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HEPEKYPCHUBHAS ITPOT'PAMMHASA PEAJIN3AIIUA AJITOPUTMA KAPALLYBbI
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C.C. AncatkuHl, A.JI. BopoHos
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NON-RECURSIVE PROGRAM REALIZATION OF KARATSUBA ALGORITHM
FOR FAST CONVOLUTION COMPUTATION

S.S. Alsatkin, A.L. Voronov
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

B nannoii pabote mpezacraBieHa HepeKypCcHBHas IporpaMMHast peanusanus anroputma Kapaimy6st. Heobxonu-
MOCTb B pa3paboTke 10100HOH peanr3aliy BO3HHUKIIA B CBS3U C TEM, YTO MpsMasi peKypCUBHAs peann3aius NpuBo-
JUT K HEKOHTPOJIMPYEMOMY PACIINPEHHIO MAaMSITH U BCIIEJICTBHE ATOTO K PE3KOMY YBEJIIMUCHHIO BPEMEHH HCIIOJIHE-
HUS TI0 CPaBHEHHIO C TEOPETHYECKUMH BBIKJIAJKaMH, KOTOPBIE YUHTHIBAIOT JHIIb OOIEE YHCIIO ONEpauii CIoxe-
HUS 1 yMHOXKeHHs. HepekypcuBHas peanu3anysi MO3BOIUT YBEIHYUTh IPOU3BOIUTEIBHOCTD 10 CPABHEHHUIO C pe-
KYpPCUBHOW peain3alueil 3a CUeT KOHTPOJIS paclpeneieH sl JUHAMUYECKON naMaTu. [JJaHHBINH alropuT™M UCHOJb3Y-
eTcst mpu 00paboTke 6ONBIIMX 00BFEMOB JAHHBIX, TOMy4YaeMbIX Ha VIpKyTCKOM pagape HEKOT€PEHTHOTO PACCEsTHHS.

In this paper we present non-recursive program realization of Karatsuba algorithm. The necessity of this version
development is caused by the fact that direct recursion gives rise to to uncontrollable memory extension and as a
consequence, to sharp runtime increase comparing to runtime obtained from theoretical bounds which accounts only
for numbers of additions and multiplications. Non-recursive realization allows us to shorten runtime comparing with
direct recursive realization with a help of dynamic memory control. This algorithm is used for processing of large
data volumes produced by Irkutsk Incoherent Scatter Radar.

CTATUCTUYECKHUE INOTPEINIHOCTHU ONNPEAEJEHUSA TEMIIEPATYPBI
U TIOHHOT'O COCTABA NOHOC®EPHOM IJIA3MBI
METOJAOM HEKOTEPEHTHOI'O PACCEAHUA. PE3YJIBTATBI MOAEJIUPOBAHUA

A.B. Boroma3s

Wucruryt nonocdepst HAH 1 MOH Ykpaunsl, XappkoB, YkpanHa
albom85 @yandex.ru

RANDOM ERRORS IN THE ESTIMATION OF TEMPERATURE AND ION COMPOSITION
OF THE IONOSPHERE PLASMA BY MEANS OF INCOHERENT SCATTERING.
THE SIMULATION RESULTS

0.V. Bogomaz
Institute of Ionosphere NAS and MES of Ukraine, Kharkiv, Ukraine

Hecmotps Ha To uTO MeTox HekorepeHTHOTO paccesnus (HP) mcmons3yercs ans mcciaenoBanus HOHOCHEPHI yke
6onee 50 ner, onpeseneHre TOYHOCTH pELIeHUs] 0OpaTHOW paano(U3NYecKor 3aiauyu ISl Pa3IMYHBIX BBICOTHBIX
MHTEPBAJIOB UCCIEAYEMBIX oOJiacTeil HoHOC]EepbI, remoreoGpru3niecKix yciIoBHid, IOMEXOBOH 0OCTaHOBKH, CE30HA
Y BPEMEHHU CYTOK, PEXKUMOB PabOTHI pasiapa OCTAeTCs aKTyajbHbIM. [ pyOyI0 OIIEHKY TOYHOCTH OIpeesIeHus mapa-
METPOB IUIa3MbI MOYKHO MIPOM3BECTH ITyTEM aHajH3a 0OJBIIOr0 00beMa IKCIIEPUMEHTABHBIX TAHHBIX, TIOTYYCHHBIX
Ha pagape HP. bornee TouHast onieHKa HEBO3MOXKHA 0€3 TEOPETHYECKOTO MOECIHPOBAHNSI.

[TpoBeneHHOE CTAaTHCTUYECKOE MOAEIMPOBAaHUE 3aKJII0YaIOCh B (POPMUPOBAHUY CUTHANA, T0J0OHOTO CMECH
HP-currana u myma, u mocienyromnieii 00padboTKe 3TOro CUTHANIA C UCIIOIB30BAaHUEM IPOLEIyp, aHAIOTHIHBIX
TeM, KOTOpble MpUMEHSIOTCS Ha pagape HP. B pesyipraTe ObUTH NOJTYYEHBI TOBEPUTEIHHBIC HHTEPBAIBI OIEHOK
TeMIepaTypbl 1 HOHHOTO COCTaBa IUIa3Mbl, 3aKOHOMEPHOCTH BEIMYHHBI pa30poca OIEHOK, MOPSIOK BEITMINHBI BO3-
HUKAIOMIHUX CMEIICHNH OLleHOK NpH oTHomeHn curHain/myM 10, 1 1 0.1 u BpeMeHr HaKOMJICHHST KOPPEISIIUOHHBIX
¢yakouit HP-curnana 1, 15 u 60 mun.

81



BHIDD-2013. Cexyua C. [Juaznocmuxa ecmecmseeHHbIX HeOOHOPOOHBIX CPed U MameMamuyeckoe Mooeauposanue

Determining the accuracy of the parameters by means of incoherent scattering for different altitude ranges of
ionosphere, heliogeophysical conditions, etc. is a topical problem. A rough estimate of the accuracy of the plasma
parameters can be obtained by analyzing a large amount of experimental IS data. A more accurate estimate is im-
possible without theoretical modeling. Statistical simulation lied in generation of the signal, similar to a mixture of
IS signal and noise, and processing of this signal as in the IS radar. As a result we obtained confidence intervals of
temperature and ion composition of plasma, regularities in the dispersion of the estimates, magnitude of the dis-
placement of the estimates when a signal-to-noise ratio was 10, 1 and 0.1 and the integration time of correlation
functions of the IS signal was 1, 15 and 60 min.

BU3YAJIM3AIIUA ITPOU3BOJIBHO OPUEHTUPOBAHHBIX OAMHOYHBIX MOJIEKYJI
IOCPEJICTBOM KOH®OKAJIbHOW CKAHAPYIOIIEN ®JTYOPECHEHTHON MUKPOCKOIIUH

C.B. boiiuenko, C.A. 3u10B

Upkyrtckuit ¢punman Uucturyra nasepuoit puzukun CO PAH, Upkyrtck, Poccust
ste89 @yandex.ru

ARBITRARY ORIENTED SINGLE MOLECULE IMAGING BY MEANS
OF SCANNING CONFOCAL FLUORESCENCE MICROSCOPY

S.V. Boichenko, S.A. Zilov
Irkutsk Branch of Institute of Laser Physics SB RAS, Irkutsk, Russia

B HEKOTOPHIX MPUIOKEHUAX BOZHUKAET HEOOXOAMMOCTh BH3YyaIH3allli OAWHOYHBIX KBaHTOBBIX cucteM (OKC)
MIPOM3BOJIEHON opHeHTarmu. OIHAKO BO MHOTHX CIIydYasX aHHU30Tpomnus moriomeHus uccnenyemberx OKC mpersr-
CTBYeT 3ToMy. B nazepHoii koH(poKanbHOU ckaHupyroiiei (ayopecientHol Mukpockonuu (JIKCOM) onuHOYHBIX
MOJIEKYJl JaHHas mpoOiema pemaercss 3a CYeT HPUMEHEHHs BO30YXKIAIOIIEro Jjyda C IPOCTPaHCTBEHHO-
HeoxHOpoaHOW mosnsipusanmeil. Hekoropsie OKC moryionalor ¥ MCIyCKarOT CBET KaK 3JIEKTPUYECKHUE POTATOPHI.
MBI HIIeM pacyeTHBIM ITyTeM BO30Y’KAAIOIIN JIyd, CIIOCOOHBIH 00ecreunuTh BO30YX/IEHHE OJMHOYHOIO poTaTopa
BHE 3aBHCHMOCTH OT OPHEHTALMH €ro IockocTH. PacueT nokasai, yto MakcumyM uHTeHcHBHOCTH JIKC® n3006pa-
JKEHHS pOTaTOpa MPAKTHYECKH HE 3aBUCHT OT OPHUEHTAINH IUIOCKOCTH POTATOpa IPH HCIIOIB30BAHHH B CXEME
JIKC®M B kavecTBe BO30YKIAIOIIETO Jyda C paclpeeleHHeM dIEKTpudecKkoro Bektopa B cedyeHud Eg=E +aE,.
E, u E, — BekTOpHI a3MMyTalbHOH ¥ paanansHOl nonspusauuy. IlapamMeTp a 3aBUCHT OT YIJIOBOH anepTyphbl MHK-
pooOBeKTHBA O, U, HaIpUMED, A1 00BeKTHBA C 0,,,,=64° cocTtaBmsiet 0.26.

In some applications one needs to visualize single quantum systems (SQSs) of arbitrary orientations. However,
the SQS absorption anisotropy precludes arbitrary oriented SQS imaging in many cases. In laser-scanning confocal
fluorescence microscopy (LSCFM) of single molecules one can solve this problem using spatially inhomogeneously
polarized exciting beam. Some SQSs absorb and emit light as electrical rotators. We find using calculative methods
exciting beam that makes available single rotator excitation regardless of rotator plane orientation. The calculations
showed that, when an exciting beam with light vector cross-section distribution E¢=E,+aE; was used in LSCFM
setup, LCSF image intensity maximum of a rotator practically didn’t depend on the rotator plane orientation. E, and
E, are azimuthal and radial polarization vectors. The parameter a depends on micro objective angular aperture 0.
For example, for 0,,,,=64°, a=0.26.

