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lopment, improvement and use of IRI
this work.

ng'.ourselves, however, to the concrete

outer ionosphere Undergo deviation
lgtion, refraction, frequency changes,
tillations and other effects. We -are

and r o r the s t'd ie cl ones w e u," g oi n;l'o lfit',:3tifl 
"': "li:$'"';i,X-i*rJ,? 

rtjl.t|:

L Radiowaves retardation in the ionosohere
and virtual distance increase

The ionospheric impact on retarda
dation is closely related to the acc
ments and to other telecommunication
6, 7, 16], etc. The initial equation fo
owing to the beam retartlation in the
the expression (compare for e:xanrple I

hn,

(r) Alt: - y;-z N"(h)dt, (gf. [7]),

(2) dl : (a + h) [(a 1- h1z . nz - ctz sinz 7o .nB]-tn dh,

wnere
dary ( .,i", 

nll::["l:]ii:cal so of ."iirti"";'"ir,"
Iinear
pression, u o d bY theex-

where z is the coefficient of radiowave refraction i' a : 6}7akm is,. the Earthradius; Zo is _th_e initial. zenith angle of radiation, 'Al Zoi'SS%-:"" .;;-p;l'i;(2) n: fto: | [7]. In this case : "
(3) dI : (a + h) [(a i h1z a2 sinz Zo]-tt" dtt.

. .The group retardation determines (with reading of the transter coeffi-cients: y:40,4, if the electron density'is rz-r, and-the ft.qu.n.y- f in ii1in this case the fbllowing extension of"the wav-:
h

s

I

lrm

(4) A,I1 : yf-z N"(lt) (a + h) [(a i n1z - az sinz.Zu)-tn 4,,
ta
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Qf thethe
to

vertical profile N"(h) we use in the case
IRI-75, the exptession:

outer ionosphere,

Aa arc et'pressed by At (so theY
two valups : Au: 2 (low solar
n accordahce with this we will
g analysis :

For
according

(5)

L|, Lou solar acti<titY (A" - Z1

We have for retardation:

f-,N*7

of thf

-v(6)

i"

At - ttt-. [' -ryE-+-olt-uti- tt t t,-:-,--
oJ ,l@ + h), - az slnz Zo

nr

* /r)'

corresponding proces-After replacing (5) in (6), and
sing and calculations, we obtain for

, A3A,, l, ^ t, -,,12 y.bx I
Jr : 

--ttnz-

' ,l b2-42 |

result

(7)

Using analyticaf replacements, we obtain tor J2:

l" @ *a)erp (- e,ff\ an(8) tr:Orl,ffi
To solve this integral, we develop the fast-falling xponential function

in the numerator in raflge; we resttict ourselves to the th member ol the
range (which is quile sufficient), and for J2 we linally oht,in:

| , / n7 ( t - / ,r\(e) h : *fAl&{ol* + z(e,* +) - sxs - s 2sz + }a,)x

+ (A, + srF + 4^sso] - #[*"'* (+^, - #)x +ies,] + h[r*' d)x

o'a++A,*s'l - +*- s*+.1# #(ta,-2s,)-& +
* (+ A, f;nzg- s') - # eA, - q).^r. + a])i;:,il:

In (7) and (9) we use the designations: A:uNinZo, b:d.+h^-Ao
g-Q'+h^i Q:x2-A2. I

Qbviously in (6) there is quite an adequate exprepsio which can be-used
for making calculatibns in different cases. 

I
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r.2.

The
are
gral,

(10)

High solar actitity (/, : 3)

retardation is also giyel b.y. lhe expression (6).. The calculations ol .1,
complicated becau,se of the higher power in thi'denominator of the intelln this case, for -[ we finally obtain:

t'= #i [(-] * # - #)lF 1262, a 6z-42

_-h I Slu, | \ _

lA-n\TF--U-z)tnz
,, b, - r1z g bx + l@l*, = o'r h^

-Jt 

= a t h

this case.
e also have sufficiehily accura.te expres-

[',T*?j'"T#l'^, j'."";"j'l5l'diiTyi",:
aidations and eitensiorrs. NrF is itre

easiest to determine. Possibilities exist for calculating hrF and Ao and A,
coefficients ai well.

