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'T8 BAepHblX HCCJieAOBaHHif, . 
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:KOM c6opi!HKe, 

e rry6nnKamm Ol1.Hl1 :nMeiOT 
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T 6b!Tb npeJlCTBBneH B 3 BB-

aHI'ni!llCKOM Sl3biK8X, 
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BseneHHe 

11JleanbHb!tl: Het!:TpOHHbli!: cneK'rpoMeTp JlOn>KeH o6naJlaTb OJlHOBpeMeHHO 

MHOrHMH KaqeCTB8MH: 6b!CTpOJlei!:CTBHeM 0 6onbiiiOi!: H JlOCT8TO'IHO XOpOIIIO H3-

BeCTHOi!: a4JcpeKTHBHOCTbl0 0 XOpOIIIHM 9HepreTH'JeCKHM pa3pellleHHeM 0 Hecno>K.

HOi!: cpopMoi!: annapaTypHb!X KpHBb!X0 IIIHpOKHM 9HepreTH'JeCKHM JlH8IT830HOM0 

cna6oi!: 'IyBCTBHTenbHOCTb!O K raMM8-H3ny'IeHHI00 npOCTOTOi!: KOl!CTpyKUHH H 

~neKTpoHHoro o6opyJloBaHHR. K HBCTORIIIeMy speMeHH paapa6oTano MHoro 

pa3nH'IHbiX THITOB Hei!:TpOHllbiX cneKTpOMeTpOB 0 0JlH8K0 0 HH OJlHH H3 .HHX He 

o6na)laeT BCeMH 9THMH K8'JeCTB8MH OJlHOBpeMeHHOo 

3a nocneJlHHEl rOJlbl B Ka'JeCTBe Hei!:TP,OHHbiX cneKTpoMeTpOB BCe IIIHpe 

npHMeHRIOTCR opraHH'IeCKHe CUHHTHnnRTOpbl C perHCTpaUHei!: npOTOHOB. OTAa

'IHo Q6b!'IHO npHMeHRIOTCR CUHHTHnnRTOpbl He6onbiiiHX pa3MepOB 0 'ITOfibl yMellb

IIIHTb. a4JcpeKTb! 0 o6ycnoBneHl!ble MHOrOKp8THbiM B38HMO)lei!:CTBHeM aei!:TpOHOB 

C BellleCTBOM CUHHTHnnRTOpa. 

OnHcaHHe cneKTpoMeTpa 

nns H3MepeHHR aHepreTH'JeCKOrO cneKTpa nei!:TpOHOB H3 peaKUHH RJlep

/ 1 2/ 
Horo MI0-38XB8T8 B o6naCTH aHeprHi!: 2-tl2 MaB .' H8MH HCITOnb30B8ll 
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cneKTpoMeTp HB OCHOBe MOHOKpHCTanna CTHnb6eaa. ,iu{aMeTpoM 30 MM li 

BbiCOTOii 20 MM C paa.i:leneHHeM HeliTJ?OHOB H raMMB-KBBHTOB no 4JopMe CUHH-

THnnsrnHoaaoro HMnynbca. llnsr perHcTpann:H CUHHTHnnsrun:li Hcnonbaosancsr 

«PSY-56 AVP 6ea CB9TOB0Ll8o 

Ha pRe. 1 noKaaaaa 6noK-cxeMa cneKTpoMeTpa. HMnyi:tbCbi··n:a 10-ro 

LlHOLlB ¢18Y qepea SMIITTepHblii fiOBTOpHTenb ( 6) t nHHIIro nepeMeH!JOtl 3a~ep.;. 
)KKII ( 2) C neniiTeneM aMnniiTYLlbl H BTOpbiM SMIITTepHbiM fiOBTopn:TeneM ( 7) 

nocTynanii Ha BXOLl MHOI'OKaHanbHOI'O .·aMnniiTYLlHOI'O aaanH3 aTopa ( 20) o ll.nH-

TenbHOCTb liMnynbCOB 

conpoTHBneaHst. 

= l MKceK) onpenensrnacb BEmn:•maoii aarpyaoqaoro 

HMnynbCbl R3 11-ro LliiHona n:cn'onb30BaniiCb nmr r ·Y ...: n ). - pa3ne-

neHRRo KaK II3B9CTHO, sneKTpOHbl II npOTOHbl npOH3BOLlHT CUIIHTIInnsrURR C 

paanH"'HbiM cooTaoweaiieM . 6biCTpoli II Menneaaofl: KoMnoaeaT. llnsr paanene ..... 
• • I • 

HIIH STIIX qacTn:u no «PopMe IIMnynbca 6hlna IIcnonbaoaaaa sneKTpoaaasr cxe-
/3/.. . - . . 

Ma, OfiiiCBHHBH B e llefl:CTBRe STO!i CX9Mhl OCHOBBHO Ha II3MepeHIIH npoMe-

~TKa BpeMeHII Me)K)ly aaqanoM HM~ynbca H MoMeHTOM nepece"'eHn:sr aynsr 

aanan:M 4JpoHTOM nponH«P«l!epeaniipoBaHaoro HMnynbca. BenH"'RHa sTore ape

Meaaoro RHTepBana 3aBHCRT .TonbKO OT 4JopMbl IIMnynbca, HO He OT ero aM

nnHTYLlbio 

HMnynbCbi n:a 11-ro nn:aona, ynnn:aeHHbte no l MKCeK c noMOUibro Bbi

coKOOMHofl: aarpy3KII, "'epe3 SMHTTepHblfl: fiOBTOpHTenb (5) II nnRHHblii Ka6enb 

nocTynaroT Ha cxeMy nn:«P«l!epeanHpoBaHHH II niionaoro orpaHII"'eHIIH (11) II na

nee qepea TpHrrep-«PopMn:poBaTenb ( 12) aa TyHHenbHOM nHone, KOTOpblfl: aa-
1 
I 

· nycKaeTcsr nn:6o Ha"'anoM IIMnynbca, nn:6o Baewan:M IIMnynbcoM, c«PopMHpo-! 

Ba~HbiM B 6noKe ( 10). 11Mnynbc B TpHrrepe npeKpamaeTcsr npH npoxo)KJleHHR · 

"'epea aynb aanaero 4JpoaTa nponH«P«l!epeHuHpoBaHHoro HMnynbca. C nolllOIIIbiO 

npeo6paaoBaTensr ( 13) (BpeMsr-aMnniiTyna) aa Bbtxone cxeMbi ( ·y- n ) paa

neneHn:sr nony"'BIOTCR HMnynbCbi nnHTenbHOCTbiO = 0,5 MKCeK LlBYX. aMnnHTyll! 

M9HbWeft - nnsr aneKTpOHOB H 6onbWeft - LlnH npOTOHOBo 8TH IIMnynbChl ycH-
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6ena.aHaMeTpoM 30 MM n· 

'8MMa-KB8HTOB no «flopMa CUHH~ 

lHHTHnnfiuHA ncnonbaosancn 

IMeTpao 11MnynbCbt'·H3 10-I'O. 

3), nnnnio nepeMeaaott 3aaep- ·· · 

:lMHTTapHbiM DOBTOpHTenaM ' { 7) 

lHOI'O aHanH3 8TOpa { 20) • nnn~ 

mach BenH'IHHOft H8I'py30'IHOI'O 

ncb ann { ·r - n ). - pasne

iponaaoanT CUHHTHnnHUHH C 

oft KOMDOH9HT, nmr pasaene . ..; 

nonhsoaana anaKTpoHHaSJ cxe-

~HOB8HO H8 H3MepeHHH npoMe

IOMeHTOM nepaCa'laHHSJ Hynsr 

ynhca, BenH'IHHa aToi'o ape-

nMnynhca, HO Ha OT 9I'O aM-

· no 1 MKC9K C DOMOIUhJO Bhl

)ptiTanh (5) n nnHHHbiA Ka6enh 

>nHOI'O OI'p8HH'I9HHSJ { 11), H aa

'HHenhHOM. nnone, KOTOpblft 3a-

1HHM HMnynhCOM, c«flopMHpo

peKpamaeTCH npn npoxomaeHHH· 

..SHHOI'O HMnynbca, C DOI\fOIUhJO 

BbiXOJ;la CX9Mbl · { ·y - n ) paa-

0: 0,5 MKC9K nBYX.aMnnHTyn: 

. npoToHoB. STH irMnynhcU ycH-
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mmaroTCSI Herreperpy*aromnMcSI ycnnnTeneM ( 14) c O,[tHHO'IHbiM :OncMJepeH

unpoBa11neM n H11TerpnpoBa11neM n tiepea nn11nro aaaep:>KKH {3) n mmeil:Hbie 

BOpoTa ( 19) IIOCTyii.810T 118 M1IOI'OK8118nbHbifi 81lannsaTop ( 20) H rrapannenb-

110 - ·11a oaHoKa11anb11biil: amp!flepeHunanb11biil: aMrrnnTyaHbiil: aaannaaTop ( 15), 

C IIOMOIIlblO KOTOpOro MO>KJIO BbiaenSITb HMIIynbCbi nn6o OT Ilp0T01IOB, nnf>o 

OT aneKTpOHOBo 

C a11oaa <f>8Y HMrrynbCbl tie pea nH11HIO aaaep*KH (.1) 1 H11Terpanb1lbiil: aHCKpH

MH118TOp ( 8) II cxeMy COBIIaae11Hil: ( 9) 1 rrpeaHa3118'I9111IYIO anri yrrpaBne11HR 

C_IIeKTpoMeTpa apyrHMH aeT9KTOp8MH1 IIOCTYII810T 118 · "0Xp81111YIO, CHCTeMy 

( 17). 8Ta cncTeMa 11e rrporrycKaeT nMrrynbc B TOM cnytiae, ecnn eMy B 

rrpeaenax ao 10 .MKCeK rrpeawecTBOBan apyroil: HMIIyllbC. nariee HMIIynbCbi ' 

'Iepea BTOpH'IHYIO CXe~y COBIIaae11Hil: (16) IIpOXOaSIT B !flopMHpOBaTenb (18), 

HMrrynbc KoToporo MO*eT aarrycxaTb aMrrnnTyaHhi~ aaannaaTop ( 20). Iloc

nea11nil: pa6oTaeT B aayx M9p110M 8MIInHTya1IOM pe*HMe, Koraa no oa110il: OCR 

perncTpnpyeTcSI crreKTp aMrrnnTya na 10-ro an11oaa, a no apyroil: - crreKTp 

_.aMrrnnTya ( y- n) paaa'ene11m1. 

