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061.1lJUI xapaKTepHCTHKa paOOTbl. 

A-x:mya.ttbttocmb npo6.11,eJ.tbZ 
Bonee 15 neT Ha3a,n 6brnO o6Hapy)KeH0, 'tJTO IIHKnI03lIBH0 po

)1{,lleHHbie AO IIMeIOT 3Ha'tJIITenhHyro rron.srpII3aitIIIO. Ilon.srp1nann.sr 

lICCne,noBanacb B mnpOKOM ,I{liaIIa30He 3HeprlIH lI IlplI pa3nII'tJHhlX 

yrnax po)K,neHII.sr AO• Bbrno Haft.neHo, 'tJTO a6conroTHa.sr aenn'tJHHa 

rron.srpn3annn MOHOTOHHO B03pacTaeT c yaenn'tJeHneM rrorrepe'tIHoro 

nMrrynhca Pt 06pa3yeMhrx AO a o6nacTn Pt < 1 r3B / c. TaK)Ke 6hlno 

3aMe'tJeHo, 'tJTO npn Pt > 1 r3B/c 3aBIIcnMocTh rron.srpn3annn OT Pt 
BhlXo,nnT Ha rrnaTo, aenn'tJIIHa KOT0poro onpe.nen.sreTc.sr 3Ha'l!eHneM 

rrepeMeHHoft <I>eftHMaHa XF po)K,neHHhlX A0• IlpH 3TOM HMeeT MecTo 

MOHOTOHHblH pOCT a6conIOTHOK BenH'tJIIHhl rron.srpn3anmr OT X F npn 

cpnKcnpnBaHHOM Pt· HeKOTOphle TeopeTH'l!eCKne M0,nenII IlhlTaIOTC.sI 

o6'b.sICHHTh nMeroi:nnec.sr aKcrrepHMeHTanhHhle ,naHHhle no non.srpn::ia

nnn, o.nHaKo MexaHn3M rron.srpn3annn .no cnx rrop He Bhl.sICHeH. 

BonhmnHCTBO 3KCIIepnMeHT0B 6hlno rrp0Be.z:teH0 B rrpOT0HHblX 

ny'l!Kax. Ha cero,nH.sIIDHlIH ,neHb, 6hlnO npoae,neHO T0nhK0 0,llH0 lI3Me

peHne rron.srpn3annn AO, o6pa3oBaHHhlX B HeiiTpOHHOM ny'l!Ke ( 3KC

rrepnMeHT BMC-2), KOTopoe YKa3ano Ha HecKonhKO 6onee BhlC0Koe 

3Ha'l!eHne rron.srpn3an;nn, 'lleM B 3KcrrepnMeHTax c npoTOHHhlMn rryq

KaMn. 

OcHOBHOH nenhro pa6oThl .sran.sreTc.sr n3Mepemrn rron.srpII3a@II AO, 

HHKnro3HBHO o6pa3oBaHHhIX a HYKJI0H-.sr,nepHhIX B3aIIMo,neftcTBIIHX B 

pacmnpeHHOM nnarra30He 3Ha'l!eHim: Pt lI X F no cpaBHeHlIIO C II_MeIO

i:nHMlIC.sl ,naHHhIMII. 

HoBII3Ha II HayqHa.sr 3Ha'l!IIM0CTh pa6oThl: 

• c HaII60Jibmeii: T0'l!HOCThIO H3MepeHa rron.srpn3ann.sr AO, HHKJII0-

3IIBHO pO)K.lleHHhlX B HeiiTpoH-HYKJIOHHhlX B3aIIMonei'icTBHHXj 

• npoaeneHHhle II3MepeHII.sr pacmnpIInn 06nacT1> 3Ha'lleHim Pt, 
npn KOTOphlX cyrneCTBOBann 3KCrrepnMeHTanbHhle naHHhle no 

non.srpn3a@II A 0 

• anepahle c BhlCOKoft CT0'tJHOCThIO noKa3aHO xopomee corna

CIIe rron.srpn3annn AO, po)K.lleHHhlX B HeifrpoH-HYKJIOHHhlX II 

IlpOTOH-ffYKnOHHhlX B3alIMO,neii:CTBlIHX. 

( 0tn,c1.;;~~ki,Jn 1;i,:n,ry_:1 l 
i ~et1liiJL acc.!leia~:unm ( 
I !5£1SHit!OTSf{f. ---
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Anpo6an1u1 pa60Thl. Pe3ynhTaThl, BhlHOC.s1u;nec51 Ha 3am:nTy, 

MHoroKpaTHO o6cy)K.n;annch Ha pa6o"lfl:IX coBem:aHH51X Konna6opa

IJ;llll 3KCYAPM n NA48, Ha na6opaTOpHbIX ceMnHapax O6'be.n;n

HeHHoro 11HCTHTyTa 51.n;epHbIX 11:ccne,noBamrii, 6hlnll npe.n;cTaBneHbI 

Ha HayqHoiI ceccnn MocKOBCKoro 11H)KeHepHo - <l>n3nqecKor::o 11H

CTHTyTa, Ha Me)K.n:YHapo.n;HOH KOHcpepeHIJ;llll no a.n;poHaM B reHye Il 

orry6nnKOBaHhI B pa6oTax [1-4]. 

1InccepTaIJ;ll51 COCTOilT Il3 BBe,zJ;eHil51 (nepBM rnaBa), n$ITil rnaB, 

3aKmoqeHH51 II cnncKa IJ;llTHpyeMOH nnTepaTypbI. 

Coaep~auue pa6ombz 

Bo BBe.n;eHHil (nepBM rnaBa) o60CHOBaHa aKTyanhHOCTb BbI-

6paHHOH TeMbI nccrie.n;oBaHH51, ccpopMynnpoBaHa u;enh .n;nccepTau;nn, 

rrpnBe.n;eHa ee CTPYKTypa. 

BTopM rnaBa co.n;ep)KHT o63op 3KcnepnMeiITOB no H3MepeHmo II 

nccne.n;oBaHHro non51pn3aIJ;lln AO• PaccMoTpeH p51.n; ocHOBHhIX MO

.n;eneiI, npe.n;cKa3hrnarom:nx oTpnu;aTenhHyro non51pH3aIJ;llro AO, po

)K.ZJ;eHHhIX B a.n;poHHbIX B3allMO.ZJ;eIICTBil51X. 

Iloirnpn3au;n51 AO nccne,noBanach B rrrnpoKoM .n;nana3oHe 3Heprnii 

rryqKoB n rrpn pa3nnqHhIX yrnax po)K.ZJ;eHH51 AO• BonhmHRCTBO 3KC

. nepnMeHTOB no non51p113an;1111 npOBO.ZJ;lIITOCb B npOTOHHbIX rryqKax 

lI 6hlnO Han;eneHo Ha Il3MepeHne non51pH3aD;HlI B 3aBHCIIMOCTil OT 

nepeMeHHbIX Pt n XF. Bhmo o6Hapy)KeHo, qTo B o6nacTn Pt < l 
r3B/c IlMeeT MeCTO MOHOTOHHhiii pOCT a6conIOTHOrO 3HaqeHil51 no

n51pH3aIJ;llH B 3aBHCHMOCTil OT nonepeqaoro HMnynhca · Pt , a npn 

Pt > l r3B/c 3aBHCHMOCTb non51pn3aD;IlH OT Pt BbIXO.ZJ;IlT Ha nnaTo, 

BennqnHa KOToporo onpe.n;en51eTC51 3HaqeHHeM XF- Ilpn 3TOM a6co

ITIOTHM BennqnHa non51pH3aIJ;llll pacTeT MOHOTOHHO C yBennqeHHeM 

XF npn q>IlKCilpHBaHHOM Pt· 
Bo TpeTheiI rnaBe .n;nccepTan;nn .n;aHo onncaHHe 3KcnepnMeH

TanhHOii ycTaHOBKH 3KCYAPM. 

