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THE COULOMB SUM OF 'Li

The experimental values of longitudinal response function of the “Li nucleus have been obtained and these results
have been used as the basis to find the Coulomb sum values at momentum transfers ranging from 0.55 to 1.625 fm™.
The obtained experimental Coulomb sum values have been used to determine the total Coulomb energy of the 7Li
nucleus. The result of the comparison of the Coulomb energy for the “Li nucleus with the Coulomb energies for the SLi
and *He nuclei a) is consistent with the paradox (revealed in the elastic electron scattering experiment) that the "Li rms
charge radius is smaller than the one of the 8Li nucleus; b) leads to the conclusion that, within the framework of the
two-cluster model of the 7Li nucleus (a + t), the size of the a-cluster should be larger than the one of the “He nucleus.
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1. Introduction

The Coulomb energy is the part of nuclear energy
that arises as a result of electrostatic (Coulomb)
interaction between intranuclear protons. This inte-
raction is one or two orders of magnitude weaker than
the nuclear interaction, and yet, its role in the nuclear
structure and nuclear reactions is considerable. For
example, it is just the Coulomb interaction that
determines the maximum size of atomic nuclei, or, in
other words, the maximum number of protons that can
be present in the stable nucleus.

The Coulomb energy has been investigated in a
good many experiments. Based on the hypothesis of
the isotopic invariance of nuclear forces, the
investigators measured the Coulomb energy diffe-
rences of mirror nuclei (e.g., see survey [1]).
However, the experimental total Coulomb energy
values (Ecou) Were obtained only for the nuclei ®Li [2,
3], Li [3], **C [4] and “He [5]. A small number of
these values is explained by the fact that for
determining Ecou it is necessary to know the Coulomb
sum values (S.(q)) of the nucleus under study at
3-momentum transfers q = 0.8 + 1.8 fm™. However,
the determination of S (g) values appears to be a
complicated and time consuming problem. So far, the
experimental Si(q) values at q<2fm™ have been
obtained for 10 nuclei apart from lithium isotopes.
These are the results of work performed at
laboratories of Saclay, Bates and KIPT. The Saclay
and Bates teams carried out the measurements mainly
at q>15fm? while the Kharkiv team — at
q<15fm™?

! The given references refer to the works carried out
after 1976. The earlier data of the works on the Coulomb
sums, not mentioned here, had a relatively low accuracy,
though they much contributed to gaining the experience
for subsequent measurements.
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Previously, we found the S.(q) values for lithium
isotopes at g = 0.750 + 1.625 fm™ [6 - 8]. In the
present work, we have extended the range of
momentum transfers by estimated S (q) values for
Li to g=0.55 and 0.65fm™. As it will be shown
below, the obtained array of experimental Si(q)
values has permitted us to determine the Coulomb
energy of "Li to a higher accuracy than that given in
[2 - 5]. However, the most accurate determination of
the 'Li Coulomb energy by itself is not the ultimate
goal of the present work.

The nuclei of lithium isotopes are strongly
clusterized. The difference between the types of
their clusterization may probably be the reason why
the charge radius of the ‘Li nucleus is smaller than
the one of the ®Li nucleus. This paradox was first
revealed in [9], where the ratio of rms charge radii of
lithium isotopes  was found to be
<r>>Y2(7Li)/<r>Y2(BLi) = 0.948 +0.008. Conside-
ring that the Coulomb energy of the nucleus is
dependent on its clusterization (see [2]), it would be
of interest to compare the Coulomb energies of the
"Li, the ®Li and the *He nuclei.

2. Equations and formulae

The experimental determination of the Coulomb
energy of nucleus is based on the equation for Ecou
taken from [10], which relates Ecu to the data
measured in the experiments on electron scattering
by nuclei, viz., the squared charge form factor of the
nuclear ground state Fe?(q) (hereinafter referred to
as nuclear form factor) and the Coulomb sum of the
nucleus Si(q). It should be noted that this equation is
model-free, i.e., it is independent of any assumptions
about the structure of the nucleus under study. The
Ecoul €quation can be written as
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where e — the elementary charge; M and Gep(g?) —
the mass and electrical form factor of the proton,
respectively; Z — the charge number of the nucleus.

