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ISOSCALAR MONOPOLE RESPONSE
IN THE NEUTRON-RICH MOLYBDENUM ISOTOPES
USING SELF-CONSISTENT QRPA

The isoscalar giant monopole resonance (ISGMR) of even molybdenum isotopes %294%%8.10N\g has been studied
within the Skyrme self-consistent Hartree - Fock - Bardeen, Cooper, and Schrieffer and quasi-particle random phase
approximation. Ten sets of Skyrme-type interactions of different values of the nuclear matter incompressibility
coefficient Kym are used in the calculations. The calculated strength distributions, centroid energies Ecen, scaled energies
Es and constrained energies Econ, of ISGMR are compared with available experimental data. Due to the appropriate value
of the nuclear matter incompressibility Knm, several types of Skyrme interactions were successful in describing the
ISGMR strength distribution in the 9294998100\ jsotopes. As a result, high correlations between Ece, and Knm were

found.
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1. Introduction

To represent collective modes like giant reso-
nances (GR), microscopic models based on the self-
consistent Hartree - Fock (HF) and random phase
approximation (RPA) are appropriate [1]. The qua-
siparticle random phase approximation (QRPA),
based on the Hartree - Fock + Bardeen, Cooper, and
Schrieffer (HF+BCS) model, is an enhanced RPA
model that considers the pairing effect, which is
anticipated to be significant for open-shell nuclei.
This enables us to examine the entire nuclear chart’s
nuclear structure.

The self-consistency QRPA model with Skyrme
effective interaction [2] has been successful in
describing low-lying collective states of oxygen [3],
sulfur, and argon [4] isotopes. However, the BCS
approximation cannot properly describe the pairing
correlation of many neutron-rich nuclei along the
drip-line nuclei [5], as a result, various strategies
have been devised, including the Hartree - Fock -
Bogoliubov (HFB) theory [6] and the continuum
QRPA equations derived from the time-dependent-
HFB theory [7, 8].

Measurements of GR have yielded an abundance
of new information about nuclear structure and
magicity [9], as well as helped clarify another
important problem related to nuclear incompressibi-
lity [10], where our understanding of nuclear incom-
pressibility is incomplete. In other words, it appears
challenging to identify a model that may provide a
thorough description of the isoscalar giant monopole
resonance (ISGMR), especially in light of recent
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information on isotopic chains, including open-shell
systems and neutron-rich nuclei [11 - 14]. This can
be seen in the recent theoretical works on the subject
[15 - 20].

Evaluating the ISGMR of neutron-rich and exotic
nuclei is crucial to improving our understanding of
nuclear incompressibility and nuclear magicity.
Several relativistic and nonrelativistic models have
predicted a soft monopole mode in neutron-rich
nuclei of about 14 MeV [21 - 23], but it has never
been observed in nuclei far from stability, due to the
difficulty in measuring. The non-collective nature of
the soft monopole mode is expected, and its detec-
tion could provide important insights into spin-orbit
splitting [24]. Therefore, it is crucial to evaluate the
isoscalars (protons and neutrons moving in phase)
monopole response in neutron-rich nuclei.

The energy Egyg =(thA/m<r2>)1/2 is inverse-

ly correlated with the mean square nuclear radius
and directly correlated with the incompressibility Ka
of the nucleus. Using the A™ expansion of Ka, one
can then try to directly extract the different coeffi-
cients of the expansion equation from experimental
data. The comparison between this expansion and
the corresponding calculated incompressibility could
give some information on the incompressibility of
nuclear matter Knm and the features of the effective
interaction.

Understanding the behavior of stars and heavy-
ion processes requires knowledge of the Kym. How-
ever, it is common practice to determine Kym by
performing microscopic Eemr calculations [25 - 28]
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by comparing the results with the experimental
values of Eecmr and studying its sensitivity to the
value of Knywm associated with the effective interac-
tion. In 1999, Knm = 231 + 5 MeV was determined
by comparing observations of the ISGMRs for “°Ca,
%07y, 1165n, M4Sm, and 2®Pb [29] to HF-based RPA
calculations that employed the Gogny interaction
[26] and took pairing and harmonicity corrections
into account. When compared to data from the 1970s
and 1980s, these data were of significantly higher
quality (for a summary of these data, see Ref. [30])
which had been previously used to extract nuclear
incompressibility. The effect of incompressibility
modulus Kym and symmetry energy density J on
charge distribution and root-mean-square radii of
neutron R, and proton R, have been investigated for
light, medium, and heavy closed-shell nuclei “°Ca,
8Ca, 9zr, 1153n, *4gn, and 2°®Pb within the frame-
work of self-consistent HF with 20 types of Skyrme
interactions [31].

