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CBOACTBA 4-MEPHbiX BAPHOHHbiX KJIACTEPOB 
B KYMYJIHTMBHbiX H)lPO-H)lEPHbiX CTOJIKHOBEHHHX 

B.B.Jlro6HMOB, P.Toroo 

flpOBC/lCH aHaJUIJ 4-MepHblX npOTOIIHbiX KJiacrepOB, CBHJaiiHblX 
c <f>parMeHraUHeH nnpa MHWCHH, B pC- H CC-sJaHMoAeikrBHHX, conpo
BOlK/laiOWHXCH HcnycKaHHeM KyMyrrntHilHbiX nHOHOB H nporonos 
( P P =I 0 fJB/c, P c I N~ 4,2 fJB/c). Pa6ora BbinOJIHClla 11a CHHMKax 
C 2-MCTpOBOH npon:U!OBOH KaMCpbi. PaCCMOTpCHa CBHJb CBOHCTB o6pa
JYIOIUHXCH KrracrcpoB c KYMYJIHTHBHbiM pmKneHHCM anponos . 06uapy~ 

lKeHO BJIHHHHe Ha CBOHCTBa JTHX KrracrepoB nponecca pOlK/leHHH Ky
MyHHTHBHbiX riHOHOB . 

Pa6ora BblllOJIHeHa B J1a6oparopHH BbiCOKHX JHeprHH OJ.UII1. 

Properties of Four-Dimensional Baryon Clusters 
in Cumulative Nucleus-Nucleus Interactions 

V.B.Lyubimov . R.Togou 

The four-dimensional proton clusters connected with the fragmenta
ting target nucleu s in pC- and ('('-interactions accompanied by emtssion 
of cumulative pions and protons ( P P = I 0 GeV/c. P c / N = 4 .2 GeV/c) 
have been analysed . The work was carried out using the pictures from 
the 2-meter propane bubble chamber. The ·wnnection of the produced 
cluster properties with cumulative hadron production is considered . 
The effect of the cumulative pion production process on the properties 
of these dusters has been found out. 

The investigation has been performed at the Laboratory of High 
Energies, JINR . 

Bse.nenHe 

B uacromuee speM.R .nocraroquo nonuo pa3pa6oraHa MeTOJlHKa 
aHanH3a .RJlepHbiX CTOnKHOBeHHH C HCnOnb30BaHHeM nepeMeHHbiX 
b i k= - ( u i - u k) ~ r.ne u = P / m - 4-cKopocTb paccMaTpHsaeMou 
qacTHUbi ( P - 4-HMnynbc qacTHUbi, m - ee Macca) 11- 4~ Mu.neKCbi 
i, k OTHOC.RTC.R npH 3TOM KO BCeM yqacTBYIOIUHM DO B3aHMO)leHCT· 
BHH qacrHuaM. TaK, .nn.R npouecca I +II -+1+2+3+ ... , i , k = I,II,l, 
2,3, ... 3Ta MeTOJlHKa n03BOJI.ReT, B 'laCTiiOCTH, Bbi)lenHTb 4-MepHbie 
CTpyH a)lpOHOB HnH KnacTepbi B npoCTpaHCTBe nepeMeHHbiX bi k• CB.R· 
3aHHhiX c cpparMenrauHeu cTanKHBaiOIUHXC.R .R.nep, Hccne.nosaTh ycno
BH.R o6pa30BaHH.R, T.e. cpaKTHI{eCKH CTpyKTypy cpparMeHTHPYIOIUHX 
06'beKTOB, H OC06eHHOCTH CaMHX KnacTepOB. 

Mero.nHKa aHanH3a 4-MepHbiX uyKnOHHhiX KnacTepos 6bma Hc
nonh30BaHa HaMH JlJl.R H3y'leHH.R KyMyn.RTHBHbiX a.npOH· H .R)l;pD·.R)lep-
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HbiX CTOJlKHOBeHHH, T.e. B3aHMO,D;eHCTBHH, COnpOBO)K,ll;aiOIUHXCH HC
IIyCKaiiHeM KYMYJIHTHBHhiX a,D;pouos (npoiouos H 7T-Me3ouos). Mc
cne,D;osaua CBH3b OC06eHHOCTeH o6pa30BaHHR KJiacrepOB C HX CBOHCT
BaMH, a TaK)f(e Toro u ,D;pyroro c KYMYJIRTHBHhiM o6pa3osauueM a,D;

pouos. llpose,D;euo cpasueuue c pe3ynLTaTaM.H, nonyt~eHHbiMH ,D;JIR 
"o6bi'IHbiX" (HeKyMyJIRTHBHbiX CTOJlKHOBeHHH). 

MeTO,D;HKa 3KcnepuMeHTa 

)l.riH aHaJIH3a HCnOJib30BaJICH Ha6op 3KCnepHMeHTaJibHl>IX ,D;aHHbiX 
no ueynpyrHM pC-B3aHMO,D;eHCTBHHM npu Pp = 10 r3B/c H CC-B3aH
MO,D;eHCTBHHM npu 4,2 r3B/c ua HYKJIOH. Ouu nonyt~eHbl c nOMOli.U>IO 
2-MeTpOBOH nponaHOBOH KaMepbi Jla6opaTOpHH BbiCOKHX 3HeprHH 
OMHM, o6nyt~euuoH: nyqKaMH npoTOHOB u H,D;ep yrnepo,D;a ua cuuxpo
<Pa3oTpoHe OMHM. qacTb co6biTHH no pC-s3auMo,D;eHcTBHRM nonyt~e
ua B p e3yJ1bTaTe cneQHaJibHOrO OT6opa CTOJIKHOBeHHH, COnpOBo:>K,D;aiO
lUHXCH HCIIyCKaHHeM B HHTepBaJI yrno~ C fJ 2: 135° npOTOHOB C HM
nyJlbCOM Pp > 380 M3B/c unu IT--Me3ouos c HMnyJlbcoM P > 
> 200 M 3B/c, unu y-KBaHTOB B nOJIHbiH HHTepsan yrnos 3a,D;H~ 
nonyc<t>epbi c 3HeprueH: E y > 100 M3B. llpu auanu3e CC-s3auMo
,D;eHcTBHH 6hiJ1 HCnOJ1b30BaH TaK)f(e Ha6op. ,ll;aHHbiX no T.H. QeHTpaJlb
HbiM CTOJIKHOBeHHRM, T.e. B3aHMO,D;eHCTBHRM, He conpOBO)f(,ll;aiOlUHM
CH HCIIyCKaHHeM HBHbiX 3apH)f(eHHbiX CTpHnnHHrOBbiX tJ:aCTHQ. flQ
,D;p06HOCTH OT6opa H aHaJIH3a C06biTHH H3J10)f(eHbl B pa6oTaX 151 . 

Ha yKa3aHHOM MaTepuane Bhl,ll;eneua rpynna Me30HHhiX KyMy
JIRTHBHbiX pC- u CC-s3auMo,D;eHcTBHH (MKB), conpoBO)f(,ZJ;aiOLUHXCH 

ucnycKauueM IT~· -Me3ouos co 3Hat~euueM: KYMYJIRTHBHoro t~ucna / Gi 

X IT > X~ . rpauHtiHOe 3HatJ:euHe KYMYJIRTHBHOro tiHCJla X 0 ,ll;JlH pC
B3aHMO,D;eHCTBHH B3HTO pasHhiM 0,6, ,D;JIR CC-cTOJIKHoseuu"H: - X~ = 

= 0,4. Cpe,D;H ocranbHhiX co6biTHH oTo6paubi npoTOHHhie KyMyJIR
THBHbie B3aHMO,D;eHCTBHR (flKB), COnpOBO)f(,D;aiOLUHecH HCIIyCKaHHeM 
XOTH 6bi O,D;Horo npOTOHa c X p > X p ( x.p = 1,4 ,ll;JlR pC- H CC-B3aHMO
,D;eHCTBHH). 0cTaswuec1! co6biTHR 6hiJIH npHtJ:ucneHbi K KaTeropuu 
"o6bi'IHhiX" B3aHMO,D;eHcTsuH:. CooTBeTCTBYIDLUaR cTaTHCTHKa CTOJIK
uoseuuH: npuse,D;eua s Ta6'n.l. 

Bbl,ll;eneuue npoTOHHbiX KnacTepos, CBH3aHHhiX c <t>parMeHTa
QHeH: CTaJIKHBalOIUHXCH H,D;ep, npOH3BO,ll;HJ10Cb B C06biTHRX C 'IHCJIOM 
BTOpHtiHbiX npOTOHOB (c PP > 250 M3B/c) np ~ 3. McnOJ1b30Ba
nacb npo Qe,D;ypa MHHHMH3aQHH Bblpa)f(eHHR / 3/ 

An=- I (Va -u~) 2 
-I (V 13 -u~) 2 

, 
k . i 

(1) 

B pe3yJ1bTaTe KOTOpOH onpe,D;eJIRIOTCH ,4-cKOpOCTH KJiaCTepOB a H {3 
( Y a u V 13 ) . Ct~HTanocb, 'ITO B co6hiTHH ua6J110,D;aiOTCH ,D;Ba KnacTepa, 
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ecnH cpe.D.HHe "paccTO.II

HH.II" tJaCTHQ OT QeHTpOB 

KnacTepos <bk> ( bk= 
2 = - ( V - U k ) ) 6hUIH MeHh-

lil e "paCCTO.IIHH.II" Me)f()l.y 

QeHTpaMH KJiaCTepOB ba,g= 
=-(Va - V ,g) 2 npH ycno

BHH, 'ITO KJiaCTepbl pa3,Il.e

JI.IIIOTC.II. ,lln.II 3TOrO Tpe6o

BaJIOCh, 'lJT06bi b a,S > 1,0. 
Pe3yJihTaThi no cpe.D.HHM 

"paCCTO.IIHH.IIM" Me)K,Il.y Bhl

,Il.eJieHHblMH KJiaCTepaMH 

.IJ.JI.II scex paccMaTpHsae

MhiX C06biTHH BMecTe 

C ,Il.aHHblMH no Cpe,Il.HHM 

3HatJeHH.IIM b k npHBe,Il.eHbl 

Ta61!U!Ja 1. CTaTHCTHKa co6biTHH 

Tnn Bee MKB 
C06biTHJ'i 

pC 2583 89 

pC -!469 1425 

cc 5482 2369 

cc·· 4346 1965 

* CnetjUa.rtbHO oro6paHHbze co6blTUR , 
BO:JfCOQIOU{UeCJ! ucnycKaHUeM aOpoHa 
(c.M. TeKCT), 

**CC-tjeH1pa.rtbHble (C.M. TeKCT). 

llKB 

294 

2001 

746 

1053 

cqnpo
B 3fl 

B Ta6n.2. BH.IJ.HO, 'ITO cpe.D.HHe "paccTORHH.II" tJaCTHU OT ueHTp os KJia

CTepos npH6JIH3HTeJihHO Ha nop.II,Il.OK MeHhlile Cpe,Il.HHX "paCCTO.IIHHH" 

Me)K.IJ.Y KJiaCTepaMH. 

Ta61!U!Ja 2. ,llaHHhre no cpe.IJ.HHM ~'paccTO.IIHH.IIM" Me)K.IJ.Y KnacTepaMH 

( \,s ) H npOTOHOB B KJiaCTepax ( b k ) 

Pac- pC cc 
CTOJ'i· 

MKB llKB Bee MKB llKB Bee HHe 

ball 2,4 ± 0,1 3,5± 0,1 2,7±0,1 2,3±0,1 3,5±0,1 2,51± 0,03 

bk 0,231± 0,004 0,273± 0,004 0,297± 0,05 0,333± 0,006 0,361±0,011 0,309± 0,003 

,lln.11 Bbi.IJ.eneHHR KnacTepos * , o6pa3yiO!l.(HXCR B o6nacT.IIX cppar

MeHTauHH CTaJIKHBaiOJ..QHXC.II .II,Il.ep, HCnOJih30BaJIHCh pen.IITHBHCTCKH

HHBapHaHTHble nepeMeHHhre X s H H Xs M , KOTOpbre onpe.D.eJIHIOT .IJ.O

JIIO 4-HMnyJihCa HaJieTaiOJ..Qero .II,Il.pa H .II,Il.pa MHlileHH, yHOCHMYIO KJiaCTe

poM. Jh 3aKOHOB COXpaHeHH.II ,Il.JI.II KJiaCTepOB, COCTO.II!l.(HX H3 'laCTHQ 

C O,Il.HHaKOBOH MaCCOH, MO)KHO nonytiHTh 

* Pacc.Marpusa.nucb Kl!acrepbl c MUHU.Ma.rtbHOU MHO:JtCeCTBeHHOCTbTO np =2. 

7 



Ma{f3) 

Xs+i(M) = mH(M) 

(Va({3) • u M(H) ) 

(U H • U M ) 
(2) 

r.u.e M a( {3) - Macca Knacrepa a (HJIH 13 ) , m H( M) - Macca Haneraro
mero R,u.p a (HJIH R,u.pa MHUieHH). Mbi uccne.u.osanH nose,u.eHne KJiacTe
pos, CBR3aHHbiX C <f>parMeHTaUHeH R,U.pa MHUieHH, ,U.JIR Bbi,U.eJieHHR KO
TOpbiX Tp e6osanocb Bbmonueuue ycnoBHR Xs M> X8 I{' 

Pe 3 yJibTaTbi 

d3a 
B p a6oTe H3Y'IaJIHCb cTpyKTYPHbie <f>YHKQHH F(X) ~ E ~ B 3a-

dP 
2 

BHCHMOCTH OT nepeMeHHbiX X~ hue, X8 , ht, r,u.e bile = -(UII- V) , 

nepeMeHHbie Xs H b k onpe,u.eJieHbl BbiUie. nose.u.euue CTPYKTYPHblX 
<l>YHKQHH F(bne ) H F(X 8 ) xapaKTepH3YeT npoQecc <f>parMeHTaQHH 

paccMaTp nsaeMoro R,u.pa B .U.aHHOM cnyqae ua KJiacTepbi, 3TO 3Hepre
TH'IeCKHe xapaKTepHCTHKH <f>parMeHTHpylOll.{HX CHCTeM H HX CTpyK
Typb!. CTpyKTypHbie <f>YHKUHH F(bk) onpell,eJIRlOT oco6eHHOCTH o6-
pa30BaBUIHXCR KnacTepos, B qacTHOCTH HX 3Hepnuo pacna,u.a. AHaJIH3 
3THX <f>YHKQHH ,U.aeT B03MO)f(HOCTb ycTaHOBHTb CBR3b Me)f(,U.y OC06eH
HOCTRMH o 6pa30BaHHH KJiaCTepOB H HX CBOHCTBaMH. 

CTpy KTypHbie <l>YHKQHH F(b lie) .U.JIR OTMe'leHHbiX BbiUie rpynn 

pC- H CC-s3aHMo.u.eifcTBHH noKa3aHbi ua puc. I. Bu.u.uo, 'ITO ,u.nR KyMy
JIRTHBHhiX cTOJIKHQBeHHH F(bnJ -pacnpe.u.eneHHR HMeiOT 6bicTpo cna-

10 ' 
F(b..) 

10o I I 

-· 10 

0 
10 

F(b..J 
10' 

.. 
10 

-· 10 

.. 
10 

0 
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a 

2 3 

b.. 

.u.awmyw 'laCTb npH 3Ha'leHH
RX bile ~ 0,6 C He60JibUIHMH 

pa3JIH'IHRMH ,U.JIR pa3HblX 
rpynn C06biTHH H npH6JIH3H
TeJibHO O,U.HHaKOBylO OTHOCH
TeJibHO Me,u.neuuo cna,u.aw
myw qacTh npH hue ~ 0,6 . 

Puc. I. F(bxie>·pacnpedeAeHWI O!IR 

pC-e3aUMooeiicreuii (a) u CC
e3aUMooeiicreuii (6) (Te.MHbze 
TO'IKU - MKB; CBeTIIb!e - flKB, 
~<pecTuKu - ''o6bZ'IHbze") . Cnnow
HaJI KpU8aJI - pe3yllbTOT annpOK· 
cUMaijuu oaHHblX 01111 MKB, wrpux
nyHKTUpHaJI - 0/IR flKB, nyHK· 
rup - O!IR "o6bZ'IHb!X" B3aUMoiJeii
creuii. 



Ta61lulla 3. Pe3yJihTaThi annpoKCHMaUHH F(bu c ) -pacnpe.u.eneHHH 

(napaMeTphi <bnc > ) * 

TunuJaHMO· pC cc 
,AeHCTBHII < br1C >1 < brrc >2 < llr1C >1 < brrc >2 

MKB 0,148± O,Ql6 1,53±0,13 (1,4) 0,143± 0 ,031 1,55! 0.15 (0,6) 

IlKB 0,074± 0,041 0,475±0,088 (1,0) 0,143± 0,056 0,911± 0,069 (0,9) 

"o6&NH&re" 0,644± 0,048 (1,5) 0,350± 0,011 (2,5) 

* B CK06Kax yKa:JOHbl 3HarJeHWI x2 110 ooHy crcncllb C(W6orlbl . 

3nt pacnpe)J.eJieHHR annpOKCHMHpOBaJIHCb .U.BYMR 3KCfiOHeHTa MH ·aH

,lla 

)lnR "o6bilJHbiX" B3aHMO)J.eHCTBHH )J.Ba HaKJIOHa B llOBe)J,eHHH CTpyK

TypHblX cpyHKUHH F(bnc) lJeTKO He npoRBJIRHJTCR, no:noMy HH an-

npoKcHMHposaJIHCh O)J.HOH 'JKCfiOHeHTOH : 

(4) 

·• 
nonylJeHHble Pe3YJlbTaTbl )J.JIR napa

MeTpOB < bnc > npHBe)J.eHbl BTa6JI.3 . 
1 0 ,----,---.----,-- ..--..., 

TaKHM o6pa30M, TOJibKO KYMYJifi· F(x
5

) 

THBHbie B3aHMO,l],eliCTBHR MO)f(HO xa- 1 ff 
paKTepH30BaTb .U.BYMR "cnoco6aMH" 

cpparMeHTaUHH R)J.pa MHWeHH 

Ha KJlaCTepbl , pa3JIHlJaiOJl.lHMHCR, 

Puc.:!. F( x 5 ) -pacnpeiJe.!leHWI O/IJI pC-

83auMooeucreuu : a - OIIJI ecex MKB 
(TO~JKU e ) , llKB (TOIJKU 0 ) U "o6bi'J· 

HbiX" (TO~JKU X); 6 - 0/IJI C06biTUU 

c bnc < 0,6 ( f - MKB, .6 - flKB) 

u hue > 0,6 ( V - MKB, tJ. - flKB) . 
Cn.tloUJHaJ! KpueaJ! - pe3Yilbrar annpoK

cUMaquu oaHHbiX O/IJI MKB, wrpux

nyHKTup 0/IJI flKB, nyHKrup 0/IJI "o6blll· 

HblX" eJaUMooeucreuu. 
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Puc.3. F(x 8 ) -pacnpeaeneHUR 
o/IJI CC-cTOIZKHoeeHuii (o6o3Ha'le
HUR Te xe, no u Ha puc.2). 

uanpnMep, no cpe,o;HHM 3Haqe
HHRM nepeMeHHOH hxic . 11M 

COOTBeTCTBylOT pa3Hbie 
cTpyKTypbi <lJparMeuTnpyro
I.UHX 06'beKTOB. 3TO BHAHO 
H3 F (X 8 ) -pacnpe,o;eneuuu, 
KOTOpbie AJIH cnyqaea c bnc< 

< 0,6 H b nc > 0,6 npHBe,o;e
Hbi ua puc.26 H 36. Pa3Hbie 
cTpyKTYPbi <lJparMeHTHpyro
I.UHX 06'beKTOB B H,D;pax MH
weHH oKa3biBaJOTCH a MKB, 
IIKB H a "o6bNHbiX" CTOJI
KHOBeHHHx, qTQ CJie,o;yeT 
H3 'puc.2a H 3a, r,o;e noKa3a
Hbi F(X 8 ) -pacnpe,neneuun 
AJIH 3THX THnOB B3aHMO,D;eH

CTBHH, H pe3yJibTaTOB annpoKCHMarnm 3THX pacnpe,o;eneuHH 3Kcnoueu
TOH THna (4) (Ta6JI.4) . 

Ta6nuij.(l 4. Pe3yJibTaTbi annpOKCHMaQHH F(X s ) -pacnpe,o;eneuuu 
(napaMeTpbi <X 

8 
> ) * 

pC cc 

MKB 0,88± 0,02 (1,8) 0,95± 0,02 (2,5) 

IIKB 1,01± 0,04 (0,9) 1,09± 0,04 (1,3) 

"06bNHbie" 0;54± 0,02 (1,7) 0,72± 0,02 (3,3) 

*B CK06Kax YKa3QHbl 3HQ'IeHWI )(2 HQ CTeneHb C80600bl. 

B Ta6n.5 npnae,o;eHbi ,o;auHbie no cpeAHHM MHO:lKecTaeuuocTHM 
KYMYJIHTHBHbiX a,o;pouoa a pC- H CC-a3aHMo,o;enCTBHRX c <lJparMeHTa
uueu Ha npOTOHHble KJiaCTepbi JIH60 C bile < 0,6, JIH60 C bnc > 0,6. 

BHAUo, qTo po)K,ll;eune KYMYJIHTHBHbiX a,o;pouoa npoucxo,o;HT a o6eux 
rpynnax co6biTHH, npuqeM KYMYJIHTHBHbie npoTOHbi a co6biTHRX nep-
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Puc.4. F(~) -pacnpeiJetJeHUJI (o6o-
3HQIIeHUJI re :JICe, 'ITO u Ha puc.l) . 

aou rpynDhi o6pa3yiOTCH He-

CKOJibKO tiaiUe, tieM ' BTOpOH*. 

KyMyJIHTHBHLie tr -Me30Hbi 

B o6eHX rpynnax CTOJIKHOBeHHH 

po~aiOTC.fi B npe.u,enax OUIH60K 

C O)J;HHaKOBOH BepOHTHOCTbiO. 

Pa3HJma Me')l(ny MKB 

H ilKB B o6pa30BaHHH npOTOH· 

HbiX KJiaCTepOB npOHBJI.fleTC.fi 

B F(b k ) -pacnpeneneHHHX, 

noKa3aHHbiX Ha puc.4. llnH MKB 

3TH pacnpeneneHHH HMeiOT naa 

HaKJIOHa C rpaHHI.\eH DpH bk:::0,6, 

)J;JI.fl ilKB, KaK H)J;JIH"06bi'IHbiX" 

CTOJIKHOBeHHH, - TOJibKO O)J;HH. 

ilapaM eTpbi annpOKCHMai.\HH 

F(b k) -pacnpeneneHHH nayMH 

3KCDOHeHTaMH HJIH O)J;HOH (TH

na (3), (4)) npHBeneHLI 

B Ta6JI.6. 

iloJiytieHHble HaKJIOHbl cpOpMaJibHO MO')I(HO CBH3aTb CO Cpe)J;HHMH 

"TeMnepaTy paMH" < T > ucnycKaHHH npoTOHOB H3 KJiacTepa / 4/ : 

·2 < E> _. 2 < T> 
<bk> = -- ---2- ---. 

mN mN 
(5) 

rne m N - M acca HYKJIOHa. ilonyt~eHHLie npu 3TOM pe3yJILTaTbi TaK')I(e 

npHBe)J;eHbl B Ta6JI.6. B 3TOM CMbiCJie MO')I(HO rOBOpHTb 06 o6pa30Ba

HHH B MKB npoTOHHhiX KJiacTepoa c nayMH pa3HbiMH "TeMnepaTypa

MH" HCnyCK aHH.fi DpOTOHOB, B ilKB, KaK H B "o6bNHbiX", - KJiaCTe

pOB TOJibKO C O)J;HOH "TeMnepaTypou". KaK DOKa3aJIH pe3yJihTaThl an

DpOKCHMai.\HH onHon HJIH nayMH 3KcnoHeHTaMH F(b k) -pacnpe.u.ene

HHH, cooTBeTCTBYIOI.UHX ucnycKaHHIO KJiacTepoa c b nc <0,6 H bnc > 0,6, 

TaKoe noaen eHne npoTOHHhiX Knacrepoa B MKB CBH3aHO, B ocHOBHOM, 

C C06biTHHM H, B KOTOpbiX OHH o6pa3yiOTCH CO 3Ha'leHHeM bll c < 0,6. 

* 3ro He OTHOCUTCJI K flKB, 'ITO, CKOpee ecezo, C6113QHO CO cnoco60M or6opa 
3TUX co6blTUU. 
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Ta6/lUija 7. XapaKTepHCTHKH llaCTHQ a KnacTepax H3 MKB 

XapaKTe

pHCTHKa 

npk 

nP 
-"2 
pl 

pC 

0,20± 0,01 0,03± 0,01 

0,60± 0,04 0,16±0,02 

0,220± 0,006 0,791± 0,058 

cc 

0,40± 0,02 0,15± 0,01 

5,78± 0,09 1,06± 0,06 

0,225± 0,006 0,787± 0,047 

1-h Ta6n. 7, r.n.e npHae.n.eHbi cpe.n.nHe xapaJnepHCTHKH llaCTHQ 

H3 KJiaCTepOB, COOTBeTCTBYJOI.QHX pa3Hb1M "TeMnepaTypaM" , BH,I1,HO, 

liTO KYMYJifiTHBHOe pmK,l1,eHHe npOTOHOB npOHCXO,l1,HT, B OCHOBHOM, 

B HH3KOTeMnepaTypHbiX KJiacrepax (c bk < 0,6). 3TOT p royJibTaT, 

nO-BH.n.HMOMy, ue uy)f(Ho paccMaTpHBaTh KaK OTpa)f(eHHe KaKHX·JIH6o 

OC06biX CBOHCTB 3THX KJiaCTepoa; OH CKOpee CBR3aH C TeM, liTO HH3KO· 

TeMnepaTypHble KJiaCTepbi COOTBeTCTBYJOT MaJibiM 3HalleHHRM b k, npH 

KOTOpbiX npoHcxo.n.HT po)f(.n.enHe KYMYJIRTHBHbix· npoTono a: TaK, 

B ITBK, r.n.e ne Bbi,l1,eJIRIOTCR HH HH3Ko-, HH BbiCOKoTeMnep aTypnbie 

KJiaCTepbi, KYMYJIRTJl:BHOe p0)f(,l1,eHHe npOTOHOB OTHOCHTCR, B OCHOB

HOM, K KJiaCTepaM C MaJibfMH 3HalleHHRMH b k. HanpHMep, B K JiaCTepax 

H3 ITBK c b k < 0,6 npoHcxo.n.HT o6pa3oaanHe :: 80% acex KYMYJIR

THBHbiX npOTOHOB. 

