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In the framework of the classical-trajectory method, we analyse zero-angle yields and velocity
distributions for the products of fragmentation of '*O-nucleus with Z > 2 on the **'Ta and °Be targets at the
energy 35 MeV/u. The analysis is based on the hypothesis of a two-step mechanism of which the first step is
stripping of few nucleons from the projectile during its motion through the target and the second step is
fragmentation of the projectile residue when it already left the target. The stripping probability of a nucleon
is related with the imaginary part of the nucleon-target optical potential, while fragmentation is described
within the Fermi statistical breakup model. The calculations reproduce the general trends of 0° yields of
Barig, g +16c, 8105 112l4ge and >1'Li nuclei, which implies that the two-step mechanism of
fragmentation prevails. However, the inability of our calculations to reproduce the complex shape of the
velocity spectra indicates that also the prompt disintegration of projectile within the target nucleus
contributes to 0° yields.

1. Introduction

In order to clarify the mechanisms of nuclear reactions in the Fermi-energy domain, zero-
angle velocity distributions for nuclei with 2 < Z < 11 produced in the collisions of a 35 MeV/u 20
beam with "*Ta and ®Be targets were measured in Refs. [1, 2]. The experiment was conducted at
the Flerov Laboratory of Nuclear Reactions cyclotron U400M by utilising for the detection of zero-
angle products an in-flight separator COMBAS [3]. The zero-angle velocity distributions of
projectile-like products of stripping reactions in both systems are found to have a maximum at the
beam velocity V= Vyean which broadens with the
increasing number of nucleons removed from the @ .
projectile but does not change its position even for the

products with 4 <10. projectile target
This pattern suggests the idea that these
reactions proceed as two-step process (see Fig. 1).

First, the projectile during its motion through the target
looses a certain number of nucleons, which we denote
by A4y. As a result one gets a primary product with the
vacancies on s, p, d levels which moves at a velocity
close to the beam velocity, if, as we suppose, A4y is
much smaller than the projectile mass number Apeam.
Then this primary product decays in-flight primarily by
neutron and proton emission that changes little its
mean velocity but certainly increases the velocity
dispersion.

In this paper we develop a model, which
realises this two-step mechanism and employ it to
analyze the '*0 + '®'Ta and '®0 + ®Be reactions at the . .

of nuclear fragmentation above the Fermi
beam energy o.f 35 MeV/u [1, 2]. In the model, ‘the energy. Nate. that the Pauli’s. principle
projectile constituent nucleons are treated as classical does niot forbid the densities of two nuclei
particles whose trajectories are compatible with the overlap.

e —

primary product

.@.@

final products

Fig. 1. Illustration of the two step process

3BIPHMK HAVKOBMX IIPALb IHCTUTYTY SIIEPHUX JIOCJIJDKEHb Ne3 (16) 2005 29



V.P. ALESHIN, A.G. ARTUKH, B. ERDEMCHIMEG ET AL.

intrinsic wave function of the projectile, while the target nucleus is treated as an absorptive medium.
This approach was suggested in [4, 5] for analysis of low-energy reactions of loosely-bound

projectiles with heavy targets.

Unlike [4, 5], where the projectile wave function was that of a K-harmonic method, in this
work we apply to projectiles the shell model description. The corresponding nucleonic trajectories
are constructed in Sec. 2. In Sec. 3 we define the nucleon stripping rate in terms of the imaginary
part of the appropriate nucleon-nucleus optical potential and construct the production cross sections
of primary products. A simple description of direct population of particle-bound states in many-
nucleon stripping processes is given in Sec.4. In Sec.5 we present the Fermi breakup statistical
model. In Sec. 6 we apply our formalism to analyse the data. The implications of this analysis are

discussed in the summary section.
2. Nucleonic trajectories

In this section we construct classical trajectories for nucleons which constitute the projectile
nucleus. For simplicity we assume that the corresponding mean-field potential U(r) is not depending
on the spin and isospin of the nucleon and take it in the form of the harmonic oscillator potential

Ur)= %ma)zr2 ,

where m is the nucleon mass and @ is the frequency parameter.