IMPOIHO3UPOBAHUE YNCJIA COJITHEYHBIX ITATEH C HCITIOJIb30BAHMEM NCKYCCTBEHHbBIX
HEHPOHHBIX CETEI U METOJA MAKCHUMAJILHOT'O ITIPABJIOIIOIOBUS

JI.C. Boaockos, FO.C. MacjieHHHKOBA

Kazanckuii (IIpuBomkckuii) penepansuenii yausepcutet, Kasans, Poccus
voloskovdmitriy @ gmail.com

THE SUNSPOT NUMBER PREDICTION, USING ARTIFICIAL NEURAL NETWORKS AND
THE MAXIMUM LIKELIHOOD METHOD

D.S. Voloskov, Y.S.Maslennikova
Kazan (Volga region) Federal University, Kazan, Russia

IIporao3upoBaHmre COJHEUHOW aKTUBHOCTH SBJSIETCS OMHOU M3 crapedmx npobieM B Gpusuke Comnia. Tem He
MeHee HeJIb3sl CKa3aTh, YTO 3a MPOILE/IINe To/ibl OHa Oblia yCIelHo penieHa. B nanHoit pabore Obula nocrasieHa
3a/1aya MPOTHO3UPOBAHKUS YKCIA COJTHEUHBIX MSATEH, KOTOPOE SBISETCS OJHUM M3 OCHOBHBIX MOKa3aTellel CoJHeu-
HOM aKTUBHOCTH. {151 pelieHus 3ajauy NpOrHO3UPOBAHUS IIUPOKO HCIOJB3YIOTCS aBTOPErPECCUOHHBIE METObI, B
YaCTHOCTH UCKyccTBeHHBIC HelipoHHbIe cetu (MIHC), o0yueHre KOTOPBIX OCHOBAaHO HAa MHUHAMH3AIIMH HEKOTOPOI
LeNIeBOM (yHKINH, B KAYECTBE KOTOPOI OOBIMHO BHICTYyIAeT cpenHekBaapaTnynas ommnoka (CKO). B ciyuae, korna
pacmpeneneHrne OMUO0K OTIMYHO OT HOPMAIBHOTO, MUHUMH3ANNS CPEIHEKBAAPATHYHON OIINOKH HE SBIISAETCS OII-
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TUMAJIbHBIM METOOM 00ydeHus. B manHo# pabote mpemnaraercs 000O0IMEHHBIH TOAX0 K 00yUeHHIO HEHPOHHOMH
CeTH Ha OCHOBE METOJa MaKCHMAJIBHOTO MpaBaonoao0us. IIpeamoKeHHbIH MOaX0 1 IT0Ka3ail CBOK 3 (PEKTHBHOCTD
o cpaBHenuto ¢ muHumu3zanuii CKO mpu KpaTKOCPOYHOM MPOTHO3UPOBAHUU CPEHErO 3HAYCHUS YMCIIa COJHEY-
HBIX IIATCH.

The solar activity prediction is one of the oldest problems of the solar physics. Nevertheless, we can not say that
this problem has been solved in the past years. The task of this work is the prediction of the sunspot number which
is one of the main solar activity indices. Autoregression models, artificial neural networks (ANN) in particular,
whose training is based on some performance function minimization, are widely used for solving prediction prob-
lems. The performance function is usually the mean square error (MSE) function. But in the case where an error
distribution is different from the normal one, the MSE minimization is not the optimal training method. In this work
the generalized ANN training approach, based on the maximum likelihood method, is proposed. Proposed approach
has shown its effectiveness in comparison with the MSE minimization in the short-term prediction of the average
sunspot number.

BBIJIEJIEHUE MTPOSBJIEHUI NEPEMEIIATOIIINXCA HOHOC®EPHbIX BO3MYIUIEHUI
HA HOHOI'PAMMAX CPEACTBAMM ITIOPOI'OBOU BEUBJIET-®UJIbTPALIUN

P.P. I'aii6aayaauna, B.B. Boukapes, A./l. AK4ypuH

Kazanckuit (IlpuBomkckuii) penepanbublii yHuBepeuteT, Kazanp, Poccus
rita.gaibadullina@gmail.com

ISOLATION OF THE MANIFESTATIONS OF TRAVELING IONOSPHERIC DISTURBANCES
ON IONOGRAMS BY THRESHOLD WAVELET FILTERING

R.R. Gaybadullina, V.V. Bochkarev, A.D. Akchurin

Kazan (Volga region) Federal University, Kazan, Russia

B pabore uccnenyrorcsi 1aHHbIe HaOMIOJeHUH, MToTy4YeHHbIe B Ka3aHCKOM YHUBEpPCHTETE C IIOMOILBIO IIH(POBO-
TO MOHO30HJA BEPTUKAJILHOTO 30HIMpoBaHMs «L{nkinon». OCOOEHHOCTHIO aHANIN3UPYEMOTO IIMKJIa W3MEPEHUH SIB-
JSIeTCsl BRICOKOE BpeMeHHoe paspemenne — 1 MuH. Takoe paspelieHne 1Mo BpeMEHH MO3BOJISIET UCCIEN0BaTh MpPO-
IIECCHI, CBSI3aHHBIC C MEPEMEIIAIONIMMHUC HOHOC(HEPHBIMH BO3MYIIEHHAMH, 00yCIOBICHHBIMH BHYTPEHHUMH I'pa-
BUTAIIMOHHBIMHU BOJHAMHU M JIPYyTHMMH HpolieccaMy. THIMYHbBIC TIEPUOAbl BHYTPEHHNX TPAaBUTALMOHHBIX BOJH Ha HO-
HOC(EpHBIX BBICOTaX COCTABIIAIOT OT ILITH O HECKOJIBKHX AECATKOB MUHYT. /I ONyYEHHBIX CEpHH MOHOTPaMM
BBITIOTHACTCA 3-MEpHOE BEHBIIET-NIpeoOpa3oBaHue (B KOOPIMHATAX YACTOTa — 3a/IEPXKKa — BPEMs 30HIUPOBAHMSA).
Iocmne 3TOTO € MOMOLIBIO ITOPOTOBBIX AJITOPUTMOB (UIIBTPALMH ITOAABIAIOTCA IIYMBI U Ipyrue He3Hadalue je-
TaJIM ¥ BBIJEIISIOTCS KBa3UIIEPHOAUYECKHE Bapualuy. Pe3ynbpraTsl 00paboTKH IKCIIEPUMEHTAIBHBIX AaHHBIX I0-
Ka3bIBalOT, YTO HCIOJb30BaHUE 3-MEPHOTO BeWBJET-IpeoOpazoBaHMs AaeT OoJjiee HIMPOKHE BO3MOXKHOCTHU JIJIs
aHaJIM3a HOHOTPaMM.

This paper investigates the observational data obtained by digital ionosonde of vertical sounding “Cyclone” in
Kazan University. The peculiarity of the analyzed measurement cycle is the high time resolution — 1 minute. This
time resolution allows us to investigate processes associated with traveling ionospheric disturbances caused by in-
ternal gravity waves and other processes. Typical periods of internal gravity waves at ionospheric heights range
from 5 up to several tens of minutes. To produce a series of ionograms performed 3-dimensional wavelet transform
(in the coordinates frequency — delay — time sensing). Then, using the threshold filtering algorithm suppresses noise
and other insignificant details and quasi-periodic variations are allocated. The results of the experimental data show
that the use of 3-dimensional wavelet transform gives better analysis of ionograms.

BAPUAIIUH I'PYIIIIOBOI'O ITYTU CUT'HAJIA
B I''TOBAJIBHOU HABUTAIIMOHHOU CITYTHUKOBOU CUCTEME

E.M. Baosun, B.A. I'oabirun, B.A. Caxxun

HpxyTtckuii rocynapcTBeHHbIN yHUBepcureT, UpkyTcek, Poceuns
vigol@sel.ru

VARIATIONS OF SIGNAL GROUP PATH IN GLOBAL SATELLITE NAVIGATION SYSTEM
E.M. Vdovin, V.A. Golygin, V.I. Sazhin
Irkutsk State University, Irkutsk, Russia

MopenupytoTcsi Bapyallii TPYIIIOBBIX 3a€pKeK, CBSI3aHHBIC C BIMsAHMEM HOHOchepbl. Monens moHocdepbl
onuceiBaeTcst GpyHKIMeH YanMeHa, MpH 3TOM I'paJIMeHTHl KPUTHYECKOW 4acTOTHl (fy) W BBICOTHI Makcumyma (h,,)
BIIOJIb TPACCHl OJM3KH K JIMHEHHBIM. VIcronp30Baiacs mporpaMMa YHCIEHHBIX pacdeToB TPAEKTOPHH U IPYIHOBBIX

83



BHIDD-2013. Cexyua C. [Juaznocmuxa ecmecmseeHHbIX HeOOHOPOOHBIX CPed U MameMamuyeckoe Mooeauposanue

3aziepKeK curHajoB Ha Tpacce «MC3 — Ha3eMHBIA MPUEMHBIN ITyHKT» METOZOM XapaKTePHCTUK. MoaeInpoBaHue
MIPOBEJCHO VISl PA3IMYHBIX 3Ha4eHUH 3eHUTHBIX yriioB VIC3. [lomyueHbsl n3MEHeHHs IPYIIIOBOTO IMyTH CUTHANA AJIs
Habopa yka3aHHbIX cutyauuii. [IpeacraBineHbl 3Ha4eHUst pa3HOCTH AP rpynmoBoro myTH CUTHalla M reoMeTpuye-
ckoi nanpHOoCcTH Mexxay VIC3 u HazeMHBIM MyHKTOM. C IeNIbI0 ONpEeIeHUs CTENEHH BINSHUS Bapualui mapaMmer-
POB MOHOC(EPHI Ha BEIMYHMHY TPYIIIOBOTO MYTH MPOBEJEHO MOJIECIMPOBAHNUE OTHOCUTEIBHBIX M3MeHeHHH AP npu
pa3IMYHBIX OTHOCUTENBHBIX U3MEHEHUSX fy U h,. BBINOIHEH CpaBHUTENBHBIN aHAIU3 CTENCHH BIMSHUS BapHalLuil f
" h, Ha n3MeHeHus AP.

Pabota BrInosiHEHA ITpH oepkke MuHucTepcTBa 00pa3oBanus U Hayku Poccuiickoit Penepannu (cornare-
Hue Ne 8388 denepanpHol 1eneBoil mporpammbl «HaydHple W HaydHO-Tiemarormdeckne Kaapsl MHHOBAIIHOHHOM
Poccun» Ha 2009-2013 rT.).

We simulate variations of group delays associated with the ionosphere impact. The ionosphere model is de-
scribed by Chapman function where the gradients of critical frequency (f;) and maximum height (4,) along the path
are close to linear. For this model we use the program of numerical calculations of trajectories and group delays of
signals at the satellite — ground receiving center path by the method of characteristics. Simulation is made for differ-
ent satellite zenith angles. Changes in the signal group path are obtained for a number of specified situations. The
AP differences of the group signal path and geometric distance between the satellite and ground point are given.
Simulation of relative changes in AP for different relative changes in f; and 4,, was made to determine the degree of
the influence of variations of the ionosphere parameters on the group path value. The comparative analysis of the
degree of the influence of f; and A, variations on AP changes was made.

