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06IIJ,aSI xapaKTepHCTHKa pa60Tbl 

,lJ;HCCepTaJ.\liOHHa~ pa60Ta OCHOBaHa Ha pe3yJihTaTax IICCJie,D,OBaHHfi, Bbl

nOJIHeHHhiX IIpii y'IaCTIIli aBTOpa B Jla6opaTOpiiH ~,D,epHbiX npo6JieM 06'he,D,II

HeHHOrO IIHCTIITyTa ~,D,epHbiX IICCJie,D,oBaHIIfi B paMKax 3KcnepiiMeHTa DIRAC, 

npoBO,D,HMoro B EBponeil:cKoM 1.\eHTpe ~,D,epHbiX IICCJie,D,oBaHIIfi (CERN), )KeHe-. 

Ba, lllBefil.\apii~. 

06'beKT HCCJie,IJ;OBaHHSI 

OcHOBHOfi 3a,D,a'Iefi 3KcnepiiMeHTa DIRAC1 ~BJI~eTc~ II3MepeHIIe BpeMeHH 

)Kli3Hli llliOHII~ (A211") - BO,D,OpO,D,OnO,]J06Horo aTOMa, COCTO~II.\ero li3 npOTliBQ

nOJIO)KHO 3ap~~HHhiX IIHOHOB. CBoil:cTBa niiOHII~ (pa3Mep, B3aiiMO,D,eil:cTBIIe c 

BHeiiiHIIMII nOJI~MII) B OCHOBHOM Onpe,D,eJI~IOTC~ KYJIOHOBCKIIM B3aiiMO,D,eil:CTBII

eM COCTaBJI~IOII.\IIX ero IIIIOHOB. 0,D,HaKO BpeM~ )Kli3HII niiOHII~ Onpe,D,eJI~eTC~ 

aHHIIriiJI~I.\IIefi no KaHany CIIJibHOrO B3aiiMO,D,efiCTBIISI (A211" ~ 1r01r0) II COCTaB

JI~eT BCero HeCKOJibKO cpeMTOCeKyH,D, (~ 3 . w-15 c). BpeM~ )Kli3HII niiOHII~ 

CB~3aHO C ,lJ,JIHHaMII IIIIOH-nHOHHOrO pacce~HII~ - O,li,HOrO II3 cpyH,D,aMeHTaJib

HbiX IIpOJ.\eCCOB KBaHTOBOfi XpOMO,li,IIHaMIIKII IIpii HII3KIIX 3Heprii~X. 

9KcnepiiMeHTaJibHblfi MeTO~ OCHOBaH Ha Ha6JIIO,D,eHIIII 7r+7r--nap, B03HIIK

IIIIIX B pe3yJibTaTe IIOHII3ai.\IIII2 IIIIOHII~, ,D,BH)KYII.\eroc~ B KYJIOHOBCKOM none 

aTOMOB MHIIIeHH3• IlpOJ.\eCC HOHII3aJ.\IIII 7r+7r--aTOMa ~BJI~eTC~ KOHKypHpyi0-

11.\HM no OTHOIIIeHIIIO K aHHIIriiJI~J.\IIII niiOHH~, CJie,D,OBaTeJibHO, BepO~THOCTb 

IIOHII3ai.\IIII IIIIOHII~ B MIIIIIeHII ( T. e. BepO~THOCTb o6pa30BaHII~ CB060,D,HOfi napbl 

7r+- II 7r--Me30HOB Ha BbiXO,D,e II3 MIIIIIeHII) ~BJI~eTC~ O,lJ,H03Ha'IHOfi cpyHKJ.\IIefi ,, 
ero BpeMeHH )KII3HII. CneAJeT oc?6o OTMeTIITb, 'ITO IICIIOJih3yeMhifi 3KcnepHMeH-

TaJihHhifi MeTO,li, OIIpe,D,eJieHII~ BpeMeHII )KII3HII niiOHII~ He 3aBIICIIT OT MO,D,eJiefi 

KBaHTOBOfi XpOMO,lJ,IIHaMIIKII. 

AKTYaJILHOCTL TeMLI HCCJie,n;oBaHHH 

IliiOH-IIIIOHHOe pacce~HIIe ~BJI~eTC~ npOCTefiiiiiiM npiiMepOM B3aiiMO,D,efi

CTBII~ ,Ll,BYX a,D,pOHOB. 9KCIIepiiMeHTbl no niiOH-niiOHHOMY pacce~HIIIO npiiBO,li,~T 

1 B. Adeva et al. DIRAC proposal. CERN-SPSLC-95-1. SPSLC-P-284. 1995. 
2 CJIOBOCO'IeTaiiHe ''HOHH3~H UHOHHK' 6y,11;eT HCOOJib30BaTbCH HapH,ll;Y C ''pa3BaJIO!-f UHOHH>I'' B COOTBeT

CTBHH C TepMHHOJIOrHeit, npHMeHHeMOit ,ll;JIH OOHC8JIHH aHaJIOrH'IHbiX npon;ecCOB C y'lacTHeM 003HTpOHHll. 
3 /I./I. HeM.eHoeff SI<I>.1985. T. 41. C. 980 •.. ____ ·----
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K JIJ'IIlleMy IIOHHMaHIHO MeXaHH3MOB H KOJIH'IeCTBeHHbiX xapaKTepHCTHK B3aH

MOAefiCTBH.TI aApOHOB. B Te'IeHue rrocneAHHX 15 neT 6hiJIO rrponeAeHo HeCKOJihKO 

aKcrrepuMeHTOB rro orrpeAeJieHuiO S-BOJIHOBhix AJIHH rruoH-IIHOHHoro pacceHHH.TI 

B pa3JIH'IHhiX rrpou;eccax: Ke4-pacrraA, BpeM.TI :>KH3HH IIHOHH.TI, Ha6JIIOAeHIIe KaC

rra B pacrraAe K -t 37r. BnaroAapa rrocneAHHM 3KcrrepuMeHTaJihHhiM pa6oTaM 

TO'IHOCTh orrpeAeJieHH.TI S-BOJIHOBhiX AJIHH nuoH-IIHOHHoro pacceaHH.TI yny'IIliH

nach c rv 20% AO ~ 5%. B HaCTOmu;ee BpeM.TI npOBOA.TITC.TI 3KcnepuMeHThi, CTa

B.TIIIJ;He IJ;eJih!O nOBbiiiieHHe TO'IHOCTH 3THX H3MepeHHfi AO 2-3 npou;eHTOB. 

MeTOA onpeAeJieHH.TI AJIHH rruoH-nHOHHoro pacce.TIHH.TI nyTeM H3MepeHH.TI 

npeMeHu :>KH3HH rruoHH.TI HMeeT PHA cyru;ecTBeHHhiX rrpeuMyru;ecTB no cpanHe

HHIO C KOHKJpHpJ!OIIJ;HMH MeTOAaMH. B IIHOHHH Ha'IaJibHhiM COCTO.TIHHeM aH

HHrHJI.TIIJ;HH 7r+7r- -t 1r
0

1r
0 .TIBJI.TieTC.TI KJJIOHOBCKH CB.713aHHOe COCTO.TIHHe ABJX 

npOTHBOnOJIO:>KHO 3ap.71:>KeHHbiX IIHOHOB - aTOM, CB?fiC1J3a KOTOpOrO XOpOiliO 

H3BeCTHhL BoponcKufi paAHYC nuoHH.TI - 387 ¢M. AHHHrHJI.TIIJ;:I1.71 npoucxOAHT 

TOJibKO B TOM CJiyqae, eCJIH nHOHbl MOryT C6JIH3HThC.TI Ha paCCTO.TIHHe nOp.Tik 

Ka HeCKOJihKHX ¢M, xapaKTepu3yiOru;ee paAuyc CHJihHhiX B3aHMOAefiCTBHfi. Ta

KHM o6pa30M, B nHOHHH aHHHrHJI.TIIJ;H.TI npOHCXOAHT npeuMyiiJ;eCTBeHHO H3 nS

COCTO.TIHHfi, npu'IeM BpeM.TI :>KH3HH IIHOHH.TI 3aBHCHT OT rJiaBHOrO KBaHTOBQ

ro 'IHCJia n H3BeCTHh!M o6pa30M: TnS = T1S · n
3

, rAe T1S - BpeM.TI :>KH3HH 

IIHOHH.TI B OCHOBHOM COCTO.TIHHH. TaK KaK nS-cOCTO.TIHH.TI 06JiaAa!OT HJJieBhiM 

MOMeHTOM, TO aHHHrHJI.TIIJ;H.TI nHOHH.TI onpeAeJI.TieTc.TI S-BOJIHOBhiMH AJIHHaMu 

