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BnnoTL AO nocneAHero speMeHB 3KCnepaMeHTanLuas 
au~opManas o cneKTpax npoToHoB swcoKoii 3Heprua, reue
papyeMwx B 3&DUITe YCKOpBTeneii, OTCYTCTBOBana B na
TepaType. llepswe pe3ynLTaTw H3Mepeuaii 3HepreTH'IeCKBX 
pacnpeAeneHBH llpOTOHOB 3a 3&DUITOH 184-JUOHMOBOrO CBH
xponaKnoTpoua nonyqeuw s liepKnB 11 ~ CneAYIOinHM Ba)I(

HWM warou ssnseTcs B3Mepeuae cneKTpanLuo-yrnosoro 
pacnpeAeneuas npoTouos B none B3nyqeuas 3a 3ain&Toii 
ycKopaTeneii. TaKas BH~opManas ueo6xoABMa ue TonLKO 
AnB YCTaHOBneHBB CTeDeHH paAUanBOHHOrO pBCKa OT :JToro 
KOMIIOHeHTa DOUJI, HO, 'ITO oco6eHHO Ba)I(HO, AnB nposepKB 
MeTOAOB paC'IeTa 3a~BTW B ycTaHOBneHBB CTeneHHaAeK
BaTHOCTB DOKa3aHHH A03BMeTpOB 3KBBBaneHTHOH ,A03e B 
nonsx B3nyqeuaii 3a 3&In&Toii ycKopaTeneii. 

B AaHuoii pa6oTe cneKTpoueTpo~1 auanorB'IHWM cneKT
poMeTpy, OIIBCaHHOMY B pa6oTe , B3MepeHW cneKTpW 
DpOTOHOB, BWXOABin&X B3 3amBTW CBHXpOn&KnOTpOHa Ra-
6opaTOpBH BAepuwx npo6neM OHJIH BAOnL uopuana K ee 
nosepxuocTa. lino'IHaJI cxeMa cneKTpoueTpa npaBeAeua ua 
puc. 1. CneKTPOMeTpB'IeCKBM C'leT'IBKOM s3 peracTpBpo
aanBCb npOTOHW, BWAeneHHWe TeneCKOIIOM CnBHTIIJIJIBn&OH
HWX C'leT'IBKOB Sl, S2 ,S3 .B Ka'leCTBe AeTeKTOpa "dE/dx, 
BCDOnb30B~CB nnacTB'IeCKHH cnBHTBnnBTOp TOnin&HOH 
0,72 Z/CM .HMnynLCW C 4>3Y C'leT'IBKOB S1 ,S2 , S3 'lepe3 
CTaHA&pTHwe Kauanw, COCTOBmBe B3 YCBnBTeJieii, c)opMB
pOBaTeneii B 6nOKOB 3a,Aep)I(KB, DOCTYD&nB Ha BXOAW CXeMW 
TpOiiHWX COBD&AeHBii (CC}. 

Cne:tCTpOMeTpB'IeCKBii BMUynLC C 12-ro ABHOA& 4>3Y 
c'leT'IBKa S3 noAasanc• ua BXOA naueiiuwx sopoT, ynpas
n•swxxc• cxeuoii cosna,Aeuaii, a ero aunJIBTYA& 3aTeM 
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Puc. 1. D/IO'lHQJI cxeMa cneKmpoMempa. s I, s2 , s3 
CijUH1/IU/I/IJiijUOHHbJ€ C'l€1/l'lUKU; Y - YCU/IU111€/Ib; 4J - (JopMu
poaameAb; 3 - 3aoepJICKa; AH- oucKpuMuHamop uHmezpaAb
HbJU; CC - cxeMa coanaoeHuu; JIB - Auuei1Hble aopoma; 
AH - QHQ/IU3Q1110P UMnY/IbCoa; aiiY - liU¢pone'la1/la10Ujee 
ycmpoucmao. 

