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BaeJJ.enne 

HenpepbiBHbiH poeT saeprnn qaeTnu, renepnpyeMbiX na yeKopnTemtx, 

Bee HaeTO,H'IllBee BbiJlBllraeT Tpe60B8Hlle e03Jl8HllSl 6bieTpblX TpeKOBblX )leTeK

TOpOB1 eonep*alllllX rrnOTHY~ pa6oqy~ epeJly - *HJlKOeTb nnn TBepnoe Teno. 

C STOll uerih~ B pstJle na6opaTOpllH BeJJ.eTeSI HHTeHellBHbiH ITOHeK ITyTeH pe

Ill9HHSI JJ.annoil: npo6neMbi. TaK, K HaeTostmeMy apeMenn BbmonaeHhi Y*e 

HeKOTOpbie neeneJlOB8HllSl/ 1,2/ e HllTSlHblMll eq~T'IHK8MH 1 38ITOnHsteMbiMH e>KH

*eHHblM apl'OHOM ll KeeHOHOM. 8TH neeneJlOBaHHSl BeKpbinH 6onhlllHe rrpHH

UHITHanbHbie TpyJlHOeTH o6eerre'IeHHSl B >KHJlKOH epeJle rrporropUHOHanhHOI'O pa3M

HO*eHHSl aaqanhHbiX sapstJlOB. BestKHH pas npH ¢opMupoaaHim B e'I~T'IHKe 

sneKTpH'IeeKOI'O nonst 6onhlll0H HaiTpst>KeHHOeTH 1 Heq~XOilHMOI'O Jlnst pa3MHO

*eHHSl 3apstilOB
1 

B *llilKOeTH B03HHK89T eiTOHT8HHblfi paspHJl. flo STOfi npH

'IHHe ITOKa He nony'IeHO HH OJlHOI'O YJlOBneTBOpHTenhHOI'O pesynhTaTa e *Hil

KOeTHbiMH JleTeKTopaMn o6ey*naeMoro Tnna. 

Jj eastsn e sTnM rrpeneTaBnsteTest ueneeooopasHbiM paeeMoTpeTb n npy-

rne B03MO*Hble rryTH e03Jl8HHSl TpeKOBblX JleTeKTOpOB 1 KOTOpbie eoJlep*anH 

6bi B ee6e KOHJleHenpoBaHHY~ epeJly • HeKOTOpbie HOBbie npeJln0*9HHSl ITO 

Jl8HHOMY aonpoey y>Ke o6eyx<Jlan:neh B pa6oTe/3/ x/. 3Jleeh Mbi xoTen:n 6br 

npOJlOn*HTb STO o6ey*JleHHe H npoaHanH3HpOBaTb HOBY~ B03MO*HOeTb pe

rneTp8UHH eneJlOB qaeTHU e ITOMOUlb~ nneHO'IHbiX sneKTp0JlOB1 BHyTpH KOTO

pbiX Mo>KeT Bbi3biBaTbest yJlapHoe pa3MHO*enue HaqanhHbiX aapstJlOB, rropo*

ilaeMbiX rrpoxoJlstmefi qaeT:nuefi. 

x/ /3/ B cjlopMyne ( 6) pa6oThi nponymea anaK Mnnyc B •meae 
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Paauno)Ken;re aap;;.aos B nopHCTblX .ananeKTpnqecinx 
L . 