In the following the nucleon energy is denoted as &, the length of its angular momentum as /
and the corresponding z-component as /.. The unit orts {e,, e,, e;} of the laboratory frame are
defined so that e, is directed along the beam velocity Vpeam, While e, and e, are lying in a plane
perpendicular to the beam. We find the values of &, /, /, for all nucleons of the beam nucleus from
their shell-model quantum numbers, whose classical analogues are known as the action variables. In
order to prescribe the classical trajectory to nucleon &, /, I, we then specify its angle variables ¢y, ¢,
@3, each of which changes between 0 and 2. This is done using the formula @, =27¢,, i=1,2,3,

where &}, &, &, are the random numbers uniformly distributed between 0 and 1. Given &l 1L, &, &,
&3, we generate the trajectory of the particle using the following procedure, illustrated in Fig. 2.

U=(1/2)mw’r"

A
4 re )
p
s o
>
0
Z

Fig. 2. Reconstruction of the elliptical orbit for given &, /, /, with the aid of @; and @,. The axis x’ is
perpendicular to / and the beam directions; the axis y” is perpendicular to 7 and to the x’-axis.
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The orbit of the particle, bound in the harmonic oscillator potential is an ellipse. Given & and
[ the semi axes of this ellipse are given as

a=cJl+d, b=cVl-d,

Y /1_(15)2.

Given / and [, we use angle ¢, =27, to fix the two remaining projections /x and /, of the angular
momentum vector / in the laboratory frame defined above:

I =y =2 cosg,, ly=1/12—-122 sing; .

Once / is known we introduce the 2-dimensional Cartesian coordinate system in the plane of
the particle orbit with the orts

e, = Vbeam xl O i [Vbeam % l] x1
X! s yr e 5
lVbeamxlI [[Vbeamxl]xll

where |a| denotes the modulus of @. The unit vectors i and j pointing along the main axes of the
ellipse are then defined as

i=e,cosp,+e,sing,, j=e,sing, —€,CosQ,,
where @, =27¢, . Finally, the nucleonic trajectory in the projectile-fixed frame is given by
F6E) = i-acos(ot+@;)+ j-bsin(ot + @),
where @3 = 27&; fixes the position of the particle at 7 = 0.

3. Stripping stage

Letj=1,2,..., J, where J = Apeam , count the single-particle quantum states in the projectile.
Given 3 random numbers fj = (fl,fz &3 )j uniformly distributed in (0,1) for a nucleon number ;

(that is the nucleon in the state /) we use the procedure of previous section to find its trajectory
r(t;f ;) in the body fixed frame and eventually its trajectory r(t;g_"j;b) in the laboratory frame:

r(t;gj;b)=r(t;5j)+Vbeam[+b’

where b is the impact-parameter vector. This expression is used not only in the approach stage of the
reaction, but also when the projectile moves through the target. The Pauli blocking does not forbid
doing this if the beam velocity exceeds the Fermi velocity as is assumed in this paper.

During traversal of the target by the projectile the nucleon j can be either absorbed in the
target or it can survive the absorption. In the latter case its orbit is distorted, but we shall assume
that it is possible to disregard the distortion effects. This assumption is known as the frozen internal-
motion approximation. According to [6], in the d- and ®’Li-induced reactions treated as three-body
problem, which can be solved exactly, this approximation becomes reasonable for incident energies
exceeding 30 MeV/u. In [7 - 9] the frozen internal-motion approximation was used in the studies of
2-neutron stripping within the four-body approach.
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It is convenient to denote the stripping probability and the survival probability for nucleon j
as T(0;¢ J.;b) and 7(1;¢& j;b) , respectively. Given r(t;g j;b) , we find them from the formulas

T:2 3)=exp(-2[7 at [ W(r(sE ;8 /),

T(0;¢ ;b)=1-T(L;¢ ;b),

where W(r) is the imaginary part of the optical potential describing interactions of nucleons with the
target nucleus. In the following we treat b as a random vector, given by

b(n,$)=R,m-(e sin27l +e, cos2n),

where 7, ¢ are the random numbers uniformly distributed between 0 and 1 and Riy is the nucleus-
nucleus interaction radius.

