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AnHoTanusa. PaccMoTpeHa 3aa4a peiITUBUCTCKOTO TIEpeHOca U3yueHus B 3pPeKTUBHON
reOMETPHUH, MOPOKICHHON HeNuHeHHo# siekrpoanHamukoi (HDJI). PaspabGoran mpo-
I'PaMMHBI MHCTPYMEHT JUIS PEIICHHS dTOW 3aJaud B MPOU3BOJILHON 3((HEKTHBHOM Treo-
metpun. [lokazano, 4to 3¢ (deKkTHBHAS T€OMETPHUs ropas3/io CUIbHEE MEHSCT TOBEICHUE
CBETOBBIX T'€0JIE3UYECKUX, YyeM nornpaBku u3 HO /] k mpocTpaHCTBEHHO-BPEMEHHON METpPH-
ke. [locTpoeHs! U uccieoBaHbl U300PaKEHUS YEPHBIX JBIP C TOHKUM aKKPEIMOHHBIM JIHC-
KOM B MOJEISX OJIEKTpoAMHaMuKH Oitnepa — [eiizenbepra, bapmuna u ModMax-
AIEKTPOIMHAMUKH.

KiroueBble ciioBa: mnepeHoOC W3Iy4YeHMs], HEJMHEHHas 3JeKTpoauHamuka, 3¢hdexkTuBHas
TE€OMETpPUS, YEPHBIE ABIPBI, YUCIECHHAS OTHOCUTEIBHOCTD

Beenenne. Mojenu HenuHeiHo# snekrpoauaamuku (HDJ]) — 310 Moaudukamuu
MaxkcBeII0BCKOM 3JIEKTPOAMHAMUKY, B KOTOPBIX JIATPAH)KUAH HEJIMHEWUHO 3aBUCUT
OT MHBAPUAHTOB JICKTPOMArHUTHOrO ToJsl. Llenn mocTpoeHus Takux Monaennen —
Y4ET B TEPMHUHAX KJIACCHUYECKOM ANEKTpOoAMHAMUKN nonpaBok u3 KOJI, pemenue
MpoOJIEMBbI PACXOJUMOCTH SHEPIHMH TOYEUHBIX 3apsiiOoB, HOBBIE alreOpandecKue
CHMMETpPUH B Jiarpamkuane u apyrue [1]. Xors skcrepumenTanbHble HCCleI0Ba-
Hus B obsactu HOJI BeayTcs mopsjka MITUASCATH JIET, 10 CUX MOp HE yaaeTcs
MOJYYUTh JKCIEPUMEHTATbHBIX OTPAaHWYEHUM, IMO3BOJISIIONIUX IMPOBECTH OTOOP
Takux Mojenei [2]. OcCHOBHas MPUYMHA 3TOrO B CIOXKHOCTH JOCTHXKEHHs Xapak-
tepHbIX Aiia HOJI Hanps>keHHOCTEH M0JIst B TaOOPAaTOPHBIX YCIOBUSIX.

CuJIbHEUIIIMMU AJIEKTPOMArHUTHBIMM TIOJISIMU BO BceneHHoM o0agaoT KOM-
IaKTHbIE 00BEKTHI — YEPHBIC JIBIPHI, HEUTPOHHBIE 3BE3/bI U Oejbie Kapiuku [3].
B cBsi3u ¢ 3THM cymiecTByeT OOJBIION MHTEPEC K MOJIETUPOBAHUIO KOMIAKTHBIX
oobexroB B HOJI [1, 4, 5] u cpaBHeHHIO 3THUX PE3YNILTATOB C JaHHBIMHM HaOJIIOIe-
Hul. [lockoabKy M100BIE ACTPOHOMUYECKHUE HAOIIOJEHUS CBSA3aHbI C PErUCTpaLeH
W3JIy4YEHUs, BaXKHBIU IIar B 3TOM 3a7jaue — U3Y4YUTh PACIpOCTPAHEHHUE CBETA U Ya-
CTHI] BOJIU3HU TaKUX OOBEKTOB.

Metoabl U MaTepuaJbl; pe3yiabrarbl. DoTOH-POTOHHOE B3aUMOJICHCTBUE
B HOJl — nanbonee BakHBIN MPOIECC, BIUSIONIUA HA PaCIpOCTpPaHEHUE CBETA.
B paGore [6] paspaboran uncTOo-reOMETPHUYECKHI TTOAXO0/ K OIMCAHUIO 3TOrO IPO-
1ecca, HaspiBaeMbIil d(pdekTuBHOM reomeTpueii. B addexruBHON TeomeTpun ¢o-
TOHBI CJICAYIOT HYJIEBBIM I'€0JIE3NYECKUM HE B OOBIYHOM METPUKE, MOJIydyaeMon Kak
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pelieHre ypaBHeHUM DHINTEeNHHA, a B dpdexkTuBHo. s psana moaeneit HOJI sta
s pexkTrBHAS METPUKA MOXKET 3aBUCETh OT CIUPATIHLHOCTH ()OTOHOB.

brnaromapss Mmerony >(pQeKkTuBHON TeoMETpPUH MOXKHO HCIONb30BaTh B HOJI
BCE CTAHJIAPTHBIE METObI pacyeTa PeJISITABUCTCKOIO NepeHoca uznyuyenus. Equn-
CTBEHHAsl CJIOXKHOCTh 3/IeCb COCTOUT B OPTraHM3allMU PACUETOB TaKUM 0O0pa3oM,
4TOOBI ¢ MPOU3BOJIbLHBIMU MojenasiMu HOJ[ MoxkHO Obu10 paboTaTh B €IMHOM MO/I-
xogne. st permenust 5Toil 3agaun HaMu ObUT pa3paboTaH MPOTPAMMHBIA HUHCTPY-
MEHT, TMO3BOJISIFOIINI MPOU3BOJAUTH TAKUE PACUETHI B Cllydae MPOU3BOJBHON (-
(bexTrBHOI reomerpu [7].

