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Pa6oTa BWIOJIH9Ha B JiaOopaToplili BLICORHX 3Heprnil 

O6~enHH9HHOro liHCTHTYTa R,ll;9pH!,!X HCC~enoBaHHH. 

HaytIH!,!li pyROBOnHTeJTh: 

RaH.JJ:znaT wzszRo-MaTeMaTH1IeCRHX HaYR 
. ' ' 

CT8pllllili Hayt!HHH COTPY~HR 

~liUHaJII,H!,19 OIIIlOH9HTH: 

noRTop wzszRo-MaTeMaTntJ:ecRHX Hay,c , 

CTap!IIHH H8yt!HHH COTPY~HR 

RaH.JJ:znaT wzsnRo-MaTeMaTHtJ:ecRnx Hay,c 
noueHT 

rACIIAPJlli AHaTMHH 
IlaMOBlitJ: 

TIITOB M9RC6H,ll;p 
I1BaHOBlitJ: 

TIOHOCOB MeRcaH,D;p 
M9M9HTb9BlitJ: 

Benymee H6YtJ:HO-liCC~enoBaTe~"I,CR,oe yt!pe,K,ll;eHHe: HaytIHO-liCC~e

noBaTeJThCRliH HHCTHTYT.HnepHoH wzsHRH MrY, MocRBa. 

3amna nnccepTauz0 cocToHTCH 11/1:• t;&e-Q~.,,2,,- 1986 r: moo . ' ~ , 
B __.:....;;v;,.._ __ tJ:aC. Ha sacenaHlili CneUHMli3liPOB6HHOro COBeTa 

n-047.01.02 npli Jia6opaTOplili BLICORHX 3Heprlili 06~ennH9HHOro HHCTH-

TyTa R,JJ;epHHx ncMenoBaHHH, )J,y6Ha MoCROBCROH o6~acTH, Jia6opaTo-

pliH BHCORHX 3Heprlili OWlli, ROHWepeHU -36~. 

ABTopewepaT pasoMaH " h" k.0~$ 1986 r. -- . 
C ~iccepT6Uli9H MOlKHD O3HaROMHT"I,CH B 6H6JIHOTeRe JIB3 OlIBH. 

YtJ:eHHH ceRpeTapl> Cneuz~szpoBaHHOro coBeTa 

pu~ M.<1?.JinxatJ:eB 

OBIWi IAPAKTEmCTHKA . PAIDT!l 

AK'1'j'8Jll,HOCTI, IIp06JieMH. MRTepec p; peJllrJ.';IBHC'l'CKOI Sl,Iteplofl qiHSBXe, . 
IIpOJtBJIJieMHI B H8CTOJlll!88 BpeMJi, 06yc.,IOBJIOH Ha.D;e~ol rtOJIY11H'l'l,·mI<I>op,m
Il;}IJ) 0 OTpOemm: Sl,It8pHOI MaTepmt He TOJil,RO Ha HYJ(JIOHHOM, HOH Ha RBap
ltOBOM ypoBHe. B OBffl!H O 3Tl!M o6c~O.li BOIIp0CH O MHOrORBapp;0BLIX 
odpeao:emmmc B Ji.JtPElX, ,!03mlemm nnemoro RBaPRa cRBOali Sl,ItepHoe Beme
CTBO, gaaOBLIX nepeXO,ttaX a;itepHol MllT8ptll HT.II. 

Tax Rax mmdOJiee JlPRO e@ieitTH, IlpHCYI!IH8 Sl,Itpo-JJ.ItepmIM BsSJtMo,nel
CTBHJW, ,ItOJimru IIp0JiBJIJl'1'I,CJi B MHOl'OH;yMOmm:x: CTOJIRHOB8HHJ!X, TO C 3RC
II8p&8HT8JIJ,HOI TOtlKH 3peHWI HaBdo.nee ll<M>e:itTHBHO H3y,18HH8 HMeHHO Ta-
KHX BSaHMo,nelcTBd. OcHOilH!Af HcTonor.i 3ltcnepm,eHT8JIJ,HOI HHq>Op,taD;HH 

B odJmcTH pe.,Ilmn1HCTCROI ~JEOI ifltsmt:e: CJJYXtB.T IIpOU8CCLI MHOJt8CTBeH
HOI'O po,r,n;eHHJi, cocTaB:IIJmllH8 IIO~ 'tBCTI, 08118HH.li J;l38HMO,It8ICTBJ!UI 
8,Itep. liitor:e:e xapap;TeJlHCTm<H ~ecca coy,napeHK.li peMTHmtCTCRHX JJ.Itep 
y,noBJieTBOl)HTeJil>HO OIIllCtmaDTCJi B peMKaX MO,Ite~eft, pe.ccMS.TpHBaDQHX CT0.1IR-· 
HOBeHHe Jm8P :Kalt cynepnosmi;im e,npcm-a,npomtwc Bsam.io,neftcTBHI. Pe3JllJ-
11l!Ul M~ npe,ItCRa38lilt.lMI TSKHX MO,ItMeft H 9RCII8l)HM8HT8JIJ,HW.m HadJIIU(e
HHJWB MOryT CJIYltHTI, YR8-38HH9M Ha CYJll8CTBOB8HH8 HeodwmLIX Jll)OneccoB H 
JIBJie1ml. 

Um J;860TH cocTo.Ma B :e:syqeHHH xapap;Tep!!CTHR woroHyXJ.Iomm:x: 
CC-BSBmfO,ItelcTBHft IIpH m.myJThce 4,2 ra:Wc Ha HyXJ.IOH B HHRJillSHBHOM, 
IIOJIYlllIRJD)SRBHOM H ROppeJIJm,KOHHOM 110,ItXO,ItaX,B CpaB118HHH 8RCII8pm18HT8.Jll,
HLIX ,ItaHHLIX, IIOJJY118HHLIX M8TO,ItHROI 2-MeTpOBOli IIpOIIaHOBOft KaM8PLI, C 
aHMOI'KtIH!lMH ,It8.HHI:lMK O dC-; HeC; CC-Heynpyrmc CTOJlRHOB8HHJDC H npe,n
cxasrumm.m KaC~O-HCIIaJlHT8.1ILHOft MO,Itemr. 

