QJIEKTPOHHBIX ITIyMOB. B pabote [6], ToJIbKO T BKIaJa CTATUCTHYECKHUX ITPOIIECCOB

YMHOXEHUS MIEKTPOHOB B POTOYMHOKHUTENE, NaHa (hopmyna, aHamorudHas (5)
5, =2.35J(1+¢)IN, (12)

rae N - uucio ¢poTO3IEeKTPOHOB, £ - OTHOCUTENbHAS JUcTepcusi KOAPOUIIUEHTa YMHOKEHUS
(hOTOYMHOXKHUTEJIS.

B paborte [7] aBTOpBI IPEAIMOI0KHIIH, YTO (IYKTYAIHH YKCIIa CBETOBBIX (DOTOHOB HE
MO TYMHSAIOTCS pacnpeaencauto [lyaccona, u Beenu pakrop @aHo Ui CBETOBBIX (POTOHOB,

reHEePHPYEMBIX T'aMMa-KBaHTAMH B CLIUHTHILIATOPE
ol =F, N. (13)

N3 cBOMX 3KCHEPUMEHTAIBHBIX JAHHBIX [ 7], HOATBEP)KAEHHBIX aBTOPAMHU B UX CIIEAYIOLICH

cratbe [8], onn nomyunian st pakropa PaHo 11 CBETOBBIX (POTOHOB B CLIMHTHILIATOPE

LaBr3:Ce 3nauenue F =0.10+0.16 c¢ dporoymuoxkutenem Hamamatsu R6233-100, u

snauenne Fy =0.09+0.20 ¢ poroymuoxkurenem Hamamatsu R7600U-200. Dto pano um

OCHOBaHHE OOBSIBUTH 00 OTKPBITUH CY6HyaCCOHOBCKOﬁ CTaTUCTUKHU (I)OTOHOB B

CIIMHTUJIATOPAX. He ocranaBnuBasich Ha MOTrpCHIHOCTAX UX SKCIICPUMCHTAJIbHBIX TAHHBIX, HA



KOTOpBIE s yKa3an uM B padote [9], B padbote [10] s1 00BsICHIII OMIMOOYHOCTE BBEICHUS (haKTOpa
daHo 11 CBETOBBIX (POTOHOB, U MOSICHIO 3TO B paszerne 3.

B pab6ote [11], aBTOpEI, B pe3yibpTaTe aHadu3a (GaKTOPOB, BIHUSIOUIMX HA SHEPTETHUECKOE
pasperienue, puBeiu GopMyiry, KOTopas, C UX TOUYKH 3PEHHUS, YIUTHIBAET BCE BKIIAIHI,

OIpCACIIAOIINC COOCTBEHHOE PaspCliCHNEC CHUHTUIIIAIMMOHHOI'O ACTCKTOpPA:

on, o, J(am)(-{am))(wm)dlogn
(Ny) (N’ (Neh>('[(q(n)>(w(n)>dIogn)2

J o4 (W(n))" d logn . [[{am){a(n))cov(w(n)w(n’))d logn-d log n’ '
([(a() (w(m)dogn) ([(a()(w(n))dlogn)

(14)

B dbopmyne (14), w(n) - yHKIMS pacrpeaeieHUs] KOHIIEHTPAIIMH SJIEKTPOHHO-
JBIPOYHBIX TIAp B TPEKE C YCIOBUEM HOPMUPOBKH

Iw(n)d logn=1; (15)
g(n) - most BO3OYXKICHHIA, KOTOPBIC MPOM3BOIAT CBETOBOW (DOTOH, U

(Nph)=<Neh>j<q(n)><w(n)>d logn, (16)

rjae (Neh> .- CpeIHee YUCIIO 3JIEKTPOHHO-IBIPOYHBIX Map, 00pa30BaHHBIX PETUCTPUPYEMO

JaCTHULIEN.
[TepBriii wien B popmyiie (14) onmuchIBaeT BKIIA] B SHEPreTUUECKOE Pa3pEIICHHE

(bykTyaruii uncia 3J1eKTPOHHO-IBIPOYHBIX HTap

2
N _ Fa )

<Neh >2 <Neh>

ABTODBI BbIpa3uiiu BTopoit wieH B opmyiie (14)

J(a)(1- (o)) (wm)dlogn _F,
(N )([{am) (wim)dtogn) (Non)

, (18)

BBeId paktop PaHo 1 POTOHOB



_ f (a(n)(1=(a(n))){w(n))d logn
" [{a(m){w(n))d logn

<1,(19)

Onu cBs3anu Tpetuit wieH B (14) ¢ HeoTHOPOJHBIM pacTpeeieHneM 1e(eKTOB U IpuMecel B

Y TIOCJIETHUN WIEH ¢ (PIyKTyalusiMy TOTIOJIOTUHA TPEKOB Gtz . ABTOpBI

2
KpUCTalllIC O: rack

inhom >
OTMeUaloT, 9To (IyKTyaru W(N) MOTYT OBITh OIIEHEHBI C UCIIONB30BAHAEM KOBAPUAIINN
cov(w(n)w(n')), KOTOPyIo MOKHO PacCYMTaTh C IOMOIIBIO MeToa MonTe-Kapio.

B pesynbTaTe aBTOpHI pHBEnU GOPMYITY Uit COOCTBEHHOTO pa3perieHust

CIHUHTUUIAIMUOHHOTO JACTCKTOPA

o F
e _p3es |[te g o e (20)

<Nph> <Neh> <Nph> inhom track

KOTOpas € YU4€TOM BKJIaga q)OTOYMHO)KI/ITeHH, ONPCACIIACT MOJTHOC SHEPIETUYCCKOC PA3PCIICHUEC

R, =2.355

CIHUHTUUIAIUOHHOTO JCTCKTOPA

F 1+
h &
LU +o?

inhom

I:eh +

<Neh> <Nph> <NPE>

JleTanbHBIN aHANIN3 TIPUBEICHHBIX BhIlIe GopMyI qaH B padore [12].

