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5. DacdAAloaliné eTieasn i5Tasail iicaleyao idiaiasecesiaadt aéeaa
201 M6 & ~afioios Aeaiasa ¥.DaastAnosii;. ENaifiaoey
144 1iagee olieié &liineasa e

giofifioe iicaieyao ataaeeou adaaeodaoceti-

bacoeluoaol aennadoaceliiié daaiol Tivaceéiaait a 6 noaouyo, ec ied a
5 f0aouys a davaiceddaild ad+itd ecaaieyd, eiaaénesdaitd a daca yada
PEIO ¥seLibrary Science Index¢, idseasiadiaitie aacaie 4aiitd (Web of

AN NN A A s N AA

Afadod 1AO it fidoeaediinoe 1.3.1. Oécééa éinilia, anoaiiiey:

1. Litvinov D.A., Rudenko V.N.,A.V. Belonenko , Filetkin A.l., Gusev

A.V., Kulagin V.V., Porayko N.K., A.V.Alakoz, U.Bach, N.Bartel, K.G.Belouso
M.Bietenholz, A.V.Biriukov, R.Carman, G.Cino, D.Dirkx, C.Courde, A.l.Filetki
D.A.Duev, G.Granato, L.I.Gurvits, R.Haas, G.Herold, A.Kahlon, B.Z.Kanevsk
V.L.Kauts, G.D.Kopelyansky, G.Kronschnab, A.V.Kovalenko, A.M.Kutkin,
M.Lindqvist, J.E.J.Lovell, H.Mariey, J.McCallum, G.Molera Cales, C.Moore,
K.Moore, A.Neidhardt, C.Pbtz, S.V.Pogrebenko, A.Pollard, J.Quick, A.l.Smirr
K.V.Sokolovsky, V.A.Stepanyants, J.Yang, J.-M.Torre, P.de Vicente, M.V.Zak
/ Probing the gravitational RedShift with an earth-orbiting satellite //
Physics Letters, Section A: General, Atomic and Solid State Physics.
2018. Vol. 382, no. 33. P. 21922198. EDN: YEHKYA. Eiiaéo-
626018 0.69 (JCI). Ee+i0é aééaa 25%. Tatdi 0.84 14+a0itd eenola.

. Belonenko A. V. , Popov S. M., Rudenko V. N. Compensation of atmospheric
hindrances in measuring the gravitational RedShift using satellites on-
board clocks // Gravitation and Cosmology. 2020. Vol. 26, no. 2.

P. 128 135. EDN: VRUSCN. Eiiaé0-6aé06i8 0.25 (JCI). Eé+ité aéeaa

90%. 1audi 0.96 i&+a0ild eenoia.

. Belonenko A. V. , Gusev A. V., Rudenko V. N. / Precision measurement

of gravitational frequency shift of radio signals using rao-cramer estimates
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/I Gravitation and Cosmology. 2021. Vol. 27, no. 4. P. 383 391.
EDN: RUCZSW. Eiiaéo-6aéo6id 0.25 (JCI). Ee+i0é aééaa 75 %. 1au-
ai 1.08 ia+aoi0o eenoia.

. N. V. Nunes, N. Bartel A. V. Belonenko G. D. Manucharyan, S. M.
Popov, V. N. Rudenko, L. I. Gurvits, G. Cinp, G. Molera Cales, M. V.

Zakhvatkin / Gravitational RedShift test of eep from near earth to the
distance of the moon with radioastron // Classical and Quantum Gravity.

poadiél All.,, Aagéiiaiel AA , Aonda AA., Adsei O.N., Eogaaei
AA. Tiita N.I., 1aio+asyi AA., Cadaaoéei 1.A., Etaagaiél A.A
|0aoecetiii a ddaaeoadeiiiial o0 yéaéooi-

