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A 100 TeV SYNCHROTRON/COLLIDER BASED 
ON THE NUCLOTRON-TYPE CRYOMAGNETIC SYSTEM 

A.M.Baldin, A.D.Kovalenko 

The approach to superhigh energy hadron synchrotron/collider of new generation is 
considered. Physics motivations post LHE collider as well as extrapolatiou of the Nuclotron­
type cryomagnetic system parameters for very big accelerator are presenteo I. 

The investigation has been performed at the Laboratory of High Energ1 es, ·JINR. 

CuuxpoTpOH!KoJIJiaii.II;ep ua 3Hepruro 100 T3B, 
OCHOB8HHLIH H8 KpHOMamHTHOH CHCTeMe THD8 HYKJIO'rpou 

A.M.Ea.noun, A.J(.KoBa.nenKo 

PaCCMOT)JeH nO.D.XO.!J. K COl!laHHIO a.D.pOHHOfO CHHXpOYpOHafKOJUJafulo :pa CBepXBLICOKHX 
3Heprnii HOBOfO llOKOJieHHll. npe.acntBJleHLI coo6paJKeHHll no cpH3H'IeCKOH I p06JieMaTHKe KOJI­
Jiaii.!J.epa cymeCTBeHHO BLillle 14 T3B H .!J.aHHble 3KC-rpanoJIJI~HH KpHOMarHH1 HOH CHCTeMLI THna 
nyKJIOTpDH .lJ.JlJI O'leHb 60JiblliOfO yCKOpHTeJIJI. 

Pa6oTa BLinonueua B Jia6opaTOpHH BbiCOKHX 3Heprnii OIUIH. 

Such a title was proposed to us for the talk at the Mini-Symposium organized by Ernest 
Malamud and G.William Foster in the frames of APS/AAPT Annual Meeting to be held in 
May 2-5, 1996. 

The paper is only a brief description of our presentations and does not cover a set of 
very interesting ideas presented by other participants from the leadin1; scientific centres and 
firms of the USA and also from Japan, connected with new superferric magnets and 
prototype work at Fermilab, microtunneling challenges and opportunities for the use of new 
types of superconductors as well as geological tests in the Fermilab n gion. We started from 
the usefulness of our point of view on the construction of superhigh energy accelerators of 
the next generation, taking into account the Dubna experience in the construction and 
operation of the Nuclotron cryomagnetic system [1]. Notice thHt the most sensitive 
economic estimates made by us were very close to the estimates b) American physicists. 
But the main parameters of a new generation of colliders such as maximum energy and 
reasonable luminosity which determine the cost of construction need to be discussed in the 
context of future development of high energy physics. 
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1. Beam Energ~ and Luminosity 

The idea to attain superhigh energies during many years was motivated by the search 
for new elementary puticles with heavier and heavier masses, the existence of which was 
dictated by the princi~ les of in variance and, respectively, by the most fundamental laws of 
nature. This strategy 'Vas justified by the discovery and investigation of J.l., p, K, 1 /'!'. Y, 
t, W, Z and t-particks. But the cross-sections for the heavy particle production in the 

processes of primary point-like particle collisions decrease as cr ex I / m2 (m is the mass of 
the produced partice) md, due to this fact, extremely high luminosities and essentially new 
approaches to the particle registration are needed to observe its production. In this 
connection, without changing the main goal of high energy physics - discovery of basic 
laws of nature, we nc:ed pay more attention to the study of the regularities, dictated by 
infrared asymptotic of gauge fields and, first of all, to the investigation of multiboson 
processes in electro weak interactions. 

The study of suet processes is important due to the following: 
At first, the mul1ibosonic processes are connected with the violation of the sum of 

baryonic (B) and le Jtonic (L) numbers in the Standard Model. Hence, it could be 
responsible for baryo;;ynthesis at high temperatures in the early Universe [2]. Next, the 
solution of the problem of multiparticle processes in the weak interaction theories will make 
it possible to discovet new basic laws dictated by the nonperturbative field dynamics. 

The cross-section> for the processes with (B + L) violation and multiple production of 
electroweak bosons c m substantially be larger than the cross-sections for the new heavy 
particle production. There is a lot of papers (see, for example, [7]) where the large cross­
section of such proce:;ses (up to the unitary limit) was argued. 

The cross-sectior s of multiple Higgs-particle production have also been predicted. 
Special attention i!f dt voted to the instanton mechanism. 

According to quite general scaling arguments [3,4] the total cross-section obtained from 
the collision of instantons is written as: 

tot [ 41t ( E )] mw 
H!l(B+L) ex exp - aw F EO , where E0 = aw 

The function F(f) is called «Holy grail» function. At E = 0, F(O) = 1 and the cross­
section is negligible, but due to multi boson channels F(E) [5,6] 

F(E)=l-9/8£4
/

3 + ... , where E=E/E0 and E
0

=161tmw/aw"'l8TeV. 

Unfortunatly the existing models give no predictions for F(E) at E"' 1. There exists a 
point of view that the multiparticle electroweak processes with many bosons in both the 
initial and final state; with (B + L) violation, are not suppressed at high temperature and 
thus they indeed determine the (B + L) history of the Universe. 

The above-mentioned problems, in particular, those related to cosmology and astro­
physics, were discus:ed in many papers presented at the XXVII International Conference 
on High Energy Phy:.ics in Glasgow [7]. The contribution of the many~ many scattering 
at high temperature is described by expansion around nontrivial classical solutions of the 
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field equations: sphalerons and, more generally, periodic inst.mtons. However there are 
some doubts [7] that few~ many scattering (inverse cumulative process) can fully be 
described by using classical configurations of the field. A manifestation of instantion 
induced weak coupling regime can be observed in hard process,:s in QCD at low energies. 
The same mechanism is reponsible for both the violation of (B -t L) number conservation in 
electroweak interactions and anomalous spin effects in QCD which are being under 
investigation at present, in Dubna [8]. 

Over more than twenty years, in quark-gluon nuclear physics one has studied 
cumulative processes [9] in which the energy of the particle ! roup of the initial state is 
transferred to one particle. 

These results show that the cross sections for many ~ many and few ~many processes 
in gauge theories are not small and the study of them in the ener ~y range 30 Te V will make 
it possible to restrict oneself to lumonisities available from existing colliders. At the same 
time, the potential of discovery of fundamental laws and pher,omena in this energy and 
luminosuty range seems to be very essential. Thus, basing on the prognosis of development 
of high energy physics it is possible to find optimal values for the parameters of the 
colliders of a new generation and to make their construction fe2sible. 

A 100 TeV Nuclotron 

The first estimates of the Nuclotron-type cryomagnetic >ystem for the case of a 
100 Te V range synchrotron/collider were presented at the I 9th Session of the JINR 
Scientific Council, January 18-19, 1996. The data are based on extrapolation of the 
Nuclotron operational parameters, and the results of R&D wo ·ks on the miniature iron­
shaped 2T field SC magnets have been obtained at the Laborato ·y of High Energies (LHE) 
since 1975. 

The LHE JINR was a pioneer in designing and constrIcting the first, low cost 
accelerator named Nuclotron which is based on low-field iron dominated SC-magnets 
(Fig.l). The 6A · GeV Nuclotron was built during five yeas (1987-92), the main 
equipment of magnetic and many other systems of it were fabricated by JINR and LHE 
workshops without recourse to industry. 

The Nuclotron ring of 251 min perimeter is installed in a technological tunnel with a 
cross-section of 2.5x3 m2

. The pilot physics experiments wer! started at the Nuclotron 
internal target in 1993. By the present time nine runs of cooling ;,nd beam acceleration were 
carried out at this new basic facility of JINR. The total running time is 2200 hours. 

The first conceptual proposal of the Nuclotron was formulaced at the beginning of the 
'70s. Pulsed SC dipoles with a peak magnetic field of 6T were s 1ggested to be used for the 
main ring. However, after the first tests of cos 9-type high-field SC-magnets had been 
performed, further R&D works were reoriented at the investigation of a miniature iron­
shaped field SC-magnets. It was the only feasible way of constr 1cting a new accelerator at 
LHE because of very limited funds allocated to the relativistic nuclear physics program. 

Five different modifications of low-field iron dominate,} pulsed superconducting 
dipoles were constructed and tested at LHE up to 1978 [10]. A «window-frame» type 
magnet provides in this case minimization of both the SC-coils cross-section, the iron yoke 
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Fig . I . The Nuclotron in the tunnel 

weight, and stored energy. High homogeneity of the magnetic fie ld across the aperture is 

also achieved. The model superconducting system - 1.5 GeY Synchrotron (SPIN) based 

on such magnets had been fabricated and tested at LHE before the Nuclotron building was 

begun. The proposal of a Supernuclotron complex has also been worked out. A SC 

synchrotron of an energy of 60 A GeY. a stretcher ring and a nuclear collider of an energy 

of 2x60 A GeY were considered as components of the facility. Further progress in mini­

mization of the magnetic system and the cross-section of the tun nel was suggested. Many 

years later, in 1991. the design of miniature SC magnets for accelerators carried out at LHE, 

JINR was awarded the first Russian Federation prize for the best scientific achievement in 

physics. mathematics and mechanics. 
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The SPIN-type magnets named «superferric» in western p blications were also 
investigated at other laboratories [ 11] 

A new version of the miniature iron-shaped field SC-magnet was built at LHE by 1978 
[12]. The SC-winding was made of a specially designed tube-type s perconductor cable to 
be manufactured of a 5 mm in diameter cupro-nickel tube with a wall thickness of 0.5 mm 
and 31 connected in parallel multifilament SC-strand of 0.5 mm in diameter covering the 
outer surface of the tube. Two-phase helium passing through the tube provides circulatory 
cooling of the coil down to 4.5 K while for the SPIN-type magnets immersible cooling was 
used. Due to lower average current density in the winding the SC-co ils cross-section of the 
tube-type magnets is larger and, as a result, their weight and stored energy are higher than 
for the SPIN-type magnets. Nevertheless the tube-type magnets have a crucial advantage­
a very simple and effective cooling system, which makes it possible to achieve a fast 
cycling mode of operation (up to 1 Hz). After successful tests of the «tube-type» magnets 
the final version of the Nuclotron concept was forlmulated [3]. 

The parameters of the Nuclotron SC-magnets and its cryomagnetic system were 
described in more detail in [ 14,15]. 

Even in the case of a rather large aperture, 55x110 mm2
, the weight of the Nuclotron 

magnetic system normalized per unit of length (about 300 kg/m) is the smallest one as 
compared with the circular accelerators. Other advantages, such as a minimal amount of 
helium inside the cryostat, safety, good mechanical stability, mini ization of connections 
are also provided by the Nuclotron-type magnetic system. 

The Nuclotron magnetic system comprises 96 dipole mag ets 1.5 m long, 64 
quadrupole lenses 0.45 m long, 28 multipole correctors 0.31 m long, twelve 6 kA helium­
cooled current leads, 234 leads of 100 A current for correcting coils and 32 special purpose 
equipment (injection, 2 f station, monitoring, beam extraction). A general scheme of the 
Nuclotron cryogenics is shown in Fig .2. The magnetic elements are connected in parallel 
with the input and output helium headers. The ring is devided into two cryostast 125 m long 
supplied by helium refrigerator of a nominal capacity of 1.6 kW at 4.5 K each . A two-phase 
helium flow is used as a coolant. Total «cold mass» of the magnetic system is about 80 
tons. Cooling of the system down to 4.5 K takes about 90 hours. The cooling system was 
designed taking into account the fast cycling mode of the Nuclotron operation (up to 0.5-
-1.0 Hz). In this case dynamic heat load are about 20 W per dipole and 12 W per 
quadrupole. Static heat losses are about 3.5 W/m. A long term experience of the Nuclotron 
operation showed a stable cooling of the magnets if helium pressure difference between 
headers is kept at a definite level. 

To make desired extrapolation of the Nuclotron magnetic system for a 1000 km 
synchrotron/collider we assume for the first «clean» aperture in th dipoles of 27 mm -
(vertical), and 35 mm- (horizontal), the peak field B = 2.5 T and heat load- 0.5 W/m. 
The result of such an extrapolation is presented in the Table. 

It is clear that even in this case the basic parameters of 1000 km cryomagnetic system 
are not so unrealistic. Further progress can be provided by decreasing of the aperture. For 
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Fig.2. General scheme of the Nuclotron cryogenics. I - vacuum shell ; 2 - heat 
shield; 3 - supply header; 4 - return header; 5 - dipole magnet; 6 - quadrupole 
magnet; 7 - main subcooler; 8 - phase separator; 9 - refrigerator; I 0 - gas bag; 
II -storage vessel ; 12,14,15,17- compressors ; 13,16- purifiers; 18- safety 
valve 

the case of the aperture sizes: 15 mm (vertical) and 30 mm (horizontal) specific weight of 
cold iron 2-in-1 window-frame type SC-dipole will be about 60 kg/m. 

It should be noticed that for optimization of the miniature superconducting magnet 
parameters at the field level higher 2T, magnetically oriented dysprosium can be used. The 
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Table. Cryomagnetic Parameter Estimates 

• Weight of cold iron 

• Circumference 

• Heat losses 

• Refrigerator capacity 

• Number of refrigerator units 

• Length of helium headers for the refrigerator unit 

• Magnetic field 

• Length of magnet 

• Number of magnets connected in cryogenic unit 

• Helium headers cross section, input/output 

kton 

km 

W/m 

kW 

km 

T 

m 

170 

1000 

0.5 

500 at 4.5 K 

100 

2x5 

2-2.2 

-50 

100 

55/108 

11 

first measurement and simulations have been performed at LHE. Saturation of the sample 
was occured at B ~ 3.3-3.5 T. Of course, more detailed investigations are needed. 

Conclusion 

We consider low-cost low-field iron dominated superconducting miniature magnets as 
the only feasible concept for a sup.erhigh energy accelerator of the next generation. 
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The quantity .i aL(~p\ the difference of ~,i?total cross sections for antiparallel and 

parallel longitudinal (L) spin states, has been measured for the ftrSt time in an energy region 
of several GeV using a free polarized neutron beam and a polarized proton target. The new 
data are discussed together with existing results and modem theoretical predictions. This is the 
ftrSt of a planned series of measurements of .i a L.T (~,i?) in this new energy region. 

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

H3MepeHU pa3HOCTeii DOJIH•Ix ~~ ce-teaaii a -tacn.Ix COCTOJIHHJIX 
no cOHpu•aOCTH npa 1,20, 2,50 H 3,66 f3B 

B.H.mapoB u dp. 

Benii'IHHa .i otfi? ,i?), pa:JHocn. nooHwx ~,i?CC'IeHHH JIJill a.HTHnapailllenLHWX H napan­

nenLHWX npo.tlOilloHWX (L) CDHHOBWX COCTOJIHHH, BDepBWe HlMepeHa B OOnaCTH 3HeprHH HC­
CJ:OilloJ:O 138 C HCDOillolOBaHHeM DonllpH30BaHHOro ll)"'JCa CJKJ6ollHWX HeiiTpoHOB H npoTOHHOii 
OonllpH30BaHHOH MHWeHH. HOBWe pe3yn1oTllTW o6<:yuaJOTCll COBMCCTHO C HMeBWHMCJI Ha6o­
poM lliHHWX H C COBpCMeHHWMH TCOpCTH'ICCJ:HMH DpellCJ:a:JIHHliMH. :no nepBWC HlMCpeHHll Hl 
MIHHpyCMOH CepHH H3MepeHHii pa3HOCTeii d OL.T(;j+~ C Dpoll011LHWMH H nonepe'IHWMH 

OpHeHTllllHliMH CUHHOB ll)"'J:a H MHWeHH B 3TOH HOBOH o6naCTH 3Heprnii. 
Pa6oTa awnooHeHa B Jla6oparopHH BWCOJ:HX 3Heprnii OIUIH. 

1. The aim of this letter is to present new fl oli?p+) data over an energy range of 

several GeV and to prepare for continued measurements of this polarization observable and 
fl O'T (itp+) (with transverse orientation of particle spins) in this new energy region. The 

results were obtained using the new free neutron polarized beam [1] prepared at the JINR 
LHE accelerator facility [2] that now provides the highest energy polarized neutron beam. 
The large reconstructed polarized proton target (PPT) [3,4] was used in the present 
experiment, and this is the first of a planned series of measurements with this PPT. 

The total nucleon-nucleon cross section can be written as [5]: 

0 toe = 0 otot + 0' I tot(P b • P, ) + 0 2tot(P b • k)(P r • k), (1) 

where P b and P
1 

are the beam and target polarization vectors, k is the unit vector in the 

incident beam direction, 0'0101 is the unpolarized total cross section and the spin-dependent 

contributions O'ltot and 0'2101 are related to the observables fl O'L,T by: 

-a or= 2[o(ii)- o(.J.. i)]/(Pb P
1

) = 2oltot' (2) 

- Ll O'L = 2[0'(~)- O"(f±)]/(Pb P,) = 2C0 1tot + 0 2101) . (3) 

The total cross section differences Ll O'T and Ll 0' L' along with o 0101, are related to the 

three nonvanishing imaginary parts of the nucleon-nucleon (NN) forward scattering 
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amplitudes via optical theorems. A set of existing data on these observables is used for a 
direct reconstruction of the amplitudes and for aNN phase shift analysis (PSA) [e.g., 6,7]. 

The existing data on il crL T (see Ref. [8] and references therein) for pp-scattering cover 

an energy range from 0.2 to 12 GeV. For np-scattering, these observables have been 
measured only to a neutron beam kinetic energy of 1.1 Ge V [8]. The goal of the present 
studies is to obtain detailed i?~data in an energy region of several GeV. 

The .::lcr L Wi?) data were first obtained [9] over an energy range from 0.51 to 5.1 Ge V 

using a bound neutron target, i.e ., from il crLW£) and il crLW~) measurements. The 

values of il cr L Wi?) extracted by the authors [9] and in another way [ 10] disagree with the 

free i?jtdata obtained later in the energy range below 1.1 GeV, becau~there are model­
dependent difficulties for extraction of the jtf?values from the Ll cr L W d ) and Ll cr L Wit) 
data. The energy behaviour of these jt;? data is even different from the free i?~data [8] 
and they arew not included in the PSA [6] . This is also .one of the re.asons for obtaining 
free i?jtdata in an energy region higher than 1.1 Ge V. 

2. The transmission method was used to measure il crL(i?~) The neutron flux M 

before the PPT was determined by a monitor detector (see Fig.1 b), and another neutron 
detector was used to measure the neutron intensity N transmitted through the PPT. For a 
given neutron beam energy, the measured total cross section difference is given by: 

1 [N-M+ l Ll CJL = p p In ----=-+ , 
np b t M N 

(4) 

where n is the density of polarized hydrogen nuclei (jjJ cm2) in the PPT, and N +I M + and 
p 

N- I M- are the normalized rates of the transmission detector for parallel and anti parallel 
spins, respectively. As the measured value of il crL depends only on the ratio of monitor and 

transmission detector rates, the result is independent of the absol te efficiencies of the 
monitor and transmission detectors . It is only important to keep the detector efficiencies 
stable, and to keep the detectors at the same location during data taking runs. The neutron 
beam polarization was reversed every cycle, as requested. This allowed ·us to minimize the 
influence of some possible sources of errors, e.g., a possible temporary shift or drift of 
some neutron beam characteristics. To avoid a systematic uncertainty due to possible 
detector and target misalignments relative to the beam, the measurements were carried out 
for both signs of target polarization, and then a simple average of the results was made. 

3. The experimental set-up (see Fig.1a,b) included both polarized deuteron and 
polarized free neutron beam lines [1,2], two beam line polarimeters (absolute and relative) 
for measuring and monitoring the deuteron polarization, a polarized proton target [3,4], 
neutron transmission detectors, electronics and data acquisition systems . 

The beam of free polarized neutrons with a well-defined value and orientation of the 
polarization (the same as for the deuteron beam) was obtained by the breakup of vector 
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polarized deuterons on the production target BT. The oo angle breakup process has a high 
neutron yield with a maximum for a neutron momentum of pn= pd/2 and FWHM~5% 

[ 11]. The production target consisted of 17 em Be and 6 em C. An intense deuteron beam 
passed through BT. Charged secondaries and noninteracting deuter ns were deflected from 
the neutron beam direction by a dipole magnet CM and went into a shielded beam dump to 
reduce the background level in the neutron detectors. To form the required size (30 mm) of 
the neutron beam spot on the PPT with a suitable angular divergence ( -1.5 mrad) and a 
minimum halo intensity, a set of iron and brass collimators Cl-C4 (the total length is 6 m 
in a path of 7 m) was inserted into the neutron beam line after the CM up to the neutron 
monitor detector. 

The intesity of polarized deuterons was continuously monitored using two calibrated 
ionization chambers placed in the deuteron beam line before the BT. The values of the 

deuteron intensity, averaged over each data taking run, were 5 3 x 108
, 6.1 x 108

, and 

6.4 ~ 108 ;{;cycle at deuteron beam kinetic energies of 2.4, 5.0, and 7J2 GeV, respectively. 
When preparing the neutron beam line, the neutron flux was me sured by an activation 
method. During these test runs, the neutron beam profiles were also measured using a 
nuclear emulsion method. The intensities of polarized neutrons, averaged over a data taking 

run, were 2.7 x 104
, 2.0 x 105

, and 4.7 x 105 nJ cycle at neutron e ergies of 1.2, 2.5, and 
3.66 GeV, respectively. 

The neutron beam had the same vertical orientation of polarization as the accelerated 
and extracted deuteron beam. To precess the neutron spins from the vertical to the 
longitudinal direction, a suitable dipole (spin-rotating magnet S M) with a horizontal 
magnetic field and a maximum field integral of 2. 7 Teslameters, was mounted before the 
PPT. The SRM was used after precise magnetic field mapping [12] . During the data taking 
runs and tuning for each beam momentum, the SRM magnetic field was continuously 
monitored for stability using a Hall probe. 

As follows from [ 13,14], the relation between the polarizati ns of the oo breakup 
proton with momentum pp=pd/2 and the incident deuteron is PP/Pd~ 1. Assuming 

identical breakup conditions (P ~ P ), we have measured the polarization of the deuteron 
n p 

beam in order to know ·the neutron beam polarization. For abs lute measurements of 
deuteron polarization, a fast beam line polarimeter [15] was used. It consisted of a liquid 
hydrogen target, situated at focus F5 of the extracted beam line VPl (Fig.l a), and two pairs 
of detector arms with recoil proton detection and magnetic analysis of scattered deuterons. 
(This polarimeter operated when the deuteron beam was not deflected towards the neutron 
beam line 1 V). The dp-elastic scattering, with precisely known analysing powers [16] at a 
deuteron momentum 3 Ge V /c, was used as a polarization analyser. Each of the two pairs of 
polarimeter arms were positioned at kinematically conjugate angles close to the maximum 
vector analysing power. The positive and negative values of deuteron vector polarization, 
measured before and after the data taking runs, were close to each other 

P;=+0.530±0.013 and Pi=-0.540±0.012 with an average value of 

I P d I = o.535 ± o.oo9. 



18 Sharov V.I. et al. Measurements of the ~j? Total Cross Section 

During data taking, the deuteron beam polarization was continuously monitored by 
another polarimeter [ 17] with a thin tagret 5 mm CH2 placed inside the deuteron beam line 

(Fig.1a). Each of the two pairs of arms of this device were positioned at kinematically 
conjugate angles, close to the maximum analysing power for free pp elastic scattering, to 
measure the left-right asymmetry e(pp) . The average values of e(pp) for all the runs were 
measured to be 0.2193±0.0015, 0 .1410±0.0007, and 0.7514±0.0010, respectively, at 1.2, 
2.5, and 3.66 GeV . 

A target with frozen proton polarization initially developed for a Fermilab experiment 
was used [3,4,18,19] . The target material was 1,2-propanediol (C

3
H

8
0

2
) with a 

paramagnetic Cr(5) impurity having a spin concentration of 1.5 x 1020 em - 3 [20] . A load of 

140 cm3 propanediol beads in a plastic thin wall capsule 200 mm long and 30 mm in 
diameter was placed inside the dilution refrigerator. The determination of the density of 
polarized protons in the PPT was based on the conventional method of measuring volume 
and weight. The dens ity of hydrogen nuclei was estimated as n = (8 .93 ± 0.27) x 

p 

x I 023 Pl' cm2
. The neutron transmission of the PPT measured before data taking was 0.73. 

This value is close to the calculated one. The measured transmission of the «empty» target, 
i.e., a capsule without propanediol beads, was 0.94. 

The target polarization measurements were carried out using a computer-controlled 
NMR system. The typical values of proton polarization were + 0.84 and -0.90 for positive 
and negative polarizations, respectively, with -3% uncertainties. The duration of one 
continuous data taking ru n at a given sign of target polarization was 12 hours. Polarization 
degradation over this period was insignificant, since the nuclear spin relaxation time in the 
frozen mode at a temperature of 50 mK and the magnetic field of 2.5T was above 1000 
hours . 

