UDC 538.941, PACS 67.57.B

HAMILTONIAN DYNAMICS OF

CONDENSED MEDIA WITH SPONTANEOUSLY BROKEN PHASE INVARIANCE

A.A.Isayev, M.Yu.Kovalevsky, S.V.Peletminsky

Physicotechnical Institute, Ukrainian National Academy of Sciences 1 Academichna St., UA{310108 Kharkiv, Ukraine

Received September 12, 1995; revized February 28, 1997

The Hamiltonian formalism to the dynamics of the condensed media with spontaneously broken phase invariance has been built. The method for finding of Poisson brackets for the dynamic variables has been formulated. It is based on the consideration of the transformations that leave invariant the kinematic part of the action and on the interpretation of the outside integral terms as the generators of these transformations. Important role in the developed approach plays the construction of the translation operators and their densities for the different physical fields, figuring in the action. The order parameter phases that correspond to the broken symmetry are defined in terms of the quantities canonically conjugate to the additive motion integral densities. In capacity of specific objects the quantum crystal, the superfluid phase of^3He–B and the quantum spin crystal are considered.

The determination of the Poisson brackets (PB) for dynamic variables plays a principal role in the Hamiltonian approach to the theory of various physical systems. In [1] PB were derived on the basis of consideration of the variables’ variations at transformations of the group corresponding to the broken symmetry of the system. In the suggesting approach it is shown how the PB for different physical systems with broken phase invariance can be obtained proceeding from the transformations that leave invariant the kinematic part of the action (or Lagrangian). The outside integral terms in the action variation are interpreted as the generators of these transformations. Because the setting of the kinematic part of the Lagrangian plays a principal role in our approach we stop in detail on the way of construction of the kinematic part. An important part of this procedure is the construction of the translation operators and their densities for different physical fields figuring in the action. As an examples of the specific physical objects the dynamics of the quantum crystal, superfluid liquids and the quantum spin crystal are studied.

1. Fundamentals of the formalism

Let us represent the system Lagrangian in the form L = L_k(φ, φ̇) − H(φ) ≡ ∫ dx F_α(x; φ)φ̇_α (x) − H(φ), (1.1)

cfl A.A.Isayev, M.Yu.Kovalevsky, S.V.Peletminsky, 1997

ISSN 0452{9910. Condensed Matter Physics 1997 No 9 (41{50) 41

42 A.A.Isayev, M.Yu.Kovalevsky, S.V.Peletminsky

where L_k(φ, φ̇) is the kinematic part of the Lagrangian, H(φ) is the Hamiltonian, F_α(x; φ(x0)) is an arbitrary functional of the dynamic variables φ_α(x). We consider the infinitesimal transformations of the field variables φ_α(x): φ_α(x, t) −→ φ0_α(x, t) = φ_α(x, t) + δφ_α(x, t), (1.2) (below we do not write an argument t in dynamic variables and their variations). Variation of the action W = ∫_{t2} t1 Ldt under the transformations (1.2) is equal δW = G(t_2) − G(t_1) + ∫_{t2} t1 dt ∫ dx0 δφ_β (x0)· · (∫ dx J_{βα}(x0, x; φ)φ̇_α(x) − δH δφ_β (x0) ) , (1.3)

where G(φ) = ∫ dx F_α(x, φ)δφ_α (x); J_{αβ} (x, x0; φ) = δF_β (x0; φ) δφ_α(x) − δF_α(x; φ) δφ_β (x0) . The equations of motion for the field components φ_α(x) taking into account the principle of the stationarial action have the form

φ̇_α(x) = ∫ dx0 J�^1_{αβ} (x, x0; φ) δH δφ_β (x0) . (1.4)

We define PB for the arbitrary functionals A and B of the dynamic variables φ_α by the equality {A, B} = ∫ dxdx0 δA δφ_α(x) J�^1_{αβ} (x, x0; φ) δB δφ_β (x0) . (1.5)

Then the equations of motion (1.4) have the form φ̇_α(x) = {φ_α(x), H}. (1.6) Let us consider the infinitesimal transformations (1.2) that leave invariant the kinematic part of Lagrangian. Such transformations satisfy the relationship ∫ dx0 J_{αβ} (x, x0; φ)δφ_β (x0) = δG δφ_α(x) , (1.7)

which, taking into account (1.5), can be written in the form δφ_α(x) = {φ_α(x), G}, where G is the generator of the infinitesimal transformations, coinsiding with the introduced in (1.3).

