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Orrucaua KOHCTpyKUHSI H llpHBe.z:teHbi OCHOBHbie TeXHII'IeCKHe AB.HHbie CHHXpo

HH3Hpyxoruero yCTpOACTBa AJISI COrJIB.COBB.HHSI pa60Tbi llY3bipbKOBOA KB.Mepbi C pa6o

TOA :y'CKOpHTeJISI. Heo6XOAHM8SI CT86HJibHOCTb B UellH cPOpMHpOBB.HHSI HMilyJibCa llO.z:t

CBeTa o6ecrre'IHB!leTcst '6iiaro.z:tapst npuMeueuuxo ,cxeMbi coarra.z:teuuA. KoHcTpyKIIHSI 

llpH60pa rrpe.z:tyCMB.TpHBB.eT BOSMO:>KHOCTb HeSB.BHCHMOrO BB.pbHpOBB.HHSI HHTepBB.JIOB 

CJie.z:tOBB.HHSI paSJIH'IHbiX ynpaBJISIIOIUHX HMilYJlbCOBo 

Abstract 

A design of the· synchronizing system for matching the operatioh of tne bubble 

· chamber with that of the synchrocyclotron is described, a~d its main technical 

characteristics are given. 

The necessary stabUity of thi~ system is achieved by means of the coincidence 

circuit which is connec'ted with a light pulse generator. 
The design of the device allows to vary independently the intervals between 

different starting pulses. 



JlnHT91lbHOCTb HMrrynbCa 'l:aCTIIU 1 riOCTyrraJOWHX B pa60'IUH o6'b9M KaMepbl rrocne 

o.a:Horo U!IKna ycKopeHrrH, rrpu6ml3HTenbHO pasHa 0,5 MeeK. Bp~MH _POCTa rryabipbKOB 

.llO pa3M9pOB 1 COBM9CTHMbiX C B03MO:lKHOCTblO paapeUI9HIIH HX peanbHOH OriTH'i9CIWH 

CIICT9MOH 1 COCTaBnHeT OK01l0 MeeK. TaKHM o6paaoM, s peayn_hT~Te O.llHOro UHKna 

yCKOpeHHH Ha IT1l9HK9 6y.llyT H306p8:lK9Hbl Tp9KII 0 IIM9lOWH9 "soapacT" 0,75-1,25MC9K, 

0.llH8KOI B ,ll9HCTBHT91lbHOCTHJ OTK1lOH9HIIH B HHTepsane pacTa rry3'>IpbKOB MoryT cy

W9CTB9HHO B03p8CTH ua-aa H9TO'IHOCTH cpa6aTbiBaHHH CHHXpOHH3HpyJOu;:efi CX9Mbl, B 

C8MOM .ll9119 1 riO.llrOTOBHT91lbHbifi rrepHO.ll B pa6oTe K8M9pbl 1 Ha'IUHaH C MOM9HTa rrony

'19HIIH crrHxpoHH3HpyJOwero HMnynbca H .a:o rroHsneHuH qyscTBHTenbHOCTII B pa6o'leM 

06'b9M9 0 3aHHMa9T OK0110 30 MC9K, nosTOMy 9CT9CTB9liHO O:lKH.ll8Tb1 'ITO ripii 06b!'IHOM 

HCIT011H9HUH CX9Mbl C riOC119.llOB8T91lbHblM Cpa6aTb!B8HH9M OT.ll91lbHblX 6nOKOB .ll01l:lK9H 

Ha6nJO.ll8TbCH 3Ha'IUT91lbHbiH Bp9M9HHOfi pas 6poc yrrpaBnHJOWHX HMrrynbCOB Ha Bb!XO

.ll9 CX9Mbl, Paa6poc cPPOHTOB 3a,ll9p:lKaHHbiX rryCKOBbiX HMriYllbCOB B CX9M91 COCTOHWefi 

113 pH.lla nocne.llOBaTenhHO coe,llrrHeHHbiX TpurrepHbiX H'leeK, MO:lKeT .llOCTrrraTb 3% 

