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MOMENTUM RECONSTRUCTION PROCEDURE 
FOR A NONFOCUSING SPECTROMETER 
WITH WIDE-APERTURE ANALYZING MAGNET 
AND NONUNIFORM FIELD 

L.S.Azhgirey\ W.Augustyniak2, L.Farhi3•4, R.A.Kunne3, L. V.Malinina\ 
E.A.Strokovsky 1 

The SPES-4 spectrometer at SATURNE II has recently been equipped with a 
detection system working in coincidence with it. This system uses a wide-aperture 
dipole magnet. In the paper a method is described to determine the momentum vector 
and interaction vertex of the detected charged particle from its trajectory parameters 
measured outside the inhomogeneous field of the magnet. The feature of the set-up is 
that all detectors are placed outside the dipole field, while the target is inside the ~I T 
field and the incoming track is not measured. The feature of the method is that it is 
simple and fast, while it uses only the straight line part of the particle trajectory, which 
can be measured with sufficient accuracy. 

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

llpoue.z:.ypa BOCCT3HOBJieHHJI HMnyJILC3 

.L{JIH neclloKycupyromero cneKTpoMeTpa c wupoKoanepTypHLIM 
3HaJIH3HpYJOI.QHM MarHHTOM H HeO,L{HOpO.Z:.HLIM 

MarHHTHLIM DOJieM 

JI.C.AJKzupeu u op. 

SPES-4 cneKTpoMeTp Ha SATURNE II 6bUJ HenasHo ocHameH neTeKTHPYJOllleH 
CHCTeMOH, pa6oTatO!lleH B COBnaneHHH C HHM. 3Ta CHCTeMa BKJIIO'IaeT B ce6ll lliHpOKO­
anepTypHblH MarHHT. 8 CTaTbe OnHCbJBaeTCll MeTOll onpene.neHHll HMnyll bCa H KOOpllliHaT 
BepWHHbl B3aHMOJleHCTBHll 3aplllKeHHOH 'laCTHUbl no napaMeTpaM TpaeKTOpHH, H3MepeH­
HbiM sHe HeonHoponHoro MarHHTHoro nonll JToro MarHHTa. Oco6eHHOCTb pacnonoJKeHHll 
JleTeKTOpOB 3aKJIJO'IaeTCll B TOM, 'ITO Bee OHH HaXOllllTCll Ja 06JlaCTbiO nOJlll, TOflla KaK 
MHWeHb HaXOllHTCll BHyTpH 06llaCTH C HanplllKeHHOCTbiO nOJlll ~} T, a napaMeTpbl BXOllll­
Wero B MHWeHb TpeKa He H3Mepll10TCll . ,llOCTOHHCTBa MeTOJla B ero npOCTOTe H 6bJCTpOTe, 

1 Joint Institute for Nuclt:ar Research, 141980 Dubna, Russia 
2 IPN Orsay, CNRS/IN2P3, France 
3 Soltan Institute for Nuclear Studies, 00-681 Warsaw, Poland 
4 Current address: CEA/DAPNIA/SPhN, CE-Saclay, France 
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XOTll HCnOflb3YCTCll TOflbKO npliMOflHHCHHaJI '!aCTb TpaeKTOpHH '!aCTHUbl, KOTOpaJI MOJKCT 

6biTb H3MepeHa C llOCTaTO'IHOH TO'IHOCTbiO. 

Pa6oTa BbinO~JHeHa B na6opaTOpHH BbiCOKHX 3Heprnfi 0115111. 

1. INTRODUCTION 

Several years ago a strong isoscalar excitation of the proton in the region of the Roper 
resonance N* (1440 MeV) was measured at SATURNE (see Ref. I) in the inclusive p(a, a')X 
reaction using the SPES-4 spectrometer. With the goal of an exclusive study of this excitation 
in the interactions of a particles and polarized deuterons with protons, the SPES-4 spectro­
meter at SA TURNE II has been equipped with a detection system working in coincidence with 
it. This system includes a wide-aperture dipole magnet, TETHYS, a hydrogen target located 
between the magnet poles in the region of the magnetic field, proportional and drift chambers 
to measure particle coordinates outside the inhomogenous magnetic field of TETHYS. In this 
paper we describe a simple and fast procedure that uses only the straight line parts of particle 
trajectories to reconstruct the values of momenta and angles of emission from the target of 
the particles detected. Recently the same problem has been considered in Ref.2 for a selected 
set of parameters defining the trajectories. The method proposed in this paper seems to be 
more general. 

The paper is organized as follows. The brief description of the experimental set-up, SPES-
411", is given in Sec. 2. In Sec. 3 we present the results of measurements of the magnetic 
field of the Tethys magnet. The description of the method of momentum reconstruction of 
particles detected by the spectrometer is given in Sec. 4. The application of this method to 
the experimental data obtained in p(d, d')Xcharged experiment w;'th SPES-411" is illustrated in 
Sec. 5. 

2. DESCRIPTION OF SPES-411" SET -UP 

The scheme of SPES-471" set-up used in a series of experiments at SATURNE II beams 
is shown in Fig. I. 

It consists of a large acceptance nonfocusing magnetic spectrometer ("FS+LS") in com­
bination with the high resolution focusing magnetic spectrometer SPES-4 [3]. The particles 
of high momenta (in this experiment the d') were detected in SPES-4, while the secondary 
charged particles of low momenta (protons, pions, deuterons) were detected in the nonfocus­
ing spectrometer "FS+LS". In the typical experiment with SPES-411", reactions of the type 
b + t --+ s + c1 + c2 + .. . +X were studied. Here b is the beam particle, t is the target particle, 
sis the scattered particle detected in SPES-4 and ci (i = 1, 2, .. ) is a charged particle detected 
by the "FS+LS" spectrometer. 

SPES-4 spectrometer is ,.,33 meter long and consists of two almost identical bends, 
made of four identical dipoles, six quadropoles and a correcting sextupole; two scintillation 
hodoscopes (I and F) placed at the intermediate focus (I, after the first bend) and in the 
final focus (F), 2 em thick scintillators (~£-detector) placed after the hodoscope of the 
final focus in order to measure ionization losses of the detected particles and two drift 
chambers (with four wire planes each) before the F-hodoscope. These chambers provided 
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Fig. I. Schematic view of SPES-47r set-up 
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the momentum resolution of rvO.I% and the angular resolution of ""'1 mrad. The acceptance 
of the spectrometer is ""' 2 x 10- 4 sr. Particles are identified by the values of PI z, time of 
flight and the energy lossed in the D-E-detector*. 

In the past, SPES-4 has been used as a stand-alone spectrometer. When used in coin­
cidence with the detection system partially surrounding the target, care has to be taken that 
the through-going beam is trapped correctly. In practice this means that the direction of the 
outgoing beam and the particle detected in SPES-4 are separated not more than a degree at 
the entrance of SPES-4. Therefore in this experiment the outgoing beam was trapped after 
the first dipole of SPES-4 by 50 em thick lead collimator. 

The "FS+LS" spectrometer consists of two arms: the lateral arm (LS) and the forward arm 
(FS), each equipped with a scintillator hodoscope used for trigger and particle identification, 
as well as coordinate detectors (the drift and proportional multiwire chambers). 

The lateral arm (LS) has two multiwire proportional chambers, each with three planes 
with a wire spacing of 2.5 and 4.7 mm, respectively. 

The forward arm (FS) (described in detail in Ref.2) consists of six chambers with a total 
of twelve planes of drift cells; the coordinate resolution of these chambers is ""' 0.3 mm in 
the "drift mode"; when only a number of active wire is used for tracking (the "proportional 
chamber mode"), the resolution is 1.2 mm because the distance of the two neighbourgh drift 
cells is 4.33 mm. 

The forward scattered particles and the unscattered beam passed free through the hole in 
each of the forward arm chambers into entrance of SPES-4. 

Particles detected in the FS or LS arms are identified by the values of PI z, time of flight 
and the energy lossed in the hodoscopes. 

Both arms are located in the fringe field region of the dipole magnet TETHYS. Its pole 
face has the shape of a square with a side of 100 em; the pole aperture is 50 em. The magnet 

• Here p is the momentum of the detected particle; z, its charge. 
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is oriented with its iron yoke in the direction of the incoming beam (with momentum of 
3.73 GeV/c) which passed through the hole (of 20 em width and 10 em height) in the yoke 
to the target (6 em of liquid hydrogen) placed at a distance of ....., 25 em downstream from the 
yoke. 

Events were selected by coincidence between signal from SPES-4 (which corresponds 
to coincidence between counters of I and F hodoscopes of SPES-4) and the logical sum of 
signals from hodoscopes of FS and LS arms. 

3. MAGNETIC FIELD OF TETHYS 

The vertical component of the magnetic field was measured at three field strengths (6, 
9, 12 kG), both in the median plane and in the plane 15 em above the median plane in a 
rectangular grid of 98 by 129 points, with a spacing of 2 em. 

The field in the region of the beam was measured over the whole distance from the 
entry hole in the magnet's yoke up to the entrance of SPES-4, in 5 em steps. From the 
measured field values, a 3-dimensional field map was constructed using an algorithm taken 
from the ZGOUBI tracking simulation (Ref.4, see Fig. 2). First, the median plane field was 
extrapolated to a surface of 4 x 3. 7 m2 . The By component and the partial derivatives with 
respect to X and Z were interpolated by polynomial fits. Next, all three field components 
outside the median plane were obtained by a Taylor series development of the Maxwell 
equations. The second order of the Taylor series development was used. 

The out-of-plane measurements were used to check the consistency of this procedure. It 
was found that the differences between the calculated and the measured field components are 
in absolute value less than I 00 Gauss in each point. 

4. METHOD OF MOMENTUM RECONSTRUCTION 

To determine the momentum and the angles of the particle emitted from the target when 
its trajectory parameters are measured by the drift chambers, we have used a method where 
explicit functions are constructed, which give these values in terms of the measured quantities 
(see Refs.5). 

The realization of the method has two steps: 
- "Teaching" the cod~: generate trial tracks and find necessary coefficients. 
- Use the "educated" code with the found coefficients in order to get vector of the 

momentum using coordinates in the reference planes: 
I. Estimate the momentum vector in the Homogenous Field Approximation (HFA); 
2. Correct the HFA result using the coefficients. 
In this method a number of trial trajectories have to be computed, which represent the 

space of possible trajectories in the set-up. These trajectories are used as a basis to obtain 
the explicit reconstruction functions. In the following we choose a reference frame with the 
z axis along the TETHYS magnet, from the target to the forward hodoscope and the y axis 
along the main component of the magnetic field. 
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Fig. 2. Magnetic field components By , B ,, B x for 9 KGs field. The broken line corresponds to 
y = 15 em; the full line corresponds to y = 45 em 

The initial conditions for each trajectory can be described by a 4-dimensional vector P 
with components 

Pt = 1/ (pc), 
P2 = ta n Ox = t a n {} cos cp, 

P3 = sin By = sin{} sin cp, 

P4 = Ztarg > 

(1) 

where p is the momentum of a charged particle; Zta rg is the z-coordinate in the target; Ox 
and Oy are the emission angles in the horizontal and vertical planes, respectively; and iJ, cp 
are the angles in the spherical coordinate frame. With these initial conditions and with use of 
the magnetic field map, each trajectory can be computed. 

The lower and upper limits of the interval, where each variable P1 , P2 , P3 , P4 run, were 
chosen in such a way that the full acceptance of the FS was covered. Note that in general 
case the particle trajectory has five degrees of freedom in six-dimensional phase space and 
therefore to describe the trajectory one needs five independent variables. 

In our case the width of the beam is small with respect to the resolution on the vertex 
coordinates that we may expect. Therefore we assume that four independent variables are 
sufficient to describe the particle path. For each coordinate interval we have taken a grid of 
discrete, equal length, steps. The number of steps N 1, N2 , N3 , N 4 were chosen in such a 
way that the required accuracy in the final function can be achieved. Next, we followed the 
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X 

boundary of homogeneous field 

straight track pan 

z 

magnet pole area drift chamber planes 

Fig. 3. Definition of the coordinate system 

trajectories through the magnetic field for all possible combinations of these variables, a total 
of N = N 1 · N2 · N3 • N4 trajectories. For each trajectory we determined a 4-dimensional 
vector X of coordinates 

x . = x., x2 = x2, x3 = Y•· x4 = Y2. (2) 

where x1 , y1 and x2 , y2 are the coordinates of crossing by a particle the first and the last 
planes of drift chambers, respectively. 

To be able to reconstruct the momentum variables, we first calculate a vector P' under 
the assumption that the field is constant inside the region indicated by the solid line in Fig. 3 
and zero outside. In this Homogenous Field Approximation (HFA) the components of P' can 
be related to coordinates (x, z) of the point, where the particle crossed the boundary of the 
homogenous field at an angle of (3: 

. () _ 2 L x cos/3- (£2
- x 2

) sin/3 
sm x- £2 2 , +x 

c 
(pc)xz = P. , 

(cos Bx + cos /3) tan 2 

(3) 

(pc)y = (pc)xz tanBy, 

£ = z- Ztarg 

Here (pc)xz and (pc)y are the components of momentum in the xOz plane and along the 
y ax.is, respectively. C is a constant proportional to the strength of the magnetic field . 
¢> = /3 - Bx is the angle of deflection of a charged particle in the field. Outside the magnetic 
field the particle movement is assumed rectilinear; therefore the coordinates x , z, and angle 
/3 can be readily related to the coordinates of the particle when crossing the drift chamber 
planes. 
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To relate estimation P' of the momentum vector with the real one P, we proceed as 
follows. First we calculated the mean values 

for each component j, and the correlation matrix 

N 

Aij = 2:)xki- <xi >)(Xkj- < xj >). 
k=l 

(4) 

(5) 

If the eigenvectors of the correlation matrix are w1 (l = 1, ... , 4), one can define a new set of 
coordinates [as the component of the observable X in the coordinate system defined by the 

~~ = L:wilxi, (6) 

where Wil is the i-'th component of the eigenvector corresponding to the l-th eigenvalue. 
This procedure reduces the region of interest. For the matrix of the ratios Qik = Pik/ Pfk 
(i = 1, ... , 4) we determine in a similar way the eigenvectors vi of the correlation matrix 

N 

Bij = L(Qki- < Qi >)(Qkj- < Qj >) (7) 
k=l 

and define variables 
(8) 

For each component of ( we can make a 4-dimensional fit, using [as variables, thus deter­
mining 4 sets of coefficients C; . 

(9) 

where fi({) is some function of [. for instance, a polynomial. The coefficients s can be 
computed making use of the Gram-Schmidt orthogonalization process [6]. 

The procedure is now complete. For actual data one needs to calculate the HFA vector 
P' from a set of chamber coordinates X according to (3). The vector {is defined by the 
transformation (6), while (follows from the coefficients s and equation (9). Finally, the 

components of the momentum vector P are calculated from 

P; = Pf L Vij (j. 
j 

5. APPLICATION 

(10) 

The above general approach developped by Wind in Refs.5 has been applied to Monte­
Carlo simulated trajectories and to the real data from the reaction d + p -+ p + d. The data 
from this reaction has been taken in the p(d, d')X experiment using the SPES-47r spectrometer 
and the polarized deuteron beam of Saturne II. 
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600 

400 --
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0 

1 - (pc)/ (pc)_ 

Fig. 4. Difference between the starting and re­
stored momenta. The broken line corresponds 
to HFA method; the full line corresponds to the 
method of coefficients 

600 -

400 -

200 -

0~ 
-0.1 0 0.1 

tone.- (tone.),. 

Fig. 5. Difference of starting and restored emis­
sion angles sin( By) : The broken line corresponds 
to HFA method; the full line corresponds to the 
method of coefficients 

5.1. Application of the Method for Sim­
ulated Events. Particles detected in FS­
spectrometer (1r, protons, deuterons) have typi­
cal momenta in the region from -v0.4 to 
3 GeV/c. This range was divided in two 
parts: from 0.4 to 0.9 GeV/c and from 0.75 to 
3 GeV/c. The coefficients 0 were determined 
for each of the parts separately. Furthermore, 
since the magnetic field was highly symmetric 
about the horizontal plane, the interval of P3 

was considered for one half of the magnetic 
field only. Eight equidistantly spaced points 
were chosen in each of the intervals of P1 and 
P2 , 4 points in the interval of P3 and 6 points 
along· the 6 em long target. The trajectories 
through the magnetic field were computed for 
both sets of these 1536 points and 30 coeffi­
cients 0 for each Pk were determined to cal­

culate P from actual observations, as described 
above. 

One of the important factors which lim­
its the momentum resolution of the "FS+LS" 
spectrometer is the length of the target. 

2000 

1500 

1000 

500 

0 !. ....... ··-..· ·· •" •• ,..,..... I -:....... ......... · ...... ( .... ... . 

0 .02 0 0.02 

sine, - (sine,),. 

Fig. 6. Difference between the starting and re­
stored momenta. The broken line corresponds 
to HFA method: the full line corresponds to the 
method of coefficients 
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Fig. 7. Event distribution on the plot of "momentum in SPES-4" (GeV/c)- "time of flight in SPES-4" 
(ns). Deuterons in SPES-4 from inelasic p(d, d') reaction (the big "mountain"), protons from p(d,p)d 
(the small peak), and p(d,p)pn (the tail of the small peak) reactions are separated clearly 

As a test, the accuracy of the method was compared under two conditions: 1) the point of 
interaction in the target is known and 2) there is uncertainty in this variable. 

The accuracy has been estimated by generating tracks with random values P1, ... , P4, uni­
formly distributed in their respective ranges, performing tracking, calculating the coordinates 
X 1, ... , X 4 and then using these X; to determine the P~ by means of the known coefficients 
~. The distributions of the differences of calculated values (pc), tan Ox, sin By from respective 
starting ones are shown in Figs. 4-6, where: • 

- the broken lines correspond to the HFA vector P~, 
- the full lines correspond to the reconstructed vector Pk. 
The RMS deviations of these differences for these two variants in comparison with the 

homogeneous field approximation (HFA) are given in the Table. 

