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I. ~ B e ~ e H H e, 

fioJiyqeHHe MaKCHMaJI:bHOftt HHcpOp:Mat:UUI 0 CBOitCTBaX 3Jie:MeHTapHHX 

qacTHU Tpe6yeT paspa60TKH HOBHX, 60JIOe 3~eKTHBHHX TpeKOBHX ~eTeK

TOpOB, o6JI~anmHx aucoKon reoMerpHqenKoM H apeMeHHoM paspemammett 

cnoco6HOCT:bD. 

Q,n;HH H3 B03MOJ:HLIX Cfi0C060B TaKO;~O ~eTeKTHpOBaHHSI COCTOHT B 

perHcrpaUHH caera, pacceaHHoro Ha on~~HqecRmx Heo~Hopo~nocrax, o6pa-. . 
SYDJitHXCSI B rase HJIH JltH,n;KOCTH npH onpt;)~eJieHHHX YCJIOBHSIX no~ ~ettCTBH

eM HaqaJI:&HO! HOHH3anHH 6HCTpOtt 3apstJ:,~HHOti qacTHUH. JlO CHX nop B JIH

Teparype onHCaH TOJI:bltO 3KcnepHMeHT D.n.CoKOJIOBa(I), ltOTOpOMY y~a
JIOC:& saperHCTpHpOBaT:& B CMeCH napoB onHpTa H BO,IJ;H CJie~LI oL -~aCTHU 
OT p~HOaKTHBHOrO HCTOqHHKa. ITOCJie TJro, KaK STO y~aJIOC:b ocymecTBHT:& 

B rase, BOSHHRaer ecrecraeHHHn aonpoc o roM, HeJI:bsa JIH anaJiorHquuM 

o6pa30M saperHCTpHpoaaT:& CJie~ qacTHUbt B JICH,II;KOCTH HJIH B TBep~OM TeJie, 

Baxnocr:& nocJie,n;cTBHtt y,n;aquoro pemeHHH sroro aonpoca oqeaH~Ha ~Jist 

BC9X, TaK KaK fi03BOJIHJIO 6LI COS,IJ;aT:& ynpaBJISieMyiD 6eSHHiepUHOHHym TpeKO 

BYID Ka.Mepy. 

HsMeHeHHe noKasareJia npeJIOMJieHHa cpe~u, ausuaaeMoe HOHHsanHett 

perHCTpHpye:u:ott qacTHUH, a TaKXe COOTBeTCTBYDJitHe S~eltTHBHHe ceqeHHSl 

paccestHHSI CBeTa Ha STHX HeO~HOpO~HOCTSIX OKaSLIBaiDTCSl B9C:&Ma MaJIHMH 

BeJIHqHHaMH. ITOSTOMy, MOJ:HO YTBepx,n;aT:b, qTo 6,IJ;HHCTBeHHLIM MeTO~OM pe

rHCTpaUHH B03HHKaDJitHX TaKHM 06pa30M MaJIUX fiOTOKOB paccestHHOrO CBeTa 

uoxer oxasaT:bca MeTo~ TeMHoro noJia qyKo-TenJiepa. 

ITOMHMO Tpe6oBaHHftt BLICOKOn qyBC!BHTeJI:bHOCTH, TO 9CT:b, cnoco6-

HOCTH npH6opa perHCTpHpOBaT:b caeT, J'aCCeSIHHLitt Ha B9C:bMa MaJIHe yrJIH, 

COCTaBJISIDiqHe OKOJIO O,II;HO~ yrJIOBOit MHFYTLI, BOSHHKaeT Taue B9C:b:Ma 

zecrKoe rpe6oaaHHe K ypoaHIO tPona, oc;ycJioaJiennoro pacceaHHe:u: cBera B 
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caMo~ onTH~ecKo~ cHcTe:Me TeHeBoro npE6opa. Ec~H nepBoe Tpe6oBaHHe 

y~oB~eTBopneTcH B npm6opax c 6onDmHM ~ORJCHHM paccxoaHHeM H Mano~ 

mMpHHO~ ~e~H, TO BHnOJIHeHHe BTOporo Tpe60BaHHH SaBHCHT OT KaqecTBa 

H t{HC~a OnTHqecKHX ~eTanen, JIHH3 H~H sepKan, CTOHmHX B npH6ope Ha 

nyTH nyqa, a TaKxe OT Be~Ht{HHU anneptypHHX yr~OB, no~ KOTOpRMH pas

~Ht{HHe OnTH~eCKHe ~eTa~H npH60pa BH~~T ero BUXO~HYD ~H~parMy. 

TeHeBon npH6op MAE-45I, B~nycxaeM¥n cepHnHo oTeqecTBeHHo~ npo

MumneHHOCTDD, HMeeT ~OKYCHOe paCCTOREHe f = I9I,7 CM, CO~epXHT MH

HHMaJIDHOe KOJIHqecTBO 3epKa~ H JIHH3, JaCITOJIOXeHHHX B OCHOBHOM CBeTO

BOM nyttKe, H no ocTa~DHHM napaueTpaM no~xo~HT ~na nocTaB~eHHO~ s~a

~H Jiyttme, tteM ~pyrHe MO~eJIH TeHeBHX r.pH60pOB. 

