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BBEAEHHE 

B HaCTORUieH pa6ore npHBOAHTCR onHcaHHe AByxnne4eeoro cneKT~ 
poMerpa, coaAaMMoro AnR H3y4eHHR npA~x AAePM~X peaKI.lHH c e~

neroM 6~crporo AeHrpoMa. CneKrpoMerp paaMeUieH Ma B~BeAeMMOM 
ny4Ke npoTOMOB c 3HeprHe~ 670 M3B CHMXPOI.lHKnorpoHa OH~H. ~op
MI1poeaMHe 11 TpaHcnopTI1POBKa ny4Ka AO M11WeHI1 Oni1CaH~ B npeA~AY
UieH pa6ore 111. CneKrpoMerpoM per11crp11py~rcR 6~crp~e BTOPI14H~e 
4aCTHI.l~ nOA Man~MI1 yrnaMI1 /6 -8 °/ K nepBI14HOMy ny4Ky C HMnynb
CaMI1 AO 1800 M38/c B 11HTepeane +4% OTHOCI1TenbHO B~6paHHOrO 
11Mnynbca. B coenaAeHI111 c 6~crp~MI1 4aCTI11.laMI1 Moryr AeTeKTI1po
BaTbCA 4aCTI11.l~ ManoH 3MeprHI1 /20 M3B < E < 150 M3B/, e~era~
~11e Ha3aA nOA yrnaMI1 OT 80° AO 160~ TaKI1M o6pa30M, c nOMQUib~ 
cneKTpOMeTpa MO~HO 113MepRTb HMnynbC~ ABYX 113 Tpex KOHe4H~X 
npOAYKTOe peaKI.ll111 r11na A(p, xd)B, 4TO noseonAeT onpeAeni1Tb 
3Meprl1~ B030Y~AeHI1A OCTaT04MOrO AAPa 11 11MnynbCHOe pacnpeAene
HHe KOHe4H~X npOAYKTOB, a 3TO 11MeeT nepeocreneHHOe 3Ha4eMI1e 
AnA nony4eHHR CBeAeHI1H KaK 0 MeXaHH3Me peaKI.lHI1,TaK 11 0 CTpyK
Type RApa . PaMee 1~4/ TaKI1e peaKI.ll111 113y4ani1Cb B OCHOBHOM 
HHKn~3HBHO. 

CxeMa cneKTPOMerpa npHBeAeMa Ha pHc. 1. Ero OCHOBH~MI1 ysna-
Ml1 RBnAIOTCA: 

a/ cHcTeMa 113MepeMI1R HMnynbca 6~crp~x 4aCTI11.l 11 onpeAeneHI1R 
11x copra no epeMeHI1 nponera; 

6/ c11creMa 113MepeMI1A 3Mepri1H 11 yrna ewnera 4aCTI11.l , pac
ceAHH~X Ha3aA; 

e/ c11creMa or6opa co6~TI1H 11 MaKonneMI1A AaMH~x. 
8 COCTaB yCTaHOBKH BXOART TaK*e MI1WeMMaA CTaHI.li1A 11 KOnni1-

MaTOp AnA O~CTP~X BTOPH4H~X 4aCTI11.l. 

1. KAMEPA An~ MHWEHEA H KOnnHMATOP 

AnA ycTaHOBKH MHWeHeH cny~ar 4er~pe Aep~arenA BHYTPI1 eaKyyM
HOH KaMep~. Ka*AYIO H3 MHWeMeH MO*HO He3aBI1C11MO OT APYri1X BBec
TI1 e ny40K e pesynbrare noeopora ee AeP*aTenA, ocyU~ecrenReMOro 
H3BHe KaMep~. 60KOB~MI1 CTeHKaMH KaMep~ cny~aT naecaHOB~e ¢Qnb
rH TOnU111HOH 60 MKM, n03BOnRIOUIHe npOBOA11Tb perHCTpal.lHIO 4aCTI11.l 
c ManoH 3MeprHeH. B~coK03HepreTH4ecKHe npOAYKT~ peaKI.ll111, e~
neTa011111e nOA Man~MH yrnaMH no OTMOWeHHIO K nepBH4HOMY ny4Ky, 
B~XOART H3 BaKyyMMOH KaMep~ 4epe3 naBCaHOB~e OKHa 11 OCTaTOK 
nyTH npOXOAAT B B03AYXe. B 180 CM OT MI1WeHH nOA yrnOM 6,5° 
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P11c. 1. CxeMa cneKTPOMeTpa: 
T - MHWeHb; K - KonnHMaTop; 
AM - aHanH3Hpy~HH MarHHT; 
BS - nornoTHTenb ny4-
Ka; S 1 -5 4 - C~HHTHnm:t
~HOHH~e C4eT4HKH CHCTeM~ 
H3MepeHHR BpeMeHH npo
neTa; P 1-P 4 - MHoronpo
aono4H~e nponop~HOHanbH~e 

KaMep~; 5 6 - C~HHTHnnR
~HOHH~H C4eT4HK nonHOrO 
norno~eHHR; S 

6
_9 - c~HH 

THnnR~HOHH~e C4eT411KH 
AJ'lR 113MepeHHR dE/ dx 
MeAJ'leHH~X 4aCTH~ j 510-12 -
C~HHTHflnR~HOHHWH MOHHTOp 
MHWeHH. 

