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AHHOTauuA

MocraHoBka npo6nembl. M0 AaHHLIM paaMo30HANMPOBAHNS MOHOChEPLI KOPOTKOBOTHOBLIMU CUTrHaNamMm (MOHOrpamMM) MOXHO Nony-
YUTb MHGOPMaLMIO O Npoueccax B MOHOCHEPHON NnasMe, 0 ee CTPYKTYPe U COCTOSIHUM, 3Ta MHbOpMauus Takxke 3HauuMa ans pa-
[OMOTEXHUYECKUX cuCTeM, paboTarolmx B KOPOTKOBOMHOBOM AvanasoHe. BaxHelwas npobnema npu aBToMaTuuyeckoi obpaboTke
MOHOrpaMM — BblfeNieHne TPEKOB PasfiMuyHbIX MoA paanocurHana. CyllecTBylolMe MeToAbl BblAeneHust TpekoB He obecneunsatoT
npuemMneMoe KauyecTso MX BbiaeneHus (0CO6eHHO Anst MOHOrPaMM HaKJIOHHOTO 30HAMPOBaHWUS) MO pPsAY NPUYKH. M03TOMY NpUMEHUM
MoslyaBTOMaTUYECKMI CNocob BbIAENEHMSI CUTHAMA Ha MOHOrpaMMme.

Llenb. Co3aaHne METOAUKMN BblAENEeHUS TPEKOB MO paAMOCUrHana Ha MOHOrpaMMe, JIMLIEHHOMO YKa3aHHbIX HEA0CTaTKOB.
Pe3ynbTatbl. peanoxeHa METOAMKA MCMO/b30BaHWS HEMPOHHBIX CETEN ANS BbIAENEHUS TPEKOB MOJ, PaaMocurHana Ha MoHorpaMm-
Max, yu4uTbiBalowwas crneunmduky MOHOrpamMM: MpU MOCTPOEHUM obyyatolleil BbIOOPKM pa3MeYeHHbIX MOHOrpaMM, OTEMPalT MOHO-
rpamMMbl PaaMoO30HAMPOBaHNUS MOHOCHEPBI Ansi HOPMaslbHbLIX YCOBUIA PacrpoCTpaHeHWsi paAvoBO/IH B MOHocdhepe (OTCyTCTBYE Conl-
HEYHbIX U FEOMarHWUTHbIX BO3MYLUEHWI) U MPW pa3MeTKe MOMEYatoT UX 6MHapHLIM NPU3HAKOM «He-aHOMarnbHa», AOMOMHUTENBHO OT-
6upatoT 1 106aBNSAIOT B BLIGOPKY MOHOMPaMMbl A1l aHOMasbHbIX YC/IOBUMA PacnpoCTPaHEHUS U Ha STane pas3MeTKW NMoMeyvaloT ux 6u-
HapHbIM MPU3HAKOM «aHOMasnbHa», @ Ha CTaauu obyveHWs MOAENW B KayecTBe MPU3HAKOB UCMOMb3YIOT He TObKO BUTOBbIE MacKu
BblA€NEHHbIX TPEKOB, HO U MeTafilaHHble MOHOrpaMM.

MpakTnueckas 3HaYMMOCTb. [peanoxeHHas MeToanka NpeaHasHayeHa U MoXeT 6bITb UCMONb30BaHa ANst peanv3aunm aBToMaTu-
yeckoii 06paboTkM MOHOTrPaMM, MpUYEM BbIAENIEHWE TPEKOB MO CWUrHania — 3TO MepBbl1 U COBEPLUEHHO HeobxoauMbIM 3Tan. Ans
MOJTHOLEHHOW anpobauny 1 oueHKn 3pPEKTUBHOCTM M KauecTBa paboTbl METOAMKKU TpebyeTcs MoCTpoeHue 6onblumx 06ydatoLmx
BbIGOPOK pa3MeyeHHbIX MOHOrpaMM.

