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Abstract

The paper is dealing with the analysis of general relativity theory (theory of gravitation) from the point of
view of thermodynamic time arrow. Within this framework «informational paradox» for black holes and
«paradox with the grandfather» for time travel "wormholes" are resolved.

1. Introduction.

In paper we consider thermodynamic time arrow [1-2] (defined by a direction of the entropy
increase) within the limits of not quantum relativistic gravitation theory. In the classical
Hamilton mechanics any initial and final states are possible. Besides, between them there is a
one-to-one correspondence. In relativistic theory of gravitation a situation is other. There are
topological singularities of space which make possible a situation when for finite time different
initial states give an identical final state. It is a collapse of black holes. On the other hand, having
considered inverse process in time - white holes, we receive a situation when a single initial state
can give a set of different final states for finite time. There are also situations of other sort - when
not arbitrary initial states are possible. It is a case of "wormholes" through which it is possible to
travel in the past. Thus there is necessary of self-consistency between the past and the future,
making impossible some initial states. Black Holes lead to informational paradox, and
"wormholes" - to «to paradox with the grandfather». Analysis of these situations with a point of
view of thermodynamical time arrow and resolution of the defined above paradoxes are a topic
of this paper.

2. Black Hole

In the modern cosmological models there are additional appearances, except the
appearances already featured in the classical mechanics. In Einstein's relativity theory as well as
in classical mechanics the motion is reversible. But there is also an important difference from the
classical mechanics. It is ambiguity of a solution of an initial value problem: deriving a final state
of a system from the complete set of initial and boundary conditions can give not single solution
or no solution. In general relativity theory, unlike the classical mechanics, two various states for
finite time can give infinitesimally close states. It happens at formation of a black hole as a result
of a collapse. Hence, formation of the black hole goes with its entropy increase.

Let's consider an inverse process featuring a white hole. In this process infinitesimally close
initial states for finite time can give different terminating states. Time reversion leads to
appearing white hole and results in entropy decrease. The white hole can not exist in a reality
because of the same reasons that processes with entropy decrease are impossible in the classical
mechanics.

However its instability is much stronger than instability in the classical mechanics. It has
finite value already with respect to infinitesimally small perturbations. As consequence there are
alignment of thermodynamic time arrows between the white hole and the observer/environment.
The white hole transforms to a black hole for the observer. It means that the
observer/environment even infinitesimally weakly interacting with the white hole can affect



considerably its evolution for finite time. Thus the gravitational interaction of the
observer/environment with the white hole is always distinct from zero.

Here there is a well-known informational paradox [3]: the collapse leads to losses of the
information in the Black Hole. It, in turn, results in incompleteness of our knowledge of a state
of system and, hence, to unpredictability of dynamics of system, including Black Hole. The
information, which in the classical mechanics always conserves, in a black hole disappears for
ever. Is it really so? Or, probably, it is stored in some form inside of a black hole? Usually only
two answers to this problem are considered: Or the information really vanishes completely; or
the information is stored inside and can be extracted by some way. But, most likely, the third
answer is true. Because of inevitable influence of the observer/environment it is impossible to
distinguish these two situations experimentally in principle! And if it is impossible to verify
something experimentally, it can not be a topic for the science.

Actually, suppose that the information is stored in a black hole. Whether is it possible to
resolve informational paradox and to extract this information from it? Perhaps, we can reverse a
collapsed black hole, to convert it into a white hole and to extract the disappeared information? It
would seem impossibly. But recently there appeared an interesting paper, which though and not
directly, but allows to make it [4]. There is proved, that a black hole is completely equivalent to
an entry to the channel, pairing two Universes. The entry of this channel is similar to the black
hole, and an exit is similar to the white hole. This white hole can be considered, in some sense,
as the reversed black hole. But to verify that the information does not disappear, we should come
into the second Universe. To do it we suppose, that there is some "wormhole" which connects
these two Universes. Let the observer can pass it and observe the white hole. But even if it
happens, we know that the white hole is extremely unstable with respect to any observation.
Attempt to observe it will result in its transformation into a black hole. It will close any
possibility to verify, that the information is stored. Hence, both solutions of informational
paradox are really equivalent and observationally are not distinguishable.

This property of nonreversible information losses results in fact that the entropy increase
law turns to be an exact law of the nature within framework of the gravitational theory. Really,
there is such new fundamental value, as entropy of a black hole. It distinguishes gravitational
theory from classical mechanics where the law entropy increase law has only approximate
character (FAPP, for all practical purposes).

The accelerated expansion of the Universe results in the same effect of nonreversible
information losses: there are unobservable fields, whence we are not reached even by light.
Hence, these fields are unobservable, and the information stored in them is lost. It again results
in unpredictability of relativistic dynamics.

3. Time wormhole

Let's consider from the point of view of the entropy such paradoxical object of general
relativity theory, as time "wormhole" [5]. We will consider at the beginning the most popular
variant, offered by Morris and Thorne [6]. Let we have space wormhole with the extremities
laying nearby. By very simple procedure (we will ship one of the extremities on a spaceship, we
will move it with a velocity close to light, and then we will return this extremity on the former
place) space wormhole can be conversed into time wormhole (wormhole traversing space into
one traversing time). It can be used as a time machine. Such wormhole demands the special
exotic matter necessary for conserving its equilibrium. However there were models of a time
machine which allow to be bypassed absolutely without exotic substance [7, 9]. Or, using an
electromagnetic field, allow to be bypassed by its small amount [8]. Use of such time machine
can lead to well-known «paradox of the grandfather» when the grandson, being returned in the
past, kills his grandfather. How this paradox can be resolved?

From the physical point of view, the paradox of the grandfather means, what not all initial
states which exist before time machine formation are realizable. Introducing the additional
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feedback between the future and the past a time wormhole makes their impossible. Hence, we or
should explain nonrealizability such initial states. Or suppose, that time "wormhole" is unstable,
like a white hole, and easily changes.

