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dopMaTbl 1 HHTEPHET-PECYPChI Pe3yJbTaTOB
00padOTKH MOHOTPAMM BEPTHKAJIbLHOIO
PAaAHO30HAUPOBAHNA U MEPCHEKTUBBI UX
HCIOJIb30BAHUS JIJIS1 MAIIMHHOIO 00y4YeHus

A.O. uporii'?

I Unemumym 3emnozo maznemusma, uonocehepul u pacnpocmpaneHus
paouosoan PAH um. H.B. Ihwkoea, Mocksa
? Hayuonanvnwil uccieooéamenvckutl yuueepcumem «Mockosckuti
sHepeemuyeckul uncmumymy», Mockea

AHHoTaumsA. BrickazaHa wuaes MCIONB30BaHMS HMMEIOLUIUXCSA OOJBIINX
MacCHBOB pe3yiabTaTOB 00paboTKu HOHOTpaMM BEPTUKAIBHOTO
panMo30HIUPOBAHUS HOHOC(HEpHl B KayecTBE OOYYalOIIUMX JaTaceToB s
MOCTPOCHUSI TIPETUKTHBHBIX MOAEIEH METOJaMH MAaIIMHHOTO OOYy4eHHS.
PaccmoTpensl HaunOoniee monyssipHble (OpMaThl COXpAaHEHHS pPE3YJIbTaTOB
00paboTKH MOHOTPaMM, a TaKKe€ HEKOTOPhIE MHTEPHET-PECYPCHI C apXHUBaMH
CBOOOJHO JOCTYNHBIX (hailmoB 3THX (opMaToB. VYKa3aHHBIE JAaTACEThI
UCTIONIB3YIOTCS HaMH JUIS TOCTPOCHHS TPEIUKTUBHBIX MOJENeH, B T.4.
BPEMEHHBIX PSAJA0B KPUTUYECKUX YACTOT HOHOC(HEPHBIX CIIOEB.

KawueBble ciaoBa: wuoHocdepa, paaro30HIUPOBAHHE, BEPTHKAIHLHOE
30H/IMPOBAaHUE HOHOC(EPHI, HOHOTPaMMa

Formats and free resources of ionogram scaling
results and their use for machine learning

A.O. Schiriy"?

! Institute of Earth Magnetism, Ionosphere and Radiowave Propagation RAN
named N.V. Pushkov, Moscow
? National Research University "Moscow Power Engineering Institute", Moscow

Abstract. The idea of using the available large arrays of ionogram processing
results from vertical radiosounding of the ionosphere as training datasets for
building predictive models using machine learning methods is expressed. The
most popular formats for saving the results of ionogram processing are
considered, as well as some Internet resources with archives of freely available
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files of these formats. We use these datasets to build predictive models, for
example time series of critical frequencies of ionospheric layers.

Keywords: ionosphere, radiosounding, vertical sounding of the ionosphere,
ionogram

BBenenue

HUccnenoBanus noHocdepbl HEOOXOUMBI KakK VTS LeJIen
byHIaMEHTAIBHONW HayKd (ITOCTPOCHUE U YTOUYHEHUE MOJENe reou3nIecKux
NpOIECCOB), Tak MW s nOpukiagaeix uened [1-9]. Ilo  nmanHbIM
paaro30HIMPOBaHUS HOHOC(DEpPhl KOPOTKOBOIHOBBIMU cuTHasiamMu (KB) mMoxkHO
MOJIYYUTh HH(POPMAIIHIO O TIpoIleccax B MOHOC(EPHOU T1a3Me, 0 ee CTPYKTYpE U
COCTOSIHUM. ODTH JaHHbIE TakKe KpaliHe BaxHbl Jiisg cucteM KB panuocsszu,
paavoNIOKallUM U PaJIMOHABUTAIIMU, JJISI KOMIEHCAIIMM HMCKAXEHUM, BHOCUMBIX
nonocepHot cpenot pacnpocrpanenuss KB. B uacTHocTH, paboTa Takux
paguorexunyeckux cuctem (PTC) KB nmanazona, kak cuctembl nanpHei KB
PaauOCBsI3U U 3arOPU3OHTHOM paMOJIOKAlMKM, OCHOBaHa Ha criocooHocT KB
MHOTOKpPAaTHO OTPa)KaTbCsd OT HOHOC(hEPHI U 3eMHOM MMOBEPXHOCTU. BaxkHeiimeit
3amayedl s obecnedeHus: KOppeKTHOro ¢yHkuuoHupoBaHus Ttakux PTC
ABJISIETCA ajanTauus K uoHochepHbIM ychoBusiM. [lpu 3TOM BO3MOXKHA
amantanuss PTC KB nuana3zona mo pa0odeil 4yacToTe, MOIIHOCTH HW3ITy4CHHS,
ckopoctd Tniepenaun uHbopmanmu. [lepcrnekTUBHBIE METOABI aJanTallH
MPEANoJaralT JaKe U3MEPEHHe U KOMIeHcaluo nepenarounon Gpyukunu KB
paauonuuuu [9]. Uudpopmanust 06 HOHOCPEPHBIX MPOIECCax BayKHA TAKXKE U JIJIS
KOPPEKTHOTO (DYHKIIMOHUPOBAHUS CHCTEM TJIOOQIBHOTO TMO3UIMOHUPOBAHUS
(GPS, T'JIOHACC), xots »tu cucteMbl paboraror He B KB paumamaszone, a
noHocgepa ABISETCA Il HUX TOTJIONIAIOIIEH CpeIoi.