Let {n,n,,...,n,; } be the set of occupation numbers, characterizing some primary product

with n; = 0 (1) if the state j is empty (occupied). Then neutron number Ny, proton number Z,
excitation energy Ex, and velocity ¥} of this product are calculated as

| 1
NOZZ(5+Tj)nj, ZO=Z('2——TJ‘)”],
J J
E,=Yemn-yent ,  Vo=(Ng+Zp)"' Yy,
J J J
while the probability for this product to emerge is the following

s % J -
P(ny”lz---”ﬂéfszj;77,4')=HT(ﬂj;f-;b(U,é'))-
=1

Here, 7; is the isospin of the state j (7 = 1/2 for neutron and -1/2 for proton), n¥* is the value of

n; in the lowest shell-model configuration of a nucleus with Z = Z; and N = N, and v; is the

velocity of the jth nucleon at # = 0.
The differential cross section for the production of a nucleus with Zj protons, Ny neutrons
and excitation energy E, is given by

d’c¢ 2R, 1 - - =
3 = X#W o Z nP(nan"'nj;glgT“f‘]; nsg)a (1)
a', AV immy..nyEi a2y 1L (eVp)

with A/ being the total number of nucleus-nucleus collisions sampled by the Monte Carlo method.
The sum is running over those sets {n,,nz,...,nj;é'l,fz,...,fj; n,¢ }, which lead to the primary
quasi-projectile ¢ = {Ny, Z, E, }, having the velocity within a cube centred at ¥, with the side length

AV. The interaction radius has the form R, =7, (A + Aimre) fm. The factor 10 in Eq. (1) is

arget
inserted to transform the units of fm? to millibarns.
It is evident that the account for interactions between projectile and target nucleons by
means of the frozen internal motion approximation overestimates the cross sections for the primary
products with large A4y = 4yam — (Z, + Ny) . Indeed, contrary to this approximation, after stripping
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of big number of nucleons the projectile residue becomes in fact a cloud of alpha particles and
nucleons not driven any longer by common mean-field potential, which implies a strong declining

in the yields of primary products for big A4,. In the following we calculate d°c/d*V, according
to (1) at Ady=1+ A4, and put it equal 0 for A4, > A4, where A4, is fitting parameter.

4. Stripping to particle-bound states

In order to find the cross sections for many-nucleon stripping to quasi-projectile states with
too little excitation energy to permit further particle-emission de-excitation it is necessary to know
the wave functions of those states, which requires accounting for residual interactions and the
difference in the mean field potentials of projectile and quasi-projectile. Incorporation of such
structure calculations [10] into many-nucleon stripping reactions is a difficult problem, whose
solution is still limited to stripping of no more than 2 nucleons [9]. Therefore in the present work we
account for the effects of residual interactions and Z, N-variation of the mean field with the aid of an

approximate procedure, extending somewhat the model of Ref. [11].

Qualitatively, owing to the above effects, cross section 0'55(7\/% to populate £, =0 shell-

model configurations of (Z,, N, )-nucleus will spread over both particle- bound and unbound states
of this nucleus. To account for the spreadlng to unbound states we multiply O'Z % with the

X—ha)

ablation factor F, , and add(l1-F; )O'ZO V to the cross section o,Xy © to populate its shell

model configurations with E, = A® . Following [11], F,

o.N Will be defined as

SZQNO
Fyyne = j dE, j'delf(el) jdezf(ez) jde f(e Yo(e,+e,+...+e, —E)} )

where S, is the particle emission threshold for the nucleus (Zo, No), z = A4, is the number of

stripped nucleons and fe) is the distribution function over the excitation energy e of a nucleus
emerging in a one-nucleon stripping process. For simplicity, we take f{e) in the exponential form

fle)= <e>_1 exp(—e/(e)), where (e) is a fitting parameter, one and the same for all Zy, No.

