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Hccnenyercst BO3MOXHOCTh IIPUMEHEHHS TI00aIbHOM sMnupudeckoi monenu IR1-2012 mis monyaBromarudeckoit 06pabot-
KU JJaHHBIX BEPTUKAJIBLHOTO 30HANPOBaHUS HOHOCGepHI. [IpoBeseHo conocTaBIeHne JaHHBIX BEPTUKAJIBHOTO 30HIUPOBAHUS
Ha cranuuu CII6® U3MUPAH B BoeiikoBo 3a despans 2013 . ¢ pesyasraramu pacderoB no moxenu IRI-2012 mis ocHoB-
HBEIX MOHOC(EPHBIX XapaKTEPUCTHK. B 06pabOTKy BOMLIO 2688 MOMENBHBIX 3HAYEHUH MAPAMETPOB for,, fog, Rmp,, hme #
1866 peanbhbix 3HaueHui. [lo MOHOrpaMMaMm ONpPENENSIUCH KPUTHYECKUE HacTOThl (fog, for,) M BBICOTBI MaKCHMYMOB
(hmp,> hmE) cnoes E n F,. Tlo u3MepeHHBIM 9acTOTaM M BBICOTaM C HCHonb3oBanueM Monenu IR1-2012 BoccranaBniBammch
BEPTHKAIBHBIE NMPO(QUIN SIEKTPOHHOH KOHLEHTpaluu. Pacuer mpoBomuiics Takke Mo Moaenu 0e3 BKIIOUSHUS PeasIbHBIX
JTAHHBIX BEPTUKAIGHOTO 30HANpPOBaHMs. [0 JTaHHEIM BEepTHUKAIBHOTO 30HAMPOBAHMS M MOAEIBHBIM 3HAYEHHUSIM OBUIH paccuu-
TaHbl CPE/IHEMECAYHbIE 3HAYEHHS U CTaHAAPTHBIE OTKJIOHEHHS (G) JUI NapaMeTpoB fog,, for, Mmp,» Ame V1A KaXI0TO Haca
cyTok. OnpeneneHs! yCIOBAS IMPHUMEHUMOCTH MOJEIH Ul aBTOMAaTU3UPOBAHHOI 00pabOTKM MOHOTpaMM Cy0aBpOPaIbHOM
noHocdepsl. Mozgens IRI-2012 Ha sTane nepBoHayaabHON 00pabOTKU Cy0aBpopabHONW HOHOTPAMMBI MOXKET OBITh IPUMEHe-
Ha B JTHEBHBIC Yachl IIPY HEBO3MYIIEHHBIX YCIOBUSX M OTCYTCTBUM CIIOpagu4eckoil noHu3anuu. [1pu 3ToM MOzeNbHEIE OT-
KJIOHEHHSI MOTYT OBITh CKOPPEKTHPOBAHBI 110 OJNMKAHIIMM 0 BpEMEHH peajbHBIM JaHHBIM. MoerbHble JaHHbe 1 for (B
THEBHBIE 9aChl) U My p, MOTYT OBITH NPUMEHEHBI JUIs COKPAIIEHHS BBIYMCIHTENBHBIX 3aTPAT B CHCTEMAX aBTOMATHYECKOTO
MOMCKA ITapaMeTpOB MO HOHOTpaMMaM U JUIsl TIPEABAPUTENLHOTO ONpeeIeHHs AUarna30HOB ITOMCKa OCHOBHBIX OHpesessie-
MBIX MTapaMeTpoOB Ha OCHOBE pacyera 1o mozaenu IRI-2012. B oTcyTCTBHM OTIENBHBIX peasibHbIX 3HaueHuil Moaens IRI1-2012
MOKET OBITH MPUMEHEHA ISl OoJiee TOYHOH anmpoOKCHMALUK PSAA0B PealbHBIX JaHHBIX. B yclOBHAX crmopagudeckoil HOHH-
3alUH HEOOXOAUMO MPUMEHSTh MOJEIN BBICOKOLIMPOTHOM MOHOC(EPHI, BKIIOYAIONUe OI0K KOPITYCKYIIPHOIO HOHOOOPa30-
BaHMSI.
KiroueBble cj10Ba: BEpTHKANGHOE PaJHO30HIMPOBAHIE, HOHOTPAMMa, SMITUPHUECKast MOJeIb, KpUTHIECKas YacTOTa, BBICO-
Ta MaKCUMYyMOB.
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The paper deals with possibility of IRI-2012 global empirical model applying to the vertical sounding of the ionosphere semi-
automatic data processing. Main ionosphere characteristics from vertical sounding data at IZMIRAN Voeikovo station in
February 2013 were compared with IRI-2012 model calculation results. 2688 model values and 1866 real values of fyr,, fog,
hing,» hmg were processed. E and F; layers critical frequency (fog, for,) and the maximum altitudes (hy,f,, hmp) were deter-
mined from the ionograms. Vertical profiles of the electron concentration were restored with IRI-2012 model by measured
frequency and height. The model calculation was also made without the inclusion of the real vertical sounding data. Monthly
averages and standard deviations (o) for the parameters foF,, for, hmp,, hmg for each hour of the day were calculated accord-
ing to the vertical sounding and model values. Model applicability conditions for automated processing of ionograms for sub-
auroral  ionosphere =~ were  determined.  Initial IRI-2012  modelcan  be  applied in  the sub-auroral
ionograms processing at daytime with undisturbed conditions in the absence of sporadic ionization. In this case model calcu-
lations can be adjusted by the near-time vertical sounding data. IRI-2012 model values for fyr (in daytime) and h,r,can be
applied to reduce computational costs in the systems of automatic parameters search and preliminary determination of the
searching area range for the main parameters. IRI-2012 model can be used for a more accurate approximation of the real data
series in the absence of the real values. In view of sporadic ionization, ionosphere models of the high latitudes must be ap-
plied with corpuscular ions formation unit.
Keywords: vertical sounding of the ionosphere, ionogram, empiric model, critical frequency, maximum height.