Jlns amanTtanuu K MOHOC(HEPHBIM YCIOBUSIM HEOOXOAUMO TMPOU3BOAUTH
OTEPATUBHYIO JUAarHOCTUKY HOHOC(hepbl. M3 MeTonoB TakoW JUarHOCTUKU
HanOOJBIITUN MHTEPEC MPEACTABISIIOT BEPTUKATLHOE, HAKIIOHHOE, U BO3BPATHO-
HaKJIOHHOE paauo30HANpOBaHHe wuOHOChepsl, cooTBeTcTBeHHO B3U, H3U,
BH3U [1-6]. lanee 3aeck Oynet paccMaTpuBaThest padbota ¢ qanHbiMu B3U.

HNonorpamma B3UW npexacraBnser coOOM 3aBUCUMOCTh  aMIUIUTY/IbI
paguocurHaiza OT 4acTOThl M BBICOTHI OTPa)KEHUs; MpUMeEp HoHOrpammbl B3U
IIPUBEJICH HA PUC. |, TaKKe MOBEPX HOHOTPAaMMBbI IOCTPOEH BOCCTAHOBIICHHBIN IO
Hel MOJENbHBIN PO 2JIEKTPOHHOU KOHIIeHTpauuu. Ha puc.2. npeacrasiex
npyrot mpumep wuoHorpammbl B3U, rae kpome mnpoduiisi 3JIEKTPOHHOMN
KOHIICHTPAllMM  «MOBEPX» HMOHOTPAMMbl  ITPOPUCOBAHbl  ABTOMATUYECKH
BbIJICJICHHbIE U UJIeHTU puipoBanHbie Moabl KB pagunocurnana (c oTpakeHUs MU
ot cioeB E, F1, F2, a Taxke F2-«HeoObIkHOBEHHAs» Moa X).
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C Lowell Statio YYYY DAY DDD HHMMSS P1 FFS S AXN PPS IGA PS

RGISCHRIDE Bustin 2022 Feb22 053 000005 MM 1 045 100 32+ A1
foF2 £.800
£oF1L Wa Novall
foFlp /A
£oE z.02 REEI
foEp 1.71
£x1 7.50
foEs 2.00
fmin 1.70
MUF(D)  23.06
(D) 3.39
D 3000.0
L'F 211.0
nFz WA
h'E 110.0
h'Es 110.0
ImF2 243.1
ImF1 /A
ImE 8.8
¥F2 79.8
¥FL WA
¥E 8.7
B0 78.0
Bl 2.53
C-level 11
Auto:
Artistd. 5
200311 |1
60 . T T T T T T T T T T T T T T T T T T
2 4 6 8 10 12 14 16 18 20
D 100 200 400 E00 €00 1000 1500 3000 [kn]
MUF 7.4 7.5 7.8 8.4 9.3 10.5 14.0 23.1 [MHz]
hUEQU_:U::USQUOOUOS.W.-" 190£x128h 100 kHs 5.0 km / DG3-25E6 AUS20 120 / 20.4 W 26Z.2 E IenZPng v. 1.2.11

Puc. 1. I[Ipumep B3U-nonorpammsl «auruzonga» DPS B hopmare kapTHHKH

Lowell Disizonde

. STATION YYYY DAY DD WAMM P1_FFS S AXN PPS TGA PS
Autoscaled: Millstone Hill 1996 Aprol 032 1334 SBF 005-1 015 100 -0+ BO
foF2 S5.49 eTrTY
foF1 4.86 0-4
foFlp  4.56 0-3
foE 2.9
foEp 3.23 =
fxl 6.20 -
foEs 2.95
fmin 1.65 -
HUF 18.79 -
H 3.424 0+3
D 3000 0+d
HF 185 E Bl
h’F2 285 o
I ==
hEs 98 -

e ‘
ZnF2 225
ZnF1 195 =
zmE 106
vF2 &5 .9
VF1 40
VE 15 Q
BO 68.1
B1 2.39 :
C-level N/A