HOBHSHa H HBUHM :qeHHOCTI, J;860TH. BnepBHe IIpOB9,It8H ,It8T8JI1,Hldt 
aHMHS MHOI'OHyXJ.IOHHLIX yr~epo,n-yr~epo,ItHLtX BSaHMO,IteftcTBHft (C~.) IIpH 

m.tIIyJII,08 4,2 raB/c Ha HYJ(JIOH Ha CTaTHCTHRe ~ 1400 codHTHft; H8YtJ:8HLI 
pacnpe,ne~eHrut 110 MHOZ8CTB8HHOC'I'K BTOJ]ll'l'.HHX -qac~. O,ItHO"UlCTHtm!le HH
KJIJJSRBH!le CII8RTPLI Ir-M880HOB H npoTOHOB. 

BnepBH8 B c~-B38BMO,It8ICTBJ!UIX HCM9,ItOB8Ha samicm.iocTL xapap;Te
J)HCTHR BTOJ)H11HLIX 'tBC~ OT 1!:HCJUl B8am.!O,It8flCTBY!JitRX Jll)OTOHOB B C06H
THH. Hsyq:eHa ROHipe:rypaIJ;H.li CCMH-codHTHfl B m.myncHOM Jll)OCTpaHCTBe. 
IklepBHe B 9THX codHTl!UIX H3y,18HLI 83m.!YT8JIJ,Hll8 ROppe~ BTOpKtIHHX 
npoTOHOB C (SOJII,IJ!m,m IIonepetmHMH HMIIyJThCBMR. 
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Bee IlOJJYlleHHHe ,llaHHHe cpammBaJllICD C npe.ItCK8.38HKIIMH .ny6HeHCKOll 
Bepc:im KacRa,ItHo-ncnapuTeJII,HOff MC.IteJm (.UKM). IIoitasaHo, ,rro MO.Item,, B 
OCHOBHOM, Y.ItOBJieTBOpHT8JIDHO BOCilp0HSBO,ll;HT 8RCileplIMeHT8.JII,HHe .I(8HHl:le. 
CymecTBeHHHe pacxol!i,IteHIDI Ha6.mo,n:ames1 JllIIIII. npH 6om,nrax nonepe'!lmx HM
nym,cax. 

IlOJIY'!SHHlle SKcnepHMSHTa.Jll,Hlle ,namrHe H npoBe.Itemrnfl B ,ll;HCCepTruum 
CpaBHHTSJII,Hllff 8H8JIH8 pesym,TaTOB B8Xlil:l lt8.K ,Iµlll npoBeprur Cy!lleCTBj'1llllDC, 
TaK H ,Iµlll paspa6oTKH UOBHX TeopeTH'i8CKHX MO.IteJieff MHOllteCTBeHHoro pollt

.IteHHSI '!aCTHU IlpK·BHCOKilX SHeprwrx. 

IlpaKTITTCeCKBJI µeHHOCTD TIOJJYlleHHHX pesym,TaTOB.COCTOHT B TOM, 'iTO 
OHR MOryT 6HTD HCilOJII,30BaHl:l npH IIJiaHHpOBamm HOBHX sxcneplIMSHTOB no 
HCCJIS.ItOBaHHIO B3aHMO.IteffCTBRff 8,I(JlOHOB H JJ,JJ;ep C ~ npn BHCOKllX SHep

rH.RX. 

Anpo6aµrut pa60Tl:l. OCHOBHHe pesyJII,TaTH ,ll;HCCepTaIJ,IDI npe.I(CTaBJISI
JmCD na Meir,eyHapo.I(HllX xoHqiepemnmx no qlll3HK8 BHCOKRX SHeprnff H CTPYK
TYP8 JJ,JJ;pa B Ilapullte (!982 r.); M!ItmraHe (!982 r.), Kasm.m:p.'!te (!983 r.), 
Jleimlntre ( !984 r. ) , reff.I(eJID6epre ( I 984 r. ) , ' a Ta:!Olte .I(OKJm.I(llllaJJHCD Ha 

. . 

cewmapax JIBS OH.lill H COBemanwrx MeJIUC'Hap().I(HOrO COTpy.I(Hll'ieCTBa no HC-
CJI8.It0B8HHSIM Ha .ItBYXMeTpoBOff IIpOilaHOBOfl IIy3llpDKOB0:0 Ita.Mepe JIBS OIDM. 

Uy6.mraamm. OcHoBHoe co.IteplltaJme pa60TH ony6JIIIKOBaJIO B JKYI)HaJiax 
"m:tePHaSI qil!Smta", Phys.Rev.D, z.Phys.c, B npenptIHTax, coo6111eHH.RX 
OH.lill H B MaTepHaJmX Blllll8yTIOMSIHYTHX M8llt,IIYIIap0.I(HllX xouqiepelill,H:0 • 

06~eM mrccepTaµHH• ,IbrccepTaD;ltll COCTOHT H3 BBe.IteHIDI, Tpex rmra 
H 3aRJIIO'ieHHSI. TeKCT CO.I(eplKHT 78 CTpa.mm, BK.Jll'.l'laSI 9 Ta6.mm li 29 pncyu
KOB. CimcoK JIHTepa.TypH CO.I(8pl!GIT 44 HaHM8HOBaHHSI. 

ABTop sammqaeT: 
I. Pesym,TaTH M8TO,Il;ll'i8CKOro 8HaJJH3a OT06paHHHX MHOrOHYRJIOHHl:lX 

CC-B3am!O.I(eftcTmrfl IIpH HMnyJII,Ce 4,2 rsB/c Ha HYRJIOU. 
2. Pesym,TaTH cpa:mm:T8.JIDHOro 8Ha.mI3a O.I(HO'!aCTH'illllX mraJIJl3HBHHX 

cneKTp0B Ir-M880HOB H IIpOTOltOB B C~-B38HMO.IteftcTBWDC H B dC-, HeC-, 
CC-Heynpyrmc CTOJIKHOB8lmSIX, a T8.10lte cneKTpoB, pacctmTaUHHX B JU{M. 

