hep-th/0510007 �

ON THE PROBLEM OF EXTENDED SPECIAL RELAT IVITY CREAT ION^*

V. V. Korukhov^a, O. V. Sharypov^b

a Institute Philosophy and Law, Si rian Branch Russian Academy Scien s (Nikolay st 8, N sibirsk, 630090, Russia. k @philosophy.nsc. )

b Institute Thermophysics, Si rian Branch Russian Academy Scien s (Lavrenty av 1, N sibirsk, 630090, Russia. sharyp @itp.nsc. )

This paper presents an approach the creation of a variant of Extended Special Relativity that takes in consideration the existence of ting relativistica i ariant quantities (Planck parameters). It shows the po ib ty of excluding unphysical predictions of relativity theories thanks the use of the concept of the max um velocity of the observed m ion of objects. It proposes a model of a vacuum- ke medium with a kinematical property of relativistica i ariant rest. The Planck quantities are considered as fundamental physical constants related the structure of this medium.

1. Introduction

At present, theoretical results g within the framework of d erent approaches have proved the t nature of some Planck quantities, such as speed, action, length, and t e [1-4], ma and density [5, 6], electric eld p ential, acceleration, and temperature [7-15], electric resistance and entropy [16], etc. These results have been genera zed, which has led a new methodological principle of developing fundamental post-non-cla ical theories ca ed - principle" [16, 17]. According this principle, the Planck values of physical quantities must play the part of relativistica i ariant ts (in appropriate proce es and phenomena). In her words, for a physical quantities their ranges of values are ted by nite (n equal in nity or zero) universal ts, and the values of these ts do n depend on the chosen inertial reference frame (IRF). Relativistic i ariance of the Planck quantities ( )X fo ows direct from their de nitions, as each of them is expre ed in terms of a combination of certain fun mental physi l constants (FPC) � , c, G, k � in comp an with the d ension: X ” ^c�c^h�G^q�k^s . According the de nition a Planck quantities are considered be FPC, equa with the Planck constant ( ) , the speed of ght in empty space ( )c , gravitation constant

( )G , and the Boltzma constant ( )k .

In [16] it was rst drawn a ention the property of the relativistic i ariance (observer independence) of the Planck quantities. Owing this property, the Planck values of physical quantities become absolute, which d ers them qua tative from relative values characterizing the states of material objects [18].

Taking in consideration relativistic i ariance and t nature of the Planck quantities plays a crucial role in development of physical theories. It is ustrated by the changes accompan ng transitions from cla ical mechanics : - Special Relativity (SR) on account of the Planck speed c; - Non-relativistic Quantum Mechanics on account of the Planck constant ; - Relativistic Quantum Mechanics on account of two Planck quantities , c.

* The rk was supported by Russian Foundation r Basic searches, pr t No 03-06-80367.

The same is characteristic for the transition from New nian cla ical Gravitation theory the relativistic one � General Relativity � on account of the nitene of the speed of g ". We should n e that a theory that would take in consideration the t nature of the gravitation constant G (as the Planck quantity) has n been developed yet^1.

The choice of a certain set of the Planck quantities deter nes the qua tative spec cation (the content) of the theory. Taking in consideration more Planck quantities causes he nece ity develop an extended theory, which genera zes the preceding one in accordance with the correspondence principle. Therefore, it po ible develop new fundamental theories, extending the bases of the existing ones by inclusion of a certain set of the Planck quantities. This way of gradual genera zation leads the creation of a Un ed theory which w include a Planck quantities (a FPS) and serve as an ideal of the post-non-cla ical unity of physics.

A empts extend SR is one of particular rends of his proce . In he last few years here have been pub shed a l of works whose authors consider variants of SR mod cation introducing one or an her observer independent quantity in SR: the Planck length (momentum, energy) [22-25 and hers]. A these approaches are joined by the co on name of "Doub Special Relativity" which emphasizes the fact that un ke Einstei s SR the new constructions use n on one, but two Planck quantities. The paper [26] presents an a empt develop a theory considering three i ariant quantities ("Trip Special Relativity").

Apparent , genera zation of SR must result in a theory that w comprise the t and i ariant values of a quantities used in mechanics: length, t e, ma , momentum, acceleration, force, energy, etc. It is suggested in [27] ca such a theory "Extended Special Relativity" (ESR). The development of this theory should e nate unphysical predictions of SR leading unrestricted large and sma (i.e. in nite and zero) values of physical quantities. Thus the eld of app cab ty of Einstei s SR w be bounded, � the new theory must predict the nite ts for the range of values of physical quantities, and we be eve that these ts w be deter ned by the Planck parameters.

