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A new model-free approach for analyzing the intafiaie-energy light nucleus-nucleus elastic-scattedif-
ferential cross-sections is proposed to extrachtimeerical dependencies of S-matrix modulus andean@hase on
angular momentum directly from the experimentahdaa the evolutionary algorithm. The refractivel aisorptive
properties of thé®0-°0-interaction at = 22...44MeV/nucleon are studied. The new approach basedgenetic
algorithm is presented to diagonalize the Hamiltanimatrix of the Nilsson-model for the deformedadlyi sym-
metric nucleus. The tests witness that the largernbatrix size the more effective the genetic apginobecomes
comparing to the traditional diagonalization method
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1. INTRODUCTION The real part of optical potential can also be ehos
. . . L . the form being more general than the common Saxon-
Experimental and theoretical investigations of difyy,054s or folding ones, allowing the non-monotonic
ferential cross sections of the scattering of lightlei .navior. For instance i’n [7] the spline form o
by nuclei atE_z 15...20MeV/nucIe(_)n are still in focus assisted the folding one. These approaches tu bo
for the analysis of su_ch cross sections comprisiegrly e quit successful in analyzing the experimenttd dat
pronounced refractive structures allows to obtalghouIOI be treated as model dependent for they ased

valuable information on inter-nucleus interaction o _ . o : :
) " priory model visions for the optical potential or the
small distances (see, e.g., [1-3]). Usually théedéhtial scattering matrix.

cross sections of intermediate energy nuclei-nuclei In this paper we expose the novel model-free ap-

ela_stic scatte_ring are analyzed Wit.h help 9f c_:ompleproach in which the numerical dependencies of the S
optical potentials or scattering matrices havingipa: matrix modulus and nuclear phase shift on the @mgul
lar forms _and a few ”“”ﬁber of free pﬁ!“’f‘mete_fs tie v momentum are extracted directly from the experient
ues of which are determined from the fitting ofﬂ'ﬁ_bﬂe data with help of the data fitting procedure uginglu-
experimental dqta. _Unfortunately there are grea’e_t;a tionary algorithm with smooth deformations of these
of models leading in several crucial cases to difie dependencies. On the basis of the proposed apptioach
physical interpretations of the observed featurés Ocfractive and absorptive properties of tHO—°0-
differential cross sections. Thus, it feels actisapose interaction atE = 22. .44MeV/nucleon are studied
the prqblem of _extrf_;lction of the optical po_tentialthe Besides, we present the novel approach based ars¢he
scattering matrix directly from the e_xpenmentalt_ada of a genetic algorithm which enables the numerical
with making as less of model assumptions as passiibl diagonalization of an arbitrary Hermitian matrixjttw

f[he cou(;s_?, the hquahty of f't;fl'ng_b}hef data fcan_ b%symptotically exponential convergence. With hefp o
|mprov_e| I one chooses ”?‘”f] ex;l € orfmso_ 0@:“ the approach developed we solve the full problem on
potential or scattering matrix than those of comsa eigenfunctions and eigenvalues of the Hamiltonian m

Ones. W'th this in mlnd_ various initial forms Weneeo! trix of Nilsson’s model describing the one-partistates
to be simple parameterizations or found from theroi of the deformed nuclei, in which the nucleons move
scopic calculations further modified with additid)nathe oscillator potential with axial symmetry

terms being the full set function expansions (g&€6]).



2. EVOLUTIONARY ALGORITHM FOR of | (see [17]) and correctly account for the characfer

SCATTERING MATRIX DETERMINATION absorption and refraction in the process of saatiesf
. o light nuclei by nuclei at intermediate energies.eTh

The scattering matrix in thg angular momentum reRiajues of the parameters, 4, L. 4, and 4, from
resentation can. be prgsented in the form Eq. (2) are the random ones uniformly distributed i

S =nexp2d, + 2ig)), (1) wide range. Thus this choice of the initial repreagon
where is the scattering matrix modulug, ando, are  of 7 and 4 does not influence the final result obtained
the nuclear and Coulomb phase shifts correspondingl with the algorithm at hand.

