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AHHoTanus. B paboTe paccMaTpUBaOTCs CBOMCTBA TOHKOTO aKKPEIMOHHOTO JNCKa (1aee
JMCKa), 00pa30BaHHOIO BOKPYI aKyCTHUYECKOH depHOi apipbl IlIBapummibaa. TTokasaHo
BIIUSIHUE TapaMeTpa & Ha KUHEMaTUYECKUEe XapaKTEPUCTUKH, TAaKUE KaK YIIIOBasi CKOPOCTh,
3¢ dexTuBHBI yriioBoM MOMEHT U 3@deKkTuBHAs SHeprus cBs3u. Paccuurtan pagumyc
HAaMMEHBIIEH CTAaOMIBLHOW OPOWTHI YaCTHIl AWCKA. BBISBICHBI OTIWYHUTENBHBIC NMPU3HAKU

JIMCKA aKyCTUYECKOM YEepHOM JIBIPBI OT CTaHAAPTHOW 4epHOU Ablpbl llIBapummunsaa. B pa-
00Te UCTIOB30BaHa CUCTEMA €IMHUIL U3MepeHus ¢ = G = 1.

KuiroueBble ¢j10Ba: TOHKHMI aKKpEUHOHHBIM AUCK, Moaenb HoBukoBa — TopHa, uepHas
npipa [IBapmmibaa, akycTU4yeckas YepHas Jpipa

BBenenue. lnes «akyCTHYECKHMX YEPHBIX [bIp» BIEpPBBIC ObLTA TPEAIOKECHA
V. k. Yupy B padore [1] u mogpo6uo paccmorpena M. Buccepom B padote [2].
Takue yepHbIC ABIPHI MOTYT 00Pa30BBIBATHLCS MPHU JABMKCHUH KUIKOCTH CO CKOPO-
CTBIO, TIPEBBIIAIOIIEH JIOKAILHYIO CKOPOCTh 3BYKa, YTO B KOHEYHOM HUTOTE MOXKET
MpUBECTU K (HOPMHUPOBAHUIO MCKPUBIEHHOTO MpOCTpaHCTBa-BpeMeHu. [Ipumeya-
TEJIBHBIM SIBJISIETCS TOT (PAKT, YTO AHAJOTH €aKyCTHYCCKHUX YEPHBIX JBIP» OBLIN
SKCIIEPHMEHTAIBHO Pean30BaHbl B KoHaeHcare boze — Diininreiina [3]. B cBs3u
C ATUM HHTEPECHBIM OyJIET MCCIIeIOBAaTh CBOMCTBA IMCKOB, 0OPa30BAHHBIX BOKPYT
ATUX YEPHBIX JIBIP.

MeTtoabl 1 MaTepuaibl; pe3yJabTaThbl, SIBICHUE aKKPEIIUU BOKPYT KOMITAKT-
HBIX 0OBEKTOB SIBJISIETCSI XOPOIIUM UHCTPYMEHTOM JIJISl OTIPEIeTICHUS TUTIa 00 BEKTa
u ero ceoicTs [4]. TlepBoe BcecTOpPOHHEE MCCIIE0BAHUE JTUCKOB C MCITOIb30BAHM-
€M HBIOTOHOBCKOTO II0X0a ObLI0 caenano B padore [5]. [To3auee oOmias pensaTu-
BHUCTCKasi MOJIETIb IUCKa Obla pa3paboTaHa B OCHOBoMoJararomux padorax Hosu-
xoBa u Topua [6], Ileitmxa u Topua [7] B npeanonokeHuu, 4to AUCK HAXOIUTCS
B CTALIHOHAPHOM COCTOSHHH, TO €CTh TEMII aKKpewny Maccsl M = dM /dt mocros-
HEH BO BPEMCHU WM HE 3aBHCHT OT paaWyca aucka. lIpenmonaraercs, 4To IUCK
HAXOJIUTCS B THAPOJMHAMUYECKOM U TEPMOJIMHAMUYECKOM PaBHOBECHH, UTO 0OeC-
MEYMBACT AJIEKTPOMATHUTHBIN CIEKTP W CBOMCTBA MCITYyCKA€MOTO M3Iy4YECHHs dep-
HOTO Tena. Mojenb JMcKa TakKe MPEeAroJiaraeT, YTo OT/EJIbHbIE YACTHUIIbI JBU-
KYTCS TI0 KEIUIEPOBCKUM OpOMUTaM MEXIy paadycoM HaMMEHBINEH CTaOMIHHOM
OpOUTEI 73, U BHEIIHUM PAIUYCOM T, ;.
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B paGote Oblmu uccienoBaHbl KHHEMAaTHUYECKUE M HM3JTy4yaTellbHbIe CBOMCTBA
IUcKa, 00pa30BaHHOTO BOKPYT aKyCTHUECKOUN uepHo# aAblpbl LIBapummnbaa, KoTo-
pas ommchiBaeTcs Maccoit M M akycruueckum napamerpom ¢. Ilpu 3HaueHMsIX
¢ < 1 mpodunu yrioBodl CKOpPOCTH MPAKTUUYECKH HE OTIMYAIOTCS OT mIpoduieit
JMcKa B ciaydae yepHoi nbipel [lBapiimmnbiaa. [Ipu 3nadenusx 2 < § < 4 1o mepe
NPUOJIMKEHUST K paguyCy TOPU30HTA COOBITHA CKOPOCTh YacTHUL[ YMEHBIIAETCS
U npu & =4 (dKCTpeMalbHbINA Cilydaii) HAOJIIOJAETCS paspbiB C ACHMIITOTOM
Ha 7 = 4M, 9TO HEe XapaKTePHO I aCTPOPU3UUECKUX YEPHBIX JIBIP.

