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PlS-5623 

B03M0 JKHO.CTSIX 6b!CTpOit TpeKOBOit pei'HCTp8UHH '18CTHU 

B KOKaeHCHpOB8HHhlX CpeASX 

Hbl HOBble MeTOAbl 6b!CTpOit pei'HCTp8UHH cneAOB '18CTHU B KOH 

.cpeAaX. PSIA H3 HHX 6a3HpyeTCSl B8 smneBBH YA8pHOI'O pa3MHO

X sapSIAOB B cnenax '18CTHU H8 HCKYCCTB9HHO 38C9nS19MblX aneKT

blX ypOBHSIX B oxnaJKAeHHbiX TB9pUhlX Be~eCTB8Xo 'tfaCTb MeTOUOB 

eKTe U0Bb!W9HHOI'O TyHHenbHOI'O Up0C8'1BB8HHSI aneKTpOHOB 

JKA9HHSI '18CTHU 'lepe3 TOHKHe CnOH nonynpOBOUHHKOB H UHaneKT 

••8888 06"8,1l8B8HBOI'O BBO'I'B'I'J'I'& Q8p8MX 8C0.18,1l0BBBBI 
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P13-5623 
F. 

New Possibilities of Quick Recording of Particle 
'!'racks in Condensed Media 

ethods of quick recording of particle tracks in conden
.re considered. Some of them are based on the impact 

of primary charges in the particle tracks on the 
ls, artificially populated by electrons, in cooled solid 
.mber of methods is based on the effect of enhanced 

Hon of electrons in the points where particles are 
ugh the thin layers of .. semiconductors and dielectrics. 
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BBeJleHHe 

B nocneJlHHe TPH ro)la BO MHOrHx ~H3H'IeCKHX na6oparopHHX rrpoHBnsrercsr 

ITOBblllleHHb!ll: HHTepec K HCCne)lOB8HHHM, CBH38HHblM C C03Jl8HH9M ITpOBOnO'IHOlf 

rrporropuHoHanbHO:lt KaMepbi, aarronHHeMoll: lKHJlKOll: cpeJloil. llenb 9THX HCCne)loBa

HHH COCTOHT B paapa50TKe Jl9T9KTOpOB cne)lOB '18CTHU, KOTOpbi9 coqeramr Obi 

B ce5e rronoJKHTenbHhie Ka'leCTBa rrpoBono'IHOH KaMepbi - OhiCTpory perHcrpa

UHH H HerrpepbiBHyJO 'IYBCTBHTenbHOCTb - H JlOCTOHHCTBO lKHJlKOCTHbiX TpeKOBbiX 

rrp~:~5opoB - 5onblllYJO rrnorHocrh paoo'lero BemecrBa. Heo6xOJlHMOCTb B rroJlo6-

HbiX Jl9T~KTOpax OCTpo OlllyllJaeTCSI B TeXHHKe ~H3H'IeCKOrO 9KCITepHM9HT8 C 

I 11 '18CTHU8MH BbJCOKHX 9HeprH:fi H OCOOeHHO B OITbiTaX C He:fiTpHHO • 

CHcTeMaTH'IecKoe H3y'leHHe JlaHHOH rrpo6neMbi aaqanocb c paooTbi AnhBa

peua /
2
/, B KOTOpOH ObinO Jl8HO ~H3H'I9CKOe OOOCHOB8HHe B03MOlKHOCTH C03Jla

HHH TpeKOBOrO Jl9T9KTOpa '18CTHU Ha OCHOBe OJlHOaTOMHhiX lKHJlKOCTeif. K HaCTOH

IUeMy BpeMeHH BbiiTOnHeHO yJKe HeCKOnbKO HCCne)lOB8HH:lt C JleTeKTOpaMH Jl8HHo

ro THrra 13,.<41. C'IeT'IHKH /3/ HMenH reoMerpHJO C'leT'IHKOB fe:Hrepa H aarronasr

nHCb lKHJlKHM aproHoM H KCeHoHoM. UeH:rpanbHhiM :aneKTPOJlOM B HHx cnyJKHna 

ITpOBOJlHIU8SI HHTb, TOnlliHHa KOTOpO:lt B8pbHpOBanacb OT HeCKOnbKHX JlO )leCHT

KOB MKM. HarrpHlK9HHOCTb aneKTpH'I9CKOrO ITOnH T8KJKe perynHpOBanaCb OT Ma

nhiX BenH'IHH JlO 3Ha'leHHH rrpo6osr. B 9THX HccneJlOBaHHHX OhinH, rrpeJKJle Bcero, 

ITOJlTBeplKJl9Hbl paHee H3BeCTHhie ~aKTbi, 'ITO B 0JlH08TOMHbiX lKHJlKOCTHX paJlHa

UI:ISI nopo:JKJlaer CBOoOJlHbre :aneKTPOHhi, KOTOpbre HMeror ITOJlBH:JKHOCTb 

"'103cM21B.CeK. 4~:~cno CBOOOJlHhrx :aneKrpoHoB B cne)lax pensrTHBHCTCKHx 
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'18CTHU COCT8BJ1SieT 104 - 10
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CM-1, HOBbiM B8)KHbiM pe3yJ1bT8TOM SIBHJ10Cb 

o6Hapy)KeHHe aljJijJeKT8 p83MHO)KeHIHI nepBH'IHbiX 3J1BKTpOHOB B )KHJJKOCTI! B6J11!31! 

noBepXHOCTH HHTH, KoaljJijJuuueHT pa3MHomeHHSI npu aTOM nocTuran 3Ha'leHHH 

104, 31jJijJeKTI!BHOCTb B03HHKHOBBHIHI J18BHH B6J1H3H llpOBOJlO'IBK COCT8Bni!Jl8 "20%, 

BbiJlO o6Hapy)KeHo, aonpeKH O:>KHABHHJO, 'ITO o6pa3oaaHHe naBHH npoHCXOJJI!T He 

no BCeii JJJ1HHe npoBOJ10'1KH, a J1Hlllb Ha OT)JeJ1bHbiX ee y'!aCTKaX, rae HMe!OTCH 

noBepXHOCTHbie MHKpOHeOJJHOpOJJHOCTH, 00BbillleHI!e HanpS!l!\eHHOCTH B C'!eT'IHKe 

C UeJlb!O BBeJJeHHH B "pa6oTy" BCeii JJJ1HHbl npOBOJ10'1KH He npHBeno K )KBJ1ae-

ti 
MOMY pe3yJ1bTaTy, 8CHKIIH pa3 npl! nOJJXOJJe K HanpH)KeHHOCTll TIOJ151 ;:: 1,2,10 BIOI 

B :>KHJJKOCTII B03HIIK8J1 CnOHT8HHhlH rrpo6oA, 

ABTOpbl YTIOMHHYTbiX HCCJ1eJJOB8HHii C'IHT810T, 'ITO HB1!36e:>KHOe rrpHCyTCTBl!B 

MI!KpO!IlepOXOB8TOCTeii Ha TIOBepXHOCTH llpOBOJIO'!eK SIBJHIBTC51 OCHOBHbiM "3J10M" t 

KOTOpoe npenHTCTByeT nonyq 'HHIO KOHTpOJlHpyeMOrO pa3p5illU B ;:;HJJKOCTH, DpeJJ

CT8BJ151eTCSI1 'ITO YK838HH851 npH'IHHa JJe0CTBI!TeJ1bHO 51BJ151eTC51 JJOMIIHI!pyiO!IlBH, 

OJJH8KO 6b!J10 6bl HenpaBHJ1bHO HBJJOOUBHHB8Tb H pHil npyri!X B8lKHbiX 06CT051-

TeJ1bCTB, KOTOpbie npHCY!IlH CaMOH ll\HAKOCTH H 6ynyT BCeraa npenHTCTBOB8Tb 

ljJopMHpOBaHHIO KOHTpon11pye~vwro pa3MHo;:;eHI!H nepBII'!HbiX 3apHJJOB. K HHM, 

npe:>KJle BCero, CnenyeT OTHeCTH MHK[JOITy3t.IpbKH ra31l, KOTOpble BbTJJeli5110TC51 113 

:>KI!JlKOCTH u ancop61!pyiOTCH Ha nonepxHocTn npoaono'!eK. 0Hu MoryT 3aMeTHo 

I!CK8:>K8Th BCJO AHH8MHKY pa3BI!Tll51 ll npoTeKaHI!H pa3pHaa. Heo6xoni!MO ynoMH-

HYTh T8K:>Ke 06 aljJijJeKTe BT5lrUB8HI!SI MOJ1BKYJ1S!pHhiX rrpHMeceA B lKI!JJKOCTII nOA 

JJeHCTBHBM CHJ1 HaBeJJeHHOH nonSip1!38Uilll B 06J18CTb 60J1b!llOrO rp8JJHBHT8 

3J1eKTpll'leCKOrO nonS!, 3TOT 9<pljJeKT JJOJ1)::eH CI!JlbHO CJJBnraTb COCT8B lf<llJJKOCTH 

OKOJ10 npOBOJlO'!eK B CTOpOHy MOJ1eKynHpHhlX llpllMeCeii, 'ITO He MOli\eT He CK8-

3biB8TbCSI Ha CT861!JlbHOCTll npouecca pa3p51JJ8, 

t:· 

CoBoKyrrHocTb yKa3aHHbiX ljJaKTopoB 6yneT Hen3Menno conyTCTBOBaTb 

I!CCJ1eJJOB8HllSIM no pa3pS!AY B llillJlKOCTSIX H ITOCTOSIHHO Melll8Tb ljJopMHpOB1lHIIIO 

yrrpaBnHeMo ro pa3pHna. BbiXon H3 aT oro 3aTpyaHeHHH cneayeT I!CKaTb, rro-l311-

AHMOMy,3a paMK8Mil ycTaHOBI!BlllerocH MeTOJJa I!CCJ1e)lOB8HH51 C KOHJJeHCI!pOBaH- 'i 
HhiMH cpenaMH. llyMaeTCH, 'ITO ueHTp TH:>KeCTH npo6neMbi - nony'!eHHe nponop-

UIWHaJlbHoro pa3ps:Ina - cnenyeT nepeHeCTH B KOHTponupyeMyio cpeny. Ceiiqac 

BliJJHbi, no KpafiHeH Mepe, HeCKOJlbKO T8KHX B03MOlKHOCTBH 1 paCCMOTpeHI!IO KO-

TOpLIX H noCBSI!IleH8 JJ8HH8SI pa60Ta, 
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PerncTpaunH 'i8CTHU c noMOIUhJO npc 

ITOKpb!TbiX ITOJlynpOBOJJHHKOBbiM CJl( 

DpoBOJlO'iKa c rronynpoBOAHHKOBbiM cnoeM, rroMeJ 

TBBPAYIO AH3JleKTpH'ieCKYIO epeny, MO)KBT 6b!Tb HCITO 

rrponopuuonanhHoro neTeKTopa '!aCTHU. KoHneHcupoBaHHa: 

6yneT SIBJlSITbCSI HOCHTeJleM nepBI!'!HblX 38pSIJJOB, o6pa3yei 

npOBOAHHKOBbill CJlOH Ha npOBOJ10'!Ke - 3J18MBHTOM JJJ151 HX 

HeHHe KOM6HHHpOB8HHOll npOBOJlO'IKH BMBCTO MOHOITpOBOJlC 

'!aeT TpyJJHOCTI!, CB5138HHbie C pa3BI!TIIeM pa3p51JJ8 Herroc 

CllpOB8HHOH cpene. 

cf>H3H'!eCKoll ocHoBoii pa6oTbi rrpeanaraeMoro neTeK~ 

BOB8HI!e 31jJijJeKT8 

~ )JlynpOBOJJHHK8X 

ynapHoll IIOH1138UI!Il 38pSIJJOB, KOTOpbiH H 

/5-1
1

/ CyTb 3Toro S!BJleHI!SI COCTOHT 

H8XOJJS!Cb B 30He rrpOBOJJIIMOCTI!, YCKOpS!IOTC51 non nei!:CTB 

3HeprnJO, JJOCT8TO'iHYIO JJJlSI I!OHH38Uilll aTOMOB B B8JleH~ 

Ha npnMeCHbiX ypOBHSIX. 31jJijJeKT ynapHOH IIOH1!38UI!H '!eTR 

npn HH3KOH TeMnepaType, np11 KOTOpoi1: IIOA8BJ1eHbl rrpoue< 

aneKTpoHoB H3 BaneHTHoi!: 30Hbi u npHMeCHhiX ypoBHefi 

Ha oxna)KneHHhiii rronynpoBOAHHK MO)KHO nonaBaTb BbiC 

onaCaSICb pa30rpeBa ero TeMHOBbiM TOKOM H yCKOpS!Tb 8 

He06XOJJHMOi!: ,llJlSI HOHH38UHH 8TOMOB, Dpn HH3KOi!: TBMTIE 

nOJJBH)KHOCTb 3J1eKTpOHOB 1 'iTO cnoco6CTByeT HX yCKOpef 

Si 

CdSe 

Ti Br 

HaH6onee nonHo y.uapHoe pa3MHO)KeHne aneKTpoH< 

Ge • q.- Sn H pS!JJe XHMII'ieCKIIX coenHHeHHH 

, PbS , ZnSe Si02 , TiO 2 

n .up. Bo BCex 3TI!X Hccne.uoBaHHSIX o6Hapy:>KeHa ' 

8 HMeHHO HHTeHCHBHOe pa3MHOlKBHIIe 38pS!JJOB H86J110JJ8eTCSl 

(

CJ1H .llOHOpHbie ypOBHH CKOMneHCHpOB8Hbl 8KUenTOpHbiMI 

vHH CKOMITBHCHpOB8Hbl ITOJlHOCTb!O, - IICKYCCTBBHHO 3'::.• 

DoSICHHM 3TO o6CTOSITeJ1bCTBO 6onee nnnpoF;,o, T.: 

CM8TpHB8BMbiB HH)I<B, 6a3npy!OTCSI, rJ18BHbn. 06pa30M, 

HBneHnHx. B o6meM cnyqae B 3anpemeHHoi1 30He nony 

.llOHOpHbie H 8KUBITTOpHbie YPOBHH. noHopHbie ypOBHI! 