3. Ilo.ny'ieHHue 3aBHCHMOCTli xapaxTeptICTHK BTOpli'iHHX 11ac~ OT 'iKC
Jia B3aHMO,Ite:ffcTBYXJIIHX IIpOTOHOB B co6HTHH ,1W1 de-, He~. CC- H CCki

BSaHMO.ItelcTBd. 
4. IIpoBe,IteHHOe HCCJie.ItOBaHHe KOH~ BTOpH'IIHllX 118CTHU B HM

IIyJII,CHOM npoCTpalICTBe ,1WI ~-BSaHMO.ItelcTBRfl. 
5. PesyJII,TaTH aHaJIH38 KOppeJI.llll;Hfl BTOJ)ll'llWX npoTOHOB C 60.lI!,IJJHMH 

nonepe"l'.Hl:lMH HMJIYJil,caMH B 83J!MYT8Jll,HOI IIJIOCKOCTH • 
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CO,llEPJKAHHE .l{HCCEPT.AIUrn 

Bo BBe8eH:im OTMe'iaeTCSI aKTY8JIDH00TD HCCJie.ItOBaHHSI nponeccoB MH0-
1iteCTB8HHOrO pol!i,IteHHSI 118CTHn B MHOrOlIYKJIOHHHX JJ,JJ;ePHHX CTOJIKHOBeHH.RX 
IIpH BHCOKHX SHeprwrx, CqJOl)MYJIHpoBaHa OCHOBH8SI nem, pa60TH li IIpHBe,Ite
HO Kpa.TKoe CO.I(8plltaHHe ,ll;HCCepTaIJ;Im. • 

B nepBol rJiaBe ,ItlICCepTaD;KH OTIHCl1B8DTCSI M8TO.n;ll'iecrure BOllp0Cl:l no
JJY'{eHIDI H o6pa.6oTKH SRcnepHMeHT8Jil,HOfl HHqiop,mnnn. 

3RcneplIMeHTaJI1,HHff MaT8pH8JI 6~ llOJIY'!8H C IlOMO~IO .I(ByxM8Tp0BOff 
IIpOilaHOBOff IIy3HpDKOBOfl Ita.Mepu, pasMemeimofl B MarHHTHOM noJie HaIIpSlZeH
HOCTDIO H z I5 KI'c. KaMe:\)8- 8KCllOHHpoBaJI8.CD B IIy'!lt8.X npoTOHOB li Jierrutx: 
peJUITHBHCTCKHX JJ,JJ;ep d, 4He H I 2c Ha CHHXpo¢a30TpoHe JIBS OH.lill IIpR HM

IIyJIDCe 4,2 rsB/c Ha HYKJIOH. B ,ItlICCepTaIJ,IDI IIpHBO.I(SITCSI o6mire xapaxTe
pHCTHKH KaMepu, CHCTeMH (pOTOrpaqntpoBaHHSI H IIy'iKOB n;n:ep. 

IIpoCMOTp CTepeOCHHMKOB IIpOBO.I(HJICSI Ha IIpOCMOTpoBHX CTOJmX me-I 
H EITC-2. 0To6panHlle co6HTHSI H3Mep&]IHCD 3aTeM Ha llOJIY8BTOMaTax TllII8. 

IIYOC H CAMET, pa6oTaBJJUDC Ha JlliHHH c 3BM E3CM-4. IIpocTpancTBeHHoe Boc
CTaHOBJiemi:e H3M8peHHHX co6HTH:ff npoHSBO.I(HJIOCD c IlOMO~B') nporpa.MMH reo
MeTpITTCeCROfl peKOHCTpyrunrn rE011wr Ha 3BM CDC-6500. IIoCJie npoBepKH Ka

'i8CTBa HSM8pemur TpeKOB H H.I(eHTHqlIKaIOm BTOpli'llIHX 118CTHU co6UTHSI sa
ImCUBaJIRCD Ha JieHTY cyMMapHIDC pesym,TaTOB. To'llIOCTD onpe.IteJI8HHSI na~
MeTpoB BTOpH'llIIDC '!8C~ OKa38JiaCD pa.BHoff: 

<AP IP 
< c.tgJ. 
< f>} 

> = (II,5,:t0,3)%, 
> = (0,0!03±0,0002) , 
> = (0,0063±0,0003) pa.It 

r.Ite p - HMJIYJIDC 118CTRIU:l, t g d.. - T8HI'8HC rJiy6HHHOro yrJia, } - 83HMY
T8JII,HJ-1fl yroJI. 

Onpe.I(eJieHH CJie,Izy!lnite KpHTepHH OT6opa MHOrOHYKJIOHHIDC cc.;..BsaHMo
.IteffcTBHI: B co6HTHH HeT CTpHllllHHroma: 118C~ c sapsr,n;OM, IlpeBlmI8lII\HM 
e,runumy; 'iHCJIO O.D;H038pSI.I(HllX CTpmnm:HI'OBHX '!aCTHn He npeBumae'l' .I(Byx; 
Cy-MMapHHff sapsr,n; co6HTHSI 6oJIDme ceMH. CTpmrmmrOB!l1v'lH MU C'iHTaeM '!aC
THnli, ~eTamtHe no.I( yrJioM 8 c:: 4° c HMnym,coM P =- 3 rsB/c. 

Ilpo8H8.lIH8Hp0BaHH MeTO,ll;H'lleCKHe IlpH'iliHH IlOSIBJI8HHSI co6UTH:lt C CYM
M8pHJ-1M sapsr,n;OM BTOpH'llll:lX 118CTHn Q =- 12 H ll0lt8.38HO, '!TO B TaKHX co-
6HTIIJDC He Ha6J!lu:laeTcSI HCKalltemtff pacnpe.IteJiemi::R. 

