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THE OBSERVATION OF A STABLE DIBARYON 

B.A.Shahbazian, V.A.Sashin, A.O.Kechechyan*, A.S.Martynov 

We have succeeded in observing a V0 -particle which is unambigu
ously interpreted as a weak decay of the stable dibaryon H .... p +I-;
I--> n + TT- . Its mass is MH= (2218 ± 12) MeV/c 2 with a stan
dard deviation S = 12 MeV/c2 and theerrorofthemean a=2 .8 MeV/c2. 

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

06Hapy)KeHHe CTa6HJibHOrO ,D;H6apHOHa 

o.A.UJax6a3HH H iJ.p. 

Mbl 06Hap}')KHJIH V0 ·'13CllfUY, KOTOpaH OiJ,H03Ha'IHO HHTepnpeTHpy
eTCH KaK cna6biH pacnan cra6Hn6Horo iJ,H6apHOHa H .. p + I - , 
I- .... n + rr- . Ero Macca M H = (2218 ± 12) M3B/~ 2npH craH,IJ;aP.T· 
HOM OTKnOHeHHH S = 12,0 M3B/c2 H norpelllliOCTH CpeiJ,Hero a= 

= 2,8 M3B/c 2. 
Pa6ora BblllOnHeHa B na6oparopHH Bb!COKHX :mepmii 011JUI. 

We have reported in 111 on the observation of a candidate for the 
stable H-dibaryon. Let us briefly remind the main results which are im
portant later on. 

We have detected a fast (8 GeV/c) V0-particle emitted from a two
prong star produced in the 10 GeV/c proton - 12 C collision (Fig. 8 
in 1 11). A one-vertex 2C-fit of the H -> p + I-weak decay hypothesis 
to the event led to M H = (2173.94 ± 13.10) MeV fc 2 at )( ~ = 0.1432, 
C.L. = 93.10%. The hypotheses of all other two- and three-body decays 
of the V0 -particle were reliably rejected. The measured invariant mass of 
the V0 for the H-hypothesis is (2172.82 ± 15.47) MeV jc 2. The expec
ted I--. n + rr- weak decay was not detected, the probability of surviv
ing the I--hyperon at 5 GeV jc on its track length of 40 em being equal 
to 11.36%. A two-vertex 3C-fit of the hypothesis p + d -> H + p+K++K~ 
where d is a deuteron-mass intranuclear dibaryon cluster and K0 is un
seen either because it suffers K s .... TT 

0 + TT
0 decay or K 0 = K~ led to 

* Yerevan Physics Institute, Yerevan, Armenia 
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Weak decay of the stable H-dibaryon H -+ p + t"'; I--+ n + rr- detected in the 
JINR 2m propane bubble chamber. 

MH= (217 4.60 ± 13.10) MeV fc 2 at )( ~ =2.82, C.L. = 42.0%. The time of 
flight is r =0.668 ·10-10s. 

In october, 1988 we found a second candidate for the H-dibaryon 
suffering a weak decay. A 10 GeV/c beam proton produces a six-prong 
star and a V0 -particle decaying into a slow proton which stops in propane 
after rescattering and a faster negative short grey kinked track(see the Figu
re). The ionization of·this particle cannot be properly measured because 
of small track length (2 em). A visual comparison of its blackness with 
that of the nearby passing beam proton track indicates that its ioniza
tion is perhaps 1.8-2.0 of the minimum ionization. And the track after 
the kink certainly belongs to a rr--meson, because the measured rela
tive ionization is 1.02 ± 0 .25 againts 2.10 for a K- of the same mo
mentum. 

Hypotheses of combinations of sequences of two-body decays, 
rescattering on neutron or 12C -nucleus as well as conversi~n reactions 
able to imitate the observed event (Table 1) were tried .. For this purpose 
two-vertex (the first - the V0 -vertex, the second -the kink) 3Ckine
matical fits were performed (Table 1 ). Here we have five unmeasured 
parameters: momenta of the V0 -particle and of the negative grey-track 
particle, momenta, dip and azimuthal angles of neutrals emitted from 
the second vertex . As usual, hypotheses of a confidence level less than 
1% were rejected. Thus, the hypotheses of all reactions given in Table 1 
had to be rejected. The lines 9 and 10 refer to the weak decay hypothe-
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Table 1. Results of the kinematical two-vertex. 3C-fits of the imitating 
reactions to the observed event. )( ~ is averaged over eighteen measure
ments. n - is for the neutron 

No Imitating reactions 

1. A .... p+IT-, IT-+0-+IT +n 
2. IT-+ l2(J -+ IT- + 12C 
3. E 0 -tp +IT-; IT-+ n .... IT-+ n 
4. IT-+ 12 c .... IT-+ 12c 

5. K o + n ... p + K -, K- .... IJ.- + v 

6. K- .... TT-+IT 0 

7. K-+n .... ll+rr 
8. K- + n ... !. 0 + rr+ 

9. A 0 (2470.70) ... p + E-, E- .... II+ IT-

10. A0 (2366.20)-+ p + ::. , =--+ II + TT-
11. A+n .... p+!.-, 

874.0 
869.39 

83.93 
86.54 

595.28 
610 .31 
611.79 
606.00 

53.60 
18.45 
11.53 

C.L.,% 

0.039 
0.82 

ses of the neutral component of the strangeness S = -3 dibaryon (let us 
name it A(A 0 , A-)-dibaryon) at two values 2366 .20 and 2470.70 which 
follow from the two quark-models considered in 

12 1
.(M AI =M n _+ Mp -Ear 

<Eay> = 244.5 MeV/c 2, E82 ~140 MeV/c 2). 
One cannot exclude the imitation of the event by the reaction se

quence n +n ... p +17- +n, 11- + n .... rr-+n or rr-+ 12C ... IT-+ 12c. 
But profitting by the one-pion exchange model of the charge-conjugated 
reaction p + p ... n + p + IT+ developed in 13 •41 and by the mathemati
cal program for the calculation of its differential cross sect ion density 
d 5a / (dp pdOpdO 17-) for coplanar geometry 1 5 ' , we were ble to con
clude that the expected number of imitating events was 2 ·10 -& on 
lOOK photographs. 

Then we have tried the hypotheses of two possible exotic weak de
cay modes of the observed V0 (Table 2) with unknown mas es. Now we 
have six unmeasured parameters with the unknown V"- particle mass. 
Therefore, two-vertex 2C-fits were performed at this time. Only the hy
potheses of H .... p + ~-; !. - ... n + 11- turned out to be significant. The fit
ted mass averaged over eighteen measurements is MH= (2218 ± 12) MeV /c2 

with a standard deviation S = 12.0 MeV fc 2 and the error o f the mean 
a = 2.8 MeV/c 2. 

The measured and fitted parameters are given in Table 3. Note, 
that the relative ionization of a 875 MeV/c !.--hyperon is I / 10 =2.0. 
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Table 2. Results of the kine11Ultical two-vertex. 2C-fits of the · exotic 
two-body weak decays to the observed event. )( ~is averaged over eigh
teen measurements 

Two-body exotic decays )(2 
2 

C.L.,% 

H ... p + :£-, :£- ... n + rr-
A0->P + s-, s- ... ll+rr-

0.7346 
14.18 

69.43 
0.059 

For completeness the analysis was repeated associating the V0-par
ticle with two nearest stars: the first one, three-prong event, is 3 em 
distant from vertex of the V0 -particle and is due to one of the secon
daries of the six-prong star as clearly seen in the Figure. The other star is 
17 em remote from the V0 -vertex and is not shown in the Figure. 
In both cases the fits were unsuccessful, first of all, because of a strong 
noncoplanarity of the star vertices to the V0 -decay plane. Thus, the 
V0 -particle should be associated only with the six-prong star which is 

10 em distant from it. The time of flight is r = 1.37 · 10 -tq,_ 
We have failed to fit the observed six-prong star and the V0-partic

le by any exclusive reaction channel either in pp or in pd interactions. 
(Note that the total electric charge of the star is Q = +2. As above, 
d is a dibaryon sub nuclear deuteron-mass substructure). 

Thus, the analysis shows that the observed event has to be inter
preted as t he observation of a weak decay of the stable dibaryon H ... p + :£
this time with the detected subsequent :£-... n + rr-. The masses of the 
fast 111 and this event are within 2.2 errors. One cannot exclude that 
these are two different objects. But if we have observed one and the same· 
particle of different momenta, its average mass is MH= (2197± 9) MeV/c~ 

In any case the obtained mass MH does not contradict the predic
tions 16, 7, 8 ,9,10/ . 

The estimate of the H-production effective cross section remains to 
be - 40 nb per 12c nucleus 111. 

New estimates of the MH exceed the M Aprr-threshold. Therefore, we 
are also searching for the H-decay via a supplementary weak decay mode 
H ... A+p+rr-. 

The authors express their deep gratitute to E.G.Bubelevand V.A.Be
lyakov for helpful discussions, to V.K.Suslenko for a useful discussion 
on the possible imitating reaction nn ... p rr-n. We are especially indebted 
to I.I.Haisak who has amiably computed the five-time differential cross 
section density of this reaction. 
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KJIACTEPM3AI.UUI B llPOUECCAX 
MHO)f(ECTBEHHOro PO)f(nEHI1H qACTI1U HA ~InPAX 
I1 EE CBH3b C KYMY JIHTMBHbiM 
OBPA30BAHMEM AnPOHOB 

H.AHrenoa, B.B.JI106HMOB, P.Toroo 

Pa3pa6oraHa MeTOilHKa Bbi)leJieHHll KJiacrepoB , o6pa3yiOIUHXCll 
B HeynpyrHX HAepHbiX CTOJIKHOBeHHliX. .llJIH JToro HCllOJibJOBaHO 
npocrpaHCTBO HOpMHpOBaHHbiX K OAHHaKOBOH Macce OTHOCHTeJi bHbiX 
4-cKopocreii . no JTOH MeTOAHKe nposeneH aHamn aupoH·liAe pHbiX 
(npH 4,2, 10 H 40 fJB/c H HApO·liAepHbiX BJaHMOJleHCTBHH (npH 
4,2 fJ8/c Ha HYKJIOH), o6Hapy?KeHHbiX Ha CHHMKaX C 2-MeTpOBOH 
nponaHOBOH KaMep&I. 0KaJanoc&, 'ITO '!epe3 KJiacrep&I o6paJyercH 
JHa'IHTeJI&Hall llOJlll BIOpH'!HbiX '!aCTHU (npOIOHOB H llHOHOB), BKJIIO· 
'!all KYMYJIHTHBH&Ie. ~nacrepbi o6nana10r yHHBepcan&HbiMH cnoiicr· 
BaMH KaK no XapaKrepHCTHKaM pmKAeHHll, TaK H ,pacnana, H C!"ll· 
JaHHbiMH npH JTOM c npHcyrcrnHeM B HHX KYMYJIHTHBHbiX anpoHoB. 

Pa6ora s&monHeHa B Jla6oparopHH BbiCOKHX JHeprHH H~HI. 

Clusterization in Processes of Multiple Particle 
Production by Nuclei and Its Connection with Cumulative 
Creation of Hadrons 

N.Angelov. V.B.Lyubimov. R.Togoo 

The methods of selection of clusters produced in inelastic nuclear 
collisions have been worked out . The space of normalized to the same 
mass relative 4·velocities is used for this purpose. The analysis of had· 
ron -nucleus (at 4.2, 10 and 40 GeV/c) and nucleus-nucleus coll isions 
(at 4.2 GeV /c per nucleon) found in pictures from the 2 m propane 
bubble chamber was made using these methods . It is found that clus
ters help to produce a considerable part of secondary particles (pro
tons and pions) including cumulative ones. Clusters have universal 
properties both on production and on decay characterictics i depen· 
dent of the presence of cumulative hadrons. 

