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As a re$Ul t of a few rocket experiments carried out from 
1965to 1971, theinforination on the ultraviolet . f'luxes, the 
cotnpos_i tion and :temperature of the neutral upper · atmosphere, · 
the electxoon concen·trati.on ne and electron temperature T

6 
.wa;s 

obtaiDed. 
All experiments werepertormed i n tJ:te middle latitudes 

of the European part of USSR, in the same geographycal point, 
e~l7 in the morning at the· solar zenith distance ...... 82°-'i8°. 

Tlie uniform experiments s eries bad s hown that the ,observed 
vari·a1.ious · of the neutral composition are of semi-annual cha
racter and tor a quiet ionosphere much l ess depends on the so.;. 
lar:and geomagnetical activi t y. 

Variations of the neutral gas composition ~re likely 
to influence the ne(h)-profile mainly a bove the F2-region . maxi~ 

JRWilo ~The ne(h)-profile i$ determined mainly by the neutral winds. 
for the P2-region maximum in the aut umn-winter periods. 

In autwm and winter the ionospher ic drift of the charged 
particles essentially affects both t he altitude distribution 
of the effective recombination coeffi cient and i ts absolute 
values. 

It's tnown .. \bat the different characetristics of the 

uppe~ a~osphere are closely connected with each other. O~e 

ot the actual problems of the upper a tmopshere physics in at 

present the problem of the definition more precise the causes 

eel the character of ·the basic ionospheric parameter intercon• 

nectiona
1 

the determination of dynamics of these interrelations 

clependent on solar activity, magnetic dia. turbances, seasonal• 

t~e condi tiona, etc. 

JlroJil this point of view it is il'ltersting to consider 

the results of the simultaneous uniform measurements of the 

differ8Jlt ionospheric parameters per formed during . s-eVeral> 
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years under the same cono.i tiona. 

As a result of a few rocket experiments carried out from 

1965 to 1971 at altitudes 80-500 ·km the information on the 

ecla~ ultra-violet fluxes the composition and temperature of the 

neutral upper atmosphere ( 1,-4] ' electron concentration n~ and . 

electron temperature Te was obtained using a dis-,ersion _inter

ferometer ( 5] and probe instruments [6] • All experiments 

were performed in the middle latitudes of the European part of 

the USSR· ~n the same geographic point early in the morning at 

the zenith distance 82° + 78°. The detailed review of these 

experiments is· contained at Gringauz •a report [ 7 J • 
Before discussing the interconnection character between 

the ionized and neutral components of the upper atmosphere it 

is expediently to consider the primary experimental data on 

behaviour of these components separately. 

The.given (in Fig.1) normalized values of the photoelec

tric saturation currents based on the photoelectron analyzer 

data show for the experiment-to-experiment variations solar 

radiation absorption character at 100-400 km altitudes, i.e. 

for the variations of the neutral atmosphere density and com

position. 

The information on the altitude dependences ot the solar 

radiation spectral intensity registered by photoelectron ana

lyzer was used for. the definition of the neutral particle con

centrations. Fig. 2 shows the values of photoemission density . 

j; (h) for severai intervals of · wave-lengths for A<1100 t · 
·The definition accuracy ot the va:J,u.es was not worse than + 15~. -
The observed difference in variations of the solar radiation 

. 0 . 

spectral .intensity for A1100-900 A and A < 900 X doe~ not* 
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exceed the uncertainty of the absolute values of the platinum 

quantum efficiency for the given wavelength intervals [sJ • 
The obtained dependences were _used for the determination 

of the altitude profiles (oJ and {M]:.(o2J + [N2] according 

to t he procedure desc~ibed earlier [4]. Unfortunately this 

procedure cannot provide the desired absolute accuracy nj(h) 

definition because of some available uncertainty of the values 

used for calcul~tions of the absorption effective cross-section 

coeffici·ents due- to both the uncertainty of the spectral bounda

rl.es.of the wave,length intervals considered and the possible 

variations in the dist~ibution of t~e solar radiation spectral 

intensity \'li thin pointed i!A • However since the relative error 

of the obtained dependences ji(h) does not exceed± 15% the· 

application of the same procedure to these dependence processing 

allows to follow rather reliably the variations of concentrations 

of.atomic oxyt;en and molecular components from experiment to 

experiment. 