2. Discrete-continuou s structure of space-time

Since the 1930s physicists discu the concept of the fundamental length. A number of characteristic extents arising in cro world theories have been "cast" for the part of the fundamental length ( )L . According modern theoretical views, the Planck length

3 ~10 l^-

= cm can play the role of fundamental length. Thereby it is a umed that the length L = l po e es the property of observer independence and tne a material objects and proce es (universa ty), regardle of their nature [20, 28].^2

O ious , a theory based on the concepts of the fundamental length l and i ariant

velocity c should also include the concep f he fundamental duration:_{pl} ~10t^-= sec. The

values l , t can be used develop one or an her varian f ESR. Since SR can be considered as the "theory of space-t e", the introduction of the concepts of the n um i ariant length and t e in it means a change in the n ion of the structure of space-t e in the sma scales. The quantities l and t , that are n equal zero, a ribute the property of discretene (discontinuity) the structure of space and t e. On the her hand, he relativistic i ariance of

1 [17, 19] present a hypothesis a rding to which th lassical Gravitation th ry an generalized on th asis

the postulate the gravitation nstant ing limiting and invariant quantity: ( ) ( )_{pl pl}G = r � £ Dr (similar

to the Heisen rg’s un rtainty relations in Quantum M hanics [20, 21]), where r is density, t is time. 2 In this sense, the fundamental length is an absolute unit. lativistic invarian the Planck length was first emphasized in [16].

the values l and t reproduces he absolute properties of he zero elemen f a continuous set^3. It can be concluded that the structure of such space (and t e) is neither discrete nor continuous in the strict sense. There are no preferential directions (is ropy) in a space with this kind of structure, a IRF are physica equivalent. The term "discrete-continuous structure" was introduced de ne the spec c character of the structure of space (t e) with l ( )t [17, 20].

Apparent , a space with a discrete-continuous structure po e es spec c pological properties. Metric properties of a discrete-continuous space in the sma scales must be d erent from those of the at space with continuous structure (Euc dean space), and in the large scales, in comparison with l ( )t , they should approx ate o hem. This kind of space urns ou be curved in the sma scales, un ke Riema ian spaces.

The present paper w use a s p ed model of discrete-continuous space-t e. As the rst approx ation we w a ume that in the scales larger than l and t space-t e is at and po e es the continuous structure. The quantities l and t bound the physica per ible values of length and t e. This model corresponds the introduction of observer independent cut-o parameters the model of space-t e used in SR.

3. The concept of the maximum velocity of moving objects

The new conception of space and t e structure dea ng with the presence of tary sma , i ariant length ( )l and t e ( )t nece itates revision of the concept of mechanical velocity of objects in m ion.

In space and t e with a continuous structure (i.e. when 0l = and 0t = ) the value of velocity of m ion is de ned in every point of the trajec ry as V = , where dr and dt are in nites al changes of c rdinate and t e. Introduction of certain tary sma scales l and t w o ious make it nece ary adjust the concept of velocity, and the amendment must be co ected with the quantity l .

Hereinafter we bound the range of phenomena under study the eld of elementary particles. It w a ow us change from c rdinate space momentum one whenever nece ary. Therewith we w conceive m ion in the space-t e corresponding the macroscopic experience. The inclusion of the Planck parameters w result in a de nite tation of the range of the values of physical quantities.

Extending SR due inclusion of the fundamental length ( )0l „ , which is de ned with the help of the Planck constant , of course does n mean au matic transition quantum n ions. However, the new theory should take in consideration the t character of l (and her FPC), and this property of the fundamental length is direct co ected with the t nature of the quantum of action. The given property of is expre ed by the Heise erg’s uncertainty relations that serve as the basis of quantum mechanics: D � pD is a change of momentum). If ESR considers l and pretends describing kinematics up croscopic (Planck) space-t e scales it should accord with the Heise erg’s uncertainty relations.

