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AnHoTauus. [IpuBomsaTcs pe3yibTaThl MCCIENOBAHWN HOHOC(HEPH CHCTEMOH CPEeTHENIMPOTHBIX CHHXPOHHO
paboTarOINX CTAaHIIMI HAKJIIOHHOTO U MOHO30H/I0B BEPTUKAIBHOTO 30HAMPOBAHMS, KOTA HA (DOHE PETYISPHBIX
oTpakeHmii oT F-cios monocheps! ObuH OOHApYKEHBI CHIbHBIE AU(D(Y3HBIE OTPAKEHHUS OT ITWHAMHYECKIX
CTPYKTYP aBpOpalibHOI HOHOC(EPHI.

KaoueBbie ciaoBa: WoHOC(epa, TEOMarHUTHbIE — BO3MYIIEHHs, HOHO30HA, JIYM-30HIMpOBaHME,
KOPOTKOBOJIHOBAS pa/INOCBSI3b, OTJIOMICHHUE, PACCESTHUE PAIOBOIIH

EXPERIMENTAL MID-LATITUDE LONGITUDINAL NETWORK
OF CHIRP STATIONS FOR IONOSPHERE SOUNDING
IN THE EUROPEAN PART OF RUSSIA

F.I. Vybornov, I.V. Krasheninnikov, A.A. Kolchev, E.Yu. Zykov

Abstract. The results of ionospheric research by a system of mid-latitude synchronously operating stations of
inclined and vertical sounding ionosondes are presented, when strong diffuse reflections from dynamic structures
of the auroral ionosphere were detected against the background of regular reflections from the F-layer of the
ionosphere.

Keywords: ionosphere, geomagnetic disturbances, ionosonde, chirp sounding, shortwave radio communication,
absorption, scattering of radio waves

Beenenne

ABpopanbHasi ~ 4acTh  BBICOKOIIMPOTHOW  HWOHOC(Ephl  XapakTepu3yercss  HallndHeM
KPYIMHOMAcCIITa0OHBIX TWHAMHYECKHUX CTPYKTYp: MOJSPHOTO OBajia, TIIABHOTO MOHOC(EPHOTO MpoBajia
(I'UIT), aBpopanbhbix D- u E-ciioeB, koTopble Mpu MOHOC(EPHBIX BOIMYIICHHSIX, 00YCIOBICHHBIX
MarHUTHBIMA OypsSIMH, MOTYT CMEIIAaThCs B OOJACTh CPENHUX IIUPOT M TPOSBIATHCA B JTAHHBIX
panno3onaupoBanus HoHochepbl. Takue F3pPeKThl HOHOCHEPHBIX BO3MYIICHUI HAOIIOAaIHCh HAMU B
xoje mpoBeaeHUst u3MepeHuil 12 centsiOps 2023 T. B yCIOBUSIX YMEPEHHOH T€OMarHUTHOW OypH,
KOTJa JAJsl AMAarHOCTUKU COCTOSIHUSI MOHOC(EpPBl COBMECTHO HCHONB30BaNUCh ceTh JIYM-craHumit
HakJIoHHOTO 30HaAMpoBanus (H3) u 1Ba HOHO30H1a BEpTUKAIBHOIO 30H1upoBanus (B3) noHochepsl.

Henpto maHHOW paboOTBl  SIBISIIOTCS  JEMOHCTPAlMsl  KOMIUIEKCHBIX — PErHCTPAllMOHHBIX
BO3MOKHOCTEH METOJIOB HAKJIOHHOTO M BEPTHKAIBHOTO PaJHO30HIMPOBAHUS MOHOC(EpHI B 3ajaye
JMUArHOCTUKHA JMHAMUYECKHX KPYITHOMACIITAOHBIX HEOJHOPOJHOCTEH HOHOC(HEpHOH IIa3Mbl MPHU
JIOKaTM3alliil M3MEPHUTEIbHBIX CPEACTB B IIUPOTHOM HAINpPABICHUH, OIMUCAHHWE 3KCIIEPUMEHTA,
reMoreopu3MIecKux YCIOBHM, MOyUYSHHBIX pe3yJIbTaTOB U HX 00CYKACHUE.
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Cexyus 1. Jucmanyuonnoe 30nouposanue gepxueti ammocgepul, UoHOCHepbl
U KOCMUYECK020 NPOCMPAHCMEd

