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REACTION “C(!B, ?C)©*B AT Eja(*'B) = 45 MeV,
INTERACTION OF B + 2C VERSUS THAT OF 1011128 + 12C

New experimental data for differential cross-sections of the 1*C(2!B, 12C)!*B reaction obtained recently at the energy
Ep('B) = 45 MeV for the ground states of *B and 2C were analyzed within the coupled reaction channels (CRC)
method that included the B + '4C elastic scattering channel as well as channels for one- and two-step transfers of
nucleons in the coupling scheme. The necessary B + *C Woods - Saxon (WS) optical potential parameters for the
entrance reaction channel were obtained from !B elastic scattering in the previous work, while those for ?C + 1°B
interaction were deduced from fitting the CRC calculations to the “C(*!B, *C)'*B reaction data. Needed spectroscopic
amplitudes of transferred nucleons and clusters were calculated within the translational-invariant shell model. The data
are well described by the direct transfer of a proton while contributions from two-step transfers were found to be
negligible. The deduced B + 2C WS optical potential parameters are compared with those of the 1®111?B + 2C nuclei

interactions. The effect of isotopic differences in these interactions was observed.
Keywords: nuclear reaction *C(*B, 12C)**B, coupled-reaction-channels method, spectroscopic amplitudes, optical

potentials, reaction mechanisms.

1. Introduction

For the study of the nuclear structure of boron
isotopes and properties of their interaction with other
nuclei, a lot of experimental and theoretical work
has been performed up to date, with the use of stable
01l jsotopes serving as projectiles or targets in
many direct experiments, as much fewer experi-
ments have been performed with secondary 8'%''B
beams, thus the properties of unstable boron isotopes
were investigated mainly through reactions in which
they were produced as outgoing or residual nuclei.
In particular, secondary beams of B and other
unstable boron isotopes were used in [1] with the
aim to determine the radii of proton point
distributions in ?'’B. Concerning the structure of
¥, it was investigated in several indirect
experiments such as [2] to probe the spectroscopy of
13188 ysing multi-nucleon transfer reactions, or in
[3] via the “B(d,p)®B and in [4] via the
BC(d, @)®B  reactions performed in inverse
kinematics, as well as in [5] by the use of the
reaction *C(t,*He)®B. In [6], spectroscopic
information about the final states of *B and **B was
obtained from the reactions ***C(d, *He)**'“B also
performed in inverse kinematics. In [7], the (d, p)
reaction was used to determine the *?B(n, y) reac-
tion rates and their influence on r-process nucleo-
synthesis for different astrophysical implications.

In this work, we continue the investigation of
reaction ““C(*'B, *C)"B at Ei(*'B) = 45 MeV with
the main purpose as to deduce the Woods - Saxon
(WS) potential for the final state interaction of
BB +2C nuclei produced in the exit reaction
channel, as well to compare it (study the isotopic
differences) with the respective WS potentials
deduced previously for the **B + '2C [8], "'B + **C
[9] and 1B + *2C [10] interacting systems. As our
recent publication [11] was focused on the study of
spectroscopic properties of the interacting nuclei in
this reaction *C(*'B, ?C)**B at Ejn(*'B) = 45 MeV,
namely the extraction of the asymptotic normali-
zation coefficient (ANC) for the “C - B+p
overlap, so the experimental part was presented very
briefly as well as the interaction potentials, used for
the best-fit coupled reaction channels (CRC)
calculations, were not compared with the respective
interaction potentials of other neighbouring nuclei.
Thus, in this paper, we provide some more details
and discussion regarding the above-mentioned
issues. Finally, a test of the recently published global
optical model (OM) potential for 8B projectiles
[12] is performed by its application to describe the
interaction of *>C + *B nuclei in the exit channel of
the reaction *C(*B, ?C)*B, as, at least, predicted
matter radii of *°B and **B differ by less than 0.1 fm
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[13], so this potential with modifications proposed in
[14] is used directly for the entrance B +C
reaction channel and tested, with or without any
modifications, for the exit B + *2C reaction channel.