PaccMOTpeHH BOilp0CH H.I(8HT~ BTOPH'llIIDC -qacrnn. Pa3pa.60T8Ha 
npone.nypa BH.IteJieHHSI 6apnoHoB H3 06111ero Ha6opa.noJIOJ1CHTeJII,HJ,1X '!B.C~. 
C~eJiaHa oneHKa IlpHM8CH ~8llTPOHOB cpe,!Ui IlpOTOHOB.IlOKa38lIO, '!TO IlpHM80D 
.I(eiiTpoHoB cpe,!Ui '!B.CTlln c P.L ==-- I rsB He npewmaeT IS% • 
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Bo BTOpoff rJiaBe .D:KCCBJ)'ra:u;HOHHOff pa60TH OlllICSHH pesyJIJ,TaTH 8lta
JIHsa MHOrOHylt)IOHHHX yrJiepo.n-yrJiepo,Il;IIHX B3al!MO,!(effcTBllfl B mutJm3HBHOM 
no.zoco.ne • 

. Hsy-qeHH pacnpe,!(MBHIDI rro MHOX8CTBeHHOCTR BTOPR'!HHX tm.CTJm. 
B Ta6.mw;e IlpHB8.!(8HH cpe~e SHatJeHIDI, ~TH .n:acnepcml: R OTHO!IIBHRII 
STHX Be.mr<mH ,JµlfI pacnpe.nMeJm:ff IIO MH~BCTBBiIHOCTH, a Tma:e p8.C'l8TH 
no .II.KM. 

T_a._~. Cpe~e snatJeHIDI R .n:acrrepcRR pacnpe.nMelid rro MHOllte-
CTB8HHOCTH tJac~ B MHOrOHylt)IOHHHX CC-B3aHMO)l;BICTBWIX 

'l'mI 'laCTHIJ; ch + p rr 
<n> 16,50±0,12 13,67±0,08 I0,68±0,07 2;92±0,05 
< n > .JJl{M 16,93 14,06 I0,86 2,87 

D2 12,86±0,61 5,23±0,25 4,40±□ ,21 2,40,±0,12 

n2 13,47 5,II 4,58 2,62 

<n~ 1,28±0,05 2,61±□ ,II 2,43±0,16 1,22±0,07 
( <n>/D2).JJl{M l,25 2,75 2,37 l;IO 

IlpoBB)l;BH COBMBCTHm! aH~3 pacnpe.neJiemiff rro MHOlltBCTBeHHOCTH B 
c<;,m - R dC-, HeC-, CC-HeyIIpyI'RX. BSaRMO.!(BffCTBW!X. 06Hapy,iteHa JIHHeff
Hrut 3aBHCHMOCTI, Me~ cpe,Il;lleff MHOllt8CTB8HHOCTI,D Ir-M830HOB H cpe.n;HHM 
'IHCJIOM BSaJD/10.!(BffCTBYIJIIRX rrpoTOHOB B STHX CTOJIKHOBBHKRX, '!:TO corJiacy
BTCJI C npe.ncTaB/IBHRBM O B3aRMO.neffcTBHH JJ,D;ep Kalt cyneprrosm:i;im Hylt1IOH
Hylt1IOHHIDC coy~peHHff. 

BnepBHe B MHOrOeyRJIOHHHX CC-B38m'IO,!(effcTBli.RX ITMy'IBHlil llHKJID3RB
HHe pacrrpe.neJiemra BTOPRtJHHX Ir-MBSOHOB H ITJ)OTOHOB rro m.myJIJ,cy, yr~ 
~eTa, IlpO)l;OJIJ,HOff 61ilCTp0T8 B 'Jia60paTOpHOff CRCTeMe, KOCRHyCy yrJia Blil
JIBTa_B CHCTeMe ueHTpa Mace HYKJIOH-Hylt)IOHHOro B3aRMO,!(effcTBWI H KBa.lU)a
TY norrepe'llloro m.myJIJ,ca~ IlpoBe.neHo cpaBHeHRe axcrrel)ltMBHTaJIJ,HHX cnex
TJ>OB C pactJeTaMH rro ,IlKM, aHMOrR'lllIDdH pacrrpe.nMeHHm.m ,JµlfI dC-, HeC-
H CC-HeynpyrHX B3aRMo.nettCTBHff. IlOKa3aHO, 'ITO ,IlKM .B UBJIOM y.noMeT
BOpllTBJIJ,HO BOCITpOHSBO.D:KT Ha6Jl!l)l;8.8Mlil8_ CIIBKTPH, XOTSI HBCKOJIJ,KO 3aBHllla-
8T B8p0SITHOCTI, ~pan.!BHTa:u;HOHHHX rrpoueccoB, oco6eHHO_ B JJ,Il;pe-Mlm!BHR. 

Ha pRC.l nOKa3aHO pacnpe.!(MBHRe npoTOHOB H Ir-M830HOB no rrpo
)l;OJIJ,HOff 6HCTJ)OT8. B cneKTp npoTOHOB He BKJlll'IBHlil npoTOHlil R3 o6JiacTeff 
q,pal'MBHTa:u;HH CT8~HB8Dll!IDCCSI smep. Ms pllC.la BH,Il;IIO, 'ITO pacnpe.nMeHHe 
npoTOHOB m11eeT IIJiaTO B ueHTpB.JIJ,HOff o6JIB.CTH 6HcTpoT. Bo3MO!!HO, STO 
CBH,ll;BT~CTByeT O H~tmH HeCKOJil,KHX HCTO"llmKOB rrpoTOHOB, )l;Bm!tylltlDCCJI 
C pa3HlilMH . CKOJ)OCTSIMH. 
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PHc.l. Pacrrpe.neJieHHe BTOPRtJHlilX IlpOTOHOB (a) H Ir-Me30HOB (6) 
rro 6HCTpoTe B Jia6opaTOpHOtt CRCTeMe KOOp,IUmaT ,JµlfI CCMH
B3aHMO)l;ettcTBd. 

