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'pafiora BYITOBHeHa B BafiopaTOpHH BAepHYX npofinew 

Ofi~eAHHeHHOIO HHCTHTyTa BAepHYX HCCBeAOBaHHR 

. .J 

HayquyR pyKOBOAHTeBb: K8HAHAaTa ~H3HKO-MaTeMaTHqecKHX HayK, 

CTapmHR uayquyR COTPYAHHK D.M.KYTbHH 

.. 
0~H~H8BbHYe OllllOHeHTY ; 

,llOKTOp ~H3HKO-MaTeM8THqecKHX HayK D.r.rPHIUHH 

K8HAH,llaT ~H3HKO-MaTeMaTHqecKHX Hayx A.A.BOBKOB 

DeAy~ee uayquo-HCCBeAOBaTeBbCKOe yqpeZAeHHe : 

MOCKOBCKHR HHEeHepHO-~H3HqeCXHR HHCTHTYT 

3a~Ta A~CcepTa~HH COCTOHTCB " 1990 r. 

B --- qacOB Ha 38Ce,naHHH Cne~H8BH3HpOB8HHOIO COBeTa Jl.047.01.03 

llpH Ba6opaTOpHH B,llepHYX npo6neM o6~e,llHHeHHOIO HHCTHTyTa B,llepHYX 

HCCBe,llOB8HHR, r.Jly6Ha, MOCXOBCXOR o6naCTH. 

q AHCCepTa~HeR MOEHO 03H8XOMHTCB B 6H6BHOTeKe OHHH. 

ABTope~epaT pa3ocnau " 1990 r. 

YqeHYR cexpeTapb cne~H8BH3HpOB8HHOIO COBeTa 

,llOXTOp ~H3HKO-MaTeMaTHqecKHX Hayx ll.A.BATYCOB 

,l 
I 
l 

OBmAH XAPAKTEPHCTHKA PABOTU. 

AKTyaJibHOCTb. HCCJieAOBaHHe npol{eCCOB B3aHMOAeRCTBHB a,npOHOB C 

BApaMH IT03BOJIBeT ITOJiyqHTb YHHKaBbHY~ HH~OpMal{H~ 0 npocTpaHCTBeHHO -

BpeMeHHOR CTpyKType B3aHMO,lleRCTBHSI a,npOHOB, 1IpHpo,ne Sl,llepH!IX CHJI. 

OaKTHqecKH TOJibKO npH HCITOJib30BaHHH HApa, paCCMaTpHBaeMOIO KaK 

COBOKYITHOCTb HYKJIOHHIIX MHmeueR, B03MOXHO H3yqeHHe 9~eKTOB DpeMeHH 

ipOpMHpOBaHHSI a,npoua, llOCKOJibKY xapaxTepuoe npeMH CHBbHIIX 

B3aHMO,lleRCTBHR COCTaBJIJieT IiopSI,llKa O,llHOIO cpepMH. 

OAHHM H3 BaEHeRmHX KaqeCTBeHHIIX npe.ncxa3aHHA KB8HTOBOA 

xpoMO.llHHaMHKH ( KX.lll JIBJIJieTCll s~cpexT B3aHMHoro sxpaHHponaHHH !{BeTa 

pa3JIHqHJIX COCT8BJISI~~HX 8ApOHa, npHBO,llSI~HR K 38BHCHMOCTH ceqeHHll 

D3aHMo,neRcTBHSI OT cpe.nuexsa.npaTHquoro paAHyca a.npoua. HaH6onee 

HpKHM CBeACTBHeM 9TOIO 9~eKTa llBBSieTCSI HanHqHe y a,npOHOB "CEaTIIX" 

KOH~Hrypal{HR, OtlJia,lla~~HX Ma~JIM ,llHITOBbHIIM MOMeHTOM, ,llBSI KOTOp!IX 

llAepHaSI cpe.na SIBBSieTCll rrpo3paquoA. llpocTpaHCTBeHHO-BpeMeHHall 

cTpyxTypa rrpo~ecca sxpaHHponaHHll ~BeTosux 3apH,non, HJIH a,npoHH3al{HSI 

rrapToHa B JI,nepuoA cpe.ne, npHBO,llHT K HeTpHBH8JibHOMY HAepHOMY 

9XpaHHpOBaHH~ KaK XeCTKHX, TaK H MSIIKHX npol{eCCOD. 

llOITIITKH CTpOrOIO OllHCaHHSI MlliKHX a,npOHHIIX npol{eCCOB 8 KX.l( 

HaTaJIKHBa~CSI Ha HepemeHHY~ npo6JieMMY tlOJibillHX paCCTOSIJIHA, ll09TOMY 

pa3pa6aTJIBa~TCSI pa3JillqHJie clJElHOMeHOJIOrHqecKHe r.m,neJIH, HCITOJib3Y~~e 

H,llell KX.l(, KOTOp!Ie ll03B8JISI~T llOHSITb OCHOBH!Ie 38KOHOMepHOCTH MSIIKHX 

npoiteccos. 9xcnepuMeHTaJILHaH nponepxa ~yu,naMeHTaJILHIIX npe.ncKa3aHHA 

KX.U ,llJIH npo~eccon nepecpepHqecxoro o6pa3onaHHll a.npouon B a.llpOH -

SI,llepH!IX B38HMO.IleACTBHSIX B OtlJiaCTH cpparMeHTal{HH nyqKOBOA qacTHI{II -

llBJISieTCSI O,llHOR H3 aKTyaJibHIIX H M8JIOH3yqeHHIIX npo6JieM !pH3HKH 

a,npOHOB. 
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~HCCepTaUHH llOCBH~eHa HCCne~OB8HHD a~pOHH38UHH' llH~HpyD~ero 

S-KDapKa, CO~epxa~erOCH B K•-Me30He, B HHKllD3HBHYX npoueccax 

K+ + A -+ K*0 + X, 
(892) 

(1) 

K+ + A -+ If + X, (2) 

na g_npax A=Be,cu,Pb B o6nacTH ~parMeHTaUHH naneTaiOIIIero Kaona 

(xr"=D,4, Pt"'o,s r::~B/c} npH 3HeprHH 1.1,2 r<JB. 

