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BBE.UEHME 

flo nporpaMMe <PHaHtiecKHx Hccne.uoamm:H: e)Kero,uao, aatnma.H c 1981 r., 
Ha CHHXpO<l>a30TpOHe 0ll.fiJ.1 IIpOBO)lRTC.R: CeaHCbl IIO ycKopeHHlO IIOJI.RpH30-

BaHHhiX ,n;eJi:hpOHOB, IIOJiytW.eMhiX C IIOMOIUbiO HCTOtDJHKa "fiOJIHpHC" /l ' 2 1_ 

,llnH H3MepeHIDI BeKTOpHOii H TeH30pHOif: ITOJIHpl·l3aWfH IIYtiKa Ha BblXO.IJ;e 

JIHHefu10r0 YCKOpHTeJIR JIY -20 .fa3pa6onrn IIOmlpHMeTp, HCITOJib3YIOII..J;H:H: 

peaK[Iill< 4He(d,d) 4He H 3He(d,p) 4He, peKOMeH)lyeMble )lJill ITOJIHpH
MeTpOB rrpn 3HeprnHx 12 + 14 M•B /3 • 4/. 

Pa.Hee B / 5 / IIpHBO.UHJlOCh OIIHCa.HHe IIOJIHpHMeTpa AJlH H3MepeHHR BeK

TOpHOfi IIOJ1HPH3a~. B HaCTOmue:H: pa60Te Q[ffiCbiBaiOTCH MeTO,lUIKa H ycTa

HOBKa MH H3MepeHHH TeH30pHOti IIOJUipH3a.IlHH, a TaiOKe IIpHBO,!VITCH Kpanc:O 

pe3yJibTaTbl H3MepeHHfl. 

METO,lli1KA 113MEPEHl1fl 

I13MepeHHe TeH30pHOH IIOJIHpH3aiJ;IDI OCHOBa.HO Ha perHCTpaQHH npO,llyK

TOB peaKUHH 8He ( d, p ) 4He, II03BOJUUOII..J;e:H: B npmumne onpe,u;enHTL see MO
MeHThl MaTpHUhi TeH30pHOH ITOJIHpH3axum nytJKa. flyllOK: ITOJIHpH30B3.HHhiX 

,uefrrpoHOB a3aHMO.UeHCTBYeT C ra30BOH MHWeHhlO 3 He·, H no BhiXO.UY npo

TOHOB-npo,n:yKTOB peaK:UllH onpe.n;eJIHeM MOMeHT ITOJIHpH3axum. 

B o6meM cnyllae Bhixo.n; npoTOHOB no.n; yrnoM 8 B aanpaaneHHH neaoro 

H npaaoro nneqa OIIHChWaeTCH, COOTBeTCTBeHHO, QJopMYJiaMH 

(1) 

r.ue a
0 

( 8) - celJeHHe peaKUHH ,D;JIR aenonapH30Ba.HHoro rryll~<:a; B - KOJIH

tJecTBO ,ueHTpOHOB, npOB3aHMO,D;eHCTBOBaBWHX C MHWeH&lO; MHQ)KHTeJIH 

K L H K R 3aBHCHT oT TOJIJ..UHH&I MHWeHH H 3<P<Pe~<:THBHocm .n;eTeKTopa; 
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tkq H T kq - MOMeHThi nonRpH3awm nyqKa H a.HanH3HpyromeH cnoco6HOCTH 

peaKUHi'f, COOTBeTCTBeHHO. 

OueHKH CKOpOCTH Ha6opa CTaTHCTHKH UOKa3biBalOT, qTQ Mbl MO)I(eM 

H3MepHTb Ha JIY -20 npH pa3yMHOft CKOpOCTH cqeTa JIHWb BbiXOll npOTOHOB 

npH MMbiX yrnax, T .e. KOMIIOHeHTY T 20 • fipH 3TOM ace OCTMbHbie MO

MeHTbi MaTpHUbt a.HanH3HpyromeH cnoco6HOCTH npeHe6pe)KHMO MaJibt. TaKHM 

o6pa30M, Mbl HMeeM BblproKeHHe ,UJIR BbiXO,Ua npOTOHOB flO.U HyJieBbiM yrJIOM. 

