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«KATOAOlllOM V1HECLtEHTHblE, BbICOK03<1><1>EKTVlBHblE, 3KOllOfVl4ECKVI 
4l1tCTbiE V1CT04HVlKVI caETA HA OCHOBE ABT0311EKTPOHH0C1 3MVlCCVlVI 
MATEPLt1AI10B (KpaTKaR MCTOpMR, HeMHoro ¢U.,3MKM. Cer01lHHwHRH CMlVaUMfi. Bonpocbl 
Mnp06J1eMbl, B03MO>KHOCTM MnepCneKTMBbl)>>· : ITpenpuHT l1T~ 25-00/ 
AJl.CyBOpOB, A<b.606KOB, C.B.3aHueB, M.O.nOnOB, E.H.CKOpOXOAOB, E.B.,QaBbIAoB 
- M., 1998 - 53c. 

V13J10>KeHa CllO>lGotBWaRCR Ha ceroAHRwHMH AeHb c~1Tya~L.fR B Aene pa3pa60TKM LII 
C03AaHMR KaTOAOmoMMHecltcHTHblX MCTO'"lHMKOB CBeTa, Hcnonb3YIO~MX AJlR nonY'"leHMH 
60M6apAMpylOLltMX mOMMHOepOP 3neKTpOHOB RBneHMe aBTo:meKTpOHHOH 3MMCCLIIM. 
nOCneAOBaTeIlbHO paCCMOTpeHbl: MCTOpMR Bonpoca, OCHOBHble KOHCTpyK4MM 
L.fCTO'"lHMKOB CBeTa, &IIX npMHUL.fnMallbHble B03MO>KHOCTL.f H cpaBHMTeIlbHbie 
xapaKTepMCTMKM, nepCneKTMBHble 06naCTH npMMeHeHMR. AaHbJ OCHOBHble 
npeACTaBIleHMH 0 epH3MKe npOl..teCCOB, onpeAeIlRIOLltMX pa60ry M orpaHM'"IeHMR 
KBTOAOJ1IOMMHeClleHTHbIX MCTO'"lHMKOB CBeTa npe>Kj\e Beero 0 HBlleHIiIHX 
aBT03lleKTPOHHOH 3MIiICCHM &II llIOMMHeC4eH4MM. npOaHalllil3MpOBaHa POllb pa3llM'"IHblX 
3lleMeHTOB M yanOB MCT04HMKOB CBeTa B AOCTIiI>KeHMM HaLIIBblCWMX 3KcnllyaTaUMoHHbiX 
napaMeTpOB. OnMcaHbl y>Ke co3AaHHble KOHCTpyK4MM. npMBeAeHbI MX napaMerpbl, 
YKa3aHbi HeKOTopble HeAOCTaTKM. CepOpMyIlMpoBaHbI BonpOCbl, OCTaBWMeCR AO CIiIX nop 
6e3 OTBera, HaMe'"leHbl BHAMMble nyrM pa3BHTMR pa60T BpaCCMaTpV1BaeMOH 06nacTM. 

«CATHODE LUMINESCENT, HIGHLY EFFECTIVE, ECOLOGICALLY PURE LIGHT 
SOURCES BASED ON THE PHENOMENA OF FIELD ELECTRON EMISSION OF 
MATERIALS (Short history, A bit of physics, Nowadays situation, Questions and 
problems, Capabilities and perspectives)>> 
A.L.Suvorov, AF.Bobkov. S.V.Zaitsev, M.O.Popov, E.N.Skorokhodov. EV.Davydov 

Modem situation with cathode-luminescent light sources, utilizing field electron 
emission phenomenon to produce electrons that bombard luminophor, design and 
creation is st.ded. The following points are studied consecutively: a history of the 
question. basic constructions of the light sources, their principal capabilities and 
comparative properties, promising fields of utilization. A picture of the basic physical 
processes, determining operation and limitation of the cathode-luminescent light sources 
- first of all field electron emission and luminescence phenomena - is presented. A role 
of various elements and parts of the light sources in an attainment of the highest 
operational parameters is analyzed. Already produced constructions are described; their 
parameters are presented, some disadvantages are pointed out. Questions that still have 
no answers on are formulated. Visible ways of the activity development in the field being 
examined are outlined. 
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• B OCHoey 3Toro npenpMHTa nOnO>KeHa CTaTbH A..fl.CyBopoBa, HanMcaHHaR no 3aKa3Y 
rllaBHoro PeAaKTOpa >KYpHana «CBeTOTeXHl-1Ka» npoepeccopa JO.6.AH3eH6epra. B 
HacToRuteM BapMaHTe CTaTb51 cYL4eCTBeHHo pacw~peHa, B TOM 4MClle &II' 3a C'-IeT 
AonOllHeHMR HeKOTopblMM pe3yIlbTaTaMM, nOllY'"leHHblMIiI cOBMeCTHO MIlM pa3AellbHO ee 
aBTopaMH. 



1. BBEAEHME. 
1.1. KpamKBR ucmopuR. '-\enblO HamtCaH~R HaCToRL1.IeJ71 CTaTbH RBIlReTCs:I 0630P 

COCTORHHR pa60T (B TOM "UotCIle BblnOJ1HeHHbiX npM Y'"IaCTHH rpynnbl BaKYYMHol7I 

MMKp03IleKTpOHMKH Ila60paTOpMH PaAMaL41"OHHO';;; epM3MKM TBep,lJ,OrO Tella rHLt P<1> 
L<1HcTHTyTa TeOpeTH"IeCKol7I M 3KCnepMMeHTaIlbHOA epH3MKH - aBTOpOB 3TOI7I ny6IlMKat,tMM) 

no C03AaHMIO KaTO,lJ,OIlIOMMHeCl.4eHTHbIX MCTO"lHHKOB CBeTa, MCn0I1b3YIOLllHX AIlR 

nOI1Y'"1eHMR nY'"lKa 60M6ap,lJ,MpYIO~MX IlIOMMHOQ:>op 3IleKTpOHOB KaTO,lJ,bl Ha OCHOBe 

aBT03I1eKTPOHHO';;; 3MMCCMM [1,2]. npMl.leM CIle,lJ,yeT nO,lJ,"IepKHYTb, "ITO MMeHHO 

McnOIlb30BaHMe TaKMX KaTO,QOB, MX KOHCTpyKTMBHble M ,lJ,pyrMe oco6eHHOCTM, RBIls:llOTCs:I 

"Hoy-xay" pa3pa6aTbiBaeMbiX HCTO"lHMKOB CBeTa, M MMeHHO pR,lJ, cnel.4MepM"IecKMX CBOHCTB 

M napaMeTpOB TaKtIIX KaTO,QOB npM,D,aeT YKa3aHHbiM MCTO~HtIIKaM CBeTa HOBbie, 

~pe3Bbl"laAHO nOIle3Hbie Kal.leCTBa. L<1 MMeHHO 3TtII HOBbie Ka"leCTBa npeSpal..4alOT 
OTHOCMTeIlbHO MallO pacnpOCTpaHeHHbl';;; KIlacc KaTO,lJ,OI1IOMMHeC1.4eHTHbIX tIICTO"lHMKOB 

CBeTa [3) B BeCbMa nepCneKmBHbl';;;. n03TOMY pa3pa60TKa M C03,lJ,aHMe 

KaTO,lJ,OI1IOMMHeclleHTHbIX MCTO"lHMKOB CBeTa Ha OCHOBe aBT03IleK1pOHHoA 3MMCCMtII, 

BKIllO"latOl..4aR pa3,lJ,eIlbHOe til COBMeCTHoe paCCMOl"peHMe 4e.noro pR,Qa OCHOBHblX 

3I1eMeHTOB, Ha1.4eIleHa, npe>KAe Bcero, Ha c03AaHtile maBHoro 3I1eMeHTa 

aBT03MMCCMOHHoro KaTO,lJ,a. 3TO, B CBOIO O"lepe,lJ,b, CYl1leCTBeHHo paCWMpReT cneKTp 

06IlaCTe';;; McnOIlb30BaHMR TalG1X pa3pa60TOK, 06ycnoBIlMBaA ~x Ba>KHOCTb He TOIlbKO 

AIlR CBeTOTeXHMKM, HO M, B He MeHbwel7l CTeneHM, AIlR BaKYYMHol7I MtIIKp03IleKrpoHMKtII 

[4]. CKa3aHHOe, O,lJ,HaKO, Htil B Koel7l Mepe He OTpM4aeT Ba>KHOCTtII paCCMOTpeHMR npM 

coa,qaHMM tIICTO"lHMKOB CBeTa YKa3aHHoro nma Bcex ,lJ,pymx COCTaBHblX 3IleMeHTOB M 

Y3I10e MCTOl.lHMKOB - KaK pa3,Q,eIlbHO, TaK til S KOMnneKce, HM B Koel7l Mepe He 

npeyMeHbwaeT KJlIO'"Ieeoro 3Ha"leHtIIR APyrnx 3IleMeHTOB. 

npMHl.4t11nMaIlbHaR KOHCTpyKI.4MR KaTO,lJ,OnIOMMHeCl.4eHTHbIX MCTO"lHMKOB ceeTa BeCbMa 

npOCTa; 3TO IlM60 ,lJ,MO,lJ, (KaTO,lJ, - MCTO"lHMK 3IleKTpOHOB M aHO,Q - 3IleKTpOnpOBO,lJ,s:ll..4ee 

nOKpblTMe C IlIOMMHOq,OPOM), IlM60 TpMO,lJ, (.o,onOIlHMTeIlbHO - MO,lJ,YI1RTOP, B npocTetiweM 
CIlY'"lae - ceTKa). L<1AeR C03AaHHR TaKMX MCTO'-IHMKOB B03HMKIla, nO-BMAMMOMy, BCKope 
nocne nORBIleHMR TaK Ha3blBaeMbiX «KaTOAHbIX IlY'"leBblX Tpy60K» (OHM ynoM~HaIOTCR B 

60I1bWMHCTBe KHMr no 3IleKTpM"IeCIG1M MCTO"lHHKaM CBeTa, ony6I1MKOBaHHbIM HeCKOIlbKO 

,lJ,eCRTKOB I1eT Ha3a,D, [5), 0 HMX nMwYT npaKTM"IeCKM BO BceX 0630PHbiX CTaTbRX, 

nOCBRl1IeHHblX MCTOpMM pa3BMTMs:I CBeTOTeXHMKM [6»; B naTeHTax CWA, HanpMMep, 3Ta 

M,lJ,eR npocMaTpMBaeTcR y>Ke B 1945 ro,lJ,y (naTeHT CWA NQ 2367130), BO MHorMX ,lJ,pyrMx, 

60Ilee n03AHMx naTeHTax (naTeHT CWA Ng 3189784, 1965 rc,lJ" naTeHTbl CWA Ng 
3374379 M Nil 3417199, 06a 1968 ro,lJ" naTeHT CWA NQ 4287450, 1981 ro,lJ, M T.,lJ,.). 

n1nM~eH cpe,lJ,M nO,lJ,06Hb1X peUJeHMti naTeHT CWA NQ 4344017 [7); ero aHBnM3 

nOKa3blBaeT, "ITO OCHOBHblM M3MeHeHMRM nOABepraeTCR KOHCTPYKLIMR KaTO,lJ,HO

MO,lJ,yI1RTOpHOro Y3Ila. 3TO nO,lJ,Toop>KAaIOT M peweHMR rpynnbl aBTopOB M3 M<!>TL<1, 

npeAIlO>K~BWMX eeCbMa CXO>KMe KOHCTpyKLlMM MCTO"lHMKOB CBeTa paCCMaTpMBaeMoro 

TMna, HO C Mcnonb30BaHMeM B H"X AnA nOnY4eHMs:I 3IleKTpOHOB R8neHM~ 

aBT03IleKTpOHHO';;; 3MHCCMH [8-10). OTMeTMM, 4TO B npe,lJ,WecTBylOl..4MX peWeHMs:lX (CM., 



2
 

Hanp'1Mep, [7]), BHA 3IleKTpOHHOVI 3MHCCHIII , Ha KOTOpOVI OCHOBaH KaTOA, Bo06111e He 

06cy>lC,Q.a.ncs:I. B AaIlbHeAweM nOs:lBIIlIlOCb e~e HeCKOIlbKO ny6IlIIIKa4'1V1 [11-14], 
KacalO~'1XCs:I aHaIlOrH\.fHbIX HCTO\.fHHKOB CBeTa. nplll\.feM, eCIlIll B [11] B Ka\.feCTBe 

aBT03MIIlCCIIlOHHoro KaTOAa 6blIl IIlCnOIlb30BaH Ma'Tp'1\.fHblA MHorooCTplIIVlHblH KaTOA 
«cnHHATOBCKoro» nma, IIlHTeHCIIlBHO pa3pa6aTbIBaeMblVi B Te\.feH'1e y>Ke nplllMepHO 25 

IleT AIls:l nIlOCKIllX AHcnIleVlHbix 3KpaHoB [15], TO BO BceX OCTaIlbHblX pa60Tax, BKlUO\.fas:l 

pa60Tbi rpynn M<!>TLi1 III Li1T3<!>, HcnOIlb30BaIllllCb KaTOAbl Ha OCHOBe yrI1epOAHbiX 

B0I10KOH [16-21]. nplll 3TOM, OCHOBHas:l IiIAes:l lo1cnOIlb30BaHIIls:l yrnepoAHblX BOIlOKOH 

COCTOs:lI1a B TOM, \.fTO IIlMetO~as:l MeCTO B ycnOBlIls:lX TeXHIIl\.feCKOrO BaKYYMa (- 10-6 Topp) 
OTHOCMTeIlbHO IIlHTeHCHBHas:I 60M6apAlilpOBKa pa60\.feM nOBepxHocTIiI KaToAa IiIOHaMIiI 

OCTaTO\.fHbIX ra30B C03AaeT H nOAQep>t<HBaeT B AHHaMH\.feCKOM pe>lG1Me pa3BIIlTbiM 

peIlbeq" cOAep>Ka~HA MHOrO\.flilc.neHHble 3MHTlilpYIO~IiIe LleHTpbl BbiCOKOM KPIIlBIiI3Hbl. 

AonOIlHIIITeI1bHbIM n0I10>KL1T8IlbHbIM 06CTOs:lTeIlbCTBoM C\.fIllTaIlOCb TO, \.fTO BOIlOKHa He 

Tpe60BanH Cne411laIlbHOrO npeABaplllTeIlbHoro 3aOCTpeHIIls:l, npeAnOIlaras:l IlHWb 0c06b1M 

pe>fG1M npeABapHTeIlbHOrO q,OpMHpOBaHlIls:l HX noaepXHOCTH. K 3TOMy CJleAyeT 

A06aBIIlTb, \.fTO yrIlepoAHble B0I10KHa B orpOMHblX KOIlIiI\.feCTBaX BblnYCKatOTCs:I 

npOMblWJleHHOCTblO ps:lAa CTpaH (B TOM \.fHc.ne lo1 POCCHH), \.fTO onpeAeI1s:1eT HX 

OTHOCJ.1TeIlbHO HeBblCOKYIO CTOIiIMOCTb. HaKOHeLl, OHIiI BblnYCKatOTCs:I TOIlbKO B BIiIAe 

nY\.fKOB H3 COTeH H TbIC51\.f eAIIlHH\.fHbIX B0I10KOH AHaMeTpoM 7 + 10 MKM Ka>K,qoe, \.fTO 

TalOKe pacCMaTplIIBanocb KaK nOIlO>KIIITeIlbHOe 06CTOs:lTeIlbCTBo, nOCKOI1bKY n03BOIls:lIlO 

6e3 AonOIlHHTeIlbHblX onepa4HM c03AaBaTb «MHOr03MHrrepHble» aaT03MHCCHOHHbie 

KaTOAbl. 

B 3aKIltO\.feHHe 3Toro pa3AeI1a OTMeTHM, \.fTO 1Il3Y\.feHHIO pa3IlIllYHbIX aCneKTOB 

aBT03IleKTpOHHOVI 3MHCCIIlIiI yrnepoAHblX MaTepHanoB III, B \.faCTHOCTIII, yrnepoAHblX 

B0I10KOH, BHe B3alilMOCBs:l3H C HX IiICn0I1b30BaHMeM B HCTO\.fHHKaX CBeTS, 6blI10 

nOCB51~eHO 60I1bWOe KOIlH\.feCTBO pa60T, Ha\.fHHas:l C nliloHepcKlIlx [22,23], iii KOH\.fas:l 

pa60TaMIiI rpynn B YHHBepcHTeTe AIlb-KapaKa (~oPAaHIII51) [24], B M<!>TII1 (HanplIIMep, 

[25-28]) H II1T3<!> [29]. OnHcaH III Ps:lA aBT03MIIICCIIIOHHbiX IIICTO\.fHIIIKOa 3IleKTpOHOB Ha 

OCHOBe yrnepa.QHblX B0I10KOH [30,31}. 

1.2. nDUHUUnU8n&H&/e KOHcmpVKUuu ucmOIfHUKOS csems. npHH4111nlllanbHas:l 
KOHCTpyKl.tHs:I KaToAoIltOMHHec4eHTHbix IIICTO\.fHHKOB CBeTa BeCbMa npOCTa (CM. pHc.1). Vlx 

OCHOBHblMH 3I1eMeHTaMIII s:lBIls:ltOTCs:I: KaTOA - HCTO\.fHHK 3I1eKTpoHoB (1 Ha pHc.1), 

Q:>OpMHpylOllllllM H ynpaBIls:llOllllIIM 3IleKTpOHHbiM nY\.fKOM MOAymlTop 2, cOAep>Ka~HA 

IlIOMIIIHOq,OP aHOA 3, BaKYYMMpOBaHHblH Kopnyc 4 H HCTO\.fHHK nHTaHHs:I (B \.faCTHOCTM, 

npe06pa30BaT8Ilb ceTeBoro Hanps:l>KeHHs:I) 5. flCHO, \.fTO pa60Ta KaTOAa MO>KeT 6blTb 

OCHOBaHa Ha I11060M BlilAe 3I1eKTpOHHOH 3MMCCMIIl; nplll 3TOM aBT03I1eKTpOHHas:l 3MHCCIIIs:J 

s:lBI1s:1eTCR, KaK 1113BeCTHo, Halil60Ilee 3Q:><PeKTHBHbIM cnoc060M nOI1Y\.feHIiIs:I 3IleKTpoHoB. 

MOAYI1s:1TOP MO>KeT 6blTb BblnOI1HeH pa3Ho06pa3HblM cnoco60M, H8\.fiiiHas:J OT 

npoCTeMwero - ceTO\.fHOro. B Ka\.feCTBe MOAyIlJlTopa B03MO>KHO IiICn0I1b30BaHHe 

HeCKOIlbKMX ceTOK; KOIlb4eBbIX, 4HI1IilHAPIiI\.feClG1x H APyrMx 3IleKTpOAOB; HX KOM6I11Ha4HA. 

CyllteCTBeHHoe 3Ha~eHllte IItMeeT B3alilMHoe paCIlOIlO>KeHVle KaTO,Qa VI MO,Qyn~Topa, 
60I1ee Toro, IIlX KOHCTpyKTHBHoe HcnOIlHeHlile B3aHMOCBs:l3aHO. n03TOMY. B 06111eM 

CIlY"lae IIIX paccMaTplilB810T K8K OAHH 3I1eMeHT - K8TOAHO-MOAYIls:lTOPHbIVi y:3eIl 1-2. 
KOHCTpYKTHBHOe HCnOI1HeHHe aHOAa TalOKe MO>KeT 6blTb pa3IlH\.fHbIM; KaK npaBIiII10, OHO 

onpeAeI1s:1eTCs:I 06~eH KOHcTpyKLllileH IilCTO\.fHlilt<a CBeTa. B3alilMHbiM paCnOIlO>KeHlileM III 

Ha3Ha\.feHlIleM era 3IleMeHTOB. Ha plllc.2 CXeMaTIIl\.fHO nOKa3aHbi Tplil HaH60nee 

O\.feBH,QHble KOHcTpyKLlIllIiI KaTOAOnlOMIIlHeC4eHTHbiX IIICTO\.fHIIlKOB caeTa. 8 nepBoM 

.. 
I 



3 

3 

2 

4 
1 

5 

PMc.1. npMH4MnMaIlbHa~KOHcrpYK4MR KaTOAOIllOMMHeC4eHTHOrO MCTO'lHMKa 
CBeTa. Ero OCHOBHble 3IleMeHTbl; 1 - KaTOA (HCTOllHHK 311eKTpOHoB); 2 

MOAYl1~TOP; 3 - aHOA, COAep>KalL\MI1 IlIOMHHO<pOP; 4 - BaKyyMHpoBaHHblM 
Kopnyc; 5 - l-1CTO'lHl-1K (npeo6paaoBaTel1b) nHTaH~. 

BapHaHTe (exeMa pHc.2a) Ha CTe~HHoe OCHOBaHl-1e 3 (MM MO>KeT CIly>KKfb '1aCTb 

Kopnyca MCTOllHl-1Ka CBeTa) HaHOCMTC~ npOapa'lHOe npoBo~l1Iee nOKpblTl-1e 4, a Ha Hero 
- 11IOMMH0<POP 5. B TaKOM BapMaHTe aHa'lMTeIlbHa~ '1aCTb C03AaBaeMoro CBeTOBoro 

nOTOKa paCXo,llyeTc~ He3<P<PeKTl-1BHO (ocBelL\aeMoe l-1CTO'lHMKOM CBeTa npOCTPaHCTBO 
pacn0110>KeHO Ha pl-1cyHKe CBepxy). 0AHaKO, eCIlH Kopnyc MCTO'lHMKa B TaKOM BapMaHTe 
CAel1aTb, HanpMMep, C<pepM'IeCKI'lM, paCn0110>KMB B ero 4eHTPe TaK>Ke c<PepM'IecKl-111 

KaTO,ll M MOAYl1~TOP (CM. HM>Ke, pMc.3a,6), TO nOTepH CBeTa CYlLleCTBeHHO YMeHbwaTC~. 

BTOPOH BspMaHT KOHcrpYK4MM npeAnonaraeT HaHeceHMe npOBO~lL\erO nOKpbITM~ 4" 
HenocpeACTBeHHO Ha 11IOMHHO<pOP (cxeMa pl-1c.26). B 3TOM cl1Y'lae npOapa'lHoe 

nOKPblTMe MO>KeT 6blTb 3epKaIlbHblM, 'ITO cYlL\eCTBeHHo nOBblwaeT n0l1e3HYIO 
cBeTooT,Qa'lY. HaKoHe4, B TPeTbeM BapMaHTe (cxeMa pMC. 2B) IlIOMHHO<pOP HaHOCMTC~ 

HenocpeACTBeHHo Ha aepKanbHylO 3neKTpOnpOBO~lL\YIO nOBepxHocTb 4', TorAa KaK 

OCBell.l8eMOe npocrpaHCTBo Haxo,QHTc~ aa KaTO,llOM (BHH3Y pMcyHKa). nOCJleAH~~ cxeMa 
Hal-16011ee 3<p<peKTMBHa, TaK KaK no cpaBHeHl-11O co CXeMOI1 pMC. 26 MCKfllO'laeT nOTepH 

3HeprMM 311eKTpOHOB B npOapa'lHOM aepKaIlbHOM Cfloe. OTMeTHM, 'ITO npaBl'll1bHblM 

nOA60p napaMeTPoB np03pa'lHOro (TO'lHee - 'laCTliI'IHO np03pa'lHOro) npoBO~l1IerO 
nOKPbITM~ He MeHee Ba>KeH npM npoeKTl'lpoBaHI'lM 11 coa,llaHMM lCaTOAOIllOMMHeC4eHTHbiX 
MCTO'lHMKOB cseTa, lleM Bbl60p napaMeTpoB APyrMX 3IleMeHTOB M Y3JlOB. 

1.3. npuHyunUanl.Hl.le 803MOJKHOcmu. napaMeTpbl KaTOAOIllOMMHec4eHTHbiX 
MCTO'lHMICOB caeTa onpe,QeJlSlIOTCSl, B nepBylO O'lepe,llb, xapaKTepMCTMKaMM 
McnOIlb3YeMoro B HMX IlIOMMHO<popa, a TalOKe 3<P<PeKTMBHOCTblO KaTO,QHo

MO,QYl1~TopHoro Y3na. 



4
 

3 

3 
5 ""Imii .I!Z!!I .a:a 

4 

a) 

6) 

B) 

PlJIc.2. B03MO>KHble KOHl"enryaSlbHble cxeMbl KaTOAOSllOMlJIHeC4eHTHblX lJICTO"lHlJIKOB
 

cseTa.
 
1 - KBTOA; 2 - MOAymnop; 3 - "IaCTb CTeKllRHHoro Kopnyca lJICTO"lHlJIKa CBeTa; 4 

BblcoKonp03pa"lHOe npOBOAHLLtee nOKPblTlJIe; 4' - BblcoKonp03pa'-lHoe 3epKallbHOe
 

nOKpbIT..e; 4" - Henp03pa"lHOe 3epKaJlbHOe nOKPblTlJIe; 5 - I1IOMlJIHo¢OP; 6 - 3neKTpOHbl;
 
7 - CBeT.
 