In the frame of the Hamiltonian approach it is easy to formulate the differential conservation laws connected with the different symmetry properties of Hamiltonian. Equation of motion for density a(x) of arbitrary physical quantity A = ∫ d^3x a(x) can be represented, accordingly to [2], in the form ȧ(x) = {a(x), H} ≡ {A, ε(x)} − ∂a_k (x) ∂x_k , (1.8)

where

a_k(x) = ∫ d^3x0 x0_k

∫_1 0 dλ {a(x + λx0), ε(x − (1 − λ)x0)}. If quantity A is the generator G of the symmetry group of Hamiltonian then equation (1.8) has the form of the differential conservation law.

Hamiltonian dynamics of condensed media : : : 43

2. PB for variables of the classical continuum

At first we consider the way of the construction of the kinematic part of Lagrangian for the classical continuum and the derivation on its basis of the PB of the continuum variables. It is useful for illustration how the different translation operators of physical fields are introduced in the theory. We start from the kinematic part [2]

L_k(x) = π_i(x)b�^1_{ij} (x)u̇_j (x), b_{ij} ≡ δ_{ij} − ∇_j u_i, (2.1)

where π_i(x) is the density of momentum, u_i(x) is the displacement vector. With the use of the kinematic part (2.1) PB for variables u_i(x), π_i(x) may be obtained. For the derivation of the adiabaticity equation it is necessary to know also the PB of the entropy density σ(x) with other variables. For finding these PB we write the Lagrangian kinematic part in the form

L_k(x) = p_j (x)u̇_j (x) − σ(x)ψ̇(x), (2.2)

where p_j (x) = (π_i(x) − σ(x)∇_iψ(x))b�^1_{ij} (x).

Variable ψ(x) which is conjugated to variable σ(x) has been introduced in the kinematic part formally and at the obtaining of the motion equation will be considered as cyclic. Let us explain the structure of the quantity p_j . Note that the density of momentum π_i(x) in (2.1) is connected with the translations in the space of variables u_i(x), π_i(x). After the new variables σ(x), ψ(x) have been introduced the density of momentum π_i(x) is connected already with the translations in the total space of variables u_i(x), π_i(x), σ(x), ψ(x) and can be represented in the form

π_i(x) = π̃_i(x) + π^σ_i (x),

where π̃_i(x) is the momentum density connected with the translations only in the space of variables u_i(x) and π_i(x), and π^σ_i (x) is connected with translations in the space of σ(x), ψ(x). Because the quantities ψ(x) and −σ(x) are the generalized coordinates and momenta then it follows π^σ_i (x) = σ(x)∇_iψ(x). Hence, the momentum density π̃_i(x) connected with the translations in the space of variables u_i(x), π_i(x) has the form π̃_i(x) = π_i(x) − σ(x)∇_iψ(x) and we obtain the structure of the quantity p_j in (2.2). It is easy to see that variations δp_i(x) = δσ(x) = 0, δu_i(x) = f_i(x), δψ(x) = χ(x), (2.3) where functions f_i(x), χ(x) do not depend on u_i(x), p_i(x), σ(x), ψ(x), leave invariant the kinematic part L_k = ∫ dx L_k(x) and may be represented as δϕ(x) = {ϕ(x), G}, ϕ(x) = (p_i(x), u_i(x), σ(x), ψ(x)). (2.4) Here G is the generator of the transformations (2.3) which according to (1.3) equals G = ∫ dx ( p_i(x)f_i(x) − σ(x)χ(x) ) . (2.5)