5 



TBBJ!HeT 104 - 10
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CM-1, HOBbiM B8:>KHbiM pe3yJihT8TOM SIB!WOCh 

8 •• eKT8 pa3MH0*8HHSI rrepBH'IHhlX 8JI8KTpOHOB B :>KHAKOCTH B6JIH3H 

HHTH. Koe •• HUHeHT pa3MH0*8HHSI DpH 8TOM AOCTHran 3H8'18HHSI 

HBHOCTb B03HHKH0~8HHSI JI8BilH B6JIIl3H DpOBOJIO'IBK COCT8BHSW8 "20%, 

ymeH01 BODpeKH OlliHA8HHID1 'ITO o6pa30B8HHe JI8BHH DpOHCXOAHT He 

He DpOBOJIO'IKH 1 a J!Hlllb Ha OTABJ!bHbiX ee Y'I8CTK8X1 rae HMBIDTCH 

biB MHKpOHeOAHOpOAHOCTH. TIOBbiWBHHe Hallp5I)K8HHOCTH B C'18T'IHK8 

eaeHHH B "pa6oTy" eceli AJIHHhi npoBOJIO'IKH He rrpHBeno K menae-
ti 

TaTy. 8CHKHH pa3 Dpll DOAXOAe K HanpH)I<BHHOCTII TIOJIH 2 1,2,10 BIOI 

B03HIIK8JI CTIOHT8HHhlll npo6oA, 

I ynOM>IHYTbiX HCCJieAOB8HHii C'IHT8!0T1 'ITO HeH36e>KHOe rrpHCyTCT'B!Ie 

B8TOCTed Ha nonepXHOCTil DpOBOJIO'I8K HBJISIBTCSI OCHOBHNM "3JIOM", 

DHT'CTByeT DOJ!y'l 'HiliD KOHTpOJII!pye~10rO pa3pH/lQ B l!,JlAKOCT'H, npen

'ITO YK838HHaSI npH'IHHa neACTBHTeJibHO SIBJIHeTCH llOMHHHpyiDlllBH 1 

6h! HenpaBHJ!bHO HeAOOU8HHB8Tb H pHJl npyrHX B8:>KHhiX 06CTOH

TOpbie TipHCylllH C8MOH ii<HilKOCTH H 6ynyT BCerna npenSITCTBOB8Tb 

HIO KOHTpOJIHpyeMOrO p83MHOl:;eHHSI nepBH'IHbiX 38pSIAOB, K HHM 1 

0 1 CJienyer OTHeCTII MHK(JOTIY3t.!pbKil ra3a 1 KOTOpbiB BbiAeJISIIOTCSI 113 

ancop6Hpy!OTCSI Ha ITOBepXHOCTil npOBOJIO'IeK. 0HH Mor;rr 38MeTHO 

10 AHHaMHKY pa3BHTHH u npoTeKaHHH pa3pHna. Heo6xonHMO ynoMH

o6 8 •• eKTe BTHrHBaHHSI MOJieKyJ!HpHbiX npnMeceA B )KI!IlKOCTH DOll 

cnn HaeeaeHHOA nonSipH3aUHH B o6naCTb 6onbllloro rpannenra 

oro TIOJISI, 3TOT 8lp4leKT llOJI)!(eH CHJ!bHO CllBI!raTb COCT8B )I(H/1KOCTII 

JIO'IeK B CTOpOHy MOJieKynSipHb!X rrpnMeceli, 'ITO He MO)KeT He CKa-

CTa6HJibHOCTH npouecca pa3pHna. 
1 

YITHOCTb YK838HHhiX cpaKTOpOB 6yneT HeH3MeHHO cony'rCTBOB8Tb 

HM ITO pa3pHAY B )!(HilKOCTSIX H ITOCTOHHHO Melll8Tb cpopMHpOB8HHIO 

o pa3pHna. Bhixon H3 ::noro 3aTpynaeHHSI cnenyeT HCKaTb, rro-!3H

aMKaMH YCT8HOBHBlllerOCSI MeTOil8 I!CCJie/10B8HilH C KOHileHCHpOBHH-

11. llyMaeTCSI, 'ITO ueHTp TH>KeCTH rrpo6neMbi - nony'leHHe rrporrop

pa3pHna - cnenyeT nepeHeCTH B KOHTponl!pyeMyJo cpeny. Ceii'lac 

paliHeli Mepe, HBCKOJ!bKO T8KHX B03MO)l<HOCTeli, paCCMOTpeHHIO KO

BHllleHa naHHaSI pa6oTa. 
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p erHCTpaUHH '18CTHU C ITOMOIUbiD npOBOJIO'IeK, 

ITOKpbiTb!X nonynpOBOLIHHKOBbiM CJIOeM 

TipOBOJIO'IKa C nonynpoBOLIHHKOBbiM CJIOeM, ITOMeiUeHH8SI B )I(I{J:IKYID HJIH 

TBepayiD LIH3JieKTpH'IeCKYID epeay 1 MO:>KeT 6biTh HCITOJ!h30B8H8 B K8'18CTBe 

nponopunoHanhHoro aeTeKTopa 'laCTHU. KoHneHcnpoeaHHaSI cpeaa B 3TOM cnyqae 

6yAeT SIBJISITbCSI HOCHTeJieM nepBH'IHbiX 38fJHilOB, o6pa3yeMbiX '18CTHUeli 1 a nony

npOBOAHIIKOBbiH CJIOH Ha llpOBOJIO'IKe - 8JI8MeHTOM AJISI !IX pa3MH0)l(8HHSI, npHMe

HeHI!e KOM61!HIIp0B8HHOH npOBOJIO'IKII BMeCTO MOHODpOBOJIO'IKII ITOJIHOCTbiD IICKJIID

'IaeT TPYAHOCTII, CBH38HHbie C pa3BHTHeM pa3pSIA8 HenocpeaCTBeHHO B KOHAeH

CHpOB8HHOH cpeae. 

cf>l!311'1eCKOH OCHOBOH pa60Tbi npennaraeMoro AeTeKTOpa SIBJ!HeTCSI cyllleCT

BOB8HIIe 3lj:lcpeKT8 yaapHOH IIOHH38UIIII 38pS!AOB 1 KOTOpb!H H86JIIDA88TCSI BO MHOrHX 

')Jiyllp0BOAHHK8X /5-ll/, CyTb 3TOro SIBJieHIISI COCTOHT B TOM, 'ITO 3JI8KTpOHb~ 
H8XOAS!Cb B 30He npOBOili!MOCTII 1 yCKOpSIIDTCSI DOA LI8HCTBI!eM ITOJISI H H86Hp8IDT 

3HeprHID1 LIOCT8TO'IHYID AJIH HOHH38UIIII HTOMOB B BaneHTHOH 30He HJIH 8TOMOB 

Ha DpHMeCHb!X ypOBHSIX. 3lj:llj:leKT yaapHOH HOH113HUIIH 'leTKO llpOSIBJISieTCSI 06bi'IHO 

npu HH3KOli TeMneparype, rrp11 Koropoii noaaeneHbi rrpoueccbi rennoeoro aa6poca 

3JieKTpOHOB H3 B8JieHTHOH 30Hhi II npHMeCHbiX ypOBHeli B 30Hy npOBOAHMOCTHo 

Ha oxna:>KaeHHhiH nonynpOBOLIHHK MO:>KHO noaaeaTh BhiCOKoe HanpH:>KeHHe, He 

Oll8C8S!Cb pa3orpeBa ero TeMHOBb!M TOKOM H yCKOpSITb BJieKTpOHhl AO 3HeprHH
1 

He06XOLIHMOH AJISI HOHH38UHH 8TOMOB, TipH H1!3KOH TeMnepaType B8JIHK8 T8K:>Ke 

ITOLIBH:>KHOCTh 3JieKTpOHOB 1 'ITO CITOC06CTByeT HX YCKOpeHHID, 

Si 

CdSe 

Han6onee nonHo 

Ge , a- Sn 

yaapHOe p83MHO:>K8HI!e 3JieKTpOHOB H3y'leHO 

H pSIAe XHMH'IeCKHX COeAIIHeHHH, T8KIIX K8K 

PbS , ZnSe , Si0 2 1 TiO 
2 

, AgCI 

B anMaae, 

CdS 

AgBr 

Ti Br 11 ap. Bo ecex BTHX l!ccneaoeaHI!SIX o6Hapy)l(eHa o6lllaH aaKoHoMepHoCTh, 

a HMeHHO HHTeHCHBHOe p83MH0)1(8HHe 38pHAOB Ha6JIID/1aeTCSI TOJ!bKO B TOM cnyqae, 

(
CJIH LIOHOpHbie ypOBHH CKOMITeHCI!pOB8Hbl 8KUeiTTOpHbiMII '18C TH'IHO HJIH, eCJIH 

uHH CKOMITeHCHpOB8Hhl ITOJIHOCThiD 1 - HCKYCCTBeHHO 3-:;ceneHbl 3JieKTpOH8MH, 

ll OSICHHM 3TO 06CTOSITeJihCTBO 6onee noapor;,o, T,K, npe)lJIO:>KeHHSI
1 

pac-

CM8TpHB88Mhie HH)I<e, 6a3HpyiDTCH, PJI8BHhn. o6pa30M 1 Ha 3THX tPH3H'IeCKHX 

SIBneHHSIX. B o6meM cny'lae B aanpemeaaoA aoae nonynpoBoaHHKa HMeiDTCH 

JlOHOpHbie H 8KUenTOpHbie ypOBHH, noaopHbie ypOBHH H8XO)l51TC51 Bf)JIH3H 
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JlHB 30Hhl II!JOBOJlHt\IOCTH fl. nerKO TepM1PI8CKH f!OHH3Hpy!OTCSI, OTJl8B8SI CBOH 

3JieKTpOHhi cso6owiuii 30IW. AKuenropHbie l!'e ypoBHH naxo:urrc>I y aepxHei1. rpa

HHUbi BaJieHTHOH 30l!hl II nerKO 38XB8Tb1B8IOT 113 ff(~e 9JleKTpOHi,f, IIOpOlKJlaSI B 

30He JlhlpKH. Ecn1:1 nonynpOBOJlHHK HeCKOMneHCHposaH, r.e. 1:11\reeT TOJibKO Of.IHH 

T!ll1 ypOBHefi, HaTlpHMep, JlOHOpHbiH, TO I1pH I10Hf!i:ceHH!1 TeMnepEITypbl BepOSITHOCTb 

TeiiJIOBOrO 3a6poca 3JleKTflOHOB C 3TI:IX ypOBHefi B 30Hy IIpOBOJlHMOCTH pe3KO 

yMeHhmaeTcSI H rrpn aocrwit<eHHH reMneparypbi T << W / k rrpeKpmuaercSI, 
rl 

Bee nonopHLie ypoBHH craHO!HlTC51 3aHHTI,IMH aneKTponaMII, a 3oHa npoBOtlHMoc-

TH - TlOJIHOCTbiO CB060JJHOH, 3necb W d -3HepreTH'IeCKaSI rny6HH8 3anera-

HHSI aonopHhlX ypoBHeA, OTC'IHThlBaeMaSI or ana 30Hhl npoBoJJHMocTn, n k -KOHC-

TaHTa BonbuMaHa. B TaKOM rronynpoBOtlHHKe yaapnoe pa3MHOli<eHHe aneKTpoHoB 

Ha JlOHOpHb!X ypOBHSIX JierKO Bbi3biBaeTCSI ABlKe BeChMB CJI86hiMH 3JleKTp11'1eCKIIja \ 

Mn nonSIMH. TaK, nanpHMep, B necKoMrreHCHpoBaHHOM repMaHHn rrp11 reMrrepar~l 

pe 4°K yJJapHOe pa3MHOlKemte 3JleKTpOHOB Ha6JllO,'l8eTC$1 B IIOJlSIX 5 BfCM/5.8,12/, 

OnnaKO, eCJIH nonynpOBOAHIIK CKOMITeHCIIpOBBH !10JlHOCTb!O, TO rrpH KOMHBTHOH 

TeMnepaType B HeM CyiUeCTBYIOT HOCHTeJIII TOKa KaK B 30He npOBOAIIMOCTII -

<meKTpOHhl, TaK II B BBJleHTHOH 30He - Jlb!pKII. no Mepe OXJlB)f(JleHIISI IIOJiynpo

BOAHHKa 3JleKTp0Hhl 113 30Hbl rrpOBOAIIMOCTII orryCKaiOTCSI B BaJieHTHyiO 30HY 

II peKOM6HHI!pyiOT TaM B pe3yJibTaTe nepeXOJla BaJieHTHbiX 3JleKTpOHOB Ha BKUen

TOpHbie ypOBHll, 3TOT IIpOUeCC IlpOAOJlll<aeTCSI AO TeX nop, IIOK8 BCe JlOHOpHbie 

ypOBHII He CTaHyT ITOJlO)f(I!TeJibHO, a BKUeiTTOpHbie OTplluaTeJibHO 3apmi<eHHbiMII, 