Inserting in (2) the standard presentation J(e) = Qr)™! fw dtexp(iet) for the J -function, we

may perform the integrals over e; e», ..., e, explicitly to obtain

f exp(—ipt)
(z=(-0)"

where g =S, v,/ <e>. By closing the contour of integration over 7 with the semicircle of infinite

Fyo N, _I
0:-No = ik 27n

radius in the lower half plane of complex 7, we find

1 4 1 d*! : '
P iy™= i) <3"dp (Z_l)!iidrz—l eXp(-lp.T)l:—I z-D!; Idpp exp(-p). 3)

Upon expansion of the exponent into the Taylor series and integration over p we obtain for Fz, 50

an infinite series, identical to equations (5), (6) of Ref. [11]. A finite series expression for it results
on using the tabulated formula

[dpp" exp(~p) = —nlexp(~ p)Z%-
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The expression reads
z-1 .$
Fyyny =1- exp(-—q)z% . q=5gx,/{e). 4)
s=0 2+

S. Fragmentation of primary quasi-projectiles

For treating the particle-emission decay of primary quasi-projectiles, which emerge in the
first step of the two-stage process, we use the Fermi breakup statistical model in which an excited
nucleus decays at once into several fragments. This model was initially designed [12] and developed
formally [13] in order to describe the multiplicity of mesons produced in p-p and 7-p collisions.
Detailed description of the model formalism in both relativistic and non relativistic cases within the
context of multi-meson production may be found in Ref. [14].

The idea of using the general concept of the Fermi breakup model to simulate the explosive-
like disintegration of light nuclei was proposed by Zdanov and Fedotov [15]. Gradsztain et al. [16]
realized this suggestion to treat de-excitation of remnants of intra-nuclear cascade in the p + '2C
reaction at 156 MeV. Quite satisfactory agreement for the yields of 6He, 6'(”Li, 9’“)Be, 10.11g " and
"%11C nuclides was obtained. The detailed account of the present status of the Fermi breakup model
of nuclear fragmentation may be found in Ref. [17].

According to the Fermi breakup model, the rate at which a nucleus with the mass M, and
excitation energy E, decays into a channel containing & “particles” with masses M; and spins s; (i =
=1,...,, k) is given by

S 3/2 (272_)(3/2)(1—/()

Ar~Eka-1M63/2(Hk M) c

)(3/2)1(-5/2
FG-1) 7

; )

& 4 g
=171

where S = HL (2s,+1) is the spin-degeneracy factor, G = p,!p,!... is the particle identity factor
(s denotes the number of particles of sort b), V, is the frieze-out volume of the decaying system,

k
2 2
Ekin = E.‘( + IM()C - Z MI-C

i=1

is the total kinetic energy of all outgoing particles, U f plays the role that the Coulomb barrier plays

in the case of the two-particle decay.
As, for the moment, we have no simple picture leading to Eq. (5), the quantities Vyand U f

therein are defined heuristically. In this paper Al are calculated with the aid of the code RAZVAL,
designed by Botvina as subroutine of the code for the statistical multifragmentation model [18]. It
should be noted that excited nuclei are also treated in RAZVAL as particles if their excitation
energy is lower than the particle emission threshold. In addition, for few unstable nuclei, the most
long living resonance is treated as particle and its sequential decay is followed.

