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OBl,AH XAPAKTEPHCTHKA PABOT.U: 

AKTya.m,HOCTb HCCJie;ll.()Ba.HJOl 

i»parMeHTauHH (paCITM) B036yJK,lleHHbIX aTOMHbIX H,IJep - OCHOBHOA 
HCTQqHHK HHWQPMauHH 06 HX BHYTPeHHeA CTPYKTYPe. BOJIHOBbIX g)yH~HX 
paaJIHqHbIX ero'coCTaBJIHIO!Jl,HX, ypaBHeHHH COCTOHHHH H,IJepHOA MaTepHH .H 
T . .II. PeweHHIO MHorHx Ha STHX BonpocoB 6JiaronpHHTCTByeT MaJIOCTb 
SHeprHH B036yJK,lleHHH ¢paf'MeHTHPYIOme~o H,IJpa, T.e. MaJIOCTb BeJIHqffHhl 
aHeprHH-HMITyJibca, rrepe,IJ'rurHoa eMY" B coyiapeHHH qacTHUeA HJIH H.II-, 
poM-napTHepoM. 

C ,!Jpyroa CTOPOHbl, B $H3HKe BblCOKHX SHeprHa .IlaBHO H3BeCTeH 
oco6~ KJiacc HeyrrpyrHx pe~a. xapaKTepHaYIOIIJ,Hxc~ _ Bec_bMa Ma.lll,IMH 

nepe,IJaBae~ HMITYJibCaMH. 3To - pe~H KorepeHTHoa .IIHCCO~auHH 
peJIHTHBHCTCKHX ,_qacTH~ B CTOJIKHOBeHHHX C H.IIPaMH, BnepB~e rrpe,IJCKa-
3aHHhle ~~epaHqYKOM H_~aH6eproM eme B 50-e ro,IJbl [1]. Ma.nocTb ne-
pe,IJaq HMITYJibCa B pe~HX aToro T.lma orrpe,IJeJIHeTCH YCJIOBHeM KOre
peHTHOCTH: 1/q ~ R (R - PMHYC H,IJpa-rrapTHepa). qTo B coqeTaHHH co 
CPaBHHTeJibHO BblCOKOa SHeprHea 11 BOa6yJK,I1eHHH11

• Tpe6yeMoa mm B03MQ]lt
HOCTH pOJK,lleHHH HOBbIX qacTH~. ITPHBO.IIHT. KaK IIPaBHJIO, K .IIOBOJibHO Bbl
COKHM SHepreTHqecKHM noporaM .Il'JIH 8THX pe~a. 

He,IJaBHO (_[ 2) H CCblJIKH B Hea) H,lleH [ 1] 6b!JIH pa~npocTpaHeHhl Ha 
pe~H MY.1IbTH¢parMeHTauHH peJIHTHBHCTCKHX H,llep-cHapH,llOB. HaCTOHmafl 
pa6oTa - rrepBoe C~CTeMaTHqecKoe SKCIIepHMeHTaJibHOe HCCJie,llOBaHHe._ 
IIOC~lHmeHHOe IIOHCKY H nepBOHaqaJibHOMY HayqeHHIO 0.IIHOro H8 rrpocTeaWHx 
KaHaJIOB TaKoa pe~H - KorepeHTHoa ,llHCCO~~H yrJiepo,lla Ha TPH 
d -qacTH~. 

"•·.;;• 

Ue.m. paoory 

K MOMeHTY Haqaia HaCTOHmero HCCJie,IJOBaHHH 6b1Jla H3BeCTHa e,llHH
CTBeHHa pa6oTa. B KOTOpoa YIIOMHHaJIOCb O B08M02KHOCTH KOrepeHTHoa 
,llHCCO~auHH peJIHTHBHCTCKoro H,llpa-cHapH,lla, - pa6oTa [3], B KOTopoA 
Ha6JIJO,llaJIOCb OKOJIO 40 "qffCThlX" C06blTHa 12C ...,,. 3o( IIPH P
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Ha HYKJIOH B 06IBlli08 qx)T03MYRbCHH. 3Ta CHTYaUHH onpe,neRHRa cne.nyio
m;He ue~ Hame8 pa60T1:,1: 

1. . IIOHCK peaKUllll 12c ➔ 3d. B 3MY~CHH, o6orameHH08 Pb. 
2. BlmomeHHe CPaBHHTe~Horo aHMH3a xapaKTepHCTHK . ,naHHOA 

peaKUHH B 06IBllioA H o6orameHH08 Pb 3MY~CHHX ,nnH: 
a) YCTaHOBReHHH KOrepeHTHoro MeXaHHaMa ,nHCCOUHauHH yrRepo,na 

B TPH d. -qacTH~; 
6) no.nyqeHHH cBe,neHHA o ,nHHaMHKe.aTHX peaKUHA (,nmppaKUffOH

Hl:IB,.KYROHOBcKHA MeXaHH3Mbl), HCn0~3YH paa~qHJ:IB COCTaB MHilleHH; 
B) noJryqeHHH HHqx)PM8lUfH 06 HMITY~CHblX H KOppe~UHOHHblX xa

paKTepHC~HKaX : d.._ -qacTH~ H3 pe-H 12C -'> 3o(_ H HX 3aBHCHMOCTH 
OT. MaCCOBoro qffCRa H,npa-napTHepa. 

'PaaYMeeTCH, HCn0~30BaJIHe qx)TOMeTo,na npH yqeTe cpaBHHTe.JlbHO 
He6o~moa Be~qHHhl ceqeHHH KorepeHTHoA peaKUHH. 12c ➔ 3 d,_ rr_oaBo
..ruieT Ha,neHTbCH RHillb Ha "paaBe,nblBaTe~Hl:IB" xapaKTep HCCRe,noBaHHH. 

llayqHaSI HOBJl3Ha 

COBOKYIIHOCTb peayRbTaTOB HCCRe,noBaHHH II03BO~eT KBMH¢HUHPO-
' ,,,., 

BaTb HX .KaK noRyqeHHble BnepBble H, 6oRee Toro, npaKTHqecKH e,nHHCT-
BeHHble. 