BBenenue

BeprukanpHOE Pagno30HIMPOBAHUE — OIMH M3 OCHOBHBIX METOAOB, MO3BOJSIONMK 3((HEKTUBHO MpO-
BOJWTh MOHHMTOPHHT COCTOSIHHSI MOHOc(epsl. IlomydeHHbIe AaHHBIE HCIONB3YIOTCS Ul PELICHHS MIMPOKOTO
KpyTa IPakTHYECKUX U TEOPETHYECKHX 3aiad. B HacTosmiee BpeMs BeayTcsa paboThl B HAIIPaBIEHUH aBTOMAaTH-
3aiuKu 00pabOTKH MOHOTPAMM W Mepeladd JaHHBIX HOHOC(HEpHBIX HAOMIONEHUH B MEXIyHapouHyro ceTb [1].
IToMuMO pe3ynbTaToB BEPTUKAIBHOTO 30HAWPOBAHUS, IS aHAIN3a COCTOSHHUSA MOHOCHEPH! IIMPOKO HUCIIOIB3Y-
I0TCA KaK TeopeThuueckue [2—6], Tak u sMnupudeckue Moaeiu [7-9]. OMnupuueckre MoAeIu OCHOBBIBAIOTCS Ha
COBOKYITHOCTH JIaHHBIX SKCIIEPUMEHTAIIBHBIX HAOMIOACHUH 32 HoHOC(epoi. Takue Moaenu n3-3a ycpeJHeHHH He
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MOTYT BOCIIPOU3BOJIUTH PACIIPENEIICHHS] TAPaMETPOB, COOTBETCTBYIOIINE HECTAHAAPTHBIM YCIOBUSAM, HAlIpUMeEp,
KOHKPETHOMY I'€OMarHMUTHOMY BO3MYyIIeHHUIO. Takum oOpa3om, aist mpoBeneHHst d3(PPEKTUBHOTO MOHHUTOPUHIA
[1enecoo0pa3Ho MCIIONB30BATh aJaNTaIlMI0 HOHOC(HEPHBIX MOJeNell JaHHBIMH HEMOCPEICTBEHHBIX HM3MEPEHU,
MTOTyYCHHBIX, B YACTHOCTH, IIPH ITOMOIIM BEPTHKAIHHOTO 30HINPOBAHH.

