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Tei<HI'1Ka •··1-lSR. · (: Muon· ·Spin• Rotation·," 'Relaxation r:or· 

Resonance)- ~AePHO_:<I>1'13W-tec•<l'1lil MeTOA 1'13ME!PE!HI'1~ ·JlOKaJlbHbiX" 

MI'1KPOCKOnW-tE!CKI'1X MarHI'1THbiX nolle lit,· OCHOBaHHbllil Ha B03MOIKHOCTIII. 

MIOOHOB ,· onpeAE!J1E!HI'1R HanpaBJ11?HI'1Iil MarHIIITHWX MOME!HTOB 

1'1MnJ1aHT1'1POBaHHbiX B _1113Y'-IaE!MbiE! ObbE!KTbl/l/ •. _ ·' 
Co'-leTaR CBOiiiCTBa 3J1E!ME!HTaPHOrO MarHIIITOME!TPa !ll.npot5Horo 

3aP~Aa c Z=i, MJOOHW AaJOT ao3MOIKHOCTb pewaTb, ·_WIIIPOKI'IIil•·• KPYr 

3aAa'-l OT '-11'1CTO KBaHTOEibiX acneKTOB' AIII<I><I>Y31111'1•• JlE!rKIIIX.·; np!IIME!CHbiX' 

'-laCTIIIU,'' B TR>KE!JlOiil KPIIICTaJ1J11'1'-IE!CKOiil MaTPIIIU.E! Ill' npot5J1E!M . · <!>a30BWX 

nepeXOAOB C 1'13ME!HI?HI'1E!M MarHI'1THOrO nop~AKa AO XIIIMIIIIII MOJ1E!KYJ1, 

1'1HTE!P£~CHbiX C bi'IOJlOriii'-IE!CKOiil TO'-IK1'1'·3PE!HI'1~. no xapaKTE!PY· 

nollY'-IaeMolil 1'1H<I>OPMaLtl'111i MeTOA !-lSR t51111130K K RMP-cneKTPOCKOn1'1111' a 

Tl'.!XHI'1Kil !IICnOJlHE!f-11'1~ - K' ME!TOAY B03MYU4E!HHbiX yrJlOEibiX •KOPPE!Jl~U,IIIIil. 

YHI'1KaJ1bHWe ao3MOIKHOCTI'1 PSR np!llaelllll K W1'1POKOMY 

pacnpocTpaHE!f-11'110 ME!TOA1'1KIII nporpaMMbl !-1SR-cneKTPOCKOr11111'1 

3aHI'1MaiOT AO'nOJ10BI'1HW pat5o'-lero BPE!ME!HI'1 Ha MIOOHHWX ~aHaJlaX 

AE!IiiCTEIYIOU41;1X 

"MIOCnlitH .. /S/ 
YCI<OPI'1TE!Jlelil. KoMnlleKC· All~ I-1SR"-!.1ccJ1eAOBaHI'1Iil 

no CBOI'1M xapaKTE!PIIICT!IIKaMl ano11He 

I<OHI(y·peHTocnoca't5eH · c · 3apyt5e>KHbiMIII ycTaHoBKaMI'1 ~· UeJlbiO • aaHHOiil 

pat50Tbl' ~Bil~E!TC~ ObCY>KAeHI'1E! B03MOIKHOCTE!Iil AaJlbHelilwero;' pa3B1'1TIIIR 

i-exH1'1KIII. 1-lSR-IIICCJleaoaaHI'IIil,' ocHosaHHbiX Ha ocot5eHHOCTRX t5aH'-IeBolil 