2. Experimental procedure

Angular distributions of the **C(*'B, X) scattering
and transfer reactions were measured simultaneously
at an energy Eip(*'B) = 45 MeV using the 'B beam
from the Warsaw University cyclotron U-200P. A
self-supporting 280 pg/cm? foil with 86 % enrich-
ment by **C was used as a target. The experimental
system has been described in [15, 16], so will not be
repeated here, while a typical two-dimensional
AE(E) spectrum of the registered reaction products
is shown in Fig.1 of [16]. The detailed energy
spectrum of carbon isotopes is shown in the lower
panel of Fig. 1 in [17]. In order to extract the peak
areas necessary to obtain angular distributions of the
reaction “*C(*'B, 2C)®*B firstly, a background func-
tion was constructed (code PEAKFIT) and fitted to
the local minima of a given spectrum (Fig. 1, a) to
account for maximum possible contributions of
multi-particle reaction products. After subtraction of

this smooth background, contributions from impu-
rities in the target of the 2C(*B, ?C)!'B reaction
products in the ground and excited states, labeled in
Fig. 1, a, b) as “**C)"B”, were estimated using the
spectra from *2C + !B elastic and inelastic scattering
measured at a slightly higher energy of Ep(*'B) =
=49 MeV [9] on the same experimental setup (solid
curve in Fig. 1, b). After the subtraction of this
background caused by *2C impurities in the target,
the obtained residual spectra (Fig. 1, c) were fitted
with the sum of symmetric Gaussian functions with
peak positions fixed at the energies predicted from
kinematics. The same procedure as in [8] was used
to minimize the contributions from residual
backgrounds observed in the energy spectra. The
maximum errors of the peak areas were estimated to
be 30 %. The peaks corresponding to the reaction

products “C(*B, ?C)"*Bys were kinematically
resolved from the peaks of the reaction
“CcMB, “C)"'Byay at  Op>17° and  from

1Cc(MB, *C)!"'B,.1, peaks at O < 37°. Peaks for the
excited states of *B were obscured in carbon spectra
by the strong peaks corresponding to excited “C or
11 kinematically close to those of *B.
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Fig. 1. Typical energy spectra of carbon isotopes from the “C(*'B, C)B reaction at the energy Ejn(*'B) = 45 MeV.
Curves show background forms of multi-particle reaction product contributions (a) and from *2C impurities in the target

(b), as well as Gauss symmetric fitted forms (c).

In this way, angular distributions of the reaction
“4cB, *C)*Bys. were obtained at the angles
Ocm.(*?C) only, as peaks of *B in the boron energy
spectra were obscured by strong peaks of B from
the inelastic 'B + *C scattering, thus making it not
possible to derive any cross-sections for the angular
distributions at ®O¢m. (**C) = 180°° - O¢m.(**B). The
normalization factor, necessary to obtain the
absolute cross-section of the “C(*B,C)“B
reaction, was the same as that used in the previous
work of the elastic and inelastic scattering of *'B by
14C [16], measured in the same experiment.
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3. Analysis of the reaction data

The “C(*B, ™C)™¥B experimental data were
analyzed within the CRC method. The C + !B
elastic scattering, including the reorientation of the
1B [16], as well as transfer reactions as shown by
diagrams in Fig. 2, were included in the channel
coupling scheme. Standard WS optical potentials
were used in the entrance and exit channels of the
calculations and their form, given here for
completeness, is:
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with the Coulomb potential being that for uniformly
charged spheres

Z.Z.€(3-r?/R?) /2R, r<R.,

Z.Z.€Ir, r>Re.

Here, the form of the radii is given by:
Ri=ri( A+ AR) (i=v,W,0), (3

where Ap, Ar and Zp, Z7 are the mass and charge
numbers of !B, **C (entrance channel), and **C, *B
(exit channel). The parameter rc = 1.25 fm was used
in all CRC calculations.

14F 13p 14c IZB 13B 14C 15C ISB
Py + d in + nl {d
I;B lic lfB 13c 12=c 11=B 1DB 12>C
14C llB 13B 14; ISC 13B 14§ llBe 13B
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d4 t3He + ay 1t + t4 Y a
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Fig. 2. Diagrams of different 1*C(*!B, °C)**B
reaction mechanisms.

The wave function of x for a nucleus A = C + x
was calculated by varying the depth of the WS
binding potential to reproduce the binding energy of
nucleus A. The geometry parameters of the cluster
binding potentials were the following: a = 0.65 fm
and ro = 1.25 AY3/(CY® + x13) fm.

