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BBE,Il;EHHE 

Hamrme l.{BeT0BblX cTeneHell CB060Ahl y KB8J)K0B npIIB0)lllT K IlJH')ll'KanaHIIIO 

60JiblIIOro 'IIICJia penoHaHCHblX COCT01lHllll. Hanp11Mep, B pa6oTP qipaHl.lY::JCKI!X 

TeopeTIIKOB [1], nocB.1tll!eHH011 a.Hammy penoHaHCHhIX cocTO.lIHllit N Nrr, B 11oµ;em1 

ABYX l.{BeTHhlX MPlIIKOB, coeAIIHPHHbIX cTpyHm
0

1, npeACK8lJbIBaeTC.lt OKOJIO 20 pe::io

HaHC0B B pp1l'+ - KOM6IIHal.{11ltX B Al!aila:JoHe OqJqJeKTIIBHhlX M8.l'.C 2 + 3 rofl/c
2

. 

KaK 6YAeT BIIAHO n::i AMhHex°1lllero unJiolKeHlllt, MhI Ha6moµ;aeM 6oJihlIIYIO •mcTh un 

HUX [18]. Ho TOrAa .IICHO, 'ITO lll!IJ)l!Hhl 0TIIX H0BblX penoHaHCOB µ;omKHhl Ob!Th, no 

Kprurnex°I Mepe, Ha Il0J).lIAOK MeHI,llle, '!eM (uupIIHhl o6bI'!HhlX penc>HaHCOB. cho Ka

'!eCTBO 0K:J0Tll'IeC.KllX pe::ioHaHC0B B CUCTeMax PIJ, rr-rr- YlKP Hafimonanocb HaMH 

( CM. [2] - [13]). HeKOTOJ)ble TeopeTil'!{'l'.KIJe coo6palKeHII!I, OCHOBaHHhlP Ha npen

C.TaBJieHlUIX 6oJiblllllX pa::iuepoB miy•meMbIX CUCTPI\I, 11::J]IO)l(PHbl B paooTP [12], no

CB.HllleHHOII aHanimy ynKllX p]J - pe::ioHaHC0B. IloAXOAhl, OCHOBaHHhlP Ha l!Cil01lb::JO

BaHIIH KXJl-npaBim cyMM, 11:iJiolKeHhI B pafioTax [14, 15], norB!Ill!<'HHhlX iuramr:iy 

CBOllCTB CKMlIJ)HhlX rmooomrn. 061111111 BbIB0A, noKa PUii' )];OB011hHO IIHTYIITI!BHbli°I. 

::mKJIIO'IaPTC.lt B TOM, '!TO Mb! IIMPeM p;PJI0, B CJIY'!ae Y:JKIIX OK::JOTil'!Pf'KI!X pr:10-

HaHC0B, c HenepTyp6a.TIIBHhll\lII oqiqieKTaMU, CBlt::laHHh!MII co CTJ)YKTYJHlii KXJl 

- BaKyyMa Ha 6oJiblllllX paccT0!IHll.lIX. 3aKOH'!eHHOII TPOJ)IIII nµ;ec.b noKa. He rylll<'-

CTByeT. 

CnolKHOC.Th u::irmeMhlX O0'bPKTOB :iHa.'UITPJihH0 IlOBhilllaPT TJWOOBaHil!I K 

OKcnepnMeHTY' He T0JihK0 B CMbl('Jie CTa.TUCTH'IPCKOII ero otiecne'!PHHO('TII, HO II B 

CMblCJie 'IllCT0Tbl n TO'!HOCTII n::iy•meMoro MaTepnaJia. Ilcnonb:ioBaHIIP YHIIKaJih

H0ro HeiiTpoHP.oro ny<1Ka. n:J c1rnxpoqian0Tp0Ha .JI03 OIHIH ( t::,.P,J P,. ~ 2, 5%, 

yrJioBoe pacxolKAeH11e ny<1Ka !::,.H ~ 10-
7 

cp. oKoJio 0°, JierKo peryJinpyeMh!JI Ha

'IaJihHhIH IIMilYJihC _B Alla.nanone 1, 25 + 5, 20 roB/c, 6oJibllla.lt :Jarpy:JKa. Kl\MCpbl 

HeiiTpOHaMU) B CO'!eTaHIUI c 1-).{PTJ)OBOII lKll)];KOBOAOJJOAHOi°I nynhlpbKOBOII Kaue

poii JIB3 ( 411' - reoMeTJJll.lt, A0CT8.T0'IH0 Bh!C0KUP _TO'IHOCTII 11:JMPJJf'Hil!I I11my11h

COB II yrJIOB TpeKoB) nonB0JIUJI0 C xopolIIPii CTaTHCTll'IPCKOII TO'IHOCTb!O B OK!'K]llO

OUBHOii nocTaH0BKe oKcnepm,teHTa npaKTU'leCKII lien Kl\KIIX-111100 Bh!0OJH>K I!CC11P

AOB8.Th pHA 0K:JOTil'leCKIIX .IIBJIPIUIH, B TOM 'IIICJIP II npeACT11B11!IPMh!P B )l11HHOIU! pa-

6oTe penoHaHCbl B CIICTeMe pprr+ ( TJllllKAhl :lK:JOTl.l'ICCKIIP. l'.OCTO!IHll!I: n116apm>H. 

1moTom1•1ecKmi cmm I= 2, n11eKTpl!'1ecK1111 napnn (J = 3). · 

BBIIAY OTM€''!eHHhlX Bb!C0KIIX Tpef>oBaHmi K OKl'.IlPpllMPHTY, B l!PCK01lbKIIX 

·nepBblX pa.'1APJI8.X cTaThll pacCM0TJJPHbl MeTOAll'IeCKlle BOIIJ)OChl, A<l11PP 11'11I0)l(PHbl 

2 

l 
! 
,1_ 

:j 

1 

I 

l 
1 t 
jr 

ti 
''1 

\1 
1, 

\ 
\ 

♦ 
11 

.\I 

I 
I 

qm::nl'IeCKHe penym,TaTbl H IlpIIBeAeHO cpaBHeHIIe C HMeIOll!IIMHC.lt APyrllMH, AO

BOJibHO CKYAHhIMII noKa, aKcrrepHMeHTaJibHh!MH AaHlll,IMil_ MM He cTaBIIM ce6e 

l.{ellbIO IIOApo6Hoe cpaaHemre penyJihTaTOB c TeopeTU'IeCKHMll MOAeJIBMH BBllAY 

xpaiiHex"r HeorrpeAeJieHHOH TeopeTH'IeCKOH cuTy~m B AaHHo:ii 06JiaCTll mmeHII:ii. 

IlpeABapnTellbHhle penyllhTaTbl AOJIO:lKeHhl Ha XII 11 XIII Me:lK)l;yHapoAHhlX 

ceMUHapax no npo6JieM8.M qJIIOllKll BhlC0KIIX aHepru:ii u ony6JIHKOBaHI,I B pa6o

T?JC [16, 17, 18}. 

METO,il;MKA Bhl,I(EJIEHM.ff KAHAJIOB PEAKIJ;HM 

B AaHHOH pa6oTe 11cnollb:JoBaHhl nHTHJiy<IeBhle nBe3Ahlj rroJiy'IeHHhle B'Il.lITll 

ceaHcax 06Jirremrn 1-MeTpoB_oii BOAOPOAHOH nyahlpbKOBOH KaMephl JIB8 OHHH 

KBa:JIIMOHoxpoMaTII'IeCKllMII HeHTpOHaMII, o6pa30BaBlIIHMIIC.lt npll CTp11nnHHre 

AeHTOHOB Ha BHyTpeHHe:ii Mn111eHII cHHxpoqianoTpoHa [19J. HcnoJib30BaHI1e Heii

Tl)OHHoro IIY'IKa 1103BOJIIIJIO npIIMepH0 Ha nop.lt):\OK yBeJill'IHTh nJIOTHOCTh noTOKa 

nepa11~1Hhlx 'IaCTlll.{ Ha KaMepy no cpaBHeHl!IO C 06Jiy<IeHll.l[M:ll aap.1t:lKeHHhlMll''Ia

CTUl.{aMII. PacrrpeAeJieHU.lt 0THOCUTeJibHhIX Olllll60K ll:JMepeHIIH TpeKoB l!MeIOT MaK

CIIMYM 11 IIOJIYIIIllpl!Hy Ha noJiyBhlCOTe (2, 0 ± o, 8)%- AlI.lt llMIIYJihC0B II0JIO:lKll

TeJII,HO aap.1t:lKeHHhlX TpeKOB II (1, 9 ± 0, 7)%- ):\JI.I[ IIMilYlihCOB OTpuu;aTeJihHO 3a

p.1t:lKeHHblX TpeKOBj nHa~1eHU.lt 0, 0013 ± 0, 0009 II o, 0023 ± 0, 0014- ):\JI.II OlIIH6oK 

II:JMepeHU.lt TaHreHCOB yrJIOB norpy:lKeHll.lt ( !::,.tga) Il0JI0lKl!TeJII,HhlX ll OTp11u;aTellb

HhlX TpeKOB COOTBeTCTBeHHo; (0, 0008 ± 0, 0005) paA 11 (O; 0013 ± 0, 0008) pa):\ -

):\JI.II 01111160K ll3MepeHll.lt CO0TBeTCTBYIOIIIIIX a.'JllMYTaJibHhlX yrJI0B {3. 

OT6op MaTep11ana AlI.lt qJII:JwrecKoii o6pa6oTKll npo11:JBOj:\IIncz c ycrroBIIeM, 

'IT06hl II:JMepeHI1ll A8.HHOH rpynnhI co6hlTllH He OTJill'IaJil!Ch 6oJiee 'IeM Ha·2, 55cr 

OT cpeAHero 3Ha'IeHll.lt 11:JMepeHHOH BeJill'lllHhl no BCeM rpynna.M 11nMepeH11ii. 3AeCb 

CT ~ ,cpeAHeKBaApaTll'nIOe OTKJIOHeHIIe COOTBeTCTBYIOil.leH BeJIII'lllHhl no BceM rpyrr

na.M co6hlTl!H •. 