IIHOH-miOHHoro pacceHHH.TI. Ha cerOAH.TIIliHIIfi AeHh TO'IHOCTh orrpeAeJiemm S

BOJIHOBhiX AJIIIH IIIIOH-niiOHHOrO pacce.TIHH.TI no MeTOAJ BpeMeHII :>Kli3Hli IIIIOHH.TI 

OrpaHII'IeHa B OCHOBHOM 3KCIIepuMeHTaJibHb!Mli HeorrpeAeJieHHOCT.TIMII, B TO Bpe

M.TI KaK B Apyrux MeTOAHKaX AOMIIHIIpJIOT TeopeTII'IeCKIIe HeorrpeAeJieHHOCTII. 

C TeOpeTH'IeCKOfi TO'IKII 3peHII.TI OniiCaHIIe HH3K03HepreTU'IeCKOrO IIIIOH

IIIIOHHOrO B3aHMOAefiCTBH.TI OCJIIJ;eCTBJI.TieTC.TI nocpeACTBOM a¢¢eKTIIBHb!X TeO

piifi rronH. Cnoco6 nocTpoeHII.TI a¢¢eKTIIBHOfi Teopuii rroJI.TI, COBMeCTIIMofi c 

KX,ll;, 6bm c¢opMynupoBaH BafiH6eproM4 B 1979 r.: AJI.TI Bhi'IHCJieHII.TI ¢u3II

qecKofi aMnJIHTJAhl He06XOAIIMO IIOCTpOIITb JiarpaH:>KIIaH CaMOrO o6ru;ero BIIAa, 

J'IHThiBaiOIIJ;Hfi BCe He06XOAIIMbJe CTeneHII CB060Ahi, COBMeCTHhlfi C Tpe6oBaHII-

4
S. Weinberg// Physica A. 1979. V. 96. P. 327. CM. TaK>Ke: C. Bml116epz. KsaHTOBa>tTeopm! non>t. T. 1-2. 

M.: <l>n3MaTmtT. 2003. 
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.TIMII TeOpHH OTHOCHTeJihHOCTll ll KBaHTOBOfi MeXaHHKH ll Y'IHTb!BaiOIIJ;Hfi CHM

MeTpiill npou;ecca. IlpH Bbi'IllCJieHH.TIX MaTpll'IHbiX 3JieMeHTOB AOJI:>KHhl 6biTb 

yqTeHhi nee 'IJieHhi, ,n;aiOru;ne BKJiaA B AaHHOM nopHAKe Teopnu B03Myru;eHnfi. 

B Ka'IeCTBe napaMeTpoB pa3JIO:>KeHHH B KBaHTOBOfi xpoMOAHHaMHKe npn 

HH3KHX 3HeprH.TIX 06hi'IHO Bbi6IIpa!OT HMnJJibCbi II MaCChi nceBAOCKaJI.TipHbiX 

Me30HOB. C HCnOJib30BaHIIeM 3TOfi ,:reXHHKH 6hiJia c¢opMJJIHpOBaHa KHpaJibHaH 

TeOpH.TI B03MyiiJ;eHHH (KTB)5, B paMKax KOTOpOfi nocTpOeH nOJIHhlfi a¢¢eKTHB

Hhlfi JiarpaH:>KHaH )l;JI.TI OKTeTa nceBAOCKaJI.TipHbiX Me30HOB C TO'IHOCTh!O AO Ille

CTOrO IIOp.TIAKa no HMnJJibCaM ll MaCCaM Me30HOB. 3Ha'IeHH.TI nOCTO.TIHHhiX, B03-

HHKaiOIIJ;HX B a¢¢eKTHBHOM JiarpaH:>KHaHe, onpe,n;eJI.TIJIHCb no 3KCIIepHMeHTaJib

Hh!M AaHHhiM. B paMKax KTB npeACKa3aHhi 3Ha'IeHH.TI AJIHH rrnoH-niiOHHoro 

pacce.TIHH.TI c To~mocThiO ~ 2,5%. TaKHM o6pa3oM, aKcnepnMeHTaJihHoe H3Me

peHne AJIHH nHOH-IIHOHHOrO pacce.TIHH.TI C COnOCTaBHMOfi TO'IHOCTh!O .TIBJI.TieTC.TI 

npoBepKOfi COBpeMeHHOrO nOHHMaHII.TI KBaHTOBOfi XpOMOAHHaMHKII IIpH HII3KHX 

3HeprH.TIX. 

ll;eJib pa6oTbi 

,Il;nccepTaiJ;HOHHa.TI pa6oTa IIOCB.TIIIJ;eHa li3MepeHHIO BpeMeHH :>KH3HH 7r+7r-

aTOMOB Ha ycTaHOBKe DIRAC. B pa60Te paccMaTpnnaiOTCH cJieAJIOIIJ;ne rrpo-

6neMhi, OTHOC.TIIIJ;HeCH k ncrroJih3JeMOMY B aKcnepiiMeHTe DIRAC MeTOAJ: 

e np.TIMOe Bbi'IllCJieHHe BepO.TITHOCTH . HOHH3aiJ;Hll nHOHH.TI Ha Bh!XOAe H3 

TOHKOfi HIIKeJieBOfi MHilleHH; 

e CIIOC06 IIAeHTH¢HKaiJ;HH nap 3ap.TI:>KeHif.biX 'IaCTIIIJ; nO IIX HOHII3aiJ;HOH

HbiM IIOTep.TIM B MHOrOCJIOllHOM CIJ;HHTHJIJI.TIIJ;HOHHOM AeTeKTOpe; 

• 3KcnepnMeHTaJihHOe onpeAeJieHue ¢opMhi AH¢¢epeHIJ;IIaJihHoro ceqe

HH.TI pO:>KAeHH.TI nap 3ap.TI:>Ke.HHbiX nHOHOB C MaJib!M OTHOCHTeJibHb!M IIMnJJibCOM 

B pNi-CTOJIKHOBeHHHX; 

• C03AaHne nporpaMMHoro o6ecne'IeHn.TI, onnchmaroru;ero B3aHMOAefi

CTBHe IIHOHH.TI C aTOMaMH MHIIIeHH ll KHHeMaTH'IeCKHe xapaKTepHCTHKU ¢o

H0Bb!X npou;ecCOB, IIpHBOA.TIIIJ;llX K o6pa30BaHHIO 7f+7r--mip; 

5 J. Gasser and H. Leutwylerf /Ann. Phys. 1984. V. 158. P. 142; Nucl. Phys. B. l985. V. 250. P. 465. 
G. Colangelo, J. Gasser and H. Leutwylerf / Nucl. Phys. B. 2001. V. 603.-P. 125. 
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e IIOJIY'I8HHe Oll,8HKH Bp8M8HH )KH3HH 1f+1f--aTOMOB B OCHOBHOM COCTQ

~HHH Ha OCHOBaHHH CTaTHCTHKH, Ha6paHHOfi B 2001-2003 rr. B 3KCnepn:MeHTe 

DIRAC Ha HHKeJieBhiX Mn:IIIeHRX pa3JIHqHoit TOJIIII,IIHhi. 

