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A COMPARISON BETWEEN THEORETICAL RESULTS AND EXPERIMENTAL DATA
OF TRANSITION PROBABILITY B(E2), DEFORMATION PARAMETER,
AND INTRINSIC QUADRUPOLE MOMENTS FOR DIFFERENT NUCLEI
WITH THE MASS NUMBER A =44

A comparison has been made between theoretical results and the experimental data for different nuclei (even-even)
that possess the same mass number A = 44 and which have close values of the experimental deformation parameter
such as 165*, 18Ar*, xCa* and 2, Ti*. The core-polarization effects and model space were adopted through the
inclusion of effective charges. Transition probability B(E2), theoretical deformation parameters, and theoretical intrinsic
quadrupole moments were calculated using two different interactions for each case, the first case the hasp interaction
for nuclei in the sd shell, and the fpd6 interaction for nuclei in the fp shell, the second case the vpnp interaction for
nuclei in the sd shell, and the kb3 interaction for nuclei in the fp shell, as well as adopted to different effective charges,
such as Bohr and Mottelson effective charges, standard effective charges, and the effective charges from program
NuShellX. The theoretical results of the transition probability B(E2), deformations parameters, and intrinsic quadrupole

moments were compared and found to be close to the experimental values for these nuclei.
Keywords: comparison, deformation parameter, effective charges, nuclei, intrinsic quadrupole moments.

1. Introduction

The deformation parameters of nuclei are vital to
an understanding of their shapes, namely whether
they are oblate or prolate. The shape transition can
be calculated from the quadrupole deformation [1].
Calculations of the deformation parameter are
dependent on the effective interactions. The sd shell
is very interesting theoretically because it is very
suitable for studying nuclear models. Studying cores
in the sd shell can lead to a better understanding
between the macroscopic (collective) description
and the microscopic description (shell model) [2].
Where nuclei in the sd shell have an inert nucleus
%0 and valence nucleons are distributed in the sd
shell (1ds/2, 2512, and 1dsp2) [3, 4]. The interaction for
the sd model space was studied in [5].

A nucleon-nucleon-free interaction can be used
to derive the effective interaction, where these inter-
actions are adopted for the fp shell [6, 7]. In cases
where there are a large number of valence nucleons,
e.g., “Ca and *°Ni, these interactions have been
found to fail [7, 8]. Particularly in *Ni, it has been
predicted that the ground state will be largely de-
formed when calculating with the full fp shell; con-
versely, it is known to have a double magic struc-
ture. The four single-particle energies of the 195
two-body matrix elements and the fp shell, have
been determined from the study of similar approa-
ches by Richter et al. [9]. These solutions, which
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depended on a semiempirical interaction were
obtained using a core polarization correction and the
single-boson exchange potential [9]. Calculations of
the shell model in the fp shell, when orbits are full,
were performed for atoms of equal mass number
(isobar), as studied by A. Poves et al. [10]. The
interactions for the fp model space, fpd6 [9], and kb3
[10] were studied and their behavior at the N = 28
and Z = 28 closures was investigated. The effective
charges were determined in the fp shell by calcu-
lations. Calculations of the shell model which
include a diagonalization matrix were carried out for
several effective interactions, namely fpd6 [9] and
kb3 [10]. The reduced quadrupole deformation
parameter can be denoted by the symbol . which
can be calculated from the transition rate (reduced
electric  transition  probability) B(E2). The
quadrupole-deformed nuclei were classified accor-
ding to their intrinsic electric quadrupole moment
Qo, that is, as oblate when Qo is greater than zero or
prolate when Qo is less than zero and, as spherical
nuclei when Qo is equal to zero [11]. Novoselsky et
al. [12] studied two interactions, fpm13 and fpd6, in
terms of giving good, suitable energy levels for
nuclei in the lower part of the fp shell, where the

-0.35
mass factors, (Ej , (where A denotes the

number of nucleons) was used [9].
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The code for NuShellX@MSU is written by
Brown [13] and is achieved via model spaces and
Hamiltonian data with regard to generating inputs
for NU-SH. The code also transforms the NU-SH
files (output) into Tables and Figures, as well as
gamma and beta decays, and energy levels [13]. The
deformation parameter was calculated using two
different interactions, kb3, and fpd6, and various
effective charges, B-M, ST, and NU-SH.