Curiously enough, but both explanations are true. However for macroscopic whomeholes the
first explanation has priority. Really, it would be desirable very much to have a macroscopic
topology of the space to be stable. Constrains on initial states appears from entropy increase law
and the correspondent alignment of thermodynamic time arrows, related to instability of states
with opposite directions of these time arrows [1-2]. But macroscopic laws of thermodynamics
are probability. For very small number of cases they are not correct (large-scale fluctuations).
Both for these situations, and for microscopic wormholes where the concept of a thermodynamic
time arrows and thermodynamics laws are not applicable, priority has the second explanation. It
is related to extremal instability of the topology, which is defined by the time machine [9]. We
discussed above such type of extremal instability for white holes. For macroscopic wormholes
the solution can be discovered by means of the entropy increase law .It is ensured by instability
of processes with the entropy decrease with respect to the Universe. This instability results in
alignment of thermodynamic time arrows.

Really, space wormhole does not lead to paradox. The objects immersed by its one extremity,
go out other extremity during later time. Thus, the objects from more ordered and low entropy
past hit in less ordered and high entropy future. During a motion through the wormhole the
entropy of the travelling objects also increases: they transfer from more ordered state in less
ordered one. Thus, time arrow of the object, travelling inside of the wormhole, and time arrow of
the world around the wormhole have the same directions. It is also true for travelling through
the time wormhole from the past to the future.

However for travelling from the future to the past of the time arrow directions of the traveler
into the wormhole and world around the wormhole will be already opposite [10, 11-13]. Really,
the object travels from less ordered future to the more ordered past, but his entropy increases,
instead of decreases! Hence, thermodynamic time arrows of the Universe and the traveler have
opposite directions. Such process, at which entropies of the traveler decreases concerning the
Universe, are unstable [1-2]. Hence, «memory about the past» of the traveler will be destroyed
(and, may be, he will be destroyed completely), that will not allow him «to kill the grandfather».

Which mechanism at travelling in the wormhole ensures alignment of thermodynamic time
arrows of the traveler and the Universe? Both extremities of "wormhole" it is the large bodies
having finite temperature. Both extremities under the second thermodynamics laws inevitably
should radiate light which partially hits to the wormhole. Already at the moment of "time
machine" formation (transformation of the space wormhole into the time one) between its
extremities there is a closed light ray. Every time when the ray features a circle, it is more and
more biased to a violet part of the spectrum. Transiting a circle behind circle, rays are lost by the
focal point, therefore energy does not amplify and it does not become infinite. Violet bias means,
that the history of a particle of light is finite and defined by its coordinate time, despite the
infinite number of circles [14]. This and other rays of light in wormhole fluctuate. They also
have a direction of its thermodynamic time arrow coinciding with a thermodynamic time arrow
of the Universe. Thanks to inevitable interaction with this radiation very unstable state of the
traveler destroys. The state of the traveler is unstable because his thermodynamic time arrow is
opposite to the Universe thermodynamic time arrows. The resulting destruction is enough to
prevent the paradox of the grandfather.

"Free will" allows us to initiate freely only irreversible processes with the entropy increase,
but not with its decrease. Thus, we cannot send a object from the future to the past. Process of
alignment of thermodynamic time arrows and the correspondent entropy increase law forbids
the initial conditions necessary for travelling of the macroscopic object to the past and resulting
in "paradox of the grandfather".

In paper [10] it is strictly mathematically proved, that the thermodynamic time arrow cannot
have identical orientation with the coordinate time arrow during all travel over closed timelike



curve. Process of alignment of thermodynamic time arrows (related to instability of processes
with entropy decrease) is such physical mechanism which actually ensures performance of the
entropy increase law.

Macroscopic laws of thermodynamics are probabilistic. For very small number of cases they
do not work (large-scale fluctuations). Both for these situations and for microscopic systems
where thermodynamics laws are not applicable, the other explanation of the grandfather paradox
have priority. In this case the time wormhole, like a white hole, appears unstable even with
respect to infinitesimally weak perturbations from gravitation of travelling object. It can result in
its fracture and prevention of the paradoxes, as is proved strictly in [9]. What are outcomes of
reorganization of the space-time topology after fracture of the time wormhole? The author of [9]
writes:

«As we argue ... non-uniqueness does not let the time travel paradoxes into general relativity
— whatever happens in a causal region, a space-time always can evolve so that to avoid any
paradoxes (at the sacrifice of the time machine at a pinch). The resulting space-times sometimes
... curiously remind one of the many-world picturesy.

Let's formulate a final conclusion: for macroscopic processes instability of processes with the
entropy decrease and correspondent alignment of thermodynamic time arrows makes almost
impossible existence of initial conditions that allow travel to the past. Thereby it prevents both
wormholes fracture and traveling of macroscopic bodies in the past leading to "paradox of the
grandfather".

For very improbable situations of macroscopic wormholes and for microscopic wormholes the
wormhole fracture must occur. This fracture is result of remarkable property of general relativity
theory - extremal instability: infinitesimal external action (for example, gravitation from traveler)
can produce wormhole fracture for finite time!

4. Conclusions.

Let's summarize above. Observation process should be taken into account inevitably during
considering any physical process. We must transform from ideal dynamics over coordinate time
arrow to observable dynamics with respect to thermodynamical time arrow of observer. It allows
us to exclude all unobservable in the reality phenomena, leading to paradoxes. Thus it is
necessary to consider following things. The observer inevitably is a nonequilibrium macroscopic
chaotic body with the thermodynamic time arrow defined by his entropy increase direction. He
yields all measurements with respect to this thermodynamic time arrow. Dynamics of bodies
with respect to this thermodynamic time arrow is named as observable dynamics. It differs from
ideal dynamics, with respect to the coordinate time arrow. All bodies are featured in observable
dynamics in macroparameters, unlike the ideal dynamics using microparameters. The coordinate
does not exist at thermodynamic equilibrium. It can change the direction and is not coincide with
the coordinate time arrow of the ideal dynamics. Always there is a small interaction between the
observer and observable system. It leads to alignment of thermodynamic time arrows of the
observer and the observable systems.

