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KaH.D:H.IJ:aT 4)113.-MaT. HayK, cTapIIIHH Ha H H COTPY.IJ:HlIK 

06ru:rur xapaKTepHCTHKa pa60T.bl 
AK'rya.rn,HOCTh TeMLI. K HacTo.simeMy BpeMeHII cTp)'KTypa aTOMHbIX 

.H,n:ep Ha paCCTO.sIHH.sIX, MeHbllIBX wm cpaBHHMbIX C pa3MepaMH H)'KJIOHa 

(:s; 1 qJM), H3yqeHa He,n:ocraTOqHo KaK C 3KCIIepHMeHTa.ribHOH, TaK II C 

TeopeTHqecKOH TOqeK 3peHH.sI. J,fayqeHHe IIO.illipH3aIJ;HOHHbIX Ha6mo,lJ;ae

MbIX ,lJ;aeT 6onee ,lJ;eTa.ribH)'IO, no cpaBHeHHIO C peaKUH.sIMH C HeIIO.illipH30-

BaHHbIMH qaCTHIJ;aMH, HHCpopMaIJ;HIO O raMIIJibTOHHaHe B3aHMO.D:eikrBII.sI, 

MeXaHH3Max peaKIJ;HH H CTPYKTYPe qacTHIJ;, yqacrnyromIIx B peaKIJ;HH. 

JJ:eiiTpOH H3 Bcex .H,n:ep rrpe.D:CTaBIDieT oco61,1ii HHTepec: BO-rrepBbIX, 3TO 

HaH6onee myqeHHoe MPO KaK C 3KcrrepHMeHTa.ribHOH, TaK H C Teope

THqeCKOH ToqeK 3peHH5I. Bo-BTOpbIX, .D:JI.sI .D:eiiTpoHa, KaK ));.ill! rrpocTeH

rnero .H,n:pa, JieNe pa3o6paTbC.sI C MeXaHH3MaMH peaKIJ;HH. B-TpeTbHX, 

,lJ;eHTpOH HMeeT HeTpHBHaJibH)'IO CIIHHOByID CTPYKTYPY ( CIIHH, paBHbIH 

1, H HettyJieBOH KBa.D:pyrrOJibHbIH MOMeHT), rrpe.D:OCTaBJI5IIOmyID llIHpOKHe 

3KcrrepHMeHTaJibHbie B03MO)KHOCTH wrn H3yqeHII.sI crrHHOBbIX Ha6nro.D:ae

MbIX. '.3KcrrepHMeHTaJibHbie ,lJ;aHHbie no TemopHOH aHaJIH3Hpyromeif crro

co6HoCTH T20 peaKIJ;HH cpparMeHTaIJ;HH IIOIDipH30BaHHbIX ,lJ;eHTpOHOB B 

KYMYJI.sITHBHbie IIHOHbI ITO.D: HyJieBbIM yrnoM, rrpe.D:CTaBJieHHble B .D:Hccep

TaIJ;IIOHHOH pa6oTe, CB.sI3aHbI C TaKHMH He .D:O KOHIJ;a HCCJie)];OBaHHbIMH 

TeopeTHqecKHMH BOIIpOCaMH, KaK ormcaHHe CB5I3aHHbIX COCTO.sIHHH B 

CHCTeMe pen.sITHBHCTCKHX qaCTHU, OIIHCaHHe B3aHMO,l];eHCTBH.sI H)'KJIOHOB 

Ha MaJibIX paCCTO.sIHII.sIX, H C B03MO)KHbIM rrpo.sIBJieHHeM HettyKJIOHHbIX 

CTerreHeH CB060.D:I,I B .sI)J;paX, a IIOTOMY rrpe.D:CTaBIDIIOTC.sI aKTYa.ribHbIMH. 

IlonyqeHHbie 3KCIIepHMeHTaJibHbie .D:aHHbie II03B0.illIIOT rrpO.D:BHHYTbC.sI B 

IIOHHMaHHH crrHHOBOH cTp)'KTypbI .D:eHTpoHa Ha MaJibIX Me)Im)'KJIOHHbIX 

pacCTO.sIHH.sIX H .D:OIIOJIH.sIIOT HHqJOpMau;mo O CTp)'KType .D:eiiTpoHa, rrony

qeHHyID. B 3KCIIepHMeHTaX C nerrTOHHbIM rrpo6HHKOM H rrpH H3yqeHHH 

peaKIJ;HH pa3BaJia TemopHO IIOIDipH30BaHHbIX ,lJ;eHTPOHOB. 

:QeJILIO pa60Tbl .sIBJIIDIOCI, rronyqeHHe 3KCIIepHMeHTaJibHbIX ,n:aHHbIX 0 

TemopHoH aHanmHpyromeu crroco6HocTH T20 peaKUHH d+A-+ 1r±(e = 
0°) + X q,parMeHTaIJ;HH TeH30pHO IIOIDipH30BaHHbIX ,lJ;eHTpOHOB B KYMY

.illITHBHbie ( IIO.D:IIOporoBbie) IIHOHbl IIO.D: HyneBbIM yrnoM Ha pa3JIIfqHI,IX 

MHrneH.sIX, a TaK)Ke C03.D:aHIIe rrporpaMMHoro o6ecrreqeHII.sI .D:IDI cHcTeM 

c6opa ,l];aHHblX 3KCIIepHMeHTaJibHbIX ycTaHOBOK, rrpoBO,n:.sIIUHX IIO.illipH3a

IJ;HOHHble H3MepeHII.sI Ha ycKopHTeJibHOM KOMIIJieKce JIB'.3. 

06ieAHHeHHLIH BHCTHTJT 

HAepHMX1HccneAOBamm 
i J:!T,n::!nu,...n,.-. .. ~ • 



HayqHaH HOilH3Ha pa60Thl, 
o IlorryqeHhl eJJ,HHCTBeHHhie Ha HaCT05IIIlHli MOMeHT 3KcnepHMeHTaJih-

Hbie JJ,aHHhie [IV]' [V] no TeH3opHOli aHaJIH3HpyioIIIeii cnoco6HOCTH 

7'20 peaKUHH cpparneHTaUHH nomipH30BaHHhlX JJ,eiiTpOHOB B K)'MY

Jl5ITHBHhie nHOHhI no)], HyrreBhIM yrrroM. 

• Co3JJ,aHa pacnpeJJ,erreHHIDI CHCTeMa c6opa H o6pa60TKH JJ,aHHhlX qdpb 
[VII], npeJJ,OCTaBJI5IIOIIlIDI OCH OBY J],Jl5I nocTpoeHII5I CHCTeM c6opa 

JJ,aHHhIX 3Kcnepm,'1eHTaJihHhlX ycTaH0B0K. 

o Co3JJ,aHa cHcTeMa c6opa JJ,aHHhIX [VIII], [X] DAQ C<DEPA. 

o Co3JJ,aHhI cHcTeMhI c6opa JJ,aHHhIX [IX], [XI], [XII] noAApHMeTpoB 

JIB'.3: BhICOK03·HepreTHqecK0ro Ha BhIBeJJ,eHHOM nyqKe, a TaIOKe 

Ha BHyrpeHHeii MHIIIeHH HYKJIOTp0Ha - BeKT0pHoro nomipHMeTpa 

[XIII] II nnocrreJJ,CTBIIII - II BeKTOpHo-TeH30pHOfO noAApIIMeTpa. 

HayqHo-npaKTH11ecKaH 3Ha1IHMOCTb pa60T1>1. B HacT05IIIIee npeM5I 

nonp0Chl onHCaHH5I peaKUIIli C yqacTIIeM peAATIIBIICTCKHX COCTaBHhIX qa

CTIIU II, B qacTH0CTH, cnIIHOBoii CTPYKTYPhI Kapa JJ,eHTpoHa IIccrreJJ,oBaHhI 

HeJ],OCTaToqH0 KaK C 3KcnepIIMeHTaJihHOli, TaK II C TeopeTIIqecKOH ToqeK 

3peHII5I. TaK, IIMeIOIIIHeC5I TeopeTIIqeCKHe M0J],eJIII onIIChIBaIOT 3KCne

pIIMeHTaJihHhle JJ,aHHhie J],JI5I ceqeHHli po)KJ],eHII5I K)'MYJI5ITIIBHhlX qacTHU B 

cnyqae Hen0JI5IpII30BaHHhlX JJ,eiiTpOHOB. OJJ,HaKO J],JI5I TOfO, qTo6bI noH5ITh 

noBeJJ,eHIIe TeH30pHOli aHaJIII3IIp)'IOIIIeii cnoco6HOCTII T20 II K03q:Jq:JIIQH

eHTa nepeJJ,aqII norr5IpII3aUIIII K, J],JI5I peaKUIIII cpparMeHTaUIIII norr5IpII30-

BaHHhlX JJ,eiiTp0HOB B np0TOHhl, qacTh MO,IJ,erreif oKa3arrach HenpIIroJJ,Ha, 

qaCTh noTpe6onarra cepbe3HOli JJ,Opa6oTKII. TaK, 3MnIIpIIqecKIIli yqeT 

HeHYKJI0HHhIX cTeneHeif cno6oJJ,hI B CTPYKTYPe JJ,eiiTpoHa Ha MaJihIX pac

CT05IHII5IX no3B0JIHJI noH5ITh 3KCnepm,IeHTaJihHhie JJ,aHHhie no T20 II K, J],0 

3HaqeHIIH BHyrpeHHero IIMnyrrhca HYKJIOHa B JJ,eiiTpOHe ~ 0,5 faB/c, a 

TaK)Ke norryqIITh M0TIIBHponaHHOe KXU orpaHHqeHIIe Ha nerrnqIIHY T20 
npII acIIMnTOTIIqecKII 6orrhIIIIIX BHyrpeHHHX IIMnyrrhcax. IlpeJJ,CTaBJieH

Hbie )Ke B ,IJ,HCcepTaUHOHHOH pa60Te JJ,aHHhie no TeH30pHOli aHaJIII3IIpy

IOIIIeii cnoco6HOCTII T20 peaKUIIII cpparMeHTaUIIII noAApII30BaHHhlX JJ,eH

Tp0H0B B K)'MYJI5ITIIBHhie nIIOHhl no)], HyrreBhlM yrrroM He onIIChIBaIOTC5I 

HII OJ],HOH II3 II3BeCTHbIX MOJJ,erreii. T.o., norryqeHHhie JJ,aHHbie npeJJ,

CTaBJI5IIOTC5I CYIIIeCTBeHHhlMII J],JI5I J],aJihHeHIIIero pa3BIITII5I MOJJ,erren:, KaK 

npeJJ,Ha3HaqeHHhIX J],JI5I onIIcaHII5I cTpYKTYPhI Kopa JJ,eiiTpoHa, TaK n J],JI5I 
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6orree o6mero CJI)"IIDI CB5I3aHHhIX CIICTeM COCTaBHbIX 061,eKTOB, J],BII)Ky

IIIIIXC5I C peJI5ITIIBIICTCKIIMII CK0pOCT5IMII. 

CrreJJ,yeT OTMeTIITh, qTo npeJJ,CTaBJieHHhie JJ,aHHhie no T20 Ha HaCT05I

IIIIIH M0MeHT 5IBJI5IIOTC5I eJJ,IIHCTBeHHhlMII, nOCKOJlhKY J],JI5I npoBeJJ,eHII5I Ta

KOro. poJJ,a II3MepeHIIII Heo6XOJ],IIMhl nyqKII norr5IpII3oBaHHhIX JJ,ett:TpOHOB 

C 3Heprneii B HeCK0JlhKO f3B. Eorree Toro, B 6JIII)Katt:IIIIIe HeCKOJlhKO rreT 

JJ,aHHhie no cnIIHonoii CTPYKTYPe JJ,eiiTpoHHoro Kopa B 3KcnepIIMeHTaX c 

aJJ,pOHHhlM npo6HIIKOM Moryr 6b1Th norryqeHhl T0JlhKO Ha ycK0pIITeJihHOM 

KOMIIJieKce JIB'.3 OH5IM. 

Pa3pa60TaHHIDI CIICTeMa c6opa II o6pa6oTKII JJ,aHHhIX qdpb C B03-

MO)KH0CThIO pacnpeJJ,eJieHH0ro IICn0JIHeHII5I Ha HeCK0JlhKIIX '.3BM npe

J],0CTaBJI5IeT conpeMeHH)'IO nporpaMMH)'IO 6a3y, 0CHOBaHH)'IO Ha UNIX

nOJJ,06HbIX onepaun:oHHhIX CHCTeMaX, J],JI5I nocTp0eHII5I CHCTeM c6opa JJ,aH

HhIX q:JH3IIqecKIIX 3KcnepIIMeHT0B, YK0MIIJieKTOBaHHhIX IIIIIp0KO pacnpo

CTpaHeHHOH 5IJ],epHOH 3JieKTpOHIIKOH (B nepnyIO oqepe,IJ,h - B CTaHJJ,apTe 

KAMAK), C MaJihIM II cpeJJ,HHM 061,eMOM norryqaeMhIX JJ,aHHhlX ll HeBhl

COKOH CKOp0CThIO IIX Ha6opa, CYIIIeCTBeHH0 yrrp0IIIIDI pa3pa60TKY, pea

JIH3aUHIO, conp0B0)KJ],eHHe II IICn0Jih30BaHIIe TaKOBhIX. 

