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INVESTIGATION OF VIRTUAL STATE OF *Be+n SYSTEM USING
THE COMPLEX SCALING METHOD

Abstract. Nuclear states observed around threshold energies provide us with interesting problems associated
with the nuclear cluster structure. Most of them are also interesting astrophysically from the viewpoint of
nucleosynthesis.

The first excited 1/2" state in °Be has been observed as a sharp peak above the ®Be+n threshold energy in the
photo-disintegration cross section of y+’Be->a-+o-+n. Since the size of the peak has a strong influence on the reaction
rate of the °Be synthesis, new experimental data have been investigated. Recently, we performed calculations using
an o+o+n three-cluster model together with the complex scaling method (CSM), which well reproduces the recently-
observed photo-disintegration cross section. The results indicate that the virtual-state character of the 1/2* state plays
an important role in formation of the peak structure appearing in the cross section observed above the ®Be+n
threshold. From these results, we discuss that the first excited 1/2* state in °Be is a Be+n virtual state but not
resonant one. However, the virtual state cannot be directly obtained as an isolated pole solution in the CSM, because
the scaling angle in the CSM cannot be increased over the position of the virtual state pole on the negative imaginary
axis of the complex momentum plane.

In our previous work, the cross section form of the photodisintegration and the phase shift behavior of a virtual
state assuming a simple two-body model are discussed. In the CSM, the virtual state cannot be obtained as an
isolated solution, but the continuum solutions are considered to include the effect of the virtual state. There is no
previous study that the CSM can be applied successfully to virtual state. Applying the CSM to the simple schematic
potential model, we have shown that the sharp peak of the photodisintegration cross section calculated just above the
threshold which does not correspond to a usual Breit-Wigner type pole. A new approach for the CSM to describe the
virtual state was proposed, and we discussed the pole position of the virtual state using the continuum level density
(CLD), the scattering phase shift, and scattering length calculated in the CSM. The next problem is how to
distinguish a virtual state from a resonant state and how to see the difference in the observed photo-disintegration
cross sections.

The purpose of this work is to investigate the reliability of the virtual state solutions in the CSM as comparing
with the solutions of the Jost function method. To investigate the structure of the virtual state, we calculate the
energy eigenvalues, phase shifts and photodisintegration cross section of the two-body model with a two-range
Gaussian potential by changing the strength of the attractive potential.

Keywords: Complex scaling method, continuum level density, phase shift.

Introduction. It is a long-standing problem to determine its resonance energy and width of the first
excited 1/2" state of *Be, which is closely connected with the problem to clarify whether it is a resonant
state or not. Recently, we studied the 1/2" unbound state of *Be and the photodisintegration cross section
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applying the complex scaling method (CSM) [1-2] to the a+a+n three-cluster model [3]. The results
indicate that there is no sharp resonant state corresponding to the distinguished peak observed just above
the *Be+n threshold in the photodisintegration cross section of Be. However, the recent experimental
cross section data [4, 5] can be well explained by the a+a+n calculation. From these results, we concluded
that the first excited 1/2° state in *Be is a *Be+n virtual state but not resonant one.

The purpose of this work is to investigate the reliability of the virtual state solutions in the CSM as
comparing with the solutions of the Jost function method. To investigate the structure of the virtual state,
we calculate the energy eigenvalues, phase shifts and photodisintegration cross section of the two-body
model with a two-range Gaussian potential by changing the strength of the attractive potential.

Complex scaled two-body model. To understand the characterization of the virtual state [7-9], we
investigate the simple two-body model corresponding to the *Be+n structure in *Be. In this model, both
clusters are assumed to have no-spin and the relative motion between clusters is described by the
following Schrédinger equation:

HY). =EY).

6]
Where J” is the spin and parity, and v is the state index. The Hamiltonian is given as
2
H=——V’+V(r)
2H )
Where we assume a simple Gaussian potential
V(r)=-V, exp(-ar’) , 3)
h2
where a = 0.16 fm™. For simplicity, we put — =1 (MeV fm?).
y7i
In this study we use the CSM, in the CSM the relative coordinate r is transformed as
Uu):
r—>re 0 4)

Where U(6) is a complex scaling operator given by a scaling parameter 6. Applying this trans formation to
Eq.(1), we obtain the complex-scaled Schrodinger equation:

HOW,.(0)= ELW.(0). (5)

The complex-scaled Hamiltonian H? and wave function ‘P;” (0) are defined as U(0)HU ()" and

U (9)‘{];” , respectively, and see Ref. [10] for detail.
Applying the L? basis function method, the wave function is expanded as

(0= ¢ (0),(r)
n=1 , (6)

Where {(15,, (r)} is an appropriate basis function set. The expansion coefficients c,{”'/ (@) and the complex
energy eigenvalues E’ are obtained by solving the complex-eigenvalue problem.