9KcnepHM8HT npoue)leH Ha YCKOpHTeJie Y-70 HHCTHTyTa ~H3HKH 

BUCOKHX 3HeprHR (r.Cepnyxou) C HCllOJib30BaHHeM annapaTypu ycTaHOBKH 

H•DB9-0HHH rHnepoH. 

uenb pa6oTu: 1) uoJiyqenHe HOBYX 3KCnepBM8RTaJibHUX _naHHbiX 0 

nepe~epHtieCKHX a_npoH-H)lepHhiX B3aHMOJl8ilCTDHHX B o6JiaCTH ~parMeHTaUHH 

uytiKa npH 3HeprHH ~ 10 r<JB; 

2) aHallH3 3KCIIepHM8HTaJibHUX )laHHUX H HCCJI8JlOBaHH8 

npouecca a_npoHH3iUUIH JIHJlHPYDIIIero KuapKa u g_nepnoR cpene B paMKax 

COBpeMeHHUX MOJl8JibHUX npe_ncTaBJI8HHR. 

HayqnaH HOBH3Ha. Bnepuue H3Mepenu nua~hiJlH~~epenuHaJibHUe ceqe-

HHJI HHKllD3HBHOrO o6pa30BaHHH K•O 
(892) 

H K0 -Me30HOB B K•A-

B3aHMOJl8RCTBHHX (A=Be,Cu,Pb) B o6JiaCTH ~parMeHTaUHH nytiKOBOR tiaCTHUU 

H onpe.neJieHu napaMeTpu a(xr,pt) CTelleHHOR 3aBHCHMOCTH ceqenHR 

HCCJie_nouannux npoueccou oT Maccouoro tiHCJia A H.npa-MHmeHH. 

Pa3pa6oTaHU MeTOJlHKa H CHCTeMa nporpaMM "off-line" aHaJIH3a 

3KCll8pliM.8HTaJibHOR HH~OpMaUHH, o6eCll8tiHBWHe BUllOJIH8HHe 3KCIIepHM8HTa 

nyTeM HCCJ18JlOBaHHH Cll8KTpOB 3~~8KTHBHUX MaCC BTOpHtiHYX qacTHU. 

npe.nJio::r::ena cxeMa ananH3a llOJiytieHHUX JlH~~epenuHaJibHUX 

2 

HHDapHaHTHhiX cetieHHR F(Xr}, B paMKaX KOTOpOR BU~eneHU BKna~Y 

K•O - H K0 -M830HOB o6pa30D8HHUX HllH Henocpe~CTB8HHO B pe3yllbTaTe 
(892) 

K•A- u'3aHt.IO~eRCTBHR ( npHMUe), HllH HBllHIOIIIHXCH npo_nyKTaMH pacna~a 

JlHqlpaKUHOHHUX CHCTeM If pe3onancou ( pacna~nue). ~nH onpe~eneHHH 

ceqenHR o6pa30B8HHH npHMUX .M830HOB HCll0llb30B8HY nnanapnue H 

UHmm.npHtieCKHe )lHarpaMMLI, pactiHTaHHhle B ~m_neJIH YtiHThiBaiOIIIeR 3~q>eKThl 

3KpaHHpOBaHHH UB8Ta H JlJIHHhl ~OpMHpouaHHH llpH a_npOHH3aUHH JIHJlHPYIOIIIero 

S-KBapKa. 

cetieHHR 

YcTanouJieHo, 'ITO Ha6JIIO)laeMhiR llpH 

o6pa30BaHHH K•o 
(892) 

H • K0 -M830HOB, 

llOB8)l8HH8M cetieHHR pacna)lHbiX M830HOB. 

X -->1 
f 

MOX8T 

poeT 

6UTb 

OTHOWeHHR 

o6'bSICHeH 

llpaKTH'l8CKaH U8HHOCTb. Co3_nanno uporpaMMHoe o6ecnetieHHe ~JIH 

oupenenennoro KJiacca 3JieKTponnux 3KcnepHMeHTOB. OHO 6YJIO HCll0Jib30-

BaHHO npH OCYIII8CTBJieHHH nporpaMMU 3KCnepHM8HTaJibHUX HCCJ18JlOBaHHR 

HHKJII03HBHOrO o6pa30BaHHH IIC8B)lOCKanHpHUX H BeKTOpHUX M830HOB B 

a)lpOH-aJlpOHHbiX H a_npoH-HJl8pHb1X B3aHMOJl8ilCTBHHX. ·0CHOBHhl8 aJirOpHTMhl 

H M8TOJlU HX peaJIH3aUHH, BUpa6oTaHHble H HCllbiTaHHble B npouecce 

C03)laHHH 60JibWOR nporpaMMHOR CHCT8Mhl, MoryT 6UTb HCIIOJib30BaHU npH 

3KCll8pHM8HTaJibHUX HCCJI8JlOBaHHHX B ~H3HK8 BhiCOKHX 3HeprHR. 

Pa3BHTaH B JlHCC8pTaUHH ~H3H'l8CKaH HHTepnpeTaUHH llOJiytieHHUX 

3KCII8pHM8HTaJibHUX )laHHbiX ll03BOJIH8T IIpOHCHHTb xapaKTep a_npOHH3aUHH 

JIHJlHPYIOIIIero KBapKa B g_nepHOR cpe_ne H 6y_neT IIOJI83Ha npH llJiaHHpouaHHH 

IIporpaMMU HCCJI8JlOBaHHR JlHHaMHKH CHJibHUX B3aHMOJl8itCTBHR B npyrHx . . 
upoueccax H B 6onee mHpoKoR o6JiacTH 3HeprHR. 

