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INVESTIGATION OF VIRTUAL STATE OF 8e+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 8e+n threshold energy in the
photo-disintegration cross section of y+9Be->a+a+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 a+a+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 8e+n
threshold. From these results, we discuss that the first excited 1/2+ state in Be is a 8Be+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 9Be, 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 9Be 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 8Be+n threshold in the photodisintegration cross section of 9Be. 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 9Be is a 8e+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 8e+n structure in 9Be. In this model, both
clusters are assumed to have no-spin and the relative motion between clusters is described by the
following Schrodinger equation:

hFWJV - Ewv (1)
Where J’ is the spin and parity, and v is the state index. The Hamiltonian is given as
fl2 2
H - - — V 2+ V(r)
(2)
Where we assume a simple Gaussian potential
V(r) — Vlexp( ar2), (3)
N f2
where a = 0.16 fm-2 For simplicity, we put — - 1 (MeV fm2).
0]
In this study we use the CSM, in the CSM the relative coordinate r is transformed as
U (ff):
r N reiff, 4)

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

H W], (ff) - EfW], (ff) Q)

The complex-scaled Hamiltonian Hffand wave function W], (ff) are defined as U (ff)HU (ff) 1and

U (ff)W],, respectively, and see Ref. [10] for detail.
Applying the L2 basis function method, the wave function is expanded as
N
wi, (f1)- 7 &iv(eran(r)
"1 ) (6)
Where $n(r)} is an appropriate basis function set. The expansion coefficients cd v(ff) and the complex
energy eigenvalues Eff are obtained by solving the complex-eigenvalue problem.

The scattering phase shifts 8J’ (E) for the Hamiltonian Eq.(2) can be calculated using the solutions
ofthe complex scaled Schrodinger Eq.(5) with and without interaction.
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From Eq. (12) in Ref. [11-14], we have

N° [ (E_E, K
8J (E)=Nb +V i—cot% »V ~"—ot-%
=1 y r/2 =l
N
E
Voot
k= v

- (7)

where the eigenvalues E° are classified into Nb bound states, N° resonant states and N° continuum
states for a given ° ; N = Nb+ N° + N °. The N eigenvalues of the free Hamiltonian given by the only
kinetic energy operator are expressed as skr —is°kl (k = 1,...,M ).

The photodisintegration cross section due to the electric dipole transition from the ground state
Jos = 1 to the continuum J. = O+states is expressed as

16* (E.1db{E1E.)

&ELEY) g \hey dE.

(8)
where the transition strength is calculated by using the solutions of the CSM
dB(EL, E.) N i \
Im Vv J * 1 0°+kEL) N . K°)
dE. =1
x_ () 0°(EY U *)
W;. o o o

E—FE ©)

Numerical results. To understand the characterization of a virtual state, we investigate a simple two-
body potential model for the 8Be+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 O+state of s-waves. In this model, this 0+ solution is assumed
as the Pauli forbidden state, because this model simulates 8e(0+)+n. Hence the 1 _solution describes the
ground state, and there is no 0+bound state.

--------- 0 Continuum states

r E 0 Resonance or virtual state

Threshold energy

e . El

Eq Ground 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 Vi = -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 Vi = -1.43 MeV and sudden decrease at the
strength Vi =-1.42 MeV. It can be seen from figure 2, the scattering length shows an extreme sensitivity
to the choice of the potential strength V1 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

V(r)=-Vaiexp(- ar2) + V2exp(-y 2), (10)

Where y = 0.04 fm"2. We adjusted the strength of the potential for second term of Eq.(10) so that the
resonant state generates when the V2 switch on.

To investigate the structure ofthe obtained state, we calculate the energy eigenvalues ofthe system by
changing the strength of the repulsive potential V2 in Eq.(10), which is shown in figure 3. In the present
calculation, when the strength of the repulsive potential V2 = 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 V2= 0.6 MeV. On the other hand, we consider the pole trajectory in the opposite case of the
repulsive potential with V2= 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 V2> 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 x 10-4 MeV, respectively.

a) ReE [MeV]
o.i 0.2 0.3

Energy [MeV]

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 \V1=-1.42 MeV and VV2=0.7 MeV
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In figure 4a) we show the distribution of eigenvalues in the complex energy plane calculated at the
strengths V =-1.42 MeV and V2= 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(0) and H(0) in the CSM [10], where Hq(0) is the
free-Hamiltonian without potentials. In figure 4b) the scattering phase shift is given which is calculated at
the strengths V = -1.42 MeV and V. = 0.7 MeV in Eqg.(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 O+ unbound state including the

02 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.