Hamubonee mmpoko MCIOIB3yeMON SMITUPUIECKON MOAETHI0 MOHOCHEPHI SBISETCS II00aIbHAs MOACIDH
IRI (International Reference Ionosphere) [8], pexomenayemass Committee on Space Research (COSPAR) u
International Union of Radio Science (URSI). IRI-2012 — mocnenHsiss Bepcusi MOJIEIM — OCHOBaHA Ha JNaHHBIX
M3MEPEHUI MIPOBOI CETH HOHO30HIOB, PalapoB HEKOTEPEHTHOTO PAaCCEesHIs, CITyTHUKOB U pakeT. Mozenb pac-
CUUTHIBACT 3JIEKTPOHHYIO KOHLEHTPAIHMIO, TEMIIEPaTypy JJIEKTPOHOB M MOHOB; MOHHBIA COCTaB U JpeidoByro
ckopocTh B auamna3zone BeICOT 50—1500 km (cmort D — 50-90 km; cnoit E — 90-130 xm; cinoit F1 — 130-180 xm;
cioit F2 — ot 180 xm). [ToMuMo MozenbHBIX Mpoduiiel, pacCCYUTaHHBIX TOJIBKO MO J1aTe, BPEMEHH U KOOpIUHA-
tam, moziesb IRI-2012 naet BO3MOXKHOCTH IOCTPOEHHS BEPTUKAIBHBIX NMPpOoQuield HOHOC)EPHBIX NapaMeTpoB C
HCIIONIb30BAaHUEM PEAbHO U3MEPEHHBIX BEJIMYMH KPUTUYECKUX YaCTOT U BbICOT cioeB E u F2.

Conocrasnenue pacueToB 1o Mozeiu IRI-2007 ¢ naHHBIMU BEpTUKAIBHOTO 30HAMPOBAHMSI, POBEAECHHOE
Ut BeIcokuX mwpot [10], mokaszano, uro mogens IRI-2007 HEmoCTaTOYHO TOYHO OMUCHIBACT CIEHUGHUKY (H3H-
YEeCKUX TPOIECCOB B aBPOPANTbHOW HOHOC(hepe (KOPIMYCKYISIpHBIC BBICHITaHUS). B CpemHMX HIMpOTax Takwe
TIPOIECCHI OKA3BIBAIOT MEHBIIEE BIMSIHNE Ha (POPMHIPOBAHNE HOHOC(HEPHBIX CIIOEB, YTO JENIaeT [EeIeCco00pa3HbIM
MIPOBEACHUE OIICHKHM NPHMEHNUMOCTH PEe3yIBTaTOB pacyeToB Mo smmupudeckoi momenu IRI-2012 B xagecTBe
JIOTIOTHUTEIFHOTO MHCTPYMEHTa Ha 3Tale IMepBOHAYAIBHOW 00pabOTKH HOHOTpAaMM U IIPU aHAJIN3€ JaHHBIX VIS
cybaBpopansHoil crannuu Caskt-IlerepOyprekoro ¢ummana MHCTHTYTa 3eMHOTO MarHeTH3Ma, HOHOC(HEpPHl H
pacmipoctpanenus paaunoBoid uM. H.B. IlymkoBa Poccniickoii akanemun Hayk (CII60 U3SMHWPAH) B Boeiixo-
BO.

YcaoBus IKCIepUMEHTa

brino mpoBeneno cpaBHeHue pacueroB no mozgenu IRI-2012 ¢ peanbHBIMHM JaHHBIMH HOHO30HZAA
Canadian Advenced Digital Tonosonde (CADI) mpounsBoactsa Scientific Instrumentation Limited (SIL, Kanana)
[11, 12] ycTaHOBIEHHOTO B MarHUTO-HOHOC(EpHO# obcepBaropuu B Boetikoo CI16® M3MUNPAH (59°57 c.i.,
30°42' B.1.). B Tabnuiie mpuBeneHbl OCHOBHBIC TEXHUYECKHE XapakTepucTuku noHozoHaa CADI.

