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IN-MEDIUM EFFECTS IN K * SCATTERING VERSUS
GLAUBER MODEL WITH NONEIKONAL CORRECTIONS

S.M. Eliseev, T.H.Rihan*

The discrepancy between the experimental and the theoretical rativ R of the total cross
sections, R=o(K* - 12C)/66(K* — d), at momenta up to 800 MeVic is discussed in the
framework of the Glauber multiple scattering approach. It is shown ttat various corrections

such as adopting relativistic K *~N amplitudes as well as floneikonal correttions seem to fail
in reproducing the experimental data especially at higher momenta.

The investigation has been performed at the Bogoliubov Laboratory of Theoretical Physics,
JINR.

+
Slnepusie 3¢dekTsl B K "-paccesHnn u Moaeap I'nayGepa
€ HePHKOHAJIBHBIMH MONPaBKaAMH

C.M.Enucees, T.X.Puxan

OrHowenus ceuennii R =o(K* - 12C) /606(K * —d) BeducIAOTCH 1o Mojenu DmayBepa

BILIOTH 0O HMITYT6c0B 800 MaB/c ¢ ucnonsiosanneM penatusuctckux K *—N-ammutya. Toka-
3aHO, YTO JaXe Moc/ie BBEACHHA HeMKOHANBHBIX NMOMNPABOK He Habu0maeTcs coracHs ¢ 3KC-
MEPUMEHTATLHLIMH JaHHBIMH. YXa3aHO Ha BO3MOXHHE siiepHble 3pdexib THma EMC.

Pa6ota suimonteHa B JlJaGopatopuu teoperHueckoit ¢usnxy um. H.H.Boronw6osa OMAH.

1. Introduction

One of the most important subjects discussed at present, is th:: problem of confinement
of quarks in hadrons and the difficulties associated with the long distances in QCD. From
QCD we know that at a sufficiently dense matter, which may be obtained in high energy
nucleus-nucleus collisions, colour screening will lead to quark deconfinement. However,
the EMC effect indicates that nucleons can significantly charge tteir properties even in the
ground state of nuclei. At present, inclusion of such unconventional EMC-type effects
receives greater attention in contemporary nuclear physics.

To explore the nuclear interior, the K *-meson was then regarced as a unique probe due
to its long mean free-path in the medium [1—5]. However, thecretical predictions for its

*Mathematics and Theoretical Physics Department, Atomic Energy Authority, P.O. Code 13759, Cairo, Egypt.




6 Eliseev S.M., Rihan T.H. In-Medium Effects

total cross section based ¢n the conventional nuclear physics approaches failed to reproduce
the experimental data [4,5]. This situation triggered the search for the role played by the
medium in modifying hacronic properties [6—11]. Thus, exotic mechanisms to describe the
K* data such as nuclecn swelling (or partial deconfinement of nucleons), in-medium
modification of meson properties, and excess of pions in nuclei are still the source of
considerable debate (see, e.g., [6,10]).

We believe, however, that a careful analysis should be performed before any
conclusion can be drawn as to the necessity of introducing features that are not present in
the standard nonrelativist:c models.

Since Glauber’s multiple scattering theory [12] has been applied very successfully in
the past for various hadrcnic probes at intermediate energies, it may be of interest to try to

apply it for the above case of K™ scattering [11] as well. We further extend such
calculations by taking in'o account noneikonal effects [13,14] as well as relativistic K-
nucleon amplitudes [15].

Thus far, our work serves largely to confirm other approaches based on various optical
model potentials [4,5], and gauges the need for exotic mechanisms.

2. Glauber Model Analysis

Although the Glauber theory was developed initially for high energy projectiles, yet it
also successfully works in the intermediate energy region.

In the present work, Liowever, we shall include as well the so-called noneikonal effects
(i.e., the deviation from the simple eikonal propagation picture) in our calculations.

For the sake of clarity, we recall that following Glauber, the amplitude for a projectile-

target elastic scattering, a;sumes the, general form:
ik { io. ;
A =5_J ¥ 1- e Pyan, ()

where b is the impact parameter and ) is the corresponding phase shift function.
More explicitly, for projectile-nucleus scattering, Eq.(1) can be cast in the form:

; . ix(,s,..s)
FQ = @by g, @

where ; is the componen: of the radius-vector I of the j th target nucleon in the direction

perpendicular to the incide:nt momentum k, while the brackets () denote target ground-state
average.
Further, given the coiresponding projectile-target nucleon amplitudes,

k ; 22
f(q:=i'—j—nymeﬁ"/2, Y= Re f{0) /Im f0), 3)

and o is the projectile-taiget nucleon total cross-section, then one can express the above
projectile-target nucleus amplitude in the following parameter-free way:
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F(Q) = ikG(Q) [ bdbJ(Qb) x
1 Z
_ ot —-ig-b
x{l sl P h@s@da] <

1 [aD
X 1] € f,,(q)&,(q)dq]’v] | @

here S(g) is the nuclear form factor, N, Z are the numbers of nettrons and protons in the
target nucleus, while G(Q) is the corresponding c.m. correlation fa:tor. Since in the present
work we are interested in total cross sections, then we need only to calculate F(Q) at
Q =0, and in this case G(0) = 1. It is then a straightforward matter to obtain the total cross

section for the case of K *-target nucleus scattering adopting the optical theorem.

In the above equations, the parameters o, B, and ¥ of K A" amplitudes at different
energies will be taken from the data (see [11]) while we acopt for the elementary
amplitudes f Martin’s (relativistic) phase shifts [15], which give v:ry reliably results up to
momenta 1 GeV/c [16]. For this purpose, we elaborated a special code for the calculation

of K*-N partial wave amplitudes (S, P, D, and F states) with the corresponding isospins
(I=0,1=1).

For N = Z nuclei, we thus utilized the following average K "IV amplitudes

KN =3 [RK ) + K ). )

In a previous work {11] we have calculated the above total crcss sections directly from
Eq.(4), but we have found, however, that the same result is almost obtained with even the
more simplified (optical-limit) form:

O = 2% ] Re[l e X® bab, (6)
0

where %(b) is the nuclear phase function.

Further, to relate the above formulation to the usual semiclassical approaches, it is
generally accepted to consider the Glauber phase-shift fuiction as the eikonal
approximation of an equivalent optical model potential. However, {or potential scattering an
eikonal expansion has been given in a compact form by Wallace et al. [13] and by Waxman
et al. [14] viz:

n+1 ot
_y__ K (bo a1 n+l
X(b)'§ k(n+1)![k8b auT{V () dz. M

The zeroth order term in such an expansion x(b)eikon is just th: Glauber eikonal phase,

while the n-order correction y(b) , 8ives rise to noneikonal eff>cts.

nonei
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To that end, we have used in our calculations Glauber’s eikonal approximation as well
as the first and second orJer noneikonal corrections to this approximation, i.e.,

X(b) = x(b)cikon + x(b)noneik ' ®

For the carbon density the following harmonic oscillator wave functions were used,
with the parameters of F.ef. [17], where the nucleon size has been properly taken into
account:

4 _2(A-4)
n"S/R3’ 34 ntSRS’

2
piN=(+frr)e T, o= y=—- )

R%
where R? =2.5fm? [17].
In the figure below we show the experimentally determined [3—5] ratio R and the

different theoretical predi:tions. The dotted line represents the results of this work, and is
obtained using the Glauber eikonal approximation (see text). The dot dash line corresponds

c(‘ZC)/fo(d)

=T
1

0.75-....L1.A11....4‘
0.4 0.5 0.6 0.7

P, GeV/c

Fig. Comparison of data [:,4,5] and different models for the ratio R (see text); dotted line — this
work (eikonal approximation); solid line — this work including noneikonal corrections; dot dash
line — Glauber model fron Ref. [11]; long dash line — swelling model [7]; short dash line —
MEC model {8,9]. By triangles we show the calculations using the momentum-space optical model
potential [10]
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to our previous analogous calculations [11], using the usual high-:nergy approximation as
given by Eq.(4). It seems that there is close agreement between th: above two approaches.
Solid line displayes the results including noneikonal corrections (see, Eq.(8)). The results
of the momentum-space optical model potential of Ref.[10] are represented by triangles.

It is interesting to note here, that the first order noneikonal correction lowers our cross
section ratios in the considered range of the projectil’s momenta, while the second order
correction results in bringing that ratio more closer to Glauber’s result. This seems to be
extremely interesting as thise corrections are intended to improve upon the eikonal result
bringing it more closer to its exact quantum mechanical counterp:rt. Thus, care should be
exercised when dealing with noneikonal corrections.

As can be seen from our figure, all the eikonal as well as the optical model resulis fail
in reproducing quantitatively the ratio R. This situation then led many authors to assume
some exotic phenomena ranging from nucleon swelling to pion excess in nuclei [8,9].
However, the results based on such phenomena still do not lead to a satisfactory agreement
with the experimental data as can be read from the figure.

We conclude that both our results, the results calculated in the framework of the-optical
model and also suggestions about nucleon swelling [6] as well us pion excess in nuclei

[8,9], show the possibility of observing some unusual pheiomena in K T-nucleus
interaction. But the investigation of the in-medium effects in the th:ory of nuclear reactions
is still in its early stages and it needs more time to clarify and isolate exactly the role played
by the nuclear medium in relevance to phenomenon as that described above.
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O BO3MOXHOCTH PEIIITHBHCTCKOI'O OIIHCAHHUA
JABHKEHHS CHCTEMBI B3BAUMOJEHCTBYIOINAX YACTHIT

H.I'.®Paoees

BBeneHa HOBas WHBapHaHTHad BEJIHYHHA (f, OMPEAE/NIOINAsd HA OCHOBAHHM OOILHX Tpe6o-
BaHHi JOJIO TEPEJAHHOTO 4-HMMYIbCa g, (qtz}l = o%¢%) ¥ no3BaNAOILAY CTIHCATh NPOLECC Pac-

CesHMs KaK DBOJIOLMI0 CHCTEMBI ABYX B3aHMOEHCTBYIOIIHX 4acTHL. OCHOBHBIE HACH HOBOIO
NOIXOJa MPOBEPEHDI C MOMOLLbI0 SKCTIEPHMEHTATBHBIX JaHHBIX peakLMi( pasBala AeHTpOHa B
BOJOPOAHOH KaMmepe npH ummynsce 3,31 TaB/c.

Pa6ota BbinonHeHa B JlaGoparopuu cBepxBbICOKHX aHepruii OUAH.

On the Possibility of Relativistic Space-Time
Particle Scattering Description

N.G.Fadeev

The article presents a phenomenological approach to investigate inelastic interactions based
on the introduction of a new invariant o — a part of the 4-momentum transfer g, (‘1(21 = azqz).

The new invariant allows one to describe the process of particle scattering as the evolution
of the system of two interacting particles. The main ideas of the proposed method have been
tested with the experimental data of the deuteron breakdown reaction n a hydrogen bubble
chamber at 3.31 GeV/c.

The investigation has been performed at the Laboratory of Particle Fhysics, JINR.

1. BBegeHue

[InogoTBOpHOCTs MAeH MacwTaGHOl MHBApHAHTHOCTH B OMICAHMH MHOXECTBEHHbBIX
MPOLECCOB B PAMIHYHBIX aclleKTax (PM3MKH 4HacTUL, BKJI0Uas (hU3MLy PENSTUBUCTCKUX saep,
KOCMMYECKOE W3NyYyeHHe M acTpodu3HKy, YCTAaHOB/IEHA JaBHO (cM., Hampumep, of3op [1]).
CoBpeMeHHbiH Mporpecc ‘B pa3BUTUM Teopun DiybokoHeynpy'mx peakuuit (TCHP) B
3HAUUTENBHOHN CTENEHH Mpeaonpeae/Hics BBEAeHUEM MacuITabHO-1{HBADHAHTHON BeJTMYHHBI
x — nepeMeHHOI brepkena [2]. HeoXuAaHHBIM M MJIONOTBOPHBIM OKAa3aJ10Ch MPHIIOXEHHE
uied MacwTabHOH HMHBAPMAHTHOCTH K MpobieMe pelSTHBUCTCKCTO OMUCAHHA BMXEHHS
cucreMbl ABYX U Oosee yacTuL.

[TomeITKa PENATHBUCTCKOIO OMHMCAHHA OBHXEHMSA CHCTEMBbI AEYX B3aMMONEHCTBYIOUIHMX
YaCTHL, HE FOBOPS yXe 0 Tpex M 6oyee yacTHLAX, CTAIKMBAETCS ¢ MHOTHMH TPYAHOCTAMH,
«CIPABUTBCA C KOTOPBIMH JI0 CHX MOP HE YAAOCh HE TONBKO B Y3KIX paMKaX MEXaHHKH, HO
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H C NpHBJIeYeHHEM DyOOKHX HIeil KBaHTOBOH TEOPHH monsa» [3]. YTBepawioch MHEHHE, YTO
JaHHas npo6sieMa ellle Ja leKa OT CBOEro OKOHYAaTeJIbHOIO PELUEHHS.

B nanHoit pabore npennaraercs eHOMEHONIOTHYECKHH MOAXON K M3YYEHHIO B3aUMO-
JEeHCTBHH YaCTHLl, OCHOBA iHBIA Ha BBEJEHHH HOBOH MacITaOHO-MHBADHAHTHOH BEJIMYHHBI 0L
(0o <1). C noMolwpio C: Ha OCHOBAHMM OOIIMX TMOJIOXEHHH 0Ka3a10Ch BO3MOXHBIM OMpe-
HOEeNUTh KOMNOHEHTH 4-BeiTopa g, — BONK NMEPENaHHOro 4-pmnynsca q. Tak Xe, Xax nos-

HOM nepenaye g COOTBETCTBYET ONpele/IEHHOC KOHEYHOE COCTOAHHE, TaK H J10/1€ nepeaadu
q(l COOTBETCTBYET ONpenes CHHOE NMpOMEXYTOYHOEC COCTOAHHME, 3aBHCALLCE OT O.

Hpes npoMexyTouHb:: cocTOSHMH Bo3HHKIA [4] u3 aHanu3a THP B npocTpaHcTBE CKO-
pocreii [3]). Ora upmes Takxe comepXuTcs B ciefyioweM paccyxiaeHud H.A Uepumkosa:
«PaccMOTpUM Tenepb ABe YacTHibl. Mbl He 3HaeM, KAKMMH YPaBHEHHAMH ONpENENAeTCA MX
IBHXEHHE, HO KAaKUMH Obl YpaBHEHHUAMH OHO HH ONpENEJISUIOCH, B PE3YbTaTe PELIEHHS YPaB-
HEHHMH NABMXEHHN Mbl BO BCAKOM CJyyac [OJDKHBI MOMYYHTb Mapy MHPOBBIX TPaeKTOPHH.
BosHukaer Bonpoc, B KaliOM C/lyyae 3allaHHas Mapa MHPOBBIX TPAaeKTOPHH MpPEACTABJIAET
ABUXEHUE [IBYX B3aUMOMEE CTBYIOILMUX TONMBKO APYr ¢ ApyroM vactuu?» [3].

[pencraBnseTcs BaXHbIM 3IECh TO, YTO PeYb HAET HE O Mapax TOYEK, COOTBETCTBYHOLIMX
HayalbHbIM U KOHEYHBIM ( OCTOSHHAM YacTHL, a O NMape MHOXECTB TOYEK, KOTOPBIE O0/IXHbL
OuiTh (KaK peuleHus HeM3LECTHHIX yPaBHEHWH) M KOTOpble 00pa3yloT MUpOBLIE TPAacKTOpUM
(NpoMeXyTouHble COCTOAKHHA B3aUMOAECHCTBYIOIUMX YacTul). Mcxoms M3 3TOro, MOXHO yT-
BEPXAATh WIH, MO KpaiiH¢H Mepe, MOXHO MpEANoNOXHTE, YTO B NMPOCTPAHCTBE CKOPOCTEH
nonxeH ObITh COOTBETCTB/IOLIMH 00pa3 3TOi Mapel TpackTOPHHA B BHIE HEKOTOPOH Mapbl
JIMHHHA, KaXgas U3 KOTOPb X AO/KHA COEMHATh HAYAJIbHYK M KOHEYHYI0 TOYKH B3aHMOJCH-
CTByIOIWHX YacTul. Takum 06pa3oM, OCHOBHOE MOJIOXEHHE NPELIaraeMoro noaxona MOXHO
ctopMynHpoBaTh cnemyloriiM o0pa3oM: aumolelicmeue O06YX CMANKUEAIOWUXCA HACMUY
ecmbv npoCmpaHCMEEHHO-6DEMEHHOI NPOYECC — NPOYECC Nepeoaii SHePzUU-UMNYIbCa om
O0O0HOU yacmuysl K Opy2di. :

Beenenne npoMexyTo {HOrO COCTOSIHMS MO3BOJISET CBA3aTh COOCTBEHHBIE BPEMEHA IBYX
B3aMMOIEHCTBYIOLHMX YacTHI OObIYHBIM CNOCODOM — Yepe3 WX OTHOCHTE/IBHYK) CKOPOCTb.
[TosToMy oOnHcaHHe JBH KEHHUSN CHCTEMBbI YaCTHL CTAHOBHTCS BO3MOXHBIM CBECTH K
3aBUCHMOCTH JIMIIbL OT OJHOTO BpEMEHHOro mnapamerpa. TakuM crmocob6oM yaaercs
CIPaBHTECA C OCHOBHOH TPYyAHOCTbIO, BO3SHMKAIOLLEH C «OTHIONb HE CYYalHHbIM YBETHYEHHEM
pasMEpHOCTH» NPSMOro Mj'OH3BedeHHA IBYX MHPOB [3].

YMectHO BaMCTH’I"b, 4yro B HCpCHﬂTHBHCTCKOﬁ MEXAHHKE MOJIHOE PEUICHHE 3anayd o
ABHXEHHUH YacCTULBI B LUCETPAIBHOM [OJIE «TPOLIE BCEro NOMYYACTCHA, MCXOAA HU3 3aKOHOB
COXpPaAHCHHA JHEPrHH H MOMEHTA, HE BBLINMMHACHIBAA TPH 3TOM CaMHX ypam{eﬂuﬁ JOBHXECHUA»

[5].

[ns Hadana OrpaHM4YMMCA PacCMOTPEHMEM HMHKJIIO3MBHBIX PEaKLiMii C M3BECTHbLIM mepe-
AaHHbIM 4-uMmnysibcoM ¢ (1.€. kak B 'HP). O606wenune Ha ciyyail mpou3BoJIbHBIX peakuui
NpEACTaBIAETCS NOCTATOYl O MPOCTBIM M BBHITEKAKLIMM KaK CNEICTBUE U3 PacCMOTPEHHOro
cnyyas. OmHako Tpe6oBaHHE H3MEpEHMS MePeJaHHOIO 4-UMNYALCA ¢ B pAacCMaTpPUBAEMOMH
peaklHH, OYEBHIHO, Ha MPAKTHKE MOXET 0Ka3aThCs TPYAHO PEAIU3YEMbIM MIH HEONHO3HAY-
HbIM.
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2. MHKNI03HBHbIE pEaKUHH

PaccMOTpUM peaxuuio

a+b—a+ X
d ()

1+2+...+n,

B KOTOpOH Macca HaleTalluedl YacTHLB a [t MPOCTOTH M3J10XEF U CUHTAETCd HEH3MEH-
Hoi. Tlon peakuuedi (1) noapasyMeBalOTCa NpeXIe BCEro peaklUuH J1yOOKOHEYNpYyroro pac-
CesHMA JIENITOHOB Ha HYKJIOHE W PeakLHH ¢ U3BECTHOH nepenaueH, <ak B [HP, nanpumep:

d+p—->p+ X
l 2)

p+n

— peakuus pas3Baja IeHTPOHa B BONOPOLAHOH KaMepe [6j.

B orHomeHHH peakuuu (2) crnemyer OTMETHTh, YTO NPOTOd M3 JEHTPOHA MOXHO
OTIMYHTH OT NPOTOHA-MHLIEHH, WIH, 1O KpaiHeil Mepe, MOXHO y<a3aThb KHHEMaTHYECKYI0
obnacte, B KOTOpOH Takyw MIEHTH(HMKALHMIO MNPOTOHOB MOXHO  OCYLIECTBHTb.
CnenoBatenbHO, NepenaHHbIA 4-UMITYJIBC IPOTOHA-MUIIEHH U3BecTeH. HerpyaHo teneps 3a-
METHTb, YTO KMHEMaTHKa peakuud (2) B aHTHIab0paTOpHOW CHCT¢Me (JeHTPOH MOKOUTCS)
HIeHTHYHA KuHeMatuke peakivd (1) B naboparopuoit cucreme. IlosToMy nocneayiouue Bbi-
KJIa[KH CTpaBeUTUBBI U1 000MX THNOB peakuuil. OCHOBHblE HAEH MPEAJIaraeMoro noaxona
NpOBEPSUICh U OyoyT WINIOCTPUPOBATHCA C TOMOLIBID DKCNEPHMEHTATBHBIX JTaHHBIX
peakuuH (2) npu uMnynsce aeiirpona 3,31 I'sB/c.

BBeaem CICAYIOIUHE 0003HaUYCHHA:

Ka+Kb=K;+Kx, 3)
K=K +K+.+K_ (3.1)
g=K -K, (3.2)
gv=E,—E, ,P=P -P’), (3.3)
0l=—4*=pP2-2, (3.4)

2 2 2
M2=W?=K: =m§+2mbv(1 —x) (3.6)
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n n-1 n
M;=(Zmi)2+22 Z m.m(cos p, — 1), 3.7
i=1 i=lk=i+1
n
Mmjn=2mi, (38)

rae yepe3 K 00603HaueHbl COOTBETCTBYIOIIHE 4-HMITYJIBChI: Ka, K; — Hajerawlled YacTHIIb!
a [0 H nocfie B3aUMOIECiiCTBHS, K, — wmuuieHu, K — cymma 4-UMNYNILCOB BTOPHYHbIX
n-yacTHll, ¢ — MepeaaHHblit 4-UMNyNnbc, V — mnepedaHHas 3Heprus, P — nepenanHbii

3-umMnynsc, Q2 — KBapaT MOMy/s TlepefaHHOro 4-uMInynbca, x — nepeMeHHas boepkeHa,
MI — 3¢dekTHBHAA Mac(a n-4acTHll, Mmin — MHHHUManbHag 3h¢eKTHBHAS Macca n-4acTHll,

ma —— Macca HajieTawller , m, — Macca MHUIEHH, ml. — Macca i-BTOpH'-lHOﬁ 4acCTHLbI, pik —

b
6bicTpoTa Mexny i-#, k-ii yacTHLaMH.
HauHeM ¢ ypasHeHus (3), 3anUCaHHOrO € YY4eTOM BBEJESHHBIX 0003HaueHHIl:

g+K, =K _. (4)

J1060ii BEKTOp MOXHO Mp€OCTaBUTH KaK CyMMY IBYX NMpPOM3BOsbHMX BeKTOpPOB. lIpencTaBum
4-BeKTOp ¢ B BUAE

9=K,~ K, + K, K, =q,+d5, &)

a a

qazKa_Ka(l’ qB=Kaa_K” (6)

a
e K = — HEKOTOpoe MEOMEXYTOYHOE COCTOSHUE HYACTULLL G B MPOLECCE BIAMMOICHCTBUS.
YToGhl ONpenenuTh COCTOAHUS YACTHIL, COOTBETCTBYIOILMX Nepenaye g, MOACTAaBHM S)s )

M pacCMOTPHUM CYMMY ¢ 4 Kb, KOTOpasi €CTb TOXE HEKHH 4-BEeKTOp Km:
qa+Kb=Km' )

Ypasuenue (7) hopMansro noxoxe Ha ypaBHenue (4). Tak xe, kak ypasHeHHe (4) ompene-
JISET COCTOSHHE MHLIEHH T0C/ie Mepejayd e 3SHepruu-uMIlynbnca ¢, Tak U ypaBHeHue (7)
ONpefeNseT  COCTOSHHE MHILEHH T0CTIe NepefayH g . T.e. U KOHeyHOE Kx-,u npome-

XyToyHOe K -COCTOSHHMS MONY4AKTCsH MO ONHMM H TeM X MPABU/IaM CNIOXEHHs 4-BEKTOPOB
— 110 NpaBH/IaM COXPpaHelius 3Hepruu-umnynsca. Ho B (7) 4-sektop ¢, He ussecred. Ilonbr-

TaeMcs €ro ompefeauTts H3 obwux coobpaxeHud. O603HAYMM KOMITOHEHTBI g, KaK v u

I
95 = Ve~ Py - (®)

U3 Tpex Benuuyun, Biopawux B (8), aBe He3aBucuMbie. BriGepem q, TakK, 4y100bl €ro

MOIYNb COCTaRASA HEKOTCPYD  (O-AOJI0 MOAYNA ¢:
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7 =oq =—o’Q%, )

rae o — HekoTopoe uucino B npegenax ot 0 go 1. YpasHenue (9) ects mepBoe npearnosno-
KEHHeE.
YT00BI OKOHYATENBHO ONPENENUTh BEKTOP ¢, nepenuiueM (7) ¢ yueToM (9):

2
—-q
2 _ a2 2 o
Ko=My =K +2Kg, | 1 -3 |, (10)
bla
2.2
2_ 2 o Q
ME=m2+2m, v, 1—2mbv . (10.1)
a

Herpynto 3ametuts, yro mpu o=1 u v =V Beipaxenue (10.1) cosnamaer ¢ koHeuHO#

atppex TMBHON Macco sz (cM. (3.5)). TToaToMy MOXHO hpOCTo [10. [0KHTB:

v, =0 S an

Onnako npu TakOM ONpeneNeHHH V - BelHYHHA M(f OymeT B clly'1ae ynpyroro paccesHus
(x=1) dynkusen 0, NpUHUMAIOLIEA 3HaYEHUs] mi

ByneM nonarats, 4To B npoliecce yIpyroro B3aMMOAEHCTBHS MiCChl YAaCTUL HE MEHSIOT-
cs1. B Takom ciiyuae BO3HMKaeT BOMPOC, KaK O0eCHeuuTh NOCTOSHCTS0 MPOMEXYTOUHOM Mac-
Cbl Mulenn M B ciydae YNpYroro paccesHMs M COXPaHMT> ee (DYHKUMOHAJIbHYIO

nump mpd =0 u a=1.

3aBHCHMOCTb OT JOMH IEpefaHHOTO MMITynbCca B Cllyuyae Heynpyroro paccesHus? JIpyrumu
CJIOBaMU: MOXHO JIM emuHbIM 00pa3oM ONHcaTbh YNpYIHi M 1ieynpyrdii mpouecchl B
3aBUCUMOCTH OT AOJM NepegaHHoro 4-ummnyibca? JIerko 3aMeTUTE, 4TO IS 3TOTO BMECTO
(11) nyxHo BHIOpaTh HENHHEHHYID 3aBUCHMOCTb B BMIIE

_ 2
v, = oy (12)

B stom cnyyae Beipaxenne (10.1) npunumMaer sug

M2 =ml+2m vol(1 -x), (13)

W3 KOTOPOTO ClleftyeT, yto M =m, npu x=1.

Bri6op sHepreTHyeckoil KOMMOHeHTH B BHAe (12) ecTh BTOpOe Hpeanonoxenve (moso-
X€HHE O MOCTOAHCTBE Macc 4acTHI B CIyyae YNPYIMX CTOJIKHOBEHHH MpEICTaBIIsIeTCs ecTe-
CTBEHHBIM).

[lpu 3ananHOH HayanbHOW 3HEPrMM KuHeMaTWKa coObitus B I'HP nonnocTsio BoccTa-
HaB/IMBAETCs] HA OCHOBE ypaBHEHHS (4) MO JByM HE3aBUCHMBIM IEP::MEHHBIM, HaNpuMep V M
Q2. AHaNornyHo, KHHEMATHKa NTPOMEXYTOYHOIO COCTOSHMS ITOJIHO *Thi0 BOCCTaHABIMBAETCS
Ha OCHOBe ypaBHenus (7) IO JIByM HE3aBHCHMbIM NEPEMEHHBIM, Ha IPUMEp 110 TEM Xe V  H

oczQ 2
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a) ,
xm,,
Puc.1. IuarpaMmsbl Heynpyrod peakudH B NpocTpaHcTBe ckopocTeil Jlo6aueBckoro: a) BBeneHHE
O-HHBapHaHTa, 6) BBENCHHE X -HHBapHaHTa

Takum o6pasoM, Bce <OMMOHEHTHI 4-BEKTOpPA ¢ MOXHO ONPEAENHTh, U BCe OHM Gynyr

comepxarb 00w MHOXUTeab O. ClemoBaTesbHO, MapaMeTp o €cTh MaciuTabHbli
MHOXHTENb, a 4-BEKTOp ¢ ABIZeTCA MaclTabGHO-HHBapHaHTHBIM. HM3menss o ot 0 1o 1,

MOXHO NOJIYYHTb MHOXECTBO COCTOSAHHH OT HAYAIBHOIO A0 KOHEYHOro. ﬂonyquHoc MHO-
XECTBO COCTOSHHH MOXHO paccMaTpHBaTh KakK 3BOJIIOLHIO B3aUMOJIEHCTBHA B 3aBUCHMOCTH
OT OOJIM NepeNaHHoroe 4-u Anynbca q(l’ a 00 — Kaxk napaMeTp 2BONIOLHH.

e of

Ha puc.la npencrasn:Ha qHarpaMma HeEynpyrod peakuWH B NPOCTPAHCTBE CKOPOCTEH.
[TyHKTHPHBIMH JIMHHSMH H300paXeHO NPOMEXYTOUHOE COCTOSHHE B3aHMOINEHCTBYIOLIMX
gactuu m u M_.

4§ a

ﬂpeucm&nae‘rca HHTE DPECHBIM cenarhb HEKOTOpPBIC 3aM€4YaHHUdA, HENOCPEACTBEHHO
CBsA3aHHBIE C BBEACHHEM HIBOr0 HHBapHaHTa.

3. HexoTopbie 3aM::4yaHHd, CBA3aHHbIe C BBeJEHHEM HOBOH NEPEMEHHOH O

1. Tlpexae Bcero Baxii0 OTMETHTH, YTO BHIOOp HeNWHeEHHOM 3aBucHMocTH (12) Tpebyer,
410o6Bl BEJTHYHHA X B IPOLecce B3aMMONEHCTBHA ObL1a MOCTOSIHHOM 118 BCex O

2
_ —q, _ Q2 ~ _q2
29 K, 2m v 24K, ’

x (14)

DaKT NOCTOAHCTBA X COMEIXKHUTCH H B MAPTOHHOH ModesH. [JeHCTBUTENbHO, B COOTBETCTBHH
C MapTOHHOH TMMOTE30H FYKIOH MPEACTARIAETCS COCTOSLIMM H3 CBOGOAHBIX, HECBA3AHHBIX
TOYEUHBIX YACTHL — NMap10HOB [7]. POpMabHO TaKyi0 THIIOTE3y MOXKHO BHIPa3UTh 3aMEHOI
4-BexTopa Kb cyMMoH (1 - x) Kb + xK, , rne x — Maciutabuas nepemenHas Brepkena. Onpe-

IEeHHE 3HAYEHHs X MPOF3BOTUTCS B MOJEAH M3 NPENNONOKEHHS O TOM, YTO HalEeTalLIHH
nentod K~ paccenBaeTcsi Ha MapToHe xK, ynpyro. Ynpyruii xapakrep B3aHMOZEHCTBHS He
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M3MEHSIET MAaCC 4YacTHL W obecrneynBaer TakuM 06pa3oM COXPaHEHHE MAacChl MapTOHA, T.€.
COXpaHEHHE BENUYUHBI X. DTH pacCyXkIeHHs HEOOHOKpPaTHO npueogun A.M.bangun Ha
pasfiMUHHKX CeMHHapax, HO OHH He omyO/iuKoBaHbl. JlMarpaMma Takoro B3aHMONENCTBHUS B
NPOCTPAHCTBE CKOPOCTEH WILTIOCTPUPYETCS PHCYHKOM 16.

[IpoTHBOpeYHBOCT, IMAPTOHHOH MONENH B TOM H COCTOHT YTO HpEAnoaraeMple
YaCTUUBI-IAPTOHBI HEMOCPEACTBEHHO HE PETHCTPUPYIOTCA. BTO 06CT IATENBCTBO MOXET O3HA-
YaTh, YTO MepBOHAYAIbHAA [OCHUIKA HEBEpHA — 4-BEKTOp HYKJIOHa K, He smnsercs Macui-

Ta6HO-HHBapPlaHTHblM .

CoxpaHenue x B rpoLiecce B3auMopeicTBUsl 00YC/IaBIHBAETCA HalTHHEHHBIM XapaKTepoM
nepefayd SHEpruM-UMITY/IbCa B CaMOM npouecce. B CBOKW odepenb, :aM HEIMHEHHBIH Xapak-
Tep nepeqayd NpoauKTOBaH 06muM TpeGoBaHHEM €IHHOMH KMHEMATHKH [TPOMEXYTOUHBIX CO-
CTOSHHI KaK B YNIPYTHX, TaK U B HEYNPYTHX peaKkLHsX.

2. KayecTBeHHO MOHATh TOYEUHBIH xapaktep noseaeHus nporieccoB THP MOXHO u B
paMKax AaHHOrO MoAXxoja.

JIns storo onpexenuM Ko3(hUUHEHT HEYNPYrocTH Otn KaK Te¢Kyio J0JI0 [epeaaHHoro
4-uMnysneca g, KOTOPOH AOCTAaTOYHO TS POXAECHHA MUHUMAIbHOH Macchl Mmin (cM. (3.8)).
Ins onpenenenust Takoro koagduuMenTa ucnons3yeM ypasHeHue (13). Ilomoxum B 3TOM

YpaBHEHWH M =M . W pElIMM €ro OTHOCHTENBHO O, KOTOPOE h Oyner onpenensTh KO-

appuLmeHT HeynpyrocTd o, :

2 1/2
o =|——— . (15)

o onpenenennio n0a0XuM, 4to o =0 15 yNpyrux B3aMMOACHCTBHIA, T.€. HOBOH MacChl He
poxpnaercs. U3 (15) HeTpyAHO BHIETH, YTO C pocToM Q 2 BenuunHa ¥, BONKHA YMEHbLIATHCS

U CTPEMUTHCS K HYW 1pu Q 2 5 00, x = const.
HeiicTBuTenbHO, npH GONMBLIMX Mepeqayax, KOTOpble BO3MOXHbI JIMIIb NMPHU BBICOKHX

2
SHEpPrusx, T.e. NpH s=(Ka+Kb) — oo, MHHHMaJIbHasl Macca Mmir Oyner pacT JMIIb Kak

norapupM OT 5, TMOCKONBKY Mmin=2‘mi:nm7t NpONOpPUHOHATbHA MHOXECTBEHHOCTH

BTOPHYHBIX YacTHL (B OCHOBHOM — ITHOHOB, m_ — macca IIHOHA), KOTOpas, KaK H3BECTHO
[8], pacrer kaxk In (s5). [Ipu Vv — o= U npu Q2 — oo (HO X = cONnSst), YTO SKBUBAIEHTHO § — oo,
BEMYMHA O — 0 opumepHo Kak In(s)/s —> 0, T.e. Benuuura O aCHMITOTHYECKH

CTpeMHUTCH K MNpefeny [1nd yNpyrux B3aUMOAEHCTBHH, M BeCh MPOIECC MPH 3THX YCIOBUSX
npuobpeTaeT ynpyrii, «TOUEYHbIH» XapakTep.