R=2.355 +ol, (21)

HeonHo3HayHOCTH B pa3eneHUH BKJIAI0B B SHEPIeTUYECKOE pa3pelieHne
CUMHTHUISIHOHHBIX CHEKTPOMETPOB PA3IMYHBIMU aBTOPAMHU, U OTCYTCTBUE UH(POPMAIUHU O
3aBHCHUMOCTSIX COOTBETCTBYIOIIMX BKJIA/I0B C XapaKTEPUCTUKAMU CUUHTHILISTOpPA, UHTEepdeiica
CHUHTHILIISATOP-(POTOAETEKTOP, XapaKTEPUCTUK (POTOAETEKTOPA, U XaPAKTEPUCTUK AIEKTPOHUKU
CIEKTPOMETPa, HE T03BOJIIET OJJHO3HAUYHO c(POPMYIHPOBATH OIPEIeICHHEe COOCTBEHHOTO
paspelieHus CUUHTHIUISIMOHHOTO IETEKTOPa

['maBHBII HETOCTATOK BCEX CYIIECTBYIOMIMX padOT 3aKIIOUAETCS B BOZMOKHOCTH
BBEJICHUS PA3IMUHBIX BKJIAJ0B B (GOPMYIY JUTsl SHEPTETUUYECKOTO pa3perieHus
CIMHTHIISIIMOHHBIX CIEKTPOMETPOB, KaK MMPaBUIIO, HE JaBasi OMpeNeIeHHBIX (GOpMYI It CBSI3U
3TUX BKJIAJ0B C XapaKTEPUCTUKAMHU JIeTeKTopa. Takol moaXod sIBISETCS HE TOJIbKO

HCIIPpaBHUJIbHBIM, HO U KOHTPHPOAYKTUBHLIM, IIOCKOJIBKY HC ITO3BOJISICT CpABHUBATL PC3YJILTATHI,



IIOJIyYEHHBIE Pa3IMYHBIMU HAYYHBIMH IPYIIIAMHU.
[IpaBUIBHBII MOAXO] K MOIYYSHHUIO (POPMYIIBI IJIs1 SHEPTETUUECKOTO pa3pelieHus
CLMHTWIISLIMOHHBIX CLIEKTPOMETPOB 3aKJIIOYAETCS B CO3/1aHUU TEOPETHUUECKON MO, KOTOpast

BKJIFOUAET BCE BO3MOJKHBIE ITPOLIECCHI, IPOUCXOISIINE IIPU MIPEBPALIEHUHN SHEPTUU
pErucTpUpyeMOi 4acTULIbI B BBIXOHOW CUTHAJ CLIIMHTUJUIALIMOHHOTO ClieKTpoMeTpa. ToJIbKo
MOCIIE 3TOTO, MCIIOJIB3YSI COOTBETCTBYIOIIUN (hOPMATIN3M, TEOPETHUECKAsI MOJIEITh JI0JIKHA OBITH
IepeBeieHa B COOTBETCTBYIOIIYIO MaTeMaThuuecKyto ¢popMy. Tak Kak mpoiiecc npeoopa3oBaHus
SHEPrUM PErUCTPUPYEMON YaCTUIIBI B BBIXOJHOM CUTHAJ CHUHTHUISILIMOHHOTO CIIEKTPOMETpa
SIBJIIETCS CITy4aliHbIM BETBSIIMMCS KaCKaJHBIM IIPOLIECCOM, TO AJISl €r0 ONKUCAHUs JOJDKEH
UCIO0JIb30BaThCA (POPMaIN3M IPOU3BOISAIINX (PYHKIIUNA BEPOSITHOCTH. TOJBKO B 3TOM Clly4ae,
(hopMyIBI 715 TFOOBIX MOMEHTOB (DYHKITUU PACTIpeIeTICHUS BRIXOIHOTO CUTHAJIA OyIyT CTPOTO
ClIeI0BaTh U3 TEOPUU. B COOTBETCTBUU C TEOPETUYECKON MOJETBIO, 3T (GOpMYIIbI OyayT
coJiepKaTh BCIO MH(OPMAIINIO O 3aBUCUMOCTSX BCEX BKJIAJ0B B SHEPreTHUYECKOE pa3pelieHHe OT
XapaKTEePUCTUK CIMHTUIUIITOPA U APYTUX MapaMeTPOB CIUHTUIUISILIMOHHOTO CIIEKTPOMETpA.
Crnenyet nMoauepKHYTh, YTO JIOObIE U3MEHEHHS BO3MOXKHBI TOJILKO Ha CTa N TEOPETUUECKOM
MOJENH, MTOCKOJIbKY MaTeMaTHuecKuil (hopMain3M rapaHTUPYET MOTydYeHUE BCEX HEOOXOIUMBIX
dbopmyi. Toapko nocie nosydeHus: GopmyIl 1Uis MOMEHTOB (PYHKIIUU pacIipeieeHUs
BBIXOJIHOTO CUTHAJIA, MOKHO JeJIaTh HEOOXOAUMBbIEe MPUOINKEHUS, B YACTHOCTH OINPENIEIUTh

cOOCTBEHHOE SHEPICTUUYCCKOC pa3spCHICHUC CUUHTUIIAIIMOHHOI'O ACTEKTOpPA.

2. MHUKPOCKOIIMYECKAA MOJEJIb CHUHTUIALMOHHOI'O
JNETEKTOPA C OJHUM ©®OTOAETEKTOPOM

I'maBHBIN HeocTaTOK Teopun bpaiitenOeprepa [2], u Bcex OCHOBaHHBIX Ha HEH
MOCIENYIONUX PadOT, COCTOUT B TOM, YTO OHH SIBJISIFOTCS. MAaKPOCKOTTMUECKUMH TEOPHUSIMH,
KOTOPBIE OMUCHIBAIOT BETBAIIMECS KaCKaHbIE MPOLECCHI Yepe3 MOMEHTHI (DyHKIIUI

pacnpeaciiCHus, KOTOPbIC ABJIAKOTCA CPCAHUMU 3HAYCHUAMU COOTBCTCTBYIOIIUX 3TAIIOB.



B pa6orte [13], Ha OCHOBaHUH MHKPOCKOITUYECKOM TEOPUH CITyUailHBIX BETBSIIUXCS
KaCKaJJHBIX IPOIECCOB ObUIM MOIy4eHbI (POPMYIIBI JJIS SHEPTETHUECKOTO Pa3perIeHus
CIMHTWUISIIIMOHHOTO CIIEKTPOMETpa C HECKOJIbKUMHE (poToAeTekTopamu. MaTeMaTuieckas
MOJIEITb YIUTHIBACT, YTO IMPOIIECC IPEBPAIICHHS SHEPTUU PETUCTPUPYEMOM YaCTHIIBI B
BBIXOJIHOW CUTHAJI CIIEKTPOMETpPa BKITIOYAET CIIEAYIOIINE TTOCIEI0BATEIbHBIC ITAIIBI.