O'leBIIAHO, 'ITO B TaKOM nonynpoBOJJHHKe TPYAHO Bhr3BaTb ynapnoe pa3MHO)f(eHIIe 

38 pS!!lOB, T,K, nerKO llOHH3UpyeMhie JlOHOpHble ypoBHH OAHOKpaTHO HOHH30BaHbi, 

8 BKUeiiTOpHhie ypOBHH, KOTOpble MOlKHO 6biJlO 6bl HOH1130BaTb, HMeJOT 60JiblliYJO 
I 

rny6HHY aaneraHIISI, paBHYIO IIO'ITH IIOJIHOH WllpHHe aarrpemeHHOH 30Hbl 

W o = 1-3 SB, 0AHaKO 3AeCb rrpe!lCTaBJIS!eTC SI YHHKaJlbHBSI B03MOlKHOCTb 

IICKYCCTBeHHOrO 38CeJieHHSI 3JleKTpOH8MH AOHOpHbiX ypOBHell H, KBK CJieACTBIIe, 

-aKTHBHOrO BMeWaTeJibCTBa B MeXaHII3M YABpHOI'O pa3MHOlK8HIIst 38pS!Jl0' 

.llefiCTBHTeJibHO, eCJlll CKOMIIeHCHpOBaHHhlH IIOJlyiipOBO!lHHK OCBeTIIih CBeTOM B 

co6cTBeHHoii rronoce nornomeHIISI - v = W 0 / h , 1'0 3JleKTp0HbJ B pe3yJibTaTe 

BHyTpGHHero cpOT03cpljleKT8 rrepefitlyT 11:3 BBJleHTHOH 30,Hb! B 30HY IIpOBOJlHMOCTH, 

8 TIOCJll?rtYJOIUeM '!aCT'b 9JleKT'pOHOB BHOBb B03Bpa T'II:T'Cst B BaJieHTHYIO 30HY, a 

OCTaJihHb!e - OCSIAYT' Hil CB060tlHbiX tlOHOpHbiX ypOBHSIX, Ecn11 npH 3TOM T'eMne

paTypa rronyrrpoBOAHHKa T << W d I k , TO 9JieKTPOHbi, aaKperriiBWIIeCR Ha 

6 

'd, 
'.eo: ' iii. 

c 

''.,, 

!lOHOpHbiX ypOBHSIX 1 OCTSIOTCSI Ha HIIX CKOJlb Yl 

IIHTeHCI:IBHOCTII II JlJliiTeJibHOCTH 38CBeTKI:I IIOJl 

3aCeJIIITb aneKTpOHBMII BCe ero tlOHOpHb!e ypc 

,UbipKII lKe B BSJieHTHOft 30He, B CBOIO O'lepe.[J 

aneKTpOH8MII 1 rrepeXOJlSillliiMII C SKUeiiTOpHbiX 

3YJlbTaTy rrpiiBOAIIT II Apyroil: MeTOJl aaceneHII 

18-22/, flo STOMY MeTOAY KpaTKOBpeMeHHbiM 

COKOBOJlbTHOI'O aneKTpll'leCKOrO IIMIIYJlbCS OT~ 

BaeTCSI IIHTeHCIIBHBSI IIHlKeKUIISI aneKTpOHOB II 

rAe OHII aanonHRIOT ypOBHH. CTerreHb aanonHE 

aMrrJIIITYAbJ 11 AJIIITenhHOCTII IIMrrynbca. Pa3MH, 

rrpOBOAHHKe B03HHKaeT TBKlKe nerK01 KSK II E 

CllpOBBHHb!MII ypOBHSIMII, 3TOT MeXSH113M B H~ 

Ha MHOI'IIX rronyrrpOBOAHIIKSX ( CM,, HarrpiiMep, 

yCTSHOBJieHO, 'ITO rrpll IIOJIHOM 4JoT038IIOJIHeHHI 

Heft B repMaHIIII yAapHoe paaMHOlKeHIIe rrpOIICJ 

'ISCTII'IHOM 38IIOJIHeHHII KpiiTII'IeCKaSI HarrpS!lK 

soapacTaeT. AHanorH'IHhie peaynhTSThi 6hmll 

Si CdS Cd Se PbS ZnSe , Si 

HbiMII nonyrrpoBOAHIIKBMII /5,7,8,10-17 I. 

PaccMoTpeHHbie npoueccbi paaMHolKeHn 

HeHH:il: B B03MOlKHOCTII C03A8HHSI C'leT'IIII 

HIITII C TOHKIIM rronyrrpOBOAHIIKOBbiM rrOKphiTII9 

IIOJlb30B8TbCR AnSI periiCTp8UHII '18CTHU KaK B : 

TpH'IeCKIIX cpeAaX, DpaKTII'IeCKBR pean11aau11R 

BIIAIIMOMy, 60JibUIIIX 38TpyAHeHIIii:, T,K, TeXHOJ: 

KOBh!X cnoeB Ha MeTBJIJlll'leCKIIe IIOAJlOlKKII AC 

3acnylKIIBaeT BHIIMaHIISI cneAyiOmHA !lJaKT, Cpe 

Ha116onee yaKoil: aanpemennoil: aoHoA o6naAaet 

Pa3MHOlKeHHe 38pSIJl8 B HeM nerKo AOCTIIrae· 

HenocpeACTBeHHO B BaneHTHOil: 30He, noaTOMY 

IICII0Jlb30B8Tb B JleTeKTOpax paCCMaTpiiBaeMOI' 

TOpa AOnlKHa rrpOXOAIITh npH H113KOA TeMnepaT 
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B0,UII~IOCTI1 11 J18J:'KO TepM1!'18CKI1 110H11311py!OTCSI1 OTJ:J.aB8SI eBOii 

i\KuernopHble >he ypoBHH naxo;u-I"eSI y sepxneii rpa-

OH 30llhl 1! JJeJ:'KO 38XB8Th!B8IOT H3 fl(~e 3J18KTpOHI>I, IIOpO>KAaSI B 

eJI11 IIOJ1yTipOBOAH11K HeeKOMTI8HC11pOBaH, T.e, 111\!88T TOJlbKO OAHH 

anp11Mep, /lOHO[lHbiH, TO np11 IIOIUii:CeH11H rel'V!neparypbl BepOSITHOCTb 

poea 3Jl8KTjlOHOB e 3THX ypOBHeH B 30HY ITpOBOAI1MOeTH pe3KO 

T«W I k 
d 

AOCTI!~8HI!I1 rel\meparypw rrpeKpamaereSI. 

ypOBHH CTBHO!ISITCH 38HS!Tl•ll\ll! 3JieKTpOHC11\,1l! 1 a 30H8 I!pOBO!li!MOC-

10 cso6onnoil, 3necb W d -3Hepren!'IeeKaSI rny6HHa 3anera-

ypOBHei\, OTC'II!Tb!BaeMa5I OT AHa 30Hhl !IpOBOlllfMOCTH, 11 k -KOIIC-

aa. B raKOM rronynpoBOAHHKe ynapaoe pa3MHO>KeHife 3JieKrpoaos 

p0BH5IX nerKO Bbi3biBaeTC5I Aa>Ke BeebM8 ena6b!Mii 3JieKrpnqeeKif. \ 

K, HaiipHMep, B HeCKOMITeHeHpOB8HHOM repM8Hifll IIpH TeMrrepar~/ 

e pa3MHOII<eHHe 3JieKTpOHOB Ha6monaeTeSI B !IOJI5IX 5 s/eM/5,8,12/, 

ITOJiyllpOBOAHHK eKOMITeHCHpOBaH IIOJIHOeTb!O, TO IlpH KOMHaTHOH 

HeM cymeerBy!OT HOeHT8JlH TOKa KaK B 30He IIpOBOAiiMOeTH -

sanearaow 3oHe - AbipKH. no Mepe oxna>KJleHHH rronyrrpo

H3 30Hbl IIpOBOJlHMOeTif orryeKa!OTeSI S saneHTHY!O 30HY 

r raM s peaynhrare rrepexona saneHTHbiX 3JieKrpoHos Ha aKuerr

• 3ror npoueee rrponomKaereH no rex rrop, rroKa see noaopHbie 

yr rrono>Knrenbao, a aKuerrropHbre orpHuareJibHO 3ap5I>KeHHbiMH, 

B raKoM uonynpoBOJlHHKe rpynao Bbi3BaTb ynapaoe pa3MHO>K8HHe 

nerKO IIOHH3UpyeMhle JlOHOpHhle ypOSHH OJlHOKpaTHO HOHH30B8Hhl, 

YPOBHH, KOTOpbie MO>KHO 6biJIO 6h! HOHH30BaTb, HM8!0T 60JiblliY!O 

8HHSI, pasHyiO IIO'ITH IIOJIHOH WlipHHe sanpeiUeHHOH 30Hbl 

S, 0JlH8KO 3Jleeb rrpeneTaSJISieTe51 yHHK8JlbH8SI S03MO>KHOeTb 

3aCeJieHH5I 3JieKTpOHaMH JlOHOpHb!X ypoBHeii H, K8K CJieJleTSHe, 

ewarenbcTsa s MexaHH3M y.~:~apnoro pa3MHo>KeHH51 aapSI.Qo4, 

1 eCJIH eKOM!IeHCHpOBaHHhlH IIOJiy!IpOSOJlHHK oeserHib eseTOM S 

noce rrornomenug - v = W 
0 

I h 
I ro 3JieKrpoHJ~r s pe3ynhrare 

T03cpcpeKra nepeiinyr 113 saJieHTHOH 30Hbl B 30HY IIpOBOJllfMOeT!f, 

'laCTb AJ18KTpOHOB BHOBb B03Sp8THTeH B BBlleHTHY!O 30Hy, a 

H!lyr Hil CBoGoAHbiX aonopHbiX ypoBHHX, Ecnu np11 3TOM reMrre

OBOJlHHKn T << W d 1 k , TO sneKrpOHbi, aaKperrHSWHeeSI Ha 

6 .. 

., 
(,~ 

i'::1 

{\ 
:h. 
/J. 

il 

·;: 
;~?-r 

' 

;.J;j~ 
nt1 

",'1 

'~~ 
:1r 

.. 

····~ .'4, 

I 

c 

JlOHOpHbiX ypOSHSIX, OeTaiOresr Ha HHX eKOJib yrO,llHO AOJII'O, npH orrpeneneHHOH 

HHTeHeHSHOeTH H .QJIIiTeJibHOeTH aaeBeTKH ITOJiyiipOBO.QHHKa MO>KHO ITOJIHOeTb!O 

aaeeJIHTb 9JieKrpOH8MH see ero JlOHOpHb!e ypOBHH, enenas HX Hei!:rpaJibHbiMH, 

.UblpKH >Ke S B8JieHTHOi!: 30He, B eBO!O O'lepeJlb, ITOJIHOeTb!O HeiirpaJIH3Y!OTeSI 

aneKTp6HaMH, rrepexo.llSIIUHMH e aKuerrropHhiX yposHell:. K aaanorH'IHOMY pe

syJihTaTy ITpHSO.QHT ll .llpyroi!: MeTOJl 3aeeneHHSI ypOSHei!: - HH>KeKUHOHHhlH/10, 

18-22/, no 9TOMY MeTO.lly KpaTKOBpeMeHHb!M HaJIO>KeHHeM Ha 9JieKrpo.Q Bbi

eoKOSOJlbTHOI'O SJieKTPH"leeKOI'O HMITyJibea OTpHUaTeJibHOi!: ITOJISipHOeTH Sb!3bi

saeTCSI HHTeHCHSH8SI HH~eKUHSI 9JieKrpOHOS H3 aJieKrpo.Qa S rronyrrpOBO.QHHK, 

r.Qe OHH sarroJIHSI!OT yposHif, CrerreHb aarronHeHH51 perynHpyeTeSI H3MeHeHHeM 

aMnJIHTYAhi H .llJJHTeJibHOeTH HMrrynhea, Pa3MHO>KeHHe sapsr.Qos B TaKOM rrony

rrposo.QHHKe S03HHKaeT TaK>Ke nerK01 KaK H S rronynpOSO.llHHKe e HeKOMITeH

eHpOS8HHb!MH ypOSHSIMH, 3roT MeXaHH3M S Haerosrmee SpeM51 XOpomo H3y"leH 

Ha MHorux rronynposo.QHHKax (eM., aanpHMep, /7,8,181). TaK, s "laeraoeTH, 

yeTaHOSJieHO, "lTO ITpH ITOJIHOM ljJOT03aiTOJIHeHHH 9JieKTpOH8MH ,llOHOpHb!X ypos

Hei!: S repMaHHH Y.llapHOe p83MHO>KeHHe npoHeXO,llHT B ITOJISIX 10 s/eM, a IIpH 

"l8CTH"lHOM 38ITOJIHeHHH KpHTH"leCKa51 Hanpsr~eHHOCTb ITOJISI COOTseTCTSeHHO 

soapacTaer. AaanorH"lHhie pesynhTaTbi 6hiJIH rrony"leHbi H s OITbrTax e a- Sn , 

Si CdS Cd Se PbS ZnSe , Si 0 2 H pa3JIH"lHhiMH cTeKJIOBH.ll-

HhiMH nonyrrposo.QHHKaMH /5,7,8,10-17 I. 

PaecMoTpeHHhie rrpoueeebi pa3MHo>KeHH51 aap51Jlos He ocrasJISIIOT eoM

HeHHA B B03MO~HOCTH C03.Q8HHSI C"leT"lHKa Ha OCHOBe IIpOBO.llSIWeil: 

HliTH e TOHKHM ITOJiyiTpOSOJlHHKOSbiM ITOKpb!THeM. TaKOi!: ,lleTeKTOp MO>KeT HC

ITOJib30B8TbeSI .llJl51 peruerpaUHH "laCTHU KaK B >KH.llKifX, TaK H TsepAb!X .QH9JieK

TpH"leeKHX epe.QaX, npaKTH"leeKaSI peaJIH3aUHSI JleTeKTOpa He rrpe.QeraSHT, rro

SH.QHMOMy, 60JibmHX aarpyJlHeHHll:, T,K. TeXHOJJOI'HSI HaHeCeHH51 IIOJiyiTpOSO.QHH

KOBb!X enoes H8 MeTaJIJIH'IeeKHe ITOJlJIO>KKH ,llOeTaTO"lHO OTpa6oTaHa /23-26/, 

3aeny~HsaeT BHHMaHH51 eneAyJOmHi!: cpaKr. Cpenu H3BeeTHbiX rronyrrpoBOAHHKos 

HaH6onee y3Koi!: sanpemennoll: aoaoll: o6nanaer eepoe onoso - W 0 = 0,08 ss. 