2, Refraction of radiowaves passing through the outer ionosphere

The refraction of radiowaves 
-gags^igg through the ionosphere is determined by

the expression (compare [7,17,18],1tc.): -

(ll) E,: -Tf-zN^F(a+ ho)sinZo #[n'(q + h)z - cP sinz Zil-ttsdh,

(13) Ei : - y f-gN^F(a * k^)s:in Zo(Ji * Jz),

ight, and dF(h)ldh is thLe electron con-
case of the normallv
higher than the cri
rding to [6, 7 , 17,l8l

modified to: se' exPression (11) is

1,
(12) Et:-yf-zN^F(a -l h,)sinZo J #Xo 1 hlz -a2sin? 2iol-rnrU.

h*'

In [7J we emphasize pre
part -in the outer ionosphere,
the fact that dF(h)ldh <0 f
positive for this medium. Th
tive refraction in the ionosphe
to determine (; using dFldh dis
sion for Nth), shown here with
we obtain:

h
-sI
I n-t,

',D
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where

(14)

-nrs

i-: l'
J

hn

tJ2(15)
AsAn /' ."p l- AaQt - h*)lA
' As ,t ,rl@+h)2 - a2 sinz

two vatues'lt .onuturit Azn Yle
high solar activity.

solar actioity (A, - 2)

?#"#:-^*)va=zr
b2 - A2 -t bx 1l@'2 - Az)l(x .r b)2

siyr? 26

h

ve here two subcasesAccording to the
as well: at low and at

2.1. Qefraction at loga

(r7)

where :

To find Jz, wE develop the exponential subintegral
rator,in'range, and.'with suflicient accuracy, we restrict
five membeis. On this basis we finally obtain:

: AoAr ' .'
Jz : - '-fif (tn I Jn i' Jzy # Jzt I Jz+

(18) Jzo :. {ln2Aofv/FoxT h^:+ a)z : A? + Aox I (h,,

-Azt Sbz 
'' (bz - A2)

x

functicn in the nume-
ourselves to the first

(19)' ,Jir:- *{rl\o*+ h*+'a)z- lz -(h*

xIl(IrxF h^+W-Az+ Aox * (h* + A)l

(20) t;,:+{(t-+:+L) * h* )- a)2-
" [+ (h,,, + A)z

0

A)ln2Ao

?:ry]*t" 2A,t,lAoxi- h*+ ay -4n +

i Ai(lrt 5\(h,n+A)x , s (hn+A\2.r1s:-E4\L=-- 6'. 4 t 2--4.,

' t#NT,xI h-;+@- 4z I Aox * (tt* +

* (h** ,lt,}"i

)1/;"
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(22) lz+ - & (x' l@,x + n,-W=E -',0,h{ 
n' 

tl + -.+ P!rtAiA).-

+l=!t*L-1 (hul{ A' 4-! (h,,*a)!-A2l.t"- Z4o(n^+ A))'4 tfi t e?, ' r e?, it'"
xlTt,x + n^ +Oz - 4z - r'o'"r!;io' - + !bi:I#1h', tj),

+ | {n, t A1z -- l!u'r-"fi-ll l#! N@,x +T;+Or - Az
U

t Asx + (h^+ alf )ii .

2.2. Qefraction at high solar actioity (4. : 3)

From (14) at Ar:3, we obtain:,.

(23) /i':[-+
'lF+tbi +E - R

t.)^\ r,, I I I , b , Il2tz-3(bz-Az;lx I\21) Ir : E_ A2 i -; + -p _V i elrz _ try-

, 3 b ,-n b'- r124 bx 1,!1nz- ez76zLp26v--+62- r4t)lt" .---:
lbz-Az x i lr,n

(25) I;:E+a({-++!*' r2obL - az@ _ A\! t]?(b2 -. A\
46r= E1t-

bl60b2-52(b2-. t)lrl I , l5b3-3(b2-A2)
- 

--@=-E{-l-2J-F+tbx-+ 
b-A, - 4t' -Fl-

\/ I ,^n b, - A2 + b.r +lW\t':n,-hn+ Ao

lb2-42 _x lr,r:A

The second part Jz is the same at low and high so.lar activity. Flence,
the expressions (17, lB, 19, 20,21,22) will be used for Jz.' The diurnal, seasonal and cyclic variations of refraction are determined
by the corresponding variations of N.F(N.Fg), the height h* and the changes
of .40 and .,4,. The additional irregular fluctuations of (, depend on the hetero-
geneities in the electron concentration. We shall consider the effects of he-
terogeneities in more deiail in another part of this work. We should stress,
however, the fact thai refraction is more strongly aifected by these hetero-
geneities, because usually in their boundary regions there are strongly pro-
nounced local dFldh gradients. For that reason, the effects of heterogeneities

,on-refraction should nbt be restricted mercly to an analysis of differences in
electron concentration ANb = Mour - Mnriom in the normal and heterogenous
structure, but should be concentrated on the boundary region of dispersion
or cgndensation of the plasma, where the gradient is very high.

