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Эффекты оболочечной структуры при высоких 
возбуждениях и многоквазичастичные конфигурации 

Рассмотрены малоквазичастичные компоненты волновых 
функций сложных ядер при низких, средних и высоких энергиях 
возбуждения. Показано, что их поведение отражает эффекты 
оболочечной структуры. Продемонстрировано, что сведения о 
многоквазичастичных компонентах волновых функций возбужден
ных состояний крайне скудны. Подчеркнута необходимость широ
кого фронта исследований многоквазичастичных конфигураций. 
Отмечено, что наиболее эффективный метод их изучения - это 
прямые реакции многочастичных передач. 

Работа выполнена в Лаборатории теоретической физики 
ОИЯИ. 
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Shell Structure Effects at High Excitations 
and Many-Quas!particle Configurations 

A few-quasiparticle components of the wave functions of 
complex nuclei at low, intermediate and high excitation 
energies are considered. Their behaviour is shown to reflect 
the shell structure effects. I t is demonstrated that the in
formation on the many-quasfparticle components of the excit
ed state wave functions is very scarce. The necessity Is 
pointed out of performing extended investigations of the 
many-quasiparticle configurations. I t is shown that the most 
effective method of their study is the direct many-particle 
transfer reactions. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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1. INTRODUCTION 
To comprehend the structure of complex nuclei it is useful 

to represent the wave functions of excited states as an expan
sion over a number of quasiparticles and phonons. This wave 
function is constructed in the representation where the den
sity matrix is diagonal for the ground nuclear state. In this 
representation the wave function of a highly excited state 
contains thousands of different components. In many cases a 
highly excited state is produced due to the capture of a nuc-
leon or high-energy ;/-ray by the targer-nucleus in the ground 
zero-quasiparticle or one-quasiparticle state. The expansion 
of the wave function over a number of quasiparticles and pho
nons seems to be performed on the basis of the function of the 
target-nucleus. The square of each coefficient of this expan
sion determines a fraction of time of the nucleus in this con
figuration. The fraction of time of the nucleus in the one-
quasiparticle or one-phonon configuration decreases exponenti
ally with increasing excitation energy. 

The most complete and exact data on the nuclear structure 
are available for the few-quasiparticle components of the wave 
functions. These are the data on the fragmentation (distribu
tion of strength) of one-quasiparticle, one-phonon and quasi-
particle plus phonon states. The high-spin states are the ex
ception. In the low-lying states the few-quasiparticle confi
gurations give a dominant contribution to the normalization of 
their wave functions. At intermediate excitation energies the 
fragmentation of one-quasiparticle states is exhibited in the 
form of local maxima in the cross sections of the one-nucleon 
transfer reactions. The fragmentation of the subshells B i/g , 
Pl/2 and P3/2 determines the s- and p-wave neutron 
strength functions. The giant resonances are determined by the 
position and collectiveness of the one-phonon states, and the 
widths of the giant resonances are caused by their fragmenta
tion. The few-quasiparticle components reflect the shell 
structure effects. 

The few-quasiparticle components of the wave functions at 
low, intermediate and high excitation energies are described 
within the quasiparticle-phonon nuclear model''1''. Within the 
model the method of strength functions is used and the frag
mentation of one-quasiparticle and one-phonon states over many 
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nuclear levels Is calculated. The properties or processes de
termined by the one-quasiparticle and one-phonon components of 
the excited state wave functions of complex nuclei are calcul
ated within this model. 

The present conference is devoted to the discussion of ex
treme states in nuclear systems. The aim of my report is to 
show that the information on the structure of ordinary nuclear 
states (except for the highspin states) with the excitation 
energy higher than 2-3 MeV is very scarce. A more thorough 
study is required for the many-quasiparticle components of the 
excited state wave functions. One should investigate a subse
quent level of the nuclear structure and comprehend the main 
regularities of the fragmentation of many-quasiparticle sta
tes. Further, the transition to the nuclear states, described 
by the statistical nuclear model, needs elucidation. 

