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B 1983-1987 rr. Ha npOTOHHOM CHHXpoTpoHe H<l>B3 Ha 3HeprHIO 70 r3B 
(Y-70, Cepnyxos) 6Lmo nposeAeHO 3KcnepuMeHTaJibHoe HCCJieAOBauue 
o6pa3oBauHR KYMYIDITHBHbiX aApouos s npoTOH-RAepHbiX B3aHMOAeHCTBHRX 
npH 3HeprHH nepBHtiHbiX npoTOHOB OT 15 AO 65 r3B11 1 • H3MepeHHR 6bmH 
BbiDOJIHeHbi ua ycTauosKe CKA 12 1 - MarHHTHOM cneKTpoMeTpe, opueurn
posaunoM ua uccneAOBaHHe HMDynLCHbiX cneKTpos t~acruu-cpparMeHTOB 

RAep MHWeHH B HHKnl03HBHOM npouecce 

p + A+ b + X. (1) 

CneKTpOMeTp pa3Mei.QaJicR B KOnLuesoM 3ane ycKopuTenR, pa6oTan 
uenocpeACTBeHHO OT BHYTpeHHeH MHWeHH, pacnonO)KeHHOH B BaKyyMHOH 
KaMepe yci<:OpHTeJIJI. 3Ta OC06eHHOCTb cneKTpOMeTpa BO MHOrOM ODpeAe
nJJeT KaK ocuoBHbie ero npenMylllecTsa, TaK u orpauHlleHHR npu peanu3aQHH 
3I<:CDepHMeHTaJibHOH nporpaMMbl. 

B AaHHOH pa60Te ODHCaHbl I<:OHCTPYKUHR cneKTpOMeTpa, CHCTeMa 
AeTei<:Topos, nomqecKaR u perncTpupyiOJllaR 3nei<:TpoHHKa. 

1. UL:Ub.l!.iHHUL:'H'i KUMU0H0.i.sKn 

H 3KCllJIYATAUHH CllEKTPOMETPA 

CxeMa pacnono)KeHHR cneKTpOMeTpa s Touuene ycKopHTeJIR noi<:Il3aHa 
ua puc.l. Ha puc.2. npeAcTasneu BHA cnei<:TpoMeTpa B npocpunbHOH npoeK
UHH. CneKTpoMeTp 6Lm ycTauosneu ua npRMOnHHeH:noM npoMe~TI<:e Anu
uoH: 4,5 M Me)I(Ay OOOKRMH 45 H 46 I<:OnbQeBoro yCKOpHTeJIJI DOA yrnOM 
159° K uanpasneHHIO BHYTpeuuero nyqKa npoTouos. llonuaR AnHHa Ka-
6enbuoH: H rll30BOH TpaCCbl OT MecTa pacnonO)KeHHR H3MepHTeJibHOH anna
paTypbl AO cneKTpoMeTpa cocrasnana 100 M. CooTBeTcmeuuo speMR npo
xo)I(AeHHR u HCI<:R)Keuue aMnmrryALI u cppouTa curuanos AeTei<:Topos 6Lmu 
CYilleCTBeHHO 60nLWe, qeM B THDOBbiX 3nei<:TpoHHbiX ycTaHOBKax, pa6oTaiO· 
IllHX Ha BHeWHHX Dylii<:aX. HaJIHliHe CHnbHOTOliHOrO o6opyAOBaHHR B KOnb
QeBOM 3aJie yCKOpHTenR H OTHOCHTeJibHRJI YAaJieHHOCTb KOHTypoB 3113eM
neHHJI AeTei<:TOpoB H perHCTpHpYIOJlleH 3neKTpOHHKH o6yCJIOBnHBaJIH DO· 
BbiWeHHbiH ypoBeHb 3nei<:TpOMarHHTHbiX DOMeX. ,llrrJI CHH)KeHHJI BnHRHHJI 
3THX HeraTHBHbiX cpai<:TOpoB Tpe6oBaJIOCb npoBeAeHHe cneQHaJibHbiX AODOn
HHTeJibHbiX MeponpHRTHH, HHOrAa HHAHBHAYaJibHbiX, Ana OTAeJibHbiX Ka
HaJIOB perHCTpaQHH (3KpaHHpOBI<:a, CHH)KeHHe nopora liYBCTBHTeJibHOCTH 
H T.A.). 

lntil,;i1t"l<d .... :i RH?Hrrrr \ 
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Puc.J. CxeMa pacno/IOJtCeHWI cneKT{JOMerpa 6 KOIIbijeBOM 311/1e ycKOpUTe/IJI. 
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Puc.2. CneKTpOMeTfJ CKA (npotftU/IbHfl!l T}POeK14W1). 

K nono:>KHTeJII>HbiM oco6eHHOCT.RM pa6oTLI cneKTpoMeTpa Henocpe.n

CTBeHHO OT BHYfpeHHeH MHWeHH ycKOpHTeJI.R CJie,nyeT OTHecTH: 

1) B03MO:>KHOCTh HenpephiBHOrO Ha6opa ,IJ;aHHbiX B WHpoKOM ,IJ;Hana-

30He 3HeprHH no Mepe HapacTaHH.R 3HeprHH BHyrpeHHero ny11Ka B npoQecce 

YCKOpeHH.Rj 

2) MaJIOe llOTpe6JieHHe HHTeHCHBHOCTH BHyTpeHHero nyqKa, 6naro,nap.R 

HCllOJih30BaHHIO npHHQHna MHOrOKpaTHOrO npOXO)K)J;eHH.R YCKOpeHHhiX qa

CTHQ qepe3 TOHKYIO MHWeHL. lloCJie,IJ;Hee ,naeT B03MO:>KHOCTL ynpaBJI.RTL 

CBeTHMOCTLIO MHWeHH npaKT~ecKH B JII060M Heo6XO)J;HMOM HHTepaane 

3HaqeHHH H o6ecneqHBaeT COBMeCTHMOCTh pa60Thl noqTH CO BCeMH llOTpe-

6HTeJI.RMH, pa6oTaiOIQHMH Ha CTOJie MarHHTHOrO llOJI.R. 

MlfweHHa.R CTaHQH.R COCTO.RJia H3 4 MHWeHeH - 2 pa6oqHX H 2 KaJIH6po

BO~hiX. llOCKOJILKY HCllOJih30BaJIHCL MHWeHH CTaH,IJ;apTHOrO AJI.R Y-70 rnna, 

3KCnJiyaTaQH.R KOTOpbiX He npe,nycMaTpHBaeT CMeHbl HaCa,IJ;OK B TeqeHHe 

CeaHca pa60Thl ycKOpHTeJI.R, TO HaMH 6LIJia DpHMeHeHa KOHCTpYKQH.R Haca,n

KH, ,nonyCKaiOI.Qa.R KpenJieHHe HecKOJihKHX MHWeHeH-HHTeH, KOTOpbie llOCJie

,IJ;OBaTeJILHO BBOAHJIHCL a nyqoK nocne cropaHH.R npeALIAYIIIeif. McnoJIL3o

BaJIHCL ,IJ;Ba pe:>KHMa pa6oThl MHWeHeH. B nacCHBHOM pe:>KHMe KOHTaKT nyqKa 
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Puc.3. MuweHHblU y3e11 cneKTpOMeTpa u cxe

Ma o6pamou c6113U OIIR cTa6UIIU3Ql4UU ypoe
HR c6poca ny111<a na Muwenb. BpeMeHHQJI 
OUilZpaMMa pa6onz Muwenu. MP, MK -
pa6o'lfl!l u K(l!IU6poeo'lnfl!l Muwenu; BII -
BHyTpeHHUU ny'IOK npOTOHOB,· Rrr ~ -
paOU(lflbHble KOOpOUHQTbl ny'IKQ U MUWeHu; 

( H, K. rii. F3H, TC- eM. TeKcT J. 