We have developed the approach with help of which 2. The elastic scattering differential cross seci®
the modulusy, and the nuclear phash as functions of calculated and the value gaf is found for each of the
angular momentuni are extracted directly from the individual from the population. The procedure uties
experimental data (the Coulomb phasgis assumed to amplitude of elastic scattering in the form of thegen-
poses the quasiclassic form of the point chargéiesea dre polynomials expansion. The differential cross-s
ing by the uniformly charged sphere with radis[8],  tion is determined by the squared modulus of this a
which is legitimated by the high enough energy oplitude.
scattering) without assuming any additional model a 3. According to they’ magnitude, two parent indi-
sumptions. In our approach the valuesgpfind g for viduals are selected randomly from the populatitwe (
each| are treated as independent fitting parameteri@wer the magnitude of the higher the probability to
Thus the parameter space of the variation problas hoe selected) to create two offsprings using thesfaa-
high dimension and one has to chose an adequate opiation
mization method.

Evolutionary algorithm is the one of choice the ap-

plication of which turned out to be quite efficieint In(7,) = () 1+&N(0’12) ,

solving such different and hard problems as thegirat- 1+(| - |oj

tion of differential equations [9], Thomson’s prebi on

the minimum energy configuration of N point charges

on a unit sphere [10], the optimization of ther-

modynamic analysis of phase transitions in ferrcteiles 5 =5|14+.02%N0D) ©)
[11], the construction of the light exotic nuclepund o =1y 2

state wavefunctions [12, 13], the optimization of 1{7]

parameters of the energy dependent optical potdatia

the elastic scattering of heavy ions by nuclei [1hp

analysis of spectra of quantum systems [15], thandp

[Zfé']or;t:f kinematics of nuclear physics expenmentsoim of mutationd is the dispersion characterizing the
The only condition the modulug and the phase, size of the mutation region,

: . The values of, andN(0, 1) are generated ones
must obey is the requirement for them to have smoo or each string oy u & The control parametessandd
form. Alongside with that one should note that a 9 ) P

E>15...20MeV/nucleon the number of fitting pa- ter in intervals dmin 8nal aNd Lrin dnal chosen by

: he user. These parameters are automatically tbged
rameters usually exceeds the number of expenmen{ F b y O

points. To avoid overfitting we have devised thecsal fle computational program in the specified intesval

. o : The mutation operator (3) is nonlocal and if théuga
mutation operator with dispersion. The developep-al .
. . ; ) of a andd are set properly the transformed functiayis
rithm consists of the following steps:

1. The initial population of individuals is created, andg" will be smooth. !n order o providg mohotonicity
each of which including the pair of real-valued toes of the extracted functiong and g we first find the
(1, 3) of dimensior e With | = 0,...., | -1. The initial minimum valuex’mon at which these functions still poses

’ max - 1y imax .

- - - the property. Then whilg? decreases below’mon We
dependencieg, andd are chosen in the analytical form
P 7 a y apply the additional condition due to which the maad

2 : . .
_ _ relative alteration of the functiong, and g can not
= exp(— ,uag(L, La'Aa))' 2JI = HpeX _A_Z ’ exceed some small value (say*18s in our case).
r 4. For each of two offsprings the elastic scattgrin
H‘l differential cross section is calculated gyfdnagnitude

where a is the mutation amplitudeN(0, 1) is the nor-
mally distributed one-dimensional random variabléhw
zero mean and one standard deviatlgms the random

g(L,L,,A,) ={1+ ex;{L La (2) is determined.

A 5. According to they’ magnitude, two individuals
where L =1+ 1/2, the parametep, determines the are selected randomly from the population (the digh
magnitude of absorption, the parametegsand 4, (44 the magnitude of” the higher the probability to be se-
and 4,) characterize the size of the region of absorptiolected) to be substituted by the offsprings.