AuTop 3a~H~aeT: 

1. Pe3yJibTaTU M8TOJlH'l8CKHX pa3pa6oTOK H npHM8H8HHH C03)laHHOR 

CHCTeMU nporpaMM "off-line" anaJIH3a 3KCnepHM8HTaJibHOR HH~OpMaUHH, 

o6ecnetiHBWHe BUllOJIH8HHe 3KCll8pHM8HTa nyTeM HCCJI8JlOBaHHH Cll8KTpOB 
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3~eKTHBHUX Mace BTOpHqHUX qaCTHU. 

2. Pe3yRbTaTU 3KCIIepHMeHTaRbHOrO HCCRe~OBaHHH, BUTIORHeHHOrO C 

npHMeHeHHeM pa3pa60TaHHOR MeTO~HKH H nporpaMMHOrO o6ecneqeHHll, a 

HMeHHO: 

a) H3MepeHHe ~BaX~U~H~~epeHUHaRbHUX ceqeHHR H H3yqeHHe A-

3aBHCHMOCTH peaKUHR K•+A~K•0 +X, 
(892) 

(A=Be,cu,Pb) 

~parMeHTaUHH HaneTa~mero KaoHa npH 3HeprHH 11,2 f3B . 
. .J 

B o6nacTH 

6) H3MepeHHe ~Ba~uAH~~epeHUHaRbHUX ceqeHHR H H3yqeHHe A-

3aBHCHMOCTH peaKUHR K• +A~K0 +X, ( A=Be, Cu, Pb) B o6naCTH ~parMeHTaUHH 

HaneTa~mero KaoHa npH 3HeprHH 11,2 f3B. 

3. Pe3yRbTaTU HCCRe~OBaHHll anpoiiH3aUHH RH~Hpy~mero S-KBapKa B 

npoueccax HHKR~3HBHOrO o6pa3oBaHHll 

B3aHMoneRCTBHliX. 

K•O - -H 
(892) 

K0 -Me30HOB .. B K•A-

Anpo6aUHll H ny6nHKaUHH. ~HCCepTaUHll HaTIHCaHa Ha OCHOBe HayqHUX 

pa60T, BUTIORHeHHUX C yqaCTHeM aBTOpa B na6opaTOpHH ll~epHUX npo6neM 

OHHH H H~B3 ( r. CepnyxoB) _C 1978 no 1990 rr. H3ROieHHUe B HeR 

MaTepHaRU ~OKna~UBaRHCb Ha HayqHUX ceMHHapax nHll OHHH, H~B3, 

R~B3-RT~ H~ AH ECCP (r.MHHCK), H3~ CAH (KOWHUe,qc~P), Me~yHapo~HUX 

co»emaHHliX coTpy ~HHqecTBa fHnepoH ( 1983. 1985, 1987, 1989 rr. ) , 

3aCe~aHHliX CIIeUHaRH3HpOBaHHUX KOMHTeTOB H CeCCHR YqeHOrO COBeTa 

OHHH, Mex.nyHaponHoR ruKone no ~H3HKe OHHH-UEPH (BapHa, HPE, 1987 

r.), EBponeRCKOR KOH~epeHUHH no ~H3HKe BUCOKHX 3HeprHR ( Ynncana, 

IDBeUHH, 1987 r.). OCHOBY ~HccepTaUHH COCTaBRli~T 11 HayqHHX pa6oT. 

CTpyKTypa H 06b~M ~HCCepTaUHH. ~HCCepTaUHll COCTOHT H3 BBe~eiiHH, 

qeTup~x rnaB H 3aKn~qeHHll. Pa6oTa H3noieHa Ha 99 cTpaHHuax, BKn~qalJ 

35 pHCYHKOB H 12 Ta6nHU. EH6RHOrpa~HqecKHR CIIHCOK CO~epiHT 88 

CCUROK. 

4 

CO~EPXAHHE PAEOT~. 

BO-BBe~eHHH o6cyXJ~:aeTcH aKTyanbHOCTb npo6neMu, KpaTKO 

oxapaKTepH30BaHHU COBpeMeHHUe npe~CTaBneHHH 0 npouecce a~pOHH3aUHH 

napTOHa B ll~epHOR cpe~e. llOKa3aHO, qTO 3KCTiepHMeHTaRbHUe ~aHHUe TIO 

~H~~epeHUHaRbHUM ceqeHHRM peaKUHR, H~YillHX c Manoa nepe~aqeR 

HMTIYRbCa Ha aTOMHOM ll~pe, MoryT cnyXHTb HCTOqHHKOM HHilJOpMaUHH 0 

CBOllCTBaX B3aHMO~eRCTBHH H HBRli~TCH qyBCTBHTeRbHUMH K npe~cKa3aHHliM 

KX~ 0 B3aHMHOM 3Kp~HHpOBaHHH UBeTOB KBapKOB, K ~RHHe 90PMHpOBaHHH 

anpoHOB, K B3aHMO~eRCTBH~ HeC~OpMHpOBaBrueroCH a~pOHHOrO COCTOliHHH C 

HnepHoR cpe~oR. 

llepBaH rnaBa CO~epXHT KpaTKOe OTIHCaHHe OCHOBHUX Y3ROB ycTaHOBKH 

fHIIepoH ( pHC. 1) . flyqKQBUR CTieKTpOMeTp npe~Ha3Haqeii nnH H3MepeHHll 

TpaeKTOpHH H HMTIYRbCa nyqKOBOR qacTHUU. ToqHQCTb peKOHCTpyKUHH 

~Sofl(-1 Ds.fl(-2 cn-129 lt(..J e. s. ,...., t~ rJtJSS. 