C MHWeHLIO OCyiUeCTBJI.RJIC.R nyTeM 

BLmo.na MHWeHH Ha onpe.neneHHLrn 

pa.neyc 6e3 B03,neifcTBH.R Ha nono:>Ke

HHe BHyTpeHHero nyqKa. B 3TOM cny

qae pacT.R:>KKa c6poca HMeeT, KaK 

npaaHJio, HepaaHoMepHLrn xapaKTep, 

llOCKOJILKY pa3Mephl H pa,n;HaJILHOe 

llOJIO:tKeHHe nyqKa MeH.RIOTC.R B npO

Qecce ycKopeHH.R. llo.no6Hbrn pe:>KHM 

MOr 6LITL HCllOJIL30BaH B CTa.n;HH Ha

Jia,n;KH perHCTpHpYIOIUeH annapaTypbi. 

llpH Ha6ope pa6oqeif CTaTHCTHKH HC-
_ _ __ _ _ _ _ _ _ _ - ........ _,...,,. ........ _..,..,_.,.,..,...,....,.... 'I'YftT"On 

.11VJ1D..3V.DQ..I.l ..... l1 }JIL-~.lJ.YJ. u."".a•.a.u.&..a.v.a. v .u.~..., 

,IJ;eHH.R nyqKa Ha MHWeHL, paBHOMep

HOCTh c6poca nyqKa Ha MHWeHL B 

3TOM cnyqae o6ecnetmaanacL ynpaa-

neHHeM pa,n;HaJILHLIM nono:>KeHHeM 

nyqKa npOTOHOB qepe3 CXeMy o6paTHOH CB.R3H, npHHQHn pa60Thl KOTOpOH 

nO.RCH.ReTC.R pHc.3. liMnyJILChl COBna,neHHH MOHHTOpHoro TeJiecKona (Ml,2, 
3) llO,IJ;aiOTC.R Ha BXOA HHTeHCHMeTpa (M), aMnJIHTy.n;a CHrHaJI~ (IM) Ha Bhi

XO,IJ;e KOToporo nponopQHOHaJILHa cKopocrn cqeTa MOHHTOpHoro TenecKona. 

BLIXO,IJ;HOH CHrHaJI HHTeHCHMeTpa nOCTynaeT Ha O)J;HH H3 BXO,IJ;OB KOMnapa

TOpa (K), Ha BTOpOH BXOA KOTOporo llO,IJ;aBaJIC.R CHrHaJI OT reHepaTopa onop

HOrO Hanp.R:>KeHH.R (rll). AHanoroaa.R pa3HOCTL 3THX .nayx CHrHaJIOB onpe

,nen.Rna aMnJIHTYAY c~Hana, no.naaaeMoro Ha o.n;HH H3 axo.noa cxeMLI yn

paaneHH.R (T34) qacTOTOH reHepaTopa ycKOp.RIOIUero Hanp.R:>KeHH.R (r3q). 
BeJI~HHa H 3HaK pa3HOCTHOrO CHrHaJia Ha BhiXO,IJ;e KOMnapaTOpa onpe,nen.R

IOT, TaKHM o6pa30M, BeJIHqHHY H HanpaaneHHe H3MeHeHH.R pa,n;HaJILHOrO no

JIO:>KeHH.R nyqKa ycKopHTeJI.R Rb, o6ecne~~HBa.R 3aAaHHYIO HHTeHcHBHOCTh 

c6poca nyqKa Ha MHllleHL. <l>opMa pacT.R:>KKH c6poca npH ABYX OnHCaHHhiX 

pe:>KHMax llOKa3aHa Ha pHC.4 • .IlJIHTeJILHOCTh paCT.R:>KKH COCTaBJI.RJia 2+2,2 C, 

qTO COOTBeTCTBYeT yaen~eHHIO 3HeprHH BHyTpeHHerO nyqKa Ha -50 r3B, 
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Puc.4. lPopMa c6poca ny'IKa na MUUU!Hb. 
1 - c otipaTnou C6J13b10, 2 - tie:J otipaTHou 
C6JI3U. 

H811aJ10 (12 + 17 r3B) H KOHeil (60 + 
+ 67 r3B) paCTJDKKH OrpaHHtJHBMHCb 
oco6eHHOCTaMH pe)I(HMa YCKOpeHHH 
H pa60Tbl CHCTeM BbiBOAa IIY11KOB 

40 60 
E0 , r3B B AaHHOM ceaHce. HHTeHCHBHOCTb c6po-

ca nyt~Ka Ha MHUieH& cneKTpoMeTpa 
6&ma Ha ypOBHe 108 + 109 B3aHMOAeHCTBnH B MHUieHH, T.e. noTpe6Jienue 
HHTeHCHBHOCTH BHyTpeHHero nyt~Ka yCKOpHTeJia 6&In0 npeHe6pe)I(HMO MaJlO 
(< 1(} 3 ) no CpaBHeHHJO C noJIHOH HHTeHCHBHOCTbJO (3 + 6} 1012 npOTO
HOB/UHKJI). 

AHanH3HpYJOII.tHH MarHHT cneKTpOMeTpa oMen pa3Mep pa6oqeif anep
Typ&I 140 X 280 MM H HHTerpan MarHHTHOro nona AO 0,5 Tn • M. BeKTOp 
Hanpa)l(eHHOCTH MarHHTHOrO nona OpHE!HTHpoBaH ropH30HTanbHO, T. e. 
OTKJIOHeHHe 3apa)l(eHHbiX 11acTHU npoHCXOAHnO B sepTHKanbHOH DnOCKO
CTH. KapTa MarHHTHoro nona 6&ma CHHTa c UiarOM 20 MM no sceMY 
o6'beMy nona s npeAenax pa6o11en anepTypbi c no~Oll.lbJO TpeXKOMDOHeHT
Horo fH . H ... H ) H3Meomena c naTIIHKaMH Xonna. Tot~HOCTb H3MeoenHH 

. .II. ] £ - -

B KR)I(AOH T011Ke 6bma He Xy)l(e 0,5%. 3<l><t>eKTHBH8JI AnHHa MarHHTHOH AO-
pO)I(KH, nonyt~eHHaa s pe3yn&TaTe o6pa6oTKH KapTbi nona, cocTasnna 
1640 MM. Pact~eTHoe OTKJIOHeHne 3apa)l(eHHbiX qacmu no AaHHbiM 3THX Mar
HHTHbiX H3MepeHHH 6biJIO npoKOHTponnpoBaHO H3MepeHHeM OTKJIOHE!HHH 
TOKOHecymeH HHTH13 1• KoHTpOnb C TOKOHecymeH HHTbJO 6bin BbinOJIHeH 
A88)1(Abl - nepeA Hat~anoM u nocne JasepUieHHH scero UHKna H3MepeHHH. 
B o6oux cny11aax pa3nmue proyn&TaTOB ABYX MeTOAHK He BbiXOAUno 38 1%. 

2 . .llETEKTOPhl cnEKTPOMETPA 

B cneKTpOMeTpe ucnon&3osanuc& cneAYJOlllHe AeTeKTopbi (puc.1,2): 
1) MOHHTOpHbie C11eT11HKH M1 + M6, 
2) CUHHTHnnHUHOHHbie ct~eTIIHKH 81+ 84, 
3) noporOBbie qepenKoscKHe C11eT11HKH C1, C2, 
4) Apen<l>oBbie KaMepbi ,llK1 + ,llK5. 

2.1. TenecKOnbi MOHHTOpHbiX CUHHTHnnHUHOHHbiX C11eT11HKOB (M1+M6, 
puc.1) pacnonarannc& noA yrnoM 90° K HanpasnenHJO ny11Ka u 6bmu OKpy
)l(eHbi cnoeM p8,D;H8UHOHHOH 38lllHTbl H3 CBHHU8 C KOnnHMHPYJOlllHM KaMa
nOM B HanpasneHHH MHUieHH. Pa3Mepb1 KOnnHMaTopa H CUHHTHnnHTOpOB 
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Bbi6upannc& iaKHM o6pa30M, 11T06bi so seeM AHana3oHe nepeMellleHHH MH
UieHH B pa6011eM nonO)I(eHHH "BHAeTb" ee Ha nnaTO 3cpcpeKTHBHOCTH B xapaK
TepHCTHKe yrnosou HanpasneHHOCTH TenecKonos. HecMoTpa Ha 3Ha11HTeJib
HbiH pa.u;HaQHOHHbiH cpoH B KOn&QeBOM 38Jle yCKOpHTeJia, 11HCnO cpoHOBbiX 
OTC11eTOB TeJieCKOnOB npH BbiBeAeHHOH MHUieHH He npeBbllllaJlO HecKOnbKHX 
OTC11eTOB 38 UHKJI yCKOpeHHa. 

