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TOWARDS DECAY ANISOTROPY OF DILEPTONS

E.L.Bratkovskaya, O.V.Teryaev, V.D.Toneev

Attention js attracted to the study of angular characteristics of e*e™ pairs ::reated in hadronic
and nuclear collisions. Due to spin and angular momentum constraints, 'he dilepton decay
anisotropy is found to be quite sensitive. to the contribution of differert sources. This is
illustrated by the anisotropy coefficients estimated for various proc:sses of dilepton
production,

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

O6 aHM30TpPONHH pacnaja JWIeNTOHOB

E.J1. Bpamkosckaa, O.B.Tepses, B./].Tonees

O6paluaeTcd BHUMaHHE Ha HCCIEIOBAHHE YITIOBBIX XapaKTEPHCTHK e'e - ap, POXIEHHEIX B
AIPOHHBIX H AAEPHBIX CTONKHOBEHHAX. OGHAPYXEHO, YTO U3-32 OTPAHHYEHH, HAKIIAAbIBAEMBIX
COXpaHEeHHeM MpOeKUHMH CIHHA H YIIOBOIO MOMEHTA, aHM3OTPOMNHMS pactial i JUTEITOHOB OKa-
3bIBACTCA BECEHMA YYBCTBHTELHOH K BKJIAMly OT PaxTHYHBIX HCTOYHHKOB. 310 HLTIOCTPHpYETCH
paccMoTpeHueM K0athHLMEHTOB aHH3OTPOIHH, OLEHEHHBIX WIS PaiTHYHBI ¢ MpoLieccoB ofpa-
30BaHHA JICOTOHHBIX (ap.

PaGoTa BuinonHeHa B JlaGopaTopuH TeopeTHyecKoi ¢uanxn um.H.H.Boromo6osa OUSTH.

Leptonic probes are quite attractive since they provide weakly disturbed information on
hot and dense nuclear matter at different stages of its evolution in eavy-ion collisions at
intermediate and ultrarelativistic energies. Information carried out by leptons may tell us
not only about interaction dynamics of colliding nuclei but also on p-operties of hadrons in
nuclear environment and on a possible phase transition of hadrons inio quark gluon plasma.
However there exist a lot of hadronic sources of lepton pairs because the electromagnetic
field couples to all charges and magnetic moments. It is very desirible to have additional
information which would allow one to disentangle various sources e <perimentally. For this
aim, we propose to study a new observable — the decay anisotropy of a lepton [1].

Till the recent time, the invariant mass spectra do/ DM was the only observable to be

investigated for the e*e” pairs created in heavy ion collisions. As is seen from Fig.1, the
variety of hadronic sources of lepton pairs gives rise to a very complicated picture. Really,
lepton pairs may be produced due to the electromagnetic decay of tiine-like virtual photons
which can result from the bremsstrahlung process or from the decay of baryonic and
mesonic resonances including the direct conversion of vector mesons into virtual photons
in accordance with the vector dominance hypothesis. The last processs has turned out [2]
to be quite competing with T annihilation which was considered as the most promising
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channel for investigating properties of
hadrons in nuclear matter [3]. In addi-
tion, there are rather large uncertainties
in theoretical calculations. The most

5 v T ¥ 1 ¥ L] v T v
2l Ca+Ca (1 GeV/A)
with fiter

A 2 41

Lol 2 3
-1 g complete list of hadronic sources has
3 2l 7] been included into Quark Gluon String
i 10k Model calculations [4] presented in Fig.1.
. q Inspite of the fact that other models [5,6]
% 5 3 predict different contributions of sources
3 2t ] and/or even neglect some of them, they
¥ 102k ] - also reproduce these data within available
$ 5 1 large experimental error bars. So, to
;n. [ ] disentangle various leptonic channels
< 2t o 1 experimentally the necessity of a new ap-
< w0t 3 e 4 proach to this problem becomes quite
sk N\ A 3 g evident. We see that spin variables taken
of N \‘ ] into consideration may help in solution

Y of this problem.

10t 3 N N ; 3 o Indeed, in all hadronic sources, the
00 a2 0.4 0.6 a8 18 ¢'e pairs are created due to electro-
Invariant Mass, GeV magnetic decay of time-like virtual pho-

Fig.1. Invariant mass distribution for dileptons produ- tons. In the rest frame, the decay of an
ced in Ca + Ca (2 GeV/A) collisions. Contribution of unpolarized photon gives rise to isotropy
different sources calculated within QGSM [4] is  of the angular distribution for a created
shown. Experimental points are taken from [7] lepton pair since there is no preferential

direction. However, the coupling of the

virtual photon to hadrons may induce

some dynamical spin alignment of both
resonances and virtual photons. So, one can expect [1] that the angular distribution of a
lepton will be anisotrosic with respect to the direction of dilepton emission. This decay
anisotropy defined for the given dilepton mass is carrying some information on the spin
alignment of the virtuil photon as well as on spins of interacting hadrons and thereby
allows one to disentangle different production processes, in principle.

Let characterize th: decay anisotropy by the azimuthal and polar angles, ¢, 6 of the
momentum 1_ of a created electron with respect to the momentum of a virtual photon in the

rest frame of this photon. For comparing the shape of the angular distribution in different
channels, the differentiil cross section for dilepton production may be represented in the
following form:

;ﬁ—é:A(I + B cos?0). )
CcoS

In a general case, the B coefficient may be a function of M, ¢ and masses of particles
involved into the reaction.
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The Dalitz decay of a pseudoscalar meson, say 7, is one of the s mplest cases since the
zero spin of the meson disentangles the spin indices of the initial ani final stated allowing

one to factorize the production 6"(s) and decay probabilities. In particular, the angular
distribution can be written as follows:

_do"  _ g 1 A"
=0(s) , (2)
dM%dQ . daM?dQ
where the decay matrix
Vi TE U s g )L (3)
M4 uaﬁyqﬂ qu vapo qp 96 v

4 -
entering the decay width TM7€€7Y is directly related to the lepton tensor
va =Trl_ Y, f+ Y, - Here g, g, are the four momenta of a virtual and real photon. The final

distribution is reduced to the following one*:

n
—2‘1 ° ~ 1+ cos28. (4)
dM “ dcos 0

The same answer results from the Dalitz

decay on any pseudoscalar meson, in parti- 1.2

cular, for the 0 decay which dominates at [ o - .','-,' -=

M <0.14 GeV. These results are plotted in 0.8

Fig.2.

Due to 3/2 spin of the delta, the
dilepton differential cross section for the
A — Ne*e™ decay cannot be reduced to the
factorized form of eq.(2) though do/dM is
described quite well in this approximation.

If the A alignmer}t efft_act is neglected for a [ Mol —ee_PP (2.1 GaV)
moment we get in this very crude appro- -0.8  pp (1.0 G;ﬁ"“ ".;‘_‘ _______________
ximation B = + 1. As was shown in [8], the -

value B =1 is reached only in the limit of -1.2 N N S

a real photon, M — 0 what illustrates a 0.1 0.3 0.5 0.7
high sensitivity of anisotropy to the spin M (GeV)

structure of the transition matrix element.
Fig.2. M-dependence of the decay anisotropy coef-

Bremsstrahlung channel for e'e™ pro- ficient for different elementary dilepton sources: the
duction is estimated in the soft photon ap- Dalitz decay of n and 7° 10esons, ©' -annihilation,
proximation. One can see from Fig.2 that B pn and pp bremsstrahlung (at two energies)

*Strictly speaking, this simple result corresponds to a particular case of vanishing rieson momentum (or the rest
frame of the 1 meson). In general, the decay anisotropy coefficient will be energy- and M-dependent [9).
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becomes M-dependent juantity changing its sign around M ~ 0.2 GeV. The distribution is
not isotropic in this case what introduces axial symmetry breaking.

For the pion annihilation differential cross section we get B =—1 [1] which is also
plotted in Fig.2. This r:sult has not yet been averaged over the production angle, because

the production and decay frames coincide for the nn — e'e” process. In contrast with all.
previous cases, averaging procedure for this channel depends on the dymamical distribution
of pions and dilepton anisotropy for pion annihilation is vanishing when a system reaches
an equilibrium state [1]. Thus, the B values predicted for different channels are ranging
from + 1 to — 1 and may depend on the invariant mass M. A convolution of these B values
with do/ dM for every source corresponds to the measured B values. We hope that this new
observable will allow o1e to discriminate different models fitting equally well the available
data on dilepton production but predicting different contributions of dilepton sources.

The decay anisotropy can give some feeling as to the strength of in-medium effects
since only form factors, vertices, coupling constants and decay width of hadrons but not the
spin structure of interaction does be changed. [1]. A possible appearance of a new phase

characterized by a four velocity v* may be indentified too in this way what is useful as a
possible signal of quar¢-gluon plasma [1]). The proposed new observable, dilepton decay
anisotropy, seems to be quite hopeful in attempt to disentangle various dilepton sources as
weel as different theoretical models.

This research is partly performed in the framework of the Grants No. MP8300 and

RFE300 from the Interr ational Science Fouridation and Russian Government. The work of
V.D.T was supported b/ Grant No. 3405 from INTAS.
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BENT TUNGSTEN CRYSTAL AS DEFLECTOR
FOR HIGH ENERGY PARTICLE BEAMS

A.D.Kovalenko, V.A.Mikhailov, A.M.Taratin, V.V.Boikol,
S.I.Kozlovl, E.N.Tsyganov2

The channeling properties of silicon and tungsten crystals are compare«(. The deflection of
the beam of nuclei with energy 6 GeV per nucleon and their extraction frcm the Nuclotron, a
new superconducting nuclear accelerator at the Laboratory of High Energies, JINR, with the
bent silicon and tungsten crystals have been studied by computer simulation. It was shown that
the use of tungsten crystals instead of ordinary silicon ones can increase rnore than ten times
extraction efficiency. :

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

H30rTHYTBHIH KpHCTAL1 BobgpamMa B KadecTBe Aeduiekopa nis myd-
KOB YaCTHII BbICOKHX SHEPTHH

A.1.Kosanenxo u op.

IpoBeneHoO cpaBHEHHE CBOHCTB KPEMHHEBOIO H BOJIbhpaMOBOrO MOHOK PHCTALIOB [UIA Ka-
HATHPOBAHHS 4acTHU. MeTONOM KOMABXTEPHOIO MONEIHPOBaHHS HCCIIEH )JBAaHO OTKJIOHEHHE
my4ka sgep ¢ eHepruedl 6 I'sB Ha HyKIOH H HX BBIBOJ H3 HYKJIOTPOHA, HOB IO CBEPXMPOBORS-
mero yckopurtens sgep JlaGoparopHn Bbicokux sHepruil OUAH, ¢ norolbio H30THYTHIX
KPHCTAUIOB KpeMHHs W Bonbtpama. [lokasaHo, 4TO HCIONB3OBaHHE KPHCTAUIOB BOJb(hpama
BMECTO OOBIYHBIX KPEMHHEBBIX JeIEKTOPOB MOXET YBENTHUUTH 3thheKTHBH OCTh BHIBOJA MTyYKa
U3 HyKI0TpOHa 6oJiee ueM B IECATh pas.

Pa6ora BbinonHeHa B Jlaboparopuu BbicokHx aHepruit OHSTH.

1. Introduction

The study of methods for steering high-energy particle trajectorics by use of deflectors
based on bent crystals began in the middle 70s. Nowadays, crystal optical elements have
already found practical usage for extraction of beams from accelerators and for extracted
beam spliting. The first beam extraction from a cyclic accelerator by neans of a bent crystal
was performed at the Dubna synchrophasotron [1]. The extraction efficiency was small

4 .
enough, about 107, because the system used for the beam guidince onto the crystal,

'Institute of Physical-Technical Problems, Dubna, Russia
%State University of New York a: Albany
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namely a fast decreasir.g the closed orbit radius, was not optimum. A successful extraction
of 120 GeV proton bezm from the SPS with a record efficiency of about 10% was fulfiled
recently at CERN [2]. The injection of a white noise at the deflector plates of the feedback
system was used to initiate the transverse diffusion of particles onto the bent crystal. The
deflection efficiency up to 50% was observed for highly paralle] beam of 450 GeV protons
at the bending angle about 1 mrad [3].
Up to the present t:me only silicon single crystals have been used for the deflection and
extraction of particle heams. However, higher deflection efficiences can be achieved by
_using crystals with larger atomic number due to increasing the critical channeling angle and
electric field intensity of the crystal planes. As it was noticed [4], tungsten crystals may be
optimum for the deflecior production because they have small Iattice atom vibrations, high
melting point and low susceptibility to radiation damage.

Production of orierted single crystals of heavy metals with a purity of 99.99999% and
a low discolation density is attainable at the present time. Experimental results obtained
with the straight tungsten crystals have shown their high structure perfection [5]. It was
shown that the crystal lattice damages which arose in the crystals oriented along [100] axis
as a result of irradiation with 100 keV protons at temperature 77 K and the flux about 10"’
p/cm2 are connected w th proton channeling and penetrate up to about 250 um, tens times
more than those observed before. The method of detection of relative variations of
nonlinear surface resis:ance of the crystals at radio frequencies, or the so-called current
states method, was used for the first time. The most important advantage of the method as
compared to commonly known ones is a growth of sensitivity with increasing the crystal
structure perfection.

The study of the characteristics of tungsten and molibdenum crystals as beam
deflectors, and the development of methods for machining and bending the crystals without
decreasing their structure perfection are the main goals of the investigations of the crystal
optical systems plannec at the Nuclotron, a new superconducting nuclear accelerator at the
Laboratory of High Encrgies, JINR.

In this work the de lection of the nuclei beam with energy 6 GeV per nucleon and their
extraction from the Nuclotron, with the bent silicon and tungsten crystals have been studied
by computer simulation. It was shown that the use of tungsten crystals instead of ordinary
silicon ones can increase more than ten times the extraction efficiency.

2. Channeling P-operties of Si and W Crystals

Let us consider the properties which determine the efficiency of silicon and tungsten
crystals as deflectors for high energy particle beams. The numerical values of the crystal
characteristics are presented for (110) planar channels and for protons with energy 6 GeV.

1. The potential depth of planar channels for the static crystal lattice as it follows from
Lindhard’s potential for a single atomic plane

- 2 23
Uy=2nZ,2,e’Nd Ca ~ Z,a ~ 2}/, (1)
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where Z, Z, are the projectile and crystal atomic numbers, N is the atomic density, dp is

the channel width, C=v3, a is a screening length. For the periodic planar potential with
thermal vibrations of the crystal atoms included at room temperature in the Moliere
approximation we have

Uy 227 €V (Si) = 131.9 eV (W),

2. The critical channeling angle, 1‘)C=(2U0/pv)1/2~221/3, determines the angular

acceptance of the straight channels and for the realistic potential dzpths presented above
equals

O, : 87.7 prad (Si) = 196.8 prad (W).

3.The space acceptance of planar channels depends on the critica distance r_ of particle

approach to the channel wall for sustaining the stable trajgctories of channeled particles
[4
A=1-—, rc=a+ku1, 2)

where u, is the rms apmlitude of thermal vibrations of the crystal atoms. The value of k
depends on the particle energy and the considered crystal thickness. The values of 4, and a

are smaller for tungsten crystals, whereas the channel width is bigger

up, a,d,: 0.075,0.194, 1.92 A (Si) = 0.05, 0.112, 2.228 A (W).

So, the space acceptance of tungsten planar channels is bigger than for silicon ones,
that is, their channels are more «open».
4. The dechanneling length value can be estimated from

AEX
Sy=E /A A=(%5), 3)

where E is the critical transverse energy of channeled particles, its value is correlated
with r , and A is the average rate of transverse energy change with penetration depth, or the

friction coefficient. For well-channeled particles the friction coefficient is determined
mainly by the electron scattering, which is proportional to the local electron density in the
channel

AEX
As (x) ~ p(x).

The electron densities in the considered planar channels of tungsten and silicon crystals
calculated in the Moliere apptroximation are shown in Fig.1. The riost difference of the
density values is at the plane position, but in the middle of the chamel the electron density
for tungsten crystal remains still bigger two times than for silicon one. The rate of increase



Pk
N

Kovalenko A.D. et al. Bent Tungsten Crystal

for (110) channels

W
S

Electron density, A™
S

10

[
()
LN

for (110) channels

Mean square angle, cm™
L
S
&

T~
()

10 |
10

-

Fig.1. The averaged electron density
in (110) planar channels of silicon
and tungsten crystals at the room
temperature in  the  Moliere
approximation as a function of the
distance from the atomic plane

Fig.2. The rate of increase of the
mean square angular deviation of 6
GeV protons due to multiple
scattering by the crystal electrons (e)
and nuclei (n) in (110) channels of Si
and W crystals as a function of the
distance from the atomic plane
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of the mean square angular deviation of the 6 GeV proton beam due to multiple scattering
by the crystal electrons and nuclei in (110) channels of Si and W crstals are presented in
Fig.2. The total rate is bigger for tungsten crystals almost everywhere in the channel.
However, as it will be shown below the dechanneling length is still bigger for tunsten
crystals.

5. The maximum electric field intensity in the planar channels

E_: 6 GVicm (Si) = 42.52 GViem (W).

6. The critical radius of the planar channel curvature for existence of the channeling
states of particles in the bent crystals, R = pv/eE_, decreases for the tungsten crystal

R, : 1.16 cm (Si) = 0.16 cm (W).

That is, the tungsten crystals can be stronger bent, and we can get bigger deflection at
the same crystal length.

7. One of the serious problems which arise at the usage of the silicon crystals as the
beam deflectors is their fragility. The silicon crystals can be elasiically bent up to the
definite limit after which they will be broken. This radius is propor:onal to the thickness
of the crystal plate. In the first experiment there was discovered the beam deflection by a
bent crystal, which was fulfiled in Dubna [6], it was shown that for the silicon crystal bent
along (111) planes Rbr(cm) = 76 x t(mm). The tungsten has the limit of elastic deformations

also, but it is a plastic substance and can be bent to a smaller radius if dislocations are
introduced. These dislocations which separate the elastically bent parts have not to be a
catastrophic obstacle for high energy channeled particles. So, the tungsten deflectors could
probably have bigger thickness than the silicon ones at the same curvature.

3. Beam Deflection Efficiency

The crystal bending decreases the depth of the effective planar potential and leads to
the shift of the particle trajectories to the outer channel wall. In a harmonic approximation
the depth of the effective potential for bent channels decreases as

&
Ub(R)=UO[1—; .

The decrease of the dechanneling length with the crystal bending occurs mainly due to this
lowering of the potential barrier. However, for the crystal bent with a large curvature a
considerable decrease of dechanneling lengths occurs also due to stronger multiple
scattering of channeled particles by the crystal electrons and nuclei because of the trajectory
shift,

The correct estimations of the dechanneling lengths demand the calculations with the
realistic potential and electron density of the crystals and with ta<ing into account the
concrete conditions. So, the average rate of transverse energy change with penetration depth
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due to multiple scatte-ing by the crystal electrons and nuclei in bent crystal A(R) was

calculated here by averaging over initial distribution, P(E ), of the incident particles in

transverse energy
E (B
AR= | AEqRPE4,RME,, @
0
where A(E ,, R) is the 1ate average over the trajectory for the particle with initial transverse

energy E . Figure 3 shows the dependence of the dechanneling lengths on the bend radius

calculated in the Moliere approximation for silicon and tungsten crystals when the incident
beam is parallel. The lechanneling length for W crystals is bigger than for silicon ones
whereas the local friction coefficient is bigger everywhere in the planar channels of the
tungsten crystals, Fig.2. It occurs due to considerably higher critical transverse energy for
channeling in tungsten crystals.

The knowledge of the capture efficiency of incident particles into the channeling rigime

E®
P(R)= | PEGRME, )
0
£
o w parallel beam
- P 612
£ 12} - (110).%¢
o ,./
& !
— /
o !
= i
T 08
C
c
5]
£
o
o .
O o4
i A — . L
%0 20 40

R, cm

Fig.3. The dependence of dechanneling length on the bend radius
of (110) channels for Si and W crystals, the incident beam is
parallel
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and the dechanneling length S, allows one to estimate the efficiency of the beam deflection

at the angle o by the bent crystal

P A R)= PC(R) exp(oR/S d(R))'

(6)
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As it was noticed earlier [7], these estimations depend on the selection of the critical
approach r of particles to the atomic planes of the crystal. Computer simulation of the

particle trajectories in the crystals does not contain this parameter. Therefore, the
comparison of the defleztion efficiency of the Nuclotron beam with the tungsten and silicon
crystals was produced by computer simulation of the beam passage through the crystals
according to the model [7].

Figure 4 shows the deflection efficiency of nuclei with energy 6 GeV/u by the silicon
crystal bent along (110) planes as a function of the crystal bend radius for the parallel beam
and the beam with uni‘orm distribution in the range of the angles (-0, 3 ), the bending

angle o= 100 mrad. The same dependences for the tungsten crystal are presented in Fig.5.
Here the symbols are the results of the computer experiments, and the curves are the
analytical estimations a:cording to (3-6) with the values of r_for best fitting these results.

For the parallel beam the maximum deflection efficiency with the tungsten crystal is about
50%. This is higher ten times than with silicon one. For the uniform beam when its width

is larger than 2 \‘}:v ttis differrence increases \‘}:V/ \‘}fi times in addition. The optimum
bend radius and the corresponding crystal length, S =R, reduce few times for the

tungsten crystals. Thercfore, the tungsten deflectors can be considerably shorter than the
silicon ones.

4. Multiturn Beam Extraction from Nuclotron

A necessary angle for raising the Nuclotron beam to the experimental hall exceeds
90 mrad. The circulating beam guidance onto the crystal can be produced by means of the
closed orbit bump or by increasing the vertical betatron oscillations of the beam particles.
It is optimum to locate the crystal deflector at the azimuth, where the beam divergence is
minimum that is near a focusing quadrupole. However, the deflector location near the center
of the focusing quadrupole leads to large troubles with the crystal alignment while it is
possible. When it is located outside the quadrupole the growing orbit bump takes away fast
the beam from the angu lar region of channeling of the oriented crystal. On the other hand,
as a result of the exci'ation of particle betatron oscillations the beam divergence at the
crystal location increases. Therefore, it will be more optimum to decrease the distance
between the beam and the crystal at the begining by means of the bump up to the touching
at 3o 0 that is about 7 mm for the Nuclotron, and only then to throw the beam particles
onto the crystal due to the transverse diffusion or the resonance excitation. The possible
scheme for the Nuclotron beam extraction is presented in the work [10] and consists of the
correcting magnets for creating the orbit bump and the inflector for the excitation of the
vertical betatron oscillaions of the circulating particles.

