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Abstract

TSVETKOV, Ts. D., G. PETROV and P. TSVETKOVA, 2007. Non equilibrium ther-
modynamics of the cryobiology and quantum field theoretical methods in the temporal
organization of cells. Bulg. J. Agric. Sci., 13: 379-386

From the new results by the contributions of the environmental freezing-drying and vacuum
sublimation (Belaus and Tsvetkov, 1985; Tsvetkov et al., 1989, 2006; Zwetkow, 1985) is hopped
that by the grate form expressed e.g. by the thermodynamically and kinetic jump behavior of the
living cells and systems will be possibly to describe the biological expressions by means of
concrete quantum field system too describing by methods of the quantum wave fields. It is well
known that the thermodynamics and the methods of the quantum wave fields are based of the
axiomatic physics also causality condition. The temporal organization in cells (Goodwin, 1963)
that is also that the dynamics of cellular regulatory processes require causality condition which
is a fundamental for the axiomatic theory of N.N. Bogolubuv for the quantum wave fields where
was supposed the existence of the S-matrices and asymptotic fields. We believe that for the
studding of the living cells and systems the concept of the classical non equilibrium thermody-
namics of cryobiology and the axiomatic of the N.N. Bogolubov are sufficiently for the theoreti-
cal consideration of the dynamic of cellular control processes. From a great interest is the so
called problem of the connection between the entropy and the time arrow. With other words the
connection in the cryobiology between the entropy and the causality according to quantum
wave field theory of the interactions between a quantum field system and classical bio fields
modeled by the additional boundary conditions e.g. as by the Casimir effect.

It is knowing that one of the major causes of damage produced by the several effects at
cellular level (i) low temperature per se, (ii) direct effects of freezing and (iii) indirect effects of
freezing and (iv) the biochemical modifications in the structure of the living cells by the lipids,
phospholipids, proteins in the cell membrane formed by interacting of the “matter” fields such as
anew electron distribution or the protonisation at a given time for the living cells and systems is
freezing induced dehydration at very short distance scales, where various properties of the
physical vacuum of any one concrete quantum field system, e.g. the systems of see scalars wave
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fields, for which the vacuum state must be conformed by means of the interactions with the
classical bio fields or of additional boundary conditions are of crucial importance.

At the molecular level (Mitter and Robaschik, 1999) the thermodynamic behavior is consid-
ered by any concrete quantum field system with additional boundaries as by the Casimir effect
between the two parallel, perfectly conducting square plates (side L, distance d, L > d), embed-
ded in a large cube (side L) with one of the plates at face an periodic boundary condition. It is
considered contributions from the volume L*d between the plates resp. L*(L-d) outside have
different temperature (outside T’, inside T). For the temperatures T’ < T, the external pressure is
reduced in comparison with the standard situation (T” = T). Therefore it is expected the existence
of a certain distance d;, at which the Casimir attraction is compensated by the net radiation
pressure. That is possibly to investigate this field equilibrium point for this system or for hydro-
logical equilibrium of the system membrane-solutions-water and its stability both for an isother-
mal and an adiabatic treatment of the interior region.

Key words: causality condition in the cryobiology, impulse wave equation, Casimir ef-
fect, vitrification, control processes in living cells and systems, classical bio wave fields

Introduction

The study of the damage produced by
freezing and/or low temperature and low
contents water is important in a variety
fields (Belaus and Tsvetkov, 1985;
Zwetkow, 1985 and there are the very full
References to this problem; Tsvetkov et
al., 1989; Tsvetkov et al., 2005, 2006), of
which here are some examples: In medi-
cine, surgeons would like to be able to
cryopreserve organs for transplants. To
date, however, the cryopreservation of
large organs (except blood) has a very poor
success rate. Blood and sex cells are rou-
tinely frozen and thawed for later use but
even then, in many cases, the cellular sur-
vival rates are unacceptably low. Cryopre-
servation is also important in meaning
germplasm for important or endangered
species. Frost damage is an important ag-
ronomic concern: if farmers can get a crop
into the ground before the last frost, then
they have a longer growing season and a
greater yield. Damage in seeds during dry-

ing and dehydration may also be agrono-
mical and ecologically important. Because
of the impact of temperature on all reac-
tions of the cell, adaptation to fluctuations
in temperature is possibly the most com-
mon response researched. Drying and
freezing are also important in the food in-
dustry.

