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The classic method of determining the electron-neutral collision frequencies by

the partial reflection technique in the ionosphernic D-region is developed m the
case of usimg the experimental dato obtamed with measurement errors.

. Imtroduction

Knowledge of height vanations of electron-neutral collision frequency profiles vi{z) m the lower

ionosphere { 2 15 the height above the Earth surface m km ) 15 important for solving both the sciennific problems and
applicaton m the radio communications, radio navigations, forecastings. elc. Al present in the literature there s no

single opinion about the changes of the v{Z )-profiles i the ronosphenic D —region. Some rescarchers (see, for
mstance [1]), suppose that  v({ 2 )-vanations do not exceed 30, however in [2-6] there 18 noted the presence of
both seasonal and latiwdinal changes of v( 2 ) in the wnosphenc D-region. There are not many directional
expenimental mvestigations of v(2) m the 1onosphenc D-region, they is separated and difficult yield to the

systematizations. 118 conditioned in the first place, by difficulyy of conducting experimental measurements and by
absence of rehable methods of determining the electron-neutral collision frequency profiles with the accuracs
required -

Usually the v{ z) profile in the ionosphenc D -region is caleulated using the atmosphenc pressure models

pifz] from the known dependence
viz)=k-p(z) i1

The coeflicient & is supposed known and & -values are used as; & = (6 -9}. 10" N m~sec’. Sometimes & -
values are Tound using rocket expenments. The error m determination of v(z) i this case can be essential
bocause the atmosphenc pressure models are imperfect, which gnored or take scantthe into  consideration both
regional features and o number of other peculianties (for mstance, presence of different global and local
disturbameces in the wnosphere and other peculianties)

Ofien, the vz )- profile in the wnosphene D -region 15 defined usmg the amplitude measurements of
parial reflection (backward scattered ) radio signals at frequencies /=2-2.5 MHz by the parmal reflecnon techmgue
(PR}[1, 4-7]. In this case onc most ofien. one uses two main methods of delermming the v{ 2 ) -profile.

The lirst of them is based on simultaneous experimental measurements height-temporal dependences ol the
ratio of average (durmg the measurements of ~ 10 min) quadrates of amplitudes of partiallv reflected
signals of the extraordinary ("x") and nrd.inm":"n"] polanzations a{z) =< dh:l » I = .-1'31:} = and
the comelaton coslTicient 'p.-j,f 'E (z) 7]

The second method [6] 15 based on the lact that m the lower part of the wnosphenc D-region (as o rule, the
hewhts of z< 70 km), the differential absorpton of magnetic iomc component 15 small and the approximate
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equation @(z) = R{z) bemg valid Here a(z) is measured in the expeniment, R ({2 )is the theoretical
funchon depending on the sounding frequency @ and on the longitudingl component of the electron Vo=
frequency along the ambient magnetic fickd direction @, (in the middle latmde experiments, the value of @ ;I8
assumed to be equal 1,35 MHz) and v(2)

In the first case. simultancoush with v one obtains the electron density, N | in the sccond case, only the
vilues of v{z} for the lower part of the wnospheric D-region arc obiained Other methods of obtaming the
vz )-profile are developed and analyaed in [5, 8, 9)

The methods considered (particularly the method considered in [7]) are sensitive fo the erors
measurements of 4, .

As the practical expenence suggests, there is usually used the second method, based on the approximaie
equation a{z) = R(z | . In this case. the transcendental equation is solved related to v of the following tvpe

i i \ f = !
2.4 (—w;p)) 2.2 (&0 —ary)
= Ko | Y e 42
= A.IE B [{m+fﬂ,r_:lz+ 1,.1] (w —eary) £l = J+¢ E’ﬂl. : | o
¥ P 4 5" = 3 =
<Adi> [(w-awp)” +v) !m+fdf,lzﬁf3|:{—mivm'r’j! + F‘R’;‘:[EE---I;?{‘JJ

Here K., K ;arc the kinetic cocfficients accounting for the kinetic effects on the permitivity & and the
conductivity o of the lower ionosphere |10]. The dependences K, (¥ ) and & o LX) can approximated with an
ermor of an order a few percents by the relations

K(x)=14+——: g =0155 § =0075; 005<x<w,

T r

K.(x) =089+ L . 5,=0007 b =0053 D<r<3s:
— o

K. (x)=1. 35sx<wm:

where x = (@ + @, )/ v for the ordinary mode, and ¥ = (@ - @, )/ vior the extraordinary mode,
@, =2xf,.