44 A.A.Isayev, M.Yu.Kovalevsky, S.V.Peletminsky From (2.4), (2.5) it follows that {u_i(x), p_j (x0)} = δ_{ij} δ(x − x0), {σ(x), ψ(x0)} = δ(x − x0). (2.6) Let us find now the PB for variables u_i(x), p_i(x), σ(x) and ψ(x). It is easy to convince that from formulae {π̃_i(x), ψ(x0)} = {π̃_i(x), σ(x0)} = 0, where π̃_i(x) ≡ π_i(x) − σ(x)∇_iψ(x) = p_j (x)b_{ji}(x), follow the brackets {π_i(x), σ(x0)} = −σ(x)∇_iδ(x − x0), {π_i(x), ψ(x0)} = ∇_iψ(x)δ(x − x0). With the taking into account of (2.6) for the quantities π^σ_i (x) ≡ σ(x)∇_iψ(x) we have {π^σ_i (x), π^σ_k (x0)} = π^σ_k (x)∇0_iδ(x − x0) − π^σ_i (x0)∇_kδ(x − x0). From this formula and from the bracket {p_i(x), p_k (x0)} = 0 we obtain {π_i(x), π_k (x0)} = π_k(x)∇0_iδ(x − x0) − π_i(x0)∇_kδ(x − x0). (2.7) The first formula in (2.6) leads to the equality {u_i(x), π_k (x0)} = b_{ik}(x)δ(x − x0). Thus nontrivial PB for variables of continuum have the form {σ(x), ψ(x0)} = δ(x − x0), {π_i(x), σ(x0)} = −σ(x)∇_iδ(x − x0), {π_i(x), ψ(x0)} = ∇_iψ(x)δ(x − x0), {u_i(x), π_k (x0)} = b_{ik}(x)δ(x − x0) , {π_i(x), π_k (x0)} = π_k(x)∇0_iδ(x − x0) − π_i(x0)∇_kδ(x − x0). (2.8) Dynamic equations of continuum [2] can be obtained with the use of (2.8) if we take into account the general structure of the system Hamiltonian H = ∫ d^3x ε(x), ε(x) = ε ( x; σ(x0), π_i(x0), b_{ij} (x0) )

Here ε(x) is the energy density which is, in general case, some functional of variables σ(x), π_i(x), b_{ij} (x) (variable ψ is cyclic). Note that due to the property of invariance of ε(x) with respect to the translations of the Euler variables the density of energy ε(x) does not depend on the quantities u_i(x), but only on their derivatives ∂u_i ∂x_k or, it is the same, on the quantities b_{ik} (x).

3. Quantum crystal Now we shall study the superfluid systems for which the ground state is characterized by the spontaneously broken symmetry with respect to the phase transformations. At first we consider the quantum crystal. Phenomena of it superfluidity [3] is connected with the possibility of two kinds of motion. The first one is the motion of lattice points as in solids, the second

Hamiltonian dynamics of condensed media : : : 45

one is the transfer of mass by the quasiparticles under the condition of the fixed lattice points as in the superfluid liquid.

Variables which describe the violation of phase and translational invariances of the quantum crystal ground state are the superfluid phase ϕ(x) and the displacement vector u_i(x) in the configurational space. Therefore the energy density ε(x) is, in general case, the functional of the entropy σ(x), mass ϱ(x), and momentum π_i(x) densities and of the superfluid phase ϕ(x) and displacement vector u_i(x): ε(x) = ε ( x; σ(x0), ϱ(x0), π_i(x0), ϕ(x0), u_i(x0) ) . Now, let us obtain the PB of the dynamic variables. We write the density of the Lagrangian kinematic part in the form