IlpIIHUIInhI nocTp0eHII5I CHCTeM c6opa JJ,aHHhIX Ha 0CHOBe CIICTeMhl 

qdpb, n:cnorrh30BaHHhie J],Jl5I BhIC0K03HepreTn:qecKoro norr5IpIIMeTpa JIB'.3, 

BeKT0pHOro norr5IpIIMeTpa Ha BHyrpeHHeii MHIIIeHII HYKJIOTpOHa ll BeK

TOpH0-TeH3opuoro noAApnMeTpa Ha BHyrpeHHeii MHIIIeHII, M0ryr rrerKo 

6bITh npIIMeHeHhl Ha JJ,pyrnx noJJ,o6HhIX q:Jll3IIqeCKIIX ycTaH0BKax, KaK II 

npeJ],JI0)KeHHhie cxeMbl pacnpocTpaHeHII5I 3KCnepIIMeHTaJihHhIX JJ,aHHhlX II 

J],0CTyrra no HTTP K pe3yJihTaTaM I10JI5IpII3aUIIOHHhIX BhJqn:crreHHH. 

Anpo6al(HH pa60Tbl H ny6JIHKal(IUI. Pe3yJihTaThl, Jie)KaIIIIIe B OCH0Be 

J],HCCepTaUHOHHOH pa60Thl, 6bmn: J],OJIO)KeHhl Ha ceMn:Hapax no peAATH

BHCTCKOH 5IJJ,epHoii cpmn:Ke JIB'.3 OH5IM, Me)KJl.yttapoJJ,HhIX pa6oqn:x co

BeIIIaHII5IX "PeJI5ITHBHCTCKIDI 5IJJ,epHIDI cpn:3IIKa: OT coTeH M3B JJ,O T3B" 

(RNP'96, Co3onorrh, EonrapII5I, 1996; RNP'2001, BapHa, EonrapII5I, 

2001; RNP'2003, Crnpa JiecHa, CrronaKH5I, 2003), VI Pa6oqeM coBe

maHn:n: no cnn:HOBOH <pII3HKe BhICOKHX 3Heprnii (SPIN'96, IlpoTBHHO, 

PoCCII5I, 1996), XII Me)KJ],yttapOJ],HOM CHMn03H)'Me no cnIIHOBOH <pII3HKe 

BhIC0KHX 3Heprnii (SPIN'96, AMcTepJJ,aM, HIIJ],epnaHJJ,hI, 1996), Me)K

JJ,yttapoJJ,HOH KOHcpepeHUHII "Ctt:MMeTpn:n: n: cnn:H" (SPIN-Praha-2004, 
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TI para, 1.JexIDI, 2004). 
OcHOBHbie pe3yJibTaTbl )]JICCepTaUIIOHHOH pa6oTbl orry6rrIIKOBaHbl B 

pa6ornx [I1-[XIII1. 
O6neM II CTpyKTYPa pa6oTLI. .IJ:IIccepTaUIIOHHIDI pa6oTa H3JIO)KeHa 

Ha 142 CTpaHIIUaX, COCTOIIT II3 BBe.D,eHIDI, Tpex rrraB II 3aKmoqeHII51, 

conep)KIIT 32 pIICyHKa, 7 Ta6JIIIU II CITIICOK UHTIIpyeMOH rrmepaTypbI m 

136 naIIMeHOBaHIIH. 

AnTOp 3amm1~aeT 
1. Tipouenypy JI pe3yJibTaTbl mMepeHIIH TeH30pHOH aHaJIH3IIpyiow,eii 

crroco6HOCTH T20 B peaKUIIII d + A ➔ 1r± ( 0 = 0°) + X cppar

MeHTaUIIII TeH30pH0 rroJI5IpII30BaHHbIX neiiTpOHOB B KYMYJI5ITIIBHbie 

ITII0Hbl ITO)], HyrreBblM yrrroM B .D,Byx rrocTaHOBKax: 

• rrpH qmKcIIpOBaHH0M IIMITYJibCe ITIIOHOB P1r = 3,0 13B/c )],JI51 

HMITYJibCOB neiiTpOHOB Pd B IIHTepBarre OT 6,2 .!1,0 9,0 13B/c 

[IV1; 
• rrpII cpIIKCIIpoBaHHOM IIMITYJibCe neiiTpOHOB Pd = 9 '0 13B / C )],JI51 

IIMITYJibCOB ITII0H0B P1r B IIHTepBarre OT 3 ,5 )],O 5 ,3 13B / C [V1. 
2. BbIBO)],bl II3 pe3yJibTaTOB H3MepeHIIH TeH3opHOH aHaJIH3IIpyiow,eii 

crroco6HocTII: 
• BerrIIqIIHa T

20 
He 3aBIICIIT OT aTOMHOII Macchi A 51.!1,pa MIIIIIeHII 

B IIHTepBarre A= 1712; 
e BeJIIIqIIHa T20 He 3aBIICIIT OT 3HaKa perncTpIIpyeMOfO ITIIOHa; 

o BeJIIIqIIna T20 .D,a)Ke KaqecTBeHHO He OITIICbIBaeTC51 II3BeCTHblMII 

Ha .D,aHHblll MOMeHT TeopeTIIqeCKIIMII pacqeTaMII B m,my]JbCHOM 

rrpII6JIII)KeHIIII B HyKJIOHHOH M0)],eJIII neiiTpoHa., 

3. Pe3yrrhTaTbI pa6oThI no co3.D,aHIIIO pacrrpenerreHHOii cIIcTeMbI c6opa 

II o6pa6oTKII .D,aHHblX qdpb [VII1 KaK OCHOBbl )],JI5I rrocTpoeHIDI CII

CTeM c6opa .D,aHHblX 3KcrrepIIMeHTaJibHblX ycTaHOBOK. 

4. Pe3yJibTaTbI pa6oTbI no co3.D,aHIIIO Ha 6a3e cIIcTeMhI qdpb cIIcTeMbI 

c6opa naHHbIX [VIII1, [X1 DAQ C<I>EPA, HCITOJib30BaBIIIeiic51 K Ha

CT051Ill,eMy MOMeHTY B 8 ceaHcax Ha BbIBe.D,eHHOM rryqKe CIIHXpocpa-

30TpOHa II HyKJIOTpoHa llB'.3. 
5. Pe3yrrhTaTbI pa6oTbI no co3.D,aHIIIO Ha 6a3e cIIcTeMbI qdpb cIIcTeM 

c6opa naHHbIX (IX}, (XI1, (XII} rroMpIIMeTpOB nB3: BbICOK03Hepre

TIIqecKoro Ha BbIBe.D,eHHOM rryqKe, a TaK)Ke Ha BHyTpeHHeii MIIIIIeHII 
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HYKJIOTpOHa - BeKTOpHoro IlOJI5IpIIMeTpa [XIII] II BTTOCJie.D,CTBIIII -

BeKTOpHO-TeH30pHoro IlOJI5IpIIMeTpa. 

Co)J;ep.tKauue )J;HccepTa:QHH 
Bo BBe)J;eHHH o6ocHOBaHa aKTYaJibHOCTb H3MepeHIIH, 5IBIIBIIIIIXC51 

uerrbIO )],IICcepTaUIIH, npe.D,CTaBJieHbl Heo6xo.D,IIMbie .D,JI5I .!1,aJibHeiilllero H3-

JIO)KeHII51 CBe.D,eHIDI O KYMYJI5ITIIBHbIX qacTIIUaX, npIIBe.D,eHbl onpenerre

HII51, IICITOJib3yeMbie npH OTTIICaHIIH IlOJI51pII3aUIIOHHblX Ha6JIIO.D,aeMblX, 

npIIBe.D,eH KpaTKIIH ofoop H3BeCTHbIX Ha HaCT051Ill,IIH MOMeHT pe3yJibTa

TOB II3yqeHH51 peaKUIIII cpparMeHTaUIIII neiiTpOHOB B KYMYJI5ITIIBHbie npo

TOHbI, ccpopMyrrIIpOBaHa uerrb pa60TbI, npIIBe.D,eHO KpaTKOe CO.D,ep)KaHIIe 

)],IICCepTaU:IIII no rrraBaM. 

B nepBoM naparpacl>e BBe.D,eHII51 06ocH0BaHa aKTyarrhHOCTb rrpoBe

.D,eHHbIX H3MepeHIIH. CBOHCTBa aTOMHbIX 51.!1,ep Ha MaJibIX Me)KHYKJIOHHbIX 

paCCT05IHII5IX He.D,OCTaToqHo II3yqeHbI B HaCT05IW,ee BpeM51 KaK TeopeTII

qecKH, TaK II 3KCIIepHMeHTaJibHO. Oco6oe MeCTO B TaKOfO pona HCCJie

.!1,0BaHII5IX 3aHIIMaeT neiiTpOH KaK rrpocTeHIIIIDI 51.!1,epHIDI CIICTeMa (rreflle 

pa3o6paTbC51 C MexaHII3MaMII peaKU:IIH), HaII6orree myqeHHIDI II IIMeIO

Ill,IDI HeTpIIBIIaJibHYJ0 CITIIHOBYffi CTPYKTYPY, rrpe.D,OCTaBlliIIOill,Yffi IIIIIpOKIIe 

3KCIIepIIMeHTaJibHbie B03MO)KHOCTII )],JI5I II3yqeHH51 CTTIIHOBbIX Ha6JIIO.D,ae

MbIX. 

Mccrre.D,OBaHII51 Ha rryqKaX nompII30BaHHbIX .D,eiiTpOHOB 5IBJI5IIOTC51 Tpa

.!1,IIU:IIOHHbIMII .D,JI51 nB3 OIUIM. TiporpaMMa II3MepeHIIii, B paMKax KO

Topoii norryqeHbI rrpe.D,CTaBJieHHbie B .!1,IICCepTaU:IIOHHOH pa6oTe 3KCIIe-: 

pIIMeHTaJibHbie .D,aHHbie, 5IBJI5IeTc51 ecTeCTBeHHbIM rrpo.D,OJI)KeHIIeM IICCJie

.!1,0BaHIIH CTPYKTYPbI aTOMHbIX 51.!1,ep B peaKU:lliIX C po)K)],eHIIeM KYMYJI51-

TIIBHbIX qacTIIU npII CTOJIKHOBeHIIII HeITOJI5IpII30BaHHbIX 51.!1,ep, a TaK)Ke 

IIOJI5IpII3aU:IIOHHbIX Ha6JIIO.D,aeMbIX B peaKU:IIII pa3Barra neiiTpoHa. 3Kc

nepIIMeHTaJibHbie .D,aHHbie, rrpe.D,CTaBJieHHbie B .D,IIccepTaUIIOHHOH pa6oTe, 

Ba)KHbI )],JI5I pa3BIITIDI MO.D,erreii, KaK rrpe.D,Ha3HaqeHHbIX )],JI51 OIIIICaHII51 

CTPYKTYPbI Kopa neiiTpoHa, TaK II .!1,JI5I 6orree o6ru:ero crryqIDI CB513aHHbIX 

CIICTeM COCTaBHbIX ofo,eKTOB, .!1,BII~XC51 C pemTIIBIICTCKIIMII CKOpo

CT5IMII, a ITOTOMY npe.D,cTaBJI5IIOTC51 aKTYaJibHbIMII. 

Bo BT0p0M naparpacI:>e IIpIIB0.!1,IITC51 orrpenerreHIIe TepMIIHa "KYMYJI5I

TIIBHIDI qacTIIU:a" ( CM., HarrpIIMep, [I] II cchmKII B Heii) II paccMaTpIIBa-
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IOTC5I HeKOTOpbie 3aKOHOMepHOCTH peaKQHH C BbIXO.D:OM TaKHx qacTHU:, 

HCCJie,n:oBaHH5I KOTOpbIX Be.D:YfC5I C Haqana ceMH,D;eC5ITblX ro,n:oB xx BeKa. 

lhyqeHHe pmr<,neHH5I K)'MYJI5ITHBHbIX qacTHU: ,n:aeT ttmpopMau;mo o no

Be,n:eHHH BbICOKOHMTIYJibCHOH ( ~ 0 ,2 f3B / C) KOM11OHeHTbl BO <pparneH

THpyIDIIIHX 51.D:pax. I-fa 3KC11epHMeHTaJibHbIX ,n:aHHblX cnenyeT, qTQ M5I 

3KC11epHMeHTOB Ha <pHKCHpOBaHHOH MHIIIeHH <pOpMa Cl1eKTpa K)'MyJI5I

THBHblX qacTHU: cna6o 3aBHCHT OT 3Hepnrn CTOJIKHOBeHH5I, HaqHHa5I C 

3Hepmrr Tia,D;aIOIQHX qaCTHU: n ~ 3-;- 4 faB, T.e. He3aBHCHMOCTb <popMbl 

C11eKTpOB OT 11epBHqHOH 3HepmH HaqHHaeTC5I C pa3HOCTH 6b1cTpOT CTaJI

KHBaIOIQHXC5I qacTHU: IYAn - YA1 I ~ 2. EII1e o,n:Horr ycrnHoBJieHHOrr 3a

KOHOMepHOCTbIO 5IBJI5IeTC5I He3aBHCHMOCTb C11eKTpOB KYMYJI5ITHBHbIX qa

CTHU: OT BH,D;a qacTHQbl, Ha KOTOporr 11pOHCXO,D;HT <pparneHTaQH5I. Eonee 

110,n:po6Ho 3aKOHOMepHOCTH, ycTaHOBJieHHbie B peaKQH5IX C po)K,L{eHHeM 

K)'MYJI5ITHBHblX qaCTHU: ( 3aBHCHMOCTb OT aTOMHOH MaCCbl <pparneHTHpy

IOII1ero 51,D;pa, 3aBHCHMOCTb OT copTa pemcTpHpyeMOH qacTHU:bl H T.n.) 