H nonynpOBO.aHHKOBbiX nneHK8X 

UaaHO ObinO aaMe'l:eHOI<±,0/ 1 'ITO TOHKHe ITOpHCTbie JlHSneKTpH'IeCKHe 

HnH nonynpoaOJlHHKOabie nneHKH, ITpHMeHHeMbie a aneKTpOHHhiX OpHOopax Ha 

'npoCTpen' 1 peSKO yaenH'IHBaroT aTOpH'IHYID SMHCCHID aneKTpOHOa1 ecnH·H8 

nneHKH noJ:taHo cnnbHoe aneKTpnqecKoe none. AaTophl.paoo~/4,5/ cJ:tenann 

npeJlnono~eHne, 'ITO a nopneTofi nneHKe, KaK n a raae, no11 JlefieTaneM ennb

Horo nonsr aoaHnKaeT paapsr11 TayHCeHJla, MHorne nocne11yronme neene11oaaHHH 

Jl8HHOH npooneMbi ( CM, 1 HanpnMep,/6-14/) nonHOCTbiD.• noJlTBepmmn STy TO'IKY 

apeHHH, 3KcnepnMeHTanbH8H CyltiHOCTb aToro sraneHHH COCTOHT a TOM, 'ITO 

ecnn nopncTyro nneHKy, HanpnMep na MgO TOnltiHHOH a HeCKOnbKO MKM1 

oony'laTb aneKTpOH8MH C SHeprnefi a He~KOnbKO Kaa, TO C npoTnaonono~HOH 

noaepXHOeTH nneHKH a aaKyyM abiXOJlHT aTOpH'IHbie aneKTpOHhlo Koa4J4JnuneHT 

abiXOJla aneKTpoHoa 6ea nonsr He npeabiinaeT 10-20. flpn Hano~eHnn Ha nneH

Ky aneKTpnqeeKoro nonsr Hanpsr~eHHoeTbro 106-106 a/eM Koaq-,4JnuneHT aTopn'I

Hofi 3MHeCHH pe3KO aoapaeTaeT, H JlnH nneHOK TOnltiHHOH 1-2 MKM OH JlOeTH

raeT aenn'IHHhl 10~-104 /6-14/, B TaKofi ~e nponopunn npaKTH'l:eeKn paeTeT 

H KOa4J4JnuneHT pa3MHO~eHHH aneKTpOHoa BHyTpH nneHKH, Koa4J4'JnuneHT aHyT

peHHero ycnneHHH aTOpH'IHhiX aneKTpOHOa, paaHbiH 10~-104, COOTaeTCTayeT 

nepaoMy Koa4J4JnuneHTY TayHeGHJla a .. 4,104 CM-1, flo aTofi aenn'l:HHe ner

KO H8HTH cyMMapHbiH Koa4J4'JnuHeHT pa3MHO:lKeHH51 H8'1anbHbiX aneKTpOHOa 

a nneHKe nponaaonbHofi TonmnHhl 8 , nenonbaysr naaeeTHhlH aKenoHeHunanb

HhiH 38KOH poeTa naaHHbi: 

N IN 0 
exp (a 8 (1) 

r11e N0 - qneno Ha'lanbHhiX aneKTpoHoa a ene11e qaeTHUhi n N - qneno aneKT-
' 

poHoB a naanHe, npoineJlitiefi aero TonitinHy nneHKn. CooTHoineHHe ( 1) nnsr pae-

cMaTpnaaeMofi aaJla'ln sransreTc51 npn6nn~eHHhiM, TaK KaK Ha'l:anbHhie aneKT

poHhi a cne)le '18CTHUbl pacnpe)lensrroTCH paaHoMepH0 1 H lf'lt nyTH a naanHe, 

paaHbie paeCTOHHHID OT MeCTa aoSHHKHOaeHHH aneKTpOHa a cne11e JlO nono:lKH

TenbHOro aneKTpoJla, paann'l:Hbi, OnHaKo, KaK Ohmo noKaaaHo a ynoMHHyThi_X 

abnne paooTax, cooTHoineHne ( 1) npaannbHO oTpa:lKaeT nop51JlOK aenH'IHHhi 

ycpeJlHeHHoro ycnneHH51 aneKTpoHoa a nneHKe. 
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K HaCTOSimeMy apeMeHn nay'l:eH 6onbinofi Knacc aer 

eoeTOHHHHa B nopax rrneHOK 3THX BeitieeTa Ha6moJlaeTeH BHY' 

aneKTpOHHhiX naanH. K TaKHM aemecTaaM npe~e acero o 

BaO 1 KCl , NaCl Al
2 

0 3 , Cu, Be n Cs , H8HOCHMhiE 

nOJlnO:lKKH a BH)le pbiXnhiX cnoea, HMeromHX nnOTHOCTb 1-l 
·, 

MOHOKpHCTannoB, B Ka'l:eCTBe ITOJlnO:lKeK nccneJlOBanHCb t 

HHKenb H MHOrne npyrne npoaO)lHHKH, H ao acex 3THX H• 

6bino aaMe'l:eHo ennhHoro annsrHnH MaTepnana nonno~KH Ha n 

aneKTpOHOB B nopne.TOH nneHKe, 

CoaoKynHoCTb abmonHeHHhiX nccnenoaaHnfi/4-16/ no: 

nnpoaaTh onpeneneHHhii1 aarnsrJl Ha · sraneHnsr, KOTOpbie ne~l 

ueeea paaMHo~eHHH aapsrnoa a nopneToM nnaneKTpnKe n no 

neiieTBHeM BbieOKOBOnbTHoro nonsr. C'inTaeTesr, 'ITO a oeHOB 

ne:lKHT HeeKonbKO. HBneHHH, flepaoe H oeHOBHOe HS HHX npE 

a4J4JeKT pa3MHO~eHHH aneKTpOHOa HenoepeneTBeHHO B nopax 

nneHKH K8K a MllKpoaneKTpOHHOM JlHHOJlHOM yMHO~HTene, pa( 

CTpen, 3neKTp0Hbl a nopax noll nefieTBHeM aneKTpnqeeKOrl 

eg U Bbl3biB8IDT aTOpH'IHYID aMHeCUID Ha CTeHK8X nop H B I 

HHMH. 3To npeneTaBneHHe npHBOJlUT K XOpoitieMy eornaenro 

lleiieTanTenbH0 1 aneKTpOHhi a nopax H:a6nparoT aHeprnro· W 

3£ 
none B no pax, paaHoe ---- E 0 ; E 0 - epenHee none 

2 (£+I) 