-G.l~\!~ l l/ ! \l :f -=.1/l,~nHE---u--i~IOHI 

- • 1 ~ 4 4 ~ 4 ~ ~ 

PHc.1a PHc.16 -~ 
-4 -2 z [MJ 

PHC.1. YcTaHOBKa fHnepoH: a)nyqKOBUR cneKTpoMeTp, 6)cneKTpOMeTp 

BTOpHqHUX qacTHU. llK- 6nwtH nponopUHOHaRbHUX KaMep, HllK-

6nOKH HCKpOBUX npOBOROqHUX KaMep, s-
1 

CUHpTHRRHUHOIIHUe 

cqeTqHKH, 
. 
C

1
- qepeHKOBCKHe cqeTqHKH, r

1
- ronocxonu, M-

MHWeHb, Cll-129 H MC-12 - 3ReKTpOMarHHTU. 

HMnynbca cocTaBnlleT "' 0,35 x, ToqHOCTb onpeneneHHll yrna na~eHHll -Ha 
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MUWeHb COCTaBJIHeT - 0,-3 Mpa,n. CIIeKTpOMeTp BTOpU'IHhiX tJaCTHU rrpe,n

Ha3HaqeH .Il~HI . H3MepeHU.II TpaeKTOpuR H HMIIYJibCOB BTOpuqHhiX 'laCTHU. 

TO'IHOCTb OIIpe,neJieHH.II UMDYJibCa BTOpHqHoR 'laCTUUhl COCTaBJIHeT - 17., a 

yrna ee BhiJieTa H3 MHmeHH -1 Mpa.n. OrrucaH mupoxoarrrrepTypH11A [1x2 M2
] 

BOCbMHKaHaJibHhiR ra30B11R qepeHKOBCKHR cqeTqux (C
6
). PaCCMOTpeHhl 

ycJIOBHH IIpOBe,IleHH.II SKCIIepHMeHTa H SKCIIepHMeHTaJibHO OIIpe,neJieHO 

pa3pemeHHe crrexTpoMeTpa no s~~eKTHBHOB Macce cucTeMhl (rr•rr-)-Me30HOB 

}{JI.II K
0
-Me30Ha.. 0IIHCaHa rrpoue,nypa pacqeTa MeTO,IlOM MOHTe-KapJIO 

TOqHOCTHhiX xapaKTepuCTHK CIIeKTpOMeTpa. llOCTpOeHhl ~YHKUHH pa3pemeHUH 

IIO S~~eKTHBHOR Macce CHCTeM (K+rr-)- H (rr•rr-)-Me30HOB (puc.2). 

N 

·~t 1 r .. 

!\ 100 11 50 PHC. 2. 4>yHKUHU pa3pemeHH.II IIO Sip~eKTHBHhiM 

MaccaM CHCTeM a) ( K+rr-) -Me30HOB B 06JiaCTH 

SOl- I II + r \1, -125 MaCChi K"0 H 6)(rr•rr-)-Me30HOB ,IlJI.II K0
• 

(892) 

-10 0 10 -10 0 10 
~Mo<'n\MaB. ~Mo{lil.MaB 

Bo BTOpolt rJiaBe OIIHChiBaeTC.II CHCTeMa IIporpaMM "off-line" aHaJIH3a 

IIOJiy'leHHOlt SKCIIepHMeHTaJibHOlt HH~OpMaUHH (puc. 3) •l. 

OIIuCaH MeTO,Il pacqeTa reoMeTpuqeCKHX KOHCTaHT ycTaHOBKH, 'II03BO-

~., 

. llo,no6Hall CHCTeMa rrporpaMM, HO C HCIIOJib30BaHHeM aJibTepHaTHBHhiX 

aJiropuTMOB, 611Jia pa3pa60TaHHa H IIpuMeHeHa B H4>B9. c uenhiO 

YCTpaHeHH.II B03MOXH11X CHCTeMaTH'leCKHX IIOrpemHOCTelt B 01HIH H H4>B9 

611na rrpoae.neua rrapaJIJieJihHa.ll o6pa6oTKa SKcrrepHMeHTaJibHolt HH~9pMaUHH. 

6 

~ Puc.3. o6ma.11 cxeMa cHcTeMhl rrporpaMM 

"off-line" aHaJIU3a SKCIIepuMeHTaJibHOR 

UH~OpMaUUU. 

10 

0.5 0.7 

Puc.4. reoMeTpuqecKaH S~~eKTUBHOCTb 

ycTaHOBKU c(xr,pt) .IlJI.II rrpoueccon 

UHKJII03UBHOrO o6pa30BaHU.II a) K
0
-Me30HOB 

.H 6) •O 
K

1892
l-Me30HOB. 

JHfBUJUl'i. o6ecne'IUTb He06XO}{UMYIO TO'IHOCTb npuBH3KU TjleKOBhiX }{eTeKTOpo'a 

K CHCTeMe KOOp,IlUHaT CIIeKTpOMeTpa. llo.npo6HO paccMoTpeH aJirOpHTM 

·paCII03HaBaHUH MHOrOTpeKOBhiX C06hiTUR, a}{eKBaTHhllt KOH~urypauuu 

ycTaHOBKH U UCCJie,nyeMOR ~U3U'leCKOR 3a,Ila'le. CKOpOCTb o6pa60TKU 

SKCIIepuMeHTaJibHOR UH~OpMaUUU, B 3aBUCUMOCTU OT ycJIOBUR IIpOBe,IleHU.II 

SKCIIepuMeHTa U TUlia MUWeHU, cocTaauna 3+5 co6/cex. HMIIYJibChl 

BTOJlU'IHhiX 'l&CTHU pac'IHThiBaiOTC.II MeTO,IlOM II03BOJIHIOmHM, 6e3 yxy }{WeHH.II 
,. 