Orrpeµ;eJiemrn rrapaMeTpoB rry'IKa rraµ;arom;Hx ae:e:TpOHOB 

BeJIH'IUHa l!Mnynhca II HarrpaaJieH11e na):\aIOll!llX HeiiTpoHoB B 1-MeTpoBoii 

BOAOPOAHOH Ka.Mepe B Ka:lK):\0M ceaHce 06Jiy<IeHII.1t. onpe):\erutJIIICh rro pacnpe):\eJie

HWIM cyMMapHblX lIMilYJihCOB napz:lKeHlil,IX '18.CTUl.{.•ll. HanpaBJieHIDIM ;:noro l!M

nyllhca Amr co6h1Tllll, B KoTopbIX poAIIJillch TOllhKO n;:i.p.!DKemn,re '!acTu:w,r n KoTo-

-l P.1~1..r•, .•• ,.··II f.' ....,.,.,"""""' t 
"t;,f\l Q-C.A•H;~ ~u~U f!4•l~IJ:li I 
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pbie 6bIJill BbIµ;erreHbI lITepaQIIOHHOll npoQeµ;ypoii:, naKJIIO'IaBIUeii:cH B crreµ;yro~eM: 

,I(JIH Ka:>Kµ;oro co6bITIIH BbI'IIICJIHJIIICh CJMMapHbIH IIMnyJihC napH:>KeHHhlX 'Ia-

- 5 - ✓ CTIIQ (P. = Li=l P;) II 6arraHc 1:meprIIII- F = _P; + m;. + mp - E., rµ;e m 11 - Macca 

HenTpoHa, mp - Macca npoToHa MIIIIleHII, E. = E~=l E; - cyMMa aHeprnii BTOpll'I

HhIX oapH:>KeHHbIX 'IaCTlIQ. ,I(JIH co6bITllll 6en Heii:TpaJibHbIX 'IaCTHQ B KOHe'IHOM 

cocTOHHllll (peaKQIIH np --t pp1r+1r-1r- ) cpeµ;Hee nHa'IeHIIe 6arraHca aHeprIIn (F) 

µ;orr5KHO 6bITh paBHO HJlIIO. IIocKOJihKY Hell3BeCTHo, KaKaJI II3 Tpex BTOpll'IHbIX 

IlOJIO)KlITCJihHO oapH:>KeHHbIX 'IaCTlIQ HBJIHCTCH 7r+, 6arraHC aHeprIIH F Bbl'IIICJIH-

+ + + ( V eTcH µ;rrH Tpex rnnoTeo: p 1p21r3 , Pt 7f2 p3 n 1r1 P2P3 Hll:>KHllll HHµ;eKc yxa.'3hIBaeT 

HOMep IlOJIO)KlITCJibHOro Tpexa). BbI6llparracb Ta r0:n0Teoa, y KOTOpoii: nHa'IeHlle 

F Hall6orree 6JIII3KO x HJJIIO. ,I(arree BbI'IIICJIHJilICh cpeµ;Hee nHa'IeHlle CJMMapHbIX 

lIMnyJihCOB P. lI cpeµ;HeKBaµ;paTWIHOe OTKJIOHCHlle ap,, cpeµ;Hee nHa'IeHlle 6arraH

COB 0Heprllii: F lI aF, cpeµ;Hee OHa'IeHlle a.'3lIMJTaJihHbIX yrrroB /3 HanpaBJieHllii 

cyMMapHbIX HMnyrr1,coB P. lI ap, cpeµ;Hee nHa'IeHlle TaHreHCOB yrrroB norpy:>KeHlIH 

tga cyMMapHbIX lIMilJJihCOB P. II G"tga• Ho nepBoHa'IaJihHO oTo6paHttoii: rpynnhl 

co6bITllll BbI6llpaJilICh TaKlle co6bITHH, KOTOpbie oµ;HoBpeMeHHO yµ;cmrreTBOpHIOT 

'!eTbipeM ycrroBlIHM: 

IP. - P. l5 3 • dp,; 

IF- F 1:::; 3 · aF; 

I /3 - /315 3 · ap II 

I tga - tga 15 3 · G"tga• 

8Ta npoQeµ;ypa noBTOpHeTCH µ;o Tex nop, noKa Ha crreµ;yro~eii lITepaIJIIll Hll oµ;Ho 

co6bITIIe He 6yµ;eT oT6porneHo nrrll µ;o6aBrreHo. Pacnpeµ;erreHIIH BeJIII'IIIH P., F, f3 

lI tga p;o lI IlOCJie lITepaQllll IlOKa.'3aHbI Ha plICJHKe 1. 

IIorry<JeHHbI~ B KOHQe IITepaIJIIOHHOH npoQeµ;ypbI nHa'IeHIIH BeJIII'IIIH P., 7i II 
tga npIIHllMaIOTCH na napaMeTpbI ny<IKa naµ;aIO~HX HenTpOHOB. 

3Ha'llITellhHOe OTJIH'llle OT HYJIH cpeµ;Hero nHa'IeHIIH 6arraHca aHeprllll -( F), 

onpeµ;e~eHHoe no rpynne co6bITIIn, BbIµ;erreHHOH IITepaQIIOHHoii: npoQeµ;ypoii:, IIJIII 

IICKa:>KeHHbln (HecIIMMeTpll'IHblli:) Bnµ; pacnpeµ;erreHIIH F Mo:>KeT onHa'IaTh Henpa

BlIJihHo 3aJIO)KCHHOe'B nporpaMMY reoMeTpll'IeCKOll peKOHCTPYKQllll nHa'IeHlle Ma

rHlITHOro noJIH B KaMepe IIJIII HaJIWIIIe Hey<1TeHHoii: rro:>KHoii: KpIIBll:JHbI. B 0ToM 

crry<Jae BBOp;lIJilICh nonpaBKll Ha 0Tll BeJill'llIHbI. 

IlpaBlIJibHOCTh BBeµ;eHIIH nonpaBOK Ha MarHIITHOe norre B KaMepe lI Ha JIO)K

HYIO KplIBlIOHY TeCTllpoBarracb paoHbIMll cnoco6aMII: npoBepxoii: IlOJIO:>KeHIIH Mace 
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PIIc. 1: Pacnpe+:1e.Jif'-HWI cyMMapHbIX nMnyrr1,coB P. napmKf'HHbIX 'I,ll'TUQ (a). TaH

reHcoB yrrroB norpy:>Ke-HWI tgn cyMMapHbIX IIMilJJlh<"OB (6), a.'lnMyTaJihHbIX yrJir>B 

/3 HanpaBJieHIIii CJMMapHbIX HMilJJihCoB ( B) u 6arraHcoB aHf'pruii F ( r) µ;o u norm· 

( narnTpIIXOBaHHble rIICT.orpaMMbI) OTfiopa COObITHii IITP}laIJlIOHHoii Il})OQP,I~ypoii 
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11- II w- Me:lOHOB, xopowo Ha6moAaIOll.lIIXC.lI B cneKTpe aqiq>eKTIIBHbIX Mace KOM6II

Hauxrn 7r+1r-1r0 B peaKUIIII np --> pp1r+1r-1r-1r0 II npoBepKOII BbIIIOllHeHII.lI II:JOTO

IIII'IeCKOH CIIMMeTpIIII B peaKUIIII np --> p1r+1r+1r-1r-n (B 0TOH peaKUIIII All.II U:JO

TOIIII'IeCKII CIIMMeTplI'IHbIX 'IaCTHU B o6ll.leii CIICTeMe ueHTpa Mace IIMIIJllbCHbIP 

cneKTpbI AOll:lKHbI COBIIaAaTb, a pacnpeAelleHH.lI yrllOB Bblllf'Ta 'IaCTIIU e· AUll:lKHbI 

6bITb nepKaJibHO ClIMMeTpII'IHbI) n AP· IlapaMeTpbI HeHT})aJibHbIX '-IaCTIIU 1r0 
II n 

6bllllI BOCCTaHOBlleHbI nporpaMMOH KIIHeMaTII'IeCKoro q>IITa, 0 KOTopoii 6JAeT pac. 

CKa:JaHO HII:lKe. Ha pIICJHKe 2 npeACTaBlleHO pacnpeAelleHIIe aqiq>eKTIIBHbIX Mace 

np ➔ pp-rr+-rr--rr--rr0 Pn=5.2 raB/c 
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PIIc. 2: PacnpeAelleHIIe mpq>eKTIIBHblX Mace KOM6IIHaunii 1r+1r-1r0 
II:J peaKUIIII 

np --> pp1r+1r-1r-1r0 npII Pn :::::: 5,2 raB/c. CnllOllIHaJI KpIIBaJI - annpOKCIIM~

UII.lI pacnpeAelleHII.lI HeKorepeHTHoii cyMMoii qioHoBoii KpIIBoii (nyHKTnpHaJI KpII

BaJI) II ABYM.lI'penoHaHCHbIMII KpIIBbIMII, B:J.lITbIMll B 6peiiT- BIIrHepOBCKOH q>OpMe. 

CTperrKH COOTBeTCTBJIOT Ta6llII'IHbIM :JHatJeHIIJIM Mace 71- II w- Me:JOHOB 

KOM6IIHaunii 7r+1r-1r0 II:J peaKUIIII np --> pp1r+1r-1r-1r0 
npII Pn :::::: 5, 2 n~B/c 

(cyMMa BCex ceaHCOB o6Jiy'IeHIIH). PacnpeAelleHIIe annpoKCIIMIIpOBaJIOCb HeKore-
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peHTHoii cyMMoii q>oHoBoii KpIIBoii, B3.lIToii B BIIAe cynepno:JIIUIIII IIOllHHOMOB Jle

:lKaHApa AO IIJITOH CTeneHII BKllIO'-IIITellbHO (Koaq>q>IIQIIeHTbI IIpII IIOlllIHOMax 6ollee 

BbICOKIIX CTeneHeii He:JHa'IIIMbI), II ABYMH pe3OHaHCHblMH KplIBbIMII, B3JITblMII B 

6peIIT - BIIrHepOBCKOH q>OpMe. ,Il;oJIJI q>OHa COCTaBJIJieT 91,0%. <PoH OIIIICbIBaeT 

06llaCTII BHe pe:JOHaHCOB C X2 
Ha OAHY CTeIIeHb CB060AbI paBHbIM 1, 03 ± 0, 11, 

II KBaA})aTHbIM KOpHeM H:J AIICnepcnII x2 - pacnpeAelleHH.lI ,/75 = 1, 47 ± 0, 08, 

'ITO 6llH:JKO K :JHa'IeHH.lIM AJIJI 'IIICTO CTaTIICTII'IecKoro pacnpeAeJieHH.lI (x2 = l; 
,/75 = 1,41). 

Ilolly<IeHHble AaHHble 06 71- II w - Me3oHaX IIpIIBeAeHbl B Ta6llIIQe 1. 

Ta6llIIUa 1 

(MT± b.MT) (Me± b.Ma) (re± b.I'a) (CT± b,_e7) S.D. 
MaB/c

2 
MaB/c2 

MaB/c2 
MK6 

71 547.45 ± 0.19 548,6±2,1 11,2:;:;;~ 15,4±2,1 ]3,4 
w 781.94 ± 0.12 783,1±2,5 32,8+~:~ 34,6±5,0 10,7 

B nepBoii KOllOHKe Ta6llIIUbI npnBeAeHbI TIIIIbI 'IaCTIIU; BO BTOpoii - Ta6llII'l

Hbie 3Ha•reHH.lI Mace 'IaCTIIU [20]; B TpeTbeii - 3KCIIepIIMeHTaJibHbie :JHa'IeHIIJI Mace 

pe30HaHCOBj B 'IeTBepToii - IIX 3KCIIepIIMeHTaJibHble llIIIpIIHblj B IIJITOH - 3HatJeHIIJI 

CetJeHIIH o6panoBaHIIJI pe3oHaHCOB B peaKQIIII np --> pp1r+1r-1r-1r° C OWII6KaMII, 

BKllIOtJaIOll.lIIMII OllIII6Ky B orrpeAeJieHIIII Ce'IeHII.lI 3TOH peaKQIIII ( CM. [21 ]); B llieCTOH 

KOllOHKe - 'IIICJIO CTaHAapTHbIX OTKllOHeHIIH OT q>oHa. 

"9:IICllO CTaHAapTHbIX OTKllOHeHnii paCC'-IIITbIBMOCb no q>opMylle 

S.D. = ( Ne - Nb) /-,/JV;, rAe Ne - 'IIICllo co6bITIIII B 3KcrrepIIMeHTe, Nb - tJII

Cllo C06hITIIH B <poHe B paccMaTpHBaeMOH o6n:acTII Mace. l:fo Ta6llIIQhI 1 BIIAHO, 

'ITO MaCCbI 3TIIX Me30HOB, orrpeAelleHHble II3 Hawero 3KCIIepIIMeHTa, COBIIaAaIOT C 

Ta6llII'IHhIMII 3Ha•reHH.lIMII c To•rnocThIO AO 1,5 MaB/c2 (:S: 0,3%). 