K nepBH4HOMy ny4Ky YCTaHOB
neH naTyHH~H KOnnHMaTOp AJ'lH
HOH 50 CM, 8 KOTOp~H MOryT 
BCTaBnRTbCR naTyHH~e BKna 
AWWH co ~enRMH, Hx paaMe-
P~ onpeAenROJ ropH3oH 
TanbH~H yrnOBOH 3a3op cneKT
POMeTpa. npH KOnnHMaTope C 
pa3MepOM OTBepCTHR 20x2Q MM 2 

yrnOBOH 3a30p 6() COCTas
nReT 11 MPaA. KonnHMaTop 
OKPY*eH *ene3H~M KO*YXOM 
TOn~HHOH 20 MM, 3KpaHHpyo
~HM pacceRHHOe MarHHTHOe 
none aHanH3Hp~ero MarHHTa 
AM, 4T06~ o6ecne4HTb npRMO
nHHeHHOCTb TpaeKTOpHH 4aCTH~ 
BHYTPH KOnnHMaTopa. 

2. CHCTEHA H3MEPEHHR HMnYnbCA 
H OnPE~EnEHHR COPTA 
6biCTPbiX 4ACTHU 
/nEPE~HEE nnE40 
CnEKTPOMETPA/ 

3Ta CHCTeMa COCTOHT H3 aHa
nH3Hpy~ero MarHHTa /AM/, 
TenecKona nponop~HoHanbHbiX 
KaMep (MWPC) H cneKTPOMeT
pa epeMeHH nponeTa (TOF). 
C noMO~bO TenecKona onpeAe
nAOTCR HanpasneHHe 1-1 KOOp
AHHaT~ T04KH B~XO,Qa 4aCTH~ 

113 MarHHTHOrO nOnA. no 3THM 
AaHH~M, Hcnonb3yR KapTy 
H3MepeHHH MarHHTHOrO nOnA, 
MO*HO B~4HCnHTb HMnynbC H, 
npHsneKaR HH¢opMa~H~ o ape
MeHH nponeTa, onpeAenHTb 
COpT 4aCTH~~-

2. 1 . HarHHTHwH aHanH3 

4acTH~w nocne KOnnHMaTopa 
npoXO,QRT 4epe3 aH&nH3Hpyo-

~ 

~HH MarHHT, B~nOnHeHH~H Ha OCHOBe 
MarHHTa Cn-57 C AHaMeTpOM non~Ca 
1 M H B03AYWH~M 3a30pOM 380 MM. 
B COOTBeTCTBHH c Tpe6osaHHAMH 
3KCnepHMeHTa AnA MarHHTa 6~nH 
H3rOTOBneHbl HeKOTOp~e AOnOnHH
TenbH~e yan~ /pHc.2/. 

B ycnOBHAX HaWero 3KcnepHMeHTa 
nep8H4H~H ny40K Ta~e npOXOAHT 4e
pe3 MarHHTHOe none Me>KAY nono
caMH H MO>KeT 3aMeTHO OTKnOHATbCA. 
Bo H36e>KaHHe 3Toro a TOH 4aCTH 
nonoca , rAe nponeTa~T aHanH3Hpye
M~e 4aCTH~~, 803AYWH~H 3a30p 
yMeHbWeH AO 6, 4 CM C nO~bO Ha
CaAOK , HMe~HX $0pMy, COOTBeT
CT 8yO~O TpaeKTOPHH 4aCTH~ . 
B peaynbTaTe HanPA*eHHOCTb nonA 
8 o6nacTH nep8H4Horo ny4Ka yMeHb 
waeTcA, H OHO n04TH nonHOCTb~ 
3KpaHHpyeTCA >Kene3HOH Tpy60H 
C TOn~HHOH CTeHOK 2 CM . np~-1 3TOM 
Aa>Ke npH MaKCHManbHOH HanpA>KeH
HOCTH nonA 8 aHanH31-1PY~UleM aaao 
pe ny40K Ha 8XOAe nornOTHTenA 
CMe~aeTCA ni-1Wb Ha HeCKOnbKO CaH
THMeTPOB, 

MaKCHManbHaA HanpA>KeHHOCTb 
Bm&x , npH KOTOPOH HeOAHO-
POAHOCTb nOnA MarHHTa e~e OC
TaeTCA 8 AOnyCTHMbiX npe,Qe.nax 
/He npeBbiWaeT 0,5%/, COCTaBnAeT 
18 Krc. np~-1 3TOM 8biX0,QA~He 1-13 
KonnHMaTopa 4aCTH~bl c ~eHTpanb-
H~M HMnynbCOM 1800 M3B/c HMe~T 
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PHc.2. AHanH3HPY~~HH 
MarHHT: MP - HaCa,QKa; 
SH - 3KpaHHPY~~aA 
Tpyoa. 

KPHBH3Hy 3,3 M H OTKnOHAOTCA MarHI-1TOM Ha 20~ CBOHCT8a H306pa
>KeHHA, co3,Qa8aeMoro MarHHTOM, onpe,QenAnl-1cb npH nOMO~I-1 pac4eT08 
TpaeKTOpHH no KapTe MarHHTHOrO nOnA. 0Ka3anOCb, 4TO CBA3b 
Me>KAY napaMeTpaMH TpaeKTOpi-1H Ha 8XO,Qe 1-1 8biXOAe MarHI-1Ta MO>KeT 
6b1Tb Oni-1CaHa B npH6nH>KeHJ.1H nHHeHHOH 3aBJ.1CI-1MOCTI-1, a BnHAHHe 
HeO,QHOPOAHOCTH nonA He npeBbiWaeT 0,5%. 