At the usage of tent crystal for beam extraction from cyclic accelerator there is
possibility for multiple: passages of circulating particles through the crystal deflector.
Therefore, the extraction efficiency P__can be higher than the deflection efficiency of the

same beam at its single passage through the crystal [8,9].
For estimation of rcal space and angular distributions of particles which hit the crystal
and contribution of multiple passages of circulating particles through the crystal the
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computer simulation of the Nuclotron beam extraction was fulfiled >y the similar way as it
was made earlier [10]. Two points in the accelerator lattice were considered. The inflector
is located in the first point, and the bent crystal in the second o1e near the defocusing
quadrupole through the superperiod from the inflector at the distaice of 3 cm above the
closed orbit to be not the obstacle for the beam particles at the injection stage. The
sinusoidal voltage with the resonance frequency

fo =fracq)fy or f,=(1-fracq)y, 7

where g =6.85 is a vertical betatron tune, frac(q,) is a fractional part of g, f; is a rotation

frequency, begins to be served at the inflector plates when the beam approaches the crystal
at the distance of 3oy ~7 mm as a result of the orbit bump. Figure 6 shows the calculated

distributions of particles in the impact parameters and angles wit1 the crystal when the
amplitude of the angular deflection in the inflector was 1 prad that corresponds the voltage
amplitude about 400 V for nuclei with energy 6 GeV/u and Z/A =1/2.The angular
distribution is approximately uniform with width about 300 pirad.

The density of the particles depends on the angle, which they have after the crystal
passage [10]. Besides, some particles which hit the crystal can te lost due to inelastic
nuclear interactions. The mean free path of protons between the nuclear interactions S

equals 45.5 cm and 9.58 cm in the silicon and tungsten, accordingly. For nuclei S is

proportional to A—0'71, where A is their atomic weight. So, with increasing the nucleus

weight the possible contribution of their multiple passages through the crystal deflector in
the extraction efficiency decreases.

The optimum crystal lengths were used in our computer experinients that is 1.5 cm for
the silicon crystal and 4 mm _for the tungsten one. The calculated yalues of the extraction
efficiency for nuclei of C!? are 27% and 2% with the tungsten and silicon deflectors,

]
o120 | -
3 1 °
t 5
0
g i
5 80 40
N .
(1)) s
e
E | -
: 23 - -
40 |- 20
. B N
S I .
0 1 4
0 0.2 QO.Z 0 0.2
Impact parameter, mm Impact angle, mrad

Fig.6. The impact parameter (a) and angle (b) distributions of particles with the bent crystal when
the amplitude of the angular deflection in the inflector is 1 prad



18 Kovalenko A.D. et al. Bent Tungsten Crystal

E o -
S L (o) Si L (b) W
- !
S 0.008f 02l
5 H
a 1 |
O 1 1
2
= |
£ 0.004 0.1
x 3
Lod
0 lamnl ol | 0 —1\.. —tdede e Ly oy

20 40 20 40

Number of passages
Fig.7. The distributions of the extracted particles in the number of passages through the bent crystal, (a)

for Si crystal, (b) for W cry;tal. The beam particles are nuclei of 8C'? with energy 6 GeV per nucleon

accordingly. Figure 7 shows the distributions of the extracted particles in the number of
passages through the cry:tal deflector. The extraction efficiency due to multiple passages is
about 3% for the tungsten crystal and about 1% for the silicon one. Although the losses of
unchanneled fraction due to nuclear interactions at the beam passage through the crystal are
larger, the crystal length § _ =0.033.S for Si and 0.042 S for W, and the beam broadening

due to multiple scatteriny is stronger, 1‘)"u =0.42 mrad for Si and 1.2 mrad for W.

So, our computer ex»eriments have shown that the efficiency of crystal optical systems
for high energy particle beams can be increased about an order of magnitude with using the
high-purity tungsten crystals instead of ordinary silicon ones.
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STUDY OF THE SHORT-RANGE 3He STRUCTURE
FROM THE dd — >Hen REACTION

V.P.Ladygin, N.B.Ladygina

An experiment on studying of the tensor analysing power Cj yy o ard spin correlation

Cy w0, due to the transverse polarization of both initial particles from the di! — 3Hen reaction

has been proposed. Those polarization observables are very sensitive to tt e short-range *He
structure. This experiment is proposed to be done at the LHE Accelerator Complex using both
a polarized deuteron beam and a polarized deuterium target.

The investigation has been performed at the Laboratory of High Energi:s, JINR.

H3yyenHne CTPYKTypBI 3He na Manbix PacCTOAHHAX
B peakiHH dd — 3Hen

B.Il./Iadvizun, H.B./Iadsizuna

TpemnoxeH 3KCMEPHMEHT MO HM3YYCHHI0 TEH30DHOH. aHATH3HPYWIeH CROCOGHOCTH
Connop M CruHOBOH KOppesaumu Cy o, CBI3aHHON C HOPMATBHOMH MonapusalMei obenx

HaYaIbHBIX YACTHL B pCaKLIHH dd —> 3Hen. IC,y' NAIApH3AHHOHHBIC Halumogae Mble OYEHb YYBCT-

BHTENbHB K CTPYKTYpE “He Ha MallbiX pacCTOSHHSX. DTOT KCMEPHMEHT NpEIIaraeTcs mpo-
BECTH Ha YCKOPHTEIBHOM KoMiUlekce JIBD: ¢ Hcmonb3oBaHHeM KaK MOJAPI30BAHHOIO My4YKa
ICHTPOHOB, TaK H MOIAPH3IOBAHHOMH ACHTEPHEBOH MHUICHH.

Pa6ora sbinonHeHa B Jlaboparopru BeicoKHX sHepruit OUSAH.

1. Introduction

We propose to measure the polarization observables in the dd — 3Hen reaction using a
polarized deuteron beam and a polarized target [1]. The main goal cf the experiment is to

explore the short-range 3He spin structure at distances unreachable using electromagnetic
probes.

This reaction belongs to the same class of processes as the devtron-proton backward
elastic scattering intensively investigated in the last years at Sacliy and Dubna [1, 3].
Within One-Nucleon-Exchange (ONE) approximation the polarization observables of this

reaction are very sensitive to the 3He spin structure at small distence. Using of both a
polarized target and a beam could allow one to extend sufficiently t1e number of possible

experiments and to separate the 3He structure from the reaction mecanism using different
relative orientations of the initial deuteron spins.
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2. Physical Motivation

The momentum distributions of spectator extracted from inclusive [4] 3He(e, €)X and
exclusive [5] 3 He(e, ep)1 and 3He(e, ep)pn data, taking into account corrections due to final
state interaction (FSI) and meson exchange currents (MEC) [6] and from breakup
A(3He, p)X data at zero angle [7] within relativistic impuls approximation (RIA) [8] are in
good accordance. On the other hand, the momentum distributions obtained from the
exclusive measurements of the 3He(p, 2p)d and 3He(p,pd)p reactions [9] and inclusive meas-
urements of the A(3He, a)X breakup reaction [7], demonstrating a good agreement with each
other, show an enhanceinent of extracted momentum density over calculations performed
within RIA using a Faddeev calculation of the wave 3He function [10] starting from
momentum of spectator in the rest frame of 3Heq > 150 MeV/c. This discrepancy can be
explained as the poor krowledge of the 3He structure at large momenta, as the importance
of the reaction mechanisms.

The short-range spin structure of 3He has not been investigated so widely as the

momentum distribution "o date. The results of experiment with a polarized 3He target and
polarized protons perforned at 290 MeV at TRIUMF [11] indicate that analysing powers

_)
A A and A, are close to the IA predictions for the 3He(;7,) 2p) reaction. For the

on
3?12(;7,) pn) there is a strong disagreement with these predictions. This discrepancy can be
related as with FSI, as w:th non-adequate knowledge of the 3He structure at small distances.
Polarized electron scattering on a polarized 3He target 3I-T¢)3(e_,) ¢’ )X also can be used to study
different components of the 3He wave function {12]. To describe the experimental results
[13] obtained at differert relative erientations of electron and 3He spin, it is necessary to

take into account FSI and MEC in addition to the IA approach.
These difficulties ir the interpretation of existing data require performing the new

polarization experiments with 3He. But the number of possible reactions for this purpose is
limited by the absence »>f the polarized 3He beam of high intensity and polarimeters to
measure the He polarization.

We propose to mezsure the spin observables in the dd — 3Hen reaction which are

sensitive to the SHe. and deuteron wave functions at short distances. The cross section of
this reaction at high erergies was measured at SATURNE [14]. At low energies this

reaction is used to recon:truct the D/ § ratio and parameter D, of the 3He [15]. Low energy
polarimeter based on thi:; reaction works currently at SATURNE [16].
We propose to measure the polarization observables in the dd — 3Hen reaction in the

collinear geometry, wher 3He and beam deuteron have the same direction of the momentum
in the center of mass. Under these kinematical conditions the contribution of one from two
diagrams required by the symmetry in the initial state is strongly suppressed (a few orders

of magnitude) by the rapid decreasing of the deuteron and 3He wave functions versus
spectator momenta. This occasion simplifies the analysis of the polarization phenomena for
this reaction [1].
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Tensor analysing powers due to the polarization of the beam deu eron can be expressed

as.
1 a)g - 22, U0,
c =22 " 22 )
ONN00 = 9 u; N mg

In case of polarized beam, tensor analysing power is mostly defized by the 3He wave
function (Fig.1).
The expression for the spin correlation Cy ., When both the deuterons are

transversally polarized has the following form:

uf - a)% - u,®/V2) (ui - a)g = Uy, \2) )
2

2
ul+(,01 u +(,02

Cynoo =

_4
9

where up O and uy, O, are the S~ and D-waves of the deuteron and the 3He,
respectively. The sign of this observable is negative at small relative momenta of the initial
deuterons, which is easy to understand. Since two protons in the 3He must have opposite

directions of spins due to the Pauli principle, the maximal yield of 3He will be in case of
opposite orientations of the initial deuteron spins. Spin correlations due to the normal
polarization of both the deuterons are presented in Fig.2. Calculations are performed using
3He and deuteron wave functions from Refs. [10-17], respectively.

Considered observables (CO,NN,O,O and CN ,N,0,0) are_sensitive to the >He structure at
initial momenta of the deuteron 0.7-3.0 GeV/c that corresponds to high relative momenta

o 15 . r T 1.0 T r T
S 2 [
z - b
z z
S g |
0.5} o
I . ~.
7 ~.
p ~
0.5 I L J - [ - n i SR S S S ST
0 1 2 3 4 1.00 2 4
Ps,GeV/c P4, GeV/c
Fig.1. The tensor analysing power Fig.2. The vector spin correlations for

Conn,,0 due to the polarization of the dd — 3Hen reaction di e to the transverse

beam deuteron. Dashed line — without polarization of both thz deuterons. Lines
D wave in 3He, full line — with D-wave are as in Fig.1.
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of the dp pair in the 3H:. In this range the relativistic effects, as well as additional to the
ONE reaction mechanisins (for instance, A excitation on the intermediate state) start to be
very sufficient and must be taken into account in addition to simple ONE.

Two deuterons in the initial state for this reaction give a lot of possibilities to study
polarization effects in tie first scattering. The next step in the studying of this reaction
could be the measurem:nt of T-odd observables like CL.NS,O,O which are defined by the

reaction mechanisms additional to ONE. This measurement could allow one to correctly

extract the spin structur: of the 3He. In principle, this experiment could be done using the
polarized deuteron target and the extracted polarized deuteron beam of new
superconducting acceleritor Nuclotron in Dubna with specific orientations of spins of the
initial particles.

3. Experimental sStudying of the dd— 3Hen Reaction

We propose to us: the spectrometer to measure the spin correlation parameters

Cy no.o i the dp backward elastic scattering (18}, dp — 3Hen ¥ and dp — 3Hen® 19, 20].

To select the “He it is necessary to add to the equipment the system of charge particle
identification. The measurement of >He momenta and separation from the prime beam will
be achieved by the sysem of 3 magnets (the magnet of polarized terget and 2 bending

magnets). The momentum resolution of = 1% will be enough to separate the dd — 3Hen
process from channels with possible pion production. Using of the time-of-flight
information at the trigger level will provide the selection of the particles of specific kind,
reducing sufficiently the data taking time.

To measure the spir: correlation CN N,00 We propose to use Moveable Polarized Target

(MPT) installed recently in LHE, JINR and used for A g, .. experiment [21]. To study the
dd — *Hen process it is necessary either to replace the C,H;O, by the C,D;0, in the
existing target or to use the ®LiD polarized target. Parameters of polarized targets one can
find in Refs. [22, 23].

To separate the 3He from background we propose to use the time-of-flight and charge
identification systems. The main source of background is the break-up of the deuterons on
the target material, sinc: the 3He from dd — 3Hen has the rigidity close to the rigidity of
the proton with a half of momenta of the initial deuteron. The ratio of background protons

to >He is approximately 10* - 10°. Note in case of using of the C,D;0, the yield of protons

will be more than 5 times higher than for éLio target. The next background process is the
quasi-free NN — dr ard in case of using of C,Dg0, target we have 10 times more

deuterons than for °LiO target.
During experiment we propose to reduce the high voltage on the scintillator counters
and proportional chamters to suppress the single charged particles rate. The momentum

analysis will provide the separation of the dd — 3Hen from the quasi-free dN — 3Hen
process.
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The intensity of the deuteron beam is limited by MTP (108 derterons per spill). The
number of events per spill can be expressed as:

=N, p-L-N, fD -AQ, (3)

N
event

where N, is the number of deuterons per spill, p is the density of the target, L is its length,
fp is the dilution factor of the target, N, is the Avogadro number, AQ is the solid angle

- 1073 is the cross section of the process taken from Ref. [11].

), 4 Q
The error bars for polarization observables can be estimated as:

A CN,N,O,O 3P P ;/

event

1 1
A Connop = p YN

event

in case of good selection of events from the dd — 3Hen.
Under typical parameters of the polarized deuteron beam at Dubna Synchrophasotron
(P = 045 - 0.50 and P =0.80) and number of useful events 10J00 per point we can

as 0.017 and for Co,NN,O,O

The ratio of useful events in case of using of the ®LiD and C3D802 targets is appro-

estimate the error bars for C

N.N.0,0 as 0.013, respectively.

ximately a factor of 3. Using of SLiD target will be especially important at P 220 GeVl/e.
Under typical conditions of the Dubna Synchrophasotron the point ¢t P, = 2.5 GeV/c will

take about 2(6) hours in case of 5 cm of 6LiD(C3D802) target length. Calculations based on
ONE give the beam request approximately 16(48) hours for P, =3 (GeVi/c.

4. Conclusion

We propose to measure spin correlation parameter C NN,0.0

C NN.0.0 in the dd — >Hen process, which are most sensitive to the 3He short-range spin

and tznsor analyzing power

structure at LHE Accelerator Complex using polarized deuteron beam and polarized
deuteron terget.

From two considered polarized deuteron tergets (propane-diol and 6LiD) the ®LiD is
more preferable for this experiment from the point of view of higher factor of merit as well
as less rate from the background processes.

The terget also can be used to study the T-o_d)d effects for this process as well as to
search for the A A-dibaryon state in the reaction d (d d) X [24] and as OLi polarized target
to study the (6L1 ﬁf process [25] in the future.
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INVESTIGATIONS OF THE NOISE PERFORMANCES
OF THE FET AII354I' AT LOW TEMPERATURE

S.V.Uchaikin

Noise performances of the GaAs MES FET AII354I are invest gated at the low
temperature. The noise voltage of the transistors is 0.25+0.4 nV/Hz'? ar the optimal drain
current 30+100 mA at the temperature of liquid helium. The optimal value of the signal source
impedance is 20+100 kQ. It was exposed that the transistor without package had advantage
compared with the packaged transitors due to a better condition for cooling at the liquid
nitrogen.

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

HcoieqoBaHHe MIYMOBBIX XapaKTePHCTHK
Tpan3ucropoB AII354I" npu HH3KHMX TeMmepaTypax

C.B.Yuaiixun

HccnenoBaHbl LIYMOBBIE XapaKTEPHCTHKH MOJNEBEIX apCeHHX TALTHE!BIX TPaH3HCTOPOB
AIT354T" npu Hu3kHux Temneparypax. [Ipu paboTe B XHIKOM IeIHH 3KBHBAT *HTHad 3.4.C. LIyMa
Tpam3ucTopos coctaswia 0,25+0,4 WBAu'? npu ontumansHoM Toxe croxa 30+100 MA.
OnTHManeHOe 3HaUYEHHE COTNPOTHRICHHA HCTOYHHKA CHTHAIA MIA HCCIIEAOI AHHBIX TPaH3HCTO-
poB — 20+100 kOM. BHACHEHO, 4TO BCIIENCTBHE JTYYLIHX YCIOBHI OXJIaXASHHA npu pabote B
XHIKOM a30Te GecKOopITycHble TPaH3HCTOPH HMEOT Gosee XOpOLIHe LIyMOBble XapaKTepHC-
THKH, 4eM KOpITyCHbIE.

Pa6oTa BhINONHEHA B JIa6opa'ropHu CBEPXBBICOKHX 3Hepruit OUAH.

Introduction

The cooled amplifiers often are used in Low Temperature Physics. Their usage does
not only decrease intrinsic noises but improves all the measurement system performances
due to the sensors and amplifier to be located closer to each other. In this case the influence
of the ambient noises decreases because the length of small signal wires diminishes. In the
case of resonance circuits of sensor sampling the quality factor of selective schemes
increases and their performances increase too.

Traditional GaAs transistors are used as active elements of the cooled amplifiers at the
temperature range lower than 77 K. In this material the energy of tt e dopant activation is
very low and carriers do not freeze out at the temperature of liquid helium.

In this paper the investigation of the noise performances of the GaAs MESFET
ATI354T" (NPO «Saturn», Ukraine) with and without package is desc-ibed.
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Method

The simplest schere for the input circuit noise of the amplifier is shown in Figure 1.
Here C,, is the input capacitance mainly determined with the gate-source capacitance Cgs,

e, and i are equivalen: sources of the noise voltage and current.

It is known that for the field-effect transistors the sources of the noise voltage are the

thermal noise of the chinnel resistance v, and low frequency fluctuations caused by the
ch

fluctuations of the velocity of the charge carrier recombination in the nonsaturated
region Vz(a)):
"

2 _ 2 2
€ = V"d. + Vn/(m). : N
The first part of th: equation can be expressed with the effective temperature of the
channel, Tch, and its traasconductance, 8, the second one depends on technological factors
and is hard to be calculited:

kg T,

gm

+ V(). (2)
f

The current noise a so consists of two parts. The first one, 1, , is caused by the noise

ch
voltage fluctuations along the channel which induce the noise charge in the gate since the
gate is capacitively coupled to the channel through Cgs; the second is the shot noise of the

gate leakage current 1
8
2=1* +1% 3)
n Ild' Ilg
These parts can be expressed with transconductance 8, the effective temperature of the

corresponding part o-f channel Tc'h, the gate-source capacitance Cgs and the gate leakage

current Ig:
kK, T C
2 _ 1_6 B " ch “ga
Y=1s + 2elg. 4)

O - ? en
C. — VT

Fig.1. The >quivalent diagram of the input circuit of the FET amplifier
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Experiment and Discussion

We have investigated the temperature curves of the transconductance, input impedance
and noise of the 20 transistors. The temperature curves of the tansconductance g at

different drain current are shown in Figure 2. As usual for the fiell effect transistors the

temperature diagrams g _(7) repeat the temperature diagrams of the carrier mobility p(7)
: 172

8= HT, 5)

!
where p, is the technological factor; L , width of the channel; n,, dcpant density; g, charge
of electron; L, length of the channel. Two parts of the diagrari1 can be seen. In the

temperature range higher than 50 K the mobility is determined mainly with the scattering

on phonons and proportional to T32. At the lower temperature the mobility usually
decreases because of the scattering on the impurity centers. But for high doping materials
the influence of the impurity centers decreases due to the‘shielding ¢ffect of the carriers. In
the result, the plateaus on the temperature diagram are obtained when the temperature is
lower than 50 K.

The gate leakage current decreases with the ambient temperatur: and is not measurable
in the temperature range lower 100 K (Figure 3).

Following the approach from [1] the contribution of each nois: source is determined.
We have neglected the noise due to the load resistance. The typical results are shown in
Figures 4 and 5. The first part of the equation (1,3) is independert of the frequency, the
second one is in inverse
proportion to the frequen- —l 50
cy. It is seen from Figure 4 A A A
that the low frequency (N - A

fluctuation V(o) i li- a 5 g
uctuation "f( ) is negli E]OO o o) e}

>

i

o0

O
o

oo b

gibly small at the low

temperature and this fre- -

quency region. The other

part is lower by several Sk 50

times. -
The second part of de-

pendence i (1) is inde- O T

1 I
pendent of the frequency, 3 10 39 100 300
the first is in direct propor-
tional to the frequency. It is T K
seen from Figure 5 that ’
shot noise of the gate
leakage current [ is invi-

8
sible at low temperature.

The optimal value of the signal source impedance Rop ,1s:

oQop

Fig.2. The temperature curves of the transconductance of the transis-
tor AIT354T". The drain current is: © — 8 mu\, 01— 15 mA, A— 35 mA

en
Rap’ = T . (6)
n
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Fig.3. Th: temperature curve of the gate leakage current I, of the
transitor AI1354T
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N

I »

- o

~._0.5+ o o 0 o o

% 1@RR Bn RAR B & AR
c
O

1
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Fig.4. The frejuency curves of the voltage at different temperatures. 0 — 300
K,O—77K A—42K

The combined effec: of the noise sources is minimized for this value of the signal
source impedance. Rop’ i 30+100 kQ for AII354T at this frequency range.
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N
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N 13
I 10 Ho o © o o o
~ ] m)
\ 3 '
< 1014_ B A
N R B
C1015_

3 10 . 30 . 100
Frequency, MHz

Fig.5. The frequency curves of the noise current i, at different
temperatures. o — 300 K, O — 77 K, A— 4.2 K

Using the equations (3,4), we have calculated the ambient teinperature curves of the
effective temperatures T, and Tc*h. It was assumed that T, and T; could be decreases using

the transistors without a package. In this case we have a possibility to create a better
condition for cooling at the liquid nitrogen and helium. For this purpose we have measured
transistors with a hole in the package. The results of the measurements of the noise voltage
with and without a hole are shown in tabular. The transistors withou.t a package have shown
the same results.

Temperature 2903 K 77K 42K
Transistor T, K T, K Tw K Ty K T K T, K
With package 300 + 30 — 85+ 10 85+ 30 75+ 10 80+ 30
Without package 300 + 30 — 75+8 85130 72+8 80 + 30

The transistors with and without a package were cooled mary times with a cooling
speed of 5 K/s. They did not show any degradation of their characteristics.