HayqnaH HOBH3Ha 

IJ{mBe,ll;eHHOe B ,11;11CCepTaiJ,I1II Bbi'IHCJl8HHe B8p05ITHOCTH pa3BaJia 1f+1f-

aTOMa Ha BbiXO,ll;e 113 MIIIII8HI1 C yqeTOM ceqeHHfi 110HI13all,IIII HaJieTaiOIII,ero rrn:-· 

OHI1~ 5IBJI~eTC5I nepBbiM IIp5IMbiM Bbi'II1CJI8HI18M B8p05ITHOCTI1 pa3BaJia 1f+1f-

aTOMa B p83YJibTaTe ero B3aHMO,ll;8fiCTBH5I C B8III,8CTBOM MI1III8HI1. 

IJoJiy'IeHHa~ Oll,8HKa BpeMeHH )KI13HI1 1f+1f--aTOMOB B OCHOBHOM COCT0-

5IHIII1 6a311pyeTC5I Ha 3KCTI8p11M8HTaJihHOft CTaTI1CTHKe, YB8Jli1'IIIBIII8ftC5I 6oJiee 

qeM B 2 pa3a no cpaBH8HI1IO c paHee ony6Jin:KoBaHHhiM pe3yJihTaTOM /17 j. BJia

ro.n;apR ,lJ;OTIOJIHHT8JlhHhiM 113M8p8HH5IM Cyiii,eCTB8HHO C~Kp~IIJ,eHa CIICTeMaTI1qe

CKa5I OIIII16Ka. IloJIHa~ H80IIp8,11;8Jl8HHOCTb IIp11BO,ll;I1MOrO B ,ll;IICCepTaiJ,IIOHHOfi 

pa6oTe pe3yJihTaTa Ha ~ 40% MeHhiiie norpeiiiHOCTI1 paHee rroJiyqeHHOfi ou,eHKn: 

BpeMeHI1 )K113HH. 

IlpaKTifqeCKaSI 3HaqHMOCTb 

IJpe,n;JIO)KeHHbift B ,11;11CC8pTaiJ,I10HHOft pa60T8 MeTO,ll; IIp5IMOrO BbJqi1CJieHI15I 

B8p05ITHOCTH HOHI13aiJ,I1H 1f+1f--aTOMa ~BJI5IeTC5I ,lJ;OCTaToqHO 06III,I1M, B qaCTHO

CTH, oH np11MeHI1M ,ll;JIR BhJql1cJieHn:~ nepoRTHOCTH o6pa3oBaHH~ pa3JII1qHhiX Tl1-

rron KOHe'IHbiX COCT05IHI1fi, B03HI1KaiOIIJ,HX B pe3yJibTaTe IIOCJie,ll;OBaT8JlhHbiX B3a

IIMO,ll;eftCTBHft HaJieTaiOIII,I1X peJIRTIIBHCTCKI1X aTOMOB JII06oro Tl1na (A21r, A1rK 

11 T. ,11;.) C BeiiJ,eCTBOM MI1IIIeHI1. 

Mo,n;eJibHo-He3aBI1CI1MhiM cnoco6oM onpe,n;eJieHo npeMR )KI13Hn: 1f+1f-

aTOMOB B OCHOBHOM COCT05IHI111 C OTHOCI1TeJihHOft TOqHOCTbiO ~ 11%. IJoJiyqeH

Hhifi pe3yJibTaT MO)KeT 6biTb HCTIOJlb30BaH ,ll;Jl5I TipOBepKH npe,ll;CKa3aHHfi KBaH

TOBOfi XpOMO,ll;HHaMHKH npH HI13KI1X 3HeprH5IX. 

. Ha OCHOBaHHH H3MepeHHOrO BpeMeHI1 )KJI3HI1 1f+1f--aTOMOB B OCHOBHOM 

cocTOHHHn: ou,eHeHa pa3HOCTb la8- a~ I S-BOJIHOBhiX ,n;Jin:H nn:oH-III10HHoro pac

ceaHn:H C H30TOTIH'I8CKHM CIII1HOM 0 11 2 C OTHOCI1TeJihHOft TOqHOCTbiO Jiyqiiie 6%. 

IloJiy'IeHHbi8 TO'IHOCTb H BeJII1qHHa OIJ,eHKH HaKJia,ll;hiBaiOT OrpaHI1'IeHH~ Ha 11H

T8pBaJibi AonycTHMhiX 3HaqeHHit rrapaMeTpoB 3¢¢eKTHBHhiX Teop11fi, n:cnoJih-
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3Y8MbiX ,ll;Jl5I OTin:CaHII5I KBaHTOB0-XpOMO,ll;IIHaMI1'I8CKIIX npou,eCCOB rrpn: HH3KIIX 

3Heprn:Rx. B qacTHOCTI1, Ha ocHone noJiyqeHHofi ou,eHKn: MO)KHO c,n;eJiaTh Bhmo.n;, 

qTo 6oJiee npe,ll;IIO'ITIITeJibHhiMH 5IBJI5IIOTC5I 3cPcP8KTI1BHhie T80pH11, B KOTOpbiX 

neJIH'In:Ha KBapKoBoro KOH,n;eHcaTa I (OiuuiO} I rrpe.n;noJiaraeTCR 6oJihiiiOfi. 

OcnoBHhie noJio)KeHHH, BhiHOC~Mhie na 3a:UJ;HTY 

1. IlpHMOe, OCHOBaHHOe Ha ceqeHIIHX HOHH3aiJ,HH Bblq~~8HI1e B8p05ITHQ

CTII pa3BaJia 1f+1f--aTOMa B pe3yJihTaTe ero 3JieKTpOMarHI1THOfO B3ai1MOAefi

CTBHH C BeiiJ,eCTBOM MHIII8HH. C Y'IeTOM 110HII3all,l111 TIHOHI1H o60CHOBaH MaTe

MaTI1qeCKHft IIO,ll;XO,ll; K peiiieHIIIO CHCTeMbi KHHeTHqeCKHX ypaBH8HIIH, KOTOpaH 

OIIHChiBaeT 3BOJIIOIJ,HIO 3aCeJieHHOCTH ypOBHefi peJI5ITHBHCTCKOf0 1f+1f--aTOMa 

rrpn: ero rrpoxo)K,n;eHHH CKB03h MHIIIeHh. B paMKax rro,n;xo.n;a orrpe,n;eJieHbi nepx

HRH H HI1)KH5I5I rpaHHIJ,bi 3Ha'IeHn:fi B8p05ITHOCTH pa3BaJia, 'ITO II03BOJII1JIO orrpe

,n;eJII1Tb 3aBHCI1MOCTb BepOHTHOCTH HOHH3aiJ,Hli TII10HH5I Ha BbiXO,D;e 113 MI1IIIeHH 

OTero BpeMeHH )Kli3HH C OTHOCHTeJibHOfi TOqHOCTbiO JIY'IIIIe 1% j1j. 