We can see misterious situation. The same reasons which have allowed us to resolve paradoxes
of wave packet reduction in quantum mechanics, paradoxes Loshmidt and Poincare in the
classical mechanics allow to resolve informational paradox of black holes and the paradox of the
grandfather for time wormholes. Remarkable universality!
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YHuBepcaabHas crpeia spemenu I1:

I'paBUTALIIOHHASA TEOPUH.
Kynepsaccep O.10.

AHHOTALIMAL.

CraThs MOCBSIICHA aHAIM3Y O0IIel TEOPHH OTHOCUTEIHHOCTH (TPaBUTAIIMH) C TOUKH 3PEHUS
TEPMOAMHAMUYECKON CTPENBI BpeMeHH. B paMkax 3TOro paccMOTpeHHs pa3penieHbl «nH(OPMAITHOHHBINA
MapagoKcy» IS YSPHBIX JIBIP U «IAPATOKC C JEAYIIKOW IS BPEMEHHBIX «UECPBOTOUMH).

BBenenue

B crarbe MBI paccMOTpUM TEPMOAMHAMUYECKYIO CTpeiy BpeMeHnu [ 1-2] (onmpenenseMyto
HAIpaBJICHUEM POCTa SHTPOIIHHU) B paMKaX HEKBAHTOBOW PEIISITHBUCTKOM TEOPUH IpaBUTAINU. B
KJIACCUYECKON raMIJIBTOHOBOW MEXaHHKE JIF0ObIe HaYaJbHbIC 1 KOHEUYHBIE COCTOSHUS
BO3MOXHBI. Kpome Toro, Mexay HUMHU CYIIECTBYET B3aUMHO-OJHO3HAYHOE COOTBETCTBHE. B
PENATUBUCTCKON TEOPUH IPABUTAIIMH CUTYAIHsI WHAs. IMEIOTCS TOMOIOTHYECKHEe 0COOCHHOCTH
NPOCTPAHCTBA, KOTOPBIC JICTAI0T BO3MOYKHBIM CHTYAIIHIO, KOT/A 32 KOHEeUHOe BPEMS pa3HbIC
HaydaJIbHbIE COCTOSIHUS AAI0T OJJMHAKOBOE KOHEYHOE COCTOSTHHE. DTO KOJUIAIIC YepHBIX AbIp. C
JPYTO# CTOPOHBI, PACCMOTPEB 0OPATHBIN BO BPEMEHH MPOIIECC — OEJbIC IBIPBI, MBI ITOJTYYUM
CHUTYAIHIO, KOT/J]a OJTHOMY HaYaJIbHOMY COCTOSTHHIO 32 KOHeuHOe BPEMsl COOTBETCTBYIOT Pa3HbIC
KOHEYHbIE COCTOSTHUS. VIMEIOTCSI M CHTyaluy APYroro copTa — Korjaa He JItoOble HauaJlbHbIC
COCTOSIHUSI BO3MOXHBI. DTO CIy4ail «4€pPBOTOYHH», Yepe3 KOTOPhIE BO3MOYKHO My TEIISCTBUS B
nporwioe. [Ipr 3TOM CTaHOBHUTCS HEOOXOIUMBIM JIOTIOTHUTEIIEHOE CaMO-COTJIACOBAHUE
IPOILIOro U OyIyIIero, Aearoliee HeBO3MOKHBIM HEKOTOPBIE HadaIbHbIE COCTOSHUS. UepHbIe
JIBIpbI IPUBOJAT K HH(GOPMAIIMOHHOMY MapasoKCy, a «4ePBOTOUMHBD) - K «APATOKCy C
JeAyLIKO». PaccMOTpeHHIO 3TUX 0COOBIX CUTyallull pEeISITUBUCTKONW TEOPUU T'PaBUTALIUH C
TOYKHU 3PCHUSI TEPMOJMHAMUYECCKOHN CTPEIIbl BPEMEHU M PAa3pPEIICHUIO CBSI3aHHBIX C HUMHU
NapaJoKCOB MOCBSIIEHA TaHHAS CTAThS.

1. YepHbie abIpbI

B coBpeMeHHBIX KOCMOJIOTUYECKUX MOJAEISIX €CTh JOMOJHUTEIbHBIE SIBIICHUS, KPOME
SBIICHUH, YK€ ONMUCAHHBIX B KJIACCHYECKOM MexaHHKe. B o01iel Teopur OTHOCUTETHHOCTH
DWHINITEWHA TBUKEHHE TaK K€, KaK U B KJIACCUYECKON MexaHuke oopatumo. Ho nmeetcs u
BaXHOE OTIIMYHE OT KJIIACCUYECKON MEXaHUKHU. DTO HeOOHO3HAYHOCMb pelleHns 3anaun Komm:
MOJIyYEHUSI KOHEYHOTO COCTOSIHUS CUCTEMBI U3 MOJTHOTO Habopa Ha4albHBIX U TPAHUYHBIX
ycioBuii. B o01ei Teopur OTHOCUTENBHOCTH, B OTJIMYUE OT KJIACCHUECKON MEXaHUKH, JIBa
Pa3IUYHBIX COCTOSIHUS 33 KOHeYHOe BPeMsl MOTYT JaTh OECKOHEYHO OJIM3KHE COCTOSHUSA. ITO
MPOUCXOIUT MPH 00pa30BaHUN YEPHOU IBIPHI B pe3yibTaTe Koiuianca. CieaoBaTenbHo,
00pa3zoBaHue YePHOU ABIPHI UIET C YBEIUYECHUEM SHTPOIHH.

