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Oomrur xapa.KTepHCTHKa paooTbI 

AKTyarrhHOCTh npo6rreMbl. KyrroHoBcKoe B3aIIMO,neftcTBIIe .norr2KH0 Y'lIIThI

BaThCSI BO Bcex npoueccax, r.ne o6pa3YJOTCSI 3apsr2KeHHhie qacTIIUhI. llH4>

<pepeHUIIaJihHOe ceqemrn o6pa30BaHirn nap npOTIIBOnOJIO)KHO 3apsr2KeHHhIX 

qacTIIU C MaJiblMII OTHOCHTeJihHblMH HMnyJihCaMH B IIX CHCTeMe ueHTpa 

Mace q ~ 2µa ( q - Y.UBOeHHhIH HMnyJihC O.UHOH ll3 qaCTHU B CHCTeMe ueH

Tpa Mace naphI, µ - npHBe,UeHHM Macca naphI, a - nOCTOSIHHM TOHKOH 

CTpyKTypbI) 3Ha'!HTeJihH0 yBeJIH'lIIBaeTCSI BCJie.UCTBHe KYJIOHOBCKOr0 B3aH

MO,UeHCTBHSI B KOHe'!HOM COCTOSIHHH B crryqae, eCJIH pa3Mep o6rracTH reHe

paunn T pr MHOrD MeHbIIIe BopOBCKOro pa.n:Hyca naphl 3apsr2KeHHhIX qaCTHU 

B CBSI3aHHOM cocTOSIHHH TB. llnsr 7r+7r- -nap TB~ 1/ µa= 387 q>M. 

HHTepec K HCCJie,UOBaHHIO KYJIOHOBCKOro B3aHMO.UeHCTBHSI B KOHe'lHOM 

COCTOSIHHII Bbl3BaH TeM, 'ITO B03M02KHOCTh onHCaHHSI pacnpe.uerreHHSI 7r+7r- -

nap B o6JiaCTII KYJIOHOBCKOro 3<p<peKTa Ba2KHa .UJISI 3KCnepHMeHTa no H3Me

peHHIO BpeMeHH )KH3HH 7r+7r- -aTOMa (A21r), KOTOpbIH n03BOJISieT npoBepHTh 

npe.ncKa3aHHSI KIIpaJihHOH TeOpHH. KpoMe Toro, HCCJie,UOBaHHe KYJI0HOB

CKHX KOppernIUHH n03B0JISieT H3y'laTh pacnpe.neneHHe qaCTHU ITO pa3Mepy 

o6rracTII re~epaUHH B KO0p,UHHaTHOM npocTpaHCTBe, a TaK2Ke SIBJISieTCSI 

3KCnepIIMeHTaJihHblM 0CHOBaHHeM .UJISI Bbl'IHCJieHHSI KYJIOHOBCKHX nonpa

BOK .nrn1 OnblTOB no H3MepeHHIO £03e-8HHI11TeHHOBCKHX KOppeJISIUHH. 

B .nnccepTaUHH OnHCaH 3KCnepHMeHT no Ha6n10.neHHIO 3<p<peKTa Kyno

H0BCKOro B3aHMO,UeHCTBHSI B KOHe'lH0M COCT0SIHHH. Ilo.npo6HO lI3JIO)KeHa 

npoue.nypa o6pa60TKH H aHaJIH3a 3KCnepHMeHTaJihHblX .naHHblX, no3BOJISI

IOIUM onncaTh 3KcnepHMeHT8JihHOe pacnpe.nerreHHe 1r+1r--nap II onpe.ne

JIHTh COOTHOIIIeHHe 7r+7r--nap, OTJIH'laIOlUHXCSI no pa3Mepy o6naCTH reHe

paUHH. 

Uerrh pa6oThI. llHccepTaum1 nocBSIIUeHa Ha6n10.neHHIO n Hccne.noBaHHIO 

KYJIOHOBCKHX KOppeJISIUIIH B CHCTeMe 7r+7r--nap. 

Hay'IHM HOBH3Ha n npaKTII'leCKM ueHHOCTh. OcymecTBJieHo Ha6mo

.neHIIe KYJIOHOBCKHX KoppeJISIUIIH B CHCTeMe 7r+7r--nap. Pa3pa6oTaHa npo

ue.nypa annpOKCIIMauHH pacnpe.nerreHHSI 7r+7r--nap no OTHOCHTeJihHOMY 

IIMilYJihCY, Y'lHTblBaIOIUM KYJIOHOBCKHe KOppeJISIUHH, pa3Mep o6rraCTH re

HepauIIII nap H BJIHHHHe ClIJihHOro B3aIIMO,UeHCTBHSI B KOHe'lHOM COCTOSI

Hllll .. IlOKa3aHO, 'ITO npe.nrro2KeHHblH MeTO.U n03BOJISieT onncaTh 3KCnepn

MeHTaJihHOe pacnpe.nerreHIIe nap HCTHHHblX COBna,neHIIH npn HCnOJih30Ba

HHII 3KcnepnMeHTaJihHOrO pacnpe.nerreHIISI nap crryqafl:HhlX COBna,neHHH H 

TO'IHO Bbl'IHCJISieMoro 3Ha'leHIISI KYJIOHOBCKOH KoppeJISIUIIOHHOH <pyttKUHH. 
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3To Heo6xo,UIIMO ,UJUI o60CHOBaHII5I MeTO,Ua II3MepeHII5I BpeMeHII )KII3HII 

A21r1 oueHKII ero CTaTIICTIIqecKIIX II CIICTeMaTIIqecKIIX onrn6oK, a TaK)Ke 

npIIMeHeHIIH 3q>q>eKTa KynoHOBCKIIX KOppenHUIIH ,nnH II3yqemrn pacnpe.ne

neHII5I 3ap5I)KeHHbIX qaCTIIU no pa3Mepy o6naCTII reHepaUIIII B KOOp,nIIHaT

HOM npocTpaHCTBe. 

Anpo6aUII5I pa60Tbl. B ,UIICCepTaUIIII onIICaHbI pe3ynhTaTbI IICCne,noBa

HIIH, BbIIIOnHeHHhlX B Jla6opaTOpIIII H,nepHhlX npo6neM O:vI51ll c 1987 no 

1996 rr. Pe3ynhTaThl, BOIIIe,nnrne B ,UlICCepTaumo, ,UOKna,UhlBanIICb Ha Ha

yqHbIX ceMIIHapax JI51II II JIB3 Oll51ll, Ha INTERNATIONAL WORK

SHOP ON CORRELATION AND MULTIPARTICLE PRODUCTION 

(CAMP) B Map6ypre (repMaHIIH) II ony6nIIKOBaHhl B nepIIo,nIIqecKIIX II3-

,naHIIHX (npenpIIHThl II coo6meHIIH Oll51ll, cTaTbII B )KypHanax "51,nepHM 

q>II3IIKa", "IlpII6ophI II TeXHIIKa 3KcnepIIMeHTa", "Physics Letters"). 

Ily6nIIKaUIIII. OcHOBHhle pe3ynhTaThl, BOIIIe,nIIIIIe B ,nIIccepTaumo, ony-

6nIIKOBaHbI B 6 pa6oTax. 

CTpyKTypa ,nIIccepTaUIIII. llIIccepTaum1 cocTOIIT II3 BBe,neHIIH, qeThl

pex rnaB, 3aKmoqeHII5I II npIInO)KeHII5Ij OHa co.nep)KIIT 80 CTpaHIIU, 16 pII

cyHKOB, 9 Ta6Jrnu II 6II6nIIorpaq>IIqecKIIH cnIICOK mITepaTyphl II3 41 Ha

IIMeHOBaHIIH. 