MO)KHO HaHTH B o63opax: [2], [3], [4], [5]. 

B TpeTbeM naparpal}>e npHBO.D:HTC5I KpaTKHH o63op TIOH5ITHH [6], [7], 
KOTOpbie HCTIOJib3yIDTC5I npH O11HCaHHH peaKQHH C yqacTHeM qacTHU: co 

CTIHHOM 1. 
IlpHH5ITa5I B 1970 ro,n:y T.H. M3.D:HCOHOBCKa5I KOHBeHQH5I [8], B qacT

HOCTH, pernaMeHTHpyeT o603HaqeHH5I H TepMHHOJIOllilO ,L{JI5I TIOJI5IpH3aQH

OHHblX 3KC11epHMeHTOB. IlapaMeTpbI, OTIHCbIBaIOIQHe H3MeHeHH5I ceqeHH5I 

peaKQHH, KOr,n:a JIH6o nyqoK JIH6o MHIIIeHb (Ho He o6a) IlOJI5IpH3OBaHbl, 

Ha3bIBaIOTC5I aHaJIH3HpyIDIIIHMH cnoco6HOCT5IMH peaKQHH BH,D;a A(ii, b)B. 
B o6bJqHblX 3KC11epHMeHTaJibHbIX ycJIOBH5IX aHcaM6Jib qacTHU: co CTIH

HOM (11yqoK HJIH MHIIIeHb) OTIHCbIBaeTC5I MaTpHu:err TIJIOTHOCTH p. IlpH 

OTIHCaHHH IlOJI5IpH3aQHH aHcaM6JI5I (,L{JI5I onpe,n:eneHHOCTH - nyqKa) qa

CTHU: co CTIHHOM 1 cne,n:yeT pa3JIHqaTb BeKTOpHble H TeH3OpHbie napa

MeTpbI 11OJI5IpH3aQHH, TIOCKOJibKY qacTHU:bl co CTIHHOM l OTIHCbIBaIOTC5I 

TeH3OpOM paHra 21. IloJI5IpH3aQHOHHOe COCTO5IHHe CHCTeMbl qacTHU: co 

CTIHHOM l MO)KeT 6bITb IlOJIHOCTblO O11HCaHO (21 + 1 )2 - 1 napaMeTpaMH. 

,[(JI5I qacTHU: co CTIHHOM 1 HCTIOJib3yIDTC5I ,D;Ba pa3JIHqHbIX Ha6opa O11pe

,n:eJieHHH ,L{JI5I COOTBeTCTByIOIIIHX 11OJI5IpH3aQHOHHblX 11apaMeTpOB - ,n:e

KapTOBbl TeH3OpHble MOMeHTbl Pi, Pij [9] H CTIHHOBbie TeH3opbI tkq [10]. 
CoOTBeTCTByIOIIla5l MaTpHu;a TIJIOTHOCTH MO)KeT 6bITb 3aTIHCaHa [7] B BH,D;e: 
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1 3 ~ 1 ~ ~ -~ ~ 
P = 3{1 + 2%' + 2Pii(SiSj + SiSi)} . (1) 

· r,n:e S - O11eparnp CTIHHa 1, i, j = x, y, z. 

B 06II1eM cnyqae HHBapHaHTHoe ceqeHHe a = Eda/ dp peaKQHH 

A ( ii, b) B 3al1HCbIBaeTc5I [7] B BH.D:e: 

a = ao(I: tkqTkq) (2) 
k,q 

BennqHHbI Tkq Ha3bIBaIOTC5I aHaJIH3HpyI0IIIHMH cnoco6HOCT5IMH peaK

U:HH. M3.D:HCOHOBCKa5I KOHBeHQH5I peKoMeH,D;yeT o6o3HaqaTb TeH3opHbie 

aHaJIH3HpyrOIQHe cnoco6HoCTH Ka.K Tkq ( c<pepnqecKHe) H Ai, Aii (,ne

KaprnBbI). qeTblpe aHaJIH3HPyIDIIIHX cnoco6HOCTH - BeKTOpHa5I iT1 I H 

TemopHbie T20, T 21 H T22 - 5IBJI5IIOTC5I .n:eikTBHTeJibHbIMH Bcne.n:crnHe co

xpaHeHH5I qeTHOCTH, a T10 = 0. C yqeToM 3THX orpaHHqeHHrr ypaBHeHne 
(2) npHHHMaeT BH,D;: 

a= ao[l + 2iT11Re(it11) + T20t20+ (3) 
+2T21Re(t21) + 2T22Re(t22)] . 

B .[(eKapTOBbIX KOOp.[(HHaTax 3TO )Ke ceqeHHe 3aTIHCbIBaeTC5I B BH,D;e: . 
3 1 2 1 

a= ao[l+2pyAy+2PzzAzz+3pxzAxz+6(Pxx-Pyy)(Axx-Ayy)] . (4) 

AHanmHpyIDIQHe cnoco6HoCTH Tkq H3BJieKaIOTC5I H3 H3MepeHHii ceqeHHii 

11pH HaJieTaIOIQeM 11yqKe C pa3JIHqHbIMH MO?vleHTaMH IlOJI5IpH3aQHH. 

B IJeTBepTOM naparpal}>e 11pHBe.[(eH KpaTKHH o63op H3BeCTHbIX K Ha

CT05IIQeMy BpeMeHH .[(aHHbIX 110 peaKQHH <pparneHTaQHH .n:eiiTpOHOB B 
K)'MyJI5ITHBHbie npoTOHbl 

d(pd ~ l faB/c) +A ➔ p(0 = 0°) + X , (5) 

HMeIOIQerr CaMoe 60JibIIIOe, 110 cpaBHeHHIO C <pparMeHTaQHeft B .n:py

rne a.D:pOHbl, ceqeHHe. .[{Ba,n:QaTb JieT HCCJie,noBaHHH .[(aHHOH peaKQHH 

.[(aJIH 60JibIIIOH ofo,eM 3KcnepHMeHTaJibHbIX ,naHHbIX, KaK ,L{JI5I ceqeHH5I 

<pparMeHTaQHH HerroJI5IpH30BaHHbIX .n:eftTpOHOB C HMIIYJibCaMH OT 2,5 ,[(O 

17' 8 f3B / C, TaK H 110 IIOJI5IpH3aQHOHHbIM Ha6n10.n:aeMbIM, B qaCTHOCTH 

no TeH3opttoft aHaJIH3HPYIOII1eft crroco6HoCTH T 20 ,L{JI5I pa3Bana TeH3opHo 

IIOJI5IpH30BaHHbIX ,neiiTpOHOB, H HHHQHHpOBaJIH IIO5IBJieHHe u:enoro P5I.D:a 

TeopeTHqeCKHX MO.[(eJieft, HarrpaBJieHHblX Ha OIIHCaHHe CTp)'KTypbI .n:eft

TpOHa H MexaHmMa pea.KU:HH. C.n:enaHbl CJieJJ:YIOIIIHe C)'MMapHble BbIBO.[(bI: 
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1. 3Kc11epIIMeHTaJihHbie ,uaHHbie ,umi: ceqemrn cppan.1eHTaI.J:IIII He11oillI

pII30BaHHbIX ,ueHTpOHOB B 11pOTOHbl 110,U HyrreBblM yrrroM B OCHOBHOM 

y,uaeTC51 011IICaTb B paMKaX HYKJIOHHOH MO,UeJIII. 

2. Ha11ponrn, ,uaHHhie ,umi: TeH3opHoii aHaJIH3IIpyiorueii c11oco6HocTII 

T20 TOH )Ke peaKUIIH ,UO HaCT051ll{ero BpeMeHH 011IICblBaIOTC51 TOJibKO 

C 11pHBJieqeHHeM HeHYKJIOHHbIX CTe11eHeii CB060,ubI. 

B IlHTOI\I naparpmpe ccpopMyrrIIpOBaHa uerrb ,UHCcepTaUHOHHOH pa-

6oTbl II 11pIIBe,ueHO KpaTKOe co,uep)KaHIIe ,UIIccepTaUHH 110 rrraBaM. 

B nepBOH rJiaBe H3Jlo)KeHa MOTIIBaUII51 11poBe,ueHHh1x IIccrre,uoBa

HIIii, 011HCaHbl 110CTaHOBKa 3KC11epHMeHTa, HCl10Jlb30BaBIIIa51C51 3KC11epII

MeHTaJibHa51 ycTaHOBKa, opraHH3aUH51 Tpmrepa, paCCMOTpeHbl pe3yJib

TaTbl COOTBeTCTByIOIUHX MeTO,UIIqeCKIIX II3MepeHIIH II MO,UeJIIIpoBaHH51. 

B nepeoM naparpaciie rrraBbI II3JIO)KeHa 3Kc11ep0MeHTaJihHa51 11po

rpaMMa [ 11] II3yqeHH51 TeH30pHOH aHaJIH3IIpyiorueii crroco6HOCTII T20 
peaKUIIH cppaNeHTaUIIH 110JI51pH30BaHHbIX ,ueiiTpOHOB B KYMYillITIIBHbie 

a,upOHbl, OCHOBaHHa51 Ha II3BeCTHblX K 1995 ro.uy 3KCIIepHMeHTaJlbHbIX 

,uaHHhIX 110 KYMYJI51TIIBHOMY po)K,ueHHIO B CTOJIKHOBeHII51X He11orr51pII30-

BaHHbIX qacTHU, ,uaHHbIX no II3yqeHHIO 110illipII3aUIIOHHblX na6rr10.uaeMbIX 

B peaKUHII pa3BaJia 110JI51pII30BaHHblX ,ueiiTpOHOB II na TeopeTHqecKIIX 

MO,UeJI51X, 11pe,urro)KeHHblX ,umI 011IICaHH51 yKa3aHHbIX peaKUIIH. 

I-hyqenHe 110JI5IpH3aUIIOHHblX Ha6rr10,uaeMblX B peaKUHH J + A '-+ 
7r±(0 = 0°) + X cppaNeHTaUHH 110illipH30BaHHblX ,ueiiTpOHOB B KYMYJI51-

THBHhie 11HOHbl - a,upOHbl C KBapKOBblM COCTaBOM, OTJIHqHbIM OT COCTaBa 

11pOTOHOB - MO)KeT ,uaTb ,U0110JIHIITeJibHyIO IIH<pOpMaUIIIO O CTpyKType 

,ueH.Tpona Ha MaJlbIX paCCT051HII51X, B 110Jlb3Y qero MO)KHO '11pIIBeCTII crre

.UyIOIUIIe KaqecTBeHHble ap~leHTbI: 

8 B3aHMO,UeHCTBIIe B KOHeqHoM COCT051HIIII MeH51eTC51 C II3MeHeHIIeM 

THl1a BTOpIIqnoii qacTIIUbI, qTo HeceT ,UOIIOJIHIITeJibHyIO IIH<pOpMa

UHIO o MexaHII3Me po)K,ueHH51 KYMYillITIIBHhIX qacTIIU; 

O pernCTpaUII51 qaCTIIU 110,U HyJieBblM yrJIOM 1103BOillieT yrrpoCTHTb Bbl

pa)KeHHe ,uJI51 ceqeHH51 H H36e)KaTb 11011paBOK Ha HaJIHqHe BeKTOpHOH 

KOMl10HeHTbl 110JI51pH3aUHH B 11epBHqHOM TeH30pHo 110JI51pH30BaH

HOM 11yqKe ,ueiiTpOHOB; 

G pa3JIHqHbie KBapKOBble COCTaBbl 11pOTOHa H 11HOHOB 1103BOillIIOT c.ue

rraTb BbI6op Me)K,uy pa3JIHqHblMH MO,UeillIMH, yqHTbIBaIOIUHMH Hetty-
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KJIOHHbie CTel1eHH CB06o,n:bI B 51,upax, Ha OCHOBaHHll 3KC11epIIMeH

TaJibHbIX .rt:aHHhIX 110 T20 ,umi: KYMYJI5ITHBHbIX 11poT0Ha u 110onoB. 

Bo BTOPOM naparpactie 11pe,UCTaBJieHa HC110Jib30BaBIIIMC51 11pII ll3Me

peHH51X 3KC11epHMeHTaJlbHa51 ycTaHOBKa, 011llCaHa 110CTaHOBKa 3KC11epu

MeHTa, II3JIO)KeHbl YCJIOBH51 11poBe.rt:eHH51 II3MepeHHH. I13MepeHH51 TeH-

30pHoii aHaJIH3Hpyiorueii c11oco6ttocrn T20 peaKu;Hu l + A -+ 1r± ( 0 = 
0°) + X cppaThleHTaUHH pemmBHCTCKIIX . nompH30BaHHblX ,ueiiTpOHOB 

B KYMYJI5ITIIBHbie IllIOHbl npOBO,UHJIHCb Ha KaHaJie 4B CIICTeMbl Me,uJieH

HOro Bhrno.ua C0nxpocpa30TpoHa JIB'.3 O:I15IM [12]. KaHaJI 4B pacno

JIO)KeH B OCHOBHOM II3MepHTeJibHOM 3aJie YCKOpHTeJibHOro KOMilJieKca 

(Kop11. 205). IlyqoK TeH3opHO nompH30BaHHbIX .ueiiTpOHOB C03.UaBaJIC51 

HCToqn11KoM ITOJI5IPMC [13], aero TeH3opHa51 nompH3aUH51 H3Mep51Jlacb 

.uo H 110CJie HaIIIHX H3MepeHHH T20 C 110MOll{bIO 110JI5IpHMeTpa AJib<I>A 
[14]. 