(nuclear refraction) in the angular momentum space. 6. Go to step 3.
These shapes of the modulgsand the nuclear phage For the detalls of the selection procedure see-expo
meet the condition of smooth alteration with theréase ~ Sition in [18].
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3. RESULTSAND DISCUSSION oo,

We have carried out the model-free study of the re-
fractive and absorptive properties'8®—"°0-interaction
at E=22...44MeV/nucleon. The choice of the
%0 + %0 system is conditioned by the fact that there .l
exit valuable discrepancies between the S-matrid-mo
ule and deflection functions, characterizing abtoeep
and refractive properties of interaction, respesdyiy ;
obtained with use of different models (phenomenielog
cal optical model, folding model and S-matrix modef0 ¢
with Regge poles) (see [19, 20]). Therefore, itins i
portant to get new reliable information on the &wratg
matrix in the cases under study. i 1—
7 pE— Y 2 0 2 4C 6C 80 2¢ 4C 6C 8C4
' / Fig. 2. The ratio of the differential cross section of
elastic *°0 —*°0-scattering at E = 350MeV and its
components to the Rutherford one: curves 1&) &fe
the cross section and its refractive and absorptiom-
ponents calculated with the S-matrix to which the
curves 1 in Fig. 1g, c correspond; curves 1 — 3 (b) are
the cross sections calculated with the S-matriwlhich
the curves 1 — 3 in Fig. 1, b, d correspond. Th&tgo
are the experimental data taken from [21, 22]

olo, b
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Fig. 1. The modulus of scattering matrix, @) and
the deflection function (c, d) for elastito —*°0-scat-
tering: b, d and curves kc) are for E = 350 MeV
while curves 24,c) are for E=480MeV and
curves 3 ¢, c) are forE = 704 MeV
The results of analysis of differential cross setdi ‘ ‘ ‘ ‘ ‘
of elastic *°0-'°0-scattering atE =350, 480 and 0 2C 4C 6C 0 2C 46
704MeV carried out with help of the proposed ap- Fig.3. The same as in Fig2, but for
proach are exposed in Figs. 1-3. The values ofr@ont £ = 480 MeV @) and E = 704 MeV (b). a, b show the
parameters of the evolutionary algorithm are priesen results of calculations with the S-matrix to whittte
in Table alongside thg* magnitudes and the total reac-curves 2 and 3 in Fig. k, ¢ correspond. The points are
tion cross sections;. Besides the boundary values for the experimental data taken from [19]
andd, the Table contains their initiah(andd;) and final The calculated differential cross sections were-sym
(a; and @) values. The calculations utilized= 100 and metrized for the scattering of the identical nudiégs. 2
Rc = 0,95.2.18° [23]. The values of parameters of theand 3 show that the application of the developed ap
representations (2) altered in wide intervalsproach allows to obtain good agreement between the
L,=30,0...55,0; A4,=4,0...14,0; A4 =20,0...50,0; calculated and measured cross sections. As int[i]
L =4,0...10,0,4 = 5,0...50,0 which provided for the fitting of diﬁere_ntial cross sections was held hvviqhe
various enough initial conditions. The amount yff Standard experimental error of 10%. The scattemag

calculations were 1,4-103,8-16 and 2,0-1Diterations X (1) for the cases shown on Figsalc is charac-
for E = 350, 480 and 70MleV respectively. terized by smooth dependence losince the extracted

from the data modulg(L) and nuclear phase¥L) are
smooth monotonic functions df. The boundary mo-
menta of strong absorptidn, defined from the corre-
lation 77%(Ls) = 0,5 with help of the dependencigf.)
shown on Fig. 1¢g acquire the valued:s, = 58,1; 66,3
and 76,9 aE = 350, 480u 704MeV respectively. The
deflection functions@L) = 2(d. —d-1) + 2do(L)/dL in

T
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the cases under study have the forms typical oftises o; = 1667 mb (curve 1), = 2,0, d; = 2,6, amin = 10°,

of nuclear rainbow (see Fig. d), The angles of nuclear g = 6,5-1C, g; = 1678 mb (curve 2).