2. C03.n;an11e peaJIHCTH'IHofi Mo,n;eJII1, OTII1ChiBaiOIII,ell: OTKJII1K Cll,HHTI1JIJm

U.110HHoro 110HH3aiJ,HOHHOrO rO,lJ;O,CKOTia KaK Ha 3KCTiep11MeHTaJibHbi8, TaK 11 Ha 

Mo,n;eJI11ponannhie co6biTHH. PeaJIH3aiJ,I15I 11 rrpHMeneu11e rrpH o6pa6oTKe ,n;aHHbrx 

rrpou,e,n;ypbl aBTOMaTH'IeCKHX KaJIH6pOBOK rrapaMeTpOB fO,ll;OCKOIJa. Y!OHH3ail,I1-

0HHhlH rO,ll;OCKOII IJ03BOJII1Jl H,l1;8HTI1cP11Il,HpOBaTb napbl 3apH)KeHHhiX qac-r'~'u, C 

MaJiblM OTHOCIITeJibHhiM 11MTIYJibCOM rryTeM 3cPcPeKTHBHOrO OT,ll;eJieHH5I CIIrHa

JIOB, B03HIIKIIIIIX B Cll,IIHTIIJIJI~TOpe B pe3yJibTaTe 110HII3aiJ,n:OHHbiX IIOTepb rrp11 

rrpOXO)K,ll;eHI1H ,D;BYX IIpOCTpaHCTBeHf:IO 6JIH3KHX qacTHIJ,, OT cPOHa CIIfllaJIOB 0,11;11-

HOqHbiX qacTHIJ,; <floH OT O,ll;HHO:tiHhiX qacTHIJ, IIOAaBJI5IJIC5I B 50 pa3 rrpH pern:

CTpaiJ,I1H 6oJiee qeM 80% ,ll;BYXTp8KOBbiX C06biTIIH /7, 8j. 
3. Orrpe,n;eJieHn:e ¢opMbi .n;nottuoro ,n;H¢¢epeHIJ,HaJihHoro 11HKJII03IIB

uoro ceqeHn:5I p0)K,ll;8HII5I 1f+1f--nap C MaJibiM OTHOCIITeJibHbiM HMIIYJihCOM 

(;S 10 M3B/c) B peaKu,n:11 p + Ni - 7r+7r- +X npH HMIIYJihcax ua:neTaiO

III,ero IIpOTOHa B 20 II 24 raBjc B KI1HeMaTHqeCKOM ,ll;Haiia30He CII8KTpOMeT

pa DIRAC: IIOJIHhifi IIMIIYJibC rrapbi 3ap5I)K8HHhiX IIHOHOB p E [3; 8,4] r3B/c, 

IIOJI5IpHbiH yrOJI BbiJieTa rrapbi OTHOCHTeJibHO HarrpaBJieHHH HaJieTaiOIII,HX rrpo

TOHOB 8 E [80; 120] Mpa,n; /9/. 
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4. Co3,n;amre nporpaMMHoro o6ecneqemur - KIIHeMaTwrecKoro reHepa

Topa D IPG EN, B paMKax KOToporo BbiiiOJIHeHbi pacqeTbi II M:o,n;eniiposamre 

MeTo,n;oM MoHTe-Kapno npou;ecca npoxmK,n;eHH.H 7r+7r--aTOMOB qepe3 seru;ecTBO 

MIIIIIeHII. B reHepaTope TaK)Ke peaJIII30BaHo Mo,n;enuposaHIIe ¢oHOBhrx npou;ec

cos, npiiBO,ll;.Hiu;HX K o6pa30BaHIIIO 1r+1r--nap /13/. 

5. Onpe,n;eneHIIe speMeHu )KH3HH 1r+1r--aTOMOB B OCHOBHOM cocTO..H

HIIII /18/ no pe3yJibTaTaM aHaJIII3a ,n;aHHbiX, Ha6paHHbiX B 2001-2003 rr. B 

3KcnepiiMeHTe DIRAC Ha HIIKeJieBbiX MIIrneH.Hx: 

(2 77+0,31) 0-1s 
TIS = , -0,30 · 1 C. 

llpuse,n;eHHOe 3HaqeHIIe speMeHII )KII3HII cooTBeTCTByeT pa3HOCTII S-sonHOBhrx 

,LJ;JIIIH niiOH-niiOHHOrO pacce.HHII.H C II30TOniiqeCKIIM CniiHOM 0 II 2: 

I 
o 2

1
_ (o 7 +0,016) -1 ao - ao - ,2 1-0,014 . m;r+. tt 

BKJiap; anTopa 

AsTopoM ocyru;ecTBJieHo ITepBoe ITp.HMOe BhrqiicJieHIIe sepo.HTHOCTII IIOHH-

3a1.l,IIII 1r+1r--aToMa B MIIIIIeHII KaK ¢YHK1.l,HH ero speMeHH )KII3HH. ABTopoM 

Onpe,n;eJieHbl OCHOBHbie xapaKTepiiCTIIKH C1.l,HHTHJIJI.H1.l,HOHHOrO HOHII3a1.l,liOHHO

ro ro,n;ocKona. OH oTseqaJI 3a HacTpoitKy u KaJIH6poBKY ,n;eTeKTopa. AsTopoM 

npopa6oTaHa MeTo,n;uKa II ocyru;ecTBJieHo onpe,n;eneHHe ¢opMbi ,n;sofiHoro ,n;H¢

¢epeHu;IIanhHoro IIHKJII03HBHOrO ceqeHH5I pO)K,LJ;eHH.H 1r+1r--ITap C MaJibiM OTHO

' CIITeJibHbiM IIMITYJihCOM B peaKl.l,HH p+ Ni -+ 1r+1r-+X. HM co3,n;aHo ITporpaMM-

Hoe o6eciTeqeHHe- KIIHeMaTwrecKIIit reHepaTop DIPGEN. Ha 3aBepiiiaroru;eM 

3TaiTe aHaJIII3a ,n;aHHbiX aBTOpoM c,n;enaH 3HaqiiTeJibHbrit BKna,n; B oiTpe,n;eneHHe 

BpeMeHH )Klf3HH 1r+1r--aTOMOB Ha OCHOBe CTaTIICTHKII, Ha6paHHOit npii pa3JIWI

HbiX 3KCnepHMeHTaJibHbiX YCJIOBII5IX. 

Arrpo6aiJ,M5I pa6oTbi 

Pe3yJibTaTbi ,ll;IICcepTalJ,IIOHHofi pa6oTbi ,n;oKna,n;hmanHcb asTopoM Ha 

HayqHo-MeTO,LJ;JiqecKOM CeMIIHape H CeMIIHape no ¢H3HKe BbiCOKIIX 3HeprHit Jla-

6opaTOpHII ..H,LJ;epHbiX ITp06JieM 06'be,LJ;HHeHHOrO IIHCTIITyTa R,LJ;epHbiX HCCne,n;o

B,aHHit, CCMIIHape 0T,n;eneHII5I 3KCnepuMeHTaJibHOit ¢u31IKII I1HCTHTyTa ¢II3liKli 

6 

BbiCOKHX 3Hepmfi. TaK)Ke ITO nopyqeHIIIO KOJina6opau;IIII DIRAC pe3yJibTaTbi 

6biJIII ITpe,n;cTaBJieHbi aBTOpOM Ha CJie,LJ;yiOIIJ;HX KOH¢epeH1.l,II5IX: 

• 34-..H Me)K,n;yHapo,n;Ha..H KoH¢epeHu;n.H no ¢n3IIKe BbiCOKHX 3Hepmit 

{34th International Conference on High Energy Physics ICHEP08) B <Duna

,n;enh¢IIII B 2008 r. /19/. 

• Me)K,n;yHapo,n;Ha.H KOH¢epeHI.T,H5I no ¢II3HKe 3K30TuqecKIIX aTOMOB II 

CMe)KHbiM npo6neMaM {International Conference on Exotic Atoms and Related 

Topics EXA05) B BeHe B 2005 r. /15/. 

• Me)K,n;yHapo,n;Hhifi pa6oqiifi ceMIIHap no ¢II31IKe a,n;pOHHbiX aTO

MOB {International Workshop on lJadronic Atoms HadAtom05) B BepHe B 

2005 r. /16/. 

• HayqHhre KoH¢epeH1.l,IIII MOJIO,LJ;biX yqeHbiX II cneu;IIaJIIICTOB OH5IH B 

,lzy6He: II /4/ {1998), III /5/ {1999) II XI /3, 12/ {2007). 