Suppose that an object (an elementary particle with the rest ma_0m ) is at rest in the inertial frame that is moving at a constant speed V in relation an observer. Then he n um range of loca zation of the particle in the observer system l is co ected with the uncertainty of the value of its momentum (or velocity_0D ). Let_{max}fi , where_{max}V is a certain

3 Such quantities act as a "finite", or to more a urate actual" zero a set [18].

limit value of he velocity (introduction of which we wan ground) of he observed m ion of a concrete object. Then, according non-relativistic quantum conceptions,_{max 0 max}p p and ( )_{0 max} l „ ( )~D . From the point of view of relativistic quantum ideas, the n um range of loca zation of the particle is n equal zero and is characterized by the Comp n size: ( ) l l . Contrary this, in case when_{max}V SR gives the result: 0l fi . Of course the velocity equal o " ca characterize m ion of a material object in SR and the value l for any object must be always nite. Neverthele , in accordance with SR, when fi the size l becomes in nites al, which contradicts the concept of the fundamental length and does n meet the requirements of quantum mechanics. E nation of these contradictions can be related with consideration of the n um elements of space-t e structure (the t nature of the Planck quantities) in ESR. Respective , the concept of the a owable speed of substance objects should also change.

It can be n ed that SR contains a statement, which says that the max um velocity of m ion of material objects ( )_{max}V in any case must be le then ". But SR does n deter ne a

nite d erence between_{max}V and c: ( )_{max} 0. The idea of the discrete-continuous structure of space-t e gives a reason suppo that there exists a nite t of this d erence ( )max 0. Let us represent it in the fo owing form:

max 1

£ = , (1)

where_{max}V is the max um velocity of m ion of the object, ( )_{max} 1= , 0 is an inde nite function co ected with the fundamental length (and maybe her FPC). The quantity a is a relativistica i ariant quantity that can take in consideration the physical parameters of a certain object (for instance,_0m ) and that according the correspondence principle must approach zero when 0l fi .

One can get the form of the expre ion (1) on the basis of the fo owing reasoning. The Comp n size of the particle ( )_0l de nes the characteristic t e t = . Let in t e_0t the change of c rdinate of a given object is ( )

1 0 max max

l Vt V

= . In the same period of e he ght travels the distance l = . Since ( )_{max}> and l has a t nature, we get:

( )^2 2 2 2 1 pl max l l- = ,

where w is a constant,^2 1 hen: 2 2 2 max 0 l V = - w ” .

Thereby we obtain for the elementary particles: 2 2 ma 2 1 V c £ = , which coincides in form with the supposition (1). The expre ion of a w be found below on the basis of ting relationships of the theory under development.

The idea of the existence of a t observer independent velocity of m ion of a cro object is a new approach the solution of the problem of physical concordance between the results of SR and the quantum mechanical Heise erg’s uncertainty relations. It also ensures the absence of unphysical predictions of theory, i.e. unrestricted large and sma volumes of physical quantities [16, 17]. This idea and the de nition (1) are po ible consequences of a hyp hesis of the fundamental length l and her t i ariant Planck quantities.

4. The consequences of introduction of the concept of the maximum velocity of motion of an object in ESR

The variant of extension of SR under consideration retains Einstei s postulates. The extension of the theory is achieved by introduction of an additional postulate that must n contradict the principles of SR. This methodological requirement the development of a new theory agrees with the correspondence principle. Thus we base on the relativity principle and the constancy of the speed of ght c in a IRF c is considered be independent of ph n energy). The additional postulate is the statement that there exist observer independent ts � the Planck quantities � that must be taken in account in the new theory. Among them � the fundamental length l .

Thanks the choice of postulates, a number of basic relations and statements of SR are retained in the given variant of ESR. First of a , we preserve the conclusion about the i ariance of the interval ( )s between events in the rest K and moving ’K frames:

( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( )

2 2 2 2 21 2 1 2 1 2 1

2 2 2 2 21 2 1 2 1 2 1

’ ’ ’ ’ ’ ’ ’ ’ s c t t x x y y

s c t t x x y y

= - - - - - -

= = - - - - - (2)

here we a ume the tations posed by the adopted model of space-t e:

( )^2 pll c ; ( )^2- ; ( )^2- ; ( )^2- ; ( )^2s .