Co.n;ep)KaHHe pa6oTbI 

Bo BBe,neHIIII ,naeTC5I o63op 3KCnepIIMeHTanhHhlX II TeopeTIIqecKilX pa6oT, 

noKa3bIBaIOIUMX Heo6xo,nIIMOCTb yqeTa KynoHOBCKOro B3allMO,UeHCTBil5I B 

KOHeqHOM COCT05IHIIIl BO BCex npoueccax, r.ne o6pa3YJOTC5I 3ap5I)KeHHhle qa

CTIIUbI. OnIICaHO BflII5IHile KynoHOBCKOro B3aIIMo,neiiCTBil5I Ha ,Ullq>q>epeHUil

anhHOe ceqeHIIe o6pa30BaHII5I nap npOTilBOnonO)KHO 3ap5I)KeHHhlX qacTIIU C 

ManbIMil OTHOCIITenbHhlMII IlMnynbcaMII B IlX CIICTeMe ueHTpa Mace, ecnH 

pa3Mep o6nacTH reHepaUHII T pr MHoro MeHbIIIe BopoBcKoro pa,nIIyca naph1 

3apH)KeHHhlX qacTIIU B CB5I3aHHOM COCT05IHilll TB. IlOKa3aHO, qTO IIHKnI0-

3IlBHhle cneKTphl 7r+7r- nap 5!Bfl5IIOTC5I CYMMOH C06bITilH .UByx BII,UOB, OT

nHqaIOIUIIXCH pa3MepoM o6naCTil reHepaUHII 7r+7r- nap B cpaBHeHIIIl c Bo

pOBCKIIM pa.nIIycoM TB~ 1/ µa.= 387 q>M. 

IlapbI nepBoro Tllna COCT05IT II3 7r Me30HOB, o6pa30BaBIIIIlXC5I B npHMbIX 

npoueccax H npII,pacna,ne KOpOTKO)KHBYIUMX pe30HaHCOB (p, w, b., ... ). B 

,naHHOM cnyqae xapaKTepHhlH pa3Mep o6nacTH reHepaUHH T pr ~ 1 -;- 20 fm, 

MHOro M€HbIIIe TB- IlHOHbI B TaKHX napax IlCnhlThlBaIOT KynoHOBCKOe Il 

,: ~ .t'":. ·' 
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CllflbHOe B3allMO,UeHCTBIIe B KOHeqHOM COCT05IHilll Il HMeHyIOTC5I B .nnccep-

TaUHH "KYJIOHOBCKilMH" napaMH. ' 

Ilaphl 7r+7r- Me30HOB BTOporo THna - 3TO co6hITmI, B KOTOpbIX O,UHa HJ!H 

o6e qacTHUhl po,nHJIHCb OT ,nonrmKHBYIUilX IlCTO'IHHKOB (TJ, I<~, A, ... ). 
B 3TOM cnyqae xapaKTepHhlH pa3Mep o6nacTH reHepaunn 6onee 103 fm 

H, cne,noBaTeJibHO, 3q>q>eKThl KYJIOHOBCKoro Il CllJibHOro B3aHMo,neii:cTBHH 

B KOHeqHOM COCT05IHHil npeHe6pe)KHMO MaJihl. TaKHe napbI HMeHyIOTOI B 

,UllCCepTau;HII "pacna,UHbIMII" napaMII. 

.UIIq>q>epeHUilaJibHOe cet.IeHIIe "KYJIOHOBCKilX" nap MO)KeT 6bITb 3annca

HO B q>aKTOpH30BaHHOM BII,L(e: 

d<r8 da~ 
d ➔ d ➔ = Ac(q)d ➔ d ➔ ' 

PI P2 PI P2 
(1) 

r.ne da~ / dpif dp2 - ceqeHne po)K,neHIIH 1r+ 1r- nap OT KopoTKOiKIIBYIUHX nc

TOqHIIKOB 6e3 yqeTa Kyno,HOBCKOro B3aHMO,neii:cTBHH B KOHe'IHOM COCTO}I

HIIH, Ac( q) - KynoHOBCKIIH q>aKTop. llnH npoTHBonono)KHO JapH)KeHHbIX 

t.IaCTHU, HepeJIHTIIBIICTCKIIX B IIX CHCTeMe ueHTpa Mace, OH MO)KeT 6bITb 

3an1IcaH B BII,ne: 

Ac(q) = _ 21rma/q 
1 - exp {-21rma/ q) 

(2) 

Bo BBe,neHIIII YKa3aHbI pa6oTbl, B KOTOpbIX npo6neMa KYJIOHOBCKOro B3a

IIMO,Ueii:cTBIIH 6bma perneHa ,L(JI}I npOII3BOJihHhIX peaKUIIH C o6pa30BaHHeM 

nap 3apH)KeHHhIX qacTIIU B KOHe'IHOM COCTOHHIIII, a TaK)Ke noKa3aHo, qTo 

B cnyqae 7r+7r- nap, peJIHTIIBIICTCKIIX B CIICTeMe OCTaTO'IHOro H,npa, Kyno

HOBCKOe B3aIIMO,neii:cTBIIe nIIOHOB C OCTaTO'IHbIM 51,UpOM He3HaquTeJihHO. 

OnIICaHa npo6neMa II3MepeHIIH BpeMeHII )Kll3HII 7r+ 7r- -aTOMa ( Teope

TIIt.IeCKOe npe.UCKa3aHIIe T = (3.7 ± 0.3) . 10-15 c) II ee 3Ha'IIIMOCTb ,UJI}I 

npoBepKII npe.ncKa3aHuii: KIIpanbHoii: TeopIIII. 

IloKa3aHo, qTo ,UJI5I 3KCnepIIMeHTa no H3MepeHIIIO BpeMeHII )KII3HII 

7r+7r- -aToMa Heo6xo,UIIMO onIICaTb 3KcnepIIMeHTaJibHOe pacnpe,neneHile 

7r+7r- -nap B o6nacTII KYJIOHOBCKoro nIIKa, TaK KaK A21r MO)KeT 6bITh o6Ha

py)KeH, npaKTIIqecKII, TOJibKO npII perucTpaUilII "aTOMHhIX" nap ( 7r+7r- -

nap, o6pa3oBaBIIIIIXCH npII pa3Bane A2,r B MaTepHane MIIIIIeHH). "AToM

Hhle" naphl HMeIOT Manwii: OTHOCHTeJihHblii: HMnynhc q < 3 M3B / c H, ¼ne

,noBaTeJihHO, B pacnpe.neneHIIII no OTHOCIITeJibHOMY IlMnynhcy HaXO,U5ITC5I B 

o6naCTII KYJIOHOBCKOro nIIKa. 

3 



B rrepBOII rnaBe omrcaHa 3KcrrepuMeHTaJihHaJI ycTaHOBKa (puc. 1 ), .n.e

TeKTOphI, Tpurrep lI ycJIOBlIH II3MepeHH5l. 

Target MS , 

r.nL ~ •----------------------------=- _ _J__ 

C5m -~:==, =-=-~-~-~~~-± 
------------

A sorber 1 m ' A 

a) 

p 

b) 

MC 

---. --~ - - ·-· 
--- --

I 
I 

A 

DC 

Puc. 1: 3KcrrepuMeHTaJihHa.sr ycTaHOBKa: a) - cxeMa KaHana BTopuqHhIX 

qacTm1: p - BHyTpeHHH:ii rrpoTOHHhIII rryqoK, Target - MHIIIeHh, Col - KOJIJIH

MaTop, MS - MarHHTHaJI 3aIIIHTa; b) - MarHHT u .n.eTeKTOph1: M - rromoca 

cneKTpoMeTpuqecKoro MarHHTa, VC - BaKyyMHa.sr KaMepa, DC - .n.peI1cpo

Bhie KaMephI, H - CIIlIHTIIJIJIHIIlIOHHhle ro.n.ocKOIIhI, s, Sµ - CIIHHTIIJIJIHIIIIOH

Hhle cqeTqHKH. C - ra30Bhle qepeHKOBCKHe cqeTquKu, Absorber - qyryHHhlII 

norJIOTHTeJih, MC - MOHHTOpHhle cqeTqHKH. 

