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qoBa ft. H ,IJ.p. 
BaHHe peaKq:Hlt 

BBEJJ:EHIIE 

B rrocJie.IUiee .n;eCJITnnerne no naanMo.n;eiicTBHH HJKJIOHOB c H.n;paMn 6MJI 

Bhl.IIBJICH MCXaHH3M KOJIJICKTHBHOrO B036J.lK,ll;CHH.H b.{1232)-nao6aphl B JI.D;paX 

[1]-[2]. 8TOT MCXaHH3M IIp01IBJI1ICTCJI B c.n;nnre b.-IIHKa B CTOpOHJ MCHbiDHX 

arreprntt noa6y.JK,ll;eHRH, ero ymnperrnn n B peaKOM noapacTarrnn ceqeHRH rra 

rryKJioH no cpanrrimnro c KBaancno6o.IUIMM noa6y.JK,ll;errneM nao6aphl. Bo naanMo

.n;ettcTBHH IIpOTOH-,li;CHTpOH 3tPtPCKThl KOJIJICKTHBHOrO B036J.lK,ll;CHH.H b.-nao6aphl 

rrpaKTHlJCCKH OTCJTCTBJIOT, rJiaBHhlM o6paaoM HMCeT MCCTO KBa3HCB060.IUIOC 

noa6y.JK,ll;errne nao6aphl. Bonnmott BMXO.D; nao6ap OTMe'leH, rrarrpnMep, B .n;eii:TpoH

rrpoTOHHOM. B3aHMO,li;CHCTBHH B pa6oTe, IIOCBJilll;CHHOii IIOHCKJ b.b.-KOMIIOHCHThl 

B .n;ettTporre [3]. UeJIDIO .n;arrrrott pa6oTM 6MJIO nccne.n;onarrne B ycnonru:x 411"

reoMeTpnn BJIHJIHH.H <PepMH-.n;BliH{CHH.H KBa3HCB060.IUIOrO IIpOTOHa H3 ,li;CHTpOHa 

rra napaMeTphl peaKn;nn c po.lK,ll;eHneM b.-nao6aphl. B pa6oTe rrpe.n;cTanneHM 

pe3JJibTaThl HCCJIC,li;OBaHHJI peaKI{HH 

d + p -t 1r+ + p +X '(1) 

rrpH HMIIJJibCC HaJieTaromero .n;ettTporra 3,34 raBfc. Pa6oTa BhliiOJIHeHa rra 

OCHOBC aHaJIH3a 43 ThlCJilJ C06hlTHH peaKI{HH {1 ), aaperHCTpHpOBaHHhlX B 100-CM' 

.lKH,li;KOBO,li;OpO.!J;HOH IIJ3hlpbKOBOH KaMepe JlapopaTOpHH BhlCOKHX arreprHH 06'b-

C,li;HHCHHOrO HHCTHTJTa JI.D;epHhlX HCCJIC,li;OBaHHH. . 

Bnn.n;y ManocTH arreprHH CBJI3H HJKJIOHOB B .n;ettTporre MO.lKHO rronaraTI>, 

'ITO B peaKI{HH (1) B3aHMO,li;CHCTBJCT C MHIDCHbiO O.n;HH H3 HJKJIOHOB, a .n;pyrofi 

-HJKJIOH, TaR Ha3hlBaeMhlH HJKJIOH-CIICKTaTOp, He J'laCTBJCT BO imaHMO,li;CHCTBHH. 

Ilpn aTOM rrponeCC {1) CBO.n;HTCJI K peaKI{RHM KBa3H-pp-CTOJIKHOBCHH.H 

Pd + Pt -t 11"+ + p+X',} 
nd -t ns 

(2) 

H KBa3H-llp-CTOJIKIIOBCHHJI 

nd+Pt -t 1r++X",} 

Pd -t Ps, 
(3) 

r.n;e Pd H nd - IIpOTOH- H HCHTpOH-CHapH.n;M, BXO.n;Hlll;HC B COCTaB HaJieTarom;ero 

.n;efiTporra, Ps H ns - CIICKTaTOphl (rrpOTOH II rreii:Tporr), Pt - rrpoTOH-MHIDCHb, x' 
H X" - COBOKJIIHOCTH HeperncTpHpyeMhl:?' Heil:TpaJIDHhlX lJaCTHI{. • 

Ha pHc.1 rrpe.n;cTannerr HMIIJJIDCHhlii crreKTp BTOpHl!HhlX rrpoTorron na 

peaKI{HH ( 1) B CHCTeMe rroKOJI rraneTaromero .n;e:liTporra (pacrrpe.n;enerrHe "a"). 

B HH3KOHMIIJJibCHOH.'laCTH CIICKTpa BH,li;CH 'leTKHH IIHK IIpOTOHOB-CIICKTaTOpOB, 

KoTopMii o6ycnonnerr .BKJia.n;oM peaKI{HH {3). Ha TOM .lKe pncy:ime rrpHne.n;err 

HMIIJJIDCHhlH CIICKTp IIpOTOHOB-CIICKTaTopoB, B3JIThlH H3 peaKI{HH 

d+ p -t p+ p+ p+1r- {4) 
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P,r3B/c 
Pncol. liMITYJII>CHhlH CITCKTp BTOpiPIHhlX llpOTOHOB B Cll.CTCMC IIOKOH HaJieTaiO

m;ero )J;e:ii:TpoHa: 
a)"--" - CITCKTP; npoTOHOB ll3 peaKI(ll.ll d+p-+7r+ +p+X; 

6)"-- -" - CITCK'fp llpOTOHOB-CITCKTaTOpOB II3 peaRI(ll.H d+p-+p+p+p+7r-j 

B)" ooooo" - pa3HOCTb CITCKTpOB a) li 6) 

(pacnpe)J;eJieHn.e "6"), HOpMn.poBaHHhl:ii: no MaKCHMYMY pacrrpe)J;eJieHRH "a", 

II pa3HOCTI> aTnx cneKTpOB ("B")o Bn)J;HO, 'ITO cneKTp xoporuo pa3)J;eJIHeTcH B 

o6JiaCTH 0,2 raBjco llnom;a)J;H ITO)]; ytiaCTKaMH CITCKTpa BhliiiC II Hll..lRC 0,2 raBjc 