31. EDN: HOSYUQ. Eiiaéo-6aé0id 0.213 (PEIO).
Ee+ifié aéeaa 90%. Tatdi 0.6 14+aoild éefio

1. 2020 Oafoediaaiea Ioeiveia Yéaeaagaioiifioe it aaiiti éifie+a-
néfal yeniddeidioa if Aiooieén Daaeianodii (Onoité) Aaoidd: Aa-
efidiel AA., Aonda AA., boadiél Al. 4-y Diffeénéay élioasaioey
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. 2021 Einstein Equivalence Principle test with RadioAstron (Ofioi(ié) Aa-
0100: Litvinov D.A., Rudenko V.N., Bartel N., Belonenko A.V., Gurvitz
L.I., Nunes N., et al. 43rd COSPAR Scienti c assembly, 2021, Ne&iaé,
Aafnodaeey, 28 yiaady - 4 6aadaey 2021 - 2020

. 2021 Update on the gravitational RedShift measured with RadioAstron at
distances up to 350,000 km from Earth (Ofioi0é) Aaoida: Nunes N.V.,
Bartel N., Belonenko A.V., Litvinov D.A., Rudenko V.N., Zakhvatkin
Association of Science Centres 100 Ramsey Lake Road Sudbury, ON. P3E
5S9, Eaiaaa, 1-3 epiy 2021

. 2021 Measurement of the gravitational RedShift e ect using the satellite
Spectr-R in the "RadioAstron"mission (Ofioilé) Aaoidn: Adéliaiél A.A.,
poaaiét A.l., A6rida AA., Tiita Nadaae iedaééiae+ Sixteenth Marcel
Grossmann Meeting - MG16, Virtual Meeting, Edagey, 5-10 épéy 2021

. 2021 Testing the principle of equivalence at a very large distance from the
Earth according to the data of the Radioastron space experiment (Noai&i-
aneé) Aaoion: Adgniaiel A.A., boadiét A.l., Aonaa A.A., Tiiia NI,

Physical Interpretations of Relativity Theory - 2021, Iifiéaa, PiAfey, 7
epéy 2021

. 2022 TESTING THE EINSTEIN EQUIVALENCE PRINCIPLE WITH
RADIOASTRON (Orioitié) Aaoidd: Nunes N., Bartel N., Belonenko A.V.,

Gusev A., Manucharyan G., Popov S., Rudenko V. 44th COSPAR Scienti c
Assembly 2022, Athens, Adaoey, 16-24 epéy 2022

. Measurements of the gravitational frequency shift of radio communication
signals with RadioAstron satellite on a highly eccentric orbit (fioaiataté)
A&0180: A.V. Belonenko, A.V. Gusev, V.V. Kulagin, G. D. Manucharyan,
S.M. Popov, V.N. Rudenko et al.; Rencontres de Moriond 2023, Gravitation,
La Thuile, 18-25 March 2023
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1.1 EBa0eeé Tacid  yeniaseidid
,RedShifts, y06&0a

(1960) [40].

Aaiiay deaaa Thifaaia ia 8adioad 1, 3, 4 éc fiefiéa ibaceéaceé i 0aid aénnadoasee
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1€ fiefiodid, Tgay - 0aciOU Oiaa +afifa, U - daciifiol ddadeocade-
106 Hodioeaeta, c - féidinol nadoa. N ol+éé coaiey +anotod, yooaéo
¥sRedShifts, icia+ado, +01 idé eced+aiée yéaéodiiadieoiié aieil a oi-éa
i adaaeoaceliiti imoaioeaeli U, e 1iieaadpudi idevsia a oi+éa i 1oai-
0eaéll U,, a¥s +anofoa éciadiyaony ia adee+eid
fgrav — U . (1 2)
f c?’ '

eéd-aai [41]
= pl (1.3)
o= ﬁﬁ, .
Ooo — (1 hoo) + O(C 4); (14)
_  2GM 4.
hoo ozt O(c %), (1.5)
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oo = Doy, 18)

Toge+ey 16846232400 11ae6e6e81aaiino iiadeaé adaacoacee 1o 10I.
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ia+eaae odaifiéyodep adniéinoaaeéuiia einie-
+anéié nayce,

" fiddeacecediaaiiié S-aeaiaciiiié ioeadiliadaaao-eé no-
uaficaeye aaonoidiiieé Tfaiai oaaeinéaiagaie n nivdaiaieadl 120di-
éiae~anéed cadaéoadenoeé