CTPYKTYPW <I>~30TPOHa ~An O~R~: 

np111 llPOBE!AE!f-11'1111. I-ISR-3Kcnepi'1HE!HTOB; Tpet5yJOllli-1X BbiCOKOiil 

·ro'-IHOCTI'1 !113HE!PE!HIIIR '-laCTOTbl npeu.eccl'1111 cni'1Ha MIOOHa, a 

CJlE!AOBaTE!JlbHO, 1'1 bOJlbWOiil CTaTiiiCT1'1KIII, Hai'IJ1Y'-IWI'1e pe3YJ1bTaTW 

MOli<E!T AaTb cTpot5ocKon!ll'-lecKI'IIil cnocot5 1113MepeHI'1Iil, B KOTOPOM 

OTCYTCTBYeT orpaHIII'-IE!HI'1E! Ha '1'1HTeHC1'1BHOCTb ny'-IKa· .MIOOHOB, 

CBA3aHHOE! C 'Tpet5osaHIIIE!M "TOJlbi<O 11-1 1;1 le" B ''<1>1'1KC1'1POEiaHHOM 

1113MepeHI'1R speHeH 'IK1113HIII OTAE!JlbHbiX MHiOHOB. 
1'1HTepaaJ1e 

CTpot50CKOn1'1'-leCI<IIIJtl 'MeTDA 1'13HepeHI'1R ' OCHOBaH ;· Ha CI'1H<!>a3HOM 

CJlOIKeHIIII'1 Cl'1rHaJ10B n03~TPOHO~ 1-1 - e'pac~aaa OT OTAE!Jlb~WX na'-leK 

M1'1KPOCKOn1'1'-IE!CKOiil BpE!ME!HHOiil CTPYKTYPW MIOOHHOro ny'-IKa. 

BnepBble CTP[J_t50CKOni'1'-IE!CKI'1Iil cnocot5 1'13ME!PE!HHiil ,, 
!IIMnYJlbCHOM nY'-IKe ' 3aP,RIKE!HHbiX '-laCTI'1U. 

3KCnep!IIME!HTaX no B03bYIKAE!HHbiM Y-Y yrJlOBbiM 

-,bbiJl ·• · np!IIME!HE!H 

KOPPE!J1RU.I'1RM/
2/. 

~ n. ~ .. ,., .... -, ' I i ~.~~u ...... t·, .:.-u""n Hh:n:tJT 
~ n;--:v;nu f,C::' .1~JlOBIUBI 
1 _..f.MSnt-!0~ _ 

Ha 

B 

B 



HilCTOA~e BpeMA CTPObOCK011W·ieCKJ.1~ l-lSR-MeTOA p·eaJ1J.130BaH TOilbKO 

Ha • Me30HHo~ <!>al5pf.1Ke PSI. (Wee~u~·Pf.1A )/3 ' 4/(c~. Pf.1C .1). 

BpeMeHHO~ J.1HTepea11 MemAY 5aH~aMJ.1 M~OHHoro ny~Ka 

onpeAellAeTCA 

( F=50. 633Wu , 

PilAJ.10~ilCTOTHO~ 

-8 llF/F-\:10 ) . 

CJ.1CTeMO~ YCKOPJ.1Tei1A 

no11APJ.130BaHHble 

.20Hc 

11POTOHOB 

MKlOHbl, 

OCTaHaBI1J.1BaACb B 015pa3Ue, npeuecCJ.1PYKlT B MilrHJ.1THOM 11011e B c 

llilPMOPOBCKO~ "~aCTOTO~ Wl-l:)'"l-IB' rAe ,-·11 =2n*13, 55Kru;rc 
rf.1pOMarHJ.1THOe OTHOWeHJ.1e Allfl MKlOHa. TaKJ.1M ObPil30M, 11011APJ.13aU~A 

MKJOHOB HaKa'if.1BaeTcA B ol5pa3eU c •iaCTOTOI'I nosTopeHf.1n F. 
..; 

noi1APJ.13al.lf.1A MKlOHHOro ilHCaMI511A J.1MeeT,TOT me nepJ.10A. KoHe~HaA 

cpeAHAA 11011APJ.13aUJ.1A MKlOHHOrO ilHCilMbllfl pacTeT TOilbf<O B Clly~ae, 

ec11J.1 ~acToTa npeuecCJ.1f.1 M~OHOB coanaAaeT c ~acTpTo~ nooTopeH~A 

15aH~e~ ny~Ka J.111J.1 C OAHO~ J.13 ee rapMOHJ.1K ffi C TO~HOCTbKl, 

HallaraeMo~ KOHe~HblM 

I w11 -2nmFI <1/'t:l-1. 