OTHOCHTCH npnMepHO KaK 9/1 , 'ITO npaKTH'ICCKll COBil:a)J;aeT C OTHOIIICHIICM 

nonepetiHhlX CC'ICHRH peaUI(llfi THITa (2) II (3) )];JIH CB060)J;HhlX HYKJIOHOBo 

H3 pn.co1 Bll)J;HO, 'ITO B o6JiaCTll ll.MIIYJII>COB npoTOHOB )'1;0 0,2 raB/c co

)J;ep.lRRTCH OCHOBHaH 'laCTb npOT<JHOB-CITCKTaTOpOB (90%) li JIHillb HC3Ha'lll.TCJib

HaH 'laCTb (5%)- HCCITCKTaTOpHhlC IIpOTOHhlo 0T6ll.paH )J;JIH aHaJill.3a C06hlTHH C 

HMIIYJII>COM npoTOHa, npeBhlillaiOIIJ;ll.M 0,2 raB I c, Mhl rrpaKTll.'lCCKll HCKJIIOtJ:aeM 

C06hlTHH peaKI(Hll (3), TepHH npH 3TOM HC3Ha'lll.TCJII>HYIO tJ:aCTb aHaJill.3RpyeMhlX 

C06hlTHH o 
PeaRIJ;n.H, no)J;o6Han: (2), co cBo6o)];HhlM npoTOHOM-cHapH)J;OM HCCJie)J;o-· 

BaHa B IIIHpOKOM HHTepBaJie 3HeprHR [4)o llpn HMITYJII>CC HaJieTaiOm;ero rrpo

TOHa OKOJIO 1,6 raB/c CC'ICHll.e 3T01t peaRIJ;llll BhlXO)J;HT Ha ITJiaTO li )'1;0 RM

ITYJII>COB "'-'1,9 raB/c OCTaeTCH npn.MepHO IIOCTOHHHhlM H COCTaBJIHCT "'-' 18 M6H 

[5]o B aToM HHTepBaJie ll.MrrymcoB cetJ:eHHe rrpon:ecca c po.ll{)];eHll.CM )];Byx rrn.o-

• HOB cym;eCTBCHHO ITO)J;aBJICHOo lloaToMy tJ:aCTll.I(a X' B peaKI(llll (2) C 60JiblliOH 

BepoHTHOCTI>IO HBJIHeTCH HeiiTpoHOMo B yKa3aHHOM ll.HTepBaJie ll.MITYJI.QCOB po

.ll{)];enn.e i+ -MC30Ha B peaKI(ll.HX TIIITa (2) H (3) llpOHCXO)J;llT npell.MYIIJ;CCTBCHHO 

2 

qepe3 pmK)J;eHne n. nocne)J;yiOIIJ;n:ii: pacna)J; H3o6aphl na 1r+ -Me30H n HYKJIOH 

[1 - 5]o To CCTb COfJiaCHO HMC10ll{HMC5! 3KCnepmteHTaJII>HbiM )J;aHHbiM peaKIIHH (2) 
IIpOTCKaeT rrpenMym;ecTBCHHO CJIC)J;yiOIIJ;HM o6pa30M: 

ll 

Pd + Pt -+ ~ ++ + n 
nd -+ 

~ ++ -t 7r+ + p, } 

n. 
(5) 

Pd + Pt--+ L.J. + P , ~ --+ 7r + n, (6) A+ o + + } 

nd --+ nso 

Ce'IeHne peaKu;nn (6) pp-+ ~+p npnMeprro B Tpn pa3a liH.lRC ceqennH 

peaKIJ;llll pp -+ ~++no Ecmi K TOMY .lRe ytJ:eCTb BepoHTHOCTb pacrra)J;a ~ + -+ 

1r+n, TO IIpll)J;CM K BhlBO)J;y :· BKJia)J; IIpOIJ;CCCa (6) HC llpCBhlUiaeT 10% OT Bl{Jla)J;a 

llCCJIC)J;yCMOH peaKI(llii ( 5) o 

B CBCTC cKa3aHnoro .ocHOBHhlM rrpe)J;MCTOM )J;amHe:ii:ruero paccMoTpeHnH 

HBJIHIOTCH C06hlTllH peaRI(llll (5), IIpH'ICM }:(JIH o6nHCHCliHH CJIC)];CTBllfi llplll\IC

HHCMhlX IIpC)J;llOJIO.lRCHIIH Mhl 6y)J;CM npHBJICKaTb peaKI(lliO ( 4) o 

P ACIUEIIJIEHHE HE,ll,OCTAIOIUE:ti MACCbi B 

)J,EMTPOH-ITPOTOHHOM B3AHMO)J,EHCTBHH 

HeperncTpn.pyeMhle H~:ii:TpaJII>HhlC tJ:aCTHIJ;hl X B. peaKIJ;IIII (1) - )J;Ba He:ii:

TpoHa, ll3 KOTOphlX O)J;llH HBJIHCTCH CITCKTaTOpOM (ns), a BTOpO:ii: COllpOBO.lR)J;aCT 

po)J;llBIIIYIOCH ~ ++ -ll306apy (B peimu;nn(5)) IIJill npoiiCXO)];llT OT pacna)J;a ~ +

H3o6aphl (B peaKu;nn(6))o 

Ha pnco2 npe)J;cTaBJICHO pacnpe)J;eJienne He)J;OCTarom;e:fi MaCChl Mx B pe

aKirnn (1) B 3aBncnMocTn oT acpcpeKTHBHO:ii: Macchl M"'P (7r+p)-cncTeMhl B aTO:ii: 

peaKu;nno TotiKn, oTo6pa.lRarom;ne aKcrrepnMeHTaJII>Rhle co6hlTHH, pacnpe)J;e

JICRhl rrepaBHOMCpHo, crpynnnpoBaHhl B )J;BYX o6JiaCTHX, BepXHCH H Hll.lRHCHo 

Cpe)J;Hee 3HatieHHC MaCChl M,p 3aKJIIO'lCHO B npe)J;eJiax OT 1,20 )'1;0 1,22 raB/c2 

B o6enx o6nacTHXo He)J;OCTaroman: Macca Mx B HII.lRHe:ii: o6nacTn 3aKJIIO'ICHa B 

npe)J;eJiaX OT 1,88 )'1;0 1,96 raBjc2 n·B BepxHe:ii: o6JiaCTII OT 2,08 )'1;0 2,20 raBjc2 o 

Me.lR)];y aTin.m o6rracTHMn oT06p.a.lRarom;ne To-.lKn pacnpe)J;eJieHhl npnMepHo c. 