2.2. CUHHTHnnHUHOHHbie C11eT11HKH 81 + 84 BbinOJIHaJOT B cneKTpoMeTpe 
ABe cpyHKUHH: nornt~ecKyJO - Ana perncTpaunu npoxo)I(AeHHH 3apa)l(eHHbiX 
11acruu B npeAenax pa6o11en anepTypbi cneKTpoMeTpa u Bbipa6oTKH curHana 
Tpnrrepa, H3Mepmen&HyJO - Ana onpeAeneHHH apeMeHn nponeTa qacTHU 
u UAeHmcpnKaunu ux MaCChi no AE/Ax-noTepaM. B c11eT11nKax ucnon&30BaHbi 
apeMeHHbie <1>3Y XP2020 u 6biCTpbie CUHHTHnnHTOpbi c nJOMnHecuupyJOmeu 
A06asKoH PB,ll14 1 co speMeHeM BbiCBetiHBaHHa 6biCTpOH KOMnOHeHTbi 
0,8 HC. Pa3Mepbl CUHHTHnnaTOpOB H HX paCCTOaHHe AO MHUieHH (B MM) 
cneAYJOlllHe: 81 - 20 X 30 X 0,08 (515), 82 - 30 X 60 X 1,5 (1270), 83 -
150 X 300 X 5 ( 4320), 84 - 160 X 320 X 8 ( 4420) . B Ka11ecTBe AeJIHTeJieH 
Hanpa)l(eHHH B C11eT11HK8X HCnOnh30BaHbi pe3HCTHBHbie AeJIHTeJIH C BKJIJ011e
HHeM B 5 nocneAHHX AUHOAHbiX npoMe~TKOB CTa6HnHTpoHOB (KC-650, 
KC-680) c uen&JO yMeH&UieHna H3MeHeHna Me)I(AHHOAHbiX HanpJI)I(eHHH 
npu BbiCOKHX 3arpy3Kax (> 106 1/c). ,llna e11eT11HKa 81, Hau6onee 6JIH3-
Koro K MHUieHH, TaKOH Mepbl AnH CTa6HnH3aQHH pe)I(HMa OK83aJ10Cb He
AOCT8T011HO, no3TQMY Ana Hero 6bm ucnonb30BaH AeJJHTenb C TpaH3HCTOpHOH 

>-

<P3Y 

CT86HnH3auHeH, ODHCaHHOH B paboTe;~ ; . 
Bo acex C11eT11HKax ucnon&30BaH 6ecKOHTaKT
HbiH cnoco6 caeToc6opa c ucnon&30BaHHeM 
nonoro oTpR)I(aJOlllero caeToBoAa H3 MeTannu-
3HpoBaHHoro MaHnapa. npu HCnOnb30BaHHH 
TOHKHX CUHHTHnnHTOpOB TaKOH cnoco6 o6ec
netiHB8eT 6onee OAHOpOAHbiH CBeTOC6op C pa3-
nH11HbiX yti8CTKOB CUHHTHnnaTopa, H 3cpcpeK-
THBHOCTb CBeTOC6opa MeHbUie 3aBHCHT OT Ae
rpa.u;RUHH OmH11eCKHX CBOHCTB CUHHTHnnHTOpa 
(noTepa npo3pa11HOCTH, yxyAUieHne Kat~ecTaa 
noaepXHOCTH, noaaneHHe MHKpoTpelllHH) . 
OAHa H3 npH11HH yxyAUieHna Kat~ecma CUHHTHn
naTopoa s HaUieM cny11ae - 6on&Uiue pa.u;ua
UHOHHbie Harpy3KH npu c6poce nyt~Ka Ha oc
HOBHbie MHUieHH yCKOpHTeJia ( OHH Ha HecKOnb
KO nopaAKOB BbiUie, 11eM OT C06CTBeHHOH 

Puc.5. KoncrpyKZIWI zo11oenou 11acru wupoKoanep
TYPH&IX C'le'l'luKoe S3, S4. 
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Puc.6. 3rfirjJeKTUBHOCTb ceeTOc6opa Ha 

MOUiaOU C'leT'IuKa S3. 
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Puc. 7. Pa36poc epeMeHu ceeTOc6opa no 

MOUIQOU C'leT'IUKa S3. 

MHWeHH cneKTpOMeTpa). KOHCTPYKUIDI MaJIOanepTypHbiX Ctle'fliHKOB (81, 
82) socnpoH3BO.lUiT OnHCaHHyro B pa6oTe 16 1• KOHCTPYKUIDI ronoBHo:H qacTH 
l'trPTtntKnR c fiom.mo:H anep-rypo:H (83.4) noKa3aHa Ha pHc.5. .llm1 yqeya 

pa36poca BpeMeHH cseroc6opa H aMnnHTynLI CHrHana oT MeCTa npoxo~e
HH.fl tiaCTHIJ; tlepe3 CtleTtiHK HaMH 6Lma H3ytleHa 3aBHCHMOCTb 3THX BenHtiHH 
OT KoopnHHaT (XY) TpeKa t~acTHu;LI B npenenax pa6ot~e:H anepTypLI cqer
tiHKOB (pHc.6,7). CooTBeTcmyroi.QHe 3aBHCHMOCTH 6LmH annpoKcHMHpo
BaHLI CTeneHHbiMH nOnHHOMaMH OT X H Y H HCnonb30BaHbl nnR KOppeKQHH 
T- H E-cneKTpOB. 

v 
2.3. lloporoBLie qepeHKOBCKHe ct~e'fliHKH C1,2 6LmH HcnonL30BaHLI 

B cneKTpoMeTpe nnH opraHH3au;HH "Me30HHoro" TpHrrepa, T.e. 3anycKa 
perHCTpHpyrome:H 3neKTpOHHKH npH npOXO~eHHH 6LICTPOH tlaCTHIJ;bl C 
(3 > (3 n ~ 0, 7. KpoMe Tor.o, aHaJIH3 aMnnHTyn c (a ,2 no3Bon.ReT o6ecne
tiHTh Hane:>KHyiO HneHTH<l>HKaQHIO tlaCTHU, T .e. pa3neneHHe nHOHOB, KaOHOB 
H npOTOHOB, B )l(ecTKOH tlaCTH cneKTpa, rne HX pacnpeneneHIDI no BpeMeHH 
nponeTa nepeKpbiBaiOTC.fl. B cneKTpoMeTpe HcnonL30BaJIHCb nsa HneHTHti
HbiX no KOHCTPYKUHH C-et~eTtiHKa, BKniOtleHHLix B ypwrep qepe3 cxeMY 
HnH, 3THM o6ecnet~Hsanacb 6nH3Ka.R K 100% 3<P<PeKTHBHOCTb TpHrrepa 
K tiaCTHQaM c (3 > (3 n. Ct~eTtiHKH HMenH sonRHLie panHaTOpbi c KIOBero:H 
170 X 340 X 50 MM. .llOCTaTOtiHO paBHOMepHa.R 3<P<PeKTHBHOCTb CBeTO
c6opa H ero He3aBHCHMOCTb oT yrna sxona qacTHQ B panHaTOp nocTwanacb 
BBeneHHeM B sony cneKTpOCMei.IJ;aiOI.IJ;eH KOMnOHeHTbl ( aMHHO-G-cOnb) , 
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Puc.9. A.MnnuryoHblii cneKrp c'leT'IUKa 
v 

Cl e ny'lKe orpuijaTetlbHbiX 'IOCTUI4 c UM-

nyllbCOM oT 300 ao 800 M3Bjc. 

Puc.B. 3rfirjJeKTUBHOCTb ceeTOc6opa no Mo
UiaOU paOUaTOpa 'lepeHK08CK020 C'leT'IU
KaCJ. 
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KOTOpa.R ypac<PopMHpyer qepeHKOBCKOe H3nyqeHHe B H30TpOnHO-pacce.RH
HOe co cneKTpoM, xopowo cornacyiOI.IJ;HMC.fl co cneKTpaJibHbiMH xapaKTe
pHCTHKaMH OnTHtlecKOH CHCTeMbl. llonpo6HO KOHCTpyKIJ;IDI CtleTtiHKa OnH
CaHa s 171 • Ha pHc.8,9 nOKa3aHa 3<l><PeKTHBHOCTb cseroc6opa no nnoma.lUi 
pMHaTopa H aMnnHTYnHLIH cneKyp C-Ctle'fliHKa. 