2. ONE-QOASIPARTICLE AND ONE-PHONON COMPONENTS IN COMPLEX 
NUCLEI 

Quaslparticle-Phonon Nuclear Model 
The model Hamiltonian includes an average field as the Sa

xon-Woods potential, the superconducting pairing interactions 
and multipole-multipole and spin-multipole - spin-multipole 
isoscalar and isovector forces. The study of the low lying sta
tes allowed one to fix the parameters of the Saxon-Woods po
tential. The second quantization method is used for obtaining 
the secular equations the solutions of which give the energies 
of one-phonon states. For each multipolar!ty several hundreds 
of roots of the secular equations and the corresponding wave 
functions are calculated. To describe the one-phonon states 
with any Kn in deformed nuclei and any I" in spherical nuc
lei, the multipole-multipole and spin-multipole - spin-multi
pole forces with any X as well as with large multipolarities 
are introduced. The quasiparticle-phonon interaction is taken 
into account. If phonons are fixed, the corresponding parts of 
the multipole and spin-multipole forces describing the quasi
particle-phonon interactions are uniquely determined. If the 
secular equations for phonons are solved, all model parameters 
turn out to be fixed. 

The advanrage of the model is that the one-phonon rather 
than single-particle states are used as the basis of the model. 
This means that the basis includes the collective vibrational, 
weakly collective and two-quasiparticle states. The calcula
tions /8/ of the nuclear state density indicate a full phonon 
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space. The characteristics of excited states are described by 
the method of strength functions / 1' 8-* /, 

bow-lying states. The wave functions of the low-lying sta
tes contain one dominating one-quasiparticle component in 
odd-A nuclei and one dominating one-phonon or two-quasipar-
ticle component in doubly even nuclei. Therefore, the experi
mental study and theoretical description of the low-lying sta
tes has been performed for many nuclei. The quasiparticle-pho-
non nuclear model describes well the nonrotational states in 
deformed nuclei / ъ - й / . 

With increasing excitation energy the nuclear state density 
increases and the nuclear structure becomes complicated. The 
transition from simple low-lying states to more complex ones 
proceeds at intermediate and high excitation energies. With 
increasing excitation energy the complication of the state " 
structure proceeds in different ways in magic, vibrational, 
transition and deformed nuclei. In the study of the structure 
of states at intermediate and high excitation energy in atomic 
nuclei of mach importance is the fragmentation of single-par
ticle states, i.e., the distribution of the single-particle 
strength over many nuclear levels. In the independent-particle 
and quasiparticle models the single-particle strength is con
centrated on a single level. In the extreme statistical model 
it is distributed at random over nuclear levels. A large regi
on of intermediate and high excitation energies of an atomic 
nucleus lies between the lowlying states, when the properties 
of each individual level are studied and the states which can 
be described by the extreme statistical model, when the indi
viduality of nuclei and the effect of shells disappear. To 
study the structure of these states, one should investigate 
the main regularities of the fragmentation of one-quasipartic
le and one-phonon states. 

The complication of the state structure proceeds at low ex
citation energies. In odd-A deformed nuclei at the excitation 
energy more than 0.5 MeV the one-quasiparticle components are 
mixed with the quasiparticle plus phonon components / Б- 6^ in 
odd-A spherical nuclei such admixtures are observed in the 
ground states. In the nuclei with closed shells the single-
particle states are pure up to the excitation energy of 2 and 
more MeV. The one-nucleon transfer reactions are the important 
tool for studying the fragmentation of one-quasiparticle sta
tes at low and intermidiate extitation energies. The experi
mental data on the spectroscopic factors or strength functions 
provide the information on the one-quasiparticle components. 
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Fig. 1. Fragmentation of the 
l g 9 / g state in 1 1 5 Sn. 
a) the experimental data on 
the spectroscopic strength 
function S(E) , obtained in 
ref. / 9 /(arbitrary units); 
b) the experimental data on 
the spectroscopic factor Sj , 
obtained in ref. ; 
c) calculations within the 
quasiparticle-phonot^ model 
performed in ref. /IS/ 

9 E.MeV 

The fragmentation of one-quasiparticle states in the one-
micleon transfer reactions is intensively studied in spherical 
nuclei. Valuable information has been obtained on the fragmen
tation of deep hole states / 7" 1 4 /. i should like to point out 
the resonance-like structures in the (p, d) and ( 3He, a) 
reactions on the Ni, Zr and Mo isotopes. Interesting data 
have been obtained on the fragmentation of the subshell lg 9 / 2 

in the Sn , Те and Pr isotopes. 
The fragmentation of the neutron hole subshell IE9/2 in 

