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NONLINEAR FILTERING OF TIME SERIES
OF GEO- AND HELIOPHYSICAL PARAMETERS
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B HacTosmiee Bpems IUPOKOH MONYISPHOCTBIO MOIb3YETCS TAKOW METOJ] 00pabOTKU CHUT-
HAJIOB, KaK MOporoBas BeiiBieT-punpTpanra. OCHOBHON ee MPHUHIIMII 3aKJIFOUEH B CIEAYIOLIEM:
npu GUIBTPAIIMKM OCTABISAIOTCS KOA(P(UIIMEHTHI, COJepKalIie HanOoabmnuid 00beM HHpOpMa-
uu 0 (PUIBTPYEMOM CHUTHAJIE, YTO B Cllydyae UCIOJIb30BaHUS KPUTEPUsS MUHUMYyMa KBaJpaTH-
HOTO OTKJIOHEHUSI YKBUBAJIIEHTHO BBIOOPY CaMbIX OONBIIMX 1O MOIY0 Kodhduuuentos. Ilpu-
MEHEHHUE JJAHHOM CTpaTEeTHH MOXET ObITh HEKOPPEKTHO, KOTJa pedb 3aXOAMT O PsiiaX C paclpe-
neneHneM (QIyKTyanui, CyIecTBeHHO OTINYAIONIMMCS OT HOPMAJILHOTO.

B Takom cnmyuae MOXeT ObITh MPEANOYTUTEIHHBIM MPUMEHEHUE IPYTHX KPUTEpUEB Kade-
CTBa, HAIPUMEP KPUTEPUS MaKCUMaJIbHOTO MpaBaonoaoous. [lockonbky Bua HaHHON (pyHKIHK
MOJKET CJIOKHBIM 00pa30oM 3aBHCETh OT MapaMeTpoB, AJII HAXOXKJEHUS ee MUHUMYyMa Ipejara-
€TCs UCIOJIb30BaTh METO/IbI ONTUMHU3AINH (TCHETUIECKUE AITOPUTMBI, METOJI IMUTAIIMH OT)KUTA,
METO/IBI IETEPMUHUPOBAHHOTO TIOMCKa). B maHHO# paboTe paccMaTpuBaeTcsi BO3MOKHOCTH TPH-
MeHEeHUS (QUIBTPALIUU TI0 KPUTEPUIO MAKCUMAJIHHOTO MPABIONOAOOMS K aHAIHM3Y PSAIOB UMCIa
COJIHEYHBIX IATEH, a TAKXKE PSAIO0B HOHOC(EPHBIX ApaMETPOB.

Today threshold wavelet filtering is a widely popular method of signal processing. It's
basic principle is concluded as follows: filtering coefficients are left, containing the largest
amount of information about the filtered signal that the use of the criterion of minimum deviation
is equivalent to choosing the largest module coefficient. Using of this strategy may be incorrect,
when we talk about the ranks of the distribution of fluctuations, which are materially different
from normal.

In this case, it may be preferable to use other quality criterions, such as maximum likeli-
hood criterion. Since the form oh this function may depends in a complicated way on the op-
tions, for finding a minimum it is suggested to use optimization techniques (genetic algorithms,
simulated annealing method, deterministic methods of searching). In this paper we consider the
possibility of filtering by maximum likelihood criterion analysis to the sunspot number series as
well as series of ionospheric parameters.
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HIGH-EFFICIENT VISUALIZATION OF ARBITRARILY ORIENTED
SINGLE MOLECULES NEAR THE METAL SURFACE

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

QiroopeclieHTHAs BU3YyalIM3alisl MPOU3BOJIBHO OPHUEHTUPOBAHHBIX OJMHOYHBIX MOJIEKYI
(OM) HCKITIOUHTEIIFHO BayKHA JIISI HEKOTOPBIX MPUIIOKEHUH, HO OHA HE MOXET OBITh peaTn30BaHa
C TOMOUIbI0 OOBIYHON (IIFOOPECHIEHTHON MUKpockonuu. OAHAKO OHA MOXKET ObITh BBHIIIOJHEHA C
MIPUMEHEHUEM SJUTUIITUYECKU-TIOISIPU30BAHHBIX [IMJIMHAPUYECKUX BEKTOPHBIX MTYYKOB B JIA3€PHOM
KoH(pOKaTpHOM cKaHupyromeil dmoopectienTHO Mukpockoruu (JIKCOM). Mbe1 Mmoaenupyem
pacyeTHbIM MYTEM BHU3YaIU3aLMIO MPOU3BOJBLHO OpHUeHTHUpOBaHHBIX OM pomamuna 6G, Haxo-
JSIIMXCS B TUICHKE IMOJIMMETHIIMETaKpuiaTa IMoJ IUIOCKUM CJIoeM cepedpa, pealn3yeMyro ¢
MIPUMEHEHUEM JaHHOW MeToAuKU. UYToOBI onmucaTh KOJIMYECTBEHHO 3aBUCUMOCTh MaKCUMyMa
nateHcuBHOCTU JIKCOM m3o6pakenuss OM ot opueHTanmu gaHHoii OM, MbI UCIIOJIB3YEM Tapa-
MeTp 3D PEKTUBHOCTH BU3YATU3AlMH, KOTOPBIH MOXKET MpUHUMATh 3HadeHus Mexay 0 u 1. Uem
0oJbllle 3HAYCHHE JAHHOTO MapamMeTpa, TeM KauecTBeHHee Bu3yanu3ainus. [lokazaHo, 4yTo Jo-
CTHDKMMO 3HaueHue napamerpa dddextuBHOCTH >90 % TIpH PacCTOSHUSX MEXKIY MOJIEKYIION
OM wu metamueckum cioeM >150 HM.

For some applications the fluorescence visualization of arbitrarily oriented single mole-
cules (SMs) is of high importance, but it cannot be performed by means of conventional fluores-
cence microscopy. However, it can be performed by using elliptically polarized cylindrical vec-
tor beams in laser-scanning confocal fluorescence microscopy (LSCFM). We theoretically simu-
late the visualization of arbitrarily oriented Rhodamine 6G SMs situated in a poly (methyl meth-
acrylate) film under a plane silver surface, performed by means of this technique. To quantify the
dependence of the intensity maximum of the LSCFM image of a SM on the molecule orienta-
tion, we used the visualization efficiency parameter, which can amount between 0 and 1. The
larger this parameter is, the better the visualization is. We have shown that the efficiency param-
eter of >90 % is reachable when the distance between the metal layer and a SM is >150 nm.

NCCJEIOBAHUE CBOMCTB PAJIMAIIMOHHBIX ¥ TIPUMECHBIX
HAHOJIE®EKTOB B 3ABUCUMOCTH OT YCJIOBUH POCTA
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INVESTIGATION OF PROPERTIES OF RADIATION
AND IMPURITY NANODEFECTS
DEPENDING ON CONDITIONS OF IONIC CRYSTAL GROWTH
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JlmarHocTuka pacmpenesieHus paadalMoOHHBIX W TPUMECHBIX HaHOIEe()EKTOB U (opM
BXOXKJECHUS UX B KPUCTAT UMEIOT OOJBIIIOE 3HAUCHHE, TaK KaK MOHHBIE KPUCTAILIBI, TAKHE KaK
LiF u NaF, mupoko npuMeHSIFOTCSI B KQUeCTBE J03UMETPOB PAIHAIIMOHHOTO U JIA3€PHOTO U3Iy-
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YEHUH, a B MOCIEAHEE BPEMsI — B KaU€CTBE MUKPO- U HAaHOYCTPOMCTB, 3alMCBHIBAEMBIX B KPH-
cTajuie PeMTOCEKYHIHBIMHU JIa3epPHBIMH UMITYJIbcaMi. OCOOEHHOCTH BBIPAIIMBAHUS KPUCTAIUIOB
BIIMSIOT Ha CBOMICTBA JIFOMUHECUUPYIOIIUX LIEHTPOB OKPACKH, HABOJIWMBIX PaJHALMOHHBIM H3-
Jy4EHHUEM, U ONPEAEIISAIOT UX UCIIOIb30BaHUE.

Hamu n3yudeHsl 3aBUCMMOCTH paclpeieseHus] TOYSUHBIX AePEKTOB B KPUCTAIUIE OT 3aKO-
HOB M30MOP(HOT0 3aMeIIeHus 1 (OPM BXOXKACHUS KATHOHHBIX M aHUOHHBIX MPUMECEH OT ycio-
BUI HACBHIIICHMSI pacIilylaBa IPUMECSIMU U OT 00pa30BaHUs TBEPIbIX PACTBOPOB 3aMEIICHUS WU
BHE/IPEHUS.

[TonGop HEOOXOAMMBIX IMapaMeTpOB M aHaJIM3 YCJIOBHM pocTa KpHUCTallla IO3BOJISIET
YIOpPaBIATh OJHOPOJHOCTBIO paclpeeseHUs paJiualliOHHBIX U IPUMECHBIX HAaHOCTPYKTYp B
KpHCTaJlJIE.

Diagnostics of distribution of radiation and impurity nanodefects and forms of defects
imbedding in a crystal are of great importance since ionic crystals, such as LiF, NaF, have
broad application as radiations dosimeters, laser media, and recently as micro and nano-
devices which are written down in a crystal by femtosecond laser pulses. Features of a crystal
growth influence on properties of the luminescent color centers induced by radiation and define
their using.

We studied dependences of distribution of point defects in a crystal from laws of isomor-
phic replacement and kinds of cation and anion complexes, from conditions of melt saturation by
impurities and from creation of solid solutions of replacement or introduction.

Selection of necessary parameters and the analysis of conditions of a crystal growth allow
operating homogeneous distribution of nanostructures induced by radiation and impurity in a
crystal.