NP ~ Ka0 B [ 1 + T20 t 20 ) • (2) 

T20(0o).-~~-+~-.,_ ....... -..--+--+---+--, 
Puc. 1. 3aauCHMoCTb T 20 oT 
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Puc.2. YrnoBoe pacnpe.o;eneHHe Ce'leHHR peaKUHH 3He (d,p)'1te JXJIH pa3HhiX 3HepruH. 
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3asHCHMOCTH T
20 

H cet~emur peaKUHH 3 He ( d, p) 4 He OT 3HeprHH Hane

TalOI.UHX ,n;eftTOHOB npHBe,UeHDI Ha pHC.l H pHc.2, COOTBeTCTBeHHO. AHaJIH3H

pyl01UaR CfiOC06HOCTl> peaKHH .UOCTaTOliHO Be.ITHKa H COCTaBJIR:eT npH 3Hepnm 

6 M3B BeJIH'IHHY T (0) = -1,3. :3Hepnm AeihpoHOB CHH)f(aeTcH c 10 110 6 M3B 

H3-3a TOpMO)KeHHR: B CTeHKaX KaMepbl pacceR:HHR:. 

B npHBe,UeHHbiX 4JopMyJiax MOMeHThl TeH30pa tkq OTHOCR:TCR: K CHCTe

Me KOOp.IJ;HHaT, B KOTOpOft CIIHH nepneH,UHKymrpeH OCH nyt~Ka. B HCTOliHHKe 

nomipH30Ba.HHDIX ,n;eftTpOHOB CfiHH BbiCTpOeH B,UOJib HanpasJieHHH .z:UmJKeHHH 

(aKCHaJibHaR CHMMeTpiDI), a yJKe 3aTeM noaopatrnBaercR: Ha 90 ° nepe.n; 

HHJKeKUHeft B ycKOpHTe.Jib. 

ECJIH CID:IH COCTaBJIHeT C HanpaBJieHHeM .UBHJKeHHH ,n:e:tiTpoHa yroJI a , TO 

r,ne t 20 - MOMeHT B CHCTeMe KOOp,UIDiaT, r,n:e npOHCXO,IJ,HT pacceJIHHe, t 20 -

MOMeHT B aKCHaJibHO-CHMMeTpHtmOft CHCTeMe, r,n:e npOHCXO.D:HT fiOJIR:pH3aqHR. 

B Haw eM cnyt~ae a= 90 °, H Tor.ua 

(3) 

r,ue NO- ,UOJIJI ,ueftTpOHOB C Hyneso:ti npoeKUHeft CID:IHa Ha OCb KBaHTOBaHHR: 

' 1 1 
< t 20 > =-=- P = -=- (1 - 3N0 ) • v2 zz v2 

CornacHo (2) H (3) OTHOlllemm Bbixo,ua npoTOHos peaKQHH TeH3opao .. 

nonR:pH30Ba.HHoro nyt~Ka NP K aenonHpH30Ba.HHOMY N0 

)lJIH 3Hepm>< B3aHMOAeiicTBYIOII1HX AeiiTpoHOB 6 M3B (T = -1,3) no

nytmM 

(4) 

<f>opMyJia ( 4) 3ariHCa.Ha B npe,unOJIO)KeHHH, tiTO HHTeHCHBHOCTh fiOJIJipH-

30Ba.HHOrO IP H HenomrpH3oaammro 10 nyt~Ka ,D;eihpoaoa o,uHHaKosa. 

B npoTHBHOM CJiyqae Mhi ,uomKHbi npOH3BeCTH HOpMHpOBKY Ha HHTeHcHB-
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HOCTL nepBHtrn:oro ,n;eiiTpoHHoro nyt~Ka. 

OTicy,lla nonyt~aeM OKOHtiQTeJILHO 

(5) 

KOHCTPYKUiiH IIOJIHPI1METP A 

3HepreTHtleCKHH BLIXOA peaKI..J;HH SSe (d. p) 4 He AOCTaTotmo BeJIHK, 

11 3HeprHH BbiJieTalOI..D;HX flO)]; Ma.JILIMR yrnaMH npOTOHOB COCTa.BJI.FieT 

..... 20 M3B. 3TH npo.TOHLI cBo6o,IJ;Ho npoxoART 1.1epe3 CTaJILHyro IIJiaCTliHKY 

TOJII..LOlHOii ~ 1 MM, B TO BpeMR Ka.K npo,n;yKTbl ApyrHX peaKI..J;Hii H nepBHtiHbie 

.neHTpOHbl flOJIHOCTLlO norJIO~TCH, lfTO o6nerqaeT 3a.Ilaqy perHCTpa.wJH 

npOTOHOB nonynpOBO,llHHKOBLIM ,lleTeKTOpOM. 