HJMep.HnacL c ITOMOI.l{LIO MHoroi<aHanLHoro aHanuJaTopa 
HMnynLcoa. HIDKHHii JHepreTH'IeCI<Hii nopor cnei<TpoMeTpa 
(E min) onpe~emmc.H 3Heprueii npoTOHOB, HMeiOI.l{BX npo6er, 
paBHbiH CYMMapHOH TOnl.l{HHe C'leT'IHI<OB S 1 , S2 , S3 . )J;nR 
JanpeTa periiCTpaUBH ITpOTOHOB ,HMeiOI.l{HX ITpo6erH 6onLWHe, 
'leM CYMMapHaJI TOni.I{HHa C'leT'IHI<OB S1 H S2, HO MeHbWHe, 
'leM npo6er npoToHa c JHeprueii E min , B cnei<TpoMeTpe 
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npHMeHJIJICJI KaHan pe)l(eKUHH DpOTOHOB C MHHHManbHOH 

:meprHeii. HMnynbCbl CO C'ieT'IHKa S2 , COOTBeTCTBYIOIUHe 

TaKHM DpOTOHaM, OT6HpanHCb C DOMOI.QbiO HHTerpanbHOrO 

,ll;HCKpHMHHaTopa H DO,D;aBanHCb Ha BXO,Il; aHTHCOBDa,D;eHHH 

6noKa CC. BepxHHH 3HepreTH'ieCKHii nopor cneKTpoMeTpa 

o6ycnoaneH ,ll;ODYCTHMbiM aMnnHTY,D;HbiM pa3peweHHeM 

cneKTpoMeTpa. 

B pa6o'ieM ,D;HanaJoHe 3HeprHii npoTOHOB oT 55 ,D;o 

500 M3B aMnnHTY.D;Hoe paJpeweHHe cneKTpoMeTpa cocTa

BHno COOTBeTCTBeHHO 11 H 27C1fo , yrnOBOe pa)peweHHe 

CDeKTpOMeTpa DpH ,ll;JIHHe nponeTHOH 6a3bl 1030 MM- 3°30'. 
TeneCHbiH yryn perHCTpauHH npOTOHOB n paaeH 2.1o-3cp. 

3aBHCHMOCTb Me)I(,D;y CBeTOBbiM BbiXO,Il;OM CUHHTHnJIJI• 

TOpa H HOMepOM KaHana aHanHJaTopa MO)I(HO npe,D;CTaBHTb 

B BH.D;e 

x dL dx=KN+a, fdx 
0 

/1/ 

r,D;e dL I dx - y,D;enLHbiH caeToaoii BbiXO,D; nnacTH'iecKoro 

CUHHTHJinJITOpa; X - TOJII.QHHa CUHHTHJinJITOpa; N - HOMep 

KaHana aHanHJaTopa; K, a - K03cMIHUHeHTbi npeo6paJoaa
HHJI. 

B peJyJILTaTe rpa.D;yHpOBKH 6biJIH 3KcnepHMeHTaJibHO 

onpe,D;eneHbl K03cllciiHUHeHTbl npeo6paJoaaHHJI K H a ,D;nJI 

HeCKOnbKHX 3Ha'ieHHH 3HeprHH DpOTOHOB, na,D;aiOI.QHX Ha 

cneKTpOMeTp. rpa,D;yHpOBKa CDeKTpOMeTpa npOBO,Il;HnaCb 

c noMOI.QbiO nyqKa npoToHoa c 3HeprHeii 189 M3B I~; ,[J,nJI 

DOJiy'ieHHJI pacnpe,D;eneHHH npOTOHOB, 6JIH3KHX K MOH0-

3HepreTH'ieCKHM, HCDOJib30BaJiaCb peaKUHJI ynpyroro p-p
pacceJIHHJI npoToHoa nyqKa Ha Bo,D;opo,D;e CH

2 
MHWeHH. llpH 

rpa,D;yHpOBKe COBMeCTHO CO CDeKTpOMeTpOM ,ll;JIJI Bbi,D;eneHHJI 

npOTOHOB p- p pacceJIHHJI BKJIIO'iaJICJI CODpJI)I(eHHbiH Tene

CKOD CUHHTHJIJIJIUHOHHbiX C'ieT'iHKOB. ,[l,nJI HaXO)I(,D;eHHJI ciiYHK

UHB 'iYBCTBHTeJibHOCTH cneKTpoMeTpa npH paJJIH'iHblx JHa

qeHHJIX 3HeprHH DpOTOHOB B HHTepBaJie 3HeprHH OT 55 ,ll;O 

660 M3B 6blnH pacC'iHTaHbl pacnpe,D;eneHHJI caeToaoro Bbl

xo,D;a B CUHHTHnnHTOpe C'ieT'iHKa S3j
4
o:flCJIOBneHHbie cllnroK

TyaUHJIMH HOHH3aUHOHHbiX DOTepb ' , H COOTBeTCTByiO

I.QHe HM annapaTypHble pacnpe,D;eJieHHJI 'iHcna HMnynLcoa no 

KaHanaM aHaJIH3aTopa. llonyqeHHble ciiYHKUHH 'iYBCTBH

TenbHOCTH 6blnH CKOppeKTHpOBaHbl C yqeTOM CTa-
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cneKmp. 
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TBCTB'IeCKBX cllmoKTyauB:ii aMnJIBTYA BMnym.COB ~3Y, 
onpeAenJleMwx 'IBcnoM clloTOHOB B 3neKTPOHOB I 6 I 
B reoMeTpBeii cneKTPOMeTpa, a npeAnono>KeHBB, 