The investigation has been performed at the Laboratory f High 
Energies , JINR. 
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Bae,IJ, e Hue 

Bonpoc o KnacTepu3ar.um BTOpHtiHhiX t~aCTHI.\, o6pa3yromuxcH 

B HeynpyrHX CTOnKHOBeHHHX H,!I,ep npH penHTHBHCTCKHX 3HeprHHX, 

HBnHeTCH npHH[\HnHanhHhiM ,IJ,nH nOHHMaHHH MHO:>KeCTBeHHOrO po)K,!J,e

HHH a,IJ,pOHOD B o6pa30BaHHH npH 3TOM KyMynHTHBHhiX tiaCTHI.\o llo-

3TOMY OtieHh Ba:>KHO HaHTH 3KCnepHMeHTanhHhie B03MO:>KHOCTH 06Ha

py:>KeHHH cpaK Ta o6pa30BaHHH KnaCTepOB H HX aHanH3ao llepcneKTHB

HhiM OKa3anCH nO,IJ,XO,IJ,, OCHOBaHHhiH Ha H3ytieHHH oco6eHHOCTeH H,!I,ep

HhiX CTOnKHOBeHHH B npOCTpaHCTBe OTHOCHTenbHhiX 4-CKOpOCTeH HnH 
2 

nepeMeHHhiX b ik = - ( U i- Uk. ) , r,IJ,e U = p /m - 4-CKOpOCTb paCCMaT-

pHBaeMOH 'la CTH[\hi ( P - 4-HMnynbC tiaCTH[\hi, m - ee Macca) o C HC

nonb30BaHHe M 3THX nepeMeHHhiX nonyt~eH pH,!I, pe3ynbTaToB no Knac

TepaM li CTp yHM BTO?li'IHhiX a,!I,pOHOB, o6pa3yJOmHMCH B H,!I,epHhi:C 

CTonKHoaeHHHX / l- 5 
0 MeTO,IJ,HKa Bhi,IJ,eneHHH KnacTepoa H CTpyif 

B 3TOM nO,IJ,X O,IJ,e cymecTBeHHO CBH3aHa C Heo6XO,IJ,HMOCThiO pa6oTaTb 

C 'laCTH[\aMH O,!J,HHaKOBOH MaCChi, 'ITO 3HatiHTenbHO OrpaHH'IHBaeT ee 

B03MO:>KHOCTH / G/0 

B HaCTo Hmeif pa6oTe aonpoc o Bhi6ope npocTpaHCTBa, Han6onee 

Y,IJ,06Horo ,IJ,n H o6Hapy:>KeHHH KnaCTepH3a[\lili BTOpH'IHhiX tiaCTH[\, o6-

pa3yJOmHXCH B HeynpyrHX H,!I,epHhiX CTOnKHOBeHHHX, 6hm HCCne,IJ,O

BaH cne[\HanbHOo Han6onee no,IJ,XO,IJ,HmHM ,IJ,nH 3THX [\eneif oKa3anocb 

npOCTpaHCTB O nepeMeHHhiX b ik, HOpMHpOBaHHhiX Ha O,!J,HHaKOBYJO 

Macey nnn nepeMeHHhi.X bjk=(m1 mklm5)b1k, r,IJ,e m0 - e,IJ,HHHI.\a 

aToMHOH -MaCChi. Bae,l\eHne 3TOH nepeMeHHOH MeHHeT, aoo6me rosa

pH, MeTpHKY npOCTpaHCTBa OTHOCHTenbHhi.X 4-CKOpOCTeH ( b ik ) li 

,IJ,aeT B03MO:>KHOCTb Bhi,IJ,enHTb KnaCTephi C tiaCTH[\aMH pa3HOH MaCChi, 

'ITO B KOHe'IHOM C'leTe OTKphiBaeT nepcneKTHBY H3ytieHHH KnaCTepH-

3a[\HH BCeX BTOplitiHhiX tiaCTH[\ (6e30THOCHTenbHO K HX MaccaM *), 
o6pa3yJOmHX CH B HeynpyrHX H,!I,epHhiX CTOnKHOBeHHHXo 

Cne[\HanbHO OTMeTHM, 'ITO npocTpaHCTBO nepeMeHHhiX b tk nc

nonb30Banoc b TOnbKO ,IJ,nH Bhi,IJ,eneHHH KnacTepoa, H3yt~eHne KOTO

phiX npOH3B O,IJ,HnOCb B pa3HhiX nepeMeHHhiX, B TOM 'IHCne li B nepe

MeHHhiX OTHOCHTenbHhiX 4-CKOpOCTeHo BhiHCHHnOCh, B tiaCTHOCTH, 'ITO 

nonyt~aromnecH npn 3TOM pe3ynhTaTJ?I BKnJOtiaJOT B ce6H ,IJ,aHHhie no 

KnaCTepH3a[\Hli BTOpli'IHhiX npOTOHOB, Bhi,IJ,eneHHhiX li npoaHanH3H

pOBaHHhiX C nOMOmbJO npOCTpaHCTBa nepeMeHHhiX bik B pa6oTe / 51
0 

* KpoMe CllY'IaJI 8TOpU'1HbiX 'laCTU/.4 c Hylle80U Maccoii, KOTOpbiU rpe6y

er cnequMbH02o nooxooa. 
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MeTOAHKa 3KcnepHMeHTa 

B KatJeCTBe OCHOBbl ,IJ,Jl.H aHaJIH3a HCnOJib30BaJIC.H Hafiop 3KCnepH

MeHTaJibHblX ,D,aHHblX no HeynpyrHM pC- H 1T -C.B3aHMO,D,eHCTBH.HM npH 

pp =10 r3B/c H Prr-=40 r3B/c, noJiytJeHHbiH c noMom biO 2-MeTpO

BOH nponaHosoli KaMepbi Jla6opaTopHH BbiCOKHX 3HeprHH OIUU1 
(8308 H 8791 co6hiTHH COOTBeTCTBeHHO) . 4aCTb C06biTHH no pC-B3aH

MO,D,eHCTBH.HM (5268 C06biTHH) noJiytJeHa B pe3yJibTaTe c neu;HaJibHOrO 

OTfiopa CTOJIKHOBeHHH, COnpOBO:JK,ZJ;aiOmHXC.H HcnycKaHHeM B HHTep

BaJI yrnos (}?.. 135° npoTOHOB c HMnymcoM PP > 380 M3B/c H rr:!;. 

Me30HOB c HMnyJibCOM P 17 ?.. 200 M3B/c. Oo,D,po6HOCTH o T6opa H o6-

pa6oTKH co6biTHH onHcaHhi B / 7- 9 '. C u;eJibiO cneu;HaJibHoro aHaJIH3a 

Ha yKa3aHHOM MaTepHane BhiAeJIHJiacb rpynna Me30HHbiX KYMYJIH

THBHhiX pC- H rr-C-B3aHMO,D,eHCTBHH (MKB), conpoBO:JK,ZJ;aiOmHXC.H 

HcnycKaHHeM XOTH 6hi o,D,Horo rr-Me3oHa co 3HatJeHHeM KYMYJIHTHB

Horo tJHCJia ' 101 x 71 > 0,6. Cpe,D,H ocTaJibHbiX co6hiTHH oT6HpanHCb 

npoTOHHhie KYMYJIHTHBHbie B3aHMO,D,eHcTBHH (OKB), c o npoBO)f(,D,aiO

mHec.H HCnyCKaHHeM XOT.H fihi O,D,Horo npOTOHa C Xp >1,4 . 

PH.D. pe3yJibTaToB nonytJeH c HCITOJib30BaHHeM AaHHbiX no pC-; 

dC -, aC- H CC.B3aHMO,D,eHCTBH.HM npH 4,2 r3B/c Ha HYKJI(>H ( 5300, 

6690, 5922 H 7968 COfibiTHH COOTBeTCTBeHHO)~ 
Bbi,D,eJieHHe KJiacTepos B npocTpaHCTBe nepeMeHHbiX b lk npoH3-

BOAHJIOCb ,IJ,JI.H C06biTHH C 'lHCJIOM BTOpH'lHbiX 'laCTHU n ~4 . }J.JI.H 3TOrO 

HCnOJib30BaJiaCb MeTO,IJ,HKa "MHHHMaJibHO-pa3BeTBJieHHOrO ,D,epesa" 

(MP}J.), B KOTOpOH n 'laCTHU CB.H3biBalOTC.H n -1 3JieMeHTaMH "AJIH

Hbl" B npOCTpaHCTBe bjk TaK, 'lTOfihi HX CYMMapHa.H ,IJ,JIHHa fihiJia MH

HHMaJibHOH. floJiy'laiOmHeC.H npH 3TOM KOHqmrypau;HH ,D,JI.H C06biTHH 

c n?.. 4 npHBe,D,eHbi Ha pHc. 1 (KaK npHMep). B nepsoM n pH6JIH)f(eHHH 

KJiaCTepaMH C'lHTaJIHCb pa3BeTBJieHH.H, COCTO.Hmlfe He M eHee tJeM H3 

Tpex tJaCTHI.J;. 3aTeM HCnOJib30BaJiaCb HTepau;HOHHa.H pou;e,D,ypa, B 

KOTOpOH npOH3BO,D,HJIOCb cpaBHeHHe OTHOllleHH.H TJ k = b ~ / < b~> , Bbi

'lHCJieHHOrO ,D,JI.H Ka:JK,ZJ;OH K-H tJaCTHI.J;bi KJiaCTepa, C rpaHH'lHbiM 3HatJe

HHeM 11rf[ 3,D,ecb bk - paCCTO.HHHe K-H tJaCTlfUbl OT u;eHTpa KJiaCTepa, 

< bk > - cpe,D,Hee 3HatJeHHe 3THX paCCTO.HHHH. }J.JI.H Tlrp HCnOJib30BaHO 

3HatJeHHe 11rp =2,5, noJiytJeHHOe B pe3yJibTaTe aHaJIH3a OTHOllleHHH 

( b~) rna/ < b~>. ((bk ) max - HaH60Jiblllee paccTO.HHHe Me:JK,ZJ;y ABYMH tJa

CTHUaMH KJiaCTepa). lJaCTHI.J;bl C TJk > 2,5 HCKJIIO'laJIHCb H3 KJiaCTepa, a 

"CBOfiO,D,Hbie" tJaCTHI.J;bl C 71 k < 2,5 BKJIIO'laJIHCb B COCTaB KJiaCTepa 

* Meroou~tecKue noopo6Hocru or6opa Jrux co6bzruu uMewrcR s pa6o
rax 111,12/ 
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Puc. 1. OouH U3 B03MOJICH&IX eapuaHroe "MuHu

Marz&no-pa3eerefleHHozo OepeBa" 0/ll! 4·, 5•, 6•, 7· 
U 8-llyrteBblX co6&1TUU. 

Puc. 2. Pacnpeoe.tlenue Kflacrepoe no 6&zcrporaM. 

U3 pC- B3auM.ooeucreuu npu 10 T3B/ c ( rortKu) . 

rucrozpaM.Ma - pe3yfl&rar&z no co6&1TURM, pac

crturaHH&IM no KaCKaOHOU MOOe./IU ( HOpM.upoe

Ka pacnpeoe.tleHUU no nepBOMy MOKCUMYMY) . 

o,• 

l 

l ..... ,. .. 
z L ... 
z I 
..._ 

OJ . . 
· \ .... 0 ·~ 1 '·' z •• 

':/ , . 

(nepBaH HTep aUHR) . B o6pa30BaBllleMCH HOBOM KJiaCTepe Onf!Th Bbi-

4HCJIHJIHCb 3 Ha4eHHfl 7)k AJIH BCeX 4aCTHU KJiaCTepa, H onepaUHH HC

KJ1104eHHfl H B KJ1104eHHH 4aCTHU B KJiaCTep nOBTOpHJiaCh H T.A . J.-fTepa

UHOHHbiH npo uecc 3aKaH4HBaJICH, Kor.n;a B pe3ynhTaTe nocne.n:ywmHx 

npo6 COCT~B K JlaCTepa !1POAOmKaJI OCTaBaThCH HeH3MeHHbiM . ,llJIH KOH

qmrypaUHH THna "ueno4Ka" , T.e. KoliqmrypaUHH 6e3 pa3 BeTBJ1eHHH 

( CM. pHC. 1) HTepaUHOHHbiH npouecc BKJII04aJICH nocne "pa3pe3aHHH" 

ueno4KH Ha y4aCTKe, COOTBeTCTBYIOI.l{eM MaKCHMaJlbHOMY paCCTOH

HHIO Me)f(.U.y A BYMH 4aCTHUaMH . 