CBeT npOXOAlJIT CKB03b: TOHKoe npOBOAR~ee nOKpblTlJIe BblCOKOM np03pal.fHOCT",
 
pacnOnO>KeHHOe HenocpeACTBeHHO Ha CTeKlle (a); TOHKoe, BblCOKonp03pa'-lHoe
 

3epKBIlbHoe npOBOARutee nOKPblTlJIe HaHeceHo HenocpeACTseHHO Ha mOMlJIHOepop,
 

yseSl..l.f..BaR cseTOBOM nOTOK "Iepe3 CTeKllO (6); .nIOM"HOepOp HaHeceH Ha Henp03pal.fHoe
 

3epKaIlbHoe npOBOARutee nOKpblT..e, oCBeLllaeMoe npOCTpaHCTBO - BHlJI3Y (8).
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PaCCMOTplo1M CHa'lana KPaTKO CBO~CTBaM .B03MO>KHOCTM AByx CYl.I.(eCTBYIO~HXTl1nOB 

flIOMMHexpOPOB: XapaKTepHCT\o1'lecKMX 101 peKOM6MHalllo10HHblX [32,33J. 
B XapaKTepMCTM'leCKMX fllOMIo1HexpOpaX 3fleKTP0HHble nepeXOAbl, CBSl3aHHbie C 

1l0rnOUleHMeM 101 M3flY\leHMeM 3HeprMM, npOHCXOASlT TOflbKO BHYTpIllIllOHa-aKTHBaTOpa, 
BXOASllll8rc B MaTeplllafl (peweTKy) OCHOBbl fllOMIIIHexpOpa. K HIIIM OTHOCHTCR, B 
OCHOBHOM, flIOMMHOq,Opbl, npMMeHReMble B fllOMIIIHeclleHTHblX naMnax. CefleKTMBHOe 

B036y>KAeHMe (06bI'4HO 3a C'leT <PaTOHOB - KflaCC q,OTOnIOMMH0<PaPOB) OnpeAenSl8T 

BbICOKIII~ 3HepreTIII'leCKIo1~ (BE) M KBaHToBbl~ (By) BblXOAbl. npM 3TOM BE = En / En 
OTHoweHHe 3HeprMlo1 nlOMMHeClIeHlIIIIM K nOrnOUleHHO~ 3Heprlo1H, TOrAa KaK By = Nn / Nn
OTHoweHMe ~Hcna KBaHTOB. M3flY\laeMblX nIOMMHoq,OpoM K 'lIllClly nornOUleHHblX 

KBaHTOB. CBSl3b >Ke BE C By eCTb: BE = (vn / vnJ-B .. rAe Vn - 'laCTOTa B MaKcIIIMyMe 

cneK"rpa 1013flY\leHHR, a 117 - 'laCTOTa B MaKclo1MyMe cneKTpa nornOUleHMJI. ,QnJl I1Y\lWHX 

xapaK"repIllCTM'lecKMx nIOMMHoq,OPOB By" 0,9. 
KSK M3BecTHO [3J, B q,oTonIOMMHeClIeHTHbIX naMnax fllOMIIIHexpOp. HaHeceHHblM Ha 

BHYTpeHHlO1O nOBepxHocTb CTeKflJlHHOM Tpy6KM, nOrnOl.l.(aeT 3HeprMIO B o6flaCTlo1 
pe30HaHcHo~ fllllHHIo1 Hg - 254 HM (y Hg eCTb eUle OAHS fllo1HMJI - 185 HM) 101 M3flY\laeT B 
o6naCTM, COOTBeTCTBYIOUlel1 erc cneKTpy nlOMHHeClIeHlIlIIl'I. BHYTPIII >Ke 
fllOMHHecueHTHblX naMn HaXOAI'ITCR Ar C napaMH Hg III ropHT ra30BblH pa3pS!A. 

B peKoM6MHallMoHHbiX nIOMMHoq,OPax (K HMM OTHOCJlTCJI OCHOBHble 

PHc.3. npMHlIlo1nManbHble KOHCTPYKllMM AByx3fleKTpOAH0l1 (a) 101 TpeX3fleKTpOAHOH (6)
 

KaTOAonlOMMHeclleHTHblX flaMn Cq,ePIII'lecKo~q,OPMbl.
 
1 - KaTo,q; 2 - MOAynRTop; 3 - KOpnyc; 4 - BblcoKonp03pa'lHoe npOBO,tlRUlee
 

nOKPblTl1e; 5 - flIOMHHOq,OP; 6 - npeo6ps30BBTeflb nIo1TaHIIIR; 7 - CTaHAapTHbl~
 

lIoKonb.
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KaTOAontOMMHoq:.0Pbl) nOmO~eHHe 3HeprHM npOHCXQ,l\HT He TOllbKO Ha ypOBH~X 

aKTMBaTOpa, HO H B OCHOBHOM Be~eCTBe. npH 3TOM npo~ecc nepeAa"lH 3HeprHH 
OCYIJ.{eCTBnReTC~ nepeHOCOM 3neKTpOHOB H AblpOK, a H31lyYeHHe npoHCXOAHT 6 

pe3Y1lbTaTe peKOM6HHa~HH CBo60AHbIX 3neKTpOHOB C Ilt06blM ~eHTPOM CB~eHHR. B 
OCHOBHOM TaKHe ntOMHHoepOPbl - nonynpoBOAHHIG'I. B HHX, KpOMe Toro, BeCbMa 

CYJ..LtecTBeHHbl nOTepH SHepl11H 31leKTpoHOB Ha BTOpH"IHylO SneKTpOHHylO 3MHCCHIO, 
pacceRHHe B se~eCTBe H T.n. 

Oco6eHHOCTH KaTOAHOro B036y>KAeHHR nlOMHHOepOPOS COCTORT B cneAYIO~eM: 

- 3neKTPOHbi npOHHKatOT B nlOMHHocpOPbl Ha He6onbwylO rny6HHy (1 .;.. 5 MKM npH 

3HeprHH 10 + 40 K3B) , "ITO npHBOAHT K y6enw"leHHIO POIlH nOBepXHOCTHblX C1l00B 
IlIOMHHoepopa H nOBblweHHtO KOH~eHTpaLtHH 3HeprHH B HHX; 3TO, B CBOIO 04epeAb, 

B1lHReT Ha IlIOMHHeC~eHTHblexapaKTepVlCTHKH .nIOMHHoepOpOB, a TalOKe cnoco6cTByeT HX 
3aMeTHoMy pa30rpeBaHHIO; 

- nIOMHHOq:.OP norno~aeT 3HeprHIO aneKTpOHOB HeceneKTH6HO, npH4eM nornOUleHHe 
npoHCXOAHT He B LteHTpaX 1lIOMliIHeC~eH~HH, a 6 MaTepHalle (KpHCTanSU14ecKoM 
peUJeTKe) 1llOMHHoepopa 6 4e1l0M. 

n03TOMY sHepreTW·leCKHM BblXOA npH KaTOAOllIOMHHec~eH~HH3Ha4HTellbHO HM>Ke, 
yeM nplil CPOTOB036y>KAeHHIiI. COOT6eTCTBeHHO, TeOpemYeCKOe MaKCHMallbHOe 3HayeHHe 

BE Ami CYllbepH,qHbiX IlIOMHHOq:.OpOB COCTaSllReT 0,32. 
B KayeCTBe npHMepa npHBeAeM Ta6.nH4Y H3 [32] (Ta6.nH4a 1). OHa COOTBeTCTByeT 

Hanp.A>KeHHIO V = 20,0 KB H n.nOTHOCTH SlleKTpOHHOro TOKa j =1,0 MKAlCAI. 

Ta61lHLta 1. 

JlIOMHHOq,OP BE 3q:.cpeKT/IIBHOCTb, 
nMlBm 

ZnS ·Ag ·AI 0,23 8,0 
ZnS ·Zn 0,18 17,0 

ZnS(50) . CdS(50) .Ag 0,195 98,0 
ZnS ·Cu 0,23 92,0 
ZnO ·Zn 0,07 26,0 

Zn3 (P04) • Mn 0,08 13,5 
CaW04 0,03 2,0 

KaK SHAHO H3 3TOM Ta61lH4bl. BellHYHHa sepepeKTHSHOCT/II He scerAa nponOP4HOHanbHa 
SellHYHHe BE: ee TeOpeTliIyeCKaR O~eHKa seCbMa CJlO>KHa. 06pa~alOT Ha ce6~ sHHMaHHe 

TpeTb~ H 4eTSepTa.A CTp04KH Ta6.nHLtbl: eUle S 1966 rOAY S 3KcnepHMeHTe (a 3TO 
3KcnepHMeHT8nbHble AaHHble) AocTHrHYTa SenH"IHHa sepq,eKTHBHOCTH nOpRAKa 
100nMIBm. 

Bo06~e >Ke, KaK H3seCTHO H3 TeopHH [33], cseToBo~ nOTOK r1J (nM) HCTO"lHHKa CBeTa C 

llIOMHHO¢OPOM. 6036y>KAaeMb1M 311eKTpOHHO~ 60M6apAliIpOBKOVl, onp6Aell~eTCR 

Sblpa>KeHHeM: f/J = trLS, rAe L - RpKOCTb CSeYeHHR, KiJIAI, S - nnOJ..Lt~b B AI. flpKOCTb 

CSeyeHHR L onpe,qe.nReTcR Bblpa>KeHHeM: L =10yW, rAe y- CBeTOBaR OTAaya (6 KiJlBm), 
W (Bmlcl?) - YAellbHaR MO~HOCTb 311eKTpOHHOIII 60M6apAHpOBKH. B CBOIO 04epeAb, 

CBeTOBaR OTAa4a KaTOAOllIOMHHoq,opa Ha 3t<paHe (aHoAe) r= ZQL, rAe Z 
3HepreTHyeCKHM BblxOA WceemaIW3I16K17JPOH08 ;::l 8%, QL - nIOMeH/3KBHBaneHT, nMIWceema. C 
AOCTaTOYHOM ,Q/lR npaKTHyeCKHX OlCeHOK T04HOCTblO A1lR 3eneHoro cseTa QL = 
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50OnMIBm. AJUl 6enoro CBeTa QL =220 nMIBm, AIls:! Kp8cHoro CBeTa QL= 240 nMIBm M 
AIls:! CMHero CBeTa QL =50 nMIBm. 

EcnM Kopnyc MCTOYHMKa CBeTa MMeeT cepepW"leCKYIO epOpMy pap,MyCOM R, a pa601.1eM 
noaepXHOCTblO (noaepXHOCTblO. Ha KOTOpylO HaHeceH nIOMMHOepOp) SlBns:!eTCs:! 

nOBepXHOCTb nonycepepbl S = 2nR'l, TO 06L4aJt epopMyna AIls:! onpeAeneHMSI CBeToBoro 

1l0TOKa TaKoro MCTOYH&1Ka 6YAeT BblrIlAAeTb cneAytO~&1M o6pa30M: f/J = 20nR'lEJzQL. 
3Aecb YAellbHas:! MOL4HOCTb W = E~j, rAe E3 - 3HeprMSi 311eKTPOHoB B K3B, j - nnOTHOCTb 

TOKa 311eKTPoHoB B MKAlCMJ. ~cnOllb3Ys:! 3Ty cPOpMylly AIls:! HCTOY.HMKa CBeTa AMOAHOM 

KOHepMrypa4&1M cQ>epMyeCKOM epOPMbl C R = 2.5 CM. npH HanpR)f(eHHM V =5,0 KB HTOKe I 
= 8 MA. AIlSl11l0MMH0cP0pa 3eneHoro CBe'-leHMR nonyYMM cBeToBoM nOTOK f/J = 1570 nM M 

npaKTM'-IeCKYIO 3epepeKTHBHOCTb 40 nMlBm. OTMeTMM, '-ITO npeAellbHoe TeOpeTVI'-IeCKOe 

3Ha'-leHHe 3¢<PeKTMBHOCTH MO>KeT 6blTb B 5 pa3 6011bwe - OKono 200 nMIBm 3a C\leT y= 
32% H QL = 584 nMIBm. npH4HHaMM CHM)f(eHMR npaKTM'-IeCKOH cBeToBoM OTAa4M M, 

COOTBeTCTBeHHO, npaKTMy.ecKoM 3epepeKTMBHOCTM, SlBIlSIIOTCSI: HeonTMMaIlbHas:! TonL4MHa 
111OMMHocpopa (06b,,",HO OHa Bblpa>KaeTCR B Malc!?), nOTepM CBeTa Ha 3J1eMeHTax 

KOHCTpyKLlMM MCTO"'HMKa, TepMM'-IecKoe «TYweHMe» nIOMMHe~eHllMMnpH Harpeae aHOAa 

(Ao 50% npM 100oe). 3anbilleHMe IlIOMMHo¢opa (aHoAa) npoAyKTaMM McnapeHMR M 

pacnblIleHMSI KaTOAa M renepa. 

3aBlo1cMMoCTb MHTeHCMBHOCTM CBeyeHMR IC6 (ee M3MepRIOT S OTHOC&1TellbHbIX 

eAMHMllax) OT nll0THOCTH TOKa 311eKTpOHOB j TOYHO He M3BeCTHa. XOTR OHa npMMepHO 

I, omfl. ed 

j, AleAl1qB 

80 ....-+----+-----1 

40 ......-1-#------+-------1 

PMc.4. 3aBMclo1MoCTb HHTeHCMBHOCTM CBeyeHMR lea nlOMMHoepopa ZnS . Ag OT 

nllOTHOCTM 3neKTpOHHOro TOKa j npM V = 15,0 KB. 
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.m1He"Ha BnnOTb lJ,O HaCblLl..leH~SI. npW·leM 3Q>¢eKT HaCbll1.leH~SI nQ\IT~ He 3aB~CII'IT OT 

3Hepll1~ 3neKTpOHOB. HanpMMep, .qI1S1 nlOM~Hoepopa ZnS . Ag npH V = 15,0 KB, 
YKa3aHHaSl 3aB~CHMOCTb Ka~eCTBeHHO BblrnRlJ,~T, KaK nOKa3aHO Ha PMC.4. BblropaH~e 

I1I0MHHoepopa onpeAenReTcSI BpeMeHeM 3KcnnyaTal..4~~, nnOTHOCTblO 3neKTpOHHOro TOKa 

j H HanpSl>KeH~eM V; C YBenH~eHMeM j H V CTeneHb BblropaH~R YBen~~HBaeTcR. 

OTMeT~M, ~TO np~poAa npol..4eccoB, npo~cxoASlL4HX B nlOMHHo¢opax np~ H~3KHX ~ 

BbiCOKHX HanpSl>KeH~SlX, pa3.nH~Ha; BblropaH~e npH H1II3K~X HanpSl>KeH~SIX - o6paTlIIMo, 
np~ BbICOK~X - HeT. BecbMa CToIiIK"M~ K BblropaH~JO SlBnSlIOTCSI cynbcPMAHble 

IlIOMHHocPOPbl; 3a 10 000 ~aCOB ~x pa60TbI (np~ Onn1MaJ1bHOM nOA6ope pa6o~Hx 

napaMeTpoB) SlpKOCTb ~x CBe~eHMSI CH~>K8eTCSI He 60nee ~eM Ha 30 + 40%. B 0611.1eM >Ire 

CJlY"lae 3aB~CHMOCTb HHTeHC~BHOCT~ CBe~eH~SI IlIOM~Ho¢opa lee OT o611.1ero "C~c.na 

nonaBW~X Ha cfil ero nIlOl1.la,q.. 3IleKTpOHOB N3 np~6Jl~>KeHHO MO>KeT 6blTb Bblpa>t<eHa: 

lea =108,0 / (1 + cN3 ), rlJ,e Ics,o - Ha"CaJ1bHaSl ~HTeHC~BHOCTb CBe~eH~SI, a c - napaMeTp 

BblropaH~SI. 

HeCKOJlbKO np~MepoB, xapaKTep~3ytOl1.I~X YCToliI~MBocTb nIOM~HoQ>oPOB, npHBeAeHo 

B Ta6JlHLte 2 [32]. AaHHble cooTBeCTBYIOT 3Hepr~1r1 B036y>KAalOl1.I~X nIOMHHo¢OPbl 
3IleKTPoHoB 10,0 K3B; Q - KOIl""CecTBO 3neKTp~~eCTBa B KynoHax, np~BOASll1.lee K 

CH~>KeH~1O lee B ABa pa3a 

Ta61l~Lta 2 

J1IOM~HOcPOPbl Q,Kyn c '1019 
, cMl 

ZnS . CdS ·Cu 11,9 0,140 
ZnS ·Ag 10,0+ 20,0 0,170 

Zn2Si04' Mn 104,0 0,016 
ZnO . BeO . Si02 . Mn 83,3 0,02 

ZnO ·Zn 33,5 0,05 
CaW04 16,6 0,1 

Ha BblropaHlile JlIOMliIHOq>OpOB, nOMliIMO npo"Cero, BJllllSleT rpaHYJloMeTpH~ecKHIiI 

COCTaB; MeIlK03epHlIICTbie IlIOMliIHOQ>oPbl 60Ilee "CYBCTBMTellbHbl K BblropaH~IO. Bm1S1IOT 

Ha BblropaHHe H yc.nOBlilSI B036~eHliISi - BaKYYM, Hanpst>KeH~e (3Heprlllst 3IleKTpOHoB). 
3aBHcMMoCTb Y1HTeHClIIBHOCTH CBe~eHliIR IlIOMlilHoepopa OT Hanpst>KeH~SI V MO>KeT 6blTb 

np~6JlH>KeHHOBblpa>KeHa CJleAYlOl1.Ie~ ¢opMyJloliI: 

Ice ;;: k· f(j)-(V - VoJq , rAe k - KOHcTaHTa AJlSl AaHHoro nlOMlilHoepopa, Vo - "MepTBoe" 

Hanpst>KeH~e(MliIH~ManbHoeHanpR>KeH~e, Heo6xoA~MoeAIlSi npOXOJKAeHlIISi 3JleKTpOHOM 

nOBepxHoCTHoro CIlOSlIlIOM~Hoepopa),q ;;: 1 + 3 AJlS1 pa3Hbix IlIOM~HOepOPOB. 

B03Bpal1.laSlCb K oLteHKe np~HLt~nHaI1bHblX B03Mo}l(HoCTelil KaTOAOI1IOMHHeCLteHTHbIX 
~CTO~HliIKOB CBeTa, lIICnOllb3ytOLI..IHX aBT03JleKTpOHHyJO 3MHCCHIO, OTMeTI1M CHa"Ca.na, "CTO 
B epoTOJlIOMHHeCLteHTHblX Ir1CTO~H~KaX CBeTa nOTep~ Ha "nOA>KHr" H nOAQep>KaHHe 

ra30Boro pa3pSlAa COCTaBJlRIOT nOpSlAKa 10% OT npHnO>KeHHOH 3lleKTpH"CecKoliI 

MOl1.lHOCTH. nOTepH Ha npeo6pa30BaHHe 3Heprllllil pa3pRAa B 3HeprHIO CBeTa, B ll~weM 

CJlY4ae, paBHbl TalOKe 10% (Bv ::s; 0,9, CM. Bblwe); onTlII"CeCKlile nOTeplil (nornOll.teHHe B • 
CTeKJle, pacceSlHHe BHYTPH HCTO"CH~Ka H T.n.) - AO 10%. B pe3YllbTaTe K03¢¢1II~~eHT 

nOJle3HOrO AelilCTBlIlR T/ TaKHX HCTO~HHKOB CBeTa MO>KeT 6blTb AOBeAeH AO 70% (3TO, no

B~HMOMY, npeAe.nbHoe 3Ha"'leHlIIe, K KOTOpOMy Ha npaKUIKe He np1il6IWI3MJlYlCb). 
B KaTo,qOJlIOMHHeCLteHTHbIX llaMnaX C HcnOllb30BaHHeM aBTo3neKTpoHHoIiI 3MHCCHH 

nOTepH Ha npeo6pa30BaHliIe npIr1IlO>KeHHOIiI 3.neKTplil~eCKoH M0l1.lHOCTH B 3HeprnIO 
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3I1eKTpOHOB COCTaB.nSlIOT 1 + 2 %. nOTep", Ha npe06pa30aaHHe 3HeprHH 3I1eKTpOHOB B 

3HepmlO CBeTa - a I1Y"1weM CIlY"lae 68% (BE ~ 0,32). OnT"'I.IecKHe nOTep'" (norno~eHHe 

a CTeKJle, Cael.leHHe «He BO aee CTOpOHbl» r,I( T.n.) - AO 10%. B peaynbTaTe 

TeopeTH"IeCKOe MaKCHMaIlbHoe 3Hal.leHHe " AIIR paccMaTP",aaeMblX HCTOI.IH"'KOa caeTa 
COCTaBmleT npH6I1H3HTeIlbHo 20%. 

1.4. CpasHeHue c iJpVBUMU munaMU UCmO'IHUKOS csema. nepCneKl7lU8H&/e 
oM_cmu npUMeHeHUR. Ha p"'c.5 npHBeAeHa CXeMan11.1eC~ AHarpaMMa, 

Ml1I1IOCTpMpYIO~aSl H cpaBHHaalOLLtaR napaMeTpbl H npHH4",nH8IlbHble B03MO)I(HOCTM Tpex 

THnOB HCTO"lHIIIKOB CBeTa: HaK8IlHBaHHSl (H), epOToIlIOMHHeCl.leHTHbix (4)) '" 06Cy>KAaeMb1X 

KaTOAOIlIOM"'Hec4eHTHblx C McnOIlb30BaHHeM SlaneH"'.R aBT03I1eKTPoHHO~ 3MMCC"'''' (I<). 
nOAl.lepKIIIBCUI cyuteCTBeHHYIO YCIlOBHOCTb TaKoro cpaBHeHHSI (napaMeTpbl MCTOI.IHMKOB 

CBeTa onpeAeIleHbl Kal.leCTBeHHO MIl'" BeCbMa npH6I1H>I<eHHO, He Y"!TeHbI HeKOTopble 

HCTO"lHHK'" CBeTa HOBblX nOKOIleH"'H) OHO. TeM He MeHee, n03BOIlReT, no HaweMY 

MHeHMIO - AOCTaTOI.IHO yBepeHHO, 3aK11104HTb, I.ITO paCCMaTPMBaeMble "'CTOI.IH"'KII/ CBeTa 

HecoMHeHHo nepCneKT"'BHbl AIlSi ",cnOIlb30BaHM.R B HeKOTopblX 06I1aCTSIX He TOIlbKO 

Cnel.l"'8IlbHOrO, HO "', B03MO>l<HO, 6blTOBoro OCBeuteHHSI. K HaH60Ilee 

np"'BIIeKaTellbHblM napaMeTPaM paCCMaTp"'BaeMbiX "'CTOI.IHIIIKOB CBeTa cIIeAyeT, no

BHAHMOMY, oTHeCT"': MX BblCOKyIO 3KOIlor",1.1HOCTb, W"'pOK"'H A",ana30H pa60l.lHX 

TeMnepaTYP (aBT03I1eKTpOHHYIO 3M"'CCHIO Ha3b1BaIOT e~e «XOJlOAHOH», nOCKOIlbKy 3TO 

I.IHCTO KBaHTOBO-MeXaHH"IeCKH~ 3epepeKT, He 3aB"'CSll11"'~ OT TeMnepaTYpbl - CM. H"'>I<e); 

BblCOKylO YCTO~I.IHBOCTb K MeXaHHl.leCK"'M B",6pa4HRM H KOIle6aH"'RM HanpSl>l<eH"'SI B ceTH; 

W",pO"laMWHH A",ana30H 4BeTHOCT"'; BbiCOKyIO AOIlrOBe"lHOCTb. HCHO, I.ITO HeKOTopble "'3 

napaMeTPoB AOCTI1raIOTCR "'CK11IO"I"'TeJlbHO 3a Cl.leT "'Cllollb3yeMoro aBT03MMCC"'OHHOro 

HCTOI.IHHKa 3I1eKTpOHOB H, 60Ilee Toro, B 60IlbweM CTeneHH K HeMy '" OTHOCRTCR 

(pa60l.l",e TeMnepaTYpbl, BpeMR BK11IOI.IeHH.R, YCTO~"IMBOCTb K MexaH"'''IecKOM TPSlCKe '" K 

KOIle6aH"'SlM HanpR>KeH"'R 8 caTH, AOIlrOBel.lHOCTb), APyrMe AOCT",raIOTCR "'CKIlIO"I"'TeIlbHO 

3a CI.IeT McnOIlb30BaH"'R KaTOAOIlIOMMHOepOPOB (3epepeKT"'BHOCTb, W"'pOKIIIH cneKTp 

4BeTOB). HaKOHe4, HeKOTopble H3 BeCbMa Ba>KHbIX napaMeTPOB, RBIIRSlCb l.lpe3Bbll.laMHO 

BbiCOK"'MH AllSi aBT03M"'CCHOHHblX KaTOAOB, B BeCbMa tyl11eCTBeHHOH CTeneHH 

orpaH"'4eHbl nIOMHHoepopaM"'; 3TO H pa60l.lMe TeMnepaTYpbl, '" A0IlrOBel.lHOCTb. '" BpeMR 

BKIlIOl.leH"'Sl. 
Ha p"'c.6 npMseAeHa cpaBHMTeIlbHaSi (TaK >Ke - BeCbMa yCIIoBHaR) A",arpaMMa 

npIIIBIIeKaTeIlbHOCT'" HcnOIlb30BaH"'Sl B pa3I1"'I.IHbIX 06I1aCT.RX "'CTOI.IHr,I(KOB CBeTa Tex >l<e 

TPex T"'nOB. 6e3 COMHeH"'Sl, nepCneKT"'SHbIM'" 06I1aCTSlM'" SlBIISIeTC.R peKJlaMa, 
OCBe~eHHe Ha TpaHcnopTe (3AeCb onpeAeIlRIO~He npMBIIeKaTeIlbHOCTb napaMeTpbl 

yCTOM4"'BOCTb K B",6pa4"'RM, 3KOIlOr"'I.IHOCTb), CBeToepopbl (no CBOHM 3KcnIlyaTal.lHOHHbiM 

napaMeTpaM OH"', no HaweMy MHeHMlO, He 6YAYT C"'I1bHO OTIIMl.laTbCR OT nOIlY"lalOLLtHX 

CeMl.laC Bce 60Ilbwee pacnpOCTPaHeHHe caeToepopOB Ha OCHose CBeTOA"'OAOB [34], 
OAHaKO ",x CTO"'MOCTb 6YAeT 3aseAoMO 60Ilee HH3KOM), as",a4HSl '" KOCMOC (T.e., npe>KAe 
Bcero, pa60Ta np", HH3KHX TeMnepaTYpax), aBap"'MHoe OCBeuteHHe (6e30nacHocTb, 

pa60Ta OT aKKyMyIlSlTopoB, 3 KOIl0 rW·iHOCTb). HeIlb3R He OTMeTHTb '" OTKpblsaeMble 3AeCb 

w"'poKllle S03MO>l<HOCT'" M"'HHaTlOpH3all"'''' "'CTOI.IHVlKOB CBeTa pa3I1V11.1HOrO Ha3Hal.leHHR, 
BnnOTb AO co3AaH"'R l.laeTHblx MaTpH"IHbIX A",cnIleMHblx 3KpaHoB Ha OCHOBe 

MVlHVlaTlOpHblX 3I1eMeHTOB. 
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DlipaMeTpbl 

BCTO"lBBKOD CDeTa 

A 

3q,q,elITHB-

B HOCTL, 

nMfBT 

C 

D 
BpeWl 

)f(H3HH,qaCFiI 

E 

YCTOWm-

F BOCTL K 

Bu6pauIDlM 

YCTOi{1nmoCn. 

G 
K KOJIe6llHID1M 

HanpjDJ(eHIDI B 

H J..Vremocn. 