The amplifier (Figure 6) utilized a cooled transistor AIT354T as the input device was
constructed [3]. The input niose of the amplifier is 0.5 nV/ Hz'? a: 4.2+100 K. The power
dissipation is 25 mW. The amplifier is used in a HTS SQUID magnztometer. The additional

noise of the magnetometer due to amplifier is 5107 o/ Hz'? at the transfer function
dV/0® = 100 uV/ @, It is lower than the noise of usual HTS SQUIDs by several times.
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+15U

Fig.6. The diagram of the cooled preamplifier

Conclusions

1. The operation of the gallium arsenide field-effect transistors ATI354I" was
investigated at low temperature. The temperature curves of amplification and noise were
estimated.

2. It was exposed that the transistors without a package are preferable than the
transistors with a packag: because of better conditions for cooling in the liquid.

3. The investigations allowed to create the amplifier with noise lower than the usual
HTS RF SQUID noise.
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ENERGY LEVEL SCHEME OF p He" SYSTEM
IN AN IMPROVED ADIABATIC APPROACH

LV.Puzynin, T.P.Puzynina, V.I.Puzynin, S.I.Vinitsky

Energy level scheme of states of p He* system is studied in the effecti se adiabatic approach
which has been developed in our previous work {7]. Possibilities of exjerimental data fit by
means of appropriate choice of effective potentials are discussed. Systematic calculations of
the energy level system and their estimations are given. :

The investigation has been performed at the Laboratory of Computing Techniques and
Automation and at the Bogoliubov Laboratory of Theoretical Physics, JINR.

Cxema yposHeii sneprud p He'-cucremsr
B YJIyYIIeHHOM agHabaTH4YecKoM moaxoae

H.B.Ilyswnun, T.I1LI1y3ununa, B.H.Ily3snun, C.H.Bunuyxuii

Cxema yposHeil sHepruu p He'-cucTembl nayuaerca B ahieKTHBHOM ¢ IHAGATHYECKOM MOL-
Xofie, KOTOpHIH ObUT pa3BuT B HalleH mpembigyuedl pabote [7]. O6cyx i al0TCAd BOIMOXHOCTH
(PUTHPOBAHMSA BKCIIEPUMEHTATBHEIX JaHHBIX C MOMOLILK MOXXOASIIEro B 16opa ek THBHBIX

NOTEHUHMATOB. BHINOHEHEI CHCTEMATHY€ECKHE pacueThl ypoBHeil anepruu b He'~cucTeMel 1 aa-
HBI OLEHKH HX 3HaYeHHH.

Pabota BrinonHena B J1abopaTopHH BEIMHCIHTENBHONH TEXHUKH H aBTO vaTH3auuy ¥ B Jlabo-
paropHH TeopetHyeckoi ¢pusukd uM.H.H.Boromw6osa OUAH.

1. Introduction

Recent experiments [1] using the laser-induced saturation eff:ct have shown that the

metastable states in the atomcule 5 He" have quantum numbers n =40, =n_ -1,
riax max max

which correspond to nearly circular orbits, and the main primary population appearing at
n = 38. However, an isolated atomcule has, in addition to these stat:s, a wide range of other
populated metastable states. With allowance made for these states, the total population of

metastable hadronic p He" states amounts up to 30%, that is six or seven times greater than
the experimental values. So, for the quantitative treatment of th: obtained experimental
data, first of all, the systematic calculations of the initial populaiions and the rotational-

vibrational states of the p He* atomcule are the actual problem [2 . The previous study of
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the exotic states has bee1 performed in the crude Born—Oppenheimer (B-O) approximation
[3—S5] and adiabatic approximation [6].

In this paper the energy level scheme of states of p He" system is studied by means of
the effective adiabatic approach [7].

2. An Improved Adiabatic Approximation

The adiabatic representation is based on the expansion of the Schrédinger three-body
wave function ¥(R, 7) over a complete set of the Coulomb two-center problem solutions 8]
in the rotational system >f coordinates [9]

¥R D=2 &/C.ROR ' R). M
J
After averaging we have an infinite system of the radial equations [10]
2
d J Jpy = J J
[;} 3+ 2Me,, = Uy (R) ] X3(R) = 2. U(R) 2, (R). @
i%j

Here U;(R) are effective potentials with fixed values of the total orbital momentum J and

its projection m = m; 91

J+1)-2m?

2 )+HAD(R)+ 5 s
R

Ul®)=2M ( E(R)-E,, - =

)= HR) + 15 0,(R)+ 20, 5 + B,

M=M0/mb, M, is the reduced mass of nuclei, MO_l =M +M—l, in particular, M =M is
a b a p

the mass of antiproton, and M, =M, is the mass of the Helium nucleus, m, is the reduced

electron mass, mbl—m +M, ! of the separated atomic ion He' with the binding

energy - E,, =2, E.(R) are elgenvalues of the Coulomb two-center problem, — €, is the

Jv
binding energy, £, =E, —E,,, and E, is the energy of the three-body system p He' in the

reduced atomic umts (e:= =1).

It should be noted that the asymptotic behavior of the effective potentials with respect
to large quantum numbes may be studied by using a quasiclassical approximation [8], and
the Kantorovich theorem: [11] of reduction of the infinite system of equations (2) to the
finite one may be proved. It makes possible to consider a finite system of equations and to
use different types of aporoximations. One of them is usually connected with the so-called
Bom-Oppenheimer approximation which corresponds to the limit of infinite hcavy mass of
nuclei:

2 J J
—+2M(g, - U \(R)) [x,(R)=0. 3)
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Here Ulj1 is the B-O potential

J oy as_2)\, JU+1D)
U”(R)-[EI(R)—EI -R]+ v

M= Mo/me is reduced nucleus mass, and — £, is binding energy, € = Ejv - ElAS, counting
out — EIA $=2. inau. (e=h= m,_=1). This approximation possesses an important property.
It gives a lower boundary of eigenvalues E, of the corresponding eigenvalue problem for

the system of equations (2) in accordance with the Brat’sev theoren. [12]. We examine this
property numerically for the df B molecule with orbital momenta J=0, 1, 2 and obtain the

following lower estimations of the energy €, in eV: EOO=—329.16, ——EOI=—43.66,

£,=-239.41, £, =-8.52, £, =-106.55, &, =3.40 counting out E ** =—2813.25 eV. Note

0.7
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0.2
0.1
0.0

-0.1
-0.2

A
-0.3 \ R

—-0.4 \ .
R

_0-5 JT11 1T iryrrrrrrrrrrrrryrrrrrriTrirrity irTTi

0 5 10 15 20

Fig.1. The potential U(R), wave functions X;;(R) and energy levels E;, i=0, 1 of the
dtm molecule in the Born—Oppenheimer approximation
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- E (au)

3.2153739
3.2157178
3.2158117
3.1045745
3.1048801
3.1049874
3.0072338
3.0075051
3.0076236
2.9217561
29219970
29221254

3.0927549
3.0929178
3.0931773
2.9958804
2.9958251
2.9980777
2.9105830
29107113
2.9109579
2.8359814
2.8360952
2.8363371

29834437
2.9834510
2.9838491
2.8987555
2.8987619
2.8991364
2.8246697
2.8246753
2.8250296
2.7598029
2.7598079
2.7601455

Fig.2. The scheme of the vnergy levels —E, (in au.) of the

p *He™ atomcule

that in the case J=2, v=1 we
only have a quasistationary state.
It means that only one bound
state exists for J=2 that coin-
cides with the numerical varia-
tional results [13]. The obtained
estimation of the binding energy
in more interesting case of J =1,
v=1 is a necessary condition
for existence of such a weakly
bound state. The Born-Op-
penheimer potential and the cor-
responding radial wave func-
tions of df L molecule with the
orbital momentum J=1 are
shown in Fig.1. This property of
the Born—Oppenheimer appro-
ximation can be used for the
creation of different approxi-
mation schemes by means of the
appropriate correction of the ini-
tial adiabatic potentials based on
the effective adiabatic approach
[7]. We apply such an approach
for the calculation of the ap-
proximate energy levels of the

atomcule pHe' by using the
know spectroscopic data on
transitions between the meta-
stable states. The corresponding
scheme of the energy levels
-E, is shown in Fig.2. On this

scheme for each pair of values
Jv three values of energy ~E

are given. The thick line cor-
responds to the lower bound of
the energy which is obtained by
means of the Born—-Oppen-
heimer approximation (3). The
thin line shows the upper esti-
mation of the energy which is
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calculated by means of the effective adiabatic approximation with the true asymptotic
behavior:

~‘ﬁ+2ﬂ e -Ul®R) XY ®)=0 (4
dR2 o ( Jv 11 xv -
Here U lj 1(R) is the effective adiabatic potential

Ul ®) = [Ei(R) ~E@ -2+ ] Hy,(R)+p _L__l

the vibrational and rotational parameters o and P are approximute[y defined by ratio,
a=B=MO/Mb, of reduced masses, Mb'1 = (Mb +me)_1 +M;l, M=Mo/m s € is binding

energy, €, = Ejv - Elb’
the parameters o and P are functions with respect to R (7,14]. Thus, for obtaining a more
close upper estimation we can take into account this fact. For the typical values of orbital

momentum J=30 it leads to variations of the second order rotational correction
M) 2J(J+1)=10"* and the third order rotational correction (2M)J(J+ 1) I+ 1) =

=107%. It means that some improvement of the adiabatic potential may be achieved with the
help of the appropriate correction of the values of the orbital momentum J. We suppose that
such values of / may be obtained by fitting the known experimental data of transitions
between the states [1]: J=34, v=2to J=33,v=2 and J=35, v=3 to J=34, v=3. The
dotted lines of the scheme (see Fig.2) correspond to the energy level values which are
calculated by means of fitting values of orbital momentum J in the equations (4) with
respect to these data. In the fitting process we use additional restrictions which resulted
from the lower and upper adiabatic estimation obtained previously. Finally we have
following values J = 32.99735, 33.99859, 34.99993 and values of the energy levels which
are given in the right column of the scheme.

counting out —~ E,, =2 in the units (e =;z-=mb =1). In general case

3. Results and Discussion

In the calculations, we made use of the following values of masses of particles:
M_=1836.1527Tm , M, , =5495.885m , M, , =7294.299m and Ry =13.6058041¢V. In
p € “He € “He €

order to fit the results of the numerical calculations of 8E = (E;,—%,,,) with experimental
data, the following scale factor is applied: A (J,v;J’,V)[nm]= 109[(E E,., ,2Rm]'l,

where R_ = 10973731.538m™! is the Rydberg constant [15]. (The af proximated value of the



Fig.3. The energy levels E (J=30—50, v=
=0—9) of p He' systen
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Fig.5. The potentials, wave: functions and energy
levels for the transition (J=33, v=2) to
J=34,v=2)
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Fig.4. The energy levels E” (J=30—50, v=
=0—9) of p *He* system
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Fig.6. The potentials, wave functions and energy
levels for the transition (J=34, v=3) to
(J=35,v=23)
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wavelength is the following: A =45.563351/8E). For the numerical solving of the
eigenvalue problem we used calculating schemes and programs [1€,17] which provide the
accuracy of the numerical approximation of order 107, The energy level schemes for the
atomcule pHe" are shown in Figs.3,4. The adiabatic potentials and wave functions
corresponding to the experimentally observed transitions J=34, v=2to J=33, v=2 and
J=35, v=3 to J=34, v=3 with wavelengths [1]: A (34,2;33,2)=470.725nm, and
A (35,3;34,3)= =597.259+ 0.002 nm are shown in Figs.5,6. We give, as example, the
lower estimations of the energy levels of the atomcule p He' for J = 31,..., 50 in Tables 1,2.
We suppose that the further development of the proposed approach will provide an
alternative way of other cumbersome calculations.

Table 1. Energy levels E” (v = 0—9) of p *He" system for . =31,..., 40

J=31 J=32 J=33 J =34 /=35
v=0 -3.348098 -3.207149 -3.081765 -2.$70423 ‘ —2.871799
v=1 -3.218832 -3.093983 —2.983073 —2.684748 —2.797815
V= 2 -3.105510 —2.994993 —2.896942 -2.£10138 -2.733488
v=3 -3.006239 -2.908440 —2.821762 ~2.745093 -2.677422
v=4 -2.919294 -2.832736 -2.756062 -2.¢.88250 —2.628368
v=5 -2.843107 ~2.766438 —2.698514 -2.038400 —2.585237
v=6 —2.776260 -2.708246 ~2.647938 -2.:94481 -2.547095
v=17 -2.717477 -2.657007 —2.603300 -2.::55584 -2.513158
v=_8 —2.665628 -2.611708 ~2.563709 —2.:20940 ~2.482777
v=9 —2.619721 -2.571478 -2.528410 —2.189905 -2.455417

J=36 J=37 J=38 J=39 J=40
v=0 —2.784731 -2.708176 -2.641179 —2.382843 ~2.532294
v=1 -2.721201 ~2.653926 —2.595074 -2.543773 —2.499181
v=2 —2.665993 -2.606727 ~2.554821 -2.3509447 —2.469826
v=3 -2.617819 | —2.565415 -2.519399 -2.479013 ~2.443555
v=4 —2.575551 -2.529000 -2.487974 -2.151795 —2.419849
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Table 1 (Continuation)

J=16 J=37 J=38 J=39 J=40
v=3 -2.538234 ~2.496666 -2.459874 -2.427263 -2.398305
v=6 -2.50£ 066 ~2.467749 —2.434565 -2.405002 -2.378610
v=7 -2.475389 -2.441710 -2.411620 —2.384682 -2.360514
v=38 —2.443667 ~2.418117 -2.390699 -2.366039 -2.343814
v=9 ~2.424464 -2.396624 -2.371529 -2.348861 ~2.328348

J=41 J=42 J=43 J=44 J=45
v=0 —2.488664 -2.451083 -2.418692 -2.390673 -2.366285
v=l -2.460481 -2.426891 -2.397676 -2.372165 —2.349766
v=2 -2.435221 -2.404956 ~2.378417 -2.355055 ~2.334391
v=3 -2.412384 -2.384927 -2.360674 -2.339176 —2.320042
v=4 -2.391588 -2.366532 —2.344257 -2.324395 -2.306622
v=5 -2.372538 -2.349558 -2.329014 -2.310600 —2.294045
v=6 —-2.355200 —.2.333834 -2.314818 ~2.297695 —2.282237
v=7 ~2.338788 -2.319220 ~2.301563 ~2.285599 -2.271136
v=§ -2.323748 -2.305599 ~2.289159 -2.274242 ~2.260682
v=9 -2.309753 —2.292873 -2.277529 -2.263561 -2.250826

.J=45 J=47 J=48 J=49 J=50
v=0 —2.344 186 -2.325946 -2.309034 —2.293811 —2.280006
v=1 ~2.32966 ~2.312336 -2.296520 -2.282230 -2.269236
v=2 ~2.316010 ~2.299558 —2.284739 -2.271308 —2.259061
v=3 -2.302930 -2.87546 ~2.273638 -2.260996 —2.249441
v=4 -2.290152 -2.276239 -2.263166 -2.251250 -2.240337
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Table 1 (Continuation)

39

J=46 J=47 J=48 J:=49 J=50
v=S5 -2.279109 —2.265581 -2.253276 -2.242032 -2.231713
v=6 -2.268241 -2.255525 -2.243926 —2.233305 -2.223539
v=T -2.257997 -2.246025 —2.235079 2.2 25035 —2.215782
v=8 —2.248328 -2.237042 ~2.226700 -2.217191 -2.208417
v=9 -2.239192 -2.228539 -2.218757 -2.209746 -2.201418

Table 2. Energy levels E” (v = 0—9) of 5 “He* system for . = 31...., 40

J=31 J=32 J=33 J =34 J=35
v=0 —3.506820 -3.353153 -3.215812 -3.093177 —2.983849
v= l -3.63873 -3.227111 -3.104987 —2.€96078 -2.899136
v=2 -3.237806 -3.116151 -3.007623 -2.£10958 -2.825030
v=3 -3.126711 -3.018536 -2.922125 —2.§36337 -2.760145
v=4 -3.028858 -2.932684 -2.847030 -2.770885 -2.703224
v=35 -2.942677 -2.857151 -2.781005 -2.713289 -2.653134
v=6 -2.866737 -2.790624 -2.722843 —2.662527 -2.608880
v=7 -2.799745 -2.731916 -2.671465 -2.617599 ~2.569594
v=§ -2.749533 -2.679970 -2.625918 —2.:77659 -2.534539
v=9 -2.688063 —2.633852 -2.585372 —2.£41980 -2.503091

J=36 J=37 J=38 J =39 J=40
v=0 -2.886607 ~2.800375 J=38-2.724189 -2.057170 —2.598491
v=1 -2.813061 -2.736859 -2.669628 -2.010523 -2.558743
v=2 -2.748828 —2.6811430 -2.621982 -2.569679 —2.523761
v=3 -2.692616 -2.632887 -2.580154 —2.533666 -2.492715
v=4 -2.643262 -2.590172 —2.543207 -2.:01676 ~2.464938
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Table 2 (Continuation)

J=16 J=37 J=38 J=39 J=40
v=35 -2.59¢742 ~2.552375 -2.510352 ~2.473050 ~2.439901
v=6 -2.561169 -2.518726 —2.480939 ~2.447255 -2.417180
v=1 -2.52€789 —2.488583 —2.454435 ~2.423864 ~2.396442
v=8 ~2.495969 ~2.461417 -2.430411 ~2.402533 -2.377417
v=9 —-2.468186 ~2.436797 —2.408517 -2.382983 ~2.359885

J=41 J=42 J=43 J=44 J=45
v=0 —2.547355 -2.502973 -2.464554 -2.431309 -2.402474
v=1 -2.513514 ~2.474085 —2.439728 —2.409756 -2.383529
v=2 -2.483500 -2.448210 -2.417251 -2.390035 -2.366034
v=3 -2.456:40 —2.424835 —2.396748 —2.371886 —2.349812
v=4 -2.432110 -2.403564 -2.377933 -2.355105 ~2.334717
v=35 ~2.410197 —2.384089 —2.360582 —2.339531 —2.320632
v=6 -2.390:79 -2.366168 ~2.344515 -2.325029 ~2.307457
v=T —2.2;71"97 -2.349605 -2.329584 -2.311490 -2.295106
v=8 —2.354745 —2.334242 ~2.315669 —-2.298818 ~2.283507
v=9 -2.338¢51 -2.319946 -2.302666 -2.286835 -2.272594

.J=4(» J=47 J=48 J=49 J=50
v=0 -2.377:42 -2.355284 -2.335770 -2.318361 —2.302707
v=1 -2.360472 -2.340081 -2.321927 -2.305650 —2.290956
v=2 -2.344780 ~2.325862 -2.308928 —2.293679 ~2.279864
v=3 -2.330141 -2.312536 -2.296704 —-2.282392 -2.269385
v=4 -2.316451 -2.300024 -2.285192 -2.27117137 ~2.259475
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Table 2. (Continuation)

J=46 J=47 J=48 =49 J=50
v=5 -2.303620 ~2.288258 ~2.274336 -2261668 —2.250094
v=6 -2.291573 -2277176 ~2.264087 ~2.252144 -2.241206
v=17 -2.280242 —2.266725 —2.254400 -2 ,2431.26 ~2.232778
v=8 -2.269569 -2.256857 2245234 -2.234578 -2.224778
v=9 —2.259502 ~2.247528 -2.236554 —2.226470 -2.217180
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INAPHUHDBbI PACITAJIA BBICOKOBO3BY2KJIEHHbI[X A/IEP Ra
A BO3MOXKHOCTH HX OIIMCAHHSA B CTATHC THYECKOH
MOJIEIHN JEBO3BY2KITEHNUA KOMITAYHI-AJXEP

A.H.Anopees, /1./1.bozoanoce, A.B.Epemun, A.Il. Kabauenxo, O.H.Manwues,
10.A.My3wviuxa, 10.1].0z2anecan, A.I.ITonexo, b.H.ITycmutnsrux,
P.H.Cazaiioax, A.B.Tapanenxo, I 'M.Tep-Axonvan, B.H.Yenuzun

Il koMnayHa-saep 2162182205, MOTYy4EHHBIX B PEaKLHIX ZNe + 1"41%198p 611 Hame-
peHsl byHKIHMH BO3OYXACHUS WA xn-, pxn- H Oxn-KaHAIOB pacnaga B ofVIaCTH HeprHil BO3-
6yxaenns ot 40 no 130 MaB. 3a cueT HCIIQNL30OBaHHA PEAaKIHi Ha TPeX H3OTONAX IUTATHHHI B
pabote ¢ xopolle# CTENEHbK TOYHOCTH H3MEPEHB! OTHOIIEHHS CEeYCHHH HCTIADHTENILHBIX PEaK-
Ui, MPHBOIALIHX K 06pa30BaHHIO OXHOTO H TOIO X€ KOHEUHOIO S4pa, H) ¢ paNTHUHBIM YHCIIOM
CTyHeHeH B MCIApHUTEbHOM KacKalle, YTO MO3BONHIO ONPENeSIHTh IKCI/ePHMEHTANIbHbIE BesIH-
YHHbE MPHBEJEHHBIX HEHTPOHHBIX LIMPHH NIPH BLICOKHX 3HEPIHAX BO30yXIeHMs KOMMayHJ-
AApa. YCTaHORNEHO, YTO BO BCEM MHANa30He 3Hepruil BO36yXaeHus cevelina oSpaloBaHMA HCIa-
DHTEJIbHBIX MPOAYKTOB B PEAKIMIX 22Ne + 194.196,198p XOpOLUO ONKCH BAITCH B paMKax CTa-
THCTHYECKOH MOIENH HCIapeHHs C ydyeToM ofonoueuHblx mompaso< mo Hruatioky. Kak
MOKAa3bIBAIOT HAllH HACTOAUINE H MpebITyIHE HCCIEROBAHHSA, HCITOIb3(/BAHHE TAKOTO MOAXOMA
NO3BOJET C ONHHM HabopoM MomebHeIXx nmapametpoB (C=0,6 + 0,7 u Ef/ 5‘1:: 1,00) npa-
BWIBHO ONHCHIBATb BEJIHYHHBI ceueHHi 06pa3oBaHMs HCIAPHTENLHBIX IPOAYKTOB B IIHPOKOH
obnactH xommayHa-asep — ot Bi go U. KpoMe Toro, kak mokasano ( paBHEHHE C pacueToM,
BEJIHYHHBI OTHOIICHHH CeYeHHH Ype3BblYaiHO YyBCTBHTENIBHBI K 3HAYEH 110 apaMeTpa Zf/ a,u

TMO3BONAIOT ONMpENENIUTh €r0 C BHICOKOH CTeleHblo TOYHOCTH. Takum ¢6pa3oM, TecTHpOBaHHe
pacyeTor Mo JByM HabopaM SKCHEPHMEHTAIbHBIX JAaHHBIX — CeYeHHs 0Opa3oBaHHA M OTHO-
IIEHHS CeveHHH — MO3BOJIMET HE3aBHCHMO ONpENeNsTh 3Ha4eHHs 060HX OCHOBHBIX MapaMeTpoB
mopesiu C 1 Ef/ a,,. MposeneHHEIe pacHeThi NOKA3ATH, YTO [UIX NOAKTHH 4GHBIX SEP 3HAUHTED-
Has 4aCTh NMPENdETHTENBHRIX HeHTPOHOB (0T 50 no 100%) ABAI0TCA NpPEACELIOBbIMH. TakuM
06pa3oM, MOXHO KOHCTaTHPOBATb, YTO JUIA HCCJIEHOBAHHBIX SAEP Pacyc Thl IO CTaTHCTHYECKO#
MOJEJTH BIIOJIHE YIORNETBOPHTENLHO ONMKCHIBAIOT KaK HIMPHHBI pacnanad CHIbHOBO3OYXIEHHBIX
sep, TaK H MHOXECTBEHHOCTh NpeMIeTHTELHBIX YaCTHL BIUTOTh OO0 3HeprHH ~130 MaB.
Pa6ora semonneHa B Jlabopatopuu sgepubix peaxuuii uM.I H.dneposa OXAU.