XapaKkTepucTHKa 3HaueHue
MonHOCTh IepenaTanka, Bt 600
JlnarmasoH BBICOT, KM 90-1020
Jlnanason yacrot, MI'1g 1-20
Paspemienue 1o BeICOTE, KM 6
MakcuManbHast JUIMTSITLHOCTh HMITYJILCOB, MKC 40

Tabnuua. TexHnyeckme xapakTepucTukm noHosoHga CADI

C suBapst 2013 1. JaHHBIE HOHO30Ha — HOHOTPAMMBbI BEPTHKAJILHOTO 30HIUPOBAHUS C BpEMEHHBIM pa3-
pemrenneM 15 muH — mocTymHsl B cetr Internet [13]. Ha cranmum BoeiikoBo Mpou3BOIUTCS CTaHAApTHAS pydHAS
00paboTKka HOHOTPAMM.

Anann3 JAHHBIX BEPTUKAJBHOI0 30HAUPOBAHUA U MOJIECJIbHBIC pacueThbl

B paccmoTpeHne BOILIHM 4acOBbIE JaHHBIE BEPTUKAILHOIO 30HAMPOBaHus 3a Gespains 2013 r. DtoT nepu-
OJ1 XapaKTepU30BaJICsl YMEPEHHON COJTHEUHOM akTuBHOCTHIO: MHACKC F10,7 B cpennem Obut paBen 101,8 (makcu-
mym 111,0 [10 Br/(Tu-m?)]).

ITo noHorpamMmam ONpeNENsIuCh KPUTUIECKHE YaCTOTh (foR,, fop) U BBICOTBI MAKCUMYMOB (Apg,, Amp)
cioeB E, F,. [lo u3MepeHHbIM 4acTOTaM W BbICOTaM C ucnonb3oBanueM Moneiu IRI-2012 BoccranaBnuBaiuch
BEpTUKAIIbHBIE MPOGIIN AIEKTPOHHOW KOHIIEHTpAIUH. Taroke MPOBOAWICA pacdeT Mo Monenu 0e3 BKIIOYCHHUS
peabHBIX JaHHBIX BEPTHKAJIBFHOTO 30HIMPOBAHUS.

B o6paboTky Bouwio 2688 MONENbHBIX 3HAYEHUH TAPAMETPOB for,, fors Amp,» Mme ¥ 1866 peanbHbix
3HAYCHUH, NP 3ToM 822 OTCYTCTBYIONIMX PEajbHBIX 3HAUCHHUSI B pacdyeTe MapaMeTpOB HE YJIaCTBOBAIH M IS
MOCTPOEHUs peasibHOTO TTpoduist ¢ momomisto IRI uaTEpNIpeTHpoBanck kak 0.

[To maHHBIM BEPTHKAJIHHOTO 30HAMPOBAHHUS W MOJCIBHBIM 3HAYCHUSAM OBUIM PACCUUTAHBI CpeIHEMECSd-
HbIe 3HaueHUs (puc. | — 3eeHas JIMHUA) U CTaHJapTHBIC OTKIOHEHHS (G) (puc. 1| — BepTUKaIbHBIE OTPE3KN) IS
napameTpoB fog,, fors Amp,> Rme 101 Kaxioro 4aca cytok. Ha puc. 1, a—T, IpeICTaBIeHO COMOCTABIEHHE KPH-
TUYECKHX YaCTOT (foF,, fop) U BHICOT MAKCUMYMOB (Ryyf,, Rpg) C110€B E, [ IO TaHHBIM BEPTUKAIBHOTO 30HIH-
POBaHUS C MOJIENBHBIMH BENMYMHAMH (pHc. | — CHHAA IMHUSA) 3TUX mapameTpoB. KonmmuecTBo peanpHBIX TaH-
HBIX, BOIIEANINX B 00paboTKy (7), BapbUpPyeTCs B 3aBUCHMOCTH OT BPEMEHH CYTOK U OLEHHBAEMBIX ITapaMeTpPOB.