Any iiédciay iaddocéa iannié 57 éa alea fnoaagéecedsiaaia adanaiedi aey
filddaiaiey 16edivadee a eiddveasdili i6ifiodainoaa

|0eibeieaguiti yéaiaioll yéniadeidioa fivaéa fefoaia aéoeaiié &ii-

iaifiadee afieasianéial naaeda a daaediii acaiaie, ifiifaaiiay ia ioei-
0eid 614a04ioié aaddéaiaeliié neidadiiecasee. Yoa nenodia iicaieyao
glitaifiediaaol eciaidiey ~anoiod, adcaaiila aaesedieal éifie+~anéial
aiiadaca (EA) 10iineodéuil iagaiité ic iINN). Efiiai-

XA N NN s )

uea nefnodiaoe-afnéea yooaéod
~ Aadoi60aaié éajaé nayce, 6oiéoetiediaadeeé i i8eioeid 3.064a-
Tadaoii;, eee 32w, dacediaaeny ia 6aciai-éiaasaioili ieédiaieii-
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Oi+ilioU Tiddadeaiey iéieediey: 1001,

" of+iifiou Tidaadeadiey neidinoe: 6 fi/fi, adéece ailaay odadédioee
EA
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aey iadedaceliiio caaa+ alél iaeugy. 1oe yoii fidoieée, Taéaaapuea
ainoaoi+it aleligel yénodioseneoaoil, iéacageniu didigeie éajagaadaie
aey idtaddée a9aaeoaceiiiial edaniial fiatdiey. Yeeeioe+anéay 1daeoa

6ndaaidiee ia eéiodcaaead acaiaie, fifoaaocfoadpuadi 164eoaguiiio iaoe-
a6 T = 12;94 +ana. 10fi6onoaead alieasianéié iadaeyoeaenonéié ndaia
(iage+ea o3 giiiainacee imodaalaaél aonnieio+itar ain-



EDO ¥.Da&eiAnosiie, o6ieéasguité aii
aeifiediagia a naioéiaooiall e aaceiaooiall aeaiagiiad. ba
éinie+anéia ied+1 ei0ad0asiiaoda, ¥DaaeiAnodii;, 4inoea a&idal

AAAIN N o
S AAANA

QJ’

iéfuadée éifiiladiia ¥,Aaééiiod.,. Aidaiia ifiie+~anéial daaeloaéanéiia
alea oniaeil danéoloa 23 epey 2011 dlaa
EA 3Nidé08-D¢, 1844M0aaéyao fiaié 10-i4081a0é 546648018, eivdade-

a
6.2, 18 & 92 fii. Aéy ofoailaée anaai aioaiii-
; i :

< ia éifie+aneén aiadaod ¥%Nidéos-
D¢ efilélicodony daciaay éinie+anéay ieaodisia %iaaeaacis.,. ENilita-
éa éi NeTar oe _ Tar énieaéna fa if-
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Oaeaaday iodeda Gadaéoadecoaofy neaadpueie iadaiacdaie:

" alfiioa idoeéaayh, = 577 éi,

" adffoa aitaay h, = 336 8636i,

" jaééfiaieéa 104eol i =51:6

Yoe iadaiaodi 1i6aadeypo 61816 & 16edioacep 18aeod éifie+anéian
aiiadaoa a ioifnodainoad

laraeniné yoai doins enitoaiéé EDO a 2011 &ia6 dadagoddeciaasy

8634610 faioyasy 2011 &f-

Aiieata, iifed ~4a i i 26+ {141
faid6ataaiey. fa~efay A 27 faioyady, ideRosiese & idladadieh 5aaeniao-
5e-Afees eciadaieé 6adacOAOEMORE AIfIe-ANETAT 5aAcTOABANETA, A 6144
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AN~

s1alaf0al 1513800 %DaasIAROST: HGUAROAEYE Afodioece+afeeé 10448
EEE Al NRRD (A 1990 &laa - Arodieifie-anéeé 6aiod OEA) [46]. Ni-
caaiea ifie+aneTal aiadaoa A0&T A0ITeTAl Aidoeaseroaie iil eiare