The spectroscopic amplitudes Sy of clusters x for
the nuclear systems A = C + x, used in the CRC
calculations for the transfer reactions were obtained
within the translational-invariant shell model
(TISM) [18] using the computer code DESNA
[19, 20] and Boyarkina’s wave function tables for
1p-shell nuclei [21]. The calculated values of the
amplitudes Sy are listed in Table 1.

The CRC calculations for the reaction
“Cc™B, ?C)*B were performed with the code
FRESCO [22]. For the entrance B + **C channel
the WS potential parameters were taken from [16],
in which the elastic and inelastic scattering of these
nuclei was investigated. The parameters of the WS
potential for the *B + '2C interaction were deduced
from fitting the calculated cross-sections to the
YC™MB, 1?C)*B experimental data, and they are
listed in Table 2.

Angular  distributions  of  the  reaction
YCc™B, ?C)®*B at Em(*'B)=45MeV for the
ground states of '°C and *B are shown in Fig. 3
together with CRC calculations for different transfer
reactions. As can be seen, the direct transfer of a
proton (curve <p>) is dominating in this reaction,
while contributions of other two-step transfer
reactions as d +n and n+d (curve <dn>, coherent
sum), t+%n and “n+t (curve <t’n>), d +°He and
*He+d (curve <d®He>), a+t and t+o (curve
<at>), are negligible.

Table 1. Spectroscopic amplitudes Sy of x-clusters in the A = C + x system

A C X nL, Sx A C X nL; Sx
1up 8Be t 2P3p 0.641 e loge a 3S, -0.566
1B °Be d 2S; -0.6072 uc 1iBe °*He 2S12 -0.9032

1D, -0.109? 1“C 1B t 2P3p -0.3682
1Ds 0.610? 14c ) 1D, ~1.010
) °B n 250 —0.665 14c 2y n 250 0.615
1D, 0.421 14c 138 p 1P3p 1.6952
1B 108 n 1P3p, —1.3472 15C 1B d 2P, -0.144
138 1oge t 2P3p 0.466 1F, -0.3382
) 11Be d 2P, -0.440 15C “C n 251 -0.882
1F; 0.172 16C 13 t 3Pap 0.3422
1F; -0.5172 16C e 2 3So -1.089
138 ) 2 2So 0.623 14N ) 3He 2P ~0.1072
1D, 0.197 2P3p —0.096
3B 12 n 1Py -0.238 1Fs, -0.2922
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Continuation of Table 1

do/dQ, mb/sr

107*

En(*'B) = 45 MeV for the ground states of
3B and C. The curves show CRC cross-
sections calculated with the WS potentials

A C X nL, Sx A C X nL, Sx
1P 0.213% N 2c d 1D, 0.246
12 Be a 3So 0.822 N 1B o 2D, 0.435°
12 °Be *He 2P3p 1.2242 N 2c t 2Py 0.380
12c °B t 2P -1.2243 N ) *He 3Swe -0.103
12c 108 d 1D3 1.780 2Ds), -0.140
12c 1B p 1P3p, -1.706? 1G7 0.1372
13C 1B d 2S5, —0.263 16N “c d 2P, 0.380
1D, —-0.162 YN B a 3D; —0.398°
1D, -0.485% N 14C t 3P -0.817
13C 12c n 1P 0.601
* Skresco = ('1)JC+HA “Sy =Sy
Table 2. Parameters of optical potentials
T+P Ecm, MeV Vo, MeV rv, fm ay, fm Ws, MeV rw, fm aw, fm Ref.
14C + 11 25.20 266.6 0.750 0.740 7.5 1.345 0.740 [16]
12C + 138 20.33 221.0 0.798 0.690 9.7 1.250 0.660 this work
2C + 12 22.80 177.0 0.788 0.740 9.0 1.000 0.600 [8]
2C + 1B 20.87 252.0 0.788 0.670 7.4 1.250 0.670 [9]
12C + 10B 22.53 100.0 1.150 0.428 15.0 1.300 0.248 [10]
10 Z ET rrTTT rrTrrrrrrrrrrrrr T T T T T T LI LA | T 3
o 14C(“B,12C)13B E
10 H
g Ew(''B) = 45 MeV 3
of 1 Fig. 3. Angular  distribution ~ of  the
10 WC(MB, 2C)8B  reaction at the energy

(see Table 2) for different transfer processes.