Ilapbl 7r+7r- Me30HOB o6pa30BhlBaJIIICh B TaHTaJIOBOII MlIIIIeHH TOJIIIIII

HOII 8 µm ( "TOJICTaJI" MHIIIeHh) lIJilI 1.4 µm ( "TOHKa.sr" MHIIIeHh), BBe.n.eHHOII 

B0° BHyTpeHHIIII rrpoTOHHhIII rryqoK ycKopuTeJI.sr, lI IIOCTYIIaJilI B BaKyyM

HhIII KaHan .D.JIHHOII 40 M (aKcerrTaHc 3.8 · 10-5 sr), pacnoJio)KeHHhIII no.n. 

yrnoM 8.4° K rrpoTOHHOMY rryqKy. KaHan coe.n.uH.srnc.sr c BaKyyMHOII KaMe

poII ycKopHTeJI.sr 6e3 neperop0.D.OK lI 6hIJI 3aIIIHIIIeH OT MarHHTHOro IIOJIH 
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3eMJIH u pacce.srHHhlX rroneI1 ycKopuTen.sr. KaHan 3aKaHquBanc.sr rrnocKOII 

BaeyyMHOII KaMepoI1, rroMern;eHHOII B 3a30pe crreKTpOMeTpuqecKoro Mar

HHTa (B = 0.85 T). 

3ap.sr)KeHHhle qacTHIIhl perucTpnpoBanHch TenecKorraMH Ti H T2 , co

CTOHmHMH H3 .n.peII<pOBhlX KaMep, CIIHHTHJIJIHIIHOHHhIX ro.n.ocKOIIOB, rro

poroBhIX qepeHKOBCKHX cqeTqlIKOB II MIOOHHhlX cqeTqHKOB, pacrrOJIO)KeH

HhlX 3a qyrYHHhlMH rrornoTHTeJI.srMH. HMrrynhCHhlII .n.narrMoH ycTaHOBKH 

0.8 7 2.4 r3B/c. 

MoHHTOpupoBaHHe qn:cna B3aHMO,UeIICTBHII rrpOTOHOB C MHIIIeHhIO ocy

mecTBJIHJIOCh rryTeM perucTpaIIHH ,-KBaHTOB, rrpoIIIe,UIIIHX qepe3 KaHan, 

TeneCKOIIOM CIIHHTHJIJIHIIHOHHhIX cqeTqHKOB MC co CBHHIIOBhlM KOHBepTe

pOM pa3MepoM 2 X 2 CM2. 

Tpnrrep rrepBoro ypOBHH q>OpMHpOBaJICH npu COBna,neHHII CHrHaJIOB C 

TenecKonoB Tin T2 (HiSiCiSµ 1 ) x(H2S2C2Sµ 2 ) (pnc. 1). Tpnrrep BToporo 

ypOBHH Bhipa6aThlBaJIC5l rrpn Hanuqnn nOJIO)KHTeJihHOro peIIIeHHH arrna

paTHOrD npoueccopa, oT6npaBIIIero TpeKn, nMe10mue MaJihIII yron B Bep

THKaJihHOII IIJIOCKOCTH C OChIO KaHana, H HaKJia,UhIBaBIIIero KpHTepn:ii Ha 

pa3HOCTh Y-Koop,nnHaT B Tin T2 !Yi - ½I MeHhIIIe 80 MM. 3a IIHKJI ycKo

pn:Ternr Ha Mar~HTHYIO neHTY 3annchlBanoch oKono 90 co6hITHII. CyMMap

HhIII o6'heM CTaTHCTHKH, Ha6paHHOII Ha "TOJICTOII" n "TOHKOII" MHIIIeHHX -

1.3 · 107 C06hITHII. 

Hap.sr,ny c 1r Me30HaMn Mornn perucTpnpoBaThC.sr TaK)Ke ,npyrue 3ap.sr

)KeHHhle a,npOHhl. 

KonnqecTBO cpa6aThlBaHHII TenecKona Tl Kone6anoch OT c6poca K 

c6pocy B npe,nenax 90-130 ThlC., a TenecKona T2 B rrpe,nenax 70-100 ThIC. 

KonnqeCTBO TpnrrepoB BTOporo ypOBHH COCTaBJIHJIO 70 - 120 3a c6poc. 

H3MepeHH5l nOKa3aJIH, qTo KOJiuqecTBO C06hlTHII, COCT05lrn;HX H3 qacTHII, 

po,nnBIIIHxc.sr He Ha MHIIIeHn, He 6onee 3% OT o6mero qucna co6hITHII. 

Bo BTOpoI1 rnaBe onncaHa npoue,nypa o6pa60TKH .n.aHHhIX. PaccMo

TpeHa reoMeTpnqecKM peKOHCTPYKIIHH co6hlTHII, onpe,neJieHO pa3peIIIeHne 

ycTaHOBKH no KOOp,UHHaTaM H HMIIYJihCaM qacTHII, a TaK)Ke no KOMnOHeH

TaM OTHOCHTeJihHOrO HMnynhca B C.II.M. nap qaCTHII. IIo.n.po6HO OIIHCaHO 

H3MepeHne pa3HOCTH BpeMeH po)K)leHHH qacTHII B MHIIIeHH. 

Ilpn o6pa60TKe ,naHHhlX ocymecTBJIHJiaCh rrpOCTpaHCTBeHHM peKOH

CTPYKIIHH co6hlTHII. Haxo,nn:JIHCh TpeKH B ,npeI1cpoBhlX KaMepax. Orrpe,ne

n.srnnch HMnynhChl qacTHII H KOOp,UHHaThl TpeKOB Ha BXO.D.e B MarHHT C 

yqeTOM BJIH5IHH5l ropH30HTaJihHOII COCTaBJI5IIOlll;eII non.sr MarHHTa H pacce-

5IHHOro MarHHTHOro IIOJIH B KaHane. 
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l13Mepemrn n MonennpoBaHne no3Bonnnn onpenenHTh pa3perneHne 

ycTaHOBKH no HMnynhCY 7r Me30HOB B na6opaTOpHOII CHCTeMe ap/P = 0.008 

n KoopnnHaTaM TpeKa Ha Bxone B MarHHT ax= 4 MM, ay = l MM. Pa3perne

Hne no yrny Me)l{J];y npoeKUHHMH TpeKOB H HX HanpaBneHHeM Ha MHilleHb 

B BepTHKanbHOII nnOCKOCTH a'Pl = a'P2 = 1.2 Mpan n no yrny paCTBOpa 

qacTHU nepen MarHHTOM a01•2 = 0.1 Mpan. TaKiKe 6hlnn nony<IeHhI pa3-
perneHHH no npoeKUHHM OTHOCHTenhHOrO HMnynhca 7r+7r- napbl B c.u.M. if 
Ha HanpaBneHne cpe,n:Hero ii= (iii +h)/2 HMnynhca naphl (qL) n Ha nnoc

KOCTh, nepneH,n:nKynHpHyro ii (qr): aqL = 1.26 M3B/c, aqx = 0.59 M3B/c, 

aqy = 0.58 M3B/c nnH "ToncTo:fI" MHIIIeHn n aqL = 1.26 M3B/c, aqx = 
0.27 M3B/c, aqy = 0.24 M3B/c nnH "TOHKo:fI" MHIIIeHn. IlpnBe,n:eHHhie 3Ha

<IeHHH pa3perneHHH HBnHIOTCH BenH<IHHaMH, ycpenHeHHhIMH B HHTepBane 

nMnynhCOB 1r Me30HOB 0.8-;- 2.4 f3B/c. 

Pa3HOCTh BpeMeH npoxmK,n:eHHH qacTHU qepe3 TenecKOnhl T1 n T2 H3Me

pHnach c noMOIUhlO CUHHTHnnHUHOHHhlX ronocKOnOB Ha <1>3Y-85. Ilpn o6-

pa60TKe naHHhlX C ronocKOnOB BhIIlOnHHnach KOppeKUHH pa3HOCTH BpeMeH 

npoXO)K,n:eHHH ABYX <IaCTHU, Y<IHThIBaIOIUM HHAHBH,n:yanhHbie 3a,n:ep)KKH 

cnrHanOB OT Ka)Knoro C<IeT<IHKa n BpeMH co6npaHHH CBeTa B CUHHTHnnH

TOpax. 3TO no3BOnnno yny<IIIIHTh BpeMeHHOe pa3perneHne C <7t = 1, 78 HC 

no at = 0, 81 He. 
IlnH nap 3apH)KeHHhIX anpOHOB, nocne BBeneHHH KoppeKUHH pa3HOCTH 

BpeMeH npoxo)K,n:eHn.sr qacTHU qepe3 ronocKOnhl Ha BpeMH nponeTa qacTHU 

OT MHilleHH (Macca qacTHU npHHHManach paBHOII Macce 7r Me30Ha), 6hlnO 

nony<IeHO pacnpeneneHne no pa3HOCTH BpeMeH o6pa30BaHHH qacTHU B MH-

rneHn tpr = t+ - L (pnc. 2). , 
PacnpeneneHne conep)KHT nHK HCTHHHhlX COBnaneHHII (a= 0.8 He) (3TO 

naphl, COCTOHIUHe H3 qacTHU, ponnBIIIHXCH B OAHOM npOTOH-HnepHOM B3a

HMO,n:eIICTBHH) H paBHOMepHyIO nonno)KKY 4>0Ha cny<IaIIHhlX COBna.n:eHHII. 