The scattering phase shifts & 7 (E) for the Hamiltonian Eq.(2) can be calculated using the solutions
of the complex scaled Schrédinger Eq.(5) with and without interaction.

— 78 ——
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)

where the eigenvalues Ef are classified into N, bound states, N’ resonant states and N f continuum

I

From Eq. (12) in Ref. [11-14], we have

5" (E)= N7Z'+NZ{—COt (E Emj}+2{—cot (

states for a given 8; N =N, + N Y+ N’ The N eigenvalues of the free Hamiltonian given by the only
kinetic energy operator are expressed as &, —i&; (k =L...M )
The photodisintegration cross section due to the electric dipole transition from the ground state

J g =1 to the continuum J7 = 0" states is expressed as

167* ( E, \dB\ELLE
O-El(E}/): 9 (h}/] (dE }/)
v, (®)

where the transition strength is calculated by using the solutions of the CSM
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Numerical results. To understand the characterization of a virtual state, we investigate a simple two-
body potential model for the *Be+n system in the CSM. The potential strength V; in Eq.(3) is taken to
reproduce one bound state of s-and p-waves. The energy levels of J= 0" and 1~ obtained by solving the
complex-scaled Schrodinger equation which are presented schematically in figure 1. The potential
strength V) is taken to reproduce one bound 0'state of s-waves. In this model, this 0" solution is assumed
as the Pauli forbidden state, because this model simulates *Be(0")+n. Hence the 1™ solution describes the
ground state, and there is no 0" bound state.

= - + 0*  Continuum states

F
E ;3 { 0*, Resonance or virtual state
7.1 TEETTT PRI Threshold energy

E:m El

£, = I, Ground state

i = = 0%, Pauliforbidden state

Figure 1 - Schematic diagram of the energy spectrum
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Figure 2 - The scattering length and phase shifts

In this work, we first apply different method ideally the Jost function method [8] for analyzing the
virtual state to the simple schematic potential and two-body model. The Jost function method is applicable
not only to study resonant states but also bound and scattering states. Using the Jost function method,
poles of the S-matrix for a virtual state can be obtained without the complex rotation in the same way as
bound states. The Jost function method is applied to calculate scattering phase shifts and scattering length
at different strengths between V; = —1.5 MeV and —1.2 MeV. In figure 2, we show the calculated
scattering length and scattering phase shifts applying the Jost function method. The blue with filled
triangle and black with filled circle lines show the phase shifts and scattering length, respectively. From
the scattering length we find that an increase at the strength 7y = —1.43 MeV and sudden decrease at the
strength V1 =-1.42 MeV. It can be seen from figure 2, the scattering length shows an extreme sensitivity
to the choice of the potential strength V. This result indicates the existence of the virtual state at the
strength V1 =—-1.42 MeV which is consistent with our previous results in Ref. [6].

Next we consider the different case when there exists the resonance state to see how the resonance
state contributes to the photodisintegration cross section. It is needed to perform calculation using both
types of potentials (with and without a repulsion term). As a purely attractive potential we choose the
potential Eq.(3) and with a repulsive term of the potential we employ as following

Vir)=-V exp(—arz) +V, eXp(—Wz) , (10)
Where 7 = 0.04 fm>. We adjusted the strength of the potential for second term of Eq.(10) so that the
resonant state generates when the ¥, switch on.

