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1. BBe,n;eHIIe 

O.llHH11 H3 0CH0BHhlX Tpe6oBamrn, rrpe,ZlJ,JIBJIJieMhlX K crreKTp0MeTpaM 

rromrnro rrornomeHHJI, JIBJIJICTCJI T0"tJ:H0CTh u Ha,n;e)KH0CTh ux KaJIU6poBKU, 

a TaioKe B03110iKH0CTh K0HTp0JIJI RX )l;OJIT0BpeMeHHOH CTa6HJThHOCTU. 

°YtIHThlBaJI BnIC0IWe :mepreTU'IIeCI(0e pa3pemeHUe raMMa-crreKTp0MeT

poB, K0T0poe B C0BpeMeHHhlX ycTaH0BKax C0CTaBJIJieT rropJI,n;Ka HeCK0JThK0 

rrpoueHT0B B o6nacTU 3Heprufi CBI,Illle 1 I'3B, T0"tJ:H0CTh R0HTp0JIJI CTa-

6HJThHOCTH aMITmITY.llHhlX xapaKTep:HCTIIK crreKTpoMeTpa )l;0JDKHa 6nrTh He 

xyiKe 1 %. 
Tpa,n;HUIIOHHhle MeT0,n;hl KaJIU6poBKH ra:t.rna~crreRTpoMeTpoB MOH03Hep

reTHtiec1nu.rn nyq1m1rn 3JieRTpoHoB B peaJihH0M 3:KcrrepHMeHTe Bcer,n;a 

CBJI3aHhl C pJI,n;mr TPY.llHOCTeH, K0Topnre B03pacTaIOT, ecJIU ,B ycTaH0BKe 

ircnom,3yroTcJI ,n;ecJITKH n coTHH He3aBHcmrn pa6oTaromn:x ,n;eTeKTopoB. 

B HaCT0Jilll;efi pa6oTe paccMaTpHBaeTCJI B03M0}KH0CTI, RamI6poBRHraM-

1rn-crreRTp0MeTp0B Jier:KU1IH JI)];paMH, K0T0pnre o6pa3yIDTCJI B pe3ym.TaTe 

q>panreHTaUHH peJIJITHBHCTCKHX JI,n;ep yrnepo,n;a B CBHHUOBOH' MHIIIeHH. 

2. 8RcrrepIIM€HTaJibHaH ycTaHOBRa 

vfaMepeHHJI rrpoB0,n;HJIUCI, Ha rry"tJ:Ke peJIJITHBHCTCRHX JI,n;ep yrnepo,n;a 

C HMITYJihC0M 4, 5 I'3B/c Ha HYKJI0H CHHXpoq>a30TpoHa Jia6opaTopmr 

BhlC0KHX 3HeprHfi O61,e,n;HHeHHOro HHCTHTyTa JI,n;epHhlX HCCJie,n;oBaHHH. 

IIyrrnK C0CT0JIJI B 0CH0BH0M H3 JI,n;ep ymepo,n;a C He60JihilIOH rrpn:MeCI,IO 

( ~ 1 % ) ,n;pyrHx qacrnu. Pa36poc H~rrym.coB JI,n;ep yrnepo,n;a cocTaBJIJIJI 

±1 %. CxeMa ycraH0BKH rrp1rne,n;eHa Ha pHc.l. MoHmopnpoBami:e nytIKa 

H onpe;ZJ;eJieHne HarrpaBJieHHH q>parMeHTOB, o6pa30BaHHbIX B MHilleHH H 

pa3,ZJ;eJieHHI,IX C II0M0lll;I,IO ,Zl;HII0JlI,H0T0 MarHHTa, ocymecTBJIJIJI0CI, CHCTe-

1fOH CUHHTHJIJIJIUH0HHhlX ctieTtIHK0B SI - S5 pa3MepaMH 5x5x0, 5 cM3 n: 

ro,n;ocK0IIaMH CUHHTHJIJIJIUH0HHhlX CtieT"tJ:HK0B H2 :._ H 4. 
CxeMa oT,n;eJihHoro M0)];YJIJI C qepeHK0BCKoro -y-crreKTpoMeTpa rrpe,n;

cTaBJieHa Ha pHc.2. Pa,n;HaTop M0)];YJIJI H3T0T0BJieH H3 CBHHU0Boro CTe

KJia 1rnp1rn T<I>-1 B q>OpMe meCTHrpaHH0H IIpH3Mhl C ,n;HaMeTp0M BIIH

caHHoro UHmIH,n;pa 17, 5 CM n: T0J!lll;HHOH 35 CM (14 pa,n;HaUH0HHI,IX e,n;H

mni:). OcHOBHMe cBo:ficTBa CBHHU0Boro cTeI{Jm: IIJI0TH0CTh - 3, 86 r / CM3, 

pa,n;HaUH0HHaJI )];JIHHa - 2, 5 CM, KpHTH1IecKaJI 3HeprHJI - 15 M3B, K0-

3q>q>HUHeHT rrpenoi.rneHHJI - 1, 65. <I>oToyMHO}KHTeJII, Kperrn:TcJI K Topuy 
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Pnc.1. CxeMa ,rncnepnMeHTa: S1 + S5 - CUHHTHJIIDIUHOHHhle c1IeT-

1IHiillj Hl + H 4 - ro,n;ocK0IIH1Iec1me CUHHTHJIJIIIUII0HHhle ctJeTtJIIKII; Co 
- noporoBLiii ra3oBLiii -qepeHKOBCKHii: c1IeT1IHK; C - -y-crreKTpm,reTp H3 

CBHHU0Boro CTeKJia. . 