MIIW8fl, 

HO 
HOX 

F~~HOV s, . 
e 

50m 

Puc. I: CxeMa rrpoBe,n:emrn <1KcrrepuMeHTa (MHIIIeHb B cpoKyce F3, ,n:eTeKTopbI B cpoKy

cax F4, F5 u F6). 6CTI4O, 6CTI57, 2CTI4O, 1CTI94, 1CTI12A u 2CTI12A - .n:urroJibHbie 

OTKJIOIDIIOmue MarnuT1,1; iKIOO u iK2OO - KBa,n:pyrrom,Hb1e JIHH3bI; M; - CUHHTHJIJUI~ 

UHOHHI>Ie TeJiecKon1,1; F4;, F5;, Si, F6; - CUHHTHJIJUIUHOHHbie cqeTtrnKu; C - qepeH

KOBCKHfi cqe~uK; HOX, HOY, HOU, HOV - CUHHTHJIJUIUlfOHHbie ro.n:ocKom1; IC -
HOHH3aUHOHHIDI KaMepa. 

I13MepeHH51 npoBO.UHJillCb B crre.uyioruux YCJIOBH5IX: 

1. BpeM51 BbIBO,n:a nyqKa COCTaBJI51JIO 400 + 500 MCeK; 

2. qaCTOTa IlOBTOpeHHH ~ 0,1 ru [12]; 
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3. IIHTeHCIIBHOCTb B IIHTepBane OT 1-109 .no 5-109 ,neiiTpOHOB 3a c6poc; 

4. BeJmqIIHa TeH30pHOM IIOllilpH3aUIIII rryqKa ,neii:TpOHOB COCTaBJuma 

Pzz ~ 0,60 7 0,77, cna6o (He 6onee qeM Ha 10 %, CM. (15]) MelliI-

5ICb B rrpe,neJiax ,naHHOM cepIIII II3MepeHIIM, a IIpIIMeCb BeKTOpHOM 

IIOJI5IpH3aUIIII COCTaBJI5IJia Pz ~ 0,20 7 0,25; 

5. OCb KBaHTOBaHII5I )];llil IIOllilpII3aUIIII HarrpaBJieHa BepTIIKaJibHO; 

6. o6ecrreqHBaJIHCb TPII COCT05IHII5I IIOllilpH3aUIIH - "+" (rroJIO)KHTeJib

HblM 3HaK IIOllilpH3aUIIH), "-" (OTpHUaTeJibHblM 3HaK IIOJI5IpII3a

UHH)' "O" ( OTCYfCTBHe IIOllilpH3aUIIII)' MelliIBIIIHeC5I K~blM UHKJI 

ycKopHTeJI5I, TaK qTo B Tpex IIOCJie,noBaTeJII,HI,IX UIIKJiaX II)"IOK HMeJI 

pa3JIHqHble COCT05IHII5l IIOllilpH3aUIIII. 

B rrepBoii: cepIIH H3MepeHHii: [II], [III], [VI], [IV] 6bma IICIIOJib30BaHa 

IIOKa3aHHM Ha PHC. 1 KOHCpmypaulI5I ycTaHOBKH C MHIIIeHbIO, pacrro

JIO)KeHHOM B cpoKyce F3 ( 6y,neM Ha3bIBaTb ee )];llil KpaTKOCTII "rrepBOM 

IIOCTaHOBKOii:"). 

IlepBM IIOCTaHOBKa 3KCIIepIIMeHTa II03BOJI5IJ1a YBepeHHO Bbl)];eJIBTb 

IIHOHbl TOJlbKO 3a cqeT KpIITepII5I BpeMeHH rrpoJieTa H 3a cqeT HaJIIIqlI5I 

IIIeCTII OTKJIOlliIIOIUIIX MamIITOB HMeTb rrpeHe6pe)KIIMO MaJIOe ( MeHbIIIe 

qeM 10-4) OTHOIIIeHIIe qJOH / CHIBaJI )];llil BpeM5IrrponeTHI,IX CIIeKTpOB )];a)Ke 

Ha IIOJIO)KIITeJibHO 3ap51)KeHHbIX qaCTHuax. Ilo,naBJieHIIe )Ke rrpoTOHOB 

( Ha )];Ba IIOpMKa) B TpHrrepe C IIOMOIUbIO qepeHKOBCKOro cqeTqIIKa IIC

IIOJlb30BaJIOCb ,nJIB YMeHbIIIeHII5I MepTBOro BpeMeHII. McrroJib30BaJIIICb 

yrnepOAHbie MIIIIIeHH (50,4 r/cM
2 

II 23,5 r/cM
2
). Hey,no6cTBo TaKOM rro

CTaHOBKII CB5I3aHO C Heo6xo,nIIMOCTbIO rrepeHacTpaHBaTb 6oJibIIIOe KOJIII

qeCTBO MaIBHTHbIX 3JieMeHTOB. l1o3TOMY 3KCrrepIIMeHTaJII,HI,Ie ,naHHbie B 

rrepBOM IIOCTaHOBKe Ha6HpaJIHCb TOJibKO rrpH O)];HOM 3HaqeHIIH HMIIYJibCa 

IIHOHOB (3,0 faB/c), Bbl)];eJIBeMOM KaHaJIOM 4B, a YBeJIHqeHIIe CTerreHH 

IIX rro.nrroporoBOCTH )];OCTHraJIOCb 3a cqeT YMeHbIIIeHII5I HMrryJibCa rrep

BHqHbIX ,neii:TpOHOB. 

Bo BTOpoii: cepIIII H3MepeHIIM [V] ,naHHbie Ha6IIpaJIHCb B HeCKOJibKO 

IIHOM KOH<pmypaUIIII ycTaHOBKH C MIIIIIeHbIO, pacrrOJIO)KeHHOM B cpoKyce 

F5 (.nanee - "BTOpM rrocTaHOBKa"), KaK rroKa3aHo Ha PIIc. 2, qTo YBe

JIIIqIIJio qIIcJIO IIIIOHOB, )];OCTIIraIOIUIIX qJOKYCa F6 6e3 pacrra,na, C 55 % 
,no 85 % II II03BOJIHJIO MeIDITb IIX HMIIYJibC, BbI,neJIBeMbiii: KaHaJIOM 4B. 
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cpo~IC 

C_j0 2CII40 
M1 7M2/ 1CII94 

d I~ A / 1CII12A ~-

.M.UUieHb KOAAU.M.amop 

50m 

Puc. 2: CxeMa rrpoBe~eHIIll: 3KCIIepIIMeHTa (MIIIIIeHI, B qJOKyce F5, ~eTeKTOpbI B qio

Kycax F56 II F6). 2CIT4O, 1CIT94, 1CIT12A II 2CIT12A - mrnoJibHhre OTKJiorrnroruIIe 

MaIHHTbr; iKlOO, iK200, iMJI15 - KBa,r:q>yrroJibHhre JIHH3hr; Mi - CUIIHTII.IIJIHI(HOHHhre 

TeJieCKOIIbI; F56i, F6i, Si - CUIIHTII.IIIDIUIIOHHhre C'leT'lIIKII; C - 'IepeHKOBcKIIrr c'feT'IIIK; 

HT, HOX, HOY, HOU, HOV - CUHHTII.IIIDIUIIOHHhre ro~ocKorrhr; IC - IIOHIIJauIIotrnrur 
KaMepa. 

B TpeTI.eM naparpac)Je CYMMIIpoBaHbl pe3yJibTaTbl npoBe,neHHbIX MO

.nenIIpOBaHII5I II MeTOJJ;IfqeCKHX H3MepeHIIH. YrnoBoii II IIMnyJihCHbiii: aK

cenTaHcb1 ycTaHOBKII, a TaK)Ke COCTaB BTOpIIqHoro Il)"IKa 6bmII IlOJI)"leHbl 

II3 MOJJ;eJIIIpOBaHII5I II MeTOJ:(HqecKHx H3MepeHIIH [I]. _nmi MOJJ;eJIIIpOBaHII5I 

IIcnOJib30Banc51 nporpaMMHbIH naKeT GEANT3 [16). 

_nmi BTopoii nocTaHoBKII IIMIIYJibCHbIH aKcerrTaHc ycTaHOBKII !),_p / Po 
paBeH 1,7 % (!),_p = 0,078 faB/c), B TO BpeM5I KaK IIOJIHbIH aKCeIITaHc 

Aceps(4,5 faB/c) = 1,8 • 10-5 cTep • faB/c. 

_nmi nepBOH IlOCTaHOBKII IIMnyJibCHbIH aKCeIITaHC IIMeeT. npII6JIH3II-

11 



TeJibHO TY )Ke Bem1q1rny, a IIOJ1Hbl0 aKcerrTaHc B ,[(Ba pa3a MeHbIIIe: 

Accp3(3 r::iB/c) = 0,9 • 10-5 cTep-faB/c. 

OueHKa BeJIIIqIIHbl IIMIIYJibCHOfO aKcerrTaHca Ha OCHOBe BpewmpoJieT

HbIX crreKTpOB ,UJIB IIOJIO)KIITeJibHblX qacTIIU He rrpoTIIBOpeqIIT BeJIIIqIIHe, 

rroJiyqeHHOH II3 MO,UeJIIIpOBamrn. 

IloJiyqeHHble HaMII TIIIIIIqHbie BpeM5111pOJieTHbie crreKTpbI ,ueMOHCTpII

pyIDT ,[(OCTaTOqHOCTb KpIITepII51 BpeMeHII rrpoJieTa ,ri:JI51 BbI.ueJieHII51 7r± 

r.Ie30HOB C OTHOIIIeHIIeM ::icpcpeKT / q_JOH He Mettee 103 B CJiyqae HaIIMeHb

IIIero II3 II3MepeHHblX ceqeHIIH - KpOMe µ-Me30HOB, OTCT05IIUIIX OT IIII

OHOB Mettee qeM Ha 100 IIIIKOCeKytt.u, T.e. HaxO,ri:5IIUIIXC51 B IIIIOHHOM 

BpeM5111pOJieTHOM IIIIKe. )lrnI orrpe,ueJieHII51 BeJIIIqIIHbl II rrpOIICXO)K.D:e

HII51 rrpIIMeCII µ-Me30HOB 6bIJIII rrpoBe,UeHbl MeTO,[(IIqecKIIe II3MepeHII51 

YMeHbllieHII51 qIIcJia OTcqeTOB rrpII ycTaHOBKe rrepe.u IIOCJie,[(HIIM TpIIITep

HblM cqeTqIIKOM (S2) B cpoKyce F6 (PIIC. 1, 2) CBIIHUOBOfO IIOfJIOTIITeJI51 

TOJIIUIIHoii (B cM) l1 = 20, li = 40 II h = 60, ,uaBIIIIIe JlJIB rrpIIMeCII 

MIOOHOB BeJIIIqIIHY 7,8 ± 0,7 %. ,UorrOJIHIITeJibHOe MO,[(eJIIIpOBaHIIe ,ri:JI51 

orrpe,ueJieHII51 rrpIIMeCII pacna,uHblX µ-Me30HOB, rrpoIIIe,UIIIIIX TPIIITepHbie 

cqeTqIIKII B F6, ,uano BeJIIIqIIHY 6, 7 ± 0,4 %, qTo cornacyeTC51 c pe3yJibTa

TaMII II3MepeHIIH co CBIIHUOBbIMII 110fJIOTIITeJI5IMII II 1103BOJIIIJIO cqIITaTb 

BCe MIOOHbl B F6 pacrra,uHblMII II3 IIIIOHOB, a BCe qacTIIUbI, rrorraBIIIIIe B 

IIIIOHHbIH IIIIK 110 BpeMeHII rrpoJieTa, - IIIIOHaMII. 

BKJia,u OT BeIUeCTBa B KaHaJie orrpe,ueJ151JIC51 B 3KCI103IIUII51X 6e3 MII

IIIeHII II C COOTBeTCTByIDIUeH rrycTOH MIIIIIeHbIO II yqIITblBaJIC51 rrpII BbJqII

CJieHIIII ceqeHIIH C IIOMOIUbIO CTatt,uapnmii BbJqIITaTeJibHOH rrpoue,uypbl. 

B qernepTOM naparpa<Iie paccMaTpIIBaeTc51 oprattmaUII51 TPIIITepa, 

rrpIIMeH5IBIIIeroc51 rrpII rrpoBe,UeHIIII II3MepeHIIH, II II3JlaraIOTC51 rrpIIHUIIIIbl 

ero pa6oTbI. 

