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hain ofequations are being analyzed. The problem is 
onsidered in the 
ontextof relation with neutron s
attering experiment data.
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1 ÏðåïðèíòIntrodu
tionThe study of dynami
al properties of quantum fluids is a
tual amongexperimental and analyti
al investigations of 
ondensed systems. In par-ti
ular, the study of 
olle
tive ex
itations in a hydrodynami
 limit forsemiquantum helium [1,2℄ is of great interest. An important problem ofthe 
onsistent a

ount for the one-parti
le (kineti
) and 
olle
tive (hy-drodynami
) effe
ts in ex
itation spe
trum at intermediate values of awave ve
tor and frequen
y is still unresolvad. In this study the time 
or-relation fun
tions and 
olle
tive ex
itation spe
trum of quantum Bosesystem are investigated using transport equations of 
onsistent des
rip-tion of kineti
s and hydrodynami
s [3℄. The transport pro
esses of par-ti
les kineti
 and potential energies are taken into a

ount separately.The expresions for the dynami
 stru
ture fa
tor, time 
orrelation fun
-tions of the impulse density operators, kineti
 and potential parts ofthe parti
les enthalpy are obtained. The spe
trum of 
olle
tive ex
ita-tions with separate 
ontributions from the kineti
 and potential energiesstreams into the heat mode is obtained, using Markov approximation forthe memory deneralized fun
tions. At a fixed values or a wave ve
torin a spe
trum of 
olle
tive ex
itations there are kineti
 vis
isity-elasti
modes with partitioning of the 
ontributions of kineti
 and potential en-ergies. In a limit of small densities of a quantum Bose gas the 
olle
tiveex
itations spe
trum of the 
orresponding equation is obtained.1. Kineti
s and hydrodynami
s of nonequilibriumstate near equilibriumFor kineti
s and hydrodynami
s of nonequilibrium pro
esses whi
h are
lose to an equilibrium state, the generalized transport equations [3℄in the linear approximation transform into a transport equation forfk(p; t) = h^nk(p)it, hintk (t) = h^hintk it��tfk(p; t) + ik � pm fk(p; t) = (1.1)� ik � pm nf0(p)
2(k)Xp0 fk(p0; t) + i
nh(k;p)hintk (t)�Xp0 tZ�1 dt0 e"(t0�t)'nn(k;p;p0; t; t0)fk(p0; t0)�
ICMP�01�34E 2tZ�1 dt0 e"(t0�t)'nh(k;p; t; t0)hintk (t0);��thintk (t) =Xp i
hn(k;p)fk(p; t)� (1.2)Xp tZ�1 dt0 e"(t0�t)'hn(k;p; t; t0)fk(p; t0)�tZ�1 dt0 e"(t0�t)'hh(k; t; t0)hintk (t0);where i
nh(k;p), i
hn(k;p) are normalized stati
 
orrelation fun
tions:i
nh(k;p ) = h _^nk(p)^hint�ki0��1hh (k); (1.3)i
hn(k;p) = Xp0 h _^hintk ^n�k(p0)i0��1k (p0;p) (1.4)where ^hintk = ^Ek � Z dp dp0 h ^Ek^n�k(p0)i0��1k (p0;p)^nk(p) =^E intk � h ^E intk ^n�ki0S�12 (k)^nk; (1.5)^E intk = 12 NXl6=j=1�(jrlj j)e�ik�rl ; ^nk = NXl=1 e�ik�rl (1.6)are the Fourier-
omponents of densities for the intera
tion energy andthe number of parti
les, respe
tively. Further, it is more 
onvenient,instead of the dynami
al variable of energy ^Ek, to use the variable ^hintk(1.5) whi
h is orthogonal to ^nk(p) by means of the equality:h^hintk ^n�ki0 = 0: (1.7)From the stru
ture of the dynami
al variable ^hintk (1.3) it 
an be seenthat it 
orresponds to a potential part of the Fourier-
omponent of thegeneralized enthalpy ^hk, whi
h is introdu
ed in mole
ular hydrodynam-i
s [5,1,2℄: ^hk = ^Ek � h ^Ek^n�ki0^nk = ^hkink + ^hintk ; (1.8)