MHoroKpaTHOe pacceAHHe BTOPI-14H~x 4aCTH~ B cnoe B03,Qyxa 
Me>KAY KaMepoA C MI-1WeHRMH H nponop~HOHanbHOH KaMepoH P 1 npH
BO,QHT K pa36pocy HX HanpasneHHH 80, KOTOpbiH AJ'1A ,QeHTpoHOB 
C HMnynbCOM 1600 H3B/c COCTaBnAeT 1,1 Mpa,Q. npH 3TOM cpe,QHee 
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OTKnOHeH~e OT ~AeanbHO~ TpaeKTOp~~ B rop~30HTanbHO~ nnoCKOCT~ 
Bx paeHo 1,9 MM IAnR npoTOHOB c ~MnynbCOM 1300 M3B/c Bx = 
= 1,8 MM/, 

2.2. OnpeAeneHHe ~Mnynbca 4aCT~4~ 

EcnH W~PHHa M~WeH~ A0CTaT04HO Mana, OTHOC~TenbH~H ~MnynbC 
~p/p 0 4aCTH4~ ~ yron ee B~XOAa ~3 M~WeH~ a MOryT 6~Tb onpe
AeneH~ Ha OCHOBe ~3MepeHHH TpaeKTOp~H nocne B~neTa ~3 MarH~Ta: 

t\p/p 0 = a 1 x 1 + a2x 2 + a 3~, 

a = b1 X 1 + b 2 X 2 + b 3~' 

rAe t\p = p - p O, p - HMnynbC 4aCT~U~, p 0 - 4CHTpanbH~H HMnynbC, 
X l , X 2 - ~3MepeHH~e K00PAHHaT~ TpaeKTOp~H nocne MarH~Ta OT
HOCHTCnbHO HeKOTOPOH ueHTpan bHOi1 TpaeKTOp~H, a ( - paCCTORH~e 
OT T04KH PO*AeH~R 4aCTHU~ AO ueHTpa MHWeH~. Ko3$¢~4HCHT~ a 
~ b 3aBHCRT OT reOMeTp~~ ycTaHOBK~ ~ CBOHCTB ~306pa*eH~R, C0-
3AaBaCMOrO MarH~TOM. B AaHHOi1 nocTaHOBKe ~3MepeH~i1 OH~ ~Men~ 
cneAyO~He 3Ha4eH~R: 

a 1 =3,039; 

b 1 = 0,628; 

a 2 = -2,272; 

b2 = -0,263; 

a 3 = 1,068; 

b 3 =-0,342. 

3Ha4eHHC ( B XOAe H3MepeHHH He 6~n0 ~3BCCTHO H npH B~4HCneHHH 
~Mnynbca ~ yrna B~XOAa 6panOCb paBH~M KOOPA~HaTe 4eHTpa MHWe
HH (' = 0). 

TeneCKOn AnR onpeAeneHHR KOOPAHHaT X 1 ~ X I! COCTOHT H3 4e
Tblpex MHoronposono4H~x nponOP4HOHan bH~x KaMep. 11cnonb3oeanHc b 
KOOPA~HaT~ 4aCT~U~ B ABYX Kpai1HHX KaMepax, HaXOAR~HXCR Ha 
paccTORH~H 170 eM OAHa OT APYrOi1 . CpeAHHe KaMep~ cny*HnH AnR 
YCTpaHeH~R HCOAH03Ha4HOCTH, KOrAa B Kpai1HHX KaMepax Ha6nOAa
nOCb OAHOspeMeHHoe npoxO*AeHHe HeCKOnbKHX 4aCTH4. B~5op Ha4ana 
OTC4eTa X l = X 2 = 0 npOBOAHnCR Ha OCHOBe KanH6pOB04H~X H3-
MCpeHHH no TpaeKTOPHH 4aCTHU C H3BCCTH~M HMnynbCOM /Hanp~Mep, 
ynpyro pacceRHH~x/. 

CHrHanbHaR nnocKOCTb Ka*AOH KaMep~ o6pa3oeaHa 64 no3ono-
4eHH~MH BOnb~paMOB~MH npOBOnOKaMH AHaMeTpOM 20 MKM,pacnono*eH
H~MH BepTHKanbHO C warOM 2 MM. npH 3TOM WHP~Ha H AnHHa 4YBCTBH
TenbHOi1 30H~ CHrHanbH~X 3neKTPOAOB pasHa 128 MM. no 06e CTO
POH~ OT CHrHanbHO~ nnOCKOCTH Ha paCCTORHHH 8 MM HaXOARTCR 
B~COKOBOnbTH~e 3neKTPO~, HaMOTaHH~e npoeonOKOH H3 ¢oc¢opHCTO~ 
6pOH3~ AHaMCTPOM 50 MKM C warOM 2 MM.DOKOB~e CTOPOH~ KaMep~ 
3aKp~T~ nascaHOBOi1 ¢onbr0~ TOn~HHOH 60 MKM. KaMepa HanOnHReTCR 
cMecbo: 80% aproHa H 20 % C0 2 . 

