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AOCTpaKT

AHaTU3UPYIOTCS pe3yNIbTaThl OCyIlecTBIeHHBIX 3a 1ecTh jJeT ¢ 2007 mo 2012 rr. 4057
pPaIMO3aTMEHHBIX 30HIUPOBAHUM HUXHEW HOHOC(hEphl B JABYX JKBaTOpHAIbHBIX
palioHax.  PaccMOTpeHbl OCOOCHHOCTH W3MEHEHHH aMIUIUTYAbl JEIUMETPOBBIX
PAIMOBOJIH TPU  PATUONPOCBEUNBAHUHN CIIOPAJANMYECKUX CTPYKTYpP Pa3HBbIX THUIIOB Ha
Tpaccax CIYTHUK-CIIyTHUK. IIpuBeneHBl 3aBUCHMMOCTH BBICOTBI W TOJIIMHBI Eg
00pa30BaHMil OT BpEMEHH CYTOK. B pasHble THU HOUBIO E¢ CTPYKTYpHI CyHIECTBYIOT B
BHUJIC OJHOTO WA OJHOBPEMEHHO JBYX CJIO€B: MEPBBIA CJIOW PACIIOJIOKEH HA CPpEAHEU
BbicoTe 116 kM, a BTOopoil — Ha 96 kM. B gHeBHBIE Yachl BbICOTa IEPBOTO CIOS
YMEHBIIIACTCS U BeuepoM (OPMHUPYIOTCS HEOTHOPOIHBIC CTPYKTYPHI, BHICOTA KOTOPBIX
ciydailHbIM oOpa3zoM pacrpeneneHa B uHTepBasie oT 90 mo 100 kM. OOcyxnaroTcs
U3MEHEHMUS] aMIUIMTYIbl CUTHajla MpU BbIcOTe JydyeBoM auHuUM [0+85 KM, Korma
OCYILECTBISIETCST 30HAMpoBaHUE Me3ocdepnl. [lpuBenena craTucThka HaOMHOACHUN
CHOPAJANYECKUX CTPYKTYp, Haxomsmuxcs B pailoHax Adpuxku u HMugoHesuu B
npesenax MUpoTHOro mosica ot 4 rp. ro.ur. g0 3 rp.c.ut. (1) or 19 rp. 1o 29 1p. B.1A.;
(2) or 129 rp. mo 139 rp. B.x . B cpemHem 3a roj rpo3oBas aKTHBHOCThH B IEPBOM
paiioHe BO MHOTO pa3 BbIIIE, YEM BO BTOPOM.

PabGora BhIMojiHeHa TpU yacTUuHOM mojjepkke rpaHta PODOU No 13-02-00526-a u
[Iporpammel [Ipesuauyma PAH 22.



NMpueMHMK Ha cnyTHUKe L perucrpupyer curHasbl Ha ABYX 4YacToTax, U3MEHEeHus
¢dasbl M aMnNAUTYAbl KOTOPbLIX coaep)XaTt WMH(GoOpMauuMIO O XapaKTepucTUKax
OKOJ103€MHOro NMpoCcTpaHCTBa BAOJIb TPAacChbl pacnpocrpaHeHus paauoBosiH GTL. Mpwm
AONYyLEeHUN O JIOKaJIbHOW cdepuyeckon CUMMETPUM OKOJIO3EMHOM cpeabl 3TH
M3MEHEeHMs Bbi3BaHbl, raBHbIM 06pa3oM, BAMsSHMEM obnacrten wuoHocchepbl MU
aTtMmoccepbl B61M3n Toukn nepuresa T nyyeBon TpaekTopuu. [lanee no MsaMepeHHbIM
n3MeHeHusMm a3 M aMMIMTYyA M NO U3BECTHbIM 3cdemMmepuaaM cnyTHUKOB G m L
MOXXHO paccuMTaTb BbICOTHbIM npocdhunb yrna pedpakumm M 3ateM, C NOMOLLbIO
npeo6pasoBaHus A6ens, HAWTU BbICOTHYHO 3aBUCMMOCTb NOKa3aTens NpeioM/IeHns B
aTMocdepe, a TaKKe 3/IEKTPOHHOW KOHLUEHTpauumn B MoHocohepe.



Ha Ha3eMHble c1'a|-||.|m1, rpe
o6bpabaTbiBanuch Ans
Npeyn3noOHHOro BblYMC/IEHUSA
¢punsnuecknx napameTpos
aTtMoccdepbl u noHocdepbl.

CanX-2 (c 2008 r.) — HAHOCNYTHUK
maccou 3,5 kr ¢ BA P33A Ha
curHanbol GPS
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HayuHble KA pagno3aTMeHHOro 3o0HAMpPOBaHUSA, 3anyLleHHble B
1995-2009 rr.
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Types of the ionospheric influence on the radio occultation (RO) signal (phase path excess at two
GPS frequencies f1, 2 (left, curves 1 and 2) and amplitude at f1 (right, curve 1)) as functions of
the altitude of the RO ray perigee h. Geographic and diurnal distributions of the radio waves
|nten3|ty scintillations from FORMOSAT—S RO (2008-2009).
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Variations of the intensity of radio
waves I(t) are described by the S4
scintillation index, where <>
corresponds to the average value.