]'07E:k_:’-_*‘:\f—ggﬁi‘thzn) —
% e T
0L (@He)
10’;”..”. AN S S N T T A S S S S A MO BTN ;
% 40 60 80 100
9c.m.,deg

In Fig. 4 the comparison of cross-sections for the
direct transfer of a proton in the reaction
“4c™B, ?C)*B, calculated with OM parameters
from this work for the *2C + *B interaction, and the
parameters used in the exit reaction channel as
deduced previously for *2C + '°B [10], **C + B [9]
and C +'°B [8] interactions (see Table2), are
shown. The observed differences in the calculated
cross-sections (so-called isotopic effects) may be
caused, on one hand, by the different internal
structures of °**B isotopes: the predicted matter
radii [13] for B and *B are equal (2.41 < 0.03 and
2.41+0.05 fm, respectively), a bit smaller for °B
(2.34+0.06fm) and the smallest for B
(2.23£0.11 fm), also the shapes for density distri-

ISSN 1818-331X AJAEPHA ®I3UKA TA EHEPTETHUKA 2022 T.23 Nel

butions of neutrons (as well as matter) in B
isotopes are predicted [13] to be different. The
calculations in Fig. 4 with the use of WS potentials
in the exit channel of the reaction *C(!B, 2C)**B as
deduced for **C + B [10] and *2C + B (this work)
interactions generate almost similar results at
forwarding angles, but the difference is observed
when the WS potential for *2C + *?B [8] interaction
is used, and especially for *2C + !B [9] interaction.
The WS potentials for *?C + 3B (this work) and
12C + B [9] interactions differ mainly by the depths
of the real and imaginary parts (see Table 2), and
these differences of the potential well depths cause
very different results of calculations as shown in
Fig. 4 when potentials for *B + *2C and 'B + *2C [9]
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interactions are used in the exit channel of the
reaction “C(*'B, *C)B. The choice of the indivi-
dual parameters of WS potential for a given
interaction system, on the other hand, is connected
with the important channel couplings taken into
account in the analysis of experimental data: for
example for the B+ 'C elastic scattering the

inclusion of proton transfer between the projectile
and the target and transition to the first 4.445 MeV
(2*) excited state of '2C were shown to have a
significant effect on the results of calculations [23],
both of these processes were taken into account in
the analysis of °C + ''B elastic scattering data in a
broad energy range [9].

llllllll

léc(lIB.IEC)IBH

Eus(''B) = 45 MeV

(P(lzc—ua))

{_Iﬂxac- 123))

do/dQ, mb/sr

T

Fig. 4. Angular distributions of the
14C(MB, 2C)**B reaction for the ground states
of B and ?C. The curves show CRC
calculations for proton transfer with different
OM parameters for the B +2C interaction
(see Table 2).
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Fig. 5. The radial dependence of the volume real and imaginary parts of WS potentials for 3B + 2C and !B + 12C
interactions from Table 2 (left-hand side), WS and DF potentials for !B + 2C (middle), and *B + *2C (right-hand side)

interactions. See captions in the Figure and text for details.

In the left-hand side of Fig.5, the radial
dependence of the volume real (Vo) and imaginary
(Ws) parts of WS potentials (see Table 2) for
1B +12C and B + *C interaction is shown. In an
attempt to find some possible connection of the
observed difference of the real parts of these
potentials with the internal structure of B and B
isotopes, we used the shapes for the density
distributions of protons and neutrons in !B, *B, and
2C predicted in [13] and M3Y Reid form
of nucleon-nucleon interaction [24], to generate
folding-model (DF) potentials for B+ !*C and

BB + 12C interaction systems using code DFPOT
[25]. In the middle of Fig. 5, the comparison of the
WS [9] and DF potentials for the B + *2C system is
shown, as can be seen, the deduced WS potential [9]
is somewhat broader than the generated DF
potential. In the right-hand side of Fig. 5, the same
potentials are shown for the **B + *2C system, and an
excellent agreement in the interaction region (5-7
fm) between the real parts of WS and DF potentials
is observed. It is interesting to compare the results
of CRC fit to the **C+B [9], *C + B [10]
elastic scattering data, as well as the reactions
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3¢, **C)**B [8] and “C(*'B, *C)**B (this work)
with the use of previously deduced WS potentials
and the DF potentials generated for 112138 + 12C
systems using the predicted shapes for the density
distributions of protons and neutrons in these nuclei
[13], what will be done by us in the future.