PACYET TEKYIIUX 3HAYEHUIA TOJHOI'O 3JEKTPOHHOI'O COAEPXKAHUS
NOHOC®EPBI HA OCHOBE KOPPEKTUPYEMOU CPEJHEMECAYHOU MOJAEJIN

'E.M. BioBuH, c.m. Kun:xun, ’A.A. MBLIBHUKOBA, 'B.1. Caxun
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COLCULATION OF CURRENT VALUES OF THE IONOSPHERE TOTAL
ELECTRON CONTENT FROM CORRECTED MONTHLY AVERAGE MODEL
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[TpoBoauTCcs olieHKa 3(PPEKTUBHOCTH OMNpEAENEHUS TEKYIIUX 3HAu€HUH IOJIHOTO 3JIEK-
TpoHHOTO coaepxxanus (II19C) nonocdepsl Ha OCHOBE KOPPEKLUHU CpeHEMECIUYHON HoHochep-
HOM MOJIeNH, 1aroliel BBICOTHBIM MPO(UIIb ANEKTPOHHON KOHIeHTpauuu. s nynkra Upkyrcka
WCIIOJIb30BaHbl JaHHBIE 110 KPUTUYECKOW 4acTOTE, NOJyUYEHHBIE IIPU BEPTUKAIBHOM 30HIUPOBA-
Huu (B3) nonocdepsi, nposogumom B UC3O CO PAH, u nanHble, B3ATble U3 U3BECTHON 0a3bl
nanHbiX SPIDR. DddexkTuBHOCTS KOppeKIuH olleHHBajack cpaBHeHHeM BenuuuH I19C, paccun-
TaHHBIX 0 CKOPPEKTHPOBAHHOW MoJienH, 1 JaHHbIX 1o [13C rnobanbHbIx HoHOChepHBIX KapT GIM
naboparopuu CODE, pa3meriaembix B IHTEpHET, a Takke JaHHBIX U3MEPEHUI Ha IByX4aCTOTHOM
npuemunke B cucteme GPS/TJIOHACC. [lannbie 00paboTaHbl MO0 METOJMKE, pa3pabOTaHHON B
NC3® CO PAH. Kpome Toro, orieHMBaeTCsi BO3MOKHOCTb MCITOJIb30BaHUSI BMECTO JaHHBIX B3
3HadeHu [19C, HallAeHHBIX U3 U3MEPEHNH, ISl OEPATUBHON KOPPEKIIMH CPETHEMECSIYHON MO-
Je NOHOC(hEPHI.
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The effectiveness of evaluation of the current value of the total electron content (TEC) of
the ionosphere has been assessed on the basis of corrected monthly average model providing the
altitude profile of the electron density. Data on the critical frequency for Irkutsk are received by
means of vertical probing, carrying at Institute of Solar-Terrestrial Physics (ISTP), and also tak-
en from known database SPIDR. The correction effectiveness is evaluated by means of compari-
son of TEC values calculated by corrected model and TEC data lab CODE’s global ionospheric
maps GIM, which are set in the Internet. Also for this purpose the TEC values calculated by cor-
rected model were collated with data, received by measurements of double-frequency receiver
GPS/GLONASS. All data were processed according to the procedure, developed by ISTP. As
well possibility to use measured TEC values for actual correction of monthly average model of
ionosphere instead of the vertical probing data is estimated.

WHTEP®EPOMETPUUYECKHUE HABJIOJEHUSA MEPIIAHUI
JUCKPETHOI'O PAIMONCTOYHUKA HA UPKYTCKOM PAJIAPE
HEKOI'EPEHTHOI'O PACCEAHUA

M.B. I'1100a, P.B. Bacuabes, /I.C. Kymnapes, A.B. Mensenes
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INTERFEROMETRIC OBSERVATIONS OF DISCRETE RADIO SOURCE
SCINTILLATIONS AT IRKUTSK INCOHERENT SCATTER RADAR

M.V. Globa, R.V. Vasilyev, D.S. Kushnarev, A.V. Medvedev
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

[IpuBeneHsl pe3ynbTaThl HAOIIOICHWH HOHOCPEPHBIX MEPIAHUN PaguoUCTOYHHKA
Jlebenn-A nHa MpkyrckoMm pagape HP ¢ 2012 mo 2014 r. Jlns aHanmm3a MepiiaHiii ObLTH MTOCTPOCHBI
M300pakeHHUs PaJMOMCTOYHHKA C TICPUOJOM 18 ¢ M I KayKI0ro H300payKeHHUs Onpee/icHbI OCHOB-
HbIE CTaTUCTUYECKHE NapaMeTPhl, OTPAKAIOLIUE MOJOKEHUE U YITIOBOW pa3Mep paJIuOUCTOYHHKA.
[TokazaHo, 4TO U3MEHEHHE ITUX CTATUCTHUECKUX XaPaKTEPUCTUK HE KOPPEITUPYET C M3MEHEHUSIMU
MOIIIHOCTH (MEpPLAHUIMU) PaAMOUCTOYHUKA, BOZHUKAIOIMMHU BCJIEACTBUE MPOXOKIACHUS PaIuo-
CUTHAaJIa 4yepe3 HOHOC(epHbIE HEOTHOPOTHOCTH.

Results of observations of radiosource Cygnus-A ionosperic scintillations at Irkutsk Incoherent
scatter Radar during the period of 2012-2014 are presented. For scintillations analysis the images of
radiosource with period of 18 seconds were constructed and basic statistical parameters representing
position and angular size of the radiosource are calculated for each image. It is shown that changes of
these statistical characteristics do not correlate with fluctuations in power (scintillations) of the signal
caused by radio wave propagation through ionospheric irregularities.

OIIEHKA BBICOTBI OTPAJKEHHS MOIITHOM PAJIMOBOJIHBI
N I'PAHUIL OBJIACTHU ITIVIASMEHHBIX PE3BOHAHCOB NOHOC®EPBI
METOOJAMU MATEMATHYECKOI'O MOJAEJINPOBAHUSA
JJISI HATPEBHBIX DOKCITIEPUMEHTOB HA CTEH/JIE CYPA B ABI'YCTE 2014 r.
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THE ESTIMATION OF THE POWERFUL RADIO WAVE REFLECTION HEIGHT
AND THE BOUNDARIES OF A PLASMA RESONANCE REGION
OF THE IONOSPHERE BY MATHEMATICAL MODELING METHODS FOR
THE HEATING EXPERIMENTS AT SURA FACILITY IN AUGUST 2014

V.0. Dementyev, I.A. Nasyrov, A.B. Beletsky, *S.M. Grach

'Kazan (Volga region) Federal University, Kazan, Russia
?Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia
3Lobachevsky State University of Nizhni Novgorod, Nizhni Novgorod, Russia

B pabGote Ha ocHOBe MeXAyHapoIHOW crpaBouHOi mopenu woHocgepsl IRI-2012 pac-
CMaTPUBAIOTCSI YUCIICHHbBIE SKCIIEPUMEHTHI IO HAXOXKICHHUIO BBICOTHI OTPAKEHUS JTYUYEBBIX Tpa-
eKTOPHI PaJUOBOJNIH M TPAHUI] BBICOT O0JACTH IJIA3MEHHBIX PE30HAHCOB HOHOCHEpHI s
HarpeBHBIX dkcnepuMeHToB Ha cteHae CYPA (56°8'37.28" N, 46°5'56.57" E) B aBrycre 2014 r.
B pesynbrare aHannsa 1okasaHo, 4TO CJIOW IJIa3MEHHBIX PE30HAHCOB PACIIOJIOKEH Ha BBICOTAX
oT 240 1o 310 kM. I'paHuIlBl BBICOT MJIa3MEHHBIX PE30HAHCOB U BBICOTHI OTPAXEHUS TPACKTOPUIA
YMEHBILAIOTCA C YMEHBIIEHUEM YacTOThI Nepenarynka. C yMEHbIIEHMEM KPUTHUECKON 4acTOThI
noHocheps! foF2 rpaHuIpl BRICOT MIA3MEHHBIX PE30HAHCOB M BBICOTHI OTPAXKCHUS TPACKTOPHil
PaAMOBOJIH YBEIMUMBAIOTCS. TOJIIMHA CJI0S TUIa3MEHHBIX PE30HAHCOB COCTABIISIET B CPETHEM OT
7 1o 9 kM. BeicoTa oTpaxkeHHs TPaeKTOPHI HAXOAUTCA BBILIE MPUMEPHO Ha 1-2 KM OT BepxHel
IPaHULbl JIECHTMIOPOBCKOr0 pe3oHaHca. IloiydeHHblEe pe3yibTaThl COTJIACYIOTCS C JaHHBIMU
MPOBEJICHHBIX B HECKOJIBKUX MPUEMHBIX MYHKTaX ONTUYECKUX U3MEPEHUN OJTHOBPEMEHHO, B XO-
Jie KOTOPBIX OBIJIO 3aMEUEHO UCKYCCTBEHHOE ONTHYECKOE CBEYEHUE HOHOC(EPHI.

In this work, based on the International Reference lonosphere Model IRI-2012 conducted
numerical experiments for finding the reflection height of ray paths of radio waves and the
height boundaries of the ionosphere plasma resonances for heating experiments at SURA facility
(56°8'37.28" N, 46°5'56.57" E) in August 2014. The analysis shows that the plasma resonances
layer located at altitudes from 240 to 310 km. Boundary heights of plasma resonances and reflec-
tion heights of trajectories decrease with decreasing transmitter frequency. With a decrease in the
ionosphere critical frequency f,F2 a boundary heights of plasma resonances and a height of re-
flection radio waves paths increases. The layer thickness of a plasma resonance is an average
from 7 to 9 km. The reflection height of the trajectories is higher by about 1-2 km from the up-
per boundary of the Langmuir resonance. These results are consistent with the data of optical
measurements carried out simultaneously in several receiving points. During measuments artifi-
cial optical emission of the ionosphere was observed.

JIOMUHECHEHTHBIE CBOMCTBA JUJEKTPUYECKUX KPUCTAJJIOB
C UMIVTAHTUPOBAHHBIMU NOHAMMU CEPEBPA

'B.IL JApecBsiHCKHH, 'E.®. MapTbiHOBHY, 20.M. nnuiaosa, ’A.A. Yepubix
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THE LUMINESCENT PROPERTIES OF DIELECTRIC CRYSTALS
WITH IMPLANTED SILVER IONS

V.P. Dresvyansky, *E.F. Martynovich, 20.1. Shipilova, ?A.A. Chernyh
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[IpencraBieHsl pe3yabTaThl MCCIEIOBAHUM JIIOMUHECHUPYIOUUX N1€()EeKTOB, UHAYLHPO-
BaHHBIX IPU OOJYYEHUHU TUAIIEKTPUYECKUX KPUCTAJIIOB MOHAMU cepebpa. B xauecTBe uccrneny-
eMBIX 00pa3oB ObUIN HCIOIb30BaHbI MIETOYHO-TAIOUAHBIE KPUCTAUIBI PTOpHAA JIUTUS U PTO-
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puna xameiua. Mccnemyempie oOpasmbl ObUTH OOJYydeHBI MOHAMHU B CICAYIONMIEM pPEXUME:
(haroeHe mopsiiKa 10" I/IOH/CMZ, sHeprus 150 k3B, mociie yero ObUIH MPOBEACHBI UCCIICTOBAHMS
JIFOMUHECIICHIIMN [ICHTPOB, HABEACHHBIX pagualdeid. DKCIEPUMEHTAIBHO HCCIIEI0OBAIOCh IO-
TIIoIIeHNe 00pa3IoB, CIEKTPhI M KHHETHKA UX JTIOMUHECIISHITUH ITOCJIe BO3ICHCTBUS paJUallui C
IIOMOIIBI0 KOH(POKAIBLHOIO CKaHUPYoMIero Mukpockora MicroTime 200, 10yKOMIUIEKTOBAHHOTO
criekrpomerpom Ocean Optics 65000.