11HTepBan b..t2 = 2.56 He ncnOJih30BancH nnH nony<IeHHH cyMMhI Ni11 /dq nc

THHHhlX H cny<IaIIHhlX COBna,n:eHHII, a HHTepBanhl ti..t1 = b..t3 = 8.0 HC nnH 

nony<IeHHH pacnpe,n:eneHHII nap cny<IaIIHhlX coBna,n:eHHII Na/dq. B HHTep

Bane b..t2 OTHOilleHne qncna C06hlTHII HCTHHHhlX H cnyqa:fIHhlX COBnaneHHII 

paBHO 0.36. 

Bonee 97% OT o6mero qncna 3aperncTpnpoBaHHhlX nap HCTHHHhlX co

Bna,n:eHHII COCTaBn.srnn 7r+7r- -naphl, ponnBIIIHeCH B MHilleHH. B napax cny

qa:fIHhlX COBna,n:eHHII HMenaCb 3Ha<IHTenhHM npnMeCh p1r--nap (~ 40%). 

Iln.sr 3KcnepnMeHTa no H3MepeHHIO KynoHOBCKOII KOppenHUHOHHOII <l>YHK
unn 7r+7r- nap OAHHM H3 Heo6xonHMhlX ycnoBHII HBnHeTCH BhlCO}{Oe BpeMeH-
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Puc. 2: PacnpeneneHne co6hITHII no H3MepeHHOII pa3HOCTH BpeMeH o6pa-

30BaHHH qaCTHU B MHIIIeHH. 

HOe pa3perneHHe ycTaHOBKH. IlnH nponepKH B03MO)KHOCTH nOBhIIIIeHHH pa3-

perneHHH rnnpoKoanepTypHoro cunHTnnnHunoHHoro ronocKona, 6hm nc

cnenoBaH ronocKon Ha <1>3Y-143. BpeMeHHoe pa3perneHne ronocKonoB Ha 

<t>3Y-143 nccnenoBanoch npn 3anycKax OT e+e-- n 1r+1r--nap. 

Ha pncyHKe 3 npnBeneHhI pacnpeneneHHH no pa3HOCTH BpeMeH cpa-

6aThIBaHHH ,n:Byx ronocKonoB npn perncTpaunn e+ e- - n 7r+7r--nap nocne 

BBe,n:eHHH nonpaBOK Ha pa36poc 3a,n:ep)KeK B KaHanax, nocne BBe,n:eHHH KOp

peKUHH Ha BpeMH nponeTa H nocne y<IeTa 3aBHCHMOCTH BpeMeHH OT aMnJIH

TYAhl. 3TH nonpaBKH BBonnnHCh npn off-line o6pa60TKe. Ilocne KOppeKUHH 

BpeMeHH Ha 3aBHCHMOCTh OT aMnnHTYAhl cnrHana 6hmH nony<IeHbl 3Ha<Ie

HHH a= 224 nc nnH e+e--nap n a= 234 nc nnH 1r+1r--nap (pnc. 3e,f). 

IlocKonhKY o6a ronocKona nneHTH<IHhI, xapaKTepHoe BpeMeHHoe pa1pe

rneHne ai onHoro ronocKona paBHO at = a ~ti ./2 = 224/ ./2 = 158 nc, <ITO 
HBnHeTCH nocTaTO'IHO BhICOKHM nnH C<IeT<IHKOB nnHHOII 1400 MM. 

HapHny c nony<IeHneM BhICOKoro BpeMeHHoro pa1perneHnH, HHTepec 

npencTaBnHIOT TaK)Ke aMnnHTYAHhie xapaKTepHCTHKH ronocKonoB , cy

mecTBeHHhie nnH pa3neneHHH nHOHOB H npOTOHOB no HOHH3aUHOHHhIM no

TepHM. 3TO Heo6xo,n:HMO nm1 H3MepeHHH COOTHOilleHHH KOnH<IeCTBa 7r+ -

Me30HOB H npoTOHOB B cneKTpax cnyqa:fIHhIX COBnaneHHII, ncnOJih3yeMoro 
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Puc. 3: Pacnpe,n;enemrn no pa3HOCTH BpeMeH cpa6aTbIBaHJI5I ,n;Byx ro,n;ocKo

noB Ha <P3Y-143: a H b - nocrre KoppeKUJIII T0JihKO Ha pa36poc 3a,n;ep)KeK 

Me)K,ny KaHarraMJI .UJI5I e+ e-- n 7r+7r- -nap, COOTBeTCTBeHH0j C JI d - aHaJI0-

rnqnble pacnpe,n;errenn5I nocrre BBe,neHII5I KoppeKUJIJI Ha BpeM5I nporreTa; e 

H f - pacnpe,n;eneHJI5I nocne yqeTa 3aBHCHM0CTJI BpeMeHII OT aMnJIIITY.D;bI. 
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npJI aHaJIJI3e ,n;aHHhlX, JI npoBepKJI npe.n;cKa3aHJIM MO.n;errJI FRITIOF 6.0 .D;JI5I 

3TOro COOTHOIIIeHJI5I. 

IlpII 3anycKe ycTaHOBKJI O,D;HJIM nrreqoM cneKTpOMeTpa norryqeHbl aM

nJIJITY.D;Hhle cneKTpbl OT nOJIO)KJITeJihHbIX qa~TJIU npJI pa3HbIX JIMnyrrbcax, 

JI3MepeHHhie ro.nocKonoM Ha <P3Y-143 (pJic. 4). KaK BJI.D;Ho JI3 pJicyHKa, npJI 

IIMnyrrhcax p < 700 M3B/c cneKTpbI nJioHOB JI npoTOHOB norrHOCThIO pa3,n;e

JI5IIOTC5I, B ,n;Jiana30He 700 < p < 1000 M3B/c Ha6rrIO,n;aeTC5I qacTJI"-rnoe ne

peKpbITJie cneKTpOB, a npJI 6orree BbICOKJIX JIMnyrrhcax pa3,n;eJIJITb nJIOHbI JI 

npOTOHhl npaKTJiqecKJI HeB03MO)KH0 JI3-3a CJIJlbHOro HaJIO)KeHJI5I cneKTpOB. 

IIorr5I npOTOHOB B IIMnyJihCHOM JIHTepBarre 0.8--;- 2.4 r3B/c, BhlqJicJieHHM B 

Mo.n;errJI FRITIOF 6.0, paBHa Np/Nrc+ = 0.65. 3To OTHOIIIeHJie 6bmo JI3Me

peno B HaCT05IIUeM 3KCnepJIMeHTe B o6rraCTJI JIMnyrrhCOB 0.8--;- 1.4 r3B/c H 

COBnarro c pacqeTHbIM c TOqHOCTbIO 5%. 

IIorryqeHHhie pe3yJibTaTbI noKa3bIBaIOT, qTO HCnOJib30BaHne q>OTO

YMHO)KJITerreii: <P3Y-143 nQ3BOJI5IeT C03,n;aBaTb IIIHpOKOanepTypHbie ro.no

CKOnhI C xopOIIIHMJI BpeMeHHbIMH JI aMnJIHTY.D;HblMH xapaKTepHCTJIKaMH. 

OcyruecTBJieHO H3MepeHJie 3cpcpeKTHBHOCTJI noporOBbIX qepeHKOBCKHX 

cqeTqHKOB, npe,n;Ha3HaqeHHhrx ,n;rr5I no,n;aBrreHH5I perncTpaunJI e+ n e-: c+ = 
98.15 ± 0.12% JI c = 98.29 ± 0.11%. 