Onucanue 3KcNepUMeHTa U reuoreopu3nyeckux ycJ0Buil HAOTI0AeHUI

B okcmepumenTe  ObITM  3a/€HCTBOBAHBI  JKCIIEPUMEHTANbHBIE  CcpeiacTBa  HaydHo-
UCClIeZIoBaTeNbcKOro paguopusndeckoro uHcruryra HHI'Y um. H.U. JlobGauesckoro, Kazanckoro
(ITpuBomkckoro) ¢enepansHoro ynuepcureta u U3MUPAH (Mocksa, Tpounk). JIYM-cranuuun
HAKJIOHHOTO 30HIMPOBaHMs, pacnoyoxenHsle B Tpounke u Huxuem HoBropozae padoranu Toiabko Ha
npueM, B Bacunbcypcke n Kazann momepeMeHHO — Ha TpUEM M Ha mepenady. [lomomHuTensHO
paboTanyu MOHO30HABI BEPTHKAILHOTO 30HAMpoBaHMs B Bacuibcypcke (CADI ¢ mepuonnvHoCTBIO B
6 munayT) 1 B Tpowmrke (Ilapyc-A B cTaHZapTHOM ISITHAMIIATUMHHYTHOM pexuMe). Pacronoxenue
HMOHO30HI0B ObLIO OJIM3KO K 56° ceBepHOM mHUPOThI (OTKIOHEHUE He Oosee 0.5°).

Koopnunater cranmmii JIYM-30H1upoBanust npuseaensl B Tabmmne 1. CumBomamu R w/mmm T
OTMEUEHbl YCTAHOBKH, COOTBETCTBEHHO paboTaiomue Ha OpueM W/uiu nepenady. B rtabmuune 2
MIPUBEICHBI TEOMETPHUIECKUE JaHHbBIE Tpace H3 moHochepsr.

Tabmuma 1. Koopauaaret JIUM u B3 crannuit

Ne Haszpanue cranuuu KoopauHnartsl, rpaj.
1 Bacuiscypek (R, T) 56.1°N;46.0°E
2 Kazanb (R, T) 55.8°N; 49.1°E
3 | Hwxkuuit Hoeropon (R) | 56.3°N; 44.0° E
4 Tpowurx (R) 55.5°N; 37.3°E
Tabmuma 2. [TapameTps! Tpacc 30HANPOBAHUS
Ne Tpacca JUinHa, kM | A3uMmyT, Tpaj.
1. Bacunscypek — Kazanb 193 100.7
2. | Bacunscypck — Huxnuit HoBropon 130 279.7
3. Bacunbcypcek — Tpouuk 555 266.2
4. Kazanp — Hmwxuuit HoBroposg 323 282.7
5. Kazanp — Tpownrx 743 272.3

12 cents16pst 2023 1. IMM—cranuuu pabotanu Ha nepenady ¢ 15:00 MCK, CKOpOCTh IEpecTPOHKI
yactoTsl coctasisia 110 xI'w/c B quanazone ot 4 MI'n no 12 MI'n.

MarnutHas Oypss yMEpeHHOW MHTCHCHUBHOCTH Hadanach 12 ceHtsOps 2023 roma ¢ yBeTWUeHUS
MarautHoro uHuekca Dst B 00:00 UT, navanenas dasza npomommkanace qo 12:00 UT 12.09.2023, a
3aTeM ¢ Pe3KOoro yMeHbIIeHns nHaekca Dst Haganmach rimaBHas daza Oypu, KOTopas MPOJOKATIACH JI0
23:00 UT, korma 6su10 MOCTUTHYTO 3HaUYeHne —85 H111. 3arem Hadamack (aza BoccranoBieHus [1, 2].

Wnpexc reomarHuTHOM Bo3MyIeHHOCTH Kp B Havane cytok 12 centsOps 2023 r. HaxoIuiicst Ha
ypoBHe 0-1, a mocne 9:00 UT nawan ysennunpatscs, nocturays ¢ 12:00 UT go 18:00 UT yposast 5+.

Pe3yabTaTrhl Ha0101eHUI

JIUM-cranimun H3 Hauanu paboty mo cornacoBanHou mnporpamme ¢ 16:00 mck. Ha tpacce
Bacuibcypek — Humxuuit HoBropon nomosmHurtenbHble Tpekd Ha voHorpamMax H3 B Buze ciaObix
paccesiHHbIX OTpakKeHWM mosBWIMCHL B 18:55 MCKk ¢ BpeMeHamu 3ajepkek 6-8 wmc, Korja
MakcuMmaibHas npumennmas yacrora (MITH) 1F nonocdeps! (onpeaersiiack Be3Jie 10 0OBIKHOBEHHOMH
KOMITOHEHTe) cocTaBiistia 7.5 MI'p u xoporo peructpupoBaiuch cienbl mon 2F-4F. Jluddysnoe
OTpaXEHHUE B IHaIa3oHe 4yacToT 7-9 MI'I B Bue ABOWHOTO O0JIaka PETUCTPUPOBATIOCH C 3a7ePKKaMH
6-6.5 u 7-7.5 mc (puc.1). Jlanee 3anepKKu yMEHBIIWIACH A0 5-6 MC 1 6.2-8 MC ¢ AMaa30HOM YacTOT
6.8 — 11 MTI'u. Paccesinne Habmonanock 10 19:29 mck.