3KOJIOnfq

I HOCTL 

J 
CTOHMOCTh 

PlIIc.5. CpaBHIIITellbHaR ,QlIIarpaMMa napaMeTpOB III B03MO>KHOCTeH IIICT04HlIIKOB CBeTa 

Tpex TlIInOB: HaKallHBaHH~ (H), epOTollIOMlIIHec4eHTHbix (¢,l) VI KaTOAoll1OMHHec4eHTHbiX 

C HcnOllb30BaHIt1eM RBlleHIII~ aBT0311eKTpOHHOH 3MlIICClIIH (I<). 
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bLlTOBOe 

OCBe~eHHe 

YJIH'lHoe 
OCBemeHHe 

PeKJIaMa 

OcsemeHHe 

Ha 
TpaHcnopTe 

ABH8UIDI, 

KOCMOC 

Oupe,nemllo
mae 
napaMeTpld 

B, D, G, 
I, J 

B, D, F, 
G,J 

B, D, E,
 
G,H,J
 

B, D, F,
 
G, I, J
 

D, E, F,
 
H,J
 

B, C, D, 
F,J 

B, C, I, 
J 

B, C, D, 
E,G 

PMc.6. CpasHMTeIlbHafl AMarpaMMa npMBIleKaTeI1bHOCTM MCn0I1b30BaHMfI B 

pa3IlM~HbIX 06I1aCTfiX MCTO~HMKOB CBeTa ,-pex TMnos: HaKaIlMBaHMfI (H), 
tPOT0I1IOMMHeC4eHTHblx (4)) M KaTOAOI1IOMMHeCL.teHTHbIX C McnOIlb30BaHMeM 

f1BIleHMfI aBT03I1eKTpOHHOVl 3MMCCHM (K). 
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2. KATOAbl HA OCHOBE ABT03nEKTPOHHOM 3MMCCMM. 
2.1. BeneHue Bem03neKmpOHHou 3MUCCUU. B 3I1eKTP~4eCK~x nOI1RX 

HanpJ1)KeHHOCTbIO nOpRAKa 108 + 1010 81M MOryr 'pean~30BaTbCJI "IeTblpe KBaHTOBO
MeXaH~"IeCK~X 3c1>cPeKTa, ~MelO~~X TO ~~ ~Hoe OTHOWeHMe K paCCMaTp~BaeMO~ 3AeCb 
TeMe. 3TO aBTO~OH~3aLt~f1 (HOHH3aLt~fI aTOMOS ~I1~ MOI1eKYI1 ra3a B CB060AHOM 
npOCTpaHCTBe ~I1~ B6I1~3~ nOBepXHOCT~ 3I1eKTpOnpOBOAR~ero MaTep~ana nYTeM 
TYHHenbHoro npOXO>KAeH~$1 BaneHTHoro 3neKTPOHa "Iepe3 ~3MeHeHHbIH 3I1eKTp~"IeCKHM 

noneM 3an~palO~~~ 3I1eKTpOH nOTeHLt~anbHbl~ 6apbep) [35], ~cnapeH~e ~ Aecop6L.t~R 

noneM (YAaneH~e nOBepxHOCTHbiX aTOMOB 3I1eKTpOnpOBOAR~~X MaTep~anOB Hn~ 

aTOMOB ~ MOI1eKYI1, npHCYTCTBYIO~HX Ha nOBepXHOCT~ HHOpOAHblX Be~eCTB 

COOTBeTCTBeHHO npaKTl1"1eCKH npH I1106b1X TeMnepaTYpax, nyreM TYHHenHpOBaHHfI B 

BMAe aTOMa HI1~ HOHa) [36], H, HaKOHeL.t, aBT03I18KTPOHHIDi 3M~CCMfI - TYHHenbHbl~ 

BblXOA cBo60AHblX 3neKTpOHOB ~3 3neKTpOnpOBOAflll-'HX MaTep~anoB CKB03b 
H3MeHeHHblH ~ nOH~>KeHHbIH c~nbHblM 3neKTpH"IeC~M noneM nOTeHLt~aJlbHblH 6apbep 

Ha rpaH~Lte pa3Aena TBepAoe Teno - BaKYYM (pHc.7) [1,2]. nonfl YKa3aHHO~ 

HanpmKeHHOCTM AOCTaTO"lHO npocTo nOI1Y"1~Tb, ~cnonb3YH B Ka"lecTBe OAHOro H3 
3I1eKlp0AoB B A~OAHOM npoMe>KyrKe \llrIlY (oCTp\lle) ~n~ ne3B~e 4pe3Bbl"la~HO BbICOKO~ 

KP~BH3Hbl; 3Mn~p~"IeCKaR 3aBHC~MOCTb HanpR>KeHHOCT~ 3I1eKTpH"IeCKOfO nOM F OT 

KP~B""3Hbl nOBepXHOCTl1 Ro BblrIlflAHT C118AYtOLL4HM 06pa30M: F = V / PRo. fAe V 
npHI10>KeHHoe HanpR>KeHHe, a p - feOMeTPH"IeC~~ epaKTop, np~6m1>KeHHO paBHbl~ 5. 
OrclOAa I1erKO B\llAHO, "ITO AIlfl nonY"leH~fI nOI1R HanpR>KeHHOCTblO F 1::::1 109 81M B6.nH3~ 
nOBepXHOCTH OCTPHfI co CP8AHHM PaAHYCOM Ro 1::::1 100 HM, He06xoA~MO npHI10>KMTb 
HanpR>KeHHe V Bcero 0,5 KB. 3Aecb, npaBAa, He06xoA~MO oco60 nOA"IepKHYTb, "ITO 

A 

x 

·~--""""-G 

U(x)=-eEx-(e2/4x) 

PHc.7. XOA nOTeHL.t~a.nay nOBepxHOCT~ MeTanna B 3aB~CVlMOCT~ OT paCCTORH~R: 

-e2/4x - «nOTeHI.lHan» c~n H306pa>KeHHR; -eEx - BHewH~~ nOTeH4Han; U{x) 

cyMMapHblii nOTeH4~an; ex - ypoBeHb 4>epMH B MeTaI1ne; X - nOI1HaR rny6~Ha 

nOTeHL.tHanbHoH $IMbl B MeTaIlI1e. 
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npMBe,c.eHHble O~eHKM COOTBeTcTBytOT AMOAHOH CMCTeMe C OCTPMHHblM (KaTOA) 101 

nIlOCKMM (aHoA) 3IleKTpOAaMM Ha paCCTORHMM /H' CYlJ.leCTBeHHO npeBbiwatOlJ.IeM 

KPMBM3HY ocrpMR. ECIlM BeIlM~MHa /a-K CTaHOBMTCR CpaBHMMOH 10111101 MeHbWeH Ro (/3 5" Ro), 
TO He06xoAMMOe AIls:l co3AaHMR YKa3aHHbiX BbiCOKMX nOIleH HanpR>KeHMe B 

Me>K311eKTPOAHOM npOMe>KyTKe pe3KO na,qaeT M MO>KeT COCTaBMTb Bcero ,c.eCRTKM 101 ,c.a>Ke 

e,qMHM4bl BOflbm. 
OCHOBbi TeOpMM aBT0311eKTpOHHOH 3MMCCMM 6bl11M 38n0>KeHbI 4>ayIlepoM M 

Hop,c.re~MoM [1]. rpaHM~bl ee npMMeHMMOCTM, 8 T810Ke HeKOTOpble OCHOBHble 

nOIlO>KeHMR nOCIl6AytOlJ.IMX, YTO~HRtOlJ.IMX, TeOpMH ,c.OCT8TO~HO ,c.eTanbHO paCCMOTpeHbl B 

[2]. 3,c.ecb Mbl He 6y,c.eM KacaTbCR 3TMX BonpOCOB - rIlaBHblM 06pa30M BBM,c.y 

y,c.OB11eTBOpMTeIlbHoro COOTBeTCTBMR o~eHOK no TeopMM 4>ay11epa-HoPAreHMa 

3KcnepMMeHTa11bHblM ,c.aHHbIM. 

Pewas:l o,c.HOMepHytO 3a,qayy 101 Bbl~MCI1s:1R np03pa~HOCTb nOTeH~Ma11bHOrO 6apbepa 

Ha rpaHM~e MeTaIlIl-BaKYYM C nOMOlJ.(btO MeTO,Q,a BeHl"I-'eIls:l-KpaMepca-6pMI1I1t03Ha [37], 
MO>KHO nOIl~Io1Tb ypaBHeHlo1e AJlR nIlOTHOCTIo1 TOKa aBT0311eKTpOHHOH 3MIo1CCMM jA33 KaK 

¢YH~MM Hanps:l>KeHHOCTM 3IleKTPM~ecKoro nOIlR F &II pa60Tbi Bblxo,c.a 311eKTpOHOB (fJ: 

3,c.eCb jA33 - B Alc,r, (fJ - B 3B, F - B B/CM, 

y = 3,79 1U7 ..IF/ rp M try) = v(y) - (2yl3) (du{y)ldy). 

4>YH~MM try) M v(y) 3a,qatOTCR, KaK npaBM110, B BM,c.e T86IlM~ (Ta6yIlMpoBaHbl). npM~eM 

C11e,c.yeT OTMeT\o1Tb, ~TO try) cna60 3aBMCMT OT y (T.e. OT F M rp) \01 611M31<8 K e,Q,MHM4e, ~ero 

He11b3s:1 CI<83aTb 0 v(y). 3aSMC\o1MOCTb u (ee npMHRTo Ha3blBaTb epYHK~MeH Hop,c.reHMa) OT 

y AaHa B BM,c.e Ta611M4bl, HanpMMep, B [2]. Onpe,Q,eIls:ls:l Ha npatm1Ke 38BMCMMOCTb TOKa 

aBT03neKTPOHHoH 3MMCCM\o1 /A33 OCTpMHHoro \o1IlM Ile3BMHHoro 3MMTTepa (/A33 = jA33 • So, 
rAe So - nnOIJ.(a.qb pa6o~eH nOBepxHoCTM 3M\o1TTepa) OT ero nOTeH4Mana Vo M CTpOR 

rpaepM~ecKMe 3aBMCMMOCT\o1 /g (IA33 / Vi) = ((1 I Vo), nOIl~aIOT nps:lMble IlMHMM - TaK 
Ha3blBaeMbie npRMble CS>aynepa-Hop,c.reVlM8. V1x H8KI10H n03BOIlReT ,c.oCTaTo~Ho npocTo 

pacc~MTaTb BeIlM~MHY pa60Tbi Bblxo,c.a rp MaTepHana 3MMTMpYIOlJ.leVl nosepxHoCTM. 

nOnpaBKa K HaKIloHY 3T\o1X npRMblx S"(y) onMCblsaeTCR ¢YHK4MeVl 

S"(y) = u(y) - (yf2) (dv(y)/dy), 

KOTOpaR. TaK >Ke KaK 101 try), 6IlM3Ka K eAMHM~e. Bcs:I TeopMR 4>aY11epa-Hop,c.reHMa 

nocTpoeHa B npe,c.nOIlO>KeHMM, ~TO TeMneparypa To 3MMTTepa paBHa HyIlIO. 

2.2. npOUeCC&I, conpo80HCc3alOl.UUe asmo3neKmpoHHylO 3MUCCUIO. 06paTMMCR 

Tenepb KPaTKO Ie "conYTCTBYlOll.Iio1M" npOl.(eCC8M, io1MelOlJ.(io1M MaCTO B Cio1.nbHbiX 
3IleKTP\o1~eCKMX nOIlRX. npe>K,c.e Bcero, 3TO - 6011bWOe MexaHM~eCKoe HarpY>KeHMe 

OCTpMH 10111101 M\o1KPoBblcTynoB nOHAepoMoTopHblMH CMIlaMM 3neKTp\o1~eCKOrO nOIlR [38]. 
BenM~MHa 3Toro Hanps:l)l(eH\o1s:1 MO>KeT 6blTb npM611M>KeHHO o~eHeHa 1013 COOTHOweHMR: U = 
F2/81r \0111101 U = 44,3 F2 KzlMMJ, ecnM HanpR>KeHHOCTb nonR F M3MepeHa B BIAHBcmpeM. B 
3IleKTPM~eCKMX n011s:1x, Heo6xo,c.MMblX AIlR pea11M3a~MM 3aMeTHOH aBT03IleKTpOHHOVl 
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3M~CC~~, MeXaHW·leCK~e HanpJl)KeH~SI (J' He npeBbiwalOT npe,Qena npO"lHOCT~ Ha OTpblB 

0"8 MaCC~BHblX MaTep~anOB; B nonSlx >l<e, COOTBeTCTBYlOut~X YCIlOB~JtM ~cnapeH~SI ~n~ 

Aecop61.1~~ noneM (3T~ npolleccbl B pSlAe CIl~aeB BeCbMa 1I8n8C006pa3HO 

~cnonb30BaTb AIlSl nOArOTOBK~ ~1l~ BOCCTaHOBneH~SI pa60"leH nOBepXHOCT~ 

aBT03MMCC~OHHoro KBTOAa), B8n~"I~Ha u cyuteCTBeHHO npeBblwaeT 0"8 ~ no nops:l,QKY 

Ben~"IMHbl AOCT~raeT 3Ha"'leH~~ TeOpeT~"IeCKOH npO"lHOCT~ MaTep~anOB O"m. B 

pe3YllbTaTe MaTep~an OCTp~s:l ~n~ APyroro M~KpOBbICTYna (3M~TMpYlOutero lIeHTpa) 

MO>KeT Ae¢OpM~pOBaTbCJt ~ll~, B npeAenbHOM C1lY"'lae - pa3pyw~TbCR K C"'IaCTblO, Ha 

npaKT~Ke 3TO npOMcxoA~T KpaHHe PeAKO, "'ITO CBJt3aHO C "'Ipe3Bbl"la~HO ManblM~ 

pa3MepaM~ 3M~PYlOut~X lIeHTpOB. Bo06ute >l<e rOBOps:l, np0"lHOCTb 0" KpMCTannOB 

ManblX pa3MepOB (TaK Ha3blBaeMbiX H~TeBM,QHbIX) CBR3aHa C ~X A~aMeTpOM d 
npM6n~>KeHHbIM COOTHoweH~eM [39]: (J' = a + f31d, rAe a ~ P - KOHCTaHTbI, np~"IeM 

nonaraeTCJt cyuteCTBOBaH~e M~H~ManbHoro 3Ha"'leH~s:l dmin, COOTBeTCTBYlOuterO 0" = O"m; 

np~ d 5 dmin (J' = Um =canst. 3Ha"'leH~e O"m COCTaBllSleT np~61l~3~TenbHo 1/10 "'IaCTb 

MOAynSl IOHra [40]. 
CneAYlOut~M 3¢¢eKTOM, conYTcTBYlOut~M aBT03neKTpOHHOH 3M~CC~~ ~ BeCbMa 

cyutecTBeHHblM 06pa30M Bn~s:llOutMM Ha ee napaMeTpbl, s:lBns:leTCs:l HenpepblBHas:l 

60M6apA~pOBKa pa60"'leH nOBepxHocTM KaTOAOB ~OHaM~ OCTaTO"lHbIX ra30B. 

06pa30BaH~e 3T~X ~OHOB npo~cxoA~T no MexaH~3MY 3neKTpOHHOro YAapa B 

npocTpaHCTBe KaTOA - aHOA. Oc06eHHo OIJ.lYT~Moe Bn~SlH~e Ha aBT03neKTPoHHYlO 

3M~CC~1O YKa3aHHas:l 60M6apA~poBKa OKa3blBaeT B Tex C1lY"laJIX, KorAa KaTOA pa60TaeT B 

ycnoB~Slx TeXHHLleCKoro BaKYYMa (Ha ypoBHe 10-6 Topp) , a Hanps:l>KeH~e B A~OAHOM 
npoMe>KYTKe COCTaBIlSleT HeCKonbKO KB. 

ComacHo [41], "'Il'Icno YAapoB ~u, ~cnblTblBaeMbiX Bce~ pa60LleH nOBepxHoCTblO 

OCTp~Jt B e,qMH~IIY BpeMeH~, MO>KeT 6blTb 0lleHeHO no epopMyne: 

rAe Pi - napll~anbHoe AaBneHMe KOMnOHeHTOB OCTaTO"lHbIX ra30S, k - nOCTORHHas:l 

oonbllMaHa, To - TeMnepaTYpa oCTp~f1, e - 3aps:lA 3neKTpOHa, ~ - cpeAH~Vt P8A~YC 

KPMB~3Hbl nOBepxHocT~ OCTPMSI M 0/('11- ce"leHMe MOHM3allMM, paBHoe 

_ N e 11IJO If' -1 
O/(lJ1 - --2-2,66--ln(1,25'P) . 

VII If' 2

B nOCIleAHeH epOpMylle Ne "IMC1l0 3neKTpOHOB BO BHeWHeH 060nO"lKe 

MOH~3MpYJ014erOCs:laTOMa OCTaTO"lHOrO raaa, 80 - P8A~YC nepBOVt 60pOBCKOH Op6MTbl, Vu 
- nOTeHIIHan MOH~3aIlMM aTOMa, a l[J = Ee I Vu, rAe Ee - 3HeprMFI 3neKTpOHa, paSHaJI 

3Ha"'leHMIO nOTeHII~ana B TO"lKe MOHM3allMM AaHHoro aTOMa. 

no MHeHMIO aBTopOB [42], cpeAHs:ls:l 3Hepl"Ms:l 06pa30BaHHblx TaKMM 06pa30M MOHOB 

OCTaTO"lHbIX ra30B COCTaBnfleT VI2; B [43] BblCKa3aHO npeAnOnO>KeHMe, "ITO 

pacnpeAeneHMe 3TMX MOHOB no 3Hepl"Ms:lM 6nM3KO K pacnpeAeneHMIO MaKCBenna

60nbLtMaHa. EA~HCTBeHHaJt 3Kcnep~MeHTanbHas:l MH¢OpMalllltSl Ha 3TOT CI.IeT 6blIla 

non~eHa B [44]. 
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YKa3aHHa~ 60M6apA"IpOBKa nOBepXHOCTllt aBT03M"'TTepOB H"'3K03HepreT"'''IHblM''' 
",OHaM'" OCTaTO"lHbIX ra30B MO>KeT "'MeTb KaK OTp'"LtaTe11bHoe, TaK '" n0110>K"lTe11bHOe 
3HB"IeH"'e. B npaKT"'Ke 3Kcn11yaTaLt"'''' np",60pOB Ha OCHOBe aBT0311eKTpOHHoliI 3M"'CCH'" 
OHa MO>KeT 06yCIloB11"'BaTb ",aMeHeH",e cTpYKTYPbJ nosepxHocT"', 06paaoBaH",e Ha Helil 

pa311"'''IHOrO pOAa Ae¢eKTOB [45], paCnbl11eHl:1e MaTep",a11a nOBepxHoCT'" [46,47], 
nepepacnpeAe11eH",e aKmB"'pYIO~ero 311eKTpOHHYlO 3M"'CC"'1O KOMnOHeHTa (n11eH~), 
HaKOHeLt, BaKYYMHbl1il np0601i1 "I n011Hbllil BblXOA 3M"'rrepa ",a CTpoS:1. 

Ba>KHoe BIlMs:lH",e Ha xapaKTep aBT03neKTpOHHOIiI 3M"'CC"'''' (ee napaMeTpbl) MOryr, 
np'" onpeAe11eHHblX yCIlOB"'s:lX, OKaablBaTb npoueccbl aAcop6U"'''', Aecop6u",,,, M 

nOBepxHoCTHOIiI M",rpau",,,, "IaCT"'U OeraTO"lHbIX raaOB [48]. np", 3TOM Bee OH"', B Tolil "'11'" 

"'Holil CTeneH'", "'H"'L\'""'PYIOTCs:I ",oHHoliI 60M6apA",poBKoliI nOBepxHocT"'. 1110HHas:l 
60M6apA",pOBKa MO>KeT BblabJBaTb '" HanpaBIleHHYIO A",epepY3"'1O paCTBopeHHblX B 
MaTep",ane 3M"'TTepa KOMnOHeHT K nOBepxHocT"', ",aMeHSlTb coCTaB nosepxHoCTHblX 
aTOMHblX CIloeB, MH"'u"''''poBaTb nosepxHocTHylO M"'rpaL\"'1O He T011bKO 
8,QCOp6"'pOBaHHbIX raaOBblX aTOMOB, HO '" aTOMOB caMoro MaTep",ana 3M",nepa; , 

2.3. HcxooHall cmpyKmypa U 3MUCCUOHHb,e csoucms8 noeepxHocmu. KaK Y>Ke 
rOBOpMl1OCb Bblwe, AJ1s:1 coa,qaH"'S1 aBT0311eKTpOHHoliI 3M"'CC"'''' np'" HanpSl>KeH"'''' B 
HeCKOllbKO KB He06xoA"'MO Han"'''I",e ¢parMeHToB 311eKTpOnpOBOASfLl.tero MaTep",ana C 

BblcoKoliI KP",sM3HoliI nOBepXHOCT'" - Ha ypoBHe 100 + 1000 HM; ",x Ha3b1BaIOT 
3M"'TMpylOLl.t"'MM 4eHTpaMM ",nM, "ITO TO >Ke - L\eHTpaM'" aBT03neKTpOHHOIiI 3MMCCMM. B 
npMHUMne, aBTo3MMCCMOHHbJIiI KaTOA MO>KeT COAep>KaTb 111060e KOnM"IeCTBO TaK"'X 
ueHrpoB; MX co6CTBeHH~ reoMeTpMs:I '" B3a"'MHoe pacnOnO>KeH",e B aHa"lMTenbHoliI 
CTeneHM onpeAens:llOT 3KCn11yaTaL,"'OHHble napaMeTpbl KaTOAa. 
OAHaKO, AJ1S1 npaB",nbHoro KOHCTpyMpoBaHHs:I KaTOAa '" onTLilMM3aLtLilM ero pa6o"lLilx 
pe>tG1MOB '" napaMeTpOB He06xOA"'MO CHa"lana AeTaJ1bHO npOaHa11Ma"'pOBaTb '" nOHs:lTb 
pa60ry KaTOAa C 0AHLilM 3MLilTLilPYIOLl.tHM ueHTpOM, T.e. pa60ry HeKoToporo 
LilAea11Li1~HpOBaHHoro OCTP"'~ - KOHyca C n011yc¢ep"'''IecKoliI Bepw"'HoliI. KaK "'3BeCTHO, 
BeCbMa 6n"'3KO. K TaKOiii reoMeTp'" '" np",6n"'>Ka IOTCSI THn"'''IHble 06paaUbi A11S1 

",ccneAoBaH"'s:I B aBTO"'OHHOM M"'KpocKone [35,49]. He BAaBaSiCb B AeTa11'" AOCTaTO"lHO 
W"'pOKO pacnpocTpaHeHHoliI MeTOA"'KLiI aBTo",oHHoliI M"'KpocKon",,,,. npO"'1111IOCTp",pyeM C 
nOMOLl.tblO T",n"'''IHOrO aBTo",oHHOro "'306pa>KeH"'S1 nOBepxHoCT'" B011beppaMoBoro OCTp"'S1 
(CM. p"'c.8) aToMHylO CTPYKTYPY eA"'HLilI.IHOro 3MLilT",pYIO~ero ""eHTpa. Ka>KAaSi s:lpKaSi 
TO"lKa Ha Lila06pa>t<eH"'Li1 cooTBeTcTByeT eALilHH"IHOMY aToMY nOBepxHocTLiI. lIIa06pIDKeH",e 
cl>aKT"'''IeCK''' npeAcTaBIlfleT c060Ji1 PSALila11bHYIO npOek4Li11O nOI.lTLiI nOI1yccPep"'''IecKoJi1 
nOBepxHocT'" OCTpLilSI Ha n110CK",Ji1 3KpaH C 11IOM"'HO¢OpOM. np", 3TOM OT06pa>KaIOTCSI 
T011bKO Te aTOMbl nOBepXHOCT'", KOTopble B Ha",6011bWelil CTeneH'" Ha HeJi1 BblcrynalOT. 
KaK B"'AHO, nOBepxHocTb COCTO"'T Lil3 60I1bWOrO Ha60pa n110C~X, Kpyrnblx rpaHeJi1 C 

MHOro"l",cneHHbIMLiI coeA"'H"'Te11bHbIMM «pe6paM"'» Me>K,O,y HLilM"'. KpMB"'3Ha nOBepxHocT'" 
B 0611aCT'" 3TMX «pe6ep» cYLLleCTBeHHo Bblwe, l.feM Ha rpaHSlx, npM"IeM Aa>Ke Ha rpaHSIx 
OHa MeHs:leTC~, CH"'>KaSlCb K ",x lleHTpy. B pe3YllbTaTe, KorAa TaKoe ocrp",e paCn011aralOT 

HanpoT"'B npOBoAs:llJ.lerO nI10CKOrO aHoAa '" Me>KAY H"'M'" coa,qalOT pa3HocTb 
nOTeHllManoB S HeCK011bKO KB (Ha oCTp",e - «M"'HyC»), nOBepXHOCTb Ha"lLilHaeT 
3MLilT"'poBaTb aBT0311eKTpoHbl BeCbMa HepaBHoMepHo: 6011bWe B 0611aCTs:lX C 6011bweJi1 
KpLilB"'3H0Ji1 nOBepxHocTLiI '" COBceM LilX H"'''ITO>KHOe K011M"IeCTBO B 0611aCTM L\eHTpoB 
rpaHeJi1. B 3TOM MO>KHO BeCbMa Harns:lAHO y6eA"'TbCs:I, eCIl'" nOKpblTb nnocK",Ji1 aHOA 

11IOM"'HOepOpOM (TaKoliI npM60p HaablBalOT aBT0311eKTpOHHbIM M"'KpocKonoM [1,45], CM. 
pLilc.9a). TeMHble 0611aCTLiI Ha npMBeAeHHOM aBT0311eKTpOHHOM Lil306pa>KeHM'" teaK paa III" 
cooraeTCTBYIOT lleHTpaM n110CK"'X rpaHelil, TorAa KaK s:lpKlII"e 0611aCn1 - ynoMMHaBWIII"MCs:I 
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PHc.8. TMnM'lHOe aBTOMOHHOMMKpOCKOnW-leCKOe ~306pa>KeHHe nOBepXHOCTM 
BepWHHbl nOIlyc<PepWoIeCKOrO OCTpHfI M3 BOIlbQJpaMa - MAeanM3MpOBaHHOrO 
e,AHHM'lHOrO ~eHTPa aBT03IleKTpOHHO" 3MMCCMM. YBeIlH'leHMe 60Ilee 'leM 106 x. 
pa3peweHMe - aTOMapHoe. 