Ha puc. 2 rroxaaa11 crreKTp (y- n ) -paaaeneHHSI rrpn pa6oTe c (Po-Be) 

ncTO'IHHKOM anSI a11eprnn rrpoTOHOB oTaatin E P =3,0 M aa. TaKoe *e paaae- • 

ne11ne IIonytiaeTCSI IIpH H3Mepe11HH CIIeKTpOB Heil:TpOHOB OT peaKUHH Siaep110I'O 

11 21 
MI0-38XB8T8 1 

· • nocTaTO'I110 'I~TKOe (.y - n) -paaaeneHHe ocymeCTBnsinOCb 

npn aaeprnn npoTo11oB EP ·?_ 1 · M aa. 

PacCTOSI11He ( BO BpeMe11H) . M9*llY IIHK8MH OKOnO 25 11C9K 1 rrony~Hpll118 

Y -IIHK8 4-t5 11C9K1 Heil:Tp0111IOI'O - OKOnO 9 11CeK. na1111bi9 1 IIpHBeaeHHbi9 118 
' ' 

pHCe 21 rrony'I911bl c· IIpHM9H911HeM 'oxpa11110il:" CHCT9Mbi1 KOTOpaSI CT8110BHTCSI 
. . 4 . 

11eo6xoanMofi npn aarpyaxax ·~ 10 HMrr/ cex. 

6 

I 

I 
;l 

I 
,1 
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600 
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I l , I 

'lfKJ 

200 

0 
2. 'I 6 d 10 fZ f'l 

Puc. 2. AMrrnnTyaHhiil: crrexTp (.y-n) - paa.qeneHIISI oT Heii:TpOI 
TOB (Po -Be) -UCTO'IHUKa anSI IIpOTOHOB OTaa'lll C 8H9pi'Il9ll 3 
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1) C OllHHO'IHbiM JlHip<jJepell-

> saneplKKH ( 3) u nuaetillbie 

ran~saTop (20) H napannenh

InHTYilHbilt aaanusaTop ( 15), 

~bl nH6o OT llp0TOHOB1 nH60 

lKKH ( 1) 1 HHTerpanhHblfi llHCKpH-
. . 
IH8'IeHHYIO llnfl ynpaBneHHSI .· 

r Ha · "OXpaHHyro" CHCTeMy 

TOM cnytJae, ecmr eMy B 

:Mnynhc. Llanee HMnynhCbi 

IIJSIT B <jJopMHpOBaTenb ( 18) 1 

riHbiU aaanusaTop ( 20). floc-

1eJKHMe1 KOI"ll8 no OllHOti OCR 

:ona, a no npyrott - cneKTp 

eneaua: npH pa6oTe c (Po-Be} 

=3,0 MaB. TaKoe JKe pasne- • 

TpOHOB OT peaKUHH a:nepHOI"O 

-p'asneneaue 'ocymecTBna:nocb 

oKono 25 nceK, nonymnpuna 

~K •. · LlaHHbie, npHBeneHHb!El Ha . 

HCTCMbl1 KOTOpaa: CTBHOBHTCSI 

'100 

200 

0 
2 6 10 12 

Plic. 2. AMnniiTYilHbiii cneKTp (y-n} - pas~eneHHSJ oT aeiiTpOHOB H y-Knan
'ron (Po -Be) -HCTO'IHHKa ana: npoTonoB orna'IH c aaeprueii 3 MaB. 



KannopoBKa cneKTpoMeTpa 

KannopoBKa cneKTpoMeTpii'IecKoro KaHana ocymecTBnsmacb c noMolllbiO 
88 137 22 

pa.nnoaKTHBHbiX HCTO'lHHKOB Y 1 Cs 1 Na , (Po-Be). H.neanbHoe 

pacnpe.neneHHe KOMITTOHOBCKHX sneKTpOHOB1 OITHCbiBaeMoe !flopMynofi KnefiHa

HHillHHbi1 pa3Ma3biBaeTCSI ( CMo pH C. 3) B. OCHOBIIOM BCne.nCTBHe CTaTHCTH'le

CKHX !flniOKTyaunfi 'lHCna !fJOTOSneKTpOHOBo Tipn STOM nonyqaeTCSI cneKTp C 
,!, /4/ u 

pa3MblTbiM MaKCHMyMOM1 't'OpMa KOTOpOI'O ITOK83aHa CITnOlliHOH KpHBOfi Ha 

/5/ 
pnc. 3. Pac'leTbi1 npoBe.neHHbie B 1 a T8K)Ke HaMH 1 ITOKa3biBaiOT1 'ITO aM-

nnHTy.na, COOTB9TCTByiOmaSI rpaHHUe Hepa3MbiTOI'O KOMllTOHOBCKOI'O cneKTpa 1 

COOTBeTCTByeT aoCUHCCe TOM TO'lKH pa3MhlTOH KpHBOfi, op.nHHaTa KOTOpofi 

p8BHa 017 OpAHHaTbl B M8KCHMyMe. :3Hepi'9TH'l9CKOe p83p9lll9HH9 ( ITOnH8SI 

rnnpnHa .nn!fl!flepeHunanbHoro pacnpe.neneHHSI Ha nonoBHHe BbiCOTbi) !':! (E. ) 

ann .naHHOH SHepi'HH sneKTpOHOB MO)KHO onpe.nenHTb 1 3Han BenH'lHHY 

/4/ E w I E (eM. pnc. 3). 
KOMTo 

Ha pnc. 4 noKaaaHbi Kann6poBO'lHbie cneKTpbr ann HeKoTopbiX Y -nc-

TO'lHHKOB, a Ha pnc. 5 npnao.nnTcSI' aaBHCHMOCTb !':!(E.·) oT. y E. 

Ha pnc. 4 npnMofi nnHnefi noKaaaHbi peaynbTaTbi sHepreTn'lecKolt Ka

nnopoBKH .nnSI o.nHoro na ceaHcoB paooTbi cneKTpoMeTpa. 1Jepea To'lKH . -
(6~7 TO'l9K) ITO MeTo.ny HaHM9HblllHX KBa.npaTOB npOBOAHnaCb npnMaSI H 

onpe.nenSina.cb MaTpnua ornnooK .nnSI .naHHofi KannopoBKH. ·TotiHJ>CTb onpe.nene

Jinn HaKnoHa npSIMOfi1 a TeM · caMbiM n Kos!fl!flnuneHTa ycnneinm, obrna oobi'l

H~ liB ypOBHe :!:_1%~ llnSI K8)K.[lOI'O ceaHC8 llpOH3BO.[lHnHCb OT ·2 .no 6 Kann

opOBOK H nonyqann cpe.nHee SH8'leHHe HaKnoHa. Pacnpe.neneHHe OTKnoHeHHH 
/1 2/ 

oT cpe.nHelt aenn'l:<~llbi IIaKnoHa no aceM ceaHcaM paooTbi cneKTpoMeTpa ' 

llOK838n0 1 'ITO OlllHOK8 OllliOH KannopOBKH .nefiCTBHTeribHO ~1%; TeM C8MbiM 

Obi.Jia. AOK338118 .nonroBpeMellliBSI CTaoHnbHOCTb ( ~0 BpeMSI OllHOI'O C98HC8) 

B npe.nenax 2%. CncT9M8TH'leCK8SI OlllHOK81 CBSI38HH8SI C npoue.nypOH H8XO)K
. /4,5/ 

ll9HHSI llOnO)K9HHSI KOMllTOHOBCKOI'O KpaSI1 He llp9Bbllll89T 1% • 

.l 

\ 
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I I I I ~ 
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Et=0.66~M3C 
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I I 
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. / -- ......... 
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E\lf'+ 
P. I 

I 

0.'11~ 

. ·, /4/ 
P11c. 3. CxeMaTn'lecKoe nao6pa)KeHne . · sHepreTn'leCKoro c 1 
HOB OT y HCTO'lHIIKa 

13? Cs ( cnnornHaSI • KpHBan) B cny'lae KOf 
rneHHSI cneiupoMeTpa •. IlyHKTnpoM noKaaaH cneKTp KoMnToHoi 
pacc'lnTaHHbifi no !flopMyne KnefiHa-HnnmHi.r. 



ocymecTBmtnacb c noMOillbiO 

(Po.;.Be) • HaeanbHOe 

hiBaeMoe tjlopMynott Knettaa-

OM BCnellCTBHe CT8THCTHqe-

~oM nonyqaeTcst cneKTp c 

<aaaaa cnnowaott KpHBofi Ha 

8MH, nOK83biB810T0 qTo 8M

O 'KoMnTOHOBCKOI"O cneKTpa, 

pHBOfi, OpllHH8T8 KOTOpOfi 

Koe paapeweane (nonaast 

1noBnae BbiCOTbi) ll (E. ) 

pbl llnst HeKOTOpb!X Y -HC

~(E.·) OT, y E. 