B nacrosmiee Bpems 3TOT MHCTPYMEHT YCIIEIIHO BAJIMAUPOBAH HA KIIACCHYE-
CKUX 3aJ[a4ax, U C €ro MOMOIIbIO MOTYy4YeHBI N300paKEHUS YEPHBIX JBbIP C TOHKUM
AKKPEIIMOHHBIM JTUCKOM B MOJENSAX JJIEKTPOJUHAMUKH Oiinepa — [elizeHbOepra,
bapauna 1 ModMax-snektpoaunamuku. ITokazaHo, 9to 3pdhexkTHBHAS TeOMETPHS
3HAYUTENbHO CUJIbHEe MEHseT moBeaeHue (oToHOB, yem mompaBku u3 HOJl k
OOBIYHOW METPHUKE, MPOUCTEKAIOIMNE U3 MOAU(DUKAIIUN TTPABON YaCTH ypaBHEHHI
OWHIITEHA.

3akiouenue. B pamkax manHo# paboThl ObUT pa3paboTaH MPOTPAMMHBIN HH-
CTPYMEHT [IJIsl PELICHUSI 3a/1a4M PEJIATUBUCTCKOIO MEPEHOCa U3IIYyUYEHHS B MPOU3-
BOJIbHOU 3 dexkTrBHOM reomeTpun. C ero moMoIpl0 yAaloch B YUCIECHHBIX JKC-
NEepUMEHTAX TI0Ka3aTh ONPENCISIIONMN BKJIAJ MpoleccoB (OTOH-(HPOTOHHOTO
paccesHUs B U3MEHEHHE CBETOBBIX reojesndecknx B HOJl. DToT pe3ynprar oxu-
JaeM W3 COOTHOIIEHUs KO3(P(HUIIMEHTOB B OObIYHON M B (D (PEKTUBHONW METpUKE.
Ha cnenyromem stamne paboThl IUIaHUPYETCs N0padOTaTh JaHHBIA HHCTPYMEHT,
HAy4YUTHCS YUYUTHIBATH MOJSPU3AIMI0O U3TYyUYCHHUS KOMIIAKTHBIX OOBEKTOB M pac-
CUMTATh CIIEKTPhI U3TYUCHUS B PA3JIMUHBIX CIEHAPUSIX.
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Abstract. We consider general relativistic radiative transfer within the framework of effec-
tive geometry, sourced by nonlinear electrodynamics (NED). A program tool has been de-
veloped for the general case of this task. It has been shown, that effective geometry has a
much greater impact on photon geodesics, than direct corrections from NED to the
spacetime metric. Images of black holes with thin accretion disks were constructed for the
Euler-Heisenberg, Bardeen, and ModMax electrodynamics cases.

Keywords: relativistic radiative transfer, nonlinear electrodynamics, effective geometry,
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Introduction. Theories of nonlinear electrodynamics (NED) are extensions of
Maxwell’s electrodynamics with lagrangian that depend nonlinearly on one or both
of the invariants of the electromagnetic field. These theories are usually introduced
to account for QED corrections in terms of classical electrodynamics, to avoid the
divergence of charge self-energy, to introduce new algebraic symmetries into the
lagrangian, and so on [1]. Despite more than fifty years of experimental search,
there have been no informative experimental limitations on NED models [2]. The
main reason is the difficulty of achieving critical field strengths in laboratory con-
ditions. Compact objects such as black holes, neutron stars, and white dwarfs, have
the strongest magnetic fields in the Universe [3], so their study within the NED
framework provides intriguing tests for these theories, widely discussed in the lit-
erature [1, 4, 5]. Since any astronomical observation involves some kind of radia-
tion, studying the propagation of particles in the vicinity of these objects is an es-
sential step for these tests.

Methods and materials; results. Photon-photon scattering is a crucial process
that affects light propagation in NED. A purely geometrical approach to this pro-
cess has been developed in [6] and is called effective geometry. In this approach,
photons still follow null geodesic lines, but in an effective metric instead of the
spacetime metric, which is the solution to the Einstein equations. For a variety of
NED models, this effective metric can also depend on photon helicity.

Effective geometry allows us to maintain all standard methods of general rela-
tivistic radiation transfer (GRRT). The only caveat is to handle the calculation of
all electromagnetic quantities in a way, that allows all NED models to be consid-
ered within the united framework. To this end, we have developed a program tool,
capable of performing GRRT calculations in an arbitrary effective geometry.

At this point, we have successfully validated the tool on classical tasks and
constructed images of black holes with thin accretion disks for the cases of Euler-
Heisenberg, Bardeen, and ModMax electrodynamics. We also have shown, that the
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effective geometry changes photon propagation more significantly than direct cor-
rections from NED to the spacetime metric, which arise from the right-hand part of
Einstein equations.

Conclusion. Within this work we have developed a program tool for GRRT
calculations in an arbitrary effective geometry. Using this tool, we have obtained in
numerical experiments that the impact of the effective geometry on photon geodes-
ics exceeds the impact from the modification of the spacetime metric. As can be
seen from coefficients of effective and normal metrics, this result is evident. For
the next stage of our study, we plan to improve this tool and then consider polar-
ized emission from compact objects and calculate emission spectra in various sce-
narios.
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