06Hapy,KeHo, 'ITO cpe,Il;III!fl m.myJIM H cpe,Il;IIHft rronepetJHHff HMITYJI:&e 

Ir-Me30HOB COBna,ll;8lOT B C°wt- H dC-, Hee-, CC-HeynpyrHX BSaHMp.nettcT
BH.RX, B TO BpeMSI KaK cpe,nulifl HMITYJIJ,C rrpoTOHOB pacTeT C pOCTOM aTOMHO
ro BeCa CHapmi:a. Cpe,Il;IIHff nonepe'll!m! HMITYJIJ,C IlpOTOHOB B HeC- H CCMH
CTOJIKHOBeHR.RX B npe.nMax OIII1'160K O,ll;HH H TOT lite, a~ npoTOHOB HS cc-
Heynpyrmc B3aRMO)l;effcTBHff - MeH1>me. . 

PHc.2. Pacrrpe,neJieHRe rro KBS.npB.TY rrorre-
"• pe'll!oro HMnyJIJ,ca rrpoTOHOB ll3 dC

QS101.S2D2SlDl5 

P;tr•M:I• 

( A ) H CCMH- ( 8 ) BsaHMo.nettcT
BHff. I'HcTorpaMMa - pactJeT rro .n;KM. 
Jimum: - pesyJIJ,TST arrrrpoKCHMrunrH 
axcnepHMeHTaJIDHIDC TO'leK q,yliltll;RBff 
BRM (I)• 

Ha p:irc. 2 noxasaHo pacnpe.neJieHRe 
npoTOHOB no KBa;:i;pB.Ty rrorrepetJHoro HMnyJIJ,
ca B CCMH-B3aHMO,nettcTBHSIX (KpylltKH) H B 
dC-HByIIpyrHX CTOJIKHOBBHR.RX (Tpeyi'OJII>HRKH). 
I'HcTorpaMMa npe.ncTaBJISieT pesyJIJ,TaTH pac
tJeTa no .n;KM.CT~eJIKoil noxasana KHHe.MaTHtJec
KaSI rpamru,a ~ llll-B38HMO.!(BffCTBHff. KaK 
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~o HS pxc.2,MO'AeJll. He OIIRCHB8.eT 3Rcnepl'!MeHT8JI1,HHe 'A8Hllll8 ,IVIJI 

CCMH B o6JmcTR 11 ==- I raB/c. CrutOillHaJI JimmJt - pesyJI1,TaT annp0RCH
Manim mtcnepm.ieHTaJil,HHX cnexTJ)OB Oyr.lMOI 1I:S'.fX 3RCnOH8HT: 

~ a 
N =Aexp(-afl)+Bexpl-bP.Ll. (I) 

Hrut7IoHH axcnoHeHT ,IVISI CCw-cTOJIKHOBelld OK838.JIRcl> .pamm: 

a=(5,6 ± 0,5) (raB/c)-2~ b=(I,9 ± O,I) (raB/c)-2 • 
<f,---,---r--.--r-.---.--, 

Np 

cl 
+++ 

10·1 nJ .'o is lo is )o ;s 
P'.(rol/,J 

PB:c.3. Pacnpe.neJieBHe no RB8.,Iij)8.TY nonepe'llto
ro JDmyJII,CS npoTOHOB, HCIJYllleHHUX B 
~-B88RMO'A8ffCTBWDC B 06Jia.CTl>,rume
M8.TRl!:ec1m sanpemeHHyD ,IVISI D-OTOJIR

HOBeHRI. CrutODIHaJI JIRHRJI - pesyJI1,TaT 
annpoRCRM~H 8RcnepHMeHT8JI1,HIDC TOl!:eR 
q,yHRill'[e:A BH,Ita ( I) • 

Ha pHC • 3 nORa38110 paCnpe'AeJI8HRe IIO R,
1 

npoTOHOB, HCIIyllt8HllliX B o6JiacTl>, rumeMaTHl!:ec-
KH sanpemeHHyD ~ NN-cTOJIRHOBeHK:A. Crutom

Hoft JIHHRe:A noRa38ll pesyJII,TaT arrnpoxcm.iamm CYMJ,!Oft ]J;fJyX 8RCIIOHeHT (I). 
HaKJIOHH SKCIIOHeHT: a= (I0,8±I,5) (raB/c)-2, b = (I,2±0,I) (raB/c)-2 • 
Ma.7raJI BeJIHtmHa HaKJIOHa BTOpoft 8RCIIOHeHTH, B03MOlltHO, CBH,IteTeJll.CTByeT 
06 o6pa30B8Hlm IIpoTOHOB C 60.Jil,IIJHMH IIOIIepel!:HHMH :mAIIyJI1,C8MR B zecTruDC 
npoueccax. BRJI~ Ta.KHX npoueccoB B o6pasoBaHHe npoTOHOB sa rumeMaTH
l!:8CROft rpaHRUel NN-B3aHMO'AeffcTBHI ouemraaeTCJI HaMH B~70%. 

Nr 

lo"0.3 0.6 Cl9 

P: 1 r,8/ct 

Pirn.4. PacIIpe'AeJieHHe Ir-MeSOHOB B CCMH
B3aHMO'AelcTBHSDC IIO ltBa,ltpaTY IIOIIe
pel!:Horo :mAIIyJII,ca. I'HcTorpaMMa. -
pesyJII,TaT pacl!:eTa no JU(M. CrutODIHM 
JIHHHJI - pe3yJI1,TaT aIInp0KCl'IM8llHH 
8RCIIepl'!MeHT8JI1,Hl:lX TOl!:eK ~el 
BH,!{8 (I). 