Our neutron detection equipment (Fig . ! b) for the t:,. CJ/ii"/?) measurements was 

analogous to that used in Refs . [21,22] . Each neutron detection module consisted of a veto 
counter for incoming charged particles followed by a CH

2 
converter and two adjoining 

scintillation counters in coincidence. The converter was placed immediately behind the 
large veto scintillator, and the neutron flux was measured by detecting charged particles 
generated by neutrons in the converter. Such a method of neutron detection has a relatively 
small efficiency ( ...;2% ), but the efficiency is quite stable. Using two similar detector 
modules for monitoring the incident neutron beam let us increase monitor statistics by a 
factor of -2 . The rates of monitor detector modules were simply added. 

To increase the transmission detector statistics, three neutron detection modules were 
used to determine the flux of neutrons that passed through the PPT without interaction. In 
this way, the statistics were enlarged by a factor of -3. The data were analysed separately 
for each module of the transmission detector, and the result for !:,. cr L was obtained as a 

weighted average . The solid angle subtended by the transmission detector from the center 
of the PPT was -0.2 msr (8lab- 0.6°). It was estimated that the difference between the 

measured value oft:,. CJL(e = 0.6°) and the extrapolated t:,. crL(e = 0°) is less than 0 .02 mb, i.e., 

much smaller than the statistical errors. 



Sharov V.I. et al. Measurements of the "i?~ Total Cross Section 19 

Two independent data acquisition systems were used during the data taking runs. The 
following information was read out by the first one for each accelerator burst from the 
CAMAC scalers: rates of two ionization chambers used for monitoring the primary 
deuteron beam intensity; rates of two monitor and three transmission detector modules; 
rates of accidental coincidences for all the neutron detection modules; and rates of the left 
and right arms of the . continuous deuteron beam polarimeter. This information was 
recorded, processed, and displayed for on-line monitoring of the performance of the 
apparatus. 

The other data acquisition system was used for monitoring the efficiency stability of 
each scintillation counter by watching pulse-height distributions. 

4. The results of the A (Jli?J?) measurements are (7.1 ± 3.7), (- 0.85 ± 1.32), and 

(0.30 ± 0.84) mb at neutron beam kinetic energies of 1.2{), 2.50, and 3:66 GeV, respectively. 
The errors are statistical only. The systematic uncertainty, caused by the measurement 
uncertainties of beam and target polarization and target thickness (see above), is estimated 
to be -5%. Our -A (J L (i?j?) values are shown in Fig.2 together with the available ~j?data 

[8]. The solid curve presents the fitted -A (JL(~j?) energy behaviour from the PSA [6] 
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-6CTL(I==0) 
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(this experiment) 
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4 

Tkin GeV 

Fig.3. Energy dependence of a crL(l = 0). The notation is the same 

as in Fig.2 

(FA95 solution). The_ measured - ~ CJL value at 1.20 GeV is close to results at nearby 

energies, and the other two show a fast decrease in contrast to the tendency of the PSA 
solution. 

Using the ~,o+and ,o+,o+data, one can deduce values of d CJL for the isospin state I= 0: 

d CJL(/ = 0) = 2d OL(~,o+)- d oL(p+p+). (5) 

The values of doL (I= 0) obtained from our results and the existing ~,o+and p p )data [8] are 

plotted in Fig.3 together with the PSA [6] prediction. These new data and the results of 
upcoming measurements of d cr L:f..~p+) over the new energy range will be important to 

extend the evaluation of the characteristics of NN-interactions to higher energies. 
The investigated energy region corresponds to the possible generation of heavy 

dibaryons (M > 2.4 Ge V /c2
). Precise and detailed d o L .;..~,o+) data will also be very useful 

to verify the predictions of some modern resonance models. For example, there is a 

prediction [23] of the possible manifestation of an exotic3 S1 dibaryon (M=2.63 GeV/c2
) 

in the energy behaviour of d oL(~j?) near 1.8 GeV. There is also a model [24] for the 

formation of a heavy dibaryon state with a color octet-octet structure in this energy region. 
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Another interesting prediction for the energy behaviour of ~ cr /ii~/?) has also been 

made recently [25] (see also Ref. [26]). The contribution to ~ crL('i?j?) of the 

nonperturbative flavour-dependent interaction between quarks (NPQCD) induced by a 
strong fluctuation of vacuum gluon fields, or instantons [27], was estimated in Ref. [25]. 
This contribution is shown in Fig.2 by a dash-dotted line and agrees well with the data. An 
anomalous energy dependence of the instanton-induced interaction near 27t and 27t + 11 
thresholds leads to large contributions of thi~ mechanism to spin-dependent cross sections. 
Using such a model, one can explain qualitatively the observed dip in the energy depend­
ence of the existing ~ crL('i?j?) data near the 27t production threshold at 0.6 GeV. The 

magnitude of the instanton contribution near the 27t + 11 threshold at -2.0 GeV, is predicted 
to be -3 mb, which is sizeable. Hence, more precise and detailed~ (JL T measurements over 

this energy range are needed to test this model. 
This instanton model [26] was also used for an analysis of the CERN and SLAC data 

on the spin-dependent cross sections of longitudinally polarized leptons (~el on 
longitudinally polarized protons and deuterons. Thull, a continuation of the ~ crL,T 

experiments using the PPT at the polarized nucleon beams of the JINR LHE accelerator will 
give the possibility of obtaining complementary information concerning the problems of the 
spin structure of nuclear matter and the QCD vacuum. Such a model is also related to the 
problem of the anomalous violation of baryon number conservation in weak interactions 
induced by instantons, which can be experimentally tested at the LHC [25,28] . Hence, the 
experimental examination of this instanton model will be very useful at intermediate 
energies,where reasonably large effects for the spin-dependent NN cross sections near 
production thresholds are predicted. 
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POLARIZATION TRANSFER IN THE 12C(;c/?)X REACTION 
FOR DEUTERON MOMENTA BETWEEN 5.8 AND 9.0 GeV/c 

L.S.Azhgirey, A.P.Kobushkin \ B. Kuehn, V.P.Ladygin, P.K.Manyakov, 
S.N.Nedev, LPenchev2

, C.F.Perdrisat3
, N.M.Piskunov, V. Punjabi4, 

I.M.Sitnik, G.D.Stoletov, E.A.Strokovsky, A.I.Syamtomov1 

The polarization transfer coefficient of the 12q;tj?)X reaction has een measured in the 
double scattering experiment using a vector polarized deuteron beam of the JINR 
Synchrophasotron and the spectrometer ALPHA. New data in 0-0.57 GeV/c internal 
momentum range of the deuteron wave function are presented. 

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

fiepeJJ,aqa DOJU1pH33UHH B peaKUHH 
12C("t/?)X 

B o6JiaCTH HMDYJILCOB JJ,eHTpoua MelK,!J;y 5.8 H 9.0 r3B/c 

JI.C.AJKzupeu u op. 

HJMepeH Koo¢¢uuneHT nepe~ta'iu nOJIJipH3auuu B ::~KcnepuMeHTe no ltBOHHOMY paccel!HHIO 
12 ~~ 

B peaKuHH C(d, p )X Ha II)"'Ke OOJillpH30BaHHbiX l{eHTpOHOB CHHXpOtPaJOTPOHa 0115111 C 
OOMOIUbiO cneKTpOMeTPa AJih<I>A. npe~tCTaBJieHbl HOBbie ltaHHbie 8 o6JiaCTH BH~HHHX 
HMOYJibCOB B l{eHTPOHe 0-0.57 r::~B/c . 

Pa6oTa BbiOOJIHeHa B na6opaTopHH BbiCOKHX :meprnii 01151H. 

I. Introduction 

The polarization observables of backward dp elastic scattering and the deuteron 
breakup reaction at the zero degree are quite precise tools for investigation of the deuteron 
structure. The measurements of the tensor analysing power T

20 
in the deuteron breakup 

reaction done at Dubna [I] and Saclay [2] showed large deviations from the theoretical 
values estimated in the framework of the non-relativistic a d relativistic impulse 
approximation (NIA and RIA) with standard deuteron wave functions. The experimental 

1Institute for Theoretical Physics, 252130 Kiev, Ukraine 
2Institute for Nuclear Physics and Nuclear Energy, 1784 Sofia, Bulgaria 
3College of William and Mary, Williamsburg, VA 23185 USA 
4Norfolk State University, Norfolk, V A23504 USA 
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results obtained with the ALPHA set-up [ 1] show that T
20 

is negative up to k $; 0.8 Ge V /c . 

A similar result was obtained later with the ANOMALON set-up in Dubna [3], extending 
the range up to k $;I GeV/c. Combined analysis of polarization transfer data from the 
deuteron to proton, K

0
, and T

20 
data, both obtained at Saclay [4] showed that no deuteron 

wave function (DWF) including S- and D-waves only, is suitable in the framework of the 
lA to describe these data [5]. First measurements of K0 in Dubna were performed with the 

ALPHA set-up [6,7] up to k=0.51 GeV/c and later, with the ANOMALON set-up [8] up 
to k =0.55. 

Here we present results of new measurements of K0 obtained with the ALPHA set-up 

extending the range of k-values to 0,57 GeV/c. 

2. Experiment 

The polarization transfer coefficient K is defined, in general, as 

p~ 
K=-, 

Pz 

where p and p' are the vector polarization of the initial deuteron and secondary proton 
l l 

respectively. When the tensor polarization of the initial deuteron is equal to zero, as in the 
present experiment, K becomes K

0
. 

The spectrometer ALPHA (Fig.1) was adjusted as in our previous experiment [7], but 
a CH2-target for the s~ond scatteri~g was used instead of CH. Previous measurements have 

shown that the analysing power is high enough at small angles to allow decreasing the 
rejection angle of the tngger system to select efficiently events with squared momentum 

transfer down to-t= 0.0 1 GeV2. Also, the time of flight (TOF) system was upgraded from 
its original configuration [9] . 

The beam of vector polarized deuterons was provided by the POLARIS [10] source. 
The direction of polarization changed alternately from up to down burst by burst. The beam 
polarization was measured as described in Ref. [ 11] using data [ 12]; the absolute value of 
the vector polarization in both states was IP I = 0.58 ± 0.02, and the tensor polarization was 

l 

negligible I p I = 0.03 ± 0.03. 
ll 

The deuteron beam mtensity on the primary target, where the breakup reaction 

"t+C-+/?+X 

occurred, was (0.5- 10) x 108 particles per burst. The graphite target thickness was 2 em 
when the deuteron momentum was 9 GeV/c, and 15 em in the other cases. 

The outgoing protons from deuteron breakup at 0° were transported by a magnetic 
channel to the spectrometer ALPHA; it was tuned to transport particles with average 
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Fig. I. The spectrometer ALPHA in configuration for measurement of polarization 
transfer. T20: second target, M; : dipoles, S; : scintillator .counters, S1 : c:ounters of the 

TOF system, PC: proportional chambers. Line a is the unscattered beam direction, the 
region between lines b and c is the region of scattered events 

25 

momentum p = 4.5 GeV/c. The momentum and angular accepta ces were respectively 

Ap / p -::= 3% and A!'l -::= 10-4 sr. 
The polarization of the secondary protons was obtained using t e reaction 

for this purpose. A 30 em long CH
2 

target was installed in the spectrometer area. The 

scintillation counters S
5
-S

8 
were positioned to create a trigger rejecting events with too 

small scattering angles. All dipoles bent particles to the right while left scattered events 
were detected. Such a geometry provides a correlation between momentum and scattering 

angle of events, when the tragger efficiency along - t -::= (p 9)2 has a behaviour close to that 
of 9-function. Accumulations of events only in region of t, far from sharp behaviour of 
trigger efficiency, is an important condition to avoid systematic errors due to fluctuation of 
the initial beam parameters. 

Because the momentum distribution of secondary protons was not narrow, a good 
separation of elastic and inelastic events required measuring the proton momentum both 
upstream and downstream from the CH

2 
target with two dipole and six proportional 

chambers. · The distribution of the proton momentum p
1 

before the second interaction is 

shown in Fig.2, and the difference of the momenta after (p
2
) and before the interaction -

in Fig.3 . 
A TOF system [9] with base length of 20 m, was used to separate the protons from 

deuterons produced in (d, d ') reactions. The resolution of the TOF system was sufficient for 
complete separation of (d, d ') and (d, p) processes. 
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3. Data Analysis 
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The number of protons scattered into direction (9, <p) at the second target is given by : 

N(e. <p. p
1
) = N

0
(1 + A(e. p1) p~ cos <p), (1) 

where A(9, p
1
) is the target analysing power. Changing the sign of the polarization we 

obtain the asymmetry:. 

N -N 
+ - ' X= .. +N =A(9,p1)pz cos<p. 
+ -

(2) 

Integrating over the <p acceptance of the spectrometer we have: 

p; 
X= A(9, p 1) Pz p = KaE(9, p1), 

z 
(3) 

As is seen. if the scattered protons have a constant momentum pl' the function B depends 

on the angle e only, and not on the momentum of the primary deuterons. The different 
Ko; for different initial deuteron momenta can be calculated as a proportionality coefficients 

between the asymmetry X and a single function B. They can be found by minimization of: 

S = ~ (K
0

. B(t . )- X .(t . )] 2, £.... I j I j 
(4) 

i . j 

where i indicates the different initial deuteron momenta and t . 
J 

the different squared 

4-momentum transfers defi ned as I r. I == (p
1 
e. >2

. 
J J 
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All events were divided into elastic (I p2 - p1 I < 0.25) and inelastic (p
2

- p
1 
<- 0.25) 

groups. We used two fifth degree polynomials, with different coefficients - B el(t) for 

elastic and B in(t) for inelastic events. When the primary deuteron momentum is 9 GeV/c, 
the proton produced in the primary dC reaction carries half of deuteron momentum and has 
the same polarization as primary deuteron. The light cone variable k in this case is zero and 
K01 = 1. The coefficients of the polynomials and the parameters KOi were found by 

minimization of the function (4) with fixed K
01 

= 1. The error m K
01 

due to the fit is 

included as a systematic error to the polarization transfer coefficients obtained in this 
experiment. 

According to eq.(3), the analysing power of the CH2 target can be obtained using the 

measured value of the primary beam polarization. The correspondi g results for elastic and 
inelastic events are shown in Fig.4 and Fig.5 (full circles). The solid lines are calculated 
from the corresponding polynomials. In the same figures the analysing power of the CH 
target used in our previous experiment [7] is shown with triangles. It is seen that the 
analysing power for the inelastic scattering is similar for both CH and CH2 targets, but the 

analysing power for the elastic scattering is higher for the CH
2 

target. 

4 . Results 

Results for K0 are given in the Table and are shown as triangles in Fig.6. The momenta 

of deuterons p d and protons p P are corrected for ionization losses in the first carbon target. 

The infinite momentum frame variable is defined [ 13, 14, 15] as: 
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k 

p +E 
<X = :J!.___J!_ 

p +E , 
d d 
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2 2 
2 

m m 
M =_I!_ + __ n_' 

sf (X 1 -<X 

'()..(..Msf' mp , mp) 

2M sf 
A.(a, b, c)= a2 + b2 + c2

- 2ab- 2ac- 2bc, 

where Ed, E are the energies of deuterons and protons, m and m are respectively the 
p p n 

proton and neutron masses. The values of crk in the Table are r.m.s. for k, corresponding to 

the p1-distribution (Fig.2) for each primary beam momenta. 

The first point in Fig.6 is the calibration point with 1C = 1, the second and the third (full 
triangles) are in a well-known region, the fourth point is at the highest value of k reached 
until now. It is seen from the figure that the polarization transfer coefficient is still negative 
at the highest k-value of 0.571 GeV/c. The reanalysed data of Cheung et al. [4,16] for dp 
breakup are plotted with open circles and our previous data [7] are shown as squares. The 
data of A.A.Nomofilov et al. [8] are shown as diamonds. The solid curve is from a 
calculation with Paris potential [ 17] in the frameworks of RIA [ 18]: 

1C = i(k)- w
2(k)- u(k)w(k)/-f2 

0 u2(k) + w2(k) 
(5) 

One can see that both our new and previous data in the region k == 0.55 are in 
disagreement with data [8], performed in experimental conditions, close to our. 

1. 5 .-----.--.-------.----,.--.------,--.----,---r---.., 
Both sets of data, 

obtained with the help of the 
ALPHA spectrometer are in 
good agreement with data 
[4,16] and with extrapolation 
based on parametrization [5] 
of both polarization transfer 
[4,16] and T

20 
[2] (dashed 
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Table 

Pd (GeV/c) Pp (GeV/c) k (GeV/c) Ok (GeV/c) 1C() AK 

8.989 4.503 0.002 0.008 1.00 0.07 

2 7.374 4.470 0.198 O.OI6 0.79 0.14 

3 6.575 4.489 0.354 0.022 -0.10 0.14 

4 5.785 4.462 0.571 0.037 - 0.43 0.23 

from predictions, based on lA calculations with Paris potential (s lid curve) demonstrates 
rather the deuterons structure peculiarity than contribution of additional to lA mechanisms 
of the reactions, such as considered in Ref. [I9]. 

The achieved value of internal momentum of k = 0.571 GeV/c is still not large enough 
to estimate asymptotic behaviour of considered polarization characteristics and to make 
choice between models, predicting asymptotic value of Ka positive [20] or negative [21]. 

So, measurements at higher values of k are extremely important. 

The authors are grateful to the LHE accelerator staff and POLARIS team for providing 
good conditions for the experiment, L.V.Budkin, A.D.Kirillov, .S .Moroz, Z.P.Motina, 
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MocKBa - Cepnyxoo - Cocpu.R - T6HJIHCH 

A.H.Allees, B.ll.Ea.JlaH.OUH., H.H.EscuKos, A.H.3uH.'I.eH.Ko, 3 .M.HsaH.'I.eH.Ko, 
H.M.HsaH.'I.eH.KO, A.lP.Ka.M.6yp.RH., H.H.KapneH.KO, r.A.Ksup uKaUI.6UJlU, 
B.J(.KeKeJlU03e, IO.A.KoJKesH.uKos, 3.H.KoJKeH.KoiJa, H.r.Kocapes, 
IO.A.Kpemos, H.A.Ky3b.M.UH., A.JI.Jbo6uMos, J(.T.MaouzoJKUH., 
A.m.Mecmsupuw.sUJlu, A.H.Mopo3os, ll.B.MouceH.3, A.K.Oouw.suJlu, 
B.B.lla.Jlb'I.UK, IO.K.llompe6eH.uKos, T.E.llpozyllosa, B.A.Caw.uH., 
B.E.CUMOH.06, A.r.CKpunH.U'I.JK, B.H.CnaCK06, r.T.TamUUI.6UJlU, A.Jl.TKa'l.e6, 
A. C. qsblpos, II.3.Xpucmos, H.II.IOouH, O.H.lOJloaw.es, M .E.lOJloaw.esa 
06TJeouH.eH.H.blu uncmumym .ROepH.blX uccJleoosaH.uu, J(y611.a 

A.A.JI oKmuoH.os 
H11.cmumym fjJu3uKu sblcoKux 3H.epzuu HAH PK, AllMa-Ama 

A.EpazaoupeaH.y, JI.rpo3a, M.HJluecKy, T.llo11.ma 
H11.cmumym amoMH.ou f/Ju3uKu, omoeJl fjJu3uKu sblcoKux 3H.epzuu, Eyxapecm 

A. C.KypullUH. 
Hay'I.H.o-uccJleoosameJlbCKuu uH.cmumym .ROepH.blX npo6JleM 
EellopyccKozo zocyoapcmseH.H.ozo yH.usepcumema, MuH.cK 

C.II.EapaH.os, M.B.Eellos, B.A.Ko3Jlos, C.IO.llomaw.os 
lflu3u'l.ecKuu uH.cmumym UM.ll.H.Jle6eoesa PAH, MocKsa 

A.ll.EyzopcKuu 
H11.cmumym fjJu3UKU 6blCOKUX 3H.epzuu, llpomsuH.o 

B.H.3 a.JI'I.KU 
Bbtcw.uu XUMUKo-mexH.oJloZu'l.ecKuu yH.usepcumem, CofjJu.R 

H.M.rew.Kos, C.llunepos 
HH.cmumym .ROepH.blX uccJleoosaH.uu u .ROepH.ou 3H.epzemuKu EAH, CofjJu.11 
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Jl.H.A6ectl.llaUlBUJlU, H.C.AMauw6eJlu, P.A.KBamao3e, M.B.Konao3e, 
H.JIJloMU03e, r.H.HuJCo6ao3e, T.r.lluqxeAaypu, E.r. qUJla03e 
HHcmumym f/1u3uJCu BblcoJCux 3Hepzuu TrY, T6UJlucu 

T.C.rpuzMawBUJlu 
HHcmumym fjJU3UICU AH Pecny6JIUICU rpy3U.Jl, T6UJIUCU 

Ha cepnyxoBCJCOM }CJCOpHTe.Jie B IIY'IJCe ueiiTpouos co cpeJIHHM HMnyJILCOM "' 50 fJB/c c 

noMOlllbiO yCTaHOBJCH 3 KC4APM ocymecrBJieH noucJC o'!aposauuoro 6apuoua I:~. nonyqeu-

Hble JiaHHLie YJCaJLIBaJOT ua ua6JIJOJienue I:~ , pacnaJiaJOmerocll no Kauany A; 1t- c nOCJieJiy­

JOlllHM pacnaJIOM A; ua A 01t+1t+1t- HJIH K0p 1t+1t-. HJMepeua paJHOCTL MelKJiy MaccaMH ~ H 

A;. KOTOJlWI COCTaBIIIIa (1 67,8 ± 0,6(craT. ) ± 0,2(cHCT.)) MJ8/c2
• OnpeJie.Jieuo TaiOKe oTHomeuue 

napUHaJILHbiX mupuu pacnaJIOB A;: f(A; ~ ... ~ K0p 1t+1t- ) / f(A; ~ .. . ~ A 1t+1t+1t-) = 
=2,6± 1,2. 

Pa6oTa BblnOJiueua B Jla6opaTopuu csepxBLICOJCHX Jueprnii OH51H. 

Observation of '£2 Charmed Baryon in the Experiment EXCHARM 

A.N.Aleev et al. 

A search for charmed baryon I:~ has been carried out in a neutron beam with a mean 

momentum of"' 50 GeV/c with the EXCHARM spectrometer at the Serpukhov accelerator. 
I:~ were detected by their decays into A; 1t- with following decays of A; into A07t+1t+1t- or 

K0p 1t+1t-. The mass difference between I:~ and A; was measured. A value of 

(167.8 ± 0.6(stat.) :t0.2(syst.)) MeV/c2 was obtained. The partial width ratio of A;: 

f(A; ~ ... ~ K0p 7t+1t-) / f(A; ~ ... ~A 1t+1t+1tl = 2,6 ± 1,2 was estimated. 

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

I. Boe.n.eHHe 

CymeCTBYIOIUHe 3Kcne pHMeHTaJJbHble .n.aHHble o6 O'lapooaHHbiX 6apHoHax He OTpa:lKaiOT 

nOJJHYIO KapTHHY HX CBO~iCTB H Ja'laCTyiQ ~RIUIIOTC~ npOTHBOpe'IHBbiMH. 003TOMY Ba:lKHOe 

3Ha'leHHe HMeeT nOJJy'leHHe HOBbiX !laHHbiX, TaKHX, KaK YTO'IHeHHbie JHa'!eHH~ HX MaCC, 

OTHOWeiiH~ napUHaJJbHbiX BepO~THOCTeH pa3JIH'IHbiX KaHaJJOB HX pacna.n.a H !lp. 

3a JJef'!aHWHM O'lapo saHHbiM 6apHOHOM A; CJJeJJ.yeT HJOTOnH'IeCKHH TpHnJJeT Lc COCTO­

.. (~o ~+ ~++) 6 + -
~HHH L..c' L..c, L..c , KOTOpble 11a JIIO!laJJHCb B HeCKOJibKHX 3KCnepHMeHTax: 8 e e -

aHHHrHJJ~UHH [ 1,2,3], HeiiTpHHHbiX [ 4] H cpoTOHHbiX [5] ny'IKax. B a.n.poHHbiX B3aHMO­

J.leiicTBH~x O'lapooai!Hble 6apHOHbi I.e JaperHCTpHpooaHbi B 3KcnepHMeHTax E-400 [6] H 

6J.1C-2 [7]. npose).leHHbi X B ueiiTpOHttbiX ny'!Kax, a TaK:lKe B 3KcnepHMeHTe WA-89 [8] c 

HCnOJJbJOBaiiHeM L- rHneOOHHOrO nyqKa. 
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B ~aHHOH pa6oTe coo6w:aeTC.ll o Ha6mo~emm oqaposaHHoro 6apuoHa r.0 
B 3KC­c 

nepHMeHTe 3KCqAPM, npoBe~eHHOM B ll)"!Ke HeHTpOHOB cepnyx.OBCKOfO YCKOpHTen.ll. 