Decay Widths of Highly Excited Ra Compound Nuiclei
and Their Description in Terms of Statistical Model
of the Compound Nucleus De-Excitation

A.N.Andreyev et al.

Excitation functions have been measured for the xn, pxn and oun decay channels of the

compound nuclei of 216218220R, produced in the reactions BNe + 19416198p¢ iy the excitation
energy range of 40 + 130 MeV. Due to the employment of three platinum isotope targets,
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cross-section ratios hive been measured with a high degree of accuracy for reactions leading
to the same final colc products after termination of evaporation cascades of different numbers
of stages. This allowed us to obtain the experimental values for the reduced neutron widths of
the compound nuclei at high excitation energy. It is shown that the evaporation reaction cross
sections are well described in the framework of the statistical model taking into account shell
effects according to Ignatyuk. Out present, and also ecarlier, investigations show that such
calculations making use of one single set of the model parameters — the scaling factor to the
liquid-drop fission ba rier of Cohen, Plasil and Swiatecki C = 0.6~0.7 and the ratio of the level
density parameters E// a, = 1.0 — reproduce correctly cross sections of evaporation reactions

in a wide range of co npound nuclei extending from Bi to U. The calculations showed that the
cross section ratios aze exceptionally sensitive to the value of 'a'// d,, and are very suitable for

its high accuracy determination. By fitting two sets of experimental data — the absolute cross
section values and the cross sections ratio — we disentangled the roles of the parameters C
and 'a'// a, and obtaired their values. The calculations showed that, for the pre-actinide com-

pound nuclei, the valable part of pre-fission neutrons (from 50 to 100%) is emitted before the
saddle point (pre-sad ile neutrons). Thus, we conclude that our statistical model calculations
reproduce quite satis‘actory reaction cross sections as well as decay widths and pre-fission
neutron multiplicities for the studied compound nuclei having the excitation energy of up to

130 MeV.
The investigation 1as been performed at the Flerov Laboratory of Nuclear Reactions, JINR.

1. BBenenue

Peaxunn MeXmy CACXHBIMH SApaMH, HIYLWIHE yYepe3 cTalHio 06pa3oBaHHS COCTABHOTO
sapa, SBASIOTCS XOpPOLIMM HHCTPYMEHTOM HCC/IEAOBaHHH KaK TEPMOZHHAMHYECKHX Xapak-
TEPHCTHK SICPHOH MAaTe))HH (TeMrepaTypa HarpeThiX sfep, IUHPHHLI paciiamoB), TaK H ee
JHHAMHYECKHX XapaKTEpHCTHK (CKOPOCTh AMCCHMALHM 3HEPTHM, BA3KOCTh M apyrue). Ilpu
9TOM 3KCMEPHMEHTAIBHBE AaHHbC OOBIYHO HCIOMB3YIOTCH B KAYECTBE TECTa, MO3BOJAIOILEro
onpeaeasTh BEJHYHHB MDACABHBIX NAapaMeTpOB B PaMKaX TOM0 WIH HHOIO TEOPETHYECKOTOo
NoOXofa K ONHCAHHIO NpHueccoB 06pa3oBanus K AeBo36yXIeHHS KOMMAayHA-Aapa H UX 3aBH-
CHMOCTH OT 3KCHEPHMEITANbHO KOHTPONHUPYEMBIX (PH3HYECKHX NapaMeTpoB, TaKHX, KakK
3HEeprus Bo30yXieHHS, IepelaHHbIH HMNYNbLC, MAacCoBas acHMMETDHS BO BXOOHOM KaHase
peakunn H 1.0. [onyue iHbii B nocyienHee BpeMsi GONMBIIOH MACCHB 3KCMNEPHMEHTANIBHBIX
JAHHBIX O YHC/IE Npeajie.IMTeIbHHX HEATPOHOB B PEAKLHAX C TSXKENbIMH HOHAMH CTHMYIH-
pPOBa/l INHPOKYKID AHCKYCCHIO O MEXAHH3MaX HX HCHYCKaHHA H (aKTopax, Onpeaensouiux
IeNUTEIBHYI0 IIHPHHY Bo36yxaeHHoro komnayug-sapa [1,2]. Oaun U3 acnexToB 3T0i aHCc-
Kyccud ofycrnonneH TeM bakToM, uto HabulogaeMoe B 3KCNEPHMEHTAX YMUCIIO MPENIe/THTE b
HBIX HEHTPOHOB GoMbllE. YeM 3TO CleAyeT U3 pPacyeToB MO CTATHCTHYECKOH MOME/H AEBO3-
6yxneHHss KOMNayHA-SAFa, H 3TO Pa3IMUHE yBEJIMUHBAETCS C POCTOM IHepruM BO3OYXIEHHS.
Hns o6bAcHEHHA Takoro painu4us 6bUTM paspaGoTaHsl M WIKPOKO MCMONB3YIOTCH HOBBIE MOA-
XOIb! s ONpelesICHNs ;(EIHTENbHOR IHPHHDI, YYHTHIBalolIHE RIMsHHE 3¢htekTOB nepHoH
BA3KOCTH WIH TpeHHs [3.4]. Onmako, Ha Haw B3raad, nMpH o6CYXIEHHUHM pacXOoXICHHH MexXTy
9KCMEPHMEHTOM H pacyeTOM HECKONBKO HEJOOUEHHBACTCH TOT M3BeCTHbH ¢akt, uto uTH-
pOBaHHE MOAEJIBHBIX PacdeTOB MO HHTETPAIBHOMY CEYEHMIO AE/IEHMS NpPaKTHUECKH He Ha-
KJ1afbiBaeT CYIIECTBEHHEIX OTPaHHYCHHH Ha PacHeTHOE YMCIO NpeIeMTENIbHbIX HEHTpo-

. HOB — { Vore ). Tak, Haipumep, B paborax [5,6] 6bU10 MOKa3aHO, YTO TMPH KOPPENUPOBAH-

HOM H3MEHEHHH MapaMme 'POB CTATHCTHYECKOH MOIEIH, onpeaensaouHX IWi0THOCTh )’pOBHCﬁ
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W BEJTAYMHY XHIKOKaneabHoro 6appepa, MOXHO YBEJIHYHTh (vpr B 2,5 pa3a npH coxpa-

e
HEHHK YIOBJIETBOPUTEILHONO ONKMCaHMs (PyHKUHH BO3OYXKIEHUA s JeJTHTEIbHOH MOIBI pac-

naga. DTo He NpPeIcTaBISETCd YIHBHUTEIBbHBIM, T.K. BEJIHUYHMHA (vp‘e) ype3BbIYaHHO YYBCT-
BUTeNbHA K BenuunHaM I' /T Ha mepBeIX CTYneHsax neBO30yXIEHHUS, B TO BpEMs KaK WHTe-

rpajlbHOE CeueHHe AeNIeHHs 3aBHCHT OT MHOTHX MapaMeTpoB pacu:Ta. [losTomy Bompoc O
PeaMCTHYHOCTH [1apaMeTPOB, HCHOJIB3YIOLIMXCA B PacyeTax MO ( TATHCTHYECKOH Mogend
IIPH ONHCAHHH paclaja -Bo30YXNEHHBIX OeNsUIHXC KOMNayHA-sS1ep, CTAHOBHTCS Ype3Bblyaii-
HO BaXHBIM M aKTY&IbHBIM [IPH HHTEPIpETaL{H SKCIEPHMEHTANIbHBI < JaHHBIX. [ pa3BHTHS
¥ TMapaMeTpH3alliid HOBBIX AHHAMUYECKHX MOAXON0B HEOOXONMMO EHayajle YETKO BBIIE/IHTH
W3 SKCMEPUMEHTAIBHBIX JAHHBIX TY HX 4acTh, KOTOpas pealbHO He MOXET ObITh OmHcaHa
B KJIACCHYECKOH CTATHCTHYECKOH MONeNH C ee MHHHMaibHBIM HabopoM TpeboBaHHi K Npo-
1eccy, a UMeHHO, 4ToOBl mpouecc 6bU1 MOTHOCTBIO TEPMATM30BAH M COOTHOILEHHE MEXAY
pa3sTHYHBIMH MOJIaMH pacmaja ONpefeNnsuioch TONBKO WX CTATHCTHYECKHMH BecaMHu B (pazo-
BOM MPOCTPAHCTBE.

HaHHas pa60Ta ABJSACTCA NMPOOOTXEHHEM HaAIIMX HCCJIEJOBAHU 1 ceueHUH 06pa3OBaHPlH

MCMapHTeIbHbIX MPOAYKTOB B PEAKUHsAX MOJHOro ciusHus B obsiactu sgep ot Bi o U

[7—9]. Ins xoMnayHO-saep 216'218’220Ra, NOJYYEHHBIX B peakLiissx 22Ne + 19""196’198&,

6bUTH H3MepeHbl (DYHKLUHH BO3OYXIEHHs Ui Xn-, pxn- U XN-KaH:JIOB paclaga B ofyactH
sHeprud Bo3OyxueHus ot 40 go 130 MaB. HekoTopsle mpemBapuT:/ibHbIe PE3YJIBTAThl 9KC-
nepuMeHToB obcyxnandch paHee B paborax [10,11]. Ham uHTepec npH HccliefOBaHHUH 3THX
peakuuii, ¢ ofHOH cTOpoHbl, 6bUT 0OYCNORIEH BOIMOXHOCTBIO MOJ ydeHHs HH(opMmauuu o
BIHSAHUH 060s0ueyHbIX 3¢h¢hekTOB Ha pacnag BhICOKOBO30yXIEHHBIX COCTABHBIX sIEp, C ApY-
TOf CTOPOHBI — MBI XOTEJIH MPOBEPHTb MPHUMEHHMOCTh CTAaTHCTHY:CKOH MOJIENH IUIA OINH-
CaHHs COOTHOWIEHHH IIHPHH pacragoB, BKJIKYas AEMUTENIbHYIO ILHPHHY, H MHOXECTBEH-
HOCTH TIpeJpa3phIBHBIX 4acTHL (TOYHee, NPEACELIOBbIX) B LIMPOKOH 03acTH 9Heprui Bo3Gyx-
Jenus. 3a cyeT HCNONB30BAHHS PEaKLUMH Ha Tpex H3oTomax IaTHikl B paboTe ¢ xopouwei
CTEeNeHbI0 TOUHOCTH OBUTH H3MEPEHBI OTHOLUEHHS CEYEHHH UCTIAPHTEILHBIX PEAaKLHiA, IIPHBO-
JALIHX K 06pa3oBaHHs OJHOTO H TOTO Xe KOHEYHOro sgpa, HO C PAJIMYHBIM YHCJIOM CTyIle-
HeH B UCMApHTEJIBHOM KacKajie. DTOT Habop 9KCHEPHUMEHTAIbHBIX A HHBIX ABJSETCS CYILECT-
BEHHBIM M, KaKk OymeT Noka3aHoO fajee, JOCTATOMHO XECTKHM HOMCJIHHTENBHBIM YCIIOBHEM,
KOTOPOMY JOJIXHA YIOBJIETBOPATh MOJIE/b, NPETEHAYIOLIAA Ha MpalWwIbHOE OMHCaHHWe Mpo-
Hecca pacrnana COCTaBHOTO A4pa M Jallias BO3MOXHOCT NMOJMYYEHI 'S NPSMOH 3KCMEPHMEH-
TaTbHOH HH(OPMAlMH O JEJTMMOCTH S[pa Ha MEePBbIX CTYNMEHAX HCTMAPHUTENbHOr0 KacKajia.

2. DKcnepHMeHTaJlbHad MeTOOHKA

OKcnepUMEeHThl MPOBOAMINCE Ha BhIBEAEHHOM IydKe LHUKIOTpOHA Y-400 JISIP OUSIH.
Hcnonb3oBaich My4KH HOHOB Ne ¢ snepruamu 135,160,176 u 192 MaB. UuTencuBHOCTD

NyYKa Ha MHIIEHH OTPaHMYHUBANACh W Obuta paBHOM 2-10" ¢!, U:menenne 3HEpruu 6om-
HapaMpyIOLIMX MOHOB C WwaroM 3 + 6 MaB npoBoguIOCh ¢ TOMOLIB) ANMIOMHHHEBLIX B THTa-
HOBBIX MOMIOTHTENEH.
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B IKCMEPHMECHTAxX HC!10Nb30BATHCH HEMOABHXHBIE MHUIEHH H3 pa3iC/IEHHbIX H30TOIOB

IUTATHHB — '94'196"98?[ Ha TOAKHX amoMHHueBbIX (0,4 MI‘/CMZ) nowioxxkax. Muiuenu 6bu1H
H3TOTOBJIEHB METOAOM HaitbuleHus. M30TONHbINA cocTas MHULIEHER W MX TOJIMHBI NPHBEIC-
Hbl B Tabn.1. MamepeHue '"ONIHH MHLIEHEH NPOBOAWIOCH C HCIIONIb30BAHHEM METONA PEHT-
reHoqU1yOpeCclieHTHOTO aH:UIH3a MOCe WX W3rOTOBIEHHS H MOCJIE NMPOBEACHHS 9KCIIEPHMEH-
TOB. [IpoBepka pe3ynsTaToB Ha BOCIIPOM3BOAKMOCTD NOKa3ayld, YTO TOYHOCTh W3MEPEHHH OTHO-
WIEHHH TOJIUHH MUILEeHeH cocTaBnseT £ 5%, aGconoTHBIX 3HaYeHHH TomuuH — + 15%.

DHeprus GoMOapaHp /IOLIMX YacTHLL M3MEPANAch MOJMYNPOBOAHHKOBBIM [NETEKTOPOM,
PACTIOIOXEHHBIM OC/IE MI{ILEHH, TI0 SHEPTMH HOHOB, paccesHHbIX Ha yron 30°. Kanu6poska
IEeTeKTOpa OCYIUECTBALIach C TOMOIUBIO CTAHAAPTHBIX O-UCTOYHUKOB. [lonpaBkH Ha He-
HOHH3ALIMOHHBIE TIOTEPH N IEPIUM U NOTEPH SHEPTHH B «MEPTBOM» ClIO€ AETEKTOPA HE YUHTHI-
Banuch. Takas METOAMKA H3MEpEHHH MO3BONAET ONpeaesATh abCONOTHbIE BEIMYMHBI 3HED-
riit 6ombapavpyionx HoHoB ¢ A < 40 ¢ toydoctsio % (1,0 + 1,5)%, T.e. 2,0 MeB 1a
ONHCHIBAEMBIX IKCMIEPHMEHTOB. TOYHOCTb ONpEAETIEHHS OTHOCHTENIbHBIX BENMYHH 3HEPIUi
HOHOB B 2—3 pasa nyuue ¢ cocrasiser (0,7 + 1,0) MaB.

TlpoayKTHl peakiuuil FOJHOrO CIHAHHA OTASNAIMCh OT MPOAYKTOB peakuMil rirybokoHe-
ynpyrux nepemau 4 Gom€apaupyloLMX HOHOB C MOMOLIBI KHHEMATHYECKOrO cenaparopa
BACHIIMCA [12,13]. 310 TpexcTyneH4aThlif 3/IEeKTPOCTATHYECKHIA cenapaTrop C TeNEeCHBIM
yrioM 3axBata 15 Mcp u rionocoit nponyckanus + 10% no anekTpuueckod xecTkocTy. Ilpu
6bicTpOaeHCTBUH, 61H3K0'4 K OZHOH MHUKpOCeKyHze, oH obecnieunBaer athheKTHBHOE pasne-
JleHHe MPOJYKTOB peaKLlkil MONHOro CIMAHMA, MMPOAYKTOB peakuMii nepesay u Gombapau-
pytouiero my4ka. 3¢ekTABHOCTb CENapaliy NMPOIYKTOB MOJHOTO CIMSHHSA 3aBHCHT OT Mac-
cel GoMOapaupyloliero HoHa M A1 KomnayHa-saep ¢ A > 200 mensiercs ot 3% Wis peakuui
C MOHaMH KHciopona 1o 15% nns peaxuMil ¢ HOHaMH aproHa H KanbUMs.

Pernctpauus sgep (Taaun H H3MEPEHHE 2HEPTHH HMX O-pacnafioB OCYHIECTBISNIOCH
B (DOKaNBLHOI IWIOCKOCTH cenapaTopa AeTeKTHpYlollei cucteMoi [14] U3 aByx mmpoxoanep-
TYPHBIX BPEMSAMpPOJIETHBIX AECTEKTOPOB C BpeMeHHbiM paspeuieHHeM 0,5 HC H BOCBMHCTpH-
MOBOIO TOJYNIPOBOAHMKOBOIO AETEKTOpPA C MOMHBIM pa3MepoM 50 x 70 MM ¥ paspelueHHeM
30 xaB g o-yacTHLl ¢ 911EPrUsAMH B JHana3oHe ot 6 no 9 MaB. Huentudukauus Hykuaos
NPOBOAMIIACDH 110 BHEPTHH (-pacnafna H (PYHKLMH Bo30yxaeHHus. DhdekTHBHOCTD cenapaTopa
B JaHHBIX OKCMEPHMEH1aX H3Mepaach C MCMONB3OBAHWEM KanHOpOBOUHON peakuuu
22Ne (135 MaB) + “™W 340 mxr/ cM?) u Gbira pasHoit (3,7 + 0,5)%. [lns usmepenus od-
(heKTHBHOCTH HCIOJIb30B.UICS METON H3MEPEHHS OTHOLIEHHS O-aKTHMBHOCTH B (hOKalbHOI

TUIOCKOCTH cenapatopa u Ha cGop-
HHKE, pacrogOXeHHOM MOoCIe MH-

Tabmna 1. H3oTom 1bili cOCTSB MHIIEHEH wenu [9]. [lna Toro uToGE yMEHB-
H HX T OJIIIHHbI HIHTh BJIHAHHE HECTATHCTHUYECKHX
(aKTOpOB Ha OTHOLIEHHE CEYCHHI,
Tomuuna, HsotonHui cocras, % OCHOBHas 4acTb W3MEpPEHHH ObL1a
MHieHs mrfem® [T

194 195 196 198 BBINMOJTHEHA B TEYEHHE OQHOIO 06.Hy-
YCHHA TIpH UKCHPOBaHHOH Ha-
194p, 165 83,0 13,0 35 0,5 c . b (b pl?l o
OHKE cenaparopa. H 3aJaHHOH

196p, 315 23 71 86,8 38 P paTop P
SHEpPIrUH TMy4Ka M3MEPCHHA Npo-

198p, 250 a7 49 5.6 85,7

BOOHJIIHCh TMOCHAeNOBaTECIbHO  AJid
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KaXIOH H3 TpeX MHILIeHed. 3aMeHa MHUILEHel OCYLIECTBISUIach aB OMaTHYECKH C MOMOILUBIO
mMcTaHLHOHHOrO ynpawieHus. Cpennee Bpems oOnyueHHs MHIICHH IPH (OHKCHPOBaHHOH
3HEPTHHM My4Ka cocTamnsuio 25 + 30 Munyr. Mexnay obnyueHusM!1 MHILEHEH NPOBOAMIIOCH
10-MHHYTHOE H3MepeHHe JUIi KOHTPONA 3a BKJIQJOM JOJTC XHMBYLIMX AaKTHBHOCTEH,
MMIUIAHTHPOBAHHBIX B JETEKTOP. KpoMe TOro, monHeIil Juana3oH 3Hepruii myuka Obu1 ycios-
HO pa3buT Ha OATh MOJAHANA30HOB CO CPEIHUMH 3HAaYeHHAMH 3k epruil 6oMGapaupyoLHx
noHoB 126, 108, 145, 167 u 185 MsB. M3MepeHus B nomauanas’dHax NpPOBOJH/IMCh B TOH
I0CNeN0BaTEIBHOCTH, B KOTOPOHl OHM TNEpPEYHCIIEHBI. '

3. Pesynbrathl H3MepeHHH

B nuamasone sHepruii Bo3OyxmeHus ot 45 mo 120 MsB s xoMmnayHp-samep

216.218.220p u3MepeHbl YHKUUH BO3OYXIeHHd L1d Xxn-, pxn- ¥ oxn-peakuuil. PesynbraTsl
u3MepeHuit npuseneHsl B Tabnuuax 2—4. Ilpu pacuete sHeprud Be30yXIeHHUs HCIIONB30-
BAJIMCh 3KCIIEPUMEHTATIbHBIE BEJIMYMHBI MacC HYKIMAOB H3 paboTs [15]. 3HaueHHd O~BHIIOK
npr pacyere ceueHuil 6panucy u3 pabothl [16]. [lpu 06paboTke 3KCHEPUMEHTAILHBIX JaH-
HBIX MpOBeJeHA Mpouefypa BhlYHTaHHSA (POHA, CBA3aHHOTO ¢ HEMOHOM3OTONMHOCTBI) MHILe-
neii. [IpH TOM HMCTIONB30BANKCH NOMyYeHHble B paboTe SKCIepHM eHTATbHbIE NaHHBIE O BHI-
xomax u ¢popMe pyHKuuii BO3OYXAEHHS /1S BCEX TPeX MHILEHEH, YTO MO3BOJIMIIO MPOBECTH
3Ty NpOUERyPy AOCTaTOYHO KOPPEKTHO.