Ha,YIUfaH JI IIpaKTJlllecKaH ~eHHOCTb . 

MeTO,llOROrHH H peay~TaTbl pa60Tbl ,no.IDKHbl 6b1Tb HCnORb30BaHbl npH 
nRaHHPOBaHHH .n~HeAmHX 3KCnepHMeHTOB no noHCKY H H3yqeHHID peaKUHA 
KOrepeHTHOA MY~TH¢parMeHTauHH peRHTHBHCTCKHX H,nep-cHapH,nOB. 

~ paooTY JI ~ 

Peay~TaTbl ,nHCCePTaUHOHHOA pa60Tbl ,noKna,nblBMHCb Ha 17-oa 
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MeJK,nYffapo,nHoA KOHqiepeHUHH no TBep,noTe~HblM H,nepHblM ,neTeKTOPaM 
(}!y6Ha, 24-28 aBrycTa 1994r.), 12-M MeJK,nYffapo,nHOM ceMHHape no 
npo6ReMaM ¢H3HKH BblCOKHX aHeprHA (}!y6Ha, 12-17 ceHTH6pH 1994r.) H 
Ha HayqffblX ceMHHapax .lIB3 OHffif. OcHOBHOe co,nepJKaHHe ee orry6~KOBaHO 
B nHTH pa6oTax (CIIHCOK B KOHUe aBTopeqiepaTa). 

ABTop ~ CJ1e,J;Yllll,H8 ocHOBHYe peayJI&Ta.TY 

1. Co 3HaqHTenbH08 CTerreHbID ,nOCTOBepHOCTH ycTaHOBneHO HMH
qffe KOrepeHTHoro HaqMa ,nHccoUHauHH 12c · -> 3 d npH BhlCOKHX aHep
rHHX HMeTaiomero H,npa. B o6nacTH THJK.enblX H,nep-MHmeHeA, IIO-BH,llHMO
MY, ,nOMHHHpyeT KYROHOBCKHH MeXaHH3M KorepeHTHOro pacrra,na. 

2. BhlIIORHeH cpaBHHTeRbHl:IB aHMH3 HMITY~CHblX H KOppeRHUHOHHblX 
xapaKTepHCTHK d... - qacTHU Ha KorepeHTHoA peaKUHH 12c-'> 3cl B 
o6blqHo8 H o6orameHH08 Pb qx)T08MYRbCHH B R.C.K. H CHCTeMe noKOH 
,nHCCOUHHPYIDmero H,npa H BnepBble ycTaHOBReH pH,n 3MITHpHqecKHX 3aKOHO
MepHOCTeA, CBOACTBeHHblX STOA peaKUHH. 

3. 06HapyJK.eHa 3aBHCHMOCTb MeXaHH3Ma pacna.na OT aHeprHH B03-
6yJK,neHHH ¢parMeHTHPYIDmero H,npa: npH yBenHqeHHH IIOCRe,nHeA IIPOHCXO
,nHT nepexo.n OT rrocne,noBaTenbHblX 6HHapHblX pacrra,noB H,npa yrnepo,na K 
npHMOA MYRbTH¢parMeHTauHH. 

Crp,YKTypa M OOI,eM ,11;,fCcepT~ 

faHccepTauHOHHaH pa6oTa COCTOHT H3 BBe,neHHH, Tpex rnaB, aaK-
nIDqeHHH H cnHCKa RHTepaTypbl - _·ecero 57 CTPaHHU, BKnIDqaH 14 PH-
CYHKOB, 4 Ta6nHUbl H 6H6nHorpa¢HID H3 35 HaHMeHOBaHHA . 

.. .. ~~· 00,nEPJIAHHE PABOTY 
•.:r 

Pa6oTa co,nepJKHT .noBO~HO rro,npo6Hoe BBe~eHHe; 3TO CBH3aHO C 
xapaKTepoM HCCRe,noBaHHH, BblIIORHeHHOro B 3HaqffTenbH08 CTerreHH Ha 
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CTblKe AByx npo6ReM H HBJUIIOmerocH nepBb!M CHCTeMaTHqecKHM noHCKOM 
HayqaeMoro npouecca 

B nepBOM paaAeRe BBeAeHHH KpaTKO onHCaHbl HaH60Ree 06lll,lie qep
Tbl pe~H KOrepeHTHoro Heynpyroro polK,IleHHH qacTHU B ~poH-HAePHblX 
B3aliMOAeacTBHHX. 06cylK,IleHbl xapaKTepHble qepTbl 3THX pe~Ha, noAqep
KHYTa MMOCTb nepeAaBaeMblX· HMITYRbCOB B HHX. 

Po BTOpOM paaAeRe BBeAeHHH OTMeqeHa nonyRHPHaH B nocReAHee 
BpeMH B HAepttoa ¢H3HKe Bb!COKHX 3HeprHa npo6ReMa MYRbTH¢parMeHTaUHH 
HAep-cHaPHAOB B Hiipo-HAepHl:,IX CT~RKHOBeHHHX. CReAYH [ 2] , C~PMYRH
POBaHa HAeH O B03MO:IIIHOM KorepeHTHOM xapaKTepe (AH~paK~OHHOM HRH 
KYROHOBCKOM) 'npoTeKaHHH 3THX pe~a npH Bb!COKHX 3HeprHHX H pac
CMOTpem,i HeKOTOpble 06lll,lie KHHeMaTHqecKHe COOTHomeHHH ARH KOrepeHT
HblX pe~a MYRbTH~BarMeHT~HH chHarpaMMa -. Ha PHC.1). AHMOrHqffQ 
cRyqaro yrrpyroro · AH¢P~OHHoro pacceHHHH cpeAHee attaqemi:e nepeAa
BaeMpro ¢parMeHTHPYJOme~y HAPY ··. npOAORbHoro . HMITYRbCa .zi~JDKHO 6b!Tb · 
aHalIBTefilHO ~eHbme cpeAHero aHaqeHHH nepeAaBaeMoro nonepeqHoro HM
nyfilca, pacnpeAeReHHe no KOTOPOMY AOJIJIIHO HMeTb BHA 

d c5 ldq ~ ~ exp( -aq ~ ) , 

<'ci_ T > = ( 7r I 4a) 1/Z :2'-,/ii'._/( R A + R B ) 