Hay4Ho-TexHn4Yecknit BECTHUK MHCpOPMAaLMOHHbBIX TEXHOMOMMIN, MEXAHUKM U ONTUKK
Scientific and Technical Journal of Information Technologies, Mechanics and Optics
2014, Ne1 (89)

83



OLIEHKA NPUMEHUMOCTW MOOENN IRI-2012 4113 ABTOMATU3VMPOBAHHOW OBPABOTKMW. ..
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Puc. 1. CpegHemecsayHble 3Ha4eHNs 1 CTaHAapTHbIE OTKIOHeHVs (0) Ans napameTpos: for — (a); for, — (6);
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Puc. 2. PesynbraTtbl cCONOCTaBneHns BEPTUKANbHOIrO pacrnpeaerneHms 4acToT, pacCYMTaHHOro No Moaenum
IRI-2012 ¢ KoppeKumer No AaHHbIM BEPTMKANbHOIO 30HANPOBaHUSA (CUHSS KpyBasi) 1 6e3 koppekuun (KpacHas
kpuBasi); a — 8:00 UT 02.02.2013 r.; 6 — 19:00 UT 02.02.2013 .

B nHEBHBIE Yachl TIOKa3aHO XOPOIIee COOTBETCTBHE MOJECIBHBIX PACUETOB M JAHHBIX BEPTUKAIBHOTO 30H-
JUPOBaHUs U KpUTHIeCKUX 9acToT ciiost E. Omuako ot 17 go 7 1 Universal Time (UT) Monenb naeT 3aHMKECH-
HBIE 3HaYEHUS 3TOTO mapametpa (puc. 1, a). [lomoOHBIH CyTOYHBIN X0 AMEKTPOHHON KOHIIGHTPAIINN XapaKTepeH
JUTS CPEAHUX IIMPOT — BBIPAXKCHHBIA MOTYICHHBIH MaKCHMYM, CBSI3aHHBIA C CYTOYHBIM XOAOM YIBTPadUOoIeTO-
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Boro (Y®) noToka COJTHEYHOIO M3JIy4eHHs], U OTCYTCTBHE KOPIYCKYISIPHOW MOHH3ALMK B HEOCBAIIEHHON HMOHO-
coepe. IMeHHO 3TH yciioBHs HamrydminM o0pa3oM oTpadarbiBatoTcs Mozeisio IRI1.

MogenbHbIe 3HAYCHUS R,y JIeXKaT B mpeaenax +2,1 ¢ peanbHbIX 3HadeHU# (puc. 1, B). Pasnuune moaeis-
HBIX M peajbHBIX 3HaYeHHH cocTaBisieT A0 14,2 kM (2,019 ¢). MonenabHbIi anToOpuTM MPU OTCYTCTBUH PEaTbHO-
ro 3HadeHus h,,p ompenesnsier h,,r = 110 kM, 4TO HEOOXOAUMO YUMUTHIBATH MPH aHANW3E MPOMUIIS, PACCUUTHI-
BAaeMOTO MOJIEITBIO.

HaGmronaeTcss  CHCTEMATHYECKOE  3aBBIIIEHHE MOJIEJBHBIX 3HAYCHUH KPUTHYECKOH YacTOTHI  for,
(puc. 1, 6) OTHOCHUTENBHO PeANbHBIX JAHHBIX, YTO MOXKET OBITh CBSI3aHO C HEIOCTATOYHOM TOYHOCTHIO yUeTa IIH-
potHoro pacnpezaencuus YO uznyuenns, 3agapaemoro uuaekcoM F10,7. Jlnana3zon pa3dpoca MOJICITBHBIX 3HAUC-
HUH fop, OT maHHBIX HOHO30HAA — 0,4-1,8 Ml (TeHneHIMs 3aBbILEHU MOJIENbHBIX 3HaueHui). Haunyumee
COBIIA/ICHUE C IKCTIEPUMEHTOM HAOIIOAETCS IPU PACUETE MAKCUMAIILHOM BbICOTHI ciost F2 (puc. 1, 1). Jlns hyyp,
MOJIeTIbHbIE 3HAYEHUs JieKar B rpezenax + 1,1 ¢ peanbHbIx 3Ha4eHHH. Hanbonbie pacxoxieHus: HaOIoaaoT-
ca B 94 UT, 144 UT u 20 u UT uccnenyemoro nepuona. MakcuManbHOE pa3iuyue MOAEIBHBIX U pealbHbIX
3HAYEHHUM COCTABIISIET 23 KM.