no11APf.1:3aUJ.1A 

BPeMeHeM 

MKlOHHOro 

mf.13Hf.1 MKlOHa "'p• T.e. 

aHcaMI511A onpeAellAeTcA 

CTp050CK011f.1~eCKO~ Te><HJ.1KOJ'i; 1103J.1TPOHbl OT pacnaAa MKJOHOB 

per'f.1CTPJ.1PYKlTCA ., 1103J.1TPOHHbiM Tellect<onoM , pacnDilomeHHbiM B 

11110CI(OCTJ.1 .. npeuecCJ.1J.1 MKJOHOB BO opeMeHHbl>< BOPOTa><, 

CHHXpOHH3HpOBaHHblX 1 C BPeMeHHOJ'i CTPYKT'YPOI'I. ny~Ka -{Pf.1C .1) . 

TaKJ.1M ol5pa3oM, nD3f.1TPDHHWJ'i TellecKon onpeAellAeT ee11J.1~f.1HY "' 

<!>a3y MKlOHHO~ 11011APJ.13al.lf.1J.1 B CJ.1CTeMe KODPAf.1HaT, spaw.aKJw.e~cA c 
~aCTOTO~ W. 8peMeHHble 11POMemyTf<J.1 Mt?mAy COCeAHJ.1MJ.1 £5aH~aMJ.1 

pa35f.1BaKJTCA Ha. N OAf.1HilKOBW>< noclleAaBaTellbHW><. J.1HTepna11an 

( :•aapaT"), 110110meHJ.1e KOTOPW>< mecTt<O ,CJ.1H><POHJ.13J.1POBilHO c 
na11ameHJ.1eM 15aH~e~. npaueAYPa f.13MepeHJ.1~ cacTaf.1T o anpeAelleHJ.1f.1 

N CYMMaPHW><. c~eTae, npf.1 perf.1CTPill.lf.1f.1 n03f.1TPOHao aT pacnaAa 

MKlOHOB. BO .. BPeMeHHW>< ·.·sapoTa><_ .. -, COOTBeTC!BY~w.J.1>< 

pyc~f.1TWaaeMOMY .OT Ha~a11a KamAoro 15aH~a. TaKf.1M 

HOMepy, 

al5pa3oM 

CHf.1MaKJTCA N 3aBJ.1Cf.1MOCTe~ c~eToB. a ~apaTa>< OT BHewHero nollA H, 

Si(H) (i=l. .. N). Si bYAeT .J.1MeTb .C11eAYKlw.f.1~ BJ.1A; 

rAe 

cos~ . -x sin~ . , . .·· > . . ~ , m m , 1., m 
., Si=.N0 A.i (1+1: Aeff(2nmF) 
... .. ·m 
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Pf.1c .1. CxeM:l CTpol5oct<Onf.1~f!CKJ.1>< f.13MepeHJ.1~ 'Hli YCKOPJ.1T~·Ile PSI. 

., .. 

(£), 
'0 .... 

X 

0::: 
s 
t
:n 
LD 
0 
u 

~ l· "~ 

)-~ : ;, 

I I I I I I. I I I I I I I J I ·l'; 

·s.oo 
~ ' ' 

5.75 ·,tao·' .... 
"X··_·,--.·~; .. , 

5.50·' '·0:: ;,;;:,•}• 
s 

! ... 1- '·' 

5 25'' ~-!;' . 0 
u :; 

5.00 

I I I I·. I I . I I I I I I I I 1. 

31J 31.8 31~ .MHz '31] 31.8. 31.9 .MHZ"'. 
r· ~---~·-···'•i !-·-~·-::~,>-~··!' ·.·.-.- ,. __ ,~.-·! ~'.;.;·· -~. ; 

~..~ -.... 

MAfHV1THOE nOAE.(YACTOTkfiMP) · 
r-. '. . : " 

PJ.1c :2. CTpol5ocl<cinl-!~e'c.<i.11'1 cf.1rHal1 'AnA· AB~f>< ·pa311H~HbJK eopaT'. < 

··.'·-·: """-: ~ l>! 

J. 

> ~. .. 