1. Dran B3auMOICHCTBUS PETUCTPUPYEMOI YACTHUIIBI CO CIUHTUILISIUOHHBIM
KPHUCTAJLIOM.

2. Dramn reHepaiyu JEKTPOHHO-IBIPOYHBIX TIap.

3. Dran pekoMOMHAIUH 3JIEKTPOHHO-IBIPOYHBIX HIap.

4. Oran quddy3un HocuTenel (3EKTPOHOB, TBIPOK U SKCHTOHOB) B CHIUHTHJUISITOPE.

5. DTamn akTUBalWy JTFOMUHECIIEHTHBIX [IEHTPOB.

6. DTtar AMUCCUH CBETOBOTO (POTOHA JTIOMUHECIIEHTHBIM LIEHTPOM.

7. Otan cBeTocbopa cBeToBOoro oToHa Ha (PoTOKATO POTOAETEKTOPA.

8. DTan npeoOpazoBaHus CBETOBOTO (poTOHA B (DOTOIIEKTPOH B (DOTOKATOC
(dboTomerekTopa.

9. Drtan ycuneHus curHana (poToIeTEKTOPOM C YU4ETOM IIIYMOB AJIEKTPOHUKH.

MukpocKOomUYeCKUi MOIX0/] 3aKII0YAETCs B JETAIbHOM OMUCAHUU CITyYailHbIX
MIPOLIECCOB MpeoOpa3zoBaHMs SHEPTUU NEPBUYHOM YaCTULIBI B IETEKTOPE, MO3BOJISIONINI
MOJIy4aTh MOMEHTHI (DYHKILIUU pacrpeAeseHUs] aMIUTUTY/ bl BBIXOJHOTO CUTHAJIA Yepe3 MOMEHTHI

q)YHKI_II/Iﬁ pacupeaciiCHUA 3TalloB, B YaCTHOCTH, YCPC3 COBMCCTHLIC (bYHKI_[I/II/I pacupCaciIiCHusA

BTOPHYHBIX YaCTHIL B deMeHTax (asosoro npoctpancra dI” = dVAEAQ.

Heo6x011uM0 OTMETHTH, YTO MaTeMaTHYECKask MOJIC/b IPUMEHHMA HE TOJIBKO K
HEOPraHUYECKUM CIIMHTHIUISITOPaM, HO TaKXKe M K OPraHUYECKUM CIIMHTHIUISITOPaM, €CIIN
y4eCTb, YTO 3TAll FeHEePAIMU dJICKTPOHHO-IBIPOYHBIX AP COOTBETCTBYET 3TANy HOHU3AIUU U
BO30Y)KJICHHSI OPraHMYECKUX MOJICKYIT; 3Tall PEKOMOMHAIINY 3JICKTPOHHO-IBIPOYHBIX TIap -

OTally «TYHICHU JIFOMUHCCICHIIUN,; STaIl ,Z[I/I(b(by3I/II/I HOCHUTEJIEH - 9TaIry MUI'pallu SHCPIrun



BO36y)KI[eHI/ISI K JpYIruM MOJICKYJIaM; 3TaIll aKTUBAIIUX JIKOMUHCCUCHTHOI'O HCHTPA - 3TaIly
nepexoa YHEPTUU BO30YKICHUSI COOTBETCTBYIOLIEMY PaIHALIMOHHOMY IIEPEX0/1y; dTaIl
SMUCCHH CBETOBOTO ()OTOHA TIOMUHECIIEHTHBIM IIEHTPOM - ATaIy paJHaliiOHHOTO TIepexoa ¢
SMUCCHUEN CBETOBOTO (OTOHA.

Bce npuBeneHHbIe Boie GOPMYIIBI Il SHEPTETHUECKOTO pa3pelIeHus] IPUMEHHMBI
TOJIBKO K CUUHTHJUIAOWUOHHBIM CIICKTPOMCETpPaM C OJHUM (bOTOI[GTeKTOpOM IIpu perucTpanun

MOHOYHEPIeTHYECKOTO PEHTI€HOBCKOTO M3JIy4eHUs HU3K0M sHepruei E, . ITostomy, mns

CpaBHCHHA C HUMU, q)OpMYJ'II)I AJId CPpEAHETO 3HAUCHHA U OTHOCHTEIIFHOM JAUCTICPCUHU BBIXOJHOTO

curHaia OyyT UMETh BUT
(QEy)) =(Y*(Ey)) (T(E)).(9), (22)

77(% (EO) = nczov + n;fair + nti + 77gain + nr?oise ! (23)

I dEdE'u(E—Emm)u(E’—Emm)<aYcéEE°'E) aYC(a'EE°,’E')> (T(5)),

77czov - 2 2
(YS(Ep) (T(®)),

~1 (24)

- OTHOCHUTCJIbHad JUCIICPCHUA BBIXOAHOI'0 CUI'HaJla CIICKTPOMETpa, O6YCJ'IOBJ'ICHH35[

KOBapualuAaMMU BTOPHYHBIX YaCTHIL B (baSOBOM IIpOCTPAHCTBC,

jdEu(E—Emin)<F(E)mcéEE°’E)

S(E)Q> (T2(1)),
(YS(E)) (T(R)):

- (25)

2 _
npair -

- OTHOCHTCJIbHAA JUCIICPCHA BBIXOAHOT'O CUI'HAJIa CIICKTPOMETPA, 06y'CJ'IOBJ'IeHHa$I

Q)HYKTyaHI/IHMI/I 4qucCiia 9JICKTPOHHO-ABIPOYHBIX I1ap,

| dEu(E—Emm)<aY°(aEEf”E)

T IEE) (TE)), (YE(E)) (T());

c

S(E)Q> (T2(1)).
° (26)

- OTHOCHUTCJIbHAA AUCIICPCUA BBIXOOAHOT'O CUT'HAJIa CIICKTPOMCTpa, O6YCJ'IOBJ'ICHHa${
(I)J'IYKTyaI_[I/ISIMI/I nmponeccoB, NPOUCXOAANIUX B JCTCKTOPEC OT O6paSOBaHI/I$I SJICKTPOHHO-

JBIPOYHOM Maphbl B CHUHTUILIATOPE 10 00pa3oBanust (poTOIEKTpoHA B (POTOAETEKTOPE;



2
1 o

Ton TV (E) (T(R)), (9)

5 (27)

- OTHOCHUTCJIbHAA AUCIICPCUA BBIXOAHOI'O CUT'HAJIa CIICKTPOMCTpa, 06YCJIOBJIGHH21$I

dnykryarusamu kodpdunreHTa yeuiaeHus: GOTOIETEKTOpa U AIEKTPOHHOTO YCHITUTEIIS

2
O,

—noise (28)
(Q(E))

2 f—
nnoise -

- OTHOCHTEJIbHAS TUCTIEPCHS BBIXOJHOTO CUTHAJIA CIIEKTPOMETPa, 00YCIOBJICHHAS IITyMaMHu
(hoTOIETEKTOPA U AIIEKTPOHUKH.