The system ’K moves in relation the system K at a constant rate V along the axis x. The system ’K is co ected with a concrete cro object (for instance, an elementary particle with the rest ma_0m ). Therefore, the range of values of he velocity of he relative m ion V is

ted by the quantity ( ) max 1

= , in accordance with de nition (1). Linear transformations of c rdinate and t e that guarantee i ariance of the interval (2) coincide in form with the Lorentz transformations:

1 x x + = - , ’= , ’= , 2 1 t V t + = - . (3)

Using (3), we can get the formulae describing the relation between the proper t e ( ) 0t and the t e ( ) t counted by a stationary clock in frame K, as we as the

relation between the proper length of the object ( )_0l and the length ( )l measured in the moving frame ’K :

0 1 t t = - (as = , = , = ); (4)

0 1 l l (as = ). (5)

Expre ions (4) and (5) are analogous in form relations in SR. Yet it can be n ed that according (5), when the velocity of relative m ion of frames V approaches the ting value_{max} < , the quantity l co erges a finite t:

max 2 2 max 2 1 V l c fi fi - . (6)

It means that the Lorentz-Fitzgerald contraction in ESR is bounded by a n um ting value, un ke SR that predicts zero as the t. In this way, one of the physica meaningle results is excluded in principle from the theory.

As appears from the postulate about existence of the observer independent ting sma length, when_0 fi the value of l must also co erge o l . According o (5) and (6) it means that

0 pl 0 1 l l V a fi . (7)

It fo ows from (4) that for any value of the velocity_{max}£ the nite proper t e_0t there should correspond a nite t e t in he rest frame. If_0 fi , hen due o he i ariance of the quantity t the value t must also co erge t . It is ensured by the condition

0 pl 0 1 t t V a fi that concords with (7)_0l and_0t are mutua c rdinated

quantities, for example the Comp n size of the particle and corresponding t e t = .

In SR, basing on expre ion (2) for the interval, we can de ne the Lagrange function �) for a free particle, app ng the principle of least action ( )S : 2

1

t

t S = �^{� t � 22}0 2^{1 V}_c

= . (8)

The momentum and energy of the particle are de ned on basis of (8):

( ) 2 0 1 p = - , ( ) 2 0 1 E = - . (9)

In accordance with ESR postulates, the max um value of the particle energy is ted by the i ariant Planck quantity £ , where_{pl}E m c .

As^{2 0} max max 1 E = - , then:

0 max 1 = - .

Therefore, for the max um velocity of the particle we get: 2 2 2 0 max p l m V = - .

Corresponding : 2 2 0 p l m a ,^2 1. (10)

The same result can be achieved we demand the length of the object in the observer’s frame be ted by the n um i ariant length l . Then expre ion (10) fo ows from (5), it was rst g in [16, 17].

The given result concords with condition (7). Indeed, for_0 fi : 1 and_{max} 0V fi . This means that a particle with the rest ma_0 = ("planckeon"^4) must be in the state of observer independent re . According (9), the momentum of m ion of the planckeon equals zero, its energy equals E , and the momentum of rest equals_{pl}p = . sence of he momentum of m ion means that the relative m ion of planckeons and substance observer does n exist [16-18, 29]. The state of observer independent rest of planckeons d ers them great from known kinds of ma er � substance and eld. These objects can be referred a spec c (the third) kind of ma er. Due its properties the planckeon can be considered as a structural element of a vacuum- ke medium [16-18, 29].

For substance objects (for instance, elementary particles with the rest ma_0m , 0 0 )_{max}

0 . Thus, according o expre ions (9), each of hem is characterized n

on by the max um nite value of energy^2_{max}E = but also by the max um nite value of momentum of m ion

2 0 max max p max 1 p = - ,

where p = is the momentum of rest of the particle,_{pl}p = is the Planck momentum. These values are relativistica i ariant (observer independent).

From expre ions (9) fo ows the co ection between the energy and the momentum:

2 2 2 0 E p c . (11)

Equation (11) expre es the law of conservation of energy-momentum for a kinds of ma er [16, 17]:

4 Hypothetical particles with the Planck rest mass were studied by J.A. Wh ler [30], ." . Mark [6, 7], $.P.Stanyuk ich [31]. The hypothesis the planck n possessing the property relativisticallyinvariant rest was first presented in [16].

2 2 2 0 E p c � substance_0 0m > ); 2 0 E � ph ns_0 0m = ); 2 0 E = , � planckeons_0 inv , 0p = ).