U 5 S n is given in fig. 1.Figure la) shows the spectroscopic 
strength function and fig, lb) the spectroscopic factor,- they 
are obtained in the (8He,a) reaction. Figure lc) gives the 
calculations within the quasiparticle-phonon nuclear model. 
The calculations have used the wave function containing the 
one-quasiparticle, quasiparticle plus phonon and quasiparticle 
plus two phonons components. It is seen from fig. 1 that a 
considerable part of strength of the lEg/g subshell is con
centrated at the energy of 5-8 MeV as a narrow and high, and 
flat and low maxima. The quasiparticle-phonon model describes 
correctly the fragmentation of the subshell lg e / g in 1 1 5 S n . 
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So, according to ref. in the energy interval from 3.6 to 
6.5 MeV 43% of the lgg/a strength is concentrated, while the 
calculations of ref.''give 48%. Neglecting the components of 
the quasiparticle plus two components wave function, one ob
tains a larger concentration of the lgg/g strength in this 
interval/le/. 

Neutron resonances. Now we pass to neutron resonances, ly
ing above the neutron binding energy. Note, that the most com
plete and exact experimental data available for the neutron 
resonances specify their particular place among the highly 
excited states. The available experimental information on the 
nuclear structure obtained from the study of the neutron reso-

/17/ 
nances can be interpreted as follows : 

1) The reduced neutron widths provide mainly the informati
on on definite one-quasiparticle or two-quasiparticle compo
nents of their wave functions; 

2) The partial radiative widths for у-transitions to the 
ground states provide the data on the one- and three-quasipar-
ticle components of their wave functions; 

3) The neutron and radiative strength functions may provide 
the information on the averaged over some neutron resonance 
values of the above mentioned components. 

4) The a-decays of the neutron resonances and у-transiti
ons to the excited states involve the components of the neut
ron resonance wave functions with a large number of quasipar-
ticles. However, these processes give mainly the data on the 
integral contribution of these components. Thus, almost the 
whole experimental information on the structure of neutron re
sonances concerns the few-quasiparticle components of their 
wave functions. In the complex nuclei the few-quasiparticle 
components comprise 10 -lo - 6 part of the normalization of 
their wave functions. So, we have a trace amount of informati
on about the neutron resonance wave functions. 

I should like to note that in the neutron resonances the 
shells are strongly exhibited and the nonstatistical effects 
play an important role. A number of characteristics of the 
neutron resonances are included in the general scheme of non-
statistical calculations within the quasiparticle phonon nuc
lear model. The fragmentation of one-quasiparticle states al
lowed one to calculate the s-, p- and d-wave neutron 
strength functions for odd-A compound n u c l e i / * , , 1 8 / . The s-
and p-wave neutron strength functions and their spin split
ting in doubly even spherical nuclei have been calculated 
using the fragmentation of one-phonon states / 1 B /. The calcula
tions describe well the corresponding experimental data. The 
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partial radiative strength functions for the у-transitions from 
the neutron resonances to the ground states are under study. 

Above the neutron resonances. It is a common viewpoint that 
above the neutron resonances the photoabsorption cross section 
is determined by the giant dipole resonance tail.The influence 
of the giant dipole resonance (GDR) on the radiative strength 
functions and the dipole photoabsorption cross sections in 
spherical nuclei has been studied within the quasiparticle-pho-
non nuclear model with the wave function containing the one-
phonon and two-phonon components 2 . It is shown that in the 
nuclei with one closed shell the GDR slightly influences the 
El-strength function at the energies above the neutron binding 
energy. The values of the strength functions are determined by 
the fragmentation of one-phonon states lying at these energies. 
For the nuclei far from the closed shells the influence of the 
GDR on the radiative strength functions increases and in Ba , 
***Nd and 1 4 6Nd, for instance, it becomes essential. Accor
ding to the calculations the substructures should exist in the 
dipole photoabsorption cross section depending on the excitati
on energy.The available experimental data / 2 l /confirm the exis
tence of substructures in the energy dependence. 

The substructures at the excitation energy of 8 MeV with the 
width of several hundred KeV have been observed, for instance, 
in ref. in the cross sections of the v< no) reaction in 
U 7 S n and 1 1 9Sn.Figure 2 shows the experimental data for 1 1 7Sn. 
It is seen from the figure that there is a pronounced substruc
ture and the behaviour of the cross section ст(уп0) differs 
strongly from the predictions of the Lorens extrapolation of 
the GDR. The calculations''23''performed within the quasipartic-
le-phonon model have shown that this substructure is related to 
the maxima of the fragmentation of the 2р 1 (, 2 and 2pa//g sub-
shells and to the location of the Ml giant resonance in this 
region. Thus, the substructures of this type are determined by 
the fragmentation of one-quasiparticle states. 