PaccmoTpuM oOpatHBIil mpoiiece, onmuchIBaIONINi Oenyto asipy. B aToM mpornecce
OCCKOHEUHO OJIM3KHE HAaYaJbHBIC COCTOSHUS 32 KOHeuHoe BPEMSI MOTYT JaTh Pa3HbIe KOHECYHBIC
coctosiHus. OOpailieHne BpeMEeHH MPUBOIUT K TOSBICHUIO O€NIOi IbIPhI U BEET K YMEHBIICHUIO
SHTpONMU. beias aplpa He MOXKET CYHIECTBOBATh B PEAIBHOCTH MO TEM K€ TPUIMHAM, YTO
HEBO3MOKHBI IIPOLIECCHI C YMEHBILIEHUEM SHTPONUH B KJIACCUYECKOM MexaHuke. OHako, ee
HEYCTOMYHMBOCTh HAMHOTO 0OJIee CHIIbHAS, YeM B KJIacCHUECKOM MexaHuke. OHa BO3SHHKACT YXKe



10 OTHOUIEHMIO K OecKoHeuHo MallblM Bo3MyLIeHusM. Kak ciefcTBiue BO3HMKAeT
CHUHXPOHM3AIMK COOCTBEHHBIX CTpeJl BpeMeHH 0elloi bIpbl U HabmtoaaTens/okpyxeHus. benas
JibIpa MpeBpalaeTcs A HabIoaTels B YEPHYIO JbIpPY.
OT0 03HAUaeT, YTO HAOJ0aTelb/OKpYKEHHE, 1axke OECKOHEUHO ¢1a00 B3aMMOAEHCTBYIOLIHIA C
0eoil IbIpoil MOXKET 3HAUUTENIBHO MOBIUATH Ha €€ HBOJIIOLIMIO 3a KOHEUHOe BpeMs. [Ipu aTom
I'PaBUTALIMOHHOE B3aMMOJAEHUCTBUE HAOMI0AaTeNs1/OKpYKEHHs ¢ OeI0i IbIpoii BCcerja OTINYHO OT
HYJIAL.

31ech BOZHUKAET 3HAMEHUTHIN MH(OopMaIiMoHHbIH napanokc [3]: Komtanc npuBoauT k norepe
uHpopmanuu B UepHoii J{pipe. IT0, B CBOIO 0Uepe/Ib, BEAET K HEMOIHOTE HAIIETO 3HAHHS O
COCTOSIHUM CUCTEMBI U, CIIEIOBATEIIBHO, K HENIPEACKa3yeMOCTH IUHAMUKH CUCTEMBI, €€
BKUTIOYarome. Madopmarius, koTopas B KIIACCHUECKOM MEXaHHUKE BCET/Ia COXPAHSIETCs, B
YEpHOMH JbIpe ucuesaeT HaBceraa. Tak im 310? Mnu, BO3MOKHO, BHYTPH YEPHOH JBIPHI OHA
XPaHUTBCS B Kakon-1100 popme? OObIUHO pacCMaTpUBaIOT TOJIBKO JBa OTBETA HAa 3TOT BOIIPOC.
JInGo nndpopmanus AeHCTBUTEIBHO NponagaeT 6ecciaeIHo; 100 HHPOpMAaLIUs COXpaHsIeTCs
BHYTpHU HEE U MOXKET OBITh KAKMM-TO IyTeM HU3BieueHa. Ho, ckopee Bcero, BEpHbIM SBIISETCS
Tpetuil oTBeT. 13-3a HEN30€)KHOTO BIUSHUS HaOII01aTelNs1/OKPYKEHHUS 3KCIIEPUMEHTAIBHO
Pa3IUYUTh ITH JIBE CUTYaLlUU IPOCTO HEBO3MOXKHO! A YTO HeNb3sl IPOBEPUTH
9KCHEPUMEHTAIBHO, HE JI0JKHO SBJISETCS MPEAMETOM HayKU U 00CYKICHHUS.

Ha camom pnerne, npenmnonoxum, 94To nHGOpMAIHS COXPAHAETCS BHYTPH YEPHOU JBIPHI.
MoHO 11 pa3peminTh UHOOPMAIIMOHHBIN MapaloKC U U3BJIeUb 3Ty HH(OPMALHIO U3 Hee?
MoxeT OBITh, MBI MOKEM OOpaTHTh KaKUM JINOO 00pa30M CKOJUIATICHPOBABIIYIO YEPHYIO JBIPY,
IpEeBPATUTh €€ B OEIyI0 JbIPY, U U3BJIeUb MCUE3HYBIIYI0 HHpopMmanmio? Kaszanock Obl, 3TO
HeBO3MOkHO. Ho HenaBHO nosiBUIack MHTEpecHas paboTa, KOTopasi, XOTb U HE HANPSAMYI0, HO
NIO3BOJIAET cAenaTh 3T0 [4]. B Hell noka3bIBaeTcs, 4TO YepHas Jblpa MOJTHOCTHIO SKBUBAJICHTHA
BXOJly B KaHaJI, coeuHstonui aA8e Beenennnie. [IpuueM Bxoa 3Toro kanaia nmogo0eH YepHOn
JBIpe, a BbIXOJ1 Oenoil. DTa Genast blpa U MOKET pacCMaTpUBAThCs, B HEKOTOPOM CMBICTIE KaK
oOpamieHHas yepHas apipa. Ho 1yt Toro, 4ro0bl yoequTbes, 4To nHpOpMalus He UCUYe3aeT, MbI
JOJDKHBI IPOHUKHYTH BO BTOpPY10 Beenennyro. IIpennonoxum, 4To CymecTByeT HeKas
«YEpBOTOUYMHAY, KOTOpas coequnseT ae Beenennsie. [lycts HabmogaTenb MOKET MPOHUKHYTh
4yepes3 Hee W MPOHA0II0aTh 3a 0eoi apipoit. Ho maxke ecimu 9To CIIyduTCs, MbI 3HaeM, 4TO Oeras
JIbIpa HEYCTOWYHBA MO0 OTHOILEHHIO K HaOmoaeHno. [lonbiTka ee HaOI0eHUs TPUBEET K e€
IIPEBPALICHUIO B YEPHYIO JBIPY. DTO 3aKPOET BCAKYIO BO3MOXKHOCTD IIOATBEPANUTD, YTO
uHpopmanus coxpansercsa. CrenoBaTenbHO, 00a pemeHust THPOPMAIIMOHHOTO MapaioKca
JEHCTBUTEIILHO PAaBHONIPABHBI M SKCIIEPUMEHTAIBHO HE PA3JINYUMBI.