Heo6xo,ri:IIMO 6bmo pa3pa6oTaTb TpIIrrep, KOTOpbIH 1103BOJ151JI 6bI rre

pexo,UIITb OT 0,[(HOH IIOCTaHOBKII K ,upyroii C MIIHIIMaJibHbIMII rrepecTpoii

KaMII II, B qacTHOCTII, C MIIHIIMaJibHblMII H3MeHeHII51MII 3a,uep)KeK, rre

pe,uaIOIUIIX CIIfHaJibl Ha perncTpIIpyIDIUyID 3JieKTpOHIIKy. C yqeTOM rre

peqIIcJieHHbIX oco6ettttocTeii 6bma pa3pa6orntta II peaJIII30Batta cxeMa 

.UByxypoBHeBoro TPIIITepa. )lrnI peanII3aUIIII TPIIITepa ( a TaK)Ke B Ka

qecrne perncTpIIpyiomeii 3JieKTpOHIIKII) 3KCrrep~MeHTaJibHOH ycTaHOBKH 

IICIIOJib30BaJIIICb ::iJieKTpOHHbie 6JIOKII B cTatt,uapTe KAMAK, 66JibIIIa51 
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qacTb KOTopbrx pa3pa6orntta B nB3 OM5IH. B Kaqecrne rrpeTpIIrrepa 

( TPIIITepa rrepBoro yp0BH51) IIplI II3MepeHII51X Ha IlOJIO)KIITeJibHbIX qa

CTIIUax IICITOJlb30BaJIIICb COBrra,ueHII51 CIIfHaJIOB cqeTqlIKOB s I' S2, F6 I 
II C, pacrroJIO)KeHHbIX B cpoKyce F6. PernCTplipyiomM 3JieKTpom-1Ka 

HaqlIHaJia rrpeo6pa30Bam1e CIIfHaJIOB cpa3y IlOCJie Bbipa60TKII IlOJIO)KII

TeJibHOro peIIIeHII51 rrpeTplIITepa, Ha qTo Tpe6yeTc51 He 6oJiee HeCKOJibKIIX 

,uecHTKOB HaHoceKytt,u. 0KOHqaTeJibHOe peIIIeHIIe O CqlITbIBaHIIII pern

CTPIIPyIDIUeii 3JieKTpOHIIKII rrplIHHMaJIOCb IlOCJie cpa6aTbIBaHII51 JlOI1IKH 

TpHITepa BTOporo yp0BH51, B KOTopoii HCilOJlb30BaJIHCb pa3JIHqHble KOM-

6HHaUHH cqeTqHKOB II3 q_JOKyca F4 (rrepBM IlOCTaHOBKa), F56 (BTOPM 

IlOCTaHOBKa). IloKa3atto, qTo BbI6paHHM CXeMa TPHITepa Il03BOJI5IeT Ha-

6paTb pa6oqyio CTaTHCTIIKY ( ~ 5 -;- 10 TpHrrepoB 3a c6poc) ,[(a)Ke rrpH 
N (O) jN(O) ~ 104 

OTHOIIIeHHH npeTpttr Tpttr C IlpHeMJieMbIM MepTBbIM BpeMeHeM 

Tdead/T S 30 -;- 40 %, r,[(e NT~Jr H NJgiTpttr 0603HaqeHbI COOTBeTCTBeHHO 

qIICJia qaCTHU, Bbipa6aTbrnaIOIUHX CHlliaJibl "TpHITep" H "rrpeTpHrrep" B 

TeqeHHe 0,[(HOfO c6poca YCKOpHTeJI5I. TOT <paKT, qTQ Bbipa6oTKa peIIIe

HII51 TpHrrepa BTOporo YPOBH51 rrpoHCXO,[(HT BO BpeMeHH rrapanJieJibHO C 

rro,uaqeii CHlliaJIOB Ha perncTpHpyIDIUYIO 3JieKTpOHHKy, IlOKa3bIBaeT, qTQ 

MO)KHQ YCJIO)KH51Tb JIOrn:KY BTOporo YPOBH51 TpHITepa 6e3 CyrrieCTBeHHblX 

, II3MeHeHHii OCTaJibHoii qacTII 3JieKTpOHHKH. 

Bo BTOpo:u: rJiaBe OilHCaHo pa3pa60TaHHOe aBTOpOM rrporpaMM

HOe o6ecrreqeHHe, peaJIII3yIDIUee CHCTeMbI c6opa H o6pa60TKII ,UaHHblX 

- DAQ C<I>EPA H rroJ15IpHMeTpoB nB3 (BbICOK03HepreT1IqecKoro rro

JIHpHMeTpa [17], BeKTOpHoro IlOJI5IpHMeTpa Ha BHYTpeHHeii MHIIIeHH Hy

KJIOTpoHa [XIII] II BeKTOpHO-TeH3opHoro IlOJI5IpHMeTpa Ha BHYTpeHHeii 
MHIIIeHH). 

B nepBOM naparpa<tie rnaBbI ,ueJiaIOTC51 BBO,[(Hbie 3aMeqaHH51 OTHO

CHTeJibHO ,[(OCTynHbIX B HaCT05IIUee BpeM5I arrrrapaTHbIX H rrporpaMMHbIX 

cpe.ucTB, KOTOpbre MOryT rrpHMeH51TbC51 ,[(JI5I opraHII3aQHH 3JieKTpOHHOfO 

c6opa .UaHHbIX 3KCrrepHMeHTaJibHbIX ycTaHOBOK, H OfOBapHBaeTC51 CH

CTeMa o6o3HaqeHHH, HCilOJib3yeMM BO BTopoii rnaBe. 

Bo BTOpOM naparpa<tie rrpHBO,[(HTC51 MonrnauH5I C03,[(aHH51 CIICTeMbl 

c6opa H o6pa60TKII ,[(aHHbIX, Il03BOJI5IIOIUeii pacrrpe.ueJieHHOe HCilOJIHe

HHe Ha HeCKOJibKHX 3BM, ,[(OCTaTOqHo rn6Koii ,[(JI5I pa60TbI C IIIIIpOKHM 

crreKTpOM arrrrapaTHbIX cpe.n:cTB 51,[(epHOH 3JieKTpOHIIKII II B ,[(OCTaTOqHOH 
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CTeneHII M06lIJibHOH, T.e. He3aBIICIIMOH OT apxIITeKTypbl IICTIOJib3ye

MOH 3BM. TaK, pacnpocTpaHeHIIe 3BM c apxIITeKTypoii "Intel386" 

(ttaqano 90-x rr.) II nmrnJieHIIe JJ,JUI HIIX UNIX-no,uo6HbIX onepau:II

OHHhIX cIIcTeM (,uanee - "OC"), B T.q. cBo6o,utto ·pacnpocTpaIDieMhIX 

Ha ypoBHe nporpaMMHbIX TeKCTOB (cepe,UIIHa 90-x), a TaIOKe OTCYTCTBIIe 

CBo6o,uHO pacnpOCTpaIDieMOH CIICTeMbI c6opa II o6pa6oTKII ,uaHHbIX, y,uo

BJieTBOp5IIOIIJ,eii: BbilllenepeqIIcJieHHbIM Tpe6oBaHII5IM, C03,UaJIII npe,uno

CbillKII JJ,JUI ttanIIcaHII51 npoeKTa cIIcTeMbI qdpb [VII] (Data Erocessing 

with Branchpoints - CIICTeMa o6pa6oTKII ,uaHHhIX c TOqKaMII BeTBJie

HII51 ), KOTOpbIH II3JlaraeTC51 ,uanee BMeCTe C KJIIOqeBbIMII MOMeHTaMII ero 

peanmaQIIII. 

Co6crneHHo cIIcTeMa qdpb 5IBJI5IeTc51 o6ne,uIIHeHIIeM no,ucIIcTeMbI o6-

CJI)')KIIBaHII51 annapaTHbIX cpe,UCTB II IlO,UCIICTeMbl o6pa60TKII ,uaHHbIX. 

Ilo,ucIICTeMa o6cJI)')KIIBaHII51 annapaTHbIX cpe,ucTB, B CBOIO oqepe,Ub, 

MO)KeT COCT051Tb II3 IlO,UCIICTeM, pa60TaIOIIJ,IIX C 51,llepHOH 3Jiei<:TpOHIIKOH 

pa3JIIIqHbIX CTaH,uapTOB qepe3 COOTBeTCTByIDIIJ,IIe cpe,ucrna COilp5I)KeHII51 C 

3BM. Ilo,ucIIcTeMa o6CJI)')KIIBaHII51 KAMAK, B Kaqecrne KoTopoii Moryr 

paccMaTpIIBaTbC51 KOHTpOJIJiep(bI) Kpeii:Ta KAMAK C a,uamepoM, IICilOJI

HeHHbIM KaK TIJiaTa JJ,JUI HeKOTOpoii: llllIHbl pacrnIIpeHII51 3BM, II COOT

BeTCTByIDIIJ,IIM nporpaMMHbIM o6ecneqeHJieM (,uanee - "110"), 5IBJI5IeTC51 

qacTblO IlO,UCHCTeMbl o6CJI)')KIIBaHII51 annapaTHbIX cpe,ucTB. 

B IlO,UCHCTeMe o6pa6oTKH ,uaHHblX no,u co6brrIIeM IlOHIIMaeTC51 IIH

cpopMaQII51, IlOJiyqeHHM B pe3yJibTaTe o6pa6oTKH O,UHOro annapaTHOro 

TpIIrrepa lIJIII crpynnIIpoBaHHM no KaKOMY-JIII6o IIHOMY npH3HaKy. HH

cpopMaQII51 0 co6blTII5IX npe,uCTaBJI5IeTC51 B BII,Ue naKeTOB ,uaHHbIX, Ka)K,llblH 

lI3 KOTOpbIX npe,ucTaBmeT co6oii: IlOCJie,UOBaTeJibHOCTb 6aii:TOB II COCTOIIT 

II3 3aroJIOBKa lI TeJia, TIOCJie,uHee co,uep)KHT co6cTBeHHO lIH<popMaQIIIO 

co6bITII51. HttcpopMaQII51 B IlO,UCIICTeMe o6pa6oTKH ,UaHHbIX pacnpocTpa

IDieTC5.I B BII,Ue TIOTOKOB naKeTOB, T.e. IlOCJie,UOBaTeJibHOCTeii naKeTOB, 

KOTOpbie Moryr co,uep)KaTb naKeTbl pa3JIIIqHbIX TIITIOB B npOH3BOJibHOM 

nop5.l,llKe. IloTOK peanmyeTC5.I KaK HeCTPYKTYPHPOBaHHM nocJie,uoBa

TeJibHOCTb 6aii:TOB, He ,uonycKaIOIIJ,M Il03IIQIIOHIIpOBaHII51. Ilo,ucHcTeMa 

o6pa6oTKH ,uaHHbIX npe,UCTaBJI5IeT co6oii: COBOKynHOCTb coe,UIIHeHHbIX 

IlOTOKaMH naKeTOB CJie.uyIDIIJ,IIX 3JieMeHTOB o6pa6oTKH lIH<pOpMaQIIII: 

1. pa6oqJix Mo,uyJieii:, 
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2. ynpaBJI5.IIOIIJ,lIX MO,uyJieii:, 

3. CJI)')Ke6HbIX Mo,uyJieH, 

4. ToqeK BeTBJieHII51 TIOTOKOB H/HJIH ClllHBaTeJieii: co6bITHH. 

KJiroqeBbIMII MOMeHTaMII peanmaQIIII CIICTeMbl qdpb 5.IBJI5.IIOTC5.I: 

• cpopMaT IlaKeTa packet (5) II IIHTepcpeHCbl JJ)UI pa60TbI C naKeTaMH 

packet (3) II packet (9 ); 
• ToqKa BeTBJieHII51 branchpoint (4) KaK 3arp)')KaeMbIH MO.UYJih 51,llpa 

OC, rro,u,uep)KHBaIDIIJ,IIH IIHTepcpettcbI bpio (2) / bpio (9 ); 
• ceaHCOHe3aBHCIIMbIH pa6oqJiii: MO.llYJib writer (1 ); 
• CJI)')Ke6Hhie Mo,uyJIII JJ,JUI: 

1. cepBepHoii qacTH COKeTHOro coe,UIIHeHH5I; 

2. KJIIIeHTCKOH qacTH COKeTHOro coe,UJIHeHII5I; 

3. rrepe,uaqII rraKeTOB II3 IIOTOKa B 6ycpep TOqKJI BeTBJieHII5I; 

4. nepe,uaqJI rraKeTOB II3 6ycpepa ToqKJI BeTBJieHII51 B IIOTOK. 

• ceaHCOHe3aBIIClIMbie ynpaBJI5.IIOIIJ,IIe MO.UYJIH. 

Bee rrporpaMMHbie TeKCTbI CIICTeMbI· qdpb HarrHcaHhI Ha 5.13bIKe CII 

rro,u 6oJiee HJIH Mettee o6mee coBpeMeHHoe UNIX-no,uo6ttoe oKp)')KeHHe. 

PeaJIII3aQII51 Bcero KO,Ua, IICIIOJIH5.leMoro B KOHTeKcTe 3a,uaqII, 0)KII,uaeTC5.I 

JierKo rrepeHOCIIMoii no,u OC, OTJIIIqHbie OT pa3pa6oTOqHoH (FreeBSD). 