There are 33 known isotopes of molybdenum
(Z = 42), with atomic masses ranging from 83 to
115, as well as four metastable nuclear isomers.
Seven isotopes with atomic masses of 92, 94, 95, 96,
97, 98, and 100 are found in nature. Molybdenum’s
unstable isotopes all undergo isotopic decay to form
ruthenium, technetium, zirconium, and niobium. The
sole unstable naturally occurring isotope is ‘Mo,
which has a half-life of about 1-10% years, and
double beta decays into *®Ru [32].

Moalem et al. were the first to notice isoscalar
GR in the Mo isotopes, and they used an inelastic
scattering of 110 MeV °*He to pinpoint the giant
guadrupole resonance (GQR) in all stable Mo iso-
topes [33]. The GQR and GMR in Mo were exa-
mined by Duhamel et al. [34] using inelastic scatte-
ring of 152 MeV particles. Youngblood et al. used
an inelastic scattering of 240 MeV particles at small
angles, including 0°, to investigate the isoscalar GR
in 9092947y and 92969810\ [35 - 37]. According to
Ref. [35], the EO strength distribution of these Zr
and Mo isotopes revealed high and low-energy com-
ponents separated by 7 - 9 MeV.

A comparison between the experimental results of
ISGMR for open-shell nuclei near A = 90 with rela-
tivistic self-consistent RPA calculations indicates that
the ISGMR response begins to show softness in the
molybdenum isotopes beginning with A =92 [38].
Colo et al. analyzed the experimental data on the
ISGMR and ISGQR in %2%4%%10Mgo within a fully
self-consistent QRPA approach with the Skyrme sets
SkM*, SLy6, SVbas, and SkP? of different values of
nuclear matter incompressibility (Kun: 234, 230, 217,
and 202 MeV), respectively [39].

In this study, we use the Skyrme QRPA method ba-
sed on HF- Bardeen - Cooper - Schrieffer (HF+BCS)
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to examine the strength distribution of the ISGMR in
the 9294%9810\Mq jsotopes. Having a large number
of Skyrme-force parameterizations requires a conti-
nuous search for the best for describing the expe-
rimental data. Therefore, ten sets of Skyrme
interactions were used: KDEOv1 [40], eMSLO08 [41],
SKX [42], SGOI [43], v080 [44], SKP [45], SIV
[46], SIII [47], SKIII [48], and SGI [43] with a wide
range of Kywm values starting at 200 MeV and ending
at 361 MeV, that does not account for previous
works [38, 39]. The calculated strength distributions,
centroid energy, constrained energy, and scaling
energy are compared with available experimental
data. As well, the calculated values of the centroid
energies were supported by statistical calculations
by determining and discussing the statistical linear
Pearson coefficient.

2. Formalism

The Skyrme effective interaction (of parameters
th. 4. 1. . Xo. X X,. X3, Wo and «a) is one of the

most convenient forces used in HF calculations [49 -
51]:

V(rh) =t (1+%P,)d(r,— 1)+
1 W e ,
+§t1(1+ )(1|312)‘[k1226("1_"2)Jr 8(r1—r2)k122]+
+ t2(1+ xzﬂg)lzlzéi(rl—rz)lzlz +

1 o o
+€t3 (1+ X3P12)P (R)3(r—1)+

+H Wok,8(1—1,)(6,+6,) Ko, (1)
where o6; is the Pauli spin  operator,
. i(Vi-V,) _

Kip = — P2 is the spin-exchange

operator.

The variational principle can be wused to
determine the total energy E of HF equations based
on Skyrme’s interaction as a product of single-
particle functions ¢ [52, 53]

(8|H (r)lo)=0. )
The HF equations are coupled to the standard

BCS equations, that in spherical symmetry the
particle number n with a = (n, |, j) read as

n=">1(2j, +1)v3, 3)

and gap equation A,,
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Aa=—§:AbV (4)

aahb’
b 2 Eb

where the tilde designates the time-reversal state,
and E and v are the typical quasi-particle energies
and BCS amplitudes, respectively [54]. A zero-
range, density-dependent pairing forces are used to
calculate the matrix elements V

aabb *
The total HF-BCS energy can be calculated
directly from the force, or energy functional

E= EKE + ESkyrme +E | + EPair! (5)