Ha puc.2 npuBeneHsl 9KCIIEPUMEHTATBHBIE pacripeneneH s L KoadduureHTa Heynpy-
rocTH U x Ans peakuud (2). KosduuueHT HeynpyrocTd BeIYHCIEH [ ABYX TMIIOTE3: A/
JIHHEHHOM 3aBUCHMOCTH (11) — 0603HaueH o, Ha pHc.2a, M HEAWH 2iHOM 3aBHCHMOCTH (12)

— obosHaved O Ha puc.2B. IlpencTaBnser MHTepec NPOBEPH1b MOBEAEHHE ITOTO KO-

apunHeHTa ¢ POCTOM 3HEPTHH CTOJIKHOBEHHS: C POCTOM IHEPTHH OH HOJIXEH YMEHbLIATHCA.
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. . Oy Puc2. o, x, O, — pacnpeneneHus s
B) peakuuH (2)

Ha puc.26 npuseneHc pacnpeneneHue no x. HHTEpecHO OTMETHTH, YTO MAaKCHMMYM pac-
npeaesneHus No x npuxomHrTces Ha x =~ 1 /2, W cpefHee 3HaYeHHe x paBHO ~ 1 /2, T.e. ynpy-
roe paccesHHe NpOTOHA (B aHTHNAb. cHcTeMe) NPOUCXOIMT Ha NOJOBHHE MAacChl IeHTPOHA —
KBa3HyNpyroe paccesHde HYKIOHa Ha HYKJIOHE.

3. O6061eHHe npeiaracMoro MOAXOAA HA Clly4ai MPOHU3BONBHBIX PEeakUUi Cleayer B
pe3ynbrate oOHApyXeHUst NpsSMOi CBA3M TpeOOBaHMA eAMHOTO ONUCAHUS KMHEMATHKH Yii-
PYIMX M HEYNPYTHX B3aUM JACHCTBHH C COXPaHEHHEM BEJIHYMHBI X.

Hns nepenanHoro 4-uMnysibca ¢ ynoGHO BBECTH JOTMONIHHTENLHO NMEPEMEHHYIO X , aHa-

NOTHYHYK ObepKeHOBCKOK (KOTOPYO Moka 00603HauWM Kak xp):

2 2
==L o2 (16)
a —2qKa 2mavb

v, =E —E;, (16.1)
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rae Eb s E,’) — 9HEprus 4acTHubl b (MUILIEHH) 10 H MOC/e B3aUMO[I SCTBHSI B CHCTEME MOKOS

YaCcTHUBI a (a aHTUI1a6. CHCTCMC). AHAJIOrH4YHO X, UMEEM: €CJIH M I1Cca YaCTHIbl @ He MEHs-

b
ercH, TO X = 1.

JInst Heynpyroil peakuuu (1) umeem: x, = 1, X, < 1, a nna peax:uu (2): x, < 1, X, = 1 (na
puc.26 mpeacTaBneHO pacnpenesieHUe no x,).

OueBuaHoO, YTO B ob1eM cjiydyae, Korga Macchl obenx B3aHMC)ICl7lC,TBleH.lHX YaCTHU HE

coxpansitotest, X, < 1 u x, < 1. Kak 6bUT0 OKA3aHO B mpedplayLIen: pasiene, u3 Tpebosanus

€IUHON0 OMUCAHWA KHHEMAaTUKH NPOMEXYTOYHOrO COCTOSIHHSI JJ(d YNPYTHX H HEYNpYrux
peaklUMi creayeT HeJIHHEWHbli XapakTep 3aBUCHMOCTH [€peJaracMOi SHEPruH, NpUBO-
IAIMA K COXpaHeHHlo ofeux BenHYMH x M X, . CiefoBaTensHO, paccMOTpeHue obuiero

Cllydas NMPOM3BOJBHOH peakUMH CBOAMTCA K BONPOCY OMNpedesieH!sl 4-BEKTOpa ¢: Kak BBbI-
IEJIUTh U3 KOHEYHOTO COCTOSHHS YacTHLB!, ABISAIOLHECH MPOAYK1aMHu (MM ¢hparMeHTaMH)
mibo a-, nu6o b-yactuu? Ho 310 yXe Apyroii Bompoc. .

4. TlpoctpaHcTBo ckopocTed U opmynbl Jlo6aueBCKOro Npel;0CTaBIAIOT BO3MOXHOCTD
IIPOCTOTO M HAIJIAAHOTO BOCCTAHOBJIEHUA HE TONBKO KOHEYHOTO, HO H MPOMEXYTOYHOIO CO-
CTOSHHH B3aHMOJEHCTBYIOLIMX YAaCTHL MO JBYM HE3aBUCHMBIM Iap IMETPaM.

Yrobel BOCHONB30BATECA 3TUMH IPEHMYLIECTBAMM, HEOOXOMIIMO BBECTH COOTBETCTBY-
1oue OBICTPOTHl YaCTHIL B HAYAIBHOM, KOHEYHOM H MIPOMEXYTOUH M COCTOSHUAX. OTMETHM
JMIIb TepBBIA war, HeoOXOOUMBIH U1 O@IbHEHIUUX BBIYMCIEHIH (L1 MPOCTOTHI pac-
CMaTpHBaeM peaklMM, KOTIa Macca HaleTaolled YacTHllbl He u3Me iseTcs). Beexem GwicTpo-
Thl, COOTBETCTBYIOLIME JI0J1€ MEepeJaHHOro 4-uMmynbca q, (M. (9) u 12)):

- ¢ =0?Q*=2m’(cosh A - 1), A7)

olv = ma(cosh Py~ cosh pal), (17.1)

rae GricTpoTsl A W P,; OMHO3HAYHO (PUKCHPYIOT MPOMEXYTOYHOE COCTOSHHE YaCTHUbl m B
NPOCTPAHCTBE CKOpOCTEH ( P, — COOTBETCTBYET HAYabHOI OHEPIUH HAIETAIOILENH
qactuusl). Ha puc.la st 6pICTpOTH H306paXeHbl MYHKTHPHBIMH JIHHHAMMU: A — oTpe3koM
mm.,p,— mm, . YpaBHeH!: (17) onpenensioT BBegeHHbie ObIC "POTH Yepe3 napaMeTp O

Hcnonesya (17) u dopmyner JlobaueBckoro, MOXHO OMpeENeTt Tb HA OCHOBE ypaBHEHHS .
(7) Bce BEIMYHMHBI, XapaKTEPH3YIOLIHE NPOMEXYTOYHOE COCTOSF HE B3aUMOIEHCTBYIOLIMX
4acTHl. MHOXECTBO COCTOAHMIA, COOTBETCTBYIOIUMX H3MeHeHHI0 O. or 0 mo 1, obpasylor
rogorpach B NpOCTpaHCTBe CKOPOCTEH.

4. OueHKH BpeMEHHHIX IIapaMeTpPOB HEYNPYroro paccciHus

Co6cTBerHOE BpeMsl 4acTUIIB dT CBA3aHO CO BPEMeEHeM df CHCIeMBl, B KOTOPOI YacTHLa
ABUXETCS CO CKOPOCThIO 3, cooTHOmEeHHeM [3]:

di=dt\1-p2. (18)
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Ins pansHeidero ynobHo BBecTH T — mNONHOe BpeMs WIH [UIMTEIBHOCTh B3aHMO-
Oe#cTBUs yacTHUbl (@ iy b) B OaHHOW cHcTeMe OTcueTa, Hanpumep, JabopatopHoi. Ilo-
JIOXHM

t=0T, dt=Tdo, (19)

IIe ! —— TEKylllee BpeMs, COOTBETCTBYlOLEe L — [0Je NEpPeaaHHOro 4-ummynbca. AHa-
JIOTHYHO, B OBUXYyLLeics cucTeMme: ' =aT’, rie T’ — nonHoe BpeMs B ABHXYLIEHCS CHCTE-
Me, MOCKOJIbKY L — HHBapHaHT. YpaBHeHHe (19) sBnseTcs MOCNeAHHM NpPEdNONOXEeHHEM.
MoxHO cKa3aTb, YTO OHO HbIPaXaeT COOTBETCTBUE OQHOPOLHOCTH BPEMEHH HEBLIIETEHHOCTH
KaKOro-To 3HayeHHs o B WHTepBaite 0—I1.

IlnutensHOCTL cOGCTBHHONO BPEMEHH YacTHLbI m —T W YacTHLBI Ma— Tbo MOXHO

3anucath B BUAC
1

daN1-p2, 1, =T, [do1-P,, (20)
0

T =7

ao aa

[= Y S

rae Tau, Baa — JUTMTEJBHOCTh B3aMMOJEHCTBUA U CKOPOCTb YACTHLBI B CHCTEMe, TIe OHa 10
B3aMMOJEHCTBHS MOKOMIach. AHAJIOTHYHO, Tbb s Bbb — COOTBETCTBEHHO JI/11 YaCTHLIbI Ma B

cHUcTeMe NoKos m, -4acTulbl. BbIGOp MMEHHO 3THX CHCTEM apryMEHTHPYEM HEMHOIO HHXE.

b
Onpenenum cpelHue 110 O CKOPOCTH Baa-u B, ,-gacTuu:

B, =fdop . B,,=]doB,, . Q1)
0 0

CoorseTcTByOLIas cpelHeli CKOPOCTH [UIHHA, Ha KOTOPOH NPOM30LUIO B3auMoaencTaue, Oy-
neT:

— h —
Sa: = BuaTuu = P_— ’ Sbb = BbbTbb = .[;; ’ (22)

rae h — nocrosadHas [lnaiika, Paa, Pbb — MOIY/MH HMIMYABCOB YACTHLl B KOHEUYHOM COCTO-

SIHHH B COOTBETCTBYIOIUHX >HcTeMmax. T.e. B BHIOpaHHBIX CHCTEMax COOTHOILEHHs ae-Bpoitns
(22) paloT OLEHKY UIMHb, HAa KOTOPOH HMMNYNbC 4acTHUBl a(b) M3MEHWICHs OT Hyls HO
Puu(Pbb) B pe3ynabrate B3:HModeHCTBUA. U3 (22) MMeeM OUEHKH IMTENbHOCTH B3aHMO-

OEHCTBUSA Ul PAacCMATPHBIEMBIX 4acTuueil B BhIOpaHHBIX cHcTeMax oTcyeta. C MOMOILLbIO
(18—20) MOXHO mepecyn1aTh IJTUTENBHOCTb B3aUMOIEHCTBHS YacTHUbI B JTI00YI0 CHCTEMY.
OueHKH MIUTENBHOCTH BPEMEHH B3aMMOINCHCTBMA, TMOJyvYeHHble H3 (22), MOXHO
CPaBHHUTb C OLIEHKaMH, MOTYYaeMBIMH H3 COOTHOLUEHHS HEOMNpPEHEIeHHOCTEH I SHEPTHH.
Ans yactusl m B BbIOpaHHOI CHCTEMeE Pa3HOCTb BHEPTMH KOHEYHOTO M HAYATBbHOIO COCTO-

SIHHH €CTh KMHeTHYecKas tHeprus. Ecnu v wia yactuubl M B BLIOpaHHOI 114 Hee cHCTeMe
B KAQueCTBE Pa3sHOCTH 3HEPI Uil B3ATh KHHETHYECKYIO SHEPTHIO aJPOHHOI Macchl M_(a He Bcio

NepefaHHylo 3HEPTHIO V), TO, KaK cieayeT U3 puc.3a, 36, cOOTBETCTBYIOLIHE OUEHKH Bpe-
MEHH B3aMMOJEHCTBHA COB 1al1al0T. BTO COBMNAJEHHE JBYX OLEHOK €CTb SKCMEPHMEHTaTbHblH
thakT, KOTOpBIi H MPENON| eAeHJI OTMEUEHHbIH Bbillle BLIOOP CHCTEM OTCYETA.

a
1
i
i
i
i
|
i
i
:
;
4
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Puc.3. CpaBHeHHe 3KCIIEpHMEHTAIBHEIX OLE- 200 :_.
HOK MIONTHOTO BPEMEHH B3aUMOHCHCTBHS: C
T, — ), T, — 6); NYHKTHp COOTBETCTBYET 0 N i

OLIEHKAM M3 COOTHOLLEHHMS HeomnpeneeHHo-
cTeil Id ®HEpPruu. B) — pacrpenencHus cob-
Tao,Tbo, dm
CTBEHHOTO BpeMeHH T  — CIUTOIIHAsA THHHA U
ao

Tbo — IYHKTHP )

Ha puc.3B npusesens: pacripefieneHUs! UIHTEIBHOCTH COOCTBEHE OTO BPEMEHH T uT,,
onpegenennsie M3 (20), Ha puc.4a,0 — pacnpeleneHUs UTUTENbH XCTH BPEMEHH B3aUMO-
HIEHCTBHS YAaCTHLBl m B CHCTEMe NMOKOA m, u C-CHCTeMe, a Ha pu:.4,B,l — JUIS YacTHLbI
Ma B CHCTEME TOKOS YaCTHIbI m (o B3aumopeiicteun) ¥ C-cucteMe Ha puc.4,1 mpuseneno

pacnpesenienMe OTHOLIEHHs COOCTBEHHBIX BpeMeH T, / T,

BaxHO mogdepkHyTh, 4TO B JAHHOH CHCTeMe OTcyera (HampHidep, B abopaTopHOit),
WIATENBHOCTD BPEMEHM B3aHMONEWCTBHA JUIS KaXXOH YacCTHLE! COCTaBiseT pasHylo
BEJIMUHHY: Tbb > Tab . CnepoBarenbHo, TeKylHe BpeMeHa t,= aTab Mt = aTbb — TOXE pa3-

HBIC:

At=t,~1t =o(T, ~T,). (23)
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(CM. TekcT)
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Orciona CJICAYET, YTO COCTOAHHE YaCTHLBI M(X’ COOTBETCTBYIOLUEE (¢ — M0JI€ NEPEAaHHOIO

4-HMl'Iyl'lea, B paCCManHBaeMOﬁ CHUCTEME€ HaCTynaeTr C 3arna3fgblBiHUEM Ha BCIHYHHY At
OTHOCHTECJIBHO COCTOAHHA YACTHLBI a (COOTBCTCTBlelHCI‘O TOH Xe a-none). OuesuaHoO
TaKXE€, 4TO B JAaHHOH CHCTeMe OTCYeTa B3aPlMOHCFlCTBYlOH.IH€ Yac1vlubl B OJHH H TOT X€
MOMEHT BPECMCHH (ta = b) COOTBETCTBYIOT pPa3HBIM COCTOAHHAM!

oI, =T, . ‘ (24)

a ab

Dddexr 3anasnpiBaHds H 3dGekT OXHOBPEMEHHOCTH NPHCYTCTBYIOT B JAHHOM TOIXOHE H
JIETKO IMONJAIOTCS YUCJIEHHBIM OLIEHKAM.
Hakonen, BaxHo oTMeTuTh cienywuiee. Ecnu cootHomenue (1:3) 3anMcarb B BHAE

at, =ar, N1-p2,, , (25)

e dt, , dt, — 3IeMeHTh COGCTBEHHOrO BPEMEHH YacTHLBbI m, 1M, Bab — CKOpOCTb

bo
YaCTHUbI m OTHOCHTENBHO M , T.e. cooTHoWeHue (18) 3amucaTs (s HPOMEXKYTOYHOTO CO-

CTOSIHMSl YacTHL, TO MJIWTEJIBHOCTb B3aHMOAEHCTBMS OXHOH YacTHubl B J000H 3amgaHHOM
CHCTEME MOXHO BBIPA3HTh Yepe3 coOCTBEHHOE BpeMs Apyroi yactur bl. Hanpumep, BrIpa3um
d‘cbo B (25) uepe3 AMUTEIBHOCTh T,, B cucTeme noxos my :

v, =T,,douN1-p2, N1-pB2, (25.1)

HITH
1
T, =T, [doN1-p2, N1-p2, . (25.2)
0

3Has Tao, MOXHO OIpEeNeNHTb Tbb . Jlnsg onpeneneHus xe Tao HeoOX 0IMMa oLleHKa JUTUTENb-
HOCTH B OOHOM KaKOoH-Hubynb cucteme. Ha puc.4 mis yacTuib M TiKuM 06pa3oM nosydeH-

HbI€ OLEHKHU (IyHKTHDP) CPaBHHBAKTCS C paHee Monyd4eHHbIMH. Kix BuaHO, Habmiopmaercs
YOOBJIETBOPHTENIbHOE cornache. CrenoBaTeslbHO, IBHXEHHE CHCTEMbl B3aWMOMEHCTBYIOLIMX
4acTUL, MOXHO paccMaTpHBaTh B 3aBHCHMOCTH JIMIIB OT OJHOTO BPEVEHHOIO IapaMeTpa.

5. MpocTpaHCcTBEHHO-BpeMeHHas 3BONIOUMUS B3aUMOMEHCTBUS JABYX YacCTHL

B nnockocTtu paccesiHUs YyacTULL m, v Ma JU1S IPOJIOJILHOH [3)E U NOMNepevyHon By cocTaB-

JSIOUIMX CKOPOCTH B 4acTHLbl m, (unu Ma) B BHIODAHHOH CHCTEME OTCHETA HMEEM:

%=Bx, dx =T cos 6 do, (26.1)
dy _ ~TBsi
0t By , dy=TQpsin8do, (26.2)
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Puc.5. 3aBHCHMOCTE NPORONBHON H NONEPEYHON CKOPOCTEN B3aUMOLEHACTBYIOIMX YAaCTHLL m, (CrutoIlHas
2 2,. .

JIMHHA) H‘Mu (nyHkTHp) OoT 0 And peakunu (2) (x=0,5, Q“=0,24 (I'*B/c)"): B anTwiabopatopHoi —

a), C-cucreme — B), nabopatopHoll — 1) cucreMax. 6), r), €) ~ TPaeKTOPHH IBMXEHHS B3aMMONEHCT-

BYIOLUMX YaCTHU m, (BEPXHAS MONYILIOCKOCTL) M M, (HHXHAS MOMYIUIOCKOCTB) B TOii Xe, KaK CKOPOCTh,

cucreMe. LLITPHXMYHKTHPHEIMH JIMHHAMH OTMEYEHBI KOOPAHHATBI TOYEK, COOTBETCTBYIOLUIMX OIMHAKO-
BbIM 3Ha4YE€HHAM O — ronorpap
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HJIH
o
x=xy+T ] Bcos8de, @7.1)
0
o .
y=y,+T ] Bsin8dc, (27.2)
0

rie 6 — yrosn BhUIETA YacTHLBL m, (unu Mu), T — nuTeNIbHOCTD )€ B3aMMOAEHCTBHS, Xy

Yo — HAYAIbHBIE 3HAYEHWS KOOPAMHAT YaCTHLBI m  (WiK m,), cooTseTcTByomHe 0o = 0.

ITonaras Xy =Yy = 0 ans obeux yacTul M oueHusas T no opmynam (20)—(25), HeTpya-

HO BBIYHCJINTh KOOPAMHATHI B3aUMOJAEHCTBYIOLUMX YacTHL, COOTBE1CTBYOLIMX o-none
nepegaHHoro 4-uMmnynsca B peakuuu (2). Ha puc.5 npuBenensl pe3ynsTaTsl BBIUHCIEHUH WIS
Tpex cucTeM: aHTHUnaGopaTopHOH (mb—:-m 4 TIOKOHTCS), C-cuct:Mpl 4 J1abopaTopHOIi

(ma = m, MOKOHTCS). BEIYHCIEHHS COOTBETCTBYIOT HeynpyioMy (x =0,5,°Q 2= 0,24 (l"aB/c)z)

paccestHMIO JIEHTpOHa Ha mpoToHe. Ha pucyHKaX IpHMBENEHBI 3aBMC AMOCTH IOAbIHTErpalb-
HbIX (PYHKUMH OT 0L M pe3y/IbTaThl HHTETPUPOBAHUA — TPaeKTOPHH ABHXEHHA B3aUMOICHCT-
BYWIUMX YacTUU B IUIOCKOCTM paccesHWs It  yKa3aHHb X CHCTEM  OTCYETa.
LITPpUXOYHKTHPHBIMH JIMHHSAMH OTMEYEHBl TOUYKM, COOTBETCTBYIOUIME OJMHAKOBBIM 3Ha-
ueHHSM .. Bce HHTerpansl onpeensuiuch YHCIEHHbIM METOAOM HUHTCTPHPOBAHHUS C UCIOMb-
30BaHWeM cTanaapTHoii npouenypsl (GAUSS).

6. 3akwuyeHue

Amnanuz 'HP B mpoctpaHcTBe ckopocTeil M03BoAMI CHOPMYIHpPIBATh NPEACTABIEHHE O
B3aHMOJEHCTBHH CTATKMBAIOIUXCA YAaCTHL KaK O MPOCTPaHCTBEHH(-BPEMEHHOM IIpOLIEcCe
— Ipolecce Nepefayd dHEPruH-UMIyabca OT OJHOH 4acTHLbl K Apyroi. Mcxons u3 storo
BBEJIEHO B PACCMOTPEHHE MPOMEXYTOYHOE COCTOSTHHE YacTHL, COOTBCTCTBYIOLIEE HEKOTOPOH
Joje nepeJaHHoro 4-MMIyJibca.

* Ha ocHoBe 0o0uiMx NMPUHUMNOB — MaciiTaGHOW HHBapHaHTHOCTH U TpeboBaHHA
€IMHOrO ONMMCAHUS KHHEMATHKH YNPYTHX W HEYNPYIHX pearlMid — HaHIeHbl KOM-
TIOHEHTH! JIOJIM TIepeflaHHOro 4-HMIyJbCca, ONpeNeNALHe JIPOMEXYTOYHOE COCTO-
SIHHE JIBYX B3aWMOJEHCTBYIOLMX YACTHLL.

» [lpennoxen crnoco® BBEJEHHS TeKYLIErO BpPeMeHH, MO3BOJIIIOLIMIA paccMaTpHBaTh
JBHXEHHE B3aHMOICHCTBYIOIUEH cHCTEMBI IBYX M Golee yacTHL B 3aBUCHMOCTH OT
OLHOrO BPEMEHHOIO HapaMeTpa.

*  C nomouipio HOBOIO onpeaeeHHs KO3(h(pULHEHTAa HEYNIPYTO ST KAYECTBEHHO MOKa-
3aH Toue4HbId xapaktep npoueccos ['HP 6e3 npusiieyeHus ranoTess 0 «TOYEYHOM»
CTPYKTYpE HYKJIOHA.

*  [lonyueHsl YHC/IEHHbIE OLIEHKH JUTUTEJIbHOCTH BPEMEHH B3aH A0JEHCTBHS U3 COOTHO-
LIEHHS] HEOMNpeeeHHOCTEH IS UMIY/IbCA, COBNAJANIIUE > OLIEHKaMH, NOJyyeH-
HBIMH M3 COOTHOIIEHHMs HeonpelejeHHOCTed misi sHeprid. CoBnageHue sKc-
MEPUMEHTATBHBIX OLEHOK MOXET CBMIETEIbCTBOBATh O HET POTHBOPEYHUBOCTH BBE-
JCHHUS HOBOTO WHBapHaHTa NpuHUMIy ['eiizenbepra.
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* BseneHa gonosiHuTeNnbHas nepeMeHHas X, aHaIOrH4Had 6bepKEHOBCKOH X, Co-

BMECTHOE TpHMe ieHHe 3THX BEJIMYHH MO3BO/SeT 00061MUTH NpeitaraeMblii Nogxon
HA Cllyyail IPOUIBONBHBIX PEAKLIMH.

» TlpemwtoxeHHble HAEH OTKPHIBAIOT MEPCMNEKTHBY IOJHOTO peleHHs npobieMsl
PENSTHBMCTCKOTC ONMHCaHUs JBHXEHHS B3aUMONEHCTBYIOLIEH cHCTeMBbI IBYX U Honee
4acTHL.

OCHOBHbIE HleH MpejyIaraeMoro NnoiXxofa NpoBEPeHbl C MOMOIIbID 3KCMEPUMEHTANbHBIX

HDaHHbIX peaklMH pa3Baia AeHTPOHa Ha nportoHe npu uMmnynsce 3,31 I'aB/c.

Asrtop npusnatened A.M.Banauny, A.B.Edpemosy, U.A.Casuny, [ M.HM.Conossesy |,
H.A.YepuukoBy 3a ueHnsie obcyxaeHus u auckyccuu, D.T.By6enesy, E.H.Knaguuuxoi,
A.A Kysneuosy, B.H.[TeneBy, A.W.1LIxnoBckoii 3a nocTosdHHbIH HHTEPeC K pabote, B.B.I'na-
roNeBy 3a MpefOCTAB/IEHHE 3KCIMEPUMEHTAILHOTO Marepuana, a Takxe A.[l.Haraiiuesy,
I.Canuxaruy u A.Tl.Yemws akoBy 3a nofaepxKy ¥ nomolls B pabore.
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HCCIEIOBAHME AJITOPUTMOB PEKOHCTPYKIL MH

AJPOHHBIX CTPYHl B n p- U n~ C-B3AUMOJENCTBHAX
IIPH 40 TB/c

H.H.Badansn, P.I'.badanan, E.Bozoanosuu*, A.A.Ky3neyo:

PaCCMOTpCHbl Ppa3mHYHbIE RAITOPHTMBL 4J1A BbIACIICHHA aaApPOHHBIX Cpr)i B 3ApOH-aldpOHHBIX
M alpOH-IACPHBIX plauMogeiicTeuax. Ha ocHoee anantusa SKCMCPUMCHTATBHBIX JaHHBIX MO

U p- T C-B3aUMOJIEHCTBUAM NpH uMIynbce Me3oHa 40 I'sB/c mokaszaHo, YTO B MATKMX MpoO-
Leccax MpoLeaypa BbUIETIEHHS afpOHHBIX CTPYH CYLIECTBEHHO 3aBUCHUT OT ME€TPHKH AITOPHTMA:
Hccnenosana 3aBHCHMOCTD pouenypbl GOpMHPOBAHUA NPEKJIACTEPOB OT NMapaMeTpa obpe3aHHs
ATMOPHTMA M MpPEVIOXEHbI KPHTEPHH JUIS OMpeleieHHs ONTHMATBHOIO 3t aueéHHs 3TOro Mapa-
MeTpa. [lokazano, 4To mpeanoxeHHbI B HacTosweH paboTe HOBBIH B-an "OpUTM MpeIbARIACT
Gonee XECTKHE MO CPAaBHEHWIO ¢ ITOpUTMOM JADE TpeGOBaHHS K am)OHaM, BXOOALIMM B
COCTaB CTPYH, a C/IEA0BATEIbHO H K MpPOLEAypPe PEKOHCTPYKLHH alpOHHBL: cTpyil. Beneacteue
3TOTO BbLIEJISEMbIE HA OCHOBE B-aIrOpHTMa CTpyM pa3iesieHbl KaK B MPOC ‘PaHCTBE CKOPOCTEH,
TaK M B (pa30BOM MPOCTPAHCTBE KaK CaMMX CTPYi, TaKk M YacTHL (mt-Me 30H0B), BXOLALIMX B
COCTaB 3THX CTPYH.
Pa6ota BbinonHeHa B JlJaGopatopuu Buicokux axepruit OUSIH.

Study of the Hadronic Jet Reconstruction Algorithns
in t p and © C Interactions at 40 GeV/c

N.N.Badalian et al.

Different types of algorithms for reconstruction of the hadronic jets >roduced in ©p and
1 C interactions at 40 GeV/c have been studied. It has been found that the jet reconstruction
procedure crucially depends on the metric of the algorithm. The dependence of the precluster
formation mechanism on the cut parameter of the algorithm was investig ated and the criteria
for the determination of the optimal value of the cut parameter have bcen proposed. It was
shown that the B-algorithm we proposed, claims much more rigorous requ ests, as compared to
the JADE algorithm, to the hadrons from jets and so to the jet reconstruction procedure. As a
result, extraced jets are separated both in the velocity space and in the pl ase space of the jets

as well as of the hadrons (1tt mesons) from jets.
The investigation has been performed at the Laboratory of High Ener zies, JINR.

*TloctosHubii anpec: Soltan Institute for Nuclear Studies, Warsaw, Poland
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1. Pa3nvunble METPHUKH [Ji AJITOPHTMOB
PEKOHCTPYKLUHH al POHHBIX CTPYH

Pa6ora nocesileHa a {alu3y paviHuHbIX AITOPHTMOB MO BbIAENIEHHIO aIPOHHBIX CTPYH B
Tnpoueccax B3aMMOAEHCTB A1 MeXAy YacTHUaMH M sapami. Ilpu Gonbwod MHOXECTBEHHOCTH
4acTHL B KOHEYHOM CCCTOSHMH paboTa ajJropuTMOB, OCHOBAaHHBIX Ha BCEBO3MOXHbBIX
pa3fMeHMIX MHOXECTBA '{aCTHU B KOHEYHOM COCTOSHHM Ha JiBE WIM TPH [PYNMbl YacTHLL,
CTaHOBHTCA ManoapdekruBHO#l B CBA3H C O6ONBIIMM  KOJMYECTBOM BCEBO3MOXHBIX
pas6uenuii. [lo 310l npruKte GLUTH MpPEIOXEHB H MOAYYHIH 60MbLIOE PacHpOCTPaHEHHE
6HICTPONEHCTBYIOWME, WIH JIOKAIbHBIE, ATTOPHTMBI [18 PEKOHCTPYKLUHH adpOHHBIX CTPYH,
KoTOpble pafOTaOT Ha OCHOBE CPaBHUTEILHOTO AHATH3A XapPaKTEPHUCTHK BCEX Map 4acTHU B
KOHEYHOM COCTOSHHHM. C yLIECTBYIOT TaKXe aITOPHTMbI, HCMOJIb3YIOUIHE XapaKTEPHCTHKH
BCEX TPOEK YacCTHIl B KOHEUHOM COCTOSHHMH. '

B nannoi crathe Mbl 6yaeM paccMaTpHBaTh paboTy ajlrOPHTMOB, KOTOpPbIE MPH aHATH3e
COOBITHS MCIIONB3YIOT TONLKO XapaKTEPUCTHKH Nap YacTHL, WIH TaK Ha3biBaeMble GHHapHbIE
anroput™bl. OHUM U3 XiéPAKTEPHBIX NPHMEPOB TaKOro GMHAPHOTO ANrOPUTMA ABJISETCS Al-
roput™ cotpyaHudectsa .JADE [1,2,3], KOTOpHIH HCMOJB30BAICS [/ BbIAESEHHS afpPOHHBIX

CTpyH B €' e -B3auMogeNC rBusaX.

Jloruka anroput™ma JADE opraHu3oBaHa cleayloiuM o6pa3oM:

1. Ina kaxgoro cobuiTus ¢ N-yacTHLIaMH B KOHEYHOM COCTOSHMH (fajiee B TEKCTE KaK
O[HY YacCTHLy, TaKk M I1pynmy 4acTHu OylaeM Ha3biBaTb NPEKAAcmepom) ONPENENSIOTCS

N(N - 1) /2 napHbix, Uiy OHHapHBIX, XapaKTEPHCTHK mizk , KOoTopbie ABNA0TCA 3(eKTHBHOM

Maccoi CUCTeMbl H3 IBYX NPEKIacTepoB ¢ 4-HMIYIbCaMH Pi H Pk:

m = (P, +P)’. 1)

[pu atom, ectecTset HO, Mpeanonaraercd, 4ro N 2 2.
2

ik
min min

2. Onpenengercd MU iMMalbHOE 3HAUYEHHE m =min {m?k] u3 N(N - 1) /2 BenuuuH

m2
ik’

theKTHBHOH MaccChl.

T.C. ONpEAcn4eTCs 1apa MNpeKnacTepos imin H kmin ¢ MHHUMAITbHBIM 3HAYCHHEM 3(1)-

3. ﬂonyqeuuoe MHUHAMAIIBHOE 3HAYE€HHE "1‘2 K CpPaBHHBAETCA C HCKOTOpOFl Hanepen

min min

3a]aHHOH BEJIMUHHOMN m2

<, KOTOpas SABIAETCH NapaMeTpoM 00pe3aHus airopuTMa.

2 ) N
4. Ecium; ,  >m_ , TO Npoueiypa PeKOHCTPYKLHMH aIPOHHBIX CTPYH 3aBepLIAETCH.

min min
2 4 .
5. Eenu m; <m_ . TO Ba npeknacrepa i . Mk . 0ObeAUHAOTCA B OIMH MpeKia-
min min
CTep C Maccod m, , H 4-uMnynbcom P’. . =P, tP, , T.e 4HCIO mpexnacTepos
min min min min min min

yMEHbLIAeTCd Ha eduHuUy: N — (N —1).
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6. IMpu (N-1)22 npouenypa nosropsercs s (N —1) 1peknacrepoB, €ClIH Xe
(N-1)=1, npouenypa peKOHCTPYKLIHH apOHHBIX CTPYH 3aBepluae rcs.

7. Bce npeksacTepsl, YMCIO 4acTHL B KOTOPBIX OOJIbILE HITM pasHO 2, pacCMaTPHBAKTCS
KAK aJPOHHbIE CTPYH B IAaHHOM COGBITHH.

W3 ckasaHHOro Belwie ciienyer, 4to 060 OMHApHBIA AIrOPUTM MO PEKOHCTPYKLIWH
aIPOHHBIX CTPYH HMeeT TPH OCHOBHBIX 3MEMEHTa: a — JIOTHKa aJ ropuT™Ma, b — MeTpuka
aIrOpUTMa M ¢ — napaMeTp oOpe3anus aroputMa. B uacTHOCTH, .1oruka anroputma JADE
OCHOBaHa Ha CPaBHMTENBHOM aHaiM3e 5deKTUBHBIX Macc BCeX IeknactepoB. OHa HM3no-
XeHa B MepeuMclieHHbIX Bbiwe nn.l—7. Merpuka airoputma JA.DE onpenensieTcs Bbipa-
xenueM (1), T.e. abdekTHBHON MAcCOH napbl NpPEK/acTepoB, a napaMerpoM obpeszaHHs

2

ABIAETCA BENHYHHA m_ .
Huxe Oymyr paccMOTpeHBl HECKOJBKO ITOPMTMOB, JIOTMKa KOTOPBIX COBMagaeT ¢
Jordkoid anroputMa JADE, 0qHaKO METpHKa CYLIECTBEHHO OTIMY4AETCHd OT METPUKM al-

roput™Ma JADE.

B kadectBe MeTpHkH, onpefensioieid 61M30cTh Nap NpPEKIacTEpPOB, PACCMOTPHUM JIO-
peHU-WHBAPHAHTHbIC BEMHYHHB b, [4], KOTOpble OMpENENAIOTCA KAK KBaApaT Pa3sHOCTH 4-

CKOpPOCTe#l NpeKnacTepoB i U k:

2 2
p, P m; —(m.+m,)
b =— S Tk =__’l‘_’—k_. 2)

ik
m,. m f; mim "

OTMeTHM, YTO [ CHUCTEMbl M3 TpeX TPeKIacTepoB i, j M k 1IMEET MECTO ClIEeaylolee
yrBepxieHue. Ecnd B mpoCTpaHCTBE CKOPOCTEH pacCcTOSHME MeX1y NpekiacTepamu i,j M
k,j MeHbLie BETUYHUHBI bO’ T.€. bij<b0 u bkj<b0, TO PAacCTOSHH: MEXAY OObeIMHEHHBIM

npeksnacrepoM (ik) U npexs1acTepoM j He MOXET ObiTh GOJbIIE BETIHUHHbI bo, T.K.

p.+p p. m. m m.+m
T [ I S R s SN S S i i SIS DY 3)
(ik)j m, m. m., i m, K m 0
ik j ik ik ik

- 2
Ecnu B noruyeckoi cxeme anroputma JADE caenats 3ameny m, — bik %} mzm b ., TO

cut’
Mbl MOMYYHM HOBBIH B-anmroput™m. Takas HesHauuTesNbHast, Ha [MepBBIA B3MIAN, 3aMeHa
NPUBOAHT K CYINECTBEHHO JApYroi, NO cpaBHeHHIO ¢ anrcputMoM JADE, cxeme
pekombuHalMK npeKacTepoB. Bonee Toro, nonyyenHniid Takum o6pasom B-anroputv obna-
JAeT HEKOTOPHIMH 3aMeyaTeNlbHbIMH CBOHCTBAaMH, KOTOPBIMHM He ofuafgaeTr anroput™ JADE.
JleranbHo 3TH oTIMYMs OYHyT NpPONEMOHCTPHPOBAHBI Ha NMpUMEpe PEKOHCTPYKLHH CeKTa-

TOPHBIX (MJIM MATKHX) CTPYH B T p-B3auMopeiicTsusx npu 40 I'3B/:.
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Jpyro#l BelTHUYMHOH, KOTOpas MOXeT OBITb MCMONIB3OBaHa sl onpedesieHns OaM30CTH
ABYX MpEK/IaCTEPOB, ABISETCA BEMYMHA b, KOTOpas CBS3aHa C BEIHYHHOM b, MpOCTBIM

COOTHOLIEHHEM [5]:

2 2
b = 5 _mik—(mi+mk) “
ik = ik~ 2 ’ )

My

rae napametp my =~ | I'sB, 01HaKO KOHKpETHOE 3HaYeHHe 3TOTO NapaMeTpa HECYLUECTBEHHO

V1S Haulero AajibHelllerc PacCMOTpEHHA.