Ko yessie cioBa

HoHocgepHoe pacripoCcTpaHeHne JEKaMETPOBbIX BOJIH, HAKIIOHHOE 30HAMPOBAHNE NOHOCHEDBI, NOHOMPaMMAE, aHOMA/IbHBIE YCIIOBUS
PACIpOCTPaHEHUS PAANOBOIIH, BbIESIEHNE CUMHA/E, [TTYEOKUE HEHPOHHBIE CETU
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A brief version in English is given at the end of the article

BBenenne

Pabora pagmorexuamueckux cucteM (PTC) nexamerpoBoro (JIKM) amama3zoHa, Takux Kak CHCTEMBI KOPOTKO-
BostHOBOM (KB) paanocsszu u 3aropuzontHoii (317) paguonokanuu, ocHoBaHa Ha ciocoOHoctn KB MHOTOKpAaT-
HO OTpa)kaTbCs OT MOHOC(hEPH! M 36MHON MOBEPXHOCTH. BaxkHeiei 3axaueit s o0ecriedeHruss KOPPEKTHOTO
¢dyaknnonupoBanus takux PTC sBnsiercst ajganrtanus K MOHOC(EPHBIM YCIOBHUSM, JUISI Y€T0 B COCTaBE ITHUX
PTC conepxutcst PTC wactoTHOro 00ecneueHus, BKIIIOUAIoIas arnaparypy paauo30HINPOBaHUS HOHOC(EPBI
Y aHaJIU3aTOp 3arpy>KeHHOCTH paauokanana. [Ipu 3tom Bosmoxkna amantarust PTC JIKM auamazona mo pabo-
4yeil JacToTe, MOIIHOCTH W3Iy4YeHHs, CKOPOCTH mepenadn wH(popmanmu. Amnmaparypa paauo30HANPOBAHUS
noHocdephl, KaKk MPaBUJI0, O0ECTIEUYNBAET JAWArHOCTHKY B PEKHMMax HAKIOHHOTO 30HIWPOBAHUS MOHOC(EPHI
(H3W) u BepTukansHoro 3ouaupoanus nonocdepsr (B3U). B ciryuae 31" paguonokanmonssix cranmii (PJIC)
o0s13aTeNieH TakKe PEKUM BO3BPaTHO-HAKIOHHOTO 3oHAMpoBaHus [1]. Amanraumus PTC tpebGyer aBTromarnye-
CKOH 00pabOTKM JaHHBIX PaJr030HIMpOoBaHusA. [Ipu 3TOM BakHEHIIEH 3ajadell MPU TAaKOH aBTOMATHYCCKOM
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00paboTKe SABJISACTCS aBTOMATHYECKOE BBIEICHHE TPEKOB MO paadOCHUTHajga Ha mMoHorpamme [2-5]. MonHo-
rpamma H3U npexacraBiser co060ii 3aBUCHMOCTh BPEMEHHU TPYIIIOBOTO 3ara3IbIBaHUs U aMIUTUTYIbl KaKJOH
MOJBI PACTIPOCTPAHCHUS PaIMOCUTHANIA OT 4acToThl m3nydeHus [6]. Monorpamma B3U mpencraBiseT coOoi
3aBUCUMOCTb aMIUIMTY/Ibl IPUHITOTO CUTHajla OT YacTOThl U JIEHCTBYIOIEH BBICOTHI OTPa)KEHMs, IO TpeKaM
MoJ Ha noHorpamme B3U onpeznenstoT neiicTByromue BICOTH HOHOC(EPHBIX CI0EB. XOTA UHTEpHpETaLuUs pe-
synbratoB H3U u B3U cymecTBeHHO oTnMyaeTcs, NpodieMaTrika BhIICICHUS TPEKOB MOJ CHrHajda Ha MOHO-
rpammax mojo0Ha Juisi 000MX BHJOB 30HAMPOBAHMUS, C TEM YTOYHEHHEM, 4To B ciaydae H3U kapTunHa MomoBoit
CTPYKTYpHI Ha HOHOTpaMME HaMHOTO CJIOXHee M Oorade, IOSTOMY Jajiee peyb MOHIEeT B OCHOBHOM O BBIZENIe-
HHUH TPEKOB MOJ UMEHHO Ha noHorpammax H3U, kak Oosiee obuiem ciryuae.