~TaTbr ::mepreTnqecKott Ka

IOMeTpa. llepea ToqKn 

ITpOBOllHnacb npstMast H 

5po!3Kn. ·ToqapcTb onpeaene

!HTa ycnneimst, 6brria o6hrq

maimncb oT ·2 ao 6 Kaim

Pacnpeaeneane oTKnoaeantt 
. /1,2/ 

pa6oTbi cneKTpoMeTpa . 

3HTe.ribHO :!:_1%; TeM C8Mb!M 

~o-BpeMst OllHOI"O ceaaca) 

aHH8st C npoueaypoft H8X0~
/415/ 

3brwaeT 1% • 

l 

O.f Q2 

Ne 

--

' ~ /4/ 
Pnc. 3. CxeMaTnqecKcie nao6pa~eHHe . aaepfeTHqecKoro cneKTpa aneKTpo-

- 137c ( . 
HOB OT y ncToqanKa . s cnnowaast KpnBast . B cnyqae Koaeqaoro paape-
weanst cneKTpOMeTpa • .'llyHii:THpOM noKa3aH cneKTp KOMnTOHOBCKHX aneKTpOHOB, 
paccqHTaHHhiH no tjlopMyne Knefiaa-HHwnai.r. 
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B JlHarraaoae aaeprn:ll: rrpoToHa 0,4-t15 Mas HMeeTcH cneJlyJOmaH aaau

/6/ 
CHMOCTb 

E 
e 

Me:lKJlY 

CE J/2 
p 

Ee H E p 

(1) 

8Ta 3aBHCUMOCTb BepHa TOnbKO ·JlnH CyMMbl 6biCTpOll: H MeJlneHHOli KOM-

f!OHeHT CUHHTHnnHUllllo Ec'nn: JlnH aHann:aa 6paTb 1 CKa:lKeM 1 6biCTpyJO KOM-
. 171 

IIOHeHTY1 TO 38BHCHMOCTb 6yJleT UHOH • 

BenH'IHHa C JlnH CTIInb6eaa MON<eT 6biTb B3HTa n:a Jlpyrn:x pa6oT (aa-
/8/ . 

IIpHMep
1 

H3 ) Hnll OIIpeJleneHa HeiiocpeJlCTBellHO\ H3 SKCIIepHMeHT8o KoHT-

ponbHbie OIIbiTbi c aell:TpoHaMH paaabiX aaeprn:jt rroKaaa:mx (eM. pn:c. 6), 'ITO 

cooTHOllleHli'e ( 1) BbiiiOnHHeTCH JlnH cixy'laH aarnero crreKTpoMeTpa, a rrony

'leHHoe H8MH 3Ha'leHIIe C =0,142:!:_01004 COBII8Jl8eT B rrpeJlenaX 3% C TeM 1 

/8/ . 
KOTOpOe 6bin0 H3BeCTHO paaee o C y'leTOM Oll!H6KH KanH.6pOBKH 110 y -

KBaHTaM a6conJOTHaH TO'IHOCTb orrpeJleneHHH aaepreTnqecKoli ll!Kanbi JlnH 

Hell:TpOHOB COCT8BnHeT :!:_5%. 

Bbx6op MeToJla o6pa6oTKn aaepreTII'IeCKHX 

CIIeKTpOB llpOTOHOB OTJla'lll 

" J1aMepHeMblH Ha OllbiTe aiiiiapaTypHbiH, JlHcjJcjlepeHUHanbHblH CIIeKTp . IIpOTO-

HOB OTJl8'1ll ( KOTOpblH JlnH K8:lKJlOI"O aMIIniiTYJlHOI"O KaHana K IIonyqaeTCH 

IIyTeM CYMMllpOBaHHH HMIIynbCOB B IIpOTOlliOM IIHKe CIIeKTpa pa3JleneHHS1) 

TpaaccjlopMupoeanu a crreKTp rrpoToHoB N ( E P } B uaTepaanax aHeprn:n 

IIpOTOHOB1 y'IUTbiBaSI Kann:6poBKY ll COOTHOllleHne ( 1) • 

CneKTp N ( E P } csnaaH c ucxoJlHbiM cneKTpOM naJlaJOmn:x aell:TpoHoB 

n (En } ypaBHeHneM: 

.oo 

N(EP }= f n(E"}Q(E" ,EP}clE" 
0 

( 2). 

rJle SIJlpO aToro HHTerpanbHoro ypaeaeaun Q(En,Ep} npeJlcTaenneT co6oll: 
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a 
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PIIc. 6. CooTHomean:e Me:lKJlY aHeprn:nMH npoToHa E H aneKTp 
. - p 

MH OJlllHaKOBYJO aMIIniiTYJlY CUHHTHnnSIUHOHHOll BCIIbllliKll B CTHl 
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m nMeeTcst cne.uyroutast aasu-

(I) 