Pe3yJibTaThr, BOIIIe,LJ;IIIIIe B ,n;IIccepmu;IIOHHyro pa6oTy, 6brJIII y,n;ocToeHhi 

Ilepsofi npeMIIII OH5IH ,n;n.H MOJIO,LJ;hrx yqeHb~X 3a HayqHo-IIccne,n;osaTeJibCKIIe 

3KCnepiiMeHTaJibHhie pa60Tbi B 2006 r. 

llo TeMaTIIKe 3KcnepliMeHTa DIRAC y asTopa 19 ny6niiKal.l,Hit, BKJIIO

qa.H 6 CTaTeit B )KypHanax, BXO,LJ;.HIIJ;IIX B nepeqeHb Be,LJ;yiiJ;IIX peu;eH31IpyeMbiX 

HayqHbiX )KYPHaJIOB BAK: «5I,n;epHa.H ¢1I31IKa>> /1/, <<Journal of Physics G: 

Nuclear and Particle Physics>> /14/, «Physics Letters B>> /17/ II 3 ny6nii

Kal.l,IIII B «Nuclear Instruments and Methods in Physics Research Section A: 

Accelerators, Spectrometers, Detectors and Associated Equipment>> /6, 7, 10/. 

OcHoimhre pe3yJihTaTbi ,n;IIccepTal.l,IIII ony6JIIIKOBaHbi B pa6omx /1, 2, 3, 

4, 5/, /6/(pa3,n;en 6), /7, 8, 9, JO, 'i1, 12, 13, 14; 15, 16, 18, 19/. 

Cop;ep:>I<:aHMe pa6oTbi 

,ll,HCCepTa1.l,IIOHHa5I pa6oTa COCTOHT II3 BBe,LJ;eHII5I1 qeTbipex rJiaB, 3aKJIIO

qeHII5I II Tpex ITPIIJIO)KeHHit. CniiCOK IJ;IITIIpyeMoit B ,n;IIccepTau;uH mrTepaTyphr 

co,n;ep)KIIT 104 HaiiMeHoBaHII..H. Pa6oTa JI3JIO)KeHa Ha 126 CTpaHJil.l,ax, co,n;ep)KJIT 

44 rpa¢11Ka II 15 Ta6n1Iu;. 

Bo nnep;eHMM o6ocHoBaHa aKTYaJihHOCTh IIccne,n;yeMoit ITpo6neMbi 

H c¢opMyn1IpOBaHbi OCHOBHhie 3a,n;aqii ,n;JiccepTaiJ;IIOHHoit · pa6oThi. KpaT

KO OITIICbiBaiOTC.H pa3JIIIqHbie 3KCITepHMeHTaJibHbie MeTO,ll;bl ITO OITpe,n;eJieHJIIO 
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S-BOJIHOBbiX ,ll,JIHH III-IOH-nHOHHoro pacce~mmr, H .n;aeTca o63op HMeiOili,Hxca 9KC

neprrMeHTaJibHbiX pe3yJibTaTOB. Bo BBe.n;eHHH .n;aeTca noHaTrre o6 a¢¢eKTHBHbiX 

TeOpHRX, HCTIOJib3yeMbiX ,ll,J!a OTIHCaHHa KBaHTOB0-XpOMO,ll,HHaMHqecKHX npo

~eCCOB nprr HH3KHX 9Heprrrax. Oco6oe BHHMaHrre y.n;eJieHo KrrpanbHOfi Teoprrrr 

B03Mylll,eHrrfi (KTB), B paMKax KOTOpofi TIOJiyqeHO npe)J;CKa3aHrre BeJirrqrrH ,ll,JIHH 

miOH-nHOHHoro pacceaHrra c ToqHoCTbiO B HeCKOJibKO npo~eHTOB. B KOH~e BBe

,n;eHrra onrrcaHa CTPYKTypa .n;rrccepTa~rrrr. 

B u J 
nepaoM rnaae H3JiararoTca TeopeTrrqecKrre ocHOBbi MeTo,n;a onpe.n;e-

JieHrra pa3HOCTH la8- afil ,ll,JIHH TIHOH-TIHOHHOPO pacceaHrra nyTeM ll3MepeHHa 

BpeMeHH )Kll3Hll 7r+7r--aTOMa6 . ~ 

B nepBOM pa3.n;eJie nprrBe,n;eHbi OCHOBHbie xapaKTeprrcTHKH nrroHrra (pa3-

Mep, 9Heprrra CBa3H 3apa:tKeHHbiX nrroHOB, 6opoBcKrrfi HMTIYJibc). ITprrBe,n;eHa 

¢opMyJia, cBa3b!BaiOill,aa rnrrprrHy pacna.n;a miOHHR, Haxo,r(Hlll,eroca B ocHOBHOM 

cocToaHrrrr, Ha .n;Ba 7r
0
-Me3oHa c pa3HOCTbiO Ia&- afil S-BOJIHOBbiX ,n;JirrH nrroH

nrroHHoro pacceaHrra c rr3oTonrrqecKrrM cnHHOM 0 rr 2. 

B CJie.n;yrolll,eM pa3,n;ene paccMOTpeH npo~ecc po:tK,n;eHrra 7r+7r--a TO MOB B 

npOTOH-a,n;epHbiX CTOJIKHOBeHHRX, B qaCTHOCTH, nprrBe,n;eHa cPOpMyJia, CBa3bi

BaiDill,aa BepoaTHOCTb o6pa30BaHrra llllOHHa C ,ll,BOHHb!M ,ll,HcPcPepeH~llaJibHb!M 

CeqeHHeM HHKJII03HBHOPO pO:tK)J;eHrra 7r+7r--nap C MaJibiM OTHOCHTeJibHbiM llM

nyJibCOM. Ha OCHOBe 9TOfi cPOPMYJibi TIOJiyqe~bi OTHOCHTeJibHbie BepOaTHOCTll 

06pa30BaHHR llllOHHa B pa3JIHqHb!X KBaHTOBbiX COCTOaHrrax. 06cy:tK,ll,aiOTCa TIO

npaBKH, o6ycJIOBJieHHbie CllJibHb!M B3aHMO,ll,efiCTBHeM Me:tK.n;y COCTaBJiaiOill,llMll 

aTOM llllOHaMH, KOTOpOe MO,ll,llcPH~HpyeT KYJIOHOBCKHe BOJIHOBbie cPYHK~HH IIpH 

OTHOCHTeJibHbiX paCCTORHHaX Me:tK,n;y llllOHaMH IIOpa,n;Ka HeCKOJibKHX ¢epMH. 

,ll;anee paccMOTpeHbi pa3JirrqHbie npo~eccbr, nprrBo.n;alll,rre K o6pa3oBaHHIO nap 

1r+- ll 7r--Me30HOB. 

B nocJie.n;HeM pa3,n;eJie rrepBofi rJiaBbi paccMOTpeH rrpo~ecc B3arrMo,n;efi

CTBHa HaJieTaiOill,ero peJiaTrrBHCTCKoro 7r+7r--aToMa c Belll,eCTBOM MHIIIeHn. Ha 

IIpiiMepe 6opHOBCKOPO npn6Jirr:tKeHrra TIOKa3aH MeTO,ll, BbJqifCJieHrra nepeXO,ll,HbiX 

CeqeHrrii, T. e. ceqeHHll npo~eCCOB, B KOTOpbiX HaJieTaiOill,llll IIIIOHIIll: nepeXO)J;IIT 

II3 HaqaJibHOro CBa3aHHoro cocToaHna li) B cBa3aHHOe cocToaHne If), n ceqe-

6 Jl. Jl. He.M.eH.oaf / R<:D. 1985. T. 41. C. 980. 
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Puc. 1. Bepxuee u Hll)f(Hee orpaHwieHHH BepOHTHOCTll uouu3an;uu rruouuH Ran B HHKeJieBoii 

Mli!IIeHH TOJI:W:liHOll 95 MKM KaK cpyHKIJ;Hll BpeMeHU )Kii3HH IIUOHHH B OCHOBUOM COCTOHHHH. 