Pa3MHO~eHHe 38p51Jla B HeM Jiei'KO JlOeTHraeTesr 3a e"leT HOHH3aUHH 8TOMOS 

Henoepe,llCTSeHHO B saneHTHOi!: 30He, noaTOMY eepoe OJIOSO MO>KHO e yeneXOM 

HeiTOJib30SaTb B JleTeKTOpax paeeMaTpHSaeMOJ:'O THITa, npas.Qa, pa~OTa ,lleTeK

TOpa .llOJI>KHa IIpOXOJlHTb ITpH HH3KOJ!: TeMnepaType - "'20°K. 
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HecKOJibKO aaMeqaanA o ~HSHKo-rexanqeCKHX napaMeTpax H pa6oqnx 

xapaxTepHCTHKax .uerexropa. Tonumaa rronyrrpoaonHHKOBhiX cnoea, aaaocHMhiX 

H8 rrpOBOJl0l.{KH 1 .llOmKH8 Bbi6Hp8TbCH H3 ycJIOBHH o6ecneqeHHH Tpe6yeMOI"'O 

xoa~~HuneHTa pa3MHo*eHHH aapH.llOB. Tax, ecna rrpHHHTb xoa~~HUHeHT ycnne

HHH paBHbiM 10m H .QJIHHY CB060.UHOI"'O rrpo6era aneKTpOHOB, Ha KOTOpOM 

OHH H86Hp810T 9Hepl"'HIO, ,llOCTaTOT.{HYIO JlliH HOHH38UHH aTOMOB Ha rrpHM8CHbiX 

yposHHX, pasHoA A 1 TO TOJIWHHa IIOJiyRpOSO,llHHKOSOI"'O CJIOH d MO*eT 

6biTb aaA.ueHa H3 cooraoweHHH: 10m= exp (d/ A). 0TCIO.Qa cne.uyeT, qro 

d = 2. 3 m A HJIH npH m = 5 H A = w-5 CM d ~ 10-4 CM. H arrpH-

*9HHOCTb nonH E npn aTOM .uon*Ha y.uosneTBOPHTb ycnoBHIO A E = W d 

= 0,1 as nnn E = 104 a/eM. 3necb W d- aaepl"'HH noanaaunn aTOMOB B 

sewecTse. 

Paapewa10wee speMSJ .ueTeKTopa 6yner cKnEtDhiBflTbCSI ua apeMeiiH c6opa 

38pSI.llOS H8 nonynpOSO.llHHKOSbie Cl!OH H Bpe~WHH pa3Mil0iKGIIl11-l HX B CJJOHX. 

.llnSI 60JibWHHCTS8 O.llH08TOMHbiX *HJlKOCTeli H Al13J18KTpl1'18CKHX TBepAblX cpeJl 

RO.llSH*HOCTb aapSI.llOS COCTaBJISJeT } Q3-tQ4 CM2 IB.CeK. DoaTOMy II pH paCCTOSI

HHSIX Me>Kny RpOSOJIOT.{KaMH B HeCKOJibKO MM H Ha!IpS11K8HHOCTH llOJlSI }Q3-1Q4a/cM 

pa3peW8IOUlee speMSI neTeKTOpa COCT8BHT 1Q-6-t(J"7 CeK. 

.llnSI 38DOJIH8HHSI .llOHOpHblX ypOBHeM M8TOJlOM SHyTpeHHel"'O ~OTOa~~eKTa 

HCTOT.{HHK non>KeH aanyqarb cseT s nnanaaoHe nnHH sona A~~-. rne 
Wo 

C - CKOpOCTb CSeTa H h - llOCTOHHH8SI DnaHKa. Y 6onbWHHCTSa nonynpo-

SO.llHHKOS wapnHa aanpeweaHoA 30Hl>I W 0 = 1-3 as, noaToMy A = 4•103-

12·to
3 X. 
06cynHM Tenepb sonpochr, cs~aaHHbie c HaKorrneHHeM s o6'beMe cqer

l.{HKa nono>KnrenbHOI"'o aapS!na no Mepe pel"'HCTpauHH qacTHU. BennqnHa nonS! 

aToro aapSIJla MO*eT 6biTb onpe11eneHa na ypaaaeHHH OcTpol"'paacKoro-fayc-

ca: 

4rren(x) 
divE= ,_, 

(1) ( 

rne E - HarrpH*eHHOCTb aneKTpHqecKol"'o nonSJ, n ( x ) - nnoTHOCTb HeCKOM-

rreHCHpOS8HHb!X JlblpOK S OKpeCTHOCTH X, e - aneMeHT8pHbiM 38pSI.ll H f -

JlHaJieKTpHqeCKaH ITOCTOHHH8H rronynpOBOJlHHKOBOI"'O CJIOH, .llnSI OUeHKH SeJIH

, l.{HHbl ITOJIH MO*HO rrpHHHTb, l.{TO CJIOM HMeeT ITJIOCKYIO I"'eOMeTpHIO H ITOJIO*H-

8 
.;a 

tJ 

t'l 

,':i! 
J) 
']i 

k;;_ 

d~· 
·.1~ 

,1,., 

~!I,.~ 
(i 

renbHLiil aapHn a HeM pacrrpenenea paBHOMepao. 1 

cnenyer: 

E 
2 IT (' n ( d- 2x ) 

E -------sHew. ( 

3):{eCb X OTCT.{HTbiBaeTCSI OT !IOBepXHOCTH I1p0BOJ10' 

nax or nynH 110 TOJIWHHbi cnoH. HerrocpeJlCTBeaao 

IIOllyiipOBOAHI!Ka X = d H E > E aaem. , y aayrpe1 

H E < E BHelll •• Orc10na BHJlHa neo6xoJlHMOCTb a 

3apHJl8, DocneJlHee M0*8T 6b!Tb OCyllleCTBlleHO ITYT 

113 I1pOBOll0l.{~H B ITOllyiTpOBOJlHHK MeTOJlOM ~OT09MH 

aaroaMHCCHH. Crroco6 aBT09MI!CCIIH 5lBll5leTc5l, rrO-BII 

(

lbiM H yaHaepcaJibHhiM, Oa MmKeT 6brTb ncrronb30E 

J6'beMHOI"'O aapSIJla, TaK II JlliSI HCKyCCTBeHHOI"'O 38C{ 

Mecawx ypoaaeA. noaToMy naauwD crroco6 pace~ 

DycTb HMeeTCSI rpaanua paanena MeTann - no 

6oTa BhiXona anexTpoaoa H3 Meranna B aaxyyM ec 

BOJlHIIKB B BBKYYM - cp 2 • TorAa B CTBTHT.{8CKOM 

JIOM H ITOJlyllpOBOAHHKOM B031111KaeT ITOT811UH8JlbHblll 6, 

B rronaBliHIOWeM 6onblliHHCTBe cnyqaea ¢ 1 > ¢ 2 

rrperrHTCTByeT I1pOHHKHOB8HHIO 9J18KTpOHOB H3 M8TBJ1 

HBKO rrpH H8Jl0*8HHH Ha rpaHHUY pa3Jl8J18 9Jl8KTpHqe 

P5l*9HHOCTH 6apbep CTBHOBHTCSI npoapal.{Hb!M )lJlSI 9Jl 

H8J1bHOMY 9QJQJ eKTy H 9Jl8KTp0Hhl 110l.{TH CB060JlHO BbD 

rrpoBO.llHHK. H HTeHCHBHOCTb aT oro noroxa MO*eT 6 

<!lay nepa-H opnl"'el\Ma /20,21 ,27 I: 

2 685 107..1..3/2 -4 
. 155 10-6 E [ • • "~' ""( 3,62.10 J = , • -- exp - ------- 6 41 ¢ E ¢ 

3aecb j - ITJlOTHOCTb HH*BKUHOHHOI"'O TOKa B a/c 

DOJIH B BICM, cp - BbiCOTa ITOT8HUH8JlbHOI"'O 6apbE 

H opJll"'eAMa, HSMeHSIIOWaHCH or 0 no 1 /27 I. 
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38Me~aHutt 0 ~H3HKO-TeXHH~eeKHX rrapaMeTpaX H pa6o~HX 

aeTeKTopa. TomuuHa nonynposoaHuKOBhiX enoea, HaHoeuMhiX 

~KH, AOn:>KH8 Bbi6Hp8TbeSI H3 yenOBHSI o6eene~eHHSI Tpe6yeMOI'O 

a pa3MHo~eHuSI sapSIAOB. TaK, ecnu rrpuHSITb Koa~~uuneHT ycune-

lOm H AJlHHY eso60AHOI'O rrpo6era 8JleKTpOHOB, Ha KOTOpOH 

T 8Hepru10, .[{OeTaTO~HYIO AJlSI HOHH38UHH 8TOMOB H8 rrpuMeeHbiX 

A TO TOJ1WHH8 rronynpOBOAHHKOBOI'O enoS! d MO~eT 

us eooTHOWeHuSI: lO m = exp ( d /A ) • 0Tei0Jl8 cne)lyeT, ~TO 

HliH rrpu m = 5 " A= w-5 
CM d "" w-4 

eM. HanpSI-

E rrpu aToM aon~Ha YJlOBneTBOPSITb ycnosu10 A E = W d 

E = 104 a/eM. 3aeeb W d- aHepruSI HOHusauuu aToMoB a 

W810Wee BpeMSI .[(eTeKTOpa 6yneT CKJWJih!B8TbC51 113 BfJCI\1eiiH e6opa 

ITonynpOBO)lHUKOBbie CJlOll ll Bp0M<c'Hll pa3MIIO>KCIHHI HX l\ CJJOSIX, 

HCTB8 0)lH08TOMHbiX ~HilKOeTeH ll ):(118JleKTpll'ICCKUX TBepJiblX cpe)l 

38pS!IlOB COCT8BJ1SieT 103-104 CM2 IB,CeK. n 08TOMY npu paCCTOs:J-

npOBOJ10'1K8MH B HeCKOJlbKO MM H Hanps:I~eHHOCTH ITOJls:J 1Q3-104BICM 

e BpeMSI )leTeKTOpa COCT8BHT w-6-)(j7 CeK. 

8ITOliHeHHSI llOHOpHb!X ypoBHett MeTO)lOM BHyTpeHHero ~OT09cPcP9KT8 

OJ1:lK9H H3J1y~aTb CBeT B llH8IT830He JlJ1HH BOJlH A~~-, I'Jle 

Wo 
·CTb CBeTa H h - rroeTOSIHH8SI nnaHKa, Y 6onblliHHCTB8 nonyrrpo-

HpHHa sanpeweHHoil 30Hl>I W 0 = 1-3 9B, rro9TOMY A = 4•103-

HM Terrepb BOITpOCbi, CBSI38HHbl9 e H8KOITJ1eHH9M B 06'h,eMe e'leT

HTellbHOI'O sapSIAa no Mepe perHCTpauHH ~acTHu. BenH~HHa rronSI 

a Mo~eT 6biTb onpeAeneHa H3 ypasHeHHSI OcTporpaACKoro-fayc-

divE= 
4rren(x) 

-, 
( (1) 

BITpSI~eHHOCTb 9JleKTpu~eeKOI'O ITOJlSI, n(x)- ITJlOTHOeTb HeeKOM

biX JlblpOK B OKpeeTHOeTH x, e - 9J1eMeHTapHbiJ1 38PS!Il H £ -

eKaSI ITOeTOSIHHaSI ITOJlyiTpOBOJlHHKOBOI'O CJlOSI, nnSI OUeHKH BenH

O~HO ITpHHSITb, ,TO enoil HMeeT ITliOCKYIO reoMeTpH!O H ITOJlO~H-
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TeJJbHbiii: 3apSIJl B HeM pacrrpeJleJJeH paBHOMepHo. Tor)la H3 ypasHeHHSI ( 1 ) 

cneAyeT: 

E 2 TT <' n ( d- 2x) ---{---. (2) E 
sHew. 