ITpoae.n.en anaJIH3 4-MepnbiX npoTOHHbiX KJiacTepoa, CBR3aHHbiX 

c ¢1parMeHTaQHeH R.n.pa MHwenH a Me30HHbiX H npoTOHHbiX KYMYJIR

THBHbix pC- H CC-a3aHMo.n.eiicTBHRX. Bo acex cnyllaRX cpparM eHTaQHR 

R,I1,pa MHWeHH npOHCXO.D.HT Ha KJiaCTepbi, KOTOpbie MO)f(HO pa36HTb 

Ha .D.Be rpynnbi, xapaKTepH3YIOIQHeCR pa3Hb1MH cpe.D.HHMH 3HalleHHRMH 
3HeprHH B CHCTeMe OOKOR cpparMCHTHpyiOIQero 06'heKTa (HJIH pa3Hbl· 

MH cpe,I1,HHMH 3HalleHHRMH nepeMeHHOH b Ilc) . 06napy)f(eHO, liTO p0)f(-

,11,eHHe KYMYJIRTHBHbiX npoTonoa npoHcxo.n.HT llame a c o6biTHRX 

c ¢1parMeHTaQHeH ua KJiacTepbi c b nc < 0,6. 

Caoiicraa npoTOHHbiX KJiacTepoa a Me30HHbiX H npoTOHHbiX 

KYMYJIRTHBHbiX B3aHMo.n.eiicTBHRx OKa3biBaiOTCR pa3HbiMH. KnacTe

paM B Me30HHbiX KYMY JIRTHBHbiX B3aHMO,l1,eHCTBHRX COOTBeTCTBYIOT 

,11,Be TeMnepaTypbi pacna.n.a, KOTOpbie KOppeJIHpyiOT C OC06eHHOCTRMH 

HX o6pa30BaHHR. B npoTOHHbiX KYMYJIRTHBHbiX B3aHMo.n.eiicTBHRX, 
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KaK H B " o6hltJHbiX" CTOJIKHOBeHJfRX, 3THX KOppeJIHI.l}Ui HeT, H KJiaCTe
pbl xapaKTepH3YIDTCH o,n:HOH TeMnepaTypoif. 

OcHOBHbre BbiBOAbi pa60Tbi MOJKHO ccpopMynHpoBaTb cne,n:yiD
I..UHM o6pa30M: 

1) Po)l{,lJ.eHHe KYMYJIHTHBHbiX nHOHOB OTpaJKaeTcH Ha csoifcTsax 
npoTOHHbi X KJiacTepos, qTO HeJih3H CKa3aTh o6 o6pa30BaHHH KYMYJIH
THBHbiX np OTOHOB. 

2) K oppenHUHH MeJK,n:y oco6eHHOCTHMH o6pa30BaHHH KJiacTepos 
H HX csoHCTBaMH o6HapyJKeHbi TOJihKO ,n:nH Me30HHbiX KYMYJIHTHBHbiX 
B3aHMO,n:eHCTBHH. 

3) Ha6niD,n:eHHble B pa6oTe 141 ,n:sa HaKJIOHa B F(bk) -pacnpe,n:ene
HHHX CB.fi3aHbl, B OCHOBHOM, C Me30HHblMH KyMyJIHTHBHblMH B3aHMO
,n:eHCTBH.fiMH H OTHOCHTCH K C06biTHHM C HCnyCKaHHeM KJiaCTepOB 
c hue< 0 ,6. 

ABTOpbr 6naro,n:apHbi JI.A.)lH,n:eHKO, )l.ApMyTJIHHCKOMy, 
B.r.rpHlllHHy, A.A.Ky3Heuosy 3a noMOl.Uh s pa6oTe H none3Hbre o6-
cyJK,n:eHHH, KOJIJieKTHBY COTpy,n:H~ecTBa no o6pa60TKe CHHMKOB 
c 2-MeTposoif nponaHosoif KaMepbr 3a o6cyJK,n:eHHH, a TaKJKe na6o
paHTaM, y qaCTBOBaBlllHM B npOCMOTpe H 3anHCH pe3yJihTaTOB Ha Mar
HHTHbie JieHTbl 3BM. 

JlHTepaTypa 

1. Ban.n:HH A.M., )lH,n:eHKO JI.A. - B c6.: KpaTKHe coo6meHHH OIUU:I, 
NQ 3-84, )ly6Ha: OIDH1, 1984, c.5. 

2. BaJI,!{HH A.M. H ,n:p.- .H<l>, 1988, T.44, c.1209. 
3. Ban,n:HH A.M. H ,n:p. OI1.HI1, P1-87-552, )ly6Ha, 1987. 
4. ApMyTJIHHCKH )l. H ,n:p. - B c6.: KpaTKHe coo6meHHH OI1.Hl1, 

N! 4 (24) -87, )ly6Ha: OI1.HI1, 1987, c.5. 
5. AraKHI.llHeB r.E. H ,n:p.- .H<l>, 1983, T.38, c.152; 

.H<l>, 1986, T.44, c.1495; .H<l>, 1987, T.45, c.1676. 
6. Baldin A .M. et al. JINR, E1-82-472, Dubna, 1982. 

PyKonHch nocrynHna 5 OKTH6pH 1988 ro,n:a. 
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KparKue coo6U4eHW1 OHJIH N' 7 [33) -88 
YAK 539.125.46: 539.171.016 

JINR Rapid Communications No. 7 [ 33)-88 

YllPYfOE P ACCE.RHHE AHTHllPOTOHOB 
HA 4He llPH 600 M3B/c 

IO.A.Bazycos, C.A.ByHHTOB, ,D;.B.lloHTeKopso, 
A.M.Po:JK,I~,ecTBeHcKnn, M.r .Cano:>KHHKOB, B.H.TpeTLHK, 
H.B.<I>anoMKHH 
06'be,li;HHeHHLIH HHCTHTYT H,o;epHLIX HCCJie,li;OBaHHH , ,lJ;y6Ha 

<I> .Banecrpa, C.BocconacKo, M.ll.Bycca, Jl.Bycco, 
A.fpacco, ,D;.llaHIUiepn, r.nnpa,o;)l(HHO, ci>.Tocenno, 
Jl.ci>eppepo, E.ci>nopaMOHTH 
HHCTHTYT o6I.I.leH: <l>n3HKH HM.A.ABora,o;po, 
TypnHcKHH: yHHBepcnTeT, ceKJ:UiH HHci>H B TypHHe, 11TaJIHH 

P.Bap6nepn, ,D;.BeH.o;nwonn, A.3eHoHn, A.PoTOH.n;n, 
ll.CaJILBHHH 
ci>aKyn&TeT n,o;epHon <l>H3HKH n Teopnn, YHnsepcHTeT llasnn, 
ceKI.UfH HHci>H B llasnn, HTanHH 

K.ryapan&.n;o, A.Ma,lOKHopa 
HaunoHaJILHaH na6opaTOpHH HHci>H so ci>pacKaTn, HTanHH 

3 .Jlo.n;n-PHLU.UfHH 
cl>aKyJILTeT npoMbiWJieHHOH aBTOMaTHKH, 
YHHBepcHTeT Bpewnn, ceKUHH HHci>H B llasnn, 11TaJIHH 

K.MnKne6ocT, fLM.OnceH, A.XaaTy<l>T, A.XanwTeHHCJIH.n;, 
«l>H3H'IeCKHH <PaKyJI&TeT, YHHBepcnTeT . BepreHa, HopsernH 

ci>.O.BpeH:BnK, C.O.CopeHceH, T.HKo6ceH 
ci>n3H'IeCKHH <PaKyJILTeT, YHHBepcnTeT Ocno, HopsernH 

Ha yCTaHOBKe co crpHMepHoii KaMepoii B ManmmoM none H3Me
peHbl .o;H~$epeHUHaJibH&Ie celJeHWI ynpyroro pacceJlHHJI aHmnpoTO
HOB Ha He npH HMfiYJI&ce 607,7 MJB/c. llony'leH&I ce'leHHe ynpyro
ro pacceJlHHJI u el = (119,9 ±2,5) M6 H noJIHoe ce'leHHe B3aHMo,o;eii
CTBH.II U tot = (359,1 ± 5,6) M6. llpoBe,o;eHO CpaBHeHHe H3MepeHHbiX 
AH$$epeHUHaJibHbiX ce'leHHii c pac'leTaMH no Mo,o;enH fnay6epa. 

Pa6oTa B&moJIHeHa B Jla6oparopHH .R,o;epHbiX npo6neM 011Rl1. 

Antiproton-4 He Elastic Scattering at 600 MeV /c 

Yu.A.Batusov et al. 

Differential cross sections of p 4 He elastic scattering have been 
measured at 607.7 MeV/c with a streamer chamber in a magnetic 
field . Elastic cross section u el = (119.9 ±2 .5) mb and total cross 
section u tot = (359.1± 5.6) mb have been obtained. Companson 
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of measured differential cross sections to Glauber model calculations 
has been made . 

The investigation has been performed at the Laboratory of Nuclear 
Problems, JINR. 

Bae,n eHHe 

ilpeUH3HOHHbie 3I<CnepHMeHTbi no pA-ynpyroMy pacceHHHIO CTa
JIH B03MO)I(Hbl JIHIIIb B nOCJie,UHee apeMR B CBR3H C pa60TOH 
LEAR (CERN) - HCTOlJHHI<a aHTHnpoTOHOB BbiCOI<OH HHTeHi::HBHOCTH. 
PaHee 6biJIH BhrnonHeHbi 3I<cne~HMeHTbi no ~npyroMy pacceRHHIO 
Ha cpe,UHHX H Tfl)l(eJibiX R,Upax (1 C, 16 0, 180, °Ca,208 Pb) npH 300 
H 600 M3B/c ' 11 . l-bytieHHe e3aHMo,nei1cTBHH aHTHnpoTOHOB c neri<H
MH R,UpaMH (,nei:fTepHH, renHH) npe,UOCTaBJIReT, B tiaCTHOCTH, B03M0)1(
HOCTb onp e,neneHHR napaMeTpOB aMnJIHTY.Ubi aHTHnpOTOH-HeHTpOHHO
ro B3aHMO,UeHCTBHR, I<OTOpbie HaHMeHee H3BeCTHbi B HaCTOflll~ee Bpe
MR. B pa6oTe / 21 npHBO.UHJIHCb ,naHHbre no ynpyroMy paccemm10 aH
THnpoTOHOB Ha ,nei:fTepHH. 

B HacTomuei:f pa6oTe npHBO.URTCR pe3ynbTaTbi, nonytieHHhre 
Ha LEAR e 3I<cnepHMeHTe PS-179 (CERN), no ynpyroMy pacceRHHIO 
aHTHnpoTOHOB Ha R,npax 4 He npH 607,7 M3B/ c ( I<HHeTHtJeci<aR 3Hep
rHR 179,6 M 3B). 

OnH c aHHe 3I<cnepHMeHTaJibHOH ycTaHOBI<H 

3I<tnepHMeHT BhrnonHRJICR Ha ycTaHosi<e, cocTomuei:f 113 cTpH
MepHoi:f I<aMepbi B MarHHTHOM none (0,8 Tn) H CHCTeMbl CUHHTHJIJIR
I..lHOHHbiX Cl!eT'IHI<OB, npe,nHa3HalJeHHbiX ,UJIR MOHHTOpHpOBaHHfl ny'I
I<a H 3anyci<a YCTaHOBI<H. ilo,npo6HO 3I<CnepHMeHTaJibHaR ycTaHOBI<a 
onHcaHa B pa6oTe ' 3 ' KaMepa c BHyTpeHHHMH pa3MepaMH 

~ ,J:>!. ' 
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90x70x18 cM3 ,HanonHeHHaR 
renHeM-4 npH aTMoc¢>epHOM 
,UaBJieHHH, fiBJIRJiaCb O,UHO
BpeMeHHO H MHIIIeHbiO, H ,ne
Tei<TOpOM. ily'IOI< aHTHnpo
TOHOB C HMnyJibCOM 
607,7 M3B/c oT yci<opHTeJIR 
LEAR 6hm MoHoxpoMaTH'I
HbiM ( ~p p "' 10 -S) H He CO-

Puc. I. CxeMa 3KcnepUMeHTtL1bHOU 

yCTQHOBKU. 



,IJ;ep)f(aJI npHMeCeH nOCTOpOHHHX 'laCTHQ. llHaMeTp nyqKa COCTaBJIHJI 

1 eM. ManaH nnoTHOCTb ra3a a KaMepe no3BOJIHJia perHCTp HpoaaTb 

HH3K03HepreTH'IHbie qacTHQbi. B Harneii KaMepe ,IJ;a)f(e npo p acceHHHH 

aHTHnpOTOHOB Ha MaJibie yrJibl H,IJ;pa OT,IJ;a'lH HMeiOT ,!J;OCTaTO'IHyiO 

.D:IIHHY npo6era .D:JIH HX perHcrpauHH H H3MepeHHH . H a npHMep, 

npH pacceHHHH aHTHnpOTOHOB Ha yrOJI 3 ° H,!l;pO OT,IJ;a'IH reJIH H HMeeT 

npo6er 1cM, npH 3TOM 3HeprHH H,IJ;pa OT,IJ;a'lH cocraaJIHeT 0 ,5 M3B. 

CxeMa 3KcnepHMeHTaJibHOH ycraHOBKH noKa3aHa Ha pHc .l. CHr

HaJIOM .D:JIH 3anycKa ycraHOBKH H cpoTorpacpHpOBaHHH o6neM a KaMe

phi CJIY)f(HJIO HaJIH'lHe cHrHanoa coana,IJ;eHHH OT cqe~HKOB C2, C4 

H cHrHanoa aHTHcoana,IJ;eHHH OT C'leT'IHKOB C1, C3, C5. llpyrH MH CJIO

aaMH, 3anycK OCyi.QeCTBJIHJICH, eCJIH aHTHnpOTOH BXO,!J;HJI B KaMepy, 

HO He nona,IJ;an a C'leT'IHK C5 Ha BhiXO,IJ;e H3 KaMepbi. OpH'lHHOH 3Toro 

MOrJIO 6hiTb B3aHMO,IJ;eHCTBHe aHTHnpOTOHa C H,!l;pOM reJIHH B KaMepe. 

l13MepeHHe ,!l;HcpcpepeHQHaJibHbiX Ce'leHHH 

ynpyroro pacceHHHH 

C uenbro perHCTpaQHH co6biTHH ynpyroro pacce.FiHHH 6 mo npo

CMOTpeHo npHMepHO 10
5 

Ka,!l;pOB Ha 12 3KCnOHHpOBaHHbiX cpOTO

nJieHKaX. llJIH o6ecneqeHHH BbiCOKOH 3cpcpeKTHBHOCTH perH<:TpaQHH 

C06biTHH B KaMepe Mbl Bbi,IJ;eJIHJIH 'lYBCTBHTeJibHYIO OfiJiaCTb B QeHTpe 

KaMepbi ,IJ;JIHHOH 54 CM no HanpaaneHHIO nyqKa. B Bhi6paHHOM qyacr

BHTeJibHOM ofineMe KaMepbl 6hiJIO 06Hapy)f(eHO "' 3500 .D:BYXJiyqeBbiX 

C06biTHH, HBJIHIOI.QHXCH KaH,IJ;H,IJ;aTaMH BO B3aHMO,IJ;eHCTBHH y npyroro 

pacceHHHH . 

3cpcpeKTHBHOCTb npoCMOTpa onpe,IJ;eJIHJiaCb no pe3y JibTaTaM 

.D:BYXKpaTHOrO npOCMOTpa ,IJ;ByX nJieHOK ( OKOJIO 700 ,IJ;ByXJiyqeBbiX 

C06biTHH) . 3cpcpeKTHBHOCTb ofiHapy)f(eHHH .D:BYXJiyqeaoro C06biTHH 

COCTaBHJia 92%. 3Ta 3cpcpeKTHBHOCTb He HBJIHeTCH CTOnpo QeHTHOH 

B OCHOBHOM H3-3a TPY.D:HOCTeH perHCTpaQHH co6biTHH, Jie)f(al.QHX 

B nJIOCKOCTH, 6JIH3KOH K BepTHKaJibHOH, nOCKOJibKY Halll ,IJ;eTeKTOp 

perHCTpHpyeT C06biTHH nO'lTH B nOJIHOM TeJiecHOM yrne, T O ecTb no-

CTaHOBKa 3KCnepHMeHTa 6JIH3Ka K 47T-reOMeTpHH. / 

06Hapy)f(eHHbie COfihiTHH npOlllJIH H3MepeHHH Ha noJiyaBTOMaTH

qeCKOM ycTpOHCTBe 0Y0C, H3 HHX ycnelllHO - 92%, OCTaBlllHeCH 

He Y.D:aJIOCb H3MepHTb no npJiqHHe He,IJ;OCTaTO'IHO BbiCOKOrO Ka'lecTBa 

H306pa)f(eHHH (nJIOXO BH,IJ;Ha aeplllHHa B3aHMO,IJ;eHCTBHH, 6Jie,IJ;HbiH 

CJie,IJ; H T.n .). 

OpocTpaHcraeHHaH peKoHcTpyKUHH H3MepeHHhiX co6h iTHH Bbi

noJIHHJiaCb C nOMOI.QbiO nporpaMMbl reoMeTpH'leCKOH peK OHCTpyK

QHH HYDRA
1 4 1

. 0o.D:po6Ho aonpocbi, CBH3aHHhie c o6pa6o TKOH co-

6biTHH, paccMOTpeHbi a pa6oTe 1 51. Y.D:OBJieTaopHTeJibHOe orm:caHHe 

KHHeMaTH'leCKHX xapaKTepHCTHK C06biTHH ,!J;OCTHraeTCH npH HCnOJib-

30BaHHH qeTbipex BXO,!J;HbiX napaMeTpOB, 3a,!l;aiOI.QHX OlllHfiKH H3Me-
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peHHH. 3 H al!eHHH ,D,nH 3THX BXO,li,HbiX napaMeTpOB nonyqeHbi Ha OCHO· 

Be pe3ynbTaToB MHoroKpaTHbiX H3MepeHHH Ha6opa co6biTHH . Haunyq

ume 3Ha'!eHHH BXO,li,HblX napaMeTpOB Bbi6HpanHCb TaK, '!T06bi cpe,li,HHe 

3Ha'!eHHH Bbi'!HCneHHbiX Ha HX OCHOBe OWH60K peKOHCTpyupyeMblX 

BenH'!HH 6 binH paBHbi cpe,D,HeKBa,D,paTH'!HbiM OTKnOHeHHHM npH fiO· 

BTOpHbiX H3MepeHHHX 3THX BenH'!HH . llonyqeHbi cne,D,yiOI.l\He BXO,li,Hble 

OWH6KH: H a KOOp,li,HHaTy BepWHHbl- 0,05 CM, Ha KOOp,li,HHaTy TO'!KH 

OCTaHOBKH - 0,17 CM, Ha KOOp,li,HHaTy TO'!KH TpeKa - 0,14 CM , 

Ha ,ll,nHHy TpeKa- 0,70 CM. 

llpon e,D,ypy reoMeTpHl!eCKOH peKOHCTPYKUHH npownH 89% C0-

6biTHH. O c TanbHbie co6biTHH nonanu B ycnoBHH nnoxofr cTepeocKo

nH'!HOCTH H306pa:lKeHHH HnH Tpy,li,HOBhinOnHHMbiX H3MepeHHH (Ha

npHMep, B enHK rny6HHHbiH yron H,D,pa OT,ll,al!H) • 

Cpe,D,H ,D,ByxnyqeBhiX co6hiTHH, KpoMe cnyqaes ynpyroro pacceH

HHH, npHCYTCTBYIOT B Ka'!eCTBe <l>oHa C06blTHH 6e3aHHHrHnHUHOHHOro 

pa3sana: 

p 4 He ... pn 3 
He 

H aHHHrHnHUHH C pO:lK,D,eHHeM O,li,HOrO rr- -Me30Ha H HeCKOnbKHX HeHT

panbHbiX fiH OHOB: 

-4 3 
p He-+ rr- Hek(rr 0

), k = 0, l, .... 

)lnH B bi,D,eneHHH co6biTHH ynpyroro pacceHHHH Mbi cpaBHHBanH 

H3MepeHHbie 3Ha'!eHHH HMnynbCOB H yrnOB BTOpHl!HbiX '!aCTHU B Ka:lK· 

,li,OM C06biTHH C COOTBeTCTByiOI.l(HMH 3Ha'!eHHHMH, Bbl'!HCneHHblMH ,ll,nH 

ynpyror.o p acc eHHHH- aHTHnpOTOHOB c HMnynhCOM 607,7 M3B/ c Ha H 3-

MepeHHbiH yron pacceHHHH OTpHUaTenbHO '3apH:lKeHHOH qaCTHUbl. llpH 

oT6ope co6 biTHH Hcnonb30BanHcb cne,D,yroll(He KpHTepHH: 

1) YrnOBb i e KOppenHUHH - COOTBeTCTBHe yrna BbineTa H,D,pa OT,D,a'!H 

O:lKH,D,aeMOM Y 3Ha'!eHHIO .• 

2) KoMnn aHapHOCTb. nocKOnhKY co6hiTHH ynpyroro pacceHHHH 

KOMfinaHap Hhi, Bbi'!HCneHHOe 3Ha'!eHHe yrna KOMfinaHapHOCTH ,li,On:lK

HO 6hiTb p aBHO Hynro. 

3) CooTBeTCTBHe ,D,nHHbi npo6era H,D,pa OT,D,a'!H Bbi'!HcneHHOMY 3Haqe

HHIO. 3TOT KpHTepHH npHMeHHnCH ,D,nH H,ll,ep OT,ll,a'!H, OCTaHOBHBWHXCH 

B KaMepe. EcnH H,ll,pO He OCTaHOBHnOCb B KaMepe, TO CpaBHHBanCH 

C O:lKH,D,aeMb iM ero H3MepeHHbiH HMnynbC. 

4) CooTBeTCTBHe HMnynhca pacceHHHoro aHTHnpoTOHa pac'!eTHOMy 

3Ha'!eHHIO. 

Co6biTHe C'!HTanocb ynpyrnM, ecnu no seeM KpHTepHHM H3MepeHHbie 

3Ha'!eHHH COOTBeTCTBOBanH O:lKH,D,aeMhiM B npe,D,enax Tpex OWH60K H3· 

MepeHHH. C aMbiM MOI.l(HbiM cpe,D,H npHMeHHBWHXCH KpHTepues oKa-

3ancH nepB biH - yqeT yrnoBhiX KoppenHUHH. B pe3ynhTaTe ucnonh-

30BaHHH B CeX 3THX KpHTepHeB 2345 C06biTHH npHHHTbl KaK ynpyrHe. 
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Puc.2. 3¢¢eKTUBHOCTb pezu
cTpaijuu C06b!TUU 8 3Q8UCUMO
CTU oT yuza pacceRHWI aHTunpo
Tonoe. 

.ll.nH oueHKH cpoHa 
OT Heynpyroro .ruJYXJIY'Ie
aoro pacceHHHH 6bmo npo
aeAeHo MOAeJIHpOBaHHe 
peaKUHH pa3BaJia H aHHHrH
JIHUHH. Pe3yJihTaThi MOAe
rrnpoaaunH noKa3hmaroT, 
'ITO npnMecb OT Heynpyro-
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Yron pacce~tHI11'1 a na6.CHCTeMe ( rpan.,.cbl) 

ro pacceHHHH cpeAH co6hiTHH ynpyroro pacceHHHH He npeBhilllaeT 
0,5%. 

llpH pacceHHHH Ha yroJI MeHbllle 20 ° tJaCTb aHTHnpOTOHOB nona
AaJia a C'leT'IHK C5, a pe3yJihTaTe qero co6hrrHe He perncTpnpoaa
rrocb. 3aBHCHMOCTb 3cpcpeKTHBHOCTH perucrpauHH, o6yCJIOBJieHHOH 
HaJIH'IHeM aHTncoanaAaTeJibHoro ctJeTtJHKa C5, OT yrna pacceHHHH 
npuaeAeHa Ha pnc.2. qacTh 3KcnepnMeHTaJibHhi~ AaHHhiX nqnytJeHa 
c ucnoilb30BaHHeM auTncoanaAaTeJihHoro ctJeT'IHKa C5 AHaMeTpoM 
8 CM (77% C06biTHH). 3TOMY CJIY'IaiO COOTBeTCTByeT CnJIOlliHaH KpH
BaH Ha pHC.2. 0CTaJibHbJe C06hiTHH nOJiy'leHbl C HCfiOJib30BaHHeM C'leT
'IHKa AHaMeTpOM 13 CM. Ill TpHXOBaH KpHBaH Ha puc.2 COOTBeTCTBYeT 
AUaMeTpy 13 CM. 

llpn Bhi'IHcrreHHH cetJeHHH noTepu co6hiTHH, o6ycnoarreHHhie 
cpa6aTbmauneM ctJeTtJHKa C5, ytJHThmaJIHCh aaeAeHHeM AJIH KIDK,IJ;o
ro co6hiTHH aeca, paaHoro o6paTHOH aenlfl;IHHe 3cpcpeKTHBHOCTH ero 
perncTpauHH. 

)1.JIH Bhi'IHCJieHHH CetJeHHH 6paJIHCb C06hiTHH C 3cpcpeKTHBHOCTblO 
perHCTpauHH He HH)I(e 50%. ll03TOMY H3 Ha6opa AaHHhiX, nony'leHHbiX 
c ucnorrh30aauneM ctJeTtJHKa C5 AHaMeTpoM 8 (13) eM, 6panuch co-
6hiTHH pacceHHHH a cncTeMe ueHTpa Mace Ha yrorr 6orrbllle 
tJeM 4 (10) 0

• 

AHaJIH3 3KcnepnMeHTaJibHhiX AaHHhiX 

Ha puc.3 npHBeAeHhi nonytJeHHhre AHcpcpepeHUHaJibHble cetJeHHH 
ynpyroro pacceHHHH aHTHnpoTOHOB. CnnolliHOH JIHHHeH noKa3aHhi 
pe3yJibTaTbl paC'IeTa no MOAeJIH rnay6epa, BhiDOJIHeHHOr O TaK )l(e, 
KaK B pa6oTe / &/ . Ji3 3TOrO pHCYHKa BHAHO, 'ITO pactJeT KatJeCTBeHHO 
Hennoxo onuchmaeT noBeAeHHe AH¢cpepeHUHaJibHoro cetJeHHH . 

.ll.nH onpeAeneHHH BeJIH'IHHhi HHTerpaJihHoro cetJeHHH ynpyroro 
aHTHnpOTOH-MepHOrO pacceHHHH AHcpcpepeHUHaJibHOe CetJeHHe B yr-
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Puc.]. PacnpeoeAeHue iJuifiifiepeH-

14Utl.flbHblX Ce'leHUU ynpy2020 fac

CeJ!HWI aHrunporoHos Ha He 

npu 607,7 M3B/c no y211y paaceR

HWI 8 CUCTeMe 14eHTpa Mace. Kpu-

8aJ! - paC'IeT no OnTU'IeCKOU MO

Oe/IU. 