T ; u - aHeitiHee narrpsr~eHne; 8 TonmnHa rrneHKH n E 

pnqeCK8H ITOCTOHHH85li A - cpeJlHHfi paaMep ITOpbla Tipl' 

8 = 2 MKM, E = 6 H U "' 100 a ( THITH'IHbl9'. 3KCITepUMeJ 

nonyqeHHH pa3MH0~9HHSI aneKTpOHOa a nopax) W "' 14 

arronHe JlOCT8TO'IHO JlnH HOHH38UHH aTOMOa Ha npnMeCHhlX 

ypOBHHX H aTOMOa B BaneHTHOH 30He, a T8K~e nnsr o6pa~ 

HOM C'l_eTe, naBHH aneKTpoHoa. Eenn a rropax eonep~uTesr 

TaK~e naTb orrpeneneHHhiii BKnan B . TOK paapsrna. 

llorronHHTenhHblll 38M9THbiH BKnan a naBHHy aneKTpOHOI 

30B8HHH rronynpOBOJlHHKOBhlX CnOeB eperiHefi riOpHCTOCTH Jl< 

HH3M' PbiBKUHa/15, 16/, a oeHOBe KOTOporo· ne~UT sraneHHe 

Horo" ToKa 6naronapsr apeMeHHOMY nepepacrrpeneneHnro rrE 
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:>pHCTbi9 .QH9neKTpH'19CKHe 

aneKTpoHHhiX -npH6opax Ha 

:CHK>, aneKTpOHOB1 ecnH ·H8 

·TOPhi· pa6o~/4,5/ c,~:~enann 
'aae, no.Q .QeficTBneM cnnh

rrocne.QyromHe nccne.QoBaHH.!I 

bK> no.QTBep.QHnH aTy TO'IKY 

19HH.!I COCTOHT B TOM, 'ITO 

IIIIHHOfi B ~eCKOnbKO MKM1 

as, To c npoTHBononomHofi 

aneKTpOHbi. Koalfl4muneHT 

• ITpn HanomeHHH Ha nneH

s/cM K09~HUH9HT BTOpH'I

IIIHHOfi 1-2 MKM OH .QOCTH

OpUHH npaKTH'I9CKH p8CT9T 

teHKH. KoaljlljlHuHeHT BHyT

i 10~-104 1 COOTB9TCTByeT 

·1• ITo aTofi BenH'IHH,e ner-

i_ H8'18nbHbiX aneKTpOHOB 

13B9CTHbifi 9KCnOH9HUH8nb-

(1) 

=THUhi H N - 'lncno aneKT

:;o~THollleHHe ( 1) .Qn.!I pac

aK K8K H8'18nbHbi9 aneKT

lH01 H lf'lt JIYTH B naBHHe1 

~poHa B cne.Qe .Qo nonomH

l nOK838HO B ynOM.!IHyThiX 

:~maeT nop.!I.QOK senH'IHHhi 

I. 
I 

1 
! 

