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AcMOJIOB A. r. " AP-
CneKTpoMeTpH4eCKHH KOMnJieKC «rnnepoH>> 
AJISI HCCJieAOBaHHSI peAKHX pacnaAOB K-Me30HOB 

Pl3-92-526 

Onnc1,rnaeTCSI cneKTpoMeTpH4eCKHH KOMnJieKC, C03AaHHblH Ha 6a3e yCTa
HOBKH «rnnepoH,., npeAHa3Ha4eHHblH AJISI H3y4eHHSI pacnaAOB K-Me30HOB. 
CneKTpoMeTpH4eCKHH KOMnJieKC n03BOJISleT HaAeJKHO HAeHTHQ>HU,HJ)OB3Tb 
ny4KOBble 4aCTHU,bl H H3MCpS1Tb KHHeMaTH4eCKHe napaMeTpbl nepBH4HblX H 
BTOpH4HblX 4aCTHU., BKJII04aSI y-KBaHTbl. TipHBOASITCSI HMnyJihCHble pa3pe

UJeHHSI MarHHTHblX cneKTpoMCTpoB, :>HepreTH4eCKHe H KOOPAHHaTHble pa3pe
UJeHHSI JIHBHeBblX fOAOCKOnH4CCKHX AeTeKTOpoB, BXOASIUJ,HX B COCTaB ycTa
HOBKH. 

Pa6oTa e1,1noJIHeHa e Jla6opaTOpHH S1AepHb1X npo6JieM OJHH1. 

llpenpHHT O6t.eJ1Hlle1111mo HIICTHryra !l)lepHblX HCCJIC)l083HHH. ,l.l_y611a 1992 

TiepeBOA aBTOpoB 

Asmolov A.G. et al. 
The Spectrometric Complex «Hyperon» 
for Investigation of Rare K-Meson Decays 

Pl3-92-526 

The spectrom~fric complex for investigation of K-meson decays based on 
the «Hyperon» setup is described. The spectrometric complex permits one to 
identify reliably the beam particles and to measure the kinematic parameters of 
the beam and the secondary particles, including gammas. The momentum 
resolutions of the magnetic spectrometers, the energy and the coordinate ones 
of the shower hodoscope detectors of the setup are given. 

The investigation has been performed at the Laboratory of Nuclear 
Problems, JlNR. 
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1. BBEJ{EHHE 

B rrocnenHHe rona HHTepec K pacrranaM K-Me3OHOB, 
HeCMOTpSI Ha HMeIDmH8CSI nocTaTO'IHO o6rnHpHa8 3KcrrepHMeHTaRhHH8 

MaTepHan, He TORbKO He ocna6en, HO naxe 3Ha'IHTenbHO BO3poc. 

3TO CBSI3aHO rrpexne Bcero C BO3MOXHOCTSIMH, rrpoaeneHHSI 

3KcrrepHMeHTOB no IlOHCKaM rrpouecCOB 3a paMKaMH CTaHnapTHO8 

MonenH aneKTpocna6oro B3aHMone8CTBHSI, C HCcnenoBaHHSIMH 

uapyrneHHSI CP-HHBapHaHTHOCTH H penKHMH pacrranaMH, KOTOpbie 

OilHCbIBaIDTCSI nHarpaMMaMH TORbKO BTOporo H aacrnero rropSinKoB. 

BMecTe c TeM , npyrHe ManoH3yqeuHae penKHe Monhl pacrranoa 

K-Me3OHOB TaKxe rrpencTaBRSIIDT 3Ha'IHTenbHbI8 HHTepec nnSI 

TeopHH, IlOCKORbKY HecyT ueHHYID HH!popMaUHID, Heo6xonHMYID nnSI, 

rrpoaepKH rrpHHUHITHanbHHX rronoxeHHH H rrpencKa3aHHH 

HH3KO3HepreTHqecKo8 KXJl Hee rrocnenyIDmero pa3BHTHSI. 

TaKHMH rrpoueccaMH SIBRSIIDTCSI, uarrpHMep, panHaUHOHHae 

pacrrana Kaouoa 
K+ ~ rtrc0

, 
' (1) 

K+ ~ rr+rr0rr0, 
' (2) 

K+ ~ rr+rr+rr-, , (3) 

K+ ~ rc0 e+v, . ( 4) 

npouecchl (1 )+(4) OTHOCSITCSI K Knaccy 3neKTpocna6ax 

pacrranoa, Karna HcrrycKaHHe ,-K~aHTOB rrpoHcxonHT nH6o qepe3 

BHyTpeHHee TOpMO3Hoe H3nyqeHHe 3apmKeHHbIX 'laCTHU, nH6o B 

rrpouecce rrpSIMOro (CTPYKTypHoro) H3RY'l8HHSI rrpoMexyTO'IHhIX 
COCTOSIHH8, B KOTOpbie rrepexonHT K+-Me30H. 

B COBpeMeHHHX MonenSIX HH3KO3HepreTH'leCKOH KXJ{, 

IlOCTpoeHHhIX Ha 6a3e 3!p<tJeKTHBHhIX' narpaH1CHaHOB HRH cpeHoMe

HOnorH'leCKHX KHpanbHhIX narpaHxHaHOB, He cymecTayeT ennHoro 
OilHCaHHSI CTPYKTypuoro H3Ry'leHHSI B pacrranax (1)-(4). no3TOMY 

.j corrocTaaneuHe 3KcrrepHMeHTanbHHX naHHHX c rrpencKa3aHHSIMH 

! 
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TeopeTHqecKHX MO)leJieA H npoaepKa B03MOEHOCTH npaBHJlbHoro 

OIIHCaHHH BHyTpeHHeA JlHHaMHKH npoueccoB ~awr Ba~Hb!A KpHTepHA 

HX COCTOHTeJlbHOCTH. 

npoueccbl (1)+~4) H3yqeHbl C He)lOCTaToqHoA TQqHQCTbD )lJlH 

IIOJiyqeHHH HH~OpMaUHH O CTPYKTYPHOM H3JiyqeHHH. 60J1bWaH qacTb 

3KCIIepHMeHTOB no HCCJie.noaaHHD pacna)lOB (1)~(4) Bb!IIOJIHeHa C 

HCIIOJ1b30BaHHeM MeTO)lHKH IIY3b!pbKOBb!X KaMep (CM. pa6oTbl 

[1], [2], [3) H [4)). B e)lHHCTBeHHOM 3JieKTpOHHOM 3KCIIepHMeHTe 

3aperHCTpHpOBaHO 192 C06b!THH pacna)la ( 4) [ 5) H 5 C06b!THA 
- - 0 0 paJIHaUHOHHoro pacna.na ( 3) ( K ~ rr rr rr rl [6]. 