ITyqoK HeiiTpanbHbiX qacTHU (KaHan 5H) o6pa3yeTc.ll npu Hase~eHHH uupKynupyiOw:ux 

B KOnbUe YCKOpHTen.ll npOTOHOB C 3Heprneii 70 f3B Ha BHyTpeHHIOIO 6epunnHeByiO MHWeHb 

H cpopMHpyeTC.ll CHCTeMOH KOnnHMaTOpOB no~ yrnOM 0° K n~aiOW:HM npOTOHaM. fl)"'OK 

COCTOHT B OCHOBHOM H3 HeHTpOHOB. 06pa30BaHHbie npH 3TOM 3ap.li)J{eHHbie 'laCTHUbl pac­

CeHBaiOTC.ll OTKnOH.liiOW:HMH MarHHTaMH ycKopuTen.s~ u MarnHTOM CIT- 129, pacnono)J{eHHbiM 

B ronOBHOH IJaCTH 3KCnepHMeHTanbHOH 30Hbl. ,Un.11 no~aBneHH.ll cpoHa OT y-KBaHTOB HCnOnb­

JyeTC.ll CBHHUOBbiH cpHnbTp nepeMeHHOH TOnW:HHbl (OT 0 ~0 20 CM no nyqKy). MaKCHManb-

Ha.ll HHTeHCHBHOCTb nyqKa COCTaBn.lleT HeCKOnbKO e~HHHU X 10
6 

HeihpOHOs/c6poc, a ~On.ll 
npuMecH B HeM aHTHHeiiTpoHoB, HeiiTpanbHbiX ~onrm!Cusyw:ux Kaoilos u y-KBaHTOB B 

o6naCTH 3HepreTHlJeCKOfO cneKTpa nyqKa HeHTpOHOB He npeBbiWaeT 1%. J13MepeHHbiH 

3HepreTHIJeCKHH cneKTP HeiiTpOHHOro nyqKa [9] npHBe~eH Ha puc. 1. Cpe~Hee 3HaiJeHue 

3HeprnH =50 f3B, a MaKCHMYM pacnonO)J{eH B paiioHe 58 f3B. 

CxeMa cneKTpoMeTpa :!;)KCqAPM ~aHa Ha puc.2. 

fiyqOK HeHTpOHOB (n) n~an Ha yrnepo~HYIO MHWeHb (D C TOnW:HHOH no nyqKy 

1,3 r/cM
2

, pacnono)J{eHHYIO Henocpe~cTBeHHO nepe~ cneKTpoMeTpOM. 

UeHTp cneKTpOMeTpuqecKoro MarnuTa CIT-40A npHHHMaeTc.ll 3a HaiJano «npasoii» 

opTOfOHanbHOH CHCTeMbl KOOp~HHaT (XYZ) cneKTpOMeTpa. M arHHT HMeeT anepTypy 

274 x 49 cM
2 

u MaKCHManbHYIO Hanp.li)J{eHHOCTb MarnHTHoro non.11 = 0,7 Tn. OcHOBHOH KOM­

noHeHT MarHHTHoro non.11 napanneneH ocu OY. CucTeMa nHTaHH.ll MarnuTa o6ecnequsaeT 

B03MO)J{HOCTb onepaTHBHOfO nepeKniOlJeHH.ll ero nOn.llpHOCTH. B COCTaB cneKTpOMeTpa BXO­

~T 11 nponopUHOHanbHbiX KaMep (fiK) (25 nnOCKOCTeH) C waroM HaMOTKH CHrHanbHbiX 

nposonoiJeK 2 MM. MaKCHManhHhie pa3Mepbi KaMep, pacnono)J{eJIHbiX ~o MarHHTa, -

100 X 60 CM2 [10), nocne MarHHTa- 200 X 100 CM2 (11). 

PacciJHTaHHa.ll MeTo~oM MoHTe-Kapno senuiJHHa HMnynhCHOro pa3peweHH.ll cneK­

TpoMeTpa O(P) ~.ll 3ap.li)J{eHHOH IJaCTHUbi, 

o6ycnosneHHa.ll npocTpaHCTBeHHbiM pa3pe­

weHHeM ITK, TOIJHOCTbiO yqeTa HHTerpana 

MarHHTHOfO nOn.ll H MHOfOKpaTHbiM Kyno­

HOBCKHM pacce.liHHeM, COCTaBn.lleT: o(P) I p = 

= 6 · 10-4 · P (f3B/c)-1. 

,Un.11 H~eHTHcpHKaUHH 3ap.li)J{eHHbiX lJaCTHU 

HCllOllb3YIOTC.ll ~Ba MHOfOKaHanbHbiX noporo­

Bb!X ra30Bb!X qepeHKOBCKHX ClJeTlJHKa: 

MnrqC-14 [12] u MflfqC-32 [13]. 14-Ka-

PHc. l . 3HepreTH<ieCKHH cneKTp HeiiTpOHOB nyqKa 
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nK {m ~nK Mnr'lC-14 

/ff~,lflan;:;m I :' llllJ Jni 
AK 7i-I 

I 
r2 MnrYC-32 

Cn40Ay 

-1!.1. II EEE3 ~ 

Z,M 

- 6 -5 -4 -3 -2 - 1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

PHc.2. CxeMa cneKTpoMe-rpa 3KCliAPM 

HaJibHbiH MnrYC-14 Janon HeH ¢peoHoM- 12 npH aTMoc¢epHoM ~aBJJeHHH, a 32-KaHanbHbiH 

Mllfl!C-32 - 803~yxoM TaK:lKe npH aTMoc¢epHoM ~aBJJeHHH. PactJeTHbJe noporo8bJe 

HMnyJJLCbl pa3JJH'IHbiX pem cTpHpyeMbiX tJacTHU 8 MnrYC-14 H MnrYC- 32 npe~cTaBJJeHbl 

8 Ta6JJ . l. 

MOHHTOpOM HeHTpOH0 8 flytJKa (Mn) CJJY:lKHT TeJJeCKOfl H3 Tpex CUHHTHJJJJSIUHOHHbiX 

ClJeT'IHK08 C flOrJJOTHTeJJeM (aJIIOMHHHH) Me~y nep8biM H 8TOpblM C'leT'IHKOM. )lnSI H3Me­

peHHSI cneKTpa 3HeprHH flytJKa HeHTpOH08 HCflOJJbJyeTCSI 9-KaHaJibHbiH ~pOHHbiH Ka­

JJOpHMeTp (AK). 
3anycK ycTaH08KH ·OCy 1UeCTBJJSie1'CSI CHrHaJiaMH, ¢opMHpyJ01UHMHCSI Ma:lKOpHTapHbiMH 

CXeMaMH C08n~eHHH OT Tpex nJJOCKOCTeii nponopUHOHaJibHbiX KaMep H ~8YX ro~OCK0fl08 

CUHHTHJJJJSIUHOHHbiX ClJeT'I HK08 (fl) H (r2) (15 H 60 ClJeT'IHK08 COOT8eTCT8eHHO) . 803-

MO:lKHbiH JanycK cneKTpOMeTpa OT He60JJbWOH npHMeCH 8 flytJKe 3apSI:lKeHHbiX lJaCTHU 

HCKJJJOtJaeTCSI c noM01UbJO c tJeT'IHKa aHTHC08n~eHHii (A). CHcTeMa JanycKa cneKTpoMeTpa 

(TpHrrep) Tpe6o8ana npoxo~eHHSI qepe3 ocH08HbJe 3JJeMeHTbl cneKTpOMeTpa He MeHee 

tJeTblpex 3apSI:lKeHHbiX tJaCTHU. 

3neKTpOHHKa cHcTeM bl c6opa ~aHHbiX cneKTpoMeTpa 8blflOJIHeHa 8 CTaH~apTe KA­
MAK. B cocTa8e cHcTeMbl c6opa JlaHHbiX HMeeTCSI 6biCTpaS1 6y¢epHaSI naMSITb, KOTOpaS! 

Ta6JJHua 1 

0-ICT'IHK raJ Ooporn perncrpaUHH, f 38/c 

ll 7t K p 

MOrliC-14 <jJpeou-1 2 2.3 3,1 10,8 20,5 

MOrliC-32 BOJllYX 4 ,5 6,0 21 ,2 40,3 
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nOJBOJilleT ocymeCTBJiliTb cqHTbiBaHHe HHcpOpMaUHH C ,neTeKTOpOB B npOMeXYTKaX Mex.ny 

c6pOCaMH YCKOpHTeJill H TeM CaMbiM o6ecneqnsaeT Bb!COKYIO CKOpOCTb Ha6opa ::IKCnepHMeH­

TaJlbHOH nucpopMaunn. HaKonneune ,naHHbiX ocymecTBJilleTcll c noM IUbiO 3BM PC AT-386 

" ycTpoiicTsa Exabyte-8500 co cKopocTbiO ,no 2000 co6biTHH Ja c6p oc ycKopHTeJill. 

KoHTpOJib Ja xo,noM aKcnepnMeHTa ocymecTBJilleTcll qeTbipbMll nepcOHaJibHbiMH 3BM, 

nOJBOJili!Oll.{HMH npOBOAHTb onepaTHBHbiH aHaJIHJ HHcpOpMaUHH C OCHOBHbiX ,neTeKTOpOB 

cneKTPOMeTpa. Ha o.nuoii HJ STHX 3BM nposo,nHTCll noJIHall reoMeTPHqecKall peKOHCT­

PYKUHll qacTH JaperncTpnposaHHbiX co6biTHH. 

3. 0T60p H aHaJIHJ C06biTHH 

IlpHBe,neHHbie peJyJibTaTbl OCHOBaHbl Ha aHaJIHJe "" 108 HeHTpOH-yrnepOAHbiX BJaHMO­

,neHCTBHH, JaperncTpHpOBaHHbiX B OAHOM ceauce ::IKCnOJH.UHH cneKTPO~eTpa, npose,neHHOM 

npH 3HaKOnepeMeHHOM MarHHTHOM none. 

IloHCK oqapOBaHHOro 6apnoua r.O ocymecTBJiliJICll no KaHany ero pacna.na Ha A+" 1t-, c c 

c nocne,nyiOIUHM pacna,noM A+ no ABYM paJJIHqHbJM KaHanaM: c 

rP~A+1t-
c c 

~ A07t+7t+7t-

(1) 

" 
r,O ~A+ 1t-

c c 

~ K_Op 7t+7t-

(2) 

CHrHaJlbl OT pacna.nos (1)" (2) HCKaJIH T.H. MeTOAOM paJHOCTH Mace. MeTOA JaKJIJOqa­

eTcll B TOM, qTo CHrHaJI Hll.{eTCll B pacnpe,neneHHH BeJIHqHHbl, npe,ncTaBJiliiOll.{eH C060H pa3-

HOCTb Me)I(Ay acpcpeKTHBHOH MaCCOH paCCMaTpHBaeMOrO KOHequorO COCTOliHHll COOTBeTCTBy-

IOll.{ero pacna_na LO H nO,nCHCTeMbl, COOTBeTCTBYJOIUeH KOHeqHoMy COCTOliHHIO OT pacna_na 
c 

A+. Ilpn noncKe pacna.nos (1) TaKOH sennqnuoii liBJilleTCll 
c 

a npn noncKe pacna,nos (2): 

(3) 

(4) 

IlocKOJibKY cso6o,nHall aueprnll B pacna.ne r.0 ~A+ 1t- Mana, aKcnepnMeHTaJibHoe paJ-
c c 

pemeHHe no BeJIHqHHe pa3HOCTH acpcpeKTHBHbiX MaCC ~(1) HJIH ~(2) JHaqHTeJibHO Jiyqllle 

pa3pemeHHll no acpcpeKTHBHOH Macce KOHeqHbiX COCTOliHHH OT pacna,nOB r_O HJIH A+. 
c c 
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3KcnepHMeHTaJibHOe pa3pellleHHe no BeJIHlJHHe dM( 1) / dM(2), onpe~eJieHHOe MeTo~oM 

MoHTe-Kapno, cocTaBHJJO = 1,6 MsB/c
2

. BaJI<:HOH oco6eHHOCTbiO 3Toro MeTo~a StBmteTCSI 

TaKJKe COKpallleHHe OCH OBHbiX CHCTeMaTHlJeCKHX OlllH60K npH BbllJHCJJeHHH dM(1) HJIH 

dM(2). 

OpH oT6ope co6biTHH - KaH~~aToB B KOHelJHbie cocTOSIHHSI (1) H (2) - A H K 0 
s 

H~eHTHcj}HUHpOBaJIHCb n o HX pacn~aM Hap 1t- H 1t+1t-, KOTOpbiM COOTBeTCTByeT TOnOnOrHSI 

HeHTpaJibHbiX BHJJOK - «V 0». 3a yO npHHHMaJiaCb napa paJHOHMeHHO JapSI:lKeHHbiX 

lJaCTHU, MHHHMaJlbHOe p aCCTOSIHHe Me~y TpaeKTOpHSIMH KOTOpbiX He npeBbllllaJIO 37KpaT­

HOH senH'IHHbi Ov- 3KcnepHMeHTaJibHOro paJpellleHHSI (Ov = 0,1 eM) no 3TOMY napaMeTpy, 

a seplllHHa pacnonaranac b s T.H. pacn~HOM o6'beMe. Pacn~HbiH ofueM s~onb ocH nyqKa 

(OZ) HalJHHaJICSI Ja MHllle HbiO Ha pacCTOSIHHH nStTHKpaTHOH BeJIHlJHHbi o2 - TO'IHOCTH soc-

cTaHOBneHHSI Z-KOOp~HHaTbl BeplllHHbl (0
2 

= 1 CM) - H KOHlJaJICSI nepe~ flK2/flK3 .ll.JISI 

A/ K
5
°, cooTBeTCTBeHHO. 3To o6ecnel!Hno yMeHbllleHHe cpoHa OT HeHTpanbHbiX BHJJOK, o6pa­

JOBaHHbiX BTOpH'IHbiMH BJaHMo~eHCTBHSIMH B MHllleHH H 8eiUeCT8e OK. 

A K o n.n. o - +-
H 8bl~eJISIJlHCb no 3't''t'eKTH8HblM MaCCaM V 8 CHCTeMaX p 1t H 1t 1t COOT8eTCT-

s 

8eHHO. Cpe~Hee paJpellle HHe sKcnepHMeHTa no scpcpeKTH8HbiM MaccaM A H K 0 
cocTaBHno s 

= 1,4 MsB/c
2 

H = 3,5 M s B/c
2
, cooT8eTCT8eHHO . 

DpH nocne~ytOIUeM aHanHJe paccMaTpH8aJIHCb TOJJbKO Te v0
, .ll.JISI KOTOpbiX scp­

cpeKTH8Hrut Macca CHCTeMbl (p 1tJ/(1t+1tJ OTJlHlJaJiaCb OT Ta6JJHlJHOrO JHalJeHHSI MaCChi 

A/ K 0 
He 6onee lJeM Ha 4 ,5110 MsB/c 

2, cooTBeTCT8eHHO. s 

obmo oTo6paHo {5 · 106 
co6biTHH c KaH~H~aTaMH 8 A H 4,3 · 10

6 
co6biTHH c KaH~H~a­

TaMH 8 K 0 
. 

. < 

Qqapo8aHHbiH 6apHOH I:0 
HCKaJICSI cpe~H co6biTHii, co~epJKaiUHX A/ K 0 

H JapSt:lKeHHbie 
c s 

~pOHbl h±, po~eHHbie 8 06IUeH 8eprnHHe 83aHMO~eHCT8HSI. 3a 8eplllHHY 8JaHMO~eHCT8HSI 
npHHHMaJiaCb TOlJKa, COOTBeTCT8YIOIUaSI MHHHMaJibHOMY cpe~HeKB~paTHlJHOMY paCCTOSIHHIO 

oT TpaeKTopHH 3THX lJaCTHU, He npe8birnatOIUeMy 4-KpaTHYIO 8eJIHlJHHY OEV (= 0,12 eM) -

3KCnepHMeHTaJlbHOro pa3p ellleHHSI no 3TOMY napaMeTpy. 

flOCKOJlbKY npH ~aH HbiX 3HeprHSIX cpe~HHH npo6er perHCTpHpyeMbiX Ollapo8aHHbiX 

lJaCTHU ~0 HX pacn~a COCTa8nSieT OKOJJO MHJlJlHMeTpa, TO 8 npe~enax pa3pernatOIUeH cno­

C06HOCTH CfleKTpOMeTpa 8~0Jlb 3TOro Hanpa8JleHHSI (Oz = ) CM) 8eplllHHbl HX pacn~a H 

po~eHHSI He pa31lH'IaJIHCb. Tpe6o8aJIOCb, lJT06bJ 80CCTaHo8JleHHrut 8eplllHHa co6biTHSI He 

8biXO.UHJJa Ja npe.ueJJbi MHrneuH no Z-Koop.uHHaTe 6oJJee lJeM Ha = 2 · o
2

, a X- H Y-npoeKUHH 

uaxo.uHJJHCb 8 ee npe.ueJJa x . 

0pH fiOCTpOeHHH CfleKTpa 3cpcpeKTH8HbiX Mace KOHelJHOrO COCTOSIHHSI (2) , CO.Uep:lKaiUero 

p H 1t+, npe.unoJJaraJIOCb, 'ITO npOTOHy, KaK 6oJJee TSI:lKeJJOH lJaCTHUe, COOT8eTCT8yeT 

60JlblliHH HMfiYJlbC . 3TO fi 0380JlHJIO CyiUeCT8eHHO yMeHblllHTb KOM6HHaTOpHblH cpoH . 
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Ha pHc.3a npe):{CTaBJieH cneKTp pa.3HOCTeH 3<l>¢eKTHBHbiX Mac e KOHe'IHbiX COCTO.IIHHH 

£1M(1), nOCTpOeHHbiH .llJl.ll OT06paHHbiX C06biTHH. ilOJI)"'eHHbiH aHaJIOrH'IHbiM o6pa30M 

cneKTp L\M(2) )laH Ha pHc.4a. 

Ha puc.36 H 46 npe)lcTaBJieHbi cneKTpbi L\M(l) H LlM(2), nonyqeHHbie npH JlO-

noJIHHTeJibHhiX YCJIOBH.IIX OT6opa, COOTBeTCTBYIOI.UHX Bbl)leJieHHIO 06JiaCTH MaCC A+ B KOHe'l­c 
HbiX COCTO.IIHH.IIX, a HMeHHO: 

(5) 

(6) 

B ~6oHx cneKTpax (pHc.36 H 46) B o6naCTH JHa'leHHH, 6JIHJKHX K pa.3HOCTH Mace 

M(J:.0)- M(A], Ha6JIIO)laiOTC.II CHrHaJibi. }lJI.11 oueHKH HX xapruCTepHCTHK cneKTpbi ann-e c 

pOKCHMHpOBaJIHCb rJia):{KOH <f>oHOBOH <f>YHKUHeH 

(A, B H C - KOHCTaiiTbi, a m7t - Macca 

nHOHa), a B o6JiaCTH CHrHaJIOB- <f>yHK­

UHeH faycca. ilOJI)"'eHO, 'ITO CHrHaJibl B 

cneKTpax (pHc.36 H 46) o6ycnoBJieHbi 

"" 50 H "" 45 KOM6HHaUH.IIMH Ha)l <f>OHOM 

""310 H ""270 KOM6HHaUH.IIMH, COOTBeT­

CTBeHHO. 

}lJI.II yMeHbiiieHH.II <f>oHa OT OIIIH60'I­

HO H)leHTH<f>HUHpOBaHHbiX npOTOHOB H 

nHOHOB B HCCJli?JlYeMbiX KOHe'IHbiX CO­

CTO.IIHH.IIX Ha CJie)lyiOI.UeM 3Tane oroopa 

HCnOJibJOBaJiaCb HH<f>opMaUH.II, nony­

'leHHa.ll c MTifliC- 14 H MTifliC-32. 

}lJI.11 KaJI():{OH Jap.ll)l(eHHOH 'laCTHUbl pac­

C'IHTbiBaJIHCb OTHOCHTeJibHbie BepO.IIT­

HOCTH ee H)leHTH<f>HKauHH C onpe)leJieH-

PHc.3 . Pa3HOCTH&Ie cneKTpbi 3cp<j>eKTHBHbiX 

Mace KOHe'IHbiX COCTOJIHHH ~(I) = 

= M(A 01t + 1t + 1t - 1t - ) - M(A 01t + 1t + 1t- ) : a) - Jlllll 

BCeX OT06paHHbiX KOM6HHaUHH, 6) - Jlllll 

KOM6HHaUHH C BbUleJieHHbiMH KaH,IlHJlaTaMH B 

A; 

co -Ill tl) 

~ 
N 
0 
0 
0 ->IS: 

= fl = = 10 
~ 
0 ;.: 

0 
Ill 
E-o 
u 
Cll :r 
IS: 
1:; 
0 
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(7) 

(6) 

0.16 0.18 0.2 0.22 0.24 0.26 

8<J><J>eKTHBH aJI Macca, raBjc2 
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(a) 

tt+tt+ff-t+t*t*i\+Htt+t+ttH+tttlNtt+ +t 
+tt t 

~· +t 

(6} 

r /t,,»n/tt 

PHc.4. PalHOCTHbie cneKTpbi 3cp<f>eKTH8HbiX 

Mace KOHe'IHbiX COCTOliHHH flM(2) = 

= M(K
5
°p 1t+1t-1t-)- M(K

5
°p 1t+1t-): a) - llllll 

8CeX OT06paHHbiX KOM6HHaUHH, 6) - Jlllll 

KOM6HH3UHH C 8bUleJieHHbiMH K3HLIHLI3TaMH B 

A+ 
c 

HbiM THnoM aupoHa - W(i), (me i = THn 

+ ± 
aupoHa = 7t-, K , p / [i) . OpH 3TOM cpa8-

HH8anHcb 3aperHCTpHp08aHHble CHrHanbJ 

OT '!epeHK08CKHX C'leT'IHK08 C pac'!e't­

HbiMH, nOJl}"'eHHbiMH 8 npeLtnOJlO:lKeHHH, 

'ITO 3Ta '!aCTHUa 51RJl.lleTC51 COOT8eTCT8eH-

+ + ; -HO rr-, K-, HnH p p. OnpeLtenlleMbie npH 

3TOM OTHOCHTeJlbHbie 8ep051THOCTH W(i) 

HOpMHp08aHbl TaKHM o6pa30M, 'IT06bi 

LlJlll Ka:lKL{OH Japll:lKeHHOH '!aCTHUbl 

+ + ; - c W(1r) + W(K-) + W(p p) = 3. neLt08a-

TenbHO, 8eJlH'IHHa W(t) = 3 OJHa'laeT 

0.16 0.18 0.2 0.22 0.24 0.26 I 00% 8epo51THOCTh HLteHTH<fJHKaUHH '!ac­

B<fliJ>eKTHBIIaJI Macca, raB/c2 THUbJ THna i, a W(rrt) = W(K±) = 
= W(p //i) = I - pa8HYIO 8epo51THOCTb 

,!leJleHHOCTH MO:lKeT 6bJT 

THna '!aCTHUbJ. OpH'IHHOH 3TOH Heonpe­

ManbiH, HH:lKe nopora c8e'leHHll nHOHa (eM. Ta6n . l ), HMnynbc . . 
'!aCHIUbl, HJlH nOna.LlaHHe '1epeHK08CKOfO H3Jl}"'eHHll OT HeCKOJlbKHX '!aCTHU O,!lH08peMeHHO 

8 O,!lHH KaHan MOfYC. 3<fl<fleKTH8HOCTb CHCTeMbl H,!leHTH<fJHKauHH Ja8HCHT OT HMnyJlbCa 

3apll:ltceHHOH 'laCTHUbl H OT KOJlH'IeCTBa HLteHTHtPHUHpyeMbiX 3apll:lKeHHbiX '!aCTHU 8 HCcne­

LtyeMbiX KoHe'IHbix cocTOliHHllx . B KoHe'IHbiX cocToliHHliX (I )/(2) c noMOlUbiO MnrYC 

+ 
H.UeHTHtPHUHp08anHcb c o OT8eTCT8eHHO TOJlbKO 1r I p. 

KpHTepHii HLteHTH<fJHKauHH p 8bi6Hpancll HJ KOMnpoMHCCHbiX Tpe6o8aHHi1: c OLIHOH 

CTOpOHbl - MaKCHManbHOrO nOLta8JleHHll <floHa OT OWH60'IHO HLteHTHtPHUHp08aHHbiX 

'!aCTHU, H C LlpyroH . - M HHHManbHOH noTepH KOM6HHaUHH, CO,!lep:lKalUHX p . .flnll OUeHKH 

3<fl<fleKTH8HOCTH 8bi,!leJleH Hll p H nOLtaBJleHHll COOT8eTCT8YI01Uero <floHa, aHanH3Hp08anCll 

CHntan OT paCnaLl08 A O -7 p 1t- LlJlll C06biTHH, 83liTbiX H3 He3a8HCHMOH 8bi60pKH, npH 

pa31lH'IHbiX YCJI08HliX HLle iiTH<fJHKaUHII p. 