3)leeb X OTC'IHTbiB8eTCSI OT ITOBepXHOCTH ITpOBOJlO'IKH H MeHSieTCSI B npene-

Jl8X OT Hy liS! )lO TOlllliH Hbl CJJOSI. H enocpe)leTBeHHO y Hapy~HOH rrosepXHOCTH 

nonynpoBOilHHKa x = d u E > E aHem. , y sHyTpeHHefi nosepxHocTn - x = 0 

H E < E suew •• 0TCJOJla BHJlHa neo6xoJlHMOCTb a KOMITeHcaiUIH o6"beMHoro 

3apS1Jl8, nocJJe)lHee MO~eT 6b!Tb ocyrueCTBJJeHO rryTeM HH~eKUIUI 9JleKTpOHOB 

H3 npOBOJlO'I~H B ITOJJyrrpoBOJlHllK MeTOJlOM ~OT09MHCCHH 0 TepM09MHCCHH HliH 

asToaMuccuu. Cnoco6 asToaMuccuu SIBnSieTCSI, no-BHJlHMoMy, Hau6onee 6hiCT-

,.,biM H YHHBepcanbHbiM, 0H MO)I\eT 6biTb HCITOllb30B8H K8K JlJlSI KOMITeHCaUHH 

.. J6"beMHOI'O 38pSIJl8, TaK H AilS! HCKYCCTBeHHOI'O 3aCeJJeHHSI 8lleKTpOH8MH npu

MeCHb!X ypOBHeH, DoaTOMY Jl8Hf!l,Jll CIIOC06 paCCMOTpHM 6onee ITOJlp06HO. 

nycTb HMeeTeSI rpaHuUa p83Aena MeTaJJJJ - nonyrrpOBOJIHHK H nyCTb pa-

6oTa Bb!XOA8 8lleKTpOHOB H3 MeT8Jlll8 B B8KYYM eCTb cp 1 , a H3 nonyrrpo

BOAHHKB B BBKYYM - cp 2 • Torna B CT8TH'IeCKOM COCTOSIHHH Me~AY MeTaJJ

JlOM If IIOJJynpOBOJIHHKOM B0311HKaeT liOTeHUH8JlbHbiH 6apbep Bb1COTOH cp =¢ 1 -cp 2 • 

B rroAaBJHIJOIUeM 6onbwHHCTBe cnyqaes ¢ 
1 

> ¢
2 

u rroTeHuHanbHhll1 6apbep 

rrpeiTSITCTByeT rrpOHHKIIOBeHHIO 8JleKTpOHOB H3 MeT8JlJ18 B ITOJlyiTpOBOJliiHK, 0Jl-

118KO rrpu 1!8JlO~eHHH 118 rpaHHUy pasnena 8JleKTpH'IeCKOI'O ITOJlSI 60JlblliOH Han

pSI~eHHOCTH 6apbep cTaHOBHTCSI npospa'!Hb!M AliSI aneKTpOHOB 6naronapSI TYH-

HellbHOMY 8~~ eKTy H 8JleKTp0Hbl ITO'ITH CB060AHO Bb!XOASIT H3 MeT anna B nony

rrpOBOJlHHK, VlHTeHCHBHOCTb 8TOI'O ITOTOK8 MO~eT 6b!Tb Hail)leHa ITO cPOpMyne 

<t>aynepa-H opareii:Ma /20,21,27 I: 

-a E2 6,85.107¢3/2 
j = 1,55 .10 -- exp [-------

( ¢ E 
) ] . (3) 

3)leCb j - ITJlOTHOeTb HH~eKUHOHHOI'O TOKB B a/eM2 , E - HaiTpSI~eHHOCTb 

ITOliSI B a/eM, cp - BbiCOTa ITOTeHUH8llbHOI'O 6apbepa B 8B H @ - ~YHKUHSI 

H opAreii:Ma, H3MeHSI!Oll18SICSI oT 0 JlO 1 /27 I. 
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TeopHSI H Ollb!T UOK8Gb!B810T 129,31 I 1 qro GaMeTHblfi TOK HH)K9KUHH 1 ao

CTHrBIOillHfi 103-104 alcM2, HacrynaeT B none E = 10
5 -106 BlcM. B cnyqae 

HCnOnbGOB8HHSI 8TOro TOKa anSI sanonHeHHSI UpHMeCHbiX ypOBHefi BenHqHHY 

nonSI no Mepe HaKonneHHSI o6'beMHoro sapSiaa Heo6xoaHMo 6yaer noBbi!llaTb 

ao 3HaqeHHSI Ek , npu KOTopoM HacrynHT nonHoe saceneHHe yposHefi. Dpu 

9TOM 118,20,32,331 

E k 
ed No e 

2 f 

rae N 0 - nnoTHoCTb yposHeil, sacenSieMbiX aneKTpoHaMH. 

(4) 

f..1G ~OpMynbi (3) BHaH0 1 qro TOK 8BT09MHCCHH CHnbHO G8BHCHT OT UOTeH

UHanbHOrO 6apbepa cp • CHH)KeHH9M 6apbepa MO)KHO pe3KO ysen:n:qHTb TOK 

HH>KeKUHH :n:n:n: cymecTBeHHO yMeHblllHTb Harrpg)KeHHOCTh nonSI E k • CHH)Ke-

HHSI cp MO)KHO ao6HTbCSI nyTeM H8CbiilleHHSI UOBepXHOCTH rrposonoqKH nepe.uf) 

RaReCeHH9M nonynpOBO!lHHKOBOro CnOSI 8TOM8MH MeTanna C Manofi pa60TOH 

Bb!XO,Ua 134,351 • 

Bee CKaSaHHoe o MexaHHSMe paSMHO)KeHHSI aneKTPOROB B nonHofi Mepe 

OTHOCHTCSI H K abipKaM, ecnH nocneAHHe o6naAaiOT 6onb!ll0H noaBH)KHOCTbiO 17' 11 I. 

B saKnroqeR:n:e aroro pas.uena OTMeTHM, qTo nposonoqKa, noKpbiTaSI 

nneHKoil nonynposoaH:n:Ka :n:n:n: cna6onposoaSimero a:n:aneKTPHKa, MO)KeT cymecr

seHHO o6nerq:n:Th pellleHHe :n: TaKoil npo6neMbi, KaK nonyqeH:n:e nponopu:n:oHanb

Roro pa3pSiaa HenocpeaCTB9HHO B CaMOH )KHaKOCTH. llefiCTBHTenbH0 1 OaRO HS 

HenpHSITHbiX 06CTOSITenbCTB, KOTOpoe BOGHHK89T B onbiTaX C )KH aKOCTHbiMH 

cqeTqHKaMH 131 , COCTOHT B UOSIBneHHH y llOBepXHOCTH nposonoqKH HeKOHTpO

nupyeMoro noKanhHoro paGpSiaa. nneHKa, orpaH:n:qusaSI TOK, MO)KeT nonROCThiO 

HCKniOqHTb BOSHHKHOBeHHe 9TOro paSpSI.Ua, He npenSITCTBySI B TO )Ke BpeMSI 

paSBHTHIO B )KH!lKOCTH nponopUHORanbHOrO paspSI,Ua. 

HHTSIHoil cqerqHK c auaneKTpHqecKHM noKphlTHeM 

"nepeKnroqarowero" Tuna 

f..1HTepeCHaSI BOSMO)KHOCTb perHCTp8UHH qaCTHU OTKphlB89TCSI npH HC

nonbSOB8HHH npOBOASIWHX HHTefi C TOHKHM cneu:n:anbHblM ,UHaneKTp:n:qeCKHM 
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noKpbiTHeM HS CTeKna Ha OCHOBe CdGfA S 
2 

a T8K)K9 Zn G f. A S 2 , Al 2 0 3 , Ti 0 2 H He 

3TH UOKpblTHSI TOnlllHHOfi 10-5-10-4 CM B none 10 

HSMeHSIIOT CBOIO rrpOBOaHMOCTb B 105 -10 
7 

paG, T.e. 

aSIT HG a:n:aneKTpHq9CKOrO, HenpoeoaSIIllero COCTOSIE 

mee COCTOSIHHe. DpH CHSITHH nonSI nneHKH BOSBpam. 

BOaSIIllee COCTOSIHHe 130,36-381 • BpeMSI npSIMoro 11 

COCTaBnSieT 10-5-10-7 CeK. 

PaccMOTpHM Tenepb aro geneHHe npHMeRHT 

pauHH qacr:n:u. DycTb HHTb c auaneKTp:n:qeCKHM no 

norpy)K9Ha B H9llpOBOaSIIIIY10 )KH!lKYIO Cpe.Uy H Ra I 

aneKTp:n:qeCK09 CMellleHHe HH)K9 KpHTHqeCKOfi Ben:n:qJ 

TH ITOKpb!THSI B M9CTaX rrpOXO)K,UeHHSI qaCTHU BOSH 

renbHbie aapSI!lhi. nocne.uRue nopo)K.uarorcSI sa cqe 

Bblfi HS HHX CBSI3aH C noaTSirHBaHHeM noneM K nose 

HbiX HOHOB unu ahipoK, o6paayeMhiX qacruuefi s se 

o6ycnosneH rrosepXROCTHOfi ~OTOHOHH3aUH9fi, B03HH~ 

.ueRHSI qacTHUbi s6nusu noKpbiTHSI. KsaRThi cseTa, 

B Cpeae HnH UOKpb!THH, Bbi6HBaiOT aneKTpOHbl C IT< 

B Refi !lblpKH. 3apSI!l M0)K9T BOSHHKHYTb TaK)K9 B 

BTOpHqROfi 8MHCCHH aneKTpOHOB B MOMeHT nepeCt 

paa.uena. J1oKanbHbifi nonO)KHTenbRbifi sapSI!l HH!lYIJ 

none 

E=l,6.10-7 4rrnZ --;-s---

rae E - HanpSI)KeHHOCTb nonSI e elcM, n - q:n:cn 

mux Ha nosepxROCTH .u:n:aneKTp:n:qecKoro cnoSI nnorn 

paRHqHTbCSI yqeTOM TOnbKO nepsoro M9X8HHSMa 

Bblq:n:cneRH9 no ~OpMyne (5) nOK8SbiBaeT, qTO nJ.: 

Z = l H n = 103, qTO COOTBeTCTByeT c6opy Saps 

nyTH qacTHUhi, Benuq:n:Ha E = 2·106 BlcM. 3ro rr• 

.UHaneKTpHqeCKOrO CnOSI H C~OpMHpyeT CHrHan Ha I 

,UeTeKTOp !lBHHOrO THlla 6y.ueT SIBnSITbCSI noporOBbl 
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51 11 O!Ib!T IIOK83b!B810T 129•31 /, 'iTO 38MeTHhifi TOK II:H)KeKUHH, A0-

103-104 a/cM2 , HacTyrraeT B rrone E = 105-106 a/eM. B cnyqae 

H1151 9TOI'O TOK8 t:~nH aarronHeHI151 !IpHMeCHbiX ypOBHefi senH'iHHy 

pe H8KOrrneHH51 o6'beMHOI'O 38p51Aa He06XOAII:MO 6yt:~eT IIOBhlll!8Tb 

51 E k , rrpH KOTopoM HacTyrrHT rronHoe aaceneHHe yposHefi. flpH 

,32,33/ 

E k 
ed No e 

2 ( 

rrnOTHOCTb ypoBHefi, 3aCenHeMb!X aneKTpOHaMH. 

(4) 

Mynbi (3) BHAHO, 'iTO TOK 8BT09MHCCHH CHnbHO 38BHCI1T OT !IOTeH

apbepa cp • CHH)KeHHeM 6apbepa MO)KHO pe3KO ysenH'iii:Tb TOK 

nH cyll!eCTBeHHO yMeHbll!HTh HarrpH)KeHHOCTb rronH E k • CHH)Ke-

)KIJO A06HTbC51 rryTeM HaCbJIUeHHH IIOBepXHOCTH !IpOBOnO'iKH rrepeA ~) 
rronyrrpOBOAHHKOBOI'O CnOH aTOMaMH MeTanna C Manofi pa60TOfi 

,35/. 

K838HHOe 0 MeX8HI13Me pa3MHO)KeHHH aneKTpOHOB B IIOnHOH Mepe 

K AbipKaM, ecnH rrocnet:~HI1e o6nat:~aJOT 5onhwofi IIOABH)KHOCTbJO /7,11 I. 

moqeHHe 9TOI'O pa3t:~ena OTMeTHM, 'iTO IIpOBOnO'iK8
1 

IIOKpbiTaH 

yrrpoBOAHHKa 11n11 cna5orrpOBOAHWero AH9neKTpHKa, MO)KeT CyiUeCT

'iHTb peweHHe II TaKoi1 rrpo6neMhi, KaK rrony'ieHHe rrporropuiJoHanh

a HeiiOCpeACTBeHHO B C8MOH )!{Ht:IKOCTII:, neHCTBIJTenbH0
1 

OAHO H3 

o6CTOHTenhCTB, KOTOpOe B03HIJKaeT B 0Ilb!T8X C )!{l:f AKOCTHb!MH 

/3/, COCTOHT B IIOHBneHIJIJ y IIOBepXHOCTII: IIpOBOnO'iKH HeKOHTpO

OKanbHOI'O pa3pH/l8. flneHK8, orpaHH'iHBaH TOK
1 

MO)KeT IIOnHOCTb!O 

03HHKHOBeHHe 9TOI'O pa3pH/l8 1 He rrpeiiHTCTBYH B TO )Ke BpeMH 

*HAKOCTH IIpOIIOpUHOHanbHOI'O pa3pHaa. 

H11THHoi1 cqerqi1K c Al1&neKTpl1qecKHM noKpwrl1eM 

"rrepeKnmqammero" THrra 

CHaH B03MOX<HOCTb perHCTpaUHH 'i8CTHU OTKpbiBaeTCH IIpH HC

IIpOBOAHIUHX HHTefi C TOHKHM CIIeUHanbHh!M AH9neKTPH'ieCKHM 
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IIOKpb!THeM 11:3 CTeKna Ha OCHOBe CdGf.A S 
2 1 XanbKOI'eHHAHOI'O CTeKna, 

a T8K)Ke Zn G f. A S 2 , Al 2 0 3 , Ti 0 2 H HeKorophrx apyrHX sewecTB • 

3TH rroKphiTHH ronmHHofi 10-5-lo-4 eM s none 105-to6 slcM cKaqKoo6paaHo 

H3MeHHIOT CBOIO IIpOBOAHMOCTb B 105-107 
pas, T,e. rrneHKH BHe3aiiHO rrepexo

AHT H3 AH9neKTpH'ieCKOI'0 1 HeiipOBOAHWero COCTOHHHH B IIOnHOCTb!O IIpOBOAH

wee COCTOHHHe, flpH CHHTII:H IIOnH rrneHKII: B03BpaiUaiOTCH B HCXOAHOe, Herrpo

BOAHIUee COCTOHHHe /30,36-38/, BpeMH IIpHMOI'O H o6paTHOI'O rrepeKnJO'ieHHH 

cocTaanHer to-5-lo-7 ceK. 