1 2 3 4 5 6 7 8

Frequency, MHz

D 100 200 400 60 900 1000 1500 3000 [km]
MUF 6.2 6.3 6.6 7.8 7.7 8.7 11.5 18.8 [MHz]

Puc. 2. B3-uonorpamma «auruzongia» DPS ¢ ykazanuem HazBaHui Moj
O6paboTtka ganubix B3U (kenarenbHO aBTOMaTHYECKasi) BKIIIOYAET B CeOs

BBIJIEJICHUE TPEKOB MOJI Ha MOHOIPAMME, OIPEICIICHUE KPUTUYECKUX YacTOT
HMOHOC(EPHBIX CJI0EB, BOCCTAHOBIIEHUE MPOQPHIIEH JIEKTPOHHON KOHIICHTPAIIH.
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1. MoTuBauus

Pa3utne mammuHoro ooyuenus (MQO) OTKpbhIBa€T HOBBIE BO3ZMOXKHOCTHU
JUTs aBTOMATH3WPOBAaHHOW 00pabOTKM W aHaim3a uoHorpamm. MHTepec k
OONBIIMM MacCHBaM JaHHBIX PaAUO30HIUPOBAHUS HOHOC(hEphl 00YCIOBIIECH,
KpOME€ IIPOYEro, BO3MOMXHOCTBIO «TPEHUPOBKM» CTATUCTHYECKUX MOJEINIEH
meronamu MO, Tem Oojee eciau HapsiAy C CHIPBIMH JIaHHBIMH HMEIOTCS H
00paboTaHHbBIE — BBIICJICHHBIE TPEKU MOJ PAJANOCUTHAIA, KPUTUUECKHA YaCTOTHI
HOHOC(EPHBIX CIOEB, U Jp. (B TEPMUHAX MAIIMHHOTO O0yUYEHUS — pa3MEUYCHHBIC
JnataceTbl WM HAOOpHI JaHHbIX). HamomMHuM, 4TO 111 MOCTpOEHUS MOeiei
Metogamu MO (kimacca «oOydeHue C yduTesem») TpeOyroTcs pa3MEUCHHbBIC
JaTaceThl, T.€. HAOOPHI IaHHBIX BUJAA «AHATU3UPYEMBIE TAHHBIE»—KPE3YIIbTATHI
aHaIN3a.

Mogenu MO wMoOryt oka3arbCsi IOJE3HBI KakK i1 aBTOMAaTHYECKOU
00paboTKu nOHOTpamMM (TIPEK/IE BCETO ISl 3a]1a4H BbIICJICHUS TPEKOB), TaK U JUIS
MOCTPOEHUS TPEAUKTUBHBIX MOJIEJIEH COCTOSTHUSI HOHOC(EPHI.

Koneuno, npeanpuHumarorcs nonbITkd [10-15] mpumMeneHuss mMeTomoB
MO, a KOHKpPETHO — HEHPOHHBIX CeTeH, IJIsi pelieHus 3agady 00pabOTKu
noHorpamm B3U (mpexe Bcero 3ajiayu BbIACIECHUS TPEKOB HA MOHOTPaMMax).
OpHako B OTJIMYKE OT TOJIX0/1a TIpejiaraeMoil B JaHHOU pabOThl, B YKa3aHHBIX
paboTax MOHOTPAMMBI Pa3MEUaAIOTCs «BPYUYHYIO» B XOJI€ CAMOT'0 MCCIIEIOBaHUS,
MOATOMY 00y4arolue JaTaCeThl CPABHUTEIIBHO MaJIbl (THICSTYM MOHOTPaAMM ).

2. @opmaThbl XpaHeHHs Pe3yJIbTATOB 00pa0O0TKH HOHOTPaMM

Haubonee momynsipupiMu  QopMaTaMd  COXpaHEHHUS  PE3yJIbTaTOB
00paboTku noHorpamm sBisiroTcs hopmatel SAO [16-17] 1 SAOXML [18-19].
[ToguepkHem, 4TO OHHM HE TIPEIHA3HAYEHBI ISl XPAHEHUS CAMHX UOHOTPaMM, HO
pelHa3HAYeHbl Ui XpaHEHWs  Pe3yJbTaToB  00pabOTKM  HOHOTPAMM
(BplIENIEHHBIE ~ Tpeku  Moa  pacmpoctpaHenus KB paawocurnana,
UACHTU(UIIMPOBAHHBIE MOHOC(EPHBIE CIOM U WX BBICOTHI, BOCCTAHOBJICHHBIC
npouian  ANEKTPOHHOW KOHILIEHTPALlUH, KPUTUYECKHUE YaCTOTHI  CIIOEB,
IUTa3MEHHBIE YacTOTHI, JOIUIEPOBCKUE CABHUTU U Jp.). XoTs popmartel SAO u
SAOXML Obutn pazpaboTaHbl cO3AATENAMU «IUTU30HIA0B» — HOHO30HA0B B3
tuna DPS [21], Tem He MeHee, UPOKO UCIIOIB3YIOTCS JUIsl YKa3aHHBIX 1IeJIeil He
TOJIBKO C «IUTU30HIaMW», HO U C MOHO30HIaMHU JPYTUX THIIOB.