Ha pHc .5 noKaJaHa 3<fl<fleKTH8UOCTb 8biLteneHHll CHrHana A 0 
8 Ja8HCHMOCTH OT 

orpaUH'IeHHll Ita 3Ua'!eUHll 8eJIH'IHHbl W~11111(p). 3TH 3Ha'leHHll 3<fl<fleKTH8HOCTeH nony'leHbl C 

y'leTOM HMnynbCIIOro cneKTpa KaiiLIHLtaT08 8 p cpeLtH KOHe'!HbiX cocTOliHHH (2). Ha pHc.5 

npeLtCTaBJlelta TaK:lKe 3a8HCHMOCTb OTHOWe!IHll CHrHan/<floH OT orpaHH'IeHHH WMHH(p) npH 

8bi.UeneHHH pacnauo8 A 0 
-7 p 1t-. 
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PHc.5. 3<f>QJeKTHBHOCTL BLuteJieHIDI A0 
(cBeTJILie 

KpYJKKH), 3cpcpeKTHBHOCTb OT6opa KOHelJHbiX CO­

CTOJJHHH (2) npH yCJioBHH H.UeHTHcjJHKaUHH (8) 
(qepHbiH KB3,1lpaT) If OTHOllleHHe CllllfaJI/cpOH npH 

BLuteJieHHH A 0 
(qepHLie KpYJKKH) 

4.0 

3.5 

3.0 

2.5 

2.0 

1.5 

1.0 

0.5 

W._(p) 

39 

= 0 
o& 
....... 
:a = .. 
= u ., 
= ij 
3 
g 
f:; 
0 

B KalJeCTBe KpHTepHH H)leHTHcpHKaUHH p B KOHelJHbiX COCTOHHHHX (2) 6LJJIO Bbi6paHO 

yCJIOBHe 

W(p) ~ 0,8. (8) 

flpH 3TOM noTepH p cpe)lH KOHelJHbiX COCTOHHHH (2) He npeBLIIIIaJI = 5%, a 'IHCJIO cpOHO­

BhiX KOM6HHaUHH YMeHhlliHJIOCh no'ITH Ha 40%. 

):(JIH He3aBHCHMOH OUeHKH 3cpcpeKTHBHOCTH OT6opa KOM6HHaUHH - KaHJlH)laTOB B KO­

He'IHhle COCTOHHHH (2) MO)leJIHpOBaJIHCb o6pa30BaHHe 3THX COCTOHHHH B YCJIOBHHX 3KC­

nepHMeHTa H npoueJlypa H)leHTHcpHKaUHH 3apHxeHHLIX qacTHU [ 14]. Ehma onpe)leJieHa 

3aBHCHMOCTb 'IHCJia Bhl)leJilleMbiX COCTOliHHH (2) npH H)leHTHcpHK aUHH p OT 3ll)laHHhiX 

orpaHH'IeHHH Ha WMHH(p) . flonyqeHHOe 3Ha'leHHe 3cpcpeKTHBHOCT (qepHLIH KBllJlpaT Ha 

pHC .5) COmacyeTCll B npe)leJiaX OIIIH60K C 3cpcpeKTHBHOCTbiO, onp e)leJieHHOH Ha OCHOBe 

aHanH3a cHrHanoa A 0. 

flpH H)leHTHcpHKaUHH 1t± B KOHelJHbiX COCTOliHHliX TaK:lKe Tpe6o aJIOCh, 'IT06LI KaH)lH)la­

Thl B n=t He 6LJJIH O)lH03HalJHO H)leHTHcpHUHpOBaHLI KaK p(jj) HJIH K ±, HO OCTaBaJIHCb 

KaH)lH)laTbl, )lJill KOTOpbiX He HCKJIIO'IaJiaC~ TaKall H)leHTHcpHKaUHH. 3TOMy Tpe6oBaHHIO CO­

OTBeTCTBOBaJIO YCJIOBJ.Ie 

W(n=t) ~ 0,8. (9) 

flpH 3TOM nOTepH llHOHOB cpe)lH KOHelJHbiX COCTOliHHH (1) He npe bllliaJIH = 15%, a 'IHCJIO 

cpoHOBhiX KOM6HHaUHH yMeHblliHJIOCb Ha 55%. 
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Ta6nuua 2 

KoHe'!Hoe 

COCTOliHHC 

KOJIH'ICCTBO OTo6paHHhiX KOM6HHaUHH 

cu -o:l 
t') 
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0 -·= = ~ 
tz: 
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OCHOBHbiC yCJI. 
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·~\V~~~~~'~~' 
0.16 0.18 0.2 0.22 0.24 0.26 

3cf>cf>eKTHBHruJ Macca, f38/c
2 

(6) 

t''~,~~'''~/ftftftft'' 
0.16 0.18 0.2 0.22 0.24 0.26 

8<fl<J>eKTnouan Macca, t38 / c2 

P11c.6. CneKTpbi paJHocrcii 3cp<jJcKTHBIIbiX Mace KO­

IIC'!HbiX COCTOllllllii !:J.M( I)= M(i\01t+1t+1t-1t-)-

- M(i\ 07t+7t+1t-) (a) 11 t:J.M(2) = M(K,0p n+n-n-)-

- M(K 0p n+n-) (6) llilll KaHJlHJlaros A+, Bbl!leJJeHHbiX ·' ( 

npH ycJJOBUliX ltllCIITHcpHKaUHH JaplllKCHHbiX anpOHOB 

(9) II (8) 

c Y'!eTOM )]On. YCJI . 

I 
C Y'!CTOM )]On . ycJJ . 

or6opa no Macce or6opa no W(i) 

KaHJ]HJ]aTOB B f\% 

15389 I 6572 

13312 I 7695 

Op11 Bhi.UeJJeHHH Au K 0 
s KoHe'IHhix 

s 

COCTOliHHliX (I) H (2) OHH H.UeHTHcf>HUH­

pOBaJlHCb TOflbKO no HX reoMeTpH'IeCKHM 

11 KHHeMaTH'IeCKHM npHJHaKaM. B ra6n.2 

npHse.ueHbi HTOfOBbie peJynhTaTbi or6opa 

KOHe'!HbiX COCTOliHHH - KaH.UH.llaTOB B 

pacna.uhi (I) " (2). 

Ha puc .6a H 6 npuse.neHbi cneKTpbi 

paJuocreif 3cf>cf>eKTHBHbiX Mace L\M( I) " 
L\M(2), nonyqeHHbJe .llflll KOM6HHaUHH, 

oro6paHHbiX npu .nononHHTenhHbiX ycno­

BHliX H.UeHTHcf>HKauHH (9) H (8), COOTBeT­

CTBeHHO . B 3THX cneKrpax, no cpas­

HeHHIO C npHBe)J.eHHbJMH Ha puc.36 H 

pHc.46, cf>oH nO.ll CHfHaJlaMH B o6naCTH 

paJHOCTH Mace r.0 
" A+ noHHJHncll ua 

c c 

6Qo/o H 45%, COOTBeTCTBeHHO. 

Jlnll OUeHKH BeJIH'IHHbl CHfHaJlOB 3TH 

cneKTpbl annpOKCHMHpOBaJlHCb OnHCaH­

HOH BbiWe cf>OHOBOH cf>yHKUHeH (7), a B 

06JJaCTH CHrHaJlOB - cf>yHKUHeH faycca. 

Oony'leHHbie xapaKrepHCTHKH CHrHaJlOB 

npHse.ueubi B ra6nHue 3 . 

Ha OCHOBe aHaJlH3a MO.UenHpOBaH­

IIbiX C06biTHH 6binl! OUeHeHbl CHCTe­

MaTH'!eCKHe OWH6KH npH Bbi'IHCneHHH 

pa3HOCTH 3cf>cf>eKTHBHbiX MaCe (3) H (4). 
AHaJJH3Hp0BaJlaCb ycTOH'IHBOCTb BOCCTa­

HOBneHHbiX UeHTpaJlbHbiX JHa'!eHHH Mace 

CHfHaJlOB 'I.~ npH HJMeHeHHH Cne.llyiOil.lHX 

cf>aKTopos: 
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Ta6.1Iuua 3 

KaHan pacna.ua XapaKTepHCTHKH CHrHaJIOB Lc 

Pa3HOCTb Mace l:~ H A~. M3B/c
2 

l:~ -t A~ 1t­

~ -t A 1t+1t+1t-

168,5 ± 0,6(CTaT.) ± 0,2(CHCT.) 

l:~ -t A~ 1t­

A~ -t K0p 1t+1t-

167,9 ± 0,6(cTaT.) ± 0,2(CHCT.) 

-- TO"'HOCTH onpeAeneHH~ pacnono-

:lKeH~ IlK; 1 60 
-- TO"'HOCTH onpeAeneHH~ HHTerpa­

na MarHHTHoro non~. 

OueHeHHhie cucTeMaTwieCKHe 

oum6KH npu Bbi"'HCneHHH pa:mocTeii 3cp- ~ 
cpeKTHBHbiX Mace (3) H ( 4) npHBeAeHhl B ~ 

Ta6nuue 3. 3TH OlliH6KH, TaK :lKe, KaK H ~ 
CHCTeMaTH'ieCKHe OUJH6KH B OnpeAe- § 
neHHH IllHpHH CHrHanOB, cyrueCTBeHHO o 
MeHbllle CTaTHCTH'ieCKHX. -

140 

120 
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80 

60 

40 

20 

KoJJH'ieCTso 

KOM6HHaUidi 

39 ± 13 

56± 15 

41 

1,3 ±0,6 

1,7 ± 0,7 

(a) 

KoM6nHaTopHbiH cpoH B npuseAeH- ·= 
HbiX cneKTpax He3Ha"'HTeneH. B HHTepsa- ~ 

0 ~r+~~r++1~r++1~r++1~r+~ 
160 

nax Mace, COOTBeTCTBYIOIUHX CHrHanaM, 

cpeAHee "'HCRO KOM6HHaUHH B C06b1THH 

COCTaBn~eT 1,12 H 1,07 M~ KaHanOB pac­

TiaAa (1) H (2) COOTBeTCTBeHHO. 

l1HTepnpeTaUH~ CHrHanOB B cneKT­

pax pa3HOCTH 3cpcpeKTHBHbiX MaCC !lM( 1) 
H !lM(2) KaK KHHeMaTH'ieCKHX OTpa-

:lKeHHH ApyrHX pe30HaHCOB HCKniO'iaeTC~ 

H3-3a HX y30CTH H npHCYTCTBH~ B AByx 

He3aBHCHMbiX KOHe"'HbiX COCTO~HH~X. 

TeM He MeHee rnnoTe3a KHHeMaTH'ieCKO­

ro oTpa:lKeHH~ nposep~nacb HenocpeACT­

seHHO llYTeM llOCTpOeHH~ cneKTpOB pa3-

HOCTH 3cpcpeKTHBHbiX MaCC npH pa3nH'i­

HbiX npeAnono:lKeHn~x o Maccax 

BTOpH"'HbiX qacTHU. CTaTHCTH"'eCKH 3Ha­

"'HMbiX llHKOB B TaKHX cneKTpax He o6Ha­

PY:lKeHO. 3To no3sonuno CAenaTb BbiBOA 

06 OTCYTCTBHH KHHeMaTH'ieCKHX OTpa­

:lKeHHH. 
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0 ww~~~~~~~~~~~~ 
0.1 6 0.1 8 0.2 0.22 0.24 0.26 

Puc.7. C}'MMa cneKTpOB pa3HOCTeii 3<jJ<jJeKTHBHbiX 

Mace KOHe'IHbiX COCTOJIHHH .Mf(1) = M(A 01t+1t+7t-7C)­

- M(A 07t+1t+1tl H .Mf(2) = M(K.?p 1t+1t-1tl-M(K,,Op 1t+1t-) 

(a); C}'MMa CTieKTpOB pa3HOCTeH 3<jJ<jJeKTHBHblX MaCC KO­

He'!HblX COCTOJIHHH M(A01t+1t+1t-1t-) -M(A01t+1t-1t-) H 

M(Ks0p 1t+1t-1t-)- M(Ks0p 7t-7t-) (6) 
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Ha pHc.7a noKaJaHa C)'MMa cneKTpos, npe.ucTaBJieHHbiX Ha pHc.6a H 6. nonyqeHHbiH 

C)'MMapHbiH cneKTp annpOKCHMHpOBaJlCll cp)'HKUHeH (7), a CHrHan - pacnpe.ueneHHeM fa­

ycca. B peJynbTaTe 6bmo nonyqeHo ueHTpanbHOe JHaLJeHHe MaCChi cHrnana 

(1 67,8 ± 0,6(cTaT.) ± 0,2(cHcT.)) MsB/c2. 

CHrHan o6ycnoBJieH I 02 KoM6HHaUHliMH Ha.u cpoHoM 361, LJTO cocTaBJil!eT "'5,4 CTaH­

.uapTHbiX OTKnOHeHHSI OT cpoHa. lliHpHHa CHrHana COCTaBJilleT (1 ,9 ± 0,9 (CTaT.)) Ms8/c2, 
LJTO B npe.uenax ouiH6oK xoporno cornacyeTCll c peJynhTaTOM, nonyqeHHbiM nYTeM MO-

.uenHposaHHll MeTO.UOM MouTe-Kapno ( cr MC"' I ,6 MsB/c
2
). 

Jlnll OT06paHHbiX KaH.!lH.UaTOB B KOHel.JHOe COCTOSIHHe (I) 6bin nocTpOeH TaK)Ke cneKTp 
pa3HOCTeH Me)K.!ly 3cpcpeKTHBHbiMH MaCCaMH KOHel.JHOro COCTOSIHHSI H riO.UCHCTeMbl, HMeiO-

IUeH OTPHUaTenbHbiH Japll.ll: M(A 0n + 1t + 1t -1t -) - M(A 0n + 1t -1t l. llpH 3TOM oT6HpanHCb TaKHe 

KOM6HHaUHH, y KOTOpbiX 3Hal.JeHHll M(A 01t+1t-1tl HaXO.Ul!TCll B npe.uenax, COOTBeTCTBYIOlUHX 
ycnOBHIO (5). AHanornLJHbiM o6pa3oM 6bm nocTpoeH cneKTp pa3HOCTeif scpcpeKTHBHbiX Mace: 

M(K 0p 1t+1t-1tl- M(K 0p 1t- 1t-) .!lnll OT06paHHbiX KaH.!lH.UaTOB B KOHel.JHOe COCTOliHHe (2). 
s s 

TaK)Ke Tpe6osanocb, LJT06bi JHaLJeHHe M(K 0p 1t -1t l cooTBeTCTBosano ycnoBHIO (6). fHcTo-
s 

rpaMMa, npe.UCTaBJiliiOlUal! C)'MMY 3THX .UBYX cneKTpOB, npe.UCTaBJieHa Ha pHc.76. 0TCYTCTBHe 
CTaTHCTHl.JecKH 3Hal.JHMbiX nHKOB B 3TOM pacnpe.ueneHHH yKaJbiBaeT Ha TO, l.JTO Ha6niO­
.uaBrnHeCSI CHrHaJlbi B pacnpe.ueneHHliX AM(I) H AM(2) He o6ycnoBJieHbi HaJlHLJHeM rHnepo­
HOB B KOHel.JHbiX COCTOSIHHSI X (I) H (2) HnH OC06eHHOCTSIMH aKCenTaHCa ycTaHOBKH, o6yc­
nOBJieHHOro npHMeHlleMbiMH ycnoBHl!MH oT6opa. Cne.uosaTenbHO, cpe.uH oTo6paHHbiX 
KaH.!lH.UaTOB B KOHel.JHbie COCTOSIHHSI (I) H (2) CHrHaJlbl Ha6niO.UaiOTCll TOnbKO npH HaJlHl.JHH 

cpe.uH HHX A+. 
c 

TaKHM o6pa30M, Ha6niOLtaeMbiH CHrHan (pHc.7a) MO)KeT 6biTb H.UeHTHcpHUHposaH KaK 

pacna.u oqaposaHHOro 6apHoHa r.0 
no·KaHanaM (I) H (2). 

c 
C uenbiO He3aBHCHMOH nposepKH COOTBeTCTBHll Ha6niO.UeHHbiX CHrHaJlOB KaHanaM (1) H 

(2) 6hina nocTpoeHa cyMMa cneKTpos scpcpeKTHBHbiX Mace M(A01t+1t+1tl" M(K 0p n+nl.unll 
s 

6 .. 0++ - l 0 +--KOM HHaUHH M(A 1t 1t 1t 1t H M(K p 1t 1t 1t ), oTo6paHHbiX npH ycnoBHliX H.UeHTHcf>HKa-
s 

UHH (9) H (8) . .Ilnll 3TOH Bbi6opKH co6biTHH orpaHH'IeHHll (5) H (6) He npHMeHllnHcb. EMno 
nocTpoeHo .usa cneKTpa: 

- O.!lHH (cnnOillllal! rHCTOrpaMMa Ha pHc.8a) - .!lnll KOM6HHaUHH H3 HHTepBanOB pa3-

HOCTH MaCC 

165 M 38 / c
2

<AM(I) / AM(2)< 171 M38 j c2
, 

B KOTOpbiX Ha6JIIO,llaKJTCSI CHrHaJlbl (pHc.6a H 66) : 

- LlpyroH (TO'IKH C Olll H6KaMH 11a puc .8a) - ycpe.UHeHHbiH .!lnll KOM6HHaUHH H3 CO­

Ce,llHHX HHTepBaJIOB, CJieBa H cnpaBa OT 3THX CHrHaJlOB: 

159 MsB / c
2 ~AM(I) / AM(2) ~ 165 Ms8 j c2 

H 

171 M38 / c 2 ~ AM(I) /AM(2)~ 177Ms8 j c2. 
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PHc.8. CyMMapHbie cneKTpbi 3cpcpeKTHBHbiX Mace 

M(A07t+7t+1t- ) H M(K.0p 1t+1t-) HJ KoM6HHaUHH 

M(A01t+1t+1t-1t- ) u M(K.0p1t+1t-1t-), norryqeHHbie 

)lJlll C06biTHH: a) - H3 o6rraCTH CHlliaJIOB B pacn­

pe)lerreHHliX ~(1) H ~(2) (CnJIOIIIHall rHCTO­

rpaMMa), H COCe)lHHX OT CHlliaJIOB HHTepBaJIOB 

(TO'IKH C OIIIH6KaMH). 6)- pe3yJibTaT Bbi'IHTaHHll 

cneKTpos Ha pHc.8a 

Ha p11c.86 npe.ucTaBJieH peJyJihTaT no­

KaHaJihHOro Bhi'IHTaHHji 3THX .UByx fHCTO­

rpaMM, T.e . HCKOMhiH CYMMapHhiH cneKTp 

M(A01t+1t+10 " M(K 0p 7t+7tl. B o6nacTH 

MaCChi A+ Ha6mo.uaeTCji CHfHaJI, KOTOphiH 
c 

annpOKCHMHpOBaJICjj cf>YHKUHeH faycca. 

l.J,eHTpaJihHOe JHatJeHHe MaCChi 3TOfO CHf-

HaJia pasHo (2282 ± 8 (cTaT.)) M3B/c
2

. OH 

o6ycnoBJieH (96 ± 26) KOM6HHaUHH. TaKHM 

o6pa30M, COBrra,ueHHe MaCChi Ha6mo.ua­

eMOfO CHfHaJia C HJBeCTHhiM 3HatJeHHeM 

Macchi A+ [ 15], a TaK)J(e com acHe KOJIH'Ie-
c 

CTBa KOM6HHaUHH, o6ycJiaBJIHBaiOIUHX CHf­

HaJI, C KOJIH'IeCTBOM Ha6JIIO)laeMhiX pacna-
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0 
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-.30 2.1 2.2 2 . .3 2.4 2.5 2.6 

8<l><l>eKTHBIIaJI Macca, roBjc2 

0 . 
)lOB L llO)lTBep)J()laeT C)leJiaHHhiH BhiBO.U 0 Ha6JIIO)leHHH pacna,ua L no KaHaJiaM (1) H (2). 

c c 

6 6 0 + -
Ha JIIO.UeHHe oqaposaHHoro apHOHa I: , pacna.uaiOmerocji Ha A 1t c nocne.uyiOIUHM c c 

pacna,uoM A+ no KaHanaM 
c 

(10) 

(11) 

nOJBOJIHJIO OUeHHTh OTHOUieHHe napUHaJihHhiX UIHpHH 3TH X pacna,uOB A+. 3TO OTHOUieHHe 
c 

6biJIO Onpe.ueJieHO B COOTBeTCTBHH C Bhipa)J(eHHeM 

(12) 

~o + -
r.ue NA H N 0 - KOJIH'IeCTBO JapemcTpHposaHHhiX pacna.uos .:.. Ha A 1t c nocne.uyiOIUHM 

K c c 

pacna,uoM A+ no KaHarraM (10) H (11 ), cOOTBeTCTBeHHO; B(A) = 0 ,639 H B(K 0) = 0,343 -
c 
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napUHaJibHbie seposrTHOCTH perncrpHpyeMbiX pacna,no8 A ~ p 1t- H K 0 ~ 1t + 1t-; r A, K 

8eJIH'lHHa oTuoweuHsr aqxpeKTH8HOCTeH perncTpauHH r..0 
c A+ pacna,naiOmerocSI no Kauany c c 

(10) K coOT8eTCT8YIOillHM pacna,naM qepe3 A; no Kauany (11). BeJIH'IHHa r A, K 6blna 

pacctJHTana MeTOJlOM Mot!Te-Kapno c yqeTOM reoMerpHtJeCKHX 3qxpeKTH8HOCTeH H a¢­

¢eKTH8HOCTeH oroopa COObiTHH H COCTa8HJia r A. K = 0,96 ± 0,03. 

B pe3ynbTaTe 6biJIO nonyqeuo: 

r(A; ~ ... ~ K_Op 1t+1t-) 
R = = 2,6 ± 1 ,2. 

r(A + ~ ... ~A 1t+1t+1t-) 
c 

(13) 

4. Bbi80Jlbl 

Ha6JIIOJlaeTCSI oqapo8aHHbiH 6apHou r..0, po)I(JleHHbiH 8 ueHTpou-yrnepOJlHbiX 83aHMO­
c 

JleHCT8HSIX npH cpeJlHeH 3HeprnH HeHTpOH08 ""50 faB. 3aperHCTpHp08aHO OKOJIO 100 pac-
~0 + - + na,no8 ,L, no Kauany A 1t . OpH 3TOM A H.UeHTH¢HuHpyeTcsr no .U8YM KauanaM pacna.na: 

c c c 

A+~A01t+1t+1t- H A+~K. 0p1t+1t-. 
c c 

0 + 
I13Mepeua pa3HOCTb Me)I(Jly MaccaMH O'lap08aHHblX 6apHOH08 L H A , KOTOpaS! CO-c c 

CTa8HJia 

M(J:..0)..: M(A+) = (167,8 ± 0,6(cTaT.) ± 0,2(cHcT.)) MaB/c
2

. 
c c 

Ha pHc.9 npH80.USITCSI ony6nHK08aHHble 3KcnepHMeHTaJibHbie .uaHHbie no HJMepeHHSIM 

pa3HOCTH Mace Me)I(Jly M('L0) H M(A +) H peJynbTaT, nonyqeHHbiH 8 .uauuoM 3KcnepHMeHTe. 
c c 

nonyqeHHbiH peJynbTaT xopowo cornacyeTcSI c .uauubiMH .upyrHx uaH6onee .uocTo8epHbiX 

3KCnepHMeHT08 [1-3,5), a TaK)((e C pS!.UOM TeOpeTH'JeCKHX npe.UCKaJaHHH (16-19]. 

Onpe.ueneuo TaK)((e oniOweuHe napuHanbHbiX wHpHH pacna.nos A+: 
c 

r( + -Ko + -) Ac ~ ... ~ P 1t 1t 
R = = 2,6 ± I ,2. 

r(A + ~ ... ~A 1t+1t+1t-) 
c 

113MepeHHe ::noro OTHOWeHHSI !Ia OCH08e npSIMOro Ha6niO.UeHHSI A+ no KaHaJiaM (10) H 
c 

(II) ua cepnyxo8CKOM ycKopHTene 6blno ocywecTBneuo 8 3KcnepHMenTax EHC-2 [20]* H 

3KClJAPM [22] . 

*PcJynbTaT no HJMcpeiiHIO BC.,JHqHHbl R. nonyqeHIIblH B )(OJie JlanbHeiiwero aHanHJa, npeJICTaMeH B pa6oTe [21] 
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PHc.l 0. 3HatieHID! BeJIH'IHHbi R - OTHOllleHID! 

napuHanbHbtX lllHpHH pacnaAOB A; , nony­

tieHHbte B pa311H'IHbiX 3KC11epHMeHTaX 

45 

Ha pHc.I 0 11pHBO.IJ.SITC~ .D:aHHbie 110 H3MepeHHJO R - OTHOllleH ~ 11apuHanbHOH lllHpHHbi 

pacna.D:a A+ 110 KaHany (II) K cooTBeTCTBYJOIUeii lllHpHHe pacl1a.D:a A+ no KaHany (I 0), 11ony-
c c 

tieHHbte B 3KCI1epHMeHTaX (2I-27], H pe3yJlbTaT, 110JlyqeHHbiH B .D:aHHOM 3KC11epHMeHTe. 
TionyqeHHOe B .D:aHHOH pa60Te 3Ha'leHHe BeJlH'IHHbl R B 11pe.D:eJlaX O.D:HOH CTaH.D:apTHOH 
OlllH6KH COrnacyeTC~ C pe3yJlhTaTaMH 60JlblllHHCTBa 3KC11epHMeHTOB (2I-27] . 