11MIIYJihC IIUOHliH p = 4,6 f3B/c. lllTpnXOBh!MU JIUHUHMH IIOKa3aHhl paC'IeTHbie HeOrrpe,n;e

JieHHOCTH B orrpe,n;eJIHeMOM 3Ha'!eHUH BpeMeHU )i(Ji3HH B6JIH31I TeOpeTH'!eCKH rrpe,n;CKa3aHHOrO 

BpeMeHH )KH3HH IIHOHHH /1/ 

Hllll IIOHH3a~IIII HaJieTaiOill,ero' TIHOHIIa B pe3yJibTaTe ero 9JieKTpOMaPHHTHOPO 

B3aiiMO,ll,efiCTBHR C aTOMOM MHIIIeHII. 

,lJ;nHaMIIKa B3aiiMO,ll,efiCTBHR peJIRTIIBHCTCKOPO 7r+ 7!"- -aTOMa C MIIIIIeHbiO 

rrpe,n;CTaBJIReT C060fi ~enoqKy IIOCJie)J;OBaTeJibHbiX CTOJIKHOBeHHfi DHOHHa C aTO

MaMII MrrrneHn. O,n;HoBpeMeHHO nrroHrrfi MO:tKeT aHHHrHJinpoBaTb B coOTBeT

CTBrrH C BpeMeHeM ero :IKII3Hrr, 3aBIICalll,rrM OT KBaHTOBb!X qnceJI COCTORHHa 

DHOHHR. C yqeTOM BepORTHOCTeii ocylll,eCTBJieHrra BbiiiienpnBe,n;eHHblX npo~ec

COB TIOCTpOeHa CHCTeMa ,ll,IIcPcPepeH~llaJibHbiX (KIIHeTrrqecKHX) ypaBHeHHfi, Ollll

Cb!BaiOilJ,HX OTHOCHTeJibHYIO BepOaTHOCTb TOrO, q;o aTOM HaXO,ll,IITCR B 3a)J;aH

HOM KBaHTOBOM COCTOaHIIII noc.he IIpOXO:tK)J;eHIIR B MHIIIeHII paCCTOaHHR ~S. 

<l>opMaJibHO CHCTeMa KHHeTrrqeCKIIX . ypaBHeHIIH CO,n;ep:tKIIT 6eCKOHeqHoe qrrc

JIO ypaBHeHrrfi, cooTBeTCTBYIOill,rrX 6ecKOHeqHoMy qncJiy ypoBnefi KYJIOHOBCKoro 

aTOMa. B paMKax BepoaTHOCTHoro ¢opMaJIII3Ma rroKa3aHo, KaK MaTer-mTnqecKrr 

CTpOrO DOJiyqHTb BepxHee H HH:tKHee orpaHnqeHHa Ha BepoaTHOCTb HOHH3a~HII 

7r+7r--aToMa Ha Bbixo.n;e H3 MHIIIeHn. TaKHM o6pa30M, noJiy'HiHa O,ll,H03HaqHaa 

3aBHCHMOCTb BepOaTHOCTH liOHH3a~IIH 7r+7r--aTOMa Ha Bb!XO,ll,e ll3 MHIIIeHH KaK 

cPYHK~llR ero BpeMeHH :IKH3HH B OCHOBHOM COCTORHllll C TO'IHOCTbiO. OKOJIO 1% 
(prrc. 1) /1/. 
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Bo BTOpoil rnane ormcaHa 3KcnepHMeHTaJibHa.H ycTaHOBKa DIRAC /6/, 
Ha KOTOpOfi 6biJIO 3aperHCTpHpOBaHO 6onee 13000 7r+7r--nap, B03HHKIIIHX B pe-

3YJibTaTe pa3BaJia nHOHH.H B TOHKOfi HHKenesofi MHIIIeHH. YcTaHOBKa DIRAC 

npe,IJ;CTaBJI.HeT C060fi ,IJ;ByXnJie'leBOfi Mai'HHTHhifi cneKTpOMeTp, OnTHMH3HpOBaH

Hbifi ,n;mi perHCTpa~HH nap 3ap.H)KeHHbiX 'laCTH~ C Ma.JlbiMH OTHOCHTeJ!hHbiMH 

HMnyJibCaMH. I1MnyJihCHOe pa3peiiieHHe cneKTpOMeTpa COCTaBJI.HeT a(P)j p ~ 

3 · 10-3. Pe3yJihTHpyro~ee pa3peiiieHHe no KOMnoHeHTaM OTHOCHTeJibHOI'O HM

nyJibCa napbl 'laCTH~- OKOJIO 0,5 MaBjc~ T. e. OHO COnOCTaBHMO C 6opOBCKHM 

HMnyJibCOM nHOHH.H. 

,lJ;aJiee B 3TOfi I'JiaBe npHBe,IJ;eHbl xapaKTepHCTHKH HOHH3aiJ,HOHHOI'O I'O,IJ;O

CKOna - MHOI'OCJIOfiHOI'O C~HHTHJIJI.H~HOHHOI'O ,IJ;eTeKTOpa, HCIIOJ!h3yeMOI'O ,IJ;JI.H 

H,IJ;eHTHCpHKa~HH nap 3ap.H)KeHHbiX 'laCTH~ ITO HX HOHH3aiJ,HOHHbiM IIOTep.HM B 

Cll,HHTHJIJI.Hll,HOHHbiX CJIO.HX /7, 8j. ,lJ;eTeKTOp COCTOHT H3 <fBTbipex nJIOCKOCTefi, 

cocTaBJieHHhiX H3 16 Cll,HHTHJIJJ.HIJ,HOHHhiX naJio'leK TOJI~HHOfi 1 MM. HecMOTpa 

Ha Ma.JIYIO pa,n;na~HOHHYIO TOJI~HHY H1 COOTBeTCTBeHHO, Ma.Jlbie HOHH3aiJ,HOH

Hbie noTepH B C~HHTHJIJI.HTOpe I'O,IJ;OCKOn n03BOJI.HeT a<jl<jleKTHBHO OT,IJ;eJI.HTb no 

BeJIH'IHHe HOHH3a~HOHHbiX noTepb CHI'Ha.Jlbl1 Bbi3BaHHhie ,D;BYM.H 6JIH3KHMH Tpe

KaMH1 OT <jloHa CHrHaJIOB O,IJ;HHO'IHbiX 'laCTH~ (pHC. 2 H 3). 
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PRe. 2. AMIIJIRTJ,ll;Hhle cneKTphl ,n;mr o,n;RHO'l

Hhlx ( CIIJIOillHaR JlliHHR) 11 ,!l;BOii:Hh!X ( lliTpll

XOBaa) TpeKOB. f1JIOI.Il;a,!l;li IIO,!l; CIIeKTpa

Mll HOpMRpoBaHbi Ha e,n;nHRey. BepTnKaJih

aaa JlllHllR COOTBeTCTBJeT IIpe,ll;JiaraeMOMJ 

KpnTepmo ,ll;JIR Bbi,ll;eJieHIIR ,!l;BJXTpeKOBhiX 

C06biTllfi-KaH,n;n,n;aTOB IIpii o6pa60TKe /7/ 
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Pnc. 3. BepoaTHOCTh npRMecn o,n;nHO'!HhiX 

C06biTllil: KaK <i>YHKIJ;llR BepORTHOCTII IIOTepn 

,ll;BYXTPeKOBhiX co6biTIIli npn yCJ!oBnn, 'ITO 

KpiiTepiili Ha IIOHII3aiJ;HOHHbie IIOTepii IIpll

MeHeH B o6eiiX IIJIOCKOCTRX C O,!l;IIHaKOBO Opii

eHTHpOBaHHbiMII CIJ;IIIITiiJIJ!Rll_IIOIIIIbiMii II.'Ia

CTIIHaMII /7/ 

TpeTbSI rnana nocsa~eHa aHaJIH3Y 3KcnepHMeHTaJihHhiX ,n;aHHhiX, Ha-

6paHHhiX Ha ycTaHOBKe DIRAC. OcHOBHhiM MeTo,n;oM .HBJI.HeTca aHaJIH3 pacnpe

.n;eneHH.H HHKJII03HBHbiX 71"+1!"--nap no OTHOCHTeJibHOMy HMnyJihCY Q B CHCTeMe 

~eHTpa Mace napbi. 