bi 6biCTpoit n Me.uneaaoit KOM

'b, CKameM, 6biCTpyiO KOM-

sastTa na .upyrnx pa6oT (aa

'iO\ ua sKcnepnMeHTa. KoaT-

t noKaaann (eM. pnc. 6), 'ITO 

~ero cneKTpoMeTpa, a nony

taeT B npe.uenax 3% c TeM, 

nun6KH Kanu6poBKH no y -

!epreTH'I9CKOll IHKanbi .UnSI 

mreTH'I9CKHX 

~~~epeaunanblibifi cneKTp npoTo

oro Kaaana K nony<~aeTCH 

nnKe cneKTpa paa.ueneanst) 

} B naTepsanax saeprnn 

:e. ( 1) • 

pOM na.uaroutiiX HeitTpOliOB 

( 2) 

n, EP} npe.ucTaBnsteT co6oi1 

r 

15 

1D 

5 

a 
0 5 

Pnc. 6. CooTaomeaMe Mem.uy saeprMstMH npoToHa E 11 sneKTpoaa E , ·.uaroutH-
P e 

Mll O!lllliaKOBYIO aMITnl!TY.UY CUHliTl!nnstUHOliliOH BCITbiiHKll B CTHnb6eae, 
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«!JopMy peanhHoro cneKTpa npoToHoB OT/lB'IH nng onpene.neimoii aHeprnn 

:, HeiiTpOHOB En • 

Omn6KH N(E P ) onpenenSIJOTCSI KaK cTaTHCTHKOii, · TaK n · Kann6poBKOi'l • 

Omn6Ka Kann6pOBKH B HameM cny'lae npaKTH'IeCKH BcerAa 6hma MeHhme 

CT8THCTH'IeCKOH It paBHSin8Ch OTHOCHTenhHOH OIUH6Ke H8KnOH8 Kann6pOBO'I~ 

HOH KpliBOH ( :!;_1%). 

DpenrionmKHM, 'ITO ]\,!hi onpenennnn aKcnepnMeHTanhHO HnH nyTeM 

cneunanhHhiX pac'leToB BH/l ljlyHKUHH Q( E 1 E ) n p 
}lnSI MOHOXpOM8TH'IeCKHX 

· HeiiTpOHOB pa3HhiX aHeprnil. Torna, ecnu uccnenyeMbii'l cneKTP HeilTpOHOB 

/lliCKpeTHblll_ unu qucno nuHUll B HeM MeHhllie 'IHCna KaHanOB npOTOHHOI'O 

cneKTpa, Kn8CCII'IeCKHM CllOC060M pemeHHSI ypaBHeHHSI (2) SIBnSieTCSI MeTOJl 

H8liMeHblliliX KB8/lp8TOB, npli llOMOllili KOTOpOI'O MOI'YT 6hiTh onpeneneHbl 

- uHTeHCHBHOCTH arnx nHHuil. OnHaKo, ecnn 'IHcno nHHliH BenuKo unu Mbi 

UMeeM neno CO cnnOlliHbiM ·ClleKTpOM, MeTO/l H8liMeHhlliliX KB8/lp8TOB npaK-

Tu'leCKli He npHM~HliM (haMe ecnn n ( E 
n 

annpOKCHMiipOB8Th KOHe'l-

Hb!M 'IUCnOM 8HepreTU'IeCKliX liHTepBanOB), llOCKOnbKY nony'leHHbie T8KIIM 

o6pa30M peaynbT8Tbl BeCbM8 'IYBCTBUTenhHbi K ManbiM CT8THCTH'IeCKHM ljlnJOK

- /9/ 
TyaUUSIM li HeTO'IHOCTH B' onpeneneHHH Q( En IE p ) • 

CymecTByeT HecKOnhKO MaTpH'IHhiX MeTonoB pemeHuSI ypaBHeHHSI (2). 
/10/ ' 

B · Bb!SICHeHO BnliSIHHe Ha BenH'IIiHY o6ycnoBneHHOCTH (T.e. K081jlljJHUHeH~ 

Ta yBenn'leHHSI omn6oK B Hau6onee He6naronpHSITHbiX cnyqagx) nnSI KaMnoro 

1i3 8TliX MeTO/lOB T8KliX ljlaKTOpOB, K8K ljlopMa nHHlili cneKTpOMeTpa, nopSI

JlOK MaTpliUbl 1i Jlli8ll830H 8HeprHH HeHTpOHOB. 0Ka3anOCh, 'ITO B liHTepecyJO-: 

IUeM Hac nuanaaoHe aHeprnil HauMeHhmyJO omu6Ky naeT nuljlljlepeHunanhHbiH 
' • ' u /10/ 

BapnaHT MeTona C'leTHhiX a!f>ljleKTliBHOCTeu. OnHaKo, KaK noKa3aHo B 

ropaano 6onee npocToii MeTO/l - MeTO/l nnljlljlepeHuupoBaHHSI cneKTpa npoTo

HOB - o6nanaeT CTOnh Me xopomeil 66ycnoBneHHOCTh~. CymecTBeHHhiM ~B- -

nSieTCSI T8KMe TO, 'ITO npu JlHijlljlepeHUlipOB8HIIH MOMHO BBeCTH HeKOT.OpOe 

c rnaMnBaime, 'ITO Heo6xonuMo Jing yMeHbmeHHSI pacKa'IKH pemeHlfSI. Y'luThi

BaSI 8TH., o6CTOSITenhCTBa, Mbl }lnSI o6pa60TKli ClleKTpOB llpOTOHOB OT/l8'11i 

.. HCllOnb30Banu MeTp/l JlHijlljlepeHUHpOB8Hli~ 
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OnpeqeneHne cneKTpa HenTpoHoB MeTO/lOM 

Jl1ippepeHUHpOB8HHSI CneKTpa npOTOHOB OT/l8'1li 

Dpo6neMy pemeHIISI ypaBHeHHSI (2) MOMHO npe/lCT8BliTh B 

BIIJle. BMeCTO TOI'O, 'IT06bi IICK8Th neU3BeCTHblll cneKTp HenTp 

HaiineM TaKoi'l cneKTp N(E• )1 KOTOpbiH nony'luncSI, ecnu 6bi us n . . 

tBO/llinliCh npH llOMOIUH H}leanbHOI'O HefiTpOHHOI'O cneKTpOMeTpa, 

I'O KOHe'IHbiM 8HepreTu'leC.~HM pa3pemeHHeM. Tor}la MOMHO 3a: 

HeHHe (2) B BUlle 

En max 

N(E 
p 

I Q(En IEp)N(En), 
E n=En min 

rAe 

N ( En ) = f n (En ) G (En 1 f n ) cl f n 

0 

n G(En~E~ eCTh ljlopMa annapaTypHon nHHfin "HAeanbHoro 

fG(E 
1
E )dE= 1. MaTpHuaQ/lnSIHenTpoHacaHepr 

0 
n n n 

MOMeT 6hiTb npe/lCTaBneHa "uAeanbHon" ljlopMon cneKTpa -npoT 

N
0 
(E )

1 
nony'laJOmerocg B np'e}lnonoMeHHH o6. O/lHOKpaTHOM co 

• P Ill/ 
HeHTpoHa C npOTOHOM B 06beMe CUHHTHnnSITOpa : 

Q(En 1 EP )= N0 (E ,) = 

. 1 
A(EP 1 E n )D(E P 1 En )nH u~hl(ah) "'E":: AnSI 

0 AnSI · i 

rne A (E 
1 
E ) - nonpaBKa Ha aHH30TpcinHJO (np) pacceSIHHSI, D 1 

p n 

npaBKa Ha "yTe'IKy" npOTOHOB 'lepe3 CTeHKH CUHHTIInnSITOpa (: 
' 3 

ljleKT), . n H- KOnH'IeCTBO 8TOMOB BO/l0p0/l8 B 1 CM CUHHTHnn£ 

non~oe ce'leHHe ( n p) pacceSIHHSI, h _- ToniUHHri ~~TeKTOpa, f(ah 

nonpaBK8 H8 llOI'nOIUeHHe HeilTpOHOB B CUHHTHnnSITOpe,- _a= I 

15 



'npenenennofi snepruu 

fi, < T8K 11 Ka.riu6pOBKOH. 

I BCef'll8 6hln8 MBHblliB 

iKe H8KnOH8 Kanu6pOBO'I-

~enranbHO unu nyTeM 

llnH MOHOXpOM8Tll'IBCKHX 

eMbli'l CITBKTp Hei'!TpOHOB 

18 KaHanoB npOTOHHOf'O 

BHHH (2) HBnHeTCH MBTOil 

JryT .6hiTb onpeneneHbi 

nunui'! BenuKo unu Mbi 

1eHblllllX KBanpaTOB npaK-

annpOKCHMHpOBaTb KOHe'l-

nbKY nony'leHHble T8KHM 

anbiM CT8TllCTH'IeCKllM QJn!OK-

) /9/. 

pellleHHH ypaBHeHHH (2). 

HHOCTH · ( T.e. K09QJQJHUHBH-:

Oib;X cnyqagx) nnH Ka>Knoro 

OIIIll CITeKTpOMBTpa 1 ilOpH-

aaanocb, 'ITO B .HHTepecy,!O

r naeT rm¢¢epenuuanbHbii'l 
.< /10/ 

.0 1 ,KaK n.OK838HO B . 

:uupoBaHnH cneKTpa npoT<?

'~Th~. Cy.m~cTBeHHhiM ~B:. -

O>KHO BBBCTH HBKOTOpOe 

pacKa'IKH · pellleHHH. Y'IHTbi-

KTpOB' il!JOTOHOB'0Til8'1U. 

. ' 
: ,·. l 

I 
1 .I 
.I 

. t 

J 
·,·-I· . ' 

. ··1 
! 

f 
I 
j. 

>~ ·~j 

Onpenenenne cneKTpa nei'!TponoB MeTonoM 

nnppepenuupoBaHnH cn~KTpa npoTOHOB OTBa'IH 

Opo6neMy pellleHIIH ypaBHeHIIH (2) MO>KHO npencTaBHTh B cneny10meM 

BUlle, BMBCTO TOI"0
1 

'IT06bl HCK8;b JieH3BBCTHblll cneKTp Hei'!TpOHOB. n(En ), 

nai'!neM TaKofi cneKTp N(E• ), KOTOpbifi nony'IHncg, ecnH 6bi H3MepeHHH npo-" .. 