TO'IHOCTH, cymecTBeHHO IIOHH3HTb .o6'bt!M HCIIOJib3yeMOlt MaWHHHOR IIaM.IITH. 

0IIHCaH11 anropUTM peKOHCTpyKUUH BepmuHhl MHOrOTpeKOBOro C0611TU.II H 

KpUTepuu, UCIIOJih3yeMhle rrpu CTaTHCTH'leCKOM aHaJIH3e UH~OpMaUUH. 

9!p~eKTHBHOCTb pacii03HaBaHuH MHOrOTpeKOBOrO C0611TUll CUCTeMoR 
,. 

rrporpaMM "off-line" auanu3a .naHHhiX cocTaBuJia 97±27.. 

reoMeTpuqecKa.ll sq>~eKTUBHOCTb ycTaHO.BKU (puc. 4) • paC'lUThiBaJiaCb C 
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~- r-· · · i 
=f 1 
~l 1 

. i i 

•bU 500 51.0 
Min"n·n\M3B 

j 
! 

HCIIOJib30BaHHeM MeTO,Aa cymeCTBeHHOit 

BY60pKH, qTo 'II03BOJIHJIO 3HaqHTeJibHO 

COKpaTHTb BpeMR cqeTa. TpHrrepHan. 

3~~eKTHBHOCTb orrpe,neJIRJiaCb IlpH IIOMO~ 

pacrra,noB rryqKOBYX KaOHOB IIO MO,ne 

K+~n+rtn- .. IiYJIO 3aperHCTpHpOBaHO 

6oJiee 5§ TYC. pacrra.noo K·-Me30HOB 

(pHc.5). ::l~~eKTHBHOCTb perHCTpaUHH 

C06YTHR ycTaHOBKOR OIIpe,neJIRJiaCb C 

HCIIOJlb30BaHHeM 3~~eKTHBHOCTeR TpeKO-

PHC.5. CIIeKTp 3~~eKTHBHYX BYX .,neTeKTOpOB, pacqHTaHHYX rrpH 

Mace CHCTeMY (Ttrr•rr-)-

Me30HOB. 

IIOMOil!H TpeKOB IIH~HO~ OT pacrra,nOB 

K0~rr·rr-, H COCTaBHJia 78±2%. 
s 

Opooe,neH aHaJIH3 CIIeKTpOB 3~~eKTHBHYX MaCe CHCTeM (K•rr-)- H 

(rr•rr-)-Me30HOB (pHC.6). OoJiyqeHY HeCMell!eHHYe 3HaqeHHR Mace K"
0 

- H (892) 

K0 -Me30HOB, a rrorpemHOCTH B orrpe,neJieHHH 

COrJiaCymTCR C pacqeTHYMH 3HaqeHHRMH. 

IIIII( ... If,. 

.---.~~~ .. ,......~~~-, 
""' 

MIK·•~h• Mn(li~ 

PHc.6a 

3~~eKTHBHOR MaceY 

~L~ 
~ ~ ~~ ~,. -

PHC.66 

PHC.6. CyMMapHYe CIIeKTpY 3~~eKTHBHYX Mace CHCTeM a) (K•rr-)- H 

6) (rr•rr-)-Me30HOB. CIIJIOIDHYe KpHBYe - pe3yJibTaT arrrrpOKCHMaUHH 

CIIeKTpOB, IIYHKTHpHYe KpHBYe - ~OHOBOe pacrrpe,neJieHHe. 

8 

I 

·t 
) 

:\ 
ij 

B TpeTbeR rJiaBe orrpe,neJieHY ,noa~Y,AH~~epeHUHaJibHYe HHBapHaHTHYe 

ceqeHHR F(x ,p ) 
. f t 

rrpoueccoo HHKJII03HBHOrO o6pa3ooamin K"o 
(892) 

Me30HOB B K•A-B3aHMO,neRCTBHRX rrpH 3HeprHH 11,2 r3B (pHc.7). 

"~~~ 

I , ~.. ~ I TN 

~\"' ·~ t , + I .I ... 
l!t • t . t•· 

:~·!!:. ~~:::.l···~.~t:,4 'I 
ill ~I i II It+ •• ,; l . ttl t t 

10~ - - .,. .\!+ II I . I • 
s .,. - .;. t 

I I I • I. 

H 1(1_ 

~:~::1:~]~~~ ~~:~ =~:~ 

:'~~lJh.! 
-~\~~ 
·;0;~:r· l~..l 
I l ~ • 

~::x::~;.::, ... L .. II$ ~ , nr•c ..,.Ol5r•c 1\....Sr• 

M ~ 

PHC.7a PHC. 76. 

PRC.7. ~Bax,nY,AH~~epeHUHaJibHYe HHBapHaHTHYe ceqeHHR F(Xr,pt) rrpouec

COB HHKJII03HBHOrO o6pa30BaHHR a) K
00 

- H 6) I(l-Me30HOB B 
(892) 

K+A- B3aHMO,neRCTBHRX. CIIJIOIDHYe KpHBYe Ha pHc.76 - pe3yJibTaT 

arrrrpOKCHMaUHH ceqeHHR 3aBHCHMOCTbiO . ( 1-Xf) n. 