Giant resonances. The position of the giant resonances is 
determined by the corresponding one-phonon states. The fragmen
tation of one-phonon states forms the widths of the giant reso
nances in spherical nuclei / 2 0 , 2 4" 2 8 / . In the deformed nuclei the 
giant resonance widths are determined by the one-phonon sta
tes /88-32/_ Tjjig i s d u e t o t h e f a o t t h a t t h e gubshells are 
splitted because of the deformation and this splitting is more 
important than the fragmentation of one-phonon states / 3 3 /i The 
quasiparticle-phonon interaction becomes stronger with increa
sing excitation energy. It diminishes and in some cases sup
presses the high-energy part of the giant resonance. This sup
pression is shown in fig. 3. It is seen from this figure that 
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& m b / s Fig. 2. Dipole photoabsorpti-
on cross section avt in 1 1 7Sn . 
a) The experimental data' 
on the (y, n 0) reactions, 
the arrows show the reaction 
thresholds; the dashed line 
denotes the Lorentz extrapo
lation of the giant dipole 
resonance; 
b) the results of calculati
ons / 2 3 / including ffy, (El) 
for the transitions 
3s 1 / 2-.2pi/ 2 and 381/2-»2p3/2. 
a (Ml); the dashed curve 
denotes the cross section 

(Ml). yt 
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in the RPA calculations there is a strongly-collectivized M2-
one-phonon state at an energy of about 20 MeV. The quasipar-
ticle-phonon interaction causes such a strong fragmentation of 
this phonon state that it almost disappears. 

Thus, the position and widths of the giant EA - and MA -re
sonances are determined by the one-phonon components of the 
wave functions of highly excited states. 

Conclusion. In this section I have demonstrated that the 
most reliable nuclear properties are determined by the few-
quasiparticle components of the wave functions at low, inter
mediate and high excitation energies; they reflect the effect 
of shells. 

3. MANY-QUASIPARTICLE COMPONENTS OP THE EXCITED STATE WAVE 
FUNCTIONS 
Definition. By many-quasiparticle components we mean the 

components of the excited state wave functions containing more 
than three quasiparticle operators or more than one quasipar-
ticle and one phonon. These are components with four, five. 
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The M2-resonance in • /26/ 
calculated in ref. , a) the EPA calculations, 

b) the strength function b (M2, E ) , calculated taking 
into account the quasiparticle-phonon interaction. 

ten or several dozens of quasiparticles or with two, three, 
etc., phonons. At present the information on the many-quasi-
particle components is so scarce that all the components with 
a different number of quasiparticles can be considered toge
ther. Certainly, the behaviour of four-quasiparticle, five-
quasiparticle, etc., components of the excited state wave 
functions will be studied separately in future. 

With increasing excitation energy the density of levels in
creases exponentially and the contribution of few-quasipartic-
le components to the normalization of the wave functions de-

/17 44 ' 
creases exponentially. According to the estimates of refs. ' 
in nonmagic nuclei with A > 100 the contribution of one-quasi-
particle components to the normalization of the neutron reso
nance wave functions is 10~ -10 . The statistical nuclear mo
del is valid for such small components of the wave functions. 
Figure 4 shows the decrease in the contribution of one-quasi-
particle components to the normalization of the wave functions 
with increasing excitation energy. Our detailed information on 
the nuclear state structure also decreases exponentially with 
increasing excitation energy. The exceptions are the doubly 
magic nuclei and the nuclei differing from them by one nucle-
on. 
8 
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Fig. 4. Decrease, in the contribution of the one-quasi-
particle component lCq[8 to the normalization of the 
wave functions with increasing excitation energy. 