Table. RMS deviations of differences between initial 
and reconstructed momenta and emission angles 

calculation: HFA 
0.222 
O.Q35 
0.016 

complete 
0.0591 
0.0197 
0.0014 

Ztarg known 
0.0038 
0.0064 
0.0006 

It is seen from Figs. 4-6 and the Table that the method used for evaluating momenta and 
emission angles of particles gives better results than HFA. The relatively moderate accuracy 
of the reconstruction of momentum and emission angles of particle detected stems from the 
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Fig. 8. Momentum and the emtsswn angle of deuterons from dp --> pd at 180° at c.m. ; here the 
"proportional chamber mode" was used for tracking 

poor knowledge of the z-vertex coordinate of the track of the particle emitted from the target. 
Indeed, the computation with a known value of z-coordinate yields a large gain in accuracy 
of the reconstruction in comparison with the HFA, as can be seen from the Table. 

5.2. Application of the Method to Real Events. The method has been applied to the real 
data from semi-exclusive p(d, d')X experiment using the SPES-47r set-up. Detected events 
come. mostly from two reactions (Fig .7): the inelasic p(d, d')Xch (deuterons were detected in 
SPES-4) and elastic backward (in c.m .) p(d,p)d scattering. The latter reaction was unambi­
giously identified by detecting recoil proton in SPES-4 (with momentum of 2.93 GeV/c) in 
coincidence with scattered deuteron in FS (with momentum of ,..._, 0 .8 GeV/c) . 

The momentum reconstruction procedure has been applied to the reconstruction of the 
momentum of the slow deuterons from this reaction. 

The reconstructed scattering angle (Bx) and momentum of deuterons are shown in Fig.8. 
It is seen that the reconstructed momentum Pd = 0.805 ± 0.029 (GeV/c) and the scattering 
angle Bx = 0.008 ± 0 .022 (rad) are in good agreement with kinematical calculations for 
p + d --t d + p at the beam momentum of 3.73 GeV/c. The widths of the momentum 
and the angular distributions are determined by the uncertainty in the z coordinate of the 
interaction point, multiple Coulomb scatter-ing in air and in the material of the drift chambers, 
the accuracy of measurements of the coordinates and the accuracy of the measurements and 
extrapolation procedures of the magnetic field map. 
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6. CONCLUSION 

The method used for evaluating momenta and emission angles of particles gives consid­
erably better results than HFA, although the z coordinate of the interaction vertex is known 
poorly (with accuracy of 60/vl2 = 17.3 mm). 

The application of the method to real events demonstrates its feasibility. The Monte-Carlo 
description of the set-up and the available field map provide good tool for estimations of the 
systematic errors of the momentum reconstruction method used. 
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3A,!(A qA 0 IUIOTHOCTH HEUTPOHOB C H30TPODHhiM 
HCTQqHHKOM 

H.A. qepnuKoB 

B naHHOH pa6oTe, B3liTOH H3 aBTopcKoro apxHBa, peweHa 3alla'!a o fiJlOTHOCTH Heli­

TpOHOB, C03llaBaeMbiX B nyCTOM eBKJIHliOBOM npocrpaHCTBe H30Tp00HbiM HCTO'IHHKOM 

HeHTpOHOB. npennonaraeTCJI, 'ITO B3aHMOlleHCTBHeM HeHTpOHOB C BellleCTBOM, a TaKJKe 

CTOJJKHOBeHHJIMH HeHTpOHOB llpyr C llpyrOM MOJKHO npeHe6pe'lb. Pa6oTa BbinOJJHeHa aB­

TOpOM B 6biTHOCTb ero CTylleHTOM 'leTBepTOfO Kypca cpH3HKO-TeXHH'IeCKOfO cpaKyJJbTeTa 

MocKoBcKoro rocynapcrseHHoro YHHBepcHTeTa HM. M .B.JloMoHocosa H 6bUJa nonoJKeHa 

s 1950 rony Ha ceMHHape H..SlnoMepaH'IYKa s Jla6opaTopHH A.H.AlmxaHosa. ny6nHKY­

eTcll snepBbJe. 

Pa6oTa BbinOJJHeHa B Jla6opaTopHH TeopeTH'!ecKoli cpH3HKH HM. H.H.Eoromo6osa 

mum. 

A Problem about the Neutron Density with an Isotropic Source 

N.A.Chernikov 

In this paper, taken from the authors archive, a problem has been solved about the 

neutron density, created by an isotropic source in an empty Euclidean space. It has been 

assumed that the neutron-matter interaction and the neutron-neutron collisions can be 

neglected. This paper had been written by the author, while he was a fourth-year student 

in the Physics T echnical Faculty of Lomonosov's Moscow State University . It was 

reported in 1950 on Pomeranchuk's seminar in Alikhanov ' s Laboratory and is published 

for the first time. 

The investigation has been performed at the Bogoliubov Laboratory of Theoretical 

Physics, JINR. 

OycTb 8 eBKJIH.!lOBOM npOCTpaHCTBe 3a.!laH H30TpOnHbiH HCTO'IHHK HeHTpOHOB q(t , r, v) = 
Q(t, r, v). Tpe6yeTCll HaHTH nnoTHOCTb HeHTpOHOB N(t, r, v) , co3nasaeMbiX 3THM HCTO'IHH­

KOM, C'IHTall, 'ITO B3aHMO.!leHCTBHeM HeHTpOHOB C BeUleCTBOM H HX CTOJlKHOBeHHliMH .!Ipyr C 

.!lpyroM MO)I(HO npeHe6pe'lb . 3necb t - BpeMll, r H V - panHyc-BeKTOp H BeKTOp CKOpOCTH 

HeHTpOHa. 

HaH.!leM CHa'!ana cpyHKUHJO pacnpeneneHHll n(t, r, v) HeHTpOHOB no KOOp.!IHHaTaM H CKO­

pOCTJIM. Oo OnpeneneHHJO, n(t, r, v) dr dv- 3TO eCTb 'IHCJIO HeHTpOHOB 8 MOMeiH speMeHH t, 
.!lJill KOTOpbiX r H v 3aKJIJO'IeHbl B npenenax drdv. 11cKOMall nnoTHOCTb HeihpoHOB N(t , r ,v) 
pasHa HHTerpany no ccpepe panHyca v B npocTpaHCTBe cKopocTeH OT cpyHKUHH pacnpeneneHHll, 



lfepHUICOtl H.A. 3aoa'la o TIJIOmHocmu HeumpoHotl c u3omponHWM ucmo'lHUICOM 

TO eCTb 
,.. 21r 

N(t,r,v) =I I n(t,r,vl!v2,v3)sinOdOdcp, 

0 0 

v1 = vsinOcoscp, v2 = vsinOsincp, V3 = vcos O. 

17 

TolJHee, N ( t, r, v) - npocTpaHCTBeHH0-3HepreTHlJeCKCUI IUIOTHOCTb He iirpoHOB, 'ITO B .aaHHOM 

Cn)"'ae HecymeCTBeHHO, T3K K3K MO.!lynb CKOpOCTH V BblCryfiaeT 3,!leCb B KalJeCTBe napaMerpa. 

B CBOIO O'lepe,!lb, HCTOlJHHK q(t, r, v) onpe.aemJeTC$1 T3KHM o6pa30M, 'ITO lJHCnO HeHrpoHOB, 

AOCT3Bn$1CMbiX HM B e,!lHHHUY BpeMeHH t B npe.llenbJ dr dv, paBHaeTCJI q( t, r, V) dr dv. B 
ycnOBH$JX .!13HHOH 33,!1.3lJH <I>YHKUHJI pacnpe.lleneHHJI H HCTOlJHHK CBJ133Hbl cne.llYJOlUHM KHHeTH­

'IeCKHM ypaBHeHHeM (CM. (1) H (2]): 

a 1 
[at + v grad+ T(v)] n(t, r, v) = q(t, r, v), 

r,!le r-l ( v) - BepmiTHOCTb pacna.ua HeHTpOHa B e,!lHHHUY BpeMeHH. Ha caMOM ,!lene 3Ta 

sepoaTHOCTb He 3aBHCHT OT v, TaK 'ITO T( v) = T0 , HO Mbl coxpaHaeM .aanee npoH3BOnbHYJO 

JaBHCHMOCTb OT V, lJT06bl HMeTb B03MOJKHOCTb OOCT3HOBKY ,!laHHOH 33,[1.3lJH OOTOM HeMHOro 

ycnoJKHHTb. TaK KaK npoH3BO.llHCUI no T <I>YHKUHH 

T 
f(r) = n(t- T, r- vr, v) exp {- T(v)} 

pasHa 

d a T 
drf(r) = ar [n(t- T, r- vr, v) exp {- T(v) }] = 

a 1 T 
=-{[at+ v grad+ T(v)]n(t- T, r- vr, v)} exp {- T(v) }, 

TO B CHny npHBe,!leHHOro Bbtllle KHHeTHlJeCKOro ypaBHeHHJI HMeeM 

Cne.llOBaTen bHO, 

d T 
drf(r) = -{q(t- T, r- vr, v)} exp {- T(v) }. 

T 

f(O)- f(r) =I q(t- r', r- vr', v) exp{- T~~) }dr', 

0 

npH'IeM no onpe.lleneHHIO <I>YHKUHH j(r) HMeeM 

f(O) = n(t, r, v). 

npe.llnonmKHM Tenepb, 'ITO OOTOK HeHTpOHOB H3 6eCKOHelJHOCTH paBeH Hynto. 3-ro 3H3lJHT, 

'ITO 

lim n(t- r, r- vr, v) = 0. 
T--tOO 
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flpH 3TOM YCllOSHH SCJle)lCTSHe HaJIH'.JHjj S /( T) 3KCllOHeHUHaJibHOfO MHO:lKHTeJljj, Ma:lKOpHpy­

eMOrO (npH T > 0) e)lHHHUeH, Jase)J.OMO H 

lim f(r) = 0. 
T-tOO 

Cne)losaTellhHO, s p accMaTpHsaeMoM cnytJae cpyHKUHjl pacnpe)leneHHjl HeiiTpoHos pasHa 

Clle)lyiOIUeMy O)lHOKpaTHOMY HHTerpany: 

00 . 

n(t , r, v) = J q(t- r, r- vr, v) exp {- T~v) }dr. 
0 

0TCJO)la, SSH)J.y H30TpOnHOCTH HCTOYHHKa, HaXO)lHM, 4TO HCKOM~ llllOTHOCTb HeHTpOHOS pasHa 

Clle)lyiOIUeMy TpOHHOMY HHTerpany: 

00 211" 1r 

N(t,r,v) = J J J Q(t-r,r-vr,v)exp{-T~v)}sinBdrdBd<p. 
0 0 0 

flepeXO)J.jl OT nepeMeHHbiX HHTerpHposaHHjj T, 0, <p K nepeMeHHbiM 

I I I 
X = X - Vt T, y = y - V2T, Z = Z - VJT, 

HaXO)lHM j!K06HaH 

8(x1 ,y1 ,z1
) __ 3 2 . n 

o(r,B,<p) - v T smu. 

3aTeM, 3aMeTHS, YTO VT = lr - r1 1, llOJlytJaeM perueHHe 3a)J.aYH S SH)le 

00 00 00 

J J J 1 1 lr- r11 dx1dy1dz 1 

N(t,x,y,z , v) = Q(t ,r ,v)exp{- vT(v)} lr _ r1 l2 , 

-CX) -CX) -CX) 

r)le 

1 lr- r11 
t =t---. 

v 
l1MeHHO 3TOT pe3yllbTaT jj H O:lKH)laJI llOll}"JHTb H3 "cpH3H4eCKHX C006pa:lKeHHH". l1HTepeCHO 

CpaSHHTb ero C perueHHeM S (2] H (3] 3a)J.a4H 0 KpHTH4eCKHX pa3Mepax CHCTeMbl npH peaKUHH 

Ha 6biCTpblX HeHTpOHaX. noCTaHOSKy 3a)J.a4H MO:lKHO YCllO:lKHHTb. HanpHMep, MO:lKHO C4HTaTb, 

4TO npOCTpaHCTSO 3ailOJ1HeHO serueCTSOM TaK, 4TO aTOMHbie jl)lpa SelUeCTSa MO:lKHO C4HTaTb 

llOKQjjlUHMHCjj, a HX llllOTHOCTb p MO:lKHO C4HTaTb He3aSHCjjlUeH OT r H t. 8 TaKOM CllytJae 

ce4eHHe a JaxsaTa . HeiiTpoHa ~)lpOM H )J.JlHHa L cso6o)lHOro npo6era HeiiTpOHOs JasHc~T 
TOllbKO OT MO)lylljl cKopo cTH HeiiTpoHa v: a= a(v), L = L(v) = [a(v)p]- 1. EcnH C4HTaTb, 

4TO llOCJle CTOllKHOSeHH~ na)J.aiOIUero HeHTpOHa C ~)lpOM SeiUeCTSa HeHTpOHbl H3 KOMnayH)l­

jl)lpa He SbiJleTaiOT, TO YCllO:lKHeHH~ TaKHM o6pa30M 3a)J.a4a CSO)J.HTC~ K HCXO)J.HOH, r)le Ha)J.O 

llOllO:lKHTb 

[T(v)r 1 = [Tor 1 + va(v)p. 

Tor)la, s 1950 ro)ly, ~ erue He 3HaJJ, KaK nHcaTh pen~THSHCTCKOe KHHeTwJecKoe ypasHeHHe, 

H nOTOMY pelUHll 3a)J.a4y S Hepell~THSHCTCKOM sapHaHTe. 0 6onee ll03)J.HHX ny6llHKaUH~X Ha 

3TY TeMy s HepennHSHCTCKOM sapHaHTe CM. [4]. B pennHSHCTCKOM sapHaHTe )laHii~ 3a)J.a4a 

6y)leT paCCMOTpeHa B Clle)lyiOWeH pa6oTe aSTOpa. 
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AHAJIH3 ,UAHHhiX, llOJIYliEHHhiX HA llYliKAX 
PEJUITHBHCTCKHX .H,UEP CHHXPO<DA30TPOHA 
B 3KCllEPHMEHTAX C 47r-rEOMETPHEH, 
HA OCHOBE ABTOMO,UEJihHOrO llO,UXO,UA 

A.A.Ha.niJun, E.H.K.n.aiJHUIJKa.Jl, O.B.Pozalle6CKuii 

3KcnepHMeHTanbHbiH MaTepHan no polKJleHHIO 7r - -Me30HOB, non)"leHHblH Ha llBYXMe­
TpOBOH nponaHOBOH KaMepe J1B3 H cneKTpOMeTpe fHEC, npoaHanH3HpOBatl Ha OCHOBe 
aBTOMOllenbHOro nOllXOlla. 00Ka3aHa B03MOJKHOCTb o6wero KOnH'IeCTBeHHOfO OnHCaHHll 
yrnOBbiX H 3HepreTH'IeCKHX 3aBHCHMOCTeH Ce'leHHll pOlKJleHHll nHOHOB B aBTOMOllenbHbiX 
nepeMeHHbiX. 0 6CYlKJlaeTCll BOnpoc 06 3qxpeKTHBHOCTH OT6opa C06bJTHH no MHOJKe­
CTBeHHOCTH Mll nOHCKa KOnneKTHBHbiX 3qxpeKTOB B llllpO-llllepHbiX B3aHMOlleHCTBHliX. 
OpeMOJKeH MeTOll BbUleneHHll MHOrDHYKnOHHbiX THnOB B3aHMOlleHCTBHll . 

Pa6oTa BbmonHeHa B Jla6opaTOpHH BbiCOKHX 3HeprHi-i 011511-1 . 

Analysis of Data from 47r Experiments on Relativistic Nuclei 
Beams at Dubna Syncrophasotron Based on Automodelity 

A.A.Baldin, E.N.Kladnitskaya, 0. V.Rogachevsky 

Data on 1r - -mesons production from LHE JINR 2-m propane chamber and spec­
trometer GIBS are analysed on the basis of the self-similarity approach. It is shown 
that in automodel variables there is the possibility of the general quantitative description 
of angular and energy dependences for pion-production cross sections. The problem on 
searches for collective effects in nucleus-nucleus interactions by selection of events mul­
tiplicity is also discussed. Another method of finding multinucleon types of interaction 
is offered. 

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

BBE)lEHUE 

YJKe B nepBbJX pa6o Tax no pemiTHBHCTCKOH ~JlepHoii cpH3HKe [I] nOJl'lepKHBanacb saJK­

HOCTb H3)"1eHH~ MaCUITa6HOH HHBapHaHTHOCTH (aBTOMOJleJJbHOCTH) ~JlepHbiX CTOJJKHOBeHHH, 

KOTOp~ HHTepnpeTHpOBanaCb KaK CBOHCTBO nOKaJibHOCTH aJ!pOHHbiX B3aHMOJleHCTBHH, no-

3BOJl~JOWee pa3pa6aTbi BaTb yHHBepcanbHbie nOJlXOJlbi K on11caHHJO pa3Hoo6pa3HbJX peaKuHH. 

MeTOJlbl TeOpHH noJl06H~, 3apeKoMeHJlOBaBwHe ce6~ HCKJJJO'IHTellbHO 3cpcpeKTHBHbiMH s Me­

xaHHKe cnnoWHbJX cpeJl [2], B TeopHH JlHcpcpy3HH H B p~Jle 3a)la'l, onHCbJBaeMbiX HeJJHHei-i­

HbiMH ypaBHeHH~MH HeCKOJlbKHX nepeMeHHbiX, OKa3aJIHCb ycneWHO npHMeHHMbiMH B cpH3HKe 



Ewu}uH A.A. , I01aoHU£1Ka.tl E.H., Poza'leBcKuii O.B. AHMUJ oaHHbi.X, noAy'leHHbi.X Ha ny'IKax 21 

3JleMeHTapHhiX 'laCTHU. TaK, umpoKo npHMeH.SJeTCSI Macuna6Ha.s~ HHBapHaHTHOCTh, o6ycno­

BJleHHaSI paJMepHhiMH coo6pll))(eHHSIMH B o6nacTH P > > M, r.ue P - TpexMepHbJe HMnynhCbl 

'laCTHU, a M - Hx MaCChi. ABTOMo.uenbHOCTb npH 3TOM BOJHHKaeT KaK Tpe6osaHHe HHBapH­

aHTHOCTH pacnpe.ueneHHSI BTOpH'IHhiX 'laCTHU (Ce'leHHH) npH npeo6pa30BaHHH p --t AP, 'ITO 

npHBO,llHT K JaBHCHMOCTSIM Ce'leHHH TOJlhKO OT OTHOilleHHSI HMnynhCHhiX nepeMeHHhiX. illH­

pOKO HCnOJlhJyeTCSI TaK)I(e 3KCnepHMeHTaJlhHO ycTaHOBJleHHOe no.uo6He HHKJ1103HBHbiX cneK­

TpOB o6pa30BaHHSI a,npOHOB B JaBHCHMOCTH OT nonepe'IHOro HMnyJlhCa (nonepe'IHOH MaCChi), 

KaK 'laCTHhiH CJlYlJaH aBTOMO.llellhHOro pellleHHSI. 