This work was supported of the Ministry of Education and Science of the Russian Federation (Agreement # 8388 of
the Federal Target Program «Scientific and Scientific-Pedagogical Personnel of Innovative Russia» for 2009-2013).

KBA3ZUONTUMAJIBHAA OBPABOTKA JIUISI HOBBINTEHUA
PA3PEHIEHUS IMATHOCTHUKH YJIAJEHHBIX HEOJHOPO/ITHOCTEM

M.B. Tunun, C.1. KHu:kun

HpxyTckuii rocyrapcTBeHHbIH yHUBepcuTeT, pkyTck, Poccus
sergeiknizhin @mail.ru

THE QUASI-OPTIMAL PROCESSING TO IMPROVE THE DIAGNOSTIC RESOLUTION
OF THE REMOTE IRREGULARITY

M.V. Tinin, S.1. Knizhin
Irkutsk State University, Irkutsk, Russia

PaccmaTpuBaeTcst AMarHoCcTHKa HEOAHOPOIHOCTEH, PACIION0)KEHHBIX Ha OTHOCUTEIBHO OOJIBIIOM PaCCTOSIHUM OT
HCTOYHMKA U HaOII0JaTels, ¢ IIOMOIIBIO ABOWHOIO B3BEIIEHHOr0 IpeodpazoBanus Dypbe A ylaleHHOH HEOHO-
poaHoctu U npeodpasoBanust Ppenest. [IpuBoasaTCs pe3ysbTaThl YUCISHHOTO MOAEIMPOBAHUS NPOCTPAHCTBEHHON
00paboTKM cUrHaja, MOBBHILAIONIEH pa3pellaroNyl0 ClIOCOOHOCTh MPU JHAarHOCTHKE HEOTHOPOIHbIX cpen. C mo-
MOIIBIO OJHOKPATHOTO B3BEIIEHHOTO (yphe-npeoOpa3oBaHusl MOTy4EHB! (a30Bble MPOCKIUH IIPH YCIOBUU CHIIb-
HBIX (ryKTyanuii $hassl.

The diagnostics of irregularities situated on a relatively large distance from the source and the observer is con-
sidered using the double weighted Fourier transform for a remote irregularity and the Fresnel transform. The results
of numerical modeling of the spatial signal processing that improves the resolution of the diagnostics of inhomoge-
neous media are demonstrated. Through the using of the single weighted Fourier transform are obtained the phase
projections in the case of strong phase fluctuations.

ONPEJIEJIEHUE TEMIIEPATYPBI IIVIA3MbI B BEPXHEM ATMOC®EPE HA OCHOBE AHAJIM3A
N MAPAMETPU3AIIMU ABTOKOPPEJISIHUOHHOU @ YHKIIUN CUT'HAJIOB
HEKOT'EPEHTHOI'O PACCESIHUSA

B.A. Komannosckuii, P.B. BacuibeB, A.B. Mensenes, A.A. Illep6akoB

Uucrutyt conneuno-3emuoit pusznuku CO PAH, Upkytck, Poccus
komandovskiy @mail.iszf.irk.ru

DETERMINATION OF THE PLASMA TEMPERATURE IN UPPER ATMOSPHERE BASED
ON ANALYSIS AND PARAMETERIZATION OF AUTOCORRELATION FUNCTION
OF INCOHERENT SCATTERING SIGNALS

V.A. Komandovskiy, A.V. Medvedev, A.A. Sherbakov, R.V. Vasilev

Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia
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OmnperneneHbl HAaMMEHEE TIOBEPKEHHBIE BO3ACHCTBUIO NCKAXKAIOMIUX (PAKTOPOB MapaMeTphl aBTOKOPPEISLIMOHHOM
¢yaxmnn (AK®) curnanoB HekorepentHoro paccesaust (HP). Haiinens! BeIpaXkeHHs 17151 BEIYUCICHUS TEMIIEPATy-
PBI 2JIEKTPOHOB U MOHOB Ha OCHOBE PErpecCHOHHOro aHanu3a napameTrpoB AK® mis TreopeTnyeckoit Moaenu pac-
CestHHOTo curHaa. IIpoBeseHo cpaBHEHME 3HAYEHUN TeMIepaTypbl, PACCUNTAHHBIX MO 3TUM BBIPAKEHUSIM IO J1aH-
HbIM MpKyTckoro pagapa HexorepeHTHOro paccesiaus (MPHP), co 3HadeHnsMu, nony4eHHBIMH Ha OCHOBE Mexay-
HapoJHOW crpaBo4yHOi Monenu noHocdepsl (IRI) s cooTBeTCTBYIOMEro peruoHa. Takke cpaBHEHHE ITPOBOIM-
JIOCh CO 3HAYEHUSIMH, MOJIy4YEHHBIMH Ha cpefHemupoTHoM pajgape HP B Munncroyn-Xusmie, i Toro ke nepuoja
BpPEMEHU.

Parameters of autocorrelation function (ACF) of incoherent scattering (IS) signals that least affected by distor-
tion factors are determined. Expressions for computing electron and ion temperature obtained by regression analysis
of ACF parameters for simulation of scattered signal are founded. It was made a comparison between values of tem-
perature obtained in Irkutsk Incoherent Scattering Radar (IISR) by this expressions and values computed by Interna-
tional Reference Ionosphere (IRI) model in this local region. Also it was made a comparison with middle-latitude IS
radar in Millstone-Hill at the same time period.

INOBBIIIEHUE TOYHOCTH ONNPEAEJEHUSA KOOPAUHAT ITPUEMHHUKA
B IBYXYACTOTHBIX UBMEPEHUSX T'HCC

M.B. Tunnn, E.B. KoHenkasi

HpxyTtckuii rocynapctBeHHbli yHuBepeureT, MpkyTtcek, Poccns
mtinin@api.isu.ru, cpb7.12.2010@ gmail.com

IMPROVING ACCURACY OF THE RECEIVER COORDINATES DETERMINATION
AT DUAL-FREQUENCY GNSS MEASUREMENT

E.V. Konetskaya, M.V. Tinin
Irkutsk State University, Irkutsk, Russia

PaGora mocesimena aHamM3y BO3MOXHOCTEH IOBBIMICHHUS TOYHOCTH OIPEICNICHHs] KOOPAWHAT MPUEMHHKA pa-
TUOCUTHANA TI00aTBHBIX HAaBUTAIMOHHBIX CIyTHHKOBBIX cucteM (I'HCC). OmuceBaeTcss METOIWKA ydeTa HOHO-
cepHOi OmMOKH BTOPOTO MOpsAKa B IByx4acTOTHBIX u3MepeHmsx ['HCC mist moBEIMIEHHsST TOYHOCTH MECTOOTIpe-
neneHus. B paMkax mcclieoBaHHS MPOBEPSIOTCS TPAHUIBI IPUMEHUMOCTH TIPEIaraeMoi METOINKH C UCTIOIB30-
BaHUEM KaK KOMIIBIOTEPHOTO MOJIETUPOBAHUS, TAK M aHAJIN3a SKCIEPHUMEHTAIBHBIX JAaHHBIX. TakkKe HCCIIeayeTCs
BIIMSTHAE HEOJHOPOTHOCTEH, BRITSHYTHIX BIOJb JIMHAA MAarHUTHOTO TI0JIS, HA Ka4eCTBO MPHHUMAEMOTO CUTHANA.

The paper is devoted to analysis of the possibilities of improvement of the accuracy for the receiver coordinates
determination at dual-frequency measurements of the global navigational satellite systems. The method of the sec-
ond-order ionospheric errors accounting at GNSS dual-frequency measurements is described. In the study the limits
of applicability of the proposed method are verified using both a computer simulation, and analysis of experimental
data. Also the effect of irregularities stretched along the magnetic field lines to the quality of the received signal is
investigated.

MATEMATHUYECKOE MOJEJIMPOBAHUE PACITPOCTPAHEHUSA KB-PAJIMOBOJIH
B TPEXMEPHO-HEOJJHOPO/JHOI NOHOC®EPE

IQ.C. KotoBa, “M.B. Kinmenko, >B.B. Kimmvenxko, 'B.E. 3axapoB

'Banruiickuii denepanbusiii yausepcuter uM. U. Kanta, Kanunnarpaz, Poccus
23amamHoe otencHne MHCTHTYTa 36MHOTO MarHETH3Ma, HOHOC(hEPHI M PACTIPOCTPAHEHHS PaIHOBOJIH
um. H.B. ITymxosa PAH, Kanununrpaz, Poccust
darshu@yandex.ru

MATHEMATICAL MODELING OF HF RADIO WAVE PROPAGATION
THROUGH THREE-DIMENSIONAL INHOMOGENEOUS IONOSPHERE

'D.S. Kotova, M.V. Klimenko, >V.V. Klimenko, 'V.E. Zakharov

'Kant Baltic Federal University, Kaliningrad, Russia
*West Department of Pushkov Institute of Terrestrial Magnetism, Ionosphere and Radio Wave Propagation RAS,
Kaliningrad, Russia

[TpeacraBneHsl pe3yabTaThl COBMECTHOTO HCIOIB30BAHUS IBYX MOJIEIICH:

1) Mmomenu pacnpoctpanenuss KB-pannoBons, pazpaboranHoii B BOY um. U. Kanra, ncnonesyromeil npuoiu-
JKCHUE T€OMETPUUECKOM ONTHKH;

2) I'mobanmpHOI caMOCOTIacOBaHHON MoJienu TepMmocdepsl, noHochepsl u npororocdepsr (I'CM THUII), paspa-
6orannoit B 30 U3MHUPAH, ncrionp3yemMoi AJs OIHCaHus TapaMeTPOB CPEeIbl PACIIPOCTPAHCHUS PaIHOBOIH.
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Brutn mody4eHsl pe3ynbTaThl MOJENBHBIX PACYeTOB paszianyHBIX paaunorpace KB-mmamazona B TpexmepHO-
HEOJHOPOHOM HOHOC]Epe, MPOBEICHO HCCIIeJOBaHHE OCOOCHHOCTEl BO3MYIIEHHI HOHOC(hEpPHl B MEPHOABI I'e0-
MarHuTHBIX Oyph 2-3 Mast 2010 r. u 26-29 cenrsops 2011 r. u UX BAMSHUSA Ha PACIPOCTPAHCHUE PATUOBONH. Tak-
)K€ MCCIIEZ0BaHbl NOBE/IcHHE OOBIKHOBEHHOM M HEOOBIKHOBEHHOH MO PaJMOBOJIHBI B 00JIACTH 3KBATOPHAIBLHON
aHomanuu, BausiHue F1- u F3-cnoeB Ha xapaktep KB-paguorpacc u HHTErpajgpHOe MOTJIOIIEHHE CUTHAIA Ha Tpac-
cax B BBICOKOIIMPOTHOH HOHOC(hEpE.

