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This review evaluates the dissertation of Tursynbek Izmukhanovich Yernazarov, titled “Non-
linear Electrodynamics Effects of Vacuum and General Relativity in the Propagation of Elec-
tromagnetic Wave Fronts through the Magnetic Field of a Magnetar.” The dissertation is
submitted for the degree of Doctor of Philosophy (PhD) in the specialty “8D05306 - Physics”
at the Department of Theoretical and Nuclear Physics, Faculty of Physics and Technology,
al-Farabi Kazakh National University, Almaty, Kazakhstan.

Research into the inelastic scattering of laser photons by gamma quanta has revealed that
the vacuum exhibits nonlinear properties within the framework of quantum electrodynaimics.
Observing these effects under laboratory conditions requires an extraordinary level of mea-
surement precision, on the order of 107 to 10720, which is currently beyond the capabilities
of modern instrumentation. As a result, nonlinear vacuum electrodynamics remains largely
unexplored. However, in extreme environments, such as the intense magnetic fields produced
by compact astrophysical objects like magnetars, these effects become more observable. The
propagation of electromagnetic waves in such fields is accompanied by nonlinear phenom-
ena, including ray bending and radiation polarization. Although numerous analytical and
numerical studies have examined the refraction angles and polarization of electromagnetic
waves in magnetic fields, quantitative studies of these effects in non-equatorial planes, and
in the context of combining gravity with nonlinear vacuum electrodynamics, remain limited.
Comparing these findings with data from satellite telescopes could significantly advance our
understanding of vacuum nonlinear effects, making research in this area particularly perti-
nent.

In this dissertation, numerical methods are employed to explore nonlinear vacuum elec-
trodynamics and the influence of gravity on the propagation of electromagnetic radiation
through a magnetar. The deflection of rays was analyzed in the plane of the dipole axis and
the perpendicular plane under the combined effects of gravitational and magnetic fields. It
was determined that the angle of deflection depends on the impact parameter and magnetic
field strength at distances ranging from 15 to 100 km, with a magnetic field of B = 10"
Gs. The maximum deflection angles were found to be 86° for the gravitational field and
3.36° for the magnetic field. The deformation of the radiation front passing through the
magnetic field was also investigated, revealing that the front takes on an almost elliptical
shape with a deformation parameter of A = 0.07. Consequently, a significant impact of the
combined fields on the flux density of gamma radiation from GRB091006360 was identified
when passing through the magnetosphere of the magnetar Swift J1822.3-1606, leading to a
redistribution of energy flux.



The findings of this research are of considerable value for future studies, particularly in
the fields of astrophysics and vacuum nonlinear electrodynamics. A key aspect of the work
is the examination of the effects of combined gravitational and magnetic fields on electro-
magnetic radiation. This opens up opportunities for a deeper understanding of nonlinear
vacuum electrodynamics (NLED) effects under conditions that cannot be replicated in ter-
restrial laboratories. This study lays the groundwork for exploring such effects in distant
astrophysical objects, including magnetars and neutron stars. Moreover, an important direc-
tion for future research will be the improvement of gravitational and magnetic lens models,
which will aid in accurately interpreting observations of objects with strong magnetic fields.
The data obtained regarding the redistribution of electromagnetic radiation energy as it
passes through the magnetosphere of a magnetar are particularly crucial for understanding
processes occurring in high-energy astrophysical environments, such as gamma-ray bursts.

Resecarch in this domain will also be significant for relativistic astrophysics and cosmol-
ogy, as it helps elucidate how strong magnetic and gravitational fields influence the evolution
of stars and other high-energy objects. The results presented in the dissertation have been
published in national and international scientific journals and discussed at scientific confer-
ences and seminars. The dissertation was conducted as part of the research plans of the
Ministry of Education and Science of the Republic of Kazakhstan under the priority: Scien-
tific research in the natural sciences, focusing on grant funding: IRN AP14869524 “Effects
of Nonlinear Vacuum Electrodynamics and General Relativity on Magnetars.”