Iig wuTIocTpauMy Ha puc.] MoKa3aHbl 9KCepUMeHTaTbHble ¢ YHKUHH BO30yXAeHHs s

peaKLuH 2Ne + 1%8pt u TIpUBEJICHBl pe3y/IbTaThl pacyera Mo CTarucTHdYeckod Monenu. U3
PHMCYHKa BHAHO, YTO pacyeT XOpPOLIO OMKCHIBAET CEYEHHS B MAKCkMyMax BhIXONOB U ¢opMmy
¢yHkumii  Bo30yxneHus. HeGonblloe pacxoXgeHHe B MONOXEHHSX pacyeTHhIX H 9KC-
NEePHMEHTANbHBIX (DyHKUHMI BO3OYXAEHHA Ha WKale 9Hepruii Bo3(iyxueHus (npuban3uTe -
HO Ha 2 M>3B) He BBIXOZMT 3a Tpemesbl TOYHOCTH M3MEpeHH:! abCONIOTHONH BETHYHHMI
oHepruu 60MOAPAHPYIOLHX HOHOB M MO3TOMY MOXET ObITh YOp:HO MPOCTHIM CMELIEHHEM
9KCIEPHMEHTATbHBIX TOYEK BIpaBo Ha 2 MaB. bonee neranbHoe ob6cyxXaenue pe3yibTaToB
pacuera OyneT NMpoBEAEHO B ClIEYyIOIMX Pa3eNax CTaThH.

[onyyeHHble U3 KCNEPUMEHTAIBHBIX JAHHBIX BEMUHHBI CEYtHMIt 06pa30BaHHUA H30TO-
nos Ra ¢ 208 < A < 214 B MakcUMyMax HX BBIXOJOB NpHBeneHb! B Tab1.5 (B MUIHGapHax ).
W3 naHubix Tabn.5 cnenyer, 4To OTHOMEHHE CedeHHH 06pa3OBaHH:1 KOHKPETHOrO H30TONA B
xn- ¥ (x + 2) n-peakuusx NPaKTHYECKH MOCTOSHHO BO BCEM HCCIIE/,0BAHHOM AMAra3oHe Mac-
COBBIX YHCE/l M HE 3aBMCHT OT abCOIOTHOH BeJHYMHBI CeyeHHs nOpa3oBaHHs M30TOma (M3

TabJIHUBI BHAHO, YTO TPU nepexome oT 212Ra k 2%®Ra ceuenne 'menpmaercad B 300 pas).

KauectsenHo 3T0 CBHACTC/IBCTBYET O TOM, YTO NMapuUHaIbHasd AE) MTeJIbHasA IMHPpHHA Ff Ha

MEPBBIX CTYIEHAX AeBO30YXIOCHHS HEBEIMKA M He OKA3bIBAET CYIUSCTBEHHOrO BJIMSHHS Ha
TIONIHOE ceueHMe 00pa30BaHus HYKJIMIA. :
CnenaeM ewe omHO KOpOTKOE pasbsicHeHMe K Tabn.5. [ns Tpex map W30TONOB

2 lRa—ZIZRa, 20Ra — 210R, y 207R,-208R, SHEPrUM O-pacnajoB O NIMYAIOTCS MeHee, YeM Ha
10 xaB. Hcnons3opapmmiics B 3KCIepUMEHTaX IeTEKTOp ¢ paspeuieHneM 30 k3B He mo3so-
TAJ1 Pa3feNMTh (-aKTHBHOCTH 9TUX map. I1oaToMmy g aTux ciyyaes u3MepeHHble QYHKIHH
BO30YXEHHS NPENCTABNAIT CyMMY xn- U (x + 1) n-peakumit. OIHAaKO BeNHYHHBI CEYEHHH B
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Tabmaua 2. OyHKumMH 3036yKIeHHS 1S xn-peaKiHi

ZZNc + l98l.)t
Ey. E°, Ceucung, M6
MaB MaB Sn 6n n 8-9n 10-11n
103,5 45 273 50
106,5 477 23,5 12,5
110,0 50,8 138 277 2,5
113,5 53,7 5.1 35,1 44
119,0 58,9 1,5 31,6 10,5
124,0 63,4 04 142 19,0 24
129,0 61.9 41 20,2 55
133,0 71,5 1,6 18,8 8.7
137,0 75,1 0,6 9,0 10,5
143,0 80,5 2,9 10,4 0,25
149,5 86,4 1,0 81 0,26
155.5 91,8 0,3 39 0,56
160,0 95,8 32 0,99
166,0 101,3 1,5 1,07
172,5 1066 0,66 0,93
180,5 1144 0,28 0,69
186,0 1194 0,20 0,54
2Ne + 1%6py
ENC, E*, Ceyenns, M6
MaB MaB 4n 5n 6n 8-9n 10-11n
103,5 458 5,05 18,6 1,7
106,5 48,5 2,84 237 32
110,0 51,6 0.95 19,9 7.6
113,5 54,7 0.32 12,5 14,0
119,0 59,7 54 18,1 03
124,0 64,2 16 14,3 04
129,0 68,7 10,5 0.6
133,0 723 8,6 1,05
137.0 75.9 5.0 14
143,0 81,3 19 1,9
1495 86,7 0,5 1.6 0,015
155.5 92,5 0,3 1,0 0,024
160,5 96,6 0,7 0,040
166,0 102,0 04 0,056
172,0 1073 _ 0.2 0,052
1805 1150 0,036
184,0 1181 0,036
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MaKCHMYMax BbixomoB Gonee ueM Ta6anna 3. @ynkuun Bo36yRaeHus
Ha 90% onpenensioTCs CeyeHHeM 1A pxn- B Oxn-peaKIAi
xn-peakiii  u3-3a  OpicTpOroO

YMEHBILIEHUA CEYeHHN C YMEHb- 22Ne 4 P8

ILICHHEM MacCOBOIO 4YHCJIa HYK-

nnga (oM. ysxuun Boabyxme- Ee E”, Cescnns, M6
- MasB MsB
HUS A peakuuit 6n u Tn Ha . 5n L 6n | p89n |p, 10-11n
puc.l). D10 noaTREpXKAAETCS
TAKXE MOJIOXKEHHEM MaKCHMY- 110,0 50,8 0,06
MOB pyHKLMH BO3OyxnaeHus Ha 1135 53,7 0,14 0,07
wKane BSHEpPrui Bo3OYyXAEHHS 119.0 580 030 011
KkoMnayuf-sagpa. CraTucTudec- 1240 63.4 0.28 (128
Kas TOYHOCTb H3IMEPECHHUS BBIXO- .
)

HOB OTHENbHBIX HYKJIHIOB NpH 129.0 67.9 0.19 (.42
(HKCHPOBAaHHOIH 3HEPIHM MyY- 133,0 715 | .0,13 0,84,
xa GbUla B JAHHBIX 9KCIIEPUMEH- 137,0 75,1 0,07 0,51 0,09
Tax He xyxe * 5% ¥ onpenens- 1430 80,5 0,02 .47 0,36
nack, B OCHOBHOM, TOYHOCTHIO 1495 86,4 (23 113

era ()OHAa MO BbIAENEHHBIM
y4 (p A A 155,5 91,8 (,08 1,48 0,16
O-MIUKOM U HEMOHOM3OTON-
HOCTBIO MCTOJIb30BABLIMXCS MH- 160,0 95.8 2,19 025
wened. Hcknouenne cocrasns- 166.0 101,3 2,44 0,42
10T JaHHbIe 1S BBIXOZOB HYK- 172,5 106,6 2,07 0,64
mia 2%®Ra B peaxumu *Ne+ | 1805 | 1144 174 | 119
+1%8pt. B orom cnywae B 06- | 1860 | 1194 129 | 135
JacTH SHeprud BO30yXaeHHH, 226 4 965
COOTBETCTBYIOIHX MaKCHMYMY
BbIXOHA peakuMu 12n, npucyrct- Ey. E" Ceucnns, M6
BYET 3aMeTHBIi (POH OT peakuuu MsB MsB
6. DHeprUH O-pacnazos 2dp, p.6~Tn | p,3-9n |p, 10-11n} a, 10n
u 208Ra COBNAJaKT, U BbLIYMTA- 1240 642 0.36
HHe (hoHa NPOBOAMIIOCH METO- 129,0 68,7 1,12
OOM 3KCTpanoOJISUHH 3KCIEpH- 1330 723 172

M 7| -

MEHTATBHO HM3MepeHHOH ¢yHK 1370 75.9 1.36 0.10
LUMH BO3OYyXIeHUs Ui peaKiuu 1430 13 0
6n B obnmacts Gosnee BBLICOKMX ’ 81, 1,51 0
sHepruil Bo36yxaeHus. I1oaTo- 149.5 86,7 L17 043
My TOYHOCTb H3MEPEHHH BBIXO- 155,5 92,5 1,08 091
OB 208Ra B JAaHHOH peakuuu 160,5 96,6 0,77 107 0,025
coctapiser * 25%. TowHocTs 166,0 102,0 0,63 114 0,082
M3MEPEHUH BEJIHYMH CedYeHHi 1720 1073 026 102 0.10 032
00pa3oBaHHUs  MCHAPHTEJILHBIX 180.5 15,0 083 033 0.82
NPOOYKTOB B JaHHBIX SKCHEPH- .
MEHTax IOJIHOCTBIO OINpeaeNns- 1840 1181 0r 041 107
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Tabmua <. @yHxusy po36yKneHAs I xn-, pxn- H Oxn-peaKiHi
e + 194py
ENe' E" Ceyenns, M6
MaB MsB
4-5n 6-7n 8-9n p, 4-5n p,6Tn p, 8-5n a, 8n
97 41,1 50
105,0 48,3 10,8 0,29
109,0 51,9 10,2 03 0,63
112,5 55,0 9,0 1,06 0,96
118,0 60,0 47 25 1,16
123,0 64,5 1,5 3,0 1,18
128,5 69,4 0,4 24 0,021 0,93 0,31
132,5 73,0 23 0,024 1,02 0,62
136,0 76,1 1,2 0,035 0,57 0,60
142,0 81,5 0,62 0,076 0,28 0,76
148,0 87,0 0,28 0,091 0,23 0,70 0,038 0,34
156,0 94,1 0,058 0,1 0,54 0,14 0,45
160,0 97,7 0,043 0,43 0,24 0,67
163,0 100,4 0,027 0,23 0,23 0,75
167,0 104,0 0,021 0,22 0,31 1,01
171,0 107,6 0,014 0,12 0,28 1,01
180,0 115,7 0,006 0,07 0,30 0,78
1840 119,3 0,006 0,04 0,24 0,68
Tabmna 5. Be mHanme cegermit €TCi TOYHOCTBIO HM3MepeHHil 3d-
ofpasosanns u3oronos pamns ¢ 208 < A <214 (hexTHBHOCTH cenapauMH, TOIHH
3 MAKCHMYMAX HX BHIXOROR B MG MHIICHEH W MOTOKA HOHOB, Npo-
weqUX yepe3 MuieHs. C yyeToM
KoMnayna- Hyxnun — McnapHTenbHbii oCTaToK, G BO3MOXHBIX CHCTEMATHUYECKHX
f1po OIIHOOK B M3MEPEHHSX Mpexie
MRa Ry | HRa ?ORa | %Ra BCEro NMOTOKAa MOHOB Mbl CUHMTAEM,
2p. 16 22 1" 1.1 0,035 4TO cyMMapflaﬂ TOYHOCTb U3Mepe-
2187, 24 18 19 0,058 HHA cedeHHi cocTapseT + 40%.
Owmbka B onpeneneHuH Benu-
*°Ra 12 28 0.096 YHH OTHOLUIEHHH CeYeHHWH B Mak-

CHMYMax HX BBIXOOOB CYLUECTBEH-
HO MeHb1IE, T.K. HCTIOJIb30BABUIHMH-

¢ B IKCNEPHMEHTAX METHAWYECKHH MOAXOA MO3BOAAN NMPH BBIYHCIEHHWH BEJTMYMH OTHOILLE-
HHH HCKNMIOYHTh OMIHOKH, CBA3aHHBIE C M3MEPEHHAMH aGCOMIOTHBIX BEJIMYMH TOKA Myd4Ka H
a¢pexTuBHOCTH cenapawiti. Takum o6pasoM, omHOKa WIS OTHOWIEHHH CevyeHHil onpenens-
nack TOABKO OMMOKOH B ONpeNesIEeHMH OTHOCHTENBHBLIX TOMIUHH MHIIEHEH H omHOKoil B
ONpefeNIEeHHH BEIHYHHBI MAKCHMATLHOTO BBIXOJA MO 3—4 3KCMNEPUMEHTANLHBIM 3HAYCHUAM
BBIXOHOB, H3MEPEHHbIM BONH3N MakCHMyMa. M3 muTesnbHoro onsrra pa6oTs! ¢ cenapatopoM Ham
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Puc.1. ®yHKuMH Bo30OYXIEHHA U1 Xn-KaHATOB B PEak LMK 22Ne + 18pt. To1xu — 3KCNEePUMEHTATbHBIE
JaHHbIE, THHHH — PE3yAbTaThl PacyeTa MO CTATHCTHYECKOH MOAETH ¢ y4eT )M oGonoveyHsix adpextos
NpH 3HayeHusx napamerpos: C = 0,63 u Ef/ a, =100

H3BECTHO, YTO BOCHPOM3BOAMMOCTh DE3YyNbTaTOB [UIS OOHOKPATHEIX M3MEPEHHUH BLIXOLOB,
COENAHHBIX B PavIM4HBIX 3KCnepHMeHTax, coctaBnseT + 15%. IlcaToMy, naxe HECKOJIBKO
orpy6.isisi TOYHOCTb IKCNIEPUMEHTOB, MOXHO CUHTaTh, YTO OIIHOKA B ONpENeSeHHH BEJIUYHH
OTHOLIEHHWI CEYEeHHH cocTamnsieT Toxe * 15%. B kakoi-To cTenmenu pacnpeneneHue nony-
YEHHBIX B SKCTIEPMMEHTE BEJIMYHH OTHOLIEHHH cedeHHit (cM. Tabn.6) MOXHO paccMaTpHBaTh
KaK MONTBEPXACHHE NMPaBHIBHOCTH CHEITAHHOM BBILIE OLEHKH TOYHOCTH M3MEPEHHH.

4, O6cyxneHue pe3ylbTAaTOB

DTOT pasgen Mbl YCIOBHO pasfe/TMM Ha TPHM 4YacTH. B mepBo¥ — KpaTKo mpencraBum
thopMaIn3M CTaTUCTHYECKON MOHEnH H O6CYIHM OCHOBHBIE Mapan(ETphl pacyeToB, BO BTO-
poif — 06cyaMM OCHOBHBIE 3aAKOHOMEPHOCTH IUI MaKCHMYMOB CEYGHHHM Xn-, pxn- U Oxn-Ka-

HaIOB NeBO30yXIeHUs KOMMOAayHI-sjep 2162182200, 4 NpoBe/ieM CPaBHEHHE CO BCEH COBO-
KYMHOCTBIO paHee NMOJIy4EHHbIX JaHHBIX MO CEYEHUSM UCNApHUTENbHIIX KaHanoB. H, HakoHel,
B TpeTbei YacTH Mbl MPOAHAIH3UPYEM AEJIUMOCTb SAep B 3TOH 06NacTH M OLEHUM AOMOJ-
HUTEJIEHYI0 HH(OPMALIMI0 O BEPOSTHOCTH HeneHHs BO3GYXIEHHBI siIep, KOTOPYI0 MOXHO
M3BJIeYb U3 aHAIH3A OTHOLIEHHH ceYeHU MCMapUTENBHBIX PEeaKLiHil.
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OCHOBHbIE COOTHCIIEHHS
Ans WKPHH B CTA 'HCTHYECKOH MONENH

Iis aHanH3a SKCNEpHMEHTANbHBIX [JaHHBIX HaMM, KaK M paHee, TPHMEHAIAch
CTAaTHCTHYECKas MOAENb, B KOTOPOH MBI JUIS YHHBEPCATbHOCTH HCIIONb3YEM MHHHMANbHOE
KOJIHYeCTBO (H3HYECKH) MNPENOIOXEHHH M MNapaMeTpoB, YTO, €CTECTBEHHO, HECKOJIBKO
orpyfnser Monens, Ho MI3BONAET fenats Gonee oaHO3HauHbie BhiBogbl. Hawbonee Baxnoi
BEJIHMHHOR B pacyeTax No CTaTHCTHYECKOH MOJEH SRIAETCH ANepHas [UIOTHOCTh YpOBHEH.
B HaluMx pacueTax MblI HCIIOJIB3YEM COOTHOILEHHS MonenH depmu-ra3a (6e3 yuera apekToB
KOJUIEKTHBHOIO yCHIeHHs!) ¢ (heHOMeHoNornueckuM yuetom obonoyeunsix addexTos (AW)
B napaMeTpe INOTHOCTH ypoBHe# no Mruatioky [17].

a(E ") =a,{1+[1 - exp(~ 0,054E )i AW (A, ZV E 1,

me Ziv = (0,114 - 6,3-1C7 ~A2), E® — oHeprus BO30OyXIEHMS COCTAaBHOTO ampa, a
AW (A, Z) — ofonoyeutias NONpaBKa K Macce sipa, 06pajoBaBIieroCs NOCIE MCTyCKaHH:
yacTHUb V (HEHTpOHa, M'OTOHA WIH (-yacTHUbI). [lapaMeTp IUIOTHOCTH ypOBHEH Zf B O€JIH-

TEJIBHOM KaHaJle Mbl CYHTAEM MOCTOSHHBIM, HE 3aBHCALIMM OT SHEPrHH BO3OYXIEHHS H Npo-
NOPLUHOHATbHBIM aCHMITOTHYECKOMY 3HaY€HHIO NapaMeTpa IUIOTHOCTH YPOBHEH B KaHajle C
UCTMIapeHHEM YacTHL Ev (:1pennosioxeHHe O NpeHeGpexHMo Manol BeTHYHHe 060104evHOM

NoNpaBKH B cenne). bapb2pbl fesleHHs 101s sAep BbIYHCISUTHCH 1o Gopmyrie

_ LD, exp
B = CBO() + AW ¥,

rae C — cBoOoaHbii riapameTp, Bfw(l) — 6apbep JesieHHs B MOAENH BpallaloIUencs XHull-

koi kannu CPS [18], AW °*? — nonpaska k 6apbepy AeneHHs COCTaBHOTO AIpa, paBHas
ofonoueyHo# MOnMpaBKe K Macce €ro OCHOBHOIO COCTOAHHA. [INg aHATHIUPYEMbIX Afep BEAU-
yyHa 06004eyHOH nonpaBKH MeHsercsa oT = 5,5 + 7,6 MaB nns sanep Ra, Fru Rnc N =
= 126 no = 1,5 MaB mna s nep, obpa3syoiuuxcs nocie HcnapeHus ~10 HeiitpoHoB. B Gaprepe
AENEHHS Mbl Takxke npeHcOperaeM Malol BelWYHHOH 06010YeYHOH MOMpaBKH B CeIOBOH
TOYKE.

PacyeTbl HCIapHTeENbibIX WHPHH OCHOBBIBAKOTCE Ha dopManuiMe Baiickonda u DsuHra
2+ 1)@2s,+1) mvE HOE,

I
r/E) = R { p (E - E()) - E, - £) €0 (e)de,

rae Sv, Ev H m  — CIIHH, S3HEPTHA CBS3H M MPHUBEJEHHAs MAcca YacTHUbI; V, Gv(e) — ceye-

HHe 0OpaTHOH peakLMH '@ axBara YacTHUbI V C SHeprueil €, KOTOpOE DPacCYHTHIBAETCH 10
ONTHYECKON MOAENH C NapaMeTpamMH, npelioxenHbiMu B pabore [19). llenutenbHas wHpuHa
paccUMThIBaeTCA NO kiacc 44eckoit opmyne bopa u Yuinepa
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E-E P)-B (D

2l [ - B0 - B -6 de

by
T (E) = 2np (E)

0

rae E *P(l) — BpamarenbHas 3HEprUs B CEUIOBOH TOUKeE.
B TakoM moaxoie OCHOBHBIMH MapaMeTpaMH CTaTHCTHYECKOrO pacyeTa SBISITCS OTHO-
HIEHHE aCMMIITOTHYECKHX 3HAYEHHH IUIOTHOCTH YPOBHEM B JEIHUTEMTBHOM H MCIAPHTEIbHOM

KaHaax 5f/ Ev H cBobGomgHbiit napaMeTp B dopmyne p1a 6apbepa M:ieHHa — KO3(hHLHEHT

C. B npMHLHMNE, MPH pacyeTax CeYeHHil HCIIAPUTENbHBIX KAaHAT03 HEOOXOMMMO 3HaTh ce-
yeHHe o0pa30BaHKMsA COCTABHOIO A1pa, CBA3AHHOE C BEIHYHHAMH l]p n Al, omHako B ciiyyae

XOpOoLIO ACNALIHXCA AAep CEYEHHE HCIAPHTEIbHBIX peaxunil B M1KCHUMYME ClJyHKI.lHH BO3-
6)’)K,LICHHH NMPAKTHYECKH TOJHOCTHIO 06yCJIOBJICHO BKJIaAOM TMapLUHANIbHBIX BOJIH C

1 €30 +40, TO eCTb CYLIECTBEHHO MEHBUIHX, YEM le B peakuu:iX ¢ HOHaMH 2Ne [20].

KpoMe Toro, Tak KaKk Mbl B OCHOBHOM OyleM paccMaTpHBaTh CEYEHE S peaKLMi NPH HEPrusX
HOHOB, MpeBbIAIOIIMX BEIHYHHY KYNOHOBCKOro 6apbepa, TO HeT HeOOXOAHMOCTH ompene-
JIATH BENIHUHHY Al

Bonee cnoxHas CUTyalus CKafbiBaeTcsi ¢ BHIOOPOM ONTHMANEHBIX 3HAYEHHH 1)1 mapa-
METpOB Ef/ Ev 1 C, TaK KaK 06a nmapaMerpa CHJIBHO BIMSIOT Ha BEMHYHUHY NETHMOCTH SAED.

[Tpo6nema BoIGOpa BENTHYHHBI af/ a,, paccMatpHBaIach B psae paboT Npu aHaM3e npouecca

AeBo30yXIEHHS JOAaKTHHHUIOHBIX COCTaBHBIX Afep (CM., HanpuMep, 0630p [21]). B paznuuHbIx
MoflensX ee 3HayeHHA KonebmioTca B mpenenax ot 0,95 mo 1,1, 1puyeM Bo Bcex paborax
oTMeyaetcs cinabas 3aBUCMMOCTS 4,/ Ev OT MaccoBoro ydcna. CliepyeT OTMETHTh TaKXe, YTO

f

B HalIMX IpelecTByOUMX pabotax OpUTO NMOJYYEHO XOpollee (NHCaHHe CevyeHMiH Hcma-
PHTE/IbHBIX peakLMi H JeNTHMOCTEN B ILHPOKOM JHAana3oHe cocTaBiibix agep oT Bi mo U npu

HCII0JIb30BAaHNH (PHKCHPOBAHHOTO 3HAYEHHs NapaMerpa Ef/ b'v =10.