MR peaKUHH (1) rrpH 3HaqeHHRX pt:sO, 2 f3B/C B o6JiaCTH X -->1 
f 

Ha6JIIO,naeTCR poeT ceqeHHR CBR3aHHYR, IIO-BH,nHMOMy, C rrpouecCOM 

,AH~paKUHOHHOro o6pa30BaHHR K
00 

rr- CHCTeMJ.I. OpH p >0, 2 r3B/C xapait-
(892) t 

Tep IIOBe,neHHR F(x ,p ) IIpHo6peTaeT BH,A, OIIHCJ.IBaeM!.IR ~YHKUHeR ( 1-X )
0 

. f t :· f 

C n~0,2. 3aBHCHMOCTb ceqeHHR 0~ p 2 corJiacyeTCR C ~YHKUHeR exp(-Bp
2

). t t 

OpH yoeJIHqeHHH Xf Ha6JIIO,naeTCR poeT rrapaMeTpa HaKJIOHa B. MR peaKUHR 

(2) IIOJiyqeHHJ.Ie ,naHHYe XOpOIDO (P(X
2 )=62%) OIIHCJ.IBaiOTCR 3aBHCHMOCTbiO 

F(x ,p ,A)=F Aa:-tH~(1-X )
0
exp(-Bp

2
) 

f t 0 • f t 
(3) 
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c napaMeTpaMH 0:=1,43±0,15, /3=0,084±,006, n=0,42±0,02, B=7 1 4±0,4 

( f3B/c)-2
• B npe.l(eJiax norpemHocTefi neJIH'IHHbl napaMeTpon n(p ) He 

t 

3aBHCSIT OT A H pt' a BeJIH'IHHbl napaMeTpOB B(xf) He 3aBHCSIT OT A H 

xr. Ha pHc.s H 9 npe.l(cTaBJieHHbl .l(Hq)(pepeHI.lHaJibHble ce'leHHSI F(xr) 

d~/dp!, a TaKxe pe3yJILTaTbl pac'leTa no JIYH.l(CKOfi MO.l(eJIH FRITIOF. 

K"•A-'-Kifml• X K"•A-K"•X 

~ Pb t 

) +t ·p· t t t t 

rA:t! n. . t 
++* ) Cu t + H t f 

0 
oooo +t r 0 °. 0 ~ 

t t + .. 
+ + 

J 
0 Be + • . 
; .-

flx.J,H6H ... ~.Hli 
)(.A~ X K'•A-K'• X 

f+Pb ~t 

H\ 
. ' 
h~ 

t Cu t +' • 
:: l ~ o+ t ? 

0 + + ... 
•• 0 ~ - + 

Be f • ft . . . 

100 
10 

5 
5,. 

1 

5,. 

o.s . 
v v .., '9 

v v v v 

• . 
p 1' t tt 

iJ f 

t· 
t v t 

t t t ' 

p~-t t 

1.0 

0 0.5 
I , I , 0.1 0,2 0' 0,2 

~.(r:.Sicl' 0/. 0,6 o.a 0{. 0.6 0,8 X.. 

H 

2 
PHC. 9. Ce'leHHSI d~/dpt npH xf>O, 7 PI.fC.S.Ce'leHHSI F(x) npH p<0,3 

' . f t 

f3B/c (T,e,!,•) H npe.l(CKa3aHHSI (T,o,!,•) H npe.l(CKa3aHHH MO.l(eJIH 

MO.l(eJIH FRITIOF (V,o,~,o). FRITIOF (V,o,~,o). 

Ha pHC.10 noKa3aHbl OTHOWeHHli R(xf) HHBapHaHTHbiX Ce'leHHfi F(xf) 

•o - o · 
.l(JIH peaKI.lHH C o6pa3oBaHHeM K(

8921
- H K -Me30HOB. Ha6JI~.l(aeTcH · poeT 

R(xf) npH Xf-+1, B03MOlOIOe 06'bHCHeHHe H3JIOXeHO B rJiaBe 1 V. 

·,llpOBe.l(eHa annpOKCHMal.lHH .l(HipipepeHI.lHaJibHbiX Ce'leHHfi. no ipOpMyJie 

d\r O:(x ,p) 

----=-•C ·A r t (4) 

dXfdp! 0 

/ 

10 

B npe.neJiax norpemHocTett BeJIH'IHHbl O:(Xf,pt) He 3aBIICHT OT X 
f H pt. 

Onpe.neJieHHble npH pt :oo, 3 f3B/c BeJIH'IHHbl o: (xr) conocTaBJieHHbl c 

HMeiOII(HMHCH B MHpe .l(aHHbiMH .l(JIH KaOH-H.l(epHbiX B3aHMO.l(eRCTBHR (pHC.11). 

R (XF) 

5 

4 

3 

·Be 
•Cu 
·Pb 

------

I 

I 

0/. a:i 0,6 0,7 Q,8 0,9 XF 

PHC.10. OTHOWeHHH R(xf). CIIJIOWHaH 

KpHBaH - MO.l(eJibHbiR pac'leT, nyHKTHp-

HaH KpHBaH - OTHOilleHHH Ce'leHHfi pac-

•o o 
na.l(llbiX K(

8921
- H K -Me30l!OB, WTpHX-

IIYHKTHpHaH KpHBaH - OTHOWeHHe CeHe

HHfl npSIMbiX K•O - H K0 -Me30HOB. 
(892) 

!./r 
J. • . t 

: f I tIt I It jt. t '• 
• KA -K"x l 

0,2 • K•A -K•IB92JX 
• K-A -K811lB92JX 
• KA -K"JC 

0,3 o.s 0,7 Q,9 
x, 

PHC.~1. 3Ha'leHHH napaMeTpOB 

npOI.leCCOB 
.. 