The variations of dN.ldh gradient in dilferent cases, includ:ing. these from
IRI data, have been co.nsidered in [19]. It 'follows from this work that the
heiglrt ft" of which dFldh has a maximum, is very close to h,,F. Hence, the
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supramaximum region aboul h,,F
fraction. An area with raoid and n
served in the region of about h:600
VER'IICAL series. This region addition

3. Radiowaves absorption in ttre t
The radiowaves absorption in the to
accdrding to IRI has been considgred
and exact expressions are deduceC

ta for v,. accorfling to IRI should be
used published in [24,25], and the corresponding data for N"(h) frorn rRI.

4. Radiorvaves polarization in the

The polarization losses oI radiowaves
IRI have been presented with the corr
They can be used to calculate the
valent absorption. ln l27l a inethod i the con-
crete data from measurements with a alculation
of polarization Iosses from the correct on ol the
method to the data from the IC-BUL been de-
monstrated [27],

5.
of

Topside ionosphere irnpact on the frequency
radiewaves passing through

The studies of these effects on the
dilg tg IRI and present-day data ol
field,, of electron production, the effec
the motions in the ipnosphere, have
tions of frequency deviations at tempo
of. N"(h) and the other values deteirn
died in the same work.

6. Fluctuations of the radio signal
the transition through the topslde

So far:thete are no ,generally acc
ture of the ionosphere in IRI. For
materials presented at the COSPAR
ceeding from the information obtained
and: IC-BULGARIA-1300 satellites,
about the fluctuations of different
topside ioirosphere.
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7. Cortclusions and inferences

The expressioqs obtained here ior refraction, retardatir.rn and vit'tual extension
of radiowaves way from and to space objects directly solve the problem of
the respective eflects of the topside ionosphere on radiotvavt:s propagation,
a problem not sufficiently tackled so far. Thus a basis is crea'ted for an ade-
qua[e use of IRI in present-clay calculations , of radio ways, and networks.
There is a possibility to use the forrnulae obtained so far for calcttlating the
reverse problern of finding some ionospheric parameters with rerspectively ntea-
surecl refractions or radiowaves retardations

We generalized the inltorrnation about the topside ionosphere intpact
according to IRI on the propagation of radiowaves passing through (absorp-
tion, polarizatiol, frequency deviations, phase fluctuations, etr:.) by pointing
out ttre respectiVe sources.' 'Ihus, a basis of background .data, is created for
complete use of IRI in studies of radiowaves transition through the topside
ionosphere.

References

Seraiimov, K. On the marimal frequerrcy in space cornrnunicalions.-Compt. Ilend.
Acad. Bulg. Sci, 19, 1966, No7, 599.

Seraf imov, K. The Influence of the ionosphete oi the Earth and ottrer pl.ane[s on the
maxirnal frequerrcy in space comrnunications. - United Nal. Conf. on the Expl, and
P,hacetul Uses of Outer iipace, Doc. A/Conf. 34/1. A. 4, 1968.

Cepa$siloB, K. flepcne(ruaB sa pa3BlrrneTo l.ra r\{exAyfl.lpoAnr{re u rrailHolrarllrl crI6T-
u HKoBl.r cr,o6qerir.rn.--ITTP CiodrueHrs, 12, 1973, i54.

K o a o c o.s, M. A. PacnpocrpaHeuue paAriooolrr B r{ocMuqec(ol)i c.sirs14. M., Cnn:rl,
1969.

Kopcyncria, JI. ll. PacnpocrpaneHHe paArroBoJlr B cBn.1H c Hcr(yccrBellHbr.\tH cttyrHnKaMI{
3eulu. CosercKoe paatto, 1971.