RAZVAL is a Monte Carlo code. Given Zy, Ny, Ey , and ¥} of the decaying nucleus as input,
it returns, for one call, the total number of emitted particles £ and the charge number Z;, mass M,
and velocity V; for each product of the decay i = 1, 2,..., k. The set k, Z;, M, is generated using A",
while V; are generated on the basis of the velocity distribution

k
§(MOV0 - My, )d3V,d3V2...d3Vk :

i=1
6. Analysis of experimental data

Now we apply the above formalism to analyse fragmentation of '*O-nucleus on the *!'Ta
and °Be targets at the beam energy of 35 MeV/u. In calculations described below, the energies of s,
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p, d levels in 30 were taken equal to 3/2, 5/2 and 7/2he , respectively, with hw = 40Al;”3 [19].

cam
The angular momentum for s, p, d orbits was taken 1/2, 3/2, and 5/2 #, respectively. The proton-
"®!Ta and proton-’Be absorptive potentials were taken from [20] and [21], respectively. Absorptive
potentials for neutrons were taken the same as for protons. Parameter 7, of the nucleus-nucleus

interaction radius was 1,4 fm. The list of “particles” in RAZVAL was extended to include the
spectroscopic characteristics of 'O, !N [22] and their excited states [23].
Evaluating the Oth, 1st and 2nd moments of d°c°/d"V, as a function of V, with the aid of

Eq. (1) we can find the total cross section o, mean values i » UL and dispersions Af, A of the
parallel and perpendicular to the beam components of ¥,. With these parameters we can construct
the Gaussian approximation for d°c¢/d W, and compare it with d’c°/ d*Vjitself. Such
comparison is made in Fig. 3 for few representative cases. We see that Gaussian approximations to
d’c°/d 3V0 reproduce them in a sufficiently large neighbourhood of the maximum. This enabled us
to generate F, to be supplied as input to RAZVAL, with the aid of normally distributed random

numbers [24] and parameters o, Uy, U{, A[, Af. The calculations show that Uy are very close

t0 Vpeam for small A4, and slightly grow, when A4, increases. Therefore we put Uy =Vyeam for all c.

1E1 . Ex=5
1E0
1B 5
1E2 : =
E=4
03 |
0.2 ‘ E =3
01| X
o.ol R 3
03} |
02| % E_2
| =
0.1 7
g 00 | @
= 03l
D o2 s
o @ o
00 | ... By ... BB |
031 1 1
02| ! e
o] = | - E=0
o0l ﬁ . il <.

08 10 12 08 10 12 08 10 12 08 1. 1.2 10 12 08 10 12

Y%

Fig. 3. Comparison of d’c*/dv,dQ=V}V, d’c*/d’V, (left columns) with the Gaussian distributions

beam
(right columns) in the '*0(35 MeV/u) + "*'Ta collisions. The excitation energy E, of primary quasi-
projectiles '°N, *C and '°Be is in units of 7w ~15 MeV.

In Fig. 4, we show the measured and calculated zero-angle velocity distributions for '*'70,
12'”N, Sbh B10:18 B, 7>1219Be, and **''Li nuclei from the 18()(35 MeV/u) + 18174 reaction. In these

calculations we account for break up of primary excited products with Zy = 3+8 and Ny= 3+10.
Ablation factor Fy, n, Was found from Eq. (5) with <e> =5 MeV for Ay= ZytNy = 14+17 and it was

taken zero for 4y < 14. The number of samples was 1,5 - 10" in the stripping stage and about
5.10" for each ¢ = {No, Zy, E, } in the breakup stage. Since experimental cross sections are given

in [1, 2] up to an unknown universal factor, we normalised them by the requirement for the
maximum of the velocity spectrum for '°O to coincide with the model prediction.
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Fig. 4. Zero-angle velocity distributions for >0, >N, s o 8’lo'”B, 79121986 and “*''Li nuclei from
the '*0(35 MeV/u) + *'Ta collisions. Experimental data are shown as circles, the calculations as solid
lines. The vertical lines indicate the position of the beam velocity. The quantity v =V/Vyean is the nucleus
velocity in units of the beam velocity. The Friedman-Tsang procedure is applied. No cutting of hot
sources.