ITOCTOHHHOH ITJIOTHOCTbiOo 

<!>aRT pacm;eiTJICHRH HC)J;OCTaiOm;e:ii: MaCChl ]yfx MO.lRHO ITOHHTI> II3 aHaJIH3a 

KnrreMaTIIKII peaKu;nn (5)0 Ha,pnco 3 npe,n;cTaBJICHhl )];llarpaMMhl, nnrrrocTpHpy-" 

IOIIJ;IIC B036y.lR)J;CHllC ~ ++(1232)-n3o6aphl ITOCpC)J;CTBOM O)];HOIIHOHHOrO 06MeHa 

(a,B), n )J;n.arpaMMhl HMnyn»coB (6,r) B cncTeMe neHTpa Mace peaKu;nn (5)0 He

)J;OCTaroman: Macca Mx onpe)J;eJIHeTCH Bhlpa.lRenneM 

M; = 2M;o + 2E~ E~. - 2p:p:. cos ()*, (7) 

r)J;e Mno - cpii3ll'ICCKaJI Macca HefiTpona, E:, E:. aHeprnn n p~, p;.:_ IIMITYJII>Chl 

--t --t 
HefiTpOHOB n H ns B CIICTCMC I(CHTpa Mace peaRIJ;Hll (5), {)* = (p:,p~.) • 
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Pnc.2. Pacnpe.nenenne ne.nocTaroruefi MaCChi Mx B 3anncuMOCTli OT 3cpcpeKTU

nnofi Macchi M-rrp n peaRn;nn d+p~ 7r+ +p+X 

d{ 
p;,,j 
-
P';.i 

"' rA 

a) -6) 

"• ~ d{ : (~ 
x• 

Pnd It .A~; 
----:;. 

ll-;;--w.' Ppi 

" . " p
1 

7 --- / n 

B) r) 

Pnc.3 . .LJ.narpaMMhi, IIJIJIIOCTpnpywrune RHHeMaTnRy peaRunu 

Pd + Pt '-----+ t:,.++ + n, nd ~ n.: 
a,n ).nnarpaMMhi o.nnommnnoro o6Mena; 

6,r),nuarpaMMhi JiMIT.YJJhCOB B CliCTCMC UCHTpa MaCe 

4 

) 
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B .nanhneil:IIIHX pac<IeTax ucnoJih30Banuch cJre.nywrn:ue npu6numenuJI: 

1) npoTon-cuapJI.n Pd u ueiiTpou-cneKTarop n 5 B peaRUHH (5) ,UCJIJIT UM

rrynhc nanerawrn:ero .neil:Tpona rrononaM n coxpaHJIIOT npu 3TOM nanpanneHIIe 

ero ,UBHffiCHUJlj 
2) Macca npoTona-cnapJI,na Pd npuum.~anacb pannoil: cpn3WieCKoii Macce 

npoTona (npene6peranoch cxo.noM npoTona Pd n .neiiTpone c :Macconofi nonep

xuocTu). 
8nepruJI E~ n llMHYJihC p~ nefiTp<;ma, po.nunrnerocJI BMCCTe c U3o6apoit ,n pe-

aKUHll (5), onpe,neJIJIIOTCJI 3uaqenneM MaCChi po.nunrneiicJI fl.++ -113o6aphl. 
B cuCTeMe uenTpa Mace pearm,un (5) neil:rpon-cneKTaTop nnnmeTcJI nne

pe.n n nanpannenu:u na.nawruero .neil:Tpona. B 3TOM cnyqae neJmquna 3cpcpeK

TIIBHofi MaCChi HeitTpOHOB 3aBUCUT OT nanpaB,1CIIUJl ,UBllffiCHUJI HCHTpona B KBa-

3U,UBJXqacTUqHOM npouecce Pd + Pt ~ n + fl.++ unn Pd + Pt ~ fl.++ + n. 
Ecnu U3o6apa H036ym,naeTCJI ua nporoue-MUIIICHH Pt ( B npOTOHHOll 

BepumHe, CM. puc.3(a,6), TO yroJJ 0 :::; 0* :::; 7r /2 j a IIpU B036ymJJ.CHlllf li306aphl 

na npoTone-cnapR.ne Pd (n .ueihpm!Hoii nepunJHe, eM. puc. 3(n,r)) yron 1r /2 :::; 

o· :::; 7r. 

- YpanrremiJI rpanuqnhlx KpUBhiX na .nnyMepnoM pacrrpe.nenemm (Afx. M,p) 
nonyqrrM, rro,ncTaBJIJIJI 3Haqenue yrna 0*=0 ,UJIJI nporounoii neprnnnhl n O*=rr 

,UJIJI ,UCllTpOHIIOH BCpiiiUHLI: 

M 2() -2M 2 +2E*E* ±'J * • x P - no n n, ~PnPn,• (8) 

f,UC 3HaK "-" COOTBCTCTB.YCT IIpOTOIIHOiJ: BCpiiiUHC, a 3IIaK "+" - ,UCllTpOHIIOil 

nepmrrne. Ypanuenue Rprrnoit, ·pa3,nenJIIOIUCit co6hiTUJi U3 pa3HhiX nepmnu, ec

TecTneuno onpe.nenuTh H3 ycnonnR 0~ = 0* = 90° , Tor.na 

M 2 (0) = 2M2 + 2E* E* . X 71. 0 n n$ 
(9) 

Ceqenne pom.nennn U3o6aphl pe3KO na.naeT c pocTOM it' I, c pocroM yrna 

BhiJICTa I1306aphl [1], T.C. CJJ.UCCTBJCT 3Ha'IllTCJihHaJI aHU30TpOUIHI BhiJICTa neil

TpOHOB ( ll306ap) B CUCTCMC I(fmTpa Mace crammBaiOIUUXCJI HpOTOHOB. Ilo3TOMY 

B C06hiTllHX U3 HpOTOHHOH BCplliiUIL! yron (}* 6JIII30K K 0, a B c06L!TtiJIX ll3 ,ll.CH