3 Ïðåïðèíòwhere ^hkink = ^Ekink � h ^Ekink ^n�ki0S�12 (k)^nk (1.9)is a kineti
 part of the generalized enthalpy,^Ekink = NXl=1 p2l2me�k�rlis the Fourier-
omponent of the kineti
 energy density. S2 = h^nk^n�ki0is a stati
 stru
ture fa
tor of the system.��1k (p00;p0) = Æ(p00 � p0)nf0(p00) � 
2(k); (1.10)where 
2(k) denotes a dire
t 
orrelation fun
tion whi
h is 
onne
ted withthe 
orrelation fun
tion h2(k) as: h2(k) = 
2(k)[1� n
2(k)℄�1.'nn(k;p;p0; t; t0) =Xp00 hIn(k;p)T0(t; t0)In(�k;p00)i0��1k (p00;p0); (1.11)'hn(k;p; t; t0) =Xp0 hI inth (k)T0(t; t0)In(�k;p0)i0��1k (p0;p); (1.12)'nh(k;p; t; t0) = hIn(k;p)T0(t; t0)I inth (�k)i0��1hh (k); (1.13)'hh(k; t; t0) = hI inth (k)T0(t; t0)I inth (�k)i0��1hh (k): (1.14)are generalized transport kernels (memory fun
tions) whi
h des
ribe ki-neti
 and hydrodynami
 pro
esses.In(k;p) = (1�P0) _^nk(p); (1.15)I inth (k) = (1�P0) _^hintk (1.16)are generalized fluxes in the linear approximation, _^nk(p) = iLN ^nk(p),_^hintk = iLN^hintk , T0(t; t0) = e(t�t0)(1�P0)iLN is a time evolution operatorwith the proje
tion operator P0 a
ts on the dynami
al variables ^AkP0 ^Ak0 = Xk h ^Ak0^hint�ki0��1hh (k)^hintk + (1.17)Xk Xpp0 h ^Ak0 ^n�k(p0)i0��1k (p0;p)^nk(p):The system of transport equations (1.1), (1.2) is 
losed. We are useda Lapla
e transform with respe
t to time, assuming that at t > 0 thequantities fk(p; t = 0), hintk (t = 0) are knownA(z) = i Z 10 dt eiztA(t); z = ! + i"; "! +0: (1.18)
ICMP�01�34E 4Then, equations (1.1) and (1.2) are presented in the form:zfk(p; z) + ik � pm fk(p; z) = � ik � pm nf0(p)
2(k) � (1.19)Xp0 fk(p0; z) + �nh(k;p; z)hintk (z)�Xp0 'nn(k;p;p0; z)fk(p0; z) + fk(p; t = 0);zhintk (z) =Xp0 �hn(k;p0; z)fk(p0; z)� (1.20)'hh(k; z)hintk (z) + hintk (t = 0);�nh(k;p; z) = i
nh(k;p)� 'nh(k;p; z); (1.21)�hn(k;p; z) = i
hn(k;p)� 'hn(k;p; z): (1.22)In the next subse
tion, on the basis of a system of transport equationsfor Fourier 
omponents of the nonequilibrium one-parti
le distributionfun
tion and the potential part of enthalpy (1.21), (1.22), we shall ob-tain equations for time 
orrelation fun
tions. We shall also investigatethe spe
trum of 
olle
tive ex
itations and the stru
ture of generalizedtransport 
oeffi
ients.2. Time 
orrelation fun
tions, 
olle
tive modes andgeneralized transport 
oeffi
ientsWith the help of 
ombined equations (1.1), (1.2) one obtains a systemfor time 
orrelation fun
tions:�nn(k;p;p0; t) = Xp00 h^nk(p; t)^n�k(p00; 0)i0��1k (p00;p0); (2.1)�hn(k;p; t) = Xp0 h^hintk (t)^n�k(p0; 0)i0��1k (p0;p); (2.2)�nh(k;p; t) = h^nk(p; t)^hint�k(0)i0��1hh (k); (2.3)�hh(k; t) = h^hintk (t)^hint�k(0)i0��1hh (k); (2.4)where ^nk(p; t) = e�iLN t^nk(p; 0), ^hintk (t) = e�iLN t^hintk (0).



