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BriepBble BCHIBIIIKHA FraMMa-H3ITyYeHUS U3 TPO30BBIX 00JIaKOB ObUIM 0OHApYKEHBI OpPOUTANEHBIMA KOCMUYECKHM aIapaTaMu
U IIOTOMY CTaJIM Ha3bIBaThCsl HazeMHbIMHU ramma-semnsiikamu (TGF). Hekoropsie ocobennoctu perucrpanun TGF, Takue kak
HaOJIIO/ICHNS TOJIBKO B 00JIACTH JOCTATOYHO HU3KHX LIMPOT, II€ BEICOTA TPOIocepsl U BBICOTAa MOIHBIX KOHBEKTHBHBIX 00J1a4-
HBIX CHCTEM CYLIECTBEHHO OOJBIIIE, YEM B CPEAHHUX U BBICOKHX IIMPOTaX, nocieayromas cea3b TGF ¢ KoMImakTHBIMU BHYTPHOO-
na4yHbIMU paspsgamu (CID), KoTopble SBISIOTCS CAMBIMU MOLIHBIMU UMITYJIbCHBIMH MCTOYHHKAMH PaJIMOU3IIy4eHHUs B aTMochepe
3eMiIH, OTHO3HAYHO CBUAETEIBCTBOBAIH O TOM, 4TO UCTOYHUK TGF n CID HaxoauTcs Ha 3HAYUTENLHON BBICOTE BOJIM3H BEpXHEH
KPOMKH TPO30BOT0 0o0JIaka M 3HAYUTENBHO BBIMIE 00ONacTei, rae GopMupyroTcs OOBIMHBIE MOTHHEBEIE pa3psasl. Tem He MeHee
CYIIECTBYIOT ITyOJIMKAINH, IJIe aBTOPHI YTBEPKAAIOT, YTO OHU perucTpupyioT TGF Ha moBepxHOCTH 3eMIIH, XOTSI pacpoCTpaHe-
HHE raMMa-KBaHTOB BHU3 OT TPOIIOIIAy3bl MaJIOBEPOSITHO BCIIEJCTBHE ITOTJIOMICHNS B INIOTHOH aTtMocdepe. AHaIN3 JaHHBIX, IpH-
BEJICHHBIX B OIHOM 13 Takux padot [Wada et al., Sci. Adv. 11, eads6906 (2025)], neMOHCTpHPYET, CKOpEe, U3TyICHHUE, CBSI3aHHOES
¢ mupokuM arMochepHsM suBHeM (LIIAJT), mopoxaeHHbIM yacTuieil BEICOKOH sHepruu. [IpiMeneHne Moenel JlaBuH yoeraro-
KX IEKTPOHOB, B TOM YUCIIE PETISITUBUCTCKUX, TIO3BOJISIET BBIJETUTH OOIIHE YEPTHI MEXaHU3MOB I'€HEPALIMU BBICOKODHEPT HUHBIX
YacTHll B aTMocdepe.
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Gamma-ray flashes (TGFs) originating from thunderclouds were first detected by orbital spacecraft, so they initially became
known as terrestrial gamma-ray flashes. Certain features of TGF detection (such as observations only at quite low latitudes where
the height of the troposphere and the height of powerful convective cloud systems are significantly greater than at middle and high
latitudes, and the subsequent association of TGFs with compact intracloud discharges (CIDs) that are the most powerful pulsed
sources of radio emission in Earth’s atmosphere) unambiguously indicated that the source of TGFs and CIDs is located at a con-
siderable altitude near the upper edge of the thundercloud, well above the regions where conventional lightning discharges form.
Nevertheless, there are publications claiming the TGF registration at the Earth’s surface. However, downward propagation of
gamma quanta from the tropopause is highly unlikely due to absorption in the dense atmosphere. An analysis of data presented in
the paper [Wada et al., Sci. Adv. 11, eads6906 (2025)] demonstrates radiation related to the extensive air shower (EAS) initiated
by a high-energy particle. The application of avalanche models for runaway electrons, including relativistic ones, allows us to
identify common characteristics of the generation mechanisms of high-energy particles in the atmosphere.
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