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NMpo6sema HeEOOPATUMOCTM 3aK/1HOYAETCH B TOM, KaK
COBMECTUTb 00PaTMMOCTb MO BPEMEHU MUKPOCKOMUYECKOW
AWHAMUKN C HEOOPATUMOCTbLIO MAaKPOCKOMUYECKUX
ypaBHeHU. ITa (pyHAaMeHTasIbHasA npoonema
paccmarpuBasiaCb B U3BECTHbIX padoTax bonbumaHa,
NMyaHkape, boronto6oBa, ®enHMaHa, JlaHgay u Apyrux
aBTOPOB, Y OCTaBaslaCb OTKPbLITOW.

HepaBHO ObI/1 NpeasioXeH cneayrowmumn noaxos K peLeHunto
npoo6nemMmbl HEOOPaATUMOCTU: NpeasoXKeHa HoBas
chopmynnpoBKa K1aCCUYECKOU U KBAHTOBOW MEXAHUKM,
KOTOopas Heob6paTuma No BpemeHuU. Takum oopasom
CHNUMaeTCs NPOoTUBOpPEUnE Mexay oopatumMocCTb
MMUKPOCKONMUYECKON N HEOOPATMMOCTb MaKPOCKOMNUYECKON
AWHAMUKN, MOCKOJIbKY 00e AMHaMUKN B npeasiaraeMom
noaxone Heoo6paTuMbl.




LLInpoko ncnonb3syemoe NoHATUE MUKPOCKOMNYECKOIro COCTOAHUSA
CUNCTEeMbIl KaK TOUKN B Cpa3OBOM NMPOCTPaHCTBE, a TaKXX€ NOHATUA
TPAEKTOPUN N MUKPOCKOIMNYECKUX ypaBHEHMVI ABMWKeHua HbIoToHA He
MMEIOT HenocpeacTtBeHHOro (bI/I3I/ILIECKOrO CMbIC/ia, MOCKOJIbKY
NMPpon3BOJ/ibHbl€ BeWECTBEHHDbIE UUC/1a HE HaGHI'Op,aEMbI.

dPyHAaAMEHTa/IbHbIM YPaBHEHUEM MUKPOCKONMUYECKON AUHAMUKU B
npeasaraéMoM HeHbIOTOHOBCKOM "(pyHKUMOHaNIbHOM" noaxoae siBfisieTcs
He ypaBHeHUe HbIOTOHA, a ypaBHeHue Tuna dokkepa—IrinaHka. NokasaHo,
YTO ypaBHeHMe Hb0TOHA B TaKOM NoAxoAe BO3HUKAET KakK NpuoénmxeHHoe
ypaBHEHUE, onucbiBarllee AUHAMUKY CpeAHUX 3Ha4YeHU KoopauHat ans
He C/IULWLKOM OO0/bLUNX MPOMEXYTKOB BpeMeHU. BbluncieHbl NonpaBKu K
ypaBHeHUAM HbIOTOHA.

Takon noaxopn noTpedoBan TakKe nepecMoTpa oobIvHON KoneHrareHcKom
WHTepnpeTauum KBAHTOBOU MeXaHUKW.

l.V. Volovich, “Randomness in classical mechanics and quantum
mechanics”, Found. Phys., 41:3 (2011), 516-528;

_http://arxiv.org/pdf/0907.2445.pdf




Time Irreversibility Problem

Non-Newtonian Classical
Mechanics

Functional Probabilistic
General Relativity

Black Hole Information
Paradox



Time Irreversibility Problem

The time irreversibility problem is the problem
of how to explain the irreversible behaviour

of macroscopic systems from
the time-symmetric microscopic laws:  — —¢

Newton, Schrodinger Egs —- reversible

Navier-Stokes, Boltzmann, diffusion,
Entropy increasing --- irreversible
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Time Irreversibility Problem

Boltzmann, Maxwell, Poincar’e, Bogolyubov,
Kolmogorov, von Neumann, Landau, Prigogine,
Feynman, Kozloy,...

Poincar’e, Landau, Prigogine, Ginzburg,
Feynman: Problem is open.

We will never solve it (Poincare)
Quantum measurement? (Landau)

Lebowitz, Goldstein, Bricmont:
Problem was solved by Boltzmann

" .Volovich



Boltzmann s answers to:

Loschmidt: statistical viewpoint

Poincare—Zermelo: extremely long
Poincare recurrence time

Coarse graining

* Not convincing...