Ha puc. 2 mpezacTaBieHsl pe3ylbTaThl CONOCTAaBICHNS! BEPTUKAJIBHOIO paclpeaeieHusl YacToT, paccuu-
ta"Horo 1o Mojenu IRI-2012 ¢ koppekunei Mo AaHHBIM BEPTHKAIBLHOTO 30HIMPOBAHMS (CHHSS KpHBas) U 0e3
KOppEKIHH (KpacHasi KpuBasi).

Puc. 2, a, nTeMOHCTpUpPYET MPAKTHUECKH TIOJTHOE coBmaaeHue nByx mpodrren maus 8:00 UT 02.02.2013 1.
Bo Bropom ciydae (puc. 2, 6) IpH MOSBJICHUN CIIOPATNIECKOTO Cliosi ES Mojens moka3siBaeT MOJIHOE HECOOTBET-
CTBH€ peaJbHBIM JaHHBIM. [Ipr 3TOM CKOPPEKTHPOBAHHBIN peaNbHBIMU JAaHHBIMU BEPTHKAJIBHBIN MPOQIIH Yac-
TOT BHIIIE CJI0A E MOZIenbio He BOCIIPOU3BOIAMUTCS.

3akjoueHue

ITo pe3ynbTaraM cONOCTaBIIEHUS JAHHBIX BEPTUKAILHOTO 30HAUPOBaHUS U pacueToB 1o moaenu [R1-2012
MOXKHO CJIeJaTh CJIEAYIONINE BEIBObI:

— wmogzens IRI-2012 nHa sTane nepBoHavyaabHOH 00pabOTKHM cyOaBpOpaIbHOM MOHOIPAMMBI MOXKET OBITH
NIPUMEHEHA B JHEBHBIC Yachl MPH HEBO3MYILUEHHBIX YCIOBUSIX U OTCYTCTBUHU CIOPAAUYECKONH MOHH3A-
uun. [Ipu 3TOM MOJIENIbHBIC OTKIIOHEHHSI MOTYT OBITh CKOPPEKTHPOBAHBI IO OJIKAMIINM 110 BPEMECHU
peaIbHBIM JaHHBIM;

—  MOJIENIbHBIE JaHHbIe ISl fop (B IHEBHBIEC Yachl) U Mp,p, MOTYT OBITH NPUMEHEHBI Il COKPAILICHHUS BbI-
YUCIIUTENBHBIX 3aTpaT B CUCTEMax aBTOMATHMYECKOIo MOMCKa MapaMeTpoB M0 HOHOrpaMmam JUist pe-
BApUTENILHOTO OINpeeNICeHUs] TUANa30HOB IOKMCKAa OCHOBHBIX OINpEAENIIEMbIX MapaMeTpOB Ha OCHOBE
pacuera o mozaenu IRI-2012;

—  TIpH OTCYTCTBHH OTHCIBHBIX pealbHbIX 3HaueHni Moaens [RI-2012 moxer OBITh MpHUMeEHeHa It OoJee
TOYHOU aNmpOKCUMAINH PSI0B PEabHBIX JaHHBIX;

—  BOCCTaHOBJIEHHE NPOQWIA 3NEKTPOHHONH KOHIEHTPAIIMHM W TONYYCHHS MapaMeTpOB HOHOC(EpHI MpH
koppekruu Moneiau IRI-2012 maHHBIME BEpTHUKAIHHOTO 30HAMPOBAHHS OTPAHUYICHO TOSBICHUEM CIIOS
Es;

— B YCJIOBHSX CIIOPaIW9IecKOil MOHU3AIMH HEOOXOANMO TIPUMEHATH MOJICIIH BEICOKOITUPOTHON HOHOChe-
PBI, BKIFOUAIOIIKE OJOK KOPIYCKYJIIPHOrO HOHOOOpa30BaHUs.

