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06masr xapaKTepHCTHKa pa60Thl 

AKTJaJihHOCTh nccJie,noBaHII.H:. IIccJie,noBaHIIe B3aIIMo,neii:cTBIIH aHTIIHy­

KJI0H0B C HJKJIOHaMlI II .H:,npaMII .H:BJISICTCSI o,nHoii II3 HaII6orree lIHTepecHJ,IX 

o6rracTeii: q>II3IIKII BhIC0KIIX ,meprII:ii. K HaCT0SIIIleMy BpeMeHII y2Ke no.npo6-

no II3J'leHhl N N -B3aIIMO,neiicTBIISI B mIIpoK0M ,nIIaIIa30He 3HeprII:ii - OT 

.norreii .no COTCH f3B. O.nHaKO rrpm:i;ecc~, rrpOIICXO.D:fillUIC npn B3aHMo,neii­

CTBIISIX aHTIIHJKJIOHOB C SI,npoM, IICCJie,noBaHbl ITOKa ropa3,no xy2Ke. 

AHTIIHJKJIOH - SI,nepHbIC peaKUHII IIHTepeCHhl no HCCK0JibKIIM npII'IIIHaM. 

• B TaKIIX peaKUIISIX BeJIIIKa .norrSI rrpoueccoB NN- aHHIIrIIJISIUIIII. IlpII 

3T0M BhI,nCJISICTCSI ,noBOJihHO 6oJihIDaSI 3HeprIISI ( ~2 f3B) B cpaBHH­

TCJihHO MarroM o6oeMe BHYTPII H.npa ( ~1 q>M3). O:arn.naeTcSI, 'ITO Bhl­

coKaSI ITJIOTHOCTh 3HeprnII M02KCT IIpIIBCCTII K o6pa30BaHIIIO CIIJihHO 

B036y2K,neHHhIX SI,nep II ,na2Ke K <popMIIpOBaHIIIO B HCKOTOpOM JIOKaJib­

HOM o6beMe oco6oro COCTOSIHIISI SI,nepHOll MaTepIIII - TaK Ha3blBaeMOll 

KBapK-rJIIOOHHOH rrrra3Mhl. 

• liccrre,noBaHIIe N A-peaKUIIH rroMorrro· 6hl OTB~TIITh Ha Borrpoc o BJIII­

SIHIIII H,nepHoii cpe,nhl Ha caM 3JieMeHTapHhlll aKT N N-aHHIIrIIJISIUIIII. 

CymecTBOBaHIIe rrpoueccoB aHHIIrIIJISIUllll Ha CIICTeMax II3 HecKOJihKIIX 

HJKJIOHOB 6blJIO npe.ncKa3aHO BCKope rrocrre OTKpbITIISI aHTIIITpOTOHa, 

HO BCJIII'lIIHa BKJia,na TaKoii He06bl'lHOH "MHOrOHJKJIOHHOH" aHHIIrII­

JISIUIIII B SI,npax .no CIIX rrop Ha,ne2KHO He oueHeHa 3KCrrepHMCHTaJibHO. 

e CymeCTBJCT MHOro 3KcrrepIIMCHTaJihHhIX yKa3aHHH Ha TO, 'ITO SI,npo, 

B oco6e~IHOCTII TSI2Kerroe, M02KeT CIIJihHO ll3MCHSITh rrpocTpaHCTBCHHO­

BpeMCHHJIO KapTHHY qiopMIIpOBaHIISI KOHC'lHoro a.npoHHoro COCTOSI­

HIISI. BTopII'IHhle a.npoHhl, o6pa3oBaBmIIeCSI B N N- B3aIIMO,ne:iicTBIIII 

Ha HYKJIOHe SI,npa, C 6orr1,moii BepoSITHOCThIO MoryT npeTeprreBaTb B3a­

IIMO,neiiCTBIIe C .npyrIIMII HyKJIOHaMII 3Toro )KC SI,npa, T.e. SI,nepHaSI cpe­

.na CJIJ2KIIT KaK 6hl "aHaJIII3aTopoM" KapTIIHhl o6pa3oBaHIISI KoHe.:iHoro 

a.npoHHoro cocTOSIHIISI. liccJie,noBaHIIe NA - peaKUII:ii TaK2Ke IT03BOJISI­

eT ITOJIJ'llITI, ,naHHblC O B3aIIMO,neiicTBIIII o6pa3JIOill;lIXCSI B aHHIIrIIJISI­

UIIII TSI2KCJihIX MC30HOB C HJKJIOHaMII. 

TaKIIM o6pa30M, aHTIIHJKJIOH - SI,nepHble B3aIIMO,neii:CTBIISI SIBJISIIOTCSI ce­

pbC3HhIM IIHCTpyMeHTOM ,nJISI IICCJie,noBaHIISI KaK npoueccoB, xapaKTepHbIX 

,nJISI q>II3IIKII 'laCTIIU, TaK II 'IIICTO SI,nepHbIX 3<p<pCKTOB. 
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K HaCT0IDIJ;eMy BpeMeHII B 3KCnepIIMeHTax norry11eHa o6IIJihHaJI umpop­

Mau:mI O MH02KeCTBeHH0CTHX II cneKTpax BT0pII'IHhIX 'IaCTIIU, B 0CH0BH0M, ,,_ 
IIII0H0B lI HYKJI0H0B. Ho npouecChl o6pa30BaHlIH CTpaHHhIX 'IaCTIIU H3y-

-qeHhl He,U0CTaT0'IHO, 'ITO CBH3aH0 IIJIII C oco6eHHOCThIO MeT0,UIIKII, HJIII C 

He60JihIDOll CTaTIICTlIKOll B 3KCnepIIMeHTe. 

O.uHaKO corrraCH0 conpeMeHHhIM npe,ncTaBJieHIIHM 0 KBapKOBOII CTpyK­

Type a.upoH0B, xapaKTeplICTlIKlI HMeHHO CTpaHHhlX qacTIH{ 3Ha'IHTeJihH0 

6orree -qyncTBIITeJihHhl K MexaHII3MY B3aHMo,neiicTmrn. 8To II He Y.UIIBII­

TeJihHo, II0'CK0JihKY CTpaHHhle KBapKlI He "rrpuroTOBJieHhl" 3apaHee HII B 

HarreTa10meM aHTIIHYKJI0He, HII n HYKJI0Hax H,npa-MIImeHI1. Crre.uonaTeJih­

Ho, 0HlI ,U0JI)KHhl 6hITh o6pa30BaHhl II3 KBapK0B M0pH Ha paHHlIX CTa,UIIHX 

n3aIIMo,neiicTmrn rr3-3a BhICOKoii MaCChI cTpaHHoro KBapKa ( ms ~ 150. M3B). 

Bee 3TO o6'hHCHHeT IIOBhIIDeHHhlll IIHTepec K npoueccaM o6pa3onaHIIH 

CTpaHHhIX 'IaCTlIU BO B3aIIMO,UeiicTBIIHX Ha H,Upax. KaK npaBIIJI0, Bhl,UCJie­

HIIe 3apH)KCHHhlX CTpaHH~X 'IaCTIIU ( J(±, ~± ) B 3KCnepnMeHTe CBH3aHo C 

cephe3HhIMII MeT0,UII'IeCKlIMII TPY.UH0CTHMII. B TO )Ke npeMH, HeifrpaJibHhle 

CTpaHHhie 'IaCTIIUhl MoryT 6hITh Ha,Ue2KHO lI,UeHTIIqmr:i:uponaHhl B ycTaH0B­

Ke no Ha6rr10,neHIIIO npo,nyKT0B IIX pacna.ua. 

K HaCT0IDIJ;eMy BpeMeHII cymecTnyeT ,U0B0JihH0 orpaHII'IeHH0e 'IIICJI0 

.uaHHhIX: KacaIOID:lIXCH o6pa3oBaHIIH Y0
- 'IaCTlIU B aHTIInpoT0H - H,UepHhIX 

B3alIMO,UeHCTBIIHX npu 3HeprIIHX 0-4 I'3B. naHHhle 2Ke, noJiy'IeHHhle npII 

B3alIMO,UeHCTBlilI aHTIIH,Uep C · H,UpaMH, noJIH0CThIO 0TCYTCTBYIOT. . 
HecMOTpH Ha 0TH0ClITeJihH0 He60JihIDYIO CTaTIICTIIKY 3TIIX 3KCnepIIMeH-

T0B, B HIIX 6hIJilI norry'IeHhl yKa3aHIIH Ha Heo6hI'IHhie CBOHCTBa npoueccoB 

o6pa3oBaHirn HeiiTpaJihHhlX CTpaHHhIX 'IaCTHU, K0T0phIX HeJih3H 6hIITO O)KII­

,UaTh IICX0.UH T0JihK0 II3 II3BeCTHhIX cnoiicTB N N-n3aIIMo,neiicTBIIH. Bhmo 
' noKa3aHo, 'ITO HBH0 cymecTBYIOT HeKIIe MeXaHII3MhI, npIIBO,UHmrre K pe3-

K0MY yneJIII'IeHIIIO BhIX0,U0B A-rrrnepoHOB 6e3 cymecTBeHH0ro yMeHhIDe­

HlIH npII 3T0M BhlX0,U0B K;-Me30HOB. Ha6JIIO,UaJIIICh TaK)Ke aH0Mamm B 

6hICTpOTHhIX II IIMnyJihCHhlX cneKTpax Y0
-'IaCTIIU. _ 

HoBhle B03M02Kll0CTII .UJIH II3y'IeHIIH pA-n3aIIMo,neiicTBHii noHBIIJIIICh c 

C03,UaHIIeM IIHTeHCIIBHhIX ny'IK0B Me,UJieHHhIX aHTIInpoT0H0B Ha yc1wpIITe­

rre LEAR n UEPHe. I-kcrre.uonarrnch B3aIIMo,neiicTBIIH c H.UpaMn npII MaJihIX 

3HeprnHx aHTIInpoToHoB, HIDKe nopora po2K,neHIIH AA-nap. II D 3T0M crry­

-qae DhIXO,Uhl A 0Ka3aJIIICh BeJIIIKII II cpaBHIIMhl C BhIX0,UaMII J(;-Me30HOB. 