HccnenoBanus mokasaau, 4YTO B CIIEKTPaX MOTJIOMIEHUS KPUCTAIUIOB (TOPUIA JTUTHS, TTOT-
BEP)KEHHBIX OOJIYYCHUIO MOHAMU cepedpa, HaOIIF01aeTCsl HECKOJIBKO T0JI0C ¢ MAKCUMyMaMH T10-
romenuss Ha 250, 441 u 410 um. IlepBble ABe MOJOCHI XapaKTEpHbI YIS paJaHAI[MOHHO-
OKpAIIeHHBIX KPHCTAIOB (hTOPUA JIUTHS U OTBEYAIOT 3a nornomenue F- u Fo- (F3')-menrpos
OKpaCKH COOTBETCTBEHHO. TpeThsl — Tak Ha3bIBaeMas TUIa3MOHHAs 10J10ca, 00YCIOBICHHAS M-
IUTAHTUPOBAHHBIMU HOHAMH cepebpa. B cnekTpax cBedeHus 00IyYeHHBIX KPUCTAILIOB (hropuaa
JUTHUS TPH BO30YKJICHUH JTIOMHHECIICHIIMH JIA3€pOM C JUIMHOW BOJHBI 375 HM, Hapsay ¢ Xapak-
TepHBIME ISt F3'- 1 Fo-IIeHTpOB OKpacky ToiocaMu ¢ MakcuMyMamH Ha 530 u 680 HM cooTBeT-
CTBEHHO, OOHapy»KeHa T0JI0ca CBEYCHHS ¢ MakKCUMyMoM Ha 420 HM. AHaJIOTHYHAs 110JI0Ca CBE-
YeHHsI HaOMIOaeTCsl M B CIIEKTPaxX JIIOMHHECHEHIIMN KPUCTAIIOB (TOpUIA KabIus, 00IydeH-
HBIX HOHaMU cepebpa. OmnpenesieHa KHHETHKA JTaHHOM JIIOMUHECIICHITHH.

ABTOpBI TTOJIATAIOT, YTO HabOJI01aeMas B KprucTauiax (ropuaa JUTHS U GTOpUIa KaIbIIUs
JIOMUHECILICHITUSI ¢ MaKCUMyMOM cBeueHus Ha 420 HM 00ycCIIOBJI€Ha cepeOpoM, UMILIAHTUPOBAH-
HBIM B IU3JICKTPUYECKYIO MATPUILY B BUJIE HOHOB Ag' HIIM MOJEKYIIApHBIX HOHOB (Ag,™ ). PaGoTa
BbITIONTHEHA 110 [Iporpamme dyHmamenTanbHbIx uccnenosannii CO PAH (mpoekt Ne 11.8.1.6).

The paper presents the results of studies of luminescent defects induced by irradiation of
dielectric crystals with silver ions. The alkali-halide crystals of lithium fluoride and calcium flu-
oride as the test samples have been used The samples were irradiated with ions in the following
way: fluence of the order of 10* ions / cm?, the energy of 150 keV — and then the luminescence
centers induced by radiation were studied. Absorption of the samples, the spectra and the kinet-
ics of their luminescence after exposure were investigated experimentally using a confocal scan-
ning microscope MicroTime 200 equipped of Ocean Optics 65000.

The studies have shown that in absorption spectra of lithium fluoride crystals exposed to ir-
radiation by ions of silver there are several bands with absorption maxima at 250 nm, 441 nm
and 410 nm. First two bands are characteristic of radiation-colored crystals of lithium fluoride
and are responsible for the absorption of F and F, (Fs*) are the color centers respectively. The
third one is the so-called plasmon band due to the implanted silver ions. The emission spectra of
the irradiated crystals of lithium fluoride under the luminescence excitation of laser irradiation of
375 nm wavelength along with characteristic F3* color centers and F, bands with peaks at 530
and 680 nm, respectively, detected luminescence band with a maximum at 420 nm. Similar lu-
minescence band is observed in the luminescence spectra of crystals of calcium fluoride, irradiated
by ions of silver. The kinetics of the luminescence is determined.

The authors suggest that luminescence with a peak emission at 420 nm observed in crystals
of lithium fluoride and calcium fluoride are due to the silver implanted into the dielectric matrix
in the form of Ag + ions or molecular ions (Ag,™"). This work is supported with the Program for
Basic Research of SB RAS (the project 11.8.1.6).

AIIPOBAIINS METOJIA OIIPEJAEJIEHHAA CKOPOCTH HEPEHOCA
TYPBYJEHTHBIX HEOJJHOPOIHOCTEU ATMOC®EPHI
O BUJEOPAY HEKOTEPEHTHBIX U30BPAKEHUI

B.B. lynopos, A.C. Epemuna

WucturyT ontuxu atmocdepst uM. B.E. 3yea CO PAH, Tomck, Poccust
magnet@sibmail.com
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APPROBATION OF METHOD OF DETERMINING TRANSPORT VELOCITY OF
ATMOSPHERIC TURBULENT INHOMOGENEITIES FROM VIDEO PORTION OF
INCOHERENT IMAGES

V.V. Dudorov, A.S. Eremina
V.E. Zuev Institute of Atmospheric Optics SB RAS, Tomsk, Russia

YucineHHo ucclieayeTcs BIUsHUE TYpOYJISHTHBIX HEOJHOPOIHOCTEH aTMochephl Ha MCKa-
XKeHue n3o0pakeHust arMocepHoro obdbekra. [Ipemnaraercs cnocod NacCUBHOIO U3MEpPEHMs
MOTIEPEYHON COCTABIIAIONICH CKOpOCTH BeTpa. VckaxeHus HM300pakeHus, BbI3BaHHBIE TYpOy-
JICHTHBIMU HEOJHOPOIHOCTSMH, PACIOJIATaA0IMMKCS HAa PAa3HBIX PACCTOSHUAX OT IIPUEMHOIO Te-
JIECKOTIa, Pa3InYHbl. AHAIM3UPYETCS BIMSHUAE BHIOOPA ONTUMAIILHOTO S/Ipa CriakKWBaHUS U yT-
JIOBOTO pa3zMepa M300pakeHUsl HaOJI01aeMOro o0bEeKTa Ha TOYHOCTb ONPEAENICHUS] CKOPOCTH
nepeHoca TypOyJIeHTHBIX HEOJHOPOIHOCTEH aTMochepsl.

An effect of atmosphericturbulent inhomogeneities, on distortions of atmospheric object
images is analyzed on the basis of numerical simulation. The technique for passive measure-
ments of the transverse wind-speed component is suggested. The object image distortions due to
turbulent inhomogeneities at different distances from receiving telescope are different. The effect
of optimal smoothing kernel and angular size of an object on accuracy of the atmospheric inho-
mogeneity wind drift is analized.

B3AUMOJIEMCTBHUE JIASEPHOI'O U3JTYUEHUS C KPUCTAJLIAMU AJIMA3A
MNP ME2K30HHOM U BHYTPULHEHTPOBOM BO3BYKJIEHUU

A.C. EMeabnssHOBA

Wpxyrcknii punman MactutyTa nazepHoit puznku CO PAH, Upkytck, Poccus
nastasia705@mail.ru

INTERACTION OF LASER RADIATION WITH DIAMOND CRYSTALS UNDER
BAND-TO-BAND AND INTRACENTER EXCITATIONS

A.S. Emelyanova
Irkutsk Branch of the Institute of Laser Physics SB RAS, Irkutsk, Russia

Anmasel cogepxar OoNbIIoi HAOOp IEHTPOB CBEUYECHUS, PETUCTPUPYEMBIX MPU BHYTPU-
LEHTPOBOM BO30YXK/I€HNUU. BONBIIMHCTBO U3 ATUX NPUMECHBIX U COOCTBEHHBIX LIEHTPOB XOPOIIO
M3YYEHBI, U BbIICHEHA uX mpupoaa. OmHaKo MpU MEK30HHOM BO30YKIECHUU MPAKTUYECKH BCE
anMasbl JaloT OJHOOOpa3HYH KapTHHY CBEUEHHS, Ha3bIBaEMYIO0 A-II0JIOCOW JIOMUHECIEHIINU.
PekoMOMHAIIMOHHBINM MeXaHU3M BO30YXKACHUS Ul Pa3lUYHBIX JTIOMUHO(POPOB SBISETCS YHU-
BEpCAJIbHBIM, TOCKOJIBKY MOYKET pealM30BbIBAThCS MPU Pa3HBIX crioco0ax BO30YKIEHUS CBeue-
HUs: (OTO-, raMMa-, peHTTeHOBCKOM. OTHaKO JUIs aliMa3oB 3TO He Tak. B paboTe ucmonb3yercs
ONTUYECKOE MEK30HHOE BO30YXKIEHHE, UTO, KaK IpeJIoiaraeTcs, AacT HOBYIO HH(opMaIuio o
npupoe A-I0JI0CHl JIOMUHECLICHINH.

Diamonds contain a large set of luminescence centers observed under intracenter popula-
tion excitation. Most of these impurity centers and intrinsic centers are well studied and their na-
ture is ascertained. However an unvaried luminescence pattern called A-band luminescence is
observed in almost all of the diamonds under band-to-band excitation. Recombination mecha-
nism for different phosphors is universal since it works under different luminescence excitation
methods: photo-, gamma-, X-ray. This isn’t true for diamonds, however. In this study we use op-
tical band-to-band excitation, which is expected to give us new information about the nature of
the A-band luminescence.
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KOPPEKIIUA HOHOCOEPHBIX OHIMBOK BTOPOI'O IIOPAAKA
B IBYXYACTOTHBIX UBMEPEHUAX 'HCC

E.B. Konenkas, L 2M.B. Tunun

lI/IpKyTCKI/Iﬁ rocyJapcTBeHHbId yHuBepcureT, UpkyTck, Poccus
cpb7.12.2010@gmail.com
*UnctuTyT comuedrno-3emuoi dusukn CO PAH, VpkyTck, Poccust

CORRECTION OF SECOND-ORDER IONOSPHERIC ERRORS
IN DUAL-FREQUENCY GNSS MEASUREMENTS

'E.V. Konetskaya, ' *M.V. Tinin

YIrkutsk State University, Irkutsk, Russia
?Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

AHanM3UPYIOTCS BO3MOXHOCTH YCTpaHEHHUsT HOHOC(EpHOW OMMOKH BTOPOTO MOPSIKA,
CBSI3aHHOM ¢ 3P peKTaMu MarHUTHOTO MOJs 3eMIIM, B IBYXYACTOTHBIX U3MEPEHUSIX INI00ATBHBIX
HaBUranMoHHbIX cyTHUKOBBIX cuctemax (I'HCC). IlpencraBiena MeTonuKa MOBBIIICHUS TOY-
HOCTU MecToorpeaeneHus. OMUChIBalOTCA TPAHULIBI TPUMEHUMOCTH MpEAIaraeMoi METOIUKH, a
TaKXKe MPOAHATH3UPOBAHBI OCOOEHHOCTH MPOCTPAHCTBEHHOT'O pACIpENelIeHUsT HOHOC(HEpHOU
OLIMOKK BTOPOTO MOPSAKA U MOMPABOK K KOOPAWHATAM MPUEMHHUKOB C y4eToM 3(PPeKTOB Treo-
MarHUTHOTO TTOJIA.

The paper is devoted to analysis of the possibilities of elimination of the second-order ion-
ospheric errors at dual-frequency measurements of the global navigational satellite systems
(GNSS), which are associated with the effects of Earth's magnetic field. The technique to im-
prove location accuracy is presented. In the study we describe the limits of applicability of the
technique and analyze the features of the spatial distribution of second-order ionospheric error
and corrections to the receiver position, taking into account the effects of the geomagnetic field.