ABTOMO)leJlhHOCTh - 3TO OC06aSI CHMMeTpHSI cpH3H'IeCKOH CHCTeMbl, 'COCTOSIWaSI B TOM, 

'ITO HJMeHeHHe MaCillTa6oB HeJaBHCHMhiX nepeMeHHhiX MO)I(eT 6hJTh CKOMneHCHpOBaHO npe­

o6pa30BaHHeM nO)l06HSI JlpyrHX )lHHaMH'IeCKHX nepeMeHHhiX. 3-fo npHBO)lHT K COKpaweHHIO 

'IHCJla nepeMeHHhiX, OT KOTOphlX JaBHCHT cpH3H'IeCKHH JaKOH. 

J13YlJeHHe CHMMeTpHH KOHe'IHOrO COCTOSIHHSI CTOJlKHOBeHHH SIJlpO - SIJlpO nOJBOJlSieT ycTa­

HOBHTh pSIJl aCHMnTOTH'IeCKHX JaKOHOMepHOCTeH H npeJlJlO)I(HTh npOCThle MaTeMaTH'IeCKHe 

MO)leJlH, OnHChJBaiOWHe pa3H006pa3HhiH 3KCnepHMeHTaJlhHhiH MaTepHan, a TaK)I(e )laTb KOJlH­

'IeCTBeHHhle npencKaJaHHSI JlJlSI nnaHHpyeMhiX 3KcnepHMeHTOB. Oco6eHHOCThJO TaKHX nonxo­

nos SIBJlSJeTCSI TO, 'ITO HeKOTOphle napaMeTphl: HOpMHpOBO'IHhle KOHCTaHTbl, cpyHKUHOHaJlbHhle 

JaBHCHMOCTH OT KOM6HHaUHH, onpe)leJlSIIOWHX Ja.D.a'ly napaMeTpOB, BBO)lSITCSI B TeOpeTH'IeCKYIO 

MO)leJlh H3 He60Jlhlll0fO 'IHCJla 3KCnepHMeHTaJlhHhiX cpaKTOB C nOCJleJlyJOWHM o6o6weHHeM Ha 

see MHoroo6pa3He 3KcnepHMeHTanhHoro MaTepHana, ynoBJleTBOpSIIOWer o ycnoBHSIM Ja.D.a'IH. 

OnHaKo ycnosHe P > > M CHJlhHO c~HBaeT o6nacTh npHMeHeHHSI H)leii aBTOMonenhHO­

CTH , TaK KaK B a.D.pOHHhiX CTOJlKHOBeHHSIX B nO)laBJlSIJOWeM 60JlhlllHHCTBe CllYlJaeB pO)I(JlaiOTCSI 

'laCTHUhl KaK C 60JlhlllHMH, TaK H C MaJlhiMH HMnynhCaMH. 

B pa6oTax [3] noKaJaHa BOJMO)I(HOCTh enHHoro KOJlH'IeCTBeHHoro onHcaHHSI nonnoporo­

BhiX, KYMYllSJTHBHhiX peaKUHH H npoueccos o6pa3oBaHHSI aHTHMaTepHH npH noMOWH aBTOMO­

n en hHoro pellleHHSI, HMeJOwero BHJl 

(l) 

3)leCh C1 - KOHCTaHTa, onpe)leJlSJIOWaSI pa3MepHOCTh HHBapHaHTHOfO JlHcpcpepeHUHaJlhHOfO 

ce'leHHSJ ; A - aTOMHhJe HOMepa cTanKHBaJOWHXCSI SIJlep; a H f - cpy HKUHH, onpenen.s~eMhJe 

H3 3KCnepHMeHTa. 06o6weHHhiH napaMeTp nono6HSI HMeeT BHJl 

3 .lleCh "/ij = u;uj = PiPj / M ;M j - nopeHu-cpaKTop OTHOCHTeJlhHoro JlBH)I(eHHSI cTanKHBa­

JOWHXCll SIJlep . X1 H X2 HMeJOT cpH3H'IeCKHH CMhiCJl JlOJleH 4-HMnynhCOB, He06XOJlHMhlX JlJlSI 

o6pa30BaHHll perHCTpHpyeMOH 'laCTHUhl, a TaK)I(e 3cpcpeKTHBHOfO 'IHCJla HYKJlOHOB, YlJaCTBYIO­

IllHX B peaKUHH. J1MnyJlhC 3cpcpeKTHBHOfO 'IHCJla HYKJlOHOB B Sl)lpe J, n pHHHMaJOWHX YlJaCTHe 

s peaKUHH, HMeeT BHJl X 1mou1, rne u 1 - cKopocTh .s~npa I KaK uenor o, m 0 - Macca onHoro 

HYKJlOHa. BeJlH'IHHhl xl H x 2 CTaHOBSITCSI H3MepHMhiMH, ecnH npHHSITh rHnOTeJy 0 MHHH­

MaJlhHOCTH MaCChi m6(u 1X 1 + u2X2)2 H YlJeCTh JaKOH COXpaHeHHll 4 - HMnyJlhCa, JanHCaHHhiH 

B BH)le mo(ulXl + ·u2X2) = 2:: P;. npouenypa onpeneneHHSI xl H x 2. a CJle)lOBaTeJlbHO H 

IT, COCTOHT B OnpeneneHHH MHHHMYMa I1 Ha OCHOBe JaKOHOB COXpaHeHHll 3HeprHH-HMnynhCa, 
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3am!caHHoro s BM.Ue 

(X1mou1 + X 2mou2- M3u3)2 = (X1mou~ + X2mou~ + L Mkuk) 2. 
k=4 

EJlHHCTBeHHrul rHnOTe3a - B03M0)!(H0CTh npeHe6pe'Ih OTHOCHTenhHhiM )l811)!(eHI1eM BCeX OCTanb­

HhiX HepemcTpHpyeMhiX 'laCTHU, a HMeHHO 'lneHOM 2 Lk>l (rkl - 1 )lvhMl B npasoii 'laCTH 

ypaBHeHH51. 

CB513h Me)!(Jly x1 H x2 YJl06Ho 3anHCaTh B pen51THBHCTCKH-HHBapHaHTHOM H 6e3pa3MepHOM 

BM.Ue: 

M3 M4 M3 M4 MJ - Ml 
X1X2(r12- 1)- X1(-113 + -. -)- X2(-123 + -) = . (2) 

mo mo mo mo 2mo 

AHanH3 3KcnepHMeHTanhHhiX )laHHhiX, nonyqeHHhiX Ha pa3HhiX ycKopHTen51x s pamwmhiX 

KHHeMaTH'leCKHX nocTaHOBKaX 3KCnepHMeHTOB, n03BOnHn 3anHCaTh 51BHhiH, KOfll1'leCTBeHHhiH 

BM,ll aBTOMO)lenhHOro p e llleHH51 (3) H noKa3an, 'ITO ¢YHKU1151 a XOpOlllO napaMeTpH3yeTC51 B 

BM,lle a= 1/3 + X/3, r.ue X paseH x1 H x2 COOTBeTCTBeHHO. 

E d3CJ = C1A~/3+Xt/3 A~/3+X2/3 exp( -11/C2)· 
d3p 

(3) 

YHHBepcanbHhie K OHCTaHThl C1 H C2 : C1 = 19000 (M6 f38- 2 c 3 cp- 1) 11 C2 = 
0, 125 ± 0, 002. llaHHOe peweHHe e)li1HhiM o6pa30M OnHChiBaeT 3KCnep11MeHTanhHhie )laHHhie 

M51 cpaBHHTenhHO T51)!(enhiX 51Liep, HalJI1Hrul c A ~ 20, 11 ~ 1 Jln51 nonepe'IHhiX HMnymcos 

MeHee 2,5 f3B/c. 

OliC~)K)lEHHE PE3YJih T A TOB 

11pe)lCTaBn51eTC51 Ba)!(HhlM npoaHanH3HpOBaTh B03M0)!(H0CTh npHMeHeHH51 aBTOMO)lenbHOfO 

nO)lXO)la B 06naCTH 11 < 1, npH B3aHMO)leikTBHI1 nerKHX 51Jlep, a TaK)!(e Jln51 KOfll1lJeCTBeHHOfO 

OnHCaHH51 yrnOBhiX 3aBHCHMOCTeH. 

KaK BM.UHO H3 ¢opMynhi (1), A-3aBI1CI1MOCTI1 Bhi'IHCn51IOTC51 c Hcnom3osaHI1eM X 1 11 X 2, 

KOTOpbie, B CBOIO O'lepe,!lh, onpe)len51IOTC51 MHHHManhHhiM 11 Jln51 Ka)!()l0f0 yrna, 11MnynhCa, 

THna perHCTpHpyeMOH lJaCTHUhl H :mepr1111 CTOflKHOBeHI151. P11c . J 11flniOCTp11pyeT COOTHOllle­

HH51 Me)!(Jly x1 H X2 Jln 51 pa3nHlJHhiX xapaKTepHhiX THnOB peaKU11H. Kp11Ba51 I COOTBeTCTByeT 

KYMYfl51THBHOH KHHeMaTHKe 3KcnepHMeHTa [4] (3HepmH HaneTaiOllli1X npoTOHOB 45 f3B, ni1-

0Hhi perHCTpHpyiOTCH C HMnynhCaMH 0,5-),5 f38/c no)l yrnOM 159°), Kp11Ba51 2 OTHOCHTCH K 

peaKUHH noJlnoporosoro o6pa3osaHI1H K- -Me3oHOB c HMnymcaMI1 0,2-3 f3B/c noLI 0° [5]. 
TepMHH "no)lnoporoBhie " Hcnonh3yeTCH 3LieCh He B CMhicne a6coniOTHOro nopora o6pa3oBaHI151 

K- -Me30HOB, a YKa3hiBaeT Ha TO, 'ITO MH o6pa3osaHI1H KaoHoB s npeJlnO)!(eHHOif KHHeMaTHKe 

He06XO,!li1MO yqaCTHe B peaKU1111 6onee OJlHOrO HYKflOHa KaK . HaneTaiOlllero HJlpa, TaK 11 OT 

HJlpa MHllleHH. KpHBa51 3 cooTBeTcTByeT peaKUH11 o6pa3oBaHI1H 1r- -Me30HOB c 11MnynbcaMI1 

0,1-2,5 f3B/c nOJl 0° n p H 3HepmH B3aHMOJleifcTBHH 1,66 f3BIHYKJIOH [6]. OcTanbHbie Kp11Bbie 

OTHOCHTCH K 3KCnepHMe HTanhHbiM )laHHbiM no p0)!(,!leHI110 7r- -Me30HOB npH :mepr1111 B3ai1MO­

)leHCTBH51 3,36 f38/HYKflOH C 11MnymcaMI1 0,1-2,5 f38/c (7). 0603HalJeHI151 10°, 35°, 90°, 150° 
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10"2 

PHc. I. 3aBHCHMOCTb XI OT x2 JlJlll pa3.11H'lHbiX KHHeMaTH'JeCKHX ycJJOBHH 3KCnepHMeHTOB 

cooTseTCTBYIOT ymaM pemCTpauHH nHOHOB. Hawa pa6oTa HaueneHa Ha aHaJJH3 3KcnepHMeH­

TaJJbHbiX LtaHHbiX, nony'leHHbiX llJHI CIIY'Jall, KOfLla xl H x2 ~ 1, 5, HO A-3aBHCHMOCTH OT 

060HX CTaJJKHBaiOWHXCll ll.[lep cyrueCTBeHHbl. 

8 pa6oTe HCll0Jib30BaH 3KCnepHMeHTaJJbHbiH MaTepHan, llOJJyYe HHbiH npH 06JJyYeHHH 

.UBYXMeTpOBOH nponaHOBOH nyJblpbKOBOH KaMepbl , C TpeMll TaHTaJJOBbiMH nJJaCTHHaMH B pa-

6o'leM 06oeMe, npOTOHaMH, .[leHTpOHaMH, Q -'laCTHUaMH H ll.[lpaMH y mepo.ua C HMnyJJbCOM 

4 ,2 f38/c Ha HYKJJOH Ha CHHxpocpa30TpOHe J183 OJ.15H1. KaMepa p a6oTana B MarHHTHOM 

none c Hanpll)((eHHOCTbiO I ,5 Tn . l-13 CYMMapHoro aHcaM6JJll co6biTH H Ha nponaHe no KpH­

TepHliM OT60pa, OllHCaHHbiM B (8), 6biJIH Bbi.[leJJeHbl B3aHMO.[leHCTBHll HaJJeTaiOWHX li.Uep C 

li.UpaMH ymepoLta. 0TLteJJbHblH aHCaM6Jib COCTaBJiliiOT B3aHMO.[leHCTBHll C li.UpaMH TaHTaJJa (9). 
OpH o6pa6oTKe 3KcnepHMeHTaJJbHoro MaTepHana .[lJill Ka)((.[loH HJMep eHHOH YaCTHUbi 6biJJH 

sseLteHbi nonpaBKH (seca) , no.upo6Ho onHcaHHbie B pa6oTax [8, 10] . B ee OTpHUaTeJJbHbie Ya­

CTHUbi C'lHTaJJHCb 1r - - MeJoHaMH. OpHMecb HeH.ueHTHcpHuHpyeMbiX 3JJeKTpOHOB MeHee 5%, a 

OTpHuaTeJJbHbiX CTpaHHbiX YaCTHU He npesbiwaeT I% [ 11 ]. 

Ha pHc .2 noKaJaHbi 3KcnepHMeHTaJJbHO HJMepeHHbie HHBapHaHTHbie ceYeHHll o6pa3oBa­

HHll 7r- -Me30HOB B npOTOH-li.UepHblX B3aHMO.[leHCTBHliX, HOpMHpOBaHHbie Ha BblYHCJJeHHbie 

A I / 3+Xf 3 s JaBHCHMOCTH oT napaMeTpa no.uo6Hll II. 8 o6nacTH II ~ 1 , 5 npe.ucTaBJJeHbl 

Ce'leHHll 7r - -Me30HOB, 3aperHCTpHpOBaHHblX B lllHpOKOM .[lHanaJOHe }' rJIOB (10°-150°) C HM­

nyJibCaMH OT 0, I .uo 2,5 f38/c . BH.UHO, YTO ymosbie H 3HepreniYeCKHe JaBHCHMOCTH ceYeHHH 

po)((.[leHHll nHOHOB B Bbi6paHHblX KOOp.UHHaTaX MO)((HO OnHCaTb O.UHOH KpHBOH, KOTOpall no 

Mepe yseJJH'JeHHll n nepeXOLlHT B 3aBHCHMOCTb, OnHCbiBaiOWYIO KYMYilliTHBHbie npouecCbl [12]. 

Ha pHc.3 npeLtcTaBJJeHbi 3KcnepHMeHTaJJbHO H3MepeHHbie HHBapHaHTHbie ceYeHHll o6pa3osa-
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PHC. 2. 3aBHCHMOCTb • HOpMHpOBaHH~IX HHBapHaHTHbiX Ce'leHHH polKlleHHll 7r- -MeJOHOB B pC­
BJaHMOlleHCTBHliX npH 3,36 fJB H B pAl-, pW- npH I 0, I fJB OT napaMeTpa nol!o6Hll II 

HHll 7f - -Me30HOB s dC-, CC- H CTa-s3aHMOJieiicTBHliX, HOpMHposaHHbie Ha Bbi'IHCJieHHbie 

A - 3aBHCHMOCTH (a1 = 1/ 3 + X!/3 H a 2 = 1/3 + X2/3) OT napaMeTpa noJio6Hll II . B HHTep­

sane II ::; 1, 2 Ha6moJiaeTcll OTKJJOHeHHe OT npocTOH (JIHHeHHOH) napaMeTpH3aUHH cjlyHKUHH 

a. AHanorHlfHoe OTKJJOHeHHe Ha6moJiaeTcll JlJill KYMYJiliTHBHbiX H noJinoporOBbiX npouec­

cos npH B3aHMOJieHCTBHH nerKHX (A $ 20) liJiep. IlpH 6onbWHX II see TPH pacnpeJieneHHll 

(pHc .3) B npeJieJiaX OWH60 K COBna)laJOT, )laBall B03MO)I(HOCTb YHHBepcanbHOfO OnHCaHHll yrno­

BbiX, :mepreTHlfeCKHX H A -3aBHCHMOCTeH celfeHHH o6pa3oBaHHll nHOHOB. 3Ta yHHBepcanbHall 

3aBHCHMOCTb npOCMaTpHBaeTCll HaH60Jiee OT'IeTJIHBO Ha pHC.4, f)le aHaJIOrH'IHbiM o6pa30M 

npeJicTaBJieHbi celfeHHll p o )I(JleHHll 7f - - Me30HOB npH B3aHMOJieHCTBHH Tll)l(eJibiX liJiep. TaKHM 

o6pa30M, peaKUHH C Tll )l(eJibiMH ll)lpaMH MOryT 6biTb KOJIHlfeCTBeHHO OnHCaHbl TaKHMH )l(e 

A-3aBHCHMOCTliMH, KaK H B CJIYlfae KYMYJiliTHBHbiX (noJinoporoBbiX) peaKUHH. 