Jiist 00pabOTKH HOHOTPAMM MOKET MPUMEHSTHCS METO] TpadapeTHbIX Macok [7, 8], kornaa Juist BhIIEIICHHS
CUTHAJIbHBIX KOMIIOHEHT Ha MOHOTPaMMax NMPHUMEHSIOTCA MAacKH, MOJy4YEeHHBIE ITyTEM CHHTE3a HCKYCCTBEHHBIX
MOHOTPaMM Ha OCHOBE MaTEeMaTHYECKUX MOJICNICH paclpoCTpaHEHUs! AEKaMETPOBBIX PaaUOBOIH B HOHOCHEp-
HOH I1a3Me, Jajiee MOATOHSEMBIC MOJ UCCIENLyEeMYI0 AKCIIEPHUMEHTAIbHYI0 MOHOIPAaMMY KaKHMMHU-THOO airo-
pUTMaMU; Takoi MeToJ 00JanaeT psiioM HEIOCTATKOB: MPUMEHsSIEMbIe MaTeMaTHIECKUE MOZICIH 3a4acTyio HE
00ecTeyrBaloT MPUEMIIEMYI0 TOYHOCTh, OCOOCHHO B YCJIOBHUSX T€OMAarHUTHBIX W COJHEYHBIX BO3MYIICHUH,
0CcOOCHHO B BEPXHHUX IMUPOTaX; MPU TAKOM IOJIXO/Ie HEBO3MOKHO BBIJICICHHE CUTHAJIBHBIX KOMIIOHEHT aHO-
MaJIbHBIX MOJI PaCIIPOCTPAHEHMS.

Bonee npumuTHBHBIE TOPOrOBBIE METOABI [9], XOTh M HE MOABEP)KEHBI OIPAHMUYCHUSIM MOJENeH pacipo-
CTpaHCHUS PaJMOBOJIH, HO CYLICCTBEHHO 3aBHUCAT OT OTHOILICHMS CHTHAJ/IIYyM (MM «KayecTBa MOHOIPaMMBbD»,
JPYTUMH CIIOBaMH).

3HauynTenbHO 0oJiee yAaYHBIMU CTOUT MPHU3HATH METO/bI, OCHOBAaHHBIE HA CTATUCTUYECKUX KPUTEPHUSIX 00-
HapYy)KCHHSI PE3KO BBIJCISIONINXCS 3HAUYCHUH BBIOOpKH («rpyObIX mpomaxosy) [10, 11]; omHako craThcthye-
CKHE€ XapaKTEePUCTHUKU CHUTHAJa B Cllyyae MepecedeHrs] TPEKOB CHTHajla C COCPEIOTOUYEHHBIMU MTOMEXaMH, U B
ciydae qud@y3HOCTH (Pa3MBITOCTH) CHTHANA CYHIECTBEHHO OTIMYAIOTCS OT XapaKTEPUCTHK CHTHANAa CHIIbHBIX
MO/, YTO MOKET MPUBOAUTH K OLIMOKaM; TAKXe MPU 3TOM HE MCIOJIb3yeTcss MHQOpMalys O NPOTSKEHHON 110
4acToTe 30HAMPOBAHMS CTPYKType Tpeka (M3-3a 0OpabOTKM MOHOrpaMMbl OJOKaMH, PaBHBIMH OJIHOW BEpPTH-
KaJbHOM JIMHUM HOHOTPAMMBI).