KaK noKa3an 6biCTpOTHhiH aHaJIH3 nony4aJOmHXCH npH 3TOM 

KJiaCTepOB, 4aCTb 113 HHX CBH3aHa C o6pa30BaHHeM 4aCTHU B 

pe3yJihTaTe B HyTpHRAepHbiX nepepacceHHHH . 3TO BHAHO 113 pHC . 2, 
r.n;e, AJIH -npHMepa, npHse.n;eHbi pacnpe.n;eneHHH no 6biCTpoTaM KnacTe

poB 113 pC -B3 aHMOAeHCTBHH npH 10 f3B/c H . COOTBeTCTBYIOIUHe pac

npe.n;eneHHH K nacTepos, BhiAeneHHhiX H3 Ha6opa co6biTHH, pacc4HTaH

HhiX no KaCK aAHOH MOAeJIH ' l 3 ' . 3KcnepHMeHTaJihHhie pacnpe.n;ene

HHR HMeiOT A Ba MaKCHMyMa, npH4eM nepBbiH 113 HHX (B o6JlaCTH 

Y < 0,5) MO)f(HO L{eJIHKOM Ofi'bRCHHTb KaCKaAHbiM MeXaHH3MOM. Do-

3TOMY B H a C fO HI.l{e H pa6oTe paCCMaTpHBaJIHCJ, KJiaCTepbl 113 06JlaCTH 

6bJCTpOT C Y >0 ,5, a K JiaCTepbl H3 06JiaCTH "KJiaCTe pH3al{HH" no KaC

K a AHO M Y M e X a HH3 MY (c Y <0,5) HCOOJih30BaJIHCh, B OCH OBHOM, AJIH 

cpaBHeHHH . 
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<l>ai<T KJiaeTepH3aiUfH qaeTH~ npH aHaTIH3e eo6hiTHH OllHeaHHhiM 

Bhiiiie enoeo60M llO,li;TBep:lK,ll;aeTeH, B 'laeTHOeTH, eOOTHOIIIeHHHMH 

Me)f(,n;y KHHeTH'IeeKHMH 3HeprHHMH ( T k) qaeTH~ B KJiaeTepax ( B eH

eTeMe noKOH KnaeTepa) u KHHeTH'IeeKHMH 3HeprHHMH ( T 8) qaeTH~ 

B 3TOH )f(e eHeTeMe, HO He BOIIIe,li;IIIHX B KJiaeTep ("eso6o,n;Hbie" 'la

eTH~bl) . 3ToT aHaJIH3 6hm npose,n;eH ,n;nR eosoKynHoeTH AC -B3aHMO

,n;eifeTBHH (A : d,a, C) npu 4,2r3B/e Ha HyKnoH. T aK, ,n;nR epe,n;

Hero 3HatieHHH OTHOIIIeHHH x 1 =Tk/T8 nonytieHo 3Ha'leHue Xt =0,233± 

± 0,001. EenH B MHOrOKJiaeTepHhiX eHeTeMaX K "eso6o,n;HhiM" 'laeTH

~aM OTHeeTH 'laeTH~hl O,li;HOrO KJiaeTepa H paeeMaTpHBaTb HX no OTHO· 

IIIeHHIO K ,n;pyroMy KnaeTepy, TO nony'IHM x2 = 0 ,166 ± 0,001. TaKHM 

o6pa30M, BeJIH'IHHa X, KOTOpaH B ,n;aHHOM enyqae xapaKTepH3yeT eTe

neHb KnaeTepH3~HH BTOpH'IHhiX 'laeTH~ no HX KHHeTH'IeeKHM 3HeprH

HM, OKa3hJBaeTeH 3Ha'IHTeJibHO MeHbllle e,n;HHH~hl. 

06mHe xapaKTepHeTHKH KJiaeTep B 

B pe3ynhTaTe uenonh30BaHHH H3JIO)f(eHHOH Bhiiiie npo~e,n;yphi Bbi

,n;eneHHH KJiaeTepOB OKa3aJIOeb, 'ITO B 41,2% pC ·B3UHMO,ll;eHeTBHH 

(Pp· =10 r3B/e) H 69,6% 77-C-B3aHMO,n;eHeTBHH (P - = 40 r3B/e) 
. 1T 

npoHeXO,li;HT o6pa30BaHHe KJiaeTepOB, eoeTOHIUHX H3 npOTOHOB H 1T • 

Me30HOB. B pC -eTOJIKHOBeHHHX npH pp ~ 4 ,2 r3B/e KJiaeTepH3a~HH 

npoHeXO,li;HT B 22,9% enyqaeB, T.e . HafiniD,n;aeTeH poeT e nepBH'IHOH 

3HeprHeH ee'leHHH B3aHMO,ll;eHeTBHH C o6pa30BaHHeM KJI eTepoB . )lonR 
BTOpH'IHbiX tiaeTH~, eBH3aHHaH e paena,n;OM o6pa30BaBIIIHXeH B eTOJIK· 

HOBeHHHX KnaeTepoB , paCTeT B o6naeTH 3HeprHH 4 .:.. 10 r3B, a 3aTeM, 

no-BH,li;HMOMy, OeTaeTeH noeTOHHHOH (Ta6n . 1) . lJepe3 KnaeTepbi o6-

pa3yeTeH 3Ha'IHTeJihHaH ,n;onR KYMYJIHTHBHhiX a,n;poHoB. Oeo6eHHO no

Ka3aTenhHhi B 3TOM eMhiene pe3ynhTaTbi ,n;nR KYMYJIHTHBHbiX nHOHOB, 

KOTOphie B 6onhiiieH CTeneHH rpynnHpyiDTeH B KnaeTepax e Y > 0,5, 

tieM KyMynHTHBHbJe npoTOHbi. 

Ha III Kane nepeMeHHbiX x
5

, r,n;e x 8 - ,n;onR 4-uMnynhea HaneTa

IOI..Uero H,n;pa H H,n;pa MHIIIeHH, YHOeHMaH KJiaeTepOM, qaeTb Bbl,n;eneH

HhiX KnaeTepoB paenonaraeTeH B o6naeTHx, eBH3aHHhiX e <f>parMeHTa

~HeH CTaJIKHBaiOIUHXeH H,n;ep, HO OeHOBHaH ,li;OJIH KnaeTepOB HaXO,li;HT· 

eR B ~eHTpanbHOH o6naeTH. 3TO BH,li;HO H3 pHe. 3, r,n;e B KatieeTBe npH· 

Mepa npHBe,n;eH ,n;ByMepHbiH rpa<f>HK MH KJiaeTepoB H3 17-GB3aHMO· 

,n;eHeTBHH. 

PoeT e 3Heprueif ee'leHHH B3aHMo,n;eiieTBHH e o6pa3oBaHHeM 

KnaeTepOB o6yenOBJieH, B OeHOBHOM, yBeJIH'IeHHeM ,li;OJIH eTOJIKHOBe

HHH, eonpoBO)f(Jl;aJOIUHXeH <f>opMHpoBaHHeM MHoroKJiaeTepHhiX en-
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Ta611U14a 1. J(onR eropu'lHb!X 'laCTUij, C6R30HHb!X c KnacrepaMu, % 

Tun B3aUMO
.neH:cTBHH 

Bee aToputiHhie 
a,npOHbl 
KyMyJIHT. " :t 

KyMyJIHT. p 

pC ( 4,2 r3B/c) 

29,8 ± 0,9 
24,4 ± 1,2 

9,0 ± 0,5 

pC (10 r3B/c) rr-C (40r3B/c) 

58,9 ± 1,7 
43,2 ± 2,1 
24,2 ± 1,2 

53,8 ± 1,6 
32,4 ±1,6 
18,6 ± 0,9 

CTeM. 3TO Bh,nHO U3 pUC. 4, Ha KOTOpOM nOKa3aHbl HOpMUpOBaHHbie 

pacnpe.neneHHH eo6biTUH ( W =a ( N k) I a in ) no qucny o6pa30BaBlllUX
cH B HHX KJiaCTepOB (Nk) . 3,neCb a(Nk)- cetieHUe B3aHMO,neHCTBHH C 
o6pa30BaHUeM Nk -KJiacTepoa, a1n - nonHoe Heynpyroe cet~eHue . 

Pe3yiibTaTbi no MHOJKeCTBeHHOCTH pa3IIHtiHbiX t~aCTHU a KJiacTe
pax (npoTOHbi, rr-Me30Hbi, KYMYIIHTUBHbie a.npoHbi) ,naHbi Ha puc. 5 
B BH,ne 3aBUCUMOCTH HX cpe,nHHX 3HatieHHH OT 6biCTpOTbl KJiaCTepa B 
JICK c .neneHHeM pC- H "-C-B3aHMo,neHCTBHH Ha MKB H n~B. B TOM 
qucne H ,nnH co6biTHH c pa3HbiM tiHCJIOM KnacTepoa. BH.nHO, 'ITO cpe.n
HHe MHOJKeCTBeHHOCTH pa3JIH'IHbiX tiaCTUU B KJiaCTepax npaKTHtieCKH 
He 3aBHCHT OT THna B3aHMO,neHCTBHH (MKB, llKB). 

XM 

~iiD-~ o,< .· ....---.._,_'---- . 
o;. •. ·. ' ·.. . ,. ' 

~~. ·~ .. 0~ ·" - - - 0,:, q, op 
. 0.1 X"'"' "' 

Puc. 3. Pacnpeoe.neHue Knacrepoe u3 

rr-C-e3au.Mooeiicreuii npu P -= 
. " = 40 F'JB/c Ha utKMe nepe.MeHHblX 

X
8

H U X 8 M (00/IJI 4-u.MnyllbC06 

HQ/leTQIO!J.4et!O ROpa U ROpa MUuteHU, 

YHOCU.MaR KIIQCTepO.M). 

Puc. 4. Hop.MupoeaHHble pacnpeoe

n eHUR C06blTUU no 'lUCily o6pa30-

606utUXCR 6 HUX K/IQCTep06. 
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Puc. 5. 3a6UCUMOCTb cpeOHUX MHOJICeCT6eHHOCTeU npOTOH06, TT --Me30HOB, a TQK

JICe KYMYIIRTU6HbiX nporoHoe u nuoHoe or 6&zcrpor&z Kllacrepoe. 

Puc. 6. Pacnpeoe.neHue nap Kllacre- 10° 

poe U3 MHOZOK/IQCTepHblX CUCTeM -· (N k 2:. 2) no paCCTOJIHUJIM Me:JICOY 
10 

HUMU ( b'a$) 6 npocrpaHCT6e OTHO- .. 
10 

CUTeJibHbiX 4-cKopocreu ( o6o3Ha- .... 
'leHUR no puc. 4). .610° 

<I ....... 
z 16' 
<I 

Ha puc. 6 noKa3aHo pac- z 10 
npe.n:eneHHe nap KnacTepoa ( a ..._ 
H $) no paCCTOHHHHM Me)l{,ll;y 

2 
HHMH bafj--(Ua- U $) B 

npOCTpaHCTBe OTHOCHTeJihHbiX 

4-cKopocTeH ( ua, {3- 4-cKo

poCTH KJiacTepoa, KaK uenLIX). 

J1cnOJib30BaHbl npH 3TOM C0-

6biTHH C 'IHCJIOM KJiaCTepOB 

Nk 2:. 2. 3TH pacnpe.n:eneHHH B 

o6nacTH ba$ > <ba$ > onHChi-

10
1 

·• 10 

10
1 

-· 10 
1 

.. .. .. 

• 

10 6"'~ 

. m 
BaJOTCH cTeneHHOH 3aBHCHMOCThiO au.n:a dN I dba$ = A I ( ba$) c o.n:u-

HaKOBhiM .n;JIH BCeX paCCMOTpeHHhiX B3aHMO,n:eHCTBHH napaMeTpOM 

m ::::3,5. YHHBepcanhHhie caoucraa paccTOHHHH Me:>K.n:y KJiacTepaMH 
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2. 

1 1 Puc. 7. 3aaucuMoc.r& cpeoHux 3Ha'le-

HUU paCCTOJIHUU ( ba{3) MeJICOY K.IJQC-

repaMu 6 MHOi!OK.nacrepHb!X eucre-

• + J Max or 'IUC.na K.nacrepoa ( N k) 0./JJI 
pC-; dC -, a C -u CC-a3aUMooeucrauu 

npu 4,2 F3B/c Ha HYK.IlOH u pC- u 

"-c-a3aUMooeucmuu npu PP = 

• • J = 10 F>B/< u P • --40 r,Bj<. {OtimH•· 
· 'leHUJI no puc. 4). 

i ~ 
npOHBJIHIOTeH H B 3aBHeHMOeTH 
epe,li;HHX 3HaqeHHH 3THX paeeTOH-

~ 4 5 HHH oT qHena KJiaeTepoa ( N k ) , 

N kA B TOM qHeJie H ,li;JIH H,ll;pO-H,ll;epHbJX 
eTOJIK~OBeHHH (eM. pHe. 7). 

KaK BH,li;HO H3 3Toro pHeyHKa, 3HaqeHHH bat3• eeJIH H 3aBHeHT oT Nk, 
TO oqeHb ena6o. 