JIOBOM HHTepsane OT 4 )1;0 80 ° 
annpOKCHMHpOBaJIOCb CJie)l;yiO

lllHM Bbipa)f(eHHeM 

da -d~ = , FCul.(f))+F (0) ·2 u nucl. 1 , 

r)l;e R)l;epHaR aMnmtTyAa napa

MeTpH3osanacb o6t.ItUibiM ofi

pa30!It: 

F ( 0) = a . k . ( i 1 p) . exp ( - B t / 2) . (I - t t ) 1 ;r. 
nucl. tot o 

3)l;ecb t = i2k 2 (1- cos8) I , k - 11Mnynhc B cHcTeMe ueiiTpa Mace. 

p = ReF 01 cl (0) I Im F nucl (0) • HaJII14He nononHHTeJibHoro MHOiKH

TeJIR (1 - t / t 0 ) npH3BaHo y'IHTbiBaTb ocl{HJIJIRUHIO AH¢cpepelluHaHh

Horo ceqeHI1H. 

Ky'HoHoBcKaH 'aMniiHTY,fa F ~ul (8) Bbt411CJIHJiacb c y'IeTOM 

KOHe4HbiX pa3Mepos H)l;pa He 11 aHT11npoTOHa cnoco6o.vr, nmicaH-
HbiM B pa6o Te 7 , . 

TaKI1M o6pa30M, napaMeTpaMI1 Q:>HTa 6biJII1 seJIH411Hhi (J tot , B , 
p 11 )l;Ba n apaMeTpa HYJIR aMnJII1TY)l;hl t 0 , KOTOpbie CBH3allbl C DOJIO· 

)f(eHHeM MHH11MyMa B )1;11cjJQ:>epeHI.{I1aJibHOM Ce'leHI1H (Re t 
0

) H BeJIH· 

'IHHOH )1;11Q:>Q:>epeHI.{HaJlbHOrO ceqeHI1H 8 MHHI1MyMe (Im t 0 ) • 

B pe3y JibTaTe Q:>HT11posaHI1H onpe)l;eneHo noJio)f(eHI1e MHHHMyMa 

B )l;H¢¢epeHU11aJibHOM ce'leHHI1 ynpyroro pacceHHI1H (I min = ( 38,1 ± 
±0,5) 0

• 

BeJII1'1HHa 11HTerpanbHOro ce'!eHHH ynpyroro pacceHHI1R Bbl'IHCJIR

nacb 11HTer pHpoBaHI1eM KBa)l;paTa R)l;epHOH aMnJIHTYAhl pacceHHHH 

F nucl (8) s npe)l;enax OT 0 AO 180 ° . B pe3ynhTaTe nony'leHo cnenyiD

I.Uee 3Ha'leHI1e 

a el = (119,9±2,5) M6. 

Oum6Ka n p HBOAHTCH cTaTHCTH'IeCKaH. 3Ha.H 3Ha'!eHHe nonHoro ceqe

HHH Heynpy r11x peaKUHH a R = (239,2±5,0) M6, KOTOpoe 6biJIO onpe-
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~eneHo B npe~hmymeii Haweii pa6oTe / 8/ , nonyqaeM senHliHHy non

Horo cet~eHHR: 

0' tot = (359,1±5,6) M6. 

<llHTHpOBaHHe ~H<l>Q>epeHI.tHaJibHOro cet~eHHR ynpyroro pacceRHHR 

B yrJIOBOM HHTepsane OT 4 . ~0 22° ' TeM )l(e Bblpa)l(eHHeM, liTO 

H npe)l(~e, HO 6e3 MHO)I(HTeJIR (1 - t/ t 0) B R~epHOH aMUJIHTy~e F nucl, 
ll03BOJIReT onpe~eJIHTb npH Q>HKCHpOBaHHOM 3HalleHHH 0' tot =359,1 M6 

seJIHliHHY HaKJIOHa ~n<t>Q>epeHin'faJibHOro cneKTpa npn pac ceRHHH 

snepe~ - 8 H OTHOWeHHe peanbHOH llaCTH aMnJIHTy~I pacceRHHR 

B HyneK MHHMOH- p . Yrnosoii HHTepsan 6hm orpaHHlleH ~JIR Toro, 

liT06bi nose~eHHe CelleHHR HaH6onee COOTBeTCTBOBaJIO 3 K CllOHeH· 

I.tHaJibHOH 3aBHCHMOCTH. llonylleHbl CJie~yiOmne pe3yJibTaTbi: 

B = (66,1±3,3) (r3B/c)-
2

, 

p =0,40±0,07. 

llpH 3TOM no 9 TOliKaM CyMMapHoe 3HatJeHHe )( 2 paBHHJIOCb 1,6 . 
Ha pnc.4 npnsc~eHa 3aBHCHMOCTb cet.IeHI1R ynpyroro p acceRHHR 

OT KBa~paTa nepe~aHHOrO HMny1lbCa t. nnR CpaBHeHHH Ha 3TOM pHCYH· 

Ke noKa3aHbi TaK)J(e cneKTpbr ynpyroro pacceHHHH· ~pyrnx t.I cr.nu Ha 
4 He np11 6ni13KI1X 3Hat.IeHHRx KI1HeTI1t.IecKoH 3Hepr1111. K py)I(KaMI1 

0603HatJeHbl ~aHHbie no pacceHHI110 npOTOHOB C KI1HeTI1tJeCKOH 3Hep

rl1eH T = 200 M3B ' 9 ' . naHHbie no pacceHHI110 17- -Me30HOB np11 T = 
=174 M3B 113 pa6oTbi ' 10 · 

o6o3HatJeHbi Tpeyron&HI1· 

KaM11 . 

J13 p11C.4 Bl1,1l,HO, liTO 

,11,11cp<f>epeHU11aJibHbie CetJeHI1H 

npOTOHOB 11 aHT11npOTOHOB 

3aMeTHO OT1ll1llalOTCH ,11,pyr 

OT ,11,pyra. 0HI1 11MeiOT pa3-

1ll1lJHbie HaKnOHbi. KpoMe 

TOrO, npOTOHHbrH cneKTp 

Puc.4. Jlurjirji epe11t4UM bllbte ce

'le/IWI y npyzozo pacceRIIWI 

11a 4 H e: • - a11runpo ro1108 

npu KUIIeTU'IecKou Jll epzuu T = 
= 180 MJB, • - npo ro1108 npu 

T =200 MJB (pa6o ra 191), 

A - 11- -Me30II08 npu T = 
' 10/ = 174 M JB (pa6o ra ' ) . 

tl 
-c 10 

005 010 015 020 

t ,(r3B/c) 2 
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He HMeeT .D;H<fJpaKI.(HOHHOrO xapaKTepa, npHCYIUei'O aHTHnpOTOH
.HOMy. 

B TO )l(e s peMH nHOHHbie .u;annbre npaKTH'leCKH cosna.u;aroT c an
THnpoTOHHbiMH. 0HH xapaKTepH3ylOTC11 TeM )l(e HaKJlOHOM H HMelOT 
MHHHMYM npH TOM )l(e 3Ha'leHHH nepe.D;aHHOrO HMnynbCa. 3TOT He
CKOJlbKO HOO)I(Jf)laHHbiH pe3YJlbTaT HBJllleTCH OTpa)l(eHHeM TOrO <f>aKTa, 
'ITO B o6naCTH .L'1-pe3onanca . ce'leHHe neynpyroro B3aHMo.u;eiiCTBHH 
1T--Me30HOB HMeeT MaKCHMYM H no BeJlH'lHHe 6JlH3KO K Ce'leHHlO He
ynpyroro B3aHMO.D;eHCTBH11 aHTHnpOTOHOB. 

3aKJllO'l e HHe 

I13MepeHbi .o;H¢¢epeHUHaJibHbie ce'l:eHHH ynpyroro pacceHHHH 
aHTHnpoTOHOB na 11.u;pax 4 He npH 607,7 M3B/c B HHTepsane yrnos 
oT 4 .u;o 110° a cHcTeMe uenTpa Mace. llony'leHHbie pe3yJlbTaTbi y.u;os
neTBOpHTeJlbHO OnHCbiBaiOTCH pacqeTaMH, BbinOJlHeHHbiMH Ha OCHOBe 
MO.D;eJlH rnay6epa. AHaJIH3 .D;aHHbiX n03BOJlHJl onpe.u;enHTb ynpyroe 
H nonnoe ce'leHHe p4He-pacceHHHH: ael = (119,9±2,5) M6, atot = 
=(359,1±5,6) M6, a TaK)I(e nOJlO)I(eHHe MHHHMyMa (/min"" (38,1±0,5) 0

, 

BeJlH'lHHY napaMeTpa p = 0,40±0,07 H HaKJlOH B .D;H<fJ<f>epeHQHaJlbHOM 
ce'l:eHHH pacceHHHH snepe.u; B == (66,1±3,3) (r3B/c)- 2 . 

ABTOpbi 6naro.u;apHbi B.ll.,ll)l(enenosy 3a none3Hbie o6cy)I(.D;eHHH, 
B.B.Bor.o;aHOBOH, JI.A.BacHJleHKO, r .A.KynbKOBOH H M.H.illenaeBOH 
3a 60JlbUIYlO pa6ory no npocMOTpy H H3MepeHHHM. 
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OBPA30BAHME HEATP AJihHbiX CTPAHHbiX 
1JACTI11.{ B p 4He-AHHMrMn.RU1111 llPI1600 M3B/c 

IO.A.BaTycoa, C.A.ByHRTOB, Jl.B.llouTeKopao, 
A.M.Po:>~<.necTaeucKHJi, M.r .Cano:>KHHKOB, B.M.TpeTLRK, 
M.B.<I>a.rroMKHH 
06'be,nHHeHHbiH HHCTHTYT R,nepHbiX HCCJie,nOBaHHH, ]ly6Ha 

<I>.Ba.rrecTpa, C.BoccoJiaCKO, M.ll.Bycca, n.Bycco, 
A.rpacco, ]l.llau~epu, r .llupa,n:>KHHO, <I>.ToceJIJIO, 
n.<I>eppepo, E.<I>uopaMOHTH 
11HCTHTYT 06I.QeH ¢>H3HKH HM.A.Aaora,npo, 
TypHHcKHH yuHB'epcHTeT, ceK~R MH<I>H a TypHHe, 11Ta.rrHR 

P.Bap6uepu, Jl.Beunuwonu, A.3eaouu, A.PoTou,nu, 
ll.CaJibBHHH 
<l>aKyJILTeT Rnepuoii ¢>H3HKH H TeopHH, YuuaepcHTeT llaauu , 
ceKQHR MH<I>H a llaauu, 11TaJIHR 

K.ryapa.rrL,no, A.Ma,n:>KHopa 
H~oHaJibHaR na6opaTopHR MH<I>H so <I>pacKaTH, 11TaJIHR 

3 .nonu-PuuuHHu 
<l>aKyJILTeT npOMbilllJieHHOH aBTOMaTHKH, YHHBepcHTeT Bpewuu, 
ceKQHR MH<I>H B llaauu, 11TaJIHR 

K.MuKJie6ocT, A.M.Onceu, A.XaaTy¢>T , A.Xa.rrwTeHHCJIH.n 
<I>H3H'IeCKHH ¢>aKyJILTeT, YuHBepcHTeT Bepreua, HopaerHR 

<I>.O.BpeHBHK, C.O.Copeuceu, T . .RKo6ceu 
<I>H3H'IeCKHH ¢>aKyJILTeT, YuuaepcuTeT Ocno, HopaerHR 

lhMepeHhi ce'leHKH o6pa30BaHWI A-rHnepoHoB H 

npH aHHHnuum,HH aHTHnpoTOHOB B 4 He npH 

u(A) = (4,25±0,64) M6H u(K) =(4,51±0,60) M6. 

.K~-Me30HOB 
600 MJB/c : 

ELmo HaH.u.eHo, 'ITO oTHollleHHe Bhixonos A/K~ coCTasmleT 

R = u(A) I u(K) = 0,94± 0,19. 

CneKTphi 6hiCTpoT H HMfiYnhCOB ..acTHU y.o;oBneTsopHTenhHO o6hJic

HHIOTCH B npWJ,nOnO)I(eHHH o6pa30BaHWI A BO BTOpH'IHblX B3aHMO

,o;eii:CTBHHX K -Me30HOB (o6pa3oBaBlllHXCH B pN -aHHHrHnHUHH) 

BHYTPH s:,o;pa. 

Pa6oTa BhlfiOnHeHa B na6opaTOpHH s:,o;epHblX npo6neM OHJIM. 
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Production of Neutral Strange Particles 
in p 4He A nnihilation at 600 MeV /c 

Yu.A.Batusov et al. 

Cross sections of A-hyperons and K~~mesons production in antipro
ton annihilation in 4He at 600 MeV/c liave been measured: 

u(A) = (4.25±0.64)mband u (K)=(4.51±0.60)mb. 

The A/ Kg yield ratio was found to be: 

R = a( A) / a(K) =0.94±0.19. 

Rapidity and momentum spectra of particles are satisfactorily explai
ned ~ the hypothesis about A production in secondary interactions 
of K-mesons (which appeared in pN-annihilation) inside the nucleus. 

The investigation has been performed at the Laboratory of Nuclear 
Problems, J IN R. 

1. Bae.u. eHHe 

He,u.aBHHe 3KcnepHMeHThi 11"31 no H3ytJeHHIO o6pa30BaHIDI 
CTpaHHhi.X tJaCTHU B aHHHntJIHQHH aHTHnpOTOHOB Ha H,U.pax npHBeJ1l1 
K HemtGf.ll.aHHhiM, Ha nepBhiH B3rnH.U., pe3ynLTaTaM. TaK, B pa6oTe 1 11, 

r.u.e H3MepHnOCb cetJeHHe o6pa30BaHHH A , A 11 Kg·Me30HOB np11 aH
HHrHnHUHH aHTHnpOTOHOB B TaHTane npH 4 fJB/c, 6hm o6Hapy)f(eH 
aHOManbHO BhiCOKHH BhiXO.U. A-rHnepoHoB, B .u.sa pa3a npeBLIIUaro
IJ..tHH BbiXO.U. K8-Me30HOB. B TO )f(e apeMH l13BecTHO, tJTO npH aHHHrH
nHUHH aHTQllpOTOHOB B BO.U.OpO,u.e Hnli Ha nerKOM H,U.pe - ,U.eHTe-

' 2 I pHH · · , cetJeHHe po)f(,ll.eHHH Ks -Me30HOB a nHTb pa3 npeaocxo.u.HT 
cetJeHHe o6pa30BaHHH A . Eme 6onee Y.U.HBHTenbHhie pe3ynLTaTbi no-

' 3 ' nytJeHbi B JKcnepHMeHTe PS -179 ' , r.u.e Hccne.u.oaanocb po)f(,u.eHHe 
HeHTpanbHhi.X CTpaHHhi.X tJaCTHU B aHHHrHnHQHH aHTHnpoTOHOB B HeO
He npn 600 M JB/c. Tip11 JTOH JHE;!prHH HeB03MO)f(HO o6pa3oaaHHe 1\ 
Ha o,u.HoM HyKnoHe, nocKonLKY nopor peaKUHH pp ... AA cocTas
nHeT p 0 = 1435 MJB/c (accouHaTHBHoe po)f(,ll.eHHe 1\ c K-Me3oHaMH 
THna pN ... AK TaK)f(e 3anpemeHo acne.u.craHe JaKoHa coxpaHeHIDI 
6apHOHHoro tJHcna) . TeM He MeHee OKaJanocL, IJTO 11 a JTOM cnyqae 
OTHOIUeHHe R cetJeHHH po)f(,ll.eHHH 1\ H K~ ecrb R = 2,3±0,7. 

B HaCToHmeif pa6oTe Mhi npo.u.on)f(HnH H3yiJeHHe o6pa30BaHIDI 
HeHTpanbHhlX CTpaHHhiX tJaCTHU B aHHHrHnHQHH aHTHnpOTOHOB C ,u.py'· 
roif MHIUeHLIO - H,u.poM 4He npn 600 MJB/c. 0Ka3anocb, IJTO H B JTOM 
cnyqae A-tJaCTHUhi o6pa3yiOTCH c 3aMeTHOH aepoHTHOCTbro: R =0,94± 
±0,19. Ha6nro.u.aeMhie xapaKTepncTHKH 1\ H K s xopoiUo corna
cyroTCH C paCtJeTaMH, BhinOnHeHHhiMH B npe,u.nonO)f(eHHH o6pa30BaHHR 
A B npoueccax nepepacceHHHR K-Me30HOB, o6pa30BaBIUHXCH B pN 

aHHHrHnHQHH. 
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2. llpoue.JJ;ypa o6pa6oTKH co6biTHH 

B pa6oTe HCCJJe.JJ;yeTCH o6pa30BaHHe HeHTpaJJbHbiX CTpaHHbiX qa
CTHU B peaKQHH aHHHrHJJHQHH Me,JJ;JJeHHbiX aHTHnpOTOHOB C H.JJ;paMH 
renHH: 

- 4 
p + He ... A (K ~) + X • 

llaHHbie noJJy'leHbl npH 06JJy'leHHH CTpHMepHOH KaMepbi 14 1 ny'IKOM 
aHTHnpoTOHOB c HMnynhCOM 607,7 M3B/c Ha ycKopHTene LEAR 
B CERN. AHTHnpoTOHHbiH ny'IOK LEAR xapaKTepH3i'eTcH BbiCOKHM 
pa3perneHHeM no BeJJH'IHHe HMnyn&ca ~P I P "' 10- H n JJHbiM OT
cyTCTBHeM npHMeCeH nHOHOB H KaOHOB. llHaMeTp ny'IKa COCTaBJJHeT 
npHMepHo 1 CM. CHcTeMa TpHrrepa o6ecne'IHBana cpoTorpaQ:mposauHe 
pa6oqero o6oeMa KaMepbi (90x70x18 eM 3) TOJJbKO B cnyqae B3aHMO
.JJ;eiicTBHH aHTHnpoToHa. CaMornyHTHpyromaHcH CTpHMepHaH KaMepa 
B MarHHTHOM none (0,8 Tn) 6bma 3anonHeHa ra30M reJJH (npH aT
MoccpepHOM AaBJJeHHH) . ManaH TOJJJ..UHHa MHrneHH (15 Mr /cM2 ) no-
3BOJJHeT perHCTpHpOBaTb HH3K03HepreTH'IHbie (HanpHMep , npOTOHbl 
c 3HeprHeii .JJ;O 200 K3B) qacTHUbi c KopoTKHMH npo6eraMH. MeTOAH
Ka npose,JJ;eHHH o6pa6oTKH nony'leHHoro MaTepHana no.JJ;po6Ho pac
cMaTpHBaeTCH B pa6oTe I 51 . 

C QeJJbiO nOHCKa KaH,JJ;H,JJ;aTOB Ha pacna,JJ; HeHTpaJJbHOH CTpaHHOH 
'laCTHI..tbi - BHJJOK 6biJJO npoCMOTpeHO npHMepHO 10 S cpoTorpac}>HH, 
H3 KOTOpblX 40000 CHHMKOB - ,JJ;Bll)K,JJ;bl .JJ;JJH onpe,JJ;eJJeHHH 3cpcpeKTHB
HOCTH npOCMOTpa. Bcero 6biJJO 3aperHCTpHpOBaHO 139 BHJJOK, CBH3aH
HbiX c seprnHHOH p4 He-B3aHMO.JJ;eiicTBHH. Haii.JJ;eHHbie co6biTHH H3Me
pHIIHCb Ha nonyaBTOMaTaX nYOC H o6pa6aTbffiaJJHCb nporpaMMOH 
reoMeTpHlleCKOH peKOHCTpyKI..tHH H KHHeMaTH'IeCKOrO aHaJJH3a 
HYDRA. nocne oT6opa co6biTHH, y.JJ;osneTBOpHIOJ..UHX KWieMaTHKe 
pacna,JJ;a K ~ HJIH A' OCTaJJOCb 113 V0 -'laCTHI..t (62 K ~ 51A)' KOTO
pble o6pa30BaJJHCb B 10J,_~3aHMO,JJ;eHCTBHHX (B 5 CJIYllaHX 6biJJH 3ape
rHCTpHpOBaHbl napbi K5 K8 H AKg) . CpasHHTeJJbHO He6onbiliHe HM
nyn&Cbi 'laCTHI..t (AO 1 f3B/c) n03BOJIHJIH npOBO.JJ;HTb H.JJ;eHTHc}>HKai..tHIO 
3apH)KeHHbiX qacTHI..t no HOHH3aLtHH, 'ITO o6nerqano pa3.JJ;eJJeHHe A 
H K S B TeX CJIYllaHX, KOr.JJ;a KHHeMaTH'IeCKHH aHaJJH3 .JJ;aBaJJ HeO,JJ;H0-
3Ha'IHbie pe3yii&TaTbi. Cpe.JJ;HHe 3HatleHHH 3c}>cpeKTHBHbiX Mace V 0 -tla

CTHI..t 

M A = (1120±7) M3B/c 2 H M K = (489±15) M3B/c 2 

xoporno cornacyroTcH c Ta6nHtiHbiMH. 
llnH .JJ;aJJbHeiirnero aHaJJH3a 6bm npose.JJ;eH oT6op co6biTHH, YAOB

neTBOpHIOJ..UHX CJie.JJ;yiOJ..UHM KpHTepHHM: 
1) BepiliHHa B3aHMO.JJ;eHCTBHH aHTHnpOTOHa .JJ;OJI)I(Ha p cnonaraTb

CH He MeHee tleM B 15 CM OT nepe,JJ;HeH H 3a,JJ;HeH (B.JJ;OJib nytiKa) rpa
HHI..t KaMepbi; 
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2) aepwu Ha pacna,na V 0 
AOJDKHa JIEm<aTb B npeAenax 3<P<PeK

THBHoro 06'beMa - He MeHee 15 CM OT rpaHHQ KaMepbi B)l,OJib OCH 
nytiKa, He MeHee 10 CM OT 60KOBbiX CTeHOK KaMepbi H He MeHee 4 CM 
OT BepxHero H HH:>KHero CTeKOJI KaMepblj 

3) BepWHHa pacna,na V 0 )l,OJI)f(Ha OTCTORTb OT TO'IKH aHHHrHJIR
QHH He MeHee lleM Ha 1 CM. 
nepBbie )l,Ba KpHTepHR o6ecnetiHBaiOT xopowue YCJIOBHR AJIR perucr
paQHH aepWHH H H3MepeHHR TpeKOB Ha AJIHHe, )l,OCTaTO'IHOH AJIR onpe
)l,eJieHHR HMny Jibcoa u yrnoa tiaCTHQ. BBeAeHue nocne)J.Hero KpHTepHR 
o6ycnoaneHo n oTepeH tiaCTH V 0 , pacna,naiOI.l.UfXCR a6nH3H 3Be3ALI. 
3THM KpHTepHRM YAOBJieTaoparoT 56 K s u 44 A . 

lloTepH V0 -llaCTHQ, pacna,naiOI..QHXCR BHe rpaHHQ 3<P<PeKTHBHOrO 
o6'beMa HJIH He)l,aneKo OT 3Be3Abi, YliHTbiBaJIHCb aae)J.eHHeM aeca AJIR 
K8JK)J.OrO C06biTHR - BeJIH'IHHbi, o6paTHOH aepORTHOCTH ero perHCTpa
QHH. .[(na HHAHBHAYaJILHoro co6LITHR na aepoRTHOCTb a onpeAe
JIReTCR HMnyJibCOM p H yrJIOM () BbilleTa V 0 OTHOCHTeJibHO HaJie
TaiOI..QeH tiaCTHQbi. 3HatieHHe a BblliHCJIRJIOCb C nOMOI..QbiO MO)l,eJIHpO
BaHHR. Pa3birp LmanocL N 0 ( = 1000) cnyqaea ( p u () <PuKcnpoaa
Hbi) , B KOTOpbiX BapbHpDBaJIHCb: 

a) nono:>KeHHe 3Be3Abi (a npe)J.enax, orpaHHlleHHbiX ycnoaneM 1); 
6) a3HMYTaJILHbiH yron Bbmern V 0 (H3 paaHOMepHoro pacnpe

AeneHHR B AHana3oHe 0-2 11) ; 
a) ero np o6er L (u3 pacnpeAeneHHR exp (- L/ L 0), rAe L 0 -

cpe)J.Hee 3HatieHHe npo6era, 3aBHCRI..Qee OT BeJIH'IHHbl HMnyJILCa p ) . 
B K8JKAOM cny qae npoaepanocb BbinOJIHeHue ycnoaHfl 3 ( L > 1 CM) 
u 2 (no BblliHcneHHOMY nono:>KeHuro TO'IKH pacna.na V 0 ). TorAa AJIR 
AaHHoro co6bi THR aepoRTHOCTb perucTpaQHH ecrL a= N / No, rAe 
N - 'IHCJIO t:ny tiaea, YA6BneTaoparomux 3THM ycnoBHRM. TaKHM o6-
pa30M, sec co6biTHR W ( = 1/ a) ytiHTbiBaeT noTepu V 0 c AaHHbiMH 
3HatieHHRMH P u () . CpeAHee no co6LITHRM 3HalleHHe aeca AJIR A 
paaHo 1,93 u AJIR K s - 1,81. B 3TOM aece He YliHTbiBaeTCR pacna.n 
V 0 Ha HeHTpaJibHbie tiaCTHQbl, TaK . KaK BKJia,n OT 3TOrO O)l,HHaKOB 

)J,JIR tiaCTHQ O)l,HOro THna H npH BblliHCJieHHH cetieHHR BXO)l,HT OT)J.eJib
HbiM MHO:>KHTeJieM. 

3. CetieH HR H xapaKTepHCTHKH V 0 -llaCTHQ 

CetieHHR o 6pa30BaHHR A u K s B aHHHrHJIRQHH aHTHnpOTOHOB 
Ha HApax reJIHR, a TaK:>Ke HX OTHOWeHHe R npHBe)l,eHbl B Ta6n.1 COB
MeCTHO C pe3yJILTaTaMH )J.pyrHX 3KCnepHMeHTOB (TaK KaK y -KBaHTbl 
He perncTpupoa anucL, B cetieHHH o6pa30BaHHR A -runepoHOB HMeeTCR 
BKJia,n OT npoQecca p 4 

He -+ I.0 X , I.0 
-+ A y ) . 

KaK BHAHO H3 Ta6n.1, cetieHHR o6pa30BaHHR A AOBOJILHO 3Hatiu
TeJibHbi a(A) .. a(K) )],8JKe )J,JIR TaKoro nerKoro R)J.pa, KaK 4He. llo

CKOJILKY npu 6 00 M3B/c o6pa30BaHHe A Ha OAHOM HYKJIOHe (nopor 
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Ta61ZU!4a 1 

2H 121 4 He 20Ne/ 3 / Ta 1 11 

600 M3B/c 607,7 M3B/c 4 r3B/c 

a (A), M6 0,42± 0,09 4,25± 0,64 12,3± 2,8 192± 12 

a(K), M6 2,6± 0,4 4,51± 0,60 5,4± 1,1 82±6 

R = a(A) I a (K) 0,16± 0,04 0,94± 0,19 2,3± 0,7 2,4± 0,3 

peaKQHH pp ... Ai\ cocTaBJIHeT p 0 = 1435 M3B/c) 3anpemeuo, 

TO 06'bHCHHTb o6HJibHOe po)f():(eHHe J\ Ha HApax MO:>KHO TOJibKO, npeA

nOJIO)KHB 60JibWYIO BepoHTHOCTb npOQeCCOB, B KOTOpbiX npHHHMalOT 

yqacTue uecKOJibKO uyKJiouoa. 