L_k(x) = π̃_i(x)b�^1_{ij} (x)u̇_j (x) − σ(x)ψ̇(x) − ϱ(x)ϕ̇(x), (3.1)

where π̃_i = π_i − σ∇_iψ − ϱ∇_iϕ. Expression (3.1) is built analogously to the case of the classical continuum (see the explanation of the introduction of term σψ̇). Namely, the last term in (3.1) represents itself the account of superfluidity; correspondingly, in the density momentum π̃_i, which is connected with translations in the space of variables u_i, π_i, it is necessary to subtract additional term ϱ∇_iϕ. For derivation of PB, as in the case of classical continuum, the variations (2.3) with momentum p_j = π̃_ib�^1_{ij} as well as variations δϱ(x) = 0, δϕ(x) = g(x) with generator G = ∫ d^3x {p_i(x)f_i(x) − σ(x)χ(x) − ϱ(x)g(x)} should be cousidered. Making further computations analogously to Section 2 we come to the following algebra of the PB for variables of quantum crystal {π_i(x), u_k(x0)} = −(δ_{ik} − ∇_iu_k(x))δ(x − x0), {π_i(x), σ(x0)} = −σ(x)∇_iδ(x − x0), {π_i(x), ϱ(x0)} = −ϱ(x)∇_iδ(x − x0), {π_i(x), ϕ(x0)} = δ(x − x0)∇_iϕ(x), {σ(x), ψ(x0)} = {ϱ(x), ϕ(x0)} = δ(x − x0), {π_i(x), π_k (x0)} = π_k(x)∇0_iδ(x − x0) − π_i(x0)∇_kδ(x − x0), {π_i(x), ψ(x0)} = ∇_iψ(x)δ(x − x0). (3.2) Further variable ψ will be considered as cyclic. Note that due to the invariance of ε(x) with respect to the phase transformations and space translations the density ε(x) depends not on quantities ϕ(x), u_i(x) themselves, but only on their derivatives ∇_iϕ ≡ p_i, ∇_ku_i (or, in the last case, on the quantities b_{ik} = δ_{ik} − ∇_ku_i): ε(x) = ε ( x; σ(x0), ϱ(x0), π_i(x0), p_i(x0), b_{ik} (x0) ) . Vector ⃗p has the sense of the superfluid momentum. Considering that energy density is the function of the dynamic variables at point x we write now the dynamic equations in the local form. We use for this the results of the first section. Putting in formula (1.8) consistently a(x) = ( ϱ(x), ε(x), π_i (x) ) ,

46 A.A.Isayev, M.Yu.Kovalevsky, S.V.Peletminsky

and supposing the invariance of the energy density ε(x) with respect to the phase and translation transformations, we obtain

j_k = ϱ ∂ε ∂π_k + ∂ε ∂p_k , t_{ik} = pδ_{ik} + π_i ∂ε ∂π_k + p_i ∂ε ∂p_k + b_{ji} ∂ε ∂b_{jk} , q_k = ∂ε ∂π_k ( σ ∂ε ∂σ + ϱ ∂ε ∂ϱ + π_l ∂ε ∂π_l ) + ∂ε ∂p_k ( ∂ε ∂ϱ + p_i ∂ε ∂π_i ) +b_{ij} ∂ε ∂b_{ik} ∂ε ∂π_j , (3.3) p ≡ −ε + σ ∂ε ∂σ + π_l ∂ε ∂π_l + ϱ ∂ε ∂ϱ . Here p is the pressure and j_k, q_k, t_{ik} are the fluxes densities of the mass, energy and momentum, respectively. These equations coincide with the obtained earlier [5] on the basis of microscopic approach. Note that formulae (3.3) for the densities fluxes can be written in the compact form by introducing the density of the thermodynamic potential ω = Y_aζ_a − σ, (3.4) where Y_a are the thermodynamic forces defined by the equalities ∂ε ∂σ ≡ 1 Y_0 , ∂ε ∂π_i ≡ − Y_i Y_0 , ∂ε ∂ϱ ≡ − Y_4 Y_0

. (3.5)