Heutron resonances. The analysis of the experimental data on 
the neutron resonances3 " has shown that one cannot yet choose 
between two extreme cases of the behaviour of many-quasipar-
ticle components of their wave functions, the first case is 
when there are many-quasiparticle components and the' second 
when the many-quasiparticle components are small and distribu
ted at random. The possible experimental detection of large 
many-quasiparticle components of the neutron resonance wave 
functions has been discussed in refs/ 1'' 3 5 / . The most direct 
and available way for detecting large many-quasiparticle com
ponents is the measurement of the probabilities for the E1-, 
Ml- and E2-transitions from the neutron resonances to the 
states with an energy by (1-2) MeV lesser. Let, for instance, 
the state have a large eight-quasiparticle component. Among 
the states lying by 1-2 MeV lower with AI = 0, +1 there is a 
state with a large six-quasiparticle component (these six 
quasiparticles enter into the eight-quasiparticle component). 
Then the у-transition probability should be equal in the or
der of magnitude to the single-particle transition probabili
ty. The detection of such у-transitions or у-cascades, the 
reduced transition probabilities of which are not very email, 
will indicate the existence of large many-quasiparticle compo
nents. 



\fhe most promising method for determining the values of the 
many-quasiparticle components in the neutron resonance wave 
functions is the study of the (n, у, о) reaction with the 
estimation of the у-transition intensity. The available expe
rimental data on the (n, y, a) reactions on the resonance / 3 7 / 

and thermal / 8 8 / neutrons do not allow to conclude about the va
lues of the largest many-quasiparticle components. The integ
ral contribution of the many-quasiparticle components can be 
obtained from the study of the partial у-transitions from the 
neutron resonances to the excited states. 

High-spin states. The wave functions of the high-spin sta
tes at intermediate excitation energies have been assumed / 3 4 / 

to have sufficiently large many-quasiparticle components. This 
assumption is based on the fact that quasiparticle-phonon in
teractions at these energies cannot distructure the many-
quasiparticle states so strongly as the one-quasiparticle sta
tes. It has been stated in refs. / 3 l 4" 3 e / that the non-rotational 
states with high spins should be rather pure many-quasipartic
le states. Indeed, these high-spin states clearly exhibit the 
quasiparticle structure. So, the four-, five-, and six-quasi-
particle states are observed with large К in the deformed nuc
lei / 3 8 - 4 1 / and large I in the spherical nuclei / i z / . The energies > 
of these states in the deformed nuclei are close to the ener
gies calculated within the model of independent quasipartic-
les / ъ ^ Thus, the main contribution to the wave functions of 
the non-rotationai high-spin states is given by many-quasipar
ticle components. 

Giant resonances on the excited states. The problem of 
many-quasiparticle components is related with that of the gi
ant resonances constructed on the excited states. According to 
the Brink-Axel hypothesis a whole series of the giant multipo-
le and spin-multipole resonances should be constructed on each 
excited state. So, the giant resonances having the two-phonon 
structure are constructed on the one-phonon state, the three-
phonon giant resonances on the two-phonon states and со on. 
Perhaps, this hypothesis correctly reflects, in general, the |'; 
situation with the many-quasiparticle and many-phonon states. j: 

The giant dipole resonances constructed on the one-phonon I' 
states in the deformed nuclei have been calculated in ref/ 4 3 /. \-
The wave function of the one-phonon state is added by the tvo-
phonon components. The addition of the two-phonon components • 
did not cause the broadening of the GDR constructed on this j 
state in comparison with the GDR constructed on the one-phonon 0 
state. This means that if the anharmonicity of the vibrational Jj 
states is not large, the Brink-Axel hypothesis on the giant ;") 
resonances on the vibrational states is fulfilled. One should '-' 
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correctly take into account the Pauli principle for the cal
culation of the giant resonances /'*4/. The investigations ' 
have shown that some two-phonon states are rather strongly in
fluenced by the Pauli principle. 

It should be noted that the experimental and theoretical 
study of the giant resonances constructed on the excited sta
tes is a further important stage in studying the structure of 
highly-excited states. 

An important information about many-quasiparticle compo
nents of the wave functions can be obtained from the study of 
the (n, a ) reactions / w / and a-decays of the giant resonan
ces. It is shown in ref. that the giant isoscalar quadrupo-
le resonance in 5 8 Ni decays mainly by emission of a-partic-
les. 

Direct many-particle transfer reactions. The most reliable 
and rich information about the many-quasiparticle components 
of the excited state wave functions can be obtained from the 
spectroscopic factors of the many-nucleon reactions on spheri
cal and deformed nuclei. A great progress in the experimental 
study of three and four nucleon transfer reactions has been 
achieved in recent years .Of much imp- -tance are the (p, a) 
reactions on spherical nuclei • . I snould like to mention 
also the (eLi, d ) / 5 1 / and (4He, 8 H e ) / 5 S / reactions. Undoub
tedly, the detection of the spectroscopic factors in the many-
particle transfer reactions encounters great difficulties. 

