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AHHOTaNMA. YCTAaHOBJIEHA HOBAas HEMHUHUMAaJbHAsA BEpCHs Teopuu DitHreitHa — [lupa-
Ka-aKCHOHA. DTa BEpCUsl HEMUHUMAJIBHOW TEOPUH, ONMCHIBAOIIAS B3aUMOJIEHCTBHE TPaBH-
TAIlMOHHOTO, CIIMHOPHOIO U aKCMOHHOIO TOJIEH, UMEET BTOPOM MOPSAOK MO MPOU3BOIHBIM
B KOHTEKCTE 3(PPEKTUBHON TEOPUHU MO U TIEPBBIA MOPSAAOK MO IMIIOTHOCTH YHCIIa CIIUHOP-
HBIX 4YacTull. MOJENbHBIM JarpaHkKuaH COJCPKUT YEThIpE IMapamMeTpa HEMUHUMAaJIbHOMU
CBS3U U BKJIIOYAET, B JONOJHEHUE K TeH30py Pumana, Puyum u ckanspy Puuunm, nesony-
aJIbHBIM U IIPaBOAYAJIbHBIN TEH30PBI KpUBU3HEL. [IceBrockansgpHoe nose nospisercs B ja-
rpaH)XKUaHe B TEPMHHAX TPUTOHOMETPUYECKUX (PYHKIIMH, oOecrieurBasi MOIIACPIKKY JHC-
KPETHOM CHMMETPHUHM, CBA3aHHOM C AaKCMOHAamu. DBeiBeneHa CBsA3aHHAs CHUCTEMA
pPaCIIMPEHHBIX OCHOBHBIX YPAaBHEHUU I FPABUTALMOHHOTO, COMHOPHOIO U aKCMOHHOT'O
noJsiell; o0CyXJIaercs CTPYKTypa HOBBIX HEMHHHMAJIbHBIX HCTOYHHMKOB, TMOSBIISIOIIUXCS
B JTHX OCHOBHBIX ypaBHEHHUsAX. PaccMarpuBaeTrcsi MpMMEHEHUE YCTAHOBJIECHHOM TEOpPUU
K M30TPOITHOW OJHOPOAHOU KOCMoJorudeckou mojenu; [IpencraBieHbl HOBBIE TOYHBIE
pelIeHNst ISl HECKOJIBKUX MOJIEJIbHBIX HAaOOpOB HANPABIAIOIIMX HEMUHUMAJIbHBIX Iapa-
MeTpoB. [IpencrasieHo cnenuanbHOE pelieHre, ONMKUCHIBAIONIEE dKCIOHEHIMAIBHBIN POCT
IUTOTHOCTH YKCJIa CIIMHOPOB; DTO PELIEHHE MOKAa3bIBAET, YTO CIIMHOPHBIC YacTUIbI (Mac-
CHBHBIE (DepMHUOHBI M 6€3MacCOBbIe HEUTPUHO) MOTYT POKIATHCS B paHHel Beenennoi us-
3a HEMUHUMAJIBHOT'O B3aMOJEHCTBHSI C KPUBU3HOM MPOCTPAHCTBA-BPEMEHH.

KiarueBble cjaoBa: AJIBTCPHATUBHBIC TCOPUU TI'paBUTAUUN, TCOPUSA 3ﬁHHITeﬁHa-I[HpaKa,
AKCHOH, CIIMHOP