5 ÏðåïðèíòOne uses the Fourier transform with respe
t to timehai! = Z 1�1 dt ei!thait:Then we write the system of equations (1.1), (1.2) in the form:�i!h^nk(p)i! = Xp0 �nn(k;p;p0;! + i")h^nk(p0)i! +�nh(k;p;! + i")h^hintk i!; (2.5)�i!h^hintk i! = Xp0 �hn(k;p0;! + i")h^nk(p0)i! �'hh(k;! + i")h^hintk i!; (2.6)where�nn(k;p;p0;! + i") = i
nn(k;p;p0)� 'nn(k;p;p0;! + i"); (2.7)�nh(k;p;! + i") = i
nh(k;p)� 'nh(k;p;! + i"); (2.8)�hn(k;p;! + i") = i
hn(k;p)� 'hn(k;p;! + i"): (2.9)It is more 
onvenient to present the system of equations (2.5), (2.6) ina matrix form: �i!h~aki! = ~�(k;! + i")h~aki!; (2.10)where ~ak = 
ol(^nk(p); ^hintk ) is a ve
tor-
olumn and~�(k;! + i") = " Pp0 �nn(k;p;p0;! + i") �nh(k;p;! + i")Pp0 �hn(k;p0;! + i") �'hh(k;! + i") # ;(2.11)~�(k;! + i") = Z 10 dt ei(!+i")t ~�(k; t):Now, one uses the solution to the Liouville equation in approximation[1,2℄ without introdu
ing the proje
tion operator Pq(t):% �xN ; t� = %q �xN ; t�� tZ�1 dt0 e"(t0�t)eiLN(t0�t)� ��t 0 + iLN� %q �xN ; t0� :Then, from the self-
onsisten
y 
onditions h~akit = h~akitq one obtains asystem of equations whi
h 
onne
ts the average values h^nk(p)i! andh^hintk i! with spe
tral fun
tions of time 
orrelation fun
tions:i!~�(k;! + i")h~aki! = h~�(k)� i(! + i")~�(k;! + i")i h~aki! ; (2.12)
ICMP�01�34E 6where~�(k;! + i") = " Pp0 �nn(k;p;p0;! + i") �intnh(k;p;! + i")Pp0 �inthn(k;p0;! + i") ��inthh(k;! + i") # :Let us multiply equation (2.10) by the matrix ~�(k;!+ i") and 
omparethe result with equation (2.12). So we findz ~�(k; z) = ~�(k; z)~�(k; z)� ~�(k); z = ! + i"; (2.13)~�(k; z) = i Z 10 dt eizt ~�(k; t); "! 0or in an expli
it form:z�nn(k;p;p0; z) = Xp00 �nn(k;p;p00; z)�nn(k;p00;p0; z) + (2.14)�nh(k;p; z)�inthn(k;p0; z)� �nn(k;p;p0);z�intnh(k;p; z) = Xp00 �nn(k;p;p00; z)�intnh(k;p00; z) + (2.15)�nh(k;p; z)�inthh(k; z);z�inthn(k;p0; z) = Xp00 �hn(k;p00; z)�intnn(k;p00;p0; z)� (2.16)'hh(k; z)�inthn(k;p0; z);z�inthh(k; z) = Xp00 �hn(k;p00; z)�intnh(k;p00; z)� (2.17)'hh(k; z)�inthh(k; z)� �hh(k);where the 
ondition �hn(k;p0) = �nh(k;p) = 0 is taken into a

ount.In order to solve the system of equations (2.14)�(2.17) we also applythe proje
tion pro
edure [4,6℄. Let us introdu
e the dimensionless mo-mentum � = kmv0 , v20 = (m�)�1. Then the system of equations (2.13)�(2.17) 
an be rewritten in the matrix form:z ~�(k; �; �0; z)� ~�(k; �; �00; z)~�(k; �00; �0; z) = �~�(k; �; �0); (2.18)where it is 
lear that the integration must be performed with respe
t tothe repeating indi
es �00. Further, let us introdu
e the s
alar produ
t oftwo fun
tions, �(�) and  (�), ash�j i =X� ��(�)f0(�) (�): (2.19)