PaccMoTpHM rerreph aTo HBneHHe npHMeHHTenbHO K MeTot:~aM perHcT

paUHH 'iaCTHU. flyCTb HHTb C AH9neKTpH'ieCKHM IIOKpb!THeM yKa3aHHOPO THIIa 

norpy)KeHa B RenpOBOAHIUYID )!{HAKYJO Cpeay H Ha Hee IIOABHO OTpHUaTenbHOe 

aneKrpH'IecKoe CMeiUeRHe HH*e KPHTH'IecKoi1 senH'IHHhi. Toraa Ha rrosepxRoc

TH noKpbiTHH B MeCTaX IIpOXO)!{/leHHH 'laCTHU B03HHKHYT noKanhHhie nonO)KH

TenbHhle 3apHAbl, flocnet:~HHe nopO)!{AaJOTCH sa C'ieT Tpex MeXaHH3MOBo flep

Bb!H 113 HHX CB513aH C nOATHI'HBaHHeM noneM K nosepXHOCTH CnOH nonO)!{HTenb

HbiX HOHOB HnH AblpOK, o5paayeMb!X '18CTHUeH B BeiUeCTBe, 8Topoil: MeXaHH3M 

o6ycnoaneH nosepXHOCTHOH <jJOTOHOHH3aUHeil:, B03HHK8IOIUeH B MOMeHT npOXO)K

AeHHH 'iaCTHUhi a5nH3H noKpbiTHH. KsaHThi cseTa, reRepHpyeMbie 'iaCTHUefi 

B Cpeae HnH IIOKpb!THH, Bb!611Ba!OT aneKTpOHbl C noBepXHOCTH CnOH, OCTaBnHH 

B Hefi AblpKH. 3ap5IA MO)KeT B03HHKHYTb TaK)Ke B peaynhTaTe o6paaosaHHH 

BTOpH'IHOH 9MHCCHH aneKTpOHOB B MOMeHT nepeceqeHHH 'i8CTHUeH rpaHHUbl 

pasaena. J1oKanbHbiH rronO)KHTenbHbiH aapHA HHAYUHpyeT B cnoe A06aBO'iHOe 

none 

E = 1,6 • 10- 7 ~ 17 n Z -;s--- (5) 

rae E - HBIIPH*eHHOCTh nonH a a/eM, n - 'iHCno sapHAOB Z , aaHHMaJO

IUHX Ha IIOBepXHOCTH AH9neKTpH'ieCKOI'O cnoH rrnomaah S B c~. EcnH or

paHH'iHThCH y'ieTOM TOnhKO rrepBOPO MeXaHH3Ma o5pa30B8HHH 3apHAa, TO 

Bhi'iHcneRHe no <jlopMyne (5) noKa3hiBaeT, 'iTO rrpH ( = 10, S== to-10 c~, 

Z = l ll R = 103 , 'ITO COOTBeTCTByeT c6opy aapHAOB, IIpHM pH0 1 C 10-3 CM 

rryTH 'laCTHUhi, aenH'IHHa E = 2·106 
a/eM. 3ro none Bbi30BeT rrepeKniO'IeHHe 

AH9neKTpH'ieCKOI'O CnOH H C<jJOpMHpyeT CHrHan H8 IIpOBOnO'JKe, QqeBHAHO, 'iTO 

AeTeKTOp AaHHOPO THII8 6yt:~eT HBnHTbCH IIOpOPOBbiM ll MO)KeT 6b!Tb HCIIOnh-
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30B8H AliH onpeAelleH~H ITOliO*eHHH ClleAOB 'iaCTHU 093 H3MeHeHHH ITliOTHOCTH 

HOH1138UIIII. 

HIITHHOH C~eT'IIIK TYHH9llbHOro THITB 

B nopHaKe aanhHeil:wero pa3BIITIIH MeToaa aeTeKTHpoBaHHH 'iaCTHU c 

ITOMOlllbiO rrpOBOAHlllHX aneMeHTOB C AH9lleKTpH'IeCKIIM TOHKIIM ITOKpb!TIIeM 

paCCMOTpHM HOBYIO B03MO*HOCTb, CB5138HHYIO C yCHlleHHeM BTOpH'iHbiX TOKOB 

B nneHKe. MeX8HII3M TaKoro YCHlleHIISI OCHOBaH HB XOpOWO ~3BeCTHOM B tj>H-

3HKe TOHKHX nneHOK atl>tl>eKTe ManTepa /26-28,30,341. CymHoCTh 8tPtPeKTa 

COCTOHT B TOM, 'ITO npH H8liO*eHHH Ha nneHKy All9lleKTpHKa CHllbHOrO 9lleK

Tpii'19CKOrO ITOliSI ero 9HepreTH'ieCKHe 30Hbl KpyTO HBKliOHSIIOTCSI II 9TO npH

BOAIIT K TyHHellbHOMy npoCa'iHBBHHIO aneKTpOHOB 113 MeTanna B 30HY npOBO

AHMOCTH A119lleKTpiiK8. nnoTHOCTb ITOTOKa 9lleKTpOHOB SIBl!SieTCH tPYHKUIIeH 

llillpi!Hbl 3anpel!leHHOH 30Hbl II Belll!'ii!Hbl 9lleKTpll'i,eCKOrO nonS! B AH9lleKTpi!Ke 

II Oni!Cb!B89TCH ypaBHeHIIeM ( 4), B KOTOpOM BMeCTO cp CneayeT nOACTBBI!Tb 

W 0 I 2 • EcnH npHHHTb W 0 = 2 aB, 'iTO npiiMepHo cooTBeTCTByeT WHpHHe 

3anpemeHHOH 30Hbi B nneHKaX Ba 0 MgO Ba 20 8 11 Al 2 0 8 , TO TOK 

HH*eKUHH CT8HeT 38MeTHbiM Y*e B nonHX 104-105 a/eM. 0TCIOA8 BHAeH H 

nyTb HCnOnh30BaHHH atjltjl eKTa ManTepa B aeTeKTOpax 'i8CTI!Uo nycTb, HanpH

Mep, HHTb, noKpbiTBH A119lleKTpH'ieCKOH nneHKOH IIlii! OKIICliOM 113 M8TepH8ll8 

HIITH TOlllllHHOH 8 "'1 MKM, norpy*eHa B HeiTpiiBOAHlllYIO KOHAeHCHpOBaHHyiO 

cpeay. Toraa Ha ee noaepxHoCTH, KaK ObinO noKa3aHo B npeahiaymeM pa3-

aene, B MeCTaX npOXO*AeHHH 'i8CTH~ B03HHKHyT liOKBllbHbie o6pa30B8HHH 113 

noliO*HTellbHoro 38pHA8, KOTOpbie HHAYUHPYIDT B nneHKe AOnOliHI!TellbHOe no

ne HanpH*eHHOCTbiO E "'2·10
6 

BlcM. 3To npHBeaeT K I!HTeHCHBHOMY TyHHenb

HOMY npOC8'1HB8HHIO 9lleKTpOHOB 113 MeTanna B A119lleKTPH'ieCKYIO nneHKY H 

ycKopeHHIO HX ao 9HeprHII W=e·E-8= 2·10
6 

BICMo10-
4 

CM = 200 9B. TaKHe 

"ropH'IHeH 9lleKTpOHbl He 38XB8Tb!B810TCH HOH8MH Ha noaepXHOCTII A119lleKTpH

K8 H CBOOOAHO Bb!XOASIT 113 nneHKH B Cpeay. npOAOll*HTellhHOCTb npouecca 

TYHHellbHOrO npOTeKaHHSI 9lleKTPOHOB 38BIICIIT OT Bel!H'II!Hbl BHeWHero nonSI 

11 'IRena 3apMOB, o6paayeMbiX 'laCTHueA Ha rroaepXHOCTH nneHKH. TaK, ecnH 

BHewHee none cna6o, TO aneKTpoHbi, npoAaSI nneHKY, ObiCTpo TepManH3YIOTCH 
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B cpeae II peKOMOHH~pyiOT C nOliO*HTellbHhlMH IIOHB 

CaTyXHeTo Ecn11 *e BHeWHee none AOCTBTO'iHO Belli! 

AH9lleKTpH'ieCKyiO TilleHKY II HaopaB 9Hepri!IO 200 9B, 

paOO'iYIO Cpeay. 06pa30BBBWI!8CH BHOBb ITOliO*HTel 

B ITlleHKe A119lleKTpi!K8 1 a 9lleKTp0Hbl YABliSITCH BHelliJ 

npouecc MO*eT HeorpaHII'IeHHO HapacTaTb so Bpe 

TpeoyeTCSI KpaTKOBpeMeHHOe CHI!X(eHHe IWH CHSITI!e 

ManTepa B HBCTOHIIIee Bp9MH lliHpOKO HCIIOllb3yeTC 

BBHIISI 9lleKTPOHOB 113 XOliOAHbiX KaTOAOB /27,28,34 

KaToaaMII 6hwo, B qacTHOCTH, ycTaHoBneHo, 'ITO Hll 

HOH 1 OC9BWIIil: Ha l\113lleKTpll'leCKYiO l:li•:JHKY, rrp~XOAI 

HhiX aneKTpOHOB. npHMeHIITellbHO K paCCMaTpiiBaeM c TO npH perHCTpaUIIH '18CTHU llBHHbiM MeTOllOM K09q 

HIIH rrepBII'IHbiX aneKTpOHOB COCT8BIIT 103-104. 

TpeKoBaR CUHHTHllliRUHOHHaH Ka~ 

OnHpaSICb Ha HccneaoBaHHe acjl4leKTa ManTepa 11 

B03HHK8IOUIHX Ha norpaHH'IHbiX 00ll8CTSIX CorrpHKBC810Ull1 

MO*HO caenaTb BbiBOA, 'ITO A8HHbl9 SIBlleHHSI MoryT 

npoganeHHSI cneaoa 'laCTHU B pa6o'leM aewecTae, ec 

ro npiiMeHSITb *HJlKHA Hllll TBepAbiA CUIIHTHllliSITOp. 

CUHHTHllliHpyiOUIYIO cpeay norpy311Tb aneKTPOAbl C T< 

noKpbiTHSIMH, TO H3 HHX B MeCTBX npOXO*AeHIISI 'It 

HO BbiWe, 6yJiyT BbiXOAHTb aneKTpOHbl C 9HeprHeH J 

AOCT8TO'IHO AliSI atj>tjleKTIIBHOA IIOHH38UHH II B030Y*JlE 

AeHC11pOB8HHOrO BeiiieCTB8o noaTOMY np11 H8l!H'IIIII c lHHbiil: npouecc, KSK Y*e OTMe'ISliOCb, oyaeT CaMOI 

'18CTIIUbl B JieTeKTOpe OTMeTHTCSI CBeTOBbiMH BCITl 

IICXOJIIITb 113 M9CT B030Y*JleHIISI CUIIHTIIllliSITOpa. 
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peneneH~R nonO*eHHR cnenos '18CTHU 6e3 ~3MeHeHHR ITnOTHOCTH 

HHTRROH cqeT~HK TYRHenhROro THITa 

Ke nanbaefirnero pa3BHTHR MeTona neTeKTHpOB8HHR '18CTHU C 

BOnRIUHX aneMeRTOB C nHaneKTpH~eCKHM TOHKHM ITOKpblTHeM 

OBYIO B03MO*HOCTh, CBR38HHYIO C ycHneRHeM BTOpH'IHbiX TOKOB 

8HH3M T8KOrO ycHneRHR OCHOB8H H8 XOpOlliO H3BeCTHOM B ~lf

a~~eKTe Manrepa /26-28,30,341. CymHoCTh 3~eKTa 

, 'ITO ilpH RanO*eHHH H8 rrneRKy nHaneKTpHK8 CHnhROrO aneK

nR ero aaepreTH'!eCKHe 30Hbl KpyTo HBKnORRIOTCR H aTO llpH

nhROMY rrpoC8'11fB8HHIO aneKTpOHOB H3 MeTanna B 30Ry nposo

eKTpHKa. ITnOTROCTh ITOTOKa aneKTpOROB RSnReTCR ~YHKUHeH 

IUeHROH 30Hhl If senH'IIfHhl sneKTpH~eCKOro nonR B nHsneKTpHKe 

ypasReHHeM ( 4), B KOTOpOM BMBCTO rp cnenyeT nonCT8BHTh 

W 0 = 2 3B, 'ITO ITpHMepRO COOTSBTCTsyeT lliHpHRe 

ORb! s rrneRKax BaO • MgO , Ba 2 0 3 H Al 2 0 8 , TO TOK 

eT 38MBTHbiM Y*e B rronRX 104-105 s/CMo 0TCIO)l8 BHneH H 

saRHR a~~ eKTa ManTepa s neTeKTopax 'laCTHU. ITyCTh, HanpH

PhiTaR nHsneKTpH'19CKOll: rrneRKOii: HnH OKHCJIOM H3 M8TepH8JI8 

0 ""1 MKM, rrorpy*eHa S RerrpHsonRWY!O KORneRCHposaRHYIO 

Ha ee ITOBepXROCTH, KBK 6biJIO ITOK838HO B rrpe)lbiJlyiUeM pa3-

X ilpOXO*Il9HHR '18CTHU S03HHKRYT J10K8J1hHbl9 o6pa30B8HHR H3 

0 38pRJl8, KOTOpbiB HRnyUHpyJOT S ITJI9HK9 )l0ITOnRHTenbR09 ITO-

Th!O E "'2.10
6 

s/cM. 3To npHseneT K HRTeHCHBROMY TyHHen&

aHHJO aneKTPOHOS H3 MeTanna S JlHaneKTpH'IeCKyJO rrneRKY H 

JlO aaeprHH W=e·E.o= 2·10
6 

slcM.10-4 CM = 200 as. TaKHe 

TpORbl Re 38XS8TbiB810TCR HOH8MH H8 nosepXROCTH JlHaneKTpH

SbiXOJlRT H3 rrneRKH s cpeJiy. ITpoJIOJI*HTeJ!hHOCTh rrpouecca 

OT9K8HHR aJ19KTpOHOS 38SHCHT OT S9JIH~HHhl SHeWHero ITOJIR 

s, o6paayeM&IX 'laCTHUell: aa rrosepxHOCTH rrneRKH. TaK, ecnH 

na6o, TO aneKTpOHbi, rrpoll:)lR rrneRKy, 6biCTpO TepManH3YIOTCR 

12 

... ~ 

f·! 

