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Annortanus. [letnesas kBantoBas rpasurtanust (LQG) siBisteTcst oHMM M3 TIEPCIEKTHBHBIX
KaH/JMJIATOB Ha pPOJib KBAHTOBOW TEOPUU MPOCTpaHCTBA-BpeMeHU. O HAKO, B caMOM ATOM
MOJIENT UMEETCS CYIIECTBEHHBIN KOHIIETITyalIbHBIN JAe(EKT: 3Ta MOJIeb, BHITEKAIOMIAs U3
neiictBust ['mnbOepra-ODHHIITENHA, ONUCHIBAET MPOCTPAHCTBO-BpeMs 0O€3 MaTepuu; IO-
ClIeJIHEE HE MOXET CYIIECTBOBATH B MPHUHIIUIIE, OCKOJIbKY IPOCTPAHCTBO-BPEMS CYTh CH-
cTeMa OTHOIIEHUH MEXIy mojisiMu MaTepuu. B nannoit pabore, cnenys uzaee [lenpoysa P.
0 KOMOWHATOPHOM MPOCTPAHCTBE-BPEMEHH, Mbl MepedOopMyIHpyeM MOJElb MEeTIECBON
KBAaHTOBOM I'PaBUTAIIMU UCKIFOUUTEIIBHO B TEPMUHAX ITOJIEW MATEPHH.

KiarueBble cjioBa: IMPOCTPAHCTBO-BPCM:, IICTIICBAA KBAHTOBAA I'paBUTALIUA, KBAHTOBAHHC

BBenenue. IlocTpoeHne KBaHTOBOM TEOPUU T'PABUTALMM SIBJISIETCS OJTHOW U3 OC-
HOBHBIX IIpo0OsIeM (pyHIaMeHTalIbHOHN pu3uku yxe cronerue. Hecmorps Ha 3Hauu-
TEJIbHBIE MATEMATUYECKUE YCIIEXU B IPUMEHEHUN COBPEMEHHBIX METOJI0B KBAHTO-
BOM Teopuu noJist K QyHKIMOHANY neicTBus [ unpbepra-DitHiiTeiHa, 10 cUX Mop
HE MOCTPOEHA TEOPHUS BBIPAXKAIOIIAs, HA KBAHTOBOM YPOBHE, CBOMCTBA IPOCTPaH-
CTBAa-BPEMEHHU 4Ye€pe3 XaApaKTEPUCTUKHU nosie marepuu. [locimennee nocraTodHo
JIETKO OCYULIECTBIISICTCS B KJIACCUYECKOM CIIyyae — 3a CUeT IPAaBOM 4acCTU ypaBHE-
HUW DUHIITEWHA — HO JI0 CHUX IIOP HE CJIEJIaHO B KBAHTOBOM CIIy4ae.

B nannoii pabote mpeuiokeH BBIBOJ T€OMETPUU MPOCTPAHCTBA-BPEMEHH Ha
IUTAHKOBCKUX MacIiTabax MyTeM HCIOJb30BaHUS CIHHOBBIX CETEH, MpeasioKeH-
ueix Pomkepom Ilerpoyszom B 1971 romy. JIo cuX HOp METOX CIHHOBBIX CETEM
MPUMEHSJICS JIMILb K JelcTBHIO ['mibOepTa-OHHIITEiHA, 3alIMCAaHHOMY B allTeKa-
POBCKHUX MEPEMEHHBIX.

Metoabl U MaTepHuaibl; pe3yJbTaTbl. OCHOBHBIMM METOJAMH, HCHOJIb30-
BaHHBIMHU B JIaHHOU paboTe, SBJISIIOTCS METOJ CIIMHOBBIX ceTeH, MeToAbl audde-
PEHIHMAIBHOW T€OMETPUN U TEOPUS MPEACTABICHUM TPYIIIL.

[TyreM oTOXAeCTBIIEHUs MOJIEH MATEPUM C AJIEMEHTAapHBIMU (HEPMHUOHHBIMU
METJISIMU, IIOCTPOEHA MOJENb MPOCTPAHCTBA-BPEMEHHU, B KOTOPOU I'€OMETPHUSI IIPO-
CTPAHCTBA-BPEMEHM ONpenesnsiercs Ha0OpOM KBAaHTOBBIX COCTOSHMM BCEX IMOJIEH
MaTepuyu BO BCeneHHOM, a CBA3HOCTh — TE€OMETPHUYECKAs XapaKTEPHUCTUKA IPO-
cTpaHCTBa-BpeMeHn — mpejcrasisier coboit SL (2, C) npeobpa3zoBanue mosneit
MAaTEPUU APYT OTHOCUTEIIBHO JIpyra BO BHYTPEHHEM IIPOCTPAHCTBE COCTOSTHUM.