Bo Bcex mpuBeneHHBIX BbIlE GOpMYIIax,

OY°(Ey,E) _ W(Ep,E)

pr= e (E) S(E)Q.,  (29)

- nuddepeHIraNbHbIN CBETOBBIX0/I CHUHTHIUISATOPA IS SHEPTUu 3JeKTpoHa E , o6pazoBaHHOTO
PEHTT€HOBCKUM KBAHTOM C 3Hepruei E;, B mpolecce NoTepu UM SHEPTUU B CUUHTUILIATOPE,

W, (E,, E) - mubdepennnanpaas mioTHOCTh MOTTIOMIEHHOM SHEPIUH JUTS ONIPEeICIICHHOM
KOHQUTYpAIMK ¢ pacTpeieCHuUs TOTJIONEHHON SHEPTHH B dJIEMEHTax (Pa3oBOro MpoCTpaHCTBA
dI" = dVdEdQ; &, (E) - cpennsist sHeprust 00pa30BaHUs SIEKTPOHHO-ABIPOYHON MaphI
ANIeKTpoHOM ¢ 3Hepruei E; S(E) - BeposITHOCTD aKTHBAIMU JIFOMHHECIICHTHOTO IICHTPA,
3aBHCSAIIAst OT TOPMO3HOM CIIOCOOHOCTH JIEKTPOHA ¢ dHepruei E ; Q - kBaHTOBas

3(1)(1)6KTI/IBHOCTB mpouccca JJIFOMUHCCLUCHIINU

M EE) ('EO’ B gL, (30)

Y¢(E,) = [dEU(E -E,;,)

- CBCTOBLIXO/J CHUHTHUIIATOPA JJIA pCHTTCHOBCKUX KBAHTOB C SHGPFHCﬁ EO ; L - y,HeJIBHBIﬁ
2
CBCTOBBIXOA, <g> )51 O'g CpCeAHCC 3HAUCHUC U JUCTICPCHUA KOB(l)(I)I/ILII/IeHTa YCHUIICHUA

¢doronerexTopa. HAEKC ¢ MpH yriIoBbIX CKOOKaxX 0003HAYaeT ycpeIHEeHHE 0 BCEBO3MOKHbBIM
pacripeie/IeHUsIM TOTJIOIEHHOM SHepruM B 3JIeMeHTax (a30Boro mpocrpaHcTsa. B ¢popmynax

Y4TCHA KOMMYTAaTUBHOCTDb onepaunﬁ HHTCTpUPOBAHUA U YCPCAHCHHUA, U MYJIbTUINIMKATUBHOCTD



YCPpCAHCHUS ITPOU3BCACHUA HE3ABUCUMbBIX BCJIMYUH.

B npuBeneHHbIX BhIIE GopMynaax

d

ﬂ:@

T(F) = (1+A2A) j ' j j dSdQ"z(F, 2,Q, S, Q")n(4,S,Q") (31)
Q T S Q"

- BCPOATHOCTh CUHUHTUIUIALUOHHOMY q)OTOHy, HUCIIYHICHHOMY JIOMUHECIHCHTHBIM LIEHTPOM B

Touke I 00beMa CHUHTHILIATOPA, 00pa30BaTh HOTOIIEKTPOH B POTOICTEKTOPE;
7(F, 1,9, S, Q") —BeposTHOCTh POTOHY C JJTMHOMN BOJHBI A , UCIYIIIEHHOMY B HaIlPaBJICHHH,

MPUHAUIKAIIEM 3IEMEHTY TeJIeCHOTO yria dQ)', IIOMHUHECIIEHTHBIM [IEHTPOM, HaXOISIIIMCS B

ToUke I' 00bEMA CIMHTWLISATOPA, TOCTHYB DJIEMEHTA TIOBEPXHOCTH S BXOJHOTO OKHA
(dhoToIeTeKTOpA B HANPABJICHHUH, TPHHAUICKAIIEM JIEMEHTY TeJlecHOro yria dQ”
OTHOCHUTEJIBHO HOPMAJIH K 3JIEMEHTY OBEpXHOCTH poTokarona; 7(4, S, Q") —kBanToBas

3P PEKTHBHOCTH 3JIEMEHTa MOBEpXHOCTH AS (oTomeTekTopa K CBeTOBOMY (DOTOHY C UTMHOM

BOJIHBI A , TIEpECEKAINIEMY BXOJHOE OKHO B HAIPABJICHUH, IPHHAUICKAIIEM SJIEMEHTY
tenecHoro yrina dQ"; A, —xapakrepHas umHa quddy3un HocuTeneii; A-oneparop Jlamaca.

B oTinume ot cymiecTByIONMX B IUTepaType Gopmy, GopMyabl MUKPOCKOTTMUECKOH
TEOPUHU COJIepKaT HHPOPMAIUIO O 3aBUCUMOCTSX BCEX BKJIA/I0B B SHEPreTHUECKOE pa3pelicHIe
OT XapaKTEePUCTUK CLIMHTUIUIATOPA, HHTEpPeiica CHUHTHILIATOP-POTOAETEKTOD,

XapaKTepUCTUKaMH (OTOAECTEKTOPA U AJIEKTPOHHOTO TPAKTA CIIEKTPOMETPA.

3. AHAJIM3 CYIECTBYIOINX ®OPMVYJI U1 COBCTBEHHOI'O
OHEPTETHMYECKOI'O PAZPEIIEHMA CHUHTUIALMOHHOI'O
JIETEKTOPA C TOUKU 3PEHIS MUKPOCKOIIMYECKOU TEOPUM.

Pabora Bpaiitenoeprepa [2], sBisisicb caMoil 3HAUUTENBHO Teopuei
CHMHTWJUISLIMOHHBIX CIEKTPOMETPOB JJIsi CBOETO BPEMEHH, COJIEPKUT Psil (PyHAaMEHTAIbHBIX
HEJIOCTAaTKOB. BO-TIEepBBIX, 3TO - MAKPOCKOIINYECKAsL TEOPHsl, B KOTOPOU ONUCAHUE

MOoCJICAOBATCIIbHBIX KACKAAHBIX MTPOUCCCOB OCHOBAHO HA UCIIOJIb30BAHUH MOMCHTOB (I)YHKI_II/Iﬁ



pacrpeneneHus CpeHUX 3Ha4eHU COOTBETCTBYIOIIMX 3TANOB. BO-BTOPHIX, OHA IIpEeAIoaraer,

YTO KaXKJasl perucTpupyemast yacTuua ¢ sHeprueii E , B3anMoaencTBys cO CUUHTHILISTOPOM,