Ergodicity

 Boltzmann, Poincare, Hopf,
Kolmogorov, Anosov, Arnold,
Sinai,...:

e Ergodicity, mixing,... for various
important deterministic mechanical
and geometrical dynamical
systems



Bogolyubov method

1. Newton to Liouville Eq.
Bogolyubov (BBGKI) hierarchy
2. Thermodynamic limit (infinite number of particles)

3. The condition of weakening of initial correlations
between particles in the distant past

4. Functional conjecture
5. Expansion in powers of density

Divergences.



Why Newton s mechanics

can not be true?

* Newton's equations of motions use
real numbers while one can observe
only rationals. (s.i.)

e Classical uncertainty relations
* Time Irreversibility problem

e Singularities in general relativity



Classical Uncertainty Relations

Ag>0, Ap>0
At > 0



Newton Equation

d2
m x =F(x),
dt’ )
x = x(1),
(M =R"",0,)

Phase space (q,p), Hamilton dynamical flow



Newton s Classical

Mechanics

Motion of a point body is described by the
trajectory in the phase space.

Solutions of the equations of Newton or
Hamilton.

|Idealization: Arbitrary real
numbers—non observable.

e Newton s mechanics deals with

non-observable (non-physical)
quantities.




Real Numbers

e A real number is an infinite series,
which is unphysical:

|
=) a ,a =0.1,....9.
Z 10" "

2
m jtz x(t)=F

n




*Try to solve these
problems by developing a
new, hon-Newtonian
mechanics.

eAnd new, nhon-Einsteinian
general relativity



We attempt the following solution of the
irreversibility problem:

a formulation of microscopic dynamics which
Is irreversible in time: Non-Newtonian
Functional Approach.



Functional formulation of classical mechanics

 Here the physical meaning is attributed
not to an individual trajectory but only
to a bunch of trajectories or to the
distribution function on the phase
space. The fundamental equation of the
microscopic dynamics in the proposed
"functional” approach is not the
Newton equation but the Liouville or
Fokker-Planck-Kolmogorov_(Langevin,
Smoluchowski) equation for the
distribution function of the single
particle.




States and Observables In
Functional Classical Mechanics

(qg.p) € R? (phase space)

p=p(q,2:1)  state of a classical particle

n >0, / plg.p,t)dgdp=1, t eR.
R2



States and Observables In
Functional Classical Mechanics

f(t) = / f(q,p)pq, p,t)dgdp.

f(q.p) is a function

Not a generalized function



Fundamental Equation in
Functional Classical Mechanics

dp  pdp  IV(g)dp
ot mdq  Oq Op

Looks like the Liouville equation which is used
in statistical physics
to describe a gas of particles but here we use it

to describe a single particle.(moon,...)

Instead of Newton equation. No trajectories!




Cauchy Problem for Free Particle

pli=o = polq.p) -
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Poincare, Langevin, Smolukhowsky ,
Krylov, Bogoliubov, Blokhintsev, Born,...



Free Motion

Ip _ pIp
ot  moq
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Delocalization
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Newton s Equation for Average

_ Po _
q(t) = / 1pe(q:t)dg = qo + 1, D(t) = / PPm(ps t)dp = po .

d?
—q(t) = 0.
—matt) =0,



Comparison with Quantum

Mechanics
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Liouville and Newton.
Characteristics

d,r) ‘.
ot * Z ()'1 pt o

r = v(x)

plico = po(a)

p(a,t) = polp ()



Corrections to Newton's Equations
Non-Newtonian Mechanics
Po(q, ) = 0e(q — qo)oe(p — po)

] 1

e_QQ/EQ 1
Proposition 1. Newton’s Equations

lim f f(q.p)p(q, p,t)dgdp = f(pi(qo, Po)) -

e—0



Corrections to Newton's Equations

Op Op O P
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P(E) + Mg(t) = 0, (1) = plt).



Corrections to Newton's Equations

Proposition 2.

A,
< Q(t) == (Newton (t) — geztz

A

{Newton (t) — (o + pot — Eqétz

——FZZLZ

; 1s the correction to the Newton solution



Corrections

d?

m— < q(t) >=< F(q)(t) >

dt?



* The Newton equation in this approach
appears as an approximate equation
describing the dynamics of the
expected value of the position and
momenta for not too large time
intervals.

e Corrections to the Newton equation are
computed.