[NoyueHHbIE pe3yNbTaThl HCIOIB3YIOTCS TIpH 00padoTke noHorpamMm B CI16 U3MUPAH u moryT ObITh
MPUMEHCHBI Ha MarHUTHO-UOHOC(EPHBIX CTAHIHUAX MPU 00pabOTKE JaHHBIX BEPTUKAIBHOTO 30HIUPOBAHUS HO-
Hochepsl.

Jluteparypa

1. TpumenneB A.1O., KopobGeitnukoB A.I. IIpoekTnpoBaHrne M TEXHOJIOTHUYECKAs IMOJATOTOBKA CETEH CTaHIH
BEPTUKAJIILHOTO 30HIUpPOBaHUS HOHOChephl // HayuyHo-TeXHWYeCKHi BECTHUK WH(POPMAITMOHHBIX TEXHOJO-
ruii, Mexanuku u onTuku. 2013. Ne 3 (85). C. 61-66.

2. Schunk R.W., Soika J.J. Ionospheric models // Modern Ionospheric Science / Eds H. Kohl, R. Riister,
K. Schlegel. Katlenburg-Lindau, Germany: European Geophysical Society, 1996. P. 181-215.

3. Namgaladze A.A., Korenkov Yu.N., Klimenko V.V., Karpov 1.V., Bessarab F.S., Surotkin V.A., Glushchenko
T.A., Naumova N.M. Global model of the thermosphere-ionosphere-protonosphere system // Pure and Ap-
plied Geophysics. 1988. V. 127. N 2-3. P. 219-254.

4. Namgaladze A.A., Namgaladze A.N., Yurik R.Yu. Global modeling of the quiet and disturbed upper atmos-
phere // Physics and Chemistry of the Earth. 2000. V. 25. N 5-6. P. 533-536.

5. Namgaladze A.N., Evstafiev O.V., Khudukon B.Z., Namgaladze A.A. Model interpretation of the ionospheric
F-region electron density structures observed by ground-based satellite tomography at sub-auroral and
auroral latitudes in Russia in January-May 1999 // Annales Geophysicae. 2003. V. 21. N 4. P. 1005-1016.

Hay4Ho-TexHn4Yecknit BECTHUK MHCpOPMAaLMOHHbBIX TEXHOMOMMI, MEXAHUKM U ONTUKK
Scientific and Technical Journal of Information Technologies, Mechanics and Optics
2014, Ne1 (89)

85



OLIEHKA NPUMEHUMOCTW MOOENN IRI-2012 4113 ABTOMATU3VNPOBAHHOW OBPABOTKMW. ..

6. Mingalev O.V., Mingaleva G.I., Melnik M.N., Mingalev V.S. Numerical Simulation of the Time Evolution of
Small-Scale Irregularities in the F-Layer Ionospheric Plasma // International Journal of Geophysics. 2011.
V. 2011. P. 353640-1-353640-8.

7. Sergienko T.I., Ivanov V.E. A new approach to calculate the excitation of atmospheric gases by auroral elec-
tron impact // Annales Geophysicae. 1993. V. 11. N 8. P. 717-727.

8. Bilitza D. International Reference Ionosphere 2000 // Radio Science. 2001. V. 36. N 2. P. 261-275.

9. Turunen E., Matveinen H., Tolvanen J., Ranta H. D-region ion chemistry model // STEP Handbook of
Ionospheric Models /Ed. R.W. Schunk. Logan: Utah State University, 1996. P. 1-25.

10. Huxonaesa B.Jl., Makaposa JL.H., Illupouxkos A.B., Kotukos A.JI. ConocraBieHue pe3ylbTaToB pacyeToB
mogenu IRI-2007 ¢ naHHBIME BepTHKaIbHOTO 30HAMPOBAHMS U pajapa HEKOTEPEHTHOTO PAaCCesHHsS Uil aB-
popanbHoit nonocdeps // Proc. of the XXXIV Annual Seminar «Physics of Auroral Phenomenay. Apatity,
2011. P. 174-177.