CxeMaTHtleCKH KOHCTPYKUHR nonRpHMeTpa noKa3aaa Ha pHc.3. B KOH~ 
CTPYKUHH MO:>KHO Bhl.lleJIHTL .nsa y3na: 1) WIH perHcTpamm ;n;eiiTpoaos 

C UeJiblO HOpMHpOBKH Ha HHTeHCHBHOCTb nepBHl!HQrO nytiKa; 2) AJI.FI pe~ 
rHcTpa~.zy~H npoTOHOB c 3HeprHeH 20 M3B. B nepByro qacTL BXO,IJ;HT MHWeHHaR 

CTaHUKFI (1) C npHBO,!J;HbiM ycTpoH:CTBOM (2) H MHilleHblO (3) H3 30JIOTOii 

<l>OJibri:I TOJII.Ul:IHOH 1 MKM H )J;Ba ;n;eTeKTOpa ( 4) TOJIIIlHHOii 200 MKM, pac~ 
flOJIO)KeHHble CHMMeTpHl!HO B ABYX pyKa.Bax no;n; yrJIOM ..... 15° K OCH Ka.HaJia. 

BTopaR qacTL nonHpHMeTpa BKJiroqaeT aanonHeHHyro 3He no,n; Aa.BJieHHeM 

-3 8TM KaMepy (5) ,IJ;HaMeTpOM 37 MM H )J;JIHHOii 80 MM, BbinOJIHeHHylO H3 

Hep:>Ka.BeJOI..D;e:H: CTaJIH, C JlaBCaHOBbiM OKHOM (6) ,lll:IaMeTpOM 8 MM H TOJI~ 
II.U:IHOfi 250 MKM Ha BXO,IJ;e H AOHbllllKOM TOJII..LOlHOii 0,3 MM; norJIOTHTeJIL 

(7) H3 Hep)Ka.BeiDI..D;eft CTaJIH Ha BblXO;z:J;e \'I KpeMHHeBLift )J;eTeKTOp TOJIII.U:IHOft 

0,8 MM H ,IJ;HaMeTpOM 15 MM. 
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KaMepa C 3He H ,n;eTe.KTopaoH: c6opKoH C IIOMOI.W>lO BTOporo IIpHBO,D;HO
ro ycTpoHcTBa MO)KeT BbiBO,D;HTLC.R: H3-rro.n; rrepawmoro nyqKa. 

IJOJI.R:pHMeTp yCTaHOBJieH Ha HOHOIIpOBO)le KaH3Jia HH)KeKUHH IIOCJie 
rrepaoro TpHIDieTa KBa,n:pyiiOJILHbiX JIHH3 Ha paCCTO.R:IDIH -4 MM OT BLIXO,D;a JIY-20. 