Pe3ynhTaTbI no H3MepeHHro non51p1r3an;llll AO, o6pa3oBaHHhIX 

B HeiiTpOH-yrnepo.n;HhIX B3aHMO.n;eiiCTBil51X, nonyqeHhI C noMOID:blO 

cneKTpoMeTpa 3KCYAPM, KOTOphlii paccnono)KeH B KaHane HeiI

TpanhHhIX qacTHD; 5H cepnyxoBcKoro ycKopHTen51. 3HepreTnqecKnii 
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PHc. 1: }HepreT114eCK11H cneKTP HeHTp0H0B ny4Ka. 

30 40 50 60 

cneKTp HeiiTpoHOB nyqKa rrpHBe.n;eH Ha PHc.l. Ha Pnc.2 npnBe

.n;eHa cxeMa ocH0BHhIX 31IeMeHT0B ycTaH0BKH 3KCYAPM. B cocTaB 

ycTaHOBKH BXO.ZJ:51:T: - aHTncqeTqHK A; yrnepo.n;HM MHmeHb T Ton

m:HHOH 1,3 r/cM2 no ny~y; aHanmnpyrom:niI MarHHT M, (MarHHT 

Il3MeH51eT nonepeqayro K0MnoHeHTY HMrrynbca 3ap51)KeHHhIX qaCTilD; 

rrpnMepHO Ha 0,6 r3B/c; CilCTeMa nHTaHH51 MarHHTa o6ecrreqnBaeT 

B03MO)KH0CTb onepaTHBH0ro nepeKnroqeHmI ero non51pHOCTH); cn:

CTeMa Il3 11 .n;Byx- Il 3 Tpex-nn0CK0CTHbIX MHOronpoBonoqHbIX npo

nopu;II0HanhHbIX KaMep PC, pacnono)KeHHhIX .n;o n: nocne MarHIITa 

(MaKCIIManhHhie pa3MepbI KaMep nepe.n MarHHT0M 100 X 60 CM2
, 3a 

MarHHT0M - 200 X 100 CM2); ro.n;OCK0IIhl CD;lIRTilITIT51IJ;IlOHHbIX cqeT

qnKoB Hl H H2, n:cnonh3yeMhre .n;n51 Bhlpa6oTKH c1rrHana, 3arrycKa-

10m:ero ycTaHOBKY ( Tpn:rrep); CD;lIRTHITIT51IJ;Il0HHbie cqeTqn:Kn: M0HH

T0pa HeiITpOHHOro ny~a Mn; a.n;poHHhlii KanopnMeTp H C, Hcnonh-

3yeMhIH .ZJ;IT51 BOCCTaH0BneHJI51 3Hepren,iqecKoro cneKTpa HeihpOHOB 

B nyqKe; qeThrpHa.n;n;aTn:KaHanhHhIH Cl n: Tpn:.n;n;aTll.ZJ;ByxKaHanh

HhIH ( 02) - nopor0Bbie ra30Bhle qepeHKOBCKile cqeTqn:Kn:, n:cnonh3y

eMhie .ZJ;IT51 ll.ZJ;eHTHq>HKanlllI 3ap51)KeHHhlX qaCTIID;. . 

CIICTeMa 3arrycKa ycTaHOBKH HaCTpOeHa Ha pern:CTpaD;llIO co6bI

TilH, KOTOpbie B KOHeqaoM COCT051HllH co.n;ep)KaT qeTbipe Il 6onee 

3ap51)KeHHbie qacTHD;hl, npome,nrrrne qepe3 BCIO ycTaH0BKy. 

Pacnono)KeHIIe 3neMeHT0B ycTaH0BKH onHCbrnaeTC51 B npaBOH op

TOroHMbHOH CIICTeMe K00p.n;HRaT, Haqano KOTOpOH COBna.n;aeT C reo-

3 



~
1rlHW~ 

VI 
YL 

z 
PC M 

V ~q 
PC H2 C1 C2 

Pnc. 2: CneKTpoMeTp 3KC4APM. 
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MeTp:rrqecKHM ueHTpoM Me:amomocHoro 3a3opa MarH:rrTa. Och Z Ha

rrpaBneHa B,IJ;0Jib OCH rryqKa, a 0Cb y - BBepx. y CTaH0BKa CHMMe

Tp:rrqHa OTHOCHTeJibHO ropH30HTaJibHOH IIJI0CK0CTH XQZ. 
B qeTBepToii: rnaBe np:rrBe.n;eHo orr:rrcaH:rre nporpaMMHoro o6ecne

qemur, :rrcnOJih3yeMoro .n;mr reoMeTp:rrqecKoii: peKOHCTPYKUHH 3ape

r:rrc'I'pnpoBaHHbIX C06hITHH, BOCCTaHOBJieHHH HX KHHeMaT:rrqecKHX 

xapaKTepHCTHK, q>Il3HqecKoro aHaJIH3a .n;aHHbIX. 

O6pa60TKa 3aIIHCaHHbIX Ha MarHHTHbie HOCHTeJIH .n;aHHhIX ocy

ruecTBJIHJiaCb no crre.n;yrorunM 3TarraM: 

• 3Tarr 1 - B0CCTaH0BJieHHe reoMeTp:rrqecKHX rrapaMeTp0B Tpa

eKTOpHH 3apH)KeHHbIX qaCTHU, orrpe.neneHHe HX IIMIIYJibCOB B 

rrpe.nrroJI0)KeHHil Heo.n;Hopo.n;H0CTH MarHHTH0r0 II0JIH Il 3arr:rrc:rr 

pe3yJihTaTOB 3T0ro 3Tarra Ha JieHTY cyMMapHbIX pe3yJihTaTOB 

DST (Data Summary Tape); 

• 3Tarr 2 - OT6op co6hlTHH, co.n;ep)Karu:rrx Heii:TpanhHyro BHJIKY 

(V0
) - .n;Ba pa3H0HMeHHO 3apH)KeHHbIX TpeKa, HMeroru:rrx 06-

ruyro T0qKy rrepeceqeH:rrH; pe3yJihTaT0M 3TOro 3Tarra HBJIHIOTCH 

c<f>opMHpOBaHHhle miniDST, co.n;ep)KaIUHe co6oITHH, B KOTOphIX 

rrp:rrcyTCTBYIOT KaH.n;:rr,n;aThI B AO, _AO, K 0; 

• 3Tan 3 - OT6op C06hlTHH pa3JIHqHbIX KOH<p:rrrypa:a;HH, 3aB:rr~ 

CHIUilX OT THIIa HCCJie.n;yeMbIX COCTOHHHH, HanpHMep C06b1-

THH, co.n;ep)KaIUHx AO :rr HeCKOJihKO 3apH)KeHHhIX TpeKoB, po.n;:rrB

mHXCH B o6rueii: BepmHHe B MHmeHH; B pe3yJihTaTe q>OpM:rrpy

IOTCH q>aii:nhl B ROOT <f>opMaTe, co.n;ep)KaIUHe T .H. ".n;epeBhH"; 

• 3Tan 4 - q>H3JrqecKHH aHaJIH3 OT06paHHhIX Ha 3Tarre 3 C06hI

THH orrpe.n;eneHHOH KOHq>HrypauHH C ueJibIO II0HCKa CHrHaJIOB B 

4 

crreKTpax 3q>q>eKTHBHhIX Mace K0HeqHbIX COCCTOHHHH H II0Ciie

.n;yroruero H3MepeHHH II0JIHpH3aUHH. 