Ey [MeV]
Figure 5 - Photodisintegration cross section at Vi=-1.42 MeV and V2=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 V =-1.42 MeV. The pole trajectory
ofthe 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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M. OpcypaHI*, AT. CapcembaeBa?, I'. XyyxaHxyyl, C.[laBaal
A. 3on6aspl, b.Ycyx6aapl, A. Typcyxl, K Kato3 M.E. Abuwies2

AHXXEHEPJIK XKIHE KongaH6asbl ruifibIMaap UHCTUTYTHI, ALPONbLIK 3epTTeyep OpTabIrsl,
MoHronms ¥nTTbly, YHUBEpPCUTETI, Y naH-batop;
2bU3nKa-TeEXHUKa/bIK thakynbTeT” On-Papabu atbiHbarbl ~a3¥y, KasakcraH;
FAnponbIK peakuns gepeKtep opTasibirbl, FbibiM hakynbTeT Xokkaigo yHnsepcuteTi, Cannopo, XXanoHus

Be + n XXYMECIH KELUEHA1 MACLWTABTAY 041C1 APKbl/1bl
BUPTYANAbI KYWNIH 3EPTTEY

AHHoTauua. TabanaplpblK 3HeprusanapabiH aitHanacbiHaa 6alikanraH sAponbIK Kyiinep 6isre sAponbIK Knactep
KypblibIMbIMeH 6alinaHbiCThl Kbi3bIKTbl CypakTap MeH Macenenepgi ketepedi. OnapfbiH Kenwiniri HyKneocuHTes
TYPrbiCblHaH KapacTblpraHia aCTpoqmM3nKasblK Kbi3bIryLLUbIbIK TyAblpagbl.

Be"[eri anrawkbl KosraH 12+ kyw y + Be-> a + a + n-gw, QoTo-bigpipay KumacbiHfarbl 8Be + n
peakuMACbIHbIH TabaniblpblK 3HEPrMACbIHAH KOrapbl alkbiH LWbiH penHge 6aikangpl. LUbHHbIH enwemi Be
CYHTE3LLULL, peakLus Xbli4amabIrbiHa KaTThl 3Cep eTeNHIKTEH, XaHa THKipubenik ManiMmeTTep 3epTTengi. XKakbiHaa
6i3 yWw enwemai a + a + n MofeniH KongaHa oTbIpbIn, KeweHai maclitabTay agici (KM3) kongaHabIK, 0 XakblHia
faiikanraH (OTO-biAblpay KMMAaChiHa >KaKChbl CIWiKec Kenedi. Hatwxenep 12+ KywHu, BupTyangbl KYWiHiH
cunatTamachbl 88e + n LWeriHeH >xorapbl KenjeHeH Kumaga nainga 60natbliH WbIH KYPbIbIMbIH KafbliNTacTbipyaa
MaHbI3/bl PN aTKapaTbiHbIH KepceTeai. Ockl HaTkenepre CYVere oTbIpbIn, 9Be-Aen anralkbl ko3raH 1/2+ ki Be
+ N BUPTYyandbl Kyl eKEHLU Ta/KblfaiMbl3, 6ipak 0N pe3oHaHC TyablpMaiigbl. Anainga Buptyangsl A N i KeleHgi
macwtabray agiciHge (KMQ3) okwaynaHraH MOMHOCTIH LEWiMi peTiHAe aly MYyMKL eMec, €NTKEHIi KelleHpi
macwTabray sgraHgen macwrtabray Oypbiwbl KYPgeni MMAynbCTiK dKasbIKTbIKTbIH BUPTYa/iAbl OCiHE KaTbICThl
BUPTYaNAbl Kyli MOMKOCLULL OPHbIHA KEBENTINMERA,.

Bi3giH angbiHrbl XXyMbICbIMbI3ga (HOTOAUCUHTErpaLMsAHbIH KeNjeHeH KUMAChl JK3He BUPTyanipl Kyl
thasa/iblK GeTanbiChbl KapanaibiM ekl feHeni MogenbgiH 60/mKambl HEM3BAE KapacTbipbiigbl. KeweHai maclutabTay
agiciHge (KMQ3) BupTyangbl ™ ™ i OKwaynaHraH Luewim peTwge any MymklH emec, 6ipak KOHTUHYYMAbIK
wewwimaep BupTyanabl KYWVniH acepiH kamTugbl gen ecenteneqi. KeweHai macwra6tay agow (KM3) BupTyangpl
Kylire c3TTi kongaHyra 60naTblHABIrbI Typanbl 3epTTeynep kesgecneigi. CxemanblK MOTEHUMaANAbIH KapanaibiM
MoJeniHe KeleHAi MacwTabTay SAKOW  KongaHa OTbipbin, 6i3 LWeKN [eHrelifeH >korapbl ecenTenreH
(hoTOAMMHTErpaLmMs KMMaCbIHbIH LUbIHbI BpeiT-BurHep TUATI NOMOCTE CIKEC KeIMelNHLL KepCeTTiK.

