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l1cnonh30Bam1e nytIROB "noBepxHOCTHb!X" [1] MIOOHOB, 6naronapJI IIX Bh!COROfi HH

TeHCHBHOCTH II MaJIOMY npo6ery TaRHX MIOOHOB B BemecTBe, no3BOnJieT cymeCTDeHHO 

pacIIrnpHTh )lHana30H HCCne)lOBaHHfi ROH)leHCHpOBaHHOro COCTOJIHHJI BemecTBa, npOBO

)lHMh!X no µSR-MeTO)lHRe [2]. HanpHMep, CTaHOBHTC/I D03MOJKHh!M npoBe)leHHe HCCne

)lOBaHHfi B raaax npH HH3KHX )laBneHH/IX H D rrneHO'!Hh!X MaTep11anax. 

"floBepxHOCTHhle" MIOOHhl nonytia!OT OT6opoM MIOOHOB OT pacnana TepManH30BaH

Hh!X nonoJKHTenhHh!X nHOHOB B6nH3H noBepxHOCTH Me30H006paayJOmefi MHIIIeHH. TaRHe 

MJOOHhl 11Me10T MaRCHManhHhle :rneprHJO II HMnynhc 4.19 MaB II 29.7 MaB/c cooTBeT

CTBeHHO, HX npo6er B non11n11neHe COCTaBnJieT ~ 130 Mr/cM2. ITytIOR "noBepXHOCT

Hb!X" MIOOHOB, ec;rn He npHHHMaTh cneu11anhHhle Mephl, coneplKHT Bh!CORYIO npHMeCh 

n03HTpOHOB (no 99% OT COCTaDa tiaCTHU, aaxBaTh!DaeMh!X B RaHan nytIKa). ,Il;nJI O'IHCTRH 

OT npHMeCH n03HTpOHOB npHMeHJIIOT cenapaTOpb! - ycTpOfiCTBa co CRpemeHHh!MH aneR

TpHtieCRHM H MarHHTHh!M nonJIMH, pa3)leJIJIJOmHe 'laCTHUhl no HX CROpOCTJIM. 4acTO 3TH 

ycTpoficTBa BblnOnHJIIOT eme OJlHY <pyHRUHIO - ocymeCTBnJIIOT nOBOpOT cmrna MIOOHa 

no OTHOIIIeHHIO R HanpaBJieHHIO ero HMnynhCa Ha 90 rpanycoB. TaRHC ycTpoficTBa npH

H/ITO Ha3h!BaTb cnHH-pOTaTOpaMH. ITpHMeHeHHe cnHH-pOTaTOpOB no3BOnJieT yMeHb!IIHTh 

npHMeCh n03HTpOHOB B nytIRe "noBepXHOCTHb!X" MIO OH OB )lO 1 % . 
Ha qia3oTpoHe JIHIT Ol1Hl1 3a CtieT Hcrronh30BaHHJI IIIHpORoyronhHOfi MarHHTHofi 

onTHRH C03)laH HHTeHCHBHhlll nytIOR "noBepXHOCTHb!X" MIOOHOB [3]. OtIHCTRa nytIRa OT 

npHMeCH no3HTpOHOB ocymecTBnJieTC/I 3a CtieT pa3)leneHH/I nO)lTOpMOJKeHHh!X tiaCTHU 

ITO HMnynhcy nyTeM OTRnOHeHH/I HX Ha yron 90° B O)lHOpO)lHOM MarHHTHOM none no

BOpOTHOro MarHHTa. ,Il;aHHhlfi BapHaHT MarHHTHOro cenapaTopa n03BOnJieT nonytiaTb 

nytIRH C HMnynhCOM 20-25 MaB/c. OTHOIIIeHHe 'lHCna MIOOHOB R 'lHCny n03HTpOHOB 

B o6naCTH MaRCHManhHOro Bh!XO)la MIOOHOB paBHO 1:3 II MeHJieTC/I OT 1:2 )lO 1:40 B 

)lHarra30He H3MeHeHH/I TORa nOBOpOTHOro MarHHTa. I1pH 3HatieHHH HMrrynhca nytIRa 

21 MaB/c HMnynhCHhlfi pa36poc COCTaDnJieT 9.5%, MaRCHManhHaJI lIHTeHCHBHOCTh rro

TORa MIOOHOB - 4,.103cM-2c-1MRA ...:i, 'paaMephl nytIRa (IIIHpHHa Ha nonyBh!COTe) - 71 MM 

no ropH30HTanH II 80 MM TIO BepnrnanH, rrpHMeCb n03HTpOHOB ~ 70%. I1pH pa6oTe Ha 

TaROM nytIRe B crreRTpOMeTpe He06XO)lHMO npenycMOTpeTb B03MOJKHOCTh OTnHtiaTb na

)laJOmHe Ha MHIIIeHb n03HTp0Hhl OT MIOOHOB. B npOTl!BHOM cnytiae B µSR-crreRTpe <pOH 

6y)leT MHOroRpaTHO npeBh!IIIaTh ROnH'lCCTBO none3Hh!X co6h!THfi, II npoBe)leHHe lICCne

)lOBaHHfi 6yneT rrpaRTHtieCRH HeB03MOJKHO. OTcyTCTBHe CnHH-pOTaTOpa HaRna)lh!DaeT 

cymecTBeHHh!e orpaHHtieHHJI Ha ROHCTPYRUHJO µSR-crreRTpoMeTpa: Heo6xonHMO Tene

CRorr, perHCTpHpyIOmHfi n03HTp0Hhl OT pacnana MIOOHOB, pacrronaraTh Ha OCH rrytIRa, 

TaR RaR npH pacnonoJKeHHH TenecRorra rrepneH)lHRynJipHO OCH nytIRa npoBe)leHHe TaR 

Haahlnae~h!X ZF ( HyneBoe none) II LF ( npononhHoe no OTHOIIIemrJO R HanpaBneHHJO 

CnHHa MIOOHa BHeIIIHee MarHHTHOe none) H3MepeHHfi HCRnJOtiaeTC/I. 