IIPOU3BOJIUT B CPEAHEM N =E /& cBeToBBIX (OTOHOB, A€ £ - CPeIHss SHEPTUs 00pa30BaHUS
ceeroBoro (otona. Takum oOpazoMm, B Teopun bpaiiteHOeprepa OTCYyTCTBYIOT TPOMEKYTOUHBIE
3Tarnbl, KOTOPbIE IPOUCXOAIT B CUMHTHILISATOPE, @ UMEHHO, IPe0Opa30BaHUE SHEPTUn
PErucTpUPYEMOM YaCTULIBI B SHEPTUIO BTOPUYHBIX 3aPSyKEHHBIX YaCTHUL, TEHEPALUIO
QJICKTPOHHO-ABIPOYHBIX IIap U B036y)KI[€HI/I€ JJIOMHUHECIHCHTHBIX LICHTPOB. B-TpeTI)I/IX, OHa
mnpearnojaract, 4To Q)nyKTyauI/m Yquciia CBETOBbLIX (1)OTOHOB MOAYHHATIOTCA PACTIPCACIICHNUIO
HyaCCOHa. B-LIGTBepTBIX, OHa NPpUMCHHNMA TOJIBKO K CIHIUHTUJUIALIMOHHBIM CIICKTPOMETpPaM C
OJTHUM (POTOJETEKTOPOM.

Bce (bYH)IaMeHTaJ'IBHI)Ie HEOOCTATKU CBA3aHbI C OTCYTCTBHUEM MHUKPOCKOIIMYECKOTO
noaxoaa, KOTOpI)II\/II IMMO3BOJIACT YYECTh BCC OTallbl, IPOUCXOOAIIUC TTIPHU npe06pasoBaH1/m SHEPruu
pPErucTpUpPyeMOi YacTUIIbl B CUTHA Ha BbIX0/1€ CUMHTHIIISIIUOHHOTO cieKTpomeTpa. B
YaCTHOCTH, OTCYTCTBHE 3TANOB MpeoOpa3oBaHus SHEPTHUH PETUCTPUPYEMON YaCTULIBI B SHEPTHUIO
BTOPUYHBIX 3aPSKEHHBIX YaCTHUI, T€HEPALMH IEKTPOHHO-BIPOYHBIX Map U BO3OYKICHUS
JIOMUHECHEHTHBIX LIEHTPOB, IIPUBEJIA K TOMY, UTO PACCMOTPEHHE MPOIlecca PerucTpaunu
yacTullbl B pabote bpaiitenOeprepa HaunHaeTcs ¢ mporecca 00pa30BaHUs CBETOBBIX (POTOHOB.

UTOOBI MOHSTH, K YEMY IPUBOJUT OTCYTCTBUE ITAIOB, YIYUTHIBAEMBIX B
MUKPOCKOIIHYECKOI TeOpUH, MOJyduM OCHOBHBIE (hopmyIibl Teopuu bpaiitenOeprepa.
Crpykrypa ciaraeMbix B hopmMylie AJisi SHEPTeTUUECKOTO Pa3pelieH s OTYETINBO MPOSBIIAECTCS
u3 Gopmyn teopun bpaiiteHOeprepa, KOTOpble HE YYUTHIBAIOT (PIYKTYalluH TOUKH
B3aUMO/ICHCTBUS PETUCTPUPYEMOI YaCTHIIBI B 00beMe CIMHTUILIATOPA. [l JaHHOTO citydast
MPOU3BOIAIIAs PYHKIIHUS BEPOSTHOCTH UMEET BU/T

fo[s]= fu[@—p+p- T, [s]]. (32)

W3 npousBostiieit GpyHkiuu BeposTHOCTH (32) cieayroT GopMysbl s CPEAHETr0 3HAYCHUS U

v

OTHOCUTCIIBHOW JUCIICPCHUU BBIXOJHOI'O CUTHAJIA COUHTUIIIAIIMOHHOT'O CIICKTPOMETpA

<Q>=N-p-M, (33)



1- 1 1 1
et
Np~ Np p N Np (34)
, 1] 1+7} '
= 77N — |+ —=
N Np

B dbopmyne (34), B pe3ynbraTe npeoOpazoBaHMid, IBE€ COCTABIIAIONINE BTOPOTO CIIaraeMoro,
IPEACTABISAIOMETO (PIYKTyalMy BEPOSITHOCTH 00pa30oBaHus (POTOIIEKTPOHA CBETOBBIM
¢dotoHOM, OBIITH 0OBEINHEHBI — OTPHUIIATENIbHAS COCTABIISAIONIAS C (MIIYKTYaIlHMsIMHA YUCIIa
CBETOBBIX (JOTOHOB, a MOJOXKUTENIbHAS — ¢ (PIYKTyalusiMu mpouecca yMHokeHuss IV,

C yderoM QuykTyaluii TOYKH B3aUMOJCHCTBUS PETHCTPUPYEMON YacTHIBI B oObeme

CLMHTHIISITOpa npousBoasdas GyHKIMs BeposiTHocTH bpalitenOeprepa numeer Buj
fols]=2_a ful@—pi+p, - fuu[s]], (35)

rae O, - BEPOSATHOCTH TOYEK B3aMMOJCHCTBHA PETHCTPHUPYEMOM 4YacTHIBI B 00beMe

CI_[I/IHTI/IJ'IJ'ISITOpa.

W3 mpousBo e GyHkiuu BepostHocTH (35) creayer Gopmyna it CpeIHEro 3HaUCHHUS
<Q>=N-p-M, (36)

)51 (bopMyna JJIA OTHOCUTEILHOU JAUCTICPCHUMU  BBIXOAHOI'O CHUTHAJIa CHUHTUILUIAIWMOHHOTO

CIEKTPOMETpPa, KOTOPYIO, B pe3yabTaTe npeoOpa3zoBaHUii, MOKHO MPUBECTHU K BUIY

2 B_pz 2 p2 1B_p2 1 2
No=—=y T —ats =5 t==M=
> M(p) N (p? N-p ™
p-p* , p° 1 1 p? )

— t—=———=—+==n;, =, (37
@ e TN Ny W= G

rjae 775 =(p—p?)/(p)* - oTHOCUTENIBHAS JUCIEPCHS IIPOIIECCa CBA3AHHOTO C MPeoOpa30BaHUEM

cBeTOBOTO (pOTOHA B (DOTOINEKTPOH

13 BBIPpAXKCHHA (3 7) CJICAYCT, UTO U B 3TOM CJIyda€ OTPHULATCIIbHAA COCTABJIAOIIAsA TPETHETO
cJ1araéMoro, npeacTaBJISIIOIICTO q)HYKTyaLII/II/I BCPOATHOCTU O6p330BaHI/I$I (I)OTOBJICKTPOHB.
CBCTOBBIM (I)OTOHOM, O6’be,Z[I/IHeHa C Q)HYKTyaLII/ISIMI/I YHrcCiia CBETOBBIX (1)0TOHOB, a

MOJIOKUTENbHAs — ¢ QIIYKTYalUsIMH ITpoLecca yMHOKeHust POY.