7 ÏðåïðèíòThen, the matrix element for some �operator" M 
an be determined ash�jM j i =X� d�0 ��(�)M(�; �0)f0(�0) (�0): (2.20)Let �(�) = f��(�)g be the orthogonalized basis of fun
tions with theweight f0(�), so that the following 
ondition is satisfied:h�� j��i = Æ��; X� j��ih�� j = 1; (2.21)where ��(�) = �lmn(�) = (l!m!n!)�1=2 �Hl(�x) �Hm(�y) �Hn(�z); (2.22)�Hl(�) = 2�l=2Hl(�=2), Hl(�) is a Hermite polynomial. Then, ea
h fun
-tion in the system of equations (2.18), whi
h depends on momentumvariables �, �0, 
an be expanded over fun
tions ��(�) in the series:~�(k; �; �0; z) = X�;� ���(�)~���(k; z)��(�0)f0(�0); (2.23)~�(k; �; �0; z) = X�;� ���(�)~���(k; z)��(�0)f0(�0); (2.24)where ~���(k; z) = h�� j~�(k; �; �0; z)j��i = (2.25)X�0 ���(�)f0(�)~�(k; �; �0; z)��(�0);~���(k; z) = h�� j~�(k; �; �0; z)j��i = (2.26)X�0 ���(�)f0(�)~�(k; �; �0; z)��(�0):Let us substitute expansions (2.23)�(2.26) into equation (2.18). As aresult, one obtains:z ~���(k; z)�X
 ~��
(k; z)~�
�(k; z) = �~���(k): (2.27)In a
tual 
al
ulations, a finite number of fun
tions from the set ��(�)is used. Taking into a

ount this fa
t, let us introdu
e the proje
tion
ICMP�01�34E 8operator P whi
h proje
ts arbitrary fun
tions  (�) onto a finite set offun
tions ��(�):P = nX�=1 j��ih�� j = 1�Q; P h j = nX�=1h j��ih�� j: (2.28)Here n denotes a finite number of fun
tions. Then, from (2.27) we obtaina system of equations for a finite set of fun
tions ��(�),nX
=1 hz�Æ�
 � i~
�
(k) + ~D�
(k; z)i ~�
�(k; z) = �~���(k); (2.29)where~D��(k; z) = h�� j ~'(k; z) + ~�(k; z)Q hz �Q~�(k; z)Qi�1Q~�(k; z)j��i(2.30)are generalized hydrodynami
 transport kernels andi~
��(k) = h�� ji~
(k)j��i (2.31)is a frequen
y matrix. Note that matri
es i~
(k) and ~'(k; z) are defineda

ording to (1.3), (1.4) and (1.11)�(1.14).Let us find solutions to the system of equations (2.19) in the hydro-dynami
 region when a set of fun
tions ��(�) present five moments of aone-parti
le distribution fun
tion:�1(�) = 1; �2(�) = �z ; �3(�) = 1p6(�2 � 3); (2.32)�4(�) = �x; �5(�) = �y :Then, the following relations are fulfilled:h1j^nk(�) = X� ^nk(�) = ^nk;h�
 j^nk(�) = X� ^nk(�) �
 = ^p
k; (2.33)h6�1=2(�2 � 3)j^nk(�) = X� ^nk(�) 6�1=2(�2 � 3) =^Ekink � 3^nk��1 = ^hkink ;for the Fourier 
omponents of densities for the number of parti
les, mo-mentum and the kineti
 part of generalized enthalpy. Besides that, the