5. Concluding rema s

The suggested concept of introduction of the n ion of the max um velocity of observed m ion of an object makes it po ible exclude a number of fundamental d culties i erent in relativistic theories and, at the same t e, preserve b h postulates of SR. The quantity_{max}V is de ned in terms of FPC and depends on physical characteristics of the object: 2 max 2 0 1 l l . (12)

This is an observer independent quantity, although in general case it does n belong o he se f Planck quantities due dependence on the proper parameters of the object. Thanks the genera zing nature of ESR the n ion of the max um velocity includes i ariant ts: max = when_0 0m = (ph ns) and_{max} 0V = when_0 inv (planckeons).

In any inertial frame the observed velocity of m ion of an object with the rest ma m0 is ted by the value ( )_{ma} . In our view the as p ic achievement of the max um velocity of the particle can be some extent analogous tation of the po ib ty get information about the m ion of the object intersecting the Schwarzsch d sphere in GR.

The max um velocity of an object arises in the variant of ESR considering a Planck quantities related mechanics ( )

pl pl pl pl

, , , , ,.

E p m as observer independent ts. Thereby the bounds of the eld of app cab ty of SR are de ned in an exp cit form, which excludes the po ib ty for appearance of physica meaningle results and save from the nece ity use art cial cut-o procedures, since the theory has a set of natural relativistica i ariant cut-o parameters.

Suggested variants of DSR theories ("Doub Special Relativity") are co ected with a "deformation" (genera zation) of the L entz transformations, the dispersion relation of SR. But non near transformations of c rdinate and t e being multichoice, it causes the problem of just cation of the uniquene of the suggested form of transformations. Deformation of the dispersion relation leads the energy-dependent speed of ght, which in its turn gives rise a number of d culties. Particular , it n clear which value of the speed of ght should be used in formulae describing the m ion of a certain material object. The approach extension of SR^5 presented in this work is free from this kind of problems. The speed of ght remains a universal constant, as before, and he ransformations of c rdinate and e keep he form of the near Lorentz transformations. The retention of the form of the Lorentz transformations is the consequence of the use of the model of discrete-continuous space-t e which a umes, as the rst approx ation, keeping the properties of the at space-t e of SR on a scales down l

5 The results presented here are not a mpleted variant ESR, they ust outline an approach to the d lopment a new th ry that must created using new mathematical n pts esponding to the "discrete- ntinuous" structure spa -time. Thus the pr lem studying the properties the model the discrete- ntinuous spa time and creating an adequate mathematical apparatus that uld take into a unt existen the invariant limiting element the set is brought to the r ront. D lopment such a mathematical t l will ensure the t use di rentiation operations in the th ry, finite values invariant elements can cause non-linearity arithmetical operations, similar to the sp ific character l ity mposition in SR [20].

and t . The next approx ation must be co ected with a change of the expre ion for metric (2), which w be re ected direct in the mathematical form of transformations. They w o ious have take in account the quantities l and t , but it n po ible so far predict exact their form.

From the physical point of view, the e ential novelty of the theory including the concept maxV is the description of the kinematic state of observer independent rest. S ar the

description of the i ariant (observer independent) m ion of ph ns in SR ( )_{0 max}0,m , in the framework of the extended theory it po ible introduce a concept of i ariant rest of planckeons ( )

0 pl max,

m . Thereby the planckeon, as we as the ph n, d ers in

principle from substance objects. It can be supposed that these objects (planckeons) form a medium, which is a model of the vacuum- ke state of ma er � relativistic ether^6. In this case characteristic physical parameters of the given medium are the Planck quantities that man est themselves as universal i ariant ts for substance objects.

This conception a ows us substantiate SR postulates owing the existence of relativistic ether. Indeed, a IRF are in the same kinematic state in relation this fundamental medium, therefo they are physica equivalent (the relativity principle, absence of ether �wind�) and the velocity of perturbation propagation is the same in d erent IFR conc = . Existence of the relativistic medium does n contradict the basis of modern fundamental physical theories (SR, GR, Quantum Field Theory and hers). At the same t e non-interrelated postulates of these theories nd co on explanation on the ground of the idea of the relativistic medium ng up space.

Acknowledgments

We are grateful our g d friend and co eague Prof. A.L. S anov for his constant encouragement, helpful remarks and fruitful discu ions of the i ues uched on in the paper.