The squared charge form factor of the nuclear
ground state is defined as

1 do

F2 = euE ’ 2
«(9) chM(e,Eo)dQ( o) @
do
where d—Q(e, E,) and
e Y .0 6
GM(G,EO):[Z_EJ c:oszi/sin“E are,

respectively, the elastic electron-nucleus scattering
cross-section and the Mott cross-section, i.e., the
cross-section for electron scattering by the point
spinless unit charge with infinite mass; Eo — the
initial energy of electron scattered through the angle
0, £=1+2 Ey

AM
— the atomic mass of the nucleus.

sinzg — the kinematic correction; 4

In this paper, the symbol ¢ denotes the effective

d’c(6,Ey, )
dQdw

The given set of formulas demonstrates the
relationship between the quantities used in Eq. (1)
and the cross-sections measured in the electron-
nucleus scattering experiments.

3. Experimental Coulomb sum values
of the "Li nucleus

It follows from Eq. (1) that the Coulomb energy
of the nucleus is the function of three physical
quantities, and its value can be found from their
experimental values. These quantities are: i) the
nuclear form factor Fe(q) of ‘Li (was measured in
[9, 13]); ii) the electrical proton form factor Ge (0,
(the recent measured data can be found in [14]); iii)
the Coulomb sum S.(q) of 'Li (was measured in [6]
at g = 1.250 + 1.625fm™, and in [8] at q =
=0.750 + 1.125 fm™). It should be noted that the
accuracy of Ecu calculation is to a large extent
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q4
=0wm (9, E ){q_u

3-momentum transfer

q={4E,( (B —0)sin?(0/2)+ 0}, (3)
where Eer = Ep + 1.33Ze?/<r>>Y2 — the effective
energy; o — the energy transfer to the nucleus. In the
expression for Ee the second term takes into
account the nuclear electrostatic field effect on the
incident electron [11].

The Coulomb sum has the form

< R.(9,0)

(@) I G (a)

el

(4)

do,

where the lower limit of the integral we" shows that
the range of integration begins from the peak of
elastic electron scattering by the nucleus, but the
peak itself does not enter into the integral; the
denominator of the integrand (4) is given by

. 1+q2/4M?
G () = e [ 262 (6 NG ()]
m

where g, — the 4-momentum transfer to the nucleus,
its square being written as q,°> = ¢° — % N — the
neutron quantity in the nucleus; Gen(q.2) — the
electrical neutron form factor; R.(g, ®) — the
longitudinal response function, which together with
the transverse response function Rr(g, ) represents
the expansion of the double-differential cross-
section for electron-nucleus scattering
d?5(0, Eo, 0)/dQdw by the known expression [12],
which can be written as

19}

RL(q,m)+(§?+tanzijT(q,m)}. (5)

| dependent on the precision and range of
experimental Si(q) values. Therefore, it was carried
out a thorough re-processing of all our experimental
data on ‘Li nucleus. For the purpose, we used
improved data processing techniques developed by
us in recent years. As a result, experimental S,(q)
values have been obtained in a wider range of
momentum transfers, and these quantities have been
determined with higher accuracy than earlier ones.
The ‘Li measurements were performed using the
spectrometer SP-95 of the KIPT electron linear
accelerator LUE-300. The experimental facility and
the measurement technique have been described in
detail in a number of publications (e.g., see [7, 15,
16]). Therefore, we mention here only the ’Li
spectrum measurement conditions.
As it follows from Eq. (5), the determination of
response functions from the spectra of scattered
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electrons calls for the measurements at different
scattering angles and initial electron energies. Thus,
the measurements on ‘Li were carried out in
the following ranges: 6=34.2+160° FEo=
=104 + 259 MeV. A total of 21 spectra were
measured on 'Li nuclei; and 28 spectra - on *2C
nuclei. The Ilast spectra were necessary for

RL(g, w)-10"%, MeV!

normalization of the measured data for ’Li. The
processing of the data has given the longitudinal
response function values of ‘Li (Fig. 1) at eight
3-momentum transfers: q = 0.750, 0.875, 1.000,
1.125, 1.250, 1.375, 1.500, 1.625 fm™. Substituting
these experimental R.(g, ®) into Eq. (4), we find the
Coulomb sum values.