Al 'l)OJbl'"O.-cteT0"':JQAAU.HA BllKXlK00ciJbTHblil 

,l,I 

MorHH1Htaa ,KpO-H neHon,ocrr 
TepMOCTO™P\EMtaa 

c1ieT09"'09 1.40 .. 1. 350 ~ 

650 

Pnc.2. CxeMa MO.llYJllI -qepe~oBc~_o;o 1 -cneKTpoMeTpa. 
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pamrnTOpa npn rrolmmn Knea HE-10 KODAK c KoacpqmIUieHTOM npe

nmmemrn 1, 58: mrerom:irir npmreiKyTotJHoe 3Ha1Ie:mre Me.lR,Ziy K03q>q>HUH

eHTalm npenmrnemrn pamraTOpa 1,65 H cTeKJia cpoToKaTO,n;a <I>8Y ~ 1,5 . 
OTHOIIIeHHe nJIOIIIa.ueii pa6otJeii o6JiaCTH q>OTOKaTO.ua :ir Topua pa,D;HaTopa 

paBH0 681c. 
.llJIII Y-~;tJIIIeHHJI cneKTp0).!€TpH1IeCKHX xapaKTepHCTHK --y-cneKTpoMeT

pa npeBMIIIaIOme11 100 MKA/ IDI. Pa0OtJIIii: peiKHM q>OTOYMHOiKHTeJIH Bhl-

6npaJICH Ha 0CHOBaHllll cneuHaJII,HO npoBe,n;eHHhlX llCCJie,n;oBaHll.H [1]. 
Ka:n-.Z{hlll )IO,ll;)'JTh o6epHyT aJIIO).IllHH3HpOBaHHhlM JiaBCaHOM H ,ll;JIII CBe

T0H30JIHUllll qepHOM IIJiacnrnccoBoii JieHTO.H, 1·ITo6hl rrpe,n;oTBpaTHTI, BJIH

HHlle pacceHHHhlX MarHHTHhlX noneii Ha K03<pq>llUlleHT ycHJieHHJI <I>8Y, 

·rrcIIOJII,3yeTCH .uBa rrep1IaJIJIOeBhlX 3KpaHa TOJIIIIHHO.H o, 5 MM. ,ll;JIII K0H

Tp0IDI ycHJI€HlIH q>OTOYMHO,KHTeJIH ll 3JI€KTpOHHKH cneKTpoMeTpIItieCKoro 

KaHaJia BO BpelfJI ll3liepeHHH B UeHTpe BToporo T0pn;a ~a,D;HaTopa, Ha-
' -

np0TllB q>OTOYMHO}l{lITeJIH, KpenHTCH a?,myna C KpllcTaJIJIOM HO,Zl;HCTOrO 

HaTpHH :ir pamro:ir3oTona 241 Am (E~ = 5, 5 MaB): Cu:irHTHJIIDIUHOHHoe 

ll3Jl}'tJ€Hll€ )IOH03HepreTHtJeCKllX aJII,q>a-tJaCTlII~ B KpHCTaJIJie NaI(Tl) no-

3B0JIH€T B TelfeHHe 3Kcnep:irireHTa K0HTpoJIHp0BaTI, CTa6IIJII,HOCTI, q>OTO

y:11rno}KllTeJIH ll 3JieKTp0HllKH. 

lifa:,1epeHHH a:11mmITy,Z1;IIhlX crreKTpOB npoBO,D;HJIHcI. no cxeMe, rrpe,n;cTaB

. neHHo:ii Ha p:irc.3. Xa:paKTepHaJI ,llJIHTeJII,HOCTI. cnmana c <I>8Y co

CTaBJIHJia 50 HC · Ha ypoBHe 10% OT MaKCHMaJII,HOit aMIIJIB:Ty;zi;I,r. ,z:tJIH

TeJII,H0CTI, cTpo6-mmyfilca :iapH,n;OBO-Ull<ppoBoro rrpeo~pa3oBaTeJIH pa

BHJIJiac1, 250 HC. A1immrTy,n;HLm aHaJIH3 npOB0lUIJICJI B npe,n;eJiaX 512 
KaHanoB. YcrnHOBKa pa6ornna Ha JIHHHH c 8BM PC. CKopocTI. Ha6opa 

,uaHHhlX C0CTaBIDIJia nopJI,n;Ka 40 co6hlTllit 3a II;llKJI. 