[oenenue JIYX nonocdeps! Ha Tpacce Bacunbeypck — KazaHb B 11e10M HAIIOMUHAIIO TUHAMUKY
moBeneHust JIUX ma Tpacce Bacmibcypck — Hwkuamit HoBropon. IlosBienue paccestHHOW 00JacTa
otmeuaercs ¢ 18:59 mck B qmamazone 7.5 — 10 MI't u iuama3oHoM 3amepikex S- 7.5 mc.

[ToBenenne HYX monocdepsl Ha Tpacce Bacuimbcypck — TpoHuk MMeno psii 0COOEHHOCTEH.
bonpme, wem Ha octanpHBIX Tpaccax 3HadeHms MIIY (ot 8.5 MIm B 18:55 ¢ yBenmueHumem o
9.3 MI'u B 19:11 Mck ¢ mocnenyromumM ymenbienneM B 19:29 MCK). O6macts paccessHus MosBUIACh
B 18:59 Mck ¢ 3amepkkamu OonpimuMu 7 Mc B nuamnaszone dactor 9.5-10.5 MI'u. Yxe B 19:05 mck
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chopmupoBasicsi TUQQY3HBIA CIOH, XapaKTEPHBIM A HAKIOHHOTO OTPAXEHUS C JIUAala30HOM
3agepxkek 4.5—6.5 mc B nuamazone gactot 7—11 MI'.

Ha tpaccax Kaszanp — Hwxuuit Hosropog m Kaszanp — Tpouix npuHMMainch MHTEHCHUBHBIE
CUrHaJIb! peryssipHbix otpaxkenuit (1F — 4F), Ho paccesiHHbIE cUTHAIBI TPUHUMAIUCH ci1adee, 4eM Ipu
pabore JIYM-mepenatunka n3 1. Bacwibcypck. Ha tpacce Kasamp — Hmxuuit Hosropox nse
muddys3Hbie obsactu mosBuiuck B 19:04 mck Ha vacrorax 7-9 m 10.5-11.5 MI'y ¢ auamasonamu
3agepkek 4-5 u 4.5-6.5 mc. B 19:24 mck cnabo HaOmoganuch ABe 00JIacTH PACCESTHUSI Ha YacTOTax
7.5-8 m 10.5-11.5 MI't ¢ nnana3zonamu 3anepxex 3.5-5 n 4.5-5.5 mc, a ¢ 19:30 Mck paccesHue He
peructpupoBanock. Ha tpacce Kazanp — Tpounk oOnacte paccesHust nossuiach B 19:06 Mck Ha
gacrorax 10.5-11.5 MI'n ¢ paumamasoHom 3ajepxek 5—7 mc, a 3arem B 19:08 mck mnpuoOpena
1 dy3HYyI0 HAKIOHHYIO (OPMY PeryJIsipHOro OTpaKEHUsI C HAMMEHbBIIECH 4acTOTOl 8 1 HanbobIIeH
gactoTo 12 MI'11 ¢ auamazonoMm 3anepixkex 4.5—6 Mc.

Puc.1

Honozonn CADI B n. Bacunbcypck oOHapyxun obnactb paccesHusi B 19:36 mck. O6nactb
paccesHus Habmoanachk B uana3one 9actor 3.5-6.5 MI'n u neiictByronumu Beicotamu 400750 kM.
Bwmecre ¢ yMmeHblIeHHeM KpuTHuecko yacToTel g0 5 MI'T B 20:00 MCK MEHsUIMCh HapaMeTpbl
o0xactu paccessHUS (CM. puc. 2).

Nonozonnx Ilapyc-A (Tpounk) oOHapyxwun obnacte paccesaus B 17:30 UT. Kymemunamms
pa3Butus obnactu Habmoaatack B 18:15 UT (puc 2).

