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Hoy-qeune nponeccon po.mµ,enmi: aµ,pouon n nyKrron-.Hµ,epm,ix nrrII .Hµ,po

.Hµ,epnhIX CTOJIKHonemrn:x rrpu 0nepnrnx narreTa10rn.ux 'IaC'rnn nmKe no

pora po.mµ,emrn n cno6oµ,HOM HYKJIOH-HYKJIOHHOM coyµ,apemm .HBmleTCJI 

HHTepecnoii oaµ,a-qeii: conpeMeHHoii .Hµ,epHoii qmmIKII. Tau1e peaKI(RII 

BOOMO.mHhl rrpn ycrroBirn, ecrrn HYKlIOHhl .Hµ,pa y'IaCTBYIOT B rrponecce 

KOJIJieKTHBHO. B -qacTHOCTH, OHII MoryT IIMeTh MeCTO B CTOJIKHOBemrnx 

uarreTa10rn.ero uyKrroua c nyKrrouoM MIIIIIeun, npno6peTIIIIIM 6oJihIIIoii 

¢epMH7HI•mym,c oa C'IeT 'IaCTII HYKJIOHOB .Hµ,pa, Illl60 Korµ,a B rrpoI(eCC 

noam,mµ,eiicTBII.ll BOBJie'l~H KrracTep HYKJIOHOB .11µ,pa-MIIllleIUI. TaKIIM 06-

paooM, IIccneµ,onauue rroµ,rroporonoro po.mµ,euu.11 a):WOHOB MOJKeT µ,aTh 

umpopMaI(IIIO KaK O KOJIJieKTIIBHhlX .llp;epHI,IX II cy6'h.ll/],epHhlX .llBJiemrnx, 

TaK II O BblCOKOIIMIIYJibCHOll KOMIIOHeHTe MHOfO'IaCTII'IHOil BOJIHOBOH q>yu

KI(HII. 

Iloµ;noporonoe poJKµ,emre lIOY'IaJIOCb µ,mi: HeCKOJlbKIIX TllITOB aµ,po

HOB, TaKlIX, KaK aHTlmpoTOHhI, IllIOHhI II KaoHhI. O;a;naKO MeXaHIIOM po

_aq~emrn /l,O KOH.ll;a ern.e He .HCeH II He rrponeµ,eH ll,OCTaTO'IHO 'IeTKIIIl auamm 

BJilI.llHII.ll .11µ,epHOH cpep;hI Ha yKaoaHHhie rrpo.u;ecchI. Ih-IeIOlll.HeC.H B HaCTO

.nrn.ee BpeM.H µ,aHHhie O'IeHb orpaHII'IeHhI IIO-Oa MaJihIX ce1IeHIIll npon;ec

COB H no-oa TPY/J,HOCTeii, BOOHHKaIOlll.lIX rrpn noy11eHIIH KOpOTK02KI:IBy

II.\HX rrpoµ,yKTOB peaKn;nii. 

B [1] paccMoTpeHo rrpeµ,rro2Kemre 0KcrrepnMenTa no 1Ioy11e11II10 rroµ;no-
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poroaoro po:aq~eHIUI ,K+-MeOOHOB B CTOJIKHOBeHIUIX TlpOTOHOB C nerKIIMll 

.aµ,paMH (2H, 12C) TiyTeM npoBep;eHH.R IIHKJIIOOIIBHhlX ll 0KCKJIIOOIIBHhlX HO

Mepettmi p;mpq>epemi;nanhHhlX ce'IeH11:ii: na ycKOpIITene COSY - COoler 

SYnchrotron (Julich, Germany), TIOOBorr.aIOIUeM ycKop.HTh rrerKne n cpe

µ,mie jI)J.pa ( OT B0)1.0po;a.a )).0 cepbl) P,O HMTIYJlhCOB B npeµ,enax OT 270 ;o,o 

3300 M0B/c. CBeTHMOCTb, O:iKHp;aeMa.H npn lICITOJibOOBaHirn BHyTpeHHilX 

MHilleHeii, COCTaBHT OK0110 1032 [1/(cM2 . ceK)]. 

2 SKcnepuMeBT 

,Un.11 npose;a.emu1 yKaoaHHhIX aKcnepnMeHTOB neo6xo;a.m.10 ( CM. [ 1 ]): 

• o6ecneqnTh noMepemrn: npn yrnax pacce.1Inm1 oKorro 0° TIO 0TH0111e

HHIO K HanpanneHIIIO nepBH'IHOro ny'IKa; 

• cµ;erraTh BOOMO)KHblM llMTIYJlhCHblli ananno K+-MeOOHOB; a TaK)Ke 

KOppem1pyI011J;IIX C HIIMII nerKUX <f>parMeHTOB; 

• lICIIOJlbOOBaTb TOHKlle MHilleHH BO no6e.nrnnne BOalIMOjJ,eHCTBHil Tlpo

AYKTOB peaKIJ;llll C .1Ip;paMn MHilleHII II yMeHbllleHIUI IICKa2:KeHnii:, BHO

CHMhIX MHOfOKpaTHhIM paccelIHHeM; 

• o6ecne'IHTb BblCOKYIO CBeTUMOCTh, TaK KaK nccrreµyeMhie Tlpoueccw 

nMeIOT Mam,1e ce'Ienn.1I.; 

• nMeTh MaJIOe paCC'fO.HHIIe Me.iKAY MUIIleHblO ll µ,eTeKTopaMll, C TJ;CJibIO 

yMeHhlllemrn noTepb KaOHOB IIO-Oa HX pacnap;oB; 

• UCIIOJlh:JOBaTh Ha6op µ,eTeKTOpOB, KOTOpbie c;a.enaIOT BO:JMOJKHOII 

nµ,enTmJnIKaUHIO K+-MeOOHOB npn IIHTeHCIIBHOM <I>one. oco6enno 

OT IIHOHOB Il npoTOHOB. 

,II,n.11 0TllX 0KCIIepnMeHTOB npe;a.naraeTCJI CKOHCTpynpoBaTh ycTaHo

BK.Y (nonyqnm11y10 rrpeµ,napnTen1,noe HaoBanne "0° Facility"), KOTopa.n 

rro:momn npoBO/J..llTh IIOMepemrn na BHyTpeHHllX MJ\lllCHllX ( 'ITO o6ec

IlC'!IlT BbICOKYIO CBCTIIMOCTb) rrpn MaJlhlX yrnax pacce.amrn' OTBeqaIO

IUIIX l\faKCIIMaJihHI,lM CHia'lCHl11lM µ,n<I><I>epenuuaJibHhlX ce'IeHHil. 0µ,HaKo 
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npoBORO"'IHbl'" 
IU'-t"PLI 

.U.E C"!"T"!BIB 

tfep~HIOBC-&Bi c'th"la1. -

p = 150 - 350 M,B{c 

Pnc.l. CxeMa 0Kcrrep11MeHTaJibHoii ycTaHOBKII o° Facility 

/1,Jill uoyqemu1 yrnoBhlX pacnpe)J,enemn'i O)'AYT neo6xo)J,IIMhl noMepennjl 

BII110Tb n,o yrnoB pacce.HHUll 60° no OTHOlllCHHIO K nanpaBlICHIIIO HaJieTa

IOllJ;ero nyqxa, '!TO MO)IO{O o6ecne'IllTh lI/J.CHTII<l>lIUIIKauneii npogyKTOB 

peaKUllll C paoHhlMII IIMIIYITLCaMII ll ITOA paOHI,IMI[ yrIIaMn C xopOillIIM 

paopemenneM. IloJIO)KCHJJC n COBOKYIIHOCTh )J,CTeKTopoB )~OJDKHLI o6ec

[Jeql['fh no;a,amrenne <1>ona OT n1opnqm,1x qacnrn; 11a necKOiihKo rrop.HA

KOB II O/J.HOOHa•my10 n;a,eHTIIqmKaI~llIO pe;a,xnx KaOHOB. IlpocTpancTBO, 

OTBegemroe /J.lI.11 ycTaHOBKII MJIIIIeHeH, /J,OCTaToqno P,JI.!I HCITOJihOOBaHil.ll 

C.JIO,KHhlX raOOBhlX MilillCHCU. 