B TpeTbeii: r·rraBe onJicaHa npoue.nypa· aHarrn3a pacnpe,n;erreHn:ii: 1r+1r--

nap no OTHOCJITeJibHOMY JIMnyJihCY q, yqJITbIBaIOIUM 3cpcpeKTbl KYJIO- _ 

HOBCKOro JI CHJibHOro B3aIIMO,D;eHCTBJIH B KOHeqHOM COCT05IHJIH, HannqJie 

"aTOMHhix" nap B o6nacTJI q < 3 M3B/c, MHOroKpaTHOe pacce5IHHe B MH

IIIeHJI, OTJIJiqJie nap qacTJIU no pa3Mepy o6rracTJI reHepauJin. 

Pacnpe,n;erreHne nap JICTJIHHhlX coBna,n;eHJIH no OTHOCJITeJihHOMY JIM

nyrrhcy dNtf dq Haii:,n;eHO n3 cOOTHOIIIeHH5I (pJic. 2): 

dNt = dNta _ [ Llt2 ] dNa . 
dq dq Llt1 + Llt3 dq 

(3) 

IlJiana30H no OTHOCJITeJihHOMY JIMnyrrhcy q 6hm pa3,n;eneH Ha .nm~ qaCTII. 

B nepBoii: qacTJI ( q < 3 M3B/c) pacnpe,n;eneHJie nap HCTHHHhrx coBna,n;eHIIH 

dNtf dq co,n;ep)KHT KaK "aTOMHhre" naphl, TaK JI naphr 1r+1r- Me30HOB, po

.n;HBIIIJIXC5I B CB060,n;HOM COCT05IHJIJI. "CBo6o,n;Hbie" napbl BKJIIOqaIOT KaK 

"KynoHOBCKJie", TaK JI "pacna,n;Hhre". Bo BTopo:ii: qacTJI (q > 3 M3B/c) co

.nep)KaTC5I npaKTJiqecKJI TOJibKO "cBo6o.n;Hhle" napbI. 

Pacnpe,n;eneHJie dNt/ dq cpnTJipoBanoch B o6rracTJI q > 3 M3B/c cpyHK

UJieii:, onJICbIBaIOrue:ii: pacnpe,n;eJieHJie "KyJIOHOBCKJIX" n "pacna.n;HbIX" nap. 

IIocne onpe,n;eneHJI5I napaMeTpOB annpoKCHMJipyiorue:ii: cpyHKUJIJI Haxo.nn-
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Puc. 4: AMIIJIHTY.UHble crreKTpbI rrorro:iKHTeJibH0 3apx:iKeHHblX qacTHU, H3-

MepeHHble ro.nocKonoM Ha <1>3Y-143. 9ucrra YKa3blBaIOT .nuana30H HMnyrrb

C0B qacTHU B M3B/c. 
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rroch pactieTHOe KOJIH'IeCTBo "KyrroHOBCKHx" N !: H "pacna,nHhIX" NJ nap 

B HHTepBarre q < 2 M3B/c. · 

3KcnepHMeHTaJibHOe KOJIH'IeCTBO "aTOMHbIX" nap NA 6bIJIO norryqe;im 

KaK pa3HOCTb Ha6mo.naeMoro KOJIH'IeCTBa nap H pacqeTHOro K01IH'IeCTBa 

nap, pO.UHBIIIHXCH B CB060,nHOM COCTOHHHH. TaK KaK O:iKH,UaeMoe KOJIH'Ie

CTBO "aTOMHbIX" nap N 1 Henocpe.ncTBeHHO CBH3aHO C KOJIH'IeCTBOM "Ky

JIOHOBCKHX" nap, pa3HOCTb Me,K,Uy 3KCnepHMeHTaJibHbIM NA H m1rn.nae

MbIM N{ K01IH'IeCTBaMH "aTOMHbIX" nap onpe,n;errxeTCH B OCHOBHOM TO'IHO

CTbIO npe,n;CKa3aHHH 'IHC1Ia "KyJIOHOBCKHX" nap B HHTepBarre q < 2 M3B/c 

(Nb > > N 1) H HBJIHeTCH 0,UHHM H3 KpHTepueB npaBHJibHOCTH onucaHHH 

KYJIOHOBCKOH KOppe1IHUHOHHOH <pyHKUHH. 

IlpH nocTpOeHHH <pHTHpyrorn.en <pyHKUHH 3a OCHOBY 6paJIOCb pacnpe

.nerreHHe nap cnyqaiiHblX COBna.neHHH 7r+ H 7r- Me30HOB. OcHOBaHHeM .UJIH 

TaKoro Bbl6opa HBJIHeTCH To, qTo pacnpe.nerreHHe TaKHX nap W (p1, P2) H 

.UBOHHOe .UH<p<pepeHUHaJibHOe cetieHHe pO:lK,lleHHH nap HCTHHHblX COBna.ne

Hllll da j dpif d]½ nponopuHOHaJibHbl npOH3Be.neHHIO 0,llHO'IaCTH'IHhIX .nmp

<pepeHUHaJibHbIX ceqeHHH. Pa311uque Me2K.ny pacnpe,n;eneHHHMH nap HCTHH

HblX H crryqaiiHblX COBna.neHHH BhI3BaHO T01IbKO B3aHMO,UeHCTBHeM B KOHeq

HOM COCTOHHHH H KOppe1IHUHHMH, B03HHKaIOill.HMH B npouecce reHepaUHH 

nap qacTHU, TaK KaK, B ycJIOBHHX .naHHOrO 3KCrrepHMeHTa, B1IHHHHe '3aKOHOB 

coxpaHeHHH npeHe6pe2KHMO Marro, 'ITO 6bIJIO no,UTBep:iK,UeHO cpaBHeHHeM 

HMIIY1IhCHbIX crreKTpOB 3apx2KeHHblX qacTHU H3 rrap H_CTHHHblX H cnyqaii

HbIX COBna,neHHH. 3<p<peKTHBHOCTb perHCTpaUHH HCTHHHhIX H crrytiaHHblX 

nap O,llHHaKOBa H onpe,n;enxeTCH T01IhKO HMnynbcaMH qaCTHU, COCTaBnH

IOill.HX napy. 3To no3B011HeT Hcnorrb30BaTh pacrrpe.n;erreHHe nap crryqaii

HhlX coBna,neHHH 1r Me30HOB no OTHOCHTeJihHOMY HMnynhcy <I>( q) ( "<pa3o

BblH o6'beM") .U1IH onHCaHHH aHarroru•rnoro pacnpe.neneHHH nap HCTHHHbIX 

coBna.neHHH. 

Pacnpe,n;eneHHe <l>(q) nonyqeHo H3 pacnpe,n;erreHHH nap crryqanHbIX co

Bna,neHHH 3apx2KeHHblX qacTHU dNa/ dq BBe.n;eHHeM .nrrx Ka2K.noro co6blTHH 

Beca Wn = W1(pi) · W2(P2). 3.nech W1(p1) (W2(P2)) - BepoHTHOCTh Toro, 

qTO n0110)KHTe1IbHO ( OTPHUaTeJibHO) 3apH2KeHHM qacTHUa HBJIHeTCH 7r+ 

(1r-) Me30HOM. 

<l>(q) HB11HeTCH CJMMOH pacnpe.nerreHHH <l>(q)ws(q) nap OT KOpOTKO)Kl:1-

BYill.HX l:ICTOqHHKOB H <l>(q)[l - Ws(q)] nap OT .norrro:lKHBJill.HX HCTOqHHKOB. 