Main Result

By calculations of the Casimir effect
from great importance is the infinite se-
quence of the causal ordered events points
in the Minkowski space without accumu-
lative event point obtained by hyperbolical
turns and reflections on the two mirrors
which one is parallel inertial moved to the
other at rest. Also it is to be possible to
define the so called time arrow then by
this case the Minkowski space-time is no
more finite compact. For the considerations
of the evolutions of the interactions be-
tween the quantum wave fields and the
classical bio fields that make possible to
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consider the so called kinetic jumps effect
of the vitrification by the living cells and
systems or glassing by the body physics
by low temperature by the help of impulse
differential equations in Banach spaces.

At the first we take the infinite se-
quences of the causal ordered mirror re-
flecting points without accumulative event
point in the Minkowski space and so also
defined the time arrow

yu-z(n - (1)) yu-z(n - %) yuz(n - %), yuz(n - (Y
and the point x* = (ct, X ) between the plates
so that

nm 045 P03,
for x* 0 (0, Avt), or x* D (lvto, L)
and L = vt 0<k< 1,

with t [ (tZ(n iy Lo iz I
n=0,1,2,...,7=0,1,2,..2n, where
p=0,1,2,3, and n is the reflecting number
of the see point y, from the Minkowski
space time at the time t = t between the
plate at the rest and the inertial parallel
moved plate with the constant velocity v
so that the d is to consider as a sea mirror
height.
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Further we can defined by the distin-
guishing marks “1” = left and “r” = right
the following relations between the point
x between the plates and the reflecting see
events points from the infinite sequence
points without accumulative events point
in the Minkowski space

Pt =t O s yoz)((xyzm.vzj))z - Xy)" -
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for t T (ty g G- sp):
n=0,1,2,....,j=0,1,2,...2n,

as a light like Minkowski space vector and

" " . :
Yoy and y*, . are fixed Minkowski

space-time vectors described the infinite
sequence of the causal ordered events
points without accumulative events point.

Further we define by the following re-
lations
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so that the following bounded open do-
mains of double cons are defined

u
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We can consider f, as a solution of the
differential equation
wild fe = KxY/[(xT/'X) + v ] - f
where (x T/X) + y,*fi is the linear term
who decries the hyperboloid given in the
Minkowski space time by x?* to the light
con in the same space-time and K = sj/wj
where s, is the rate of the see quanfum
scalar wave field system with great time
of the relaxing and strong interacting, e.g.
epigenetic interactions and w; is the rate
of the virtual quantum scalar wave field
system with the shot time of the relaxing
and weak interacting, e.g. quantum
vacuum interactions in the cells, e.g.
Casimir effect.

For d fi = 0 also in the stationary case
we have:

ORTR) + YA - £ =0,

AL TR) + y2fd - KX =0,

yohd + (x le?;)fK -Kx2=0,

f& +y,2(x T/ XM - y,?K?%? = 0 so that
fK=1/2y0'2(ij‘ X)((1+4k>x%y 2/ (ij1 X)%)%-1).
Further we can define for the impulse
Minkowski space by means of the follow-

ing relation and fixed impulse four vector
k" as given by the Bogolubov et al. (1976)

qt = 'qH 4 ke f,
with fi= k(KD )((1+K2k3/(K T )2)* -1),
QM ="d* +KkH o with

fo =k2(k"d)((1 +K2Pk¥(k d)?)” -1)
and ¢* =2 (g + qc),

k=% (qd - qet) = (2 (i - E), 05, k),
1'(‘1 2=0= r'q 2, qKz — quzj qK,z — K’2q2.

