


2. Ihkljh_gZ�fh^_ev�fZ]gblgh]h�ihey�jh^bl_evkdhc�]ZeZdlbdb�yjqZcr_]h�]ZffZ-

\kie_kdZ�b�Zdkbhg-nhlhgghc�dhg\_jkbb�\�g_c 

GRB 221009A ± cZfuc� yjdbc� ]ZffZ-\kie_kd�� dh]^Z-eb[h� aZj_]bkljbjh\Zgguc� gZ�
A_fe_��GZ�jZgg_c�klZ^bb�ihke_k\_q_gby�wlh]h�kh[ulby�l_e_kdhi�/+$$62� aZnbdkbjh\Ze�
nhlhgu� k� bkdexqbl_evgufb� wg_j]byfb� \ur_� ��� Lw<�� Z� ^_l_dlhj� &DUSHW-�� h[gZjm`be�
nhlhghih^h[gh_� kh[ulb_� \ur_� ���� Lw<�� =ZffZ-emqb� hq_gv� \ukhdbo� wg_j]bc� k� lZdh]h�
[hevrh]h� jZkklhygby� g_� ^he`gu� ^hklb]Zlv� A_feb� ba-aZ� jh`^_gby� iZj� gZ� dhkfbq_kdhf�
nhgh\hf� baemq_gbb�� H^gh� ba� \hafh`guo� j_r_gbc� - kf_rb\Zgb_� nhlhgh\� k�
Zdkbhghih^h[gufb�qZklbpZfb��$/3���<hafh`ghklv�lZdh]h kp_gZjby�aZ\bkbl�hl�fZ]gblguo�
ihe_c� \^hev� ebgbb� aj_gby�� dhlhju_� iehoh� bamq_gu�� K� bkihevah\Zgb_f� gZ[ex^_gbc�
jh^bl_evkdhc� ]ZeZdlbdb� *5%� ������$� k� ihfhsvx� dhkfbq_kdh]h� l_e_kdhiZ� OZ[[e��
gZ[ex^_gbc� b� fh^_ebjh\Zgby� ihe_c� \� ^jm]bo� ]ZeZdlbdZo�� [ueZ� ihkljh_gZ� fh^_ev�
fZ]gblgh]h�ihey�jh^bl_evkdhc�]ZeZdlbdb�wlh]h�]ZffZ-\kie_kdZ��IhdZaZgh��qlh�\�rbjhdhf�
^bZiZahg_�fZkk�ALP b�dhgklZgl�bo�\aZbfh^_ckl\by�k�nhlhgZfb�kf_rb\Zgb_�_kl_kl\_gguf�
h[jZahf�h[tykgy_l�j_amevlZlu�dZd�LHAASO��lZd�b�Dh\jZ-2. 

  

 
Jbkmghd����IZjZf_lju�Zdkbhghih^h[ghc qZklbpu��ijb�dhlhjuo�ijhbkoh^bl�kbevgh_�kf_rb\Zgb_�
k� nhlhgZfb� \� jh^bl_evkdhc� ]ZeZdlbd_� ]ZffZ-\kie_kdZ�GRB 221009A ijb� wg_j]byo� LHAASO 

�kbgyy�aZdjZkdZ��b�Dh\jZ-���djZkgZy�aZdjZkdZ�� 
 

Im[ebdZpbb:   

S.V. Troitsky, Towards a model of photon-axion conversion in the host galaxy of GRB 221009A, 

JCAP 01 (2024) 016. 
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3. Ly`_euc�fZkkh\uc�khklZ\�dhkfbq_kdbo�emq_c�kZfuo�\ukhdbo�wg_j]bc 

 Dhkfbq_kdb_�emqb�mevljZ\ukhdbo�wg_j]bc��DEM<W��² wlh�aZjy`_ggu_�qZklbpu�k�
wg_j]byfb� hl� ��18 w<� b� \ur_�� ijboh^ysb_� ba� dhkfhkZ��Bo� ijhbkoh`^_gb_� ^hklh\_jgh�
g_ba\_klgh�� gh� fh`gh� ml\_j`^Zlv�� qlh� hgb� ijboh^yl� ba\g_� gZr_c� =ZeZdlbdb�� <Z`gZy�
oZjZdl_jbklbdZ� DEM<W�� dhlhjZy� fh`_l� ihfhqv� ihgylv� bo� ijhbkoh`^_gb_� ² wlh� bo�
fZkkh\uc�khklZ\��l� _��lbi�qZklbp��<�qZklghklb��ijbjh^Z�j_adh]h�aZlmoZgby�ki_dljZ�DEM<W�
gZ�kZfuo�\ukhdbo�wg_j]byo��fh`_l�[ulv�jZaghc�\�aZ\bkbfhklb�hl�lbiZ�wlbo�qZklbp��_keb�
wlh� ijhlhgu�� lh� [he__� \_jhyl_g� kp_gZjbc� aZlmoZgby� ba-aZ� bo� jZkk_ygby� gZ� j_ebdlh\hf�
baemq_gbbb� �=AD-wnn_dl��� lh]^Z� dZd� \� kemqZ_� y^_j� aZlmoZgb_� fh`_l� [ulv� k\yaZgh� k�
ij_^_ehf�mkdhj_gby�qZklbp�\�bo�bklhqgbdZo��>h�kbo�ihj�baf_j_gb_�khklZ\Z�DEM<W�ijb�
kZfuo� \ukhdbo� wg_j]byo� [ueh� aZljm^g_gh� djZcg_� fZehc� klZlbklbdhc� b� jZaebqgufb�
kbkl_fZlbq_kdbfb�g_hij_^_e_gghklyfb� 

 <� gZklhys_c� jZ[hl_� ij_^eh`_g� gh\uc�f_lh^� hp_gdb�fZkkh\h]h� khklZ\Z�DEM<W��
bkihevamxsbc� ^Zggu_� lhevdh� h[� bo� wg_j]byo� b� gZijZ\e_gbyo� ijboh^Z�� KjZ\gb\Zy�
gZ[ex^Z_fh_�jZkij_^_e_gb_�kh[ulbc�ih�g_[_kghc�kn_j_�k�jZkij_^_e_gb_f��h`b^Z_fuf�̂ ey�
jZaebqgh]h�khklZ\Z��baemq_ggh]h�ba�bklhqgbdh\��fh`gh�mklZgh\blv�dZdhc�khklZ\�kh\f_kl_g�
k�^Zggufb��JZajZ[hlZgguc�f_lh^�[ue�ijbf_g_g�d�^Zgguf�wdki_jbf_glZ�7HOHVFRSH�$UUD\�² 

djmig_cr_c�h[k_j\Zlhjbb�DEM<W�\�K_\_jghf�IhemrZjbb��<�j_amevlZl_�[ueh�k�ohjhr_c�
lhqghklvx�mklZgh\e_gh��qlh�ihlhd�DEM<W�k�wg_j]byfb�[he__���20 w<�khklhbl�ba�ly`_euo�
y^_j� �mjh\gy�`_e_aZ���Ihemq_gguc�j_amevlZl�mklhcqb\�d�g_hij_^_e_gghklyf�hldehg_gbc�
DEM<W�\�]ZeZdlbq_kdbo�b�\g_]ZeZdlbq_kdbo�fZ]gblguo�iheyo��Z�lZd`_�d�g_hij_^_egghklb�
dhgp_gljZpbb�bklhqgbdh\�DEM<W� 

 

Jbk���� Kj_^g__� hldehg_gb_� DEM<W� hl� bo� bklhqgbdh\� \� djmighfZkrlZ[ghc� kljmdlmj_�
<k_e_gghc�\�aZ\bkbfhklb�hl�bo�wg_j]bb��JZaghp\_lgu_�ebgbb�² h`b^Z_fu_�hldehg_gby�
^ey�g_dhlhjuo�lbih\�y^_j�baemq_gguo�ba�bklhqgbdh\��Q_jgu_�lhqdb�kh�klZlbklbq_kdbfb�
hrb[dZfb� ² ^Zggu_� 7HOHVFRSH� $UUD\��Fh`gh� \b^_lv�� qlh� ijb� wg_j]byo� [he__� ��20 w<�
DEM<W�hldehgyxlky�hl�bklhqgbdh\�kbevg__�q_f�h`b^Z_lky�^Z`_�^ey�y^_j�`_e_aZ� 

Im[ebdZpbb� 

1. R.U. Abbasi et al. [Telescope Array collaboration], Isotropy of cosmic rays beyond 1020 eV 

favors their heavy mass composition, Phys. Rev. Lett. 133 (2024) 041001; arXiv:2406.19287 



2.  R.U. Abbasi et al. [Telescope Array collaboration], Mass composition of ultra-high energy 

cosmic rays from distribution of their arrival directions with the Telescope Array, Phys. Rev. D 

110 (2024) 022006; arXiv:2406.19286 
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4. Ihbkd�kdjulh]h�k_dlhjZ�fZl_jbb�\�wdki_jbf_gl_�NA���\�P?JG_ 

 