3.necb Ws(q) - BepoHTHOCTb TOro, qTo o6a 7r Me30Ha o6pa30BaHbI KOpOTKO

)KHBYill.HMH l:ICTO'IHHKaMH. 
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CooTBeTCTByromee "KynoHOBCKIIM" rrapaM pacrrpe.n:eneHIIe <I>(q)ws(q) 
Heo6xo,n:IIMO yMH02KIITh Ha KYJIOHOBCKIIH qmKTOp. Ilrn1 a,n:eKBaTHoro orrIIca

HII51 KYJIOHOBCKOrO B3aIIMO,n:eiICTBII51 pa3pa6oTaHa rrpoue.n:ypa, Y'IIIThIBaIO

IUa51 MHOrOKpaTHOe pacce5IHIIe B MIIIIIeHII II TO'IHOCTHhie xapaKTepIICTIIKII 

ycTaHOBKII. B pe3yJihTaTe rronyqeHo pacrrpe.n:eneHIIe K(q) = Ac(q')<I>(q) 
.D:JI51 nap C II3MepeHHhIMII B YCJIOBII5IX 3KCnepIIMeHTa rrapaMeTpaMII qacTIIU 

II MO,n:mpIIUIIpoBaHHhIM KYJIOHOBCKIIM cpaKT0pOM Ac(q') (KaK II B cnyqae nap 

IICTIIHHhIX COBrra,n:eHIIH OT KOpOTK02KIIBymIIX IICTO'IHIIKOB). 

Mccne,n:oBaHa B03MO)KHa51 3aBIICIIMOCTh BKJia,n:a "KyJIOHOBCKIIX" nap OT 

OTHOCIITeJihHOro IIMIIYJihCa q, KOTOpa51 M02KeT IICKa3IITh cpopMy KYJIO

HOBCKOH KOppeJI5IUIIOHH01I cpyHKUIIII, eCJIII 3cpcpeKTIIBHOCTh perIICTpaUIIII 

7r+7r--nap, KaK cpyttKUII51 q, II3MeH5IeTC51 rrpII II3MeHeHIIII p: c(p, q) -=/
c(p)c(q). TaKa51 3aBIICIIMOCTh M02KeT 6hITh yMeHbIIIeHa rrpII pa3,n:eJieHIIII 

3KCIIepIIMeHTaJihHhIX ,n:aHHhIX Ha Y3KIIe IIHTepBaJihl tip ITO cpe,n:HeMy IIM

rryJihCY rraphI. 

AHaJIII3 a,n:pOHHOH KOppeJI5IUIIOHHOH cpyHKUIIII noKa3aJI, 'ITO B IIHTep

BaJie OTHOCIITeJihHhIX IIMIIYJihCOB O s; q s; 50 Me V / c ee 3Ha'leHIIe II3MeH51-

eTC51 He 6onee, qeM Ha ~6%. 

Ha rrpaKTIIKe 3KCIIepIIMeHTaJihHOe pacrrpe,n:eJieHIIe nap IICTIIHHhIX co

Brra,n:eHIIH q>IITIIpOBaJIOCh cpyHKUII5IMII .D:BYX TIIIIOB, KOTOphle 6bIJIII IIOCTpO

eHhl Ha OCHOBe cpyHKUIIH <I>(q) II K(q), IIOJiy'leHHhIX II3 3KCrrepIIMeHTaJihHhIX 

pacrrpe,n:eneHIIH nap cnyqaftHhIX coBrra,n:eHIIH. IIepBM IIMena ,n:Ba CBo6o,n:

HhIX rrapaMeTpa n II w: 

G(q) = n[wK(q) + (1 - w)<I>(q)] (4) 

A.n:poHHM KoppeJI5IUIIOHHa51 cpyHKUII51 3,n:ech He Y'IIIThrnanach. 

BTopa51 cpyHKUII51 IICIIOJih30BaJiaCh .D:JI51 COBMeCTHOro q>IITIIpOBaHII51 pac

rrpe,n:eJieHIIH no q B HeCKOJihKIIX IIHTepBaJiax no cpe,n:HeMy IIMIIYJihCY 7r 

Me30HOB rraphl, 'ITO II03BOJI5IeT KOMneHCIIpOBaTh 3aBIICIIMOCTh CO0THOIIIe

HII51 "KyJIOHOBCKIIX" II "pacrra,n:HhIX" nap OT OTHOCIITeJihHOro IIMnyJihCa. 

B Ka2K.D:OM IIHTepBaJie cpyHKUII51 onpe,n:eJI5IeTC51 TpeM51 rrapaMeTpaMII - Wi 

(i = 1, 2, ... ), n II a. IJocJie,UHIIe ,n:Ba 5IBJI5IIOTC51 06IUIIMII ,[(JI51 BCeX IIHTep

BaJIOB: 

G(q) = n[(l - apr;1)wiK(q) + (1- wi)<I>(q)] . (5) 

BeJIII'IIIHa pf - cpe,n:HIIH IIMIIYJihC 7r Me30HOB Bi-TOM IIHTepBane. IIapa

MeTp a OTBeqaeT 3a II3MeHeHIIe KOJIII'leCTBa nap OT KOpOTKO)KIIBYIUIIX IIC

TO'IHIIKOB BCJie,n:CTBIIe 3aBIICIIMOCTII 3Ha'leHII51 a,n:pOHHOH KOppeJI5IUIIOHHOH 
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cpyttKUIIII rrpII q = 0 OT IIMnynhca B na6opaTOpHOH CIICTeMe. 3aBIICIIMOCTh 

a,n:pOHHOH KOppeJI5IUIIOHHOH cpyttKUIIII OT q He BBe,n:eHa, TaK KaK aHaJIII3 IIO

Ka3aJI, 'ITO Ha ,n:aHHOM 3KCnepIIMeHTaJihHOM MaTepIIane OHa CTaTIICTII'leCKII 

He o60CHOBaHa. 

B qeTBepTOH rJiaBe OIIIICaHhl pe3yJihTaThl aHaJIII3a 3KCrrepIIMeHTaJih

HhIX ,n:aHHhIX, rronyqeHHhIX B 3KcnepIIMeHTe Ha ycKOpIITeJie Y-70. 

DhIJIII npoaHaJIII3IIpOBaHhl pacrrpe,neJieHII.H 7r+ 7r- nap co cpe,n:HIIM IIM

IIYJihCOM 7r Me30HOB B na6opaTopHOH CIICTeMe 800 < p 1,2 < 2200 M3B/c. 

O6IUIIiI ,n:IIarra30H no cpe,n:HeMy IIMIIYJihcy 7r Me30HOB naphI p 6hm pa3,n:eneH 

Ha 8 IIHTepBanoB IIIIIPIIHOH no 175 M3B/c. Pacnpe,neneHIIe nap IICTIIHHhIX 

COBna,n:eHII.ll ( 3KCIIepIIMeHTaJihHOe pacrrpe,neJieHIIe) no OTHOCIITeJihHOMY IIM

IIYJihCY q>IITIIpOBaJIOCh .D:ByxnapaMeTpII'IeCKOH anrrpOKCIIMIIpyromeiI cpyttK

UIIe.ll G(q) (4) B Ka)K,n:OM IIHTepBaJie, a TaK)Ke B IIHTepBanax, Ofrhe.D:IIHeH

HhIX rio ,n:Ba, no qeTbipe II BO BCeM ,n:IIana30He. CpaBHeHIIe pe3yJihTaTOB 

IIOKa3aJIO, 'ITO, .D:JI51 .naHHOro ypOBH51 CTaTIICTII'leCKOH TO'IHOCTII, 3aBIICII

MOCTh COOTHOIIIeHII51 KOpOTK02KIIBymIIX II .D:OJirQ)KIIBymIIX IICTO'IHIIKOB OT 

OTHOCIITeJihHOro IIMIIYJihCa q He BJIII5IeT Ha pe3yJihTaThl B IIHTepBaJiax IIIII

pIIHOH /.).p < 700 M3B/c. 