BOBHnHCb npH ilOMO!l!H HBB8nbHOf'O HefiTpOHHOf'O CilBKTpoMeTpa, o6nana10me:. 

ro KoHe'IHbiM snepreruqec.~uM paapelllenneM. Torna MO>KHO aanncaTb ypaB

Henne (2) B BUlle 

(3) 
E =E n n min 

rne 

(4) 

11 G (En, En - ecTb ljlopMa annaparypnofi nnHllH "nJleanbnoro" nereKTopa: 

JG(E ,E )clE = 1. Marpnua Q nng HefiTpOHa c 9Heprneii En 
0 n ·" n 

MO>KBT 6hiTb npeBCTaBneHa "l!JleanbHOfi" ljJOpMOH cneKTpa npOTOHOB OTBB'IH 

N (E ), nony'la!Omerocg B np.ennono>KeHnH o6 onnoKpaTHOM coyJlapeHHH 
0 p /11/ 

HBHTpoHa C npOTOHOM B 06beMe CUllHTHnnHTOpa : 

(5) 

0 

rne A(E , E ) - nonpaBKa na aHnaorponH!O (np) pacceHHHH, D(EP ,E)- no-
P n 

npaBKa Ha "yTe'IKy" npOTOHOB qepe3 CTBHKH CUHHTHnnHTOpa (KpaeBOfi sljl-

QJBKT) 1 nH- KOnl!'IBCTBO 8TOMOB BOilOPOJl8 B 

nonl,loe ce'lenne ( n p) pacceHHllH, h - ronmnHa 

3 
CM CllHHTHnnHTOpa, a H -

~~TeKTopa f(ah) = 1-exp(-oh) 
' ah 

- nonpaB~a na nornomenne nefirpoHOB B cunnrnnnHTope, 



> 

,._· 

' . p ' 

•. 

'I 
l 

.. ,' 
'" . ' 

n 
c 

3 
"lllCliO aTOMOB yrnepoaa B 1. CM , a 

c Ce"leHne·~3aHMOlleACTBHR 

HeATpOHOB C yrnepOllOM, ITpllBOllRIIIee K Bbi6b)B8HHJO HeATpOHOB H3 ITy"lKa~ 
. . . /8 11 I . . 

flerKo ITOKa3aTb • • "'TO llliR 3Hepruu En :s 12 M3B ll npu h •>_1 

·Ko3cpcpnuneHThi A n D B ( 5) ~nnaKn K 1 n Toraa: 

dEn} 

E 
n 

llliR E < E 
p - n 

Q 

0 llliR E p '> . E n 1 

rae dEn)= nHaH h f( ~h). YpanHeHne (3) nepennrneM B BUlle 

N(P) '"'" QN(N ); 

ero. perneHneM . ~yaeT 

rae 

.N(N)=Q- 1 N(P) 
' . 

Q-: I 
mf 

E ___ n_l __ 

dE 
. nj 

( ·-

·En/ 

dE 

llli.H m =i 

llliR m = i + 

0 nj 
llli.H BCeX OCT81IbHhiX 

n - En 
N(E ') = [N(E )-N(E +a)];: n 

dfn} 
p : p . 

-·: 
·' E -_n_N'(E)a· 

·- . p . , 

dE ) n 

a ·-· mnpnHa 3HepreTn"leCKoro HHTepnana. 

(6)' 

(7) . 

(8) 

(9) 

.. ' 

(10) .·· 

.. \ 
.\. 

:·:~ -

. I.< 

CM ·, 
:t 

. ~~- ' 

· .. ,.·' 
.. " ,( 

( 
.~'·. 

r t• 

.. I' 

··1 

I . 

j't 

ft~· 
... 

··.,~~ 
\ ' . ::·~ ; . 

... ".' ! .. r· 
~ 

·· i!r 

r·~ 
.i· 

.. ; ~ 

.;.. ~ .· 

···~ ·. ·.~ 

l1a .cpopMymi· ( 10) ·. ll cnellyeT ll3BeCTHhiii Me TOll a"ncpcpe . . .· .. ., .. 

' .OaHaKo·:ira· caMOM .aene N(P i xapa~repnayeTcH cTilTnc 
112/;. . ' . . 

COM 

·.:!· 
.,. 

·--'"' 
N(PJ=N (P(+·a 

rae ·a - neKTop ·cnyqaAH.Oro cTaTHCTH"leCKoro OTKnoHeHHR, ~ 
6ea oum6oK. 'Toraa ypanHeHne (7) 6yaer Bhirli.HlleTb cneay 

,' · .. · .. /12/ 
30M : 

" 
,N(N) = ci-l N(P) + Q-1; 

' T.e. ITO.HB1I.HJOTC.H 0Cllll1I1I.Hllllll, CBR38HHhie C H81Ill"lUeM "llieHa 
. . . .... ··n· 

~ng noaanneHHR ocunnriRunn nn6anTcR crnaMnnaHne ' 

ro cneKTpa N( p) c nocneayJOriiHM antf>tf>epeHunponaHueM, n 

uuponaiiue co· crnaMnBaHneM. Benn"'HHY crnaMuBaHnR, onpeJ 

i•(~Hue' · nuHuA ;~· N ( N) 
1 

rioii6Hp..;IIOT npnM:epHo. paBH.oA 3Hepre· . ""' . . .. ~ ... . . . . 

,. ·~~·u~muo n N(P )1 "lTo6hi .He cnnrnKoM yxyarnHTb. ero. Crna'Mn·E 
. /13/ . ··. " _;,I ·• ' . · . : ; 

IIIH~CTII • 3aMeH.H.H Q . B BhipaMeHHH (9) Clie)lyJOIIIHM: 

.. -1 ..:. -
'Q (E 1 E )= 

n . p 

~~ E~-EP • · 1. 
-· £ 2 .. dE). ·.a 2·2.e 

n e =0 

·llli.H 
E __ n 

0 
' ~. En 

llli.H· 
··'.a 

' . . -1 .. 
rae e- uen6e "lllCliO. TaKoe BbipaMeHne ang' Q· ·nopyqaeTCl 

.• ·1·• ' 

unpoilaHnn MeToaoM nponeaeHnR napa6orihi ,£~p.ea (2p+ 1) TO' 
' . /13/· .. ~ . . . '"' 
ClleKTpa 

8To oaHa"laeT; "'TO. caMa ·np~ueaypa ancptf>epeiiunpon~Hn . ~ . . . 
• ' . J ,.,. ; ' . u .. • 

HlleM ITpllBOllllT K yBeliH"leHHJO lllllpllHhl HeHTpOHHOH 1IHHHII · Ha . . . ' . . 
'", 2 . ' ; 

·H = r:(2p +Oa 



··:·· ,·. 

'! • • I • '• ~ • -. 
E ~ E·. 

p n 

(8) .... -: ... 

-E ·> E n I 

l 
.p 

eperrn:llleM B BUtte 

:.: '· 

··~.--.. 

(7) . 
r.t• 

_, 

(8) 

.·. 

>I m =i 

(9) 

~ ni=i+ . ·,· 
·.·. 

~- ncex OCTBJibHhiX 

. , . '' -~ . 

COM 

;~· 

' , ..... •'. 
-·:~: • . ' .. T'' ,,. 

...... 

I1a .¢opMyJih_r ( 10) n: cne~yeT n:snecTHhrn MeTott ttn:¢¢epenun:pona~n:S!, 

<?llHaKo Ha · caMOM .JleJie N ( P) xapa~'I'epn:ayeTcsr cTaTn:CTHqe~Kn:M paa6po- · 
112/ 

(11) 

rtte 8 - neKTOp ·cnyqann-oro cTaTn:cTn:qecKoro OTKJIOHeHn:SI, N(P) - crreJ\TP 

6ea oum6oK, "Tortta ypannenn:e (7) 6ytteT Bhii'JISitteTb cnettyiOl1IHM o6pa-
.· /12/ 

30M --: 

( 12) 

r.e. IIOSIBJISIIOTCSI OCUUJIJISIUUR 1 CBSI38HHhle C HaJin:qn:eM qnena Q- I B 
. ... 112/: .· . ' 

!J.nSI Il0tl8BJieHUSI OC!lRJIJISIURR BBOtlRTCSI CI'Jl81KUB8HUe irn:6o RCXOtlHO-

I'O cneKTpa N( P) · c rrocnettyiOllln:M ttn:¢¢epenun:ponann:eM, nn:6() ttn:¢¢epen

llllponaliHe co crnaJKn:nanileM, Benn:qHny crnaJKn:nann:SI, orrpetteJISIIOmyiO yuin:-

jlelln:e· JIHHRH :.B N ( N) 
1 

' " . rion6n:paiOT rrpn:Mepno pannon anepreTHqecKoMy paape-. 
. . . ' ~ 

Jllelli!JO n N(P )I qT<).6hi He CJIRlliKOM YXYtllllliTb. ero. CrnaJKn:Bann:e MOIKHO 
113/ ,. -l 

1111ecrn , aaMeHSISI Q B BbrpaJKenun: ( 9) cnettyiOumM: 

En , E~-Ep , ___ J __ _ 
-1 - -

Q(E 1 E)= 
n . p 

. c'( i" ) ' a 2 :f e 2 

n e =0 

0 

E -E _n_:.;;_e__ ~ p 
a. 

E n-EP 
----·>PI 

··a 

(13) 

. ' -1 !_. 
I'tle e - uenoe qn:cno. TaKoe BbipaiKeHn:e tlJlSI. Q IIOfiYqaeTCSI rrpn: ttn:¢¢epen-' 

. ·~: ~ : 
·uupoB8auu M_eT9AOM npoBeaeHHSI napa6onhi qepea (2p+ l} ToqeK IIpOTOHHOI'O 
.: . /13/.c 
CJJeKTpa 

3To oanaqaeT, qTo_. caMa rrpouettypa ttn:¢¢epeiiun:ponann:SI co crnaJKuna-. 
. ) . 

~n:eM rrpn:nottuT K ynenn:qeiin:IO mupn:Hhr nenTponnon nn:nn:n: na nenn:qn:ny. 

( 14) 

17 
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Ornn6Ka npn ncnonb30BaHnn TaKoro MeTolla llll¢~epenuupoBaHIISI onpe