CpeAHHe 3Ha'leHHH 6biCTpOT (B na6opaTOpHOH CHCTeM e) COCTaB· 

JIHIOT <Y> A = 0,07±0,03 H <y>K = 0,33±0,11. KaK BHAHO, ouu 

CHJibHO OTJIH'IaiOTCH Apyr OT Apyra. Ecnu C'IHTaTb, 'ITO A ( K 8> po)f(

AaiOTCH B nepBH'IHOM aKTe aHHHrHJIHQHH HaJieTaiOI.Qero aHTHnpOTOHa, 

TO TaKOe pa3JIH'IHe B 6hiCTpOTaX CJIY)f(HT yKa3aHHeM Ha TO, liTO J\ -qa

CTHQbi H K S -Me30Hbl o6pa3yiOTCH KaK 6hi OT pa3HbiX 1-t:CTO'IHHKOB. 

TaK, AJIH TOrO 'IT06bi onpeAeJIHTb CHCTeMy nOKOH HCTO'IHHKa " ucna

peHHH" J\-qacTHQ (B KOTOpOH <y > "' 0), Ha,D;O npeAnOJIO:>KHTb, 'ITO 

OHH po:JKAaiOTCH ua MHorouyKJIOHHOM KnacTepe. B cnyqae )f(e K~ -Me-

30HOB C,D;BHr no 6biCTpOTe COOTBeTCTByeT o6pa30BaHHlO K Ha Op;HOM 

uyKJioue. AuanorH'IHOe pa3JIH'IHe Me:JKAy 3Ha'leHHHM H 6hiCTP.OT 

B cneKTpax A H K -Me3ouoa ua6JIIDAaJIOCb H a 3KcnepHM eHTax 1 •31. 

B JIHTepaType o6cy)f():(aJIOCb no Kpaiiueii Mepe ABa MexauH3Ma 

po:JKAeHHH A ua HApax: a) o6pa30BaHHe A B nepepacceHHHH auuurH

JIHQHOHHbiX Me30HOB ! 6/ H 6) HCnapeHHe $aifep60JIOB C OTJIH'IHbiM 

oT uynH 6apHoHHbiM 3apHAOM 
171 . PaccMoTpHM o6e B 0 3MO:>KHOCTH. 

llepepacceHHHe aHHHrHJIHQHOHHbiX Me30HOB AaeT aJibTepHaTHB

HOe 06'bHCHeHHe MaJIOrO 3Ha'leHHH 6hiCTp0Tbi AJIH i\ -rHnepOHOB. llo

CJieAOBaTeJibHbiH aHaJIH3 pO)f(,!J;e~HH i\ 3a C'leT TaKHX n p oQeCCOB 3a· 

TpyAueu, nocKOJibKY noMHMO K- H 17-Me3ouoa (KoTOpbie MoryT o6-

pa30BbmaTb i\ B peaKQHHX acCOQHaTHBHOrO pO)f():(eHHH THna 

~rN ... K i\ ) ueo6XOAHMO y'IHTbiBaTb TaK)f(e BKJiap; oT 11 - H w -Me3o

uoa. ll03TOMY Mbl OrpaHH'IHJIHCb paC'IeTOM OCHOBHbiX xapaKTepH· 

CTHK CTpaHHbiX qaCTHQ (HMnyJibCOB H 6hiCTpOT) B CJieA YIOI.UHX npo

CTbiX npeAnOJIO)f(eHHHX: 

1) npep;nonaranocb, 'ITO pacnpeAeJieHHH BTOpH'IHbiX qacrHQ 

HMeiOT 'IHCTO KHHeMaTH'IeCKHH xapaKTep, onpeAeJIHeMbiH $a30BbiM 

o6'beMOM peaKQHH aHHHrHJIHUHH ( MOAeJib 1) : 
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-
p + 

4 
He -+ A + K ~ + rr + N + N ; 

2) npe,IJ.nonaranoch, liTO A po'lK,D;alOTC.R npH pacce.RHHH K -Me3o

uoa, o6pa3ylOI..l.UfXC.R B auuHrHJIHUHH uaneraromero aumnpoToHa c O.IJ.

HHM H3 HYKJIOHOB .R,IJ.pa (MO,IJ.eJib 2): 

P+N--K+K+rr+77, ( *) 

K+N-+A+rr. ( **) 

TipH npo ae,IJ.eHHH pactieTOB no MO.IJ.eJIH 2 ytiHThiBaJIOCb cpepMH

.IJ.BH)KeHHe H Y KJIOHOB H.IJ.pa, yqacTBYIOI.UHX B peaKUHHx (* ) H ( **) . 
XapaKTepHCTHKH BTOpHtiHhiX 11- H K-Me30HOB onpe.IJ.eJI.RJIHCb cpa3o

BhiM o6'beMOM peaKUHH (*). XapaKTepHCTHKH )Ke /\-rHnepouoa 6hmH 

nonyqeHbi C yt~eTOM 3HepreTHtieCKOH 3aBHCHMOCTH peaKUHH ( **) . 
Ct~HTaJIOCb, 'ITO aepo.RTHOCTb BTOpH_~_moro B3aHMO.IJ.eHCTBH.R W , KaK 

cpyHKUHH H M nynhca BTOpHtiHoro K-Me3oHa p K, nponopuHOHaJibHa 

CetieHHIO peaK UHH ( **) : 

W(pK) = cons t a(KN .. A11). 

TiapaMeTpH3auH.R 3HepreTHlleCKOH 3aBHCHMOCTH cetieHH.R a (KN • /\11 ) 

6panaCb, KaK H B pa60Te I 2 1 
, B BH,IJ.e 

a(KN • Arr) = 8,5(0,6 / pK) 1
•
41 

M6 

n(m 0,1 < .P { < 0,6 r~B/c . Bue 3TOI'O .IJ.Hana30Ha 6paJIHCb 3Ha•IeHHR 

CetieHH.II, COOTBeTCTBYIOI.UHe KpaHHHM 3HatieHHRM p K . 
C noMOI.UblO MO.IJ.eJIHpoaaHH.R 6hiJIH nonytieHhl pacnpe.IJ.eJieHH.R 

A • Kg'- H 11 -Me30HOB no HMnynhcy p, ero npo.IJ.OJibHOH H nonepeti· 

HOH KOMnOHeHTaM ( p L, p T) H 6biCTpOTe Y (B na6opaTOpHOH CH· 

cTeMe). B Ta6 n.2 HX cpe.IJ.HHe 3Hat~eHH.R cpaBHHBalOTC.R c 3KcnepHMeH

TaJihHhiMH. ,llJI.R cpaBHeHH.R TT -Me30HOB B Ta6n.2 BKJIIOtieHhl 3KCnepH

MeHTaJihHbie 3HatieHH.II xapaKTepHCTHK OTpHUaTeJihHhiX 'laCTHU, KOTO

pb!e B nO,IJ.aBJI.IIJOI.UeM 60JiblliHHCTBe ,IJ.OJI)f(Hbl 6hiTb 77- ·Me30HaMH, 

o6pa3yl0i..UHMH C.II COBMeCTHO C HeHTpaJibHhiMH CTpaHHhiMH tiaCTHUaMH . 

,lln.11 MO.IJ.eJIH 2 npHBe,IJ.eHhi xapaKTepHCTHKH A , nony'leHHhle 

H~ TOJlbKO C ytieTOM 3HepreTH'IeCKOH 3aBHCHMOCTH peaKUHH 

KN -+ A rr (I ) , uo H 6e3 uero (II) . KpoMe TOro, ecnH sepuyThCR 

K accouHaTHB HOMY po'lK,D;eHHIO A H K BTOpHtiHbiMH 11 -Me3oHaMH 

(o6pa3ylOI.UHM HC.II B pN-aHHHrHJI.IIUHH), TO B HallleH o6nacTH 3Hep

rHH OHO B03MO)KH0 TOJibKO 3a ClleT cpepMH-,IJ.BH)KeHH.II HYKJIOHOB .R,IJ.pa. 

Kanan pN ... rrrr, .IJ.aiOI..l.UfH "-Me30Hhi .IJ.OCTaTOtiHOH 3HeprHH (nopor 

peaKUHH rrN ... AK paaeu p 17 "' 900 M3B/c), cHJibHO no.IJ.aaneu. 

Hcuo, liTO n p H TaKHX 6oJihlllHX 3HatieHHHX HMnynbca uaneTaromero 
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Ta6rtuqa 2 

<p:-- <pT , < p L '· <y > 

3KcnepHMeHT: I\ 405± 35 332± 31 87±36 0,07± 0,03 
-4 
p He •AX TT 341± 34 237± 27 138± 39 0,36± 0,11 

- 1 p He • K 0 X K o 571±37 410± 32 217 ± 44 0,31± 0,06 

TT 392± 31 256± 22 158± 42 ,39± 0,10 

Monenh 1: 
A 688 528 161 0,12 

p4 He -·AK~rrNN K o s 543 416 9() 0,13 

TT 401 312 57 0,13 

Monenb 2: 
(I) i\ 398 307 76 0,06 

-
pN . ~Ks" - " (II) i\ 463 353 '136 0,11 

KN • ;\ TT K ' s 445 317 203 0,31 

" 320 238 107 0,31 

pN • TTTTTTTT ,\ 653 381 489 0,40 

rrN • AK 7T 488 366 153 0,31 

"-Me3oHa o6pa3yKJLUHecH i\-rHnepoHbi nomKHbi BhiJJeTaTb snepen 
H o6nanaTb 60JJbWOH 3HepnteH. 3TO HJIJJKJCTpHpyeTCR BKJIKJ'IeHHeM 
B Ta6n.2 xapaKTepHCTHK l\, noJJy'leHHhiX B paC'IeTaX, aHaJJOrH'IHhiX 
MonenH 2 c 3aMeHol1 K Ha rr-Me30Hhi. 

Vb pe3yJJhTaTOB, npHseneHHhiX B Ta6JJ.2, BHUHO: 
1) y'leT TOJJbKO cpa3osoro o6beMa ( Monenb 1) He s ocnpoH3BO

nHT Ha6JJKJaaeMhie B 3KcnepHMeHTe 3aKOHOMepHOCTH; 
2) BKmoqeHHe nepepacceRHHR K-Me30HOB 6e3 y'leTa 3HepreTH-

qecKol1 3aBHCHMOCTH ce'leHHR a (K N ... A rr) ( MOlleJJb 2, pacqeT I I) 
He socnpoH3BOUHT cpenHee 3Ha'leHHe 6hiCTpOThi A-rHnepoHos; 

3) nepepacceRHHe 7T -Me30HOB, nO-BHUHMOMy, He MO:>KeT 6hiTb 
HCTO'IHHKOM A , TaK KaK UOJJ:>KHO npHBOUHTb K o6pa30BaHHJO "6b!CT
ph!X" l\ -'laCTHU; 

4) TOJJbKO sapHaHT c nepepacceHHHer..t K-Me30HOB c y'leTOM 
:mepreTH'IeCKOH 3aBHCHMOCTH ce'leHHR u (K N ... A rr) ( Monenb 2, 
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pactieT I ) n pHBO.IJ.HT K anoJIHe y.u.oaneTBOpHTeJibHOMY onHcaHmo 

acex pacnpe.n.eneHHH KaK .IJ.JIR A, TaK H .IJ.JIR K~ (rr) -Me30HOB. 

06pa~aeT Ha ce6R: BHHMaHHe TOT cpaKT, 'ITO 3KCnepHMeHTaJibHO 

Ha6mo.n.aeMoe MaJioe 3HatieHHe 6LICTpOTbi .IJ.JIR A-rHnepoHOB aocnpo

H3BO.IJ.HTCR n p H ytieTe nepepacceR:HHR K -Me3oHoB, TO ecTb He Tpe6yeT

CR BBe.IJ.eHHR: llOHR:THR: 0 KaKHX-JIH60 MHOrOHYKJIOHHblX KJiaCTepax, · 

Ha KOTOpbiX B 03HHKaJIH 6LI A . _ 

AJILTepHaTHBOH MO.IJ.eJIH nepepacceR:HHR aHHHrHJIRIJ;HOHHLIX K -
Me30HOB, KaK HCTO'IHHKa no.n.noporOBhiX A-qacTHu;, RBJIR:eTCR Mexa

HH3M HcnapeHHR cpauep6onoa c 6apHOHHhiM tiHCJIOM B = 1. OH npe.n.

CKa3hmaeT, 'ITO ecJIH TaKoH cpanep6on o6pa3oaancR:, TO cpe.n.H npo

.IJ.YKTOB ero HcnapeHHR .n.omKHa 6hiTb 3aMeTHaR: .IJ.OJIR A-rHnepoHoB 

(BKJIIO'IaR: H A oT pacna.n.a I. 0 
) , KOTOpaR: MO)I(eT .n.ocTHraTb 171 

Br (! .... AX) = 9,9%. O.n.HaKo B 3TOH MO.IJ.eJIH Heonpe.n.eneHHoH ocTaeT-

CR CaMa BepORTHOCTb o6pa30BaHHR: llO.IJ.06HhlX cpaifep6oJIOB B aHTH

npOTOH-R:.IJ.epHOH aHHHrHJIR:IJ;HH. EcJIH npe.n.noJIO)I(HTb, 'ITO ace A-qa

CTHu;hi B Hallle M 3KCnepHMeHTe o6pa30BaJIHCb TOJibKO 3a C'leT HCllape

HHR: llO.IJ.06HhiX cpaifep6oJIOB, TO MO)I(HO llOJIY'IHTb orpaHH'IeHHe 

Ha aepXHHH npe.n.en aepoRTHOCTH W r o6pa30BaHHR cpanep6onoa 

a p4 He- aHHHr HJIRIJ;HH: 

W r = W(A) / B r(f .... AX) = 0,18, 

r.n.e W(A) = u (A) / uR = 0,0177- BhiXO.IJ. A-rHnepOHOB B aHHHrH

JIRIJ;HH aHTHnp oToHoa Ha R.n.pax reJIHR npH 600 M3B/c. 

EcJIH npHHRTb Ha aepy, 'ITO .n.eifCTBHTeJibHO B "'20% cnyqaea aH

HHrHJIRIJ;HH aHTHnpoTOHOB Ha 
4 He o6pa3yiOTCR no.n.o6Hhie cpanep6o

Jihl, TO MO:>kHO llOJIY'IHTb HHTepeCHOe CJie.IJ.CTBHe, KaCaro~eeCR: BepORT

HOCTH pe.IJ.KOr O KaHaJia aHHHrHJIRIJ;HH C BhiDeTOM TOJibKO O.IJ.HOrO 

rr-Me30Ha. K a K npe.n.cKa3hmaeTCR a 181 , aepoR:THOCTb HcnapeHHR 

cpaifep6ona n o KaHaJiy f -+ rr N cocraaJIR:eT 0,07%, Tor.n.a MO)I(HO no

JIY'IHTb,'ITO 

-4 -4 
W(p He .... rr + 3N) = Wr *Br(! .... rrN) = 1,33.10 • 

3TO CJie.IJ.CTBHe H3 HalllHX 3KCnepHMeHTaJibHhlX .IJ.aHHhlX (llOJIY

'IeHHOe B npe.n.nOJIO)I(eHHH CllpaBe.IJ.JIHBOCTH MO.IJ.eJIH cpaifep6oJIOB) 

MO)I(eT 6hiTb n poaepeHo a 3KcnepHMeHTax Ha ycraHoaKe OBELIX1 87• 

0TMeTHM, 'ITO 3TO 3HatieHHe Ha llOpR:.IJ.OK npeBOCXO.IJ.HT BeJIH'IHHY Be

pORTHOCTH O.IJ.HOMe30HHOH aHHHrHJifiUHH B .n.eH.u TepHH, H3MepeHHOH 
/ 9/ r- - ) -5 

He.IJ.aBHO a 3KcnepHMeHTe Ha LEAR • W \P d -+ rr P = (2,8± 0,3) ·1 0 . 

4. 3aKJI IO 'IeHHe 

B HaCTOR~eu pa6oTe onpe.n.eneHhi ceqeHHR o6pa30BaHHR A-rH

nepoHOB H K ~ -Me30HOB npH aHHHrHJIR:IJ;HH aHTHnpoTOHOB a 4 He 

30 



npw 600 M3B/ c. 06Hapy:>KeH aHOMaJibHO BhiCOKHH BhiXOA A-rwnepo
HOB, cpaBHHMhiH c BhiXOAOM K 0

8
-Me30HOB: 

R = a(A) / a(K) = 0,94±0,19. 

CneKTpbi 6hiCTpOT 11 HMnyJihCOB qacrwu YAOBJieTBOpHTeJihHo o6oRC
HRIQTCR B npe}l;nOJI_9:>KeHHH o6pa30BaHHR A npw nepepacceRHHH aH
HHrHJIRUHOHHhiX K-Me30HOB. B TO :>Ke BpeMR AJIR nonyqeHHR cpaBHH
Moro c 3KcnepwMeH'raJihHhiM ceqeHHR o6pa30BaHHR A B npoueccax 
nepepacceRHHR HeOOXO}l;HMO, KaK nOKa3biBalQT pacqeThi, yqHTbiBaTb 
BKJia}l; T!- H W-Me30HOB. 

Ecnw :>Ke npeAnOJIO:>KHTh, qro Bee A-qacTHUhi, B03HHKillHe B p 4 He
aHHHrHJIRUHH, o6pa30BaJIHCb TOJibKO 3a cqer HCnapeHHfl cpaifep60JIOB 
c B = 1, TO MO:>KHO nonyqwTb orpaHuqeHHe Ha BepxHHif npeAeJI IiepoRT
HOCTH o6pa30BaHHfl cpaifep60JIOB B 3TOM npouecce: W ( = 18%. 3TO, 
B CBOIQ oqepe}l;b, }l;aeT OUeHKy BepORTHOCTH peaKUHH O}l;HOMe30HHOH 
aHHHrHJIRUHH aHTHnpoTOHOB Ha 4 He npw 600 M3B/c, KoropaR no cpas
HeHHIQ C aHHHrHJIRUHeH Ha }1;6HTepHH OKa3hiBaeTCfl Ha nopR}l;OK 60Jib
rueif: 

-4 -4 
W (p He .... rr + 3N) = 1,33 . 10 • 

CqwTaeM npHRTHhiM AOJiroM no6naro}l;apHTh corpyAHHKOB rpyn
nhi nyqKOB LEAR, o6ecneqHBillHX MaKCHMaJihHO 6naronpHRTHbie 
ycnoBHR }l;JIR npoBe}l;eHHR HaCToRmero 3KcnepHMeHTa. Mbi raK:>Ke Bhi
pa:>KaeM 6naro}l;apHOCTb Jl.A.KoH}l;parroKy, n.3.Xap3eeBy 3a o6cy)l(}l;e
HHe pe3yJibTaTOB. 0co6yro npH3HaTeJibHOCTb XOTHM Bbipa3HTb Jl .A.Ba
CHJieHKO, M.H.IllenaeBOH, r.A.KyJihKOBOH H B.B.Bor}l;aHOBOH 3a pa-
6ory no npOCMOTpy H H3MepeHHflM. 
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6. Che Ming Ko, Ruixi Yuan.- Phys. Lett., 1987, v.B192, p .31. 
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CALCULATION OF SPIN-FLIP AMPLITUDE 
OF CHARGE-EXCHANGE PROCESS rr-p ... rr 0 n 

S.V.Golosko kov, O.V.Selyugin, V.G.Teplyakov* 

It is shown that the spin-flip amplitude of the charge-exchange rr-P-+ 
.... 7T 0 n re action calculated in the dynamical model of hadron inte
ractions correctly reproduces basic features of the spin-flip amplitude 
determined by the amplitude analysis of experimental data at pL = 
= 40 GeV. 

The investigation has been performed at the Laboratory of Theo
retical Physics , J INR. 

Bbil.IHCJieHHe aMnJIHTYAbi c H3MeHeHHeM cnHpaJibHOCTH 
peaKUHH nepe3apRAKH 77 -p ..., 77° 11 

C.B .forrocKOKOB, O.B.Cemonrn, B.f.TenrrHKOB 

npose,ueHO Bbi'IHCJieHHe aMilJIHTYllbl C neveBOp<lTOM CllHHa peaKUHH 
nepeJapHJlKH rr-p .... rr0 n . Bbl<rncrreHHH BbmOrrHeHbl B paMKax 
.UIIHaMH'-ICCKOH Mo.uerrH BJaHMO.UCHCTBHll a.upoHOB c y'-leTOM CHJibHbiX 
<j>OpM<j>a KTOpOB. noKaJaHO, '-ITO llOJIY'-IeHHaH aMilJIHTy.Ua nepe,uaeT 
OCHOBHble CBOHCTBa COOTBeTCTBYIOll.leH aMilJIHTY.Ubl, Onpe,uerreHHOH 
Ha OCHOBC aHaJIHJa JKCnepHMeHTaJibHbiX .UaHHbiX npH p L = 40 fJB/c. 

Pa6on BhmonHeHa B Jla6opaTOpHH TeopeTH'-IeCKOH <j>HJHKH OI·UU1 . 

Large polarization , L ' revealed in different charge-exchange 
processes at 40 GeV/c indicates a large size of the spin-flip amplitude 
in such reactions. It has been shown in works 121 on the basis of the ampli
tude analysis that the spin-flip amplitude of the reaction rr-p .... 11°n 

at p L = 40 GeV /c and ! t: = 0.1 -;- 0.2 GeV 2 is about twice 
as great as the spin-non-flip amplitude . Such a large size of T+ _ requires 
a theoretical explanation. 

The purpose of this work is to calculate the spin-flip amplitude 
of the charge-exchange reaction 11- p ... 11 °n in the framework 
of a dynamical model of hadron interactions ' 31. The model allows 
us to calculate the contribution of quark-antiquark pairs,surrounding 
the hadron, which are regarded approximately as 11-mesons, to the 
high energy scattering amplitude. 

* Cornel Polytechnical Institute , USSR 
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Earlier, the description was obtained of polarization effects of 
pp-scattering 141 in which contributions of resonances in the s-channel 
were considered with the help of phenomenological parameters. In this 
work we calculate the contribution of the nucleon and /133 -isobar 
excitation to the spin-flip amplitude of the charge-exchange reaction 
rr - p .... rr 0 n. 

Let us consider the meson-nucleon scattering. The contribution 
of the diagram, fig. 1, to the scattering amplitude with N ( /1 -isobar) in 
the intermediate state looks as follows : 

2 
g rrNN(/1) 4 2 2 .2 2 

= i(2~)4- (d q Trm (s ' ,t) c/;mN [(k-q) ,q I<P N(/\)[(p-qJ,q 1x 

t.. 1t..2 (1) 
r N(l1l(q, P. k) 

/ ------··-·------------ -------------- - --- ---·-- , 
[ q 2 - M~( /1) + if 1 ( (k- q) 

2 
- IL

2 
+if 1 [ (p- q) 

2 
-!1

2 
+ i f 1 

here ;>.. 1 and A 2 are relevant helicities of nucleons ; T rr rr is the 1T1T 

scattering amplitude; r , the matrix element o f t;he numerator of diag
ram; ¢, the vertex functions chosen in the dipole form; 

4 
~ N(..'i) 

(2) 

Fig. I . Contribution of :!-111eson exchange to the char
ge-exchange reaction rr-p .... rr0 n . 

Using the light-cone variables and integrating (1) we obtain for 
the spin-flip amplitude: 

2 8 
g trN N ( /1) f3N( /1) 

2(2tr) 3 

(3) 
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--
... ' ... ... ... 2 2 2 . 
q = q +X (p-k); d = (MN(~)-xMN)(1-x) + p. x. 

2 2 2 
a = (MN(~) - xMN) (1- x) +faN(~) x. (3) 

The mat rix element of the nucleon-intermediate-state contribution 
has the form . 

+-·rN = ~M N(x-1), 

here ~is a t ransfer momentum. 
For a standard choice of the lagrangian of the rrN~ -interaction 

and ~33- propagator (see, for example 141 ) we have: 

r 11t ~ -"1 A A A ~ = u (p) (q+M ,.) [(pk) _ l-pk _ 2(pq) (kq) (pq)k-(kq)p] t.2 
o 3 

2 
+----u (k) 

3M~ 3M~ • 

As a result, we obtain for the helicity-flip matrix element: 

2 
+ MN r ~- =~l(pk) (xMN+M~) + a(xMN-M~)-

- 2(pq) (k~(xM N + 2M~) + ~-((pq) + (kq)) (xMN- M~) I , (4) 
3M& . . 3M~ 

where 

(pk) = M 2 ~2 N + - · 2 . (kq) 
q 2 + M2 xM 2 

J. ~ N 
= ---- +--

2x 2 

(pq) 
q\ + 

2x 

2 2 2 
~ MN+L'l ...... 

+ x---- ~J. qJ.. 
2 

In calculating integrals (3) we used the simplest Gaussian parametriza
tion of the charge-exchange amplitude of rrrr scattering: 

2 -T(s, ~) = (1 + i) Hexp(-M) ys, 

H = 3.3 GeV - 1, b = b
0 

+ a(lns- i rr/ 2); b
0 

= 3.3 (GeV)-
2

; a=0.9 , (5) 
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which is close to that used in 161• We also used the follo ving values 
of the parameters: 

2 2 2 2 
/3N = 3.4 (GeV) ; {3!:. = 1.5 (OeV) , 

which corresponds to .' 7 1, and the coupling constants 

2 
g77NN 
-- =14.6; 

41T . 

The consideration of isotopic factors in integrals ( 3) leads to the 
following expressions for the amplitude of interaction: 

(6) 

As a result, the contributions of N and !:. states are essentially compen
sated in elastic processes. These contributions add together i the charge
exchange processes 161• It makes the spin-flip amplitude large in 
"- p .. 1r

0 n reactions. 
The leading asymptotic term of the spin-flip amplitude of the 

charge-exchange process "- p .. 17°0 • obtained in the framework 
of the model, is shown in fig. 2. It is seen that it correctly reproduces 
hasic features of the spin-flip amplitude determined by the amplitude 
analysis of the experimental data at . P L = 40 GeV. It is t o be empha
sized that this model leads to the identical energy dependence of the 
spin-flip and non-flip amplitudes. Consequently the spin effect obtained 
on its basis does not disappear in the asymptotic energy range. Note 
that a somewhat smaller size of the spin-flip amplitude calculated by 
us,T ~a2 ,(see fig. 1) can be connected not only with neglected 1/ s -
terms of the scattering amplitude but also with the spin-flip amplitude 
determined by a quark-antiquark pair which appears in the 3 P0 state 
upon disruption of a coloured tube 181. The same behaviour of the spin
flip amplitude is typical of the models 1 9/ . 