3TaIIbl o6pa60TKH 3 H 4 rrp0B0,IJ;HJIHCh C II0M0IUhIO crreUHaJihHO pa3-

pa6oTaHHOH 6H6JIHOTeKH C++ KJiaCC0B Ha 0CHOBe, Crrp0eKTHp0BaH

HhIX .n;nH pa6oThl c cHcTeMoii: ROOT. IlpHJIO)KeHHHMH 3THX 6:rr6nHo

TeK HBHJIIlCb rrporpaMMa OT6opa Il 3aIIHCH .n;aHHhIX Il3 q>OpMaTa 

miniDST B ROOT-coBMeCTHMbIII q>opMaT, rrporpaMMa <f>:rr3:rrqecKoro 

aHaJIH3a Il MHOroqJrcJieHHhie BCII0MoraTeJibHbie cpe.n;CTBa, rrpe.n;Ha-

3HaqeHHbie ,IJ;JIH HHTepaKTHBHOH pa60Thl CC++ IlHTeprrpeTaT0p0M 

CINT, HBJIHIOIUHMCH qacThIO c:rrcTeMhI ROOT. B:rr6JIHoTeKa Knac

coB 6oma pa3.n;eneHa Ha .n;Be rro.n;rpynrrhr: 

• KnaCChI, rrpe.n;Ha3Haqe:S:ore ,ll;JIH pa60Thl C THIIH~hlMH 3a.n;a

qaMH BeKTOpHOH anre6pb1 H HaqaJI aHaJIHTJrqecKOH reoMeTpHH. 

K TaKHM 3a.n;aqaM ·oTHeCeHbl II0HHTHe 3-x MepHoro BeKT0pa 

BMecTe C Ha:rr6onee qacT0 HCII0Jib3yeMbIMH orrepaUHHMil Ha.rt 

HHM, II0HHTHe rrpHMOH B rrpocTpaHCTBe, KOTOpM B .n;aHHOH 

6:rr6JIHOTeKe rrpe,ncTaBJieHa B BH.n;e T0qKH (pa.n;:rryc-BeKTOpa) 

Il HarrpaBJIHIOI:a;ero BeKT0pa, H IIOHHTHe rraphl rrpHMhIX. K 

3THM KrraccaM .n;o6aBneH TaK)Ke Knacc 4-x MepHoro BeKTopa, 

Heo6xo.n;HMhlll .n;nH q>H3:rr•-1ecKoro aHaJIH3a, a TaK)Ke .n;pyrHe 

~macchl, crrem1q>:rrqHhre .n;nH 3KcrrepHMeHTa 3KG4APM, HarrpH

Mep, KJiacc, OTpa)KaIOI:a;Illl II0HHTHe "HeHTpaJibHM BHJIKa". 

• Knaccb1, rrpe.n;HaJaHaqeHHbre .n;nH ROOT BBo.n;a/Bhrno.n;a. 3TH 

KJiaCCbl HBJIHIOT co6oii: rrepeB0,IJ; IIOHHTilII, 06blqHbIX ,ll;JIH q>Il3Il

qecKoro aHaJIH3a B paMKax 3Kcrrepm.reHTa 3KG4APM, c 06h1q

Horo H3bIKa Ha H3bIK KJiaCC0B C++. K TaKHM II0HHTHHM OT

HOCHTCH IIOHHTHH "rrapaMeTpbI TpeKa .n;o HJIH IIOCJie MarHHTa" ' 

"rroJIHblll TpeK" Il "pe3yJihTaT pa60Tbl qepeHKOBCKHX cqeTqJr

KOB". IloHHTHe "co6hITHe" ecTh Ha6op 3THX IIOHHTHH c .n;o6a

BJieHHeM K HHM 3JieMeHTapHbIX IIOHHTHH, TaKHX KaK "3HaK Mar

HHTH0ro IIOJIH", "HOMep paHa" H T0MY rro.n;o6Hble. Bee C00TBeT

CTByrom:rre c++ KJiaCCbl HBJIHIOTCH II0TOMKaMH KJiacca "TOb

ject", rrpe.nocTaBJIHeMoro 6H6JIHOTeKoii: ROOT, qTo II03BOJIHJI0 

peaJIH30BaTb HX BBo.n;/BbIBO,ll;. 
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P11c. 3: CneKTp 3Cj><j:leKTl1BHblX Mace c11CTeMbl ptr-; (b) - 0611acTb c11rna11a A0
; (a) 

11 (c) - 0611aCT11 <j:lOHOBblX co6b1Tl1H. 

IlHTaJI rnaaa nocaHIT(eHa MeTO.ZJ:IIKe H3Mepemrn nom1pn3a1urn: A 0 

a 3KcnepnMeHTe 3KG4APM, nonyqemno pe3JJihTaTOB n me cpaa

Hemno C pe3JJihTaTaMH .npyrnx 3KCIIepnMeHTOB, rrpoae.n;eHHblX B pp 
H pA B3aHMO,ZJ;e:B:CTBHHX. 

Co6b1THH OT6npaJIHch H3 ~ 119-106 ncxo.n;HhIX He:ihpoH-H)'KJIOH

HhlX B3anMo.n;encTBmi, 3aperncTpnpoaaHHhIX crieKTpoMeTpOM 3KC

lJAPM B COOTBeTCTBHH C JCJIOBHHMH ero 3KCII03HD;HH (cM. rn;3). 

IIoncK AO rHIIepoHOB ocy:rn:ecTBJIHJICH no nx pacna.ny 

Ao-prr-, (1) 

qTO COOTBeTCTByeT TOnononrn. TaJ( Ha3bIBaeMOH "HeHTpaJibHOH 

BHJIKH" (V0 ). Ilo.n v0 no.n;pa3yMeaaeTCH napa peKOHCTpynpoaaH

HhlX TpaeKTOpmi OT 0,ZJ;HOH nOJIO)KHTeJibHO H O,Zl;HOH OTpnn;aTeJibHO 

3apH:>KeHHOH qacTHD;hI, HMeIO:rn;mc 06:rn;yro aepmHHy (MHHHMaJibHOe 

paCCTOHHHe Me)K,ZJ;y TpaeKTOpHHMH 3TIDC qaCTHD; He rrpeBblmaeT 0.4 
CM), Z KOOp,nHHaTa KOTOpOH Ha 5 CM rrpeBblmaeT noJIO)Kemrn MH

meHH, HO He rrpeahlmaeT Z Koop.n:HHaTy nepaoft PC. ToqKa po)K,ZJ;e

HHH A0 (aepmHHa C06hlTHH), BOCCTaHOBJieHHaJI KaK TOqKa HaH6om,

mero c6JIH)KeHHH BCex 3aperHCTpHpOBaHHblX B co6hlTHH qacTnn;, 

,Zl;OJl)KHa 6hlJia HaxO.ZJ:HTbCH a rrpe.nenax MHmeHH. 