f· 

B Cpe.Qe If peKOM6HRHPYIOT C nonO*HTeJihHbiMH HOH8MH. 3TOT npouecc 6bJCTpO 

CaTyXReT. EcnH *e BReruaee none .QOCT8TO'IHO BBJIHKO, TO aneKTpORbi, npOHilR 

llHaneKTPH'IeCKYIO TIJICHKy H Ra6paB 3ReprHJO 200 3B, B036Y*Il810T H HOHH3YIOT 

pa60'!YIO CpeJiy. 06pa30B8BlliHBCR BHOBh DOnO*HTCnhRhle HOHhl yCHnHT none 

B DJieRKe llH3JieKTPHK8, a aneKTpORbl Y.Q1lJl51TCR BHelliHifM noneM Ra 8HOil. 3TOT 

npouecc MO*eT HeorpaRH'IeHHO HapaCT8Tb SO BpeM9HH H JlnR ero o6pb!S8 

Tpe6yeTCR KpaTKOSpeMeRROC CHif);(eHHe Hnlf CHRTHe SRelliRero rronR. 3~~9KT 

ManTepa S H8CTORIUee BpeMR lliHPOKO HCIIOnh3yeTCR B T9XHHK9 HH*9KTHpO

B8HHR aneKTpoaos H3 xonoJIRhiX KaToaos /27,28,341. IT pH pa6oTe c TaKHMH 

K8TO)l8MH 6hiJIO, B '18CTHOCTH, yCT8HOJ3JieHO, 'ITO Ra KB*.lhl~ ITOJIQ;'KifT9JlbHbiH 

HOH, OC9BlliHii Ha llH3JI9KTpH'19CKYlO J:J!•:JHKy, npHXOilHTCR )lO 103-104 BTOpH'I

HhlX aneKTpoHoB. ITpHMeRHTenhHO K paccMaTpHBaeMoii aaJia'le aTo oaaa'laeT, c TO npH perHCTp8UHH '18CTHU Jl8HHbiM M9TO)lOM KOa~HU119HT TOKOBOrO YCHJ!e

HHR rrepBH'IHblX aneKTpOROB COCT8BHT 103-104. 

TpeKoBaR cunHTHJIJIRUHOHHaR KaMepa 

OrrMpaRCb aa HCCJieJioBaRHe aciKI>eKTa ManTepa H conyTCTBYJOIUHX HBneaHi1, 

B03RHK8JOIUHX H8 rrorpaRH'IHb!X o6naCTRX conpHK8C8101UIIXCR cpeJl /26-28,30,34,39/, 

MO*HO C)l9J18Tb ShlSOJl, 'ITO Jl8RHbie RBJ19HHR MOryT 6biTb HCITOJ1b30B8Hbl JlJIR 

rrpORBJ19HHR CJ19Jl0B '18CTHU B pa6o'leM B9lli9CTBe, eCJIH S Ka'leCTBe nocne)lRe

ro ilpHM9HRTb *HilKHll: HJ!H TSep)lblii CUHHTHJIJ!RTOp • .UeiiCTBHT9J1bHO, 9CJ1H S 

CUHRTHJ!J!HPYJOIUYJO cpeJly rrorpy3HTb aneKTPOJlbl C TORKHMH )lH3J19KTpH'19CKHMH 

noKpbiTHRMH, TO H3 HHX B M9CT8X ilpOXO*Jl9HHR '18CTHU, K8K 6biJIO ITOK838-

H0 BbiWe, 6y)lyT BbiXOJlHTh aneKTpOHbl C aaeprHeii )lO 200 aSo 3Toif 3ReprHH 

)lOCT8TO'IHO JlJIR a~~eKTHBROll: HORH38UHH H B035Y*.Q9HHR 8TOMOB J1J05oro KOR

.Q9HCHpOS8HHOrO SeiUeCTBa. IToaTOMY rrpH H8JIH'IHH CHJihHOrO BR9WHero ITOJ!R c lHHbill: rrpouecc, K8K Y*9 OTM9'18J10Cb, 5yJleT CBMOpereRepHpY!OlllHMCR H nyTh 

'18CTHUbl S )l9T9KTOpe OTMeTHTCR CSeTOSbiMH SCITbllllK8MH, KOTOpble 5yJlyT 

HCXO.QHTb H3 MeCT B035Y*JleHHR CUHHTHJIJIRTOpa. 

13 



~ 

l.l 

Cnoco6 nponopurroHanbHoro pa3MHo*eHHg 3apgaoB 

B. BeJlleCTBe B6mi3H 38MOPO*eHHbiX . HHTe:ll: 

Dpouecc HCKyccrBeHHoro 3anonaeaHg aneKrpoHaMH npHMeCHbiX ypoBHe:ll: 

B nonynpOBOAHHKBX H MeXBHH3M pa3MHO*eHHg 3ap~OB HB :3THX ypOBHHX B 

ITOJIHO:Il: Mepe npHCYlllH H AH:3neKTpHKBM, 00:3TOMY npeACTBBJ!HeTCg HHTepec

HbiM paCCMOTpeTb B03MO*HOCTb pa3MHO*eHHg nepBH"'HbiX :3JieKTpOHOB B C.ileABX 

"'BCTHU HenocpeACTBeHHO B TBepno:ll: pa6oqe:ll: Cpene, B KOTOpo:ll: 38MOPO*eHbl 

HJIH 3anonHMepH30B8Hbl ITpOBOAgmHe HHTH, 8 :3TOM BBpHaHTe AeTeKTOpa, KBK 

H B CJiy"'ae HHTgHoro C"'eT"' HKB C nonynpOBOAHHKOBbiM ITOKpbiTHeM, BeJlleCTBO 

nepen HB"'BJIOM perHCTpaUHH "'BCTHU HCKYCCTBeHHO BKTHBHpyeTcg, T,K, B HeM 

38CeJ!giDTCH :3JieKTpOH8MH Bee ypoBHH 38XB8T8, 3aTeM Ha HHTH nonaeTCH 

ITOCTogHHOe HJIH HMITyJibCHOe :3JieKTpH"'eCKOe HaiTp>I*eHHe, KOTOpoe Bbi3biBae,·
1 

pa3MHO*eHHe nepBH"'HbiX :3JieKTpOHOB B Cpene 38 C"'eT HOHH38UHH 38CeJieHHblX 

ypOBHe:ll:, 0TJIH"'He pa60Tbl AeTeKTOpa Ha AH:3JieKTpHKe OT 8HBJIOrrr"'HOH pa6o

Tbl AeTeKTOpa Ha nonynpOBOAHHKe 9YAeT COCTOgTb JIHlllb B CITOC06e 8KTHB8-

UHH cpeAbl, llH:3JieKTpHKH o6b!"'HO o6nanaroT lllHpOKOH :3HepreTH"'eCKO:Il: nono

CO:Il: 3anpeTa, cocTaBngrome:ll: ~10 aB, H 3aceneaue ypoBHe:ll: B aTo:ll: nonoce 

MO*HO OCyJlleCTBJigTb npeHMyJlleCTBeHHO MeTOAOM HH*eKUHH :3JieKTpOHOB H3 

HHTe:ll:, 3aceJieHHe *e ypOBHeil: MeTOAOM ~OT0:3MKCCHH :3JieKTpOHOB H3 BBJieHT

HOH 30Hbi AHaneKTpHKa Tpe6yeT npHMeaeaug *eCTKo:ll: ynbTpa~uoneToBo:ll: pa

nuaUHH, "'TO npaKTH"'eCKH TpyAHO OCyllleCTBHTb H3-38 Mano:ll:: rny6HHbi ee 

npOHHKHOBeHHH. 

ToK HH*eKUHH, 3anonagiOmH:Il: npuMeCHbre ypoBHH, Mo*eT 6biTb onpene

nea no-npe*HeMy H3 ypaBHe~Hg (4), B KOTOpOM BMeCTO ¢ cneayeT non

CT8BHTb BeJIH"'HHY w 0 I 2 • nng 6biCTporo 38CeJieHHg ypOBHe:ll: uenecoo6-

pa3HO, Hapgay C BHelllHHM ITOJieM, HCITOnb30B8Tb OCBeiUeHHe B nonoce ITpHMeC

HOrO nurnomeHHH AH:3JieKTPHK8, CBeT YCKOpHT npouecc pacnpoCTpaHeHHH 

:3JieKTpOHOB OT MeCTa HH*eKUHH Brny6b AH:3J!eKTpHK8 / 2 1/, 41 
PaCCMOTpHM Tenepb BHyTpeHHee none B AH:3J!eKTpHKe, KOTOpoe 6yaeT 

B03HHK8Tb OT 06~eMHOrO 38p~a B MOMeHT 38CeJieHHg :3JieKTpOH8MH npHMeC

HbiX ypoBHeil:. 3To none 6yneT onHCbiBaTbCH ypaBHeHHeM (1 ): E=41Tne/ £ • 

Pemag aTo ypaBHeHHe ang cnyqag UHJIHHAPH"'ecKoro cqeT"'HKa c paBHOMep

HbiM pacnpeneneHHeM 3apgna no o6~eMy nRaneKTPHKa, nony"'HM: 
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e. 

E= 
u 

r In _R_ 
r 

0 

11 n e r ---------
£In~-

r 
0 

2 
R r 
(~ 

rne U - BHeiUHee Hanpg;:.eHHe, Bbl3b!B8IOIUe 

nepeMeHHbii:i panHyC, 38KJl!O"'eHHh!H B HHTepB< 

HHTR H R - panrryc KOpnyca C"'eT 1mKa. nep 

(2), B~PB*8eT Harrp>I*eHHOCTb ITOJig B C"'eT"' 

BTopo:ll: qneH - none o6~eMaoro 3apgna. 3Ha~ 

YKB3biBaeT HB TO, "'TO IIOJie 06~eMHOrO 3apsm 

Hong, IIopolKJ1aiomero aTOT 3apgn, OueHrrM BeJu 

nono*eHrrH, "'To n = 1012 CM-3 , R = 0,1 

H r ~ r
0 

, 00J1CT8HOBK8 9TRX BeJIH"'HH BO I 

3,105BICM, 3TO ITOJie, KBK BHJ1KM, BeJIHKO li B 

6biTb eiUe 60JibWe, 009TOMY IIprr pa3pa60TKe T 

XOJ1HMO CTpeMHTbCg K ITOJiy"'eHHIO BeiUeCTBB B 

IIpHMeCHb!X ypOBHeH, l1CKniO"'eHrre MoryT COCTBI 

3arrpemeano:ll: rronoco:ll:, T,K, 3anonneHHe ypoB 

rryTeM BHyTpeHHero ~OT09~~eKTa, DpH KOTOpOM 

3apHna. 

B CH.ilY Mano:ll: rny6HH~ 3aneraaHg npHM 

MO)KHO 0)KHJ18Tb 0 "'TO IIpouecc pa3MHO)KeHHSI 9ffl 

TBK)Ke BKTHBHO,. KBK 9TO Ha6.il!OilBeTCSI, HaUpHM( 

HHKBX HJ!H ra3aX C HH3KHM IIOTeHUHDJIOM HOH 

neTeKTopa BHJ1HO, "'TO ero MOli\HO 6yner rrcnom 

HOA "'YBCTBHTenbHOCTH, TBK H B HMllYJibCHOM, 

AeTeKTOp J10JlfJ<eH OXJIB/1</lDTbCSI 110 TeMIIepaTy] 

B 3aKnroqeaue nannoro pa3nena yMec 

B03M0)KHOCTH C03J1BHHSI npOBO.ilO"'HOrO ITpOITOpU~ 

non6opa crreuuaJibH~X TBepn~x BemecTB c ~ 

< 1 8B, K HHM OTHOCHTCSI a - Sn 

BeWeCTBB IIpH HH3KOH TeMnepaType 

H MH 

kT « W 

B HHX JiePKO OCyJlleCTBnHeTCH pa3MHO/I<eHHe 

eanearaoA 30He. EcnH B TaKOM aereKTope 

nonolliHTe.ilbHoro 3apHna B npouecce perHC 
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Cnoco6 nponopulloHanbHOro pa3MHo~eHIIR aapgaoB 

B BemecTBe B6JIII311 38MOpO~eHHbiX .HIITe:l!: 

OUeCC IICKyCCTBeHHOrO 3anonHeHIIR aneKTpOHBMH I!pHM9CHb!X ypOBHe:l!: 

pOBOaHHKaX 11 MeXaHH3M pa3MHO~eHIIR 3apgaoe Ha 9THX ypOBHRX B 

Mepe I!pHCYlllH II AH9neKTpiiKaM, 009TOMY I!peaCTBBnReTCR IIHTepec

CMOTpeTb B03MO~HOCTb pa3MHO~eHIIR IIepBH'I:HbiX aneKTpOHOB B Cneaax 

HenocpeacTBeHHO B TBepao:l!: pa6otiei1 cpeae, B KoTopoi1 3aMopo~eHbi 

oniiMep1130BaHbi npoBoaRmlle HIITH. B STOM eapllaHTe aeTeKTopa, KaK 

'!:Be HIITRHOrO CtieT'I: HKa C IIonynpOBOAHIIKOBbiM IIOKpb!THeM, Belll9CTB0 

atianOM periiCTpaUHII 'I:BCTIIU IICKyCCTBeHHO BKTIIBIIpyeTCR, T,K, B HeM 

TCR aneKTpOHBMII BCe ypOBHH 38XBaTa, 3aTeM Ha HIITH nonaeTCR 

HOe fin II HMnynbCHOe aneKTpii'I:BCKOe Hanp>l~eHIIe, KOTOpOe Bbi3biBae': ,' 

eHIIe nepBII'I:HbiX aneKTpOHOB B cpeae 38 C'l:eT IIOHII38UIIII 38CeneHHbl 

, 0TnlltiiiB pa60Tbl aeTeKTOpa Ha allaneKTpHKe OT aHanorHtiHOH pa6o

KTOpa HB IIonyiipOBOaHIIKB ~yaeT COCTORTb nlllllb B CIIOC06e 8KTIIB8-

bl, D11aneKTPIIKII o6bi'IHO o6naaaiDT m11poKofi aaepreTII'I:ecKofi nona

eTa, COCTaBnRfOlll9H ~10 9B, II 3aCeneHHe ypOBHe:l!: B 9TOH nonoce 

Cyll.leCTBnRTb npeiiMyll.leCTBeHHO MeTOaOM HH~eKUIIH aneKTpOHOB 113 

aceneHIIe ~e ypOBHei1 MeTOaOM ~OT09MHCCHII aneKTpOHOB 113 BaneHT-

1 a11aneKTPIIKa Tpe6yeT IIpiiMeHeHIIR ~eCTKOH ynbTpa~lloneTOBOH pa-

'ITO npaKTII'IeCKH Tpyaao ocymeCTBHTb 113-3a Manofi rny6HHbi ee 

OBeHIIR. 