From formulae (3.4),(3.5) follows that ∂ω ∂Y_a = ζ_a and, since ω = ω(Y_a, p_i, b_{ik} ), the second principle of thermodynamics in terms of ω has the form dω = ζ_adY_a + ∂ω ∂p_i dp_i + ∂ω ∂b_{ik} db_{ik} . (3.6) With the account of equations (3.3), (3.6) we present the fluxes densities in the form ζ_{ak} = − ∂ ∂Y_a ωY_k Y_0 + ∂ω ∂p_k ∂ ∂Y_a Y_4 + Y_ip_i

Y_0 + ∂ω ∂b_{jk} ∂ ∂Y_a b_{jl}Y_l Y_0

. (3.7)

Here ζ_{0k} = q_k, ζ_{ik} = t_{ik}, ζ_{4k} = j_k. Dynamics of the additive motion integral densities and of the parameters, describing the broken symmetry, is defined according to (3.7) by equations ζ̇_a = −∇_kζ_{ak}, ṗ_i = ∇_i ( Y_4 + Y_j p_j Y_0 ) , ḃ_{ik} = ∇_k ( b_{ij} Y_j Y_0 ) . (3.8)

4. Superfluid^4He On the ground state of the superfluid^4He the phase invariance is broken. The energy density ε(x) is the functional of the entropy σ(x), mass ϱ(x) and momentum π_i(x) densities as well as of the superfluid phase ϕ(x) playing the role of the order parameter: ε(x) = ε ( x; σ(x0), ϱ(x0), π_i(x0), ϕ(x0) ) . Algebra of the superfluid^4He dynamic variables forms the subalgebra of the quantum crystal algebra (3.2). Hence, fluxes densities and equations of motion have the form (3.3),(3.8) where it is necessary to put down the terms containing quantity b_{ik}. This fact corresponds to the one that variable u_i is cyclic.

Hamiltonian dynamics of condensed media : : : 47

5. Quantum spin crystal

At consideration of the quantum crystal dynamics we did not took into account the influence of the spin degrees of freedom that can be essential for quantum solid^3He. Taking into account, that in the superfluid liquid phases of^3He the symmetry with respect to the uniform spin rotations is broken, we consider the case of the total violation of the spin invariance. The parameter describing such breaking is the real rotation matrix that corresponds to the B–phase of^3He. Dynamical variables of the quantum spin crystal with the broken symmetry with respect to the spin rotations are the entropy σ(x), mass ϱ(x) and spin s_α(x) densities as well as the orthogonal matrix of rotation a_{αβ} (x), superfluid phase ϕ(x) and the displacement vector u_i(x). Therefore the energy density ε(x) is, in general case, presented as a functional ε(x) = ε ( x; σ(x0), ϱ(x0), π_i(x0), s_α(x0), a_{αβ} (x0), ϕ(x0), u_i(x0) ) . The density of the Lagrangian kinematic part for the quantum spin crystal is written in the form

L_k(x) = π̃_i(x)b�^1_{ij} (x)u̇_j (x) − σ(x)ψ̇(x) − ϱ(x)ϕ̇(x) − s_α(x)ω_α(x), (5.1)

where π̃_i = π_i − σ∇_iψ − ϱ∇_iϕ − s_αω_{αk}, ω_α = 1 2 ϵ_{αβγ} a_{λγ}ȧ_{λβ} , ω_{αk} = 1 2 ϵ_{αβγ} a_{λγ} ∇_ka_{λβ} . Here the last term in (5.1) is the spin kinematic part of Lagarangian [4,6], the term s_αω_{αk} in quantity π̃_i is the corresponding translation operator in the space of variables s_α, a_{αβ} such that π̃_i is as ordinary the translation operator in the space of u_i, π_i. If we consider, in the same way as above, the variations of the dynamic variables leaving invariant L_k(x) then the algebra for the PB of dynamic variables is obtained which contains the algebra (3.2) and additional brackets [4] {π_i(x), s_α(x0)} = −s_α(x)∇_iδ(x − x0) , {π_i(x), a_{αβ} (x0)} = δ(x − x0)∇_ia_{αβ} (x), {s_α(x), s_β (x0)} = ϵ_{αβγ} s_γ (x)δ(x − x0), {s_α(x), a_{βγ} (x0)} = ϵ_{αγρ}a_{βρ}(x)δ(x − x0). (5.2) Considering that the energy density is of the following form ε(x) = ε ( σ(x), ϱ(x), π_i(x), p_i(x), b_{ik} (x), s_α(x), a_{αβ} (x), ω_{αk}(x) ) we obtain dynamic equations in the local limit. Using formula (1.8) in which a(x) = {ϱ(x), s_α(x), ε(x), π_i(x)} and supposing that ε(x) obeys the properties of the phase, translational and spin invariances we find for the fluxes densities of mass, spin, energy and momentum