CeyeHus 06pa303aﬂml HCIIApHUTENbHBIX OCTATKOB.
PC3)’J’I]>TaTbI H OJUCKYCCHA

Bru10 BEINONHEHO [ABa BapHaHTa pacyera:
a) B YHCTO XHAKOKAMNeNbHOM NPHOIHXEHHH, KOrIa AWV(A, Z) u AW P = 0 u, cootBet-

CTBCHHO, HUCIIONB3YIOTCA XHIOKOKaIeEJIbHbIC 3HAYCHHS 3Heprm"4 CBA34 4YacCTHL,

6) ¢ yuyerom 06GONOYEYHBIX MONMPABOK AWV(A, Z) u AW **P B napamerpe mIOTHOCTH
ypoBHeH U Gapbepe OeleHHs.

Ha puc.2,a,6,B u puc.3,a,6,B KpyXKaMH, KBagpaTaMH H TPEYI'OJIbBHHKaMH H306paxeHbl
9KCIIEPUMEHTATIbHBIE 3HAYEHHS CEYEHHH Xn- W pxn-KaHIOB B MakCHMyMax (PyKHLH#H BO3-

6yxneHus Wis peakUuii 22Ne + 194196198 coorBercTBeHHO B 3aBHCHMOCTH OT YHCTa HyK-
JIOHOB B KOHEYHOM IPOAYKTE HCNIAPHTENbHOTO KacKana. [lyHKTHpOM NOKa3aHBl pe3yNbTaThl
pacyeToB, MOJMyYeHHblE B NPUOIHXEHHH MOJIHOrO OTCYTCTBHA 0060J104e4HBIX 3¢eKTOB MpH

3HaYECHHAX MapaMeTpoB Ef/ 'dv = 1,0 u C = 0,9. JInHUAMH NOKa3aHbl Pe3yJIbTaThl PaCYETOB C
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yyeToM 000/IOUEYHBIX MOMPABOK NPH TPEX 3HAYEHHAX TNapaMeTpa Ef/ Zz'v: 0,95 (wrpuxosas

gunus), 1,00 (cnnownast), 1,05 (wrpuxnyHktupHas). ONTHMar bHblE 3HAYEHHS I KO-
appuumenta C okasanucy nNpH 3ToM paBHbiMu 0,45, 0,63 u 0,88 :cooTBeTCTBEHHO.

W3 pHUCyHKOB BHAHO, YTO BCE YeThipe BADHAHTA PACUETA YAORI TBOPUTENLHO OMHCHIBAIOT
9KCIepUMEHTANIbHEIE JaHHBie B IIMPOKOM OHana3oHe 9SHepruii Bo3OyxmeHus ot 40 go
130 MsB (cOOTBETCTBEHHO BIUIOTh OO MchyckaHus 12 HeiirioHos). Takum obpasom,
TECTUPOBAHHE pacyeTOB TOJBKO MO BEJMYMHAM CeYyeHHH oOp:30BaHMS HCNAPHMTEIbHBIX
OCTATKOB Jlaxe B Clly4asix, KOraa H3MepeHus CHeNaHsl WIS JUIMHHBIX LEeNn0oYeK KOHEYHBIX
sfiep, He MO3BONSAECT CAeNaTh ONHO3HAYHBIH BHOOpP M OXHOBPEMEH!IO ONpenesuTbh Kax fapa-
MeTp Ef/ Ev, TaK M 3HayeHHe koadpuuuenta C. CnegoBatenpHO, HEOOXODMMBI KakKHe-TO

ApyrHe 3KCHepUMEHTanbHble JaHHbIE, KOTOPhIE MO3BONMIN Obl 3TO caenats. DTOMY BONpOCY
Oyner MOCBALIEH CNENYONMi pasfien CTaThi, a B OCTABLISHCS YacTH ,1aHHOrO Mb! anee perans-
HOTO NPOAHATH3UPYEM BOIPOC O BO3MOXHOCTAX KaneJIbHOTO H 0601 YeYHOTO MOIXOM0B MPH HX
MCTIONB30BAaHNH VIS ONMMCaHHS cevyeHHit o6pas3soBaHMs MCIIApHUTeNb ibIX NPOJYKTOB M Xapak-
TEPUCTHK  pacnalia  HeHWTPOHONE(PMUHMTHBIX  BHICOKOBO3OYXKIEH!IBIX  KOMNAyHO-SEEp C
82<Z2<92.

BapuaHT pacueTa ¢ UCIIOJIB30BAHHEM YHCTO XHOKOKAaINelIbHOro npubnuxenus Opu1 npen-
JIOXeH JOCTAaTOYHO JABHO M IIHPOKO HCMONB30BANCS WIS pacyeroB cedeHHH oOpa3oBaHMA
UCTIapUTENIBHBIX TIPOAYKTOB, 0cOOeHHO B TpaHcypaHoBoH obnactii smep. O60CHOBaHHOCTB
NIPMMEHEHHUs] TaKOro noaxoAa Obula M OocTaeTcs NPEAMETOM AMCK/CCHH B JIHTeparype (cM.,
Hanpumep, 063op {22]). B pamkax 3Toi QUCKYCCHHM QOCTaTOMHO MHTEpECHBbIH pe3ynsTaT 6bu1
nonyyeH B paGorte {23], B xoTOpoil Ha nMpuMepe aHanu3a ceyeHWi 0Opa3oBaHUA HEHTPOHO-
AeHUMTHBIX M30TONOB acTaTHHa M nonoHHd ¢ A = 200 Obino mnoka3aHo, yYTO TpH

(bHKCHpOBaHHOM napameTpe Zif/ Ev pacyeTsl, COCJIaHHBIC B 4YHCTO XKHIOKOKaIeJIbHOM

npuOIMXEHHH W NPUOTHXEHHH C CUHXPOHHBIM yMeHbIUEHHeM oljonoueunsix 3dpekToB B
IJIOTHOCTU YpOBHell W 6apbepe HEJIEHHS C POCTOM 3HEPrHHM BO30OyXIeHus, NPHBOOAT K
NpaKTHYECKH COBNANAKMIMM 3HaYeHHIM Koapduunenta C = 0,9 + 1,0. Tem campim Gbiia
nokazaHa NpPaBOMEPHOCTb HMCIOJIB30BAHHS XHAKOKAMENbHOrO NpHUONMXeHHS TNpPH HHU3KHX
3Hepruax Bo30yxaeHUs 119 HYKTHAOB ¢ GONbIION BeAHYHHON 0607109€YHON MONIPABKH B TOM
Cly4ae, €CIH C POCTOM 3HEprHH Bo36yxaeHHs obonoveyHble 3pdeKTh HCUE3AT 00HOSpe-
MEHHO KaK B [UIOTHOCTH YPOBHe#, Tak W B Oapbepe meneHus. Takoil BBIBOJ sBASETCS
CWIbHBIM apryMeHTOM B MNOJb3Y Pu3HuecKoil OOOCHOBAHHOCTH 1CTIONB3OBaHMS XHIAKOKaA-
MeNLHOTO MPUOITHXEHHs JUIA pacyera ceyeHHH 0oOpa3oBaHHMS MCI:PUTENIBHBIX [POAYKTOB H
NO3BOJIIET PacCMATPHBaTh XHAKOKanenbHoe NMpUOIHXeHHe KaK YHUBEPCATbHBIH MOIETbHBIN
BAaDHAHT, ONHCBIBAIOIIHIA CHTYAIMIO B Cllydae ObICTporo ocnabneHus BceX o60MoYeuHbIX ad-
(heKTOB C pocTOM SHEPrHM BO30OYyXIEHHS.

BmecTe ¢ Tem U3 puc.2 U 3 ciemyeT, 4TO pe3yNibTaThl pacyeTol., YYUTHIBAIOLUIHE BIUSHHE
o6osioueyHrIx 3¢hPekTOB MO CTaHTApTHOI cxeMe, Gosiee YIa4HO BOCTIPOH3BOAAT OTHOCHTEIb-
HBIA X0/l 3KCHEPUMEHTATBHBIX CeueHHH. BapuaHT pacyera ¢ MCnoi>30BaHHEM XHIKOKAIEIb-
Horo npubnmxenus gaer 6onee cinaboe nageHHe ceveHuit C POCTOM HEHTPOHHOTO HehUuMTa,
YeM 9TO CJIeAyeT M3 dKCnepuMeHTa. TakoH XapakTep pacXOXHEHHH pe3yjbTaToB pacyera C
SKCNEPUMEHTANIBHBIMY JaHHBIMU SBAACTCS TUMHMYHBIM TPH HCTIONb: OBAHHWH XHUAKOKAMEIbHO-
ro npubmxeHns B uccieayeMoit o6JIacTH simep M yXe OTMEYaIcs HaMH NPH M3yYyeHMH ce-
yeHHii 06pasoBaHus HelTpoHomeUUUTHEIX M3oTONOB PO, At M Ac [23—25].
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K cymecrseHHO Go/kIIHM TPYQHOCTAM NPHBOAAT MOMBITKH ONHCaTh B PaMKax YHCTO
XHAKOKaNensHoro npHOniokeHus BeCh MONYYEHHBA B HAIMX 3KCMEPHUMEHTaX MAcCHMB JaH-
HBIX (OKQIO 15 peaxumii) 0 ceyeHHsAX o6pa3’oBaHHs HCMAPHTENbHLIX NPOXYKTOB OT CBHHLA
[0 ypaHa B peakuHusx ¢ iloHaMu ¢ A $40. B stoM cnyuae, npH ycnopuu ¢huKCHpoBaHus
napaMerpa Ef/ Ev= 1,0, moHXOOHTCH TUIABHO YBeJIMYMBATh 3HaUYeHHS Koapduumenta C ot

0,65 no 0,9 npu nepexone oT koMnayHn-aaep Bi ¢ uncnoM He#rpoHoB N = 110 K KomnayHa-
anpaM Ra-Ac ¢ N =128+ 132, a 3arem pe3Ko yMeHbwaTh ero 3HayeHHs Ko C=0,65 npu
nepexofe X Komnayun-agraM Pa-U ¢ N =136+ 138 {24,26). Takum oOGpa3oM, B paMKax
XHIKOKanenbHoro npubumixenus koscppuuneHT C KaK 6bl «OTC/IEXHMBAET» BHayane pPoCcT
o60104eYHON NONPaBKH A OCHOBHOTO COCTONHMA OT Hyns (ans Bi) no 6 +8 MsB (una
Ac-Ra) u ee nocnenywoue: nageHde 00 Hyns npu nepexone k Pa-U. Heo6xomumocTsb cronp
CIIOXHOIO Bapbuposatus 1oadpuumnerta C Wis NOCTHXEHHS COITIaCHA C DKCTNIEPHMEHTAIb-
HbHIMH JaHHBIMH MPAKTHYE KH MOJHOCTBIO HCK/II0YAET BO3MOXHOCTh HCIQIB30OBaHHS XHIKO-
KaneJbHOTO NpHONMXKEHHs AN PacYeTOB XapPaKTEPHUCTHK Npoliecca AeBo30yXieHNs B HCCie-
Ayemoit obnacrtu saep.

B To xe BpeMs BeCb 0!)CYXIABLIHHACS BbILIE MACCHB SKCIIEPHMEHTAIBHBIX TaHHBIX O4EHb
XOpOLIO OMHCHBAETCA B paMKax HCIOJIb3YeMOro HaMH 000I0YEYHOrO BApHAHTA PacyeTa MpH

npakTHYecKH (DHKCHPOBaliHOM HaGope mnapaMeTpoB — Ef/5v=1,0 H C=0,63+0,70.

EnuHCTBEHHOE MPEANONoX HHe, KOTOpOE MPHXOIHTCA MPH 3TOM J€NaTh, COCTOHT B TOM, YTO
BEJIHYHHBI XHAKOKaneJbHbIX 6apbepoB AeneHHus 11 06pa3ylouiHXCA B 3THX peaKUHAX HeHT-
poHoAeHUHMTHBIX HYKJIHIOB HeoOxoaumo ymeHbwats Ha 30 + 40%, no cpaBHEHMIO C Mpen-
ckalaHusaMH Mogened Koe 1a — Ilnasuna — Cesareuxoro unu Cupka [18,27]. MoxHo Ha-
MOMHHTB, YTO Ha HeoOXOMIMOCTb YMeHblIeHHS KoapduuneHTa C BIUIOTh A0 BEJIHYHH, paB-
Hoix 0,6 +0,7, ansa npaBe/IBHOrO OMHCAaHHA B PaMKax HCNApHTENbHOH MOOENH CedyeHHH
AejeHHs KomnayHa-agep B obnactv ot Rh mo Os, yxaswiBan ewe M.Bnan B pabore [28],
omy6nukoBaHHHOH B 1978 rogy. OTcyrcrBHE B TO BpeMsSl HAJEXHbIX 3KCIIEPHMEHTIbHBIX
HaHHHX 0 Gapnepax mesieH 45 ANA HEHTPOHOAEMHUMTHBIX HYKIHIOB TAXesee Os MPHBENO K
3aK/TI0YEHHI0 O TOM, 4YTo Habmiomaembiii apdekT ABIgETCS CBOACTBOM TOJNBKO JIETKHX Je-
NALIMXCA ANEp; 3TO HAIWIO CBOE OTpaXeHWe B MOIEJIH pacyeTa GapbepoB AesleHHs, mpemo-
xeHHoH CHpkom [27]. B cBere o6cyXaaeMbiX HAMH HOBBIX 3KCIIEPUMEHTAIBHBIX OAHHBIX O
JeJIHMOCTH sfiep B obnacty ot Bi no U BeBOA 0O JIOKAILHOM XapakTepe NMOHMXEHHs Gapbe-
POB TepsieT CBOK0 apryMelTHPOBAHHOCTb, H HEOOXOAHMBbI MOMCKH HOBBLIX MOAXOAOB IS
o6GbiAcHeHHs Bcero HaGopa 1aHHbiX ot Rh go U.

Henas npeanonoxeHHe o TOM, 4TO B LUIMPOKOH 061aCTH Z BeIHUHHBI XHIKOKANEAbHBIX
6apbepoB gOesieHMA WISk EHTPOHONEPHUMTHBIX HYKIMAOB HEOOXOOMMO YMEHBLIMTh Ha
30 +40% no CpaBHEHHIO C MpeACKasaHWsMH Mogesed [18,27), Mbl He HCKiIIOYaeM, YTO
YaCTHYHO TakKOH pe3ynbTaT MOXeT ObiTh OOYCNIORNEH YNPOWIEHHSMH, CHEJAHHbBIMH NPH Bbl-
6ope MonesiH pacyeTa, B Y.ACTHOCTH, ¢ HCIIOJIb30BAHHEM TOIBKO OXHOro cBoGoaHOro napa-
MeTpa — KoagppHuHeHTa (. OnHAKO MOCTOSHCTBO 3TOr0 EIHHCTBEHHOrO CBOGOAHOIO Mmapa-
MeTpa B IHHpOKOH 06siacTH A M Z 11 o6pasylonxcs B peakuusx HyKNHIOB €Ba JIH MOXHO
OTHECTH K HEIOCTaTKaM HCIIOIb3yeMoro noaxofa. I103ToMy Mbl cuuTaem, 4yTo Aesio 3aKiioya-
€TCA HE CTQJIBKO B Orpylnie HHH MOJENH, CKONbKO B TOM, YTO 3KCNEPHMEHTANbHbIE JaHHbIE
TOBOPAT O HEOGXOMHMOCTH MOHMCKA JOCTATOYHO OGLIMX (PHIHYECKHX MPHYHH, PUBOASIHX K
6onee BEICOKOH, HEM 3TO OXMAAIOCH, JEJIHMOCTH HEHTPOHOAE(HUMTHBIX HYKAMAOB. OnHa U3
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MOMBITOK Takoro aHanusa Gbina coesnaHa B paGorax [8,29], B koropbix 6bu1 MpEmTOXEH H
NpOAHATH3UPOBAH HOBBI BapHaHT M30CIHHOBOH 3aBUCHMOCTH X ANKOKamebHbIX 6apbepoB
AeJIeHHs OT HEHTpOHHOro geguumra. [pyrHM BO3MOXHBIM BapH:HTOM OGBACHEHHS MOXET
SBISTHCA MPENNOIOXEHHE, YTO OTHOLIEHHE aCHMNTOTHYECKHX Ma))aMETPOB Ul IUIOTHOCTEH
YPOBHEii B IEUTENBHOM H MCNIAPHTENBHOM KaHanax AeBo36yxueHus Gonbiie eAHHALL. Kak
clegyeT W3 pacyeToB, MpPHBENEHHBIX Ha pHC.2 H 3, yBelHYEHHE MapaMeTpa BCero Ha 5%
NPUBOOMT K yBenmuyeHUio ko3¢pduunenta C go 3Hauenns 0,88. A janusom 3Toro npeanono-
XeHMs MBI 3aliMEMCs B CIIEIYIOILEM pa3le/ie CTaThH. :

HedTpoHHbIE IWWMPHHBE U BPEMEHA NEJE€HHSA
BLICOKOBO36yXIEHHBX KOMOayHA-A1€ep

BepHeMcs K aHanmu3y puc.2 ¥ 3, roe MpOBeAEHO CpaBHEHHE 3KCIEPHMEHTAILHBIX
BEJIMUHH CedeHHH 06pa3oBaHKs HCTIAPHTENIbHBIX MPOAYKTOB B XH- Il pXn-KaHaNnax B peaklHsax

22Ne + 194196198 ¢ nesynpTaTaMu pacueToB, cleNaHHbIX 1A TPEX HaGOPOB MapaMeTpoB:
a) Tzf/ E\; =0,95; C=0,45;

6) Ef/ Ev =1,00; C=0,63;
¥) 3,/3,=1,05; C=0,388;

BHIHO, 4TO /1% BCEX TPEX BADHAHTOB PAaCYETHbIE KPHBHIE JOCTAaTOMHO XOPOIIO COMIacy-
IOTCA C Pe3YNbTaTaMH KCINIEPUMMEHTOB H He BLIXOHAT 3a mpedessl omHbok WaMepeHud. Kak
yXe OTMEYanoCh, B CTATHCTHYECKON MOMENH HMeeTcs [Ba MapaMeTpa, OMNpeaesaolHX
nenuMocTsb sapa — C u @,/ @ , HeGonbLIOEe BapbHPOBaHHE KOTOPhIX MPHBOIMT K 3HAUHTE/b-

f

HOMY M3MEHEHMIO cedeHMil 00pa30BaHis MCIIapHTENBHBIX NMpoAykKToB. Bonee Toro, u3 puc.2
¥ 3 BHAHO, 4TO MPH MPABHILHO NMONOGpPaHHOM KOPPETHPOBAaHHOM H3MEHEHHM OOOHX mapa-
METPOB MOXHO MOJy4aTh OJMHAKOBO XOpOILIEe COIMAaCHE PacyeTos C 3KCNEPHMEHTaNbHBIMH
BEJIMYHHAMH CEYEHHMH WIS pasiHYHbIX HaGOpOB 3THX mapameTpcB. I103TOMy HEOGXOAMMBI
AOMOJIHUTENIbHBIE SKCMEPUMEHTAIbHbIE HaHHbIe, MO3BONANIME [POTECTUPOBATh BEJIHYHHBI

napamerpos C u Ef/ a,, HE3aBHCHMO JIPYT OT Apyra.

OnpuH u3 Takux HaGopOB JaHHBIX, MOOXONAWMX TSI TECTHPHBAHHA, MOTYT COCTARIATH
OaHHble 00 OTHOLUEHMAX (F"/Fm), MONyYeHHBIE U3 SKCMEpPUMENTATbHBIX OTHOLIEHHH ce-

yeHHii 06pa3oBaHHA OMHMX M TEX X€ HyK/IMIOB B PEAKLMSAX C Pa3iTMYHbIM YUCIIOM CTYTEHeil
B HCMApMTE/IBHOM Kackajie. DT0 OGYCIOBJIEHO TeM, YO BIMAHME 11a AETHMOCTb MapaMeTpoB
Ef/ a, u C pasMYHO MpPH Pa3NUYHLIX SHEPrusx Bo3byxuenus. [lupamerp a./a, B Gonpied

f

CTEneHU ONMpefesseT AETUMOCTD SIEp MPH BBICOKMX 3HEPrusx Bo3OyXHeHUs W 3agaeT YHCIIO
IIAHCOB [E/IEHHS, B TO BpeMs Kak mapamerp C onpenenser ZelHMOCTb BOIM3H 6apbepa he-
NIEHUS [IPH HU3KMX SHEPrHUAX.

Ha puc.4 npuBefeHB yCpeIHeHHBIE MO YITIOBLIM MOMEHTad [ pacqen-me 3HayeHHs

(l"’l /T,

OT 3HepruM Bo3GyXHeHHs WA TpeX 3HAYeHHH OTHOINEHHMH a./ Ev. YcpenHeHHe NpOBENEHO B

f

auanasoHe yrnoBbix MOoMeHTOB [ ot 0 po 40, tak Kak 3TOoT Ha.Op MOMEHTOB MOJIHOCTHIO
onpefesdeT 3HaYeHHA CeYeHUil B MAaKCUMYMe BbIXOIOB B HaHHO#H o6nactu sgep. Kpome Toro,

ot) Ha ﬂCpBOH CTYMNCHH KacKkajga UCMapCHHd Vi1 KOMIIayHO-1gpa ORa B 3aBUCHMOCTH
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B 3TOM HHana3OHe Mapuk AbHbIE H CPEAHHE 3HAYCHHA (l""/ I"wl) NpPaKTHYECKH COBMAJaIoT.

MOXHO OTMETHTb, YTO JaCIUHPEHHE HMHTEPBANAa MHTETPHPOBAHHMA NO 3HAUCHHUH, PABHBIX
ll{p =70, npHBOAMT K yme dbwennto sennynt (I, /T, ) B 1,5 pasa.