<� wdki_jbf_gl_�NA���� [ue� \uiheg_g� i_j\uc ihbkd kdjulh]h k_dlhjZ fZl_jbb� k�
bkihevah\Zgb_f \ukhdhwg_j]_lbq_kdh]h fxhggh]h imqdZ b f_lh^Z hij_^_e_gby�
g_^hklZxs_c wg_j]bb-bfimevkZ� Fxhgu ba imqdZ�M2 kmi_jijhlhggh]h�kbgojhljhgZ P?JG 

k bfimevkhf 160 =w<�F gZijZ\eyebkv gZ Zdlb\gmx fbr_gv� OZjZdl_jbklbdZ�kb]gZevgh]h 
kh[ulby khklhbl ba h^bghqgh]h jZkk_yggh]h fxhgZ k bfimevkhf f_gvr_ 80 =w<�F \ 
dhg_qghf khklhygbb� khijh\h`^Zxs_]hky hlkmlkl\b_f \u^_e_gghc�wg_j]bb \ ^_l_dlhj_. 
>ey ihegh]h gZ[hjZ ^Zgguo��khhl\_lkl\mxs_]h��1,98 ��0,02) î 1010 fxhgh\ gZ fbr_gb� \ 
h[eZklb h`b^Z_fh]h kb]gZeZ g_�gZ[ex^Z_lky kh[ulbc� Wlh iha\hebeh�mklZgh\blv gh\u_ 
h]jZgbq_gby gZ hklZ\r__ky ijhkljZgkl\h iZjZf_ljh\ (mZ',gZ') ± fZkku�b�dhgklZglu�k\yab�
gh\h]h \_dlhjgh]h [hahgZ Z' (L� í Lt��k�fxhghf, dhlhju_ fh]eb [u�h[tykgblv ZghfZebx 

fZ]gblgh]h� fhf_glZ� fxhgZ �Jí����� �jbkmghd� ��� Djhf_ lh]h, bkdexq_gZ qZklv h[eZklb�
iZjZf_ljh\�fh^_eb��h[tykgyxs_c�gZ[ex^Z_fmx�iehlghklv j_ebdlh\hc l_fghc fZl_jbb�  
 

Jbkmghd� �� ± Ij_^_eu� ^ey� k\yab� JZ' gZ� ^�m�� ��� \ aZ\bkbfhklb hl fZkku Z', mZ', ^ey 
©\Zgbevghcª�fh^_eb L� í Lt �lZd`_ ihdZaZgZ ihehkZ ��1 ̂ ey \deZ^Z Z' \ jZkoh`^_gb_ �Jí���) 
�ke_\Z�� b ij_^_eu bkdexq_gby gZ� ^�m�� 90%, ihemq_ggu_ \ wdki_jbf_gl_ 1$���� \ 
ijhkljZgkl\_ iZjZf_ljh\ (m$,y) ^ey l_iehc l_fghc fZl_jbb \�fh^_eb�U(1)/�í/W k mZ' = 3m$�
b k\yavx g$�= 5 î 10-2 ^ey 2 î 1010 fxhgh\�gZ�fbr_gb� 

 

<� wdki_jbf_gl_�NA64h gZ� mkdhjbl_e_�SPS \�P?JG_�ihemq_gu�i_j\u_ j_amevlZlu 

ijh\_jdb dhgp_ipbb ihbkdZ kdjulh]h k_dlhjZ� qZklbp k� ihfhsvx g_\b^bfuo jZkiZ^h\ 
ik_\^hkdZeyjguo � b �
-f_ahgh\� Ijbf_gy_fuc f_lh^��ij_^eh`_gguc�khljm^gbdZfb�BYB�
J:G� bkihevam_l aZjy^h\h-h[f_ggmx�j_Zdpbx�ijb�jZkk_ygbb�ibhgh\�k wg_j]b_c�50 =w< gZ 
y^jZo Zdlb\ghc fbr_gb \� dZq_kl\_ bklhqgbdZ g_cljZevguo f_ahgh\� Kh[ulby j_Zdpbb�



�� �
: invisible fh]eb�[u ijhy\eylvky \�\b^_ g_ljb\bZevghc oZjZdl_jbklbdb ² ihegh]h 
bkq_agh\_gby wg_j]bb \oh^ys_]h imqdZ \ ^_l_dlhj_�aZ�kq_l�__�mghkZ�gh\ufb�qZklbpZfb� 
H^gZdh� ijb� ZgZeba_� 2,9 î 109 ibhgh\ gZ fbr_gb� gbdZdbo k\b^_l_evkl\ lZdbo kh[ulbc 

h[gZjm`_gh g_�[ueh��qlh iha\hebeh mklZgh\blv kljh]h_ h]jZgbq_gb_ gZ hlghkbl_evgmx�
^hex�lZdh]h�jZkiZ^Z�^ey��
-f_ahgZ�%U��
�: invisible) < 2,1 î 10-4, memqrb\ kms_kl\mxsmx 

]jZgbpm ijbf_jgh�\�3 jZaZ.  LZd`_ mklZgh\e_gh h]jZgbq_gb_ gZ   %U���: invisible) < 1,1 î 

10-4, kjZ\gbfh_ k kms_kl\mxsbf� 
Wlb j_amevlZlu ^_fhgkljbjmxl h]jhfguc ihl_gpbZe bkihevam_fh]h ih^oh^Z b ^Zxl 

q_ldh_ jmdh\h^kl\h d lhfm�� dZd ih\ukblv qm\kl\bl_evghklv� wdki_jbf_glZ \ [m^msbo 
ihbkdZo g_\b^bfuo jZkiZ^h\�g_cljZevguo f_ahgh\��hldju\Zy�imlv ^ey bamq_gby l_fguo 
k_dlhjh\ b e_]dhc l_fghc fZl_jbb k ihfhsvx� fxhgguo imqdh\ mgbdZevguf b 

^hihegyxsbf ^jm]b_ wdki_jbf_glu kihkh[hf� 
 

Im[ebdZpbb: 

1.Yu.M. Andreev et al. (NA64 Collaboration). First Results in the Search for Dark Sectors at NA64 

with the CERN SPS High Energy Muon Beam // Phys. Rev. Lett. 132, 211803 (2024). DOI: 

10.1103/PhysRevLett.132.211803 

2.Yu.M. Andreev et al. (NA64 Collaboration). Dark-Sector Search via Pion-3URGXFHG���DQG��' 

Mesons Decaying Invisibly in the NA64h Detector // Phys. Rev. Lett. 133, 121803 (2024). DOI: 

10.1103/PhysRevLett.133.121803 

 

BYB J:G: X.F. :g^j__\, K.G. =gbg_gdh, :.<. >_jf_g_\, >.<. Dbjibqgbdh\, 
F.F. DbjkZgh\, :.?. Dhjg__\, E.<. DjZ\qmd, G.<. DjZkgbdh\, B.<. Lebkh\Z, :.G. Lhjhibg 

Wdki_jbf_gl�NA����BYB�J:G��GBBYN�F=M��GBP�DB�BN<W��HBYB��LIM��NB:G�
�Jhkkby���Mgb\_jkbl_l�Ehg^hgkdh]h�dhee_^`Z��<_ebdh[jblZgby���Mgb\_jkbl_l�;hggZ�
=_jfZgby���Mgb\_jkbl_l�=ml_g[_j]Z��=_jfZgby���Mgb\_jkbl_l�IZljZkZ��=j_pby���Bgklblml�
nbabdb�qZklbp��BkiZgby���GZpbhgZevguc�bgklblml�y^_jghc�nbabdb��BlZeby���
Mgb\_jkbl_l�=_gmb��BlZeby���Mgb\_jkbl_l�ChjdZ��DZgZ^Z���L_ogbq_kdbc�mgb\_jkbl_l�
N_^_jbdh��Qbeb���Mgb\_jkbl_l�:g^j_kZ�;_eeh��Qbeb���Mgb\_jkbl_l�EZ�K_j_gZ��Qbeb���
Bgklblml�K:NBJ�Fbee_gbmf��Qbeb���Bgklblml�nbabdb�qZklbp�b�Zkljhnbabdb�
�R\_cpZjby���P?JG 

 