«pe6paM» Me>KAY HHMM. nOBblwaA pa3HOCTb nOTeHLlHaIlOB Me>KAY KaTOAOM (OCTpHeM) H 
aHo,qOM (nIlOCKMM 3KpaHOM C IlIOMHHOepOPOM) Mbi nOBblwaeM, TeM caMblM, M 

HanpA>KeHHOCTb 3IleKTpM'leCKOrO nOIlA HaA BceMIIl yYaCTKaMM nosepxHoCTM; Ha 

aBT03I1eKTpOHHOM M306pa>KeHMJII pe3YIlbTaT TaKO,", OnepaL.lMM npOABMTbCA KaK 
yseIlM'leHMe ApKO" nIlO~aAH M YMeHbweHMe AHaMeTPa 'lepHblX Kpy>KKOB. 
npHHlIlIlnMaIlbHO MO>KHO npeACTaBHTb ce6e TaKYIO C~TYaLlMIO, 'ITO 3IleKTpM'leCKOe nOlle 
AaJKe B 06Il8CTM LleHTpOB nIlOCKMX rpaHelii AOCTMrIlO He06xOAHMO" HanpRJKeHHOCTM M 
nOBepXHOCTb BepWMHbI OCTpHA 3MMTMpyeT S Ka>KAOM TO'lKe. OAHaKO, Ha npaKTMKe, 
AOCTM'lb TaKOM CMTYaLlMM 6blsaeT KPaliiHe TPYAHO. 3T0 C8Sl3aHO C TeM, \.fT0 TOK 

aBT03neKTpOHHOM 3MMCCMH 3KcnOHeH~ManbHO 3aBHCMT OT HanpRJKeHHOCTH nOIlA, H eUle 
AO Toro, KaK nOlle AOCTMrHeT HaA nIlOCKHMH yYaCTKaMM nOBepXHOCTH AOCTaTO'lHO~ AIlA 
aBT03IleKTpOHHO~3MJIICCHJ/I HanpA>KeHHOCTH, TOK C «pe6ep» CTaH9T HaCTOIlbKO BblCOKJ/IM, 

'ITO OCTpHe 6YAeT paCMaB11eHO A>KOYIleBblM TenIlOM. 

CMTYSI.IMIO YAaeTCA HecKonbKo yn}'\lWMTb 3a ~eT CMllbHoro KpaTKOBpeMeHHoro 
nporpeaa OCTpHSl B OTcyrCTBMe 3IleKTpH"IeCKoro nOIlA. TaKoM KpaTl<oBpeMeHHblM nporpeB 
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PHc.9. ABT03lleKTpOHHOMHKPOCKOnH'leCJ(}1e H306paJKeHHR nOBepxHocm 

BOllb4lpaMoBbIX OCTPHii, Ka4eCTBeHHO OTpa>KalOlLIHe paCnpeAelleHHe BellH'lHHbl 
aBTOSI1eKTpOHHOrO TOKa, SMHTHpyeMoro pa3J1H4HblMH yYaCTKaMH. 101306pa>KeHHe 

(a) COOTBeTCTBY9T pa3BHToii. «pe6pHCToii» nOBepXHOCTH, H306pa>KeHHe (6) 
nOBepXHOCTM, TepMH'leCJ(}1 Cma}l(eHHoiil6e3 nOllR. 

cyI.l49CTBeHHO cmalKHBaeT nOBepXHOCTb, CHH}l(8R ee «pe6pHCTOCTb» (CM. H306pa>KeHHe 

pHc.96). nporpeB MaTepHana OCTpHR B npH~cTBHH nom'! AaeT o6paTHblii 3¢epeKT: B 

P93YJ1bTaTe TepMH'leCKM 9KTMBHpOBaHHoii AHepepY3HH nOllRpH30BaHHbJe nOBepXHOCTHbl9 
aTOMbl MHrpHpylOT B 06llaCTb 60llae CHllbHOro nOllR, T.e. K «pe6paM», AOCTP9HBaR HX H 
«o6Ha>Kafl» (yBenH'lHBaR) nnOCJ(}1e yYaCTKM. B npHHI.IHne, 3THM npo4eccoM MO}l(HO 

ynpaBJ1RTb, epOpMHpyR nOBepxHocTH Cllo}l(Hoiil KOH¢HrypaI.lHH C MHKpoBbierynaMH 

BblCOKOii ll0KaIlbHOii KpHBH3HbI [50]. 
PaCCMaTpHBaR paBHoMepHOCTb reHepHpoBaHHR aBT03neKTpoHHoro TOKe 

nOBepxHoCTblO OCTpHS! (SMHccHoHHoro l.IeHTpa KaTOAa), a TaJOKe 3MHCCHOHHbIe CBoiiCTBa 
KaTOAOB B llell0M, HeIlb3R o6oiiTM BHHMaHHeM TaKoii B8}l(HeiiwHii napaMeTp 

3lleKTPOnpOBOAJI~HX M9TepHaIlOB, KaK y>Ke ynoMHHaBwylOcR, Q:lHryPHPYIO~YJO B 
npHBeAeHHoM Bblwe ypaBHeHHH AJUI aBT03lleKTpOHHOM 3MHCCHH, pa60TY BblXOAa 

3J1eKTpOHOB II' [51,52]. KaK H3BeCTHO, OHa onpeAellReTCS! MHHHMaIlbHOM 3HeprHeM, 

He06xQAHMoM AmI nepeMeu.teHHA 3I1eKTpOHa C nOBepxHocTM c1>epMH B TBePAOM TeIle 

npH TeMnepaTYpe, paBHoM a6colllOTHoMy HYlllO, B T04KY npoCTpaHCTB8, rAe nOlle 
npaKTH'leCKH paBHO HynlO. BellH'lHHa pa60Tbl BblXOAa pa3J1H'lHa He TOllbKO A1lR pa3HbiX 
MaTepHaIlOB, HO H HMeeT BeCbMa Wl'lpOKMe BapHal.lHH AIlS! OAHoro H TOro }l(e MaTepHaIla 
B 3aBHcHMocm OT nnOTHOCTH ynaKOBKI'I KpI'lCTallnorpa4>\II'lecI01X rpaHeM. TaKl'lM 
06pa30M, AB)1(8 TepMH'leCK\II CrIla>KeHHaR nOBepXHOCTb OCTPI'IR-3M\IITTepa 
xapaKTepl'l3yercR 3aMeTHblMH aapHal.l\llRMI'I aBT03neKTpoHHoro TOKa, CBR3aHHbIMH, 
nOM\IIMO npO'lero, C pa3l11'1'lHOM ynaKoBKoM pa3HblX rpaHeii. KpOMe Toro, pa60Ta BblXOAa 
cyl.LI9CTBeHHO 3aBHC\IIT OT cocraBa nOBepXHOCTHoro elloR, ero 'lI'lCTOTbl. HanH'lHe 

9Acop6HpOBaHHbIX 'laCTH4 Ha nOBepXHOCTH 3MI'ITTepa TaJOK9 06yClloB11I'IaaeT Bap\llal.lHI'I 
Benl'l'lHHbI pa60Tbi BblxOAa. 
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BCDKHolit npaKT~"IeCKolit 3a,qa"lelit np~ C03,QaHM~ KaTOAOB III06bIX TMnOB SlBJ1AeTCR 
CH~>KeH~e pa60TbI BblXOAa 3MMTMPYIOJ.J..tMX MaTepManOB. OHO AaeT B03MO)I(HOCTb 
cyllteCTBeHHO nOBblCMTb 06r.q~1it TOK 3neKTPOHOB np~ He~3MeHHOM HanpsnlceH~~, I1M60 

AOCT~"Ib He06xOAMMOM M0lltHOCTM np~ MeHbUJeM pa60"leM HanpSI>KeHM~. B np~HUMne. 
nOH~3MTb pa60ry BblXOAS MO)I(HO npocrolit 38MeHOIit OAHorO MaTeplllana KaTOAil Ha 

APyrolit. OAHaKO, B 60nbW~HCTBe npaKm"leCKMX CIlY'"4aeB Ha Bbl60p MaTep~ana KSTO,Qa 
BJlMReT He CTOIIbKO Ben~"IMHa ero pa60Tbl BblXQ,Qa, CKonbKO MeXaHM"IeCKMe CBolitCTBa ~ 

TeXHOIIOI14'lHOCTb. npeKpaCHblM~ 3M~CC~OHHbJM~ cBoIitCTBaM~, Hanp~Mep, 06na,qa1OT 

TaKMe MaTep~anbl, KaK Li (~ =2,39 38), K (~ =2,35 38), Ca (~ =2,8 98), Rb (q; = 
2,1638). Sf (q; = 2,35 38), Cs (q; = 1,81 98) III PRA APyr~x. B TOlKe BpeMR 3~ 
MSTepM8Ilbi HaCTonbKO HeTeXHOIlOrM"IHbI, \fTO ~3rOTOBneH~e ~3 H~X aBT03M~CC~OHHblX 

KaTO.Q,OB npoCTO HeB03MO>KHO. C APyroM CTOpOHbl, ryronnaBKMe BonbeppaM (~ =4,5498) 

~I1~ yrIlepoA (q; = 4,7 38) - MaTepM8Ilbl, BO Bcex APY01X OTHoweHMAX BeCbMa 

nOAXOARllt~e AIlR ~3rOT0BJ1eHMR KSTOAOB. Y\f~TbIBaSI 3aMeTHylO 3aB~C~MOCTb BeII~\f~Hbl 

pa60Tbi BblXQAa oAHoro M TOro >Ire MaTep~ana OT nnOTHOCT~ ynSKOBKIII 

KpIllCTannorpaepVl"leCK~X rpaHelit (AnSI. w: Hanp~Mep, ~100) =4,9 38, ~110) =5,7 98, 
q;(111) = 4,6 98, ~013) = 4,3 98, TorAa KaK npMBoAMMoe "IaCTO 3Ha\feHMe f/J =4,54 38 
ABIlJleTCJI YCPe,L\HeHHblM AIlA 60J1bW~HCTBa rpaHeH, a TO'-IHee - 3Ha"leH~eM AIls:! 

nOmtKpMCT8IlnMyeCKOrO MaTep~ana [52]), AIls:! TOro >K8 BonbeppaMa «CH~3~Tb» pa60ry 
BblxoAa MO)I(HO 3a C"IeT McnOIlb30BaHIIIR OCTP~1it M3 MOHoKpIllCTaIlnOB, op~eH~poBaHHbIX 

no OCM, COOTBeTCTBYlOlJ.4eH M~H~MaJlbHOMY 3Ha\.leH~1O rp(hkJ). 
AOCTaTO\fHO O\feBMAHblM M pscnpocrpaHeHHblM cnOC060M CH~>KeHMR pa60TbI BblxoAa 

s:!BIIReTCSI HaHeceHMe Ha nOBepXHOCTb KaTOAOB ~3 ryronnaBKMX MaTep~aJlOB TOHKII\X 
nneHOK MaTep~aJlOS C HM3KOH pa60Tolit BblXQAa (HanpIllMep, Cs Ha nOBepXHOCTb 1A1. 
OAHaKO. T8K~e nneHKM YCTOW-lIIIBbl TOIlbKO B ycnOBIIIAX ynbrpaBblCOKoro BaKYYMa (He 
Xy>Ke 10-10 Topp). B ycnOBMflX TeXH~"IeCKOrO BaKYYMa ~HTeHC~BHaSI 60M6apAlllpOBKa 

nosepxHOCTM MOHaM~ OCTaTO\fHblX ra30S AOCTaTOllHo 6b1CTpO npMseAeT K AerpaA8Lt~~ ~. 

3aTeM. nonHoMy pacn~neH~JO nneHKM [44]. JlY'"4W~M cnoco6 - Mcnonb30BaH~e cnJlaBOB 
Ha OCHOse npO"fHOrO ryronnaBKoro MaTepMana C A06aBK3MM nenconnaBKoro KOMnOHeHTa 
C HM3KOM pa6oTOH BblXOAa~ OAHaKO, C03AaTb TaKMe cnnaBbi 06b1"1HblM cnoc060M 

YAaeTCR B KpalitHe peAKMX CIlY\f8flX. CBfl3aHO 3TO C TaM, \fTO 60nbWMHCTBO nOAXOAJIIJ.4IIIX 
C 3TIIIX n03MUMiit KOMnOHeHT He paCTBopRIOTCR B ryronnaBKOM Marp~l..le HM B >lG\t\KOM, H~ B 
TsePAoM COCTORH~III. CooTBeTCTBeHHO, B nonY'"4aeMOM 06bl\fHblM 06pa30M cnnaae 
nerKOnnaBKaA KOMnOHeHTa npMcyTCTByeT B BMAe nOK8Il~30BaHHbIX M~KPOBKIllQ\4eHMH. 

ABTOpbl [53,54] npeAJlo>KMnlll IIIcnOIlb30BaTb TaKMe MaTepMaIlbi B Kal.JecTBe 
aBT03M~CCMOHHblX KaTOAOB B pe)K~Me neplllOA~llecKoro nOAorpesa, CTMMynlllpYlOlJ.4ero 
TepMIII\fecKyIO AlllepepY3MJO nerKOnIlaBKOrO KOMnOHeHTa 1113 06beMa K nOBepXHOCTM M 
C03AaH~e (BOCC03A8H~e no Mepe H8,Q06HOCTM 3a C"IeT 06paTHolit CBR3~ 3MMTMpyeMbiM 

TOK - TeMneparypa KaTOAa) Ha ero nOBepXHOCTM nIleHK~ BelJ.4eCTBa C H~3KOIit f/J• .llpyrolit 
cnoco6 C03AaH~R paCCMaTp~BaeMblX cnnaBOB - IIIMnIlaHTaLtMR nerKonnaBKoro 

KOMnOHeHTa B ryronnaBKYIO MaTpHL4Y B BMAe yCKOpeHHblX VlOHOB [55]. 
B8)KHbIM 3KcnllyaTaL4~OHHblM napaMeTpOM aBT03M~CC~OHHbIX KaTo,qOB f1BJ1$1eTCJI 

CTa6M11bHocTb 3M~T~pyeMoro MM~ TOKS. nOM~MO eCT8CTBeHHO~ AIlR I1106oro B"\Qa 

3M~CCM~ \faCTML4 «APo6oBOM» KOMnOHeHTbI wyMa [56], aBT031letupoHHbilit TOK IIIMeeT eUle 
~ OTHOCMTallbHO HIII3KO\faCTOTHYJO KOMnoHeHry wyMa. ~3MeHeH~e CneKTPaJlbHolit 

nnOTHOCT~ MOUlHOCT~ KOTOpoR W(fJ 6n~3KO K 38B~C~MOCT~ 1Jf, r.Qe '3aKlllO\feHa B 

npeAenax 0,8 + 1,2. 3TO TaK Ha3b1BaeMb1M epnlllKKep-WYM aBT03neKTpOHHOM 3M~CC~~. 
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HSl,flr1HasI C OTKPbIT~S1 B 1925 rOAY, OH 6bl1l aSTeM o6Hspy>KeH B nOllynpoBoAHMKOBblX 

npH6opax, Ir1CTO'"lHHKaX CBeTa, 6H01l011ll",eclG1x c~cTeMax (MeM6pSH8X HepBHblX KIleTOK) H 

APyrHx 06"beKT8X (CM., H8np\l'lMep, [57]). 
KaK H3BecTHo, np~ ~3Y\.feHH~ q:)JlYKTy84~~ TOKa OCHOBHbIM~ aH81lM3HpyeMb1M~ 

aeJ1W·fHH8MH RBIlRIOTCSI tPYHKl..\HSI KoppenR4HH (8BToKoppemu.\HSI) r{r) H tPYHK4HSI 
cneKTPaJ1bHOM nnOTHOCTH M0lJ.tHOCWI wyMa W(f): 

r{r) =(l(t) let + r»), W(f) =(dP)/ df. 

YKa38HHbie BenH'"IHHbl 06beAMHSleT cP0pMYlla BHHep8-K~H"'HH8: 

W(f) = -tr j/·(r")exp(-2nf/T)dt'. 

KpOMe Toro, COOTHOWeHMe Me>KAY cpeAH~M KBClAP8TOM cPnYKTY84H~ CHIlbl TOKa (M)2, 
q,nYKTY8LCHeM KOppeJ1S1lCHH H q,J1YKTYaL(He~ CneKTPanbHOM nnOTHOCTH MOU.\HOCTM wYMa 
AaeTCR Bbrpa>tceHHeM: 

.., 

(11/2) =r (0) =JW(f)df. 
o 

B COOTBeTCTBH\I'I C np\l'lHRTblMH B H8CTOSlU.\ee BpeMR npeACT8BI1eHHRMH, HaH6oI1ee 

CY14eCTBeHHOM npHYHHO~ cPnHKKep-wYM8 8BT03I1eKTpOHHO~3MHCC\I'IM SlBIlSleTCSl H8J1HYlr1e 
H8 nOBepXHOCTH 8BT03MHTTepa a.QCOp6HpOBaHHbIX '"I8CTH4 H MX HeperynSlpHoe 

ABM>KeHHe no nOBepxHoCTH [57 ]. 
nOCKOIlbKY CTOX8CTH4eCKHe np04eccb', B KOTOpblX yYacTBYIOT ClACop61r1poBaHHble 

Y8CTHLCbl, onpeAenSlIOTcSI cMcTeMo~ nOAJlo>KKa - ~COp68T, CTeneHblO nOl(pbIT~S1 8 H 

TeMnep8TYPO~ To. 6blnH pa3B~Tbl cne4HanbHb,e MOAen~, onHCb1B81OU.\He ynpoi,UeHHble 

CJ1)'\f8H nOBepxHocTHOM A~epcPY3HH H cMeu..ceHMa1 a,qcOp6~poBaHHblx l.faCTHL(. T8K, B 

1.f8CTHOCTH, B HeKoTopblX pa6oT8x BblCK83aHbi npe,qnoIlO}f(eHHR (H BblBeAeHbl OLCeHOYHb,e 

ypaBHeHMR), "ITO npH'"IMHO~ Wo/M8 aBT031leKTpOHHOM 3MMCCMH S1BIlSleTCSl C03AaHMe H 

p83pyweHHe He60nbWHX aTOMHblX KIlaCTepOB. &.1 XOTSl AHepq,Y3HR TaKHX K11aCTepOB 

6blI18 Kal.feCTBeHHO nOATBep>K,D.eHa Ha6I1IOAeHMSlMIr1 B aSTOMOHHOM MHKpocKone [35], 
T8KaSl MOAeIlb Tpe6yeT ,Q8J1bHeKWero pa3BHTHR. ABTOP [58] BbICKa3aI1 npeAn0I10>KeHlr1e. 

I.fTO npH\fHHa q,IlHKKep-wYMa B tPI1YKTYa4HH KOHLCeHTpa4HH nOKpblTHR 
(8,QCOp6HpoBaHHb'x \faCTHLt) B J10KaI1H30B8HHbIX Y"IacTKax nOBepxHoCTH 3MHTTepoB (TaK 
Ha3b1BaeMaSl MOAellb «3anIlaT»). BIDKHoe CI1eACTBHe 3To'1 pa60Tbi 

r 12nponop4HOHaI1bHOCTb W(f) - . OAHaKo. HH 3Ta MOAeI1b. HH paHHRSI 8,QCOp6L(HOHHO

Aecop64MoHHaR MOAeI1b. He OKa3aI1MCb npHJ10)l(HMbIMH (He CMOrIlH 06bRCHIr1Tb 
3KcnepHMeHTanbHble pe3YIlbTaTbl) AflSl aH8I1M3a epnHKKep-WYMa aBT03I1eKTPOHHOH 

3MHCCMH MeT8J1J10nlleHOI.fHOM CHCTeMbl MeTa.nn - MeTann (a He MeTanI1 - ra3). B [58] 
AeTanbHO psccMoTpeHbl Q:>I1YKTYa4HH nnOTHOCTH a,qcop6aTa B 1l0K8I1H30BaHHbIX 

He60nbwHx 06I1aCTRX nOBepxHocTH, a B [59] H3Y\.feHa HX (q,IlYKTYaLIH~) TeMnepaTYpHaSi 

38BMCMMOCTb Ir1 BI1HSlHHe B3aIr1MOAeMCTBHR aAcop6HpoBaHHbix l.faCTHLC C nOAnO>KKOH H 

Me~y co60M. OAHaKo. K CO>KaneHHIO, B 3THX pa60Tax He 6blI1a onpeAeI1eHa epYHKLCHSI 
CneKTPanbHOH nnOTHOCTH M0lJ.tHOCTH epI1HKKep-WYMa W(f), '"ITO He n03B0I1HeT 

npoaHanH3HpOBaTb 06u..cHOCTb nOI1)"o'eHHbIX pe3YI1bTaTOB H HX npHI10>KHMOCTb K 

pa3J1H\fHbIM pearlbHblM CHCTeMaM. 
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HaM60nee cOSepWeHHOH Ha ceroAH~wHMH AeHb ~Bn~eT~, nO-BMAMMOMY, MOAeI1b 

nOBepXHOCTHOH AL'!Q>Q>Y3ML'! aACOp6aTa, pa3SMTa~ S [57]. B ee OCHose I1e>KlilT 
npeAn0I10>KeHllle, "fTO aAcop6MpoBaHHbie ~aCTlIIlIbl Ha noaepXHOCTM aBT03MKTTepa 
(OCTpMSI) MOryT Haxo.qMTbC~ s ASyx n0I10>KeHM~X (1 u 2) C 3HeprMs:lMM CSs:l3M - Q1 L4 - Q2, 

npM~eM (.t1Q - Qm) < - Qt, rAe Qm - 3,:,epfl1J.l MMrpaU1II1II ~aCTIIIU. nOBepxHoC::THaSI 
nnOTHOCTb 3TMX MeCT - COOTBeTCTSeHHO Nt III N2, ~McnO 3aH~TblX MeCT - n1 III n2, T.e. 

CTeneHb nOKPbITM~ 0 = (n/ + n2) / (N1' + N2). KpoMe TOro, BBOAIIITC~ HeKa~ 3Q>Q>eKTIIIBHa~ 
pa60Ta BblXOAa f/J:KtJ, 3aSIIICSIllIaSi OT nOnO>KeHIIIR aAcop6MposaHHoH ~aCTlIIlIbl. 

PaccMaTPMBa~ nepexoAbl aACOp6111poBaHHbix ~aCTIII4 1 ~ 2 M 2 ~ 1 III 

cooTBeTCTBYIOllIllle 1113MeHeHIIISI BeI1M~IIIH ~, aSTop [57] SblSeI1 ypasHeHllle AIlSi W(fJ III 

cpe,qHero 3Ha~eHIII~ KBaApaTa aMMIIITYAbl cpI1YKTYaUIIIH (M)2 AIlSi CIlY"lasl 
nosepxHoCTHoH AIIIQ>CPY3111111 aj\COp6l11poBaHHblx 4aCTIII4 B ycnOBMRX Aecop6UIIIOHHO
aACOp6UL40HHOrO paBHoBecM~. 

3KcnepMMeHTaIlbHOe MCCI1eA0BaHllle Q>I1I11KKep-wyMa BBT03I1eKTpOHHOH 3MIIICCIIIIII 

4I11CTbIX. MeTanIlOB, nOI1ynpoBoAHIIIKOB III nlleHO~HbiX CMCTeM MeTaI111 - ra3, MeTaflI1 

MeTann, nOI1ynposoAHMK - ra3 6blI10 npeAMeToM 3Ha4MTe,nbHoro ~MCI1a pa60T (CM., 

HanpL'!Mep, y>Ke o6cy>KAaBWMeCR [57,59]). 3Aecb >Ke el.L\e pa3 nOA"IepKHeM, "ITO 
IIIMelO~aR MeCTO nplll pa60Te aBT03MMCCIIIOHHoro KaTOAa B ycnOBIIISIX TeXHM~eCKoro 

BaKYYMa nplII HanpR>KeHIIIIII V S HeCKOI1bKO KB IIIHTeHCIIIBHaSi MOHHa~ 60M6apAlllpOBKa 

nOBepXHOCTIII TaJOKe BeCbMa cy~eCTBeHHblM 06pa30M BI1I11~eT Ha CTa6MI1bHOCTb 
aBT03JleKTPOHHorO TOKa. 3TO 8Jl1II~Hllle onocpeAOBaHHO o6yc.nosneHO III YCMI1eHL4eM 

aACOp6UIIIOHHO-Aecop6UIIIOHHbIX npoueCCOB, M aKTIIIBaUllleH nOBepXHOCTHO~ ML4rpaUMM 
C06cTBeHHbIX nosepXHOCTHbiX aTOMOB MaTepMana KaTOAa, III 1113MeHeHllleM 
nosepXHOCTHoro peI1becpa 3a c~eT pacnblneHIII~. nplII~eM, B nocneAHeM CIlY"lae CTeneHb 
o6cy)l(,QaeMoro Sm<ISlHIIISI onpeAenSieTCR xapaKTepOM paCnblJ1eHIII~ - no-aTOMHbIM MIlIII 

KnaCTepHblM [46,60-62]. RCHo, "ITO nplll peanlll3aUIIIIII tcnacrepHoro pacnbUleHIIISI 

1113MeHeHIIISl noaepXHOCTHoro peJlbe¢a Halll6oI1ee CYl..lteCTBeHHbI; COOTBeTCTseHHO III 
aMnI1I11TYAbi Kone6aHIIIs:I aBT03I1eKTpOHHoro TOKaMOryT AOCTIII4b 60nbl.uIllX Senlll"lIllH, flcHO 

TalOKe, "fTO yseI1I11"1eHllle ~IIICIla pa60TalOI..ltlllX o.qHOBpeMeHHO SBT03ML4CCIIIOHHbiX KaTOAOB 
ycpeAH~eT (crna>KIIIBaeT) Q>JlYKTYa4111III, o6ycnosneHHble, s "IaCTHOCTIII, KIlacTepHblM 
paCnblJleHllleM. 

TaKIIIM o6pa30M, MO>KHO 3aKIl104MTb, "ITO pa60~Me (3KCnI1yaTaUIIIOHHble) napaMeTpbl 
aBT03MIIICCIIIOHHbiX KaTOAOB onpeAeJlSlIOTCR paCCMOTpeHHblMIII Bblwe R8JleHIII~MIII III 
npoueccaMIII S KOMnneKce. COOTBeTCTSeHHO, B KOMnI1eKce OHIII AOI1>KHbl 
paCCMaTplIIBaTbCSl npM aHSIllll3e III onTIIIMIII3aUMIII pa60Tbi aBT03MIIICCIIIOHHblX KaTOAOB, nplll 

oueHKe BpeMeHIII >K1113HIII KaTOAOB (A011fOBe~HOCTIII) III IIIX Ha.Qe>KHOCTIII. OTMeTMM, ~TO 
Boo6~e rOBopH, BpeMSI >K1113HIII aBT03MIIICCIIIOHHblX KaTO,l\OB nplIIHlIlllnlllanbHO HIII~eM He 

orpaHM~eHO. 

8 3aKl1104eHllle 3Toro pa3AeI1a paCCMoTplIIM KpaTKo el..lte OAIIIH BeCbMa Ba>KHbliit 
Bonpoc, CBJ13aHHbIH C pe>KL'!MaMIII peaIlbHOH 3KcnnyaTa4"111 aBT03MIIICCIIIOHHbiX KaTOAOS. 