Zero-angle yields do(0°)/d2 of 13'170, KN 9'mC, Sditon 7’9'12’1486, and **''Li nuclei
obtained by summation of the velocity spectra from Fig. 4 are plotted in Fig. 5, a. One can see that
the yields of products with 4214 are reasonably reproduced by calculations, whereas those
for4<14 are strongly over predicted. The calculations of do{0°)/d€2 shown in Fig. 5, b were

performed by putting o =0 for 4y < 14. One observes noticeable improvement of the description
of the yields of products with 4 < 14. The same cut-off was applied in Fig. 6, where we compare the
calculated and measured zero-angle yields of the same nuclei produced in the reaction
180(35 MeV/u) + “Be. From Fig. 5, b and 6 we see that (Z, A) distributions for fragmentation
products of *O on very light target ("Be) are similar to those on very heavy one (‘*'Ta). This
similarity is reproduced by our calculations.

5
10 T " T T T T T T T T r T T T

calculations

510 | R St
] T O i { 4
g 2 e N
2 P
£ 10°F I
~ 4
g | i \
A0
‘e 10°F 1
N’
2] -1
T 107 1
]
10% i ]
10'3 L i L L ! \ : . ) ) ) .
6 8 10 12 14 16 6 8 10 12 14 16 18
a A

Fig. 5, a. Isotopic distributions in the reaction '*0(35 MeV/u) + '*1Ta.
Left box: experiment. Right box: theory.
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do(0°)/dQ2 (mb/sr)

i experiment

*<><

E |

i calculations

T ¥ T T T

18

Fig. 5, b. Isotopic distributions in the reaction "*O(35 MeV/u) + '*'Ta. Left box: experiment. Right box:
calculations in which the cross sections for the formation of primary products with 4, <14 were put 0.
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Fig. 6. The same as in Fig. 5, b but for the '*0(35 MeV/u) + ’Be reaction.

7. Concluding remarks and outlook

According to Fig. 5, a, 5, b and 6 the yields do(0°)/dS2 are reasonably reproduced by the
model, if we take for two our fitting parameters the values <e> =5 MeV and A4, =4. From Fig. 4

one can see that calculations are not capable to reproduce the shape of measured velocity spectra.
The calculated spectra may be fitted by one Gaussian, whereas the measured ones look as a sum of
two Gaussians, one around V; ~V,,, and another, with much smaller magnitude, at the velocity ¥,

somewhat lower than V., . It is tempting to attribute this smaller component of velocity spectra to

direct disintegration of projectile within the target nucleus.

For further testing of the classical trajectory approach to fragmentation and exploring the
interplay between the two-step mechanism of fragmentation and the direct disintegration inside the
target it is desirable to apply this approach to fragmentation of "0-nucleus at somewhat higher
energies. From this viewpoint of considerable interest are the data on products of fragmentation of
'80(80 MeV/u-nucleus on *’Al and '*'Ta targets from 0° measurements reported in [25, 26].

This work was supported in part by grant RFBR-01-02-16427.
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HATIIBKJIACUYHUI AHAJI3 ®PAIMEHTAILI SIPA *0O
HA MIINEHSIX "*'Ta TA °Be IIPM EHETT 35 MeB/nykion

B.Il. Anvomun, A.T. Apriox, b. Epaemunmer, I'. Kamincki, C. O. Kaurin,
FO. M. Cepena, }O.T'. TerepeB, A. M. Boponios