2. 3aBucuMocTh GIpPMHpPOBAHHA NpeEKIacTEpPOB
OT METPHKH anropdTma

[locne TOro kak Mbl OMNpeneNHAH palIMYHble METPHKH LI ITOPHTMOB 10 PEKOHCT-
PYKLIMM afipOHHBIX CTPYH, nepeieM K pacCMOTPEHHIO MpOoUenypsl 00pa30BaHHs NpekiiacTe-
POB U KHHEMaTHKH peKomOHHALMK OBYX MPEKJIaCTEPOB B OQMH NPEKIacTep B paMKaX Kax-
IO W3 NMpHBEJEHHBIX Bbillle METPHK.

Naxe B cjiyya€ paBe€4CTBa MAacCC BCEX 4YaCTHU B KOHEYHOM COCTOSIHHH (Hanpumcp, B

cryyae, KOria Ul PEKOHCTPYKLUHH CTPYH MCMOMB3YIOTCA TOJNBKO 3apsAXeHHbIE Tti-Mc30Hbl)
HaynHas CO BTOPOTO LIar: MTEPaLHOHHON CXEMBI MOSABIAIOTCA MPEKIACTEPHI C MACCAMH, Cy-
IIECTBEHHO OTJIMYHBIMH OT MacC HayalbHBIX YaCTHL, TaK Kak B Xxome paGoThl ajlropurma
Macchl MPEKAaCTEPOB HE /MEHBLIAKTCA, ONHAKO MOIYT pacTH. B CBA3M ¢ 9THM CTaHOBHTCH
OYeHb BAXHBIM HCCIIENOBarb, KAKUM 06pa3oM NpoOHCXOAHT obbenuHEHHE WIH peKOMOHHAIUs
NPEKJIaCTEPOB C PalIMYHEIMH MacCaMH B HOBBIH MpeKJiacTep B 3aBUCHMOCTH OT BbIOpaHHOM
METPHKH JINOPHTMA PEKO {CTPYKUHH aNPOHHOM cTpyH. JlanbHellee pacCMOTPEHHE Mbl NIPO-

2 .
BEAEM B mepeMeHHbix Ay u P, KOTOphIE ONpeienstioTes AIA Napbl NMPeKnacTepoB [ W k

CJIEAYWLWHMH COOTHOLUCH {IIMH

Ay =yi - yk ’ (5)
2 52 p?2_ vl p2
PT_Pi_PiL_Pk_PkL’ (6)
1, B+l
ik~ CikL
Pior =Pigy Mg » (®)
P’. + Pk P

- =tk
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3necs P — monepeuHblii HMIyNILC KaK MpekyiacTepa i, TaK M NpekjacTepa k& mo oTHO-

T
WIEHHIO K HANPaBJEHHIO N, CYMMApHOrO TPeXMEPHOTO uMmmyisca P, = P.+ P, 1Byx npekia-
ctepoB i U k, a Ay — pa3sHOCTs OBICTPOT NMpeKJIacTepOB [ U k B HANPa 3IeHHH n,, CyMMapHOTO
TPEXMEPHOrO UMITY/IbCA Pik' OTMeTHM, YTO MpPH PT= 0 BennyMHa Ay NepexoaUT B paduans-
Hyi0 OBICTPOTY JUISl CUCTEMBI M3 JBYX MpeKJIacTepoB [ U k, a npu Ay =0, PT CTaHOBUTCSH
HMIIyJIbCOM KaX[OTO W3 MpeK/1acTepoB | H k B CUCTEME MX LIEHTpa Macc. -

Bce paccmoTpenHbie Hamu MeTpukH (1), (2) u (4) B nepeMeHHBIL Ay U PT% BBIPAXATCA

MPOCTBIMH COOTHOIUICHHAMH!

b; '\/ Py Py g
—=—14+ 1+—= || 1+— [ch@ay)+——, (10)

2 2 m2 m.ri

; X ik
m2=(m +m)2+mmb. - an

ik ity i MPik
, mimk

by = mg by - (12)

PaCCMOTpHM MCXAaHHU3M peKOM6HHaLIHH JBYX NPEKNAcTEpOB C MilCCaMH ml. H m, B OOUH

k
peKiacTep B paMKax pa3NUyHbIX anropuTMoB. UTOOB He yCIOXHATHL AanbHEHIIHe pacCyX-
ACHMS  HECYIIECTBEHHBIMHM  JETANSAMMH, pacCMOTpUM  OObeauHeHMe  JBYX  NHOHOB
(m, =mk=mn) M JBYX NPeKJIacTEPOB [ U k, MAaCChl KOTOPBIX PABHBI MiCCe, HAPUMEp, HYKJIO-

Ha (m;=m, =m, , lanee B TEKCTe TaKHe NpeKiacTepsl OyleM Ha3-BaTb «HYKAOHAMU») B

k
OIMH NpEeKJIacTep B paMKax pacCMaTpuBaeMbix anropurmoB. Torma ;yis anroputMa JADE ¢
napaMeTpoM ofpe3aHus mzu( MMeeM YCJIOBHe PeKOMOUHAaUMM JByX 1MOHOB WJIH ABYX Mpe-

KJIACTEPOB — «HYKJIOHOB» — B OJAHH NPEKJIACTEP:

m2

ch (Ay)=——"-—1, npuP} =0, (13)

2mn(N)

2 2

m. —4m

2 cut N)

Pr= 2 “, mpH Ay=0. (14)
CrnienoBaTenpHO, €CIM JBa TIHOHA [ M k WIM ABa TpPeKIacTepPa — «HYKJIOHa» i W k, 1O

2
OTHOLUEHHID K METPHKE mik HAaXoIATCs Ha OOAHHAKOBOM pPAaCCTOSHHEI mzu[ Apyr OT Apyra H

MOTYT O0BEMHATECS B OMH MPEKJIACTep, TO AT PATHANBHBIX GBICTPOT TAKHX Map BHIMONHS-
I0TCS COOTHOILEHHsT Ay (st ) > Ay (Wis MpekiacTepoB — «HYKJICHOB», N), a BEJTHYHHBI

2 .
P, st 9THX map DOJIXHbI YAOBETBOPSTh COOTHOLIEHHIO PT2 (ana m© > P? (ans mpexacre-

poB N)7
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Ilpu ucnonb3oBaHuy B-anropuTMa ¢ METPHKOW b, M C rnapameTpoM obpe3anus b

ycnoBue peKoMOMHAUMH J(BYX TMOHOB M BYX MPEKJIAaCTEPOB — «HYKJIOHOB» — HMEET BUI:

bCUl 2
ch(ay) = 1+-2%, mpu P} =0, (15)
2
m
Pﬁ:—ﬁ‘—& b, npuAy=0. (16)

CrnenosaTensHo, B paMka). B-airoputMa Ha OIMHAKOBOM PAacCTOSHMH HaXOAATCS TAaKHE Mapbi
MHOHOB M TaKHe Napbl MPEKIaCTEPOB — «HYKJIOHOB», pafiHaibHble OBICTPOTHI KOTOPHIX paB-

2
Hbt: Ay (w13 ) = Ay (mas npeksactepos N), a BenuuuHbl P yIORIETBOPAIOT COOTHOLIEHHIO
2 _ 252 2
PT (mna N) = (mP/mn) r; (nna m) >PT (mns ).
HOns amroputMa ¢ MeTpukoid b, u napamerpom obpesanus b~ And  yCioBHA

pCKOMGHHauHH ABYX MNpe J1acTEpOB B OAMH MOXHO MNONMYYHTh CJIEAYIOLIHE BbIPAXCHHA!

2
My ., 2
ch(Ay)=1+ — bcut MpH PT =0, (17)
2mn(N)
2
m
2 0,,
Py vy b, mpuly=0, (18)

CJIEN0BATEIBHO, IS ATOPHTMA C METPUKOH b”'( uMeeM ciyyai, obparHblid ciyvyaw ains B-an-

rOpHTMa C METPHKOM bik , @ HMEHHO: PT2 (nna N) =P7% (mna ®) u Ay (uns ©t) > Ay (ans N).

[Tpu 3ToM ycnoBHe, KOTOPOMY YOORIETBOPAIOT palHaibHble GbLICTPOTH Map IMHOHOB M Map
NpeKJIacTePOB — «HYKJICHOB», [IJIS 3TOr0 alrOpHTMa COBMAJAcT C TAKMM Xe€ YC/IOBHEM s
anroputMa JADE. BcnejcTBHe 3TOro pe3ynbTaThi, NOJyYEHHblE HAa OCHOBE alnroputMma ¢
METPHKOH b‘,]", He CIIBHO OT/IMYAKTCA OT Pe3yJbTaTOB, MOJIydEHHBX Ha ocHoee JADE-an-
roput™a. C Opyroil CTOpOHbI, 3TH PE3yNbTAThl CYLECTBEHHO OT/IHYAIOTCA OT TEX, KOTOPbIE
nonyyawTcs Ha ocHose b-anropuTMa.

TakuM o6pa3oM, NpHHLUUI peKOMOMHAUMM ABYX NpPEKJIACTEPOB B OQMH NpeKyiacTep Cy-
IECTBEHHO 3aBMCHT OT 1bI60pa METPHKH aNropMTMa AaXe B paMKaxX OAMHAKOBOH JIOTHKH
3THX anropuT™oB. [1pH 3roM BBIGOP METPHKH 3aBUCETb OT KOHKPETHBIX (PM3MUECKHX 3afad,
KOTOpbI€ JNOMXHb! ObITh [eIUEeHbI NOC/E NPOUENYPHl BHIAEIEHHS aAPOHHBIX CTPYH.

3. AHanu3 SKCNELHMEHTANbHBIX HAHHBIX

no n p- u © C-s3aamoneictBuaM npu 40 I'sB/c

A
HacTtosmmit pa3noen 1HOCBALWIEH aHaJIU3y MHOTOIMHOHHBIX KOHEYHbIX COCTOﬂHHﬁ, o6pa30—

BaHHBIX B IIpoLlecCe B:AMMOAEHCTBHUS T -ME30HOB C [IPOTOHAMM H SAPOM yIjepoja.
DkcnepuMeHTanbHblE fat Hble NoyueHsl ¢ nomoupio 2 M [TK OUAH, obayuenHoi nyykom
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Puc.1. 3apHCHMOCTD YHCIIa j-CTPYHHBIX COOBITHI OT BENMYHHBI NapaMetda ofpesaHus b

I 1 [
2 S 2
F wp 40 B /c -
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b

cut

cut and

T p- ¥ © C-p3aumMogeiicTeuii. Kpupas 1| — uncno GeccTpyiHbix cOBBITHE , 2 — YHCIO 1-CTpy#-
HBIX COOBITHH, 3 — YHCNO 2-CTPYHHEIX COOBITHH, 4 — 4HCIO 3-CTPYHHBL COGBITHI, 5 — 4YHcno
4-CTpYHHBIX COBBITHIA, 6 — YHC/I0 COOBITHIA C NATHIO MTHOHHBIMH CTPYIMH }i KOHEYHOM COCTOSHHH

33

T -Me30HOB ¢ uMnyiscom 40 I'sB/c Ha yckopurene HOBD. Dtu giHHBIE UCMOMBIOBAIHCH
WUl MCCNENOBaHHs npouecca (OPMUPOBAHHMS MPEKJIACTEPOB B PIMKax pasjIMuHBIX al-

TOpUTMOB.

Ha puc.1—3 noxasano nosegende yucna 0, 1, 2, 3 u T.0. CTPyi HBIX COOBITHIA (nanee B

TEKCTe j-CTpyiHBlE COOBITHA) BO B3aUMONEHCTBHAX T p U T C, [EKOHCTPYHPOBAHHBIX C

TIOMOLLBIO TPEX YMOMSHYTBIX BBILIE anrOPUTMOB, B 3aBUCMMOCTH OT mapameTrpa obpesaHus

aropuTMa (nanee B Tekcre — x,0- Kax MOXHO BMAeTh, OOIMM CEOHCTBOM NpPHBENEHHBIX

Ha PUCYHKaX KPHBBIX ARIAETCA TO, UTO MPH HeOONBIIKX 3HAUEHHAX napamMeTpa oﬁpeaax—mﬂ
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b cut

Puc.2. 3aBHCHMOCTh UHMC1a j-CTPYHHBIX COOLITHI OT BelHYHHBI MapaMmeTpa obpesanus b

’
cut

s
T p- u T C-3auMonieiicTsuit. Kpusas 1 — uHcio GeccTpyHHbIX coBbITHi, 2 — YHCno 1-CTpyH-
HBIX COBBITHI, 3 — YHCND 2-CTPYHHBIX COBLITHI, 4 — YHCIO 3-CTPYHHBIX COOBITHH, 5 — 4HCIO
4-CTpYiHBIX COOBITHH, 6 — UHCIO S-CTPYHHBIX COOBITHH M 7 — YHMCnO COOBITHA C LIECTBIO

TTHOHHBIMH CTPYAMH B KOHEYHOM COCTOAHHH

BCE COOBITUS HHTEPNIPETHYIOTCS AITOPUTMOM Kak GeccTpyitble COOBITHSA. DTO HMEET MECTO,

KOrjga 3Hady¢HHs napameria o6peaa}ma Xcu[ MECHBLIEC, MO OTHOILUCHHI K paCCManHBaCMOﬁ

METPHKE, MUHUMA/IBHOIO 10 BCEM COOBITHAM pacCTOAHHS MEXAY NapaMH YaCTHL H3 KaxXaoro

co6blma‘xmm. Korna napamerp ofpesanusi cTaHOBHTCs Oojiblue, ueM 3Hauenue x . (T.e.

in

Xyt 2 Xppin)» MOABIAOTCA 11EPBBIC ONHOCTPYHHbIE coObiTHs ¢ AByMs YacTHuaMH B cTpye. Ilpu

AanbHENIIEM yBeJMYEHUy napameTpa oOpe3aHHs anloOpUTMa X . YMCI0 l-CTpYHHBIX CO-

t
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Puc.3. 3aBHCHMOCTb uMCIa j-CTPYHHBIX COORITHH OT BEJIMUMHBLI Mapame pa obpesaHus mg s

7 p- u T C-3auMopedcTBuid. KpuBas 1 — uucno GeccrpyitHbix cobbIThid, 2 — uucio 1-cTpyit-

HBIX COOBITHI

, 3 — 4ucno 2-cTpyMHbIX coObITHIH, 4 — YHCI0 3-cTpyiHb X coObITHH, 5 — 4HCO

4-CTpYHHBIX COOLITUI, 6 — YUCIO S-CTPYHHBIX COOBITHM, 7 — YHCIO 6-CrpyHHBIX coObITHH, 8§ —
4HCIIo 7-CTPYHHBIX cOObITHI, 9 — 4yHcno 8-cTpyiiHbix cobbiTHil M 10 —- yHcno cobbITHH C ne-
BATBIO TIHOHHBIMH CTPYSIMM B KOHEUHOM COCTOSHHH

35

ObITUH yBeJTHYMBAETCA, OABIATCA 2-CTpYHHbIe, 3-CTpYiHHBIE H T.A. COOBITUS H ONHOBPEMEH-

HO TIPOMCXOIMT yMeHblieHue uucna OeccTpydsbix cobwmiTHii. Bee j-cTpyiHble pacnpene-

neHus, kpome O- U 1-CTPYHHBIX JOCTHTAIOT CBOErO MaKCHMyMa I PH ONpelc/ieHHbIX 3Ha-

YeHHsX napametpa obpesanus x

(2

Ilpu 3HayeHUH x
cut

t

MocJIEANHUM CBOEro MaKCHMyMa

IDOCTHraeT 4Ydciio 2-cTpyiHbIx cobbiThii. IIpH ganbpHeiilieM yBesnuyer MM 3HAYEHHS 11apaMeTpa
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AL RALAI LM LARRNLARAE LURLI RRLRE LERLERRRE!

\

O <
T

cut
Puc.4. 3aBUCHMOCTb Xaf aKTEPUCTHK NpaBoi (R) u nesoit (L) crpy#t B 2-cTpyHHbIX COOBITHSAX,
BbUAEICHHBIX B-aaroputhioM, oT mapamerpa ofpesanus b . a -~ pasmepbl mpasoi (R) H neso#

(L) cTpy#t by ¥ by u paccrosiHue Mexay R- v L- cTpyamu by, B POCTPAHCTBE CKOPOCTEH (3Ha-
ueHust by, ymeubuienn B 10 pa3); 6 — macchl npasoit (R) u nesoit (L) cTpyit my u m; u

achdekTHBHAA Macca my, 2-CTPYHHOH CHUCTEMBI (3HAYEHHA m enblieds! B 10 pa3)
d Mpy RL

X ABE CTPYH B 2-CTPYHI{bIX COOBITUAX HAYMHAIOT peKOMOMHHPOBATL B OAHY CTPYIO M, NPH

ouenb OONBIUMX 3HAueHIsX MapaMeTpa obpe3anusi, Bce COOBITHS MHTEPNPETHPYIOTCH ali-

A .
rOpuTMOM Kak l-cTpyitHiie coOeitns. Takum o6pa3oM, UMeeMm: N0—>Nto npH xcut—>0 H

t

N, —> N, nph x  —>co, rae Ny Ny u N, — ducio GeccTpyiHbIX, 1-CTPYHHBIX COOBITHI U

YUCIIO BCeX COOBITUI COOTBETCTBEHHO.
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Puc.5. 3aBuCHMOCTb XapaKTepucTHK mpasoil (R) u neBoit (L) cTpyHt B '!-cTpyiiHbIX COOBITUAX,

2
BhIeNIeHHBIX anropuTMoM JADE, B 3aBHCHMOCTH OT MapaMeTpa ofpe3aH 4 my ;& a — pa3Mepbl
npasoii (R) u nesoii (L) cTpyit by ¥ b, 1 paccTosHHE Mexqy R- ¥ L- CTpysiviH by, B IPOCTpaHCTBe
ckopocTed; 6 — Macchl npasoit (R) u neBoit (L) cTpyit my v m; M 3¢ peKTHBHAN Macca my,

2-CTpYHHOH CUCTEMBI (3HAYEHHUS My, YMEHBIUEHH B 2 pasa)

Takoe «ckanupoeanue» TOOATBHON TOMONOTHYECKOM CTPYKTYphl KOHEYHOrO MHOrOan-
POHHOro (MHOTOMMOHHOIO) COCTOSIHUS MO MapaMeTpy oO0pe3aHus alropuTMa MO3BOJIAET
ONpEE/IUTh XAPAKTEPHYI0 TOIMOJIOTHI0 KOHEYHOrO aipoHHOro coctosiHud. Hanpumep, npen-
CTaBl€HHbIE Ha pUC.1—3 3aBHCHMOCTH 4HCNa j-CTPYHHBIX COBBITHIA (Nj) OT 3Ha4YeHHs Iapa-

Merpa oOpe3aHus XxapaKTepHbl AT MATKHX aIpOH-apOHHBIX, alpOH -ANEPHBIX H SOpo-Anep-
HBIX B3aumopeiicTeuii 6e3 0Opa3oBaHUs XECTKMX CTPYyH (TOJNBKO ABa 10TOKA YaCTHI MITH JBe

CNIEKTATOPHbIE, MATKHE CTPYH), a TAKXE [T €' ¢ -aHHUIHAAUMii B I8¢ cTpyH ampoHos. Tomo-
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JIOTHs BCEX MEPEYHCTIEHHBIX NMPOLIECCOB OTHOCHTCA K THIY, TAC HMCIOTCA [1Ba NOTOKa 4aCTHL,
JIeTAlMX Brepel — Ha3el B CHCTEME LICHTpa B3aMMOOEHCTBHA.

HecMoTps Ha o6wMil XxapakTep NOBENeHHs Yucia COObITHH C j-CTPYSMH B 3aBUCHMOCTH
oT nmapameTpa obpe3aHHus! X_ ¢ 181 PAs/IHYHBIX AIFOPUTMOB, STH 3aBUCHMOCTH CYUIECTBEHHO

pa3MuHBl KaK AN Pac:MOTPEHHbIX HaMH AITODHTMOB, TaK W Wi T p- M 7~ C-B3auMO-
meiicTrii. Huxe Mbl OCTAHOBMMCS Ha TeX pavIM4MsX, KOTopble cBs3aHbl ¢ paboTol JADE-
M B-anropHTMOB M KOTCpble MMEIOT MECTO MPH AHAIM3E IKCIIEPHMEHTANIbHBIX JaHHBIX MO

7 p-B3auMoneicTBuam npu 40 MaB/c.

PaccMOTPHM CBOWCTHA CMIEKTATOPHBIX CTPYH B COOBITHUAIX C ABYMSI CTPYSIMH, BBIICTIEHHBIX
B-anroput™om u anropuMoM JADE. Ha puc. 4a u 5a npeicTasieHbl 3aBHCHMOCTH CPELHHX
pasMepos npaBoi (R)  JieBoil (L) cTpyil, peKOHCTPYHPOBaHHbIX ¢ nomowbio B- u JADE-an-
FOPHTMOB, @ TAaKXe MOK:(3aHO W3MEHEHHE PAcCTOSHHMA MEXIy STHMHM CTPYSMH by, B NpPOCT-

y 2
paHCTBE CKOpOCTeH OT 1apameTpa obpesanus b W m_ ., COOTBETCTBEHHO. 3aBUCHMOCTb

t cut’
macc npasoii (R) u neBcit (L) cTpyi H 3cdeKTHBHON MacChl mp, 2-CTPYHHOH CHCTEMbI OT

2
napameTpos b M m_ TMpEICTaBIEHA, COOTBETCTBEHHO IS B-anroputMa M aJropHrMa

t
JADE, na puc. 46 u 56.

XapakTepHoi 0cOOeHHOCTBIO PE3YTbTaTOB, NPEACTABICHHBIX Ha 3THX PUCYHKAX, SBIACT-
csl TO, YTO HauMHas cO 3HaueHus b_ 20 +30 BenuuuHbl by, b, ¥ my . m, BHIXOMIT Ha

cut

HEKOTOPpbIC TMNOCTOAHHBIC 3HAYECHHA, T.C. HE 3aBUCAT OT 3HAYCHHA napaMeTpa bcm TNpH

b, > 20 +30. lpu aon umeem: by, b, oo M, = (0,7+0,8) TaB/c”,

3ameTHM, YTO B 3TOM CJl /uae PaccTOsiHUE MeXay R- W L-CTpyaMH B NpOCTpaHCTBe CKOPOCTEH

Oynet by, 230 +40, e bg, >> bp = b, M, cnenoBateNbHO, B paMKax B-anroput™a, B npo-

CTPaHCTBE CKOPOCTEH HMeeM BE XOPOLIO pa3fie/ieHHblE CNEKTATOPHbIE (WM MATKHE) CTPYH.
B npOTHBOMOJIOXHOCTb 3TOMY ABe cTpyH R M L, BbienenHbie B paMkax anroput™a JADE,
JOBOJIBHO CHIIBHO TEPeK PhIThl B IPOCTPAHCTBE CKOPOCTEH, TaK KaK pacCTOSHUE MexXiy CTpy-

~ 10 +12 eguuuL, a m

H,

2
MH b, =~ 10 + 15 mpaiTHuecKy He 3aBMCMT OT 3HayeHus napametpa obpesanns m_

t
2 2, 4 .
HayuHad C mcu(>(l,5+2) 9B“/c” , craHOBMTCS MeEHblIE pa3MepoB CaMHX CTpyH

~ ¢ 2 2,4 -
bR i~ bL > bRL (cM. puc.t). [1pu 3HayeHHAX m . < 1,0 3B /c” uMmeem bRL> bR ~ bL, H MOX-

HO Obu10 Obl OXHMAATH 1BE XOPOLIO pa3fiesieHHble CTPYH NPH 3THX 3HaYEHHAX napameTpa
o6pesanus B pamkax :aropurMa JADE. Opgnako, kak Oyner nokasaHo jaiee, yC/IOBHe
be, > bp ~ b, smnsetcs HeOOXOMMMbIM, HO HEJOCTATOYHBIM [Vl pa3fie/ieHus OBYX CTPyH R u

L B dazoBoM npocTpaH: TBe. [ pyrHMH CJIOBaMH, CTPYH, MOJIHOCTbIO pasfesieHHble B NPOCT-
PAHCTBE CKOPOCTEi, MOI'YT GbITh Hepa3lelleHHbIMH B ()a30BOM NPOCTPAHCTBE YACTHL, M3 KO-
TOPBIX CQCTOAT 3TH CTP!'H.

BBeneM CeayLMe KPHTEPHH JUIsl OTIpefienieH s napameTpa obpesanus x  GuHapHoro

a/ITOPHUTMA, NMpPH KOTOP('M HMEET MECTO pa3icisieMOCTb Cprﬁ KaK B MPOCTPAHCTBE CKOPO-
CTeH, TAK U B 0ObIYHOM ¢)a3OBOM MpOCTPpAaHCTBE. HPH aHa/TH3€ IKCNCPHUMECHTAJIbHBIX JAHHbIX
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C JBYMA CIICKTAaTOPHBIMH CTPYAMH KPHTCPHH VI ONPEACIICHHA MapaMeTpa 06pe3amm xcm

AJITOPUTMA UMEIOT CJTCJI}’]OU.IHF[ BHIO:

N
Kpurepuit A: -1\73— < 0,01—0,03, (19)
2

rie N, 1 N, — 4MciIo COOBITHI C IBYMS H TpeMs CTPYAMHM, COOTBeTCTBEHHO. Kpurepuii A

AB/ISIETCA MPOCTHIM OTPAXEHHEM TOro hakTa, YTO BO B3aUMOAEHCTBUAX, Ide HE OXHIACTCHA
TPeTb XecTKas CTpys uMcno N, 3-crpyitnbix cobbiThit He jomxHO ObiTh Gonbiue

CTATHCTHYECKM OXHaaemMoro (oHa, 4YTO Uil Halero cny4ad, T p-B3aUMOJCHCTBUS MpH
40 T»B/c, cocraBnger 1+3 %.

bRL

Kpurepuit b: ———> 1. .
bpo+b, "

(20)

Kpurepuii B Tpebyer, uTo6bl paccToAHHE MEXLY CTPYAMH R u L 6but0 Gosblue CyMMBI
pa3MepoB 00eux CTpyH, YTO O3HayaeT pa3le/ieHHOCTb OBYX CTpYH 3 NpPOCTPAHCTBE CKOpO-
CTeH.

B pamkax JADE-anropuTMa KpHTepHil A YNOBJIETBOPAETCA NPl 3HAYEHHAX NapaMeTpa
oGpe;ax-msn mzut > 20 T'sB/c* (puc.3), a ia B-anroputMa KpUTEpHil A YIOBJIETBOPAETCS NpPH

b, 220. Kpurepuit b moxer 6biTe ymoBmeTBopeH B paMmkax JADE-anroputMa npH

t

t
uMeeM: by, >bp +b,. Tpe6osanue OQHOBPEMEHHOTO BHIMONHEHHS ¢OoMX KputepueB A U b

mzmSOA TsB¥c*, a ans B-anropuTma NMpaKTHYECKH NPH BCEX 3H:MEHMsX napamerpa b

JacT CleAyloulHe pe3ynbTarThl: Wi anroputma JADE HU NpH Kaku:: 3HaY€HHSAX NapaMerpa

mzm He MOXeT ObITb OJHOBPEMEHHOrO YIOBJIETBOPEHMS KpHTepHemM A H B, a mna B-an-

ropHTMa Haxommm: b > 20--30.

TakuM 06pa3om, B pamkax anroputma JADE ue MOryr GbITb N0J1y4eHbl CTPYH, Pa3OesieH-
Hble KaK B MPOCTPAHCTBE CKOPOCTEH, Tak U B (ha30BOM MpOCTpaHCTLe. B oTnHuMe ot 3roro,

HOBBIH B-anropuT™ MpH 3HaUYEHUSIX MapamMeTpa bcmz 20 + 30 no3BosseT BHLIETUTH JBE CHeEK-

TaTOPHbIE CTPYH, KOTOpBIE XOPOIIO pa3ieNieHbl KaK B NPOCTPAHCTBE CKOPOCTEH, TaK M B
(hazoBOM mpocTpaHCTBE Tti-MC30HOB, obpasyrowmx atd crpyd. Heo'3xomHMo oTMETHTDH, YTO
npu bcut 220 + 30 npoHcxoauT cTabHIn3auus pa3MepoB CaMHX CTPyi B [IPOCTPAHCTBE CKO-
pocTeit bR ~ bL ~ 10+ 12, a HX Maccsl mp > m; = 0,7+0,8 '“3B/02 CTAHOBATCS He-

3aBHCHMBIMH OT 3Hau€HHUs napamerpa obpe3aHus bcut (cMm.puc.4).

Cosnagenue Maccsl mp NpaBoi W m, neBo# cTpyd my~m, ~ 3,7+0,8 I'aB/c? ¢ mac-

L

. 2
coit p-Me3oHa m =0,77 I'sB/c” He o3HavaeT, YTO 3TH CTPYH COCTCAT M3 ABYX NPOTHBOIO-
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7p, 40 1sB/c (N, = 689 co06., b,,=20)
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Puc.6. Pacnipenesients no NponosbHeIM uMnysscam P, npaBoi (R) H nesoii (L) cTpyi, B cucreme

LUeHTpa Macc T p-B3aHM JEHCTBHI, B 2-CTpYHHBIX COGBITHAX, BbIAENEHHBIX B-anroputMoM npu
3HaueHuH napamerpa obsesanns b, =20

+ - 0
JIOXHO 3apsiXEHHbIX T-ME30HOB, TaK KaK T - U T -Me30HbI OT pacnajga p -Me3oHa HaxomsaTcs
2 .
Ha pacCTOSHHH bp = (mp,’mn) — 4 =120,3 B NpoCTpaHCTBE CKOPOCTEii, YTO Oosiee yeM B ABa
pasa Gousiplue BEMHUYHH bi ~10+12mn bL ~ 10+ 12. MoxHO, 0JHaKO, 0XHIATb, YTO 3aMET-
Lo . 0
Hoe yucno R- m L-cTpyi dyayt npeacraBnsits coboit p -Me30HBL. B 3TOM ciyyae npemnoxeH-

HBIH 31€Chb B-a.J'IFOpHTM M OXeT ObITh Takxe PacCMOTpPEH KaK HHCTPYMEHT IJIA MOKUCKaA pe3o-
HAHCHBIX COCTOSHHH B CI CTEMAX H3 ABYX allpOHOB.
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np, 40 B /c (N, = 3623 co6,,

m2,=20 TsB%/c")
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P,,cM, 2-cTp. c00.

Puc.7. Pacnipeaenenus no npogonbHeiM uMmyibcaMm P, mpasofi (R) 1 nesoii (L) cTpyH, B

CHCTEME USHTPA Macc T p-B3aUMOHNENHCTBHIA, B 2-CTPYiiHBIX COOBI UAX, BBUIENEHHBIX ail-
roput™MoM JADE npu 3HaueHHH mapaMmerpa obpe3anus mgm =20 (F3B1c2)2

3amerum, 4TO pasmepbl R- U L-CTpyil B NPOCTPAaHCTBE CKOPO :TEil, MonydeHHble B-an-
TOPHTMOM bR:bL: 10+ 12, cBA3aHb C BEJIMYUHOU bk [6], ko10pas omnpenensieTcs Kak

CpeiHee PACCTOSHME B MPOCTPAHCTBE CKOPOCTEH MEXIy LEHTPOM C PYH H YaCTHLAMM, KOTO-
pble BXOAAT B COCTaB CTPyH. MOXHO moKazaTh, YTO B CHCTeMe W3 N-4acTHL BelHYHHbI
bp. b, u b, cBsi3aHbl Mexay cO00ii COOTHOIIEHHEM

(21)

B
_ 1\’
b= 2+2\/1+[1 N) .
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7p, 40 MmB/c (N, = 1724 co6., b,,=10)
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Puc.8. Pacnpenenenr s T'-ME30HOB, BXOMAIIKX B npasyw (R) wid nesywo (L) cTpyv B
2-cTpyHHBIX COOBITHA X, BHUIEJIEHHBIX B-aITOPUTMOM 1PH 3Ha4Y€HHH NapameTpa obpe3aHHs

b, = 10, B cHcTeMe :1€HTpa Macc T p-B3aHMOOEHCTBHA

Mpu b ~10—12, mn1 N=23 u N > o HMeeM: biz):1,7+2,0, b£3):'2,2+2,5 H

R(L)
bim):2,9+3,3, COOTBET:TBEHHO. DTH 3HAYEHHUS VIS biN) COMIacylTCs CO 3HAYEHHEM

b, =3,68+0,03, nonyyeHdsiM paHee B [6], Ha OCHOBE APYroi METONMKH BbIEICHHUS CTPYH.
[epeiinem Teneps K aCCMOTPEHUIO PACTIPENENIEHUS UMIYILCOB caMHX R- u L- cTpyii B

t
ux ha3oBOM NPOCTPAHCTIE, a TAKXe paclpele/eHHS UMIYJIbCOB TU -ME3OHOB, BXOMSLUUX B

.« +
cocraB R- n L-cTpyii, B ¢ a30BOM NPOCTPaHCTBE T -ME30HOB.



baoanan H.H. u 0p. Hccnedosanue anrzopummos peKoHCmMpPYKyuu

+ .
Puc.9. Pacnpenenenus m°-Me30HOB, BXOOSILHX B [paBylo (R) wiu sieByto (L) cTpyu B 2-cTpyit-
HBIX COGBITHAX, BbUICEHHBIX B-2TOPHTMOM MpH 3HaYeHHM MapameTpa obpesanms b, = 20,

B CUCTEME LIEHTPA MacC n_p-Baaumoncﬁcmuﬂ

7 p, 40 B /c (N, = 689 co6., b,=20)
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43

Ha puc.6 m 7 npencrasnensl pacnpefeiieHHsi MPOJONBHBIX Wy MYNbCOB 11paBoil (R) u

neBow (L) cTpy# B 2-CTPYHHBIX COOBITHAX U3 TU p-B3aUMONEHCTBHIH, BsleeHHNX B- n JADE-

AITOpHTMaMH, COOTBETCTBEHHO. MoxHo BUACTH, YTO oba AJITOPHTMAa BBIACIIIIOT OBE AOCTa-

TOYHO XOpOIUO pasfiesieHHble CTPYH B (Pa30BOM MPOCTPAHCTBE CaMMX CTPYH TOJIBKO NPH Bbi-

NONIHEHW! KpHUTEpHa A, T.e. Uil B-anroputma npu b.>20, a ans anroputma JADE npu

mzm > 20 (l'aB/c?)2.
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np, 40 IeB /c (N, = 313 co6., b,,=30)
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+
Puc.10. PacnpeneneHita T -Me30HOB, BXOAKIIMX B rpasyl (R) uau nesyio (L) cTpyd B 2-
CTPYHHBIX COOBITHSX, BbUIENEHHBIX B-aIrOpMTMOM TMpH 3HaueHHH NapameTpa oOpe3aHHs

by = 30, B cucTEME LCHTPa MacC T p-B3aMMONEHCTBHS

” +
W3 nonnoro uncna 0743 cobuituit ¢ uncnoM T -Me3oHoB N | 24 ¢ nomowsio B-ai-
e

TOPUTMa NPH 3HaueHHH 11apamerpa b =20 sbizeneHo 689 2-cTpyiiHbix coObiTHii. OcTanb-

Hble coObITHA pacnpeseneHbl cnepywowuM obpasom: 348 GeccrpyiiHbix cobbiTHil, 9698
1-cTpyiHpIx cobbitvit U 8 cobbiTHii ¢ Tpems crpysmu. Ha ocuose JADE-aroput™a npu

3Ha4YeHHH MapaMeTpa mzn=20 (I“:-)B/cz)2 Bbigenenbl 3623 2-ctTpyiiHbix cobbitust (7090 —

1-cTpyiinbie cobbiTus U 30 cobbiTHil ¢ Tpems cTpysaMH). Pe3ynbTaThl, NpeacTaBieHHbE Ha
pHC.6—7, MoKa3biBalOT, {ITO MPH yKa3aHHBIX 3HAYEHHAX MapaMeTpoB o0Ope3aHHs UMeeT Mec-
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np, 40 1B/c (N, =91 co6., b, ,=50)
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+
Puc.11. PacnpeneneHus 1 -Me30HOB, BXOOSIUMX B mpaBylo (R) unu neByw (L) crpyd B 2-
CTpYHHBLIX COOBITHSX, BbLIEJCHHBIX B-aNropuTMoM npH 3HadeHMH ILpameTpa obpe3aHHs

b = 50, B cHCTeMe LIeHTpa Mace T p-B3aMMONEHCTBHS

TO JOCTATOYHO XOpolUee pasjeneHue npapoi W Jiesod ctpyid. OnHaiio, Kak 6bUI0 OTMEUYEHO
Bblllle, B paMKax anroput™Ma JADE pasMepsl o0eux cTpyil B NMPOCTp:HCTBE CKOpocTeH H0ib-
1€ PACCTOSHHSI MEXIY 3TUMHU XK€ CTPYAMH B TOM Xe MPOCTPAHCTBE € <OPOCTEH, T.€. BbIIENEH-
Hble Ha OCHOBe JADE-anroputMa CTpyd CUIBHO NEPEKPHIBAIOTCA B MPOCTPAHCTBE CKOPOCTEH.