RaK H B ¢H8HKe qacTHU, KorepeHTHaH pe~H MYRbTH~parMeHTa
~H o6R~aeT attepreTHqecKHM noporoM, era attaqeHHe MOMeT 6b!Tb oue
HeHo no ~PMYRe 

p11in 
0 

M p ~A gl/3 ~ 
fl ' •· 

rAe B - MaCCOBOe qHCRO HApa-MHmeHH, I'' - Macca nHOHa, 
Ll = M 2. Fi - MA - "Ae~KT Macchi" no OTHomeHHIO K pa~CMaTpHBaeMOMY 
KaHMY pacn~a. l{Jm HApa-MHmeHH ZOBPb, HaITPHMep, pm~n (12 C ..,.. 3 o<. )~ 
~ 290 MaB/c Ha HYK.llOH, qTo noaBORHeT.arrpHOPH HCK.HIQqHTb c 60Rbmoa 
BepOHTHOCTblO npHCYTCTBHe KOrepeHTHOro KaHMa B PHAe pa60T, noCBH
meHHblX HayqeHHIO paccMaTpHBaeMoa pe~H npH HeBblCOKHX ("~K.llOTPOH-
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P1-1c :1. 

100 

10 

.-.. ; . 
... •,;• 

1 

HAPO A 

TP 1-1111-1 ?{ 

HAPO B 
(Ml-11118Hb) 

}~armroa 

HAPO B 

06moH Al-1 □ rp □ MMO peOKUl-11-1 KorepeHTHO~ MY/lbTl-1~pdrM8HTOUl-11-1 
HAPO-CHOPHAO. 

z (r~Blc) 2 
q, r ' ·-

O;i 0.2 0.3 0.l/ 

P1-1c .2. PacnpeAeneH11e no qi-=< E 1 pTi) 2 AllH co6b1T1-1~ 12c ➔ 3d. 
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HblX") ::rneprHHX. 
B TP8Tb8M paanene BBeneHHH onHCaHhl noCTaHOBKa aa,na"t!H H ue~ 

npoBonHMoro HccnenoBaHHH, a Ta.KJKe nocnenoBaTe~HocTb HanoJKeHHH Ma
TepH~ B nHccepTauffH. 

B nepBo8 rnaBe nHccepTauHH npencTaBneHhl cBeneHHH 06 sKcnepH
MeHTe. 

BblJra HccnenoBaHa CTOnKa H,llepHblX,qJOT08MY~CH8 THna BP-2, 060-
ra~eHHblX CBHHUOM B nponopUHH 1 aTOM Pb K 5 aTOMaM Ag. Co~ CBHHUa 
BBO~~Cb B }l!HnKYJO 8MY~CHID HenocpencTB8HHO nepen H3rOTOBneHH8M 
cnoeB. 

J{JIH CPaBHeHHH Hcnonb3OB~Cb Ta.KJKe naHHhle sKcnepHMeHTa [3], 
BmomeHHoro B o6bNHo8 SMYnbcHH BP-2. 

06e 8MY~CHOHHhl8 CTOnKH 6~ o6nyqeHhl B nyqKaX penHTHBHCTC
KHX HOHOB 12c npH onHOM H TOM JKe p = 4.5 A PsB/c Ha CHHXPOqla30T

o 
poHe JIB3 OHffif. H.zlepHhle COCTaBhl o6eHX 8MY~CHOHHhlX CTOnOK npHBeneHhl 
B Ta6n.1. · 

Ta6~ua 1 

1IHcno anep B 1 cM3 ( x 1022 ) 

OOTO-
, 

8MY~CHH H C N 0 Br Ag Pb 

BP-2 .. : 2.97 1.40 0.37 1.08 1.03 1.03 -
(CTaHnapT) 

BP-2 + Pb 3.26 1. 64 0.28 1. 49 0.76 0.76 0.15 

Or6op H H3MepeHHH co6hlTH8 B o6OHX 8KcnepHM8HTax 6~ a6co
nIOTHO H,ll8HTHqHhlMH. Or6Hp~Cb ""tIHCThle" CO6hlTHH - cnyqaH C TP8MH 
xoporno H,ll8HTH~HUHPOBaHHhlMH of. -qacTHUaMH 6e3 KaKHX-nH6O npH3HaKOB 
B03'5ylK,Z(eHHH H~ Pa3BMa MHrneHH H KaKHX-nH6O "pOJK,ll8HHhlX" qacTHU. 
ITOHCK CO6hlTH8 B o6~HO8.SMYnbCHH (Em) npoBeneH HC~"t!HT8~HO M8TO-
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noM "B,l!Onb TpeKa". B paa6aBneHHO8 conHMH Pb (Em+Pb) - qacTHtIHO 
"Bno~ TpeKa", qacTHqHp (nnH YBe~qeHHH cTaTHCTHKH) - "no nnoma,nH". 

CpenHH8 CB060AHbl" npo6er ,llnH HCKOMhlX CO6hlTH8 COCTaBHn: 

), - 10 3 + 1. 9 
Em - . - 1. 4 .M-' 

'\ -48 +1.8• 
"Em+Pb - . - 1. 1 .,«, • 

T. e. OKa3MCH cymecTB8HHO Pa3HhlM. IIonHoe "t!HCno peaKUHR "qHc
TO8" ,llHCCOUHauHH 12c ~ 3 .?Z COCTaBHno 44( Em) + 72( Em+f;'b) = 116 
CO6hlTH8. }l.nH YB8nHqeHHH TOqffOCTH reoMeTpHqecKHe H3MepeHHH BO Bcex 
cnyqaHX npOBO,l!HnHCb MHOPOKpaTHO. 