BBenenne. lmess B BUYy YNOMSIHYTBIE JAETAIM UCTOPUM HEMUHUMAJIBHOW TEOpUU
MOJIs,, Mbl YCTAaHOBWJIM 3/I€Ch HOBYIO TMOJHYI) HEMHHUMAJbHYIO BEPCUIO TEOPUU
OiiHmTeitHa — J{upaka -akCHMOHA, KOTOpasi IMHEWHA 10 KPUBU3HE, UMEET BTOPOM
MOPSIZIOK IO MPOU3BOJIHBIM, JMHEWHA IO TUIOTHOCTH YHWCJIA CIIMHOPHBIX YaCTHIL
Y HEJIMHENHA M0 aKCMOHHOMY NoJt0. CTaThs OpraHM30BaHa CIEIYIOMUM 00pa3oM.
CHauasia Mbl CTPOUM JIArpaH)KMaH HEMUHUMAIIbHOW Teopuu DMHIITeliHa — Jlupa-
Ka-aKCHOHAa M BBIBOAUM pPACLIMPEHHBIE OCHOBHBIE YPAaBHEHMS [Jisi CIIMHOPHBIX,
MICEeBJOCKAISIPHBIX Y TPABUTAIIMOHHBIX TMOJIEH. 3aT€M MbI PUMEHSEM YCTAHOBJIEH-
HYIO PaCIIMPEHHYIO TEOPHUIO K OJTHOPOJHON M30TPOMHOM KOCMOJIOTMYECKON MO/Ie-
JIY, OIKCHIBAEM 3BOJIIOIMIO MHBAPUAHTOB CIUHOPHOTO ITOJISI, aHAJIU3UPYEM IOBE-
nenve GyHKIMU Xab0ma u macmtabHoro (aktopa. UToObl OBITH 00JI€e TOUHBIM,
B pasaene III MbI peayrupyemM OCHOBHBIE YpaBHEHHUS CIIMHOPHBIX, aKCHOHHBIX U
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IpPaBUTALMOHHBIX TOJIEH, MPUHUMAs BO BHUMaHUE CUMMETPHUIO TPOCTPAHCTBEHHO-
BpeMmeHHOUM mat@opmbl dpunmana — Jlemerpa — PobGeprcona — VYokepa
(FLRW). 3aTeM MBI MMeeM €0 ¢ TOYHO MHTETPUPYEMOM MOJEINBIO, B KOTOPOM
aKCMOHHOE I10JI€ 3aMOPOKEHO B OJHOM M3 MUHHMYMOB IMOTEHIIMAJa aKCHOHHOTO
HOJISL M, TAKAM 00pa3oM, HAXOJIUTCS B PAaBHOBECHOM COCTOSIHWH; B paszziene V ak-
CHOHHOE T0Jie 3a)UKCUPOBAHO B HECTAOUJIBLHOM COCTOSIHUH, CBSI3AHHOM C OJHUM
U3 MaKCUMyMOB MOTEHIIMAaja aKCHOHA. B koHIle MBI 00Cyk1aem (pu3nyecKue cie-
CTBHUSI HEMUHUMAJIbHBIX TPAaBUTOH-CIIMHOP-aKCUOHHBIX B3aUMOJICHCTBUH.