HeBricokoe KayecTBO aJlrOPUTMOB aBTOMAaTHUECKOTO BBLAEICHUS Jake Ui Oojiee MPOCTBIX MOHOIPAaMM
B3U ormedaercs MHOTUMU aBTOpaMu, Hampumep [12]: «cyuiecTByrolye Ha JaHHBIH MOMEHT aJlflOPUTMbI UMe-
I0T 3HAYHUTENILHO MEHBIYI0 3()(HEKTUBHOCTD, HAIIPUMEDP, TOYHOCTh ABTOMAaTHYECKOH 00pabOTKH, MPUMEHSIEMO
nurnzongoM Peitnnma (DPS-4) B netnuit nepuoa He npesbimaer 70%, a B 3uMHul 50%». XO0Ts mpouuTupo-
BaHHBIC OICHKH [12] nemanuchk mis nonorpamm B3U BepxHHUX MUPOT, a AJIT MOHOTPAMM CPEIHUX MIHPOT (-
(heKTUBHOCTH aBTOMAaTHYECKON 00pabOTKH OLIYyTUMO BBILIE, AJISI MHOTUX MPAKTUYECKUX MIPUMEHEHUI OHa ocTa-
€TCsl HeJIOCTaTOYHOH, TeM OoJiee, eciii pedb uaeT 06 0o6padoTke noHorpamm H3U, a ve B3U.

BBuay HemocTaTKOB aBTOMAaTHYECKHUX CIOCOOOB BBIJIENEHUS] TPEKOB (0coOeHHO ainsi moHorpamm H3N),
NPUXOAWIOCH IPUMEHSTH MOJTYaBTOMAaTHYESCKHI CIIOCOO BBIICICHUS] CHTHAla Ha MOHOTpaMMe [2], 3aKirodaro-
IUiica B TOM, YTO Ha HOHOTpaMMe BPYUYHYIO ONEPAaTOPOM BBIIEISUTUCH MPSIMOYTOJIBHBIE 00JIaCTH, COMIEpIKalIie
CJIEJIBI TPEKOB MOJI TTOJIE3HOTO CHT'HAJIA, 1ajiee B BHIOPAHHBIX 00JIACTSAX CIIEKTPAIbHBIE OTCUETHI, TPEBBIIIAIOIIIC
3aJaHHBIA MOPOT, OTHOCWJIMCH K CHTHATY, JJajle€ HaXOAWINCh allpOKCUMHUPYIOLINE MOIMHOMBI JUISl MOTYYEeHUS
TPEKOB MOJI.

JlenatoTcs NONBITKM NMPUMEHEHHUS METO0OB TEOPUH OOYYEHHsI MAIllMH, & KOHKPETHO — HEMPOHHBIX CETEH,
JUTSL pellieHusl 3a7a4u BBIICICHUS TPEKOB Ha MOHOTpaMMax, Mpasja, B ocHoBHOM B3U, u ¢ HescHOU 2pdeKTrB-
HOCTBIO ¥ TOYHOCTBIO [12—16]; Ipu 3TOM HCMONB3YIOTCS IOJXOIbI M apXUTEKTYPHI, CO3/IaHHbIE JJIs1 00pabOTKH
n300paXeHUH, U HEe YUUTHIBAIOLIHE CIIEHNU(PUKY HOHOTPAMM.

Hens paboTh — co3maHue METOAMKH BBIJCICHHUS TPEKOB MOJ PaJHOCHTHAla Ha MOHOTpamMme, Jiu-
IIEHHOT'O YKa3aHHBIX HEIOCTaTKOB.