Ha p:e:c.4 IIpRBe'AeHo pacnpe'AeJieHRe no 
RBa.ltP8TY IIOIIepel!:Horo :mAIIyJil>Ca Ir-MeSOHOB, 
o6pasoB8.BIIIBXCJI B cToJIRHOBeHRmc ~ep d, 
He, C C ~paMR yrJiep0'A8 R T811T8JI8. IIp:e: RM-. 
IIYJII,C8 4, 2 raB/ C Ha lfYl(JIOH. Bee RM8JlltR8CJI 
'AaHHHe ,IVISI Y138JIRl!:8HRJI CTaTHCTRKH 06'!,e~
HeHH. I'RCTOrpaMMa·- COOTBeTCTBynllaJI CYM
Ma pacl!:eTOB .lU(M ~ CCMH- R CTa-BSam.10-
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;i,;elcTBSI. CrulOmHM JmHRSI IIORa3HB8.eT pesyJI1,TaT annp0RCRM8lllm 8RCrreim
M8HTa11l,HHX TOl!:8lt CYMMOff ]1]3yX 3ltCIIOH8HT (I) 'co CJI8.IJYilllRMH HaRJ!OHaMH: 
a.=(7,I±I,5) (raB/c)-2 , b=(2,5±0,6) (raB/o)-2 .KaoI<a,IJ;HWl MO'A8JII, Be omt
cW3aeT 8ROll8pm.!8HTa1Il>HH8 'AaHBH8 ,wIJI J!" -M880HOB npH 60JII,lllllX P. . 

TpenJI rJI&Ba nOOBJillteHa R8Yl!:8Hlm ltOppe.rum,HOHHHX JIBJieHRI B COY'Aa
peHJIJDC pe.lIJITBBHOTCXHX ,mep O smpm.m. 

IlpoaH8.lm3RpOBaHH MHOllteCTB8HBOOTH mtOHOB, cpe.zuwe SHal!:eHrul RM
n:yJI1,CQ < P > , IIpo'AOJil,HOI 6HCTp0'1'H< Y >, yrm BWieTa< 9 > B Jia6o
paTOIHOI CHCTe:Me ltOOp.JtmtaT H IIOIIepe,moro m.myJII,ca < p.L > Ir -M830HOB 
H IIpoTOHOB B saimcm.cooTR OT Q - 'lll:CJia B3WIMO'A81CTByJ]llllX IIpoTOHOB B 
dC-, HeO-, CO- H C°i.m-COY'ASpeHHSDC. ll:lrCJIO B38lIMO'A8ftCTByD!tl!X npoTOHOB 
Onpe'AeJtMOCI, JIO cyw.!8pHOMY 38PJW" Bcex BTOp!'!'mliX l!:8.0TRn, aa HClt1Ime
HReM CII8RTaTOp0B. IJoKasaHO, 'ITO< n~- > ,IVISI B38BMO'A8ICTmtll, H8cm.t
M8Tl)lMl!HX IIO aTOMROMY BeOY CTaJiltlID8llltHXCJI smep, paoTeT .mmeffHo ,u;o 
Q ::::: I, 5 -¾, C-¾, - aTOMHuA :aeo H8.JI8Tamtero ,mpa) R 'ASJiee BHXO'AHT Ha 
MaTo. Jum "CHMM8TIJ1tl!:HUX" CTOJIRHOBeHn:R < nr,- > pl.CT8T JIHHeftHo BO 
BC8M lDIT8pB8.Jie RSMeHeHHJI Q. 3RCII8pm4eHT8JI1,lIH8 ,I(aIDIH8 no< n-rr+ > ,IVISI 

Bcex B3aHMO'A8ffCTBRI JIOlmTCJI Ha OlIJ.f'J :npm.!yJJ. ,lJy6HeHCRaJI BepcRJI RaC~
HOff MO'A8JIH Y'AOBJI8TBOp:,IT8JI1,HO BOCIIpoR3BO~T 38Bll:CIDJIOCTR<n >,< P >, 
< y > R < 9 > OT Q ;II,1IJI Ir-Me30HOB lt 1Ip0TOHOB. B TO xe BpeMJI, RaK 

BII,ll;HO R3 pxc.5, CYllt8CTBeHHHe pa3JIHl!:HJI C MO'A8JII,I) H8MJWll)TCJI ,wIJI sa-
BHCm.lOCTl'I cpe'AUero IIOIIepel!:Horo m.mynca BTOplI'UillX tra.CTRU OT Q. 3TH 
paCXOllt,Il;8HRJI MOryT 6HTI, o6yCJioBJieHH R8K H8COBepmeHCTBOM MO'AeJIH, He 
Yl!:RTtmaJI!leff B3am.!O'A8ffOTBR8 Kac~wc l!:SCTRU M8JK,Dy co6off, TaK·R HaJIR
l!:HeM He06Hl!:HWC, Hanpm,rep KOJL7I8RTRBHlllC, M8xaHR3MOB B3aRMO'AeffcTmIJI. 

KOHqm,ypall;ltlI MHOrOHYl(JIOHHlllC CC-co~apeHHff B m.myJII,CHOM npoCTpaH-
. R 2 .}\ P: . . 

CTB8 lrny,reJiac:i, C IIOMOlltl>Xl B8JllillllllH =ITT ! , . , r,u;e N -'ll!CJIO aapJI-
L , ~,P11 

zeHHHX l!:SCTRn B co6HTHH, P.1. :e: P.. - nonepetUmtt H IIp0'AOJI1,HHff EMIIyJil,-

CH 1-it l!:SCTHD;ll. R = I ,IVISI C<peIJltl!:8CKOff ROH~ C06HTRJI RR= 0 
,IVISI co6HTHJI, BHTJIHyTOro BJtOJil, OCR B38RMO'A8ffCTBHJI. Ha pRc.6 no1tas8lla 

' "1-~ 
aaBHCHMOCTI, OT nonepel!:Hoff aHeprHH EJ.= t.'V R,+m, -mt) (m1 - Macca 
1-it l!:SCTHD;ll), CMsaHHOft C IIIJltU8.1I1,HllM IIap8M8TpoM B38HMO'A8ffCTBRJI: l!:8M 
60JII,1118 E.L , TeM M8HI,me Ilpl'IU8JI1,Hllff napaMeTp. Ha6.7IJWi8MaJI 3aBR_CRMOCTI, 
CBH,It8T8JII,CT13Y8T O TOM, l!:TO qiopMa C06HTRI 6JIKZe K C<peprtrecxoff, l!:8M K 
npo'AOJII,HOff ROH~- 0'AU8RO ~e IIpR caMHX 60.m,mmc E.1. (wm Ma
JIIDC IIpRUeJII,HWC IIapaMeTpax) JI.nP8. yrJiepoM OCT8IOTCSI ,tiOBOJII,HO npospal!:HH
MR ,npyr ,IVISI ,npyra., 