OO0cyxkeHue pe3yabTaTOB H BbIBO/JbI

B obGmactu aBpopampHOW wWOHOC(hEpPH HaMH pPacCMaTPUBAINCh TPU KPYIMHOMACIITaOHBIC
CTPYKTYpBl, KOTOpblE MOIYT MpPOSBIATBCS B JaHHBIX PAaJUO30HIUPOBAHUS  MEXaHU3MOM
pedpaKIMOHHOTO OTpaXKeHUsI (FTeOMETPUUECKON ONTHKHM): noJisipHast crenka [ U, monspuzaioHHbINH
mxeT (SAID — SubAuroral lon Dridts) u aBpopanbubiit E-cioii. Ha Bpemst 12.09.2023 r. 17:30, 18:15
n 19:15 UT mnonspusiit oBan u nossipHast crenka M1 naxomstes na mmpote Cankr-IlerepOypra c
HEKOTOPOH TWHAMUKOU K IOTY (pacdeT BBIMOJIHEH MO METOAMKE [3]), YTO COCTaBIsET YIAICHHOCTh OT
nonozonna U3MHNPAH ~ 500 xm (5° mo mepuamany). OLEHKHM yHAJIEHHOCTH OT HOHO30HIA
BO3MOKHOW KpyIMHOMAcCIITaOHOM CTPYKTYpPBI aBpOpalbHON HOHOC(hEPHI, JAOMEei JTOTOIHNTEIbHBIH
muddy3neiii ciaen mexay cieqamu 1F2 u 2F2 na nonorpamme B3 (puc. 2), 1al0T 3HaYEHUE TOJNBKO ~
250-300 kM, 9TO SIBHO HEJIOCTATOYHO JUIsl OOBSCHEHUS TAKOTO OTpaxkeHusl moisspHoi crenkou ['UIT.
ABpopanbHblii E-ciioii noHOC]epsl Takke He MOXKET paccMaTpUBaThCS KaK MCTOYHHUK OTPAXKEHUS C
BBICOKOM MHTEHCHUBHOCTBIO, B CUJIy TUIABHOCTH €TO CTaJIaHUs B MEPUANOHAIFHOM HalpaBiIeHHUH, U B
JAHHOM MEXaHHM3Me MPaKTHYECKH OTCYTCTBOBaIa Obl YAaCTOTHAs 3aBHCHMOCTH B (POPMHPYEMOM HM
cneze. Iloaromy Hanbosee BEpOSTHBIM HCTOUHUKOM (OPMUPOBAHMS JOMOIHUTEIBHOTO clie/la Ha ATUX
nonorpammax B3 cranmmit U3MHWPAH u Bacunscypck MOXKHO paccMaTpuBaTh MOJSPU3ANMOHHBIN
JokeT [4-5] u comytcrBytomiue mporecchl B Buge SAR (Stable Auroral Red) ayr [6] — oGnactu ¢
MOBBIIIEHHON TEMIIEPATY PO IIa3Mbl, JOKAIM30BaHHBIX H0XkHEe noJspHon ctenku [UILL

3akaouyenune
[IpencraBiens! pe3yabTaThl CHHXPOHHBIX AKCIIEPUMEHTAIBHBIX UCCICIOBAHUN CPEIHEITHPOTHOM
u cyOaBpopanbHON wHOHOC(hEpbl MeTonamMu HakJIoHHOTO JIUM U BEpTHUKAIbHOTO HMMITYJIBCHOTO
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Cexyus 1. Jucmanyuonnoe 30nouposanue gepxueti ammocgepul, UoHOCHepbl
U KOCMUYECK020 NPOCMPAHCMEd

30H/IUPOBAHUSI KOMIUIEKCOM PaAuO(PHU3NYECKHX CPEACTB [IMAarHOCTUKM NpPU HX JIOKAIM3ALUH B
HIMPOTHOM HanpasieHuu. [lokazano, 4ro 12 centsdps 2023 r. Bo BpeMs TJ1aBHOW (a3bl MarHUTHOM
OypH Ha CeTH CHHXPOHHO pPa0OTAIOIMX CTAaHUUH HaONIOJaNUCh MHTEHCHUBHBIC IONOJIHUTEIbHBIE
CUTHANBl, KOTOphle ObIM  CHOPMHUPOBAHBI  CIOXKHBIMH ~ MEXAaHM3MAaMH  OTPAXKEHUS  OT
KpPYNHOMAcCIITaOHBIX HEOJHOPOAHOCTEH aBpOpalbHON HOHOCQEPHI: MOJSPU3ALUOHHOTO JKETAa M
HOJISIPHON CTEHKU IVIABHOI'O MOHOC(HEPHOI0 IpoBasa.
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ABtopel Omarogapst THe JlemunoBa M.I. (UBMUPAH) 3a o0cyxieHue pe3ylbTaToB, CHC
[Manoxunra A.M. u BHc lllyonna B.H. (U3MHWPAH) 3a nomomrs B padore.

Pabora ®.M. BeibopHoBa BhImoHEHaA TpH moepxke Poccuiickoro HayyHoro (hoHmA (TIPOEKT
Ne 25-72-20019).
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