The functional states vector |¢ (=

= Q’fdx Jdt X°0,(T'X°), X )[0Chs a func-
tional defined by the help of the non local
field ¢ (T,X), where the time t is consid-

ered as a parameter for the impulse dif-
ferential equation in Banach space

atq)t(Tj i) =T t(TJ i)

atn [(TJ;() = Ax¢t(TJ;()J

fort O (t_z(n I ,/zj)],
n=0,1,2,..,j=0,1,2, ..2n, x = (X ¢, X°)
and the impulse parts

t t(TJ.?;) = nt(TJ.}) - V6x3¢[(Tj§)
fort=t +0 for n* (T,X)

2n - %)
andt=t, . form (T,X)-v0,0(T,X),

The impulse parts of this equation describe
the kinetic jump by transition from equilib-
rium to the non equilibrium state of the see
quantum scalar wave field system, e.g. the
so called vitrification by the living cells and
systems.

0,135 %" = QJdxdT, X°8((T,X°)*

xR (T, X0 x") =
QXA (X, x O+, X, xO)2) x|
for 1% =[x "],

and || X7 = (X% 6,13 x) 0 C,(Q)
and Q°0'D U'D

(TR - [ XP) = &1 X" - [ X)) + &1 X"
- Ix5)/2)/ x4, for || x| # 0, is the Dirac’s
function, defined on the light cone, so that
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the distribution ¢ (T, X% x") = 0 if the do-
main of the function ¢ (T, X9, x Y intersect
not the domain of the light cone.

T (TR0 XY) = Q3 X Jdr X8((T, X)-

- [P 7 (T %X ) =

=Qfdx (@ (1 x Y x )0, X x 2] X
for [1, X = [ x"].

We can obtain the field of the impulse

T t(TJ.?(O,;D) as a distribution from the
equality relations

6((X - y-2(n R %j))z) = 6((X - I/Z(X + -[jr;‘())Z) =

= Ay, ~(xT'X) = &t~y Py (3T X)),
for what is easy to obtain by the help of
the article (Bordag et al. 1984, Petrov,
1986, 1989) and the relation for the mass-
less Green’s function, taken by the fixed
point y *=€> 0 and small,

D(X - y_g(n R I/zj)) = Id4aexp[-ia(x - y_z(n _yzj))]/
(q%-i€), of the following way if we define
the convolution

Bu+y*+ ijr;()5(u) * Ot - - (XTJT?())
and formal for the substitution
u=t?-y?-xt'X, so that du = 2t dt,
and t, = % (u +y? + x1'X)"

¢t(r;§0,r§% = (B(u +y? + xTX)d(u) *
317 - 7 - (1K) 0(t,, ¥ ) =
Q¢fdy_Jdt, _J dub(u+y>+x1 X)8(u)
6(t()2-§2-(x-[jr;() - u)¢(t09 ; ) =

Qfdy (315 ) dudWd((uty+
XTI X% Y HO(-(ut y X1 )% y))2(u +

xR -

Q¢fdy_.J dub(u +y* + xT )3 [d((u +
Y+ XURDLY) + Oty X)L Y)Y
2u+y?+ XTJT?()'/Z] =
3. — - ~, — -

Q¢fdy [0((y? + xT7X)% y)to(-(y* +
XTJY?()'/Z, v /2(y?+ XTJ.‘?()'/Z] = ¢,150 (%)
where the Banach valued field vector
d(t, y ) OC,~(Q) with Q' 0'D UD
is a solution of the wave equation taken in

the nodes or the minima or the maxima of
the scalar wave of the quantum field sys-

tem in 4-point (t,, 'y) from the Minkowski
space. Of the same way is to be given the

field ¢t(Tj‘}) = (1)Ti 50 (X).
The same is to be given for

(TR X )= Qt3 Jdx JdT X°8((T,X°)* -
-11X5P) (T, %°,x ") also we have
T(GRXD) = (B Y+ xTR)3w) *

&t -y’ - (XU m(ty, y )
and

AG(TXX ) = (B(u +y> + xT7X)8(u) *
6( t02 - ;2 - (XTJri)) Ay ¢(t0’ ; ))7
030, (TX%X ) = (B(u +y? + xT'X)d(w)

* 6( toz - y2 - (thri)) ay3¢(t09 y ))

For further investigations is from great
importance the understanding the
functional relations in the system DNA -
RNA - albumen substance of the manner
of the physics of the elementary particles
and quantum theory.