B HacToJimefi pa6oTe rrpencTaBneHo orrHcaHHe µSR-cneRTpoMeTpa, pa6oTaJOmero 

Ha rrytIRe "noBepXHOCTHb!X" MIOOHOB co 3HatIIITenhHOfi npm.!eCb!O f!03l!Tp0HQB. Pa6oTa 

crreRTpOMeTpa 6h!na HCCJie)lOBaHa B ycnOBHJIX, Rorna paaneneHHe MIOOHOB II n03HTp0-

HOB nytIRa ocymecTDnJinOCh no noTeplIM 3HCprHH D CtieTtIHRax MIOOHHOro TenecRorra, 

perHCTpHpyIOmero DXOJlllmHe B o6pa3eU •raCTHUhl, a TaRJKC no npeMeHH npuxona tiaCTHU 

OTHOCHTenhHO Bh!COROtiaCTOTHOro CHrHana ycROpHTenJI. (B. CUHHTHnnJITOpe TonmHHOfi 

200. MRM noTepn: 3Hepr11H ( dE / dx) )lJIJI MJOOHOB 3Hepr11efi 2-4 MaB 6yny,r B tieThlpe-nJITh 

pa3 60JihIIIe, _tieM noTepH 3HeprHH nnJI no3HTpOHOB c 3Hepruei'r 20-25 M~B). ITonaBne-
--mm ·. 1 : u. 
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Hue q>oHa CJI_y-<rati:HhIX coB~a.n;eHnti: B µSR~crre1{Tpax, o6ycJioBJieHHoro perncTpauueti: rro-

3llTp0H0B rrytma II03UTp0HHhIM TeJieCK0II0M, ocymeCTBJI/IJI0Ch aHTllC0Brra.n;eHU/!Mll cur

HaJI0B IIO~llTpOHH0ro TeJieCKoria C UMIIYJihCaMU Cl.!eT'-lllK0B MIO0HH0ro TeJieCK0IIa. 
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_Puc. 1: CxeMaTu'-!ecKuti: '-IepTem µSR-ycTaHOBKu Ha rry'-!Ke "rroBepxHOCTHhix" MIO0H0B 

cpa3oTpoHa JIRII O11Rl1 

Pa3MeIUeHn_e µSR-crreKTpOMeTpa Ha rry'-!Ke "rroBepxHOCTHhIX" MIO0H0B (pa30TpOHa 

JIHTI O11Rl1 cxeMaTn'-leCKll ll306pameHo Ha puc.1. CrreKTpOMeTp cocT0llT U3 l.!CThipex 

CUUHTllJIJI/IUU0HHhIX C'-ICT'-lllK0B G1-C4, pacrr0JI0JI{CHHhIX Ha ocu IIY'-!Ka; Kpll0CTaTa 3, 

II03B0JI/IIOIUero MCHJITh TeMrrepaTypy MlllIICHU B urnpoK0M .n;uarra30He ( OT K0MHaTH0ll .[{0 

TeMrrepaTyphI JRI!.[{K0ro 'reJIU/1)' ll K3TYIIIKU PeJihMrOJibUa 7 .[{JI/l C03.[{aHUJI MarmuHoro 

II0JI/l Ha MUIIICHll. IIapa T0HKllX CUllHTUJIJIJIUll0HHhIX C'-leT'-!UK0B Ci, C2, paCII0JI0JI{CH

imx BHYTPU Kpll0CTaTa, C0CTaBJI/ICT MIO0HHhill TCJICCK0II, II CJiymuT .[{JIii perllCTpauuu 

rra.ua10mux Ha MlllIICHh '-13CTllU II pa3,lCJICHll/l MIO0H0B II II03UTp0H0B IIY'-!Ka no II0TC

PJIM 3Heprmr (dE/dx) B cunHTllJIJIIITope. ,l(na c'-!eT'-!uKa C 3, C 4, pacrroJiomeHHhie BHe 

KpU0CTaTa, C0C'raBJIIIIOT TCJICCK0II ,UJl/1 perucTpauuu II03UTp0H0B OT pacrra.ua MIO0H0B, 

0CT3H0BllBIIIUXC/I B o6pa3ue. 

KpnOCTaT 3 coemrneH c BhIX0.U0M RaHaJia MIO0HHoro TpaRTa u llMeeT o6IUIIH c HllM 

BaRyyMHhill 06'heM. OTKa'-!Ka KaHaJia II RpU0CTaTa o6ecrre'-!IIBaeTC/I <pOpBal(yyMHhIMU 

HacocaMu, 0CT3T0'-IH0e .uanJienue B RaHaJie ~ 1 MM pT.CT. I1y'-!OK K0JIJlllMUpyeTCJI Jia

TYHHhIM K0JIJIUMaTopoM 10 ,Ull3MeTp0M 70 MM. l1ccJie.uyeMhill o6pa3CU 5 npURJICUna

eTC/l K MC.UH0ll II0.UJI0JRl(e 6, 0XJiaJK.uaeM0ti: II0T0K0M rrapoB JI{ll,Ul(0I'O 330Ta llJIU reJIU/1 

(rrO,l\BO.UJIIUlle Tpy6Kll II0K33aHhI Ull<ppaMll 8 II 9). IIpu reJiueBhIX TeMrrepm:ypax rrpe.uy-
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CM0TpeHa B03M0JI{l!0CTh U30Jillp0BaHll/l B3KYYMH0ro o6'beMa KpU0CTaTa OT o6'beMa MIO-

0HH0ro RaHaJia C UCJihlO II0JIYl.!CHll/l 6onee BhIC0K0I'0 BaKyyMa B Kpll0CTaTe; npu 3T0M 

CUUHTllJIJIIIUll0HHhIH C'-!eT'lUK C2' HaX0.UIIIUllllC/l B Henocpe.ucTBeHH0H 6Jill30CTll OT Mll

lIICHU, oxnam.n;aeTC/1 .uo a30TH0H TeMnepaTyphI 33 Cl.!eT TeIIJI0B0ro K0HTaRTa C a30THhIM 

3RpaH0M 4. TeMnepaTypa Me.uuoti: II0,UJI0JI{Kll ll3Mep11eTCJI TeMnepaTypHbIM .uaT'-lllK0M, 

coe.n;uneHHhIM l.!epe3 BhIB0.U 2 C ll3MepllTCJlhllhIM npu6opOM. 