9 Ïðåïðèíòmi
ros
opi
 
onservation laws for densities of the number of parti
lesand momentum 
an be written in the form:h1j _^nk(�) = �ik
 ^p
km�1;h��j _^nk(�) = �ik
 bTk
�; (2.34)where bTk
� is a Fourier 
omponent of the stress-tensor.If we 
hoose the dire
tion of waveve
tor k along oz-axis, then ��(�),� = 1; 2; 3 will 
orrespond to longitudinal modes, whereas ��(�) at� = 4; 5 will be related to transverse modes.From the system of equations (2.29), at � = 4; 5, �4(�) = �x,�5(�) = �y, one obtains an equation for the Fourier 
omponent of thetime 
orrelation fun
tion 
onne
ted with the transverse 
omponent ofthe momentum density �44(k; z). From this equation one finds:�44(k; z) = �?pp(k; z) = � 1z +D?pp(k; z) ; (2.35)where �?pp(k; z) = h�xj�nn(k; �; �0; z)j�0xi; (2.36)D?pp(k; z) = D?(kin)pp (k; z) +D?(int)pp (k; z); (2.37)D?(kin)pp (k; z) = h�xj'nn(k; �; �0; z)j�0xi; (2.38)D?(int)pp (k; z) =h�xj �~�(k; �; �0; z)Q hz �Q~�(k; �; �0; z)Qi�1Q~�(k; �; �0; z)�nn j�0xi:(2.39)D?pp(k; z) = ik2�(k; z)(mn)�1; (2.40)where �(k; z) denotes a generalized 
oeffi
ient of shear vis
osity. Su
ha 
oeffi
ient 
onsists of two main 
ontributions. The first one isD?(kin)pp (k; z), whereas the se
ond 
ontribution D?(int)pp (k; z) des
ribesa relation of kineti
 and hydrodynami
 pro
esses. If we put � = 1; 2; 3,�1(�) = 1, �2(�) = �z, �3(�) � 6�1=2(�2 � 3) in the system of equation(2.29), then we obtain:z�na(k; z)� i
np(k)�pa(k; z) = ��na(k); (2.41)z�pa(k; z)� i
pn(k)�na(k; z) +Djjpp(k; z)�pa(k; z)��phkin(k; z)�hkina(k; z)� �phint(k; z)�hinta(k; z) = ��pa(k); (2.42)
ICMP�01�34E 10z�hkina(k; z)� �hkinp(k; z)�pa(k; z) +Dhkinhkin(k; z)�hkina(k; z)+Dhkinhint(k; z)�hinta(k; z) = ��hkina(k); (2.43)z�hinta(k; z)� �hintp(k; z)�pa(k; z) +Dhinthkin(k; z)�hkina(k; z)+Dhinthint(k; z)�hinta(k; z) = ��hinta(k); (2.44)where a = f^nk; ^pk; ^hkink ; ^hintk g and�phkin(k; z) = i
phkin(k) � Dphkin(k; z);�phint(k; z) = i
phint(k) � Dphint(k; z);�hkinp(k; z) = i
hkinp(k) � Dhkinp(k; z);�hintp(k; z) = i
hintp(k) � Dhintp(k; z); (2.45)i
ab(k) and Dab(k; z) are determined a

ording to (2.31), (2.30). Fromthe system of equations (2.41)�(2.44) one 
an define the Fourier 
ompo-nents of the parti
le number density 
orrelation fun
tions�nn(k; z) = �11(k; z) = h1j�nn(k; �; �0; z)j10i; (2.46)as well as of the longitudinal 
omponent of the momentum density�jjpp(k; z) = �22(k; z) = h�z j�nn(k; �; �0; z)j�0zi; (2.47)for the kineti
 part of generalized enthalpy�hkinhkin(k; z) = �33(k; z) = h6� 12 (�2�3)j�nn(k; �; �0; z)j6� 12 ((�0)2�3)i(2.48)as well as for the potential part of generalized enthalpy �hinthint(k; z)and 
ross 
orrelation fun
tions, espe
ially �hinthkin(k; z), �nhkin(k; z),�nhint(k; z), �phkin(k; z), �phint(k; z). It is important to point out thatthe system of equations (2.41)�(2.44) 
orresponds to the system of equa-tions for Fourier 
omponents of the average values of densities for thenumber of parti
les h^nkiz, longitudinal momentum h^pkiz , kineti
 h^hkink izand potential h^hintk iz parts of generalized enthalpy:zh^nkiz � i
np(k)h^pkiz = �h^nk(t = 0)i; (2.49)zh^pkiz � i
pn(k)h^nkiz +Djjpp(k; z)h^pkiz � (2.50)�phkin(k; z)h^hkink iz � �phint(k; z)h^hintk iz = �h^pk(t = 0)i;zh^hkink iz � �hkinp(k; z)h^pkiz +Dhkinhkin(k; z)h^hkink iz + (2.51)Dhkinhint(k; z)h^hintk iz = �h^hkink (t = 0)i;zh^hintk iz � �hintp(k; z)h^pkiz +Dhinthkin(k; z)h^hkink iz + (2.52)Dhinthint(k; z)h^hintk iz = �h^hintk (t = 0)i:



11 ÏðåïðèíòThis system of equations is similar in 
onstru
tion to the equations ofmole
ular hydrodynami
s [1℄. The differen
e 
onsists in the fa
t that in-stead of the equations for the Fourier 
omponent of the mean enthalpydensity h^hkit whi
h is introdu
ed in mole
ular hydrodynami
s, there aretwo 
onne
ted equations for the Fourier 
omponents of mean values ofthe kineti
 and potential parts of enthalpy density. Moreover, insteadof the generalized thermal 
ondu
tivity whi
h appears in mole
ular hy-drodynami
s, the dissipation of energy flows is des
ribed in equations(2.49)�(2.52) by a set of generalized transport kernels Dhkinhkin(k; z),Dhkinhint(k; z), Dhinthkin(k; z), Dhinthint(k; z). Obviously, transport ker-nels give more detailed information on the dissipation of energy flowsin the system be
ause they des
ribe the time evolution of dynami
al
orrelations between the kineti
 and potential flows of enthalpy density.Solving the system of equation (2.41)�(2.44) at a = n, one obtainsan expression for the 
orrelation fun
tion �density-density" �nn(k; z)�nn(k; z) = �S2(k)"z � i
np(k)i
pn(k)z + �Djjpp(k; z) #�1 ; (2.53)where �Djjpp(k; z) = Djjpp(k; z)� (2.54)��phkin(k; z) �z + �Dhkinhkin(k; z)��1 ��hkinp(k; z)��phint(k; z) [z + Dhinthint(k; z)℄�1�hintp(k; z);��phkin(k; z) = �phkin(k; z)� (2.55)�phint(k; z) [z +Dhinthint(k; z)℄�1Dhinthkin(k; z);��hkinp(k; z) = �hkinp(k; z)� (2.56)Dhkinhint(k; z) [z +Dhinthint(k; z)℄�1 �hintp(k; z);�Dhkinhkin(k; z) = Dhkinhkin(k; z)� (2.57)Dhkinhint(k; z) [z +Dhinthint(k; z)℄�1Dhinthkin(k; z):In expressions (2.54)�(2.57) we 
an observe an interesting renormaliza-tion of the fun
tions �ab and Dab via the generalized transport kernelsfor flu
tuations of flows of the potential part of enthalpy density. How-ever, �Djjpp(k; z) is 
onne
ted only with the generalized shear vis
osity�jj(k; z), sin
e the densities of the number of parti
les ^nk and momen-tum ^pk are in
luded in the set of variables of an abbreviated des
ription.
ICMP�01�34E 12In our 
ase �Djjpp(k; z) takes into a

ount both thermal and vis
ous dy-nami
al 
orrelation pro
esses. Ex
luding from (2.53) the imaginary part�jjnn(k;!) of the 
orrelation fun
tion �nn(k; z), one obtains an expres-sion for the dynami
al stru
ture fa
tor S(k;!) in whi
h 
ontributions oftransport kernels 
orresponding to the kineti
 and potential parts of theenthalpy density ^hk are separated. It is evident that the main 
ontribu-tion of the transport kernel Dhinthint(k; z) to the S(k;!) for liquids wasin the hydrodynami
al region (the region of small values of waveve
tork and frequen
y !), whereas Dhkinhkin(k; z) will 
ontribute to the kinet-i
 region (orders of interatomi
 distan
es, small 
orrelation times). Inthe region of intermediate values of waveve
tor k and frequen
y !, itis ne
essary to take into a

ount all the transport kernels �phkin(k; z),�phint(k; z), Dhkinhkin(k; z), Dhinthkin(k; z), Dhinthint(k; z). Sin
e it is im-possible to perform exa
t 
al
ulations of the des
ribed above fun
tions,it is ne
essary in ea
h separate region to a

ept models 
orrespondingto the physi
al pro
esses. Obviously, it is ne
essary to provide mod-elling on the level of generalized transport kernels 'nn(k;p;p0; t; t0),'nh(k;p; t; t0), 'hn(k;p0; t; t0), 'hh(k; t; t0) (1.11)�(1.14). The modellingproblems of transport kernels for intermediate values of k and ! arerefle
ted in the details of the des
ription of spe
tra for 
olle
tive ex
ita-tions, as well as in the dynami
al stru
ture fa
tor. In the limit k ! 0,! ! 0, the 
ross 
orrelations between the kineti
 and potential flows ofenergy and shear flows be
ome not so important and the system of equa-tions (2.53)�(2.57) gives a spe
trum of the 
olle
tive modes of mole
ularhydrodynami
s [1,2℄. For intermediate values of k and !, the spe
trumof 
olle
tive modes 
an be found from the 
ondition2664 z i
np(k) 0 0i
pn(k) z +Djjpp(k; z) �phkin(k; z) �phint(k; z)0 �hkinp(k; z) z +Dhkinhkin(k; z) Dhkinhint(k; z)0 �hintp(k; z) Dhinthkin(k; z) z +Dhinthint(k; z) 3775 = 0;(2.58)in whi
h 
ontributions of the kineti
 and potential parts of general-ized enthalpy are separated. This will be refle
ted in the stru
ture ofa heat mode at 
on
rete model 
al
ulations of the waveve
tor- andfrequen
y-dependent transport kernels Dhkinhkin(k; z), Dhkinhint(k; z),Dhinthkin(k; z), Dhinthint(k; z) depending on k and !.The system of equations (2.41)�(2.44) for time 
orrelation fun
tionsallows an extended des
ription of 
olle
tive modes in liquids, whi
h in-
ludes both hydrodynami
 and kineti
 pro
esses. In
luding on the basis