Cxe1.rn :ncnepnMeHTaJibHoii ycTaHOBKII "0° Facility" rrpep;cTaBJ1ena 

ua pnc.l. 

TonKne Mnmenn nnannpyeTCll rroMec.Tnn, B noonunn Af, rp;e npn 

rrpOX?,KACHIJII uyqKa qepea Mllll!eHb MOlKCT 6bITh )l;OCTilrHyTa BhlCOKa.H 

CBCTIIMOCTb. MaKCHMaJibHaSI ReJinqnna IIHAYKillHI MarHHTHOro ITOlllI B 

CJieKTJ)OMCTJ)H'IeCKOM Mal'HUTC COCTaB1I.lieT OKOJIO 16 Kl'c. B crry-qae ana-
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mma KaoHOB, p021{1J;CljHbIX IIpOTOHaMn C T p :;'.; 1.5 f0B, COOTBeTCTBYIOW.ee 

OHaqeHne B x L = 16 KI'c x 1, 5 M 6yµ;eT j:J;OCTaToqHhIM j:J;JlH OTKJIOHeHH.H 

BTOpn-.iHbIX qacTnn; c llMIIYJihCaMn !l,O Po/2 (1,2 foB/c) B "o6rraCTh <po

xycnpOBKn" MarHnTa. 

Tax KaK CBeTHMOCTh J:J;OCTaTO'lHO BeJIHKa, a gnarraooH m.mym,cos 

BTOpnqH~X qacTIID; COCTaBmieT (Pmax/Pmin ~ 10), TO CllCTeMa geTeK

TOpOB gom1ma o6ecrieqnTh aHarrno 60JihlllllX IIOTOKOB IIH<pOpMaI~Illl Il 

IIOOB0.11.HTb 0<p<f>eKTllBHO perIICTplipOBaTh 'IaCTIID;bI B yKaoaHHOM llHTep

BaJie llMIIY1IbCOB. ,[(.11.H BOCCTaHOBIIeHH.H IIMIIYJibCOB perrrcTpnpyeMbIX qa

CTllD; Heo6xognMo orrpegeJI.HTh MeCTO II yron llX BhIXOP,a IH3 MarmITa. 

,[(.11.H pellleHll.H 0TOH oaga'III 6yµ;yT IICIIOJlbOOBaTI,C.H rrporropIJ;IIOHaJihHhie 

II1Ill gpen<pOBhle KaMepbI. IIpegBapIITeJibHhie pac'IeTbl IIOKaoa.JIII, 'ITO IIX 

paoMepbl p;omKHhl 6bITh rrpn6JIHOIITeJibHO 1, 2 M x 0, 6 M. ,I])rn H)],eHTH

<I>uxan;IIII 'laCTllD; ITO IIOMepeHll.HM llOHIIOcUlllOHHhlX IlOTeph n CKopoCTll 

6yp;yT IICIIOJibOOBaTbC.H CllHHTIIJI1I.HllllOHHhie II 'IepeHKOBCKIIIl C'leT'IIIKIL 

8Toro )],OCTaTO'lHO )J;illl OT)].erremrn npoTOHOB OT IlllOHOB n neIITOHOB. 

0)],HaKO 11;11.H Hage)KHOH np;eHTH<pnKan;1m K+-MeOOHOB He06XOiJ;llMO IIOMe

p.HTb TaK)Ke II IIX · BpeM.H nponera. ,[(orronnnrem,Hoe nop;aBrrenne <poHa 

MO)KeT ObITb )];OCTHrHyTo pern.crpaQIIen MIOOHOB, o6pa.".3oBaBIIIllXCH npn 

pacrrage K+-MeOOHOB, OCTaHOBHBllllIXC.H B qepeHKOBCKOM C'lCT'lHKe. 

3 Mo~eJI:e:py101.QaJI uporpaMMa 

OcHOBHa.H oap;aqa HaCT01IJJ.J.eii: pa60Thl COCTOHJia B coa11;amm rrporpaMMhl 

K J,f ES ON, nooso11.HIOW.eii Mogennposa Th poJKµeHHe BTopn'IHhIX 'la

CTHIJ;, nx npoxoJKgeHIIe qepeo OKCIIepHMeHTaJibHYIO ycTaHOBKY' IlMllTII

poBaTb "oTKrrnxn" p;eTeKTopos, a TaKJKe girn rpacpn.qecKoro rrpegcTasne

Hll.H crreKTpor.ieTpa II TpaeKTOpIIll qacnm Ha 0KpaHe )];lICIIJie.H. 

Bee pa.OOThl no fOOJ:J;aHHIO II OTJia)J,Ke rrporpaMMhl IIpOBO]J;llJIIiCh Ha 

rrepconanbHOM KO.MIIhIOTepe IBM PC AT386. B Ka'leCTBe OCHOBhl nc

nonwoBaJICH paopa6oTaHHhlH B CERN naxeT GEANT3.14/16 [2J, xo

TOphlH 6hlJI a;:i;arrn1posatt B JIBT A OHJUI AJIB pa6oThl Ha IBM PC 

AT386 nop; ynpasrremieM MS DOS. KpoMe Toro, IIcrronboOBaJIHCb ap;an

TnposaHHhle µ;irn 0T11x n;enen 6II6nIIoTeKII rrporpaMM o6rn;ero HaoHa'le

mrn (KERNLIB, GENLIB) [3J, rraKeT cTaTHCTH'Iecxoro aHanIIoa p;aHHhIX 
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HBOOK [4] II rpa<pn'IecKoro rrpep;cTam1emrn peoyJihTaToB Moge11nposa

HII.H II o6pa6oTKII p;aHHhlX GKS [5J, HIGZ [6]. 
HnJKe npe11;cTaBneHa 6noK-cxeirn rrporpaMMhI KMESON: 

K1WESON 

G ZEB RA nHIID;IIaJIIIoan;1rn cIIcTeMbI pacrrpep;eneHH.H naM.HTH 

UGI NIT nmm;nannoaQII.H GE ANT II ;i:i;aHHhlX rronbOOBa Te11.H 

GRUN Mo11;eirnposamre co6bITHll 

U G LAST oaBepIIIaIOW.a.H cpaoa - peoyIIbTaThl 

Ha inane IIHIIllHaJinoa:u;nn rrporpaMMbI KMESON oaµ;aroTC.H reo

MeTpII'Iecxne napaMeTpbI 0KCIIepIIMeHTaJibHOil ycTaHOBKII. Ilpn 0TOM 

crreKTpOMeTp rrpep;cTaBII.HeTC.H B BHp;e COBOKYIIHOCTII reoMeTpH'IeCKIIX 

o6'beMOB orrpep;eneHHOll cpopMbl (n sern;ecTBa), KOTOpbie "paoMern;aIOTC.H 

B 8BM" B rncTeMe xoopp;nHaT, Bhl6pa1rnoii B GEANT. Kpm.rn Toro, 

yKaobIBaIOTC.H o6'bCMhl, B KOTOphlX rrpncyTCTByeT MarHIITHOe IIOJie. Ka

JKAOMY OTµ;enbHOMY o6'beMy rrpncsan.saeTC.H KOHKpeTHhlll HOMep, KOTO

pwii IICIIOJibOyeTC.H oaTeM rrpII MOp;ennpoBaHIIII rrpoxoJKp;eHIIJI 'laCTlllI, qe-

peo yC'raHOBKY. 