IIpu BbI6ope T0JIIUllHhI CUllHTllJIJIJIT0p0B C'-leT'-!lll(0B MIO0HH0r0 TeJieCK0IIa ueo6xo

.UllM0 6bIJIO Y.U0BJieTB0pllTh JlBYM np0TllB0II0JI0JI{HhIM Tpe60B3HllJIM: C 0,lH0H CT0p0HhI, 

C'-!eTl.!lll(ll .U0JIJI{HbI 6bITh KaK M0JI{H0 T0Hhlll~ ,UJIJI yMeHbllleHUJI K0Jill'-leCTBa BeIUeCTBa ua 

IIYTU MIO0H0B IIY'-!Ra, C .upyroft CTOpOHhI,3cpcpeKTllBHOCTh perllCTpaunu MIO0H0B IIY'-!Ka 

.U0JIJI{Ha 6bITh 6Jill31(a I( e,UIIHllUe. C'-IeT'-llll( C1 llMeeT .uuaMeTp 70 MM ll T0JIIUllHY 0.1 MM, 

a C'-leT'-!llK C2 - .unaMeTp 56 MM u T0JIIUllHY 0.2 MM. C'-IeT'-!llKll o6epHyThI 0.UHUM CJI0eM 

aJIIOMUHll3llp0BaHH0ro Maftnapa T0JIIUllH0H 4.3 Mr/cM2 II CJI0eM l.!epH0H 6yMaru T0JI

!UllH0ti: 2.1 Mr/ CM2. KoJilll.!eCTBO BemeCTBa Ha nyTu MIO0H0B II0CJie II0B0p0TH0ro Mar

HUTa .no o6pa3ua C0CTaBJIJieT ~ 56 Mr/ CM2' a II0JIHhIH npo6er MIO0H0B C IIMIIYJihC0M 

25 M3B/c (Mal(CUMaJibHhill llMIIYJihC, Ha R0T0pbiti: M0JI{eT 6bITh HaCTp0eH II0BOp0THhill 

MarHuT) ~ 75 Mr/ cM2. CnrHaJI c <l>8Y C'-!eT'-lllK0B C 1, C 2 ycununaeTCJI ycunuTeJIIIMll, 

CM0HTllp0BaHHhIMll B 0,lH0M K0pnyce C <l>8Y. Cl.!eT'-!llKll II03llTp0HH0ro TeJieCK0IIa C3, 

C 4 nMeIOT pa3MephI 150x150xl0 MM. B Cl.!eT'-IUKax C 1, C 2 ucn0Jih30BaHhI MaJI0IIIYMIIIUllC 

<l>8Y Tuna XP2982, B c'-!eT'-lllKax C 3 u C 4 - Tnna <I>8Y-30. 

AHaJIOrOBbie CllrHaJihI co C'-ICT'lllK0B nepe.n;aIOTCJI Ha CllCTeMy c6opa n HaK0IIJieHllJI 

llHcp0pMauuu. Bee 3JieKTp0HHbie 6JIOKU, BX0.UIIIUlle. B C0CTaB CllCTeMhI, BhIII0JIHeHbI B 

cTaH.n;apTe KAMAI{ u 3aHnMaroT '-leThipe Rpeti:Ta. B cocTaB cucTeMhI c6opa u naKon

JieHnJI llHcpOpMaUllll BX0,l/lT: a) CIICKTp0MeTpll'-!eCRlle ycllJillTeJill u cpopMllpOBaTeJill; 6) 

npeo6pa30BaTeJill BpeMJI-K0.U ll 3apJI_n;-l(0.U; B) Tpurrep, peaJill3YIOIUllH JI0rllKY OT6opa 

co6hITllH ll ynpaBJIIIIOIUllH pa6oTOll npeo6pa30BaTeJiei1:; r) CUCTeMa aBT0M3Tll3Up0BaH

H0r0 ll3MepeHllJI ll CTa6UJIU3aUllll TeMnepaTyphI 06pa3ua. YnpanneHue CUCTeM0H c6opa 

ll HaK0IIJieHUJI llHcpOpMaUllll ocymeCTBJIJieTCJI OT nepcoHaJibH0I'0 K0MIIhIOTepa B orrepa

Ull0HH0ll cucTeMe UNIX FreeBSD ( 06 ucnom3oBaHuu onepaunoHH0ti: cucTeMhI UNIX 

FreeBSD .UJIJI ynpaBJieHn11 µSR-3RCnepnMeHTOM CM. pa6oThI [4, 5]). 

Ha puc.2 11306pameHa cxeMa Tpurrepa, ocymecTBJI11IOui;ero Ha ocH0Be BX0.UHhIX cur

HanoB co c'-!eT'-lllR0B C 1-C4 u curHana Bl.I (BhICOKOft 'laCTOThI) ycKopnTeJIJI Bbipa6oTKY 

curHaJI0B, ynpaBJIJIIO!UllX pa6oTOll K0.Ullp0B!UllK0B. B cxeMe Tpnrrepa UCII0Jih30BaHhI 

3JieKTp0HHhie 6noKn B CTaH.n;apTe KAMAK, B 0CH0BH0M pa3pa60TaHHhie B Jia6opaTOpuu 

JI,UepHbIX npo6neM O61,e.n;uHeHHOro llHCTUTyTa 11.uepHbIX UCCJie,U0BaHuti:: K0,Ullp0BIUIIKll 

npHMoro 3anonneHllJI BU:II(µSR) u BU:II(TOF) Tuna KA304 [6], pa6oTaIOIUlle B nape 

c KBapueBhIM renepaTopoM KB311 [7]; npeo6pa3oBaTeJih 3apH.u-Ko.n; l{A0lO [8]; cpopMn

poBaTenu c cpUKCUp0BaHHhIM noporoM <l>l-<l>5 TUIIa l{JI353 [9] B Kal.!CCTBe npueMHU

l(QB aHaJI0r0BhIX curHaJI0B co C'-!eT'-lllK0B; nporpaMMllpyeMhie MaTpllUhI Ml u M2 TUIIa 

l{JI328 [10] llJIJI aHaJin3a ROM6nHauui1: BX0llHhIX curnanoB; CC1-CC5 - Mo.n;ynu Tuna 

l{Jl354 [9] B Kal.!eCTBe cxeM C0BIIa,UeHUH, cxeM "11Jll1" u cp0pMllpOBaTeJieft .UJIUTeJihH0-

CTll llMIIYJihC0B; ynpaBJilleMhie no MarucTpaJiu KAMAI{ JIUHllll 3a.uepmKu JI31-JI314 

TllIIa l{JI355 [9]. TaKme 6bIJill llCII0Jih30BaHhI M0.UYJill opurnHaJihH0H pa3pa6oTKu: o.u

HOBll6paTOpbI OB oxpaHbI ",l(o", B0p0T u oxpaHhI "2e"; 6JIOK .n;eJieHUJI 'laCT0ThI "f/64". 