Co3,naHHe 3JleKTpOHHOA ycTaHOBKH JlJlH 

npoueccoB (1)+(4) C HCIIOJ1b30BaHHeM KOMIIJieKca 

HCCJie,noBaHHH 

COBpeMeHHb!X 

.neTeKTOpOB II03BOJ1HeT Ha OCHOBe 6oJibWeA CTaTHCTHKH H3MepHTb 

CTPYKTYPHOe H3JiyqeHHe H era BKJia,n B OTHOCHTeJlbHble 

BepOHTHOCTH pacna.noB. 

2. 3KCilEPHMEHTARbHAH YCTAHOBKA 

YCTaHOBKa co3,naHa Ha 6a3e IIOCTpOeHHoro paHee 

CIIeKTpOMeTpHqecKoro KOMIIJleKca "rHnepOH" [7], Ha KOTOpOM 

6b!JIH Hccne,noBaHbl rHnep3apH.noaoo6MeHHble npoueccbl, 

KaOH-H,nepHb!e B3aHMO,neACTBHH, a TaKxe pH.n a.npoH-HYKJIOHHb!X H 

a.npoH-H,nepHb!X peaKUHA [8+14). YcTaHOBKa pacnonaraeTcH Ha 18 

KaHaJie IIpOTOHHoro CHHxpoTpOHa H~B3 B HecenapHpOBaHHOM rryqKe 

IIOJlOEHTeJlbHb!X qacTHU (e,µ,rr,K,p) C 3HeprHeA B .nHaIIa30He 

2+15 r3B. 

B COCTaB ycTaHOBKH BXO,nHT nyqKQBb!A cneKTpOMeTp H 

CIIeKTpoMeTp BTOpHqHb!X qacTHU. nyqKOBb!A cneKTpoMeTp 

HCIIOJ1b3yeTCH ,nJIH H.neHTH~HKaUHH nepaHqHb!X qacTHU H H3MepeHHH 

HX KHHeMaTHqecKHX napaMeTpOB (pHc.1). CneKTpOMeTp BTOpHqHb!X 

qacTHU (pHc.2) CJIYEHT ,nJIH onpe.neJieHHH HMIIYJibCOB 3apH~eHHb!X 

qacTHU H 3HeprHA H yrJIOB Bb!JleTa r-KBaHTOB H3 BepWHH 

C06b!THA. 

2.1. XAPAKTEPHCTHKH nYqKA 

IlpH c6poce 1012 npoTOHOB Ha 

CHHXpOTpoHa HHT8HCHBHOCTb BTOpHqHb!X 

2 

BHyTpeHHDD 

qacTHU Ha 18 

MHllleHb 

KaHaJie 

,, 

)lOCTHraeT (5+7)X10 7 
3a UHKJI npn HMIIYJibCe 10 r3B/c. 

co.neplKaHHe KaOHOB B nyqKe COCTaBJIHeT 5+67., qTo II03BOJIHeT . 

BapbHpoaaTb B WHpOKHX npe.neJiaX HHTeHCHBHOCTb K+~Me30HOB npH 

HCCJie,noBaHHHX pa3JIHqHb!X pacna)lOB. IlpH H3yqeHHH npoueccoB 

(1)-(4) THnHqHaH 

(0.5+1)x10
5 

3a 

HHT8HCHBHOCTb 

UHKJI. KpoMe 

K+-M830HOB 

Toro, npH 

COCTaBJIHJia 

M8TO)lHqecKHX 

H3MepeHHHX H KaJIH6pOBKaX HMeeTCH B03MOEHOCTb HCIIOJ1b30BaHHH 

nyqKa c Bb!COKHM co.nepEaHHeM II03HTPOHOB (.no 707. npH HMIIYJibCe 

2 r3B/c). 3TO )lOCTHraeTCH 3a cqeT 3~~eKTa pa3HeceHHH MHWeHH 

H KOHBepTepa B MarHHTHOM IIOJie YCKOpHTeJIH [15).6oJiee 

IIOJlp06HO xapaKTepHCTHKH nyqKa OIIHCaHbl B [7]. 

2.2. nYqKQBMR cnEKTPOMETP 

nyqKQBb!A cneKTpOMeTp ycTaHOBKH "rHnepoH" II03BOJ1HeT-

onpeneJIHTb C Bb!COKOA TOqHOCTbD HMIIYJibCbl na)laDrn.Hx qacTHU 

( LlP/P :s 0. 507.). 3TO 06ecneq11aaeTCH CHCT8MOA H3 16 

IIJlOCKOCTeA nporropUHOHaJibHb!X KaMep, 061,e,nHHeHHb!X B 4 6JIOKa 

( OKI +DK 4), C o6rn.HM qHCJIOM HH~OpMaUHOHHb!X KaHaJIOB 1632, H 

aHaJIH3HPYDlll.HM MarHHTOM cn-129, KOTOpb!A HMeeT IIOJie Bb!COKOA 

O)lHOpOJIHOCTH (LlH/H :s 0. 17.) [16) B o6JiaCTH npOXOE)leHHH 

nepBHqHb!X qacTHU, CUHHTHJ1J1HUHOHHbl8 cqeTqHKH Sl+S4 H 

X [M] 
1.0 

cn-129 <M7> 

0.5 

0 

-8 8£3, ~~,c ~ 
S1 S2 

A 
nK-3 v 11(-.4 I C4 

BOO~ 
-0.5 S4 

-1.0 ZfMl 
-28 -24 -22 ~20 -18 -18 -14·-12 -10 -8 

PHC.1. cxeMa nyqKOBOro CII8KTpOM8Tpa 
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aHTHcqeTqHK A HCnORb3YDTCH )].RH MOHHTOpHpOBaHHH 

M)leHTHCl>HKaUHH qacTHU npoH3BO)J.HTCH qenipbMH 

nyq1rn. 

ra30BllMH 
V V 

noporOBllMH qepeHKOBCKHMH cqeTqHKaMH c +C c o6mefl )J.RHHOH 
I 4 

6onee 20 M. Eonee nonpo6Ho nyqKoBufl cneKTpoMeTp onHcaH 

B [ 7]. 