2. ROHTpacTHOCTD uso6paxeHHH. 

IlpH perHCTpaUitH TpeKa qacTHUhi pe.6oqHJt 06'beM TpeKOBOt! Ka.Mepli 

OCBemaeTCH napa~JieJIDHliM CBeTOBbiM ITyttF:OM. KOHCTpacTHOCTD H306paxeHHH 

P onpe~ensieTCH KaK OTFIOmeHHe OCBe~EHHOCTH, C03~aBaeMO~ H306paxe

HHeM TpeKa, K OCBe~eHHOCTH ITOJIH speHJI:H pa6ottero 06'DeMa. 

EcJIH y~oBJieTBOpHeTcH yc~OBHe 

£ << _i:_ 
n. ka. ' (I) 

r~e n.. - It03~HUHeHT npe~OMJieHHR cpe~bl, An.. - H3MeHeHHe K03~H

UHeHTa npeJIOMJieHHJ1 HeO~HOpO~HOCTH TpE!Ka, k - BOJIHOBO~ BeKTOp, Q -

xapaKTepHCTHtteCitHit pas:Mep HeO~HOpO~H(ICTH, - TO 

HHe pacceHHHOrO CBeTa onpe~8JIHeTCR BHpaxeHHeM(2) 
2 k4 e 2 12 

1( "-I i+c,o~ 1:?. ~(.on.:'\ I RC~Icp) 
1::. G, <.f, r J - o 2. \2 2. JC n:) > 

yrnoBoe pacnpe~ene-

(2) 

xapaKrepHbtM ~JIH Ps~e~-ra.HoBcRoro pac:ce.f!HHH. 3~ecD To H ~I - HHTeH

CHBHOCTD OCHOBHOrO H pacceHHHOrO ITOTOKa CBeTa, (f - yro~ pacceRHHH 

CBeTa, i - paCCTO.f£HHe Mez~y 06JiaCTJ,D pacce.f£HHJ1 H TOttKO~ Ha6JID~eHMR, 
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V - oCS-r,eu paccemBaJOme~ neo~Hopo,n;HOCTH, R ( e-, c.y ) - yrnoBaR 

cpyHKnHH, 3aBHCHntaH OT cpOpMU oCSnaCTH. TaK :KaK ycnOBHe (!) BHfiORHHeT

CH BO Bcex HHTepecyJOmmx Hac cnyllaax, TO MOXHO noKasaT:o, liTO npm He

KOTopoM fiOROXeHHH HO:Z:a OTHOCHTeRbHO HeHTpa H30CSpazeHHH menH, EOH

TpacTHOCTb H30CSpazeHHR TpeEa HMeeT Bli,Jl; 

P - o/_ c Sc.G\.. , 
- )'"A2 (3) 

r~e Cs~ - ce~enme pacceHHHH cBeTa, ~ - ~RMHa BORHU cBeTa B 
. . 

na~axnneM noTo:Ke, BeJIHllmHa r:X. , paBHM 

(3a) 
c<.{rriJ = j R2

CI9>rp) dl2 , 
..Q(m) 

3aBMCHT OT BeRH~HHH Tenecnoro yrna l~( ~), onpe~enaeuoro Teu, liTO 

pacceRHHbi~ CBeT, C03,IJ;al0Il{Hi! H30CSpazeHJ.fe Tpen:a, npOXO,II;HT MiiMO HO:Z:a, a 
tj:>{m) 

Y= cr~ 
- OTHOmeHHe fiOTOKa CBeTa, pacceHHHOr) B OfiTHqecKHX ,IJ;eTaRRX npmCSopa 

H npHXO,II;Hntero Ha BHXO,II; npHCSopa npH C:l4enteHHH HOJita Ha BeRHliHHY m, 
K OCHOBHOMY fiOTOMY CBeTa, C03~aBaeMOrO OCBeTHTeReM. TaK KaK BeRH~H

HY o{ ( t1't ) MOJltHO BHliHCRHT:&, HCXO,II;H Vl3 H3BeCTHOrO BH,IJ;a ,IJ;Harpa.MMbl 

pacceHHHH, TO ,Il;RH HaxO:Z:,IJ;eHHH KOHTpacrHOCTH H30CSpaxeHHH npm 3~aHHOM 

3Ha'tleHHM ceqeHHH He06XO,II;HMO 3HaT:& BeJIHqHHY Y ( fii ) , HBRJllOtnYlOCSI, Ta

KHM o6pa30M, OCHOBHOi! XapaKTepHCTHKO« TeHeBOrO npH60pa. 

3. Qxeua H3MeneHH«. 

~3MepeHHH BeJIH'tlHHH O ( n-t ) npOM3BO,II;HRHC:O C fiOMOil{:OIO TeHeBOrO 

npH6opa HAB-45! (pHc.!). B 3a3ope Me:z:,IJ;y K0111IHMaTOPOM H HaCS1IIO,IJ;aTe11:&

HO« Tpy6o~ npH6opa ~AE-45! ycTaHaBn~Banac:o MO,IJ;en:o KaMepu, 3aKpHTaH 

~BYMH CSeCCBHReBHMH 3antHTHhi~W CTeKR~H. ~Cfi011:030Ba1ICH OCBeTHTen:o C 

nar.mott )lPill-250. Y HaCS1IlO~aTe1I:&HO~ Tpy6hl Ha BhiXO~e npMCSOpa YCTaHaBRH

nancH cpOTOYMHOXHTe11:& <l?3Y-29, C fiOMOll,:OlO KOTOporo npOH3BO~HRHCb H3Me

peHHH HHTeHCHBHOCTH fiOTOI~a npH pa3Rl':~HHX CMemeHHHX HO:&ea rn. • 
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B 3THX HSMepeHHSIX CBeTOBO~ TIOTOE. H3MeHSIJICSI Ha HeCKOJI:bKO TIOpSI,:n:

KOB, TI03TOMY np:K 60JI:bWHX HHTeHCHBHOC1SIX TIOTOKa Ha KaTO).( <f?3Y HanpaB

JISIJiac:r:, JIHW:b He60JI:billaSI tlaCT:b BCero llOl'OKa, paBHaSI OKOJIO 5.10-5 • 3TO 

;n:ocTm:raxoc:r:, c noMOII\:DIO oTpHUaTeJI:DHoii J[HH3hi 02 H ;n:Hacppar:Mbl ])3 ,:n:Ha

MeTpoM OKOJIO I MM; IIOCJie).(IISISI ycTaHaBJtJr'IBaJiac:r:, nepe,n; KaTO,D;OM <f?3Y. I!pH 

CMeineHIIIH HOliCa Yh. ~ 0, 2 MM Bec:r:, CBeTOBOM IIOTOK cpOKYCMpOBaJICSI ,D;OTIOJI

HIIITeJI:bHbiM 06~eKTHBOM D3 • HanpaxeHHe TIMTaHIIISI <f?3Y BO npeMSI KaE).(OH 

cepiiiH HSMepeHH~ OCTaBaJIOC:b TIOCTOSIHHbiH. PesyJI:DTaTbl pa3JIMtiHbiX cepH~ 

HSMepeHHM COBna,n;aiOT Mex,:n:y C060li, tiTO CBH).(eTeJI:bCTByeT 06 OTCYTCTBIIIIII 

HeJIJIIHei1HbiX IIICKaEeH:Kti, CB.fiSaHHbiX C BO!~MOXHbiM HaCblll\eHMeM TOKa <f?3Y • 

PesyJI:DTaTbl HSMepeHHH TIOKasaHhi Ha pHc.2, r,:n:e no OCIII a6CUHCC OT

JIOJICeHO CMeineHHe HOXa H COOTBeTCTBYIOII\lfM eMy MHHJrt:MaJI:DHbiH yroJI pacceSI

HMSI, KOTOpble CBSISaHbl COOTHOmeHMeM 

rn. =- t 9tnVv~ 
' 

a ITO OCH Op).(MHaT - BeJIHtiHHa aHO,ll;HOrO TOKa <f?3Y B OTHOCMTeJI:DHbiX e,:n:H

HMUax, rrponopUHOHaJI:DHaSI CBeTOBOMY IIO'rOKY • 3HatleHHSI "(( rfi ) paBHbl 

OTHOmeHHIO BeJIHqMHbl aHO).(HOrO TOKa <f?3Y npH sa,:n:aHHOM CMemeHMH HOXa 

hi - K MaKCHMaJI:bHOMY 3HatleHHIO TO~a. 

CJie,:n:yeT OTMeTHT:b, tiTO acf><PeKT HCJOJI:bSOBaHHSI BbiXO,ll;HOti ).(HacpparMbl 

B TIJIOCKOCTH HOXa cy~eCTBeHHO npeBblmaeT SHatleHMe, KOTOpoe MOXHO OliCH

.n;aT:D, Hcxo,:n:SI M3 nonyt~eHHoro yrnonoro pacnpe.n;eneHMSI pacceSIHHoro B 

npz6ope CBeTa. 3TO CBSISaHO C TeM, qTO B Ha6JIIO).(aTeJI:DHYIO Tpy6y BIII).(Hbl 

tleTblpe 6JIHKa SHatiHTeJI:DHOH HHTeHCHBHOCTH, BbiSBaHHbiX ).(BOHHbiM <f?peHeJieB

CKKM OTpa!e¥HeM OT TIOBepXHOCTH MeH~CKOB III samHTHbiX CTeKOJI KaMepbl. 

IIpM 3TOM yMen:r:,meHHe yrnonon anepTyp~ nyt~Ka, npoxo;n:amero t~epes ~en:r:, 

1r , nyTeM BBe).(eHHSI B KOH,D;eHcop ,D;OrOJIHHTeJI:DHOti ).(M~parMhi J)~ , He 

,:n:anano cymeCTBeHHbiX HSMeHeHHH BeJIHtll(Hbl d . 
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Ha pHc. 3 rroKasa.H o6ntHtl BH,IJ; rroJISI speHHSI, rroJiytleHHHtl ua cpoTo

rrJiacTHHKe, KOTOpaSI pacrroJiaraJiac:r:, B l1J!OCKOCTH f'1 , COOTBeTCTBYJO

~ett cpOKYCHpOBKe pa60tlero 06'beMa KaMepH. 