3TO CBOWCTBO HEOOPATUMOHN MOTEPU HH(GOPMAIMH IPUBOAUT K TOMY, UTO 3aKOH
BO3PAaCTaHUs YHTPOIIUH NIPEBPAILAETCS B TOYHBIN 3aKOH IIPUPOJIBI B paMKax IpaBUTALIMOHHON
TeopuH. JleficTBUTENbHO, OABISETCS Takas HOBas (PyHIaMEHTalbHas BETUYMHA, KaK SHTPOIHUS
YEPHOM JIBIPBI. DTO OTIMYAET TPAaBUTALIMOHHYIO TEOPHIO OT KJIACCUYECKON MEXAaHUKH, TI€ 3aKOH
BO3PACTaHMs SHTPOIIMU HOCHT JIMIIb MpHOIKeHHbIH xapaktep (FAPP, nis Bcex mpakTuueckux
nesei).

Tot xe 3¢pdexr HeoOpaTUMOit moTepu HHGHOPMAITH UMEET U YCKOPEHHOE pacIIupeHue
BcenenHnoli — nosiBiIsitOTCS HEHAOI0AaeMble 001aCTH, OTKY/1a 10 HAaC HE TOXOAUT J1aXke CBET.
CrnenoBarenbHO, OHM HEHAOIIOIaeMble, U COAEpKAIAsCs B HUX HHPOpMaLUs NOTepsHa. ITO
OIIATH BEJIET K HEMPEACKAa3yEMOCTH PEIIATUBUCTKON TUHAMHUKH.

2. BpemeHHAasi 4epBOTOYMHA.

PaccmMoTpuM ¢ TOUKM 3peHHs SHTPOIIUH U TaKOW MapaJoKCaIbHbIA 00BEKT 001Iel Teopun
OTHOCHUTENILHOCTH, KaK BpeMEHHas «4epBOTOUMHA» (KpoToBast Hopa) [5]. PaccmoTpum BHavase
ee HanOoJIee MOMYJISIPHBIN BapuaHT, ipenioxeHHsid Moppucom u Topaowm [6]. [TycTs y Hac
MMeeTCs POCTPAHCTBEHHAs KPOTOBAsl HOpA C JIEKAIMMHU psAAoM KoHIamu. [Iyrem odeHn
IPOCTOH MpoLeaypsl (IOrpy3UM OJHOTO U3 KOHIIOB HA KOCMUUYECKUI Kopalib, 00eceuyum ero
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JBUKEHHE CO CKOPOCTHIO CPAaBHUMOM CO CBETOBOM, a 3aT€M BEPHEM 3TOT KOHELl Ha MpPEkKHEE
MECTO) MPOCTPAHCTBEHHAsI KPOTOBAsl HOpa MOXKET OBITh TPE0Opa3oBaHa BO BPEMEHHYIO
(wormbhole traversing space into one traversing time). OHa MOXeT OBITh HCITOJIb30BaHA KaK
MmamHa BpemeHH. [logo6Has kpoToBas Hopa TpeOyeT 0co00To 3K30THUECKOTO BEIIECTBRA,
HEO0OXOUMOro I MoAJepKaHus ee paBHoBecus. OJIHAKO €CTh MOJENIN MaIllMHbI BPEMEHH,
KOTOpPBIE WJIH MO3BOJISIIOT 0OOUTHCH COBCeM 0e3 AK30THYecKoro BemiecTna [7, 9]. Unu xe,
UCTIONB3YS DJIEKTPOMArHUTHOE T10JIE, TO3BOJISIIOT OOOUTHCH €ro MaJIbIM KOJTMYEeCTBOM [8].
Hcnonp30BaHue 3TON MallIMHBI BpEMEHU MOXKET MPUBOAUTH K 3HAMEHUTOMY «IIapajioKCy
JeAyLIKN», KOT/la BHYK, BO3BPAILAsACch B IpoOILIoe, yOUBaeT cBoero neaymky. Kak xxe Moxer
OBITH pa3pelieH 3TOT napaaokc?

C ¢usnueckoit TOUKU 3peHMs], apaJoKe AEAYIIKH 03HAYAET, YTO HE BCE HaYaJIbHbIE
COCTOSIHUSI, KOTOPBIE CYIIECTBYIOT 0 00pa30BaHUs MAIIMHBI BPEMEHU OCYIIECTBUMBI.
JlononmHuTeNbHAS 00paTHAs CBSI3b MEXIY OyIyIIUM M MPOILIBIM Yepe3 BPEMEHHYIO
YEpBOTOUMHY JIeaeT UX HEBO3ZMOXKHBIMU. Clie10BaTeNIbHO, MBI IN0OO JOHKHBI OOBSICHUTD
HEpEaTn3yeMOCTh TaKUX HaYaJIbHBIX COCTOSIHUH, TINOO JOMyCTUTh, YTO BPEMEHHAs
«UepBOTOYMHA» HEYCTOWYNBA, HAMOA0OME OeI0M ABIPBI, U JETKO Pa3pyIIaeTCs.