3HatJeHII.lI aqiq>eKTHBHbIX Mace, llIIIplIH II ce•reHIIH 71- II w- Me3OHOB, orrpeAe

lleHHhie All.II pa.'3HbIX ceaHCOB o6lly<IeHII.lI BOAOPOAHOH KaMephI, COBIIaAaIOT B rrpe

):\ellax aKcnepnMeHTaJihHhIX OWII6oK. 

Pao~eJieH:e:e co6bITHH no KaHanaM peaKD;HH 

KIIHeMaTII'recKIIH q>IIT co6bITIIH rrpoII:JBOAIIllC.lI c IIOMOll.\hIO rrporpaMMhI, Ha

IIIICaHHoii crreuIIMhHO All.II HeiiTpOHHoro 06lly<IeHIIJI no allropIITMY, lI3llO:lKeHHOMY 

B pa6oTe [22]. Pan6poc lIMIIJllhCOB HeHTpoHa rrpIIHIIMaeTcJI paBHhIM 2,5% OT 
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cpe;n;HeI'O ::rna'IeHIDI IIMnynbca; TaKruI BeITII'IIIHa paa6poca nonytreHa IIIJ TPOpeTu

-qecKOI'O pac-qeTa cneKTpa HeIITpOHOB npII cTp1rnnnHre' ;n;~IITOHOB [19] it xoi>olllo 

cornacyeTcH c 13KCnepuMeHTaJibHO onpe;n;eneHHOII Benii~rmioii uj,n. 011Iu6KII B TaH

reHce yrna norpy)KeHIIH. II a.3IIMyTaJibHOM yrne /3 HanpaBJieHII.lI nytrKa HeHTpOHOB 

B KaMepe, pacctrnTaHHbre reoMeTpIItieCKII no pacnoiio)KeHIIro II pa.'3MepaM amoMII

HIIeBoii MIIIIIeHII II BTOporo KOJIJIIIMaTopa, paBHbI 0,00033 pai\. 

IfaTunytreBble nBe:Jp;bI annpoKCIIMIIp~Bam1Cb TpeMH ~aHanaMII peaKIIIIII: 

:KaHan "0" - np --* pp1r+1r-1r- (4C-q>IIT - treTbipe ypaBHeHirn cBH:JII), 

KaHan "1r0" - np --* pp1r+1r-1r-1r0 (lC-q>IIT - o;n;Ho ypami:eHIIH CBHrrn) II 

KaHan "N" - np --* p1r+1r+1r-1r-n (lC-q>IIT - o;n;Ho ypaBHeHuH CBH8II). 

IIocKOJibKY B .o6w;eM cny-qae HeIIGBeCTH.o, KaKIIe II:J TpPX noJIO)KIITeJibHO napH)KeH

HhlX traCTIIIl HBJIHIOTCH npoTOHaMII, a KaKue - -ir+ - Me80HaMII, TO B Ka)K;n;OM KaHane 

annpoKCIIMIIpOBaJIOCb TpII rIInoTe8bI II BbI6IIpairacb Ta, KOToprur IIMeeT HaIIMeHb

llIIIII x2 • OIIeHKa ;n;onII co6blTIIII c HenpaBIIJibHO BbI6paHHoii rIInoTenoii: BHYTPII 

o;n;HOI'O KaHana peaKIIIIII noKanana, tITO B KaHane "0" co;n;ep)KIITCH 1,1% TaKIIX 

co6bITIIII, B KaHane "1rO" -. 2,9%, B KaHane "N" _,. 2,2%. 

IlpII pa.'3;n;eneHIIII co6bITIIII no KaHanaM peaKIIIIII ·IIcnonbOOBaJICH x2 
- KpIITe

pIIii: ( OT6IIpaJIIICb co6bITIIH C x2 ::::; X;p.). )];nH KaHaJia "0" X;p. 6bIJI B8HT paBHbIM 

12,5, ;n;nH KaHaJIOB peaKIIIIII c po)K;n;eHIIeM o;n;HoII Heii:TpanbHOII tracTIID;bI :_ paBHhlM 

6,5. TaKIIe rpaHIIIlhl no x2 COOTBeTCTBYIOT npII6JIII3IITPJibHO o;n;m:rnpoIIeHTHOMY 

;n;oBepuTeJibHOMY ypoBHIO. Ecnn co6bITIIe y;n;oBneTBOpHJIO KpIITepIIIO x2 
::::; x;p. B 

rIInoTen_e KaHana "O", TO OHO OTHOCIIJIOCb K 0TOMY KaHany He8aBIICIIMO OT 8Ha

-qeHIIII x2 B ;n;pyrIIx KaHanax (npaBIIJIO npe;n;notrTeHIIH [23])-. Kor;n;a ;n;= o;n;Horo 

co6bITIIH o;n;HoBpeMeHHO npoxo;n;nnII I'IInoTe8bI KaHana "1r
0

" II KaHana "N"' BbI-

6IIpanacb Ta rIInoTena, y KOTOpoii: x2 MeHbllle. OIIeHKa noKa.'Jana, tITO B KaHane "O" 

npIIMeCb co6bITIIH KaHana "1r0" cocTaBnHeT He 6onee 3,2%, KaHana "N" - 0,5%; 

B KaHane '11r0" npIIMecb co6bIT~II KaHana "N" - 3,9%; B KaHane "N" npIIMecb 

co6hlTHII KaHana "1r0" - 2,1 %. 
KpoMe 0TOI'O, IICnOJib30B<IJIIICb ;n;ononHIITeJibHhle KpIITepIIII OT6opa co6bI

TIIII B pa3JIIIt!HbIX KaHanax peaKIIIIII: no OllIII6Ke cyMMapHOI'O IIMnynbca BCex na

pH)KeHHhlX tracTIIIl (6..P./Ps ::::; 3%) II no He;n;ocTarow;eii Macce (M;,;,. < M':e11.. < 
M;,ax) - ;n;nH BCex KaHaJIOB peaKIIIIIIj_ no KOCIIHycy yrna BbIJieTa 1r

0 
B o6w;eii CII

cTeMe IIeHTpa Mace ( Tpe6oBaHIIe rna;n;KoCTII pacnpe;n;eneHIIH no co.s0;o) - ;n;nH Ka

Hana " 7rO" ; no IIMilYJibCY 7r + B na6opa TopHOil CIICTeMe ( IIcxo;n;H II8 Tp e6 OBaHIIH 
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dN.,,+/dP.,,+(na6.) = dN.,,-/dP.,,-(aHTmra6.)) ~ ;n;nH KaHana "N". 

,Il;nH lilllIIOCTpaIIIUI Ha;n;e)KHOI'O pa.'3;n;PJIP.HIIH co ObITIIII no KaHa..'IaM 1waKIIUII 

Ha pucyHKe 3 noKa.'JaHO BhlnonHeHne u:lOTOIIlltieCKClll CIIMMPTIJIIH ;n;nH co6bITIUI 

peaKIIIIII np --* p1r+1r+1r-1r-n : pnc. 3a - pacnpr;n;enemrn nMnynbCoB npoTOHa 

11 ueiiTpoHa (cnnollIHM mm1rn) B o6w;en cucTrMr IIPHTpa Mace; pnc. 36 - pac

npt->;n;rnrHUH KBa;n;paToB nepnPHp;llKYlIHplllilX IIMIIYJibeOB p II 11 ( cnJIOllIHaH JIIIHIIH) B 

('..II.M.; puc. 3B - pacnpe;n;eJieHUH KOCIIHYCOB yrmm BbIJieTa p II 11- ( cnJIOllIHM m1mrn) 

OTHOCIITt'llbHO OCH peaKIIHH B C.II.M.j IlHC. 3r - paenpe;n;enPHIIH nMnyJibCOB 7r+ 11 

'ff- (cnJIOllIHM lIHHIUI) B C.Il.M.; p11c. 3;n;- pacnpe;n;eJIPHHH KBa;n;paTOB nepneH;n;m.y

JIHpHbIX HMnynbCOB 7r+ II 'ff- ( cnnollIHM JIHHirn) B C.II.M.; pnc. 3e - pacnpP;n;eneHirn 

KOCIIHyeoB yrnoB BbIJieTa 7r+ II 'ff- (crmoIIIHM JIIIHIIH) OTHOCHTeJibHO OCII peaK

IllUI B C.Il.M.; puc. 3.lK - paciipe;n;eneHIIH 0q>q>eKTIIBHbIX Mace KOM611HaIIllll p7r+ n 

11.'ff- ( cnJIOllIHM JIIIHIIH); puc. 3n - pacnpe;n;eneHllH :lq>q>eKTHBHbIX Mace Koz..161rnaII111i 

p1r+7r+ 11 1/.7r_7r_ ( CillIOWHM JIHHHH), pnc. 3n - pacnpe;n;PJIPHIIH :lq>q>PKTIIBHbIX Mace 

KOMfoIHaIIIIIl 7r+ 7r+ II 7r-7r- ( cnJIOWHM JIIIHIIH ). 

B Ta6nHIIe 2 npHBo;n;HTCH cpe;a;mte ::matreHIIH u CT,lH;n;apTHhle OTKJioHeHIIH ;n;nH 

Ta6nnIIa 2 

Cpe;n;Hee :JHa'IeHne (T 

Pv (M0B/c) 532,6±2,3 194,3 ± 1, 7 

P,. (M0B/c) 527, 1 ± 2,3 193,2 ± 1,6 

Plp (I'0B / C )2 0,491±0,0017 0, 1419 ± 0, 0012 

Pl,. (I'0B/c)2 0, 437 ±0, 0017 0, 1411 ± 0, 0012 

cose; -0, 0489 ± 0, 0082 0, 6827 ± 0, 0058 

Cose;, +o, 0253 ± o, 0083 0, 6933 ± 0, 0059 

P.,,+ (M0B/c) 268,6± 1,0 123, 1 ± 0, 7 
P,,- (M0B/c) 270,3 ± 1, 1 123,5 ± 0, 7 

Pl.,,+ (I'0B/c)2 0, 0534 ± 0, 0005 0, 0537 ± 0. 0003 

Pf.,,- (I'0B/c)2 0, 0530 ± 0, 0005 0, 0530 ± 0, 0003 

cose;+ -0, 0431 ± 0, 005 0,5881 ± 0,0035 
cose;_ +o, 0685 ± o, 005 0, 5896 ± 0, 0035 

Mv1r+ (M0B/c2
) 1268,4± 1,1 124,4 ± 0, 7 

M,..,,- (M0B/c2
) 1270,3± 1, 1 125, 1 ± 0,8 

Mv.,,+1r+ (MaB/c2
) 1596,4 ± 1,8 149, 1 ± 1,3 

M,..,,-.,,- (M0B/c2
) 1597,4± 1,8 153,6 ± 1,3 

M,,+.,,+ (M0B/c2
) 474,0± 1,6 130,6 ± 1, 1 

M.,,-.,,- (M0B/c2
) 471,4 ± 1, 6 130,5 ± 1, 1 

pacnpe;a;eneHnii, IlOK&'JaHHbIX Ha pnc. 3. ll:J pncyHKa II Ta6JIIIIIbl Bil;D;HO xopollll'f' 
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Puc. 3: Pacrrpe1J;enemrn, ;a;eM0HcTpnpy10IIIue BhlIIOnHeHue unoTOIIU'IecKon CUMMe

Tpuu B peaKIIUU np -+ p1r+1r+1r-1r-n 
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COBrra;a;eHne pacrrpe;a;eneHnn-;a;n11 U30TOIIU~IecKn CIIMMeTpU'!HhlX 'IaCTUII. 