'ITO 3TH cllmoKTyaUBB OnBChlBaiOTCJl HOpMaJihHhlM 

3aKOHOM pacnpeAeneHBJl. ~YHKUBB 'IYBCTBBTeJihHOCTB 

AnJl HeKoTopblx Kaaanoa aHanB3aTopa npBBeAeHbl Ha puc. 2. 
)J.m1 npoaepKB COOTBeTCTBBJl JTBX cllYHKUBii 'IYBCTBBTenbHO· 

CTB peanLHbiM annapaTypHbl:ii cneKTP npoTOHOB p-p pacceJl· 

HHJl, BblneTaiOn.tBX B3 CH2 MHWeHB noA yrnoM 45° K Hanpaa

neHBIO ny'IKa, cpaBHBBancJl C paCC'IBTaHHbiM annapaTypHbiM 

cneKTpoM. PeJynLTaTbl cpaBHeHHJl npaBeAeHbl Ha puc. 3. 
Haxo)I(AeHHe cneKTpa CBOABTCJl, KaK B3BeCTHO, K pewe

HHJO HHTerpanLHoro ypaBHeHBJl ~peAronLMa 1- ro poAa 

CJleAYIOn.tero BHAa: 

E2 
N. +8. =n J "- (E)dE)f .(E)dE, i=(l, ... ,m). /2/ 

I I 'f' I 

El 
3AeCb N i- qacno HMnynLcoB B i- oM KaHane aHaJIBJaTopa; 

8 j -, OWH6Ka H3MepeHBJl 'IBCna HMnynLCOB B i ·OM KaHane; 

cp(E}- HCKOMbl:ii cneKTp npOTOHOB; f (E) - 3cllclleKTBBHOCTb pe

rucTpauuu npoT~HOB c 3Heprue:ii E ; f i(E) - cllYHKUHJl 'lya

cTBBTenLHOCTH 1 - ro KaHana aaanB3aTopa K npOTOHaM C 

JHeprue:ii E ; E 1 , E 2 - rpaHHUbl 3HepreTB'IeCKoro BHTepBa

na, B KOTopoM onpeAenJleTCJl cneKTp npoToHoa; n - Tenec

Hblii yron perHCTpaUBB npOTOHOB. 

YpaBHeHHe /2/ pewanocb MeTOAOM cTaTHCTH'IecKoii 

perynJlpH3aUHH /7-9~ )J,nJl npoBepKH npBMeHBMOCTB MeTOAa 

6bln BblnOnHeH MaTeMaTH'IeCKHH 3KCnepHMeHT no BOCCTa· 

HOBJleHHIO 3apauee 3aAaHHbiX /TeCTOBbiX/ cneKTpOB, B Ka· 

'leCTBe KOTOpbiX 6b1J1B B3JlTbl nnaBHble cneKTpbl C OAHHM 

MaKCHMYMOM /eM. puc. 4/. Pe3yJlbTaTbl BOCCTaHOBJleHBJl 

TeCTOBbiX cneKTpOB BnOJlHe YAOBneTBOpHTeJlbHble, 'ITO, npH 

KOppeKTHO onpeAeneHHbiX «iiYHKUHJlX 'IYBCTBBTenLHOCTH, no-

3BOJ1JleT HHTepnpeTHpOBaTb cneKTpbl, BOCCTaHaBnHBaeMble 

no noKa3aHHJIM cneKTpOMeTpa, KaK HCTHHHble . 