O6'hHCHeHIIe 3T0MY 3cpcpeKTY Tpe6yeT npe.unoJimKeHIIH 06 y-qacTIIII B peaK­

UlIII 6orrhme 'IeM O,UHoro HYKJI0Ha H,Upa. 
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Bhlrr pa3pa60TaH uerrhIU pH.U TeopeTn'IecKIIX Mo,nerre11, npe.urrara10mi1x 

o6'hHCHeHIIC TeX IIJIII IIHhIX oco6eHHOCTeII npoueccoB o6pa30BaHIIH Heii­

TpaJihHhIX CTpaHHhIX 'IaCTIIU, B TOM 'IIICJie 0CH0BaHHhIX Ha .U0B0JlhH0 He­

o6hI'IHhIX npe.unorrmKCHIIHX 0 ,UIIHaMIIKe B3aIIMO,UeUCTBIIH. O.uHaKO ,Ua)Ke 

TaKM xapaKTepncTIIKa N A-peaKun:ii:, KaK DhlX0.Uhl cTpaHHhIX 'IaCTIIU, He­

rrerKo no.u.uaeTCH TeopeTII'IeCK0MY 0~IICaHIIIO. Borree )Ke T0HKIIe oco6eH­

H0CTII D3aUMO,UeIICTBIIII, HanpuMep, cneI\'.Tphl CTpaHHhIX 'IaCTIIU IIJIII IIX 

KoppeJIHUIIII C .upyrHMII DT0pII'IHhIMII a.upoHaMn, MoryT crry)KIITh KpIITII­

•reCKHMII TeCTaMII npaBIIJihH0CTII Tex IIJIII IIHhlX MO,UCJieil:, npeTeH.uy10mnx 

· Ha onucaHne N A-n3am,rn.uen:cTBHI1. 

lIMCHHO Il03T0MY norryqemre H0BhlX ,UaHHhIX no aHTIIHYKJI0H - H,UepHhIM 

D3aIIMO,UCIICTDirnM, II B oco6eHHOCTII aHTirn.upo - H,nepHhIM B3aIIMO,UeIICTBII­

HM ~ IIHTepecHaH II aKTYciJihHaH 3a,Ua'Ia. 

UerrhIO pa6oThl HBJIHJI0Ch norry-qemre ocH0DHhIX xapaKTepncTIIK npo­

ueccoD IIHKJII03IIBHoro 06pa3onaHirn K;, A n A- -qacTIIU B aHTII.uefITpoH­

H.UepHhIX B3anMo.uefrcTBHHX npII nMnyrrhce 12,2 I'3B/c. 

B 3a,na-qy IICCJie,U0BaHHH BX0,UIIJI0 BhlHBJieHire 3aKOHOMCpHOCTCII o6pa30-

naHIIH HeI1:TpaJihHhIX CTpaHHhIX qaCTIIU D 3aBIICIIM0CTII OT MaCChI H,Upa­

MIIIIIeHII, onpe.uerreHIIe 0TH0CHTCJlhHhIX DhIX0,U0D Y 0
- '-IaCTIIU, Il0JIY'-ICHIIe 

IIX KIIHeMaTII'IeCKIIX pacnpe.uerreHIIII. 

Hay'IHaJI HOBM3Ha II npaKTII'leCKaH ueHH0CTh pa6oThI. Buepnhle nccrre­

.uonaHhl 0CH0BHhle xapar\'.TepIICTIIKII He:ii:TpaJihHhlX CTpaHHhIX 'IaCTIIU II oco-

6eHHOCTlI npouecC0B IIX o6pa30BaHIIH BO D3aIIMO.UCIICTBIIHX rrer<rafrrn:nx aH­

THH,Uep C H,UpaMII. Pe3yJihTaThl 6hIJIII norry'-IeHhl B 3KcnepIIMCHTe mt ymr­

KaJihH0M II norm e,UIIHCTBCHH0M B MHpe cenapupoDaHH0M ITY'IKC aHTII,UCII­

Tp0H0D ( 1I<l>B8, IIpoTmrno ). 

IIorry'-IeHHhle ,UaHHhle CDII,UeTeJihCTBYIOT 06 aH0MaJihHhlX DCJIII'-IIIHaX Dhl­

X0,U0B HeihpaJihHhIX CTpaHHhIX '-IaCTIIU DO D3aIIMO,UCllCTDIIHX aHTII,UefITpo­

H0D c H.UpaMII .uenTepIIH, yrrrepo.ua II cmrnua npn IIMnyrrhce 12,2 I'3B/c. 

CoDOKYITHOCTh ,UaHHhIX no BhIX0,UaM V 0
- 'IaCTIIU II IIX CilCKTpaM, a TaI~­

)KC ,UaHHhIX 0 3apH2KeHHhIX DT0PII'-IHhIX '-IaCTIIUaX DO B3aIIMO,UCIICTDIIII, II0-

3D0JIHeT c.uerra Th Dhl6op D Il0Jlh3Y "Tpa,UIIUHOHHOU" rmpTIIHhI MCXHHII3Ua 

D3clIIMO,UeIICTDHH - T.e. o6pa30DaHirn MC30H0B D nepDII'IH0M 3JIPMPHTap­

H0M N N -aKTe c nocrre.uy10mnM nx D3aIIMo,ne11cTDIICM c HYKJI0HaMrr H.Upa-­

MIIIIIeHII. Ha6rr10.uaeMhie 3cpcpeKThl He noTpe6onarrn ,UJIH CDoero o6M!CHCHIIH 
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Heofo,I'IHhIX npe.n:noJIO)KeHIIII, TaKIIX KaK MHOrOHYKJIOHHa.H aHHllrIIJI.lIIIII.lI B 

.H,Upe IIJIII o6pa30BaHIIe XOJIO.r(HOH KBapK-rJIIOOHHOH IIJia3Mhl. 

c!-

PH.U MeTO.r(II'leCKIIX pa3pa6oTOK II npIIKJia)J:HhlX nporpaMM M02KeT 6bITh 

npnr.rnHeH B 3KcnepnMeHTax, B xo.n:e KOT0phlX npOII3BO.r(IITC.lI o6pa6oTirn. 

60JihlIIHX 06'beMOB qJHJihMOBOll HHcpOpMaIIIIII . 

IIorryqeHHhle cpII3II'leCKIIe pe3yJihTaThl M02KHO IICnOJih30BaTh B ,UaJibHell­

rrreM B. ycKopIITeJihHhlX ueHTpax ll<l>B3, lIT3<1> npII nrraHIIponamm HO­

BhIX 3KcnepIIMeHTOB. llaHHhie TaK)Ke npe.n:cTaBJI.lIIOT IIHTepec .r(JI.lI 6y.n:yIIIIIX 

nccrre.uonaHHH Ha nyqKax aHTII.lI,Uep II pa3BIITII.lI MO,UerreiI aHTIIHYKJIOH­

.lI.UepHhIX II .lI,UpO-.H,UepHhIX B3aIIMO,UeHCTBIIH. 

Anpo6aIIII.lI pa6oThl II ny6rrIIKaIIIIII 

IIorrrreHHhle aBTopoM pe3yrrhTaThI .r(OKJia,UbIBaJIIICh Ha KOHcpepeHII111I 

05!<1> AH CCCP ( MocKna, 1990 ), II Me.1K.UyHapo.n:HhlX KoHcpepeHIIIrnx: 

- no aHTIIHYKJIOH-HYKJIOHHhIMB3aIIMo.n:ei'ICTBII.lIM NAN-91 (MocKBa,1991r.); 

- ITO qJII3IIKe .H,Upa II 3JieMeHTapHhlX qacTIIII ( JIIIBepnyrrh, 1991 r.); 

- no cpII3IIKe aHTIInpoTOHOB LEAP-92 ( KypMaiiep, lITaJIII.H, 1992 r.); 

a TaK,Ke npe.n:cTaBJI.lIJIIICh Ha COBemamrnx Me2K.UyHapo,UHOro COTPY.UHII'le­

CTBa "JIIO.UMIIJia". 

CchlJIKII Ha ony6rrIIKOBaHHhie ,UaHHhie 3KcnepIIMeHTa npIIBe,UeHhl B co­

BpeMeHHOM c6opHIIKe "A guide to experimental particle physics literature 

1988-1992". 