HuJRe npuBe.ueHo onucaHne JiornRn pa60ThI Tpurrepa, npu 3T0M npuHJIThI cne.n;yro-
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PRc. 2: CxeMa TpRrrepa, pearrR3yIOmero rrorRKY Bh!pa60TKR cRrHarroB, ynpaBJIHIO

Il(RX pa6oTOit npeo6pa3oBaTeneit BpeMH-KO.U (BUTT) R npeo6pa3oBaTeJIH 3apH.U-KO.U. Ha 

cxeMe o6o3HatJeHhl: Yl-Y2 - cneKTpOMeTpRtJeCKRe ycRJIRTerrR; <l>l-<l>4 - cpopMRpOBa

TeJIR C q>RKCRpOBaHHh!M noporoM; JI3 - JIRHRR 3a.uepi1mR; cc - cxeMh! COBIIa,lleHRit, 

cxeMh! "l1JII1" R q>OpMRpOBaTeJIR ,llJIRTeJihHOCTR RMnyJihCOB; Ml-M2 - MaTpRIIhl c 

nporpaMMRpyeMh!MR JIOrRtJeCKRMR q>yHKIIRHMR; OB - O,llHOBR6paTOphl; r - KBapueBh!H 

reHepaTOp; f/64 - cxeMa .ueJieHRJI Ha 64 Bh!COKOit tJaCTOThl ycKOpRTeJIJI 

Il(Re o6o3HatJeHRJI CRrHaJIOB: 1, 2µ, 2µ+e, 3, 4 - ccpopMRpOBaHHh!e CRrHaJihl CIIRHTRJIJIH

IIROHHh!X ctJeTtJRKOB; G ("Gate") - "BopoTa"; B ("Before") - cRrHan O.UHOBR6paTopa 

oxpaHh! ")J;o"; A ("Accelerator") - cRrHarr BhlCOKOit tJaCTOThl (B4) ycKOpRTerrJI; S 

("Stop") - "CTon"; R 2µ ("Reset 2µ") - "C6poc 2µ"; R2e ("Reset 2e") - "C6poc 2e"; 

L .("Latch") - CRrHarr O.UHOBR6paTopa oxpaHh! "2e". 

,[J;rrJI ynpaBJieHRJI KO.URpOBII(RKOM BUTI(µSR) npR Ha6ope µSR-cneKTpoB TpRrrep 

ocymecTBJIJIJI Bh!pa6oTKY ynpaBJIHIOII(RX CRrHarroB "BopoTa", "CTon" R "C6poc 2µ + 

2e". 

CRrHaJI "BopoTa" Bh!pa6aTh!BaJICJI MaTpRneit Ml R COOTBeTCTBOBaJI OCTaHOBKe MIO

OHa B MlI!IIeHR npR YCJIOBRR, 'ITO C MOMeHTa perRCTpaIIRR npe.uIIIeCTBYIOII(ero MIOOHa 

npOIIIJI0 He Menee 10 MKC ( 3TO BpeMJI 3a,llaBaJIOCh ,llJIRTeJihHOCThIO RMnyJihCa 0,llHOBR6pa

TOpa c npo.uneHReM oxpaHhl ",[J;o"). Bh!JIR onpo6oBaHhI crre.uyIOmRe BapRaHThl cpopMH

poBaHRJI CRrHaJia BopoT: G=(2µ)-3-B, G=1(2µ)-3-B R G=l(2µ)-3-B-A. (3HaK MH-
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Hye nepe.u 6yKBOit HJIR IIR<ppoit, o603HatJaIOII(eit CRrHaJI, 03HatJaeT' 'ITO paccMaTpHBa

IOTCH aHTHCOBna.ueHRH C .uaHHh!M CRrHaJIOM. CRMBOJI CRrHarra, 3aKJIIOtJeHHh!it B Kpyrnh!e 

CK06KH, 03HatJaeT, 'ITO q>OpMHpOBaHRe yKa3aHHOit KOM6HHaIIHR npORCXO,llHT no nepe.u

HeMy q>pOHTY .uaHHOro CHrHarra). TioJIOJKeHHe CRrHaJia ycKOpRTeJIJI A OTHOCHTeJihHO 

nepe.uHero q>pOHTa CTp06HpyIOII(ero MaTpHIIY CRrHaJia 2µ no.u6RpaJIOCh H3MeHeHHeM 

,llJIRTeJihHOCTR 3a.ueplKKH JI38. ,[J;JIRTeJihHOCTh CHrHaJia BOpOT onpe.uerrHJiaCh ,llJIHTeJih

HOCThIO RMnyJihCOB O,llHOBR6paTOpa OB"Boporn" R COCTaBJIHJia 10 MKC. 

CHmarr ''CTOn" cpop11,mp0Barrrn MaTPI:IIeil M2 no nepe.uHeMy q>pOHTY mmyJihca 

q>OpMHpOBaTeJIH <l>3 H COOTBeTCTBOBaJI pacna.uy MIOOHa: S=-1-2µ+e(3)4 

HJIR S=-2µ+e(3)4. 