3.1 AnnpoKCHMa:t~WI MarHHTHoro non.s 

B Ka11ecTBe npII6JIJiiKenn.H, oaµ;a10rn;ero pacnpep;eue1me rrom1 BO sceM 

061,eMe MeiKp;y rron10caMn aHannonpy10mero MarmITa, 6hlJIO so.HTO ero 

pacrrpep;eneune B Me11;nanHoii rrnocKOCTH. IIocKOJibKY B OTOH nrrocxocTn 

HeT ropllOOHTaJibHhlX COCTaBJI.HIOIU.llX BeKTOpa Mal'HllTHOll 1rnp;yKUlIII (B 

cncTeMe Koopp;nuaT MarmITa By, Bz = 0), pacrrpe)J.eneune rromi: rronuo

CTbIO xapaKTepnoyeTC.H sepTHKaJihHOll COCTaBJI.HIOID;ell BeKTOpa ii (Bx). 
B CBOIO 011epep;b, ]J;JI.H OIIIICaHlI.H IIOJI.H B Mep;IIa.HHOH IIJIOCKOCTII 6brna IIpII

HBTa MOACJih, corrracHO KOTOpoii none rrpaKTH'leCKll IIOCTOBHHO MC)K):\Y 

nonrocaMH II Ha'lHHaeT cna)J,aTb Ha ero KpaJIX. YMeHhllleHne IIOilll Ha 

Kpa.HX MarHHTa Y'IIIThIBaeTC.H BBegeHneM xoa<p<pIII~lleHTOB 0KCIIOHeHQII-

aJibHOro nma [7] 
1 

F = 1 + exp[P(8)]' 
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rAe s - paccTO.HHIIee OT paccMaTpIIBae:r.rnn TO'IKU ;r:(O rpaHIIIJ,bI IIOJIIOCOB 

MarHHTa, a P( s) - IIOJIIIHOM c Tpe6yIOIIIHMil rrop;6opa KOG<pqrnn;neHTaMII. 

TaKHM o6paooM, oaBIICIIMOCTh cocTaBJI.HIOI.Qeii Bx oT Koopp;mmT (y, z) 
l\lO:lKeT 6bITb Bhlpa:iKeHa 'Iepeo MaKCIIMaJibHOe OHa'IeHIIe IIH)lYKUHII 11011.H 

Bo II K00<f><pHIJ,IIeHTbI Fx II Fz /];JI.H COOTBeTCTBYIOIIIllX rpaHeii upoeKIUill 

MarmI±a Ha IlJIOCKOCTh YO Z 
1 1 

Bx(x,y,z) = Bx(O,y, z) =Bo. 1 + exp[P(sy)] 1 + exp[P(s.J]' 

rp;e Bo - MaKCHMaJibHOe OHa'ICHlie B, paBHOe 16 de. a P(,qi)-rrorrHHOMhl 

P(si) =Cb+ Cf<si/ ,\) + C~(si/ .\)2 + C!(si/ .\)3, i = y, z, 

K00<p<pIIIJ,HeHThl KOTOpbIX 6bIJJil rrop,o6paHhl crrep;yIOII~HM o6panoM : 

cg = O, 427, Cf = 3,586, C5 = -3, 76, CJ = 3, 04, 

CJ = 0, 53, Cf = 4, 2, C2 = -3, 84, C5 = 2, 4, 

OHa'IeHne napa:r.rnTpa ,\ BO.HTO paBHbIM 20 CM. 

Ha pnc.2 npeµ,cTaBJieHo npocTpancTBeHnoe pacnpep,enenne 11,rnrHIIT

Horo noJI.H: no oc.HM OY n OZ oTJIO:lKeHl>I paccTO.HHH.H OT IJ,elITpa Ma

rHIITa (B CM), a no OCII ox - BCJill'IIlHa IIH/WKIJ,IIII MarHIITHOl'O IIOJI.H 

Bx (B Kfc). 

B npou,ecce rroxo:iKp,enn.H 'lacTUIJ,hI 'Iepeo ycranoBKY noµ,nporpaMMa 

GUSWIM o6paI.QaeTC.ll K op,Hon no nop;nporpaMM: 

-- GRKUTA (n rny'!ae ueop;uopoµ,noro :r.rnrmITHoro norr.H, IFIELD=l), 

ll.lIII 

-- GHELIX ( n.rni KBa3HO.rtHopo,nHoro MarHHTHoro nomi, IFIELD=2}. 

GJlKUTA mm GHELIX, n cnoro 0•1epep;h, Bhm1,rna10T nop;nporpa:r.rny 

GUFLD, B KOTOpon J:IOJibOOBaTeJieM oaµ,aIOTC.H KOMIIOHCHThl HHAYKD;IIH 

MarHIITIIOro norr.H B TeKyIIIen TO'IKe MeiKp,y rrorr10caMH MarmITa. 

3.2 reHepHpOBaHlie BTOplPIHblX 'IRCTH~ 

;Jm1 noyiiaeMbIX rrpoueccoB B paccMaTp1rnaeMon o6nacTII 0Heprn:ii ne cy

I.QecTayeT nerKo aµ,ann1pyeMhlX AJI.H ncIIOJihOOBaHn.H nporpaMMoii GE ANT 
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reHepaTopoB BTOplI'IHbIX '!aCTIIIl;. IIooTOMY B 0TOM Bapna11Te MO/J;cJIU

py10meii rrporpaMMhl 6bIJI paopa6oTaH rrpocTeiinmii: reHepaTop ucny
CKaHlliI IIO MIIllleHII BTOpIIqHbIX rrpoTOHOB, 7r+-MeOOHOB II K+-MeOOHOB 

)],ll.H peax:a;m1 p(A,h)X, rp;e h = 1r+, J(+, p. 

061UaH cxeMa reHepaTopa BKJIIO'Ian:a nocrrep;oBaTeJihHO poohlrphIW 

copTa BbIJieTaI01Ueii -qacTllI:t;bI B COOTBeTCTBIIIl C npel],ITOJiaraeMbIMll BKJia

)],aMII N-,;+/Npf NK+ ::::: 1,5/0,5/0,001 II Mop;e1rnpoaaHIIe ee KIIHeMaTn

-qecKIIX xapaKTepIICTIIK. Pe1I1em1e oap;aq11 BToporo 0Tarra 0Toii cxeMhl 

IIMeJio CBOII oco6eHHOCTII )];JI.lI qacTII.Q KOHKpeTHOfO copTa. 

1) reHepIIpOBaHile 7r+-MeOOHOB 

B Ka'IeCTBe 11cxoµ,Hoii 11Hq>opMan;1111 11cnoJihOOBam1ch p,IIq>q>epeHIUI

aJJ:hHhle Ce'leHII.H po2Kp,eHII.H IlllOHOB B peaK.QIIII p +12 C - 7r+ + X npu 

aHepnrn HaJJ:eTa10mero npoToHa Tp = 800 MaB, BO.HThle no pa6oThl [16]. 

B Ta61mn;e 1 rrpmiep;eHhl )],aHHhle O KIIHeTIP:IeCKOH 0Heprnn T BTOpII'IHhIX 

IlIIOHOB, ncrryI.IJ,eHHhIX IlO/J, IIOJI.HpHbIM yrrroM 0. 