3a BhIIIOJIHeHIIe .n:aHHOro IICCJie,UOBaHII.lI aBTop COBMeCTHO c coai3Topa­

MII 6hlrr y.n:ocToeH BTopoiI npeMIIII Oll5Ill no pa3.n:erry 3KcnepIIMeHTaJihHhlX 

pa6oT B 1994 r. 

Pa6oTa BhIIIOJIHeHa B Jia6opaTopIIII cnepXBhICOKIIX 3HeprrriI Oll5Ill. 

Ilo MaTepnarraM .n:nccepTaIIIIII ony6rrIIKOBaHO 6 pa6oT, noCB.HIIIeHHhl'x 

KaK MeTO.r(II'leCKIIM oco6eHHOCT.lIM 3KCnepuMeHTa, TaK II pe3yJihTaTaM qJIJ-

3lI'IeCKoro aHamna aHTII,Ueii:TpoH - .lI,UepHhlX B3aIIMO,UeHCTBIIH .. 

CTpyKTypa II o6'heM .n:uccepTaUIIII. 

llnccepTaUII.lI COCTOIIT II3 BBe,UeHII.lI, 'leTbipex rrraB II 3aKJIIO'leHII.lI. O6'beM 

.r(IIccepTaIIIIII COCTaBJI.HeT 109 CTpaHIIU, BKJIIO'la.H 31 pncyHoK 1I 18 Ta6rrnu. 

Bn6mrnrpacpII'IeCKIIH cnI:IcoK rrnTepaTyphl BKJI10qaeT 119 HaIIMeHOBaHIIH . 
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Conep)Kami:e m,1ccepTauu:11:. 

Bo BBe,UeHim ,UaHo o60CHOBaHIIe aKTYaJihHOCTII npo6rreMhl, ccpopMyrrn­

ponaHa ocHoBHa.H uem, nccrre.n:oBamrn n onncaHhl pemaeMhle 3a.n:aq11. llaeT­

C.lI KpaTKoe II3JIO)Kemre co.n:ep)KaHII.lI .n:uccepTaII1In no rrraBar.I. 

IIepBa.H rrraBa co.n:ep)KIIT o63op 3Kcp:epIIMeHTaJihHhlX .n:aHHhlX, KacaIO­

lIIIIXC.lI o6pa30BaHII.lI HeHTpaJihHhlX CTpaiIHhlX 'IaCTHU B aHTIIIIp0T0H-.H,Uep­

HhIX B3aIIMO,UeHCTBII.lIX nprr pa3JIII'IHhlX 3HeprH.HX. IlpI:I 3T0M no.n:qepKIIBa­

IOTC.lI 0TJI1I'III.lI .n:aHHhlX, norryqeHHhlX BO B3aIIMO,UeHCTB1I.lIX Ha .H,Upe, OT 

1I3BecTHhlX II3 N N-peaKurrii. 

K HaCT0.HIIIeMy BpeMeHI:I cymecTByeT orpaHII'leHH0e 'IIICJI0 pe3yJihTaT0B 

no o6pa30BaHIIIO Y0
- qacTI:IU B NA- B3aIIMo.n:eiicTB1I.lIX: 

- norryqeHhI xapaKTeprrcTIIKI:I A- rrrnepoHoB B peaKUII.HX p+C, Ti, Ta, Pb 

npn 11Mnyrrhce (0-450) M3B/c (BNL) 1I p+N14 .n:rr.H ocrnHoB11Brrr11xc.H aH­

TimpoT0HOB (ASTERIX, UEPH); 

- 113yqeHhl npouecchl o6pa3oBaHH.lI K;, A 1I A B p-Ta - B3a11Mo.n:eiicTBII.lIX 

npI:I I:IMnyrrbce 4 r3B/c (KEK) ; 

- norry'leHhl .n:aHHhle no o6pa30BaHHIO yo BO B3alIMO,UellcTBH.lIX Me,UJieHHhlX 

aHT11npoTOH0B c He3, He4 1I Ne20 npI:I O 11 600 M3B/c B 3KcnepI:IMeHTe 

PSl 79 (UEPH); 

- pXe-B3aIIMO,UeHCTBH.lI npH HMnyrrhce 0-0,9 r3B/c 1Iccrre.uy10TC.lI B lIT3<1>. 

CTaTIICTI:IKa B TaKIIX 3KCnepHMeHTax C0CTaBJI.HeT HeCK0JibKO COT yo. 
Bhlrro o6Hapy)KeHo HeO)KI:l,UaHHoe JBeITH'leHIIe ceqeHIIii o6pa3oBaHH.lI A 

no cpaBHeH1110 c ,uaHHhlMII NN- 3Kcnep11MeHTOB. TaK, npI:I 4 r3B/c ceqe­

HIIe o6pa3oBaHII.lI A B 11 pa3 npeBocxo,unrro 3Ha'leH11e, norryqeHHoe annpoK­

c11Mau11eii pp- ,uaHHhlX, u B ,uBa pa3a npeBhlmarro ceqeH11e o6pa3oBaHII.lI K;­
Me3oHoB. 3To npe,UCTaBJI.HeTC.lI Y.UIIBI:ITeJil>HhlM, TaK KaK, HarrpHMep, B pd 
B3a11Mo,ueiicTB1I.lIX ceqeH11e A B n.HTI> pa3 MeH1>me, 'leM ceqeH11e K;. 

llrr.H o6'h.HCHeHI:I.lI c,uB11roB cneKTpon Y0
- qac~I:IU B 06rracT1> MaJihlX 6hl.:. 

CTp0T ,UeJiaJIOCb npe,un0JIO)KeHHe 06 o6pa30BaHII11 A Ha HeKI:IX "3cpcpeKT1IB- -

HhlX MIIIIIeH.HX" C Maccoii, paBHOH IieCKOJil>KlIM MaccaM HYKJI0H0B. 

Heo6hl'IHhle ,uaHHhle 6hlrr11 norry'leHhl 113 peaKUim aHH1Ir1IJI.HII1I1I Me,u­

rreHHhIX aHTHnpoT0H0B Ha rrerKI:IX .H,Upax. BhlJIO o6Hapy)KeHo, 'ITO BhlX0,Uhl 

A oqeHb BeJIIIKI:I, II ,Ua)Ke B aHH1Ir1IJI.lIII1III noKO.lIIII1IXC.lI aHTHIIp0T0HOB Ha 

H,upax rerr11.H ceqeHII.lI po)K,UeHI:I.lI A cpanHHM0 c BhlXO.U0M K; 1. 

1 II pH MaJiblX HMnyrrhcax HeB03M0>KH0 o6pa.30BaHHe A Ha o,llH0M HyKrroHe ll.llpa, TaK KaK nopor peaKIIHH 

pp--+AA cocTanm1eT P;,=1435 M3B/c. · 
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B p-Xe B3aIIMO,n:eiiCTBIIIDC Me,n:neHHhlX aHTIIIIp0T0H0B II3y11aJI0Ch o6pa-

30BaHIIe Bcex TIIII0B BT0PII1IHhlX CTpaHHhlX 1IaCTIHJ;, rrpII 3T0M 6hlnll TI0-

ny11eHhl ,n:aHHhle no II0JIYIIHKnI03IIBHhlM pea:rmmrM C napHhlM po2K,n:em1-

eM c-rpaHHhlX 11acTIIU. nhlnII 0TMe11eHhl aHoManIIII B o6pa3oBaHIIII cTpaH­

HhlX 11acTIIU; HanpI:IMep, o6pa30BaHI:Ie .D:BYX nrnepoH0B B aHHIIrIImruuu 

pX e --+ K+ K+yy X, TO ecTh BO B3aIIMo,n:eiicTBllll, r,n:e po2K,n:eHII5! u o,n:Horo 

runepoHa Henh35! 6hlnO 6hl O)KII,n:aTh 113 KIIHeMaTII'IeCKlIX coo6pa2KeHIIII. 

Ta6mi:ua·l. 3Ha'!emrn OTHoIDeHn:ii BhlXOAOB RAJK~= a(A)/a(I<i), rrorry'leHHbie H3 

,n;aHHbIX aHTllllpOTOH - imepHbIX 3KCIIepnMeHTOB. 

lIMIIYJibC p-He4 p- Ne20 p- Xe131 p- Ta1s1 

(r3B/c) 

B IIOKOe 1,05±0,14 1,18±0,29 1,05±0,12 
0,4-0,9 1,52±0,14 

0,6 0,94±0,19 2,30±0,70 
4,0 2,4±0,3 

200,0 0,43±0,09 

.Ilanee 06cy2K,n:aIOTC5! pa3nII1IHhie TeopeTII1IeCK1Ie Mo,n:em;, 0TIIIChIBaIOHJ;lle 

o6pa3oBaHne v0
- 1IaCTIIU B aHTlIHyKn0H-5!,n:epHhlX B3alIMO,n:eiicTBII5!X. 