3 



n031-1TPOHHbiM TeJleCKOrl_OM, Jl. i- .WI-1PI-1Ha EIOPOT C HOMepoM i, Aeff 

3<!><!>eKTI-1BHClR ClCI-1MMeTPI-1R , YYI-1TbiBClKJW.aR 
.i . KOHE!YHYKI WI-1PI-1HY b<lHYe..:1 

MKIOHHOrO nyYKa, ~. 
l. ,m <!>a3a. eopoT c HOME!POM i 'o·rHOCI-1TeJlbHO 

oaHY£!..:1 MKIOHHOro nYYKa. 3 as 1-1CI-1MOC,T b KOJ11-1YE!CTBa 11031-1-rpoHoB , 

3aperi-1CTPI-1POB.aHHbiX· BO BPeM£!HH~X BOPOTClX i,oT MClrHI-1THOrO 110J1R 

3ClKJ1KJYeHa B BeJ11-1YI-1He X , KOTOpaR RBJ1RE!TCR OTKJ10HeHI-1E!M YdCTOT~ 
m . . -

npeU,eC~-~1-1 C;,I-1Ha MKIOHa OT,' 0AH0..:1 1-13 r':-apMOHI-11< paooYeli! YClCTOTbl 

YCKOPI-1TeJ1R - Xm~(w~-2nmF)~~-

, HeTPYAHO 3ClM£!TI-1Tb, YTa'npl-1 nepi-10AE! npeU,eCCI-11-1 MKIOHa, 
...J 

KPaTHOM I-1HT£!PBaJ1y Me*AY oaHYaMI-1, MarHI-1TH~e MOMeHT~ 

nePBOHClYaJ1bHO nOJ1RPI-130BaHHbiX MKIOHOB OYAYT BPClW.ClTbCR CI-1H<!>Cl3HO, 

YTO npi-1BeAeT, B KOH£!YHOM CY£!Te, K pe:3oHal-icH.LIM OCObeHHOCTRM B 

3aBI-1CI-1MOCTRX si (H). CpaBHE!HI-1e 3'T'I-1X 3ClBI-1CI-1MOCTE!..:1 c 
TeapeTI-1YeCKI-1MI-1 MOAeilRMI-1 n03BOJ1ReT c BbiCOI<0..:1 TO•!HOC'TbKI 

anpeaeJ1RTb CABI-1r cpeaHera MarHI-1T'HOr'O nOJlSl Ha MKIOHE! B 

I-1CCJ1E!AYeMOM OoPa3U,e OTHOCI-1TeJ1bHO BHeWHE!r'O nOJlR "' OU,£!HI-1BaTb 

CKOPOCTb PE!ilaKCClU.I-11-1 nOJ1RPI-13aU,I-11-1 MKIOHOB. 

Ha PI-1C.2 np1-1aeaeH BI-1A cTpo5acKan"'YecKoro Cl-1rHaJla AJ1R 

ABYX 1-13 AeCRTI-1 CTPObOCK0111-1Y£!CKI-1X BOPOT: 8 · 3aBI-1CI-1MOCTI-1 OT <!>Cl3bl 

BOPOT OTHOCI-1T£!J1bHO f>aHYe..:1 MKIOHHOrO rlYYKCl CTPObOCKOni-1Y£!CKI-1..:1 

Cl-1rHan···I-1M£!eT. <!>OPMY Jll-100 KPI-180..:1 
' ' • I .nope';iu.a, Jll-1b0 -AI-1CnepCI-10HH0..:1 

KPI-180..:1, a B oow.eM CJlYYae oRBJ1R£!TCR j;l)( .cynepno:JI-1U.I-1e..:1. 

HeaacTaTKOM. .TaKara cnacooa CTPObOCKOr11-1YeCKOr~· I-13MepeHI-1R 

RBJ1R£!TCR 'Hea5xoai-1MocTb nOCJ1£!AOBClT£!JlbHOrO Ha5opa 

3KCnep_I-1MeHT_aJ1 b HbiX TOYeK 11PI-1 I-1:JMeHeHI-11-1 MarHI-1THOro nOJ1R c 
onpeaeJleHHbiM waraM • 

nv_YKI-1 .. <l>a30TPOHa OltiRitl TaK*e I-1MeKJT 5aHY£!BYKI CTPYKTYPY. 