MeToabl U MaTepuabl; pe3yabTaTbl. HeMUHIMAaNbHbBIE YJIEHBI B JIATPaHKH-
aHe 9Toi Teopun GOPMYIMPYIOTCS KaKk TEH30pHbBIE TPOM3BEIeHUs TeH30pa Pumana
Rmnpq, ero nesogyansnoro, *Rmnpq, u npasoxyansaoro, R*xmnpq, tensopos,
a Tarke TeH3opa Puuun Rmn u ckansgpa Puyum R ¢ ogHOM cTOpOHBI, M ClIMHOP-
HO-aKCHOHHBIX TEH30POB U INCEBAOTEH30POB C JAPYroi cTopoHsl. Bece npousBoa-
HbI€ B HEMHUHUMAJIbHBIX YJI€HAaX MPOU3OLUIM OT TE€H30pa KPUBHU3HBI U €ro CBEp-
TOK; CIMHOPHO-aKCHOHHBIE TEH30pbl U  IICEBJIOTEH30pPHl HE  COJAepiKaT
NPOU3BOAHBIX. B 3TOM cMmbICie HaOOp HEMUHHUMAJIBHBIX YJIEHOB SBIISIETCS MOJI-
HBIM: HET HOBBIX HE3aBUCHUMBIX T€OMETPHUUYECKUX OOBEKTOB BILJIOTH O BTOPOTO
nopsiika MO TMPOU3BOAHBIM B KOHTEKCTe 3¢ (dekTuBHON Teopuu mois. [ns mo-
CTPOEHHUS MOJTHOTO JIarpaH)XHaHa MpeICTaBICHHON TEOPUH Mbl UCIIOIb30BAIN TaK
Ha3bIBa€Mble CITUHOPHO-aKCUOHHBIE TEH30Pbl U MCEBAOTEH30PHI. DTY UICI0 MOXK-
HO TOSICHUTH cieayromumM oOpasoM. Eciu B kauecTBE MHOXKUTENS UCIIOIB30BATh
HEUETHYI0 (DYHKIMIO SI @, TO MOJYy4YUM CHUHOPHO-aKCHOHHBIN MCEBIOTEH30P.
ITouemy MBI OrpaHMYMBAEMCS] pAMKAMU JIMHEMHON TEOPUU OTHOCUTEIIBHO IUIOTHO-
cTu yncia crnuHopHbIX yactuil N = yy  ? Eciau paccMarpuBaTh, HalpuMep, TEO-
pPHUIO BTOPOTO MOPS/AKA, TO JIarpaHXHaH CIEAyeT BKIIOYUTH MHOXKECTBO UJICHOB,
uveromnx Bua Rmnpq(yy myny)(yy pyq y), Rmnpqg(yy my)(yy  nypyqy),
Rmn(yy™ my)(yy 10 vy), ... u T. 1. O4EBUIHO, YTO TaKas MOJENb CTaHeT HedDheK-
TUBHOHN M3-3a OoybIIOro yncia (EHOMEHOJOTHUECKUX MapameTpoB. Hamomumm,
YTO MOCTPOEHHAs TEOPUs COJEPKUT BCETO UEThIpE HEMUHHMAIIBHBIX MapaMerpa:
B1, B2, P* u vx. MbI xoTenu Obl OOpaTUTh BHUMaHUE HA TO, YTO PACHIMPEHHBIC
ypaBHEHUS] CIIMHOPHOTO TOJSI UMEIOT CTPYKTYpPYy KaHOHMYECKOro ypaBHeHHs [lu-
paka, HO BMECTO 3aTPaBOYHON Macchl M, YMHOKCHHOW Ha eMHUYHYI0 MaTpuily E,
MBI TIOJTy4aeM 3PPEKTUBHYIO MAacCOBYIO MaTpuily M, KoTopas 3aBHCUT OT TeH30pa
KPUBU3HBI U OT AKCMOHHOTO MOJIsl. AHAJOTMYHO, PACIIMPEHHOE yPaBHEHHE IS
AKCUOHHOTO TIOJISI COJICPYKHUT BMECTO 3aTPAaBOYHOM Macchl MA 3 PeKTUBHYIO Mac-
cy akcuona MA, kortopas 3aBucut ot ckaisgpoB R u N. Dtu apdexruBHbie Macchl,
CBSI3aHHBIE C KPHUBHM3HOW MPOCTPAHCTBA-BPEMEHH, MNPEAOIPENECISIIOT MOBEACHHUE
CIIMHOPHBIX YacTUI] (MAacCUBHBIX (PEPMHUOHOB M GE3MaCCOBBIX HEWTPUHO) U JUHA-
MHKY aKCHOHOB B paHHeH BceneHHoM.