EJISI ycTpaueiiHSI CBeToBoro noToxa, o6pasonaHHoro uso6pazeHHeM 

xecpeKTOB samHTHHX CTeKOJI, rrpeHMymeTcHeHHO B B~e B03XY1llHHX ITY3Hpb

KOD, OhlJia HSrOTOBJieita "MacKa": B ITJIO<:KOCTHM IlOMentaJIOCb HeraTHBHOe 

H306pazeHHe l10JISI speHHSI, IlOJiyqeHHOe Ha cpOTOilJiaCTHHKe, 3KCI10HHPOBaH

HOit B TOM :ace MeCTe • EcJIH CcpOKYCHpODa~:b CBeTOBOtt IlOTOK, nponynteHHHH 

qepes "Macxy", TO rroJiyt~aeTcSI :e:so6pa:acuuHe pa6ot~ero 06'beMa Ka:Mepu, 

ue KMero~ee pesKo BupaxeHHHX ~ecpeKTOB .. HsMepeHHSI c "Macxott" noKasa

JIH, qTo IlO.TOK CBeTa, o6pa3YIOll\HH H306p8JiteHHe nysupe:tt B CTeKJie, IlpH

MepHO paBeH IlOTOKY CBeTa, C03~aroilteMy B l10Jie speHHSI 06ll\HH pacceSIHHHit 

cpou. 

nnSI TOro, qT06hl BblSICHHTb rrpHtiHH:f B03HHKHOBeHHSI 3TOrO cpOHa, 6H 

c~eJia.HH ,IJ;Da HSMepeHHSI: C 3antHTHbl:MH c·~eKJia.MM H 6e3 HHX (pHc.4). H3 

3THX pesyJILTaTOB BH~HO, tiTO pacceSIHH'~ B samHTHHX CTeKJiax COCTaBJISieT 

OKOJIO 30% 06ntero cpOHa npH HaJIHqHH "MilCKH". ITOCKOJibKY 3cpcpeKTHBHHe 

anepTypHue yr JIH ~JISI cBeTa, pacceSIHHo:~o ua ~HaroHaJI:DHhlX sepKanax, no 

Kpat:!Hett Mepe Ha O~HH rropSI~OK rrpeBblllla:oT COOTBeTCTBYIOntHe yrJibi ~JISI sa

~HTHhlX CTeKOJI, TO OTCIO~a :MOJICHO C~eJia·r:r:, BhlBO~ 0 TOM, tiTO ~JISI IIOJiyqe

HHSI 6oJiee HH3KOrO ypOBHSI ~OHa pacceSIIHOrO CBeTa He06XO~HMO rrpHMe

HSITb TaKHe KOHCTPYKUHH TeHeBOrO npH6Jpa, KOTOpble HMeiOT MHHHMaJibHOe 

KOJIHqecTBO ~eTaJiett OIITHqecKOH CHCTeM~. 

4. ITpe,n;eJibHoe ceqeuHe pacceSIHHa cBeTa, perHcTpapyeMoe 
rrpH6opoM HAE-42I· 

0UeHHM Terrepb MHHMMaJibHOe cet~eH~e pacceSIHHSI CBeTa, IIpH KOTOpOM 

MOJICHO Ha6JIIO)J;aT:b TpeK tlaCTHUhl c IlOMOll\biO rrpH6opa HAE-45I. nnSI 3TOro 

l10JIO%HM B cpOpMyJie (3) P = I, H OUeHHM OCTaJibHble BeJIHtiHHbi. 3HatleHHSI 
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c{~) MOXHO BUqMCJIHT:b ~JIH KOHKpeTHOrO BH~a pacceHBaromeM OC5JiaCTH 

B BH~e mapa pa~HYCOM I MM. H3MeHeHHe ¢opMH pacceHBaromeM OCSJiaCTH He 

BJIHHeT Ha pesy Jl:bTaT cyme CTBeHHhiM o6pa.30M. BeJIHqHHa eX ( m) , IIPHBe

~eHHaH Ha pHc.5, CSuna BLiqJIIcnena no cpopMyne 
79?. .1t 2. 

o( (m) = f j f? ( 9.) cp) s ~ l3 d & cl 'f , 
- "o/z ...!!!.L 

r~e ,~ ~'f f) 

{( {Q,~J= ( !~) z Jrz (u.) > • ~~A= 2.1<o. ~~ T. 

HCIIOJI:b3YH npHBe~eHHOe Ha pHc.2 snaqeEHe dr= 5.!0-5 , COOTBeTCTBYID

mee cuemenHIO noxa m = o, 2 MM, H natn;H o<.. = 6. Io-8, rronyqaeM 

( Cs ) = 5.LIQ:~L~2:.IQ:.:~ ~ 2. IC1-6CM2 
co.. hltn. 6. ro-o 

TIOCKOJI:bKY Ha.HCSOJiee OIITHMMCTH't!eCKHe or;eHKH cel!eHHH pacceHHHH cne-

Ta Ha ~JIHHe B I CM TpeKa peJIHTHBHCTC!:OM l!aCTHULI B XH~KOCTH npHBO~flT 

K 3Hal!eRHIO OKOJIO I0-8cM2, TO OTCIO~a CJie~yeT, liTO peJIHTHBHCTCEHM 

TpeK HeB03MOXHO Ha6JIID~aT:b C IIOMOllt:biO ~~eHeBoro npHCSOpa V!AE-45I. 

5. Harrpannenm:e .nan:bHettmHx Hc:cneJionaHHij,. 

JI.aJI:bHet!mHe H3blCEaHJ.IIfi nyteM YCOBHpmeHCTBOBaHHH TeHeBOrO MeTO~a 

perHCTpa.D;HM H3JiytieH11H ~OJIJ:Hbl I1pOBO~H~7:bCH B ~BYX HarrpaBJieHJ.IIHX. 