Ha pIIc. 5a .- 5c rroKa3aHhl pacnpe.ne-f!eHII51 co6hITIIH no q II ero rrpo

eKUII.HM qL II qT .D:JI.H IIHTepBana no cpe,n:HeMy IIMIIYJihCY 7r Me30HOB rraphl 

1500 < p < 1850 M3B/c, rronyqeHHhie Ha "TOJICTOH" MIIIIIeHII. IIpe,ncTa

BJieHHhie pacnpe,n:eneHII51 co.n:ep2KaT rraphl c q > 3 M3B/c, 'IT06hl IICKJIIO-

'lIITh "aTOMHhle" rraphl. ' 

Ha pIIc. 5d - 5f Te )Ke .naHHhie rrpe,ncTaBJieHhI B BII.ne KoppeJI.HUIIOHHhIX 

cpyttKUIIH R(q): 

1 N(q) 
R(q) = ;;_ <I>(q) . (6) 

3,n:ech N(q) - 3KcnepIIMeHTaJihHOe pacrrpe,neJieHIIe, <I>(q) - "cpa30Bhlll 

o6'heM" , n - HOpMIIpOBO'IHhIH K03q>q>IIUIIeHT arrrrpOKCIIMIIpyromeiI cpyttKUIIII 

G(q) (4). 
Ha pIIc. 5g - 51 npe,ncTaBJieHhl aHanorII'IHhie pacrrpe.neneHII51, rronyqeH

Hhie Ha "TOHKO.ll" MIIIIIeHII. 

KaK cne,nyeT II3 pIICyttKa, KOppeJI.HUIIOHHa51 cpyHKUII51 B03pacTaeT rrpII 

YMeHhIIIeHIIII OTHOCIITeJihHoro IIMrrynhca c 1.1 .D:JI51 q = 15 M3B/c .no 1.6 

rrpII q = 3 M3B/c. 3TOT 3cpcpeKT COOTBeTCTByeT no BeJIII'IIIHe II 3aBIICII

MOCTII OT OTHOCIITeJihHO.ll CKOpOCTII 7r+7r- Me30HOB B IIX CIICTeMe ueHTpa 
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PIIc. 5: Pacnpe.ueJiemrn co6I,1TIIH no OTHOCIITeJibHOMY IIMnyJihcy q B IIHTep

BaJie 3 < q < 50 M3B/c (a) II ero npoeKUIIHM qL (b) II qT ( c), noJiyqeHHbie 

Ha "ToJicTott" MIIIIIeHII. Cpe.UHIIH IIMnyJihC nap 1500 < p < 1850 M3B/c. 

AnnpoKCIIMIIpy10maH <pyHKUIIH npe.ucTaBJieHa HenpepbIBHOH KpIIBOH. Ha 

pIICYHKax ( d), ( e), II (f) Te )Ke .uaHHble npe.UCTaBJieHbl B BII,Ue KoppeJIHUIIOH

HbIX <pyHKUIIH. IlaHHble, noJiyqeHHble Ha "TOHKott" MIIIIIeHII, npe.ucTaBJiellbl 

Ha pIICYHKax (g-1), aHaJIQrIIqHbIX (a-f). 
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Mace KYJIOHOBCKOMY <paKTopy, qTO n03BOJIIIJIO c.ueJiaTb BbIBO.U O Ha6mo.ue

HIIII 3<p<peKTa KYJIOHOBCKOro B3aIIMO.UeHCTBIIH B KOHeqHoM COCTOHHIIII. 

Ha BCex pIICJHKax npIIBe.n;eHbl TaK)Ke annpOKCIIMIIpy10um:e <pyHKUII.II 

( 4)' noJiyqeHHbie B pe3yJibTaTe npoue.uypbl <pIITIIpOBaHII5I pacnpe.ueJieHIIH 

no q. lIJIH pacnpe.ueJieHIIH no qL II qr ncnOJib30BaJIIICb 3HaqeHIIH napa

MeTpoB, onpe,neJieHHhie npn <pIITIIpoBaHIIH pacnpe.ueJieHIIH no q. Xopornee 

OnIICaHIIe pacnpe.ueJieHIIH no npoeKUII5IM q nO.UTBep)K.uaeT KOppeKTHOCTb 

npoue.uypbl onIICaHII5I 3KcnepHMeHTaJibHbIX .uaHHbIX. 

IlJI5I Toro, 'IT06bI IICCJie.UOBaTb 3aBIICIIMOCTb KaqecTBa onIIcaHII5I 3KC

nepIIMeHTaJibHOro pacnpe.ueJieHIIH OT BII.Ua annpOKCIIMIIpy10mett <pyHKUIIII, 

6hIJIO BbIIlOJIHeHO q>IITIIpOBaHIIe .uaHHbIX qeTblpbM5I pa3JIIIqHblMII <pyHKUII

HMII: 

1. Mo.ueJIIIpoBaHHbIM pacnpe.ueJieHIIeM "KyJioHOBCKIIx" nap K ( q). 

2. CyMMOH pacnpe.ueJieHIIH "KYJIOHOBCKIIX" K ( q) II "pacna.UHbIX" <I> ( q) 
nap npII COOTHOIIIeHHII, BbJqIIcJieHHOM B paMKax MO.UeJIII Jlyu.u. 

3. CyMMOH pacnpe.ueJieHIIH "KJJIOHOBCKIIX" II "pacna,UHbIX" nap. l1x co

OTHOrueHIIe 6bIJIO onpe.ueJieHO q>IITIIpOBaHIIeM B BOCbMII HMnyJibCHbIX 

IIHTepBaJiax He3aBHCIIMO. IlJIH noJiyqemrn KOppeJIHUIIOHHOH <pyHKUIIII 

B nOJIHOM IIMnJJibCHOM .UIIana30He, 3HaqeHIIH annpOKCIIMIIpy10um:x 

KOppeJIHUIIOHHbIX <pyHKUIIH BO Bcex IIHTepBaJiax 6bIJIII ycpe.uneHbl c 

yqeTOM CTaTIICTIIqecKIIX OlIIII60K. 

4. TpexnapaMeTpIIqecKOH q>yHKUIIett. <PIITIIpoBaHIIe OCYJUeCTBJIHJIOCh 

COBMeCTHO B BOCbMH lIHTepBaJiax C nocJie.UyIOIUHM ycpe.uneHIIeM 3Ha

qeHHH KoppeJIHUHOHHbIX q>yHKUIIH. 

KaK BII.UHO H3 pIICYHKa 6, HaHJiyqruee corJiaCIIe C 3KCnepIIMeHTOM o6ec

neqnBaeT TpexnapaMeTpnqecKM q>yHKUIIH. 

KoJinqecTBO "aTOMHbIX" nap NA, nx O)KII.uaeMoe 'IIICJIO N{ H orun6Ka 

HX pa3HOCTH (TAN .UJIH .UByx TOJimHH MlilII€HlI St npe.ucTaBJieHbl B Ta-

6JIIIUe 1. 113 npIIBe.ueHHbIX .uaHHhIX CJie.uyeT' qTo 3KCnepIIM€HTaJibHOe II 

O)KH.uaeMOe KOJIHqecTBO "aTOMHbIX" nap COBna.ua10T B npe.ueJiax CTaTII-, 

CTII'IeCKHX orun6oK KaK .umi "TOJICTott", TaK H .UJIH "TOHKott" MHrnenett. 

3To n03BOJI5IeT c.ueJiaTb BbIBO.U 06 a.ueKBaTHOCTH OnIIcanmI pacnpe.ueJieHII5I 

7!"+7!"- nap C yqeTOM KYJI~HOBCKOro B3aIIMO.UeHCTBH5I B KOHe'IHOM COCTOHHHII. 
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Pn:c. 6: Koppemrun:oHHaJI q>yHKUirn no 0TH0CHTeJihH0MY HMnynhcy .nmr ,naH

HhIX, nonyqeHHhIX Ha "ToJicToii:" (a-d) H "ToHKoii:" (e-h) MHrnemrx, oTq>H

THpoBaHHaJI annpoKCHMHpyroIUHMH q>yHKUH5IMH qeTwpex THn0B (Henpe

phIBHhle KpHBhle). 
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Ta6nn:ua 1: 

St NA NJ A (J't:,.N 

µm 
8.0 352. ± 74. 209. ± 16. 89. 
1.4 54. ± 65. 43. ± 3.6 68. 