rainbow corresponding to the minima &L) are equal Fig. 2 shows that the use of the different formshef

to 6k=64; 41 and 26 at E =350, 480u 704MeV scattering matrix to which the curves 1 and 2 in

respectively. Note that the values@ffound atE = 350 Fig. 1,b, ¢ and the curves 1 in Fig. &,c correspond

and 480MeV are in good agreement with the ones olgives equivalent quality of fit of the data althéuig the

tained on the basis of the folding model with tleaglty region of large enough scattering angl@s (/) some

dependent nucleon-nucleon interaction [19] and thdiscrepancy between the differential cross sectains

nine-parameter S-matrix model [24]. tained is however observed. Therefore, the detailed
Table. The control parameters of the evolutionary structure ofp(L) in the region of small momenta con-
algorithm used in the calculations of the diffeiaht  taining small “humps” the character size of which

cross sections of elastif0 — *°0O-scattering at different A, =~ 7k= 0,9 fm & is the wave number) is compared

energies with the wave length of the relative motion of adilhg
Value nuclei A =277k~ 0,8 fm should not be assigned any
Parameter physical meaning and its existence is not necedsary
350 MeV| 480MeV| 704Me)  ihe correct explanation of the available experimknt
Lo 120 135 160 data. Thus the monotonic function (see Figi)1,
smoothly altering from small values to unity withet
min 10? 10° 10° increase ofL may be used as a modulugl) of
a, 09 0.9 09 scattering matrix for th&°0 +'°0 system at the energy
- ' ’ ' under study.
3 0,9 0,9 0,9 Note that when the program of calculations auto-
matically selected the conditions f8(L) corresponding
& 1,310 1,210 1,6:10 to the case of week nuclear refraction we founddihe
Oimin 55 7.0 9,5 ferential cross section (curve 3 in Figb,for which
X¥=06 6:=9.3,  amn=10° a=9,2-10,
Arna 100,0 100,0 100,0 0;=1590 mb). In the context the question remains on
d 80,0 90,0 100,0 how deep physical meaning might have the osciltatio
structures in the modulus of the scattering marid the
o 6,5 7,0 11,5 deflection function (see curves3 in Fighlg).
% 25 1.9 1.1 Obviously this result should be considered as aiphy
nonsense and only the smooth behaviag(d) and QL)
g;, mb 1693 1581 1483 without any additional structures characterizesemily

In order to clarify the degree to which the nucleathe effects of absorption and refraction in the—'°0-
refraction and the strong absorption are respamdinl ~ Scattering at the energies under study.
the formation of different features of the elast@—0- These conclusions contradict the results of thekwor
scattering in different regions of scattering asgt EO] 12” which the differential cross section of stia
Figs. 2, and 3 display the refractive and diffractive O— O-scattering was analyzed on the basis of the ten-
components of the cross sections studied calcutiued Parameter S-matrix model allowing for the pole dact
to the method proposed in [25]. Figs. show that &nd the strong influence of Regge poles and zefr&s o
6> 20...25 the refractive components (curves 2) alMatrix lying in the vicinity of the real axes inetrcom-
most totally replicate the respective differentiabss plex L plane on the refractive behavior of the studied
sections, particularly they describe fine detaifstie  Cr0SS sections & < 480MeV was found. The account
rainbow “tail” in the cases of the scatteringFat 480 for the poles and zeros of S-matrix strongly vietathe
and 704MeV. The diffractive components (curves 3)smoothness oB(L) Due to that the character of refrac-
dominate in the regions of Fraunhofer oscillatiats tion and absorption dt < Ls, in this approach substan-
small angle®. tially differs from that of the discussed above e(se

When the values of dispersiod,, decrease to curves1,2in Fig. 1, c).
2,0...2,5 and the procedure of additional control of
monotonicity of the extracted dependencig) and 4. GENETIC ALGORITHM BASED
AL) is switched off the behavior of the moduly@.) in NUMERICAL DIAGONALIZATION OF
the region of small momenta becomes non-monotonicHERMITIAN MATRIX. APPLICATIONTO
In this region there arise isolated structures rfipg") NILSSON MODEL

like the ones shown on Figs.Hd (curves 1, 2) for the Th iability of sh f . lei i .
scattering aE = 350MeV while the deflection function e variability of shapes o atomu_: nuciel 1S ar im
portant property of nuclear matter. It is well éditthed

has the similar form as in Fig. 4, Note the values of hat th ority of lei def d both iowrd

those parameters of calculations for the curvésih, that the _majorlty ot nuciel are detormed oth g

Fig. 2,b which differ from the ones mentioned in thedNd excited states. The study of the influencehef t

table" dun=0 =20, a,, =00, a=6410" nuclear deformations in different states on variobs
. min — - 1 in— (g} - ’ 1

servables are permanently in the focus [26].