To investigate the structure of the obtained state, we calculate the energy eigenvalues of the system by
changing the strength of the repulsive potential /> in Eq.(10), which is shown in figure 3. In the present
calculation, when the strength of the repulsive potential /> = 0.7 MeV, the resonance pole suddenly
appears just below the threshold. This resonance pole with a narrow decay width moves smoothly to the
bound state region as the repulsive potential becomes zero, and we finally obtain the bound state with the
region of /2= 0.6 MeV. On the other hand, we consider the pole trajectory in the opposite case of the
repulsive potential with V>, = 0.7 MeV. If the resonance exists, the pole with a narrow decay width should
appear above the threshold as the analytical continuation from the resonance pole. However, we found that
no resonances appear above the threshold for /> > 0.7 MeV of the repulsive potential.
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Figure 3 - Pole trajectory of the state in a complex energy plane by changing the repulsive potential

We consider the different case when there exists the resonance state to see how the resonance state
contributes to the phase shifts. By using the repulsive potential with V> = 0.7 MeV, the resonance state is
obtained with the energy and decay width being 0.038 and 6.58 x10* MeV, respectively.
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Figure 4 - Upper panel: Energy eigenvalues on the complex energy plane at Vi=-1.42 MeV
and V2>=0.7 MeV. Bottom panel: Phase shifts at Vi=-1.42 MeV and V2=0.7 MeV




News of the National Academy of sciences of the Republic of Kazakhstan

In figure 4a) we show the distribution of eigenvalues in the complex energy plane calculated at the
strengths V1 =-1.42 MeV and V>= 0.7 MeV in Eq.(10). It can be seen from figure 4a), the segregated pole
is obtained near the zero energy imaginary part which means a narrow resonance state is calculated and it
is presented as a red triangle and continuum states are displayed by black diamonds. We can calculate the
scattering phase shift using the eigenvalue solutions of H(6) and H(6) in the CSM [10], where Hy(6) is the
free-Hamiltonian without potentials. In figure 4b) the scattering phase shift is given which is calculated at
the strengths V7 = —1.42 MeV and V> = 0.7 MeV in Eq.(10). It is found that the effect of the narrow
resonance state to the calculated phase shift is remarkable.

We investigate E1 transition from the 1~ ground state to the excited 0" unbound state including the

0;_ state. From the E1 transition we can calculate photodisintegration cross section using Eq.(9). In the
present calculation, when the strength of the repulsive potential V> = 0.7 MeV, the resonance pole appears
just below the threshold. In figure 5, we show the photodisintegration cross section, which shows a sharp
peak at the resonance energy. It can be seen from the calculated photodisintegration cross section, we
obtain the peak with a usual Breit-Wigner type pole and the peak shape of the calculated
photodisintegration cross section is much different from figure 4 in Ref.[6] for the virtual state. This trend
is much different from that figure 4 in Ref. [6]. Comparing with Fig. 4 in Ref.[6], we can understand how
the shape of the photodisintegration cross section deviates from the Breit-Wigner type form for virtual
state. As was discussed by Fano [15], deviation from the Breit-Wigner form can be investigated by
calculating the interference between resonance and continuum terms.
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Figure 5 - Photodisintegration cross section at Vi=-1.42 MeV and V,=0.7 MeV

Discussion and summary. We investigate the character of the virtual state using the CSM and the
Jost function method. In both methods, the virtual state is obtained V7 =—-1.42 MeV. The pole trajectory
of the resonance state is calculated at different repulsive potential strengths.

In the present calculation, we do not investigate the decomposed photodisintegration cross section in
detail. It would be important to understand the structure of the resonance states and the virtual states, and
the detailed analysis will be performed in a forth coming paper.
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"Mmkenepiix sxoHe KOMIAHOATbI FEUIBIMIAP HHCTATYTHI, SIIPOIIBIK 3€PTTEYIIEP OPTANBIFE,
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$Be + n JKYMECIH KEIIEH/II MACIITABTAY 9JICI APKBLJIbI
BUPTYAJIAbI KYUIH 3EPTTEY

AnHoTauus. TaGanabIpbIK SHEPTUSAIAPBIH aifHaTaChIHAa OalKaIFaH SAPOJIBIK KYiJiep 0i3re sIpoJbIK KiIacTep
KYPBUIBIMBIMEH OaTaHBICTBI KBI3BIKTHI CYpaKTap MEH Mocenenepnai ketepeni. OmapablH KOMIIUTIrT HyKICOCHHTE3
TYPFBICBIHAH KapacThIPFaHaa aCTPOPHU3NKAIIBIK KbI3BIFYIIBUIBIK TYABIPABL.