MeToauka UCI0JIb30BAHUS HEHPOHHBIX ceTeil AJs BblIeJeHUs TPEKOB MO/

[pemnaraemasi MeToMKa 3aKitodaeTcs B cienyromem [17]. [ns BblielieHHs TPEKOB MOJ paJdOCHTHANIa Ha
MOHOTpaMMe 00YYar0T CTATUCTHYECKYIO MOJIEIb (TIyOOKYI0 HEHPOHHYIO CETh), Jaliee 00YYCHHYIO MOJIEIh MHO-
TOKPATHO TMPUMEHSIIOT JUTS BBIJCJICHUS TPEKOB MOJI PaJIMOCUTHAIA HA HOHOTpaMMax, Iepe]] 00ydeHUEM MOICITH
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MIPOU3BOJIUTCS TIOCTPOCHUE OOyUaroliell BHIOOPKH Pa3MEUCHHBIX HOHOTpaMM (pa3MeTKa OTpENeNsIeT TPEKH Ha
HOHOTPaMMax).

B ommmume or cymectByromux pador [12—16], nmpu moctpoeHHH oOydaromiell BHIOOPKH pa3MEYEHHBIX
HOHOTPAaMM, OTOMPAIOT MOHOTPAaMMBI PaJHO30HIUPOBAaHUS HOHOCHEPHI Il HOPMAIbHBIX YCIIOBHU pacrpo-
CTpaHEHHUs PaIuoOBOIH B HOHOC(epe (OTCYTCTBUE CONHEYHBIX M T€OMArHUTHBIX BO3MYILEHUN) U MIPU pa3MeTKe
MIOMEYAI0T X OMHAPHBIM MPHU3HAKOM «HE-aHOMAJbHA», JOMOJHHUTENBHO OTOMPAIOT U OOABISIOT B BBIOOPKY
HMOHOTPAMMBI JIJIsl aHOMAJIBHBIX YCIIOBHI PACPOCTPAHEHHS U HA dTalle pa3METKH IOMEYAIOT MX OWHAPHBIM MPH-
3HAKOM «@HOMaJIbHA», a Ha CTaJH OOYyYEHHsI MOJICIH B Ka4eCTBE MPU3HAKOB HCIOJB3YIOT HE TOJIBKO OUTOBBIE
MacCKH BBIIECIIEHHBIX TPEKOB, HO U METaJlaHHble HOHOTPaMM (J1aTy-BpeMs 30HANPOBaHMS, KOOPAUHATHI Mepeaa-
OIIETO W TPHEMHOTO ITyHKTOB).

Jlst mpakTHYeCKO# peanu3aliiu MpeajaraeMoi MeToauku (M OueHKH e€ 3(pPEeKTUBHOCTH) HEOOXOAMMO
pa3MeTuTh, BPyYHYIO BBLACISISI TPEKH, BeCbMa OOJBLIMNE MAacCCHBBI MOHOTPAaMM (IIECSATKH Thicad). TpeboBaHHe
00X 00BEEMOB 00YYaIOLINX BHIOOPOK BBI3BAHO OOJBIIMM YHCIOM BHYTPEHHHX HapaMeTpOB MOAEIEH IiIy-
0okoro o0ydeHus (00BEKTOB B 00yUaromieil BHIOOPKE MOKHO OBITh ropa3zfo OOJIbIIE, YeM YHUCIIO MMapaMeTpoOB
MOJIEJIN, HHAYEe MOAENb MIPOCTO «IIEPeOOyUUTCs» MOl KOHKPETHBIC TaHHbIC).

[IpousBeneHa npeaBapuTenbHas anpoOanus BeIAEICHUS TPEKOB paagrocuryana Ha noHorpamme H3U mo-
CPENICTBOM CBEpTOUYHBIX HEUPOHHBIX ceTeit (CNN) — nmoka HermyOOKHX, TIOCKOJIBKY ellle He pa3MeueHbl HeoO-
XOJIUMBIE JIJIs TIyOOKHMX ceTeil Ooubline 00ydYarolue BEIOOPKH; apXUTEKTypa HEeriayOoKo# ceT: 5 cBepTOU-
HBIX cJloeB ¢ QyHKOUSAMH akTuBanuu ReLU mexay HUMH U ¢ CUTMOMAOHN mociie nocienHero cios. Ilpumep
NpeIBapUTEIbHBIX PE3yNHTATOB MMOKa3aH Ha pHc. | (MCX0aHOe N300pakeHne HOHOTPaMMBI, KOHTYPBI aBTOMa-
TUYCCKHU BBIACIICHHBIX TPEKOB MO/, KapTa BepOHTHOCTeﬁ BBIACJICHUA CUT'HAJIbHBIX KOMIIOHCHT IMOJIYUYCHHAasA C
MIOCJICAHETO CJIOS] HEHPOHHOM ceTH N0 (YHKIMH aKTUBALMH; HAAMKCHU 10 OCSIM B YCJIOBHBIX €IMHHUIAX — HO-
Mepax MHUKceneil).