2.4. B cneKTpoMeTpe HcnonL30BaHLI npe:H<PoBLie KaMepbi nsyx pa3Me
pos C pa6oqeJi llnOI.IJ;anLIO 126 X 126 MM (.llK1 ~ 3) H 252 X 252 MM 
(.llK4,5) . TeXHOnOriDI H3rOTOBneHIDI H KOHCTpyKIJ;H.fl KaMepbi 6nH3KH K OnH
CaHHbiM B pa6oTe18 I. B KOHCTpyKIJ;HIO 3neKTponoB KaMep 6LmH BHeceHbl 
H3MeHeHIDI nnH CHH)I(eHIDI qysCTBHTenbHOCTH K 3neKypOMarHHTHbiM noMe
XaM H KpDCC-TOKaM .. 0CHOBHbie KOHCTpyKTHBHbie XapaKTepHCTHKH KaMep 
cnenyroi.QHe. War pacnono)l(eHH.fl CHrHanLHLix HHTe:H 42 MM, nnHHa npe:H<Po
soro npoMe~TKa 21 MM, paCCTO.fiHHe Me~y KaTOnHbiMH llnOCKOCT.fiMH 
6 MM. KaTOnHLie nnoCKOCTH BbinOnHeHbl B BHne CeTOK C waroM HaMOTKH 
2 MM H pasHoMepHbiM pacnpeneneHHeM noTeHu;Hana oT 0 no -3 KB. CHr
HaJibHLie HHTH BblllOnHeHbi H3 BOnL<i>paMOBOH (c Au-noKpbiTHeM) npoBO
nOKH 1/) 20 MKM, KaTOnHbie CeTKH H3 6epHMHeBOH 6pOH3bl 1/) 50 (100) MKM. 
.llnR ra30BOrO llHTaHH.fl KaMep HCnOnb30BaHa CTaHnapTHaR TpeXKOMnOHeHT-
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H!UI CMech (Ar(70%) + H306yTaH (30%) + MeTHJiaJlb (2,5%)) CO CKOpOCTbiO 

,11.peu$a 52 MM/MKC npH rpa,l.I.HeHTe nOTeHIJ;HaJla B ,l.l.peH$OBOM DpOMe')KyTKe 

1,5 KB/cM. IlpH aHOAHOM HanpJI')KeHHH Ha cHrHaJibHOH HHTH UA = 1,6+1,7 KB 

ra30BOe ycuneHHe B ,l.J.aHHOH CMeCH paBHO -105 H BbiXO,l.J. Ha nnaTO C11eTHOH 

xapaKTepHCTHKH ,l.J.OCTHraeTCJl npH noporOBOH 11YBCTBHTenbHOCTH npe,l.l.yCH

nHTeneu 3 MA. 

B Kat~ecTse npeAycHJIHTeneu ,11.peH:<PosLIX KaMep B cneKTpoMeTpe '6LmH 

HCnOnh30BaHbl ycHJIHTenH-$OpMHpOBaTenH THna Y,llK-91419 I C noporoM 

no sxo,l.J.HOMy TOKY 2 MA c <PopMHpoaaTenRMH curHanoa NIM-yposHR Ha 

BbiXO,l.J.e. Ha O,l.J.HOH net~aTHOH nnaTe Y.llK c KAMAK-pa31>eMOM pa3MemaroTcR 

4 ycunHTenR c o6meu noTpe6nReMou MOillHOCThJO 6 B x 0,25 A. 

Oco6eHHOCThJO 3KcnnyaTan;HH KaMep cneKTpoMeTpa CKA 6bma ux YAa

neHHOCTb ( 100 M) OT MecTa pa3MellleHHJ1 KO,l.I.HpyJOilleH 3neKTpOHHKH, 

pacnonO')KeHHe B 30He CHJibHbiX BbiCOK011aCTOTHbiX noMeX ( -1 M OT KaMepbl 

YCKOpHTenR) H HaJ1H11He MOillHbiX HMnynhCHbiX pa,l.I.HaiJ;HOHHbiX Harpy30K npH 

c6poce ny11Ka yCKOpHTenJl Ha MHUleHH OCHOBHbiX nOTpe6HTeneu. 06Ill!UI 

,l.J.nHHa nHHHH CBJ13H C KO,l.I.Hpyromeu annapazypOH C yqeTOM H006XO,l.J.HMOCTH 

3a,l.l.ep')KKH CHrHana Ha BpeMR Bbipa60TKH TpHrrepa (200 HC) 6bma paBHOH 

150 M, npH 3TOM CyMMapH!UI ,l.J.nHHa CHrHaJlbHbiX Ka6eneu ,llK COCTaBHJia 

-15 KM. 3TO o6ycnoBHnO Heo6XO,l.J.HMOCTb HCnOnh30BilHHJ1 06Ille,l.J.OCTYDHOrO 

Ka6enJ1 PK-50-2. 3Ha11HTenbHbiH K03$<PuuueHT 3aTyxaHIDI Ka6enR npHBOAun 

t bop om I -11.6KB 
1.'KB 

~ 

~ 
UA +1.6KB 

8 

OK 

CTAPT CTOn 

sun 

WV1HA KAMAK 

K na,l.J.eHHIO aMnnHTY,l.J.bl CHrHana HaHO

ceKYH,l.J.HOH ,l.J.nHTenbHOCTH B 3 pa3a Ha 

sxo,11.e BUI1-npeo6pa3osaTeneu. ,llnR 
BOCCTaHOBneHIDI COOTBeTCTBIDI Tpe6o

BaHHJ1M Ha napaMeTpbi "cTon" HM

nynLca BUll s Ka')K,l.J.oM KaHane peru

cTpan;HH 6bm BKnro11eH ycHnHTenh

aoccraHOBHTenh aMDnHTY,l.J.bi CHrHana 

(IlOC, puc.lO). 

B KaMepax, ucnonh3YJOillHX ra-

30Bbie CMecH C OpraHH11eCKHMH KOM

noHeHTaMH, AnHTenLH!UI pa6oTa s yc

noBHRX BbiCOKOH pa,l.I.HaD;HH npHSO,l.J.HT 

K ,l.J.erpaAaQHH noaepXHOCTH curHanh

HbiX HHTeH, KOTOp!UI npoRBn}leTCJl 

B pe3KOM na,l.J.eHHH K03<P<l>HUHeHTa 

ra3osoro ycHJieHIDI. IlocKonLKY npu 

pa6oTe B KOnhiJ;eBOM 3aJ1e ycKOpHTenR 

Puc. 10. Cxe.Ma KaHil/la pe2ucrpa14uu ()peu

rftoeou KaMepbl. 

1 

I 
J 

10
4 

X 
<J 
-... 
c:: 
<J 

3 
10 

2 
10 

-1/2 

-1/10 

1d L_.L I':.X, 200MKM/KAH. 

Puc.ll. Pa36poc ~<:oopduHaTHbiX OTC'Ieroe 
C CUi!HilllbHOU HUTU ,aK 

OCHOBHOH BKna,l.J. B pa,l.I.HaiJ;HOHHYIO Ha

rpy3KY CBJ13aH co c6pocoM ny11Ka Ha 

MHUleHH nOTpe6HTeneH, pa6oTaiOillHX 

Ha CTOne MarHHTHOrO nonR, TO ,l.J.nJl 

3amHTbl KaMep HaMH 6bm DpHMeHeH 

p~M CTp06HpOBaHHJ1 aHO,l.J.HOrO Ha

npJ1')KeHHJ1 .llK. C noMOillhiO peneH:Horo 

6noKa aHO,l.J.HOe HaDpR')KeHHe nO,l.J.aBa

nOCb Ha aHO,l.J.Hbie HHTH TOnhKO Ha Bpe

MJ1 pa6011HX BOpOT cneKTpOMeTpa. 