2.3. CilEKTPOMETP BTOPHqHhJX qACTHU 

CneKTpOMeTp BTOpHqHUX qacTHU ( pHc. 2) C03)laH Ha 6a3e 

MO)J.HCl>HUHpoBaHHOro MarHHTa 

CHCTeMa nponopUHOHaRbHllX 

ro)J.OCKOnHqecKHe cqeTqHKH 

ro)J.OCKOnHqecKHe )leTeKTOpll 

MC-12. 

KaMep 

( r , r l 
X y 

(JlflI-1 

B ero COCTaB BKnDqeHN: 

( IlK) , CUHHTHRRHUHOHHlle 

H qepeHKOBCKHe RHBHeBue 

H JlflI-2). 

IlPOilOPUHOHAJib~E KAMEPhl. B cneKTpOMeTpe BTOpHqHUX 

qacTHU Hcnonb3YDTCH IlK C maroM HaMOTKH CHrHanbHllX npOBOROK 

2 MM pa3MepaMH 50X50 CM
2

, 100X100 CM
2 

H 90X130 CM2
. 19 

nnocKOCTefl nK 061,e)J.HHeHU B 4 6noKa (IlK5+nK8) H conepEaT 

OKORO 7800 HHct>OpMaUHOHHllX KaHanoB. nK pa6oTaDT Ha ra30BOH 

CMeCH Ar + 207. iso-C H + 2. 3 7. C H OH + 0. 27. 
4 10 2 5 

cppeoH 13B 1 . 

Bee KaMepN HMeDT )J.OCTaToqHO npoTHEeHHOe nnaTo 3cpcpeKTHBHOCTH 

MC-12 

X [M] 
1.0 

0.5 

0 

-0.5 

-1.0 

11rn-1n<-7 

S41 nK~;K-

6 

r 

E
l 

-a -6 -4 -2 0 

fie ly 
nK-8 

2 :4 

JlrD-2 

Z [M] 
6 8 

PHC.2. cxeMa cneKTpOMeTpa BTOpHqHNX qacTHU 

4 

\, 

perHcTpauHH 3apH:>KeHHNX qaCTHU (no 250 B) H noKa3anH 

Ha)l~:>KHOCTb B TeqeHHe HeCKORbKHX ceaHCOB Ha6opa )laHHNX. 

fOlIOCKOilHqEcKHE cqETqHKH. CneKTpOMeTp BTOpHqHux qaCTHU 

BKnDqaeT BepTHKaRbHUe H ropH30HTanbHNe ronocKonHqecKHe 

CUHHTHRRHUHOHHlle cqeTqHKH f H f, pacnonoEeHHUe MeEny 
, X y 

nocne)J.HHM 6nOKOM nK H JlflI-2 (pHC.2). CqeTqHKH r Hr 
,' 8 z, , X y 

nepeKpUBaDT anepTypy 2.4x1.2 M. o6mee KOnHqecTBO cqeTqHKOB 

paBHO 48, KaE)J.NH HMeeT pa3Mepu 120X10X1 CM
3

. 

MAfHHT MC-12. B cneKTpOMeTpe 'THnepoH" HCnORb30BancH 

MO)J.Hct>HUHpOBaHHllH' MarHHT MC-12 C MaKCHManbHllM 3HaqeHHeM nonH 

1. 6 Tn 11PII TO Ke nHTaHHH MarHHTa 6. 3 KA [ 1 7] l.,.,linH ysenHqeHHH 

aKcenTaHca ycTaHOBKH npH H3yqeHHH npoueccoB (1 )-(4) 6unH 

pa3)J.BHHYTll nonDca -3neKTpoMarHHTa. B HaCTOHlllee BpeMH 

3cpcpeKTHBHOe none 3aHHMaeT o6'beM 900X1 OOOX2000 MM
3

, 

MaKCHMaRbHOe era 3HaqeHHe )J.OCTHraeT 1 .1 Tn TIPH TOKe mn-aHHH 

MarHHTa 6.3 KA [18]. AKcenTaHc ycTaHOBKH 

MO)]. pacna)J.OB ( 1 )-( 3) yBenHqHnCH B 2 pa3a 
+ + 0 

pacnana K - rr rr a - c 127. no 257.). 

)].RH HenenTOHHllX 

( HanpHMep, )].RH 

3JIEKTPOMAfHHTHhlE KAJIOPHMETPhl. B COCTaBe cneKTpOMeTpa 

ttcnonb 3 yDTCH )].Ba 3ReKTpOMarHHTHllX KanopHMeTpa: Jir 11-1 - )].RH 

HH3K03HepreTHqecKHX o-KBaHTOB, BllneTaDlllHX non 60RblliHMH 

yrnaMH, H Jir 11-2 - )].RH o-KBaHTOB, neTHlllHX Bnepen B MaROM 

TenecHOM yrne B na6opaTOpHOH CHCTeMe (pHC.2). 

Jir 11-1 COCTOHT H3 260 3neMeHTOB, BUnonHeHHllX H3 

CBHHUOBoro CTeKna T<I>1-000 1 pa3MepaMH 1 OOX1 OOX350 MM
3 

c 

TORlllHHOfl no nyqKy ~ 14 pa)J.HaUHOHHNX )J.RHH [19]. JiflI-i co6paH 

B BH)le MaTpHUll H3 15x19 3ReMeHTOB C nnoma)lbD 2. 85 M
2

• 25 

ueHTpanbHNX 3ReMeHTOB ynaneHU H3 KanopHMeTpa. OKORO 927. 