Cou

where E,¢, E Ecou» and E,,, are the Kine-

Skyrme 1

tic, Skyrme, Coulomb, and Pair contributions to the
energy, respectively. The equations of Eke and

1
2

Eskyme are given in Refs. [55, 56]. The E.,, has
direct and exchange parts. The E,,;, can be found in

Ref. [56].
Based on the HF+BCS ground state, the v-th

excited state E; can be calculated within the QRPA

model. The compact form of QRPA equations can
be written as follows [54, 57]:

B X X
( Aaz,cd aE,cd J cd _ E: ab , (6)
- Bab cd T Aab,cd Yc\(/j Ya\t))
where XV and YV are the corresponding

amplitudes. The matrices A and B on the HF-BCS
two-quasiparticle bases have the form

1
Apca =(1+8,) 2(1+8.4) 2-[(E, + Ep)8,c8pq + (UaUplgUy +V,V,V Vv, )G (abed; J )+

+(UpVyUoVg +V,UpVely ) F (abed; ) —(=1)* "7 (UvveUy +VaUyU,vy ) F (abdc; d )i} (7)

1 1
2

Bab,cd = (1+ 6ab) (1+ 80d )_E - [(uaubvcvd + Vavbucud )G (ade; J )_

—(—1)j°+j” - (U VyUeVg +V,UpVoUy ) F (abed;d) + (—1)ja+j”+j°+j" - (UVpVeUy +V,UpUVy ) F (abed; 3)],  (8)

with

G (ade ; J ) = Z < jama jbmbl‘]M >< jcmc jdmd |‘] M '>Vark;?cd ’ (9)

My M, MMy

F(abcd;d) = Z (Jam, JymuIM ) (jome jmg I M VR,

M, MyM My

pp ph i i
Varea and Vg, are matrix elements of particle-

particle (pp) and particle-hole (ph) effective
interaction, respectively. The ph matrix elements

V., is defined as [58, 59]

v =—Z(2J’+1){J_a Ja

J/
bl e an
J’ c b

The moments can be obtained using the following
equation,
m, =[E*S(E)dE, (12)

where S(E) is the strength function [60]

S(E)=Y|(vE0) pr(E-E,)  (13)

(10)

associated with the monopole operator where the
Lorentzian function is defined as in the following:

r 1
pF(E_Ev):_

e-er(l)

with T is the smearing parameter.
Three ratios can be calculated using these

(14)

different sum rules: the centroid energy,
Eeen =M, /My, the constrained energy
Eeon = a/ml /m,, and the scaling energy

E, =./m3/ml, (where m; is the energy-weighted
sum rule (EWSR), m_; is the inverse EWSR, and m;
is the cubic EWSR) [61].
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3. Results and discussion

To study the ISGMR of the %294%%10\g jso-
topes, the static HF+BCS equations were solved by
using the Numerov method with the radial mesh size
h = 0.1 fm within a model space based on ten Skyrme
interaction sets, namely: KDEOv1 [40], eMSLO08 [41],
SKX [42], SGOI [43], v080 [44], SKP [45], SIV [46],

SII [47], SKIII [48], and SGI [43] of parameter sets
presented in Tablel. The QRPA matrix diago-
nalization has been performed in the selected model
space. The collective modes in nuclei provide very
important information for understanding the structural
and bulk properties of nuclear systems and their rela-
tion to the value of the incompressibility modulus
Knm Of symmetric nuclear matter.

Table 1. The nuclear matter incompressibility coefficient Knm

and the parameters of the used interactions

Force Knm 1o 1 t t3 Xo X1 X2 X3 Wo o
KDEOv1 | 227.54 | —2553.0843 | 411.6963 | —419.8712 | 14603.6069 | 0.6483 | —0.3472 | —0.9268 | 0.9475 | 124.41 | 0.1673
eMSL08 | 229 —2429.09 | 493.72 | -424.38 14502.7 |0.334701|0.132739 | -0.66643 | 0.337131 | 110.85 | 0.19196

SKX [271.06| -1445.3 246.9 -131.8 12103.9 0.34 0.58 0.127 0.03 148.6 1/2

SGOI |361.59 -1089 558.8 -83.7 8272 0.412 0 0 0 130 1

v080 |231.17| -1827.96 | 251.271 | —168.233 | 13419.5 |0.528552 0.4 0.019271| 0.483059 | 109.448 | 1/3