HNCCIEJOBAHHUE OIITUYECKOI'O MOIJTIOIEHUS CUJIMKATHBIX KPOH
A.C. Ky3akoB, M./l. 3umun

Upkyrckuii pmman Uacturyra nazepaoit ¢puzuku CO PAH, Upkytck, Poccus
rangaid@mail.ru

STUDYING THE OPTICAL ABSORPTION OF SILICATE CROWNS
A.S. Kuzakov, M.D. Zimin
Irkutsk Branch of the Institute of Laser Physics SB RAS, Irkutsk, Russia

Ceromus kpaitHe akTyalnbHBI MCCIENOBaHMS aMOpP(HBIX MaTepuanoB. B mepByro ouepens,
3TO CBSI3aHO C UX YHHKAJIBLHBIM CTPOCHHEM. B paboTe oCyIecTBIeH CHHTE3 KBAapILIEBBIX KPOH CO-
craBa SiO,/NayO, nermpoBaHHBIX jkene3oM (+2/43), HWcCleIOBAaHO OMTUYECKOE MOTJIONICHUE
HATPUEBOW CHIIMKATHOW KPOHBI C NMPHUMEHEHHEM CTOXacTHYEeCKOro MojenupoBaHus. CToxacTu-
gyeckasi MOJIeNIb CUJIMKATHOW KPOHBI a/IEKBaTHO OMMCHIBAET ONMTHUYECKOE MOTJIOIICHHE STOTO Ma-
Tepuana, o0yciaoBIeHHOe Hanu4yueM |-mieHTpoB. COrIacHO MOJENHUPOBaHMUIO, |-IIeHTpBI 00pa3y-
I0TCA 32 CUET CTaOMIIM3AINN «XBOCTOBBIX» KHUCIOPOJOB KATHOHAMU IIEIOYHBIX METAJIOB U Ka-
THOHaMHU skene3a (+3). O6pazoBanue |-1IeHTPOB BO3MOKHO TaKKe 3a CUET pacrajia MePOKCHITHBIX
Tpynn B KBapIle, OJJHAKO TaKOW MEXaHU3M He sBJseTcs mpeobnamaromuM. OOpa3oBaHHBIE pas3-
JUYHBIMH MEXaHM3MaMH |-IIEHTPhI UMEIOT pa3HbIe JHUHHUU TOTJIOMICHHUS 33 CYCT CTPYKTYPHBIX
Bapuanuii B aMop(HOM crcTeme.

Today amorphous materials are highly topical subject of research. This is primarily due to
their unique structure. In this paper the synthesis of quartz crowns of SiO,/Na,O, doped with iron
(+2/+3) carried out and the optical absorption of sodium silicate crown using a stochastic model
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is investigated. Stohastic model of the silicate crown adequately describes the optical absorption
of the material due to the presence of I-centers. According to the simulation I-centers are formed
through stabilization of the “tail” oxygens by alkali metal cations and iron cations (3). Formation
of 1-centers may also be due to the decay of peroxide groups in quartz but the mechanism is not
dominant. I-centers formed by different mechanisms have different absorption lines due to the
structural variations in the amorphous system.

BJIUAHUE HAHOYITJIEPOAHBIX MATEPUAJIOB HA CTPYKTYPY,
MEXAHMUYECKHWE M TEILIOBBIE CBOMCTBA MOJTUAMMUIA-6

'H.B. Kyp6onos, “I.b. KypGonos

"TamKuKCKHil HAIMOHATBHBI yHIBepcuTeT, Jlyman6e, TakuKuCTaH
2Xy}1>I<aHILCKI/Iﬁ rocynapcTBeHHbId yHIBepcuTeT uM. b.I'. T'adyposa, Xymxkana, Tamkukuctan
nomvarjon_90@mail.ru

EFFECT OF NANOCARBON MATERIALS ON STRUCTURE,
MECHANICAL AND THERMAL PROPERTIES OF POLYAMIDE-6

IN.B. Kurbonov, %G.B. Kurbonov

'Tajik National University, Dushanbe, Tajikistan
Khujand State University, Khujand, Tajikistan

M3ydyeHo BiusiHME HAHOYTJICPOAHBIX MarepuanoB (dyruiepeHoBas caxa, pymwieper Ceo,
dbynaepeHoBas YepHb U HaHOAIMa3bl) Ha CTPYKTYPY, TEIUIOBbIE U MEXaHUYECKHE CBOWCTBA IO-
nuamua-6. [TokasaHo, 94To0 BHEIPEHUE MAJIBIX KOJMUYECTB HAHOYTIICPOIHBIX MATCPHUATIOB OKa3bI-
BaeT crielu(UUHOE BIMSHUE HA CTPYKTYPY U (PU3NYECKUE CBOWCTBA MOJIUAMUA.

We studied the effect of nanocarbon materials (fullerene soot, fullerene Cgo, fullerene black
and nanodiamonds) on structure, thermal and mechanical properties of polyamide-6. It is shown
that the introduction of small amounts of nanocarbon materials has a specific effect on the struc-
ture and physical properties of polyamide.

YYET BJIMAHUA AHTEHHBI UPKYTCKOI'O PAJAPA HEKOT'EPEHTHOI'O
PACCESAHUSA HA ®OPMY U ITAPAMETPBI HIMPOKOITOJIOCHOT'O CUT'HAJIA

N.A. JlaBBITMH, ’B.II. JleOenen

"Wpkyrckuit rocyapetBeHHblil yausepentet, MpkyTck, Poccust
ivan_1422@inbox.ru
*AuctutyT conueuno-3emuoi dusuku CO PAH, Upkytck, Poccust

TAKING INTO ACCOUNT OF IRIS ANTENNA INFLUENCE ON THE SHAPE
AND PARAMETERS OF WIDEBAND SIGNAL
1

l.A. Lavygin, >V.P. Lebedev

Irkutsk State University, Irkutsk, Russia
?|nstitute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

PaccmarpuBaroTcsi JOCTOMHCTBA MCIIOJIB30BaHUs MpokomnoniocHoro JIYM-curnana B paauo-
nokauuu. [lomydeHsl MOJAENM M3Y4EHHOTO CUTHAja M MPUHSATOTO IMHpokonosiocHoro JIYM-
CHUTHaJla C YY4ETOM aMIUTUTYIHON U (a30BOM auarpamm HampasieHHOcTH aHTeHHBI IPHP. Pe-
3y/lbTAaThl MOJICTUPOBAHUS UCIIOJIL30BATUCH TP 00paboTke PJI-naHHBIX, TOTYyYEHHBIX B KOCMH-
yeckoMm 3kcnepumente «Pagap—IIporpeccy.

The report describes advantages of wideband chirp usage in radiolocation. Transmitted and
received wideband chirp models are constructed taking into account the influence of antenna
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phase and amplitude radiation patterns. Modelling results were used in processing Radar—Progress
space experiment data.

PATUAITMOHHO-CO3JAHHBIE KBAHTOBBIE CHCTEMbI
KAK JIJIOMUHECHEHTHBIHN 30HA JJI1 KOHTPOJISA COCTABA MATEPUAJIA

H.JI. JIazapeBa

Npxytckwmii hunman Muactutyta nazepHoit pusuku CO PAH, Upkytcek, Poccust
alberet94@mail.ru

A QUANTUM SYSTEMS CREATED BY RADIATION AS LUMINESCENT PROBE
FOR MONITORING THE COMPOSITION OF MATERIALS

N.L. Lazareva
Irkutsk Branch of the Institute of Laser Physics SB RAS, Irkutsk, Russia

@dropup IUTHA ABJISAETCA NEPCHEKTUBHBIM MAaTEpUAIIOM U IMPUMEHSETCS B PAa3IUYHbIX 00-
JacTsIX Hayku M TexHHkH. LleHTpbl okpacku LiF sBisirorcs pabourMy LIEHTpaMu B JIa3€pPHBIX
cpelax M HacChILAIOLUXCA 3aTBOpax, JETEKTOpax paJlallii, CO3/1aHHbIX HA OCHOBE JAHHOI'O Ma-
tepuana. Co3gaHbl OObEMHBIE U MHOTOCIONHBIE (DIIyOPECLIEHTHbIE HOCUTEIU JJIsl 3allUCU HMH-
dhopmaruu B iupoBbIX (hopmMaTax WK B BHJIC U300paKCHUH.

B npemnoxennoi paboTe mccienoBaHa MUKPOCTPYKTYpa TUICHOK (TOpUAA JINTHS, HAHE-
CCHHBIX HA CTEKJSHHYIO IOJJIOXKKY METOJIOM TEPMOBAaKyyMHOI'O HambUIeHHs. M3BecTHO, 4TO
kpuctayuibl LIF BIpammBaroTcss Ha BO3ayxe. DTO MOCIY)XKWIO MPUYMHOW TOTO, YTO JIOMOJHH-
TEeNbHBIA OTXKUI 00pa3LoB ObLI NPOU3BE/IEH HAMH TAaKXKe Ha BO3JlyXe, a He B Bakyyme. Mccienona-
HUSI TIOJTYYEHHBIX IIJIEHOK, IPOBE/ICHHBIE C TIOMOIIBIO ONTHYECKOTO M aTOMHO-CHJIOBOT'O 30HJJOBOTO
MHKPOCKOIIa, ITOKa3aJIi, YTO IIPU MOBBIIIEHUH TEMIIEPATYphl OT)KUra IPOUCXOAUT peoOpa3oBaHue
MIOBEPXHOCTH IUIEHOK, M3MEHEHHE CPEIHEro pasMmepa 3€peH, COCTaBIIOLMX IUleHKYy. CrenaHo
HPEIOJNIOKEHUE, YTO IPOUCXOUT ITPe0Opa30BaHUE BEILIECTBA, COCTABIIIOLIETO IUIEHKY.

JlJ1g IpoBEpKU TaHHOTO MPEANOI0KEHUS HaMH ObUI HCIIOJIB30BaH cieaytouuii merox. O0-
pasipl ObUTM O0JydeHbl PEHTTEHOBCKHUM H3JIydYe€HHEM JJIs CO3[aHMsl B HUX IIEHTPOB OKPACKH,
JIIOMUHECLIEHTHBIE CBOMCTBA KOTOPBIX MOT'YT OTPakaTh COCTaB BELIECTBA U €r0 U3MEHEHUS B X0/I€
KaKHX-JTMOO0 MpeBpalieHui.

VY CcTaHOBIIEHO, YTO C YBEIMYEHUEM TEMIEpaTypbl OTXKUTAa MO Mepe YBEIMYEHHUs pa3Mepa
3epeH MPOUCXOANUT UCUE3HOBEHHE XapaKTEPHBIX MOJIOC (POTOIFOMUHECIIEHIIMH LIEHTPOB OKPACKU
¢Topuaa TMTHS U BOBHUKHOBEHUE HOBBIX, HE XapaKTEPHBIX JUIsl HETO CIIEKTPAIbHBIX IOJIOC JII0-
MUHECLEHIIMM. PEHTreHOCTpYKTYypHBIE HCCIIEOBaHMs TOKa3ald, YTO B XOAE OTXKHIa Cylle-
CTBEHHO CHUAETCS NHTEHCUBHOCTh TU(PPAKIIMOHHOTO CUTHaNA OT (TOpUAA JTUTHS U BOSHUKAIOT
CUTHAJIBI OT (PTOpUJA KAJBIMS U JPYTUX COCAMHEHUH, (OPMUPYEMBIX B pe3yibTaTe MPOTEKako-
mux peakuuid. MukpouyacTuubl Gropuaa JUTHS XUMUYECKH B3aUMOJECIHCTBYIOT C BEIIECTBOM
MOJUTOKKH B OCHOBHOM BO BpeMs TEIJIOBOM O0OpabOTKH IJICHOK, MOMEIIEHHBIX Ha CTEKJISHHYIO
MOJUIOKKY. B pe3ynbraTe 3TOro u3MeHsieTcss XMMHUUECKUI COCTaB MUKPOYACTHUI] U YBEJIMUUBAETCS
UX pazMep.