[TosTOMY BBIp@)KEHHUE B KBaJIPaTHBIX CKOOKaX HE MOJKET MPEJICTABIATh COOCTBEHHOE
SHEPIreTUUECKOE pa3pellieHue CIIEKTPOMETPa, KaK yTBepxaaeTcs B padotax [1], [4]u [5],
MOCKOJIBKY OHO COJICP)KUT TAKXKE OTPUIATEIbHYIO YaCTh OTHOCUTEIBHOW AUCIICPCHH,
MPECTaBISAIOMEH (IIYKTYallii BEPOSATHOCTH 00pa3oBaHus (JOTOIIEKTPOHA CBETOBBIM (DOTOHOM.
OObenMHeHne OTPUIATEIBHON COCTABISIONICH BKIIaa, IPEACTABISIONIETO (DIyKTyalluu
BEPOATHOCTH 00pa3oBaHus (POTOIIEKTPOHA CBETOBBIM (DOTOHOM, C (PIYKTyalusIMy YHCIIA
CBETOBBIX (POTOHOB HemnpremiieMo. Eciu BeIpa3suTh QuyKTyaluu 4ucia CBETOBbIX (DOTOHOB

yepes pakrop dano a7 cBeTOBBIX hoTOHOB (13)
2 2 2\ 1 L+,
77Q:77p+(1+77p)ﬁ[FN _1]+—N-g’ (38)

TO, €CJIN (UIYKTyalluH 4Hciia CBETOBBIX (DOTOHOB CyOITyacCOHOBCKHME, T.€. Fy <1, To BbIpaxkeHne

B KBaJPAaTHBIX CKOOKAaX CTAHOBHUTCS OTPHIIATEIBHBIM, B TO BPEMS KakK BCE BKJIAJIbI B
SHEPTreTHUECKOE pa3pelieHNue J0DKHBI ObITh CTPOTO MOJIOKUTEIBHBIMH.

dopmyina (5) B padore [1], cooTBeTcTBYMOMIIHME hopMyisl B paboTax[4] u [6], u TpeThe craraemoe
B (hopmyite (21) B pabote [11], He MOTYT MpEACTABIATH CTATUCTHUYCCKHM BKIIag DY wim
boToar01a, MOCKOJIbKY OHU COJICPIKAT TAKIKE MOJOKUTEILHYIO YaCTh OTHOCHTEIbHON
JMCTICPCHH, TIPEIICTABIISIIONICH (IIYKTyallii BEPOSATHOCTH 00pa3oBaHust (JOTOIIEKTPOHA
cBeToBbIM (poToHOM. CiielyeT OTMETUTh, YTO B padoTe [11], 3STOT MOJOKUTEIbHBIH BKIA] TAKKE
YYHUTBIBACTCSI BO BTOPOM ciiaraeMoM ¢opmysisl (14), To eCTh, TBaXKIbI.

TosbKO OTHOCHUTEIbHAS AUCIIEPCHUS BBIXOIHOTO CUTHAIIA, 00YCIOBIICHHAS (DITyKTyalusIMu
MPOIIECCOB, MPOUCXOISAIIMX B JIETEKTOPE OT 00pPa30BaHUsI JCKTPOHHO - ABIPOYHOM Maphl B
CHHUHTHJUIATOPE 10 00pa3oBaHus GoTodIeKTpoHa B hotoaerekTope (26) Bceraa mojioKuTe/IbHa,
MOCKOJIBKY SIBJISIETCSI OTHOCUTEILHOU JIUCTIEpCHel OMHOMHHAIBHOTO MPOIECcca.

OTHOCUTENbHAS UCTIEPCHUS BBIXOTHOTO CHI'HAJIA CHIUHTHIUISIIMOHHOTO CIIEKTPOMETpa He
JI0JDKHA coziepkath Gakropa DaHo Uit CBETOBBIX (JOTOHOB. DTO CBSI3aHO C TEM, YTO

(bJ'IYKTyaL[I/II/I nmponecca NCIyCKaHus CBECTOBBIX q)OTOHOB Pa3JIMYHbIMU JIIOMUHCECUCHTHBIMU



LIEHTPAMH B CUMHTHILISITOPE SIBIISIFOTCS] HE3aBUCUMBIMU. Tak Kak IMPOLECC UCITyCKaHUS
CBETOBOTO (DOTOHA TIOMUHECLIEHTHBIM LIEHTPOM OIHCHIBAETCSI ONHOMHUAIBHBIM
pacmpeseneHueM, To ero QIIyKTyalu YYuThIBaroTCs B hopmyre (26). B oTHOcHTEnbHYIO
JMCTIEPCUIO BBIXOTHOTO CHTHAJIA CIIEKTPOMETPA, BXOIUT TOJIBKO (pakTop PaHo, Ompeaesron i
GIIyKTyaluu gmcia JIeKTPOHHO-ABIPOYHbIX map (25). @akrop DaHO AJIst AIEKTPOHHO-
JBIPOYHBIX TIap B NOJYIPOBOJIHUKAX UMEET 3HaueHue nopsiika 0.1, uro u oObscHsET
pe3ysbTaThl, MOJy4YeHHbIe B paboTax [7] u [8].

Beenenune pakropa ®ano 11 CBETOBBIX (hoTOHOB B padote [7] u [11] omubouHo, 1
MO>KET IPUBECTU K HEOJHO3HAYHOCTH, MMOCKOJIbKY B (pusnke paktop dDaHo a1 CBETOBBIX
(hOTOHOB YK€ CYIIECTBYET B KBAHTOBOU ONTHKE. B KBaHTOBOM ONTHKE CTaTUCTHKA ()OTOHOB
onpezensercs pakropom dano a7 cBeTOBBIX (POTOHOB [14], KOTOPHII XapakTepu3yeT

OTHOCHTEIIbHYIO JUCTIEPCUIO YHCIIa (JOTOHOB B CBETOBOM HMITYJIbCE

n=F(N) (39)
B kBaHTOBOM ONTHKE CYLIECTBYIOT TPU BO3MOKHBIX CTATUCTUKH (JOTOHOB B CBETOBOM
umnynsce. Ecmn K =1, To cratucruka GporoHoB myaccoHoBcKas. MicTouHuK cBeTa co
CTaOMILHOM MHTEHCUBHOCTBIO MOAYMHSETCs cTaTucTke [lyaccona, HanpumMep, uaeaibHO
KOTepeHTHBIH J1a3epHblii cBeT. Ecnu F >1, cratuctika ¢poToHOB cynepnyaccoHoBcKkas. JIro6oi
KJIACCMYECKUN MCTOYHUK CBETa, WK 00Jiee TOUHO, JTF000M HCTOUHUK C Xa0THUYECKH
W3MEHSIIOIIeNCS MHTEHCUBHOCTBHIO CBETA MO TUMHSIETCS CYNEepPIyacCOHOBCKOM cTaTucTuke. Eciu
0 < F, <1, crarucruka HpoTOHOB CyOITyacCOHOBCKAsi, TO €CTh HCTOYHUK CBETA SIBIISICTCSI
HEKJIAaCCHUYECKUM, HaIIpUMep, TaK Ha3bIBa€MbIi KBAHTOBBIA UCTOYHHK CIKATOTO CBETA.