Fokker-Planck-Kolmogorov
versus Newton
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Boltzmann and Bogolyubov Equations

A method for obtaining kinetic equations from the Newton equations
of mechanics was proposed by Bogoliubov. This method has the
following basic stages:

Liouville equation for the distribution function of particles in a finite
volume, derive a chain of equations for the distribution functions,

pass to the infinite-volume, infinite number of particles limit,

postulate that the initial correlations between the particles were
weaker in the remote past,

introduce the hypothesis that all many-particle distribution functions
depend on time only via the one-particle distribution function, and use
the formal expansion in power series in the density.

Non-Newtonian Functional Mechanics:
Finite volume. Two particles.



Liouville equation for
two particles

Hi=10 W s o T)
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Two particles in finite volume
fi(wy,t) = V/ o(z1,x9,t)dra,  folay, ma,t) = Vp(x1, 22, 1),
Qv

falz1,22,t0) = fi(z1,t0) f1(x2,t0).

| 2
fal@y, @0, t) = fl(pgo)—t(wlaa’?): to)fl(#’z‘go)-t(l’l-.wz)atc))a



If p(X},X,,1)
satisfies the Liouville equation then

Ji(x,1)
obeys to the following equation

6 1 21
(i‘)t o c?q1>f1(a:1 ) =

0
- /Q | (!cgl qzl)ap [fulgi Ly (o1, 2), o) fa(i Ly (21, 22), o)) daa dp.

Bogolyubov type equation for two particles in finite volume



e Kinetic theory for two particles

e Hydrodynamics for two particles?



e No classical determinism
e Classical randomness

e World is probabilistic
(classical and quantum)

Compare: Bohr, Heisenberg,
von Neumann, Einstein,...



Single particle (moon....)

p = p(q, p,t)

6_p__p8p+5’V8p
ot moq 0Oq Op
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* Newton s approach: Empty space
(vacuum) and point particles.

 Reductionism: For physics, biology
economy, politics (freedom, liberty,...)

 This approach: No empty space.
Probability distribution. Collective
phenomena. Subjective.



Fixed classical spacetime?

* A fixed classical background spacetime

does not exists (Kaluza—Klein, Strings,
Branes). No black hole metric.

There is a set of classical universes and
a probability distribution p(M,guv)
which satisfies the Liouville equation
(not Wheeler—De Witt).

Stochastic inflation?



Functional General Relativity

* Fixed background (M, g¢)
Geodesics in functional mechanics p(x,p)

Probability distributions of spacetimes

* No fixed classical background p(M.g)
spacetime.

* No Penrose—Hawking singularity
theorems

e Stochastic geometry? Stochastic BH?




Quantum gravity.
Superstrings

> | F(®.g)e [ DD Dg]
M

The sum over manifolds is not defined.
Algorithmically unsolved problem.



Example

. X
x=x", x(t) =—2

singular
1 —x,t

p(x.0)= Cexpi=(-—

%)2/52}:
xt

nonsingular



Fixed classical spacetime?

* A fixed classical background spacetime

does not exists (Kaluza—Klein, Strings,
Branes).

There is a set of classical universes and
a probability distribution p(M,guv)
which satisfies the Liouville equation
(not Wheeler—De Witt).

Stochastic inflation?



Quantum gravity Bogoliubov
Correlation Functions

e Use Wheeler — de Witt formulation for QG.

,0 . Density operator of the universe on Z

Correlation functions

fod) i (K 5 Z)
= Tr(ngiljl (xl)"‘ﬂisjs (¥,))



Factorization

() :
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— Hfi,,j,,m,,n,, (xrﬂyr;z)
4

Th.M. NieuwenhuizenTh.M.
Nieuwenhuizen, |.V. (2005)




QG Bogoliubov-Boltzmann Eqgs

of
olel

=J(f)

c=(x,y,g,7,2)



Conclusions

BH and BB information loss (irreversibility) problem

Functional formulation (non-Newtonian) of classical
mechanics: distribution function instead of
individual trajectories. Fundamental equation:
Liouville or FPK for a single particle.

Newton equation—approximate for average values.
Corrections to Newton's trajectories.

Stochastic general relativity. BH information problem.
QG Bogoliubov-Boltzmann equations.



Cnacun6o 3a BHumMmaHue!



Information Loss in Black Holes

 Hawking paradox.

e Particular case of the Irreversibility
problem.

 Bogolyubov method of derivation of
kinetic equations -- to quantum gravity.

 Th.M. NieuwenhuizenTh.M.
Nieuwenhuizen, |.\. (2005)