AHaJIH3 OCHOBhiBaeTc.H Ha noJIHOM Mo,n;enHposaHHH no MeTo.n;y MoHTe

Kapno HHTepecyro~nx Hac ¢n3H'I~CKHX rrpou,eccos. Oco6oe BHHMaHHe B 

,D;HCCepTa~HH y,n;eJJeHO cne~HaJIH3HpOBaHHOMY KHHeMaTH'IeCKOMy reHepaTopy 

DIPGEN /13/, s paMKax KOToporo ocy~ecTBJieHo 'IHCJieHHoe Mo,n;enHposaHne 

,n;nHaMHKH B3anMo,n;eficTBHa nnoHH.H c se~eCTBOM MHIIIeHn. B paMKax 3TOro 

nporpaMMHOI'O o6ecne'leHH.H TaK)Ke C~O,IJ;eJIHpOBaHa KHHeMaTHKa <jJOHOBbiX C0-

6hiTHfi, npHBO,IJ;.H~HX K o6pa30BaHHIO 7r+7r--nap. ,ll;aJibHefiiiiee npOXO)K,D;eHHe 

3ap.H)KeHHbiX 'laCTH~ '1epe3 noJie cneKTpOMeTpH'IeCKOI'O MarHHTa II ,n;eTeKTOpbl 

CMo,n;enHposaHo npH noMO~H nporpaMMHoro o6ecne'leHim GEANT-DIRAC, 

6a3HpyroiiJ,eroca Ha peaJIHCTH'IHOfi Mo,n;eJJH cneKTpOMeTpa DIRAC. KoHe'IHhiM 

HTOI'OM MO,D;eJIHpOBaHH.H no MeTO,IJ;y MoHTe-KapJIO .HBJI.HeTC.H HMHTaiJ,H.H CHI'Ha

JIOB s ,n;eTeKTopax, onnparo~aaca Ha Hx ¢H3H'IecKHe xapaKTepHCTHKH. CMo,n;e

nnpoBaHHhre co6biTH.H o6pa6aTbiBaiOTC.H TeM )Ke cnoco6oM, 'ITO H 3KcrrepnMeH

TaJihHhie ,IJ;aHHbie. 

Cne.n;yro~Hfi pa3,IJ;eJI TpeThefi rnaBhi nocBa~eH 3KcnepnMeHTaJJhHOMY 

onpe,n;eJJeHHIO ¢opMbi ,IJ;BOfiHOI'O ,n;n¢<jlepeHIJ,Ha.JlhHOI'O Ce'leHH.H pmK,IJ;eHH.H 71"-

Me3oHoB s HHKJII03HBHofi peaK~nn p + Ni --+ 1r-X npn nMnynhce npoTOHOB 

24 rsB/c B KHHeMaTH'IeCKOM ,.n;nana30He cneKTpOMeTpa DIRAC. Ha OCHOBe 
I 

Mo,n;ennpoBaHH5I no MeTo.n;y MoHTe-Kapno, onHcaHHoro Bhiiiie, nonyqeHo non-

HOe 3-MepHoe onncaHne aKcenTaH~a y~TaHOBKH.KaK ¢YHKIJ,HHHMnynhca n Tnna 

HaJieTaiOIIJ,efi 'laCTH~hi. IT pn noMo~n ¢YHK~HH aKcenTaHca Ha ocHoBe 3Kcrrepn

MeHTaJihHhiX ,IJ;aHHbiX noJiy'leH~ OIJ,eHKa <jJOpMbl CIIeKTpOB BbiXO,IJ;a OTpHIJ,aTeJih

Hb!X nHOHOB B ,D;Hana30He HMnyJJhCOB p E [1,5; 5,0] raBjc B HHTepBaJie YI'JIOB 

8 E [80; 120] Mpa.n; K HanpasneHHIO HaJieTaiOIIJ,ero npoToHa/11/. <DopMa cneK

Tpa rrpe,IJ;CTaBJieHa B BH,IJ;e npOCTOfi JIOpeH~-HHBapnaHTHOfi napaMeTpH3aiJ,HH 1 

y,n;o6Hofi ,ll;JI.H ,D;aJihHefiiiiHX pacqeTOB H 'IHCJieHHOI'O MO,IJ;eJIHpOBaHH.H. 

B nocne,n;HeM pa3,n;ene noKa3aHo, 'ITO. npH aHaJIH3e ,n;aHHhiX 6e3 sepiiiHH

HhiX ,D;eTeKTOpOB aKcenTaHC ycTaHOBKH ,IJ;JI.H nap 7r+- H 71"- -Me30HOB onpe,IJ.eJJa-
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Puc. 4. <DopMa pacnpe.n;e.n:eHu.H dP ~e (p + Ni---+ 1T+1T-X) rrpu <PuKcuponaHHhiX rroJI.HpHhix 

yrnax BhlJieTa 1T+1T--rrapbi 8: 0,089 (a}, 0,108 (6} /9/ 
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Puc. 5. <DopMa pacnpe,n;eneHu.H d~ ~e (p + Ni ---+ 1T+1T-X) rrpu <PuKcuponaHHhiX uMnyJihcax 

1T+1T--rrapbi P: 4,2 f3B/c (a), 6 f3B/c (6) /9/ 

eTC.H KaK CBepTKa O,ll;HOqaCTIP1HbiX <i>YHKIJ,lifi aKCenTaHCa. 9TO II03BOJIIiJIO 3KC

nepliMeHTaJibHO onpe,11;eJIHTh ¢opMy ,ll;BOfiHoro AH¢¢epeHIJ,IiaJihHOro ceqeHH.H 

dNj(dP d9) BbiXO,ll;a 7r+7r--nap C MaJibiM OTHOCiiTeJibHhiM liMIIYJibCOM j9j B liH

KJII03IiBHbiX peaKIJ,li.HX p+ Ni ~ 7r+7r-X (pHc. 4 li 5), r,11;e P- liMnyJihC rrapbi B 

. Jia6opaTOpHOfi CliCTeMe, 9 - IIOJI.HpHblfi yroJI BbiJieTa napbl K HarrpaBJieHIIIO Ha

JieTaiOIIJ,ero npOTOHa. IJoJiyqeHHblit CIIeKTp IiCnOJib30BaH npli MO,ll;eJIIipOBaHlili 

co6biTliit no MeTOAY MoHTe-KapJio. CJie,ll;YeT TaK>Ke OTMeTHTh, qTo .n.ocTaToqHo 

TOqHoe 3HaHlie cneKTpa IiMnyJihCOB 7r+7r--nap He06XO,ll;IiMO ,ll;Jl.H onpe,ll;eJieHli.H 

BpeMeHli )!{li3Hli nliOHli.H T Ha OCHOBe 3KCnepll:MeHTaJibHOfi OIJ,eHKli BepO.HTHOCTli 

ero liOHii3aiJ,lili A.on· IJoCJie,ll;H.H.H B nepBOM npii6JIIi)KeHlili .HBJI.HeTC.H <i>YHKIJ,liefi 

npOii3Be,ll;eHli.H HMnyJihca nliOHli.H P Ha ero BpeM.H )!{Ii3Hli: A.on ~ A.on(P · r). 