Dhhj^bgZlhj jZ[hl��=gbg_gdh�K_j]_c�GbdheZ_\bq� 

we�ihqlZ��Gninenko@inr.ru;  Sergei.Gninenko@cern.ch 
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5. Ihkljh_g�h^ghjh^guc�ih�gZijZ\e_gbyf�dZlZeh]�hilbq_kdb�yjdbo�[eZaZjh\�b��k�
_]h�ihfhsvx��ih^l\_j`^_gu�ZghfZevgu_�dhjj_eypbb�dhkfbq_kdbo�emq_c�k�eZ�

p_jlb^Zfb�\�^Zgguo�wdki_jbf_glZ�+L5HV 

;eZaZju� ± Zdlb\gu_� ]ZeZdlbdb� k� j_eylb\bklkdbfb� \u[jhkZfb�� gZijZ\e_ggufb� gZ�
gZ[ex^Zl_ey��- y\eyxlky�ij_^f_lhf�fgh]hqbke_gguo�bkke_^h\Zgbc��Fgh]b_�ba�wlbo�jZ[hl�
hkgh\Zgu�gZ�klZlbklbq_kdbo�f_lh^Zo��b�\�jy^_�kemqZ_\�hdZau\Z_lky�\Z`guf�jZ\ghf_jgh_�
jZkij_^_e_gb_ bklhqgbdh\�ih�g_[m��GZfb�[ue� \i_j\u_�ihkljh_g� klZlbklbq_kdb�iheguc�
bahljhiguc� dZlZeh]� [eZaZjh\�� hkgh\Zgguc� gZ� mgb\_jkZevguo� djbl_jbyo� hl[hjZ� b�
jZ\ghf_jgh�ihdju\Zxsbc�\kx�g_[_kgmx�kn_jm��K�bkihevah\Zgb_f�\u^_e_gghc�ba�wlh]h�
dZlZeh]Z� \u[hjdb� eZp_jlb^� [ueb� ih^l\_j`^_gu� j_amevlZlu� h� gZebqbb� ZghfZevguo�



dhjj_eypbc� gZijZ\e_gbc� ijboh^Z� dhkfbq_kdbo� qZklbp� k� wg_j]byfb� \ur_� ��A��� w<��
aZj_]bkljbjh\Zgguo� wdki_jbf_glhf� HiRes \� kl_j_hkdhibq_kdhf� j_`bf_�� b� hilbq_kdb�
yjdbo�eZp_jlb^��Z�lZd`_�h�g_jZ\ghf_jghf�jZkij_^_e_gbb�ih�g_[m�dhjj_ebjmxsbo�kh[ulbc�� 
 

  

  
Jbkmghd����Ke_\Z��kjZ\g_gb_�jZkij_^_e_gbc�ih�g_[m�h[t_dlh\�ba�gh\h]h��\\_jom��b�^\mo�klZjuo�
�\gbam�� dZlZeh]h\� [eZaZjh\�� KijZ\Z�� KjZ\g_gb_� aZ\bkbfhklb� agZqbfhklb� dhjj_eypbc�
dhkfbq_kdbo�emq_c�k�eZp_jlb^Zfb�hl�m]eh\h]h�fZkrlZ[Z�^ey�klZjhc�b�gh\hc�\u[hjhd� 

 

Im[ebdZpbb:   

[1] M. Kudenko, S. Troitsky, An isotropic full-sky sample of optically selected blazars, Astron. 

Astrophys. 686 (2024) A178. 

[2] M. Kudenko, S. Troitsky, Anomalous Cosmic-Ray Correlations Revisited with a Complete 

Full-Sky Sample of BL Lac Type Objects, JETP Lett. 119 (2024) 335 
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6. H[gZjm`_gb_�³dhe_gZ´�\�ki_dlj_�dhkfbq_kdbo�ijhlhgh\�b�y^_j�]_eby 

³Dhe_gh´�(~ 4 Iw<��\�wg_j]_lbq_kdhf�ki_dlj_�dhkfbq_kdbo�emq_c�[ueh�hldjulh�[he__�
ihem\_dZ� gZaZ^�� h^gZdh� f_oZgbaf� _]h� \hagbdgh\_gby� ^h� kbo� ihj� hklZzlky� g_ykguf��
J_dhgkljmdpby� ki_dljh\� hl^_evguo� fZkkh\uo� dhfihg_gl� ihlhdZ� dhkfbq_kdbo� emq_c� \�
h[eZklb�wg_j]bc�� ± 100 Iw<�fh`_l�ij_^hklZ\blv�dexq_\mx�bgnhjfZpbx�^ey�ihgbfZgby�
bo�bklhqgbdh\��f_oZgbafh\�mkdhj_gby�b�jZkijhkljZg_gby� 
Ijh\_^zg� ZgZeba� Zjob\guo� ^Zgguo� wdki_jbf_glZ� .$6&$'(� k� ihfhsvx� ki_pbZevgh�

jZajZ[hlZggh]h�^ey�wlhc�p_eb�f_lh^Z�j_dhgkljmdpbb�iylb�fZkkh\uo�dhfihg_gl��ijhlhgu��



]_ebc�� m]e_jh^�� dj_fgbc�� `_e_ah�� dhkfbq_kdbo� emq_c� k� bkihevah\Zgb_f� fZrbggh]h�
h[mq_gby�� Z� lZd`_� k� mqzlhf� kh\j_f_gguo� SRVW-/+&�fh^_e_c� Z^jhgguo� \aZbfh^_ckl\bc��
J_dhgkljmbjh\Zggu_� wg_j]_lbq_kdb_� ki_dlju� bg^b\b^mZevguo� fZkkh\uo� dhfihg_gl�
bah[jZ`_gu� gZ� jbk� 1. >Zgguc� f_lh^� ZgZebaZ� ijh^_fhgkljbjh\Ze� emqrmx�
kbkl_fZlbq_kdmx�lhqghklv�hlghkbl_evgh�hjb]bgZevguo�j_amevlZlh\�.$6&$'(�b�fgh]bo�
kh\j_f_gguo�wdki_jbf_glh\��gZijbf_j�lZdbo�dZd�,FH7RS��<�j_amevlZl_�\�ki_dljZo�ijhlhgh\�
b�]_eby�[ueZ�h[gZjm`_gZ�dhe_ghih^h[gZy�kljmdlmjZ�ijb�wg_j]byo�a 4.4 Iw<�b�a 11 Iw<�k�
mjh\g_f�agZqbfhklb���� 1�b���� 1�khhl\_lkl\_ggh��qlh�y\ey_lky�i_j\uf�h[gZjm`_gb_f�wlbo�
kljmdlmj�kh�agZqbl_evghc�^hklh\_jghklvx��LZd`_��[ueh�\i_j\u_�h[gZjm`_gh�mdZaZgb_�gZ�
m`_klhq_gb_� \� ki_dlj_� `_e_aghc� dhfihg_glu� ijb� wg_j]bb� a 4.5 Iw<�� dhlhjh_� fh`gh�
bgl_jij_lbjh\Zlv� dZd� aZ\bkysbc� hl� fZ]gblghc� `zkldhklb� ZgZeh]� baehfZ� \� ki_dlj_�
ijhlhgh\�ijb���� Lw<��g_^Z\gh�h[gZjm`_gguc�\�wdki_jbf_gl_�*5$3(6-3. 

 
Jbk�����Ihemq_ggu_�\�^Zgghc�jZ[hl_�wg_j]_lbq_kdb_�ki_dlju�iylb�fZkkh\uo�dhfihg_gl�

�ijhlhgu� S�� ]_ebc� +H�� m]e_jh^� &�� dj_fgbc� 6L�� `_e_ah� )H�� k bkihevah\Zgb_f� fh^_eb�
Z^jhgguo�\aZbfh^_ckl\bc�4*6-HW-II.04. 

 

Im[ebdZpbb 

1. Kuznetsov, M. Yu., Petrov, N. A., Plokhikh, I. A., & Sotnikov, V. V. (2024). Energy 

spectra of elemental groups of cosmic rays with the KASCADE experiment data and 

machine learning. In Journal of Cosmology and Astroparticle Physics (Vol. 2024, Issue 

05, p. 125). https://doi.org/10.1088/1475-7516/2024/05/125 [arxiv:2312.08279] 
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we��ihqlZ��N.A.Petrov@inp.nsk.su 
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INGB�������Y^_jgZy�nbabdZ�b�nbabdZ�we_f_glZjguo�qZklbp 

 

7. MklZgh\e_gb_�kms_kl\h\Zgby�[ebadh]h�\g_]ZeZdlbq_kdh]h�bklhqgbdZ�
dhkfbq_kdbo�emq_c�mevljZ\ukhdbo�wg_j]bc 

G_kfhljy�gZ�^_kylbe_lby�gZ[ex^_gbc��^h�kbo�ih�g_�[ue�^hklh\_jgh�h[gZjm`_g�gb�
h^bg� bklhqgbd� dhkfbq_kdbo� emq_c� mevljZ\ukhdbo� wg_j]bc� �dhkfbq_kdbo� qZklbp� k�
wg_j]byfb� [he__� ��18 w<�� DEM<W��� <� ghy[j_� ����� ]h^Z� h[k_j\Zlhjby� 7HOHVFRSH� $UUD\�



khh[sbeZ� h� gZ[ex^_gbb� qZklbpu� dhkfbq_kdh]h� ijhbkoh`^_gby� k� j_dhj^gh� \ukhdhc�
wg_j]b_c� ����Ww<� �����[��20 w<���<�gZklhys_c�jZ[hl_�[ue�ijh\_^_g� ZgZeba�\hafh`gh]h�
ijhbkoh`^_gby� wlhc�qZklbpu�� dhlhjuc� mklZgh\be� qlh� qZklbpZ� k� \ukhdhc� \_jhylghklvx�
y\ey_lky�ly`_euf�y^jhf��Z�__�bklhqgbd�gZoh^blky�g_�^Ze__���Fid��ijbf_jgh����feg��k\��
e_l�� hl� A_feb�� Wlh� i_j\h_� h^ghagZqgh_� mdZaZgb_� gZ� kms_kl\h\Zgb_� klhev� [ebadh]h�
bklhqgbdZ�DEM<W��LZd`_�[ueZ� \i_j\u_�h]jZgbq_gZ� kj_^gyy� dhgp_gljZpbx�bklhqgbdh\�
DEM<W� baemqZxsbo� ly`_eu_� qZklbpu�� bo� ^he`gh� [ulv� g_� f_g__� q_f� �� gZ� ������
dm[bq_kdbo�Fid�� qlh� bkdexqZ_l� fgh]b_� deZkku� Zkljhnbabq_kdbo� h[t_dlh\�� lZdb_� dZd�
]ZeZdlbdb� kh� \kiurdhc� a\_a^hh[jZah\Zgby� b� kdhie_gby� ]ZeZdlbd�� \� dZq_kl\_� hkgh\guo�
bklhqgbdh\�DEM<W� 