RL(g, ®)-10*, MeV!
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Fig. 1. Experimental longitudinal response function of "Li.
The vertical arrows indicate the peak position of elastic electron scattering by the nucleus.
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4. Experimental data and processing techniques

We shall mention briefly the data processing
procedures, which we have developed or modified in
the recent years. These methodical developments
were applied in the last revision of the measured
data processing and, partially, in the work [8].

- The background from the (e*e)-pair
photoproduction by the target has been considered.
The computation program for the effect has been
written and tested. The computation by the program
has demonstrated the negligibly small contribution
of the process to our measurement results [17].

- A new computation program, which makes use
of the whole cumbersome mathematical apparatus of
[18, 19], has been written for radiative correction
(rad. correction) of experimental spectra. That
makes the rad. correction computations as accurate
as those performed in the best foreign laboratories.
Besides, we have analyzed the possibility of using
the “equivalent radiator” approximation for
calculating the radiation tail of the elastic scattering
peak [20]. The application of the new rad. correction
program to our data has left practically unchanged
the previous Si(q) values measured at g > 1 fm™,
whereas at lower momentum transfers the variations
in S.(g) did not exceed the half of the experimental
error.

- All investigations, where the response functions
are derived from the experimental cross-sections, by
all means include the data interpolation (e.g., see [7,
21]). We made an attempt to estimate the

Su(@)
12+

1o}
08| ¢
06}
04}

f

02F

o.ol - lo.s ' 1.0' 1.5 2.0

q, fm?
Fig. 2. Experimental Coulomb sum values of ’Li. The
error bars at the points represent the sum of systematic and

statistical uncertainties. The systematic uncertainties are
shown by a wide cap on the line of the summary error bar.

As a result of the performed revisions, the
Coulomb sum values of ’Li have changed only
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uncertainty, which may be introduced by this
procedure to the calculated S, (q) values. For this
purpose, while processing the data in the present
work, we have used four different variants of
interpolation, and have considered the caused-by-
the-technique spread in the S.(q) values at different
momentum transfers. As a result, it was found that
the interpolation-induced uncertainty could be
estimated to be 0.7 % of the S (q) values.

- The expression for the Coulomb sum includes
the squared electrical proton form factor Gep(g?).
For the purpose of its calculation, the dipole formula
and the estimation from [23] were used in [6] and in
[7, 8], respectively. In the present work, we have
used the Ggp?(g°) values taken from [14] being the
last work on the subject. In the range of g = 0.5 +
+1.6fm?, the difference between the Ggp%(q?)
values by the dipole formula and from [14] and [23]
reaches several percent. In [14], Bernauer et al. have
indicated the error corridor for the Gep%(q?) values,
which shows that at the considered momentum
transfers the value of 8Gep(q?) varies from 0.2 to
0.6 %.

- The excitation energy of the first level of ‘Li
amounts to 0.47 MeV. In the measured spectra this
level was not separated from the elastic scattering
peak, and in all our previous publications its
contribution to Si(q) was neglected. In the present
work, the contribution from this level (about 2 %)
was taken from the measurements of [9], and was
included in the S (q) values.

1.0

R{/R, max QES

0.8

0.6 F

04l Y= -0.5x/(x-2.5)

0.14

0.18

l' ! 1 L
0.0 0.5 1.0 1.5
q, fim™!