F ( b lie ).:- H F ( x8 )- p a e n p e .n; e JI e H H R 

d3 
CTpyKTYPHbie ¢yHKl(HH F ( x) = E ____£. B 3aBHeHMoeTH OT nepe-

MeHHbiX X '= bile , x 8 xapaKTepH3YIOT ~~l(ece ¢parMeHTal(HH pae
eMaTpHBaeMoro o6neKTa, 3TO 3HepreTHqeeKHe xapaKTepHeTHKH 

¢parMeHTHpyromHx eHCTeM H HX eTpyKTYPbi. 3.n;eeb bile =- ( uiie-

Ta6.nuqa 2. lloKa3are.rzu HQKIIOHa * (<bile >U <x
8
>) crpyKrypHbiX 

tftYHKl{UU F (bile ) u F (X 9 ) 

THn B3aHMO- <bne > <X > s 
.n;eh~TBHR 

--
Bee He-

pC ynpyrHe 1,28 ± 0,05 (1,8) 0,059 ± 0,002 (0,9) 
(10 r3B/e) MKB 1,38 ± 0,09 (0,7) 0,088 ± 0,003 (1,9) 

OKB 1,45 ± 0,13 (1,1) 0,078 ± 0,005 (1,5) 

Bee He-

"-c ynpyrHe 5,82 ± 0,11 (3,3) 0,053 ± 0,001 (9,6) 
(40 r3B/e) MKB 6,28 ± 0,37 (2,1) 0,070 ± 0,004 (2,4) 

OKB 6,50 ± 0,48 (1,8) 0,052 ± 0,004 (2,2) 

* B CK06Kax yKa3aH&! 3Ha'leHWf -x2,a creneH& cao6oo&z. 
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Puc. 8. CTpyKrypllble ¢YHK/4UU 

F(bne) OIIJI K/lacrepoe u3 pC- u 
rr -c~e3aUMooeucreuu (P p=l 0 FJBjc, 

P -=40F3B/c). 
TT 

- UKn ) ( Ulle - 4-CKOpOCTb 

MHilleHH, UKn - 4-CKOpOCTb 

K1IaCTepa) , X8 - ,D;01IJI 4-

HMny1IbCa .R,n;pa MHilleHH, YHO

CHMa.R K1IacTepoM. F (bile ) -

<J>yHKUHH ,D;1J.R K1IaCTepOB H3 

pC - H TT- C -B3aHMO,D;eHCTBHH 

npHBe,n;eHbl Ha pHC. 8. 0HH 

HMeiOT 3KCnOHeHUHa1JbHbiH BH,n; 

C O,ll;HHM napaMeTpOM HaK110-

Ha, xapaKTepHbiM .n;1I.R Ka)f(,ll;OH 

nepBH'IHOH 3HeprHH. 3TH na

paMeTpbi ( <bne >) , nonyqeu

HLie npH annpOKCHMaUHH 3J<C

nepHMeHTa1JbHbiX pacnpe.n;ene

HHH <J>yHKUHeH BH.n;a F (X)= 

=Constexp(-x/<x>), npHBe

.n;eHLI B Ta611. 2. 
Ha pHc. 8 noKa3aHLI TaK

)f(e F (b lie) -pacnpe.n;eneHH.R 

,n;n.R K1Jactepoa H3 o6nacrH 

"nepepacce.RHH.R" ( Y < 0,5). 
3TH K1IaCTepb1 COCTaB1IJIIOT 

· 1 
10 

< 

·• tO 

16' ....__,___....__..____.____,_____, 
0 2. 

610 (pe,to) 

6LICTpocna.n;aromyro qacTb F ( bn ) -pacnpe.n;eneHHH, o K OTopou, B 

'laCTHOCTH, ynOMHHa1JOCb B HC1W~H pa6oTe 1 51 , r,n;e Bbi,D;e1I.R1IHCb H 

aHa1JH3Hp0BaJIHCb T01JbKO npOTOHHble K1JaCTepbi. 

YKa3aHHa.R cTpyKTypa F ( bne ) -pacnpe.n;eneuHii coxpaH.ReTC.R H 

M.R cneUHanLno oTo6pauHhlX THiloa co6LITHH - MKB H n KB (M.R 

pC-cT01JKHOBeHHH npH 10 r3B/c OHH npHBe.n;eHbl Ha pHC. 8) . He 3aBH

CHT OHa H OT 'IHC1Ia K1IaCTepOB B C06biTH.RX. TaKHM o6pa30M, .n;1I.R 

BCeX THnOB H3y'leHHbiX HaMH B3aHMO,D;eHCTBHH, B TOM 'IHC1Ie H KYMY-

1J.RTHBHbiX, na6nro.n;aeTc.R o,n;HHaKOBa.R CTPYKTypa F ( bne ) -p acnpe.n;e

neHHH. 

CTpyKTypHLie ¢>YHKUHH F( x
8

) npHBe.n;eHLI ua pHc. 9, OHH HMeiOT 

BO BCeX C1IY'Ia.RX 3KCnOHeHUHa1JhHbiH BH,n; C HaK1IOHOM, He 3aBHC.RIUHM 

OT THna B3aHMO,D;eHCTBH.R ( OHH npHBe,n;eHhl B Ta611. 2) . 
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Puc. 9. Crpy KrypHble fPYHK!4UU F ( x
8
)oll.R pC- u "-C-e3au.MooeucTBuu npu 

PP == 10 F3B/c u P 
71

- ==40 F3B/c (ceeT/Ible TO'IKU OTHOCRTCfl K K/lacrepaM 

C Y < 0,5, npR.Mble - pe3yllbTQT annpOKCU.MQijUU). 

0TMeTHM, 'ITO 'leTKOH 3KCllOHeHUHaJlbHOH 3aBHCHMOCTH 4>YHK

UHH F(x8 ) , nony'leHHbiX AITH KnacTepos H3 o6nacrH Y<0,5, He Ha-

6nroAaeTCH . 3TH pacnpe,l\eneHHH TaK:lKe HMelOTCH Ha 3TOM pHCYHKe. 

Pac n aAHbie csoncTBa KJiacTepoB 

.L{ocraTO'IHO nonHo pacna,l\Hbie csoncTBa KnacTepos onpeAenaeT 
ds 

cTpyKTYPHaH 4>YHKUHH F ( TK ) == E d~ ,rAe T K - KHHeTH'IecKaH 3Hep-

u p K 
rHH paCCMaTpHBaeMOH 'laCTHUbl B CHCTeMe llOKOH KnaCTepa. aK BHA-

HO H3 pHc. 10, o6IUHn xapaKTep F(TK)-pacnpeAeneHHH OAHHaKOB AITH 

1T --Me30HOB H npOTOHOB, o6pa30BaBWHXCH B pe3yiTbTaTe pacna,l\a 

KnacTepOB, H He 3aBHCHT OT nepBH'IHOH 3HeprHH • .L{nH BCeX CJiyqaeB B 

3THX pacnp e,l\eneHHHX Ha6nJO,l\aJOTCH ,1\Ba HaKITOHa. llepBbiH HaKITOH 

(6biCTpOClla,l\aJOIUaH tJ:aCTb), llO·BHAHMOMY, CBH3aH C OCTaTKaMH Kna

CTepOB, o 6 ycnOBITeHHbiX nepepacCeHHHeM. 3TO CITe,l\yeT, B tJ:aCTHOCTH, 

H3 cpaBHeHHH F ( TK) -pacnpeAeneHHH c pe3ynbTaTaMH AITH KnacTepos 

H3 o6nacTH Y<0,5, KOTOpbie noKa3aHbi Ha 3TOM :lKe pHcyHKe. 
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Puc_ 1 o_ CrpyKTypHble ¢YHKJ4UU F ( 'IK ) 0/lJl pC- II 1T -c -83QUMQOeUCT6UU 

(P P = 10 F3B/c, P"- = 40 F3B/c). 

Ta611UJ4Q 3. IloKa3aTe/lu HaKIIOHa * (<T K > ) crpyKrypHblX ¢ YHK

J4UU F (TK) 

THn B3aHMO
.neifeTBHH 

pC 
(10 r3B/e) 

Bee He-
ynpyrHe 
MKB 
IIKB 

Bee He-
ynpyrHe 
MKB 
IIKB 

<TK> ,M3B 

1T - p 

176 ± 19 (0,8) 207 ± 6 (1,0) 
256 ± 22 (0,6) 225 ± 10 (0,9) 
167 ± 9 (1,0) 281 ± 14 (1,1) 

167 ± 3 (1,4) 224 ± 4 (5,2) 
207 ± 10 (2,2) 184 ± 10 (0,5) 
198 ± 19 (0,9) 229 ± 10 (3,1) 

B CK06Kax yKa3aHbl 3Ha'leHUR x2 Ha ooHy creneHb ceo6oobz. 
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=--. 
JlaHHbJe )J;JI.R napaMeTpOB .<T K >, nonylleHHbiX npH annpOKCHMa

UHH F(TK) -pacnpe.n;eneHHH B o6JiaCTH BTOpOrO HaKJIOHa 3KCnOHeHT

HOH F ( TK ) - exp (-T K I <TK >), npHBe,n;eHhi B Ta6n. 3. BH.n;HO, ~o 3Ha

lleHH.R 3THX napaMeTpOB OKa3hJBaiOTC.R 6JIH3KHMH no BeJIHqHHe )J;JI.R 

pa3HbiX B3aHMO,ll;eHCTBHH H pa3HbiX llaCTHU. 

Ha pHc . 10 ,n;aHhi TaiOKe F ( TK) -pacnpe.n;eneHH.R .n;n.R MKB H llKB, 

oTo6paHHhiX cpe.n;H pC -cTOJIKHOBeHHH. BH.n;HO, liTO cpaKT o6pa3oBa

HH.R KYMYJI.RTHBHOro a.n;poHa He MeH.ReT He TOJihKO xapaKTepa 3THX 

pacnpe,n;eJieHHH, HO H 3HalleHH.R napaMeTpa BTOpOrO HaKJIOHa (OHH 

TaK)Ke npHs e.n;eHhi B Ta6n. 3). He 3aBHCHT CTPYKTypa F(TK)-pacnpe

.n;eneHHH H OT IIHCJia KJiaCTepOB B C06biTH.RX. 

TaKHM o6pa3oM, ,n;JI.R MHO)KecTBeHHOro po)K)J;eHH.R llaCTHU, BKJIIO

IIa.R KyMym iTHBHoe o6pa30BaHHe a.n;poHOB, xapaKTepeH yHHBepcanh

HbiH HaKJIOH F ( TK) -pacnpe.n;eneHHH, He 3aBHC.RJ..UHH OT nepswmoii 

3HeprHH H npH6JIH3HTeJibHO O,ll;HHaKOBbiH )J;JI.R npOTOHOB H TT -Me-

30HOB. 

· Ha6n10.n;aeMa.R yHHBepcanhHOCTh B pacna.n;e KJiacTepos ( KaK H 

B •npouecce o6pa30BaHH.R) rosopHT o TOM, liTO nony11aromHec.R s pe-

3YJibTaTe Heynpyroro CTOJIKHOBeHH.R .R,n;ep KJiacTephi pacna.n;aroTcR 

BHe R.n;pa. 

A3H M yTaJibHbJe KoppenRUHH 

llonylleHhl ,ll;aHHhle 06 a3HMYTaJibHbiX KOppeJI.RUH.RX Me)K,n;y lla

CTHQaMH, B OWe,ll;WHMH B COCTaB KJiaCTepOB, KOppeJIRUHRX "cso6o.n;

HbiX" llaCTHU C KJiaCT~pOM KaK QeJibJM H KOppeJIRUHRX Me)K)J;y KJia

CTepaMH. A 3HMYTaJihHbJe yrnhi ( ¢) · so scex cnyt~aRx paccMaTpHBa

JIHCh B nJIOCKOCTH, nepneH,ll;HKYJI.RpHOH HanpaBJieHHIO ,ll;BH)KeHH.R 

nepBHIIHOH qacTHUbJ. Ha pHc. 11 pe3yJihTaThi no KoppeJIRUHRM s pC

H rr-C-B3aHM O,ll;eHCTBHRX (Pp =4,2 H 10 r3B/c, PTT- :40 r3B/c) 

nOKa3aHbl 3aBHCHMOCTbiO K03cpcpHQHeHTa a3HMYTaJibHOH aCHMMeTpHH 

(A) OT pa3HOCTH 6bJCTpOT ( f'lY) pacCMaTpHBaeMbiX 06'heKTOB. 3.n;ecb 

A=(N(I'l¢>90°)-N(I'l¢<90°))/N,0,, N(l'l¢>90°) (anHN(Ll¢< 

< 90°) - IJHCJIO nap C pa3HOCTbiO a3HMYTaJibHbiX yrJIOB 60JibWe 

(HJIH MeHbWe ) 90°. 

J.h pHCYHKa BH)J;HO, ~0 ecTb yKa3aHHR Ha KOppeJIRUHH "cso6o.n;

HbiX" 'IaCTHU C KJiaCTepOM KaK QeJiblM, KJiaCTepa C KJiaCTepOM )J;JIR 

cnytJa.R, Kor.n;a 3TH o6'heKTbi pacnono)KeHbi Ha wKane 6biCTpoT 6nH3-

KO .n;pyr K JJ.pyry. C pOCTOM f'lY 3TH KOppeJIRUHH HCIIe3aroT. TaK, Ha

npHMep, )J;JIR pC-B3aHMO)J.eHCTBHH 3TO npOHCXO)J;HT B o6JiaCTH f'lY::: 1, 
)J;JI.R rr-C-CTOJIKHOBeHHH - npH HeCKOJibKO 60JibWHX 3HalleHHRX f'lY. 
KoppeJIRUHH Me)K)J;y 'IaCTHQaMH, BXO)J;.RJ..UHMH B KJiaCTep, He 06Hapy

)KHBaiOTC.R. 
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Puc. 11. 3aeucUMOCTb KO'JrjjrjjuqueHra a3UMYTMbHOU acUMMerpuu (A) o r pa3HO· 

CTU 6biCTpOT paCCMQTpU6QeMbiX 06oeKT06.' a) aopOHbl C aopOHQMU 00/lOZO KJIQ· 

crepa; 6) "ceo6ooHble" 11aCTUl4bl c KJiacrepaMu; e) Kflacrep c KJiacrepoM ( o6o-

3Ha'leHWI no puc. 4). 