‘Be-neri anramkel Kosran 1/27 kyili v + “Be=> a + a + n-miH (oTo-bLbIpay KuMachiHaarkl ‘Be + n
PEAKIUACHIHBIE, TabalAbIPBIK SHEPrUACHIHAH KOFAaphl ailKplH INBIH peTinfe Oaiikamael. LblHHBIH eonmemi °Be
CHUHTE31HIH PeaKIus KbUIIaM/IbIFbIHA KATThI 9CEP CTETIHMIKTEH, JKaHa TOHKIpHOeTiK MoiMerTep 3eprreni. JKakbiHaa
013 ym emmeMai o + o + n MOJIENTIH KOJIJaHa OTBIPHII, KemeH i MacmTadTay oaici (KMO) KoiamaHAbIK, 01 )KaKbIHIa
Gaiikarran (DOTO-BIABIPAY KHMACBIHA KaKchl coiikec Kemeni. Hormkenep 1/2% xyiiiHiH BupTyammsl KyHiHIH
cunarramacel ®Be + n IIeriHEH KOFAaphl KOJJIEHEH KMMaa Maiaa GOJNATBhIH INbIH KYPHUIBIMBIH KAIBIITACTHIPYIA
MaHBI3/IBl POJI aTKAPATHIHBIH KopceTei. OChl HOTIKeIEpre cylieHe oThIphIn, ° Be-zeri anramkpl Ko3ran 1/27 kyiii $Be
+ n BUPTyalAbl KYHi €KeHiH TaJKpUIaMBI3, Oipak OJ pe30HaHC TyABIpMaiiibl. Analiga BUPTYyaIIsl KYHAi KEIIeHI
Macmtabray omiciame (KMO) okmraymanfaH IONMIOCTIH INENIiMI pEeTiHAE aly MYMKIH e€Mec, OWTKeHi KeIIeHMIl
Macmtabray omiciHzeri macmTadTay OyphIIIBI KypAeii HUMITYJIbCTIK JKa3bIKTBIKTBIH BHPTYaJIBl OCIHE KaTBICTHI
BHPTYyaJAbl KYH TOIOCIHIH OpHBIHA KeOeHTiIMeiii.

Bi3fiH anAbIHFBI KYMBICHIMBI3Ia (POTOAMCHHTErpalMsHBIH KOJJIEHEH KHMAachl JXOHE BHUPTYyalIbl KYHIIH
(hazaiiblk OeTabIChl KapanaibIM eKi JeHeni MOJEeNbIiH 00/pKaMbl Herizinae KapacTelpbuiibl. Kemenai macmradray
onmicinne (KMO) BupTyannmsl KyWai OKIIayJiaHFaH IIEIIiM peTiHAe ajly MYMKIH emec, OipaKk KOHTHHYYMJBIK
HIemiMAep BUPTYa sl KYHAIH ocepiH KamTuabl jen ecenteneni. Kemenni macmradray oxicin (KMO) Bupryanast
Ky#re coTTi KoyiaHyra OOJATBIHABIFBI Typaibl 3epTreyiep Keszpecmeiini. CxeMablK MOTEHIUAIBIH KapanaibiM
MOJICNTIHE KEUmIeHII MacmTadTay ofIiCiH KOJJaHa OTBIPBIN, 013 IIEKTI JCHIeHIeH KOFaphl eCCeNTeNreH
(hoToaMUHTETpaI KIMACHIHBIH IIBIHBI bpeiT-Buraep TunTi momocTe coiikec KeMMEHTiHIH KOPCETTIK.

BupTyanmger Kydmi cumarTay VIOiH KemIeHII MacIuTa0Tay oMiCiHAE jKaHa TOCUT YCHIHBUIABI, 0i3 BHPTYaIIBI
KYHIiH MOJIFOCTI XKaFTalbIH y3idicei3 aeHredaid Teirbi3abEbH (YAT), mameipay ¢a3aisik BIFBICYBIH JKOHE KEIIeHI1
macmradbray aaicinae (KMO) ecenrenred miamibipay Y3bIHIBIFBIH KOJIJ@Ha OTBIPBIN TaNKbLIAAbIK. Keneci macene
BHUPTyaNAbl KYHAI pPE30HAHCTHIK KyHIeH Kajail aXbIpaTyFa d>KoHe OaiikamraH (OTO-BIABIPAYIBIH KOJICHEH
KHMaJlapblHIAFbl aibIpMAIIBUIBIKTBI KOPY JKOJIapbl OOJIBIN CaHATA bl