Ha puc.4 Toukamu noika3aHsl 3KCNIEPHMEHTANIbHbIE 3HAYECHHA (I‘n/l"tot) I KOMITayHAI-
anep 218220p, Ouenky skcnepumentanbHoit Bennuntn (I' /T, ) MOXHO caenats, Hcnons-

3ys OTHOLUEHHS ceyeHHil 06pa3oBaHHA IUIA Aapa A=X7 B KaHalaX C HCIYCKaHHEM X7- H
(x + 2)n-HeliTPOHOB M3 KOMIAyHI-ANEP, CMEIUCHHBIX NPYr OTHOCHTENBHO Apyra Ha JBe
€IHHHLBI N0 Macce:

o, O (x+2)n r
~Et z, 4,422 S * 2n (=0,

m OCN(m) I‘tot
e O p\(x +2)n 4 O, (xn) — CeueHHs ofpa3oBanus KOMNayH-sApa NpH IHEPrUsX, COOTBET-
CTBYIOLIHX MaKCHMYMaM I3BIXOMOB Juls peakuuii (x+2)n H (xn); I"n/ I‘m‘ — CpefHee 3Ha-

YeHHe NMapuHanbHOH HEHTPOHHOH IIHPH-

Hbl U KOMNayHA-aapa “Z NpH 3HEPrHH

I';, / I‘tot Ra-220 BO30yXeHHA, COOTBETCTBYIOLIEH MaKCH-
[ 1=40 MYMy BbIXOA s (X + 2)n-peaKkuuH.

IIpu atom Mbl npeHeGpernn BO3MOX-
HbIMH H3MEHEHHSMH YIIOBOrO MOMEHTa
Ha NepBbIX [OBYX CTYNEHAX HCIAPHTENb-
i HOIo KackKajga, HeOONbIUHM YLUHPEHHEM
topMbI H cMelleHHEM MO SHEPrHH MOJIO-
1 KeHHs MaKCHMyMa BbIXOJa KOHEYHOro
anpa. [lpennonaranock Ttakxe, 4to ce-
1 yeHHe  00pa3oBaHMA  KOMMayHI-sipa
o0paTHO NPOMOPUMOHATEHO  3AHEPTHH
. 6oMbapaHpysOLIX HOHOB B CHCTOME LIeH-
Tpa Macc. B pacuerax HCROSBL30BANMCH
d TO/MbKO CEYeHHs peakuuid ¢ x =6, yTobbl
He YJYHTBIBATb RIHAHHA KYJIOHOBCKOIO
04 | / 1- af/an=0.95 i Gapbepa Ha cedeHHe CIIMSHHA. DKCNEpH-
/ 2- af/an=1.00 MEHT&IbHbIE 3HA4YEHHA BENIHYHH OTHO-

3 af/an=1.05 LIEHHi CEeYeHMil H OMpeeneHHblE TaKUM
® - experiment

i

1.0 . .

06

cnocoGoM cpegHHe 3HAYEHHSA NPHBELEH-
o2 Lo v v v 0 HBIX HEATPOHHBIX LIMPHH AaHbl B Tabu.6.
“0 20 40 60 80 100 120 140 TAmMOMHHM, UTO TOYHOCTh M3MEPEHHS
%* OTHOLIEHHH CEYEHHH B HaUIHX DKCHEPH-

E, MsB MeHTax cocTamnia +15%, u, cienosa-

TenbHO, TouHOCTh onpenenenus (I /T, )

6b1a paBHa (7 + 8)%. C yyeToM 3TOrO
H3 CpaBHEHHA 9KCMEPHMEHTANbHHIX H
pacyeTHbIX JaHHBIX Ha PHC.4 OMHO3HAYHO

Puc.4. CpaBHeHHE 3KCTIepHME {TANBHLIX W PAacYeTHBIX
3HaYEHHH CPEOHHX MapUHATLH X HEHTPOHHLIX WIHPHH

18 KOMMayHA-suiep 28220pa. loscHeHNA cM. B TeKcTe
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TaGauua 6. 3uauenns CPeNHHX OTHOCHTEJILHBIX HEHTPOE HBIX IIHPHH

E’, MsB x o(x +2)n o (xn) T, /rm!)2 r/T,,
olxn) o (x+2)n
2, /Mg, 70 6 0,62 1,20 0.74 0,86
.......... 90 8 0,58 . 1,16 0,67 0,82
2sp, 26p, 73 6 0,68 1,20 0,81 09
.......... 95 8 0,61 1,16 0,71 0,84

ClieoyeT, YTO PacyeTHbie 3HAYCHHS (I‘"/ I, ,/» TONy4eHHbIE B TpeTheM BapHaHTe pacyera,

CYLIECTBEHHO PacXOATCH C 9KCIEPHMEHTATbHBIMH Pe3y/ibTaTaMH.
Takum o6pa3oM, BapHaHT pacyeTa C 5f/ Ev =1,05 AONHOCTBIO HCKIIIOYAETCH, H Mbl UME-

eM yOenuTeNbHBIH 3KCIIEPHMEHTATIbHEI apryMEHT B MOJIb3Y HCIIO.Ib30BaHHA B pacyeTax ce-
yeHUH 0Opa3oBaHHA HCMApUTENBHBIX MOAKTHHHAHBIX KOMNAyH]-sfep TOJBKO 3HA4YEHHH

a,/a,<10.

[TonyyenHsie akcnepuMenTanbreie 3HaueHHs I° /T = CBMAETEIBCTBYIOT TaKXE O TOM,

YTO BKJaJ B ACNHMTENbHBIH KaHal pacnaaa KoMInayHa-sgep % 0‘218’216Ra C HayanbHOH

w“ * “
aHeprueii Bo30yxaeHus E =80 + 100 MaB BHOCST MHOIO CTyneieil HCIIAPHTENLHOTO Kac-
KaJia, YTO MOMHOCTBIO COIJIACYETCH C pe3yibTaTaMH pacyeTa.

H3MepeHne OTHOLUGHHH cevyeHHil 00pa3oBaHHA HYK/IHAA B peakuusX C pa3THYHbIM
YHCJIOM CTYIIEHEH B HCMApUTENbHOM KacKale MO3BOJSET HaM He TJIbKO 9KCIIEPHMEHTATbHO

OrpaHHYUTb BO3MOXHBIH [HANa3oH BapbHPOBAHHUs MapaMerpa Ef/ 1, HO M MO IKCTIEPHMEH-

TalbHBIM 3HAYCHHSAM BETHYUHBI (I‘"/ I‘tm) Ha MEpBBIX CTYNMEHAX KacKaja AeBo30yXaeHUs

OMpelenHTh CPEefHEe YHCIIO MPEACEAIOBLIX HEHTPOHOB M CPaBHH b €r0 C IMOJHBIM UHC/IOM
NpeNICTHTENbHBIX HEHTPOHOB. [ MILTIOCTPALIMH 3TONO YTBEPXI¢HHA Ha PHC.5 NMpPHBEACHBI
3aBHCHMOCTH YHC/a TIPEICEVIOBbIX HEHTPOHOB OT 3IHEPIMH BO3OYXIEHHS KOMMayHA-sapa
V19 BCEX TpeX BapHAHTOB PacyeTOB.

PacueT uncna NpeoOETHTEbHBIX HeilTpOHOB, HCITYIIEHHBIX Q¢+ JOCTHXCHHA AOpOM Cel-

JIOBOH TOYKM, AA€T W1 9HepruM Bo3OyxmeHus 100 MaB (npu uH1erpupoBanuu no [ go 40)

BEJTMYHHBI V;’:ic=3,0 u V;’ZC:S,O NpU 3HAaueHHWsAX mapamerpa d./d, pasHeix 1,0 n 0,95

(cM.puc.5). ToukamMH Ha puC.5 MoKa3aHbl SKCNEPHMEHTATbHbIE JaHHbIE 11 MOJHOIO YHC/IA
NpefIe/IMTE/IbHBIX HEHTPOHOB B 3aBHCHMMOCTH OT 3HEpPruH BO30yXHEeHHs, MOJy4EeHHLIE B

pabore [30] mia koMmayHa-smpa 2B, CpaBHEHHd NMOKa3biBAIOT, YTO NMPH HCMOJB30BaHHH

3Ha4YeHHH mapameTpa 5f/ d,, PaBHBIX WM MEHBIUHX EIMHHUBI, PAcyETHbE 3HAYEHHs COBMNa-

JAT WIH AaXe NPEeBOCXOJAT IKCIIEPHMEHTATIbHbIE BeIMYMHBL. Ta<oii, HeOOBIYHBIH Ha rnep-
BBl B3MIAM, XapaKTep PACXOXJCHHS, B MPHHIMIE, JIETKO OOBACHHM: BKJIQN MapLUATLHBIX
BoH ¢ /<40 B monHoe ceyeHHe cnusiHuA coctaBnsgeT =30+ 4(%, 1 noaToMy OCHOBHas
4acTh CeyeHHs JETHTENbHOH Moabl Oyaer onpenensaTbca Gosiee BHICOKHMH 3HAYEHHSIMH YIJIO-
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BbIX MOMeHTOB. EcC/IH npe 1nosioxuTs, uro 10 T T T T T
B SKCAEPHMEHTaX TNO OMNpelesIeHHI0
V}{re PETHCTPHPYIOTCS OCKKOJIKM AeneHHs  ° - Vpre Ra - 220 7
COCTABHBIX SLEP C YINOBLIMH MOMEHTaMH 1=40 i
BILIOTb A0 I , TO B paccMaTpHBaeMoH
peaKuuu NpH IHEPrHH BO:OYKICHHS, paB- |

i "Il 1- af/an=095 1
Hoii ~100 MaB, HeoOXORHMO YYHTHIBATD -

2- af/an=1.00 %

B pacyeTe BCE NapUHiNbHbE BOTHEL | 3- af/an=1 05 j
Bruiots o I =70. B atom ciyyae pac- ~
YETHBlE 3HAYEHHS BEUUIH IS V;‘:ﬁc sk d E i
NOYy4aloTCA paBHBIMH l_,_8 H 2,8 npH 3Ha- e E 2 |
YEHHAX mapaMerpa af/ a, paeubix 1,0 w4 F / E
0,95 coorBercTBeHHO. TikuMm o6pa3som, E E

Jaxe B 3TOM Cllyyae 0/ NpeacenioBbiX 3r i/ 7]
HEHTPOHOB B MOHOM YHCI 2 IPEAAETHTENb- E
HBIX HeiiTponoB 6yner coctammaTs ot 50 1o 2
80%. . —_— 3

JONO/NIHHTENIbHO MOXHO OTMETHTH, 1 — T -
YTO MPH CPaBHEHHH C 3IKCMEPHMEHTAlb-
HBIMH JaHHBIMH MCMONIb30BAHHE B pacye- I A ] | o
Tax MoJHOro Haopa yriC BHIX MOMEHTOB 40 60 80 100 120 140 160
BIL1OTh 10 Icr MOXET OKa3aTbCd He COB- *

E ., MsB

Puc.5. PacyerHbie 3HaueHHS 4HCIa NPEACETOBBIX
NAETCA M3 COBMaNeHHs HEHTPOHOB C  HeilTPOHOB MpPH DasNWYHBIX 3HAYEHHAX flAPAMETpa
OCKOJIKaMH JeJieHHs . OCKC(10YHbIE JETEK- Ef/ Zz'v. To4yku — 3KCNEpHMEHTATbHBIE RaHHbIE WIS
TOPH, KaK MPAaBHJIO, CTOAT NOJ YIIaMH,
6nu3kumu x 90° [31]. Kak u3BectHo, mid
Komnayug-saep ¢ A ~ 200 4 yrnosbiM Mo-
MeHToM ~70 ymoBas  aHHM3OTpONHA
OCKOJIKOB AeNneHHst =4, 1 clienoBaTellb-
HO, nof yramu, 6H3kHME K 90°, BKaX OCKOJIKOB OT AeJieHHA KOMIayHa-aaep ¢ GonbHMH
yriloBbIMH MOMeHTamH Oyper ocnabneH. BeieacTBHe 3TOro peanbHasd BeIHUHHA MaKCHMalib-
HOro YIJIOBOr0 MOMEHTA [J Habopa ReNsAIUHXCA sOep, HCCledyeMblX B KOpPEALHOHHBIX
9KCMEPHMENTaX, OyIeT Met bLle, YeM Icr I KOMIayHA-41pa, a TaK KaK YHCJIO MpeacemoBbIX

\

ceM KOppeKTHbIM. Jlesio B TOM, 4YTO 3KC-
NepHMeHTaNIbHas BEJIMYHHA vp" onpene-

MOJIHOMO 4HCMa MpendeTHTEIbHBIX HEHTPOHOB, MONY-
YeHHble IS KoMIayHA-1apa 23p,

HEHTPOHOB pacTeT ¢ yMmenbiienueMm (1), To yyer storo sdpdekra B pacuerax NpHBENET K
HEKOTOPOMY YMEHBIIECHHIO Pa3sHHLBI MEXIY PacyeTHOH H 3KCINEPHMEHTATbHOH BETHYHHOH

pre ’
Hal(oueu, HCIONIb3YyA [aCUETHLIE 3HAYCHUA WHPUH, MOXHO OUCHHUTH CpegHee BPEMs Bbi-

XOfa KOMMNayHI-aaep 2%a ¢ yIIOBHIMH MOMeHTaMH [<40 B cemnosyo Touky. Tak,
Hanpumep, Wi 3Hepruil Bo3byxaenus 100 u 80 MasB u /=30 oHo paBHO 2,7.10720

-20
3,610 “" ¢ coOTBETCTBEHH ), YTO HA MOPANOK BeNWYHHbI OoJbule, YEM BpeMeHa MCTIRPEHHs
HEHTPOHOB NPH TEX Xe JH:Prusx BO3OYXIAEHHS.

CH
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5. 3akia4yeHHe

KpaTko pe3loMHpyeM OCHOBHBIE BBIBOIbI M Pe3yabTaThl paboTsl.
YcraHosneHo, YTO B auana3oHe sHeprud Bo30yxaenus ot 10 mo 130 M3sB ceuenus

06pa3oBaHHs HCNAPHUTEIbHBIX MPOLYKTOB B peakLHsX 2INe + 194196198 XOPOILO OMHCHIBa-
J0TC B paMKaxX CTaTMCTHYECKOH MOIEIHM HCTApeHHs ¢ yuyeToM ol)0JIOYEeUHbIX MOMNPaBOK 1O
Hrmarioky. Kak NMoka3blBalOT Hallld HACTOAIIHE W TNpeIbIIyliHe HCCIEN0BaHMA, HCNONb30-
BaHHMe TaKOro Moaxoga NMo3BoNiseT ¢ OgHUM HaGopoM MmomenbHbIX mapaMerpos (C=0,6 + 0,7
U 5f/ Zivs 1,00) npaBuibHO OMMCHIBATh BETHYHHBI CEYEeHHH 0OGpa30oBaHMS MCNAPHTENbHBIX

NPOAYKTOB B LIMPOKOH obnacty koMnayHa-agep — ot Bi no U.

H3MepeHue OTHOLIEHHH ceueHHI 06pa30oBaHHsd OJHOIO M TOT') Xe HYKJIHIAa B peaKLHiX
C pa3HBIM YHC/IOM CTyNEHel B MCNApHTENbHOM KacKaje MO3BOJIIO C XOpOlleH TOYHOCTBIO
OTpelenuTh BeIHYMHB NapLUHATbHBIX HEHTPOHHBIX WUHPHH NPH BLICOKHX SHEPTHAX BO30yX-
JeHus KoMnayHi-sapa. KpoMe Toro, Kak 1nokasajio CpaBHEHHE C PacYeTOM, BEJIHYHHBI OTHO-

LIEHH# CeueHHii Yyepe3BblYalHHO YYBCTBHTEJIbHBL K 3HAYEHHIO MapaveTpa Ef/ a,, ¥ MO3BOMAIOT

OTIpEESTHTb €0 C BBICOKOH CTENEHbI0 TOYHOCTH. TakuM 06pa3oM, TECTHPOBAHHE PacyeTOB
no aBymM HabopaM 3KCHEPHMEHTIbHBIX JaHHBIX — CeyeHHs o0pa3oBaHHs M OTHOLIEHHS Ce-
YeHHH — TIO3BOJIAET HE3aBUCHMO OMNpENEJIATh 3HaueHHs 00OMX CCHOBHbLIX NApaMeTpPOB MO-
IeNH, YTO HEBO3MOXHO NMpPH TECTHMPOBAaHMH pACYETOB TOJNBKO MO CeYeHusM 00pa3oBaHHs
HCTIAPHMTEIbHBIX NMPOLYKTOB.

DKCNEpHMEHTANIBHOE OTNpeNie/ieHHe NapaMeTpoB Ef/ Ziv H C 1no3BONSAET CYIECTBEHHO

TIOBBICHTb JOCTOBEPHOCTb PAacyeTOB H NPaBH/IBHOCTb OMNPEHESIEH 1 TaKHX HE H3MEpPAEMBIX
HEMNOCPEACTBEHHO B 3KCIEPHMEHTE BEIMYHMH, KaK NapUHaNbHble NEAHTENIbHBIE IIHPHHBI Ha
Pa3IMYHBIX CTYNEHAX HCMAPHTEILHOTO KacKada M UMCIIO fpelcel 10BbX HedTpoHoB. [1poBe-
AeHHble B paoTe pacueTsl MOKa3amd, YTO U JOAKTHHHAHBIX SOep 3HAUMTENbHad 4YacTb
npeagesHTenbHbx HeATpoHOB (0T 50 mo 100%) sBnsioTcs npence;vioBbIMU. Takum obpasom,
MOXHO KOHCTaTHpOBaTh, YTO i MCCIEHOBAHHBIX SAEp CTaTHCTHYECKHE pacyeThl BIIOJIHE
YIOBJIETBOPHTE/IPHO ONMMCHIBAIOT KaK IUMPHHBI pacriaga CHIbHOBO3OYXIEHHBIX sfaep, TaK H
MHOXECTBEHHOCTb NMpPEMAEIHTENbHBIX YaCTHI BIUVIOTb A0 3Hepruu ~130 MaB.

Bo3HHKaeT ecTECTBEHHbIH BONpPOC: A0 KaKHX SHeprHi Bo3OyxineHHs mpoponxaer pabo-
TaTb CTaTHCTHYECKad MOMENb H MOXHO TOBOPHTh O MOJHOM CJIMAHHH W OblcTpoil Tep-
MAIH3AUHM KOMINayHI-A1pa KaK OCHOBHOM MeXaHW3Me o0pa3oBaHHs MCHApHTENBHBIX NpPO-
IyKTOB. MBI mpedmnonaraeM NPOJONXHTh HavyaTbie B 3TOH paGcTe M3MEpeHHS BIUIOTh JO
sHepruii Bo3byxaeHus ~200 MsB u Haneemcs, ¢ MOMOLIbI0 HMEK LUEHCS B HAllleM pacrops-
XEHHH CerapaToOpHOH METONMKH, 3KCTIEPHMEHTATIBHO BHUIENHMTH KaHal 00pa3oBaHHs KOMNa-
YHIO-Spa H NPOBECTH CTATUCTHYECKHI aHAJIH3 PAFTMYHBIX KAaHAIOB €ro JeBO30yXIeHHs.
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AXIAL INJECTION SYSTEM FOR THE U-400M CYCLOTRON
WITH AN ECR ION SOURCE

G.G.Gulbekian, 1.V.Kolesov, V.V.Bekhterev, S.L.Bogomolcv,
A.A.Efremov, M.N.El-Shazly, B.N.Gikal, A.I.Ivanenko,
V.B.Kutner, V.N.Melnikov, Yu.Ts.Oganessian

The results of calculation, design and construction of the axial injection system for the
U-400M cyclotron with an ECR heavy ion source are presented. The 1J-400M cyclotron and
ECR ion source combination allows one to increase the heavy ion beam intensity and
expand the range of the accelerated ions at the U-400M cyclotron. 'The technical data for
the axial injection system parts and the DECRIS-14 ion source test results are given.

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

CucreMa aKCHAIBHOH HH)KEKIIHH LHKJIOTpoHa Y-400M
¢ DIP-HCTOYHHKOM HOHOB

I'.I''I'yrvbexan u Op.

B cratbe nMpecTaBieHbl Pe3ybTaThl PacieTOB, MPOEKTHPOBAHHSA H CONAHHMA aKCHAUILHOIM
HHXEKUHH TAXEIbX HOHOB B UMKIOTPOH Y-400M u3 ucrounuka tura DLP. Kombunauus
uMKIoTpoHa Y-400M ¢ DLP-HCTOYHHKOM HOHOB MO3BOJIAET YBEJIHYHT > HHTCHCHBHOCTD Iy4-
KOB TAXETbIX HOHOB H PAacUIMPHTH MHAMNa30H YCKOPAEMBIX HOHOB Ha UMKIOTpoHe Y-400M.
TpuBeAeHB! TEXHHYECKHE NApaMETphl OTAEILHBIX CHCTEM AKCHANbHOH HHXCKUHH H pe3ylib-
TaThl CTEHNOBRIX HenbeiTauuit DLP-ucrounuka DECRIS-14.

Pabora seinosiHeHa B Jlaboparopuu azepusix peakuuit uM.I.H.®ncposa OUSAH.

Introduction

The isochronous cyclotron U-400M was started in 1991 with an internal PIG ion sour-
ce, and internal beams of accelerated ions were obtained. The parameters of the internal
beams produced with the PIG ion source are listed in Table 1. Accelerated ion beams in the
mass range from He up to Ar are produced {1]. In 1993, the first p1ysical experiments using

41 spectrometer FOBOS were carried out on the extracted "Li?* bzam. For this moment we
have reached the limit of the PIG ion source possibilities in the production of the highly
charged ions. We are limited by the source itself and by vacuum losses of the accelerated
beam due to the gas loading of the vacuum system by the gas flow from the source. The
main disadvantage of PIG ion source is the AC mode of operation. So, further development
of the U-400M is connected with the use of an ECR ion sources with an axial injection



Gulbekian G.G. et al. Axial Injection System

Table 1. Ion beam parameters of U-400M

U-400M + PIG U-400M + ECR
lons Energy Me.V/n Intensity, pps Expected intensity, pps
*He* 30 1.0-10"
oLt 50 1.0-10"

Li* 4 6.0-10"3 6.010"
12c3+ 30 2.0-10"
I2ch 5.010"
12c6r 2.010!!
L Vit 26 20103
MN# 40 2.0-10'
NS 60 5.010" 5.010"
160> 15 20101
l6g* 30 3.0102
6% 48 2.0.10" 2.0.10"
BN 6 5.0-10"
WNe* 20 : 5.0-10"2
BN 30 3.0-10*
NS 46 1.0-10'2 2.010"
“ppt 6 2,010
O 10 1.0-10"3
2gl0+ 49 4.010'2
“ca'* 44 1.010"
i O n 6.010'!
1292 2 6.010'"
lSITa29+ 15 8.0-1010
By 6 4.010"!
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system. In Table 1, expected beam intensities in combination ECR + U-400M at an effi-
ciency of beam transmission of 20% are presented. The use of an ECR ion source will allow
us to increase the reliability of the cyclotron and to run RF in DC mode with the use of
stabilization systems and produce a continuous beam.