3TO - Bonpoc 0 CnelllllaIlbHOH npeABaplllTeI1bHOH TpeHlllpoBKe CBe>KenplllrOTOBI1eHHOrO 

KaTOAa ( B HeKoTopblX OTe~eCTBeHHbIX pa60Tax ee HB3blBalOT «¢>oPMOBKOH» [63]). 
npeABaplIITenbHo OTMeTIIIM, ~TO B 06uteM CJlY"lae B pa60Te SBT03MIIICClllOHHoro KaTOAa 
MO)KHO BblAe.nIllTb Tplll CTSAIIIIII, Ka>KAaSl1ll3 KOTOpblX xapaKTeplll3yeTcH CBSl3aHHbiM IIIMeHHO 

C HeH III ee 4eI1S1MIII o6yCJ10SneHHblM peJKHMOM. 3TO - y>Ke ynoM~HyTaSI CTaAlIISI 
npeABapKTenbHOH TpeHlllpoBKlII, CTa,l\IIISI 3KcnnyaTs~HIII III CTaAlIIR BOCCTsHoBMTenbHoH 

o6pa6oTKIII. npH~eM, eenlll nepBaSi CTaAI.1S1 oCYl1.\eCTBI1f1eTCSI I1HWb O,qIllH pS3, nplll 
nepBoM BKnlO4eHMIII npMroToBIleHHoro KaTOAa, TO STopaR H TpeTbR CTSAHH MOryT 
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nOBTopHTbCSI MHOrOKpaTHO, l.IepeAyRcb B 3SAaBaeMoM nOpR,QKe B 3aBIIICMMOCTM OT 

MaMeHeHl>1S1 3KcnnyaTa4l>10HHblX napaMeTpOB KaTOAa. 
npeABapMTeIlbHa~ TpeHlllpOBKa CBemenplllrOTOBneHHOrO aST03MIIICCIIIOHHOrO KaTOAa 

nO,D,paayMesaeT nOCTeneHHbl~, CTYneHl.IaTbl~ nOAbeM BblCOKOrO HanpSUKeHIIIH Ha KaTOAe 
C BblAep>KKaMIII Ha Ka>K,QOM ware nOAbeMa B Tel.leHllle BpeMeHIII, aaBe,D,OMO p,OCTaTOl.lHOrO 

AIlJl YCTaHosneHMJI nOCTOSlHHoro 3Hal.leHMH TOKa. npM 3TOM MO~T GblTb Bbl6paH 

nOCTORHHblM nM60 war nOAbeMa Hanps:l>KeHIIIH LtV, nlll60 - l.ITO, nO-BMAMMOMy, Gonee 
onpaBAaHO, war LtfA33 B03paCTaHHSI aBT03MIIICCIIIOHHoro TOKa. Kal.leCTBeHHble 

3aBIIICIIIMOCTIII H3MeHeHMJI TOKa M HanpR>KeHHH AIlR 060lllx BapMaHTOB TpeHMpOBKIII 

nOKa3aHbi Ha rpa¢MKaX pMc.10 H pMc.11. L4ellblO npe,D,BapHTenbHO~ TpeHMpOBKIII 
RBIlReTCR epOpMl>1pOBaHMe IIICXOAHO~ pa60l.le~ nOBepXHOCTIII, AMHaMMl.IeCKl>1 YCTO~l.IMBO~ B 
npoLtecce ,D,anbHe~weH3KcnnyaTa4Ml>1. npl>1'"1eM yKaaaHHoe ¢OpMlllpOBaHllle nOBepXHOCTIII 

ocyuteCTBns:leTCs:l KaK 3a Cl.IeT 1II0HHOH GOM6apAlllpOBKII!, TaK III 3a Cl.IeT nOCTeneHHoro 
l.IaCTIIIl.IHOrO CrIla>tQIIBaR Halll60nee OCTpblX BblCTYnOB Ha nOBepXHOCTl>1 KaTop,a 

,Q>KoyneBblM TennOM. npaKTIllKa MHOrOl.lIllCJleHHbIX npeAweCTBYIO~IIIX paGoT pa3Il1ll4HblX 

aBTOpOB nOKa3ana HeoGxoAIIIMOCTb III Ba>KHOCTb 3TOH nepBo£1 CTCl,qMM. OAHaKo, Bee 

1113BeCTHbie HaM ny6rwlKa~1II111 AeMOHcTplllpylOT cyuteCTBeHHO 3MnlllpMYeCKM~ noAX0p,. K 
Bbl60py pe)fQIIMOB TpeHlllpOBKIII . .QpyrlllMIII cnoBaMlII, ,D,O CIIIX nop He sblpa60TaHO 

Konlll4eCTBeHHbiX KplllTepllleB BblGopa pe>KHMOB TpeHlllpOBKIII. KayeCTBeHHO >Ke OHM 

Bblpa>KalOTCSI seCbMa npOCTO III BnonHe I10n1l.1HO: l.IeM MeAneHHee KaTOA BKJllOyaeTCS1 B 

paGoTY, TeM I1Yl.lwe. 
PaCCMOTPIIIM CHal.laJ'la pemlllM TpeHlllpOBKIII, Kal.feCTSeHHO IIInl1lOcTplllpyeMbl~ pIIIC. 10. 

TpeHHpoBKa Hal.fMHaeTCR C nOCTeneHHoro nO,D,beMa Hanps:l>KeH"R Ha KaTO,D,e (CKOpOCTb 

nOAbeMa HanpJI>KeHl>1H (dVldt) = (dVldty - nepBblH napaMeTp, KOTOPb'~ ,D,OI1>KeH 6blTb 

onpep,el1eH KOl1l11yeCTBeHHO nplII TpeHlJIpOBKe Ka>KAOrO KOHKpeTHOrO nma KaToAoB) .0.0 
Bell lJIl.f1llHbl Vo, COOTseTcTBylOuteH nOHBneHlll1O He60l1bWoro. HO l.IeTKO perHCTP"pyeMoro 
TOKa aBT0311eKTpOHHOVI 3MIIICCIIIIII (IA3:))O. Bel1l11"1"Ha 3Toro TOKa - BTOPO~ napaMeTP, 

KOTOPbl~ AOI1>KeH GblTb OnpeAel1eH KQT'III"1eCTBeHHO TalOKe AIls:l Ka>KA0ro KOHKPeTHOrO 
T..na KaTOAa (,o,al1ee Mbl 3TO nOBTopSlTb He 6yp,eM). KaK npaBl>1110, aBT03MIIICCl>10HHbIH TOK 

BHa"laIle GblCTpO CnaAaeT. nocne 4ero CTaHOBIIITCs:l OTHOCVlTellbHO CTa6..IlbHbIM. Bo 

MHorHX CIlYl.fas:lX, op,HaKO, cnSA TOKa npOAOIl>KaeTCH BeCbMa p,omo. n03TOMY, OKOH"IaH..e 
nepBoro wara TPeH"pOBKIr1 (BpeMSl t1, KaK, Bnp04eM... Beex nocnep,ylOl..4HX waroa) TaK>Ke 

AOI1>KHO 6blTb onpe,D,eneHO KOIlIIIl.leCTSeHHO, HanplIIMep. ,D,oCTIII>KeHllleM HeKOTOpo~ 

KOHKPeTHOVI CKOpOCTIII cna,D,a TOKa (dfA33ldt) S (dfA33 Idtr nocl1e 3TOro HanpR>KeH..e Ha 

KaTOp,e ( B npOMemyTKe KaTOA - aHOA) nO,D,HIIIMaeTCH Ha Ben..l.fIllHY LtV = (LtVr =const M 
T.A., BnnoTb,D,O BenH"IMHbl V5 (B 06uteM CllY"'ae \1;, nOCKonbKY paCCMaTplIIBaeMbl~ plllc.10 
RBIIs:leTCSI ynpOuteHHO~ CXeMaTMl.IeCKOH 1III1I1IOCTpaLtllle~). npM 3TOM HanpJl>KeHMe 

nOAH..MaeTCSI C Bbl6paHHbiM warOM (LtV)"' AO Tex nop, nOKa MaKCHMaIlbHO He 

npIll6I1H3..TbCH K BeIl..l.fMHe Vpa6 (1 + pl. BblGOp pa60"lero HanpH>KeHIIIs:l Vpa6 
onpe,D,eI1HeTCs:l 3SAaHHbIM.. 3KcI111yaTa4111oHHblMIII napaMeTpaMIII KaTop,a .... 

..cnOIlb3YlOuterO ero IIICTOl.lHIIIKa CBeTa (1111114 KaKOrO-I1H60 APyroro npIll60pa). 
nOCJle AOCTlJI>KeHIIIR MaKCIIIManbHoro Hanps:lmeHIIIR Ha"lIllHaeTCR CH~f)f(eHllle V C TeM >Ke 

warOM; nOC/leAH..A war COOTBeTCTByeT yCTaHoBneH1ll1O V = Vpa6 III BblAep>KKe KaTO,D,a B 

Tel.feHllle BpeMeHIII (.1t)K 
TaKIIIM 06paaOM, Kat< MIIIHIIIMYM weCTb KOnH"IeCTBeHHblX napaMeTPOB 

npe,D,Bap"TenbHOH TPeHMpOBKIiI «dVldtr, (IA33)O, (dIAS31'dtt, (.1V)*, p 1II (.1tK»AOIl>KHbl GblTb 
o60cHoBaHHo BblGpaHbI BO B3a....MOCBR3.. C COCTaBOM, CTpYKTYpoA III cBoAcTBaM.... 
MaTeplllana KaTo,qa, COCTaBOM III nap4..anbHbIM.. ,qaBJleHIIIRMIII OCTaTO"lHblX (n..60 
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P~c.1 o. CxeMaTW"leCKHe ,QHarpaMMbl M3MeHeHHR HanpR>KeHHR (a) H 
aBT03MMCCHOHHoro TOKa (6) B npo4ecce npeABapHTenbHoiil TpeHlllpoBK~ KaTOAOB. 
Pe>KMM TPeHHpoBKH cooTBeTcTByeT ycnoBHIO (AV)i ::: const. 
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o 

P"'c.11. CXeMaT"'~eCK"'e A"'arpaMMbl H3MeHeH\IIs:I Hanps:l>KeHM.R (a) H 

aBT03MHCCHOHHoro TOKa (6) B npouecce npe.qBapHTeJlbHOH TpeHHpoBKH KaTOAOB. 
Pe)fG1M TpeHHpOBK'" COOTBeTCTByeT YC110BHIO (~1A33}i = const. 
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Cnel,lHanbHO nO.Qo6paHHblX) ra30B, xapaKTepOM H napaMeTpaMH pacnbrneHHst. TonbKO 

nepexo.Q OT YM03pHTeIlbHblX Ka~eCTBeHHblX C006pa>KeHHH K Ha.Qe>KHO 06OCHOBaHHbiM 

KOIl~YeCTBeHHbiM KpHTepHRM npH Bbl60pe napaMeTpOB npeABapHTeIlbHOH TpeHHpOBIG1 
KaTOAOB n03Bon~T OnTHMH3HpOBaTb pe>KHMbl TPeHHpOBK~, Ha,qe>KHO aBTOMaTH3~pOBaTb 

3TOT npOl,lecc H nOlly.tHTb Ha~ny.twHe pe3ynbTaTbJ. PaCCMOTp~M Tenepb BTOpOM pe>KlltM 

npe.QBapiftTeIlbHOH TpeHiftpOBIG1, Kor.Qa Q>HKCiftpyeTcR He war nO.QbeMa HanpJUKeH~st (LlV)f, 
a Bellift~HHa nO.QbeMa aBTOSMHCCHOHHoro TOKa (J1IA33); =(Ll.IA33t =const npH no,qbeMe 

HanpR>KeHHR (p~c. 11) C 3SAaHHoH CKOpOCTblO (dV/dt) = (dV/dt)'". TaK >Ke KaK H B 

npeAbI.QYU4eM paccMoTpeHHoM c.nyYae, 3TOT napaMeTp, HapRAY C HecKonbKHMH .QpyrL1MH, 
AOIDKeH 6blTb 3a.QaH KOIlM~eCTBeHHO. Ha\.lSJ10M rpeHHpoBKM stBllReTCs:I nnaBHblH nO,qbeM 

HanpR>KeH~R V .Qo BellH~MHbl V1, cooTBeTCTBYIOU4eM npoTeKaHMJO B npoMeJKYTKe KaTOA 

aHo.Q 38AaHHoro aBTOSM~CC~OHHoro TOKa (LJIA33r AnHTellbHOCTb nepBoro wars 

TpeH~poBKH (Ll.th, TaK >Ke KaK H AIlMTenbHoCTb nOCI1eAytO~Hx warOB npH nOAbeMe 

HanpR>lCeHHR, onpeAenReTcR AOCT~>KeH~eM 3a,qaHHoH CKOpOCTlJI cna,qa TOKa (dIA3s1dt) = 
(dIA3~dtr ~ 1'3lOKe, KaK H B npeAblAYU4eM cI1~ae (pe)fU1Me), nO.QbeM BblCOKOro 

HanpR>KeHlJIR ocyll.teCTBllSieTcR AO BellH4~Hbi Vmax S Vpa6 . (1 + p), a nepexo,q OT 

Ka\.leCTBeHHoro, YM03plJlTellbHoro nOA60pa napaMeTpoB pe>K~Ma npeABap~TellbHOM 

TpeHMpOBIG1 K onnlMallbHoMY KOllH\.leCTBeHHoMY, Tpe6yeT 060cHoBaHHoro Bbl60pa 

OCHOBHblX HCXOAHblX napaMeTpoB: (dV/dtt, (Ll/A33r, - (dIA3sldtt, p, (L1t)K' 

3. KATOAHO.MOAVnHTOPHbIE Y3nbl. 
3.1. Mooynllmopbl, ux Donb. npe~e 4eM COBeeM KpaTKO paCCMOTpeTb BonpoCbI SToro 

H nocneAYIOU4MX Tpex pa3AenOB (pa3,t\enbl 4, 5 H 6) HanOMHHM, 4T0 l,lellb 3TOM 

ny611HKal,lHH - 0630p COCTORHHR pa60T B 06naCTM C03,qaHlJIR KaTOAOlllOMMHeCLleHTHbiX 

HCTO~HMKOB CBeTa, lJICn0l1b3YIOll.tHX aBT03MMCCHOHHbie KaTOAbl. no,q4epKHeM - ~MeHHO 

COCTOSlHHR pa60T, a He caMMX pa60T, nOCKOllbKY. eClllll 6bl Mbl 3a,qanMCb 4ellbJO 

paCCMorpeTb KOHKpeTHbie KOHcrpy~lIIl11 1II oco6eHHOCT~ KaTOAHo-MoAynRTopHblX Y3110B 

aBT03MHCCHOHHblX ~CTO\.lHMKOS 3neKTpOHOB. HaM cne,qOBSllO 6bl nlllcaTb KHHry. To >ICe 

caMoe OTHOCMTCR ~ K 0611sC'r~ MCCJleAOBaHMR M McnOIlb30BaHHR I1IOM~HOcPOPOB (pa3,qeI1 
5), H K KoHcTPYK4MRM npe06pa30BaTeneM HanpR>KeH~R (pa3.QeIl 6). BKIl104eHbi >Ke 3TM 
pa3AeIlbi B HacToR~YJO ny6Il~Ka4~1O AIlR TOro, \.lT06bl 0603Ha~MTb see Ba>KHeHWHe 
COC1'3BIlRIOU4Me paCCMaTp~BaeMblx ~CTO\.lH~KOB M Bee np06I1eMbl, KOTopble Tpe6yeTcR 

pewaTb npM MX C03AaHMM. 

rOBOpR 0 MOAyl1RTOpe OTMeTMM, 410 ero HSJ1~~Me (T.e. pean~3a4~R TpHOAHOH 

KOHCTpyK4MM KaTO.QOIlIOMlliHeCl,leHTHOro HCTO"IHHKa CBeTa) He RBl1ReTCR 06R3aTeIlbHbIM 

yc.nOBMeM AOCTM)I(eHHR y.QOBlleTBopHTenbHbiX pe3YIlbTaTOB. KaK 6YAeT nOKa3aHO HH>Ke, 

BnOllHe npHeMlleMble pe3YflbTaTbi 6blll~ nOflY4eHbI B [14] H B AHOAHOH KOHCTPYKl,lMM 

MCTO'4HMKa CBeTa. TeM He MeHee, HanM~lJIe MO.QYIlRTopa s 6011bWMHCTBe C11y~aeB 

SfBflReTCSf npeAnO~THTellbHblM, TorAa KaK B pR.Qe CIly.taes - He06xOAlJIMbIM. OCHoBHoe 

Ha3Ha'4eHMe MOAymlTopa CMeweHMe 3neKTPOHHblX noTOKOS, BblpaBHHBaHMe 

pacnpe,qeneH~R nIlOTHOCT~ nOTOKa 3neKTPOHOB Ha I1JOMHHOcPOp. ,QpyraR Ba>KHaR Ltellb - " 
nOfly.teHMe B03MO>KHO 60nbWMX nIlOTHOCTeM aST03MMCCMOHHoro TOKa np~ B03MO>KHO 

MeHbWMX HanpR>KeHHRX (KaK Mbl Y>Ke rOBopMIlM Bbltue. BeIlM~HHa HanpR}I(eHHOCTM nonR 

Ha,q 3MHTTepoM C ¢MKCMpOBaHHO~ KP~BM3HO~ pa60\.leM nOBepXHOCTM M npM 
e:p~I<CHpOBaHHoM HanPR>KeH~~ 3aB~CMT OT pacCTORHHR KaTO.Q - aHO,Q; B 06Cy>K.QaeMOM 
cnY4ae aHo,qOM RBIlfleTCfI MOAyI1RTOp). TMllM4HblH B~.Q TaKOM 3aBMC~MOCTM AJlf1 
KOHkpeTHoro KaTOAHO-MO.QYllfiTopHoro Y3J1a (McnOIlb30BaH MHor03M~TTepHbiM 
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3KcnepMMeHTanbHas:t 3aBMCMMOCTb BellM"IMHbl (1833)" 
Ha MOAymnope (ceTKe) OT paCCTORHMR IK-M KaTOA 

MOAYllRTOP npM <pMKCMpOBaHHOM HanpSDKeHHH Ha MOAynRTOpe VM =1,5 KB = 
nY'"!OK yrnepoAHblX BonOKOH. 

PMc.12. 

BT03MMCCMOHHOrO TOKa 

onst. KaToA 

a

c
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P",c.13. nOI1}'\4eHHOe B paCTpOBOM 3I1eKl'pOHHOM M"'KpOCKOne M306pa>KeH...e nY"lKS 
yrnepOAHblX B0I10KOH, 06pe3SHHbiX rMnb01l1HoA. Br",aeH cyu..teCTBeHHbiA pS36poc 
eA...H...I.lHblX BOllOKOH no All...He. 

SBT03M"'CCHOHHbl~ KaTOA ...3 OAHoro n)"'lKa yrnepoAHblX BonOKOH) np"'BeAeH HS pHc.12_ 
KSK BMAHO, TOK HS MOAyI1RTOpe 6blCTPO pSCTeT C YMeHbweH...eM AHCTaH~H'" Me>KAY HHM 

... KaTOAOM. «06PbIB» TOKa npH A ...CTSH4...H IK-M Il:$ 2,0 MM cooTBeTCTByeT, no-BMJ\",MOMY, 
3SMbIKaH...1O OAHoro ...3 yrnepoAHblX BonOKOH, "'ITO. B CBOIO O"'lepeAb, CB~3aHO C 
cyuteCTBeHHblM pa36poCOM BonOKOH no AJl...He np... 06pe3aH.........x nY"lKa nt.nboT...HoA ...11... 
6pHTsoA (CM. p ...c.13). A Ha pHc.14 np"'BeAeHa (nOnY"'leHHaR AllR ToA >t<e rp"'OAHOA 
c60pK"', "'ITO'" AllR pHc.12) 3SB...C MOCTb Ben I.lHHbl SHOAHoro TOKa OT paCCTOflH"'~ KSTOA-
MOAynRTOp. np... 3TOM B 060 x cn~aRX 3MepeH A HanpH>KeH...e HS MOAymrrope 
COCTas...110 VAl = 1,5 KB = const, TorAa KaK HanpJi>KeH e KSTOA"";' aHOA B nepSOM C1JY"'Iae 
6blllO paBHO HylllO, a BO STOpOM nOMep>KMSanOCb nOCTOJiHHblM ... COCTaSI1RIlO VK-8 = 
7,OKB. np03paYHOCTb MOAynRTopa (ceTKH) S AaHHoM cnY"'lae cocTaBnsma - 80%. 
npHBeAeHHble 3aB..,CMMocr... HarnRAHO AeMoHCTpHpylOT POI1b MOAYI1RTOpa, 
cYL4ecTSeHHYIO 3aB...CHMOCTb SeJU'lYHHbI aBT03MHCCHOHHOro TOKa OT pacCTo~HHSI KaTOA
MOAynRTop, a TalOKe TOT epaKT, YTO B MCn0l1b30BaHHOM KOHe:p...rypa4...... nOTepH TOKa Ha 

MOAYI1RTope COCTSBI1RIOT 10 -:- 20%. 

3.2. B03MOJICHhl8 KOHcmDyKu,uu. <t>alffi1"'1ecKM, Bee KaTOAHo-MoAynRTopHble y3Ilbl 
MO>KHO ycnOBHO pa3Aen...Tb Ha ABa T...na, npHHRB 3a rnaBHblM napaMe,Tp B3a...MHoe 
pacn0I10>t<eH...e 3MMCCHOHHbiX L4eHlpOB ... 3neMeHTOB MOAynRTopa. B nepsoM T...ne 
HeKoTopble 3neMeHTbI MOAyI1RTOpa pacnonaralOTCR HenOCPeACTBeHHO Han "'IaCTblO 
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PHc.14. 3KCnepHMeHTaflbHSH 3aB~C~MOCTb BeflH\fHHbl (IA33)a 
aBT03M~CC~OHHOrO TOKa Ha aHOAe OT paCCTOHHHH IK- M KaTOA - MOAYflHTOP npH 
epHKCHpOBaHHblX HanpH>KeH~HX Ha MOAynHTope (VM =1,5 KB =const) H aHOAe 

eva =7,0 KB =canst). 113MepeH~R npoBeAeHbl Ha TPHOAHO~ KOHCTPYK~HH, \fTO H 

AnR p~c.12. 



28 

3MMCCMOHHbiX 4eHTpOB KaTO,qa, 6epR Ha ce6ft Onpe,D,el1eHHylO \4aCTb TOKa M CHM>KaR, TeM 

C8MbIM, K03cPcPM4MeHT n011e3Horo ,qeHCTBMR TJ MCTO\4HMKa CBeTa B L\enOM. 
nOKa3aTenbHbiM npMMepOM Y3I1a TaKoro TMna RBI1ReTCR npOTR>KeHHbIH KaTO,q C 
Mo,qynRTopoM - ceTKOH HSA HMM (CM. pMc.15a). nOTepM TOKa Ha MO,Qy11RTope B TaKMX 
KOHCTPY~RX 3aBHCRT, npe>K,qe acero, OT np03pa\4HOCTM ceTKH, OT HaTmKeHMR Ha HeM III 
T.n. He o60HTM ceTO\4HbIH MO.qyl1RTOp M B C11yYae Mcn0l1b30BaHMR n.nOCKMX MOHOIU1THblX 
aBT03MIIICCMOHHbiX KaTO,qOB C pa3BMToH nOBepxHoCTbIO M xaOTM4eCKLilM pacnpeAeneHMeM 

3MHCCMOHHblX 4eHTPoB (pLilc.156). 3¢cPeKTHBHOCTb pa60Tbl ceTO\4HOrO MO,qy.nRTopa 
onpeAeJUleTCR B TaKMX KOHCTpyKLtMRX M pacnpe,qeneHYIeM 3MMTYIPYIOU,tMX 4eHTpoB no 
BbICOTe; \4eM MeHbwe Bem'l4MHa pa36poca BblCOT - TeM l1yYwe napaMeTpbl yana B 

4enOM. 80 BTOpOM nome 3I1eMeHTbl MOAymlTopa He 3KPaHMpYlOT 3MMCC"10HHbie 4eHTPbl 
(npMMepbl - pl1c.15B,r). Ba>KHblMYI napaMeTPaMM MOAynRTopOB B KOHCTPY~"1RX TaKOrO 
Hma RBnSnOTCR AMaMeTp oTBepcTMH do M TOnutMHa MO,QynRTopHoH n.naCTl1Hbl 10. 8 
C11yYae HcnOnb30BaHMR MHor03MMTTepHbix 3neMeHTOB KaTOAOB (pYlc.15B) Onn'lMM3a4Y1R 

3TMX napaMeTpoB 06eCneYYlBaeT pa60ry CYU,teCTBeHHo 6onbwero \4Mcna 3MMCCMOHHbiX 
48H1:pOB. OAHaKo, HaM60nee 3cPcPeKTMBHOH, nO-BIII.QMMOMY (XOTR, B03MO>KHO, M MeHee 
TexHOnOrH\4HoH) SlB11S1eTCSI KOHCTPYK4MSI KaTO,QHo-MoAynRTopHoro yana, COCTORlJ.laSi M3 
MaTPWoIHorO Ha60pa eAMHH\4HbIX OCTplo1C1, cTporo cPlo1Kclo1poBaHHblx no CBOMM napaMeTpaM 
101 B3alo1MHoMY paCn0110>KeHIo1IO C 3I1eMeHTaMIo1 nllaCnlHyaTOrO MO,QyllRTopa (pMc.15r). B 

C11yY8SlX MCnOnb30BaHIo1S1 nlo1HeM\4aTblX KaTOAOB (n.nocK"1x Ha60poB 3IleMeHTOB KaTOAOB C 
60nbwIo1M \4MCIlOM 3MIo1CCMOHHblX 4eHTpoB Ha K~OM, 11"160 l1e3BM'1) Mo,qynSiTopbl MOryl 
6b1Tb BblnonHeHbI 101 B B\o1Ae ceTOK, H B Blo1Ae napanl1el1bHo HaTRHYTblX npOBOnQ\.feK 
(pMc.15A), M B Blo1Ae nnOCKYlX napanne11bHblX nnaCTlo1H (plo1c.15e) YI T.,Q. HaKoHe4, 
B03MO>KHbI peanH3aLU.iH KOHCTPYK4Io1'1, 06be,D,MHRlOl..I.-'l1X B ce6e xapaKTepHCTL1KM KaTO,D,Ho
MO,D,ynSiTopHbIX Y3J10B nepBoro H BToporo THna (CM., HanpHMep. pHc.15>K). 