ABTOpbi 11pH3HaTeJlhHbi A.A .IToryHoBy, H .A.CaBHHy, A.H.CHca~Hy, H H .E .TIOpHHY 3a 
ITOMep)J(KY 3THX HCCJle.D:OBaHHH. 

Pa6oTa BbmonHeHa npH co.D:eiicTBHH PoccHHCKoro cpoH.D:a cpyH.D:aMeHTallhHhiX Hccne.D:o­
BaHHH (rpaHThi 93-02-03987, 93-02-03989, 95-0I-00736 H 96-07-89I90); EonrapcKoro 
HauHoHanbHoro cpOH.D:a «HayqHhJe Hccne.D:oBaHH~»; Me))(.lJ:YHaPO.D:HOro HayqHoro cpoH.D:a 
(rpaHTbl RVNOOO, RVN200, 112100, RFPOOO H RFP300). 
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ABSORBED DOSE IN SCINTILLA TORS 
OF ZERO DEGREE CALORIMETER AT IRRADIATION 
BY PB NUCLEI WITH 157.7 GEVINUCLEON ENERGY 

A.A.Astapov, A.N.Maximov, A.S. Vodopianov, L.N.Zaitsev 

For the first time the absorbed doses in scintillators of hadronic cal rimeter are measured 
and compared with the results of simulation of the Pb-Pb interactions at 157.7 GeV/nucleon 
energy. Measurements were performed during the Pb-run of WA-98 eXperiment at CERN SPS 
using the Zero Degree Hadronic Calorimeter (ZDC). The efficient way is proposed to increase 
the calorimeter resource by means of combination of the recovery of optical properties of the 
scintillator+ light guide system and of the decrease (shifting) of the maximum dose value. 

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

IlomolllenuaJI ):{03a B cnuuTHJIJIJITOpax ZDC 
npu o6JI)"'eHHH Jl):{paMH Pb c 3Heprueii 157 '7 r3B/HYKJIOH 

A.A.AcmanoB u op. 

BnepBbie npu Pb-Pb BJaHMO.IleHCTBHJIX H 3Heprnu 157,7 f3B/H)'KJIOH HJMepeHbi nomomeH­
Hbie .ll03bl B CUHHTHJUIJITOpax 3.1lpOHHOro K3!10pHMeTPa, KOTOpbie cpaBHHBaiOTCJI C peJynbTa­
TaMH pac'leTOB. HJMepeHHJI BbmonHeHbi Ha ZDC so opeMJI WA-98 3KcnepHMeHTa Ha SPS 
(CERN). npe.llflOJI(eH 3<j><j>eKTHBHbiH cnoco6 yoenu'!eHHJI pecypca KanopHMeTpoo nYTeM 
KOM6HHaUHH BOCCTaHOWieHHJI OUTH'IeCKHX CBOHCTB CHCTeMbl CUHHTHnnliTOp + CBeTOBO.Il H Mep 
no YMeHbiiieHHIO (cMemeHHIO) MaKCHMMbHOH oenH'IHHbi .llOJbi. 

Pa6oTa BbmonHeHa B Jla6opaTOpHH BbiCOKHX 3HeprnH OIUIH. 

1. Introduction 

Performance of the experiments at the high energy beams of the high intensity 
accelerators like the LHC, RHIC, etc., puts strong requirements on the radiation resistance 
of the detectors being used. In this case the major loading corresponds to the forward 
calorimeters. Obviously, the simulation of radiation loading and the results of test 
experiments are very important for development of detectors. It has been commonly ac­
knowledged the high reliability of FLUKA and MARS [I] as the radiation level estimators 
for the primary high energy protons. These codes have been successfully tested [2]. 

However, the corresponding experimental results are practically absent for the beams 
of high energy nuclei with the exception of data [3] obtained at the energies by 10 
Ge V /nucleon. 
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In this work, for the first time the absorbed doses in scintillators of hadronic 
calorimeter are measured and compared with the calculation results for the Pb-Pb 
interactions at 157.7 GeV/nucleon energy. For this purpose we have used the Zero Degree 
Hadronic Calorimeter (ZDC) of W A-98 experiment at CERN SPS. The ZDC is located at 
the far end of the set-up and sees in the forward direction of secondary particles and beam 
nuclei passing without interaction in a target. 

2. Dose Simulati on 

The cascade, induced by heavy relativistic nucleus, has the new component which, in 
its tum, is the cascade of the multicharge fragments (MFC). In contrast to the proton­
nucleus interactions, the nucleus-nucleus ones have additional sources of the nucleon­
meson cascade (NMC) - nucleons of the spectator residuals of the primary nuclei and of 
the electron-photon shower (EPS)- photons, appeared due to the excitation removal of the 
largest fragments of these residuals. 

Electrodissociation of the target nucleus gives the contribution to the dose for the 
proton-nucleus cascade at energies more than several hundred GeV. The electrodissociation 
cross section is already comparative with the .one of other nuclear process of the nucleus­
nucleus cascade (particularly, for Pb-Pb) at the energies of a few tens GeV/nucleon. Since 
the velocities of the hadrons and fragments, emitted by the primary nucleus, are 
approximately equal to the projectile ones, the electrodissociation process has to be 
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Fig. I. Contributions of the cascade components to the maximum dose in the semi­
infinite lead block [3] : I - primary particles: 2 - nucleon-meson cascade; 3 -
electron-photon shower; 4 - low energy charge particles and neutrons; 5 -
multicharge particle! 
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Fig.2. Longitudinal distribution of the D,G 
absorbed dose per one incident particle ~-""T"---.--,---,,.--,---..,---r---:::~ 

in the semi-infinite lead block: •- ex-
periment at 300 Ge V (protons) [2] ; 
- - calculation by MARS code at 1o-7 
150 GeV [5]; 6. - experiment at 
157.7 GeV/nucleon, normalized by 
APb = 208 times (see the table) 
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considered as the additional contribution to the dose from new sources of the NMC and 
EPS, and the nucleus dissociation of the environment material - as the new source of the 
low energy component of the cascade. 

Figure I shows the secondary radiation contributions to the absorbed dose (in cascade 
maximum) in dependence on the primary particle energy. The estimation is made with the 
EDMONT code [3], which has been preliminarily tested by means of comparison with 
experimental dose values, obtained by means of calorimetric dosimeters on the 2.55 GeV 
proton, 7.31 GeV/nucleon deuteron, 3.65 GeV/nucleon carbon ucleus beams of JINR's 
Synchrophasotron [4] . 

At the energies of a few hundred the dose is determined mostly by the EPS, induced 

by rc0 ~ yy decays, and therefore the radial distribution D(r) m the cascade maximum 
coincides with the corresponding distribution of the electromagnetic shower [1,2]. 

The spatial dose distribution was calculated in the lead dump of the 150 GeV proton 
beam [5] with the use of the modified MARS code version [1]. In Fig.2, the longitudinal 
dose distribution is compared with the experimental one at 300 GeV [2] . As expected, the 
calculated curves underestimate the experimental points at r = , coincide with them at 
r = 2 em and overestimate the measured values at r = 12.5 em. S ch a picture is explained 
by difference of the projectile proton energies. The radial dose distribution at z = 17 em 
(Fig.3), obtained with the EDMONT code, demonstrates it. 
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3. Absorbed Dose Measurements 

Fig.3. Radial distribution of the absorbed 
dose per one primary particle in the semi­
infinite lead block at z = 17 em: 1 - for 
100 GeV/nucleon Pb nuclei, calculation 
by EDMONT code [3], experiment A at 
157.7 GeV/nucleon; 2 - for 150 GeV 
protons, calculation by MARS code [5], 
experiment eat 300 GeV [2] 

The ZDC calorimeter has 75 x I 05 x 1850 cm3 dimensions and consists of 35 modules 

with 15 x 15 cm2 cross sections. Every module represents a set of alternating plates of 
scintillation material (PS) and lead one with thickness of 2.5 mm and 10 mm, respectively. 
Figure 4 shows the irradiation geometry for two central modules with wave length shifters 
(WLS). During the run the beam had two positions but that did not affect results (r1 = r2). 

In our experiment, very thin film dosimeters may be used only in order to place them into 
the splits between the modules avoiding the calorimeter demounting . We could place, as it 
is shown in Fig.4, three colour film CDP-4-1 dosimeters (analogous to the FWT-70 [6]), 

developed on the polychlorstyrene basis with 150 j.lm thickness, I cm2 cross section and 

1.2 g · em -J density . These detectors are able to measure the absorbed dose in the interval 

from 10 to 2 · 102 Gy. 

CDP-4-1 detectors considerably differ from other film detectors in several important 
characteristics. They have not any detectable postirradiation effect and are slightly sensible 
to oxygen. The detector readings do not depend on the dose rate over, the range 

I 0--4 + I 02 Gy · s -I at the r oom temperature. At the temperature raise up to 70°C, the film 
dosimeter readings change by three times. Because of small dimensions and the radiation 



Astapov A.A. et al. Absorbed Dose in Scintillators 

Fig.4. Irradiation geometry of the cen­
tral modules (the rest modules are not 
shown): I - alternating scintillation 
and lead plates; 2 - wave length shif­
ters; 3 - photoelectric multipliers; 4 -
CDP-4-1 film dosimeters 
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similarity, the detector location between the calorimeter modules oes not distort the secon­
dary radiation field. Under irradiation, the film dosimeters are getting the specific color in 
the dependence of the absorbed dose value. Detailed investigatio s of these dosimeters are 
performed in the work [6]. Dose values are obtained from the optical density measured by 
the SF-26 photospectrometer and graduation curves. 

While being calibrated with the 6°Co-source (EY- 1.25 MeV), our dosimeters were 

placed in the material, which was equivalent to the detector o e in order to obtain the 
electron equilibrium. The total error did not exceed 12% at the confidence interval of 0.95. 
For the first time we performed the calibration of the colour film dosimeters in complex 
radiation field of the nuclear-electromagnetic cascade at the energies from several units to 
tens GeV. The above-mentioned copper microcalorimeters [4] were used as the test 
dosimeters. In this case the uncertainty was estimated to be as high as 25% due to the 
experimental inaccuracy and the imperfect radiation similarity . 

To obtain the equivalent effect (optical density) the larger absorbed dose is necessary 
in complex field than in the case of y-irradiation. It is seen, that for higher energies of 
projectile particles this difference decreases since the linear transmission of the energy 
(LTE) decreases also with the growth of contribution of the electron-photon shower to the 
total dose (see Fig.l ). 

The experimental results of the absorbed dose measurements are presented in the Table. 
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Table. Experimental results for Pb-Pb interactions with 157.7 GeV/nucleon energy 

Seance 

November-

December, 
1995 

I Number 
of Pb nuclei 
during one 

run 

-lOll 

4. Discussion 

Time 
of the 

irradiation, 
s 

3 . 106 

Beam size, Dose (Gy) in points with coordinates (em) 
mm 

r= 10 r= 10 r= 10 
z =5.7 z = 13.7 z = 22.2 

<1x=4 

Oy=5 118±30 220 ±55 522 ± 13 

It is necessary to stress that the dose from the hadrons is several times higher than that 

one from y-radiation (6°Co) with the equal optical density of polystyrene [6], that is also 
confirmed by our dosimeter calibrations. 

From the other hand, the permissible limit dose D1. of the PS + WLS system in hadron 
lffi 

field of the operating calorimeter is, in contrast, less than one in the isotope source tests 
[7,8]. Authors of [8] tried to explain the 10-times discrepancy of the prediction and results 

by accounting for the considerable difference of dose rates, which were equal to 2.8 · w-5 

Gy · s-1 
(
6°Co) and 5 .6. · w-7 Gy · s-~ (hadrons}, when radiation oxidation effects appeared. 

Rough estimations showed [9], that the dose in scintillator was DPS = 4.3 · 103 Gy and 

that one in the wave length shifter closest to the particle beam (Fig.4) was DWLS = 36 Gy, 

where the dose rate was in the interval 10-2 
+ 10-4 Gy · s-1. Light losses of scintillator 

samples were I 0% at D
1
. = 5 · I 04 Gy and at the dose rate of 2.8 Gy · s -I . 
tm 

However, the radiation oxidation effect was not observed under irradiation by 6°Co 

source with dose rates 6 I0-2 Gy · s-1 and 3.2 · w-3 Gy · s-1 [10] . Therefore we believe 
that the type and energy of secondary particles, operation conditions (temperature, joint 
affection of radiation and light) are also important and can lead to the opposite result. The 

light intensity in the maximum of the cascade curve for the zoe is- 1015 cm-2 . s-1. 

The photoradiation affection is the complex process and cannot be considered as the 
direct sum of radiation and light affections. The photoradiation growth of outputs of 
intermediate active particles and the polymer destruction can overcome the recombination 
of particles or the destruction decrease with the LET increase of irradiating particles 
without the light affection (LET -0.2 keY /J..Lm; LETh d -20 keY /J..Lm). y a rons 
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The relaxation of intermediate active particles [ 11] slows down due to the 
photoradiation. The optical properties recover faster with the LET increase under irradiation 
without light. Moreover, under the affection of the photoradiation the efficiency of 
scintillation, spectrum displacement and antiradiation ingredients shows down also. So, 
radiation-resistant scintillators can have the smaller photoradiation resistance than that one 
predicted from simple radiation tests [ 12, 13]. 

5 . Conclusion 

The problem of correspondence of the permissible limit dose obtained by isotope 
source tests, to the real D1. values for calorimeters is related to the correct determination tm 

of spatial dose distributions in both scintillators and -wave length ·shifters. To solve this 
problem it is necessary to perform the benchmark experiment on a model of working 
calorimeter with the correct mathematical simulation of particle transport over the energy 
range from several hundred GeV to tens TeV. 

At the real calorimeter exploitation the dose collection will be accompanied by the 
periodical interruptions. Therefore the recovery of the optical properties of the PS + WLS 
system by means of interruption (relaxation) combinations and very small displacements of 
the beam meeting point is perspective way to increase the calorimeter resource. 
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TRACK FINDING WITH NEURAL NETWORKS 
IN ALICE ITS 

B. V.Batyunya, Yu.A.Belikov, A.G.Fedunov, A.l.Zinchenko 

A program based on Neural Networks technique was developed t: r track recognition in 
ALICE ITS. The efficiency of this program was estimated on samples of Monte Carlo simu­
lated events for particles with Pr~ 100 MeV/c. The advantages of this program are the high 

performance, the capability of track finding in conditions Qf the high partic:.le multiplicity and 
the ability to find tracks distorted by the multiple Coulomb scattering a d the energy losses. 

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

IloucK TpeKoB BITS ycrauoBKH ALICE 
C DOMOmbJO HeiipOHHbiX CeTeii 

E.B.Eam10HJ1. u op. 
OnHCaHa nporpaMMa )l.JlJI pacn03Ha8aHHJI TpeK08 80 8HyTpeHHeii TpCK080H CHCTeMe (ITS) 

ycTaH08KH ALICE 8 CERN. B ocHo8y nporpaMMLI nOJioJKeHa MOJieJIL HeiipoHHLIX ceTeii. 
npH80)1HTCll oueHKa 3QJQJeKTH8HOCTH pacn03Ha8aHHll TpeK08 Mllll()iX (pT ~ 100 M3B/c) 

qacTHU, 8LinOJIHeHHall c nOMOlliLIO MeTOJia MoHTe Kapno. llocroHHCT8aMH onHCaHHoii npor­
paMMLI liBJIJIIOTCll 8LICOKOe 6LICTpO,lleHCT8He, 803MOJKHOCTL nOHCKa TpeK08 8 yCJI08HJIX 60JIL­
IliOH MHOJKeCT8eHHOCTH qacTHU, o6pa3YIOlliHXCll 8 ll)lpo-ll)lepHLIX CTOJIKHOBeHHJIX npH 8LICOKHX 
3HeprHliX, H cnOCOOHOCTL HaxOllHTL HCKaJKeHHLie MHOfOKpaTHLIM KYJIOH08CKHM paCCeliHHeM H 
nOTepliMH 3HeprnH TpeKH qaCTHU C HH3KHM HMnyJILCOM. 

Pa6oTa 8LinOJIHeHa 8 Jla6opaTOpHH 8LICOKHX 3Heprnii QJ.UIH. 

1. Introduction 

One of the most complicated problems during off-line processing of tracking detector 
data is the pattern recognition. After preliminary treatment, these data represent a large 
number of points in space. The problem is how to separate an initial set of unordered points 
into some subsets, which contain the points belonging to a given particle track. 

Several years ago quite a new approach has begun to be developed. These are Neural 
Networks (NN) investigations. The NN technique has emerged from programming, 
mathematics and electronics [ 1 ,2]. Being applied to the pattern recognition problem, this 
method offers fast convergence and possibility to recognize tracks of any shape (see for 
example [3,4]). So we can create (in principal) one program for straight lines and helices 
and, may be, change only some control input constants, when switching on/off the magnetic 
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field. At last, it seems that the problem of finding kinks and distorted tracks from particles 
with large dE/ dx- losses could be solved in this way also. 

This note demonstrates the performance of the track recognition program based on the 
simplest kind of NN. The track finding capabilities were studied for the events obtained by 
a generation and the GEANT based simulation of the ALICE ITS . 

2. Generation of E vents and ALICE ITS Simulation 

To generate the events of PbPb central collisions at LHC energy, the HIJING-code [5] 
was used. As the first step, we considered only the tracks with the limited transverse 
momenta (pT~ 100 MeV/c), which can be reconstructed only in the Inner Tracking System 

(ITS) of the ALICE detector [6], because they don't leave the ITS or have not enough a 
number of measurements in the outer tracker (TPC). Thirty events were generated with the 
mean number of charged particles equaled to -400 with Pr ~ 100 MeV /c within the ITS 

acceptance, l11l ~ 1 (11 is a pseudorapidity). We excluded the tracks with Pr> 100 MeV/c 

by assuming that these ones can be recognized in the TPC with an efficiency of -100%. 
Track finding capabihty of the ITS was evaluated using the GEANT-based simulation 

package with the performance parameters of six silicon cylinder layers. The layer radii are 
presented in the second column of the Table. The beam pipe with a radius of 3 em and a 
thickness of 0.06 em (-0.17%X

0 
for Be) has been included as well. Multiple scattering in 

the beam pipe, silicon layers and also in mechanical support and cooling systems and in 
electronics was taken into account (-4.0%X

0
). Secondary interactions and delta-electron 

production were included m the simulation. The tracks were processed in the magnetic field 
of 0.2 T. We used, a~ the hits, the: GEANT explicit coordinates smeared by Gaussian 
distributions with the mean resolution values presented in the Table for cylindrical r <i> and 
z coordinates and for the silicon detectors of different types [7]. 

Table 

Layer Radius Detector CT(r <p) CTz 
number (mm) type (mm) (mm) 

33 pixel 0.02 0.05 

2 73 pixel I 0.02 I 0.05 

3 140 derift 0 .03 0.02 

4 240 drift 0.03 0.02 

5 400 strip 0.03 1.00 

6 450 strip I 0.03 I 1.00 
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3 . Recognition Program 

Our recognition program was written on C++ language. The main idea is similar to the 
one described in [4]. But because the mean distance between tracks in ITS is much less than 
the distance between consecutive points on a given track, we are forced to take into account 
the parametric form of expected tracks. We choose the track model as follows 

j 
x(t) = R · [sin (sign (R)t + <p

0
)- sin {<p

0
)] 

y(t) = R · [-cos (sign (R)t + <p0) +cos {<p0)] 

z(t) = z0 + R · tg A. · t 

t E [0, 1t] . 

So our tracks are helices with the common vertex at (0, 0, z
0

), radius of curvature in 

(XY)-plane and emission angles <p0 and A. (see Fig.l) . Of course, straight lines crossing the 

vertex satisfy our track model. 

The program consists of three steps: 

1. reading data points from an input file and creating of the NN; 

2. evolution of the NN (to the minimum of the network energy function); 

3. exctraction of track from the NN when the minimum of the energy function has been 
achieved. 

Because of the azimuthal symmetry of the events, we treat hits in the cylindrical 
coordinate system (r, <p, z). At the step of the NN creation, when all the points (hits) 
belonging to a given event (triplets of r-, <p- and z-coordinates) are in computer memory, 
we sort them in increasing order of r and <p (for fixed r). Then we create the neurons 
between pairs of the points if some conditions are true. These conditions are: 

(a) the hits of the current pair are at the consecutive silicon layers; 

z X 

\; ____ ___ .......... ......-

Fig. I 
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track 

Bo 

zo 

Fig.2 

Zj 

r · J 

z · J 

~ 

(b) circle diameter (m r<p-plane) passing through the tested hits and the vertex is 
greater than the threshold value D . ; mm 

(c) these two points and the estimated vertex (0, 0, £
0

) should lie approximately on a 

certain helix . 

If for any point there was no pair at the neightbour layer, the program tries to find it at the 
next cylinder. . . 

Let us consider the last condition in more detail. First of all, we have to have the £
0 

value in spite of the absence of the reconstructed tracks at this step. To find the approximate 
" z0 value, the following procedure is used. We can write for a straight line track (see Fig.2): 

Z; = z0 + ri ctg e0, (1) 

where Z; is a z-coordinate of the crossing point of the layer by the track, e
0 

is a polar 

emission angle and r. is the layer radius. 
I 

The equation (I) does not depend on azimuthal angle <p
0 

therefore we can average it 

with respect to <p0 . The averaged values (z; ), (z0) and (ctg e
0

) for two given cylinders with 

indices i and j satisfy the system of equations 

l (z;) = <zo> + ri (ctg eo> 
(zj) = <zo> + rj (ctg eo>· 

This is a solvable system of two equations for two unknown values (z
0

) and (ctg e
0

), 

because we can calculate (z. ) and (z . ) from input data . 
I } 
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In our case tracks are helices, but the difference between hehces and straight lines is 
not essential if we get two innermost layers. We can solve the above system with respect 
to (z0) and take it as first z0 approximation. 

The known property of the chosen track parametrization is ~~ = const So the increment 

of z-coordinates (dz) is strictly proportional to the corresponding arc lengths (dl) in (r, <p)­
plane. But due to multiple scattering and measurement errors we h ve to use the inequality: 

(2) 

In this inequality E is the program parameter and 110, 120 are the length of the track 

(r, <p)-projection between the first point and the vertex and between the second point and 
the vertex, respectively. The condition (c) is true if the ~nequality (2) .is fulfilled for the two 
tested points (r1, <pl' z1) and (r2, <p2, ~). 

The values 110 and 120 can be estimated from the equations 

1o1 = '1 

1o2 = '1 + 1 

101 = r1 · a/sin (a) 

102 = r2 · [a+ 2(<p2 - <p1)] I sin [a+ 2(<p2 - <p1)] 
otherwise. 

In these equations 

and r1•2, <p1,2 are the input data. 

After the creation of the neurons we try to connect them by the following way. Let us 
mark a neuron created between points number i and j by the pair (ij ). If the start point of 
one neuron is the same as the end point of another one, we connect these neighbour neurons 
with the weight 

where ei}k- the space angle between neurons (ij) and (jk); <; - the program parameter. 



60 Batyunya B. V. et al. Track Finding with Neural Networks 

We assign w .. k = 0 when 
I] 

or if the vector products 

..1.___.!_ -~ > E 

I 
z.-z; zk-z . 1 

lij ljk ' 

[r1 XL) and [I .. X l.k) 
I} IJ } ' 

have the different signs. Here we used the next new designations : I .. = r.- r . and r . , r . are 
I} } I I } 

the radius-vectors of the hits number i and j in (XY)-plane. 
The next step of the program is the NN evolution. We choose the equation of neuron 

activation renewal in the form 

vi} = ~ [ I + th «C - term» - ;a.- term» + b ] 

where 

«C-term» = c(r W .. V . + r W .. V. ) 
m miJ m1 n IJn Jn 

«a.-term»= a.(r/ t: j vi/+ rk t: i vkj ); 

(c, a., b and Tare parameters of the program). 

(3) 

The neurons vary asynchronously their activations according to the equation of 
evolution (3) . We stop "iterations if the mean difference of the neuron activations between 
the iterations n and 11 + I began to be small, i.e . 

.!. r I v.''- v.'' + 1 I < o.oooo1, N IJ lj lj 

where N is the total number of neurons . 
Our list of points is sorted in increasing order of r and q>. The procedure of track 

extraction is as follows . We take the point at the end of list, find the most excited incoming 
neuron, take the start point of this neuron and find the most excited incoming neuron for 
this point, and so on whi le incoming neurons exist. We mark these points as used and 
consider this chain as a track candidate. Then we return to the end of our list, take the next 
unused point and repeat the procedure unit! all the points were used. 

The program parameters are tuned empirically, and depend on detector peculiarities. 
The following values of the parameters were found for the ALICE ITS . 