llenSieTCSI B o6rneM BUlle Bhipa:>KeHneM 

Ep max -

o[N(E Jl= v !. (Q-
1

)
2
o[ N(E 

n E P 
p min 

• 2 2 - -1 2 
Jl+ N(E )o(Q ), 

p 0.5) 

I'lle f ll f - Kpaii:HUe TO'lKU UHTepBana, IIO KOTOpOMY IIpOBOlll!TCSI 
pmln pmax 

napa6ona. OepBhiii qneH noll KopneM - aro o6hi'lHaSI craTncrn'leCKaSI ornn6-

Ka, BTOpOH 'lneH XapaKTepnayeT OTKnOHeHUe OT KpUBOH, CHSITOH "nlleanbHhiM" 

lleTeKTOpOM. 

Ha puc. 7' noKa3aH pe3ynhTaT lleiicTBl!SI MaTpl!Uhi ( 13) Ha pacc'lnTaH-

./6/ (6 ) Hhlll · e3 y'leTa pa3perneHUSI 0 HO C y'leTOM MHOI'OKpBTHOI'O pacCeSIHUSI 

MeTOllOM MOHTe-Kapno CIIeKTp rrpOTOHOB OTllB'lU llnSI Heii:TpOHOB pa3Hh!X 

8Heprnii:, a H8 puc. 8 -/ pe3:(nhT8Thl lllii}J¢epeHUUpOB8Hl!SI CO crna:>KUBBHUeM 

orrpelleneHHh!X H8 OIIhiTe CIIeKTpOB IlpOTOHOB 0Tll8'lll llnSI Heii:TpOHOB pa3Hh!X 

.114/ . 
aHeprnn • 

.Bl!llHO, 'ITO TBKOH CIIOC06 o6pa60TKU llOBOnhHO XOpOlliO BDCIIpOl!3BOllHT 

"tt 

t 
~ 

'•. 

~ 

' ~ 
,--,.---tOO 

.... 

'0 

It\ 

. I I~ 

"" 

¢opMy nuHnu "ulleanhHOro" lleTeKTopa, uMerorriero KOHe'lHOe. aHepreTu'leCKoe 

paq~pern~Hne. l13 puc. 7 n 8 cnellyeT, 'ITO nnnnn conpoBO:>KllBJOTCSI .. XBOCTa

Mll" c nono:>KnTenbHhiMll u oTpnuaTenbHhiMll 3Ha'leHl!SIMU oplluHaT. PaccMOT

puM IIpl!'lUHhi, IIpllBOllHlUUe K TBKOMY SIBneHIIJO, II BKnBll 8TUX a¢<l>eKTOB B UC-

Ka:>KeH!le ¢opMbl nnHllll Harnero cneKTpOMeTpa. I n \ I I-C\1 

A. AHn3oTponnSI(np) p·acceSIHl!SI n I<paeBbre a¢<PeKThi ( MHO:>KUTenu A n D 

B <iJopMyne ( 8)) 
1
BhJ3hiB8JOT IIOSIBneHUe "X:BOCT8" llnSI HalUei'O CIIeKTpOMeTpa 

c cyMMapHoii ero nnmuallbiO He 6onbrne 1% oT nnornalln nnKa llnSI nro6oii: 

aHeprnn B nHrepBane .2...;15 MaB. 

E. B3al!MOlleiicTBne Heii:TpoHOB c yrnepollOM npnBOlll!T K pa3nl!'lHhiM 

a¢¢eKTaM, Ynpyrne npouecchr He MeHSIJOT nonHoro 'lncna HeiirpoHoB, llD

cTyiiHhiX llnSI pacceSIHHSI na BOllOPOlle, HO MeHSIJOT nx aHeprnro. HecMoTpSI . . ' ' . 
'Ha To, 'ITO npn no6oBoM coyllapeHnn c SillpOM ~rnepolla HeiirpoH TepSieT 

28% cBoeii nepBoHa'lanhnoii: 3Heprnn, npn n3oTporrHOM yrnoBOM pacnpelle-

18 

· I I · I ,.. 

·~ ~ \ I I .lc;:, .. 
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a nuljlljlepeHUHPOB8HIHI onpe-

( 15) 

1 llO KOTOpOMY llpOBOaHTCSI 

qHaSI CT8THCTHqeCK8SI Ollill6-

KpUBOH 1 CHSITOH "uneanbHbiM" 

f8TpHUbl (13) Ha paccqHT8H

MHOroKp8THOrO paCC9SIHHSI) 

" anSI HeiiTpOHOB pa3Hb!X 

npOB8H"SI CO crna*HB8H"eM 

naqu anSI HeiiTpOHOB pa3HhlX 

>nbHO xopowo Bocnpou3BonnT 

lro Konequoe auepreT"qecKoe 

11 ,conpOBO*na~TCSI "XBOCTa

tqeHHSIM" opn"HaT. PaccMoT

n, BKnan 9THX aljJ!jleKTOB B "C-

aljlljleKTbi ( MHO*HTenu A " D 
'f • e ' ,, nnSI uawero cneKTpoMeTpa 

nnomanu nuKa nnSI n~6ofi 

[OM npHBOaHT K pa3nuqHb!M 

oro q11cna uefiTpoHoB, no

~,T ux auepr11~. HecMoTpSI 

~r~epona ueiiTpou TepSieT 

pon~oM yrnoBOM pacnpene-

r>. ··. 

,, ... 

I 
' 

-----+00 

,--+---+~ 

------+----4----~-r~ 

19 
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1: ,, 
Puc. 8. PeaynbTaTbi· oopaooTKH rrporoaaoro cneKrpa, nonyqeaaoro aKcnepu-
MeHTanbao/14/ anSI aeiirpoaos pa3HhiX aaepruii ( p=lJ. -

20 

neauu(nC)pacceSIHHSI cpeaaue rrorepu aHepruu He npeBbilliaiDT 

¢aKTH'IeCKH anSI aHepruu 14 Mas 75% scex pacceSIHHhiX yrm 
/13/ 

HOB yMeHbmaeT CBOID aaepi"HID scero Ha 1% • Ceqeaue p1 

uMeeT nopor 4,7 Mas u, cneaosarenbHO, HeiirpoHhi 6onbmeii 

HCIIhiThiBa Tb nornomeHue. fi orrpaBKa Ha nornomeHue · ( = 2, 7% 

'IeHHe rronHoii a¢¢eKTIIBHOCTII ( • Oaa BBO]:(Unacb c ucrronb30 

00 aHepi"eTH'IeCKOH 3aBHCHMOCTH C9'I9HHSI Heyrrpyi"OI"O B3aHM• 
115 16/ 

c yrnepO]:(OM • • Heyrrpyrue npouecCbi, npHBO]:(SilliHe K oe 

a -'IaCTHII ( C ( n a ) Be H C ( n n ')3 a C IIOpOI"aMH COOTBE 

H "7 ,9 MaB) 1 HecymeCTB9HHhi BBHJlY Manoro HX Ce'IeHHSI B IIH 

HaC ]:(H8II830He aHepi"HH. H IIOCKOnbKY CBeTOBbiXOJl ]:(nSI aTHX a 

6onbme, 'IeM cBeTOBhiX
1
0Jl anSI nporoHOB ·c aHeprueii 2 MaB. 

B. -llByKparaoe pacceSIHHe aa BO]:(opoae He MeHSieT 'IH 

Mb!X IIpOTOHOB,. HO HCKa:lKaeT ¢opMy IIpOTOHHOI"O CII9KTpa. l13 

HOCTH CB9T0Bb!XO]:(a aMIInHTYllbl OT llBYX IIpOTOHOB OT]:(S'IH C)' 

T8K:lKe HenHH9HHO H aTO IIpHBO]:(IIT .K IIOSIBneHHID pa3Mb!TOI"O I 

I"HH, paBHOH IIpHMepHO 0,7 MSKCHManbHOH aMIInHTYJlbl ]:(nH ]:(a 

Bb!3b!B8SI I!pll ]:(eHCTBHH Ma Tpllllbl Q- J C.II911H¢H'l9CKHH "XBOCT" 
. . . /17,1 

3HaKa ( CM. puc. 7) • p aC'l9Tbl, IIpOB9]:(9HHbie Ha OCHOBe . 

'ITO ]:(nSI Halli~I"O cny'I?SI HCKa:lKeHHe CIIeKTpa HecymeCTBeHHO 

ueiiTpOHOB oonbllie 2_ MaB. HarrpHMep, AnSI cny'IaSI aHepreru~ 
" . - /1 2/ 

HeHTpOHOB OT fL -3aXBaTa B CBHHUe 
1 

]:(nSI aHepi"liH 2,05 . 

HeiiTpOHOB rrjm BB9Jl9HHH IIOIIpaBKH Ha ]:(BOHHOe pacCeSIHH9. YI 

2,7%. 3¢¢eKTbi- E u B. qacTu'lHO KOMIIeHcupyiDT apyr apyra 

llnSI KOMIIneKCHOH. IlpOBepKH IIpHM9HHMOCTH M9TO]:(a JlHq 

OL>InH orrpeAeneHhi cneKTpbi HeiirpOHOB ua pea.KUHii D ( t, n )a , 

(Ha npoToHax B LiH) u·cneKTp.HeiiTpOHOB ua (Po-:Be). Ha puc. 

parypHbiH CIIeKTp IlpOTOHOB OT]:(S'lll ( BBepxy), aHepi"eTH'IeCKI 

TOHOB OT]:(S'IH C pa30H9HH9M Ha HHTepsanhi IIO 0,25 MaB H < 

poHoB na peaKimu D(t ,n) a. Ha puc. 10 noKa3aH crreKTP 1 

21 



,. 

rreKTpa, nonyqeuuoro sKc~epu
Iii (p=l), 

. neuuu (nC )pacceSIHHSI cpellHHe norepu snepruu He npeBbiUiaJOT 10%. OllHHKO 

!jlaKruqecKu JlnSI snepruu 14 MsB 75% Bcex pacceSIHHbiX yrnepOil9M Heiirpo-
/13/ ' 

HOB yMeHbUiaeT CBOJO sHepruro Bcero Ha 1% • Ceqenue peaKuun C(n,n ')C 

uMeeT nopor 4,7 MsB u, cnelloBarenbHO, HeiirpOHhi 6onbUieii: sneprun 6yllyT 

ncrrhiTh!BaTb nornoUienue. nonpaBKa ua nornoUieHne ( = 2,7%) BXOilHT B 3Ha