We present the results obtained by joint using of two models:

1) HF radio propagation model, developed in the IKBFU, using the geometrical optics approximation;

2) the Global Self-consistent Model of the Thermosphere, Ionosphere and Protonosphere (GSM TIP), developed
in WD IZMIRAN that used to describe the parameters of the propagation medium.

We obtained the model simulation results of various HF radio ray-traces in three-dimensional inhomogeneous
ionosphere. We studied the characteristics of the ionospheric disturbances during geomagnetic storms on 2-3 May
2010 and 26-29 September 2011 and their effects on the radio wave propagation. Also, we have investigated the
behavior of the ordinary and extraordinary modes of radio waves in the equatorial anomaly region, the influence of
F1 and F3 layers on the HF radio ray-traces and the integral attenuation of ray-traces in the high-latitude ionosphere.

YUCJTEHHO-AHAJIMTUYECKUA CUHTE3 TYX CUTHAJIOB B MOHOC®EPHOM
KAHAJIE C ®JYKTYUPYIOIIUMHU TAPAMETPAMUA

H.U. MuxaiijoB, E.T. Areesa, /I.b. Kum

Bpatckuii rocynapcTBeHHbIN yHUBEpCUTET, bpartck, Poccus
nikita-oxford @mail.ru

NUMERICAL-ANALYTICAL SYNTHESIS OF RFR SIGNALS IN THE IONOSPHERE
CHANNEL WITH FLUCTUATING PARAMETERS

N.I. Mikhailov, E.T. Ageeva, D.B. Kim
Bratsk State University, Bratsk, Russia

[IpakTHueckoe pemnieHre MpodIeMbl Iepeaadl CUTHAIOB 10 HH(GOPMAIIMOHHBIM KaHaJlaM OCOOEHHO aKTyalbHO.
BaxHoe MecTo B perieHnn JaHHOH MPoOIeMbl 3aHUMAIOT BONIPOCH! IIEpeJaull CUTHAJIOB B MH()OPMALIMOHHBIX KaHa-
JIaX C PEryJsipHBIMH M CIy4ailHBIMH HEOJHOPOJHOCTSAMH. lIpuMepamMu TakuX KaHAJlOB SIBJISIOTCS KaHaJIbl MOHO-
cepHOTO PaaNO30HANPOBAHKS (HAKIOHHOIO, BO3BPAaTHO-HAKIIOHHOTO, TpaHCHOHOC(EpHOTo). B pesynbraTte mpo-
XOKJIEHUS] CUTHAJIOM OOJIBILIOTO IyTH B KaHAJle MOTYT BO3HUKHYThH (u3H4YecKue 3 PEKThl, OMIcaTh KOTOPbIE MOKHO
TOJIBKO C ONPE/ENICHHOM JI0JIed BEPOSTHOCTH. B 3THX yCIOBUSX Ul MOHUMAaHUs (DPU3UKH SIBICHHH OCOOEHHO BaXK-
HBIM MIPEACTABISIETCS MaTEMaTHUECKOe MOEIMPOBAHUE JHMCTAHIIMOHHO-YACTOTHBIX XapaKTEPUCTHK CHIHAJIOB
(JYX) mpu pacupocTpaHeHHH B MPOTSDKEHHOM KaHalle C PeryJIsipHBIMH M CIydaiiHBIMU IapameTrpamu. B pabore
MIPEJIOKEH KOMIUIEKC OIEPaTHBHBIX MeTOAUK pacuera IUX curHasioB npH pacrnpocTpaHeHUH B HOHOC(HEPHBIX Ka-
HaJlaX Pa3JIMYHOTO THIIA C MCIOJIb30BaHUEM YHCJICHHBIX W aHAINTHYECKUX METOJOB. [IpuBeaeHB! pe3yapTaThl MO-
nenupoBanus JJUX B kaHamax nOHOC(HEPHOTO pagro30HANPOBAHUS, MOIBEPKECHHBIX PETYJSPHBIM M CIIyYaWHBIM
BO3JIEMCTBUSIM.

Practical solution to the problem of signaling through information channels is especially important. An important
role in solving this problem, take the transfer of signals in the data paths to regular and random in homogeneities.
Examples of such channels are channels of ionospheric radio sounding (oblique, back-and-tilt, transionospheric). As
a result of the passage of the large signal path in the channel may have physical effects that can only be described
with a certain degree of probability. In these conditions it is especially important mathematical modeling of re-
motely-frequency characteristics of the signal propagation in a long channel with regular and random parameters.
With the use of numerical and analytical methods in the paper, a set of operational methods of calculating RFR sig-
nals propagating in different types of ionospheric channels. Simulation results of RFR in the channels of the iono-
spheric radio sounding subject to regular and random effects.

OBOBIHIEHHBIE TAPTOHHBIE PACIIPEAEJEHHUS B MOJAEJN «BAPUOH KAK COJIUTOH»
H.A. IlepeBanoBa, A.K. CoxkonbHukoBa, H.O. Mutpodanos, K.A. Tpeckos

HpxyTckuii rocyiapcTBeHHbIN yHUBEpcuTeT, MpkyTck, Poccus
kafedra_theor@mail.ru

GENERALIZED PARTON DISTRIBUTIONS IN THE MODEL “BARION AS A SOLITON”
L.A. Perevalova, A.K. Sokolnikova, N.O. Mitrofanov, K.A. Treskov

Irkutsk State University, Irkutsk, Russia
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O6o0mennple mapToHHble pactupeznenenus (OIIP) mpenctaBisitoT coOoi pacmpeneneHus MapTOHOB IO JI0JIe
MPOJIOIBHOTO UMITYJIbCA U PACCTOSIHUIO B MONEPEYHOH INIOCKOCTH OT IIEHTPa aJpOoHa. DTO OJJHA U3 XapPAKTEPUCTHK,
KOTOpas MO3BOJISET HAIVIAIHO MPEICTaBUTh BHYTPEHHIOIO CTPYKTYpY aapoHa. B Hacrosmuit momeHnT OIIP moryt
HaOI0aThCsl B 9KCIIEPUMEHTE M, CJIE0BaTEIbHO, MOTYT CIYXKHUTh WHCTPYMEHTOM IPOBEPKH HPaBHIbHOCTH IO-
CTPOEHHOM TEOPETUYECKOM MOENH [IJIsl ONTMCaHus afpoHa. Takux Mozenen ceiiuac CylnecTByeT HECKOJIbKO, Kax/aast
MMEET CBOM IUIIOCHI 1 MHUHYCHI, HO HM OJIHA HE ONMCBIBAECT CTPYKTYPY aJpOHA IOJHOCTHI0. B nanHON pabore MbI
pa3BuBaeM MoJeNb OaproHa KaK yCTOHYMBOTO BO3MYILEHHS MMOHHBIX ITOJIEH — TaKk HAa3bIBAEMOI'0 COJMTOHA. B Ta-
kot Mozenu Mbl moctpousu OITP aist mpotona. /st 3T0r0 He0OX0 MO OBUIO BHIOPATh BUI KBAPKOBOT'O OIIEpaTOpa,
KOTOPBIH B COOTBETCTBYIOMIMX OOKIAAKax OMpeNenus Obl HICKOMOE pacipeneneHne. Mbl BOCIIONIB30BATHCH OTIEpa-
TOpPOM, TIOCTPOCHHBIM Tpymnoit mpodeccopa M.B. ITomsakosa. B pesynprare moctpoerus takoro OITP Mer momydrmi
OTpaHWYCHUS Ha MOBeACHHE (DYHKIUH, 00pa3yoniel yKa3aHHbBIH KBAPKOBBIHA ONEpaTop, 4TO MTO3BOJIMIIO PACIIMPHUTH
Y YTOYHHTB CYLIECTBYIOLIYIO MOJENb CTPYKTYPBI aJpOHOB.

Generalized parton distribution (GPD) represents distribution of hadron components by the part of longitudinal
momentum and distance from the center of the hadron in a transverse plane. The GPD is one of the characteristics
allowing describing the internal structure of hadrons. In our days we can observe and measure the GPDs by experi-
mental way. Therefore it can be means of checking considered theoretical model for studying hadrons. There are
some such models now, they all have advantages and disadvantages, but don’t describe the structure of hadrons
completely. In our investigation we develop the model of barion as a constant perturbation of a pion field called
soliton. Within the model we have constructed the GPD for proton. There was necessity to choose the form of a
quark operator. The operator would define required distribution of partons in the corresponding facings. We have
used the operator constructed by the team of Prof. M. Polyakov. As a result of our investigation we have obtained
some restrictions for the function formed the operator. These restrictions will allow to increase and precise existent
model of hadron structure.

KOMILJIEKCHBIE UCCJIEJOBAHMS TEOPU3NYECKUX ITOJIEN
M UX CBA3U C CEUCMUYECKOI AKTUBHOCTBIO

'A.B. Baan3amunos, 'B.M. Bapaakos, 'B.0. Byrmeiicrep, '"M.A. Eropos, 'A.B. IleTpos, ZAA. Xpamuos

'HanmoHasHbIT HCCTeI0BATENBCKHI MpkyTckuii rocy1apcTBeHHBIM TEXHUYECKUI YHUBEpCUTET, MpKkyTck, Poccust
*Baiikambckuit ¢mman eopusnaeckoii ciyx6s1 CO PAH, Upkytck, Poccust
rts_lab@istu.edu

COMPLEX INVESTIGATIONS OF GEOPHYSICAL FIELDS
AND THEIR RELATIONSHIP WITH SEISMIC ACTIVITY

'A.V. Balzaminov, 'V.M. Bardakov, 'B.O. Vugmeister, 'M.A. Egorov, 'A.V. Petrov, ’A.A. Hramtsov

'National Research Irkutsk State Technical University, Irkutsk, Russia
?Baikal branch of Geophysical survey of Russian Academy of Sciences, Irkutsk, Russia

1. B armocdepe Hax 3apoKIAIOLMIMMCS 09aroM 3€MIIETPACCHUS BO3HMKAIOT BCIUIECKH aHOMAJIBHOTO 3JIEKTPO-
MarauTHoro usnydenus (OMMU). B noknane paccmoTpeHsl Mosienu reuepaunud MU, B TOM 4nciIe OCHOBBI IIPEJIOo-
JKEHHO} aBTOpamMM HOBOI MOJIEINH.