Ha Pnc.3 rrpe.n;cTaaneH cneKTp 3<l><t>eKTHBHhIX Mace a cncTeMe 

prr- ,Zl;JIH OT06paHHbIX v0• Co6blTHH OT6HpaJIHCh, KaK pacna.n;hl (1), 
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P11c. 4: Pacnpe.ne11eH11e R (4). noCTpoeHHOe scex ,11,11H oT06paHHb1x A0
• 

eCJIH 3cp<peKTHBHaJI Mace CHCTeMhl p7r- 6hma B npe.nenax 3am OT 

Ta6nnqHOH Macchi A0 (o6nacTb (b)), r.ne O"m ~ 1.5 M3B - 3Kcnepn

MeHTaJihHOe pa3pemeHne no 3TOMY napaMeTpy. CyMMapHoe qncno 

pana.n;oa AO a cnrHane paami:eTCH ~ 1.1x106
, a OTHomeHne cnr

Hana K q>OHY paBHO ~ 3.3. 3TH 3HaqeHHH 6bIJIH onpe.neneHbl npn 

nOMO:tn;H arrrrpOKCHMaD;HH cneKTpa q>JHKD;HeH raycca ,Zl;JIH CHrHaJia 

H nOCTOHHHblM 3HaqeHHeM ,Zl;JIH cpoHa. Ilpn nocne.nyro:rn;eM aHaJIH3e 

n3yqaeMhle pacrrpe.neneHHH CTpOHJIHCb OT,ZJ;eJihHO .ZJ:JIH co6hITHH II3 

o6naCTH CHrHana (b) H q>OHOBblX C06hITHH II3 o6nacTeH (a) II ( C) 

(cM. Pnc.3). Pa3HHn;a COOTBeTCTBJIOID;IDC pacnpe.neneHmi paccMa

TpHBaJiaCh, KaK pacnpe.n;eJieHHe ,ZJ;JIH CIITHaJia. 

CornacHo coxpaHeHIIIO P-qeTHOCTH a CHJihHhIX a3anMo.n;eir

CTBHHX, JII06aJI HeHyJieBaJI noJIHpH3aD;H51 .ZJ:OJI)KHa 6h1Tb nepneH.ZJ:IIKy

JIHpHa nJIOCKOCTH pO)K.ZJ:eHHH, orrpe.nen.HeMOH KaK Dprod = kn X kA, 
r.ne kn H kA - HanpaBJIHIO:tn;He aeKTOphl cooTBeTCTBeHHO HeirTpOH

Horo rryqKa n AO• BeKTop kn 6bm aoccTaHOBJieH KaK aeKTOp, JKa3hI

aaIO:tn;HH H3 n;eHTpa BHyTpeHHeH MHmeHH Ha peKOHCTpynpOBaHHJIO 

aepmHHY co6b1THH. IIonHpH3an;nH AO, o6o3Haqae~rur .nanee KaK '.P, 
orrpe.nenHeTCH H3 yrnoaoro pacnpe.n;eneHHH rrpoTOHOB OT pacna.na A 

0 

( 1) B CHCTeMe nOKOH AO: 

dN 
-d 

0 
= A(cos0)(l + a'.P · cos0), (2) 

cos 

r.n;e cos0 = Ilprod • kp, ( kp eCTb HarrpaBJIHIO:tn;mi BeKTOp npOTOHa 

7 



pacrra.na), a = 0.642 - rrapaMeTp acHMMeTpn:n: pacrra.na A0 , n: 

A( cos 0) - arrrrapaTHaJI <pyHKU:USI, KOTOprur 3aBHCHT OT cos 0 H OT 

Ha6opa pH.IJ:a ,npyrn:x KHHeMaTH'lleCKUX rrepeMeHHhlX. 

llmr H3MepeHH51 rr01rnpn:3an:n:n: n:crronh3OBanach TaK Ha3hlBaeMrur 

MeTo.n;n:Ka coKparn;eHn:51 arrrrapaTHOii <pyHKn:n:n:. 11crronh3yeMhm Me

To,n OCHOBaH Ha CHMMeTpn:n: ycTaHOBKH OTHOCHTenbHO ropH3OHTanh

HOH rrnocKOCTH zox ( MarHHTHOe none HarrpaBneHO BepTn:KanhHO). 

llBa pacrrpe,neneHn:51 3apern:cTpn:poBaHHhIX co6hlTHii no cos 0 6hmn: 

IIOCTpOeHhI pa3,nenhHO ,nn51 Ka:lK,noro H3 a3HMyTanbHhIX ceKTOpOB 

po:lK,neHH51 A0: BBepx ("Up") n: BHH3 ("Down") OTHOCn:TenhHO rrnoc

KOCTH zox. 3TH pacrrpe,neneHH51 CB513aHbI C '.P cne.nyrorn;n:M o6pa30M: 

dNu 
U(cos0) = -d 

0 
= Au(cos0)(l + a'.P • cos0) 

. cos . 

dNn 
D(c_os0) =-d 

0 
=An(cos0)(l+a'.P-cos0), 

. cos 

r.ne Nun: Nn - qn:cno A0, po,nn:Brnuxc51 cooTBeTCTBeHHo B ceKTopax 

"Up" n: "Down",· Ilpn: rrocTpoeHn:n: pacrrpe,neneHn:51 ,nn51 U(cos0) n: 

D( cos 0) 6hma rrpoBe,neHa OIIHCaHHaJI BhIIIIe rrpon:e,nypa BhI'llll:TaHH51 

q>OHa. Ecnn: BepXH5151 H HH:lKH5151 qaCTH ycTaHOBKH CHMMeTpH'l!HbI 

OTHOCHTenbHO rrnoCKOCTH zox, TO: 

Au(cos0) = An(-cos0) 

,nn51 -1 < cos 0 < l 
H TOr,na OTHOIIIeHHe 

R( 0) 
= JU(cos 0) • D(cos0) - JU(- cos0) • D(- cos 0) 

cos - ----;=======---;:.==========, 
yU( cos 0) · D( cos 0) + yU(- cos 0) · D(- cos 0) 

(3) 

(4) 

orrpe,neneHHOe B HHTepBane O < cos0 < 1 (n:3-3a He'l!eTHOCTH q>YHK

n:HH R OTHOCHTenhHO cos 0), He co,nep:lKHT arrrrapaTHoii <pyHKn:n:n: n: 

CB513aHO C '.J> COOTHOIIIeHn:eM 

R(cos 0) = a'.P • cos 0. (5) 

Pacrrpe,neneHn:51 R no cos 0 6hlnn: rronyqeHhI KaK ,nn51 Bcex 3ape

rn:cTpn:poBaHHhIX AO (Pn:c.4), TaK n: ,nn51 7 HHTepBanoB rrorrepeq

Horo HMrrynhca Pt B pa3HhIX o6naCT5IX XF- IlocKonhKY n:Mrrynhc 
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XF 

0.8 

0.6 

0.,4 

0.2 

-0 

,.;,i!l/'" 

-0.2 

-0.,4L...L.~~~~~~~~L...L.~~~~L...L.~~~L..L.L--' 
o w ~ ~ ~ ~ ~ ro 

Jl, r3B/c 
Pn:c. 5: Pacnpe,o,e11eH11e 3aper11cTp11posaHHbIx A0 no XF 11 PL ,1uu1 Mo,11.e1111posaHHbIx 
co6blTl1H. CTpe11Kl1 o6o3Ha4alOT Tp11 Bb16paHHble l1HTepsa11a no PL, COOTBeTCTBYI0-