Hau6onee 3K30Tn11ecKIIM rrpe,n:cTaBJI5!eTc5! no,n:xo.n:, B K0TopoM npe,n:rro­

naraeTc5! o6pa3oBaHne KBapK-rnrooHHOH nna3Mhl B 5!,n:pe Bcne,n:cTBne aHTII­

npoTOHHoii aHHIIrIIJI5!UIIII. IIpe,n:nonaraeTc5!, 'ITO TaKoiI <pa30BhlH nepexo,n: 
\, 

nponcxo,n:nT rrpu nnoTH0CTII 3Heprnn nop5!,n:Ka 2 r3B / <pM3. B paBHoBecHoiI 

Krrr BenIIKa Bep05!THOCTb npoueccoB qq --+ ss lI gg --+ ss, a pmK,n:eHne 

ss nap He cnnhH0 no,n:aBJieHo 3a c11eT 6onhmoiI Macchi s-KBapKa. obi'no 

paCC'Il!TaHo, 'ITO 0IITIIMaJibHM 3HeprII5! aHTlIHYKJI0Ha ,D;J15!. Ha6Jiro,n:eHll5! 

TIO,D;06HhlX 3<p<peKTOB ,n:on2KHa 6hlTh TI0p5!,n:Ka 6 r3B/c. 

IloBhlmeHHhie BhlX0JJ;hl CTpaHHhlX 1IaCTlIU o61,5!CH5!Jll!Ch n B npe,n:II0JI0-

)KeHlIII 06 o6pa30BaHlill npn aHHIIrlln5!UlllI MHOroHyKnOHHOH ClICTeMhl C 6a­

p1I0HHhIM 1IlICn0M B 2: 1 n rrocne,n:yromeM ee pacrra,n:e. O,n:HaKo Bep05!TH0CTh 

TaKIIX rrpoueccoB ,n:o cux rrop He orrpe,n:eneHa 3KcrrepIIMeHTanhH0. 

CymecTByIOHJ;lle ,n:aHHhle 0lllIChlBaIOTC5! lI B paMKaX rrpIIBhl'IHhIX M0,D;e­

neii BHYTPH5!,n:epHoro KacKa,n:a. B 3TlIX Mo,n:eJI5!X rrpe.n:rronaraeTc5! o6pa3ona-
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mre CTpaHHOCTII B fl N-B3am,rn,n:e1ICTBIIII, HO B KOHe'IHOe a,n:poHHoe C0CT0-

5!HIIe BHOC5!T mrna,n: peaKu1m rrepepacce5!Hirn, rrornomemrn II rrepe3ap5!,n:Kn 

rrpo,n:yKTOB aHHnnmmmr B 5!,n:pe. 

PmK,n:eHne cTpaHHhlX 11acn1u Ha 5!,n:pax HIDI-.e rropora o6pa30Bamrn J\1\. 
xopomo OIIIICbIBaeTC5! Kacrm,n:HOII MO,D;CJihIO. C1II!TaeTC5!, 'ITO e,n:IIHCTBeH­

HhIM IICT0'IHlIKOM J\ 5!Bn5!eTC5! rrepepacce5!HHe aHHIIrIIn5!UII0HHhIX MC30HOB 

( f(, 1r u 17 ) , a Han6onhmniI mma,n: B p·o:,rc,n:emre A ,n:aroT TaKIIe rrpouecchr : 

fl N--+ I? K + m1r . 

k+N--+A+X, 
J? + N --+ I: 0 + X, 
[( + N --+ I;± + X, 

I;±+ N --+ A+ N. 
TaKIIM o6pa30M, npu aHlUirIIJI5!Ullll Ha O,D;HOM HyKn0He ( B=0 ) CTpaH­

HOCTh 06pa3yeTC5! HarrpKMYIO T0nhKO 11epe3 po:,rc,n:emre I( [( nap, a BhIXO,D;hl 

J\ ynemI1IIIBaIOTC5! 3a C1IeT Toro, 'ITO 5!,n:po 5!BJI5!eTC5! 3<p<peKTIIBHhlM rrpe­

o6pa3oBaTeneM "rmOHHOH" 11aCTII B3aIIMO,n:ei'IcTBII5! B A II ~-ruuepoHbI. 

Ilpu nMrrynhcax uop5!,n:rm HecKOJihKIIX f.'3B n Tarmx :r-m,n:en5!X II05!BJI5!IOT­

c5! Heorrpe,n:eJieHHOCTII B OIIIICaHIIII, CB5!3aHHhie C He,n:ocTaT0"IHhIM 3HaHIIe1I 

xapaKTepIICTIIK aHHIIrIIJI5!UHOHHhIX 1IaCTIIU II ce11emn1 IIX B3aIIMo,n:eiicTBII5! 

c HYKJIOHaMn 5!,n:pa. Mo.n:enu 2Ke, orrncbrnaromne B3auMo,n:eiicTBII5! aHTII5!.IWP 

C 5!,n:paMII, rrpaKTII'ICCKll OTCYTCTBYIOT. 

B K0HUe rnanhl IWp0TK0 3aTpanrnaIOTC5! pe3yJihTaThl, II0JI)"'ICHHbl(' upu 

nccne,n:oBaHIIII 5!,n:po-5!,n:epHhlX CTOJIKHOBeHIIII . .IlJI5! AA - B3aIIMo,n:errcTBIIII 

6b1no rroKa3aHo, 'ITO 11ucno rrornomaeMhIX 1rnapKoB HaneTaromero a.n:poHa 

Herrocpe,n:CTBCHH0 CB5!3aH0 C Ha6nro,n:aeMOH MH0)I-.eCTBCHHOCThIO BbI6UThIX 

II3 5!,n:pa rrpoToHon Np, II 'ITO o6pa3onamre A-11acTIIU 5!BJI5!eTc5! npn3HaKoM 

co6bITIIH C 6onee pa3BIIThIM nHyTpirn,n:epHbIM KaCKa,D;0M. 

BTopM rnaBa II0JIHOCThIO IIOCB5!IIIeHa MeTO,D;II'ICCKIIM noupocaM, CB5!-

3aHHhIM c· IIOCTaHOBKOII 3KCIIepIIMeHTa ,D;J15! II3)"IeHII5! o6pa3onamrn Hefr­

TpanhHhIX CTpaHHhIX 'laCTIIU Ha aHTII,D;CIITpOHHOM rry•me. B Hefr TaK)K(' 

,n:aH o63op uporpaMMHoro o6ecrre"remrn, cueuuaJihHO pa1pa6onmnoro ,n:JI5! 

,n:aHHoro 3KCIIepIIMCHTa. 

3KcrrepnMeHTaJihHhIC ,n:aHHhlC 6bmn rrony<reHhI ua ycrmpnTem' ll<l>B3 

c IIOM0IIIhIO 2x-MeTponm1: :,rrnmmno,n:opo,n:uor1: rry3hipbr~onorr KaMepbI "Jlro,n:­

MIIna". TexHII'ICCimM HonmeCTB0M 6hlna ycTaHOBKa n KaMepy BHYTPCHHeII 

TpeKo<IyncTmITCJihHOH Mnmemr (BTM), co1,n:anHorr crreuuanhHO ,n:n5! nccne-
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,UOBaHII:U Ha aHTII,UeIITpOHHOM IIY'!Ke. MmneHh 3arrorrmmaeh )KII,UKIIM .uefr­

TepneM II pa6oTaJia KaK eaM0eT0HTeJihHM IIY3hlphK0BM KaMepa. PaHee, C 

rroMOlllhIO :non: yeTaHOBKII IIeerre,uonarrneh dp- n dd-n3aIIMo,ue:ueTBIIH. 

OeHODHaH eJIO)KH0eTh rrpn eo3,UaHIIII eerrapupoBaHHOro rry'!Ka aHTII.UCII­

TpOH0B 3aKJIIO'larraeh B nx MaJioM eeqemrn 06pa3onamrn. Ilpn 3Heprun 

yeK0pIITeJIH Y-70 BhlX0,Uhl aHTII,UeIITpOHOD, aHTIIIlpOTOHOB II 71"- -Me30HOD 

eooTHoe.aTCH Me)K.UY eo6o:u npIIMepH0 I<aK 10-5 : 10-3 : 1. MaKeHMYM Dhl­

xo.ua aHTII,UeIITpOHOB Jie&'.HT B ImTepBaJie IIMIIYJihe0B ( 11-13 ) I'3B / e, 'ITO 

n orrpe,uemmo nMrryrrhe 12,2 r3B / c, Ha KOTOphlii: 6hm HaeTpoeH 1rnHarr. 

Ilrr.a 110.uanrremrn He2KerraTeJihHoro a,upoHH0ro cpoHa 6hma rrpnMeHeHa 

,unyxeTyrreH'!aTM exeMa fflJ-eenapauuII. HeeMoTp.a Ha Bhle0Ky10 eTerreHh 

110,uaBJICHIIH He)KeJiaTeJihHoro a.upoHHOro <pOHa, D eoeTaBe rry'!Ka 6hma 3a­

MeTHa rrpIIMCeh 71"--Me30H0B 2. 

IIo.anrreHne rrepBhlX ,uaHHhlX no o6pa3oBaHIIIO V 0 B pA-B3aIIMo.n:eii:eTBIIHX 

eTIIMYJIIIponarro rrpo,uomKeHIIe 3KerrepIIMCHT0B Ha ny'!Ke aHTII,UeMTpo­

HOB no neerre,uonaHIIIO pmK,UeHIIIO Hen:TpaJihHhlX eTpaHHhlX qaeTIIU B 

aHTII,a-eirrpoH-H.UepHhlX B3aIIMO,n:eiieTBIIHX e UCJihIO 06Hapy2KeHIIH 3<p<peK­

TOB, eX0,UHhIX e Ha6rr10,uaBillIIMIIeH B aHTIIIIp0T0H-.a,uepHhlX eoy,uapemrnx. 