Co3naHa perucTpupymolias anmnapaTypa, UCIOJb3yolas MHUPOKY0 Monocy dacToT. [IpuBonasTcsa skcnepumeH-
TaJIbHBIE pe3yibTaThl. OMMU mosiBisieTcst 32 HEKOTOpPOe BpeMsl 10 CeHCMUUECKOTro COOBITHSA. JITUTENIFHOCTD €ro Cy-
IIECTBOBAHUS IPONOPLIUOHANBHA MOIHOCTH TOTOBSAIIErocs 3emierpsacenust. ClieKTpaabHbI COCTaB CUTHalla CBSI3aH
C paccTosTHHEM 110 (hOKAITBHOM 30HBI 3eMJIETPSCCHUSI.

2. IlpoBoanTcs n3ydeHne BO3MOXKHOCTH MPOTHO3a 3€MJIETPSICEHHSI, OCHOBAaHHOTO Ha M3BECTHOW PEaKIH HOHO-
cdepsl Ha MOBBILICHHE CEHCMUYIECKOW aKTHBHOCTH IOACTHIIAOIIEH moBepxHOcTH. Co3/1aHa cucTeMa permucTparo-
POB, 00ECIIEUNBAIOLINX KOHTPOJIb ITAPAMETPOB CUTHAJIA HA HAKJIOHHBIX Tpaccax, NPOXOAAIINX Yepe3 CeHCMOaKTHB-
HbIe 30HbI. OOCYXKIAr0TCs MOIY4YEHHbIE PE3yIbTATHI.

1. The bursts of abnormal electromagnetic radiation (EMR) appear in the atmosphere above incipient earth-
quake source. The models of EMR generation, including the foundations of the new model proposed by the authors
are considered.

The recording equipment using a broad frequency band has been created. Experimental results are presented.
EMR appears some time before a seismic event. The EMR duration is proportional to the forthcoming earthquake
power. A signal spectral composition is associated with a distance to the earthquake focal zone.

2. Based on the known reaction of the ionosphere to an underlying surface seismic activity increase, we study
an earthquake forecast possibility. The system of recorders has been created. It provides monitoring of the signal
parameters on the oblique radio paths, passing over seismically active zones. The findings are discussed.
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BJMSIHUE YACTOTHOM JUCHEPCHUHU CPEJIbI HA UCKAXKEHHUA TPO®WUJIA 3AIEPKKH
MOIMHOCTHU MHOT'OMEPHOI'O HOHOC®EPHOI'O PAJTUOKAHAJIA

B.A. UBanos, /I.B. UBanos, M.U. Ps6oBa

IloBomxkckuii rocy 1apCcTBEHHBII TexHOIOrHYeckuil yausepcuret, Momkap-Ona, Poccus
RyabovaMI@volgatech.net

THE INFLUENCE OF THE FREQUENCY DISPERSION OF THE MEDIUM ON THE DISTORTION
OF THE POWER DELAY PROFILE OF A MULTIDIMENSIONAL IONOSPHERIC RADIO CHANNEL

V.A. Ivanov, D.V. Ivanov, ML.I. Ryabova
Volga State University of Technology, Yoshkar-Ola, Russia

[Mpoduns 3anepxku mMoruHoctr (I13M), npeacrasisitormii co0oit HHTErpai oT GyHKIMH paccessHUs KaHana 10 BCEM
JIOIUIEPOBCKUM YacTOTaM, SIBJISETCS BXKHOM XapaKTEPHCTUKOM CTOXaCTHYECKOr0 HOHOC(EepHOro paiioKaHaa.

B pamkax pa®oTel paccMOTpeHbl aucnepcuoHHble uckaxenus [13M. PazpaboTana MeToanka SKCreprUMeHTab-
Horo ompeznenenus [I3M pazauuHbIX MaplUaIbHBIX BBICOKOYACTOTHBIX PAJAMOKAHAIOB NPH KBAa3UBEPTUKAIBHOM
30HAMPOBaHUH HOHOC(epsl HenpepbiBHEIM JIYM-curtanom. IlpeacTaBieHbl pesyibTaThl 9KCIEPUMEHTAIbHBIX HC-
CllesoBaHMi Pa3paloOTAaHHBIX METOAMK Ha Tpaccax Momkap-Ona—Shibunk u Huxauii Hoeropoa—Homxkap-Oina.
OKCHEepUMEHTHI ITOKA3aJIM, YTO B CIIOKOMHBIX YCIOBUSX HOHOC(HEPHI paccestHUE 10 3aIePXKKE B MapLIUaIbHBIX KaHa-
JaxX yBEIUYMBAETCS C YMEHBIIEHHEM MPOTSHKEHHOCTH TPACChl M BO3PACTAET MPH MEPEXofe OTO IHSA K Houu. Jlns
moxs! 1F oHo Goublire, ueMm murst mozsl 1E.

Power delay profile representing the integral of the channel scattering function for all Doppler frequencies, is an
important characteristic of the stochastic ionospheric radio channel.

In the framework of the considered dispersion distortion of power delay profile of the stochastic of the multidi-
mensional channel. The technique of experimental determination of the power delay profile of different partial high-
frequency radio channel quasi-vertical sounding of the ionosphere in a continuous chirp signal. The results of ex-
perimental research developed techniques on the slopes of Yoshkar-Ola—Yalchik and Nizhny Novgorod—
Yoshkar-Ola. Experiments have shown that under calm conditions for ionosphere scattering delay in the partial
channels increases with decreasing path length and increases with the transition from day to night. For mode
1F it more for than mode 1E.

MPAKTUYECKOE IPUMEHEHUE CJIOKHBIX CUTHAJIOB
C BHYTPUUMIIYJIbCHOM YACTOTHOM MAHUITYJISALIUENA

'A.I'. Ceros, *JI.B. IIpocBupsikosa, *B.E. 3acenko

'MucturyT conneuno-3emuoii pusuxu CO PAH, UpkyTtck, Poccus
*HaioHa/bHbIH HCCleI0BaTeIbCKMit MPKYTCKHIl FOCY 1apCTBEHHBII TeXHUUECKHIT YHUBEpCHTET, UpKyTCK
someanotheras @mail.ru, Poccus, lar_prosv@mail.ru

THE PRACTICAL APPLICATION OF COMPLEX SIGNALS WITH
A FREQUENCY OF INTRAPULSE MANIPULATION

'A.G. Setov, ’L.V. Prosviryakova, °V.E. Zasenko

'Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia
National Research Irkutsk State Technical University, Irkutsk, Russia

OmnmcaHo yCTpOHUCTBO (POPMUPOBAHHSA CIOKHBIX CUTHAIIOB C BHYTPHUMITYJIECHONH MUHUMAIBHOW KOZOYaCTOTHON
MOIyJALUEeH Hecymied 4acToTsl (06e3 paspbiBa (as3bl) MyTeM CyMMHPOBAHHS MOIYJIMPOBAHHBIX 110 aMIUIUTYIE U
(aze kosebaHuii KBaJPAaTYpHBIX KaHAOB (C mpuMeHeHueM KojaoB bapkepa). [IpuBeneH cpaBHHUTENbHbBII aHaIM3
HCIIOJIb3YyEMBIX ITyMOTIOAOOHBIX CUTHAJIOB U CUTHAJIOB C BHYTPUUMITYJIbCHON YaCTOTHOW MaHUIyJsuei. OmucaHbl
CII0COOBI MMPUMEHCHUA MMOJTYUYCHHBIX NOMEXO03alllUIICHHBIX HJyMOHOI[O6Hle CUT'HAJIOB B UBMEPUTCIIbHBIX yCTpOﬁCT-
BaX TUAPOAKYCTHKU M IPU U3YUYEHHUU aTMOC(EpHI.

The article describes the way of obtaining a Barker-coded complex signal with minimum-shift-keying modu-
lation of carrier frequency by adding the modulated amplitude and phase oscillations of the quadrature channels.
A comparative analysis of the nowaday pseudonoise signals and signals with an intrapulse frequency manipulation
were provided. The methods of application of the obtained anti-interference pseudonoise signals in the measurement
devices in the study of hydroacoustics and atmosphere were described.
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METO/I OIIPEJIEJIEHUS HEOJJTHOPOJIHOCTEM B IIOUBE
C IOMOIIIBIO MIEPEHOCHOI'O MIOOHHOI'O INTOTHOMEPA

M.M. Cu3sos

HoBocubupcknii rocynapctBennslit yausepcuret, HoBocnbupck, Pocenst
WncruryT aBToMatuku 1 anekrpomerpun CO PAH, HoBocubupck, Poccus
sizov.m.m@gmail.com

METHOD FOR INHOMOGENEITY LOCALIZATION
IN SOIL BY PORTABLE MUON DENSITOMETER

M.M. Sizov

Novosibirsk State Univetsity, Novosibirsk, Russia
Institute of Automation and Electrometry SB RAS, Novosibirsk, Russia

OnvH 13 cnoco0OB M3MepeHHs IUIOTHOCTH, ucciienyeMblid B HCTUTyTe aBTOMaTHKU U anekrpomerpun CO
PAH, — ¢ IOMOIIIBIO MIOOHHOTO CKB)KMHHOTO IUIOTHOMEpa. B MIOOHHBIX IUIOTHOMEpax MCIIONB3YeTCsl a0COPOLMOHHBIN
METOJl, OCHOBaHHBII Ha 3aMepe OCJIabIeHUs IOTOKa MIOOHOB IIpU IPOXOXKICHUM 4Yepe3 BemiecTBo. Pabora mocesiena
Ppa3paboTKe METo/Ia ONpeIeNICHNs] HEOAHOPOAHOCTEH B ITOYBE C ITOMOIIBI0 MIOOHHOTO IIJIOTHOMEpA.

Crenana oneHka o0beMa TPYHTA, BIUSIONIETO HA M3MEPEHUS IDI0THOMepa. Vcronp30BaHo MpUOIIDKEHHE, B KO-
TOPOM 00JIaCTh TPYHTA, YIACTBYIOIIETO B M3MEPEHIX, IMEeT (JOpMY KOHYyCa ¢ BEICOTON PaBHOI IiryOWHE, Ha KOTO-
PO IPOBOAMTCS M3MEPEHHE, U TEIECHBIM yriioM 1.6 cp.