TpOHHOR Bepiiilliihl yroJI ()* "" 7r. Ilo3TOMY CJIY'Iali pom,neHIIJl li306aphl 6y;J,j'T 

oTo6pamaThCH na ,UByMepnoM pacnpe.nenennn (Afx, M,p) TO'IKaMu, Konu,ernpn

pyioiUUMIICJI OIWJIO CBOIIX• rpanuqnh!X KpUBhlX (8), qro Mhl ll Ha6JJIO)~aC~I na 

puc.2. «l>epMH-.nm:nReHIIe rrpoTona-cuapJI.na ]Jd, !WTopoe nc y•mrunanocb uaMH 

Ilpll pacqeTe rpauuqnh!X RpliBhiX, HpUBO)l.UT K HCHOTOpOMJ pa3MhlTlliO II pac

npe.zi:eJieiHIU oro6pamaiomnx TO'leK n pallone rpamPIHhlX KpllHIJX ( CM.pnc.~). 
Pacrn:enneHne He]l,ocrawrn:cii Macchi, no.n.o6noe onucaHHOMY BhllllC, MO

meT ua6nw,naThCJI TaiDRe n B peaRIJ,llJIX HyKnonon c 6onee TJiffiCJJhiMn ('I eM J~Cti-
Tpou) n.upaMH. 
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HE.UOCTAJOIIJ;AR MACCA B KBA3MIIPOTOH-IIPOTOHHOM 

B3AMMO.UEHCTBMM 

IJpH llCCJie,llOBaHllll RBa3HIIpOTOH-IIpOTOHHOfO B3alll\IO,llellCTBllJI (5) Mbl 

Bb!HJlli,lleHbl IIOJib30BaTbCJI IIpll6JIHllieHHeM, 0 ROTOpOM fOBOpllJIOCb Bb!IIIe: llM

TIJJibC npoTorra-cnapJI.n:a Pd rrpHHHMaeM paBHhlM rroJIOBHHe HMIIYJibca po.n:HTeJib

cRoro .n:eii:Tpona. II pH 3TOI\I ponb rreyqTerrrroro HaMH cpepMH-.LJ:BHllieHHJI rrpoTOHa

crrapJI.n:a Mhl npocne.n:nM rra npnMepax pacrrpe.n:enerrnil napaMeTpoB RBa3n-pp

peaRrrllll (5) B cpaBrrerrnn c arranorHqHbJMII pacnpe.n:eneHHJIMll .UJIJI peaRUllll 

( 4) 6e3 rreilTpanbHhlX qacTHrr. . 

Ha pHc.4 rrpe.n:cTaBJieHhl pacnpe.n:eneHHJI ne.n:ocTaiOmeil Macchl ( 3cpcpeR

TIIBHOii MaCChl Heii:TpOHa) B peaRUllll (5) ,llJIJl C06b!Tllll ll3 IIpOTOHHOllll .n:eilTpOH

HOll BepiiiiiH. Pacnpe.n:eJieHHJI 3cpcp~RTHBHOii MaCChi Afn y.n:oBJieTBOpHTeJibHO 

OIIllCb!BaiOTCJI rayCCOBb!Mll pacrrpe,UeJieHHJIMll C rrapaMeTpaMII, IIpHBe,UeHHhlMll 

B Ta6nm.J;e 1. · 
Cpe.n:rrHe 3HaqerrHJI Macchi < Mn > B o6eHx BepiiiHHax 6JIH3Rll II y.n:o

BJieTBOpHTeJibHO COrJiacyiOTCJI C BeJillqllHOll cpH3llqeCROll MaCChl HellTpOHa, a 

IllllpllHhl r mn 3aMeTHO pa3JillqaiOTCJI. IllnpHHa pacrrpe.n:e.iiemiJI Afn B .n:eii:TpOH

HOll BepiiiiiHe cymecTBeHHO (B 2,8 pa3a) 60Jibiiie, qeM B IlpOTOHHOll. 
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PHc.4. PacTipe.n:enerrHe rre.n:ocTaiOmeil Macchl Mn B peaRrrHII 

Pd+Pt -t 1r+ +p+n: . 

a) " 0 "- C06b!TllJI II3 IIpOTOHHOll Bepll!IIHhlj 

6) " * "- C06b!TllJI ll3 ,UefiTpOHHOll BepiiiiiHhl 

6 

li 
IJ 

A 
!J 
I 

Ta6mm:a 1. 
Pe3yJinTaThl cpiiTIIpoBaHHJI rayccoBott RpHBott pacnpe.n:eJieHIIii 3cpcpeRTIIBHoii 

Macchl Mn .UJIJI npoTOHHOii: II .n:e:ti:Tpimrrott Bepll!IIH (peaRrriiJI 

Pd + Pt -t 1r+ +p + n ) 

IIapaMeTp 

IIpoTOHHaJI BepiiinHa 

.ll:eiiTpOHHaJI BepiiiiiHa 

<Mn>, 
M3B/c2 

936,4±1,8 

939,4±1,8 

rMn, 
M3B/c2 

40,0±0,5 

113,1±2,2 

B HaiiieM 3RcnepnMeHTe HMeeTCJI B03MOlliHOCTb BhlTIOJIHIITb Mo.n:eniipoBa

HIIe RBa3IIIIpOTOH-IIpOTOHHOfO B3a,HMO,llellCTBIIJI, llCIIOJib3YJI peaRrriiiO ( 4), 3600 

co6hlTIIii RoTopoii 6b!JIII 3aperncTpnpoBanhl B RaMepe npn TOM llie noToRe Tiep

BHqrrhlx .n:ettTporroB, napaJIJieJibiiO c periicTparrHeii co6nnntt peaRUIIII ( 1). 8Tn 

qeThlpexnyqeBhle co6DITIIJI 6DIJIH cpiiTIIpoBaHhl (4c-FIT), qTo cymecTBerrrro CHII-

3IIJIO OIIIH6RII IIMIIYJibCOB II YrJIOB BTOpiiqHbJX qaCTlliJ. qeTb!pexnyqeBaJI peaR

IJllJl ( 4) MOJKeT 6b!Tb npe.n:cTaBJiena B BII.n:e 

'.., nd+Pt 
Pd 

-t PI+P2+1r-,} 

-t Ps• 
(10) 

ITo ananoriiii c II3yqaeMoii peaRIJIIeii Mhl BhlqiicJIJIJIH 3cpcpeRTIIBHhle Macchl 

M(p., p 1 (p2 )) B 3aBIICIIMOCTII OT 3cpcpeRTIIBHoii Maccbl ( 1r-p2 (p!) )-RoM6nnarriiii 

n TeM m:e cnoco6oM (RaR .UJIJI peaRrriiii (5)) pa3,UeJIJIJIII co6b!TIIJI, OTHOCJIIIIIIecJI 

R IIpOTOHHOll II .n:eii:TpOHHOH Bepll!IIHaM). 