IIoneK HeihpaJihHhIX eTpaHHhlX qaeTIIU 6hlJI rrpoBe,UeH BO B3aIIMO,UCIIeTBII­

HX aHTII,UCMTpOHOB e .a,upaMII ,ueiiTepII.a, yrrrepo,ua II eBIIHUa. 

Koprrye BTM 6hlrr Bhlll0JIHeH II3 orrTII'!eeKII rrpo3pa'IHOro MaTep1mrra -

rrorrnKap6oHaTa ( rreKeaHa H14C1503 ) II qaeTII'IHO 0Kpy2KeH eBIIHU0BhlMII 

IIJiaCTIIHaMII. CBIIHUOBhlC rrrraeTIIHhI II JieKeaH0Bhle eTCHKII HBJIHJIIIeh MII­

meHhIO ,UJIH B3aIIMO,UeMeTBIIH e HIIMII IIY'IKOBhIX aHTII,UCMTpOHOB. nOJihillIIC 

pa3MCphl KaMephI 1103B0JIHJIII perIIeTpIIp0BaTh V 0
- qaeTIIUhI e XOpomeii: 

3!pqJCKTIIBHOeThlO. 

O6pa60TKa eo6hITIIM e HCMTpaJihHhlMII eTpaHHhlMII qaeTIIUaMII BKJIIO'la­

rra erre.uy10II1IIe 3TaIThl : rrpe,unapIITCJihHhlll OT6op II II3MepeHIIe eo6hlTIIii; 

o6e'!eT II3MepeHHhIX eo6hITIIII no rrporpaMMaM reoMeTpII'IeeKOM peKqH­

eTpyKUIIII II KIIHCMaTII'!eeKoro aHaJIII3a; qiopMIIp0BaHIIe JieHThl eyMMapHhlX 

pe3yJihTaTOB. IlpoII3BO,UIIJieH ,n:ByKpaTHhlM rrpoeM0Tp <pIIJihM0B0ro MaTepII­

arra, eBepKa II 3apIIe0BKa qaeTII e06hlTIIM. Bee eo6hlTIIH e V 0
- '!aeTIIUaMII 

6hIJIII II3MCpCHhl. IlpoeMOTpeHHhlll <pIIJihMOBhlll MaTepnarr eoeTaBIIJI 0K0JIO 

140 Thle. eTepeoKa,Up0B. 

IlporpaMMa reoMeTpII'IeeKoro II KIIHCMaTII'leeKoro aHaJIII3a 6hlrra e03,Ua-

2 8 pa6oqnx ycJIOBIIllX B KaMepy BBOJ(IIJIOCb 0,3+0,8 aHTHnei!TpOHOB B UHKJie rrpn a,npoHHOM 4'0He 

( 30-40 )% II qncJie 4'0HOBblX MIOOHOB OKOJIO Tpex qacTHU Ha UHKJI. 
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Ha Ha oeH0Be p.a,ua Mo,uyrreii:, BXO.UHIIIIIX B eneTeMy I'IUIP A. K oeo6eHHO­

eTHM peK0HeTpJKUIIII OTHoeurraeh pa6oTa e 60JihilllIMII MH02KeeTBeHHOeTH­

MH BTOpII'IHhlX qaeTIIU II Heo6xo,n:IIMOeTh T0'IH0 B0eeTaHaBJIIIBaTh HCBII,UII­

MyIO BepmIIHJ 3. 

H2 D2 X 

l 
i X 

H2 X 

P11c.l. Iloi.a3a'll.bl munu't'll.ble npu.Mep1,1 dd- u_dA-a3aU.Moaeucmauu a ycmauoai.e. 

IlrrH V 0 -qaeTIIUhI npe,unorrararrIIeh TaKIIe KaHarrhl paena,ua (KoHnep­
eIIII): 

K; ---+ ?!'+ + 7!'-, 

A---+ p+ ?!'-, 

X---+ fi+ ?!'+, 

'Y---+ e+ + e-. 

B oeHOBY npoueeeopa KIIHeMaTII'!eeKoro <pIITa 6hlJI II0JI0)KCH II3BeeTHhlll 

arrropIITM MeT0,Ua HaIIMCHhillIIX KBa,upaT0B IIpII HaJIII'IIIII ypaBHCHIIll eBH3II 

e IIeII0Jih30BaHIICM Heonpe,uerreHHhlX MHO)KIITerren: JiarpaIDKa. 

Iloerre norry'leHIIH pe3JJihTaToB reoMeTpII'IeeKon peKoHeTpJKUIIII TpeKoB 

eo6hITmr, npoII3B0,UIIJiaeh IIX II,UeHTII<pIIKaUIIH II~ BII,UIIMOM IIOHII3auIIII. 

IlrrH pa60Thl e rrorryqaeMhlMII Ha6opaMH ,uaHHhlX IIeIIOJih30Bamieh MH0-

ro'!IIeJieHHhlC erry2Ke6Hhle nporpaMMhl. B 3TOM rrrane no,upo6Ho 0IIIIeaHhl 

Bee lIX oeo6eHHOeTII. TaK2Ke .uaeTe51 aHaJIII3 II0Teph eo6hlTIIH npII npoxo­

)K,UeHIIII 'Iepe3 ueno'IKY o6pa6oTKII. 

3MeTOn, TQqHo BOCCTaHaBJIHBaIOmHii IIOJIOlKeHne HeBHJ(HMOH BepmHHl,I B3aHMOJ(eiicTBHll, 6b!JI OCHOBaH 

Ha Bblqncne1mn KoopnnHaT BepmHHbl KaK TOqKII rrepeceqeHHll IIpOJ(OJilKeHIIll rrpoeKUHH BHJ(HMblX qacTei! 

TpeKOB B3aHMOJ(eiicTBHll. 
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TpeTMI rrraim IIOCBIDIJ;eHa aHamny ,n:aHHhlX IIO IIHKJII03IIBHhlM BhlXO,n:aM 

K;- II A-qacTIIII II OTHomeHmIM ce'!eHIIH IIX o6pa3oBaHmr RA/K? BO B3aII­

Mo,n:e:ircTBIIHX aHTII,n:e:irTpOHOB C H,n:paMII ,n:e:irTepIIH, yrrrepo,n:a II CBIIHUa. 

lirrH pa3,n:erreHIIH Heo,n:H03Ha'IHO II,n:eHTIIqJIIIIIIpOBaHHI,IX yo - '!aCTIIII 

cpaBHIIBaJIIICh x2- BepOHTHOCTII KOHKypnpyIOIIJ,IIX rIIIIOTe3, a TaIOI(e pac­

rrpe,n:eJieHIIH rro rrorrepe'IHhlM IIMIIYJihCaM qacTIIII pacrra,n:a. Ka2K,n:of1 He:ir­

TparrhHOH CTpaHHOH '!aCTIII(e IIplIIIIIChlBaJICH reOMCTpII'ICCKIIH BeCOBOII 

cpaKTOp 4 .Zl:JIH y'IeTa IIOTeph Y 0
- 'IaCTIIII BHe 3qlqJCKTIIBHOro o6'beMa KaMe­

phl. Bno,n:IIJIIICh IIOIIpaBKII Ha HCHTpaJihHhie MO.Zl:hl pacrra,n:oB II Ha IIOTepn 

Y 0 
rrplI o6pa6oTKe. 

IlpIIMCCh 7r- Me30HOB B aHTII.Zl:CHTpOHOM IIY'!Ke 6bIJia O'ICBII.Zl:HhlM II 

rnaBHblM IICTO'IHIIKOM CIICTeMaTII'ICCKIIX omn6oK B 3KCIICpIIMCHTC. Brrna.n: 

OT yo II3 7r- A - B3alIMO.Z1:CHCTBIIH paCC'IIIThIBaJICH KaK C IIOMOIIIhIO II3BCCT­

HhlX 3KCIIep1IMeHTaJihHhlX ,n:aHHhIX IIO o6pa30BaHIIIO HCHTpaJihHhlX CTpaH­

HhIX '!aCTIIII B 7r- A - peaKIIIIHX IIplI 6JIII3KIIX 3HeprIIHX, TaK II rrpII IIOMOIIJ,II 

MmiTe - Kaprro Mo,n:errIIponaHIIH 3TIIX peaKIIIIH rrplI IIMrryrrhce 7r-- MC30HOB 

12,2 f3B/c. 

• Mo,n:errnpoBaHIIC 7r- A - B3a1IMo,n:e:ircTBIIH rrpmI3Bo,n:nrroch rrpn IIOMOIIIII 

MoHTe-Kaprro reHepaTopa a,n:poH - H,n:epHhlX co6hlTIIH FRITIOF. 

• Bhl'IIICJICHIIe a6coJIIOTHOro 3Ha'ICHIIH BCJIII'IIIHhI rrpIIMCCII 7r-- MC30HOB B 

IIY'IKC OCHOBhIBaJIOCh Ha rro,n:cqeTe -'IIICJia co6bITIIH c 6hICTphIMII aHTimpo­

TOHaMII - crreKTaTopaMII B KaMepe II Bhl'IIICJieHIIII OTHOIDCHIIH 'IIICJia TaKIIX 

co6bITIIH KO BCCM HeyrrpyrIIM B3aIIMO,n:eHCTBIIHM. 