12 
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B 'IeTaepToii rJiaae rrpHBe,ll;eHo onHcaHHe Ii3MepeHH.H OTHOCHTeJibHhiX 

Bb!XO)J,OB aHaJili3IipyeMbiX ¢Ii3JiqeCKHX rrporr,eCCOB npH IiCCJie)J,OBaHlili 3KCnepli

MeHTaJibHb!X ,ll;aHHhiX no OTHOCHTeJihHOMY liMIIYJihCY Q. B qacTHOcTli, orrpe,ll;e

JieHo OTHOIIIeHHe KOJIHqecTBa nA 3aperliCTpiipOBaHHhiX 7r+7r--nap, B03HliKIIIliX 

B Pe3YJihTaTe pa3BaJia nHoHH.H, K qHCJIY Nee HHKJII03IIBHhiX nHoHHhiX nap c Ma

JihiM OTHOCIITeJihHhiM HMnyJihCOM Q E.OQ, ucnhiTaBIIIIIX KYJIOHOBCKoe B3aHMo

.n.eficTBIIe B KOHeqHQM COCTO.HHlill. IJoJiyqeHHOe OTHOIIIeHlie nponOpiJ,IIOHaJibHO 

ycpe,ll;HeHHOit no IIMnyJihCY p BepO.HTHOCTII HOHII3aiJ,IIH IIIIOHH.H 

nA 

A.on = k(OQ)Ncc(OQ)' 

-r,11;e k(OQ)- H3BeCTHhlfi ¢aKTOp1 3aBHC.HIIJ,lifi OT OTHOIIIeHH.H ceqeHHfi pO)!{)J,eHli.H 

IIHOHH.H K ceqeHJIIO pO)!{,ll;eHH.H KYJIOHOBCKliX 7r+7r--nap C MaJibiM OTHOCUTeJib

HbiM HMIIYJibCOM Q E OQ li yqnTbiBaiOI.IJ,Hfi OTHOIIIeHne a¢¢eKTliBHOCTeil: UX 

pemcTparr,Hli. 

B TeqeHHe 2001-2003 rr. 3KcnepnMeHTaJibHa.H cTaTHCTHKa Ha6HpaJiacb 

Ha )J,BYX HliKeJieBbiX MHIIIeH.HX.pa3JIJiqHOfi TOJII.IJ,UHbl npli liMIIYJibCaX HaJieTaiQ

I.IJ,HX rrpOTOHOB 20 HJili 24 raB I c. Ka)!{,ll;OMY Ha6opy 3KCrrepHMeHTaJibHbiX na

paMeTpOB nOCTaBJieHa B COOTBeTCTBHe H3BeCTHa.H TeOpeTHqecKa.H 3aBiiCHMOCTb 

A.on = P; ( T). B paMKax o6o6IIJ,eHHoro MeTO,ll;a HaHMeHbiiiliX KBa.n.paTOB noJiyqe-

6 
L i /.' I ~.l 

0,8 

0,6 

rc 0,4 

0,2 

4 
0 

0.24 0,26 0,28 0,3 0,32 
la8-a~lm,+ 

Puc. 6. <DyHK~UU npan.n;orro.n;o6u.H L(r) (a) u L (ag- aa) (6) COBOKYliHOCTU 3KCrrepuMeHTaJib

HbiX U3MepeHull BepO.HTHOCTU UOHU3a~UU ,ll;JI.H O~eHKU BpeMeHJI )KJI3HH liHOHIIll U pa3HOCTH 

S-BOJIHOBhlX·,ll;JIUH rrnoH-miOHHoro paccellHH.H cooTBeTCTBeHHO. Pacnpe.n;e.n:ennll HOpMnpona

Hhi Ha e,n;nHney rrpn Hau6oJiee nepo.HTHOM 3Ha'leHnu napaMeTpa. CnnoniHolt JIHHuell rroKa-

3aHbl <l>YHK~UH npaB,li;OliO,li;06H.H C Y'leTOM CTaTJlCTH'leCKHX H CHCTeMaTH'leCKHX Heorrpe,J;e

JieHHOCTeii oT,n;e..'lhHhiX n3MepeHnll, IIITpnxonoii JIHHneii - c y'leTOM TOJihKO cTaTucTH'IecKux 

omu6oK /18/ 
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naOIITHMaJibHa51 OIJ;eHKa BpeMeHII :lKH3HII IIHOHH51 B OCHOBHOM COCTOHHIIH /18/ 

)J;JI51 COBOKYIIHOCTH 3KCIIepHMeHTaJihHhiX H3MepeHHfi BepOHTHOCTH IIOHH3aiJ;HH 

nnoHii51 /19/. Ilpn STOM yqTeHhi cTaTHCTH'leCKrre Heonpe.n;eneHHOCTII OT)l;eJih

HhiX H3MepeHHfi H HX KOppeJIHIJ;HH H3-3a CIICTeMaTH'leCKIIX oum60K. ,ll;JIH Hafi

,n;eHHOrO BpeMeHII :lKH3HH 7r+7r--aTOMOB IIp!IBe)l;eHbl COOTBeTCTBYIOI.Il,IIe )l;OBep!I

TeJihHbie HHTepBaJihl (pHC. 6). 

Ha ocHoBe JI3MepeHH51 npeMeHH-:lKII3HH IIHOHH51 onpe.n;eneHa pa3HOCTh 

!a8- a~ I S-BOJIHOBhiX )l;JIIIH nrroH-IIIIOHHoro pacce51HII51 c H30TonwrecKIIM cnrr

HOM 0 II 2. IJpoBe)l;eHO cpaBHeHJie Hafi,n;eHHOrO 3Ha'leHII51 C IIMeiOI.Il,IIMIICH 3KC

neprrMeHTaJihHhiMH pe3yJihTaTaMH, IIOJiy'leHHhiMH ,n;pyriiMH MeTO)l;aMH. 

B 3aKJIIO'IeHHH c¢opMyJinponaHhi ocHOBHhre pe3yJihTaThi, noJiy'leHHhie 

B )l;IICCepTaiJ;HOHHOfi pa6oTe ( OHII IIpHBe)l;eHhl Bhiiiie, Ha C. 5 HaCTOHI.Il,ero aBTO-

pe¢epaTa). ~ 

,ll;rrccepTau;noHHM pa6oTa co.n;ep:lKIIT 3 npHJIO)KeHHH. B nepBOM npnJio

:lKeHJIII IIpHBe)l;eHO 3Ha'leHHe KBa,n;paTa MO)l;yJI51 KYJIOHOBCKOfi BOJIHOBOfi <l>YHK

IJ;IIII B HyJie. Bo BTOpOM npHJIO:lKeHIIH onpe.n;eJieHhi KHHeMaTrrqecKrre nepeMeH

Hhie, IICIIOJih3yeMbie B )l;HCCepTaiWOHHOfi pa60Te. 3,n;ech KOMIIOHeHThi OTHOCII

TeJibHOrO IIMIIYJihCa B CIICTeMe u;eHTpa MaCC naphl 'laCTHIJ; Bhipa:lKeHhl qepe3 BeK

TOphl 'laCTHIJ; B Jia6opaTOpHOfi CIICTeMe, IIOJiy'leH onpe)J,eJIIITeJih 51K06JiaHa ne-

-pexo,n;a H3 Jia6opaTOpHOfi CHCTeMhi B CHCTeMy u;eHTpa MaCC rrapb!. B IIOCJie)l;HeM 

IIpiiJIO:lKeHIIH IIpHBe)l;eHa napaMeTp1I3aiJ;HH JIOpeHIJ;-IIHBap!IaHTHhiX ,D;II¢¢epeH

IJ;IIaJihHhiX Ce'leHHfi, HCIIOJih3yeMaH )J,JI51 OIIHCaHH51 )l;BOfiHOrO ,D;II¢¢epeHI.I,IIaJih

HOrO IIHKJII03HBHOrO Ce'leHH51 pO:lK)l;eHII51 7r+7r--rrap C MaJihiM OTHOCJITeJihHhiM 

IIMIIYJihCOM B IIpOTOH-5l)l;epHbiX CTOJIKHOBeHH51X. 

B KOHu;e ,n;Hccepmu;noHHofi pa60Thi rrpnne.n;eH cnHCOK I.I,HTHpyeMoii JIH

TepaTyphi. 
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