OaHaKo YacToTa cJ1eaaaaHI-1R 5aHYe..:1 F n11aaHo MeHReTcR nPI-1M£!PHO 

Ha 30 Kru. Boill-131-1 14,6 Mru. :~a apeMR U.I-1KJ1a Bblaoaa T=3,2Mc/5 , 6 /. 
';; . . \- " 

3To n03BOJ1ReT <!>I-1KCI-1POBaHHOM np"' BHeWHeM MarHI-1THOM no11e 

nOJ1YYaTb BCKI Pe30HClHCHYKI-KPI-1BYKI. 
",, ' ' -+' . • ' 1:' 

ECJ11-1 T pa:~51-1Tb I-1HTepaaJ1 M Ha nOAbiHT£!PBClJ10B ti 
(i=_1.,.M), KaK noKa3aHo .~;~a PI-1C.3 AilR M=32, To cpeaHe..:1 YaCTOTe 

CJ1eAOBClHI-1R 5aHYe..:1 Ha 
Fi 

KCl>KAOM bYAeT noAbiHTepaaJle 

COOTBeTCTBOBaTb CBOR Pe30HaHCHaR YaCTOTa npeu.ecc~-11-1 cn1-1Ha 

MKIOHa w.=2nF., KOTOP0..:1 MO*HO 
.l. l. 

conocTaBI-1Tb 3HaYeHI-1e cpeAHero 
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Pi-1c.3. CxeMa CTPOOOCKOni-1YeCKI-1X 1-13MepeHI-1..:1 Ha 

OltiRIII. 
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nann Ha MKJOHe Bi =w i;r·l-l _ npoaonn nnn KalKnoro 110AbiHTepaana i 
11Po~enypy ~3MepeH~~. 

110/IYY~M 3a OA~H ~~Kn 

aHanor~YHYIO 

~3Mepel-i~~ 

:. 11P~ME!HE!HHO~ B PSI,· 

Sj(Bi)' 

Mbl 

Ha5op CYE!TOB rne 

j:1 •• N- HOME!P BOPOT BHYTP~ llPOME!lKYTKOB ME!lKAY· COCE!AH~M~ 

5aHYaM~. 011~~~HHW~ ~11oco5.yno5eH ~eM, ~To 110nHoCTbKJ OTI1anaeT 

HE!05XOA~MOCTb 'MHOrO.KPaTHO~ TOYHO~ YCTaHOBK~ BHE!WHero 110/IR AnR 

11onyYeH~A PE!30HaHcHo~ KP~Bo~. 

6wno npoaeneHo Y~cneHH6e. Monen~poaaH~e AnR cnyYaR 

rwo..iKa ~3MeHeH~~~ YaCTOTW CneAOBiiH~A M~Kpo5aHYE!~ MIOOHHOrO 

~a30TPOHa OltiAitl OT 14, 608Mrl~ tiO 14, 578Mr~ 3a BPE!MA . 3, 2Mc np~ 

nonyw~p~He Hii rlOnyBbiCOTE! M~KP0_5aHYa, paBHO~ 

none Ha MIOOHe npennonaranocb paEJHbiM 

coo·raeTcT·ayeT YaCTOTe apaw.eH~n c11~Ha MKIOHa 1 

5Hc. MarH~TI-ioe 

1077, 7rc > ·- YTO 

PaBHO~ CPeAHE!~ 

Yi!.CTOTe llOBTOPeH~SI M~Kp05aHYe~ EIO BPE!MA ~~K/Ia BWBOAa. Ha 

P~C:YHKf.o? 4 rlPE!ACTaaneHW CI1E!KTPW AnR ABYX flOAbiHTE!PBi!./109 

Mai<P05i!.HYa llYYI<ii AnR cnyYaA nepao~ l'i!.PMOH~K~ (m:1). nYHKT~POM 

o503Hi!.YeH cneKTP, '~a5paHHW~'' B 11E!PBDM rlOAWHTepaane (i=1) 

cnnowHo~ n~H~e~ - C11E!KTP np~ i=16. Pe3oHaHcHoe noaeneH~e 

3aB~C~MDCT~ I<Dn~YecT·Ba bYE!TOD rl03~TPOHOB OT HOME!pa 

nOAbiHTepaana, a Cnl'~tiOBi!.TE!nbHO, OT Lli!.CTOTbl CJJE!AOBaH~H 

AHanor~YHble M~KP05aHYE!~ llYYKa DTYE!Tn~BO B~AHD Ha P~CYHKe 5. 
pacYeTw Swn~ 11poaeneHw ~ nnn rapMoH~K Sonee awcoKoro nOPRAKa. 