K-A-o: ( xr) .l(JIH 

D3aHMO.l(efiCTBHfi • 

qeTBepTaH rJiaBa nOCBHII(eHa HHTepnpeTal.lHH noJiy'leHHbiX 3KCnepH-

MeHTaJibllbiX pe3yJibTaTOB. llpOBO.l(HTCSI aHaJIH3 BKJia.l(OB B HHBapHaHTHble 

Ce'ICHHSI F ( Xf) peaKI.lHil: •o o 
( 1) H ( 2) K<

8921
- H K -Me30HOD, o6pa30BaHHbiX B 

pe3yJILTaTe pacna.na pe30HaHCOB t· ( K;14301-+K;~921n • K•O -+K0 n) HJIH 
(892) 

.l(HippaKI.lHOHHOrO po][)(eHHSI . K;~921n-,CHCTeM ('pacna.l(Hble), JIH60 Henocpe.n

CTBeHHO B npol.leCCe K'A-B3aHMO.l(eil:CTBHH (npHMble). PaCCMOTpeHbl OCHOBHNe 

KBapKOBble .l(HarpaM~ .l(JISI OIIHCaHHH npHMbiX K•O 
(892) 

H K
0 
-Me30HOD: 

llHJIHH.l(pH'IeCKHe (pHc.12) H nJiaHapHbie (pHc.13). OHH paC'IHTbiBaDTCH B 

paMr.ax Mo.neJIH, Y'IHTbiBaiOII(ett npH a.npoHH3al.lHH JIH.IlHpyiOII(ero s-KBapxa 
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c 1 c 

'X',~·' 
ayc:c a. a -c 12 

R I R ~ I 
b •R b ~X 

a) 61 a) 6) 

PHe.12. UHJIHHJlpHqeexall )lHarpaMMa PHe. 13. llJiaHapHall )lHarpaMMa ( 6) 

(6) H eoOTBeTeTBYDmHil Tpex- H eooTBeTeTBYDmHD Tpexpe)lXeOHHUD 

pe)lXeOHHUlt rpa~HK RRP (a). J rpaqmx RRR (a). 

3!p(peKT B3aHMHOrO 3KpaHHpOBaHHll llBeTOB KBapKOB B a)lpOJ!e. 

rrepepaeeeliHHe Hee~OpMHpOBaBWeroell a)lpOHHOrO eoeTOSIHHll ( eTpyHW) B 

ll)lepHOlt epe)le H )lJIHHY ~OpMHpOBaHHll BTOpHqHoro a)lpOHa. CeqeHHe 

o6pa30BaHHR paerraJlHWX K•O 
(892) 

H K0 -Me30H9B fl paeqHTaHO e 

HeUOJib30BaHHeM 3KerrepHMeHTaJibHUX )laHHUX. 

Ftx,!M6H! 

so 

to 

Q5 

0/+ Q6 Q8 XF 0,4 0.6 Q8 XF 

PHe.14. CeqeHHll F(Xr) rrpOlleeeOB (1) -

(2) H HX MO)leJibHOe OITHeaHHe (eUJIOWHUe 

KpHBUe). ToqeqHUe KpHB~e eeqeHHll 

RRR- H RRP-)lHarpaMM ( npHBe)leHw )lJISI 

peaKllHH (1)); WTpHX-ITYHKTHpHUe KpHBUe 

eyMMapHUe eeqeHHll RRR- H RRP-

)lHarpaMM, rryHKTHpHYe KpHBUe - eeqeHHSl 

o6pa3oBaHHll paena)lHWX K•O 
(892) 

Me30HOB (KpHBYe npHBe)leHY 

HpOlleeeOB K+Be-B3aHMO)lelteTBHlt). 

12 

H Ko-

)lJISl 

B pe3yJibTaTe rrpoBe)leHHOrO aHaJIH3a OITHeaHU HHBapHaHTII~e eeqeiiH.II 

F(Xf) HeeJie)lOBaHHUX rrpO!leeeOB (pHe.14) H ycTaHOBJieHO, qTo UpH 

3HeprHH ~ 10 f3B BKHa)l B eeqeHHe nnaHapHwx )lHarpaMM rrpeauwaeT BKJia)l 

llHJIHHJlpHqeeKHX )lHarpaMM. Ha6JIID)laeMYD rrpH Xf-->1 poeT OTHOWeHHlt R(xf) 

eeqeHHli o6pa3oBaHHSI K*O 
(892) 

H K
0

-Me30HOB (pHe.10) 06'blleHlleTell 

yMeHbWeHHeM eeqeHHSI o6pa30BaHHll paerra)lHYX If -Me30HOJi H 
). 

yaeneqeHHeM 

•O 
li!JH Xf>O, 7 ceqeHHSI o6pa30BaHHll paerra)lHYX K(

8921
-Me30HOB. 

B 3aKJIIDqeHHe npHBe)leHY UOJiyqeHHYe B )lHeeepTallHH OeHOBHYe 

pe3yJibTaTY: 

1.Ha OeHOBe npoBe)leHHYX HeeJie)lOBaHHlt H pa3pa60TOK, e03)laHHa H 

npHMeHeHa eHeTeMa nporpaMM "off-line" aHaJIH3a HH~OpMallHH e 

yeTaHOBKH fHrrepoH, yqHTYBaiDII\all oeb6eHHOeTH enexTpoMeTpa H 

Kl~HeMaTHKY H3yqaeMYX npO!leeeOB, o6eeneqHBaiDII\aSI 6ueTpyro H 

3~~eKTHBHYID o6pa60TKY 3KerrepHMeHTaJibHYX )laHHYX, li03BOJIHBWaSI 

liOJiyqHTb HeeMell\eHHYe OlleHKH KHHeMaTHqeeKHX xapaKTepHeTHK eo6UTHlt H 

orrpe)leJIHTb )lBaX)lY)lH~~epeHllHaJI.bHYe eeqeHHll HeeJie)lyeMYX npO!leeeOB. 