JKYMBICTBIH MaKcaTsl — MoCT (yHKIMACH OMICIHIH IIeIIMiMEH CanbICTHIPFAHAA KeMIeHIi MaciiTabray
onicinneri (KMO) BupTyanabl Ky NIeMIiMiHIH CeHIMALTITH 3epTTey. BupTyanapl KyHaiH KYpbUIBIMBIH 3€pPTTEY YIIiH
JIJBIMEH TapThUIBIC TOTEHIMAIBIHBIH KYIIIH €3repTy apKbUIbl €Ki Auana3oHabl ['aycc moTeHnuansl 6ap exi geHerni
MOJICTIHJICT] SHSPTUSIHBIH MCHIITIKTI MOHACPIH, (a3aiblK KBUDKYBIH XOHE (POTOIMCHHTETPALUsS KOIICHCH KUMAChIH
ecenTenmis.

Tyiiin ce3aep: kemeHai MacmTadTay ofici, Y3UTiCCi3 NEHTeHiHIH THIFBI3IBIFB, (PA3aJbIK BIFBICY.
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A. 3onbasp’, B.Ycyx6asp!, A. Typeyx!, K. Karo’,M.E. AGumes’

NIkona MHXKEHEPHBIX U TPUKITAMHLIX HAyK U LIEHTp snepHO-(hU3MIECKUX UCCIEN0BAHNH,
HanumonaneHelil yausepcurer Monronuu, ¥Ynasu-barop;
2®usuko-rexuudeckuit gpaxynsrer, KasHY um.ans-Oapabu, Kazaxcran;
SLleHTp JaHHBIX MO ANEPHBIM peakiusaM, DaKyabTeT Haykn, Y HUBepcuTeT XoKKaiino, Canmopo, Snoxus

HUCCJEJIOBAHUE BUPTYAJIbHOI'O COCTOSISHUS CUCTEMBI #Be + n
C HCTTOJIB30BAHUEM METOJA KOMINVIEKCHOTI'O MACIITABUPOBAHUSA

AHHOTauMs. SInepHbIe COCTOSHUS, HaOIF0JaeMble BOKPYT MOPOTOBBIX SHEPTHi, MPEJOCTABIIIOT HAM BeChMa
HWHTEPECHBIC BOMPOCHI ¥ 331a4H, CBA3aHHBIE CO CTPYKTYPOH SAEPHOTO KiacTepa. bOMBIIMHCTBO U3 HUX TaKXKe MMEET
acTpo(PHU3MUECKIIA HHTEPEC C TOUKH 3pEHHS HYyKIICOCHHTE3A.
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IlepBoe Bo36yxknenHoe cocrosuue 1/2° B “Be HaGMOMaNI0Ch B BHAE PE3KOTO MHKA BHIIE TIOPOTOBOM SHEPTUH
8Be + n B ceuennm Qoropacmemienus y + °Be-> o + o + n. HoBble 3KCIepUMEHTaIbHBIE NaHHBIE OBUIN
MCCIIEI0BAHEI, TIOCKOJIBKY pa3Mep IHKa CUJILHO BIMSAET Ha CKOPOCTh peakiuy cuntesa ‘Be. HenaBHO MBI NpoBesu
pacdeTsl C HCIOJIb30BAaHUEM TPEXKJIACTEPHOM Mojenu o + o + n BMeCTe C METOJOM KOMIUIEKCHOTO
macurradbupoBanus (MKM), KOTOPBII XOpOIIO BOCIIPOM3BOAMUT HEJABHO HaOII0aeMoe ceueHne (hoTopacuieruieHusI.
Pe3ynbTarhl MOKa3bIBAIOT, YTO XapaKTep BHPTYaJIbHOTO COCTOSHHUS 1/2 Wrpaer BaxkHYKO poiib B (POPMHPOBaHUM
CTPYKTYpBI ITHKa, HOSBIISIOIIEICS B ITONIEPEYHOM cedeHHH, HabmoqaeMoM Bole ropora 8Be + n. Mcexons n3 atux
PE3yJIbTaToB, Mbl 00CYKIaeM, uTO TNEpBOe BO30OykIeHHOe cocrosuue 1/2° B °Be sBIsercs BHPTYaIbHBIM
coctosnueM SBe + n, HO HE SABIAETCS pE3OHAHCHBIM. OIHAKO BHPTYalbHOE COCTOSHHE HE MOXKET OBITH
HETIOCPEJCTBEHHO IMONYYeHO KaK peIIeHHe C W30JIMpPOBaHHBIM momocoM B MKM, motomy d9Tto yrox
MacImTabupoBaHUsI B METOJIe KOMIUTEKCHOro MacirabupoBanus (MKM) He MOXeT OBITh YBEIHUYECH MO ITOJ0KESHUIO
MOJIFOCa BUPTYAJIBHOTO COCTOSIHUS Ha OTPHIIATEIFHOW MHUMOM OCH TUIOCKOCTH KOMIUTIEKCHOTO UMITYJIbCA.