BTOpHqHllX rr+-Me30HOB OT pacna)J.OB (1)-(3) npoXO)J.HT B 3TO 

OKHO, nonanaDT B anepTypy MarHHTa MC-12 H MoryT 611Tb 

3aperHCTpHpOBaHu cneKTpOMeTpOM BTOpHqHUX qacTHU. 

KanopHMeTp pacnonoEeH Ha no)J.BH:>KHofl nnaTcpopMe, qTo naeT 

B03MO:>KHOCTb 

BepTHKanbHO B 

nepensHraTb 

nROCKOCTH, 

)leTeKTOp ropH30HTanbHO H 

nepneH)J.HKYRHpHofl HanpaBneHHD 
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• nyqKa. 3TO Il03BOnHeT BblCTaBHTb KaJKnhlH 3neMeHT nrn-1 c 

TOqHOCTbID 1.5 MM no ueHTpy nyqKa BO BpeMa Kane6poBKH 

3HepreTHqecKoro OTKnHKa. 

Ha pHC.3 IlOKa3aHo THnHqHoe pacnpeneneHHe (WTpHXOBaH 

nHHHH) H3MepeHHblX B nrn-1 3HeprHH 3neKTpoMarHHTHblX JIHBHeH, 

Bbl3BaHHblX Il03HTpoHaMH C HMnynhcaMH 4 f3B/c. B TOM JKe Ha6ope 

nonyqeHO pacnpeneneHHe OTKJIHKOB nrn~1 (CilJIOWHaH JIHHHH), 

Bbl3BaHHb!X rr+-Me30HaMH C TaKHM JKe HMilYJibCOM. 

aoo,,,-......---.-"""T--.----.-.....--,,-...----~ 

N 

600, 

,_, 
,!: .. 
i1 i 
i l 
f I 

rl (. 
.: i 

J' l 
t. 

E, I'aB 

PHc.3. PacnpeneneHHe 3HeprHH 

3neKTpoMarHHTHblX JIHBHe8 B 

nrn-1. Bhl3BaHHblX Il03HTpoHaMH 

C HMilYJibCaMH 4 f3B/c (nyHK

THpHaH JIHHHH). CnJIOWHOH JIH

HH8H noKa3aH OTKJIHK nrn-1, 

Bbl3BaHHblH rr+-Me30HaMH C TeM 

JKe HMilYJibCOM 

a., Mil 

tSr--r--~-r---.-"""T--.-"""T--.-"""T--. 

,o 

0, 
'O 

X, JOI 

PHc.4. KoopnHHaTHoe pa3pewe

HHe nrn-1, nonyqeHHoe npH 

3HeprHH Il03HTpOHOB Ee+=3 f3B 

3HepreTHqecKoe pa3peweHHe nrn-1 [20] ~BnHeTCH cpyHKUHeH 

3HeprHH qacTHUli H KOJIHqeCTBa cpa6oTaBWHX 3JieMeHTOB 

KaJIOpHMeTpa. B npoueccax (1)-(4) 3JI8KTpOMarHHTHble JIHBHH, B 

OCHOBHOM, pa3BHBaIDTCH B onHoM HJIH nByx 3JieMeHTax nrn-1 H 

cpe,UHHe 3Haqemrn KOHCT4!,HT B CTaH,uaP'I'HOfi: napaMeTpH3an;im 

6 

er E 
= a® 

E 

COCTaBJIHIDT a= 17. H b = 8.57.. 

KoopnHHaTHOe 

BblpaJKeHHeM 

pa3peweHHe 

4.12 

b 

/ E [.f3B'-] 

nrn-1 [20) OilHCb!BaeTCH 

erx = (0.64 + -----) (1 + 0.23 exp(0.062 x) f,,M' 

/ E [.f3B] 
+ 

rne E - 3HeprHH e- HJIH ,-KBaHTa, X - paCCTOHHHe OT TOqKH 

nonanaHHH qacnfUhl . no 6JIHJKa8we8 rpaHHUbl MeJKny na YMH 

3JieMeHTaMH B MHJIJIHMeTpax. □pH 3HeprHH neTeKTHpyeMb!X qacTHU 

E = 3 f3B erx H3MeHH8TCH B npenenax OT 3 MM no 17 MM 

(pHC. 4). 

nr n-2 npencTaBJIHeT co6oi:t MaTpHUY pa3MepHOCTH 24x24, 

COCTaBJieHHYID H3 CBHHUOBb!X CTeKOJI MapKH T<l>l-00. Kanopm,leTp 

nepeKpbIBaeT IlJIOIUanh 2. 05x2. 05 M
2

. o6mee KOJIHqeCTBO 

cneKTPOMeTpHqecKHX KaHaJIOB nrn-2 COCTaBJIHeT 624. 

EOJibWHHCTBO 3JieMeHTOB (560 WT.) - 3TO npH3Mbl pa3MepoM 

85X85x350 MM
3

. UeHTpaJibHhle 64 3JieMeHTa (MaTpHua 8x8) HMeIDT 

pa3Mep 42.5x42.5X350 MM
3

. npoTDTHil nrn-2, Ha6paHHb!H H3 256 

3JieMeHTOB, OilHCaH B [21). 

npenaapHTeJibHaH KaJIH6pOBKa KaJIOpHMeTpa ocymecTBJIHeTCH 

Ha MIDOHHOM nyqKe, OKOHqaTeJibHaH, 6onee ToqHaH, - no 

3HeprOBhlneneHHP npH perHcTpauHH napbl ,-KBaHTOB OT pacnanoB 

~- H ~-Me30HOB [22). 3HepreTHqecKoe H KOopnHHaTHOe 

pa3 P.eweHHe nrn-2 KaK q:>yHKUHH 3HeprHH Il03HTpOHOB 

(3JieKTpOHOB) OilHCb!BaIDTCH cnenyIDIUHMH BhlpaJKeHHHMH: 

erE [ 4.8 
)x1 o-2, - = 1.5 + 

E / E [/f3B']' 

9.0 
er = 2. 5 + MM, 

X 

/ E [ f3B] 
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r.ne rrapaMeTphl ¢YHKUHH Koop.nHHaTHoro pa3peweHHH ycpe.nHeHhl ~o 

pa3Mepy HtieHKH. 