TiepBoe H3 HHX saKJIIO't!aexcH B cos;(aHHH CSonee coBepmennoro TeneBo

ro rrpH6opa, ocsn~aromero cymectnenno uen:bmHM ypoBReM pacceHnnoro cBe

Ta. JI.JIH 3TOro HeOCSXO~HMO CynteCTBeHHO YMeH:bWHT:b KOJIH't!eCTBO OilTHqecKHX 

.nexaneH Mex.n;y m;eJI:biO H noJitoM, a TaKxe y~aJIHT:b H3 cTeKJia nos~ymnue rry-

3bipH H .n;pyrHe npH:MeCH. tJ:TOCSII KOHKpeTHO peWJIIT:b 3TOT BOilPOC, HeOC5XO~J.II-! 

MO HsyqJIIT:b xapaKTepHCTHKH pacceHHHH DBeTa Ha MaJIUe yrJILI B qHCTHX CSec 

CBHJieBLIX CTeKJiaX J.1I Ha IlOBepXHOCTH sepKaJI C TeM, 't!TOC5bl c¢opMyJIMpOBaT:b 

TeXHH't!eCKHe TpeCSOBaHHH, BbiilOJIHeHHe KOTOpbiX oCSecrreliHT cymecTBeHHOe 

YMeH:bWeHMe HHTeHCHBHOCTH pacceHHHOrO CBeTa. 
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npyroe HanpaBEeHHe SaEnroqaeTCR B nOHCEax 3cpcpeETHBHUX MeXaHH3-

MOB YCHEeHI1Jl OnTHqecEHX HeO)J;HOpO,Il;HOCT ~~M, COS,IJ;aBaeMhlX npOXO,Il;Jlll.\eM sa

pJIJB:eHHOR qacTHIJ,hl. IIPH STOM s,n;ec:o ,n;ony)THMU Ton:oEo HeMeXaJIHqecKHe, 

noqTH 6eSHHepiJ,HOHHhle B03,IJ;eMCTBHJl. 0,1J;IoU: HS B03MOJICHhlX MeTO,Il;OB 06CYJI

,n;aeTCJl HHJB:e. 

6. Rcnon:osoBaHHe HMnyn:ocHHX sneK·rpHqecKHX noneM JIEJI 
YCHJieHHJl OTITHtteCEHX HeO.n;Hopo.n;::IOCTett B.IJ;OJI:O TpeEa, 

PaccMOTPHM cMec:o rasoB: neoHa H .:tprona B EOHIJ,eHTpaiJ,HH ro-2% 

npH ,n;aBE9liHH 760 M.M pT.CT. TaEaJI CMec:b 06na,n;aeT HaHBhlCillHM E03cpH11,H

eHTOM HOHH3aiJ,HH TayHceH,n;a oC • ITEOTHOJT:O HOHH3aiJ,HH penJITHBHCTCKO~ 

qacTHIJ,H COCTaBnJieT B STHX YCJIOBHJlX OKJEO IO nap HOHOB Ha I CM.TpeKa. 

EcnH nocne npoxox,n;eHHJI qacTHUhl c sa,n;epxEon BO BpeMeHH na ro-7ceK 

npMnoxHT:o K o6~eMY rasa ·a,n;nopo,n;Hoe sneKTpnqecKoe none nanpJixeHHOCT:OD 

OKOEO 5 ~ Ha BpeMJI OKOEO I0-7ceK, ro Brase HaqHeTCJl pa3MHOJICeHHe 

nepBHqnux sneKTPOHOB, BOSHHKillHX rrpn npoxox,n;eHHH qacTHIJ,hl. PaccMOTPHM 

B03MOJlCHhltl MeXaHH3M B03HHKHOBeHHJl onTH4eCKHX HeO,n;HOpO,Il;HOCTeM B 06~e

Me, SaHJITOM SEeKTpOHHO-HOHHHMH naBHHaMH, KaE,n;aJI H3 KOTOpbiX o6pa30Ba

Ha nepBMqHblM sneKTpOHOM. 

OnhlT pa60Thl C HCEpOBHMH KaMepaMH(S) ITOKa3hlBaeT, qTQ B Bhl6paHHhlX 

YCEOBHJIX HCKPOBOM pasp.ll,n; He HaCTynaeT, H npo11,ecc CBO,Il;HTCJl K naBHHHO

MY pa3MHOJICeHHID sneKTpOHOB, KOTOpoe B CTpHMepHhlM npouecc He nepexo,n;HT. 

ITOCKOE:OKY CKOpOCT:O ,n;pettcpa sneETpOHOB B HeOHe(~) npH yKaSaHHhlX YCEOBH· 

.!IX COCTaBn.lleT OKOEO 8.I06 CM/CeK, TO sa BpeMJI I0-7ceK naBHHa npO,IJ;BH

HeTCJl na paccTOJIHHe ol= 8 MM. EcnH 6bl na npoTJIBeHHH Bcero nyTH naBH

Hhl rrpOMCXO,Il;HEO 3KCnOHeHIJ,HaE:OHOe pa3MHOX9HMe sneKTpOHOB, TO npH 

ol... = I52(S") ,n;nJI E = 6,5 Bon:oT/cM.pM,pT.cT. KOScpMIJ,HeHT pa3MHoxeRMJI 

t( p o<d -12.2 
COCTaBHE ubi k_ = e :=e. 
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O~HaiW, ropa3,JJ;O paH:&IIIe BCTYTISIT B Hrpy cpaKTOpbi, orpaHH'IHBaiOm:v~e 

pa3MHOJiteH:vte JiaBHHbi. 0.D:HMM M3 TaKMX qla:tTOpOB MOJICeT 6blT:b peKOM611:Ha

UHSI 3JieKTpOHOB H ITOJIOJ!tHTeJI:&HblX MOHOB. 

a) PeKoM6HHagn.a. 