3JIEKTPOHHAH AITITAPATYPA 

3JieKTpOHHa.R anrrapaTypa IIOJI.R:pHMepTa BKJilOtJaeT TpH H.UeHTHlJHLIX CIIeK
TpOMeTpHtieCKHX KaHaJia: KaHaJI ,llJI.R: perHCTpaUIDI rrpOTOHOB H )lBa MOHH
TOpHbiX KaHaJia MH perHCTpaD;mt: rrepBHlJHbiX .n;eftrpOHOB, pacce.R:HbiX Ha 
TOHKoH ~onLre H3 Au. CTpyKTypaa.R: cxeMa o):Uioro H3 3THX KaHaJIOB rroKa-
3aHa Ha pHc.4. CHrHaJibl C ,UeTeKTOPOB (.[IJ MHTeJILHOCTLlO 0,5 MKC no.n;a
lOTCJi Ha BXO,D;bl Tpex 3ap.R:,llOtJYBCTBHTeJILHLIX npe.n;ycwnrrenefl: (flY) , Bbipa-
6aTblBalOIIlHX CHrHaJibi ,ll;ByX THIIOB: E - C aMIDIHTy.n;ofl:, npOIIOPUHOHaJibHOH 
IIOrJIOI.I.J;eHHOif 3HeprHH tJaCTHUbl, KOTOpbtii HCIIOJl&3yeTCR ,UJI.R: aMIIJIHTY.UHOrO 
aH3JIH3a: T - 6LICTpble CHrHaJibl MR opraHH3ai.J;HH 6noKHpOBKH H HMnynL
coa 3anycKa aaanoro-uu~poBLIX rrpeo6pa3oBaTeneH (AUII). CHrHaJI E 
IIOCJie ,UOIIOJIHHTeJibHOrO ycHJieHHH B CIIeKTpOMeTpHtleCKOM yCHJIHTeJie (CY) H <jJOpMHpOBamm B (BfiC) npeo6pasyeTCK B I1H<j>pOBOH KO,ll; C ITOMOIULIO HMnynLcHoro AI.IIT (CAM 4.04-1; [IJ1q,J1, BHP) c 6y<j>epaoi'! na.MKTLIO 12 x 64 cnoa. T - curaaJILI rrocne .uononHHTeJILaoro ycHJieaH.R: B 6blcTpLIX 
ycHJIHTeJI.R:X (EY), IIO,UalOTCR Ha BXO.ZU,I ,n:HcKpHMHHaTopOB ypoaaefl: (.llY), 
aacTpoeHHbiX TaK, tJTo6Lr HCKJilOtiHTL JIO:>KHLie 3aTiyCKH AUII oT noMex. 
Ilocne ,llY 6biCTpLtii HMIIYJlhC IIOCTyrraeT Ha O,ll.HH H3 BXO.UO:B CXeMLI COBIIa
.n;eaHfl: (CC), aa .n;pyroM BXO,U KOTOporo IIO.UaeTCH ~opMHpyeMa.R: Taif:MepOM T - rroJIKa AJIHTeJI:&HocTLlO, aeMHoro npeabilll.a.lOI.I.J;eH AJIHTeJihHOCTL HH)KeK
UHH. Bb1pa6oTaHHLre CC-HMIIyJihCLI nocne rrpeo6pa30BaTenR ypoaaeH (II) 
HCIIOJih3YlOTCR B KatJecme 3aiiYCKalOIIlHX ,llJI.R: A[(Il. 

Puc. 4. CTpy~erypHa.R cxe
Ma O,!l;HOrO COeKTpOMeT· 

pH<~ec~eoro ~eauana nom:r
pHMeTpa. 
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3neKTpoaaaa annapaTypa KAMAK no.u,KJirot~eaa K 3BM CM-3 c noMOI.IJ;&IO 

Iq>ei\T-KOHTpoJUiepa 106B (POLON, IIHP). ,[\na onepanmHoro npellCTaBne. 

HIDi HHQ;JOpMaumi HCITOJI&3yeTCH UBeTHOfi TeJieMOHHTOp, ITO.UKJliOtleHHbifi 

c flOMOUibiO ill<Tep<t>ei\coB 11TB·574 H 11TBP-575. L\O><yMeHTHpOBaHHe pe-

3YJI&TaTOB npOH3BO.UHTCH c noMOJ..UbiO nelffiTaiOI.IJ;ero ycTpoflcTaa DZM~180 

H rpa<t>onocTpoHTena WX-4675 (WATANABE, flnoHHa), rrOAKniOqeHHoro 

K 3BM qepe3 BbiXOAHOH pemcTp CAM-2.12 (UI1<1>11, BHP). 

MATEMATI1qECKOE OBECIJEqEHI1E 

MaTeMaTnt~ecKoe o6ecnet~eHHe nonRpHMeTpa BKJIIOt~aeT nporpaMMH&Ifi 

MOAYnh TENSP3.SAV, o6ecneqHBaroUIBH Bee H3MepeHHH B pe>l<llMe ON-LINE 

H B03MO)KHOCT& npocMoTpa HaKoiUieHaoH HHQ;JopMaUHH a pe)KllMe OFF-LINE, 

a TaK)J(e Mo.nyn& WXPOL.SA V, no3BOJIHIOIUHH .noKyMeHTHpoaaT& pe3yn&

TaT&I C ITOMOIUI>IO rpaQ;JonocTpOHTeJIR:. 