On-line KOHTpOJib CTa6HJibHOCTH pa6oThl crreKTpOMeT-

pHtieCKHX KaHaJIOB Jifll-1 H Jlf Jl-2 ocymecTBJIHeTCH C ITOMOJnhIO 

HCTO'IHHKOB KOpOTKHX cBeTOBh!X HMITYJibCOB (CBeTO.UHO.Uhl, 

ITHTaeMble OT reHepaTopoB HMITYJibCOB) [19]. 

3.TPHffEP 

YCJIOBHHMH 

HCCJI8.UOBaHHH 

Bblpa60TKH 

rrpoueccoa 

TpHrrepHoro cHrHaJia rrpH 

(1)+(4) HBJIHIOTCH: 1) HaJIH'!He 

rrytIKOBoro K+-Me3oHa; 'IHCJia 

3HeprHeH auwe 3a.UaHHoro rropora oT 

H_ IT03HTpOHOB B KaJIOpHMeTpax crreKTpOMeTpa 

qacTHU (.UJIH rrpoueccoa (1), (2),(4) - He MeHee 

2) HaJIH'!He Tpe6veMoro 

3JieKTpOMarHHTHblX JIHBH8H C 

o'-KBaHTOB 

BTOpH'IHh!X 

3x). H.neHTH¢HKaUHH rrytIKOBOro K+-Me30Ha ITpOH3B0.UHTCH 

ra30Bh!MH rroporOBh!MH qepeHKOBCKHMH C'!eT'!HKaMH c\ +C 
4

• C ueJiblO 

IT03HTpOHOB, rrorraBlliHX B 'IHCJia orrpe.neJieHHH 

KaJiopHMeTphl, 

COOTBeTCTBeHHO 

7-KBaHTOB H 

3JieMeHThl 

B - 7 H 6 

( 1)~(4) Jlfll-1 BKJIIOtiaeTCH 

JirJI-1 

rpyrrrr. 

H JifJI-2 o6be.UHH8Hbl 

(IlpH 

B TpHrrep 

H3ytieHHH 

KaK o.nHa 

rrpoueccoa 

rpyrrrra). 

CyMMapHoe 3HeprOBbl,UeJieHH8 

cpaBHHBaeTCH C 3a,UaHHhlM 

B 3JI8MeHTax Ka~.UOH rpyrrrrbl 

3HepreTHtiecKHM rroporoM (0.3+1.1 

orrpe.neJIHeTCH tIHCJio cpa6oTaBmHx rpyrrrr B f3B) H B pe3yJibTaTe 

JifJI-1 H JlfJI-2. 

IlpH H3ytieHHH psi:.na rrpoueccoa (B tiaCTHOCTH, ( 3) ) 

CUHHTHJIJIHUHOHHble ro.nocKOITbl BKJIIO'!aIOTCH B TpHrrep C 

Tpe6oBaHHeM 3a.naHHOH MHO~eCTBeHHOCTH 3apsi:~eHHblX qacTHU. 

JlJIH ¢opMHpOBaHHH TpHrrepHoro CHrHaJia H MOHHTOpHpOBaHHH 

rrytIKa HCITOJih3YIOTCH YHH¢HUHpOBaHHble 3JI8KTpoHHble 6JIOKH, 

Bh!ITOJIHeHHh!e B cTaH.napTaX BHillHH, CYMMA, KAMAK, a TaK~e 

crreuHaJibHO pa3pa6oTaHHaH .UJIH 3TOH 3a,naqH 3JieKTpOHHKa. 

4. CHCTEMA CBOPA JIAHHMX HON-LINE AHARH3A HH¢0PMAUHH 

3JieKTPOHHKa CHCT8Mbl c6opa .naHHhlX co.nep~HT B8TBH, 

BblllOJIHeHI-Ih1e B cTaH,D:apTax KA"1AK 11 CYMMA. 

8 

BeTBh KAMAK rrocTpOeHa Ha 6a3e KOHTpOJIJiepoB KK012 [23] 

H rro.UKJIIOt{aeTCH K rrepcoHaJibHOMY KOMITbIOTepy THITa IBM PC/AT. 

BeTBh CYMMA ITO.UKJIIOtiaeTCH K B8TBH KAMAK qepe3 .npa8Bep 

BeTBH KK008 [24]. 
3arrHCh HH¢0pMaUHH ocymecTBJIH8TCH Ha MarHHT0¢0H CM-5306 

(CM-5309), rro.UKJIIO'l8HHhlH K KOMITbIOTepy qepe3 HHTep¢e8c [25]. 

BeTBh KAMAK o6ecrretIHBaeT rrpHeM H rrepe,uaqy HH¢0pMaUHH C 

qacTH nK rryqKoaoro crreKTPOMeTpa, acex KaMep crreKTpoMeTpa 

BTOpHtIHblX qaCTHU H JirJI-1. HH¢0pMaUHH C ITK rrytIKOBOrO 

crreKTpoMeTpa rrepe.naeTcH qepe3 perHcTphl KP007 [26] B 

KOHTPOJIJiep KK012. )IJIH CbeMa HH¢0pMaUHH C KaMep cneKTpoMeTpa 

BTOpHtIHblX qaCTHU HCITOJib3Y8TCH 3JI8KTpOHHKa PCOS II ~HpMhl 

Lecroy [ 27]. CHrliaJihl c 3JieMeHTOB Jir JI-1 perHcTpHpyIOTCH 

rrpeo6pa30BaTeJIHMH 3apH.U-KO.U KA008 H KA010 [28]. 

9JieKTpOHHKa, BhlITOJIHeHHaH B cTaH.napTe CYMMA, CJIY~HT .UJIH 

rrpHeMa H nepe.natIH HH¢0pMaUHH C 6oJiblli8H qacTH ITK rrytIKOBOrO 

crreKTpOMeTpa, CUHHTHJIJIHUHOHHOrO ro.uocKorra, 3JieMeHTOB JirJI-2. 