2. li3MepeHY )lBall:)lbl)lH~~epeHllHaJibHble HHBapHaHTHYe eeqeHHSI F(x 1 p ) 
. f t 

rrpO!leeeOB K+ +A-->K*0 +X 
(892) 

(A=Be,Cu,Pb) B o6JiaeTH ~parMeHTallHH 

nyqxoaoro xaoHa e HMrrynbeoM 11,2 f3B/e. CeqeHH.II F(xr,pt) yxa3YBaiDT 

Ha )lH~paKllHOHHOe noae)leHHe npH Pt"O, 2 f3B/c, a npH pt>0,2 f3B/e 

3aBHeHMOeTbiD ( 1-x ) n c n~o,2. 3aBHeHMOeTb eeqeHHA 
2 

OIIHeUBaDTeR r l 
OT pt 

eornaeyeTeR e ~yHKllHeA exp( -Bp!). Ha6nm,AaeTeR poeT napaMeTpa B e 

yBeJIHqeHHeM npoJlOJibHoro HMrrynLea. 

3. H3MepeHY )lBal()lY)lH~~epeHllHaJibHble HHBapHaHTHYe eeqeHHll F(xr,pt) 

npoueeeoB K+ +A--o!f +X ( A=Be, cu, Pb) B o6naeTH ~parMeHTallHH nyqxouoro 

xaoua e HMnynLeoM 11,2 f3B/c. noxa3aHo, qTo eeqeHHR xopomo 
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(P(x2 )=62X) OllHCNBaiDTCR 3aBHCHMOCTbiD 

F(xr,pt, A)=F
0
A a-j3lnA( 1-xr )nexp( -Bp~). 

BeJill'iHHbl napaMeTpOB n(pt) He 3aBHCRT OT A H nonepe'moro HMllYJJbCa, a 

seJJHqHHN iJapaMeTpOB B(xf) He 3aBHC.HT OT A H npO.llOJlbHOrO HMUYJJbCa. 

4. :H3yqeHa A-3aBHCHMOCTb npol{eCCOB HHKJJID3HBHOrO o6pa30BaHHll 

K•O -
(892) 

H lf-Me30HOB B xaoH-SI,i{epHa~ B3aHMO)leitCTBHliX. BeJIHqHHa 

napaMeTpos a(xr,pt) He 3aBHC.HT oT npo.noJibHoro u nonepeq11oro 

HMH}'JlbCOB (<a(xf,pt)> •
0
=0,65±0,02, <a(xf,pt)> 

0
=0,57±0,01). 

K K 

5. )lH!ptpepeHI{HaJibHNe ceqeHHll nponeccos HHKJIID3HBHoro o6pa3osaHHll 

K~o -
\892) 

H K
0
-Me30HOB B K+A-B3aHMO)leit,CTBHSIX npH 

COllOCTaBJieHbl C npe.llCKa3aiULHMII JIYH.llCKOJ:I MO)leJIH -·FRhiOF. 

11,2 n~B 

noxa3aHo, 

qTQ MO)leJib He OfiHCUBaeT fiOJiyqeHHble 3KCnepHMeHTaJibHNe )laHHNe. 

6.:HHBapHaHTH11e ceqeHHSI F(xf) npol{eCCOB HHKJIID3HBHOrO o6pa30BaHHSI 

K"0 
- H K

0 
-Me30HOB 

(892) 
B K+A-B3aHMO)lei1CTBHSIX OllHCaH11 C HCUOJib-

30BaHHeM KBapK-rJJIDOHHOlt MO)leJIH, yqnTusarom:eit 3!p!peKTI,I 3KpaHHpollaHHSI 

l{BeTa H )lJIHH11 !pOpMHpOBaHHSI. TIOJiyqeHHOe , OllHCaHHe F(Xf) CBH)leTeJJb

CTByeT B fi0Jlb3Y paCCMOTpeHHOJ:I KapTHHbl a)lpOHH3al{HK JIH.llHpyro~nero 

S-KDapKa. TIOKa3aHO, qTo npu 3HeprHH "' 10 f3B BKJia){ B ceqeHHSI 

HCCJie)lOBaiiH11X nponeccon nnaHapH!,!X ,nHarpaMM npes~,~maeT BKJia)l 

l{I.fJJHHJlpHqecKHX )lHarpaMM. 

7. Ha6JIID)laeTCSI pacTyJnaSI 3aBHCHMOCTb OTHOilleHHJ:I )lH!p!pepeHI{HaJibH11X 

ceqeHHJ:I o6pa30BaHHSI K*0 
- H K0 -Me30HOB npH X -->1. 0Ha MOllteT 611Tb 

(892) f 

oChHCHeHa yMellbilleHHeM ceqeHH.H K0 -Me30HOB, o6pa30BaBillHXCSI B 

pe3yJihTaTe pacrra.na pe3oHaHcos, H yneneqeHHeM ·npi'. xr>O, 7 ceqeHHSI 

o6pa30BaHHSI K*0 
- -Me30HOB, 

(892) 
.HBJl.HIDmHXCSI 

.llH!ppaKI{HOHH11X CHCTeM H pe30HaHCOB. 
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Jly6Ha, 1984. 

2. nHna.n3e r.c., KyJihqHI{K~J:I D.A. H .np. BOCbMHKaHaJibHWJ:I 

ra30BbiJ:I qepeHKOBCKHJ:I cq~TqHK. llT::l, 1986, » 3, c. 81-84. 

llperrpHHT OH.IIH, 13-85-80, 6 c., Jly6Ha, 1985. 

3. BHna.n3e r. c. , KyJihqHI{KHA 10. A. H .np. 06 H3yqeHHH 

HHKJIID3HBHOrO o6pa3oBaHH.H seinopHux Me30HOB Ha ycTaHOBKe 

nmepoH. - Coo6~neHHe OHHH, 1-83-895, 7 c., JlY~Ha, 1983. 

4. KyJihqHUKHJ:I IO.A. H Jlp. MO)leJIHpOBaHHe nponeccos HHKJJID3HBHOro 

o6pa30BaHH.H Hei1TpaJibHbiX KaOHOB Ha ycTaHOBKe fHnepoH. 

Coo6~neHHe OH.IIH, P10-90-392, 7 c., Jly6Ha, 1990. 
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0
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