1.1.111e TpeM 11HTepsa11aM no XF-

Ta6nn:ua 1: nom1p113au11si A-0 s 3as11c11MocT11 OT Pt ,11.11si Tpex Ha6opos ,11.aHHbIx c 

pa3HblMl1 XF-

<Pt>, r::>B/c < XF > < XF > < XF > 
0 16+0.og 

· -0.12 
0 35+0.08 

· -0.13 
0 56+0.12 

· -0.17 

'.P, % '.P, % '.P, % 
0.20 -1.2 ± 0.9 -1.8 ± 1.2 +1.2 ± 2.7 

0.32 -3.4 ± 0.8 -2.9± 1.0 -2.1 ± 2.1 

0.48 -1.0± 1.0 -6.4± 1.0 -6.2 ± 2.1 

0.61 -2.0 ± 1.4 -7.5 ± 1.1 -7.8 ± 2.3 

0.77 -1.6 ± 2.0 -8.7 ± 1.5 -12.8 ± 2.8 

0.91 -0.4± 2.9 -12.4 ± 2.1 -20.4 ± 3.6 

1.17 -1.4 ± 3.6 -8.9 ± 2.2 -23.5 ± 3.8 

Bce Pt 
0.50 -1.9 ± 0.5 -5.7±0.5 -7.9± 1.0 

HeiiTpOHa rryqKa HeH3BeCTeH B Ka:lK,ZJ;OM KOHKpeTHOM co6hITHH, ,nn51 

orrpe,neneHn:51 o6nacTH 3Ha'lleHHii XF n:crronh3OBanacb Koppen5ID;H51 

Me:lK,ny XF n: PL - rrpo,nonhHhlM n:MrrynhCOM A0, Bhl,neneHHoro B co-

6hITHH. TaKaJI KOppen51n:H51 6hlna rronyqeHa rryTeM MO,nenn:poBaHH51 

(Pn:c.5). Tpn: Bhr6paHHhIX HHTepBana no PL (cTpenKn: Ha Pn:c.5) 

rro3Bonn:nn: BhI6paTh Tpn: rrepeKphrnaromuxc51 XF-HHTepBana. Jln51 
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+ • • , • Ii+ 11 
e TM• u:perlment,. n C -> LO X, 57 G•V 
◊ Ab•H, p B• ->LOX, 12 G•V 
O Lundbug-,H, p Ba -> LO X. 400 GeV 
!r Ramberg-M. p Be -> LOX, 100 G•V 
6 Heller-71, p Be-> LOX,400 GeV 
* Bonner..aa, p Be--> LOX, 11.5 GeV 

_Bqni:t•r:~. p l;J•-> tp ~ '3._l ~•V 

+ + 

I lj 

+? +t +· t "Q f O t 

\ d; t 

f f 
?f 

f? f 
i f r tu 

0.111 C Xf" 0.211 

0.304 C XFC 0.-404 

t 

0.508 < xF< 0.608 

t f { 
0.2 0.4 0.1 0.1 1 1.2 1.4 1.8 1.1 2 

If ,r3B/C 

Pnc. 6: nom1p1t331.111ff 11HK11I0311BHO pO>KJJ,CHHblX A0 
B 33B11Cl1MOCTl1 OT Pt np11 3Ha-

4CHIIIHX XF, orpaH114CHHblX B npeJJ,C113X Tpex l1HTepsa11OB, KaK noKa3aHO Ha p11cyHKe. 

np11BeJJ,CHbl pe3y1lbT3Tbl Jl,3HHOro 3KCnep111MCHTa, a TaK>Ke JJ.pyrnx Ha1116011ee TO4HblX 

3KCnep11MeHTOB. 

II3Mepemrn rrom1p1I3a,nmr P pacrrpe.n:eneHII.SI R ( cos 0) arrrrpoKC1IM1I

poaan1Icb B COOTBeTCTBIIlI C Bbipa)KeHIIeM (5). IloIT.Sip1I3aD;II.SI, II3-

MepeHHa.SI B pa3HbIX IIHTepaanax Pt II B BbI6paHHbIX o6naCT.SIX Xp, 

rrpe.n;cTaBneHa B Ta6nnn;e 1 II Ha P1Ic.6 II 7. P1Ic.6 rroKa3hIBaeT 

rronytieHHhle 3HatJeHII.SI p KaK <p)'HKD;IIIO OT Pt pa3,n:enbHO JJ:IT.SI Ka

)KJJ:Oro II3 Tpex Xp--IIHTepaanoa. B Ta6ITIIn;e II Ha p1IC)'HKax rrp1I-. 

Be.n;eHbI TOITbKO CTaTIICTIItieCKIIe om1I6K1I. On;eHKa CIICTeMaTII'Ie

CKIIX om1I60K p' OCHOBHOH BKna,n: B KOTOpbie o6ycnoaneH aCIIM

MeTplieii: ycTaHOBKII (±0.008), II TO'IHOCTbIO orrpe.n:eneHII.SI Harrpa

BITeHII.SI Heii:TpOHOB rrytJKa (±0.002), IIOKa3bIBaeT, 'ITO OHII cyxn:e

CTBeHHo MeHbme CTaTIICTII'IeCKOH OID1I6K1I, II HMII M0)KHO npeHe-

10 

l 

) 

0.37 < p < 0.62 
T 

t-+,, 
+4 
~ t 

--0.1 

--0.15 
• Thia experiment 57 GeV 
<> Abe-86 12GeV 
o Lundberg-89 400 GeV 
" Heller-78 400 GeV 

--0.2 * Bonner-88 18.5 GeV 
o Bonner-SB 13.3 GeV 

--0.25 
0 0.2 0.4 0.6 0.8 X£ 1 

Pnc. 7: f.i13MepeHHaH no11Hp1113a1.111H A0 
s 3as11c11MOCT111 OT XF- .llaHHble JJ.pyrnx 3KC

nep111MeHTOB orpaHl14CHbl TaK, 4T06bl 3H34CHl1H Pt 6b1Jllll 611113Kl1 K Ha61110JJ,aeMOMY 

11HTepsa11y Pt s 3KCnep11MeHTe 3KC4APM. 

6petib. IlaHHbie .n:pyrn:x Ha1I6onee TOtJHbIX 3Kcrrep1IMeHTOB, npoae

.n:eHHbIX a IlpOTOHHbIX rrytJKax, TaK)Ke rrplIBe,n:eHbI Ha P1Ic.6 II 7. 
OTtieTITIIBO BII.D:HO, 'ITO pe3yITbTaTbI )laHHOH pa60TbI HaxO)l.SITC.SI B 

xopomeM cornacmr C OCTaITbHbIMII .n:aHHbIMII, rronytJeHHbIMII B rrpo

TOHHbIX IIYtIKax npH Pt .2: 0.6 raB. O,n:HaKo, nplI MaITbIX 3Ha'IeHII.SIX 

Pt pe3ynhTaTbI .n:aHHoii: pa6oTbI .SIBIT.SIIOTC.SI e.D:IIHCTBeHHbIMII. TaKIIM 

o6pa30M, cymecTBeHHO pacmIIpeH .D:IIaITa30H Pt, IIplI KOTOpOM II3-

MepeHa IlOIT.Slp1I3aD;II.SI P. 3To II03B0ITIIITO c.n:enaTb BbIBO.D: 0 ee paB

HOMepHOM II MOHOTOHHOM B03pacTaHIIII no a6comoTHOH BeITIItIIIHe 

ao nceM IIHTepaane Pt OT 0.2 .n:o ~ 1.0 raB/c. l1p1IBe.n:eHHhie pe-

3YITbTaTbI rronytJeHhI .n:n.SI AO, KOTOphxe o6pa3yIOTC.SI KaK Herrocpe.n:

CTBeHHo B HYKITOH-.SI.z:tepHbIX B3a1IMO,n:eii:CTBII.SIX, TaK II B pe3yIThTaTe 

pacrra.n:oB 6onee T.Sl)KeITbIX rlIIlepoH0B. Ilp1IMeCb rrocne,n:HIIX BHOCIIT 

orrpe.n:eneHHbIH <paKTOp .n:erron.Sipmanmr, KOTOpbIB a .n:aHHOH pa6oTe 

He 6hln ytJTeH. 

illecTa.SI rnaaa rroc~.SIID;eHa rrpon;e.n;ype II3MepeHR.SI .rroIT.Sip1I3aD;IIH 

A0 B 3Kcrrep1IMeHTe NA48. 