SKP 200.8 | —-2931.7 | 320.618 | —337.409 | 18708.96 | 0.29215 | 0.65318 |-0.53732| 0.18103 100 0.167

SIV  [32455| -1205.6 765 -35 5000 0.5 0 0 1 150 1
Sl 356 -1128.75 395 -95 14000 0.45 0 0 1 120 1
SKIII 300 -1177 670 —49.7 11054 0.124 0 0 1 105 1
SGl 269 -1603 515.9 84.5 8000 -0.02 -0.5 -1.731 | 0.1381 115 1/3

3.1 Strength distribution

The calculations of the strength function
EWSR/MeV for 929499810\ jsotopes are com-
pared to the experimental results [36, 62] in the long
wavelength limit with smearing parameter I" = 3 and
5 MeV. The general behavior of the experimental
strength distribution is well described for most of the
interactions, especially with T'=3 MeV. The equa-

tions of static HF+BCS were solved by using 10
Skyrme interactions. The EO multipole distributions
obtained for “Mo, **Mo, *Mo, ®Mo, and **Mo are
shown in Figs. 1 and 2. The calculated values are the
sum rules of centroid energy E.,, constrained

energy E.,, and scaling energy E, are illustrated
in Table 2.

Table 2. The calculated centroid energies, scaled energies, and constrained energies
for ISGMR in 9294969810\ g are compared with the experiment

Energy | lsotopes Exp. KDEOv1 | eMSL08 | SKX [ SGOI | v080 [ SKP | SIV si | skl | sGl
Mo | 19.62*328 | 18.104 | 17.564 | 19.883 | 22.526 | 18.186 | 14.674 | 24.648 | 22.268 | 18.182 | 19.528

6 “Mo | 1757*%3% | 17523 | 17.21 | 19513 | 21.116 | 17.219 | 15.406 | 23.64 | 19.984 | 17.928 | 18.634

TET’ g» %Mo | 16957913 | 17.133 | 16.943 | 18.77 | 20177 | 1659 | 15.079 | 22.936 | 20.109 | 17.743 | 18.03

B %Mo | 16017313 | 16.738 | 16.693 | 18.461 | 19.638 | 16.488 | 13.797 | 22.753 | 19.858 | 17.54 | 17.545
oMo | 1613703 | 16.859 | 16.366 | 18.228 | 20.306 | 16.325 | 14.454 | 22.255 | 19.725 | 16.761 | 17.124

2Mo | 2168333 | 18728 | 18.181 | 20.746 | 23.562 | 19.075 | 16.808 | 25.565 | 23.372 | 19.098 | 20.228

%H: %Mo | 19.62°33% | 18.494 | 18.012 | 20.495 | 22.981 | 18.631 | 16.859 | 25.096 | 22.547 | 18.991 | 19.875

é é %Mo | 18.187333 | 18.269 | 17.844 | 20.116 | 22503 | 18.29 | 16.665 | 24.741 | 22.327 | 18.896 | 19.575

. ®Mo | 17.29734% | 18.032 | 17.646 | 19.855 | 22.177 | 18.06 | 16.222 | 24.545 | 22.068 | 18.769 | 19.328
oMo | 17.35°318 | 18.025 | 17.425 | 19.625 | 22.339 | 17.815 | 16.121 | 24.284 | 21.881 | 18.306 | 19.109

. Mo 18.015 | 17.483 | 10.745 | 22.318 | 17.952 | 13.853 | 24.479 | 22.049 | 18.001 | 19.414

g S “Mo | 17.06*3:13 | 17.251 | 17.068 | 19.308 | 20.387 | 16.662 | 15.014 | 23.123 | 18.633 | 17.717 | 18.261
EZ | %Mo 16.797 | 16.747 | 18.268 | 19.246 | 15.836 | 14.604 | 22.181 | 19.299 | 17.525 | 17.526

L %Mo 16.303 | 16.432 | 17.968 | 18558 | 15932 | 12793 | 22 | 19.134 | 17.304 | 16.907

ui 10\ 16577 | 16.09 | 17.755 | 19.684 | 15.872 | 13.928 | 21.476 | 19.068 | 16.261 | 16.318
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The experimental and theoretical EO distributions  our calculated centroid energies mi/mo. The ISGMR
for Mo isotopes have been previously reported [35 -  strength distributions of these nuclei were fitted with
38, 62]. Our calculated EO strength distribution for a constrained combination of two peaks to account
92:94.96.98.100M 5 jsotopes and the experimental data are  for the potential coupling of the ISGMR strength
depicted in Figs. 1 and 2. Most of the EO results are  with the J = 0 component of the ISGQR [63 - 69].
located between 10 and 35 MeV. Table 2 displays