11op5.1,UOK 6aHTOB B MHOro6aH.TOBbIX nomx TeJI rraKeTOB Bcer,ua OT MJia,u

rnero K CTaprneMy (T.H. little endian byte order). Beeb KO.U ,uJI5.I KOH

TeKCTa 51,llpa opraHJI30BaH B BII,Ue ycTpoiicTB (device) II 3arp)')KaeMbIX 

Mo,uyJieH. 51,llpa oc lI peaJIII3yeT ClICTeMHbie Bbl30Bbl lI o6pa60TqIIKII arr

rrapaTHbIX rrpepbIBaHHH. Bee BbillleIIepeqIIcJieHHOe 5.IBJI5.leTC5.I TlIIIIIqHbIMH 

3JieMeHTaMH 51,llep COBpeMeHHbIX UNIX-rro,uo6HblX oc . 
B TpeTLeM naparpa<J_1e paccMaTpIIBaIOTC51 cpe,ucrna, rrpe,uHa3HaqeH

Hbie JJ,JUI rro,u,uep)KKII OIIHCaHII51 3KCrrepIIMeHTaJibHOH ycTaHOBKH: rrpe,u

CTaBJieHIIe 3KCIIepIIMeHTaJibHbIX ,uaHHbIX lI OIIIICaHHe arrrrapaTypbl KA
MAK, o6a KOH<pIIrypIIpyeMbie JJ,JUI o6ecrreqenll5I ceattcoHe3aBIICIIMOCTII. 

3TII cpe,UCTBa II03BOJI5IIOT cymecTBeHHO ynpocTIITb peaJIII3aQIIIO ceaHC0-

3aBHCIIMOH qacTII nporpaMMHOro o6ecrreqeHII51, a TaK)Ke cpopMaJIH30BaTb 

ero peKOH<pIIrypau,IIIO rrpII II3MeHeHIIlI OT ceaHca K ceattcy pernaeMbIX 

<pII3IIqecKIIX 3a,uaq, ,UIIKTyIDIIJ,eM lI3MeHeHII51 COCTaBa arrrrapaTypbl II co-

6IIpaeMbIX ,uaHHbIX. 
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CxeMa nporpaMMHOro npe.ucTaBJiemrn 3KCnepHMeHTaJibHbIX .uaHHbIX 

[VIII] o6ecneqHBaeT KOHqmrypHpyeMoe ( nocpe.UCTBOM KOHqmrypaU:HOH
HbIX qiafuioB B qiopMaTax cell.conf{S }, knobj.conf{S }, clean.conf{S ), 
RUN.conf{S )) BO BpeM5I Hcnmrnemrn npou:ecca onHcaHHe .uaHHbIX, qTQ 

no3BOJrneT pearrH30BaTh pa6oqHe MO.UYJIH H MO.UYJIH npe.ucrnBJiemrn .uaH

HbIX ceattcotte3aBHCHMbIM o6pa3oM. TaKM cxeMa pearrmoBaHa nocpe.u

CTBOM cne.uy1m:n:Hx nporpaMMHbIX 3JieMeHTOB: 

• YHHBepcarrbHblH BbNHCJIHTeJibHbIH o6neKT, T.H. JPieiiKa. 

• YHHBepcarrbHbIH o6neKT npe.UCTaBJiemrn (o6pa60TKH) .uaHHbIX, T.H. 

H3BeCTHLiii (nporpaMMe) 061,eKT, OilHparomHHC51 B CBOIO oqepe.Ub 

Ha: 
• yttHBepcarrbHOe npe.ucrnBJieHIIe nepeMeHHbIX, T.H. H3BeCTH3H (npo

rpaMMe) rrepeMenuaH, H 
• yttHBepCaJibHOe npe.UCTaBJieHHe q>yttKU:HH, T.H. H3BeCTH3H (npo

rpaMMe) <l>YHKU:HH. 
Ilpe.uocTaBmieTC51 (npHKJia.IlHOH) nporpaMMHbIH HHTepqieii:c (.uarree -

"API") cell (3) .IlJI5I MaHHnymn:Hii: c BbNHCJIHTeJibHbIMH 5J:qeii:KaMH. Ilpe

.uocTaBJI5IIOTC51 nporpaMMHbie cpe.ucTBa - T.H. API known {3) - .IlJI5I pem
cTpan:HH n106oii: rno6arrbttoii: nepeMeHHoii: BHYTPH nporpaMMHoro MO.UYJI51 
KaK maecTHoii: nepeMeHHoii: c 3anontteHHeM CH-CTPYKTYPhI kn var, a 

TaK)Ke .IlJl51 MaHHilYJI5IU:HH C H3BeCTHbIMH nepeMeHHbIMH; .IlJI5I pemcTpan:HH 

JII06oii: q>yttKU:HH BHYTPH nporpaMMHOro MO.IlYJI5I KaK H3BeCTHOH q>yttK
U:HH c 3anontteHHeM CH-CTPYKTYPhI knf un, a TaK)Ke .IlmI MaHHnymn:Hii: c 

H3BeCTHblMH q>yttKU:H5IMH; .IlmI MaHHilYJI5IU:HH c H3BeCTHbIMH o6neKraMH. 

Kottq>HrypHpyeMoe onHcattHe annapaTypbI KAMAK [VIII] npe.utta-
3HaqeHo .IlJl51 qiopMarrH3aU:HH H aBTOMaTH3aU:HH HanHCaHH51 nporpaMM

HbIX TeKCTOB, pearrmyromHx pa6oTy c KAMAK B CJIO)KHbIX MHOroKpeii:T

HbIX ycTaHOBKax, .IlJI5I TaKHX 3JieMeHTOB IlO.UCHCTeMbI o6cJI~HBaHH51 KA

MAK, KaK 3arp~aeMbie MO.UYJIH 51.Upa OC H npon:eccbI, pa6ornromHe c 

KAMAK Henocpe.ucTBeHHO. OcHOBHM H.Ile51 COCTOHT B pearrman:HH CJie
.IlYIOID:HX nporpaMMHbIX 3JieMeHTOB: 

1. OnHcaHHe annapaTYPbI KAMAK c "reorpaqiHqecKoii:" ToqKH 3pe

HH51 - nocpe.ucTBOM HeKoii: KOHqJHrypan:HOHHOH 6a3bl .uaHHbIX (T.H. 
rno6arrbttoro MaccHBa onHcaHH51 KAMAK), co.uep:)Irnmeii: HHq>op
MaU:HID O MeCTOilOJIO)KeHHH (B TepMHHax HOMepoB BeTBH, Kpeii:Ta H 
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CTaHU:HH) Ka)K.Iloro 6noKa KAMAK, HCilOJih3yeMoro B .uaHHOM ce

attce. 
. 2. HeKruI "6H6JIHOTeKa" nporpaMMHbIX TeKCTOB CH, pearrH3yIDID:HX .IlJI5I 

Ka)K.Iloro BH.Ila HCilOJib3yeMblX 6JIOKOB KAMAK ( no Kpaii:tteii: Mepe) 

cne.uyromee: 
• qTeHHe 3KcnepHMeHTaJibHbIX .uaHHbIX H3 6noKa KAMAK; 

• c6poc ( np1rne.uem1e B HCXO.UHOe COCT05IHHe) 6JIOKa KAMAK; 

• TeCTHpoBaHHe 6noKa KAMAK; 
• HMHTaU:HIO qTeHH51 3KCnepHMeHTaJibHblX .uaHHbIX H3 6JIOKa KA

MAK 6e3 o6pameHHH K KAMAK (.IlmI orna.uoqHbIX n:eneii:). 
3. OnHcamrn annapaTypbI KAMAK c ToqKII 3peHH51 co6b1TH51, T.e . 

npe.ucTaBJieHHe 3KCnepIIMeHTaJlbHbIX .uaHHbIX B TepMIIHaX qifTaeMbIX 
6JIOKOB KAMAK .IlJl51 Ka)K.Iloro BH.Ila co6h1mii:, npe.uycMoTpettHoro 

B .uaHHOH KOHq>IIrypaU:HII ycTaHOBKII. 
4. YTIIJIHTbI .IlJl51 TecTIIpoBaHH51 annapaTypbI KAMAK II .IlJI5I rettepa

U:IIH nporpaMMHblX TeKCTOB CII Iia OCHOBe BbIIIienepeqIICJieHHblX 

cpe.ucTB. 
5. CeaHCOHe3aBHCHMa5I qacTb KO.Ila, pearrmyromero ynpaBJieHIIe CIICTe-

MOH c6opa II o6pa6oTKII .uaHHbIX B n:eJIOM (ttanpIIMep, pacn03Ha

Bairne BH.Ila co6hITH51 (TpIIrrepa), pa3perneHHe/3anpeT rettepaU:HII 

TpHrrepoB, 3anycK/ocTaHOBKa CIICTeMbl H T . .u.). 
6. CeaHC03aBIICIIMa5I qacTb KO.Ila ynpaBJieHH51 CHCTeMOH B n:eJIOM (tta

npIIMep, IIHIIU:HaJIH3aU:H51 II c6poc annapaTypbI KAMAK, II T . .u.). 
CeaHCOHe3aBHCHMbIM o6pa30M pearrII30BaHbl n. 2 - 3aroJIOBoqHblH 

qiaii:n hwconfh (cM. hwconf(S }) II IIHTepqieii:c hwcon/(3 ); n. 4 - YTII
JIIIThI gen_gr{l} II ctest(l}; n. 5 - 3aronoBoqHbIH qiafuI hardware.h . 

B qeTBepTOM rraparpa<I>e OilIICbIBaeTC51 ceaHC03aBIICIIMa5I qaCTb [X] 
KOHq>HrypHpyeMoro npe.ucTaBJieHH51 3KCnepIIMeHTaJibHblX .uaHHblX - npo
rpaMMHbIH KO.Il, 3aBIIC51In:IIH OT COCTaBa H xapaKTepa co6HpaeMblX 3KCne
pIIMeHTaJibHblX .uaHHblX II, TaKHM o6pa30M, BapbIIpyIDID:IIHC51 OT ceaHca 
K ceattcy. TaKoii: KO.Il .IlJI5I Ka)K.IlOro ceattca <run_narne> rpynnHpyeTc51 B 

6II6JIIIOTeKy lib<run_narne> II co.uep)KIIT: 
• nporpaMMHOe npe.ucTaBJieHHe 3KCnepHMeHTaJibHblX .uaHHblX ycTa

HOBKH ( o6'b5IBJieHH51 eRUN (5) CTPYKTYPHPOBaHHoro npe.ucrnBJieHH51 
.uaHHbIX II pearrman:H51 HHTepqieii:ca fRUN (3) .IlJI5I npeo6pa3oBaHH51 
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;::i:aHHbIX H3 "cb1poro" ;::i:Bowrnoro rrpe;::i:crnBJiemrn bRUN (3) B C'fl)yK

TypttpoBaHHoe ), a TaIOKe rro.rui:ep)I(l(y HH3Koro ypomrn B 3arorroBoq
HOM cpaime bytemacros. h ; 

• OOl,5IBJiemrn pack_types (5) KnaccHcpHKau;HH BH,llOB co6bITHH ( IIaKe

TOB) H peanmau;mo pack_types {3) HHTepcpeiica J1.JI5I rrpeo6pa3oBa
HHii rrpe;::i:CTaBJieHHH BH,llOB co6bITHH. 

• OTHOCHTenbHO ceaHCOHe3aBHCHMbIH HHTepcpeiic IIOJib30BaTeJibCKOro 
ypomrn get...data {3 ), K0Topb1ii rro.rui:ep)KHBaeT pa6oTy c cpaimaMH 

;::i:aHHbIX, KaK 3aIIHCaHHbIX CIICTeMOH qdpb ( MOJJ:YJieM writer {1) IIO

cpe;::i:cTBOM IIHTepcpeiica packet{3 )), TaK H B crnpbIX (He-qdpb) 
cpopMaTax, Ha6paHHbIX B paHHIIX ceaHcax. 

B IIHTOM naparpacI>e mrraraeTC5l peanmau;ll5I CIICTeMbI DAQ1 C<l>EPA 
[X], OCHOBaHHa51 Ha rrporpaMMHbIX KOMIIOHeHTax, om1caHHbIX B rrpe;::i:bI
;::i:ynmx Tpex rraparpacpax. 

frro6anbHbIH MaCCHB OIIIICaHII5l KAMAK (rr. 1 cxeMbI KOHcpHiypH

pyeMoro orrIIcaHII5I arrrrapaTYPbl) H rrpe;::i:cTaBJieHIIe ::iKcrrepIIMeHTanbHbIX 
;::i:aHHbIX. B TepMHHax qIITaeMbIX 6JIOKOB KAMAK ( II. 3) peanmOBaHbI ce

MeHCTBOM clJaimoB b<run_name>. * (rro OJ:{HOMY 3aroJIOBOqHoMy cpaimy .h 
II HCXOJ:{HOMY cpaimy .c Ha Ka)KJ:{bIH ceaHC ycKopmem). CeaHC03aBIICII

Ma51 qacTb Ko;::i:a yrrpaBJieHII5I cIIcTeMoii DAQ C<l>EPA (rr. 6) peanII30BaHa 
ceMeHCTBOM 3arorroBoqHbIX cpaimoB <run_name>hard.h (rro o;::i:HoMy Ha 

Ka)KJ:{bIH ceaHc ycKOpIITem). JJ:orrOJIHHTeJibHO K rrpe;::i:oCTaBll5IeMbIM CH

CTeMOH qdpb peanII30BaHbI crre;zyiorn;IIe crreu;IIcpIIqecKIIe J1.JI5I cIIcTeMbI 
DAQ C<l>EPA rrporpaMMHbie ::irreMeHTbI: 

• IIOJib30BaTeJibCKIIH o6pa6oTqIIK rrpepbIBaHIIH KAMAK sphere (4 ), 
51BmIOIIJ;IIHC51 3arp~aeMbIM Mo;::i:yrreM Mpa OC; 

• KOHcpmypau;ttoHHa51 spherecon/(8) H yrrpaBmIOrn;a51 sphereoper{8) 
YTIInHTbI J1.JI5I o6pa60TqIIKa rrpepbrnaHHH KAMAK; 

• c6oprn;HK CTaTIICTHKII statman {1 ), 51Bll5IIOIIJ;IIHC51 pa6oqHM MOJJ:yrreM 
B TepMIIHax CIICTeMbI qdpb; 

• MOJJ:YJib rpacpttqecKoro rrpe.n:CTaBJieHII5I .n:aHHbIX histview {1 ); 
• MOJJ:YJib TeKCTOBOro rrpe)];CTaBJieHII5I JJ:aHHbIX cntview {1); 
• YTIInHTa KOHTpom 3arp~aeMbIX Mo.n:yrreH Mpa OC watcher{l}. 