11. Canadian Advanced Digital Ionosonde (CADI). Scientific Instrumentation Ltd. [DnexTponnsiii pecypc]. Pe-
UM nocryma: http://www.sil.sk.ca/, cBoOonnbIit. S3. anmi. (nara oopamenus 17.11.2013).

12. Canadian advanced digital ionosonde. System manuals. Saskatoon, Canada: Scientific instrumentation lim-
ited, 2009. 22 p.

13. ApxuB noHOrpaMM. MHCTHTYT 3€MHOr0 MarHeTH3Ma, MOHOC(HEpPBl M PACIPOCTPAHCHUS PAJUOBOIH UM.
H.B. IlymkoBa PAH. MoHocdepa n pacpocTpaHeHne paaroBOiIH [DIeKTPOHHEIA pecype]. Pexxum goctyna:
http://sphere.izmiran.ru/, cBoboaubIi. S3. pyc. (mata oopamenus 17.11.2013).

Hukonaesa Bepa /Imumpuesna - WHXeHep, APKTHYECKUH M aHTapKTHYECKUI HayqHO-MCCIIEN0BaTeIbCKUI
HMHCTUTYT; aCIIUPAHT, Cankr-IlerepOypreckuit  rocynapCTBEHHBII
yausepcutet, Cankr-IlerepOypr, Poccns, vera nik@list.ru

Puibakoe Muxaun Bacunvesuu - Benymuit  mmxeHep, Cankr-IlerepOyprckmit  ¢unman  MucTuTyTa

3eMHOTO MarHeTH3Ma, MOHOC(EPHl M PaclpOCTPAHEHUS] PAIMOBONH HM.
H.B. IlymxoBa PAH, Cauxr-ITetep6ypr, Poccus, mvr_spb@rambler.ru

Komuxoe Andpeii JIveosuy - KaHAugaT (u3.-MaT. HayK, CTaplUIMii Hay4dHbIH COTpyIHHUK, CaHKT-
[erepOyprekuit punnan MHCTUTYTa 36MHOrO0 MarHeTu3Ma, HoHOC(hepsl U
pacnpoctpanenus paguoBonH um. H.B. IlymkoBa PAH; nouenr, Cankr-
IMerepOyprekuit rocynapcTBennsiii ynusepeuret, Cankr-IlerepOypr, Poc-
cus, andkot5S4@mail.ru

Kowenesckuii Braoumup Kupunnosuu - KaHauaar ¢us.-Mar. Hayk, 3aB. MO BoeiikoBo, Cankr-IletepOyprekuit
¢mwman  MHCcTHTyTa ~ 36MHOTO  MarHeTusMma,  HOHOC(Epsl |
pacupoctpanenust paauoBonH uMm. H.B. IlymxoBa PAH, Cankr-
IetepOypr, Poccust, koshel42@yandex.ru

Vera Nikolaeva - leading engineer, Arctic and Antarctic Research Institute; postgraduate,
Saint  Petersburg State University, Saint Petersburg, Russia,
vera_nik@list.ru

Michael Rybakov - leading engineer, Pushkov Institute of Terrestrial Magnetism, lonosphere
and Radio Wave Propagation of the Russian Academy of Sciences Saint
Petersburg Branch (SPbF IZMIRAN), Saint Petersburg, Russia,
mvr_spb@rambler.ru

Andrei Kotikov - PhD, senior scientific researcher, Institute of Terrestrial Magnetism,
Ionosphere and Radio Wave Propagation of the Russian Academy of
Sciences Saint Petersburg Branch (SPbF IZMIRAN); associate professor,
Saint Petersburg State University, Saint Petersburg, Russia,
andkot54@mail.ru

Viadimir Koshelevsky - PhD, Pushkov Institute of Terrestrial Magnetism, Ionosphere and Radio
Wave Propagation of the Russian Academy of Sciences Saint Petersburg
Branch (SPbF IZMIRAN), Saint Petersburg, Russia,
koshel42@yandex.ru

Hay4Ho-TexHN4Yecknii BECTHUK MHCPOPMAaLMOHHbBIX TEXHOMOMMIN, MEXAaHUKM U ONTUKK
Scientific and Technical Journal of Information Technologies, Mechanics and Optics
2014, Ne1 (89)

86