CRrHaJI "C6poc 2µ" COOTBeTCTBOBaJI rrpHxo.uy 2-ro MIOOHa B TetJeHHe HHTepBaJia 

BopoT: R 2µ=2µG. CRrHarr "C6poc 2e" 03HatJaJI noHBJieHHe II03RTpoHa pacrra.ua B HH

TepBarre BpeMeHR .ueitCTBHH cRrHaJia O.UHOBH6paTOpa oxpaHh! "2e": R 2e=SL. (O.UHOBll-

6paTop oxpaHhl "2e" ycTaHaBJIRBaJI rrorRtJecm1it ypoBeHh 'T' rrocrre Toro, KaK B TetJem1e 

RHTepBaJia BOpOT nOHBJIJIJICJI 1-it CHrHaJI "CTorr" 11 c6paCh!BaJICH B '·ff' no OKOHtJaHHll 

.ueilcTB1rn CHmana BOpOT: L=GS). CRman "C6poc 2p + 2e'' JIBJIJIJICH rrorntJecKoil: cy~1-

Moil CHrHaJioB "C6poc 2µ" H "C6poc 2e": R2µ+2e=R2µ+R2e-

TipR Ha6ope BpeMJinponeTHh!X crreKTpOB CRrHarr "CTOrr" (TOF) rrorryqarrcJI .uene

HReM tJaCTOThl ycKOpRTeJrn Ha 64 n rro.uaBaJICH Henocpe.ucTneHHO Ha KO,llRpODII(llK -

BUTI(TOF). 

B nponecce HacTpOilKR Tpnrrepa n3yqaJIRCh .una crroco6a rro.uanrreHHH JIOJKHh!X 3a

rrycKOB nopoT II03l!TpOHaMH nytJKa: 

a) Bh!,lleJieHHe "MIOOH!Ih!X" RMnyJihCOD ll3 o6meit IIOCJie,llODaTeJihHOCTll HMIIYJihCOD CtJ('T

tJHKa C 2 ocymecTBJIJIJIOCh no aMnJIHTy.ue; 

6) pa3.uerre1Ine llMIIYJihCOB CtJeTtJHKa C2 Ha "MIOOHHhle" ll "II03llTpOHHh!e" ocymecTDJI/1-

JIOCh IIO BpeMeHH MX npHXO,lla OTHOCHTeJibHO Bl.J:•CllrHaJia yc1;op1!TeJIJI. 

N 
15000 

.. _. ... ·:: ... 

. _ .. e+ 

10000 

5000 

··-.• ..... -<:"- __ ,,.,,..-·,,..,.•-!•:•.- -/4 a) 
0 .... --.:::::::::·__., .. .,,.<·. ,· ... µ + ------...... 6) 

10 ---··· · · .. .-.. :.·.:·.-·::.-~---~·-·~·.,~ .... -~-~<. ..... _ -60 110 160 210 260 
Howep xaHana npeo6pa0oaaTenR napRA-KOA 

PRC. 3: AMnJIHTY.UHhle CIIeKTphl CllrHRJIOB CtJeTtJHKa C2 II pH Hll3KOM (a) II DL!C0Km! ( (i) 
noporax cpopMnponaTeJIH <l>2µ, CTpo611pyIOmero pa6ory rrpeo6pa3onaTerrn Japn.u-i;o.u 
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TTp11 Ha6ope aMnJIIITJ.UHh!X cneKTpOB aHaJIOrOBh!H CllrHaJI C'IeT'IllKa C2 pa3BeT

BJIJIJICJI Ha nsa, np11 3TOM on11H 113 c11rHaJIOB nonasaJICJI Ha sxon "AHaJI113" npeo6pa-

30BaTeJIJI "3apJI,n-Kon"' a npyroif Ha <pOpM11poBaTeJib <D2µ II nocJie nonoJIHIITeJihHOII 

<pop~mpoBKll no ,nJI11TeJihHOCT11 cxeMoif CC5 ( T,. ~ 50 HC) nonasancJI Ha sxon "3anycK" 

npeo6pa3osareJIJI. TToJioJKeH11e so speMeH11 c11rHana 3anycKa non611panocb ll3MeHemreM 

,nJIIITeJibHOCTll 3a,neplKKll JI313 TaKIIM o6pa30M, 'IT06hl aHaJI!l31lpyeMhlH aHaJIOrOBh!H 

CllrHaJI np!IXO,nllJI B Te'IeH!Ie BpeMeHll ero neHCTBII/I. Ha p!IC.3 np11seneHh! aMnJIII

Ty,nHh!e cneKTphl CllrHaJIOB C'IeT'IIIKa C2 MIOOHHOro TeJ1E'CKona np11 Hll3KOM (p!IC.3 a) 

II Bh!COKOM (p!IC.3 6) noporax <popM11posarem1 <D2µ- :Vb pIICYHKa Bll,nHO, 'ITO aMnJill

Ty,nhl CllrHaJIOB, COOTBeTCTBY!OIUIIX npoxoJK,neHIIIO MIOOHOB qepe3 C'IE'T'IIIK C2, HaMHOrO 

npeBhlIIIa!OT aMnJIIITy,nhl CIIrHaJI~B OT n0311TpOHOB II xoporno OT,neJIJIIOTCJI OT nocJie,nHIIX. 

N 
4000 

3000 

2000 

1000 
0+-~~~~~~~~~~~~~~~~-c----< 

3000 

2000 

1000 

6 

o 1 \L ~J ~J I 
1500 

1000 

500 

0-+--~~~~~~~~~~~~~~~~-.---1 

30 38 46 54 62 
HoMep KaHana npeo6paOoBarnenn BpeMH-KOA 

P11c. 4: <DparMeHT speMJinponeTHh!X cneKrpos ( "Bopora" - c11rHaJI cqer'I11Ka C 2, 

"Cron" - BLI-c11rHaJI ycKop11reJIJI): a) 11cxo,nHhlH cneKTp np11 Hll3KOM nopore <pop

M11posaH11JI CllrHaJIOB C'IeT'IllKa C2; 6,B) pa3Jill'IHhle cnoco6h! nonaBJieHIIJI n0311TpOHOB 

ny'IKa B CTapTOBOM KaHaJie Tp11rrepa: no BpeMeHll nponera (6) II 3a C'IeT aMnJI11Ty,nHoro 

or6opa (s) 

TTp11 BpeMJinpoJieTHOM aHaJilI3e c<popMllpOBaHHh!e no aMnJI11Ty,ne II ,nJIIITeJibHOCTll 

c11rHaJih! cqeT'IllKa C 2 nonasaJIIICh Ha crpo611py10m11if sxon Marp1111hl Ml. Ha on11H 113 

BXO,nOB MaTplll(hl nonasaJICJI CllrHaJI ycKop11TeJIJI A, c<popMllpOBaHHh!H no ,nJIIITeJibHO