Bo BTopo8 rnaBe nHccepTaUHOHHo8 pa6oThl 6HnH paccMoTpeHhl oc
HOBHhle xapaKTepHCTHKH ceqeHHH H onHoqacTHqffhle pacnpeneneHHH no no
nepetIHhlM HMilYnbCaM B n. c .. K. H CHCTeMe noKOH ,llHCCOUHHPYJOlli8ro anpa 
yrnepona. 

ITon0reHHhle aHaqeHHH cpe,l!Hero cBo6onHoro npo6era nnH ""tIHcThlX" 
CO6hlTH8 12c -> 3 of. COOTB8TCTBYIOT no11epeqffhlM ceqeHHHM, PaBHhlM 20+4 
H 48+16 M6apH/cpenHee Hnpo 8MY~CHH. YqHTb!BaH, qTQ cpenHee 3Haqe
HHe MaCCOBoro qHcna <A> Hnpa-MHrneHH npH paa6aBneHHH SMYnbCHH COnH
MH Pb YM8HbrnaeTCH (8TO CBH3aHO C IIPOHCXO,l!Hlll,HM npH 8TOMIIepepacnpe
neneHHeM nnoTHOCTH nerKHX (C, N, 0) H "THJKenhlX" (Br, Ag) Hnep 
SMynbCHH B nonb3Y nepBhlX; CM. Ta6n.1), 8TO YKa3hlBaeT Ha TO, qTo Ha 
THJKenhlX Hnpax-MHrneHHX noMHHHPY8T KynoHOBCKH8 M8XaHH3M peaKUHH. 
3TOT BhlBon 11onTBeplK,llaeTCH H cpaBH8HH8M C HenaBHO noHBHBillHMHCH naH
HhlMH no peaKUHH 12c -') 3 ol B nponaHOBO8 ny3hlPbKOBO8 KaMepe; 6 ~ 

-6 4.3±0.5 M6apH/Hnpo yrnepona (qacTHoe coo6meHHe). 
rronpo6Ho paccMoTpeHhl pacnpeneneHHH no 11onepeqHhlM HMIIy~caM PT 

cf_· -qacTHU B OTO6paHHhlX B Em H Em+Pb P8aKUHHX 12c -'> 3 o( . 

B n.c.K. pT -pacnpeneneHHH nnH o6oHx cnyqaHx paanHqaIOTcH 
cpenHeKB~p~THqecKHe 3HaqeHHH <p~ > paBHhl 192+10 (Em) H 161+6 
(Em+Pb). --MsB/c (Ta6n. 2). RpoMe Toro o6a pacnpeneneHHH He cornacyIOT-

,o· 
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ca c pacnpe,neJiem1eM PsJieH d G /dpi = exp( -pi /2 G 2 ) , Bhl'I'eKa.JOII(HM 
H3 CTaTHCTHqecKo8 TeOpHH npHMOro pacna,na BO36yJl(,l(eHHOro a,npa. 

Ta6Jim-1a 2 

XapaKTepHCTHKa Em Em+ Pb 

'!JHCJIO r:/_, -qacTHI..\ 132 216 
<pi >1/2 ' MsB/c 192 + 10 161 + 6 

A -0.21 + 0.09 -0.20 + 0.07 
<p ·/ >112 • MsB/c 141 + 7 130 + 8 

A* 0.48 + 0.08 0. 43 + 0.,06 
B* 0.32 + 0.08 0.44 + 0.06 

<qi> 1/2' MsB/c 383 + 42 281 + 19 

OrMeqeHO, 0,l{HaKO, qTQ ,l{JIH KOppeKTHblX aaKJIIOqeHH8 0 COOTBeTCT
BHH HJIH HeCOOTBeTCTBHH SMITHpHqecKHX H TeopeTHqecKHX xapaKTepHCTHK 
Heo6xo,nHM nepexo,n K.CHCTe~e noKoH ¢parMeHTHpy10mero a,npa, T.K. Ha6-
JI10,naeMble B JI. C. K. SHaqeHHH PT . '. ¢parMeHTOB HCKalK.eHbl ( YBeJIHqeHbl) ero 
nonepeqHl,IM ,ztBHJKeHHeM ( siI$KT "bounce off"). Ha.1rnqHe "nepeHocHoro" 
nonepeqttoro HMilYJibCa q T , noJiyqaeMoro HAPOM 12 C npH ero CTOJIK
HOBeHHH, C MHilleHblO, npHMO ,l{OKa3blBaeTCH B pa6oTe HaJIHqHeM a3HMYTaJib~ 
HO8 aCHMMeTpHH BblJieTa, ,?( -qacTHI..\ B nonepeqttO8 nJIOCKOCTH peaKI..\HH, 
HMerome8 MeCTO B o6OHX SKcnepHMeHTax. 

IlpH npe,nnoJIOJKeHHH 06 OTCYTCTB~H ,ztOITOJIHHTeJibHblX He8TpaJibHblX 
... < 3 ... 

¢parMeHTOB B OTO,aHHblX peaKI..\HHX qT = ,:;;::,_ i=l p Ti . AHaJIHS pacnpe,neJie-
HH8 co6bl'I'H8 no I qT I noKaaaJI : 

1. 3HaqeH1rn <qi> ,ztJIH CO6bl'I'H8 B Em H Em+Pb Pa3JIHqffbl 
(Ta6JI.2): ,l{JIH CTOnKH, co,nep~e8 CBHHeQ, <qi }12 saMeTHO MeHbme. 
3To - eme O,l{HO CBH,zteTeJibCTBO B n0JibSY saKJIIOqeHHH O KYJIOHOBCKOM 
MeXaHHSMe ,ztHCCOI..\HaQHH Ha a,npe Pb. 
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2. Pacnpe,neJieHHH no q i He npOTHBOpeqaT psJieeBCK08 qopMe, 
KOTOPaH CJie,nyeT HS SKcnoHeHI..\HaJibHOro BH,zta SaBHCHMOCTH dc:6 /dt no 
nepe,naBaeMOMY B coy,napeHHH 4-HMITYJibCY, t' = t- t11in c~:=lmo() ~ qi 
( PHC. 2). 

