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l.BBeneHHe 

OnHHM H3 H3BeCTHhiX MeTOAOB H3MepeHHSI crreKTPOB 5biCTpbiX aell:Tpo

HOB SIBnSieTCSl MeTOA 1 OCHOB8HHblH H8 perHCTp8UHH IlpOTOHOB OTA8'IH C !10-

MOIUbiO TeneCKOIIH'IeCKOli: CHCTeMbl C'IeT'IHKOB. 

8 IIpOCTOM BapHaHTe T8KOli: CIIeKTpOMeTp Heli:TpOHOB COCTOHT H3 rrpo

TOHHOrO p8AH8TOpa, AeTeKTOpa "E., 1 H3MepSIIOIUero S HeprHIO' I1pOTOHOB 1 H 

AOIIOnHHTenbHOrO TOHKOrO AeTeKTOpa " /';. E " 1 rrpeAH83Ha'IeHHOrO nnsr CHH

*eHHSl ¢oaa. PaAHOTeXHH'IeCK8Sl CXeMa ClleKTpOMeTpa COCTOHT H3 cnenyiO

IUHX OCHOBHbiX sneMeHTOB: CXeMhl COBI18AeHHH 1 nHHeHHOrO rrporryCKa Tensr 

H MHOrOKaHanbHOrO 8MIInHTYAHOro 8H8nH38TOpa. 

OcHOBHhie rrapaMeTphi crreKTpoMeTp a - pa3pemaromasr crroco5HoCTb TJ 

H s¢¢eKTHBHOCTb f - 38BHCSIT OT TOniUHHbl paAH8TOpa H reoMeTpHH Te

neCKOIIa, T.e. AH8MeTpOB paAH8TOpa H C'IeT'IHKa "E" H paCCTOSIHHSl Me*AY 

HHMH. XapaKTep s Toli 38BHCHMOCTH TaKoB, 'ITO unsr Ka*noro 3Ha'IeHHSI pa3-

pemaromeli CI10C05HOCTH CyiUeCTByeT MaKCHManbHO B03MO*HOe 3Ha'IeHHe 

s¢¢eKTHBHOCTH TeneCKOila; yBenH'IeHHe s¢¢eKTHBHOCTH CBepx S TOrO 3Ha'Ie-

HHSI IIyTeM H3MeHeHHSl reoMeTpHH TeneCKOila HnH TOniUHHhl paAHaTopa 

Bne'IeT 3a co5oli yxynmeHHe pa3pemaromeli crroco5aocTH. TaK KaK s¢¢eK

THBHOCTb HeHTpOHHOrO .CIIeKTpOMeTpa O'IeHb Mana ( BpeMSI H3MepeHHH IlpO

AOn*HTenbHOe) 1 TO BeCbMa Ba*Hbl IIOHCKH rryTeH yBenH'IeHHSl s¢¢eKTHBHOC

TH c coxpaHeHHeM pa3pemaromell: crroco5HOCTH. 
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He BHHK851 B TIOLip06HOCTH TeOpHH HeHTpOHHhiX TelleCKOTIOB, C KOTOphl