JlanHoe xapakTepHOe paiuuue MeXny anroputMoM JADE M mnpernoxeHHbIM HaMu B-an-

+
rOpUTMOM HJUTIOCTPHpYETCS pUCYHKaMH 8—14, roe mpencrasneHsl pacnpeeyeHus T -Me30-

HOB, BXOLALIMX B BbigesIeHHbIe 2-CTpyiiHbe cOObITHS.
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7 p, 40 I'eB /c (N, = 3841 co6., m2,=0.4 B2 /c*)
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Puc.12. Pacnipenenenns m-Me30HOB, BXOIALWHX B npasyio (R) unu nesyio (L) cTpyu B 2-cTpyii-
HBIX COGLITHSX, BBUICJIEHHBIX aNMTOPUTMOM JADE npH 3HaueHMH napaMerpa ofpe3ams

2 2.2 _ N
mg, =04 (T3B/c™)", B :McTeMe ueHTpa Macc R p-B3aHMONEHCTBHS :

+
Ha puc. 8—11 nokz3aHbl pacnpeaenenus T -Me30HOB, BXOASLIHX B npasyo (R) u nesywo
(L) cTpyH B 2-CTpyHHBIX COBBITHSIX, BbIIENEHHBIX B-aIropHT™MOM 1IpH bCu

cootBeTcTBeHHO. TpH 3r aueHusx b > 20 HabntonaroTcs nse xopowro pasnesnentsie B aso-

+
BOM IPOCTPAHCTBE T -M¢:30HOB CTPYH. Takoe pa3ieneHue UMEET MEeCTO NMPpH OOJHOBPECMEHHOM

BbINOJIHEHNUH KpHUTepHeB A U b.

+ -
Pacripenenetus T - 4€30HOB, BXOmslUMe B cocTaB R- win L-cTpyn B 2-CTPY#HHBIX CO-

ObITHSX, BbLIENEHHBIX aropuTMoM JADE NpH 3HA4YEHHSX MapaMeTpa m? =04 (FaB/cz)z,
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7p, 40 TeB/c (N, = 3623 co6., mi=20 IsB2/c)
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Puc.13. Pacnipesiesienns T~ -Me30HOB, BXOASLIHX B NpaByto (R) win jeByio (L) cTpyu B 2-CTpyHHBIX
cOOBITHAX,  BBUIETEHHBIX amroputMoM JADE r1pu  3HaueHMH r[apamerpa oOpe3aHus

mgut: 20 (l"aB/c2)2, B CHCTEMe LIEHTPAa Macc T p-B3aUMOAEHCTBHI

20 (I“:aB/cz)2 u 50 (I“:aB/cz)2 npeacrasneHsl Ha pvc.12—14, coorBercTBeHHO. [IpH 3HaYeHUH
m =04 (TB/c’)’ wmeem N,=3841 2-ctpyiiumx coGbrThii (N,=499, N, =3109,
N,=2114, N, =837, Ng =263, N, =65, N,=l4uNg=1) n bp, > bg+b, (cM.puc.5), Te.
BBIMOJIHAETC KpHTepUd b, wo xpurepuii A He BhInonasercs. C apyroil CTOPOHBI, MpH

mzm =20 (I“:~)B/02)2 u 50 (I“:~)B/02)2 HMeeM N3/N2 < 0,01—0,03, t.e. cnoBue A BHIOJIHIETCS

(npu mzm =50 (I“:~)B/cz)2 HMEEM Nl =10168, N2 =574 u N3 =1), a BIMoNHEeHHe kpuTepusi b
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7p, 40 Ik /c (N, = 574 co6., m2,=50 B2 /c*)
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Puc.14. Pacnpenenenus '-ME30HOB, BXOMALUHX B npasyw (R) wiu nesyw (L) cTpyu B 2-cTpyii-

HBIX COOBITHAX, BblNE 1EHHBIX anropHTMoM JADE npu 3HaueHMH napaMerTpa oOpesaHus
2 _

o =30 (I“aB/cz)z, B CICTEME LIEHTpa Macc T p-B3aMMONEHCTBUS

m

He WMMeeT MecTa. M3 pe’ynsTaToB, MpencTaBleHHbIX Ha puc.12—14, cnemyer, YTO HH NpH
2 _ . 2,2 2 2,2 2.2

3HAYEeHHH mcut—0,4 (I'=B/c”)”, Hu npu 3HaYeHHUAX mcm=20 (I'3B/c)” u 50 (I'sB/c”)” nBe

CTPYH M3 T-Me30HOB He MOTYT ObITb pa3iesneHbl B $¢a30BOM POCTPAHCTBE *-Me30HOB. Cre-

AOBaTENbHO, ABE R- M L-cTpyM, BuineneHHbie anroputMoM JADE u X0opowo pasiesnieHHble B

thazoBoM NMpOCTpaHCTBE ¢:aMHMX CTPYii, OKa3blBAKTCH CHILHO NEPEKPHITHIMH B (ha30BOM Npo-

+
CTPAHCTBE T -MC30HOB, |3 KOTOPbIX COCTOAT 3TH CTPYH.
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Takum o6pa3oM, Mbl HabngaeM CYILIECTBEHHYIO pa3HHLY MexTy anroputMoM JADE u
MpelIOXEHHRM HAMH HOBBIM B-aJIrOpUTMOM. DTH pa3fiMuHs, KaK Hauv NpeAcTaBaseTcs, sBis-
0TCS  CIEACTBHEM TOTO, YTO BeJM4MHBI b, Oonee NpPaBWILHC OTPaXawT CTPYKTYPY

MaTpUYHOIO 3JIEMEHTa B MATKMX TPOLECCaX MHOXECTBEHHOrO poXOeHHs vacTuu. dpyrumu
cnoBaMH, GMM3KHMe B MPOCTPAHCTBE CKOPOCTEH YacTHUBE i U k Oyny " «6au3ku» ApYr K OApYyry
WM CBSI3aHBl ApPYr C [pPYroM BCJEICTBHE OWHAMHKH MHOXECTB:HHOIO PpOXICHHUSA, T.K.

pamHanbHas ObICTPOTa MexX/y YacTHUaMH i U k HeGosbiias. B oTnut ue ot 3Toro 6nusKkHe no

OTHOUICHHUIO K METpPHKE m?k

IPYTOM WM «ddJieku» [pyr OT [pyra no gHHamMuHKe WX oOpazonanus. Takum o6pasom,
yacTHuBl [ U k, Oyoyuu COBEpHIEHHO HE CBA3aHHBIMHM MO [IHHAMMi{€ UX POXIEHHSA, MOryT
0Ka3aTbCd B OJHOH CTpYye, €CJIM mosib3oBaTbcs anroputMom JADE.

yacTUUbl [ U k MOryT OBITH COBEpPLICHHO HE CBA3aHbl OpYr C

4. 3aknwuyeHue

[lepeunciuM OCHOBHbIE pe3ynbTaThl, NMOJYYEHHbIE B HacTosiueil paboTe Ha OCHOBe
aHAIK3a YKCMEPUMEHTATBHBIX JaHHBIX MO T p- U T C-B3aumozecT susM npu 40 I'sB/c.

1. IlpennoxeH HOBbI B-anropuT™ AN PeKOHCTPYKLUUH afpOIIHBIX CTPYii, B KOTOpOM
HCIIOMB3YIOTCS NepeMeHHble b, Kak Mepa PacCTOAHHA MEXIY 4acTH 1aM¥ — MpeKjlacTepamH

i ¥ k' B NpOCTPaHCTBE CKOPOCTEH.
2. CdopmynupoBanbl KpuTepun A W b ans onpeneneHus napiMmerpa obpesanus B-an-
TopHT™Ma b_ ., OIHOBPEMEHHOE BLIMOIHEHHE KOTOPBIX FAPAHTHPYET [ a3ielseMOCTh CTPYi Kak

B MPOCTPAHCTBE CKOPOCTEid, Tak M B (ha30BOM MPOCTPaHCTBE YacTHIl, 0Opa3ylolux CTPYH.

3. BeigeneHs! JBe CNEKTaTOPHBIE, WIM MsTKUe, R- U L- CTpyH B T p-B3aUMOAEHCTBUAX

npu 40 TsB/c u onpepenenbl pasmepsl 9THX CTpyH b~ b, ~ 10+ 12 n ux Macchl me,

m, = 0,7+0,8 TaB/c’.
4. lMokazaHo, yro B oTiMuKe OoT u3BecTHoro JADE-anropurtma, npasad (R) u nesas (L)
CTpyH, BblIEJIIEMBIE HA OCHOBE B-airOpUTMa, XOpPOUIO pa3fielieHbl FaK B MPOCTPAHCTBE CKO-
o +
poctei, Tak ¥ B (ha30BOM NPOCTPAHCTBE TU -ME30HOB, 0OPa3ylOLIMX 9TH CTPYH.

HaM npusTho nobnarogapute MHTEPaHIHOHATBHBIN KOJUIEKTHE 2 M IIPOIIAHOBOH KaMe-
Pbl 32 NpefOCTaBJIeHUE SKCIIEPUMEHTAIBHOIO MaTepHalia U nosesutie 00CyXIEHHS.
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HCCIEAOBAHHUE ITPOLECCOB ITIOJTHOTO PA3BA.]IA AJEP
B A1PO-AJEPHBIX CTOJIKHOBEHHAX
TP UMITYJIBCAX 4,2 A IB/c

0.F.AGounos’ , A. HAnowun A.A.Ky3neyos, P.P.Mexmuec¢ 1,
MK Cszeu,uanoe , IA. P3aee1

H3syuenst audpepeHUHATLHBIC H HHTETpANbHBIE pacnpedenchns pC-, di°-, HeC-, CC-, dTa-,
cTa-p3auMonedicTeuil npu 4,2 TeB/c Ha HYKJIOH MO YMCITY HIEHTMGHUMPC BAHHBIX TIPOTOHOB
CyMMapHOMY 3apsay MpOYKTOB peaxuuu. [IpeutoxeH kpHTepuil oT6Opa cOGBITHI C MONHBIM
pa3sBaIOM RAPA-MHLIEHH.

PaGora BrinonHeHa B JJaGopatopuu BoIcOKHX aHepruit OHUSIH.

Investigation of Processes of Total Disintegration of Nuclei
in Nucleus-Nucleus Collisions with Impulse 4.2 A GeV/c

0.B.Abdinov et al.

The differential and integral distributions of pC-, dC-, HeC-, CC-, dTa- and CTa-
interactions with 4.2 GeV/c per nucleon of the number of identified pro ons and sum charge
of the reaction products are studied. The criterion for selection of events with total
disintegration of nuclear targets is offered.

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

1. BBegeHue

[lonHeiM pa3BaiioM Aapa Mbl Ha3biBaeM HCHyCKaHWe cTo/lb oo (rpaHHYHOM) KOJH
AICPHBIX HYKJIOHOB, NPH TNMPEBHIIEHHH KOTOPOH HAauyHHAIOT MPOABs AThCS KaYe€CTBEHHO HO-
BHIE, paHee HEH3BECTHbIE SIBIICHHS.

Hurepec x mpoueccam nonHoro passana sgep (IIPS) mpH BHICOKHX SHEpPIMAX CBA3aH C
TEM, YTO OHH COOTBETCTBYIOT C/lyuyasM MaKCHMAIBHOTO BO30YXIEHUS, KOTJa BCKPBIBAIOTCS
MHOTHe CcTeneHH cBODOMBI SNEPHOTO BeleCTBa, B TOM YHC/IE U HEHyKJIOHHbie. B aTHX mpo-
Heccax MOFYT NPOSBIATHCA KOJUIEKTHUBHbIE CBOMCTBA SEPHOH MarepHH, KBapK-IIIIOOHHOMN
Nna3Mel, MTHOHHOTO KOHJAEHCATa, XapaKTEPUCTHUKH BHYTPHIIEPHBIX HyKJIOHOB H APYTHX agpo-
HOB, a TaKXe reHepaluMyd agpOHHOrO YEPEHKOBCKOro HinyueHus (AU H) U sgepHbIX yoapHBIX
BosiH (S1YB), nonspuzaunoHHsle 3¢hekTsl, KpUCTANIH3ALMA AXEP.

Ocobr1ii nHTEpeC npeacTasnseT uiyyenue I1PS B cTonkHOBEHMsX smep ¢ sigpaMH. Beisas-
JIeHHE rpaHMYHOrO 3HAYEHUS MHOXECTBEHHOCTH MCIYILIEHHBIX M3 SLep HYKJIOHOB MO3BOJSAET

IdHcmTyT ¢usuxu AH Pecny6nnku AsepGaiinxan
’HUHSA® MI'Y, Mocksa
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HCCIENOBaTh U COMOCTABILITh cBOHCTBA coObITHH ¢ 1P u 6e3 Hero. [Ing Toro 4ToOb HayaTh
aty paboTy, HeoGxOmMMO FbIpaGoTaTh HCXOOHBIH KpHTepHH moucka cobwituii ¢ TP, Tlocne-
AYIOLLHE HCCAETOBaHHS MCTYT NPHBECTH K MOAHGHKALHH KPHTEPHS.

B paGorax [1]—[3] ¥ xauecTBe KpHTEpHs A1 BhleneHHs cobbiTHii TTPS ucnone3osa-
JI0Ch YCIIOBHE

2
>_ .
N, (wim Np)_3Z, (1)

3mech Nh (Mnm Np) — YUC.10 A-yacTHLl B OTO3MYJIBCHOHHBIX HETEKTOpax (4MC/IO MPOTOHOB,

MIEHTH(HLHUPOBAHHBIX B 1IpONAaHOBOH My3bIPbKOBOH Kamepe), Z — 3apsi sapa.
Oka3anocb, 4TO BEPOATHOCTD (Wnp“) TaKHX COOBITHH BO B3aMMOIENCTBHSX ITHOHOB H

NPOTOHOB C sApaMH COCTaBaseT 2+ 3 M He 3aBUCHT OT 3HEPIUHM HANETALIHMX HacTHL B
obnacti 6ONBLINX SHEPTH 4.

[Ipn taxom otbope (obuiTHii ¢ TIPSl B paccMOTpeHHE MPakTHYECKH HE BKJIOYAIHCh
ClydyaH, KOTia 3HAYMTENLHOMY KONHUECTBY sSHEPHBIX (pparMeHTOB NepenawTcs Oonbluue
umnynbcbl. s yyeta 3TH < cnyyaes B paGorte [3] 6bU1 BBesieH HOBBIH KPHTEPHH

2
Q=277 2)
roe
O=N_—-N _+1, 3)
+ -
n
N_u N _— 4uC/I0 MOMOXUTENbHBIX HaCTHU H T -ME30HOB COOTBETCTBEHHO (3a€ch | yuHTHI-

n
BAET TO, YTO B ITOM 3KCLEpHMeHTE HaneTamweH yacTHued 6bin T -Me30H). B pabore [4]

NpHBedeHbl pe3ynbTaThl HCCNEAOBAHMS TMPOLECCOB B3AHUMOMAEHCTBHS W -ME30HOB MW

P =40 I'sB/c ¢ HyxJIOHai4H M sApaMH B MPOMNAaHE B 3aBUCHMOCTH OT CyMMapHOTo 3apsina
n

YacTHL, HCNYLUEHHBIX B COObITHU. B 3TOM (Takxe KaK W B HaLleM) 3KCIIEPHMEHTE HEBO3MOX-
HO ONpedesMTb 3apsf Tsxelbix parMeHTOB sapa MHlleHHW (Z, > 1), a 3apsg ¢parMeHTOB

sagpa cHapsaa (Z; > 1) He onpenensncs. Bee 3apskeHHble (parMeHThl MHIUGHH CYMTaNMCh

npoToHaMH, ¢parMeHTaM ipa cHapsida ¢ MHHHUMAIbHOH HOHHM3aLUeld NpPUNUCHIBAICS 3apsil
1, a pparveHTam ¢ Z 2 2 npunuceiBaICS 3apsd, paBHbii 2. B cuny ykaszaHHsix ocobeHHOCTEH
3KCMEPHMEHTA BeJIMUHHA () MOXET NMPHHUMAaTh U 3HaYeHHS () MeHblle CyMMapHOro 3apsia
CTANKMBAOIIHXCSA YacTHLL. [1pH 3KCNEPUMEHTANBHBIX MOTEPsX IMONIOXHTENbHBIX YACTHIL 3Ha-
yeHus BesMYuH Q 6ymyT yMeHbluaThcst, a NPH NMOTEPAX MEUIEHHBIX OTPHUATENBHBIX 4acTHIL

YBCIIHYHBATLCA (B TOM 4YHINE€ U B PE3YNbTATEC 3axXxBaTa MEIJICHHBIX T -ME30HOR aTOMHBIMU

sapaMu). [losromy B psane cnyyaes Moryr Habmwonarscs cobbitus ¢ Q > Z + Zz*.

*OTMETHM, YTO MPOLECCH N:Pe3apANAKH HYKJIOHOB TAKXE MPHBOMAT K PACUIMPEHHIO CIIEKTPOB N0 Q u no Np .
B 3THX cnekTpax B 061acTH 60151 1HX N) 3aMETHO BITHSHHE IPONECCOB MEPEe3aApAIKH 1 — p; p —» 1, KOTOPbIE NPHBOAAT
K PAcCWIHPEHHIO CTICKTPOB N .
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Hcnonp3oBaHue BeTMYHHBI () TO3BOJSET BKJIIOYATh B PACCMOTPIHHE M Clydad ¢ OBICT-
peiMu mpotoHaMu (¢ ummynbcamu Oossmine 700 MaB/c).Ilostom:’ B pabore [3] BMecTo
BEJIMYHHBI Np Hcnonp3oBalach BennuuHa (). B pesynsrate 3Haue ine Wnpﬂ BO3pOCJIO OT
2,720,2 no (7,01 0,3) %.

Ipu n3yuenuu npoueccos [1PS B aapo-aaepHBIX B3aMMOOEHCTB 11X TPYAHO OINPEAEHTD
10pO, M3 KOTOpOro BhUleTel maHHBIA dparmeHT. [losToMy HeoGxomumo paspaboTars
KpuTepuii noucka cobsrtuii ¢ [1PS nnis Takux B3aumoneicTsmid. [Ipr 3ToM HOBBIE KpHTEPHH
JOMXHBl ABTOMATHYECKH BbIABIATh coObiTid ¢ [IPS MumieHH B anpoH-sEpHBIX B3auMO-
NeHCTBUSX, BhlIesseMblX 1o KputepusM (1), (2), uro HeoOxoguMo IS COMOCTaBIEHHUS
pe3yNnbTaTOB, IOJYYEHHBIX B CTOJIKHOBEHHsX 00OMX THIOB. PelieHu : aTod 3ama4u ABnseTcs
Le/IBI0 IAHHOM paboThI.

2. DKCnepUMEHTaNbHBIE PE3YAbTaThl

B pabore Hcrnonp3oBaHbl 3KCIEPUMEHTAIbHBIE JAHHBIE, MOJMYYSHHBIE NPH 0OMy4eHHH
2-MeTpoBOH NMponaHoBo# Ny3blppKOBOH KaMmeps! JIBD OUSH pendTABUCTCKHMH sapaMH OT
JyOHeHCKOro cHHXpothasoTpoHa npu ummysnbce 4,2 A T'sB/c (MeTo,1MyeckHe MogpoBHOCTH
cM. B [5]). CratuctHka cobeITHH mpuBegeHa B Tabn.l. M3 tabnuusl BHAHO, Y4TO ¢ SAPOM
yriepona crankupajiuce sapa ¢ A < 12. TloutH o4eBHAHO, 4YTO BbigB1eHHe cobObiTii ¢ [1PA
MHLieHH OygeT aBTOMaTHYeckH BhisBnaTh cobbitusg ¢ [1PS cHapsaa.

Ins BoipaboTKH KpuTepHs noucka cobuituit ¢ [1PS mMuienn Grutd mojydeHs! W npoa-
Halu3upoBaHkl AUthdepeHIHaIbHbIE (W(Np), W(@)) u unrerpanbHoie (W(= NP), W(= Q)) pac-

npeneyieHus BepOATHOCTeH coObITHH TMO uyucay N, u Q=N_-N _. Pa3pabotky kpurepus
n

ITPA B yka3anHbix cobbiTusx (Tabn.l) Mbl HaYanu ¢ aHanu3a paclpelie/ieHHs BeposTHOCTeH

Ta6mua 1
Tun B3auMoneicTeHg DHeprug HaNeTalLIero aapa, K>nnuectBo coGbITHIt

I B/HykI0H

p—C 42 5284

d—C - 6735

He—C —"— 4852

C—C —_" 7327

d—Ta —"— 1475

C—Ta —"— 1989
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Puc.1. (n"—C)-B3auMoneiicTere

perucTpaudyd NpOTOHOB Hp B 7 C-B3aumoneicTBuax npu P =40 I'sB/c (cM. puc.l) Ha
n

OCHOBE JaHHbIX, onmybnuiioBaHHbIX B [6]. ANMpOKcHMauWs 3TOro pacnpeneieHHs Bbipa-
-A N

XeHHeM BHIa f=Al e P (3mech A H A2 — MNOArOHOYHBIE MapaMeTpbl) OKa3anach Hey-

JLOBNIETBOPHUTENBHOM, TAK (aK BEJMYHHA XZ/CT. cB. cocrasuna 7,5. M3 ycnoBus Hawnydiei

annpoKCHMauMH 3TOro picnpefeneHds ¢yHKUHeH f NpHUUIOCh MPOM3BOAMTH pa3fenbHOe

¢uTHpOBaHHE B ClieaylowiX 0OnacTaX 1o Np :

1< Vp <3 (I obnacts) H 4 < Np <6 (II obnacts).

Pesynbrarel npusenensl B Tab1.2 M noka3aHbl Ha puc.l (CIUIOWIHBIMM THHHAMH). DTOT pe-
3yNpTaT MOXET CIyXHThb yKa3aHHEM HAIHuYHd, KaK MHHUMYM, ABYX (aKkTOpoOB, onpenens-

OWHX HCNYCKaHHE MPOTCHOB U3 fApa yriepoaa BO B3aUMOJEHCTBHAX C TT -ME30HaMH INnpH

P _=40TI3B/c. To ecTb B)3MOXHO, 4TO (PyHKLMS pparMEHTAUHH 91pa YIIIEPOAA COCTOUT H3
n

CyMMBblI ARYX (PyHKUHH, Ka:<iast U3 KOTOPbIX COOTBETCTBYET Pa3HbIM MEXaHH3MaM HCIYCKaHHS
npoToHOB. 'paHHYHOE 3HaYeHHE Np , COOTBETCTBYI0ILee nMepexony U3 obnactu I B obnacts 11

COCTaBJIsieT Np =4 ¥ cOBNAIAET CO 3HAYEHHEM, TOMyYaeMbiM 0 KpUTepuio (1) (1-it pesynsrar).

[lpu BripaGoTke kpuT:pust [IPS B 20pO-a0€PHBIX CTONKHOBEHHAX MbI HCXOMHIIH H3:
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Tabmuna 2. Pe3yasraTsl anmpoKCHMalMH JaHHBIX BbIPAJKeH HEM BHIA
f=A, eA2 X (Al H A2 — IOATOHOYHbIE TApAMeTPsI, a X —. Vp wwm Q)
Tun O6nactu TapameTpsl x2 /cr. cB.
B3aMMOIECHCTBUA no X
(Np win Q) Al A2
—C Np 1—-3 5900 % 200 0,79 £1,02 2,20
4—6 42000 %= 18000 1,3+),1 1,60
Np 3—5 1,2+0,1 0,62+ 3,03 0,76
p—C 6—9 140 £ 135 1,5+),.2 0,89
o 3—5 1,2+0,1 0,57 £ 5,03 0,13
6—9 179 £ 131 1,531 3,22
Np 3—5 0,89 £ 0,09 0,45 £ 0,02 0,82
d—C 6—10 3011 1,07 £ 0,06 0,24
o 4—6 1,6 £0,2 0,58 £ 0,03 2,46
7—10 1682 £ 1876 1,6 £0,2 0,64
Np 4—7 0,67 £ 0,07 0,30+ 0,02 0,48
8—13 144 £ 72 1,00 £ 0,06 0,44
He—C | ¢ 35 0,47 0,05 0,214 0,03 1,28
6—8 2,5+0,7 0,50+ 0,04 0,54
9—11 2652 0,9+0,2 1,14
Np 3—10 0,11%0,05 0,040 + 0,007 0,66
11—18 52+13 0,62 £0,02 3,25
11—14 7,8+3,1 0,45%0,03 0,31
c—C 15—18 21372 £51028 1,0+£0,2 0,11
0] 5—9 0,12+0,01 0,018 £0,013 0,49
10—12 1,7+0,6 0,29+ 0,03 1,22
13—16 8900 + 1300 1,0+ 0,1 1,56
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Tatmua 3. W(2 Np), %

Ny T —C p—C d—C He—C C—C

1 469+0,8 96,0+2,0 99,0+2,0 99,020 99,0+2,0
2 20,7+0,5 63,0+£1,0 840£20 94,0+2,0 91,0£2,0
3 8,103 35,50+ 0,9 54,0%1,0 82,0+20 81,010
4 3,0£0,2 17,40+0,6 31,108 61,0£1,0 71,0£1,0
5 0,81+0,09 8,30+04 16,1 £0,5 42,0+1,0 62,0+ 1,0
6 0,12+0,03 290102 72+0,3 26,3+0,8 540%+1,0
7 — 0,60£0,1 25+0,2 15,1+0,6 44,8+0,9
8 — 0,210 0,06 0.8+0,1 73+04 35,8+0,8
9 — 0,020+£0,02 0,19+0,05 2,7+£0,2 27,7+£0,7
10 — — 0,04 £0,03 0,9+0,1 20,1 0,6
11 —_ — —_ 0,37+0,09 13,2205
12 — — — 0,04 £ 0,03 79+03
13 — —_ — — 43+0,2
i4 — — — — 2,1+0,2
15 — — — — 0,8+0,1
16 — — — — 0,26 + 0,06
17 — — — — 0,01 £0,01

*  kpurepueB (1) 4 (2), ucrnonb3oBaHHe KOTOPLIX MO3BOJIMJIO BbISBUTb KAueCTBEHHO
HOBbBIE SRIEHUS;

*  HE3aBUCHMOCTH OT SHEPrHH M MacChl MHLIEHH Wnp’l =2+ 3 % npu orbope coOBITHI
no kpurepuio (!);

*  l-ro pesynbrara AaHHO#N paboThI.

Ha puc.2a—e (COBMECTHO C JaHHbIMM pacuera MO MOIENM KBapK-[JIIOOHHBIX CTPYH
(MKTC) [7] u no nybHeHckoi sepcuu kackantoi monenu (KUM) [8]) npuseneHsbl pacnpe-
JeIeHHs W(Np). 3nech CTIUIOWIHBIMH JIMHUSMH NOKa3aHbl Pe3yNbTaThl alMpPOKCUMALHH 3THX

pacripenesienni Bhipaxe inaMi Buaa f. B Tabn.2 npusenenbl 3HaueHus napameTpos A, A,,

MONYYEHHBIX B PE3YJIbTaTE aNMPOKCHMAUMH 3ITUX pacnpeneneuuﬁ B Pa3sHbIX obnactax mno
N _*
P

*Bo Bcex pHCYHKax HCIO.1b30BaHb CleldylollHe 0003HAUEHHS: * — IKCMEepPHMEHTATbHBIE JaHHbie, O — JaHHbiE
pacyeta no MKI'C; ! — nanHb e pacyeta no KHM.
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Puc.2e. (C—Ta)-3auMoneicTre
Bunuo, uto:

1) B cnywae dTa- u cTa-s3aumopeiicTeuit MKI'C 1 KHM & npenc:nax omu6oK yIoBieT-
BOPHTENBHO OMUCHIBAIOT YKCIEPHMEHTANbHbIE JaHHBle (2-H pe3ynbTal);

2) B cydasx xe B3aMMOJEHCTBHI C yrIepofoM 06e MOIEIH HE NAIOT yIORIETBOPUTENb-
HOIO OMHCaHHsl, 0cOGeHHO B 06acTH GOJIBLIMX Np (3-# pesynbrar);

3) B 9KCIEPUMEHTAIBHBIX PacNIpElENIEHHSX B Cllydae B3aMMOLEHCTBMIl Ha yrmepome Ha-
6momaloTCsl HECKOIBKO OBNACTEl SKCIOHEHUHANTBHOTO Crajga W(Np) (rpaHWYHble 3HAYEHUS
Np aTHX obnacTelt npuBeneHsl B Tabn.1) —- 4-i pesynprar;

4) NpH B3aMMOJEHCTBHAX MHOHOB, MPOTOHOB H SIEP C SAPAMH yINEPOAA «XBOCTBI» Pac-
npeaeneHud BeposATHOCTEH COOBITHH IO Np MPOSBIAIT MopxoOue, HauyHHas C Np =3 (8

® C-), Np =5 (s pC-), Np =6 (8 dC-), Np =8 (B HeC-), Np =11 (B CC-B3auMONEHCTBHUAX) —

5-if pe3ynbrar.
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Tabauua 4. W(> Np, Q) %

d—Ta C—Ta
WG Np) wE W) W Np) WE Q)

1 99,9 +4,0 98,0+ 4,0 100,0 3,0 100,0 + 3,0
2 88,0440 86,0+ 4,0 99,0+ 3,0 99,0+ 3,0
3 73,0+3,0 72,0+ 3,0 95,0+ 3,0 94,0+ 3,0
4 63,0+ 3,0 60,0 + 3,0 89,0+3,0 88,0+3,0
5 54,0430 51,030 83,0430 81,0+3,0
6 46,0 2,0 43,0420 78,0+ 3,0 74,0 +3,0
7 38,0430 350+2,0 74,0+ 3,0 69,0 £2,0
8 31,0£2,0 28,0 £2,0 70,0 2,0 65,0+ 2,0
9 25,0420 23,0420 66,0 +2,0 61,0+2,0
10 21,010 170+ 1,0 64,0420 58,0+2,0
11 16,0+ 1,0 13,04 1,0 62,0 +2,0 550420
12 12,0+ 1,0 8,9+0,9 59,0420 52,0420
13 9,009 63408 56,0%2,0 48,0420
14 63+0,8 44406 54,0420 46,0 42,0
15 43406 32405 52,0420 43,0420
16 2,940,5 25405 50,0+2,0 41,0420
17 25405 17404 49,0420 38,0420
18 2,0+04 12403 47,0420 36,0+2,0
19 09403 1,1£03 45,0420 34,0+2,0
20 0540, 1,1£0.3 43,0420 33,0410
21 03402 1,0£0,3 41,0£2,0 30,0+ 1,0
22 0,09 £0,09 09403 40,020 29,0+ 1,0
25 — — 350420 24,0+ 1,0
30 — — 28,0+ 1,0 160+1,0
40 - - 15,3+0,9 46+0,5
60 — — 32404 0,10 40,07
70 — — 1,740,3 0,10 0,07
100 — — 0,410, 0,10+ 0,07




Abounoe O.F. u op. Hccnedosarnue npoyeccos noanozo pazéana

Tatmuua 5. W Q), %

61

N, o p—C d—C He—C c—C
1 — 100,0 2,0 99,0 2,0 1,04 2,0 99,9+2,0
2 — 71,042,0 84,0%2,0 98,0+2,0 99,2 42,0
3 — 43,0£1,0 56,02 1,0 88,0420 94,0 +2,0
70403 223+0,7 32,3+0,8 63,0+1,0 85,0+ 1,0
— 10,3+0,5 16,9+0,5 42,0+ 1,0 75,0% 1,0
6 — 3,740,3 7,4£03 258+0,8" 64,0+ 1,0
7 — 1,1+0,1 2,840,2 13,41 0,6 54,0+ 1,0
8 — 0,08 + 0,04 0,58 + 0,09 54+)4 43,7409
9 — — 0,22 £ 0,06 0,9%)2 33,1408
10 — — 0,09 + 0,04 0,35 + ),09 23,1406
11 — — — 0,02 £ ,02 14,1£0,5
12 — — — — 7,0%0,3
13 — — — — 2,140,2
14 — — — — 0,840,
15 — — — — 0,16 +0,05
16 — — — —_— 0,04 +0,02

W3 pacnpenenennit W(= NP), NpuBeJeHHBIX B Tabn.3 u 4 (crontiusl 2 W 4), BWAHO, 4TO

BHIMOJIHAETCA NPUOMUXEHHOE PaBEeHCTBO WPC(Z Np) = (NP +1) W _ (ZNP) (6-ii pesynbrar).
nc

Mo manueM paboTel [6] Mbl obHapyxunu, uto W _ (Np) = (a—pr) CwW _ (NP =1)) (7-i
nC nC
pesynbTat), rae a= 0,62, b=0,058, C=1/(a-b), W _ (Np =1)=0,2621 0,006, nocneanss
nC

BeJIMYMHA COBNAJAeT ¢ BepoaTHocThio 0,256 1 0,004 Habnmiogenus 1poroHa B T P-B3aUMoO-
mefictBusix npu P =40 I'sB/c [6].

T
Pacnipenenenus W(Q) npusenens! Ha puc.3a—e, a no W(= Q) 8 raba.4 (cron6ust 3 u 5)
H 5. Buauo, uro:
1) 8 cnyyae (d-Ta)- u (C-Ta)-B3aumoneiictsuit MKI'C u KHIA B npegenax owu6ox
YAOBJIETBOPHTENBHO ONUCHIBAIOT SKCMEPUMEHTANIbHBIE AaHHbIe (8-H [e3ynbTaT);
2) B cnyyasx xe B3aUMOIEHCTBUH C ymiepoom o0e MOENH He 1al0T yIORIETBOPHTENb-
HOro omucanus, ocobeHHo B obnacti Gonbwux Q (9-it pesymbrar);
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3) B KCMEepUMEHTANL 1bIX paclpele/ieHHaX B Cilydyae B3aHMOAEHCTBUIl Ha ymiepone Ha-
Oi1101aI0TCS M3MEHEHHS M:PAMETPOB IKCTMIOHEHUHANBHOIO crnaja (CMeHa pexuMa) npH 3Ha-
ueHusX B obnactax, ykasaHHeix B Tabn.2 (10-ii pesynbrar);

4) snavenns W(2 Q) B pailoHax HIIOMOB NO BeTHYHHE GIM3KH K 3HAYEHHIO BEPOSTHOCTH
[P51 B (n —C)-B3anmoneiic "BHsX, 0TOGpaHHbIX N0 KpUTepHIO (2) (cM. Tabn.6, 11-i pesynbrar);

5) MpH B3aHMOLEHCTBI1AX MHOHOB, NPOTOHOB H SAEP C SAPaMH YITIEPOJA «XBOCThI» pac-
npeaeneHui BeposTHOCTEIl coObITHIF MO Q NpoABNAOT Nogobue, HaunHas ¢ Q=4 (B pC-),
Q0=3(sdC-), 2=6 (8 H:C-), 0 =9 (8B CC-B3aumoneiictBusx) 12-i pe3yJibTar.

