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06~e~MHeHHH~ MHCTMTYT Rne~WX MCC~enoBaHM~ 

Jia6opaTOpMR BhlCORMX &HeprM:f.i 

OEECIIEmHME ~H3WIECKMX 3KCITEPI1MEHTOB HA 

Cill!XPOOA30TPOHE !IY1ll{AMM PEIDITMBI1CTCKHX 

E.B.BacM~HWEH, B.M.Bo~oB, JI.IT.3~HOBDeB, M.E.MccMHCRMI, 

A • .II. KMpM~oB, JI .r. MaxapoB, C. A. H)BBROB, E • .II. OMe~'tfeHRO, 

A.M. ilMRP.IH, IO. K. ilB~BIIeHRo, M. H. Ce:vreHIOOIRP.IH, B. <P. CP.JRo~eHRo, 

A.A. CMBpHOB, 3. H .l.IhlraHoB, B. H. tfe·)HMROB. 

ltY6Ha, !985 r. 



AHHOTAUMJ! 

ITpencTa~eaa ocaoBHHe xapaxTepmcTERE ycxopmTe~aoro xoun­

~exca ]a6opaTOpEE BHCORMX aaeprma OI~M, B TOM ~HC~e EHTeHCEB­

HOCTH JJY'lROB YCROp.a:eMIDC B CHHXpo~aSOTpOHe .a:nep. 

BHBon nyqROB HS CEHXpO~SOTpOHa, OCHOBaHHHA Ha mcno~so­

B8HHH pesoaaaca Q x = 2/3, npomsEonmTc.a: no nBYM aanp~eHMHM -

B 6oJIDmoA axcnepmMeHTaJIDHHI SM ( r:z- 205) H axcnepEMeHTaJIDHHI 

SM Ji IE. 

Ha nepBOM aanpa~eHHH BHBona nyqxa ( nxmTe~DHOCTb pacTH3XH 

JJY'lRa 0,5 C, ROs@)HnHeHT BHBona 90 .. , 95%) B 60JIDWOM SRCnepHMeH­

T~HOM SMe cosnaaa CHCTeMa RaHS~OB, nOSBO~aH OCJmeCT~b 

OnHOBpeMeHayiD pa60TY HeCRO~bRHX ~HS~eCRHX YCTaHOBOR. 

B HaCTO~ee BpeM.a: Ha~aTH pa60TH ITO peMHSanHH BTOporo Men­

~eHHOrO BHBona - B aanpa~eaHm xopnyca IE. ITpoBeneBH nepBHe 

SRCnepHMeHTH no BHBOny ~aCTEn C D~HTe~bHOCTbiD paCT&EKE 0,5 C. 

B I984 rony npoBeneHH axcnepHMeHTH no BHBony nyqxa npo­

TOHOB HS RaMepa YCROpHTe~ C noMOm$ID HSOrHYTO! ~CTHHH MOHO­

RpHCT~a RpeMHH.S:. 

ilnaHaMH na6opaTopHH npenycMaTpHBaeTc.a: npoBeneame axcne­

pmMeHTOB aa nyqRaX no~HSOBaHHHl neiTpoaoB. B aa~Me I984 r. 

nyqox neATpoaoB c no~msanmel oRo~o 50 % 6a~ no~ea aa ~maei­

HOM YCROpETe~e. 
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HayqHaH nporpaMMa, EHUO~eM~~ B HRCTORmee BpeMH Ha ~KaX 

CEHXpo@asoTpOHa, EMeeT TeH~eHUEID F, ~anDHelilleMY pacrnHpeHEID. ~ESE­

~eCKHe pesy~TaTH, no~aeMHe B OC~aCTE peAffTHBHCTCKO~ H~epHO! 