N.A. Eaai-eeia
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~ Asié ANIATOO ai0AITN6 TA86+a04646 1A daasTaROSITie+AReed 48aia-
cTil 1.35, 6.2, 18 & 92 fi 48y 63416 & i5aATé 06ATANE Teydecaeé
~ Adiee 1agiaoijies oneseodsas (1I90), AliARAITNA ec Ideaiieata
aéaiaciiia 1.35, 6.2 & 18 fii
Oféasline &lioasias
A Tosaceaaaiil 4481808+ 6ieaGHN 1I0AGIA0A BACIAUATT
* [a6+i04 ideAiieée 68acAiils +A000A6 aéaiaciila (Taicia~aia 1D
ia Befi6ied 1.2) fi Toadeluitie enof+iecaie A0iBe+iTaT yeasodiieoa-
ey a8y 14380 Mleydecases ideieiadiial daaeleces-aiey
~ 130 aeaiaciia 92 fil (asiacony ai6ode AMoAROROAGPUAAT iBeAiTe-
&4, 6101506 TAUAASTAT i A8TETI STIGBUAITE OACTATE caseadTase A8y
afas asaiaciia
~ N&gaeold ix, eliicoesspues A0siaiia Aeaiash ideaiiesia ia ii-
122e601=11é +afoida (Ix) fa AlaAoRoAohUSA AGIAN IB&TA0ACTAR0A-
836 ~afoion 6151a0ida (asfe 1-EDO-I8) 48y Aa8iiAéoes id&1AdACT-
aaieé feaiasia & 4ieaa ieceel ~anoival
~ xafiolofaé oiiesiaacdsi ANAx, fifolyjueé ec 4466 A&T61A 61BIe-
5iaa088y 4A0a581481106 RAadGAATEes ~afoio QARNAx-B OANAxY
efioi+feeale aoide-iial yeasosiieoaiey ( EAYI OARAX
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atoi=itiou, o1 Ticaieeél éiiiliiaaol yoo iineaaiaaodeliop eeiep éc

Y,RedShift;, y66&80a.
Ooieseliesiaaied EPO 163a6fiaoseaado da
10 0845 efioi-iesla:
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Neisaiiecasey feaiasia iad3aao+eeia AEDE fa +afioioas 8.4
AAs (iuiifoup 2 Ad) & 15 AAs (ifuiiRoup 40 Ad) 10 facai-
iié foaioee ia TAMAA fAcaiial Alaisiaial Aoaiaadoa +afofod

" i9eYHili0ado0+ee idoee daciaié neiddiiecacee ia +anoiod 7.2/8.4 AAs,
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ibalil-0eaadiay fiefodia
i0Al11-0ea45iay AeM0Aia 468p+add A &4y
" 4A66CABBABNIGD iBeYAIT-iA0AaabUAY THOBTAIdAABAITAY AI0AITA A8a-
12057 1.5 1,

>

>

NAN N AN s\

[aadadiey iacaiilal oaaeiodeaneétia bO-22 OEAI ia EPO é fédseé-
ey ca iél a od+aiea naaina nayce.

[deliia & dadenodacee ioiéa iad=itd e fedaeddild aaiitd i aidoa
éinie+-anéiar aitadaoa

laddaa+e ia 4ido aradaoa Oacinoadeeuiial 1ioilal neaiaea, fnei-
odiiecediaaiitan I'élg°‘||'0‘| ajaiolaiai noaiaaaoili ~anoiod (374I'—
1acadii;, foaioes neaeeaiey)

[deviia é1adddion |6°Té6é1(;Téél’ﬁ~T ja 41000 éinie+anéian aitadaoa
10440i7al fieaiaea, eciadaiey 0déouaé ~anoiol ifnoaoi+iial alieadia-
Aélal iaaeda & oaéouaé daciiiioe dac 10aaoiial e caioiiilal Aediaea,

08V, aidwied 4aiind, [81a061adins a&y daaiol iacaiité foaisee,

& a0aa+eé 110044048y eioidiavee 1 fifiolyiee jacaiiié fnoaivee
fieédsediey & naida 4aii0s

ftfioaa iacaiilé foaivee nedaediey asiayo

Aiodiia daaeiodeansiia bO-22 OEAI, fiefiodia iaddadiey, 1ago+a-
048U & Ai0AIT-08440i108 004800 A Aeaiactin +afioio 15, 8.4 & 7.2
AAD.