We give the example of the equation of
the regulation for the metabolite in the liv-
ing cells also the weak interaction for the
vacuum given by o, 0 C,”(Q) and Q/
O'D U D restricted by the strong epige-
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netic interaction of the see scalar wave
field system given by the norm || ¢, ||.

In the case of finite oK we can define the
W, (¢,,t) W-functional as a wave func-
tional from the non local field by the help
of'the following formal integration

Wa, (0,0 = [DO, [DaS(at - K29 [P)
(@ (D, ¢)(tx)0= [D, [W (K[ .9+
P (K1 [1.9)1/2K][¢ ||, where

o] = K¢l (o) = @D, ¢)Land
Do, =N, do (T X) is the functional mea-
sure, the d-functional &(a,” - K*|¢ |]*) =
=(3(at - K[ [[) + d(o + Klid /2l for
l|¢ /| # 0 is the Dirac’s functional and

10)P= 10 0,.pll = [10l,,..[10,.5]l,.H B*B,
where x_is the minimal tensor product of
Banach spaces and ||+[|, is the so called
0— crossed norm in the algebraically
sense. So we can define the equation
wildo, = K| ¢, [.- ay,

where for the stationary case we define
the functional Wy (,, ).

For the non linear case when the strong
interactions decries by the influence of the
0, we can write the equation of the
following manner

wida, = K ¢, I T/X) + y, 0, d,
and for the stationary case we obtain
al(xT/X) + y, A - K[ ¢, | =0,

yRae + (xTX) o - K| ¢, ]| =0,

o+ yO'Z(XTj‘?() A, - ¥, K| ¢, | = 0 so that
= YAy, 2O, RN+ Jly x T RPY D).
For further investigations it is possible to
take the linear case and to take the solu-

tion of the impulse differential equation in
Banach space for ¢, and n and write for

wild m =AM X)=a/[A +k| ¢ []- b,
so that we have to obtain the change of

strong interaction as a source for the see
scalar quantum wave field system ¢ and
described by the solution of the
Schrodinger functional impulse equation.
So that the We, (¢, t) Y-functional can de-
scribe the excitation of the vacuum state
of any concrete quantum system, e.g. the
system of the see scalars quantum wave
filed system, by the help of the impulse
operator Q, from the following impulse
wave functional equation in the
Schrodinger picture for the impulse wave
functional in the Hilbert space with one
remark that in this case the understanding
of the operator Qy: is to understand in
the synthetically sense also it is to deter-
mine by the help of the kinetic jump of the
information for any concrete quantum field
system, e.g. the system of the see sca-
lars, at a any one asymptotical stabile cen-
tre of the localization, e.g. the locus of the
DNA for production of RNA.
i0Wa, (6, 1) = H() Wa (@, 1) =
= [ &*xH(¢,, -i0/0¢ )W (O, 1),
for t O (tan v - vpls 0 =0,1,2, ...,
j=0,1,2, ..2nand x*[1 (0, d))
Wi (¢t) = Qorw,cxKK‘,K(K‘X,KX)LPGK’(q)t) =
(W@ 0103 S drfdr, 7,
A(0)...AQ2n) ] (9] Wa (D)
fort=t_2(n_,/2j)+0, n=0,1,2,...,j=1,2,...2n.
From the time translations invariance
and the vacuum stabile states the kinetic
jump operator can be defined by equal
times and preservation of the energy by
the interaction of the virtual quantum wave
field system with the classical bio wave
fields of the following way