[Ipumenenue chopMyIMPOBAHHON HEMUHUMAIBHONW TEOPHUH K H30TPOITHOM
OJHOPOJIHOM KOCMOJIOTMYECKON MOJENN BBISIBUIO MHTEPECHYIO JAeTanb. Eciu BBe-
CTH OJWH CIOUHOPHBIA CKalsgp S =Wy ©W JBa CIHHHOPHBIX IICEBIOCKAIAPA
P =1iyy™ Sy, Q =vyy 0y y, To 3BOMIOIMOHHBIC YPABHEHUS /ISl OTHX BEJIHYHH 00-
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pa3yloT 3aMKHYTYIO cucteMmy auddepeHIuaibHbIX YPAaBHEHUM TIEPBOTO MOPSIKA.
Bbonee Toro, sTa cucrema MOMyCKaeT SIBHBIN MEPBBIA WHTETPaN, W, TAKUM 00pa3oMm,
ToJBKO aBe Benmumbbl, S(t) u P(t), xapakTepusyroT 3BOIOIUIO TPABUTALIMOHHOTO
HOJISL ¥ BXOJST B UCTOUHUK-YICH |, KOTOPBIN MPEIONPEaeIIIeT SBOIOIUI0 aKCHOH-
HOTO T0J1s1. MBI MOAPOOHO MPOAHATU3UPOBAIIN JIBE TOYHO UHTETPUPYEMbIE ITOIMO-
JICITA SBOJTIOIIMM HEMUHUMAJILHO CBSI3aHHOW CITMHOPHO-aKCUOHHOW CHCTEMBI B Tpa-
sutanonnom mose Tuma FLRW. B mepBoii moamozenu mceBaocKaasipHOE IMOJIe
MIPEIITOJIaraioch 3aMOPOKCHHBIM B OJTHOM M3 MHHUMYMOB TIOTEHITHAIa aKCHOHHO-
ro 1mois, ¢ = 27K, T. €. aKCHOHBI CYMTATUCH HAXOASAIINMKCS B PABHOBECHOM COCTO-
SHUM. AHajaM3 TOYHBIX pELIEHUH, ommchBaromuX QyHkmuio Xaodoma H(t),
maciirabubiii (akrop a(t) u mapamerp yckopenus —((t), mokassiBaer, 4To B 3aBHU-
CUMOCTH OT 3HAYEHH HEMUHHUMAJIbHBIX HAMPABIAIONIUX MapaMeTpoB P1, B, P*, v*
Bcenennas moxker OBITH OXxapakTepu3oBaHa creHapusiMu bosbinoro PaszpriBa,
bounbmoro B3peiea u [1ceBaopaspsiBa.

3akmouenune. Mbl 00Cyk /J1aeM HOBYIO BEPCHI0 HEMUHMMAJIbHOW TEOPHUHU
DiiHmTeliHa- [{upaka-akcioHa BTOPOTO TMOPSIKA IO MPOU3BOIHBIM M TIEPBOTO TT0-
psjiKa MO IUIOTHOCTH YKCJIa CIIMHOPHBIX YacTHIl N.

KakoBbl MHTEpECHBbIC JeTald 3TOW Teopuu? HemuHMMAallbHBIC YICHBI B Jia-
rpalkKuaHe 3To Teopuu GOPMYIHUPYIOTCS KaK TEH30PHBIE MPOU3BENCHUS TEH30pa
Pumana Rmnpq, ero siesoayansnoro, Rmnpg*, u mpaBoayanbHOro, TEH30pOB, a
TaKkke TeH30pa Puuyum u ckamspa Pudum R ¢ ogHON CTOPOHBI, M CIMHOPHO-
aAKCMOHHBIX TEH30POB U TICEBIOTEH30pPOB C APYroil cTopoHsl. Bece mpousBoaHbIe B
HEMUHUMAJIBHBIX WICHAX MPOU3OILIN OT TeH30pa KPUBU3HBI U €T0 CBEPTOK; CITH-
HOPHO-aKCHOHHBIE TEH30PHhI M TICEBAOTEH30PHI HE COAEPKAT MPOU3BOAHBIX. B aTOM
CMBICIIC HAO0Op HEMHHHMAJIBHBIX WICHOB, TIEPECUHCICHHBIX B PabOTE, SBIACTCS
MOJIHBIM: B KOHTEKCTE A((HEKTUBHON TECOPUHU TOJISI HET HOBBIX HE3aBUCHMBIX T'€O-
METPUYECKUX 0OBEKTOB BILIOTH JIO BTOPOTO TIOPSIKA IO TPOU3BOTHBIM.