Note in conclusion that the spin-non-flip amplitude T++ should 
also be known for the calculation of particular physical effects. However, 
it is known that it is insufficient to regard only the contribution of 
large-distance effects defined by the diagram in fig. 1 for the defini-

35 



.... 

~ 
~ 

' 
~ 

_, 
10 

-J 10-2 

<11 
a: 

(a) 

L_ (-~)--'---
0.1 OJ 05 

lt1GeV 2 

I ,. . 
10- ~ .• ,, 

· ~~. 
i ~ 
; t,l 
. ," 
' \ 

rJ2r. "t'\jl 
~ ~ \ ! ' r 
~· ~ 

.§ 1()-)~ 

(b) 

[ 

~ 05 01 0.1 '- QJ lttG.v' 

Fig. 2. Real (a ) and imaginary (b) parts of the amplitude ti-; 4t from the work i 2 a .~. 
the decision "B" {rom the work ·' 2 b < 

tion of the spin-flip amplitude and it is necessary to take into account 
the interaction of the central parts of hadrons1 101 . At present, this 
contribution cannot be calculated and it should be taken into account 
phenomen9logically. This permits us to carry out the analysis of expe
rimental data on the elastic "± p scattering and to make predictions 
on the size of polarization effects in these reactions. 

References 

1. Solovyanov V.L. In: VII International Symposium on High Energy 
Spin Physics, Protvino, 1986, p.26. 

2. Kazarinov Yu.M. et al. JINR, P1-85-426, Dubna, 1985. 
Apokin V.D. et al.- Yad. Fiz., 1983, v.38, p.956. 

3. Goloskokov S.V., Kuleshov S.P., Selygin O.V. - Yad. Fiz., 1982, 
v.35, p.1530. 

4. Goloskokov S.V.- Yad. Fiz., 1984, v.39, p.913. 
Goloskokov S.V., Kuleshov S.P., Selygin O.V. - Yad. Fiz., 1987, 
v.46, p.195. 

5. Gasiorowicz S. Elementary Particle Physics. M.: Nauka, 1969. 
6. Boreskov K.G. et al.- Yad. Fiz., 1978, v.27, p.813. 

36 



7. Machleidt R., Holinde K., Elster Ch.- Phys. Rep., 1987, v.149, p.l. 
8. Levintov 1.1. Preprint ITEF 87-162. 
9. Soloviev L.D., Shchelkachev A.V.- Particles and Nuclei, 1975, v.6, 

p.571; Edneral V.F., Troshin S.M., Tyurin N.E.- Pisma Zh. Eksp. 
Teor. Fiz., 1979, v.30, p.356; Bourrely C., Soffer J., Wu T .T.- Phys. 
Rev., 1979, v.D19, p .3249. 

10. Goloskokov S.V., Kuleshov. S.P., Selygin O.V.- Particles and Nuclei , 
1987, v.18, p.39. 

Received on November 3, 1988. 

37 



... 
Kpancue coo6UjeHwr OHRH N' 7 [ 33] -88 
YAK 532.172. 12 

J/NR Rapid Communications No.7 [33]-88 

A-3ABI1CI1MOCTh CEqEHI1A OBPA30BAHI1JI 
KYMYJIJITI1BHbiX ll110HOB B llPOTOH-JI,llEPHblX 
B3AI1MO.[(EACTBI1JIX llPI1 BblCOKI1X 3HEPf'I1JIX 

't< 
11.M.BenHeB 'o.n.f'aBpHIIzyK, JI.C.3onHH, B.<l>.llepece,D;OB 

PaccMarpHBaercn A-JaBHCHMOCTb ceqemrn o6paJOBaHHH KYMYJIH
THBHbiX JlHOHOB Ha OCHOBe cpaBHeHHH ,ll;aHHbiX llO OTHOCHTeJibHbiM Bbi
XO,D;aM ITHOHOB Ha na;pax Be, C, AI, Ti, Mo, W noa; yrnoM 159° n.c. 
npH JHeprHH nepBH'IHbiX npormioB E 0 or 25 a;o 62 fJB. OrMe'laercn 
perynnpHan JaBHCHMOCTb A-nosea;eHHH or KYMYJIHTHBHOH nepeMeH
HOH X. PeJynbTaTbi conocrasneHbi c AaHHbiMH npH JHeprHH E 

0
.:5 

.:5 10 fJB. 06cy)K,!J,aercn BOJMO:>KHan HHrepnperaUHH Ha6nro,ll;aeMoro 
llOBe,D;eHHH Ha OCHOBe fHllOTeJbl 0 cpnyKTOHHOM MeXaHHJMe po)K,!J,e
HHH nHOHOB B KYMYJIHTHBHOH o6nacrH. 

Pa6ora BblllOJIHeHa B na6oparopHH BbiCOKHX JHeprHH 011JII1. 

A-Dependence of Cumulative Pion Production Cross 
Sections in Proton-Nuclear Interactions at High Energies 

I.M .Belyacv et a!. 

The A-dependence of cumulative pion production yield cross-sec- . 
tions on the basis of the comparison of the data on relative pion yields 
on Be, C, AI, Ti, Mo and W-nuclei at the 159° angle l.s. for the incident 
prtoton energy E 0 from 25 to 62 GeV is considered. The regular A-de
pendence on cumulative variable X is noted . The results are compared 
with the data at E 0 .$ 10 GeV. A possible interpretation of the ob
served behaviour on the basis of the hypothesis of the flucton mecha
nism of t ile pion production in the cumulative region is discussed. 

The investigation has been performed at the Laboratory of High 
Energies, J IN R. 

l13yt~eHHe KYMYJIHTHBHoro o6pa30BaHHH t~aCTHU npH B3aHMO,D;eli
CTBHH penHTHBHCTCKHX tiaCTHU C H,D;paMH /l/ ll03BOJIHeT BbJAeJIHTb 
llpOQecCbl, CBH3aHHbie C KOJIJieKTHBHbiMH 3Q:>Q:>eKTaMii B H,D;pax, KOTO
pbie MOryT 6b1Tb HHTepnpeTHpOBaHbl KaK llpOHBJieHHe KOpOTKO)f(H
BYI.IJ;HX HyKJIOHHbiX KOppenHQHH HJIH Q:>nyKTYaQHH llJIOTHOCTH H,D;epHO
ro Bei.IJ;ecTBa ( Q:>nyKTOHbi) . J13ylleHHe CBOHCTB llO,D;06HbiX KOJIJieKTHB-

* Jfncruryr reoperu'leCKou u 3KCnepUMeHTl111bHOU ljju3uKu, MocKea 
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HbiX o6pa30BaiiHH nyTeM perHCTpaiUiH aApOHHbiX npOAYKT B B3aHMO· 

AeHCTBHH, O'leBHAHO, MO)f(eT 6biTb 3aTpYAHeHO npo~eCCaMH BTOpH'I· 

HbiX B3aHMOAeHCTBHH B .RAepHOM BeiUeCTBe, ll03TOMY BOnp oc 0 pOnH 

nocneAHHX .RBn.ReTC.R OAHHM H3 HaH6onee aKTyanbHbiX B p en.RTHBHCTC· 

KOH .RAepHoii Q:>H3HKe. Bo MHOrHX cny'la.RX TeopH.R MO)f(eT AOBOnhCT· 

BOBaTbC.R pe3ynbTaTaMH H3MepeHHH Ha nerKHX HApax, rAe ponb BTO· 

pH'IHbiX 3¢¢eKTOB CHH)f(eHa. 0AHaKo npH H3y'leHHH KYMY nHTHBHbiX 

npo~eCCOB )f(enaTenbHO HCllOnb30BaTb BeCb AOCTYnHbrH H a 6op .RAep

HbiX MHIIIeHeH, 'IT06bi nony'IHTb, B 'laCTHOCTH, CBeAeHH.R 0 3 aBHCHMO· 

CTH sepO.RTHOCTH o6pa30BaHHH Q:>nyKTOHOB pa3nH'IHOH MaCCbl 

OT aTOMHOrO HOMepa .RApa H ApyrHX xapaKTepHCTHK .RAepHOrO Be· 

ruecTBa (pacnpeAeneHH.R nnOTHOCTH HyKnOHOB B .RApe, H30T OllH'IeCKO· 

ro cocTasa H T.A.). HccneAOBaHHe A-3aBHCHMOCTH BbiXOA a KyMyn.R

THBHbiX 'laCTH~ - OAHH H3 CllOC060B nonyqeHH.R llOA06HOH HH<i>opMa

~H. 

nepBbie CBeAeHH.R o6 A-3aBHCHMOCTH KYMYn.RTHBHOr o o6pa30· 

BaHH.R llHOHOB / 2 / npHBenH K 3aKniO'IeHHIO, 'ITO OHa HJVieeT ycHneH

HbiH xapaKTep, cyrueCTBeHHO OTnH'IaJOIUHHC.R OT 3aBHCHM OCTH THna 

A 213 , xapaKTepHoii An.R 6omiiiHHCTBa npo~eccos B3aHM OAeiicTBHH 

tlaCTH~ C .RApaMH. 3TO 6bmO BOCllpHH.RTO KaK yKa3aHHe Ha noKanb

HbiH xapaKTep B3aHMOAeHCTBH.R, OTBeTCTBeHHOrO 3a o 6 pa30BaHHe 

KyMyn.RTHBHbiX Me30HOB, KOTOpOe llpOHCXOAHT "Ha ypOBHe TO'Ie'IHbiX 

KOHCTHTyeHTOB; r:rpH 3TOM AOn)f(Ha npo.RBn.RTbC.R A-3aBHCHMOCTb nap

TOHHoro THna (At). 

CpaBHHTenbHO Mana.R BenH'IHHa ce'leHHH KyMyn.RTHBHoro npo

~ecca 3aTPYAHHna Aonroe speM.R nony'leHHe AOCTaTO'IHO nOnHbiX 

H TO'IHbiX AaHHbiX no A-3aBHCHMOCTH ce'leHHH o6pa30BaHH.R KyMyn.R

THBHbiX 'laCTH~ pa3HOrO THna. ilepBOe AeTanbHOe KOMnneKCHOe HCCne

AOBaHHe A·3aBHCHMOCTH KyMyn.RTHBHoro o6pa30BaHH.R n HOHOB, Kao

HOB H npOTOHOB npeACTaBneHO B pa6oTe / 3/. ilpH 3HeprHH npOTOHHO· 
+ 

ro ny'IKa 8,9 r3B B peaK~H p +A .. TT- + .•. H HMnynb ce llHOHOB 

q =500 M3Bjc ~'ITO COOTBeTCTByeT 3Ha'leHHIO KyMyn.RTH BHOH nepe

MeHHOH X =1,3 ) H3MepeHbl Ce'leHH.R An.R 15 pa3nH'IHblX .RAep, B TOM 

tiHCne Ha H30TOllHbiX Ha6opax An.R HeKOTOpbiX H3 HHX . il03 AHee 6bmH 

* flpu npeiJcra8nenuu cneKrpo8 KYMYIIRTU8HbiX '1acru14 ucnonb3yJOr pa3· 

IIU'IHble 6e:Jpa3MepHble nepeMeHHble. Mbl nollb3YeMCR 3iJecb KYMJ'IlRTU8HOi1 ne· 

peMeHHOU X 131, onpeOe/llleMOU KaK MUHUMallbH(lJI MaCca MUUleHU ( 8 eiJUHU14QX 

MaCCbl HYKIIOHa mN ) , He06XOOUM(lJI 0/IR poJICiJeHUJI 8 UHK/l/03W3HOU peaK!4UU 

a+ (X· mN) .. c + ••• 'laCTUI4bl "c" c iJaHHbiM UMnyllbCOM. X cy~ecr8eHHO 
3a8ucur or 3Hepzuu E 0 nep8U'IHOi1 'laCTUI4bl "a" 8 o6nacru E

0 
<10 T3B. 

flpu E 0 >> mN X npu6nUJICaerCR no 8e/lU'IUHe K ¢ei1HMaH08CKo i1 nepeMennou 

XFunepeMeHHOUC8eT080ZOKOHyca a =(Ec -q cosec)/mN . 
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... 
00 X 141 . 

nony1.1eHhi ~aHHhie H npH q = 8 M3B/c ( = 2,1) . AsTopaMH OT· 

Mel.leHO, liTO llOBe~eHHe Cel.leHHH (HOpMHpOBaHHhlX Ha O~HH HYKJIOH 

R~pa MHllle HH) s o6onx cny1.1aRx no~o6Ho H noKa3hmaeT 6hiCTphiH 

poeT c ysen nlleHHeM A ~o 20:30, ocTaBMCb B ~aJibHeifllleM B npe~e

nax Ollln6oK nocTOHHHhiM. llpn 3TOM A-nose~eHHe noKa3hisaeT RBHO 

Bhipa)l(eHHYIO X-3aBHCHMOCTb npH X < 1, OTCYTCTBHe TaKosoif npH 

X > 1 H MO)I(eT 6hiTb npe~cTasneHo s cpopMe 
13 •51 

E(da; d3q) - A m(X) 
r~e m(X) • { :IJ + X/3 npH 

npH 

X <1, 

(1) 
X ~ l. 

XapaKTepHO pa3JIHI.II1e cpopMbi A-3aBI1CI1MOCTI1 ~JIR KYMYJIRTI1BHbiX 

llaCT11U pa3H oro Tl1na, a 11MeHHO, npOTOHbl 11 K + ·Me30Hbi ~eMOHCTpH
PYIOT no~o6Hoe nose~eHI1e ( c m ~ 1 n~11 X > 1) , HO cy mecTBeHHO 

OTJ1111.1HOe OT Ha6mouaeMOrO y lli10HOB 
13 . 3TO RBJieHI1e MO)I(eT 6biTh 

CBR3UHO KU J< C pa3HbiM MexaHI13MOM o6pa30BUHI1R KyMyJIRTI1BHblX 

'IUCT11U pa3H OrO KBapKOBOrO COCTaBa, Tal< 11 C pa3JII11.1HOH sepOilTHO-

CThiO 11X BTO p 11'1HbiX B3aHMOUeHCTBI1H B fl~pf' . 

.[laHHhie , nonylleHHhie 

Ha cneKTpO MeTpe KyMynH

TI1BHbiX a~pOHOB (CKA) 

OHHH, 11 i lUHHbie rpymihi 
/6 I 

.11T3<1> cy meCTBeHHO 

~OllOJlHRIOT CBeUeHI11l 0 riO

Be~eHI111 celleHHH o6pa3osa· 

Hl11l KYMYJI HTHBHbiX • a~po

HOB B lllHpO KOM 11HTepsane 

3Hal!eHI1H KYMYJIHTI1BHOH 

nepeMeHHOH X 11 3Hepml1 

nepB111.1Horo nyl!Ka npoTo

HOB . .l13Mepe HI1R Ha cneKT· 

poMeTpe CKA '
71 

6bml1 

BhlllOJIHeHhl HaMI1 Ha YCKO· 

pHTene 11<1>B 3 (Cepnyxos) 

Puc.J . OrnoweHWl HOpMupoeaH

HblX Ha HYKtZOH Ce'leHUU npu 

E0 =45 T'JB. Kpueble - pac'ler

Hble 3Ha'leHWl R A 0/IJI X=O, 72; 
1,14,· 1,58 u 2,01 npu annpoKcu

Ma/.IUU Ce'leHUU COZIIacHO ( 6). 
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R~ r ! I a 
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1,01: -· lT ... !+~ 
0,5 t :/ul;/ , -!p ~~ 159° 

Eo' 45 r<3B 
0......_........__.__........__~_......___.__ 

R+ 
A 

1,0 

o,s 

0 

X 
a 

J __ l l 6 

-- 1- -:;j'~-----l- ~~~~ / ---- --

y"/ ~)./ / + 
,/. J( 

InA 

Be C AI Ti Mo w 
~ 0 • " • 0 • 

0,72 0,93 1,14 1,36 1,58 1,80 2,01 
0,~ 0;9J 1,10 1,30 1,51 1,71 1.92 

q 325 4 25 525 625 725 825 925 
If {M~B/cl 



B nHan830He 3HeprHH 15+65 r3B non yrJIOM 159° Ha llleCTH anpax: 
Be, C, AI, Ti, Mo, W. CetJeHHR o6p830BaHHR KYMYJIRTHBHbiX nHoHoB 
H3MepeHbl B HHTepBaJie HMnyJibCOB OT 250 no 950 M3B/c. J13MepeHHR 
ua yK83aHHOM ua6ope anep npoBeneHbi B necKOJibKHX ceancax pa6o
Thi ycKOpHTeJIR Y-70. C u;eJibiO CHIDKeHHR BJIHRHHR CHCTeMaTHtlecKHX 
norpelllHOCTeH Ha OTHOllleHHe ce'leHHH Ha p83JIH'llibiX anpax B KIDKnOM 
ceaHce npOBOnHJIHCb KOHTpOJibHbie H3MepeHHR Ha anpe BOJibcPpaMa. 
B HHTepBane 3HeprHH E 0 = 15t65 r3B HHBapHaHTHbie cetJeHHR o6pa-
30BaHHR 1T ·Me30HOB non yrJIOM 159° MeHRIOTCR He3Ha'IHTeJibHO, 
a HaKJIOHbl 3HepreTHtJecKHX cneKTpOB npaKTH'IeCKH nOCTORHHbl / S/ . 

HaH60JiblllHe p83JIH'IHR OTMe'laiOTCR B OCHOBHOM CO CTOpOHbl HH'JKHeH 
rpanHUbi HHTepBana E 0 • llo3TOMY npH paccMOTpeHHH A-3aBHCHMO· 
CTH Mbl HCnOJib30BaJIH naHHbie nna Ce'leHHH, ycpenHeHHble no HHTep
BaJiy 257 65 r3B. Ha pHC.1 nOKa3aHbl OTHOllleHHR HO.[>MHpOBaHHblX 
Ha HYKJIOH HHBapHaHTHblX cetJeHHH UA = (E / A) {du/ d 3q ) Ha an

pax Be, C, AI, Ti, Mo K nono6HbiM cetJeHHRM_Ha BOJibcPPl!Me nJIR 
6 3HatJeHHH KYMYJIRTHBHOH nepeMeHHOH X npH E 0 = 45 r 3B . npen
CTaBJieHHbie pe3yJihTaTbl n03BOJIRIOT cnenaTb Bbmon 0 RBHO BblpiDKeH· 
HOH 3aBHCHMOCTH R A oT X, tl HMenuo, c pocToM X ua6niOnaeTca 

1(1 ss· 
E.=8,9 rJB 

Q'--'-~_._ _ _,__,__.._~~.L..J.._---'--

10 20 50 100 200 
InA 

InA 

yMeHbllleHHe R A • .[lna nerKHX 
anep B KYMYJIRTHBHoji o6na
CTH nPH H3MeHeHHH X OT 1,1 
no 2,0 RA yMeHhw aeTca 6o
nee tJeM BnBoe. 

Ha pHc.2 npencTaBJieHbi 
nanHhle, OTHOCRI.J.lHeCR K 06Jia· 
CTH E 

0 
~ 10 r3B: OTMe'leH

Hble Bblllle pe3yJihTaTbl JIB3 
Ol1Hl1 1 31 npH E 0 = 8,9 r3B 
H pe3yJibTaTbl HT3<I> nJIR E 0 = 

= 10,1 r3B (B nocnenHeM cny-
tJae npencTaBJieHbi 

Puc.2. OrHozueHWI HOpMupo8aH

HblX Ha HYKIIOH Ce'leHUU npu E 0 = 
= 8,9 T3B 121 u E 0 =10,1 T3B15( 
Kpu8ble npo8eOeHbl OIIR Hf1211ROHO

cru (or pyKu) . 

* Ozuu6Ku 8RA ( 10%) o6ycn08/leHbl 8 ocH08HOM nozpezuHOCTb/0 8 a6-

COII/OTHOU HOpMUp08Ke MOHUTOp08 OIIR pa3/IU'IHblX JfOep, nozpe!UUOCTb 011tOCU· 

TetlbHblX U3MepeHuu no E
0 

(npu X) cyl#eCT8eHHO MeHbzue ( craru'leCKaR 

O!UU6Ka 8 6ollb!UeU 'laCTU UMnyllbCHOZO cneKrpa, KaK npa8UIIO, He npe8bllUalla 

3%) . 

41 



... 
RA = a A I aTa , nony'leHHhie Ha ocHOBaHHH AaHHhiX no HHBapHaHT-

+ 0 ' 8 ' 
HhiM ce'leHHHM peaKUHH P + A-+ "- (119 ) + .. . H3 pa60Thi ) . 

llpH 3H a'lHTeJihHOM pa3JIH'lHH B :meprHH nepBH'lHhix npoTOHOB E 0 

H yrnax BhiJieTa "-Me30HOB (pa3JIH'lHhie PT) ace 3KcnepHMeHThi 

neMOHCTpHp yroT B nepeKphmaromeifcH o6nacTH 3Ha'leHHM X cxOAHYJO 

3aBHCHMOCTh oT A: c yaenH'leHHeM X OTKJIOHeHHe OT A-3aBHCHMOCTH 

o6'beMHoro THna ( R A= 1) HapacTaeT. Bonee Toro, npH AaJihHeifweM 

pocTe X _ A-3aBHCHMOCTH, npOHBJIHeMhie "± - H K +-Me30HaMH, c6nH

)I(aJOTCH (pHc .2) . 

HeTpHB HaJihHhiM xapaKTep A-3aBHCHMOCTH OTMe'leH, KaK H3BeCT

HO, H B 3KcnepHMeHTax no rny6oKoHeynpyroMy pacceHHHJO nenTo

HOB Ha HApa x ; g ,' H B 3KCnepHMeHTaX no .pO)I(AeHHJO aApOHOB C 60Jib

WHMH nonep e'lHhiMH HMnynhcaMH l 10 •111 . Bo BTopoM cnyqae A-3a

BHCHMOCTh Ce'leHHH 6hiJia npeACTaBJieHa B BHAe 

fA = C ·A a (p T ) (2) 

npH 3TOM B ' 11. Ha6JIJOAaJICH pOCT a OT 0,9 AO 1,4 npH yBeJIH'leHHH 

PT oT 1 no 4 f'3B/ c. 061>HCHHH Ha6nronaeMyro A-3aBHCHMOCTh, aBTO

phi pa60Thi ' 11 1 y'lHThiBaJIH noBTOpHoe pacceHHHe napTOHOB B Hnep

HOM BeiUeCTBe H norJIOIUeHHe pO)I(AeHHhiX aApOHOB, BepOHTHOCTb 

3THX npouecCOB CBH3hiBaJiaCb C AJIHHOH ¢opMHpOBaHHH aApOHOB p f . 

,UnH P '1'~1 f'3 B/c 6hma nony'leHa oueHKa P f ::: 4 ¢M. 

EcnH o n HChiBaTb A-3aBHCHMOCTh KYMYJIHTHBHhiX ce'leHHii AJIH 

yrJIOB, 6JIH3K~X K 180° (p T ~ 0), Bhlp~eHHeM BHAa 

fA = C. A m( X) 
' 

TO cnenyeT OTMeTHTh, 'lTO 

m (X) cymec TBeHHO 3aBHCHT 

OT HH)I(HeM r paHHUhl A min pac

CMaTpHBaeMo ro AHana3oHa A. 

Ha pHc.3 noKa3aHo no-

aeneHHe m(X) npH annpoK-

Puc.J. floseoeuue napaMerpa m( X) 
npu pa3/lU'IHOM OZpOHU'IeHUU UHTep-

8Q/lQ A CHU3y . m
1 

= 0,56+0,53 ·X 
( A · =9)· m = 081+040·X ffilll ' 2 , , 
(A min = 12) · m 3 =0,75+0,21-X 
(A min =27). flyHKTupoM noKa3aH 
)(2_ Kpurepuu o/lJI rpex 3Ha'leHuu 

Amin · 
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CHMaUHH HawHx AaHHbiX ,nnH T~ex 3HaqeHHH A min • OnHCaHHe BH

.na (3) y,noBJieTBOpHTenLHO ()( / ND·F - l) TOJILKO B o6nacTH cpe,n

HHX H TH)I(eJiblX H,nep (A~27). XapaKTepHO, O,IJ;HaKO, qTO B O BCeX CJiy

qaHX m(X) JIHHeHHO paCTeT c X. no.no6HbiH JIHHeHHblH p o eT B A-3a

BHCHMOCTH npe,D;CKa3biBaeTCH "ropHqHMH" <f>nyKTOHHblMJi MO,IJ;eJIH

Mlf l l 2/ , B KOTOpblX npe,nnonaraeTCH, qTO HYKJIOHHbiH KJiaCTep <f>op

MlipyeTCH HaJieTaJOI.UeH qaCTHUeH B pe3yJILTaTe C)l(aTHH HYKJIOHOB 

B KOrepeHTHOH Tpy6Ke B,IJ;OJib TpaeKTOpliH qacTHUbl-CHapH,na. TaKHM 

o6pa3oM, Ha6mo,naeMaH A-3aBncnMOCTL He npoTUBopeqm Mo,nenHM 

TaKoro Tnna. 

MHorHMn aBTopaMn npe,nnoqTeHHe oT,naeTCH, o.nHaKo , "xono.n

HbiM" MO,IJ;eJIHM, B KOTOpblX ,nonycKaeTCH <f>opMHpOBaHHe <f>nyKTOHOB 

B H301IlipOBaHHOM H,npe B pe3yJILTaTe <f>JIYKTyauHOHHblX pouecCOB. 

llpH 3TOM peaJIH30BaTLCH OHH MOryT B BH,ne MHOrOKBapK OBblX 6ec

UBeTHblX CHCTeM C qHCJIOM KBapKOB ( 3K) , KpaTHbiM TpeM . BepOHT

HOCTb o6pa30BaHHH no,no6HhlX MYJibTHKBapKOBblX KJiaCTepOB 3aBH

CliT OT nJIOTHOCTH H,ne_pHOH MaTepHH H, B03MO)I(HO, OT ee TeMnepaTy

pbi. B pa6oTax 
113 •14 BepoHTHOCTL po)I(,IJ;eHHH <t>nyKTOHOB pa3HOH 

MaCChi (K = 2,3, •.• ) onpe,neJIHeTCH qepe3 CTaTHCTHqecKy iO BepOHT

HOCTb nona,naHUH "K" HYKJIOHOB H,IJ;eaJILHOrO HYKJIOHHOrO ra3a B Ma

JlblH KOppenHUHOHHbiH 06'beM V ~ pa,neyca r S • (6JIH3KOr O l< pa.n;Hy

cy HYKJIOHHoro Kopa) : 

A A K-1 1-K ·K- 1 
/3K=(K)(V~ / V 0 ) ·A =(A/ K!)(V~ / V 0 ) (4) 

npH A » K 
(V0 - o6'beM HYKJIOHa, A· Vo- o6'beM Bcero H,npa), Hnn qepro pac

npe,neneHHe nJIOTHOCTH HYKJIOHOB B H,npe pN : 

/3~ = (A/K!) (
4
; · rJpN ). (5) 

Ha ocHOBe H3BecTHOH X-3aBHCHMOCTH 3JieMeHTapHoro npouecca 

pp ... rr + ... H B npe,nnono)l(eHHH, trro <f>opMa X-3aBHCHMOCTH coxpa

HHeTCH B rwouecce p + <t>nyKTOH -t TT + . . . npH 3aMeHe X -t X K = 

= X/K 113
• 

141
, nonyqeHo y,noBJieTBOpHTenLHoe onHcaHH e cneKTpa 

nHOHOB B KYMYJIHTHBHOH H,nepHoH peaKUHH Ha H,npe 
12C c HcnonL3c;>

BaHHeM ,nByx napaMeTpOB- r~ (0,75 <t>M) H napaMeTpa, yqHTbmruo

mero OTJIHqHe HMnyJILCHOrO pacnpe,neneHHH napTOHOB CTaJIKHBaJO

I.UHXCH qacTHU OT aCHMillOTHqecKOrO. 