,llnfl XpaHeHIDI H3MepeHHbiX .UaHHbiX Ha Mal'HHTHOM ,UHCKe Opl'aHH30BaH 

<Pai\n TENSP3.DAT pa3MepoM 467 6noKoB, n03BOilHIOUIBH xpaHHTb HH<t>op

Ma.IUUO 38 ae3aaHcHM&IX aa6opoa H3Mepelllill - "aepCHH". Ilo.u; .u;ononHH

TeJI&HyiD conpoBO,IlHTeJI&HyiO HHQ;JOpMaUHIO II KOMMeHTapm{ Bhi.u;eneHhl 

a 3TOM ¢la.H.ne 6noKH 0-9 II 466. OcTan&Hhie 6no:Kll co.uep*aT .uaHHbie o6 

H3MepeaHblx cneKTpax. B K8.)K}l.OM UHKJie ycKOPHTenR npoH3BOAHTcR H3Me

peane cneKTpoa c npoToHaoro H .n.ayx MoamopHbiX .u;aTtmKoa. BTopoH: MO

HHTOpHbiH ,IJ,eTeKTop, YCTaHOBJieHHhill: CHMMel'pHtiHO nepBOMY, ITOBbiWaeT 

aa,o;e)KHOCT& pa60Tbl ITOJIRpHMeTpa H ,D;OCTOBepHOCTb pe3yJI&TaTOB H3MepeHH:f.f.. 

Ltmr xpaaeaHR oAHoro cneKTpa Tpe6yeTCR o.u;HH 6rroK Q;Ja:frna .n;aHH&IX. B npo

uecce H3MepeHH:f.f. npOHCXO,D.HT UHKJIIIlleC:KOe qepe,ll,OBaHHe OT I..UUaia K UHKJIY 

ycKOpliTeJifl cne.uyiOIUHX tleTbipex pe)KHMOB ycTaHOBKH "IJonflpHc": 1) OT

cyTCTBHe nonapH3aQHH, 2) 2 ~ 6 Bq-nepexo11, 3) 3 ~ 5 Bq-nepexoll, 4) OAHO

apeMeHHhiH 2 -t 6 H 3 -+ 5 Bq·nepexo.n;&I. TaKHM o6pasoM, npouecc npoae.u;e

HIDI O,J'J,HOl'O He3aBHCHM01'0 Ha6opa H3MepeHH:f.f. BKJIJOqaeT B ce611 ITOJiylleHHe 

12 ClleKTpOB, Tpe6yiOI..UHX 12 6JIOKOB naMRTH ¢lafuJa ,UaHHbiX. 

IJoCJie OKOHllaHHR HMnyJI&Ca HH)J(eKUHH B ITaMHTH Ka)f()l;Ol'O H3 Tpex 

AUII aaxo.umcR H3MepeHH&Ie 3Hat~eHHR 3aeprmi t~acTHI.J;, 3apen1cTpnpoaaH

HhiX COOTBeTCTBYIOI.IJ;HM ,lJ,eTeKTOpOM H OTKaJIH6poBaHHble TaK, ~0 MaKCH

MaJlbHO B03MO)J(Hoe 3Hat~eHHe < 256. l1mPopM8.1UIR o THne Bq-nepexo.n.a 

HJIH o6 oTKJIIOlleHHH Bq-aqe:f.f.KH (oTcyTcTBHe nonRpH3aumt) ctJHT&maeTCR 

nporpaMMOH c napannen&Horo axo.n.aoro perHcTpa (IIBP) . 