One of the most simple but physically rich ap- The scheme of application of a genetic algorithm to
proaches to the systematics of the energy leveddah the problem under study is as follows. Each ofdpe
the deformed nuclei is Nilsson’s [27] model in whihe timized Euler angles is presented via the binagodn
nucleons are placed in the self-consistent fiektdbeed ing. The population consists of the fixed numbesets
by the oscillator potential with axial symmetry. of these angles. Initially all the angles are ssidomly

The key point in the calculations of the one-pégtic in the specified intervals (6). Then for each dearmles
states in this model is the diagonalization of ifamil- the unitary transformation matrix (5) is calculataad
tonian matrix in the basis of the one-particle wavepplied to the diagonalized matrix and the sumlof a
functions of the spherical oscillator potential. solute values of all non-diagonal elements of thed-

The full solution of the problem of searching eigenformed matrix is determined. Further two parens sdt
functions and eigenvalues of the Hermitian matax ¢ angles are selected from the population accordirte
be found using the most developed and effective Jarescription — the less the sum of absolute vabfiesn-
cobi's method — the so-called plane rotations dfee  diagonal elements the greater the probability to be
method consists in the successive transformatiaihef selected. The selected sets of angles are remlidate
initial matrix H=H, into the more simple form by produce offsprings. During the replication, sonms loif
multiplying it with the matrix of plane rotatiod. As a the binary codes representing the angles are tippth
result there arises a seriéf, Hi, H,,... in which some probability (mutation). After that, the excharof
He = UH Ut andUy is selected to make the matk  the complementary portions of bits between the miare
not contain the non-diagonal element of the matijix, sets of angles takes place with some probability
having the maximal absolute value. #y = ||h;®||, (crossover). For each offspring the sum of the laitso
| hokV | = max | h*P| Uc=[|u®], then for the values of all non-diagonal elements of the tramséat

primary matrix is calculated. If the value of offsm’s

real matrixH we have sum becomes less the largest value of individualis
ulk) = ug';) =cosg, ug‘q) = —ug';) =sing, in the population, the latter is substituted by fivener.
PP (k ) The same way the next pair of parents is selected a
Zh

the process proceeds until the required quality of
929 = h(k 1) h(k -1) 4l mia. ) diagonalization is achieved. Then the diagonal efem

of the matrix H'=gHg" are the approximate
eigenvalues oH and the rows of the matrig are the
pproximate eigenvectors.

Using the dianalization method presented above, we

The sequence of the matriddgasymptotically squarely
converges to the diagonal matrix. Besides, all th
diagonal elements of the final matiik turn out to be

the apprOX|mate eigenvalues ldfwhile the rows of the have independently replicated the one-particle gner
matrix LtJ - U\}\L/Jtzh Ukth beco:rr:e q :Ee ap?r?xmate states scheme found by Nilsson via Jacobi’'s method.
eigenvectors. Within this metho € most ime-cong,q comparative analysis of the developed approach
suming procedure_ s the_ search f_or the_non dlagon d the conventional ones (e.g., Jacobi’s) shoaisthie
element of the diagonalized matrix, having maxim igher the dimension of the matrix under diagoradiin

absolute value. Thus in practice various methods e higher the efficacy of the genetic approach.
employed to accelerate or optimize this process.