-'> 
3HaqeHHe BeJIH~Hbl "nepeHOCHoro" nonepeqttoro HMITYJibCa qT noa-

BoJIHeT JierKO ocymecTBHTb nepeBO,zt nonepeqttblX HMilYJibCOB B CHCTeMY 

noKoa ¢parMeHTHPYJOmero Ha 3 d. -qa9THI..\hl a,npa-cHapa,na: 

.... ,,,_ -l>, -;, -l> 3 -l> 

pl.= PT· - a../S = PT· - > PT· /S 
l l -•1 l . i=l l 

(s,necb H ,naJiee SBes,no~ COOTBeTCTBYJOT C.l.\.H. a,npa i
2C). 

AHaJIH3 p * -pacnpe,neJieHH8 npHBeJI K CJie,ztYJOII(HM YTBepJl(,l(eHHHM: 
1. Cpe,nHJ1ma,npaTHqecKHe <p;2>112 , Kalt H OlttH,ztaJIOCb, 3aMeTHO 

MeHbme, qeM <pi> 112, HO B. OTJIH~e OT nocJie,ztHHX, COBna,ztaKYl' ,l{JIH O6OHX 
Ha6opoB peaKI..\H8 B rrpe,neJiax CTaTHCTHqeCKHX norpeillHOCTe8 (Ta6JI.2). 
3TO, KOHeqffO, CBH3aHO C pasJIHqHeM B <qi >112. 

2. 06a pacnpe,neJieHHH no p;2 He corJiacyroTCH c pacnpe,neJieHHeM 
PsJieH, O6HapyJKHBaH "HeCTaTHCTHqecKH8" XBOCT 6OJibillHX p;. 

Bwrn npoaHaJIHSHPOBaHbl TaKJKe pacnpe,neJieHHH (pHc.3) no napHOMY 
" * . ( "'• .... I * * ) aBHMYTaJibHOMY yrJIY c. .. =arccos pT. pT. pT. pT. MeJl(,l(y rronepeq-

-+ lJ-,. 1 J l J 
Hb!MH HMilYJibCaMH p;i H p;. cl,_-qacTHI..\ HS o,nHoro CO6blTHH H SHaqeHHH 
KOSgqJHI..\HeHTOB a3HMYTaJibHO~ aCHMMeTpHH A* H KOJIJIHHeapHOCTH Ff: 

7 ·¾ r 
A*= c 1 cctN1,u~•)ctc • - J cctN1ctc*)ctl*)1jcctN1cti•)ct £ • 

:rc/4 '1'/2. 1f' 0 JT/1/ 0 · 7i 

B* = c 1 (dN/d[*)d c. *+ J (dN/dc*)dl *-1 (dN/dC,ctci/ jcctN/dc*)df,. 
o 3·11:j,1 · 7/tl f) 

HHKJII08HBHoro ~. *- pacnpe,neJieHHH. Pacnpe,neJieHHe no c:!: ij TaKJKe He 
onHCblBaeTCH pacnpe,neJieHHeM, CJie,ltYJOII(HM H3 CTaTHCTHqecKO8 TeopHH 
npaMoro pacna,na 12c +so(, OTJIHqaacb oT Hero cTaTHCTHqecKH o6ecne
qeHHO8 TeH,neHI..\He8 K KOJIJIHHeapHOCTH BeKTOPOB rrorrepeqttblX HMilYJibCOB 
o<_ -qacT~Il: , 

Baltuto8:: xapaKTepHCTHK08 pacrra,na HBJIHeTcH pacna,nHaH "TeMITepa-. ; 

:,-
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Typa" mm, 11pyrHMH CJIOBaMH, 3Hepnrn B036yJ!(,IleHliH 1\HCCOUHHPYJOmero 
fl;z:\pa. 3TH BeJIHllliHhl JierKo oueHHBaIOTCfl B PaMKaX CT8THCTHqecK08 Teo
PHH 6hlCTp08 ~parMeHTauHH, HCTIOJTh3Yfl 3HafleHHe <p~2 >. IloJiyqeHHhle Ta
KHM o6paaoM 3HaqeHHfl kT COCTaBHJIH kT=3.4 MaB ;z:\JIH 3MYJThCHH, paa6aB
JI8HH08 Pb, i kT=4.0 MaB - 11JIH o6~Ho8. 3TH aHaqeHHH kT aHatIBTeJThHO 

( B HeCKOJibKO paa) HHJKe onpe11eJieHHHa ;z:\JIH peaKUHA "06~08" MYJThTH(p

parMeHT8UHH OCTaTOqtthlX H;z:\ep. 

A+B->o<+X 

(X = "Bee OCTaJibHOe"), flBJIHIOinlfXCfl, KOHeqHo, B IlO;z:\aBJiflIOineM 

60JibfilHHCTBe HeKorepeHTHhlMH. 
0UeHeHHhle HaMH kT cyi:neCTBeHHO M8Hbme H 3HeprHH CBH3H HYKJIO

HOB B fl;z:\pe yrJiepo11a, qTQ" no11qepKHBaeT CHJibHOe BJIHHHHe KJiaCTepH08 

CTPYKTYPhl fl;z:\pa H COOTBeTCTByeT npe11noJIOllleHHIO O KorepeHTHOM xapaK
Tepe paccMaTpHBaeMofi peaKUHH. 