Finally, we performed test calculations for the
transfer of a proton in the reaction “C(*B, **C)"*B
at Eip(*'B) = 45 MeV using the parameters of global
OM potential for #1%B projectiles proposed in [12].
The parameters of the real volume (Vo, rv, av),

imaginary volume (Ws, rw, aw), and imaginary
surface (Wb, rp, ap) parts of WS OM potentials for
YC + 1B and '°C + *B interactions were generated
from global systematics [12] and are listed in Table 3,
for Coulomb interaction Vc(r) (2) the parameter
rc = 1.556 fm was used for both reaction channels. It
should be noted that the radii of these potentials are
dependent on the target masses only as R = riArY?
(i=V, W, D, C). The detailed expressions of these
potentials can be found also in [8, 14].

Table 3. Parameters of the global OM potentials from Ref. [12] original (a), (c) and modified (b), (d)

T+P Vo, MeV | ry,fm | ay,fm | Ws, MeV | rw, fm | aw,fm | Wp, MeV | rp, fm | ap, fm | Potentials
“Cc+UB | 258.14 | 1.266 | 0.726 15.84 1.640 | 0.600 45.52 1.200 | 0.843 (@)
“Cc+1UB | 258.14 | 1566 | 0.726 13.34 1.940 | 0.900 (b)
L2C+BB | 258.83 | 1.263 | 0.726 15.08 1.640 | 0.600 46.86 1.200 | 0.843 (c)
2Cc+BB | 258.83 | 1.263 | 0.726 15.08 1.940 | 0.800 (d)

('\\'\‘ LI L B L I I LI LI Frrrrrrr T T Tt
Y E “c("'B,"*0)"B 3
E]ab(uB) = 45 MeV
Fig. 6. Angular  distributions  of  the
ke “CMB, 1?C)®B reaction for the ground
g 1! states of *B and 'C. The curves show CRC
o : cross-sections for the transfer of a proton,
S 4 calculated with different parameters of OM
8 ot (a)tle potentials from Table 3 (see text and
[o-meee- got2§b§+ cl Vo captions in the Figure for details).
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The results of calculations of a proton transfer in
the reaction *C(*'B, **C)**B with the use of original
OM potential parameters generated from global
systematics [12] for the entrance (potential (a)) and
exit (potential (c)) reaction channels are shown in
Fig. 6 by the long-dashed curve, which, as can be
seen, is not in a good agreement with the
experimental data. Because for the elastic 'B + *C
scattering at Epn(*'B) =45 MeV calculations with
original potential parameters (potential (a)) strongly
underestimated the experimental data at backward
angles and diffraction phase disagreement was also
observed at forwarding angles [14], some modifi-
cations of this potential were proposed (potential
(b)) in order to reach a much better agreement with
both forward and backward angle experimental data
for the B + C elastic scattering [14]. So, using the
modified OM potential (potential (b)) for the
entrance channel of the rection *C(*B, ?C)**B but
leaving the original (potential (c)) potential for the
exit channel leads to the improvement of the data fit
only for ®m. < 50° as shown in Fig. 6 by the short-

dashed curve. As was shown in [14] from the
analysis of the **C(}!B, °B)*C reaction data, strong
absorption caused by the imaginary surface potential
[12] leads to the calculated cross-sections being
lower than the experimental data. Thus, using the
same procedure as in [14], e.g., omitting the surface
term of the global OM potential for B +*C
interaction and slightly changing the parameters of
the volume terms (potential (d)), we could get a
somewhat better agreement with the experimental
data (solid curve in Fig. 6).

4. Summary and conclusions

New experimental data for differential cross-
sections of the reaction “C(!B,YC)"®B at
Ein(*'B) = 45 MeV obtained in the forward angle
hemisphere for the ground states of **B and **C and
published recently in [11], were analyzed within the
CRC method that included the elastic and inelastic
scattering channels of !B + **C as well as one- and
two-step transfers in the coupling scheme.
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For the entrance reaction channel, a WS potential
was used with the parameters deduced from a
previous CRC analysis of the experimental data for
1B +1C elastic scattering at Eju(*'B) =45 MeV
[16]. Spectroscopic amplitudes for nucleons and
clusters, needed for the CRC calculations of the
reaction cross-sections, were obtained within the
TISM [18] by means of the computer code DESNA
[20]. The spectroscopic factors of nucleons and
clusters in nuclei are defined by the squares of these
spectroscopic amplitudes. The parameters of WS
potential for the B + 2C interaction were deduced
from the fit of CRC cross-sections to the
4C(*B, **C)"*B reaction data.