Ta6rrnn;a 1 

,IJ;nq>q>epeHD;llaJJ:bHble ce'!eHII.H po2Kp,emrn 7r+-MeOOHOB B. peaKD;llll 

p +12 C - 1r+ + X, (Tp = 800M0B) 

A, [MK6/(M:3B•cp)] 

T oo 70 15° 20° 30° 

50 13 11, 7 ± 5,0 10,0 ± 1,0 9,0±6,0 10,0±4,0 

100 28 26,2 ±5,0 24,2 ±4,2 20,8±4,2 23,3±2,5 

150 31 29,2±5,0 28,3 ±4,2 25,8±3,0 28,3±5,0 

200 42 40,0±4,2 36, 7 ±4,2 30,0±6,0 35,0±6,0 

250 44 42,5 ±4,0 40,8 ±4,2 41,7±5,8 27,1±5,0 

300 53 50,0 ± 5,0 45,0 ± 4,0 43,3 ±6, 7 22,5 ±4,2 

350 43 42, 1 ±6,0 31, 7 ± 5,8 35,0 ±6,0 18,0±5,0 

400 40 38,3±5,0 24,2 ± 5,0 25,5 ± 5,0 19,6±4,2 

450 19 17,5±6,0 14,2 ±4,2 

lIHTeprrpeTIIpy.H T II () KaK cny'laHHhle BeJIII'IHHhl, BOaIIMOCB.HOb KO

TOphIX oap,aeTC.H yxaoaHHOH Ta6mm;e:ii, orrpep,enIIM IIJIOTHOCTb BepO.HT

HOCTII p(T,()) po2Kp,eHII.H 1r+-Meo0Ha c aHeprnen: T II ncrrycxaeMoro rrop, 
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yrnoM () ITO OTHOllleHIIIO K HarrpaBJieHlllO rrepBII'IHOfO IIY'IKa. ,IJ;n.a yae

JIII'Iemrn BhIXO)],a IlllOHOB B HYjJ{HYIO KIIHe1IaTII'IeCKYIO o6nacTb 6yp,e.M 

C'IIITaTh, 'ITO p(T, ()) yµosneTBOp.HeT YCJIOBIIIO HopirnpoBKII: 

21r lo-,; '6l450 - · . f(T,()). sin()d()dT = 1, 
<Y O 50 

rp;e f(T, ()) - q>yHKI:t;II.H, arrrrpoKCIIMIIpyIOIUaH Ta6JIII'IHble OHa'leHII.H .im, 
a <Y - HOpMIIpoBO'IHhIH MHm1rnTeJib. 

<PyHKI:t;ll.H p(T, ()) arrrrpOKCIIMilpOBaJiaCb IIOJillHOMOM TpeTbell CTeIIeHII 

no T, B KOTOpOM K00q>q>nn;neHThl IIpII CTerreH.HX T TaKjJ{e rrpep;CTaBJI.H

nach B BII/J,e rronnHoMa TpeTbeii cTerreHH no 0. CTerreHH rrorrIIHOMOB 

BblfiIIpaJIIICb IlCXO/J,.lI HO MIIHIIMyMa BeJIH'IllHbI X2• . 

B COOTB€TCTBIIII co CT<l.;HP,apTHOH rrpon;ep;ypoii: pooblr phlllla p;ByMep

HOil cnri:aHHOH B€Jill'IIIHbl ( CM., HaITpIIMep, [8]), COBMeCTHa.H IIlIOTHOCTb 

p(T, ()) rrpep;cTaBn.anacb B BII)],e 

p(T,()) = P1(0) · P2(T I e), 

rµ;e P1(e) - IIJIOTHOCTb BepO.lITHOCTII IIcrrycxaHII.H IIIIOHa IIO)], yrnoM (}, a 

p2(T I()) - ycnoBHa.H rrnoTHOCTh Bepo.s:THOCTll ncrrycxaHn.a rrnoHa c 0Hep

rneii T B cnyqae ero BhIJieTa rrop; q>nKcIIponaHHhIM yrnoM (). Cny'laHHhie 

BeJIII'IIIHhl yrna BhIJieTa (} = e(,i) Il KHHeTII'IeCKOH aueprnu T = T(,1' 12) 

7r+-MeOOHa orrpep;eJI.HJillCb no CIICTeMbI )],BYX ypaBHeHnii 

rp;e 

{ 
F(O) = 11, 

F(T 10) = 12, 

F(()) = fo0 
Pi(IJ')d()', 

T 
F(T I ()) = I P2(T' I ()) dT', lso 

a 11 , 12 - panHoMepHo pacrrpep;eneHHble na [0,1) cny'IaHHhle 'lncna. Aon

MYTaJihHhlii yron r.p BbIJieTa 71-+-MeOOHa ~o-oa CIIMMeTpIIII rrpon;ecca OT
HOCHTeJibHO OCH rrepBH'IHOfO IIY'!Ka oap;aBaJIC.H B BIIµ;e 

r.p = 21r1a, 

rµ;e 13 - CJIY'laHHa.H BeJIH'IHHa, paBHOMepHO pacrrpep;eneHHa.H Ha [0,1]. 

2) reHepnpoBaHIIe IIpOTOHOB 
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B aTOM CJiy'Iae ncpom,oosarrac1, annpoKcnMan;IIJI pacnpep,erremrn npo

TOHOB no MHO)KeCTBeHHOCTll B peaKD;IIII p + A -- p + X P,illl iJ,OCTa TO'IHO 

IIIllpOKOll o6rracTlI 0Heprn:ii HaJ1eTa10rn;ero npoTOHa [9] 

d2N 
dTdD. = f(A,To,T)-g(A,T,0), (1) 

ri:~e A - aTOMHhiii Bee llp,pa MllllleHII, T0 - KIIHeTJI'IeCKall 0ueprirn narre

Ta10rn;ero npOTOHa, T - KIIJieTII'IeCKall 0Hepnrn BTOpn•rnoro npoTOHa, 

0 - nomipHblll yrorr, noµ, KOTOpbIM ncnycKaeTClI BTOpIPIHblll. rrpoTOH. 

<t>yHKD;IllI f(A, To, T) He oaBHCllT OT yrrra 0 u HOpMnpoBaHa Ha IIOJIHOe 

'IllCJIO BTOpll'IHblX IIpOTOHOB. Ee OaBHCIIMOCTb OT KifHeTII'leCKOII OHep

flUl rrpep;cTaBrr.HeTc.H cyrreprro::mu;nen p;Byx oKcrroHeHT: 

f(A,To,T) = n1pexp(-T/o.1p) + n2Pexp(-T/a2p) __ 
o:1p(l - exp(-To/o.1p)) 0:2p(l - exp(-To/o.2p))' 

(2) 

rp,e n1p, n2p, 0:'.1p II 0:'.2p - rrapal'.teTpbl, oaBilClII.I.J;Ile OT A ll n. Pacrrpe;a;e

JleHne yrrra BbllleTa rrpoTOHa orrpep,en.HeTClI B oaBHCilMOCTII OT ero KHHe

TII'-IeCKOll oHeprnn B Bnp;e 

g(A, T,0) = { N exp(-02 / ,\), 
N exp( -1r2 / 4,\ ), 

0 $ 0 $ 1r /2; 
1r /2 $ 0 s 7r, 

r;ue ,\ = (0.12 + 0.00036A)/T, a N - KOHCTa1-ITa nopMIIpOBKH. 

(3) 

YKaoaHHall annpoKCIIMaD;lllI llCIIOllbOOBaJiaCb µ,irn poohlrphlllla BbllleTa 

BTOpH'IHbIX IIPOTOHOB B peaKIJ;IIH p +12 C -. p + X B TOTI .iKe KllHe

!IIaTII'leCKOH o6nacTn, 'ITO JI p;m1 ,r+-MeoonoB. Ilpn 0ToM y'lllThlBa.JIOCh 

TO 06cTO.HTeJibCTBo, 'ITO Mo;a,em1pyeM1,1n cneKTpoMeTp ''oaxBaThmaeT" 

op,uooap.HP,Hble 'laCTilIJ;hl B IlMnyllhCHOM IlHTepBa.Jie OT 150 p;o 350 MoB/c, 

B COOTBeTCTBilU c KOTOphlM n BI,I6nparrHCh npep;eJihHLie OHaTiemrn KIIHe

TII'leCKOII OHeprnn BTOpll'IHblX npOTOHOB. OTO IlOTpe6oBarro nepeHop

MHpOBKH <PYHKD;Illl (1) n (2). B peoyrrhTaTe KllHCTll'IeCKall ::meprn.H nc

nycxaeMoro rrpoTOHa paohlrphlBa.Jiac1, corrracHo nrroTHOCTII p1 ( T), npeA

cTa.Brr1110rn;eii no ce6.H npeo6paooBaHHYIO <PYHKD;HIO (2), a yrorr BhlJieTa 

0 - B COOTBeTCTBilll C ycrroBHOH IlJIOTHOCThlO P2(0 IT)= g(.4 = 12, T,0). 

