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AnHoTaums. B paboTe mpuBOAATCS HEKOTOPBIE METOJIBI U TIPEABAPUTEIBHBIC PE3YyIbTaThI
HaOJII0AAaTEIHLHOTO MOUCKA IPOXOAUMBIX KpoToBhIX HOp (KH). OcHOBHas paccmatpuBaemast
MOJIENIbHAsE CHCTEMA IMpeAcTaBisieT coboi npoxoaumyro KH mpocreiimero tumna (cummBka
aByx mpoctpancTB IlIBapuimibiaa), o0beKT A M0 APYryro, HEHAOII0JaeMyI0, CTOPOHY
ropsioBuHbl KH 1 06bexT b Ha Habmonaemoit ctopone. B xauectBe kanauaaroB B KH mpu-
HUMAETCS PsAll peaibHBIX OOBEKTOB, B HACTOSAIEE BPEMS OTOXKIECTBJICHHBIX KaK YEpHBIC
neipsl (Y)1), PaccmarpuBaroress UJI 3Be3AHBIX Macc B ABOMHBIX CHCTEMAX, a TAKXKE CBEPX-
MaccuBHas YJ| B nentpe Hamieit ['anaktuku. B kauectBe 00bekTOB A 1 b BBICTyMaIOT 3B€3-
Il pa3IMYHbIX KJIacCOB. OCHOBHAs TEOpPETHYECKAs MPEANOChlJIKa OCHOBaHA Ha TMOMCKaxX
JOTIOJTHUTEILHOTO BO3MYIIAIOIIETO YCKOPEHUS, €T0 XapAKTEPHOT0 CUCTEMATUYECKOIO BIIU-
STHASI Ha HaOJI0JjaeMble JIBFDKCHUS OOBEKTOB B OKPECTHOCTSX MpE/IojiaraeMbIX KaHIUa-
toB B KH. Jlns mpoBepkr MoOJenH HCMONB3YIOTCS JaHHbIE KOCMHUYECKOW 00CepBaTOpHd
GAIA. C uenpio mpoBepKH MOJEIN COCTAaBIEH KaTajor Hauboliee IMEePCIEKTUBHEIX BOM-
HBIX 00BEKTOB. [|J1s1 HEKOTOPBIX PEAbHBIX CUCTEM OIICHUBAIOTCS BO3MYIIAIOIINE JTOTIOTHH-
TEJIbHbIE YCKOPEHUS U BbI3BAHHBIE UMU XapaKTEPHBIE EPUOJUYHOCTH CKOPOCTEM.

KimoueBble ¢10Ba: MPOXOAUMBIE KPOTOBBIE HOPBI, TPABUTAIIMOHHbIE BO3MYILECHHUS, KOCMU-
geckast ooceparopust GAIA