Fig. 3. Extrapolation of experimental Rt/R. ratio values at
the QES peak maximum to g = 0.55, 0.65fm™. The
arrows show the momentum transfer value, to which the
extrapolation is carried out, and nearby, the obtained
Rt/R. ratio values are.

slightly. Their final values are presented in Fig. 2.
The same Figure shows the estimated S, (q) values at
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g = 0.55 and 0.65 fm™. These values were obtained
from the measurements at £, = 160 MeV and 6 =
=40.5 and 49°, i.e., at the conditions when the
contribution from the longitudinal response function
prevails in the measured cross-sections. Since the
accelerator LUE-300 could not provide a stable
electron beam of energy below 100 MeV, the
spectrum measurements at large scattering angles
and at q < 0.75 fm™ were impossible to perform.
Therefore, the Rr(q, ®) data, required for deter-
mining the R.(gq, ®) values, were derived from the
extrapolation of the Rt/R_ ratios determined at
higher momentum transfers (Fig. 3). The obtained in
this way S.(q) values exhibit moderate accuracy,
characterized by ~ 10 % errors.

5. Data analysis with consideration
of the form factor of the ’Li ground state

The experimental values of Fe?(q) for the Li
nucleus were reported in the published papers [9,
13]. However, those form factors were obtained
about 50 years ago, and they correspond to the
equipment capabilities and data processing
experience of that time. Therefore, when turning to
the data of [9, 13], their revision and, possibly, some
correction should be made. In view of this, we have
analyzed the works [9, 13], and on the basis of the
analysis carried out, made the following corrections
for the mentioned data.

First. The momentum transfers, at which the
experimental form factors had been obtained in
those works, in the present work were transformed
by using expression (3) into the effective momentum
transfers.

Secondly. Since the weak point in many works on
processing of electron scattering experiments lay in
low accuracy of data normalization (data absolu-
tization), it was necessary to verify the normali-
zation of the form factors under discussion, and in
case of necessity to renormalize the data. The
realization of this procedure is based on the
definition and properties of the form factor as a
physical quantity. Thus, the form factor of the
nuclear ground state corresponds to the condition
that at g — 0, Fe?(q) tends to 1. Do the experimental
form factors comply with this condition? Let us
make the f(ai, q) function with the variable
parameters a;, and which corresponds to the above-
mentioned condition, to fit the experimental data. If
these data have been normalized incorrectly, then
the function, which approximates their, at g — 0 will
tend to a certain number other than unity. Whereas
the function f (ai, q), being at g = 0 “bound” to unity,
will be “skewed” at its fitting to those data, thereby
deteriorating the minimum y? value.

Let us take the function ¢ = k f(aj, g) with the free
parameters k, a; and fit it to the experimental Fe*(q).
The free parameter k, removes the requirement ¢(q =
= 0) = 1. If this fit gives us k = Ak = 1, it means that
the function f (a;,q) approximates the data, which have
been normalized correctly to an accuracy of Ak/k. If,
however, we have k + Ak = 1, then with the use of this
parameter we can renormalize the data, and their new
values will be F 42(q) = Fe?(q)/k. 2

As functions that can be used to approximate the
experimental form factors, the authors of work [13]
have used fi(aj, q), i.e., the expression corresponding
to a simplified harmonic-oscillator shell model, and
also, fo(ai, ) being the expansion in powers of ¢.
We also made use of these expressions in order to
calculate the parameters ki and kz in the two cases,
respectively. As a result, we obtained ki = 0.936 +
+0.011 and k2 = 0.948 + 0.012. Using the arithmetic
mean value of k; and k., we have renormalized the
experimental nuclear form factors and the curve that
approximated them. The data from [9] were
corrected in a similar manner. Fig. 4 shows the form
factors obtained in this way, and the function
describing them. It can be seen that for g getting
closer to 2 fm™, the form factor is practically set to
zero. This can be verified numerically: the integral
of the form factor from q = 0 to q = 2fm™
increments its value in the region g = 0 + 6 fm™ by
7-10 of its magnitude.

9§

72 12 7
Z°F(q)| 1+——
0145

0.0 0.5 1.0 1.5 2.0
q, fm’!

Fig. 4. Subintegral function of the first integral in Eq. (1)
after data renormalization. F¢(q) is the ground-state form
factor of “Li. Open circles show the data from [13], full
circles — data from [19].