13 Ïðåïðèíòof fun
tions ��(�) (2.32) some additional fun
tions, lQ(�) = 15(�2 � 5)�l;  lj� (�) = p22 (�l�j � 13�2Ælj); (2.59)whi
h 
orresponds to a 13-moments approximation of Grad, one obtainsa system of equations for time 
orrelation fun
tions of an extended setof hydrodynami
 variables f^nk, ^pk, ^hkink , b�k, ^Qk, ^hintk g:z ~�H(k; z)� i~
H(k)~�H(k; z) + ~'H(k; z)~�H(k; z) = �~�H(k); (2.60)where~�H(k; z) = 26666664 �nn �np �nhkin �n� �nQ �nhint�pn �pp �phkin �p� �pQ �phint�hkinn �hkinp �hkinhkin �hkin� �hkinQ �hkinhint��n ��p ��hkin ��� ��Q ��hint�Qn �Qp �Qhkin �Q� �QQ �Qhint�hintn �hintp �hinthkin �hint� �hintQ �hinthint
37777775(2.61)is a matrix of Lapla
e images of the time 
orrelation fun
tions,b�k =P� '�(�)^nk(�), ^Qk =P� 'Q(�)^nk(�),i~
H(k) = 26666664 0 i
np 0 0 0 0i
pn 0 i
phkin i
p� 0 i
phint0 i
hkinp 0 0 i
hkinQ 00 i
�p 0 0 i
�Q 00 0 i
Qhkin i
Q� 0 i
Qhint0 i
hintp 0 0 i
hintQ 0

37777775(2.62)is an extended hydrodynami
 frequen
y matrix,~'H(k; z) = 26666664 0 0 0 0 0 00 DHpp DHphkin DHp� DHpQ DHphint0 Dhkinp Dhkinhkin Dhkin� DhkinQ Dhkinhint0 D�p D�hkin D�� D�Q D�hint0 DQp DQhkin DQ� DQQ DQhint0 Dhintp Dhinthkin Dhint� DhintQ Dhinthint
37777775(2.63)is a matrix of generalized memory fun
tions, elements of whi
h are trans-port kernels (2.30) proje
ted on the basis of fun
tions ��(�) (2.32), (2.59).For su
h a des
ription, the spe
trum of generalized 
olle
tive modesof the system is determinedfor intermediate k and ! by the relation

ICMP�01�34E 14det ���z ~I � i~
H(k) + ~'H(k)��� = 0 whi
h takes into a

ount kineti
 and hy-drodynami
 pro
esses. In the hydrodynami
 limit k ! 0, ! ! 0, whenthe 
ontribution of 
ross dissipative 
orrelations between the kineti
 andhydrodynami
 pro
esses pra
ti
ally vanishes, the system of equations forthe time 
orrelation fun
tion (2.60), after some transformations, 
an beredu
ed to a system of equations for time 
orelation fun
tions of densi-ties for the number of parti
les ^nk, momentum ^pk, total enthalpy ^hk,the generalized stress tensor b�k = (1 � PH)iLN ^pk and the generalizedenthalpy flow ^qk = (1�PH)iLN^hk, where PH is the Mori operator 
on-stru
ted on the dynami
al variables f^nk, ^pk, ^hkg. For su
h a systemof equations, the spe
trum of 
olle
tive ex
itations is determined from[1,2℄:���������� z i
np 0 0 0i
pn z i
ph i
p� 00 i
hp z 0 00 i
�p 0 z + '�� i
�Q + '�Q0 0 0 i
Q� + 'Q� 'QQ ����������(k;z) = 0: (2.64)In the hydrodynami
 limit this gives: the heat modezH(k) = DTk2 +O(k4); (2.65)two 
omplex 
onjugated sound modesz�(k) = �i!S(k) + zS(k); (2.66)where !S(k) = 
k + o(k3) is a frequen
y of sound propagation, zS(k) =�k2+O(k4) is a frequen
y of sound damping with the damping 
oeffi
ient�; two nonvanishing in the limit k ! 0 kineti
 modesz�(k) = '��(0) +O(k2);zQ(k) = 'QQ(0) +O(k2): (2.67)Here DT denotes a thermal diffusion 
oeffi
ientDT = v2TQ
'QQ(0) = �mn
p ; v2TQ = m�QQ � h2n
V ; 
 = 
p=
V
p and 
V are, 
orrespondingly, thermodynami
 values of spe
ifi
 heatsat the 
onstant pressure and volume, � is a thermal 
ondu
tivity 
oeffi-
ient, h denotes a thermodynami
 value of enthalpy, 
 = 
=mnS(k = 0)denotes an adiabati
 sound velo
ity. In (2.66)� = 12(
 � 1)DT + 12�jj (2.68)