4 
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no pac4eTaM, C06CTBeHHOe 
reoMeTp~4eCKoe pa3peweH~e nepeA
Hero nne4a cneKTpoMeTpa, onpe
AenReMoe OW~6KO~ OKpyrneH~R KO-

N 

OPA~HaT a nponop4~0HanbH~x Ka- M 

Mepax ~ HeT04HOCTb~ onpeAeneH~R 
KOOPA~HaT~ T04K~ B~XOAa 4aCT~4~ 

~3 M~WeH~ /THn~4HaR WHp~Ha MH
WeHH - 5 MM/, COCTaBnRnO 2,7°/o0 

IA~cnepc~R/. 
C y4eTOM MHOrOKpaTHOrO pac

CeRH~R B B03AYXe 161 !6, 0 °/oo /, 
pa36poca 3Hepr~~ nepBH4HOro 
ny4Ka B pa~OHe MHWeHH /:!:_2°/oo f, 
noTepb 3HeprHH nepBH4H~X ~ BTO
PH4H~X 4aCTHU B MHWeH~ /:!:_1 , 3°ko I 
H pas~THR HMnynbca Hs-sa 
KOHe4Horo 3axeaT~aaeMoro yrno
aoro ~HTepeana /0,5°foo/ B~4~c
neHHaR A~Cnepc~R HMnynbCHOrO 
pacnpeAeneH~R /6,8 "/:,0 / cornacy-
eTCR C H3MepeHHOH WHPHHOH Ha 
nonyB~COTe , paBHOH 1,6% /eM. 
pHc.3/. 

2.3. H3MepeHHe apeMeHH nponeTa 

100 

50 

10 

-I 0 
} "'· 

?Hc.3. HMnynbcHoe pa3-
peweHHe nepeAHero nne4a 
CnCKTPOMeTpa . 

p 

HenocpeACTBCHHO sa nocneAHei1 KaMepoH TenecKona pacnono*eH 
nepB~H C4HHTHnnR4HOHH~H AeTeKTOp BpeMCHH nponeTa. nnaCTMaCCO
B~H C4HHTHnnRTOp ACTeKTOpa pa3MepoM 150x50x10 MM 3 npOCMaTpH
BaCTCR c ABYX cTopoH ABYMR lt>OTOYMHO*HTenRMH XP-1020. BTopoi1 
C4HHTHnnRUHOHH~H AeTeKTOP TOF pa3MepoM 500x100x20 MM 3 

HaXOAHTCR Ha paCCTORHHH 3,5 MOT nepeoro H TaK*e npOCMaTpHBa
CTCR ABYMR (f)3Y XP-1020 . C 4enb10 yMeH bweHHR 4Hcna cny4aHHbiX 
COBOaAeHHH B COCKTpOMeTpe HCnOnb3yiOTCR e~e ABa C4HHTHnnRUHOH
H~X C4eT4HKa,OAHH H3 KOTOpbiX, C nnaCTMaCCOB~M CUHHTHnnRTOPOM 
pa3MepoM 150x50x5 MMs pacnono*eH nepeA neps~M c4eT4HKOM TOF 
/Ha paCCTORHH~ 34 CM/: a BTOpO.::i - CO C4HHTHnnRTOpOM 
500x100x10 MM 3 - nepeA 3aAH~M C4eT4~KOM /Ha pacCTORH~~ 54 CM/ . 
B o6oHx C4eT4HKax Hcnonb3yeTcR no OAHOMy ¢oTOYMHO*HTen~ . 

BpeMR nponeTa 6asbl 3,5 M Aei1TpoHaMH c HMnynbCOM 1600 H3B/c 
H3 peaK4HH ynpyroro pacceRHHR D(p,d)p pasHReTCR 18,2 HC, 
a npOTOHaMH C HMnynbCOM 1280 M38/c, 0TBe4a~HM AH~paKUHOHHOMy 
pacceRHHIO, - 14,7 HC. np~BCACHH~.::i Ha PHC.4 cneKTp BpCMeHH 
nponeTa noKas~saeT, 4TO paspeweHHe cneKTpoMeTpa cocTasnReT 
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PHc.4. CneKTP epeMeHH npone
Ta: • - ynpyroe pd -pacce.AHHe 
Ha LiD , 0- KBa3Hynpyroe 
pacce.AHHe Ha 6Li. 
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PHc.5. KOOPAHHaTHOe pa3-
peweHHe C4eT4HK08 CHCTeM~ 
H3MepeHH.A epeMeHH nponeTa: 
Xl - C4eT4HK s2 ; X2 -
C4eT4HK S 4 j ilX - pa3HOCTb 
H3MepeHHO~ H HCTHHHO~ KO
OPAHHaT. 

At = 0,45 HC H Ae~TPOH~ xopowo OTAen.A~TC.A aT $0HOB~x npoTOHOB 
H3 peaK~HH ynpyroro pacce.AHH.A. 