[IpennoxeH UTEpallMOHHBIA METOZ, BOCCTAHOBJICHHUS IUIOTHOCTU I'PYHTA 110 CEPUU U3MEPEHHUN, OCHOBAHHBIM Ha
yueTe B3auMOBIHUSHHS OJHOTO M3MEPEHHUs Ha JIPYroe U KOHYCOBUAHOW (opmbl uccienyemoit obnactu rpyHra. [Ipu
HAJIMYMX TPOCTPAHCTBEHHO PAa3/IEICHHBIX CEPHH M3MEpeHHUil (IIPHU yCIOBHU IEpECeueHHs HCCIEeAYeMbIX 00HEMOB)
CTaHOBUTCS BO3MOXKHOM JIOKaIM3alus HEOXHOPOAHOCTH.

Portable muon densitometer is a means to measure soil density that is being developed in the Institute of
Automation and Electrometry SB RAS. It uses the absorption method based on the muon flow intensity reduction in
matter. The article discusses the method for inhomogeneity localization with muon densitometer.

The article estimates the soil volume and its shape densitometer measures. In assumption the significant volume
has a cone shape with height of measuring depth and solid angle 1.6 steradian.

The article describes iterative method for soil density calculation from measurement data. The method is based
on the account of the mutual influence of measurements and cone shape of the volume. Using of spatially separated
data localization of inhomogeneity can be found.

YYET HEYIIPYT'HX BKJIAZIOB B [TIPOLECC YIIPYT'OI'O PP-PACCESIHUSA

A.H. Bana, U.A. IlepeBaiioBa, A.K. CokoabHukoBa, K.A. Tpeckon

WpxyTckuii rocynapcTBeHHbII yHUBepcuTeT, UpkyTck, Poccus
AEdemsk @gmail.com

ANALYSIS OF THE INELASTIC CONTRIBUTIONS TO THE ELASTIC PP-SCATTERING
A.N. Vall, L.A. Perevalova, A.K. Sokolnikova, K.A. Treskov
Irkutsk State University, Irkutsk, Russia

B pabore ucnonb3yercsi pa3padOTaHHBII paHee MEXaHNW3M BBIPAXKEHUS HEYNPyroi (QyHKLUUH MEPEKPHITUS Yepe3
YIOPYTYIO aMIUIUTYAy Ipoliecca pp-paccestHus. JlaHHBIH MEXaHN3M OCHOBAH Ha yCJIOBUU YHUTapHOCTU S-MaTpHIIBL.
VYxazanHas Heynpyras GyHKIHS EPEeKPbITUS BBIYHUCIICHA B MOJISNIU JIUTIOJIHOTO TIOMEPOHA JUIsl YIIPYTOi aMIUTUTY-
16l [lonmydeHa 3aBUCMMOCTB IIJIOTHOCTH HEYNPYrol (DYHKIMU IEPEKPBITHS OT SHEPTHU CTAIKHUBAIOIIUXCSI TPOTOHOB
U OT IPOCTPAHCTBEHHOI'O MapaMeTpa [. DTOT NapaMeTp SABISAETCS KBAHTOBBIM aHAJIOrOM MPUIEIbHOrO apaMeTpa 1
CIIy>KUT UHCTPYMEHTOM KOPPEKTHOTO OMHCAHMs MaJlOW OKPECTHOCTH LIEHTpa CTOJIKHOBEHHS NPOTOHOB. Beruncnen-
Hasl B JaHHOW paboTe Heymnpyrast (yHKIHS IEPEKPHITHS SBISETCS OCHOBOM ISl HAXOKACHHS 3aBUCHMOCTH CpeIHEH
MHO)KECTBEHHOCTH POKACHHS YacTHUIl OT NMPOCTPAHCTBEHHOTO mapamerpa . CpeaHss MHOXKECTBEHHOCTb, B CBOIO
odepelib, BISACTCS OJHUM M3 ITapaMeTpoB, HAOIOAaeMbIX Ha BOIbIIOM apOHHOM KOJUIaiepe, U MOXKET CIYXKHUTh
JUIS IPOBEPKH U YTOYHEHUS TEOPETHYECKUX MOJEIIEN yIPYroi aMIIUTY IbI.

In this work we use our previous mechanism of expressing an inelastic overlap function via elastic amplitude of
pp-scattering. The mechanism is based on the unitarity condition for S-matrix. Mentioned inelastic overlap function
is obtained in the dipole Pomeron model of elastic amplitude. Dependence the inelastic overlap function on energy
of colliding protons and spatial parameter p is received. The p parameter represents quantum analogue of usual im-
pact parameter. It serves for correct description of a small area around proton collision center. Obtained in this work
inelastic overlap function is a foundation for finding the dependence average plurality on the spatial parameter. But
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the average plurality is one of the observed parameters on the Large Hadron Collider. It can be useful for checking
and making more precise existent models of elastic amplitude.

IPUMEHEHUWUE HEJIMHEHHOI'O METO/IA TJIABHBIX KOMIIOHEHT JIJI1 AHAJIU3A KAPT
HOJHOTI'O 9JIEKTPOHHOI'O COAEP KAHUSA HOHOC®DEPHI

N.B. CkBopuos, B.B. bBoukapes, 10.C. Mac/ieHHUKOBa

Kazanckuit (ITpuBomxckuit) penepanbublii yauBepcureT, Kazanp, Poccus
skvorcov_ilya@mail.ru

APPLICATION OF NONLINEAR PRINCIPAL COMPONENT ANALYSIS MAPS THE TOTAL
ELECTRON CONTENT OF THE IONOSPHERE

LV. Skvortsov, V.V. Bochkarev, Yu.S. Maslennikova
Kazan (Volga region) Federal University, Kazan, Russia

B nanHoii pabote npeacTaBieHbl pe3ybTaThl aHAIN3a BapUallMii NPOCTPAHCTBEHHOTO pacIpeaeseH sl TI0JIHOTO
anektponHoro coaepxkanus (II9C) monochepsl HeMMHEHHBIM MeToIoM ThaBHBIX KoMmoHeHT (MI'K). MI'K mpume-
HsieTcsl B 00pabOTKe AAaHHBIX ISl YMEHBIICHUS MX Pa3MEpHOCTH IPH MUHMMAJIBHOHM IOTepe mose3Hoi mHpopma-
mun. st TOro 94To0BI MCCiIeayeMble JaHHbIE MOTJIM OBITH NMPEACTaBICHBI HA0OPOM HEKOPPEINPOBAHHBIX KOMIIO-
HEHT, pacipeeneHne QIyKTyaluu TaHHBIX JOJDKHO OBITH OJM3KO K HOpManbHOMY. AHanmm3 naHHbX [19C ¢ yuerom
CYTOYHBIX M CE30HHBIX MEPHOAMYHOCTEH IMOKa3al Hamuuue (GIyKTyalui ¢ pacrpeieleHHEM, OTIWYHBIM OT HOp-
MainbHOTO. [loaTomy ans aHanmu3a Bapuaruil naHHbIX [I19C 6puTo pazpaborano HenmHeRHOe 0000menune MI'K Ha
OCHOBe KJacTepusyromeil HeiiporHoi cetn Koxonena. Camoopranu3yiomascs HelipoHHas ceTs KoxoHeHa nenoib-
3yercsi B Ka4eCTBE aHajora IJIaBHbBIX MHOTOOOpa3uii AJis BBISABICHUS HauOojee 3HAYMMOW KOMIIOHEHTBI U3 MCXOJ-
Horo Habopa maHHbIX. Mcnonb3oBanue HenuHelHoro MI'K mpumenuntensHo k naHHBIM [19C mo3Boimiao ymeHb-
LIMTh KOPPEISILIMOHHYIO CBSA3b MEXKILY MOJIAMH Pa3JIOKEHUs, YTO CIIOCOOCTBYET NPOBEICHUIO 00Jiee Ka4eCTBEHHOTO
aHaJIM3a JUIs BBISIBJICHUS IPUYMH pa3innuHbixX Guykryaruid [I9C B noHocdepe 3emin.

This report presents the results of analysis of variance of the spatial distribution of the total electron content
(TEC) of the ionosphere nonlinear principal components method (PCM). PCM method used in data processing to
reduce their dimensions with minimum loss of useful information. To investigated data can be represented by a set
of uncorrelated components fluctuation distribution data should be close to the normal distribution. Analysis of TEC
data with the daily and seasonal periodicities showed the presence of fluctuations in the distribution different from
normal. Therefore, to analyze variations in TEC data was developed nonlinear generalization of principal compo-
nent analysis based on Kohonen neural network clustering. Kohonen network is used as an analogue of the main
varieties to identify the most important components of the original data set.

O CYTOYHBIX BAPHALIUAX TEOAKYCTHYECKOW YMUCCHUH
HA ITYHKTE HABJIIOJAEHUU «<MUKHNKA» B IEPUO/, 2006-2011 rr.

A.A. Cosomuyk

HHCcTuTyT KOCMOH3MYECKUX HCCIeI0BaHui U pacnipocTpaneHus paguosoiH JIBO PAH, Ilapatynka, Poccust
aleksandra@ikir.ru

ON GEOACOUSTIC EMISSION DIURNAL VARIATIONS AT MIKIZHA SITE DURING 2006-2011
A.A. Solodchuk
Institute of Cosmophysical Research and Radio Wave Propagation FEB RAS, Paratunka, Russia

Ha Kamuarke ¢ 1999 r. npon3BOANTCS MOHUTOPHHI CUTHAJIOB T€0aKyCTHYECKOH amuccuu. COOp AaHHBIX OCy-
LIECTBIISIETCS] C TOMOLIBIO M3MEPUTEIHHOTO KOMILIEKCa, 0COOCHHOCTBIO KOTOPOTO SIBJISIETCSl UCTIOJIb30BAHHE ITHE30-
KEpPaMHUYECKHX THAPO(GOHOB, YCTAHOBICHHBIX y Ha o3epa Mukmka. Kommiekec peructpupyer CUrHaiIbl Te0aKyCTH-
YEeCKOW 3MHCCHH Ha ()OHE €CTECTBEHHBIX IIIYMOB, IIPX 3TOM HAOJIIOAETCsl CYyTOUHBIN X0 sMuccuu. Jlannas pabora
MIOCBSIIEHA ero uccnenoBanuio. st 6oee TOYHOTO BBIIEICHHUS CYTOYHOTO X0/a ObUIa MPOU3BEICHA OYHCTKA HC-
XOAHBIX JIJaHHBIX OT IIyMOB Ha OCHOBE BEWBIIET-pa3NoxKeHus. [Is1 BBIABICHHUS MEPUOANIECKUX COCTABIISIFOIINX OBII
MIPOBEJCH CIEKTPAIbHBIN aHAIN3. Y CTAHOBJIEHO, YTO NEPHOANYHOCTD CYTOYHBIX BapHALMH COCTABISIET 24 9, CyTO4-
HBIN X0J] HAOJIIOAaeTCs B TEUEHHE T0J1a C KOPOTKUMH IepepbiBaMy. Takke CyIECTBYIOT IIEPHO/IbI, KOTIa HHTEHCHB-
HOCTh CYTOUYHBIX BapHallUii CYIIECTBEHHO yBeauunBaeTcs. VccieaoBaHo BIMSHHUE MPUIMBHBIX BOJIH, METEOPOJIOTH-
YECKHUX TPOLECCOB U 3eMJIETPSICEHUI Ha OBEIEHHE CYyTOUHOIO X0a.