ITpe~eJI:&Hyro rrJIOTHOCT:& 3JieKTPOHOB s JiaBMHe MOJitHo onpe~eJIHT:& H3 

YCJIOBH.il, 'ITO CKOpOCT:b pa3MHOJICeHH.il 3JieOCTpOHOB B JiaBHHe CTaHOBHTC.il 

paBHOn CKOPOCTH y6HBaHH.il HX BCJie~CTB¥19 peKOM6HHaiJ;HH. 3Ta npe~eJI:b-. . 

HaS! TIJIOTHOCT:b 3Jier<TpOHOB paBI!a 
fY\q)( oi...·U. 

ne = -p 
' 

r,n;e j3 - K03cpHIJ;HeHT peKOM6HH8J~HH, 'U- - CKOpOCT:b ,n:pencpa 3JI6KTpOHOB • 

B narn:v~x ycJion:vr.ax 

n. m~ = I,52.I0
2
.8.I0

6 
.- 6.Ioi53JieKTPOHOB/cM3• 

e 2.Io-7 -

O,n;HaKo, nan,n;enna.a TIJIOTHOCT:b 3JieKTPOHOB B JiaBMHe, TIO-BH~HMOMY, He 

~OCTMraeTcH, TIOCKOJI:bKY paH:&IIIe 3TOro B~CTyrraeT 3KpaHMpOBKa BH6IIIHe

ro TIOJI.il 3JieKTp:vrqecKHM TIOJieM, C03,D;aBa€MOM rrpOCTpaHCTBeHHbiM sap.a~OM 

JiaBMIIbi, B pe3yJI:&TaTe qero K03cpHIJ;HeHT :>( 6blCTpO yna.n;eT • 

6) 3Kpan:vrnyromee none JiaBHHbl. 

ITpe,n;eJI:&Hyro rrJIOTHOCT:& 3JieKTPOHoB, o6ycnoBJieHHYID 3THM cpaKTopoM, 

MOJICHO HanTH, eCJIH Harrp.FlJKeHHOCT:b 3KpaF:Hpyromero TIOJISI, C03~aBael\.10e 

rrpocTpa.HCTBeHHbiM sapSI,D;OM npHpaBHSIT:b r:arrpSIJKeHHOCTH BHelliHero TIOJISI. 

HsBecTuoCfl), qTo npH Bblrronuenvr:vr ycJIOHH.fl 

, 
t - npeMH pa3BHTHSI Jia-

BHHbl, - 3JieKTpOHHOe 06JiaKO JiaBHHbl orropeJKaeT 06JiaKO TIOJIOj!tMTeJI:&HbiX 

HOHOB Ha BeJIHqHHY ITOpSI,n;Ka )l;JIHHbl HOHM:JaiJ;HOHHOrO npo6era 3JieKTPOHa. 

Tax KaK B narneM cJiytiae 
o<. ·1 LtD t., __ :-, '3 -7 

~ I50.4.6,3.IO· .IO = 7,5, 
TO HarrpSIJrteHHOCT:b ITOJI.il B JiaBMHe MOJ!tHO ou;eHMT:b CJie,n;yiOII\MM 06pa30M. 
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Ilpe,n;nonoJICHM, qTo 3JieKTPOHhi pacnpE,n;enem,r BHYTPH ccpephi pa,n;Hyca 

l paBHOMepno, a ccpepa IIOJlQjKJIITeJibHbi}: HOHOB C,IJ;BHHyTa OTHOCHTeJibHO 

3JieKTpOHHOro 06JiaKa Ha BeJIH'l!HHy ~ :: 6, 6. I0-3CM. Pa,n;Hyc ccpephi, B 

KOTOpOM SaKJIID'lleHO 3JieKTpOHHOe 06JiaKo, orrpe,n;eJiaeTCR ,IJ;lii~YSHett 3JieK

TpOHOB 

r= ~ GJ>t' 

Il03TOMY HanpmKeHHOCTb ITOJIR, C03,IJ;aBaeMoro B Od'.&eMe JiaBHHhi, paBHa 
- /, ne. € 1:=. ~ '-1.7C ~--

11 o( 

IlpMpaBHHBaa E"' Hanpa:m:eHHOCTH BHeume:,o nona E , naxo,n;HM rrpe-

,n;en:onyro IIJIOTHOCT:O 3JieKTpOHOB, odyCJIOB.rreHHYIO 3KpaHHPYIOI411IM ,n;eMCTBHeM 

JiaBHHhi, a HMeHHO 

oLE 
t'l = --------

e LJ;]t;e 
= I20.5.I0

3 
10 -- = 4.roi13neKTpoHos/cMs 

4Jt.4,8.IO- .30) 

TaK KaK Od'.&eM JiaBHHbi paBeH OKOJIO ~ = 0,9.!0-3cM3, TO MaKCHMaJI:O

HbiM K03cpHll;HeHT paSMHOJICeHHfl 3JieKTpOHOB paBeH 

kmDlX = f1eV. = 4. !08• 

B) HarpeB rasa nammoM. 