B 3aKnlOyeHMe 3Toro pa3Aena npMBeAeM cxeMy y>t<e ynoMsmyroro B pa3,QeIle 1.2 
MaTpM\4HOrO MHoroocTpMHHoro aBT03MMCCHOHHoro KaTO,D,a (KaTOAHo-MoAynRTopHoro 

Y3J1a) TaK Ha3b1BaeMoro «cmlH,QTOBCKoro» nma (no Io1MeHLiI ero M306peTaTeIlR 4.CnIo1HATa 

[64], CM. plo1c.16). OCHOBHblM Ha3Ha\4eHHeM TaKHX KaTO,QOB RBIlReTCR HX Hcn0l1b30aaHHe 
B ycnewHo C03AaBaeMbiX B nocne,qHlo1e rOAbl HM3KOBonbTHbIX nnOCKHX AMcn.ne'1Hblx 

3KPaHax [65,66]. TexHol1orlo1S1 npoM3BoACTBa TaKIo1X I<8TO,QOB BeChMa cnO>KHa, oAHaKo B 
HaCTORU.(ee BpeMR OHa AeTanhHO OTPa60TaHa M npM MaCCOBOM npolo13BOACTBe HX 
CTOIo1MOCTb 6YAeT OTHOCMTenbHO HeBbICOKa. rnaBHblM He,D,OCTaTKOM MCn0I1b30BaHWI 
TaKMX KaTo.qOB B KaTOA0I1IOMMHeC4eHTHbIX MCT0'4HMKaX CBeTa RBI1S1eTCR OTHOCMTeI1bHO 

He60nbWMe BenH4HHbI reHepMpyeMblx MMM TOKOB (Mbl y>t<e ynoMMHaIllo1 pa60Ty [11], B 

KOTOpoC1 aBTopbl Hcn0l1b30BanM nOA06HblH KaTOA B KaTOAOI1IOMHHe~eHTHoM HCTOYHMKe 
caeTa). B 3TOM cMblcne ,QocTaTOYHO 3aMaH\4MBbIM RBI1ReTCSI oTpa60TKa 611M3KOM 
TeXHOnorHM AJlS1 npoH3BoAcTBa 6.nM3KMX no KOHCTPYKl\HM, HO 6011ee CHI1bHOTO\fHbIX 

KaTOAHo-Mo,QymITopHblX Y3noB. 

4. AHOAbl. 
4.1. 3neKmponpoeooRU4ue nOKDwmUR. K OCHOBHbJM XapaKTepMCTMKaM 
3neKTponposoASlL.Ltero cnOR OTHOCSITCR: ero To.nU.(HHa M ee paBHOMepHOCTb no nn0IJ.l8AH, 
np03pa\4HOCTb AJlS1 CBeTa M AJlS1 3neKTpOHOB, y,Qe.nbHoe 3J1eKTpOCOnpOTMB11eHHe, 
K034>¢HLlMeHT OTpIDKeHHR CBeTa. rlCHO, 4TO 3TH xapaKTepMCTHKM onpeAenRJOTCSI, 
npe>K,qe Bcero, KOHCTPyKl.tMeH Io1CT04HHKa CBeTa (CM. pMC. 2). B KOHCTPYK4MM, 
cooTBeTCTBylOU.(e'1 npHH4HnHanbHoH cxeMe pHc.2a, HaM60.nee Ba>KHOH npeAcraBIlHercH 

Ilp03paYHOCTh npOBOASlL.Ltero nOKPblTHR AJlR CBeTa, nocKol1bKY HMeHHO OHa 
06ycnoBIlHBaeT nOTepH CBeTa M, COOTBeTCTBeHHO, CHH>KeHMe 3cPcPeKTMBHOCTH 
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PHc.15. HeKoTopble KOHCTpyKTHBHble cxeMbl KaTOAHo-MoAymlTOpHblX 

aBT03MHCCMOHHbiX Y3nOB. 

CeTo<lHble MOAymnopbl C KaTOAaMH C XaOTH"lHO pacnpeAeneHHblMH B 

npocrpaHCTBe H no BbiCOTe 3MHTHPYIOLl.lIolMIoI 3neMeHTaMH - BOnOKHaMIoI (1) Hnlol 
npOBOno<lKaMH (2) (a) M BblcrynaMM Ha MOHOnMTHOYI OCHoae (6). 
I1nacntH'laTble MOAymnopbl C oTBepCTHJlMM Haj\ KaTOAaMH .-13 ny'lKOB OAHHO'IHO 

'-. pacnOnO>KeHHblX (6) H H3 Ha60pa e.QHHH'lHblX (2) 3MHTMPYIOLl.lMX 3neMeHTOB. 

t,.
( . 

npOBOnO'fHble (0) Mnlol nnaCTMH"laTble (e) MOAynSiTopbl H8j\ KaTOAaMIoI 
nMHeM'laTbIX 3MHTIoIPYIOLl.lIolX 3neMeHTOB (ne3BHIII MnM «rpe6eHOK» BonOKOH). 

M3 

KOM6HHallMfI nnaCTHH4aTblX M CeTO'lHbIX MOAynfiTopoB ,Qnfl KaTOAOB M3 
ynopJlAo<leHHO pacnOnO>KeHHblX MHorO-3MIoITTepHbIX 3J1eMeHTOB (JK). 
1 - aBTo3MIoICCIoIOHHbiUl KaTOA; 
2 - MOAynRTop-ceTKa; 
3 - nnaCTMHa C oTsepcTIIIRMM; 
4 - npoBono4KH; 
5 - napannenbHble nnaCTMHbl. 
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PHc.16. MaTpH~Hbl~ MHOrOOCTpH~HbIHaBT03MHCCHOHHblH KaTOA «CnHHATOBCKOrO» 

THna AflR nnOCKOrO ALilCnneHHOrO 3KpaHa (a - cxeMa yCTpoHCTBa; 6 - B~ CBepxy 

~acTKa KaTOAa): 
1 - MeTannH...eCKoe ocTpHe; 2 - MeTanIlH~eCKas:l nIleHO~Has:l AHaepparMa; 3 
HaOIls:lTOp (SiOz); 4 - KpeMHHeBaR nOAJlo>KKa [4]. 

IItCTO...HHKa CBeTa B ~enOM. B KOHCTPYKl.4HM pHC. 26 omHMyM AOn)f(eH 6b1Tb Bbl6paH 
Me>K.D.Y BOaMO)f(HO 60nee BblCOKHM K03epepH~HeHToM OTpa>KeHMs:I CBeTa 38pKaIlbHblM 
npOBOAs:ll1.tHM nOKpblTMeM M B03MO)f(H0 MeHbweH TOnl1.tHHOH nOKpbITllts:l C TO"lKM 3peHHs:I 

nOTepM B HeM 3HeprMH 3neKTpOHOB. HaKOHe~, npH peaIlH3a~MH KOHCTpYK~HM, 

COOTBeTCTBYIOu.te~ plo1C. 28, Tonu.tHHa 3epKaI1bHOrO nOKPblTMR He MMeeT 3Ha~eHMs:I 

(TO~Hee, AIlR Hee HeT npeAena C 60nbweH CTOpOHbl), LiI rIlaBHble Tpe60BaHHR CB~3aHbl C 
Ka~eCTBOM 3epKaIlbHOH nOBepxHoCTH. 1l0cKonbKY yn~weHHe OAHOH xapaKTepHCTMKH 

npOBOARll\erO nOKpblTMs:I B HeKoTopblX KOHKpeTHblX KOHCTPYK4MRX MCTO"lHHKOB CBeTa 

aSTOMaTMyeCKM nOApaayMeBaeT CHH)f(eHHe APyroH, Bee OHM C He06xOAHMOCTblO AOn)f(Hbl 
6b1Tb onTHMHaHpoBaHbl M nOABep)f(eHbl TLUaTenbHOMY KOHTponlO B npo~ecce 

..•

' .., 
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PHc.17. nOpOWKOBble KaTOAOnIOMHHo4!0Pbl 4!HpMbl «Osram Sybvania» Ha
 
CTaHAapTHOI1 LjeeTOeOI1 AHarpaMMe.
 
CTaHAapTHbie 3eneHbllil (1), KPacHbJIiI (2) H CHHIilIii (3) LlBeTa.
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Plo1c.1 B. CTaHAapT10131o1pOBaHHbie B POCCl1lo1 rpaHl14b1 4BeTOBbiX 06naCTeiil AIlR 
CBeTOBblX Cl1rHanOB Ha TpaHCnOpTe (rOCT 25695-91). • 
3aTeMHeHbI o6naCTl1, cooTBeTCTBytO~l1e 3eneHoMy (a), >KenTOMy (6) 1o1 

KPaCHoMy (B) 4BeTaM. T04Hbie KOOPAI1HaTbi Bcex BepWlo1HHblX T04eK KaJKAoro 
4BeTa TalOKe nplo1BeAeHbl B rOCTe. 

• 
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npQL.13BOACTBa. Ba>KHOCTb OnT~M~3aLWWI o6ycnoBSleHa TeM, l.fTO YM03plllTe.nbHbIM n0Ale0A 

K 1II3rOTOBJleHHIO npOBOAfl~erO nOKPblT~Sl (T. e. H3rOT0B11eHlIIe nOKpblTlIIfl H3 o6~~x 
C006pa>KeHHH lIIMelOLlllllMHCfl no,Q, pyKoUi cpeACTBaMlII - n0Ale0A, KOTopblVi HMe.n MeCTO B 

6011bW~HCTBe npeAweCTBylOlltHX, paCCMaTp~aaeMblX 3,Q,eCb pa60T) MO>KeT CH~3HTb 

3epepeKTHBHOCTb C03,Q,aaaeMoro npOTOnma lIICTOl.fHHKa CBeTa Ha AeCHTKlII np04eHTOB. 

4.2. nIOAfUHOcb0pb'. 1113 BceX 3neMeHTOB ~ Y3110B paCCMa-rplllBaeMblX 

KaTO.QOnIOMlIIHeC4eHTHbiX lIICT04H~KOB CBeTa CBeTOH3I1Y4aIOLlllllti1 aHoAHblVi Y3e11 C 
111OMHHOepOpOM s:lBl1s:1eTCs:I Ha~6011ee OTBeTCTBeHHblM, nOCKO.nbKY ~MeHHO ero 

napaMeTpbl, napaMeTpbl 1110MIIIHoepopa, onpe,Q,e11flIOT OCHOBHble nplllH4~n~aJlbHble 

orpaH1II4eHlIIfl 3cP<PeKTlIIBHOCT~ ~CTO\.lH~KOB B 4e110M. Ce~\.Iac MO>KHO yBepeHHO CK83aTb, 

l.fTO lIIMeHHO A0l1rOBe4HOCTb nlOM~Hoepopa, a He aST03M~CClIIOHHoroKaTOAa, onpeAe11l11T 

CpOK cny>K6bl ~CTOl.fHlIIK8 CBeTa paCCMaTplllBaeMoro T~na. n03TOMY Bbl60p Ha1ll6onee 

OnTlllMaIlbHOrO AJ'lfl peweHlIISi nOCTaeneHHblX 3a,Qa4 KaTOAonlOMlIIHoepopa, ero 

TecnJpOB8H~e, pean1ll3a4111S1 MeTOAoa III KOHTponb Ka4eCTBa HaHeceH~Sl - BCDKHeti1waR 

COCTaSHaS1 \.IaCTb CO~aHHs:I lIICT04H~KOB CBeTa. 

S p83Aene 1.3 Mbl Y>Ke KPaTKo pacCMorpenlll HeKoTopble nplllH4111nlllanbHble 

B03MO>KHOC1l1 I1IOMlIIHOepOPOB. 3Aecb >Ke ellte Ao6aBlIIM, "'ITO B HaCTOS1~ee SpeMS1 B M~pe 

40 
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3BeprBB 3J1eKTpOBBOrO IIY'IKR, B 

PlIIc.19. 3aSMClIIMOCTlII npaKT1II4ecKoti1 3epepeKTlIIBHOCT~ OT 3Heprlll~ B036Y>KAalOlJ.I~X 

3neKTpOHOB AIls:! HeKOTOpblX AlIIcnneHHblX nlOMlIIHoepOPOB [69]. 
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AeHcTByeT 60nee 30-nt KpynHblX OpraH~3a~~~, 38HIIIM8fOUl~XCSI pa3pa60TKoH HOBblX 
mOM~HO¢OpOB. AHamt3 nony"faeMblX B H~X pe3ynbTaToB RBmleTCSI aeCbM8 
OOHaAe>lG1BalOlJ.t~M, onpeAenSiSl nporpecc B ,qene pa3paOOTKM HOBbiX 
KaTO,qOnIOM~HeC~eHTHbiX ~CTO"fHIIIKOB CBeTa, CTIIIMYIlIIIPYSl KOH4eHTpa4~tO yc~~~ B 3TOM 
nepCneKT~BHOM HanpaBJ1eH~~. 

Cero,qHSlWH~e nOTpe6HOCT~ B ntOM~Ho¢opax "fpe3Bbl"faHHO BbICOK~. I1IOM~HO¢OPbl 
Haum~ ~ HaxoART W~pO"f8Hwee np~MeHeH~e B TeXH~Ke, npoMblwneHHOCll1, HaY4HbIX 
~CCl1eAoBaH~SlX. Ha~60nee W~POK cnpoc H8 nlOM~HoepOPbl y npO~3BO.Q,~TeJ1eH 

pa3J1~l.tHbIX A~cnneeB. AOCTaTOI.IH9 CKa3aTb, "ITO TonbKO B CWA ~MeeTCSI 60llae 600 
¢~PM, BbInYCKatOL4~X A~cnne~ pa3nlll"fHOrO ~na III IIIX 3neMeHTbl. C03,qaHo III aKT~BHO 

epYH~~oH~pyeT 00lJ.leCTBO IIIH¢opMa4I11oHHbIX AlllcnneeB, BbmYCKatOTcs:I ABa 
nep~OAVI"IeCKMX>KY'pHana - "Information Display" III "Journal of the Society for Information 
Display". B C03,qaaaeMblX AlIIcnneSlx peanlll3YlOTcR pa3nllll.tHble B~Abl B036y>KAeHIIIR 
J1IOMIIIHexpOPOB. Pa3f1V1"1Hbl B H~X ~ rpe60BaHIIIR K 4BeTHOCTIII, 3¢¢eKTMBHOC~, BpeMeH~ 

>KM3HIII, APyrnM 3KcnnyaTaLtllloHHbiM napaMerpaM. OAHaKo, HecMolpSi Ha 3aMeTHblH 
nporpecc B Aelle pa3pa60TKIII HOBblX nIOM~HoepOPOB, nOTpe6HocT~ YKa3aHHOH o6nacTIII, 

KaK III APyrnx o6nacTeH IIICn0J1b30BaHIIIR IlIOMIIIHOq>OPOB, Bce eL1.4e A811eKH OT 
YAoB11eTBOpeH~s:I. 

KaK ~3BeCTHO, OAHO~ 1113 H81116011ee Ba>KHbIX xapaKTeplIICT~K 11IOM~HO¢OPOB RBnReTCSI 
~X 4BeT, KOIlIII"leCTBeHHO Bblpa>KSeMblH KOOPAIIIHaTaM~ Ha CTaHAapTHOH 4BeTOBOH • 
A~arpaMMe [3,33] (nplIIMep Ha p~c.17). Cnoco6 onpeAeneH~R3TMX KooPA~HaT AeTSflbHO 

111311o)l(eH, H8np~Mep, B [67,68]. II1MeR rlIOM~Ho¢oPbl Tpex ~BeTOB (CM. plllc.17) 
np~HLt~n~anbHo, nyreM ~x CMeWIIIBaH~SI B pa3nllll.tHblX nponop4~Rx, MO>KHO nOIlY"lHTb 
nIOM~HocPOP mo60ro ,qpyroro 4BeTa, 3aKJ1lOl.teHHOrO Ha 4BeToBoH AlllarpaMMe B 
TpeyronbHIIIK, coe,q~HRIOIJ.I~H 3T~ rp~ IIICXOAHblX 4BeTa. ~BeToBble ,q~arpaMMbl 

HCn0J1b3~T ~ np~ CTaHAapT~3a4~~ CBeTOTeXHIIIl.teCK~X YCTpOHCTB. Hanp~Mep 

cBeT<><popoB (plllc.18). Ha HIIIX 3a"lepHeHHble o6nacTIII YKa3blBalOT Ha60pbl AonycTIIIMblX 
4BeTOB. .QpyrnMIII Ba>KHbIM~ xapaKTep~CTIIIKaM~ J1IOMHH0cPOPOB RBIlRIOTCSt 3MIIICC~OHHble 

CneKTpbl (3aB~c~MoCTb 3epepeKTMBHOCTM OT AJlIIIHbl BOJ1Hbl) ~ BpeMSI >K1113HIII. AnSI 
KaTOAOl1IOM~Ho¢lopOB K TaKIIIM xapaKTep~CTIllKaM OTHOCSITCR 3aBIIICIIIMOCT\It 
3¢¢eKTMBHOCTM (nMIBm) OT 3Heprnlll B036y>KAatO~IIIX 3neKTpOHOB (np~Mep - Ha 

3a~MCTBOBaHHOM 1113 [69] plllc.19), a TalOKe npeAellbHo ,qonYCTIIIMble nnoTHocm TOKa 
3neKTpOHoB. 

4pe3Bbll.taHHO IIIHTeHCIIIBHaR pa60Ta B 06naCTIII C03AaH~R 3ep¢eKT~BHbIX 

HIII3KOBonbTHbiX nfOM~Ho¢OPOB ,qO HaCTOJu,uero BpeMeHIII He ,qana cepbe3HOrO 
nOIlO>lG1TenbHoro BbIXO,q8. C03AaHHbie ~ 1113Y4eHHble K HaCTO$llJ.teMY BpeMeHIII 
KaTOAOfllOMIIIHOepOPbl 061l~a1OT np~ H~3KMX HanpR>KeHIIISIX BeCbMa HIII3KOI7I 

3¢epeKTHBHOCTbIO, XOTR III BblAep>lG1BalOT CY1.4eCTBeHHO 60J1bWHe nnOTHOCT~ TOKOB [70]. 
KpoMe TOro, TaKllle IlIOMHHO¢oPbl o6na,qalOT cpaBH~TenbHoM8nblM BpeMeHeM >K~3HM. 

~3 y>Ke co3AaHHblx KaTO,qOIlIOMMHOepOpOB eA~H~""bl n03BomUOT ,qOCTH~b 

3epepeKTHBHOCT~ 140 + 150 nMIBm np~ 3HepmH 31leKrpoHoB - 10 IC3B-tlnR 
MCCJ1eAOBaH~R mOMHHocPOpOB Hcnonb3yeTcSI BeCbMa coBpeMeHHaR annaparypa, B 
3Ha"4I11TenbHoH CTeneHIII BblnyCKaeMaR npoMblwneHHocTblO. np~H~lIIn~anbHaR cxeMa 
1113MepMTenbHoH CHCTeMbl AIlR Te~pOBaHIIIJI KaTo,qoIlIOMMHOepOPOB np~Be,qeHa Ha 

p~c.20 [71]. YcraHOBKa MMeeT Ha60p 3aMeHAeMbiX 3neKTpOHHbiX nyweK Ha pa3n~\.IHble 
3Hepr~~ 3neKTPOHOB. &i1cnollb3yeMbI~ xpOMaTOMerp ynpaBflSleTCR nepCOHaflbHOA 38M ~ 

n03BOns:leT non}"'llllTb KooPAIIIHaTbl H3}"'1aeMoro J1IOMMHoepopa Ha CTaH,qapTHoH l.\BeTOBoH 
AHarpaMMe (plllc.17). 
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HaCKOllbKO MO>KHO CYAlolTb 1Il3 IlIilTepaTYpbl, nOIllCKIil HOBblX IlIOMlolHOq,OPOB BeAYTCSI, B 
3Ha411lTellbHOM CTeneHlol. IIIHTYIHIIIBHO III 3Mnlllplll...eCIG4. ,Qo CIIlX nop He C03AaHO HaAe>KHOM. 
HaY'lHOM 6a3bl AIlR nporH03l11pOBaHIIIR CBOMCTS IlIOMIIIHOq,OPOB IIICXOAl'I illS IIlX cocrasa lol 

Plllc.20. 61l0K-CXeMa yCTaHoBKIII AIl~ 1113MepeHIII~ CBeTOBblX XapaKTeplolCTI1K
 

KaTOAOIlIOMIIIHO!P0POB [71]:
 
1 - 3aMeHl'IeMble 3neKTpOHHbie nywKlol; 2 - MarnlolTHblM 3KpaH; 3 - Alola!pparMbl;
 
4 - aHaIllllSaTOp ocraTO'lHblX ra30B; 5,6 - nepCOHaIlbHble KOMnblOTepbl;
 

7 - rasQ-HanycKHaR ClolCTeMa; 8 - TYP60MOlleKYnRpHbIM Hacoc; 9 - cneKTPoMerp:
 
10 - xpoMaToMep; 11 - Bpal1lalOl1IlIlHCl'I CTOlllolK 9 - (<<Kapycenb»);
 
12 - npo6a IlIOMI1HOq,0POB; 13 - nY'loK 3IleKTpOHoB.
 

crpYKTYpbI. XOTl'I IIlMeeTCl'I PSlA nporpeCCMBHblx HAeM. OAHa 1113 HIIIX. B SHa...IIITellbHoM 

CTeneHlol pean1ol30BaHHal'l. COJAaHllle nneH04HbiX IlIOMlolHOq,OPOS, 06llaAalOl1IlolX 
CYl1leCTBeHHO 60nbweM YCTOC;... IIIBOCTblO K 3neKTPOHHOM 60M6apAlolpOSKe (HanpIIIMep. 

[72]. 
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5. MCTO~HMKM nMTAHMH. 
B 3aaMCMMOCTM oT06nacnl npMMeHeHLuI c03,qaaaeMOro KaToAonlOMMHec,-,eHTHoro 
MCTO~HMKa caeTa A11H ero nMTaHHH 6YAeT Hcnonb30aaTbCs:I aSToHoMHoe 
(aKKYMynATopHoe) HnM ceTeaoe Hanps:l>KeHHe. LI1 B TOM, M B APyroM cn~aslX 

nO'rpe6yeTCA, nO-BMAMMOMY, pa3pa60TKa Cne4HaI1bHbIX, ao MHorMX cn~aHx 

Manora6apMTHbiX npe06pa30BaTeneH HanpSOKeHHA. V1 XOTA npHH4MnHanbHbiX 
TPYAHOCTeM TYT He BHAHO, npOpa60TKa cxeMbl MCTO'"lHMKa m1TaHHH KaK 06A3aTenbHbiM 

war AOn>KHa BKmo~aTb OnTMMM3a4MIO ero napaMeTpOB. OCHOBHaA 4enb OnTMMM3a4MH 
MaKCHMaIlbHoe CHM>KeHMe nOTepb M014HOCTM Ha HCTO~HMKe. VlCTO'"lHHK .Qon>KeH HMeTb 

BblCOKYIO Ha,Q,e>KHOCTb, 6blTb YCTOM~MBbIM K K0I1e6aHMAM HanpSVKeHMs:I B ceTM, '"IaCTbiM 
BKJlIO'"IeHMSlM, ATIHTenbHO~ 3KcnnyaTa,-,MM. 

6. CMTYAUMR HA CErOl1HRWHMM l1EHb. 
6.1. "Imo YJK8 coenaHo. 4aCn1"1HO Ha 3TOT Bonpoc OTseT y>Ke 6blll AaH BO BBeAeHHH. 

3Aecb Mbl paCCMol"pHM ero 60nee AeT8JlbHO. 
60nbWHHCTBO pa60T no C03P,aHMIO KaToAonIOMMHec,-,eHTHblx HCTO~HMKOB CBeTa Ha 

OCHOBe aBT03neKTpOHHOH 3Mt.1CCHH 6bln0 BblnOI1HeHO C HCn0I1b30BaHHeM yrnepoAHblx 

MaTep101aI10B. V1 B nepaylO o~epeAb He06xOAt.1MO OCTaHOBHTbCA Ha Mcnonb30BaHMM B 

paccMaTpHBaeMblx MCT04HMKax caeTa KaTOAOB H3 yrnepoAHblX B0I10KOH. fII,qe0I10rHA 

HCn0I1b30BaHHH yrnepo,qHblX BOll0KOH B aBT03MHCCHOHHbiX KaTOAax 6a3MpOBaIlaCb Ha 
TOM, '"ITO OHM: He -rpe6ytOT Cne4HaIlbHOrO npe.QsapL1TeI1bHOrO 3aOCTpeHHSI (He06xOAMMbie 

3MMTMpYlOIltHe ,-,eHTpbl co,qep>KHT npOCTOM H3nOM BOI1OKHa); BeCbMa ycrOH'"IMBbl K 
60M5apAHpOBKe MOHaMH OCTaT04HbIX ra30B, MMelO~eH MeCTO B npH60pax C 

BblCOKOBonbTHblM mrraHHeM M pa60TalOLlIHX B ycnOBMAX TeXHH~eCKoro BaKYYMa; 

xapaKTep pacnblneHMA HX nOBepXHOCTH 06ecne~HBaeT AHHaMH~eCIG1 YCTOM~HBYIO 

KOH<t>Hrypa4HIO C HallM4MeM 3Hal.fHTellbHoro '"IHCIla 3MHTHPYlOIltHX ,-,eHTpOB (KaK 6blno 

ycraHoBneHO, B YKa3aHHblX YCIlOBMAX 3KcnnyaTa,-,HM 3MMTMpYIO~He 4eHTpbl 
npeKpa~aI1H caoe CY14eCTBOaaHHe, APyrMe - 06pa30Bb1B8I1HCb BHOBb, npMMepbl - Ha 

pMc.21); ABllAtOTCSI BaKyyMHblM MaTepHallOM; BbJnYCKaIOTCfI npoMblwneHHOCTbtO MHorHX 
Cl"paH . H HMelOT OTHOCHTenbHO HeBbiCOKYIO CTOHMOCTb. K npeMMY14eCTBaM 
HCn0I1b30SaHHSI yrnepoAHblX B0I10KOH oTHOCMnM M TOT ¢aKT, '"ITO npoMblwneHHocTb 
BblnyCKaeT MX B aMAe n~KOB (>KrYTOB) H3 COTeH 101 Aa>Ke TbICA'"I e,qMHM"IHbIX BonOKOH. 