Pe3ynbTaThl akcriepuMenToB [7] 1 [8] He ABNAIOTCS 10Ka3aTeIbCTBOM OTKPBITHS
CyOIyacCOHOBCKOM CTaTUCTHKH 7Sl CBETOBBIX (DOTOHOB B CIHMHTHIUIATOPaX. DTO OMIHO0YHOE
YTBEPKJICHUE CBSI3aHO C OTCYTCTBUEM B KJIACCUYECKON TEOPUU CUMHTUIUISILIMOHHBIX
CHEKTPOMETPOB YHOMSIHYTBIX BBIIIE POMEKYTOUHBIX TANOB, IPOUCXOIAIIUX B CHIUHTUILIATOPE

nepea npoueCcCcoM reaepainm CBETOBBIX (I)OTOHOB, T.C. OTAIIOB Hp606p8.30BaHI/I}I SHEPruu



MEPBUYHOMN YaCTHUIIBI B SHEPTUIO BTOPUIHBIX 3aPSHKCHHBIX YaCTHII, TCHEPAITUH 3JICKTPOHHO -
JTBIPOYHBIX TAp U BO3OYXKICHUSI JIIOMUHECHIEHTHBIX LIEHTPOB. Pe3ynbratel padot [7] u [§]
SIBIISIFOTCS SIBHBIM TIOATBEPIKJICHUEM BBIIICYIIOMSHYTOI'O HEIOCTATKA KJIACCUYECKON TEOPUH U
YKa3bIBAIOT HA HETPUMEHUMOCTh OIIMCAHUs CTATUCTUKU (POTOHOB (hakTopom DaHo JuIst
CBETOBBIX ()OTOHOB B CLIMHTHILIATOPE.

®dakrop danHo /1t cBETOBBIX (POTOHOB, BBEACHHBIN B padote [11], pakTuyecku
ompenensercs GIyKTyausMy IPOIECCOB, MTPOUCXOISIINX B IETEKTOPE OT 00pa3oBaHUs
AJIEKTPOHHO-JBIPOYHON Maphbl B CHUHTUIUIATOPE 10 00pa3oBaHUs GOTOIEKTPOHA B
¢dboToneTekTope. A 3TO 03HAYAET, YTO BBEACHHBIN pakTop DaHo A CBETOBBIX (POTOHOB
OTIpENIeNSIEeTCS MHOTUMH XapaKTEPUCTHKAMH KOHKPETHOTO CIIEKTPOMETPA, TAKUMH KaK
TeOMETPHS CIMHTHIUISIIIMOHHOTO KPUCTAJUIA, €T0 PO3PavyHOCTh, KBAHTOBBIN BBIXO]]
doronpuemuurka, u T.1. [Tostomy, dakrop DaHo st cBeToBBIX hoToHOB (18) He
(GbyH1aMeHTaJIeH, U ero BBEJCHNE OECCMBICIIEHHO C TOUKH 3PEHHUSI CPABHEHUS PE3YIbTATOB,
MOJIyYE€HHBIX Pa3IMYHBIMU UCCIIEOBATESIMHU.

®dakrop DaHo TSI SMEKTPOHHO-IBIPOYHBIX AP, KOTOPBIA XapaKTEPHU3yeT QUIyKTyalluu
nporiecca 00pa3oBaHusl AIEKTPOHHO-ABIPOYHBIX MMap B CHUHTHILIATOPE (25), ABIseTcs
€IMHCTBEHHBIM (yHIAMEHTAIBHBIM (PaKTOPOM, KOTOPBIH BXOIUT B GOpMYIY Ui
SHEPreTHYECKOro pa3peuieHus] CHUHTUIUIALUOHHOTO criekTpoMerpa. ClieyeT OTMETUTh, YTO
BKJIaJ] IIyKTYyaluii mpoiecca o0pa3oBaHUsl SIEKTPOHHO-IBIPOYHBIX AP MOXKET ObITh
npeacrarieH B opme (17) TonbKo A1 aOCOIOTHO MPO3PAYHOTO CHUHTHIUISITMOHHOTO

KpHCTaJUIa, HHAYE 3TOT BKJIAJ JOJDKEH OBbITh MpeacTaBieH Gpopmysioi (25).

4. COBCTBEHHOE ODHEPI'ETUYECKOE PA3SPEIIEHNE
CIMHTWIIIMOHHOI'O AETEKTOPA
Haubouiee mpaBuiIbHBIM OTIpe/ieIeHHeM COOCTBEHHOTO SHEPTreTHUECKOTO pa3peIIeHus

CIHUHTUWUIAIMUOHHOI'O ACTCKTOPA ABJIACTCA €ro OPCACIICHUC KAaK HCYCTpaHHMBIﬁ npeaci,



KOTOPBIH MOXKET OBbITh JJOCTUTHYT, KOT/Ia BCE MapaMeTpPhl IETEKTOpa JOCTUTAIOT CBOMX
MpeaeNbHBIX 3HAYCHUN U X (QIIYKTyallud OTCYTCTBYIOT. B 4acTHOCTH, B CHMHTUIUIAIIMOHHBIX
CIIEKTPOMETPAX ITOT UACAIBHBIN CIydail peanus3yercs B ciiydae, Korjaa (QIyKryauuu

Koa(duImenTa ycrieHus: (POTONETEKTOpa U JCKTPOHHOTO YCHIIUTEIS, a TAK)KE IITYMbI

(hOTOIETEKTOpA U IJCKTPOHUKU OTCYTCTBYIOT, T.€. G; =0mu Jﬁoise

=0; Kaxxaas MEKTPOHHO-
JBIPOYHAS TIapa 00pa3yeT CHUHTHLIIUOHHBIN GoTOH, T.e. S(E)Q =1; CUMHTHIUIAIIMOHHBIH
KpHUCTaT aDCOJIIOTHO MPO3pavYeH U KBAHTOBBIM BBIXOJ (JOTOKATO/Ia PABEH EINHUIIE, T.C.
T(r) =1. B atom citydae cOOCTBEHHOE pa3pelIeHne JeTeKTopa OyIeT coepKaTh TOIBKO J[Ba
cllaraeMbIxX

ot =1 + 1o (40)