Calculating the quadrilateral deformation para-
meters is important to study the deformations of
nuclei. The deformation parameters can be calcula-
ted from the probability of transitions B(E2) and
through the intrinsic quadrupole moment Qo. The
theoretical results obtained were compared with the
experimental results. From the calculated theoretical
values of B(E2) the theoretical deformation parame-
ters were calculated which were compared with the
practical values of almost equal deformation para-
meters for the nuclei under study.

2. Theory

The charge distribution can be defined by the
electric transition operator, O (E2) as:

G(EJ):kﬁ:e(k)rJ(k)YJ(f(k)), 1)

1
where number of charges k in nucleon by e(k),
e(k) = e for a proton and e(k) = 0 for a neutron. The
J; “OJ H‘]i reduced matrix element defined as [11]

(3116:Jp)->0m0M (3,3,.9.5.1) 10
i

)
with j, J" representing initial and final single-
particle states, single-particle matrix elements are
represented by <j'HCA)J H j>, and the one body density

matrix represented by one-body density matrices
(OBDM). The equation represents to matrix ele-
ments of model space [11]

B3 wiao sl @

where e denote the effective charges of protons
and neutrons that are active in the restricted model
space.

An expression for the effective charges to
explicitly include neutron excess is formulated as
[14, 15]:

e (t,)=e(t,)+ede(t,),

Se(t,)=2/A-032(N-2)/
/A-2t,[032-03(N-2Z)/A]. (4)

B(E2) can be defined through the transition from the
initial state J; to the finial state J; [16]:

(:[6:]9)
B(EY) = 5)

The quadrupole deformation parameter (f,) can be

calculated from the reduced electric quadrupole
transition probability, B(E2)?, according to [1, 16]:

1/2
| 4n e’ fm*
b e @

where Ry = 1.2 A¥ fm, Z represents the atomic
number, while the intrinsic electric quadrupole
moment Q, can be calculated by [17, 18]:

167

Q, = ?[B(EZ)]UZ. 7)

The deformation parameters (f3,) for the lighter

nuclei are somewhat large [15], while the defor-
mation parameters of heavy nuclei are smaller than
zero where they are prolate in shape and are strongly
deformed.

3. Results and discussion

The OBDM were calculated using the program
NuShellX@MSU [13], which adopted four inter-
actions, namely hasp interaction [5] for the sd model
space and fpd6 interaction [9] for the fp model
space, while vpnp interaction [19] was adopted for
the sd model space and kb3 interaction [10] for the
fp model space. The core-polarization effects and
model space were adopted through the inclusion of
effective charges. Transition probability B(E2), theo-
retical deformation parameters, theoretical intrinsic
guadrupole moments, and deformations parameters
were calculated using two different interactions for
each case, the first case the hasp interaction for
nuclei in the sd shell, and the fpd6 interaction for
nuclei in the fp shell, the second case the vpnp inter-
action for nuclei in the sd shell, and the kb3 inter-
action for nuclei in the fp shell. Three sets of effec-
tive charges were adopted, with Bohr - Mottelson
(B-M) effective charges calculated [15] according to
Eq. (4), the results of which are tabulated in Table 1
for all nuclei considered in the present work, where
the standard (ST) effective charges are e, = 1.36e
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and e, = 0.45e [16]. Finally, the effective charges
NU-SH are ep,= 1.5e and e, = 0.5e which are taken
from program NU-SH [13].

3.1. Transition rate B(E2)

Theoretical transition rates Brneo1(E2) [17] were
calculated for the nuclei 16S*, 18Ar**, Ca*, and
22 Ti* using hasp [5] and fpd6 interactions [9]. The
Brheo1(E2) for 1S with the B-M effective charges
was 231 e*fm*, the Brheo1(E2) With the ST effective
charges was 264 e*fm*, and the Brheo1(E2) for 16S
with the NU-SH effective charges was 324 e*fm*, the
results of the Brneo1(E2) with the NU-SH effective
charges were found to be the closest to the experi-
mental values [17, 20]. The Brneo1(E2) for 1sAr with
the B-M effective charges was 616 e*m* the
Bmeo1(E2) for 1sAr with the ST effective charges

was 650 e*fm*, and the Brheo1(E2) for 1sAr with the
NU-SH effective charges was 794 e*fm*, the calcu-
lations of the Brheo1(E2) with any of the effective
charges underestimate the experimental values [20].
The Brheo1(E2) for Ca with the B-M effective
charges was 144 e*fm*, the Brneo1(E2) for the »Ca
with the ST effective charges was 56 e*fm*, and the
Brheo1(E2) for the 2Ca with the NU-SH effective
charges was 70 e?fm*. The calculations of the
Bmeo.1(E2) with any of the effective charges over-
estimate the experimental values [20]. Calculations
of Brheo1(E2) for 2, Ti with the B-M and the NU-SH
effective charges were 698 e’*fm* close to the
experimental values [20]. While calculations of
Brheo1(E2) for 22 Ti with the ST effective charges was
572 e*fm*, it underestimated the experimental values
[20], as in Table 1 and Fig. 1.