@HSHKH /I/, nopo~~a~ B CBOID O~ep~~ HOBHe E~eE H npenHO~eHHH, 
B CBHSE C ~eM CO CTOpOHH @HSHKOB CTpaH-~aCTHHU OMffH UOCTOHHHO 

pacTeT cnpoc Ha Ka.H~ ~ROB c ps.s~H~HHMH napa.MeTpaMm. B noc~e~­

HHe ro~ Ha YCKOpHTe~e OTMe~aeTCH SHa~ETe~bHHI nporpecc KaK B 

UOBbiiDeHEB EHTeHCHBHOCTP.I ~OB ycF:OpJ!eMHX J!~ep, TaR E B yBe~P.J-. . 
~eHHE HX MaCCOBHX ~ECe~ /2/. HaMe~eHa pe~HSQUHJ! nporpaMMH, nos-

BO~~el 06ecne~HTb @HSMqeCKEe yc~aHOBKH TaKP.IMH ~KaME B cpenHeM 

~HanaSOHe SHeprHI (HeCKO~KO COTeF.: MaB/~oH), ~TO ~aCT BOSMO~­

HOCTb pemETb PH~ sa~a~, Sa~a.HHpOI~ B CBOe BpeMH ~ nepBO! 

o-qepe~H YKTI1 /3,, 4/. 

B CBHSH C nepeBO~OM B I9?0 r. CHHXpO~aSOTpOHa Ha YCKOpeHHe 

H~ep noTpe60BaJII.Ob peKOHCTpYKUP.JH ItJ!~a ero OCHOBHHX ys~OB. JlanDHei-
H 

mme YCOBepmeHCTBOBaHP.IH Be~TCH B F.:aCTO&mee BpeMH P.J KaCaiDTCH npe~ne 

Bcero E~eKTOpa, YCKOpJ!IDme! P.l B~YMHO! CECTeMH; HSMeHH~ECb Tpe-

60BaHMH K KaH~aM TpaHcnopTHpOBKH BHBei(eHHOrO nyqKa, ycTpOICTBaM 

I(EarHOCTHKH. 
OcHOBHHe napa.MeTpH CMHXPowasc·TpoHa npmBeneHH B Ta6~Mue I. 

B Ta6~P.JUe 2 lla.HH 3Ha~eHMH no ron;~r JHTeHCMBHOCTH YCKOpHeMHX B 

HeM HD;ep. 
Ta6~11ua I. 

IIepmMeTp op6ETI:l -208M ,1J;.:P.JTe~HOCTb Me nHeHHOrO - 0,5 c 

Pa6o~ee fl. 
m:Bon;a 

- 0,6? 
9MHTTQHC BHBen;eHHOrO ~a 

~aCTOTa 6eTaTpOHHHX 
KO~e6aHH~ Q - 0,63 ropHSOHT. -30 MM Mpan: .' X 

Qa - 0,89 BepTEK. -40 MM Mpan 
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8HeprEH ~HXeKnJ~ : npOTOHOB 
Hn;ep 

MaxCHManDHaH SHeprEH BH~en;eHHoro 
nyqxa: npOTOHOB 

Hn;ep ( ~ /A::0,5) 

MaxcEMa.JlbHaa: Bg npm BbiBOn;e 

~ETe~HOCT~ UMKHa 

nmana30H B.~. (2-H KpaTHOCT~) 

Ha6op aHeprm:e 

Pa6o~aa: anepTypa BaxyyMHo~ KaMepR 

HaTeKaHEe B KaMepy 

lloTpe6SEeMaH a~exTpoaHe.prEH 

llpOI(O~ETe~HOCT~ pa60TR B ron;y 

- 20 MaB 
- 5 MaB/HYKJIOH, 

- 9,2 raB 
- 4,2 raB/~oa. 

- !,2 X 28 T.M 

- 9 c 

- 0,4 ••• 2,8 Mru 

- 2,3 xaB/o6op. 
2 - !,2 X 0,3 M • 

- 0,!5 ~.Topp/c. 

- 8 .MBT 

- 4 TRC.~ac. 

Ta6~JUJ;a 2. 

HHTeHCEBHOCT~ nyqRoB Cmaxpo~asoTpoaa • 

. . 
-qacT/EMDY~C BHBe:neHHHe ! HHTeHcEBHOC'I~, ! 