2 Unlike paper [9], the authors of work [13] applied a
similar method of finding the normalization factors.
However, the use of these factors without applying of the
effective momentum transfers may introduce the error of
several percent into the integral I,.

ISSN 1818-331X AJAEPHA ®I3UKA TA EHEPTETHUKA 2018 T.19 Ne 2 107



A.Yu. BUKI, I. S. TIMCHENKO

On minimization of y? besides the values of
variable parameters a;, their errors are also found,
Aa;. Hence, the statistical error of the integral will be

[[2(4a-of (aq)/ o4 2] dg.

As regards the systematic inaccuracy of the
integral, it can be estimated only proceeding from
the difference between the values of the k; and k.
parameters, or from the difference between the
integrals over the functions f; and f..

Then, using the functions that approximate the
renormalized form factor values, we calculate the
integral 1, from the first component of Eg. (1).
Considering the insignificance of the contribution to
the integral I, from the bracketed multiplier that
enters into its subintegral function, all the aforesaid
about the integral without the brackets can be
considered as referring to the integral 11. As a result,
we find the numerical value of the first component
of Eqg. (1), and multiplying by e?/n we transform it to
the MeV units

11=2.770 £ 0.036 + 0.014 MeV.

Here, the first uncertainty is statistical, the second
one is systematic. Hereafter, the other numerical
results will be presented in the same form.

6. The second integral of the equation
for the nuclear Coulomb energy

The subintegral functions of the integral I, from
Eqg. (1) can be represented in the form as shown in
Fig. 5.

35F

ZG‘%J, (qz)

3.0

F S

" 1 " n n n 1 " n " n ]

1.0 1.5 2.0
q, fm’!
Fig. 5. Subintegral function of the second integral in
Eq. (1). The shaded area between the upper solid line and
the dashed line passing through the histogram
corresponds to the integral value. The uncertainties at the
experimental values are statistical.
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In this representation, the integral value is
determined by the shaded area between the functions
A() = Z-Ge,*(q?) and B(q) = Z-Ge,*(q?)-S(a). It is
evident from the Figure that the upper limit of
integral is determined by the point, where these two
functions converge, i.e., at q=1.1 fm™.

For the integral over the function A(q), which we
denote by Ia, the values of the form factors Gep(q?)
and AGep(g?) are taken from [14]. As a result, we
obtain

Ia=1.3347 + 0.0053 MeV.

We represent the integral over the function B(q)
(denoted by Ig) as the histogram area, where the
width of the bins are not the same (see Fig. 5). The
width of the i-th bin is designated by Di, and the
statistical uncertainty of S (qi) is indicated by
AsaSL(Qi). As a result, the integral and its statistical
uncertainty Aswile will take the form

B_ZZGEp Q| SL(qi)Dii

stat B — =Z Z[G

As may be seen from Fig. 5, at q < 0.5 fm™,
where the histogram bin i = 1 should be, there are no
experimental data. It may be inferred from the
Figure that with decrease in the momentum transfer,
the S.(g) value also rapidly decreases, and it can be
extrapolated to lower momentum transfers.
However, since the Coulomb sum describes nuclear
reactions, but at g = 0 there can be no such reactions,
then it is clear that S, (0) = 0. So, if using this value,
the function S (q) can be interpolated rather than
extrapolated, and this should give a more exact
result.

Nine different functions within a few ranges of
momentum transfers (from q = 0 = 0.875 fm™ up to
q =0+ 1.125 fm™) were investigated with the aid of
the software package Origin Pro 8.5. Here, both the
xi* value per degree of freedom and the momentum
transfer band width, at which the x? value was
minimized, served as the criteria in selecting the
optimum interpolation function. In this approach, the
Boltzmann (®s(q)) and the Logistic (@ (q) functions
were chosen: the acceptable y;? value being in the
maximum fit range of q = 0 = 1.125fm™. It is
interesting that these functions are very close at
q = 0.550 + 1.125fm™, but at q = 0.25 fm™ they
become strongly divergent (see Fig. 5). In order to
reveal the influence of S.(q) values at g = 0.55 and
0.65 fm™ on the interpolation some fittings were
performed, where the error bars of these two points

?)AwSL(6)D, . (6)
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were varied by a factor of 1.5. First, the error bars
were increased, then the error bars were decreased.
In both cases, the effect on the fit result was
negligible.