A0T0 7.2 & 8.4 AAb.
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fow D _j% %?°, D &
= 2742 +2 1.10
fifiefas c 2c? c? (1.10)
2D %, f oatit N fow-e7if N f ow:ard
c2 fifiefae f2 filieiae

laicia+aiey fia aa‘go i 610i0&Té 1.9.

IATaaiiinou danniacdeaadiial daseeia caéép+adony a ofi, +oi fediaé
¥,2w¢, ia fifaddaeeo ddadeoaoeliilal iaaeda +anoiod, éloioté yaeyaony éép-
+8a0i Taudeoi ennedaiaaiey. 1aiaél ¥2we, fediae iTaaddaadony 6aaidi-
ifi6 afieaatanéiio e ooiiiioasilio faaead +anoiod it idaaidiep A fea-

iaddcee0 6aaiaiita aéeaal goifa fiodal oaniol-

Qo
(D:
=
N
|_\
.
g\..
Q.)/
(@
g_)/
D
8,
=1

Aliedoianéeé nased :6aadiaiité aieasianéeé naaea a neaiaéa ya2wg,
ileedo 4000 al+04ai é¢ aaiilo ¥alwe, +01 iicaieyao 6fodaieol aal aee-
yiea

" Od81iioadi0é naaea aiagiae~iai 140acii éfiiaineddaony ooi-

4240:
f 1w 1 fow _ U j% Vsj2+ D 'ae+ f it f3rd
P RPN - 2 ~ sz
fiefae 2 fifieiae c? 2c? c? f fifeiae
(1.11)
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&gl 6+e
10 14, ad&p+ay 146101808 feasa

—D &+ %(Z(Ve Vs) Bet I Ue ) (1.12)

[a ec-ca ai1adaoins 1adaie+aieé EA. xo0ial efifeiciaaou idaeiovanoaa
1aied daeeeiia daaiol, alea dacoadioaia e ddaéeciaaia nedadpuay fivaia
idlaaadiey acaaeoaneliito naainia
2i68504106 Yalwe, (80 fi&e) |
[35366p+4iea 1 Yi2w,, (iTiofe & AaiT06 20 f&e)
[2i62504106 Y2we, (100 fidé)
[25866p+4i84 1A Yalwe (IBTONE & AAIT06 20 Hd8) F
Def. 1.8: ideiveicasiiay A616-fGaIA iB1ARAAICY A5AACOAGRTING A&AIMA. Tifed ca-
a80pAIeY 146 2035A6EE IBIGARRA TATBYENY. AR AGIEIVENU 10 S0AGAGRE, +Oi
TICATEYEN 1AGTieol AIf0A0T-iE BT6e-AM0aT AAING






fauaé aeeoaeuiinoe aiaééceddaiial fediaca ia 7 12 naésdia, +oi a oyaa
fe6+ada 1éaclaacet aeeyied ia oi+iiiol T6aiée +anoiod, ThTaaiit a onel-
aeyo 1adaie~aiital acaiaié naaina
~ 7 O\ A A L S N A\ AL .\ O AN O rAav N\ N\ ~
1.9 l|diaéaid, nficonoaopuea online Eliiainadee ai-
O AA AN AANA ~ A N AN\ AA A AN\
iéadianéiai naaeaa 1-ai mnoyaéa
[a AG&ia (ia 0en. 1.10) ddseeiia 6aaiot a ¥alwe, € ¥2we, ééieé 88a087 idaa-
Aoaaéail 1iifaita yoail ivatadacias 0 aifidiayuaé e iendiayuaé

peéfi. 1.10: Noaia ddaeeia 5aaio0 & Yalw, & ¥2w, ééigé. H-maser - 4iaidi4i0é foaiaaso
+afoiod
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Aayce (Yalwe, € ¥%2we), ~of Taafid+eet aiciieiifiol &6 Alaidnoilal aiaseca
e élitainavee nefoaiaoe~anéed nadagiifioaé