r 

K uacToSJIUeMy BpeMeHn HsyqeH· 6onhlllOH: Knacc nemecTB B pbixnoM 

COCTO.!IHHH, B nopax nneHOK 9THX B9IU9CTB Ha6nK>.Q89TCSI BHyTp9HH99 ycnneHH9 

MeKTpOHHhiX nanHH. K TaKHM BemecTBaM npem.Qe scero OTHOC.!ITC.!I MgO , 

BaO , KCI 1 Na Cl Al2 0 3 1 Cu, Be H Cs , HaHoCHMbie na ,npoBO.QSimne 

no.QnomKH B BH.Qe pb!XnbiX cnoeB, HMeK>mHX nnOTHOCTb 1-5% OT nnOTllOCTH 

MOHOKpHCTannoB. B K8'19CTB9 llO.QnO*eK Hccne.QOBanHCb anK>MHHHfi, M9.Qb, 

HHKenb If Mll0l'H9 .QpyrHe npoBO.QHHKH1 H BO BC9X 9THX HCCne.QOB8HH.!IX He 

6binO 38M9'19HO CHnhHOl'O BnHSIHHSI MaTepHana no.QnomKH H8 naBHH006pa30B8HH9 

aneKTpOHOB B IIOpHCTOH rrneHKe, 

ConoKynuocTh BhmonHellllhiX nccne.QosaHnfi/ 4-16/ nossonHna clflopMy

nHpoBaTh orrpeneneHHhifi sarnSin Ha SIBneHHSI1 KOTOpbie nemaT B ocHoBe npo

uecca paaMHomeHHSI aapSinos B rropncToM nnaneKTpHKe H nonyrrposonHnKe non 

neficTBneM BhiCOKoBonhTHoro nonSI. CllnTaeTCSI1 'ITO B ocuose aToro rrpouecca 

nemHT H9CKOnbKO. SIBneHHfi. ITepBOe H OCHOBH09 H3 llHX npencTaBnSieT co6ofi 

aljlljleKT p83MHOmellHSI aneKTpOHOB Herrocpe.QCTB9HHO B nopaX nnaneKTpH'19CKOH 

nneHKH K8K B MHKpoaneKTpOHHOM nHHOnHOM yMHOmHTene1 pa60T810IU9M H8 npo

CTpen. 3neKTpOHbl B nopax non neii:CTBH9M aneKTpH'IeCKOl'O nonSI YCKOpSIK>T

CSI H Bb!3b!B8K>T BTOpH'IHYK> aMHCCHK> Ha CT9HK8X nop H B npocnoii:KaX Memny .. 
HHMH, 3TO rrpencTaBneHHe IIpHBOnHT K xopollleMy COrnaCHIO TeOpHH C OIIb!TOM, 

nefiCTBHTenbHO, aneKTpOllbl B rropax Ha6Hp8K>T aueprnro w = E ,\ • rne E 
3€ 

none n nopax1 panuoe ----- E 
0 

E 0 - cpenuee none B nneHKel pasuoe 
2 (H l) 

y ; u - BHelllHee narrpSimeHne; 8 TOniiiHH8 rrneHKH H € - ee nHaneKT-

. 5 
pnqecKaSI nocToSIHllaSI; ,\ cpe.QHHfi pasMep nopbi. ITpn ,\ = 2.10 CM1 

8 = 2 MKM1 € = 6 H U "' 100 B ( THllH'IHbie\ 9KCnepHM9llT8nbHb!9 ycnOBHSI 

nonyqennSI paaMHomeHHSI aneKTpoHOB B nopax) W 14 an. 3Tofi aueprHH · 

BTIOnHe .QOCT8TO'IHO nnSI liOHH38UHH aTOMOB H8 npHM9CHh!X H noBepXHOCTHb!X 

ypoBHSIX H 8TOMOB B BaneHTHOH 30H9 1 a T8K*e nnSI o6pa30B8HliSII B KOHe'I

HOM cqeTe1 naBHH aneKTpoHoB. Ecn11 B nopax conepmnTCSI rae, TO oH Mome'l' 

TaKme naTb orrpeneneHHhifi BKnan B TOK paapSina. 

norronunTenbHhiH aaMeTHhifi BKnan B naB!iHy aneKTpoHOB B cnyqae ncrronb-

30saHHSI nonynpoBonHHKOBhiX cnoeB cperiuefi nopncTOCTH naeT TaKme uMexa

HH3M" PbiBKHHa/ 15116/1 B OCHOBe KOTOpOl'O nemHT SIBneHHe ycHneHHSI uCKB03-

HOl'O" TOK8 6narO.Q8pSI BpeMeHHOMY nepepacnpeneneHHK> nepBH'IHhiX 38pSinOBI 
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' o6pa3yiOIIUIXCSI B cneaax '18CTHU, Ko:;uf)(jJHIIHeHT ycHneHHSI TOKa B STOM cnyqae 