Hcnonb3oaaHHe a AeTeKTopax TOF ABYX $0TOYMHO~HTene~, pac
nono~eHH~X Ha npOTHBOnOnO~HbiX TOp~ax C~HHTHnn.ATOpa, n03BOn.AeT 
OnpeAen.ATb MeCTO npOXO~AeHH.A 4aCTH~ 4epe3 C~HHTHnn.ATOp no 
pa3HOCTH apeMeHH nocTynneHH.A CBeTOB~X HMnynbCOB. Ha PHC . 5 
npHBeAeH~ pe3ynbTaT~ H3MepeHH~ AeTeKTopaMH TOF KOOPAHHaT 
3aAaHHO~ TpaeKTOPHH 4aCTH~. BHAHO, 4TO KOOPAHHaTa 4aCTH~~ 
B nepeAHeM AeTeKTOpe (Xl) onpeAen.AeTC.A C T04HOCTb~ /nonywH
PHHa Ha nonyB~COTe/ +11 MM, a B 3aAHeM (X2) - +18 MM. 

2.4. TenecH~~ yron H HMnynbCH~H AHana30H 

KaK yKa3~eanocb e~we, ropH30HTanbH~~ yrnoeo~ 3a3op nepeA
Hero nne4a cneKTPOMeTpa onpeAen.AeTc.A nepa~M KOnnHMaTopoM 
I MJ rop = 11 MpaA/. YrnoaoH 3a3op no aepTHKanH llO sepT. orpa 
HH4HaaeTc.A pa3MepaMH nepaoro AeTeKTOpa TOF. npH onpeAeneHHH 
3¢$eKTHBHOrO TeneCHOrO yrna Heo6XOAHMO HMeTb B BHAY, 4TO npH 
HaKnOHHOM BXOAe 4aCTH~ aHanH3Hpy~H~ MarHHT o6naAaeT Ha Kpa~ 
MarHHTHoro non.A cna6~M ¢oKYCHPY~HM Ae~CTBHeM. C y4eTOM 3Toro 
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3¢¢eKTHBH~i1 yrnoao~ 3a3op L\0 sepT = 8 , 2 Mpa~ a nonH~~ TenecH~~ 
yron paaeH Mld =60rop · 608e(>T = 90,2x10 cp. 

06naCTb HMnynbCOB, B KOTOpO~ 4aCTH~~ AeTeKTHpy~TC.A Oe3 
noTepb, onpeAen.AeTc.A pa3MepaMH 3aAHe~ nponop~HOHanbHO~ KaMe
P~ H COCTaBn.AeT ~4% OKano ~eHTpanbHOro HMnynbca. 3$¢eKTHB
HOCTb naAaeT AO Hyn.A npH HMnynbCaX, OTnH4a~HXC.A OT ~eHTpanb
HOrO 6onee 4eM Ha 10%. 

3. CHCTEHA H3HEPEHHR 3HEPrHH H YrnA BMnETA 4ACTHU , 
PACCERHH~X HA3AA 

BTopoe nne4o cneKTPOMeTpa npeACTaen.AeT co6oi1 TenecKon 
nnacTMaccoa~x CUHHTHnn.A~HOHH~X C4eT4HKOB. OcHOBH~M AeTeKTOPOM 
TenecKona, H3Mep.A~HM 3HeprH~ 4acTH~~ • .ABn.AeTc.A c4eT4HK S

5 
Ha CUHHTHnn.ATope NE102A pa3MepoM D125x300 MM3 c ¢oTOYMHO~H
TeneM XP-2040 IE- AeTeKTop/. OH o6ecne4HBaeT nonHoe norno~e
HHe npOTOHOB c 3HeprH.AMH AO 225 H3B. nepeA E -AeTeKTOpoM no
Me~a~TC.A dE/ dx -AeTeKTOp~ /pHC. 1/. 

3neKTPOHHa.A norHKa OT6Hpae~~TH.A, B KOTOp~X TeneCKOn 
3aperHCTPHPOBan 3ap.A~eHHY~ 4aCTH~y npH COBnaAeHHH C CHrHanOM 
OT nepeoro nne4a /6~cTp~e coanaAeHH.A/. npH 3TOM H3Mep.A~Tc.A 
aMnnHTYA~ H BpeMeHH~e OTMeTKH CHrHanoa OT AeTeKTOPOB E H dE/ dx. 
An.A onpeAeneHH.A BpeMeHH~X OTMeTOK OT E-AeTeKTOpa HCnOnb30Ban
C.A YHHBepcanbH~~ AHCKpHMHHaTOp C T04HOi1 BpeMeHHOi1 11PHB.A3KOi1 l 6 l . 

( T04HOCTb~ AO nonpaBOK Ha nOTepH 3HeprHH 4aCTH~ei1 AO C4eT4HKa 
aMnnHTYAa CHrHana OT S 6 nponop~HOHanbHa 3HeprHH perHCTPHPye
MOi1 4aCTH~~. a epeMeHHa.A OTMeTKa onpeAen.AeTC.A epeMeHeM nponeTa 
4aCTH~~ OT MHWeHH. 