IloCJie pan;a;eneHn11 KaHanoB peaKIInn u BhmonHeHIIJ.1 ycnoBnn, HanaraeMhlx ;a;o

rronHIITen1,H1,IMu KpUTepU.llMU B peaKIIUU np --t pp1r+7r-7r- OCTaeTCJ.I 8394 co61,1-

TIUI, B peaKIIUII np ..:.+·,- pp1r+1r-1r-1r0 - 3884 co6hlTun, B peaKIIuu 

np -+ p1r+1r+1r-1r-n - 6680 co6hlTnn. TaKoe pacrrpe;a;eneHIIe co6hlTUn Me:iK;a;y 

KaHanaMu peaKIIuu cornacyeTc11 c ce,1eHu!1MU aTux KaHanoB, orrpe;a;eneHHhlMu B 
pa6oTe [21). 

HCCJIE,D;OBAHHE Y3KHX ,D;HBAPHO:HHbIX 
PE30HAHCOB C H3OTOITH"CJECKHM CITHHOM 
I= 2 B np - B3A0MOJJ;EMCTBH.ffX 

Ilpu IIOUCKe U uccne;a;oBaHUU Y3KUX penoHaHCOB B crreKTpax acpcpeKTUBHbIX 

Mace pp1r+ - KOM6UHaIIUll ucrionb30BaHbl peaKIIUU: 

np-+ pp1r+1r-1r
np --t pp7r+7r-7r-7rO 
np-+ pp1r+1r-1r
np-+ pp1r+1r-1r-1ro 
np-+ pp1r+1r-1r
np --t pp7r+7r-7r-7rO 

Pn ~ 5,20raB/c 

Pn ~ 5, 20raB/c 

P,, = 4, 43 ± 0, liraB/c 

Pn = 4, 43 ± 0, 11raB/c 

Pn = 3, 88 ± 0, IOraB/c 

Pn = 3, 88 ± 0, 10raB/c 

(8365 co6.), 

(3822 co 6. ), 

(742 co6.), 

(215 co6.), 

(388 co6.), 

(65 co6.). 

(1) 
(2) 
(3) 
( 4)' 
(5) 
(6) 

Ha pucyHKe 4 rrpe;a;cTaBneHo pacrrpe;a;eneHue acpcpeKTUBHhlX Mace pp1r+ - KOM-

6uHaIIun un peaKIIUU (1). Pacrrpe;a;eneHue arrrrpoKcuMupoBanoci, HeKorepeHTHon 

cyMMOll q>OHOBOll KpUBoii:, B3J.ITO.H B Bir;a;e cyrreprro3UIIUU IIOJIUHO~OB .)1e:iKaH;a;pa 

;a;o 'IeTBepTOll CTerreHU BKJIIO'IUTeni,Ho ( Koacp<JinIIUeHTbI rrpu IIOJIUHOMax 6onee Bhl

COKUX CTeIIeHeU He3Ha'IIIMhl) U BOCeMbIO pe30HaHCHbIMU KpUBhIMU; B3.lIThlMU B 

6penT - BUrHepOBCKOll cpopMe. ,II;on11 q>oHa COCTaBn.lleT 93,1 %. <l>oH OIIUChlBaeT 06-

naCTU BHe penoHaHCOB co 3Ha'IeHUeM x2 Ha o;a;Hy CTeIIeHI, CBo6o;a;hl, paBHhIM o, 89± 

0, 12, u KBa;a;paTHhlM 1mpHeM un ;a;ucrrepcuu x2-pacrrpe;a;eneHlI.ll 

../l5 = 1, 34 ± 0, 08, ~ITO o~IeHI, 6nU3KO K 3Ha'IeHIIJ.IM ;a;n11 'IUCTO CT~TUCTU'IeCKoro . , 

pacrrpe;a;eneHIIJ.1 (x 2 
= l; ../l5 = 1, 41 ): <l>oHoBM KpuBa11, HOpMupoBaHHM Ha non

Hoe '!Ueno C06hlTUll (Ha 100%), OIIUChlBaeT 0KCIIepuMeHTanbHOe pacrrpe;a;eneHue co 

3Ha'!eHUeM x2 = 1, 14 ± 0, 10 Ha o;a;Hy CTeIIeHb CB06o;a;hl u ../l5 = 1, 65 ± o, 07, 'ITO 

3aMeTHO OTnU'!aeTCJI OT TeopeTU~IeCKUX 3Ha~IeHilll ;a;n11 ~IUCTO CTaTUCTU'IeCKOrO 

pacrrpe;a;eneHu11. 

IIony'IeHHhle gaHHhle rrpe;a;cTaBneHhl B. Ta6nuIIe 3. 
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B nepBo:ii KOJIOHKe Ta6m1QbI np1rneµ;eHbI ueHTpaJibHbie nHa'leHIHI Mace peno

HaHcOBj BO BTOpo:ii - IIX 3KCnepIIMeHTaJihHbie WIIpIIHhij B TpeTbeli - IICTllHHbie Ilill

pIIHbI pe:JOHaHCOB, norry<JeHHbie KBaµ;paT~IHbIM BbI'IIITaHIIeM ll3 3KcnepIIM<"HTaJib

HOH WIIpIIHbI COOTBeTCTBYIOU:(ero panpewemrn no aqiqieKTIIBHbIM MaccaM pp1r+ -

KOM6IIHaUIIH, B <JeTBepTOH KOJIOHKe np1rneµ;eHbI :JHa'IeHII.lI ce'IeHIIH o6pa.'3oBaHII.lI 

pe30HaHCOB B peaKQllll (1) C Ollill6KaMII, BKJIIO'IaIOU:(IIMII OWII6Ky B onpeµ;erreHIIll 

Ce<JeHII.lI peaKUIIII (1) ( CM. [21]); B nHTOH KOJIOHKe - 'IllCJI0 cTaHµ;apTHbIX 0TKJIOHe

HIIM OT q>oHaj B wecTOM - npoII:JBeµ;eHIIe Bepo.HTHOCTII Toro, 'ITO µ;aHHbie oco6eH

HOCTII HBJIHIOTC.II qlOHOBbIMII qirryKTyaQII.lIMll, Ha OTHOWeHIIe 'IllCJia 6IIHOB BO BCeM 

pacnpeµ;erreHIIII K 'IllCJIY 6IIHOB B o6rracTII COOTBeTCTBYIOU:(ero penoHaHca. ~ 

180 
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"' u 
-......... 
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(') 

::a 
'°'! 100 
0) 

-......... 
,:s: 80 
:s: 
E-t 
1-1 

60 ,.q 
'\O 
0 
u 

40 

20 

0 

np ➔ ___e_e_1T+1T-i- · Pn=5.2 I':3B/c 

2.2 

2596 

2525 
2471 

2709 

8365 co6LITHH 

2.4 2.6 2.8 
Mpp7T\ raB/c2 

3 

PIIc. 4: Pacnpeµ;erreHIIe aqiq>eKTIIBHbIX Mace pp1r+ - KoM6IIHaUIIH II:J peaKQIIII np -4 

pp1r+7r-7r- npII Pn :::=:: 5, 2 raB/c. CnrroWHaH K})IIBaH - annpoKCIIMaQIIH q>OHOM II 

BOCeMhIO 6peii:T-BIIrHepoBCKIIMII q>yHKQll.lIMII, nyHKTIIJ)HaH JIIIHIIH - BKrraµ; q>oHa 

( noJIIIHOM Jle'.lKaHµ;pa <JeTBepToii: CTeneHII). 

~IICJIO CTaHµ;apTHbIX OTKJIOHeHIIH pacc'IllThIBaJIOCb no q>opMyrre 

12 

t 

f 
i 

Ta6mu:(a 3 

(M, ± tlM,) (r,±tir,) (fn ± tlfn) (o- ± tlo-) S.D. p 

MaB/c
2 

MaB/c
2 MaB/c·i MK0 

2175± 6 17,6+~;9 12,8+~;,9 1,7±0,7 2,8 7,4•10-2 

2221± 6 18 r::-5,3 19 i-5,3 2,5±0,8 3,5 9,2-10-3 
,u+12,s -, +12,8 

2321±24 3" 1-15,5 30 o-15 5 2,2±1,1 3,2 1,0-10-2 
u, +62 4 , +62:4 

2398± 8 -66 
0,0+23,4 2,9±1,4 2,3 3,3·10-1 19,7 +23_,4 

2471± 5 21,9+::~ 0,0+9,6 4,1±1,3 3.4 1.1-10-2 

2525± 7 ?8 6-10 7 101-101 4,0±1,4 3,2 2,6·10-2 ~ , +:31,7 , +31:1 
2596± 6 31 r::-91 10,3+i{o 9,2±1,9 5,6 1,9·10-7 

,v+1s,o 
2709± 6 19 r5s 0,0+15,4 4,9±1,6 3,5 7,1·10-3 

,-+154 

S.D. = (N, - Nb)/,/Ffi,, rµ;e N, - •mcrro co6hrTnii: B aKcrrepnMPHTP, A't, - •mc:ro 

co6hrTnii: B q>oHe B paccMaTpI:BaPMoII o6rrac.TII Mace. 

8KcrrepnMeHTaJihHOe panpPWeHIIe O"res(lvl) II0 3qlqlf'KTUBHbIM MarcaM pp1r+ -

KoM6HHauuii: xopowo arrnpoKCII.MnpyeTcH qiopMyrroii: 

O"res = 2, 1 · [(M - Mo)/0, 1] + 2, 7 , rµ;e M - aqiq>eKTIIBHaH Macca pe:10HaHca B 

r::iB/c2, Mo - cyMMa Mace IIOKO!I /J:BYX rrpoTOHOB II 7r+ - Mf':J0Ha B raB/c2, O"res -

B MaB/c2. U:3 qiopMYJibI BIIl];HO, 'ITO pa.'3pewem1e rro MaccaM mrneiim> pacTPT oT 

2, 7 µ;o 17 MaB / c 2 npn u:JMeHeHnn Mac_c OT cyMMhI i-.rnc~'. µ;o ~ 2, 7 faB / c 2. 

Pe:JoHaHcbI, o6Hapy'.lKeHHbie B peaKQHH (1 ), MoryT rrpo.HBJIHTbCH II B pt>aK

UIIll (2). Ha pncyHKf' 5 npeµ;cTaBJif'H0 pacrrpel];f'Jif'Hllf' 3q>q>f'KTIIBHbIX Mace pprr+ -

KOM6IIHal:(IIH H3 peaKQIIH (1) II (2). 8To pacrrpeµ;erreHue TaK '.lKe, KaK II parrrpe

µ;erreHIIe Ha pnc. 5, arrrrpoKCIIMIIpOBaJI0Cb HeKorepeHTHoii: cyMMOII cpoHOBoii Kpll

BOII, B3.IITOH B BIIµ;e cyrrepno:JIIQHII II0JIIIH0M0B .Jle'.lKaHµ;pa µ;o 'lf'TBf'jlT<>ii <"Tt'Ill'Hll 

BKJIIO'IIITeJibH0 ( KO::Jq>q>III:(IIeHTbI rrpII II0JIIIH0MaX 6oJief' BhlC0KIIX ("Tf'IIPHt'Ii HP rrna

'IlIMbI) II BOCeMbIO penoHaHCHbIMII KpIIBbIMII, B3HThl.Mll B 6peiiT ·- BllrHt'pOBCKOII 

cf>opMe. ,Il;orr.H q>oHa C0CTaBJI.HeT 93,9%. cf>oH OIIIICbIBaeT o6JiaCTII BHP }W30HaHC0B 

co 3Ha'IeHIIeM x2 = 0, 89 ± 0, 12 Ha oµ;Hy CTeIIf'Hb CBO0O/];bI II ,ID= 1, 41 ± 0, 09. 