onpeaens:IeTcs:I cooTHoweHHeM r I. t H MOJKeT aocTH~aTb aHaqeHHSI 104, rae 

T - BpeMSI JKH3HH HepaBHOBeCHbiX HOCHTeneii TOK8 B nonynpoBOllHHKe H l -

speMs:I nponeTa sneKTpoHoB qepea TonwHHy nneHKH, 

CyMMapHbiit s!jl!jleKT paaMHOJKeHHSI sneKTpOHOB B nopHCTbiX nneHKHX onH

CbiBaeTCSI, KaK yJKe OTMeqanocb, ~opMynoa TayHceHaa { 1}, 

Koop~HHBTHBH KaMepa 
~ 

QqeBHllH0 1 'ITO naBHHHOe paaMHOlKeHHe aneKTpOHOB B_nneHK8X MOJKHO 

HcnonbaosaTb anH perHcTpauHH cneaos qacTHU. no cymecTsy, aaecb HMeroTcs:I 

llBe B03MOlKHOCTH, llepB8SI H3 HHX OCHOBbiBaeTCSI Ha Henocpet:tCTBeHHOii pe

rHCTp8IIHH ycHneHHOrO B nneHKe nepBH'IHOrO TOK8, BTopag B03MOlKHOCTb CBH-

38H8 C BbiXOllOM '18CTH paaMHOJKeHHbiX aneKTpOHOB H3 nneHKH B OKpylKarowyro 

cpeay H soa6yJKt:teHHeM aToii cpet:tbi ao nogeneHHH ceeqeHHH, 

PaccMoTpHM nepsyro B03MOlKHOCTh. HaH6onee nonHo oHa MoJKeT 6biTb 

peanHaoeaHa, Ha Haw earns:Ill, B aneKTpoae cneuHanhHoii KoHcTpyKUHH, Hao-

6paJKeHHOM H8 pHCyHKe, llpOBOllSIW8SI DOllnOJKK8 1 nopHCTbie CnOH H npOBOllSI

IIIHe nonOCKH ·MoryT 6biTb BbinOnHeHbl ll0CT8T,O'IHO TOHKHMH1 He npeBbiW8IOlJIHMH 

HeCKOnbKO t:teCSITKOB MKMi T,e, aneKTpOllbi npH He06XOllHMOCTH MoryT 6biTb 

caenaHbi rH6KHMH, Ceepxy aneKTPOllbi MoryT 6biTb noKpbiTbi snaro- H KHcno

ToaaUIHTHoii nneHxoa. TexHono~HH HaHeceHHH TO~KHX cnoee B noao6Hoii KoM

noaHUHH K H8CTOHlJieMy BpeMeHH XOpOWO 0Tpa60T8H8 ( CM, 1 HaiipHMep,/6-9,12,13/), 

CHCTeMa 1 COlleplK8lJI8SI HeCKOnbKO TBKHX KOM6HHHpOB8HHbiX aneKTpOllOB1 6yt:teT 

npeacTaBns:ITb co6oro _Tpexosyro xaMepy. 

llpHHUHn aeiicTBHSI oTaenhHoro aneKTpoaa cneayromHft, qacTHua, npoxo

lls:I qepea aneKTpoa, nepeceKaeT noanoJKKy, nopHCTbie cnoH H nposot:ts:IWH~ 

nonOCKH, llocnellHHe, K8K BHllHO 113 pHCyHK81 o6paayroT KOOpllHH8THyiO CeTKy 

x-y , 8neKTpOHbi, o6pa30B8HHbie '18CTHUeft B nopHCTOM cnoe, p83MHOlK8IOTCSI 

IIOll t:teftCTBHeM nong H IIOCTynaiOT Ha COOTBeTCTBYIOUIHe npoBOllHUIHe nonOCKH1 , 

!jlopMHpyg Ha HHX HMnynbCbi, AMnnHTyt:ta HX npH 38ll8HHOM BHeWHeM none 

6yaeT nponopUHOH8nbH8 H8'18nbHOft nnOTHOCTH aneKTpOHOB B cnet:taX '18CTHU, 

Koa!jJ!j!HuHeHT ycHneHHH aneKTpOHOB B nneHKe TOnUIHHOft 10 MKM1 K8K cneayeT 

· H3 !jlopMynbi ( 1) 1 MOJKeT llOCTHr8Tb 3H8'1eHHSI 10 7-108, 
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\1 
11 
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u 

KDHCTpyKIIHH 3neKTpOLI8 nponOpUHOH8nbHOlt KOOpLIHH8THOif K8Mepb!, 

BOLIHI!l8H fiOLinO>KKa; ._2 - nopHCTbie .LIH3neKTpH'IeCKHe HnH no:tynpOB 

cnon; 3 - npoBOLIHWHe nonocKn; u - BHewHee HanpH>KeHne; R1 
wee conpoTHBneHne; R2 - Harpyao'IHbie conpoTHBneHHH, 
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9HHH TOK8 B 9TOM cnyqae 

HraTb aHaqeHHH 104, rne 

B nonynposonHHKe H t -

KH. 

B nopHCTbiX nneHKHX OOH-

08 ( 1). 

rpOHOB B .nneHKBX MO»<HO 

:ymecTsy, anecb HMeiOTCH 

[8 aenocpencTBeHHOfi pe-

3Topag B03MO»<HOCTb CBH

H3 nneHKH B OKpy»<aiOliiYIO 

! .nOnfiO OHB MO»<eT 6b!Tb 

~bHOfi KOHCTpyKUHH, H30-

>pHCTbie cnoH H nposong

HKHMH, He npeBbiWBIOIIlHMH 

>6XOllHMOCTH MOryT 6b!Tb 

toKpbiTbi snaro- H KHcno

lt cnoes B nono6nofi KoM

:M,, HanpHMep,/6-9,12,13/), 

~aHHhiX .sneKTponos, 6yneT 

~YIO.lllHll, l.JaCTHUa, npoxo-' 