Eventually, the midline between the Boltzmann
function and the Logistic function was taken as the
line of interpolation, and the functions themselves
were taken for the error corridor at q < 0.5 fm™. In
the problem under consideration, the area under the
function S.(g) was required on the interval g = 0 +
+0.5 fm™. Therefore, we took the arithmetic mean
value of the integrated Logistic and Boltzmann
functions on this interval as the area of the first
histogram bin Si. The error of the obtained value
was about 0.16S;. After substitution of the data into
Eqg. (6) we find

Ig =0.493 £0.012 £ 0.012 MeV.
Since the integral I; = Ia — I, then we have
I, =0.842 £ 0.013 £ 0.012 MeV,
Ecou = 1.928 + 0.038 + 0.026 MeV.
7. Discussion and conclusions

For the analysis of the results of the present study
we need the Coulomb energy data for the ‘Li
nucleus, and also, for °Li and “He nuclei. These data
are given in the Table.

Nucleus Ecoul, MeV 11, MeV l,, MeV
Li 1.928 £0.064 | 2.770+0.050 | 0.842 +0.025
6 j* 1.60+£0.10 2.45+0.05 0.85+0.09
dHe** 1.02+0.10 1.98+0.08 0.96 + 0.06

*12, 3].

** [5], more precise in [23, page 215].

1. The Coulomb energy of nucleus is the higher
the smaller are the interproton distances. So, the
ratio  Ecoul("Li)/Ecou(°Li) = 1.205+£0.085 is in
complete concordance with the fact that the nucleus
‘Li is smaller than the nucleus °Li. The same
conclusion has followed from the experimental data
on elastic electron scattering by the nuclei of lithium
isotopes [9].

2. In the consideration of the research results
based on Eg. (1), not only the calculated total
Coulomb energy Ecou, but also the numerical values

of the integrals |1 and I, entering into the equation
are of importance.

Physically, the integral I, is the Coulomb energy
of the electric charge, the spatial distribution of
which is displayed by the form factor of the nuclear
ground state. This is the Coulomb energy, which is
generally attributed to the atomic nucleus, as it was
first done in the liquid-drop nuclear model and, with
time, was refined through the introduction of more
realistic models of charge distribution in the nucleus.

The physical significance of the integral I is the
Coulomb energy decrease due to the wave functions
overlapping of the protons that constitute the
nucleus. In Eq. (1), this integral can be considered as
a correction that takes into account the influence of
mutual arrangement of protons in the nucleus on the
Coulomb energy of this nucleus.

"Li shows a high degree of clusterization and
consists of a- and t-clusters, with the spacing
between them greater than the distance between
protons in the a-cluster. Therefore, we can assume
that the integral 1, of the “Li nucleus is completely
determined by the overlap of the wave functions of
the protons belonging to the a-cluster.

3. The value of the integral 1, determines the
degree of the wave functions overlapping of the two
protons, and it is the larger, than smaller distance
between these protons. Therefore, if the integral I, in
the equation for “He differs from the integral 1, for
the case of the Li nucleus, this indicates that the
distance between protons in the “He nucleus and
in the a-cluster belonging to “Li also differs. Let
us compare the experimental values of Iq:
Io("Li)/1,(*He) = 0.87 + 0.06. Thus, the obtained ratio
indicates that the distance between protons in the a-
cluster is greater than in the *He nucleus. This means
that, within the two-cluster consideration of the Li
nucleus (o + t), the size of the a-cluster should be
larger than that of the “He nucleus.