Beenenue. Kporoseie Hopbl (KH) mpeactaBistior co00#l CTPYKTYpBI MPOCTpaH-
CTBa-BpeMEHU HeTpuBUAIbHOW Tomonoruu. KH Obumn BHepBbIe MPEIOKEHBI
DitHmreitHoM u Poszenom [1] kak «moct DitHmreitna — Pozena». KH sBistrorcs
perrenusiMu kinaccuueckoit OTO wapsiay ¢ yepusiMu aeipamu (Y1), B cumy muo-
TOKpaTHOTO YBEpPeHHOro obHapyskeHus Y/l ¢ moMmormipio kak HaOIIOACHU 00beK-
TOB B UX OKPECTHOCTSAX, TaK M C IIOMOLIbIO HOBBIX METOAOB I'DaBUTALIMOHHO-
BOJIHOBOM AaCTPOHOMHHM, MOUCK U oToxzaecTBiIeHHne KH cTaHOBUTCA aKTyallbHOU
3anayeil. KH u YJI obnagaror xapakTepHbIMH acTpOPU3UYECKHUMH CBOWCTBAMH,
KOTOpBhIE Ha TEKYLIEM YpOBHE MOJeNei U HaOJI0JaTeIbHBIX TOYHOCTEH HEBO3-
MO>KHO C JJOCTOBEPHOCTBIO pazinunTh. OnHako takoe cBoiictBo KH kak npoxomu-
MOCTb, CBOMCTBEHHOE IIUPOKOMY TEOPETHUECKOMY KIIACCY TaKUX OOBEKTOB, MOXKET
MO3BOJIUTH MOJYYUTh acTpO(U3NUECKUE CBOWCTBA, XapakTepHble Toabko it KH.
ITpoxoaumocts KH M0kHO oOecriednBaTh KakK ¢ IMMOMOIIBIO OOBIYHOTO BEIISCTBA
[2], Tak ¥ ¢ TOMOIIBIO YK30THUECKON MaTepuu. TpaJHuIIMOHHO BBOJMUMAs SK30TH-
yeckas marepus JUisl CTaOMJIM3allMi TOPJIOBHHBI HAXOJUT TOATBEPXKICHUS B He-
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naBuux uccrnenoanusx Dark Energy Spectroscopic Instrument (DESI) [3], co-
IJIaCHO KOTOPBIM B OoJiee paHHel BceneHHoi uMeno MecTo JOMUHUPOBAHUE SK30-
TUYECKOTO BHJIa TEMHOW SHEPTUH — (PaHTOMHOM dHepruu. Takum oOpazoM, mpo-
xoauMmble KH mnosryyaroT OOMOMHUTENBHBIM KOCBEHHBIM CTATYC PEATUCTHUYHBIX
00BEKTOB.

Metoabl U MaTepuaJibl; pe3yJbTaTbl. PaccMaTpuBaroTCsi METOABI BO3MOK-
HOTO OOHapyxeHus npoxoanumbeix KH, ocHOBaHHBIE Ha TPaBUTAIIMOHHOM BIIUSTHUH
BO3MYIIAIOIIEro 00beKkTa (3Be3/1a, 0OBEKT A) IO TYT CTOPOHY CTAOMIIBHOM TOPIIO-
BuHbl KH Ha aBmwkeHus HaOmromaeMoro oobekra (3Be3na, oobekT B). st mpocTo-
o1 KH wuMeer Tomojaoruueckyr CTPYKTYypy JABYX CIHIMBOK MPOCTPAHCTB
IBapmmmnsaa. He cmotps Ha T0, uto npocrenmue KH [IBapumminbaa He MoryT
OBITH MPOXOAUMBIMH, MBI MPUHUMAEM TaKoe NPHUOIMKEHUE 0e3 ydeTa METPUKH
BOJIM3M TOPJIOBUHBI B CHJIy TOTO, YTO UCXOJSI U3 PACCMOTPEHUS PeaIbHBIX acTpo-
¢busnyeckux cucteM 00bekT b HaxomuTcs Ha 3HauMTedbHOM ynanenun oT KH
U acuMmnToTuueckoe mpudmmkenue llIBapmmmibaa MoKeT ObITh TPUMEHUMBIM.
B nanpHeiiimem rutanupyercs y4deT 0osee TOHKUX 3P ¢EKTOoB, 3aBUCAIIUX OT BUIA
KOHKPETHOM METpHUH M ee mapaMeTpoB ais npoxoaumoit KH co crabunbHol rop-
noBHHOM. McciienyroTes 1Be pa3inyHble CUCTEMBI, coaepxkamune kanauaara B KH.

B xauectBe kanguaatoB B KH paccMarpuBaercs cBepXxMacCUBHAsI YepHasi AbIpa
(4) Sgr A* B nenrpe I'agakTUKU U Psi 3BE3T (00BekTHI B), obpararonmxcs 1o
AITUITHYECKUM OpOUTaM BOKpYT Hee. B ponn 00bekToB b BhICTynaroT cieayromue
3e3abl: 52, S21, S23, S4711, S4, S62. B posn o0bekTa A 10 Jpyryro CTOPOHY OT
ropsioBuHbl KH BbICTYyMatoT Mo/ieIbHBIC 3BE3/1bI HA DJUTMIITUYECKUX OPOUTAX.