1 _Qata J!cguisition - c6op ,IUlliHhlX. 
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OrrttcaHbI TaIOKe: rrpou;e;::i:ypa peKoHcpmypau;HH cttcTeMbI DAQ C<l>E

PA rrpH CMeHe cpopMaTa co6IIpaeMbIX 3KcrrepHMeHTanbHbIX .n:aHHbIX H arr
rrapaTHOro cocTaBa ycTaHOBKH - "rrepexo.n: Ha .n:pyroii ceaHc ycKopHTem", 
TeCTHpoBaHtte CHCTeMbI DAQ C<l>EPA Ha cTeHJJ:e H IICIIOJib30BaHIIe ee 

B ceaHcax Ha ycKopttTeJibHOM KOMrrneKce llB3 OI15IH ( qeTbipe ceaHca 

B 2002 ro;::i:y, ITO OJJ:HOMY ceaHcy B 2003 H 2004 IT., H K HaCT05IIIJ;eMY 

BpeMeHII - JJ:Ba ceaHca B 2005 ro;::i:y). 

B meCTOM naparpact>e OIIHCbIBaIOTC51 IIOCTpoeHHbie Ha OCHOBe CII

CTeMbI qdpb CHCTeMbI c6opa, o6pa60TKH, TpaHCIIOpTIIpOBKII H rrpe.n:crn

BJieHH5l .n:aHHbIX J1.JI5I pMa rrompHMeTpOB, 3KcrrnyaTttpyrorn;IIXC5I B TIB3 
OI15IH: BbICOK03HepreTHqecKOro rrompHMeTpa TIB3 [17], BeKTOpHoro 

IIOJI5IpHMeTpa Ha BffYTpeHHeH MHIIIeHII HyKnOTpoHa [XIII] H BeKTOpHO
TeH30pHoro rrompttMeTpa Ha BHYTpeHHeH MHIIIeHII - COOTBeTCTBeHHO 

DAQ B3TI [IX], DAQ TIBM [XI], [XII] II DAQ BTTI. Cxo)KeCTb yi<:a-
3aHHbIX ycTaHOBOK ITO Ha3HaqeHHIO II Ha6opy .n:eTeKTOpOB II03BOJIIIna e.n:H

HbIM o6pa30M opraHll30BaTb pacrrpe.n:erreHHOe rrpe.n:cTaBJieHIIe )];aHHbIX H 

rrpHMeHHTb rrpIIHIJ;HIIIIallbHO aHanornqHbie rrporpaMMHbie perneHII5I rrpH 

peanmau;IIH rro.n:cIIcTeMbI o6crr~IIBaHII5I arrrrapaTHbIX cpe.n:cTB - ::irreK

TpOHHKH B cTaHJJ:apTe KAMAK. 

.D:orroJIHHTeJibHO K rrpe.n:ocTaBmeMbIM CHCTeMOH qdpb M5I Ka)KJ:{OH ll3 
rrepeqttcrreHHbIX cHcTeM DAQ peanmoBaHbI crre;zyiomtte crreu;ttcpttqecKHe 

rrporpaMMHbie ::irreMeHTbI: 
• 3arorroBoqHbIH cpaim orrttcaHII5I arrrrapaTHbIX cpe.n:cTB KAMAK H 

"Cbiporo" JJ:BOHqHoro rrpe.n:cTaBJieHII5I .n:aHHbIX; 
• rrorrb30BaTeJibCKIIH o6pa60TqHK rrpepbrnaHIIH KAMAK c cooTBeT

CTByIOIIJ;HMH KOHcpHrypau;HOHHOH H yrrpaBmIOrn;eii YTIInHTaMH; 
• make-cpaim c KOMaHJJ:aMH orrepaTOpa; 
• rrporpaMMHoe rrpe.n:cTaBJieHHe 3KCrrepHMeHTallbHbIX .n:aHHbIX C rro

JI5IpHMeTpa ( o6nHBJieHII5I ePOLAR (5) CTpyKTypttpoBaHHoro rrpe.n:
cTaBrreHII5I .n:aHHbIX H peanmau;ll5I HHTepcpettca /POLAR {3) J1.JI5I 

rrpeo6pa3oBaHII5I .n:aHHbIX H3 "cb1poro" .n:BoIIqHoro rrpe.n:cTaBJieHII5I 
B CTPyKTYPHPOBaHHoe); 

• BbNHCJIHTeJib rrompH3aIJ;HII, 5.1Bll5IIOIIJ;HHC5l pa6oqHM MOJJ:yJieM B Tep
MIIHax CHCTeMbI qdpb; 

a TaIOKe e.n:HHa51 .n:m Bcex rrompttMeTpOB CGI-YTHJIIITa polar __cgi {1) MH 
yrrpaBrreHII5I BbNIICJIHTemMH rrompmau;HII qepe3 HTTP. 
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OrmcaHO o6mee B3aHMO)leHCTBtte nporpaMMHbIX 3JieMeHTOB CllCTeM 

DAQ B3II / IIBM / BTII, a TaKJKe CGI-o6crryxuBaHue 3agpocoB OT 

HTTP-KJitteHTOB yrurrttToli polar ...cgi (1 ). IIpttBe)leHbI cpopMyJihI nmrnptt-

3au_ttoHHhIX BbiqucrreHttH, HCnOJih3yeMbie BhNHCJIHTeJUIMll IIOlliiptt3aI.J,ttll 

B3II / BTII tt IIBM, paccMOTpeHhI Ha6opbI BhIBOJlHhIX cpai1rroB no

crre)lHttx u pe)KttMbl HX pa6oThl ( CTaTuqecKHH run, )lllHaMuqecKttH run, 

npoCMOTp pe3yJihTaTOB TeKymero CTaTttqecKoro run'a), a TaKJKe COOTBeT

crnyiomue pe)KttMhl )lOCTyrra no HTTP K pe3yJihTaTaM norr51pll3aI.J,ttOHHhlX 

BbiqucrreHttH. IIpeWIO)KeH MeTO)l CllHXpOHH3aI.J,HH "cbipbIX" )laHHhlX OT 

B3II / IIBM / BTII c 3KcnepttMeHTarrhHhIMtt )laHHhIMtt Jlpyrnx cpmu

qecKttx ycTaHOBOK II o6c~aIOTC51 cnoco6bI norryqeHH5I TaKllX )laHHblX 
B online- HJIH offline-pe)KttMax. 

CttcTeMa DAQ B3II c npeJlCTaBJieHtteM pe3yJihTaTOB nomIpmau.uoH

HhIX Bb1qucrreHtti1 qepe3 HTTP 6hIJia ucnoJih30BaHa B TeqeHtte pMa ce

aHcoB CttHxpo<pa3oTpoHa II HYKJIOTpoHa c rromIptt3oBaHHhIMH nyqKaMtt 

- MIOHh'2001, OKrn6pb'2001, Ho516pb'2002 u .II:eKa6pb'2002. CttcTeMa 

DAQ IIBM c aHarrornqHbIM npe)lCTaBJieHtteM pe3yrrhTaTOB 6hma ycnenrno 

npoTecTttpoBaHa Ha nom1pmoBaHHOM nyqKe B TeqeHtte ceaHca HYKJIO

TpoHa Jl:eKa6ph'2002. CttcTeMbI DAQ BTII u MOJlepHmttpoBaHHoro 

B3II TeCTttpOBaJIHCb B ceaHce MapT'2005, nepBa5I ycnenrno ttcnorrb-

30Barracb Ha BHyrpeHHeM noJUipll30BaHHOM nyqKe B ceaHce MIOHb'2005. 

B TpeTbeH rJiaBe onucaHa npou.eeypa norryqeHH5I 3KcnepttMeH

TaJihHhIX )laHHhIX, o6c~aIOTC51 ycrrOBH5I nocTaHOBKll 3KcnepttMeHTa II 

TOqHOCTll ll3MepeHHH ( CllCTeMaTuqecKtte II CTaTHCTttqecKtte onm6Ktt)' 

rrpttBe)leHbl 3amumaeMbie 3KcnepttMeHTaJibHhie )laHHhie, a TaKJKe npoBe

)leHo HX cpaBHeHtte C pe3yJihTaTaMll ll3BeCTHbIX B JIHTepaType TeopeTH
qecKHX pacqeTOB. 

B nepBOM naparpa4>e rnaBbl npoBe)leH aHaJill3 llCTOqHllKOB CllCTe

MaTttqecKttX ornu6oK. PaCXO)lllMOCTb nepBttqHoro nyqKa )leHTpOHOB ::::; 

10-2 
pMttaH BHOCHJia pa36poc BerruquHhI nomipmau.uu IM20I ::::; 10-2, 

KOTOpbIH 3aBe)lOMO MeHhille orntt6Ktt npoBe)leHHblX ll3MepeHHH BeJIH

quHbl t20 (3--;-4 % ) II K TOMy )Ke 3cpcpeKTHBHO yqttThlBaJIC51 npou.eeypoli 

ll3MepeHttH. IIo pe3yJihTaTaM MO)lerrupoBaHH5I noKa3aHo, qTo BKJia)l B 

tt3MepeHHoe ceqeHue po)K)leHH5I qrreHoB, nponopu.ttoHarrhHhIX sin(¢) u 

sin(2¢), He npeBblillaJI 0,5. 10-2, qTQ TaKJKe 3aBe)lOMO MeHbille CllCTe-
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MaTuqecKOH orntt6Ktt tt3MepeHttH t20. lITo KacaeTC51 BJIH5IHH5I 3cpcpeKTOB 

TorrcToli MttrneHtt Ha BerruquHy tt3BJieKaeMoi1 aHarrtt3ttpyiomei1 cnoco6-

HOCTH T20, TO 3aBHCHMOCTb noJIHblX (yrrpyrnx II Heyrrpyrnx) ceqeHHH 

pacce51Hll5I )leHTpOHa Ha yrnepo)le OT BerruqttHhl TeH30pHOH noJUiptt3a

I.J.llll no ll3BeCTHbIM JIHTepaTypHbIM )laHHbIM [18], [19] He Ha6JIIO)laeTC51 

Ha HarneM ypOBHe ornu6oK. ct>oHOBhIH K tt3yqaeMOMY np5IMOMY npou.eccy 

dA -+ 1r X KaCKa)lHhIH npou.ecc dA -+ NY ; NA -+ 1r X ( r)le N -
HYKJIOH) no npoBe)leHHblM HaMll ou.eHKaM )laeT BKJia)l < 2 % B ceqeHtte 

po)K)leHH5I Ha caMOH TOJICTOH ll3 ucnOJih30BaHHbIX MttrneHeH, qTo 3Haqu

TeJibHO MeHbille orntt6Ktt B onpe)lerreHttll BerruquHhl t20 II CTaTttCTttqecKHX 

ornu6oK tt3MepeHttH T20. 
Bo BTOpOM naparpa4>e· npttBe)leHbl 3KCnepttMeHTaJihHble )laHHbie )llliI 

TemopHOH aHaJIH3ttpyiomei1 cnoco6HOCTH T20 B peaKQHll cpparneHTaI.J.llll 

TeH30pHO noJUiptt30BaHHbIX )leHTpOHOB B KyMYJI51TllBHbie nttOHbl: 

J +12C-+ 1r±(e . 0°) + X (6) 
B nepBOH noCTaHOBKe 3KCnepttMeHTa (Puc. 1) II 

J +A-+ 1r-(e = 0°) + X (7) 
BO BTopoH nocTaHOBKe ( c MttrneH51Mtt A = H, Be, C, Puc. 2). 