Since 1999, monitoring of geoacoustic emission has been carried out at Kamchatka. Data acquisition is realized
via the measurement complex the peculiarity of which is the application of piezo-ceramic hydrophones installed
nearly at the bottom of Mikizha Lake. The complex records geoacoustic emission signals against the background of
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natural noise, besides the emission diurnal variation is observed. The paper presents its investigation. Denoising of
the initial data was carried out on the basis of wavelet expansion. To determine periodic components, the spectral
analysis was done. The diurnal variation periodicity was found to be 24 hours, and the diurnal variation is observed
during a year with some short gaps. There are also periods of significant increases of diurnal variation intensity. The
effects of tidal waves, meteorological processes and earthquakes on diurnal variation were investigated.

METOAUYECKHUE OCOBEHHOCTH AHAJIM3A JTAHHBIX, IOJTYYEHHBIX IS CPEJIHEN
N BHEINIHEN NOHOC®EPHI C IOMOIIBIO PAIAPA HEKOI'EPEHTHOI'O PACCESIHUA

A.B. Boromas, /I.B. Koros, M.H. Ciociok

Wucruryt nonochepst HAH 1 MOH Ykpaunsi, XappkoB, YkpanHa
syusyuk.marina@mail.ru

METHODICAL FEATURES OF THE ANALYSIS OF DATA OBTAINED FOR THE MIDDLE
AND OUTER IONOSPHERE BY MEANS OF INCOHERENT SCATTER RADAR

0.V. Bogomaz, D.V. Kotov, M.M. Syusyuk
Institute of Ionosphere NAS and MES of Ukraine, Kharkiv, Ukraine

OO0meit 0coOeHHOCTRIO CpeqHel W BHEIIHEH HOHOchepsl SABISETCS MHOTOKOMIIOHEHTHOCTh MOHHOTO COCTaBa.
Bcenencrue storo aproxoppensimuonHas Gyakmus (AK®) HeKorepeHTHO paccessHHOTO CHTHAJIa 3aBHCUT HE TOJIBKO
OT TEMIIEPATyp HOHOB U IEKTPOHOB, HO ¥ OT OTHOCUTEIBbHBIX KOHIIEHTPALIUI HOHOB Pa3IM4YHbIX COPTOB. IIpn 3TOM
YBEIIMUYMBACTCA BEPOATHOCTh HEOJHO3HAYHOTO MCTOJIKOBAHMS PE3yJbTaTOB 3KCIEPUMEHTA. Pe3ynbTaThl NpoOBEIEH-
HOTO MOJEIIMPOBAHMS MOKA3bIBAIOT, YTO B TAKOW CHUTYaLlUH AJISI TOJIyYEHUS! JJOCTOBEPHBIX OLIEHOK NMapaMeTpoB HO-
HOC(epHOil mIa3Mbl HEOOXOIMMO PUMEHSTH CHeHU(pUYECKUI TOAX0A K aHan3y AaHHbIX. [{ns cpenneit noHocde-
pot (150-300 kM) IPUXOIMTCSI NPUBIIEKATH JOMOJHHUTEIBHYIO SKCIEPUMEHTAIBHYIO0 WH(POPMAIMI0 U MOJAEIbHBIE
JlaHHbIE (3HAYEHUSI TEMIIEPATYP UOHOB U DIIEKTPOHOB, M3MEPEHHBIX B 0OIACTH JOMUHUPOBaHKs HOHOB O, u TeMIe-
parypsl HelTpanbHOH atMocdeps! Ha BeicoTe 120 km). [Ipn ananu3e gaHHBIX JUIS BHELIHEH nOHOC(EpH HEAOIyC-
THUMO JIONIOJHUTENbHOE ycpenaHenne AK® mo BeicoTe, a HEOCTaTOUHOE KOJMYECTBO JOCTYIHBIX PELICHUH 00paT-
HOHM pagno(u3n4ecKol 3a1adyu MOKET NMIPUBECTH K HEAOIyCTUMO OOJIBIINM CMEICHUSAM OILEHOK ITapaMeTpoB ILIa3-
MBI. YCTaHOBIICHO ONTUMAJIBHOE KOJUIECTBO JOCTYIHBIX pelIeHd 00paTHON pagnohu3ndeckoi 3a1aun U OlleHeHa
YyBCTBHUTEIBHOCTh HCKOMBIX NTapaMETPOB IUIa3MbI K HEOTIPEAETICHHOCTSM IPHUBIIEKAEMbBIX allpHOPHBIX TaHHBIX.

A common feature of the middle and outer ionosphere is a multicomponent ion composition. Consequently, the
autocorrelation function (ACF) of the incoherently scattered signal depends not only on the temperature of the ions
and electrons, but the ion fractions. The probability of ambiguous interpretation of the experimental results is bigger
than in case of plasma of the one ion species .The results of the simulation show that, in this situation, to obtain reli-
able estimates of the parameters of the ionosphere plasma it is necessary to apply a specific approach to data analy-
sis. For a middle ionosphere it is necessary to attract additional experimental and model data. And it turned out that
it is unacceptable additional altitudinal averaging of ACFs, and an insufficient number of available solutions of the
inverse problem can lead to unacceptably large displacements of the estimates of the parameters of the plasma.

MOJAEJIUPOBAHUE CUT'HAJIA HEKOT'EPEHTHOI'O PACCESIHUA
IS UPKYTCKOI'O PAJIAPA HEKOI'EPEHTHOI'O PACCEAHUA

'B.I1. Tanuisixos, *C.C. AJICATKHUH, ’pP.B. Bacuibes, ZA.A. IlepbakoB

'HanmonansHblil HecnenoBaTenscKui MpKyTCKuii ToCy1apCTBEHHbI TeXHUIeCKuil yHuBepcuTeT, UpKyTck, Poccus
ZI/IHCTI/ITyT conmHevyHo-3eMHo# pusuku CO PAH, UpkyTck, Poccus
tashlycov.victor@gmail.com

MODELING OF INCOHERENT SCATTERED SIGNAL FOR IRIS

'V.P. Tashlykov, >S.S. Alsatkin, *R.V. Vasiljev, *A.A. Scherbakov

'National Research Irkutsk State Technical University, Irkutsk, Russia
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

B paGore npuBeieHbI pe3ysbTaThl YUCICHHOTO MOJEIMPOBAHUS PACCETHHOTO paanocurHaia Mpkyrckoro pana-
pa HekorepeHnTHoro paccesausi (MPHP). Mozxens noHOC(EpHI peAcTaBiIsieT IPOCTPAHCTBO, YCIOBHO pa3elicHHOE
Ha 3aJJaHHOE KOJIMYECTBO CJIOEB, B KAXKIOM M3 KOTOPHIX HAXOAWTCS OTpeleIeHHOE YICIIO paccenBaTeneil. PaccesH-
HBIM PaJMOCHUTHAJIOM SBIISETCS UMIYJIbC 33JaHHOW JJIUTEIBHOCTH M YaCTOTHI, CBEPHYTHIH C MPOCTPAHCTBEHHBIM
pacopeneneHyeM IuiasmMel. Brkiiag B Takoil OTpaKEHHBIM CUTHAJ BHOCUT Ka)KIbId U3 pacceuBaTeliel, OCYILECTBIIAA
C/IBUT 4acTOThl, 00ycioBieHHbId dpdexkrom Jloruiepa, 1 3aaaBasi cliydallHyI0 HadalbHYIO ()a3y OTPakKEeHHOTO OT
paccenBaTens uMmmynbca. CIBUT 4acTOTHI 3aJa€TCS CIy4aifHO COTJIACHO 3aKOHY pacIpeleneHHs, KOTOPOMY COOT-
BETCTBYET TEOPETHUECKUIl CIEKTP MOLIHOCTH JUIA IJIa3MBbl, COCTOSIIEH U3 MOHOB M 3JIEKTPOHOB OJHOTO COPTa, C
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POCTOM BBICOTHI IIPEACTABICHHBIN CIIEKTP MEHSETCS MPOMOPIHOHATFHO JTHHEHHOMY TpaIHeHTy TemiepaTypsl. Ha-
yJareHOE 3HaYeHre (Dasbl paclpeieNiecHO0 PABHOMEPHO, & HHTEHCUBHOCTE PACCESHHSI MOXKET OIPEAEIIATHCS OTASIBHO
JUIsl Kaxoro ciosi. Takxke B MoJienb 100aBiieH HOPMaIbHO-paclpeeeHHbII IyM, UMUTUPYIOLUIUN ITyMbI [TPUEM-
HOM ammapatypsl. Llenbro naHHOW pabOTHI SBISETCS MPOBEpKa pabOTOCIIOCOOHOCTH AJITOPUTMOB, OINPEICIISFOIINX
XapaKTePUCTUKH IJ1a3Mbl IO peasibHbIM AanHbiM UPHP, ¢ ucnonb3oBanueM 1eTepMUHUPOBAHHBIX MOJIEIBHBIX JTaH-
HBIX, IPHOJIMKCHHBIX K PEATbHBIM YCIIOBUSIM.

Results of the numerical modeling of scattered signal which is gained and treated with Irkutsk Radar of Incoher-
ent Scattering are performed in the presented article. The model undertakes space, conditionally divided on set quan-
tity of layers, each of which has a definite number of scatters. Scattered signal is an impulse for set length and fre-
quency, reflected of widespread plasma. Every scatter makes a contribution to such signal putting through shift of
frequency, conditioned by Doppler’s effect, and setting steadily spread odd phase of reflected impulse. Phase shift is
set randomly according to the law of distribution that corresponds to the theoretical power spectrum of plasma
which consists of ions and electrons of the same kind. Fitting soared height spectrum changes according to the linear
temperature gradient, and intensity changes through the each layer. Normally distributed noise is also added to the
model as a real noise of receiver. The target of this course work is checking how properly existing algorithms work
using determined modeling data that is close to real conditions and defining the peculiarities of plasma according to
real data acquisitions of IRIS.