KaJityi:nHMCfl JIOrHqeCKHM npOTHBOpeqHeM MO;z:\eJIH CTaTHCTHqecKoro 
pacna;z:\a, HCilOJTh30BaHHOfi ;z:\JIH oueHKH ere "Te imepaTyphl", HBJIHIOTCH 

OTKJIOHeHHfl Pr H c. ij- pacnpe;z:\eJieHH8 OT qxJpM, COOTBeTCTBYJ()InlfX 3TOfi 
MO;z:\eJIH. 3a 3TO, B qacTHOCTH, MOrYT 6h!Tb OTBeTCTBeHHhl CJie;z:\YJ()Inlfe 

~Ophl: 
a) HaJIIfqHe "KaCKa;z:\HOfi" MO;z:\hl pacna;z:\a H;z:\pa yrJiepo11a Ha TPH c{ -

qacTHUhl, 12c ~ 8Be + d. -> 3 d.. ; 
6) B03MOJKHOe Ha..JillqHe yrJIOBoro MOMeHTa y 1\HCCOUHHPYJOinero fl;z:\pa; 
B) MeXaHH3Mhl B3aHMO;z:\e8CTBHfl Me]K11y o(_ -qacTHUaMH B KOHeqttOM 

COCTOHHHH (aqxpeKT TO]K11eCTBeHHOCTH); 
r) MeXaHH3Mhl B3aHMO;z:\e8CTBHfl Me]K11y c/.._-qacTHUaMH H fll\POM MH

meHblO (nepepacceHHHe, KYJIOHOBCKOe OTTaJIKHBaHHe). 
B qacTHOCTH, nepBhle ;z:\Ba H3 nepetIBcJieHHhlX ~KTOPOB MOrYT npH

BeCTH K IlOBhlmeHH08, B cpaBHeHHH co CTaTHCTHqecKofi TeopHe8 npHMoro 

pacna;z:\a, KOJIJIHHeapHOCTH BeKTOPOB nonepeqHhlX HMTIYJibCOB BTOpHqHhlX c/
qacTHI.{ 8 uonepeqtt08 TIJIOCKOCTH peaKUHH. 

Tp~-:h,H'::rJiaBa ;z:\HCCepTaulfH nOCBHineHa aHaJIH3Y KOppeJIHUHOHHhlX 

xapaKTepHCTHK H MeXaHH3Ma peaKUHH 12c -> 3 d... . 
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.I{Jrn Bb!HCHemrn: BO3MO}KHOA poJrn: "Kacim,nHoro" BapHaHTa pacna,na 
12c ➔ 3<?( 6blJI BblIIOJIHeH pacqeT pacnpe;neJieHHH d G Id l. ~ no MeTo;ny 

12 8 8 / lJ 
MoHTe-RapJIO. Pacna,nbl C ~ Be + d. H Be ~ 2 o- npe;nnoJiaraJIHCb 
npoHCXO)lH~MH B COOTBeTCTBHH co CTaTHCTHqecKoA TeOpHeA 6blCTpoA 
qiparMeHTar.om, KaK H AJIH npHMoro pacna,na 12 C ~ 3o( . IIpH npe;nnoJioJKe
HHH O)lHHaKOBOCTH "TeMnepaTyp" o6OHX 3TaITOB KaCKa,llHoro pacna,na 3Ha
qeHHe KO3qJqJHUHeHTa KOJIJIHHeapHOCTH B* pacnpe;neJieHHH d6'/d£.!B*=0.18), 

lJ· 
OKa3aJIOCb noqTH COBna,naJO~M c COOTBeTCTBYJ()~M ( B* =0. 16) )lJIH npHMO-
ro pacna;na H npoTHBOpeq~M 3MITHpHqecKHM 3HaqeHHHM B* (Ta6JI.2) )lJIH 
O6OHX 3MYJibCHOHHblX 3KCnepHMeHTOB. 

naJibHeAnrnA nporpecc B noHHMaHHH npHqHH KOJIJIHHeapHoro paaJieTa 
tJl.-qacTHU B HayqaeMoA peaKU}iTH 6blJI )lOCTHrHYT npH paCCMOTpeHHH pac
npe;neJieHHA no OTHOCHTeJibHblM npocTpaHCTBeHHblM yrJiaM &ij MelK,lly d
qacTHUaMH. B JI. c. K. HJIH ( qTo qlaKTHqecKH O)lHO ,H TO JKe) pacnpe;neJieHHA 
no 31P!PeKTHBHblM MaccaM nap c;(_ -qacTHU H3 O)lHOro CO6blTHH. IlpHMepbl 
pacnpe;neJieHHA no {:}ij noKaaaHbl Ha PHC. 4. .. 

AHaJIHa ,noKaaaJI, qTo: 
a) Pacnpe;neJieHHe dG'/d&ij o6HapyJtmBaeT ;nBa ;nocTaToqHo xopomo 

paa;neJieHHblX MaKCHMYMa npH & .. 1:::: 0. 15 H B .. ~ 0. 5 rpa,n. 
lJ lJ . 

6) IlOJIO~eHHe BTOporo MaKCHMYMa COBna,naeT c noJIO.lKeHHeM e;nHHC-
TBe~Horo MaKCHMYMa, paccqHTaHHoro corJiacHo cTaTHCTHqecKoA · TeopHH, 
pacnpe;neJieHHH no eij (aTH pacnpe;neJieHHH npaKTHqecKH coBna,naJOT KaK 

)lJIH npHMoro; TaK H KaCKa,llHOro CJiyqaH, npH O)lHHaKOBblX "TeMnepaTy
pax" o6eHx 6HHapHblX pacna,noB, BapHaHTOB pacna,na 12c ➔ 3 o{), o;n
HaKO, ero nrnpHHa cymecTBeHHO MeHbme_pacqeTHoro. qTo JKe KacaeTcH 
nepBoro H3 MaKCHMYMOB, - HH ero noJIOJKeHHe, HH ero nrnpHHa He BOCn
POH3BO)lHTCH B paccM0TpHBaeMblx BapHaHTax CTaTHCTHqecKOH TeopHH, Ta
KHM o6paaoM, 3TH CO6blTHH O)lHO3HaqHo H)leHTH(pHUHPYK7l'CH KaK CO6blTHH C 
KaCKa)lHblM pacna;noM qepea OCHOBHOe HJIH CJia6OBoa6ylK,lleHHOe COCTOHHHe 
H;npa 8 Be. 