QK‘aK((EaK‘ + EGK)/Z) = aEﬂK‘ - EGK+ (EK - EK‘)
(LP*C‘K((I)p EGK): LPUK‘((I)UHF}”J EC‘K‘) =

I dt d-[.iﬂrioexp[i (E’Kt - EK’Tj+lr§0](lP*aK(¢ta ECK))
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Wo, (9, X \Ee,) = dt dt, "X expli (Ect -
J

X1 expli (Ea- Ea(t +1., X )/2]

(W*e,(9). Wan(d,50) = J dt dr 'K

expli (Eao* Ea)(t +T,., "% )/2] (W%,

(¢(t-rjr;(0)/2)’ qJOUK‘((I)(Tjr}O,t)/Z)) = Idt exp[i

%(EUK‘+ EC‘K)t] (LIJO*GK((I)UZ),LIJOGK‘((I)%/Z))
andn=0,1,2, ... is the numbers of the fields
subsystems, e.g. the system of the virtual
scalar quantum wave field systems, at the
fixed time t and the Hamiltonian H(t) =
Hqo + W(1).

The definition for the energies Eq, and

- BT,

+1

Eq,. of the stabile vacuum states is given
by the stationary equations

HoWo(9,t) = [ dEqidexp[i Eat]¥ (0,
fort>t, . +0,

HorLlJorK&(q)[, t) = _r dEcxK« i0 . lr;o CXp[i

Eo,T,,, X ]W0 (9, for
t=t, gy 1=0,1.2, .,J=0,1,2,..,2n.

So it 1s possible to define the impulse
4-vector k as a impulse vector in the 4-
impulse Minkowski space-time without the
finite compactness with the energy de-
pended from the distance and
impulse k* = d F /c + const where the
const = (d/c) F,” /2F, O [0, 1] for t, > 0
and F_is the so called Casimir force and
F, is the earth gravitations force and the
k® = (Y2¢)(Eqe- Eqy).

The 4-vector ¢ = (“4(Ea,+ Ea), qp @)
and g = (Ea.q,q° - K),

un = (Eﬂk‘a qDa q3 + k3) [10]

It is clear that we can so consider the
non-equilibrium thermodynamics of the
kinetic jumps from the point of view of
the impulse Schrodinger wave functional
equation in Banach space. The kinetic
jumps by the transition of amorphous sub-

stance from the fluid state in the body by
the change of the temperature or the pres-
sure is called vitrification. By so one tran-
sition are changed the volume, hit contents
and so the mechanical, electrical und other
properties of the substance too. In the fluid
state for any one temperature correspond
eigen equilibrium structure. By vitrifica-
tion the coefficients of the hit extending
and the hit capacity are changed abruptly
what make the vitrification likely the phase
transition at the second kind. But there is
principal difference of the structure vitri-
fication from the phase transition in the
following:

i) By phase transition we have a transi-
tion from less ordered structures to the
more ordered; the transition of the fluid
in glass is not related with the change
of the degree of the ordered structure.

ii) By phase transition we have a transi-
tion from thermodynamically equilib-
rium structure to equilibrium structure
too. By the vitrification we have tran-
sition from equilibrium structure (fluid)
to the non equilibrium structure (glass).

iii) By great velocities of the cooling the
temperature of the beginning of the
phase transition of the first kind can
depend from the velocity (it is possible
to observe subcooling). Whereby with
the increase of the velocity the degree
of the subcooling increase, the tem-
perature of the beginning of the transi-
tion decrease. The temperature of the
vitrification increase with the increase
of the velocity of the cooling what show
of the kinetic and not thermodynami-
cally nature of this transition.

Here we have a quantum field system,
e.g. the system of the virtual scalars quan-
tum wave field systems weak interacting
with classical bio wave fields, and that can
be considered as a dynamically problem
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for the evolution of one small subsystem,
e.g. the system of the virtual scalars quan-
tum wave field systems, interacted with a
great box defined by the boundary condi-
tion with vacuum as a ground state con-
formed to these boundary conditions.
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