AB it is seen from Fig.2 the dependences obtained from 

the experiments allow to define ( 0 J and ( M] independently only 

in the limited height inte.rval 200 +. 300· Ian. To obtain the 

profiles [ 0] and '[M] throughout the height · interval these 

experimental values of [ 0] I (M.] ratio were compared with the 

data of international Standard atmosphere, :i966 f.or different 
-

temperatures and then for each experiment such a concrete model 

chosen for which in the indicated intervals of altitudes [oJ I 

(M J ratio values coincided with the experimental ones 't). 

*) · At estimations of the neutral particle concentrations for 
atomic oxygen unlike papers· (1,2] the experimental data on the 
cross-section coefficients were taken into account also(9,fOJ. 
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Supposing that such a conformity remains true for the heights 

120-400 also it is not difficult to estimate {M] ancl (o] valtles 

for those heights where the experimental absorption curves allow 

to define eigther only ( M] values or L[] = [ 0 J + ( M] • The 

obtained profiles nrc shown in Fie•J• 

The variation of both' the total · concentration and the com-

position was observed from experiment to experiment. So the 

comparatively lower concentrations took place on 20.IX.65 in 

altitudes h > 250 km. The experiment on 28.XI. 70 is characterized 

by the highest relative values of molecular concentrations. As 

a whole for the described measurements in altitudes of 130-400 km 

[o) I (M] ratio varied from 0.15 to 300. 

Unfortunately a small number of the considered experiments 

makes difficult the finding of the po~sible reasons of the 

observed variations of the neutral gas density and its composi-

+" ..,~on. 

The performed comparison of the obtained results with 

the data on solar and geomagnetical activities showed that the 

synonymous correlation between the concentration var"'..ation dy-

namics of neutral particles and their composition and solar 

and geornagnetical activities for the described experiments was 

not observed. · Comparing the results of the summer experiment 

on 20. VIII. 71 with the others carried out du.cin:g the autum..'"l 

time it can be also noted that these data are beyond the well 

known notion on t~e neutral gas seasonal variations. 

In Fig.4 the obtained data are given dependent on the 

experimental data (location and measurement time were practi~ 

cally the same). From Fig. it is seen that the rather clear 

increase of both the total concentration and ( 0] I [ M) ratio 
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during the period close to the autum..T! equinox. It is known 

that the variations of density and composition with the period 

of 6 months are observed in the atmosphere ·and the mo.ximW!'l 

values fall within the spring-autumn periods [11] • 

It's quite possible " th~t the observed variations of the 

concentratinn and composition of the neutral particles reflect 

the semi-annual variat1ons of the upper atmosphere structure 

which ppacti cally undepend on solar activity ('11, '12 ] • The 

sharp increase of concentration and [ 0] I ( M J ratio at the end 

of September - the ber;i:nning of October can evidence in favour 

of the equinox hypothesis for the upper atmosphere semi-annual 

variations according, to which the gain of geometrical velocity 

is associated with increasing the Earth magnetic axis inclina

tion to a fluxes of sola~ crirpuscles [11]. 

For comparison the data obtained in experiments on the 

ionized neutral components the dependences of electron concen

tration n (h) ( 5] and the ionization rate q (h) are given in e . 

Fig. 5. It is seen from this Fig.that above maximum of F2-layer 

q(h) values proportional to the absolute concentration of all 

neutral particles n(h) differed from each other insignificantly 

as the difference in ne(h) values rached the factor of 3· It 

is significant that the data on the neutral atmosphere struc

ture given above do not allow to explain the observed difference 

in profiles ne(h) near maximum of F-region. Namely the relative 

concentration of molecular particles was, for example, the 

highest on 2s.n.70 with the least values n (h) and q(h). It e 
· may be seem that on 28.XI.70 n (h) values must be the least . e 

because of the expected (in this case) higher velocity for 

disappearance of charged particles. However, on 28.XI.70 the 
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values turned out to be essentially more than that on 20.VIII.71 . 
. . 

These circmllstances must obviously evidence for the fact that 

ne(h) profiles observedin the ionosphere not in all cases can 

be explained only by the photochemical processes, i.e. that 
. . . 

the use for the description of the recombination processes in 
- ~ - - . . \ 

. . . 