Mbi c,nenanH nollbiTKy onHcaTL HawH ,naHHbie ,nJIH peaKUHH 

p +A ... rr (159°) + ... Ha wecTH H,npax, npHMeHHH no,no6 Hyro TeXHH

KY H HCnOJIL3YH 3HaqeHHH p N B COOTBeTCTBHH C H3B eCTHOH npo

<f>HJILHOH <f>YHKUHeH H,nep. Y,noBneTBOpHTeJILHoro onHcaHHH ,naHHhiX 

no coBoKynHOCTH H,nep nonyqHTL TaKHM o6pa30M He y ,nanoCb. Qqe

BHAHO, He06XOAHMa KOppeKUHH COOTHOWeHHH ( 5) ,IJ;JIH noBepXHOCT

HOrO CJIOH H,npa, O,nHaKO <f>H3HqeCKH o60CHOBaHHbiH no,nx o,n ,IJ;JIH npo-
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se.neHH.R TaKOH KoppeKUHH HaM He .RCeH. KpoMe Taro, npe.ncTaBJI.ReTC.R 

He060CHOBaHHbiM npeHe6pe)KeHHe norJIOil.{eHHeM llHOHOB npH HX npo

XO)K.O:eHHH 4epe3 .R.O:pO . KoppeKTHOMY BBe.O:eHHIO COOTBeTCTByiOil.{HX 

nonpasoK 3.nech MernaeT Heonpe.neJieHHOCTh, Bhi3BaHHa.R He3HaHHeM 

MeXaHH3Ma Q:>opMHpOBaHH.R a.npOHOB B .R.O:epHOM Bell.{eCTBe, B IJaCTHO

CTH .O:JIHHhl 11X Q:>opMHpOBaHH.R. 

lho6hi noJiylJHTb KOJIHlJeCTBeHHhie OUeHKH, xapaKTepH3YlOil.{He 

BJIH.RHHe n o sepXHOCTHOrO CJIO.R .R.O:pa H .O:JIHHbl Q:>opMHpOBaHH.R B Ky

MYJIRTI1BHOM npouecce, Mbl HCriOJib30BaJIH ynpomeHHyiO MO.O:eJib Q:>op

MHpOBaHHfl noToKa KYMYJIRTHBHhiX nHOHOB c 3a.D:aHHhiM i1MnyJihCOM. 

A HMeHHO, 6biJIH c.ueJiaHhi .uonymeHI1.R: 1) KYMYJI.RTHBHhie nHOHbi re

HepHpyiOTCH paBHOMepHO B aKTHBHOM 06"beMe .R.Upa C pa.uHyCOM r = 
-~ R - r s , r.ue R ~ ( 1,2 A 1 3 - 0,48) Q:>M - pa.u11yc noJIOBHHHOH nJIOT-

1" ' HOCTH .UJIR p acnpe.UeJieHHfl UeHTpOB HY KJIOHOB B R.Upe " ,, r S - TOJI-

lllHHa naccH BHoro nosepxHOCTHoro cJio.R*; 2) rr-Me30H, c¢opM11-

posasrnHH:cR Ha pacCTORHHH p f OT TOlJKH B3ai1MO.UeHCTBI1H KOHCTH

TyeHTOB IJaCTHUbl-CHapH.Ua ~ Q:>JiyKTOHa, TepHeTCR riOCJie nepsorO aK

Ta Heynpyro ro B3ai1MO.Uei.fcTBH.R B H.Upe. 0oCJie.UHee .UOnyiUeHHe MO

)KeT 6b!Tb o npaB.UaHO TeM, lJTO B 06JiaCTI1 11MriYJibCOB mtOHOB 0,57 
-'-1 f38/ c CelJeHHe rrN -B3aHMO.UeHCTBI1fl onpe.UeJIReTCfl B OCHOBHOM 

pe30HaHCHbi M npoueccoM nN • ~(N*) -• Nrr(Nrrrr). KOTOpbiH 

np11BO.UHT K 3HalJHTeJihHOMY c6pocy HMnyJibCa lli10Ha, 11 MO)KHQ ClJI1-

TaTb, IJTO OH "sbi6hmaeT 113 Hrpbi" (yiJHTbiBaH KpyToii HaKJIOH HM

nyJihCHoro c neKTpa KYMYJIRTI1BHbiX nHOHOB). Dp11 c.ueJiaiiHbiX .uony

meHI1RX ceiJe HI1R po)K.ueHH.R KYMYJIRTI1BHLIX nHoHoB c HMnyJihcoM q 

s H.upe A M o ryT 6biTh npe.ucTasJieHhi Uhipa)KeHHeM 

a
77

(A,q) 
7T 

(q) r sin8d8 
0 

R(A)-r
5

(q) 

r dr 0 r 2 exp (- ( z ' - p r ( q)) (6) A). 

0 

rne C(q) - napaMeTp HOpMHpOBKI1 ceiJeHHH .UJIR Ja.UaHHoro HMnym,

ca, (z ' - e f ) - npo6er c¢opMHpOBaBIUeroc.R riHOHa B H.Upe. A - .UJIH-

* Pa3M ep ouifjrfiy3HO?O IIO(ICpXHOCTHO?O C IW I RiJpa , O llpCOC- IJI C_I/blli 110 OU· 

/ IQCTU C/1000 Jll) epHOU ILIOTHOCTl/ O T ypOIJH_q 90% 00 JO/r, 0 0130, /bH O llOCTOJIH CH 

Ollfl wupOK0 2o cmrep a tLw A u cocra£W fler :!+2,6 rjjM, OrHo cure. lbHa.q oo_ tq Hy 

KIIOH06, HOXOOJIL/4UXCJI 6 JTVM C, /0 £'. 6blCTpO ,V6C.IU'Illt30CTCJI C y .IICHbU/CHliC.M A 

u O: lfl A :S 30 npe6b1Waer 50%. floHJITHO 'ITO CH!/JICellue 13K_woa JT020 C IOJI 

6 npo~eCC rjJop Mllp060HliJI KyMy_IJITU6HblX 'IOCTU!{ npli<W OIIT K 3/IO'Il/TC. lbHOM_I' 

U3MeHeHUIO A-3a6ucUMocru. 
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2 

325 525 

II 

725 925 
q M38/c 

I! 

Puc.4. 3aaucUMocn 'JrjjrjjeKTUBHOU 

dllUHbl rjjopMupoaaHUR f f U TOII
!J4UHbl fg naCCU6H020 no6epXHO
CTH020 CIIOJl OT UMnyllbCa KyMyllJI

TU6HbiX nUOH06 . 

Ha Heynpyroro B3aH MO.D.eifcr

BHH llHOHa B H,ll,pe ( ,\ - 3 lPM 

npH PN=0,174>M-l).(Z ' -fr) 

H A Bhi'I{HCJIHJIHCh c yqeToM 

npOlPHJibHOH <i>YHKI..(HH H,ll,ep . 

AnnpoKcHMaumr ce eHI-tii Bhi

pa:>KeHHeM (6) ,IJ,aeT pacqeTHoe 

OTHOllleHHe HOpMH p OBaHHbiX 

ceqeHHH R A, n o Ka3aHHoe 

Ha pHC.l. 3aBHCHM OCTb r S 

H £ r OT HMllYJibCa KYMYJIHTHBHbiX llHOHOB npe,ll,CTaBJieHa Ha pHC.4. 

Mo:>KHo 3aMeTHTh, qTo J<t><t>eKTHBHaH ,IJ,JIHHa <t>opMHpOBaHHH cna6o 3a

BHCHT OT HMllYJibCa H no BeJIH'lHHe CpaBHHMa CO Cpe,ll,HHM paCCTOH

HHeM Me)K]J.y I..(eHTpaMH HYKJIOHOB B H,ll,pe, a TOJII!lHHa nose px.HOCTHO

ro naCCHBHOrO CJIOH r S yBeJIH'lHBaeTCH C pOCTOM HMllYJibCa nHOHOB , 

T.e . pocTOM nopH.D.Ka KYMYJIHTHBHOCTH. 

TaKHM o6pa3oM, ecnH HHTepnpeTHposaTb KyMyJIHTH HhiH npo

uecc Ha OCHOBe lPJIYKTOHHbiX MO,IJ,eJieH, CBH3b!Ba10LUHX pmK,IJ,eHHe Ky

MYJIHTHBHbiX anpoHoB c HaJIH'lHeM MYJibTHKsapKOBhiX KJiacTepos 

s H.D.pe, TO Ha6JIJO,IJ,aeMyro A-3aBHCHMOCTb .D.JIH nHOHOB MO)f(H O o61>HC

HHTb, eCJIH ,IJ,OllyCTHTb, 'lTO: 

1) .D.HlPlPY3HbiH nosepXHOCTHbiH CJIOH H.D.pa, r.D.e sepOHTHOCTb o6pa30-

BaHHH MYJibTHKBapK08hiX KnacTepo8 Mana, cna6o yqacT8y eT 8 <t>op

MHp08aHHH KYMYJIHTH8HhiX nHoHo8; 

2) 3aBHCHMOCTb nnoTHOCTH pacnpe.D.eneHHH MYJihTHK8apK08hiX Kna

CTepo8 OT ll!IOTHOCTH H,ll,epHOrO BeLUeCT8a yCHJIH8aeTCH C p OCTOM 8e

ca K!laCTep08, 'lTO Bbipa)f(aeTCH 8 yMeHbllleHHH pa.D.Hyca aKTH8HOH 30-

Hbl H.D.pa (R - r 5 ) c pocTOM X; 
3) 8 <t>opMHp08aHHH cneKTpa KYMYJIRTH8HhiX anpoH08 c ymecT8eH

HYJO pO!Ib HrpaJOT 8TOpH'lHbie 83aHMO,IJ,eHCT8HH 8 H,ll,pe, y'leT KOTOpblX 

OC06eHHO Ba)f(eH ,IJ,JIR TH)f(eJibiX H,ll,ep, KOr,IJ,a ,IJ,JIHHa lPOpM Hp08aHHH 

CTaH08HTCH 3Ha'lHTeJibHO MeHhllle pa3Mepo8 H,ll,pa. 
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KpaT1cue coo6U4eHUJf OHRH N' 7 (33) -88 
YAK 517.272 

JINR Rapid Communications No. 7(33]-88 

nOMCK nOJIQ)KEHM.H r JIABHOrO MAKC11MYMA 
B 3ALI.AqE BOCCTAHOBJIEHM.H KOOP.II.MHAT PEAKIJ;M3 

IO .A . .HuyHeHKO 

fipHMeHHTellbHO K 33,ll;a'le OIIpeneJJeHHJI KOOp)J;HHaTbl B3aHM p;eif
CTBHJI 'laCTHUbl C o6pa30BaHHeM rrponyKTOB, HMeiOlllHX IIp.IIMble Tpa· 
eKTOpHH, _H3J10)1(eH MeTO)J; IIOHCKa IIOJlO)I(eHHJI fllaBHOfO MaKCHMyMa. 
MeTO)J; OCHOBaH Ha MHHHMH3aUHH 3KCn;ecca <l>yHKUHH, CHMMeTpH30· 
BaHHOH OTHOCHTellbHO HCKOMOH TO'IKH, H II03BOll.lleT aHaJJH3HpoBaTb 
)J;HCKpeTHbie <l>yHKIJ;HH. . 

Pa6oTa BbiiiOJJHeHa B 06meHHCTHTYTCKOM HayqHo-MeTO)J;H'IecKoM 
oTneneHHH OJUII1. 

The Search for Global Maximum Position in the 

Problem of Vertex Reconstruction 

Yu .A.Yatsunenko 

In order to determine the vertex position of secondary particles with 
straight trajectories the method for global maximum search is escri
bed. In this method the excess of function symmetrized with respect 
to the desired point is minimized ; that allows one to analyze the iscre-

• te functions. 
The investigation has been performed at the Scientifical-Meth dical 

Division, JINR. 

B pa6oTe 1 51yKa3aHa B03MO:>KHOCTb onpeAeneHHR K OOpAHHaT 

BepWHH peaKUHH 'laCTHQ, HMeiOLQHX npRMbie TpaeKTOpHH, MHHYR CTa· 

AHIO BOCCTaHOBJieHHR 3THX TpaeKTOpHH. B npeAJIO)KeHHbiX M HOr03KC· 

TpeMaJibHbiX <l>YHKUHRX UOJIO)KeHHe rJiaBHOrO MaKCHMyMa COOTBeTCT· 

ByeT BepWHHe (X, Y , Z ) pacna,ll;a HJIH KOOp,li;HHaTe B3aHMO,ll;eHCTBHR 

(z ) nepBH'IHOH 'laCTHQbl, napaMeTpbl TpaeKTOpHH KOTOpOH 06bi'IHO 

onpe,ll;eJIR:IOTCR AOCTaTO'IHO npOCTO. 

3aKOH'IeHHaR CXeMa JIOKaJIH3aQHH OKpecTHOCTH rJiaBH OrO MaK· 

CHMyMa (rM) pa3pa60TaHa K HaCTORLQeMy BpeMeHH JIHWb AJIR JIHU· 

weuesbiX <PYHKuHH 
111 . 0AHaKo s o6meM cny11ae 3Ta 3aAa 'la secbMa 

TPYAHa, H MeTOAhi peweHHR TaKHX 3a,ll;a'l pa3pa6oTaHbi eme HeAOcTa

TO'IHO, oco6eHHO AJIR <PYHKQHH 6onhwHx pa3MepHocreii 1 2- 41 • Bonb

WHHCTBO MeTOAOB OCHOBaHO Ha aHaJIH3e nepBblX Tpex 'IJieHOB TeH

JIOpOBCKOrO pa3JIO)KeHHR <l>YHKQHH. npHMeHeHHe UOA06Hb! X MeTOAOB 

AJIR peKOHCTpyKUHH MHOrOTpeKOBOH KapTHHbl CBR3aHO C 60JibWHM 

06'beMOM Bbl'IHCJIHTeJibHblX onepaQHH, 'ITO npH o6pa60TKe UOTOKa C0-

6biTHH MO)KeT npHBOAHTb K HenpHeMJieMbiM 3aTpaTaM BpeM eHH 3P:vt. 
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..... 

B HaCTOHI..QeH pa6oTe npe.n;naraeTCH cnoco6 llOHCKa rM, OCHOBaH· 

HbiH Ha B 03MO)KJ{OCTH aHaJIHTH'leCKOrO Bhl'lHCJieHHR HHTerpaJibHbiX 

MOMeHTOB llOJIO)IGiTeJibHO onpe.n;eneHHbiX ¢lyHKUHH/ e/ • 

.[lnH o.n;HoMepHOH ¢>YHKUHH f(x) (A < x < B), HMeromeu 

O.D;HH rJiaB HbiH MaKCHMyM, pacnOJIO)I(eHHhiH B6JIH3H TO'IKH U, KOH

CTpyHpyeTCH CHMMeTpH30BaHHaR OTHOCHTeJibHO U ¢lyHKUHH 

1 F(x,u) == F ·[f(x) + f(2u-x)]. (1) 

3a.n;aqa 3aK JIIO'laeTCH B llOHCKe U, MaKCHMaJibHO 6JIH3KHX K llOJIO)I(e

HHIO rM, T.K. npH TaKHX u F(x' u) o6ocrpHeTCH B OKpeCTHOCTH 

rM f(x) •. 
EcnH .n;nH f(x) B03MO)I(HO aHanHrnt~ecKoe Bhi'lHCJieHHe MOMeH-

TOB: 

- 1 
!ln (f) = !l 0 (f) 

r.u;e 

llo (f) 
B 

( f (x) dx, 
A 

B 
( (x -c) n f(x) dx , 

A 

B 
-1 c = p. 

1 
(f) == p. 

0 
(f) ( x. f(x) dx , 

A 

TO .n;nH F(x , u) MOMeHThi cTaHOBHTCH ¢>YHKUHRMH u : 

p. 1(F) == u, ll2 (F) = 'u 2 + z 2 (z = c - u) , 

P.
3

(F) =0. ~t 4 (F) = p. 4 (f) + z 4 +4yz +6u 2 z2, 

r.n;e C , <7 , y- l..{eHTp, .D;HCnepCHR H aCHMMeTpHR f(x) • 

(2) 

(3a,6) 

(3s,r) 

MO)I(HO npe.n;nOJIO)I(HTb, 'ITO Hy)I(HOe U MHHHMH3HpyeT p. 2 (F) , 
T.e. U = C , HO 3TO peUleHHe BblrJIH.D;HT y6e.D;HTeJibHO JIHUlb B CJiyqae, 

KOr.D;a H3BeCTHO, 'ITO f(X) CHMMeTpH'lHa B rM . 

He cos ceM TpHBHaJibHhiM BhirJIH.D;HT paccMoTpeHHe 3Kcuecca: 

E(u) = (u2 + z2)-2. (z 4 - 2yz + u2R2 ), (z = c - u) . 
0 

r.u;e 

2 2 -2 (f) 2R 0 = 3 u - u • !l 4 

(4) 

( 4a) 

(BeJIH'lHHa, x apaKTepH3YIOI..QaH paCCTOHHHe Me)I(.D;y .D;BYMH nHKaMH). 
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Y CJIOBHe Ha MHHHMYM 3KCQecca ( 4) DpHBO~HT K Ky6HlJeCKOM y ypaa

HeHHIO ~JHI Z , 

(5) 

.AHaJIH3 npOCTeHrneH <I>YHKQHH 

f(x) =A·tr(X + l)+77(X-A), A>l, \ X\ <oo (6a) 

(66) 

Ha MHHHMYM 3KCQecca ( 4) ~eHCTBHTeJibHO ~aeT DpaBHJibHb iH OTBeT 

Ha BODpOC 0 DOJIO)I(eHHH fM (B ~aHHOM CJiylJae OIJeBH~OM) - U = -1. 
ilpH TaKOM U 3KCQecC ( 4) HMeeT CaMOe MHHHMaJibHOe 3HalJeHHe 

H3 B03M0)1(HbiX, COOTBeTCTByiOmHX TpeM KOpHHM ypaBHeHHH ( 5) . 
Mo)I(Ho I!_ODbiTaThCH o6o6mHTh aHaJIH3 3KCQecca ~JIH N -MepHon 

<I>YHKQHH f (r) , 3MaHHOH Ha o6JiaCTH V . llnH f (r) K OHCTpyH

pyeM aHanor ( 1) : 

.. ..... 1 .... -+-+ 
F(r,u) =F·[f(r) +f(2u -r)], (7) 

n1.e U HCKOMblH BeKTOp DOJIO)I(eHHH fM. Onpe~eJIHM M OMeHTbl 

~JIR F(~ ~) 

1 -+ -+ n ~ ...... -+ 
J.L n (F) = J.L 0 (F) · ( (r - u) F (r , u) dv (r) 

... 
qepe3 HHTerpaJibHble xapaKTepHCTHKH f (r) : 

a 2 - r (i- c) 2 f(f)dv. 
v 

...... 3 ... 
y - r (r -c) f(r) dv' 

v 

Kmn (J 2 0 - r f(r) (x - c ) . (x - c ) dv • 
mn m m n n v 

(8) 

(9a) 

(96) 

(9a) 

(9r) 

..... 2 -+ -+ 

r~e C - ~QeHTp, (J - DOJIHa.R ~HCOepcHH f(r) , Y - BeKTOp aCHM-

MeTpHH, K (K mn) - MaTpHQa "rno6anbHbiX" KOppenHQHH. 
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.... 

CKOHCTpyupyeM CKamip-3KCUecC aHMOrH'IHO (4): 

... 2 2 4 ...... .......... 2 2 
E(R) = (u 2 + R )- • (R - 2Ry + 2RKR - u R 0 ) 

... ... ... (10) 
(R:c-u) . 

... 
Tpe6oaaHn e MHHHMyMa E(R) npHBOAHT K ycnoamo 

22 ................ 22 
2 CT R + 4R. y - 4R K R - 2u RO ... ... A ... 

0' 2 + R2- ----· R = y -2KR. (11) 

lloncK o6I..Qero peweHHR (11) A (HanpnMep, a pa3JIO:>KeHHH no co6cr
aeHHhiM a eKTopaM MaTpHLU>I K ) npeACTaBJIReTCR CJIO)I(HOH 3aAa
qeif ( /&/, C.6). ll03TOMY MO:>KHO npeAJIO:>KHTb tJaCTHOe pellleHHe 

... .... 
R(x) = x· y/r 

.... 
<r== l r \), 

'ITO AaeT (B o6I..QeM CJiytJae) 3N KOpHeH (X) ypaaHeHHR 

2( u 2 - .\ n ) X 3 + 3 r X 2 - 2 u 2 (R ~ - .\ n) • X - CT 
2 r = 0 

(12) 

(13) 

( .\ n - co6cTBeHHhie 3HatJeHHR MaTpHLU>I K) . no aHanorHH c npuMe

poM ( 6) cp eAH 3THX KOpHeH MO)I(HO Bhi6paTb OAUH, COOTBeTCTBYIO

I..QuH MHHHMMhHOMY 3HatJeHHIO 3KCQecca (10). 
0AHaK O 3TOT KOpeHb He BCerAa pacnonaraeTCR B6JIH3H OKpecT

HOCTH rM K aK AJIR MnOrOMepHhiX, TaK H AJIR OAUOMepHhiX cPYHKQHH. 

lloA06HaR cHTyaQHR B03HHKaeT AJIR ¢YHKQHH "cJio)I(Horo" penbe¢a, 

KOrAa Hapy waeTCR H3BeCTHaR TpaKTOBKa aCHMMeTpHH: eCJIH y > 0, 
TO CJieBa OT QeHTpa- 60JiblllOH llHK, a cnpaaa- AJIHHHhiH XBOCT. 

TeM He MeHee cpeAH acex peweHHH (5, 13) cyi..QecrayeT OAUo, 

pacnOJIO:>KeHHOe mrn6onee 6JIH3KO K llOJIO:>KeHHIO rM. K HaCTORI..QeMy 

apeMeHn He HaH,neHhi AOCTaTOtJHO o6I..QHe npaaHJia Bhi6opa "npaaunb

Horo" KOpHR. 

TaK:>Ke He peweua AO KOHQa 3aAatJa C03AaHHR YHHBepcanbHOH 

HTepaQHOHHOH npoQeAyphi (nOCJieAOBaTeJibHOrO cy:>KeHHR 06JiaCTH 

HHTerpHpOBaHHR BOKpyr llOJIO:>KeHHR rM), XOTR rtapaMeTp Rfi 
( 4a, lOr) ll03BOJIReT c¢op~JIHpOBaTb npaBHJIO OKOH'laHHR HTepa

QHOHHOrO n pouecca: ecnu R 0 ~ o1 
TO a AaHHou o6nacTH ¢yuKumo 

MO:>KHO CtJHTaTb YHHMOAaJihHOH ( / S , C.8). 

KpnTntJecKHH aHanH3 3THX HepeweHHhiX npo6neM no3BOJIHJI 6hi 

OTBeTHTb Ha BOnpoc 0 rpaHHQax npHMeHHMOCTH llOA06Horo llOAXOAa 

llOHCKa llOJIO:>KeHHR rM, 'ITO oco6eHHO aKTYMbHO AJIR MHOrOMepHhiX 

cPYHKQHH, B tJaCTHOCTH AJIR cPYHKQHH KOOpAHHaT BeplliHHhl paCnaAa. 

50 



4 .00 C(Z) a C(~) 3.70 6 

3 .00 
3.10 

2.50 
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1.30 
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0.00 E e.10 • L_ 
-,-- - - --, -.---

260~ 280~ 3&00 32&0 2608 28Ut 38 ' 3280 
Puc.]. (/JyHKlfWI KOOpOUHQTbl pet1KlfUU Z , nOCTpOeHH(JJ! a - Ha OCH08 e OUCKpeT

HOU ifjyHKlfUU TO'IHOCTU ( J4a), 6- Ha OCH08e 2/laOKOU ifjyHKU,UU TO'IHOCTU ( 146) . 

TeM He Meuee sapHaHT HTepa~HOHHOH npo~e,nypbi, H3JIO)f(eHHbrn 
B pa6oTe 161 (c.10, 11), ll03BOJIHJI HaHTH llOJIO)f(eHHe rM ,D:Jill ,nocra
TO'IIHO CJIO)f(HbiX TeCTOBbiX ,nsyMepHbiX H OAHOMepHbiX cPYHK~HH. 

KpoMe Toro, 3Ta HTep~OHHaR npo~e,nypa no3BOJIHJia Ha 3KcnepH
MeHTaJibHOM MaTepHane peaJIH30BaTb B03MO)f(HOCTb onpe,neneHHR Bep
IIIHH peaK~HH 3apH)f(eHHOH llaCT~bl C MHWeHbJO ( C o6pa30BaHHeM 
npo,nyKTOB, HMeJOI.UHX npHMble TpaeKTOpHH) 6e3 BOCCTaHOBJieHHR 
BTOpHliHbiX TpaeKTOpHH. I &I 

Ha pHc.1a,6 npe,ncrasneua cPYHK~HR C (z) ( , c.6) , r,ne z -
KOOp,D:HHaTa peaK~H nepBHliHOH llaCTH~bl - 11,npa MarHHR (AJill OT
,neJibHOrO co6biTHH). lloJIO)f(eHHe rnasuoro MaKCHMyMa C(z) cooT
aeTCTsyeT Mecry peaK~H. HecKOJibKO BTOpHtmbiX t~aCTH~ ,nanH OT
ClleTbi B ,neTeKTOpax - llpOllOp~HOHaJibHbiX KaMepax; Ka)f(,D:OMy OT· 
ClleTY COllOCTasmmaCb cPYHK~Hll TOliHOCTH 

-1 

{ 

(2s) , 
G(x; s) = 

0. 