CHrHaJihl C Jir JI-2 perHcTpHpYIOTCH 1 o-6HTHblMH rrpeo6pa30-

aaTeJIHMH; C'IHTb!BaHHe .naHHblX' Bbl'IHTaHHe rrhe.necTaJioB H 

6y¢epH3aUHH ocymecTBJIHJOTCH CHCT8MOH CbeMa HH¢0pMaUHH, 

H,UeHTH'!HOH orrHcaHHOH B pa6oTe [29]. )IJIH 3aITHCH Ha MarHHTHYIO 

JieHTY rrepe.naeTCH TOJibKO 3Haqamasi: HH¢0pMaUHH. 

CHcTeMa c6opa .naHHblX IT03BOJIHeT rrpHHHMaTh H rrepe.naBaTh 

HH¢0pMaUHIO .UJlH 3·arrHCH Ha MarHHT0¢0H co CKOpOCTbJO .no 200 

KHJI06aHT B ceKyH.UY. 3Ta BeJIH'IHHa cpaBHHMa C Tpe6oBaHHHMH' 

rrpe.UbHBJIH8Mb!MH K CHCT8M8 c6opa .naHHhlX rrpH HCCJ18.UOBaHHH 

npoueccoB (1 )-(4). 
no.uroTOBKa ITK, Jir Jl-1 H nr JI-2 K pa6oTe MO~eT BeCTHCb 

napaJIJieJihHO, rryTeM ITO.UKJIIOtieHHH rrepcoHaJibHhlX KOMITbJOTepoB K 

acex .neTeKTOpOB C03.UaHhl rraKeThl 
Ka~.UOH H3 3THX CHCTeM. 

rrporpaMM, 
JlJIH 

IT03BOJ1HIOmHe ocymecTBJIHTh HaJla.UKY H TeCTHpOBaHH8 .neTeKTOpOB 

BO BpeMH rro.uroTOBKH K pa6oTe H HX KOHTpOJib a xo.ne Ha6opa 
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aaHHJ,IX, cymecTayeT TaKJKe KOMnJieKC nporpaKM, npH noMomH 

KOTopux npoaoaHTCR KOHTpOJib . 3a KaqecTBOM Ha6HpaeMoro 

MaTepHaJia H ynpomeHHaR o6pa60TKa qacTH 3KCnepHMeHTaJibHJ,IX 

aaHHJ,IX, 3TH nporpaMMJ,I BllnOJIHRDTCR Ha KOMnbDTepe napaJIJieJibl!O 

c Ha6opoM aaHHJ,IX, 

5. OCHOBH~E XAPAKTEPHCTHKH YCTAHOBKH 

ITOJIHOe 

onpeaenReTcR 

pa3pemeHHe cneKTpoMeTpHqecKoro KOMrrJieKca 

nayMR OCHOBHUMH ~aKTOpaMH: 1) TQqHOCTbD 

H3MepeHHR 3HaqeHHH HMnyJibCOB H KOopaHHaT nepBHqHJ,IX H 

BTOpHqHJ,IX 3apRJKeHHJ,IX qacTHU; 2) TQqHOCTbD H3MepeHHR 3HeprHH 

H yrJIOB BUJieTa o-KBaHTOB. 

HMnyn&cHoe pa3pemeHHe nyqKoBoro cneKTpoMeTpa 6uno 

onpeneneHo MoneJibHUM nyTeM. CHaqana MeTonoM MoHTe-Kapno 

110 

NI I 

PHC.5. Pa3HOCTb BeJIHqHH cre

HepHpoBaHHJ,IX MeTonoM MOHTe

KapJio H BOCCTaHOBJieHHJ,IX 

mrnyJihCOB aJIR nyqKoBoro 

cneKTpoMeTpa 

2000 

N 

t600 

I ,zoo 

1100 

I 
400 

0 
B.ll 11.5 t0.7 "·' "·' P., ~B/o 

PHC. 6. CneKTpU rt-Me30HOB C 

HMnyJI&CaMH 10.7 f3B/c npH 

nayx 3HaqeHHRX HanpRlKeHHOCTH 

MarHHTHOro noJin ( 1 . 1 Tn -

lllTpHXOBaR JIHHHR H O. 6 Tn -

CITJIOllJHaR JIHHHR) B 

MarHHTa MC-12 

10 

ueHTpe 

! 

,f 
'.~ ?t 

., 
i~ 
il 
I 

') ,, 

reHepHpoaaJIHCb HMnyJibCJ,I qacTHU C yqeTOM reoMeTpHqecKHX 

pa3Mepoa H pacxoaHMOCTH nyqKa, 

C yqeToM pacnOJIOJKeHHR KaMep 

3aTeM OHH BOCCTaHaBnHBaJIHCb 

H HX TOqHOCTeH. Ha pHC.5 

npeacTaaneHo 

i\P = p - p • 

pacnpeaeJieHHe pa3HOCTH 

MarHHTa 
b MC rec 

onHoponHuM. 

creHepHpoBaHHUe 

Karna 

3nec& 

H 

none 

p H 
MC 

BOCCTaHOBneHHJ,Ie 

p 

pacqeTHUX 

CIT-129 

BeJIHqHH 

cqHTaeTCR 

- COOTBeTCTBeHHO 
rec 

HMnyJihCbl qai::THU. 

OTHOllleHHe i\Pb/PMC COCTaBnReT 0.5 % npH cpenHeM HMnyn&ce 

qacTHU 10.5 f3B/c. 

MarHHTHOe none MC-12 6blJIO H3MepeHo npH nByX 3HaqeHHRX 

TOKa nHTBHHR MarHHTa (6.3 KA H 3.0 KA), KOTOpue 

COOTBeTCTBYDT 3HaqeµHRM HanpRlKeHHOCTH MarHHTHOro nonR B 

J~eHTPe 1. 1 TJI H o. 6 TJI. Ha pHC. 6 npHBene111,1 cneKTpl,I rr+ -Me30HOB 

C HMnyJibCaMH 10. 7 f3B/c npH nayx 3HaqeHHRX HanpRJKeHHOCTH 

MarHHTHoro noJIR. CpenHeKaanpaTHqHJ,Ie OTKJIOHeHHR 3THX 

pacnpeaeJieHHH COCTaBJIRDT ~ 150 M3B/c H 248 M3B/c 

COOTBeTCTBeHHO, qTo, C yqeTOM m.myJihCHoro pa36poca nyqKa 

(i\P +/P + ~ ±1%), 
rr rr 

n03BOnReT yTBep~aTb, qTQ yMeHbllleHHe 

HanpRlKeHHOCTH MarHHTHOro noJIR He npHBOaHT K CHJibHOMY 

yxynmeHHD pa3pemeHHR cneKTpoMeTpa. 

