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AHHoTanus. B paGore Ha 0ocHOBE HOBOM MOMTYKIACCHYECKOW TEOPUH TSATOTEHUSI CTPOUTCS
MOJENIb CHUPAIBHBIX TaJakTUK B YCIOBUAX JAMHAMUYECKOIO PABHOBECHS, BKIIOYAOIIAS
s dexT CKppITOit Macchl Wik “TeMHON MaTepun” . HoBast MOJIesb SBIISIETCS PACIIUPCHUEM
MOJIEJIN CTPOEHHUSI M SBOJIIOLMHU JUCKOBBIX TAJIAKTUK U MO3BOJISIET OMUCHIBATh CIUPAIBHYIO
CTPYKTYpbI, HAaOJIIOJaeMyI0 B OOJIIIMHCTBE JUCKOBBIX TalakTHK. OmnucaHWe ITUHAMUKU
BEILIECTBA CTPOUTCS C MCIIOJIB30BAHHMEM JIArpaHKEBa MOJXO0JA, MPUMEHSAEMOro M K mapa-
METpaM CIUIOLIHOM Cpebl, U K NOJIIO TAroTeHus. [lonydenHas Moaens moanepKuBaeT Teo-
PHIO BOJIHBI IJIOTHOCTH U YCTaHABIIMBAET CBSA3b MEXKIY CIUPATBHBIMU CTPYKTYypamMu U 3¢-
(heKTOM CKPBITON MaCCHhL

KiroueBbie ci1oBa: mosykjaaccuueckasl T€OpHsl TATOTEHUS], CIIUPATbHbIC TaJTaKTUKU, JUHA-
MHUYeCKoe paBHOBecHe, 3(PPEKT CKPHITOI MacChl, aBTOMOAETHHAS SBOIOIHUS

BBenenne. B 001ieii Teopuu IHCKOBBIX T'aJaKTHK UMEIOTCS JIBE OCHOBHBIX IPO-
onewmsl. [lepBoii sIBIIsIETCS TUTOCKAsi KpUBasi BpAIlCHHs TAJIAKTUK HA MX Mepudepun
[1, 2]. Bropas — ¢opMupoBanre U SBOIIONMS CIUPAIBHBIX CTPYKTYD, KOTODPHIE
obnamaroT OosbmM pasHooOpasuem (opwmsr [3, 4]. Pemenne mepBoii mpo6ieMbl
UIIyT 00 B paMKaxX THUIIOTE3BI O CYNIECTBOBAHUH 3K30THUECKUX (HOPM MaTepuu
(“remuas marepus”), B3aMMOJIEHCTBYIOIINX C OOBIYHON TOJNBKO C MOMOIIBIO Ipa-
BuTanonHoro mojst [1,2], mu6o B paMkax rumoTessl 0 HapPyIIEHHUH 3aKOHA TATOTE-
uust Herorona Ha macirrabax ragaktuk (3¢dexr ckpeitoii Maccsl, Teopust MOND)
[1, 2].

B paGotax [5, 6] mpemiosken HOBBIM MOAXOA K PEIICHHUIO MIEPBOM MPOOIEMEI
JMCKOBBIX TaJTaKTUK — 3¢ (PeKTa CKPBITOM MacChl, OCHOBAHHBIN Ha MOJTyKJIacCHYe-
CKOH TEOpHH TSATOTCHHS W JIATPAH)XCBOM (OpMaM3Me TIPH ONMUCAHHWH TIOJS TATO-
TeHus. B 3TuX paboTax Ha OCHOBE HOBOW MONYKJIACCUYCCKOW TEOPHH TATOTEHUS
OBLIH MOJTYYCHBI M MPOAHAIN3UPOBAHBI YPABHCHUS JUHAMHUKH JHCKOBBIX TaJaKTHK
¢ 3¢ (eKTOM CKpPBITON MacChl, BOSHUKAIOIIEM IIPH €CTECTBEHHOM PAaCIIUPEHUN HO-
BOI'O MPEACTABIICHUS PELIEHNN ypaBHEeHUs [lyaccoHa KIIaCCUMYECKOM TEOPUU TSITO-
TEHHMS IS CIUIOIIHOM CPEIbl C IIOMOIIKIO JIATPAHXKEBBIX IEPEMEHHBIX (MapKepoOB).