 

Jbk���Ij_^iheZ]Z_fu_�deZkku�bklhqgbdh\�DEM<W�\� aZ\bkbfhklb�hl�bo�dhgp_gljZpbb�b�
wnn_dlb\ghc�k\_lbfhklb��Q_jgZy�kiehrgZy�ebgby�khhl\_lkl\m_l�iheghc�k\_lbfhklb�\k_o�
bklhqgbdh\��mklZgh\e_gghc�wdki_jbf_glhf�3LHUUH�$XJHU��<_jlbdZevgZy�imgdlbjgZy�k_jZy�
ebgby�- h]jZgbq_gb_�gZ�dhgp_gljZpbx�bklhqgbdh\�ihemq_ggh_�\�gZklhys_c�jZ[hl_� 

Im[ebdZpbb� 

1. M.Yu. Kuznetsov, A nearby source of ultra-high energy cosmic rays��ijbgylZ�d�i_qZlb�\�
JCAP 28.02.2024; arXiv:2311.14628. 
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8. :e]_[jZbq_kdZy�kljmdlmjZ�f_lh^Z�j_ghjfZebaZpbhgghc�]jmiiu�\�
i_j_ghjfbjm_fuo�fh^_eyo�d\Zglh\hc�l_hjbb�ihey 

Nmg^Zf_glZevguc�l_hj_lbq_kdbc�f_lh^�j_ghjfZebaZpbhgghc�]jmiiu�;h]hex[h\Z� -
Rbjdh\Z�� bamqZxsbc� gZ[ex^Z_fmx� � � gZ� jZaebqguo� dheeZc^_jZo� wg_j]_lbq_kdmx�
aZ\bkbfhklv� oZjZdl_jbklbd� � � ijhp_kkh\� nbabdb� we_f_glZjguo� qZklbp�� nbabdb� \ukhdbo�
wg_j]bc� b� d\Zglh\hc� l_hjbb� ihey�� fh`_l� [ulv� i_j_j_nhjfmebjh\Zg� gZ� kljh]hf�



fZl_fZlbq_kdhf� yaud_� k�ijbf_g_gb_f� we_f_glh\� l_hjbb� ]jmii��IhdZaZgZ� \u^_e_gghklv�
ihgylbc� Ze]_[ju <bllZ� b� [he__� rbjhdh� ba\_klghc� Ze]_[jm� <bjZkhjh�� bkihevam_fhc��
gZijbf_j� ^ey� hibkZgby� ^\mf_jguo� lhqgh-j_rZ_fuo� fh^_e_c� d\Zglh\hc� l_hjbb� ihey��
Ijhbeexkljh\Zgh� qlh� bamqZ_fuc� l_hj_lbq_kdbc� f_lh^� bf__l� _s_� [he__� kljh]h_� q_f�
h`b^Zehkv� l_hj_lbq_kdh_� hkgh\Zgb_�� \� qZklghklb� \ul_dZxs__� ba� nhjfmeu� ;_cd_jZ�
Dwf[_eeZ�OZma^hjnZ�^ey�]_g_jZlhjh\�dhgdj_lguo�]jmiih\uo�ij_h[jZah\Zgbc�� 

Im[ebdZpbb������ 

1. A.L.Kataev and K. V. Stepanyantz, ``Algebraic structure of the renormalization group in the 

renormalizable QFT theories,'' [arXiv:2404.15856 [hep-th]]. 
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9. Bkke_^h\Zgb_�kdjuluo�e_ilhgguo�kdZeyjguo�ihjlZeh\�k�bkihevah\Zgb_f�
wdki_jbf_glZ�1$���\�P?JG_ 

Bamq_g� ihl_gpbZe� wdki_jbf_glZ� 1$��� \� &(51� 636� ^ey� ihbkdZ� ijhp_kkh\�Gh\hc�
nbabdb��\dexqZxsbo�j_^db_�ijhp_kku�ihke_�klhedgh\_gby�we_dljhgh\�k�wg_j]b_c�����=w<�
k� y^jZfb-fbr_gyfb��Gh\uc� e_ilhgguc� ihjlZe� L_fgh]h� k_dlhjZ�� \� dhlhjhf� kdZeyjguc�
[hahg� fh`_l� [ulv� jh`^_g� \� j_Zdpbb�� ih^h[ghc� lhjfhaghfm� baemq_gbx� k� baf_g_gb_f�
ZjhfZlZ� e_ilhgZ�� bkihevam_lky� \� dZq_kl\_� wlZehggh]h� ijhp_kkZ�� <� wlhc� jZ[hl_� [ueh�
jZajZ[ZlZgh� j_Zebklbqgh_� Fhgl_-DZjeh� fh^_ebjh\Zgb_� wdki_jbf_glZevghc� mklZgh\db�
NA64. ;ueb bkke_^h\Zgu� hkgh\gu_� nhgh\u_� ijhp_kku� b� jZkkqblZgZ� h`b^Z_fmx�
qm\kl\bl_evghklv� wdki_jbf_glZ�� J_amevlZlu� ihdZau\Zxl�� qlh� ijb� g_agZqbl_evghc�
hilbfbaZpbb�mklZgh\db��wdki_jbf_gl�1$���fh`_l�bkke_^h\Zlv�[hevrmx�qZklv�^hklmigh]h�
ijhkljZgkl\Z� iZjZf_ljh\�� kh\f_klbfh]h� k� �J-��� ZghfZeb_c� fxhgh\ b� ij_^kdZaZgbyfb�
j_ebdlh\hc�iehlghklb�L_fghc�fZl_jbb�\�dhgl_dkl_�gh\h]h�e_ilhggh]h�ihjlZeZ�L_fgh]h�
k_dlhjZ� ^ey� klZlbklbdb� \� ��A��� we_dljhgh\�� gZdhie_gguo� gZ� fbr_gb�� Wlhl� j_amevlZl�
hldju\Z_l�imlv�d�bkke_^h\Zgbx�ijhp_kkh\��k\yaZgguo�k�gZjmr_gb_f�ZjhfZlZ�aZjy`_gguo�
e_ilhgh\�\�1$��� 

 

Jbkmghd� ���IeZgbjm_fZy qm\kl\bl_evghklv� 1$��H� gZ� mjh\g_� ^hklh\_jghklb� ���� &/� � \�
ijhkljZgkl\_�iZjZf_ljh\���Iö������k�mq_lhl�klZlklbdb�\���A���we_dljhgh\��gZdhie_gguo�gZ�



fbr_gb���J_]bhg��khhl\_lkl\mxsbc�j_r_gbx�ZghfZebb�fxhgZ�C í���ihdZaZg�nbhe_lh\uf�
p\_lhf�� OZjZdl_jgZy� djb\Zy� j_ebdlh\hc� iehlghklb� L_fghc�FZl_jbb� ihdZaZgZ� q_jguf�
p\_lhf� 

 

Im[ebdZpbb: 

1. A. Ponten, H. Sieber, B. B. Oberhauser, P. Crivelli, D. Kirpichnikov, S. N. Gninenko, M. 

H"osgen, L. M. Bueno, M. Mongillo and A. Zhevlakov, ``Probing hidden leptonic scalar portals 

using the NA64 experiment at CERN,'' Eur. Phys. J. C 84 (2024) no.10, 1035 
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10. H]jZgbq_gby� gZ� iZjZf_lju� gZjmr_gby� ehj_gp-bg\ZjbZglghklb� dm[bq_kdh]h�

lbiZ�\�d\Zglh\hc�we_dljh^bgZfbd_�ba�nhjfbjh\Zgby�nhlhgguo�Zlfhkn_jguo�

eb\g_c 

Ihemq_gu� h]jZgbq_gby� gZ� fZkrlZ[� wg_j]bb� gZjmr_gby� bg\ZjbZglghklb� Ehj_gpZ�
�/,9��^ey�nhlhgh\�k�dm[bq_kdbf�^bki_jkbhgguf�khhlghr_gb_f�ba�g_^Z\gbo�gZ[ex^_gbc�
]ZffZ-baemq_gby�\�^bZiZahg_� wg_j]bc� ����Lw<±Iw<�ih�^Zgguf�h[k_j\Zlhjbb�/+$$62��
Ij_^iheZ]Zy� fh^_ev� wnn_dlb\ghc� l_hjbb� ihey� FZc_jkZ±Ihki_eh\Z�� \uqbkey_lky�
ih^Z\e_gb_�^ey�ijhp_kkZ�;_l_±=Zcle_jZ��dhlhjuc�\�hkgh\ghf�hl\_qZ_l�aZ�nhjfbjh\Zgb_�
Zlfhkn_jguo� eb\g_c�� bgbpbbjh\Zgguo� nhlhgZfb�� KjZ\gb\Zy� kh[ulby�
\ukhdhwg_j]_lbq_kdbo�nhlhgh\�k�ih^Z\e_ggufb�ij_^kdZaZgbyfb�ihlhdZ��fu�ihemqZ_f�����
&/�h]jZgbq_gby�gZ�fZkrlZ[�gZjmr_gby�ehj_gp-bg\ZjbZglghklb��Ihemq_ggh_�h]jZgbq_gb_�
eb\gy�(/,9�2��������=w<��agZqbl_evgh�keZ[__�kms_kl\mxsbo�h]jZgbq_gbc�ba�ihemq_gguo�
ijb�mqzl_�ijhp_kkZ�\Zdmmfgh]h�^\memq_ij_ehfe_gby��gh�y\ey_lky�g_aZ\bkbfuf�� 