Table 1. The Brheo1(E2) were calculated for certain nuclei 165*, 18Ar*, Ca*, and 22 Ti*
with hasp [5] and fpd6 interactions [9], and compared with the corresponding experimental values [17, 20]

Z,N (Ex)exps (Ex)Theo, B(EZ?)T“” B(Eﬁ)ﬁ‘“’ B(EZ?TJ,‘“’ B(E2)exp,
A= 44 keV keV ©p: En em em eIm e2fm*
B-M ST NU-SH
16, 28 1315 1870 1.04,0.51 231 264 324 310 = 90
18, 26 1144 2324 1.09, 0.62 616 650 794 345 = 41
20, 24 1157 1619 1.13,0.72 144 56 70 470 = 20
22,22 1082 1300 1.18,0.82 698 572 698 650 = 160

Atomic Number Z

22 20

18

T T TT
Transition Rate B(
Int. hasp, Int. fpd6
_- -

— B(E2) ST

VL
E2) e?fm*

B(E2) B-M

A

A B(E2) NU-SH
- & ——O6—— B(E2) Exp.Data -

20 22 24

Neutrons Number N

Fig. 1. Brneo.1(E2) values were calculated for certain nuclei 165%, 18Ar*, 5Ca*, and 2, Ti*
when considering hasp [5] and fpd6 interactions [9]. Calculated values are compared with experimental ones [17, 20].
(See color Figure on the journal website.)

Theoretical values for transition rate Brneo2(E2)
values were calculated for certain nuclei 165*,
18Ar*, 5Ca*, and 2, Ti* using interactions deter-
mined via vpnp [19] for the sd model space and kb3
[10] for the fp model space. Theoretical results were
compared with the experimental values [17, 20], as
shown in Table 2 and Fig. 2. The Brneo2(E2) for 16S
was calculated using the B-M effective charges
219 e*fm*, using the ST effective charges 247 e*fm*,
and using the NU-SH effective charges 303 e*fm®.

318

Theoretical calculations of transition rate Brneo2(E2)
with the NU-SH effective charges agreed with the
experimental values [20]. Brneo2(E2) values were
calculated for 1sAr with the B-M effective charges
406 e’fm*, the ST effective charges 388 e’*fm*, and
the NU-SH effective charges 474 e*fm*, which were
found to be very close to the experimental values
[20], while calculations of Brheo2(E2) with the B-M
and the ST effective charges are overestimated com-
paring to the experimental values [20].
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Table 2. Theoretical values of transition rate Brneo2(E2) values were calculated for certain nuclei
165%, 18Ar*4, ,0Ca*, and 2 Ti* with vpnp [19] and kb3 interactions [10],
and were compared with the experimental values [17, 20]

200

150

100

B(EQ)reo, | B(E2)theor | B(E2)Theo:
ZN | Edes | (Edmeo e | B | BEDmen | pER)ey,
A=44 keV keV € En eim em erm e2fm’
B-M ST NU-SH
16, 28 1315 1870 1.04, 0.51 219 247 303 310+ 90
18, 26 1144 1786 1.09, 0.62 406 388 474 345+ 41
20, 24 1157 1278 1.13,0.72 115.7 45.4 56 470 £ 20
22,22 1082 1321 1.18,0.82 610 494 610 650 + 160
Atomic Number Z
24 22 20 18 16 14
700 T T T T T T T T T
Transition Rate B(E2) e*fm*
s Int.vpnp, Int. KB3 7
600 |— b — <+ — B(E2)B-M .
= \ —e  B(E2)ST 4
50— \ A - B(E2)NU-SH ]
500 — \ —e— B(E2)EXP. .
L T i
450 p— \ p—
jg 400 : \ \\ __:
(:‘3350 : \\ __:
I% 300 E \ \ /// \ —:

50

1 l 1 l 1

20 22 24

26
Neutrons Number N

28 30

Fig. 2. The Brneo2(E2) values were calculated for certain nuclei 165%, 18Ar*, ,Ca*, and 2, Ti*
with vpnp [19] and kb3 interactions [10], as compared with the experimental values [17, 20].
(See color Figure on the journal website.)