3ak/iouenue. B nanHo# paboTe ymaaoch MPUMEHUTh METO]T CIIMHOBBIX CEeTen
HEIIOCPEACTBEHHO K CUCTEME I10JIEH MATEPHH.



16 Mockea, MITY um. H.3. BaymaHa, 7—10 urons 2025 2.

CnucoK UCTOYHUKOB

[1] Arowitt R., Deser S., Misner C.W. Dynamical structure and definition of energy in general
relativity. Physical Review, 1959, vol. 116, pp. 1322-1330.
https://doi.org/10.1103/PhysRev.116.1322

[2] Vaid D., Bilson-Thompson S. LQG for the bewildered: The self-dual approach revisited. Swit-
zerland, Springer, 2017, 138 p.
[3] Rovelli C. Ashtekar formulation of general relativity and loop-space nonperturbative quantum

gravity: a report. Classical and Quantum Gravity, 1991, vol. 8, pp. 1613-1675.
https://dx.doi.org/10.1088/0264-9381/8/9/002

[4] Ashtekar A. New variables for classical and quantum gravity. Physical Review Letters, 1986,
vol. 57, pp. 2244-2247. https://doi.org/10.1103/PhysRevLett.57.2244

[5] Ashtekar A. New Hamiltonian formulation of general relativity. Physical Review D, 1987,
vol. 36, pp. 1587-1602. https://doi.org/10.1103/PhysRevD.36.1587

[6] Barbieri A. Quantum tetrahedra and simplicial spin networks. Nuclear Physics B, 1998,
vol. 518, pp. 714-728. https://doi.org/10.1016/S0550-3213(98)00093-5

[7] Rovelli C. and Smolin L. Spin networks and quantum gravity. Physical Review D, 1995,
vol. 52, pp. 5743-5759. https://doi.org/10.1103/PhysRevD.52.5743

[8] Misner C.W., Thorne K.S., Wheeler J.A. Gravitation. New Jersey, Princeton University Press,
2018, 1336 p.

[9] Regge T. General relativity without coordinates. 11 Nuovo Cimento, 1961, vol. 19, pp. 558-571.
https://link.springer.com/article/10.1007/BF02733251

[10] Riihl W. Lectures on the Lorentz group and harmonic analysis. Geneva, CERN, 1967.
https://cds.cern.ch/record/223924/files/acad-27.pdf

Combinatorial Spacetime from Loop Quantum Gravity
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Abstract. Loop quantum gravity (LQG) is one of the promising candidates for the role of a
quantum theory of spacetime. However, there is a significant conceptual flaw in this model
itself: this model, following from the Hilbert-Einstein action, describes spacetime without
matter; the latter cannot exist in principle, since the spacetime is a system of relations between
the matter fields. In this paper, following the ideas of Roger Penrose on combinatorial space-
time, we reformulate the loop quantum gravity model exclusively in terms of matter fields.

Keywords: spacetime, loop quantum gravity, quantization

Introduction. The construction of a quantum theory of gravity has been one of the
main problems of fundamental physics for a century. Despite significant mathemat-
ical advances in the application of modern quantum field theory methods to the
Hilbert-Einstein action functional, no theory has yet been constructed that express-
es the properties of space-time at the quantum level through the characteristics of
matter fields. The latter is quite easy to do in the classical case — due to the right-
hand side of Einstein's equations — but has not yet been done in quantum case.
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In this paper, we propose a derivation of the geometry of spacetime on Planck
scales by using the spin networks proposed by Roger Penrose in 1971. So far, the
spin network method has been applied only to the Hilbert-Einstein action written in
the Ashtekar variables.

Methods and materials; results. The main methods used in this study are the
method of spin networks, methods of differential geometry and the group represen-
tation theory.

By identifying the matter fields with elementary fermionic loops, a model of
spacetime is constructed in which the geometry of spacetime is determined by a set
of quantum states of all the matter fields in the Universe, and the connection —
geometric characteristic of the space-time — turns to be SL (2, C) transformation
of matter fields relative to each other.

Conclusion. In this work, we have applied spin network method directly to the
system of matter fields.
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