3. KaIDI6poBRa ')'-CIIeRTpoMeTpa Ha nycrne 3JieRTpOHOB 
Ir 1r--Meaonon 

,ll;JIJI KaJIH6poBKll ,-cneKTpOMeTpa ucnOJII,30BaJIHCI, 3JieKTp0Hhl, co

,n;epiKamuecJI B BH,n;e rrpm1ecH ( ~ 2%) B nytJ:Ke "--Me3oHoB [2]. 8neK

TpoHhl Bhl,Zl;eJIJIJIHCJ, B rrytJ:Ke 0TpHn;aTeJII,HhlX tJ:aCTHII; noporoBI,IM ra30BhlM 

qepeHK0BCiillM ClleTlIHKOM [3]. Pa36poc nytJKa no lll\fllj'JII,CaM !::,.p/p = 
±1, 5% Ii JtJHThlBaJICJI npH o6pa6oTKe pe?YJII,TaTOB Kami6pOBiill. 

. JIHHefiHOCTI, xapaKTepHCTHKH iio.nyJIJI -qepeHKOBCKoro raMMa-cneKTpO

MeTpa fo.rna 11ccne,n;OBaHa B .Z{llana3oHe 2-4 raB [2]. AHaJIH3 pe3yJII,TaTOB 
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1mJIH6poB1rn: noKaJaJI. '-ITO Hemrne:itHOCTn cneKTpo11eTpa He npeBI,rmaeT 

1 %. Cpe1IIIee a1mJIHT):zuroe pa3pe1IIemre JI.JJJI 90 JI.eTeKtopoB paBHO 

a/E ~ (-t.3/\/E) CX. (1) 

me E HJ11ep1Ierrn B f3B. 

A1mJIHTY1IIIhle cne:Hphl 3JieKTpoHOB H ii- -11eJOHOB c mmym,cmr 3. 65 

f 3B/c npeJI.CTaBJieHhl Ha pIIc.4. 

IIapmrerplI3au1rn crreupoB rrponJBOJI.II.:'IaCI, no cpop11y,;1e 

2 

\ -( t) = Const . [- (--1- A 0 ) ] 
_ -"1. exp 

2 
• 

CJ '2a 
(2) 

_me A - a1mJIHT):n:a (Ho11ep KaHana) . .Y - c'-IeT B·coornercrny10me11 Ka

Hane. 

CpaBHeHIIe IIOJIOiKeHHH 1IaKCH11pIOB Ao L{JIJI ii- -1Ie3OHOB (27. 98 ± 
0, 10) H 3JieKtpbHOB (268. 3 ± 0. 7) rro'JB0.1IJieT orrpeJI.emu1, 3JieKTpoHHM:it 

3KBIIBaJieH1:: lVIJI ;;-- -)IeJOHOB 

E;:.0 = (381 ± 2) ::\hB. (3) 

Cpe1IIIee JHa1Iem1e 3KBIIBaJieHTHo:it 3Hepnrn ;z:i:JUI rpex 110.ll)·nefi 1-crreKrpo

:uerpa coCTaBJJJieT 

E;~B = (382 ± -!} ::\hB. · (-!) 

4. KaJrn6poBRa --y-crreRTpoMeTpa Ha rryqRax peJIJITII
BIICTCRIIX H,n;ep II cpparMeHTOB. 

II pH rrpoxoiK;z:i:eHHH qepe3 pamrnrop 11011.YJJJI 1IepeHKOBCKoro_,-cneKrpo

~1erpa peJUITHBHCTCKHX JILl:t'P JI (l>panH.'HTOB c 3ap1I11O11 Z :meprenrqe- . 

CKUll 3KBIIBaJieHT lIX -qepeHKOBCKOfO ll3JJ:YlleHllJI paBeH 

E ""B -_ 2 2 E""B z - . ,.- (5) 

rrpn ycnomrn, '-ITO H.upa II (ppanreHThl He ucrrhlThlBaIOT KaKux-m160 BJa

~~110,n;e:itcr:anit c Bemecrnmi: pamrnrnpa. 
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.C YBE;.mrqemi:e1l 3apSina cppanreHTa II.mi: Sinpa 1rnTeHCIIBHOCTb qepeH
Konc:noro IIJ.nyqemrn no3paCTaer KaK Z2. qTQ o6ycJioBmrnaer 6oJiee Bhlco
Koe a1rnJlliT)'lllIOe pa3pell!eHIIe: a /A. ~ 6% lIJIJI rrpoToHoB II a /A. ~ 3% 
iIJIJI JUlep re.mi:SI. 3TII pe3ym.rnThl m1mocTpIIpy10T pIIc.5 II Ta6.mi:ua. 