Bee BhlqHcJieHIIJI BhliiOJIHJIJIIICb B .LJ:BYX BapiiaHTax: 

1) B ycJIOBIIJIX "Toqrrott" RllHeMaTIIRII peaRIJIIII ( 4), ROf,l:(a Mhl BOCCTaHaBJIIIBaJIII 

IIMIIJJibc neiiTpona-cnapJI.n:a nocpe.n:cTBOM BbJqiiTaHIIJI II3 IIMnymca naJieTaiO

mero .n:ettTpona HMIIyJIDca npoTona-cneRTaTopa, p;;; = pj- .P;:; 
2) " 6 u" ~. ---t ~~2 B ycJIOBIIJIX npii JIHJKeHHOH RIIHeMaTIIRII Pnd = Pd , 
RaR 3TO .n:eJiaJIOCb npii anaJIII3e p!:!aRIJIIll Pd + pi -t 1r+ + p + n. 

MDI MoJKeM cqnTaTb, qTo B ycJIOBIIJIX "Toqrro:ti" RIIHeMaTIIRH cpepMII

.llBIIJKeHIIe neiiTpona-cnapJI.n:a B peaRrriiii ( 4) yqTeno. llpn 3TOM 3cpcpeRTII- . 

BHble MaCChl IIpOTOHOB B o6eiiX Bep.lliiiHaX IIOJiyqaiOTCJI 6JIII3RllMll R cpii3IIqecROH 

Macce IIpOTOHa, a lllllpiiHhl r:,p• pacnpe,l:(eJieHllll 3cpcpeRTIIBHOll MaCCbl IIpOTOHa 

MaJibl II OTpaJKaiOT Oll!II6RII RIIHeMaTII'IeCRHX BeJIIIqiiH IIOCJie nporre.n:yphl cpiiTII

poBaHIIJI: r:,p(P )= (2.0±0.5) MsB/c2 II r:,p( d)=(3.0±0.5) M3B/c2• 

B Ta6JIHrre 2 npiiBe.n:enhl pe3yJIDTaThl cpiiTIIpoBaHIIJI pacnpe.n:eneHIIJI no 

Macce "npOTOHa" B JCJIOBIIJIX "npii6JlliJl{eHHOfi" RHHeMaTIIRll. 

IllnpiiHhl fMp "BRJIIO'IaiOT BRJia,l:(hl cpepMII-,llBIIJKeHIIJI HefiTpOHa-cnapJI,ll;a 

II BRJia,l:( annapaTypnoro pa3peii1eHIIJI, B ,l:(aHHOM CJiy'Iae BRJia,l:( ll!IIpiiHhl r'u . 
. p 
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Ta6Jmu;a 2 
Pe3ym.TaTLI <PnTnponaHIIJI Macconoro pacrrpe.n;eJiemm "rrpoTono:B" n ycJIOBUJIX 

"rrpn6Jll:IJReHITOfi" KUHCMaTIIKH ,L(Jffi IIpOTOHHOH II ,llCHTpOHHOH BepllliiH 

{peaRIJ;HJI nd + Pt --t p + p + 7r- ) 

IIapaMeTp 

IIpoToHHaJI nepmiina 

.[(eiiTpOHHaJI nepmiina 

< A1p >, 
M3B/c2 

936,0±0,4 
940,8±0,9 

•' 

rMp, 
M3Bjc2 

38,0±1,4 
89,4±2,9 

IIocKOJibKY rMp>>r~1p> TO B ycJIOBIIJIX "rrpii6JIRJRCHHOil:" KliHCMaTI:IKU BCJlU

'IIIHLI IIliipiiH rA!p{CM.Ta6JI.2) OTpaJRaiOT B OCHOBHOM BJIIIJIHRC <PepMII-,L(BRJRCHIIJI 

nefiTpona-cnapJI.n;a na pa3MLITRC 3<P<PeKTIIBHoil: Macchi "npoTona". 9To pa3MLI
TRe pa3JIII'IHO B npoTonnofi R .n;efiTponnoit nepmRnax. 

IT3 cpaimeHIIJI Ta6mriJ; 1 II 2 BII,L(HO, 'ITO BeJIII'lliHhi rMp HCCKOJI:&KO 

MCH:billC IIliipRH rMn ( CM. Ta6JI.1 ,2), TaR KaK TIOCJIC,L(HUC £KJIIO'laiOT ( KpOMC BKJialJ,a 

<Pep:~.m-.n;BRJRemm) annapaTypnoe pa3pemenRe no ne.n;ocTaiOITJ;eil: Macce. O.n;naKo 

OTHOIIlCHIIJI mRpRH rMn(d)jrMn(P)=2,82 II Cup(d)/rMp(p)=2,36 6JIU3KU. 

TaKRM o6pasoM, npene6peJReniie <PepMII-.n;BIDKCHIIeM HYKJIOHOB B .n;eit

Tpone rrpiino.n;nT K ymiipenmo pacrrpe.n;eJieHIIit rre.n;ocTaiOITJ;IIX Mace B KBa3IIHJKJIOH
nyKJIOHHhiX peaKIJ;HJI/(. 

B03BYJKJJ:EHHE IT30BAPbi ~ ++(1232) B PEAKIJ,HH 

Pd + Pt --t 1r+ + p + n 

il3BCCTHO, 'ITO B peaRIJ;liJIX pOJR,L(CHIIJI II3o6aphl ~(1232) pacnpe,ll;CJICHIIC 

ee MaCChl JYfc,. CIIJI:&HO OTJIII'laeTCJI OT TaKOBOro ,L(Jffi H3o6aphl, ITOJIJ'ICHHOH B IIpO

IJ;CCCC <PopMuponaniiJI. TioJioJReHIIe Maeconoro mma B peaKIJ;liii· poJR.n;eHIIJI cMe

ITJ;eno B CTopony Men:&miix 3Ha'lenuit !Me,. ,yMen:&mena mnprrna pacrrpe.n;eJieHRJI II 

caMo pacrrpe.n;eneniie MaceD! M~:; II3o6aphl aciiMMeTpii'lHO (6- 8]. Bee 3TII oco-

6ennocTn pacnpe.n;enemm Jvf~:; .n;mr peaRIJ;RII poJR.n;eniiJI xopomo orrncMBaiOTCJI 

Mo.n;eJI:&IO c 3HepreTR'leCKII 3aBIICRMofi miipiinoit II3o6aphi (9]. B KBa3HIIpoTon

npoTOHHOM B3aJIMO,L(CiicTBHII CRTJall;RJI OCJIOJRHCHa <PcpMII-,L(BUJRCHUCM. 