The many-nucleon transfer reactions are the basic method 
for. studying the many-quasiparticle components of the excited 
state wave functions. Therefore, a great progress is expected 
in the experimental study of the many-nucleon transfer reacti
ons on a large number of spherical and deformed nuclei and in 
the development of the theory of these reactions. 

4. CONCLUSION 
There is an enormous and absolutely unstudied level of the 

nuclear structure, the raany-quasiparticle and many-phonon com
ponents of the excited state wave functions of complex nuclei. 
Many investigations are to be carried out for the study of or
dinary nonextreme and nonhighspin states of atomic nuclei. The 
investigation of extreme states in the nuclear systems is very 
popular and interesting. But it is only a part of the general 
problem of the study of the nuclear structure. The general 
picture of the nuclear structure cannot be developed without 
studying the many-quasiparticle configurations. 

11 



REFERENCES 
1. Soloviev V.G. Particles and Nucleus» 1978, 9, p.580. 

Soloviev V.G. Nucleonika, 1978, 23, p.1149. 
2. Vdovin A.I. et al. Particles F-M Nucleus, 1976, 7, p.952. 
3. Bohr A., Mottelson B. Nuclea. ^ructure, v.1,2, 

Benjamin W.A. Inc. New York, ̂ usterdam, 1975. j 
4. MalovL.A., Soloviev V.G. Nucl.Phys., 1976, A270, p.87. j 
5. Soloviev V.G. Theory of Complex Nuclei, M., Nauka, 1971; I 

Pergamon Press, Oxford, 1976. ', 
6. Grigoriev E.P., Soloviev V.G. Structure of Even Deformed 

Nuclei, M., Nauka, 1974. 
7. Bunker M.E., Reich СW. Rev.Mod.Phys., 1971, 43, p.348. 
8. Sakai M., Kubo K.I. Nucl.Phys., 1972, A185, p.217. 

Sekiguchi M. et al. Nucl.Phys., 1977, A278, p.231. 
9. Tanaka M. et al. Phys.Lett., 1978, 78B, p.221. 
Ю. Van der Werf S.Y. et al. Phys.Rev.Lett., 1974, 33, p.712; 

Nucl.Phys., 1977, A289, p.141. 
11. Gerlic E. et al. Phys.Lett., 1975, 57B, p.338. 

Berrier-Rosin G. et al. Phys.Lett., 1977, 67B, p. 16. к 
12. Van de Viele J. et al. Nucl.Phys., 1978, A297, p.61. j, 
13. Gerlik E. et al. Preprint Inst, de Physique Nucleaire, j 

Orsay, IPNO-PhN-79-20, 1979. J, 
14. Gales S. et al. Nucl.Phys., 1977, A288, p.201. 
15. Vdovin A.I., Soloviev V.G., Stoyanov Ch. JINR, P4-12992, j-

Dubna, 1979. j-
16. Vdovin A.I., Stoyanov Ch., Chan Zuy Knuong. Izv.Akad.Nauk 

SSSR, ser,fiz., 1979, 43, p.999. 
17. Soloviev V.G. Proc.Inter.Conf. on Interaction of Neutrons 

with Nuclei, v.t, p.421, Lowell, Mass., Univ. of Lowell, 
1976. 

18. Dambasuren D. et al. J.Phys.G.: Nucl.Phys., 1976, 2, p.25. .; 
19. Voronov V.V., Soloviev V.G., Stoyanova O. Yad.Fiz., 1980, 

31, p.327. ] 
20. Soloviev V.G., Stoyanov Ch., Voronov V.V. Nucl.Phys., 1 

1978, A304, p.503. I 
21. Axel P., Min K.K., Sutton D.C. Phys.Rev., 1970, C2, p.689; | 

Nuclear Physics Research with Electrons from MUSL-2 and K-
MUSL-3 (Dep. of Physics, Univ. of Illinois at Urbana- Щ 
Champaingn, 1977). j 

22. Winhold E.J. et al. Phys.Lett., 1970, 32B, p.607. >i 
23. Chan Zuy Khuong, Soloviev V.G., Voronov V.V. J.Phys.G.: if 

Nucl.Phys., 1979, 5, p.79. | 
24. Soloviev V.G., Stoyanov Ch., Vdovin A.I. Nucl.Fhys., 1977,Щ 

A288, p.376. | 

12 



25. Ponomarev V.Yu. Yad.Fiz., 1979, ЗО, p.446. 
j; 26. Ponomarev V.Yu. et al. Nucl.Phys., 1979, A323, p.446. 
/: 27, Dehesa J.S., Thesis Ph.D. Rheinischen Friedrich-Wilhelms-
';•'.'• Universitat zu Bonn, 1977. 