~aCTEI.J;H 
! . 
f ! ! I984 r. . I977r • 1980 r. ! f f . 

p 4,5.ro11 4.ro12 4.ro12 

d I,5.I010 4.ro11 I.ro12 

It ro9 raiD 

3 He 2+ 2.roi0 

4 He 2+ 2.ral0 5.ro10 

L. 3+ 6 I I.Icf3 

L· s.r 7 I 2.ro9 

r2° 
6+ ro4 2.ro6 5.Icf3 

I6 0 8+ 5.Io3 5.Io3 s.ro7 
F 9+ 7 

I9 I,5.IO 
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YMelibmeHme Ha nopHniE Be~mqmHH pa6oqero na~eHEH B BaKYYMHO 

Hoi KaMepe CmHXpo~asoTpoHa /S/, HaMeqeHHoe Ha !985 r., nosBo~ET 
nponBEHYTbCH no MaccaM ycKopHeM~ Hnep no cepe~HHH nepmonmqec­

Kol Ta6~•~ MeHne~eeBa, a T~e sHaqmTe~bHO noBHcBTb no cpaB­

HeHmiD C EMeiDmBMECH EHTeHCBBHOCTI nyqKOB KHC~Opona, HeOHa, Mar­

HEH E npyrEX a~eMeHTOB. 

BHBO~ nyqKa BS CEHXpO~SOTpOHa, OCHOBSHHH~ Ha Hcno~so­

BaHHE peSOHaHCa Q X = 2/3, npOE3BOnHTCH no nBYM Hanp~eHHHM -

B 60~bWOH SKCnepHMeHTaHDHHI S~ ( ~ 205 ) H SKCnepHMeHT~bBHf 

san~ IE (pmc.I). 

CmcTeMa BHYTPeHHei TpaHcnopTHpOBKE nyqKa,BHBonHMoro no 

nepBO~ Hanp~eHEID, COCTOBT HS cenTYM-MarHETa H ~HHSH npen­

BapHTe~bHOrO OT~OHeHBH (BTOpOi npHMO~EHeiHR! rrpoMeEYTOK) H 

MarHETa B ~BHSH OCHOBHOrO OT~OBeHEH nyqKa (TpeTHH ITpHMO~HHeH­

HHI npoMe3YTOK). TpaHcnopTEpOBKa BHBeneHHoro nyqKa B Haq~HOH 

qacTE KaHana H ero ~OpMBpOBaHEe B paioHe MHmeHHOH CTaHUHH F 3 

(aKcnepmMeHTanDHHH SaH ~ I) npo~sBOnHTCH C UOMOmPID nByx ny6~e­

TOB KBanpynO~HHX ~HHS 20KIOQ (~Bc.2). ~ETe~HOCTb paCTHXKB 

BHBeneHHOrO ~qKa COCTaBHHeT 0,5 C,KO~HUEeHT BHBOna- 90 ••• 95%. 

~ no~eHEH paBHOMepHOrO BO B~eMeHB BHBona npEMeHHeTCH anna-
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paTypa OOpaTHOI CBSI31l, lilCIIOJI1>3YJOinM CpaBHeH:He CMrHaJia n;aT'tiMKa TOKa 

BHBen;eHHoro IJY'!Ka c onopHI:IM HanpSDKenEeM M rrocJieiJYIOmee Bosn;eticTBme 

qJymt~OHaJI:CHO rrpeo6pa30B8.HHOrO pa3HOCTHOrO C:HrHaJia Ha TOR B rpa­

D;ItleHTBHX OOMOTKax. 