3akuouenue. VccienoBanbl KHHEMAaTHUYECKHUE CBOMCTBA AUCKA aKyCTUYECKOM
yepHoU nbIpbl IBapmuneaa. B ganpHemeM miaHUpyeTcsl UCCIEN0BATh CBETH-
MOCTb M TemmepaTypy Aucka. [lomyueHHble pe3yiabTaThl B OyaylieM MOTYT ObITh
MCITIOJIb30BaHbI B DKCMIEPUMEHTAIBLHON acTpopu3MKe, B YACTHOCTU B MUCCUU Mui-
JIMMETPOH.
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Abstract. This study considers the properties of a thin accretion disk (disk) formed around
an acoustic Schwarzschild black hole. The influence of & on kinematic characteristics, such
as angular velocity, effective angular momentum, and effective binding energy was shown.
The radius of the innermost stable orbit of the disk-shaped particles is defined. The distinc-
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tive features of the acoustic black hole disk compared with the standard Schwarzschild
black hole have been revealed. The system of units of measurement ¢ = G = 1 is used in
the work.

Keywords: thin accretion disk, Novikov — Thorne model, Schwarzschild black hole,
acoustic black hole

Introduction. The idea of “acoustic black holes” was first proposed by W.]J. Unruh
in [1] and considered in detail by M. Visser in [2]. Such black holes can form when
a liquid moves at a speed exceeding the local speed of sound, which can eventually
lead to the formation of a space-time curvature. Remarkably, analogs of "acoustic
black holes" have been experimentally realized in the Bose — Einstein condensate
system [3]. Therefore, it would be interesting to investigate the properties of disks
formed around these black holes.

Methods and materials; results. The phenomenon of accretion around com-
pact objects is useful tool for determining the type and properties of an object [4].
The first comprehensive study of disks using the Newtonian approach was per-
formed in Ref. [5]. Subsequently, the general relativistic disk model was developed
in the seminal works of Novikov and Thorne in [6] and Page and Thorne in [7] un-
der the assumption that the disk is in a stationary state, that is, the rate of mass ac-
cretion M = dM /dt is constant in time and does not depend on the disk radius. It
is assumed that the disk is in hydrodynamic and thermodynamic equilibrium,
which ensures the electromagnetic spectrum and the properties of the emitted
blackbody radiation. The disk model also assumes that individual particles move in
Keplerian orbits between the radius of the innermost stable orbit 7, and the outer
radius 7,,;.

This study investigated the kinematic and radiative properties of a disk formed
around an acoustic Schwarzschild black hole, which is described by mass M and
acoustic parameter &. At § < 1, the angular velocity profiles did not differ from the
disk profiles in the case of the Schwarzschild black hole. At 2 < & < 4, the particle
velocity decreases as it approaches the radius of the event horizon, and at § = 4
(extreme case), there is a gap with an asymptote at r = 4M, which is not typical for
astrophysical black holes.

Conclusion. The kinematic properties of the disk of the acoustic Schwarz-
schild black hole are investigated. In the future, it is planned to study the luminosi-
ty and temperature of the disk. The results obtained can be used in experimental
astrophysics in the future, in particular in the Millimetron mission.
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