The amplitude variations of the RO signal may be described by the magnitude of the S4 scintillation index where <> is the
average relevant, and I(t) is the intensity of the RO signal. The S4 scintillation index can be easily connected with the
refraction attenuation X-1 and the phase acceleration variations a. The last relationships give new connection of the S4
scintillation index with the phase acceleration, which may have a general significance. In particular, this connection can be
Important for the trans-ionospheric satellite-to-satellite and satellite-to-Earth links.
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a —is the eikonal acceleration
®(r)—is the phase path
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Comparison of the indexes S4(l), S4(F1) n S4(F2) from FORMOSAT-3 RO
data obtained during January 05; 10; 22 and 26 2012
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[ JIOBAJIBHOE PACIIPEJAEJIEHUE MOJIHUN 12-24 MAS




[ JIOBAJIBHOE PACIIPEAEJEHNE MOJIHUN 0-24 SHBAPA
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[ IprMepbr IBMEHEHUN AMILIUTYIbL £ B 3ABUCUMOCTH OT BBICOTHI
nygeBont muHAA npu H>90 xm (cipaBa) m H<90 kM (cieBa)
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3aBUCHMOCTH BBICOTHI BEPXHEN rPaHKIbI CI0st N, OT MECTHOTO
BpEeMEHH B IepBoM (1) u Bo BTopom (2) parioHax

IIII|IIIII..|gII.I.II|IIII 90 IIII|IIIII|IIIII|IIII

6 12 18  LT.d 6 12 18




3aBACUMOCTh TOJIIAHEI ciI0sg AR or MecTtHOro BpeMeHH (cmpasa).
Toukavm 1 kBagpaTamMu Moka3aHbl 3HaYeHUS AN cimoeB Ha BeicoTax 100-
120 KM 1 90-100 KM, COOTBETCTBECHHO.
K omenke 53JEKTPOHHOM KOHIICHTpanuu Ec 00pasoBaHmii (CiIeBa).
[TpupaimeHnne HHTErpaibHON 3JICKTPOHHON KOHICHTPALUN BBIPAKEHO B
enquaniax I ECU.

96 97 98 99 100 101 102 H, kxm



11 CJIO HAOJIOJACHHNH IJIa3MEHHBIX CTPYKTYP B HHTEPBaAJIC J KM (CTpOKa

5); % madbmoaennii ES (ctpoka 6); urcio ctpykryp A,B, D (cTtpoka 7); uncio
ctpyktyp C, F (ctpoka 8); unciio ctpykryp A ¢ mHTepdepeHnmen (crpoka 9);
qUCII0 CTPYKTYp ¢ BepxHen rpanumeit >100 kM (ctpoka 10); yncio cTpykTyp ¢
BepxHer — rpanumern  Mexay 89 09w 100 kM (cTpoka  11).




Ywcino HaOMI0ACHNHN IIa3MEHHBIX CTPYKTYP JJIsI BEICOTHBIX
nHTEepBanoB Ah=AH=5 km.

Tadauna 1. CraTHcTHKA HaOMIOIeHHH IIIa3MeHHEBIX CIPYKTYP LI MATHKHIOMETPOBBIX
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Connection between the amplitude and eikonal in RO

measurements (Liou and Pavelyev, GRL, 2006; Pavelyev et al., JGR, 2007, Pavelyev

et al, AMT 2012). The eikonal acceleration has the same importance for RO data analysis as
the Doppler frequency. It allows one to recalculate the phase data to the refractive

attenuation.

1-X,(t)=ma, a=d"@/dt’ = )dF/dt, @ = I ndl (along ray GTL)—R,,
X, (t)-refractive attenuation,@- eikonal ( phase path excess)

F=)"'d@/dt - Doppler shift, a-eikonal acceleration, ).-wave length

m=d,d,/R(dp,/dt)~%, X=AY/A?, A%A%-intensiﬁes of radio waves
in the medium and in free space
X=X, (t), I'(t) - the total absorption along the ray GIL
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Principle of locality states

(If the total absorption Is absent)
X(t)= X, (&.TY).

The refractive attenuation X(t) found from the RO Intensity data Is equal to the
refractivity attenuation found from the phase data X, . In contrast to the
refractive attenuation X(t) and etkonal acceleration a the refractive attenuation
X, does depend on the location of the tangent point T°. This allows one (i) to

find the displacement d of the point T* relative to the ray perigee T; (i) to find
real height of the 1onospheric laver.

d=dy(Ad,-4,)4,
where A, A p are amplitudes of variations of 1-X, 1 Xt |




Conclusion

The eikonal acceleration has the same importance as the Doppler frequency in RO

experiments. Advantages of the eikonal acceleration/intensity technigque of RO data
analysis are:

(1) a possibility to separate the layered structure and turbulence contributions to RO
signal

(2) a possibility to estimate the absorption In the atmosphere by dividing the
refraction attenuations found from amplitude and phase data

(3) a possibility to locate the layered structures in the atmosphere with accuracy. In
the distance from the standard position of the tangent point of about £100 km;

(4) a possibility to establish the 1onespheric or atmospheric origin of the
amplitude and phase variations of: RO signal.
(5) a possibility. to estimate horizontal gradients in the Iower Ionosphere
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