ECR Ion Source

Designing of the electron cyclotron resonance ion source DE(CRIS-14 was started in the
beginning of 1990 [2]. ECR ion sources provide the ion beam vrith a higher charge and a
lower emittance (100 ®* mm.mrad) in comparison with a PIG ion source. With the use of
gaseous working substances an ECR ion source has a practically unlimited service life. The
consumption of working substances for an ECR ion source (about 0.05 cm>/min for

gaseous) is substantially lower than for a PIG source (about 0.2 cm>/min for Xe). This
advantage of an ECR ion source is very important for use of the rare enriched isotopes as
a working substance. For example, the consumption of “8Ca is 0.25—0.4 mg/h for an ECR
ion source and 4—10 mg/h for a PIG source. The total power coisumption for an ECR ion
source is within the range 50—150 kW. The scheme of the DECRIS-14 ion source is shown
in Fig.1. It consists of two stages. Both the stages have a magletic mirror configuration.
Axial magnetic field is produced by water cooled coils which consume a power of about
130 kW. The minimum B configuration at the second stage is produced by a superposition
of an axial mirror field and a radial hexapole field.

N

|

xL_J—
=l _

pump |
um
t 1m Ip P

X coils [ hexapole iron { insulator

Fig.1. The scheme of the DECRIS-14 ion sot rce



66 Gulbekian G.G. et al. Axial Injection System

Table 2. Some multiply charged ion current from the DECRIS

lon/charge 4 s 6 7 g 9* n Support gas
N 270 9% 17
(o] 16) 87 26
Ar 70 24
Ar 120 110 70 15 oxygen
106 . Coils: 8x12 turns J = 1000 A/cm®
i, N:& —
vy
He k7¢ // %
¥t ~ UHF
<
> o 1
. — e gas feed
— . ]
j D N L}
% e
H; ku* 1 h kﬂo é ; l
A pump
H “ b Co- ﬂ'}:{ 0,, 450

D] - coils [ - hexapole {4 - iron

Fig.2. The charge-state “disiribution of Fig.3. The scheme of the magnetic structure of the new,
Ar ions more compact jon source

The NdFeB hexapole has a magnetic flux concentration geometry. A turbomolecular

pump provides 2:107° Pa background pressure through the injection and extraction sides of
the source. The whole source body including the plasma chamber and the hexapole are
insulated up to 25 kV and connected to a high voltage power supply, except for the sole-
noids, vacuum pumping, and the beam line. A commercial UHF generator working in the
frequency range of 14—14.5 GHz with a maximum output microwave power up to 2.2 kW
is used. The generator is connected to the ion source through a high voltage insulator and
a tight BN window. Some multiply charged ion currents from the DECRIS are listed in
Table 2. The charge state distribution of Ar ions is shown in Fig.2. The new, more compact
ECR ion source is now under test. The scheme of the magnetic structure of this ion source
is shown in Fig.3. The a:ial magnetic field is formed by water cooled coils and soft iron
yoke. In collaboration with GANIL group the ECR4M ion source is being developed now.
The magnetic structure o’ the source is designed to provide the operation in a frequency

range 14—28 GHz, aiming to increase the intensity of Ca'** beam up to 10" pps. GANIL
will deliver to the FLNR “he ion source equipped with a beam analysis line. The scheme of
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DECRIS-14 Lens
Bending magnet
! Turbo Steering magnets
pump
0 Cryagenic pump
i 1
2 Salenoids
1
Buncher
Median plan Mirror

-
|

Fig.4. DECRIS-14 ion source injector ELEV

Fig.5. The plan view of ECR4M (GANIL) and DECR]S-14 injector
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the GANIL injector and tt e DECRIS injector disposition on the top of the cyclotron magnet
are shown in Figs.4 and 5, respectively.

Magnetic and Focusing Elements

Several configurations of the axial injection system were considered. We chose the
shortest beam line with 1 minimum number of optical elements which is necessary to
provide the required degrees of freedom. The beam line consists of short solenoid (lens) in
the horizontal part, which is located at 210 mm away from the ECR ion source, three long
solenoids in the axial magnet hole; and a bending magnet is located at 1.22 m away from
the lens, which carries our two functions:

1. Beam momentum analysis,

2. Beam bending into the vertical channel.

The lens focuses the :xtracted beam at the entrance slit of the analysing magnet. The
slit is located at 42 cm after the lens and 80 cm before the analysing magnet. A nominal
beam size of 15 mm has been assumed at the entrance slit of analysing magnet. Charge state
selection is provided by a 90° vertical bending magnet running up to 1.4 kG. For Z/A =
= (0.5 and 25 kV injection oltage, we need 0.89 kG of magnetic field. The main parameters
of the analysing magnet aie listed in Table 3. The second slit is situated at 80 cm after the
bending magnet. At the sccond slit position, the ion beam dispersion is 1.6 cm/ %. First
order calculations have been performed using TRANSPORT code. The optical parameters
of the elements provide transmission of the beam with the emittance of € = 150 * mm.mrad.
As an example, the envelopes of the ion beam with Z /A =0.5 are shown in Fig.6. The
fringing magnetic field in the axial hole, which is plotted in Fig.7, was represented by a
number of short solenoids with a corresponding strength of magnetic fields.

_Table 3. The main parameters Table 4. The main parameters of the lens and solenoids
of the bending magnet

Parameters Solenoids Lens
Magnet radius 400 mm

Maximum axial magnetic field |1 kG 4.9 kG
Wedge angles 26.5° Effective length 42 cm 12.6 cm
Dispersion 1.62 cm/ % No. of turns 80 256

Iron-yoked thickness 1 cm 1 cm
Vertical gap 80 mm .

Solenoid length 50 cm 20 cm
Maximum current (22 A Unner diameter 195 mm 106 mm

ductor di i . . . .
Maximum volt 8V Conductor dimensions 11.5x11.5 11.5%x11.5
mm mm

Water flow rate 4 LM Maximum current 500 A 321 A

Power consumption 3.15 kW 5.78 kW
Temperature rises  |70°C

Water flow rate 0.671/min 2.41/min

Temperature rise 8 degrees 34 degrees
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Lens magnetic field
M:iximum magnetic field = 4.9 kG
Effictive length = 12.6 cm
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Fig.8. The axial megnetic fields for the lens and
the solenoids .

The main parameters of the solenoids and the lens are listed in Table 4. The solenoids,

lens, and bending magnet designs were done with Poisson prcgram. The axial magnetic

fields of the lens and the solenoids are plotted in Fig.8. The transverse distribution of the

magnetic field of the bending magnet is plotted in Fig.9. The beam is focused after the

solenoids by the fringing magnetic field. To get beam dimension less than 1 cm (at the
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Fig.9. The magnetic field distribution (in kG) of the
bending magnet

 mirror entrance) we need not more than
0.9 kG. in any solenoid. The short beam line
allows us to reduce the vacuum demands. To
increase the vacuum conductivity of the ver-
tical channel, we increased the inner diameter
of the beam guide pipe inside the axial hole up
to 150 mm, thus we enlarged the diameter of
the axial hole up to 300 mm.

The losses due to residual gases in transmission line are calculated for some ion beam
to get the pressure needed inside the ion guide pipe. In order to get the charge exchange
cross section in this range of energies, we used Milller and Salzborn formula [3). Nitrogen

16 +5 48 +14
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Transmission factor for O =98%

Transmission factor for “ Ca' = 93.

4%

is considered as a residual gas. The
transmission efficiency with respect to
the pressure in Torr is plotted in Fig.10.

We chose 10~ Torr as working pres-
sure inside ion pipe guide. To provide a

vacuum of 10~ Torr differential pum-
ping is used. The gas flow from the ion
source is evacuated in the horizontal
line part which is separated from the
main line by a diaphragm. This part is
pumped by a turbopump and a cryo-
pump with a pumping speed 500 I/s and
3200 I/s, correspondingly. At a gas flow
of 0.05 cm>/min the vacuum 10~ Torr
will be provided. The main part of the
channel is pumped by two cryopumps
with a total pumping speed of 6400 I/s.
The preliminary vacuum is provided by
a turbopump. The inner surface of the
beam guide pipe was specially treated
to reduce the outgasing flow.

Fig.10. Some ion beam losses due to pres-
sure
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Inflector and Central Region

The main feature of the axial injection system, which was tal:en into account during the
central region calculation, is the injection voltage from 16 to 25 kV, which is low com-
paring with the voltage of four dees from 140 to 200 kV. The oftimum initial radius of the
central ray at the first gap is 50 mm, which is determined from the optimum centring and
first turn energy gain conditions. An electrostatic mirror has been considered [4] in order
to have the smallest inflector, well shielded against the RF voltage, and be able to inject the
beam into the maximum radius. The mirror is centred on the axis of the cyclotron. The
calculations for such a mirror were done analytically. Mirror parameters have been chosen
by taking as reference case the Z /A =0.5 ion injected at 25 kV in the magnetic field 1.45 T
with a corresponding magnetic radius 22 mm. The mirror structure consists of an electrode,
a grid, and an outer cooled copper shell at ground potential. The gap between this shell and
the high voltage electrode is 7 mm. The main parameters are obtained:

1. the angle of the mirror grid with the median plane =47°,

2. mirror voltage V=23.6 kV,

3. distance from the cyclotron axis to the exit point pro_ucted in the median plane

=14.6 mm,

4. distance between the electrode and the grid =9.2 mm,

5. maximum applied electric field between the electrode anc the grid =25.6 kV/cm.

We couldn’t increase the angle between the mirror and the m edian plane more than 47°
to get bigger radius because of increasing the mirror dimensions. The maximum injection
voltage of ion source is 25 kV for Z /A = 0.5 and the second harmonic, and according to the
constant orbit principle, the injection voltage will be decreased with decreasing Z /A up to
0.2 for the second harmonic. The central ray trajectory in the: magnetic field map was
obtained by integrating the Lorentz equations. A grounded slit v/as placed at 40 mm away
from the cyclotron center. The improvement of beam centering curing the acceleration was
performed by adjusting the direction of
the electric field of the first acceleration Motion of the tr:ijectory center
gap and its geometry. The particle tra-
jectory centers for 40° of RF phase and
up to 2 turns are plotted in Fig.11. The
central ray will pass through the puller
center. The electric field between the
dees and the dummy-dees is considered
as a Gaussian distribution [5]. In our
simulation of the central region, we
changed the maximum voltage of the -0.010
dees from 140 kV up to 200 kV to
know the mechanical boundaries and
the minimum permissible voltage of the
dees with taking into account the elec-
tric charge between dees and grounded ©0.010

surfaces. The particle trajectories for Fig.11. Particle trajectory centers with a dee voltage
5 particles and 40° of the RF phase 170 kV and for 40 degrees of the RF phase
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Fig.14. Vertical emittance before and after mir-  Fig.15. The particle vertical motions for 40 degrees
ror and at the grounded slit ) of the RF phase

with 170 kV of dee voltages are shown in Fig.12. The energy gained for 5 particles and 40°
of RF phase with 170 kV of the dee voltages in shown in Fig.13. In all cases, the vertical
dimension of the beam will be not more than 20 mm up to two turns according to the output
emittance of the inflector. Vertical emittances through the inflector are shown in Fig.14.
The vertical gaps of the¢ dees are 24 mm in the center. The vertical trajectories for
5 particles in RF phase range 40° with maximum initial vertical position and maximum
initial vertical angle at the slit are plotted in Fig.15.



Gulbekian G.G. et al. Axial Injection System

Buncher

A simple grided double gap Klys-
tron-type buncher will be placed 1 m
away from the median plane. This bun-
cher consists of a cylindrical electrode,
with length 20 mm and a diameter
150 mm, and two accelerating gaps of
3 mm. The step between the grid wires
is about 5 mm. The distance between
the median planes of the accelerating
gaps is 23 mm and the voltage ampli-
tude, which is applied on the electrode
is in the range from 300 up to 450 V.
The relation between the cyclotron RF
phase acceptance and buncher efficien-
cy is shown in Fig.16. The results of
these calculations were done without ta-
king into account the space charge effect.

Table 5. The main parameters of the axial injection system of the U-400M cyclotron
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lon Source

DECRIS-2 (Dubna) 1994
ECR-4M (GANIL) 1995

Max.injection voltage
Beam line length
Focusing element
Analysing magnet
Resolution

Steering magnet
Vacuum

Pumping speed

Type of pumps

Buncher

Distance between buncher and median plane

Inflector

Diagnostics

25 kV

82 m

Solenoid — 4 units
R=40 cm

80

4 units
1.0x107: 3% 107 Torr
7.5% 10> Us

Cryogenic — 3 units
Turbopump — 2 units
2 gaps (600 V)

Im

Mirror 1994

Spiral 1996

Faraday cup — 3 units

Collimator — 2 units
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-TIPOBEJEHHE ITAPITHAJIbBHO-BOJIHOBOI'O AHAJIM3A
TPEXITHOHHBIX CHUCTEM HTEPAIHOHHBIM METOJIOM

H.M.Bacunesckuii, IO.H.Hbaubmuu, B.A.Ilempos, A.A.Tankun

IpHMeHeH HTEPaLMOHHBIH METON YTOYHEHHS aKCENTaHCa IKCMEP!IMCHTANbHOR YCTAHOBKH
NPH NMPOBEICHHH MaplHaIbHO-BONTHOBONO aHATH3a AH(PPAKUHOHHO PCXKICHHBIX TPEXMHOHHBIX
cucteM. [lonyueHsl Gonee TOYHble 3HAUEHHS HHTEHCHBHOCTH BOMHI 0™S M pasHocTH a3

07§ — 07P B nnanasoHe apexTBHBIX Macc 700 + 800 MaB.
Pabota sbinonHeHa B JlaGopaTopun ceepxBbicOKHX 3Hepruit OUSTH. *

On Iteration Method of the Partial Wave Analysis of the 3n-Systems

I.M.Vasilevsky et al.

Iteration method has been used to define more precisely the exper mental setup acceptance
in the effective mass range 700 + 800 MeV. It has led to better accuracy of the 0"S-wave
intensity and 0"S—O0"P phase shift.

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

B narom coBmectHoM 3kcnepuMeHTe LIEPH — OHWSAH (ccTpynHuuectBo Bononps —
Hybna — Munan) Ha yckoputene HOBD wusyyanacy dseakuns andpakLUHOHHON
JMCCOLMALIMM TTHOHA Ha A1pax

T +ADS T +7 +71 +A

C MOMOIUBI0 MarHUTHOro HckpoBoro cnektpoMeTpa OHWSIH npw 3neprun nuonos 40 I'3B.
PesynbraTel mapunansHo-BoaHoBoro aHanusa ([IBA) nonyyeHHOro 3xcnepHMeHTaNbHOIO Ma-
Tepuana B auanasoHe acdekTHBHbIX Macc 3-x nuoHoB ot 0,9 1o 2,4 9B onyOnukoBaHb! B
paborax [1—4].

B pa6ore [5] onybnukoBansl pesynbratht [IBA B mnanazon: macc 600 + 900 MsB. B
aToi obnacTh Macc 6buU10 06HapyXeHO pe3oHaHcHoe moseneHue BonHbl 0°S. Ha puc.l m 2

N10Ka3aHo MoBeJeHHe MHTEHCHBHOCTH BonHbl O S 1 pasHocTH da: BonH 07§ n 0 P. Touka co
3HauyeHHeM 3thdekTHBHOI Macchl 740 M3B Beinamaer u3 obwero noseneHus ¢asbi M UMeET
Gonblyio owKOKyY, YTO CBA3AHO C MaIbIM 3HA4€HMEM MHTEHCHBHOCTH ONOPHO# BOoMHE 0 P B
31Ol OHHe.

Huxe genaercs moneiTKa ¢ MOMOWBI0 UTEPALHOHHOTO METOAA YTOYHHThH aKCENTaHC
YCTaHOBKHM M TEM CaMbiM IapaMeTphl HOBOTO pe30HaHca, T.K. Npr nposefeHud [1BA B pabo-
tax [1—S5] reHepupoBaHHe COOBITHIH A1 yyeTa aKcenNTaHCa y:TaHOBKH NPOBOAWIOCH IO



76 Bacunegcxui HM. u dp. IIposedenue napyuanbHo-60AH06020

160 -

150

>
(o]

[+
o
Il:lVIlll‘lllll!l

100

N
o

50

e
4

Coburmit/10 MaB.
(o]
o

OTRocETemsHaA da3za (rpan)
o
Y] IYTPITTTT'VT]—[_T!I[I,‘VT

-50
C -100 .
- o
60 -150
)- l 1 1 1 I 1 A A l 'y 1 - l L L 1. l L 1 l 1 i
0.72 0.74 0.76 0.72 0.74 0.76 )
M,, (TsB) Ma, (I'sB).
Puc.]. 33BHCHMOCTb MHTEHCHBHOCTH O S-BonHm ~ PHC.2.  3aBHCHMOCTL  OTHOCHTENBHOH  chasbi
OT TPEXNMHOHHON Macchl (0°S — 0"P) oT TPeXNHOHHOH Macchl
:
1+ /——\;\__M,‘h_\
g R
E 09
S 0.8 |
0.7 F
06 |
05 £
0~4:—l—i—‘—LLJllllllilllllll]IlLJIllIlLlllLll
06 €8 1 1.2 14 16 1.8 2 22 2.4
"M, (FBB) ‘

Puc.3. l'comerp ecxas apdbextusrocTs cnekrpomerpa MHC B 3aBucuMocTH
OT PETHCTPHPYEMDH TPEXTTHOHHON Macchl

thazosomy o6bemy. Ho eciir: reoMETpHUYECKHH aKCenTaHC yCTaHOBKH uaMenaercs ot 0,97 no
0,92 npu n3MeHeHHH 3dexTHBHOH Macchl oT 0,9 a0 2,4 9B, TO NpH yMeHbLIEHHH MacChl
ot 0,9 no 0,6 I'B reomerpuyeckuii akcentanc cnanaer Ao 0,5 (puc.3), u Bo3HMKaeT HeoO-
XOAHMOCTb YYHTBIBaTh MAPLHAIBHHH AKCENTaHC, MOCKOJIBKY MONPABKH Ha AKCENTAHC CTaHO-
BATCA consMmepuMuiMu ¢ 3drbexToM. B pabore [6], nanpuMep, nogo6Has 3amaya peluaercs c
HCIIONb30BAHHEM PE3yJIbTaT)B NapLHaIbHO-BOJIHOBOTO aHAH3a 9KCNIEPHMEHTA, MPOBEAEHHO-
rO HAa YCTAHOBKE C NEOMETIHUYECKMM aKCeNnTaHcoM, ONM3KHM K eAWHHIe, HO TpH JpYyro#
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Puc.4. 3asucumocTs MHTEHCHBHOCTH 0~ S-ponuni  PHc.5. 3aBHCHMOCIB MOBeZEHHS OTHOCHTEILHOM
OT TPEXIIMOHHOH MacChl; KPyXKH — s [IBA-1,  cpasmt (0°S — 07P) 0T TpexmuoHHO#H Macchl; 0603-
kBanpathl — Ona IIBA-2, TpeyronkHMKH — IS Ha4yeHHMd Te Xe, YTC W Ha puc.4

[BA-3 '

(6onee HM3KOIA) 3HepruH myuka. [IpuMeHHTh Takylo npoueaypy B obnacTH 3¢deKTHBHBIX
macc tpex nuoHoB 0,6 + 0,9 I'sB He npencrarngeTcs BO3IMOXHBIM, MOCKONbLKY HaM HE H3Be-
CTHBI KaKHe-NHOO pe3ynbTaThl MaplHaTbHO-BOTHOBOrO aHATN3a IKCNIEPUMEHTATBHBIX JaH-
HbIX B 9TOM OHaNa3oHe Macc.

[TosToMy MBI mocTynmunu cieaywouum obpa3oM: B3SB pesynbraThl Hamero [IBA B 6une
0,90 + 0,94 T'sB, rme reoMeTpHYECKHi aKCeNTaHC CHEKTPOMEIPa COCTaBIAET BETHYHHY,
61M3Kyl0 K €OWHHIE, NMpPOBEJH MOHTE-Kap/o-reHepHpoBaHHe cobGeiTHii B 6uHe 0,86 +
0,90 I'sB, cnenanu B 3T0# 6HHe [IBA, Mo ero pe3ynpraTaM reHEpUpPOBATH COOBLITHA B GHHE
0,82 + 0,86 I'sB, 1 Tak nounuid go 0,6 I'sB, nonyuus B HcceayeMHM AHaNa3oHe Macc pe3yiib-
tatel [IBA-1. [lanee, 3T pe3ynbTaThl HCHOMB3OBAINCH B KaXAOli GMHe AnA reHepauuu 37-
cOOBITHIi, ¢ IOMOLIBIO KOTOPHIX Mojydancs pe3ynbtart ITBA-2 1 910ii Xe Gune, u, 4T06bI
ybeauTBCA B CXOAMMOCTH Pe3yNIbTaTOB, NPOLEAYpa MOBTOPS/ACh (:1lIe pa3.

Ha puc.4 u 5 mnokasaHo noeegeHHe MHTEHCHBHOCTH 0 S-1OJIHBI H 3aBHCHMOCTb pas-

HocTH ¢a3 0" S- 1 0" P-BonH oT a¢dexTHBHOH MacCh TPEXIHOH. 10l CHCTEMbI, MOMYYEHHbIE
TakHM 06pa3oM. 3aMeTHa 6BICTPast CXOXMMOCTH IO HTEPALHAM, H XOpOLIO TPOCMATPUBAETCS
OTVIMYMeE NOBeAeHNs pasHOCTH a3 oT pe3yabrara paboTsl [5]. BT) noaTBepXRaeT npeanono-
XEHHe, 4TO aKCeNTaHC YCTAHOBKH IS Pa3HBIX MapLUHAIbHBIX BCIH He oguHakoB. [losTomy
YeM TOYHee Mbl ONpefeNsieM akCenTaHc, TeM 6oniee TOYHO HAXOOWM COOTHOIUEHHS MeXIY
HaplMalbHBIMH BOJIHAMH.

IMonyyeHs! cnenywlune 3HaYeHWS MapaMeTpPOB OOHApYX¢HHOIO paHee pe30HaHca:
M = (745 £ 20) M3B u I' = (39 + 12) M3B, kotopbie B paboTe [5] yKa3blBAIHCH PABHEIMH:
M = (749 £ 30) MaB u I' = (32 + 17) M3B.
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Takum 00pa3oM, HTEf aLMOHHBIA METOl MO3BOJIAET TOYHEE YYECTh BIHAHHE aKCENTaHCa
H nony4uTs Gonee AOCTOBSpHYI0 MH(OPMALIHIO 1aXe NMPH TOM Xe 3KCNEPHMEHTATLHOM Ma-
TepHane.
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