BnoK-cxeMa ycTaH0BKII NA48 rrpe.n;cTaaneHa Ha P1Ic.8.. Heii:

TpanbHbIB rrytJoK, co.n:ep)Kamo Ha6ITIO,n:aeMhle AO o6pa30BhIBanc.SI 

Ha 6ep1InIT1IeBoii: MIImeHII T ( 2 MM a .D:IIaMeTpe II 400 MM JJ:ITIIHOH) 

Ilp0TOHaMII rro.n: yrnoM 4.2 Mpa,n: a BepTIIKaITbHOH IlIT0CK0CTII. Ily-
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I 
/4.2 mrad 

Tf' ,a --

OCH 1 

k:: 
OCH 2 OCH s OCH 4 HAC MV 

' /p 
450GeV/ 

" 
K 

H 

Puc. 8: 6110K-cxeMa ycraHOBKl1 NA48. 

11OK q>OpMHpoaanc.si: KOJIJIHMaTopoM K ,nnHHOH l.5 M, 1rMerorn:1rM KO

eycoo6pa3Hoe OTBepCTHe, Ha11aJIO KOTOporo OTCTOHT OT MHmeHH Ha 

4.5 M B.l{OJib ny11Ka, a KOHen; - Ha 6.0 M. KoJIJIHMaTop BhlIIOJIHeH H3 

HaMarH1rqeHHOro )KeJie3a C BOJib<ppaMOBhIMH BCTaBKaMH. Ben1rq1rHa 

MarmITHOro non.si: B npoMe)KyTKe Me)K_ny T H BhIXo,noM H3 K cocTa

BJI.si:eT 7.5 Tn•M. Ha BhIXo,ne H3 KOJIJIHMaTopa pacnoJIO)KeH cqeTqHK 

A, pa60Tarorn:1rn B pe)KHMe aHTHcoana,nemin. 

AHaJIR3 OCHOBaH Ha ,naHHhIX, nonyqeHHhIX B 40-qacoBOM ceaHce 

Ha SPS UEPH B 1995 ro,ny. IlpoTOHHhm nyqoK c HMnJJibCOM 450 
I'3B/c H HHTeHCHBHOCThIO oKono 107 ppp na.nan Ha MHIIIeHh B Te-

11eH1re 2.4 ceK. (apeM.si: cn1rnna) Ka)K_nhre 14.4 ceK . 

IlpH aHaJIH3e non.si:p1r3an;RR HCnOJib3OBaJIHCb cne.nyrorn:1re :=me

MeHTbI .neTeKTOpa: 

• MarHHTHhIH cneKTpoMeTp c .nayM.si: .npenq>OBhIMH KaMepaMH 

.no H o,nHon nocne ( DC Hl - DC H 4) aHaJIR3Hpyrorn:ero Mar

HHTa M' KOTOpblli MeH.sieT nonepeqHhili HMnyJihC qaCTHD; Ha 

267 M3B / c; Ka)K_na.si: .npen¢oaa.si: KaMepa cocTOIIT II3 qeThipex 

.l{BOHHhlX nJIOCKOCTeli co C.l{BIIHJThIMil npOBOJIKaMII .nn.si: pa3pe

meHH.sI neao-rrpaBhIX Heonpe.neneHHOCTen; opIIeHTan;1r.si: npoao

noK B 'tJeTbipex rrpoeKD;Il.sIX - ropII3OHTaJibHM, BepTIIKaJibHM H 

no.n yrnoM ±45° no OTHOmeHHIO K ropH30HTaJibHOli nJIOCKOCTH; 

KOop,nIIHaTHOe pa3pemeHIIe 0.l{HOH .npeH<pOBOli KaMepbI COCTa-
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l.f 

l 25000 ,., 
:::; 
ci 20000 --z 

15000 

10000 

5000 

0 6=x I :r:::;::', , I , ,::::-.:-: I , j 
1110 1115 1120 1125 

m(p11"-), MJB/c2 

Puc. 9: Pacnpe,o,eneH11e no 3q:>q>eKT11BHOH Macce Cl1CTeMbl p7r- .AJlR KaH,D.11,D.aTOB B 

A0, oT06paHHb1x e 3Kcnep11MeHTe NA48. · 

an.si:eT 110 µM, a ~pe,nHee pa3pemeHIIe cneKTpoMeTpa H3 Tpex 

KaMep COCTaBJI.sieT b,,.p/p = 0.6%, qTO npHBO.l{IlT K pa3peme

IDIIO no aoccTaHOBJieHon Macce AO no pacna.naM AO .-t prr-, 
paBHOMY 1.16 M3B/c2 

• A.npoHHhIH Kanop1rMeTp H AC, CKOHCTpJIIpoBaHHhIH H3 )Ke

ne3HhIX nnaCTIIH, npocnoeHHhIX CD;IIHTilJIJI.sID;IIOHHbIMH nJIOCKO

CT.sIMH, npe,nHa3HaqeHHhlli II3Mep.sITb a,npOHHhie JIRBHHj cqJrThI

BaHHe CHrHaJIOB ocyrn:eCTBJISIJIOCb B ropH3OHTaJihHOH H •BepTII

KaJibHOli npoeKD;HSIXj 6hICTpocqIIThIBaeMM nOJIHM 3HeprH.si: Ka

nopHMeTpa HCnOJib3JeTCSI B CHCTeMe 3anycKa ycTaHOBKHj 

• Cn;IIHTHJIJISID;IIOHHhIH ro.nocKon H, pacnoJIO)KeHHhm nepe.n Ka

nopHMeTpoM, .nn.si: perIICTpaD;Hil 3apSI)KeHHbIX qaCTilD; H Bbipa-

60TKH CHrHana .nn.si: Tpnrrepa nepaoro ypoBHSI. 

• MrooHHhIH cqeTqn:K MV, cocTOSIIUHH II3 Tpex nnocKocTen_ nna

CTRKOBhix CD;IIHTRJIJISITOpOB, nepe.n Ka)K,l{blM Il3 KOTOpbIX Haxo

.l{RTCSI )KeJie3HM nnacTirna TOJIIUIIHOH 80 CM 

liaHHhie .nn.si: H3Mepemrn: nonsi:pn:3aD;IIn 6hIJIR 3arrn:caH_h1 npH ycno

BHR perncTpan;RR .nayx 3apSI)KeHHhIX qacTn:n;. PerIICTpIIpOBaJIRCb 

C06bITRSI, y KOTOpbIX 6hIJIO no MeHhmen Mepe ,nBa cpa6aThIBamI.si: 

B .l{BJX ,nnarOHaJibHO npOTilBOnOJIO)l(HhIX KBa,npaHTax H, nOJIHM 

BhI,neneHHa.si: :meprnsi: B H AC 6hlna 6onhme, qeM 32 I'3B, a B c11eT

q:rrKax A n MV He 6hmo cnrHanoa. Bcero 6hIJIO peKOHCTPJIIPOBaHo 
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4.1 X 105 C06bITlUi, COOTB€TCTBYIOmHX Tpe6yeMOH TOIIonormI. 

Cpe.nn: peKOHCTpyn:poaaHHhIX co6hITri n:cKamrch A, A n: Ks rro 

HX pacrra.n:aM, cooTBeTCTBeHHO, A - p1r-, A - p1r+ n: Ks - 1r+ 1r-. 