£ = 0.04 + 0.08 for D . = 800 + 2500 (mm) 
1111n 

c=400, a. = 100, b -0, T= 10-3; 

~= 2 
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The most critical parameter is £ . For example, if this one is not small enough, many 
unnecessary neurons are created, and the time of recognition (a d the computer memory) 
increases while the recognition efficiency decreases. But if f. is too small, some of required 
neurons are lost, and some of tracks begin to be broken. 

The optimal value of D . depends on the momentum region of interest. If we take a 
mm 

greater value for this parameter, the recognition efficiency for tracks with D > D . is 
rmn 

greater (as compared with smaller D . ), but the efficiency for tracks with D < D . falls to 
mm rmn 

zero. 

4 . Results and Discussion 

To obtain the highest recognition efficiencies, we processed different Pr-regions 

separately, because of the large track distortion (by ·dE/ dx) for lower momenta. Three 
passes of the recognition program for momentum regions of Pr> 75 MeV/c, Pr> 50 MeV/c 

and Pr > 25 MeV /c were done for each event. When any pass wa completed the hits of the 

«found» (see below) tracks were removed from the input data and the program began the 
next pass with the new parameter values. Thus, we could find the maximum number of 
tracks for all Pr-regions. Then we got remained (the most distorted) tracks in the whole area 

25 < Pr < 100 MeV /c after the additional fourth pass. The following optimized values of 

D . and f. parameters were obtained for all four passes: 
rmn 

1. D min= 2500 f.= 0.04, 

2. D min= 1666 f.= 0.04, 

3. Dmin = 833 f.= 0.04, 

4. D . = 833 £ = 0.08. 
rmn 

After the recognition we considered a track candidate as a <<found» track if 
track candidate consists of 4 or more hits; 
one of the hits must be from the external ITS layer; 
track candidate contains not more than one hit from another track. 

The second condition is essential to connect tracks found i the TPC and ITS . If for 
any track candidate the first two conditions were fulfilled but the third one was not 
satisfied, we considered it as a <ifake» track. The results of such a four pass procedure for 
the «found» tracks, summing up thirty events, are shown in Fig.3. 

The recognition efficiency determination has been done separately for e + / e- and for 

1t + / 1t- tracks, because of the special physical interest to the e + / e- pair production [ 6] . It 
should be noted also that very significant part of hadrons are lost because of the high 

dE/ dx losses in the Pr-region under study. That is why we have calculated only 1t + / 1t­

track recognition efficiency in case of hadron tracks. 
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Thus we calculated efficiencies for electron, pion and fake tracks using the next 
formulae: 

Ne 
re = found 1 OO% 
~ e ' 

Ninitial 

Nrr. 
r 1t = found 100% 
~ 1t ' 

Ninitial 

Nfake 

S fake = f~~:d 100%, 

Ninitial 

where N; d' Nfrr. d and N faked are numbers of the «found» e + / e -, '1t + / 1t- and the «fake» 
.oun oun .oun 

tracks, respectively. The Ni:itial' Ni:itial and Ninitial are numbers of the simulated electron, 

pion and all charged particle tracks satisfied to the first and second conditions considered 
above and related to the primary vertex. It is clear that the secondary tracks (related to 
secondary vertices or delta electrons) play only the role of a «noise» for our recognition 
program. 

Figure 4 shows se. srr.. and s fake as function of Pr. It can be seen from this figure that 

the efficiency for electron tracks is about 80 + 100% at Pr;;:: 40 MeV /c and the efficiency 

for «fake» tracks is less than 10% in the whole region of Pr . We can see. also that the s rr. 
is significantly worse for pions at Pr ~ 70 MeV /c as a consequence of the track distortion 

by dE/ dx. 
One of the most important properies of all recognition progr ms is computer memory 

and time consumption . This program needs about 500k RAM and spends about 5 CPU sec 
per event (with -400 tracks and -6 hits per track) on CONVEX 220 or about 30 CPU sec 
per event on AT386 33 MHz. 
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BJIIDIHIIE OEOJIQ~qHLIX 3<I><I>EKTOB HA CE~HIDI 
OEPA30BAHIDI HEtfTPOHO.IJ:E<I>HQHTHLIX H30 TOllOB 
YPAHA CN~ 126 

1 A.H.AnopeeB, 1!./(.EozoanoB, M.BeceJZcKu , A.B.EpeMuH, 
A.li.Ka6a'leHKo, O.H.MaJZblWeB, A.r.lioneKo, H.Poxa'l, 
P.H.CazauoaK, F.M.Tep-AKonb.JIH, B.H.qenuzun, ill.illapo1. 

B peax:1.11111 22Ne + 208Pb IIJMepeHhl ce'leHHll o6pa:30BaHHll 11 !f>YHKI.IIIII soJ6)')1meHHll JVlll 

HefrrpoHo,lle!fliii.IIITHhiX IIJOTonos U, Pa 11Th. Opose,lleHo cpasHeHIIe 3Kcnep11MeHTaJihHO IIJMe­
peHHhiX ce'leHIIii o6pll3osaHHll IIJOronos ypaHa c 'IIICJiliMII HeiiTp<JHOB 126 ~ N ~ 134 c peJynh­
TaTliMII paC'IeTOB UO CTaTIICTH'IeCKOH MO,llCJIII ,lleB036yJKJteHHll KOMnayH.ll-ll,llpa. 00Kll3aHO, 'ITO 
Hll O,lliiH 113 UIHpOKO IICUOJih3}'10li.(IIXCll CUOC06oB YlJeTa BJIHJIHHJI OOOJI 'le'!HhiX 34>!Jle1CTOB Ha 
BCJIH'IIIHhl Ce'!eHIIH o6pli30BaHHJI IICUapiiTCJihHhiX UpO.llYICTOB He U03BQ.l lleT HenpOTIIBOpe'IIIBO 
OUIICaTh 3TOT Ha6op 3KCnep11MeHTaJihHhiX ,llaHHhiX. OpeJUIOJKeH II npOaHaJI11311pOBaH HOBhiH, 
MaTeMaTII'IeCICII Up<JCTOH, UOJIY3MU11pH'IeCKIIH BapllaHT yqeTa o60JI '!e'!HhiX 34>!JleKTOB B 
,llCJIIITCJihHOM KaHaJie, B KOTOp<lM IICUOJihJyeTCll BaphllpOBaHIIe CYMMap Oro 6aphepa )lCJieHHll, 

a He OT,llCJihHhiX ero KOMUOHeHTOB - Bf (/) = C(B
1
W(/) + B/'nell). 00Kll3aHO, 'ITO npeJU[OlKeH­

HhiH BapllaHT XOpOiliO OUIIChiBaeT Ce'leHHJI o6pli30BaHHJI HeHTPOHO,lle!fliii.IIITHhlX 1130TOUOB B 
o6.naCTII OT Bi .llO U BKJIIO'IIITCJihHO np11 JHa'!eHIIII K03!fl!flllulleHTa C = 0,7. B 3Kcnep11MeHTax 

YTO'!HeHhl TaKJKe 3Ha'leHIIll nepiiO,llOB nonypacnll,lla JVlll 1130TOUOB 223•225U, KOTOphle CO maCHO 
npOBe,lleHHhiM 113MepeHHJIM paBHhl (55± 10) MKC II (60 ± 10) MC COOTBeTCTBeHHO. 

Pa6oTa BhlUOJIHeHa B na6opaTOp1111 ll,llepHhiX peaKI.(IIH IIM.f.H .<I>neposa OIUIH. 

Influence of Shell Effects on Production Cross Section 
of Neutron Deficient Uranium Isotopes with N ~ 126 

A.N.Andreyev et al. 

Production cross sections and excitation functions of neutron deficient isotopes of U, Pa, 

and Th have been measured in the reaction 22Ne + 208Pb. The half-lives of 223•225u were 
determened more accurately as (55± 10) J.lS and (60 ± 10) ms, respectively. Experimentally 
measured production cross sections of the uranium isotopes with neutron numbers 
126 ~ N ~ 134 are compared with the results of calculations using a ·tatistical model of the 
compound nucleus deexcitation. It is shown that none of the popular versions of the shell effect 
incorporation into statistical model calculations is able to describe simul taneously experimental 
data involving both the nuclei near the neutron shell N = 126 and tho e far from the shell . A 

new, simple semi-empirical approach taking the fission barrier as Bj.l) = = C(B1W(l) + B/hell) 

1YHIIBepc11TeT IIMCHII 51Ha KoMeHcKoro, EpaTIIcmma, Cnosax:llll 
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is discussed for the shell effect introduction into the fission deexcitation channel. Using this 
approach to the calcu ations, a good description of production cross sections of neutron 
deficient isotopes was reached, with practically the same value of the scaling parameter 
C = 0.7 not only for uranium evaporation residues but also for a large set of nuclei from Bi to 
u. 

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

Bse.ueHHe 

11HTepec K Hccne.uosaHHjiM ce'!eHHH o6paJoBaHHjl Hei-iTpoHo.uecpHUHTHbiX HJOTonos Th 

- U c N := 126 o6ycnosneH HecKonbKHMH npH4HHaMH. Bo-nepBbiX, o6ono4e4HM nonpasKa 

K OCHOBHOMY COCTOjiHJ.IIO Jlnji 3THX HJOTOnOB BemtKa H npaKTH'IeCKH pasHa no BenH'IHHe 

)I(Jol.llKOKanenbHOMY 6apbep y .ueneHJ.Ijj . no3TOMY eCTb OCHOBaHJ.Iji nonaraTb, 'ITO cpaBHeHHe 

3KCnepHMeHTaJibHbiX BenH'IHH Ce'!eHHH Jlnji Xn-, pxn- H a.xn-peaKUHH C pac'!eTHbiMH, nony­

'!eHHbiMH C HCnOnbJOBaHHeM CTaTHCTH'IeCKOH MO.UeJIH .UeB036~eHJ.Iji KOMnayHJl-jj.Upa, nOJ­

BOnHT BbljiBJ.ITb pOJib o6on0 4e4HbiX 3cpcpeKTOB H HX BnJ.IjiHJ.Ie Ha BepOjiTHOCTb ,lleJieHJ.Iji B03-

6~eHHOro KOMnayH.ll-j!Jlp a, H CJie.UOBaTeJibHO, Ha BeJIH'IHHY Ce'leHHH o6pa30BaHHji HCnapH­

TenbHbiX npo.uyKTOB. Ba)I(HOCTb KoppeKTHoro y'leTa o6ono4e4HbiX 3cpcpeKTOB, oco6eHHO 

npH Bbi'IHCneHHH Ce'!eHHH o6pa30BaHJ.Iji TpaHccpepMHeBbiX HYKnH.llOB, He Bbl3biBaeT COM­

HeHHH. 8 TO )l(e BpeMjj HMeiOU{HHCjj K HaCTOjjll{eMy BpeMeHH Ha6op 3KCnepHMeHTaJibHbiX 

.UaHHbiX .uonyCKaeT HX HeO.UH03Ha4HYIO MO.UeJibHYIQ HHTepnpeTaUHIO H .uenaeT BOJMO)I(HbiM 

HCnOJib30BaHHe B pac'!eTaX npe.unoJIO)I(eHHH, pe3KO paJJIH'IaiOU{HXCji no CBOHM cpH3H4eCKHM 

o6ocHoBaHHj!M. TaK, s pa6 oTax [I ,2] Ha ocHose aHanHJa ce'!eHHH o6paJosaHHjl HeHTpOHO­

.uecpHUHTHbiX HJOTonos TOp Hjl c N ~ 126 B peaKUJ.Ij!X c Tjl)l(enbiMH HOHaMH 6biJIO BbiCKaJaHo 

npe.unOJIO)I(eHHe, 'ITO 060n 04e4Hbie 3cpcpeKTbl B nJIOTHOCTH ypOBHeH HC'IeJaiOT C pOCTOM 

3HeprHH BOJ6y)I(JleHJ.Ijj J~a'I HTeJibHO 6_!>ICTpee, 'leM 3TO npe.UCKaJbiBaeT CTaH.uapTHM MO,lleJib, 

H He RJIJ.Ij!IOT Ha senH'IHHbl Ce'!eHJ.Iji o6pa30BaHJ.Iji HCnapHTeJibHbiX npO.UYKTOB B peaKUJ.IjiX 

«f0pjj4ero» CJIJ.Ij!HJ.Iji. J],n jj KOJIH'IeCTBeHHOrO y'leTa 3TOfO 3cpcpeKTa 6biJIO npe.llnO)I(eHO 

yMeHbllJaTb B pac'!eTaX «JUIH HY OCJia6neHJ.Ijj» 060JI04e4HbiX 3cpcpeKTOB B nJIOTHOCTH ypOBHeH 

c 18,5 .uo 6,0 M3B. TaKM HHTepnpeTaUHjl 3KcnepHMeHTaJibHbiX .uaHHbiX nony...HJia B .uanb­

Hei-iUJeM lllHpOKOe pacnpoCTpaHeHHe, HeCMOTpjj Ha TO, 'ITO HaXO.UHJiaCb B jiBHOM npOTHBO­

pe4HI1 c 3KcnepHMeHTaJibHbiMH .uaHHbiMH, nony...eHHbiMH Jlnjl HYKnH.llOB s6JIHJH .uopo)I(KH 

CTa6HnbHOCTH, 11 pa3pa60Ta HHbiM Ha 6aJe 3THX .UaHHbiX CTaH.uapTHbiM nO.UXO.llOM K y...eTy 

ocna6neHHjl o6ono'!e4HbiX 3cpcpeKTOB s nJIOTHOCTH yposHei-i np11 ysenH'!eHHH 3HeprHH soJ-

6y)I(JleHHjl (CM., HanpHMep, (3]) . 

npaKTH'IeCKH cpaJy n o cne ny6JIHKaUHI1 pa6oT [ 1,2] B pa6oTe [ 4] 6biJIO YKaJaHO, 'ITO 

BOJMO)((IIbiM aJibTepHaTHBH bi M 06bHCHeHHeM MaJibiX BeJIH'IHH Ce'leHHH o6pa30BaHHH HeHTpO­

IIOllecpHUHTIIbiX 1130TOIIOB rOpHH C N ::::0 126 MO)I(eT HBJIHTbCH yseJIH'IeHHe MH '!THX H.Uep 

OTIIOCHTeJibiiO~i BepOHTIIOCTII lleJIHTeJibiiOH MOllbl pacnaua Ja C'leT cymeCTBeHHO 60JibllJeH 

IlJIOTIIOCTH BpamaTeJibllbiX y pOBHei-i y CHJibiiO llecpopMHpOBaHHbiX KOHcpHrypaUHH, COOTBeT­

CTBYIOlllHX CellJIOBO~i TO'!Ke , 110 cpaBHeHHIO C 6JIH3KHMI1 K ccpepH4eCKHM KOHcpHrypaUHHM 

OCIIOBIIOro COCTOSIIIIIH - Ta K IIaJ biBaeMbiii « MeXaHHJM KOJIJieKTHBHOrO yCHJieHHH >>. ,llpyroe 

aJibTepiiaTHBIIOe 06bSICIIeii He 6biJIO npe.unO)((eHO B pa6oTe (5). B KOTOpOH Ha OCHOBe 

aiiaJIH3a ce4eHiti1 o6pa3osa HIIH HeihpoHOllecpnuHTHbiX H30Tonos Ac , Ra H Fr c N ::::o 126 
6biJIO noKaJaiio, 'ITO xopoUJee cornac11e pac4eTa no cTaTHCTH4eCKOH MOlleJIH H 3KcnepHMeH-



AHopee8 A.H. u op. BliUIIHUe o60JIO'Ie'IHW: 3f/Jf/JeKm08 67 

TaJibHbiX ,[{aHHbiX MO:lKHO nOJI}"'HTb H npH }"JeTe BJIH51HIDI 060JIOqeq HbiX 3qxpe.KTOB no CTaH­

.naPTHOH CXeMe, eCJIH npH 3TOM )'MeHbWHTb BeJIHqHHY :lKH.[{KOKaneJibHOI'O KOMnOHeHTa 6apb­

epa .[{eJieHH51 Ha 30%. KaK noKaJanH nocne.[{}'IOIUHe 3KcnepHMeHTaJibHbie uccne.[{OBaHHB 

[6,7], )'MeHbWeHHe :lKH.[{KOKaneJibHbiX 6apbepOB ,[{eJieHH51 Ha 30 + 40% no cpaBHeHHIO C 

npe.[{CKaJaHH51MH MO,[{eneii Ko3Ha - llnaJHJia - CB51TeQKoro HJIH CupKa HMeeT yHHBep­

canbHbiH xapaKTep H 51BJI51eTC51 oogJaTenbHbiM ycnosueM npaBHJibHoro onucaHH51 senuquH 

ceqeHHH o6paJoBaHH51 M51 scex HeHTPOHO.[{e<PuunTHbiX HJOTOnoB o6nacTH 51.[{ep OT Bi .[{0 

U. IlpH 3TOM 6biJIO TaK:lKe ycTaHOBJieHO, qTO Cpe.[{HHH ypOBeHb )'MeHbl.QeHH51 :lKH.[{KOKaneJib­

HbiX 6apbepos O.[{HHaKOB KaK M51 HYKJIH.[{OB c JaMeTHOH o6onoqeqHOH nonpaBKOH, TaK H c 

Hynesoii. M TOJibKO B cpaBHHTeJibHO yJKOH o6nacTH HeHTPOHHbiX q ueen 122 ~ N ~ 128 M51 

npaBHJibHOI'O OnHCaHIDI BeJIHqHH ceqeHHH Tpe6yeTC51 .[{OnOJIHHTeJibHOe )'MeHbWeHHe 6apbe­

pOB ,[{eJieHH51 Ha ~ 10% OT HX HOBOro cpe.[{Hero JHaqeHIDI. Ha Haw B3rJI51.[{, 3TOT CBH.[{eTeJib­

CTBYeT 0 TOM, qTo HCnOJib30BaBWHHC51 B pacqeTax CTaH.[{apTHbiH MeTO.[{ }"'eTa OOOJioqeqHbiX 

3<P<l>eKTOB 51BJI51eTC51 XOpOWHM, HO TOJlbKO nepBbiM npH6JIH:lKeHHeM, H He06XO.[{HMbl .[{aJib­

HeHWHe HCCJie,[{OBaHH51 B 3TOH o6JiaCTH 51.[{ep .[{Jl51 pa3pa60TKH 6 o Jiee TOqHoro nO.[{XO,[{a K 

yqery BJIH51HH51 OOOJioqeqHbiX 3qxpe.KTOB Ha ceqeHH51 o6paJOBaHH51 HCnapHTeJibHbiX npO.[{YK­

TOB B peaKQH51X «XOJIO.[{HOI'O» H «ropgqero» CJIIDIHH51 . 

.ll:pyroH HHTepeCHOH OCOOeHHOCTbiO nOBe,[{eHIDI ceqeHHH o6paJOBaHHB HCnapHTeJibHbiX 

npO.[{YKTOB B 3TOH 06JiaCTH "YKJIH.l{OB 51BJI5110TC51 aHOMaJibHO BbiCOKHe 3HaqeHH51 OTHOWeHHH 

cr / cr , Ha6niO.[{aiOIUHecli B yJKOH o6nacTH 51.[{ep B6JIHJH Z ~ 92 H N ~ 126, He onHCbiBa­
axn xn 

IOIUHeCg B paMKaX CTaTHCTuqeCKOH MO.[{eJIH ,[{eB036Y:lK,[{eHH51 [8]. 

Mcxo.[{51 HJ scex 3THX coo6paxeHHH, Mbl nposenu .[{OnonHHTeJibHbie 3KcnepHMeHTbi no 

HJMepeHHIO ceqeHHH H <i>YHKQHH B036Y:lK,[{eHIDI .[{Jl51 xn-, pxn- H <XXn- peaKQHH npH o6nyqeHHH 

MHWeHH HJ 
208

Pb HOHaMH 
22

Ne C 3HepmeH OT 110 .[{0 155 M3B . IlonyqeHHbie ,[{aHHbie, 

Hap51.[{y C HJMepeHHbiMH HaMH paHee ceqeHH51MH o6pa30BaHH51 HeHTPOHO,[{e<PHllHTHbiX HJOTO-

noB U, Pa H Th B peuumrx 
20

•
22

Ne + 
20

8pb H 
27 

AI+ 
197 

Au [9-12], noJBOJI51IOT .[{OCTaTOqHo 

no.[{po6Ho npocne.[{HTb HJMeHeHHe ceqeHHH o6paJosauug HYKJIH.l{OB B o6nacTH Th - U npu 

)'MeHbWeHHH qucna HeHTpOHOB OT 134 .[{0 124. AHanHJ 3KcnepuMeHTaJibHbiX .[{aHHbiX H ux 

CpaBHeHHe C peJyJibTaTaMH pacqeTOB no CTaTHCTHqecKOH MO,[{eJIH ,[{eB036Y:lK,[{eHIDI KOMna­

yu.n-51.[{pa H gBJigiQTC51 npe,[{MeTOM HaCT051IUeH ny6JIHKaQHH. 

3KcnepuMeHTaJibHag MeTO.[{HKa H peJyJibTaTbi HJMepe HH 

3KcnepHMeHTbi npoBO.[{HJIHCb Ha BbiBe.[{eHHOM nyqKe QHKJIOTPOHa Y-400 JI.siP OM.siM. 

McnoJibJOBanHcb nyqKH HOHOB 
22

Ne c HaqanbHbiMH 3Heprn51MH 130 u 160 M::~B. MH-

6 v 2 1011 -1 TeHCHBHOCTb nyqKa Ha MHWeHH orpaHHqHBaJiaCb H B cpe.[{HeM biJia paBHOH · C • 

MJMeHeHHe 3Hepmu 6oM6ap.[{HpyK>mux HOHOB c waroM 3 + 6 M::~B npoBO.[{HJIOCb c 

nOMOIUbiO aJIIOMHHHeBbiX H THTaHOBbiX nOrJIOTHTeJieH. 3Heprng GoM6ap.[{HpyiOIUHX qacTHQ 

HJMepMaCb nonynpOBO.D.HHKOBbiMH ,[{eTeKTOpaMH, pacnOJIO:lKeHHbiMH .[{0 H nocJie MHWeHH, 

no 3HepmH HOHOB, pacce51HHbiX Ha yron 30° Ha TOHKOH JOJIOTOH <i>OJibre (250 MKr/cM
2

) HJIH 

semecTBe MHWeHH. Kanu6poBKa .[{eTeKTopa u ::~neKTPOHHOro TPaKTa ocymecTBJIMacb c 

nOMOII.lbiO CTaH,[{apTHbiX (l-HCTOqHHKOB. 
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B 3KCnepHMeHTaX HCnOJJb30831laCb 8paiUa10UlruiCll MHWeHb HJ pa3.ueneuoro HJOTOna -
208pb c o6oramenHeM 99%, uanbiJleuuoro ua 66 MKM AI !fx>nhry. Cpe.UHllll TOJJUlHHa 

MHWeHH COCT38Jllln3 400 MKr/cM2, HeO,IlHOpO.IlHOCTb no TMUlHHe ± 150 MKffCM
2

. 

Tipo.ll)'KTbl peaKUHH nonuoro CJJHliHHll OT.UenllnHCb OT npO.U}'KT08 peaKUHH rny60KOHe­

ynpymx nepe.uaq H 6oM6ap.UHpytoUlHX HOH08 C nOMOUlbiO KHHeMaTH'IecKoro cenapaTopa 

BACHJIHCA [ 13). 3-ro Tpexcryneu'laTbJH 3neKTpocTaTHCTH'IeCKHH cenapaTOp c TenecHbJM 

yrnOM 33XBaTa }5 MCp H n onOCOH nponycKaHHll ± 10% no 3JJeKTpH'IecKOH )l(eCTKOCTH. TipH 

6hiCTPO.UeHCT8HH, 6nHJKOM K O.llHOH MHKpOCeKyH,Ile, OH o6ecne'IH8aeT 3!fxtleKTH8Hoe pa3e){e­

JJeHHe npO.Il}'KT08 peaKUHH nOJJHOro CJJHliHHll, npO.Il}'KTOB peaKUHH nepe.uaq H '13CTHU 6oM-

6ap.UHpytoUlero nyqKa. 3<J$eKTH8HOCTb CenapauHH HJMepllnaCb C HCnOJJbJOBaHHeM KanH6-

p080'1HOH peaKUHH 
22

Ne + ecT.W (240 MKrfcM
2
) H COCTaBJlliJJa 8 .UaHHbiX 3KCnepHMeHT3X 

(3,0 ± 0,5)% .llnll npO.Il}'KT08 Xn- H pxn-peaKUHH. C yqeTOM nonpa80K, C8ll3aHHbiX C 

pa3nH'IHeM TOJIUlHH pa6oqeif H KanH6p080'1HOH MHWeHeH, 3TO COOT8eTCTByeT 3<IJ­

<fleKTH8HOCTH cenapauHH (2 ± 0,4)% 8 paOO'IHX o6nyqeHHliX CO C8HHQ080H MHWeHbiO. ,lJ..nll 

npo.UYJCTOB <XXn-peaKUHH BenH'IHHa 3!fxtleKTH8HOCTH cenapaUHH npH 8bi'IHCJJeHHH Ce'leHHH 

yMeHbwanacb 8 wecTb p a3 HJ-Ja HX 6onee WHpoKoro yrno8oro pacnpe.ueneHHll. Ko-

3<I><IJHUHeT yMeHbWeHHll 3<1><fleKTH8HOCTH cenapaUHH .llnll <XXn-KaHana ,lle80J~eHHll 6b1Jl 

HJMepeu HaMH pauee 8 6nv JKOH K Hccne.uyeMoii peaKUHH 
22

Ne + 197 
Au [5). 