qenue nonHoii s!jl!jleKTUBHOCTn c • 0Ha BBOilunacb c ucrronb30BaHneM JlaHHhiX 

06 SHepreruqeCKOH 38BUCIIMOCTU ceqeHHSI Heynpyroro B381IMOileHCTBHSI 

115,16/ 
c yrnepollOM • H eyrrpyrue rrpoueccbi, rrpUBOilSIUIHe K o6paaoBaHHJO 

a -qacrnu (C(na)Be H C(nn')3a c noporaMH COOTBeTCTBeHHO 6,2 

H 7,9 MsB), Hec}:UieCTBeHHbl BBUilY Manoro UX ceqeHIISI B UHTepecyJOUieM 

HaC llU81l830He SHeprHH U ITOCKOnbKY CBeTOBblXOil JlnSI STIIX a- qaCTIIU He 

6onbUie, qeM cBeTOBhiXOil JlnSI nporonoB c sneprueii: 2 MsB, 

B.-llByKpaTHOe pacceSIHue ua BOilOpOile He MeHSieT qucna perucrpnpye

MbiX rrpOTOHOB,. HO IICKa/KaeT !jlopMy rrpOTOHHOrO CITeKTpa, !13-38 HenuHeii-

HOCTII CBeTOBblXOil8 8MITnHTYilbl OT llBYX ITpOTOHOB OTilaqu cyMMUpy!OTCSI 

T8K/Ke HennHeHHO U STO rrpUBOilUT K ITOSIBneHU!O pa3MblTOrO llUKa rrpH SHep-

" 0 7 u u /6/ run, paBHOU ITpHMepHO , M8KCIIManbHOU 8MilnHTYilbl JlnSI ll8HHOU SHeprHH , 

Bbl3b!B8SI rrpu ll9HCTBHII MaTpHUbl Q -l crreuu!jluqecKHH 11
XBOCT

11 
nepeMeHHOrO 

/17 18/ 
3HaKa· (eM, puc, 7). PacqeTbl, rrpOBelleHHble Ha OCHOBe ' ITOK83b!B8!0T, . I 

qro JlnSI HaUiero cnyq~SI ncKaiKeHne crreKTpa HecymecrBeHHO JlnSI sHeprnu 

neii:TpOHOB 6onbUie 2. MsB, HarrpuMep, JlnSI cnyqaSI SHeprernqecKoro .crreKTpa 
' - /1 2/ . 

neii:TpOHOB OT /L -38XBaTa B CBIIHUe ' · JlnSI SHeprHII 2,05 .MSB BbiXOil 

HeifTpOHOB ITpH BBelleHHH rrorrpaBKU Ha llBOHHOe pacceSIH!Ie yBenuqUTCS! Ha 

2, 7%. 3!jl!jleKTbi· E u· B qacrnqHo KOMrreHcnpyJOT Jlpyr Jlpyra. 

llnSI KOMITneKCHOH. rrpoBepKII rrpHM9HHMOCTH M9TOil8 ll!I!jl!jlepeHUHpOB8HHSI 

6hinU orrpeJleneHhi·crreKTpbi HeiirpoHOB ua peaKUHH D(t,n)a, rr~ +p->n+·r 

(Ha rrporoHax B Li H ) u crreKTP. Heii:TpOHOB H3 (Po-Be). Ha puc. 9 rroKa3aHbi: anrra

pa TypHblH CITeKTp llpOTOHOB OTilaqn ( BBepxy), SHepreruqeCKUH Cll9KTp rrpo

TOHOB OTilaqu C paa6neH!I9M Ha UHTepBanbi ITO 0,25 MsB II ClleKTp Heii:T

pOHOB ua peaKimn D(t ,n) a. Ha pnc. 10 rroKaaan crreKTP Heii:TpOHOB. ua 
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Puc.. 9. Annapi:lTypHbiii: cneKTp npoToHoB OTlla'lu· ( BBepxy) ,aaepreTH'!eCKHii: 
CUeKTp npOTOHOB 0Tll8.'lli (I'HCTOI'paMMa BHII3Y) II peaynbTaT o6pa6oTKli 
(H n) llmi Heii:TpOHOB c aaeprueii: 13,9 MaB ua peaKUHH D ( t, n) 4 He. 

22 

.Nn 

9 s fJ c5 

Puc. 10. PeaynbTaT o6pa6oTKH cneKTpa npoTOHOB 
c e>Heprueii En= 8,9 MaB ua peaKUHH rr- + p-+ n +y 

lle nnTHH). 
23 

!J 1 

OTll8'lli OT ll 

(Ha npOT( 



• • 

E(M~) 

1: Jnnepxy) ,aaepreTnqecKHH 
. H peaynbTaT o6pa6oTKH 
peaKuHn D(t,n) 4 He. 

! 

,. 
I 

I 
I 

I 

.lVn 

7 

Pnc. 10, PeaynbTaT o6pa6oTKH cneKTpa npOTOHOB OTAaqu OT aefiTpOHOB 
c ::>Heprnefi En= 8,9 MaB H3 peaKUHH 11- + P-+ n +y ( aa npoToHaX B I'HAPH-

Ae nHTHSl), 
23 



NnlEnl 
0,25M38 

50000 

0 
0 5 

Po-Be 

En,H~D. 
I 

Puc. 11. 3HepreTH'ieCKUii: cneKTp Heii:rpOHOB ua ( .Po-Se)-flCTO'iHUKa,· nony
'ieHHhiii: ny·t•eM o6pa60TKH npOTOHHOrO cneKTpa B CpaBHeHHH CO cneKTpOM, 
CHSITbi¥ B. pa6oTellQ/ MeTOllOM !floT09M)'libCUii (rucTorpaMMa)~ . 

24 

peaKUUH "- + p ->n +y, a na puc. 11 - cneKTp Heii:TpOHOB .OT Po 
. /19/. 

HaS! KpUBaSI) B cpaBHeHUU C l!aHilbiMU pa60Tbi • 

3uepreTu'ieCKoe paaperneHue B cneKTpe Heii:TpOHOB 

113 pUCo 5' Cliel!yeT, 'ITO SHepreTU'ieCKOe pa3perneHHe CnE 

llliSI sneKTpOHOB tHE.)= (0,20:!:_0,04)v'E •. Y'iUThiB~SI (1 ), MO:lKH 

sHepreTu'iecKoe paapernenue llliR cneKTpa qpoTOHOB OTl!a'iu, nc 

t:.EP 2 (t:.E.) 
-E--=3 E 

p e 

DpHHUMaSI BO BHHMaHUe CTa6UlibHOCTb Kanu6pOBKH no SlieKTpOl 

Hue ceaHca u BocnpOH3BOllHMOCTb ee OT ceauca K ceaucy, Mh: 

'iTO 

J/4 
t:. ( E ) = (0.36 + 0.10) E 

p - p 

Ha pnc. 12 ny.HKTnpnhiMH nuHHRMU noKaaau Kopnl!op ana• 

paBHhiii YllBOeHHoii: cTaTHCTH'ieCKoii: ornu6Ke; TO'iKU COOTBeTC 

nonyqeHHhiM .H3 SHepreTH'ieCKUX cneKTpOB npOTOHOB OTlla'iU lll . . . 
cneKTphi KoTopbiX noKaaanhi ua puc. 9 u 10. 

3HaSI Benu'iuHy ME ), nonyqeunyJO ua l!aHHhiX no K·oMnTonc 
. p 

poHaM, u y'iUThiBaSI ynmpenue, BHocnMoe npouel!ypoii: crna:lKHBI 
; ' . . . / 

Bbipa:lKeHHe (14 )), MO:lKIIO onpel!eliHTb snepreTH'ieCKYJO 3aBHCHIII 

HHSI f:.(E ) llliSI Heii:TpOIIHOro crieKTpa. EcTeCTBeHH01 OHa 6yl!E 
n 

oT BeliH'iHH a uP· Ha pnc.-.13 nynKTllpHbiMH nnHHRMH noKa: 

paBHbie YllBOeHHOH CTaTHCTH'ieCKOH ornn6Ke llliSI aeliH'iHIIbi t:. (f 

ycnoBHSIX o6pa6oTKH. · To'iKH cooTBeTCTBYJOT paapernenuJO, onpE 

llliSI liUHHH Ha puc. 9 H 10. 

25 



Po-Be 

En,/19.8. 

na ( .Po-Be):-HcToqnnKa,· nony
!l'B cpaanennn co cneKTpoM, 
ii· (rncTorpaMMa). · 

'i 
I 

peaKUHH rr- + p -+n+y, a na pnc. 11 - cneKTP HeiiTpOHOB .OT Po- Be (nnaa
/19/. 

HBSI KpHBBSI) B cpaBHeHHH C aaHH.blMH pa60Tbl , 

3nepreTii'ieCKo_e paapernenne B crreKTpe neil:Tponoa 

Ha pnc. 5"cneayeT, qTo anepreTnqecKoe paapernenne cneKTpoMeTpa 

anSI aneKTponoa tl(E.) = (0,20;!:.0,04)\lf.:. YqnTbiBBSI (1 ), MO>KHO onpeaennTb 

anepreTnqecKoe paapernenne anSI cneKTpa ~poTOHOB oTaaqn, nocKonbKY 

tlEP l (tlE.) 
-E--=3 E (18) 

p e 

llpHHHMBSI BO BIIHMBIIHe CTa6nnbHOCTb Kann6pOBKH no aneKTpOHBM B Teqe

HHe ceanca n aocnponaaoanMOCTb ee OT ceanca K ceancy, Mbi onpeaennnn, 

qTo 

J/4 
tl ( E ) = (0.36 + 0. JO) E 

p - p (17) 

Ha puc. 12 ny.HKTHpHbiMH nnHHSIMH noKaaan Kopnaop anaqennii tl( E P ),. 

paBHbiH yaaoeHHOH CTBTHCTHqeCKOH OIIIH6Ke t ToqKH COOTBeTCTByiOT aaHIIbiM1 

nonyqeHHbiM .na anepreTnqecKnx cneKTpoa npoTonoa oTaaqn anSI neifTponoa,· 

C!IeKTpbl KOTOpbiX nOK83811bl Ha pnc. 9 H 10. 

3na.II aennqnny ME ), nonyqenny10 na aaHHbiX no K·oMnTonoBCKHM aneKT-