Cny-qanHhie Bem1'-In111,1 T = T(,i), 0 = 0(,1, 12), orrpeP,err.aeMbie uo 

CllCTCMhl ypam1emrii, amUIOfll'lHOil n.1, MOP,errnpy10T KHHeTil'leCKYIO OHep

rmo n norr.apHhlII yrorr BbllleTa BTOpll'IHoro npoToHa, a t.p = 21r13 - ero 

IO 

i' 
l 

aonMyTaJihHhin yron ; 0P,ec1, , 1 , 'Y2, 13 - crryqaiiHhle Berrn'lIIHhI, paBHo
Mepno pacrrpeP,erreHHhie Ha [0,1]. 

3) lenepnp0Bam1e K+-MeooHoB 

IlocKoJibKY cBep;enn.a o )Uiq>q>epeHunaJihHOM ce'!emrn po2Kp;eHIIlI K + -

MeoonoB B peaKunn p + 12 C - K + + X npu 13Hepnm HarreTa.1orn;ero npo

TOHa noplIP,Ka lfoB npaKTII'-Iecxn oTcyTCTBYIOT, TO npn MO):\errnp0Ba

um1 napaMeTpOB BhUieTa K+-Me30HOB llMIIYJihC p II yrorr 8 paoblrpbIBa

JIUCh Ka.K paBHOMepHO pacnpeP,eJieHHble crrriaHHhle BeJIII'lllHhl, Ilpll OTOM 
0 E [0, ,r /6], p E [150,350]. 

,l],n.a oaAamrn na'la.JihHOII KHHeMaTHKII B ITOJ:\IIporpaMMe GUKINE 
( CM. HIDKe) napaMeTpbl T, 0, <p rrpeo6paooBb1BaJI1ICb CJieP,yIOI.I.J;HM 06-

paoot.1. Bem1q1ma 1IMny111-,~a i-vrn Ka2KP,O:ii qacTHD;hI BbI'IIICJillrrach no co
oTnomeHHlI 

T = IP2 + rn 2 - m, 

a ero npoeKI~uu Ha ocn KoopAIIHaT OX, OY II OZ KaK 

P:r = p sin 0 cos <P = Px( 'h, 12, ')'3), 

Py = p sin 0 sin t.p = py(,1, ,2, ')'3), 

Pz = P COS 0 = Pzhi, 12, 13). 

3.3 MoJJ,ennpoBaHHe co6bITHH 

Ha puc.3 np1rne)],ena. cxeMa MoJJ,e;rnpoBamrn co61,1Tmi:, BKn10'larorn;an re

ueprrp0Ba.H11e BTOPII'IHhIX qacTm~, RX TpaccupoBKY qepeo ycTaHOBKY, 

Mop,errupoBanrre OTKJIIIKOB AeTeKTopoB Ha npoxo2Kge1me 'lepeo Hnx oa

p.ioKeHHhlX tJaCTIII{, perncrpaumo nommannoHHLIX noTepb B cnunTim

JllID;IIOHHbIX C'Ie'HIKax, OIIJ)e)].eJICHIIe BpeMeH IlpOJieTa Il BOCCTaHOBJieHne 

Mace oaperucTpnpoBaunwx qacTI1n, uan01rnenne cTaTncTu'lecxux pac
npe)],eneHnii: n T .)],. 

4 PeoyJILTaTLI 

Connam,r p,Ba BapnaHTa n porpaMMhl /\. JI ES ON: 
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GRUN MOp;errnpoBaHIIe co6bITllll 

GT RIG f lIHIIIJJHlJIIIOa:u;1rn C"!eTa 

GT RIG Moµ;errnpoBaHIIe oµ;Horo co6hlTirn 

GU KINE reHepan;mi: Ha'laJihHOil KnHeMaTIIKII 

GUT REV TpaccIIpOBKa co6hlTIUI 

j-- GT REV E n;nxrr no sceM TpeKaM co6wTmI 

f-- GUT RAK TpacrnpoBirn oµ;HoII 'laCTIID;bI 

f- GT RACK TpaccnpoBKa TeKyrn;ero TpeKa 

j-- GM ED I A orrpeµ;erreHne TeKyrn;ero o6'beMa, 

L cpeµ;hl 

1 GTV O L TpaccIIpOBKa B TeKyrn;eii cpep;e 

j-- GTGAMA/GTELEC/ TpaccIIpOBKa B 
COOTBeTCTBIIII C TIIIIOM -qacTII[(bl f- GU STEP perncTpanmr rrepece'leHIIii 

II oarrIICb KOOp)].IIHaT TpeKOB 
GU DIG/ onmpponxa n oarrIICh B ZBOOK-6aHKII 

GUOUT Bhlµ;a-qa IImpopMa[(nII o TeKyrn;eM co6hlTllH 

GT RI GC rroµ;roTOBKa rraM.llTII p;rr.ll HOBoro co6hITII.lI 

Pnc.3. CxeMa MOJJ.errnpoBaHHJl co6bITIIH B. rrporpaMMe KM E SON 
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i 

a) ,Unan:orOBa.ll BepcIUI c yµ;o6HbIMII rpaq>II'leCKllMII cpep;CTBaMn Ha 

6aoe rraxeTa HIGZ (cM. [61) II cncTeMhI GKS (cM. [51), IIcrrorrhoyeMa.ll 

µ;rr.lI rpaqin-qecKoro rrpeµ;cTaBrremur MOJJ.emI 0KcrrepnMeHTaJihHOH ycTaHO

BKII, a Taurrn TpaccnpoBKH reHepnpyeMhlX -qacTm::i; -qepeo µ;eTeKTOphl 

crreKTpOMeTpa. OTOT BapIIaHT llCIIOJlhOyeTC.lI Ha 0Tane paopa60TKil arr

ropnTMOB II OTllap;UI rrporpaMMbl. 

6) IlaKeTHa.ll BepcIUI rrporpaMMhl, llCIIOJlhOyeMa.ll µ;n.lI Ha6opa CTa

TIICTllKII II rrorry'leHHJl O)J;HO- II ,D;ByMepHblX CTaTilCTll"!eCKIIX pacnpe

µ;erre1mii, IIOOBOll.lIIOIIJ;IIX cµ;erraTb rrpep;BapnTeJibHbie BblBO;rJ.bl O pa6oTe 

OT)J,eJibHbIX 0JieMeHTOB II BCeH ycTaHOBKII B [(eJIOM. 

,Urr.lI HaKonrreHIUI CTaTIICTII"!eCKllX pacnpep;erreirn:ii llCilOJibOyeTC.lI na

KeT HBOOK ( CM. [31). PeoyrrhTn:pyrorn;ne pacrrpeµ;erreHII.ll oarrncwnaIOTC.lI 

B RZ - qiaiirr [10], "ITO IIOO~OJI.S:eT npOBO)J,IITb HX ;rJ.aJibHeiirn:e:ii aHan:lIO c 

noMOIIJ;hIO MOIIJ;Horo naKeTa aHarrIIoa n npeµ.cTaBnemu1 µ.aHHhIX PAW (llj. 

4.1 OT6op CO0bITHH no H0MepeHHJIM H0HllOaD;H0HllbIX Il0Tepb 

,Il;n.lI OTpa60TKll npon;eµ.yphl OT6opa peµ;KllX C06bITllH C noporOBbIMil 

K + -MeOOHaMll reHepnpoBaJIHCb BTOpll"IHbie npOTOHbI, IIIIOHbl n KaoHbI n 

Moµ.em1ponarroc1, nx npoxo2Kµ.eune -qepeo MarHHTHoe none II JJ.eTeKTOpbI 

crreKTpoMeTpa. ,Un.11 'laCTH[(, IIOIIaBlllHX B ycTaHOBKY, q>IIKCllpOBaJillCb: 

a) µ.Ba BpeMeHil rrponeTa t1 ll t2 Ha rrponeTHOH 6aoe MeJK.p;y "rpe6eHKoii" 

C[(IIHTHJIJI.IID;llOHHbIX C'IeT'lllKOB Cl- C7 H CIJJiHTllJIJI.IITOpaMH C'IeT'IIIKOB 

cs n C9 (cM. cxeMy ycTaHOBKII ua pnc.1), COOTBeTCTBeHHO; 

6) llOHlloan;noHHhle IIOTepII l:!.E B C'IeT'IllKax cs H C9, TOJIIIJ;lIHbI 

CD;lIHTHJIJilITOpOB KOTOpbIX BO.IITbI paBHbIMll 1 CM. 