C 3Toii n;enhro oT6n:pann:ch co6hrTn:.si:, co,uep:i1mmn:e .nae TpaeKT9pn:n: 

( O.UHY IIOITO:lKllTenhHJIO II O,UllH OTpn:n;aTenhHYIO) C BOCCTaHOBneHOH 

aeprrmHoii, KOTopa.si: pacrrono:iKeHa B n:HTepaane pacrra,uHoro o6'heMa 

.nnHHoii 35 M, Ha~nrnaromeroc.si: Herrocpe,ucTBeHHO 3a A. I1Mrrynhc Ka

:lK.llOH Il3 TpaeKTOpri rrpeBhIIIIan 10 raB / c, a IIOITHhIH IlMrrynhC ,uayx 

TpaeKTopn:ii 6hm a .un:arra3oHe Me:iK,uy 50 raB/c n: 200 raB/c. Yron 

Me:iK,ny OCblO HeHTpanhHOro rryqKa Il IIOITHhIM llMIIYIThCOM .UBYX Tpa

eKTOpri Tpe6oaanc.si: MeHhillilM, qeM 0.6 Mpa.n, qT06bI IlCKnJOqilTh 

C06bITil.sI, o6pa30BbIBaHHhie B3ailMO,UeHCTBil.sIMll Ha Konnn:MaTOpe. 

Iln.si: OT6opa co6hlTHH, cornacyromn:xc.si: c pacrra,naMH A, A n:nn: 

Ks, HHBapn:aHTM Macca .nayx TpaeKTopn:ii peKOHCTpyn:poaanach 

rrpn: rmIOTe3e pacrra.na B p1r'-- (cM. Pn:c.9), p1r+ n:nn: 1r+1r- , cooTBeT

CTBeHHo. Co6hITil.sI cqn:Tamich pacrra,uaMn: A(A) - p1r-(p1r+) ecnn: 

HHBapn:aHTM Macca 6hlna B rrpe.nenax 3.5 MaB/c2 OT Ta6nn:qHo:ii 

Macchr A(A). Co6hlTn:.si: cqn:Tann:ch Ks - 1r+1r-, ecnn HHBapn:aH

™ Macca 6hma B rrpe.nenax 10 MaB/c2 OT Ta6nn:~o:ii MaCChI Ks. 
Pacrra,n:hr A - p1r+, y,uoaneTaop.si:romn:e TaK:iKe rn:rroTe3e Ks,.oT6pa

KOBhlBanIIch .nn.si: yMeHhmeHH.si: cpoHa OT pacrra.n:oa Ks a co6b1Tn:.si:x

KaH.UII.llaTax B A. Co6hrTII.si:, y,uoaneTaop.si:romn:e Kpn:Tepnro A, He 

paccMaTpnaann:ch rrpn: aHann:3e Ks. 
l.J:ncno pacrra.uoa A - p1r+, ocTaarrmxc.si: rrocne yKa3aHHhIX Kpn:

Tepnea OT6opa, COCTaBIIno 88039. TaK:iKe 6hlnil OT06paHhl 8810 

co6hlTri pacrra.n:oa A - p1r+ n: 219309 co6hrTri pacrra,uoa Ks -
7r+7r-, KOTOphie IICIIOITh30BanIICb .UM orrpe.neneHH.sI reoMeTpIIII .ue

TeKTOpa II on;eHKII CilCTeMaTn:qecKHX omn:6oK. 

Iln.si: Ka:iK,uoro co6hlTHH cn:cTeMa Koop,nn:Ha T orrpe.neneHa TaKHM 

o6pa30M, qTO ropH30HTanhHM OCh fix .sIBn.sieTC.sI TaI<::lKe HOpManhIO 

Ao ~ --+ -;1--+ ~I --+ ~ K rrnoCKOCTll po:iK,neHH.si:_ .• , nx = Pin X PA Pin X PA , r.ne Pin II PA, 
COOTBeTCTBeHHO, IIMIIYIThChI IIpOTOHa rryqKa II o6pa30BhlBaBme:iic.si: 

AO, OCh fiy BbI6paHa TaK, qT06hI CllCTeMa KOOp,UHHaT 6hlna rrpaBOH: 

fiy = fiz X fix, AO non.si:pn:3an;HH p ('.P x, '.Py, '.P z) orrpe.nenHeTC.sI yrno-
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22500 
20000 
17500 
15000 
12500 

1000 
7500 
5000 
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~ 1.2 
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Pnc. 10: Pacnpe,n,eJ1eH1111 N(cos0;) (T04K11), A(cos0;) (r11CTorpauua) 11 W(cos0;) 
,11,JlR i = x, Y, z. 

BhIM pacrrpe.neneHHeM IIpOTOHa pacrra.na B CilCTeMe IIOKO.sI AO, 

N(cos0i) = A(cos0i) · (l + a'.Picos0i) = 

A(cos0i) · W(cos0i), 

i = x,y,z, 

(6) 

r.ne cos0i = iii· k (k - Hanpaan.sIIOmri BeKTOp rrpoToHa pacrra.ua), 

A(cos0i) - anrrapaTHa.si: cpJHKn;n:.si:, KOTopa.si: 6hma orrpe.neneHa rryTeM 

Mo,nenIIpOBaHII.si: MeTo,noM MoHTe-Kapno. 

Pacnpe,ueneHH.si: N(cos0i) BMecTe c pacnpe.neneHH.sIMII A(cos0i) 
(rIICTorpaMMa) .nn.si: i = x, y, z nOKa3aHhI Ha Pn:c.10. Pacnpe.nene

HHe W(cos0i), nonyqeHHhie nocne Bhlqn:cneHH.si: n: yqeTa anrrapaTHOH 

qJJHKilIIll, TaK:lKe npIIBe,neHbI Ha PIIc.10. 3TH pacrrpe.neneHII.sI 6hinII 

anrrpOKCllMIIpOBaHhl np.sIMOH mmn:e:ii, qTo npn:aeno K 3HaqeHIIIO no

n.si:pII3an;n:II 

'.Px = -0.109 ± 0.012, (7) 

ycpe,uHeHHOH ITO BCeM IIHTepaanaM Pt ll Xp. I'13M_epeHII.sI non.si:pII-

3an;n:II B HarrpaaneHH.si:x y II z, KaK II O:lKII.llanocb cornacHo 3aKoHy 

coxpaHeHII.sI qeTHOCTII rrpII o6pa30BaHIIII AO, COBMeCTllMhl C eyneM: 

'.Py= 0.006±0.012 n: '.Pz = 0.007±0.011. Iln.si: Toro, qTo6M IIMeTh He-

3aBHCIIMYJO on;eHKy CllCTeMaTn:qeCKOH OIIIII6KII non.si:pII3an;n::n:, 6blnII 

rrpoaHanII3IIpOBaHhl pacrrpe.neneHII.si: cos0x II cos0y .nn.si: Ks II nony

qeHbI 3Haqemrn rron.si:pII3an;IIII, KOTOphle COCTaBIIITII 0.010 ± 0.009 n: 
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Ta6mn:ia 2: Cpe.n.H11e 3Ha4eH11fl Pt, xp 11 '.Px 11JMepeHHb1e B cooTBeTCTByt01.1.111x Pt 
11HTepBaJlaX. 

Pt HHTepaan 

[r3B/c] 

0.2 - 0.3 

0.3 - 0.4 

0.4 - 0.5 

0.5 - 0.6 

0.6 - 0.7 

0.7 - 1.0 

Pt 
[r3B/c] 

0.28 ± 0.02 

0.36 ± 0.03 

0.45±0.03 

0.54 ± 0.03 

0.64 ± 0.03 

0.86 ± 0.05 

Xp Px 

0.13 ± 0.01 -0.053 ± O.O34~1g~~ 

0.16 ± 0.01 -0.066 ± o.orn:g:037 

0.21 ± 0.01 -0.114 ± 0.011:8:0~~ 

0.25 ± 0.01 -O.155 ± O.O25:g:gj~ 

0.30 ± 0.01 -0.208 ± O.O35:g:gjg 

0.37 ± 0.02 -0.298 ± O.O14:g:o~~ 

0.003 ± 0.009, COOTBeTCTBeHHO. Cpe.n;Hee 3Ha'lJeHiie omII6KH II3Me

peHII5I Pz II Py .urur A pacna,noa, paaHoe ± 0.011, 6hmo B35ITO B 

Ka'lleCTBe MephI CIICTeMaTII'lJecKoii onrn6KII a P x (7). :'.:ha omII6Ka 

corJiacyeTC5I co 3Ha'lJeHII5IMII, nonyqeHHhIMII mm P x u Py a crryqae 

Ks, r.ue <pII3II'lJeCKM norr5IpH3aIµrn .uomrrna 6hITh HyrreM B curry Toro, 

'lJTO KaOH He HMeeT ClllIHa. 