/1/ 
MH MO)KHO 03H8KOMHTbC51, HaTipHMep, B , paCCMOTpHM MeTOLI, TI03B01l5110-

WHH B LIB8 pa3a yBeliH~HTb M8KCHM81IbHO B03M0)KHOe Llll51 LI8HHOH pa3peruaJO

rueH CTIOC06HOCTH 3Ha~eHHe 3~~eKTHBHOCTH, 

n . MeTOLI ABOHHOI'O pagHaTopa 

ECliH BMeCTO TipOTOHHOI'O paLIH8TOpa, KOTOphiH 06hi~HO Bh!TI01IH51eTC51 

B BHLie TI01IH3TH1IeHOBOH ~01Ibi'H 0 TIOMeCTHTb B TelleCKOTI paLIH8TOp H3 LleH-

TepHeBOI'O TI01IH3TH1IeHa, TO H3Mep51eMhie B 3TOM Clly~ae CIIeKTphl nel!:TOHOB 

OTLI8~H 6yLiyT npHBOLIHTbCSI K CTieKTpaM TI8LI810lliHX Ha TelleCKOTI Hel!:TpOHOB 

TaK )Ke 0 K8K CTieKTphl TipOTOHOB OTLI8~H B Clly~ae npOTOHHOI'O p8LIH8TOpa, 

illl51 TOI'O ~T06hl pa3peruaJOrua51 CTIOC06HOCTb COXp8HHll8Cb 0 TOlllliHHa nel!:Te

pHeBQ-TI01IH3TH1IeHOBOH ~Ollbi'H LI01I)KH8 6hiTb MeHbllie TI01IH3TH1IeHOBOl!:, a 

T a K KaK ce~eHHe pacce51HH51 d(n, d) n 6onbrue ce~eHHSI p( n , p) n 

OKOliO 0, TO H 3~~eKTHBHOCTb npH61IH3HTellbHO COXp8HHTC51, 

rlpennai'aeMh!l!: H8MH MeTOLI COCTOHT B OLIHOBpeMeHHOM npHMeHeHHH 

TipOTOHHOI'O H LleHTOHHOI'O paLIH8TOpOB H HCTI01Ib30B8HHH CIIOC06HOCTH CHCTe

Mhl C~eT~HKOB "~E" H "E" pa31IH~8Tb npOTOHhl H nel!:TOHhi, T,e, H3Mep51Tb 

paanenbHO cneKTphi npoTOHOB H nel!:TOHOB, TaKOH Hel!:TpOHHhil!: TenecKon 

HMeeT LIBe BeTBH - npOTOHHYJO H LleHTOHHyJO, rlpH B38HMHOM paCTIOliO)KeHHH 

paLIH8TOpOB, TIOK838HHOM Ha pHC, 1, npOTOHH851 BeTBb He 6yLieT OK83h!B8Tb 

HHKaKOI'O B1IH51HH51 Ha nel!:ToHHyJO, DE!l!:TOHHa51 BeTBb, co cBoel!: CTopoHhi, He 

BliHS!eT Ha paaperuaJOlliYJO CTIOC06HOCTb H 3~~eKTHBHOCTb npOTOHHOH BeTBH; 

B Ce Lle HCTBHe LleHTOHHOI'O paLIH8TOpa Ha npOTOHHYJO BeTBb CBOLIHTC SI K He3Ha

~HTellbHOMY CLIBHI'Y TIO 3Hepi'HH CTieKTpOB H LI06aB1IeHHIO HeKOTOpOI'O ~OHa, 

B HTOI'e paaperuaJOrua51 CTIOC06HOCTb TelleCKOTia C LIBOHHhiM paLIH8TO

poM , 6ylly~H paBHOH 6onbrueA H3 paaperuaJOruHX cnoco6HocTel!: ei'o BeTBel!:, 
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TaKOBa ~e, KaK nnH KnaCCH~eCKOrO TeneCKOna, 3aTO 3¢¢eKTHBHOCTb, paB

HaH CyMMe 3cPcPeKTHBHOCTeH BeTBeH, anaoe BbiWe, ~eM y KnaCCH~eCKOrO, 

He~enaTenbHhiM 3cPcPeKTOM HBnHeTcH np~~:cyTcTBHe a cneKTpe clloHa 

npOTOHOB OT pacwenneHHH neifTOHOB 6bJCTpblMH HeHTpOHaMH, ilHcPcPepeHUHanb

HOe Ce~eHHe peaKUHH pacwenneHHSI neHTOHOB d( n, p n )n C BbJneTOM npoTo-
. 0 

HOB non yrnaMH, 6nH3KHMH K 0 , nopHnKa 8 M6apHicTepan/ M3B npH 3Hep-

rHH nanaJOWHX HetiTpoHOB nopHnKa 14 M3B, a TO apeMSI KaK ce~eHHe pac-

/2/ 
CeHHHHd(n,d)n C BbJneTOM neHTOHOB Ha TaKHe ~e yrnbl nOpHnKa 500 M6apH/CTepan , 