B mameit npensigymieir pabore OBUIO pacCMOTPEHO cedeHHe QoTopacuieryieHns U (a30Boe IOBEICHHE
BHPTYaJIbHOTO COCTOSIHHS B TIPEAINOJIOKEHWH TPOCTOM MOJENM JABYX Tel. B Merome KOMITIEKCHOTO
macurradbupoBanus (MKM) BUpTyalibHOE COCTOSIHHE HE MOXKET OBITh MOJYYEHO KaK W30JMPOBAHHOE pElIeHHe, HO
CUHUTACTCA, UYTO KOHTHHYAJIbHBIC PCUHICHUA BKIIIOYAIOT B Ce6ﬂ BJIMIHUEC BUPTYAJIbHOT'O COCTOSHUA. Her mpeaAbIAYIIUX
UCCJIEOBAaHUH, YTO METOJ] KOMIUIeKCHoro MacmradbupoBanuss (MKM) Moxker ObITh YCHEHNIHO NPUMEHEH K
BUPTYaJILHOMY cocCTOsiHUIO. [IpuMeHsisi Meron komiuiekcHoro wmacmrabuposanus (MKM) k mpocroit moxenu
CXEMaTHUYeCKOTo IOTEHIMaNa, Mbl [OKa3ajH, YTO PEe3KHH NHMK cedeHHs (HOTOpacIlieIUICHHs, paCCUMTaHHBIA YyTh
BEIIIIE TTIOPOTa, KOTOPHIH HE COOTBETCTBYET OOBIYHOMY TIOIIFOCY THIa bpeiita-Buraepa.

Brur mpemmoskeH HOBBIM TOAXON Al METOIa KOMIUIEKCHOro MacmrabupoBanus (MKM) mns omumcaHus
BHPTYAJIFHOTO COCTOSIHHSA, W MBI OOCYIIUTH TOJIOXKEHHE IONI0Ca BUPTYaTbHOTO COCTOSIHHS, UCTIONB3Ys IDIOTHOCTH
ypoBHs KoHTHHyyMa (IIYK), da3oBeiii caBur paccesHHS W [UIMHY pAcCesHHSA, BBIUYMCIEHHBIE METOIOM
KomIuiekcHoro MmacmrtabupoBanmst (MKM). Crexyromas mpobieMa COCTOMT B TOM, KaK OTIHYWTH BUPTYaJbHOE
COCTOSIHHE OT PE30HAHCHOTO U KaK YBUJIETh Pa3HUIy B HAOJIIOJaeMBbIX ceueHHsIX (OTO-pacnaia.

Llenbto naHHO#M PaOOTHI SIBJISAETCS MCCIECAOBAHUE HAJISKHOCTH PEIICHUI BUPTYAILHOTO COCTOSHHS B METOJIE
KOMILUTIEKCHOro MaciTabuposanus (MKM), cpaBHMBas HX C pemeHHsaMH MeTona GyHkuun Mocra. s TOro urobbl
HCCIICAIOBaTh CTPYKTYPY BHPTYAJbHOTO COCTOSHHS, Mbl B CaMOM Hadyajie BBIUMCIIIEM COOCTBEHHBIC 3HAYCHUS
SHEPrHM, 3aTeM ompenensieM (a3oBble COBUIH, a TaKKe IyTeM H3MEHEHHsS HaNpsHKEHHOCTH IOTEHIHMana CHIl
NPUTSDKEHUS] HAXO0ANUM TIOTIEpEYHOE ceueHHe (POTOPACIISIUICHNSI MOAENHN ABYX TeJl C IBYX JWAla30HHBIM T'ayCCOBBIM
MOTEHLIUAJIOM.

KiaroueBble ca0Ba: METOI KOMIUIEKCHOTO MAaCIITa0MPOBaHUS, IUIOTHOCTH YPOBHS KOHTHHYyMa, (pa3oBBIif
CIIBWT.
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