UNecxoaHoe nsobparkeHue MoOHOrpaMMbl KOHTYpbl BblAeNeHHbIX TPEKOB Mo, KapTa BepoaTHOCTell BblaeneHuMa curHana
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Puc. 1. IlpenBapurenbHble pe3yabTaThl PeBaPUTENBHOI arpoOaluy BbIICICHUS TPEKOB Mo Ha HoHOrpamme H3U
Fig. 1. Preliminary results

Jlis 6onee 3¢ GeKTUBHON pa3zMEeTKH, HaMH pa3padaThiBaeTcsl CIeUATU3UPOBAHHOE ITPOrpaMMHoe obectie-
YEeHUE BBIJCIICHUS Pa3lIMUHbIX O0BEKTOB Ha MOHOrpammax. OTIHYHe TaKOro CHELHaIH3UPOBAHHOTO CPEICTBA
pa3sMeTKH OT CYIIECTBYIOLIMX MPOrpaMM pa3METKH M300paKeHWH (a MOHOTpaMMy MOKHO IMPEACTAaBIATH Kak
n3o00paxxeHue, 0ojee TOro MMEHHO TaK OHA Yallle M IPEJCTAaBIeHa) B TOM YTO JIOJDKHBI OBITh Pean30BaHbI
CPE/ICTBAa HE TOJIBKO BBIJICNICHUSI TPAHUIl TPEKOB MOJI PAIMOCUTHANIA, HO M BO3MOKHOCTb Pa3METKH BCEil TOM
nH(pOpMaLUH, KOTOPYIO «BUIUT» YEIOBEK (IKCHEPT) MO0 HOHOTPaMMe: BEPXHHE U HWKHHE JIy4d, MArHUTOUOH-
HBIE pacIIeIUIeHNs, 00NacTH MOBBIIECHHON TU(dY3HOCTH, COCPEIOTOUCHHBIE (CTAaHI[MOHHbIE) TTOMEXH, (HOHO-
BbIC TIOMEXH M Jp. TPeKH MOTYT CONPOBOXK/IATHCS JOMOJIHUTEILHBIME aTPHOYTaMH Pa3METKH: BEPXHHH JIyd,
MarHUTOMOHHOE paclierienue, oonacts tuddysHoctu, «E wmu Esy, ciopHslii craleiii curaai, cOoit anmapary-
pbl. Kpome TpekoB curHaiga MOryT OBITh BBIIENCHBI M LIYMOBBIE OOBEKTHI C COOTBETCTBYIOLICH Pa3METKOIL:
CTAQHLMOHHBIA IIyM M (DOHOBBII IIyM; IIPUYEM JUIs CTAHIMOHHBIX ITIOMEX PEajM30BaH €lle OJHH CII0co0 BbIe-
JICHUS — 1IeJBIMUA BEPTHKATBHBIMH JTHHUSAMU. Taroke OyneT peann3oBaHa (YHKIUS 3arpy3Kd pa3METKH HOHO-
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TPaMMBbI COCETHETO 10 BpeMEHH (HO YK€ pa3MEYeHHOT0) ceaHca, C TeM, YTOOBl HauMHATh Pa3METKy HE «C YH-
CTOTO JIUCTa», & PEAAKTUPOBAThH 3arPYKEHHYIO pa3METKy (B CIIOKOWHBIX IeO(QHU3MYECKUX YCIOBUSX COCCTHHE
HMOHOTPaMMBI OJTHOH PaUOTPACCHl MOTYT CJIA00 OTINYATHCS).