B 3KCnepHMeHTaX no H3yqeHHID pacnaaoB (1)+(4) 61,1n 

HCnOJib30BBH pelKHM MarHHTa MC-12 co 3HaqeHHeM HanpRlKeHHOCTH 

nonR B ueHTpe 0.6 TJI. Bu6op 3TOro 3HaqeHHH onpeneJIRnCR 

neo6xoaHMOCTbID yBeJIHqeHHR aKcenTaHca ycTaHOBKH. 
+ 

Ha pHC.7 aJIR 1l -Me30HOB 

npoxoaHBlliHX qepe3 ycTaHOBKY, 

pa3HOCTH BenHqHl{ HMny nhCOB i\P 

H3MepeHJ,I C noMombD nyqKoBoro 

C HMnynhCaMH 10.7 f3B/c, 

H306paJKe110 pacnpeaeneHHe 

P - P , r ne P H P 6unH 
b s b s 

cneKTpoMeTpa H cneKTpm.1eTpa 

BTOpHqHJ,IX qacTHU COOTBeTCTBeHHO. CpenHeKBanpaTHqHoe 

OTKnoHeHHe pacnpeaeJieHHR COCTaBJIReT a4P = 252 M3B/c, T.e. 

a 4P/P = 2. 3%. 3Ta BenHqHHa xapaKTepH3yeT cyMMapHoe 

pa3pemeHHe MarHHTHb!X cneKTpOMeTpOB · npH cymecTByDmeM 

pacnoJIOJKemrn KaMep H cornacyeTCR C norpelliHOCTHMH, 

nonyqeHHUMH anR KaJKaoro H3 HHX B OTaenbHOCTH. 
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I I I ;oo\ ,vJ, 

BOD' 
., . 

400 

-°,., .-.t.z -o.a -o.4 o.o 

I 

,.. ,., 
4P, 1'3B/c 

PHc.7. Pacnpe.neneHHe no pa3-

HOCTH B8JIH'IHH HMnyJibCOB 1t
M830HOB /J.P = P - P I H3M8-

b s 

peHHhIX C noMomhIO nytIKOBoro 

cneKTpoMeTpa (Pb) H cneKTpO

MeTpa BTOpHllHhIX qacTHU (PS) 

:DOI" •. ·~ I 
zoo~ I \ i 

100 

o1 'ii. •e-!'Bz,' ',h' 'ila.,.':,;h" •••• 
M, M11B/ol 

PHc.8. Pacnpe.neneHHe no He

,nocTaIOmeit Macce K n•-Me3oHy 

B pacna.nax ( 5) 

nnH KaJIH6poBKH H KOHTpOJIH cneKTpOMeTpHll8CKOrO 

KOMnJieKca napanneJihHO c npoueccaMH (1)-(3) perHcTpHpoBaJIHCh 

pacna,nhl 

K+ ~ n•n° 
Y21 

( 5) 

Ha pHC. 8 npHBe,lleH cneKTP He.nocTaIOmHX K n· -M830HY Mace 

B pacna.nax (5) (M=/(P+-P+)
2

·, r.ne P+-H P+-K n K n 
qeThlpeXHMnyJibChl K·- H n·-Me30HOB COOTB8TCTB8HHO), B KOTOpOM 

qeTKO BH,ll8H nHK, COOTB8TCTByIOmHH Macce n°-Me30Ha, co 

cpe,nHHM 3HatieHHeM M = 135 M3B/c
2 

H cpe,nHeKBa.npaTH'lHhIM 

OTKJIOH8HH8M (jM = 15 M3B/c
2

• 

Ba~HOH xapaKTepHCTHKOH nrn HBJIH8TCH pa3perneHH8 no 

3tptpeKTHBHOH Macce 1-1 nap. TipH H3ytieHHH pacna.noB 

12 

I 
I 

... l . . . . . . .. . . . . . . . . l 
N I\ 
/JDDD 

4000 

o! I a _, I I r' ,;)a H I I i f.4 & J' 

PHC. 9. CrreKTp 

Mace rraphl 

. M, MaB/ca 

3<tJ<tJeKTHBHhIX 

1-KBaHTOB H3 

pacna.noa K+ ~ n° +X, 
Y21 

l10JIYll8HHhlH B KaJIH6poBOllHhIX 

H3MepeHHHX Ha nrn-1 

ISDO 

N 

4ool f 

ll. Ma~o• 

PHC.10. CneKTP 3<tJcpeKTHBHhIX 

Mace napbl 1-KBaHTOB H3 peaK-

UHH n· + Be ~ n 71 + X, 
~21 

l10JIYll8HHhlH B KaJIH6pOBOllHhIX 

H3MepeHHHX Ha nrn-2 

K+ -Me30HOB, B KOTOpbIX B KOH8llHOM COCTOHHHH po~.naeTCH O.llHH 

rr
0
-Me30H, 6blJIH rrpoae.neHbl KaJIH6pOBOllHble H3MepeHHH nrn-1. 

3tptpeKTHBHaH rroKa3aHa Macca rrapbl 1-KBaHTOB 

HMeeT IIIHpHHY 35 M3B/c
2 

Ha IlOJIYBhICOTe 

(<r = 15 M3B/c
2
). 

M 

Ha 

H 

pHc.9. 