B Ta6nn:ue 2 np1rne.neHO 3HaqeHHe BKna.na nap OT .UOJII'O)KHBymHX HC

TOqHHKOB B BOChMII IIMnyJihCHhIX IIHTepBanax .UJI51 "TOJICTOii:" (ltk) H "TOH

Koii" Utn) MIIIIIeHeii:, 3HaqeHIIe ycpe.nHeHHoe no o6eIIM MIIIIIeHHM ( lav), a 

TaK)Ke 3HaqeHIIe, npe.ncKa3aHHOe B paMKax Mo.nenII FRITIOF 6.0 (lL)-

Ta6nuua 2: 

Pmin Pmax ltk ltn lav lL 
MeV/c MeV/c % % % % 

800. 975. 17.5 ± 9.2 43. ± 15. 24.5 ± 7.8 47.8 
975. 1150. 41.3 ± 7.8 33.7± 9.8 38.4 ± 6.1 43.1 

1150. 1325. 35.6 ± 7.4 37.0 ± 9.3 36.1 ± 5.8 37.9 
1325. 1500. 35.2 ± 7.5 31.1 ± 8.8 33.5 ± 5.7 33.1 
1500. 1675. 35.0 ± 8.4 37.8 ± 9.2 36.3 ± 6.2 28.8 
1675. 1850. 63. ± 11. 32. ± 11. 47.5 ± 7.8 25.0 
1850. 2025. 34. ± 18. 17. ± 18. 26. ± 13. 21.8 
2025. 2200. 47. ±49. 50. ± 52. 48. ± 36. 19.2 
800. 2200. 40.3 ± 4.4 33.2 ± 5.0 37.2 ± 3.3 31.3 

KaK cne.nyeT II3 npIIBe,UeHHhIX ,naHHhIX, 3KCnepHMeHTaJihHO onpe.neneH

HhIH BKJia,U nap OT ,UOJII'O)KIIByruIIX IICTOqHiiKOB onpe.neneH C TOqHOCThIO 

10% II COOTBeTCTByeT, B npe.nenax CTaTIICTIIqecKIIX OIIIII60K, pacqeTHhIM 

3HaqemrnM. 

Mccne,noBaHIIe BJIII5IHII51 Heonpe.neneHHOCTII pa3peIIIeHII51 ycTaHOBKII no 

q II npIIMeceii: e+e- II 1r-p nap B pacnpe.neneHIIII 1r+1r--nap Ha II3MepeHHOe 

KOJIIIqeCTBO "aTOMHhIX" nap nOKa3aJIO, qTO npII ,UaHHOM ypOBHe CTaTII

CTIIqecKOii: TOqHOCTII nepeqIIcJieHHhle npnqIIHhl He Bhl3hIBaIOT 3HaqIIMhIX 

OIIIII60K. 
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Ha OCHOBe npOBe,neHHOrO aHam13a ,naHHbIX c,neJiaHbl oueHKH Heo6xo,nH

MOro BpeMeHH Ha6opa umpopMaUHH B nJ1aHHpy10meMC.H 3KCnepHMeHTe no 

H3MepeHHIO BpeMeHH )Kll3HH A271' C TOqHOCTbIO 10%: 7 He,neJib npH 3cpcpeK

THBHOCTH ycTaHOBKH 50%. PeaJibHO noTpe6yeTC.H 60JibIIIee BpeM.H, TaK KaK 

.nirn npoBepKH ,nOCTOBepHOCTH pe3yJibTaTa nOTpe6yeTC.H npoBeCTH H3Mepe

HH.H Ha MHIIIeH.HX, H3rOTOBJieHHbIX H3 MaTepHaJIOB C pa3JIHqHbIMH z. 
TaK)Ke 6blJia npoaHaJIH3HpOBaHa CHCTeMaTnqecKa.H OIIIH6Ka H3MepeH

HOrO BpeMeHH )Kll3HH ,nHMe30aTOMa. IIpnHHMa.H 3a oueHKY MaKCHMaJibHOro 

3HaqeHII.H CIICTeMaTHqecKOH ornn6KH Bpe~feHH )KH3HH A271' apHq>MeTnqe

CKYIO cyMMY CHCTeMaTHqecKHX OIIIH60K, BbI3BaHHbIX pa3JIHqHbIMH npHqH

HaMH, 6bmo nonyqeHo SA2,, ~ 5.5%. 

B npHJIO)KeHHH onHCaHa npoue.nypa BbJqHcJieHH.H OIIIH60K qHcJia "aTOM

HbIX" nap II 3HaqeHII.H KoppemIUIIOHHOH cpyHKUllH. IloKa3aHa Heo6xo.nH

MOCTb yqeTa KOppemIUHH co,nep)KaHH.H KaHaJIOB 3KCnepHMeHTaJibH0rO pac

npe.neneHH.H ll annpOKCHMHpy10meiI <PYHKUllll, OCHOBaHHOH Ha pacnpe.nene
HH.HX nap cnyqaHHbIX COBna,neHHH 7r+ H 71"- Me30HOB. 

Oc_HOBHble pe3yJibTaTbI, nonyqeHHble B_ .nHccepTaUHH. 

1. OcymecTBJieHO Ha6n10,neHHe KYJIOHOBCKllX KOppemIUHH B CHCTeMe 
7r+7r--nap. 

2. Pa3pa6oTaHa npoue.nypa annpoKcnMaUHH pacnpe.nenemrn 7r+7r- -nap 

no OTHOCHTeJibHOMY llMnyJibCY, yqHTbIBaIOrn:a.H KYJIOHOBCKllE' Koppe

JI.HUHH, pa3Mep o6JiaCTH reHepaUHH nap H BJIHRHHe CHJibHOro B3aH

MO,neiICTBHR B KOHeqHOM COCTORHHH. 

3. IloKa3aHO, qTo npe,nJIO)KeHHbIH MeTo.n no3BOJIReT om1caTb 3KcnepH

MeHTaJibHOe pacnpe,neJieHHe nap HCTHHHbIX COBna,neHHII npn ncnOJib-

30BaHHH 3KCnepHMeHTaJibHOro pacnpe.neneHHR nap cnyqaHHbIX co

Bna,neHHH H TOqHO BbJqHCJI.HeMoro 3HaqeHHR KYJIOHOBCKOH KOppeJI.H

UllOHHOH <PYHKUHH. 

4. O6ocHOBaH MeTO,n H3MepeHHR qHCJia "aTOMHbIX" H "KyJIOHOBCKHX" 

nap B o6nacTn q < 2 M3B/c, qTo Heo6xo,nnMo ,nnH H3MepeHHR Bpe

MeHn )Kll3HH A271' II oueHKH CTaTIICTHqecKHX II CIICTeMaTnqecKnx 

OIIIH60K 3TOro MeTo,na. 

5. IIpnMeHeHHe 3TOro MeTo,na no3BOJIHJ10 onpe,neJIHTb qncno "aTOMHbIX" 

nap: 352 ± 7 4 Ha "TOJICTOH" n 54 ± 65 Ha "TOHKOH" MHiIIeHH. 
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6. IlpH ncnOJib30BaHHH 3cpq>eKTa, o6ycJIOBJieHHOro KYJIOHOBCKHM B3an

MO,neHCTBlleM qacTHU B KOHeqHOM COCTO.HHHII, ocymeCTBJieHO H3Mepe

HHe COOTHOIIIeHH.H Me)K,ny qncJIOM nap OT KOpOTKO)KllBymux JI .nonro

)KllByrn:HX llCTOqHHKOB. TeM CaMblM ocymeCTBJieHO pa3,neJieHHe nap 

3ap.H)KeHHbIX 71"-Me30HOB no pa3Mepy o6naCTH reHepauHH B KOOp,n:n
HaTHOM npOCTpaHCTBe. 

7. lhMepeHue KoppeJI.HUHOHHOH <PYHKUIIH nap 7r+7r- Me30HOB 3Kcnepu

MeHTaJibHO 060CHOBbIBaeT BBe,neHHe KYJIOHOBCKHX nonpaBOK ,nJI.H 3KC

nepnMeHTOB no. H3MepeHnIO B03e-3iIHIIITeiIHOBCKHX KoppeJI.HUHH. 

8. l1ccne,noBaHbl xapaKTepHCTHKH IIIHpOKoanepTypHoro ro,nOCKOna Ha 

<t>3Y-143. IloKa3aHa B03MO)KHOCTb c03,naHu.H Ha ocHoBe ,naHHblx <t>3Y 

IIIHpOKoanepTypHbIX ro.n:ocKonoB C xop0IIIHMII BpeMeHHbIMH II aMnJIH
Ty,nHbIMll xapaKTepHC~HKaMH. 
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