GZ�Jbkmgd_����ijb\_^_gu�khhl\_lk\mxsb_�ki_dlju�]ZeZdlbq_kdh]h�bklhqgbdZ�� 

 



Jbkmghd����Ki_dlju�]ZeZdlbq_kdh]h�bklhqgbdZ�-�����������baf_j_ggu_�/+$$62��lhqdb�
^Zgguo���kl_i_ggZy�ZiijhdkbfZpby�ki_dljh\��a_e_gZy�kiehrgZy�djb\Zy���ijh]ghabjm_fuc�
ihlhd�ijb�^hk\_lh\hf�gZjmr_gbb�kbff_ljbb�Ehj_gpZ�/,9��`_elZy�rljboimgdlbjgZy�
djb\Zy�� 

 

Im[ebdZpbb: 

1. Petr Satunin, Andrey Sharofeev. Shower formation constraints on cubic Lorentz invariance 

violation parameters in quantum electrodynamics. Eur.Phys.J.C 84 (2024) 8, 793 
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IGNB ���������G_cljbggZy�nbabdZ��Zkljhnbabq_kdb_�b�dhkfheh]bq_kdb_�Zki_dlu�y^_jghc�
nbabdb�b�nbabdb�we_f_glZjguo�qZklbp 
 

11. Mf_gvr_gb_�wnn_dlb\ghc�fZkku�K¶- f_ahgZ�\�iehlghc�y^_jghc�kj_^_ 

aZ�kqzl�qZklbqgh]h�\hkklZgh\e_gby�ZdkbZevghc�8$�����kbff_ljbb 

 

DheeZ[hjZpby� 3+(1,;�� ;jmdo_\_gkdZy� gZpbhgZevgZy� eZ[hjZlhjby�� KR:��
mqZklgbdZfb�dhlhjhc�y\eyxlky�khljm^gbdb�BYB��ij_^klZ\beZ�bgljb]mxs__�mdZaZgb_ gZ�
kms_kl\_ggh_� mf_gvr_gb_� wnn_dlb\ghc�fZkku�K¶-�wlZ-ijZcf) f_ahgZ� �\ZdmmfgZy�fZkkZ�
����Fw<��\�iehlghc�y^_jghc�kj_^_��>ey�lh]h��qlh[u�hibkZlv�wdki_jbf_glZevgu_�^Zggu_�ih�
bkke_^h\Zgbx� dhjj_eypbc� ^\mo� ib-f_ahgh\� \� klhedgh\_gbyo� y^_j� $X�$X�� fZkkZ �K¶-

f_ahgZ�^he`gZ�khklZ\eylv�����Fw<�[1]. Wnn_dl�[ue�^Z\gh�ij_^kdZaZg�b�Zkkhpbbjm_lky�k�
qZklbqguf�\hkklZgh\e_gb_f�ZdkbZevghc�8A����kbff_ljbb�d\Zglh\hc�ojhfh^bgZfbdb [2].  

Wlhl�j_amevlZl�klbfmebjm_l�^Zevg_crb_�l_hj_lbq_kdb_�bkke_^h\Zgby�ih�
\hkklZgh\e_gbx��qZklbqgh� UA����kbff_ljbb�\�]hjyq_c�b�iehlghc�Z^jhgghc�kj_^_�� 
 

 

Jbkmghd��. Wnn_dlb\gZy�fZkkZ� �K¶-f_ahgZ \�aZ\bkbfhklb�hl�qbkeZ�gmdehgh\�y^_j�ahehlZ��
mqZkl\mxsbo� \� klhedgh\_gbb�� <_jogyy� imgdlbjgZy� ebgby� ± \Zdmmfgh_� agZq_gb_��



<_jlbdZevgufb� ebgbyfb� m� lhq_d� mdZaZgu� klZlbklbq_kdb_� hrb[db��ijyfhm]hevgbdZfb� ± 

kbkl_fZlbq_kdb_�hrb[db� 

Im[ebdZpbb:  

1. N.J. Abdulameer, Pantuev V.S. et al., PHENIX Collaboration, Centrality dependence of 

/�HY\-stable two-pion Bose-(LQVWHLQ�FRUUHODWLRQV�LQ�¥V11� �����*H9�$X�$X�FROOLVLRQV� 
Ijbgylh�\�i_qZlv�\�`mjgZe_�3K\VLFDO�5HYLHZ�&��k�mdZaZgguf�jbkmgdhf�gZ�h[eh`d_�
\uimkdZ� 
2. J. Kapusta, D. Kharzeev, and L. McLerran, The Return of the Prodigal Goldstone Boson. 

Phys. Rev. D 53, (1996) 5028. 
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12. Jh`^_gb_�Zglbijhlhgh\�b�gmdehggu_�dhjj_eypbb�gZ�dheeZc^_j_�NICA 

        <uiheg_gu� jZkq_lu� jZkij_^_e_gbc� ih� ihi_j_qghfm� bfimevkm� Zglbijhlhgh\��
jh`^_gguo�ijb�klhedgh\_gbb�y^_j�\bkfmlZ�k�wg_j]b_c� � �¥Oáá   �����=w<�gZ�dheeZc^_j_�
NICA k� p_evx� bamq_gby� \hafh`ghklb� h[gZjm`_gby� ^\mo� gmdehgguo� dhjj_eypbc��
Hij_^_e_gu� agZq_gby� dbg_fZlbq_kdbo� iZjZf_ljh\�� ijb� dhlhjuo� gZb[he__� wnn_dlb\gZ�
j_]bkljZpby� Zglbijhlhgh\��jh`^_gguo�gZ�dhjj_ebjh\Zgguo�gmdehgZo� � �IhdZaZgh��qlh� \�
^bZiZahg_� kj_^gbo� [ukljhl� ^ey� gmdehg� gmdehgguo� khm^Zj_gbc�� j_amevlZlu� jZkq_lZ� ih�
klZg^Zjlghc� fh^_eb� 8540'� kh]eZkmxlky� k� ^Zggufb� hp_ghd� ih� n_ghf_gheh]bq_kdhc�
iZjlhgghc�fh^_eb��Hp_gdb�k_q_gbc�ijb�iZjZf_ljZo�;v_jd_gZ�[hevr_�_^bgbpu�iha\heyxl�
ihemqblv�^hklZlhqguc�\uoh^�Zglbijhlhgh\�ijb�ieZgbjm_fhc�k\_lbfhklb��Bkke_^h\Zgb_�
jh`^_gby� qZklbp� \� dbg_fZlbq_kdbo� mkeh\byo�� aZij_s_gguo� ^ey� gmdehg-gmdehgguo�
klhedgh\_gbc��ij_^klZ\ey_l�kh[hc�gh\uc�f_lh^�bamq_gby�gmdehgguo�dhjj_eypbc�\�y^jZo��
Baf_j_gb_� jh`^_gby� Zglbijhlhgh\� bf__l� ij_bfms_kl\h� ba-aZ� emqr_]h� \u^_e_gby� gZ^�
nhgh\ufb�ijhp_kkZfb��>_lZevgh_�bkke_^h\Zgb_�dhjhldh�^_ckl\mxsbo�dhjj_eypbc�\�y^jZo�
bf__l�[hevrh_�agZq_gb_�̂ ey�bgl_jij_lZpbb�p_gljZevguo�klhedgh\_gbc�ly`_euo�y^_j b�̂ ey�
ieZgbjh\Zgby�wdki_jbf_glh\�ih�ihbkdm�d\Zjd-]exhgghc�ieZafu. 