3Ta Mepa no3sonuna o6ecne11HTh YAOB

neTsopnTenLHyro pa6oTy KaMep a Te-

t~eHHe nonuoro apeMeHH 3Kcno3HIJ;HH 

B O,l.J.HOM CeaHCe (- 30 CYTOK) • IlpO

MbiBKa 3neKTpO,l.I.OB KaMep npOH3BO,l.J.HJiaCb B Cpe,l.I.HeM C HHTepsanaMH B non

ro,l.J.a. KaMepbl n0,11.06HOH KOHCTpyKIJ;HH B 6naronpiDITHbiX ycnOBIDIX npH On

THMH3aiJ;HH BCeX pe')KHMOB pa60Tbl nOKa3biBaJOT npoCTpaHcTBeHHOe pa3pe-
_... 11 n 1 -

WeHHe I U MKM.- ..• D HaWHX Y\;JJUHHHX, .1\.Ul ,IJ.i1 vupe,i:i,eilliruii.iyru jJv.ii:O :0 ;;:;.;:-

nynhCHOM pa3pemeHHH urpano MHoroKpaTHoe pacceRHHe, y,l.J.osnemopHTenh

HbiM 6bm ypoaeHb pa3pemeHIDI 150-200 MKM. TaKyro T011HOCTh YAaBaJIOCh 

COXpaHHTb ,l.J.a')Ke npH 3Ha11HTenhHOM OTKnOHeHHH OT onTHMaJlbHbiX ycnOBHH 

pa60Tbl ,llK, 'ITO 6binO CBJ13aHO KaK C nOBbiUleHHeM pa,l.I.HaiJ;HOHHOrO $oHa, 

TaK H C B03HHKHOBeHHeM H006XO,l.J.HMOCTH CHH')KeHHJl 11ysCTBHTenbHOCTH npe,l.I.

YCHJIHTeneu AnR noAAep')KaHIDI yposHR myMos HH')Ke nopora perHCTpaiJ;HH. 

Ha pHc.ll nOKa3aHO pacnpe,l.l.eneHHe OTKnOHeHHH KOOp,l.I.HHaTHbiX OTC11eTOB 

Ha O,l.I.HOH CHrHanLHOH HHTH OTHOCHTenbHO nonO')KeHHJl TpeKa, $HKCHpOBaH

HOrO no 8 KOOp,l.I.HHaTHhiM DnOCKOCTJlM. 

,llnR 3amHTbl OT BbiCOK011aCTOTHbiX noMeX Kopnyca ,11.peH$OBbiX KaMep 

• BMecTe C npe,l.l.yCHJIHTenJlMH 3aKnl011aJ1HCb B MeTannHQeCKHH 3KpaH C OKHaMH 

B npe,11.enax pa6011eu apepzypbl, 3aKpbiTbiMH TOHKOH (20 MKM) aJliOMHHHe

BOH $onLrOH. 0,!.J.HHM H3 OCHOBHbiX BH,l.J.OB noMeX 6bmH HaBO,l.J.KH, CBJ13aH

Hbie C 6aH11HpoBaHHOH CTpyKTypou ( -160 HC) npoTOHHOrO ny11Ka. IlpH 

B03paCTaHHH yposHR noMex 3TOro qacTOTHoro ,l.J.Hana3oHa ,l.J.nR HX no,l.J.aane

HHJ1 npuxo,l.J.Hnocb coKpamaTL pa6o11yro nonocy qacTOT npe,l.l.yCHJIHTeneu. 
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3. norWIECKMI 11 PErHCTPHPYIOIUAR 3nEKTPOHI1KA 

Ha pHc.12 npe,D;cnumeua ynpoi.UeHHllJl 6noK-cxeMa 3JJeKTpOHHKH cneK
TpOMeTpa. Cl>yHKQHOHaJJbHO B neH MO)ICHO Bbi,D;eJJHTb CJJe,D;yiOLUHe rpynDbi 

6JJOKOB: 
1) TpHrrepuaa norHKa ( cxeMa 4JopMHpoBauHR HMnynbca 3anycKa) , 
2) MOKH KO,D;HpOBaHHR CHrHaJJOB ,D;eTeKTOpoB, 
3) CHCTeMa KOHTpo.IDI H ynpaBJJeHHR, 
4) CHCTeMa c6opa AaHHbiX Ha 3BM. 

51 

52 

53 

54 

c1 

h 

____ l __ _ 
cmapm: CHCTEMA : 

cmop I KOHTPOAR I 
CD 1 DETEKTOPbiX 1 
---, KAHAAOB I 

'--------1 
I 

Puc.12. CxeMa 3./leKTpOHUKu cneKTpOMeTpa CKA. 

3.1. TpHrrepuaa norHKa 

CxeMa Tpwrepa Bbipa6aThiBaeT HMnyJJbC 3anycKa KOAHPYIOI.UeH 3JJeK
TpoHHKH H HHHQHHpOBaHHII QHKJJa nepe,D;aiiH ,D;aHHbiX B 3BM. <l>opMHpoBauHe 
HMnyJJbCa 3anyCKa ocyi.UeCTBJUieTC.fl Ha OCHOBe OT6opa COBna,D;eHHH HMnyJJb
COB oT TpHrrepnbiX ClleTIIHKOB 81 + 4 H qepeuKOBCKHx ClleTIIHKOB C1,2. 
CxeMa TpHrrepa BbiDoJJHena ua 6hiCTpOAeiicTBYIOLUHX norHIIecKHx 6noKax, 
BbiDOJJHeHHhiX B cTau,D;apTe KAMAK111 1 , H co,D;ep)I(HT cTau,D;apTHbiH norH
qecKHH ua6op: 4JopMHpOBaTeJJH, cyMMaTOpbi, pa3BeTBHTeJJH, CXeMbi COBDa-

10 

Ta611ul4a 

C11eTIIHK HJJH 
COBDaAeHHR 

81 
82 
sa 
84 
81·82 
S3·S4 
S1·S2.S3·S4 
(S1·S2·S3·S4) en 

N<P,c- 1 

60·103 * 
5·103 

20·103 

45·103 

200 
1200 

1 

N -1 
M'c 

100· 103 

10•103 

25·103 

53•103 

8500 
5100 

950 
&.-10 

* EoJibUlilJI Be/IU'IUHa N <P c}JIJI~ Sl o6ycJIOBJieHa HaeroeHHOU aKrueHOCTbiO KaMepbl 

yCKOpUTeJIJI. 

,D;eHHH, 6noKH 3a,D;ep)I(KH, TaHMepbi. Bonhwou pa36poc speMeHH nponeTa 
Ha 6a3e 3,2 M A.ID1 llaCTHU pa3HOH MaCChi AeJJaJJ H006XOAHMbiM 4JopMHpo
BaHHe HMnyJJbCOB AJJHTeJJbHOCTbiO 100 HC AJJ.R o6ecneqenHR HX nepeKpbiTHR 
ua BXOAe cxeMbi coBnaAeHHR. B AaHHOM cnyqae np.aMaH oprauH3auHR 4-
KpaTnhlx COBOaneHHH npH 60JlbWOH HHllHBHIIyaJibHOH 3arpy3Ke ClleTIIHKOB 

DpHBOAHT K BbiCOKOMY ypOBHIO CJJYIIaHubiX COBDa,ll;eHHH. ll03TOMY 6bWO HC
DOJlb30BaHO nonapuoe BKJJIOIIenHe 6JJH3KO pacnoJJO)I(eHHbiX clleTIIHKOB 
81,2 H 83,4 B npe,D;BapHTeJibHhie cxeMbi cosna,D;enHn CC1 H CC2 c AJJHTeJJb
HOCTbiO 4JopMHpOBaHH.fl 10-20 HC. 3TO 003BOJ1HJ10 DpH 3arpy3Ke ClleTIIHKOB 
10 5 + 106 C- 1 H 6aHIIHpOBaHHOH CTpyKcype c6poca CHH3HTb ypoBeHb CJJy
llaHHbiX COBDa,D;eHHH Ha BbiXO,D;e cxeMbl CC3 AO HecKOJlbKHX DPOUeHTOB. 
11uAHBHAYaJJbHbie 3arpy3KH ClleTIIHKOB, CKOpOCTH ClleTa COBOa,D;eHHH H ypOB
HH CJJyllaHubiX COBDa,D;eHHH DpHBe,D;eHbl B Ta6JJHUe, AaHHble HOpMHpoBaHbl 
Ha 103 OTCIIeTOB MOHHTOpa (M2), liTO COOTBeTCTBYeT IIHCJJY B3aHMO,D;eH
CTBHH B MHwenH -108 