Oo3TOMY ypoaeHb 3Toro cPOHa ~awe acero cocTaanHeT lt-2% oT BbJCOTbJ nHKOB, 

a cnnowHoti xapaKTep noaaonSieT BKnJO~HTb ero B o6wHti cPOH TenecKona, 0TMe-

THM ewe, ~TO KOH~aeTCH OH Ha 2 M3B HH~e nHKa, COOTBeTCTBYJOWero 06pa30-

BaHHJO OCHOBHOr O COCTOHHHSI KOHe'IHOrO Hnpa B HCCnenyeMOH C nOMOWbJO TenecKo-

na peaKUHH, H MO~eT 6biTb B npHHUHne Bbl~I1CneH (CM, cPOpMyny 3), 

HatineM cllopMyny nnH npeo6paaoaaHHH cneKTpoa npoTOHOB H neAToHoB 

OT/la~H B e/lHHbiH HeHTpOHHblH cneKTp, 0yCTb i - HH/leKC, 0603Ha~aJOLUHH 

RH60 npOTOHbl p , nH60 /leHTOHbl d ; X1(E) - aMnRHTy/la HMnynhca 

B C~eT'IHKe "E, OT ~aCTHUbl , Bbi6HBaeMOH H3 panHaTopa HeHTpOHOM 

c 3Hepr~~:eti En • non aMnnHTynoti HMnynbca anecb H B nanhHetlweM 6yneM 

noHHMaTb HOMep KaHana aMnnHTYilHOro aHan~~:aaTopa, npennonaraSI nnH yno6-

CTBa Henpep blBHblH xapaKTep 3TOH nepeMeHHOH; f 1 ( x)dx - KOnH~eCTBO 

.HMnynbCOB OT ~aCTHU B HHTepaane aMnnHTyn X X+ dx (3KCnepHMeHTanb-

Hblil cneKTp ~aCTHU - KOnH~eCTBO na/laJOWHX Ha pa/lHa-

Top HeHTpOHOB B 3HepreTH~eCKOM HHTepaane En , En + dEn 

a¢¢eKTHBHOCTb i -Tot! aeTBH TenecKona nnH HeHTpOHOB c 3Hepr~~:eA En , 

np ellCTa BnHJOWaSI C060H KOnH~eCTBO 3aperHCTpHpOBaHHhlX i -OT/la~H Ha 

0/lHH na/la!OWHH HeHTpOH; <1J P ( x) d x 

nei!:TOHOB B HHTepaane aMnnHTYil X 

Torna cnpaaenn~~:ao: 

- cPOH npOTOHOB OT pacwenneHHH 

x + dx 
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1 dx d 1 dXp 
N(E )dE = -(E )f (x (E ))--dEn = --[f (x (E ))-<ll (x(E))l~ , 

n n (d n d d n dE n ( (E ) p p n p p n dEn n 
P n 

OTKyaa nony'laeM: 

N(E )dE = -
1
-!fd(xd (E ))~ +[f (x (E ))-<ll (x (E ))l~ldEn, 

n n f (En) n dE P p n p p n dEn ( 1 ) 

rae f ( E ) = f ( E ) + c d ( E ) - nonHa51 scpcpeKTH:BHOCTb TenecKona. Bhr-
n p n n 

pa3H:M <ll P 'lepe3 (13Mep51eMhie BeJIH:'IH:Hhi. iln51 sToro o6o3H8'11fM: 

f( x P, En) d "'-' - KOJIIf'!eCTBO 3aperHCTp!ipOBaHHbiX B lfHTepBane aMnJIH:Tya 

XP 1 X P + d X P TipOTOHOB OT pacmenJieH!f51 aeHTOHOB Ha OalfH naaaJO!llliH 

Hei1TpoH c SHeprlfeH En . 