PemCTP3UHll ll.llep OT.Ua'IH H HJMepeuHe 3Hepmii HX a-pacna.uo8 ocymecTBJJllnOCb 8 

<IJoKanbHOH nnOCKOCTH cen apaTOpa .UeTeKTHpytoUleH CHCTeMOH (14), COCTOliUleH HJ .ll8YX 

WHpOKOanePTypHbiX 8peMllnponeTHbiX ,lleTeKTOp08 C 8peMeHHbJM pa3peweHHeM 0,5 HC H 

80CbMHCTPHn080ro no.uynpo80.UHHK080ro ,lleTeKTOpa pa3MepOM 60 X 60 MM H pa3peweHHeM 

== 15 K3B Wlll <X-'IaCTHU c 3HeprnliMH 8 .uHanaJoue 3Hepmii OT 6 .uo 9 M3B. ,lJ..nll npe.u-

8apHTenbuoii K311H6p08KH noynp080.1lHHK080ro ,lleTeKTOpa HCnOJJb308311Cll 8HeWHHH <l-

HCTO'IHHK -
22~a. 0KOH'IaTenbHIDI KanH6p08Ka ,lleTeKTOpa np080,1lHnaCb C nOMOUlbiO 

HMnnaHTHp08aHHbiX 8 .ueTeKTop <X-HJnyqaTeneii - npOAYJCTOB peaKUHH 
22

Ne + W, Os, Pt. 

3neKTPOHH3ll annapaTypa .uereKTHpy~mero Mo.uynll o6ecne'IH8ana JanHCb 8Cex co6biTHH, 

C8ll3aHHbiX C npHXO.IlOM 8 .UeTeKTop ll,llep OT.Il3'1H (ER) H nocne.UytoUlHX <l-pacna,ll08 C 

<IJHKCaQHeif 8peMeHH K3)1(.1l0 f0 C06bJTHll C MHKpOCeKyH.IlHOH TO'IHOCTbiO. TiocJJe.UytoUlHH 8pe­

Mll3nMJJHTY.IlHbiH KOppenliUHOHHbiH 3H311H3 8Cero MaCCH8a JaperHCTpHpOBaHHbiX C06bJTHH 

n0380Jilln 8bll1Bnl1Tb feHeTH'IeCKH C8Sl3aHHble uenO'IKH <X-pacna,ll08 H H,lleHTH<IJHUHp083Tb 

nep8H'IHbJH HYKJlH.Il no ero JlO'IepHHM npoAyKTaM . B C80to oqepe){b, HJ auanHJa 8peMeuuoro 

pacnpe.ueneHHll ER-a1 -~-KoppenSJUHH MO)I(HO 6biJlO onpe){eJJHTb nepHOJI: nonypacna.ua Ma-

TepHHCKoro li.Upa. 

0cH08HbJe xapaKTepHCTHKH a-pacna.ua ueiiTpoAe<IJHUHTHbJX H30Tono8 
223

-
226u Hccne­

.ll08anHcb pauee 8 pll.ue pa6oT [9, 1 0,15,16). TionyqeHHbJe 8 uawHx 3KcnepHMeHTax ){aHHbJe 

o6 3HeprnSJX H nepuo.uax o.-pacna.ua 8 6oJJbWHHCT8e cnyqae8 xopowo cornacytoTCll c ~e 

H3BeCTHbJMH .uauubJMH. HeKoTopoe pacxo)l(.lleHHe ua6nto){aeTCll TOJJbKO .llnll 8eJJH'IHH ne-

puo.uo8 nonypacna.ua H30Ton o8 
223

·
225U. TaK, Wlll 225U nepHO.Il nonypacna.ua, HJMepeHHbJH 

8 HaWHX 3KCnepHMeHT3X, nonyqHnCSl paBHbiM (60 ± JO) MC. JiJMepeHHIDI 8enH'IHHa npaKTH­

'IeCKH co8na.uaeT co JHa'len ueM nepuo){a nonypacna.ua .llnll 3Toro HJOTona, nonyqeHHbJM 

ycpe.uueuueM 3Ha'leHHH nep H0){08 nonypacna.ua, npH8e.UeHHbJX 8 pa6oTax [9,15,16). 0Tuo­

CHTeJJbHbJe HHTeCH8HOCTH a-nepexo.uo8 c 3uepfHliMH 7,87 M3B H 7,83 M3B pasHbJ 
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Ta6mma. Ceqemu: o6pa3oaamu: ucnapmem.miX npoJzyXTOB a peaKUHH 22Ne + 208Pb 

Ena6 .• E•oo6 .• CetJeHIDI o6pa3oBaHIDI, MK6 

MJB MJB 
4n 5n 6n 7n p5n p6n p7n a2n a3n a4n aSn a6n a7n 

101 31 0,7 210 140 

109 38 6,0 310 330 

112 41 3,1 0,5 60 380 50 

116 45 0,8 1,9 40 310 90 

122 50 0,2 1,8 0,3 20 120 230 50 

130 57 0,9 0,9 1,4 0,1 30 250 250 20 

137 64 0,4 0,2 0,1 3,7 0,3 10 6.0 310 50 

142 68 0,1 0,3 1,1 1,9 0,4 40 280 120 10 

148 74 0,2 0,9 2,6 0,4 20 120 200 30 

153 78 0,1 0,7 2,2 0,8 I 60 140 80 

(84 ± 5)% H (16 ± 5)% COOTBeTCTBeHHO, 'ITO DO.!(TBep)l(,l:(aeT ,naHHbie pa60Tbl ( 16]. ,IJ)UI H30-

TOna 
223u nepuo.n nonypacna.na, H3MepeHHhiH no 35 KoppeJiliUIDIM nma ER-a1-a2-a3

, oKa-

3aJICll paBHbiM (55± 10) MKC, TO eCTb npaKTHtJeCKH B TpH pa3a 60Jihllle BeJIHtJHHbl, npuBe­

,neHHOH B pa6oTe [10]. Mbi CtJHTaeM, 'ITO nonyqeHHoe B HaCTOliiUHX 3KcnepuMeHTax 3Ha-

tJeHue nepuo.na nonypacna.na 
223U 6onee TOtJHO, TaK KaK AJill H3MepeHuii 6biJI ucnoJib30BaH 

cymecTBeHHO 60JibiiiHH MaCCHB ,naHHbiX. 

CTaTHCTHtJeCKall TOtJHOCTh H3MepeHuii Bhixo.nos oT,neJibHhiX HYKJIHAOB cocTaBJiliJia B 

,naHHbiX 3KCnepuMeHTax ± (15 + 20)% AJ!ll H30TODOB ypaHa H npOTaKTHHHll H ± (5 + 10)% 
AJ!ll H30TODOB Th. }J.Jill H30TODOB Th OHa, B OCHOBHOM, onpe,neJiliJiaC TOtJHOCTbiO yqeTa cpOHa 

no.n BhiJJ.eJieHHhiM a-nuKOM. TotJHOCTh onpe.neneHIDI senutJHH cetJeHuii o6pa3osaHnll 

HCnapHTeJibHbiX npOAYKTOB onpe,neJilleTCll TaiOICe TOtJHOCTbiO H3MepeHIDI 3cpcpeKTHBHOCTH 

cenapauuu, TOJIIUHHbl MHIIIeHH H DOTOKa HOHOB, npollle.!(lllero tJepe3 MHIIIeHb. C yqeTOM 

3THX cpaKTOpOB TOtJHOCTb onpe,neJieHHll a6COJIIOTHbiX BeJIHtJHH CetJeHHH COCTaBJiliJia B AaH­

HbiX 3KCnepuMeHTaX ± 50%. TOtJHOCTb H3MepeHHll OTHOCHTeJibHbiX BeJIHtJHH CetJeHHH 6biJia 

B .nsa-Tpu pa3a nyq111e. 

llpu BbltJHCJieHHH 3HeprHH B036y)l(,l:(eHHll KOMDaYHA-liApa HaMH HCUOJib30BaJIHCb 3KC­

nepuMeHTaJibHbie 3HatJeHIDI Mace HYKJIHAOB, B3liThie H3 Ta6nuu [ 17] . .11.3MepeHHbie B .nuana-

30He :mepruii B036y)l(,l:(eHHll KOMDaYHA-liApa 
230U OT 30 AO 80 M 3B BeJIHtJHHbl Ce'!eHHH 

o6paJosaHnll AJill H30Tonos U, Pa u Th npuse.neHbi B Ta6nuue. 
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Cpasueuue SKcnep uMeHTaJibHBX AaHHbiX 

c paclfeToM no np o rpaMMe HIV AP H o6cy)I(AeHue peJyJibTaTos 

.Il.JUI aHaJIHJa 3KCnepHMeHTaJibHbiX AaHHbiX Mbl HCnOJibJOBanH XOpOlliO anpo6HpOBaH­

HbiH so MHomx pa6oTax K OA HIV AP [ 18], a KOTopoM celfeHHSI o6paJOBaHHSI ucnapHTem-

HbiX npOAyKTOB B peaKUHSI X nOJIHOfO CJIHSIHHSI Bbi'IHCJISIJOTCSI B paMKaX CTaTHCTH'IecKOH MO­

AeJIH AeBOJ6)'JimeHHSI KOM nayHA-AApa. Opu Bbi'IHCJieHHH nnoTHOCTH ypoaueif a paclfeTax 

HCf10Jib30BanHCb XOpOlliO HJBecTHbJe COOTOllleHHSI MOAeJIH QJepMH-raJa (6e3 yqeTa 3QJQJeKTOB 

KOJIJieKTHBHOfO yCHJieHHSI ) C QJeHOMeHOJIOrH'IeCKHM yqeTOM 060JIO'Ie'IHbiX 3QJQJeKTOB B 

napaMeTpe nJIOTHOCTH ypOBHeH flO 11rnaTJOKY [ 19) . 

av(E*) =a) I+ [I- exp (- E * / D)] ~Wv(A, Z) / E *}. 

rAe E * - suepmSI aOJ6)'JimeHHSI cocTaaHoro SIApa, D = 18,5 MsB - «MHHa ocna6neHHSI» 

o6onolfe'IHbiX s¢¢eKTOB, a ~W/A. Z) - o6onolfe'IHaSI nonpa8Ka K Macce AApa, o6paJoaas-

rnerocSI f10CJie HcnycKaHHSI lfaCTHUbl V (HeHTpOHa, npOTOHa HJIH <X-lfaCTHUbl). OapaMeTp 

f1JIOTHOCTH yp08HeH 8 AeJI HTeJibHOM KaHane Mbl C'IHTanH He JaBHCSIIUHM OT 3HeprnH 8036y)K­

AeHHSI H paBHbiM aCHMflTOTH'IeCKOMY JHalfeHHJO napaMeTpa nJIOTHOCTH yp08HeH af B KaHane 

c HcnapeHHeM lfaCTHU av. TaKHM o6pa30M, OTHOllleHHe aCHMnTOTH'IeCKHX JHalfeHHH napa­

MeTp08 nJIOTHOCTH yp08He H 8 AeJIHTeJibHOM H HCnapHTeJibHOM KaHan ax - afj av - 8 pac­

lfeTaX npHHHManOCb pa8H b1M eAHHHUe. 3KcnepHMeHTanbHbJe apryMeHTbl 8 nOJibJY 8bt6opa 

TaKOrO JHalfeHHSI AJISI a
1

j av f10Ap06HO o6cy)I(AanHCb HaMH 8 pa6oTe [6) . 3HalfeHHSI yrJI08biX 

MOMeHT08, YHOCHMbJe HCnapSIIOIUHMHCSI lfaCTHUaMH, C'IHTanHCb pa8Hb1MH lh, lh H 3h AJISI 

HeHTpOH08, npOTOH08 H <X-lfaCTHU COOT8eTCT8eHHO. 0pH paC'IeTaX HCf10Jib308anHCb 3KC­

nepHMeHTaJibHble JHalfeHHSI JlJISI 3Heprnw C8SI3H HeHTpOH08, npOTOH08 H <X-lfaCTHU C yqeTOM 

nonpaaoK Ha s¢¢eKTbi "cnapuaaHHSI. • 

OoJIHbiH 6apbep AeneHHSI 8bt'IHCJISIJICSI KaK cyMMa 8eJIH'IHH )KHAKOKaneJibHOro H o6ono­

lfe'IHOro KOMnOHeHT08 6ap bepa AeJieHHSI . 

B (/) = CB LD(l) + B Shell 
f f f • 

BeiiH'IHHa )KHAKOKaneJibHoro KOMnoHeHTa 6apbepa AeJieHHSI (B/D) paCC'IHTbt8anacb no 

MOAeJIH JapSI)KeHHOH )KHAKOH KanJIH KoeHa- nnaJHJia- C8SITeuKrO [20]. BeJIH'.JHHa o6o­

JIO'Ie'IHOro KOMnOHetna Ae.n eHHSI - (B/hell) npHHHManaCb pa8HOH pa3HOCTH Me)I(Ay KaneJib­

IIOH [ 21] H sKcnepuMeHTanb HO HJMepeuuow [ 17] MaccaMH HYKIIHAa, To ecTb pa8HOH MOAYIIJO 

aeJtH4HIIbi ~Wv(A, Z) . Kos¢¢HuHeHT C npH )KHAKOKanenbHOM KOMnoHeHTe 6apbepa Ae-

JieHHSI HCnOJib308ancst B p acYeTax KaK noArOH04HbiH napaMeTp. B KaYeCTBe SKcnepHMeH­

TaJibllbiX AaHtibiX npH cpaBHeiiHH C paCYeTOM HCnOJib308aJIHCb BeJIH'IHHbl Ce4eHHH o6pa30-

8aHHSI HYKIIHAOB B MaKCHMy Max HX BbiXOAOB. 

KaK cneAyeT H3 sKcnep HMeHTaJibHbiX AaHHbiX, npHBeAeHHbiX 8 Ta6nuue, xapaKTepHOH 

OC06eHIIOCTbiO HCCJieA08aH IOH peaKUHH SI8JISieTCSI AOMHHHp08aHHe B HCnapHTeJibHOM KaHa­

ne HYKJIHAOB, o6pa3yJOIUHXCst B a.m- peaKUHstx . B STOM CMbiCJie oHa cymecTBeHHO OTJIHYaeT-
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CR OT .n;pymx peaKUHH, HCCne.D;OBaHHbiX HaMH paHbiiie H npHBO.D;R HX K o6pa30BaHHIO KOM­

naYHA-R.D;ep C Z ~ 89. lliDKe npH OTHOCHTenbHO He6onbiiiHX ::mepr RX B036y:lK,LleHHR KOMna­

YHA-R.D;pa <~ 35 M3B) ce'JeHHR axn-peaKUHH )')Ke npesocxo.D;RT ce eHHR xn- H pxn-peaKUHH 

Ha .D;Ba nopR.D;Ka BenH'IHHbl. C pOCTOM 3HepmH B036y)l(,!leHHR paJnH'IHR B BenH'IHHax Ce­

'IeHHH ysenH'IHBaiOTCR Ja C'IeT 6blcTpom YMeHbiiieHHR ce'JeHHH xn- peaKUHH H npaKTH'IeCKH 

.n;OCTHraiOT Tpex nopRAKOB BenH'IHHbi. KaK y)l(e rosopHnocb so sse.n;eHHH, B pa6oTe [8] 6bmo 

noKaJaHo, 'ITO 6onbiiiOe paJnH'IHe ce'JeHHH npHBOAHT K JHa'IHTenbHbiM TPYAHOCTRM npH 

nOnbiTKaX HX MO.D;enbHOrO OnHCaHHR C O.D;HHM Ha6opOM napaMeTp OB. Il03TOMY eCTb OCHO­

BaHHR nonaraTb, 'ITO B HCCne.n;yeMOH peaKUHH BenH'IHHbl Ce'IeHHH AnR paJnH'IHbiX MOA HCna­

pHTenbHOrO KaHana 6yAYT B 3HalJHTenbHOH CTeneHH onpe.n;enRTbCR He TOnbKO .D;enHMOCTbiO 

HYKnHAOB, HO H KOppeKTHOCTbiO paC'IeTa BepORTHOCTH HCnapeHHR 3apR)I(eHHbiX 'IaCTHU. 

PaHee B pR.n;e pa6oT [22,23] 6blno noKaJaHo, 'ITO AnR npaBHnbHoro onHCaHHR B paMKax 

nporpaMMbi HIV AP ce'JeHHH .H axn-KaHanos B peaKUHRX c TR)I(enbi MH HOHaMH Heo6xo.n;HMO 

Ha 15-25% YMeHbiiiHTb pac'IeTHyiO senH'IHHy KynoHoscKoro 6apbepa .n;nR <X-'IaCTHU. TaKaR 

peKOMeH.D;auHR B o6meM COrnacyeTCR C BbiBO.D;aMH pa60J'bl (24), B KO:rOpOH HH!flopMaUHR 0 

BenH'IHHaX KynOHOBCKHX 6apbepOB .D;nR pa3nH'IHbiX R.D;ep npH HCnapeHHH HMH <X-'IaCTHU 

H3BneKanacb H3 aHanHJa 3KCnepHMeHTanbHO HJMepeHHbiX HCnapHTenbHbiX (X-CneKTpOB. llnR 

TOrO 'IT06bi nposepHTb, RBnReTCR nH yMeHbllleHHe KynOHOBCKOrO 6apbepa He06XO.D;HMbiM 

ycnoBHeM AnR npasHnbHoro pac'JeTa ce'JeHHH B o6nacTH Hccne.n;yeMbiX HaMH R.D;ep, Mbi npo­

senH c HcnonbJOBaHHeM nporpaMMbi HIV AP pac'JeTbi ce'JeHHH o 6 paJosaHHR HcnapHTenb-

HbiX npOAYKTOB B peaKUHH 
22

Ne + 
197 

Au. J.h cpasHeHHR peJynbTaTOB pac'IeTOB c 3KcnepH­

MeHTanbHO H3MepeHHbiMH Ce'IeHHRMH AnR Xn-, pxn- H axn-peaKUHH (5) 6binO ycTaHOBneHO, 

'ITO yMeHbllleHHe KynoHOBCKOrO 6apbepa Ha 15% B KaHane HCnapeHHR <X-'IaCTHU npHBO.D;HT 

K nyqiiieMy cornaCHIO .n;aHHbiX. Il03TOMY BO BCeX .D;anbHeHIIIHX p aC'IeTaX Ce'IeHHH o6paJO­

BaHHR HCnapHTenbHbiX npO.D;yKTOB KynOHOBCKHH 6apbep .D;nR <X-'IaCTHU YlJHTbiBanCR HaMH C 

K03!fl!f>HUHeHTOM 0,85. 

CpasHeHHe peJynbTaTOB pac'JeTOB c 3KcnepHMeHTanbHbiMH .n;aHHbiMH nposo.n;HnOCb AnR 

Tpex THnOB KaHanOB .D;eB036y)l(,!leHHR KOMnayH.D;-R.D;pa - Xn, pxn H axn, HO OCHOBHbiM RBnRn­

CR xn-KaHan . Ilpe:lK,Lle BCero 3TO CBR3aHO C TeM, 'ITO AnR .n;aHHOro KaHana Ha6niO.n;aeTCR 

HaH6on.ee JHa'IHTenbHbiH .n;HanaJOH HJMeHeHHR ce'IeHHH, H no3T MY 3TOT Ha6op .n;aHHbiX 

HaHMeHee KpHTH'IeH K OIIIH6KaM B H3MepeHHH Ce'JeHHH. Ha pHC.1 npHBe.D;eHa KOMnHnRUHR 

3KCnepHMeHTanbHbiX .n;aHHbiX AnR BenH'IHH Ce'JeHHH o6pa30BaHHR HeHTpOH.n;e!f>HUHTHbiX 

HJOTonos ypaHa B xn-peaKUHRX c HOHaMH c A ~ 40. HapRAY c ce'leHHRMH, HJMepeHHbiMH B 

HaCTORUleH pa60Te, HCnOnb30BaHbl TaK)I(e .D;aHHble H3 pa60T (9-12], B KOTOpbiX HCCne.n;O-

BanHCb peaKUHH 
22

Ne + 
208

Pb H 
27 

AI + 
197 

Au. Cne.n;yeT OTMeTHTb, 'ITO AnR H30Tonos 

218
•
219U OIIIH6Ka B Onpe.n;eneHHH BenH'IHH Ce'leHHH B MaKCHMyMaX BbiXO.D;OB HeCKOnbKO 

(
+ 150%) 6onbiiie " cocTaBnReT _ SO% . 3-ro CBRJaHo npe:lK,Lle scero c TeM, 'lTO nonepe'IHbie ce-

27 197 
'IeHHR B peaKUHH AI+ Au [11,12] 6blnH HJMepeHbi TOnbKO npH .n;syx JHa'IeHHRX 

3HepmH 6oM6ap.n;HpyiOUlHX HOHOB 151 If 162 M3B, 'lTO If npHBO.D;HT K .D;OnOnHHTenbHOH 

HeOnpe.n;eneHHOCTH B onpe.n;eneHHH BenH'IHHbl Ce'leHHR B MaKCHMy Me BbiXO.D;a. TO'IKaMH Ha 
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PHC.! . 3KcnepHMCHTaJibHbiC H paC'!CTHbiC 3Ha'ICHHJI CC'ICHHH B MaKCHMy­

MaX BbiXODOB Dnll xn-peaKUHH. (06"bJICHCHHJI o603Ha'!CHHH CM. B TCKCTC) 

pMC.i fiOK333Hbl 3KCnepMMCHTaJ!bHbiC JHa'!CHHll BCJIH'IHH CC'ICHHH B MaKCMMyMaX BbiXOAOB, 

JIHHHliMH - peJyJJ&TaTbl paC'!CTOB no CTaTMCTH'ICCKOH MOACJIH ACB036y)l(lleHJ.Ill KOMnayHA­

liApa, CAeJJaHH&Ie c HCfiOJJbJOBaHMeM nporpaMMbi HIVAP. BenM'IMHbi AJJll )I(J.!AKOKanenbHbiX 

H 060JJO'IC'!HbiX KOMfiOHCHTOB 6apbepOB ACJICHHll, HCfiOJibJOBaBIUHCCll B paC'!CTaX, npuaeiJe­

Hbl B BepxHeH '!aCTH pHC .2 . 

WTpHxnyHKTHpuoii JJ HIIMeii (I) Ha pMc . l noKaJaHbi peJyJJ&TaThi pac'leTOB, CAeJJaHH&Ie c 

HCfiOJibJOBaiiMCM CTaii.UapTI IOro fiO.UXOlla LlJill y'leTa o60JJO'IC'!HbiX 3Q)(pCKTOB, OfiMCaHHOfO B 

Ha'!aJIC 3TOro pa3.UeJJa CTaTbH . 8 3THX paC'!CTaX HaMM HCf10Jib30BaJICll TOJibKO OAHH fiOAfO­

HO'!HbiH napaMeTp - K03cpcpHUHCHT C, Jlla'!ettMe KOTOpOrO OKaJaJJOCb paBHbiM 0,65. TaKOe 

Jlla'!etme K03cpcpHUHCHTa C npM )I(J.IAKOK3fleJJbHOM 6apbepe ACJICHHll liBJiliCTCll THfiH'!HbiM 

llJill 6onbiUMHCTBa liJlep B o 6 nacTM oT Pb no U [6,7) . OnHaKo, KaK cnenyeT MJ pMcyuKa, npH 

HcnoJJbJOBaHHH TaKoro non xona xopoiUee cornacHe pac'!eTa H 3KcnepMMettTanbHbiX naHHbiX 

Ha6niOAaeTCll TOJJbKO AJJll HJOTonos c 130 $ N $ 134. Pac<JeTHbie JHa'!eHHll ce<JeHHH o6paJo-
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PHc.2. BeJJH'JHHbi JKHJIKOKaneJJbHoro (a) H o6ono­

'-le'-IHOro (6) KOMfiOHeHTOB 6apbepa L(eneHH.!I L(n.!I 

HeiiTpOHOLtecpHUHTHbiX H30TOfiOB ypaHa. B) 

3aBHCHMOCTb napaMeTpa MOTHOCTH ypoBHeii OT 

3HeprHH B036YJKLteHH.!I L(n.!I Tpex 3Ha'-!eHHH napaMeT­

pa D: 18,5 M3B, 10,5 M3B H 6,0 M3B 

BaHHSI HeHTpOHO.!(ecpHUHTHhiX M30TOnOB 

21 8 •21~ C '-IHCJiaMH HeHTpOHOB, paBHhiMH 126 

M 127, OKa3bJBaiOTCSJ 3aBbJUJeHHhiMH B 10 + 20 

pa3. KaK noKa3aJIH .!(onoJIHHTeJihHhie pac'-leThi, 

,!(JISI npaBHJlhHOfO OfiHCaHHSJ Ce'-!eHHH o6pa30-

BaHJ.:JSJ 3TMX M30TOfiOB 6bJJIO 6bJ He06XO,!(MMO 

yMeHhUIHTb 3Ha'-leHHe K03cpcpHUMeHTa C ,!(0 

BeJIM'-IMHhl 0,45 (JIMH~ 3 Ha pMC.1 ) . 0.!(HaKO, 

KaK BM,!(HO M3 pMC)'HKa, B 3TOM CJiyqae Henpa­

BMJlhHO OfiMChiBaiOTC~ Ce'-leHM~ o6pa30BaHM~ 

6onee T~)l(eJibiX M30TOfiOB. 