B npouecce pasBHTHR naBHHhi 3HeprHa, coo6maeMaa noneM Ka:m:,n;oMY 

3JieKTpoHy, 11I,IJ;eT B OCHOBHOM Ha 11IOHHSaiJHIO aTOMOB HeoHa 1II YCKOpeHHe 

3JieKTpOHOB ,IJ;O cpe,n;HeM 3HeprHH OKOJIO JOe\!. IlOTep11I 3HeprHH Ha ynpy

r11Ie coy,n;apeH11Ifl COCTaBJIRIOT He3Ha'l!HTeJilHYIO ttaCT:O 3HeprH11I, nepe,n;aHHOM 

ITOJieM 3JieKTpOHy, II03TOMY HarpeBaH11Ie rasa npH ITPOXOjK,IJ;eHHH JiaBHHbi 

Be CbMa HeSHa'l!HTeJibHOS. IlOCJie TOrO It€.K HaiTpRJiteHHOCTb ITOJIR CHH:m:eHa 

,IJ;O SHaqeH11IR, npH ItOTOpOM JiaB11IHHOe pa~:MHO:ateHHe npeKpamaeTca, 3HeprHR 

3JieKTpoHHoro o6JiaKa 6y,n;eT rrepe,n;ana re;sy B pesyn:oTaTe ynpyrHx coy,n;a-

peHHM. BpeMa penrutcan;HH A M _ ~ 
e. Q. ,...._, A Q 'L -:::: -. 'l CQAC. p.e.,. Q \J" me , 
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r,JJ;e A e - ,ll;JIMHa cBo6o,JJ;Horo rrpo6era GJieKTpoua, 'lT -cKopocT1 GJieKTpo 

ua, M GL - Macca aTOMa (ueou), me - uacca G.rreKTpoHa. 

ITpou;ecc peKoMc5HHaUMM B TeqeuMe GTcro BpeMemll rrpM yKasauuow 

IT.liOTHOCTH 8JieKTPOHOB M MOHOB, rrpMBe,JJ;eT TO.li1KO K HesuaqMT6.li1HOit ITOTe-

pe qMCJia 8JI8I~TpOHOB, a MMeHHO: - :; 
-~=J3n1:= 10. 

ne . . 
TarwrM o6pasoM, sa BpeM.H rrop.H,JJ;Ka rc-7 ceK, o6'0eMy rasa, sau.HTOMY 

r) JiTSMeHeHMe ITJIOTHOCTM rasa. 

TioKaJitHhlit uarpeB rasa B oqent MaJicM o6'0eMe rrpMBO,JJ;MT r~ yBeJI:vrtie- ~ 

HMID B HeM ,JJ;aBJI6HH.H, KOTOpoe 6y,JJ;eT COITpCBOE,JJ;aT1C.H ITOCJie,JJ;yromMM paCillMpe 

HM6M 8TOrO 06'0eMa. 

rrocKOJI1KY uarpeB o6'0eMa rrpoMcxo,JJ;M1 sa BpeM.H, suaqMTe.rrtHo 6oJiee 

KOPOTKoe, qeM xapaxTepMCTMtiecxoe npeMH ,JJ;auuoro o6'0eMa, orrpe,JJ;eJIHeMoe 

xaK 

= __ .. __ 6.ro-2 
2 0-6 

= -----4-- = • I cex., 
3.IO 

TO rrpou;ecc pacmMpeHM.H 6y)(eT rrpOMCXO,JJ;MTI· rryTeM <J>OpMMpOBaiUl:.H BOJIHhl C:JKa

TMH, HatiaJI1Hhlit rrepena,JJ; ,JJ;aBJI8HI1H B IWTOJlOll ITO ITOp.H,JJ;KY B6JIW-II1Hbl paBeH 

I1S6hlTOtiHOMY ,JJ;aBJI6Iii110 B HarpeTOM 06'0eMe rasa. I10CKOJI1KY ,JJ;JIJI aKyCTMtiec

KMX BOJIH I1pi1M8HMM MeXaHMSM 8,JJ;Ma6aTMti8CJ:OrO paCIUMpeHMH, TO MSMeHeH:vre 

ITJIOTHOCTM rasa B BOJIHe CB.fiSaHO C I1SMeHOHI18M ,JJ;aBJI6HMS1 COOTHOilleHMeM 

~ ,f .c:.f> A ~ T 
.r=-;r;;-=r, ' 

• ITOBhlilleH:vre Te1mepaTyphl J'aSa B HatiaJI:bHhiit MOM6HT BpeMe-

HM paBIIO 

' 
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r;n;e fA.. - aTOMHhili Bee ra3a, R - ra3,)Ba.H rrocTO.HHHa.H, p - rrJioT-

no cT:o ra3a. 

TaK:r,m o6pa30M 

~? = --~~-- !!.~ = f SVoyR T 0 Io- 3 o-3 s 3 Io1 3 2 5. ,g. -.I • , • • .Io 
;n;) QeqenHe pacce.HHH.H cBeTa. 

= 2.Io-6 

M3MenenHe rroKa3aTeJI.H rrpeJIOMJieHH.H ra3a, Bhi3BaHHoe H3MeneHHeM 

ITJIOTHOCTH ra3a, paBHO 

An=!-_-:.! • ..::f_ = !2:.1Q:~ • 2.Io-6= 5.Io-I0, 
n... 2 .P 2 

cne;n;oBaTen:ono, ce~enHe pacce.HHH.H cBeT·l na neo;n;nopo;n;nocTH, B03HHKme~ 

OT oT;n;en:onoro rrepBI-rqnoro 3JieKTpona, P·iBHO ( 2) 
2 -11 s: .. = Qs c ~ ka.f ~ g X ,e e !;'_-. k 2r-) z 10 <-Me, 

a ce~enHe pacce.HHH.H na I eM IIYTH penarHBHCTcKoro TpeKa paBHO 
I -10 

Cs ::--10 esc~= 10 CM2 ('Q.. 