Kax nu ctpanHo, o6a 00bsiCHEHHSI B IPUHIIUIE BepHBL. OHAKO JIsI MAKPOCKOIMYECKHUX
YEpBOTOUYMH MPUOPUTETHBIM SIBIISIETCS TIEpBOE 00BsICHEHHE. JleiCTBUTETbHO, OUEHBb XOTENOCh
OBl UMETh MAKPOCKOIMYECKYIO TOMOJIOTHIO IPOCTPAHCTBA CTa0MIbHONW. OrpaHuyeHue Ha
HAYaJIbHBIE COCTOSHUS TPU ATOM CBS3aHO C 3aKOHOM POCTa SHTPOIUU U CHHXPOHHU3ALUEH
TEPMOJMHAMHUYECKHUX CTPEJ BPEMEHH, CBSI3aHHON C HEYCTONUNBOCTBHIO COCTOSIHUIM ¢ pa3HOi
HAPAaBIEHHOCTHIO 3TUX BPEMEHHBIX cTpedn [1-2]. Makpockonuyeckrue 3aKOHbI TEPMOTUHAMUKI
BEPOSITHOCTHBI. JIJI1 04eHb HEOOBIIIOTO YKCIia CIIy4yaeB OHU HE ICUCTBYIOT
(xpymHOMacinTabHble QurokTyanuun). Kak ans 3TUX cuTyalui, Tak 1 JUisi MUKPOCKOTTHYECKHUX
YEPBOTOYUH, IJI€ MOHATHE TEPMOIMHAMUYECKON CTPEIIbl BpEMEHH U 3aKOHBI TEPMOJIMHAMUKU HE
MPUMEHUMBI, MIPHOPUTETHBIM OKa3bIBA€TCSA BTOpOE 00bsicHeHne. OHO CBA3aHHO C
AKCTPEMAIILHOM HEYCTOMYMBOCTBIO TOMOJIOT MU, OIPEAENIIEMON MaIlIMHON BpeMeHHu [9],
AQHAJIOTUYHOW HEYCTOMYMBOCTH 0eoi IbIpbl. JJI1 MaKpOCKOIMMUECKHUX KPOTOBBIX HOP
pa3peuieHne MOXeT ObITh HAaliIGHO € TIOMOIIBIO 3aKOHA BO3PACTaHUs SHTPOITUH,
o0ecreynBaeMoro HeyCTOHYUBOCTBIO TPOLIECCOB ¢ yOBIBAHUEM SHTPOIIUU OTHOCUTEIHHO
BcenenHol 1 BBITEKAOLIEH U3 TOT0 CUHXPOHU3ALMEW TEPMOAMHAMUYECKUX CTPEIl BPEMEHU.

JleificTBUTENBHO, TPOCTPAHCTBEHHAS KPOTOBAs JbIpa HE MPUBOJIUT K Napagokcy. OObeKThl,
MOTJIOIIEHHBIE €€ OJJHUM KOHIIOM, BBIXOJAT U3 APYToro KOHIA B Oosee mo3aHee Bpems. Takum
00pa3zoM, 00bEKTHI U3 00JIee YIOPSAA0UYEHHOTO HU3KOHTPOITUHHOTO TIPOIIIOTO MO Ial0T B
MEHee yNopsJ0YeHHOE BEICOKOIHTpONHitHbIe Oy ayuiee. [Ipu nBrKeHnn BAOIb KPOTOBOM HOPBI
SHTPONUS MyTEHIECTBYIOIUX 0OBEKTOB TaKXKe PAaCTeT: OHU MEepeXosaT u3 Oosee
YIOPSIOYEHHOTO COCTOSTHUSI B MEHee ynopsiioueHHoe. Takum 00pa3oM, COOCTBEHHBIE CTPEIIbI
BPEMEHH MyTEIIECTBYIOIIETO B KPOTOBOW HOpE 00BEKTa U OKPY’KAIOILIETO MHpPa COHAIIPABIICHBI.
Toxe BepHO 7151 My TELIECTBUS IO BPEMEHHON KPOTOBOM HOpE M3 MPOLLIOro B OyayIiee.

Opnako /ISt MyTeIecTBUS U3 OyIyIIero B MpoILIoe CTPeibl BpEMEHH My TEIIECTBEHHUKA B
KPOTOBOM HOpPE M OKPYXaroIero Mupa OyayT yxe npotuBononoxus [10, 11-13 1.
JeicTBUTENEHO, cCaM OOBEKT MyTEIIECTBYET U3 MEHEE YIOPSAI0UYCHHOT0 Oy ayIiero B 6osee
YIOPSIOYEHHOE MPOLIIOE, HO TIPU 3TOM €r0 COOCTBEHHAs SHTPOIMHS PacTeT, a He yObIBaeT!
CrnepnoBarenbHO, TEpPMOIUHAMUYECKUE CTPENIbl BpeMeHU BeeneHHol u myTernecTBeHHUKa
pa3HoHamnpasieHbl. Takoii mporiecc, P KOTOPOM SHTPOITUH My TEIIECTBEHHUKA YOBIBACT
OTHOCUTENbHO Beenennoi, Heycroiuus [1-2]. CnegoBaTenbHO, «IIaMSTh O IPOIITIOM
MYTEIIECTBEHHUKA (2, MOXKET, U OH CaM MOJHOCTHI0) OyJeT pa3pylleHa, YTO He MO3BOJIUT EMY
«yOUTH NEAYLIKY».

Kakoit iMeHHO MeXaHU3M MpH IMyTEeIIECTBUU B KPOTOBOI HOpe oOecreynBaeT
CHHXPOHHU3AIUIO CTPEJI BpEeMEHH MyTelieCTBeHHUKA U Beenennoit? O6a KoHIa «4€PBOTOYNHBI
3TO MAaCCUBHBIE TeJla, UMEIOIINE KOHEUHYIO Temrieparypy. O6a 3Tu KOHIIa 10 3aKOHaM
TEPMOJUHAMHUKU HEU30EKHO JTOJIKHBI M3TTy4aTh CBET, KOTOPBIM YaCTHYHO MONAAAeT U B



KPOTOBYIO HOPY. Y’K€ B MOMEHT 00pa30BaHUs «MAIlIMHBI BpEMEHM» (MpeoOpa3oBaHus
MPOCTPAHCTBEHHOM Y€PBOTOUMHBI BO BPEMEHHYI0) MEXKy €€ KOHI[aMH MOSBISETCS 3aMKHY TN
CBETOBOM Jiyu. Beskuit pa3, Korza jJyd OMUChIBACT OKPYKHOCTh, OH BCE OOJIbIIIE CMEIIAETCS K
¢duoneToBoit yactu cnektpa. [Ipoxoas Kpyr 3a Kpyrom, JIy4u TepsIOT GOKYC, TOITOMY SHEPTHUS
HE YCHUJIMBAETCS U HE CTAHOBUTCS OecKOHEeUHOU. DHOIETOBOE CMEIIEHUE 03HAYAET, YTO UCTOPHS
YaCTHIIBI CBETa KOHEYHA U OTpeJielieHa €€ COOCTBEHHBIM KOOPAMHATHBIM BPEMEHEM, HECMOTPSI
Ha OECKOHEYHOE YHCII0 KpyToB [14]. DTOT 1 MHBIC TOTOKH CBETA B KPOTOBOM HOpE
GIIOKTYHPYIOT ¥ IMEIOT HAMpaBlIeHHE TEPMOJAMHAMUYECKON CTPeNibl BpEMEHH, COBIAAIOIIETO C
TEPMOJIMHAMHYECKON CTpenoit Bpemenn BeenenHoi. biarogapst Henz0exxunomy
B3aUMOJICHCTBUIO C ’TUMU U3JIyUEHUEM pa3pylLIaeTCsl OU€Hb HEYCTOMYHUBOE COCTOSIHUE