Ha prrc.5 rrpe.n;cTaBJiena .n;HarpaMMa JJ:aJIITTIJ;a .n;mr peaKIJ;nrr Pd + Pt --t 

7r+ + p + n ( C06hlTIIJI II3 IIpOTOHHOH BCplllllllhl). 0To6pruKaiOITJ;ITe C06hiTUJI 

TOqKIT IWHIJ;CHTpiipJIOTCJI Ha ,L(IIarpaMMC B BCpTIIKaJILHOll IIOJIOCC B o6JiaCTU 

M;P,cooTBCTCTBJIOITJ;efi Macce .6.-rr3o6apLI. Ha .n;pyriix rrpoeKIJ;liJIX (M;P n M;p) 
ITOll,o6nhix cryiTJ;ennn ne na6rrw.n;aeTcJI. JJ:narpaMMa JJ:aJIHTIJ;a .n;rLII co6:&nun II3 
.n;ei1Tponnofi nepnmn.hl BhirJIJI.L(IIT anarrorn'lno. · 

Ha pnc. 6 npell,cTaBJICRhl pacrrpe,'J,eJieHRJI ITO 3<P<PeKTITBIIOii Macce ( 7r+p )

cncTeM.hl ,L(llil co6.hlTIIti II3 JipOTOHHOH (a) II .n;ei1Tponnofi (6) BepllliiH, a TaRJRe 

KpiiBaJI, paCC'lliTaHUaJI ITO MO,L(CJIII 3HepreTII'ICCKII 3aBIICIIMOil: IlliipiiHhi(B) (9]. 

"J 8 

1.9 

~1.8 
N 

u 
~1.7 
~ 
(1)16 
~-

........__._., 

- 1.5 
c 
t:: 1.4 

N 

2 1.3 

1.2 

1 . 1 
1.2 1.4 

2 
M 1Tp 

--, 

1.6 1.8 

, (r3B/ c 2
)

2 

Pnc.5.JJ:narpaMMa JJ:aJIIITIJ;a .L(JIJI ( 1r+pn )-co6:&ITnti II3 ITPOTOIIHoit BeplllHHM 
1 .2 (:111111 II liillliil II II II II II 1•1 

~ 

N 

-~) 1.0 
.... 

co 
(') 

h 0.8 

....-:-

~ 0.6 
0 

'-.._./ 

"'---
~ 0.4 

" E 
z 
"'--- 0.2 

~ Ll 
o.q_o5 1.15 1.25 1.35 

M1TP• f8B/c
2 

Pnc.6.Pacnpe.n;eJienne 3<P<PeRTUBHoil Macchi ( 1r+p )-cncTCMhi H3 peam1;nn Pd + 
Pt --t 7r+ + P + n: 

a)" .6. "- C06MTIIJI U3 ITpOTOHHOf! BCJllllUHhlj 

6) " * "- co6hiTRJI ll3 .n;et!Tponnott neplllUHMj 
B)"-" - pacqcT ITo Mo.n;enu ,li,JReucona 
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l{aK BII,l{HO II3 piicyrma, 3RCUepiiMCIITaJibHhle nllRII CMemeHhl B CTOpoHy 6oJiblliUX 

3rra'1CHllll M,p OTHOCllTCJihHO MO,l{CJibHOll RpHBOH. JleBhlC CRJIOHhi nHROB npH

MCpiiO COBna,naiOT, a npaBhlC CMemenhl OTHOCHTeJibHO MO,l{eJibHOrO B CTOpoHy 

6oJihlliiiX Mace. 
B Ta6nun:e 3 npe,nCTaBJiena 6onee no.npo6HaR IIH<i>opMaU.IIR o6 Hccne.ny

e.!'<IOH peaRU.IIII u ,naiiHhlC o peaRn:nrr pp -t 1r+pn II3 .npyriix 3RcnepuMeHTOB. B 

nepBOll CTpORC Ta6JIUJlhl - pe3yJibTaThi Haiiiero paC'1CTa no MO,l{CJIH .LJ.llieRCOHa 

,n:JIR peaKJll!ll pp -t ,6_ ++n [9]; BO BTOpOII CTpORC - Halllll 3RCnepm.ICHTaJibHhiC 

,naHHhle no peaRn:nn PdPt -t 6. ++n; B TpeThett -3RcnepiiMCHTaJihHhlC ,naHnhre no 
peaRJlllll J(+p -t J{D ,6_ ++ f6J; B CTpORaX 4' II 5-3HCnepUMCHTaJihHhlC ,naHHhlC 

no peaRJliiii pp -t 6. ++n [7; 8]. 

Ta6mm:a 3 
9RcnepiiMCHTaJibllhlC ,naHHhlC 0 B036ylli,nCHifll ,6_ ++ ( 1232) ll306aphl 

p, ys-Mn, Mc,.(p), fc. (p), M4 (d), fc.(d), 

r3B/c l\bB/c2 l'vbB/c2 M3B/c2 M3B/c2 M3B/c2 

1 1,67 1375 1210 89 

2 1,67 1375 1214±0,5 98,0±2,1 1216±0,6 108,0±2,4 

3 1,14 1362 1212±8 72±13 

4 2,8 1763 1220±2 77±7 

5 6,0 2688 1226±4 126±6 

9Kcnepn.MeHTaJib!Ibie ,naHHhle [6 ; 7],RaR II Hallin, noJiy'ICHhl MCTO,l{llHOll 

llill,l{HOBO,n:Opo,nnoii IIY3hlpbROBOH RaMephlj a ,naHHhiC [8] - Ha MarHllTIIOM CIICR

TpOMCTpC. 
BeJIII'IIIHhi i\1 c,. (p) n .Nfc,. (d) - 3Ha'!eHHR Mace B nnRe MaccoBoro pac

npe,neJieHIIR ll306aphi, polli,narome:fiCJI COOTBeTCTBCHHO Ua IIpOTOIIe-MTIIIIeHU (B 

IIpOTOHHOH BCpiiiiiHC) II Ha IIpOTORC-CHapR,ne (B ,ne:il:TpORHOll BepiiiiiHe), a f c,.(p) 
II f c,. (d)- COOTBCTCTByJomue 3Ha'1CHIIJI IIIIIpl!R l!306aphl B 3TIIX BCpiiii!HaX. 