!xi :::; s, 

I X I > s, 
(14a) 

HJIH 

(146) 

r,ne s - pa3Mep KnacTepa (uecKOJibKO coce,nHHX cpa6oTa IIIHX npo
sonot~eK nponop~HOHaJibHOH KaMepbi) H3MepeHHOH K OOp,nHHaTbl 
(~eHTp KnacTepa). Cno)f(Hocrn npHMeHeHHR H3JIO)f(eHHOH cxeMbi no
HcKa llOJIO)f(eHHR rM, CB113aHHbie C HHTerpHpOBaHHeM, 6biDH npeo,no
neHbl nyTeM npHMeHeHHH AHCKpeTHOH cPYHK~HH (14a). Ha pHc.1a 
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Puc.2. l/JyHKijWI KOOp(}UHQT (}ayX 

83QU.MOdeuCT8UU C.MOde11Up08QH· 

HOZO C06blTWI. 

npHBe}1.eHa COOTBeTCTBYIOI..QaJI 
".u.ucKpeTHaa" <PYHKUHR C(z). 
ilpH611H'>KeHHOe 3Ha'leHHe 00-
JlO:>KeHlfH rM Z = 2780 MM 
HCD011b30Ba110Cb ~.fl 06bi'IHO· 
ro noKanbHoro yTO'IHeHH.fl no-

no:>KeHH.fl rM <ilYHKUHH, 
H306pa:>KeHHOH Ha pHc.16 
( <ilYHKUHR TO'IHOCTH - rna.u.-
Ka.fl (146)); nonyqeHo z = 

= 2809 MM . ilOHCK npH611H:>KeHHOrO 001IO:>KeHH.fl rM (C HCD011b30Ba
HHeM JI.HCKpeTHOH <ilYHKUHH TO'IHOCTH) 3aHHMa11 B cpe,II.HeM 0,036 C 
npoueccopHoro apeMeHH 3BM EC-1061 npH aoccTaHoaneHHH aepum
Hbi B3aHMO,IJ.eHCTBH.fl ( Z ) C o6pa30BaHHeM 2-4 BTOpH'IHbiX qaCTHU 
B OT,IJ.eJlbHOM C06b!THH. JlOKaJlbHOe yTO'IHeHIIe 001IO:>KeHH.fl rM (<ilYHK
UH.fl TO'IHOCTH - r11a,zJ;KaJI) yBe11H'IHBa110 3TO BpeM.fl Ha 60%. lln.R BOC
CTaHOBJleHH.fl TpaeKTOpHH 3THX :>Ke C06biTHH H OOCJle,IJ.yiOIUero onpe.u.e
JleHH.fl Bep illHH Tpa,zJ;HQHOHHbiM CDOC060M Tpe60Ba110Cb - 0,110 C 
Ha co6biTHe. 

Mo:>KHo OTMeTHTb oco6eHHOCTb H31IO:>KeHHoro MeTo.u.a noHcKa no
no:>KeHH.fl r M npHMeHHTeJlbHO I< 3a}1.aqe OOHCI<a BepWHH peaKQHH: cpe
,IJ.H Tpex KOpHeH ypaaHeHH.fl ( 5) ,IJ.Ba MOryT yKa3hffiaTb Ha ,IJ.Ba CaMblX 
6onbWHX MaKCHMyrvia aHanH3HpyeMoH: <PYHKUHH. Ha pHc.2 npHBe.u.eHa 
<ilYHKUH.fl BepWHH B3aHMO,IJ.eHCTBH.fl CMO,IJ.MHpOBaHHOrO C06biTH.fl: 
o6pa30BaHHe nepBH'IHOH 4aCTHI..J;eH Tpex BTOpH'IHbiX, O,II.Ha H3 KOTOpbiX, 
"HeHTpa11bHaJI" (He ,IJ.aJla OTC'IeTOB B ,II.eTeKTOpe), HMeeT napaMeT
pbi TpaeKTOpHH, H,IJ.eHTH'IHbie napaMeTpaM nepBH'IHOH, H DOCJle.U.yiO
I..Qee B3aHMO,IJ.eHCTBHe "He~!Tpa11bHOH" C o6pa30BaHHeM Tpex 3apH:>KeH
HbiX. PemeHHR ypaaHeHHR (5) (B npH6nH:>KeHHH .U.HCKpeTHOH <PYHK
UHH TO'IHOCTH) nocne nepBOH HTepau;HH 611H3KH I< 3a,zJ;aHHbiM aepWH· 
HaM (2800 MM, 2000 MM): Z l = 2838 MM, Z 2 = 3017 MM. 

B 3aK11IO'IeHHe asTop Bbipa:>KaeT 6naro.u.apHOCTb 3a no.u.uep:>KKY 
a pa6oTe A .E .Ky3Heu;osy H IO.Jl.06yxosy. 

IlHTep aTypa 

1. BacHnbeB <I>.n. JleKu;HH no MeTo.u.aM peweHHH 3KCTpeManbHhiX 
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KpaTKUe coot5UitHWI OHJIH N' 7 [33] -88 
YAK 539.1 44.3 + 539.163.2 

JINR Rapid Communications No.7 (33)-88 

BJIHHHHE 3AMhlKAHHH OBOJIOqEK HA 3HEPrHH 
B03BY)I(,llEHHhlX COCTOHHH:A H,llEP 

B.A.Mopo30B 

11neHTH$HKaUWI HOBblX MarH'IeCKHX H llOJiyMarH'IeCKHX .11,1:1ep 
H o6Hapy)KeHHe J$$eKTOB JaMbiKaHH.II 060JIO'IeK H llO,I:I060JIO'IeK llO· 
JBOJI.IIIOT yCTaHOBHTb rpaHHUbl npHMeHHMOCTH 060JIO'Ie'IHOH MO,I:IeJIH 
HJIH ee MOAH$HKaUHH. Uenb AaHHOH pa6orbi JaKJIID'Ianacb B Bbi6ope 
Meronos H.o;eHrH$HKaUHH JaMKHYTbiX o6ono'leK B .11,o;pe. B pa6ore 
snepBbie npHMeHeH Mero,o; AH$$epeHUHpoBaHH.II JHepreTH'IecKoH no
sepXHOCTH B036y)K,I:IeHHbiX COCTO.IIHHH onpe,o;eneHHOH npHpo,l:lbl, KOTO· 
pbiH noJBOJIHJI o6Hapy)KHTb JaMbiKaHHe o6ono'leK, no,o;o6ono'leK 
H KBa3H060JIO'IeK B .ll,l:lpax c<l>epH'IeCKOH, nepeXO,I:IHOH H ,o;e$opMHpO· 
BaHHOH 06JiaCTH. floKa3aHO 3aMbiKaHHe HeHrpoHHOH no,o;o60JIO'IKH 
npH N =56 H nporoHHOH no.o;o6ono'IKH npH Z =58. 

Pa6ora BblllOJIHeHa B na6oparopHH .ll,l:lepHblX npo6JieM OIUIH. 

The Effect of the Shell Closure on Nuclear Excited 
State Energies 

V.A.Morozov 

The identification of new magic and semimagic nuclei and the disco
very of the shell and subshell closure effects permit one to determine 
the-limits of applicability of a shell model or its modifications. The aim 
of this work was to choose the methods of identification of closed shells 
in a nucleus. The method for differentiation of energy surface of exci
ted states of a definite nature was applied for the first time. It per
mitted one to discover the closure of shells, subshells and quasishells 
in nuclei of spherical , transitional and deformed region. The closure 
of a neutron subshell at N =56 and of a proton subshell at Z = 58 
was shown . 

. The investigation has been performed at the Laboratory of Nuclear 
Problems, JINR. 

Bae.D; eHue 

HAeHTH<l>HKaUHH HOBbiX MarHtleCKHX H nonyMarHtleCKHX H.D;ep 
H 06Hapy)l(eHHe 3<l><l>eKTOB 3aMbiKaHHH o60JIO'IIeK H DOA060JIO'IIeK 
npe.D;CTaBJIHeT 6oJiblllOH HHTepec BCJie.D;CTBHe B03MO)I(H0CTH YCTaHOB· 
JieHHH rpaHHU npHMeHHMOCTH o60JIO'IIe'IIHOH MO.D;eJIH H.D;pa1 l/ HJIH 
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ee MOAH<I>HI<aQHH. B nocneAHHe rOAbi noRBHJIHCb 3I<cnepHMeHTaJib

Hbie H TeopeTH'IeCI<He pa60Tbi, llOCBRll.leHHbie AOI<a3aTeJibfTB.r; cymecT

BOBaHH.fl HOBoro Marwleci<oro •mcna Z = 64 B 14:
4
oct

82
' 

2
- 1. XapaK

TepHOH oco6eHHOCThiO 3Toro Marnqeci<oro qncna no cpaBHe HID c Ma

rnqeci<HMH qncJiaMH Z = 50, 82 RBJIReTCR MeHblllaR ycTO uqHBOCTb 

AaHHOH 060JIOqi<H npH H3MeHeHHH qncna npOTOHOB H HeHTpOHOB 

B RApe. ll03TOMY H)J,eHTH<I>HI<aQHR HOBbiX MarnqeCI<HX qHc eJI CMbi· 

I<aeTCR C 3aAaqeH ycTaHOBJieHH.fl npeAeJia AeHCTBH.fl AaHHOH 3aMI<Hy

TOH o6onoqJ<H B coceAHHX RApax. 

Uenh AaHHOH pa6oTbi 3ai<JIJOqanacb B Bbi6ope MeTOAOB HAeHTH

<I>HI<aQHH 3aMI<HYTbiX o6onoqeJ< B RApe H B aHaJIH3e Hei<OTOpblX 3I<C· 

nepHMeHTaJibHbiX AaHHbiX, CBHAeTeJibCTBYIOlllHX 0 3aMbii<aHHH RAep

HbiX o6onoqeJ<. 

BnHRHHe 3aMbii<aHHR o6onoqeJ< Ha 3HeprHIO 

B036y)f(AeHHbiX COCTORHHH B RApax 

1. HeqeTHbie RApa 

llpH nOCJieAOBaTeJibHOM H3MeHeHHH qHcJia npOTOHOB HnH ljeHTpO

HOB npOXO)f(AeHHe 3aMI<HYTOH 060JIOqJ<H (nOA06oJioqJ<H) RApa xa

pai<TepH3yeTCR AJIR HeqeTHbiX RAep nepeceqeHHeM pRAa ypo8HeH . 3To 

o6nRCH.fleTCR pe3I<HM H3MeHeHHeM XHMHqecJ<oro nOTeHQHaJia B RApe 

npH Tai<OM nepeXOAe. llpOCJie)f(HBaR XOA H3MeHeHH.fl n OJIO)f(eHHR 

ypOBHeH OT HApa I< RApy, MO)f(HO 06HapyiKHTb 3aMbii<aHHe 0 60JIOqJ<H. 

Han6onee HarJIHAHO 3aMbii<aHHe o6onoqeJ< o6Hapy)f(HBaeTCR npn pa3-

HOCTHOM 3HepreTHqecJ<OM aHaJIH3e, I<OTOpbiH xapai<TepH3y eT H3MeHe

HHe nOJIO)f(eHH.fl ypOBHH OnpeAeJieHHOH npHpOAbi 8 H30Tonax HJIH 

H30TOHaX. 3Ty pa3HOCTb onpeAeJIHM I<ai< 

rAe 1 - cnHH onpeAeJieHHOrO COCTOHHHH 8 RApe, a E - 3H eprH1I 3TO

ro COCTOHHHR. <l>ai<THqecJ<H AHarpaMMa ~E(I )A,A+2 xap ai<TepH3y

eT AH<I><I>epeHUHpOBaHHe 3HepreTnqeci<OH nosepXHOCTH (.U3ll ) ypoBHeH 

onpeAeJieHHOro cnnHa, npoBeAeHHoe no npoTOHHbiM ceqeHHRM H30TO

HOB HJIH no HeHTpOHHbiM ceqeHHHM H30TOnOB. AHaJIH3 AHarp aMM )l30 

n03BOJIHeT o6Hapy)f(HTb 3aMbii<aHHe o6onoqei< HJIH noAo6o noqeJ< I<ai< 

B HeqeTHbiX, Tai< H B qerno-qeTHbiX HApax. BcTaeT sonpoc - I<ai<He 

yp08HH MOryT 6biTb HCllOJib30BaHbi npH nOCTpoeHHH AHarpaMM 

.ll3ll? B HeqeTHbiX cc:pepmeci<HX HApax 3aMbii<aHHe o6onoq eJ< MO)f(HO 

ycTaH08HTh no AHarpaMMaM .ll3ll OAHoqacTH~biX yposHeH . B qeTHO

qeTHbiX c<Pepmeci<HX HApax B aHaJIH3e MOryT 6b!Tb HCnOJib30BaHhi OA

HO<I>OHOHHbie H ABYX<I>OHOHHbie yp08HH I<BaApynoJibHbiX I<OJie6aHHH, 
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a TaK:>Ke O K lJ'llOJibHOe COCTOHHHe. K aHaJIH3Y MOryT 6LITb TaK:>Ke npH

BJie'leHhl KBa3HpOT~HOHHhie ypOBHH COOTBeTCTBYIOIUHX COCTOHHHH 

C QeJibiO y cTaHOBJieHHH llOMHMO ¢aKTa 3aMbiKaHHH 060JIO'IeK TaK:>Ke 

H CTPYKTYPHhiX H~MeHeHHii, npoHcxo,IVIIUHX B cooTBeTCTBYIOmeu no

noce. 

AHano rH'IHhiH nOAXOA MO:>KeT 6biTb npHMeHeH H AJIH ycTaHOBJie

HHH KBa3H060JIO'IeK B Ae¢0pMHpOBaHHbiX HApax. Ha pHc.la npHBe

AeH npHMep nepecTpOHKH CHCTeMbl ypoBHeH B He'leTHbiX HApax 

C 3aMKHyTOH HeHTpOHHOH o60JIO'IKOH (N = 126) npH npOXO)I()J.eHHH 

ApyrOH n p OTOHHOH 3aMKHYTOH 060JIO'IKH C Z = 82. rpynnHpOBaHHe 

'laCTH'IHhiX H AhipO'IHbiX ypOBHeH y HyJieBOH JIHHHH npH Z = 83 CBHAe

TeJibCTBYeT 0 CTa6HJIH3~HH llOJIO:>KeHHH KaK TeX, TaK H ApyrHX ypOB· 

HeH B HApax C Z = 83 H 85 npH nepeXOAe 3aMKHYTOH o6oJIO'IKH Z = 82. 

AHan o rH'IHOe noBeAeHHe MLI Ha6JIIOAaeM H npH npoxo:>KAeHHH · 

o6ono'IKH Z = 64- pHc.l6- a He'leTHhiX HApax c N = 82. llpH 3aMhi

KaHHH HeHTpOHHOH o60JIO'IKH B He'leTHhiX HApax C Z = 50 AHarpaMMa 

.[(30 HMeeT ApyrOH BHA - pHC.2a: no 'laCTH'IHbiM ypOBHHM BHAHO 3a

MbiKaHHe H eHTpOHHOH o6ono'IKH npH N = 62, no AhipO'IHhiM - npH 

N = 64, a N = 66 cooTBeTCTByeT 3aMhiKaHHIO HeHTpOHHon o6ono'IKH 

KaK no 'laCTH'IHbiM, TaK H no AhlpO'IHbiM y p OBHHM . 3TO OTJIH'!He, O'le-

5fJ -,l 1iJ 

N=126 a 
r 

- 6 
N:82 

912" 

(I) 
1n· ill 

"' .. 
::!: ::t 

N ~ N ' . • <( c 
-i 0 c - -H H - -UJ UJ 

<a 4 
l/2. 
,n•--' I -0,5 

-sp I I I I I I I 

7t at 83 as 87 -1,0 57 5I 81 63 85 

z z 

Puc.J . a- d u azpa.M.Ma Jl'JJJ df!R He'leTHbiX U30TOHOB Rdep c N = 126, 6 - dua

zpaMMa Jl'JJJ df!JI He'leTHbiX U30TOHOB Rdep c N = 82. 
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1SJ 

Z:50 a z :48 6 

o,s 

m M-~ .. 
::r 

N • l/2 • .( 7/'l" 
~ 0 V2. Sir 
H • 7/z+ J/2 • - 5/2 
LJ.J 

<I 
1/2. 

-0~ 

-1p~._~--~~~~--._~~~~-L--~~--~--~-L~ 

57 59 61 63 85 67 69 . 57 59 61 63 &5 67 69 

N N 
Puc.:!. a - Olla.!pa.MJ\fQ Jl'Jll 0/IJI lte'leTHbiX 113070 110£1 Jl(:)ep (' z =50, {j- oua

.!{JQJ\fMa JJ.Jll c)!IJI He'leTHblX 11JmD no11 Ju)cp c_ Z = 48. 

BHLJ.HO, CBH3aHO c pa3HOH nocnenoaaTeJibHOCTbJQ 3anonHemm nono6o
notieK B 1130TOHax c N = 82 ( Z = 59-'-67) 11 1130Tonax c Z = 50 (N = 
~ 59 771). Op6HTanb s~ B 1130TOnax c z = 50 3anOJIH eTCH, Ha
'IHHaR c 11 ~n ( N ~ 63)' a B 1130TOHax c N = 82 op6HTanb s ~ Ha-
6monaeTCH TOJibKO Ha'II1Han c Z = 65 y 147 Tb , Ho o6IUHM so acex 
3TI1X CJIY'IaRX np11 aHanl13e LJ.I1arpaMM ,ll3fl RBJUJeTCH pa3LJ.eJibHOe rpyn
n11p0BaHI1e 3Ha'leHI1H ~ E ( 1 ) A,A+2 nnR '!aCTI1'1HbiX 11 LJ.blpOtiH biX ypoa
HeH B cpaBHHTenbHO Y3KOM 3HepreTI1'1ecKoM HHTepaane nepen 3aMbiKa
HI1eM 060JIO'IKI1 11 CJIHTHOe rpynn11pOBaHI1e TeX 11 n pyr11 ypOBHeH 
oKono Hyneaoro 3HatieHHR nocne 3aMbiKaHHR o6onotiK11. YcTOH'II1BOCTb 
HeHTpOHHbiX o6onotieK np11 N = 62-:-64.;.66 MO)f(HO oueHHTb, 113MeH.R.R 
nocnenoaaTenbHO Z OT Marl1'1ecKoro '111cna Ha 2. HanpHMep, Z = 48, 
Z =52 11 T.LJ.. Ha p11c.26 npe.ucTaaneH o.uHH 113 cnyqaea. BH.llHO, 'ITO y)f(e 

np11 Z = 48 CTa6HJII1311pytoi.Uee BJIHRHI1e npOTOHHOH 060JIO'IKI1 Ha 3a
Mb!KaHI1e HeHTpOHHOH o60JIO'IKI1 11C'Ie3aeT. 

2. "4eTHO-'IeTHbie nnpa 

2.1. HyKJII1Llbi 113 c¢epw1ecKoi1 11 nepexo.uHoH o6nacTeH R.Uep 

Oco6eHHO HarJIHLJ.HO nepecTpOHKa o6onotJeK BH.llHa npH aHanme 
nuarpaMM .ll30 a tJeTHO-tJeTHbiX R.upax. Ha p11c.3 npencTaBneHbi .uua
rpaMMbi .UJI.R HIDKaHWHX ypoaHeH c I 17 = 2 t. 4t, 31 B H30TOnax R.Uep 
C Z = 80, 82, 84. 3HeprHH COOTBeTCTBYJOII.UfX COCTO.RHHH B3HTbl H3 pa-
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Puc.3. ,l(uazpaMMbl ,l(3Jl OIIR 
(tt-tt)-u3orono6 .ROep c Z = 
80"""84. 

6oTbi I S! . Xapru<Tepuo:H qep
TOH HBJIHeTCH cHH<l>a3noe 
H3Meneuue flE (I) A, A + 2 
,I:VIH COCTOHHHH c t" = 2 t. 
4 t OT OTpHQaTeJibHOrO K no
JIO)KHTeJibHOMy 3HaqeHHJO 
npn npoxo)K,ZJ.eHHH 3aMKHY
TOH o6onoqJ<H. MaKcHMan&
uoro 3naqenHH :na pa3HOCTb 
.o;ocTHraeT npH N = 126, npn
qeM ,I:VIH ,naa)K,ZJ.bl Marnqec
KHX H.D;ep OTpHQaTeJibHOe 
H nOJIO)KHTeJibHOe 3HaqeuHH 
flE ( I ) A • A + 2 npH61IH3H

TeJibHO paBHbl no a6COJDOT
HOH BeJIHqHHe. )l;JIH COCTOH
HHH I " = 31 noae.o;euue 
!:lE (I )A• A+ 2 auanoruquo, 
XOTH nepeceqeuHH uyneaoro 
ypOBHH B 3TOM cnyqae 
ue npoucxo.o;HT. H3MeHeuue 
OT N = 82 ua :!:: 2 e.D;HHHQbl 
npHBO.D;lfl' K cyrn;eCTBeHHOMy 
yMeu&weumo 3<l><l>eKTa 3a
MbiKaHHH o6onoqJ<u. AHa
noruqubiH BOA HMeJOT AHa
rpaMMbl )l;3ll H B o6na
CTH 6onee nerKHx n.o;ep 
npu 3anonu enHH o6onoqeJ< 
c N =20, 28, 50,56- pnc.4,5. 

PaccMoTpmue .o;ua-
rpaMM )l;3ll .D;JIH H30TOHOB 
c N =82, 82±2 B pa:Houe Z = 
= 64 (puc.6) .o;aeT B03MO)K
HOCTb yCTaHOBHTb 3aMbiKa
HHe o6onoqeK npu Z = 58 
no COCTOHHHHM C I 1T = 2 t 

Puc.4. ,l(uazpaMMbl ,l(3Jl OIIR 
(tt-'1)-U30TOn06 ROep c Z =18-7-22. 
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Puc.5. JI.ua2paMMbl JI.3JI OIIR ('1-'1) -u3o
ronoe Roep c Z = 38742. 

Ill .., 
l: 
~A , .., 
• z 
N • z 
H 
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Puc.6. JI.ua2paMMbl Jl.3JI OIIR ('1-'1)
U30TOHoe ROep c N = 80784. 

~ Puc. 7. J(ua2paMMa J(3JI 0/IJI COCTOJI

HUU c I"= 2 t e ROpax Z =54766 

(uHoeKc N = 80). 
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Puc.B. J(uazpaMMbl J('JII OllR 

(11-11)-u3oronoe Roep c Z = 48-':-52. 

H npH Z = 6 4 no COCTO.RHIDIM 
17 + + -I = 21' 4 1 H 31 . 0TJIH'IH-

TeJibHOH oco6eHHOCTbiO B ,D;a.H· 

HOM CJiy'latl .RBJI.ReTC.R npOTH· 

BO<f>a3HOe H3MeHeHHe pa3HO· 
u I" CTH 3HeprHH COCTO.RHHH C = 

= 3 ~ no OTHOWeHHIO K CO-

CTO.RHHIO C I 17 
= 21 H 4 t 

no cpaaneHHIO c panee pac

CMOTpeHHbiMH CJIY'Ia.RMH. 3a

MbiKaHHe npOTOHHOH 060JIO'I· 

KH npH Z = 58 no,n;Taep)f(,lJ;a

eTC.R TaK)((e ,n;HarpaMMOH, 

npe,n;CTaBJieHHOH Ha pHC. 7. 

Ha ocn oae paccMOTpen

HbiX cny11aea Mbi MO)f(eM ne

peHTH K a.Ha.TIH3y 3aMbiKa.HH.R 

HeHTpOHHOH 060JIO'IKH B H30-

TOnax OJIOB a npH Z = 50 -

pHC.8. MO)f(HO KOHCTaTHpO

BaTb, 'ITO B H30TOnax OJIOBa 

Ha6JIIO,D;aeTCR 3aMbiKa.HHe 

ID .. 
.>< ... -. .. 
~ 
H w 

<3 

200 

100 

0 

-100 

-200 

200 t Z=50 
100 

or 2T 

-100 r ,~ 
-200 

200 

100 

0 

-100 

-200 

se 60 62 64 66 &e 70 72 

N 

TOJibKO no,n;o60JIO'IeK, npH'IeM C MeHbWHM 3<f><f>eKTOM 3aMbiKaHIDIS 'leM 

He TOJibKO ,D;JI.R ,D;BruK,D;bl MarH'IecKHX .R,n;ep, HO TaK)f(e H ,n;JI.R 14 Qd • 
17 + . 

lloae,n;eHHe COCTO.RHHH C I = 4 1 UO,D;TBep)f(,lJ;aeT, KaK H B He'leTHbiX 

H30TOnax OJIOBa, 3aMbiKaiiHe no,n;o60JIO'IKH c N = 62. no COCTO.fiHH.RM 

c I 17 
= 2! BH.n;Ho 3aMbiKa.HHe no.n;o6oJIO'IKH c N = 64, a cocro.RHH.R 

c I 17 = 4! H 31 no.n;Taep)f(,n;aroT, KaK H a ne'leTHbiX H30Tonax onoaa, 

3aMhiKa.HHe no,n;o6oJIO'IKH c N = 66. BKJIIO'IeHHe a a.HaJIH3 3aMbiKaHH.R 

o6ono11eK c o cTORHHH I 17 
= 6 ! H I 17 

= 2 ! n03BOJIReT o6napy)f(HTb 

UOMHMO ycTaHOBJieHHbiX o60JIO'IeK 3aMbiKa.HHe HeHTpOHHbiX KBa3H· 

o6ono11eK y H30Tonoa Sn npu N = 60, 68 H 72. lloCJie,n;oaaTeJibHOe Bbi

,n;enenue HeHTpOHHhiX o6ono11eK a H30Tonax Sn npu 3anonHeHHH HeHT

pOHHhiX op6HTaneu napaMH nyKJionoa RBJI.ReTcR cyruecTBeHHhiM oTJIH

'IHeM OT paCCMOTpeHHbiX panee npHMepOB. llpH paCCMOTpeHHH ,D;HarpaM

Mbl .[{3ll ,D;Jl.fl QenO'IKH H30TOnOB ,D;JI.fl Z = 50±2 BH.n;Hbl pe3KHe crpyK

rypHbie H3M eHeHH.R ,D;HarpaMM. llpH Z =48 COXp.RH.fleTC.fl TOJibKO no,n;

o60JI0'1Ka N = 62, a npH Z =52, B03MO)f(HO, coxpanReTCR TOJibKO no.n;

o6oJIO'IKa N = 66. 

60 



2.2. nerKHe qenio-qembie R~pa c N = z 
AHanH3 ~uarpaMM )l3ll B nerKHX qerHo-qemhiX JI~pax c N = Z no-

3BOJIHJI ycTaHOBHTb 3aMhiKaHHe o6onoqeK npu N = Z no ypoBHJIM 

KBa3H- ,9- H KBa3H- ·}' -BH6p~HOHHbiX COCTOJIHHH (puc.9). 