®opmatel SAO 1 SAOXML aBisitoTcs TeKCTOBbIMH, NprudueM SAOXML
(kaKk MO’KHO JOTajaThCsl MO Ha3BaHUIO) ocHOBaH Ha XML. Jloruueckas Moaenb
SAOXML [19] noka3ana Ha puc.3.

N3BecTHbIE aBTOpPY MOMNBITKA PaboOThl ¢ JaHHBIMU (popmaroB SAO u
SAOXML, kak mpaBWjio, HE UAYT JAJbII€ CO3JIaHUS MPOTpaMM IPOCMOTpA
JTaHHBIX (cM. Hanmpumep [20]).
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SAORecord Attributes
SAORecord

A 4 A4

A 4
SystemInfo ICharacteristicListI ‘ TracelList ProfileList
- v]l AltitudeList
—» FrequencyStepping Trace Profile
ProfileValueList II

4>| RangeStepping ‘
4>|RestrictedFrequencyList‘ —»I URSI !n FrequencyList » Tabulated

4>| Comments ‘ RangeList %| ShiftedChebyshevList ‘

a| AutoScaler ‘ I TraceValueList II QuasiParabolicList

4>| ManualScaler ‘ POLANList

+ custom elements II II
Puc. 3. Jloruueckast mogens SAOXML [19]

Kpome ykazaHHBIX (oOpMaTOB COXpaHEHUsI Pe3yJbTaTOB 00pabOTKH
nonorpamm B3W, pasymeercs, CylIeCTBYIOT W Apyrue, Hampumep ¢GhopmaTsl
aBCTpaIMiCKuX HOHO30HA0B IPS [23].

3. Pecypchl apXHBOB HOHOIPAaMM M pPe3yJIbTATOB 00padoTKH

B pa6orte [21] Hamu paccMaTpuBaiiuch IHTepHET-pecypchbl CO CBOOOTHBIM
JOCTYIIOM K JIaHHBIM BEPTUKAJIBHOTO PaaUO30HAMPOBAHUS MOHOC(EPHI, B TOM
yucne HamumonaneHbiil 1ieHTp reodusnyeckux aaHHbIXx CIHA [22] u Ciyx6a
KOCMHYECKOM moroAsl bropo Mmereoposnorun Asctpamuu [23], U HEKOTOpHIE
npyrue. OJIHako B JaHHOU paboTe 0coboe BHUMaHue oOpaliaeM Ha pecypcehl [22-
23], TMOCKOJBKY OHHU COJIEP)KAT JECATKH MIITHOHOB (DaWJIOB MOHOTPAMM H
pe3ynbpTatoB 00paboTku noHorpamMm. Haunbosee nomymsipasie popMaThl JTaHHBIX
caMUX MOHOTPaMM PacCMOTPEHBI HamMHu paHee B [21], u Hauboyee aKTyaJabHBI
«auru3oHaoBcKkue» popmatel monorpamm MMM, SBF, RSF, a Takxe popmats
HOHOTPAMM aBCTpAIMMCKUX HOHO30H/0B IPS. IloapoGHsbIil pazdop ¢opmaros
aBCTPAIMICKUX MOHO30HIOB SIBJISICTCS 3a/1aueii TaIbHEUIINX padoT.

3akJIloueHue

Urak, B paboTe BbICKa3aHa HJIesS MCIOJIb30BAHUS UMEIOIIUXCS OOJBIINX
MacCHUBOB pe3yJbTaTOB 00paboTku noHorpamMMm B3U B kadectBe 00ydaroniux
JaTaceToB Il TocTpoeHus mojnenei Merogamu MO. PaccmoTpensr Hanbosee
nomyJsipHbie (POpMaAThl COXpaHEHUsI PE3yIbTATOB OOpPabOTKM HOHOTpPAMM, a
TaK)kK€ HEKOTOpPbIE MHTEPHET-PECYPCHl C apXHBaMU TakuX (aiiyioB. Yka3zaHHbIE
JTATACEThl UCTIOIB3YIOTCSI HAMU JJIsl TOCTPOEHUS MPEAUKTUBHBIX MOJICNIEH, B T.4.
BPEMEHHBIX PSAIOB KPUTHIECKUX YaCTOT HOHOC(HEPHBIX CIOCB.
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