Pabora nognepxana B pamkax mpoekta 11.10.1.6 IIporpammel ¢yHIaMeHTaIbHBIX Hayd-
HBIX UCCIIEJOBAaHUH TOCYAAPCTBEHHBIX akaaeMuil Hayk Pocculickoi denepanuu.

Lithium fluoride is a perspective material used in various fields of science and technology.
LiF color centers were work centers in laser media and in passive saturable media, radiation de-
tectors based on this material. Volumetric and multilayer fluorescent carriers have been created
for writing information in digital or visual formats.

In this study, we studied the microstructure of the lithium fluoride film deposited on a glass
substrate by thermal vacuum deposition method. It is known that the LiF crystals grown in air.
They are stable to air at a heating. This was the reason that the additional annealing of the sam-
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ples was made also in the air, but not in a vacuum. Obtained films were examined using an opti-
cal microscope and an atomic force microscope. They showed that the surface of the film is
transformed when the annealing temperature rises. The average grain size in the film increased
significantly. It is suggested that there is a transformation of matter forming the film.

To test this hypothesis, we used the following method. Samples were irradiated with X-rays to
create color centers in them. Fluorescent properties of these color centers can show the composition
of matter and its changes during any transformations.

It was found that the photoluminescence characteristic bands of color centers of lithium
fluoride disappear with increasing annealing temperature when the grain size increases. New
spectral luminescence bands are arise that are not typical for lithium fluoride. X-ray diffraction
study has shown that during annealing the intensity of diffraction signal of a lithium fluoride is
significantly reduced. New signals are appear from calcium fluoride and other compounds
formed as the result of the occurring reactions. Microparticles of lithium fluoride substance react
chemically with the substrate mainly during the thermal treatment of the films deposited on the
glass substrate. This process causes a change in the chemical composition of the microparticles,
their size increases.

This work was supported by the project 11.10.1.6 of the Program of Fundamental Research
of the State Academies of Sciences of the Russian Federation.

OBPA3OBAHHME HEHTPOB JIIOMUHECHEHIINHA B KEPAMUKAX ®TOPHUIA
JIMTHUSA IO AEMCTBUEM ®EMTOCEKYH/IHBIX JIASEPHBIX UMITYJIBCOB

M.A. Mouceesa, B.I1. /IpecBsinckuii, E.®. MapTbiHOBHY

Wpkytckuii punman MuactutyTa naszeproii pusuku CO PAH, Upkytck, Poccust
sasha.moiseeva@mail.ru

FORMATION OF LUMINESCENCE CENTERS IN LIF CERAMICS
UNDER FEMTOSECOND LASER PULSES

M.A. Moiseeva, V.P. Dresvyansky, E.F. Martynovich

Irkutsk Branch of the Institute of Laser Physics SB RAS, Irkutsk, Russia
sasha.moiseeva@mail.ru

3anaveil JaHHOM pabOThl SBJISUIOCH SKCIIEPUMEHTAIBHOE UCCIIEJOBAHUE B3aUMOAECHCTBUS
ONTUYECKUX KepaMHK (ropuaa JUTHS ¢ PEMTOCEKYHIHBIM JIa3epHBIM M3JIyY€HHEM B pEXHUME
¢unamentanuu. M3ydyanoch 00pa3oBaHuE LIEHTPOB JIIOMUHECLIEHIIMU B KepaMuKax (ropuia au-
tus nox aeiicreuem cepuu (10—-100) UMITyIbCOB Ja3€pPHOTO U3TYUYECHUS.

[ToxazaHo, uyTo moj AeHCTBUEM (DEMTOCEKYHIHOTO JIA3€PHOTO M3IIy4eHHUs ONMKHEH WH-
(dpakpacHOil 00acTH CIEKTpa B ONTUYECKUX KEPAMUKaX Ha OCHOBE LIMPOKO30HHBIX KPHUCTaJ-
JMYECKUX coeMHEeHuN (ropuaa mutus 3pPEeKTUBHO CO3/1al0TCS LIEHTPhl OKPACKHU, XapaKTepHbIE
JUIsL PaJualMOHHO-OKPAIIEHHBIX MOHOKPHCTAJUIOB. MeXaHu3M CO3JaHUsl LEHTPOB OKpacKu
BKJIIOUAET BHICOKOHEJIIMHENWHYIO T€HEPAINIO AIEKTPOHHO-ABIPOYHBIX Hap B 00JIACTH MPOXOXKIe-
HUS (QUIAMEHTOB MM B 00JIaCTU NPUHYIUTEIbHON BHEUIHEH (POKYCHPOBKM M3Iy4YeHHUs, UX pe-
KOMOWHAIMIO ¢ 00pa3oBaHWEM AHHMOHHBIX JKCHUTOHOB, pacraj] SKCUTOHOB Ha (PEHKEIIEBCKHE
neeKThl, UX Mepe3apsAaKy, MUTPAIUIo U arperanuio.

The objective of this paper was the experimental study of the interaction of lithium fluoride
based optical ceramics with femtosecond laser emission in filamentation mode. We studied the for-
mation of luminescence centers in LiF ceramics under a number (10-100) of laser emission pulses.

It is shown that the colour centers typical of the radiation-coloured monocrystals are creat-
ed effectively in optical ceramics based on wide-gap crystalline compounds of LiF under the ac-
tion of near infrared femtosecond laser radiation.

The mechanism of color centers creation includes the high-nonlinear generation of elec-
tron-hole pairs in the field of filaments passage or in the field of forced external focusing of radi-
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ation, their recombination with the formation of anionic exciton, the decay of excitons into Fren-
kel defects, their recharge, migration and aggregation.

PE3YJIbTATHI U3MEPEHUS IEPEJATOUYHON ® YHKIIUA
YETBIPEXITOJIIOCHUKA C TIOMOUBIO JITYM-CUT'HAJIA

L2A A, HayMeHKko, 'A.B. TloanecHbIi

"YMucTutyT conneuno-3emuoit dusnku CO PAH, Mpkytck, Poccus
nayml13@mail.ru
ZI/IpKyTCKI/Iﬁ HallMOHAJIBbHBIN UCCIEI0BATENbCKUN TEXHUUECKUI yHUBepcuTeT, pkyTck, Poccus

RESULTS OF MEASURING QUADRUPOLE TRANSFER FUNCTION
WITH THE HELP OF LFM-SIGNAL

L2A.A. Naumenko, A.V. Podlesny

YInstitute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia
?Irkutsk National Research Technical University, Irkutsk, Russia

N3mepenus nepeaatoyHoit GyHKIUM MPOBOAMINCH HA MAKETe MOCIEAOBATEIIBHOTO KOJIe-
0aTelbHOr0 KOHTYpa C 3apaHee paccunTaHHbIME AUX n ®UX. XapaKTepuCTUKH MakeTa ObLIN
IIPOKOHTPOJIMPOBAHBI € IIOMOLIBIO TAPMOHMYECKOI0 CUTI'HAJIA COIVIACHO OIIPEAEIICHUIO IIepena-
ToyHoi pynkiuu. M3mepennsie ¢ momompo JIYM-curnana AUX n @YX MakeTa XOpomio co-
[JIaCYIOTCS ¢ Pe3yJbTaTaMU, MOTYYEHHBIMHU C IOMOIIBIO TAPMOHUYECKOTO CUTHANIA, U C PE3YIIb-
TaTaMM YUCJIEHHOTO MOJIEIMPOBAHUSI.

To perform simulation, we manufactured the model that was series oscillatory circuit with
pre-calculated characteristics. Characteristics of manufactured model were measured by harmon-
ic signal according to the definition of the transfer function. Amplitude-frequency characteristics
and phase-frequency characteristics, obtained using method of LFM sounding, agree well with
the mathematical model and results obtained with the use of harmonic signal.

SHEPTETUYECKHIA CHEKTP ®OTOHOB, U3JIYYEHHBIX CBOBOJHBIMHA
HECTABWJIBHBIMU A/IPAMHU B TEPMOCTATE

10.10. I1anTeaeeBa, A.H. Baiaa

Wpkyrckuii rocynapcTseHHbli yHuBepeuteT, UpkyTtek, Poccns
panteleevajuliya@mail.ru

ENERGY SPECTRUM OF PHOTONS RADIATED BY FREE UNSTABLE
NUCLEI IN A THERMOSTAT

J.Yu. Panteleeva, A.N. Vall
Irkutsk State University, Irkutsk, Russia

PaboTa nocsiiieHa HaXOXACHUIO U aHAJTU3Y SHEPTreTUYECKOr0 CIEKTpa MOTJIOMEHHS U U3-
JTydeHus B mporeccax M—+y— M* (mpoliecc MOTJomeHus Y-KBaHTa CTAOMIBHBIM SIPOM MacChl
M) u M*—y+M (mporiecc U3Iy4yeHHs Y-KBaHTa HECTAOMJIBHBIM sIIpOM Macchl M*). D1u mpo-
1ecchl JiexxaT B ocHoBe 3¢ dexra Meccbayspa. HoBbIM sSBISIETCS TIOMydeHHE AaHAIUTHYECKOTO
BBIPQ)KEHUS ISl SHEPTeTUYECKOTO CIIEKTPa, MO3BOJISIONIET0 BRIYUCIUTH B JF0001 MOMEHT cpe-

h h\_ [Eh
HEe 3HAYCHUE <Ey > no pactpenenenuo ¢(E,), T. e. BeanHHy<Ey > = I E/o(E,)dE, . Hackomnbko
HaM H3BECTHO, SIBHBII B GyHKUMK pacnpenenenus ¢(E,) Hurae He npuBoautcs. [Ipu ero mo-
JIY4CHUHU MBI UCIIOJIB3YEM 3aKOH COXpPaHCHUA SHEPTUU—UMITYJIBCA JJII aCUMIITOTUYCCKU CBO60)I-

HBIX COCTOSIHMI YKa3aHHBIX BBILIE MPOLIECCOB U pacupeeneHne MakcBeia 1o CKOpOCTSIM CH-
CTeMbI CBOOO/IHBIX siiep B TepMocTaTe. [locie BhruncieHnii monydeHo OKOHYaTeIbHO:
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2 2
O(E™) :Bexp{—A(Eyrad —(E, —R)) } O(ES) :B’exp{—A’(Ej‘bs —(E, +R)) }

rae A, B, A', B', Ep u R — u3BecTHbIE KOHCTaHThI, 3aBUCSIIME OT Macc siJep, TeMIepaTypsl T u
BPEMEHU KU3HU HECTAOMIIbHBIX sIZIEP.