Pacrrpe,ncJieRIIR Macchi n3o6apbi B 3RcnepnMCHTax na cBo6o,n:HhiX npoTo

nax [6 - 8] XOpOIIIO OIIIICbiBaiOTC~ MO,l{CJibllbiMII Kpl!Bhl.Mll .LJ.lliCHCOHa, Tor,na RaR 

B ·uaiiiCM CJiy'!ae IIMeeTCJI paCXOlli,l{eHIIe C MO,l{eJiblO .LJ:}KCRCOHa, B ROTOpOII He 

Y'1HTbiBaeTCJI <PepMH-,l{BIIllieHIIe. I1oJIOllieHTie MaCCOBOrO TIURa CMemerro B CTO

pouy 66JibiiiHX Mace: oT 1210 R 1214 n 1216 M3B/c2 B npoTorrrroii n ,ne:il:Tporr

noi1 BepiiiiiHaX COOTBeTCTBeHHO. lliHpUHa II306aphl ll3MeHReTCJI 6oJiee 3aMCTHO, 

'ICM niiROBaR Macca: YBCJill'IUBaeTCR Ha 9 II 19 MaB/c2 COOTBCTCTBCHHO ,l{JIR 

UpOTOHHOll II ,nefiTpOHHOll BCpiiiHH. 
9<P<PeKTIIBHaRMacca M,p pacnpe.nenerra B npe.nenax OT M,v(min) = 

l\11r + Mp .no 1\11rp(max) = Js- Mn, r.ne ys- noJIHaR arrepriiR B ciiCTeMe 

llCHTpa Mace peaKl[HII Pd + Pt -t 6. ++ + n. 3rra'!eHIIe M1rp (max) ,n:JIR Mo,neJibnofi 
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RpnBoii paBHO 1375 MaB/c2 , '1TO cooTBCTCTByeT cpe.nneMy 3Ha'1eHIIIO nMnynhca 

naJieTaromero npoTona Pd, paBHOMY 1,67 faB/ c. 
Jf3-3a <PepMII-,l{BII}RCHIIJI pacnpe,neJICHIIC no ys pa3MhlBaCTCR, 'ITO npH

BO,l{IIT R YBCJIII'ICHlliO rimpHHhl ll306aphl ( CM. Ta6n.3). 
Ha ,n:ByMepnoM pacnpe.nenenn.n piic.2 Mhl Bn,neJIH rpynnn.poBaHIIe co- . 

6h!TIIll npll MaJihlX ll 6oJiblllllX Mnn, npii'IeM B ROM6n.rral[IIIO ,n:Byx rreiiTpOHQB . 

Bcer.na Bxo,nn.JI crreRTaTop. Ananorn.'!noe no BII.n:J pacnpe.nenerrn.e nony'Ierro n. 
. ., 

,l{JIR peaRJliiii (4). I1p1I'1CM B UOCJIC,l{He.l\1 CJiy'!ae HlllliHCMY crymeHlliO T0'1CR CO-
; OTBCTCTByeT ROM61IHaJlllJI llpOTOHa-cneRTaTopa C llpOTOHOM-Jlll,l{CpOM ( B CHCTC!\IC 

noROR .nefiTpona), a BepxrreMy- ROM6nrraJliiJI npoTona-cneRTaTopa c 6onee Me

,nJieHHhiM rrpoTOHOM. Pacnpe,neJieHllR no a<P<PeRTIIBHOfi Macce (p7r-)-cn.cTeMhl 

,l{JIR 3TIIX .UBYX cry.meRIIlliiMCIOT CJie.nyromne xapaRTCpllCTIIRII ( cpe,n:HIIC ll3 3RC

rrepiiMCHTaJibHhlX rllCTOrpaMM): 

< M >= 1236 MaB/c2 , f=150 MaB/c2 ,n:JIR HlllliHero crymeimR (npoTOHHaR 

BepiiiiiHa) ll 
< M >= 1240 MaB/c2

, f=170 MaB/c2 ,n:JIR Bepxnero crymenn.JI (.nefiTponrraJI 

Bep IIIIIHa). 
Jf3 cpaBHCHllR 3THX ,naHHhlX C pe3yJibTaTaMll Ta6JillJlhi 3 BII,l{HO, '1TO npH 

nepexo,ne OT npOTOHHOll BCpiiillHhl R ,nefiTpOHHOll Ra'!CCTBCHHhle TeH,neHJllill no 

ll3MeHeHlliO BeJIII'IIIHhl ll lllllpllHhl a<t><PeRTUBHOll MaCChl (p7r )-CUCTeMhl B nOJIHO

CTbiO RllHeMaTH'IeCRII onpe,neJieHHOfi peaRl[Hll ( 4) Te llie CaM.hle. 

TaRllM o6pa3oM, a<P<PeRThl c.n.Bnra II paciiinpeHllR pacnpe.neneHnfi no 
( 7rp )- a<t><PeRTIIBHOfi Macce 06'hJICHJIIOTCJI ROM611HllpOBaHUeM 7r-Me30Ha C npOTO

HaMll ll3 pa3Jill'1HhlX rpynn (6hlCTphle II MC,l{JieHHhle ), B03HIIHHOBeHlle ROTOphlX 

.B cBoro oqepe,nh o6JI3arro MexaHII3MY KBa3HHYHJIOHnoli peaRn:nn. 

3AKJIJOqEHl1E 

I1pn nccne,noBaHnii peaKl[llll d+p~ 7r+ + p + X npn IIMnyJihce nane

Taromero ,nefiTpoua 3,34 faB / c 6hlJIO o6napy}Reno pacmennenne He,nocTaromen 

Macchl Mx rra ,n:ByMeprroM pacnpe,neJieHnii (Mx, M1rp), r.ne M,P- Macca (7r+p)
cncTeMhl. 9To pacmennerrne II caMo pacnpe.nenenne ( Mx, M,P) y,noBJICTBopnc 

TeJibHO oniiChlBaeTCJI B paMRaX npe,nnoJIOllieHIIfi: 1) liCCJie.nyeMaR peaRl[llJI JIB

JIRCTCJI RBa3nnpoTon-npoTorrnofi: Pd+Pt-t7r+ +p+n n nd -t ns, r.ne Pt- npoToH
MIIIIIenh, Pd n nd - npoTon-crrapR,n II nefiTpon H3 naJieTaromero .n.efiTpoua, n, -
nefiTpon-crreRTaTop; 2) 7r+ u p nponcxo,n:JIT oT pacna.n.a 6. ++ ( 1232)-n3o6aphl. 