Toraa 

EnD 

<ll (x )dx =dx f f (x ,E')N(E')dE' = 
P P P Po p n n n 

Eno d 
= dx f ~ (x ,E')fd (E ' ))~dE', 

p 0 p n n dE 'n n 
(2) 

rae E nO - M8KCifM8JibHa51 9Heprlf 5I naaaJO!lllfX HeHTpOHOB If ~ ( x P , E ~) = 

"' ( ( xp 'En')/ ciE ~)- cpyHKl\11:51, xapaKTepHa51 an 51 aaHHOro TeJieCKona . n OCJie 

noacTaHOBKH: (2) B (1) nonyqaeM OKOH'IaTeJibHO! 

dxd 
N(En)dEn ! f d (xd(E ))--- + [f (x (E))-

E dEn) n dEn dp P n 
nO d X (3) - f ~ (X ( E ) 'E , ) f (X ( E , )) ~dE'] __ P_ l dE 

0 p n n n d d n dE~ n dEn n 

<llopMyna (3) Bbrpa)i(aeT npeo6pa3oBaHH:e cneKTpOB npoTOHOB If aei1To-

HOB f d ( x) B eaH:HbiH cneKTp naaaJO!lllfX Hei1TpOHOB. ¢yHKUiflf f (En) 

xi (En ) If ~ (X, En) 51BJI5110TC51 xapaKTepHbiMif an 51 Ka)!(aoro aaHHoro Te-

necKona If o6hi'IH , npeacTaBJI5110TC51 rpacpH:'IeCKif. TaK KaK ~ ( x P (En ), E ~) << 1 

an51 E~>_En+ 2MsB!f ~(xp(E 0 )E~) = 0an51E'n < En +2MsB ,IfHTer-

6 



panOM B ~OpMyne (3) qaCTO MO*HO rrpeHeopeqb, 3TO COOTBeTCTByeT rrpe

Heope*eHHID ~OHOM rrpOTOHOB OT pacmerrneHHR ae~TOHOB, 

Ill . 3KcrrepHMeHTanbHOe HCIThlTBHHe MeToaa 

gao~Horo pagH a Topa 

M e TOA ABOHHOrO p8AH8T0p8 HCITbiTbiB811CH Ha oaae HMeiOmerOCR y H8C 

T eneC KOITB ITpOTOHOB OTAaqH H paUHOTeXHHqeCKOrO OoopyAOB8HHR. npHHUH

ITH811bH8R cxeMa Hawero crreKTpoMeTpa aaHa Ha pHc. 1. 

~CITO!lb3yeMbiH ABOHHOH p8AH8TOp COCTOR!l H3 IT011H3TH11eHOBOH H aei\-

2 
TepHeBO-IT011H3T!WeHOBO~ ~Onbr, TO!llliHHbl KOTOp b!X COCT8Bl1R11H 10 H 7 MrfCM 

COOTBeTCTBeHHO. 