My TEIIECTBEHHNUKA, IMEIOIIETO 00paTHOE 10 OTHOIICHUIO K BceneHHo# HarpaBieHmne
COOCTBEHHOTO TEPMOJIMHAMUYECKOTO BpEMEHH. DTO pa3pyIlIeHne MPOUCXOANUT O CTEIICHH,
JIOCTATOYHOM JUIsl MPEAOTBpAIlleHUs TapaJoKca ATy IKH.

«CB000aa BOJIM» MO3BOJIIET HAM CBOOOIHO MHUILIMUPOBATH JIUIIb YCTOHYHUBBIE TIPOIIECCHI C
POCTOM SHTPOTHH, HO HE C €€ YObIBaHUEeM. Takum 00pa3oM, Mbl HE CMOXKEM MOCJIaTh OOBEKT U3
Oynyuiero B poruioe. [Iporiecc CHHXpOHU3aKUK CTPEN BPEMEHU U BBITEKAIOIINIA U3 HEr0 3aKOH
pOCTa SHTPOTIHH 3aNPEUIACT HAYAIbHbLE YCA06UsL, HEOOXOIUMBIE JIJIS Ty TeIIECTBUS
MaKpPOCKOITUYECKUX OOBEKTOB B MPOILIOE U PEATU3AIMIO «IAPATOKCa ATy K.

B pa6ote [10] cTporo MmaTremMaTnuecku JOKa3bIBACTCS, YTO COOCTBEHHASI TEPMOIMHAMUIECKAs
CTpeJia BpeMEHHU HE MOXET BCE BpEMsi UMETh OJJMHAKOBYIO OPHEHTALIUIO C COOCTBEHHOM
KOOPJMHATHOM CTPEJION BPEMEHHU MPU MyTEIIECTBUU IO 3aMKHYTON BPEMEHHOMOJ00HOM
TpaekTopui (closed timelike curve). [Iporiecc cHHXpOHHU3AIMH CTPEN BPEMEHH (CBSI3aHHBIH C
HEYCTOWYHBOCTBIO MPOIIECCOB C YOBIBAHHEM DHTPOITUH) SBISIETCS TEM CaMbIM QuU3UYECKUM
MexaHuzmMom, KOTOphIi (pakTHuecku 00ecredrBaeT BHIIIOJHEHUE 3aKOHA POCTA SHTPOITHH.

MaxkpocKkonuyecKkue 3aKOHbl TEPMOJUHAMUKHN BEPOATHOCTHBI. /11 0UeHb HEOOIBIIOro Yncia
CIIy4aeB OHU He JIEHCTBYIOT (KpynHoMacIuTaOHble (haokTyarun). Kak 1 3Tux cutyaruii, Tak u
JUTSI MUKPOCKOITMYECKUX CUCTEM, TJI€ 3aKOHBI TEPMOJIMHAMUKU HE TPUMEHUMBI, TPUOPUTETHHIM
OKa3bIBaeTcs Jipyroe oObsicHEHUE mapaaokca aeaymku. CyniecTByIoT JBa Ipolecca: Bech
Kocmoc 1 00BexT, myTeriecTByoImui mo uepBoTourHe u3 oyaymero Kocmoca B ero npormuioe.
[Ipu 5 TOM BpeMeHHas 4epBOTOYNHA, TTOA00HO OEJ0i IbIpe, OKa3bIBACTCS HEYCTOMUNBOM JaKe
110 OTHOIIEHHIO K OECKOHEYHO MaJIbIM BO3MYIICHHUSAM OT IPABUTAIMH My TEIIECTBYIOIIETO
00BEKTa, UTO MOXKET MPUBECTH K €€ pa3pyLICHUIO U MPEAOTBPAILEHUIO TapaI0KCOB, YTO U
noka3piBaeTcst cTporo B [9]. KakoBbl pe3ynbTaThl IepeCTPOMKHU TONOJOTUU IPOCTPAaHCTBA-
BPEMEHHU TOCJIE pa3pylI€HUs BPEMEHHOW YepBOTOYMHBI? ABTOp [9] nmumieT:

«Kax MbI OOBSCHSIIH ... HEOJTHO3HAYHOCTH, HE TIO3BOJIIET CYIIECTBOBAHUE TTAPaI0KCOB
MYTELIECTBUS BO BpEMEHU B 0011l TEOPUU OTHOCUTEIBLHOCTH - HE3aBUCUMO OT TOT0, YTO
IPOM301LUIO0 ObI B IPUYUHHON 00JIaCTH, TPOCTPAHCTBO-BPEMSI BCET/1a MOXKET Pa3BUBAThCA TaK,
yTOOBI N30€XKaTh JIFOOBIX APaTOKCOB (KEPTBYIO MAITMHOW BPEMEHH, B KpaifHEM ciTydae).
[Momyuarorieecst Mpu 3TOM IPOCTPAHCTBO-BPEMsI HHOT/A ... JIIOOOIIBITHO HAIOMUHAET OJTHY U3
MHOT'O-MUPOBBIX KapTHH.»