 
 



Jbk�����AZ\bkbfhklv�bg\ZjbZglgh]h�k_q_gby�jh`^_gby�Zglbijhlhgh\�ijb�klhedgh\_gbb�
y^_j�\bkfmlZ�k�wg_j]b_c�¥Oáá  �����=w<�hl�ihi_j_qgh]h�bfimevkZ�ZglbijhlhgZ�ijb�[ukl�
jhlZo�-0.1 ± q_jgZy�ebgby��-1.1 ± kbgyy�ebgby��-1.9 ± nbhe_lh\Zy�ebgby�� 
Kiehrgu_�ebgbb�j_amevlZlu�jZkq_lZ�ih�ijh]jZff_�UrQMD��imgdlbjgu_�ih�iZjlhgghc�
fh^_eb, ]^_ lj_m]hevgbdb�ijb iZjZf_lj_�;v_jd_gZ O ���d\Z^jZlu�O �����djm`db�O � 

 

Im[ebdZpby� 

1.:�;�� �Dmj_ibg��<�K��Ihih\��G�:��Dmj_ibg��E�:��Ydh[gxd�� ³Jh`^_gb_� Zglbijhlhgh\�b�
gmdehggu_� dhjj_eypbb� gZ� dheeZc^_j_� NICA´�� \� i_qZlb� IbkvfZ� \� WQ:Y� �������
Bkke_^h\Zgb_�\uiheg_gh�ijb�ih^^_j`d_�]jZglZ�JGN�����-22-00077 

 

Dhhj^bgZlhj�jZ[hl��Dmj_ibg�:e_dk_c�;hjbkh\bq��������������������������������������������� 
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13. Ihemq_gh�ih^l\_j`^_gb_�ij_^kdZaZgby�fh^_eb�;h]ZlZy�\h^hjh^hf�A_fey� 

<uiheg_g�g_aZ\bkbfuc�ZgZeba�^Zgguo��ihemq_gguo�gZ�^_l_dlhj_�%25(;,12��=jZg�
KZkkh��BlZeby��\�wdki_jbf_gl_�ih�ihbkdm�ijbjh^guo�ihlhdh\�g_cljbgh�fZeuo�wg_j]bc��?�
!� ����Dw<��  :gZeba�\uiheg_g�k�p_evx�ih^l\_j`^_gby�beb�hijh\_j`_gby�ij_^kdZaZgby�
fh^_eb�A_feb�± ;h]ZlZy�\h^hjh^hf�A_fey��^heb�dZeby�\�l_e_�A_feb���<�ZgZeba�[ue�\\_^zg�
gh\uc�bklhqgbd�kh[ulbc ± jZkk_ygb_�gZ�we_dljhgZo�]_h-Zglbg_cljbgh�hl�jZ^bhZdlb\guo�
jZkiZ^h\� bahlhiZ� dZebc-���� J_amevlZlhf� ZgZebaZ� y\ey_lky� \u\h^� Z\lhjh\�� qlh� gZebqb_�
ZghfZevgh� [hevrh]h� dhebq_kl\Z� dZeby� \� l_e_� A_feb�� ij_^kdZaZggh]h�Fh^_evx� ;h]ZlZy�
\h^hjh^hf� A_fey�� iha\hey_l� ihemqblv� kms_kl\_ggh� emqr__� kh]eZkb_� k�
wdki_jbf_glZevgufb�^Zggufb� �f_gvr__� agZq_gb_�nmgdpbb�ob-d\Z^jZl���LZdbf�h[jZahf��
ihemq_gh�ih^l\_j`^_gb_�ij_^kdZaZgby�fh^_eb�;h]ZlZy�\h^hjh^hf�A_fey�� 

 

 

Jbk��AZ\bkbfhklv�qbkeZ�kh[ulbc�hl�wg_j]h\u^_e_gby�\�^_l_dlhj_�;hj_dkbgh� 

 



Im[ebdZpby:  

1.L. B. Bezrukov and V. V. Sinev. Searches for Geoantineutrino Flux from 40K on the Basis of 

Data from the Borexino Detector. Physics of Atomic Nuclei, 2024, Vol. 87, No. 6, pp. 711±717. 

https://doi.org/10.1134/S1063778824700674. 
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we� ihqlZ: bezrukov1945@mail.ru, vsinev@inr.ru 

IGNB 1.3.3.3. G_cljbggZy�nbabdZ��Zkljhnbabq_kdb_�b�dhkfheh]bq_kdb_�Zki_dlu�y^_jghc�
nbabdb�b�nbabdb�we_f_glZjguo�qZklbp 

 

JZ[hlZ�\uiheg_gZ�\�jZfdZo�=hkaZ^Zgby�BYB�J:G��Rbnj�l_fu�FFWS-2022-0006��jmd��
Jm[ph\�=�B� 

 

��� Gh\uc�ij_^_e�gZ�Zdkbhgh�ih^h[gmx�ik_\^hkdZeyjgmx�qZklbpm 

<�wdki_jbf_gl_�HD:��dheeZ[hjZpby�BN<W���BYB�J:G���HBYB��ihemq_g�gh\uc�j_�
amevlZl�ih�ihbkdm�Zdkbhgh�ih^h[ghc�qZklbpu�\�jZkiZ^Zo�iheh`bl_evguo�dZhgh\�>�@���:d�
kbhg���]bihl_lbq_kdZy�g_cljZevgZy�ik_\^hkdZeyjgZy�we_f_glZjgZy�qZklbpZ��ihklmebjh\Zg�
gZy�^ey�j_r_gby�ijh[e_fu�khojZg_gby���dhf[bgbjh\Zgghc�&3�kbff_ljbb�\�d\Zglh\hc�ojh�
fh^bgZfbd_��:dkbhg�fh`_l�jh`^Zlvky�\�jZkiZ^_�iheh`bl_evgh]h�dZhgZ�gZ�^\Z�ibhgZ�b�Zd�
kbhg���<�wdki_jbf_gl_�HD:�[ueh�ijhZgZebabjh\Zgh�[he__���o�fbeebZj^h\�jZkiZ^h\�iheh�
`bl_evguo�dZhgh\��<�j_amevlZl_�g_�[ueh�h[gZjm`_gh�gb�h^gh]h�kh[ulby�k�Zdkbhghf�\�dh�
g_qghf�khklhygbb���;ue�ihemq_g�\_jogbc�ij_^_e�gZ�\_jhylghklv�lZdh]h�jZkiZ^Z�hl����o�����
^h���o������\�aZ\bkbfhklb�hl�fZkku���ZdkbhgZ�\�bgl_j\Ze_��hl���^h�����Fw<��qlh��[he__�q_f��
gZ�ihjy^hd�emqr_�gZb[he__�kbevgh]h���^h�gZklhys_]h�\j_f_gb�ij_^_eZ��ihemq_ggh]h�\�wlhf�
jZkiZ^_�\�wdki_jbf_gl_�(����\�;GE�� 

 



Jbk����<_jogbc�ij_^_e��^h\_jbl_evguc�bgl_j\Ze������gZ�\_jhylghklv�jZkiZ^Z�->
\

è>è4=��<_jlbdZevgu_�ebgbb�ihdZau\Zxl�kbkl_fZlbq_kdb_��khhl\_lkl\mxsb_���klZg^Zjl�
ghfm�hldehg_gbx�� 

Im[ebdZpby�� 

>�@�$�6��6DGRYVN\�HW�DO��6HDUFKHV�IRU�WKH�OLJKW�LQYLVLEOH�D[LRQ�OLNH�SDUWLFOH�LQ�.�
:����D�GHFD\���

(XU�3K\V�-�&������������������ 

Dhhi_jZpby�k�^jm]bfb�hj]ZgbaZpbyfb� 

���Bgklblml�y^_jguo�bkke_^h\Zgbc�J:G���������Fhkd\Z��Jhkkby� 

����Bgklblml�nbabdb�\ukhdbo�wg_j]bc�GBP�DB����������Ijhl\bgh��Fhkdh\kdZy�h[eZklv��
Jhkkby 
���H[t_^bg_gguc�bgklblml�y^_jguo�bkke_^h\Zgbc���������>m[gZ��Fhkdh\kdZy�h[e��Jhkkby 
�Dhhj^bgZlhj�jZ[hl��Dm^_gdh�Xjbc�=jb]hjv_\bq 

we�ihqlZ��NXGHQNR#LQU�UX 

l_e���������������� 

INGB����������NbabdZ�we_f_glZjguo�qZklbp�b�nmg^Zf_glZevguo�\aZbfh^_ckl\bc 

 

15. L_fgu_�iylgZ�gZ�bah[jZ`_gbyo�Zkljhnbabq_kdbo�q_jguo�^uj 

< [eb`Zcr_f� ^_kylbe_lbb� ^_lZevgu_� gZ[ex^_gby� nhjf� l_fguo� iyl_g� gZ�
bah[jZ`_gbyo� k\_jofZkkb\guo� q_jguo� ^uj� SgrA* \� p_glj_� gZr_c� ]ZeZdlbdb� b�M87* \�
p_glj_� ]b]Zglkdhc� weebilbq_kdhc� ]ZeZdlbdb�M87 ij_^hklZ\yl� mgbdZevgmx� \hafh`ghklv���
ijh\_jdb� h[s_c l_hjbb hlghkbl_evghklb� Wcgrl_cgZ b� __� jZaebqguo� fh^bnbdZpbc� \�
j_`bf_� kbevgh]h� ihey. I_j\u_� bah[jZ`_gby� q_jguo� ^uj� SgrA* b� M87*�� ihemq_ggu_�
g_^Z\gh� f_`^mgZjh^guf� ijh_dlhf� ³L_e_kdhi� ^ey� =hjbahglZ� Kh[ulbc``�� ih^l\_j^beb�
ijZ\bevghklv�l_hjbb�]jZ\blZpbb�Wcgrl_cgZ�ebrv�dZq_kl\_ggh�k�g_[hevrhc�lhqghklvx��
J_ZebaZpby� f_`^mgZjh^gh]h� ijh_dlZ� ÆDhkfbq_kdhc� H[k_j\Zlhjbb� Fbeebf_ljhg´, 

ij_^eh`_ggh]h� b� jZajZ[hlZggh]h� jhkkbckdbfb� mq_gufb�� iha\hebl� gZclb� ijZ\bevgmx�
l_hjbx�]jZ\blZpbb�b�hdZ`_l�fhsgh_�klbfmebjmxs__�\ebygb_�gZ�jZa\blb_�hl_q_kl\_gguo�
l_ogheh]bc� ijhba\h^kl\Z� we_dljhgbdb�� Z� lZd`_� f_lh^h\� bkdmkkl\_ggh]h� bgl_ee_dlZ� b�
h[jZ[hldb�[hevrbo�h[t_fh\�^Zgguo�  