CTll cxeMoil: CCl, pa6ora10meil: B peJK11Me <popM11posareJIJI ,nJI11TeJibHOCT11. Ilon611pa

n11cb KaK ,nJI11TeJibHOCTb CllrHaJia A, TaK II BpeMJI ero np11xona OTHOCIITeJibHO CllrHaJia 

2µ, 'ITO nocr11raJIOCh non6opoM ,nJIIITeJihHOCTll 3a,neplKKll cxeMhl JI38. Ha6op BpeMJI-
6 
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npOJIE'THh!X cneRTpOB ocymeCTBJI/IJIC/I C 11cnOJib30BaHIIE'M npeo6pa30BaTeJIJI BpeMJI-Kon 

BUTT(TOF). C11rnan "Bopora" <popM11posaJICJI RaK: G=(2µ) 11n11 G=(2,,)-A. C11rna

JIOM "Cron" cnyJK11JI c11rHaJI ycKop11reJIJI, ,neJieHHhlH no qacrore Ha 64. Ha p11c.4 a-B 

np11seneHhl speMJinpoJieTHh!e cneKTphl. TOF-cneRTP Ha p11c.4 a noJiy'IeH np11 Hll3KOM 

nopore <popMllpOBaTeJIJI <D2µ ( G=(2µ))' np11 3TOM B cneKTpe np11cyrcTByeT "MIOOH

Hh!H" n11K, nllK "MrHOBE'HHh!X" n0311TpOHOB II nOCTOJIHHaJI ROMnOHeHTa, o6yCJIOBJieHHa/I 

n031ITpOHaMII OT pacnana M!OOHOB B 061,eMe Me30H006pa3y10meif MIIIIIE'Hll ( 0 CTPYRType 

cenap11poBaHHOro nyqRa "nosepXHOCTHh!X:' MIOOHOB CM. pa6ory [11]). Ha cneRTpe 

p11c.46 nllR MrHOBeHHh!X n0311TpOHOB nonasJieH no BpeMeHll npoJieTa (G=(2µ)-A), on

HaRO BRJian "3a,nepJKaHHhlX" no311rpoH0B npaKr11qecR11 He ll3MeHIIJICJI. B TOF-cneRrpe 

Ha p11c.4 B 3a C'IeT aMnJIIITJ.UHOro Bh!,neJieHIIJI CllrHaJIOB OT MIOOHOB ( Bh!CORHH nopor 

<popM11poBaH1I/I CllrHaJIOB 2µ) B 3Ha'IllTE'JibHOH CTeneHll nonasJieHh! o6e n0311TpOHHh!e 

KOMnOHeHTh!. 

8<p<peRTIIBHOCTb C'IeT'IllRa C1 MIOOHHOrO TeJieCROna, onpe,neJieHHaJI llCXO,nJI 113 C'Ie

TOB N2 11 N12 ( cqera cqer'I11Ka C 2 11 cosnaneH11if C'IeT'IllKOB C 1 11 C 2), cocras11na ~8% 

no n0311TpOHaM II ~40% no MIOOHaM. ,[(JIJI onpe,neJieHIIJI 3<p<peRTIIBHOCTll C'IE'T'IllRa 

C 2, Ha OCHOBe cqeros N1 rr N12 , Heo6xo,n11Mo 3HaTb,RaRaJI ,noJIJI (K) qacr1111, npornen

rn11x qepe3 C'IeT'IllR C 1, npoxon11r qepe3 C'IeT'IllR C 2. OnpenenJIJI 3TO coorHorneH11e 

CHII3Y - COOTHOIIIE'HlleM nnomaneif C'IeT'IllKOB (S2/ S1 = 0.64), T.R ny'IOR - cxonJIIUIIHCJI, 

a CBepxy e,nllHlll(E'H, MOJKHO Ol(E'HllTb 3<p<peRTIIBHOCTh perncrpal(llll C'IeT'IllRa C2 KaR 

23% :s; C2e :s; 36% ,nJIJI n0311TpOHOB ny'IKa (npll 3TOM B B03,nyIIIHh!H 3a3op nepen Mar

HHTHh!M cenapaTOpOM noMeIUaJiaCb TeRCTOJIIITOBaJI nJiaCTIIHa, B ROTOpoiI npo11cxo,n11JIO 

noJIHOe mirnomeHHe MIOOHOB nyqRa). 8¢<peKTHBHOCTb C'IE'T'IHKa C2 R MIOOHaM MOJKHO 

C'IllTaTh 6JIII3ROH K 100%,noCROJibRY "MIOOHHhlH" nllR B aMnJIHTJ.UHOM cneRTpe (p11c.3) 

xopOIIIO Bh!,neJieH II 3Ha'IllTeJibHO OTCTOIIT OT ypOBHJI IIIYMOB. 

C1111HTHJIJIJITop TOJIIUIIHOH 0.1 MM ,nJIJI cqer'I11Ka C 1 6h!JI ll3rOTOBJieH B JI.HD. Cne

nyer OTME'TllTb, 'ITO Cl(llHTIIJIJIJITOp TOJIIUIIHOH 0.2 MM, 113 TOH JKe napT.lm Cl(llHTIIJIJIJITO

poB, llMeJI np11MepHO B nsa pa3a MeHbIIIIIH CBE'TOBh!XO,n no cpaBHeHIIIO co Cl(llHTIIJIJIJITO

poM "Bicron"' TOJIIUIIHOH TaRJKe 0.2 MM, llCnOJib30BaHHhlM ,nJIJI ll3rOTOBJieHIIJI C'IeT'IllRa 

C2. 

Ha OCHOBe O,nllHO'IHh!X C'IeTOB C'IeT'IllRa C2 np11 Hll3ROM II Bh!COKOM noporax <popMll

poBaHIIJI CllrHaJIOB II 11cnOJih3YJI 3Ha'IeHll/I 3<p<peKTIIBHOCTll per11crpa111111 n0311TpOHOB 

23% :s; c2e :s; 36% II MIOOHOB c2µ ~ 100%) 3TIIM C'IeT'IllKOM, MOJKHO Ol(eHIITh COOT

HOllieH!le ne/nµ - 'IllCJia n0311TpOHOB K 'IIICJIY MIOOHOB KaK 15 :s; ne/nµ :s; 25 npn 

Bh!6paHHOM 11MnyJihCe ny'IKa. AHaJior11qHy10 011eHKY n03BOJIJieT noJiy'IHTh aHaJI113 aM

nJIHTJ.ZlHh!X (p11c.3) H BpeMJinpon:eTHh!X cneKTpOB (p11c.4 a,B). 