PaccmatpuBarotcs kanauaarsl B KH B Buge Y/ 3Be3nubix Macce. B ponu 00b-
ekTa b BeIcTynaroT HelTpoHHbIE 3Be3/1b1, 3Be3bI Kiacca O (VFTS-243) wnu knacca
B, B 1.4. 06bexThl GAIA. B poin 06beKkTa A 10 APYTyIO0 CTOPOHY OT TOPJIOBUHBI
KH ananorun4so 1.1 BeICTYnarOT MOJICIBHBIC 3BE3/IbI HA DJUITMIITHYECCKUX OPOUTAX.

B pa6ore aBropoB [4] nccienoBanoch JOMOIHUTENLHOE BO3MYILNAIOIIEE YCKO-
peHue, co3maBaeMoe 00beKTOM A i1t 00bekTa b, KOTOpO€ 3aBUCHUT OT MapaMeTpoB
paccMaTtpuBaeMbIX cucteM: Maccbl kaHnuaara B KH, paauyca ee ropioBussl, pa-
JIUANBHOTO yAAJIeHUs] HaOII0JaeMOro 00bEKTa OT TOPJIOBUHBI, a OT TaKXKe Iepu-
LEHTPUUYECKOTO U AamnoIEHTPUYECKOIO0 PACCTOSHUNM BO3MYIIAIOIIETO O0BeKkTa A.
B paccmarpuBaeMoii MOJIeNId CYyIIECTBEHHBIM MPEUMYILECTBOM SIBJISICTCSI HE3ABU-
cUMOCTh d(PdeKTa OT KOHKPETHOTO BbiOOpa MeTpuku npoxoaumoit KH. beuto mo-
Ka3aHo [4], uTo BenmMUMHA BO3MYIIAIONIErO YCKOPEHHMS, OLCHEHHAs IS PeaabHbBIX
06bekToB, Bapbupyeres ot 107 1o 107 cm/c’, uro B GymylieM mpu yBeIuueHHH
TOYHOCTH HAOJFOJICHUM ITO3BOJIUT BBISIBUTH HCKOMBIN d(PhEKT.

B nannHoii paGoTe NMpUBOISTCS HOBBIE PE3YyJbTaThl KAaCaTEIbHO BO3MOKHBIX
CroCOOOB BBISIBIICHHSI XapaKTEPHBIX MEPUOJUYHON JIBUKEHUM O00BEKTOB b mpu
BJIMSIHUN Ha HUX 00bekTOB A. PaccmatpuBatorcs cuctembl S2, GAIA BH1, GAIA
BH3. TTokazaHo, 4to BeIAEIeHHE d3PPEeKTa BO3MYIIAIONIETO0 YCKOPEHUS Ha OCHOBA-
HUW HaOJIOJEHUH JIydeBOM CKOpocTH 00bekTa b m ee cpaBHeHHs ¢ OxuAaeMOi
KEIUIEPOBCKOU TpebyeT mumTenbHbix HaOmonenuii (or 10 mer), ommako Moxer
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OBITH YJIYUIIIEHO IyTEM HMCIOJIb30BaHMS (PUIHTPOB M3 MCKOMOTO CHUTHAjla M3BECT-
Horo npoduis. Takke OTMETHM, UTO IS 3BE€3]] B TAIAKTUYECKOM HEHTpe dPdekT
BO3MYIIAIOMIETO YCKOPEHUS MpeoOdsiaaeT HajJl OCHOBHBIMH KOHKYPHUPYIOIIUMH
sddexramu (BO3MyIIIEHHEM OT OKPY KAIOIIMX 3BE3/] M OT TAJI0 TEMHON MaTepuu), a
TOYHOCTH OIPEJACIICHUS YCKOPEHHUS 3BE3/Ibl B IEPHUIICHTPE OPOUTHI JIBOMHOHN CH-
crembl o gaHHbIM GAIA, oreHenHas Kak QyHKIMS OIIMOOK HaOIIOJEHHUS Mapa-
METPOB JBOMHO# CHCTEMBI (Macc KasKI0i KOMIIOHCHTBI, SKCIICHTPUCHUTETA OPOUTHI,
HIEpHO/Ia), y’Ke COIOCTaBMMA C MPEICKA3bIBAEMON MOJIEIBIO PACUCTHOM BEIIMINHON
rnckomoro s dekra.