HaMM 6bJJia npoBepeHa «ycTOH'-IMBOCTh» 

paC'-!eTOB OTHOCMTeJibHO B03MO)I(HOH CMCTeMa" 

TM'-IeCKOH OUJM6KM B onpe,!(eJieHMM BeJIM'-IMH 

060JIO'-Ie'-IHhiX nonpaBOK K OCHOBHOMY COCTO-

73 
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~HMIO. ,ll.rJ~ 3T0f0 BeJIM'-IMHbl 060JIO'-Ie'-!HbiX nonpaBOK B cpopMyJie ,!(Jl~ fiJIOTHOCTM ypOBHeH M 

6apbepe ,!(eJieHM~ y BCeX HYKJIM.!(OB B MCnapHTeJihHOH uenO'-IKe O,!(HOBpeMeHHO yMeHhlllaJIHCh 

MJIM yBeJIH'-IMBaJIMCb Ha 30% . Tio a6COJIIOTHOH BeJIH'-IHHe TaKOe Bap bHpOBaHHe COOTBeTCTBO­

BaJIO M3MeHeHHIO 060JIO'-Ie'-IHOH nonpaBKM Ha ± 0,8 MsB ,!(Jl~ KOHe HhiX ~.!(ep B HCnapMTeJib­

HOM KaCKMe. PeJyJihTaT pacqeTOB M~ BapMaHTa c YMeHUJeHHhiM 3Ha'-!eHHeM o6ono'-le'-IHOH 

nonpaBKM fiOKaJaH Ha pMC.1 JIHHMeH 2 . l1J pMCYHKa BH.!(HO, 'ITO ,!(a)l(e TaKOe, .!(OCTaTO'-IHO 

CMJihHOe, BapbHpOBaHHe BeJIM'-IHHbl o60JIO'-Ie'-IHOH nonpaBKH npHBO,!(MT K H3MeHeHMIO BeJIH­

'-IMH paC'-!eTHbiX Ce'-!eHHH TOJlbKO Ha cpaKTOp 2-3 M He MO)I(eT 6 bJTb MCfiOJlb30BaHO ,!(Jl~ 

o6bSJCHeHH~ MaJihiX 3Ha'-leHMH BeJIH'-IHH ce'-leHMH o6pa3oBaHM~ M30TonoB 
218 •21~. B npHH­

UMne 3TO He y.!(MBHTeJihHO, TaK KaK yqeT o6oJio'-le'-IHOH nonpaBKM B nJIOTHOCTM ypoBHei1 

npHBO.!(MT K yMeHhUJeHHIO McnapHTeJihHOH UIMpMHhi , a B 6apbepe ,!(eJieHM~ - K YMeHbUJeHHIO 

,!(eJIHTeJibHOH UIMpMHhl. TI03TOMY CHHXpOHHOe H3MeHeHHe 060JIO'-Ie '-IHOH nonpaBKH B ,!(eJIH­

TeJibHOM H HCnapHTeJihHOM KaHaJiaX npHBO,!(HT K CHJlhHOMY KOMneHCal.IMOHHOMY 3cpcpeKTY 

npH pac'-!eTax BeJIH'-IHH ce'-leHHH. 

XopoUiee comacHe 3KcnepHMeHTaJihHhiX H pac'-leTHhiX ce'-leHH - MO:JKHO nonyqHTh, eCJIH 

MCfiOJlh30BaTh npe.!(JIO)I(eHHhiH B pa60TaX [1,2] M ~e ynOMMHaBUJ HC~ BO BBe.!(eHMM MeTO,!( 

yMeHbUJeHHSI napaMeTpa D npH Bhi'-IMCJieHHM nnoTHOCTH ypoBHe i1 B KaHane HcnapeHHSJ 

qacTMU. Pe3yJihTaThi TaKMX pac'-!eToB c D = 10,5 MsB H C = 0 ,65 noKa3aHhi Ha pHc.1 

UITpMXOBOH JIHHMeH. KaK BH.!(HO H3 pMCYHKa, npH TaKOM Ha6ope napaMeTpOB y.!(aeTCSJ 0,!(­

HOBpeMeHHO OfiHCaTb KaK Ce'-!eHH~ o6pa30BaHMSJ M30TOfiOB CO 3Ha'-IMTeJibHhiM BKJia.!(OM 060-

JIO'-Ie'-IHbiX 3cpcpeKTOB, TaK M npaKTH'-IeCKM HyJieBbJM. 0.!(HaKO HaM npe.!(CTaBJI~eTC~ He06-
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XO.llHMbiM C.lleJlaTb KOpOTK HH KOMMeHTapHH K o60CHOBaHHOCTH HCnOJ1b30BaHHll .UaHHOro 

no.uxo.ua. B HH)J(Heii '!acnt pHc.2 npHse.ueHbi TPH KpHBbte .!lllll JaBHCHMOCTH BeJlH'IHHbi napa­

MeTpa nJlOTHOCTH ypOBHeH B HCnapHTeJlbHOM KaHane - av - OT :meprnH B036)'JK.lleHHll ll.llpa. 

Pac'leTbi c.uenaHbi .!lllll HyK.rm.ua 
218U npH JHa'leHHliX napaMeTpa D, paBHbiX 18,5 M3B, 

10,5 M3B H 6,0 M3B cooTBeTCTBeHHO. HJ pHCYHKa cne.uyeT, 'ITO yMeHbiUeHHe napaMeTpa D 
npHBO.llHT K yMeHbiUeHHIO napaMeTpa nJlOTHOCTH ypOBHeH, OC06eHHO npH HH3KHX 3HeprHliX 

B036)'JK.lleHHll, H CJle.llOBaTeJlbHO, K YCHJleHHIO 060J10'IelJHbiX 3cpcpeKTOB B nJlOTHOCTH ypOB­

HeH B HCnapHTeJlbHOM KaHane. TaK KaK npH 3TOM BeJlH'IHHa 6apbepa .lleJleHHll H, CJle.llOBa­

TeJlbHO, nJlOTHOCTb ypOBHe H B .lleJlHTeJlbHOM KaHane OCTaiOTCll B paclJeTaX HeH3MeHHbiMH, TO 

3TO npHBO.llHT K ysenH'IeHHIO napuHanbHOH .uenHTeJlbHOH IUHpHHbi H yMeHbiUeHHIO ce'!eHHH 

o6paJoBaHHll HcnapHTeJlbllbiX npo.uyKTOB. Heo6xo.uHMO HanoMHHTb, 'ITO 'IHCJleHHoe JHa­

'!eHHe napaMeTpa D = 18 5 M38 6hlno nony'leHo HJ aHanHJa 6oJJbiUoro MaccHBa 3KC­

nepHMeHTanbHbiX .UaHHbiX 0 nJlOTHOCTliX ypOBHeH ll.llep npH 3HeprnH CBli3H HeHTpOHa ( 19), 

B TOM 'IHCJle H .!lllll ll.llep, 6 J1 H3KHX K .llBa)J(.llbl MarH'!eCKHM . 003TOMY yMeHbllleHHe B paC'!eTaX 

napaMeTpa D paBHOCHJJbHO yTBep)J(.lleHHIO , 'ITO o6ono'!e'IHbte 3cpcpeKTbi B nnoTHOCTH ypoB­

Heii y HeHTpOHO.llecpHUHTHbiX H30TOnOB U C N::::: 126 Bblpa)J(eHbl ropaJ.llO CHJlbHee, '!eM y 

TaKHX )Ke H30Tonos Pb HJlH Bi . 3To npe.ucTaBJJlleTCll ManosepoliTHbiM, H no3TOMY Heo6-

XO.llHMO J1H60 nOJJHOCTbiO OTKaJaTbCll OT 3TOro nOllXO.lla, JJH60 nO.llblCKaTb .!lllll HerO .llpyryiO 

HHTepnpeTaUHIO. O.uHaKO, KaK 3To l!BHO cnellyeT H3 pHc.2, YMeHbiUeHHe napaMeTpa D B 

paclJeTaX HH B KOeH Mepe He MQ)KeT 6biTb HHTepnpeTHpOBaHO KaK «6btCTpoe OCJJa6neHHe 

o6ono'!e'!HbiX 3cpcpeKTOB>> [ I ,2]. 

Ope.llCTaBJllleTCll llOCTaTO'IHO JlOrH'IHbiM CBll3aTb paCXO)J(.lleHHe pac'leTHbiX H 3KCnepH­

MeHTanbHbiX JHa'!e~mii ce '!eHHH, Ha6niO.uaeMoe .!lllll HJOTonos ypaHa c N::::: 126, c npe.!lllo­

)KeHHbiM B pa6oTe [4] H 11e Y'IHTbtBaeMbiM B pac'!eTax no nporpaMMe HIV AP 3cpcpeKTOM 

KOJJJleKTHBHOrO ycHJleHHll , 3HalJHTeJlbHO yBeJJH'IHBaiOIUHM OTHOCHTeJJbHyiO BepOliTHOCTb 

.uenHTeJlbHOH MOllbi pacnaua .!lllll llllep, 6nH3KHx K Marn'!eCKHM . KonH'IeCTBeHHbte oueHKH, 

ClleJlaHHbie Ha OCHOBe npe.!lllO)KeHHbiX B pa6oTe ( 4) cpOpMyJJ .!lllll }"'eTa 3cpcpeKTa KOJl­

JleKTHBHOro YCHJleHHSI, noKa3biBaiOT, 'ITO nJJOTHOCTb BpamaTeJlbHbiX ypOBHeH B OCHOBHOM H 

Ce.!lllOBOM COCTOliHHSIX .!lllll 6JJH3KHX K MarH'IeCKHM H30TOnOB ypaHa OTJlH'IaeTCll B 40 +50 

pa3. 3-foro BnOJJIIe llOCTaTO'IHO .!lllll TOrO, 'IT06bi 06bliCHHTb HaniO.UaeMOe B 3KCnepHMeHTe 

yMeHbWeHHe ce'!eHHH . 6 onee OllHOJHa'!Hbte BbiBOllbi CllenaTb TPY.llHO. B MO.lleJlH KOJJ­

neKTHBHOro YCHJJeHHll OTCyTCTByeT anropHTM Bbi'IHCJleHHll 3aBHCHMOCTH BeJJH'IHHbl 3cpcpeKTa 

OT N H Z HYKJlHlla, H . n03TOMY HeB03M0)J(HQ paCC'IHTaTb BCIO uenO'IKY .UeBOJ6y)J(.lleHHll OT 

lla'laTibHOro KOMnayHll-ll.llpa . 8 TO )Ke BpeMSI He Bbl3biBaeT COMHeHHH, 'ITO TaKal! 3aBHCH­

MOCTb llOJI)KIIa cywecTBOBaTb . 6onee Taro, 1n o6cy)J(.llaeMbiX 3KcnepHMeHTanbHbiX .uaHHbiX 

cJtellyeT, 'ITO ::>cpcpeKT KOJJJ teKntBttoro ycuJteHHSI llOJJ)J(eH pa6oTaTb TOJlbKO B O'leHb yJKOH 

06JtaCTH Slllep II HpaKTII'IeCI\11 IIC4e3aTb 11p11 OTJIH41111 'IHCJla HeHTpOHOB B llllpe Ha 2-3 

ellHIIIIUbl OT Mal'lt'teCI\01'0 . 

H, llaKOIIeU, Mbl XOTe!llt 6bt o6paTilTb BHHMaHHe Ha HeCKOJlbKO HeO)J(HllaHHblH, HO .ll0-

CTaT04HO IIIITepeC!IblH II B0 3M0)1(110 Haii60JJee npOCTOH BapHaHT peiUeHHll npo6JleMbl }"'eTa 

11!111l!IIHSI 060JI04e41lblX 3cpcpeKTOB B lleJJHTeJJbHOM KaHane Ha Ce4eHHll 06pa30BaHHll 

HCttapHTeJlbttbtX upollyKTOB . CnnoiUHO~i JIHHHeH Ha pHc . l noKaJaH sapHaHT pac'leTa, s KO­

TOpOM !Ia IIOllfOIIO'IIIblH KO::>cpcpHUIIetiT C = 0,65 YMHQ)KanQCb CYMMapHOe 3Ha'!eHHe 6apbepa 
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w-1 

w-3 
124 126 128 130 

N 

132 134 136 

PHc.3 . 3KcnepHMeHTaiibHbie H pac'leTHbie 3Ha'leHHll ce'leHHH B MaKCHM}'Max BbiXOJlOB 

lVIll axn-peaKUHH. 0603Ha'!eHHll , KaK Ha pHc. J 
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JleJieHHH, a He TOJlbKO ero )I(HJIKOKal1eJibHaH '!aCTb. J1J pHCYHKa BHJIHO, 'ITO 3TOT BapHaHT 

paC'!eTa XOpOlllO 011HCbiBaeT BeJIH'IHHbl Ce'leHHH Jl]]H xn-peaKQH H BO BCeH HCCJieJIOBaHHOH 

o6naCTH HJiep . HOBbiH BapHaHT pac'!eTa TaK)I(e HeCKOJlbKO nyqrne c omacyeTCH C OTHOCHTeJib­

HbiM XOJIOM Ce'!eHHH Jl]]H CX.Xn- peaKQHH (CM . puc.3). 

TaK KaK B pac'leTax no cTaTHCTH'IeCKOH MOJieJIH 6apbep .neneHHH MaTeMaTn'leCKH 

3KBHBaneHTeH «3HeprHH CBHJH » JleJIHTeJibHOfO KaHana, TO Bbi'IHT HUe HJ ero 060JIO'Ie'IH0f0 

KOMI10HeHTa HeKOTOpOH '!aCTH npeJICTaBJIHeTCH BI10JIHe J1011YCTHMOH 11pOQeJiypOH npu 

Bbi'IHCJieHHH 11JlOTHOCTH yposHeii B .nenuTeJibHOM KaHane. ITo KpaiiHeii Mepe TaKoii )l(e no.n­

xo.n rnupoKo ucnoJibJyeTcH B ucnapuTeJibHbiX KaHanax npu Bbi'IHTaHHH 3Hepruu cnapuBaHHH 

HJ 3HepruH CBHJH qacTHLibi H .naeT xopornHe peJyJibTaTbJ. B TO )l(e speMH Jl]]H yqeTa BJIHHHHH 

CTPYKTYPHbiX KBaHTOBbiX 3<lJ<lJeKTOB Ha sepoHTHOCTb pa3JlH'IHbiX ucnapuTeJibHbiX KaHanos 

TpaJIHQHOHHO H JIOCTaTO'IHO ycnelllHO HCI10JlbJyeTCH MeTOJl BapbHpOBaHHH napaMeTpa 11JlOT­

HOCTH ypOBHeH - av- Ha OCHOBe JIH60 <!JeHOMeHOJIOrH'IeCKOfO [19], JIH60 110JIY3MI1HpH'Ie-

CKOfO [25) 110,[(XO,[(OB. I1pH 3TOM CJie,[(yeT OTMeTHTb, 'ITO OTHOlllCHHH napQHanbHbiX lllHpHH 

Jl]]H paJJlH'IHbiX HCI1apnTeJibHblX KaHanOB, H CJie,[(OBaTeJibHO, OTHOllleHHH HX Ce'!eHHH, 6onee 

'IYBCTBHTeJlbHbl K HJMeHeHHIO BeJIH'IHHbl o60JIO'Ie'IHOH 11011paBKH 11pH HCI1apeHHH O,[(HOrO 

HJIH HeCKOJlbKHX HYKJIOHOB, '!eM K ee a6COJIIOTHOH BeJIH'IHHe. Jl;IH ,[(eJIHTeJibHOfO KaHana 

CHTyaunH npHHQHnHanbHO ApyraH . OcHOBHbiM <PaKTopoM, onp eAeJIHIOlllHM .nenHTeJibHYJO 
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PHc.4 . OmHMaJJbHbie JHalfeHHll napat.teTpa C, Heo6xonHMbie .llllll npaBHJlbHOro pac<JeTa ce­

<JeHHH o6paJosaHHll Hein poHone<PHUHTHbJX HJOTonos B o6nacTH OT Bi no U s peaKUHliX c 

TlllKeJlbiMH HOHaMH C A $ 40: a) npH paclfeTaX C KOJcjxjJHUHeHTOM C npH nOJlHOM 6apbepe 

lleJleHHll; 6) TOJlbKO npH lKHllKOKaneJJbHOM KOMnOHeHTe fiapbepa 

napUHaJlbHYIO 111HpHHY npH pac'leTe, ~BJl~eTC~ a6COJ110TH~ BeJlHlJHHa CYMMapHOro o60J10· 

'le'IHOro H KanenbHoro 6apbepa, 'ITO nenaeT CHTyauHIO 6onee noxo:JKeii Ha CHTyaUHIO c 

:meprHeH cnapHBaHH~ B HCnapHTeJlbHOM KaHane. 
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Jlpyroe BOJMO)I(HOe 060CHOBaHHe HCOOJibJOBaHH» ,ll.aHHOfO OO,li.XO,ll.a MO)I(HO CB»JaTb C 

yqeTOM TaKHM COOC060M 3cpcpeKTOB KOJIJieKTHBHOfO ycHJieHH» AJI» ,ll.eJIHTeJibHOH MO,ll.bl pac­

na,ll.a. ,!leHCTBHTeJibHO, scpcpeKT KOJIJieKTHBHOro ycHJieHH» YMeHhwaeT AJI» ccpepHqecKHX 

».uep CTa6HJIH3Hpy!Oil{ee BJIH»HHe o6oJiqeqHOfO KOMOOHeHTa 6apbepa ,ll.eJieHH» H TeM CaMbiM 

KaK 6bl yMeHbWaCT ero «3cpcpeKTHBHYIO» BeJIHqHHy. JlomqHo TaK)I(e npe,li.OOJIQ)I(HTb, qTo 

npH 3TOM BeJIHqHHa YMeHbWeHH» o6oJioqeqHoro KOMOOHeHTa 6 apbepa 6y.ueT 3aBHCCTb OT 

ero a6COJIIOTHOH BeJIHqHHbl, a 6onee KOHKpeTHO - B03paCTaTb C pOCTOM a6COJIIOTHOH 

BeJIHqHHbl o6oJioqeqHOH nonpaBKH. B npeAJIO)f(eHHOM HaMH OO,li.XO,ll.e. HCOOJibJOBaH CaMbiH 

npOCTOH BapHaHT AJI» OOHCaHH» TaKOH KOppeJI»UHH, a HMeHHO - np»Ma» nponopUHOHaJib­

HOCTb. HeKOTopoe YAHBJieHHe BbiJbiBaeT, npas.ua, TOT cpaKT, qTo JHaqeHH» KoscpcpHUHeHTOB 

OKaJaJIHCb 6JIH3KHMH AJI» KaneJibHOfO H 060JIOqeqHOfO KOMOOHe TOB 6apbepOB ,ll.eJieHH» . 

Jln» nposepKH YHHBepcanbHOCTH npeAJIO)f(eHHoro no.uxo.ua c ro HcnoJibJOBaHHeM 6hmH 

C,ll.eJiaHbl pacqeTbl ceqeHHH o6pa30BaHH» HCnapHTeJibHbiX npOAYKTOB AJI» .upymx peaKUHH, 

3KCnepHMeHTaJibHO HCCJie,li.OBaHHbiX HaMil paHee [7). 3TO ,li.OCTaTOq Ho 60JibWOH MaCCHB 3KC­

nepHMeHTaJibHbiX ,ll.aHHbiX, BKJIJOqaJOI.l.{HH B ce6» ceqeHH» o6paJOBaHH» OKOJIO 50 ».uep-npo­

AYKTOB B 6onee qeM 15 peaKUH»X. PeJyJibTaTbi pacqeTOB npe.ucTaBJieHbi Ha pHc.4 a H 6, Ha 

KOTOpbiX npHse.ueHbi onTHMaJibHbie JHaqeHH» KoscpcpHUHeHTOB C, nonyqeHHbie HJ cpas­

HeHH» 3KcnepHMeHTaJibHbiX H pacqeTHbiX senHqHH ceqeHHH. Ha p Hc.4a noKaJaHbi peJyJibTa­

Tbi pacqeTOB, B KOTOpblX OO,ll.fOHOqHbiH napaMeTp C HCOOJib30BaJIC» AJI» cyMMapHOfO 6apb­

epa .ueneHH». Ha pHc.46, BJ»TOM HJ pa6oTbi [7] H .uonoJIHeHHOM .uaHHbiMH no HJOTOnaM 

ypaHa, noKaJaHbi peJyJibTaTbi pacqeToB, c.uenaHHbiX B paMKax cTaH.uapTHoro no.uxo.ua K yqe­

TY o6onoqeqHbiX scpcpeKTOB. I-h cpasHeHH» cne.uyeT, qTo HOBbiH sapHaHT yqeTa o6onoqeq­

Horo 3cpcpeKTa B ,ll.eJIHTeJibHOM KaHane Jl}"'We OOHCbiBaeT BJ»TbiH AJI» aHaJIHJa MaCCHB 3KC­

nepHMeHTaJibHbiX ,ll.aHHbiX . llpH erO HCOOJibJOBaHHH npaKTHqeCKH HcqeJaeT He06XO,li.HMOCTb 

BapbHpOBaHH» BeJIHqHHbl K03cpcpHUHeHTa C AJI» npaBHJibHOro OOHCaHH» ceqeHHH o6paJO­

BaHH» HYKJIHAOB c N-::::: 126 [7] . llpH 3TOM B cxeMy pacqeTa He BBOAHTC» HOBbiX 

BapbHpyeMbiX napaMeTpOB, qTO MO)I(HO paCCMaTpHBaTb KaK ,li.OOOJI HHTeJibHOe npeHMyll{eCTBO 

npeAJiaraeMoro no.uxo.ua. 

B KOHUC CTaTbH xoqeTC» C,ll.eJiaTb eme O,li.HO JaMeqaHHe, o6n »CH»IOI.l.{ee HaW OO,li.XO,ll. K 

HHTepnpeTaUHH 3KcnepHMeHTaJibHbiX .uaHHbiX. Mbi He cqHTaeM, qTo nonyqaJOma»c» npH 

MO,ll.eJIHpOBaHHH ,li.OCTaToqHO CJIO)I(HOfO cpHJHqecKOfO npouecca M TeMaTHqecKa» npOCTOTa B 

onHcaHHH ero peJyJihTaToB »BJI»eTc» OAHOJHaqHbiM yKaJaHHeM Ha npocToTy caMoro npouec­

ca. llpe)l(,ll.e BCero TaKOH peJyJibTaT no.uqepKHBaeT cymeCTBOBaHHe OrpaHHqeHHH npH HC­

OOJibJOBaHHH 3TOfO MaCCHBa 3KCnepHMeHTaJibHbiX ,ll.aHHbiX AJI» 0 60CHOBaHH» O,li.HOBpeMeH­

HOro npHCYTCTBH» HeCKOJibKHX cpHJHqeCKHX »BJieHH»X B HCCJie,ll.yeMOM npouecce H TeM 6o­

Jiee onpe.ueneHHH HJ 3KcnepHMeHTaJibHbiX .uaHHbiX qHcJieHHbiX JHaqeHHH HX napaMeTpos. B 

CBOIO oqepe,ll.b , ycTaHOBJieHHe TaKOfO cpaKTa He06XO,li.HMO, TaK KaK 3TO OOJBOJI»eT 6oJiee 

KpHTHqHQ OO,li.XO,li.HTb KaK K 060CHOBaHHOCTH TCX HJIH HHbiX OOJIO)I(eHHH B MO,ll.eJIH npouec­

Ca, TaK H K Ba)I(HOCTH H BOJMO)I(HOMY JHaqeHHIO BHOBb nJiaHHpye MbiX 3KCnepHMeHTOB. 

ABTOpbi 6naro.uapHbi npocpeccopy IO.U.OraHec»HY Ja noMep )I(KY H HHTepec K pa6oTe, 

K .cp.-M.H. IO.A.MyJhiqKe H E.l1.nycTbUibHHKY Ja noneJHbie o6cp<;:{eHH» H c.uenaHHbie JaMe­

qaHH», A .B .TapaHeHKO Ja noMOI.l.{b B 3KcnepHMeHTax . 
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