PacnpeAeneHHH KnacTepoa no 6hlcTp o TaM 

PacnpeAeneHHH KnacTepoa no HX 6&IcTpoTaM npHBeAeH&I na 
pHC. 12 OTAeflbHO AnH C06biTHH C OAHHM KnaCTepOM (NK =- 1) H C06bl· 
THH c o6pa30BaHHeM MHoroKnacTepHbiX cHcTeM (NK ~2). B pacnpeAe-

0 

• pC,4.2 
• pC,IO 
.... (,40 

l 0 

pC , 10 r.~k -l 
u =1 ! 

• MK& 
o nK& 

pC, 10hl'>{c.. 

N~,. ~2 

• MK& 
o nKr:. 

2. 

Puc. 12. Pacnpeoe.neHWI Kflacrepoe no 6b1crpoTaM (nnaeH&Ie Kpueble - co6biTWI 

6e3 KJIQCTepoe c KYMYJIJITU6HbiMU aopOHaMU). 
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neHHR B K niO'IeHhl KnaCTephi C Y .< 0,5, npOHCXO)I(,!J;eHHe KOTOpbiX MO)I(

HO CBH3h i BaTb C KaCKa,z:J;HhiM MeXaHH3MOM ( CM. pa3,ll,en "MeTO,li,HKa 

3KcnepHM eHTa"). BH.D.HO, 'ITO "KnacTepH3anHR" no KacKa,u;HoMy Me

XaHH3MY OTHOCHTCH, B OCHOBHOM, K MHOrOKnaCTepHhiM CHCTeMaM H 

CBH3aHa C nepBbiM MaKCHMYMOM B pacnpe,ll,eneHHHX 3THX CHCJ.'eM. 

qTO KacaeTCH o6naCTH C Y > 0,5, TO 3,ll,ecb ,ll,nH BCeX CHCTeM Ha6mo,lJ,a

eTCH O,li,HH MaKCHMyM. llonO)I(eHHe 3TOrO MaKCHMyMa Ha UIKane 

6biCTpOT ,ll,nH pC-B3aHMO,ll,eHCTBHH npH pp =4,2 H 10 r3B npH6nH3H

TenLHO O,li,HHaKOBO ,lJ,nH O,li,HOKnaCTepHbiX H MHOrOKnaCTepHbiX CH

CTeM. llpH 6onbUIHX 3Hepr1UIX ("-C·CTOnKHOBeHHR npH 40 r3B/c) 

MaKCHMyM ,ll,nH MHOrOKnacrepHbiX CHCTeM C,li,BHraeTCH B CTOpOHy 

6onbillHX 6biCTpOT no CpaBHeHHlO C O,li,HOKnaCTepHbiMH C06biTIUIMH. 

Ha 3TOM )l(e pHcyHKe npHBe,ll,eHhi Y -pacnpe,ll,eneHHH KnacTepoa 

,ll,nH KyMy nHTHBHhiX pC -B3aHMO,ll,eHCTBHH npH Pp=10 r3B/c. BH.D.HO, 

'ITO xapaK Tep Y -pacnpe,ll,eneHHH KnaCTepOB He 3aBHCHT OT npHCyTCT

BHH B HHX KyMynHTHBHhiX a,ll,pOHOB. 

3aKnJO'IeHHe 

llpe,ll,n O)I(eHa H pa3pa6oTaua MeTO,li,HKa Bhl,lJ,eneHHR KnacTepoa, 

o6pa3yJOIUHXCH B HeynpyrHX CTOnKHOBeHHHX, C HCnOnb30BaHHeM 

npOCTpaHCTBa HOpMHpOBaHHhiX K O,li,HHaKOBOH MaCCe OTHOCHTenbHbiX 

4-CKOpOCTeH. 0Ha n03BOnHeT Bbl,ll,enHTb KnaCTepbi, COCTOHIUHe H3 'la

CTHU pa3HOH (HO He HyneBOH) MaCChi. llo :nOH MeTO,li,HKe npOaHanH-

3HpOBaHhl pC- H "-C-B3aHMO,ll,eHCTBIUI ( pp =10 r3B/c, P"-=40 r3B/c). 

KpoMe 3To ro, 6wnH HcnonL30BaHhl .D.aHHhie no pC -, dC- , aC- H CC

B3aHMO,ll,eHCTBHRM npH 4,2 r3B/c Ha HYKnOH. 0Ka3anOcb, 'ITO B 3Ha

qHTenbHOH ,li,One C06hiTHH ( B 30 7 60%) o6pa30BaHHe BTOpH'IHbiX qa

CTHU (npOTOHOB H "-Me30HOB) B OCHOBHOM npOHCXO,li,HT qepe3 Kna

CTephi, npH'IeM 'IHCnO TaKHX B3aHMO,ll,eHCTBHH paCTeT C nepBH'IHOH 

3HeprHeH. qepe3 KnacTepw npoHcXO.D.HT o6pa30BaHHe ue TOnLKO 3Ha

'IHTenLHOH qacTH npoTOHOB H "-Me30HOB, HO H KYMYnHTHBHhiX a,u;

pOHOB . (.D.O 40%) . XapaKTepHO, qTo OCHOBHaH 'laCTL Bbl,lJ,eneHHhiX Kna

CTepOB H8 ,li,ByMepHOH UIKane nepeMeHHbiX X 8 , r,ll,e X 8 - ,li,OnH 4-HM

nynLca HaneTaJOmero H.D.pa HnH H.D.pa MHilleHH, yHoCHMOH KnacTepoM, 

pacnonaraeTcH a ueHTpanLHOH o6nacTH. 

KnacTepw o6na,u;aJOT yHHBepcanLHhiMH CBOHCTBaMH ,lJ,nH pa3HhiX 

THnOB B3aH MO,ll,eHCTBHH H pa3HhiX nepBH'IHhiX 3HeprHH KaK no xapaK

TepHCTHKaM HX o6pa30BaHHH, TaK H no OC06eHHOCTHM HX pacna,u;a. 

llpouecc o 6pa30BaHim KnacTepoa · npoauanH3HpoaaH npH noMOIUH 

CTPYKTYPHhiX <I>YHKUHH F ( b II c ) H F ( :x. 8 ) ( 3,ll,ecb b II c - KBa.u;paT 
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pa3HOCTH 4-CKOpOCTeH KJiaCTepa H MHilleHH, X
8 

- ,IJ.On.R 4-HMIIynbca 
.R,II.pa-MHilleHH, yHOCHMa.R KJiacTepoM) . llpouecc pacna,IJ.a Ji3yt~eH c 

Hcnonb30BaHHeM CTPYKTYPHbiX tPYHKUHH F ( T K ), r,IJ.e T K - KHHeTH
qecKa.R :meprH.R tlaCTHU B CHCTeMe nOKO.R KnaCTepa. EcnH npOH3BO,II.
HYIO no F ( TK )-!}>yHKUH.RM CB.R3biBaTb c TeMDepaTypoii pacna,IJ.a KJia
cTepa, TO ,IJ.n.R :noli TeMnepaTyp&I nonyt~aeTc.R 3HatJ:eHHe, nmKamee B 
o6nacTH 170 7 230 M3B. He Ha6niO,IJ.aiOTC.R a3HMYTaJibH&Ie I<:oppen.R
UHH tlaCTHU, CB.R3aHHbiX C KJiaCTepaMH. 

Bee npoaHaJIH3HpOBaHH&Ie xapaKTepHCTHKH KnacTepos OKa3a
nHCb He 3aBHC.RIUHMH OT !}>aKTa o6pa30BaHH.R B HHX KyMyn.RTHBHbiX 
a,II.pOHOB. 

TaKHM o6pa30M, B 'IHCTO 3KcnepHMeHTaJibHOM nnaHe B&IpHCOB&I
saeTc.R cne,IJ.yroma.R KapTHHa. MHo)l(eCTBeHHoe pO)I(.IJ.eHHe qacTHU B 
.R,nepHbiX CTOnKHOBeHH.RX B 3HatJ:HTenbHOH CTeneHH npOHCXO,IJ.HT t1epe3 
KnacTep&I, KOTOpble, cKopee scero, pacna,IJ.aiOTC.R BHe .R,II.pa. qepe3 
KnacTepbi npOHCXO,IJ.HT o6pa30BaHHe tJ:aCTH KyMyn.RTHBHbiX a,II.pOHOB. 
KnacTep&I o6na,II.aiOT yHHBepcanhHbiMH xapaKTepHCTHKaMH KaK no 
oco6eHHOCT.RM po)I(.IJ.eHH.R, TaK H pacna,II.a. 

ABTOpbi 6naro,II.apHbi KOnneKTHBY COTPY.II.HHtJ:ecTBa no o6pa6oT
Ke CHHMKOB C 2-MeTpOBOH nponaHOBOH KaMepbl 3a 06Cy)l(~eHH.R, 
n.,lleseHCKOMY 3a npe,II.OCTaBneHHe TeKCTa nporpaMMbl MPD. 
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Kpancue coo6114eHUR OHRH N"5[ 38} -89 JINR Rapid Communications No.5[ 38} -89 
YAK 539.1.07 

VERTEX RECONSTRUCTION WITHOUT TRACK 
RECONSTRUCTION (STRAIGHT TRACKS) 

Yu.A.Yatsunenko 

The determination of the vertex position without the previous recon· 
struction of all straight trajectories (the global maximum position of the 
"vertex function") is described. The method is based on the use of the 
discrete function of an accuracy and in the integration on the appro· 
ximately-rectangular square . The analysis of the "Monte-Carlo" events 
is presen ted. 

The nvestigation has been performed at the Scientifical-Methodi
cal Division, JINR. 

Onpe)l;eJieHHe BepWHH 6e3 BOCCTaHOBJieHHH 
TpaeKTOpmi (npHMbie TpeKH) 

IO.A.HuyHeHKo 

npencrasneH cnoco6 onpeneneHHR KoopJJ.HHar sepWHHbi 6eJ npen
sapHrenbHoro soccraHosneHHR scex npRMbiX rpaeKropHii (onpenene
HHe rno6aJibHOro MaKCHMYMa "sepWHHHbiX <flyHKUHii"). Meron OCHO
BaH Ha HCJ10JlbJOBaHHH J].HCKpeTHbiX <flyHKUHH TO'IHOCTH H Ha HHTerpH
poBaHHH 110 11pH6JIH)I(eHHO- npRMOyrOJibHOH 11JIOIU3J].H. npHBOJJ.HTCJl 
aHanH3 "MoHre-Kapno" co6biTHii. 

Pa6ora BbmonHeHa B 06IUeHHCTHTYTCKOM HayqHo-MeTOJJ.H'IecKoM 
orneneHHH OHHH. 

In papers / 1.2 ' the "vertex functions" (VF) that permiy one to 
determine vertex coordinates without previous reconstruction of all 
trajectories were proposed. In particular implementation of VF for 
straight t~ajectories 1 21 , in case when the parameters of the primary 
single particle · trajectory are known, can be considered successful!. 
Functions of such type - "vertex function of primary interaction" 
(FPI) - are multiexternal. The main (global) maximum position cor
responds to t ne interaction point, and principal difficulty in implemen
tation of VF is to localize the global maximum (GM) region. To resol
ve this task for FPI an "integral" method 18•41 that requires analy
tic calculation of the integrals (moments) for the analyzing function 
r/J (r) was userl -
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... 
-1 r -+ .. 

a = llo r ¢(r) dv, 
v (1) 

-+ ... 
n = 0, 1, 2, ... , 4; ll o(¢) - I ¢(r} dv(r), 

v 

where "V" is the vertex position region. 
The analysis of GM of one-dimensional FPI - C(z} ( z is the pri

mary vertex coordinate) is given in 121. This work is devoted to the GM 
position determination of two-dimensional VF in the detector systems 
that register straight trajectories: 

MN N-1 

D(x, z) = ~ ~ 
k=1 n=1 

Each n-th detector (n = 1,2, ... ,N) placed in z n -posit ion on the 
z -axis registers M0 of X-coordinates a mn ( m = 1 ,2, .. . , MJ with the accu
racy (a) function G(t; a). The function G(t; a_} can look_like: dis
crete-

{ 

-1 
(2a) , 

G (t; a ) = 
0, I t I > a, 

(3a) 

smooth-

G(t;a) =(27Ta2)-11 2 .exp(-t 2 /2a 2), (3b) 

or partially-smooth -

l t l> ay5. 
(3c) 

The GM position (x = u, z = v) of the function (2) corresponds to the 
vertex coordinates of primary (for example) interaction. It should be 
noted that vertex ( u, v ) determined by (2) may serve as an additional 
detector (with single count) for posterior reconstruction of trajectories. 
This fact initiates the attempts to utilise the VF possibilities. 
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Determination of the Integral Momenta 

The int egrals (1) calculation is one of the complicated "technologi
cal" stage in this task. To determine momenta (1) it is necessary to ful
fill analytic integration: 

p. v X- akN 
lp.v (k,m,n ) = J(dxdz(x-p) (z-q) G[---(zk-zn) + 

s z;z (4) 

+ akN- a mn ; a mn ] ' 

Jl. , V = 0,1,2, .•. ,4; V+J.L .::; 4 

S (SL :::; x ::; Xu; ZL::; z :::; Z u) is the vertex search region , p, q are coordi
nates of the center of D(x, z) . This task becomes simpler if we use dis
crete (3a) fu nction of accuracy G(t; a) and allow some distortion of 
rectangle S ( S increases). 