C menpro CHCTEMaTHYECKOTO aHaM3a yKa3aHHBIX 3((EKTOB MOCTPOCH Kara-
nora map «YJI 3Be3qHO# Maccel — 3Be3ga». 3Be3anl (00bekTHl B) ciemyer oTou-
paTh 10 MPUHIIAITY ONPEACISIEMBIX ¢ HAMMEHBIIMMH OIMOKAMU BEJIMYMH CKOPOCTH
U YCKOPCHHMS, a TaK’Ke HE TIOJIBEPKEHHBIX 3HAYUTEILHBIM aKKPEIIMOHHBIM 3 dek-
TaM, KOTOPbIE HE YUUTHIBAIOTCS B pACCMaTPUBAEMON MOJIEIIH.

3akiovenue., B ngaHHON paboTe MPOAOIKEHBI TMOUCKU HaOJI0IaTeIbHBIX
nposiBieHui nmpoxoaumeix KH co crabuibabiMu ropioBuHamu [4], a umenHo, uc-
CIICIIOBAHUS BIMSHUS BO3MYILAIOIIErO YCKOPEHHsT 00bekTa A (pacmosioKeHHOIro
10 IPYT'YI0 CTOPOHY TOPJIOBMHBI) Ha U3BECTHBIE Habr01aeMble 00beKThI b (3Be3/1BI
BOKPYT HeHTpa ['ajmakTuku; 3Be3/1pl B CUCTEMAaX, COJICpPIKAIIUX BTOPHIM KOMIIOHECH-
toM YXK 3Besguoit maccel). ITo coctosumio Ha 2024 1. TOYHOCTH OIpEAEIEeHUs
YCKOPEHHUS 3BE3/bI B TICPUIICHTPE OPOUTHI TBOWHON CHCTEMBI B AaCTPOMETPUICCKOM
npoekte GAIA comocraBuma ¢ mpeacKa3biBaeMON MOJICIIBIO PACCUCTHON BEIUYH-
HO# rckomoro sddexra, ot 107 mo 107 cm/c? [Ipu paccMOTPEHHH CHHTETHIECKHX
cucreM, coctosmux u3 npoxoaumort KH, o6bekTta A M HEUTPOHHOM 3BE3/bI B Ka-
JecTBe 00BekTa b Ha cTOpoHE HaOmIOAaTeNss MPH CIENHUATLHOM TOI00pe Macc
U mapamMeTpoB opOUT 3¢ (HEeKT BO3MYIIAIOIIETO YCKOPEHHS TOCTUTAaeT BEIMYHUH T10-
psaka 1.5 cM/c?, uto enaer UCCIICy MBIl TPAaBUTAIIMOHHBIN 3(PPEKT KPUTHUCCKU
3HAYMMBIM JJIs1 TToMcka npoxoauMbix KH B Hamel B Hamen ["amakTuke.

JlanpHenmas crparerus IOMCKa HETPUBUAIBHBIX CTPYKTYp BO BceneHHou
C HEOOXOUMOCTBIO JOJKHA BKJIIOYATH CIICIYIOIINE ATAIIbI.