• BocnpoH3BOAHMOCTb AaHHhiX Ta6JJHUbi KOHTponH
posanacb B K~OM ceauce H3MepeHHH H CJJy)I(HJJa OAHHM H3 KpHTepHeB 
OTCYTCTBHR OTKJJOHeHHH B p~Me pa60Tbl 3JleMeHTOB CXeMbl TpHrrepa. 

llpH ua6ope CTaTHCTHKH 6hWH HCDOJ1b30BaHbl ,D;Ba THDa TpHrrepOB: 

a) TRP = 81·82·83·84-:·n~TOHHbiH" Tpnrrep, 
6) TR71' = S1·S2·S3·S4· (C1 A C2 ) - "Me30HHbiH" TpHrrep. 
llpH TpHrrepe rnna (a) perHCTpHpyroTc.a see qacTHUbi c {3;;;;. 0,1, B MOAe 
(6) - qaCTHUbl CO CKOpOCTbiO BbiWe ~;:;;: 0,7, COOTBeTCTBYIOIUeH nopory 
pemcrpaQHH qepeuKOBCKHX ClleTIIHKOB cl 2. TpHrrep (6) HCDOJlb30BaJJC.fl 
npH ua6ope AaHHbiX no BbiXOAY nHonos H i<aouos, IIHCJJO KOTOpbiX B ny11Ke 
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Puc.JJ. Bpe~umpo11eTHbiU cneKrp noiiOJtCU
TenbHbl~ 'lacTUI4 6e3 coenaaeHuu ( 1) u e 
C06na0eHUU C CUZHO/IflMU OT C-C'leT'lUKQ ( 2). 

"L 

101 L. 

nono:>KHTenLHLIX qacnm Ha ,D;sa nopR,D;
xa MeHbllle, qeM 6apHOHHbiX <l>parMeH
TOB (p, d, t). Ycnosue (6) no3BOJIReT 
no,D;aBJIRTL TR)I(enLie qacTHUI>I Ha ypos
He Tpurrepa H o6ecnequsaeT TeM ca
MLIM 6biCTpbiH Ha6op ,D;aHHbiX no 
Me30HaM. Ha puc.13 noi<a3aHa TpaHc
<l>opMa.uHR speMRnpoJieTHbiX cnexT
pos nOJIO:>KHTenbHbiX '!,8CTHQ npH 
sxmoqeHHH B Tpurrep C-cqeyquKos. 0 10 20 30 40 50 60 T,HC 

3.2. Ko,D;HpoBaHue ,D;eTei<TopHbiX curnanos 

npu perHCTpaQHH Ka)I(,D;OrO C06biTHJI I<O,D;HpOBanaCb CJie,D;YIOlllaR HHQ>op
MaQHJI C ,D;eTei<TOpOB: 

- speMR nponeTa qacTHQ t 1 , t 2 , t 3 , Me)I(,D;y cqeTqHJ<aMH 81 H 84, S2 u 
,.,~ ,.,,., ,., ... 
O"'t, '"''"' n ..:J&.J:. 

- aMnnHTy,D;a curHanoe A 1 + A. , nponopQHOHaJibHaR 6E/6x-noTepRM 
3Hepruu 3apR)I(eHHbiX qacTHQ e cQHHTHJIJIRTopax cqaTqHI<OB 81 + 4, 

- 8MnJIHTy,D;a CHrHaJIOB qepeHI<OBCI<HX cqeTqHI<OB C 1, C2 , 
- BpeMR 3a,D;ep)I(I<H CHrHanOB B I<aHanax perHCTpaQHH ,D;peH<I>oBbiX Ka-

Mep ,llK1 + ,llK5 (speMR ,D;peH:<I>a 3apR,D;OB). 
BpeMeHa nponeTa ti KO,D;Hposanucb BpeMJIQH<I>poBbiMH npeo6pa3oea

TeJIRMH c QeHoH ,D;eneHHR 150 nc/xaHan (BUn-T, puc.12). BpeMR reHeplli.UIH 
CTapT·HMnyJILCa onpe,D;eJIJIJIOCb CHrHaJIOM cqeTqHJ<8 84, H3 <l>poHT8 I<OTOporo 
<l>opMuposancR <l>poHT TpurrepHoro curHana Ha cxeMe CC3. ,llJIR BbmoJIHe
HHR 3TOrO YCJIOBHJI OTHOCHTenbHbie 38,D;ep)I(I<H CHrHaJIOB, nOCTynaJOIQHX 
Ha CC3, no,D;6upanHcb Tai<HM o6pa3oM, qyo6hi curnan OT 84 6hm nocne.nHHM 
no BpeMeHH noCTyllJleHHJI (puc.14) .CTOn·HMnyJibCbl <l>opMHpoBanHCb H3 
aHO,D;HbiX curHanos cqaTqHI<OB 81 + 83 c noMOlllbiO <S>opMuposaTeneii co 
cne,D;RlllHM noporoM (<I>Cn) c yposHeM cpa6aTb1BaHHR 50 MB112 1• ,llHana-
30H xo,D;uposaHHR BUn-T cocTasnRn 75-80 He, cTa6HJibHoCTL xo3<t><I>HUHeH
Ta npeo6pa30BaHHJI B I<8)1(,ll;OM KaHane I<OHTpoJIHpoBan&Cb B I<8)1(,ll;OM H800pe 
H3MepeHHH no penepHOH cepHH CHrHanOB C I<B8pQeBOH CTa6HJIH3aQHeH ( CM. 
HH)I(e). ,llJIR 8MllJIHTy,D;Horo aH~H38 HCnOJib30BanHCb CHrHaJibl C nOCJie,D;Hero 
,D;HHO,D;a cqeyquxos 81 + S4 H C1,2, HHBepTHpOBaHHI>Ie Ha oTpe3I<e xa6enR 
PK-50-1 ,D;JIHHOH 20 eM. OTpHQaTenbHbie CHrHaJibi qepe3 aTTeHJOaTopbi noczy-
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BOPOTA ----,--

TPHr:·s· -----:--

BX.1CC·1 -i20
' • --- L...J-----

' : 
BX.2CC-1 ---,.---

-80Ht- I 
BblX.CC-1~------

•15-
BX.1CC-2 ~ --- --

BX.2CC-2 - -- --
BbiX.CC-2 

3AOEPftl.~ 

BbiX.CC·1 ' --- -~-
BbiX.CC-3 :-.---2Mc~ 

-----

--- ' 
T6 : --- --

1 
CTAPT : --- -

3 1 llii m CTOP 1 

------T~r.'A' : 1 

KOHEU 
nPHEMA 1 

BbiX.CC-4 I I I I II If" 

-------u--
' ----nr 

Puc.J4. BpeMeHHQR ouazpaMMQ 14U1C/IQ pe
ZUCTpQijUU C06biTWI. 

nanu : Ha BXO,D;bl 38pR,D;OBo-QH<!>pOBbiX 
npeo6pa3oBaTeneH: (3un) qyecmu
Ten&HOCTLIO 0,5 nKJI/I<aHan /I 3 1 • Ha 
ynpaaJIRIOlllHH BXO,D; 3Un no,D;aaancR 
CTpo6HpYJOlllHH HMnyJILC ,D;JIHTenbHO· 
CTbiO 100 HC, <l>opMHpyeMbiH OT CHr· 
Hana Tpurrepa. 3a,D;ep)I(I<a TpurrepHO· 
ro curnana xoMneHcuposanacL sse
,D;eHHeM COOTBeTCTBYIOlllHX 3a,D;ep)l(ei< 
(- 200 HC) B I<aHaJibl 8MnJIHTy,D;-
Horo aHaJIH3a. 