Ha rpa$HKe E- t 4aCTH~aM OAHHaKoeo~ Maccbl OTBe4aeT KpH
ea.A t - 1/ yE_ npH AOCTaT04HO XOpOWeM pa3peweHHH no 3Hepn1H 
H epeMeHH MO~Ho pa3AenHTb 4aCTH~~ no Macce, a TaK~e oceo6o
AHTbC.A aT 6onbwei1 4acTH ¢oHa, o6ycnoaneHHOro cny4ai1H~MH coa
naAeHH.AMH, OT6paC~Ba.A C06~TH.A, He nonaAa~He Ha COOTBeTCTBy~
~He KPHB~e. npH 3TOM OT6pac~Ba~TC.A TaK~e C06~TH.A, B KOTOP~X 
4aCTH~~ He OCTaBn.A~T BCeH 3HeprHH B S S H3-3a pacce.AHH.A B Ha -
4anbHO~ 4aCTH TenecKona. O~eHKa, npoaeAeHHa.A c Hcnonb30BaHHeM 
MeTOAa HOHTe-Kapno, noKa3ana, 4TO An.A 3HeprH~ npOTOHOB HH~e 
100 H3B noTep.A TaKHX co6~THi1 He npea~waeT 10%. An.A AanbHei1-
wero yMeHbWeHH.A $OHa cny4aHH~x coanaAeHHi1 MOryT 6~Tb Hcnonb-
30BaH~ KOppen.A~HH C napaMeTpaMH, H3MepeHH~MH dE/ dx -AeTeK-
TOPOM. 

TenecKon KaK ~enoe MO>eT nepeMe~aTbC.A a AHana3oHe yrnoe 
80° -150° OTHOCHTenbHO ny4Ka nepBH4H~X npOTOHOB, a paCCTO.AHHe 
OT TenecKOna AO MHWeHH /H3MepeHHOe OT dE/ dx -AeTeKTOpa/ 
MO~Ho MeH.ATb a npeAenax 45 -120 CM. OnTHManbHoe paccTO.AHHe 
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B~6HpaeTCR B Ka~AOM KOHKPCTHOM CJ1y4ae Ha OCHOBC ¢QHOB~X ycno
BHH, 4acror~ co6~TH~ 11 Tpe6yeMoro yrnoeoro pa3peweHHR. 

3. 1. H3MepeHHe MeAneHH~x nporoHoe 
e peaKLH1H KBa3Hynpyroro pd -pacceRHHR 

HH~C OnHC~BaeTCR eapHaHT BTOporo nne4a CnCKTPOMCTpa, J.1C-
nOJ1b30BaHH~H np~-1 HCCJ1CAOBaHHH peaKUHH THna A(p, dp)B, T.e. 
KBa3Hynpyroro pacCCRHHR p + <d> -+ p + d. KHHCMaTHKa peaKUHH 
ynpyroro pd -pacceRHHR OAH03Ha4HO onpeAeneHa: npH 3HeprHH 
nepBH4H~x nporoHoe 670 M3B Hyrne a~nera ACHTPOHa 6,75° 
nporoH, pacceRHH~H Ha3aA, e~neraer noA yrnoM 148° c 3Heprl-1eH 
65,5 M3B. B cny4ae KBa31-1ynpyroro pacceRHHR MO~Ho o~I1AaTb, 4TO 
113-3a BHYTPHRACPHOrO AB11~CHI1R ACHTPOHHOrO Knacrepa yron e~
neTa H 3HeprHR pacceRHHOrO npOTOHa 0YAYT 11pa3Ma3aHbl11 OKOJ10 
B~WenpHBCACHH~X 3Ha4CHI1H. 

4ro6~ o6ecne411Tb AOCTaT04HO xopowee yrnoeoe pa3peweHI1e, 
nepeA ACTCKTOPOM S 6 YCTaHOBJ1CH~ 4CT~pe CU11HTHJ1J1RUHOHH~X C4CT-
4HKa Ha ~3Y-85 co CU11HTI1J1J1RTopaMI1 73x22x5 MM 3 . C4eT4HK11 pac
nonaraJOTCR TaKI1M o6pa30M, 4TO OHH 3aBeAOMO HC nepeKpbiBaJOT APYr 
APyra 11 H11 OAHH H3 HI1X He BbiXOAHT 3a npeACJ1bl TCJ1CCHOro yrna, 
onpeAenReMoro S 6 . B pe3ynbTaTe np~-1 OAHOM nono~eHHI1 renecKona 
OAHOBPCMCHHO 113MCPRIOTCR 3HCpreTI14CCKHC pacnpeACJ1CHI1R nOA 4e
TblpbMR yrnaMI1. PaCCTORHHe OT TCJ1CCKOna AO MHWCHI1 B~6paHO pae
H~M 93 CM. B 3TOM cny4ae renecH~~ yron, 3axear~eaeMbiH renecKo
noM, COCTaBJ1RIOT 4x1,86 ·10-S cp. MHHHMaJ1bHaR 3HCprHR npOTOHOB, 
113MCpReMaR TCJ1CCKOnOM, B OCHOBHOM onpCACJ1RCTCR TOJ1~HHO~ MaTe
pHaJ1a nepeA C4CT411KOM s6 H pasHa 28 M3B. 