HccnenoBanre nuHaMuuecKuX 3((PEKTOB B OTOOpPaHHBIX acTPO(DHU3UICCKHX
CHUCTEMaX, a UMEHHO: PsJl OOBEKTOB B IIMPOKHUX JABOWHBIX CHCTEMaxX W3 JaHHBIX
muccun Gaia (2024), comepxamux TeMHbIe 00BEKTH. B pamMkax 5To# 3am1auu Iia-
HUPYETCs opraHuzamus HabmrogaTeapHoW mporpammbl Ha teneckone bTA CAO
PAH, xak B ONTHYECKOM JUAIa30HEe, TaK U B PEKUME CIICKTPOCKOTTUICCKUX U3ME-
penuii. 13 Beimenenubix oobektoB cuctembl Gala DR3 4318465066420528000
(0.59 knk) u Gaia DR3 4373465352415301632 (0.48 xnx) nocTymHs! s HabIrO-
neHui B ycinoBusax bTA u mpeacTaBisiroT coO00W MEePCIEeKTHBHBIC KaHIUIATHI IS
COCTaBJICHHSI 3asBKH, OPTaHHW3AIlNU, MMPOBEIACHUS HAOI0OIATCIIFHOW MPOTPaMMBbl H
00paboOTKM pe3yIbTaTOB.

Pacuer u MonmenupoBaHHe CTOXaCTHYECKUX I'PABUTAIIMOHHBIX IMOJIEH C IIEJIBIO
ydeTa WX BIMSHHS Ha TPaBUTAIMOHHBIC BO3MYIICHHS, KOTOpPbIe 00BEKT A OyaeT
OKa3bIBaTh HA 00BEKT b.
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Abstract. The paper presents some methods and preliminary results of the observational
search for traversable wormholes (WHs). The basic model system under consideration is a
traversable WH of the simplest type (a stitching of two Schwarzschild spaces), object A on
the other, unobservable, side of the WH neck and object B on the observable side. A num-
ber of real objects, currently identified as black holes (BHs), are taken as candidates for
WH. BHs of stellar masses in double systems are considered, as well as a supermassive BH
in the center of the Galaxy. The objects A and B are stars of different classes. The main
theoretical model is based on the search for an additional perturbing acceleration and its
characteristic systematic influence on the observed motions of objects in the vicinity of the
supposed candidates for WH. Data from the GAIA space observatory are used to test the
model. In order to verify the model, a catalog of the most promising double objects is com-
piled. For some real systems, the perturbing additional accelerations and the characteristic
velocity periodicities caused by them are estimated.

Keywords: traversable WH, gravitational disturbances, GAIA space observatory

Introduction. Wormhole (WH) is space-time structure of nontrivial topology.
WHs were first proposed by Einstein and Rosen [1] as an “Einstein — Rosen
bridge”. WHs are solutions of classical GR along with black holes (BHs). Due to
the repeated confident detection of BHs by means of both observations of objects
in their neighborhoods and new methods of gravitational-wave astronomy, the
search and identification of WHs becomes an urgent task. BHs and WHs have
characteristic astrophysical properties that cannot be reliably distinguished at the
current level of models and observational accuracies. However, such a property of
BHs as traversability, which is characteristic of a wide theoretical class of such ob-
jects, may allow us to obtain astrophysical properties characteristic only of WHs.
The traversability of the WHs can be ensured both by means of ordinary matter [2]
and exotic matter. Traditionally, the introduction of exotic matter to stabilize the
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throat is confirmed by recent studies of the Dark Energy Spectroscopic Instrument
(DESI) [3], according to which the earlier Universe was dominated by an exotic
form of dark energy, phantom energy. Thus, passable WHs receive the indirect sta-
tus of realistic objects.

Methods and materials; results. We consider methods of possible detection
of traversable WHs based on the gravitational influence of a perturbing object (star,
object A) on the here side of the stable neck of the WH on the motions of the ob-
served object (star, object B). For simplicity, the WH has a topological structure of
two stitches of Schwarzschild spaces. Despite the fact that the simplest Schwarz-
schild WH cannot be traversable, we adopt such an approximation without taking
into account the metric near the neck due to the fact that, based on the considera-
tion of real astrophysical systems, the object B is at a considerable distance from
the WH and the asymptotic Schwarzschild approximation may be applicable. Two
different systems containing a WH candidate are investigated.