Tursynbek Izmukhanovich Yernazarov has successfully completed all assigned tasks, and
the objectives of the dissertation research have been fully realized. The dissertation meets
all the requirements for works submitted for the degree of Doctor of Philosophy, and I
recommend that the Academic Council accept the doctoral candidate’s dissertation for public
defense for the degree of Doctor of Philosophy in Natural Sciences in the specialty “Physics.”
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MHuCTUTYT DH3UKH BEICOKHUX YHEPTHIA
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OT3s1B Ha JuccepTalionnyo paboty Epnazaposa Typcrinbeka M3smyxanosiua

B namHOM OT3BIBe OLEHHBacTcs Juccepranus EpnHaszapoBa Typceinbeka
MsmyxaHoBu4a Ha TeMy: «OhGheKTsl HeTMHEHHOMN 3/1eKTpOJMHAMHKH BaKyyMa M obLel
TEOPHH OTHOCHTENILHOCTH NPU PACIPOCTPAHEHUH (PPOHTOB JIEKTPOMArHUTHEIX BOJH
4epe3 MardHuTHOE IoJie MardeTtapa». Jucecepranus mpeacTaBieHa Ha COMCKAHHE YUYeHOM
crenenn nokropa ¢unocodpun (PhD) mo crmemmansHoctn «8D05306 - ®usmka Ha
kadenpe TeOpeTHUCCKOH M sijepHOH Gu3uKH  (DUIMKO-TEXHHUYECKOIro (paKyibreTa
Kasaxckoro HarmonaasHoOro yHuBepcuTeTa uM. ajib-Oapabu, r.Anmatel, Kazaxcras.

HccenemoBanud Heynpyroro paccesHus JasepHbIX (OTOHOB ramMma-KBaHTaMu
[OKa3alHd, 4YTO BaKyyM TIIPOSBISACT HEIWHCHHEBEIC CBONMCTBA B paMKax KBaHTOBOIA
3neKkTpoauHaMuku. Habmonenue 3tux 3G QexToB B 1a00paTOpHBIX YC/IOBUAX TpedyeT
upe3BEYaliHOM TouHOCTH M3MepeHuii, mopsaka 1077 - 102°, yro B Hacrosmee Bpems
HAXOIMTCS 3a MpejenaMy BO3MOXKHOCTEH coBpeMeHHBIX npubGopos. B pesvibrare
HCAWHCHHAA BaKyyMHasl 3JIEKTPOJMHAMHUKA OCTAeTCA TPAKTHUCCKH HEHCCIIEI0BaAHHOM.
O1Hako B HKCTPEMAIBHBIX YCIOBHAX, TAaKWX KaK WHTEHCHBHBIE MArHWUTHEBIE MO,
CO371aBaeMEIC KOMIIAKTHBIMH aCTPOQU3HYCCKIMH O0BEKTaMM, HalpHMEp MarHeTapami.
3TH 3 deKThI cTaHoBsTCs Gosee HabMofaeMBIMU. PacipocTpaHeHye JIeKTPOMarHHTHBIX
BOJIH B TAKHUX MOJIAX COTPOBOXKIAETCA HEIUHESHHBIMU ABICHUAMH, BKIIOUas U3rub Jyuei
" TOIApHU3AIMIO M3My4YeHHs. HecMOTps Ha MHOTOYHCIEHHBIE AaHAIUTHYECKHE U
YHC/ICHHBIE MCCICOBAaHMA YIVIOB IPEJIOMICHHS U MOJISPU3ALMH JIEKTPOMATHUTHEIX
BOJH B MArHWUTHBIX TIOJAX, KOJWYECTBEHHBIE WCCIEAOBAHUSA I3THX 3QQeKToB B
HE3KBATOPUAIBHBIX IVIOCKOCTAX M B KOHTCKCTE COUETAHMS I'DABUTALIMH C HEIUHEHHOMN
BAKYYMHOH DJIEKTPOJAMHAMHKON OCTAalOTCs OrpaHWYeHHBIMH. COTIOCTABIEHHE HTUX
Pe3Y/IBTATOB C MAHHBIMM CITyTHHKOBBIX TEJECKOIIOB MOXKET CYIUIECTBEHHO IPOABUHYTH
Hallle MOHNMAHNE BAaKyyMHBIX HEJIMHEHHBIX 3G (EKTOB, YTO AeaeT HCClIeA0BaHNd B ITOT
o0aactu 0coOCHHO aKTyaJIbHBIMHU.