3.2 . Kan116poeKa renecKona 

nnR KaJ1H6pOBKH TCJ1CCKOna HCnOJ1b30BaJ1HCb npOTOH~ 113 peaKU11H 
pd -+ pd Ha CB060AH~X ACHTPOHaX MHWCHH LiD. MHWCHb CC4e-
HI1CM 20x5 MM 

2 
ycraHoeneHa TaK, 4TO no HanpaeneHI-110 renecKona 

ee TOJ1~HHa COCTaBnRna 5 MM, 3HepreTH4CCKHH pa36poc, B03HHKaJO
~HH 113-3a nOTepb B M11WCHH, AJ1R npOTOHOB C 3Heprl1eH 65 M38 pa
BCH 5 M38. 3Hepri1R npOTOHOB, naAaiO~HX Ha ACTCKTOp, MCHRJ1aCb 
C nOM~biO aJ1JOMHHHCB~X ~HJ1bTPOB, nOMC~CHHbiX HCnOCPCACTBCHHO 
nepeA renecKonoM. Bb14HCJ1CHHaR c y4eTOM norepb e MarepHane AO 
CUHHTHJ1J1RTOpa IMHWCHb, B03AYX, ~HJ1bTp, dEi dx -ACTCKTOp, KO
~YXH CUHHTHJ1J1RTOpOB H T.A. I 3HeprHR npOTOHOB, nonaAa~HX B 
E - ACTCKTOp, nepeC4HT~Banacb B CBCTOB~XOA no ¢opMynaM pa60T~ 1 7\ 

Ha6nJOAaeTCR pa3J1114HC KaJ1H6pOB04H~X KPHBbiX CBCTOB~XOA-aMnnHTYAa 
CHrHana OT ACTCKTOpa, OTBC4a~HX npoxO~ACHHIO npOTOHOB 4epe3 
CPCAHHC H Kp a HHHe dE/ dx -AeTCKTOpbl. 3TO MO~HO 06DRCHHTb 
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YXYAWCHHCM CBCTOcfiopa ¢QTOHOB, B03HHKaiO~HX Ha KpaJO CUHHTHJ1J1R
TOpa S6.3HepreTH4CCKOe pa3pCWCHHC ACTCKTOpa 86 COCTaBnRCT 
5,7 M3B npH 3HeprHH 56 M38, a Ka~Aoro H3 dE / dx -AeTeKTopoe-
1,1 M38 npH norepe 3HeprHH 6 M3B. Bee ACTeKTOpbl renecKona HMe

JOT epeMeHHOe pa3peweHI1e 2r - 1 He. OcHOBHO~ BKnaA e 3TY ee
J1H4HHY AaCT HCOnpeACJ1CHHOCTb CTapTa, KOTOpaR B03HHKaeT H3-3a 
pa3J1H4HR BPCMCH nponeTa ACHTpOHOB OT MI1WCHH AO C4CT4HKa S

1 
. 

4. CHCTEMA OTfiOPA C06MTH~ H HAKOnnEHH~ AAHHMX 

6noK-CXeMa 3J1CKTPOHH~ J10rHKH npHBCACHa Ha pl1c . 6.CHrHaJ1~ 
OT C4CT4HKOB S 1, S 2 H S , 8 4 nOCTynaJOT COOTBeT'C"TieHHO Ha 
CXCM~ COBnaACHH~ C 1 H C2. ~HTCJ1bHOCTb CH rHana CO CXCM~ C 2 
3aAaeT HHTepean H3MepeHHR epeMeHH nponeTa T1 e nepeoM nne4e. 
8 HHTepean T 1 ~ 25 HC yKnaAbiBaJOTCR epeMeHa nponera p 11 d np11 
H3MCHCHI111 11MnynbCa OT 700 AO 1700 M3BI C. 8 CXCMax C 4 H C S 
opraHH3YIOTCR COBnaACHHR CO C4CT4HKaMH BTOporo nJ1C4a. nHana-
30H H3MCPRCM~X BPCMCH nponeTa 80 BTOpOM nne4e onpeACJ1RCTCR 
AnHTCJ1bHOCTRMH T 2 cHrHanoe, nocTyna~Hx c ¢opMHpoearene~ C4er-
4HKOB S 6 .9 , S 6 . npH T 2 - 6 0 HC perHCTPHPYIOTCR coenaACHHR AJ1R 
npOTOHOB C 3HeprHeH BbiWC HCCKOJ1bKHX M38. nocne CMCCHTCJ1R L 
CHrHan~ OT C 4 H C 6 nOCTynaJOT Ha CXCMy 6nOKHPOBKH BL, KOTopaR 
3anpe~aeT npOXO~ACHHC nOCJ1CAY~I1X CHrHanoe AO noRBJ1CHHR pa3pe
WCHHR peri'.CTPaUHH "roTOB11 OT annapaTypbl CBR3H C 38M. MacTep
CHrHaJ1 OT CXCM~ 6J10KHPOBKH OTKp~eaeT CXCMbl nponyCKaHHR CHr
HaJ10B CO C4CT4HKOB H 11HTerpaTOpOe, CXCMbl H3MepeHHR 4aCTOT~ yc
KOpR~erO HanpR~CHI1R (Q) H BPCMCHH npi1XOAa C06~THR (T) / 8 / . 

eopora AJ1R nponopuHoHanbH~x KaMep 11 nocrynaeT Ha anna
paTypy per11cTpau11H 11 nepeAa411 11H~OpMaUHH e craHAapTe KAMAK. 
npoWCAWHe 4Cpe3 CXCMbl nponyCKaHHR CH rHaJ1bl OT 6a30B~X C4CT4HKOB 
S 21 , S 41 H S22 , S 42 npHXOART Ha BpeMR-aMnJ111TYAHbiC npeo6pa30ea

TCJ1H /TAC/. CHrHan~ c BbiXOAOB TAC naccHBHO cyMMHPYIOTCR AJ1R 
KoMneHcaui1H reoMeTpH4eCKoro pa36poca. CHrHan, nocTyna~H~ 
C CyMMaTOpa, pa3BCTBJ1RCTCR H no OAHOH BCTBH nOCTynaeT Ha aMnnH
TYAHO- epeMCHHOH npeo6pa30BaTenb, a no APYrO~ - Ha 6nOK npeABa
PHTCJ1bHOro aHanH3a (DO), KOTOP~~ no3eonReT oT6HpaTb co6~THR 
B 3aAaHHOM AHana30He BpCMCHH nponeTa. 