BupTyanasl KYWni cunattay YiiH KelweHgi Mmacluta6Tay 3ficiHAe »aHa T3CL YCbIHbIAAKI, 6i3 BUPTyangpl
KPTALL NOMOCTI XarfalibiH Y3inicci3 geHrengiH ToirbigpirbiH (Y,nT), wallbipay (asabiK birbICYbIH X3He KelleHAi
macwiTabray sgiciHge (KM3) ecenTtenreH walubipay Y3bIHAbITbIH KOA4aHa OTbIpbIN Taskbinagblk. Keneci macene
BUpTyanabl KYVoi pesoHaHCThIK KYVigeH Kanail axbipaTyra sHe OalikanraH (hOTO-biAblpay/biH KenaeHeH
KManapblHAarb! aibipMaLlblbIKTbl a4py XOon4apbl 60/bIn caHanagp!.

YKYMBICTBIH MakcaTbl - WOCT (yHKLMSACHI 3AICIHIH LUeWiMiMeH canbiCTbipraHia KelleHAi MmaclutabTay
agicingeri (KM3) BupTyanipl KpT LWeLiMiHiH CEHIMAINITIH 3epTTey. BupTyanasl KPTAL, Kypbl/bIMbIH 3epTTey YLUiH
anfplMeH TapTblblC NOTEHUMa/bIHLIH KYLLUIH e3repTy apkbiibl ekl AnanasoHapl [Fayce noTeHumansl 6ap ew geHeni
MoZeniHAeri SHeprusHbiH MEHLUIKTI M3HAEPiH, (ha3anblK XbUTXKYbIH X3He (DOTOAMCUMHTErpaLua KesjgeHeH KUMachIH
ecenTelimis.

TyLWH ce3fep: KeweHAi MaclwTabTay 3gici, Y3ificci3 AeHreiiHiH ThirbI3gbirbl, (ha3abiK bIrbICy.

M. Opcypanl*, A.T. Capcembaesa2 I'. XyyxaHxyyl, C.[aBaal
A. 3onb6aspl b.Ycyxbaspl A. Typcyx], K. Kato3M.E. A6uiues?

1llkona NHXEHePHbIX 1 NPUKNAAHbIX HAYK U LIEHTP saepHO-(h13MUecKnx nccnegoBaHui,
HauuoHanbHbIii yHuBepcuteT MoHronum, Y naH-bartop;
2bun3nko-TexHUYeckuii hakynbTeT, KasHY um.anb-dapabu, KasaxcraH;
dleHTp faHHbIX NO AAepHbIM peakuuam, PakynbTeT Hayku, YHUBepcUTeT XoKKaingo, Cannopo, AnoHms

NCCNEOOBAHVE BUPTYAJIbBHOIO COCTOAHNA CUCTEMbI 8e +n
C NCIMOJ/b3OBAHVEM METOOA KOMTIIJIEKCHOIO MACLUTABNPOBAHNA

AHHOTaLuS. Fl,qeprle COCTOAHNA, Ha6m0,u,ae|v|b|e BOKPYI MoporoBbIX 3Hepr|/||7|, npeaocTaBNAOT HaM BeCbMa
MHTEpPEeCHbIE BOMPOCHI 1 3a4a4vu, CBA3aHHbIE CO CprKTypOI\/‘I A0epHOro Knacrepa. BO/IbLLUMHCTBO N3 HUX TaKXKe NMeeT
aCTpOCbM3MHeCKMVI MHTEPEC C TOYKN 3PEHNA HYKNEOCUHTESA.
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MepBoe BO36YXAEHHOE cocTosHME 1/2+ B 9Be Habnofanoch B BUAE PE3KOro MUKa Bbllle MOPOroBOi 3HEprum
@e + n B ceveHun doTopacluennienns y + PBe-> a + a + n. HoBble 3KCMEPUMEHTabHbIE AaHHble 6blIn
1ccnefoBaHbl, NOCKOMbKY pa3Mep MNUKa CUIbLHO BIMAET HA CKOPOCTb peakuun cuHTe3a 9Be. HefaBHO Mbl MpoBeu
pacyeTbl C WCMOMb30BaHMEM TPEXKACTEPHONW Mogenm a + a + n BMecTe C MEeTOAOM KOMM/IEKCHOrO
macwTabupoBaHma (MKM), KOTOpbIA XOPOLLO BOCMPOM3BOANT HeAABHO Habnoaaemoe ceveHne POTopacLLen/ieHms.
Pe3y/nbTaTbl MOKAa3blBAIOT, YTO XapakTep BMPTYanbHOr0 COCTOSHUA 1/2+ UrpaeT BaXHYHO po/b B (DOPMUPOBAHUM
CTPYKTYPbI N1Ka, NOSBNSIOLLENCA B MONEPEYHOM CeyeHWn, HabohaeMom Bbllle nopora 8Be + n. Mcxoga U3 atux
pesy/nbTaToB, Mbl 00CYXAaem, 4YTO MepBoe BO3OYXKAEHHOE CcOCTOAHWe 12+ B Be ABISETCA BUPTYaIbHbIM
cocTosHMeM &Be + n, HO He SBAAETCH Pe30HaHCHbIM. OfHaKo BUPTYaslbHOE COCTOSHWE He MOXET OblTb
HEMoCPeACTBEHHO MOMYYEHO KakK pelleHWe C  K30/MpoBaHHbIM - noatocoM B MKM, notomy 4Tto yron
MacLUTabupoBaHKs B MeTOoLe KOMMNIEKCHOro macwtabmposaHns (MKM) He MOXeET 6bITb YBENYEH NO MONOXKEHUHO
No/oCa BUPTYaNIbHOr0 COCTOAHUA Ha OTPULLATENbHON MHUMOW OCK MAOCKOCTY KOMMIEKCHOIO MMMY/IbCa.