Tax KaK nonaµ,arorn;ne B p,eTeKTOp npOTOHbI nMeIOT llMIIYJibChI OT 150 

p;o 350 M0B / c, TO OHll MoryT 6bITb 0q,<peKTHBHO )J,llCKpHMllHllpOBaHbI no 

BeJIH"<lllHe npo6era. IloaTOMY Hll)Ke 6yµ;yT paccMOTpeHbI npo6rreMbI, CBll

oaHHble c OT6opoM peµ;xnx co6bITHH c rroµ,rroporoBbIMlI K+-MeooHaMll B 

ycnoBHJlX HHTeHcnBHoro cpoHa OT rrnoHoB. Ilpep,Bap11TeJibHhle OIJ;eHKn {lJ 
fOBOp.HT O TOM, 'ITO COOTHOllleHne IlllOHOB lI KaoHOB MO2KeT COCTaBIITb 

NK+/N-,;+ ::::s 10-5• 

Ha pnc.4a npep,cTaBJieH cneKTp llOHHOaIJ;IIOHHhIX IlOTepb )J,JI.H 7r+ ll 

K+ B CD;IIHTHJIJI.HIJ;HOHHOM C'IeT'IHKe C8 (a). 1 .r(JI,1 nonyqeHH.R 
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Pnc.4a. CneKTpbl noHnoan,noHHblX IIOTepb Ji;JlH ,r+. ll /{+.MeOOHOB B Cil,HHTIIJIJIHil,H· 

OHHOM C'leT'lllKe C8. 
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Puc.46. Kpnnble oanncnMOCTH BeJIH'lHHbl HaKonrreimoii aepoSITHOCTII F(t.Et) = 
Pr{ AE < AE1} OT ona'leHnH nopor-a AE1 npn perncTpaIJ,BH K+ -Meootton n xpnnue 

oaBIICHMOCTII 1 - F(t.Ei} J:i;JIH 71"-t ·l\lCOOHOil o C'leT'lHKC C8. 
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npe.r:1cTaBnemrn o q>opMe II nonoJKeHIIII pacnpep,erreHIIll BhI6opKa p,mI 'la

CTIID; KaJKp,oro copTa cocTaBmma 2000 co6h!TIIH. Ha pIIc.46 npIIBep,eHbl 

KpHBhle oaBIICIIMOCTII Bemr'IIIHhI HaKonrreHHOH Bepo.RTHOCTII F(f:!..Et) = 
Pr{l:!..E < l:!..E1} oT oHa'lemrn: nopora !:!..Et npn perncTpau;1rn: K+-MeooHOB 

n KpllBhie oaBucIIMOCTII 1-F(!:!..Et) B cny-qae AeTeKTnpoBaHII.R 1r+-MeoOHOB 

B C'ICT'IIIKe C8. IlpII BhI6ope noporoBoro oHa'leHII.R IIOHnoau;noHHOH 

noTepn 0neprnu B c'leTqIIKe C8, paBHoro !:!..E, = 4, 5 .M0B, perncTpn

pyeTrn :::::: 99, 7%, J(+-MeOOHOB n OT6pach!BaeTC.ll TaKOe )Ke KOJIH'leCTBO 

7r+-MeOOHOB·. E~IIOKIIC peoynhTaThl
0 

6hlJIII norry'leHhl )J,JI.R C'ICT'IHKa C9. 

TaKIIM o6paooM, HCilOJihOY.H IIHQ)OpMaD;IIIO C OT)J,CJlhHOfO cqeT'lIIKa, 

M02KHO nop,aBI!Th Q)OH OT 7r+-MeOOHOD npIIMCpHO B 3,3. 102 
pao, 'ITO 

nep,ocTaTO'llIO p;mr 0Q)Q)CKTilBIIOf0 OT6opa noneOHhIX co6hITIIll, 

,Urr.H P,aJibHCillllCfO nop,aBJICHIHI q>ona OT TTIIOHOB BOCTIOJlh~yeMCJI Me

TOP,OM OT6opa MIIHIIMaJihHO·ro HMilYJihCa [12}, cyTh KOToporo COCTOHT 

B TOM, 'ITO ecm1 crra6ononm:rnpy10w:aJ1 oap.nJKeHHa.H -qacTnu;a nocrreµ:oBa

TeJihHO nepeceKaeT TCJICCKOTT HO N llP,CHTII'lHhIX p,eTeKTOpOB ( B HameM 

crryqae, CllllHTIIJIH.RIIllOHHhIX C'leTqJ'lKOB) n OT6npaeTCJI MllHllMaJihHhlll 

HO BCeX BhIXOP,HhIX IIMTTYJihCOB A, TO IlJIOTHOCTh pacnpep,erremrn MHHII

MaJihHOfO IIMnyrrhca P(A) Bhipa)KaeTc.n cnep;y10rn;nM o6paooM: 

P(A) = Np(A)[l - fo"' p(a)daJN- 1
, 

rp,e p(A) - TTJIOTHOCTh ncxop,noro pacnpep,eneHll.H. Ilpn 0TOM TIJIOTHOCTh 

P(A) nMeeT 6onee yoKoe pacnpeµ:errettne, 'leM pacnpep,eneHne p(A). B 

'!aCTHOCTll, P,JI.R pacnpep;eJICHII.R JiaHp;ay 11 N = 5 TTOJIHaJI umpnHa Ha 

rrorroBIIHe BhICOThI (FWHM) pacnµe)J,enenn.H P(A) npIIMepHo B p,Ba pana 

MCHhllIC COOTBeTCTBy10rn;eii BeJllf'IIIHhl )J,JI.R pacnpe)J,CJICHH.R p( A) [13]. 

Ha pnc.5a npeµ;c-raBJICHhI COBMCCTHhIC cneKTphI llOHIIOall;IIOHHhIX no

TCpb P,JI.R rr+ n K+ rrpII OT6ope MHHUMa.TJhHOfO HO llMTIYJihCOB B cu;mr

TIIJIJI.RD;llOHHhIX C'leT'IHKax C8 II C9. Bnp,no, '1TO 0TH pacnpep,eneHII.R He

CKOJlhKO yJKe pacnpep,errennii, rrp1rnep,eHHhIX Ha pnc.4a. Ha pnc.56 npnBe

p,eHhl KpIIBhle oaBIICIIMOCTll BeJIIJqlJHhl HaKonrreHHOll Bepo.RTHOCTll F(!:!..E,) = 
Pr{!:!..E < !:!..Et} p,rr.H K+-MeoonoB II KpIIBhIC oaBIICIIMOCTII 1-F(l:!..E1) )J,Jill 

7r+- Me:JOHOB, OTBeqa10rn;ne pacnpep,erreHII.RM MllHllMaJihHOfO IIMTTYJihCa. 