28. Soloviev V.G., Vdovin A.I. Proc. EPS Topical Conf. on 
Large Amplitude Collective Nuclear Motions, ed, Kiss, 
Nemeth, Zlimani, Keszthely-Hyngary, 1979, p.131. 

29. Akulinichev S.V., Malov L.A. J.Phys.G.: Nucl.Phys., 1977, 
3, p.625. 
Akulinichev S.V., Shilov V.M. Yad.Fiz., 1978, 27, p.670. 

, l ЗО. Kyrchev G. et al. Yad.Fiz., 1977, 25, p.951. 
i.j 31. Zawischa D., Speth J. Phys.Rev.Lett., 1976, 36, p.843. 
: f Zawischa D., Speth J., Pal D. Nucl.Phys., 1978, A322, 

p.445. 
32. Malov L.A., Nesterenko V.O., Soloviev V.G. Phys.Lett., 

1976, B64, p.24. 
Kiselev M.A. et al. Izv.Akad. Nauk SSSR ser.fiz., 1978, 

f 42, p.1842. 
5 33. Kyrchev G., Malov L.A. Izv.Akad. Nauk SSSR ser.fiz., 1979, 
{ 43, p.l07. 

34. Soloviev V.G. Phys.Lett., 1972, 42B, p.409. 
35. Soloviev V.G. In: Nuclear Structure with Neutrons,, ed. 

Froand Szucs, p.85. Akademiai Kiado, Budapest, 1974. 
Soloviev V.G. Proc.lnt.Conf. on Neutron Capture Gamma-Ray I Spectroscopy, p.99, Reactor Centrum Nederland, Petten, 
the Nederlands, 1975. 

36. Soloviev V.G. Particles and Nuclei, 1972, 3, p.770. 
37. Popov Yu.P. Proc.lnt.Conf. Neutron Capture Gamma-Ray 

Spectroscopy, p.379, Reactor Centrum Nederland, Petten, 
the Nederlands, 1975. 
Vo Kim Thanh et al. JINR, P3-11381, Dubna, 1978. 

38. Asghar M., Emsallem A., Sjdstrand N.G. Z.Phys., 1977, 
<:- A282, p. 375; 

Aldea L. et al. Z.Phys., 1977, A283, p.391. 
39. Helmer R.G., Reich C.W. Nucl.Phys.,1968, A114, p.649; 

\r- 1973, A211, p.l. 
к 40. Khoo T.L. et al. Phys.Rev.Lett., 1976, 37, p.823. 
; 41. Chu Y.Y., Haustein P.E., Ward Т.Е. Phys.Rev., 1972, C6, 
t p.2259. 
-'л 42. Piiparinen M. et al. Z.Phys., 1979, A209, p.209. 
| 43. Kitipova V., Malov L.A., Shirikova N.Yu. JINR, P4-80-44, 
I Dubna, 1980. 
i 44. Soloviev V.G. JINR, E4-12623, Dubna, 1979. 
I 45. Jolos R.V., Molina H.L., Soloviev V.G. TMF, 1979, 40, 
I p.245? JINR, P4-12603, Dubna, 1979. 

if 



46. Glowacka L. et al. Nucl.Phys., 1977, A284, p.257. 
47. Volkov Yu.M. et al. Pisma JETP, 1979, ЗО, p.67. 
48. Siemssen R.H. Proc.Int.Conf. Nuclear Structure, Tokyo, 

1977f J.Phys.Soc. Japan, 1978, 44, p.137. 
49. Van Hall P.J. et al. Phys.Lett., 1978, 74B, p.42. 

Emits J.W. et al. Nucl.Phys., 1979, A319, p.29. j 
50. Smith P.A. et al. Preprint MSUCL-262, Michigan State Univ.,| 

1978. | 
51. Becchetti Y.D., janecke J. Phys.Rev.Lett., 1975, 35, p.268.' 
52. Tribble R.E. et al. Phys.Rev.Lett., 1978, 40, p.13. 