B11ecre c re11. c yBe.:rn:qeHIIe11 JapSina II 1racchl A cppanreHTa 11eHSI
IOTCJI a1rn:nny1m:hle crreKTphl. 3TO CBJIJaHO 

1) C Y1H)Hbll!eHIIe1I lIJilIHhl rrpo6era cppanieHTa B pailllaTope (KaK 
A.- 2/

3 
) II yBeJI1Iqemi:e11 Bh:Jiana HeyrrpyrIIx rrponeccoB II3-Ja BJaII11011eii

CTBIIii: cppanreHTa II rrpo.Ziy:n:ron ero pacrra.Zia c Bell!ecrnm1 pa1IIIaiopa: 
2) c yBe.'IliqeHIIe1r 3Heprenrnec:n:nx rrorepn cppanreHTa. rrpnBOMllIIIX 

K II31IeHeHIIIO ero c-Kopocni (~~/ ~ Z 2 /A.). 
ITepeqIIcJieHHbi:e cpa:n:TOphl 110ryr cyll!ecrneHHo nc:n:aJIIn a1rnJI1Iry

nHhle crreKTphl II . IIOBJilIJITb Ha TQqHOCTb orrpe.ZieJieHIIJI 31':BIIBaJieHTHOii: 
3IIeprII'n. ·B qa~THOCIII. KaK rro:n:aJhlBaeT aHaJTII3 crre:nrpoB·. rronyqeH~hlX 
_rrp~ 3KcrroHnpo~aHnn ~r-crreKrpmreTpa Ha rryqKe Jinep yrnepo.Zia ( Hnep
Hhlii: rrpo6er ,..:., f 5, n1, IIJIII ~ · 22% OT 11:JIIIHhl pa1IIIaTopa) B pacrrpene-

• • > ~ • • - ' ' 

JieHIIJIX a1rnJI1Iry11 ~1-CIIeKTpm1erpa rrpaKTIIqec1m He rrpoJIBJIJieTCJI IIIIK OT 
co6hlTIIii: rrpSI110ro rrpoxoiK.lieHIIJI Jinep yrnepo.ria qepe3 pa1IIIaTop. 

Mcrrom.30BaHIIe JierKIIX ¢panreHTOB, TaKII).1 o6pa3mI, SIBJISieTCSI OIITII
)IaJII,Hhl).f J.J;JIJI Ka.mi:6pOBKII ~(-CIIeKTpO).IeTpOB B naHHO:ti IIOCTaHOBKe. 

IlpII B3am.roneii:CTBIIII peJIJIIIIBIICTCKIIX JI,n:ep C Hnpa1rn [4], 06pa3y10-
llIIIeCJI CTpIIIIIIIIHfOBhle qJpanreHThl II)IeIOT n1rnym,chl cpaBHII)Ihle C II)I
irym,cmr HaneTa\oll!ero SI.Zipa II 3q:>q>eKTIIBHhle ceqeHIISI (lIJISI cppan1eHTOB 
lH . 3H > 2/3 4.1/3 -;- e) aq,parn. ~ 10. A./J .• T 116apH, rne AP II A.y COOTBeTCTBeHHO 
1racchl HaneTaIOll!ero Hnpa II Hnpa-1rnll!eHII [5]. 

Pe3ym,TaThl :nami:6poBKII ~1-crreKTpo11eTpa cppan1eHra1rn Sinpa yrne
pona c m.rnym,cm,r 4, 5 f3B/c Ha HYKJIOH rrpencranneHhl Ha pIIc.5. CrreK
rpo11eTp 3KCIIOHIIpoBaJicJI non yrJia:;rn 6, 7° II 8, 1 ° no OTHoll!eHIIIO K Ha
rrpaBJieHIIIO IIa.ZiaIOmero rryqKa. YroJI OTKJIOHeHIIJI rryqKa lIIIIIOJII,HI,I).I ).fa

fHHTo:\1 COCTaBJISIJI 4, 1 °. 
A1IIIJilII)'llllhlil cneRTp CTpHIIIIHHfOBhlX IIpOTOHOB co cpenHHM 3Haqe-

. HHe1I H11IIym.ca paBHhl11 4. 5 f 3B/c Ha CTaTHCTHKe 1652 C06hlTIIJI IIOJIY
qeHHhlll rrpn 3KcrronuponaHHH ~;-crreKTpmi:eTpa non yrJimI 8, 1 °, rrpen
cranneH Ha puc .. fa. :-.IaKcII11y11 rrpu A = 22, 44 ± 0, 0-3 06pa3onan rrpo
TOHa1rn, h:OTOphle IIpOXOlIJIT qepe3 pa.z:oiaTOp ·~;-CIIeKTpmieTpa 6_e3 ~3a.H-
1101Ief1CTBHIL :-.IaKcu11y11 rrpu A ~ 87. 5 ±' 0. 4 o6pa'3oBaH inpaMH 3 He 
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(165 co6i,rrn:ii) co cpe.mrn:M 3Ha"tleHHeM mmym.ca paBHIDI 3, 0 f3B/c Ha 