3.2. Deformation parameter

The theoretical deformation parameters were cal-
culated from the theoretical values of B(E2), which
were dependent on effective charges, such as the
B-M, ST, and NU-SH. The theoretical results for the
deformation parameters were compared with expe-
rimental values [17, 20]. The theoretical deformation
parameters Prneo1 Values were calculated from

Brheo1(E2) values, which were calculated from two
interactions, hasp for the sd shell and fpd6 for the fp
shell. The theoretical values of the deformation
parameter Brneo.1 for the nuclei of Z = 16 and 22 were
close to the experimental values, while the Brheo.1 for
the nucleus of Z =18 overestimated the experi-
mental values [20]. The Prneo1 for the nucleus of
Z =20, however, underestimated the experimental
values [20] (Table 3 and Fig. 3).

Table 3. Calculations of the theoretical deformation parameter Brneo.1 for the nuclei
with atomic numbers Z = 16, 18, 20, and 22 with two interactions, hasp [5] for the sd shell and fpd6 [9]
for the fp shell, which adopted values of B(E2) calculated using the B-M [15], ST [16, 21] and NU-SH [13]
effective charges. These Brheo.1 values were compared with experimental values [17, 20]

Z, N BTheo.l BTheo.l BTheoAl
A=44 B-M NU-SH Pexp
16, 28 0.237 0.221 0.262 0.254 + 0.038
18, 26 0.321 0.330 0.365 0.240 + 0.014
20, 24 0.14 0.08 0.09 0.253 + 0.005
22,22 0.28 0.253 0.28 0.268 + 0.034
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Atomic Number Z
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Fig. 3. Calculations of deformation parameter Brneo.1 for the nuclei with atomic numbers Z = 16, 18, 20, 22 with two
interactions, hapn [5] and fpd6 [9], which adopted values of Breo.1(E2) calculated from B-M [15], ST [16, 21] and
NU-SH [9] effective charges. The Brneo.1 Were compared with the experimental values [17, 20]. (See color Figure on the
journal website.)

The Brneo2 Values were calculated using Brneo2(E2) values which were calculated from two interactions,
vpnp [19] for the sd shell and kb3 [10] for the fp shell. The Brneo.2 determined for the nuclei of Z = 16, 18, and
22 were close to the experimental values, while the Brheo2 Of the nucleus of Z = 20 was underestimated
comparing to experimental values [17] (Table 4 and Fig. 4).

Table 4. Calculations of the Brheo.2 for nuclei with atomic numbers Z = 16, 18, 20, and 22 with two interactions,
vpnp [19] and kb3 [10], which adopted values of Brheo2(E2) calculated using B-M [15], ST [16, 21], and NU-SH [13]
effective charges. The Brheo.2 Values were compared with experimental values [17, 20]

Z, N BTheo.Z BTheo.Z ﬁTheo.Z
A=44 B-M ST NU-SH Bexe

16, 28 0.216 0.2293 0.254 0.254 +0.038
18, 26 0.26 0.25 0.28 0.240 + 0.014
20, 24 0.125 0.078 0.08 0.253 + 0.005
22,22 0.262 0.235 0.262 0.268 + 0.034

Atomic Number Z
24 22 20 18 16 14

04 T T T T T T T T T
Deformation Paramter 3
Int.avpy, Int.kb3

0.35 |— —

— —+— — [-B-M effective charges
- —< - pB-ST effective charges .
03 = 4 B-NU-SH effective charges —
—&— PB-Exp. Data R
*
0.25 p— \ 1 p—
\Y / ~
. AR ; = -

Deformation Parameter
I I
/
/ P -
~
e
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o |- \
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Fig. 4. Calculations of Brheo2 for nuclei with atomic numbers Z = 16, 18, 20, and 22 with two interactions, vpnp [19] and
kb3 [10], which adopted values of Brneo2(E2) calculated using the B-M [15], ST [16, 21] and NU-SH [13] effective
charges. The results were compared with experimental values [17, 20]. (See color Figure on the journal website.)
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3.3. Intrinsic quadrupole moments

Theoretical intrinsic  quadrupole  moments
QoTheo.s fM? were calculated for the nuclei A = 44
with atomic numbers Z = 16, 18, 20, and 22 (neu-
trons numbers N = 28, 26, 24, and 22) with two
interactions, hasp [5] and fpd6 [9], which adopted
values of Brneo1(E2) calculated from effective char-
ges such as B-M [15], ST [16, 21] and NU-SH [13].
The theoretical values of Qorheo1 for nuclei of Z = 22

and 16 (N = 22, 28) were close to the experimental
values [20], while the Qorneoa for the nucleus of
Z =18 (N = 26) were overestimated comparing to
the experimental values [20].