Ecnn BO.RTh rroporonoe oHa'lenne P,JI.R MIIHIIMaJihHOfO IIMTTYJihCa paBHhIM 

1:!..E1 = 4,4MoB, 6YAYT pernC'rpHponaTbC.R:::::: 99, 7% J(+-MeooHoB n oT6pa-

chrnaThC.Il:::::: 99,95% 7r+-MeOOHOB. 
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Pr{ Ll.E < Ll.E1} OT oua'feHHR rropora Ll.E1 AJI.ll K+ -MeoOHOB n KpHBhle oaancnMo

CTH 1- F(tJ.Et) AJIR ;r+-MeOOHOB, OTBe'faJOUUie pacnpeAe.."IeHHRM MHHHMaJibHOro llM

nyJibCa. 

i<> 

l 

TaKIIM o6paooM, rrpoBO)J;.1I OT6op co6bITilH no MilHilMaJlhHOMY cma'le

HHIO IlMilY1IhCa C ABYX C'l€T':lllKOB, MO:lKHO IlO)l,aBlITh 4>ou OT 7r+-MeoOHOB 

npHMepHO B 2-103 pao. 8Ta MeTOAIIKa M0)K€T 6b1Tb pean:II00BaHa B Tpnr

repe 1-ro ypoBH.11, 'ITO, Y':lllTbIBa.H nepB0Ha'IaJihH0e CO0TH0llleHne 7r+- n 

[{+-MeOOHOB, Il00B01IIIT perncTpnponaTb nx B COOTHOllleHllll 50:1. 

4.2 OT6op qacTHU. no 110MepeHHJ1M npeMeHH nponeTa 

,I],11.11 Ha)l,e:lKHOrO Bblp;erreHnll co6bITilH C Il0)l,Il0porOBbIMII K+-MeoOHaMll 

HO COBOKYilH0CTH oaperncTpnpoBaHHhIX co6hITllll llCilOITb0OBan:ach Me

T0)l,HKa nµ;euTn<f>nKa:u.nn qacTmi; no nx MaccaM. Macchi -qacTH:U. BoccTa

Hann:nBan:nch 110 II0MepeHll.HM npeMeH nporreTa C IIOM0I.IJ.bIO 4>opMyllhl 

)

2 
- ti -1, 

mi = P\I ( toi i = 1,2, (4) 

rp;e p - IIMIIY1IhC t:J:aCTll:U.hl, ti - BpeM.H ee rrporreTa Ha 6aoe )J;lIIIHOll fi, 
toi = fi/ c, C - CK0p0CTb CBeTa ffij - Macca 'laCTilIJ.bl. B nameM cnyqae 

f 1 H £2 - pacCTO.HHll.H OT O)l,H0r0 no CIJ.IlHTllJilI.HT0pon "rpe6eHKII" )J,O 

CIJ.IIHTIIJIJI.HT0p0B CS nnn C9, cooTBeTCTBeHH0. Bo npeMeua ti, i=l,2 
BH0CHlIHCh rrorrpaBKII, CB.H0aHHhle C K0Het:J:HhIM panpellleHHeM CIICT€Mbl 

n:oMepeHII.11 BpeMeun nponeTa, KOTopoe rronara.rroch paBHhll\1 O't = 250rrc 

(cM., B '!aCTHOCTH, [14]). KpoMe Toro, IIO)IafaJIOCh, "ITO rrorpelllH0CTh 

B0CCTaH0BJieHH.H HMIIYJihCOB BT0pll'IHblX '!aCTII:U. ( CM. [1]) C0CTaB1I.HeT 

O'p = 2,5M0B/c. 

Ha pnc.6a rrpep;cTaBJieH crreKTP Mace BT0pll'lHblX 7r+. IiI [(+-MeOOHOB, 

B0CCTaH0BJieHHblX IIO II0MepeHil.HM BpeMeH IIpOJieTa Me:lK)l,Y O)l,HHM HO 

C'IeT'IIIKOB "rpe6eHKII" II C'leT'IlIK0M C8; Ha pIIc.66 )J;ll.H nar.n:.H)J;HOCTII 

0TOT )Ke crreKTP npe)l,CTaBJieH B )l,pyroM MaClllTa6e. TaK KaK COOTHO

llleHne perIICTpHpyeMblX 7r+- ll K+-MeOOHOB COCTaBJI.HeT 50:1, TO 0TO 

rrpIIBO)l,llT K oua'lIITellhHOMY BKJia)l,y 7r+-MeOOHOB B o6JiaCTh pacnpep;e

nemrn K+-MeOOHOB. Ou AOCTIIraeT ~ 30% OT o6mero 'llICJia co6bITIIll c 

m > O, 35raB (nb16op Ta.KOH rpaunuhl o6ecrre'IIIBaeT ue011a'IIITeJihHYIO 

IlOTepIO co6blTilH, BhIOBaHHhlX K+-MeoOHaMII). 

C n;em,10 )l,OIIOlIHIITeJibHOro yMeHhllleHII.K 4>oua OT 7r+-MeOOHOB oa

perncTpHpOBaHHhle co6b1TRR IIO~Bepran:ncb )l,BYXOTaIIHO.H o6pa6oTKe B 
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Pnc.G. CneKTp Mace BTopnqHJ,IX n+ · H ](+ -Me:JOHOB, BOCCTRHOBJJeHHLJX 110 JfOMepe

HIUIM BpeMeH IIJ)OJleTa Me:lKJJ.Y OJJ.HllM HO C'leT'UJKOB "rpe6eHKH" ll C'ICT'IHKOM C8 (a); 

]J.JIH nar11HJJ.HOCTH TOT JKe cneKTp npe;a;cTaBnen n ;a;pyroM MacwTa6e (6). 

rn 

COOTBeTCTBIIII co CTaTIICTII'IeCKOH rrpou,ep;ypoii, OCHOBaHHOll Ha IIHTe

rpaJibHOM KpIITCplIII corrracmr w~ [15]. 11pn 0TOM B Ka'IeCTBe IICXO)J;HOH 

IIH<pOpMaIJ,IIII O Ka2K)J,0Ii 'laC'fJIIJ,e IICIIOJibOOBa.JIIICb OHa'IeHIDI Mace m1 II 

m2, TIOITY'ICHHble C IIOMOU(bIO COOTHOllleHirn (2). Ka2K)J,blll 0Tan pao

JIII'IaJic.H no xapaKTepy ncnonbOyeMoii B KpIITepnn HyneBoii rnrroTeohl. 

Ha nepBOM 0Tane B Ka'IeCTBe nyrreBoii rnrroTeohl IIcnonbooBanocb pac

npep,erreune IIIIOHOB; co6hITII.H c l{+-MeOoHaMII BhI)WJUIJIIICb B KpIITH'Ie

CKOll o6nacTn. Ha BTopoM r:narre Bb1p,enemu,1e co6b1TII.H TIO)J,Bepra.JIIICh 

TIOBTOpHOll o6pa60TKe, npll KOTOpoii B Ka'ICCTBe HyrreBOH flIIlOTeOhl )J,JI.H 

KpltTCJ>lUl W~ 6paJIOCb pacnpe)J,eJieHIIe KaOHOB. 

Ha puc.7a npnse)J,eno rronr1ennoe B peoynhTaTe BToporo 0Tana o6-

pa6oTKII pacrrpe)J,eJieHIIe cJiy'lalIHbIX BemI'IllH w~, Bbl'IIICJI.HBllllIXc.H no 

cpopMyJie [15] 

w~ = -.:-~ [2¢(,\i) - 2i; 11 { [2ct>(,\i) - 2i; 1 r + ;2}; 
O)J,CCb n = 2 - 060CM BbI6opKn, ¢(,\) - cpynKIJ,II.H pacrrpe)J,enemrn TIJIOT

HOCTH N(O, 1), ,\1 < ,\2 - ynop.lI)J,O'leHHaJI BhI6opKa BeJIII"HIH 

\ . - ffij - ffij 
/11 - I 

(l· 
I 

i = 1,2, 

rp;e mi - n0Mepe1rnaa Macca qacTIIIJ,hI, 1fii - cpeµ,Hee ona'IeHI1e, a <Ji -

CTaHp;apTHOe OTKJIOHettne )J,Illl pacrrpep;eneHIIH crreKTpOB Mace qacTHIJ,, 

OTHOCIIM.hlX K KaOHaM II BbI)J,eJieHHhIX na rrepBOM 0Tarre o6pa6oTKII. 