-~ \N /AN Ass O 7 A N N A~ \NAN A VN A7\ O A N\ N A I\I\Io.l/\/
1.10 Igeaéa i0aiée +-anoiold ia eioacaaéad élia=iié

uaiey +afioiol (¥aRedShift;, yo6aéo) é&fi-
fiediagia a oaiéad iefiiée RadioAstron (RA) ia 6diaia
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ajoiaiié neaiae aeaioeoia JIVE [22] aaao 16aiéo cia+aiey ~anioiod.
|0i0aa6da ¥sRedShift, eciadaieé adiiéiyeani a éliaeiedsiaaiiié iiaa
Tail- € a4606i60aaial daeeéita i fAlioadonoad Al 1dsead
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aNioiiad Tioeiaéuiié 1vaiée e éfiaifacee
anieasianéié aaoioiacee (Naaeada), a oaéaed caaddeeée feadiagia eaoaoaéu-
006 aiadaoia ide ed iacgaiiil e éifie+anéil ideaia. liéagaif, +oi foai-

ieé fediag/goi Tioeiaéuil ddgaol it iaoiad iaéneiagiiiar ivaaalii-
alaéy. Ecadnoil, +of 1aéneiagii idaaaniaiaiod 1oaiée (at+eneaiica
fi ofidaaiaieai it 1} eiioioe-

ar s N N A N AN

f 1w E_+ j¥e 'Vsj2+ D &
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fow D v w%)? D & D &
— = 2—+2 + 2 2 1.15
f nominal C c? c? C? ( )
|6eiaiyy éfiiainacetiiop fdaio 1.11, eiaai
fhn 1 gk
w
! f nominal 2 f nominal
_ b1 D v w1 e Wt
c 2 C 2c? 2 c?
| I (1.16)
- -2
L& 1 .Da 1 D& _ % % D &_
2 2 2 2 2 2 c2
JYe Y4 + B N3 t
c? c
A&y 01al +0fal iaéoe 6néidaiead noaivee e, 10 énitélucodi iaaedaoeli-
i0é 1aédo SOFA, éioiolé atiaaao iai aaiita a néfoaia GCRS (Geocentric

~

a
Celestial Reference System). Aaii0a 1 fiéidifioe EA 10 44041 10 4aééenoe+a-
y
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N~ A 7

U6p ec Mi&ne Aacia & ATayi0e iasia [48]. TRITAI0A &Nitiaion A0iin6asa
i56A84410 & 0A4Be06A 2.1
Oaaéena 2.1: Nifioaa aoiifioadn é éiivaiodasey 1filaind eiiiaiora

Acio N, 78.11%
Eénéiaia 0, 20.95%

AdaN Ar 0.93%

EN Ne 18.1810 * %

Adgeé He 5.2410 “%

Aiaa H,O 10 0 & 7%

Oagaéenené aac CO, 10 0.01 &1 0.1%
Tchi O; 10 0 &7 0.00001%

(@Y
=
(@}
-}
-_
13
Qx
&
<
e
(@l
[
14
QJ’
@
Q>
(@}
O
-_—
(DN
N
=)
o
(@]
Qo
o
ox
QJ/
(@]
(D~
©

Aaifay deaaa Tiifaaia fa daaiod 2 e fiefea ivaeeeaceé il 0did aénnasdoacee



28084104 ENiAIO0, dasea 8aé icl

bAIdBaBED, 40aho adzeiop leu a iTaeiuaiee OO-ecad-aiey & 5aI0AANA-

feed e6-aé. Aaseili 1A021A05T A0ITNOASO YASYAORY 43484164 p, BAANA
101.3 éia ia 651aia 1oy & 6iailigabUuaany AIAR0A fi iEToiiRoup 58

aoin foa faitoiaiié aoiifidasd
KT
H=—; (2.2)
g
daam - noaaryy ianna iiedéoed fiane dacia a aicadoa, T - oailadacoda a
Eaeuaeian, k - iinoiyiiay Aleioiaia
befi. 2.1: Adadeé aaaéaiéy a caiiié aoiifioasa 1o aaniod
8e 6nétaee inoiyinoaa 0aiiddaodadd é iifdaaa aoiinoasa ia anad ad-
fiload, caaeneiifiol aaadeaiey e éflivaiodadee 10 adniod Tieftaadony fea-



aépueie adadiiaode+anéeie oidioeaie
Z h Z h
dh
P = Poexp g—dh = poexp — (2.3)
o T o H