HYKJIOH. BeJIH"l!HHM u / A .IVIJI yKa3aHHI,IX m,mJIHTYJUIMX CIIeKTpoB npHBe-

,neHI,I B Ta6JIH:ue. · 

Ta6mrn;a. 
AMnJIHTy,z:nIMe pa3pemeHHJI u / A JI.JIJI pa3JIH"llHMX -qacTHII H cppanreH

TOB. B cKo6Kax PJIJI.0M co 3Ha"tleHHJIMH cKopocTH B yKa3aHM yrJII,I OTKJI0-

HeHHJI cpparMeHTOB JI.Hil0Jil,HI,IM MarHHT0M. 

qaCTHIJ;a CKopocTi. AMnJIHTymrne pa3pemeHHe 

/3 (I /Al '7c 
lH 0,979(8,1°) 6.1±0,2 

0, 984(6, 7°) 6,0 ± 0,4 
3He 0, 954(8, 1 °) 3,2 ± 014 

o, 971(6, 7°) 2,8±0,2 
2H 0,847 15,8 ± 0,6 

7r - 0,999 5, 7 ± 0,2 
µ± ~1 5,1 ± 0,6 

. AMnJIHTy,z:nIMe cneKTpM, H3MepeHHI,Ie no,u yrnoM ·6, 7° rrpH 66m,nrnx 

3Ha"tleHHJIX HMnym.coB: Pu~ 5, 3 H Pue ~ 3, 8 f3B/c Ha iiyKJioH, npH

Be,n;eHM Ha pirc.56. KaK BlI,mI0 lI3 pHCYHKa BI,IXO,U JI,Uep 3 He IT0JI. yrnoM 

6, 7° IlO"llTH B ,llBa pa3a npeBI,IillaeT l:IHCJI0 rrpoT0H0B ( C00TBeTCTBeHH0 912 

H 563 co6hlTlIJI). IIocJie,miee CBJI3aH0 C TeM, l:IT0 JI,n;epHMe cppanreHTI,I B 

OCH0BHOM o6pa3y10TCJI C H!lmym.caMH ( Ha HYRJIOH)' 6IDI3RH!l1H I{ H)mym,cy 

HaJieTaromero JI.upa. OTHomeHHJI MaKCHMYM0B ,n;JIJI npoT0H0B H JI.Ziep 3 He 
Ha pHc.5a H 56 COOTBeTCTBeirno paBHM: 

A 0
(

3

He) = 3, 90±0,02 (6a) 
A0(1H) 

H Ao(3.He) .= 4,01±0,04. 
Ao(1H) 

(66) 

YRa3aHHhle omH6RH JIBJIJIIOTCII CTaTHCTH"lleCKHMH. OTJIH"l!He OTHOIUeHHH 

(6a) H (66) BI,IXOJI,HT 3a rrpe,n;eJII,I CTaTHCTH"lleCKHX omH60K lI CBJI3aHO C 

H3MeHeHHeM CRopocTeil: cppanieHTOB rrpH H31IeHeHHH yrna BMJieTa ( CM . 

. Ta6JIHIJ;y). Pac"tleTHMe 3Ha"lleHHJI OTHOIIIeHHH ( 6a) ·. II ( 66) COOTBeTCTBeHHO 

paBHhl 3, 91 lI 3, 96. 

'8 

3aBHcm10cn. mmmITy.ZIM -qepeHROBCROI'O ClII'HaJia OT CRopocTH cppar

:l.IeHTOB o6ycJIOBJieHa: 
1) HHTeHCHBHOCTblO -qepeHKOBCROI'O H3JIY"tleHHJI 

d2.Y 
di d,\ ~ sin

2 
0c. 

(7) 

me 0c = arccos(l/Jn) . .J - cRopocTI,•qacnmM. n - K03<p<pmm:eHT rrpe

no1rnemrn cBeTa n pa.mrnrope: 
2) K03(p<pmrneHTO)I Ec(0c) CBernc6opa Ha <pOTOKaTO,U <1>3~·. 
Bem1:qnHa Kc orrpe,ueJIJieTCJI orrnfqecKIDIH rnoitcrna1m (Ko3<p<plIIlII

eHTmI rrornomeHHJI CBeTa. R03<p<pm1neHrm1 rrpenmrneHHJI) · pa.mrnropa II 

OTHOIUCHUe)I rrnoma.n:efI. xapaRTcpn3yronnrn IIOKpMTIH:' cpOTOKaTO.UO).! co-

61Ipa10me:i:i rpaHII paJI.HaTopa. 
Pe3ym,raTM pacqeTOB ,n:JIJI 3aBncmrocrn oTHoIUemrn A( 3)/A( 3 = l) 

OT cRopocTH .3 .ZIJIJI cppanreHTOB 1 H. 2 H u 3 He npe.n:crairneHhl Ha pIIc.6. 