Ko,D;HposaHue curHanos ,D;peH:<t>oshiX I<aMep BhmOJIHRJIOCb npeo6p83o
BaTenRMH ,D;BYX THnOB. ,llJIR ,D;peH<!>OBbiX I<aMep ,llK4,5, pa60T810lllHX npH 
CpaBHHTenbHO HeBbiCOI<HX <!>oTOHbiX 3arpy3Kax (1 + 3 • 104

), 6bVIH HC· 
nOJib30BaHbl BpeMRQH<!>pOBhie npeo6p830B8TenH 6BUn-362 C 6 HH,D;HBH· 
AYanLHhiMH I<aHaJiaMH perucTpaQHH s o,D;HoH KAMAK-cTaHQHH114 1• ,llJIR 
rOJIOBHbiX ,D;peH<I>oBhlX I<aMep ,llK1 + 3 C 3arpy3I<8MH H8 OT,D;enbHYIO HHTb 

- ... -tt -' I1CI ~ __ _ 
)];0 ~ • lU. C . npHMeHJIJIHCb I<O,I.I.HpOHIJ..I,HKH- - 1.: lJi;t;j.U,t::Jlt2tHblMH UJlUJU:lMH 

epeMeHHoro 3I<CnaH,D;HpoBaHHR (BBn-314) a speMJIQH<I>posoro npeo6pa-
30BaHHR (BUn-365) . Bhma ucnom30BaHa MO,D;a pa6oTLI 3I<cnaH,D;epos 
BBn-314, o6ecnequsaJOlllaR I<O,D;HposaHHe ,D;Byx curHanos no O,D;HOMY I<aHa· 
JIY perHCTpaQHH, qyO ,D;aBaJIO B03MO)I(HOCTh H36e)l(aTb Heo,D;H03H8qHOCTH 
npu pacmu<t>posxe curHanos s cnyqae nosTopHoro cpa6aTLIBaHHR CHrHaJib· 
HhiX HHTeH. 

noMHMO HH<I>opMaQHH C ,D;eTei<TOpoB npH 3anHCH I<8)1(,ll;Oro C06biTHJI 
perucrpuposanucb cne,D;yJOll.lHe ,D;aHHbie: 
1) oreqeTLI-MOHHTopHhiX Tenecxonos M1 H M2, 
2) noJIHoe quCJio COBna,D;eHHH 81-2-3-4 (6e3 6Jioi<HpOBI<H), 
3) qHCJIO cnyqaiblhlX COBIUlAeHHH, 
4) qHCJIO OTcqe-roB reJiep8TOpHOH cepHH 5 xrQ C 6JIOI<HpoBI<OH H 6e:J 6JIO· 

I<HpoBI<H OT 3BM (I<OHYpOJib ":>KHBOro" BpeMeHH), 
5) qucno oTcqe-ros cxeMhl oxpaHeHHR, 
6) B-cepHR ( Me-ri<H 3HaqeHHH MarHHTHoro noJIR ycxopHTeJIR) , 
7) HHTeHCHBHOCTb yci<OpeHHOrO nyqxa npoTOHOB no ,D;aHHbiM HH,D;yi<QHOH· 

uoro AayquJ<a. 
HH<I>opMaQHR 1 + 7 pemcrpuposanacb c noMOlllbiO ABO~hiX cqe-rqu. 

I<OB 2,llC-415 B Hai<OnHTen:bHOM pe)I(HMe B TeqeHHe O,D;HOrO QHI<JI8 ycxope
HHJI c o6ll.lHM c6pocoM s Haqane QHI<Jia. 
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CxeMa oxpa.HeHHa perncTpHpoaana noaanwue .u;ayx cnrHanoa npoxo)I(

AeHHR 'lliCTHUbl C HHTepBaJIOM BpeMeHH MeHbWe DOnHOrO BpeMeHH co6upa

HHH 3apR.u;a B .u;pen¢loBbiX KaMepax (< 450 HC). CooTBeTCTBYJOIUHe co6b1THR 

HCKnJO'IaJIHCb H3 8.HaJIH3a H3-3a HOO)l;H03Ha'IHOCTH DpH pacwu<j>pOBKe BpeMeH

HbiX KO)l;OB. 

B-cepHR HMDynLCOB, e,IJ;HHH'IHbiH OTC'IeT KOTOpOH COOTBeTCTByeT YBeJIH

'IeHHJO HH,IJ;YKUHH B OCHOBHOM MarHHTe ycKOpHTeJIH Ha 1 rc, HCDOnh30Ba

nacb HaMH .u;nR 3anycKa cxeMbi ynpaaneHHH nepeMeiUeHneM MHWeHH, 3a

nycKa reHepaTopa BOpOT H KaK KO)l; 3HeprHH YCKOpeHHOrO ny'IKa npOTOHOB. 

4. Cl1CTEMA KOHTPOn.H l1 YIIP ABnEHI1.H 

QHKn Ha6opa H nepe.u;a'IH ,IJ;aHHbiX B 3BM npH c6poce Ha MHWeHb HHHUH

HpOBaJICH DOHBneHHeM HMnynbCa BOpoT. CTapTOBbiH HMnynLC )l;nR 3aDYCKa 

reHepaTopa BOpoT11 6 I ¢lopMHpOBaJICR TaH~epHbiM 6nOKOM (TC, puc.12), 

Bbipa6aTbiBaJOIUHM Ha ocHoae nepecqeTa B-cepuu ynpaanHJOIUHH cuman 

npu 3a,IJ;a.HHOM 3Ha'leHHH B, T.e. npu .u;ocTH)I(eHHH 3a.n;aHHou 3Hepruu ycKopa

eMbiX npoTOHOB. l1MnynLC Ha'lana BOpOT nepeBO)l;HT 3BM B .pe)I(HM npHeMa 

Aa.HHbiX. UuKn o6pa6oTKH OT,IJ;eJILHoro co6hiTHR HHnuuupyeTca HMnynLCOM 

Tpurrepa, c noaaneHueM KOToporo <J>opMHpyJOTca cne.u;yromue ynpaanaro

mue cumanbi (puc.14): 

- t;Hl"HWl ··cli:L}Jl..,. 11.e1 J:JAUADi DyCivilii4ii.:i:;pViiDiA llpW5pe&.:iVDC::.'i'~~C:1, 

cnrHan CTpo6upoaa.Hua 3apR.u;oao-uu<J>poBbiX npeo6pa30BaTeneu, 

CHrHaJI 6noKHpOBKH CXeM COBna,IJ;E!IIHH TpurrepHbiX H MOHHTOpHbiX C'leT

'IHKOB, 

CHrHan 3anycKa UHKna C'IHTbffia.HHR HH¢lopMauHH Ha 3BM. 

Coman 6noKHpoBKH CHHMaeTCH c Tpnrrepa TB (puc.12), KOTOpbiH 

nepeBO)l;HTCH B COCTOHHHe "6nOKHpOBKa" HMnyn&COM 3anycKa H B03Bpa

IUaeTCH B HCXO)l;HOe COCTOHHHe HMnynLCOM OKOH'Ia.HHR nepe.n;a'IH )l;a.HHbiX 

B3BM. 

,[lnR KOHTpOnH pa60Tbl ,IJ;eTeKTOpHbiX KaHaJIOB H CHCTeMbl c6opa )l;a.HHbiX 

ynpaaneHHe UHKnOM Ha6opa KOHTpOnbHbiX CHrHaJIOB nepeKnJO'IaJIOCb Ha 

6nOK KOHTpOnbHbiX BOpoT, 3aDYCK KOTOpbiX MO)I(eT OCyiUeCTBnHTbCR B aBTO

reHepaTOpHOM pe)I(HMe C HMHTauHeH BpeMeHHbiX COOTHOWeHHH, TaKHX )l(e, 

KaK B pa6o11eM UHKne ycKopHTenH. l1Mnyn&c aopoT HHHUHHpyeT 6noK T,!J;K 

(puc.15) - TeCTep .u;peH<j>OBbiX KaMep, KOTOpbiH C 'lacTOTOH 100 ru reHe

pupyeT HMnynLC "CTapT", 3anyCKaJOIUHH CXeMbi KOHTpOnH BCex .u;eTeKTop

HbiX KaHaJIOB. 