HOns  cpaenenns nu pdepeHunanbhbix pacnipenencHuii  Obla  BBeneHa  BEJHUYMHA
R= W(Np)/ W(Q). Ha puc.4a—e npuseneHsl 3HaueHHs BEIHUYMHBI R B 3aBUCHMMOCTH OT Np
(wnu Q B.TOUKAX Np = @). Buano, uro:

1) B cnyvae (d-Ta)- u (C-Ta)-B3aumoneiicTauii MpH BCEX NOCTYMHBIX 3HAYEHHAX Np (uu

Q) Bennyuta R ~ 1 (13-ii pesynsbrar);
2) B criyuae xe B3aHMCIOEHCTBHS Ha YIIPOAE AaHHbIE MO BeAHuuHe R # 1 (14-it pe3yabTar).
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Ta6nuna 6
Tun B3auMozeiHCTBHI Hmnynsc cHapsana, [aB/c 0* W*), %
wid B/c Ha HyKIIOH
n—C 40,0 4 7,0+0,3
p—C 42 5 10,3+0,5
d—C —"— 6 74+0,3
He—C —"— 8 54+04

Cc—C —"— 12 7,0+0,3
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3. O6cyxneHue JKCMepHMEHTaNbHBIX PE3YnbTaTOB

DKcnepHUMEHTaIbHEIE pe3yIbTaThl, NONYYeHHble B HacTosuied pabore no B3auMo-
neictBusam saep d m C ¢ sapaMu (pe3ynbrartht 2, 8, 13) yka3sbiBalOT Ha TO, YTO IpH
CTATUCTHYECKOM Marepliaie, Ha KOTOPOM BbINOJIHEHA aHHas paboTa, He MpPOSBAAITCA CIly-
yay, cooTBercTByowue [1PS, onpeneneHHOH HaMH B Havyale CTaTbi. B OCHOBHOM Mbi BUAMM
¢hparMeHTBI KaK pe3y/ib1aT CHIbHOIO TOPMOXEHHS JIETKOro f/ipa CHapaAAa B TAXEJOM siape Ta
M KackamHoro pasmHoxenus. Heobxooumo nanbHeliluee yBenH4eHHE CTAaTHCTHYECKOTO Ma-
tepuana no (d-Ta)- u {C-Ta)-B3auMoneAcTBUSIM C Lenbio Oonee HaZeXHOro OnpeneneHus
BEPOATHOCTH (pparMeHIauuu Tsxenoro sapa Ta Ha Osictpbie ¢parmentsl. Ilpu B3auMo-
NEHCTBUAX PEIATHBHCTCKMX silep C sApaMHd yrinepoxa HabniogeHHe B CHEKTpax W(Np) H

W((Q) HecKOJbKHX Nap:MeTPOB B 3KCMOHEHLIHAILHON YacTHL f (ABYX CMEH pexuMa) — 1o
pe3ynbtataM 4 u 10 — MbI CBSA3BIBAGM C TEM, UTO:
I) W~ b1W1 + b2W2 (3mece W, u W, (byHKUMH pacnpeesieHus BEPOATHOCTEN COOBITHI

no yucny ¢parMeHTOB cliapsiia U MHILEHH COOTBETCTBEHHO, b] H b, — KO(DHLIHEHTEL, YUHTBI-
BalowMe BeC KaxXnoH u3 pyHkuuit), W, # W,, uto U SBIS€TCH NPHYHHOH MEPBOro HIloMa.

2) W,~ W _ T.e. 3Topaj CMEHa NapaMeTpa B 3KCIIOHEHTE s f SBISETCA OTPaOKEeHHEM
nC
CMEHB TOrO Xe napamerpa, HaGmonaemo# B (T —C)-B3auMouencTBusiX (pe3ysbrar 1),
ITocnenqHui BBIBOA TakXe MOATBEPXKAAETCS WU pelynbraTaMd 5, 13 o coBnageHMH «XxBo-
CTOB» pacrnpeieieHuin W(NP) n W(Q) npu pa3HbIX sapax cHapsaoB. [IpuunHON 3TOrO 4BNIA-

€Tcs TO, 4TO BO BCEX CMyyasx Mbl BHAMM OIHY M Ty Xe (PYHKIHMIO — (yHKUHIO ¢hparmeH-
TalHM gapa ymiepona. Ha ato xe yxasmBaeT u pesyipTat 12 — copnageHus 3HaYeHHid Bepo-
ATHOCTeH B 0ONacTaX cMeHbl pexuma co 3HayeHusMH BeposTHocted I1PSl yrmepona,

nony4yedHoro B (N —C)-B3aHMOAEHCTBHUAX NO KpHUTEpHio (2).

B 3aksnoueHHe cCpMyHpYeM OCHOBHBIE BBHIBOAM paboTbl.

1. B cnyuae B3avropedcTBHs npoToHoB, agep d, He u C c snpamu yriepoma npu
uMnynecax 4,2 A T'aB/: mns Beutenenus ciydaes, coorBerctBywowux [1PS yrnepona, Heol-
XOIHMO Hcrnonb3oBathb 1: kKadyecTBe 'KpuTepus oTOOpa coOBTHH yCnoBHE

0>0" @)
rae Q° — 3HAYEHHS ( MpH MOCNENHEN CMEHE PEXHMMOB B PACIPENEEHHsIX BEPOSITHOCTEN
coObiTHi no Q.
2. IlpH HCMONB3OBAHWH B KaueCTBE KPUTEPHS yciioBHS (4) oKa3blBaeTcs, YTO BeposT-
HocTb TIPSl yrnepona H: 3aBHCHT OT 3HEPrHH M Macchl spa cHaps/a.

JIutepatypa

1. Tarapun 10.®. v cp. — H3s. AH CCCP, cepus ¢us., 1974, 38, c.988.

2. Axpopos O. u np. — Ilpenpunt P1-9963, OUSH, NyGna, 1976.

3. Aurenos H. u ap. — SAd, 1.28, Bpin.3(9), 1978.

4. Aureno H.C. u o). — S, 1.28, BHN.5, 1977.

5. Akhababian N. et al. — JINR Preprint 1-12114, Dubna, 1979;
Angelov N.S. et a. — JINR Preprint 1-12424, Dubna, 1989.

6. Anrenos H.C. u m>. — S®, 1979, 1.30, Buin.2(8).

7. Amenun H.C., Bpisuna J1.B. — Ad, 1990, 51, c.211;
Amenud H.C. u gp. — Ad, 1990, 52, c.272.
8. I'ynuma K.K., Tonzes B.B. — OUAH, P2-10431, Ody6ua, 1977; Ad, 1978, 27, c.658.

Pykonucek noctynuia 27 gexabps 1995 ropa.
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MOJETHUPOBAHHUE H AHAJIN3 DHEPTETHYECKHX
CHEKTPOB HEMTPOHOB JUISl OBJIYYATEIBHDL X
KAHAJIOB PEAKTOPA HBP-2

B.®.Ilepecedos, A.J].Pozos

C uenblo COBEpLISHCTBOBAHHA PAaCYETHBIX METOAMK MHOTO3JIeMt HTHOTO HEHTPOHHOIO
AKTHBAILIMOHHOTO aHATIM3a CMOIE/IMPOBAHbI YHEPTETHYECKHE CIIEKTPhl L[ TpeX 0OMy4aTesIbHbIX
kananoB peakropa UBP-2. JlpoBeneH aHaiW3 CMONENHPOBAHHBIX 3HE[ FETMYECKHX CIEKTPOB
PE30HAHCHBIX HEUTPOHOB. Ha OCHOBE pe3yNbTaTOB aHAIM3a PaCCYMTaHbl KOS(HUIHEHTH Nepe-
HOPMHPOBKM pPE€30HAHCHBIX MHTETPANOB IUIS PEIbHONO CIEKTPa pe30t aHCHBIX HEHTPOHOB B
oIHOM M3 0OnyyaTesIbHBIX KaHanoB peakropa UBP-2.

Pa6ota BbinonseHa B JlJabopatopuu HeilTpoHHOM du3nku UM. U.M.Opanka OHUSAH.

Simulation and Analysis of Neutron Energy Spectra
from Irradiation Channels of the Reactor IBR-2

V.F.Peresedov, A.D.Rogov

With the purpose of perfecting neutron activation analysis calculi tion methods, neutron
energy spectra for three irradiation channels were simulated and analyszd. On the basis of the
obtained results, the renormalization factors were obtained for resonar ce integrals of the real
resonance neutron spectrum from one of the irradiation channels.

The investigation has been performed at the Frank Laboratory of Neutron Physics, JINR.

HeltTponHeiii akTHBauuoHHbIA aHau3 (HAA) ABnsieTcss MOLIH bIM aHUTUTHUECKHUM METO-
AOM M UIHPOKO HCNOJIB3yeTcs JUTS pelleHWs] pa3HBIX HayyHbl< M TPUKIAgHBIX 3amad,
HarpUMEP, B 3KOJIOTHH, Ie0JIOTHHM, NeOXUMHH U T.A. JInd onpeaeneHUs KOHLEHTpaLWil sre-
MEHTOB B ofpa3suax ¢ nomouipio HAA 4acTo MCHONB3YIOTCH MHOrO3JIEMEHTHBIE 3TATOHbI
(Standard Reference Materials —SRMs), conepxaliine u3BecTHb € C XOpPOWIEH TOYHOCTBI
MakKpO- H MUKPOKOJIMUECTBA HEKOTOPhIX XHMHUYECKHUX 3JIEMEHTOB, 1pEICTABASIOIIMX HHTEPEC
AN PadIMYHBIX MPHKNMAagHBLIX HccnefoBaHUuM. OrnpefenieHHe KONLUEHTpAaUMH BIEMEHTOB ¢
MOMOLIBIO 3TaloOHa — yxoOHas npoLeaypa, T.K. M03BosiseT 000i1iTHCh §€3 HCIO/b30BaHHA
CEYEHUH aKTHBALUMH HYKJIHAOB HeidTpoHaMH. OCHOBHBIM HELOCTa 'KOM METOja SBIISETCS TO,
4TO B OOJILIUMHCTBE JOCTYMHBIX 3TAIOHOB KOHLIEHTPALMH 3JIEMEHTOB He ONTUMaIbHbi (M30bI-
TOYHbl€ KOHLIEHTPALMHU OJHUX M HEJNOCTAaTOUHble — APYIHX 3JeMEHTOB). DTO 00OCTOATEIBCT-
BO MHOLAA HE MO3BOJISET ONpPEAENIATh KOHUEHTPALMH Psijla 37IEMEH TOB.

IosToMy MeroaHKa pacyeTa KOHUCHTPAUHH 3/IEMEHTOB C {CHOAb30BAHHEM CeEHEHHi
aKTUBALMH HYKIIMAOB M BEIMYHH MOTOKOB TEMJIOBBIX M PE30HAH( HBIX HEHUTPOHOB ABIAETCS
TaKXe BaXHOH, MO3BOJIAIOIIEH PACCUUTHIBATh KOHLEHTPAUH i He OMNpeaesieMbiXx MO
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Puc.]. DHepreTuueckne cnekTpsl Heitponos B xkaHanax OK1 u OK3 peakropa MBP-2. Cruiownas
Kpusast — cnektp ans OK3, cumsonsl — w1 OK1. B uHrepsane E < 0,55 3B — cnekTphl TeRnoBhbix
HeitpoHos B8 OK1 6e3 u ¢ :kpaHom u3 Cd

3TAIOHY 3/1eMeHTOB. B 1ipuKiagHpix HccnegoBaHusix, npoBoauMeix B JIH® ¢ nomoupio
HAA, o6biuHO ucnons3yr tcs obe MeToauku. CrnexTp HeTPpOHOB B 061yuaTelbHBIX KaHATAX
MMIYILCHOTO peakTopa Ha ObicTphiX HeilirpoHax UBP-2 conepXuT TpH KOMMOHEHTH HEWHT-
POHOB -— TEIJIOBYK), pe3dHAHCHYIO M Obictpyw. s HAA naubornee BaxXHBLIMH SBISIOTCS
TEMJIOBbIE M PE3OHAHCHBI® HEWTPOHBI, NMOCKOAbKY 00/bLIAT YACTb HYK/IMAOB AKTHBHPYETCS
UMM

B Hacrosuee pems 3 TH® ucnonbsyercs nporpamma MNCP-4a ¢ Gu61M0TeKOI HeiiT-
porHbix nannbix DLC10! ¢, no3sonsioiias BECTH KOMILIEKCHBIE MOHTEKAPJIOBCKHE PACuEThl
CHeKTpOB HEHTPOHOB B hananax peaktopa [l]. [l noBblLeHMS HAOEXHOCTH pacyeTHbIX
MeToank HAA Mo1enupo saH1e aHEpreTHUECKHX CNEKTPOB HEHTPOHOB B OG/YYaTe/bHbIX Ka-
Hanax ARIAETCS HEOGXON MO NPOLENYPOM, MOCKOJILKY MO3BONSET CPABHUTH HKCIEPHMEH-
TA1bHO HM3MEpPEHHblE MapaMeTpsl CNEKTPOB HEHTPOHOB ¢ pacueroM. C 3roil uenblo cMo-
NE/THPOBaHBl CMEKTPbl HCHTPOHOB: WIS JIByX TOPU30HTANbHBIX [IHEBMaTHYECKMX KaHAJIOB
OK1—O0K2, pacnonoxerusix y rpeGenuaroro samemnurens, u wis ogHoro (OK3) u3 JBYX
ONMHAKOBBIX HAK/JIOHHBIX KAHANOB, HAaXONALUIMXCS B BOOSHOM 3aMEIMTENe 33 [OABUXHbIM
oTpaxarenem (puc.l). AEalIu3 CNEKTPOB PE30HAHCHBIX HEHTPOHOB WIS PAXTHUYHbBIX HHTEpPBa-
JIOB BHEPTHii NOKA3LIBAET YTO OHMU OMUCHIBAKTCH pactpeneieHueM

OE) =D, 1eVi/E

i
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Tabmmua 1. 3HaueHHs MapaMeTpoOB CMIEKTPOB pe30HAHCHBIX HeitrpoiioB B OK1—OK3
IJIA pa3HbIX HEPreTHYeCKHX HHTePBANOB

71

Homep Hurepsan sHepruu, 3B @, 10" wic-em? X X2

KaHa1a
OK1 E=1=+10 1,33+ 0,04 -0,123+£0,018 3,90
OK1 E=1+102 1,38 + 0,04 - 0,07€ +0,009 3,16
OK1 E=1+10° 1,36 £ 0,03 - 0,085 £0,005 2,44
OK1 E=1+10° 1,15 £0,05 * - 0,100 £0,007 * 4,39
OKI E=1+10% 1,3340,03 - 0,092 +0,004 2,58
OKI1 E=1+10° 1,16 £0,05 * ~0,101 £0,006 * 4,57
OK1 E=1-+10° 1,06 £ 0,03 -0,142 £0,003 1’3,0
OK2 E=1+10' 1,33 £0,05 - 0,018 £0,016 0,84
OK2 E=1+10% 1,24 +0,03 - 0,061 0,009 2,05
OK2 E=1+10° 1,16 £ 0,03 - 0,085 £ 0,005 1,90
0K2 Ee1+10° 1,15 0,03 0,09 + 0,603 4,77
OK2 E=1+10° 0,80+£0,03 - 0,168 £ 0,003 15,0
OK3 E=1+10" 3,15+0,05 — 0,04 +0,022 0,67
OK3 E=1+102 3,03 +0,08 ~0,097 0,009 0,84
OK3 E=1+10° 2,98 + 0,06 - 0,10 0,005 0,82
OK3 E=1+10° 2,88 0,05 ~0,117 0,004 1,28
OK3 E=1-+10° 2,58 £0,04 -0,13¢ £ 0,003 5,30

rie ¢'(E) u d)e -— TIOTOKH PE30HAHCHBIX HEHTPOHOB 11 €IHHHYHOrO MHTEpBAJIa DHEpPrHid

“ -Q

HEHTPOHOB ¥ s eauHuuHOro uutepsana (ynkuuu {1 -3B% - (=E~%/a)} npu E=1 3B
COOTBETCTBEHHO, O — I1apaMeTp, OMUCHIBAILKIA OTJIMYHE CNIEKTPaA P 330HAHCHBIX HEHTPOHOB
or Bupa 1 /E.

3naueHus napamerpa O (a8 unTepBanos E=1+ 10* u E=1+10 9B, B npemenax
KOTOPBIX AKTHBHPYETCS OCHOBHAS 4YacThb HYKJIMEOB), MOJYy4YEHHbI¢: (PUTUPOBAHHEM CMO-
HeNUpOBaHHbIX CTEKTPOB Mis KaHanos OK1-—OK3 oTpHuaTesbHbl ¥ JleXaT B HHTEpBAIE OT
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Puc.2. KostpcpuuuenTer nepenopMuposku K =Iy(@) /1, ana manoro — 0,5 (HHXHAS KpHBas) H
6onbworo — 500 3Havelimit Q= I,/ G, (BepxHss xpuBas) wia ¢ = — 0,1

—0,168 no —0,085 (tabs.1). IInsa ¢uTOB CHEKTPOB PE30OHAHCHBIX HEHTPOHOB B MHTEpBaNe
aHepruii £= 1=-10° 3B 3nauenns x2 6onbille, YeM IS UHTEPBANOB C MeHblIEH BepXxHeH

DHeprueid, YTo CB3aHO ¢ BKJIANOM ObICTPbIX HEHTPOHOB mpu E 2 10° 3B. 3a cuer aroro

.. S 1+a
¢opMa cnekTpoB pe3oHzHCHBIX HelTpoHoB npu E 2> 10° 3B ornuuaercs ot eupa 1 /E .

[TapaMeTpst 3KCrepHMEH raibHO H3MEPEHHOTO C MOMOLIBI METOAMKH PE3OHAHCHBIX WHAMKa-
TOpOB CNekTpa pe3oHaH( HblX HeiWTpoHoB OKI (¢ KauMHMeBHIM 9KpaHOM) TakKXxe IpHBENeHbl

B Tabn.1 (3HaueHus @ 1 O OTMEUEHDI 3HAKOM «*»). CpaBHEHHE NApPaMeTPOB CMOE/IHPOBAH-

HOFO M H3MEPEHHOrO ClIEKTPOB MO3BOJIAET FOBOpHTh 00 MX comnacud B mpegenax 15%.
OTpuuaTtenbHas BeMIME a apaMeTpa oL — CBHUAETEBCTBO TOTO, YTO CIIEKTPbI PEIOHAHCHBIX
HeHTpoHOB — Goslee Xe:TKUe Nno cpaBHeHHo ¢ 1/ E-pacnpeneneHueM.

D710 06CTOATENLCTBC HYXKHO YUHTBIBATh B PACUETHBIX METOAHKAX OMNpelesleHHs] KOHLeH-
TPALMH, MOCKONBKY A1 ;{0CTaTOYHO GONbIIKX 3HaYeHHR o (0L = — 0,1 ABISETCH TAKMM) HENb-
3 HMCTIOJI30BATH 3HAUCHIIS PE3OHAHCHBIX HHTErpanios /), KOTOpbIE ONpe/eseHb! ISl CTaHAap-

THoro 1 /E-cnextpa (0 =:0). Ing 3Hauenuss o= — 0,1, NoJy4eHHOro Ha OCHOBE PE3yJIbTATOB
M3MEPEHHH, WIS HYKJIHI B, Y KOTOPbIX BEJHKH 3HEPrHH 3()(peKTHBHOTO ONHHOYHOTO pe3o-

Hauca E eff(a), 3HAYEHIIS PE3OHAHCHBIX UHTErpanoB /() CYLIECTBEHHO 6onbiue 3HaueHHi

10. AJITOPHTM NepeHopM 1poBKH [ w1 peansioro 1 /E ! T % cnexTpa pe3oHaHCHBIX HENTpo-

1HOB B NpubmxkeHun 3 PEKTHBHOTO OAMHOYHOTO Pe30HAHCa U 3HadeHus E anst Haubo-

eff
nee sBaxubix B HAA nyknunos cogepxarca B crateix [2,3]. B pmanuo# paborte B coOT-

BETCTBUH C anropHTMOM [2] paccuuTaHbl KO3(PHLHUEHTbl NEPEHOPMHPOBKH PE3OHAHCHBIX

uHTerpanos K = IO(OL)/I( =ﬂQO, Er eff(a)’ 0)) — IS pealbHOTO CNEKTpa Pe3OHAHCHBIX Hei-

TpoHoB B KaHaie OK1 (»muc.2).
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Tadamuua 2. GuznyecKue napameTpsbl obayuarensHsix Kanator OK1—0K3

Homep Kanana Oy, - 10'2, Bres - 102, B - 101, (Efast),
wc - eM2, Hlc - M’ Hic - oM, E=0 ?4335 MsB
E=0+0553B | F=055+10%8 | E=01+25 MaB | © 71 7= VP
OK!1 (6e3 Cd) 1,58 3,34 4,34 _ 0,91
OK1 (¢ Cd) 0,023 331 432 0,88
0K2 (6e3 Cd) 1,23 2,96 4,10 0,92
OK3 (6e3 Cd) 4,24 7,50 7,70 0,76

s HyKIMnoB ¢ OOSBIIMMH Er’ off

s HUX — B uHTepBate 3Hadenuil 1,4—3. Mcnons3oBaHHE CKOpPpPE KTMPOBaHHBIX C y4E€TOM
PEAIBHOTO CNIEKTPa Pe30HAHCHBIX HEHTPOHOB 3HAYEHHH /() O3BOJ HET C MOMOLUbIO pacyer-

(0) MepeHOpMHUPOBKH IO CYLIECTBEHHBI, BETHYMHBI K

HBbIX METOOUK HAOEXHO OINPpEacsiATh KOHUECHTPAUMH OTCYTCTBYOUIMX B 3TAIOHE 3JICMEHTOB.

HHTerpupys cMOAe/IUpOBaHHBIE CIIEKTPHl B COOTBETCTBYIOILMX U {TEpBalaX SHEPIUH HEl-
TPOHOB, MOXHO OLIEHUTb pacyeTHble 3HAYEHHs IUIOTHOCTEH IOTOKOB TEILTOBBIX, PE30HAHC-
HBIX W ObicTphiX HeWTpOHOB s kaHanos OK1—OK3 (ta6n.2). Ana OK1 (6e3 Cd) u OK2

(6e3 Cd) 3HaveHus (D(h’ o M d)fa%t 613k, MakcuManbHOE OTNM'iME B MOTOKax He Oosiee

Ies
25%. B xanare OK3 noToku HeHTpOHOB BbiLIE NPUMEPHO BIBOE. _pEIHHE 3HEPTHH OBICT-
PbIX HEHTPOHOB <Efas~r> B OK1—OK3 (xononka 5) MeHblue cpeflleil SHEPrHH HEHUTPOHOB

cnekTpa jgeneuus — =2 MaB: yTo BaxHO, T.K. Ce4eHHS OPOroBb X peakUMH Ha ObICTPbIX
HEeHTpPOHaxX MPUBOAATCS B JIMTEPAType U CHEKTpa Je/leHHs.

[TockonbKy peansHblit cnekTp ObICTPbIX HeHTpoHOB B KaHatax JK1—OK3 msarue cnek-
Tpa fejleHHs, TO NPH HUCIIONB30BAHHM pacdeTHBIX MeTOnuK HAA mis peakuuil Ha GbicTphIX
HEHTPOHAaX HYXHO OpaTh BETHUHHBI CEYCHHii, MEPECHOPMHPOBAHHIIX C YYE€TOM PEAbHOrO
criekTpa OBICTPBIX HEHTPOHOB. PeanbHble ceyeHUs aKTHBAUMH HYKNMIOB Ha GBICTPBIX HEHT-
POHaX HYXHBI TaKXe /ISl HAAEXHOrO yuyeTa BKJIANOB MHTepdepUpyILIHX peakuuid Ha ObicT-
PbIX HEHTpOHAX B peakllHd Ha TEMJIOBBIX U Pe30OHAHCHBIX HelTpoHax. [ nepeHOPMHpPOBKH
ceyeHHH peakuuil Ha ObICTPBIX HEHTPOHAX HYXHO 3HATh MX dHEPre  MYECKyl 3aBHCHMOCTb H
CMEKTP OBICTPBIX HEHTPOHOB.

B 3axioyeHHe OTMETHM, YTO MOIETHPOBAHHE CIIEKTPOB HEHTPOHOB B OOIy4aTesbHBIX
KaHajlax [MO3BOJIMIIO Jlydlle NOHATh AETanu WX NoBefeHHs. Ha ocHOBe pe3ynbTaTtoB Mo-
JeTMPOBAHWS M M3MEPEHHH paccUUTaHp! KOI(M(MHUHECHTB NEPEHOPMHUPOBKH PE3OHAHCHBIX
MHTEIPAIOB, [O3BOMSAKLIME BBIYKCIATh UX 3HAYEHHA I/l PEanbHO O CIEKTPa HEHTPOHOB B
obmyyarensHom kanane OK1.
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POBJIEMBI 3AIINTAKOBBLIBAHHSA 1 OTPABJIEEMS
DIEKTPOAIEPHOI'O PEAKTOPA

E.Tym3n0am63psn, J1.9yamm

Ha ocHOBe aHaIN32a JaHHBIX MO BEIXOAAM OCTATOMHBIX HYKJIMIOB, 06pa: yIOUIMXCS BO B3aHMO-
NEACTBMH PEIATHBUCTCKOIO MyYKa M MHLIEHM, M MO CEYEHMIM TIOLIOIIEHHS HEHTPOHOB
CTaBMILHBIMH H PaIMOAKTHBHBEIMH SIpaMH 06CYXIaloTca GH3nueckue occ GeHHOCTH MPOLECCOB
3a1LIAKOBBLIBAHHA H OTPABJIEHHS 3EKTPOAIEPHOIO PEAKTOPA NPH BBICOKHX MOTOKaX HEHTPOHOB.
B aT0ii paboTe npemiaraloTcad SKCMNEPHMEHTAIbHAY METOIHKA MPOTHO3HP )BaHHA HCCIIEdyEMBIX
atbekTOB H MYTH OCNABNEHHS HX MOCNEACTBHH.

Pa6orta shinonxeHa B Jlaboparopun BbicokHX 3Hepruit OHSIH.

Slag Formation and Poisoning Problems in Electror uclear Reactor

B.Tumendemberel, D.Chultem

Analysing high-energy nuclear collision products yield and neutron capture cross section
data the physical peculiarities of slag formation and poisoning in high-flux electronuclear
reactor are discussed. The experimental method of prognostication of th:: effect and means of
reduction its negative consequences have been proposed.

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

1. Beeagenue

KoHuenuus anekrposgepHoro crnocoba MOMydeHHs 3HE[TMH M TPaHCMYTalMH
pPaIHOAKTHBHBIX OTXOMOB LIHPOKO obcyxnanack B paae pabor [1--6]. B snekTposgepHoM
peakTope TIpeanoJiaraeTcs BbHICOKMI HEHWTPOHHBIA TIOTOK, B HEKOTOPHIX cCiydasx
3HAYUTEJILHO MPEBBINIAIONIMI IOTOKM COBPEMEHHBIX PEAKTOPOB 6O 110 MOLIHOCTH BILUIOTH

no 10'7 1 /cm2 - ¢. Opnako npobiema 3ailNaKOBBIBAHMS M OTPAaB.IeHUd, NPUCYIIAs TaKUM
MOTOKaM HEWTPOHOB, B BBILIEYKA3aHHBIX paboTax MOYTH HE 3aTpariiBaiacs.

EcrectBenHo, npsiMoe HabofeHHe H 9KCIIEPUMEHTaNbHBIE HCCIIeI0BaHHs MpoLecca 3a-
IITTAKOBBIBAHUA U OTPABJIEHUS HEBO3MOXHBI 10 CO3IaHHS IEMOHCTP:.LIHOHHOH YCTAaHOBKH A0-
cTatoyHo OONBUIOH MOIIHOCTH, CPAaBHUMOH C MOLIHOCTBIO NMPOEK THPYeMOro peakrtopa. B
CBS3M C 3THM Ha MEpPBbIi TUIaH BHICTynaeT MaTeMaTHYeCKoe MOJEITH OBAaHHE 3THX IPOLIECCOB.
Onnako Takoe MoAeJNHpoBaHUE TpeOyeT HaMUMs MOJHBIX M TOYHbGIX SAEPHBIX JAHHBIX MO
BBIXOAAM MPOAYKTOB (pparMeHTaLMU M NPOAYKTOB fefeHHs, a TAKKe [0 CEYSHHUSM MOINOo-
LEHHS HEHTPOHOB PANHOAKTHBHBIMM MU CTAOWIIBHBIMH HYKJIMZaMH oOpa3ylou(UMUCH B Ma-
TepHanax MHUILEHH H 6rnaHkeTa.
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[ToHsTHE 3aU11aKOB IBAHMA MOXET OBITh UCTONKOBAHO IIHPE, YeM MOHATHE XPOHHUECKO-
FO BJIHSIHHS JOJTOXHBYLIMX U CTaOMIbHBIX MPOAYKTOB, UMeloIIHX OosblIHe ceyeHHs MOMmo-
LIeHHs HeHTpPOHOB, Ha peakTHBHOCTb DJISIP. HakomneHne HekOTOphIX pamHobHONIOMHYECKH
OMAacCHBIX HYKJIKIOB Mbl OTHOCHM K [IOHATHIO 32IIUIAKOBBIBAHHA, HECMOTPS Ha HX
OTHOCHTENBHO HH3KOE CEYEHHE TMOIVIOWEHHS HeHTpoHOB. [lpHMepaMu TakuXx HyKJIHIOB,
npexie BCEro, SBISAIOTCA TPHUTHIA, CTPOHUMIA-90, NOMTOXHBYLIHE H3OTOMNbl MOJOHHS H
MIIAJUIHX AaKTHHHJIOB.

B nanHoii paboTe TepMHHOM «OTpaBfieHHe» 0003HayaeTcs RIWAHHE CHIIBHBIX [MO-
[IOTUTENIEH HEHTPOHOB, 00Pa3yOILMXCS CPefl MPOAYKTOB (PparMeHTalliH, Ha PEAKTUBHOCTS.
Takoe onpeneneHHe 3TCro TEPMHHA HECKOJIIBKO OTJIMYAETCS OT TPAOMLIMOHHOIO, MOCKOJIBKY
KPOME «CaMOOTpaBJIeHH 1» aKTHBHOH 30HBl peakTopa NPOAYKTaMH AENEHHS Mbl HMEEM JENI0
elle C OTpaBlleHHEM MHUILEHH HYKJIHAaMH, oOpa3yloluuMHcs noj ZeidcTBHEM Mydyka M HMe-
IOLIMMH LIKPOKOE pacif efleieHHe Mo Macce.

B Hacroswed pabore obcyxnaiorcs usmueckue 0coOEHHOCTH 3alUTAKOBLIBAHMS W
oTpaBneHds B MuieHr ISP u npemtaraiotcs sKCniepUMEHTaTbHas METOAMKA IpPOr-
HO3IUPOBaHUs W NYTH oc 1abnenus nocnencteuii 3Tux sddekros.

2. AHanu3 cocTo iHHA npobyeMsl

TTaOn

HaunGonee nepcnex:uenoit cxeMmoll akTHsHOH 30ub SITAP cUMTAOT KOHLEHTPHUYECKYIO
c6OpKy, COCTOALYI0 H3 MHIIEHH U ONaHKeTa, rie MUIIEHb NpeICTarIseT co60ii TBepUblil WIH
XHIKHH MeTajul, BHIMOMHAIOILHA (DYHKLUHIO KOHBEPTOPA My4Ka yCKOPHTENS B MOTOK HEHTpO-
HOB, a 61aHKET — MOAKIMTHUYECKYIO MAcCy HeNsLIEerocs BELIECTBA, B YaCTHOCTH, eCTECTBEH-
HOTO ypaHa Wid Topusi. B HekoTophix ciyyasx GnaHker oforaliaeTcs CWIbHO AeNALLUMHCS
H30TOMAMH ypaHa HiH WlyrToHHs. [lpouecc 3alulakoBbIBaHHS W OTpPaBMeHHA NMPHCYI Kak
MHILEHH, TaK U Gnankery DIIAP.

Onxako npouecchl, 1poMCcXonsiiie B filaHKeTe, MAIO YEM OTIIHYAIOTCS OT TEX, KOTOPBIE
HMEIOT MECTO B OBICTPBL: M MPOMEXYTOUHbIX peakTopax. Obcyxnas B aroi pabore npobie-
Mbl, KaCalIUIHECS TONbFO MHIIEHH, Mbl OCO3HAaeM, YTO B 3aBUCHMOCTH OT KOHCTPYKUHH
aKTHBHOH 30HBI PEAKTO['a CTEMNEHb 3alUJIAKOBBIBAHHS W OTpaBIEHHs B OJaHKETEe H MHILEHH
MOXeT ObITb pa3HOM.

Crenenbp M JMHaMH (2 MPOLIECCOB 3allUTAKOBbHIBAHHWS H OTPABIEHHMA B MHIUEHH CHJIBHO
OTJIHYAIOTCA OT M3BECTHLIX TNPOLECCOB, HAYLIHX BHYTPH TPAIMLUMOHHOIO peakTopa dejeHHs.
s nporHo3HpoBaHHA NPOLECCOB, IPOHUCXOAALINX BHYTPH MHIIEHH, TpeGyeTcs CiexyoLHil
Habop AOepHBIX W HEHTLOHHBIX JAHHbBIX:

*  BbIXOABl 0OOpa3uBaHHA MPONYKTOB peakUHH (PParMEHTaUMH MHIIEHH, HMEIOLINX

6onblIne ceueH 45 MOMIOLIEHHS HEHTPOHOB;

*  CeyeHMs MOMIOIUEHHMS HEHTPOHOB MPOAYKTAMH PEAaKUHMH (PPArMEHTALMM MHILEHH,

HMemUMH 60 bIIHE BHIXOMIBI;

*  [epuodbl MOJMypacnaza HyK/AHAOB, MMeoLMX OonblliHe BHIXOLH O6pa3oBaHHS H

6onblIHe ceueH 19 MONIOLWIEHUS HEHTPOHOB;

d MJIOTHOCTL MOTC KA M CHEKTP HCﬁTpOHOB B MHIICHH.
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Brixoasl obpaszoBaHus

OnrumanbHo# 3Heprueil cHapsnos ans DJIAP cuutaercs obnact, 1 +2 I'sB na HykUioH.
[Ipn Takoil »Hepruu B pesynbTaTe B3aUMOAEHCTBUS CHapsia Cc aTOMIIBIM sSapoM obpasyeTcs
Gonmplioe YMCIO OCTATOYHBIX sAep, KaK PpaldOaKTHBHBIX, TaKk M cTabunpHeix. Kpupasg
33aBUCUMOCTH M300apHUECKHX BHIXOHOB (CyMMBl BBIXOOOB HYKJIIMAOB C OJMHAaKOBBIM A) OT
MaccOBOTO YMCAA Ul PAITHYHBIX MHLUICHEH H CHApANOB B LUMPOKOM [HAana3’oOHE IHEPTHH
uMeeT TUNHYHY0 ¢opMmy (puc.l). PasnuuHbple y4acTKH KPHBOM MacCOBOIO pacmpefeneHus
COOTBETCTBYIOT PpadIMYHBIM MeXaHu3MaM peakuud. O6nacte Macc, OnuM3KMX K Macce
MHULIEHW, COOTBETCTBYET peaKUUsIM pacuieluieHHs, a obnacTh MinlbIX A —- peakuusM
mynbTudparMentauun. O6e st obnactu xapakTepusyloTcs GonbuIMvM BRIXOZaMM IO CpaB-
HEHHIO CO cpeaHeil 0061acThio MaccoBOro pacnpefeyenus. B ciyva: TsKensIX MHuIeHeld B
cpenHeil obmacTH pacnpefeneHHs KpoOMe INPOAYKTOB (DparMEHT: MM HpPHUCYTCTBYIOT U

o)

Mb

T I . T.