Ha 3T0M )Ke pIICYHKe npIIBeµ;eHo pacnpeµ;eneHIIf' {HU)KH!IH rncTorpaMMa) 3q>q>PKTII

BHbIX Mace pp1r+ - KOM6IIHauuii: TOllhK0 II3 peaKQIUI (2). BepTHKaJibHhlMII JIIIHIIHMII 

H3 T0'IeK II0Ka.'JaHo IIOJI0'.lKeHHe Mace penoHaHC0B. Pe:JyJihTaTbI arrnpoKCIIMaQIIII 

rrpeµ;cTaBJieHhl B Ta6JIIIQe 4. O60:JHa•1emrn K0JI0H0K TaKIIf' )KP, KaK II B Tafim1ue 3. 

U:3 C0II0CTaBJieHIIH Ta6JIHU 3 II 4 Blll];H0, 'ITO CTaTUCTll'IeCKIIe 3Ha'IIIM0-

CTH oco6eHHOcTeii:, pacrroJio'.lKeHHhlX B o6nacTII Mace pp1r+ oT 2200 M::iB/c2 µ;o 

2500 MaB/c2, Bhlp0ClIH npII0lIU:JIITeJibHO B C00TBPTCTBIIH c YBf'nII'IPHIIPM cTaTII-
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PIIc. 5: Pacnpeµ;erreHIIe 0cp4>eKTIIBHhIX Mace pp1r+ - KOM6IIHan;IIii II3 peaKu;IIii 

(1) II (2). CnrroUIHaJI KpIIBaJI - annpoKCIIMau;IIJI 4>0HOM II BOCeMbIO 6peiiT

BIIrHepOBCKIIMII cpyHKIJ;IIJIMII, nyHKTIIJ)HaJI lIIIHIIJI - BKrraµ; cpoHa (norrIIHOM Jle:iKaH

µ;pa 'IeTBepToii cTeneHII). HII:lKHJIJI rIIcTorpaMMa - pacnpeµ;erreHIIe II3 peaKu;IIii (2). 
BepTIIKalihHhle lIIIHIIH ll3 TO'IeK COOTBeTCTBYIOT noµ;o6paHHhIM MaccaM pe30HaH

COB 

CTIIKII B :JTOH o6rraCTII Mace. 

B TO :lKe BpeMll :JHa'IIIMOCTII pe:JoHaHCOB c MaccaMII oKorro 2184 M0B/c2, 

2602 M0B / c2 II 2716 MaB / c2 ynarrII. KaK BIIµ;Ho II3 HII:lKHeii rIIcTorpaMMhI Ha pII

cyHKe 5, aTII pe:JoHaHchI pacnorraraIOTCJI Ha KoHu;ax cpa.'3oBoro o6'beMa peaKIJ;IIII 

(2). Pacnpeµ;erreHIIe acpcpeKTIIBHhIX Mace pp1r+ II3 peaKIJ;IIII (2) IIMeeT 6orree pe3Ko 

06phIBaIOil\IIeCJ1 KpaJI (µ;o Macchl 2200 M0B/c2 II nocrre Macchl 2550 M0B/c2). II0-

0T0My IlOBeµ;eHIIe lpOHOBoro IlOlIIIHOMa, OilIIChIBaIOil\ero cyMMapHoe pacnpeµ;erreHIIe 

II3 peaKIJ;HH (1) II (2), onpeµ;errJleTCJI B :JTIIX o6rraCTJI~ B OCHOBHOM, peaKIJ;IIeH (1 ), 

'ITO npIIBO)];IIT K :JaBhIUieHIIIO cpcma B paiioHe :JTIIX Mace. 

Ha pIICYHKe 6 npeµ;cTaBlieHO pacnpeµ;erreHIIe acp4>eKTIIBHhIX Mace pp1r+ - KOM-

14 

1 
) 

1J 
'.l 

6IIHau;nii II3 peaKu;IIii (3)-(6). 3aUITpIIXOBaHHhie o6rraCTH Ha :JTOM pncyHKe COOT

BeTCTBYIOT IlOlIO:lKeHIIIO II 0KcnepIIMeHTalihHOH IIIHJ)HHe petlOHaHCOB, 06Hapy:iKeH-

Ta6rrIIu;a 4 
(M, ±~Me) (r, ± ~re) (rn ± ~rR) S.D. p 

MaB/c2 MaB/c2 M0B/c2 

2184± 7 l 7,2:j:~i~7 11,6:j:~i~7 2,5 2,3-10-1 

, 2218± 5 21,o:;f2~4 15,8+i2~4 · 4,1 1;1-10~3 

2300± 8 374-148 
, Hs'.2 32 T14s , +45,2 3,7 2,5-10-3 

2402± 5 21,3+:2\ 0,0+12,6 3,6 8,3·10-3 

2491± 5 23,S+!'.~ 0,0+6,7 4,8 3,0·10-5 

2530± 8 
. 8 2 

29,5+18,7 10,6+~s\ 3,2 l,8·10-2 

2602± 7 26,7+~0~6 0,0+20,6 4,1 5,9-10-4 

2716± 6 20,6:;~:~ 0,0+6,9 2,0 7,4-10-1 

np ➔ PPTT+'IT-TT-(71°) Pn=3.9, 4.4 r3B/c 

70 

'"c.., 60 
"'--
~ 
C'l 50 ::a 
~ 
~ 40 

"'--
>:S: 30 :s: 

E-< 
::il 

IQ 20 
0 

C) 

10 

02.1 

~ ½ 1/✓ 
¥,1/, ~ ~ ½ 
%% ~ ~ 1/✓ • %% ~ 1/, ½1// 
%% ~ ~ 1/✓ 0 %% ~ ~ %0 
%% 1/h ~ 1/✓ 0 %% ~ 1/, ½0 
%% 1/h ~ 1/✓ 0 %% ~ 1/, ½0 
;;: 1/, 1/h ~ 1/✓ 0 %% ~ 1/, ½0 
;;:% 1/h ~ %0 
%% ~ 1/, ½~ 
%~ ~ ~ %1/. 
2.2 2.3 2.4 2.5 2.6 

MppTT+, r3B/ c2 

2.8 

PIIc. 6: Pacnpeµ;erreHIIe ecpcpeKTIIBHhIX Mace pp1r+ - KOM6IIHau;Hii IItl peaKu;IIii (3)
(6). 3aUITJ)IIXOBaHHhle o6rracTH COOTBeTCTBYIOT IlOlIO:lKeHIIJIM II 0KCnepIIMeHTalih

HhIM UIIIpIIHaM pet10HaHCOB, o6Hapy:iKeHHhIX B peaKD;IIJIX (1) H (2) 
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HhIX B peaKIJ;IDIX (1). II (2) (pile. 5, Ta6rr. 4). BHµ;Ho xopoIUee COBnaµ;f'HJle 0TIIX 

pe3oHaHCOB C Bh16pocaMII B 0KcnepIIMeHTalihHOM pacnpeµ;erreHIIJI II:J peaKIJ;JIM (3)-

(6). 

8TH q>aKThl noµ;TBep2Kµ;aIOT cy~eCTBOBaHIIe oco6eHHOCTeii, o6Hapy2KeHHhIX 

B peaKIJ;lIII (1). 

Onpep;eJieae:e Mop; pacnaµ;a peooaaaca B ce:cTeMe pp1r+ c 
Maccoi 2596 M0B / c2 

,Il;rrJI µ;arrhHeiiIUero aHarrH3a IICilQlib:JOBarracb TOlihKO peaKIJ;lIJI ( 1 ). 

,Il;lIJI onpeµ;erreHIDI OTHOCIITelibHbIX BeCOB pa.'3lI1,1~IHhIX Moµ; pacnaµ;a pe:JOHaHCa 

C Maccoii 2596 MeB / c2 6bllIII npoaHalIII::lllpOBaHhl Tpll B03M02KHhIX KaHarra: 

(BB)ts~t -+ pp1r+; (BB)ts~t -+ .6.t,,+p; (BB)is~t -+ (BB)++1r+, rµ;e 

(BBt+ - pe3oHaHc B cHcTeMe pp. CHrHanhI OT pp-penoHaHcoB OTMe'IalIJICh B 

HaIUHX pa6oTaX [2, 3, 4, 6, 8, 12] II B 1rnµ;e µ;pyr:ux 0KcnepIIMeHTOB ( CM. 06:Jop [24]). 

Ha pHCJHKe 7a II 76 IlOKa.'3aHbI pacnpeµ;erreHFJ;JI 0cf><J>eKTIIBHhIX Mace p1r+ - JI PP

KOM6J1Hau;llll µ;rrJI co6hITIIH Jl:J o6nacTH pmoHaHca c Maccoii 2596 M0B / c2 (2582 < 

Mpp1r+ < 2628 MeB/c2). <PoHOBhle pacnpeµ;eneHIDI, npep;cTaBneHHhie Ha pHCJHKax 

7B II 7r, nony'IeHhI lIJIHeirHoir HHTepnoITJiu;J1eii cooTBeTCTBYIO~JIX pacITpeµ;erreHIIM 

II3 o6rracTeii cneBa (2536 < Mpp1r+ <.2582 MeB/c2) II cnpaBa (2628 < Mpp1r+ < 

2683 MeB/c2) OT penoHaHca. BbI'IlITaJI II:J pacnpeµ;erreHIIM 7a JI 76 pacn{>Pµ;eneHJIJI 

7B II 7r, COOTBeTCTBeHHO, norrrmeM cneKTphl Mace p-;r+ - II pp-K(JM6IIHaIJ;IIM ITplI 

pacITaµ;e pe:JoHaHca c Maccoii 2596 M0B/c2 (pucyHKII 7µ; II 7e). B cITeKTpe Mace 

p1r+ -KOM6IIHaIJ;IIM BIIµ;Ha .6.t,,+ -II:Jo6apa, a B CITeKTpe Mace pp - oco6eHHOCTb B 

paiiOHe Mpp ~ 2095 MeB / c2. 

,IJ;arree 6hmII cMoµ;errupoBaHhI (ITporpaMMa GENBOD) pacrraµ;hI cncTeMhI 

pp1r+ ITPJI ITOlIHhIX 0HeprIDix, paBHhIX l'JKCITepIIMeHTalihHbIM 8Ha•reHIDIM Mace Mpp,r+ 

ITO TpeM KaHarraM: 

a) Tpex~mcTH'IHhIM <J>a30BhIM o6'heMj 

6) po2Kµ;eHIIe II3o6apbI .6.f/ II npoToHa (Milt/ = 1204 MeB/c2, 

r Ll++ = 101 MeB/c2); 
33 

B) po)Kµ;eHIIe pe::rnHaHca (BBt+ II -;r+ (M(BB)++ = 2095 M0B/c2, 

r(BB)++ = 10 MeB/c2). 