Bh16paB B Ka'leCTBe KIHITir<IecKoii rpanun;hI Zxp =I w~ I= 0, 3 ( qeMy 

.. ,, OTBe•rneT ypoBeHb OHa'IHMOCTII ()' = 0, (H ~vrn ABYCTOpOHHero KpIITep1rn 

w~), µ,rr.H co6bITIIH, nonamunx n )J,onycTHMYIO o6nacTb, norryqnM cneKTp 

Ma.cc BTOpII'1HhIX 'IaCTIIIJ,, nno6paJKeHHhlll na plIC. 76. BKnaa 7r+-Me:JQHOB 

Tenepb COCTaBJI.ReT OKOJIO 14%. 8To OIJHaqaeT, °'ITO npuMeHenne MC

TOll,UKll OT6opa co6UTHii na OCHOBe KplITepmI cornacll.H w~ TIOOBOJIIIJIO 

B)J,BOe CHHOllTb ypoBeHh cpoua OT TIHOHOB, coxpaHIIB npn 3TOM npaKTII

'leCKll BCe co6h!TII.H, BhIOBaHI{hle K+-MeOOHaMH. 

5 3aKJI10qeu11e 

Coo11,ana nporpaMMa. Mo11,e1rnpomurn.H 0Kcnep11MeHTa no noy'Ienn10 npo-
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neccoB rrogrroporoBoro po2Kgemur J(+-MeooHOB Ha ycKopIITeJie COSY 
(Julich, Germany). C ee rroMOII.J.bIO paopa6oTaHa MeTop;IIKa oT6opa co-
6hITHii, crumaHHbIX c po2Kp;eHneM rroi:vrnporOBhlX K+-MeOOHOB, KOTOpaH 
MOJKeT 6blTb peami30BaHa B TpHrrepe 1-ro YPOBH.R . ( C Hcnonh30Ba

HHeM H3MepeHHH HOHH3aUHOHHblX noTepb) • IImca3aHO, "G:TO Ha,neJKHOe 

+ 
Bbl,IJ;eneHHe K -Me30HOB H3 cneKTPOB Mace BTOpHqHblX tJ:aCTHU MOJKeT 

6bJTb BblilOnHeHO c npHMeHeHHe!vl CTaTHCTHtJ:eCKOH npoue,nypbl,OCHO-

BaHHOH Ha KPHTepHH cornacH.R ws 
n· 

JlHTepaTypa 

[1] W. Borgs et al. Prqposal for K+-Meson Spectroscopy with 
o° Facility at TP2 in COSY. 

[2] R. Brun et al.: GEANT3 Program Library CERN, Data Handling 
Division DD/EE/84-1, 1987. 

[3] Program Library. CERN Computer Centre, 1989. 

[4] R. Brun and D. Lienart: HBOOK User Guide. CERN Computer 
Centre Program Library, Y250, 1987. 

15} D.R. Myers: GKS/GKS-3D Primer CERN/DD/US/110, 1989. 

[6] R; Bock et al.: HIGZ - High level Interface to Graphics and Zebra. 
CERN Computer Centre Program Library, Q120, 1988. 

[7] H.A.Enge: Deflecting Magnets in Focusing of Charged Particles. ed. 
A.Septier, v.II, Academic Press Inc., 1967, p.203-264. 

[8] H.M. Co6orrb. 'CJncJieHHhle MeTOAhl MouTe-Kapn:o. lfogaTeJibCTBO 
"HayKa", 1973. 

[9] J. Ranft, J.T. Routti: Hadronic Cascade Calculation of 
Angular Distribution of Integrated Secondary Particle Fluxes from 
External Targets and New Emperical Formulae Describing Particle 
Production in Proton - Nucleus Collisions. Particle Accelerators, 
Vol.4, 1972, 101. 

21 



(10] R. Brun and J. Zoll: ZEBRA.. Date Structure Managmcnt Systmn. 
CERN Computer Centre Program Library, QlOO, 1987. 

[11] R. Brun et al.: PA\V- Physics Analysis Workstation. The Complete 
CERN Program Library, Version 1.07, 1!)89. 

[12] G.Igo, R.M.Fisberg. Review of Scientific Instruments, 25. Hl54. 4.50. 

[13] K.Nagata. Nuclear Instruments and 1Iethods, 77, 1970, 218. 

(14] A.C. A.tKrnpei1 u ~p. CncTeMbI noMepeHirn npe,\H'Illl npo,1i.;Ta B 

MaI'JlIITHOl\f cneKTJ)Ol\teTpe C npoB0,10'fllb11\lJJ Kal\lef)aMH. IlpenpllHT 
OIIJHL Pl-85-749, ,1],y6na, 1985. 

[15] P.V.Zrelov, V.V.Ivanov. The Relativistic Charged Particles 
Identification Method Based on the Goodness-of-Fit u.J~ -Crite1'ion. 
Nucl. Instr. and Meth. in Phys. Res., A310, 1991, 623. 

[16] P.Denes, B.D.Dieterle et al. Phys. Rev., vol.27C, Num.3, l9R:3, 
p.1339. 

PyKOilHCh nocTynnna B H3~aTeIThCKHH OT~en 
27 aBrycTa 1992 ro~a. 

22 



. . 

/ 0, 

3penos n.B. 11 AP-
MoAen11posaH11e 3Kcnep11MeHTa no 1,13yyeHJ.110 
npoueccos noAnoporosoro po>t<AeHJ.1A K+ ·MeJ.oHos 

Pl0-92-369 

CoJAaHa nporpaMMa MOAen11posaHJ.1A 3Kcnep11MeHTOB no 113yye-. . . ' + . . ,• \ 
. HJ.110 npoueccos noAnoporosoro po>t<AeHJ.1A K -MeJoHos Ha ycKop11-
i-ene COSY (Julich, Germany). C ee noMOl.1.\blO pa3pa60TaHa MeTOAJ.1Ka 
OT6opa co6bln1H; CBA3aHHblX C pO>t<AeHJ.1eM noAnoporoBblX K+•Me30· 
HOB, KOTOpaA MO>KeT 6blT~ peanl130BaHa B Tp11rrepe 1-ro- ypOBHA (c J.1C· 
nonbJOBaH·HeM 113MepeHJ.1H 110H11Jaui-ioHHb1x · noTepb) . noi<~JaHo, '!TO 
HaAe>KHOe BblAeneH11e K+•Me30HOB J.13 cneKTPOB Mace BTOpl1'1HblX 
yacrnu ,Mo>t<eT · 6b1Tb BblnOnHeH.o c. np11MeHeHJ.1eM cTarncrnyecKo~ 
npoueAypbl, OCHOBaHHOH Ha K_p11Tep1111 cornac11A W~. 

Pa6orn' · Bbin~nHeHa · s na6oparnp~111 · ~b1y11cnmenbHOH rnxH11K11 
11aBTOMarnJaUJ.11111 na6opaTOp1111 AAepHblX npo6neM 01/1Al/1. 

IlpenpHHT O&ber11me1111oro uHcrnryrn 11;:iep11brx ucc.,e~ona11ni1, 1ly611a 1992 · 

nepeBOA aBTOpOB 

Zrelov P.V. et al. P10-92-369 
Simulationof the Experiment for Investigation 
of Subthr~shold K+•Production · · 

The program for simulation of the experiment for investigation of 
· subthreshold K+•production with a o° Facility at· TP2 in COSY (Julich, 
Germany) was created. It gave the possibility to elaborate the method 
for selection of events connected with subthreshold K+•production 
which may be . realized in the. 1-st order trigger (using the ionization 
energy loss~s'..;,~as~reme~ts). It w~s show~ that the reliable detection · + . . . 

·· of K from the secondary particle · mass spectrum can~,be performed 
. with the help of the sta1 i~tical procedure based on the gooc'ness-of-fit 
· criterion w~. 

, 
The investigation has been'performed at the laboratory of Com-

puting Techniques and Automation and the . Laboratory of Nuclear 
Problems; JINR. 
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