j_k = ϱ ∂ε ∂π_k + ∂ε ∂p_k , j_{αk} = s_α ∂ε ∂π_k + ∂ε ∂ω_{αk} ,

q_k = ∂ε ∂π_k ( σ ∂ε ∂σ + ϱ ∂ε ∂ϱ + π_l ∂ε ∂π_l + s_α ∂ε ∂s_α ) + ∂ε ∂p_k ( ∂ε ∂ϱ + p_i ∂ε ∂π_i ) +

48 A.A.Isayev, M.Yu.Kovalevsky, S.V.Peletminsky + ∂ε ∂ω_{αk} ( ∂ε ∂s_α + ω_{αi} ∂ε ∂π_i ) + b_{ij} ∂ε ∂b_{ik} ∂ε ∂π_j , (5.3) t_{ik} = pδ_{ik} + π_i ∂ε ∂π_k + p_i ∂ε ∂p_k + ω_{αi} ∂ε ∂ω_{αk} + b_{ji} ∂ε ∂b_{jk} . For the compact entry of the fluxes densities (5.3) we introduce thermodynamic potential ω = Y_aζ_a − σ, a = (0, i, α, 4), ζ_a = (ε, π_i, s_α, ϱ), (5.4) where Y_a are the thermodynamic forces, defined according to the equalities ∂ε ∂σ ≡ 1 Y_0 , ∂ε ∂π_i ≡ − Y_i Y_0 , ∂ε ∂s_α ≡ − Y_α Y_0 , ∂ε ∂ϱ ≡ − Y_4 Y_0

. (5.5)

With the account of (5.4), (5.5) we have ∂ω ∂Y_a = ζ_a and the second principle of thermodynamics for the Gibbs potential is written as dω = ζ_adY_a + ∂ω ∂p_i + ∂ω ∂b_{ik} db_{ik} + ∂ω ∂ω_{αk} dω_{αk}. (5.6) It follows from equations (5.3), (5.6) that ζ_{ak} = − ∂ ∂Y_a ωY_k Y_0 + ∂ω ∂p_k ∂ ∂Y_a Y_4 + Y_ip_i Y_0 + ∂ω ∂b_{jk} ∂ ∂Y_a b_{jl}Y_l Y_0 + ∂ω ∂ω_{αk} ∂ ∂Y_a Y_α + Y_lω_{αl} Y_0 . Here ζ_{0k} = q_k, ζ_{ik} = t_{ik}, ζ_{αk} = j_{αk} , ζ_{4k} = j_k. Dynamics of the additive motion integral densities and of the parameters describing violated symmetry is defined by equations

ζ̇_a = −∇_kζ_{ak}, ȧ_{αβ} = 1 Y_0 (Y_i∇_ia_{αβ} − ϵ_{αργ} Y_αa_{ρβ} ) ,

ṗ_i = ∇_i ( Y_4 + Y_j p_j Y_0 ) , ḃ_{ik} = ∇_k ( b_{ij} Y_j Y_0 ) . (5.7)

6. Superfluid^3He–B In the case of the superfluid^3He–B phase the symmetry with respect to the phase transformations and spin rotations is spontaneously broken. The parameters describing such violation are the superfluid phase ϕ(x) and the orthogonal rotation matrix a_{αβ} (x). Accodingly, the energy density is the functional of the form ε(x) = ε ( x; σ(x0), ϱ(x0), π_i(x0), s_α(x0), a_{αβ} (x0), ϕ(x0) ) . PB for the dynamic variables of the superfluid^3He–B phase form the subalgebra of the PB algebra (3.2),(5.2) for the quantum spin crystal. Thus, fluxes densities and equations of motion have the form (5.3),(5.7) where it is necessary to put down terms containing quantity b_{ik} (variable u_i is cyclic).