15 Ïðåïðèíòis a sound damping 
oeffi
ient with�jj = v2p�'��(0) = �43� + �� =nm; v2p� = mS(0)���(0)� 
mnS(0) ;where � and � are shear and bulk vis
osities. However, at fixed valuesof k and !, the transport kernels '��, '�Q, 'Q� , 'QQ are expressedvia the generalized transport kernels D��(k; z) of matrix (2.63), i.e.via 'nn(k;p;p0; t; t0), 'nh(k;p; t; t0), 'hn(k;p0; t; t0), 'hh(k; t; t0) (1.11)�(1.14), a

ording to the definition D��(k; z) (2.30). Here, it is importantto point out that passing from the system of transport equations of a self-
onsistent des
ription of kineti
s and hydrodynami
s to the equationsof generalized hydrodynami
s, we 
an 
onne
t the generalized transportkernels (1.11)�(1.14) with the hydrodynami
 transport kernels D��(k; z)in (2.58) or (2.63).Referen
es1. Ignatyuk V.V., Mruglod I.M. and Tokar
huk M.V. Low Temp.Phys., 25, 295, (1999).2. Ignatyuk V.V., Mruglod I.M. and Tokar
huk M.V. Low Temp.Phys., 25, 857, (1999).3. Vakar
huk I.O., Hlushak P.A., Tokar
huk M.V. Ukr. Phys. Journal.42, 1150 (1997).4. Tokar
huk M.V., Omelyan I.P., Kobryn O.E. Cond. Matt. Phys., 1,687 (1998).5. Boon J.P., Yip S. Mole
ular Hydrodynami
s. New York, 1980.6. Forster D., Martin P.C. Kineti
 theory of a weakly 
oupled fluid. //Phys. Rev. A, 1970, vol. 2, No. 4, p. 1575-1590.
ICMP�01�34E 16



Ïðåïðèíòè Iíñòèòóòó �içèêè êîíäåíñîâàíèõ ñèñòåì ÍÀÍ Óêðà¨íèðîçïîâñþäæóþòüñÿ ñåðåä íàóêîâèõ òà ií�îðìàöiéíèõ óñòàíîâ. Âîíèòàêîæ äîñòóïíi ïî åëåêòðîííié êîìï'þòåðíié ìåðåæi íà WWW-ñåð-âåði iíñòèòóòó çà àäðåñîþ http://www.i
mp.lviv.ua/The preprints of the Institute for Condensed Matter Physi
s of the Na-tional A
ademy of S
ien
es of Ukraine are distributed to s
ientifi
 andinformational institutions. They also are available by 
omputer networkfrom Institute's WWW server (http://www.i
mp.lviv.ua/)

Ïåòðî Àíäðiéîâè÷ �ëóøàêÌèõàéëî Âàñèëüîâè÷ Òîêàð÷óêÓçãîäæåíèé îïèñ êiíåòèêè òà ãiäðîäèíàìiêè êâàíòîâèõáîçå�ñèñòåì. ×àñîâi êîðåëÿöiéíi �óíêöi¨ i ñïåêòðêîëåêòèâíèõ çáóäæåíü�îáîòó îòðèìàíî 24 ãðóäíÿ 2001 ð.Çàòâåðäæåíî äî äðóêó Â÷åíîþ ðàäîþ IÔÊÑ ÍÀÍ Óêðà¨íè�åêîìåíäîâàíî äî äðóêó ñåìiíàðîì âiääiëó òåîði¨ íåðiâíîâàæíèõïðîöåñiâÂèãîòîâëåíî ïðè IÔÊÑ ÍÀÍ Óêðà¨íè

 Óñi ïðàâà çàñòåðåæåíi