IK IIH~eKUIIH, 3aiionHRfOlUHH I!pHMeCHble ypOBHII, MO~eT 6b!Tb OI!peae-

113 ypaBHeHIIR ( 4), B KOTOpOM BM9CTO cp CneayeT noa-

BenH'IHHY W 0 /2 • DnR 6biCTpOI"'o 3aceneHIIR ypoBHefi uenecoo6-

apRay C BHelllHIIM I!OneM, IICIIOnb30B8Tb OCB9ll{eH119 B I!Onoce I!pHMeC

nomeHHR allaneKTPIIKa. CBeT ycKOpiiT npouecc pacnpocTpaHeHHR 

OB OT MeCTa HH*9KUIIII Brny6b AII3JleKTpiiK8 1211 , 41 
!CCMOTpHM Tenepb BHyTpeHHee none B aHaneKTpHK9 0 KOTOpOe 6yaeT 

06~eMHOI"'O 38pgaa B MOM9HT 3aceneHHR aneKTpOH8MII I!p11Mec

Hei1, 3To none 6yaeT onHCbiBaTbCR ypaBHeHHeM (1 ): E=477ne/ £ • 

TO ypaBHeHHe ang cnyqag UHnHHAPH'IeCKOI"'O C'IeT'IHK8 C paBHOMep

npeneneHHeM 38pRna no o6~eMy nHaneKTPHKa, nony'IHM: 

14 

... : 
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( 

2 2 R 
U 77 n e r ( R ro - 21n -- ) , (6) E _ ------- 2 r 

= R r o 
r In _R_ f In -r-

ro o 

l"'ae U - BHelllHee Hanpg;:.eHIIe, Bbl3b!B8f0l!lee liH~eKUIIfO 9JieKTpOHOB, r 

rrepeMeHHbi:l!: panHyc, aaKmo'IeHHbiH B HHTepBEwe r 
0 

< r < R , r 
0 

-paaHyc 

HHTII II R - paallyC KOpnyca C'I:8T 1f11Ka, nepBI>Iii '!:JIB II cpopMynJ,J (U) , KHK II B 

(2), Bhlpa~aeT HanpH~eHHOCTb nang B C'l:eT'IHKe OT BHemHero IICTO'IHHKU, a 

BTOpoti tineH - none o6~eMHoro 3apHna. 3HaK MHHyc nepen BTOpi>rrvt tineuoM 

YK83b!BBeT Ha TO, 'ITO none o6~eMHOrO 3apHAa HflllpaBneHO npOTH I> IIIICIIIHel'O 

nang, rropolKJlaK)ll.lero 9TOT aapRA. OueHH!vt BBJIH'I:HHY BHyTpeHHero no.'TH 11 npeJt

nono~eHHH, 'ITO n = to12 CM-3, R = 0,1 CM, r 
0 

= 2,10-3 cr--t, ' = 2, 

II r "'r
0 

• 00ACT8HOBK8 9THX Bemt'I:IIH BO BTOpoil tineH ~OpMynbt (6) JWeT 

3,J05
B!Civ!, 3TO none, KaK BIIAHM, BenHKO II B peanbHb!X ycnOBHHX OHO MOlKeT 

6htTb el!le 6onbl!le. Oo9TOMY np11 paapa6oTKe TBepaoTeJibHoro aeTeKTopa Heo6-

XOAHMO CTpeMHTbCR K nonytieHHfO Bel!leCTBB B aeTeKTOpe C Manon nnOTHOCTbiO 

IIpiiMeCHbiX ypOBHeti, YlcKniD'I:eHHe MOryT COCTaBnRTb Jllllllb A119neKTpHKII C y3KOii 

38IIpemeHHOH nonocoti, T,K, 38IlOJ1HeHIIe ypOBHei1 B HIIX MOli<HO Ilp0113BOAIITb 

ITyTeM BHyTpeHHero ~OT09~cpeKTa, Ilpll KOTOpOM B006l!le He B03HHKaeT o6~el\!HOrO 

aapHJ.:ta. 

B c11ny Manoti r'ny611Hbl aane!"'aHHH npiiMeCHhtX ypoBHei1 B Jlll9neKTPIIK•lX 

MOlKHO Oll<HABTb, 'ITO npoUeCC pa3MH0li\BHIIH 9nBKTpOHOB B HHX 6y!lBT IIpO)..Orti!Tb 

T8Kli\B aKTIIBHO,. KBK 9TO Ha6JIIOAaeTCH, HarrpHMep, B "aaceneHHhiX" lJOJJyrrpOBO.l

HIIKBX HJ!Ii !"'a3aX C HH3KIIM IlOTeHUIIBJ!Oiv! HOHII38Uiill, !13 rrpHHUHna ABACTBHH 

JleTBKTOpa BIIAHO, 'ITO ero MOlliHO 6y!leT liCIIOJ!b30BBTb KBK B pelliHMC llOCTOHl~ 

uoti 'IYBCTBIIrenbHOCTII, TaK 11 B IIMnynbCHOM. OnuaKO anH HOpMaJJuHoi\ pa6oTt.t 

JleTeKTOp AOJlfi<eH OXJIEJli\Ll8TbCH AO TeMI!epaTypbl, I!pll KOTopoti kT <..:: W d 

B 3aKJJID'IeHIIe aan11oro paanena yMeCTHo yrroMHHYTb eme o6 onHoH 

B03MOlliHOCTII C03JlBHUH npOBOJlO'I:HOrO rrponopUIIOHanbHOrO aeTBKTOpa Ha OCHOHC 

rron6opa cneuuanbHbiX TuepnbtX BemecTB c otieHb yaKoi't nonocoti 3anpera -

' /25 32 40; < 1 3B, K HIIM OTHOCHTCH a - ~n II MHOI'IIe IlOJllllv!epb! ' ' • 3TH 

Bell.leCTBB I!pll Hli3KOH TeMnepaType ( kT << \l
0 

) CTB!JOBHTCH W19JlBKTpi1KaMH H 

B HIIX JlBI"'KO OCyll.leCTBnHBTCR pa3MHOll<eHHe 9neKTpOHOB HeiiOCpeACTUeHHO fl 

BaneHTHOi1 aoae. Ecnw u TaKOM AeTeKTope 6yaeT npoucxonHTb HaKOllJIPIIH<· 

ITOJIO~IITeJ!bHOI'O 38pHJ18 B npOUBCCe per'f!CTpaUlfl! '!i;CTllU, TO 'UHJ fcr'C1 
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KOMI19HCaUHH MO)KHO a<jJ<jleKTHBHO HCIIOJlb30BaTb M9TOA <jJOTOaKTHBaUHH cpet:(bl, 

CBeT oyAeT OCBOOO)Kt:(aTb AblpKH H3 JIOBYill9K H B03BpamaTb HX B BaJieHTHyiO 

30Hy, rt:~e OHH OoJiaAaiOT IIOABH)KHOCTbiO, Cnet:~yeT OTM9THTb, 'ITO OCB9IU9HHe 

AH8J19KTPHKOB B IIpHM9CHOH IIOJIOCe IIOrJIOill9HHH oyAeT IIOJie3HbiM H B ApyroM 

OTH0Ill9HHH, a HM9HH0 0 CBeT 6yAeT COA9HCTBOBaTb 6onee IIOJIHOMY c6opy 8J19K

TpOHOB Ha aHOA /18/ H yrrpaBJIHTb "rraMHTbiO" )leTeKTOpa, 

KpaTKHe BbiBOJlhi 

B JlaHHOH pa6oTe CAeJiaHa IIOIIbiTKa HaMeTHTb KOHKpeTHYIO rrporpaMMY 

C03JlaHHH HOBb!X Jl8T8KTOpOB CJ19Jl0B 'IaCTHU B KOHJl8HCHpOBaHHbiX Cpenax, 

OpH Bbi6ope rryTH pemeHHH aToil sana'IH MaKCHManhHO y'IHThiBaJIHCh Tpe6o

BaHHSI, KOTOpb!M JlOJl)KHbi YllDBJI9TBOpS!Tb Jl9T9KT0pbl I10Jl06Horo KJiacca, K HHM, 

B IIepByiO' O'Iepe)lb, OTHOCHTCH TaKHe Ba)KH8Hilll19 Tpe6oBaHHH, KaK HerrpepbiB

HaSI 'IyBCTBHT9JlhHOCTb Jl9T9KTOpa K CJie)laM 'laCTHU, BbiCOKOe 6hiCTp0Jl9HCT

BHe H IIpOIIOpUHOHaJibHOCTb aMIIJIHTYJlbl CHrHana BeJIH'IHHe nepBH'IHOH HOHH3a

UHH, OpencTaBJISieTcSI, 'ITO neTeKTOpbi, 6a3HpyromHeCSI Ha rrpHHUHIIe pa3MHO

)K9HHSI 38pS!Jl0B IIyTeM 110HH3aUHH HCKYCCTB9HHO 3aCeJISI8MbiX ypOBHeH B IIOJiy

IIpOBOJlHHKaX H JlHSJ19KTpHKaX, a TaK)K9 Ha OCHOBe a<jJ<jleKTa TyHH9JlbHOrO IIpo

X0)K)l8HHSI 8J19KTpOHOB 'Iepe3 rrorpaHH'IHbie CJIOH COIIpHKaCaiOmHXCSI cpen, 6y

JlYT HaH6onee IIOJIHO YJlOBJ18TBOpS!Tb c<jlopMyJIHpOBaHHbiM Tpe6oaaHHSIM, 

B aaKJIIO'IeHHe C'IHTaiO CBOHM nonroM no6naronapHTh B.M. OoHTeKopao, 

n.M. CopoKo, r.J.1. CeJIHBaHOBa H B.J.1. HHKaHopoaa 3a IIOJie3Hb19 o6cy)KJl8HHH 

BOIIpOCOB, paCCMOTpeHHbiX B pa6oTe, 
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MQ)KHO stjltjleKTIIBHO HCIIOJ1b30B8Th MeTOA tj:IOT08KTHB8UIIII cpe,Qhl• 

OCBOOO)KA8Th AblpKH 113 JlOByllleK II B03Bp81ll8Tb HX B B8J18HTHYIO 

11 OOJ18ABIOT IIOABII)KHOCTh!O. Cne,QyeT OTM8TIITh, 'ITO 0CB81ll8HIIe 

B npiiMeCHoil nonoce nornorueHIIH 6yAeT none3HhiM 11 B ApyroM 

IIM8HHO, CBeT 6yAeT CO,QeHCTBOB8Th 6onee IIOJJHOMY COopy 9JleK

OA /16/ 11 ynpaBJlHTh "naMHTh!O" AeTeKTOpa. 

KpaTKIIe BhiBOAhi 

Oll pa6ore C,Q8Jl8H8 IlOilhlTKa H8M8TIITh KOHKpeTHYIO IIporpaMMy 

b!X AeTeKTOpOB CJ19AOB '18CTHU B KOHA9HCHpOB8HHbiX Cpe,QaX. 

rryTH pemeHIIH sroil 38A8'IH M8KCIIMBJ1hHO Y'IHThiB8J1HCh rpe6o

,,M AOJl)I(Hhi yaoBnenwpHTh aereKTOpbi rroao6aoro Knacca. K HHM, 

peAh, OTHOCSITCH T8KII8 B8)KH9illll119 TpeOOB8HHSI, K8K HenpepbiB

enbHOCTh AeTeKropa K cneAaM '18CTHU, BhiCOKoe OhiCTpoaeil:cr

HOHanhHOCTh 8MilJ1HTYAhl CHrHana B9JJH'IIIH8 IIepBII'IHOil: IIOHH3a

'ITO AeTeKTOpbi, 083Hpy!OlllHeCsr Ha IlpHHUIIIIe p83MHO-

IIyTeM IIOHH38UIIH IICKyCCTB9HHO 38C9JlH9MbiX ypOBHeil B rrony

AII9JJ8KTp11K8X, a T8K)K9 Ha OCHOBe 9tjltjleKT8 TyHH9JlhHOro IlpO

KTpOHOB 'Iepe3 IIOrpaHII'IHhie CJlOH COIIpHK8C810lllHXCSI cpeA, 6y

IIOJ1HO YAOBJ19TBOpSITh ctjlopMyJ1HpOB8HHhiM Tpe60B8HHSIM. 

'19HIIe C'IIIT8JO CBOHM AOJlrOM no6narOA8piiTh B.M. ITOHT9KOpBO, 

r.H. CenHB8HOB8 II B.Yl. HHKaHopoBa 38 Il0Jl83Hb!e OOCY)KA9HHSI 

CMOTpeHHbiX B pa6ore. 
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