RaK BH,nHO, OTHOIIIeH11e ne/nµ ,naJieKO OT OnTIIMaJibHOrO ne/nµ = 3 npll llMnyJibCe 

21 M3B/c (3]. B HarneM cJiyqae KOJI!l'IeCTBO semecTBa nepen IICCJie,nyeMbIM o6pa3l(OM 

Ha nyTll MIOOHOB COCTaBJIJIJIO OKOJIO 56 Mr/ CM2' B HeM noJIHOCTh!O nornomaJOTCJI MIO

OHbI C llMnyJihCOM :s; 23 M3B/c. TaRHM o6pa30M, B 3KCnep11MeHTe llCnOJib30BaJICJI ny'IOK 

MIOOHOB C 60JiblIIHM llMnyJihCOM, BKJian n0311TpOHOB np11 3TOM cymeCTBeHHO B03pacraeT 

(3]. RaK 6y.uer s11nHo HHJKe, npn Ha6ope µSR-cneKTpos CllrHaJibl or meT'IHKa C 1 He 

llCnOJib30BaJIIICb ( C'IeT'IHK 6bIJI BBe,neH B MeT0,nll'IeCKIIX l(eJIJIX). TTo3TOMY B ,naJihHeH

IIIeM C'IeT'IllK C1 6y.uer llCKJIJO'IeH 113 COCTaBa cneKTpOMeTpa, :II TeM caMbIM KOJIH'IeCTBO 

semecTBa Ha nyTll MIOOHOB 6y,neT YME'HbIIIeHO. 8To n03B0JIIIT pa6oTaTh np11 MeHbIIIeM 
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l!MIIYJihCe rryqRa II TeM caMhlM rrp:u6mrnHThC/I R OIITHMaJihHhlM, ITO COOTHOIIIeHl!IO n,/nµ,, 
ycJIOBl!.JIM :u yMeHb!IIHTb q>OH 6oJiee qeM B 2 paaa. 

N 
•1 

1200 

BOO 

400 

'· ... \,.-,\\ \ 

,, '.t·,,~:-:\t:,1;,_ .. ::·-. . 

.. : ../,::_, .. ·: ..... ,,:,,, ... ,:,:--:.:·':.:_· .. · .... :·: .... ··:.: ..... : .. • .... :.· ... >,-., 
0 a 1 2 3 4- 5 e 7 e g 1 a 

0.3 

t,: 
:s: e-- 0.1 
Q.) 

s! 0 
:s: 
~-0.1 

-0.30 1 2 3 4 5 6 
BpeM.H, MKC 

PIIc. 5: TipIIMep µSR-crreRTpa, rroJiyqeHHoro .11JIH o6paail;a .lll!Crrpoan:JI B rrorrepeqHoM 

CIIl!HY MIOOHa MarHl!THOM IIOJie 170 re: a) HCX0.11Hb!H crreRTp; 6) IIOCJie rrorrpamrn Ha 

3RCIIOHeHTY pacrra.11a H Bhlql!TaHl!/I <poHa 

Tip:u Ha6ope µSR-crreRTpOB "BopoTa" cpopMHpOBaJIHCb CHrHaJI0M 2µ, rrp:u aHTHC0-

mrn.11eHHH c Bl.l-c:urHaJioM ycRopl!TeJIJI :u c:urHaJioM cqeTqIIRa C 3, "CTorr" - Cl!rHaJioM 

coBrra.11eHl!H cqeTqn:RoB C 3, C 4 B aHTl!C0Brra.11eHIIl! c Cl!rHaJI0M 2µ,+e· µSR-crreRTphl 

6b!Jll! II0JiyqeHbl Ha o6pa31\e .11HCIIp03H.Jl rrpl! R0MHaTH0H TeMrrepaType B rrorrepeqHQM ITO 

0TH0IIIeHHIO R HarrpaBJieHl!IO CIIl!Ha MIO0Ha MarHHTH0M II0Jie, a TllRJRe B HyJieB0M BHeIII

HeM MarHHTH0M II0Jie. TI0Be.11eHIIe II0JIHpH3al.\HH II0JI0JRl!TeJihHb!X MIO0H0B B .11HCIIp03Hl! 

xop0III0 :u3yqeH0 [12, 13]. O6pa3el.\ C IIJIOI11a.L1b!O II0BepxH0CTH 15 CM2 H T0JllllHH0H 5 MM 

6hlJI rrpl!RJieeH R Me.11H0H II0.11JI0JRRe. Tipl!Mep µSR-crreRTpa B rrorrepeqHQM MarHl!T

H0M IIOJie 170 re rrpl!Be.11eH Ha pl!C.5 a, Ha pl!c.5 6 - TOT JRe crreRTp II0CJie rrorrpaBRH Ha 

3RCII0HeHTY pacrra.11a H Bblql!TaHl!/I <po Ha ( CIIJIOIIIHa.JI Rpl!BaJI C00TBeTCTByeT cyMMe R0M

II0HeHT C aMIIJIHTY.llaMl! a1 l! a2, CM. Hl!llie). BpeM.JI Ha6opa crreRTpa C0CTaBl!JIO II0PII.11Ra 

40 Ml!HYT rrpl! HHTeHCHBH0CTl! rrp0T0HH0ro rryqRa ycR0pl!TeJIJI ~ 0.3 MRA. 8Rcrrepl!

MeHTaJibHble .11aHHhle q>HTl!pOBaJIHCh c l!CII0Jih30BaHIIeM rrporpaMMhl "MUONFIT" [14] 

MeT0./10M Ml!Hl!MH3al.\l!l! cpyHRI.\l!0HaJia x2 CJie.11yJOI11efi cpyHRIUiefi: 