PacqeThl DhIIIOJIHeHhl C yqeTm.I peaJII,HOlI TpaeKTOpllll CBeTa. U3~·-qa

e)IOI'O rro,u pa3Hhl)IH a3m1yTafilHhl)III yrna)IlI, B npe.n:nonoa.emm. qTo 

. cpparireHThl rrpoxo,n;HT no ocn pa,unaropa. B pacqerax yqHThIBaJioci, Top~ 

)IOmeHUC cppanreHT0D BC ne ,n:CTBUC H0HU3aUH0HHhIX II_0TCpb ::rnepr:im U HC~ 

II0Jil,30BaJIIICl, CJH'~'lOllillC ne.1JHqlIHhl: K03cp<pIIIIllCHT rronmmeHIIJI CBeTa 

B paJI,HaTope K = 0. 015 (pa,Zl.e.n:. )-1. ornoI1Iem1e rrnoma.ZlefI cpoTOKaro.n:a 

<l>3Y u co6npa10mcii: rpaHn paiuraropa 68<Jc. 

KaK BH.UIIO U3 puc.6. B o6nacrn .3 "I:., 0. 95 (P -;:_, 3 f3B/c Ha H~·

KJIOH) OTH0IUeHirn 11( 3) = A.( 3) /A.( 1) .UJIJI yKa3aHHhIX "nhIIUe cppanreHTOD 

rrpaRruqecKu conrra.n:a10T u. c roqHocn.10 ~ 0. 2% anrrpoKcmmpyrorcJI 

cpop:.1yno11 
1 - 17 = 6w - 60 ~ 0. 85(1 - J). (8) 

r,ue 6w ~ l. 2(1 - J) - 3aBUCll)fOCTl, IrnTeHCUBH0CTII qepeH:nonc:noro U3-

eyqeHUJI or 3. a 00 ~ 0.35(1- J) - tpa:nrop. yqurhlBaIOlliHll 3aBUCJBIOCTb 

i-o:icpcpuuneHTa cneroc6opa Ha <poToKaTon: <I>3").. OT ~Tna 1-13~·qemUI. 

OTHOIUeHJIC a:.IIIIDITY.Zl 1/ = A(.Zlei-iTpOH)/A(p-:\Ie3oH) ,UJIII n:eitrpOHOB 

c 3 = 0, 847 n RdnrnqecKnX t1-:.1e3oHOB ( J > 0, 98) Ha puc.6 o6o3HaqeHo 

cn!lrnonmr "o·· ." brmique 3i-;crrepmreHramHoro- n pacqerHoro 3HaqeHn.ti: 

1J' "K0Topoe COCTaBJIJieT ~ 4 7c ( 3. 3· cTaHn:apTHhIX Olllli60K) B03).1Q;KHO CBJI-

3aHO-C BKTia,Zl<m n. mmmnym1MfI krre:nTp ,Zlc:i:irpoHon · Heyrrpyrnx rrpouPc

con .. ·, :-, ;,, 
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PHc.6. Pac1IeT 3aBHCH).IOCTH ornoIIIeHHJI a).IITmITYlI A( 3)/.4( 3 = 1) OT 
cRopocrn: qipanreHTa 3. KpHBhle OTHOC.IITCSI R qlpanreHTa).I 2 H (RpHBaSI 
1-): 1 H ( RpHBaSI 2) H 3 He ( Rp1rnaJI 3). CmrnoJIO!II "o" o6o3Ha1!eHo 3Rc
rrepHlieHTamHoe 3Ha1Iem1e ornoIIIemrn A(:3) /.4( 1) lIJIH. ne:ihpoHOB rrpu 
3 = ·o, 847. IlyHRTHpHaJI RpHBaJI paC1!MTaHa no cpop).IyJie (7). . 

:_300 

;,', 

~ 200 
~ 

'.G -
.\J 

:,; 

::i 

=-< 100 
:lJ .... 
u 

0 
100 

• - riettTpOlll,l 

0 - ;..:.-KOC~J,ll{. 

~ 
;•: ~\ 

I ' / I 
I ~. 
' ' I \ 

f \ r ~ ;.\. 
I rJ a.~ 
I - \ 

I "\. 
I .\. 

./ \". 
/ \ . / ·r· , ... 