B KaqeCTBe aeTeKTOpa "~E" HCIT011b30B811CR ITOMemeHHblH B BHCMy

TOBbl~ OTPB*BTenb KpHCTann Cs J [ Tl) TonwHHOH 70 MKM. BMec T e c ~o

T OYMHO*H TeneM EM 1-6097 paapeweHHe sToro aeTeKTopa anR 14 M sa rrpo-

TOHOB COCT8B11Rl10 25% H IT03B011Hl10 HBAe*HO paaaenRTb ITpOTOHbl H aeHTO-

Hbl, 

B KaqecTae cqeTqHKa "E" HCrronbaoaancR rroaepXHOCTHo-5apbepHbiH 

KpeMHHeBb!H aeTeKTOp C npeH~OM llHTHR C TO!liDHHOH paooqero C!lOR rropHA-

2 
Ka 1 ,5 MM, rrnomaabiD 1 ,3 eM H p a apeweHHeM 250 Ksa. 

llnR paaaeneHHH rrpoTOHHhlX H ae~TOHHhlX crreKTpoa ohln HcrronbaoaaH 

ABYXMepHbiH 8H811H3. ~MrrynbCb! OT cqeTqHKOB "~E " H "E" rrocne ~OpMH

pOBKH rrocTyrram:~ Ha aHanHaaTop A~-4096, paooTaiOWHH B pe*HMe .'lBYXMep

Horo 32 x 128 aMrrnHTYAHO-aMrrnHTYAHOI'O aHanHaa. Ha aayxMepHoM crreKTpe 

"~E xE" nerKO BbiAe!lHTb 00118CTH, COOTB e TCTBYIOIDHe rrpOTOH8M H aefiTOHBM. 

3TH 00118CTH HMeiOT ~OpM bl p83Mb!Tb!X rHrrepoon, T.K. A llH KB*AOrO A8 HHO

ro copTa qacTHU rrpoHaaeaeHHe N~E x N E , rae N ~E , N E - HOMepa 

K8H8110B ITO ~ E H E COOTBeTCTBeHHO, HB!lHeTCH ITOqTH ITOCTOHHHbiM. 
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CooTBeTCTBYJOlllee cyMMHpOBaHHe rro KaHanaM t\E , ne)l(a!llHM B 