OT cyMM8pHofi .ll11HT91lbHOCTll 38.ll9p:lKHBaJOwero HMnynbca, 'ITO B HaweM cnyqae co~

,llaCT .llOriOm{HTenloHYJO H9TO'IHOCTb BO Bp9M9HII cPOTOrpaclJupoBaHHH 1 paBHYJO 0,9 MC9K1 

T,e, ri011HOCTblO nepeKpOeT IIHTepsan pocTa riY3blf!J>KOB .llO BH.lliiMblX p83M9pOB, 

Ill - ' 
0rrHCbiBaeMaH HII:lK9 CX9Ma 111Illl9Ha yKa38HHOrO H9.ll0CT8TK8, 3a C'i9T ocy-

W9CTB119HlfH B KOH9'1HOfi CTyri9HII COBri8.ll9liHH BHyTpeHHero CUrHana C IIMITY1lbCOM 

CHHXpOHII38UUU• riOCTyrraJOWIIM CO BXO.lla, B paCCM8TpUB89MOfi CX9M9 nerKO .llOCTHra-

9TCH cornacoBaHU9 Bp9M9HII cPOTOrpaclJHpOB8liiiH C MOM9HTOM rrpOXO:lK,ll9liUH rry'iK8 

-4 
C TO'iHOCTb!O nyqwefi, '19M )0 C9K, 

BnOI~-cxeMa CMHxpoHM31IpyJOwero ycTpoficTsa rrpnBe.lleHa Ha puc. 1. 

TOp pO,lla pa60Tbl fl03B011IDT OCyW9CTB11H1'b 38ITYCK ycTpol\cTBa 11UOO OT CTapTOBbiX 

UMriY1lbCOB 1 rrony'leHHblX OT cPOTO.llaT'IHKa YCKOpHT911H ( BH9WHUfi aarrycK) 0 nrr60 OT 

nyCKOBbiX IIMITY1lbCOB 0 Bbipa68TbiBa9MbiX ~llyTp9HliHM renepaTOpOM ( BHyTp9HHHfi aarrycK I, 

KaK B TOM, TaK II B .llpyroM cnyqae B03MO:lKHbl .llB8 sap!IBHTa pa60Tbi: O,llHOKpaTHblfi 

11nu nerrpepbiBHbifi, Pe:lKH-M BHyTpeHHero rrycKa 6bJBaeT rroneaen npH nacTpoli:Ke scefi 

CUCT9Mbf rrepe.ll pa60TOH, KpOM9 Toro, OH ri03B011H9T ripOBO.llUT pa6oque IICribJTaHUSJ 

KaM9pb! H93aBUCUMO OT pa60Tbl yCKOpUT911H, 

.LlnH Toro, 'iT06bJ MO:lKHO 6bmo aa.llasaTb srronne orrpe.lleneHHbie UHTepaanbi 

paCTa riY3b!pbKOB rrocne rrpOXO:lK,ll9liUH rry'iKa 'iaCTHU OT yCKOpUT91lH 0 KpafiHe B8:lKHO 
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HM9Tb B03MO:tKHOCTb CMeiUaTb MOM9HT IIOSIBneHHSI HMIIynbCa IIO.UCBeTa, npu 8TOM 

menaTenbHO coxpaHHTb O'I\HOCHTenbnoe BpeMennoe pacrronomeHHe .upyrux yrrpaBnmo

ruux HMIIynbCOB, 3TO .UOCTHraeTCSI C IIOMOlUbJO HM9JOIUerOCSI Ha BXO.Ue CX9Mbl KacKa-

.Ua 3a.oep:tKKH CHHXpOHif31fpyiOIUJfX HMIIynbCOB, 

CHHXpOHII3HpyiOIUII9 IIMIIynbCb! OT yCKOp1IT9nSI cne.oyJOT C IIHTepBanOM BpeMeHII1 

paBHbiM 8- 12 MCeK, TOr.Ua KaK pa6o•mll: IIHKn KaMepbl COCTaBnHeT 2-5 CeK. noaTOMy
1 