Ha pHc .5 noKa3aHbi 3KcnepHMeHTaJibHbie JiaHHbie no HHKJJto3HBHbiM cneKTpaM 7f - -Me30HOB 

s 3aBHCHMOCTH OT napaMeTpa noJI06Hll II npH B3aHMOJieHCTBHH liJiep 24 Mg c HMnynbcoM 

4,4 f3B/c Ha HYKJJOH c 
24 Mg, nOJIYlfeHHbie KOJIJia6opauHeH rHEC [13]. B :now pa6oTe 
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PHc. 3. 3aBHCHMOCTb HopMHposaHHbiX HHBapHaHTHbiX ce'leHHH polK.lleHHll 1r - -MeJOHOB, o6pa3YJOWHXCll 

B yrnosoM LIHanaJOHe OT 10 LIO 150° Linll dC-, CC-, CTa-BJaHMOLieiicTBHH npH 3,36 f3B/H)'KJIOH oT 

napaMeTpa noLio6Hll II 

npoBe.!leH aHaJIH3 KOppemiUHH TO.lK.[leCTBeHHbiX '!aCTHU C UeJJbiO onpe.!leJJeHHSI o6JJaCTH B3a­

HMO.!leHCTBHSI (pa3Mepa 06JJaCTH, H3 KOTOpOH HCnyCKaiOTCSI nHOHbl). IIpoBe.!leHHbiH aHaJIH3 

nOKa3aJI He3aBHCHMOCTb HCTO'IHHKOB HCnycKaHHSI nHOHOB B .!laHHOM 3KCnepHMeHTe. BaJKHO 

OTMeTHTb, 'ITO B yKa3aHHOH pa6oTe OT6HpaJIHCb UeHTpaJibHbie B3aHMO.!leHCTBHSI Sl.!lep 
24Mg. 

3TO 03Ha'!aeT, 'ITO OT6HpaJIHCb TOJJbKO C06biTHSI, He HMeiOIUHe CTpH n nHHfOBbiX HeHTpOHOB, 

npoTOHOB " Sl.!lepHbiX cpparMeHTOB, neTSilUHX no.!l yrnaMH MeHee 2, 4° . TaKHe co6bJTHSI co­

cTaBJJliiOT 4 · 10-4 OT BCeX HeynpyrHX npoueCCOB, H cpe.!IHSISI MHOJKeCTBeHHOCTb BTOpHlJHbiX 

1r- -MeJOHOB B JaperHcTpHposaHHbJX co6bJTHSIX cocTaBJJS!eT 8,24. HaKJJOH cneKTpOB celJeHHH 

nHOHOB .!IJill UeHTpaJibHbiX 24 Mg+24 Mg, npe.!ICTaBJJeHHbiX Ha pHC.5, COBnanaeT C HaKJJOHOM 

CelJeHHH 7r- -Me30HOB, o6pa30BaHHbiX B CTOJJKHOBeHHSIX TSIJKeJJbiX HOHOB (pHC.4), B npe.!le­

JJaX 3% norpewHOCTH. O.!IHHaKOBbiH HaKJJOH nHOHHbiX celJeHHH .!IJISI peaKUHH c oroopoM 

C06biTHH no MHOJKeCTBeHHOCTH H 6e3 oroopa yKa3bJBaeT Ha TO, 'ITO MHOJKeCTBeHHOCTb npH 

B3aHMO.!leHCTBHH peJJSITHBHCTCKHX Sl.!lep HMeeT CBOHM HCTOlJHHKOM B OCHOBHOM He3aBHCHMbJe 

HYKJJOH-HYKJJOHHble B3aHMO.!leHCTBHSI. 

TaKHM o6pa3oM, 6onbWaSI MHOJKecTBeHHOCTb npH BJaHMO.!leHCTBHH TSIJKeJJbiX R.!lep He 

liBJJlleTcll y.!loBJJeTBOpHTeJJbHbJM KpHTepHeM .!IJISI noHcKa H H3YlJeHHSI KonneKTHBHbJX 3cpcpeK-
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PHc. 4. HopMHpoaaHHble HIIBapHaHTHbie ce'leHHll poJKIIeHHll 1r- -Me30HOB so B3aHMoneficTBHliX TlllKeJJbiX 

llllep s JaBHCHMOCTH oT .nap aMeTpa nono6Hll II 

TOB, a TaK)((e o6Hap)')((eHHll 3K30TH'!eCKHX COCTOliHHH li.UepHOH MaTepHH (HanpHMep, KBapK­

rJliOOHHOH nJJa3Mbl). Ilo MHeHHIO aBTOpOB, .llJlll H3)"1eHHll MHOfOHYKJJOHHbiX THnOB B3aHMO­

.UeHCTBHll 3cpcpeKTHBHbiM KpHTepHeM OT60pa perHCTpHpyeMbiX C06biTHH MO)f(eT 6biTb npH3HaK, 

OCHOBaHHbiH Ha Bhi.UeJJeHHH '!aCTHUhl, .llJlll pO)f(.UeHHll KOTOpOH X1 HJJH X2 > l ( HJJH o6a 

X > 1). TaK, .llJlll 3Kc nepHMeHTOB, nnaHHpyeMhiX c Bhiae.ueHHhiMH ny'IKaMH ByKJJoTpoHa 

(HanpHMep, Ha ycTaHOBKe MAPYC51) npH 3Hepmllx HaJJeTaJOIUHX 5I.Uep 2-6 f38/HyKJJoH, 

Bhi.UeJJeHHhiM .llJlll o1'6opa co6hiTHH KaHaJJOM MO)((eT CJJ)')((HTh o6513aTemHM pemcTpauH51 K-­
Me3oHa HJJH aHTHnpoToHa. Yron pemCTpaUHH H HMnynhc 'laCTHUhi, Bhi6paHHOH KaK npH3HaK 

OT6opa C06biTHH, Bhl'IHCJJ5IeTC51 B COOTBeTCTBHH C BhiUJeYKa3aHHOH npoue.uypOH onpe.UeJJeHH51 

X 1,2 > l .llJlll .uaHHOH 3HeprHH CTOJJKHOBeHH51 li.Uep. ,[l;J51 KOJJJJaii.uepHhiX 3Hepmii no.uxo.ll5IIUHM 

KaHaJJOM oT6opa MO)f(eT 6hiTh '!aCTHUa (HJJH cTpy51) c .uocTaTO'IHO 6oJJhUJHM nonepe'IHhiM HM­

nyJJhCOM, KOTOpbiH COOTBeTCTByeT npe.llJlaraeMOMY KpHTepHIO OT6opa. KoHe'!HO, Bbi6op THna 

'!aCTHUhi-npH3HaKa, ee HMllYJJbCa H yrna perHCTpaUHH .UOJJ)f(eH 6biTb OnTHMH3HpOBaH HCXO.ll51 

H3 B03M0)f(H0CTeH yCTaHOBKH, 3HeprHH CTOJJKiiOBeHH51, CKOpOCTH Ha6opa CTaTHCTHKH, cpOHO­

BbiX yCJJOBHH H T . .U. 3TOT BOllpOC Tpe6yeT OT.UeJlbHOfO 06C)')((.UeHH51 .llJ151 Ka)f(.UOfO KOHKpeniOro 

3KCnepHMeHTa, HaUeJJeHHOfO Ha H3)"1eHHe MHOfO'!aCTH'IHbiX B3aHMO.UeHCTBHH. 
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PHC. 5. 3aBHCHMOCTb HOpMHpOBaHHbiX HHBapHaHTHbiX Ce1.JeHHH pmK.lleHHll 7r - ·Me30HOB B UeHTpaiiLHLIX 

MgMg-BJaHMOlleiicTBHliX npH 3,6 fJBIH)'KIIOH OT napaMeTpa nol!o6Hll II 

BhiBO.llhl 

3KcnepHMeHTaJlbHbie UaHHbie no pO)I(JleHHIO 7r- -Me30H08 nOll pa3HbiMH ymaMH 8 a8TOMO· 

UenbHbiX nepeMeHHbiX MO!)'T 6biTb omtCaHbl Ol!HOH KpH80H. ,llJHI Ka)I(JlOH KOHKpeTHOH peaKUHH 

C JJerKHMH lll!paMH MO)I(HO nouo6paTb napaMeTp HaKJIOHa C2, 'ITO .naeT 803MO)I(HOCTb KOJIH· 

1.JeCT8eHHO OnHCaTb ymOBbie H ::lHepreTH'IeCKHe 3a8HCHMOCTH Ce'leHHH o6pa308aHml nHOH08. 

TaKOe OnHCaHHe 8a)I(H0 .llJIJI nJJaHHp08aHHSI 3KCnepHMeHT08 H peweHHJI np06JJeM MOHHTOpH­

po8aHHSI nY1.JK08 npH HJy'leHHH pel!KHX npOUeCC08 83aHMOl1eHCT8H.SI p eJJSITH8HCTCKHX .Sil!ep. 

,llJJSI KOJIH'IeCT8eHHbiX OUeHOK Ce'leHHH 8 Ta6JJHUe npel1CTa8JJeH bl JHa'leHH.SI napaMeTp08 

c1 "c2. 

Ta6nuua. IIapaMeTpbl annpoKCHM3UHH uuaapnaHTHbiX ce'leHHH no ciJopM)'Jie (3) 

PeaKUHll Ct c2 x" 
p+C 514 ± 152 0, 194 ± 0, 014 0, 24 
d+C 595 ± 83 0, 220 ± 0, 009 0, 53 
o+C 824 ± 100 0, 209 ± 0, 008 0, 34 
C+C 2230 ± 183 0, 184 ± 0, 004 0, 86 
d+Ta 2260 ± 772 0, 166 ± 0, 010 0, 50 
o+Ta 7070 ± 1470 0, 154 ± 0, 007 0, 97 
C+Ta 12700 ± 1380 0, 155 ± 0, 005 1, 5 

Mg+Mg 13,0 ± 1,3 0, 154 ± 0, 003 0, 7 
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KaK H B cnyqae KYMYJlliTHBHbiX H no.unoporoBbiX peaKUHH, A-JaBHCHMOCTH .!lJlJI nerKHX 
Jl.!lep (cpyHKUHH a) HeJlHHeHHbl no X!. x2 .!lJlJI paCCMOTpeHHOro CJl}"'aJI (XI . x2 ~ 1). PeaK­
UHH c nnKeJlbiMH ll.!lpaMH MOryr 6biTb KOJlH'IeCTBeHHO onHcaHbi TaKHMH )l(e A-JaBHCHMOCTJIMH, 
KaK H B cnyqae K}'MYJlJITHBHbiX (no.unoporoBbiX) peaKUHH, HO C 60JlbWHM napaMeTpOM HaKJlOHa 
c2 = o, 155 ± o, oo5. 

O.uHHaKOBbiH HaKJloH nHOHHbiX celJeHHH .!lJlll peaKUHH c oT6opoM co6biTHH no MHO)I(e­
CTBeHHOCTH H 6e3 oroopa YKaJbiBaeT Ha TO, 'ITO MHO)I(eCTBeHHOCTb npH BJaHMO,!leHCTBHH pe­
JlJITHBHCTCKHX Jl.!lep HMeeT CBOHM HCTOlJHHKOM B OCHOBHOM HeJaBHCHMbie HYKJlOH-HYKJlOHHbie 
BJaHMO.!leHCTBHJI . flpe.!lJlO)I(eHHbiH MeTO.!l OT6opa C06biTHH Ha OCHOBe .!lOJleH 4-HMnyJlbCOB 
X 1, X 2 MO)I(eT 6biTb npHMeHeH .!lJlJI HJyqeHHJI KonneKTHBHbiX 3cpcpeKTOB npH BJaHMo.ueiicTBHH 
peJlJITHBHCTCKHX Jl,!lep H .!lJlJI nocTaHOBOK 3KCnepHMeHTOB, HaueneHHbiX Ha HCCJle,!lOBaHHe CnH­
HOBOH CTPYKTYPbi .ueiiTpoHa Ha ManbiX paccTOJIHHJIX. 

ABTOpbi Bbipa)l(aiOT 6naro.uapHOCTb yqacTHHKaM coTpy.UHHlJeCTBa Ha .usyxMeTposoii npo­
naHOBOH nyJblpbKOBOH KaMepe Ja nonyqeHHe 3KCnepHMeHTaJlbHOfO MaTepHana, na6opaHTaM 
Ja npocMOTp H HJMepeHHe co6biTHH. ABTOpbi npHJHaTeJlbHbi M .X .AHHKHHOH Ja npe.uocTa­
BJleHHe .uaHHbiX, nonyqeHHbiX npH Hccne.uosaHHH xapaKTepHCTHK 1r - -MeJOHOB B MgMg­
BJaHMO.!leHCTBHJIX. 

ABTOpbl 6naro.uapHbl Ja ,!lOnOJlHHTeJlbHYIO no.!l.!lep)I(KY ,!laHHOH pa60Tbl OT.!leJlOM cpH3HKH 
MHOfOlJaCTHlJHbiX CHCTeM <l>HAH. 
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PO)I()]:EHHE KYMYJUITHBHhiX qACTH~ B MO,UEJIH FRITIOF 

A.C.ra.nollH, B.B.YJKuHcKuii 

B paMKax MOLIHlPHUHposaHHoii MOLieJJH FRITIOF pacc'IHTaHbi HHKJIIOJHBHbte cneK­

Tpbt K)'MYJlliTHBHbiX :rr0 -MeJOHOB, pOJKllaiO!JlHXCSI BnepeLI B SILipO-SILiepHbiX BJaHMOLieH­

CTBHSIX npH HMnyJJbCe 4,5 A f3B/c. noKaJaHO, 'ITO MO.!leJib Ka'!eCTBeHHO, a B HeKOTOpblX 

CRY1.Jal!X H KOJJH'IeCTBeHHO, BOCnpOHJBOLIHT OCHOBHble 3KCnepHMeHTaRbHble JaKOHOMep­

HOCTH. CornaCHO MOLieJIH pOJKlleHHe K)'MYJJSITHBHbiX '!aCTHU CBSIJaHO C MeXaHHJMOM Mllf­

KHX HYKflOH-HYKflOHHbiX BJaHMOLieHCTBHH H c xapaKTepoM ¢parMeHTaUHH KXU-CTPYH· 

<J>epMH-LIBHJKeHHe HYKflOHOB He HrpaeT CYIJleCTBeHHOH pOJJH. 06CYJKllaiOTCSI BOJMOJKHOCTH 

MOLieJIH B npHnOJKeHHH K aHanHJY npouecCOB K)'MYJJSITHBHOfO pOJKlleHHSI '!aCTHU. 

Pa6oTa BbmonHeHa B Jla6opaTopHH BbiCOKHX 3Hepmii OH5IH. 

Production of the Cumulative Particles in the FRITIOF Model 

A.S.Galoyan, V. V.Uzhinskii 

In the framework of the modified FRITIOF model, the inclusive spectra of the cumu­

lative :rr0 mesons, produced in the forward direction in the nucleus-nucleus interactions 

at 4.5 GeV/c/nucl:on are calculat.ed . It is shown that the model reproduces qualitatively, 

and in some cases quantitatively, the main experimental regularities. According to the 

model, the production of the cumulative particles is con nected with the mechanism of 

the "soft' nucleon-nucleon interaction and with the character of the QCD string frag­

mentation. Fermi motion does not play an essential role. Possibilities of the model in 

an application to the cumulative-particle production processes are discussed. 

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

CornacHo secbMa pac npoCTpaHeHHOH TO'!Ke 3peHHll, polK.LleHHe KYMYJJliTHBHbtX '!acntu 

CBll3aHo c cymeCT808aHHeM 8 li.Upax TliJKenbiX KOMnaKTHbiX o6beKT08 - cjm)'KTOH08. AnhTep­

HaTH8HaSI 803MO)I(HOCTb o6pa3o8aHHll KYMYnliTH8HbiX '!aCTHU 8 pe3yJJbTaTe TaK Ha3bi8aeMoro 

"ropll'lero" npouecca 8 HaCTOliUJee 8peMll npaKTH'IeCKH He o6c~.uaeTcll, XOTll npe.ucTa8neHHll 

"rOpli'IHX" MO.UeneH ( 1, 2] 8 HeCKOJlbKO H3MeHeHHOM 8H.Ue HaUJJJH HCKJJIO'IHTeJlbHO illHpO­

KOe npHMeHeHHe 8 cpH3HKe 8biCOKHX :meprHH, 8 'laCTHOCTH, 8 TaKHX nonynllpHbiX MO.UeJJSIX 

MHO)I(eCT8eHHOro pOJK.LleHHll '!aCTHU, KaK FRITIOF [3], RQMD [4], HIJING [5] . Mo.uenH 

06be.UHHlleT npe.UnOJJO)I(eHHe 0 TOM, 'ITO "MllrKHe" Heynpyme a.upoH-a.llpOHHbie coy.uapeHHSI 

HMeiOT 6HHapHbiH xapaKTep a + b --+ a' + b' , r.ue a' H b' - 8036YJK.LleHHbie COCTOSIHHSI a.upo­

H08. B MO.UeJJSIX 8036YJK.LleHHbie a.upOHbi c MaccaMH ma' , mb' > ma. mb paccMaTpH8aiOTCll 

KaK KX,U-cTpyHbi, H .llJlll o nHcaHHll HX pacna.uo8 HcnOJJb3yeTCll LUND-Mo.uenb [7]. 
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PHC. I. HHBapHaHTHble HHKJ1103HBHble ce'!eHHll o6pa30B3HHll JT
0 -Me30HOB B llllpO-llllepHbiX B33HMOlleH­

CTBHliX npH 4,5 fJB/ciHYKJJOH. To'!KH - JKcnepHMeHTaJJbHbJe naHHbJe [8], rncrorpaMMbl - pac'!eTbl no 

MOlleJI H FRITIOF 

B cny'lae a.npoH-.liJlepHbiX 83aHMoneikT8HH MonenH npennonar aiOT, 'ITO 8036}')1(JleHHbiH 

a.npOH a' MOJKeT CTanKH8aTbC.ll C JlpyrHMH H)'KJIOHaMH .liJlpa H y senHlJH8aTb C8010 Macey•. 