KHaCTOAl.I.teMY speMeHM B I1MTepaTYpe (s nepsylO OI.IepeAb - B naTeHTHOM) onMcaHo 
HeMallO KOHCTpYK4MM aBT03MHCCYlOHHbiX KaTOAOB Ha OCHOBe yrnepoAHblX BOll0KOH. TaK, 
HanpMMep, B naTeHTe CiliA N2 4 728 851 onMcaH aBT03MMCCMOHHblH KaTOA B 

3MMTHpytOlileM ycrpOHC"rBe C epYHK4L1eM naMATM, COcrOA14HH 1.13 OAHoro yrnepoAHoro 
B0I10KHa AL1aMeTpOM nOpAAKa 2,0 MKM C 3MHTMpYIOl4eH sepWL1HOM, 3aocTpeHHoH •KOPOHHblM pa3pSI,QOM AO AMaMeTpa 0,2 MKM. naTeHT CWA N2 4272699 onMCblBaeT 

aBT03MHCCMOHHbiM KaTO.Q AIlSi MMnynbcHoro 3neKTpoHHoro HCTO'"lHHKa. KaTo,q COCTOHT H3 
>KfYTa yrnepo,qHblX sonOKOH AMaMeTpoM OT 2, 0 AO 10,0 MKM Ka>K,qOe C 3MMTHPYIOl4MMM 

noaepXHOCTAMM, non~eHHblMM npocTblM 06pe3aHMeM BonOKOH, a He 3aOCTpeHHeM C 
nOMOl4blO KaKOM-nH60 cne4ManbHOH npo",e,qypbl. 

OAHHM H3 nocne,qHHX naTeHTOB B 3TOH 06naCTH H, B03MO>KHO, HaM60Ilee nonHblM, 

HBI1HeTCA, nO-BMAHMOMy, naTeHT CWA N2 5588893 [73]. naTeHryeTcA 
aBT03ML1CCMOHHbIM KaTOA H MeTOA ero M3rOToaneHMR ABTOpbl naTeHTa OTMe'"laIOT B ero 
onMcaHHH, '"ITO AIlA M3rOTOBneH101A KaTOAa MO>KeT 6b1Tb MCn0J1b30BaH npaKTM'"IeCKH mo60H 

MaTepL1all, 06I1a,qalOl4M~ AOCTaTO'"lHO~ MexaHM~eCKOH npo'"lHOCTblO, HL13KOH pa60TOH 

BblxoAa M XOPOWHMH aaKYYMHblMH CBOWCTB8MH. BMeCTe C TeM, OHH nOA'"IepKHBaIOT, '"ITO 
npeAnO'"l"rMTenbHO, YT06bl OCHOBHblM Bel4eCTBOM KaTOAOB 6blll ymepoA MI1H Be14eCTBO C 
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PHc.21. nOnY4eHHbie B pacrpOBOM :meKrpoHHoM MMKpoCKone H306pa>KeHHl'l 
noaepXHoCTM eAHHH'IHbIX yrnepoAHblX BOIlOKOH nocne npeABapHTenbHo'l 
TpeHHpoBKH H pa60Tbi npH V.. =5,0 KB (a) H npH Va-. =7,0 KB (6) B Te-leHHe 3 
4aCOB. 
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nOXO>lG1M.. cBoMCTBaM". CH..>KeH..SI >Ke pa60Tbi BblXO.qS (y ymepo.qs, KSK ..3BeCTHO, 

pa60Ts BblXQAa BeCbMa BblCOKS, ee Cpe.qHee 3Ha....eH..e COCTaBIlSleT ~ 4,7 3B [52]) 
npeA11araeTCSI AocT..rHyTb 3a C"'IeT .q06aan8H..H .qpyroro B81.1teCTBS, ..MelO1J.lero 
MeHbWYIO pa60ry BblXOAa, B BepxH..e CIlO.. 3M..1l1pYlOlJ.l,eM nOBepXHOCT". B Ka....eCTBe 
0AHoro ..3 nyTeM nOIlY"leH..SI np..rO,D,HOro Ha anbHoro MaTepMana AnSI KaTO,fJ,a 
npeAflaraeTCSI ero OT>KMr AIlSl y.qaneH..SI APy X Be~CTB (Hanp"Mep, opraH" KLiI , 

CBR3blBSIOIJ.l,eH OT.qenbHble BOIlOKHa B >KryTe) M AnSI B03MO>KHOlii «HopMan..3a4....» ero 
CTPyKTypbl. np.. 3TOM TepM"H «HopMS11..3aLt..SI» on..CblBaeTCSI KaK YMeHbweH..e 
CIlY"'laMHblX aMop4>HblX CTpyKTYP B "CXO.qHOM MSTep"Slle, T. e. nO,D,p83yMeBaeT lo1.MeHHO 
ymep0,fJ,Hble BOIlOKHa. HaKoHe4, B on..caH.... nSTeHTa ynOM"HseTcs:I .. npe.qBSplo1.TenbHSR 
TpeH"pOBKa (<<Q>oPMOBKa») aBT03M"CC"OHHoro KaTo.qa, CBo.qSIlJ.l,aSlCSI K ..3BeCTHOMY 
nOCTeneHHoMy (cryneH....aToMy) nO,D,beMy BblCOKoro HanpSl>KeH..SI HS KaTOp,e BO BpeMH 
ero nepBoro BK11IO eH..SI. H ..KaKLilX KOIl ......eCTBeHHbIX peKOMeH.qa4..M pe>KMMOB 

TpeH"pOBK" B on..caH llaTeHTa He npMBe,qeHO. 
K HaCTOSll..4eMY BpeMeH" coo.QaHO .. on..caHo B Il"TepaTYPe HeCKOllbKO npOT01l1nOB 

KaTOAonIOM..HeC4eHTHbIX ..CTO....H..KOB caeTa C KaTOAaM" ..3 ymepoAHblX BOIlOKOH [8
14,74,75]. B Ka....eCTBe nOKa3arenbHoro np"Mepa paccMo'Tp"M ..CTO....H..1Gt caeTa 'Tpex 

4BeTOB, on..caHHble B [14]. Sbill....cnonb30BaHbl CTeK11S1HHble KOIl6bl C pa3MepsM", 
61l..3IG1M.. K CTaHAapTHblM IlSMnSM HaKaIl..eaHMSI (p..c.22). BHyTpeHHSISI nOBepxHocTb (' 
KOll6 6b1.na nOKpblTa np03pa....HblM npOBO,QSIIJ.l,"M nOKPbIT..eM Sn02 .. cnoeM 
nlOM"Hoepopa, B pa3HbIX Bap..aHTaX - 3eneHoro, KPaCHoro .. 6enoro CBe"'IeH"SI. T011l,4"Ha 
M np03pa....HoCTb npo~l.1tero nOKPbl1l1S1, KaK .. TOnlJ.l,"Ha CJ10Sl IlIOM"Hoepopa, B 3Tolil 
ps60Te He ..3MepSlnSCb .. He On1l1M..3"poeanaCb. ~cnOllb30Ba11"Cb CI1e.qYIOIJ.l,..e T..nbl 
IlIOM"Hoq,OpOB. KpaCH.b1~ nlOM..Hocl>oP Ha OCHOBe Y203, ner"pOBaHHblliI Eu; era 

3<l>epeKT"BHoCTb no TeOpen'l....ecKoH 04eHKe COCTSBIlSlna y = 14,4 nMlBm. 6ellbiM 

IlIOM"HOepOp "311Y"'1seT B rpex CneKTpanbHblx nOllocax; OH c"HTe3"poBaH Ha OCHOBe 

c ..n"KaTOB .. OKc..cynb4>...qOB C COO"rBeTCTBYIOIJ.l,..M ner"pOBaHMeM: Y203S·(Tb, Mn, Sm) 
M Y2Si20 5·(Ce, Tb, Mn). TeopeT......eCKaR 04eHKa 3<I>¢eKT"BHOCT" ,QIlSl 3Toro 

nlOM"Hoepopa 'Y = 11 nMlBm. ~, HaKoHe4, >KemO-3elleHble KaTOp,onIOM..Hocl>oPbl Ha 

OCHOBe MOHOS11IOM..HaTOB .. rpaHSTOB: Y:JAIS012·Tb H Y~/3Ga2012·Tb. 3T" 
nlOM"HoepOPbl np..Me....aTenbHbl TaM, ....TO npH HarpeBe ..x 3epepeKT"BHOCTb pSCTeT .. 

TonbKO nOCIle 100°C naAaeT. 3epepeKT"BHoCTb COCTaBIlSleT y= 40 nMIBm np.. V = 5,0 KB 
lit npeBblwaeT 50 nlAlBm np.. V = 10 KB. Bee YKa3SHHble IlIOM"HOttlOpbl MO>KHO 
CMeW..BaTb ,D,JUI nOllY"'leH..SI rpe6yeMoM s ..3YS11bHolii 4BeTHOCT... HanoMH"M, ....TO 
..cn0l1b30BaH..e I1IOM"HOepOPOB C B036y>KAeH..eM 311eKTpOHHbIM nOTOKOM AnSI nOIlY"'leH..SI 
B",fJ,"Moro CBeTa "MeeT HeKOTopbl9 Ba>KHbJe npe"MYlJ.l,eCTBa: TO....HO onpeAeneHHblM 
CneKTpanbHbl1ll COCTaB (HeT n ..H.. liI ra30Boro pS3pHAa l11l.. nnaHKOBCKLilX «XBOCTOB», KaK .. 
3TO MMeeT MeCTO B CllY"'1se ra30pa3pSl,D,HblX ..CTO....H..KOB CBeTa), BblCOKYIO cneKTpaIlbHYIO 
SIpKOCTb. 

Ho>K!G' ..CTO.... H..KOB CBeTa (CM. p ..c.23) "Men.. no 7 ..30n"posaHHblx 
3IleKTp......eclG1x BBOAOB. OA"H ..3 KOTOpblX CI1y>K..n AJlSl nOAa...... nOIlO>KMTellbHoro 
nOTeH4..ana Ha 3IleKTpOnpOBO,fJ,HIJ.l,.. L:1 CIlOM nOA nIOM"HoepOPOM, a OCTanbHbie 6 
COe,o,"HM"Cb C ..30n"pOBaHHbIMIlt APyr OT p,pyra SBT03M..CC..OHHbIM.. KaTOASM" 
nY"'lKaM" ymepoAHblX BonOKOH. OTMeT"M, ....TO MOAynSlTopbl B 3T..X KOHCTPYK4MSlX 
oTcyrCTBoBall... Pa60Te npeAIJJeCTBOBana pa3,qeJlbHaR rpeH"pOBKa K8>1q:1oro ..3 KaTO.qOB 
(ny....KOB yrnepo,fJ,HblX BonOKOH), np......eM TpeH"pOBKa oCYlJ.l,eCT8JlSlnSCb .qo OTnS~K" Kon6 C 
BaKYYMHoro nOCTa. np.. pa60Te 6 aBT03M..CC..OHHblX KaTO.qOS coeA..HSlIl..Cb C 061J.l,"M 

..CTO....H..KOM n"TaH"H ....epea pe3"cTopbl 1,0 MOM, TOK B ..CTO....H..KaX COCTaBml1l 1,0 -;- 2,0 
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PHc.22. BHeWHH'" BHJ:1, KaTOAOnlOMHHeC4eHTHbiX HCTOI.:IHHKOB CBeTa 

cQ>ePWl.:leCKO~ epOPMbl ,l\HO,D,Hol7I KOHepHrypa4MJIJ. 

PHc.23. HO>KKa npHBeAeHHblX Ha pwc.22 HCT04HMKoa caeTa C KaTOAOM W3 
nY"!KOB yrnepoAHblX B0I10KOH : 1 - yrnepoAHble BonOKHa, 2 - reTTep, 3 
CTeKIls:lHHOe OCHOBaHHe HO>KKH. 
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PHc.24. BOI1bTaMnepHble XapaKTepHCTMIG1 (B KOOPAHHaTaX ¢laynepa-

HOPAreMMa) SBT03MIr1CClr10HHbiX KaTOAoB H3 nY\.lKOB yrnepoAHblX BOllOKOH.
 

1,3 - e,QHHH"'Hb,e KaTOAbJ;
 
2,4-6 - KaTOAbl H3 weCTr.1 nY'-lKOB, npr.1",eM STOp, 6 npOpa60TaJ1 200 "'acoe.
 

MA npH HanpSUKeHHH 4,0 + 5,0 KB. XapaKTepHCTHKH OAHoro 1'13 KaTO,QOB a KOOPAHHaTax 

¢laynepa-HoPAreMMa npr.1BeAeHbl HS pMc.24. CBeTOOTAS4a 3KCnepr.1MeHTaIlbHblX 

r.1CTOlfHHKOB 1113MepMaCb KPeMHllleBb'M e:pOToaneMeHTOM C Y4eTOM ero ceIleKTHBHOH 
"fYBCTBr.1TeI1bHOCTH AIlR AJU1H BOI1H, 1r13.n~aeMhlX IlIOMHHOepopOM. 3aBIIICIIIMOCTb t' 

CBeTOOTAa"fH IltOMr.1Hoct>OPOB OT 3HeprHH B036}')K,Q810114r.1X 3I1eKTpOHOB npeACTaBI1eHa Ha 
pHc.25. 

Pe3YIlbTaTOM pa60Tbi [14] RBr.1IlOCb TO, "'TO npH nOABoAe K C03AaHHblM npOTOTHnaM 

HCT04HHKOB caeTa MOU4HOCTIII OT 4 AO 108m 6b1I1a AOCTHrHyra 3<Pc1>eKTHBHOCTb OT r= 
10nMlBm AllR 6eIloro !.tHeTa III y =12 nMIBm ATlA KPacHoro L4BeTa AO r=30 nMIBm AJ1S1 

3eneHoro l,4BeTa. C yYeToM Ko3<P¢HL4H8HTa n0I1e3HOrO p,eMCTBHA TIn HcnOIlb30BaHHoro 

npeo6pa30BareI1A ceTeBoro HanpA>KeHHA acl>4>eKTHBHOCTb HaxOAHTCA B Ar.1ana30He r = 
8+24 nMIBm. 6blmt npOBeAeHbl HcnblTaHw:I OTnaAHHblX r.1CTO"fHr.1KOB caeTa Ha 
,QOIlfOBe4HOCTb. B re",eHr.1e 600 'lscoe KaK 3IleKTpr.1",eclOle (BeI1r.1"fHHa 3MHCCHOHHoro 

TOKa), TaK VI CBeTOBble (cBeToBoH nOToK) napaMeTpbl HCTO"lHHKOB CBera Vl3MeHHIlVICb He 
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PMc.25. 3aBHCHMOCTb 3q,q,eKT~BHOCTH (cBeTOOTAaYH) I1IOMHHOq,OpOB, 

McnOllb30BSHHblX B ~CT04HlIIKSX caaTS plllC. 23, OT 3Heprlo1101 B036y>K,D.SIOLLtIo1X 

311eKTpoHoB. 

1 - 3e11eHbl~ 1110M 101HOq,OP, Cpa3Y nOClle BKJlI04eHMSl; 

2 - 3elleHbl~ I1IOMMHOq:,Op, 4epe3 200 4aCOB pa6oTbl; 

3 - KpaCHbl~ I1IOMlIIHOq,Op. 

6011ee yeM Ha 3%. lloA4epKHeM, "ITO B OTm14Me OT 6011bW1IIHCTBa Io1CnbJTaHIo1~ Ha 

AOllroBeYHOCTb. B AaHHO~ pa60Te TeCTlo1pOBaIllo1Cb napaueTpbl MCTOYH1IIKOB CBeTa B 

4ell0M, a He napaMeTpbl aBT03M1IICC1IIOHHbiX KaTOAOB. 

BecbMa nOKa3aTellbHblMIo1 npeACTaBlls:1lOTCs:I nOIlY'"!eHHble aSTopaMIo1 HaCTOs:l~e~ 

pa60Tbi pe3YllbTaTbi Io1cnblTaHIo1~ Ha TOKOOT6op aBT03MMCClIIOHHbiX KaTOAOB 1113 

eAMHIo14HbiX yrnepoAHblX BOll0KOH 101 1013 MX nyYKOB. B BaKYYMHylO KaMepy 3apJUKallMCb 

nocneAOBaTe11bHO MHorlo1e 0AMHO"lHble BOll0KHa 101 MHorne nY'"!K1II B0110KOH 111 AJlR Ka>KAoro 

~3 H~X npeAnp1llH1IIManaCb nonblTKa nOIlY"'l1llTb aBT03M1IICCIo10HHbl~ TOK, npOBeCT1II 

npeAssplo1TellbHylO TpeHlo1pOBKy H onpeAellMTb 3Ha"leH1IIe cyMMapHoro TOKa nplo1 OAHOM 111 

TOM >Ke q,lIIKClo1pOBaHHOM MaKCIo1MallbHOM Hanps:l>KeH1II1II KaTOA - SHOA (aHOA - nI1OCK1IIL1 

MeTaI1IlIo1"1eCIG1~ AHCK Ha paCCTOs:lHMIo1 - 2,0 eM OT pa604eM nOBepXHOCTIo1 KaTOAa), V = 
=5,0 KB. 6blllO AOCTaT04HO AOCToBepHo Bbls:lCHeHO. "ITO B cnY"lae Io1cnblTSHIo1M OAIo1H04HbiX 

BOIlOKOH npaKT1II4eCK1II Bce OHlII (He MeHee 95%) n03BOIls:llOT nOIlY4HTb aBTo3MHCCHOHHbiM 

TOK Bell~YMHO~ B npeAellax 50 + 250 MKA. lloAo6Hble lIICnblTaH1IIs:I KaTOAOB M3 ny"lKoB 

yrnepoAHblX BOll0KOH (He MeHee 100 BOIlOKOH B nY"lKe) nOKa3a11H. "ITO np~MepHO B 20% 

BellHYHHa TOKa COCTaBlls:1eT - 500 MKA (HHorAa HeMHoro Bbfwe), TorAa KaK B OCTaIlbHblX 
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cn~a~x pa36poc TOKa B npeAenax 50 +250 MICA Ka"lecTBeHHo nOBTOpJleT c~TYaLt~1O C 
O,Q~HO"lHbIM~ BOnOKHaMH. OTCIOAa CneAYeT CAenaTb BblBOA, "lTO HCn0l1b30BaHHe n~KOB 

BonOKOH He ,QaeT O"leBHAHbIX npeHMYlLleCTB B MaHe AOCTH>KeHHR B03MO>KH0 60nbWHX 
aBT03M~CCHOHHbIXTOKOB. B TO >Ke BpeM~, Hcnonb30BaH~e n~KOB BonOKOH CKa3blBaeTCSI 

O"leBHAHO OTpHl.-'aTenbHO Ha napaMeTpax KBTOAOB np~ Han~"lH~ B KOHCTpyKLtHH 
HCTO"lH~KOB CBeTa MOAynRTopoB, nOCKonbKY Hcnonb3yeMble B ~3BeCTHbiX HaM pa60Tax 
MeTOAbl np1r1rOTOBneHHJI n~KOB (06bl~HO 3TO npOCToe pa3pe3aHHe r~nbOTHHOM) AalOT 
CYl..4eCTBeHHblH paa6poc BonOKOH no BbICOTe; CKaablBaeTCSI H OTKIlOHeHHe MHor~x 

BonOKOH OT OC~ n~Ka. 

HeKOTopblH, XOTSI ~ BeCbMa He3Ha~HTenbHblli1, onblT HaKOnl1eH K HaCTOSllJ..leMY 
BpeMeHH B 06naCTH C03AaHHR KaTO,QOB ~3 MOHon~THbIX yrnepoAHblX MaTep~anOB. B 
pa60Tax [76,77] H ,ttp. aHanHa~poBan~cb 3M~CC~OHHble cBoMCTBa KaTOAOB H3 nnOCK~X 
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IltlV;1/B 

PHc.26. BonbTaMnepHble xapaKTep~CT\1KH (B KOOp,ttHHaTax <l>aynepa
Hop,QreAMa) rpaep~ToBoro MHoroocrpHIi1Horo aBT03MHCCHOHHOro KaTO,Qa, 
nOJl~eHHOro pa,QHaLtHOHHbIM cnoc060M. (0611~eHHe HOHaMH Ar C 3HeprHeA 

100 K3B, epnlOeHc 2 . 1017 ~OHOB/cM2, yron na,QeHHR n~Ka ~OHOB Ha 

nOBepXHOCTb rpaepHTa 45°, paCCTORHHe KaTOA - aHOA 2,0 MM): 1 - ~CXOAHaR 

xapaKTep~CTHKa: 2 - xapaKTep~CT~Ka nocne npe,QBap1r1Tel1bHOH 'rpeH~poBKH B 

Te~eHHe 30 MHH np~ cpe,QHeM TOKe Iq» = 400 MKA ~ AaBIleHHH P =5· 10-6Top; 

3 - XapaKTepHCTj,1Ka nocne pa60TblKaTO,Qa np~ Icp = 1.0 MI<A B TeYeHHe 1 "I., P 
~ 5· 10·3 Top 
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PMc.27. nOnY'4eHHble B CKaHHPYIOU-\eM TyHHeI1bHOM MHKpOCKOne 

H306paJt<eHI1Sl nOBepXHOCTH BblCOKOOpMeHTl1pOBaHHOrO nl1ponMTI1'f8CKOrO 

rpa¢HTa, 06I1y-.eHHOrO HOHaMI1 Xe+ C 3HeprHe~ 210 MaS (1130MeTpMR H BM,C\ 

cBepxy). BHAHO 06pa30BaHHe nepHOAHYecKoliI CTPYKTypbl MIIlKPOOCTJ)HH 
eA\o1HI1'fHbIX aMHCCHOHHblX L\eHTpOB. 
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yrnepoAHblX nnaCn1H, nOABeprHyrblx pa3nllt'4HblM BlItAaM 06pa60TlG1. Ha~n~w~e 

pe3ynbTaTbi AaIla MeXaHlIt\.leCKaR 06pa60TKa (npOCTOM Ha>KAa'4HOM 6YMarOM), HalltXYAw~e 
- 3neKTpo3p03HOHH~. 

~HTepeCHbie pe3YnbTaTbi 6bll1H nOn~eHbl npH Hcnonb30BaH~H PaAHa",HOHHbIX 
TeXHOnOIl1M C03AaHioiR MH 06pa60TKIoi aBT03MHCClr10HHblX KaTOAOB H3 MaCCHBHblX 
yrnepoAHbIX nnaCTHH H nnaCTHH BbiCOKO Oplr1eHTMpOBaHHOrO nHpOm1TH48CKOrO rpaepHTa 
[78-80]. 

TaK, B [80], npeAnO>KeH H peanH30BaH cnoco6 non~eHHR MOCKHX npOTR>KeHHbIX 
aBT03MlItCCHOHHbIX I<8TOAOB H3 rpaepHTa 3a (;'.feT 06Il~eHHR HCXOAHO ornonHpoBaHHoiil 
nOBepxHOCTH MOHaMH cpe,QHMx 3Hep....... nOKa3aHO, '4TO HaH60nee 3epepeKTMBHO AnR 

3THX 4eneA Hcnonb30BaHHe TR*enbIX MOHOB ra30B C 3Hep~MH B npe,Qenax 50 + 

200K38 n..pM MHTeHCHBHOCTM 06n~eHHR 1014 uOHoele,jl{; H cpntOeHce 1017 -:- 1018 

uOHoele,r. YK83aHHble napaMeTPbl 06n~eHHR 06eCne'4MBa1OT OTHOCKTenbHO BblCOKMe 
K03epcpMLtHeHTbi pacnblneHMR no MexaHM3MY 06pa30BaHlIIR KaCKa,qOB aTOMHblX 

CMelJ.l8HMM [81,82] M C03,QaHHe B pe3ynbTaTe 3Toro pa3BMToiii (Hcneu.lpeHHol1l) 
nOBepXHOCTM. npoB9,QeHHbll1l aHanH3 non~aeMoA pa60'4eA nOBepXHOCTM 

aBT03MMCCMOHHblXKaTO,QOB B CKaHMpylOLLteM JyHHe1IbHOM M~KpocKOne [83] BblRBMn 
o6pa30BaHHe 3MMCCMOHHblX 4eHTpOB co cpeAHel1l KpMBM3Hol1l nOBepXHOCTM B npe,Qenax 

210 + 100 HM M nnOTHOCTblO 108 CM- . 3aroTOBKM KaTOAOB npe,QCTaanSinH co6ol1l nnaCl14Hbi 
pa3MepoM 1,0 x 1,0 eM H TonLLt~HoA 3,0 MM. MaTepHanOM Clly>KMn BbICOKonpO~HblM 

peaKTOpHblA rpaepMT MaplGt Mnr-6 [84]. nepeA 0611~eH1IIeM 111 nOllMpOBKOA .pa60'4eA 
nOBepXHOCTM 3arOTOBJGtI OT>KMranMCb B BaKYYMe npM TeMnepaTYpe 10000C B Te\.leHHe 1 
lI8e8. 06n~eH1IIe n~KoM HOHOB (Hcnonb30BanHCb HOHbI Ar+, Xe+ U La+) 
0CYl..LleCTBnRnOCb, B pa3J1H~HblX cn~aRx, nOA yrnaMH 90, 60 H 450 

K noeepxHoCTM 
3aroTOBKM. TMn1lt4Hble BonbTaMnepHble xapaKTepMCTMKM (8 KOopAHHaTax C1>aynepa
Hop,QreAMa) no~eHHblx YKa3aHHbiM cnoco60M KaTO,QOB np~Be,QeHbl Ha pHc.26. 
OTMeTMM, ~TO M3MepeHMSI npoBo,QMnMCb B BaKyyMHOM KaMepe, paCCToRHHe KaToA 
nll0CKMiiI aHOA coCTaansuro 5,0 MM. nepBaR xapaKTepHCTHKa Ha pMc.26 6bllla non~eHa 

cpa3y nocne n0A84~ Ha KaTOA BblCOKoro HanpSl>KeHMR, BTOP~. - nocne ero 
npe,QBapMTenbHOH .,-peHHpOBKH B Te~eHMe 0,5 1I8Ca B BaKYYMe 10-6 Topp npM TOl<ooT6ope 
0,8 uA H TpeTbR - nocne pa60Tbi KaTOAa B Te'-leH~e 3 lIacos B BaKyyMe 10-4 Topp np... 
TOKool"6ope 1,5 MA. TOT epau, \.ITO npMBeAeHHble BonbTaMnepHble xapaKTeplltCTHKM He 
HMelOT M311OMa. a TalOKe Mano OTI1H"IaIOTCR APyr OT ,Qpyra, CSHAeTeI1bCTByeT, no
BM,QHMOMY, 0 nO,QK11IO~eHHH B pa60ty np~ nOAa4e BblCOKOro HanpR>KeH~R cpa3y 
60nbWHHCTBa l\eHrpoB 3MHCCH.... B TO >Ke BpeMR, Ha6moAaeMSfI TeHAeH",HH K 

cMeUleH~1O SOl1bTaMllepHblX xapaKTep~CTMKBneBO (B CTOpOHy 60nbWHX Hanp~>KeHHL4) B 
np04ecce 3KcnnyaTa~M~MO>KeT cB~AeTenbCTBOBaTb 0 nOCTeneHHOM YMeHbLUeHMH '4Mcna 
~eHTPOB 3M...CCHH. 

npoBeAeHHble B [79] H3MepeH~R ,QonrOB6'-IHOCTH aBT03M~CCMOHHblX KaTO,QOB M 
CTa6MnbHoCTM 3MMTHpyeMoro MMM TOKa nOKa3anH, "ITO 60nee nepCneKTMBHO 
McnOllb30BaTb npllt ~3rOTOBneHlItH KaTOAOB 0611~eHMe T~>KenbIMH ~OHaMM ra30B, He>Ken~ 

MOHaM'" MeTaI1110B. KpoMe Toro, 6bllla YCTaHOB11eHa CVUleCTBeHHaR 3aB~CHMOCTb 

,Qonroee'-lHOCm ~3rOToaneHHb1X YKa3aHHblM cnoc06oM aST03MHCCHOHHblX KaTOAOB OT 
HanpR>KeH~SI MX 3KCnnyaTa~~H, Ha4MHaJi C onpe,qeneHHoro HanpR>KeHH~ (8 CJ)eAHeM Ha 
ypoBHe 5,0 KB) CpOK cny>K6b1 KaTOAOB na,qan OT COTeH H 60nee lIacoe AO H8CKOl1bIG1X 
MUHym. nOrH~HOe 06b~cHeH~e· 3TOMy - nonHoe pa3pyweHHe ",eHTPoB 3MM~1>1 B 

pe3Yl1bTaTe BbiCOKOfO TOKooT6opa (Harpes Karo,q,a) M HHTeHCI>1BHOM HOHHOiii 
6oM6ap,Q~poBKM ero nOBepxHoCT~. 
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flCHO. ~TO C/lY'laMHOe paCnpeAelleHHe 3MHCCHOHHblX LleHTpOB B TalG1X KaToAax no 
BblCOTe H KpHBH3He nOBepXHOCTH ,QenaeT B03MO>KHblM HcnOllb30Ban. AtlA HHX 

MOAYIlATOPbl IlHWb ceT~Horo HIlH npOBOIlO"'Horo TImOB (pHC. 156 H 15,Q. 
cooTBeTcTBeHHo). 