Macca II IUIIpHHa .6.t/ II (BB)++ 6bllIII IT0µ;06paHhI ITO HaHlIJ'IIUeMy oµ;HoBpeMeH

HoMy OilIICaHIIIO CITeKTpOB 0cf><J>eKTIIBHbIX Mace 'KOM6IIHall;lIM p1r+ II pp. Ilocrre 

16 

5l , ... \.j 20 

0 )§- 15g • ' ••• 
60 

(tj 

::i: :s: 
'0 . 1001- r '\ I 40 
::ii 
0 
:,: 

501-f ~ I 0 20 
~ 
CJ 
:s: 

6
r · .. -· .. -· ;·1 0 P' 

40 

40 ti. It I 20 

201-, .L I T rl I =r---,. I 0 

Or1-~~~\-.-.-<~j-20 
1.2 1 .4 1.6 2 2.2 2.4 

Mp1r+, raB/c2 Mpp, raB/c2 

Puc. 7: a,6 - pacnpeµ;erreHIIe e<J>cpeKTIIBHhIX Mace KoMfiirnau;IIii p1r+ n pp nn o6rra

CTII pe3oHaHca c Maccoii 2596 l\foB/ c2; e,r - <J>oHOBhie pacITpeµ;erreHHJI B o6rracTII 

pe3oHaHca, oITpeµ;erreHHhie rrIIHeii:Hoi'I IIHTepITorrJiu;IIei'I cooTBeTcTBYIO~IIX pacnpe

µ;erreHnii II:J o6rracTeii cnpaBa II crreBa oT pen1maHca; A,e - pa.'3HIIIJ;a Me:lKµ;y pac

ITpeµ;erreHIIJIMH H8 o6rracTn penoHaHca II cpoHOBhIMII pacITpeµ;erreHUJIMII. CnrroIUHhIP 

KpIIBhie - Moµ;errupoBaHHhle pacnpeµ;erreHIDI 
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0Toro, annpoKCIIMIIPYJI 0KcnepIIMeHTaJibHbie pacnpe;a;erremrn aqiq>eKTIIBHhlX Mace 

KOM61rna11m1 pn-+ II PP CMo;a;errupoBaHHhlMII pacnpe;a;erreHIIJlMII, Mhl onpPp;PJIIIJIU 

BKJiap;hl npo11eccoB c po;.Kp;eHIIeM ~t,+-n:-Jo6aphl u (BB)J
0
!

5
-pe:JOHaHca (B 06-

rracTII cnpaBa II CJieBa OT IlIIKa 0TOT pe:JoHaHC BKJia;a;a He ;a;aeT) ;a;mr Ka;.K;a;o:ii Il:J 

TIJeX o6rracTe:ii Mace Mpprr+. Pe:JyJibTaTbI Mo;a;errI1poBaHIIJI II annpoKCUMa11mr 11:Jo

fipa;.KeHbI Ha pucyHKe 7 CilJIOIIIHbIMII JIIIHIIJIMII. 

3HaJI BKrra;a;hl npo11ec,ca c po;.Kp;eHIIeM ~t,+ B ofirracTir Mace Mpprr+ cnpaBa 

n crreBa OT pe:J,oHaHca, onpe;a;emrmr ( mrneiiHoii UHTepnorrJI11IIeii) ;a;omo 0TOr<> npo-

11ecca B q>oHoBoii 'IaCTII o6rraCTII pe:JoHaHca. Bhl'IIITaa 0TY ;a;omo II:J BKrra;a;a ~tt Bo 

BCK> o6rracTb mrKa, norrrraeM ;a;orrK> pacna;a;a pe:JoHaH~a Ha ~t,+ II p. Onpe;a;erreHIIe 

BepoJITHOCTII pacna;a;a pe:JoHaHr.a Ha (BB)Io!s II n-+ He npe;a;cTaBJIJieT CJIO;.KHOCTII, 

T.K. B q>oHOBbIX o6rraCTJIX (BB)Io!s He HaorrK>;a;aeTcJI ( CM. pIIc. 7r ). B pe:JJJibTaTe 

Mb! IlOJIJ'IIIJIII: 

(BB)J5~: -t ~i/P (83 ± 23)%, 

(BB)Is!ci -t (BB)I0~ 5 n-+ (10 ± 3)%, 

-t pp 

(BB)Ist: ~ ppn-+ (7!}s)%. 

B Hallleii nocrregHeii pa6oTe (12], IlOCBJillieHHOM noIIcKy J:JKIIX ;a;II6apIIOHHbIX 

pe:JoHaHcoB B CIICTeMe pp, B paiicme Maccbr 2095 M0B/c2 oomipy;.KeHbI p;Be oco-

6eHHocTII npII Maccax 2087 II 2106 M0B/c2 • B 0Toii pa6oTe IIccrre;a;oBaJICJI cneKTp 

0qiq>eKTHBHbIX Mace pp B np-B:JaIIMo;a;eiicTBIIJIX npH Pn = l, 2 + 5, 2 I'0B/c B Tpex

II IlJITHlIJ'IeBbIX :JBe:J;a;ax Ha 06I1Ieii cTaTHCTHKe 38915 co6bITHii. B ;a;aHHoii pa6oTe 

Mb! npIIBO}J;IIM pacnpe;a;erreHI1e (pIICJHOK 8) 0qiq>eKTIIBHbIX Mace pp TOJibKO H:J H:Jy

'IaeMoro n;a;ecb KaHaJia peaKllHH - np -t ppn-+n--n-- npH Pn ~ 5, 2 I'0B/c (peaKllHJI 

(1)). Pacnpe;a;erreHHe o6pa6oTaHo aHaJIOrII•rno rHcTorpaMMaM 4 H 5. <f>oH (norrH

HOM •reTBepToii cTeneHH) onHcbiBaeT o6rracTH BHe pe:JoHaHCOB c x2 = 1, 17 ± 0, 15 

Ha o;a;Hy CTeneHb CB06op;bI II ,jr5 = 1, 48 ± 0, 10. <f>oHOBaJI KpHBaJI, HOpMIIpoBaH

Hall Ha IlOJIHOe •r;ircrro co6bITHM, OilHCbIBaeT 0KCnepHMPHTaJibHOe pacnpe;a;erreHHe C 

x2 
= 1, 37 ± 0, u Ha Op;Hy CTeneHb CBo6op;bI II ,jr5 = 1, 78 ± 0, 08. Pe3JJibTaTbI 

o6pa6oTKH npHBep;eHbI B Ta6JIHI1e 5. 060:JHa•reHHJI B Ta6JII1I1e TaKHe )Ke, KaK II B 

Ta6rrII11e 3. Illar IlOCTpoeHHJI rIICTorpaMMbI Ha pHCJHKe 8 B 'IeTbipe pana 60JibI1Ie 

(1rn-na 3Ha'IIITeJibHO MeHbllleii CTaTHCTHKII), 'IeM B pa6oTe [12], Il00ToMy O}J;HH 

IlUK Ha 0TOM pHCJHKe COOTBeTCTByeT 1 --;- 3 penoHaHCaM, o6Hapy)KeHHbIM paHee. 

18 

C Y'IeTOM 0Toro naMe'IaHIIJI Ha6rrK>;a;aeTCJI xopoI1Iee corrracIIe noJio)KeHHJI nHKOB Ha 

pIICJHKe 8 c IlOJIO)KeHl!JlMII,penoHaHCOB H:J pa6oTbI [12]. KpoMe Toro, Ha6rrK>;a;a

eTCJI penoHaHc c Mpp· = 2373 I'0B/ c2, paHee HaMH He OTMe,:IaBIIIHMCJI. CTperrKoii 

Ha pIICYHKe 8 OTMe'reHo noJIO)KeHIIe Maccbr Mpp ='2095 M0B/c2 • 

N 

u 
'--.. 

200 

175 

r:Q 150 
(') 

~ 

Cl:! 125 
0 

"--100 
>:S: 
':S: • 

E-i .... 
'i ,A 

'° 0, 
CJ 

.50 

25 

01.9 

np ➔ pprr+rr-rr- Pn=5.2 raB/c 
! 2144 

2093 
2050 2240 2299 

8365 co6MTHH 

• . ,-"<·.( 

2 2.1 2.2 2.3 2.4 2.5 2.6 2.7 

Mpp, raB/c2 

Puc. 8:' PacnpegerreHHe 0qiq>eKTl!BHbIX Mace pp - KOM6UHaQUM 113 peaKlll!H np -t 

ppn-+n--n-- npu Pn' ~ 5,2 r0B/c; CnJIOIIIHaJI KpHBaJI - annpoKCIIMallHJI q>OHOM 

H BO~eMbK> 6peiiT-Bl!rHepOBCKHMl! KpHBbIMII, nyHKTIIpHaJI JIIIHII.!I - BKrra;a; q>oHa 

( IlOJIUH0?4 Jle)KaH,;a;pa 'IeTBepTo:ii, ,cTeneHII) 
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Ta6mn~a 5 
(Me± !:,,,Me) (r, ± 1:,,,r,) (rR ± 1:,,,rR) (a± /:,,,a) S.D. p 

MaB/c2 MaB/c2 MaB/c2 MK6 
1943± 7 25,5+~i\ 24,6+~/4 3,4±1,3 2,9 5,1·10-2 

2007± 5 19,5:;:;:~ rn,s:;:;:~ 2,6±1,2 2,4 3,4-10-1 

2050± 5 21,5:;:;:! 17,9:;:;:! 2,9±1,5 2,1 5,1·10-1 

2093± 5 19,s:;:::~ 14,0:;::·~ 2,9±1,5 2,1 5,1·10-1 

2144± 8 40 6-14 7 371-147 6,7±2,0 3,7 1,s-10-3 
, +31'1 , +37,1 

2240± 9 21,6:;:~o\ 4 9-49 5,2±1,7 3,4 7,8-10-3 , +201 
2299± 9 45 9-13 3 39 T 133 

9,3±1,9 5,7 1,1-10-7 , +26:1 , +26:1 
2373± 8 349-104 2 6-104 5,5±1,5 4,1 4,6·10-4 , +23'3 1, +23'3 

On;eHKa CIIHH0B penoHaHC0B B CHCTeMe pp1r+ C MaCCaMH 

2596 MaB / c2 H 2709 MaB / c2 

Ha pncyHKe 9 npirnegeHbl pe3yJihTaTbI aHaJIH3a cnHHOB pe3OHaHCOB C MaC

caMH 2596 MaB/c2 H 2709 MaB/c2 H3 peaKQHH (1). lfoBeCTHo, 'ITO B CHJih

HhIX Tpex•racTH'IHhIX pacnagax pe3oHaHCOB yrrroBhle pacnpegeJieHlIJI no case it) Re,. 

yrrra Me)Kgy HOpMaJihIO K nJIOCKOCTll pacnaga proOHaHCa (ii) H HanpaBJieHneM ero 

rrorreTa (PR,s.) B o6~e:ii CHCTeMe QeHTpa Mace OIIHChIBaIOTCJI cyMMOH 'IeTHhIX no

JIHHOMOB Jle:lKaHgpa, MaKCHMaJihHM CTeneHb KOTOpbIX paBHa 2J, rge J - noJIHhlll 

CIIHH [25]. Ha HMero~e:iicJI y Hae CTaTHCTHKe HeBO3MO)KHO ogHO3Ha'IHO orrpegeJIHTh 

CIIHHhI pe3OHaHCOB. IIoaToMy gaJibHennm:ii aHaJill:3 HOCHT Ka'IeCTBeHHbIH xapaK

Tep. 