<TIM= 
M 

TIHK 

11 7. 

nJrn KaJIH6poBOllHhIX H3MepeHHH nrn-2 HCnOJib30BaJIHCb 

pacrra,nbl 1)-M830HOB Ha 1-1 rrapbl. 3,necb 1)-Me30Hhl po~.naJIHCb B 

peaKUHH n• + Be ~ n TJ + X. 
~21 

MHlll8Hb pacnonaranacb Ha 

pacCTOHHHH 4 M OT KanopHMeTpa. 3tptpeKTHBHaH Macca napbl 

1-KBaHTOB l10Ka3aHa Ha pHc.10. Cpe.nHeKBa.npaTHllHOe OTKJIOH8HHe 

pacrrpe.neneHHH COCTaBJIHeT <T "' 41 M3B/c
2 

H O' /M "' 7. 57.. 
M · M 

TipHBe,lleHHl.,18 Bblllle 3HatieHHH ,llJIH 21-pa3 perneHHH Jir n-1 H 

nrn-2 HBJIHIOTCH COilOCTaBHMl.,lMH C 

.neTeKTopoB rro.no6Horo THrra (30]-[36]. 
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PHC.11. cneKTP 

Mace napu 

pacna.na ( 5 l , 

M, MaB/c& 

3tptpeKTHBHIIX 

;-KBaHTOB H3 

3aperHcTpHpo-

BaHHIIX B pa3HIIX nrn 

t 60..-,,----,-..---.--.--.-....... -.-...--..-.--..-,,----,-.--, 

N 

tZO 

ID 

,o 

.,0 

al I hm+c:Jvi I e I I "I::&,, n,,I • I • I 
.,oo -'6D 400 460 600 6/SD ,ao ,., roo 

II, llaB/c& 

PHC.12. cneKTp 3ctJctJeKTHBHIIX 
+ 0 Mace rr rr -Me30HOB OT pacna.na 

( 5) 

H3yqeHHe npoueccoB (1)-(3) H KanH6poaoqHoro pacna.na 

(5) noKa3ano: B 6onee qeM 507. co6uTHH, 3anycKaIDmHx TpHrrep, 
0 BTOpHqHue Tl -Me30HII pacna.naIDTCH 

;-KBaHTOB perHCTpHpyeTCH nrn-1. 

cneKTp 3cpcpeKTHBHIIX Mace nap 

3aperHCTpHpoBaHHIIX B pa3HIIX 

TaKHM o6pa30M, qTO 0.llHH H3 

a .npyroA - nrn-2. THnHqHuA 

;-KBaHTOB OT 

nrn, noKa3aH 

pacna.na ( 5 l , 

Ha pHc. 11. 

Cpe.nHeKBa.npaTHqHoe OTKnOHeHHe pacnpe.neneHHH COCTaBnHeT 

<f = 22 M3B/c2 H HBnHeTCH conocTaBHMIIM co cnyqaeM, Kor.na 
M 

o6a ;-KBaHTa 6unH 3aperHCTpHpoBaHII B 0.llHOM nr n. npH 3TOM 

cpaBHeHHH Heo6xo.nHMO yqHTIIBaTb pa3nHqHe Mex.ny 

3HepreTHqeCKHMH cneKTpaMH ;-KBaHTOB B o6oHX cnyqaHx. 

c. ToqKH 3peHHH oueHKH cyMMapHoro pa3peweHHH nonHoro 

KOMnneKca ycTaHOBKH onpe.neneHHIIH HHTepac npe.ncTaBnHeT 

cneKTp 3cpcpeKTHBHIIX Mace rr+rr0 -Me3oHoB OT pacna.na ( 5 l, 

KOTOpIIH noKa3aH Ha pHC. 12. Cpe.nHeKaa.npaTHqHoe OTKnOHeHHe 

pacnpe.neneHHH paBHO <f = 30 M3B/c2 H COOTBeTCTByeT .naHHIIM, 
M 

nonyqeHHIIM MeTO.llOM MOHTe-Kapno. 
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6. 3AKR~qEHHE 

Ha 6a3e ycTaHOBKH"rHnepoH" C03.llaH cneKTPOMeTpHqecKHH. 

KOMnneKC, no3BORHIDmHH Ha.nexHo H.UeHTHtpHUHPOBaTb nyqKOBIIe 

qacTHUII H H3MepHTh C xopowe8 TOqHOCTbID KHHeMaTHqecKHe 

napaMeTpH nepaHqHHX H BTOpHqHHX qacTHU, BKnIDqaH ;-KBaHTH. 

CneKTpOMeTpHqecKH8 KOMnneKC no3BORHeT perHcTpHpOBaTb 

npo.nyKTH pacna.noB H, TaKHM 3apHXeHHIIe H He8TpanhHUe 

o6pa30M, HBRHeTCH y.no6HUM HHCTpyMeHTOM .nnH HCcne.noBaHHH 

pacna.noa K+ -Me30HOB, B TOM qHcne H pa.nHaQHOHHIIX npoueccOB 

( 1) ~-( 4) . 

YHHBepcanhHOCTh ycTaHOBKH .naeT B03MOXHOCTh BIInonHeHHH 

H .npyrHX HayqHUX nporpaMM, 

pacna.noB HeHTpanbHIIX Me30HOB, 

H.npax H .np. 

KaK, HanpHMep, no H3yqeHHID 

3apH.llOB006MeHHIIX peaKQH8 Ha 

ABTOpu BUpa~aIDT 6naro.napHOCTh .UHpeKQHHM H~B9 H OHHH 3a 

no.n.nep~KY pa6oTu, nxenenoBy B.n. n npoKOWKHHY ro.n. 3a 

KOHCTPYKTHBHYID nOMOmh Ha BCex 3Tanax pa6oT. MII npH3HaTenhHII 

ronyTBHHY H.A., CMonHHY n.A., Xa6apoBy B.C. 3a H3rOTOBneHHe 

qacTH nponopUHOHanhHIIX KaMep ycTaHOBKH H IlOMOmh npH HX 

3anycKe, neTpyXHHY A.H. 3a npe.nocTaBJieHHe CQHHTHRRHUHOHHIIX 

ro.nocKonoB. COTPY.llHHKaM CH90 OHHH 3a 6onhll!OH o6'beM 

MOHTaXHHX pa60T, npoae.neHHHX B xo.ne peKOHCTPYKUHH 

ycTaHOBKH, KonoMOHUY B.H .• MOWKOBY H.rr .• COKOBHHHY H.C .• 

THXOHOBY M.B. 3a noMomh B no.nroTOBKe .neTeKTOpOB H yqacTHe B 

HX 3KCnnyaTaQHH. 
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