AHanorwJHoe HMeeT MecTo 11 8 .liJlpO-.liJlepHbiX coynapeHH.liX. 

KaK HeTpynHo 3aMeTHTh, o6IUa.ll KapTHHa a.npoH-.liJlepHbiX 83aHMOJleHCT8HH, npennona­

raeMall Monen.liMH, no'ITH co8na.naeT c paccMoTpeHHOH 8 [1]. A8TOpbi [1] C'IHTanH, 'ITO 8 

nep80M coy.uapeHHH HaneTaiOIUero a.npoHa C KaKHM-nH60 H)'KJIOHOM .liJlpa o6pa3yeTC.ll MaCCH8-

Hall a.npOHHa.ll CHCTeMa - <flaJ1ep6on , - He 8/UI/O'lG/OUj{IJI RHJlHpyiOIUHe 'laCTHUbl. <1>aJ1ep6on 8 

npouecce c8oero Jl8HJKeHH.ll 8 .liJlpe cTanKH8aeTc.ll c npymMH H)'KJIOHaMH .liJlpa, 3aMenn.lleTC.ll H 

y8eRHlJH8aeT CBOIO Macey. 8 pe3ynhTaTe CTaH08HTC.ll 803MOlKHbiM p OlK.lleHJ-te 'laCTHU 8 KHHe­

MaTHlJeCKHX o6naCT.liX, HeJlOCTynHbiX 8 C8060JlHbiX a.IlpOH-H)'KJIOHHbi X coynapeHH.liX . no3TOMY 

• noJlp06Hoe onHcaHue MOJlt:JIII FRITIOF CM. u [6) . 
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Puc. 2. 11HsapuaHTHble . UHKli iOJUBHble ce'!eHUll o6pa3oBaHUll 1r
0 -MeJOHOB B llllpO-liJJepHblX BJauMoneii­

CTBUliX rrpu 4,5 f38/c/H)'KliOH. 0603Ha'!eHUll, KaK U Ha puc. I 

MO)KHO O)KHJJ.aTb, 'ITO B MO)lenllx, 11 '!aCTHOCTH B MO)lenu FRITIOF, TaK)Ke JlOn)I(Hbl nOliBnliTbCll 

K)'MynliTUBHble 'laCHIUbl. 

Ha puc. I, 2 rrpeJlCTasneBbl 3KcrrepwMeBTanbBble JlaBBble [8] o po)I(JleBuH 6MCTpb1X 7r0 -

Me30HOB B liJlpO-liJlepBbiX B3aHMOJleiicTBHliX rrpw P = 4,5 A f38/c BMecTe c pac'leTaMH no 

MO)lenw FRITIOF, YlJHTbi BaiOIUHMH rrocne)lBHe KOppeKUHH [9]. KaK BHJlHO, MO)lem FRITIOF 
npe)lCKa3biBaeT pO)K)leBHe KyMynliTHBHbiX 'laCTHU. 
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B pa6oTax [8] 3KcnepHMeHTaJJbHO Hccne.nosanocb po)I(JleHHe 7r0 -Me30HOB B pC-, pCu-, 
aC-, aCu-, CC- H CCu-s3aHMO.IleHCTBIDIX npH 4,5 Apf3B/c. B 3KcnepHMeHTe c noMOtubJO 

90-KaHaJJbHOro tJepeHKOBCKOro ')'-CneKTpOMeTpa ycTaHOBKH $0TQH J183 perncTpHpOBaJJHCb 

')'-KBaHTbl. nocne OUeHKH cpOHOBblX npOUeCCOB H H.lleHTHcpHKaUHH 7r0 -Me30HOB BOCCTaHaBnH­

BaJlHCb 7r0 -Me30Hbl C yrnoM BbineTa B na6opaTOpHOH CHCTeMe (B CHCTeMe nOKO.II .ll.llpa-MHWeHH) 

()1f ::; 16° " 3HeprneH E1f ;::: 2 f3B. 

Ha pHc.l TO'IKaMH npe.ncTasneHbi 3KcnepHMeHTaJlbHO H3MepeHHbie HHBapHaHTHbie HH­

KnJ03HBHbie cetJeHHll o6pa3osaHHll 7r0 -Me30HOB s 3aBHCHMOCTH OT KYMYnliTHBHoro tJHcna X, 
.neneHHbie Ha MaCCOBOe lJHCno HaJleTaJOWHX .ll.llep - Ap. nepeMeHHa.ll X . onpe.nen.llnacb KaK 

rne ffiN H m7fo - MaCChi HYKnOHa H Me30Ha, COOTBeTCTBeHHO; pN - HMnynbC HaJleTaJOwero 

lll!pa Ha HYKnOH (PN = 4, 5 f3B/c); P1fo - HMnynbc 7r
0

-Me30Ha; EN = JM'Jv + P'Jv, E1fo = 
Jm;o + P;0 • To'IHOCTb a6conJOTHOH HOpMHpOBKH ce'leHHH "' 2(} %. CTaTHCTH'IeCKHe 

OWH6KH B npe.nenax TO'IeK. 

Pac"!eTbi cetJeHHH o6pa3oBaHHll 7r0 -Me30HOB c E1fo 2: 2 f3B H c B1fo ::; 16°, BbmonHeHHbie 

B paMKax MonenH FRITIOF, npencTasneHbi Ha pHc.l rncTorpaMMaMH. PactJeTbi HOpMHposaHbi 

Ha HeynpyrHe Ce'leHH.II .llllpO-lll!epHbiX B3aHMO.IleHCTBHH, BbllJHCneHHbie B rnay6epOBCKOM npH-

6nHJKeHHH [I 0]. KaK BH.IlHO Ha pHcyHKe, HaKnOHbi 3KcnepHMeHTaJlb biX " pactJeTHbiX KpHBbiX 

6nH3KH, Ol!HaKO paC'IeTHbie BenH'IHHbl Ce'leHHH B 2 - 3 pa3a npeBOCXOll.IIT 3KCnepHMeHTaJlbHbie 

3Ha'leHHll. 

Jly'lwee cornacHe Me)I(Jly pac'leTaMH H 3KcnepHMeHTaJJbHbiMH n aHHbiMH [8] Ha6nJOnaeTCll 

Ha pHC.2, Ha KOTOpOM npel!CTaBneHbl HHBapHaHTHbie HHKni03HBHbie Ce'leHH.II o6pa30BaHHll 

7r0 -Me30HOB B 3aBHCHMOCTH OT KBa,upaTa nonepe'IHOfO HMnynbca 7r0 -Me30HOB . Mo.nenb BOC­

npOH3BO.IlHT He TOnbKO cpOpMy cneKTpOB, HO H a6conJOTHbie 3Ha'leHH.II Ce'leHHH. npH'IHHa 

TaKOfO pa3HOfO OnHCaHH.II 3KCnepHMeHTaJlbHbiX .llaHHblX pHC . I, 2 HaM He .IICHa. 

Monem FRITIOF n03BOnlleT neTaJJbHO pa3o6paTbC.II B MexaHH3Me po)I(JleHH.II KYMYn.IITHB­

HbJX 'laCTHU. Ha pHc.3 npencTasneHbJ pa3nH'IHbie xapaKTepHCTHKH co6biTHH CC-s3aHMO­

nei-icTBHH, conposo)I(JlaeMbiX po)I(JleHHeM 6bJCTpbiX 7r0 -Me30HOB. Ha pHc .3s naHbi BKna.!lbi B 

HHBapHaHTHOe HHKni03HBHOe Ce'leHHe HYKnOHOB HaJleTaJOIUerO lll!pa H HYKnOHOB ll.llpa-MHllleHH 

(CM. WTpHXOBYJO H nyHKTHpHyJO KpHBbJe, COOTBeTCTBeHHO). 0THOCHTenbHble BKna.!lbl npe.nCTa­

BneHbl Ha pHC.3B. KaK BH.IlHO, BKna.!lbl HYKnOHOB ll.llpa-MHWeHH COCTaBn.IIJOT BenHlJHHY rv25% . 

Ha pHc.3r npenCTasneHbJ cpenHHe nponomHbJe HMnynbCbi HYKnOHOB .s~npa-cHap.s~na no " 

nocne BJaHMoneHCTBHll (cnnowHaJI H nyHKTHpHaJI rncTorpaMMbJ, c o oTseTCTBeHHO). CornacHo 

pHCYHKy, C ysenH'IeHHeM nOpllllKa KyMynliTHBHOCTH H3 HaJleTaJOIUe ro llllpa OT6Hpa10TCll BCe 

6onee H 6onee 3HeprH'1HbJe HYKnOHbJ, onHaKo YlJeT cpepMH-llBH.lKeHHll He liBnlleTCll KpHTHlJe­

CKHM llnll OnHCaHHll HHKni03HBHbiX Ce'leHHH, nOCKOnbKY 6e3 YlJeTa cpepMH-llBH.lKeHH.II CelJeHH.II 

B o6nacTH X "' 0,9 - I ,3 He YMeHblllaJOTCll Ha Heo6xonHMYJO senH'IHHY - H3MeHlleTC.II TOnbKO 

HaKnoH nHcpcpepeHUHaJJbHbJX ce"!eHHH (eM. pHc.4). ECTecTBeHHO, 'ITO B xone BJaHMoneiicTBHll 

npononbHbJe HMnynbCbJ HaJJeTaJOIUHX HYKnOHOB HeCKOnbKO YMeHbWaJOTCll, HO 3To HMeeT MeCTO 

no X"' 1, 5. BKna,u B o6nacTH c 66nbWHMH JHa'leHHliMH X naJOT YKnOHbJ, npHo6peTaJOIUHe 

HMnynbCbJ, npesocxOll.IIIUHe HMnynbcbJ HaneTaJOIUHX HYKnOHOB. Oc 6eHHO 'leTKO 3TO 3aMeTHO 

B pac"!eTaX, He YlJHTbJBaJOIUHX cpepMH-llBHJKeHHe HYKnOHOB (CM. BCTaBKY Ha pHc.4). 06cy-
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PH c. 3. Pal/IH'lHbie xapaKTepHCTHKH co6biTHii CC -BJaHMODei1crswii c poli<JleHHeM 6biCTpbiX rr
0 

-MeJOHOB 

)I(JlaeMbiH 3cpcpeKr ycKopeHH.II H)'KJIOHOB .IIBJI.IIerc.s~ cneuHcpH'IeCKOH '1eproi1 npeanonaraeMoro 

MexaHH3Ma .IIJlpO-.IIJlepHbiX B3aHMOJleHCTBHH . 

Ha pHC.3B JlaHbl aHaJI OfHlJHble xapaKrepHCTHKH H)'KJIOHOB .IIJlpa-MHWeHH. no B3aHMOJlei1-

CTBH.II npOJlOilbHbiH HMnyJi bC H)'KJIOHOB MaJI (CM. nyHKTHpHyiO rHCTOrpaMMy). 8 XOJle B3aHMO­

JleHCTBH.II JlJI.II po)I(JleHH.II KYMYJI.IITHBHbiX tJaCTHU snepea H)'KJIOHaM Heo6xoaHMO npHo6pecrH 

3aMeTHbiH HMnyJlbC (CM. CnJIOUIHYIO fHCTOrpaMMy). 

Ha pHc.3a npeacrasneHbi Macchi HYKJIOHOB .IIJlpa-cHap.s~aa H .IIJlpa-MHWeiiH nocne B3aHMO­

aei1cTBH.II, aaiOwHx KYMYJI.IITHBHbiH Me3oH (eM . cnnowHyiO H nyHKTHPHYIO rHcrorpaMMbi) . KaK 
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PH c. 4. HHsapHaHTHo e HHKJJI03HBHoe ce'ICHHC o6paJoBaHHll rr0 -MCJOHOB B CC-sJaHMoneikTBHJIX npH 

4,5 f JB/c/HYKJJOH . T o 'IKH - JKcnepHMCHTaJJbHbie naHHbie [8]. KpHBbiC - pac tJCTbi no MonenH FRITIOF 

BHJlHO, HYKJJOHbl l1Jlp3-CH3pl!Jl3 8 p3CCM3TpH83CMOM CnYtJ3C npH06pcT310T HCCKOnbKO MCHbWCC 

8036}')KJlCHHe, Hc)KenH HYKJJOHbi liJlp3-MHWcHH. Bee ::no co8naneT c ocH08HbiMH npencT38ne­

UHJIMH "ropli'IHX" MO)leneH, 33 HCKJJIO'ICHHCM 803MO)KHOCTH YCKOpe HJI HYKJJOH08. 

npe)lCT3Bn CUUbiC pe3yn bT3Tbl 00380nJIJOT Ha)lCJITbCll H3 OOHC3H HC cneKTp08 KYMYnliTH8-

tlbiX rr- H K-Me30H08. CKopee 8Cero, 803HHKHyr TPYJ1HOCTH c 8biXOJ10 M npoTOH08. Jleno 8 TOM, 

'ITO rn3y6epo8cKoe npH6nH)KCHHe, HCnOnb3yeMoe 8 MonenH FRITIOF, 33HH)K3CT MHO:lKCCT8eH­

uocTb 8bi6HTbiX npOTOH08. no3TOMY 00Tpe6yeTCll YtJCT )lOOOnHHTCn bHOro p33pyweHHJI JIJ1Cp, 

xoTll 6bi 8 p3MK3X nonxon3 [II] ; npH :>TOM MO)KHO O)KHJ13Tb H3H6o nee JlpKoro npoJisneHHJI 

cpepMH-Jl8H)KCHHll HYKJJOH08 8 liJ1p3x . BoJMO)KHO, npHMCHCHHe Monen H penl!TH8HCTCKOH K83H­

T080H MOneKynllpHOH )lHH3MHKH (RQMD (4]), KOTOpaJI OnHCbi83CT 8biXOJ1 npOTOH08 YtJHTb18aJI 

8TOpH'IHbie 833HMoneiicT8Hll 8 liJ1p3x-ocT3TK3X, noJ80nHT HJ6e)K3Tb TPYJ1HOCTeii. 0nH3KO MO­

n enH tiC CMOryr npeJlCK333Tb 8biXOJ1 liJlCp JlCHTCpHll, TpHTHll H ren Hll . ,llnJI HX OOHC3HHJI, 

00-8H)lHMOMy, npHJ1CTCll Y'ICCTb H3nH'lHC MHOfOK83pK08biX KOHcpH p3UHH 8 ll)lp3X H p3C­

CMOTpCTb cpp3fMCHT3UHIO MUOrQK83pK08biX CHCTCM . 

nep83ll )KC 33)1343 - OOHC3Tb 36conJOTHbiC 8CnH'lHHbl CC'lCHHH HHKJII03H8HbiX pe3KUHH. 

EcnH p3C'lCTHbiC CC'lCHHll 6ynyr MCHbWC 3KCnepHMCHT3nbHbiX, T0f)l3 CcpbCJHO 8CT3HCT 80npOC 
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o6 )"JeTe cpn}'KTOHOB s 51,llpax. ll;I51 peweHIDI nocTasneHHoii Ja.lla'IH Mbi npe.nnonaraeM npe)l(,lle 
BCero o6paTHTbC51 K ttaHHbiM no a.llpOH-51tlepHbiM BJaHMO,lleHCTBIDIM. 

ABTOpbl 6narottapHbl X.Y. A6paaM51Hy, r.JI. MenKYMOBY H A.r. JlHTBHHeHKO Ja HHTepec 
K pa60Te H CTHMynupyiOlllHe 06C)')K,lleHH51. 
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KpamKue coo61J4eHUJI OHJ/H Ng2[94]-99 

YAK 539.143+539.144.3+539.16+539.122 

PACllAJJ: 152Tb H llEPEXO,U:hl B 152Gd 
C EO-MYJihTHllOJihHOCTRMH 

J/NR Rapid Communications No.2{94]-99 

H.Aoa.Ml, M.ronyceKl, B.F.KD..llunnuKoB, H.AJie6eoeB, B.C.llponcKux2•3, 

B.H.Cmezaiillo6, B.M.aynKo-CumnuKo6, ll. qD..Tloyn1 

Pacna.u 152Tb H3)"1aJICll s 3KcnepHMeHTe no HJMepeHHIO cneKTpos 1'-JJ)"'eH H 1' -1'­
cosna.ueHHH. Bcero Ha6JJIOllaJIOCb 704 nepexona, H3 HHX 347 6hlJIO OTHeCeHO K pac­
na,uy 152Tb snepsbie. Ha ocHose 6onee noJJHbiX H TO'!HbiX naHH biX o 1'-nepexonax H 
paHee ony6JJHKOBaHHbiX llaHHbiX 06 HHTeHCHBHOCTliX o3JieKTpOHOB BH¥fpeHHeH KOHBep­
CHH 6onee '!eM llJill 40 nepexonos 6hlJIH o6Hap)'lKeHhi npHMecH EO- HJJH Ml + EO­
MYJJHHnOJJbHOCTH. llononHeHHall cxeMa pacna.ua conepJKHT 6onee 100 so36yJKlleHHhiX 
COCTOliHHH, H3 KOTOpblX 46 BBelleHbl B CXeMy BnepBbie. Jlnll ypoBHeH 615 K38 H 586 K38 
C H3BeCTHblMH BpeMeHaMH JKH3HH 6blJIH onpeneneHbl MOHOnOJJbHble MaTpH'!HbJe 3JieMeHTbl 
p, llJill scex yposHeH, rne B nepexonax o6Hap)'lKeHa npHMecb EO-MyJJ hTHnOJJhHOCTH, 6blJIH 
paCC'IJ.ITaHbl OTHOIIIeHHll npHBelleHHbiX BepOliTHOCTeH (napaMeTpbl PacMycceHa). 

Pa6oTa BblnOJIHeHa B na6opaTOpHH llllepHbiX npo6neM Ol'UIH. 

Decay of 152 Tb and Transitions in 152Gd 
with EO Multipolarities 

].Adam et al. 