'!T06b! o6eCII9'!1ITb ycTOH'!IIByJO pa6oTy BCeX ycTpOHCTB, C IIpiiXO.UOM rrepBOrO CTapTo

BOrO IIMIIynbca BXO.U 6nOKIIpyeTCSI Ha ITOnHOe Bp9MSI I!IIKna. KacKa.U <jlopMHpOBaHIISI 

6noKupyiOIUero lfMIIynbca II03BOnSieT lPIIKCIIpOBaTb .UnnTenbHOCTb lllfKllli KaMepb! B rrpe

.oenax OT 0,5 .uo 30 ceK. 

Bb·c. eneHHbrll: TaKIIM o6pa30M O.UHHO'!Hbrll: CTapTOBbril nMnynbc ocyrueCTBnHeT 

3arryCK .UBYX H93aBHCHMbiX KaHanoB: KaHana <jlopMIIpOBaHIISI HMITynbCOB yrrpaBneHIISI 

pa60TOH sneKTpOMarHHTHOrO KnarraHa II KaHana <jlopMIIpOBaHHSI IIMITynbCa ITO.UCBeTa. 

'06a KaHana BKnJO'!aJOT B ce6SI 6nOKH 3a.Uep:tKKII, .oaJOIUIIe B03MO:tKHOCTb H93aBI!CHMO 

cMeruaTb naqano pacwupeHuH, naqano rro.umaTHSI u MOMeHT cpa6aTbiBaHHH naMrrbr

BCITbiWKH, CMeiUaH naqano pacwapeHuH, _MO:tKHO ycTanaanuaaTb nau6onee Bbrro.unoe 

IIOnO:tK9HH9 HMIIynbCa IIO.UCBeTa. Ha KpH~Oll pacwupeHHSI. 

nonnas cxeMa CHHxpoHJI3~PYJOIUero ycTpoilcTBa npuae.ueHa Ha puc, 2. Cimxpo

HJI3npyiOruue I!MITynbCbi1 ITOCTyrraJOIUI!e OT yCKOp1IT9nH, <jlopMupyiOTCSI 6nOKIIHr-reHepa

TOpOM n l' 3a.Uep:tKI!BaJOTCSI TpnrrepHOH S1'!9llKOH n2 II qepe3 IIHB9pTOpllbiit KaCKa.U n
3 

noaaroTCSI Ha BXOJ:lbl Tpex H93aBIICIIMbiX uerreit, Ha'!HHaJOIUIIXCSI naMII8MII n4 , n5 II n ll' 
Tpirrrep na naMrre n

4 
c noMOIUbJO rronHpn3oBannoro pene Pn-5 ocyruecTBnHeT 6no

KnpoBKY BXO.lla Ha rrpOMe:tKyTOK BpeMeHH 1 onpe.oenHJOIUIIii pa6oquit Ul!Kll K8M9pb!, BpeMSI 

6nOKHpOBKif B yKa38HHbiX Bb!We rrpe.oenax B8pbnpyeTCSI nepeKllJO'!aTeJleM n
3

• 

Tpurrep Ha naMne n5 .uaeT B03MO:tKHOCTb CMeCTHTb nyCKOBOfi IIMIIYllbC T8KIIM 

o6pa3oM, '!T06br naqano pacwupeHuH npe.uwecTaoaano rrpuxo.uy HMrrynbca qacTl!II OT 

ycKOpHT9llSI Ha liHTepBan BpeM9Hll, BKllJO'!aJOIUHH MepTBOe Bp9MSI KllaiiaHa H. Bp0MSI 

cpa6aTbiBaHHH pacwupl!TellbHOfi CHcTeMbi, 3a.unuii ¢poHT HMnynhca, nonyqennoro Ha 