Ha pnc. 9B rrpegcTaBJieHO qJOHOBOe pacnpegerreHne no Cose nYnu. gJIJI proo

HaHca c Macco:ii 2596, MaB / c2, norry<IeHHOe JIHHeHHOH HHTeprroJIJIQne:ii pacrrpege-
; 

rreHHH H3 o6rracTe:ii crrpaBa n crreBa OT pe3OHaHca B o6rracTh nHKa. Ha pncyHKe 

!Jr - aHarrorn•rnoe pacnpegerreHne ;qJIJI pe3OHaHca c Macco:ii 2709 MaB/c2. Ha 

3THX pncyHKax nyHKTllpHbie ropH3OHTaJibHhle JIHHllll COOTBeTCTBYIOT OIIHCaHHIO 

pacrrpeg~eHnn norrnHoMoM Jle:ll<aHgpa HyrreBoH cTeIIeHn (H3oTpormoe pacnpege

rreHne), HenpepbIBHI,Ie JIHHHH - OIIHCaHHe noJIHHOMOM Jle:lKaHgpa BTopo:ii CTeneHH. 

CooTBeTCTBYIO~He goBepnTeJibHhle ypoBHH OIIHCaHllll IIpMBegeHbI Ha pncyHKax. 

IIocKOJihKY HaHJIY'Illiee OIIHCaHHe gaIOT noJIHHOMhl BTOpo:ii cTeIIeHH, Mhl BbI6parrH 

nx B Ka•recTBe q>oHoBhIX pacnpegerreHllll gJIJI o6rracTen pmoHaHcoB. Ha pncYH

Kax 9a n 96 npnBegeHhl pacnpegerreHHJI no case:;-~ grrH co6hITn:ii n:J o6rracTeii 
n,P&~. 

penoHaHcoB c Macco:ii 2596 MaB/c2 n 2709 MaB/c2, cooTBeTCTBeHHo, nocrre BhI'IH-

20 

40 

0 
r--
,.--

0 
'--,:s: 

:s: 
e-, .... 
>-II 

'° 

2.58 ~ Mpp1r+~ 2.62 

a 

I -f ,---1 

- - P.L. 0 <C.L.>=447. 
-·-P.L. 4 <C.L.>=687. 
-P.L. 8 <C .. L.>=807. 

B 

2.70 ~ Mpp1r+~ 2.72 

20[ 6 

10 

0 

I 
;;-10r =-=P.L.O <C.L.>:30% 
'-. P.L.4 <C.L.>-41% 
•~ -P.L.18 <C.L.>=517. 
e-, ... 

I, r >-II 

'° 0 
o BO u I u 

35 

70 

60 

- -P.L. 0 <C.L.>=837. 
5ot-P.L. 2 <c.L.>=917.1 

0 0.2 0.4 0.6 0.8 1 
I\ 

Cos 0➔ ➔ 
n,PRes. 

30 

25 

- -P.L. 0 <C.L.>=497. 
-P.L. 2 <C.L.>=947. 

200 0.2 0.4 0.6 0.8 1 
I\ 

Cos 0➔ ➔ 
n,pRes. 

Puc. 9: a - pacnpeµ;eneH11e no ca.~e ;-.1 co6h1T11ii 11a 06nacT11 penonanra r Marroii 
n,F f?.o. 

2596 MaB/c2 nocne Bbl'IHTaHllll <f>oHa. foptt:lOIJTaJ!bHal! nyHKTIIPHal! lIIIHllll - nolIIIHOM .flelKanµ;pa 
HyJieBoii CTeneHII, 111Tp11x-nyHKTIIJ)Hall lIIIHllll - cyMMa nOlIIIHOMOB O II 4-ii CTenenrii, rIIJIOIIJJlall lIII
Hllll - cyMMa nOlIIIHOMOB 0, 4-ii II 8-ii CTeneHeii; 6 - pacnpeµ;ene1111e no Ca-50 :-;, ro61JTllii 11:i 

n,1·R~.c. 

o6liaCTII pe::ioHaHca c Maccoii 2709 MaB/c2 nocne Bbl'IIITaHllll <l>oHa. foptt:lOHTaJJhHall IIYIIKTl!p
Hal! lIIIHllll - nolIIIHOM JlelKaHµ;pa HylieBoii CTeneml, 111Tp11x-nyHKTIIJ)Hall munrn - cyMMa nomlHOMOB 
0 11 4-ii CTeneneii, CillIOIIJHall lIIIHllll - cyMMa nolIIIHOMOB 0, 4-ii 11 18-ii cTeneHeii; B,r - <f>oHOBbl<' 
pacnpeµ;enemrn B o6nacTHX penoHaHCOB c MaccaMII 2596 11 2709 MaB/c~, rooTBeTCTBenuo, onpeµ;e
neHHble n11HeiiHoii 11HTepnonm~11eii coOTBeTCTBYK>II.\IIX pacnpeµ;enennii 1m o6narTeii cnpaBa II rneBa 
OT pe::ioHaHCOB. IlyHKTIIJ)Hble roptt:lOHTaJJbHble JIIIHIIII - on11cam1H parnpeµ;enenuii IlOlIIIIIOMOM Jie
JKaHµ;pa HyneBoii CTeneHII, HenpepbIBHble lIIIHIIII - on11caHllll IlOlIIIHOMOM 2-ii CTt'ne1111 
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TaHIUI 4>0Ha. BIIAHO, tITO 3TH pacnpep;PJieHIUI OTlllltiaIOTClI OT 4>0HOBblX II lIMeIOT 

6ol1ee Cllm1rny10 cTpyKTYPY· 

JJ:anbHeIIIllIIII aHaJIII3 :JaKllIOtiaJIC.II B cJieAy10111eM. CTpoIIm1cb pacnpPAeneHIUI 

no cos0 ;--_ OTO AO 1 All.II co6blTIIII Im pe:JoHaHca c pa.'3fiIIeHueM Ha 11, 12, ... , 30 
n,PRe~-

6IIHOB (no 20 rIIcTorpaMM All.II Ka:iKAOro pe:JoHaHca). Ka:iKAoe pa.'36IIeHIIe annpoK-

cnMnpoBanocb Ha6opoM nollIIHOMOB Jle:iKaHp;pa 'IeTHbIX CTeneHeii. MaKCIIMaJibHa.lI 

CTeneHb nomIHOMa nocTeneHHO YBemitlllBaJiaCb. Iloclle Ka:iKAOH annpoKCIIMaUIIll 

HaXOAimcx Koa4>qmuueHT npu nollHHOMe Jle)KaH;a;pa cTenem1 i ( C;), HMe10111uii Ha

n6onhlllYIO OTHOCHTellbHYIO OlllII6Ky ./lC;/C;. ECJiu OTHOCHTellbHM OlllH6Ka 6bllla 

60llbllle 50%, :)TOT napaMeTp ycTaHaBJIIIBaJIC.II paBHblM HYllIO, H npoueAypa no

BTOJ)JillaCb. TaKHM o6pa.'30M B KOHUe HTepaumr OCTaIOTC.II TOllbKO Te CTeneHH no

illIHOMOB, y KoTopbIX f:.G';/C; S:: 50%. BollblllaH OlllH6Ka B K0:)4>4>uuneHTe roBo

pHT O TOM, 'ITO BKllaA COOTBeTCTBYIOlllero nollHHOMa He:JHa'IHTelleH H HM MO)KHO 

npeHe6pe'Ib. Iloclle :)Toro OblllH Bb16paHbl nOllHHOMbI Tex CTeneHeii, KOTOpble yBe

peHHO "npoXOAJIT" (t:.C;/C; S:: 50%) B 6ollbllllIHCTBe Clly<IaeB nocTpoeHHJI. TaK, 

AllJI pemmaHca c Maccoii 2596 M:)B/c2, nnllHHOMbI 2-ii II 6-ii cTeneHeii Bb16pacbrna

IOTCH BcerAa, a nOllHHOMbI 4-ii II 8-ii CTeneHH npoXOAlIT B 100% II 90% Clly<IaeB, co

OTBeTCTBeHHO. Pe:JyllbTaTbI annpoKCHMaUHH :3THMH n<llIHHOMaMH npe;a;cTaBlleHbl 

Ha pucyHKe 9a, rAe ropH30HTaJibHM nYHKTII!)HM llHHHll - nollHHOM Jle:iKaHAPa Hy

neBOII CTeneHII, IllTpnxnyHKTHpHM llHHH.II - cyMMa nollIIHOMOB O II 4-ii CTeneHeii, 

cnllOillHa.lI JlllHH.II - cyMMa nomIHOMOB 0, 4-ii H 8-ii CTeneHeii: . .n:ll.lI pe30HaHca C Mac

coii 2709 MaB / c2 (pucyHoK 9B ), o6pa6oTaHHoro aHaJioru•rnbIM o6pa.'3oM, OCTaJIHCb 

nollHHOMbI 4-ii (IllTpHxnyHKTHpHM llIIHHJI - cyMMa nonHHOMOB On 4-ii CTeneHeii) u 

18-ii CTeneHeii (cnnolllHM llHHHJI - cyMMa nonHHOMOB 0, 4-ii u 18-ii CTeneHeii). Ha 

:lTlIX Me pucyHKaX npIIBe;a;eHbl cpeAHHe ;a;oBepHTellbHbie ypoBHH onHCaHHll pacnpe

AelleHHii p;ll.!r nocTpoeHHll c 12+ 18 fornaMH. BHAHO, 'ITO XOTJI u Hellb3Jl OT})IIUaTb 

H:JOTponHoro pacnpeAelleH1UI, HO Han6ol1ee BepoJITHoe :JHa'IeHue cnuHa pe:JoHaHca 

c Maccoii 2596 MaB/c2 
- J?:: 4, a All.!I prormaHca c Maccoii 2709 MaB/c2 - J?:: 9. 

O6oop 3KCIIep:u:MeHTaJlbHbIX p;aHHbIX 110 II0HCKY µ;:u:6ap:u:-

0HHbIX pe:J0HaHC0B c H:J0T0IIH'IeCKHM CIIHH0M I= 2 

Ony6llHKOBaHO noKa O'IeHb Ma.JI() pa6oT no :)KCnepIIMeHTaJlbHOMY nOIICKY II 

uccllep;oBaHIIIO pe:JoHaHcoB n0Ao6Horo po;a;a. 

B pa6oTax [26, 27] CTaTHCTH'IeCKII 3Ha'IIIMbIX (> 3a) oco6eHHOCTei'1 He 06-
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Hapy:iKeHo, HO 06cy:iK;a;a10TC.II Bb16pocbl B cneKTpe aqiqieKTHBHOll Maccbl pp1r+ npu 

2160 MaB / c2
• Pa6oTa [26] 6a:JIIpyeTCJI Ha AaHHblX, noJIY'IeHHblX npII o6ny'leHHlf 

npoToHaMH x;a;ep 40 A1· ( ru6pu;a;Hax ra.'JO:iKHp;KocTHM KaMepa) npu PP ::::::: 1, 7 raB / c, 

lI IIMeeT MaJIYIO CTaTIICTHKy. B pa6oTe [27] :)Ta oco6eHHOCTb II3y<IaJiaCb B pe

aKUHH p + p - 7r- + X npu Tp = 2, 1 raB ( 7r- -Me30Hbl perIICTpHpOBamICb 

no;a; yrlloM 13, 8°) II HMeeT cTaTHCTH'lecKy10 :JHa'IIIMOCTh - 2, 6a. B aToii :iKe pa-

6oTe [27] oi-MetrneTCJI y:JKIIii Bb16poc B paiioHe Macchi 2460 MaB/c2 (2a) (Ta :iKe 

peaKUH.II npII T11 = 2, 7 raB). B pa6oTe [28] He HaiiAeHo HHKaKIIX oco6eHHOCTeii, 

HO TaM IICClleAOBaJIHCb lllI6o CBJr:JaHHble COCTOJIHHJI CHCTeMbl nn1r-, llH6o o6llaCTb 

aqiqieKTHBHblX Mace Toii :iKe cncTeMbl B paiioHe, 6llII3KOll K cyMMe Mace N N 7r. 