B Hacrosimieit pabore, MOAX0M, M3I0XKEHHBIA B paborax [D, 6] B orHOIIEHNH
JVICKOBBIX TaJaKTHK, 00JIATAIONINX MIHHIPHISCKOH CUMMETpUe, MOTupUInpy-
€TCsI C IIeJIbIO BKIIFOUUTH B 3TO OMKMCAHNUE U CIIUPATBHON CTPYKTYPHI raiakTuk. Oc-
HOBHOM 3ajiaueil TaHHOW padOThI SBJISIETCS MOCTPOEHUE MOJIEIN JUHAMUYECKOTO
PaBHOBECHSI TAJTAKTUK CO CITUPATbHBIMH CTPYKTYPaMH.
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MeTtoasl 1 marepuaJbl; pe3dyiabrarbl. [locTpoeHne MoAenu MUCKOBBIX ra-
JAKTUK CO CIUPAJIbHON CTPYKTYpOM B pabOTE OMMpAeTCss HA JArpaHKeB MOAXOJ
ONMCAHWs JWHAMKHM BpaLAOLIECHCs CaMOTPaBUTHPYIOIIEH CIUIOIIHOW cpenbl. B
TaKOM IOXO0JI€ UCIIONIB3Y€eTCs HOoIydeHHoe B [D, 6] mpencrasienue rpaBuTaliioH-
HOT'O TOJISI KJIACCUYECKON TEOPUH TATOTEHHUS C IMOMOIIBIO JIATPAHKEBBIX IIEPEMEH -
HbIX. OnucaHue JUHAMHUKU CpeAbl CTPOUTCS B paMKax TEOPUH JTUHAMUYECKOTO
paBHOBecHs acTpodu3ndyeckux o0bekToB [7]. B paboTe BbIBEIEHBI ypaBHEHHUS
CTPOCHHUSI M aBTOMOJIEJIBHOM SBOJIOIUU JHCKOBBIX TaJaKTUK CO CIUPAIBHOU
CTPYKTYpOH, ¢ yuetom sddekra cKpbITol Macchl. [IpoaHann3npoBanbsl 0COOEHHO-
CTU aBTOMOJICJIbBHOM 3BOJIIOLIMM JAUCKOBBIX TaJakTHK B JUHAMHYECKOM paBHOBE-
cuu. [IpoBefeH aHanu3 CTPYKTYpbl 30HAJIBHOIO MOTOKA CPEJIbl U €r0 CBSI3U C BOJI-
HOU IUIOTHOCTH.

3akirouenue, IloctpoeHHass MOJEIb CTPOCHUSI U aBTOMOJICIIBHOM BOIIOIUHN
JIMCKOBBIX TaJaKTHUK MOKET PacCMaTpUBATHCS KaK HOBBIM BapuUaHT TEOPUU BOJIHBI
IJIOTHOCTH BMECTE, YUUTHIBAOIIEH d(DPEKT CKPHITOM MACCHI.

Paboma sevinonnena 6 pamkax Coenawenus o npedocmasieruu cyocuouu
u3 ghedepanvroco 6100xcema Ha hunancosoe obecneyenue binOJHEeHUs
20CY0apCmeeHHo20 3a0aHUsl HA OKA3AHUe 20CYO0aPCMBEHHbIX Y Ly
(6vinonnenus pabom) Ne 073-03-2025-066 om 16.01.2025, saxarouennvim
medxncoy @I'bOY BO «Yal'llY um. U.H. Yivanosa»

u Munucmepcmeom npocseewenus Poccuiickoi @edepayuu.
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Abstract. In this paper, a model of spiral galaxies under dynamic equilibrium conditions is
constructed based on a new semiclassical theory of gravitation, including the effect of hid-
den mass or “dark matter”. The new model is an extension of the model of the structure and
evolution of disk galaxies and allows one to describe the spiral structure observed in most
disk galaxies. The description of the dynamics of matter in the structure of spiral galaxies is
constructed using the Lagrangian approach, applied not only to the parameters of the con-
tinuous medium, but also to the gravitational field. The resulting model supports the density
wave theory and establishes a connection between spiral structures and the effect of hidden
mass.

Keywords: semiclassical theory of gravitation, spiral galaxies, dynamic equilibrium, hid-
den mass effect, self-similar evolution

Introduction. There are two main problems in the general theory of disk galaxies.
The first is the flat rotation curve of galaxies at their periphery [1, 2]. The second is
the formation and evolution of spiral structures, which have a great variety of
shapes [3, 4]. The solution to the first problem is sought either within the frame-
work of the hypothesis of the existence of exotic forms of matter (“dark matter”)
interacting with ordinary matter only through a gravitational field [1, 2], or within
the framework of the hypothesis of the violation of Newton's law of gravitation on
the scale of galaxies (the effect of hidden mass, the MOND theory) [1, 2]. In [5, 6],
a new approach to solving the first problem of disk galaxies — the effect of hidden
mass, based on the semiclassical theory of gravitation and the Lagrangian formal-
ism in describing the gravitational field is proposed. In these works, equations of
the dynamics of disk galaxies with the effect of hidden mass, arising from the natu-
ral expansion of the new representation of solutions of the Poisson equation of the
classical theory of gravitation for a continuous medium using Lagrangian variables
(markers), were obtained and analyzed on the basis of a new semiclassical theory
of gravitation. In this work, the approach presented in works [5,6] in relation to
disk galaxies with cylindrical symmetry is modified in order to include in this de-
scription the spiral structure of galaxies. The main objective of this work is to con-
struct a model of the dynamic equilibrium of galaxies with spiral structures.
Methods and materials; results. The construction of the model of disk galax-
ies with a spiral structure in the work is based on the Lagrangian approach to de-
scribing the dynamics of a rotating self-gravitating continuous medium. This ap-
proach uses the representation of the gravitational field of the classical theory of
gravitation using Lagrangian variables obtained in [5, 6]. The description of the
dynamics of the medium is constructed within the framework of the theory of dy-
namic equilibrium of astrophysical objects [7]. The work derives equations for the
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structure and self-similar evolution of disk galaxies with a spiral structure, taking
into account the effect of hidden mass. The features of the self-similar evolution of
disk galaxies in dynamic equilibrium are analyzed. The structure of the zonal flow
of the medium and its relationship with the density wave are analyzed.

Conclusion. The constructed model of the structure and self-similar evolution
of disk galaxies can be considered as a new version of the density wave theory to-
gether with the effect of hidden mass.
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