BTOpOM aHO.Ue n
5

, IICIIOllb3yeTCSI .llllSI 3arrycKa Tpllrrepa 3a.Uep:tKKII ITO.U:tKaTHSI n 
15 

l! O.llHOBpeMeHHO C STHM Clly:tKHT CTapTOBb!M IIMITYllbCOM J:lllSI THpaTpOHa n20, uarpy3-

KOll KOToporo HBnHeTCH oTruu6aJOruaS! o6MoTKa Knarrana pacwupeHHH. Kanan ¢opMu-

poBaHHSI ITO.U:tKHMaJOIUero lfMIIyllbCa ananorH'!eH TOllbKO '!TO paCCMOTpeHHOMy KaHany 

tPOPMllpOBaHHSI liMIIyllbCa pacwupeHl!SI, 
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naMITbl n
1 

II n
9 

<jJopMIIPYIOT BCITOMOI"aTenhHbJe IIMnynhChi, CIIHXpOHHbJe C IIM

nynhCaMII pacwupeHIISI II ITOLVK8TUSI0 0pOXO.OSl '19pe3 CM9CIIT9nh n 8, OHII ITOCTynaiOT 

Ha CeTKy MOWHOI"O .QBOfiHOI"O TpiiO.Qa n 
10

, 'lepe3 KOTOpb!H OCylUeCTBnsteTCSI ITIITaHIIe) 

' y.aep)KUBaiOlUefi 06MOTKII Knanana. 0oCTOSlHH8SI COCT8Bnst!Olll8Sl TOKa, npOT9ks"110lll9I"O 

'lepe3 06MOTKy 1 peryniipyeTCSl II3M9H9HII9M CM9IU9HIISI Ha C9TKe. 

B KaHan <jJOpMIIpOBaHIISI IIMnynhCa ITO.OCB9T8 BXO.QSIT: Tpiii"I"ep 3a,aep)KKII n ll' 
KaCKa.a <jJopMIIpOBaHIISI ITh9.Q9CTana n;;, Bp9M9HHOH ceneKTOp 1Ii3 H BbJXO.QHOfi Kac

Ka.Q n 14. coe.aiiH9HHbiH .aniiHHbiM K8 6eneM c ycunuTeneM TOKa n 19~ BpeMeHHOfi 

ceneKTop npe.acTaBnSieT co6ofi o6bJ'IHYIO cxeMy .aBofiHbiX coBna.aeHIIll: c HeniiHell:

HOCThiO B 8HO.QHOH U9ITII. C 9I"O ITOMOlllh!O npOH3BO.OIITCSI yTO'IH9HII9 Bp9M9HHOI"O no-

nO)KE!HIISI IIMnynhca ll0.QCB9T81 'ITO, KaK yKa3bJBanOCh Bb!W91 SIBnSieTCSI B8)KHbiM C 

TO'IKII 3~eHHSI yMeHhweHIISI pa36poca pa.aiiyCoB <jJoTorpa¢1IpyeMbiX ny3hiphKOB. 

Harpy3Kol1 yciiniiTenSI TOKa stBnSieTCSI nepBII'IHaSI o6MOTKa 6o6HHhi E, ocymecTB -

nSIIOlllefi ITO.Q)KIII"_ naMllbJ-BCITbiWKII n22• OapannenhHO BTOpii'IHOlt 06MOTK9 606UHbl 

BKniO'IeH pa3pSI.OHIIK p, CllOC06CTBY!OllliiH nony'leHIIIO 6onee ycTOli'IIIBOI"O pa3pst.aa 

'lepe3 naMny n22• .. 
Bbixo.a BpeMeHHOI"O ceneKTopa coe.aiiHeH TaK*e c '6noKOM ynpaBneHIISI pa6oTofi 

neHTOnpOTSI)KHOI"O MexaHII3M8. CTepeo<jJoToannapaTa n 17 II n 18. Heo6xo.aiiMOCTh B 

TaKoM 6noKe oTna.aaeT B cny'lae npuMeHeHIISI cTepeo<jJoToannapaTa c HenpephlBHhlM 

UIIKnOM. ·Opii 9TOM MO)K9T 6b!Th IICITOnh30BaH p9)KIIM BH9WH9I"O O.QHOKpaTHOI"O nyCKa 

C BKniO'I9HII9M napannenhHO KHOITK9 K 1 .OOITOnHIITenhHblX KOHT8KTOB, M9X8HH'I9CKII 

CBSI38HHbiX C np!IBO.QOM CTepeo<jJoToannapaTa. 