102}~ x {

10+

10° ! [ : _1

0 50 100 150 ZOOA

Puc.1. MaccoBble pacnpeneneHHs NpooyKTOB peaklMM tparMeHTauun. Hu KHue TOUKH — H306apHbie
BLIXO/lbI POAYKTOB, 06pasywiMxcs B pe3yabrate BiauMoneiicteus 3,65 I'sE npoToHa ¢ snpom TaHTana;
BEPXHHE TOUKM — TO Xe camoe g 3,65A T'sB ymiepona ¢ tantanom
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Puc.3. Maccosoe pacnpeaeneHye HyKJIHAOB ¢ 0OMBLIMM HEHTPOHHBIM CEd *HHEM, KOTOpPBIE MOTYT
o0pa3oBaTkcs B CBUHLIOBOM MHILEHH IOA JeHCTBHEM PEISTHBHUCTCKOIO St PHOrO My4Ka

OCKOJIKH JenieHHs. BHyTpH xaxnod u306apHueckoil LeTOYKM 3apsioBoe pacrnpenefieHue
(puc.2) HykJqupgoB xopouwo (UTHPYETCs K raycCOBCKOW (PYHKLHMH C COOTBETCTBYKOLIHMU

napaMeTpaMH, Kak HauOoliee BEpOSITHBIN 3apsi M 3apsaoBas AUCIEp HS.
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Puc.4. DKcnepuMeHTaIbHb € 3Ha4YeHHs HEHTPOHHOM CHIOBON (yHKUHH BO BCEM OMana3oHE MAacCOBBIX
yucen A

B HacTosliee BpeMs M3BECTHbI MHOXECTBO NPOTPAMM MATEMAaTHYECKOTO MOZENHPOBaHUS
npouecca cpparmeHTaur M. [loSBWIMCh HOBbie BepCHM TakMX NpOrpam, KOTOpbIE MMEIOT
xopouxe husMyecKne 0GOCHOBAHHS NPEICKA3aHUS MACCOBBIX M 3apalOBLIX pacrpenejieHui
OCTaTOuHbIX Hyknunos [7,8]. B paGotax [9,10] npuBenenbl pesynbTaThl YHCIEHHOTO pacuera
BbIXOlla NONTOXHBYIUHX PAAHOHYKJIMAOB MPH O0JIy4EHHH CBHHUOBBIX W CBMHLOBO-BHCMYTO-
BbIX MHLUEHEH BECOM 2 “'OHHBI NPOTOHaMH ¢ 3Hepruei 1,6 3B npu Toke 30 MA. Hamnpumep,
ObIIO MOKa3aHO, YTO BbI KON PAAHOTOKCHUHBIX H30TOIOB MONOHKS Po-208, Po-209 u Po-210
Ha YETHIPE IMOPANKA BbiL1€ B CBUHLIOBO-BUCMYTOBOM MHILEHH, YEM B CBHHIIOBOM.
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Orciona ciiejtyeT, 4To CHIbHOE 3alllTaKOBBIBAHHE MULIEHM TMOJICHHEM CIIYXHT OOHOH M3
NPUYHH TOTO, YTO HcTonb30BaHHe Pb-Bi ®BTEKTHKH B KayecTBe 37 €KTPOSIEPHOH MHIIEHH
MOXeT 0Ka3aTbes Npo0ieMaTHYHBIM, HECMOTPS Ha €€ NOCTOMHCTBO ¥aK NepPCrieKTHBHOTO Ma-
TepHayia i KUAKOMETALIMYECKOTO TEIUIOHOCHTENS.

MaccoBoe pacripeiesieHHe NMpoAyKTOB ()parMEHTaLHH CHJIBHO O JIHYaeTcsd OT MacCOBOTO
pacripefe/ieHdss IPONYKTOB HHU3KODHEPIeTHMUYECKOro JeneHHus. Ma:cosple pacnpenesieHus
HYKJIHIOB C OOJBLIMM Ce4YeHHUEM MOMIOLIEHUs HEUTPOHOB B 3JIEKT[ OSA€PHOH MHILEHH U B
AKTHBHOH 30He TEIUIOBBIX PEaKTOPOB PA3NHYalOTCi TakK Xe cwibHC. M3 puc.3 BumHO, uTO
CHJIBHO MOMIOLIALIMe HYKJIWIb CKOHUEHTpHpOBaHbl B obOnacty Macch 140 <A < 160. Bra
3aKOHOMEPHOCTb UMeET TeopeTuueckoe obocHosaHue. Ha puc.4 nok 13aHbl 9KCHEPUMEHTAIb-
Hble 3HaueHus [ 18] HEATPOHHOH S-BOJIHOBOM CWIOBOM (YHKLMH, KOTOpas XOPOILO coracy-
eTcs ¢ MpeAcKasaHHeM onTH4ecKoil Momenu [11,12].

Yucno HEeWTPOHHBIX [OTIOTUTENel, 06pasylomuxcs B BISKTPOSNEPHOH MUINEHH, BO
MHOTO pa3 Gonblue, YeM B TEIUIOBOM peakrope. Haubonee cuwibHbie M3 HUX IPHBEJECHHI B
tabn.l u Ha puc.3.

Takum 00pa3oM, 3all1aKOBBIBAHHE W OTpaBJieHHE B FEKTPOsIE JHOH MHILEHH U3 TAXe-
JIHIX DJEMEHTOB npencrariser coboll cymmapHsiil acekT 6osbILOr) KOaHUYeCTBa (B cilydae
CBHMHLA COTEH) MOMIOTUTeNeH HeATpoHOB. Ha OCHOBaHMM 9KCIIEPUMEHTATIBHbBIX JAHHBIX 10
BBIXOAM H cedyeHMsIM OOMbLIOT0 YMC1a MPOAYKTOB ()parMeHTALMH HOXET ObITh BBIYUCIICHO
CpeqHee B3BELIEHHOE CeueHHE TOMIONIEHHs HEHTPOHOB B MUIlleHU. B HacTosmee Bpems naH-
Hble O BBIXOJAaX M ceuyeHusX BecbMa cKyaHel. CeueHus nomiowent s HeHTPOHOB MHOTHMH
PanMOaKTHBHBIMM H JaXe¢ HEKOTOPBIMH CTaOUIBHBIMH HYKJIMIAMH 07CYTCTBYIOT BooOuie.

BpCMCHa XH3HHU ¥ B3aUMHOE€ NpEeBpali€eHUEC HYKJITUOOB

JMHaMHMKa OTpaBJieHHs M 3allUIaKOBBIBAHMS 3aBUCHUT OT I €pPUOJOB Nojypachafa
HYKJIMJIOB U F€HETHYECKOM CBsi3U Mexay HuMH. CkopocTh 00pa3oBsHMS W pacraja OTHElb-
HOTO HYKJIMIA B 3JIEKTPOSIEPHON MHUIIEHH BO BpeMsl OONydeHHUs OMNF CHIBAETCH YpaBHEHHEM

dN.
Trl =00+, ¢, Ay N0 = (6, F + 1) N(0)
k+1i

e Ni(t) Qi(t) — KOHLIEHTPaLHs {-r0 HYKJIHIa U CKOPOCTk €ro obpa OBaHUs MO ACHCTBHEM

NEepPBHUYHOTO MyYKa;
N, (f) — KOHLEHTpauus NpeKypcopos;

?\'ki — CKOpOCTb PagMOakTHBHOIO pacnaja NMpekypcopoB AaHH(ro nyksuga. Unmekc k

+
obo3HauaeT KaHansl 0Opa3oBaHWS HYKIMAa, BKM4Yas [-pacnag, O-pacnat, H3oMepHble
TIepeX oI,

€; — KOY(PPHUMEHT BETRICHHS;

7»1. W O, F — BepOATHOCTH PaIlOaKTUBHOTO PACIiajia M 3aXBaTa Hel TPOHOB ISl HyK/IMza /;

F — IJIOTHOCTh CYyMMapHOrO NOTOKA HEHTPOHOB, POXAEHHBIX B MUILIEHH U B OnaHkerTe.
His reneTH4eCKHM CBA3aHHBIX HYKJIMAOB OMpeEAEieHHe UX KOHIEHTPAUMi CBOAMTCH K
peleHHIo cucTeMsl U depeHINanbHBIX YPaBHEHUH TaKOTO THIA. Pt IIeHHS TaKOH CUCTEMBI
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Taénnual

Hyxnnn T2 Gn,y, 6 Iny, ©
1. "Be 53,29 o4 48000 [(n, p)]
2. 22N, 2,6 rona 29000 200000
3. St 92y 140000 760000 [21]
4. 105k 3544 16000 17000
5. Wy oo 20600
6. 125 60 n 13730
7. 126; 13 au 40600
8. B35%e 9,14 2650000
9. 148mp 41,3 on 10600
10. 99m e 40140
11 15t 90 ner 15200
12. 152mg 93y 70000
13. 1522p, 13 ner 12800
14. 155, 4,9 rona 23200
15. 15364 242 gu. 36000
16. 15564 oo 60900
17. 157Gd oo 240000
18. 6154 3,7 Mun 31000
19. 165y 234 22000
20. 168yp, oo 21300
21. 198,404 2,7 an 25100

yPaBHEHHH NpeacTasis 0T coboil KOHUEHTpPALMH HYKJIHIOB KaK (YHKUMHM OT BPEMEHH.
OpHuM M3 napameTpcB 3THX YHKLHH SIBISETCS BEpOSTHOCTb 3axBara HEHTPOHOB
HYKJIMAAMH. 3Ta BEPOATAOCTb ONPEALNSETCS NPOU3BEACHHEM TUIOTHOCTH NOTOKA HEUTPOHOB
H MHUKPOCKONHYECKOro >eYeHHs MOIMIOIEeHHs] HeHTpoHa AaHHBIM HykiuaoM. Koraa ara se-
POATHOCTE CTAHOBMTCS CPaBHMMOH C IOCTOSSHHOH pacnaja 3TOT0 HYKJIMIA, HacTyrnaer

IpOLIECC 3aLUJIAKOBbIBaH 18 H oTpaBieHud. Kak npumep Takoro npouecca Ha puc.5 mokasaHa

3aBUCHMOCTb KOHUEHTPAaUHH HACBIIUEHHSA 58mCO, ABRNAOIIETrOCd CWIbHBIM NOITIOTUTEIIEM TEII-
JIOBBIX H PE€30HAHCHBIX HCﬁTpOHOB, OT IJIOTHOCTH notoka. CeyeHHe MOMIOIMEHHS HeﬁTpOHOB

83470 W3 pabot [21] U KpHBbIE COOTBETCTBYIOT HU3KOMY KagMHMEBOMY OTHOLHEHHIO.



Tymonoambapan b., Yynman [1. Ilpobremst 3aunaxoebieanius 83

N(/Q
50000.00 —, F=0 nem2¢c
40000.00 —
F=1E+13 niem2

30000.00 —
20000.00 —

~ F = 1E+14 nicm2 ¢
10000.00 —

T F = 1E+15 nem2 ¢

0.00 100000.00 200000.00 30000¢.00 400000.00

Bpewms, ¢

Puc.5. Konuenrpaius HacsiieHns Co-58m BHYTpH MHILEHH Ha eMHHLL’ MOIUHOCTH ITy4Ka

CnexTp HEHTPOHOB B MHUIIEHHU

MolHbIi NOTOK BBICOKO3HEPreTHUYECKHX YacTHLl YCKOPHTENsS B Je3yJIbTaTe HeyNmpyrux
B3aMOAEHCTBUI C sAApaMM MHILEHH [OPOXIaeT KacKajHO pa3M 10XalouUics JHBEHb
4acTHU, B TOM YHCIIe HEHTPOHOB, KOTOpbiE, B CBOIO OYepeib, HHULIMH OYIOT B Oiiankere 1en-
HYK pEaKLHMI0 IeNeHUs. Kax nokasbiBaeT yHCneHHbIH pacueT L1 *OOpPKM M3 CBHHLIA U
ypaHa [13], ycTaHOBUBIIMIACS HEHTPOHHBIA CMEKTP HECKOIBKO MArde, yeM B OBICTPBIX peak-
topax. Huxnss rpanuua storo cnexrpa nexur B paiioHe 1 3B. Ecnu pesynbrar skcrniepumen-
Ta MIOK&XEeT, 4TO CIIEKTP HEHTPOHOB HE OXBAThIBAET 0OJIACTh HU3KOMEXCAMX PE30OHAHCOB, TO



84 Tymsnoambapan b., Yyamom . IIpobrembt 3aunaxosvisanua

npobneMa orpaBjieHus M 3auuviakoBbiBaHHi B DJISIP ¢ XeCTKHM CNeKTpOM 3HAYMTENIBHO
yrnpocTuTca. A ecnd OKaxercs, YTO CHeKTp HEeHTPOHOB repekpbiBaer obnacth HH3KoOJe-
Xall¥X Pe30HaHCOB, TC BHIOOP 2BTEKTHKM CBHHIA ¥ BUCMYTa WM ypaHa ¥ TOPHSi B KauecTse
MHIUEHH B TPOEKTHPYEMbIX 3JICKTPOSIEPHBIX YCTAHOBKAX HE SBISETCH ONTHMAIBHBIM C
TOYKH 3pEHHUs OTparieHus W 3alU1aKOBbIBAaHHA. UTO KacaeTcs 3/MeKTPosaepHbIX yCTAaHOBOK C
3aMeUTHTENIEM U3 JIETKOM UMH TaXenoH Bodbl [4,5], rpaHHMLa HEHTPOHHOTO CIEKTPa OMyc-
THUTCS ellle HHXE, B MH UTMBOJIbHYI0 06nMacTs.

Takum o6pasom, 115 3/1eKTPOsAEPHbIX PEAKTOPOB H TPAHCMYTAaTOPOB C BBICOKMM MOTO-
KOM H MSIKMM CIIEKT[OM HEHTpOHOB npobieMa OTpaBneHUs W 3alUlakOBbIBaHHsS TpeGyer
csoero peuweHus. OgHUM M3 nyTed pelieHUs 3Tod NpobneMbl SIBNSETCH TMOMCK lbTep-
HaTMBHOIO MaTepHala 4HIIEHH.

3. DkcnepHUMeH1anbHas METOAMKA MPOrHO3HPOBAaHHUS

OnpeneneHue ceveHuss o6pa3oBaHUs OTPABASIIMX HYKJIHIOB

B Hawmx npensiny uMx uccnenoBaHusx [14] 6su1a paspaboraHa MeTonHKa onpeneneHus
HE3AaBUCHMBIX M KYMYJ4THBHBIX BBIXOLOB NpPOAYKTOB MHOTOKAHAJIbHOH peakLHH ¢parMeH-
TallHW sgep, oOpa3yiol UXCsl NpH B3aHMOOEHCTBHH PENISTHBUCTCKMX CHApANOB C aTOMHBIMH
anpami. Mertonuka oct opsisaeTcs Ha off-line ramma-crniekTpomeTpun U 06paboTKe DaHHBIX
H3MEPEHHS C YYETOM TtHETHYECKHX CBA3dell Mexny Hyknuaamu. HamexHocTb MeTOmHMKH Oo-
Ka3aHa B TECTOBOM 3KC 1€PHUMEHTE MO BOCIPOH3BEAeHHIO OPMBI MAacCOBOTO pacrpele/ieHHs
NpoAYKTOB Ae/eHUsS yp 1Ha-235. DKcrepUMEHTHl BBINOHEHbl HA CHHXPO(a30TpOHE H peax-
tope HBP-2 OUSH. C icnonb3oBaHuem paspaboTaHHOH MeTOOUKH ObLTH HcCenoBaHbl ¢op-
Mbl MAacCOBOTO M 3apsiiuBOTO pacnpenesieHusl NponykTos parMeHTauuK Taxenwix [15,16] u
cpentux sagep [17] ans cHapsnoB pa3HBIX Macc W 3HEPrHM.

B 5Tux 3kciiepuMenTax 6bia NOATBEpXKAEHA MPAaBWILHOCTL NMPUMeHEHHUs B (hU3HKe sapa
npHHUHNA akTopU3altHH, KOTOpblid Obul nepsoHayanbHO copMyndpoBaH B usMke
YaCTHL. DTH MCCIENOBAHHA MMeNH CBOEH LeJIbI0 HE TOJNIBKO H3ydeHHe (H3IMKH SOAEpHBIX
PEAKLHH, HO ¥ NOJYuYer HE ANEPHbIX AaHHBIX, HEOOXOUMMBIX Uil KOHCTPYHPOBaHHS 3JIEKTPO-
SIepPHOTO peaKkTopa.

3aKOHOMEPHOCTH N 4CCOBOI'O M 3apsilOBOTO PACMpeneIeHHs. PErHCTPHPYEMBIX HYKJIMIOB
C110cOOGOM aKTHBALMH 11D3BONAIOT OMPEAETUTD BbIXOX M060ro Apyroro Hykiuga, obpasyolie-
rocs B TOH K€ peaklHi, HE3aBUCHMO OT €ro palMoakTHBHOTO cBOMcTBa. i onucaHus ce-
uenuH O(A, Z) oOpa3oBiHUS A0ep-NPOLYKTOB B CTONKHOBEHHAX PENATHBUCTCKUX YACTHL H
fep ¢ sapaMH MHLIeHr OObIYHO MPUMEHSIOT 001y MapaMeTpU3aLHI THIIA

(2,4 -2°
(4, 2y =o(A)2rC % exp —I’TCZ—
Z

i .
rae ZP(A) =b A+ b,A” nanbonee seposTHbiii 3apsn. [InaBHoe n3MeHeHHe HyHKLUHH MO3BOIS-

€T ONpeaenuTh fapam:TPhl 3apAl0BOr0 pacnpeneneHus s Jioboro A, Mo BbIXOAaM
HYKIIH0B, 00pa3yolHxcsi B HeDOIbILIOM HHTepBasie BOJIHM3H 3TOH Macchl.
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Puc.6. Pacionoxenue HyKIumoB ¢ GONBLUINM CeUeHHeM TMOITOLUEHHS HEHTE OHOB (CIUTOMIHAS TMHHUS) U
PACIIONOXEHHE HYKIMAOB C HaubOonblieil BEpOSTHOCTBIO 0OOpa3OBaHUA 1 peakudu (hpParMeHTaiMu

(MYHKTUpHAs JIMHHA )
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3aBucHUMOCTb HauOdlee BEPOSTHOIO 3apAla OT MacCOBOTO YHCa s/Ipa-iIPOdYKTa OKa3bl-
paercs (haKTHYECKM HE UYBCTBHMTENILHOH HHM K SHEPIMH NaJalOLIMX MPOTOHOB, HH K Macce
aapa-MuweHy {22,23]. 310 06CTOATENLCTBO MO3BOASET MPOTHO3MPOBATh HYKJIOHHbIN COCTaB
Anep-NpOAYKTOB C MaK:HMaIbHbIM BbIXOAOM. IIyHKTHpHAs NHHUSA sz 1,145 - Zp Ha puc.6

MOKAa3blBaET PACIONOAEHHE TaKHX sfep ¢ MaccoBbiM yucnom pno 60, a aunus
Np= 1,239-Zp — pacr onoxenue saep ¢ A > 60. IlpuueM nepsas JIHHHA MPOXOZHT 4Yepe3

06NaCcTh HEATPOH-WIGHI TOYHBIX HYKIMAOB HA PACCTOSHHM JIMIIb OXHOTO 3BEHA LEMOUKH P'-
pacnaza ot NMHMW cTa WILHOCTH, B TO BpeMs KaK BTOpas NMHMA NPOXOJMT yepe3 ofnacTs
HEHTPOH-AeUUHTHBIX 1yK/IMIOB, MOCTENEHHO YAAIACh OT JIMHHUH CTAOWIBHOCTH MO Mepe
yBesnHuenus maccel. OnHako B pabote [8] mokaszaHo, YTo 119 MHILEHH YpaHa B HEMOCPencT-
BEHHOI# OIM30CTH K 3ap Ay MHLUEHH JIHHHA CHOBA NPHOAHXAETCH K JIMHHH CTaGUIBHOCTH.

OnpeneneHue ce'leHUs NOrNOUWEHUS HENTPOHOB

M3 aHanu3a KOMOW.ISUMM CYLIECTBYIOLIHX HEATPOHHbIX AaHHbIX [18—21] MoxHO cue-
JaTh CjeAylouHe BHIBOXBI O COBPEMEHHOM COCTOAHHH IOJIHOTBI HEHTPOHHBIX CEYEHMH
NPHMEHHTENLHO K 3J1eKTposaepHOi mpobneMarHke:

*  DKCHEPHMEHTA bHBIE JAHHBIE O CEYEHHSX B MOAARNIAIOLIEM OObIIMHCTBE MOMYYEHbI

st cTabuAbHBLL U JOATOXKHBYLIMX HYKJiHOB.
* Pacnonoxenue Haubonee CHNbHBIX MOMIOTHTENEH HEWTPOHOB HA KapTe HYKIIHIOB
NOYTH TOYHO cOBNAamaeT ¢ nuHuei B-crabwibHocTH (cM. puc.7).

*  Jlng HeHTPOH-M:(PHLMTHBIX HYKJIHROB ¢ OonbluMM BhIXxogoM 06pa3oBaHHs JaHHbIE
MO CEYEHHAM MOITIOLEHHA HEHTPOHOB BECbMA CKYIHBI.

CraOunbtibie W pazy OaKTHBHBIE HYKITHIB (A < 60) ¢ GONbIIHM HENTPOHHBIM CEYEHHEM

(3He, 6Ly 7Be, IOB, 22Nz, 37Ar, 39Ar, 58Co) obpa3yloTcs KaKk He3aBHCHMble MPORYKTHI (par-

MEHTALMH CPENHHMX ANep WK MyasTH(PparMeHTauHH Taxensx saep. KoHueHtpauus *He ya-
BouTCa 3a cuer [B-pacnana Tputus, obpasyiouterocs ¢ GonpiuM Beixonom [10]. Taxensie

He#lrponHbie nornorure.id (100 <A <200) obpa3yloTcs B OCHOBHOM Kak KyMYISITHBHbIC

npomykth [(-pacnaga npexypcopoB ¢ GonbluuM BeIXOROM. Takue HyKIumbl, KaK 1251, 1499

3
153 155 157 158

Gd, Gd, QGd, Yb — npumep yuacTHs B TakOM THNE OTpaBieHusi. MHorue
HYKJIHIOB! ¢ OONBIUMM HE iTPOHHBIM CEYEHHEM OTHEJEHBl OT THHMM MAaKCHMAIbHOTO BHIXONA
cTaOHIBHBIMH HYK/TMAAM 1 WM, SBISSCh HEHTPOH-U3OBITOYHBIMH, HE HWMEKIT IEHETHYECKOMH

CBSI3M ¢ NPOAyKTaMH ¢parMeHTaund. TakHe CHIbHBIE NOMTOTHTENH HEHTPOHOB, KaK IOSRh,

“3Gd, 135X¢, 155Eu, % Au no sToi npuuHHe He OYTyT y4acTBOBaTh B NpoLEcCe OTpaB-
JIEHHS.

MaKT COBMANeHHs Nl {HHH CTaGHIBHOCTH M JHHHH CWIBHBIX MOMIOTHTENEN HEHTPOHOB
SBJISETCS HA NEpPBbIA B3NISAA CTPAHHBIM, OOHAKO MOXET ObITh OOBACHEH HEROCTATOYHOCTBHIO
NaHHBIX O CEYEHHMAX TOIJ OlIEHNS HEHTPOHOB PallMOAKTHBHBIMH sapaMu. OcoBEeHHO 3TO Ka-
CaeTcs HEHTPOH-NePHUM THBIX HYKJIMIOB, KOTOPHIE MNONY4al0T He yckoputensx. C TOYKH
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Prc.7. 3aBUCHMOCTb MEXAy YHCIOM HEHTPOHOB M Haubonee BEpOSTHBIM 31pAdoM B sjpe-TIPOAYKTE
(TIyHKTHDHasi TUHUS); XMPHad JTHHHA — PACTIONOXEHHE CHILHBIX NIONIOTHTEN:H HEHTPOHOB. YpaBHeHUs
s cnydaeB A < 60 U A > 60 momyyeHw! OTAEIBHO

3peHHs McceqoBaHusl MpoOIeMbl 3alUTaKOBLIBAaHWS W OTPaBieHuUs! 3JCKTPOSAEPHON MHULLEHH
npeacramiseT  OonblIOH  HHTEpEC M3MEpPEHHE Ce4YEeHMs  IOr IOLIEHMs  HEeHTPOHOB
pPalHOAaKTHBHBIMK sAApamMu, oOpa3ylolUMUCA MEXLY JIMHHEH CTadWIbHOCTH M JIMHHEH
MaKCUMaTbHOTO Bbixofa. HeoOXoouMBIM yCITOBHEM peaiM3aulH Tako 1 APOrpaMMBbI ABJSETCS
TeppUTOpHalbHas 671M30CTh BBICOKOSHEPreTHYECKOro YCKOPUTENS M B5ICOKOMOTOYHOTO Saep-
HOro peakropa. B aToii cBs3n Ga3osbie ycraHoBKM OUSIU o6nanator 1aubonblueii npusiexa-
TEJILHOCTBIO.
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4. [lyTH npeoAcNneHHs TPYAHOCTEH, CBA3aHHBIX C HAKOIMJIEHHEM BPEIHBIX
NPOAYKTOB B MIIIIEHH

Bribop MarepHzna MUIIEHH

B GonslnMucTBe paGoT NO SNEKTPOSACPHBIM YCTAHOBKAM B KAauecTBE MaTEpUAIOB
HEepBHYHONW MHLIEHH p1CCMATPHBAIMCh METUIBI TAXEIBIX 2JIEMEHTOB, Takux, Kak U, Th, Bi
u Pb. INo-BaumoMy, 3TOT BHIOOP OCHOBEIBAETCA HA MPEMIONIOXEHHH OOJBIIOrO HEHTPOHHO-
ro Beixoda H 6oJbLIOH TEIUIONPOBOAHOCTH 3THX MarepHalos. OnHako B Muwend U3 U u Th
HaxkaruiHBaeTcsi 60JIbLIOE KOJIHYECTBO HEHTPOH-AE(HUHTHBIX HYKNHAOB ¢ Z = 83 + 92, saBns-
IOIHXCH BHICOKOTOKCHYHBIMH O-H3nyuarensaMu [7,8]. Ilo atoii npuuuse U u Th He Moryr
CTaTh NMEPCHEKTHBHBIM MAaTEPHATIOM JUIS LEHTPAIbHOH MHILIEHH 3/IEKTPOSACPHOH YCTAHOBKH.
[po6aeMy Hcnonb30BaHHS BHCMYTa B KAUECTBE MHLIEHH MBI YXe OOCYIHJIH B CBS3H C HaKOII-
JIEHHEM IOJITOXHBYIUH ¢ H30TONOB nonouus [9,10].

Ha puc.8 u B 1abn.2 mpuseneHsl Haubonee CHibHBIE O-H3nydaTesd, obpasywlmecs B
MHILEHAX U3 TAXKE/bIX 3JIEMEHTOB.

O6ocnoBanue Bi6opa

OnHoBpeMeHHOE B IMONIHEHHE TPeOOBAHHH MaKCHMyMa HEHTPOHHOTO BLIXOAA H MHHHMY-
Ma 3allUIAKOBBIBAHMA C.[YXHT KpHTepHeM Beibopa Matepuana muueHd. [Ipenqnonaraercs, 4yto
HEHTPOHHBIA BBIXOA NMJCHNCPUHOHATEH MAKPOCKOMUYECKOMY CEYEHHI0 HEYMpYrHX B3aUMO-
JeicTBHil CHapifa ¢ MHIleHblo. OTHOWEHHE MAKPOCKOMHYECKHX CEYEHHH X TSAXENOoro
CpeqHero sigep onpene.iseTcss OTHOWIEHHSIMH HX MHKPOCKONMHYECKHX CEYEHHH O, MaCCOBBIX
4Hcenn A M [UIOTHOCTeli MHLIEHEH d, a TakXe BEpOATHOCTEH HCMapeHHs HEHTPOHOB Pn u3

BBICOKOBO30YXIEHHbIX COCTOSHHIl sapa:
N Zl, c. Pd c.Pd
inn in n

= /
2:2 Ar 1 Al

Kak U3BECTHO, AHKPOCKOMHYECKOE CEYEHHE HEYNpyroro B3aHUMONCHUCTBUSA ajep
MpONMOpPUHOHATLHO KBa IpaTy CyMME! HX palHyCOB!:

o (AV/3 L Al/32
c,, (Ap +A, ),

rae Ap M A — MacCOBbl> YMCAA CHApsiJa U MHULICHHU. DTa 3aKOHOMEPHOCTh [25], ycTanosneH-

Has MPH HU3KHX DHEPIHUSIX, BBIMOIHAETCS B PENSITHBHCTCKHX SNEPHBIX CTOJKHOBEHHSIX He-
3aBUCMMO OT 3Hepruu I copta saaep [26].

A BEpOATHOCTb MCI YCKAHMS HEHTPOHOB COMacHO Moend Baiickonga 3aBUCHT OT criek-
Tpa HEHTPOHOB, MJIOTHOCTEH SANEPHBIX YPOBHEH M ceueHHs 0OpaTHOIl peakiiuH:

P =cT p(E)o(T),

rae E=T - B — asnerrus Bo3byxnenus sapa, p(E) o< exp [2(aE)l/2] — TUIOTHOCTb YPOB-
Hel, T W B, — KMHETAYeCKas HEPrus M IHEPrHsl CBA3M HEHTPOHA, @ — MapaMeTp IwIoT-

HoCTH ypoBHeH, (T ) - — ceueHHe NOIIOWEHHT HEHTPOHA.
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Puc.8. BricokoToxcudHble anba-sMUTTEPHI, 06pasylolHecs B TAXENbIX MHUIEHAX NPH B3aHMOIEHCTBUH

C PEJIATUBUCTCKHMH CHapsallaMH
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Tabmnua 2
Muuters CHagan Peaxuus v pacnan Honroxusyuve
Q-H3TyYareny
natpy, o 28pb(et, 3n) + 7Pb(a, 2n) + 2°Pb(a, n) 2pg
28pp(r, 4n) + 2Pb(x, 3n) + 2%Pb(a, 2n) 208pg
Wg; P (. n); (p, 2n) Wpo, 208pg
o (a, 4n) B, (0, 4n 1), (at, 3nlp) Wp,
(o, 5n) B*, (@, 5n ), (a, 4nlp) 208pg
238U p (P, n) B-, (P, n 1ﬂ 238Pu
(p, 2n) 237Np
@3B, (. 3n 1) 236py
(. 5n) B*, (p, 5n ), (p, 4nlp) B4y
(p. 6n) B, (p, 6n "), (p, 5nlp) By
(. 1) B, (p, Tn %), (p, 6nlp) By
(o, n) B, (@, n 7)), (o, p) BB~ #!'Am
(o, 2n) 20p,,
(a, 3n) 39,
o . (o, 4n) 238py,
(0, 5n) B*, (@, 5n =), (a, 4nlp) BNp
(a, 6n) 236p,
232Th p (P, ") B-v (P. n 1|:_) 232U
(. 2n) Blp,
®.3n) B, (p. 3n ), (p, 2nlp) 2307
(. 4n) B, (p. 4n ), (p, 3nlp) P11
(. 5n) B*. (p, 5n %), (p, 4nlp) 281
o . e, 2n) 234y
. (o, 3n) 233y
(a, 4n) 32y
(p, 5n) B*, (p. Sn 1, (p, 4nlp) Blpy
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Tabmuua 3
duyzHyeckHe Cr Ni Cu Zn Mo Sn w Pb
BETHYHHK
TInoTHOCTD, 7,18--7.2 8,91 8,96 7,133 10,22 7,29 19,35 11,336
x 10% kr/n®
Temneparypa 18717 1455 1083 4195 2620 231,97 3420 327,44
nnasneHus, °C
Temneparypa 2672 2800 2543 906,2 4700 2540 5680 1745
xunenus, °C
o, » M6 = 880 = 800 = 1860
Ep: 1—14,7 B
[26)
o, . M6 1150 £ 50 2400 £ 170
E =1—14,7 3B
[26)

EctecTBeHHO, TONbKO 3KcnepHMeHTH Ha MHueHAX ¢ A =60 u A =200 maior okoHua-
TeJbHbIH OTBET Ha BOI poC 00 ONTHMH3AaUMH MHIIEHH MO HEWTPOHHBIM BhIxomaM. Kpome
pelleHHs: pacCCMOTPEHHNH B HacTosweH pabore MpobneMsl, MHLIEHH 3JIEKTPOAIEPHBIX YCTa-
HOBOK HYXJAAIOTCS B ON THMH3ALMH H N0 APYTHM MapaMeTpaM, HalpHUMep Tel1oPHIHIECKHM.

SlnepHo-dusnueckr € U TeroH3IHYECKHE BETHYHHBI JUIS CPaBHEHHS MHLIEHEH JaHbl B
Tabn.3 u Ha puc.9.

5. 3akiwuyeHHe

3aTtpoHyTas B 9T0i pabote npobiieMa 3alUTaKOBbBIBAHUA H OTPARJIEHHS 31EKTPOSAEPHOTO
PEaKTopa BHICOKHX MOU(HOCTeH TpeOyeT BBINOJIHEHHS psiia TPYAOEMKHX M BaXHEHLIHX IKC-
NEPHMEHTAIbHBIX HCCE JOBAHHH:

*  CpaBHEHHs HEF TPOHHOTO BBIXO[a Ha PavIHYHBIX MMIUEHSX MPH SHEPTHH NPOTOHOB
no 3 IsB;

*  OETAIbHOIO MC :NeJOBaHHA MAacCOBOTO M 3apAfOBOr0 pacnpeie/leHHs He3aBUCHMbIX
BbIXOOOB HEHT YOH-IEPHUMTHBIX HYKIMIOB, 06pa3yloLIHMXcS B peakUHH (pparMeH-
TallHH TAXEJIbI( MHILEHEH;

A
*  HM3MEpEHHS BbD.OXOB HEHTPOH-H3OBITOYHBIX HYKJIHIOB C GOJIBLIMM CEUEHHEM MOTIOo-
LieHHus HeHTpo 10B B obnactu 2 < A < 60;

*  M3MEpEeHHS CEYCHHH 3aXBaTa HEHTPOHOB HEHTPOH-AeHUMTHBIMH PalHOAKTHBHBIMH
AfpamMH, KOTOp >I€ MOTYT HAKOIMHTLCH B IEKTPOSAEPHBIX MHIIEHSAX.
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CTAHITUSA BHYTPEHHUX MUIIIEHENA HA HYKJIOTPOHE*

A.C.Apmenmos, I0.C.Anucumos, C.H.Ba3zvines, B.M.Cnennec
OHAH, [lybna

A.Knuman, B.Mamoywex, M.Mopxau, H.Typ3o
Hucmumym guzuxu CAH, Bpamucnasa

OnucaHa CTaHLUHS BHYTPEHHHX MHINCHEH, HCMONb3yeMasd B PH3IMYEeCKHx IKCTIEPUMEHTAX Ha
HYKJIOTPOHE, €€ WIEKTPOHHOE M MporpaMmHoe obecnedetue. YparieHHe ¢ TaHIHEH OCYLIeCTB-
JISETCA IHCTAHUHOHHO C MOMOLIbIO MEPCOHANBHOTO KoMmboTepa IBM PC 1 ocHOBaHO Ha ome-
paTHBHOM NpeacTaRIeHHH HHGOPMaUUH O LIMKJIE MATHHTHOTO MOJIA, XapaK: €PUCTHKAX ITYYKa H .
pacnosyoXeHHH MHILEHEH OTHOCHTENBHO HEro Ha akpaHe MoHHTOpa. HeobxoauMas mpocTpaH-
CTBEHHO-BPEMEHHas TPAaeKTOPHS BbIGPAHHOH MHLIEHH MO OTHOIIEHHYO K IT YKy, BO BPEMEHHOH
wKane paboTbl YCKOPHTESS, ONpenenseTcs ONEPaTopoM ¢ MOMOLIBIO MBI M OTpabaThiBaeTCs
IIATOBBIM JBHraTeneM. BlauMozmeicTBHE MyyKa C MHIICHBIO BO BPEMEHH (OHTPOJHpYETCs MO
CBETOBOMY HYTYYEHHIO MaTepHata noJ BO3AeHCTBHEM HOHOB.