The decay of 152Tb has been investigated by measuring singles 1'-spectra and 1' _,_ 
coincidence experiment. The 704 transitions were observed, of which 347 were identified 
to the decay of 152Tb for the first time. Using the more precise and full data about 
intensities of /'-transitions and previously reported conversion electron intensities the 
EO or Ml + EO multipolarities were established for more than 40 transitions. The 
revised decay scheme consists of more than one hundered excited levels from which 
46 levels were introduced for the first time. For the levels 615 keY and 586 keY with 
known lifetimes the monopole matrix elements p were found, for all the levels, where 
the EO-admixtures in depopulating transitions were discovered, the reduced probability 
ratios (Rasmussen parameters) were calculated. 

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

1 HucTHTyr liJI~puoii cfJHJIIKII AH lJP, PJKeJK. 
2

no6cJ.lliTI!Ilb KOHKypca Ha}"'HbiX pa60T Jll Ha}"'HOH KOHcflepeHUIIH M0110JlbiX }"'eHbiX II cneuHaniiCTOB. 

LlOK.1aJI CJlC.~aH Ha C~KUIIII "CTp)'KTypa ~Jlpa". 
3 PRONSKIKH@vxjinr.jinr.ru 
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1. BBEJJ:EHHE 

5f.llp0 ~~2 Gdss(l,.. = o+) HaXO,llHTCSI B nepeXO.llHOH 06JiaCTH Me)f()ly c<t>epH'·JeCKHMH H 

.lle<PopMHposaHHbJMH Sl.llpaMH, H CTPYKTYPa ero sOJ6y)f()leHHbJX cocTOSIHHH npe.llCTaBJISieT HH­

Tepec C T01.JKH 3peHHSI npo sepKH H pa3BHTHSI TeopeTH'JeCKHX MO,lleJieH. HH3KOCnHHOBbJe B03-

6y)f()leHHbJe cocTOSIHHSI 152Gd MOryT 6bJTb H3YtJeHbJ s {3 + / EC-pacna,lle MaTepHHCKoro Sl.llpa 

~~2Tb87 (I,.. = 2-, T 1; 2 = 17, 5 h, Q.a = 3850(15) K38) npH aHanHJe cneKTpos -y-nYtJeii, 

'Y'Y·COBna,lleHHH H 3JieKTpOHOB BHYTpeHHeH KOHBepCHH (38K). TIOCJie,llHHe no,llp06HbJe CBe­

,lleHHSI o6 38K ony6nHKo saHbJ s pa6oTe [I], o -y-JIYtJaX H -y-y-cosna,lleHHSIX - s pa6oTe 

[2], npHtJeM 3KcnepHMeHTaJibHO xoporno H3YtJeHbJ ypoBHH TOJibKO c 3Hepmei1 .llO 2 M38. 

3Ha1.JHTeJibHbiH nporpecc, .llOCTHrHYTbiH B H3MepHTeJibHOH TeXHHKe Ja nocJie,llHHe ,lleCSITHJie­

THSI, nOJBOJISieT Ha,lleSITbCSI , '-ITO HOBble H3MepeHHSI CMOryT ,llaTb MHOro Ba)I(HOH HH<l>OpMaUHH 

o6 3TOM Sl.llpe. 11JoTon 152Tb 6bJJI nonYtJeH s peaKUHH rny6oKoro pacmenneHHSI npH o6-

JIYtJeHHH Ta-MHrneHH seco M 2 r Ha BHYTpeHHeM nYtJKe npoTOHOB <t>aJoTpoHa Jl51"TI 01151"11 

(Ep = 660 M38, Ip = 5 MKA). CMecb pe.llKOJeMeJibHbJX npO.llYKTOB peaKUHH BbJ.lleJISIJiacb H3 

MHllieHH MeTO,llOM COOCa)f()leHHSI H XpOMaTorpa<l>H'IeCKH pa3,lleJISIJiaCb Ha <t>paKUHH. Cl>paKUHSI 

Tb JaTeM pa3.lleJISIJiacb n o MaccosbJM tJHCJiaM Ha 3JieKTpoMarHHTHOM Macc-cenapaTope [3]. 
I13MepeHHSI -y-JIYtJeH npoHJBO.llHJIHCb nnaHapHbJM HPGe-.lleTeKTopoM c 3HepreTHtJeCKHM pa3-

perneHHeM !lE-y = 350 38 .llJISI E-y = 6, 9 K38 H .llBYMSI KOaKCHaJibHbJMH HPGe-.lleTeKTopaMH 

(e--y = 20%, !lE-y = 1, 8 K38 ( 6°Co) H e-y = 28%, !lE-y = 1, 9 K38 ( 6°Co)). TipH perH­

cTpauHH 'Y'Y·COBna,lleHHH y rOJI Me)f()ly OCSIMH ,lleTeKTOpOB COCTaBJISIJI ~ 100°, paCCTOSIHHe .llO 

HCT01.JHHKa ~ 35 MM. Pa3p ernaiOIUee BpeMSI CXeMbl COBna,lleHHH COCTaBJISIJIO 20 HC. 

2. OliPAliOTKA CIIEKTPOB -y-JiyqEM 

06pa60TKa -y-JIHHHH 8 cneKTpax 6bJJia BblnOJIHeHa B COOTBeTCTBHH C MeTO.llHKOH, H3JIO­

)I(eHHOH 8 (4, 5). 11.ll~HTH<l>HKaUHSI. -y-nHKOB OCyiUeCTBJISIJiaCb no Cna.lly HX HHTeHCHBHOCTH 

so speMeHH. 8 cneKTpax Ha6JIIO.llaJIHCb nHKH HJOTonos 151 Tb, 153 Tb, 154 Tb, HX aKTHBHOCTb 

cocTaBJISIJia 10-3-10-4 aKTHBHOCTH 152Tb. EbiJI nposeneH TrnaTeJibHbiH aHaJIHJ 6annacTHbiX 

nHKOB: nHKOB CYMM, nHKOB O,llHH01.JHOrO H JlBOHHOrO BbiJieTa, <t>oHOBbiX nHKOB. 3HeprHH H 

HHTeHCHBHOCTH 6anJiaCTHbiX nHKOB Bbll.JHCJISIJIHCb C nOMOlUbiO nporpaMM, OnHCaHHbiX 8 pa-

60Te (6), nOCJie 'lero -y-JI HHHH 152Tb 3THMH )l(e nporpaMMaMH KOppeKTHpOBaJIHCb Ha HaJIH'IHe 

npHMeceii. 8cero K pacna.lly 152Tb Mbi OTHeCJIH 704 -y-nepexona, HJ HHX 347 o6Hap~eHo 
BnepBbJe, .llJISI 331 nHKa 6 bJJia CJleJiaHa nonpaBKa HHTeHCHBHOCTH Ha npHMeCb 6anJiaCTHOH 

KOMnOHeHTbl. 3HepniH -y- JIHHHH onpeJleJieHbl C TO'IHOCTbiO 30 38, HHTeHCHBHOCTH - JlO 2%. 
no cpasHeHHIO c pa6oTaMH [I' 2] T01.JHOCTb 803pOCJia 8 cpenHeM 8 HeCKOJibKO pa3. 

3. AHAJIH3 -y-y-COBIIAJJ:EHHM 

Cosna,lleHHSI so speMSI 3KcnepHMeHTa HaKanJIHBaJIHCb s BHJle OTJleJibHbiX co6biTHH, co­

.llep)l(alUHX HH<l>OpMaUHIO 0 6 3HeprHSIX COBnaBlliHX -y-KBaHTOB H npOMe)I(YTKe speMeHH Me)I(Jly 

HX perHCTpauHeH 8 HHTe psane 0-180 HC. 0T60p HCTHHHbiX C06b1THH H O'IHCTKa HX OT 

CJIYtJaHHbiX npOBO.llHJIHCb MeTO,llOM ycTaHOBKH BpeMeHHOrO OKHa H COpTHpOBKOH OT06paHHbiX 

cosna.lleHHH s JlBYMePHYIO MaTpHuy. CneKTpbi -y-y-cosna,lleHHH 6biJIH nonYtJeHbi ycTaHOBKOH 
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OKOH B MaTpHUe COBna.LleHHH Ha HHTeHCHBHbiX ')'-nHKaX (C Bbi'IHTaHHeM KOMnTOHOBCKOfO 

pacnpe.neneHJUI). 1·1J HHTeHCHBHOCTeH -y-nHHHH B COBna.ueHIDIX H B O.[lHHO'IHbiX cneKTPaX, 

H3Mep.S1BlliHXC.SI O.[lHOBpeMeHHO C COBna.LleHH.SIMH, MO)I(HO Bbi'IHCnHTb 3KCnepHMeHTanbHbiH K0-

3cpcpHUHeHT BeTBneHH.SI : 

r.ne c:; (Enj) H c:; (Enj) - a6conJOTHbJe 3cpcpeKTHBHOCTH perHCTpa HH ')'- KBaHTa C 3HeprHeH 

En]• pa3MellleHHOro Me)l(.[ly ypoBH.SIMH c HOMepaMH n H j .[ln.SI .neTeKTopoB X H Y COOTBeT­

CTseuuo ; N - 'IHCno pacna.uos 
152Tb B ceKyH.ny; T - speM.SI H3Mep HID! cosna.ueHHH. 

B .nanbHeHllleM y.nq6uo cpaBHHBaTb OTHOllleHHe 3KcnepHMeHTanbHbiX 3Ha'leHHH K03qxpHUHeH­

TOB BeTBneHH.SI (Rji)exp/(R22)exp C Bbi'IHCneHHbiMH (Rji)calc/(R22)calc, KOTOpoe onpe.nen.SI­

eTCll ua ocuose npe.nnaraeMOH cxeMbi yposueii H pa3MellleHH.SI -y-nep exo.nos, H TaKHM o6pa30M 

o.nuoJHa'IHO pa3MelllaTb nepexo.nbi B cxeMe pacna.ua. Bcero Mbi o 6 pa6oTanH 91 CYMMapHbiH 

cneKTp, COOTBeTCTBYIOlliHH COBna.LleHH.SIM CO 116 ')'-KBaWTaMH pa3 bl" 3HeprHH (19 nepexo­

.UOB liBnliJOTCll .nsoHHbiMH " 3 - TpOHHbiMH). B Ta6n . I npHse.neHbi 3HepmH yposHeH 152Gd, 
BBe.[leHHbiX Ha OCHOBe HnH nO.[lTBep)l(.[leHHbiX ')'')'-COBna.LleHH.SIMH. 

4. UEPEXO)lhl cEO- U Ml + EO-MYJihTUUOJibHOCT.H:MU 

nepeXO.[lbl c 'IHCTOH EO-MynbTHnOnbHOCTbiO, cornaCHO npasu naM oroopa, npOHCXO.[l.SIT 

TOn bKO Me)l(.[ly ypoBHliMH c I ; = It = 0, 1r; = 1rt; nepexo.nbi c E O-npHMecbJO Moryr H.nTH 

TOnbKO Me)l(.[ly ypoBHliMH c I ; = It =I= 0. Bepo.SITHOCTH EO-nep exo.nos, senH'IHHa KOTo­

pbiX onpe.nenlleTC.SI ue.nHaroHanbHbiMH MaTpH'IHbiMH 3neMeHTaMH MOHononbHoro onepaTopa, 

HHTepnpeTHpOBaTb .[lOBOnbHO HenpOCTO, O.[{HaKO 3a nocne.[lHHe .[leC.SITHneTH.SI nO.SIBHnC.SI p.SI.U pa-

6 0 T (7 , 8) , B KOTOpblX aBTOpaMH nOKa3aHO, 'ITO pa3pli.UKa B036y)l(.[leHHbiX COCTO.SIHHH .SI.[lep 

EO-nepexo.naMH MO)I(eT CBH.neTenbCTBOBaTb KaK o cocywecTBOBaHHH B .s~.npe cocTO.SIHHH, cy­

wecTBeHHO pa3nH'IaJOWHXC.SI no cpopMe, TaK H 0 CHnbHOM CMelliHBaHHH B 3THX COCTO.SIHH.SIX 

liJlep ccpepH'IeCKOH H .necpopMHpOBaHHOH BOnHOBbiX cpyHKUHH. )lnll B036y)l(.[leHHbiX COCTO.SIHHH, 

BpeMeHa )I(H3HH KOTOpbiX H3MepeHbl, HHOr.na y.naeTCll c.nenaTb Bbi60p Me)l(.[ly 3THMH .UBYM.Si 

B03MOlKHOCT.SIMH. TaKHM o6pa30M, o6uapYlKeHHe nepexo.nos c EO- npHMeCbJO n03BOn.SieT .ne­

n aTb BalKHbJe 3aKnJO'IeHH.SI o KBaHTOBbiX xapaKTepHCTHKax ypoBHeH H npoBO.UHTb cpasueHHe c 

pa3nH'IHbiMH TeOpeTH'IeCKHMH npeJICKa3aHH.SIMH. 

npHMeCb MynbTHnOnbHOCTH EO H Ml + EO ycTaHaBnHBanacb c paBHeHHeM 3KcnepHMeH­

TanbHbiX H TeopeTH'IeCKHX K03cpcpHuHeHTOB KOHsepcHH .nnll K -o6 ono'IKH. 3Ha'leHH.SI OTHO­

CHTemHbJX HHTeHCHBIIOCTeH 38K onpe.neneHbl B pa6oTe (I), OT OCHTenbHbie HHTeHCHBHO­

CTH ')'-KBaHTOB H3MepeHbl B HaCTO.SIWeH pa6oTe, K03cpcpHUHeHT CBli3H lliKan ')'-nyqeH H 38K 
onpe)leneH ycpe.nHeHHeM nO 12 HHTeHCHBHbiM nepeXO)laM C XOp lliO H3BeCTHbiMH MynbTH­

nOnbHOCT.SIMH B lliHpOKOM )lHana30He 3HeprHH. npHMeCb EO C'IHTanacb o6uapYlKeHHOH, ecnH 

BbinOnHllnOCb ycnOBHe 

O' K(exp)- 2D.(aK(exp)) > aK(Ml , calc). 
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Ta6Jmua 1. Ypoauu B 152Gd, aBelleHHJ.Ie ua ocuoae l'f'·COBD8lleHHii 

E-yev, K3B flE-yev I " E~ev, K3B flE~ev I" E-yev, K3B flE..,ev I" 
0,000 0,000 0 1975,674 0,057 1{2+) 2743,188 0,465 1 

344,279 0,002 2+ 2011,642 0,039 1+(2+} 2749,201 0,030 2+(3+} 

615,367 0,019 o+ 2121,085 0,062 2772,376 0,068 2+ 

755,395 0,002 4+ 2133,408 0,105 2862,638 0,043 
930,548 0,014 2+ 2169,171 0,322 2880,652 0,021 1+(2+} 

1047,771 O,Q28 o+ 2201,731 0,047 2+ 2914,115 0,109 2+ 

1109,187 0,015 2+ 2246,769 O,D21 2+ 2920,014 0,186 
1123,184 0,003 3- 2258,142 0,055 2927,849 0,050 2+(3+} 

1227,375 0,093 2264,864 0,109 2929,169 0,418 
1274,197 0,125 1{2+} 2267,706 0,080 2932 ,734 0,104 1-(2+} 

1282,280 0,029 4+ 2299,627 0,026 2-(3-} 2964,344 0,041 
1314,636 0,019 1- 2325,827 0,438 2981,406 0,356 
1318,348 0,017 2+ 2330,696 O,Q78 2989,020 0,094 
1434,016 0,007 3+ 2386,950 0,115 2999,505 0,050 1{2+} 
1470,585 0,062 2401,494 0,059 3006,788 0,063 2+ 

1533,728 0,186 2437,448 0,063 2+ 3009,198 0,082 3-

1550,149 0,034 2447,820 0,438 3012,615 0,341 
1605,578 0,019 2+ 2495,166 0,048 2+(3+} 3042,303 0,051 1+(2+} 

1643,427 0,013 2-(3-} 2513,900 0,309 3067,396 0,109 
1680,762 0,046 2523,782 O,Q35 2+ 3074,990 0,188 
1692,429 0,032 2529,389 0,033 3079,637 0,170 4+ 

1734,436 0,155 2540,455 0,059 2+(3+} 3090,396 0,217 
1755,760 0,175 2543,944 0,062 3098,979 0,109 
1771,564 0,026 2(3-} 2551,111 0,057 3105,696 0,201 2+ 

1785,552 0,321 2557,843 0,039 2+ 3110,897 0,095 1+ 

1807,546 0,047 2598,787 0,063 3112,648 0,202 1{2+} 
1808,678 0,279 2604,336 0,048 3140,199 0,124 1{2+} 
1839,707 0,040 2+ 2641,568 0,094 3144,116 0,140 
1861,889 0,031 2+ 2667,528 0,045 1- 3213,999 0,235 
1862,061 0,030 2709,412 0,037 2+ 3232,187 0,202 1{2+} 
1915,188 0,041 2719,716 0,041 2+ 3236,698 0,109 
1915,744 0,124 2729,178 0,032 2+ 3285,145 0,086 
1941,153 0,018 2+ 2734,026 0,095 1+(2+} 3340,584 0,093 3-

Ta6nuua 2. UapaMeTphl PacM)'cceua X WUI nepeXOllOB MeQy ypoBHJIMH c /; = 11 = 0, rr; = rr1 

E~ev, K3B E-y(EO} , K3B E-y(E2}, K3B J.LK X PaJMetUeHHe 
615,6 615,6 271,08 0,122(12) 0,0131 (13) o; --+ o;, 2; 
1047,9 432,5 117,25 I 0,6(11) 0,0225(23) ot13 --+ o;, 2; 

1047,9 703,29 0,0091(9) 0,069(7) ot13 --+ o;, 2; 

Eonee '!eM .UJJ.SI 40 nepexo.nos npHMecb EO-MyllbTHnOllbHOCTH yCTaHoBJleHa snepBble s :noif 
pa6oTe (eM. pwc. 1 ). B Tex CllYlfCUIX, Kor.na speMeHa )((H3HH yposHeif HeH3BecTHbl, .llll~ nepe-