The article is devoted to finding and analyzing of absorption and radiation energy spectrum
in M+y—M* process (the process of absorption of y-quantum by stable nucleus of mass M) and
M*—y+M process (the process of radiation of y-quantum by unstable nucleus of mass A*).
These processes are the basis of the Mossbauer Effect. Our original result is an analytical expres-

sion of energy spectrum that allows to calculate an average value <E$> of the distribution ¢(£,),
I. e. the integral <E§‘>:.[EP(p(EY)dEY . As we know, the explicit form of distribution function

d(E,) is not given in the literature. We use conservation law of energy-momentum for asymptoti-
cally free states of the above processes and Maxwell distribution for the velocities of free nuclei
in a thermostat. As a result of calculations we have obtained finally:

2 2
H(E) =Bexp{—A(E;ad ~(E,-R)) } H(ED) = B'exp{—A’(E;‘bs ~(Ey+R) }
where 4, B, A', B', Eo u R and R are known constants dependent on masses of nuclei, temperature

T and lifetime of unstable nuclei.

PETUCTPALIMSI BAPUALIAI AMILTATY IBI
1 ®A3BI CHTHAJIOB HABUTALIMOHHBIX CAB-NEPEJATYAKOB

A.C. IloaeraeB, A.I'. Yencknii, [.A. TokmaueB

WpkyTckuil HAMOHAIBHBIN UCCIIEN0BATENbCKUN TEXHUYECKUI yHUBEpcUTeT, UpkyTck, Poccus
sardaukar9@yandex.ru

REGISTRATION OF AMPLITUDE AND PHASE VARIATIONS OF SIGNALS
OF NAVIGATIONAL VLF TRANSMITTERS

A.S. Poletaev, A.G. Chensky, D.A. Tokmachev
Irkutsk National Research Technical University, Irkutsk, Russia

CeepxuinHHBIEe pagroBoHbl (C/IB) Hamum mupokoe NpuMeHEeHUe B paAMOHaBUTaI[MOH-
HBIX CHCTEMax, a TaKkXe B CHCTEeMax INepeJauyd CUTHAJIOB €IMHOIO BPEMEHHU U ATaJOHHBIX ya-
ctoT. Curnanel C/[B-nepeaT4nkoB pacpoCTPaHAIOTCA Ha THICSUYN KUJIOMETPOB, OTPAXKAsACh OT
3eMHOM MOBEPXHOCTH U HIDKHUX cJ0€B MoHOc(epsl. HempepbiBHas peructpaius Bapuanuii am-
wintyasl U a3l C/IB-curHanoB mo3BosiseT NPOBOJUTH JTOJTOBPEMEHHBI MOHUTOPHHT MOHO-
cdepsl. OgHaKO CUTHAJBI MPAKTUYECKU Bcex coBpeMeHHbIX CJIB-mepenaTunkoB MaHMITYJIHPO-
BaHbI 1Mo yactore Metogom MSK (minimal shift keying), u ipu §a3oBbIX H3MEpPEHUAX BO3HUKAET
3aj1aua pasneneHus pa3zoBoro apeiida B BOTHOBOAE 3eMisi—HoHOCc]epa u u3MeHeHn ¢asbl, 00y-
CJIOBJIEHHBIX MOIyJsIMeN. B cTatbe paccmarpuBaroTcs cnoco0 OneHKH (a3bl EeHTPaIbHOM He-
Cylled YacTOThl M allapaTHO-IPOrPaMMHBIA KOMIUIEKC peructpanuu napamerpo C/IB-
panuocurHainos. [IpuBeneHsl pe3ynbTaTbl MOAEIUPOBAHUSA, a TAK)XKE IPEICTABIECHBI DKCIEPH-
MEHTAaJIbHbIE JAHHBIE.

Very low frequency (VLF) radio waves are commonly used in radio navigational systems
and the systems transmitting signals of universal time and reference frequencies. VLF transmitter
signals propagate over thousands of kilometers via reflecting between the Earth surface and the
bottom layers of the ionosphere. Continuous registration of VLF signal amplitude and phase var-
iations enables to organize long-term monitoring of the ionosphere. However, the majority of the
VLF transmitters use minimum shift keying (MSK) method, thus phase measurements involve
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separating the phase drift in the Earth—lonosphere waveguide from the phase changes caused by
the modulation. The article describes a VLF receiver structure and demonstrates a method of
evaluating the central frequency carrier phase. Results of modeling and experimental data are
also presented.

PA3BPABOTKA BBICOKOYYBCTBUTEJIbBHOI'O EMKOCTHOI'O JATUUKA
M.A. Iloniog, P.P. JlaTbINOB

Kazanckuii (IlpuBomxkckuit) dpenepaibublii yauBepcureT, Kasans, Poccus
ministermaxxx@gmail.com

DEVELOPMENT OF HIGH-SENSITIVITY SENSITIVE CAPACITIVE SENSOR

M.A. Popov, R.R. Latypov
Kazan (Volga Region) Federal University, Kazan, Russia

C06paHHoe YCTpOﬁCTBO NpeAHA3HAYCHO JIs1 YHIPABJICHUA IMapaMETpaMU PA3JIAYHBIX
CUCTCM IIYTEM U3MCHCHUSA EMKOCTHU YacTOTO3aJaI0IICH 1IETIH B reaeparope.

B cocTaB gatumka BXOJST ABa T'CHECpAaTOPa CUIHAJIOB HpﬂMOYl"OJ'IBHOﬁ (bOpMBIZ qaCToTa oAa-
HOI'0 M3 HUX YIPABJIACTCA NOTCHOUOMETPOM, YaCTOTa BTOPOTO OMPCACIIACTCA IMOJIOKCHHUEM aH-
TCHHBI OTHOCHUTCIIBHO IMPOBOJAIINX MATCPHAJIOB. Cursaisl ¢ ABYX TI'CHEPATOPOB MOAAKOTCA Ha
CMCCHUTCJIb, Ha BBIXOAC KOTOPOTr'o 06pa3yeTcsl CUTIHall pa3HOCTHOfI HaCTOTHI.

The developed device is designed to control parameters of different systems by variation
the capacitance of frequency control circuit in the generator.

The probe includes two square waveform generators: the frequency of the first one is
changed by potentiometer, and the frequency of the second one is determined by the position of
the antenna relative to conductive materials. Signals from two oscillators are fed to a mixer,
where the signal of difference frequency is formed.

®EHOMEHOJOIT'MYECKHUN MOAXO0/1 K ®YHKIUAM ®PATMEHTAILIUA
B /KECTKUX ITPOLECCAX

'0.B. Camoiinos, 127 K. CokonbHEKOBA

'JlaGoparopus saepHbIX npobaem um. B.I1. JIxenenosa,
OOBbenMHEHHBI MHCTUTYT SIEPHBIX UccienoBanuii, [lyoHa, Poccust
*UpkyTcKuit rocy1apcTBeH I yHHBepenTeT, MpkyTek, Poccus
AEdemsk@gmail.com

PHENOMENOLOGICAL APPROACH FOR FRAGMENTATION FUNCTIONS
IN HARD PROCESSES

'0.B. Samoilov, »?A.K. Sokolnikova

'Dzhelepov Laboratory of Nuclear Problems, Joint Institute for Nuclear Research, Dubna, Russia
2Irkutsk State University, Irkutsk, Russia

PaccMOTpeHBI peakiMu ¢ poXkKAEHHEM KBapKOB: aHHUTHILILUS €+e— U TIIyOOKO HEeympyroe
paccesiHie 3apsHKEHHBIX JIENTOHOB M (QHTU-)HEMTPUHO C HYKJIOHAMM B TEpMHUHAX (YHKIMH (par-
MeHTaimu. [IpoBeneHo monenupoBanue 1o Merony Monre-Kapio ¢ 1enbro mosydeHus: OTHOCH-
TEJIbHBIX CEUeHUH pOKACHUS (MOoiHble (QYHKUMH (pparMeHTalyu) 3apsDKEHHBIX MHOHOB, a TaKXkKe
paszeneHysi MapTOHHBIX BKJIAJ0OB B 3aBUCHMMOCTH OT B3aMMOJIEHCTBYOLIEro kBapka. lloctpoena
CXeMa M3BJICYEHUS MAapPTOHHBIX U (PaKTYpHBIX QYHKUIUI (parMeHTaluu U3 MOTYYEHHBIX MOJEH-
poBaHHBIX coObITHHA. [IpoBeeHa UnceHHas OlleHKa BKJIaI0B B OJIHYIO (PYHKIMIO (pparMeHTaIuu.
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We discuss quark productions such as e+e— annihilation and deep inelastic scattering of
charged leptons and (anti-) neutrinos with nucleons in terms of fragmentation functions. We per-
formed Monte Carlo simulations in order to obtain relative cross sections (complete fragmentation
function) of charged pions and to divide parton contributions depending on sroked quarks. We de-
veloped a scheme of extracting parton and fracture fragmentation functions from simulated events.
There was held the numerical evaluation of contributions to the total fragmentation function.

MOJEJIHUPOBAHUE JUAT'PAMM HAINIPABJIEHHOCTH
MUHUATIOPHOM AHTEHHOUW CUCTEMBbI

A.A. CBetoBHj0B, P.P. JIaTHINOB

Kazanckwuii (IlpuBomkckuit) dpenepanbHblii yHuBepcuTeT, Kasans, Poccus
andreysvetovidov@mail.ru

MODELING OF RADIATION PATTERNS OF MINIATURE ANTENNA SYSTEM
A.A. Svetovidov, R.R. Latypov
Kazan (Volga Region) Federal University, Kazan, Russia

[TocTtpoenue nuarpaMM HamnpaBI€HHOCTH aHTEHH SIBJISETCS KJIACCUYECKOU 3a/1adell u3yue-
HUS paCIpOCTPAHEHUS SJIEKTPOMArHUTHBIX BOJH. B nanHOW paboTe BHUMaHUE yIelIeHO aHAIN3Y
U3JIy4€HUs HE TOJIbKO aHTEHHBI, HO U CBSI3aHHBIX C HEH 3JIEKTPUYECKHX ILIeTe.

C ar10il 1enplo ObUIM CMOJEIUPOBAHBl UAarpaMMbl HANPaBICHHOCTH MHUKPOIIOJIOCKOBOM
AQHTEHHBI U Llenel NoABoAKY nuTaHus. Taxke ObUIO YYTEHO BIMSHUE TaKuX (PakTOpoB, Kak KOp-
IIyCUPOBAaHME MEYaTHOM TIATHI.

The construction of the antenna radiation pattern is a classic problem of studying the elec-
tromagnetic wave propagation. In this project, attention is paid to radiation not only of the antenna
but also of the associated electrical circuits.

For this purpose, the microstrip antenna and supply circuits radiation patterns were simulat-
ed. Also, factors such as printed circuit board packaging were taken into account.