The supermassive BH Sgr A* in the center of the Galaxy and a number of stars
(B objects) orbiting elliptically around it are considered as candidates for a WH.
The following stars act as objects B: S2, S21, S23, S4711, S4, S62. Model stars in
elliptical orbits act as object A on the other side of the WH neck.

We consider candidates to WHs in the form of stellar-mass BHs. The role of
object B is played by neutron stars, O-class (VFTS-243) or B-class stars, including
GAIA objects. Model stars in elliptical orbits also play the role of object A on the
other side of the WH neck.

The authors [4] studied the additional perturbative acceleration created by ob-
ject A for object B, which depends on the parameters of the systems under consid-
eration: the mass of the WH candidate, the radius of its neck, the radial distance of
the observed object from the neck, and the pericentric and apocentric distances of
the perturbing object A. In the model under consideration, a significant advantage
is the independence of the effect from the specific choice of the metric of the tra-
versable WH. It has been shown [4] that the magnitude of the perturbing accelera-
tion estimated for real objects varies from 10™ to 10~ cm/s*, which in the future, if
the accuracy of observations is increased, will allow us to detect the desired effect.

In this paper we present new results concerning possible ways of revealing
characteristic periodic motions of objects B under the influence of objects A. The
systems S2, GAIA BH1, GAIA BH3 are considered. It is shown that the identifica-
tion of the effect of perturbing acceleration on the basis of observations of the radi-
al velocity of object B and its comparison with the expected Keplerian velocity
requires long observations (from 10 years), but can be improved by using filters
from the sought signal of known profile. We also note that for stars in the galactic
center, the effect of perturbing acceleration dominates over the main competing
effects (perturbation from surrounding stars and from the dark matter halo), and the
accuracy of determining the acceleration of a star in the pericenter of the orbit of a
double system from GAIA data, estimated as a function of the errors in observing
the parameters of the double system (masses of each component, orbital eccentrici-
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ty, and period), is already comparable to the model-predicted calculated value of
the desired effect.

In order to systematically analyze these effects, a catalog of stellar-mass “BH —
star” pairs was constructed. Stars (objects B) should be selected according to the
principle of velocity and acceleration values determined with the smallest errors, as
well as those not subject to significant accretion effects.

Conclusion. In this paper, we continue the search for observational manifesta-
tions of traversable WHs with stable necks, namely, studies of the effect of the per-
turbing acceleration of object A (located on the other side of the neck) on the
known observable objects B (stars around the center of the Galaxy; stars in systems
containing stellar mass BH as the second component). As of 2024, the accuracy of
determining the acceleration of a star in the pericenter of the orbit of a double sys-
tem in the GAIA astrometric project is comparable to the model-predicted calculat-
ed magnitude of the desired effect, from 10~ to 10 cm/s”. When considering syn-
thetic systems consisting of a traversable WH, object A and a neutron star as object
B on the observer's side with a special selection of masses and orbital parameters,
the effect of perturbative acceleration reaches values of the order of 1.5 cm/s?,
which makes the studied gravitational effect critically important for the search for
traversable WHs in our Galaxy.

The further strategy of search for nontrivial structures in the Universe should
include the following stages.

1. Study of dynamical effects in selected astrophysical systems, namely:
a number of objects in broad double systems from Gaia mission (2024) data con-
taining dark objects. As part of this task, it is planned to organize an observational
program at the BTA telescope of SAO RAS, both in the optical range and in the
spectroscopic measurement mode. Of the selected objects, the GAIA DR3
4318465066420528000 (0.59 kpc) and GAIA DR3 4373465352415301632 (0.48
kpc) systems are available for observations at the BTA and represent promising
candidates for compiling an application, organizing, conducting an observational
program, and processing the results.

2. Calculation and modeling of stochastic gravitational fields in order to take
into account their influence on the gravitational perturbations that object A will
exert on object B.
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