rrpeaenax IIpOTOHHO~ HnH ae~TpOHHO~ o6nacTe~, IIpHBOaHT K OaHOMepHbiM 

rrpoTOHHhiM HnH ae~TOHHhiM crreKTpaM. Ha pHc. 2 aaHhi crreKTpbi rrp"JTOHOB 

H ae~TOHOB OTaaqH, COOTBeTCTBYJOlllHe He~TpOHHOMy CIIeKTpy H3 peaKUHH 
7 

Li( dn) rrpH Ed = 1,5 MaB H yrne 120°. ITo rpyrrrraM, cooTBeTCTBYJOlllHM 

He~TpOHaM n 0 , OUeHiiBaeM pa3pe!llaJO!llHe CIIOC06HOCTH IIpOTOHHO~ H ae~-

TOHHO~ BeTBe~ B 5,5 H 5,7% COOTBeTCTBeHHO, Ha 9TOM )l(e pHCYHKe IIOKa-

3aH ypoBeHb IIpOTOHHOf'O CIIeKTpa, IIOnyqaeMOf'O IIpH OTCyTCTBHH IIOnH9THne

HOBOf'O paaHaTopa, ct>opMa 9T0f'O CIIeKTpa yKa3b!BaeT Ha HanHqHe B HallleM 

ae~TepHeBO-IIOnH9THneHe HeKOTOpOI'O (8% OT KOnHqeCTBa ae~TOHOB) qHcna 

IIpOTOHOB, 

Ha pHc. 3 rrpHBeaea aaepreT HqecKH~ crreKTp He~TpOHOB, rronyqeHHbi~ 

H3 CIIeKTpOB pHC. 2 C IIOMO!llb!O TpaHC<jlOpMaUHOHHO~ tiJopMynbi (3) B rrpea-

rrono)l(eHHH ( ( x, En ) =0 H f (En)= 1 ITyHKTHpHa~ nPHH~ a a 9TOM pHcyaKe 

COOTBeTCTByeT He~TpOHHOMY CIIeKTpy, IIOnyqeHHOMy C HCIIOnb30BaHHeM oa

HO~ TOnbKO IIpOTOHHO~ BeTBH TeneCKOIIa IIpH paBHbiX IIpOqHX ycnOBH~X H3-

MepeHH~. KaK H cneaoBano O)I(HaaTb, cTaTHCTHKa B rrocneaaeM cnyqae 

BaBoe MeHbllle, qeM B cnyqae rrpHJ'4eHeHH~ aBo~aoro paaHaTopa, a paspewaJO

lllHe crroco6aoCTH B rrpeaenax OlliH6KH orrpeaeneHH~ coarraaaJOT, 

IV • 3 a K n 10 q e H H e 

MeToa aao~aoro paaHaTopa rrosaon~eT 3HaqHTenbHO coKpaTHTb apeM~ 

H3MepeHH~ He~TpOHHbiX CIIeKTpOB, KaqeCTBO KOTOpb!X He Xy)l(e KaqecTBa 

CIIeKTpOB, rronyqaeMbiX C IIOMO!llb!O KnaCCHqeCKOf'O TeneCKOIIB, flpH HanHqHH 

aByXMepHOf'O 8HanH3aTOpa 9TOT MeTOa nerKO IIpHMeHHM, a HCIIOnb3Y~ 

CB~3b C 38M, MO)I(HO H36e)I(8Tb TpyaoeMKO~ o6pa60TKH CIIeKTpOB, 

• B 3aKnJOqeHHe aBTOpbi rrpHHOC~T caoJO 6naroaapHOCTb rrpotiJ. 3. BHnb-

renbMH 3a HHTepec, rrpoHaneHHbi~ K HaCTOHllle~ pa6oTe, f.M. OceTHHCKOMY 
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PHC,2 , CrreKTpbi IIpOTOHOB ( 1) H AeliTOHOB (2) OTAa'IH, COOTBe T CTBYIOlllHe 

HeiiTpOHHOMY crreKTpy H3 peaKUHH 
7 

Li (d ,n). H a ocH a6CUHCC OTilo

lKeHhi HOMepa KaHa/lOB, Ha OCH OpAHHa T - 'IHC/10 HMIIY/lbCOB, nony

lliHpHHbi IIHKOB, COOTBeTCTBYIOlllHX HeiiTpOHHOli I'pynrre II o , paBHbi 

lJ I = 8 KaHallOB H lJ2 = 7,5 KaHana, illHpOKHe IIHKH COOTBeTCTBYIOT 

HeHTpOHHOH I'pynne II I C eCTeCTBeHHOH IIO/lyWHpHHOli IIOpSIAKa 

1,7 M3B, 

-
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P~~:c.2. CneKTpb1 npoTOHOB ( 1) H nei!TOHOB (2) oTAa'iH, cooTBeTcTayiOmHe 

Hei!TpOHHOMY cneKTPY H3 peaKUHH 
7 

Li(d ,n), Ha OCH a6CUHCC OTno

lKeHb1 HOMepa KaHanoB, Ha OCH opAHHaT - 'iHCnO HMnynbCOB, nony

WHpHHb1 nHKOB, COOTBeTCTBY!OlllHX Hei!TpOHHOil rpynne n o , paBHb1 

81 = 8 KaHanoB H 82 = 7,5 KaHana. lliHpOKHe nHKH COOTBeTCTBy!OT 

HeifTpOHHOH rpynne n 
1 

C ecTeCTBeHHOH nonywHpHHOil nopSIAKa 

1,7 M3B. 
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PRc.3. 3aepT'eTR'leCKHe crreKTpbi ae~TpOHOB H3 peaKUHH 

7 
Li{ d, n) , rrony-

'leHHbie C IIpHMeHeHHeM JlBO~HOT'O p8JlH8TOpa (crrnOIIIHSSI nHHHS!) H 

C IIpHMeHeHHeM TOnbKO IIpOTOHHOT'O p8JlH8TOpa IIpH paBHbiX IIpO'lHX 

ycnOBHSIX (rryHKTHp). DonylliHpHH8 fl = 790 KSB. 



aa ueHHhie aaMe"'aHHH B xo.ue no.uroTOBKH aacToHmetl: cTaThH H A.n. Ko6-

3eBy 3a llOMOUlb B pe.UaKTHpOBaHHH. 
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