B dopmyite (40)

J.J.dEdE'U(E— Emin)u(El_ Emin) N (EO, E) al (EO’ E )
ok OE'

7t =EE 2 -1 (@D
<YC(E0)>C

- OTHOCHUTEJIbHAS JUCTIEPCHUS BBIXOJHOTO CUT'HAJIA JIETEKTOPa, 00YCIOBICHHAs KOBAPHAIIUSMHU
mddepeHInaTbHOTO CBETOBBIX0Ia CIIUHTWILIATOPA. VIMEHHO 3TO ciiaraeMoe CBSI3aHO C
HETPOTOPIUOHATBHOCTHIO CBETOBBIX0/IA, T.€. C 3aBUCHMOCTBIO T HepeHIIHATHLHOTO
CBETOBBIXOJIa OT SHEPTHH AIICKTPOHA B MTPOIECCe TIOTEPh UM SHEPTHH B CIIMHTHILISITOPE.

Tonbko B citydae, eciiu auddepeHInanbHbIi CBETOBBIXO0] CHIUHTHIUIATOPA U CPEIHSS
SHEprus 00pa30BaHUs INEKTPOHHO-IBIPOYHOM Maphl HE 3aBUCAT OT SHEPIHH ICKTPOHA, TO, B
COOTBETCTBUH C hopmyioii (29), dopmyia (41) OymeT COOTBETCTBOBATH OTHOCHTEILHOM
JIMCIIEPCUU BBIXOTHOTO CHT'HAJIA IETEKTOPa, 00YCIOBICHHOW KOBapUAIMSIMU TTOTJIONICHHON
SHEPTUH B CIHIUHTUIUISITOPE

[ [ dEAEU(E —E i Ju(E' — Epyy W° (Eg, E) - W (Eo, E)

77\{2 :77\,%/ = EE . 2 ¢ _1, (42)
<W (EO’ Emin)>C




rac

min W (Eq, E) ) = Eq (43)

(We(Ey Eyyp)). =( [dEU(E-E

- CpeIHss SHEPTHs, MOTJIOMIEHHAs B CHUHTWIIIATOPE, MOMIe IIas Ha 00pa3oBaHue 3JIEKTPOHHO -
JBIPOYHBIX I1Ap, IPU PETUCTPALUHY PEHTTEHOBCKOIO M3JIy4eHHs ¢ dHeprued E, .

Bropoe cimaraemoe B hopmyite (40) mpeacrapiseT OO0 OTHOCUTEIIBHYIO TUCIIEPCHIO
BBIXOJJHOT'O CUTHAJIA IETEKTOPa, 00YCIOBIECHHYIO (PIIYKTyallUsIMHM YUCIIA AJIEKTPOHHO-IBIPOYHBIX

nap

aY °(E,, E)

2 [dEU(E-E,,) FE) =2

npair = = 2 o (44)
(Ye(Eo)),

Ecnu cpennss sHeprust o0pa3oBaHusl 3IEKTPOHHO-IBIPOYHOM Mapsl U ¢pakTop PaHO HE 3aBUCAT
OT 3HEPTHH JIEKTPOHA, TO, B COOTBETCTBUH ¢ popmynamu (29) u (30), hopmyna (44) npumer

BUJI

Fe Fe
77;air = < — ~ e-h . (45)

WC(EO' Emin)>C EO

Taxum 06pa30M, CcOOCTBEHHOE pasp€lI€CHUEC CUUHTUIIINUOHHOTO ACTCKTOPA
OIIpCACIIACTCA HEIUHEHHOCTHIO CBCTOBbBIXOJ4, U (bHyKTyaHI/IﬂMI/I YUClia 3JICKTPOHHO-ABIPOYHBIX

nap.

Fe
M=l + 2 (46)

0
3aBUCHMOCTH MOCJEIHEro ciaraeMoro B popmyre (46) o 00paTHON SHEPIHH PETUCTPUPYEMBIX
YaCTHUII MTO3BOJISIET Pa3AeNuTh BKJIaJ B COOCTBEHHOE pa3pelleHre CHUHTHIUISIIHOHHOTO
JIETEKTOpa, CBSI3aHHBIN ¢ HEIMHEHHOCTHIO CBETOBBIX0/1a, U BKJIAJ, CBSI3aHHBIN ¢ akTopom DaHo.
DTa 3aBUCUMOCTH JAET BO3MOXKHOCTh UX HKCIIEPUMEHTAIILHOTO ompeieneHus. B uactHocTH, B
pabote [15] mokazaHo, YTO UCMOJIBL30BaHNE OTHOCUTEIHHON KOBAPHAIIMH MEXIY ABYMS

CUTHaJlaMH1 (I)OTOI[CTCKTOPOB COHUHTUJUBIOAUOHHOTO CIICKTPOMETPA TAKIKC IMO3BOJIACT OTIPCACIINTD



(uryKTyaIum, cBsi3aHHbIE C HETMHEHHOCTBHIO CBETOBBIX01a U 3HaUeHue ¢gaxkropa @aHo B

CIHUMHTUWUIAIUOHHOM KpUCTAJLIC.

o. 3AKJIIOYEHUE

B pabote naH aHanu3 CylecTBYIOIIMX ONpeAeeHUl COOCTBEHHOTO 3HEPTreTUYECKOrO
pa3pemeHus CUMHTHIIAUOHHOIO AeTeKTopa. Ha OCHOBaHMM MUKPOCKONIMYECKON CTaHAAPTHON
TEOPUH CUUHTWIISLIMOHHBIX JETEKTOPOB MPEJIOKEHO ONPEIEIUTh COOCTBEHHOE
SHEPTreTHYECKOE pa3pelieHNe CUUHTUIUIALMOHHOTO JETEKTOPa KaK HEYCTPaHUMBIN MpeJe,
KOTOPBIM MOXKET OBITh JOCTUTHYT, KOT/Ia BCE MapaMeTphbl CUMHTUIUILIMOHHOTO JETEKTOpa
JOCTUTAIOT CBOUX MpeAENbHBIX 3HaYeHUH U uX (paykTyaruu oTcyrcTBYIOT. [lokazaHno, uto B
3TOM Cily4yae COOCTBEHHOE YHEPTeTUUYECKOE pa3pellieHre OyAeT ONpeaesaTbCs HETMHEHHOCThIO

CBE€TOBbBIXOJa, 1 q)HyKTyaHI/ISIMI/I qucia 3JEKTPOHHO-ABIPOYHBIX I1ap.
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