2[:> Z=10 Z=14 

0 

en ., 
.~ -45 ..... -
" '.!--
H 

2~ w 
. <J sp Z=8 Z=12 Z=16 

2,5 

0 

-2,5 
4 6 8 10 8 10 16 18 

N 
Puc.9 . .aualpaMM&I.a3n d11.R (11-11) -uJoronoB .Rdep c Z = 6 716. 

2.3. )le¢K>pMHpOBaHHbie R~pa 

AHanH3 ~uarpaMM )l3ll no3BOJIJieT TaK)I(e ~eHTHcPHL(HpoBaTb 

KBa3Ho6onoqKH a qemo-qerHbiX ~e<PopMHpOBaHHhiX 11~pax . B 3TOM 

CJiyqae aHaJIH3 MO)I(HO npOBO~HTb no B036y~eHHbiM COCTORHHJIM pO

T~HOHHbiX nOJIOC OCHOBHbiX, ,9 - HJIH }'·BH6pal(HOHHbiX COCTORHHH. 

Ha OCHOBe aHaJIH3a ~uarpaMM )l3ll MO)I(HO ycTaHOBHTb 3anOJIHeHHe 

cne~YJOl.I.tHX KBa3Ho6onoqeK B ~e<PopMnpoBaHHhiX JI~pax : N = 94, 

987122. I 

HHTepecHhiM RBJIJIEITCJI TO o6croJITeJibCTBO, ~o HaqHHaJI c N = 98 

u ~o N = 122 ~o6aaneHHe Ka)I(~OH HOBOH napbi HeHTpOHOB n poJIBJIJieT

CR KaK 3aMhiKaHHe o6onoqKu B c<PepuqecKoM R~pe. TaKHM o6pa3oM, 

CHJITHe BblpO)I(~eHHJI ypOBHeH BCJie~CTBHe ~e¢K>pM~HH R~pa npOCJie

)I(HBaeTCJI no ~uarpaMMaM )l3ll ~JIJI pa31IH~biX COCTOJIHHH pOTailHOH

HbiX nOJIOC B ~ecPOpMHpOBaHHbiX R~pax. Ba)I(HO OTMeTHTb, ~0 3cPcPeKT 

3aMbiKaHHJI KBa3H060JIOqeK B ~ecPOpMHpoBaHHbiX R~pax n O BeJIHqHHe 

~E (I) A,A+2 cymecTBeHHO MeHbllle 3cPcPeKTa 3aMbiKaHHJI o6onoqeK 
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B ABa)I(Abi MarHtlecKHX HApax. Ot~eBHAHO, 'ITO 3anoJIHeHHe pa3JIWIHbiX 
op6HTaJieH paCCMaTpHBaeMbiX HAep npOHBJIHeTCH TOJlhKO AJIH onpeAe
JieHHbiX COCTOHHHH H npH onpeAeJieHHbiX xapaKTepe HayKJIOH-HYKJIOH
HOro B3aHMOAeHCTBHH B HApe HJIH xapaKTepe ABH)I(eHHH HAepHOH Ma
TepHH. llOA'IepKHeM He06XOAHMOCTh AaJibHeifrnero HaKOnJieHHH 3KCne
pHMeHTaJ1hHbiX AaHHhiX AJIH ycTaHOBJieHHH 30Hbl AeHCTBHH KBa3H060-
J10'IeK no Z Ha ypOBHH poTaQHOHHhiX llOJIOC pa3JIWIHOH npHpOAbl. 

3aKJI IO'IeHHe 

,llH<l><l>epeHQHpOBaHHe 3HepreTH'IeCKOH noaepXHOCTH B036Y)I(AeH
HbiX COCTOHHHH HAep OAHOrO CnHHa onpeAeJieHHOH npHpOAbl HBHJ10Ch 
MeTOAOM, KOTOpbiH ll03BOJ1HeT o6Hap~HBaTh 3aMhiKaHHe HeHTpOHHbiX 
H npOTOHHhiX 060JIO'IeK H llOA060JIO'IeK B ccl>epH'IeCKHX 'leTHO-'IeTHbiX 
H He'leTHbiX HApax, a TaK)I(e 3aMhiKaHHe KBa3H060JIO'IeK B Ae<l>opMHpO
BaHHOH H nepeXOAHOH o6JiaCTH HAep. Hau6onee Ba)I(Hoe CJieACTBHe npo
BeAeHHOro aHaJ1H3a - 06Hapy)l(eHHe H36HpaTeJ1bHOH 'IYBCTBHTeJlbHOCTH 
K 3aMhiKaHHIO o6oJIO'IeK B HApe COCTOHHHH onpeAeJieHHOH npHpOAhl 
H onpeAeJieHHOrO CllHHa, T.e. 06Hapy)l(eHHe TOrO, 'ITO Ha 3HeprHIO OA
HHX COCTOHHHH 3aMKHYTbie 06oJIO'IKH OKa3hiBaiOT BJlHHHHe, aHa 3Hep
rHIO ApyrHX He OKa3biBaiOT. ll03TOMY BOllpOC 0 BJIHHHHH 3aMbiKaHH.R 
060JIO'IKH Ha BCe B036Y)I(AeHHbie COCTO.RHHH HApa He MO)I(eT 6hiTh pe
rneH OAH03Ha'IHO. 
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KparKue coo6U4eHUR OHHH N- 7 [33) -88 
YAK 539.144.6 

JJNR Rapid Communications No. 7(33]-88 

BJllUIHME 3AMblKAHMH OBOJIQqEK 
HA BEPOHTHOCTM 3JIEKTPOMArHMTHblX 
llEPEXO,ll;OB B H,ll;PE 

B.A.Mopo30B 

06Hapy)l(eHo, 'ITO MarHHrnbie nepexo)l;bi IHnl! M1, M2, M4 MOryi 
CJIY:lKHTb CBOeo6pa3HbiM 30H)l;OM, fi03B01IJUOIUHM H)l;eHIHcllHIJ,HpoBalb 
3aMblKaHHe OOOnO'IeK B .ll)l;pax. Y CiaHOBneH 4laKI COOIBeiCIBH.II O)l;HO· 
'laCIH'IHOMY npeAeny omorueHH.II npHBe)l;eHHbiX sepoamocreii npo
IOHHbiX H HeHipOHHbiX nepeXO)l;OB )l;nH H)l;ep, HMeiOIUHX 'leiHo-'lei HbiH 
MarH'IeCKHH Kop ± 1 HYKnOH. 3ro MO)I(eJ cnoco6crsosarh onpeAene
HHIO 30H )l;eHCIBH.II MafH'IeCKHX 'IHCen, nporH03HpoBaHHIO sepoHIHO· 
CIH CBH3aHHbiX npoiOHHblX H HeHipoHHblX nepeXO)l;OB B pa3nH'IHbiX 
He'leiHbiX OKOnOMarH'IeCKHX HApaX. 

Pa6oia BbinOnHeHa B naooparopHH H)l;epHbiX npo6neM 011Hl1. 

The Effect of the Shell Closure on the Probabilities 
of Electromagnetic Transitions in a Nucleus 

V.A.Morozov 

It has been discovered that M1-, M2-, M4-type magnetic transitions 
can serve a probe to identify the shell closure in nuclei. The fact has 
been established of correspondence to one-particle limit of the ratio 
of reduced probabilities of proton and neutron transitions for nuclei, 
having even-even magic core ± 1 nucleon. It can contribute to deter- • 
mining the zones of action of magic numbers and to predicting the 
probabilities for proton and neutron transitions in various odd near
magic nuclei. 

The investigation has been performed at the Laboratory of uclear 
Problems, JINR. 

CpaanenHe npHBeAeHHbiX aepo.RTHoCTeH OAHOTHIIHbiX npoTOH· 
HbiX H HeHTpoHHbiX 3neKTpOMarHHTHbiX nepeXO.I{OB B He eTHblX .fi,I{· 

pax C MarHlleCKHM MH nonyMarHlleCKHM KOpoM B paHOHe 'IHCen, 
6nH3KHx K Z = 50, N = 64; Z = 64, N = 82 H Z = 82, N = 126, no-
3BOn.fleT yCTauOBHTh Hx Ka'leCTBeHHYIO cornacoaannocTb. OcrauoaHM
C.fl Ha CpaaHeHHH npHBe.I{eHHbiX aepO.RTHOCTeH nepeXO.I{OB MarHHTHblX 
MynhTHnOnLHOCTeH. 
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TipH a e,n:eHHhie aepOHTHOCTH M2-nepexonoa 

Ha p Hc.l, 2 npe,o;cTaaJieHhi npHBe.o;eHHhie aepoHTHOCTH He(npoH

HhiX H npo TOHHhiX nepexonoa THna M2 (lh 1112 - lg 7 .' 2 ) .o;JIR oKo

JIOMarwleCKHX H,o;ep s6mt3H Z, N == 64 a 3aBHCHMOCTH OT Z HoT N . 
XapaKTepH hie qepThi noii 3aBHCHMOCTH a o6meM BH.o;e oTpiDKeHhi 

Ha pHc.3, Ha KOTOpOM CXeMaTH'IHO llOKa3aHO, 'ITO HMeHHO B Ce,lJ;JIOBOH 

TO'IKe, H axO,lJ;HI..QeHC.fl Ha nepece'!eHHH ,o;ayx 3aMKHYThiX 060JIO'IeK, 

npHae,o;eHHaR aepOHTHOCTb M2-nepexonos MHHHMaJibHa. 06Hapy)l(eH

HaH 3aKoHo MepHOCTb a noae,o;eHHH aepoHTHOCTH B (M2) -nepexonos 

B He'IeTHhiX OKOJlOMarH'IecKHX HYKJIH,o;ax ll03BOJl.ReT OUeHHTb BJlHR-

HHe MarH'IeCKOrO KOpa Ha OTHOCHTeJlbHbie BepOHTHOCTH npoTOHHhiX 

H HeiiTpOHH hiX nepexonos. 

10 ~I I I I I I 

r 
I I I I 

-
n(1h1112 -1g712l 

.0 

1 NZ Z:50 ~~ T 1;1 0 
1 l "X 5 

~ l N1L~3-- 1 N 
~ 

I 

Z.52 N:65 -£D 
. 

Z:48 

0 
59 63 67 71 48 50 

N z 
Puc. J. n pmwieHHblC HCpOR THOCTLI HCUTpOHHblX n epCXOOV8 TUlia Jf:} 

( lh 11 ':?- lg 7 '2) . 

52 

TipH p aClleTaX B paMKax O,lJ;HOlJaCTH'IHOH MO,lJ;eJIH OTHOWeHHH npH· 

se.o;eHHhiX s epoHTHOCTeH M~HHTHhiX nepexonos a RApe no Mow

KOBCI<iOMY p aBHhl 

B(ML) ~ 
---== 
B(ML)M 

n 

M 
M IJ. A P (2L-2), 3 - - (---) 
~ .1 n A 

IJ. n 
Sn(liLif) 

S p(l i L I r ) 
(1) 

rne S p , S n - cTaTHCTHlJeCKHH MHO)I(HTeJib; A P , An - Maccoabie 
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15 

p(1hw2-1gm l 

.D l { NZ 

~ 
N 
'0 10 
..-

)( -N 
~ 

~N•~ -m 5 

Na86 

57 61 65 80 84 88 

z N 
Puc.2. JlpuBeOeHHble BepOJmwcru nporoHHbiX nepexoooR runa M2 (lh

1112 
-1 ~12). 

qHcna HeqeTHO-npOTOHHOrO 

H HeqeTHO·HeHTpOHHOrO H,D;ep . 

.[ln.R npeAenbHoro cnyqa.R npH 

paCCMOTpeHHH nepeXO.llOB 

O.llHHOqHbiX HyJ<nOHOB HnH 

nepeXO.llOB B 3epJ<anbHbiX .fl.ll

pax, npHHHMa.R S p I S n = 1, 
HMeeM 

3(ML )~ 

B(ML) M 
n 

(2) 

Puc.J. 061J4UU BUO 3aBucw.cocru 
npuBeOeHHbiX BepORTHOCTeU ne
peXOOOB runa M2 (lh1112-lg712) 
B He'leTHbiX nollyMazu'lecKux RO
pax B611u3u a) N = 64; 6) Z = 64. 

BIM2l a 

63 N 

/ 

6 
BIM2l 

N 
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Ta6nul.la. 0THOllleHHH npHseneHHbiX sepoHTHocreii nepexonos 

onHH O'IHoro npoToHa H Hei1TpoHa (no MolliKOBCKoMy) 

L 1 2 3 4 5 

B(ML) M I B(ML) M 
P n 

1,44 1,66 1,77 1,84 1,88 

3TH OTHOllleiiHH, xapaKTepH3YJOIUHe nepexonbi onHHO'IHbiX HYKTIOHOB 

npH L = I I 1 - I r I , HMeJOTCH B Ta6nm.{e 111. Mo')I(}{O npennono

)f(HTb, 'ITO ecJIH npHBeneHHOe 3KCnepHMeHTaJibHOe 3Ha'leHHe 3TOrO OT

HOllleHHH, K OTOpOe noJiy'laeTCH npH HCKJIJO'IeHHH 3aBHCHMOCTH 

B(ML) 3 Ken OT Maceo a oro 'IHCJia A, cornacyeTCH c onHo'laCTH'IHOH 

oQeHKOH, T O naHHbre nepexonbr MoryT paccMaTpHBaTbCH KaK 

nepexonLr o n HHo'IHbiX Hyi<JioHOB. 3aMeTHM, 'ITO npH Bhi'IHCJieHHH 

r B (ML) pI B(ML) n) SKCO nonyqaeM cnenyromee COOTHOllleHHe 
OPHBBA 

B(ML) a Ken . 
[ p ] 

B(ML) npHBBA· 
n 

B(ML) 
[--£] 

B(ML) sKcn. 
n 

rne S w. U. = B(ML) sKon ,I B(ML) w . 

A 
(-~) 

AP 

ZL-2_ 
3 

sP w.u. 
sn 

w.u. 

( 3) 

OnHo'laCTH'IHbie oQeHKH, noMer.ueHHbie B Ta6JIHQe, cpaKTH'IeCKH 

He npHMeHHJIHCb nnH cpaBHeHH.R npHBeneHHbiX sepOHTHOCTeH npOTOH

HbiX H HeHTpOHHbiX nepexonoB, Tal< KaK OTCYTCTBOBaJI KpHTepHif, no-

3BOJIHJOI.UHH n posonHTb KOppeKTHOe CpaBHeHHe OnHOTHnHbiX npOTOH

HbiX H HeHTpOHHbiX nepexonos B nnpax npH Het~emoM N = Z . Tenepb 

MO')I(}{O ccpOpM yJIHpOBaTb 3TOT KpHTepHH nJIH yCTaHOBJieHH.R COOTBeT

CTBHH C paC'IeTaMH no OnJIO'IaCTWIHOH MOneJIH: npHBeneHHbie BepOHT

HOCTH onHOTHnHbiX HeHTpOHHbiX H npOTOHHbiX nepexonoB noJI')I(}{bi 

COnOCTaB.llHTb CH B Ce,rviOBhiX TO'II<ax H B HenocpenCTBeHHOH 6JIH30CTH 

OT HHX (pHc.3), rne 3TH BeJIWIHHhi npHHHMaJOT 3KCTpeMaJibHbie 3Ha

'leHH.R. llpH 3TOM B He'leTHO-HeHTpOHHOM Hnpe npoTOHHaH o60JIO'II<a 

nomKHa 6biTb 3anOJIHeHa, a npyraH - HeHTpOHHaH- OTJIH'IaTbCH OT Qe

JIHKOM 3anoJIHeHHOH Ha ± 1, ± 3 H T.n. HYKJI. AHanorH'IHhiM o6pa-

30M B He'leTHO-npOTOHHOM Hnpe noJI)f(Ha 6hiTb 3anOJIHeHa HeHTpOHHaH 

o60JIO'II<a, a n pOTOHHaH OTJIH'IaTbCH OT QeJIHKOM 3anOJIHeHHOH TaK)f(e 

Ha ± 1, ±3 H T .n. HyKnoHa. 

B Ka'leCTBe npHMepa Ha pHc.4 ,naH cpaBHHTeJibHhlli aHaJIH3 OTHo

CHTeJibHhiX s epoHTHOCTei1 npoTOHHhrx H HeHTPOHHhiX M2-nepexonos, 
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-(/) 

88 80 84 88 80 84 80 84 

N 
Puc.4. OrHOCUTeJibHble BepoRmocru nporoHHblX u HeurpoHHblX nepexoooB runa 

M2 (1ha12 -1g 712 ) B He'leTHblX nollyMazu'leCKUXROpaxe61!u3u Z .N=64. 

npOHCXOnRIUHX B Rnpax, no 3anonHeHHR o6onot~eK KOTOp IX Z, N = 64 
He nocraeT onHoro, Tpex unu nmu HyKnoHoa. IIpoaeneHHhiH auanH3 
noKa3hmaeT cymecTaeHHoe anHRHHe 3aMhiKaHHR o6ono eK Ha cKo
pocTH M2-nepexonoa. 0Ka3hmaeTCR, liTO a HelleTHhiX HyKnu.o;ax 
C naiDKnhi MarHlleCKHM KOpOM 3KCnepHMeHTanbHOe 3HalleHHe OTHOille
HHR npHBeneHHhiX aepoRTHOcTeH npoTOHHhiX u HeHTpOHHhiX M2-nepe
xonoa coana.o;aeT c onHot~aCTH'IHhiM npenenoM 3THX OTHorneHHH. 

IJonTBep~eHHeM 3TOMy MO)I(eT cny)I(HTb H aHanH3 BepoRTHO
CTeH M2-nepexonoa Tuna ls 112 - ld 312 a 3epKanbHhiX Rnpax, 
y KOTOpbiX He nocTaeT O,ll;HOH llaCTHIU>I no naiDKnhi MarHIIeCKOrO KO
pa 39 K 

0 
u 39 Ca 

19 
. IIonyt~eHHoe 3Hat~eHue OTHorneHHR npHBe.o;eH-

19 2 20 u u 

HbiX BepORTHOCTeH npOTOHHOrO H HeHTpOHHOrO nepexonoa, paBHOe 
1,29 (32), B npenenax 0IllH6KH COOTBeTCTByeT HX O,D;HOllaCTH'IHOMY 
3HalleHHJO. BMeCTe C TeM Ha6monaeTCR CHnbHOe OTnHliH OTHOilleHHR 
BepORTHOCTeH npOTOHHOrO nepexona B Rnpe 4 ~K 22 , K p KOTOporo 
He RBnReTCR na~hi MarmecKHM, H HJnTpOHHoro nepexona 

a ~~ca 19 - s~.u. (M2)!s:.u. (M2) 0,41 (10). 

IIpuaeneHHhie aepoRTHOCTH M 4-nepexonoa 

B HacToRmee apeMR HaKonneH nocTaTO'IHhiH 3KcnepHMeHTanb
HhiH MaTepuan nnR npoaeneHHR CpaBHeHHR npOTOHHhiX H HeHTpOHHhiX 
nepexonoa THna lh 11 12 - 2d 312 MynbTHnonbHOCTH M 4. HeifTpOH-
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Puco5o OTHocure.nbHble aepoRTHocru 
npoTOHHbiX U HeUTpOHHblX nepeXO· 
oo6 runa M4 (lh 1u 2- 2-d 3 12 ) 

6 He<leTHbiX 11opax npu Z, N = 810 

Hhie nepexo,llbi TaKoro nma 

npoHcxo,llRT B H30TOHax c N = 

= 81, B KOTOpbiX Z H3Me· 

HReTCR OT 50 ,llO 68 / 2 / , a llpO· 

TOHHbiH nepeXO,ll - B R,llpe 
207 'I'l 13 1 3KcnepHMeH 81 126 ° • 

TanbHbie pe3ynbTaTbi noKa3aHbi 

Ha pHC o5 o ,llnH nepeXO,llOB THna 

M4 Ha6mo.uaeTcR 6onbrnoe pac-

xo:>KJJ:eHHe C O,llHO'IaCTHIIHOH 

OQeHKOH npHBe,lleHHbiX OTHO· 

!lleHHH npHBe,lleHHbiX BepOHT· 

HOCTeH ,llTIR H,llep npH Z B6nH-

3H 50 no cprumeHHIO c :nofl Be· 

n~HHOH .unH H,llep B6nH3H Z= 
= 64, npaKTH'IeCKH coana.uaro

mefl c HeHo 

HacKonb KO cymecTBeHHo snHRHHe ,llBIDK,llhi MarHqecKoro Kopa 

Ha npHae.ueHHhre BepoHTHOCTH M4-nepexo.uos s He'leTHbiX H,llpax, 

MO)f(HO 6y.UeT CKa3aTb TOTibKO nocne onpe.ueneHHH npHBe,lleHHOH Be· 

pORTHOCTH n epexo.ua lh 1112 -2d 3 ,' 2 -B(M4) B 131 Sn o 

OpHBe,ll eHHbie sepOHTHOCTH e ·3anpeweHHbiX 

nepexo.u.os B 3epKanbHbiX H,llpax 

OoMHMO y)l(e paccMoTpeHHoro cnyqan M2-nepexo.uoB s 3epKanb· 

HbiX R,llpaX HHTepeCHO TaK)I(e CpaBHHTb npHBe,lleHHbie sepORTHOCTH e · 
3anpemeHHbiX Ml-nepexo.uoB, npoHcXO.UHillHX B 3epKanbHbiX H,llpax, 

HMeiOUlHX 06UlHH 'leTHO·'IeTHbiH OCTOB ± 1 HyKnOHo 0pH 3TOM MO)I(HO 

,llOllYCTHTb, 'ITO ecnH crpyKTypa B036y:>KJJ:eHHbiX COCTOHHHH, Me:>KJJ:y 

KOTOpbiMH H,lleT e ·3anpeweHHbrH nepeXO,ll, H,lleHTH'IHa, a CHRTHe C · 
3anpeTa llpOHCXO,llHT BCne,llCTBHe ,lleHCTBHR O,llHHX H TeX )l(e ¢laKTOpoB, 

TO OTHOWeHHe llpHBe,lleHHbiX sepOHTHOCTeH npOTOIDibiX H HeHTpOH· 

HbiX nepeXO,llOB B 3epKanbHbiX R,llpax ,llOTI)I(HO 6hiTb 6nH3KO K O,llHO· 

'laCT~HbiM OQeHKaMo 113BeCTHble 3KCnepHMeHTanbHbie ,llaHHbie / 4,5 / 

HMeiOTCR Ha p HC o6o Heo6XO,llHMO OTMeTHTb, 'ITO OTHOllleHHR npHBe· 

,lleHHbiX BepORTHOCTeH e -3anpeweHHbiX Ml-nepeXO,llOB B 3epKanb

HbiX R,llpax B npe.uenax OlllH60K COOTBeTCTBYIOT O,llHO'IaCT~HOMy 
3Ha'leHHIO, XOTR TO'IHOCTb onpe.ueneHHR 3THX OTHOllleHHH ewe He,llO-

68 



3 I 

c: - 13Al,2!,2Mg13 
15P141,,Si,s 

~ 

~ 2 -cc L=2 

' a. -~ L :1 

~ r - . cc 1 
T . 
1 

13Al14/ 14Si13 
~~~~~_._._._._.~~----~~~~~! 0 

20 25 30 35 40 

A 
Puc.6 . 0THOCUTertbHble eepORTHOCTU e -3anpeUjeHHbiX npOTOHHbiX u HeurpoHHbiX 

nepexoooe runa M 1 e 3epKQ.flbHbiX ROpax. 

cTaTO'IHO BbiCOKa. HaH6onee 6JIH3KH K o,o;Ho4aCTH4HbiM o ueHKaM oT

HoweHHR B (M1) PI B (M1) n ,nnR nepexo,noa, npoHCXOAR IUHX B 3ep

KaJibHbiX R,npax, HMeiDll.lHX 4eTHo-4eTHbiH Kop + 1 HYKJIOH . HaH60Jib

wHe OTKJlOHeHHR Ha6JIIO,ll;aiOTCR ,ll;JIR R,D;ep; HMeiOll.lHX 4 eTHO-lleTHbiH 

KOp -1 HYKJIOH. 

Heo6xo,o;HMO OTMeTHTb, liTO MarHHTHbie nepexo,nbi THna M1, M2, 
M4 MOryT cny>KHTb caoeo6pa3HbiM 30HAOM, no3BOJIRIOIUHM o6Hapy

>KHBaTb 3aMbiKaHHe o6onolleK H no,no6onolleK B R.o;pax. B !l)KHbiM o6-

CTORTeJibCTBOM, xapaKTepH3YIOIUHM rpaHHI.lbl npHMeHHM OCTH O.IUIO· 

llaCTHliHOH MO,D;eJIH B 06'bRCHeHHH OTHOCHTeJibHbiX BepOR THOCTeH O,ll;· 

HOTHnHbiX OpOTOHHbiX H HeHTpOHHbiX MarHHTHbiX nepeXO,ll;OB, RBJIReT· 

CR yCTaHOBJieHHe <t>aKTa COOTBeTCTBHR O.IUIOllaCTH'IHOM Y npe,neny 

OTHOWeHHH aepORTHOCTeH npOTOHHbiX H HeHTpOHHbiX nepeXO,ll;OB 

R,nep, HMeiOll.lHX lleTHO·lleTHbiH MarHllecKHH KOp ± 1 HYKJIOH. 3TO 03· 

HallaeT, liTO :meKTpOMarHHTHbiH nepexo,n B HetleTHOM R,D;p e C ,ll;B!l)K,ll;bl 
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MarnqeCKHM KOpOM 3KBHBaJieHTeH B HeKOTOpOM DpH6JIHJKeHHH 
::meKTpOMarHHTHOMY nepeXOAY OAHHO'IHOrO HYKJIOHa. 

llpeACTaBJIHeT 60JibUIOH HHTepec pacUinpeHHe CHCTeMaTHKH OT
HOCHTeJibHbiX sepOHTHOCTeH OAHOTHnHbiX npOTOHHbiX H HeHTpOHHblX 
nepeXOAOB B He'leTHbiX HApax, HMeiOlll;HX ABa)f(Abl MarU'IeCKHH Kop 
±1, ±3 HYKJioHa, 'ITO MOJKeT cnoco6cTBOBaTb onpeAeJieHniO 30H Aeii
CTBHH Marn'leCKHX 'IHCeJI, nporH03HpOBaTb sepOHTHOCTH CBH3aHHbiX 
npOTOHHbiX H HeHTpOHHbiX nepeXOAOB B pa3JIH'IHbiX OKOJIOMarnqec
KHX HApax. A HaJIH3 OTHOCHTeJibHbiX sepOHTHOCTeH MarHHTHbiX nepe
XOAOB B OKOJIOMarH'IeCKHX HApax HMeeT HenocpeACTBeHHyiO CBH3b 
C npo6rreMOH HAepHOrO MarHeTH3Ma H DOJIHpH3aQHH HAepHoro Be
rn;eCTBa. 
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