B 6om,moM axcnepMMeHTaJ!bHOM s~re c rroJieSHoi nnoman;:cro 6000 Mf 
C03I(a.Ha CMCTeMa Ka.HSJIOB, II03BOJI.R:IDina.JI OcymeCTBJIHT:C OI(HOBpeMeHHYJO pa­

OOTY HeCKOJil>KlilX qJlil3M'tieCKI1X YCT8.HGB01C (plilc.3). 0IITM't1eCKaSI CXeMa OCHO 

HOro Ka.HaJ.Ia BIT - I BRJII()'qaeT TpM OO'bHK['EBa, KruKD;bti 113 KOTOpbiX o6paso­

B8.H n;BYMSI n;yoJieTaME JIMHs 201\200. CTpyxTypa BIT-I - ~W - ~.IUl<P - <PW 

( B ropESOHTaJI:&Hol IIJIOCKOCTM). ITepmre (BXOD;Hbie) n;y6JieThi JIEHS K~n;oro 

OO'beKTMBa llJopMlilpyroT rrapaJIJieJI:&Hl:li B o6eEx IIJIOCKOCTSIX JJY'IORo: BTophle 

(BbiXOD;Hbie) n;y6JieThi @opMEPYJOT KpoccoBepbi B F4, P5, P6, rn;e ycTaHOB­

JieHH I(ECTaHQlilOHHO ynpaBJISieMHe IIpiBOl~ MKmeHei M CMOHTlilpOBaHa JIOKaJI:D­

Ha.ff 3&ml4Ta, OOeciie'tililBaiOinB.SI paD;MB.UlilOHHYID 6e30IIaCHOCT:C IIplil BBOI(e B 

IIy'lOK "TOJICTbiX" MMmeHe!. OT P4 oepy~' HS.'tia.JIO Tpil OOKOBbiX KaHaJia ( IB, 

7B, 8B) , oT P5 - D;Ba KaHSJia ( 3B 1il 4B: , oT F6 - I(Ba KaHaJia ( 5B 1il 6B) • 

BbiOOp TaRO! CXeMbl pa3MemeHESI OOKOBbD: KaHaJIOB onpen;eJISieTCSI B03MO~­

HOCT:CID opraHE3B.UlilM MX OI(HOBpeMeHHOi I1 He3aBlilCEMOi paOOTbi - B KruKI(OM 

lil3 KaHaJIOB IB - 8B MO~O MeH:..rMf!Ylf08opT BTOpE'tiHl:lX 'tiS.CTEU. ,It.J:m OTKJIO­

HeHMSI nepBM't1HOro IJY'!Ka B OOKOBble K8.Ha.J.IH Ha Tpacce BIT-I B paioaa.x: 

F4,P5, P6 ycTaHOBJieHl:l MarHBThi. BIT-I 11 roJIOBHI:le 'tiacTE 6oKoBhiX xaaa­

JIOB oKpyilteHbi 6eTOHHoi samEToi, ooecne'tiMBaromei! pan;maumoHHYJO oeso­

rracHOCT:& nepCOHaJia, paOoTaromero B 3~~e. B KOHUe BIT-I CMOHTEpOBaHa 

JIOByniKa, paC'lETa.HHa.R: Ha rameHlile IIO.m:o:f.t EHTeHCEBHOCTM. B SKCIIepMMeH­

TaJI:DHOM KOpnyce YCTa.HOBJieH nyJI:DT yrrpaBJieHHSI pe~MMaMM paOOTbi Ra.HaJIOB. 

CEcTeMa ynpaBJieHE.a: ooecrre'lmBaeT: 

a) KOHTpOJI:C TOKOB B SJieMeHTax MarHE1HOi OIITlilKlil; 

0) I(lilCTaHUEOHHOe ynpa.BJieHMe IIpMBOI(S.Mlil MMmeHei; 

B) KOHTPOJI:D napaMeTpOB ny-qKa B P 4, F5, P6 (noJioilteHEe ueHTpa TSDKecTE 
I1 pa3MepoB ny'tiKa, EHTeHCEBHOCT:&); 
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r) KOHTpOJTh napa.MeTpOB IlY'iKa B 60KOB1t{ KaHaJiax ( MMnyJThC, mtTepBaJ.I 

HMnyJ!DCOB, pasMepH, paCXOD;EMOCT:D, :nHTeHCBBHOCT:D); 

IJ;) ynpaBJieH:Me TOKQMB B Ma.rHHTax M JIBHaax; 

e) ynpa~eHHe npMBOI(aME KO~HMaTOpOB. 