References

1. Kadyshevsky V.G. Zhurn xper eoret. Fiz. 41 (1961) 1885 (in Ru ian). 2. Kirzhits D.A. Priroda. 1 (1973) 38 (in Ru ian). 3. Hawking S.W. Nuclear Phys. B 114 (1978) 349. 4. Sakharov A.D. ant. 5 (1991) 2 (in Ru ian). 5. Markov M.A. Zhurn xper eoret. Fiz. 51 (1966) 878 (in Ru ian). 6. Markov M.A. Zhurn xper eoret. Fiz. Le ers. 36 (1982) 214 (in Ru ian). 7. Markov M.A Frolov V.P eoret. Matem. Fiz. 3 (1970) 3 (in Ru ian). 8. Sakharov A.D. Zhurn xper eoret. Fiz. Le ers. 3 (1966) 439 (in Ru ian). 9. Unruh W.G. Phys. Rev. D. 14 (1976) 870. 10. Caianie o R Landi G. Le ere al Nuovo C en . 42 (1985) 70. 11. Ma a C. Le ere al Nuovo C en . 44 (1985) 607. 12. Caianie o R. Le ere al Nuovo C en . 32 (1981). 13. Brandt H Le ere al Nuovo C en . 38 (1983). 14. Ginzburg V.L Frolov V.P. Zhurn. Exper . Teoret. Fiz. Le ers. 43 (1986) 265 (in Ru ian).

6 Impossibility ether det tion by means inertial motion can ted with the p uliar equation stat this medium [32, 33]: P = , where P is pressure, e is energy density. In this medium any IRF is l ally n mitant (there is no "headwind"), in ntrast to substan ( r which there exists a unique l ally n mitant IRF) and field ( r which the n pt n mitant frame d sn’t exist).

15. Zel’dovich Ya.B Rozhansky L.V. Zhurn. Exper . Teoret. Fiz. Le ers. 43 (1986) 407 (in Ru ian).

16. Korukhov V.V. On the nature of fundamental constants. In the b k: Methodological grounds for development and rea zation of complex program of region development. USSR, Novosibirsk, Nauka, 1988, pp. 59-74. (ISBN 5-02-029102-1) (in Ru ian).

17. Korukhov V.V. Fundamental constants and space-t e structure. Ru ia, Novosibirsk state university, 2002. (ISBN 5-94356-115-3) (in Ru ian).

18. Korukhov V.V Sharypov O.V. On the po ib ty of joining of properties of i ariant rest and relative m ion on the base of a new model of space with n al length. F oso a Nauki. 1 (1995) 38. (ISBN 5-88119-009-2) (in Ru ian).

19. Korukhov V.V. Methodological function of gravitation constant. Humanities in Siberia. 1 (1998) 15. (ISSN 0869-8651) (in Ru ian).

20. Sharypov O.V. Concept of fundamental length and methodological problems of modern physics. Ru ia, Novosibirsk state university, 1998. (in Ru ian).

21. Sharypov O.V Grishin S.G. F oso a Nauki. 9 (2001) 47. (ISSN 1560-7488) (in Ru ian).

22. Ame no-Came a G. Int. J. Mod. Phys. D11, 35 (2002), gr-qc/0012051. 23. Ame no-Came a G. Phys. Le . B 510, 255 (2001), hep-th/0012238. 24. Ame no-Came a G. Nature 418 (2002) 34, gr-qc/0207049. 25. Maguejo J Smo n L. Phys. Rev. Le . 88, 190403 (2002), hep-th/0112090. 26. Kowalski-G kman J Smo n L. hep-th/0406276. 27. Korukhov V.V Sharypov O.V. On the Extended Special Relativity with observerindependent and ting planckean scales / "The Ph osopher, the Scientist and Cos c Space: Values, Problems, Perspectives", XV World conference of International a ociation "Cosmos and Ph osophy" (IACP), Smo an, Bulgaria, Oc ber 1-4, 2004.

28. Sharypov O.V. Fundamental length: phenomenon and e ence. F oso a Nauki. 4 (1998) 14. (ISBN 5-88119-069-6) (in Ru ian).

29. Korukhov V.V. Relativistic ether. F oso a Nauki. 8 (2000) 72. (ISSN 1560-7488) (in Ru ian).

30. eeler J.A instei s vision. Moscow, 1970. (in Ru ian). 31. Stanyukovich K.P. In the b k: Space and t e in modern physics. USSR, Kiev, 1968. 32. G ner B. Zhurn xper eoret. Fiz. 49 (1965) 542. (in Ru ian). 33. G ner B. Zhurn xper eoret. Fiz. Le ers. 2 (1965). (in Ru ian).