From the other hand, the full solution of the pesbl
of searching eigenfunctions and eigenvalues of the 5. CONCLUSION
Hermitian matrix is provided with help of the umita The proposed model-free approach allows to extract
transformation describing - dimensional rotationn(is  the numerical dependencies of the modulus of S+matr
the dimension of the diagonalized matrix) whichings and the nuclear phase on the angular momentuntligtirec
the generalized Euler angles [28], can be presentedfrom the measured differential cross sections ate

the form: scattering. This approach is free from thepriori
g=g(m. gW, gk = 91(91k) gk(gllf) visions of the shape of the nuclear part of sdatjer
matrix. The results of analyses of the differentiedss
g_(@k):> X;j'=X; BE05(‘9 NRSE E‘B'” , sections  of elastic '°0-'°0-scattering  at
I Xju'= =X, B;mé’k +xJ+1Ed:os<Hk 22...44MeV/nucleon featured by the pronounces re-
l<ksn-1,1<j<k, ) fractiv_e picture of_rqinbow scattering witness t[ﬂae
quantitative description of the available experitaén
0<6187,.<2m, 0<6,65,.6565,.<m.  (6) data is achieved with the use of the scatteringimat

To this end the problem can be considered as theobn determined by the modulus and the nuclear phase bei
finding the optimal set afi(n-1)/2values of Euler angles smooth monotonic functions of angular momentum
minimizing the sum of absolute values of all nonwhile the deflection function has the form typicdilthe
diagonal elements of the matrix under diagonalirain  case of nuclear rainbow.
the rotated basis. To solve the problem we havéegpp It should be noted that we have studied the case of
the genetic algorithm which varies the optimizedhe elastic scattering of identical nuclei limited an-
parameters independently and in parallel and has tgular distributions by?d< 90" so that one can miss some
exponential convergence rate. important details of rainbow structures. From thdsnt

of view it seems reasonable to extract numerical de
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pendencies of the S-matrix modulus and nuclearegphas 9. D. Diver. Application of genetic algorithms to
shift on angular momentum from the differential ss0 the solution of ordinary differential equationsJi/ of
sections  for  elastic °0-'“C-scattering  at Phys. A: Math. and Gerl993, v. 26, p. 3503- 3513.
E(*°0) = 230...281 MeV with help of the fitting proce- 10. J.R. Morris, D.M. Deaven, K.M. Ho. Genetic-al-
dure based on the evolutionary algorithm and fimtl o gorithm energy minimization for point charges on a
whether these characteristics are smooth monotoriphere //Phys. Rev. B1996, v. 53,Ne4, p. R1740-
functions in the angular momentum space. R1743.

Nilsson’s model allows successful description @& th 11. S.V. Berezovsky, V.Yu. Korda, V.F. Klepikov.
ground state properties of light nuclei with 432,  Multi-level genetic-algorithm optimization of thder-
including spins, parities, magnetic and quadrupote  modynamic analysis of incommensurate phase in fer-
ments, etc [29]. With help of the modified Nilssen’ roelectric ShP,Se // Phys. Rev. B2001, v. 64,Ne6,
model [30-32] which account for the different defiar p. 3.1-3.7.
tions of a nucleus in different excited one-paetistates 12. C. Winkler, H.M. Hofmann. . Determination of
the experimentally measured probabilities of etectr bound-state wave functions by a genetic algorittim /
magnetic transitions between the excited one-particPhys. Rev. C1997, v. 55Ne2, p. 684-687.
states of light nuclei have been more adequately ex13. C. Winkler, H.M. Hofmann. Structure of the he-
plained. Within the specified model it is actualrézal- lium isotopes'HeHe // Phys. Rev. C1997, v. 55Ne2,
culate the energies and the quantum characterisficsp. 688-698.
the excited one-particle states of light nucleingethe 14. K. Michaelian. Evolving and energy dependent
ones equilibrium in deformation, and find out wheatit  optical model description of heavy-ion elastic sadng
is possible to agree the calculated and the medslata // Revista Mexicana de Fisicd.996, v. 42 (suppl. 1),
if we take into account the dependencies on nudear p. 203-215.
formation of the weights with which the operatofshe 15. V.Yu. Korda. Implementation of a genetic algo-
spin-orbit interaction and the interaction propamtl to rithm for analyzing spectra of quantum systems. /b6f
the square of angular momentum enter the Hamiltonia Kharkiv Nat. Univ., Phys. Series: Nuclei, Particles
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INPUMEHEHUME 3BOJTIOIMOHHBIX AJITOPUTMOB /UISI BE3MOJAEJBHOI'O
OINPEJIEJIEHUS MATPHUIIBI PACCESTHUS M UUCJTEHHOM TUATOHAJIU3ALIANA
T'AMMWJIbTOHHUAHA B MOJEJIM HWJIbCOHA