• liaHHhlC IIO IIOJIHhlM HeyrrpyrlIM CC'ICHIIHM B3aIIMO,n:eHCTBIIH 7r-- Me3o­

HOB C H,n:paMII IIplI 12,2 f3B/c 6bIJIII IIOJIY'ICHhl IIHTeprroJIHIIIICH II3BCCTHhIX 

3KCIICpIIMCHTaJihHhIX ,n:aHHhIX. 

•IlorrHhle Heyrrpyr1Ie ce'ICHIIH B3aIIMo,n:e:ircTBIIH aHTII,n:e:irTpoHoB c H,n:paMII, 

CCTICHIIe peaKIIIIII ji-cTpIIIIIIIIHra Ha H,n:pax II IIX A-3aBIICIIMOCTh II3BCCTHhI 

II3 3KCIICpIIMCHTa. He3aBIICIIMO, 3TH CC'ICHIIH 6bIJIII IIOJIY'ICHhl HaMII II!. B 

MO.Zl:CJIII rrray6epOBCKoro TIIIIa. 

HeKOTOphIC crro2KHOCTII B03HIIKaJIII rrpn pac'!eTax ce'!CHIIH B3aIIMo,n:e:ir­

CTBIIH 7r-- MC30HOB II aHTII.Zl:CHTpOHOB C JICKCaHOM. BepOHTHOCTII B3aIIMO­

.Z1:CHCTBIIH aHTII.Zl:CHTpoiia C pa3JIII'IHhlMII H,n:paMII B COCTane JICKCaHa COOT­

HOCHTCH KaK P(C/O/H) = 0,74 / 0,17 / 0,09, T.e. 60JihilllIHCTBO B3aIIMO­

,n:e:ircTBIIH rrponcxo,n:IIT Ha H,n:pax yrrrepo,n:a IIJIII rrncrropo,n:a. 

4Cpenmie reoMe-rpn:qecKn:e Beca cocTaBn:nn: : 1,43 nm1 K;, 1,39 nm1 A, n: 1,42 nna A. 
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lb COBMeCTHoro aHamna 3KCIICpIIMCHTaJihHhlX .n:aHHhlX IIO BhlXO,n:aM yo -

'!aCTIIII II .n:aHHhIX O BKJia,n:e qJOHOBhIX 7r- A - B3am.rn,n:efrcTBIIII 6hIJIII IIO­

JIY'ICHhI OTHOCIITCJihHhie BhlXO.Zl:hI Y 0 
B "qncThlX" dA - B3aIIMo,n:e11:cTBII­

HX. Omn6rrn rrorryqaeMhIX pe3yJihTaTOB Bhl'IIICJIHJIIICh MCTO.Zl:OM 'IIICJICHHoro 

Mo,n:emrponamrn. 

B Ta6rr. 2 rrp1rne.n:eHhI 3Ha'-1emrn OTHomeHIIH 

RA/h·o = N(A) + N(~o) 
' N(E~) 

Ta6JI111.1a 2 

J-d d-C' d-Pb 

RA/ K~ Bee co6bITllll 0,89±0,17 1,11±0:-,32 1,98±0,33 

RA/K~ c p-crrernaTopoM 0,59±0,23 0,63±0,28 0,93±0,40 

RA/K~ "ueHTpa.JibIIbie" co6b!Tllll ..... . .... 2,13±0,83 

Rx;A Bee co6wTllll 0,68±0,13 0,26±0,09 0,03±0,01 

IIpnne,n:eHHhIC 3Haqemrn RA/Kf rroKa3hIBaIOT, TITO n crryqae clA BJ,ur­

Mo,n:ei'1cTnnf1 Ha6rr10.n:aeTCH IIOBhlillCHHhlII BhIXO.Zl: A- '-IaCTIIU, cpanHIIl\IhIII C 

BhIXO.Zl:OM K; .Zl:JIH rrenmx H,n:ep II 3aMCTHO rrpenhlma10mrn1: ero .Zl:JIH H,n:pa 

CBIIHI(a. 

B co6hlTIIHX )KC c aHTIIIIpOTOHOM - CIICKTaTopoM BhlXO.Zl: A- 'IaCTIIII He 

npenocxo,n:IIT BhIXO.Zl: I(;, II 3Ha'-Iemrn RA/J{f ncer,n:a CIICTCMaTIPH'CKII HIDKC'. 

8To corrracyeTCH C n,n:ee11: 0 porrn H,n:epHOII cpe,n:hI B ynemPICHIIII BhIX0.Zl:0B 

A- nmepOHOB.1Ief1cTBIITCJihHO, B TaIWII peaKI(IIII B3aIIMO,n:eiiCTBIIC' .n:pyroro 

aHTIIHYKJIOHa npoIICX0.Zl:IIT n o6rracTII MCHhillCII ITJIOTHOCTII HYKJI0HOB. 'I<'l\I 

B I(eHTpe H,n:pa, a II3 npOCThIX reoMeTpII'-ICCimx coo6pa2Keimii nom.ITH0, 'ITO 

o6pa3onanmnecH 'IaCTHIIhl C 6oJihillOII nepoHTHOC_ThIO MoryT BhIJIC'TctTh II3 

H,n:pa 6e3 n3an11.10,n:e11:cTmrn II He o6pa3yH 1rnc1rn,n:on. 
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3HaqeHIUI RA/K?, rrorryqeHHbie Ha aHTIIJJ:eIITpOHHOM nyqKe, Marro OTJIII­
qaIOTCH OT aHTIIIIpOTOHHbIX naHHhlX ( CM. Ta6rr.1 ), TaK KaK n aHTIIJJ:eIITpo-,.,. 
He aHTIIHyKrrOHhl HaxonaTCH D cpenHeM CJIIIIIIKOM narreKO npyr OT npyra, 
qTo6hl M02KHO 6hlrro 021rnnaT1> HeKOeII 3aMeTHOII "1rnTepqiepeHUHII" B3aH­
MoneIICTBIIII D anpe oT o6oIIx HyKrroHoB. CKopee ncero, OHII He cIIrr1>Ho 0T­
rrnqa10Tca OT npocToII cyrrepno3IIUIIII NA- BJanMone11cTBIIII. 

1IaHH1>re nrra neIITepIIa, C 12 u Pb207 BMecTe c naHHl>IMII nrra npyrux 
anep IIOJJ:TBep)KJJ:aIOT oqeHb crra6y10 3aBIICIIMOCTI, RA/K? OT MaCCI,I anpa 
MlIIIIeHII. OTHOIIIeHIIe RA/ I{? Marro 3aBIICIIT II OT IIMrryrr1,ca aHTIIHyKrrOHa. 

3Haq11Terr1>H1>III nnqiqiy3Hl>III MIOOHHl>III qioH D rryqKe He rro3norrarr rrorry­

qlITb a6comoTHhle 3HaqeHIIH Heyrrpyrnx ceqeHIIII aHTIIJJ:eIITpoHa c anpa­

MII. Bhlq11cmmIIc1> OTHOCIITerr1>H1>re Bhlxon1,1 RJ{o II RA, HOpMnponaHHhle Ha 
' rrorrHoe qncrro 3aperIICTpnpoBaHHhlX aHTIIJJ:eIITpOH - anepHhlX B3aIIMOJJ:eII-

CTBHII. 8TII pe3yrr1>TaThl npnneneH1>1 Ha Pnc.2; 

3aBIICIIMOCTI, OTHOCIITerrbHhlX BbIXOJJ:OB A II K; OT MaCCbl anpa MIIIIIe­
HlI OTJII1qaeTCH D peiKUIIHX C p-crreKTaTopoM II 6e3 Hero. PocT BbIXOJJ:OB 

A II K; B "rrepIIqiepIIqecK1IX" B3aIIMoneIIcTBIIHX rrponcxonnT npaKTIIqecKII 

onnHaKOBhlM o6pa3oM, HO nrra co61>1TIIII 6e3 crreKTaTopa Bhlxon1,1 A ynerrn­

qnnaIOTCH 6hlCTpee, qeM BbIXOllhl K;. BnnnMo, Ha KpaIO anpa ycrrOBIIH nrra 
o6pa30BaHIIII A D KaCKane MeHee BbirOJJ:HbI, qeM rrpII "ueHTparrbHOM" co­

ynapeHIIII. B TO )Ke BpeMa, npIIuerrbHbllI napaMeTp coynapeHIIH He nomKeH 
BrrIIHTI, Ha OTHOCIITerrl>Hhle BhlXOllhl K - Me30HOB, ecrrn OHII o6pa3yIOTCH _B 
ocHOBHOM D nepnnqHoM N N- B3aIIMoneIICTBIIII. 