KOMILIEKCHASI ITUATHOCTHUKA JTE@OPMAIIAM IMPUIIOBEPXHOCTHBIX
MMOPOJA B CEUCMOAKTUBHOM PEI'MOHE HA ITIOJYOCTPOBE KAMYATKA

A.A. Coaoauyk

HHctuTyT KOcMO(DU3NYeCKUX UCCIIeIOBAaHNH B pactipocTpaneHus paaroBoid IBO PAH,
ITapaTtyHnka, Poccust
aleksandra@ikir.ru

COMPLEX DIAGNOSTICS OF NEAR-SURFACE ROCK DEFORMATIONS
IN A SEISMICALLY ACTIVE REGION OF KAMCHATKA PENINSULA

A.A. Solodchuk
Institute of Cosmophysical Research and Radio Wave Propagation FEB RAS, Paratunka, Russia

B ceilicMoakTHBHOM pervoHe Ha moiyoctpoBe KamuaTka B ABYX MyHKTax HaOJIOIEHHH
IPOBOJUTCS KOMIUIEKCHBIM MOHUTOPHUHI JepopMalinii MpUMOBEpXHOCTHBIX NOpoa. OH BKIFOYAET
COBMECTHBIE T€0aKyCTHUECKUe U ehopMallMoHHbIe U3MepeHus. /i peructpaium reoakycruie-
ckoi smuccnn B auana3zone ot 0.1 I'm qo 11 kI’ ucronb3yroTcss pa3iauyHble aKyCTUYECKUE CH-
CTEMBI, YCTAaHOBJICHHBIE B €CTECTBEHHBIX U MCKYCCTBEHHBIX BOJOEMAaxX: COBMEUIEHHbIE Pa3HOHA-
IpaBJIEHHbIE TUAPOQPOHBI, MPOCTPAHCTBEHHO-PA3HECEHHbIE TUAPO(OHBI U KOMOMHHPOBAHHbBIE
BEKTOpHbIE MPUEMHHUKH. J[edopmannuy 3eMHON MOBEPXHOCTH U3MEPSIIOTCA J1a3epHbIM J1e(hopMo-
rpadoM-uHTEPHEPOMETPOM U OLIEHUBAIOTCS HA OCHOBE JJAHHBIX HAaKJIOHOMepa. Pe3ynbraThl cOB-
MECTHBIX HUCCJEI0BaHUI SMUCCUU U AeopMalvii MOATBEPANIIN HAIMYUE CBSA3H MEX]y aKTHBH-
3anueit AeopMaMoOHHBIX MPOLECCOB B MPUIIOBEPXHOCTHBIX OCAZOYHBIX MOPOAAX U aHOMATUSIMU
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B T€0aKYCTHYECKHX CHTHAJAaX B JHANa30HE YacTOT OT €IWHUIL A0 MepBbiX AecaTtkoB kI 1. Haubo-
Jiee SIPKO OHA MPOSBIISIETCS Ha 3aKIIOYUTELHON CTaUK MOATOTOBKH 3€MIIETPSICEHU.

Complex monitoring of near-surface rock deformations is carried out at two observation
sites in a seismically active region of Kamchatka peninsula. It includes joint geoacoustic and de-
formation observations. Different acoustic systems installed at natural and artificial reservoirs
are used to register geoacoustic emission in the range from 0.1 Hz to 11 kHz, they are: joint mul-
tidirectional hydrophones, spaced hydrophones and combined vector receivers. The earth surface
deformations are measured by a laser strainmeter-interferometer and are evaluated on the basis
of data registered by an tiltmeter. The results of joint investigations of the emission and defor-
mations confirmed the relation between intensification of deformation processes in the near-
surface sedimentary rocks and anomalies of geoacoustic emission in the frequency range from
units to the first tens of kilohertz. The most vividly this relation appears at the final stage of
earthquake preparation.

KUHETUKA B3AUMOJIEHCTBUS JIABEPHOT'O U3JIYUYEHUSA
C KPUCTAJIJTIAMU AJIMA3O0OB

dD.A. Ctenanos

Hpxkyrckuii bumman Mucruryra nazepnoii dpusuxku CO PAH, Upkyrck, Poccus
Hayuno-uccrnenoBarensckuii ”HCTUTYT npukianaont pusuku UI'Y, Upkyrck, Poccns
fil.step@yandex.ru

KINETICS OF THE INTERACTION OF LASER RADIATION
WITH DIAMOND CRYSTALS

F.A. Stepanov

Irkutsk Branch of the Institute of Laser Physics SB RAS, Irkutsk, Russia
Applied Physics Institute of the Irkutsk State University, Irkutsk, Russia

MetonoM KOH(OKATHHOW CKaHUPYIOUIEH JTIOMUHECIIEHTHOW MHUKPOCKOIIUU HCCIIET0BAHbI
BPEMEHHBIE XAPAKTEPUCTUKU JIOMUHECLEHIIMM alIMa30B M3 pocchined nmpoBuHIMU JKynHa B
KpacHOW 00JIaCTH CHeKTpa MPHU BO3OYXKACHUH MUKOCEKYH/IHBIM JIA3€PHBIM HM3IyYE€HUEM C JITH-
Hamu BoaH 375, 405, 470, 532 um. B cnekTpax JIOMUHECIEHIIMM H3YYEHHBIX KpPHUCTaJJIOB
Habo1aeTcsl UpoKas mnojoca ¢ MakcumymoM ~700 HM. Bpems 3aTyxaHusi cBeueHHUS B ATOMU
nonoce coctasnseT 32 He npu 80 K, 23 ue npu 300 K u 3 He mpu 480 K. D10 cymiecTBeHHO
PacXOJIUTCSl C U3BECTHBIMU W3 JUTEPATYpPhl 3HAYEHHUSIMU BPEMEHHM 3aTyXaHUS JTIOMUHECICH-
uuu NV-ueHTpoB. Bpems 3aryxanust momuHecteHunu NVO-1eHTpoB B 6ec(hOHOHHON JTUHHUU
575 HM U ee IIEKTPOHHO-KOJIeOATeIbHOM KpbLIe MMEET HEOXKHIaHHO OOJbINIoe 3HaUYeHue 83 HC U
(axTHyecku He 3aBUCUT OT Temrepatypsl B quana3zone 80—480 K. ITo Bceil BuguMocT, oTMEueH-
HbIe 0COOEHHOCTH HCCIIEJIOBAHHBIX OOpa3IlOB aMa30B O0YCIOBIEHBI MX acTEHOC(HEPHBIM IMPOHC-
XOXJICHUEM.

We investigated the luminescence temporal characteristics of diamonds from the province
Juina placers in red area of spectrum under excitation by picosecond laser radiation with wave-
lengths of 375, 405, 470, 532 nm. A broad band with maximum at ~700 nm is observed in the
luminescence spectra of the studied crystals. The luminescence decay time of this band is 32 ns
at 80 K, 23 ns at 300 K, and 3 ns at 480 K; these are significantly different to those values of
NV-centers luminescence decay time known from the literature. The NVO centers lumines-
cence decay time in the zero-phonon line at 575 nm and phonon sideband has an unexpectedly
large value of 83 ns and, in fact, does not depend on temperature in the range of 80-480 K.
Apparently the aforementioned peculiarities of the studied diamond samples are caused by
their astenospheric origin.
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BO3MO’KHOCTHU IIPUMEHEHMUAA IPDA-JIMJAPA C TETEPOJAUHHBIM
IMPUEMHUKOM JJIs1 OIIPEAEJIEHUSA TPUIIOBEPXHOCTHOU
KOHIEHTPAIIMU YI'JIEKUCJIOT'O I'A3A ITPU 30O0HANPOBAHUUN U3 KOCMOCA

AL Cyxanos, I'.I'. MaTtBuenko, C.B. baduenko

HuctutyT ontuku atMocdepsl uM. B.E. 3yea CO PAH, Tomck, Poccust
say@iao.ru

POSIBILITIES OF USING IPDA-LIDAR WITH HETERODYNE RECEIVER
FOR MEASURING SURFACE CARBON CONCENTRATION
WHEN SOUNDING FROM SPACE

A.Ya. Sukhanov, G.G. Matvienko, S.V. Babchenko
V.E. Zuev Institute of Atmospheric Optics SB RAS, Tomsk, Russia

Panee B Hammx paborax u paborax 3apyoexubsix asropos (Matvienko G., Krekov G., Su-
khanov A., Ehret G., et al.) Obl1a moka3aHa IPUHIMIIAAILHAS BO3MOKHOCTh U3MEPEHHI KOHIICH-
Tpalyii HEKOTOPBIX IMAPHHUKOBBIX I'a30B (METaH, YIJICKUCIIbIM ra3, 3aKHCh a30Ta) ¢ opOuTh 450 kM
npyu npuMeHeHun TexHojaoruu IPDA-3onmupoBanus (MHTErpajibHoe auddepeHInaIbHoe I0-
IJIOIIEHHUE 110 Tpacce). JlaHHas TeXHOJIOrus OCHOBAaHA Ha MpHUEME OTPAKCHHOrO OT Tomorpaduue-
CKOH MHIIICHU CHUTHAJIa U OLICHKE IIPUIIOBEPXHOCTHOM KOHIIGHTPAILMH T'a3a C UCIOJIb30BaHUEM BECO-
BBIX (hyHKIUI. B KauecTBe MPUEMHUKOB pacCMATPUBAIOTCS MPUEMHHUKH IIPSIMOrO JCTEKTHPOBAHUSI.
C nmpuMeHEHHEM YCHJICHHS B MH(GPAKpAaCHOM JMAlla30HE OHM HMMEIOT BBICOKHH YPOBCHH ITYMOB.
OnTHYECKOE CMEIIICHUE CHTHAJIOB U T'€TEePOAUH-TIPUEM SIBIIIOTCS TEPCICKTUBHBIMU MEXaHH3MaMH
JUTSI TIOHFDKEHUSL BIIMSIHHS IITYMOB, YTO MOXKCT ITOHM3UTh TPEOOBAHHUS K MOIIHOCTH U3JTy4aTeIIsl CHUT-
Haja U pa3Mepy IPHEMHOIO TEJIECKOIAa II0 CPaBHEHHUIO CO CXEMOM IMPSMOro ACTEKTHpoBaHHUSA. B
JIaHHOM PabO0Te OICHUBACTCS IMOTIPEIIHOCTh M3MEPEHHMI KOHIICHTPALMK ITAPHUKOBBIX T'a30B IPU T'e-
TepoauH-ipueMe. [IpuBoasATCS nmapamerpbl JUAAPHON CUCTEMBI, IPU KOTOPBIX CIIydaiHas MOrPell-
HOCTb BOCCTaHOBJICHUS IPUIIOBEPXHOCTHON OTHOCUTENBHOM KoHLIeHTpauuu CO2 Huxe 0.2 %.

It has been shown (Matvienko G., Krekov G., Sukhanov A., Ehret G., et al.) principle pos-
sibility to measure the concentrations of greenhouse gases (methane, carbon dioxide, nitrous ox-
ide) from an orbit of 450 km in the application of technology IPDA sensing (integral path differ-
ential absorption). This technology is based on return signal accumulation from the target and
topographical evaluation subsurface gas concentration using weighting functions. As we have
examined the receiver for direct detection receivers, these receivers using infrared amplification
have a high noise level. Optical mixing of signals and heterodyne receiving are mechanisms for
reducing the prospective effect of noise, that can reduce power of laser and receiving telescope
aperture compared with direct detection scheme. In this paper, the measurement error of concen-
trations of greenhouse gases is estimated in heterodyne detection. Parameters lidar system in
which random error recovery subsurface relative CO, concentration below 0.2 % are presented.