OCOBEHHOCTHU OIIUBOK MO3UITUOHNPOBAHUA
B CITYTHUKOBBIX PAIMOHABUT AITMOHHBIX CUCTEMAX

A.A. Xoamoropos, B.b. Usanos

HpxyTckuii rocyiapcTBeHHbIN yHUBEpcuTeT, MpkyTck, Poccus
holmogorovandrey @ gmail.com, ivb@ivb.baikal.ru

ESPECIALLY ERRORS IN POSITIONING SATELLITE NAVIGATION SYSTEMS
A.A. Kholmogorov, V.B. Ivanov

Irkutsk State University, Irkutsk, Russia

B paboTe paccMOTpeHBI BpeMEHHbBIE BapHaliy OMHOOK MO3UIIMOHUPOBAHMS OOBEKTOB B CIlyTHHKOBBIX pajvo-
HaBUTaLMOHHBIX cHcTeMax. bblila 0OHapyKeHa M MCCIIEA0BaHA B PA3IMYHBIX YCIOBHUAX ITOBTOPSEMOCTh B COCETHUX
CYTKax BPEMEHHOI'0 X0/a OLIMOKHN MecToomnpeaeneHus. [lokazaHo, 4TO MOBTOPSIEMOCTh HE CBSI3aHA C PETYJISIPHBIMU
CYTOUHBIMH BapHallMAMH HOHOC(EPH U HEe MOPOXKIAeTCS MHOTOIYy4eBOCThI0. OOHApyXKEHO, YTO MOBTOPSIEMOCTb
KOJINYECTBEHHO MOJI00HA AJIS ITyHKTOB IPHEMA, Pa3HECEHHBIX Ha KMJIOMETPBI — JECATKH KMIOMETPOB. BrIABICHO,
4TO SIBJICHUE CBSI3aHO C OLIMOKOW pacueTa MOJIOKEHWH HAaBUTAILIMOHHBIX CIYTHHMKOB. [Ipeanaraercst ncmosib30BaTh
paccMarpuBaeMblii ()eHOMEH ISl TOBBIILICHNSI TOUHOCTHU ONpeIesIeHHs] KOOPAWHAT PHEMHHKA.

The paper discusses the temporal variations positioning errors of the object in satellite navigation systems. Has
been found and studied in different conditions repeatability in neighboring day temporal variations of positioning
errors. It is shown that the frequency is not associated with regular daily variations of the ionosphere and is not gen-
erated by multipath. It was found that the frequency quantitatively similar to collection points, separated by miles -
tens of kilometers. Revealed that the phenomenon is associated with an error of calculation of the provisions of nav-
igation satellites. It is proposed to use the phenomenon under consideration to improve the accuracy of the coordi-
nates of the receiver.

INPOrHO3UPOBAHUE HOHOC®EPHBIX TAPAMETPOB .
C MIOMOINBIO HCKYCCTBEHHOU HEMPOHHOMU CETH C PA3PEXKEHHOU TOITIOJIOT'MEN

C.B. Xpucrtodopos, B.B. boukapes

Kazanckuit (ITpuBomxckuit) penepanbublii yauBepcureT, Kazanp, Poccus
stnslv91 @gmail.com

PREDICTION OF IONOSPHERIC PARAMETERS USING ARTIFICIAL NEURAL
NETWORKS WITH SPARSE TOPOLOGY

S.V. Khristoforov, V.V. Bochkarev

Kazan (Volga region) Federal University, Kazan, Russia

B Hacrosiiee BpeMsi MPOTHO3MPOBAaHUE CBOMCTB HOHOC(EPHI SBISIETCS aKTyaJbHOW 3a/jaueii, peleHue KOTOpoi
HeoOXoauMo I obecreyeHus] yCTOWYNBON paavocBs3u. B naHHOI paboTe paccMaTpuBaeTcs NPOrHO3MPOBAHUE
TIOJTHOTO 3JIEKTPOHHOTO COZEpPKaHUsI HOHOC(EPH! M KPUTHUECKOM 4acToThl ciios F2. B kayecTBe cucTeMBI IPOTrHO-
3MPOBaHMUS MCIOJIB3YETCSl NCKYCCTBEHHAs: HEHPOHHAsI CETh C pa3pesKeHHOH Tomosorueil. M3-3a Gosbimoro xoiaude-
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CTBa BXOJHOH MH(pOPMALUM U, KaK CIEACTBUE, OOJBLIOr0 KOJMYECTBAa HEHPOHOB BXOIHOIO CJIOS B CTAaHAAPTHBIX
HEHPOHHBIX CeTsIX HaOmomaercs 3¢ ekt nepeoOydeHns IpaKTUIeCKH Ha MEPBBIX JKe 3Moxax obydeHus. B pe3yinb-
TaTe CeTh HEJOCTATOYHO XOPOILOo 00y4aeTcst Uisl PelIeHHs 3aa4y Takoro Tuna. B naHHo#i paboTe Ha OCHOBE METO-
Jla CUHTYJSIDHOTO Pa3JIOKeHUs] MaTpUI] Mbl YMEHbIIaeM oOliee KOJMYECTBO CBS3€H NP COXpaHEHHH KOJIMYECTBA
HelpoHOB. PaccMoTpeHa peanuzalys JaHHOTO MOAXOZA C IIPUMEHEHHEM CYIIECTBYIOLIMX OMOIMOTEK Heipocere-
BBIX BBIYMCIICHUH. 3a cueT O0Jblel yCTOWYNBOCTH K MEPE00YUYEHHIO CETh C Pa3peKEHHOMN TOMOJIOTHEH criocoOHa K
Npe/ICKa3aHMI0 TTApaMETPOB HOHOC(EPBI ¢ MEHbIIEH OMINOKOIA.

Currently, prediction of the properties of the ionosphere is an urgent task, which is to ensure stable radio com-
munication. In this paper we consider the prediction of the total electron content of the ionosphere and the critical
frequency of the layer F2. As a forecasting system used an artificial neural network with sparse topology. Due to the
large amount of input information, and as a result, a large number of neurons in the input layer of the standard neu-
ral networks observed overfitting effect practically on the first training epochs. So the network is not well trained to
deal with problems of this type. In this paper, based on a method of singular value decomposition of matrices we
reduce the total number of connections, while maintaining the number of neurons. We considered the realization of
this approach with the use of existing libraries of neural computation. Due to the greater resistance to overfitting, the
network with a sparse topology is capable of predicting the ionospheric parameters with less error.

UCCJIEJJOBAHUE OBJIACTE ATIPUOPHOM HEOIIPEEJIEHHOCTY CPEHE# 3AIEPKKN
W PACCESTHMS 1O 3AJIEPKKE B 3AJTAYE YACTOTHO-BPEMEHHOI CUHXPOHU3ALIMA
CHUCTEM HAKJIOHHOT'O 30H/IMUPOBAHUSA

B.A. BanoB, A.A. YepHoB

[ToBomKCKHiA rOCy 1apCTBEHHBIN TEXHOJOTHYeCKUl yHUBepcureT, Momkap-Ona, Poccust
ChernovAS @volgatech.net

RESEARCH OF RANGES OF PRIOR UNCERTAINTY OF MEAN DELAY AND DELAY SPREAD
IN THE PROBLEM OF TIME-FREQUENCY SYNCHRONIZATION
OF OBLIQUE SOUNDING SYSTEMS

V.A. Ivanov, A.A. Chernov
Volga State University of Technology, Yoshkar-Ola, Russia

Jlisi COBpEMEHHBIX CHCTEM HAKJIOHHOTO 30HIMPOBAaHMS MHOTOMEPHBIX MHOTOJIyYEBBIX BBHICOKOYACTOTHBIX pa-
JMOKaHAIOB BaKHBIMU 337a4aMU SIBIISTIOTCS aBTOMATHUECKOE BXOXK/ICHHE U MOJAEPKAHUE CHHXPOHN3MA C BBICOKOH
TOYHOCTBIO. [lo3TOMYy HEoOXoauMO pa3paboTaTh M HCCIEJOBAaTh COOTBETCTBYIOLIHNE METOIUKH M aITOPUTMBI, I10-
CTPOUTH IPOTPAMMHBIE MOAYIIH.

CuHHXpOHHM3aIMs NepeAaTInKa U IPUEMHHKA CUCTEMBl HAKIIOHHOTO 30HIMPOBaHMS C OOLIMX TTO3UIIMI CBOIAMTCS
K IpoLeaypaM CBEJISHMs 1K BPEMEHU M COTJIACOBAaHUS MapaMeTpOB MHPOPMAIIMOHHO-TEXHUUECKUX XapaKTepH-
CTHK CHCTEMBI C IapaMeTpaMH XapaKTepUCTHK pajuokaHana. Hanbonee BaXHBIMH M3 3THUX MapaMeTpoB Ui pe-
1aeMOi 3a1a4M SIBISIOTCSL paccestHUe T0 3a/lepKKe M CpeaHss 3ajepkka. Pemars 3amauy oneHkn obiacrteid anpu-
OpHOM HEOIpPEAEIEHHOCTH 3TUX MapaMeTPOB PacCOIIaCOBaHUS B MHOIOMEPHOM MHOIOJIYYEBOM paJUOKAHANE B
pEeKMMe BXOXKICHUS B CHHXPOHHM3M IIPEIUIAracTcsl pacdeTHBIM IyTeM, IJISl Yero HEOOXOIMMO IOCTPOCHHE OITH-
MaJIbHBIX MOJIETICH, YUUTHIBAIOIINX KOOPAMHATHI IEepeJaTdnka U MPUEMHHUKA, a TAKXKE COCTOSHHE MOHOC(HEPHOTO
paaroKaHaiza B KOHTPOJIEHOM TOYKE 30HAUPOBaHMS. [ pemeHus 3a1auu MOoAIep)KaHusl CHHXPOHU3MA MTPEIIOKEH
JITOPUTM OLICHKH HEOOXOIMMBIX MapaMeTPOB M0 PE3yJIbTaTaM SKCIIEPUMEHTAIBHOTO HAKIOHHOTO 30HJUPOBaHMUSI.

For modern oblique sounding systems of multidimensional multipath high-frequency radio channels important
tasks are automatic synchronization establishment and maintenance with high accuracy. Synchronization of the trans-
mitter and receiver of oblique sounding systems from common positions reduces to procedures of time scales synchro-
nizing and parameters of information technical characteristics of system with parameters of characteristics of radio
channel matching. To solve the problem of estimation of a priori uncertainty ranges of these parameters mismatch in
multidimensional multipath radio channel in a synchronization establishment mode is offered by means of calculation,
which requires develop of optimal models that take into account coordinates of the transmitter and receiver location as
well as condition of an ionospheric radio channel in a control point of sounding.
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