Ha p!IC.7 npe'ACTaBJI8HO pacIIp8'AeJI8HHe IIO pa3HOCTK 83IDJlyT8Jl1,Hl:lX yr
JIOB A 'f M8l!OJY IIpoTOHaMH C P.1. => 0, 7 raB/c B C~-CTOJIKHOB8HHSDC. 
B BH,!{8 rHCTOrpaMMH 1Ipl'IB8'A8H pesyJII,T8T pacl!:eTa no JU(M. BimHo CYllt8CT-
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Pll:c.5. 3aml:CHMOCTH cpe~ero IIOIIepe'!Horo m.niyJll,Ca (B rsB/c) IIp<>TOHOB 
(a) H Ir-MeSOHOB (6) OT 'IRCJia BS8HMO'AeflCTBYJl]IIHX IIpoTOHOB B 
AC-CTOJIKHOBSHHJ'IX. r:ircTorpaMMH - pactieT no ,UKM. 

BSHHOe pas.llli'IRS B noBS'ASHliH paCIIpe'AeJieHHff no BSJ!li'IRHS A~ ;It1ISI sxcne
pm118HT8JI!,HllX H reHepHpOBaHHllX co6HTHff. B MO'AeJm OTtISTJIHBO Ha6.mo,n;aeT
on: rumeMaTKtieCKWI KOMIIeHcaIJ;WI B HCIIyCIUUUm ~cmn B IIpoTHBOIIOJIOlltHOM 
HanpaBJISHHH ( A ljl ~ rno0) • B SKCIIepHMeHTBJil,HOM pacnpe'AeJiemm IIO cpaB
Hemm c TeopeTKtiecKHM Ha6JI~aeTCH cymecTBeHHm! H36HTOK IIpoTOHOB B 06-
JiaCTH paSHOC'l'eff asm,,yTaJII,HHX yrJIOB, 6JIHSKOff K 120°. 8To MOllteT CB~e
TeJll,C'l'BOB8.TI, 0 TOM, 'ITO, B OTJIH'IRS OT MO'AeJm, r'Ae polf,I{eHHe tiacmn c. 
6oJlldl!HMH f:L. IIp<>HCXO,ll;IIT B pesyJI1,TaTe BSam.«O'AeffcTBHH ~yx. HYKJIOHOB, 
Ha OIIHTe TaKHe IIpoTOHH B saMeTHo:11 'AOJie co6HTHff o6paSylJTCH B pesyJI1,Ta
Te CTOJIKHOBeHWI HYKJIOHOB C RJra.CTepaMH, HMeKIIIBMH pesoHa.HCHYJ) IIpHpo,ny. 
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Pll:c. 6. 30.BHCHMOCTI, OTHOWeHM R 
OT nonepe'!Hoff sHeprHH 
(B rsB) ;It1ISI C<;m-BsaH
MO'AeffcTBHff. CIIJIOillHM 
JIHHHH - pactieT no ,UID.i. 

Pnc.7. 

1300 

N 

1100 

900 

700 

soo 
0
:-_c_J__..J-_ _1____, _ _J 

60 120 
•'f(ipaal 

160 

PacIIpe'AeJieHHe.no pasHOCTH yr
JIOB B asm,yTaJI1>HOfl IIJIOCKOCTH 
IIpoTOHOB C p.l. ==- 0 1 7 rsB/ C B 
CSm-CTOJIKHOBSHHHX. 

,U7ur IIpOBePKH HSJIOllteHHoro IIpe~OJIOlteHHH 6wm HCCJie'AOB8.HH CIIeKTpH aj>
q>eKTHBHHX Mace 'ABYX IIpoTOHOB c P,1. ==- 0,5 rsB/c H pasHQCTI,IO asHMYTan
HHX yrJIOB A If B lIHTepBaJie (12Q±60) 0 

;It7IH TeX C06HTHfl, B KOTOp!lX tIHC
JIO T8.KKX IIpOTOHOB paBHSIJIOCI, 3 H 4. B pacIIpe'AeJieHHHX Ha~eHH Hepery
JISII)HOCTH, KOTOp!,18 MOryT CB~eTeJII,CTBOBaTI, 0 pesOHaHCHOff CTJ1YKType 
CIISKTpa. O~axo MaJIOe KOJIKtleCTBO co6HTHff He IIOSBOJIR:eT IIOKa C'AeJiaTI, 
O~OSHa'!HHff BHBO'A 06 me cymecTBOBaHHH. 

C neJII,D IIOHCKa ~yxHyKJIOHHllX accoIJ;RaD;Hff IIpoBe~eH aHaJms CIISKTpa 
aqxpeKTHBHHX Mace ~yx. IIpoTOHOB c llMIIyJII,CaMH O, 2 rsB/ c = P <= 0, 5 rsB/ c. 

8TH tiaCTHUJ,I OCTaHaBJmBalOTCH B KaMepe,H STO IIOSBOJIHeT IIp<>BO,ll;IITI, HCCJie
'AOB8HHH C BHCOKOff CTeIISHI,D paspemeHHH IIO sqqJeKTHBHOff Macce. Ha p:irc.8 
IIOK838H CJ'MM8PHHff CIIeKTP ;It1ISI IrC-cTOJIKHOBeHH:11 IIpH HMIIyJll,CS 40 rsB/c 
H (p, d , He, C)C-B38HMO'AeflcTBHfl IIpH HMnyJll,Ce 4,2 rsB/c Ha HYKJIOH. 
CIIJIOWHSH JmHR/I - pesyJII,T8T aIIIIpoKCHMaIJ;RH CIIeKTpa CY?,IM0:11 cp()H8 (IIOJIY'ISH 
IIepeMemHBaHHeM HS paSHHX C06HTH:11) H Tpex 6peiiT-BHI'H0pOBCKWC pacrrpe'A0-
JieHHff. 

