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B pabote o6cyxnatorcst 3pGeKTs BIUSHUS HEOAHOPOIHOTO pacpeaeeHuss KOHIEHTPAIMH 3JIEKTPOHOB
B noHOC(epe Ha pe3ysbTaThl TpaHcuoHochepHoro paanozoHaupoBanus (THU3) mpu nponére KOCMUYECKUX
anmnapatoB «Monochepa-M» wnan 3amamgnoit yacteio Poccuu. Momorpammer TU3 Obutin monydeHbl B
HKCIEPUMEHTaX C HCIOJIb30BAHMEM Ha3eMHBIX HOHOC(epHBIX craHImii Pocruapomera (DnekTpoyrim,
Kanununrpan).

Meton TU3 ocHOBaH Ha COBMECTHON paboTe Ha3eMHOW MOHOC(HEPHON CTaHIIMK U OOPTOBOTO MOHO30HIA
pacrnoyioxkeHHOoro Ha kocmuueckom anmapare (KA) na okomoszemuHoi opbOute. Ilpu 3TOoM mnepemaTdmk
0OpTOBOTO MOHO30H/A M3ITy4aeT 30HAMPYIONINE CUTHAJBI, a MPUHUMAET MPUEMHUK HA3eMHOT'O MOHO30H[A
(mpsimoe TU3), wm Hao6opot (obpatroe TU3). Takum 00pa3oM BO3MOXKHO H3MEPHUTH 3HAUCHNE HANMEHBIIICH
4acTOThI IPOXOXKIEHNS CUTHAJIAa CKBO3b HOHOC(hEPY Ha Tpacce KOCMUYECKHUH anmnapar — 3eMiisl, KOTOpasi MOXKET
OBITh NEpECYMTaHa B 3HAYEHUE KPUTUYECKON YacCTOTHI f /' B TOYKE NEPECCHEHUs PAAMOIYdOM MAKCHMyMa
noHocgepsl. ['opuzoHTaNIBHOE pacnpesiesieHue KOHLEHTPALUK 3JIEKTPOHOB MOYXHO PAacCUMTATh UCXOMAS U3
3HAaHUS 3HAYEHUIN KPUTUYECKUX YAaCTOT BO BpPEMs IIPOBE/IEHUSI HECKOJIbKUX ceaHcoB TU3 3a oauH nposér.

N3BecTtHO, uTO Yy4€T 3HAYCHHWI TOPU3OHTAIBHBIX TpanueHToB (['T) 351eKTpOHHON KOHIIEHTpAllMU B
MOHOC(]epe YIydlIaeT TOYHOCTh BBIYMCICHHN XapaKTepUCTHK HOHOC(hEpHBIX paguorpacc. Merony TU3
no3BoJsier onpenenuTs I'T Mexay MmiIocKOCThI0O OpOUTH KOCMHUYECKOTO ammapara U MECTOM pa3MeIIeHUs
Ha3zeMHON moHocdepHoii cranumu. CoBMmecTHast 00pabOTKa Pe3yIbTaTOB M3MEPEHHI KPUTHUECKUX YACTOT
obmactu F Ha monorpammax TU3, suemmnero (Bu3) u BeprukampHOro 3ouampoBanus (B3) yBennmuuBaroT
reOMETPUUECKUE pa3MepPhl 30HBI TPOBEACHUST HOHOC(HEPHBIX U3MEPEHUIA.

DxcnepuMeHT mnpoBoawics B mepuon ¢ 20 mo 21 mexabps 2025 r. B mpormecce oCylecTBIsLUIOCh
oJHOBpeMeHHoe n3mepenue nonorpamm Bu3, B3 u TU3. B skcriepuMenTax ObIIH OTYYESHBI CEPUU HOHOTPAMM
JUIS pa3lInYHbIX MOJIOKEHUH U Tpaekrtopuil nponéra KA Ha opOute. Pe3ynbrarel peructpanuu rnokasan,
YTO Ha MOHOTPAMMaXxX pa3IMYUMBI CIIEIbI MPSIMOTO W 0OPaTHOTO TPAHCHOHOC(HEPHOTO 30HIUPOBAHMUS, KAK
i cr. KanmHuHrpaa Tak v Juist CT. DNEeKTPOYIIIHM, KOTOPbIE O3BOJISIOT ONPENEIUTh KPUTUUECKHUE YACTOTHI
/I’ B 30HE mepecedeHnss MakcuMyMa HoHochephl paauonydoM. [1o momydeHHBIM pe3yibTaTtam HOCTPOEHO
IPOCTPAHCTBEHHOE PACIIPEJENIEHHE KPUTHIECKON 4YacTOThl f ' Ha TPAEKTOPMU [BWXKEHHUs CIYTHHKA H
OIpeziesIeHbl FTOPU30HTANIbHBIE IPAIUEHTBI INIOTHOCTHU 3JIEKTPOHOB.