60






62

aiaeo é aifoddi igifnodaifioaaiili eciaiaieyi oece+~anéed naiénoa ao-
110400 (aadeaiea, 0aiiadaodoa, aeaaeiifiol, caileyLiiiiol, élicaiodacey
cadyeeaiilid ~afioeo e 0.4.) e, Ailloaa i fladieoitd naiefnoa
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(@Y
(@)

ia0de+anéeé 6ol 1t Adaaiaiep i 0daaéoioeaé a iondonoaea aoiinoasiié
fiodad.
Yéaéodiiaaieoiay aigia, sanisinodaiypuiayny a iaisaacaiee  x, caie-

s(x;t) = spcos(t  kx+ ' o); (2.4)

AR IAAAO

aaal =2 =T; k=2=: T-iadéia, k - aiéiiaia ~ene

aodiitaay Aédinou anou
d!
Vgr = —— 2.6
ar dk ( )
Eidaa ! k, 0T vgr = Vpn Fi03&a ia 14828380 aefiiddfieaé. A onéiae-
yo 1ofidonoaey aefiaonee daciaay néiainol aiei aailinooesdao iacaaene-
ITNOU 10 €0 +afnoiod. l1éacaodel 16aeiiediey n, yaeypueény éep+aadi

BIFOBAIAIRY YEAEOSTAZIRONAT NeAiaca & AA800IA C & feidinoe A&7 Baf-
BTFOBAIAISY & AAITE ABAAA. TIYOTI6 A6y ABGTTANE & GACIATé AETBINOR
fieeil TIGAARGEOU 432 BAGING EACAOASY TDAETIEAIRY [56]
= 2 g = V—Zr 2.7)
Oasel 1adacH, TEACA0AET TAETIEAIEY A0ROGTAR0 & Ba+AN0AR &I0AABAEI-
16 5A0ABOAORAOREE NOAAD, TIDAAAETPUAS &Y% Ti0S+ANGEA RATER0AA & TiCAl-



(b) Alcadénoaed meid=ii
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fa¢, 8.4 AAG & 15 AAG
N 6+30fi | =2 f [edasado
C
Voh = p— (2.9)
ph |3 —
1 (fp=f)?
Daéel 1adacii, iéacacdeu idaciieaiey dacl aey efiifioasd ileedo
atou aridiéneiediaai éaé
S
2 2
f 1 f 40:3
p p :
Nnph= 1 —+ 1 - = 1 N 2.10
P f 2 f fz °° (210)
Ngr =1+ ]qu; (2.11)
~ 0 e?
dda = g7 - 40.3
bagiéda ideedo eciadaiili aeaiagiiii dannoiyiey (lioé+anéeéi ivoai)
e aaééeediati dannoiyiedi idesedod fiivoieéli e iveadiieél Tiddaacaia
oididéaie
z Z
40:3 i 40:3
Iono — . 1ono .
phit = F2 Nedl; o 2 Nedl; (2.12)
Iono AN _AAAO |On0 ~ X ZimAAA O saXX O s:tAN =s O s\ O N N/ O~ N s A O 5r O sran O N Avas
ot - Oacidia e 7Y - addiiiaia idaeiieaiea, a eioadadae fidaaaeyaony
€aé iaééliilé STEC (Slant Total Electron Content):

Z
TEC= Nl (2.13)
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| ¢ o = {STEC a1a08ad caaadeeép (2.14)
403 10
= ¥ =TECU (2.15)
OAN &, nedaiaaoaeit, eiiiioadiay daddadoey caaefnyo 10 aaladade+anéi-
A1 1&foTiTeTaediey 15eaiieda, adaidié nooté & éiddifneaiinoe feid+ié
aéoeaiifioe
[a yoaid ieaiédiaaiey yéfiadeidioa iddaditeasasinu eniainesiaaod

AAAN N

Oaéel T1adacii, iaéélilay caaadeeéa al+eneyaony éc addoeéacuiié ca-
addaeée a iaeliindasiié oi+éa (lonospheric Pierce Point), 0.4. iadafa+aiea

A
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f 403 dVTEC 40.3 dF (E)
f f2c dt
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aazell ¢ciaol 1adaidod TEC. Agy aal ia-
seaaiey ﬁéﬂéﬁbéébc‘) Aédaeal GNSS (Global Navigation Satellite System),
8101003 aapo eidioiacey T daficaaacdiee TEC & aeaa eiiiindacits éaso
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