Y pamkax MeToay KJIACHYHMX TPAEKTOPIH aHami3yIOThCS WIBMAKICHI PO3MOALIM Ta BHMXOAM
npomykTis dparmentanii aapa O wa wmimensx *'Ta Ta ‘Be npm emeprii 35 MeB/Hykion. Amaiis
CIIMPAETBCA Ha TiMOTe3y IMPO ABOCTYIEHEBHM MeXaHi3M (parMeHTalil: CrovaTky Bil sApa-CHapsaaa, Lo
pyXaeTbes Kpi3b MillleHb, 3PHUBAETHCS AEKiIbKA HYKJIOHIB, a Aaji HOro 3ajlUUIOK, 3aJIMLIMBIIH MillleHb,
PO3BAIOETHCH HA YyJaMKH. IMOBIpHICTH 3pHMBY HYKJIOHAZ MOB’S3Y€EMO 3 YSBHOIO YaCTHHOI) ONTHYHOTO
NOTeHLiany “HYKJIOH - MillleHb”, a parMeHTaIlil0 OTTMCYEMO 3a JAOTIOMOTOI0 (hepMieBCHKOT MOJIEeNTi po3Baty.
PospaxyHku nepenarots 3arajdbHUi XapakTep BUXO/IB sAEp g, 12y, Hoc, 815g, 7-2lpe 1 UL
nix 0°, mo miATBep/KYE TinoTe3y Mpo JAOMiHyIO4y POJib ABOXCTYIIHYATOrO MeXaHi3My dparMeHTanii. Ane
TO# (haKT, 110 pO3PaxyHKU He CIIPOMOXKHI BIATBOPUTH CKiIaAHY (OPMY LUBMAKICHUX CIIEKTPiB, BKa3ye Ha Te,
1O ¥ pamnToBa Je3iHTerparlis HaITalouoro sjipa BCepeanHi s1pa MilleHi Jae cpiii BHecoK y BUxoau mif 0°.

MOJYKJACCHYECKHIA AHAJIN3 ®PATCMEHTAIIMA SIAPA *0
HA MUIIEHSX “'Ta W °Be IIPHM SHEPTHH 35 MsB/nyknon

B. Il. Anemun, A.T. Apriox, B. 3pa3munmor, F Kamuncku, C. A. Kabirun,
}O. M. Cepena, 1O.T. Terepes, A. H. Boponnos

B pamkax MeTona KJIaCCHYeCKHX TPaeKTOPHH aHAIM3UPYIOTCS BBIXOIbI M CKOPOCTHBIE pacnpe/iesie-
HHS TIPOAYKTOB (pparMeHTalluu sapa 80 ¢ Z >2 na mumensx '*'Ta u *Be npu 3Hepruu 35 MaB/Hyki0H.
AHanu3 OCHOBAH Ha THIIOTE3€ O ABYXCTYNEHYATOM MEXaHM3Me: CHauyajla OT sapa-CHapsa/a, ABHKYIUETroCs
CKBO3b MHIUEHb, OTPHIBACTCS HECKOJBKO HYKJOHOB, a [IOTOM €ro OCTaroK, [OKWUHYB MHILEHb,
pasBanMBaeTCs Ha KYCKH. BepOsTHOCTH CpbiBa HYK/JIOHZ BBIP2)KAEM YEPE3 MHHMYIO 4acTh ONTHYECKOro
NoTeHUMAaNa “HyKJIOH - MHIIEHb”, a (parMeHTALHIO OIUCBIBAEM C MMOMOILUBIO (EPMHUEBCKOM MOIEIH
pazBaiia. PacyeTsl BOCIIPOM3BOAAT OOLIEE MMOBEAEHHE BEIXOIOB SIEP 13"70, '2'”N, 9"GC, 8"O'UB, 7812146 y &
“Ii mox 0° uTO MOATBEPXKAAET TMIIOTE3y O JOMHHMpYIOLIEH DO ABYXCTYNEHYaTOr0 MeXaHu3Ma
dparmenrauuy. OnHako TOT (BakT, 4TO pacyeThl HE B COCTOSIHUM INEPENaTh CIOXKHYIO (OpMY CKOPOCTHBIX
CMEKTPOB, YKa3bIBaeT HA TO, YTO M MTHOBEHHAs [€3UHTErpallys HAJETAIOIIEro spa BHYTPH AApa MULIEHH
BHOCHT BKJIaJl B BbIXO/bI 1oz 0°.
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