Bee aRcnepiiMeHTaJihHhl~ ( 1r+pn )-co6hlTIIR MoryT 6h!Th pa3,neJieHhi na .n.Be 

rpynnhl, B ROTOphlX 

a) 6_++(1232)-n3o6aphl B036ylli,naroTCJI na cBo6o.nnoM npoTone-MHIIIenu Pt (B 

llpOTOHIIOfi Bepiiiiiiie) II 

6) 6. ++ ( 1232 )-1I3o6aphl B036y}K,l{aiOTCJI na nBa31ICBo6o.nnoM npoTone- cHapR.ne 

Pd,'nxo,n:RmeM B naJieTaromufi ,nel1Tporr (n .nefiTpoHIIOfi nepiiinHe) . 
He.nocTaromaR Macca B RBa3unpoTon-npoTorrnofi peaKu.nn, a<P<PeKTn

BIIaR Macca HCllTpOHa Mn B 3TOfi peaHUUll IIMCCT pa3HYIO IIIHplliiY pacnpe,neJie-
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HIIJITMn ;~ co6hlTHft ~3 npoTOHHOii (fMn(P) = 40,0 MaB/c2
) II .n;eii:Tponnoii: 

(f.\.fn(d) = )13, 1 MaB/c2
) sepnmn. YnmpeHIIe pacnpe.n;eneHHJI Macchi Mn 

ofiycJIOBJieHO HeB03MOlKHOCTbiO y'leTa <JlepMII-.D:BIIlKeHIIJI }3 II3ylJaeMOii: peaiUJ:IIII. 
IlapaliH!Tphl n. ++(I 232)-u3o6aphl (nonomenue MaccoBoro nuKa, miipiina 

H_ <J>opMa pacnpe.n:eneHIIJI), pom.n;aiOmeii:cJI B pa3HhlX Bepruiinax, 6JIH3KII II B 

OCHOBHOM COrJiacyiOTCJI C .n;aHHhlMII1 IIOJIY'-IeHllhlMII B .n;pyriiX 3KCIIep1IMeHTaX. 
O.n;naKo IIMeeTCJI Ten.n;eHIJ:IIJI K c.n;BIIry.Macchl II3o6aphl B cTopony 66JihiDIIX 

3HalJeHIIii II ee yruiipeHIIIO IIpii nepexo.n;e OT IIpOTOHHOii: K .n;efiTpOHHOH Bep

illiiHe, 'ITO BII.lJ:HO TaKlKe Ha IIpiiMepe IIOBe.n;eHIIJI ( 7r-p )-KOMfiiiHaiJ:IIH II3 pe-

•• ~KIJ:IIII d + p -t p + p + p + 7r-. 8TII a<J><JleKThl ofiycJIOBJieHhl TeM, 'ITO B 

( 7rp )-KOMfiHHaiJ:IIII1 CBJI3JIRHhle C pa3HhlMII Bep1!11IHaM.II1 BXO.n;JIT IIpOTOHhl ll3 pa3-

JllllJHhlX rpynrr ( fihlCTphle JIIIfiO Me.n;JieHHhle) 1 'ITO B CBOIO oqepe.n;h ynpe.n;eJIJieTCJI 

.lJ:.IIHaMHKOH KBa3HHYKJIOHHOrO B3allMO.lJ:eHCTB.IIJI. 
0TMelJeHHhle Bhlille OCOfieHHOCT.II .n;efiTpOH-IIpOTOHHhlX B3allMO.D:eHCTBIIH 

MoryT HafiJIIO.D:aTbCJI TaKlKe .II B IIepii<Jlepli'!eCKliX B3allMO.n;efiCTBIIJIX HYKJIOHOB C 
6onee TJilKeJihlMII JI.n;paMII, Kor.n;a poJih cneKTaTopa BhliiOJIHJieT JI.n;po-ocTaTOK. 

j 
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.Tnasaqosa IL " .n:p. · 

Hccne.n:osaHne peaKuim DP ~ Prc+NN 

' . + ' ' 
PeaKUH~ · dp ~ p1t nn Hccne.n:osarJach 

. B ycn~BH~x 4rt-re6MeTpHH. DoKa:mHo, 'ITO 

KBa3HHYKJIOH-HYKJIOHHOe B3aHMO.[I.eHCTBHe p · 
TopoM. Ymosoe pacnpe.n:eneHue HefiTpOHOB 1 

,Ho, 'ITO o6ycnaBJIHBaeT pacmeiiJieHHe ::lrprpeK 

CTaiOIUeli MaCChi B !fCCJie.n:yeMOH peaKUHH) I 

B3aHMO.[I.eHCTBHH Ha rrpOHCXO,li>IIUHe B npo 

DoKa3aHo, 'ITO ~peHe6peiceHHe cxo.n:o~1 c M< 

seHHOMY H HeCHMMeTpH'IHOMY itcKa)l(eHHJ 

.n:n~ KBa3HHYMOH-HYKJIOHHOH peaKUHH·. Ka~ 
~eTpax.~-HJo6aphl; po)I(.!J.aiOmefic~ s npo~m 

Pa6oTa shmonHeHa s Jla6opaTopHH BbiC 

. . ' ' 

flpe_npHHT 06J.e)IHHeHHOrO HHCTHTyra ll)ll 

-

Hlava~ovaJ:'et.aL . . . . . 

Investigation of DP ~ Prc+NN Reaction 

The reaction dp ~ prt + nn has ' beeri 

!llomentum ot' 3;34 GeV/c in 4rc-gemrietry. 

proceeds as a quasi nucleon-nucleon interac1 

spectator. The angular distribution of neutr 

tropic. It causes-the splitting.of the effectiv 

in the investigated reaction) and leads to 

produced either in;_the, proton vertex or i 

the off-mass· shell effect results in a sig1 

of «neutron~> mass estimated for'the quasi m 

of the b.-resonance parameters for the protm 

explained. 

The investigation has been perforrned at 
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