This approximations can be illustrated for the particular case, when 
the detector (zk) is located on the left of the S-region (i.e. zk < ZL) 
and, besides, XL > 0. The S' integration area in variables: t = z - zk , 
y = (x - a k~ I t is given in fig. 1. The S '-area boundaries are defined 
bythepoint s: P 1 = (Xu-akN) /{ZL-zk), P 2 =(Xu-akN) / {Zu-zk), 
P8 =(XL- akN) / {ZL-zk)' P 4 =(XL-ak) /(Z u-zk) . The integral 
( 4) has a non-zero value if the strip A 1:::; y ~ A 2 intersects the curvili
near S '-area, the strip boundaries are determined by the accuracy func
tion paramet ers: 

A 1 = T + R , A 2 = T- R; T = 
amn- a kN 

R=-----
amn 

(5) -, --~ 

z z - zk I z n- z kl 

The primary integration area distortion is nonsignificant if the parame
ter R( 5) is o f small value, i.e. if the accuracy (a) of the detectors is 
high. In such an approximation, the maximal common surface of the 
strip (A 1, A 2 ) and S' (dashed rectangular in fig. 1) is easily determined 
and the integration result ( 4) has a simple form: 

IJl.V 
1 

Jl. + 1 

Jl.+l 
}; 

k= 0 

k 
Cp.+1 

k + v +1 

k+v + 1 
t 

d k p.+l-k A2 
I A (ak-P- qA) I (6) 
c A1 

(C ~ - binominal coefficients; c , d - the rectangular boundaries). 
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t 

Fig. 1. The integration region in the cur
vilinear coordinates. The dashed rectangu
lar is the region for the calculation of 
the integral momenta of the vertex func
tion for a measured point, that can be
long to a trajectory emmitting from 
the vertex. 

Iterational Vertex 
Coordinates Determination 

The determining momenta (1) are used further to analyse the ex
cess 14, p.50/ , that is the function of the vector indicating the subregion 
of GM of VF (2). As it has been noted in 1 41 , the creation of the univer
sal iteration procedure for the reliable localization of the GM.subregion 
is an open question. However, if some specific direction in a track expe
riment exists (for instance, the direction of the primary particle in one
beam accelerators), then one can propose the receipt to choose one of 
the 6 possible vectors, corresponding to the external excess values - the 
vector with minimal valu~ of z -component should be chose. This choice 
is proved to be correct in the primary vertex determination, because 
vertices with higher values of z -component are secondary ones. 

The chosen vector of the approximate vertex posit ion is used 
as initial point for the well-known gradient method (for i stance) for 
the exact determination of the vertex position. In the gradient method 
the partially-smooth function of the accuracy (3c) can be used to avoid 
the well-known properties in the behaviour of the second derivations of 
smooth function (3b). The criterion of the iteration termination is not 
only the given deviation value between two consequent iterations, but 
also the amplitude of D(x, z) at the GM-position if the estimation of 
number of tracks of the event is known ( Dmas:: (N - 1) · M , M is the 
number of detectors, M is the number of tracks). 

The Image Defocusing 

To search for the vertex "globally"and to precise it "locally", the me
thod of function (2) "defocusing" by the change of the accuracy para
meter (u) can be used. For the first iteration this parameter (u) is in-
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Fig. 2. ''Monte-Carlo" event with 2 ver
tices. All tracks are ideal straight lines. 

700 

e~o 

tentially "decreased" - a,= a • f , eoo 

r > 1 (t = 3 or 2) is the increase 
~~0 

factor ("defocusing"). This method 
results to a more "soft" image of ~oo 
the function, it means that the 4

~0 

"high-frequency" component of 400
.::-;

D (x, z) is suppressed. This "high-
frequency" component may be so-

•:>a -- lio 40 6 ~Jx 
TR.ft.Ct<S 

mewhat "dangerous" for both "global" and ''local" vertex search. As to 
that, the next example is very significant: A track event with 2 vertices is 
shown in fig. 2 (z 1 = 450 mm, x 1 = 0 mm; z 2= 550, x 2 = -5 mm), 3 de
tectors with z = 0, 200, 400 mm register the coordinates of a single track 
of primary particle (these coordinates are also included in VF); the de
tectors (z = 600, 800, 1000, 1200 mm) register the coordinates of 9 se
condary parttcles with the conditional accuracy a = 1 mm (all tracks 
are ideal straight lines). The function D(x, z) for defocusing factor 
C = 2 is shown \n fig. 3a and for t = 0.5 - in fig. 3b. Indeed, the main 
maximum region in fig. 3a is practically unimodal to compare to ana
logous· region of fig. 3b. In following iterations the defocusing factor 
can be decreased up to some limit (for instance, f min= 0.5). 

It should be noted that the parameter a reflects not only the detec
tor accuracy, but also the degree of resolution of the whole track pat
tern, that proves such a "carefull" deal with vertex search. 

D 11. Jl 111.11 - ----

· Fig. 3a,b. The vertex function of the event shown in fig. 2 at the various 
values of "defocusing" factor: r = 2 (fig. Ja) and r =0.5 (fig. 3b). 
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Vertex Determination Efficiency 

To verify a method of the primary vertex determination 100 simp
lest Monte-Carlo events where analyzed, as it is shown in fig. 2. The se
condary vertex played a role of the noise source. The criteri m of ver
tex coordinated (u, v) determination precision was the statistic distri
bution of the distance between the found vertex and given ones (x "'z 0 ) 

R = y (u- x
0

)
2 + (v - z 0 ) 

2 • 

The typical distribution of the parameter (R) is given in fig. 4 , the num
ber of detectors registering secondary particles is N 1 = 10 and f = 3. 
The relative number (E %) (to all analyzed events), when R < R1, has 
the behaviour: E(R < 1 mm) = 91'7., E(R < 5 mm) = 99%.If multiplici
ty is fixed, then the precision depends on the number of detectors, -
for N 1 = 4 the efficiency decreases: E(R < 1 mm) = 72 %, E(R < 5 mm) = 
= 86%. 

When there is no nojse (secondary vertices), the efficiency is high 
enough: E (R <1 mm) < 99 %, E(R < 5 mm) = 100%. 

The analysis has been performed on 4.77 MI-iz IBM PC/XT-com
patible computer. 100 events like those shown in fig. 2 were analyzed: 
1 track of primary particle (3 detectors), 9 tracks of secondary particles 
(10 detectors). It took about 24 seconds per event. It should be noted, 
that it took about 80% of CPU-time to calculate integrals (6 ), which 
is logically simple, whereas the most logically complicated part of the 
task - the determination of the integration limits - required only 
about 17% of CPU-time. The calculation of (6) in the programm D(x, z) 
is not optimal at present : in the assumption a = 0 the expression of 
(6) is more simple and CPU-time is 18 sec per event (however, the ef
ficiency decreases: E(R < 5 mm) = 96%). 

40 

20 

Undoubtedly, this programm of 
D(x, z) -analysis should b improved 
substantially. 

Nevetherless, one can hope 
that this method of the vertex de
termimation may be usefull for high 
multiplicity ( M -100) and in the noi-
se condition. 

Fig. 4. The statistic distribution of the dis
tance between the found vertex position 
and predetermined for the 100 "Monte
Carlo" like shown in fig. 2. 
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FIRST OBSERVATION OF THE NEUTRON-RICH NUCLEI 
42si, 45, 46 P, 4Ss and 51 Cl FROM THE INTERACTION 

OF 44 MeV/u 48 Ca + 64 Ni* 

M.Lewitowicz 1, Yu.E.Penionzkevich, A.G.Artukh, A.V.Belozyorov, 
S.M.Lukyanov, D.Guillemaud-Mtiller 2, J.C.Jacmart 2, E.Kashy 2**, 
A.Latimier 2, A.C.Muller2, F .Pougheon 2, A.Richard 2, R.Anne 1, 
P.Bricault1, C.Detraz 1, Y.Zhang1, D.Bazin3, W.D.Schmidt-Ott 4 

The five new very neutron-rich isotopes of 42si, 45 •46 P, 48s and 
51Cl are identified from the interaction of a 44 MeV/u 48Ca beam with 
a 64 Ni target. 

Ha6mo.neHHe HOBbiX HeihpoHOH36biTO'IHbiX H.IJ;ep 
42Si 45, 46p 48S H 51Cl B peaKUHH 
48ca' + 64Ni ( 44 M3B/ A) 

M.neBHTOBH'I H AP· 

B peaKII.HH 64 Ni + 48 Ca (44 MJB/A) CHHTe3HpoBaHbi nHTb HOBhiX 
CHJlbHOHeHrpOHOH36biTO'IHbiX H30TOUOB 42Si, 45 •46 P, 48 S H 51 Cl. 

JmeHTH<l>HKalJ,HH npOH3BOAHJiaCb KOM6HHalJ,HeH MarHHTHOfO aiiaJIH3a, 
HJMepeHHH BpeMeHH nponera H HOHHJaiJ.HOHHbiX no rep& (~ E, E ) -

TeXHHKOH. 

In recent experiments at GANIL with intermediate-energy 48 Ca 
beams a number of new neutron-rich isotopes has been ob served and 
studied for the first time /1-S/ . Though the neutron drip-lin e has been 

reached for light isotopes up to fluorine 1 1•21 , for nuclei closer to the 
projectile still several isotopes of each element are predicted to be par
ticle-stable141 and remain to be observed. 

*Experiment performed at the French National Facility GANIL. 
**Permanent address: National Superconducting Cyclotron Laboratory, Mi-

chigan State University, East Lansing, USA. 
1GANIL, BP 5027, F-14021 CAEN Cedex, France. 
2.Jnstitut de Physique Nucleaire, F-91406 ORSA Y, France. • 
3CEN BORDEAUX, Le Haut Vigneau, 33170 Gradignan, France. 
4 Physikalische Institut, Universitlit Gottingen, D 3400 Gottingen FRG. 
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Fig. 2. Two-dimensional plot of ato
mic number Z •·ersus time of flight 
through the LISE spectrometer for 
projectile-like fragments from the 

reaction 48 Ca (44 MeV/u) + 64 Ni. The 
mass numbers of the fire isotopes ob
served for the first time are indicated. 

z 

Fig. 1. Isotopic production along a 
line given by neutron number 
N = 2Z - 2 for the nickel and tantalum 
targets. 
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Here we would like to report on the production and identification 
of five new isotopes with an atomic number from 14 to 17. 

Essentially the same experimental set-up consisting of the magnetic 
spectrometer LISE with a four-stage semiconductor telescope in the 

, focal plane were used. as described in detail in ref. 12
1 and 1 51 . The si

multaneous measurements of t.E-E, magnetic rigidity and time of flight 
provided redundant fragment identification in atomic mass and number. 
The magnetic rigidity of the spectrometer was set to a value Bp = 

= 2.603 Tm, optimized for the production of nuclei around 48 8. The 
counting rate for these nuclei was studied for three different targets of 
equivalent energy-loss (94 mg/cm2 9 Be, 131 mg/cm2 64Ni and 173mg/cm2 
181Ta) in order to examine the target influence on the production. 
Figure 1 shows, for example, the isotopic production along a line with 
neutron number N = 2Z -2 for the Ni and Ta targets. It is clear that the 
very neutron-rich 64 Ni target (natNi :contains 0.91% of 64 Ni) gives the 
highest counting rate for isotopes close to the projectile. The produc
tion for the Be target (not shown in fig. 1) was slightly above the level of 
the Ta target. This result is in contrast to the behavior for light nuclei 
for which tr e Ta target was the most efficient one 1 21 . It is however 
difficult t o disentangle the complicated interplay . between reaction 
cross sections, effect ive number of target nuclei, number of neutrons 
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in target and projectile nuclei, and changing velocity and angular distri
butions (leading to a different transmission of the spectrometer). Clearly, 
more comprehensive studies are needed to understand the rather strong 
effects at intermediate energies. 