:Tbie cnoH H nposonsUime 

YIOT KOOpllHHBTHyiO ceTKY 
' 

TOM cnoe, p83MHO»<BIOTCSI 

lllHe npOBOllHIIlHe. nonOCKH, 

aanaHHOM snewneM none 

TpOHOB B cnenax qacTHUo 

HOfi 10 MKM, KBK cnenyeT 

.os. 

u 

KoncTpyKUHH aneKTpooa nponopunonanbHOfi KoopoHHaTnon KaMepbi, 1 - npo
BOllHI!lBH noonO)KK8j 2 - nopHCTbie llH3neKTpH'IeCKHe HnH D0.1yDpQBOllHHKOBbie 
cnon; 3 - npoaoosimne nonocKHi u - BHemuee nanpg)Keune; R1 - orpaHH'IHBaiO.:. 
mee conpoTHBnenne; R 2 - uarpyao'!Hbte conpoTHBneHHH, 

7 



Hcxon£ na ¢nanKn naBHHHoro paa~Ho~eHnR·aneKTpoHoB, Mo~Ho o~n

naTb, qTo TOqHOCTb paaperneHllR llOHH38UllOHHO~ CITOC06HOCTll qaCTHU B naH

HOH KaMepe 6yneT rrpnMepHo TaKo~ ~e, KaK y raaoBbiX rrporropunoHanbHbiX 

KaMep. TipocTpaHCTBeHHoe paaperneHne KoopnnHaT cnenoa qacTnu 6yneT aa

anceTb oT cyMMapHo~ TonmnHhi aneKTpona n rnnpnHhi rrpoaonRrnnx i:xonocoK 

H MO~e: nocTnraTb HeCKOnbKO AeCRTKOB MKM, KaMepa MO~eT pa60T8Tb K8K 

B llMITynbCHOM pe~nMe, T8K ll B pe~nMe HeiTpepbiBHOH qyBCTBllTenbHOCTll, 

B rrepBOM cnyqae BpeMR IT8MRTll K8Mepi.I non~HO OITpe)lenRTbCR B OCHOBHOM 

BpeMeHeM ~II3HII HepaBHOBeCHbiX HOCIITene~ TOK8. If ITOpiiCTOM cnoe ll 6yJleT 

cocTaBnRTb "' 10-6-10-7 ceK, B pe~nMe HerrpepbiBHo~ qyacTBnTenbHOcTn 

paapernarornee apeMsr non~Ho 6btTb paBHo BpeMeHn rrpoxo~eHnsr aneKTpoHHoii: 

naBllHbi qepea TonmnHy rrneHKll n 6yneT paBHO HeCKOnbKllM HCeK. BonbllillM 

nocTOIIHCTBOM o6cy~aeMO~ K8M9pbl RBnsreTCR B03MO~HOCTb aarronHeHllR ee 

nro6o~ cpenoH: - raaoM, ~nnKoCTbiD nnii TBepnhiM aemecTBoM, 

3necb yMeCTHO OTM9TllTb1 qTo H8 OCHOBe paccMoTpeHHOrO ITpllHUlliT8 

pa3MHO)I{eHIIR aneKTpOHOB MO)I{HO C03Jl8Tb OTnenbHbiH cq'eTqiiK qaCTIIU, COCTOR

lllll~ na TOHKOH rrpoaonoqKn, pbtxnoro cno£ n npoaoilsrme~ rrneHKn. TaKoii 

cqeTqiiK 6yJleT o6nanaTb TeMII )l{e·xapaKTepnCTIIKaMn, qTo II paccMoTpeHHasr 

KoopJliiHaTHasr KaMepa. OpnqeM ecnii rrpoBonsrmyro rrneHKy BbiiTOnHIITb II3 npo

apaqHoro MaTepiiana, TO c~eTqiiK (a TaK~e n K·aMepa) 6yJleT crroco6eH 

cqiiTaTb n KBaHThi cBeTa, axonsrmne B cqeTqiiK ·IIaBHe nnii na rrpoapaqHoro 
i 

ITOKpbiTIIR 1 rne KB8HTbi MoryT B03HllK8Tb B peaynbT8Te
1 

peKOM61IH8UIIII C06ll-

paeMbiX aapsrJlOB. c!JoTOHhi, rrpo~JlR rrpoapaqHbiii aneKTpOJl, o6paayroT B MIIKpo

rropax pbiXnoro cnosr ¢oToaneKTpOHhi, KOTOpbie 3Jl9Cb )1{9 II paaMHo~aiDTcsr. 