C e p,aS HMoB,. K., f. le i qe s. Kocil{ilqecxH palroeneKrpoHnr{ cncrejlr,r. C., y'{rplltasHo l]oettHo
lrsla'rercteo. 1 973.

fl rosr es, O, 14. PacupoctpaneHue paauoBontt n Kocuoce. M., l-layr<a, 1985.
ilarver, I(., C. Miniris,'I(. Seiaf imori. Towards an improvecl Internationat Refe-

I

,

3,

4.

5.

6.

7.
R

9.

10.

I t.

12. Seralimov, K. Determination of model vertical disiribution oi electron temperatures
and concentra.tion by satellite and grourd-based measurelnents. -Contpt. Rend. Acad'
Bulg. Scl., ltil, 1980, No 2, 199.

13. Seratimov, I(. Some neasurelnents possibilities lor the improvefleirt of IRI.-Adv.
in Space Res., 4, 1984, i{o l, 133.

14, Seraf imov, I(., S. Spassov, G. Georgiev. Improvement gf the electron denslty
distribution in the outer ionosphere, according to IRl, with nleasurements of na'
tural ootical emissions,--Bulgarian Geophvs. Journal, 10, 1984, No 3, l0'tural optical emissions,--Bulgarian Geophys. Journal, 10, 1984, No 3, l0'
rs, L., K. Seraf imov, I. Kuti:v, Ivl. Karadimov. Bottonrside N15, Hoang, L., K. Seraf imov, I. Kuti:v, Ivl. Karadimov. Bottonrsidl N(h).prgfjl^..s
oier Vietnam and theii comparison rvith llll. - Adv. in Spat:e Res., 

'4, 
1984,

No l, 65.
L e V i n e, D. M., Propagation delay in the atmosphere. -_ Radio Sci., '1, 1972, No 6, 625'
Titherisse, I. E,-The refracti6n of satelllte sipnals.- Journ. Atm"Ierr. Phys.,26,Titherigge, I. E.

1964. No 2, 531.
refractiirn of satelllte- signals. - Journ. Atm, 'Ierr. Phys., 26,

1964, No 2, 531
18. Bop"n"it, e.-ir. ij' perlrparuinn pfl,lnoBoJlu B yntTpaxoporl(oM Allflnasone n iiotrqcilepe, -

leoruanuerr'ralt n aapouolrur, 4, 1964, N3, 531,

16.
t7.

l9



I

I

19. s

20. s

2t, B

22. S

23: C
?4. S

^. ;:zb. 5

26: S

27., .5.

28. C
qecroTara Ha npeMrHaBarqrre npe3,u
1986, N4.

9Q Qarof i*^,,- 
^t 

r-z o^ --r,!-,-2e' ser"'"';T,;n".ft 
1'e"['0.]fiJfol'#fr:'ili;. bti ii:"ffiiin 

oI raaiosignals in topside

Bosaeircrnr4ff BHbuHer? nonocSepbr Ha pac
paAr4oBoJrH r.r3 KOCMLIqeCKHX O6terros

K. 8.. Cepa$unoe, M. K. Cepafiunoaa 
^

(Pesrolle) :

l-lpoaHalasapoeaHd ocnonuue eosAeftcrgzs BHerrHifi
nlne qepes Hee paArloBoJrllbl. Ha ocHose MeN4ynapo
ceepbr noJryqeHbr Bbipa)r(eHus 4an : a) oarraoAbrBaHrns

l\olo yBeJHr{eHHfl paccroflHafl Hx pacnpocrpaHeHnn; 6)
BJ nornoueHrfl; r.) erroKryarlHu eas paAHoqlrrHaroB nprr
Hr,oro HoHoclpepy. CAenaH aHaJrHB yc,noanft HnxHeli u ,r
Tlr.BHocrH. Aarcrcn ?aqnoHaJrbHbre peKoMeHAaIIHH H no
sntnN{ocrlt. Aarorcs paqnouaaunbre pe$oMeH Aartutr AJrrr
rrapaMerpoB paArrocBflsn c KocMnrrecrxvs o6texrauu.

,Ha npoxo.4f-
;PeQePeHrHotl noso-
oBoJiH n BHpryanb-
paKrlrlr paArrJBonH;

nepexoAe qepe3 BHeur-
oft corHe,rHoft arc-

s HcxoAHbIe 3a-
npeAeJreHLIfl oCHOBH6IX
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