Mo,uHQ;JHKauHR Q;JaHna :n;aHHhiX B coomeTcTBHH c pe3ny&TaTaMH H3Mepe

aHH cneKTpOB npOII3BO,II,HTCR B K8)1(,1l;OM UHKJie. 3aTeM BhffiOJIHfleTCfl o6pa-

6oTKa pe3yJILTaTOB, CBO,D;HI.IJ;aHCfl K llOJiytleHHIO l'HCTOrpaMM cneKTpOB, 

BhltJHCJieHHIO K03Q;JQ;JHUHeHTOB llOJIHpH3aUHH H HeKOTOpbiX BCllOMoraTeJibHblX 

Be.riHtffiH. 
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,ll.rrH y,uo6CTBa BOCIIpHHTHH aa UBeTHO:tf Te.rreMOHHTOp (UT) Bbi.D;3lOTCH 
cne~<:Tpbl c o.uaoro anz6paaaoro .uere~<:ropa .llJIH acex rpex sq.nepexo.uoa 
o.UHHM uaeroM H ;;:ma aenonapHaOBaHHoro nyt~Ka .upyrHM. Bn16op .uere~<:ropa 
npOH3BO,llHTCJI C KHOIIOlffiOH IIa.HeJIH IIyJILTa ynpa.BJI€HHJI. 

B nporpaMMe npe.uycMOTpeH ,uHanoroanrH pe)KHM, illiHUIDipyeMniH 
C KHOIIOtn:IOH IIaHe.JlH, B I<:OTOpOM OCyiUeCTBJIHeTCJI BBO.ll He06XO,llHMbiX 
KOHCTaHT. 8ToT pe)KHM npe.uocTa.BJIReT TaiOKe cne.uyroll.Oie ycnyrH: nepexo.u 
aa Hoayro aepcHro; OtmCTKa 6y4Jepoa .Ua.HH:&rx B:&I6pammH aepcmr; pacne
t~aTKa .llaHH:&Ix yKa3aHHoH aepcHH; aa,rr;aaHe rpaHHU cne~<:rpa, a paMKax 
I<:OTOpbiX BbiiiOJIHRIOTCR pacti€Thl. 

CilllxpoHH3alllffi c tiHKJioM pa6ornr ycKopHrerra ocymecranaerca no 
HMIIYJILCY "Hat~an:o UHKJia ycKopeHHR", ciJHKCHpyeMOMy Ha ilBP. 

,[{oi<:yMeHTHpOBaHHe ,llaHHbiX C IIOMOIUbiO rpaclJOIIOCTpOHTe.JlH peaJIH3yeT· 
ca nporpaMMOM WXPOL, npe.uocraamuomeM 6onLrnyro t~acTL nepetiHCJieHHLIX 
Bbillie yCJiyr. 

PE3YJibTATbl .113MEPEHH~ 

THIIHlffible CIIeKTpbl C IIpOTOHHOrO H MOHHTOpHoro ,lleTeKTOpOB npe.UCTaB· 
11€Hhl Ha pHC.5. B OIITHMaJibHOM pe)KHM€ HacTpOHI<:H Ht~eei<: H,llepao:H IIOJIRpH~ 
38.1JlU:[ HCTOtiHHI<:a "ilonHpHc" H3M€peHHa.H Be.JlHliHHa TeH30pHOH IIOJIRpH33UHH 
IIytii<:a ,ueHTpOHOB COCTaBJIHeT +0,62+0,08 (nepexo,u·2-:- 6) H -Q,70+0,08 
(nepexo11 3 ~ 5) . 

ElllND• 20 ElllNI'• 120 
EIIAXO• 70 EIIAXf'• 95 

DEUTR~NS 

NOD~ 4096 N01•4199 

R• .97594671€+00 

PRlHCJNS 
252 . 

tlPO" 2121 Nf'l•1618 168 ~ 
Pll•C -58.40+ 6.74ll: .., .. 

' RUN:32 DATE: 28,06 TillE: 

k 
50 tOO 

ALlGHIIENT ,RF-TRANSIT Io:N: 3-5 FREIIUENCT t IIHZl : 325 
AIIPLlTUDE: 90 CURRENT O:F RF CELL IIAGNET CAl: 5 

lSO '" ROC CHANNEL 

lSO '" AOC CHANNEL 
GREEN-\IJTH~IJT P~LARllATltlN 

RED-IIlTH PO:LARI11HHIN 

CURRENT O:F SPIN PRECESSO:R COIL CAl: 40 THE TARGET f'RESURE (AH!l: 2. 7 

PHC. 5. THIII-I'Dible cne:KTPhi C npOTOHHoro H MOHHTOpHOro ,D;eTe:KTOpOB. 
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