TpeKOB8H K8Mepa Ha OCHOBe HCllDnb30B8HHH HBneHHH 

norpaHHqHoro CBeqenHH 

t-'8CCMOTpllM BTOpyro B03MO~HOCTb1 CBR38HHyiD C B036y~eH.II9M CBeqe

HllR BHernHe~ cpeJlbi Bbilli9JlllillMII na rrneHKll aneKTpoHaMII. 

B pa6oTax16,10,17/ 6hmo ycTaHoaneHo, qTo B Tpexcnoii:Hoii cncTeMe, 

cocToRmeii na MeTannnqecKoii rronno)I{Kll, rropncToro nnaneKTpnKa n oqeHb 

TOHKDii rrpoaonsrmeii rrneHKII, rrpn Hano~eHnn rronsr Ha cnoii nnaneKTpnKa 

II o6nyqeHIIII 6biCTpbiMll qacTllU8MII B03HIIK89T BHyTpeHHee yCIIIT9HII9 aneKTpO-

HOB ll llHTeHCllBHbiH BbiXOn llX BO BHernHee ITpOCTp8HCTBO, A 

aynbTaT rronyqaeTcsr n B cnyqae ncnonhaoBaHnsr B cncTeMe 

nsrmeH: ceTKll BMecTo MeTannnqecKoii nneHKn/ 10, 17 I. Konn'l 

HOB1 BbiXOnRlllllX B OKpy)I{8IDlllYID CpeJly, 38BIICllT OT 8Heprnii 

TIIU n Harrp£)1{9HHOCTll rronsr, npnnaraeMoro K nopiicToMy cn1 

Opii HHTeHCHBHOM none IlOTOK BbiXOnRlllHX aneKTpOHOB CT8HOI 

MOlllHbiM1 qTo M0)1{9T H8CTYIT8Tb ITOK8ITbHOe paapyrneHne ITOB9J 

noaToMy ecnn pHnoM c nneHoqHbiM aneKTponoM ycTaHoBHT 

aneKTpon, co6nparownii Bbtxonsrmne aneKTpOHhi, n aanonHn'I 

Me>KJ:ty aneKTponaMII CUIIHTIInniipyroweH: cpenoii, To oRa noll JlE 

pOHHOrO ITDTOK8 non)I{H8 6yJleT CBeTIITbCH, 3ToMy RBneHHIO 6y 

B8Tb K8K ITOBbillieHH8R ITITOTHOCTb BbiXOJlRlllHX H3 8IT9KTpona 

H OTHOCIITenbHO 60ITblli8H IIX 8HeprHH 1 p8BH8R 40-50 8B/6, 

B KaMepe, conep)l{aweii HecKonbKo aneKTponoB, cnen qacTnu 

nHTbCR B Bnne COBOKYITHOCTH ToqeqHbiX BCITbillieK nono6HO 

llMeeT M9CT0 1 HaiTpHMep, B HCKpOBbi.X K8Mepax, MO)I{HO ITOKI 

HaH KaMepa 6yJleT o6nanaTb ManbiM paapernaromnM apeMeHeM 

n xoporniiM npocTpaHCTBeHHhiM paaperneHneM, He ycTynaiDl!l 

HCKpOBbiX K8Mep, 

KaK n B cnyqae KoopnnHaTHoii KaMepbt, aneKTponhx 

KaMepbi MOryT 6biTb BbiiTOITHeHbi JlOCT8TOqHo TOHKIIMII, B Kaqe, 

cnoeB ll CeTOK MOryT 6biTb HCITOITb30B8Hbi npaKTHqecKH niDI 

MaTepnanbi, HaiinyqrniiMII _)l{e aemecTBaMn nnsr npnroToaneHnSl 

HOK MoryT cny)I{IITb MgO , BaO n npyrne BewecTBa, nepeqJ 

JlhiJlymeM paanene. 

B aaKnroqeHIIe cqnTaeM caonM nonroM no6naronapnTb I 

II n.M. CopoKo aa noneaHoe o6cy~neHIIe aorrpocoB, paccMoTJ 

pa6oTe, 
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m aneKTpOHOB1 Mo:»mo o:»m

cnoco6aocTH qacTHU B naa

rasoBhiX nponopunoaanhHbiX 

iT cnenoB qacTHU 6yneT sa

:npHHbi npoBOllSIIUHX nonoCOK 

<aMepa Mo~eT pa6oTaTh KaK 

9pb!BHOii qyBCTBHTenhHOCTH, 

[0 onpenenSIThC~ B OCHOBHOM 

:a_ B nopncToM cnoe n 6yneT 

1epbiBHOfi qyBCTBHTenhHOCTH 

~H npOXO~aeHHSI aneKTpOHHOii 

aecKonhKHM nceK. EonhUIHM 

B03~o~HOCTh sanonaeanSI ee 

IM BelUeCTBOM, 

~· paccMoTpeaaoro npnaunna 

~bill cq~TqHK i{acTHU1 COCTOSI

npOBOllSIIIlefi nneaKn. TaKofi 

1K8MH1 qTO H paccMOTpeHHaSI 

0 nneHKY BbiiTOnHHTh H3 npo

K~Mepa) 6yneT cnoco6ea 

: nsBje nnn ns npospaqaoro 

rnhTaTe1 peKoM6naaunn co6n

neKTpon1 o6pasy10T B MHKpo

snech ~e n pasMao~KaiOTCSI. 