Ha P~CYHI<e 6 noKa3aHI.I cTpo5ocJ<on~YecK~e c~rHanbl np~ m=7, T .e. 

AnSI 110nR. Ha MIODHE!, Pi!.BHOM 7543 > 9f'c. 3T~ I<P~Bble i>accY~T-aHbl tiiiR 

cnyYaA HYnE!BO~ W~P~HW M~Kpo5aHYa MIODHHDro llYYKa, T.K. 

KOHE!YHaA W~P~Ha M~Kpo5aHYE!~ llP~BOA~T K YME!HbWE!H~IO 3·~E!KT~BHO~ 

ac~MHE!TP~~ Aeff ~ K "pa3Ha3waaH~IO'' CTpo5ocKo11~YecKoro c~rHana 

AnA BWCOK~X rapHOH~K. no3TOMY Ann CTP050CK011~YE!CK~X ~3HepeH~~ 

Ha •a3oTPOHe AHn OltiHitl, Ki!.K ~ Hi!. ME!30HHO~ •a5p~KE! PSI, 
011T~ManbHWM~ HBIIRIOTCR rlE!PBWE! 2-3 rapMOH~K~. . . 

npennOlKE!HHbl~ ME!TOA 11P~HeH~M ~ tinA 3KC11E!P~HE!HTOB no 

BPE!MR-YrnOBbiM~ KOPPE!nA~~AM (BYK) Ha llYYKax •a30TPOHa .IIRn 

OltiAitl. 
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Dyr~HOB B.H., 3~HOB B.r., noHOMapes 
Crpo5ocKon~~ecK~~ MeToA ~SR-~3MepeH 
Ha <fJa30TpOHe 

PaccMarp~saerc~ MOA~<P~Ka4~~ MeTa, 
~SR-~3MepeH~~. y~~T~Ba~~aH oco5e~HO' 
Typ~ B~BeAeHHOrO ny~Ka <fJa30TpbHa flHI 
MeTOAe, B OTn~~~e OT CTaHAapTHO~ CTI 
H~K~, BHewHee npne ocraerc~ nocro~HI 
H~~. a pe3oHaHtHa~ KP~Ba~ CH~Maerc~ 
CTOT~ cneAOBaH~~ M~Kpd5aH~eA ny~Ka I 
Y~cneHHoe MOAen~posaH~e noKa3ano, ~· 
5b1Tb pean~3oBaH Ha <Pa3oTpoHe Ol-1HV1 tu 
M~OHHOA npe4ecc~~ C TO~HOCTb~, npeBI 
TpaA~4~0HHOrO MeTOAa ~3MepeH~~. OCHI 
speMeHH~x r~crorpaMM. 

Pa5ora s~nonHeHa s fla5oparop~~ ~~ 

Coo6meuue 06l.eAHHeHHoro HHCTHTyTa RAePH&IX 

nepeBOA aBTOpOB 

Duginov V.N.,"Zinov V.G., .Ponomarev 
Stroboscopic Technique of ~SR Measut 
at JINR Phasotron 

The modification of the stroboscc 
i~ considered. This modification use 
of the time structure of the JINR pt 
proposed method the external magneti 
tant value, unlike the usual strobo~ 
the resonance ~urve is got due to tt 
beam m,icrobunch frequency during the 
The model calculation· has demonstrat 

. qu~ can be realized at the JINR p~as 
rements of the muon precession freqL 

· · curacy better than tradition a 1 time-

The investigation has been perfor 
ry of Nuclear Problems, JINR. · 
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