M3MepeHBe napaMeTpOB ~OB rrpE HE3KMI YPOBHHX HHTeHCEBHOCTB 

( I06 qacTMD/D;EKJI) ITp01tJ3BOI(HTC.R: C nOMOI!U)IO MHOrOrrpOBOJIOl:{HbiX rrponop­

D;EOHa.JIDHbiX Ka.Mep 1! CD;EHTE~HOHHl:lX C't£eT't1BKOB. ]I,:Jm E3MepeH:H.R: BHCORo­

EHTeHCEBHBX ny't1ROB ECnOJI:D3YJOTC.R: D;BE~~EeC.R: MHmeHB C TeJieCKOnaMM cqeT­

'tiEKOB. Be:rr,yTC.R: pa60T1I no OCHa.meHEIO B~·f MHOrorrpOBOJIO'tiHHMB HO¥E3aiJ;EOH­

H1IME Ka.Mepa.ME 1T,JI.R: E3MepeHB.R: npOCTpaHc~·BeHHHX xapaxTepECTEK nyt!KOB B 

I(Eana30He BHTeHCEBHOCTei I07 ••• Iol2 
'tiaCTED;-D;BRJI. 

RaHaJI ::eToporo nanpaBJieHB.R: BH::eon;a nyqKa 6HJI npen;Ha3Ha't1eH, ::e ocHOB­

HOM, D;Jlf.[ 06ecne't1eHI!.R: pa60TH ny31Ip:DKOBbDC Ka.Mep ( II;JIETeJIDHOCT:D BHBOI(a 

0. 7 Me), pacnoJioJKeHHHX ::e Kopnycax IB 6' IB. B HacTomnee ::epeMR: HaqaTH 

pa60TH ITO peaJIH3an;BB BTOporo MeiT,JieHHOI'O BHBOI(a - B HaiTpa.BJieHEI! KOp­

nyca IB, IJJ!OII{aiJP KOTOporo n03BOJI.R:eT pS.3MeCTET:D HeCKOJ!DKO SKCnepEMeH­

TaJI:DHHX YCTaHOBOK, pa60TaiOII{BX no SJieK1pOHHOi MeTOI(BKe. MarHHThi 61ICTporo 

Bl:lBOD;a B nepBOM rrp.R:MOJI&e!HOM rrpoMeltyTRe 3a.MeHeHH HOBblME, n03BOJI.R:IOII{B­

ME OCYII{eCTBHT:D peJKMMH RaR MeD;JieHHOrO,TaK B 61ICTporo BhiBOD;a. ilpOBeD;eHH 

nep::BHe SKCnepBMeHTH no ~BOD;Y 'tiaCTBn C UJIBTeJI:&HOCT:DIO paCTRXKE OROJIO 

0,5 c. XapaxTepECTimB BTOporo MeiT,JieHHoro BHBOI(a ITpHBei(eHbt B Ta6Jimne 3. 

Ta6JIEna 3. 

XlpaRTepBCTI!RB BTOporo Meu;reHHOrO BHB0P,a 

npoToHl:l 

.R:n;pa 

~ETeJI:DHOCT:D BhiBOI(a 

KosqxflBn;BeHT BHBOD;a ( OII;HOCTyneHHa.R: 
CECTeMa) 

- I,3 ••• 8,I raB 

- 0,5 ••• 3,6 raB/HYKJIOH 

-I MC ••• I c 

~V50% 

- OT 20 X 20 ~ 
n;o I60 s I60 MMf 
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B I984 r. 6wrE npoBen;eHu aKcnepMnteHTll no BllBOIJ.Y nyqKa npoTOHOB 

D3 KaMepu YCKOpETeJI.R: C IIOMOII{biO MOHOKpliCTa.JIJia B pEIJtMMe KaHaJIEpOBaHM./6/ •. 