• XOJIOB c EO-npHMeCbiO B03MO)((HO pacc'fHTaTb 6e3pa3MepHbiH napaMeTp PacMycceHa X [ 13 ], 
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Tafimtua 3. llapaMeTpJ.J PacM)'cceHa X JJ.JJJJ nepexo.noa Me.xmy ypoaHJJMH c I, = I1 :f. 0, 1r1 = 11"J 

E-,,K3B q! XI q~ x2 PaJMeweHHe 
143,800 > 0,3 > 0,001 > 0,03 > 0,00012 -

155,100 > 1,1 > 0,006 > 1, 7 > 0,009 
209,140 1,22(25) 0,0100(20) 1,8(5) 0,014(4) 1318, 2+ -+ 1109, 2+ 
387,797 18(4) 0,36(8) 34(8) 0,70(17) 1318, 2+ -+ 930, 2+ 
496,370 5,5(4) 0,168(14) 10, 1(9) 0,308(27) 1605, 2+ -+ 1109, 2+ 
526,850 7,2(6) 0,242(19) 13,5(11) 0,45(4) 1282, 4+ -+ 755, 4+ 
543,584 2,7(6) 0,098(23) 4,6(13) 0, 16(5) 1862, 2+ -+ 1318, 2+ 
586,300 1,68(12) 0,068(5) - -
788,867 12(4) 0,85(28) 24(8) 1,6(6) 2729, 2+ -+ 1941, 2+ 

1010,605 1,9(5) 0,21(6) 3,2(10) 0,35(11) 1941, 2+ -+ 930, 2+ 
1061,600 > 39 > 4,8 > 78 >9 
1217,000 17(11) 2,6(17) 33(21) 5(3) 
1343,000 64(34) 12(6) 128(68) 24(13) 3285, 2+ -+ 1941, 2+ 
1352,980 14,2(25) 2,7(5) 28(5) 5,3(10) 2667, 1- -+ 1314, 1-
1383,500 60(30) 12(6) 120(64) 24(13) 
1495,440 3,5(6) 0,80(15) 6,4(13) 1,5t3) 1839;2+ -+ 344, 2+ 
1506,900 1,6(4) 0,38(8) 2,8(7) 0,65(17) 3112, 2+ -+ 1605, 2+ 
1663,670 7,4(22) 2,1(6) 14(4) 4,1(13) 2772, 2+ -+ 1109, 2+ 
1735,800 > 51 > 16 > 102 > 31 3285, 2+ -+ 1550, 2+, 3+, 4+ 
1870,550 21(6) 7,3(19) 41(11) 15(4) 
1886,080 4,2(12) 1,5(4) 8(2) 2,8(9) 2641,4+ -+7 55,4+ 
1944,800 > 74 > 28 > 148 >56 3067, 3- -+ 1123, 3-
1962,900 > 46 > 18 > 91 > 35 
2014,480 10(4) 3,8(14) 19(7) 7,5(28) 
2018,090 1,2(5) 0,49(21) 2, I (10) 0,9(4) 3338, 1, 2+ -+ 1318, 2+ 
2029,500 > 20 >8 > 39 > 16 
2064,900 18(6) 7,4(25) 35(12) 15(5) 
2217,400 4,4(20) 2, I (10) 9(4) 4,1(19) 3341,3- -+ 1123,3-
2291,460 48( 12) 25(6) 97(23) 49(12) 
2324,320 5,4(13) 2,8(7) II (3) 5,5(14) 3 79, 4+ -+ 755, 4+ 
2342,570 1,9(4) 0,98(21) 3,5(8) 1,8(4) 26 7, 1, 2+ -+ 344, 2+ 
2357,000 > 86 > 46 >171 > 92 
2384,940 2,2(4) I ,20(22) 4,1(8) 2,3(4) 2729, 2+ -+ 344, 2+ 
2398,530 3,3(13) 1,8(7) 6,3(26) 3,5( 15) 3328, 1, 2+, 3- -+ 930, 2+ 
2428,360 5,3(16) 3,0(9) 10(3) 5,8(18) 3357, 2+, 3- -+ 930, 2+ 
2491,400 > 118 > 70 > 236 > 140 
2575,820 3,(7) 1,9(4) 5,8(14) 3,7(9) 2920, 2+ -+ 344, 2+ 
2680,880 0,83(25) 0,57(17) 1,5(5) 1,0(3) 3024, 1 +, 2+ -+ 344, 2+ 
2694,480 1,9(4) I ,29(26) 3,6(8) 2,5(5) 3310, 1, 2+ -+ 615, o+ 
2740,930 1,7(8) 1,2(6) 3,2(16) 2,3(11) 3 85, 2+ -+ 344, 2+ 
2790,700 > 19 > 14 > 38 > 28 
2832,000 13(7) 10(6) 25( 15) 19( II) 
2878,000 > 13 > 10 > 26 > 20 
2902,000 > 21 > 16 > 41 > 32 
2936,000 > 15 > 12 > 29 > 23 3550, o+ -+ 615, o+ 
2950,500 9,7(23) 7,9(19) 19(5) 16(4) 
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PHc. I . CpaBHeHHe 3KcnepHMeHTaJJbHbiX H pac'!eTHbiX K03cpcpHUHeHTOB KOHBepcHH B JaBHCHMOCTH OT 

3HeprHH H MYJJbTHnOJJbHOCTH n epexonos 

KOTOpbiH HMeeT CMbiCJI OTHOllleHH51 npHBe)leHHbiX Bep051THOCTeH nepeXOJlOB COOTBeTCTBYIOUHIX 

MYJibTimOnbHOCTeH c :noro ypoBH51 H onpeJlen51eTC51 JlJI51 nepeXOJlOB c I; = It = 0 no cpopMyne 

' ' I [(EO o+ -t o+)]. 
x ifj (E2, o; -t 2t} 

2. 54 X 109 X /-LK X A413 X E~(E2) 

O.K(EO) 

r)le 

0:K(E2) X h(EO) 
/-LK = h(E2) 

a JlJI51 nepexo)lOB c I; = It -=/=- 0 no cpopMyne 

[
(EO , I; -7 It)] 2.54 X 109 

X A413 
X E~ X q2 

X 0:K(E2) X;f = _______ __!__:...__ _ ____:____:_ 

(E2 , I; -t It) O.K ' 

r)le 

2 - WK(EO) 
q = WK(E2) 

(1 +(F) x a K(exp) - a K(M1) - £52 x a K(E2) 
0:K(E2) 

£52= I ..., (E2) 
I..., (M1) · 

napaMeTpbl X )lJI5! Bcex n epeXO)lOB, me 6bJJia ycTaHOBJieHa npHMeCb EO-MyJJbTHnOJibHOCTH, 

npHBe)leHbl B Ta6n . 2,3 . B enH'IHHbl qr H xl paCC'lHTaHbl B npe)lnOJIO))(eHHH MYJibTHnOJibHOH 
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CMeCH B )'KaJaHHbiX nepexo.nax EO+ M1 (82 = 0), q~ H x2- B npe.nnoJJO)KeHHH CMeCH EO 
H paBHbJX KOJJH'JecTB M1 H E2 (82 = 1) . 

.lln.11 nepexo.nos c 3HeprH.IIMH 615.6 K3B (EO) H 586.2 K3B (EO + M1 + E2) 6bmH 

onpe.neneHbl KBa.npaTbl MaTPHtJHbiX 3JJeMeHTOB EO-nepexo.nos p 2 [12] : 

KOTOpble B HaW eM CJJyqae MOryr 6bJTb BbllJHCJJeHbl H3 3KCnepHMeHTaJJbHbiX .naHHbiX C nOMOlUbiO 

COOTHOWeHH.II (8) : 

2 + + IK(Eo;ot-+ oj) x o:K(E2;ot-+ 2j) x W-y(E2;ot-+ 2j) 
p (EO· o. -+ 0 ) = ------=------:----:--=--- -------=-

' ' I h(E2;0t-+ 2j} X n K 

0HH CB.II3aHbl C BepO.IITHOCTbiO nepexo.na COOTHOWeHHeM We(EO) := Tt::(~O) = nep2, r.ne 

ne - He3aBHC.IIlUHH OT .II.IlepHOH CTP)'KT)'Pbl ct>aKTop, Y'JHTbiBaiOIUHi\ BJJH.IIHHe 3JJeKTPOHHOH 

o6oJJOtJKH .II.Ilpa [9]. BpeMeHa )KH3HH yposHeH 615.6 K3B H 586.2 K3B npHH.IITbl paBHbiMH 

37(8) H 7.3(6) nc [10]. flOCKOJJbKY nepeXO.Il C 3HeprneH 586.2 K3B HMeeT CMeWaHHYJO MYJJb­

THnOJJbHOCTb 8 = -3.05(14), onpe.neneHHYIO B 3KCnepHMeHTaX no -y-y8-KoppeJJ.IIUH.IIM [11), 
.llOJJH ero HHTeHCHBHOCTH, npHXO.Il.IIIUHeC.II Ha EO- H E2-KoMnoHeHTbl, 6bmH pacctJHTaHbl H3 

Bblpa)KeHHH 

I (EO)= I - I X (o:K(M1) + 0:K(E2)82). 
K K '"Y 1 + 82 ' 

p 2 onpe.lleJJ.IIJJOCb KaK 

2(EO· 2+ 2+) = h(EO) X O:K(EO) X W(E2) 
p ' ' -+ I nK X h(E2) . 

EblJJH nonyqeHbl 3Hat.JeHH.II P~l5 = 66(14) X w-3 H P~86 = 46(4) X w-3 . 

5. OCHOBHhiE BhiBO,llhl 

Enaro.llap.ll cymecTseHHO ynyqweHHOH no cpasHeHHJO c npe)KHHMH pa60TaMH [1] H [2] 
H3MepHTeJJbHOH TeXHHKe H pa3pa6oTaHHblM MeTO,IlaM o6pa60TKH 3KCnepHMeHTaJJbHblX ,llaH-

HbiX [5] H [6] npH .H3Yt.JeHHH pacna.na 152Tb .B~C 152Gd nonyqeHbl TaKHe HOBble 3KCnepH­

MeHTaJJbHble pelyJJbTaTbl: 

B cxeMy pacna.na 152Gd BBe.lleHo no cosna.neHH.IIM 46 HOBbiX yposHeH (scero 6onee 100), 

snepsbJe pa3MemeH 131 -y-nepexo.ll (scero 242) . .lln.11 scex yposHeil onpe.lleneHbl O.llH03HatJHO 

HJJH HaH.ileHbl B03M0)KHble 3Hat.JeHH.II CnHHOB H lJeTHOCTeH. 

CymeCTBeHHO YTOtJHeHbl 3HeprHH H HHTeHCHBHOCTH -y-nepeXO.IlOB. norpewHOCTb onpe,lle­

neHH.II ::meprHH CHHlKeHa .llO 30 38, HHTeHCHBHOCTH - .llO 2%. 
Ha OCHOBe COBMeCTHOro aHaJJH3a HOBbiX ,llaHHbiX no -y-nyqaM H 6 onee paHHHX pe3yJJbTaTOB 

H3MepeHH.II 3BK ycTaHOBJJeHo 6onbwoe tJHcno nepeXO.IlOB c npHMec bJO EO-MyJJbTHnOJJbHOCTH. 
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PHc. 2. 3asHcHMOCTb JKcnepHMeHTallbHbiX 3Ha'leHHH napaMeTpos X ( ~~) oT JHepmH nepexol!OB 

Jl;HI nepeXO,llOB C :meprH.s!MJ.i 615,6 J.1 586,2 K38 6biJlJ.1 paCC'IHTaHbl MaTpH'IHbie 3JJeMeHTbl 

p~ 15 = 66(14) x 10-3 H p~86 = 46(4) x 10-3, KOTOpbie HHTepecHo cpaBHHTb c pac'leTHbiM 

3Ha'leHHeM p;,.ix = 79 x 10 - 3, nonyqeHHbiM B npe,llnOJJO)((eHHH MaKCHMaJJbHOro cMeWHBaHH.II 

BOJJHOBbiX cpyHKUHH ccpepH'IeCKOro H ,llecpopMHpOBaHHOrO COCTOSIHHH (fJdef = 0.192) (7). 

0)lHO'IaCTJ.1'1HOe 3Ha'!eHHe MaTpH'IHO~O 3JJeMeHTa ,llJJ.II 3TOro Sl,llpa COCTaBJJ.IIeT p~PU = 18 X 
10-3 . 

.J])l.s~ .llpymx yposHeii, m e o6Hap)')KeHa npHMecb EO-MyJJbTHnOJJbHOCTH B nepexo)lax, pac­

C'IHTaHbi 3Ha'!eHH.II napaMeTpos PacMycceHa X. MoHOTOHHbiH poeT seJJH'IHH X B 3aBHCHMO­

CTH OT 3HeprHH ypoBH.II (eM. pHc.2) CBH,lleTeJJbCTByeT o Ka'!eCTBeHHOM H3MeHeHHH CTPYKTYPbi 

COCTO.IIHHH C pOCTOM HX 3HeprHH B036~eHH.II. 

Mbi Ha)leeMC.II, 'ITO non yqeHHbie ,llaHHbie .lla.llYT secbMa HHTepecHyiO HHcj:JopMaUHIO o CTPYK­

Type nepeXO,llHbiX aTO~HbiX Sl,llep npH HX cpaBHeHHJ.i C npe,llCKa3aHH.IIMJ.1 COBpeMeHHbiX Teope­

TH'IeCKHX MO,lleJJeH. 

O.llHH H3 asTopos (B.C.OpoHCKHX) 6naro,llapHT CoseT 06oe,llHHeHH.II MOJJO,llbiX yqeHbiX H 

cneuHaJJHCTOB H ero npe,llCe,llaTeJJSI KaH,llH,llaTa cj:JH3.-MaT. HaYK M.A.Ha3apeHKO 3a no,ll,llep)((KY 

ny6JJHKaUHH H ,llOKJJa)la, c)leJJaHHoro Ha ceKUHH "CTPYKTypa .si.llpa" Ill Hay'IHOH KOHcj:JepeHUHH 

MOJJO,llbiX yqeHbiX J.1 cneUJ.i aJJHCTOB. 
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TIEPBhiH 3KCDEPHMEHT DO BhiBO)J;Y 
PEJUITHBHCTCKHX ):(EHTPOHOB H3 HYKJIOTPOHA 
H30ffiYThiM KPHCTAJUIOM 

A.C.Apme.MoB, C.B.AtjJaHacbeB, B.B.Eoii.Ko\ M.A.BoeBoOuH, 
B.H.BollKOB, A.J(.KoBaJJeHKo, C.H.Ko3JlOB, H.H.KylluKoB, 
C.B.PoMaHOB, m.J.CautjJyllUH, A.M.TapamuH, A.n.aapeHKOB, 
A.B.llia6yHoB 

flpellCTaBJJeHbl pe3yJJbTaTbl nepBbiX HCnbiTaHHH ycraHOBKH "KpHCTann-W" Ha Hy­

KJIOTpOHe. Ha6mollBJJCll BbiBOll lleiiTpoHOB c :meprneii 3 fJBIHYKJIOH H3 HYKJIOTpoHa 

H30rHYTbiM KpHCTBJIJJOM KpeMHHll. llaeTCll KpaTKOe OnHCaHHe yCTaHOBKH, JneKTpOHHOrO 
o6opyllOBaHHll H CHCTeMbl perncrpaUHH OTKJIOHeHHbiX I.JaCTHU. 

Pa6oTa BbmonHeHa s Jla6opaTopHH BbiCOKHX JHeprnii 0115111. 

First Experiment on Relativistic Deuteron 
Extraction from the Nuclotron with a Bent Crystal 

A.S. Artemov et al. 

The results of the fi rst test run ·of the "CRYSTAL-W" set-up at the Nuclotron are 

presented. The extraction of 3 GeV/n deuterons from the Nuclotron with a bent silicon 
crystal was observed. The experimental set-up, electronic equipment and a particle 

registration system are described briefly. 

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

J.borHyrhJe KpHCTaJJJJhJ Haxo.IDJT see 6onee umpoKoe npHMeHeHHe wu1 ynpa8neHHll nyq­

KaMH npOTOH08 8bJCOKHX 3Hepntii - 8 KaHanax TpaHCnOpTHp08KH H Jl)lll 8biBO.Ila I.JaCTHU H3 

ycKOpHTeJJll . flpeJl)IO.lKe.HHe 06 HCnOJJb308aHHH KpHCTaJIJJH'IeCKHX .ueqlJJeKTOp08 Jl)lll 8bi80.Ila 

peJJliTH8HCTCKHX HOH08 H3 rano nyqKa HOHHhiX KOJJJJaii.uepo8 6hJJlO c.uenaHo 8 [I). B [2) 
paccMoTpeHa cxeMa HCnOJJh308aHHll H30rHyroro KpHcTanJJa Jl11ll 8hJBO.Ua nyqKa penliTH8HCT­

CKHX ll.llep H3 HYKJJOTpOHa. H e.Ua8HO 8bl80.11 YJJbTpapeiiliTH8HCTCKHX HOH08 C8HHUa H30rHyrhJM 

KpHCTaJJJJOM KpeMHHll ocywecTBneH 8 UEPH Ha SPS [3). 11MeHHo KpHCTaJJJJhl KpeMHHll, 

o6na.uall peKOP.IlHhJMH noKa3aTeJJliMH CTPYKTYPHOro co8epweHCT8a, HcnoJJb3YJOTCll 8 Ka'lecTBe 

.ueqmeKTopo8 'laCTHU. 