PABPABOTKA HHAYKIIMOHHOI'O MATHUTOMETPA
HA OCHOBE JATYHUKA UHT-1 U PE3YJIbTATBI MOHUTOPHUHI'A
HA MATHUTHOU CTAHIIUU BAUT'A3AH

E.O. Yuaiikun, /I.B. Kynun, A.10. I'Bo3napes

I'opHO-AnTaiickuil rocyaapcTBEHHBIN yHUBEpCUTET, [ opHO-AnTaiick, Poccus
evgeniy_uch@mail.ru

DESIGN OF INDUCTION COIL MAGNETOMETER BASED ON INT-1 SENSOR
AND RESULTS OF MONITORING AT MAGNETIC STATION BAYGAZAN

E.O. Uchaikin, D.V. Kudin, A.Yu. Gvozdarev
Gorno-Altai State University, Gorno-Altaisk, Russia

PazpaboTan MHIYKIIMOHHBIM MarHUTOMETp Ha ocHoBe nmatuuka MHT-1, ocymiecTBisronuii
peructpaipio D-, H-KOMIOHEHT TeOMarHuTHOTO oA ¢ yacTtoTor auckperusanpu 100 ' Maruu-
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TOMETP ITO3BOJISICT PETUCTPHPOBATh KaK T€OMAarHUTHRIC BapHalliy ¢ nepuoaom kopoue 200 ¢, Tak u
Ppe30HAHCHI HOHOC(HEPHOTO BOTHOBO/AA HA YacToTax 8, 14, 20 ' (mymMaHOBCKIE pe30HAHCHI).

We developed the induction magnetometer based on INT-1 sensor, responsible for the regis-
tration D-, H-components of geomagnetic field with a sampling rate of 100 Hz. The magnetome-
ter allows us to register both geomagnetic variations with periods shorter than 200 s, and the iono-
spheric resonances of the waveguide at frequencies of 8, 14, 20 Hz (Schumann resonance).

HCHOJb30BAHUE CAMMETPUYHBIX 30HAUPYIOLIHUX
INOCJIEAOBATEJIBHOCTEU HA PAJJAPE EKB SUPERDARN

P.P. ®enopos, K.B. I'pkoBuy, O.U. bepurapar

HnctutyT conmneuno-zemuoit puzuku CO PAH, Upkyrck, Poccus
fedrr@iszf.irk.ru

USE OF SYMMETRICAL SOUNDING SEQUENCES AT EKB SUPERDARN RADAR
R.R. Fedorov, K.V. Grkovich, O.l. Berngardt
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

Korepentnsie pagapsl cetu SuperDARN 1o3BosAIOT MPOBOINUTH HEMPEPHIBHBIA MOHHUTO-
PHUHT BBICOKOITMPOTHOM HOHOC(EPHI U ee TMHAMHKH. B cpennemmpoTHOi noHochepe MeTos 00-
paTHOro paccesHusl paJAHOBOIH Ha BBITAHYTHIX MOHOC(EPHBIX HEOTHOPOIHOCTSIX, SIBISIOLIUIICS
0a30BBIM JUTSI TOI0OHBIX PaapoB, UCTIONB3YETCs peke. DTO CBA3AHO C HEOCTATKOM JIOCTATOYHO
CHJIBHBIX JIEKTPUYECKHX MOJe B HOHOC(Epe, HEOOXOAUMBIX AJI CO3/IaHUsl HEOAHOPOHOCTEH,
OPHEHTUPOBAHHBIX BIOJb MarHUTHOTO Moy 3eMin. Takue 3JIeKTPUYEeCKHe MO MOSBISIOTCS
OOBIYHO JIUIIH BO BpEMs CYIIECTBEHHBIX BO3MYILEHUNH KOCMUYECKOW Moroabl. Takum oOpasom,
cpennemupoTHbie pagapbl SuperDARN 3adacTyio MpUHUMAIOT TOJIBKO CHUTHAJIBI, MPETOMIICH-
HbIe HOHOC(Epoil u oTpaxkeHHble oT 3emin (ground backscatter). OcoGeHHOCTh TaKMX CUTHAJIOB
COCTOUT B MaJIOM JIOIUIEPOBCKOM CMEHICHHWHU M Y3KOM criektpe. [loaromy TpeOyroTes 30HAUPY-
IOIIUE TTOCJIEIOBATENILHOCTH, O0Jiee CIIOXKHBIE, YeM Te, YTO ObUIM CO3/1aHbl Ui UCCIICOBAHHM B
BBICOKOLIMPOTHBIX 00JIaCTAX.

3anagamu paboOTHI SBISIOTCA TEOPETUUYSCKUIN aHAIN3 U anpoOalysi CAMMETPUYHBIX 30H M-
pYIOIIUX MocienoBaTeibHOCTe. OHM OCHOBaHBI HA KBa3MONTHMAJIbHBIX TOJIOMOOBCKHX IOCE-
JIOBATEIbHOCTSX, MOJIyYCHHBIX aBTOpaMu paHee [Berngardt et al. // Radio Sci. 2015 (in press)], u
Ha TPHUHIWIE TIOCTPOCHUS CHMMETPUYHBIX TIIOCIEOBAaTENILFHOCTEH, MPEUIOKEHHOM B
[Greenwald et al. // GRL. 2008. 35 (3), L03111].

B pabote npoaHanu3upoBaHbl CUMMETPUYHBIE MOCIEI0BATEIbHOCTH, MPOBEAEHBI IKCIIE-
PUMEHTHI MO 30HIAUPOBAHUIO HOBBIMH TOCEIO0BATEIBHOCTSIMU U BHITIOTHEHO CpaBHEHHE HOHO-
cepHBbIX MMapaMeTPOB, MOIYUEHHBIX C MOMOIIBIO CTAaHAAPTHOW M HOBOW 30HAMPYIOIIEH Mocie-
noBarenbHOcTed. [lomydeHb! epBbie pe3ynbTaThl MO JA€TATLHOMY CHEKTPaTbHOMY aHAIH3y CHT-
HaJIOB BO3BPAaTHO-HAKJIOHHOTO 30HIMPOBaHUs, Moy4deHHbIX Ha pagape EKB SuperDARN.

SuperDARN coherent radars provide continuous monitoring of high latitude ionosphere
and it's dynamic. Backscatter of radiosignals from the field-aligned ionospheric irregularities
(basic technique for such radars) is used rarely at mid-latitudes. This is due to there are no pow-
erful enough electric fields necessary for creating field-aligned irregularities. The electric field
usually appear during significant disturbances of space weather. So the most frequently mid-
latitude SuperDARN radars receive only signals refracted by the ionosphere and scattered from
the ground (ground backscatter). Significant features of the signals are low Doppler shift and
narrow spectrum. Therefore more complicated sounding sequences are required instead of stand-
ard sequences developed for high-latitude investigations.

The aims of the paper are the theoretical search and experimental testing of symmetrical
sounding sequences. They are based on quasi-optimal Golomb sequences, which have been found
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earlier [Berngardt et al. // Radio Sci. 2015. (in press)], and on the technique of symmetrical se-
guences, suggested in [Greenwald et al. // GRL. 2008. 35 (3), L03111].

In the paper, we made the analysis of symmetrical sequences, presented the experiments
with new sequences and made a comparison of ionospheric parameters obtained by standard and
new sequences. The first results are presented of detailed spectral analysis of groundbackscatter
obtained at EKB SuperDARN radar.

HUHTEI'PAIIMA METOJA BUXAPAKTEPUCTUK U FDTD-METOJA
NP YUCJIEHHOM MOJAEJINPOBAHUU
PACITPOCTPAHEHMUS DQJIEKTPOMATI'HUTHBIX BOJIH

A.M. Yepnsik, JA.C. JJykun

MocCKOBCKHiA PU3UKO-TEXHUYECKUI HHCTUTYT (TOCYAapCTBEHHBIN yHUBEpcHTeT), Jonronpyansiii, Poccust
jackch@mail.ru

INTEGRATION OF BICHARACTERISTIC METHOD WITH FDTD-METHOD
FOR NUMERICAL CALCULATION OF ELECTROMAGNETIC
WAVE PROPAGATION

Ya.M. Chernyak, D.S. Lukin
Moscow Institute of Physics and Technology (State University), Dolgoprudny, Russia

ITpu uKclIeHHOM pacueTe pacIpOCTPaHEHUsS DJIEKTPOMATHUTHBIX BOJH METOIOM OMXapak-
TEPUCTUK B HEOJHOPOIHOM Cpe/ie BCTpeuaeTcs MmpoodJieMa pacueTa pacipeaeicHus mojs B PoKy-
cupoBkax. OgHUM U3 CIIOCOOOB PEIICHMS 3TOW 3a/1ayu SBJIICTCS MCIOJIb30BaHUE METOJIa KaHO-
HHUYECKOro omeparopa Macinosa. [IpeniokeH ajabTepHATHUBHBIN CIIOCOO pacdeTa IMOJs Ha Kay-
CTHKaX C IIOMOIIBIO METOJa KOHEUHBIX pa3HocTel BO BpeMeHHoi# obimactu (FDTD-meroxn). Pac-
CMOTPEHBI TPEUMYIIIECTBA U HEJOCTATKA METO/1a, €r0 BO3MOKHOCTH, a TAK)KE MOKa3aHbl IPAHHUIIbI
€ro MPUMEHUMOCTH.

There is a problem of the field distribution calculation on caustics for the numerical calcu-
lation of electromagnetic wave propagation in inhomogeneous media with the method of bi-
characteristics. One way to solve this problem is to use the Maslov canonical operator. There is
an alternative method for field calculation on caustics that uses finite difference time domain
method (FDTD-method). The advantages and disadvantages of this method, its capabilities, as
well as the limits of its applicability are shown.

CUCTEMA AHAJIU3A ITOJOXKEHUA USMEPUTEJIBHOI'O 30HIA
M.M. YynuH, P.P. Jlarsinos

Kazanckuii (ITpuBomkckuil) dhenepanbHblii yauBepcureT, Kazans, Poccnst
grey2paul@gmail.com

ANALYZING SYSTEM OF MEASURING PROBE POSITION

M.M. Chupin, R.R. Latypov
Kazan (Volga Region) Federal University, Kazan, Russia

B nannoit pabore mpencraBieHa pa3zpaboTKa U3MEPHUTEIBHOIO 30HAA. B ocHOBE ycTpoii-
CTBa BXOJUT MOANPYKMHEHHBIN KPIOK, U3MEHEHHE MOJIOKEHUSI KOTOPOTO PETUCTPUPYETCS Mapon
CBETOAHMOJIOB U TMapoil (GoTOaMOA0B. AHAIOTOBBIN CUTHAN Mpeodpaszyercs B MUGpPOBOi u obpa-
OaTbIBaeTCsI MUKPOKOHTPOJIEPOM, KOTOPBIHM, B CBOIO 04epeib, epenaeT napopmanuto Ha [1K.

The project represents the development of measuring probe. The basis of the device is a
spring-loaded hook, whose position changes are detected by a pair of LEDs and photodiodes
pair. The analog signal is digitized and processed by the microcontroller which in turn transmits
the information to the PC.
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