Figure 2 shows a particle-identification plot of the projectile-like re
action products from the interaction of 48 Ca + 64 Ni at 44 e V /u after 
about 15 hours of collection time at an avera~e beam inte sity of I "" 
"" 100 enA. The isotopes of 42 Si, 45

•
46 p, 4 S and 51 C1 are identi

fied for the first time. It is worth mentioning that all of them have a 
neutron number N > 27 indicating that they are produced in transfer 
reactions. 

The predictions of different mass-formulae compiled by Haus
tein / 4 / suggest that none of the five new isotopes observed in this ex
periment is the last stable isotope of corres~onding element. It is some
what surprising to observe, however, that 4 P is relatively strongly pro
duced whereas not a single count is present for 4

-g S for which one 
would expect (notwithstanding the above considerations) a similar 
yield. Additional, the present level of statistics precludes any conclu
sion on the possible particle instability of 49 8 . On the other hand, it 
may be worth noting , that three (i.e. Comay et. al., Tachibana et al. 
and Janecke-Masson) out of six mass-formulae 14 1 predict t he particle
instability of 49s , whereas 50s is bound again. 
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Kpar~cue coo6114eHUJ1 OHRH !f05[ 38} -89 JINR Rapid Communications No 5[ 38} -89 
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OE Y3KOM MAKC.HMYME B ,lU1<l><l>EPEHU.HAJibHOM 
llOllEPEqHQM CEqEH.H.H llO.ll YrJIOM 0° 
,llJIR 2 I I Bi - llPO,llYKT A PEAKU.H.H nEPE,llA qJ1 

,llBYX HEATPOHOB B PEAKU.H.H 2 0 9 Bi + 2 2 Ne 
BEJI.H3.H KYJIOHOBCKOrO EAPhEPA 

A.H.AnApeea, ,ll.,ll.EorAauoa, A.B.EpeMHH, A.n.Ka6aqeuKo, 
r.M.Tep-AKOUb.RH, B . .H.qenHrHH, lli.lliapo 

06HapYJKeH 'lenco Bbip3JKeHHLIH yJKHH MaKcHMYM B IUI<P<PepeH· 
IJ,HaJI&HOM ce'leHHH o6pa30BaHHJI HyKnH,D;a 2 1 1 Bi noJJ. yrnoM 0° B pe
aKIJ,HH 2 09 Bi + 2 2 Ne npH JHeprHH nyqKa, 6nH3KOH K KynoHODCKOMY 
6ap&epy. 3KcnepHMeHTan&HLie JJ.aHHLie noJBOn.IIIOT nonarar&, TO aHa
norH'IHaJI CTPYKTypa npHcyrcrnyer TaK)I(e B IUI<P<PepeHIJ,Han&HOM ce
'leHHH o6pa3oBaHHJI 2 1 5 At. B&ICKaJ&IBaiOTCJI npeJJ.nono)l(eHHJI o BOJ· 
MO)I(HLIX MexaHHJMax npouecca. 

Pa6ora BbmonHeHa B na6oparopHH JI)J,epHbiX peaKIJ,HH OM.HM. 

The Resonance- Like Feature · of the Two Neutron Transfer 
Cross Section near the Coulomb Barrier 
in the 2 09 Bi + 2 2 Ne Reaction 

A.N.Andreev et al. 

Near the Coulomb barrier of the 2 09 Bi .+ 2 2 Ne reaction a narrow 
maximum in the 2 1 1 Bi differential production cross section is obser
ved at 0° with respect to the projectile beam axis. The experimental 
data give an evidence, that an analogous maximum is present for the 
differential cross section of the 2 1 5 At production. An assumption is 
discussed that the observed effect is due to the selectivity of a transfer 
reaction for small impact parameters of the bombarding ions. 

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

.HccneAOBaHH.R npoBOAHnHCb ua UHKnoTpoue Y -400 JIRP O.HR.H. 
llpHHUHnHanLHa.R cxeMa 3KcnepHMenTa noKa3aua ua pHc. 1. Bpama
IOI.Ua.Rc.R BHCMYTOBa.R MHWeHb, H3rOTOBneHHa.R MeTOAOM BaKyyMHOrO 
uanLmeuH.R, o6nyqanacb nyttKOM HOHOB 2 2 Ne. TonmHna cno.R MeTan
nHttecKoro BHCMyTa COCTaBfl.Rfla (0,55 ± 0,05) Mr/CM2

, aniOMHHHeBOH 
UOAflO)I(KH - (1,6 ± 0,1) Mr/cM2 • 3ueprH.R HOHOB 2 2 Ne H3MeH.Rnacb 
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1 2 ] 4 

Puc. 1. ElloK-cxeMa JKcnepUMeH

Te/lbHOU ycraH06KU. 1 - nOi!/10-

TUTe/IU, 2 - Au-pacceuaarellb, 3 -
iJereKrop OIIR U3MepeHUR JHepi!uu 

UOH06 nyllKQ, 4 - MUWeHb, 5 -
6XOOHaR iJuarjjpai!MQ, 6 - f4UIIUH0p 

<PapaiJeR, 7 - cenaparop, 8 - apeMRnpolleTHble iJereKrOpbl, 9 - nollynpoaoiJHUKO

BblU iJereKrop. 

npH noMOllUi Al H Ti nornoTHTeneH:, a TaK)I(e H3MeHeHHeM pe)I(HMa Bhi

sona ny'IKa H3 UHKJIOTpOHa. l13MepeHHe 3HeprHH HOHOB ny'IKa nocne 

norJIOTHTeJieH npOBO,[(HJIOCb nonynpOBO,[(HHKOBbiM ,[(eTeKTOpOM no 

3HeprHH HOH OB, pacceHHHbiX Ha TOHKOH (0,2 Mr/cM2 ) 30JIOTOH tPOJibre 

Ha yron 30°. noTOK HOHOB, npoille,[(IIIHX '1epe3 MHilleHb, H3MepHJICH 

UHJIHH.[(pOM <l>apaneH. nonyrnHpHHa 3HepreTH'IeCKOrO pacnpe,[(eJieHHH 

ny'IKa 6hma He 6onee ± 1,0 M3B. UHKJIOTpOH pa6oTan B HMnyJihCHOM 

pe)I(HMe C B peMeHeM ,[(JlHTeJibHOCTH ny'IKa 2, 7 MC H BpeMeHeM nay3hl 

4,0 MC • 

.llJIR OT,[(eJieHHH npOAYKTOB peaKUHH OT ny'IKa HCnOJib30BaJICR 

KHHeMaTH'IeC KHH cenapaTop BACI1fll1CA 1 1 
• 

2 1
, B KOTopoM c noMo-

Nd..~--

JO L a) 

40 - bl I 
I • 

30~ "i\t I :r I I 
Li~.! 

6,0 6,5 
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7.0 7,5 8,0 

Ect , M3B 

IUhiO Tpex BbiCOKOBOJibTHbiX ,[(e

tPJieKTOpOB OCyuteCTBJIHeTCH pa3-

,[(eJieHHe no KHHeMaTH'IeCKOH 

)l(eCTKOCTH nponyKTOB peaKUHH, 

BhiJieTaiOIUHX non HyJieBhiM yr

JIOM. YrnosoH: aKcenTaHc cenapa

Topa 3a,[(aeTCH BXO,[(HOH ,[(Ha<t>par

MOH H COCTaBJIHeT ± 3° no OTHO

IlleHHIO K ny'IKY. .llJIR "HOpMa

JlH3aUHH" 3apHAOBbiX pacnpene

JieHHH H,[(ep-nponyKTOB B 3KCne

pHMeHTilX HCnOJib30BaJiaCb rpa

tPHTOBaH cpOJibra C TOJIIUHHOH 

20-:- 30 MKr/ cM2 , pacnoJio)l(eH

HaH 3a MHilleHbiO, Ha paCCTOHHHH 

Puc. 2. a-cneKrp npoiJy Kroa peaK14uii 

Bi + 2 2 Ne 8 rjjo KallbHOU nnocKocru ce

naparopa; a) ENe= J04,5 MJB, 6) ENe= 
= 99 M38 . 



5 CM. PerucrpaUIDI OTCenapHpOBaHHbiX npOAYKTOB U U3MepeHUe xapaK

TepUCTUK ux a-pacnaAa ocymecTammucL pacnono)f(eHHhiM a $<>Kanb

HOH nnocKocTu cenapaTopa AeTeKTupyromuM MOAyneM u3 AByx apeMR

nponeTHhiX AeTeKTopoa u KpeMHueaoro noaepxuocTHo-6apbepHoro 

AeTeKTopa AUaMeTpOM 50 MM u pa3perneHueM 40 K3B. K anu6poaKa 

AeTeKTOpa npoBOAHnach no a-nHHIDIM U30Tonoa 2 1 3 
-

2 1 6 Ac u 
2 0 9 • 2 1 ° Fr - npOAYKTOB peaKuuu Au + 2 2 Ne. 

Ha puc. 2 npHBeAeHhi a-cneKTpbi npOAYKTOB peaKuuH: Bi + 2 2 Ne, 

U3MepeHHhie B HHTepaanax Me)K)l;y nOCbinKaMU nyt~Ka An.ll ABYX 3Halle

HUH 3HepruH: UOHOB 2 2 Ne: 99 M3B u 104,5 M3B Ha BhiXOAe U3 MurneHu. 

Hau6onee HHTeHCHBHbie . nuHuu B cneKTpe CB.II3aHhi c pacnaAOM npo
AYKTOB ManoHyKnOHHhiX nepeAall 2 1 1 : m ,gPo, 2 1 2 m ,g A t u 2 1 1 Bi. 

11AeHTU<J>UKaQU.II npOBO)l;HnaCb no 3HeprURM U COOTHOllleHHJO HHTeH

CUBHOCTeH a-nepeXOAOB 13 1• nna a-nepeXOAOB 2 1 1 Bi 6bin TaK)f(e U3Me

peH nepuOA nonypacna)l;a. llonyt~eHHOe 3Hat~eHue (2,3 ± 0,3) MUH xo

porno COrnacyeTC.II C Ta6nUliHbiM. 11HTeHCUBHOCTb nepeXO)l;OB, CB.II3aH

HbiX C pacna)l;OM U30TOnOB Np-Pa, KaK MUHUMYM Ha nOp .IIAOK Benu

liUHbl MeHLllle, U, cne)l;OBaTenbHO, BKnaA KOMnayH)l;-KaHana B o6pa30-

BaHUe U30TOnOB Bi-At HeaenuK. 3TOT BbiBOA nOATBep)K)l;aeTC.II TaK)f(e 

3aBUCUMOCTblO HHTeHCUBHOCTU a-ClleTa B <J>oKanLHOH nnOCKOC'CU cenapa

TOpa OT 3a)l;aHHOH 3neKTpHllecKOH )f(eCTKOCTU, npuBe)l;eHHOH Pa puc. 3. 
C yaenut~eHUeM 3neKTpUlleCKOH )f(eCTKOCTU UHTeHCUBHOCTb a··aKTHBHO

CTeH c pacnaAOM U30Tonoa Bi-At pe3KO yaenut~uaaeTcR, a TO apeMR 

KaK )l;n.ll KOMnayHA·KaHana OHa npaKTUlleCKU He MeHReTC.II HnU )l;a)f(e 

HeMHoro yMeHLrnaeTCR. TaKuM o6pa30M, ocHOBHOH MeXaHU3M o6pa-

30BaHIDI BCeX )l;aHHbiX HyKnU)l;OB - ManOHYKnOHHbie nepe)l;aliU - He 

Bbl3biBaeT COMHeHIDI. B TO )f(e BpeM.II o6pamaeT Ha ce6 .11 BHUMaHUe 

6onLrnoe pa3nut~ue B noae-

AeHuu BbiXOAOB An.ll U30TO

nOB Po-At u 2 11 Bi (eM. 

puc. 2) . llpu AOBOnbHO He-

6onblll0M yaenHlleHHH 3Hep

ruu 6oM6ap)l;upyromux UO

HOB OTHOCUTenbHbiH BbiXOA 
2 1 1 Bi pe3KO naAaeT. Ha 

puc. 4 noKa3aHhi B cpaaHe-

HUU U3MepeHHhie B lfalllUX 

Puc. 3. 3a6UCUMOCTb 6blX0006 

u3oronoa 2 12 At (+), .2'
11 Bi (t) 

u 2 1 4 
• 

2 1 5Ac (o) or 'J!IeKrpu
'leCKOU :JiceCTKOCTU) . 