A.H. Booun, B.IO. Kopoa, A.H. /loéons, A.C. Mones, J1.I1. Kopoa

TIpenmosxkeH HOBBIA O€3MOAETBHBIA MOAXO s aHamM3a IU((epeHITMATBLHBIX CEUSHUH YIPYroro pacCesHus
JIETKUX SIIep TPOMEXYTOUHBIX SHEPTUH SApaMH, MO3BOJAIOMINI M3BICKATh YHCICHHBIE 3aBHCUMOCTH MOAYISA U
saepHON (pa3pl MaTPHUIIBI paccessHUS OT OPOUTATIFHOTO MOMEHTA HETIOCPEACTBEHHO M3 HKCIIEPUMEHTATBHBIX TaHHBIX
C MOMOIIBIO SBOMOMMOHHOTO AITOPHTMA. VI3ydeHsl MpeTOMIISIONIEE i HOrIomaomie ceoiictea °0—%0-3ammo-
nevictBust npu E = 22...44MbB/aykion. IpeacTaBieH HOBBIM METO IHArOHAIM3AIMHM MATPHUIIBI TAMHJIBTOHHAHA B
Mojaenu Humbccona nehopMHPOBAHHOTO sApa ¢ aKCHATBLHOW CHMMETPHEH, MCTONL3YIONIMHA TeHETHYECKUH alro-
putM. TecTupoBaHHe IMOKA3al0, YTO YeM OOJbIIe pa3Mep AUAaroHaIN3yeMol MaTpHUIls!, TeM 3¢ (deKTHBHEE OKa3bIBa-
€TCsI TCHeTHYECKHH MOXO0/I TI0 CPAaBHEHHUIO C TPATUIIMOHHBIMIA METOIaMH JTHAarOHAIN3AIIH.

3ACTOCYBAHHSA EBOJIIOIIMHUX AJITOPUTMIB JIJI1 BE3MO/IEJIbHOI'O BUSHAYEHHS
MATPUIII PO3CISTHHA 1 YACEJBLHOI JIATOHAJIBAII MATPUII TAMIIBTOHIAHY B
MOJEJI HIJIbCOHA

O.M. Booin, B.IO. Kopoa, AM. /loeona, O.C. Monaes, J1.11. Kopoa

3anpornoHOBaHO HOBMH Oe3MOAENBHHUN MiAXiN Ul aHallizy MUQepeHIiaIbHUX Mepepi3iB MPYKHOTO PO3CIsTHHS
JETKHX siiep MPOMDKHHUX €HEeprid siipam, II0 Ja€ 3MOTY BH3HAUaTH YMCIIOBI 3aJISKHOCTI MOIYJS 1 saepHoi dasu
MaTpHLi pPO3CISHHS BiJ OpOITaJbHOIO MOMEHTY OE3MOCEPEAHBO 3 EKCICPUMEHTAIBHHX JAaHHX 3a JONOMOTOI0
eBOJIOLIHHOr0 amropurMmy. Jlocimimkeni 3azommorodui Ta mornmparodi BmactuBocti °0—'°0-B3aemonii mpu
E = 22...44MeB/uyxnon. [IpencrapneHo HOBUI METOX [iaroHani3auii MaTpuili raMineToHiany B Mozeni Hinmbcona
nedopMoOBaHOTO sIpa 3 aKCiaIbHOIO CUMETPIEI0, IO 3aCTOCOBYE I€HETHMYHUH aaropuTM. TecTyBaHHS OBeNO, LIO
4yuM OijblIe Po3Mip JiaroHali3yeMol MaTpuili, THM €(QEKTHUBHIIINM BHSBISETHCS TEHETHYHUI MiAXiM HOPIBHSIHO 3
TPaIULIHHIMH METOIaMU JliarOHai3aIlii.