Cne.ayeT 3aMeTHTh, 'ITO B pe*uMe BHewHero o.aHoKpaTHOI"O nycKa 3aMbJKaHue 

KOHT8KTOB K 
1 

He Bbi3 hiBaeT MI"HOBeHHOI"O cpa6aTbiB8HIISI cxeMhi, no nHW h npuBo.auT 

cxeMy B ucxo.anoe cocTOSIHue, a 3anycK, KaK H B cny'lae nenpepbiBHoro pe*HMa, 

OCYIU9CTBnSieTCSI CT8pTOBbiM HMnynhCOM OT yCKOpiiTenSI. 

B pSI.ae cny'laEiB 6hiBaeT none3HO ucnonh30BaTh ycKopiiTenh B *.OYIUeM pe*HMe. 

JlnSI 9TOI"O B CIIHXpOHII31IpyiOlll9M ycTpOfiCTBe npe.aycMOTpeH 6noK <jJopMupoBaHIISI 

uMnynhca 3anycKa y.cKopuTenSI. IlpunuunuanhHaSI cxeMa ero npuBe.aeHa na puc. 3. 

B 6noK BXO.OHT 3aCTOITOpeHHhifi 6nOKHHI"-reHepaTop, nyCKOBOfi HMnynhC Ha 

KOTOphlfi no.a·aeTCSI 'lepe3 TpHI"I"ep 38.09p)KKH. 
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Ha pHC, 4 H306pa)KeHa BpeMeHH8SI ,llH8I'p8MM8 CJle,llOB8HHSI HMilYJlbCOB qepe3 OC" 

HOBHb!e 6JIOKH CHHXpOHH3HpyiOll.{ei'O yCTpOHCTBa, Ha6JIIO,lleHHe KpHBOH pacwnpeHHSI npo· · 

H3BO.llHTCSI BH3Y8JlbHO C IlOMOll.lb!O OCUHJlJlOI'pacpa H:J-I, THI1H'IH8SI OCUHJlJlOI'p8MM8 

noKaaaHa Ha puc. 5. 

MoMeHT npoXO)K,lleHHsr qacTHU qepea KaMepy onpe,llensreTcsr c noMOll.lbiO C'IeT

'IHKa HeiiTpoHoa, aanonHeHHoro B ~ • C'!eT'!HK- perncTpnpyeT Me.llneHHhie HeiiTpOHhi, 

,ll!Jcpcpy3HO pacnpe,lleJleHH£Ie B 38Jle yCKOpHTeJlSia YfHTeHCHBHOCTb 3THX HeHTpOHOB npo

I10pUHOH8JlbH8 'IHCJlY__'I8CTHU, I18.ll8!0ll.{HX Ha MHWeHb, YfHTerpnpysr HMI1YJlbCb! 1 l10CTy

I18IOll.{He OT C'IeT'!HK~, H I10,ll8B8SI HX H8 O.llHH H3 BXO.llOB OCUHJlJlOI'pacpa, MO)KHO IlO 

rrono)KeHHIO MaKcnMyMa orn6aiOmet!: Kpnaoii oiTpe,llenHTb c .llOCTaTO'IHOH .llJlSI Hawnx 

ueneti '!'O'!HOCTb!O BpeMeHHOe ITOJlO:>KeHHe ITY'IK8 '18CTHU ITO OTHOWeHHIO K HMilYJlbCY 