4 r-

, ..... 

40 

-o- =tt 
=t 

+ 
-o-

l 
50 

Ep 

I 

-o-

60 

-

t _ 
t _ 

-

, OTH. e)];. 
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Puc. 4. 3a8UCUMOCTb 8biX0008 

U30ronoe 
212 At(+) u 211 Bi (+) 

OT 3Hep2UU 6oM6apoupy10/J-4UX 

UOH08. 

3KCnepHMeHTaX KpHBble Bbl· 

XO~OB .Z:VUI 211 Bi H 2 12 m ,qAt. 

Ecnu KpHBaH Bhixo~a ~nR 

.fl~ep At HMeeT BH~, THnH'I· 

HbiH ~n.fl npo~yKTOB ManO-

HyKnOHHbiX nepe~aq, TO KpH

Ba.fi BbiXO~a ~n.R H30Tona 2 1 1 Bi aeciMa Heo6bi'IHOro xapaKTepa -

B BH~e .fiBHO Bbipa)l(eHHOrO Y3KOrO MaKCHMyMa B6nH3H KyflOHOBCKO· 

ro 6apbepa. TaKoe pe3KOe OT»H'IHe KPHBOH BhiXO~a ~nR 2 1 1 Bi n03BO

nReT npe~nonaraTb cymecTBOBaHHe npHHUHnHanbHO HHOro MexaHH3-

Ma ~n.fl K aHana nepe~a'IH ~BYX HeHTpOHOB, He)l(eflH MexaHH3M Mano

HyKnOHHbiX nepe~aq B nepu¢epH'IeCKHX B3aHMO~eHCTBH.fiX C 6onb

IIIHM npHUeJibHbiM napaMeTpOM. 06pamaeT Ha ce6.R BHHMaHHe H OTHO

CHTeflbHO 6 o nbllla.R aenH'IHHa ~u¢¢epeHUHanbHOro ce'leHH.fi o6pa3o

BaHH.fi 
2 1 1 

B i B MaKCHMyMe BhiXO~a. 0Ha cpaBHHMa c ~u¢¢epeHUH
anbHhiM Ce'leHHeM o6pa30BaHH.fi 2 1 2 At H COCTaBn.ReT no nop.R~Ky Be

flH'IHHbl 10- 2 8 + 10- 2 7 CM
2 

/cp. B TO )l(e apeM.fi ~u¢¢epeHUHanbHhie 
Ce'leHH.fi o6p a30BaHH.fi 6onee T.fi)I(eflbiX H30TOllOB BHCMyTa C MaCCOBbi

MH qucnaMH 212 H 213 npH 3HeprHRX HOHOB 2 2 Ne 99 M3B H 104,5 M3B 

He npeaocxo~RT 2 + 3% OT MaKCHMyMa ce'leHHR o6pa30BaHH.fi 2 1 1 Bi. 

Hy)I(HO TaK)I(e OTMeTHTb, 'ITO B H3y'leHHOH HaMH KOHTpOflbHOH peaKUHH 

Bi + 2 0 
Ne a-a KTHBHOCTH, CB.fi3aHHbie c pacna~oM H30Tonoa Bi (a TOM 

<mcne H 
2 1 1 Bi), TaK)I(e He Ha6mo~anHCb Ha ypOBHe <1% OT BblXO~a 

TaKHX HyKnn~oa, KaK 2 12 At, 2 1 3 Rn, 2 1 3 , 
2 14 Fr. 

AHanH3 ~aHHhix, nonyqeHHhiX B peaKUHH Bi + 12 NeB HHTepaanax 

BpeMeHH H3M epeHHR, KOr~a ny'IOK 6hm Ha MHIIIeHH, ll03BOflHn 06Hapy

)I(HTb eme O~y aKTHBHOCTb, BbiXO~ KOTOpOH yMeHblllaeTC.fi B ( 6,5 ± 
± 2,5) pa3a npH nepexo~e OT 3HeprHH HeoHa 99 M3B K 3HeprHH 

104,5 M3B. (ho a-pacna~ c Ea = (8030 ± 20) K3B H T 112 < 0,2 Me. 

BbiXO~ ~aHHOH a-aKTHBHOCTH npH 3HeprHH HOHa 99 M3B cocTaBn.ReT 

(15 ± 3) % OT Bhixo~a 2 11 Bi. Hcxo~ H3 3HeprHH H nepuo~a nony

pacna~a npe,ll.CTaBn.ReTC.fi B03M0)1(Hb1M H~eHTH$HUHpOBaTb 3TY a-nHHHIO 

KaK pacn~ R~pa 2 1 5 
At. B onHChiBaeMbiX 3KcnepnMeHTax HaM He 

y~anocb H3MepHTb BhiXO~ H30Tona 2 1 5 At npH ~pyrux 3HeprHRx, HO 

~a)l(e ¢aKT K a'leCTBeHHoro cornacu.R B noae~eHHH Bhixo~oa 2 1 1 Bi 

H 
21 5 At npu yaenH'IeHHH 3HeprHH nyt~Ka OT 99 ~o 104,5 M3B npe~-
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crnsnaeTCH cy~ecrseHHbiM .z:vya HHTepnpeTar.um ua6mo)J.aeM oro 3cP

cJ>eKTa. 

TaKHM o6pa30M, nonytieHHbie 3KcnepHMeHTanbHbie p e3ynLTaTbi 

CBH)J.eTenbcTBYIOT o TOM, 'ITO )J.nH peaK~HH 2 09 Bi + 2 2 
Ne B .IJ.HcPcJ>epeu

~HanbHbiX ceqeHHHX npo~eCCOB nepe)J.a'IH Ha H)J.pO MHJlleHH .II.BYX HeHT

pOHOB HnH KnacTepa 6 He ( 2n + a) c nocne.II.yro~HM BbineTOM H.II.pa

npO.II.YKTa UO)J. yrnOM 0° no OTHOJlleHHIO K HanpasneHHIO )J.BH:>KeHHH 

6oM6ap.II.Hpyro~eH qacTH~bi HMeroTca tieTKO Bbipa)f(eHHbie Y3KHe 

MaKCHMYMbi BbiXO)J.OB npH 3HeprHHX s6nH3H KynOHOBCKOro 6apbepa. 

B TO )f(e speMa )J.na npo~eccos, npHBO.II.H~x K o6pa30BaHHIO 2 1 2 m ,gAt 

H 2 1 1 m,gPo, TaKaH CTpyKTypa B .IJ.HcJ>cJ>epeH~HanbHOM CetieH HH OTCYT· 

CTByeT. Pe3ynbTaT o~eHHBaeTCH HaMH KaK HeO)f(H)J.aHHbiH, T • .K . HH ·. 

B HHTerpanbHbiX Ce'leHHHX o6pa30BaHHH npo)J.yKTOB peaK~HH Mano

HyKnOHHbiX nepe)J.a'l, HH B .IJ.HcJ>cJ>epeH~HanbHbiX Ce'leHHHX 0 0)1. 6onb-

11JHMH yrnaMH )J.nH Cpe)J.HHX H TH)f(enbiX R)J.ep-npO.II.YKTOB ll0)J.06Hble 

Y3KHe MaKCHMYMbi BbiXO.IJ.a pauee B 3KcnepHMeHTax ue ua6n ro)J.anHCb. 

ilo )J.aHHbiM OllHCaHHbiX 3)J.eCb nepBblX 3KcnepHMeHTOB eB03MO)f(

HO .ZI.aTb O.IJ.H03HatiHyro HHTepnpeTa~ro npHpO.II.bi Ha6nro)J.aeMoro 3cP

cJ>eKTa. 0.II.HaKo MO)f(HO BbiCKa3aTb pR.II. npe)J.nono)f(eHHH. 

J-b npOCTbiX KHHeMaTH'IeCKHX C006pa)f(eHHH. cne)J.yeT, 'IT!:> B Bbi

XO)J.aX MHilleHellO)J.06HbiX npO.II.YKTOB ManouyKnOHHbiX nepe)J.a'l UO)J. 

HyneBbiM yrnOM 6y.II.yT MaKCHManbHO B03MO)f(H0 npe)J.CTaBneHbl npo

.II.YKTbl, o6pa3yiO~HeCH npH ManbiX 3Ha'leHHHX npH~enbHbiX napaMeT

pOB. ilpH 3HeprHH CTOnKHOBeHHH Bblllle KynOHOBCKOro 6ap bepa B3aH· 

MO)J.eHCTBHe C ManbiMH 3HatieHHHMH npH~enbHbiX napaMeTp OB C 6onb-

11JOH BepORTHOCTbiO npHBO)J.HT K o6pa30BaHHIO KOMnayH)J.· H)J.pa H He 

)J.aeT BKna)J.a B ceqeHHH o6pa30BaHHH npO.IJ.YKTOB peaK~HH nepe)J.a'l. 

0.II.HaKo a o6nacTH 3HeprHii 6oM6ap.II.Hpyro~eH qacTH~I s6n H3H KYno
H08CKoro 6apbepa, OC06eHHO ,I:VIH R)J.ep MHilleHH C 6onblllHM Z, MO)f(eT 

cy~eCT808aTb KOHe'IHbiH HHTep8an paCCTOHHHH HaHMeHblllero c6nH

)f(eHHH H.II.ep, 8 KOTOpOM KynOH08CKHe CHnbl pacTanKHBaH HH paBHbl 

HnH COH3MepHMbl C CHnaMH nepHcJ>epH'IecKoro H)J.epHOrO B 3aHMO)J.eH

CT8HH. Manbie 3Ha'leHHH MOMeHTOB H MaKCHManbHO B03MO)f(Hble ,I:VIH 

npRMbiX npo~ecCOB 8peMeHa 83aHMO)J.eHCT8HH C03)J.aiOT, Ha Halll 

B3rnH)J., 8 3TOM HHTepsane paCCTOHHHH c6nH)f(eHHH OllTHM anbHble yc

n08HH ,I:VIH npOHBneHHH B CetieHHHX ManoHyKnOHHbiX nep e)J.a'l KBaH

T08biX 3cPcPeKT08 H)J.epuoro B3aHMO)J.eHCTBHR THUa H)J.epHOr O 3cJ>cJ>eKTa 

,ll)f(o3ecJ>coua 
14 1

, cJ>opMHp08aHHH peanbHOH cTpyKTypbi suewuHX 

ypOBHeH 8 .IJ.8YX~eHTpOBOM H)J.epHOM llOTeH~Hane nH60 3Ha 'IHTenbHOro 

y8enH'IeHHH HHTerpanOB nepeKpbiTHR C06CTBeHHbiX O)J.HO'IaCTH'IHbiX 

yp08HeH 83aHMO)J.eHCTByiO~HX H)J.ep, ne)f(a~HX B paHOH e rpaHH~I 

cl>epMH npH nepeXO)J.e OT ccJ>epHtieCKOrO K )J.Byx~eHTpOBOMy H)J.epHOMy 
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--
noTeHUHa.Jiy. Ot~eBHAHO Ta:K)I(e, 'ITO TaKHe KBaHTOBbie 3¢¢eKTbi B3aH
MO,o;eiicTBHH ABYX .R,o;ep ,li;OJI)I(Hbl HaH60Jiee 'leTKO npOHBJIHTbCH B Bbl
XO,ll;aX H y rJIOBbiX pacnpe,o;eneHH.RX HYKJIHAOB, o6pa3yiOI.UHXCH B Ka
Ha.Jle Ma.JIOHYKJIOHHbiX nepe,o;aq - KaHa.Jie, HaH60Jiee 6JIH3KOM K KBa3H
ynpyroMy H npHBOAHI.UeMy K MHHHMa.JlbHOH 3HeprHH B036y)l(,ll;eHH.R 

B ABYXUeHTpOBOH .R,o;epHOH CHCTeMe. floBbillleHHe 3HeprHH 6aM6ap,o;H
pyromero nyt~Ka 6y,o;eT npHBO,li;HTb K yBeJIH'IeHHIO 3HeprHH B036y)l(,ll;e
HHH HYKJIOHOB B HApax, yBeJIH'IeHHIO CHJI H,ll;epHOrO B3aHMO,ll;eHCTBHR 

H pe3KOMY pOCTY BepORTHOCTH 3BOJIIOUHH ABYXUeHTpOBOH R,o;epHOH 
CHCTeMbi B KaHa.JI CJIHRHHH. 3TO, nO-BH,li;HMOMy, 06'hRCHReT na,o;eHHe 
cet~eHHH o6pa3oaaHHR 2 1 1 Bi H 2 1 5 At npH noBbillleHHH 3HeprHH 2 2 Ne. 

ABTOpbl 6naro,o;apHbl aKa,o;eMHKY r.H.<I>nepoay H npo¢eccopy 

IO.U.OraHeCRHy 3a no,li;Aep)I(KY pa6oTbi. 
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