HmKHHH rpaHHUa )lOJIH pacna,no:a 12 C --'> 3cf.. , npoTeKaJO~X 
"KaCKa,llHOMY" BapHaHTY, ;naeT BeJIHqHHY ---20%. 

no 

JiHTepnpeTaUHH co6blTHA, nona,naro~x B O6JiaCTb BTOporo MaKCHMY-

12 

Ma, 3HaqHTeJibHO CJIOl!(Hee. 3;necb, KPOMe HaJIH~ yrJIOBoro MOMeHTa, 
MOrYT HrpaTb POJib KaCKa,llHble pacna,nbl, c.o6paaoBaHHeM BO36y~eHHhlX 
COCTOHHHA H;npa B Be C 6OJibIIIBMH cnHHaMH ( HanpHMep, COCTOHHHe 
2+ (2.9 MaB), 4+ (11.4 MaB) H T.;ll.) . 

.I{Jrn 6oJiee YBepeHHblX aaKJIIDqeHHA HY}KHbl: 
a) KOnH~ec1seHHaR npopa601Ka scex B03HOXHMX sapHaHTOB pacnaAa H 
6) 6OJiblIIHA CTaTHCTHqecKHA MaTepHaJI no paccMaTpHBaeMblM peaK

UHHM. 
K aHaJIOrHqttblM peayJibTaTaM npHBO)lHT H paccMOTpeHHe pacnpe;ne

JieHHA no aqiqieKTHBHOA Macce nap d -qacTHU. 
Oco6b!A HHTepec npe;ncTaBJIHeT HayqeHHe MeXaHHaMa paccMaTpHBae

MoA peaKU}iH B 3aBHCHMOCTH OT 3HeprHH BO36y~eHHH ipparMeHTHpyromero 
H;npa yrJiepo;na. B P.HAe pa6oT, BblITOJIHeHHblX npH He6OJiblIIHX (;neCHTKH 
MaB/HYKJIOH) 3HeprHHX qiparMeHTHPYJO~X H;nep-cHapH)lOB, TaKaH BO3MO~
HOCTb 6blJia 06Hapy.lKeHa )lJIH HeKOTOpblX KaHaJIOB pacna,na: npH He6OJiblIIHX 
aHeprHHX BO36ylK,lleHHH )lOMHHHpym nocJie;noBaTeJibHble 6HHapHble pacna,nbl, 
a npH 6OJibWHX (kT~4 MaB/HYKJIOH) aHeprHHX Boa6ylK,lleHHH - npHMaH 
MYJibTH(pparMeHTaU}iH. B HeKOTOPblX pa6oTax, O)lHaKO, TaKaH 8aBHCH
MOCTb He HamJia 3KCnepHMeHTaJibHOro no;nTBep~eHHH. 

lLnH noHCKa BO3MOl!(HOH 3aBHCHMOCTH MeXaHH3Ma rrpoTeKaHHH Hayqa
eMOH HaMH KorepeHTHOH peaKU}iH 12c -;,3ol OT aHeprHH BO36y~eHHH Mb!, 

HMeH, K COlK8.lleHHID, HeBblCOKYJ() CTaTHCTHKY CO6blTHH, paa;neMIJlVl Bee 116 
CO6blTHH Ha )\Be rpyrrnbl npHMepHO O)lHHaKOBOA qffCJieHHOCTH: 57 CO6blTHH 
c <p~> <100 MaB/c H 59 CO6blTHH c <p~> >100 MaB/c (rpaHHqttOe aHaqe
HHe <tt> =100 MaB/c B CO6blTHH COOTBercmyeT corJiacHo, CTaTHCTHqecKoA 
TeOPHH pacrra,na BeJIHqHHe kT ~ 2. 5 MaB) . 

IIpHMep HaJIHqffH CHJibHoa 3aBHCHMOCTH MeXaHH8Ma pacna,na OT Be
JIHqffHbl <kT> npe;ncTaBJieH Ha PHC.46,B. B Ta6JI.3 noKaaaHbl 3HaqeHHH 
K03qJqJHU}ieHTOB A* H B* )lJIH paccMaTpHBaeMblX no;nrpyrrn. 

-~· :;• 
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P1-1c.4. PacnpeAe11eH1-1e no OTHOCl-1Te/lbHblM yr11OM &ij' B ,1.C.H. MelKAY 

r?<. -4GCTl-1l(OMl,1 1,13 peOHL(l-11,1 12c ➔ 3d., np1,1 Po= 4;5 13B/c/HyH/lOH: 

a) - CYMMOPHOe pacnpeAeJ1eH1-1e; 

6) - noArpynn COClblTl-1~ c ..(PT> < 100 M3B/c; 

B) - no)lrpynn COClblTl-1~ C <PT)) 100 M3B/c. 

(3H048Hl-1ll <'.PT) - Allll C.l(.M. llAPO 12c). 
~Pl-1B0ll - pOC48T no MO,l\8/11,1 $X1. 
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Ta6m1ua 3 

J{apaKTepHeTHKa 
Ha6op 

eo6blTHil: A* B* 

. 
Bee 12c ~ 3d. 0.45'+ 0.05 0.39 + 0.05 
TIPH kT ~ 2. 5 M38 0.30 + 0.07 0.56 + 0.06 
TIPH kT ~ 2.5 M3B 0.50 + 0.06 0.23 + 0.07· 

MOAeJib TIPHMOro paeTI~a 0.5 0.16 

B peayJibTaTe aHa/1143(1 TIOKa3aHO: 
a) Bee "KoppeJIBUHOHHble" paeTipeneJieHHH (dd/d c. ~. d<6/d8- .. , · · · ·· lJ lJ 

d<c'/dMij) - eymeeTBeHHO H3MeHHIOl' eBoro lllOPMY TIPH Tiepexone OT Ma.JINX 
<kT> K 60JibillHM (TIPHMep - Ha pHe.46,B). 