7 • 3 a K JI IO q e H .J1...1t• 

I. Hccne;n;oBaHHe rrapaMeTpoB TeHeB~ro rrpH6opa rrAE-45I c uen:oro 

Bbi.HCHeHH.H B03MOJR:HOCTH ero HCITOJI:b30BaH;f.H )J;JI.H perHCTpau;:vm TpeKOB 6hiCT

pbiX 3ap.H%eHHhiX qacTHU ITOKa3hiBaeT, tiTO ypoBeH:O ~OHOBOH 3aCBeTKH ITOJI.H 

3peHH.H rrpH CMe~eHHH HOJR:a OT 0,2 MM )1;0 I,O MM M3MeH.HeTCfl OT 5.I0-4 )J;O 

2.Io-5. CJie;n;oBaTeJI:ono, TeneBon rrpM6op MAE-45I ne rro3BOJI.HeT na6nro;n;aT:o 

TpeKM C 3~eKTMBHhiM ceqeHMeM pacce.HHHff CBeTa, MeH:OmKM, qeM I0-6cM2• 

2. Pacce.HHMe CBeTa B 3amMTHhiX 6e~CBHJieBhiX CTGKJiax C03;n;aeT OKOJIO 

20% o6~ero ~ona B 'none 3peHH.H. 

3. TipHMeHeHHe MaCKH TI03BOJI.HeT ycrpaHHT:O ~OH OT BH)J;HMhiX ;n;e~eKTOB. 

BeJIMqHHa 3TOrO ~OHa rrpHMepHO TOro :m:e ITOp.H;n;Ka, tiTO H OCTaJI:OHOH ~OH. 
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4. nan»HenmHe H3aCKaHHR 6y~yT npJBO~HT»CR KaK no nHHHH 

cymecTBeHHoro yny~meHHR napaMexpoB TeHeBoro npH6opa c nen»ro yMeH»

meHHR ~OHa B none 3peHHR, TaK H B nOMCK8X HaH60nee 3~~eKTHBHhlX 6e3-

HHepUHOHHhlX MeTO~OB ycHneHHR OnTH~eCKHX HeO~HOpO~HOCTen B~Onh TpeKa 

6HCTpon sapRxeHHOn ~aCTHUhl. 
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PH c. I - cxeMa H3MepeHH:H BeJIHl-I:VIHbi "(, 

S - na1ma JJ.PIII-250 

.D1.- ,Il;OIIOJIHHTSJI:bHaR ,IJ;HacpparMa B KOH,IJ;eHcope 

T - men:r, KOJIJIHMaTopa 

k- KOJIJIHMaTop HAE-45I 

P- pado~HM od~eM 

H - HadJIIO,IJ;aTeJI:bHaR Tpyda prAI-45I 

~.C2- 3amHTHHe cTertna 

N - H o:m: <PyKa 

.D2 - ,IJ;MaqJparMa ¢ = 4 MM B IIJJOCKOCTH HOJita 

\?1 - Od~eKTMB cpOTOnpMCTaBKH 

()2. - JIMH3a cpOTOITpVICTaBKH ,IJ;JIJI I~a,n;pa ¢ 80 MM 

M - "MacKa" (B nnocKOCTH cpoBycHpoBK:t1 pado~ero od~eMa) 
03- Od~eKTMB ,Il;JIR cpOKYCMpOBK~ IIOTOKa Ha KaTO,Il; ~3Y. 
:D3- ,n;vracpparMa 0 = I, 3 MM. 

P - <.P3Y-29 

PHc.2 - BeJIHqHHa CBeTOBOrO IIOTOKa J Ha BhlXO,n;e HAE-45I B 38.BVICH

MOCTVI OT IIOJIO~eHHR HOJita. 

-{,Il;MaMSTp ,IJ;HacprpaMH Ha BXCI,Il;S 0,3 MM 

,IJ;l1aMSTp ,IJ;l1acpparMH Ha BbD:o,n;e 2 MM 

{
men:r, 6x0,3 MM Ha Bxo,n;e 

-- ll\SJI:b 6XI MM Ha BhlXO)l;S 

PHc.3 - OdmHM BH,IJ; nona 3peHMR 

PHc. 4 - BeJIHq~ma CBSTOBOrO IIOTOKa J" Ha BhlXO,JJ;e 1IAE-45 I B SaBHCH

MOCTH OT IIOJIOJiteHMR HOJita 

-- xapaKTepHcTHKa paccemmn cBeTa B MAE-45I 

(6e3 3amMTHHX CTSKOJI) 

- xapaKTepl1CTHKa pacceJIHM 1 B 3amVITHhiX CTSKJiax 

(pasHOCTHhlM 3~eKT). 
B OdOMX cnyqaJIX Ha BXO,n;e merr:r, 0,2XI MM, Ha BHXO,IJ;e 
,n;MacpparMa 0 = 4 MM. 

PVIC • 5 - 3aBUCUMOCT:b BeJIH~:&fHH of... OT ~MemeHMR HOJICa. 
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