P 

ponaM, n yqnTbiBa.II. ynmpenne, anocnMoe npoueay~oil: crna~naann.II ( cM. 

Bbipa>Kenne (14)), MO>KHO onpeaennTb anepreTnqecKyio aaanCHMOCTb paaperne

HH.II. tl(E ") anSI neil:Tponnoro crieKTpa. EcTecTaenno, ona · 6yaeT :3aanceTb 

OT aennqnn a n P· Ha pnc •. 13 nynKTHpllbiMH nnHH.IIMH noKa3aHbi Kopnaopbi, 

paBHbie yaaoennoil: cTaTncTnqecKoil: ornu6Ke anSI aennqnnbi tl (E" ) B pa3HbiX 

ycnoan.11x o6pa6oTKH. · ToqKn cooTBeTCTBYIOT paapernenn10, onpeaen.11eMoMy 

an.11 nnnnif na pnc. 9 n 10. 
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5 ~0 £p}rh6. 

Puc. 12. 3HepreruqecKoe paaperneHue !l.(EP ) (nonHaSI rnupuHa na rronoBuHe i 

BbiCOTbl llUKa) AnSI rrpOTOHOB OTAa'IU pa3HbiX SHepi'UH. nyHKTUpOM yKa3aH 

KOpUAOp B ABe CTaHAapTHhie OlllU6KU 1 rrony'IeHHhlH C ITOMOillhlO y-UCTO'IHU

KOB; TO'IKH - peaynhTaT U3MepeHUSI C HeHTpOHaMU U3 peaKUUii. D(t,n}' 
4

He 
u TT-+p->n+r· 

26 
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0 5 10 

Puc. 13. 3HepreTH'IeCKoe. p~aperneHHe i'l.(En) (nonHaSI lllHpHHa H, 

BbiCOTbl llHKa) AnSI Heii.TpOHOB pa3HbiX SHepi'HH. IlyHKTHpHble nH 

B8IOT KOpHAOp Ang 3TOH. BenH'IUHbl (paBHhiH YllBOeHHOH CT8THCT: 

OlllH6Ke) 1 nony'IeHHbiH C llOMOillhlO y-· HCTO'IHHKOB; TO'IKH rrpeAC' 

peaynhTaT H3MepeHHSI !l.(E nJ no HeHTpoHaM H3 peaKUHH D(t,n 
H TT -+P~ n+y. KopHAOP 1 cooTBeTCTByeT 3Ha'IeHHSIM a = 0,12 
KOPHllOP 2 - 3Ha'IeHHSIM a = 0,25 Mas H P= 1 H KOPHllOP 3 - ~ 

a = 0,25 Mss H p =2. 11MeHHO TaKHe SHa'IeHHSI a H p Hcnonb: 

o6pa6oTKe cneKTpoB B pa6orax11,2/. 
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5 to En,M!e 

Puc, 13, 3ueprernqecxoe paapemeune ll(En)(nonuan umpnua Ha nonoanue 
BhJCOThi nnxa) ann uenrpouoa pa3HbJX :aueprnA, DyuxrnpHhie nnunn noKa3hi
BaJOT xopnaop ann :arol. aenn'IHHhi (paBHbiA yaaoeuuol crarncrnqecxol 
·omn6Ke), nonytieHHbii C llOMOIUbJO y- HCTO'IHHKOBi TO'IKH npeaCT8BfsiJOT · 
peaynbTaT H3Mepeunn ll(E n) no HelrpoHaMH3 peaxunfi D(t,n) He 
n "-+P-> n+y. Kopnaop 1 cooraercrayer auatieHnnM a = 0,125 M:aa, P"" l, 
xopnaop 2 - auatieHnnM a "" 0,21') M:aa n P"" l n xopnaop 3 - 3Ha'leunnM 

a = 0,25 M:aa n p ,2. 11MeHHO raxne 3HatieHnn a n p ncnonb30aanncb npn 
o6pa6orxe cnexrpoa a pa6orax11,2/. 
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llorronHHTenbHOe yruapeHRe B HefiTpOHHOM CITeKTpe B rrpHHUUITe MO*eT 

rroSIBHTbCSI 3a c'leT yrnosoil aHU30Tporruu KpncTanna cTanb6eaa, rrpuBOllSillleil 

K pa3nU'IRID B aMrrnuTylle CUUHTRnnSIUHH OT ITpOTOHOB OllHH8KOBOH aHepi'UU, 
/20/ 

neTSilUHX ITOll pa3HhlMH yrnaMH K OCR KpUCTanna • PaCC'IUT8Tb aTO~ a¢-

¢eKT TpyllHO, ITOCKOnbKY OH 38BUCUT OT CTpyKTyphl peanbHOI'O KpHCTanna, 

hoaToMy rronpasKy Ha aHU30Tponuro · KpHCTanna Mhi onpellenSinu, H3MepSISI 

cneKTpbi npoTonon OTlla'IR llnSI MonoxpoMaTU'leCKHX neilTponos c E" = 14 M~n, 

ITallaiDIUHX nOll pa3HhiMH yrnaMH K OCH KpUCTanna. npellnapuTenbHO Mhl yoe

llRnUCb .s TOM, 'ITO anepreTH'leCKaSI Kanu6posKa no KOMnTonoscKHM sneKT

ponaM C. TO'IHOCTbiD B 1% He 3aB!iCUT. OT pacnonO*eHRSI y- HCTO'IHifKa OTHQ

C{!TenbHO OCR KpUCTanna. 3TO OTHOCHTCSI T8K*e K cneKTpaM (y-n)pa3lle

neHUSI u ¢opMe crreKTpa neilTponon oT Po- Be • 

Pe3ynbTaThi H3MepeHHSI anu3oTponuu na neilrponax c anepruea14 Man· 

noKa3ann, 'ITO uMeeT MeCTO 3% H3Menenue MaKCHManhnoil aMrrnuTyllhi n 

anepreTU'leCKOM CITeKTpe ITpOTOHOB 0Tll8'1H npU MaKCUManbHO c B03MO*HOM 

(na 90°) U3Menennu yrha rraneHHSI neilTponos, nocKonbKY s ycnosnSix aKcne-

- /1 2/ u 

paMeHTa na rry'IKe p. -Mesonon ' nenTpOHhi us Mumenu norrananu s Kpn-
o . 

cTann cTunb6ena rron yrnoM, ne rrpeshimaiDlllHM 30 no oTnoruenuro K ocu. 

KpUCTanna, MO*HO C'IHT8Tb, 'ITO a¢¢eKT aHH30TpOnUU rrpene6pe*HMO Man •. 
' 

OnucaHHhlll n CT8Tbe nefiTpOHHhlll CITeKTpOMeTp Ha OCHOBe MOHOKpHCTan-

na CTHnb6ena nHaMeTpOM 30 MM 11 Tonmunoil 20 MM o6nanaeT cnenyrolllHMll 

OCHOBHhiMH rrapaMeTpaMH, 

3¢¢eKTHBHOCTb pei'UCTpaUHll HeHTpOHOB MeHSieTCSI OT f= 23% rrpH 

En = 2 Mas llO f = 6% rrpn E "= 15 Man (nnSI nynesoro nopora perucTpauH
1
n 

· npOTOHOn OTlla'IU). 3nepreTU'leCKOe pa3pemenue AnSI HefiTpOHOn 38BHCUT 

oT cnoco6a nu¢¢epeauuposannSI rrpoTonnoro crreKTpa u panno (nnSI'cnyqag. 
. /1 2/ . 

cneKTpos, npnseneHHhiX s ' _), npnMepno, !l (E" J~ 0,65 Man nnSI En = 2 ,OMan 

R ME)~1,1 Mas nnSI En= 15 Mas •. 

3asUCHMOCTb aMnnHTYllhl CUUHTUnnSIUHIJ OT yrna naneHHSI HefiTpOHOn 

oTnocnTenhHO oc11 KpncTanna ne rrpesbilllaeT 3% rrpu nsMenennu yrna nane-:-
. 0 

HUSI OT 0 llO 90 , 
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I cneKTpe S npHHUHne M0)1{9T 

:Tanna CTHnb6eaa, npHSOJUIIUeii 

OTOHOS OJlHHaKOSOH aHepi'HH, 
/20/ 

~a • PaccqHTaTb aTOT a¢-

Typbl peanbHOI'O KpHCTanna, 

L Mbi onpeJlensmH, H3MepSISI 

!CKHX HeiiTpOHOS c En = 14 Mas, . . . 

nna, npeJlsapHTenbHO Mbl yfie-

:a no KOMnTOHOSCKHM aneKT

IOnO)K9HHSI y- ucToqHHKa oTno

Ke K cneKTpaM ( y -n} pa3Jle-

~ . ; 
~eiiTpoaax c aneprueii 14 Mas · 

aKcuM:anbHOi't aMnnHTYJlbi 5 
. . . 

II M8KCHManbHO .S03MO)K!IOM 

, nocKOnbKY S ycnOBIISIX aKCne-

I H3 MH!U9HII nona)lanu B KpH

M .30° no OTH0lll911HIO K OCH 

:>TpOIIIIII npeue6pe)KHMO Man •. 
' 

JOMeTp Ha OCHOSe MOHOKpHCTan-

20 MM .o6naJlaeT cneJlyJOIUHMH 

' MeHSI9TCSI .OT f=, .23% npH 

uynenoro nopora perucTpaUHII 

He, 'JlnSI HeiiTpOH.OB .38BIICHT · 

aeK Tpa u pan!Io ( JlnSI cnyqa SI 

(En};;;;0,65 Man JlnSI Eri = 2,0Man 

OT yrna na)leUHSI HeiiTpOHOB 

l% npu H3MeneuHH yrna naJle-

··:-

. [ 
. i 
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