3 

N(t) = N0e-tfTµ ( 1 + a 1 e-,\t cos(w1t + </>1) + a2 cos(w2t + </>2)) + I; bi cos(27ri fbt+1Pi), 
i=O 

r.ne No - cqeT B HyJieB0M RaHa.Jie rl!CT0rpaMMhl; Tµ, - BpeMJI }l(ll3Hl! II0JI0JRHTCJlhH0r0 

MIO0Ha (~ 2.2MRc);" a1, a2 - acHMMeTpl!H rrpocTpaHCTBeHH0ro pacrrpe,neJieHl!/I II03l!Tpo
· s 

HOB OT pacrra.na MIO0H0B, 0CTaHOBIIBIIIl!XC/I B )ll!C1Ip03l!l! II B Me.nH0li II0)lJIQJI(Ke C00T

BeTCTBeHH0; bi - aMIIJll!TY.llhl rapM0HHR, CYMMa R0TOpb!X 0IIHCb!BaeT q>OH CJiyqafiHb!X 

coBrra.neHIIfi, Mo,nyJIIIpoBaHHhlfi BhlC0K0fi qacT0Tofi ycR0pl!TeJI11; fb - BhlC0KaJI qacToTa 

ycROpl!TeJIJI 14.6 Mrr.1. BRJia.n Me.11H0H 110.llJI0JI(Kll B crreKTp o6ycJIOBJieH TeM, qTo KaK 

IIJIOI11a.nb cqeTqHKa C2, TaK H IIJI0I11a.nb II0)lJI0JI(Kll 60JihIIIe IIJI0I11a.nl! 06pa3ua. Tipn 

KOMHaTHOH TeimepaType peJiaKCaUl!JI II0JIIIpH3aUHl! II0JI0JI(l!TeJibHb!X MIO0H0B B Me.nu 
OTCYTCTByeT [15]; 

,l{JIJI y,noBJieTBOpHTeJibH0ro Olll!Camrn CTPYKTYPhl cpoHa CJiyqafiHb!X C0BIIa.neHl!H 0Ka-

3aJIOCb .nocTaT0qHo cyMMbl Tpex rapM0Hl!K Bb!C0K0H qacTOTbl ycK0PHTeJIJI, IIpl! 3T0M 110-

JiyqeHHaJI rrp:u o6pa60TKe CIIeKTpa BeJil!qHHa x2
' 0THeceHHaJI K 0)lH0:iJ: CTerrem1 CB06o,nhl, 

COCTaBl!Jia 0.998. B peayJihTaTe o6pa60TKII II0JiyqeHbl cne.ny10I11l!e 3HaqeHl!JI aMIIJIHTy.n 

a1, a2 rr cKopocrn penaKcau1111 >.: a 1 = 13±2%, a2 = 11 ±0.3%, >. = 1.9±0.4 MKc-1. 

3HaqeHrre CK0p0CTII peJiaKCaUl!II II0JIIIpll3aUl!l! B .nrrcrrp03l!H B rrpe,neJiax 3Kcrrepl!MeH

TaJ!bHOH OIIIII6KH cornacyeTC.Jl c .naHHb!Ml! pa6oTbl [12] (>. = 1. 75±0.15 MKC-l ). YpoBeHb 

q>OHa cnyqa:iJ:Hb!X C0Brra.neH:uii (bo) C0CTaBl!JI ~ 12% OT cqern B HyJieB0M KaHaJie rn

CTOrpaMMhl 11 B OCH0BH0M o6ycJI0BJieH He,n0CTaT0qHhlM 110.naBJICHl!CM 1103IITP0H0B rryql(a 
rrpII cpopMIIpoBaHIIII CIIrHaJia "CTorr" . 

TaKIIM o6pa30M, B HaCT0JII11efi pa6oTe II0Ra3aHa B03MQ}l(H0CTb IICII0Jlb30DaHH.Jl rryqKa 

"rroBepxHOCTHhlx" MIO0H0B cpaaoTpOHa JIRTI OM.BM .llJIJI npoBe.neHHJI IICcne.nooam1iJ: 

KoH.neHcIIpoBaHHoro cocT0JIHHJI BemecTBa 110 µSR-MeTo.nrrKe. C03,naHHhlii pSR-crreK
TpoMeTp HMeeT CJie.nyJOI11IIe xapaKTepIICTlIKH: 

- aBTOMaTIIqecRaJI CTa6HJIH3aUII/I TeMrrepaTyphl o6pa31\a B )lIIarraaoHe 4.2-300 l{ C T0l!
H0CTblO 0. 2 l{; 

- ,nIIarra30H rrorrepeqHb!X CllIIHY MIO0Ha MarHIITHb!X II0JieiJ: .no 1 Krc; 

- HC0)lH0po.nH0CTb MarHIITH0ro Il0JI/I Ha 06pa3ue He 6oJiee 0.5%; 

- npeMeHHOe paapeIIIeHIIe CIICKTp0MeTpa He xyllie 5 HC ( Il0JIHaJI IIIIIPIIHa Ha II0JI.YBb!C0T(' 
mma nponeTHh!X qacT111\). 

AnTopb! rJiy6oKo npII3HaTeJihHhl O.B.CanqeHKO 3a MHoroqIIcJieHHh!e .nrrcKyccIIII 11 

06cy}l(.11eHII/I B xo.ne C03,naHlIJI .naHH0H ycTaH0BKII, r.,l{.Co6oneBoiJ: 3a Bhlll0JIHeHIIe K0H

CTPYRTOpCKIIX pa3pa60TOK, P.C.ramneplIHOiJ: 3a II3r0TOBJICHIIe T0HRIIX (~ 100 MKM) 

IlJiaCTIIqecRIIX CUIIHTIIJIJI/IT0pOB, M.A.IOrnaH,nOBY 3a II0M0illb B l'l3rQT0BJieHIIII CU!IH

TIIJIJIJIUIIOHHhIX cqeTq1moB, B.IO.TioMJIRYIIIlIHY II M.Jl.l.lanm,rrIIHY 3a noM0illh n npooe
.11eHIIII II3MepeHlIH Ha rryqRe MIO0H0B. 

AnTOphl Bb!palliaIOT 6naro.napttoCTh H.A.PycaRonIIqy, B.B.Bpy.nattrrHy, B.M.Kmia
poBy 3a lIHTepec II BHIIMaH:ue I{ ,naHH0iJ: pa6oTe. 
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