Mps1 xoTenu Obl OOpaTUTh BHUMaHWE HA TO, YTO PACIIMPEHHBIC YpaBHEHUS
CIIUHOPHOTO TIOJISl UMEIOT CTPYKTYPY KaHOHWYECKOTO YpaBHEeHHs [/[npaka, HO BMe-
CTO 3aTPAaBOYHOM Macchl 1, YMHOKCHHON Ha €IMHUYHYIO MaTpuity E, MbI momyya-
eM (P PEKTUBHYIO MacCOBYIO MaTpuily M, 3aBUCSIIYIO OT TEH30pa KPUBHU3HBI U OT
aKCMOHHOTO TOJIs. AHAJOTHYHO, PACIIMPEHHOE YpaBHEHHE JJIsl aKCUOHHOTO TTOJIS
comepxut 3dexTuBHYI0 Maccy akcunona MA, 3aBucsinyio ot ckamsipoB R u N,
BMECTO 3aTPaBOYHON Macchl MA. D1u 3G (GeKTUBHBIC MACChl, CBSI3aHHBIC C KPUBU3-
HOW TPOCTPAHCTBA-BPEMEHH, MPEIONPEICIAIOT MOBEACHUE CIHUHOPHBIX YaCTHII
(MaccuBHBIX (PEPMHUOHOB M 6€3MAaCCOBBIX HEHTPHHO) M IUHAMUKY aKCHOHOB B paH-
Heu BeeneHHou.
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Abstract. The influence of growth of global energy consumption on changes in ecological
balance in nature is considered. The risks of further growth of use of non-renewable energy
sources are presented. The directions of development of alternative energy sources are
shown. The potential possibilities of application of nanotechnologies and innovative nano-
materials in production and transmission of energy aimed at saving natural resources and
reducing toxic emissions into the environment are listed. Taking into account the specific
properties of nanosystems, a conclusion is made about the need for systematic research to
assess the potential risks of application of nanomaterials aimed at ensuring a safe future of
mankind.

Keywords: Alternative theories of gravity, Einstein-Dirac theory, axion, spinor

Introduction. Keeping in mind the mentioned details of the history of the non-
minimal field theory, we established here the new complete non-minimal version
of the Einstein-Dirac-axion theory, which is linear in curvature, is of the second
order in derivatives, is linear in the number density of spinor particles and non-
linear in the axion field. The paper is organized as follows. At first we construct the
Lagrangian of the non-minimal Einstein-Dirac-axion theory, and derive the extend-
ed master equations for the spinor, pseudoscalar and gravitational fields. Next we
apply the established extended theory to the homogeneous isotropic cosmological
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model, describe the evolution of the spinor field invariants, analyze the behavior of
the Hubble function and of the scale factor. To be more precise, in Section III we
reduce the master equations of the spinor, axion and gravity fields, taking into ac-
count the symmetry of the Friedmann-Lemaitre-Robertson-Walker (FLRW) space-
time platform. Then we deal with the exactly integrable model, in which the axion
field is frozen into one of the minima of the axion field potential, and thus is in the
equilibrium state; in Section V the axion field is fixed in the instable state related to
one of the maxima of the axion potential. In the end we discuss physical conse-
quences of the non-minimal graviton-spinor-axion interactions.

Methods and materials; results. The non-minimal terms in the Lagrangian of
this theory are formulated as tensorial products of the Riemann tensor Rmnpq, of
its left-dual, *Rmnpq, and right-dual, R*xmnpq, tensors, as well as, of the Ricci ten-
sor Rmn and Ricci scalar R on the one hand, and of the spinor-axionic tensors and
pseudotensors, on the other hand. All the derivatives in the non-minimal terms
originated from the curvature tensor and its convolutions; the spinor-axion tensors
and pseudotensors do not contain derivatives. In this sense, the set of the non-
minimal terms is complete: there are no new independent geometrical objects up to
the second order in derivatives in the context of the Effective Field Theory.