6) TIPH kT ~ 2.5 M3B Bee paeTipe~eJieHHH H HX trneJieHHble xapaK:
TepHeTHKH He TIPOTHBOpeqaT TipenTIOJIOJKeHHID O AOMHHHPOBaHHH TIPHMOro 
KaHaJia MYJibTmpparMeHTaUHH 12 C -";> 3 cf... , 

B) TIPH kT ~ 2.5 M3B Bee paeTipeneJieHHH H HX qHeJieHHble xapaK:
TepHeTHKH TIPOTHBOpeqaT Tipe~TIOJIOJKeHHID o TIPHMOM paeTI~e 1 2c -'> 3 cf__ 

HJIH Kae~HOMY paeTI~Y e OAHHaK:OBOil: "TeMIIepaTypoil:" 6HHapHblX paeTia
AOB. IlpH 3TOM kT AaHHble eorJiaeymeH e TipeneTaBJieHHeM O TIOeJienoBa
TeJibHblX 6HHapHblX paeTI~ax Hnpa 12 C qepea TIPOMeJKYTOqHoe HeeTa6HJib
HOe eoeTOHHHe 8Be TIPH MaJiblX 3HeprHHX B036y~eHHH. 

B aaK:JIIDqeHHH nHeeepTawfH TipeneTaBJieHbl K:paTKaH eBOAKa oeHOB
HblX peayJibTaTOB TIPOBe~eHHOro HeeJienoBaHHH. 

1. BTiepBble BblIIOJIHeHbl TIOHeK: peaK:UH~ K:orepeHTHoa AHeeOUHaUHH 
peJIBTHBHeTeK:oro H~pa yrJiepona Ha 3 o<'._-qaeTHUbl H epaBHHTeJibHblfi aHa
Jll13 AaHHblX TIO 3Toa peaK:UHH, TIOJiyqeHHblX B 06blqHo~ H o6orameHHOil: HA
PaMH Pb 3My-JlbeHHX. 

2. 'doB~~YIIHOeTb AaHHblX TIO paeTI~Y 1 2c -> 3J.. TIPH p =4. 5 raB/e : . . 0 

Ha HYKJIOH B 06wqffoa H paa6aBJieHHOil: eOJIHMH Pb 3MYJibeHHX YKa31:IBaeT 
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Ha HaJIBqHe peaKrun'l: KorepeHTHO:l'l: A11ccou11a1urn. B o!inacT11 nen11x 11 cpeJ\

HHX llAep-H11WeHeA, ITO-BH,llHMOMY, ,llOMllHHpyeT ,nmppaKLU1OHHbl:l'l: MeXaHH3M, 

a ,llJIB H,npa Pb - KYJIOHOBCK:ll:l'l: MexaHH3M peaKLU1H, T.K. cpe,nHH:l'l: CBO6o,n

Hl::IB npo6er ,I{JIB ,llHCCOJ..Uffil.(HH 12c ➔ 3 d.. YMeHbmaeTCH npH paa6aBJieHHH 

3MY~CHH H.IlPaMll Pb IlPHMepHO B,llBOe. 

3. Pacna,nH1,1e TeMITepaTypbl H,npa yrJiepo,na B paccMaTpHBaeMo:l'l: pe

aKI.UfH CJia6o 3aBHCHT OT MaCCOBOro qHcJia H,npa-napTHepa. 0,nHaKO nepe

xon K KYJIOHOBCKOMY MexaHH3MY ,llHCCOI.Ufal.(HH COITPOBOlK,1.laeTCH 3aMeTHblM 

YMeHbllieHHeM nepe,naBaeMoro H.IlPY nonepeqHoro HMITYJibCa, qTo npHBO,llHT 

K paaJIHqHro B PT -cneK:Tpax pacna,nHblX o(-qacTHI.( B Jia6.CHCTeMe. 

4. 3TH TeMITepaTyp~ (kT~3.4~4.O MaB) 3HaqHTe~HO MeHbllie TaKO

BillC npH 0 6b1qH08 ( HeK:orepeHTHO:l'l:) MY~THqJparMeHTaI.UfH peJIHTHBHCTCKHX 

H,nep-cHapH,llOB H aHeprHH CBH3H H~OHOB B pacna.naromeMCH H,npe. 

5. PaaJieT d-qacTHU H3 peaKI.UfH 12c ➔ 3d B nonepeqHo8 nJioc

KOCTH peaKI.UfH O6Hapy]KllBaeT TeH,neHI.UfID K KOJIJIHijeapHOCTH. 

6. Pacnpe,neJieHHe dN/d0-ij o6Hapy]KllBaeT ,nBa xopomo paa,neJieHHblX 

H cpaBHHTeJibHO Y3KllX MaKCHMYMa npH e .. ".:c'· 0.15 H & .. "" 0. 5 rpa,n. 
, lJ . . lJ 

ITOJIOJKeHHe BTOporo MaKC1t1MYMa COBna,naeT C M0KCl1MYM0M pacqeTHOro ( cor-

JiaCHO CTaTHCTHqecK:OR MO,lleJIH) pacnpe,neJieHHH ,llJIH o6OHX KaHMOB pac-· 
12 • . 

na,na C ➔ 3ol, O,I{HaKO era lliHPHHa CYmeCTBeHHO MeHbme; qTQ JKe Ka-

caeTCH nepBoro MaKCHMyMa, - HH era noJIOJKeHHe, HH lliHPHHa He BOcnpo

H3BO,llHTCH B CTaTHCTHqecKOR MO,lleJIH. Te )fie CBORCTBa o6Hapy]KllBam H 

pacnpe,neJieHHH no aqxpeKTHBHblM MaccaM · nap d_-qacTHU. 

?. 06HapyJKeHbl 3aBHCHMOCTH KOppeJIHI.UfOHHblX xapaKTepHCTHK 0c -
qacTHU H3 peaKI.UfH 12c ➔ 3oC OT 3HeprHH B036ylt(,1.leHHH qiparMeHTHpyromero 

H,npa. Mx COBOKynHOCTb IlO3BOJIHeT YTBeplK,1.laTb, qTQ HMeeT MeCTO nepe

XO,ll OT ITOCJie,llOBaTeJibHblX 6HHapHblX pacrra,noB H,npa 12 C ITPH He6OJiblliHX kT 

K npHMO:l'l: MYJibTHqJparMeHTaIJ;HH npH yBeJIHqeHHH "TeMITepaTypbl". 
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