Received by Publishing Department | 
on January 28 1980. В 

14 



WILL YOU FILL BLANK SPACES IN YOUR LIBRARY? 

You can receive by poll Ibe booki listed below. Pricei • In US I , 

including the packing and registered postage 

Pl,a-7<42 Proceedings of U» International 
School of Young Physicist* on Hl|h 
Energy Physics. Gomtl, 1973. 10.S3 

Dl,a-U05 Proceedings of toe IV International 
Symposium on High Energy and Ele
mentary ParUcla Phyalca. Varna, 
1974. 3.1» 

Pl.2-1529 Tba International School-Seminar of 
Young Scientists. Actual Problems 
of Elementary Particle Physics. So
chi, 1874. 4.70 

D6-M4t XIV Symposium on Nuclear Spectro
scopy and Nuclear Theory. Dubna, 
1975. 3.70 

E2-»oae Proceedings of the 1B73 JINR-CERN 
School of Physics. Alushta, 1973. 16.00 

D13-9144 Proceedlnga of the International Mee
ting on Proportional and Drift Cham-
bars. Dubna, 1975. 10.00 

Dl.2-9224 Proceedlnga of the IV International 
Seminar on High Energy Physics 
Problems. Dubna, 1975. 4.80 
Proceedings of the VI European Con
ference on Controlled Fusion and 
Plasma Physics. Moscow, 1973, v.U. 15.00 

D13-9297 Proceedings of the VIII Internatio
nal Symposium on Nuclssr Electro
nics. Dubna, 197S. s.6 

D7-9734 Proceedings of the International 
School-Seminar on Reactions of Hea-
3 Ions with Nuclei and Synthesis 

New Elements. Dubna, 1975. 4.S5 
D-9920 Proceedlnga of the International 

Conference on Selected Topics In 
Nuclear Structure. Dubna, 1976. 15.00 

D2-97M Nonlocal, Nonlinear and Nonrenor-
milltahl* Field Theories. Proceedings of the IVth International Bym-
poslun -'- "" poslum. Alushta, 1975. 4.20 

D9-10500 Proceedings of the Second Symposi
um on Collective Methods of Acce
leration. Dubna, 1975. 11.00 



D2-105M Proceedings of the X International 
School on Hlfh Energy Physics {or 
Young Scientists. Baku, 1976. 

D13-111I2 Proceedings ol the IX International 
Symposium on Nuclear Electronics. 
Varna, 11П. 

010,11-11164 Proceedlnci of the International 
Heating oa Programming and Mathe
matical Methods for Solving the Phy
sical Problems. Dubna, 1977. 

D17-U4B0 Proceedings of the International 
Symposium on Selected Problems of 
Statistical Mechanics. Dubna, 1977. 

D8-11574 Proceedings of the XV Symposium 
on Nuclear Spectroscopy and Nuc
lear Theory. Dubna, 1878. 

D3-11787 Proceedings of the III International 
School on Neutron Physics. Alush-
ta, 1978. 

D13-11807 Proceedings of the III International 
Meeting on Proportional and Drift 
Chambers. Dubna, 1978. 

11.00 

4.70 

Dl,2-12450 

R2-12462 

Proceedings of the VI Ail-Union 
Conference on Charged Particle 
Accelerators. Dubna, 1978. 
2 volumes. 

Proceedings of the V International 
Seminar on High Energy Physics 
Problems. Dubna, 1978. 

Proceedings of the XII Interna
tional School on High Energy 
Physics for Young Scientists. 
Bulgaria, Primorsko, 1978. 

Proceedings of the V International 
Symposium on Nonlocal Field 
Theories. Alushta, 1979. 

Proceedings of the XI International 
School on High Energy Physics and 
Relatlvistic Nuclear Physics for 
Young Scientists. Gomel, IS?;. 

Orders for Ihe above-mentioned books ran br tienl al the nddrr»»: 

Publishing Department. JINK 

Head Post Oflire, P.O. Box 79 101000 Mosrow, USSR 



.Издательский отдел Объединенного института ядерных исследований. 
Заказ 27660. Тираж 650. Уч.-иэд: листов 0,98. 
Редактор Э.В.Ивашкевич. 
Набор Л.И.Кашехлебовой, Е.И.Граменицкой. 
Пакет В.А.Халякиной. Подписано к печати 15.2.80 г. 