b30B8HHH HBneHHH 

myro c Bos6y~enneM cBeqe

'l:TpoaaMn. 

ITO. B TpexcnofiHOfi: CHCTeMe; 

CTOI'O nnaneKTpHKa H oqeHb 

nonSI aa cnot!: nnaneKTpHKa 

tyTpenaee ycnneane aneKTpo-

I 

1 
l 

HOB H HHTeHCHBHblii BbiXOll HX BO BHeUIHee npoCTpaHCTBO, A.llanorHqJiblfi pe

synhT8T nonyqaeTcSI n B cnyqae ncnonh30Ba.liHSI B cncTeMe TO.IiKofi npoBo

llSIIIleii ceTKH BMecTo MeTannnqecKofi nne.llKn/10117/, KonnqecTBo aneKTpo

HOB1 Bb!XOllSIIIlHX B OKpy~a!OlUYIO cpeay1 38BHCHT OT 9Uepi'HH nepBHqJiblX qac

THU n aanpSI~eaaocTn nonSI, npnnaraeMoro K nopncToMy cno10 nnaneKTpHKa, 

Dpn HHTeHCHBHOM none fiOTOK BbiXOllSIIIlHX aneKTpOHOB CT8HOBHTCSI HaCTOnhKO 

MOIIlHhlM, qTo Mo~eT aacTynaTh noKanhHoe paspyUieane noBepxnocTaoro cnoSI, 
J 

DoaToMy ecnn pHnoM c nneaoqHbiM aneKTponoM ycTaHoBHTb xonneKTOp.libifi 

aneKTpon, co5nparoUinfi: BbiXOllSIIIlne aneKTpOHhi, H aanonHHTh- npocTpaHCTBO 

Me~y aneKTponaMn cunaTnnnnpyromeil cpenoii, To ona non neficTBHeM aneKT

poaaoro noToKa non~aa 5yneT cBeTHTbCSI, 3ToMy SIBne.liHIO 5yneT cnoco6cTBo

BaTb KaK nOBbiUieHH8SI nnOTHOCTh BbiXOllSIIIlHX H3 aneKTpona aneK.TpO.IiOB1 TaK 

H OTHOCHTenhHO 6onhlli8SI HX 9.1iepi'HSI 1 paBH8SI 40-50 SB/6,9,11/, DoaTOMy 

B xaMepe, conep~ameii aecKonbKO aneKTponoB, cnea qacTHUbi 6yneT npoSIB

nSITbCSI B BHae COBOKynHOCTH ToqeqJibiX BCfiblllleK fiOll06.1iO TOMY 1 K8K 9TO 

HMeeT MeCTO, HanpHMep, B HCKpOBbiX KaMepax, Mo~HO fiOK838Tb1 qTQ ll8.1i

H8SI KaMepa 5yneT o5nanaTb ManbiM ~aspeUiaromnM BpeMeHeM - 1Q-6-1o-7cex 

H xopoUIHM npocTpa.liCTBeHHbiM paspeUieaneM, ae ycTynaromnM paspeUie.llHlO 

HCKpOBbiX KaMep. 

KaK n B cny'lae xoopnn.liaT.Ilofi KaMepbi, aneKTPOllbi anSI cBeTstmeAcs 

KaMepbi MOI'yT 5biTh BbiOOnHeHbi llOCTaToqao TOHKHMH, B KaqeCTBe npOBOllS!lUHX 

cnoeB H ceTOK MOI'YT 6biTb HCOOnb30B8Hbi npaKTHqecKH nl06bie npt?BOllSilUHe 

MaTepnanblo HannyqUIHMH ~e BemecTB8MH anSI npHrOTOBneHHSI nopHCTbiX nne

HOK MoryT cny~HTb MgO 1 BaO n npyrne BemecTBa, nepeqncneHHbie B npe

llbillYIIleM pasnene, 

B aaxnro'leane C'IHTaeM cBoHM nonroM no6naronapnTb E.M. DoaTeKopBo 

n n.M. Copoxo sa nonesaoe o5cy~neane BorlpocoB, paccMoTpeHHhiX B naaaon 

pa5oTe, 
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