TemopHa5I aHarrmupyiom:a51 cnoco6HOCTh T20 ll3BJieKarracb tt3 tt3Me-

peHHblX BeJittqHH BhIXO)lOB nttOHOB: 

T _ 2v'2(nt - n;) 
20- + - - + , 

n1rPzz - nrrPzz 
(8) 

r)le n; = N;- /Mon± - HOpMttpoBaHHOe Ha qucno OTcqeTOB B MOHttTop-

HOM cqeTqttKe (uoHtt3au,ttoHHa5I KaMepa IC) qucrro 3aperncTpttpoBaHHhIX 

IIHOHOB OT cpparneHTaI.J,ttll )leHTpOHOB, HMeIOm:ttx COOTBeTCTB)'IOill:)'IO TeH-

30pH)'IO nomipmau.u10 p;z· BenuqttHhI T20 , onpe)lerreHHhie c ucnonh30-

BaHtteM Bcex norryqeHHbIX HaMll B nepBOH nocTaHOBKe )laHHbIX, OTHOC51-

muxc51 K COOTBeTCTB)'IOill:llM KHHeMaTttqeCKHM nepeMeHHhIM, npttBe)leHbl 

B Ta6rruu.e 1 ( CM. [IV]) KaK cpyttKI.J.ll5I KyMYJUITHBHOH nepeMeHHOH Xe 

(1r--Me30Hbl - rneCTb BepxHHX PMOB, 7r+-Me30Hbl - )lBa Hll)KHHX pMa). 

BerruqttHbl T20, onpe)lerreHHbie Ha OCHOBe )laHHbIX, norryqeHHblX BO 

BTOpOH noCTaHOBKe ( CM. [V]), npttBe)leHbl B Ta6rruu.e 2 ( llHBapttaHT

HOe ceqeHtte cpparMeHTau,m1 O"inv(xc) = Errda(xc)/df!rr npe)lCTaBJieHo B 
e)lttHHQax MK6apH. foB-2 • c3 . cp-1 /HYKJIOH). 

TaKttM o6pa3oM: 
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Ta6m1:u;a 1: 

Pd, Xe± 6Xe T20 ± CTaT. ± CHCT. 

f3B/c 

9,0 0,920 ± 0,019 -0,0021 ± 0,0455 ± 0,0003 
8,6 0,982 ± 0,020 -0,0078 ± 0,0299 ± 0,0010 
7,4 1,234 ± 0,025 0,051 ± 0,067 ± 0,007 
7,0 1,352 ± 0,028 -0,043 ± 0,080 ± 0,006 
6,6 1,495 ± 0,031 0,21 ± 0,11 ± 0,03 
6,2 1,674 ± 0,036 0,017 ± 0,138 ± 0,002 
9,0 0,920 ± 0,019 0,0029 ± 0,0368 ± 0,0004 
7,4 1,234 ± 0,025 0, 12 ± 0,09 ± 0,02 

Ta6Jrnu;a 2: 

P-rr, MmneHb Xe± bxc O"inv(Xc) T20 ± CTaT. ± CIICT. 

P3B/c ( TOJ1II.{IIHa, r / CM2) 

3,5 H (7,1) 1,08 ± 0,03 23,5 0,064 ± 0,059 ± 0,004 
4,0 H (7,1) 1,25 ± 0,03 19,6 0,048 ± 0,047 ± 0,003 
4,5 H (7,1) 1,43 ± 0,04 3,53 0,120 ± 0,058 ± 0,008 
5,0 H (7,1) 1,61 ± 0,04 0,75 0,158 ± 0,098 ± 0,010 
5,0 Be (36) 1,63 ± 0,04 6,59 0,128 ± 0,056 ± 0,008 
5,3 C (55) 1,76 ± 0,05 1,81 0,162 ± 0,118 ± 0,010 

• BeJrnqHHbI TemopHOH aHaJIH3Hpyroruett crroco6HocTH T20 ;:urn oT

pH:u;aTeJibHbIX H IIOJIO)KHTeJibHbIX IIHOHOB COBml,!l;aIOT B rrpe,!l;eJiax 

3KCIIepHMeHTaJibHbIX ourn6oK; 

• He Ha6JIIO,!l;aeTC51 3HaqHMOH 3aBHCHMOCTH T20 OT aTOMHOH MaCCbI A 
5I,!l;pa MHilleHH B HHTepBaJie 1 -;- 12; 

• q:>HTHpOBaHHe Bcex 3KCrrepHMeHTaJlbHbIX ,!l;aHHbIX KOHCTaHTOH ,r:i:aeT 

T20 = 0,04 ± 0,02; x2 /n, = 1,3 (n, - qHCJIO CTerreHeH CB060,!J;bI); 

• 3KcrrepHMeHTaJibHbie ,!l;aHHbie xopOillO OIIHCbIBaIOTC51 JIHHeHHOH 3a

BHCHMOCTbIO OT K)'MYJI51THBHOH nepeMeHHOH T20 = (-0,18±0,07)+ 
(0,19 ± 0,06) · Xe; X2 /nf = 0,5. 

B TJ)eTLeM naparpac)>e npoBe,!l;eHO cpaBHeHHe nonyqeHHbIX BeJIHqHH 

TeH30pHoH aHaJIH3Hpyroruett cnoco6HocTH T20 c pe3yJibTaTaMH H3BeCTHbIX 

B JIHTeparype TeopeTHqecKHX pacqeTOB. TaK, B pa60Te [20], r,!l;e o6cy-

22 

)K,UaJIOCb npeAJIO)KeHHe HCilOJib30BaTb peaK:QHIO (7) (;:urn A - npOTOH) 

cpparMeHTa:QHH noMpH30BaHHbIX )];eHTpOHOB B IllIOHbl AJI51 HCCJie,!l;OBaHH51 

CTpyKTypbl Kopa ,!l;eHTpoHa, KaqecTBeHHO npe,!l;CKa3bIBaJiaCb CB513bIBaeMa51 

c aHmOTponHeH D-BOJIHbI Bcf>,U 3aMeTHa51 BeJIHqHHa TeH30pHOH aHaJIH-

3Hpy10rue0 crroco6nocTH IT2ol 2: 0,4. 
IIepBbie pacqeTbI aHaJIH3npy10rue0 crroco6HocTn T20 6bIJIH BbITIOJI

neHbI B HMIIYJibCHOM npH6JIH)KeHHII B pa60Te [21] ;:urn AeHTpoHoB c HM

nyJibCOM 9 f3B / C. 0,!J;HaKO pe3yJibTaTbl 3THX pacqeTOB ,!l;a)Ke KaqecTBeHHO 

He cornaCyIOTC51 C nonyqeHHbIMH HaMH 3KCnepHMeHTaJibHbIMH ,!l;aHHbIMH. 

,Upyrne pacqeTbl T20 M5I paccMaTpHBaeMOH peaK:QHH, KOTOpbie 6bmII 6bI 

npoBe,!l;eHHbl AO nonyqeHH51 HaMH 3KcrrepHMeHTaJibHbIX ,!l;aHHbIX, aBTOPY 

He H3BeCTHbI. 

Ilo,!1;p06HbIH TeopeTHqecKHH aHaJIH3 peaK:QHH cpparMeHTa:QHH IlOJI51pII-

30BaHHbIX H HerroMpII30BaHHbIX ,!l;eHTpOHOB B IlHOHbl BbIIlOJIHeH B pa-

6ornx [22], [23], [24], r,!l;e AHq:>cpepeH:QHaJibHOe ceqenHe n TemopHa51 

aHaJIH3HP)'IOIUa51 crroco6HocTb T20 paccqHTbIBaJIHCb B paMKax peJI51TH

BHCTCKOro HMIIYJibCHOfO rrpH6JIH)KeHH51 B HYKJIOHHOH MO,!l;eJIH ,!l;eHTpona. 

IIo pe3yJibTaTaM 3TIIX pacqeTOB MO)KHO C,!l;eJiaTb CJie,!J;yIOIUHe BbIBO,!l;bI: 

• B OTJilfqHe OT ,!l;HcpcpepeH:QHaJibHOfO ceqeHH51, TeH30pHa51 aHaJIH3H

pyIOIUa51 crroco6HOCTb T20 cna6o 3aBHCHT OT BH,!l;a 3JieMeHTapHoro 

ceqeHH51 da(NN ➔ 1rX). 
• ,Un51 3HaqeHIIH HHBapHaHTHOH K)'MYMTHBHOH rrepeMeHHOH Xe 2: 1,3 

BbNHCJieHHa51 BeJIHqHHa T20 cyruecTBeHHO 3aBHCHT OT IICIIOJib30BaH

HOH rrpH pacqernx Bcf>,U. 

• HH B KaKOM H3 HCIIOJib30BaHHbIX B [24] IIO,!l;XO,!l;OB (KoBapIIaI-ITHbIH 

IIO,!l;XOA, OCHOBaHHbIH Ha ypaBHeHHH EeTe-ConmITepa; KBa3HIIOTeH

:QHaJibHbIH IIO,!l;XOA fpocca; cxeMa MHHHMaJibHOH peMTHBH3a:QHII) H 

HH C KaKOH H3 HCIIOJib30BaHHbIX Bcf>,U rrpe,!l;CTaBJieHHbie B ,!l;HCCep

Ta:QHOHHOH pa6oTe 3KCIIepHMeHTaJibHbie ,!l;aHHbie He OIIHCbIBaIOTC51 

B paMKax HYKJIOHHOH MO,!l;eJIH ;:urn Xe 2: 1,2. 
B CB513H C rrepeqHCJieHHbIMH TPYAHOCT5IMH B pa60Te [24] rrpenrr::m

HHMaJiaCb IIOIIbITKa BBO,!l;a B Bcf>,U rrpHMeCH HeHYKJIOHHOH KOMIIOHeHTbI, 

O,!l;HaKo 3TO TaK)Ke He II03BOJI5IeT OIIHCaTb rronyqeHHbie 3KCrrepHMeHTaJib

Hbie AaHHbie ;:urn T20 BO Bcett myqeHHOH o6nacTH. 
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T.o., norryqeHHbie 3KCnepHMeHTaJibHbie ,uaHHbie yKa3bIBaIOT Ha Heo6-
XO,UIIMOCTb ,UaJibHeHIIIHX TeopeTHqecKHX HCCJie,UOBaHHH pacc~rnTpHBae
MOH peaKQHH (7) H, B03MO)KHO, pa3pa60TKH 6orree a,ueKBaTHbI~- TTO,UXO,UOB 
,um1 onHcamrn BblCOKOHMIIYJibCHOH KOMTTOHeHTbl B BCl>,U. 

B 3aKJIIO-'leHHH ccpopMyrrttpoBaHbl OCHOBHbie pe3yJibTaTbI H Bbl
BO,Ubl ,UHccepTaQHH: 

1. BrrepBbie H3MepeHa Berr11q11Ha TeH3opHOH aHaJIH3ttpymmeiI crroco6-
HOCTH T20 B peaKQHil d + A --+ 7r±(e = 0°) + X cpparMeHTaQHil 
TeH30pHO nom1pmoBaHHblX ,ueiITpOHOB B KyMYmITilBHbie IIIlOHbl rro,u 
HyrreBbIM yrnoM B .UByx IIOCTaHOBKax: 

• npll qJHKCHpoBaHHOM. HMTTYJibCe IIIlOHOB P1r = 3, 0 f3B / c ,umI 

HMTTYJibCOB ,ueiITpOHOB Pd B HHTepBaJie OT 6,2 ,uo 9,0 faB/c 
[IV]; 

• npll qJHKCHpoBaHHOM IlMIIYJibCe ,ueHTpOHOB Pd = 9 ,0 f3B / c ,umI 

HMIIYJibCOB IIH0HOB P1r B IlHTepBaJie OT 3,5 ,UO 5,3 f3B/c [V]. 
2. H3MepeHHasI BerruqHHa TeH3opHOH aHaJIIl3ttpymmeii crroco6HoCTH 

T20 He 3aBHCHT OT aTOMHOH Macchi A 51,upa MHIIIeHH B HHTepBaJie 
A= 1712. 

3. H3MepeHHasI Berr11qttHa T20 He 3aBHCHT OT 3HaKa perncTpttpyeMoro 
IIHOHa. 

4. H3MepeHHasI BeJIHqHHa T20 ,Ua)Ke KaqecTBeHHO He OIIIlCbIBaeT~5.I H3-
BeCTHbIMil Ha ,uaHHbIH MOMeHT TeopeniqecKHMil pacqeTaMH B IlM
rryJibCHOM np116JIIJ)KeHHil B HYKJIOHHOH MO,UeJIH ,ueiITpona. 

5. C03,uaHa pacrrpe,uerreHHasI CHCTeMa c6opa H o6pa6oTKH ,uaHHbIX qdpb 
[VII]' npe,uOCTaBJI5.llOIIlllil OCH OBY ,D:JI5.1 110CTpoeHil5.I CHCTeM . c6opa 
,uaHHbIX 3KcnepttMeHTaJibHbIX ycTaHOBOK. 

6. Ha ocHOBe cttcTeMhI qdpb co3,uaHa cttcTeMa c6opa ,uaHHbIX [VIII], 
[X] DAQ CCl>EPA, 11cnorrh30BaBIIIasIC5.I K HaCT05.IIIleMy MoMeHTY B 8 
ceaHcax Ha BbIBe,ueHHOM rryqKe CttHxpocpa30TPOHa 11 HYKJIOTPOHa 
JIB3. 

7. Ha OCHOBe CHCTeMbl qdpb C03,UaHbI CllCTeMbI c6opa ,UaHHbIX [IX]' 
[XI], [XII] TTOJI5.!pHMeTpOB JIB3: BbICOK03HepreTHqecKoro Ha BbI
Be,UeHHOM rryqKe, a TaK)Ke Ha BHYTpeHHeiI MHIIIeHH HYKJIOTpoHa 
- BeKTOpHoro TTOJI5.!pHMeTpa [XIII] H BTTOCJie,UCTBHH - BeKTOpHO
TeH30pHoro TTOmipHMeTpa. 
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