The Qotheo.s for the nucleus of Z = 20 (N = 24)
was underestimated compared to experimental va-
lues [20]. Theoretical intrinsic quadrupole moments
were comparing with experimental values [17, 20]
(Table 5 and Fig. 5).

Table 5. Calculations of the intrinsic quadrupole moments Qotheo.1 for nuclei with atomic numbers

Z =16, 18, 20, and 22 with two interactions, hasp [5] and fpd6 [9], which adopted values of Btheo.1(E2)

calculated from the B-M [15], ST [16, 21], and NU-SH [13] effective charges.

The intrinsic quadrupole moments were compared with the experimental values [17, 20]

Z,N QoTheo- fm?2 QoTheo. fm? QoTheo., fm?2 fm?
A= 44 B-M ST NU-SH Qoesp, fm
16, 28 48 51 57 55+8
18, 26 786 80.7 89.2 588 =35
20, 24 30.02 23.7 265 68.7= 15
22,22 83.7 758 83.7 80 10

24
100

Atomic Number Z

22 20 18 16

80 f—

60 f—

40 f—

Intrinsic Quadrupole Moments Q, (fm?)

20 f—

-

/

int. hasp, int.fpd6

\
\
\
\ |
\
W

—8— Q- Exp. Data

| 1 | 1 | 1 |

ntyinsic Qudrupole Moments Qo (efm?)_|

<+ — Q-B-M effective charges
Q, -ST effective charges -
| Qq -NU-SH effective charges

20

22 24 26 28

Neutrons Number N

30

Fig. 5. Calculations of the theoretical intrinsic quadrupole moments Qqrheo1 for nuclei A = 44 with atomic numbers of
Z =186, 18, 20, and 22 with two interactions, hasp [5] and fpd6 [9], which adopted values of Brneo.1(E2) calculated using
the B-M [15], ST [16, 21], and NU-SH [13] effective charges. The intrinsic quadrupole moments were compared with
experimental values [17, 20]. (See color Figure on the journal website.)

The Qotheoz Were calculated for nuclei A = 44
with atomic numbers of Z = 16, 18, 20, and 22
(neutrons numbers N = 28, 26, 24, and 22) with two
interactions, vpnp [19] and kb3 [10], which adopted
values of Brneo2(E2) calculated using the B-M [15],
ST [16, 21], and NU-SH [13] effective charges. The

results were compared with experimental values [17,
20]. The theoretical values of the Qotheo2 TOr nuclei
Z =16, 18, and 22 (N = 22, 26, and 28) were close
to the experimental values [20], while the Qorheo.2 for
the nucleus of Z = 20 (N = 24) underestimated them
[17, 20] (Table 6 and Fig. 6).

ISSN 1818-331X SIJJEPHA ®I3UKA TA EHEPTETUKA 2023 T.24 N4 321



A.H.ALI

Table 6. Calculations of the Qotheo.2 for nuclei with atomic numbers Z = 16, 18, 20, and 22 with two interactions,
vpnp [19] and kb3 [10], which adopted values of Brheo2(E2) calculated
from the B-M [15], ST [16, 21] and NU-SH [13] effective charges.

The intrinsic quadrupole moments were compared with experimental values [17, 20]

Z,N QoTheo-, fm?2 QoTheo. fm? QoTheo., fm?2 0 fm2
A=44 B-M ST NU-SH 0Exp.»
16, 28 46.9 49.8 55.5 55+ 8
18, 26 63.8 62.4 69 58.8 + 3.5
20, 24 34.08 21.3 23.7 68.7+ 1.5
22,22 78.2 70.4 78.2 80 + 10

24

Atomic Number Z

20

18 16 14

LA U
L Intrinsic Qudrupole Moments QQ (efm®) -
int.avpy, int.kb3
— —#4— — Q) -B-M effective charges

I

——e — Q-ST effective charges -

I
_—

Intrinsic Quadrupole Moments Q, (fm?)