F
2
-region., of the· \Yell ~own expression for an effective recom-

bination coefficien."t (_13] foeff =K1 [ o2 J + K2 [N2J where K1 
. . ' . . . ' . . 

-aridK
2

are . the corresponding coefficients for reaction~-
r-ai:e..s ·. . . - . 

-~- does . not give a full notion on the processes occuring · 

·.at. · the.Se · al ti ~udes. _., . . 

· It was. shown in (14 J that .in some cases the charged 

particles drift essentially influences on the structure iono

sphere at ·1s0.:..400 km .altitudes. 

The performed calculations of the vertical distributions 

. of the neutral wind velocities and ionization drift for a series 

of the considered experiments showed that · in all cases at 

180-400 km in autumn the horizontal velocities of neutral 

wind. were higher .than in summe,r. Tbe .greatest ·component of 
. . - . . . . . . . . . . . 

velocity was . always directed to the West that is.J;ypical ' for 

the middle-latitudinal F-region. Thehighe~ v~lues of the ver

tical velocity of the ionosp:b.eric plasma driftwe:re ·also obser

ved in autumn. It should be also noted that the yertical com

ponents ·of the neutral wind veloc·i ty wer~ sina:ll (dicln • t exceed · 

1. 5 m/sec). And the vertical component' of -~he ,· neu:tJ:'al wind· 

velocity was the greatest on 28eXI .• 70 and 'the smallest on 

20. VIII. 71. At present time. the obs_erved increase of the . atomic 

oxygen concentration in winter is explained ·byits transfer 

from the southern hemisphere to the northern under the action 

·of the vertical velocity of neutral wind ( 15 J · • The obtained 
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v81u~ of the neutral wind vertical velocity evidence for that 

during the performed measur~ents the additional flux of atomic 

oxygen wa8n 1 t be observed. 
~ . . . 

The obtai.n~d ~6(h) ·profiles· are in well agreement with 

~(h) profi+es taking ·into ,a~eount tbe di.reetiona and the velo-
. . 

cities of ~charged par;ticle drift. It was the rather clear cor- . .. 
relation ~:f' the .1'2-layer :form with .the value of ionizati.on drif:t 

directed ·downward at h< 400 km altitudes. Fig.6 gives the al ti ... · 

tude .d~pend.enees ~:}t// defined . b~ solving th'e equation ofc the 

tonitationbalance us~ng ne(h) and q(h): experimental values an~ 

the · i~n.ization drift calcuiation results [14] • lt turn~d out 

that th~ negative dependence of • the }rfjabsolu.tf' vr!.lu.es on the 

dri:·:-, velocity · takes placet the higher velocity is the lower 
. ' . . . . . 

fttJJ ·•: !'or ~xp~riment ~n 2o. VIII.71 when the drift velocity 

didn '.t exceed 10 m/~ec the drift motio~ practically uninfluence 

on /tjj• It's clear from this w~y at altitude of F-region for 

this experiment practically. fUll coinc~dence 'of the ne{h) and 

q(h) profile fo~ took place. It's significant that in 250-

350 km .interval independently from the ionization drift values 

/tH varies les&J · t~m~ twice•_th~t essentially differs . from· the 

~ ti tude prot:l.les '}t/f ·calculated · theoretically ( 13] • The 

highest J)ossibl_e range of v~iations · ~~{/ is. - (3 ., 0.3).10'""3 
. -1 . . ·. . ·. : .· ·. . . . . . •. . 

sec • ·I:f the. drift velocity ~xceeds 10 m/secitresultsin the 

corres_pon~ing ·propo~tional· decrease of .leff absolute v~lues. 
So · the.perf'ormed series.of uniform· experiments evidences 

in favour of the·tact that for the periods of the lower and 

middle .solar activity in the liiiddle-latitudinal undisturbed 

!'.;.region the. observed ·variatioris of density and composition of 
. . 

neutral. gM are explained in the best way under assumption on 



9 

the preaence of semi-annual variations. At h < 350 km in the 

autumn-winter period of time the profiles ne-(h) were defined 

to a great extent·by ionization drift which evidently favours 

to the decrease of the absolute values .Aj/ by 2 ~ J times 

higher of F2max altitudes., '.!'he absence of the correlation between 

·various of 'neutral composition. and concen'tration ne shows evi~ 

dently different character of upper atmosphere semi-a:o.nual and 

seasonal variations. 
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