B nanHolf auccepTanMM  UMCICHHBIMH METOJaMH HCCIENYeTCs HelHHelHas
371eKTPOJIMHAMHKA BaKyymMa ¥  BIMSHME TIpaBUTallid HA  PaCHpPOCTPaHEHUe
37CKTPOMArHUTHOTO M3JIyYeHUs! uepe3 MarueTap. IlpoaHanusupoBano OTKIOHEHHE JIyUeii
B IUIOCKOCTH OCH JUNOJIS M MEPNECHIUKYIAPHOI IUIOCKOCTH IIPU  COBMECTHOM
BO3JCHCTBUM TPABUTALMOHHOIO M MAarHUTHOro Imojseil. YCTaHOBIEHO, YTO YroJl
OTKJIOHEHHsA 3aBHUCHUT OT IMapamMerpa yjaapa W HanpA)KEHHOCTH MArHUTHOrO [0Js Ha
paccTostHEAX OT 15 1o 100 kM npu MaraurHom noie B =10" I'c. Br110 ycTaHOBIIEHO, YTO
MaKCHMAJIbHBIE YIUIbl OTK/IOHEHHA COCTABIAIOT 86° ANl rpaBUTALMOHHOTO Mo U 3.36°
AUl MarHuTHoro mojd. Taxoke Obuta mcesiefoBaHa jaedopManust GpoHTA H3TYUYEHHS.
MPOXOAAIIEro Yepe3 MarHUTHOE Moje, KOoTopas IoKasaaa, 4YTo (poHT mpuobperaer
HOYTH LIMIITHYECKYI0 (GopMy ¢ mapamerpom nebopmanmn A = (.07. CnegoBareibho,
NIPH TIPOXO3KIEHMH Yepe3 MarHuTocdepy marnerapa Swift J1822.3-1606 GbI10 BEISIBAEHO
3HAYUTEIBHOE BIMAHME KOMOMHHPOBAaHHBIX II0JICii Ha IUIOTHOCTH IIOTOKA TIaMMa-
usnyuenus ot GRB091006360, npusoasiiee K nepepactpeaeIeHHIO TOTOKa dHEPTHH.

Pe3yJIbTaTsl 3TOTO HCCICIOBAHUS NPECTABISIOT 3HAYUTENLHYIO 1EHHOCTD /UL
Oyaymux uccaenoBanmii, ocobeHHo B 001acTH acTpoH3UKH U BAKYYMHOMN HeTHHEeHHOIH