4. The °Li nucleus is also strongly clusterized,
and comprises the a-cluster, therefore it must be
supposed that in this case also the integral I, in the
equation Ecou is determined by protons of the a-
cluster. However, a more detailed consideration of
the case of the °Li nucleus is difficult due to the
large errors in the experimental values of Ecou and I»
of this nucleus.
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KYJIOHOBA CYMA SJIPA "Li

OTpuUMaHO eKCIEpUMEHTATBHI 3HAYEHHS TO3/I0BXKHBOT (yHKIIi Biaryky sgpa ‘Li Ta Ha ixmiii Gasi 3HaiizeHo
3HAYEHHs KyJIOHOBOI CyMH B [ialla3oHi IEpelaHux imMmyibciB Bim 0,550 mo 1,625 ¢pml. Bukopucroyroun 3Haiineni
3HAYEHHs KYJOHOBOi CyMH, OyJO BU3HAYE€HO MOBHY KYJOHOBY €HEprito sipa 'Li. Pe3ynbTar MopiBHAHHS KyJOHOBOT
eneprii sgpa ‘Li 3 kynoHoBumu eHeprismu saep °Li Ta “He a) y3roJkyeTbcs i3 BUSBICHOK B €KCIIEPUMEHTI 3
NpYXKHOTO PO3CISHHS E€JEKTPOHIB AHOMAJil0 — CEPEJHbOKBAJPATHUHMM paiiyc sgpa 'Li MeHmHMH 3a CepeiHbo-
KBajlpaTHuHuil pagiyc sapa ®Li; 6) npuBoaMTE 10 BHCHOBKY, 1O, y paMKax JBOKIAcTepHOi Moaeni sapa 'Li (o + t),
PO3Mip o-KiacTepa Mae 6yTH GibImM 3a posmip sapa “He.

Kmiouoei cnosa: po3cisHHs e1eKTPoHiB, 'Li, H0310BKHs (YHKIIs BIATYKY, KyJOHOBA CyMa, KyJIOHOBA €HEpris, KIIaCTepH.

A. 0. Bykn, U. C. Tumyenko™
Hayuonanvnouii nayunstii yenmp “Xapvroscrkuti pusuxo-mexnuyeckutl uncmumym”, Xapvros, Ykpauna
*OreercTBeHHbIIT aBTop: timchenko@Kipt.kharkov.ua
KYJIOHOBCKASI CYMMA SIJIPA "Li

Tony4eHsl SKCTIEPUMEHTANLHBIE 3HAYEHUs! IPOIOJILHON (YHKIMM OTKIMKA sapa 'Li u Ha 9Toi 6ase HalieHbl 3HAYEHUS
KYJIOHOBCKOI CyMMBI B JMana3soHe TepeIaHHbX uMiyibeos ot 0,550 no 1,625 ¢pm™. C momMonipio momydeHHbIX 3HAYCHHIH
KYJIOHOBCKOI CyMMEI OIpe/IesieHa MONHas KyJTOHOBCKasi SHEpTHs siapa 'Li. Pe3ynbrar cpaBHEHHS KyJIOHOBCKON SHEPTHH SIpa
"Li ¢ kymonosckumu sueprusmu saep °Li n “He a) cormacyetcst ¢ 0GHAPYKEHHOH B SKCIIEPHMEHTE MO YIIPYTOMY PACCESHHIO
3JIEKTPOHOB aHOMAIHEH — CPENHEKBAAPATHYHBIN pammyc supa 'Li MeHbIne, ueM CpenHEKBaJpaTHUHBIN panuyc supa °Li;
6) MPUBOJUT K BHIBOJLY, UTO, B paMKax JIByXKJacTepHoil mojenu sjpa ‘Li (o + t), pasmep a-knacTepa J0keH ObITH GOIBIIIE,
ueM pasmep aapa “He.

Kniouesbie cnoea: paccesHWe SIEKTPOHOB, 'Li, mpojonbHas (QYHKIMS OTKIHKA, KYJIOHOBCKAs CyMMa, KyJIOHOBCKAs
SHEPrHs, KJIACTEPHL.
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