• ._ .... .,... /✓ ... ·-, ·-· r- . ·- ... _ •• 

3 

HoMep Kanana 

,1 

Puc.7. ·A).mmnynm,re crreKTphl neiiTpoHoB c HMnym,coM 1,5 f3B/c 
Ha HYRJIOH (3 = 0' 84 7) M µ-11e30HOB (/3 ~ 1). IlyHRTHpHaJI RpHBaJI -
pac<ieT lIJIJI µ-1Ie30HOB co CROpocn.10 i3 = 0,847. 

t'o 

. .lleiiCTBMTeJII,HO. RaR BMJlHO lI3 plIC. 7 lI Ta6mi:uhl. a:\mJIMT;\WIOe pa3-
peIIIeirne lIJIJI neiiJpOHOB OROJIO 15%. 1!TO He 061,JICHJieTCJI TOJThRO y:\IeHI,
IIIeHHe:\I lIHTeHCIIBHOCTlI -qepeHROBCROro M3Jl)'1!eHIIJl. KpO).{e Toro, alIIIJIM
TYJUihle crreRTphl neiiTpOHOB H).IeIOT HeCM).n!eTpH1!Hhlll xapa1nep: 

a_/.4 = 13. 6 ± 0. 7%: a+/A = 18. O ± 0, 9%. (9) 

rne a - M a+ OTHOCSITCJI COOTBeTCTBeHHO R JleBOlI H rrpano:ii 1!aCTJI).! a!II
IlillIT}WIOfO pacrrpene.rremrn. 1!TO TaRine yRa3hlBaeT Ha BJilIJIHIIe Heynpy
nrx rrpoueccoB. B crreRTpax JI11ep 3 He acu:m1erp1rn alIIIJIIIT~WihlX pac
rrpene.rreHH:ii rrpOJIBJIJieTCJI B 3Ha1!MTe]IbHO )IeHI,IIIefr CTerreHM: a_/A. = 
2, 5 ± o, 2%: a+/.4. = 3.1 ± 0, 2% BBHlIY Toro. 1!TO rrpn OTHOCHT_eJThHO 
6JIH3:KIIX 3Ha1!eHMJIX aTO).IHI,IX BeCOB, 1!epeHROBCROe · 1rJJiy-tieHIIe lIJIJI Jillep 
3 iI e B 4 pa3a 6om,IIIe, 1!e:\I ii:JIJI nei-i:TpoHOB. 31rn1rnaJieHTHaJI 3Heprmr JL'ISI 

JI1Iep 3 He pantrn: 

E;I:a ~ 4E;If ~ 4£;"8 = TJ( 3) · (1528 ± 16) :\hB. (10) 

r.ne TJ - R03cpcpmm:eHT. Y"t!MThlBaIOmII:ii 3aBIICinlOCTI, a:\mmIT~'i'U,I OT CRO
poCTII ( CM. (8) II pHc.6). 

5. OcHoBHI:,Ie pe3yJI1>TaTI:,I 

1. IIpoBe.neHa Ramr6poBRa -qepeHROBCROro ")'-CITeRTpmieTpa M3 CBIIH
UOBoro cTe1ma Ha rry-qRax µ-, 7i-).Ie30HOB u JI.z:tep 1 H. 2 H u 3H e c IIM
nym,coM 110 3,8 f3B/c Ha HYRJIOH. 

2 . .llJIJI ')'-CIIeRTpOMeTpa C pa1IHaTOpm1 llmIHOll 14 pa.n:.e.n:. lI3:\IepeHI,I 
BeJIH1!IIHI,I 3HepreTII'tleCRIIX 3KBIIBaJieHTOB 1-I a).IITIDITYJlHHX pa3peIIIemn1: 
1IJIJI peJIJITJIBIICTCRIIX µ-. r,-).IeJoHon ll rrpornHon: £}"8 ~ 382 :\hB n 
a/A= 5+6%. 

3. l-hMepeHa Bemr1I1rna 3Heprenr-qec:Koro 3RBHBaJieHTa JL'ISI JI.n:ep .neH
TepIIJI c llMITYJThCOM 1.5 n~B/c Ha HYKJIOH: 

En:(8 7" 0.847) ~_0.849 · £;"8 (3 ~ 1) ~ 324 :\hB. 

3HepreTII~ecKIIii 3RBirnaneHT ,nJIJI peJIJITUBUCTcRnx ( 3 ~ 1) JI1Iep .neitTe
pMJI, 

E;: (;3 ~ 1) ~ 1. 04 · £,~"8 (.3 ~ 1) ~ 397 :\hB. 
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4. Haitn:eHo, "tJ:TO B 06Jiacn1 3Heprnil ~ 3 f3B/HyKJIOH KaJIII6poBKa ~/
cneKTpo1reTpoB H.upa1rn 3 He B .n:aHH0R II0CTaH0BKe JIB~eTCJI 0IITlDiaJil,
HOM BBII.Zly: 

a) BhlCOKoro a~mnuy.zmoro pa3penreHIIJI ( c, /A. ~ 3%) npn: He3Ha"tJ:H
Tem.Hmr ( < 1 % ) BillIJIHHH Ha 3HepreTH"tJ:eCKHR 3KBHBaJieHT Heynpyrnx 
npoueccoB: 

6) orrnrnam,Hoil BeJIII"tJ:IIHhl 3Heprenr"tJ:eCKOfO 3KBHBaJieHTa ( E;;:3 ~ 
L 53 f3B), pacrroJioiKeHHoro B pa6otre:1r mrnrra3oHe n311ep11e1mx 3Hep-
rnii; · 

B) 6om.moii Bemrti:HHhl rror1epe"tJ:Horo cetreHHJI pea:KUHH CTpnrrmrnra 
(o:KoJio 0,3 6apH .n:JIJI Pb :unmemr): 

f) B03:II0if(HOCTII IIX rrpocrpaHCTBeHHoro pa31Ie.'remrn OT lIP~TIIX CTpim
IIIIHf0BhlX q>par;reHTOB :IIaIHIITHhllI II0Jie:II. 