IIorr5IpII3aUHH 6hma II3MepeHa B pa3JIII'lJHhIX IIHTepaarrax none

peqHoro HMnyrrhca Pt· Pe3yJihTaThI cae.n;eHhI B Ta6rrIID;y 2. IIorry

'lJeHHhle pe3yJihTaThl npIIBe,UeHhl C yqeTOM CTaTHCTH'lJeCKIIX lI ClI

CTeMaTH'lJeCKlIX onrn6oK. CIICTeMaTII'lJeCKM omII6Ka nOJI5IpH3aUIIH, 

npe.n;cTaarreHM a Ta6JIIIue 2, onpe.n;erreHa KaK KBa.n;paTH'lJHM cyMMa 

nonyqeHHhIX OTJIKOHemrn: OT ueHTpaJihHOro 3Ha'lJeHII5I p npII aaphH

poaaHIIlI ycJIOBIIll BhI.n;eJieHH5I AO• 06ID;IIe onrn6KII OTpa)KeHhI TaK:>Ke 

II Ha Pnc.11. 

He 6hmo o6Hapy)KeHo norr5IpII3aUIIII B OTo6paHHhIX A co6hITII5IX: 

Px = -0.014 ± 0.037. 

lb-3a cpIIKCIIpoaaHHoro yrrra po:>K.n;eHII5I AO
, IIMeeT MeCTO B3a

HMHO b.UHO3:S:a'lJHoe cooTBeTCTBHe Me)K.uy XF II Pt· Ilo3TOMY noae

.ueHue nOJI5IpII3aunn, npe.n;cTaBJieHHOll Ha Pnc.11 OTpa)KaeT o6e 3a:. 

BlICIIMOCTII - KaK Pt, TaK II Xp. HeKOTOphie .upyrIIe 3KCIIepIIMeHThI, 

BhlllOJIHeHHhie C <pIIKCIIpIIBaHHOli MIIIDeHhIO, npe,UCTaBJieHhI Ha TOM 

:>Ke pIICJHKe. 0HH 6hIJIII norryqeHhl npII pa3JIII'lJHhIX 3HeprII5IX IIY'lJKa 

n yrJiax pO)K,UeHIIH AO :n:, crre.uoaaTeJihHO, npe.n;cTaBJI5IIOT pa3Hhie 

IIlITepaaJihl Xp npII TOM )Ke Pt lIHTepaarre . .IlaHHhie 3KCnepnMeHTa 
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PHC. 11: noJ1Rp113al..ll1fl A° KaK Q>YHKl..l11fl Pt-

NA48 JKa3hIBaIOT Ha 6orree pe3KYJO 3aa:n:cnMOCTh norrHpH3au:n:u OT 

Pt, 'lJeM B .upyrIIX 3Kcnep:n:MeHTax. l..JacTH'lJHO 3TO MO)KeT 6hITh o6y

crroarreHo MeHhillllMll np:n:MeC5IMII AO, o6pa30BaHHhIX OT pacna.noa 

6orree TH)KeJihlX r:n:nepoHOB. 

B 3aKJIIO'lJeHHII ccpopMyJIIIpoaaHhI OCHOBHhie pe3yJihTaThI ll BhI

BO,UhI .unccepTaunn 

1. C Ha:n:6orrhmeii TO'lJHOCThIO II3MepeHa norr51pn3aUH5I AO, HHKJII0-

3HBHO pO)K,UeHHhIX B HeiiTpOH-HJKJIOHHbIX B3alIMO,Ueii:cTBH5IX. 

M3MepeHH5I rrpoae.n;eHhI B KHHeMaTn•-i:ecKof1 o6rracTn O.l;S 

Xp ;SO.6 n O.2~ Pt ~1.2. 

2. IIorryqeHHhle pe3yJihTaThI no lI3MepeHHIO norurpn3aunn nO3BO

JIIIJIH pacm:n:pHTh o6rraCTh Pt, B KOTOpoii: CyID;eCTBOBaJIH 3KCne

pnMeHTaJihHhie ,UaHHhie no nOJI5IplI3au;IIII AO' o6pa30BhIBaHHhIX 

B HJKJIOH-HJKJIOHHhIX lI HJKITOH-5!,UepHhIX B3aIIMO,UellCTBII5IX 

3. IlOKa3aHO, 'lJTO a6COJIIOTHOe 3Ha'lJeHne IIOJI5IpII3aunn MOHOTOHHO 

BO3pacTaeT C pOCTOM Pt B Ka)K,U0li lI3 o6rracTeii Xp, a TaK:>Ke B 

3aBllCIIMOCTlI OT X F. 

4. IloKa3aHO, 'lJTO rrorr51pn3au1rn AO, o6pa30BhIBaHHhlX HeiiTpo

HaMn, xopomo corrracyeTC5I c .n;aHHhIMII, rronyqeHHhlMll B pp 
:n: pA B3anMo.n;e:rrcTBIIHX. 
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5. IIony-.:reHo, "CJTO a6conIOTHM aemr'IBHa rrom1p1naiui:n: AO
, o6pa-

30BbIBaHHhlX B pN B3an:Mo.n;encTami:x rrpn: yrne 4.2 Mpa.u n: 
:meprn:n: rrpoTOHOB rry-.:rKa 450 f3B 6onhme, -.:reM B .upyrn:x 3KC
rrepn:MeHTax, rrpoae.n;eHHhIX B pp n: pN B3an:Mo.n;eii:cTBn:IDC ... 

6. Pa3pa6oTaH n: peann:3oBaH Ha rrpaKTRKe MeTO.U orrpe.ueneHmI 
rrono)KeHmI BeyTpeHHeii: Mn:meHR B 3KCrrepn:MeHTe 3KCYAPM. 
MeTO.U ocHoBaH Ha n:ccne.uoaaHn:n: pa3nn:-.:in:ii: B rromi:pn:3aI(n:n: A 0 

li acn:MMeTplili K 0 , JI3MepeHHhIX rrpn: pa3nli"CJHblX 3HaKaX Mar
HliTHOro rromr crreKTpoMeTpn:-.:iecKoro MarHRTa. 

7. Pa3pa6oTaHo rrporpaMMHoe o6ecrre-.:reHn:e, rro3BOn.Sirorn:ee rrpo
ao,un:Th ¢:a:3:a:-.:recKn:n aHann:3 .n;aHHhlX 3Kcrrepn:MeHTa 3KC
YAPM Ha ocHoae cn:cTeMhI ROOT c Jicrronh30BaHn:eM H3hIKOB 
c++ JI Perl, a TaK)Ke 6JI6JIJIOTeK CYBil Sybase. 

OcHOBhle pe3yJihTaThI .n;JiccepTaI(JIJI orry6rrJIKoaaHbI B pa6oTax 
[1-4], BKJia,Zl; aBTOpa B KOTOpbie B IIJiaHe BblIIOJIHeHJIH 3a.n;a-.:i JI IIO
rry-.:iemrn q>JI3JI-.:reCKJIX pe3yJihTaTOB, JI3JIO)KeHHbIX B .UJICCepTaI(Jill, 
HBJIHeTCH orrpe,ueJIHIOII(liM. 
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