3akiaouenne

Wrak, nmpemioxeHa METOIUKa UCIIOIh30BaHMSI HSUPOHHBIX CETEH JUIA BBIACICHUS TPEKOB MOJ] PaJUOCUTHATIA HA
MOHOTpaMMaXx, YUUTHIBAKOINAsS crienn(UKy HOHOTpamMM. J{Jis MOTHOIIEHHOH anpo0aiuu 1 oreHKU 3((HEeKTUBHO-
CTH METOJMKH TpeOyeTcs TIOCTPOCHUE OOJBIINX BBIOOPOK pa3MEYEeHHBIX MOHOTPaMM, Ha YTO OyJeT HalleieHa
JmanpHelmrast pabora. Kpome Toro, manpHeiimiee pa3BuTHE ONMMCAHHOTO CPEACTBA Pa3METKH OyJeT 3aKIIF0YaThCs
B n00aBieHNH (DyHKIIMOHATA PA3METKH CJIEIOB HOHOC(EPHBIX HEOTHOPOIHOCTEH, a TAKXKE MEPEKPECTHOTO KOH-
TPOJIS 32 pe3yJibTaTaMH CTOPOHHUX Pa3METUYHKOB.
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Abstract

According to ionospheric radiosonding data, short-wave signals can provide information about the processes in ionospheric plasma, its struc-
ture and condition; these data are also extremely important for radio engineering systems operating in the short-wave range. The most im-
portant problem in the automatic processing of ionograms (results of ionospheric radiosonding) is the allocation of tracks of various modes of
the radio signal. The existing methods of track selection do not provide an acceptable quality of selection (especially for inclined sensing
jonograms). Therefore, it was necessary to use a semi-automatic method of isolating the signal on the ionogram. The paper proposes a
method of using neural networks to isolate tracks of radio signal modes on ionograms, taking into account the specifics of ionograms: when
constructing a training sample of labeled ionograms, ionospheric radiosonde ionograms are selected for normal conditions of radio wave
propagation in the ionosphere (absence of solar and geomagnetic disturbances) and when marking them, they are marked with a binary sign
"non-abnormal”, additionally selected and ionograms for abnormal propagation conditions are added to the sample and marked with the bi-
nary sign "abnormal" at the marking stage, and at the stage of model training, not only the bit masks of the selected tracks are used as fea-
tures, but also the metadata of the ionograms. To fully test and evaluate the effectiveness of the method, it is necessary to build large sam-
ples of labeled ionograms. The requirement for large volumes of training samples is caused by a large number of internal parameters of deep
learning models (and there must be much more objects for training than the number of model parameters, otherwise the model will simply
"retrain” for specific data). For more effective marking, we are developing specialized software for highlighting various objects on ionograms.
The difference between such a specialized marking tool from existing image marking programs is that means must be implemented not only
to highlight the boundaries of the radio signal mode tracks, but also the possibility of marking all the information that a person "sees" on an
ionogram: upper and lower rays, magnetoion rays, areas of increased diffusivity, concentrated (station) interference, background interfer-
ence. and others . Tracks can be accompanied by additional marking attributes: upper beam, magneto-ionic splitting, diffusivity region,
equipment failure. In addition to signal tracks, noise objects with appropriate markings can also be highlighted: station noise and background
noise; moreover, for station interference, another way of highlighting is implemented — with whole vertical lines. Also, the further develop-
ment of the markup tool described above will consist in adding the functionality of marking traces of ionospheric inhomogeneities, as well as
cross-monitoring the results of third-party markups. To fully test and evaluate the effectiveness of the method, it is necessary to build large
samples of labeled ionograms, which will be the focus of further work.
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