B Haweli npegpblgylieii paboTe 6Ob10 PacCMOTPEHO CeyeHwe hoTopacluenaeHns n (has3oBoe MOBEAEHVE
BUPTYa/bHOr0  COCTOSHWS B MPEANOSIOKEHUM NPOCTOA  Mogenu AByx Ten. B MeToge  KOMMAEKCHOro
MacltabuposaHus (MKM) BUpTyasbHOe COCTOSIHME HE MOXET ObITb MOSYYEHO KaK M30/IMPOBaHHOE peLleHune, HO
CUMTAETCH, YTO KOHTUHYa/IbHbIE PeLUeHWs BKIOYAKOT B Cebsl BMAHME BUPTYa/IbHOrO COCTOAHMA. HeT npeapbigyLumx
nccnefoBaHWii, UYTO MeToZ KOMMeKcHoro MaclitabupoaHus (MKM) MoOXeT 6biTb YCMELWHO NPUMEHEH K
BUPTYa/bHOMY COCTOSIHUIO. [TPMMEHS METOZ KOMMAEKCHOro MacwtabuposaHns (MKM) K npocToii mogenm
CXeMaTWYeckoro MoTeHUWana, Mbl MOKasav, YTO Pe3KUiA MUK CevyeHns (hOTOPACLLENeHNs, PacCUMTaHHbI YyTb
BblLLIE MOPOra, KOTOPbI He COOTBETCTBYET 06bIYHOMY Nostocy Tuna bpeiita-BurHepa.

Bbln npegnoXeH HOBbIA NOAXOA AN MeTOo4a KOMMEKCHOro macwitabuposaHus (MKM) gns onvcaHus
BUPTYaSbHOr0 COCTOSHWA, W Mbl 06CYAMAN NONOXEHWE NOMOCA BUPTYabHOrO0 COCTOSHMUA, UCMOMb3yA MIOTHOCTb
ypoBHA KOHTMHyyMa (MYK), hasosblli CABUI paccesHns W A7MHY PacCesHus, BbIYMCNEHHbIE METOAOM
KOMM/IeKCHOro macwutabupoBanus (MKM). Cregyrowas npobnema COCTOUT B TOM, KakK OT/IMHYWUTL BUPTYa/lbHOE
COCTOsIHME OT PE30HAHCHOI0 M KaK YBMAeTb pasHuLy B HabnogaeMbixX ceveHnsax oTo-pacnasa.

Llensto gaHHO paboTbl ABASETCA MUCCMe0BaHWe HaAEXHOCTW PELLEHWA BUPTYabHOr0 COCTOSIHUSA B METOAe
KOMM/IEKCHOTO MacluTabuposaHua (MKM), cpaBHMBas X C pelueHnsMmu Metoga hyHkuum MocTa. [1ns TOro utobbl
nccnefoBaTb CTPYKTYPY BUPTYanbHOrO COCTOSHMSA, Mbl B CAMOM Hadyale BblYMCNSeM COBCTBEHHblE 3HAYeHMS
3Hepruu, 3atem onpegenseM (hasoBble CABWAMM, a TakkKe NYTEM W3MEHEHUA HanpsXKeHHOCTU NoTeHumana cun
NPUTSHXKEHNS HAXOAMM NOMEPeYHOe CeydeHne OTopacLLenieHns Mogenu AByX Ten ¢ ABYX Anana3oHHbIM rayCCcoBbIM
NOTEHLMAN0M.

KntoueBble cfnoBa: MeTO[ KOMMEKCHOr0 MacluTabupoBaHus, NAOTHOCTb YPOBHA KOHTMHYYMa, (ha30Bblit
caBur.
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