1 J1HCTHT)'T cf>HJHKO-TeXHII'IeCKHX npo6neM, lly6Ha. 
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0JlHaKO, KaK nOKa3biBaiOT paC"!eTbl, HCnOJtb30BaHHe KpHCTaJlJlOB MeTanJ!OB C BbiCOKHM 

nOp.s!JlKOBbiM HOMepOM BMeCTO 06bt"'HbiX KpeMHHeBbiX )leqmeKTOp OB MO:lKeT 3Ha"'HTenbHO yse­

J!H"'HTb 3cpcpeKTHBHOCTb OTKnOHeHH.R "!aCTHU ua 6onhwwe yrnbt. HanpwMep, 3<Pct>eKTHBHOCTb 

BbiBO)la yCKOpeHHOfO nyqKa .s!Jlep H3 H)'l(JlOTpOHa C OTKnOHeHHeM Ha yron OKOJ!O 100 Mpa,u 

MO:lKeT BbtpaCTH 6onee "!eM B )leC.s!Tb pa3 npH HCnOJ1b30BaHHH KpHCTaJlJlOB BOJ!bcppaMa [4). 8 
1996 ro)ly B Jl83 0l1.SII1 6btJ1H Ha"'aTbl pa60Tbl no nO)lfOTOBKe K HCllbtTaHH.s!M BOJ!bcppaMOBblX 

)lecpneKTOpOB Ha UHpKynwpyiOWeM nyqKe H)'KnOTpOHa [5). 

ycrpoikno 

PHc. I. YcraHOBKa "KpHcrann-W" Ha "TeliJioM" npliMOJJHHeiiHoM npoMe)l(yrKe KOJJbUa H)'KJIOTpoHa. Ha 

BXOlle pacnOJJO)I(eHO fOHHOMeTpH'!eCKOe ycrpOHCTBO llJlll CMeHbl KpHCTaJJJJH"'eCKHX necpneKTOpOB H HX 

opHeHTHpOBaHHll OTHOCHTeJJbHO UHPKYJJHp)'IOIUero nyqKa H)'KJIOTpOHa. C UHHTHJIJlliUHOHHble TeJJeCKOObl, 

perHCTpHpYJOIUHe Bb!BeneHHble H3 H)'KJIOTpOHa H cjloHOBble 'laCTHUbl, pacn OJJO)I(eHbl B KOHUe npoMe)l(yrKa 

B MenHaHHOH liJIOCKOCTH YCKOpHTeJJll (He OOKaJaHbl) 

B )lauuoii pa6oTe npeJlcTaBneHbt pe3yJtbTaTbt nepBbiX wcnbtTaHHH ua nyqKe ycKopeHHbiX 

)leHTpOHOB C 3HepmeH 3 f38/H)'KnOH H)'KnOTpOHa ycTaHOBKH "KpHCTann-W", C03)laHHOH JlJ!.sl 

HCCJleJlOBaHH.sl HOBbiX . BOJlbcppaMOBbiX )lecpneKTOpOB. YCTaHOBKa COCTOHT H3 fOHHOMeTpH"'e­

CKOrO ycTpOHCTBa C JlHCTaHUHOHHbiM ynpaBneHHeM JlJ!.sl OpHeHTHpOBaHH.sl KpHCTanJIOB OTHO­

CHTeJlbHO nyqKa H)'KnOTpOHa, CHCTeMbl HaBe)leHH.sl UHpKynupyiOWero nyqKa Ha KpHCTanJ! If 

CHCTeMbl perHCTpaUHH OTKnOHeHHbiX KpHCTanJIOM "'aCTHU. fOH HOMeTpH"'eCKOe yCTpoikTBO C 

KpHCTannaMH pa3Mewanocb ua BXOJle "Tennoro" np.RMOJIHHei1uo ro npoMe:lK)'TKa KOnbua uy­

KJIOTpoua (pHC . i ). neTanbHOe OnHCaHHe 3TOfO ycTpOHCTBa, CUHHTHJIJl.IIUHOHHbiX TeneCKOOOB 

CHCTeMbl perHCTpaUHH "'aCTHU, a TaK)JCe aHanH3 cpoHOBbiX yCJIOBHH H B03MO)J(HbiX cnoco60B 

HaBeJleHH.R nyqKa ua KpHcTann npeJlcTaBneuo B pa6oTe [5) . 
KoHCTPYKUH.R rouwoMeTpa npeJlycMaTpHBaeT onepaTHBHYIO y c TaHOBKY 6e3 uapyweHH.II sa­

KyyMa B Me)lHaHHYIO nJIOCKOCTb YCKOpHTeJI.sl OJlHOH H3 Tpex MHW eHeH, )lBe H3 KOTOpblX .s!Bn.si­

IOTC.s! H30rH)'TblMH KpHCTanJtaMH. TpeTbeH MHWeHbiO CJ!)')J(HT CUHHTHJ!Jl.IIUHOHHbiH MOHHTOp, 
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no KOTOpOMY OTpa6aTbiSaeTC~ Hase.uemte n}"!Ka Ha Kp11CTa.Jln. Bee MI1UieHI1 HaXO~TC~ S sep­

TI1Ka.JlbHOH n110CKOCTI1, CMeUieHHOH no SHeUIHeMy pa.ll11YCY Ha KOHTpOn11pyeMOe paCCTO~HI1e 

(13±5) MM OT OCI1 110HOnpOSO)la. 11HTepsan Me)I(Jly HI1MI1 Sbi6paH )lOCTaTO'IHbiM Jl]]~ 6ecnpe­

n~TCTSeHHOH U11pKyn~U1111 n }"!Ka Ha CTa)ll111 11H:lKeKU1111 11 ycKopeHI1~ . HoMep Sbi6paHHOH 

MI1UieHI1 11 ee ycTaHOSKa S pa6o'lee nono:lKeHI1e KOHTpOn11pyiOTC~ C nOMOUibiO Cl1fHa.JlOS S 

JlS011'1HOM KO)le OT OnTonap. 

BepT11KaJJbHOe nepeMeUieHI1e MI1UieHeii s KaMepe roHI10MeTpa 11 ee nosopoT s rop1130H­

TaJJbHOH nnOCKOCTI1 C UiarOM 6 MKpa)l S npe.uenax ±50 Mpa)l Jl]]~ Op11eHT11pOSaHI1~ .uecpneK­

TOpOS OTHOCI1TeJibHO U11pKyn 11pyiOUiero n}"!Ka ocyUiecTsn~IOTC~ c noMOUibiO UieCTI1QJa3HbiX 

UiarOSbiX JlSI1raTeneH lll)l-5llM 11 pa3pa6oTaHHOfO JlJI~ HI1X :!lJieKTponp11SO)la. np11S0Jl o6ec­

ne'II1SaeT )lSa pe:lKI1Ma pa60Tbi : HOpMaJJbHblH 11 QJOpC11pOSaHHbiH, np11 KOTOpOM S SOCeMb pa3 

nOSbiUiaeTC~ CKOpOCTb spaUieHI1~ JlSI1raTen~. 

nn~ ynpaB11eHI1~ np11SO)l0M pa3pa6oTaH 11 C03)laH 3neKTpOHHblH 6noK s CTaHJlapTe IBM 

PC, sKJIIO'IaiOUI11H s ce6~ TPI1 KaHana reHepaTopos 11MnynbCHbiX nocne.uosaTenbHOCTeii c pery­

n11pyeMoi1 '!aCTOTOH cne.uosaHI1~. lJaCTOTa cne.uosaHI1~ 11MnynbCOS 11 11X KOnl1'!eCTSO 3a)laeTC~ 

nporpaMMOH. CI1HXpOHI13aU11~ pa6oTbi np11so.ua no nepeMeUieHI1IO MI1UieHeH c lli1KJIOM ycKope­

HI1~ OCyUieCTSn~eTC~ C nOMOUlbiO SXO.!lHOro perHCTpa. 3TO n03SOn~eT np0113SO.!li1Tb YCTaHOSKy 

Sbi6paHHOro Kp11CTanna 11n11 MOHI1TOpa S Me.U11aHHYIO nnOCKOCTb HYKJIOTpOHa S Ha'!ane CTOna 

ero MarHI1THOro non~ . YnpasneHI1e HanpasneHI1eM nepeMeUieHI1~ MI1UieHeH ocyUieCTsn~eTc~ 

SbiXO.!lHbiM perHCTpOM. nporpaMMHOe 06ecne'leHI1e n03SOn~eT 113MeH~Tb seni1'111HY nepeMe­

UieHI1~ 11 KOHTpOn11pOSaTb n o no:lKeHI1e MI1UieHeH. 

nn~ perHCTpaU1111 OTKJIOHeHHbiX Kp11CTaJJnOM S rOp1130HTa.JlbHOM HanpasneHHH '!aCTHll, a 

TaK:lKe }"'eTa QJOHOSbiX C06biTI1H 11CnOnb3YIOTC~ .USa CU11HTHnn~U110HHbiX TeneCKOna, pacno­

no:lKeHHbiX SHe KaMepbl YCKOp11Ten~ CI1MMeTpH'IHO OTHOCI1TenbHO Kp11CTaJJna 11 HanpasneHH~ 

na)laiOUiero Ha Hero n}"!Ka. K a)I(JlbiH 113 TeneCKOnOS COCT011T H3 Tpex .ueTeKTOpOS C pa3MepaMH 

3, 4 11 7 CM S rop1130HTa.JlbHOM HanpasneHI111, 'ITO o6ecne'II1SaeT yrnOSOH aKCenTaHC TeneCKOna 

OKOnO 20 Mpa)l. lleTeKTOpbl 11 3fOTOsneHbl 113 CUHHTI1nn~TOpa Ha OCHOSe noni1CTHpona H HMeiOT 

speMeHHOe pa3peUieHI1e o~ono l 00 nc. J;lononHI1TenbHO Ha cosna)leHH~ c CHrHanaMH pa6o'!ero 

TeneCKOna, ycTaHOBJieHHOfO n o Tpacce Sb!BO.!la n}"!Ka, BKJIIOlfeHbl 11MnynbCbl OT CUHHTHnn~­

U110HHbiX .UeTeKTOpOS Jl1111HOH 5 MM, HaXO~UIHXC~ cpa3y 3a Kp11CTaJJnaMH 11 11MeiOUIHX TY :lKe 

TOnUI11Hy. CseTOSbie Cl1fHa.Jl bl OT 3TI1X .ueTeKTOpOB, a TaK:lKe CU11HTHnn~U110HHOro MOHHTOpa 

peri1CTp11pyiOTC~ <1>3Y -ll 0 '1e pe3 CMOTpOBOe OKHO B KaMepe fOHHOMeTpa. 

fOHI10MeTp11'1eCKOe ycTpOHCTBO C KpHCTa.JlnH'IeCKHMH .uecpneKTOpaMI1, a TaK:lKe pa3pa6o­

TaHHOe o6opy.uosaHI1e CI1CTeMbi ynpasneHH~ 11 pemCTpauHI1 11CnbnaHbi Ha uHpKynHpyiOUieM 

n}"!Ke .ueiiTpOHos c 3Hepmei1 3 f3BIHYKJIOH . B KalfeCTBe .uecpneKTopos 11cnom3osanHcb .usa 

Kp11cTanna KpeMHI1~ TOnllli1HOH 300 MKM, 1130rHYTbie, c pa.llHycoM 30 eM, s.uonb (Ill) nnoc­

KOCTeii Ha yron 100 Mpa)l. 3Kcnep11MeHTaJJbHO 11ccne.uosaHo Hase.ueHI1e UHpKynHpyiOUiero 

n}"!Ka Ha Kp11CTann c noMOUibiO H3MeHeHI1~ '!aCTOTbi ycKop~IOUiero BlJ-Hanp~:lKeHI1~ Ha CTone 

MarHI1THoro non~ . B pe3ynbTaTe cMeUieHI1~ op611Tbl ycKopeHHbie .ueiiTpOHbl nona)lanH Ha Kp11-

CTann (CU11HTI1nn~U110HHbiH MOHI1TOp) fOHI10MeTp11'1eCKOrO ycTpOiicTBa, pacnono:lKeHHbiH Ha 

paccTo~HI111 13 MM no pa.ll11yc y c sHeUIHei-i cTopOHbl. XapaKTepH~ speMeHH~ 3aBHCI1MOCTb 

11HTeHCI1SHOCTI1 CBelfeHI1~, 11 H11U1111pyeMOrO S MOHI1TOpe HaSO.!li1MbiMH lfaCTHUaMH, npHSe,UeHa 

Ha p11c.2a. 3.uecb :lKe noKa3aHa speMeHH~ 3asHCI1MOCTb senHlfHIIbi se.uyUiero MarHHTHoro non~ 

HYKJIOTpOHa. Ha p11c.26 npe.UCTaBJieHa SbiSO.!l11M~ Ha 3KpaH KOMnbiOTepa TeKyUI~ HHQJOpMa­

U11~ 0 speMeHHOH 3aBHCI1MOCTH HHTeHCHSHOCTH C'leTa pa60'Iero TeneCKOna, He06XO.UHM~ Jl]]~ 

KOHTpOn~ 11 onepaTI1SHOro ynpasneHI1~ 3KCnep11MeHTOM . 
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PHC. 2. 8peMeHHaJI JaBHCHMOCTb HHTeHCHBHOCTH CBe'!eHHJI, HHHUHHpyeMOro HaBOLIHMbiMH LieHTpOHaMH 

B CUHHTHJlJIJIUHOHHOM MOHHTOpe fOHHOMeTpa (a), H HHTeHCHBHOCTH C'leTa TenecKona no Tpacce BbiBOLla 

Ja KpeMHHeBbiM LieqmeKTOpOM (6) 

}lnJI comacosamtJI c HanpaMeHHeM UHpKy;mpyrowero nY'!Ka, HaBO.UHMoro Ha KpHcTann, 

nocJJe.UHHH BpawancJI BOKpyr BepTHKaJlbHOH OCH, npOXO,llJIJlleH 4epe3 ero BXO.UHOH TOpeu. 

OpH cosna.ueHHH HanpasneHHH KpHcTannorpa¢H4eCKHX nnocKo cTeH H OY'!Ka 4aCTHUbi MOryT 

33XB3TbiB3TbCJI B pe)I(HM K3Hai1HpOB3HHJI H OTKJJOHJITbCJI KpHCTaJlJJOM Ha yrOJJ H3rH6a. J13MeHe­

HHe ymOBOH OpHeHT3UHH KpHCTaJlJJa ocywecTBJIJIJIOCb Me)l(.lly .UHKJJ3MH pa60Tbl ycKOpHTeJJJI, 

a CHfHaJlbl OT TeJJeCKOOOB perHCTpHpOBaJlHCb Ha CTOJJe M3fHHTHOfO OOJIJI. Ha pHC.3 npe.UCTa­

BJJeHa OOJIY'!eHHaJI B 3KCnepHMeHTe 33BHCHMOCTb OTHOJlleHHJI C4 eTa pa6o4ero TeJJeCKOna (Tl) 
K C'leTy ¢oHOBOro TeJJeCKOna (T2) OT OpHeHT3UHH KpHCTaJlJJa. KpHBaJI 2 OTBe'laeT CJIY'!310, 

K0f.ll3 Ha COBna.ueHHe C pa604HM TeJJeCKOnOM .UOOOJIHHTeJJbHO BKJJJO'leH CUHHTHJIJJJIUHOHHblH 

.UeTeKTOp (M), pacnOJJO)I(eHHbiH B KaMepe ycKOpHTeJJJI 3a BbiXO.UHbiM TOpUOM KpHCTanJJa (BC). 
3Ha'lHTeJJbHOe (oKoJJo 15 pa3) yseJJH'leHHe C4eTa no Tpacce Bbi Bo.ua B y3KOH o6nacTH ymos 
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P11c. 3. PemcTpaUHll co6biTHH CU11HTI1JJJJliU110HHbiM TeJJecKonoM no Tpacce BbiBona '!aCTI1U 113 HYKJIO­

TpoHa- JaBHCHMOCTb oT opHeHTaUHH KpHcTanna. Ha scTasKe- pacnonoJKeHI1e pa6o'lero Tl 11 cpoHo­

soro T2 TeJJecKonos; M - CUHHTI1JJJJliTOp, pacnonoJKeHHbiH B KaMepe HYKJIOTpoHa cpaJy Ja KpHCTaJJJJOM 

BC 

OpHeHTaUHH KpHCTaJJJJa BIV'!eCTe C pe3KI-!M (B 30 pa3) pOCTOM 3aBHCHMOCTH 2 MOJKHO 0LlH0-

3Ha'IHO HHTepnpentposaTh KaK co6biTHe BblBOLla UHPKYIIHPYIOlllHX Ltei1TpOHOB 113 HyKJioTpoHa 

1130fHY"fhlM KpHCTaJJJIOM KpeMHHll. 

TaKHM o6pa3oM, pa3pa6oTaHHOe 11 C03LlaHHoe o6opyLloBaHHe LlJlll HCCJieLlOBaHHll HOBhiX 

KpHCTaJJJIH'IeCKHX LtecpneKTopos npowno ycnewHoe 11CnhiTaHHe Ha UHpKynHpyiOll.leM ny'!Ke 

penliTHBHCTCKHX liLlep HYKJIOTpoHa. B cneLtyiOlllHX ceaHcax pa60Thi ycKopHTeJill nnaHHpyeTCll 

npOLlOJI:lKHTh 3KCnep11MeHThl C UeJlblO 113Y'!eHHll 3aBHCHMOCTH 3cpcpeKTHBHOCTI1 BhiBOLla yCKO­

peHHhiX '!aCTHU OT napaMeTpoB LtecpneKTopa H ero MaTepHana np11 pa3HhiX cnoco6ax HaBeLleHHll 

DY'!Ka. 

ABTOphi Bhipa:lKaiOT 6naroLtapHOCTh A .M .EanLli1HY 11 A .YI.Manaxosy 3a noMep:lKKY nposo­

Lli1MhiX HccneL(oBaHI1H, a TaK:lKe B .B.Apx11nosy, B.A.MoH'II1HCKOMy, A .YI.fosoposy, A.M.Ea3a­

Hosy, J1 .51 . .1KHJihUOBOH, B .H .K y3Heuosy, E.A.MaTIOllleBCKOMy, r .A.Hamacesoi1, IO.YI.PoMaHO­

By, IO.Yf .TliTIOlllKHHy, B .H .C oKonosy 11 nepcoHany ycKOp11TeJihHoro KOMnneKca 3a noMOlllh B 

npoBeLleHHI1 3Kcnep11MeHTa. 

Pa6oTa LlODOJIHI1TeJihHO noMep:lKaHa rpaHTOM MHTU N 437 11 rpaHTOM Pc:t>c:t>YI 

N 96-02-18133A. 
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