Becbua HeO>KHAaHHblM H 06HaAe>KHBaIOUlIo1M pe3YIlbTaT 6b111 nOIlYl.teH aBTopauH [80). 
nOClle 06.nYl.teHlo1l'1 nOBepxHOCTIo1 BbiCoKoopHeHTlo1poBaHHoro nHpom1TH~ecKOro rpacPHTa 
1010HaUH Xe+ C 3HeprHe~ 210 M3B Ha He~ o6pa30Ba.nacb neplo1o,QH~eCKaA cTPYKTYpa 

MHKPOOCTpHM (plo1c.27). neplo1oA TaKo~ CTPYKTypbl COCTaBHJl - 10,0 HM, cpeAHASl BblCOTa 

BblcTynoB - 3,0 HM. B03MO>KHoe TeopeTIo1...ecKOe 06'bACHeHl1e TaKOrO 3cPcPeKTa ASHO B 

[86J. Ha ceroAHAwHHM AeHb yCTaHOBJleHO, "'TO ,QaJleKO He Ha BceM nOBepXHOCTM 
06JlYl.taeMoro MaTepHana 06pa3YIOTCA TaKl1e peryJlApHO pacnonO>KeHHble 3MHCCl10HHbie 

LleHTPbl (MI1KPOOC'TpI1A). He06xo,QI1MO Bbll'lCHHTb nOBTopAeMOCTb TaKHX pe3yJlbTaTOB, Io1X 

CBA3b C nnOTHOCTblO H cPll108HCOM 06JlYl.teHHA, 3HeprHeM HOHOB. yrnoM Io1X naAeHl1l'1 Ha 

noeepXHOcn. rpacPHTa. B8>KHO TaK>Ke AeTallbHO npOSlCHI1Tb B03MO>KHoe BnHSlHlo1e Ha 
cPopMlo1pyeMYIO neplo1oAH...eCKYIO C'TpYKTYPY MHKpOOC'TpHM eeCbMa CneLlL1cPIo1~eCKOM 

co6CTBeHHoM CIlOHCTOM CTPYKTYPbl nl1porpacPHTa [86,87J. B HaCTOAlI.lee BpeMA 3Ta 
pa60Ta Io1HTeHCHBHO pa3BHBaeTCl'I. 

B 3aKl1IO~eHHe 3Toro pa3AeJla OCTaHOBHMCSl Ha OTHOCI1TellbHO HOBOM HanpaBI1eHHIo1 B 

C03,QaHHH KaTOAOI1IOMHHeCLleHTHbIX HCTO...HIo1KOB CBeTa C Hcnonb30BaHI1eM 

aBT03MI1CCl10HHblX KaTOAOB. CBA3aHO OHO C npl1MeHeHI18M B Ka...eCTBe 

aBT03MI1CCl10HHbiX KaTO,QOB TaK Ha3blBaeMbiX HaHoTpy6oK - BbiTAHYTbIX CTPYKTYP, 

COCTOAUlHX, B OCHOBHOM, 113 weCTl1...I1eHHbIX K0118L1 yrnepo,Qa [88,89]. 06PS30BaHI1e 

Pl1c.28. 1l0I1Y1.teHHoe B CKaHHpylOUI8M TyHHeI1bHOM MHl<pOcKone 
H306p8>KeHHe aHC8M6nSl yrnepoAHblx HaHoTpy6oK [92]. 
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HaHoTpy60K ocyuteCTBmteTCR ~3 rpa<p~T8 B AyrOBOM pa3pRAe np~ TeMnepaType 
nopRAKa 3000 K B o6naCTRx, rAe npoTetealOT T810Ke npoLteccbl <POpMMpoBaH~R APyrMx 

cTpYKTYP M3 rpa¢HTa - <pynnepeHoB [90] M HaHO~aCnll." [88]. TeXHOll0r~R npOM3BOACTBa 

HaHoTpy60K BeCbMa cnO>KHa (CM. 0630P B [91]). npM MX nonyYeHMM AyroBoH pa3PRA 

C03.QaeTCR B ~HepTHoM ra3e npM aTMoc¢epHoM AaBneHHM, HanpR>KeHMe Me>KAY 

3neKlpOAaMM COCTaBllReT AeCRTKM Bonbm, TorAa KaK pacCToRHHe Me>KAY HMMM - 1,0 eM; 

aHoAoM c.n)'lKMT rpa<pMT. Heo6xOAMMaR TeMnepaTypa ra3a AOCTMraeTCR npM pa3pRAHOM 
TOKe Ha ypoBHe 100 A. nOA AeHCTBMeM 3Toro TOKa npoMcxoAMT McnapeHMe MaTepMans 
SHOAa. B peayllbTaTe o6pa3ylOTcR <pyllllepeHbl, HaHQ\faCTMl.lbl M APyrMe ~aCTMLtbl ca>IGt, a 
TalOKe HaHOTpy61G1 (OHM COCTaB1lSUOT I1MWb He6oI1bwylO ~aCTb 06pa3yeMblx npO,QyKTOB). 
B pe3ynbTaTe onMcaHHoro np0l.(ecca H8HOTpy6KJ11 ~aCnl"1HO np~KpennRIOTCJI K X0I10AHbIM 
nOBepXHOCTRM yCTaHOBKJII, "IScnt"lHO OC8lKAalOTCR H8 APyrMx nOBepXHOCTRX BMecTe C 
ca>Kel1. .QnHHa HaHoTpy6oK MO>KeT AOCTMraTb HeCKonbK~X MKM, MX AMaMeTp COCT8BIlReT 
HecKonbKO HM. HaHOTpy6KM MOryl" MMeTb teaK OTKPblTble, TaK H 38KPblTbie KOHl.(bl.CBOMMM 
ytiMKa1lbHblMM CTPYK1YPOH H CBOMCTBaMH HaHoTpy6KJ11 6b1CTPO npHBneKnM K ce6e 
npMCTaIlbHoe BH~MaH~e cneI.(M8I1MCTOB P8311~~HbIX 06nacTel1 3HaHMl1 M TeXH0I10Il1H, B 

TOM ~Mc.ne M B 06J1aCT~ BaKYYMHOl1 MMKp03I1eKTpOHMKJII. T8K, aBTopbl [92] BnepBble 
OLteHHIlM 3MMCCMOHHble cBoACTBa M3roT0B11eHHblX ~MM HaHOlPy60K (CM. pMc.28), CHRnM 

BOI1bTaMnepHble Xap8KTepHCTMKJII 8BT03neKTPOHHoA 3MMCCHM. B [93] 6bl11 onMcaH 
aBT03MMCCMOHHblH MCTO~HMK 3neKl'pOHOB H8 OCHOBe yrnepoAHblX HaHOTpy6oK. B CBOHX 

nocneAYlOI.I..tHX pa60Tax (CM., HanpMMep, [94]) aBTopbl [92] p83BMnM M AeTanM3MpOBaIlM 
~AelO MCnOllb30B8HMR TOHKOnI1eHO"lHbIX o6paaoBaHMH HaHOTPy6oK B Ka~eCTBe 

3¢<peKTMBHblX KaTOAOB H8 OCHOBe aBT031leKTpOHHOM 3MMCCMM. HaKOHel.(, B [74,75] 6b1n 
npeAflO>KeH M onMcaH KaTOAOlllOMMHeCl.(eHTHbll1 MCTO~HMK CBeTa C aBT03M~CCMOHHblM 

K8TOAOM Ha OCHOBe HaHOTpy6oK. 

ABTOpbl [75] MccneAoB811M 3MMCCMOHHble xapaKTepMCTMKM MHorocnOl1HbiX 
HaHoTpy60K (.QMcTaHI.(MR Me>KAY cnOSlMM, KaK M B rpa¢MTe, paBHa 0,34 HM) C 3aKPblTblMM 
KOHl.laM~ (MCHT3), MHorocnoMHblx H8HoTpy60K C OTKpblTblMM KOH4aMM (MCHTO) H 

nY"!KoB oAHocnoMHblx HaHoTPy6oK (OCHT) [91]. ~3MepeHMR BOllbTaMnepHblx 
xapaKTepMCTMK (CM pMc.29) npOBoAM1l0Cb B BaKYYMHOH KaMepe npM AaB11eH~M B 
npeAenax 10~ + 10-9 Topp; aHOAOM Cl1Y>fG1na MMKpOKaH8I1bHaR nnaCTMHa [95]. 
pacn01l0>KeHHaR Ha paCCToRHMH 60 MM OT aBT03MMCCMOHHoro KaTOAa. 

AnA IIICTO"lHMKa CBeT8 6b111~ Bbl6paHbI 3MMTTepbl M3 MCHTO, AalOlLIMe 601lbWMH TOK 
npM MeHbWMX HanpR>KeHMJlX (CM. pMc.29). KOHCTPYK4MR MCTQ\fHMKa CBeTa 
COOTBeTCTBOBaIla cxeMe pMc.26. Cenca-MoAynJlTop pacnOI1aranSCb HS· paCCTORHM~ 

0,2+1,0 MM OT KaTOAa, Ha fllOMMHO<PoP (rony6oH CBeT, ZnS·Ag) co CTOPOHbl ceTKM 6bln 
HaHeceH cnOM AI TOllutMHOM 100 HM. BaKYYM B OTnaRHHOH CTeKllRHHoM Kon6e COCTaBllSlll 

- 10~ Topp. npM paCCToSlHMM KaTOA - ceTKa 0,2 MM 3MMCCMPHHblH TOK Ha SHOA 

COCTaBmm 100 + 200 MKA npM HanpSl>KeHMM Ha ceTKe 300 B (OTHOCMTe1lbHO KaTOAa). 
npM TalG1X napaMeTpax AOCTMrHyraSl SIpKOCTb CB~eHMSI nlOMMHo¢opa 6b1na 

1,5·104KcJ/~. 0 BellM\.fMHe aHoAHoro HanpSl>KeHMSI aBTopbl [75] He CO06~8IOT. TSlOKe K8K 
He npMBOAAT ra6apMTbl C03AaHHoro MCTO"lHMKa CBeTa M ero 3<p<peKTMBHOCTb (B nMIBm). 
rOBOpR 0 Aonroae"lHOCTM MCTO'oIHHKOB ceeTa, OHM rapaHTHpylOT CpOK ClIy>K6bl Bblwe 
10000 lfacoa, XOTSI HMKaKMX o,-,eHoK Mn~ pe3ynbTaTOB M3MepeHHH. Ha KOTOpblX OCHOB8Ha 
npMBeAeHHaJI 4H<ppa, He npMBO,QRT. 

AHam'3 non~eHHblX B [75] pe3ynbTaToB M HX nepCneKTMBHOCTb MO>KeT 6blTb 

o~eHeHa TOJ1bKO npM HanM"IHM cy~eCTBeHHoH AononHMTenbHoH MH<pOPMa4MM- M, npe>KAe 
acero, "PM 3HaHHM BenM~MHbI aHoAHoro HanpR>KeHMR. T.e. Heo6xOAMMa 04eHKa 



47
 

600 1000 
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Pl<lc.29. B011bTaMnepHble XapaKTepl<lCTI<IKI<I aBT03MI<ICCI<IOHHbiX KaTOAOB Ha 

OCHOBe HaHoTpy6oK [75]. 
o - MHor0C110~Hble HaHoTpy6KI4 C 3aKpblTblMM KOHltaMI<I
 

• - MHor0C110~Hble HaHoTpy6KI<I C OTKPblTblMI<I KOHI.t8MI<I
 

A - n}"4KI<I OAH0C110~HblX HaHOTPy60K.
 

pa,Ql4aIlI<lOHHO~ CHarpy3KM» MaTepl<lana aBT03MI<ICCI<IOHHOrO KaTOAa. OAHaKO, )?Ke ce~~ac 

MO>KHO npe,qn0110>KMTb, 4TO paCCM0TPeHHble KaTOAHQ-MOAY11S1TopHble Y311bl Ha OCHOBe 

HaHoTpy60K, no-BI<IAI<IMOMY, 6011ee TeXHOllOrl<l4Hbi no cpaBHeHMIO c Y3llaMH 

aHanOrH4HOrO Tl<lna Ha OCHOBe yrnepoAHblX BonOKOH. OKOH4aTellbHbl~ >Ke BblBOA 

AenaTb, Ha Haw B3r11S1A. npe>t<,qeBpeMeHHO; Ha AaHHOM 3Tane Mbl He MO>KeM CpaBHI<ITb 

CTOMMOCTb HCTO"lHI<IKOB CBeTa C KaTOAaMI4 ,{IByx ynOM~Hyn.IX Tl<lnOB. BeCbMa BepORTHO, 

~TO OnTMManbHblM AIlR aBT03MMCC140HHOrO KaTOAa OKa>KeTCR TpeTlo1~ MaTepl<lan, KOTOpblH 

.HI<IKTO nOKa He 06cy>K,AaeT. T.e. nOI<lCKI<I npOAOmKaIOTCSI. 

6.2. limo ocmanOCb H8SbIRCH8HHbIM. HH B Koel' Mepe He 0TPl<IltaSi nOJle3HOCTM 1<1 

Ba>KHOCTI<I Bbln011HeHHblX K HaCTOSlLlleMY BpeMeHM pa50T B paCCMaTpI<IBaeMO~ 06naCTI<I, 

C11e,QyeT, Ha Haw B3r11~A, npl43HaTb, 4TO pa60Tbi 3TI<I KPaHHe He CI<ICTeMaTlo1"lHbI, M "lTO 

KonMlolecTBo BOnpOCOB, KOTopble OHI<I nOCTaBI411 1<1 , CYLlleCTBeHHO npeSblwaeT K011I<1~eCTBO 

OTBeTOB, KOTopble OHM Aa11l<1. ABTOpbl C AOCTaTOYHO nerKMM cePAlIeM KPI4THKYIOT 

YKa3aHHbie pa50Tbl, nOCK011bKY caMI<I RB11I'lIOT~ aKTI<IBHblMIII Y4aCTHMKaMIII MHOrl4X 1113 HIIIX. 

3a,Qa,QI<IM ce6e III APyrl4M npOCTble BonpOCbl. 
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nO"leMy B Ka~eCTBe nepCneKTMBHblX MaTepMaIlOB aBTOKaTOAOB AO C~X nop 

paCCMaTpMBam'Cb T011bKO yrnepoAHble MaTepManbl? Pa3Be He11b3R peam'30BaTb 

KnaCTepHoe paCnbl11eHMe npaK1l'llofeCKM I1Io60ro APyroro MaTep~aI1a? Pa3Be He11b3s:1 
HanpaBIleHHO COJAaTb M CK011b yrOAHO A011ro nOAQ,ep>KMBaTb 3a C'-IeT 

OnntMM3MpOBaHHoro COCTaBa MaTepMaIla KaTo.qa, cocraBa OCTaTOlofHblX (M11M 

Cne~HaIlbHO nOA06paHHbIX) ra30B M npaBMIlbHO Bbl6paHHoro HanpSDKeHMs:I (3HeprMM 

60M6apAMpylOLilMX pa6~ylO nOBepXHOCTb KaTOAa MOHOB) nOBepXHOCTb, COAep>KalLlYlO 

AOCTaTolofHoe KOnMlofeCTBO 3MMCCMOHHblX ~eHrpOB? Pa3Be 0611a,qaeT yrnepoA 

YAoaneTBopMTeIlbHblMM SMMCCMOHHblMM CBO~CTBaMM? Pa3Be HeT 60Jlee nOAXoAsu4MX 

saKYYMHblX MaTepMaIlOB? 

ECIlM ~Cn011b30BaH~e yrnepoAHblX B0110KOH AaeT 06Ha,Qe>KMBalO~Mepe3yIlbTaTbl, TO 

nOlofeMY AO C~X nop He n011}'\leHa AeTaIlbHas:l ~HcPopMa~~R 0 npo~eccax, y>Ke 

Mcno11b3yeMbix KaK Ba>KHble TeXHOIlOrM"IeCKMe onepa~M~? np~lofeM YKa3aHHas:l 

MHcPopMa~Ms:I He npoCTO eLile He n011~eHa, a HeT AB>Ke nonbiTOK ee n011Y'"'MTb. 4TO AaeT, 

nOMMMO O"l~CTKM OT CBR3YIOU4eH opraHMKM, OnKMf ymepoAHblX BonOKOH? KaKOHa 

CTpYKTYpa B0110KOH? - KpOMe 06Li1MX q,pa3 0 HopManM38~MM CTPYKlYPbl Mbl HMlofero He 
3HaeM. n04eMY He MCn011b30BaIlCs:I peHTreHOCTpYKTYPHbI~ aHaJlH3? 1l0lofeMY He 

aHanM3MpOBa11Cs:l XMMMlofeCKM~ COCTaB BOSlOKOH? nOlofeMY He M3MepeHO M He OL.1eHeHO 

KOSlMlofeCTBO pacxo.qyeMoro (pacnbl.oReMoro) MaTepMana KaTOAa B 3aBMC~MOCTM OT 

BpeMeH~ ero 3KCn11yaTaL.1~M?nOlofeMY He npoaHallM3MpOBaH Aa>Ke xapaKTep pacnblSleHMs:I 

yr.oepOAa? BSlMSleT 11M M KaK nona.qaHMe paCnbl11ReMOrO MaTepMaIla Ha 11IOMMHOq,Op? 

nOlofeMY, HapMY C npM3HaHMeM He06xOAMMOCTM M Ba>KHOCTM npe,qBapHTeSlbHO~ 

TpeHMpOBKM aBTOSMMCCMOHHblX KaToAoB, HeT Aa>Ke nonblTOK pa3BMTMs:I KOllM4eCTBeHHoro, 

HaY"!HO 060CHOBaHHoro nOAXOAa K peanM3a~MM SToro npoL.1ecca? He~JlM 

SMnMpM4eCKMM no,q60p pe>KMMOS Ha~60.oee On1l1Ma11eH? HaKOHeL.1, no KaKMM KpMTepMRM 

(M nOlofeMY MMeHHO no H~M, eCtIM OHM "laCTM"lHO H Ha3b1Sa1OTCs:I) ocy~eCTB11ReTCs:I nOHCK H 

Bbl60p THna yrnepoAHoro B0110KHa? ~ He npeAn~TMTellbHee 11M Mcn011b30BaHMe 

0AMHO"lHbIX S0110KOH? ~ He YAacrcR 11M .qOCTMrHyrb Tex >Ke pe3ynbTaToB MJlM npeSblCMTb 

MX, 3aMeHMB yrnepoAHble B0110KHa Ha B0I10KHa M3 APymx MaTep~a110S ~11~ Ha 

MeTan11M~ecKMenpOBon04KM? 
npopa6aTbiBallaCb .oM cepbe3Ho KOHCTpyKLtMR KaTOAHQ-MoAynsnopHoro Y3J1a Alls:l 

MCTOlofHMKa CBeTa? Hy>KHO 11H 3apaHee cornaWaTbCs:I C 3aMeTHblMM nOTeps:lMM 

aBT03MMCC14tOHHOrO TOKa (T.e. stP¢eKTMBHOCTM MCT04HMKa CBeTa) Ha MOAym~Tope-ceTKe? 

n~eMY He BeAeTCs:I (M KaK HaM npeACTaB.os:leTCs:I - cepbe3Ho Aa>Ke He Ha4aTa) pa60Ta 
no nOMcKY OnTMMaIlbHOH KOH<pMrypaLtMM MCT04HMKa cseTa paCCMaTpMBaeMOro TMna? 

BeAb y>Ke ce~4ac npOCMaTpMSalOTCs:I BeCbMa 06Ha.qeJKMSaIOL4Me peweHMs:I; n04eMY >Ke K 

MX aHam13Y He npMBJle4eHbl CneL.1Man~CTbl? 
8 «nonHOM» TeHM HaxoA~TCR Bonpoc 06 311eKTpOnpOB(),QS:tLileM aHOAHOM nOKpblTMM. 

nO"leMy? Pa3se He O"leSM.qHO, ~TO ero OnTMMaIlbHoe peweHMe MO>KeT .qaTb BblMrpblW B 

34>cPeKTMBHocr~ He TOIlbKO Ha npo~eHTbl, HO ~ Ha .qeCRTIG1 npOL.1eHTOS? ~ pa3se He 

~eBMAHO, lofTO KO.ob CKOpO Mbi nbiTaeMCR C03J:\aTb XOPOWM~ npM60p S ~enOM, Mbl 

AOIl>KHbI cpa3y, 0AHoBpeMeHHO_Becnl pa60TY Ha BceX HanpaBlleHMRX, oTpa6aTblBBTb L1 
onTMMM3MP0HaTb Bce y311bl B KOMnneKce? Pa3Be MO>KHO cnopMTb C TeM, \,fTO HM COJAaHMe 

YHMKa11bHOrO KaTOAHo-MOAy11RTOpHOro Y311a Ha OCHOBe aBT0311eKTpOHHO~ 3M~CCMM 

MaTepMaIlOB, HM pa3pa60TKa HOBoro, BbiCOK03<p<peKTMBHOrO, HM3KOB011bTHOrO, 

.qo11rO>lG'lBYUlero 11IOMMHoq,opa - eLl.le He eCTb C03J:\aHL1e nepCneKrnBHOrO ,QIls:l WMpoKoro 
MCnOIlb30BaHL1S1, KOHKYpeHTocnoco6Horo KaTOAOllIOMIltHeC~eHTHOrOMCT~HMKa CBeTa? 

VI, HaKOHe4, Ba>KHeHWMM sonpoc - 11IOMMHOq,0PbJ. nO"leMy OnTL1MM3aLtMs:I 1'tX Bbl60pa, 

TeXHOllorMM M3roToBSleH~R, HaHeceHMs:I, KOHrpOllR M T.n. - npMMeHHTenbHo MMeHHO K 
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C03AaBaeMOMY MCT04H'1KY CBeTa, OTKIlaAbIBaeTcs:r? ~ eu.te pa3 - pa3se He 04eBM.qHO, 4TO 

Bee BonpOCbl, CBR3aHHbie 101 C KaTOAHQ-MoAynRTopHbIM y3110M, K C aHOAHbiM y3noM, \.1 C 

061.1.1'1M KOHCTpyKT'1SHbIM peweHMeM MCTO~HMKa CBeTa - B3aMMOCBJt38Hbl? ~ pa3Be He 
RCHO, 4TO OHM TeCHel1WMM 06pa30M CBR3aHbi C Tolii 06naCTblO npMMeHeHMR, AIlR KOTOpoi1 

MCTOYHHKCO~aeTCR? 

6.3. BuouMb,e nymu pa38umuR pa6om. npaB'1nbHblM OTBeTOM Ha nOCTaSneHHble 

Bblwe, B03MO>KHO B HeCKonbKO 3Mo4MoHanbHo.:4 Q:lOpMe, Bonpocbl npeAcTaBMeTcR 

npKH4MnManbHoe M3MeHeHMe xapaKTepa pa60T B paccMaTpMBaeMoM HanpaBneHMM M MX 

aKTMBM3a4HR. Y>Ke npo.:4AeHHbli't K HacToRU\eMY MOMeHTY nyrb M non~eHHble Ha HeM 

pe3ynbTaTbJ AOCTaTOYHO y6eAMTeI1bHO, Ha Haw B3r.nR,ll. ,D.OKa3blBa1OT npMH4MnHaJlbHYlO 

nepCneKJHBHOCTb C03AaHMR KaTOA0I1IOMMHeC4eHTHbIX HCTO~HHKOB CBeTa 

Mcnonb30BaHII1eM aST03neKTpOHH0l1 3MHCCMH MaTepMaJlOB. AaI1bHel1Wee PS3BMTllle 

pa60T Heo6xOAMMO npoBoAMTb KOMnneKCHO, WMpOIG1M Q:lpOHTOM, peWaR Bce 
....	 npMBeAeHHble Bblwe BonpOCbl napa.n.neI1bHO. TonbKO TecHeMwee COTpYAHMyeCTBO 

CneL4Ma.nMCTOB PS3I1M4HbIX npOQ:lMI1eM, TonbKO KOH4eHTpa4HR MX yCIIIJ1I11l1 Ha peweHMM 

KOHKPeTHblX 3aAa4 - C03AaHHH HCT04HMKOB cseTa yeTKO onpeAeneHHoro Ha3HSI.feHMs:f 

MO>KeT 06eCneYMTb ycnex. HaCTORl.l.laR ny6nMKal.lll1R, B 3HaYHTenbHOM Mepe, 
nplltrnaWeHMe K TaKoMy COTpYAHM4eCTSY. 
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