DKcrepuMEHTANIbHbIE PE3YJIbTaThl TOATBEPANIINA BO3MOKHOCTb IOy YEHMSI TOTIOTHUTEIbHOU HH(OpMaLun
O pacnpeNeNeHt KPUTHIECKUX YacToT f /' W 3HAYE€HNWHM KOHIEHTPALMM 3JIEKTPOHOB, U MPUHIMIHATBHYIO
BO3MOYKHOCTh OpraHu3anuud moHochepHbix uaMepeHuil [T ¢ MOMOIIBIO COBMECTHOTO HCIIOJIB30BAHUS
KOCMHUYECKHX annapaTroB M Ha3eMHbIX MOHOC(hEpHBbIX cTaHUui. [lodyyeHHbIE B 3KCIEPUMEHTE JIaHHBIE B
nepuop ¢ 20 nmo 21 nexabps 2025 r. Mokas3blBalOT HAJIMYKME CYLIECTBEHHOI'O FOPU30HTAIIBHOIO I'paJueHTa
KOHIICHTPALIMH AJIEKTPOHOB, KOTOPBI HAOIIOACTCS B BEUEPHHUE M YTPEHHHUE YaChl, KaK BJIOJb IIMPOTHI TaK
u JoJroTel. B 1HeBHOEe BpeMsi HAOMIOAANOCh 3HAYUTENIHO MEHBIIEE 3HAYEHHE I'PaJMEeHTa KOHLEHTpalUU
IJIOTHOCTH AJIEKTPOHOB 10 CPABHEHUIO C BEUEPHUMH U YTPEHHUMH YacaMHu.
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This paper discusses the effects of an inhomogeneous electron concentration distribution in the ionosphere
on the results of transionospheric sounding (TIS). The study uses data from the passage of the lonosfera-M
satellites over the western part of Russia. The TIS ionograms were obtained during experiments using ground-
based ionospheric stations of Roshydromet (Elektrougli and Kaliningrad).

The TIS method is based on the coordinated operation of a ground-based ionospheric station and an onboard
ionosonde. The ionosonde is located on a spacecraft in near-Earth orbit. In this setup, the transmitter of the
onboard ionosonde emits probing signals. The receiver of the ground-based ionosonde then receives them.
This is called direct TIS. The reverse setup is also possible. This method allows scientists to measure the
lowest frequency that can pass through the ionosphere on the spacecraft-to-Earth path. This frequency can
then be recalculated into the critical frequency (f F) at the point where the radio beam crosses the maximum
of the ionosphere. The horizontal distribution of electron concentration can be calculated based on the critical
frequency values obtained from several TIS sessions during a single flyby.

It is known that accounting for the horizontal gradients of electron concentration improves the accuracy
of calculations for ionospheric radio paths. The TIS method makes it possible to determine the horizontal
gradient between the satelliters orbit plane and the location of the ground-based ionospheric station. By jointly
processing the measurement results of the F-region critical frequencies from TIS ionograms, as well as from
external and vertical sounding, the geometric size of the ionospheric measurement area increases.

The experiment was conducted from December 20 to 21, 2025. During this period, ionograms from external,
vertical, and transionospheric sounding were measured simultaneously. The experiments produced a series of
ionograms for different positions and flight paths of the spacecraft in orbit. The recorded results show that
traces of both direct and reverse transionospheric sounding are distinguishable on the ionograms. This was
true for both the Kaliningrad and Elektrougli stations. These traces allow scientists to determine the critical
frequencies f /' in the zone where the radio beam intersects the ionosphere>s maximum. Based on the obtained
results, a spatial distribution of the f F' critical frequency was constructed along the satellite’s trajectory, and
the horizontal electron density gradients were determined.

The experimental results confirmed the possibility of obtaining additional information about the distribution
of f I critical frequencies and electron concentration. They also confirmed the fundamental possibility of
organizing ionospheric measurements of horizontal gradients through the combined use of satellites and
ground-based ionospheric stations. Data obtained during the experiment from December 20 to 21, 2025, show
the presence of a significant horizontal gradient of electron concentration. This gradient was observed in the
evening and morning hours, both along latitude and longitude. During the daytime, the value of the electron
density gradient was significantly smaller compared to the evening and morning hours
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