Pabota BrinonHena B JTaGoparopus BRICOKHX aHepruit OUSH

Internal Target Station at the Nuclotron

A.S.Artiomov et al.

The internal target station used in physics experiments at the Nuclotrc n, its hardware and
software configuration are described. The distance control of the station i; realized by means
of IBM PC computer and is based on operative presentation of the magretic field cycle, the
beam parameters and the target location relative to the beam at the monitor. A necessary
space-time trajectory of the chosen target in time scale of the accel:rator operation, is
determined by operator by means of the mouse and is realized by step m>tor. To control the
beam-target interaction in time, the light radiation of the target material borbarded by the ions,
is used.

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

B HacTosiiee Bpems monmaraetcs, 4TO OOJMAcTh ®HEPIUM CTOMI:HOBEHHs sgep OT He-
CKO/bKHX COTeH M3B 110 Heckonbkux I'sB Ha HYKJIOH SBASETCS MCK/I OUMTEIBHO LUI0A0TBOP-
HOW C TOYKH 3PEHHMS M3yueHHs MEPEXOIHBIX PEXHMOB OT MPOTOH- {EHTPOHHOTO K KBapK-
DIIOOHHOMY COCTOSIHWSIM siAepHOH MmarepuH [1]. Ha HyknoTpoHe npenoctaBiseTcs BO3MOX-
HOCTb MPOBECTH TAKOE HCCIENOBAHHE B PaMKaX €IHHOTO 3KCIEPHMEHTAIBHOIO MOJXO0AA C

*Jloknan Ha MexnyHaponHoM cobellaHiH «HyxnoTpon ans ¢m3uku ¥ TexHonorni 1», 18—24 centsbps 1995 r.,
Bapua, Bonrapus
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Puc.1. CxeMa cTaHLUHH BHYTPeHHHX MHLIEHEH Ha HYK/IOTpOHE

HCIIONIB30BAHHEM, HAIl JUMEp, BHYTPeHHHX MHlueHeH. [lepeble (pU3HUECKHE IKCMIEPHMEHTHI
HAa UMPKYIHPYIOILEM TNy4YKe AeATPoHOB [2,3] NpoaeMOHCTpUPOBAIH NEPCNEKTHBHOCTL paboT
B AaHHOM HarlpaBjiEHF M H BO3MOXHOCTb NMPOBENEHHS M3MEPEHHMH Mapasuie/ibHO C BbIBOLOM
nyuka Ha 0a3oBble YCTIHOBKH.

JInHei bl y4acTCK HYKJIOTPOHA CO CTAHUHEH BHYTPEHHHX MHLIEHEH MpeACTaBlsAeT COo-
60H (PU3HUECKYIO YCTZHOBKY, CMOcOOHYI (PyHKLUMOHHPOBATbh KaK 9JIEMEHT HOHOIMpPOBOAA, a
TaKX€ B aBTOHOMHOM peXHME IIPH BHIKJIIOYEHHOM yckopHTese. KoHcTpykuus naHHoH
YCTAaHOBKH MO3BONAET JOCTATOYHO OMEPAaTHBHO MEHSTHb €€ (PYHKLHOHATbHBIE BO3MOXHOCTH
6e3 BO30eHCTBUA HA B:KYYMHYIO H KPHOIEHHYIO CHCTEMbI OCTANbHBIX Y4acTKOB HYKJOTPOHA.
[Ipu 3TOM MOXeT ObIT> OCYIIECTBIEH MOHTAX OYEpeNHOH NapTHH MHIUeHEH WIH 00pa3Los,
nomiexaiux o0Jy4yeHd0 HA BHYTPEHHEM MYUYKe, a TakXe [O0JHas 3aMeHa CTaHUMH M1 1py-
roro ¢u3uyeckorro :kcnepumeHta. C y4eroM 3TOro Ha AAHHOH YCTAHOBKE BO3MOXHO
HCTIOJIB30BaHHE PAIIH'IHBIX THIIOB BHYTPEHHUX MHILUEHEH {(PONbroBbIX, HUTEBUIHBIX, CTPYH-
HbIX, TIYYKOBbIX M Ap.), HCNLITAHHE HOBbIX METONOB QMATHOCTHKH IyyKa, a TaKXe MpoBe-
IEHHE OMNpeneseHHOro Kjiacca 3KCMEPUMEHTOB, aHAJIOTHYHBIX MPOBOAMMBIM Ha BLIBEAEHHOM
ny4yke B reOMeTpPHH, 6.1M3KOH K 4T.

CraHuus BHYTPEH {MX MHIUEHEH, HCMOb3yeMast B (PU3HYECKHX 3KCIIEPHMEHTAX Ha HYyK-
J0TpOHe (CM. pHC.1), IbINONHEHA B BUAE JBYX MepeceKarnlMXcs HHIHHIPOB — HOHOIPOBO-
ga (1) u wunmeapa (2) ¢ tpeMs MUILeHSMH, HUMeromero Oonbwnii auamerp. Tabaputhi
CTaHUHH, €e KOHCTPYKUHS M TONINMHA cTeHoK (0,5 MM) ONTHMH3HPOBaHBI Al PErHCTPALHH
BTOPHYHBIX YacTHLl BHESLIHMMH IETEKTOPaMH MpPH MAKCHMAaIbHO BO3MOXHOM TEJIECHOM YIVie
W ¢ MHHHMAa/IbHBIMHU NOTEpsiMH. Donbroesie MulLeHH (3) U3 CH2 (ronmuHo# = 1,6 Mxm), Cu

(= 0,55 MxM) H Au (= 1,7 MkM) pasmepom ~4 x 8 MM MOABELIEHB HAa KBApUEBbIX HUTAX
aameTpoM 9 MxM B C-o0pasHbix pamkax (4), 3aKpelUieHHbIX BEPTHKa1bHO Ha BpallaloleM-
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position signals (3 bits)
detector 2
detector 1 e
ion current =—————

magnetic field
profile counters

cycle start signal

CAMAC
C=ATE

internal target station

B ] C
ATAIATR o c
! DIDID p.l1 K
'Tclclc K
m r{c 0
ej1]{213tejo 1
r g.i{n. 2
\\ -
Step. motor
motor ‘ PC
driver .
distance
approx. 70 m

Puc.2. brok-cxema 37eKTpoHHOro obecneyeHus CTaH 1|

C% ¢ MOMOIBIO MArosoro asuratens (5) cronuke (6). dna oecneue Hus NOCTOAHHOIO HATH-
KEHHS] MUILIEHH HHTH COEIMHEHBl C PAMKOM 4Yepe3 IUIOCKHUE TPYXHH >l CHIELIHATBHOM hOpMBI.
Bepxuuii chemublil hnaHen craHUUH (8) CIYXHT 1Jig 3aMeHBl paMO< C MUIIEHSMH U UMEET
CMOTPOBOE OKHO AJISi BH3YaTbHOTO KOHTpPOJIS NpPH OTJIaio4HbIX paGorax, a TakXe [aBa nar-
pyoka (9) nis ycTaHOBKM QEeTEKTOPOB B BakyyM. Ui KOHTDOMS B aUMOACHCTBHA IydKa C
MHUILEHBIO BO BPEMEHM HCIIONIB3YETCH W3NydeHUe MaTepuaia MUILICHI 10 ASHCTBMEM UOHOB.
UsnydyeHune perucTpupyercsi yepe3 CMOTPOBOE OKHO (DOTOIIEKTPOHE biM YMHOXHTeNeM (10),
a B BaKyyMe — BTODHYHOYJIEKTPOHHBIM YMHOXHTEIEM Ha OCHOBE MMUKPOKAHANbHbIX
miactiH (BDY-7). BriBon Bcex paMOK ¢ MULUEHSMH U3 MOHONPOBOJA, a TAKXKe NMOUCK HEeoO-
XOAMMOH U1 3KCIIEPUMEHTa MULIEHH OCYLIECTBISETCS C MOMOLLBIO HIIEKTPOHHO-ONTHYECKO-
ro yctpokcTsa (7), CBA3aHHOTO C OCBIO BpPAICHHS CTOJIMKA WU 3JIEKTpP JHHOU CUCTEMOM yripas-
JIEHHs JABMrartereM. DTO MO3BOJSET AMCTAHLUHOHHO W B HYXHBIA [0 OTHOLIEHHIO K Hayay
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NUCLOTRON | TARCET | MoToR | DETECToR | conric | biR | mvvo | x|
- ——

MAG FIELD | [TARZET 1} START POS.]
e WRITE ) EPSON
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Puc.3. CTpyi.Typa KOMaHIHOTO MEHIO ITPOrpaMMHOTO ofecrieUeHHs CTaHUMH

UHMKIA YCKOPEHUS MOMEHT BPEMEHH BBOIMTH MHLUEHb B YYOK Ha KOHTPOJIHpYeMble IyOUHY
M BpeMsl 9KCMO3HLMH. YilpaBieHHe CTaHUHEH OCYILECTRISIETCH ONEPaTOPOM C MOMOLUBIO Nep-
coHanbHoro KomneioTepit IBM PC 1 a1ekTpoHHOro obecnedeHus, BbINOJHEHHOTO B CTaHAap-
te KAMAK. Cucrema ynparneHuss OCHOBaHa Ha ONEPATUBHOM MpEICTABIEHHH Heol-
XOOUMOH MH(OPMaUHUH ) XapaKTepPUCTHKAX Iy4Ka U pacrosjOXeHHH MHULIEHeil OTHOCHTENb-
HO Hero Ha 3KpaHe MOHHUTOpa. bnok-cxeMa snekTpoHHoro obecrieyeHHs CTaHUMH
npejcTaBieHa Ha puc... «B-timer» onpegenser Hayano LMKIA W3MepeHUH W paboThl
CTaHUMH, a Takxe o(ecrne4uBaeT PpervcTpauMio TMOTOKA MMITYJbCOB, OMNPeIesIIOmHX
3aBUCHMOCTb MArHHTHOID NONA AWMNONEH HYKJIOTpOHA H npoduiei mydyka (B rOpH3OHTasb-
HOM M BEPTHKa&JIbHOM HiIMpABIEHHUAX) BO BpeMeHH. M3Mepenue npoduneit ocyliecTsasieTcs
HEMOCpPeACTBEHHO Mepel CTaHUMeH BHYTpEHHUX MHILEHEH H OCHOBAHO HA HOHH3aUMH OCTa-
TOYHOro rai3a nyd4koMm JlonmonHUTenbHas HWHQpOpPMaUHs MOXeT ObIThb [MOoJyyeHa OT
MOHH3aUHOHHBIX NPOCH.IOMETPOB, PacrnoioXeHHbIX 3a craHuuel. [Ipu HeobxogUMOCTH 10-
NONHUTENBHBIA KOHTPOJ'b MPOCTPAHCTBEHHOrO MONOXEHHS H NPO(UIT My4Ka HOHOB B
FOPH30HTalBbHOM HalpawIeHUH MOXET ObiThb peald30BaH M0 HWITYYEHHI0 HHUTEBHIHOM
(@= 0,6 MM) MHLIEHH M} OPraHMYeCKOTrO CLUHHTWIIATOPA, YCTAHABJIHBAEMO BMECTO OQHOH
13 pabounx muieHei. « ADC-1—3» ocyuiecTBiser ouM(ppOBKY YCHIEHHBIX TOKOBBIX CHTHA-
JI0B OT JAETEKTOPOB H3JIyYEHHS MHLIEHH M LHPKYIHPYIILETO TOKA Ny4yKa B YCKOPHTENe.
MHUHHUMaTBbHA AUCKPETH'OCTh OUMGPOBKM AHANOIOBBLIX CHIHANOB BO BPEMEHHM COCTABISIET
100 mxc. «Inp.reg.» npu Hmaet 3-bit-uHdopmauHio 06 HCXOTHOM MPOCTPAHCTBEHHOM NOJIO-
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Puc.4. BapHaHT 0CHOBHOTO OKHA CHCTEMbI YNPABIEHHs CTaHUMed Ha MonuTope IBM PC

XeHHH MulleHed. «Motor driver» ofecneuuBaeT NMPOrpaMMHpYeMOe BpallleHHE IIaroBOro
ABHTATENS ¢ AMCKPETHOCTBIO yria nosopora 0,18°.

Ynpasnenne craHuuedl M mpeacTasieHMe HeoOXoauMoil MHGOpMauMK o paboTe ycKo-
pUTENs B peanlbHOM MacluTabe BPEMEHH OCYLUECTBISETCS € NoMoLbio IporpaMMbel TARGET,
HamucanHo# Ha sa3bike C U paboTaroueii B cucreme DOS. [IporpamMma nomnepxusaeT WHTEp-
theitc ¢ monp3oBaresieM B BHIE HECKOMBKHX HUCNAZAOWIMX MEHIO (CM. puc.3), ynpasieHue
KOTOPBIMH OCYLUECTBISETCS MBIWbI. B cBoell paboTe omepatop HC 10/b3yeT OCHOBHOE M
BCHOMOrare/ibHoe OKHa. [IpuMep ocHOBHOrO OKHa mpedcTaBlieH Ha pyc.4. B BepxHeil yacT
OKHa 110/l KOMaH/IHBIM MEHIO NPHBECHA HH(OPMALIMs O THIE YCKOPAEMBIX HOHOB M MCIIOJb-
3yeMOi [Isl IKCIIEPUMEHTA BHYTPEHHEH MHIIeHH. BO BpeMeHHON WKay e paBoThl yCKOPUTES
TIpEACTaBIEeHbl MATHUTHOE MOJIE AMNOACH HyknoTpoHa (H), UMpKYMUpylowmi ToK ny4ka (I)

Ek
M HEPIHs HOHOB | —= |. KuneTuueckas sHeprus Ha HYKJIOH PACCUMTH BAETCH B KAXAOH TOY-

K€ H3MEPEHHNA MAarHUTHOIO MoOJIsi C MOMOLUBIO BbIpaXKCHUA

t

amel N 58] -]
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HHTeHCc MBHOCTb B3auMoneiicrBua (oTH.ex.)
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Puc.5. BpeMeHHas TpyKTypa B3aMMOneHCTBHS ACHTPOHHOTO My4yKa HyKJIOTPOHA C BHYTpEH-
HeH MHILUCHBIO W3 11 MTHITWIeHa TONLUHOH 1,57 MKM MPH KMHETHUECKOH IHEPrHU JEHTPOHOB
1,3 TsB/uyxiod. PeructpHpygTcs cBeTOBOE HWIIyyeHHE Marepuana MHMILEHH MOX BO3-
neicTsHEM HOHOB. |YlOMeHTbl BBONA MHLUEHH B MY4OK H BBIBOIA H3 HEFO OTMEYEHBI TPEYroNb-
HBIMH yKa3aTe/lsMH

rne a=0,938 I B/uyssion, b=4.95- 1077 l"c_z, A M Z — MaccoBoe YMC/IO M 3aps] HOHa
nyuka. B cpenneit yactu oxHa, B TOW Xe BpeMeHHOW iiKase, npejgcrasieqa undopMauus o
npogmiie nyvka, Heob <oauMasd U1 yNparleHUs MULIEHBIO (TOPU3OHTAIbHBIH X-npodunsb Ha
puc.4). B coorBeTcTBIM ¢ KOMaHOHbLIM MeHIO (cM. puc.3) npoduis nydka (PROFILE X)
MOXET ONpefeNnaThCs 10 NMOKa3aHWAM MepHOAHYECKH ONpallMBaEMbIX 3a BpeMsi UMKIa pabo-
Tbl YCKOPHTENst CueT' HKOB MoHM3audouHoro npotunomerpa (COUNTERS), no dopme
CHUIHAJIOB OT AETEKTOP IB (D[ WJIH Dz) U3Jy4EHUS] CKAaHUPYIOUIEH MYyYOK CLUHHTHUISUHOHHOM

uutH (DET.1 win DET.2), 1460 3anaBaTscs B BULE TEOPETUYECKOIO raycCHaHa Cc ornpeneneH-
noi mucnepcuei (THEOR.). Bo BTOpoM cilydae ycpennennas 3a BpeMs W3MepeHHs MHGOp-
MauHs O HpoguJie 110J(araeTcs HEU3MEHHOH BO BpeMEHH 10 MOMEHTa MOC/eylLIero HiMe-
penus. TeopeTHuecko: npeicTamieHHe NpOQWIS HCIOABb3YyeTCA NPH OTIaNoYHbIX paborax
CTaHLMH B OTCYTCTBHE UMPKYIHpywwero nyyka. Ipodunb nyyka M ero npocTpaHCTBEHHOE
NOSI0XEHHE 110 OTHOLIEHHI0 K OCH HoHomnposoga (OO’) nmpeacTasisercs B OTHOCHTENbHBIX
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Puc.6. BeciomorarenbHOE OKHO CHCTEMBI ynpaBieHHs CTAHUMH Ha Mc Hutope IBM PC

€OMHHLIAX K peajibHOMY MOMNEPeYHOMY pa3sMepy KaHaia TPaHCIIOPTHP JBKH My4Ka Ha yYacTKe
cradHunH (AA’). HeobxoauMas 1poCcTpaHCTBEHHO-BPEMEHHAS TPAEKTIpus pabodeid MUILeHH
NOo OTHOLIEHHIO K MydYKY (BO BPEMEHHOI wKaie paboTh YCKOpUTEs) 3a/laeTCs ONepaTopoM
C MOMOILBIO MBIIIM B BUIE JIOMaHOH M3 TpPeX OTpe3KoB (a, b, ¢, d Ha puc.4). [laHHad Tpaek-
TOpHs OTpabaThiBacTC ILArOBBIM JBUraTeJIEM 10 MOC/IEAYIOILEro BMe HaTeJIbCTBA ONepaTopa.
B HMHell 4acTH OCHOBHOrO OKHa TpelcTaBieHa (JOPMa YCHJIEHHBI» AHAIOTOBHIX CMIHAIIOB
OT RETEKTOPOB M3TyYeHHs MulicHu D\ n D,), npuBi3aHHas K MOMCE Ty BpEMEHH [, llepece-

ueHus MyyKa MUINEHbI0. BpeMeHHad 1Kana Ul 3THX CUTHAJIOB 3alasTCsl ONepaTopoM B Ko-
maHaHoM MeHio (DETECTOR — SETUP — MEAS. TIME — TIME SCALE) ucxons U3 He-
06X0AMMOI MCKPETHOCTH oUM(POBKH. B NaHHON iKane NpencTiBISeTCS TAKXe BpPEMs
Xku3HK T, yacTu nyyka, B3aWMOJEHCTBYIOLIEH ¢ MHIIEHbl. Benuy1na T, BblYMCHSIETCS B

COOTBETCTBMHM C IIPUBEJEHHBIM B paboTe [4] aIrOpHTMOM C yyeToM HH(OPMAlHH O IyHKe,
YCKOPHTENE H HCMONb3yeMOW BHYTpeHHel MuiueHH. U1t Gonee OeT:JIBHOTO MpencTaBlieHus
npoguiist NyykKa No CUrHany AETeKTopa (D, nn D2) BO BPEMEHM MO KeT ObITh OCYLIECTBIIEH

nepexof OT BpeMeHHO#H K npoctpaHcTBenHoH mkane (SPACE SCALE). Tlpu 3ToM aBro-
MaTHYECKH YYMTHIBAIOTCA DAJNYC PACHOJIOXEHHS MHIIEHH W YIJIOBAS CKOPOCTh BpAIUEHMS
mBurarensi Ha bc-yyacTKe TPaeKTOPUH (V, — cxopocTs MHmenH H2 puc.4). Tlo xenanuio
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oneparopa yobasi Npen TaRIeHHad B OCHOBHOM OKHE WH(OpMauusa MOXeT ObiTh ynaiena C
akpaHa MouuTopa (DELETE), nepeHecesHa B yMeHbILIEHHOM BHAE Ha CBOGOQHOE MpOCTpaH-
ctBo okHa (MOVE, cM. BepTHkanbhbiii Z-npoduns nyyka Ha pHc.4), npocMoTpeHa Gonee
neransHo Bo BpeMeHu (LIST, DISPLAY), Bo3spaiiena B ucxogHoe cocroaide (HOME), a
TaKXe 3anucaHa B BHI: oraenbHoro caiina (WRITE) nu6o cuntana ¢ Hero (READ). B
KayecTBe NMPHMepa BhIIEIEHHOH onepaTropoM HHGOpMAalMH Ha PHC.5 mpencTasiieH CBETOBOH
CHIHAJ OT NMONH3TWIEHCBOH MHMLIEHH, XapaKTepH3yIOLIHA BPEMEHHYI0 PAaCTAXKY ee B3aHMO-
JNeACTBUA C MYYKOM ek TpOHOB ¢ 3Hepruei 1,3 sB/nyknon. B nporpamme TARGET npe-
AYCMOTpeH aBroMaruyecKHH BbIOOp bc-ydacTka nmpOCTPaHCTBEHHO-BPEMEHHOH TPaeKTOPHH
muienn (MOTOR - AUTOMATIC). B atoM cnydyae BpeMs Liara JMCKPETHOIO MPOCTpaH-
CTBEHHOIO MepeMellieHn MullieHH Bbibupaerca pashbiM T,. Otobpaxenne uHgopmaunu Ha

MOHHTOPE OCYWIECTB/IATCA B KaXAOM LHKIEe paGoThl YCKOPHTENs NPH HENOABHXHOH
(NUCLOTRON — START MEAS.) wiu nsuxyuweiica muumenu (DETECTOR — START
TARG). Heobxonumas ang skcnepumenta muueHs (TARGET — TARGET 1,2,3) Moxer
6biTh BEIOpaHa B OCHOEHOM WIH BO BCmoMorarensHoM (pHc.6) oknax. [Ipu nepexome Bo
BcrioMorarensHoe okio (MOTOR — DISPLAY, ANIMATE) xontponupyercs uiOpaHHoe
MCXOOHOE nonoxeHue paboyel MuLeHu (HanpuMep, A Ha puc.6, A.B unu B ’), ee Tun (Cu),
a TaKXe JAEMOHCTpHUpYe 'CA XapaKTep NepeMellieHHss MHUILEHH B COOTBETCTBHUHU C BhIOpaHHOIi
npoctpaHcTBeHHO-BpeMt:HHOA TpaekTopueit (ANIMATE). Ilo xomanne oneparopa Bcs cy-
LECTBYIOLLAS W TPeACTa3IeHHas Ha 3KpaHe MOHHTOPa HH(OPMAaLMA 3aNHUCHIBAETCS B OTAE/b-
Hbif aitn (CONFIG. — WRITE) n Moxet 6biTb cuntaHa ¢ Hero (CONFIG. —» READ) nipu
nocneaywouieil 06paboTiie IKCNEPUMEHTATILHOTO MaTepHala.

AsTophl BbipaxaioT GnaropapHocTs A.M.Banguny B A.M.ManaxoBy 3a BCeCTOPOHHIOI
noanepxky pa6orsl, a (C.B.AdanacbeBy, B.A.Ky3neuoy, B.A.KpacHosy, B.A.Hukutuny u
C.I".Pe3nHKOBY 3a OKa3aHHYI0 NMOMOLUb NPH €€ BLIMOJTHEHHH.
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MEASUREMENTS OF PROPORTIONAL MODE
CHARACTERISTICS OF PLASTIC DRIFT TUBES

L.S.Barabash, V.N.Frolov, K.N.Kuznetsov, A.A.Popov,
V.V.Tchalyshev, A.S.Vodopianov

The results of investigation of proportional mode in plastic drift tube: (PDT) are shown in
this paper. The use of the proportional mode allows a high voltage of sensitive wires to be
lowered and the lifetime of detectors to be increased sufficiently. PDT are a.detector using an
analog method of registration of coordinate information; the track cocrdinates in PDT are
calculated by the centre of gravity of charge distributions registered by a system of external
electrodes (pads). The problem of choice of an optimal pad size for tie given registration
precision was one of the tasks of the investigation.

The investigation has been performed at the Laboratory of Nuclear P-oblems, JINR.

H3MepeHHe XapaKTepHCTHK pPaboThl IUIaCTHKOBBIX A['eH(OBBIX
* TPyOOK B MPONOPHHOHATBHOM peXHMe ra30BOTO yCHI €HHSA

JI.C.Bapabaw u dp.

B manHoii paboTe NnpHBONATCA PE3yNbTaThl HCCJIENOBAHHS PeXHMa NMpPONOPLUHOHATLHOIO ra-
30BOTO YCWIGHHS B ITAacTHKOBBIX apeigosbix Tpybkax (ITAT). [IpuMeHe ive nponopunoHans-
HOTO peXHMMa NO3BOJISET CHH3HTh BBICOKOE HAMpsXEHHE, NOJaBaEMOE Ha 1HOMHLIE NPOBOJIOKH,
W CYLLECTBEHHO MOBLICHTb BpeMs XH3HH JeTekTopa. [IIT SBN10TCA NETEK TOPOM C aHAIOTOBBIM
CYMTHIBAHMEM MH(OPMalHH, KOOPAHHATH! TPEKOB YaCTHLl B KOTOPbIX BBIYHUCISIOTCA 1O LUEHTPY
TAKECTH PaclpefesICHHOIO 3apsiia, PErHCTPHPYEMOrO CHCTeMOM BHEIIHM { 3neKTponos. [1po6-
NlemMa BBIGOpa ONMTHMAIBHOTO pa3Mepa Meaa NpH 3aJaHHOH TOYHOCTH PerH >Tpauxu OpUta OOHOH
W3 3324 NPOBEAEHHbIX HCCIENOBaHHH.

Pa6ora Brinonxena B Jlabopatopuu snepueix npotiem OHSH.

1. Introduction

Plastic drift tubes (PDT) are widely used in experimental set-ups at the present time
what can be explained by a simple detector design. It allows one tc render the manufacture
process of detectors automatically and to construct a large number of such gas detectors.
Besides, the presented design of detectors allows a gas volume ard a high voltage circuit
to be separated from a sensitive system of electrodes that register particle track coordinates.
All these points simplify the detector design and raise its reliabilit .
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A limit streamer niode is used in the operation of these detectors. This mode allows
one to obtain large sighal amplitudes from sensitive wires and, respectively, to induce the
threshold of electronics. However, the use of the limit streamer mode imposes more rigid
requirements for the d:sign of a detector, limits particle high rates and reduces detector
reliability for long-dur:tion operation. In particular, wire burning-out [1] and the violation
of high ohmic resistive cathodes are observed.

The results of investigation of a proportional mode in PDT are shown in this paper.
These investigations have been made during the design and manufacture of PDT for veto
chambers of the Cherenkov spectrometer in the WA-98 experiment at CERN. The use of
the proportional mode allows a high voltage of sensitive wires to be lowered and the
life-time of detectors tc be increased sufficiently.

PDT are a detector using an analog method of registration of coordinate information;
the track coordinates in PDT are calculated by the centre of gravity of charge distributions
registered by a system of external electrodes (pads). It allows two event coordinates to be
registered.

Certainly, this solttion requires a larger number of electronic channels, and so the
problem of choice of an optimum pad size for the given registration precision was one of
the tasks of the investigations. The precision for the coordinate parallel to the anode wire
direction should be 1 mm and it is enough to separate the wire along the second coordinate.

The precision of coordinate registration for detectors with analog readout can be
estimated by the formuia [2]:

c:[-AéQ]-W, M

where AQ=a-0c,, 0 is the error of charge measurement for an individual electronic

channel (noise of electionic channels); o is the coefficient determined by the method of
coordinate calculation; W is the distance between the centre of readout electrodes.
The coordinate of events is calculated by the centre of gravity method by the formula:

z n-Q.
X =t 1
; .
20
In this case, @ is approximately equal to Vn and n is the number of channels used to
calculate the track coorcinate.

Formula (1) is true if distance between the centres of readout electrodes W equals in
the order of the r.m.s. o the registered charge distribution ((5C d) and o can be written in a

more general form:
_(AQ
o= ( o, - 2

As seen from formula (2), the precision of track coordinate registration is determined
by the ratio of the charg: measurement error to the total charge registered by the coordinate
electrode system. At the present time it is not a problem to realize a noise amplifier level
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of =107 C. So, requirements for signal amplitude can be recuced, and the range of
proportional gas gain can be effectively used without decreising track registration
precision.

The known method was used to measure the coordinate precision when the coordinate
normal to the wire direction was calculated. In this instance any wire becomes a point
source of induced radiation along this coordinate, and this feature allows one to check the
precision of coordinate calculation and the potentialities of the cer tre of gravity method.

2. PDT Design and Measurment Scheme

The design of a plastic drift tube is shown in Fig.1 Each tube consists of 8 individual

gas counters with a cross section of 9 x 9 mm?. Cu-Be wires 80 microns in diameter placed
in the centre of each counter are used as an anode counter (1, se: Fig.1). The stability of
anode wires is guaranteed by special support elements, which are mounted at a distance of
0.5 m between them. The surfaces of profile 3 and cover 4 coated vith conductive paint are
used as PDT cathodes. The profile and cover are placed in a hermetic case that has gas-
filling outlets, an anode wire high voltage connector and a connector for returning the
resistive cathode to ground.

The length of the PDTs used in the investigation was equal to 0.5 m. The value of
cover surface resistance was 150—300 kOhm per square, the resistivity of the profile 10—
30 kOhm per square. The system of
coordinate elements (strips of pads, see
Fig.2) was placed on the cover side.

Charge sensitive amplifiers were
used to register signals from sensitive
electrodes. The sensitive electrodes and
the amplifier inputs were connected by
twisted pairs. The signals from the
amplifier outputs were registered by
ACD (LeCroy Model 2249A). An ADC
strobe pulse was generated by a trigger
system consisting of a scintillator counter
and necessary fast electronics.

An Ar+CO, gas mixture was used

for filling the PDTs, and the percentage / i /

of Ar varied from 10% to 90% during 4 3 o
the investigation. The drift time was ‘

within the limits of (80—150) nsec for gy 1. Design of a plastic drift tube: 1 — anode wires
different gas mixture. The strobe pulse (CuBe, @80l m); 2 — hermetic case; 3 — profile

duration was chosen to be equal to with a surface resislivity of 10+ 30 kQ /u 4 — cover
(200—400) nsec. with a surface resistivity of 150 + 300 kQ /03
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Fig.2. Layout of the set-up: 1 — PDT; 2 — coordinate system
(strips of pads); 3 — scintillation counter; 4 — two-fold
coincidence circuit; 5 — twisted pairs; 6 — radioactive source
with a collimator

3. Results of Measurments

In addition to the determination of possible sizes of pads, a maximum length of twisted
pairs between the amplifiers and the pads has been investigated. A parasitic input
capacitance increases with increasing the length of a twisted pair. As a result, the conver-
sion gain of the charg: sensitive amplifiers and the signal-to-noise ratio decrease. The
results of track registra:ion precision dependence in the PDTs on twisted pair length are
presented in Fig.3. As seen from the Figure, the registration precision is equal to 0.3—0.4
mm for a twisted pair 1:ngth of 2 m what completely meets the requirements for the veto
chamber accuracy. The ineasurements were performed using the strip system. The length of
strip was 95 mm; and the distance between the centre of strips, 15 mm. The measured
capacitance of a strip wis 60 pF; and the twisted pair capacitance, 35 pF per meter.

The type of gas rnixture chosen for filling PDT is an important parameter and
determines the efficiency plateau width verus anode wire high voltage, PDT is a detector
using the centre of grasity method for the calculation of track particle coordinates, and
respectively, track coordinates can be calculated by the analysis of analog information from
the detector. So, we should provide a necessary input signal dynamic range of the amplifier-
ADC system. Thus, gas mixture should be chosen taking this condition into account.

Figure 4 shows the 1esults of efficiency plateu width measurements for an Ar+ CO, gas

mixture for a different ritio of gas components. The end of the plateau was estimated by a
(3—5)% level of limit stzamer mode pulses. The registration efficiency on the plateau equal



Barabash L.S. et al. Measurements of Proportional Mode 107

a.7 I T I T
S0% Ar+S07 CO,
06 o 2.8 kv .
o 2.9 kV
0.SH —
‘ O
2 oat :
b
——” | D ]
b 0-3
- o
0.2 |— —
o
0.l . . —]
! | | !
0.0 2.0

L (m)

Fig.3. Dependence of PDT registration precision on the Jength of
twisted pairs between the strips and amplifier inputs

to ( 0.92—0.95) was determined by the tube geometric and trigger system efficiencies. The
plateau width was 300—350 V for an Ar+CO, (50:50) gas mixture what was enough for

reliable operation of the PDTs in the set-up.
The total charge distribution is presented in Fig.5. It was measured by strips 90 mm in
length at a 10 mm pitch for an Ar+50%CO, gas mixture and an anode wire high voltage

of 3 kV. The level of limit streamer mode pulses was ~ 5%, and the width of their charge
distribution was limited by the overflow of the ADC channels. The proportional mode
signals were separated quite well, and their average charge was Q,,,=0.7+0,8) pC.

Strips were oriented along the direction of anode wires, and so the registration
precision of the drift tube could be measured. Figure 6 shows th: coordinate registration
precision versus the measured charge. The investigation was performed for the charge
distribution of Fig.5. As seen from the Figure, the precision is equil to 60 + 70 microns for
charge amplitude 1 pC (1250 arbitrary units which corrspond to £.DC channel units). The
level of noise in the electronic channels estimated as r.m.s. of th: channel pedestals was
10 + 12 of the AC channels. The estimation of a possible registration precision by formula
(2) gives 50 + 60 microns. This result agrees well with the measur:2ment results.
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The results shown in Fig.6
illustrate the possibilities of the
centre of gravity method. The
relative error in measuring the
total charge was 1+ 1.5% for the
above case. This
allows one to realize so high a
registration precision. However, it
is necessary to assure the stability
of the detector and electronic
parameters at a level of 0.3 +0.5%
over all the area of the detector.
Of these parameters a mechanical
precision of manufacturing detec-
tor components, high uniformity
of cathode resistivity and calibra-
tion precision of electronic chan-

circumstance

nels are the main ones.

The shape of the registered
charge distributions depends on
the uniformity of the resistive
cathode surfaces, and these para-
significantly affect the
precision of event coordinate cal-
culation, especially the level of
systematic errors of the calculated
coordinates. The surface of the
resistive cathodes is not flat and
has a complex form. Besides,
there is no connection between the
cathodes of different tubes. All
these factors distort the shape of
the registered charge distributions.
Additional distortions are determi-
ned by a limited frequency band-
width of the amplifiers.

meters

0,00

109

0,0

0,2

0,4 0,6 0,8

Q(C)

Fig.6. Dependence of PDT registration precision on the value
of charge collected by strips

V?S W7 W6 W5
| | | |
a o a Q o o o -] a
12 3 4 5 6 7 8
: > wa
: a W7
ol a we
05 - - © Tu“'ZOO ns - ws
04 4 .?
5 0s. : A
cF 031 l." e
~~ 1 ) ,“‘ ERLAIY
& o024 s o N
? P AN .
. oo >, Y L
0.1 1 -'E,-‘l . ° X, R .-
p .'-': -’ SR A A
00 4 f * o, .. t
T 2 3 4§ & 7 s

Number of strips
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The results of measuring the charge distribution shape for a 10 mm strip pitch are

shown in Fig.7. The measurements were made for different wires of the tube. The second

tube was used to estimate the effects due to the absence of direct contact between the

cathodes of the tubes. Strip 1 was placed under the last wire of the adjacent tube.
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As seen from the Fig 7, four mirror-symmetric distributions are formed on the resistive
cathode of the tube. The: registered shape of the charge distributions depending on the
position of the hit wire relative to the centre of the tube is substantially distorted for the
last wires. These distortions are due to the absence of adjacent tube cathodes and lead to

systematic errors for the :alculated coordinates.