llnaH 'laCTH 3AaHHJl CHHXPOUHKnoTpoHa H nono>KeHHJl 

cneKTpOMeTpa npH H3MepeHHH cneKTpOB npOTOHOB DOKaJa· 

Hbl Ha puc. 5. Ha puc. 6A npeACTaaneu 3HepreTH'IeCKHH 

cneKTp npOTOHOB, 06fa30BaHHbiX B >KeJle 3HOH 3arnywKe 

TOnn.tHHOH 156 2/CM , ycTaHOBneHHOH B Ha'lane 12· ro 

KOnJlHMa TOpa 4 • MeTpOBOH CTanbHOH aM6pa3ypbl; Ha puc. 6Ji • 

9 

~---------------------------------



3 

3KCnep~MeHTAAbHbl~ 3AA 
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Puc. 5. llAaH 'lacmu 300HU.R CUHXPOIIUKAompoHa U nOAOJICe· 
HU.R cneKmpoMempa npu U3MepeHU.RX cneKmpoe npomoHoe. 
1 - KaMepa ycKopumeA.R; 2 - o6opyooeaHue; 3 - 30IIIUmHa.R 
cmeHa; S 1 , S 2, S 3 - CfiUHmUAA.RfiUOHHbJe c<~em<~uKu; A u E -
noAoJKeHu.R cneKmpoMempa. 
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Puc. 6. CneKmpaAbHble pacnpeoeAeHu.R npomoHoe 3a "mow 
Kou" /puc. A/ u "moAcmou" /puc. E/ 30111U1110U. 

3HepreTH1.feCKHH ClleKT~ llpOTOHOB, BbiXO.IJ.Ril\HX H3 3all\HTHOH 

cTeHbi j-3000 z/cM Fe/ 110
<pa3.IJ.eJIRJOu.te:H JaJI CHHxpo

UHKJIOTpoHa H 3KCnepHMeHTaJibHbiH 3aJI, B)J,OJib HOpMaJIH K ee 

llOBepXHOCTH. 113MepeHHR BblllOJIHeHbi npH pa6oTe CHHXpO

UHKJIOTpOHa B pe~HMe BbiBe)J,eHHOrO llY"'Ka llpOTOHOB. fipH 
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oueHKe norpeWHOCTeB H3MepeHHB Y'IHTbiBaJIHCb CTaTHCTH· 
qe CKHe OWH6KH, norpeWHOCTH, B03HHKa10ll.lHe npH aMnJIH· 
TY.D.HOM aHaJIH3e, owa6KH, o6ycnosneaable .D.HCKpeTHbiM 
npe,ZJ.CTaBJie!JHeM HenpepbiBHbiX pacnpe,ZJ.eJieHHB aMDJIHTY.IJ. 
HMDYJILCOB II~ a TaiOKe norpeWHOCTH', Bbi3BaHHble perHCT· 
pausea 3ap.II>KeHHbiX qacTHU, OTJIH'IHLIX oT npoTOHOB. CneKTP 

npOTOHOB, H3MepeHHbiB 3a "TOHKOH" /156 Z/CM 
2
/ 3all.lB

TOH, - xapaKTepabli cna.u.amll.lBi cneKTp BTopH'IHbiX npo
Touos, o6pa3osaaablx B "ToJicToi" MHWeHH. Mana.11 sens
'IHHa npOH3BO,!J.HOH ~YHKUHH¢(E) pacnpe,ZJ.eJieHHJI npOTOHOB 

3a "ToJicToi" 3all.lHToi /- 3000 z/cM 2 Fe I .D.JI.II 3HeprHi 
MeHee -200 M3B /eM. puc. 6E/ o6yCJIOBJieHa B OCHOBHOM 

CJie,ZJ.yiOll.lHMlt DpH'IHHaMH: 
a/ .D.BYM.fl KOHKYPHPYIOll.lHMH 3~eKTaMH: npeaMymecT

seHHLIM pO>K,ZJ.eHHeM HH3K03HepreTH'IeCKHX npOTOHOB B HyK
JIOH- JI,ZJ.epHbiX B3aHMO,ZJ.eHCTBH.fiX H yMeHLWeHHeM sepOJIT· 

HOCTH BLIJieTa H3 3all.lHTbl 3apJI>KeHHbiX 'laCTHJ.l C yMeHLWe

HHeM HX 3Heprui; 
6/ uaKonneuaeM npoTOHOB c 3Hepraei 60-200 M3B, 

o6pa30BaHHbiX npH B3aHMO,ZJ.eHCTBHH C .fi,ZJ.paMH >KeJie 3a HeiT
pOHOB pasaosecuoro cneKTpa, o6orameaaoro 'laCTHUaMH 
c 3Hepraei 150-200 M3B /121. 

AsTopbl npH3HaTeJILHbl M.M.KoMO'IKOBY Ja nocTOJIHHbli 

HHTepec K pa6oTe H none3Hble o6cy>K.u.eua.fl, A.H.Pe3yHHKy 

a B.A.KynaKosy Ja noMOll.lL nps H3MepeHH.fiX. 
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