KOOPAI1HaTbl T04CK npoxo~ACHI1R 4aCTHUbl 4epe3 C4CT411KI1 s2 11 s4 
IXl 11 X2 I 113MCPRJOTCR c no~bJO epeMR-aMnnHTYAH~x npeo6pa3o
eaTeneH, Ha KOTOpble nOAaJOTCR CHrHaJ1bl OT 821• 822 H 8 41, 842 
COOTBCTCTBCHHO. nocKOJ1bKy BPCMCHHOH HHTepean AJ1R BpeMR-nponeT
HOH CHCTCMbl nepeoro nne4a I -20 Hcl 3Ha4HTCJ1bHO MCHbWe, 4CM 
AJ1R nponOPUI10HaJ1bH~X KaMep, 3TO AOnOJ1HHTCJ1bHOe 113MCPCHI1e KOop
AHHaT~ n03BOJ1RCT onpeACJ111Tb TpaeKTOpl110 HHTepecy~eH HaC 4ac
T11U~ B CJ1y4ae npOXO~ACHHR 4Cpe3 KaMep~ HCCKOJ1bKHX 4aCTHU. 
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•PHc.6, 6noK-cXeMa 3!1eKTPOHHOH !10rii1K111 cneKTpOMeTpa: 
S 1 - C~II1HTII11111R~II1oHHble c4eT4111KII1; MWPC - MHoronpo
eon04Hble nponop~II10Ha1lbHble KaMepw; TO - Mll1weHbi 
F - ¢opMHpoaaTenll1; C 1- C 0 - cxeMbl coenaAeHII1H; I -

CMeCHTenl!l; DL- cxeMa 6nOK111POBK1!1; GATES - cxeMbl 
nponycKaHHRi LOG - narH4eCKaR HH¢OpMa~HRi Q -
CXeMa H3MepeHII1R MrHOBeHHOrO 3Ha4eHHR 4aCTOTbl YCKO
pR~ero HanpR~eHHR (HF); T- cxeMa 1113MepeHHR epe
MeHH npii1XOAa co6b1TII1R (ST) :·TAC - epeMR-aMnnii1TYAHble 
npeo6paaoeaTenH; G - 111HTerpaTopbl; DO - 6noK 
npeAeapHTenbHOro aHa!1H3a epeMeHH nponeTa; M 1• N 1 -
C4eTa MOHII1TOPOB 111 cxeM coenaAeHHHj A1 - aMn11111TYAb1 
cll1rHanoe; T 1 - epeMeHHble oTMeTKII1 cll1rHanoe; x 1 -
KOOPAHHaTbl npOXO*AeHHR 4aCTI!1~bl 4epe3 C4eT4HKH CHC
TeMbl 1!13MePeHH.A epeMeHI-1 nponeTa (TOF); ADC -
aHanoro-~111¢poeble npeo6pa3oeaTen111; CL - epeMR AHR; SC 
- nepec4eTHt-le cxeMbl; SWR - TyM6nepHbiH perl!lcTp. 

CTapTOM A!1R ecex H3MepeHHH epeMeHIII nponeTa CI1Y*II1Il cl!lrHan OT 
C4eT4HKa 8 41 , 
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AJ1.A H3MepeHHR aMn!1HTYA Cl!1rHaJ108 OT C48T4HKOB HCnOJ1b30BailHCb 
IlHHeHHble HHTerpaTOpbl 0 ,Ha ynpaanR~01e BXOAbl KOTOPbiX nocTynanH 
ClllrHailbl OT COOT8eTCT8Y~111X CXeM nponycKaHI!I.A , 

npeo6pa308aHHWe 8 ~111¢posy~ ¢opMy speMeHa nponeTa 111 KOOPA111-
HaTw npOXO*AeHHR 4aCTH~, aMnilHTYAbl CHrHaJ108 OT C4eT4HK08, 4ac
TOTa ycKopeHHR perii1CTPII1P08a!1111Cb BMeCTe C AaHHbiMI!I C nponop~HO
HailbHbiX KaMep H APYrOH !10rll14eCKOH HH¢opMa~l!1eH ~111¢POBbiMII1 6noKa
MII1 8 cTaHAapTe KAMAK 111 no !1HHII1H C8R3H nepeAaeanll1cb 8 3BM 
HP-2116C. no OKOH4aHI!1H nepeAa4H 8 3BM Bblpa6aTbl8aJ1CR CHrHan 
10rOT0811

, KOT0pbli1 OTKpb18aJ1 CXeMy 6nOKHP08KI!1 111 TeM CaMbiM pa3pe 
wan per111cTpa~~~~~ H08oro co6wTI!1.A. 
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