JT=0t T=0

100

0.2

0.1

o
M o

eMSLO08 eMSL08 eMSLO08 eMSLO08

"
|
|
|

|

Fraction E0 EWSR/MeV

o

o

o
=

0.07

Fraction E0 EWSR/MeV

o

10 20 30 40 10 20 30 40 10 20 30 40 10 20 30 40 10 20 30 40
E(MeV) E(MeV) E(MeV) E(MeV) E(MeV)

(a) (b) (©) (d) (e)
Fig. 1. Our calculated fraction EWSR/MeV of ISGMR EO for (a) **Mo, (b) **Mo, (c) *Mo, (d) *Mo, (e) ®Mo, using
self-consistent HFBCS+QRPA with Skyrme interactions: KDEOv1, eMSL08, SKX, SGOI, and v080 compared with
the experimental data [36, 62] (black-solid lines). Two Lorentzian smearing widths were used I' = 3 MeV (blue-
dashed lines) and 5 MeV (red-dotted lines). (See color Figure on the journal website.)
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JT=0" T=0

Mo *Mo *Mo “Mo "\o

0 10 20 30 40 10 20 30 40 10 20 30 4@ 10 20 30 4o 10 20 30 40
T T T T T T T T T T T T T T T T T

02 k- I § SKP + SKP -+ SKP + SKP

0.1

o

0.14

0.07

Fraction E0 EWSR/MeV

0.14

0.07

0.14

0.07

Fraction E0 EWSR/MeV

0.14

0.07

0}

] 10 20 30 4D 10 20 30 10 20 30 40 10 20 30 4D 10 20 30 40
E(MeV) E(MeV) E(MeV) E(MeV) E(MeV)

(a) (b) (©) (d) ()
Fig. 2. Our calculated fraction EWSR/MeV of ISGMR EO for (a) 2Mo, (b) **Mo, (c) *Mo, (d) *®Mo, (e) ®Mo, using
self-consistent HFBCS+QRPA with Skyrme interactions: SKP, SIV, SllIlI, SKIII, and SGI compared with the
experimental data [36, 62] (black-solid lines). Two Lorentzian smearing widths were used I" = 3 MeV (blue-dashed
lines) and 5 MeV (red-dotted lines). (See color Figure on the journal website.)

In the study of ®2Mo in the earlier measurements  going forward, we will only refer to the major ISGMR
[70, 71], just one peak was determined to be suffi- peak. The measured distribution of strength was
cient for the description of the ISGMR response; extracted over the energy range 10 <Ex<40 MeV
hence, in the discussion of all the studied isotopes [66, 71, 72].
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Our calculation consists of an approximately
symmetrical peak between 16.5 and 24.5 MeV, with a
tail extending up to 30 - 40 MeV, most interactions
work best and agree with data concerning centroid
energies, widths, and (smooth) profiles of strength.
The GMR using KDEOv1, eMSL08, SKX, and SGI
agree with data concerning peak high widths, and
(smooth) profiles of strength. as shown in Fig. 1, a
and Fig. 2, a.

In Fig. 1, b and Fig. 2, b the ISGMR of **Mo using
KDEOv1, eMSL08, v080, and SKIII agree with data
concerning height, widths, and (smooth) profiles of
strength.

For %Mo, the strength distribution located a
symmetrical peak between 15 and 23 MeV, exten-
ding up to 30 - 40 MeV, our calculated values with
KDEOv1, eMSL08, and v080 agree with data con-

(smooth) profiles of strength as shown in Fig. 1, ¢
and Fig. 2, c.

Our results of %Mo with the KDEOv1,
eMSL08, and v080 agree with data concerning
height, centroid energies, widths, and (smooth) pro-
files of strength as shown in Fig. 1, d and Fig. 2, d
and in Fig. 1, e and Fig. 2, e.

The ratios Econ, Ecen, and Es were calculated from
the extracted ISGMR peaks and are listed in Table 2,
it is evident that the results for %°*Mo for any given
moment ratio are largely in agreement with one
another. The centroid energies of EO for the investi-
gated Mo isotopes versus the mass number are plot-
ted in Fig. 3, and we noted the decrease in the value
of the Ecen with the increase in the value of A,
besides the dependence on the value of Kun, which
will be discussed in the next section.

cerning height, centroid energies, widths, and
ISGMR
28
SKP Ky=2008
W KDEOVI K,,=227.54
24 — < A eMSLO08 K,=229
b
S ‘ 4 ®© oS B o050 K317
é-’ \ SGI K =269
= 20 SKX Ky ,~271.06
ul O SKII K, =300
S\Y K =324.55
16 |- SII Ky =356
) SGOI  Ky,=361.59
@ cxe
12 | | | e

Fig. 3. Our calculated centroid energies of the EO strength of the investigated Molybdenum isotopes using self-
consistent HFBCS+QRPA with Skyrme interactions: KDEOv1, eMSL08, SKX, SGOI, v080, SKP, SIV, SlIlI, SKIII, and
SGI in terms of atomic mass in comparison with experimental values (black) [36, 62]. (See color Figure on the journal

website.)