In this method onc wsually supposes experimental data on @(z) =< .-JIIE{EJ >/ < A;}{:] > 1o be
unauthentic when the signal to nowse ratio is smaller than 2

In Kharkiv National University there is accumulated a bank of experimental data having the signal 1o
noise ratio of more than 2 (the number of experimental data is more than 10, They correspond to the
different helio-geophysical conditions and sounding frequencies / The largest number of the expenmental

data is obtamed within the height interval of z= 6075 km and frequencies f = 2.0-2.5 MHz for Solar
zenith angles ¥ = 27- 97" with an approximately regular distribution, which allows - with high statistical

confidence — to investigate a question of possible dependences of the electron/neutral collision frequencics
on the Solar zenith angle over rather a wide height interval in the ionospheric D-region
The z-, f-and y- disiibutions for these experimental data are characterized by the histograms n

Fig. | (the number of expeniments is 5 =421
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Fig | The histograms ol the z-, [ - and y - distributions [or the experimental dats

Analysis of o large number (more than 107 expenments camied ouwt under different helio-geophysical
conditions) of the expenimental @(z) dota has showed that under the fixed f and z values they are subject ©
essential fuctuations. manly. condiboned by the emors m the A, , measurements. The classical method of

delermmmng, v 2 ), considered above, does nol take o account such fluctuations.

[n the poper the classical method of determining v{ 2 ) 15 developed for using the real expernmental data
having the measurement errors.

2. Main part

The anabysis of the expenmental data has showed that the ermors m the messurements of @(2) may be

supposed to be distributed accordng to the normal law. [n this case, as it 15 well known from the theory of statistical
data processing, at cach sclected height 2. a reguler value of V can be determined using a mimmum of the

dependence

| . - .
Div,)= S o ry-ai5.v ] @)
'rr—l' Pl .
in the given interval of v —v .
Here v, =v_ +4Av. Av =1y —v )k Jf=0 121 & & 15 anumber of discrenzation

wmtervals, a { f;, l-',l 15 the theoretical function equal to the nght part m equation (1) and calculated for the
given values of fi=a)/2rand . @y( f;) is the scparste expenmental value of a(z) obtamed o the

frequency of f;
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The mummum value. D, . of functson (3} is determined with the help of two iterations. At the first step. an
approxamate value of L) for k=105 determined. For the case of D=0 the value of index |/ = p will
be marked .

In the second weranion. we make the value of D more exact, supposing v, = (p 1) Av v
Vige =P+ D-Av ey . wherey . the mival value of v The discretization of V -values becomes
10 umes smaller In the first steration, the limitmg values of ¥ are supposed to be equal for 2= 6066 km-
Main = 3107 see”, v =310 sec” and for z= 68-75 km v, = 10°sec”, v =2-10sec”. These
values of v are chosen proceeding from the model dependences of v (2 and from the anahvsis of the
experimental data of v (2 known mn publications In this case. the impementation emor, conditioned by the

discretization. does not exceed 1% )
The main emror of the calculation of V-values is conditioned by the dispersion of the @ 2) values, coused [

the errors i their measurements and by the limited sample of the n -value
The confidence micrvals (under the confidence probability of 90%) are determined using known formulas

{n = I:rjlllll

nlhllrh.u e
.Ir | -]

(m=1)03

"Ulru.lm. =_:_m
Ku-r-az

where ff_kﬂ,-z. gﬁ_]_|_ﬂ,.1 s the percentiles or 100% - points of the 2 -distribution with (1 — 1)

freedom degrees. The valuesof D, _ = allow to estimate the confidence intervals of the v values determined.
In order 10 do it, using the formula (3), s a result of the ierations are defined those values of Y under

which D{v,)=0_ . The minmum confidence limit of the v -value is calculated by the iteration process
beginning mn the imterval of the (v, —v )-values, The searching of the maximum confidence limit of the v -value
is carried out in the (v -1, Fvalues interval

This method was realized as a kind of program on the Paskal language for IBM PC. The prelimmary
calculations of the ¥ -4 EI!IJ':E were made for 2= 60-66 km The total number of the o { 2 )-realizations used lor

calculating the vz )-valves was |7, The calculaton result conducted for two seasons of year are given in (he
table (here v and v . are averaged using the all the registrations of the values of the collision frequencies for the
summer and winter conditions, respectively, < v > is the average value of vy and va)

Table
The expenmental average values of collision frequencies for summer mnd winter condibons
zkm | v, (summer) v, (winter) vy v <V
[0 0403 108 0274100 | 147 | 033010 |
(i3 0250 10" | 0,154 10° | 62 0,202 10°
56 0174 10" | 0164 10" | 1.07 0. 169 10"




Conclusion

The statistical analvsis of the amplitudes of the partially reflected signals, measured under charactensuc
helig-geophysical conditions, has showed that the account of amplitude measurement Srrors must be taken of
when determining a regular hewght distnbution of the electron/neutral molecule collision frequency i the
sonosphenc D-region.

The classic method of determining the clectron/neutral molecule collision frequencies by the partial
refection technique m the ionosphenc D -region is developed in the case of usimg the real expenimental data with
CITOTS I MEasurements.

For all the expeniments there were also calculaied the (2 )-values by using the classical method. They were
compared with the calculation results by the method given in this paper Using this method has allowed to make the
v{ z)-valies MOTE ACCUrale on an average 200-50/%, The given calculation results v(z) are similar to those used m
[11] for caleulating the electric ficlds in the lower part of the ionosphenc D-region. They confirm the presence of
seasonal changes in v{z) in the lower part of the 1onospheric D-region (see, for nstance, |3.4] as well}
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