CHHXpOHH38UHH, 

Ha BTOPOH BXO.ll OCUHJlJlOrpacpa ITO,llaeTCH HMITYJlbC ITO,llCBeTa, nepeKJll0'18TeJleM 

n I ycT8H8BJlHBaeTCSI 3a,llep)KK8 HMI1yJlbC8 ITO.llCBeTa OTHOCHTeJlbHO ITy'IK8, B .ll8Jlb

HeiiweM OH8 OCT8eTCSI ITOCTOSIHHOH B TeqeHne BCero Ce8HC8 pa60Tb!, 0ITTHM8JlbH8SI 

BCJlH'IHH8 BpeMeHH 38"fl83.llb!B8HHSI HMITYJlbC8. ITO.llCBeTa ITO OTHOWeHHIO K ITY'IKY ,llJlSI 
·' 

BO.llOPO.llHOH' KaMepb! B HaWeM cnyqae COCT8BJlsreT I MeeK, 

3KCITJly8T8UHSI OITHC8HHOI'O CHHXpOHII3HpyiOll.{ero ycTpOHCTB8 B Te'!eHne ,llJlHTeJlb

HOI'O apeMeHn BbiSIBHna anonHe ycTot!:qnayiO pa6oTy acex GnoKoB. HacTpoiiKa ITepe.ll 

pa6oTOH ,llOCT8TO'IHO ITpOCTa H CBO.llHTCSI I'Jl8BHbiM o6p830M K ITOnyqeHHIO COBITB,lle

HH-H B cxeMe apeMCHHoro ceneKTopa. HaH6onee ysraBHMbiMH MecTaMH sransriOTCSI THpa

TpOHbl Jl
20 

H Jl
2

J' pa60T8!0ll.{He B CXeMe KJl8IT8H8, 3aMeHa HX npOH3BO,lliiTCSI qepe3 

K8:>K,llbie 20 Tb!C,UHKJlOB, BHeWHee ocpopMneHHe CIIHXPOHH3HpyiOll.lero ycTpOHCTBa 

BH,llHO H8 pHC, 6, 

B MOHTa)Ke y_cTaHOBKH npHHIIMBJlii yqacTRe A.n.MaHhi'I, A.E.HoaRKOB H K.Yf.OwH6-

KJfii, KOTOpblM 8BT0pb! C'IHT8IOT CBOHM ITpiiSITHblM .llOJli'OM Bb!p831ITb 6narO,llapHOCTb, 

ABTOpb! aeCbM8 npH3H8TeJlbHbl lO,A.rpe6HHHHK1 BHecweii 60JlbWOe 'IHCJlO MOHT8)K

Hb!X naMeHeHHii B. cxeMy B npouecce sKciTnyaTauHn. 
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JaiJejJJiOKa HO.'Klna pacwupeHJH I(, a, 

.e rall,c, 
UmynbC c5poca aauneHUf/ 

Jl,.a 

3aBep:HCKa Ha'lana noil:J+Camufl ll,,a, 

Umynbc noB:HCamuR 
1
/l,,a.ll.,c, 

ll,,a 

ll,a, 

YnpaMJIIOUJ,Ue 1/,c, 

umynbcbl yBepcu6Diow,eu /I, a, 

o5Momxu Kna"na.Ha fl. a, 
·' ll,.a,, 

Jaaep:J~Cxa noilcoema /l,,a, 

Unnynbc nMilecmana ll,,a, 

CxeMa coonaileHUU Jl,a, 

BbtxoaHoci xacxail fl,.K 

Ycunumenb moxa Jl,,a 

Umynbc noilc6ema /l,, 

KpuoaR pacwupeHu>l 
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PHc. 4. BpeMeHHaH .llHarpaMMa cne.llOBBHH51: HMIIynbCo~. 
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PHc. 5. OcuHnnorpaMMa pacwHpeHH.s. 
a) HMnynbC qacTHU ycKOpHTeng; 
6) HMnynbc no.acseia. 
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Puc. 6. BnewHHll Bl!.ll ycTaHOBKH. 
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