I

|
~
|

Qo- NU-SH effective charges
Qp-Exp.Data

20 22 24

26
Neutrons Number N

Fig. 6. Calculations of Qorheo2 for nuclei A = 44 with atomic numbers Z = 16, 18, 20, and 22 with two interactions,
vpnp [19] and kb3 [10], which adopted values of Brheo2(E2) calculated from the B-M [15], ST [16, 21], and NU-SH [13]
effective charges. The intrinsic quadrupole moments were compared with experimental values [17, 20]. (See color

Figure on the journal website.)

4. Conclusion

A theoretical comparison has been made for dif-
ferent even-even nuclei that have the same mass
number A = 44, namely 16S*, 18Ar*, »Ca*, and
22 Ti** which have near identical or identical experi-
mental deformation parameter values. The core-
polarization effects and model space were adopted
through the inclusion of effective charges. The theo-
retical transition rate B(E2), theoretical deformation
parameters, and theoretical intrinsic quadrupole
moments were calculated using two different inter-
actions for each case, including hasp for the shell,

fpd6 for the shell, and vpnp for the sd shell, kb3 for
the fp shell, and through the use of different effec-
tive charges, namely the B-M, and ST effective
charges, and the effective charges from NU-SH. The
theoretical results for the transition rate, deformation
parameter, and intrinsic quadrupole moment were
found to be reasonably close to the experimental
values when using, the kb3, and vpnp interactions,
and B-M and ST effective charges, with the
exception that the theoretical results determined for
the »Ca transition rate, deformation parameter and
intrinsic quadrupole moment were underestimated
comparing to the experimental values.
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*Binmosinaneauii agTop: dr.ahmedphysics@uofallujah.edu.iq

IHOPIBHAHHA MIK TEOPETUYHUMMU PE3YJIBTATAMM TA EKCOHEPUMEHTAJIBHUMH JAHUMUA
IMOBIPHOCTEM MMEPEXO/JTY B(E2), TAPAMETPIB JIE®@OPMAIIIL TA BHYTPIIITHIMHA
KBAAPYIIOJIBHUMHU MOMEHTAMM JJUIA PI3BHUX AOEP 3 MACOBUM YHCJIOM A =44

[IpoBeieHO TOPIBHSHHSA TEOPETHYHUX PE3YNbTATIB 3 CKCICPHUMEHTAIbHHUMHU JAHUMH Ui Pi3HUX sjaep (mapHo-
MapHUX), SKi MAlOTh OJHAKOBE MAacoBe YHCIO A = 44 i MaroTh OJM3BKI 3HAYCHHS CKCICPHMEHTAIBHOTO MapameTpa
nedopmarii, Takux Ak 165, 18Ar*, 0Ca* i 2 Ti*. Edexrn nonspusanii sgpa Ta MOeNbHUM TIPOCTIp OyJM MPUIHHATI
LUISXOM BKJIIOYEHHS e(eKTHBHUX 3apsnaiB. IMoBipHocTi mepexomy B(E2), Teopermuni mapamerpu nedopmarii Ta
BHYTpIIIHI KBaJIPyHOJIbHI MOMEHTH OYJO pO3paxOBaHO 3 BHKOPHUCTAHHSAM JBOX DI3HHX B3a€EMOIIH TSI KOXKHOTO
BHUIIaJIKy; Tiepinii Bumagok — hasp Bzaemonis mist siaep B Sd o6omonti ta fpd6 B3aemomist st simep B fp oGomonti; y
JIPYrOMy BHIAAKy — B3a€MOJis VPNP i siaep y oGosonti S Ta B3aemomis kb3 mis sinep y oGosonti fp, Takox
a/IanToBaHi /10 Pi3HUX e()EeKTHBHUX 3apsiiiB, TAKUX SIK eeKTUBHI 3apsau bopa Ta MoTTenbcoHa, craHIapTHI e(eKTHBHI
3apsan Ta edpektuBHi 3apsau Bim mporpamu NuShellX. Teoperwuni pesymsTati #iMoBipHOCTE#H Tepexony B(E2),
napameTpiB nedopmaiii i BHYTPILIHIX KBaJPYMOJbHAX MOMEHTIB BHSBHIIUCS ONU3BKHUMHU 10 €KCIIEPUMEHTAIBHUX
3HAYeHb IS WX S/AEP.

Kniouosi crosa: nopiBHAHHS, TapaMeTp Aedopmattii, epeKTUBHI 3apsiiy, Aapa, BHYTPIIHI KBaAPYNOIbHI MOMEHTH.
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