From the present CRC analysis of the
experimental data for the reaction **C(*'B, ?C)*B it
was found that direct transfer of a proton is
dominating, while contributions of two-step
transfers of nucleons and clusters are negligible.

Comparison of the parameters of WS potentials
for the interaction of ?C+%B, C+B [10],
2c + 1B [9], and *?C +'°B [8] as well as CRC
cross-sections for the reaction *C(*'B, **C)*B with
the use of these potentials for the exit reaction
channel, was performed. Differences in these cross-
sections were observed that might be due to different
internal structures, for instance, different shapes of
matter distributions in 3B isotopes as predicted in
[13], as well as some important channel-coupling
effects taken into account in the analysis of
experimental data, for given interaction systems.

Global OM potential proposed for 8B

projectiles [12] was tested as part of the analysis for
the system *B + *2C and CRC calculations with OM
parameters extracted from global systematics [12]
were found to reproduce the experimental data of the
reaction *C(B, *C)*B at Ejsn(*'B) = 45 MeV only
when surface terms of this potential were omitted for
both reaction channels, as well as the parameters of
the volume real and imaginary potentials, were
slightly modified, similar to what had been derived
recently from the analysis of the *C('B, **B)*C
reaction data [14]. For the further test of the
applicability of global OM potential [12] to “B
projectiles, the measurements of experimental data
for 1*B scattering from light and heavy targets is
desirable, with special attention to be paid to other
inelastic processes, besides pure potential scattering,
in the analysis of experimental data of *B elastic
scattering from light targets [12, 14].
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PEAKIIS 4C(1B, 2C)3B IPM EHEPT I Euu.(1'B) = 45 MeB,
B3AEMOJIS SIJEP 1°B + 12C TA 101112B + 12C

HemonaBHO OTpUMAHI HOBi eKCHEpMMEHTalbHi JaHi AupepeHLianbHuX nepepisip peakuii “C(MB, ?C)°B npu
eHeprii Eqc. (*'B) =45 MeB s ocHoBHuX craHiB saep °B ta 2C mpoaHastizoBaHO 3a METOIOM 3B’S3aHMX KaHAJIiB
peakuiit (M3KP), y cxeMy 3B’3Ky Oyji0 BKJIIOYEHO KaHal MPYXHOro poscisHus saep B + “C Ta xaHanu oaso- i
JIBOCTYIIIHYACTUX Iepefad HYKJIOHIB 1 KiactepiB. i BXiZHOTO KaHaldy peakiii HeoOXimHI mapaMeTpd ONTHYHOTO
notenmiany Bymca - Cakcona OyJl0 BHKOPHCTaHO 3 aHaNli3y HPYKHOTO poscisuHs B 3 momepennboi poGoTwh, a
napamertpu 11s B3aemonii ?C + °B Gyno orpumano 3 migronku M3KP-po3paxyHKiB 10 €KCHEPMMEHTAJIbHUX JaHUX
peaxuii “C(!B, ?C)!*B. HeobOxiani cnexkTpockoniuni aMIuniTy a4 ((pakTopu) Aj1s NepeJaHuX HYKJIOHIB i KiiacTepis Oyio
OOYHMCIICHO 3a TPaHCIALIIHO-IHBApIaHTHOIO MOJEIUT0 0000HOK. JlaHi nOOpe OMUCYIOThCS MPSIMOIO Ieperayveto
NpOTOHA, a BKJIAAM JBOCTYMIHYACTHX PEaKIiil Mepeiad BUSABMIMCH He3HAYHMMH. [IpOBEIEHO MOPIBHAHHS apaMeTpiB
notenniany Byaca - Cakcona, BU3HaYEHHUX UL B3aeMoii auep ©°B + ?C, 3 mapamMeTpaMy IUX HOTEHIiaiB [/ CHCTEM
1011128 + 12C. CnocrepiraeTbes eekT i30TOMiUHOT BiAMIHHOCTI IUX B3a€MOI.

Kniouosi cnosa: apepna peakuis “C(*B, 1?C)B, meTon 3B°13aHHX KaHAJIB PEakliif, CHEKTPOCKOIIYHI aMILTITyIH,
OIITUYHI TOTCHITI M, MEXaHI3MH PEaKIIiii.
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