CxeMa KOHTpOnH KaHaJIOB perHCTpauuu ,ll;peH¢loBbiX KaMep HCDOnh3YeT 

CTapT-cTODHyJO cepHJO T,!J;K H B OCHOBHOM aHanOrH'IHa ODHCaHHOH B pa6o

Te17 1 • l1MnynbC "CTapT" 'lepe3 Ka6enLHYJO 3a.u;ep)I(KY, paBHyJO y.u;aoeHHOH 

,IJ;nHHe Ka6enLHOH TpaCCbl )];0 .u;peu<j>OBbiX KaMep (1,5 MKC), DOCTynaeT 11epe3 
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l [::~~~~~~Ab 
Puc.15. CuCTeMQ KOHTpOIIJI oereKTOpH&IX 

KtiHQJJ06. 

pa3BeTBHTenb Ha BXO)l;bl "CTapT" BCeX 

BUll-npeo6pa3oBaTenen. l1MnynLc 

"CTon" reHepupyeTCH OTHOCHTeJibHO 

HMnyn&ca"CTapT" C 3a.u;ep)I(KOH, nepH

O,IJ;H'IecKH MeHRJOIUeHCR C warOM 40 HC, 

u qepm Ha6op pa3BeTBHTenen no.u;aeT

ca Ha KOHTpon&Hbie BXO)l;bl Bcex Ka

HaJIOB Y,!J;K. 3aperuCTpHpc>BaHHbie 

apeMeHHbie cneKTpbi ( "rpe6eHKa" c 

WarOM 40 HC) D03BOnHJOT DOMHMO 

K03<J><I>HUHeHTa Dp006pa30BaHHH B 

K~OM KaHane )l;OCTaTO'IHO TO'IHO 

onpe,ll;eJIHTb OTHOCHTeJibHble BpeMeHHble C,IJ;BHrH B KaHanax O)l;HOrO 6noKa 

KaMep. 3To CYIUecTBeHHO ynpoiUaeT DOHCK KOHCTaHT B COOTHOWeHHH KOOp

):(HHaTa-BpeMH npu nporpaMMHOH o6pa6oTKe .n;aHHbiX c ,!J;K, B HaweM cny11ae 

OH CBO)l;HnCH K onpe.u;eneHHJO apeMeHHbiX 3a.n;ep)l(eK .u;nR OT)l;eJibHbiX 6nOKOB 

,!J;K OTHOCHTeJILHO curHana o6mero Tpnrrepa. 

.[lnR KaJIH6pOBKH Ka.HaJIOB BpeMRnponeTHbiX C'leT'IHKOB HCDOnb30BaJICH 

reHepaTop CTapT-cTODHbiX nap C HHTepBaJIOM, KpaTHbiM 20 HC, co6paHHbiH 

H3 CTaH,ll;apTHbiX norH'IeCKHX MO,IJ;yneH ("2", pH~.:.:i.4). i-kWLUiHKUM ;:I'HlJlUH· 

HOH 'laCTOTbl (50 Mru) cny)I(Hn reHepaTOp HaHOCeKyH,IJ;HbiX HMnynLCOB rTH, 

CTa6HnH3HpoBaHHbiH KBapueM. B Ka'leCTBe HCTO'IHHKa "6enoro" WyMa HC

DOnh30BaJICH <j>OTOYMHO)I(HTeJib. 

Pa60Ta CUHHTHnnHUHOHHbiX H qepeHKOBCKHX C'leT'IHKOB H CTa6Hn&HOCTb 

KaHaJIOB t.E/t.X-8.HaJIH3a KOHTpOnHpoBaJIHCb C DOMOIUblO CBeTO.u;HO,IJ;OB, 

yCTaHOBneHHbiX a6nu3H <j>oToKaTo.u;oa cl>3Y. CHHxpoHH3HpOBaHHbie HMnynL

Cbi H006XO)l;HMOH aMnnHTy)l;bl (60 B) DO,IJ;aBaJIHCb Ha CBeTO,IJ;HO)l;bl OT 6nOKa 

DHTa.HHR CBeTO)l;HO)l;OB THna "026"118 I, pa60TaJOIUero B pe)I(HMe BHeWHero 

3anycKa OT T,!J;K ("3", puc.14). 

KoHTpOn& H ynpaanwue MnweHHMH cneKTpoMeTpa npou3ao.u;unucb 

c aBTOHOMHoro nynLTa ynpaaneHHR, pacnono)l(eHHoro pa.u;oM c peruCTpH

pyromeu annapaTypOH c.neKTpOMeTpa. 3anycK MHWeHeH CHHXpOHH3HpoBaJICH, 

KaK u pa6oTa 3neKTpOHHKH CKA, B-cepueu. MecTHoe ynpaanwue MHWeHHMH 

D03BOnHnO onepaTHBHO KOppeKTHpOBaTb HX pa6oTy, He OTBneKaR nepcOHaJI 

ueHTpaJILHoro nyn&Ta ynpaaneHHR ycKopnTenH Y-70. 

ABTOpbi 6naro.u;apaT coTpy.n;HHKOB CepnyxoacKoro Hay'IH0-3Kcnepu

MeHTanLHoro OT,IJ;eJia 0l1.fll1 3a BCecTOpOHHJOJO DOMOIUb B MOHTa)l(e, HaJia,IJ;Ke 

H 3KcnnyaTauun cneKTpoMeTpa. 
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AsTOpbl 6.rraro.o;apHbl c.r.BacHJia,IJ;3e H HryeH TxH Ilia 3a CHCTeMaTH

qecKylO llOMOI.Ub B H3rOTOBJieHHH H OCBOeHHH 6JIOKOB JIOrH'IeCKOH H UH$po

BOH 3JleKTpOHHKH, a TaK)I(e B.n.nyra'leBH'IY 3a H3roToBJieHHe .o;peH:<Poa&IX 

KaMep. 

ABTOpbl Bblpa)l(alOT npH3HaTeJibHOCTb COTpy.z:umKaM TeXHH'IecKHX CJiy)l(6 

11<I»B3 3a c03AaHHe ycnoauH: .o;JIR npoae.o;eHHH AJIHTeJI&HbiX 3Kcno3HUHH Ha 

BHyTpeHHeH MHWeHH ycKOpHTeJIH Y-70 H oco6eHHO- A.n.Kypoay H o.n.ne-

6e.o;eay 3a o6ecneqeHHe 6e30TKa3HOH pa60Tbl MHWeHHOrO KOMnJieKca H CH

CTeMbl o6paTHOH CBH3H. 
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PyKonuc& noczyiiHJia B H3AaTeJibCKHH oT.o;en 

18 MaR 1988 ro.o;a. 

BemiEB H.M. B ~p. 

CneiCTpOM&Tp xyMYJIJITBBBLIX &ApoBOB. 
KoMDOBOBKa, ~eTeiCTOpW, 3JieiCTpOBBKa 

13-88-341 

OmiCBHW KOBCTpYICllBJI, CBCTeMa ,ttereJCTOpoB B :meKTpOBBKa 

yCTasOBKB CICA-cneiCTpOMeTpa KyMyJIJITBBBLIX B,QpOHOB. CneiCTpO

Merp paMem&nCJI a xom.QeBoM 38Jie ycxopBTeJUJ Y-70 He sa (Cepny
xos) a 6hiJI BCIIOJIIt30BaB JUIR H3)"1fiiiUI npoueccos KyMyJJRTIIBBoro 

06pa30B8BBJI 'lacTBil DpB 3HepriUIX OT 15 .tlO 65 r3B. 

Pa6oTa BhiiiOJDieHa a Jla6opaTopiDI BhiCOKBX Eeprd OH.RH. 

fiepE&o~ O.C.BBBorp&AOBOH 

Belyaev I.M. et al. 
Cumulative Hadron ~trometer. 
Arrangement. Detectors. Electronics 

13-88-341 

Construction, detectors and electronics of CHS-cumulative-badron
apectrometer are described. 'Ibe spectrometer was placed in the rinl 
ball of the IPHE's U-70 (Serpukhov) accelemtor and was used for re
search of cumulative particle production at energies from 15 to 65 GeV. 

'Ibe investigation bas been performed at the Laboratory of High 
Energies, JINR. 
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