3.2 The nuclear matter incompressibility
coefficient Knm

The available experimental data of centroid ener-
gies (delimited by the dashed lines) and our calcula-
tions of 294969810\ 0 jsotopes are depicted in Fig. 4
as a function of the nuclear matter incompressibility
coefficient Kym of the corresponding Skyrme inter-
actions.

The Een for the investigated isotopes with
KDEOv1 and v080 interactions of incompressibility
coefficient between 229 and 231 MeV agrees with
the experimental data. The result of the SKP is
underestimated than the experimental value, while
the calculated values with SlII, SIV, and SGOI
Skyrme interactions are overestimated than the
experimental value.

312

Overall, we see the well-known strong correla-
tion between the Eqn and Kym with Pearson linear
correlation coefficients C ~ 0.87, 0.81, 0.834, 0.824,
0.844, respectively for **Mo, %Mo, *Mo, ®Mo,
10Mo.

4. Conclusions

The collective low-lying ISGMR  with
I' =3 MeV has a reasonable description provided by
the self-consistent HFBCS+QRPA calculations with
Skyrme interactions. Our results concerning height,
width, and (smooth) profiles of strength are
consistent with the measured strength distribution
for the examined isotopes with Skyrme interaction
of type KDEOQOv1 and eMSL08. The decrease in the
value of the Ece, with the increase in the value of A,
as well as the Ecen using interactions of Knwm between
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Fig. 4. Comparison of ISGMR experimental data [36, 62] of Ecen for 92949698100Ng shown as the regions
between the dashed gray lines, with our results (colored symbols). (See color Figure on the journal website.)

229 and 231 MeV agrees with the experimental data.
Strong correlations between the Ecen and Kym were
obtained with Pearson linear correlation coefficients

C ~0.87,0.81, 0.834, 0.824, and 0.844, respectively
for ®Mo, **Mo, *Mo, **Mo, *°Mo.
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I30CKAJIIPHU MOHOIIOJIbHUH BIAT'YK Y HEUTPOHHO-BATATUX I30TOMAX MOJIIBIEHY
3 BUKOPUCTAHHAM CAMOY3I'OAKEHOT'O HABJIMKEHHSA QRPA

[30cKanspHUil riraHTChbKuit MoHONONBHMI pezonanc (ISGMR) napuux i3oTonis Monioaeny *2949%.9%100Mo pupuascs
B paMKax caMOy3rojpkeHoro HaommkeHHs Xaptpi - ®Poka - Bapmina, Kymepa ta Hlpiddepa i kBaziuacTHHKOBOTO
HaODKEHHS BUMIAAKOBUX (a3. Y po3paxyHKax BHKOPHCTAHO JIecsATh HabopiB B3aemoniid tumry CkipMma 3 pi3sHHMH 3HA-
YeHHAMHU KoedilieHTa HeCTHCIUBOCTI simeproi marepii Kyv. Po3paxoBani po3momiaiu cui, MEHTPOITHUX SHEPrid Ecen,
peHopMoBaHuX eHeprii Es i oOmexennx enepriii Econ B ISGMR nopiBHIOIOTBCS 3 HassBHUMH €KCHEPHUMEHTaTbHUMU
naHuMu. [Ipu BigOBIIHOMY 3HAU€HHI HECTHCIMBOCTI simepHOi marepii Knm Kinbka TumiB B3aemoniii Ckipma Oynu
ycminHumu B onuci posnoainy cun ISGMR B izoromax 929496:9810Mo .V pesysbrari Gys10 BUSABIEHO BEIUKI KOPESAii
Mi)K Ecen 1 KN|\/|.

Kniouosi cnosa: posnonin cui, cunmu Ckipma, HabmmxkenHs Xaptpi - ®@oka - bapnina - Kymepa - Ilpidbdepa,
KBa314YaCTUHKOBE HaOMMKEHHS BUIIAIKOBUX (a3.
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