Y.,,(%) 

30
~ il+A-v0+x I ~ il+A-v°+P,.;0_+x I xK: 

•A 
•A 

201 ; 1 
L_ 

]. ~ . l .. ,. If I,. 
~ 'c, 1

Pb ~ 'c, 1
Pb 

Pnc.2. Om11.ocume,u,11,1,1e 61.>IXOabl I<;' A u A- •tacmu'I{ aJLJI pa3.4U'l11.blX Jiaep 6 dA-
6.JUU,M,OaeucmBUU. OmaeJLl,1/,0 no1,;a3a11,1,I C.4Y'lllU co61,1muu C 6blae,ie11,11,1,1,M, 60 63llU.Moaeu­

cm6UU a11munpomo11,o.1,t - cnenmamopo.M u 6e3 ue~o. Macc1,1 Jiaep MU111e1m om.Me'te11.1,1 11.a 

ocu a6c'l{ucc nan A 213• 
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qeTBepTaH rrrana IIOCBHIIIeHa pe3yrr1>TaTaM aHaJIII3a 61,rcTpOTHhlX pac­
npenerreHIIII n lIMIIyrr1>CHbIX cneKTpOB V 0

- qacTIIU. 3aTparIIBaeTCH nonpoc 
0 CBH3II xapaKTepIICTIIK V° C 3apHJKeHHbIMH qacTHUaMII D C06hlTIIII 5. 

Ha Pnc.3. noKa3aHhl OTHOCIITerr1>Hhle n1,1xon1,1 RI{? II RA KaK qiyHKUIIII 
norrHOII MH02KeCTBeHHOCTII, a TaK2Ke MH02KeCTBeHHOCTei'i: ns II nh 3apa2KeH­
HhlX qacnru nrra rreKcaHonoII II CBIIHU?BOII MnrneHeII. 

Av• 
0.5 

d+Pb 

0.4 

0.3 

0.2 

0.1 

tt+++tf 
++ ++ +t t 

Av• Av• 

~ t K: 

1++++tt +++ 
1A 

t +-
~ 

t 
++-1-++ ~+_/+ 

0·0os"'"ici"'j5····20···25····s .... io····i5··10· 25··T ··io ··,s 20 15 
Nch Ns Nh . 

Av• 
0.15 

0.12 

O.o9 
t 

0.06 

0.03 

0.0 

J4=4 
+ 

Pnc.3 

Nch 

Av• Av• 

d+C' ' I K: 
1A 

t+tt 
~ 

~~J 
t 

-- --

Ns Nh 

Bo B3aII~oneIICTBIIHX Ha yrrrepone xapaKTep 3aBHCIIMOCTei'i: Rv, OT 

Nch,s,h npaKTIIqecKn cxo2K nrra A II K;, B TO npeMa KaK nrra anep CBIIHUa 
IIOBeneHne 3THX 3aBIICIIMOCTeII cyiuecTBeHH0 pa:mnqaeTCH. 

Ha Pnc.4. npencTanrreHhl nnyMepHhle pacnpenerreHIIH Yi*-Pt nrra K;­
Me30HOB II A D dPb - BJaIIMonei'i:cTBIIHX. CnrrornHhlMII rrIIHIIHMII noKa3aHhl 

KIIHeMaTIIqecKue rpaHIIUhl nrra k; D peaKUIIII NN -+K;AN, II nrra A D 

peaKUIIII .N N-+ AA. ( Yj_* - 6hlcTpoTa V 0 B c.u.M. N N ). 
Ha6rr10naeMhle K;- Me30Hhl rre2KaT D npenerrax nonyCTIIMhlX KIIHeMaTII­

qecKIIX rpaHIIU II paBHOMepHo pacnpenerreHhl BHYTPII pa3perneHHo:if o6rra­
CTII. PacnpenerreHIIe A He Torr1>Ko cnnIIHyio D 06rracT1> Mam,ix 6hlcTpoT, 
HO TaK2Ke II 3aMeTHaH qaCTI, qacTIIU OKa3hlBaeTCH 3a npenerraMII o6rracTII, 

5B aHaJIH3e qaCTlillbl Pa3.UeJil!IOTCll Ha "s"- qacTHl1bl ll "h"- qacTHl1bl co CKOpOCTllMH fJ > 0,7 ll /3 < 
0,7, COOTBeTCTBeHHO. HH)KHa'.a: rpan11na llMIIYJibCa qacTHll;, Ha6JIIO,ZJ;aeMblX B ycTaHOBKe, COCTaBJUIJia,....,, 

200 M:,B/c. 
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pa3pemeHHoiI ,n:m1 NN- B3aIIMo,n:eiicTmn1: . .IIomr TaKIIX qacTIIU B03pacTaeT 

c yBeJIII'IeHIIeM Macc1,1 .H,n:pa, II B dPb - B3aIIMo,n:eiicTmrnx oKorro 35% Bcex A 

BhlX0.U.HT 3a rrpe,n:eJihl o,n:HOHYKJIOHHOH KIIHeMaTIIKII. Ilpu o6cy:,K,n:eHIUI 61,1-

cTp0THhlX pacrrpe,n:eJieHIIH V 0 B ,UIICCepTaUIIII ,n:aeTC.ll KpIITIIKa K0HUCIIUIIH 

T.H)KeJihlX "3q:>q:>eKTIIBHblX MIImeHeiI". 

l.S 

1.0 

d+Pb-K!•x 

.. , . . •.; ·-

:! 
, . _,. 

d+Pb-A•X 

M,', ,, ,)t~;f ,':\ , I, .,>J • ·,•0 ', I . . o.o. 1.3 2_ • - 1.3 

o.s --=-·. :~t t·. 
fi·;·•;--:~ 

LS 
Y, v; 

Puc.4. Pacnpeae.11euuK Yi*-Pt· Cmpe.111w.11u om.1te'le1tbl cpeauue 31ta'leUUK pacnpeae­

.11euuu no 6b1cmpoma.11. 

IlpII aHaJIII3e ,n:aHHhlX II0 MH0)KeCTBeHH0CT.HM 61,m o6Hapy:,KeH II0Bhl­

meHHhlH BhlX0,U Me,n:JieHHbIX 'IaCTIIU n co6hlTII.HX C A- r11rrep0H0M, 'ITO co­

rrracyeTC.ll C M0,UeJibHbIMII rrpe,n:cKa3aHirnMII II CBII,UeTCJibCTBYCT 06 orrpe,n:e­

JI.HIOIIIeH porrII BHYTPIIH,n:epHhlx KacKa,n:oB B o6pa3onaHIIII A Ha H,n:pe. 

lh aHaJIII3a IIMIIYJibCHhlX crreKTp0B V 0
- qacTIIU 6bIJIII ~orryqeHhl rrapa­

MeTphl HaKJI0Ha IIMIIYJibCHbIX crreKTp0B V 0 
( "H,n:epHbie TeMrrepaTyp1,1" ). 

B dPb - B3aIIMo,n:eiicTBIIHX 0HII oKa3aJIIICb paBHhIMII 158±12 M3B ,n:rrH K; 
II 119±9 M3B ,UJIH A. 8To He rrpeBocxo,n:IIT 3Ha'IeHIIH, rrorry'IeHHhlX B H,n:po 

- H,n:epHhlX B3aIIMO,n:eiicTnIIHX rrpu 6JIII3KIIX 3Heprirnx II 3aMCTH0 HII)Ke pe-,. 
aJIIICTII'IecKoiI oueHKII "TeMrrepaTyphl" q:ia3onoro rrepexo,n:a B H,n:pax. 

B 3aKJIIO'IeHIIII cq:iopMyrrIIponaHbl 0CH0BHbie nhln0,Ubl ,UIICCCpTaUIIII. 

1. O1,ma pa3pa6oTaHa MCT0,UIIKa o6pa6oTKII q:>IIJibMOBOH IIHq:>OpMa:u;I:III 

n aHTII,n:eiITpOH-H,n:epHOM 3KCIIep11MeHTe. Co3,n:aH K0MIIJICKC rrporpaMM ,UJIH 

3q:>q:>eKTIIBHoiI peK0HCTPYKUIIII II aHaJIII3a co6hlTIIH c V 0 
- qacTIIUaMII, a 

TaK)KC pH,n: cJiy)Ke6HhlX rrporpaMM ,UJIH pa6oThl c rrorryqaeMbIMII ,n:aHHhlMII. 

2. BrrepBbie II0Jiy'IeHhl 3KCIIepIIMeHTaJibHhle ,n:aHHbie II0 BbIX0,UaM HeII­

TpaJibHhlX CTpaHHhlX qacTIIU BO B3aIIMO,UeHCTBIIHX aHTil,UCHTpOHOn C H,n:pa­

MII ,n:eiITepIIH, yrrrepo,n:a II CBIIHUa rrpII IIMIIYJibCC 12,2 I'3B/c. 
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• Ce'IeHne o6pa3oBamrn A cpaBHIIMo c ce"tJeHneM o6pa3oBamrn K; y)Ke 

,UJIH H,n:pa ,n:eiiTep1rn, II ,UJIH cmmua C0CTaBJIHeT 3aMCTHYIO ,U0JIIO II0JIH0ro 

Heyrrpyroro ceqemrn. OTHOIIICHIIH ce'IeHnfr RA/I,~ .UJIH TH)Kerroro H,n:pa Ha 

rropH.U0K npeBhlmaIOT 3Ha'-remrn, mrm,n:aeMhle II3 N N- B3anMo,n:efrcTnufr. 