Hamiltonian dynamics of condensed media : : : 49

7. Conclusion

The Proposed approach for the construction of the dynamic variables PB permits us to study from the unique point of view different physical systems with spontaneously broken phase invariance. A principal role in the given method plays the structure of the kinematic part of Lagrangian L_k and the variations of dynamic variables that leave invariant the kinematic part L_k. The density of entropy is considered as a dynamic variable that leads to the necessity to introduce the corresponding conjugated variable which should be considered as cyclic. Further development of the present formalism can be connected with the introducing into the theory of the different gauge fields that corresponds to the consideration of the various types of defects in the systems studied above.

References

[1] Dzyaloshinsky I.E., Volovick G.E. Poisson brackets in condensed matter physics. // Ann. Phys.,1980, vol. 125, No 1, p. 67-97.

[2] Isayev A.A., Kovalevsky M.Yu., Peletminsky S.V. On Hamiltonian approach to dynamics of continuum. // Teor. Mat. Fiz., 1995, vol. 102, No 3, p. 283-296 (in Russian).

[3] Andreev A.F., Lifshits I.M. Quantum theory of crystal defects. // Zh. Eksp.

Teor. Fiz., 1969, vol. 56, No 6, p. 2057-2068 (in Russian).

[4] Isayev A.A., Kovalevsky M.Yu., Peletminsky S.V. Hamiltonian dynamics of the condensed media with spontaneously broken symmetry. // Preprint ICTP, 1994, IC/94/329, 35 p.

[5] Lavrinenko N.M., Peletminsky S.V. Thermodynamics and equations of motion for quantum crystals. // Teor. Mat. Fiz., 1986, vol. 66, No 2, p. 314-324 (in Russian).

[6] Isayev A.A., Kovalevsky M.Yu., Peletminsky S.V. Variational principle and low frequency dynamics of magnetic systems. // Cond. Matt. Phys., 1994, vol. 3, p. 57–78.

GAM�L^TONOVA DINAM�KA KONDENSOVANIH SEREDOVIW Z� SPONTANNO PORUXENOı FAZOVOı �NVAR�ANTN�STı

O.O.�saflv, M.ı.Kovalevs~kiæ, S.V.Peletmfins~kiæ

Pobudovano gam˛l~ton˛v formal˛zm do dinam˛ki kondensovanih seredoviw z˛ spontanno poruxeno fazovo ˛nvar˛antn˛st. Sformul~ovano metod znahodıennffl duıok Puassona dlffl dinam˛qnih zm˛nnih, fflkiȷ gruntu‚t~sffl na rozglffldann˛ peretvoren~, wo zalixat~ ˛nvar˛antno k˛nematiqnu qastinu d˛Ý, ta ˛nterpretac˛Ý poza˛ntegral~nih qlen˛v fflk generator˛v cih peretvoren~. Vaılivu rol~ u rozvinutomu p˛dhod˛ gra‚ pobudova operator˛v translfflc˛ȷ ta Ýh w˛l~nosteȷ dlffl r˛znih f˛ziqnih pol˛v, wo f˛gurut~ v d˛Ý. Fazi parametr˛v porffldku,

50 A.A.Isayev, M.Yu.Kovalevsky, S.V.Peletminsky

wo opisut~sffl poruxeno simetr˛‚, viznaqeno v term˛nah w˛l~nosteȷ aditivnih ˛ntegral˛v ruhu. U fflkost˛ konkretnih priklad˛v rozglfflnuto kvantoviȷ kristal, nadplinn˛ fazi^3He- B ta kvantoviȷ sp˛noviȷ kristal.