In order to construct the complete Lagrangian of the presented theory, we
used the so-called spinor-axion tensors and pseudotensors. One can explain this
idea as follows. If we use the odd function sin ¢ as the multiplier, we obtain the
spinor-axion pseudotensor. Why do we restrict ourselves by the frameworks of the
linear theory with respect to the spinor particle number density N = yy~ ? If we
consider, e.g., the theory of the second order, we should include into the Lagrangi-
an a lot of terms, which have the form Rmnpq(yy myny)(yy™ pyq v), Rmnpq(yy™
my)(yy~ nypyqy), Rmn(yy™ my)(yy™ n y),..., etc. Clearly, such a model would
become non-effective because of the large number of phenomenological parame-
ters. Let us recall that the constructed theory contains only four non-minimal pa-
rameters: B1, B2, p* and v.

We would like to attract attention to the fact that the extended equations of the
spinor field have the structure of the canonic Dirac’s equation, but instead of the
seed mass m multiplied by the unit matrix E we obtain an effective mass matrix M,
which depends on the curvature tensor and on the axion field. Similarly, the ex-
tended equation for the axion field contains the effective axion mass MA, which
depends on the scalars R and N, instead of the seed mass mA. These effective
masses, associated with the space-time curvature, predetermine the behavior of the
spinor particles (massive fermion and massless neutrinos) and the dynamics of the
axions in the early Universe.

Application of the formulated non-minimal theory to the isotropic homogene-
ous cosmological model revealed an interesting detail. If we introduce one spinor
scalar S = yy~ and two spinor pseudoscalars P = iyy~ by, Q = wyy~ Oy v, the evo-
lutionary equations for these quantities form the closed system of differential equa-
tions of the first order. Moreover, this system admits the explicit first integral, and
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thus, only two quantities, S(t) and P(t), characterize the evolution of the gravita-
tional field, and enter the source-term J, which predetermines the evolution of the
axion field. We analyzed in detail two exactly integrable sub-models of evolution
of the non-minimally coupled spinor-axion system in the gravity field of the FLRW
type. In the first sub-model, the pseudoscalar field was assumed to be frozen into
one of the minima of the potential of the axion field, ¢ = 2xk, i.e., the axions are
considered to be in the equilibrium state. Analysis of the exact solutions describing
the Hubble function H(t), scale factor a(t) and acceleration parameter —q(t) shows,
that depending on the values of the non-minimal guiding parameters B1, B2, p*, vx
the Universe can be characterized by the Big Rip, Big Cranch and Pseudo-Rip sce-
naria.

Conclusion. We discuss the new version of the non-minimal Einstein-Dirac-
axion theory of the second order in derivatives and of the first order in the spinor
particle number density N = yy ™. What are the interesting details of this theory?
The non-minimal terms in the Lagrangian of this theory are formulated as tensorial
products of the Riemann tensor Rmnpq, of its left-dual, Rmnpq*, and right-dual,
tensors, as well as, of the Ricci tensor and Ricci scalar R on the one hand, and of
the spinor-axionic tensors and pseudotensors, on the other hand. All the derivatives
in the non-minimal terms originated from the curvature tensor and its convolutions;
the spinor-axion tensors and pseudotensors do not contain derivatives. In this
sense, the set of the non-minimal terms listed in research is complete: there are no
new independent geometrical objects up to the second order in derivatives in the
context of the Effective Field Theory.

We would like to attract attention to the fact that the extended equations of the
spinor field have the structure of the canonic Dirac’s equation, but instead of the
seed mass m multiplied by the unit matrix E we obtain an effective mass matrix M,
which depends on the curvature tensor and on the axion field. Similarly, the ex-
tended equation for the axion field contains the effective axion mass MA, which
depends on the scalars R and N, instead of the seed mass mA. These effective
masses, associated with the space-time curvature, predetermine the behavior of the
spinor particles (massive fermion and massless neutrinos) and the dynamics of the
axions in the early Universe.
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