nekTpoauHaMuky, KmoueBsiM  acmekToM paloThl  ABIAETCS  H3YUCHUC  BJIMSIHMS
KOMOWHHPOBAHHBIX TPaBUTAIIMOHHBIX M MAaTHHTHBIX Tofelf Ha IEKTPOMAarHWTHOE
H3JIy4eHHE. DTO OTKPHIBACT BO3MOXKHOCTH Ui Gojiee riay0okoro nonumanus 3¢GpQexron
HenuHelHoit BakyyMHoi snekTpoauHaMuki (NLED) B ycioBHsX. KOTOpBIE HEBO3MOXKHO
BOCIIPOM3BECTH B HA3€MHBIX JIa0opaTopusx. JTO HCCIEAOBAHHE 3aKJIa/bIBAET OCHOBY
A7 M3YUEHUA MOJOOHBIX 3PdekToB B nanexux actpopusnueckux oObeKTax, BKIIOYAsA
MarHerapsl ¥ HEHTpOHHBIC 3Be3fbl. Kpome TOro, Ba)KHbIM HanpasieHueM Oyaylunx
HCCIEIOBAHNI CTAHET COBEpIISHCTBOBAHHE MOJENIel IpaBHTALMOHHBIX W MarHUTHBIX
JAMH3, YTO [IOMOXKET TOYHO MHTEpPIpPETHpOBaTh HAOMIOJCHUSI OOBEKTOB C CUIbHBIMU
MATHUTHBIMH TONAMH. [loTyueHHBIE JaHHBIE O T[I€pPEepacrpe/ieieHHH JHEPIUH
37EKTPOMATrHUTHOTO M3IyYeHHs IPH [POXOXKIEHMH uepe3 marHutocdepy Mmarserapa
0COOEHHO BaXKHBI /IS TOHUMAaHHS MTPOLIECCOB, MPOMUCXOAALINX B BHICOKOIHEPTETHUECKHX
acTpOMHU3NYECKHUX cpellax, TAKHX KaK raMMa-BCINIECKH.

VccnenoBanust B 3T0if o0sacTu Takke OyayT BaKHBI LIS PEIATHBHCTCKON
acTpo(U3UKU U KOCMOJIOTMH, IIOCKOJIBKY IIOMOIYT BbISICHUTD, KAK CHIIbHBIC MATHUTHBIC U
IPABUTAITMOHHEIE IIOJIS BIHMSIOT HA 3BOIONMIO 3BE3]l M JPYTUX BBICOKOIHEPIETHYECKHMX
00BeKTOB. PesyybraThl, INpeACTaBICHHBIE B JUCCEpTALHM, ONyOIMKOBaHbI B
OTEUSCTBEHHBIX M MEXJIYHAPO/HEIX HAYUHBIX XypHaiax H o0CyK/a/luch Ha Hay4HbIX
xoxbepeHmax U cemuHapax. JuccepranpoHHas paboTa BBIIOJHEHA B paMKaX MIIaHOB
HAVYHO-HCCIeIoBaTeICKUX pabor MunucrepcrBa oOpasoBanust U Haykn PecryOumkn
Kasaxcran Mo NpPHOPUTETHOMY HampaBieHHIo: HayuHele uccnefoBaHHs B 001acTH
eCTeCTBEHHBIX  HAyK, OpHEHTHPOBAaHHbLIE HAa  [PAHTOBOE  (YHHAHCHPOBAHHE!
[RNAP14869524 «DddexTsr HenuHeiiHOM BaKyyMHOM »SIeKTpOAMHAMUKH U obmeit
TEOPHUH OTHOCHTEILHOCTH Ha MarHeTapax».

Epnazapos TypceinOex M3MyXaHOBHY YCMEITHO BBIMOJTHHI BCE MOCTABIEHHBIE
3a/1a49M, 1AM JUCCEPTAIMOHHOTO WCCIE/IOBaHUS peajiM30BaHbl B IIOJHOM 00BEME.
Jducceprama  oTBeyaeT BceM  TpeOoBaHMsAM, TPEABABASEMBIM K padoTam.
NPEJACTABIACMBIM HA COHCKAHHE YUYCHOI CTemeHM AOKTOpa (PUIOCOPCKUX HAYK, M A
pEKOMEHYI0 YUeHOMY COBETY MPHHATH AWCCEPTAINIO concKaTens K myQanunoll sanumre

HA COMCKAHHE YYEHOH cTeneHu JOKTOpa (uiaoco(PCKUX HAYK IO €CTECTBEHHBIM HAYKaM
TI0 CIENHATBHOCTH «Du3nkay.
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