B 3aKmo-qeHne aBrophl BhlpaiKaIOT CB0IO 6Jiaro.n:apHocn, A.::VI.BaJimrny 
3a rro.n:.n:epiKKY II BHirnaHIIe: H.C.CaIIToBy II I1.H.3apy6Irny 3a rroJie3Hhle 
3a:11etraHuJI. : 

Pa6orn BhlIIOJIHeHa rrpu rro.n:.n:epiK:Ke Poccuil.CKoro q>oH.n:a q>yH.n:a1reH
rnm,Hhlx UCc.ire.n:oBaHHM ( rpaHT N° 95 - 02 - 04802 - a) 
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A6paaM.HH X.Y. 11 .up:- PI-95-532 
Kam16posKa i.1epeHKOBCKoro raM~!a-ClleKTpOMeTpa .· ' 
peJI.HTllBIICTCKIIMII .H.Upa~III . . . 

npose.ue11a Kam16po'sKa ,,epe11Ko·scii'oro y~cneKTpmteTpa ,n·cs1111uosoro CTl;KJla 

.um111oii i 4_ pa.u. e.u .. 11~ ny'1Kax 11-, 1H1e3011os_, npoT011os 11 ».uep 2H 11 3He c 
m,mynbCOM .uo 3,8 T::iB/c na 11yKJ10i1. 311epren1YecK11e. ::>KBIIBaJtellTbl (ii e.u111111uax. 
::i11epn111 ::>JleKTpo11a) il/1.H peJI.HTllBIICTCKIIX µ-, 7t-Me30IIOB. II 1ipo:ro_110B C TO'IIIOCTbKJ 
- I% ·cos1ia.n,a10T II cocrnBJllllOT 382 M::iB np11 aMrn1111-y.u110M pa3pewe111111 
a/ A = 5 + 6%. 311epreT11'!eCK11ii ::>KBIIBaJ1e11T wrn »ilep ileii'repm1 cocrnsm1eT 

• , • • " I 

E~Kf(~ =0,847) = 0,849-E t = 324.M::>B 11 £~'!(~· = I)= 1,04·£~"~ = 397 M::iB. 

Haii.ue110, •no s 0611acn1 ::ineprnii.>3 r::iB/11yKJ1011 KaJm6poBKa y-cneKTpm1eTpos 
'l . . ·. : . . . . . - . • 

".upal\111 · He "BJJ.HeTc» . rnrr11MaJib11oii BBllilY s1,1c0Koro aMIIJIIITYilltOro · pa3pewe111rn 
( a I A._ 3%) np11 nei11a,111TeJlbllmt (<I%) BJ1mi111111 ,m ::i11epreTU'leCKllii 3KBIIBaJl_e,ri· 
11eynpymx npoueccos. 

Pa6orn Bb11101111e11a B Jla6oparnp11-ii' BhicoK11x ::inepmii OJ.151J.1. 
, ' • < ' ' 

npcnp1111; Om,cm111c1111oro, IIIICTIITyra ll:tCpllhlX, 11cc.1e:t0Ba1111ii. 1ly611a\ 19.95 

flepeBOil aBTOpOB . 

Abraamyaif Kh.U. et al. · PI-95-532 
Calibration of a Lead Glass Cherenkov Spectri.1meter 
by ,Relativistic Nuclei ~ · · -

The calibr~tion ofa lead glass Cherenkov gam1~a-spectrometer 14 r.l. in length 

by beams of µ-, 1t-mesons, protons and 2H an.d 3He nuclei has·' been performed up 
to 3.8 GeV/c per nucleon:The energetic equivalents (in electron energy units) for 
relativisticµ-, 1t~rnesons and protons coincide with a precision of-:- I% and are equal 
to 382 MeV for ·an amplitude resblution of cr / A = ,5 ".". 6%. The energetic equivalent 

for 2H nuclei is equal: E ~~v(~:; 0,847) = 0,849.£ ~qv = 324 MeV; ·and· 

E~~v(p =I)= 1,04-Eeqv = 397 MeV. It is shown that the calibration of the 
µ . ·. . •, . 

-gamma-s.pectrometer by 3He nuclei over an energy_ range of >3 GeV./nucleon is 
optimum due to a high amplitude resolution (cr / A - 3%) when the influence of 
inelastic processes on the energetic equivalent is insignificant (<I%). 

The investigation hai been performe_d at the Laboratoryof High Energies, JINR. 
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