CrnenyeTr OTMETUTD, YTO C TOYKU 3PEHMS BHEIIHETO PEAJILHOTO MAKPOCKOIIMYECKOIO
HaOJI0IaTelNs CUTYallHs, KOT1a MyTeIIECTBEHHUK MOr0 B Y4epBOTOYMHE MJTU TIOMAl B «MHOM
MUD», SKCIIEPUMEHTAIBHO HEOTIIMYMUMBI. DTO 3KBUBAJIEHTHO CUTYallMH, KOTA Ty TEIIECTBEHHUK
najaeT B YEpHYIO AbIPY: HAM HE U3BECTHO OYET JIM OH pa3/iaBlieH B CHHTYJIIPHOCTH WIIN
NOTIAJIET B «MHOU MHpP» depe3 Oemyto AbIpy. (XOTs A caMoro MmyTelIeCTBEHHUKA 3Ta pa3HHIa
HaOmogaema u cymecTBeHHa. Ho oH yHeceT cBOM Bce 3TH CBOM HAOIOICHHSI ¢ COOOM B «HHOM
MUD».)

CdopmynnpyemM OKOHYATENbHBIN BBIBOJI: 0J151 MAKPOCKONUYECKUX NPOYeCcco8 HEyCTOMYUBOCTh
IPOIIECCOB ¢ yOBIBAHWEM SHTPOIHHU U COMYTCTBYIOIIAsE €if CHHXPOHM3ALIUS CTPENl BPEMEHH B
MOJIABJISIFOLIEM YHCIIE CIyYaeB J1€aeT HEBO3MOXKHBIM MOSBICHUE HAYAJIBbHBIX YCIOBHUI
HECOBMECTHUMBIX C CYILIECTBOBAHMEM 3a/laHHBIX YEPBOTOUYHMH. TeM caMbIM MPEAOTBPAILAETCS KaKk



UX pa3pylIeHHUe, TaK U MyTEUIECTBUS 10 HUIM MaKpOCKOIIMYECKUX TeJl B IPOLLIOE, IPUBOJAIIEE K
«TapasIoKCy AETYLIKN.

J71s1 O4eHb MAJIOBEPOSITHBIX CUTYaIlHi B CITydae MaKpOOOBEKTOB U JIJISI MUKPOCKOITHIECKHUX
CHCTEM MOXET Pean30BaThCs yKe paHee OTMEUEHHOE 3aMeyaTeIbHOe CBOMCTBO SKCTpEMalbHON
HEYCTOMYMBOCTH O0IIEH TEOPUH OTHOCUTEIBHOCTH: OECKOHEYHO MAaJloe BHEIIHEE BO3JCHCTBHE
MOJKET IOBJICYb Pa3pylIeHHE YEPBOTOUNHBI 32 KOHEYHOE BpeMs!

BniBoablI.

[Toasenem obutue utoru. [Ipomecc HaOIOAEHNS TOKEH HEN30€KHO YUUTHIBATHCS MIPH
paccMOTpeHNH BceX (U3MYECKUX MPOIIECCOB, YUTOOBI HCKITIOUUTH TOSIBIICHHE HEHAOTIOJaeMbIX B
PEaIbHOCTH SIBJIEHUM, IPUBOIAIIMX K Napagokcam. [Ipu 3ToM Hy’)KHO yUUTBIBaTh CIEAYIOIINE
Benu. HaGmronarens Hen30€KHO SBIISIETCS HEPABHOBECHBIM MaKPOCKOTTMUYECKUM Xa0THUIECKUM
TEJIOM C TEPMOJIMHAMUYECKOM CTPEJION BPEMEHH, ONIPEAEIISIEMON HAPABIEHUEM pOCTa
SHTPONHUHU. Bee u3MepeHus: OH NPOU3BOIUT OTHOCUTEIIBHO 3TOW BPEMEHHOU CTPEIIbI BPEMEHU.
JlunaMuKa TeJ, OTHOCUTEILHO 3TOW CTPEJIbl BPEMEHHU Ha3bIBaeTCs HAOII0IaeMON JUMHAMUKON U
OTJIMYAETCS OT UAECATBbHON JUHAMUKH, OTHOCUTEIIBHO KOOPIMHATHOM CTpeNon BpemeHu. Bee
TeJa OMUCHIBAIOTCA B HA0JII01aeMOil TMHAMUKE MaKpoIlapaMeTpaMu, B OTJIMYKE OT UACabHOM
JUHAMUKH, UCTIOJB3YIONIeH MUKpomapaMeTphl. TepMoAMHAMUYECKasl CTPEJIa BPEMEHH HE
CyIIECTBYET IIPU TEPMOJNHAMHUYECKOM paBHOBECHH. OHA MOXKET MEHSATh CBOE HAIIPaBJICHUE U HE
COBIIAJATh C KOOPJAMHATHOM CTPEIION BPEMEHHU UACAIBHON AUHAMUKU. Beerna cymecTByer
MaJjioe B3auMOJICHCTBHE MEKIy HaOo1aTenemM u Habmomaemoi cucreMoid. OHO MPUBOIUT K
CUHXPOHM3AINH TEPMOJTUHAMUYECKHIX CTpe BpeMeH! HabmoaTesns U HabaoJaeMoi CUCTEMBI.

MpsI BUIMM HEOOBIKHOBEHHYIO Belllb. Bce aTu coobpakeHust, KOTOpble HaM MO3BOJIMIH
pa3pemuTh napagoKe peayKINN B KBAaHTOBOW MexaHuke, napanokcel Jlommvuara (Loshmidt) u
[Tyankape B KJIacCHUECKOM MEXaHUKE MO3BOJISIOT pa3pemuTh HHPOPMAIIMOHHBIN MapaoKe
YEPHBIX JBIP U MApaJOKC ASAYILIKH JIJIs1 BPEMEHHBIX KPOTOBBIX HOP. 3amMedaTesibHast
YHUBEPCAIBHOCTB!

baarogapuocTu

S 6naromapro Hrvoje Nikolic u Vinko Zlatic 3a 00cy>x1eHust 1 TUCKYyCCUH, KOTOPbIE OYEHb
TIOMOTJIH TIPY HAITMCAHUH STON CTAThH.
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