      

 

Jbkmghd. E_\Zy� iZg_ev� =jZ\blZpbhggh� ebgabjh\Zggu_� bah[jZ`_gby� �ijyfh_� b� ^\Z�
k\_lh\uo�woZ��a\_a^u gZ djm]h\hc�hj[bl_�\hdjm]�q_jghc�^uju�6JU$
. K_jZy�h[eZklv�± l_gv�
q_jghc�^uju. ImgdlbjgZy�hdjm`ghklv�khhl\_lkl\m_l�jZaf_jm�]hjbahglZ�kh[ulbc�q_jghc�
^uju�\�ijhkljZgkl\_�W\deb^Z [_a�]jZ\blZpbb. IjZ\Zy�iZg_ev� Fh^_eb l_fguo iyl_g��gZ�



nhg_�bah[jZ`_gbc�SgrA* �ke_\Z��b�M87* �kijZ\Z���HjZg`_\u_ djb\u_�- \g_rgb_�]jZgbpu�
l_g_c�wlbo�q_jguo�^uj� 
 

 

Im[ebdZpbb: 

1. <��B��>hdmqZ_\���Bah[jZ`_gby�q_jguo�^uj��\b^bfu_�m^Ze_gguf�gZ[ex^Zl_e_f. 

=jZ\blZpby�b�dhkfheh]by�30, 246±253, 2024. arXiv:2401.01694 [gr-qc]. 

2. V.I. Dokuchaev, K.E. Prokopev. Generalized Einstein-±Rosen bridge inside black holes. 

@WLN��165, 800±806, 2024; arXiv:2312.15870 [gr-qc]; 

 

Dhhj^bgZlhj jZ[hl: >hdmqZ_\ <yq_keZ\ B\Zgh\bq 

l_e���������-045-85-����we.ihqlZ: dokuchaev@inr.ac.ru 

IGNB �����NbabdZ��1.3.3.3. G_cljbggZy�nbabdZ��Zkljhnbabq_kdb_�b�dhkfheh]bq_kdb_�
Zki_dlu�y^_jghc�nbabdb�b�nbabdb�we_f_glZjguo�qZklbp. 

 

16. L_klbjh\Zgb_�kljmdlmju�X�������\�nhlhjh`^_gbb� 
 

<�ihke_^gb_�]h^u�\�jy^_�\ukhdhwg_j]_lbq_kdbo�wdki_jbf_glh\��dheeZ[hjZpbb�Belle, 

BESIII, LHCb, CMS, ATLAS��[ueh�h[gZjm`_gh�kms_kl\h\Zgb_�\�ijbjh^_�wdahlbq_kdbo�Z^�
jhgguo�khklhygbc��XYZ khklhygbc���ijhy\eyxsbo�k\hckl\Z��\uoh^ysb_�aZ�jZfdb�ljZ^b�
pbhgghc�d\Zjdh\hc�fh^_eb��^\mod\Zjdh\u_�f_ahgu�b�lj_od\Zjdh\u_�[Zjbhgu����Hldjulu_�
khklhygby�bf_xl�\�k\h_c�kljmdlj_���b���\Ze_glguo�d\Zjdh\�b�ihwlhfm�ihemqbeb�gZa\Zgb_�
l_ljZd\Zjdb�b�i_glZd\Zjdb��Kj_^b�wlbo�wdahlbq_kdbo��khklhygbc�hkh[h_�\gbfZgb_�ijb\e_�
dZe�\�ihke_^gb_�^\Z�^_kylbe_lby�b�ijb\e_dZ_l�^h�kbo�ihj�X�������f_ahg�ba-aZ�k\h_c�djZcg_�
g_h[uqghc�b�g_�kh\k_f�ihgylghc�^Z`_�\�gZklhys__�\j_fy� �g_kfhljy�gZ�fgh]hqbke_ggu_��
wdki_jbf_glZevgu_�b�l_hj_lbq_kdb_�bkke_^h\Zgby��\gmlj_gg_c�kljmdlmju��ij_^kdZau\Z_�
fhc�\�jy^_�l_hj_lbq_kdbo�ih^oh^h\�\�\b^_�qbklh�qZjfhgbmfih^h[gh]h�khklhygby��dhfiZdl�
gh]h�q_luj_od\Zjdh\h]h�khklhygby��fhe_dmeyjgh]h�khklhygby�beb�kf_kb�qZjfhgbmfih^h[�
gh]h�b�fhe_dmeyjgh]h�khklhygbc�k�ij_^iheZ]Z_fufb�\_jhylghklyfb� 

<i_j\u_�jZkkfhlj_gZ�\hafh`ghklv�bamq_gby�\gmlj_gg_c�kljmdlmju�X�������f_ahgh\�
\�j_Zdpbyo�bo�nhlhjh`^_gby gZ�y^_jguo�fbr_gyo��<�jZfdZo�jZajZ[hlZgghc�gh\hc�fh^_eb�
[ueh�\i_j\u_�ihdZaZgh��qlh�jZkkfhlj_ggu_�gZ[ex^Z_fu_� �ihegu_�b�^bnn_j_gpbZevgu_�
k_q_gby�� ijhajZqghklb�� h[eZ^Zxl� hij_^_e_gghc� qm\kl\bl_evghklvx� d� ij_^iheZ]Z_fhc�
kljmdlmj_�X��������f_ahgZ�± \Z`guc�^ey�__�[m^msbo�wdki_jbf_glZevguo�bkke_^h\Zgbc��\�
qZklghklb��gZ�mkdhjbl_evghf�dhfie_dk_�CEBAF). 



                  

Jbkmghd����IjhajZqghklv�y^_j�SA ^ey�X�������f_ahgh\��jh`^_gguo�\�ijyfuo�\aZbfh^_c�
kl\byo� i_j\bqguo� nhlhgh\� k� \gmljby^_jgufb� gmdehgZfb�� \� aZ\bkbfhklb� hl� fZkkh\h]h�
qbkeZ� y^jZ-fbr_gb�\�jZaebqguo�ij_^iheh`_gbyo�h�\gmlj_gg_c� kljmdlmj_� wlbo�f_ahgh\�
�mdZaZgh�gZ�jbkmgd_�� 
 

 Im[ebdZpbb� 

1. E. Ya. Paryev. Probing the structure of X(3872) in photoproduction. Nucl. Phys. A 1047 

(2024) 122876, arXiv: 2405.01089 [hep-ph]. 
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we�ihqlZ��paryev@inr.ru 
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GZb[he__�agZqbfu_�j_amevlZlu��bf_xsb_�bggh\Zpbhgguc�ihl_gpbZe 

 

1. Ihemq_gb_�Zdlbgby-����^ey�f_^bpbgkdh]h�ijbf_g_gby�ba�f_lZeebq_kdh]h�

lhjby��h[emq_ggh]h�ijhlhgZfb�kj_^gbo�wg_j]bc�� 

JZ^bhnZjfij_iZjZlu�gZ�hkgh\_�Zdlbgby-�����L1/2  ������̂ g����b�̂ hq_jg_]h�ijh^mdlZ�_]h�
jZkiZ^Z� \bkfmlZ-���� �L1/2  � ����� ^g��� y\eyxlky� qj_a\uqZcgh� i_jki_dlb\gufb� ^ey�
wnn_dlb\ghc� l_jZibb� jZaebqguo� hgdheh]bq_kdbo� aZ[he_\Zgbc�� � Kms_kl\mxs__�
ijhba\h^kl\h�225:k�\�Jhkkbb�b�fbj_�̂ Ze_dh�hl�jZklmsbo�ihlj_[ghkl_c�\�wlhf�jZ^bhgmdeb^_�� 

GZ�hkgh\_�ijh\_^_gguo�jZ^bhbahlhiguo�b�jZ^bhobfbq_kdbo�bkke_^h\Zgbc� \�BYB�
J:G� \� khljm^gbq_kl\_� k� ^jm]bfb� jhkkbckdbfb� hj]ZgbaZpbyfb� aZ\_jr_gZ� jZajZ[hldZ�
\ukhdhijhba\h^bl_evghc�l_ogheh]bb�ihemq_gby�Zdlbgby-����ba�fZkkb\ghc�fbr_gb�lhjby-
�����h[emq_gghc�ijhlhgZfb�k�wg_j]b_c�^h� ����Fw<�gZ�ebg_cghf�mkdhjbl_e_�BYB�J:G��



Fbr_gv�ba�f_lZeebq_kdh]h�lhjby�\�gbh[b_\hc�h[hehqd_�ba]hlZ\eb\Zxl�k�bkihevah\Zgb_f�
^bnnmabhgghc�k\Zjdb��qlh�h[_ki_qb\Z_l�ohjhrbc�dhglZdl�hkgh\gh]h�\_s_kl\Z�fbr_gb�k�
h[hehqdhc� b� wnn_dlb\gh_� hoeZ`^_gb_� \h^hc� \h� \j_fy� h[emq_gby� \ukhdhbgl_gkb\guf�
imqdhf� ijhlhgh\�� Obfbq_kdZy� i_j_jZ[hldZ� h[emq_gghc� fbr_gb� \dexqZ_l� k_e_dlb\gh_�
jZkl\hj_gb_�Nb b�Th \�kf_kb�dbkehl�HF b�HNO3 jZaguo�dhgp_gljZpbc��aZl_f�± `b^dhklgmx�
wdkljZdpbx�lhjby�b�wdkljZdpbhggmx�ojhfZlh]jZnbx�k�khj[_glZfb�DGA, LN b�TRU�� �<�
j_amevlZl_�^hklb]Z_lky�\ukhdbc�obfbq_kdbc�\uoh^������Z�lZd`_�ijb_fe_fZy�obfbq_kdZy�b�
jZ^bhgmdeb^gZy� qbklhlZ� ijh^mdlZ� ������ �aZ� bkdexq_gb_f� ijbf_kb� ���-0.2% 227:k���
ijb]h^gh]h�^ey�bkihevah\Zgby�ijb�ba]hlh\e_gbb�jZ^bhnZfij_iZjZlh\�gZ�hkgh\_� 225:k�b�
213Bi�� JZajZ[hlZgu� g_kdhevdh� i_jki_dlb\guo� ko_f� ^ey� jZ^bhgmd^b^gh]h� f_^bpbgkdh]h�
]_g_jZlhjZ�213Bi. 

JZajZ[hlZgguf�f_lh^hf�aZ�h^gh�h[emq_gb_�\�l_q_gb_����^g��gZ�mkdhjbl_e_�BYB�J:G�
fh`gh�ihemqZlv�^h�����=;d�Zdlbgby-�����qlh�kjZ\gbfh�k�]h^h\uf�ijhba\h^kl\hf�\�fbj_��<�
[eb`Zcr__�\j_fy�ieZgbjm_lky�gZqZlv�j_]meyjgh_�ihemq_gb_�Zdblbgby-����k�_]h�ihklZ\dhc�
\�nZjfZp_\lbq_kdb_�b�f_^bpbgkdb_�mqj_`^_gby�\�Jhkkbb�b�aZ�jm[_`hf�� 
     

 

Jbkmghd��Fbr_gb�ba�f_lZeebq_kdh]h�lhjby�\�gbh[b_\hc�h[hehqd_�^ey�ihemq_gby�Zdlbgby-
�����ke_\Z�± ^h��kijZ\Z�± ihke_�h[emq_gby�gZ�ebg_cghf�mkdhjbl_e_�BYB�J:G�� 
 

Im[ebdZpbb� 

1. S. V. Ermolaev, A.N. Vasiliev, E. V. Lapshina, A.A. Kobtsev, B. L. Zhuikov.  Production of 
225Ac for medical application from 232Th-metallic targets in Nb shells irradiated with middle-

energy protons. New J. Chem., 2024, 48, 8222-8232,  

DOI: 10.1039/d3nj05778jrsc.li/njc 

2. K.<. ?jfheZ_\. :.G. <Zkbev_\, ?.<. EZirbgZ, ;.E. @mcdh\. Kihkh[�ihemq_gby�Zdlbgby-
225���IZl_gl�JN������������Him[e������������ 
���;�E��@mcdh\��G�:��=heh\bg��:�:��Dh[p_\��>�:��Q_kghdh\��Kihkh[�ba]hlh\e_gby�fbr_gb�
ba�f_lZeebq_kdh]h�lhjby�^ey�ihemq_gby�jZ^bhgmdeb^h\��AZy\dZ�gZ�iZl_gl�JN���RU 2024 

120 592 A, 18.07.2024. 
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l_e���� 903 7977871 
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l_e���7 9036293268 

 

IGNB ���������Nmg^Zf_glZevgZy�nbabdZ�Zlhfgh]h�y^jZ 
 

3. Ihabpbhggh-qm\kl\bl_evguc�^_l_dlhj-fbr_gv�[ukljuo�b�f_^e_gguo�

g_cljhgh\�^ey�bkke_^h\Zgby�j_Zdpbc�k�e_]dbfb�y^jZfb 

 

>ey� bkke_^h\Zgby� j_Zdpbc� \aZbfh^_ckl\by� [ukljuo� g_cljhgh\� k� wg_j]b_c� k\ur_�
1 Fw<�k�e_]dbfb�y^jZfb��\�qZklghklb��k�y^jhf�10%�[ue�jZajZ[hlZg�b�ba]hlh\e_g�ihabpbhggh-

qm\kl\bl_evguc�^_l_dlhj�g_cljhgh\�jZaf_jZfb��� î 50 ff2��ij_^klZ\eyxsbc�ba�k_[y�h^�
gh\j_f_ggh�l\_j^hl_evgmx�kf_ggmx�fbr_gv�ba�10%�b�ijh\hehqgmx�dZf_jm�k�q_lujvfy�qm\�
kl\bl_evgufb�]Zah\ufb�ijhf_`mldZfb�^ey�baf_j_gby�qZklbqguo�b�iheguo�ihl_jv�\lhjbq�
guo�y^_j��Wlh�iha\hey_l�hij_^_eblv�wg_j]bx��m]he�\ue_lZ�b�lbi�\lhjbqgh]h�y^jZ��>_l_dlhj�
y\ey_lky�mgb\_jkZevguf�ijb[hjhf�b�fh`_l�[ulv�i_j_kh[jZg�k�aZf_ghc�fbr_gb�b�gZkljh_g�
baf_g_gb_f�\b^Z�]ZaZ�b�^Z\e_gby�^ey�bamq_gby�j_Zdpbc�gZ�e_]dbo�y^jZo�lZdbo�dZd�6,7Li, 9Be, 
10,11B��Hg�ij_^gZagZq_g�^ey�j_]bkljZpbb�dZd�l_ieh\uo��lZd�b�[ukljuo�g_cljhgh\��k�h`b^Z�
_fhc�wnn_dlb\ghklvx�d�[ukljuf�g_cljhgZf�a������ ���>_l_dlhj�y\ey_lky�p_gljZevguf�
we_f_glhf�wdki_jbf_glZevghc�mklZgh\db��dhlhjZy�lZd`_�\dexqZ_l�ki_dljhf_lj�iZj�we_d�
ljhgh\�b�ihabljhgh\��K�ihfhsvx�^Zgghc�mklZgh\db�gZ�imqdZo�[ukljuo�g_cljhgh\�dZgZeZ�
J:>WDK�BYB�J:G�[m^ml�hij_^_e_gu�\deZ^u�i_j_oh^h\�ba�\ha[m`^_ggh]h�khklhygby�y^jZ�
8%H�\�hkgh\gh_�jZaebqghc�fmevlbihevghklb��ijb�_]h�h[jZah\Zgbb�\�j_Zdpbb�n+10B��Z�lZd`_�
gZ� ihbkd� \hafh`guo� ZghfZebc� ijb� \gmljby^_jghf� h[jZah\Zgbb� we_dljhg-ihabljhgghc�
iZju��gZoh^ysboky�\�ijhlb\hj_qbb�F�ij_^kdZaZgb_f�klZg^Zjlghc�fh^_eb� 

Bkke_^h\Zgb_�\uiheg_gh�\�jZfdZo�gZmqghc�ijh]jZffu�GZpbhgZevgh]h�p_gljZ�nb�
abdb�b�fZl_fZlbdb��gZijZ\e_gb_�� ��©Y^_jgZy�b�jZ^bZpbhggZy�nbabdZª. 

 

Jbk� ��� Mkljhckl\h� ^_l_dlhjZ�� �� b� �� ±�
djurdZ� b� hkgh\Zgb_� dhjimkZ�� �� b� �� ±�
we_f_glu�� kh^_j`Zsb_� kehb� ��%� gZ�
dj_fgb_\hc� ih^eh`d_�� �� ±� jZfdZ� k�
Zgh^gufb� ijh\hehqdZfb�� �� b� �� ±� $O�2���
jZfdb�k�ijh\hehqdZfb�dZlh^h\�;��b�<�����b�
��±�jZfdb�k�ijh\hehqdZfb�k_lhd�<��b�;������
±�ijhdeZ^hqgu_�rZc[u� 
 

Jbk� ���K[hjdZ�^_l_dlhjZ��ihf_s_ggh]h�\�
hkgh\Zgb_� ]_jf_lbqgh]h� dhjimkZ� i_j_^�
aZdjulb_f� b� gZiheg_gb_f� ^_l_dlhjZ�
jZ[hqbf�]Zahf� 
 