The level of signals r:gistcrcd from strip 1 shows that the induced radiation of electron
avalanches makes a small contribution to the amplitude of the registered signals (~ 5%).
The main part is determined by the diffusion of the charge on surface resistance. The
influence of frequency baidwidth shows up here; the rise time of an output amplifier signal

was ~ 50 nsec which was longer than the time of avalanche development.
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As was said above, the coordinates normal to the anode wire dirzction are measured by
the number of the hit wire. The coordinate drift time is not taten into account. The
precision of measurement of this coordinate is determined by the distance between the wires
equal to 10 mm. However, although requirements for measurement of this coordinate are
soft enough, it is necessary to provide a reliable separation and deternination of the hit wire
number. The results of measurement of different wire positions are given in Figs.8 and 9.
These measurements were carried out using the pad system with sizes of 20 mm (Fig.8) and
40 mm (Fig.9) along this coordinate. As one can see from the Figures, the number of wires
is determined quite reliably even for a pad size of 40 mm.

Conclusion

The following conclusions can be drawn from the investigations of proportional mode
signals in the PDT described above: '

* it is possible to realize a noise-to-signal ratio of 1 +2% for the proportional mode

in the PDTs. This allows one to obtain a track registration precision of 6 <1 mm

for the coordinate along the direction of anode wires, to determinc reliably the

number of a hit wire for another one. This precision can be obtained for pad sizes

of 40 x40 mmz;
* atwo-component gas mixture (Ar + 50%CO,) can be used for filling PDT. This gas

mixture makes it possible to obtain the efficiency plateau width from 2.6 kV up to
2.9 kV at a level of limit streamer pulses no more than 5%;

» the shape of the registered charge distributions depends con the hit wire position
and affects the value of the calculated coordinate systematic error;

* the method of wire position measurement can be used to ¢orrect systematic errors
for the calculated coordinates and to calibrate the electronii: readout channels;

» the absence of direct contacts between the cathodes of individual tubes leads to
sufficient deformations of the registered charge distributior s. However, this effect
allows one to separate coordinate systems for different tubes and to simplify the
manufacture and mounting of detectors with PDT.
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SILICON TWO-COORDINATE DETECTOR
WITH SEPARABLE PAD-STRIP READOUT

L.S.Barabash, A.V.Babookh, V.N.Frolov, M.Yu.Kazarinov,
A.A.Popov, V.G.Sandukovsky, V.V.Tchalyshev
Joint Institute for Nuclear Research, Dubna, Russia

A.Wang
University of Maryland College Park MD, USA .

The characteristics of resistive layer Si microstrip detector with two \ersions of the readout
system are presented. One version used the usual single coordinate strip : ystem of 1 mm pitch.
The second version used a two coordinate pad-strip system of 3.6 mm pitch («chess board»).
The registration precision of the detector was studied with a UV laser. The two-dimensional

imaging ability of the detector with oa-particles and with an Miam ¥-source is shown.
The investigation has been performed al the Laboratory of Nuclear P'roblems, JINR.

KpemHHeBbIii ABYXKOOPIHHATHBIA A€TEKTOP
¢ BHelIHeH MHI-CTPUIIOBOH CHCTEMOH CUMTBIBAHHA

JI.C.Bapabaw u op.

TpuBOAATCH XAPaKTEPUCTHKH Si MHKPOCTPHIIOBOIO AETEKTOpA C pe3 1CTHBHBIM clloeM. g
HCIBITAHUI JETEKTOPA NPUMEHSUTMCE IBE PATHYHbIC BEPCHH CUMTBHIBAIOLL €H CHCTEMBI: 00BIYHAS
OIHOKOOPAMHATHAsA CTPUIOBAs CHCTEMA C IIarOM CTPHUMOB 1| MM H IBYXK OOpPAMHATHAsd CHCTEMa

C 3exTpolaMH (nzaaMH) pasmepom 3,6 X 3,6 MM, PACMOJOXEHHBIMH B LIAXMaTHOM NOpAAKE.
To4HOCTh perMcTpauMi KOOPAHHAT ONpPENeNnsIach ¢ HCNOJMb30BAHHEM Y bTPadHONETOBONO Ja-
3epa. TlokasaHel AByMepHHIe 00pa3bl, HOMyYeHHblE MeTOAOM OONy4eHI s OETeKTopa O M Y-
4aCTHLAMH.

Pa6ota BhinosineHa B Jlaboparopuu sinepubix npobiem OHUSH.

1. Introduction

The creation of semiconductor detectors with two-dimensional imaging has important
application for clinical diagnosis in nuclear medicine as well as for experimental nuclear
physics. Simulations of the X-ray sensitivity of semiconductor detectors indicate a high
efficiency for photon registration in the 25-60 keV range of clirical interest [1]. Using a
detector geometry with a sandwich structure of 0.5 mm siliccn wafers for an overall
sandwich thickness of 4—5 mm can further increase the registration efficiency to near 0.2
for 60 keV photons. A disadvantage of this detector geometry is that the number of
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electronic channels rites in proportion to the detector area. The photon registration
efficiency can also be increased by the use of high ohmic pure silicon crystals or lithium-
doped silicon (Si(Li) crystals) [2]. It is possible in these cases to create silicon detector
having an effective thickness of 4—5 mm with a reasonable base voltage and fewer
electronic channels.

This article describes the investigation of a silicon detector suggested in [3]. The
detector uses a pad-str p system which allows measurements of two-dimensional images
with only a moderate number of electronic channels and a relatively simple level of
manufacturing technology.

2. Detector Laycut

The detector consists of a flat diode manufactured by the surface-barrier technology
from silicon with specific resistance equal to 2.5 k€2 - cm (Fig.1). Rectifying contacts are

created by a layer of gold (50 pg/ cmz), deposited on a surface of n-Si crystal. An
undepleted layer of silicon is used as the anode and is grounded in one or two points. The

detector has dimensions of 10 x 30 mm? and a thickness of 0.2 mm.

The sensitive electrode system was manufactured on printed circuit board and was
placed on the anode side of detector, and isolated from the anode by a 30 mm mylar film.
Each element of the ccordinate system (pads of strips) was connected to the input of a
charge sensitive amplifier. The signals from amplifier output went to the ADC (LeCroy
2248A). The conversion gain of the charge sensitive amplifier was 2.5 V/pC. The noise
levels of separate electronic channels during the 1 msec ADC strobe pulse were 4—6 keV.

The signals from the output of one of the amplifier channels was used to generate a
trigger pulse and the electronic registration threshold was (0.5—0.7) fC.

The amplitude ealiboration and the estimation of the electronics noise level were

normalized by the falling edge of the gamma spectrum from a 21Am gamma source.

Two cooridnate system were used for registration of the charge distributions on the
resistive layer: a usual jne-dimensional strip system with pitch of strips S=1 mm; and a
two-dimensional pad-stiip system (laid out as a chess board) with a distance between the
pad centers of §=3.6 1nm.Pads were joined into strips as shown in Fig.] and each strip

3.8 mm.

Y coordinate

[ g il Risistive
. ayer

Print i f i Mylar :
f]l"éu? amp L rers Y X coordinate
oard a)

b)

Fig.1. a) The layout of semiconductor detector; b) scheme of the pad-strip readout system
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connected to a charge sensitive amplifier input. Event cooridnates in the pad-strip system
were calculated from the registered charge distribution projected alcng two orthogonal axes.

Eight electronic channels were used during the investigation;. When using the one-
dimensional strip system, it was possible to register the event coordinates from a

8 x 10 mm? area. In the two-dimensional version we used 4 chainels for registration of

each coordinate, the event coordinates were registered from a 120 rim? area of the detector.

3. Precision of Event Registration in Detector

The precision of event registration was studied using a UV pulsed nitrogen laser. The

laser ray was collimated by a 20 x 30 umz collimator and was nor:nal to the surface of the
detector. The intensity of the laser ray was changed widely by 1 set of mylar films. A
sliding table shifted the detector relative to the laser ray with a precision of 10 pm.

The detector was not completely shielded from inductances cr sated by the power laser
high voltage generator. Consequently, the level of noise entering the electronic channels
was greater by a factor of 3, than the noise level in the measurem:nts with the redioactive
sources.

The measured registration precision ¢ of the collimated UV laser beam position is
shown in Fig.2 for a one-coordinate strip system with pitch of strips equal to 1 mm. The
registered charge amplitude Q is presented in arbitrary units. The charge amplitudes

corresponding to the falling edge of a 2am gamma source are si1own by arrows and are
equal to 500 arbitrary units.

The same measurements for a two coordinate pad-strip system with pitch 3.6 mm are
shown in Fig.3. The registration precision was calculated from the c:oordinates of the charge
amplitudes pojected along one of the orthogonal

axes. Curve | shows the dependence of the 07 g, Ug =100V
detector precision on the projected charge 250 — W= tmm
amplitude for coordinates calculated by the cen- T
ter of gravity, and curve 2 obtained by fitting Azooj
the projected charge distributions with a £ 150 —
Gaussian function. o N
Figures 4a and 4b show the results of simu- 100 7
lating the expected detector registration pre- 50 —|
cision ¢ as a function of the strip pitch S. Both - 2. .
o and § are normalized to the r.m.s. of the 0 L
charge distributions O, The simulations were ‘ éoo“(arbiztort;ory 522?2) #o00

done for different levels of electronic channels  Fig.2. Dependence of the precision of detector
on the amplitude >f the registered charge for
one coordinate readout with pitch of strips
S=1mm

noise C,. The relative level of noise is shown at

the right column of the figure as the ratio
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241Am()’) Fig.3. Dependence of the precision of the
500 — U,=100V detector on the amplitude of registered charge
_ W =3.6mm for two coordinate pad-strip system with
' §=3.6 mm. ! — for coordinates calculated by
400 — .
the center of gravity, 2 — for the use of
] Gaussian fit
’E 300 —
b _ .
200 2 G,/ Q. For a given value of S, the
7] (d charge Q registered during a single
100 — event was calculated as the integral of
7 the charges deposited in each strip. It
0 T T was assumed that the shape of charge
0 500 1000 1500 o000  distributions were Qaussian. The errors
Q (arbitrary scale) of the charge amplitude measurements

were normalized to the central strip
amplitude Qmax.

Figure 4a shows events which hit the center of the strips. As is seen from the figure,
the best precision can b realized for § approximately equal to 1.5-¢_, and increases with

higher noise levels. Figure 4b shows events which occur in the gaps between the strips. For
the events hitting between the strips the detector precision o approaches some limiting
value, which occurs when the total charge distribution is registered by two strips only and
the ratio on/Qmax is miaimal.

Figures 4a and 4b demonstrated that there is a systematical change of detector
registration precision for any given width of strips S. The precision ¢ is minimal for
between strip events and maximal for central strip events, and the amplitude of the
systematical oscillations increases with the increase of strip width.

The error of the totzl charge measurement can be written by formula:

GQ-‘:aGn .

The coefficient a=1/n, where n is the number of strips used for the calculation of the
event coordinate by the center of gravity method, and o, is the error determined by the

noise of the electronic channels. As the results of the simulation show, the value of
coordinates calculated by fit equals 1.5 approximately.

The results of this si nulation show that the error in the coordinate calculation depends
on the rafio o, / Qmax, so that realization of a low level of electronic channel noise is a very

important requirement for this kind of detector. Even the realization of a noise ratio of order
0.1 would allow a factor of S—10 reduction in the number of electronic channels in the data
acquisition system in coniparison with a usual strip semiconductor detector operating at the
same coordinate resoluticn.



Barabash L. et al. Silicon Two-Coordinate Detector 117

iy o
oloe+ g) Z=_ |olog 1 p) 0.,
~ S s N
4 N———
M:l \ 016 : .
- -
03— \ 014 03 \ —_—/ 010
4 \ a2 . - —
(R \ 010 .
— e 06
. T— T o . e
01 -] 0.06 01 —— e D04
L TTr— 004 i —_— e
7 TTTrYee——— o
10 15 20 . 10 15 20
SlGe : Slq..

Fig.4. Results of simulation of detector precision for different pitch of strips S and for
different level of electronic channel noise, a) for central events, b) fo1 between strip events

4. The Width of the Charge Distributions

The width of the charge distributions, registered by the sensitive electrode system, is
determined by product RC T where R is the surface resistance of thz underleted silicon layer

and C, is the capacitance per unit of detector area [4].

The measured dependence of the charge distribution width ¢ upon the detector base
voltage U, is shown at the top of Fig.5. The bottom curve comes irom previously measure-

med unpublished data for a detector manufactured from siliccn of specific resistivity
13k2 - cm [3]. As is seen from the figure, both curves have a saturation area. It means, that
both the resistance and the thickness of the undepleted silicon laycr become independent of
the base voltage after the saturation point and are constant. This region corresponds to the
deep depleted detector. Calculation of the undepleted silicon thickness for an assumed
Gaussian charge distribution gives a value equal to (6——10) pm ’or both types of silicon.
Naturally, the specific capacitance of the detector does not chang: under this condition.

Thus, both the iower bound on the range of 6_, and the regis ration precision o of this

kind of detector are constrained by the undepleted zone, and further increase of the
precision should be obtained with high ohmic silicon.

As can be seen from Fig.5, the limiting width of the charge distribution for 13 kQ - cm
silicon is 0.3 mm and 0.66 mm for 2.5 kQ - cm silicon.

An additional criterion for rejection of noise pulses is the re juirement that the charge
distribution must be registered in a cluster of adjacent strips. Fur:her analysis of the shape
of the registered charge distributions provided a very strong and effective method for
rejection of noise pulses.
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Fig.5. Dependences of the charge distribution width (r.m.s.)
shaped on the resistive layer from the base voltage of detector
for diffzrent specific resistances of silicon

V. Imaging Ability of Detector

The imaging ability of the detector was checked with phantoms placed on the detector
surface. Two-coordinat:: pad-strip system of sensitive electrodes with 3.6 mm pitch was
used for registration of the images.

Figure 6 shows .the measurement of the position of a straight piece of Cu wire with

diameter of 0.5 mm criented along one coordinate of the detector. The detector was

irradiated by a collimat:d o-particle beam from a 239y radioactive source, with all meas-

urements performed in air to maximize the energy loss. In order to study the dependence
of the imaging quality on the total charge amplitude of the registered distributions, the
energy of o-particles vsas varied by changing the distance from detector to radioactive
source. Figure 6a show:. the spectra of a-particles detected at different distances. The size
of the collimator hole v/as adjusted for different spectra so that the coordinate error from
the ultimate size of the neam would not exceed 30—50 pm.

The cross sections of the phantom images along the coordinate orthogonal to the wire
is shown in Fig.6 (b,c.d,z). Event coordinates were calculated for charge amplitude intervals
corresponding to spectr: 1,2,3 and 4 of Fig.6a, respectively. It is obvious that the phantom
is recognized quite well even for spectrum 1. The precision of detector was better than for
the laser investigation (see Figure 3). It can be explained by the lower level of noise, which
was less by factor 3, as noted above.

Figure 7 shows the results of measurement of position of a phantom obtained in the

beam from 2*'Am gamma source. A piece of solder with diameter of 1 mm oriented along
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20 T — — ; Fig.8. Calibration plot obtained by the use of the
ool collimated UV laser beam for pad-strip readout system
with § = 3.6 mm
50 B * 4
_ P

e ool ;‘Q ]
- ’.ﬁ | one of the coordinates was used as the phantom.
] R 2 The spectrum of registered charge distributions is
o] * | shown in Fig.7a. The tail of the spectrum is
w determined by the alpha particles which passed
M 0 o w e through the shielding film of the source. The
(mm) cross sections of the phantom are shown on Figs.7

(b,c,d,e), which were obtained for different
intervals of amplitude of charge. As is seen from the Figure, the energy resolution is not
sufficient for separation of 59.6 keV line, but it is enough for obtaining coordinate
resolutions of the orde: of (100—150) pm.

The calibration plot obtained in the UV laser beam for the signal amplitudes
corresponding to spectum 3 of Fig.6a is shown in Fig.8. The distance between different
positions of the beam is equal to 1 mm. The value of the systematical error in the calculated
coordinates for the central range of detector was 0.93 along both coordinates and was taken
into account for both projections of the event coordinates. The origin of this systematical
error arises from the lirnitation of having only four electronic channels available for calcu-
lation of each coordinaie.

Figure 9 illustrates the imaging ability of the detector with a complex phantom. The
external phantom was ¢ 2 mm open circle made of 0.32 mm diameter Cu wire. A flat tin
drop with diameter of 0.5 mm was used as the internal phantom. The third phantom placed

3.0 ] ~—r— wire @ 032 mm

l— wire & 0.08 mm

(mm)

2.0 W 40
(mm)
Fig.9. Images of differe 1t phantoms obtained by the use of the a-particle beam and pad-readout
system with § = 3.6 mn
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between the external and internal phantoms was a 1.8 mm op:n circle produced of 80
microm diameter Cu-Be wire.

The phantom images were obtained in a beam of a-particles ‘with energy corresponding
to spectra 4 of Fig.6a. The image was cut off at the bottom by tte condition of the trigger.
Measurements were done for the base voltage of detector U,= 100 V. As can be seen from

the picture, the precision of the detector is less than 50 um in spite of the quite large pitch
between the centers of the sensitive electrodes (3.6 mm). The width of registered charge
distribution () equals 1.3 mm for this base voltage and the rati» S/ch is 2.76. This ratio

and the required number of electronic channels used for r gistration of the charge
distribution information determine the origin of the systematic:l errors of the calculated
coordinates which deform the imaging of phantoms.

Conclusion

In conclusion we would like to mark some advantages of tie semiconductor detector
scheme described here. ‘

It allows the realization of two-coordinate readout from detectors of simpler technology
in manufacture than the usual two-side strip detector technology.

Both the simulation results and the laboratory investigation of this kind of detector
show that it is possible to obtain good coordinate resolution even with quite large distances
between the readout electrodes.

Analysis of the shape of the resitered charge distributions provides highly effective
rejection of the noise pulses.

Suggested pad-strip system allows a significant reduction it the number of electronic
channels in comparison with the usual pad readout systems.

The detector scheme suggested here is applicable to the production of large area
semiconductor detectors. The possible area of the detectors is limited only by the size of
the silicon wafers.
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INVESTIGATION OF THE FUSION-FISSION REACTION
208py, . 160 AT SUBBARRIER ENERGIES

Yu.Ts.Oganessian, M.G.Itkis, E.M.Kozulin, B.I. Pustylnik,
S.P.Tretyakova, L.Calabrettal, T.Guzel*

A fission cross section of a 22*Th compound nucleus has been mi:asured in the reaction

160 + 298pp in four energy points in the interval of 5—15 MeV below tt e fusion barrier, which
made it possible to measure cross sections by 8 orders of rrfagnitude lower than the geometrical
cross section of heavy ion interaction with nuclei. It is evident that for ion energies of
10 <72 MeV the behaviour of the fission cross section deviates fron: the exponential drop,
which testifies to the fact that structural effects have influence on the fusion cross section in
the deep subbarrier case of the interaction of two spherical nuclei. The analysis performed
made it possible to describe the fusion cross sections down to the lowe:t energies and to make
certain statements on the necessity to consider in the calculation of th: fusion cross sections

the lowest vibration states of coupled nuclei. The sensitivity of the me:hod enables one to go

down in the cross section by four orders of magnitude to 107¢ ¢cm? which is by 12 orders of

magnitude less than the geometric cross section of the nuclei interaction. The interest to further
investigations in this energy region is explained by a possibility ¢f obtaining additional
information on the compaund states responsible for the cluster decay cf nuclei.

The investigation has been performed at the Flerov Laboratory of Nuclear Reactions, JINR
in collaboration with the INFN (Catania, Italy) and Istanbul Universit s (Istanbul, Turkey).

HccaenoBaHue peakiHH CIIHAHHA-JeJICHHSA 208py, ;. 160
NpH noadapbepHBIX IHEPTHAX

K0.11.0zanecan u op.

H3mepeno ceyeHue nesileHHS COCTAaBHOMO sffpa 244Th g peakLiHH{ 50 + 20%pp YeThIpex
TOYKax 110 3HEPIUH B HHTepBase OT 5 A0 15 MaB Huxe Gapbepa ClUsHE S 91€p, YTO MO3BOIIWIO
OMYCTHTbCS Ha 8 MOPSAKOB BHH3 OT NEOMETPHYECKOrO CEYCHHS B3al(MOACHCTBHS THXEJBIX
HOHOB C sxpamu. BumHo, yTo 1na aHeprui 160 <72 MsB XON CeYEeHHs IEJIEHHS OTKJIOHSAETCS
OT 3KCNOHEHUHATLHOH 3aBUCUMOCTH, YTO CBHACTEIBLCTBYET O BIIMAHHH CIPYKTYPHBIX 3¢hdekToB
Ha CEYeHHEe CIIMIHMA B MTybokomoabapbepHOM cilyyae B3aHMOIGHCTB4S OBYX CepHYECKHX
anep. [IpoBefeHHBI! aHATM3 MO3BOJMWI OMKCATh CEYEHHUS CINHUSHHUA BIUOTh OO CaMbiX HH3KHX
SHEPTHA H CAEJIaTb ONpENE/ICHHbIE YTBEpXIEHHS 0 HEOOXOMMMOCTH BKJ IOUEHHA B pacyeThl ce-
4eHMH CITMSIHMS HHUXAHIIMX BHOPALIHOHHBIX COCTOSHMIl siep mapTHer oB. UyBCTBHTENLHOCTD

!Laboratorio Nazionale del Sud, Catania, Italy
letanbul University, Istanbul, Turkey
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METORHKH 03BOJIAET OMYCTHTBCA ellle Ha YEeThipe MOPSAKa MO CEYEHHIO BILTOTH A0 1077 cu?,

4TO Ha 12 MOPAOKOE MEHbILE TEOMETPHYECKONO CEYCHHA B3aHMOAeHcTBuA smep. HHrepec k
NANbHEHIUWM HCCeN )BaHHAM B 3TOH 0ONacTH 3Heprvil onmpelensercs BO3MOXHOCTHIO MOMY-
4eHHd 106aBoyHOMH HiOPMALIMH O KOMITayHI-COCTOSHHAX OTBETCTBEHHBIX 3a KJIACTEPHbIH pac-
nag suep.

Pa6ota srinonHena B JlabopatopHH anepHbix peakuwi uM. I.H.®neposa OHUSIH B komnabo-
pauHH ¢ HaunoHanb biM HHCTHTYTOM snepHOi u3nkH (Karanus, Uraing) u CramOynbsckum
ynusepcuteroM (Crarbyn, Typuns).

Introduction

A great number of e<perimental data obtained in recent years on subbarrier fusion cross
sections of heavy ions with nuclei in a wide range of A and Z compound nuclei has
stimulated an extensive liscussion on the mechanism of subbarrier reactions enhancement,
on quantum effects and correlation between the dynamics of the process and nuclear
structure of interacting nuclei. For the explanation of a substantial enhancement of the
subbarrier reaction cross sections different models have been developed and widely used
which take into consider ation not only static deformation of nuclei, but also a possibility of
weak fluctuation of nucl:ar surface in the interaction process, the possibility of vibrational
states excitation and, fin.lly, the influence of nucleon transfer channels on the fusion prob-
ability.

However, in our opinion, in a number of cases the existing experimental material is not
sufficient for a more in-lepth analysis of the possibility of different models’ employment,
especially in the case of spherical nuclei interaction, where the main enhancement effect,
connected with the presence of static nuclei deformation, is absent. For example, there are

many works, devoted to ‘he study of subbarrier fusion in the reaction %0+ 208Pb, however
in all these investigatiors fusion-fission cross sections are obtained within a wide high-
energy range, while 4in the subbarrier region there are only several points obtained at
energies which are belov’ the barrier by 1—8 MeV.

In the present work a fission cross section of a 224 compound nucleus has been

measured in the reaction '°0+ 2%®Pb in four energy points in the interval of 5—15 MeV
below the fusion barrier, which made it possible to measure cross sections by 8 orders of
magnitude lower than the geometrical cross section of heavy ion interaction with nuclei.
Our interest in the study of such deep subbarrier interactions is connected not only with a
possibility of investiga:ing the fusion mechanism, but also with a possibility of
investigating structural e fects in different fission modes of compound nuclei, produced in
reactions with heavy ions, whereas these investigations have been conducted only in
reactions with light charjed particles [1).

And finally, the study of deep subbarrier reactions using the nuclei of Pb and Bi is of
special interest, since they make a basis for the synthesis of superheavy elements in cold
fusion reactions on the o1e hand, and on the other hand, are daughter nuclei in the case of
cluster dc‘cay of nuclei from Ra to U. The employed methods allow one to investigate deep

subbarrier reactions up to the cross section level of 10_36, which opens up new perspectives
for the analysis of the pcssibility of new elements synthesis as well as for the study of the
inverse, with respect to cluster decay, reactions.
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Experimental Procedure

Beams of '°0 obtained from the tandem accelerator (NFIN, Catania, Italy) were
focused onto a 2°%Pb target located in the center of a diam scattering chamber (Fig.1). Beam
intensities were typically of the order of 70 nA. A target of 270 ;.Lg/cm2 of 2%pp (99.1%

enrichment) was evaporated onto ~30 ;.Lg/cm2 carbon backing. The target was oriented with
a carbon side facing the beam.

In this experiment the fusion-fission cross section for 10 +28pp 5 22%Th  was
measured for energies Elab=78, 75, 73 and 68 MeV, which corresponded a range from 5

to 15 MeV below the Coulomb barrier. Single fission fragments were detected in the

backward angular range of 90—164° and 198—270° by using micz dielectric detectors with

an area of 170 cm?.

The mica detectors were located 13 cm away from target onto mnetallic backing covered
with plastic film (Melinex), which detected background fission fragments arising onto mica
after interaction of U-Th mica contamination with neutrons during irradiation. For

determination of the neutron fluence, arising during each 169 irradiation, the calibrated

By (0.5 ug/cmz) and 28U 9.8 ug/cmz) sources in contact with plastic dielectric detecrtors
(Melinex) were used. These «sandwiches» were located in the bacliward angles (90°; 135°;
180°) of the scattering chamber. Fissile element contaminations into target and support were
determined by neutron radiography.

After each irradiation the 2°%pb quantity in the target was controlled by Induced
Roentgen Fluorescence method.
The irradiated mica detectors were annealed during 6 hours at 160°C for decreasing the

background events which arise in mica when the scattering 160 ions interact with mica
atoms and their compound nuclei give registered tracks. For scanning under optical
microscope mica and plastic detectors were etched in 40% HF aid 20% NaOH at 60°C,
respectively.

REACTION

TV CAMERA
CHAMBER c

'
FARADAY CUP

_ DETECTOR

MELINEX HOLDER
Fig.1. Scheme of the reaction chamber used in the fission cross-sec ion measurements of

241y isotope obtained by the 208py, + 160 reaction

DETECTOR
MICA)
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Results

The energies and fluences of accelerated 16O beams, used for this experiment, the loss
energy interval for pasting through the target of 160 beam, the obtained cross sections of
the 22*Th fission are presented in Table 1.

During irradiation with 73 MeV energy, when a 150 nA beam was used, the 208py,
target lost 40% of initial matter.

Background from fissile element contanimation in the target, backing and mica was less
than 107> events for the whole detector area. After annealing the background mica tracks
have not been observed

Table 1
Energy, MeV -oss energy interval of Fluence of 0, Cross-section
180 for target, MeV jons/cm? of 2**Th fission,
mb
78% 77.8—77.0 1.4- 10" 7.8£0.1
75 74.8—74.2 1.35- 10" (3.7+0.1)1072
3 72.8—724 4.1 10" @®5+0.n107
68 67.8—67.2 5.6- 10" 6+3)107°

*Data was obtained using 300 p.g/cm2 208py, evaporated onto a 40 ].lg/cm2 aluminium backing

Analysis

This section we shall tentatively split into two parts. In the first one we shall present
in brief the main ratios used at the description of subbarrier fusion cross sections, having
skipped for the sake of s;implicity the case of static deformation of partner nuclei, and in
the second we shall consider the issues related with the description of the nuclei
deexcitation process and with the cross sections calculation.

The fusion cross .ections and the mean-square angular momentum are equal
respectively to
]

cr

o= 2 o/B),
=0
) DN 20,(E)

(%= .
>, 6(B)
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The partial wave cross section of fusion can be expressed in ‘he following way
o =n-k Q+1)T,.
For the one-dimensional fusion barrier within the parabolic approximation for the total

potential of interaction, taken as a sudden approximation, the transmission coefficient can
be written down as

2n -1
T,= 1+exp[%al(vbl—ﬁ)” ,

where

ﬂz : bl Ve
fio,=|— ——
1 2 2
Ko ar

r=Rb1
At the calculation of the subbarrier fusion cross sections orn can use the Wong [2]

approximation as the simplest one, in which it is assumed that (hO; = hw,, R, =R, )

#0, - R2
0 b0 2n
S, (E)= TR In { 1 +exp ‘h'__u)o E-Vy ]

At the analysis of the subbarrier fusion cross sections, along with these equations some
expressions linked with additional degrees of freedom are also used, in particular: the
inclusion of the adiabatic potential, accounting of the vibrational zero-point motion of the
surface, coupled-channels approach, etc. In the simplest approximation the accounting of
the vibrational zero-point motion of the surface (Z.P.V.) can be described by the following
expression

AE
1
o(B)=nyz | o(E-B +ede,
-AE

where within the Esbensen model [3] the quality AE can be releted with the vibrational
zero-point motion of the spherical surface with a Gaussian distribution of the interaction
radius with a standard deviation

___R _BEM 1/?
%=Z (x+3)[(2“1)35p(m)} ’

where A is the vibration multipolarity or this quantity can be used as a free parameter.
Calculations of the fusion cross sections were tested: (a) within tte Wong approximation;
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Table 2

o fusion (Mb)

ELs (MeV) | experiment ccrus” Wong‘) Z P, v Igo
uncoupled coupled

67.5 610" 1077 1.5-107 6-1078 1.2-107 2.107*
72.5 11-102*0] 12-10% | 16-107 107 2.-1073 4.107
74.5 42-107%*9 | 3.107 4.1072 — — 107!
75.5 30-10" | 25.10% | 23-107 | 11-107 | 25.107" 4.107"
77.5 80" 7.0- 107! 57 1.5-107! 3 36
80 40.0 18 57 58 30 43
82 100.0 88 123 58 84 125

) 208py,. B, =0.06, Ez=4.1; P3=0.1, E3=26; '%0: B,=04, E;=69; B3=05, E3=6.1;
parameter DV =—10

*) The calculations a‘e made by Shilov V.M. Vp =754 MeV, AE=3.6 MeV, hoo=3.95

**) This work points corrected on the evaporation cross section

(b) within the standar] approximation of an inverted parabola with a nuclear potential in
the form of Igo with the following parameters: V, =50 MeV, d=0.7 fm, r, =1.23 fm; (c)
by the introduction” of parameter AE and selection of three parameters conditioned by the
best agreement with the experimental data {4]; (d) by the method of coupled channels using
a standard software package CCFUS [5]. Table 2 presents our experimental data, data from
Ref.[6] and the results of calculating the fusion cross sections under these models.

It is evident that at an ion energy of 160 <75 MeV the subbarrier fusion cross sections
calculated using the Wong approximation or using the CCFUS software package
disregarding the channel coupling are going down much sharper and at an energy of

E*=67.8 MeV are by nearly an order of magnitude lower than the experimental value of
fusion cross section wiereas the accounting of channel coupling or of zero-point vibrations
leads to the increase of the cross section. That is why, from our point of view, further
measurements of the fision-fission cross sections at yet lower energies are of great interest
bearing in mind the fact that the sensitivity limit for the solid state detector method is

<1076 cm?.

For the analysis cf the fission cross sections we have used a statistical model which,
for the sake of universality, uses the minimum number of physical assumptions and
parameters, which, na urally, makes the model somewhat coarser, but enables to make less
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ambiguous conclusions. The most important quantity in the calculations under the statistical
model is the nuclear level density. In our calculations we are using the ratios of the Fermi-
gas model (without taking into account the effect of collectivi: enhancement) with the
phenomenological consideration of shell effects (AW,) in the level density parameter

according to Ignatyuk [7].

a(E")+a, {1+[1—exp(-0.054E AW (4,2)/E"),

where Ev=(0.11A—6.3 107 -A2), E" is the excitation energy of the compound nucleus
and AWV(A,Z) is the nuclear shell mass correction after evaporation of the v-particle

(neutron, proton or o-particles). We consider the parameter of lev:1 density a . in the fission

channel to be constant, independent of the excitation energy and proportional to the
asymptotic value of the level density parameter in the channel of ¢ ,-particle evaporation (an

assumption that the shell correction in the saddle point is negligibly small). The flSSlOﬂ
barriers for nuclei were calculated using the formula

B()=CB LD(l) + AW,

where C is a free parameter; BfLD (D), the fission barrier in the rotating liquid drop model

CPS; AW®*P a correction to the compound nucleus fission barrier equal to the shell
correction of its ground state mass. In the fission barrier we are neglecting the small value
of the shell correction in the saddle point.

The calculations of evaporation widths are based on the Weiskopf-Eving formalism

L @enes,+hm, w0
W= "ZPC(EC) .([ PLE—E () —E, —€)€C (€) de,

where S, E and m_ are the spin, the binding energy and the reduced mass of the v particle;
o, (€) is the cross section of the inverse reaction of capture of th: v particle with energy €

calculated according to the optical model using the parameters :suggested in Ref.[8]. The
fission width is calculated using the classical Bohr and Willer fo-mula

E- E::(l) - B(h
21+ 1 I

I _ s
Ff(E)"2npc(Ec) p{E-E p(l)—-Bf(h-e) de,

rot

where Eriﬂ(l) is the rotation energy at the saddle point.
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Fig.2. Z%Th fussion-fission excitation function: points — ex-

periment: ] data, solid line — results of calculation

Within such an approach the main parameters of the statistical calculations are the ratio
of asymptotic values of the level density in the fission and evaporation channels Ef/liv and

a free parameter in the formula for the fission barrier, i.e., coefficient C.

The problem of choosing the Ef/Ev value was considered in a number of papers at the

analysis of the deexcitation process in preactinide compound nuclei (for example, review
{9]). In different models its value varies from 0.95 to 1.1, and all the papers note a weak
dependence of Ef/ av ¢n the mass number. It should be noted also that within such an

approach* there was obtained earlier a good description of evaporation reaction cross
sections and of fissilitics for a wide range of compound nuclei from Bi to U using a fixed

value of the parameter Ef/liv =1.0. The parameter C for this compound nucleus 2%*Th is
equal to C=0.7 and lel= 0)=5.7 MeV.
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Figure 2 presents experimental fission cross sections and results of calculations in
coupled-channels approach. It is evident, that there is a satisfactory agreement of the cross
sections through the whole of the region, and at energies exceeding 75 MeV the calculated
yield of evaporation residues is in good agreement with those measured in Ref.[6]. In an
interval of deexcitation energies of 20—30 MeV, the contributions from the two fission
chances into the total cross section are approximately equal, which has to be taken into
account at the analysis of different characteristics of the fission pro:ess.

Conclusion

There have been measured fission cross sections of 22*Th compound nuclei in the
reaction 0 + 20%pp deep in the subbarrier energy region. It is evident that for ion energies

of %0 <72 MeV the behaviour of the fission cross section deviates from the exponential
drop, which testifies to the fact that structural effects have influerce on the fusion cross
section in the deep subbarrier case of the interaction of two spherical nuclei. The analysis
performed made it possible to describe the fusion cross sections down to the lowest
energies and to make certain statements on the necessity to considzr in the calculation of
the fusion cross sections the lowest vibration states of coupled nuclei. The sensitivity of the

method enables one to go down in the cross section by two orders of magnitude to 10736

cm? which is by 12 orders of magnitude less than the geometric crcss section of the nuclei
interaction. The interest to further investigations in this energy region is explained by a
possibility of obtaining additional information on the compound-states responsible for the
cluster decay of nuclei.

The authors express their gratitude to N.A.Kondratyev, V.S.Salamatin, and
V.A.Ponomarenko for their assistance in conducting the experiments, to V.M.Shilov for
useful discussion and E.L.Zhuravleva for her help in the measurements of the target matter
quantity.
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