liisOrHYTM IIJiaCTMHa MOHOKpDCT"aJIJia KpeMEER paaMepoM II X IO X 0,4 MM3 

6l1Jia ycTaHOBJieHa B: nepBOM npRMOJIMHebCIM npoMeJtyTRe YCKOpMTeJIR B MeCTe 

paCIIOJIO.'>KeHMR OTRJIOHmOIUero M8rHDTa BTOporo HaiipaBJreHDR BhtBOIJ;a Ha pac­

CTORHDD 200 MM OT OCH BaKy:yMHO! RaMepli. HaBeiJ;eHMe traCTMll Ha IIJiaCTEHY 

ocymecTBJI.R:JIOCE> cMemeHDeM op6DTH llHPKYJ.:MpYIQmero nyqxa. HanpaBJieHEe 

n:yr.!Ka ITO BHeiDHeM,Y KaHa.Jiy TpaHCIIOpTMpO::E.X:A san;aBaJIOCE> YI'JIOBHM IIOJIOJKeHMeM 

KpBCTa.JIJia. XOTR 8TOT CIIOC06 He U03BO~eT ITOJIYt{BTE> BHCOKYIO ~eKTDB­

HOCTE> BHBOIJ;a, ero BCIIOJID30BaHMe MOJKeT OK838TE>CR yn;o6HHM ~ pa60TH B 

CIIellBaJIE>HHX pe~MaX, Tpe6ymmBX HDSKOI BHTeHCBBHOCTH. KO~BllBeHT 

BHBOIJ;a COCTaBJI.R:JI OROJIO I0-4 B OIIpen;e~JICR, B OCHOBHOM,reoMeTpBtrec-

KBMB pa3MepaMB Dyt{Ra k1 KpBCTa.JIJia. ~eKTBBHOCTE> BHBOIJ;a MOJKeT 6HTE> 

cYIIteCTBeHHo noBHmeHa rrpM yBe~BlleHBB nonepet~Horo paaMepa RpBcTanJia. 

B IJ;aJIE>HelmeM nJiaHaMD ]a6opaTopuu npen;ycMaTpBBaeTcR npoBen;eHBe 

SKcrrepBMeHTOB Ha rryqxax rroJIRpmaoBaHHHX ne!TpOHOB. B HatraJie I984 r. 

nyliOK n;e!TpOHOB C ITOJIHpB38llDe! OKOJIO 50 % 6HJI ITOJIYlleH Ha JIHHeiHOM 

YCROpBTeJie, liTO IIOSBOJIReT CliBTaTE> peaJicHHM ero YCKOpeHDe D BHBOIJ; 

Ha WESMllecKBe ycTaHOBKE B I985 rony. 

JIBTepaTypa: 

1. A.M.Baldin, JINR, E-1-80-545, Dubnl,1980. 

2. IO.,U.EesHorJIJX, B.A.MoHt~MHCRE!, OMffi1,?9-84-246, ,1Jy6Ha, !984 r. 

3. A.M.EaJIIJ;EH B n;p. Tpyllht YI BceCOIOSHO:::-o COBei.QB.HER IIO YCKOpMTeJI.R:M. 
T.II, CTp.34?, ,1Jy6Ha, !979 r. 

4. B.C.AJieRCB.Hn;poB E no. 011HH, P9-83-6I3, ,Ify6Ha, I985 r. 

5. E.B.BacEJI:miiBH, A. H.IIBKBH E n;p. OlliH1, :9-84-28I, ,Ify6Ha, I984 r. 

6. B.B.ABn;eRliMROB D n;p. KpaTRBe coo6meHHR: 011HH. Ji I-84, .ILY6Ha,I984 r. 
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Puc.2. Oru6ruomHe nyqtta B Ha'tlaJ'.tbHol -qacTm Ra.Hua MeitJieHHoro 
BHBOI(a. 
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PEc.3. CxeMa pacno~oxeHEH RaH~OB ·rpaHcnopTEPOBRB ~acTEn 
B 6o~mOM 8RCnepHMeHTanDHOM S~e. 