P.11µ; pa6oT ( CM., HaIIpHMep, [29] II CCblilKII B Heii) noCB.IIllleH IICCllep;oBaHHIO pe-

30HaHCHoro BbIXop;a 7r+ - Me30HOB npu B:JaIIMo;a;eiicTBHII npoTOHOB c T ::::::: 350 MaB 

C p.a3llH'IHbIMll .11;a;paMII. 84>4>ekT AonycKaeT TOllKOBaHHe C TO'IKll 3peHHJI o6pa30-

BaHHJI i noc.iJ:e;a;YIQlllero pacna;a;a prooHaHcoB c II:JOTOilII'lecKIIM cnIIHOM I = 2 

BO B3aHMo;a;eii:cTBHll npoTOHOB C HAPaMII, HO HMeIOTCJI He Me~ee y6e;a;IITellbHble 

aJibTepHaTHBHble o6'b.lICHeHHJI. 6e3 npHBlle'IeHHJI :3K30TH'IeCKIIX proOHaHCOB. 

B peaKUII~x ABOiiHoii neproapJIAKH 7r- Ha pa3llII'IHblX Hp;pax npII aHeprIIH 

Me:JoHa MeHbllle nopora o6pa3oBaHHJI f:. 33-II:Jo6apb1 o6Hapy:lKeHa ( CM. ccblllKII K 

cTaTbe [301) penoHaHcHo-noA06Hax cTpyKTypa. O;a;Ho Im o6'bJICHeHHlI aqiqieKTa 

- cy111ecTBOBaHHe pe:JoHaHca B cncTeMe 1r N N, Ha.'JBaHHoro d', IIMe10111ero Macey 

m:::::: 2,06 raB/c2
, rNN,r::::::: 0,5 MaB/c2 II I(JP) = tieTHblii(o-) . .D:JIJI npoBepKII 

rIIIlOTe:Jbl cy111ecTBOBaHHJI TaKoro pe30HaHCa 6bllla BblilOllHeHa pa6oTa [30], B KO

Topoii II:Jy<Ianacb peaKUHJI pp - pp1r-1r+ npII Tp = 750 MaB. B Heii o6Hapy

:iKeH Bb16poc B cneKTpe aqiqieKTHBHblX Mace CHCTeMbl pp1r- B paiioHe Mpp,r- = 
2, 063 raB / c2 ( tieTblpe CTaH;a;apTHblX OTKllOHeHHJI ). B cneKTpe Mace CIICTeMbl pp1r+ 

aBTOpbI TaKOll oco6eHHOCTII He Ha6llIOAaIOT, HO OTMe'laIOT, 'ITO µ;JIJI :lTOll CHCTeMbl 

:lKcnepIIMeHTaJibHOe pa.'3pellleHIIe no MaccaM :JHa'IHTellbHO xy:iKe, 'leM ;D;ll.lI CHCTeMbl 

pp1r-, n~a~oMy BO~poc 06 ImOTOnHtieCKOM CilIIHe pe30HaHCa C M ::::::: 2, 06 raB / c2 

OCTaeTCJI OTKpbITblM. Ha6op CTaTHCTHKII B :lKCnepHMeHTe, npo;a;oll:lKaeTCJI. B pa

·6oTe [31] B peaKUIIII pp - pp1r+1r- npII Tp = 920 MaB MeTop;oM aqiqieKTII

BHhIX Mace IICCllep;OBamICb KOM6HHaUIIII pp7r- II 'pp1r+. B CHCTeMe pp1r- o6Ha

py:lKeHO YKa:JaHHe Ha oco6eHHOCTb npII Macce (2,057 ± 0, 002) raB II IllHpIIHe 

r = (10, 8 ± 2, 1) MaB. B cIIcTeMe pp1r+ oco6eHHocTeii He Haiip;eHo. 

IIo;a;'IepKHeM, 'ITO aqiqieKTbl = pa6oT [26]-[31], o6cy)Kp;aBillIIeCJI Bblllle, Haxo-
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1VITCJI B OCHOBH0M B q6rraCTJIX Mace, :JHa•mTeJibHO 6orree HillJKIIX, •1eM II:Jy•1aPMhlf' 

B HaIIIeM llKCIIepIIMeHTe. 

OCHOBHbIE BbIBO,Il;bI 

BnepBhle B CIICTeMe pp1r+ B peax:o;Im np -+ pp1r+1r-1r- IIpII P,. ~ 5,2 raB/e 

o6Hapy:lKeHa cepIIJI Y:JKIIX pe::30HaHC0B. IloK,1,'JaHo, 'ITO B KaHarre 

np -+ pp1r+1T-1T-1TO HafilIIOl];aIOTeJI TaKIIe :lKe .ocofieHHOCTII. chII l];aHHhIP XO

p0III0 corrracyIOTCJI c Bhl6pocaMII B cneKTpe aqiq>eKTIIBHbIX Mace pp1r+ II:J peaK

:0:IIll np -+ pp1r+1r-1T- II np -+ pp1r+1r-1r-1r0 npII P., ~ 4,4 raB/e II npII 

Pn ~ 3, 9 ra~/c, =rieHHhIX HaMII :lKe. 

Onpe;a;erreHhl BepoJITH0CTII pacna;a;a prooHaHca B CIICTeMe pp1r+ c Maccoii 

2596 MaB/c2 no panrrn•IHhIM KaHarraM: e BepoJITH0CTbIO (83 ± 23)% prooHaHC 

pacnaµ;aeTCJI 110 KaHarry -+ Ll.f/p, C BepoJITHOCTbIO (10 ± 3)% - no KaHarry -+ 

(BB)f0t51r+ II c BepoJITH0CTbIO (7 ± 15)% - no KaHarry-+ ]Jp1r+. 3µ;ecb (BB)fo\;5 -

µ;JI6ap1IOH B ClICTeMe 2-x npoTOH0B c Maccoii B pauoHe 

2095 MaB/c2
• IlplIBOl];IITCJI eneKTp aqiq>eKTIIBHhIX Mace pp II:J Toii :lKe peaK:o;IIII, B 

K0TOp0M Ha6mop;aIOTCJI IIIIKII B o6rracTJIX Mace, eoBna):l;aIOI.IJ;IIX e pp-prooHaHCaMII, 

o6Hapy:lKeHHhIMII HaMII paHee. 

O:o;eHKa cnIIHOB prooHaHCOB c MaccaMII 2596 II 2709 MaB / e2 B cIIcTeMe pp1r+ 

;a;arra HaH6orree Bep0JITHhle :JHa•1eHIIJI J :::: 4 II J :::: 9, COOTBeTeTBeHHo. 
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TpOl!H IO.A. II llP-
Ilo11cK II IICCJle)lOBa1rne Y3KIIX )l116apHOHHblX pe30HaHCOB 
C 1130TOnll'leCKIIM cnnHOM / = 2 B np-B3aHMO)leHCTBllllX 
npn HMnyJJbCe HaJJeTaJOIUIIX HeHTPOHOB Pn = (5,20 ± 0, 13) f38/c 

Pl-98-325 

IlpHBO/lllTCll pe3yJJbTaTbl no11cKa II IICCJle)lOBaHllll Y3KIIX pe30HaHCOB C H30TOnH'leCKIIM cn11HOM 

I= 2 B cneKTPe 3cjJcjJeKTIIBHblX Mace pp7t+·KOM61111au11il 113 peaKUIIII np ➔ pp7t+7t-7t
np11 Pn = (5,20 ± 0,13) f3B/c. 3Kcnep11MeHTaJJbHblH MaTepllaJJ noJJyqeH np11 06JJyqe111111 1-Me-TpoBOH 

B0/lOpO/lHOH ny3blpbKOBOH K~tepbl nB3 OJ,UUI KBa:jllMOHOXpOMaTH'leCKIIMII HeHTPOH~lll. 

O611ap)')KeHbl Y3Klle oco6eHHOCTII B cneKTPe 3cjJcpeKTIIBHblX Mace pp7t+·KOM61111au11il np11 3Ha'leHllllX 

2175, 2221, 2321, 2398, 2471, 2525, 2596 11 2709 M3B/c2
. IlOJJHall 3KCnep11MeHTaJJbHall w11p1111a 

pe30HaHCOB onpe)leJJlleTCll, B OCHOBHOM, annaparypHblM pa:iperne1111eM. 

Onpe)leJJeHhl BepOllTHOCTII paCna/la pe30HaHca C MaCCOH 2596 M3B/c2 no Pa3Jlll'IHblM KaHanaM: 

c BepOllTIIOCTblO (83 ± 23) % pe30HaHC pacnallaeTCll no KaHany ➔ t,.~ p, c BepOllTIIOCTblO (10 ± 3) % -

no Kauany ➔ (BB)ro-95 7t+ 11 c oepOllTHOCTblO (7~j5) % - no KaHaJJY ➔ pp 1t+. 3/leCb (BB)~5 -

/llt6ap110H B CIICTeMe /lBYX npoTOHOB C Maccoil ~ 2095 M3B/c2
. 

OueHKa CCTIIHOB pe30HaHCOB C i:iaccaMII 2596 II 2709 M3B/c2 )laJJa 11a1160JJee BepOllTllble 3Ha'lellllll 
J 2: 4 11 J 2: 9, COOTBeTCTBeHIIO. 

Pa6orn Bblncm11e11a B na6opaTOp1111 BblCOKIIX 3Heprnil II na6oparnp1111 Bbl'IIICJIIITeJlbHOH TeXHIIKII 
II aBTOMaTH3au1111 O1-U!H. 

IlpenpllHT O6-be)llllleHHOro IIHCTIITyTa ll/lepHblX IICCJJe)lOBaHl!H . .Uy6Ha, 1998 
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Troyan Yu.A. et al. Pl-98-325 
Search and Investigation of the Narrow Resonances with Isotopic Spin / = 2 
in np-lnteractions at the Momentum of Incident Neutrons Pn = (5,20 ± 0,13) GeV/c 

The result of search and investigation of the narrow resonances with isotopic spin / = 2 

in the effective mass spectrum of pp7t+·Combinations from the reaction np ➔ pp7t+7t-7t
at Pn = (5,20 ± 0,13) GeV/c are presented in this paper. The experimental data were obtained 

in an exposure of the 1-m H2 bubble chamber of LHE JINR by monochromatic neutrons. 

Narrow enhancements were found in the effective mass spectrum of pp7t+•combinations 

at the values of 2175, 2221, 2321, 2398, 2471, 2525, 2596 and 2709 MeV/c2
. The full experimental 

width of the resonances _mainly depends on an apparatus resolution. 
There were detem1ined the probabilities of the decay modes for the resonance at the mass 

of 2596 MeV/c2: into ➔ ti.r; p with the probability of (83 ± 23) %, into ➔ (B8)~95 7t+ with the prob

ability of ( 10 ± 3) % and into ➔ pp 7t+ with the probability of (7~?) %. Here, (BB)~5 is the dibaryon 

in the pp-system near the mass of~ 2095 MEV/c2
. 

The estimations of the spins of the resonances at the 2596 and 2709 MeV/c2 gave the most prob
able values J 2: 4 and J 2: 9, respectively. 

The investigation ha, been pt:rfonned at the Laboratory of High Energies and at the Laboratory 
of Computing Techniques and Automation, JINR. 
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