• Ha6JIIO,UCHIIe 6hlCTporo aHTIIIIp0T0Ha - CTICKTaTopa TI03B0JIIIJI0 Bhl.D:e­

JIIITb KJiacc co6bITHII, 06ora111eHHbIX. B3aIIMO,UCIICTnIIHMII aHTIIHJKJI0Ha Ha 

Kpa10 H,n:pa - Mnmem1. B1,1xo,n: A-qacTIIU n Tarmx n3anMo,n:en:cTBIIHX no,n:a­

nrreH. B TO )Ke npeMH nepnq:iepII'IHOCTb B3aIIMO,UCIICTBIIH crra6o nmrneT Ha 

BbIX0,UbI K;-Me30HOn. 8nr Ha6rr10,n:emrn corrracyIOTCH C rrpe,n:TIOJIO)KCHIICM 

06 06pa3onamm A no nTopII'IHhlX B3aHMo,n:e1kTBIIHX nHyTpn .H,n:pa. 

• Pa3JIII'IIIe n 0TH0CIITCJibHbIX nhlxo,n:ax A n nepnq:iepII'ICCKIIX II Henepn­

q:iepnqecrmx B3anMo,n:efrcTmrnx n <id- B3aIIMo,n:efrcTBirnx cmr,n:eTerr1>cTnyeT 

o 3aMeTH0M BKJia,n:e npo:u;eccoB nepepacceHHIIH n o6pa3onamre J\-qacTIIU 

,n:a:,r(e .UJIH Tarwro npocToro H,n:pa, IrnK ,n:efrTpoH. 

• B npe,n:errax omn6oK 3KcnepnMeHTa He Ha6rr10,n:amrc1, Karrne - mr6o He-

061,1qH1,1e 3q:>q:>eKTbI, CBH3aHHbie C 0,lJ;H0BpeMCHHhlM B3aIIMO,UeIICTnIIeM o6onx 

aHTHHYKJI0H0B aHTII,n:eiiTpoHa B H,n:pe. 

• ConoKynHhlH aHam13 ,n:aHHbIX pA--' n dA- 3KcnepnMeHTon no3B0JIHeT 

c,n:eJiaTb BhlB0,U 0 He3aBIICIIM0CTII 0TH0IIICHIIH nhIX0,U0B RA/I{~ OT IIMTIYJibca 

aHTIIHYKJI0Ha. IIo,n:TBep:,K,n:eHo npe,n:norro:,r(eHne o crra6oM pocTe RA/ I,f n 

3aBIICIIM0CTII OT MaCCbI H,n:pa-MIIIIICHII. 

• O6Hapy:,rrnHO 6oJibIIIOC 0TJIII'IIIe CC'-ICHIIII pmK,n:emrn 1\.- II A-rnnepoHOB 

n dA- B3aIIMo,n:en:cTBIIHX . .IlrrH H,n:ep cmmua Rx;A = 3 · 10-2. 

3. Bnepn1,1e norry'IeHbI 3KcnepnMeHTaJibHhle ,n:aHHbie no IIMTIJJibCHbl1I 

II 6bICTpOTHhlM CIIeKTpaM V 0
- '-IaCTIIU II IIX CnH3II C MHO)KCCTneHH0CTHl\III 

3apmKeHHhlX qacTIIU n dA- B3anMo,n:encTnIIHX. 

• B 6hlcTpOTHhlX pacnpe,n:erreHIIHX A- runepoHon 61,mo o6Hapy:,r(eHo 

CIIJibH0C OTKJI0HeHne OT O)KII)];aeMoro ,UJIH O,UHOHYKJIOHHOII KIIHel\mTIIKII, n 

oco6eHHOCTII ,n:rrH n3aIIMo,n:en:cTnIIfr Ha H,n:pe cmmua. Taimx HpKo n1,1pmKeH­

HhlX KIIHeMaTII'ICCKIIX oco6eHHOCTCII He Ha6JIIO,UaJIOCb ,UJIH 1i:;- MC30H0n. 

8To CBII,UeTeJibCTnyeT 0 TOM, 'ITO 60JibIIlaH 'IaCTb A 06pa3yeTc11 Ha TH)Ke­

JI0M H,n:pe He Henocpe,n:cTneHHo n N N- coy,n:apemrnx. 

• 3Ha'IeHIIH TeMnepaTypHoro napaMeTpa. To .UJIH V 0 n dA- n1anl\10ll<.'II­

cTn11Hx He npenocxo,n:HT 3Ha'-reHnn, rrorry'reHHbIX n J>A- n1a11MOllPikTmrnx; 

3TII 1Ha'Iemrn 1aMeTH0 mrnrn 11pen11orrarae11011 oueHKII TeMncpaTyp1,r 06pa-

10BaHIIH 1rnapK - rJIIOOHHOII IIJia3Mhl. 

• Ha6JIIO,n:aeTCH ynemr'IeHIIC n1,rxo,n:on A c yncmI'ICHIICM nhlxo,n:on Me,n:­

JICHHhlX 1ap11:,r(eHHhlX qacnru ( h - '-IaCTIIU ) no n1anMo,n:e1IcTn1rn. 8To 
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yKa3hIBaeT Ha 6oJiee ClIJihHOe pa3BlITIIe BHYTPIIH.IJ:epHhIX 1mc1m.IJ:OB B co6bI­
TlIHX C A- rIIIIepoHaMH. 3aBIICIIMOCTII BhIXO.IJ:OB V 0 OT. MHOMeCTBeHHOCTII 
3apHMeHHhlX 'IaCTIIU TaK)Ke CBII.IJ:eTeJihCTBYIOT O rrp1mumrnaJihHO pa3HhlX 
MexaHII3Max o6pa3oBaHIIH Ki II A n aHTIIHYKJIOH - H.IJ:epHhIX peaKUIIHX. 

Pa60ThI, ITOJIO)KeHHhie B OCHOBY .rurccepTaurrn: : 

1. EaTIOHH E.B., EorycJiaBCKIIH M.B., rpaMeHIIUKIIII M.M., 
Me.IJ:Be.IJ:h K.C., lliIIMKOBIIUena M.E., KoKa K., EpyHUKO .II., AH.IJ:peen B.<l>., 
EapaHoB II.C., ITenoHHH C.B., 
"MeTO.IJ:II'Iec1rne BOIIpOChI II3MepeHIIH II o6pa60TKII aHTII.IJ:eIITpOH-H.IJ:epHhIX 
B3aIIMO.IJ:en:cTBIIn: Ha MaTepHaJiax ycTaHOBKII "ITIO.IJ:MIIJia" c nHyTpeHHen: 
TpeKO'IYBCTBIITeJihHOH MIImeHhIO"' 
Coo6rueHHe OI15II1 Pl-89-519, Ily6Ha, .1989. 

2. EpyHUKO .II., rpaMeHIIUKIIH M.M., IlnpHep A., Me.IJ:Be.IJ:h K.C., 
lliIIMKOBIIUena M.E.,"IIporpaMMa reoMeTpII'IecKon: peKOHCTPYKUIIH II KHHe­
MaTH'IecKoro aHaJIII3a aHTII.IJ:en:TpOH-H.IJ:epHhlX B3aIIMO.IJ:en:CTBlIH .IJ:JIH ycTa­
HOBKH "ITIO.IJ:MHJia" , Coo6rueHHe OI15II1 El-1-91-101, Ily6Ha, 1991. 

3. EpyHUKO .II., rpaMeHIIUKIIH M.M,; IlIIpHep A., Me.IJ:Be.IJ:h K.C., 
lliIIMKonuuena M.E.,"IlaKeT cJiy)Ke6HhlX rrporpaMM .IJ:JIH o6pa6oTKH .IJ:aH­
HhlX IIpOCMOTpa II lI3MepeHIIH aHTH.IJ:en:TpoH-H.IJ:epHhlX B3aIIMO.IJ:eHCTBIIH Ha 
MaTepIIaJiax ycTaHOBKII "ITIO.IJ:MIIJia" , Coo6rueHue OI15II1 El-1-91-102, 
Ily6Ha, 1991. 

4. Coca C., Bruncko D., Gramenitsky LM., Medved K.S., 
"Neutral strange particle production in antideuteron - nuclei interactions 
at 12.2 GeV /c", in Proc. of the Workshop on Nucleon - Antinucleon 
Interactions NAN-91" ( Moscow, 1991) 
5J:<l>, T.55, BhIII.11 ( 1992 ), CTp. 3141. 

5. Batyunya B.V., Boguslavsky LV., Bruncko D., Coca C., Gramenitsky 
LM., Medved K.S., Ponta T., Simkovicova LB., "Neutral Strange Particles 
Yields and Production Ratios in Antideuteron - Nuclei Interactions at 12.2 
GeV /c", Coo6rueHue OI15II1 El-93-2O, Dubna, 1993. 

6. Batyunya B.V., Boguslavsky LV., Bruncko D., Coca C., Gramenitsky 
LM., Medved K.S., Ponta T., Simkovicova LB., "Inclusive Production 
of Neutral Strange Particles in Antideuteron-Nuclei Interactions at 12.2 
GeV /c", JINR Rapid Communications 2(59)-93, p.22, Dubna, 1993. 

PyKOIIHCh IIOCTyrnma B ll3,D;aTeJihCKHH OT,D;eJI 

21q>eBpam11995 ro.n;a. 

16 