IlOJIY'IeHH yxasaHM-Ha cymecTBOB8HHe ysKHX ,ll;IIIIpOTOHHllX pe30H8HCOB 
c MaccaMH B 06JI8CTH 1926, 1964 H 2026 MsB/c2 H WHJ)HH8MH, COOTBSTCTBeH
HO, II, 32 :ir 32 MsB/c2 (m:irpHHH aIIIIapaTYPHHe). 
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Tutc.8. CyMMapHHil crreKTp 8~KTHBHIDC 
Mace nap npOTOHOB C · m.myJII,CaMli 
(0,2<P..:0,5) raB/c B If"C-B3aliMO.IJ;eil
CTBR.fiX C m.myJil>COM 40 raB/c RB 
(p,d,He,C)C-CTOJIKHOBeHR.flX CJ.IM
IIyJil>COM 4,2 rsB/o HS HyKJIOH, 
illTpRXOB8.JI .JllfflRlt - p , IIOJIY'l8H
Hhlfl rrepeMel!IHB8HHeM np0TOHOB H3 
pa3HllX C06h!TRft • CwlOIIIHSSI JIIDm.JI -

pesy?J,TaT annpoKCRM8ll;llR CYM-
MOff ~a H Tpex dpeilT-BliI'HepoB
cronc pacrrpe,neJieHRfl. 

B 38KJIIO'l8Imll cqJ0pMYJmp0B8HH OCHOB
Hble pesym,Tam ,mrccepT8ll;lloHHoff pa6oTu: 

I. IIpe.IVIOlK0Hhl H np08H8Jm3Rp0B8HH 
KPHTepmi: OT6opa MHOrOHYKJIOHHllX C0-B38HMO.IJ;effoTBHfl. Pa.apa60T8H8 MeTO,nH
K8 Bhl.IJ;eJieHRSI 6apHOHOB H3 o6mero trn:CJI8 IIOJIOlKHT8JII,HllX '18CTK.U ,nJI.JI B38H
MO.IJ;effcTBd H30TOim'l8CKH-CRMMeTp:ir'llIIDC SI.IJ;ep. C,neJiaHa oueHKa .IJ;OJIH ,neilTpo
HOB R TPRTOHOB cpe.n:ir aaperRCTpRpoB8HHWC 0,Jl;H038PH,InlllX 6ap:irOHOB~ 

2. BnepBhle IIpoBe.IJ;eH 8H8JIH3 IIIRpoKOro Ha6opa RHKJIJl3RBHIDC xapaKTe
p:lrCTHK BTOp:lr'lllllX 'ISCTHU B CO-MHOrOHYKJIOHHIDC coy,napemt.flX. I!OK838HO, 
'!TO ,ny6HeHCKM BepcHSI K8CK8,JJ;HO-HCII8pHTeJil>HOtt MO.IJ;eJIH y,noBJieTBOplIT8JII,
HO OimCh!BSeT RHKJII03HBHble O,JJ;HO'ISCTH'!Hble pacrrpe,neJieHRH. 3HatmT8Jll,Hble 
paCXOJK,Il;eHRsi: C MO.IJ;8Jll>D H86JIIQD;8DTC.JI ,nJI.JI npOTOHOB C 60Jil,lllllMll rrorrepe'!Hbl
Mll RMIIyJil>caw. B pacnpe,neJieHllll no KBa.nP8TY rrorrepe'!Horo uMnym,ca rrpo
TOHOB, BIDCO.IJ;SllltllX 38 KHH8M8Tll'l8CKHff rrpe,neJI ,nJI.JI HYKJIOH-HYKJIOHHIDC B38H
MO,neffcTBd, BIIepooe Ha6Jin,neH MSJ!Hil H8KJIOH (I,Zj;;O,I) raB/c-2 , CBH,ne
T8JII,CTBYmntff O IIpoSIMeHllll B ~-SI.IJ;epHIDC B38HMO,neflcTBll.fiX JKeCTKRX rrpo
ueccoB. 

3. HcCJie,nOBSHbl 38BllCllMOCTH cpe.JJ;HRX 3H8'leHRff RMIIyJil>COB, rrpo,nOJil,
HblX 6ucTpoT, yrJIOB BblJleTa B Jia6opaTOpl!Ofl CllCTeMe KOOp,nRHaT H rrorrepetr
HllX RMTIYJil>COB IIHOHOB ll npoTOHOB OT 'lll:CJI8 B38HMO,neffcTBYl!ll1HX npoTOHOB 
wrsi: dC; HeC; CC-:ir CCMH-coy,napeHRfl. Ha6JID,neHo cymecTBeHHoe pacxol!t,ll;eHHe 
C JJ:KM B OIIllCSHHH noBe,neHR.JI cpe.JJ;Hero nonepe'!Horo llMIIyJil>C8 BTOp:lr'!HblX 
'!SCTllU, 

4. I!OK838HO, 'ITO ,nal!te rrp:ir C8MIDC M8JlblX rrp:ir:ueJil>HblX napaMeTpax SI.IJ;pa 

yrJiepo,na OCTSIOTCSI ,nOBOJII,HO npo3pa'lHh!MH ,npyr ,nJI.JI .npyra, 
5. IIpH 8H8JIH3e 83l!MYT8Jll,HHX xapaKTep:irCTHK rrpoTOHOB B C<\m-B38H

MO,neffcTBllSIX BrrepBHe H86JIIQD;eHO np0SIBJI8HH8 MHorotraCT:lt'!HblX KOPPeJIJlllHff 
npoTOHOB c 60JII,IIIHMH nonepe'!Hh!MH HMnym,caMH. 

6. HccJie,nOBSHbl cneKTpH aqxpeKTHBHblX M8CC Me.zvreHHIDC np0TOHOB, I!OJIY
'18Hhl YK838Hll.JI HS cymecTBOBSHHe yaronc .JnrnpoTOHHblX pe30H8HCOB, 
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