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were lsunched to altitudes up 1o 4?0~SOG km: with the eguipment
that permits to obtain the information on the solar ionizing
radiastion end on densities and temperstures of neutral and io-
zed components of the upper aimosphere. The results obtained
have been published as & number of separate papers for several
years [1-18] . | |

The aim of this reveiew 1a to summarize the iesults‘ob-
tained during these flights, published in [I-I8] ,and, using
‘them as an examnle, *o demonsirate the possibilities of such
coordinated measurements, to draw attention to thé impormance
of such measurements as means for checking the validity of the
ionosphere modelse.

The neutral atmosphere parameters during rocket flights
were defined by using of the altitude aistributions of -absor-
ption for the different spectral bands of solar UV-radiation
that were measured by the non-optical technique.

| Altitude distribution of electron density was determined
by a8 radio method (the dispersion interferometer), electron
temperature Té by the Langmuir-probe method.
'During some of the rocket flights those measurements were
supplemented by other experimentse.

The results of the measurements mentioned above also allow
to determine altitude distribution of parameters characterizing
processes of ionosphere ionization, deionnization and heating,
All the rockets were launched from one and the same site at
midlatitudes of European territory of the USSR in the morning
(with Sun elevation of about 8-I2°),

Table I gives the dates of the rocket flights the measu-

rement resulis of which are used in this paper,



Table 1
"Year 1965 I965 | - 1966 - 1970 - 1970 I971
Date 9,20 I10.1 I0.I3 103 I1.28 8e21

The latter two of the rockets mentioned (rockets Vertikal-T
and Vertikal-II) were launched according to the Intercosmos
progrdm of space exploration, a joint programe of .socialist
countries; specialists from the GDR participated in theviono~
sphere experiments aboard these rockeise.

Figel shows the general view of- the rocket Ver-
tikal-1 at the launching sitee

Rocket trajectories were very close to vertical (the angle
between the line comnnecting the point of the launch with the
trajectory vertex and the vertical of about 3°). During the
measurements the rocket had 2-axes stabilizetion, with an accu-
racy of + 3° relative to each of the axes.

As far as is known, similar investigations (including

simultaneous determinations of vertical profiles of ionizing
radiation intensity, parameters of the upper neutral atmosphere
and the ionosphere) were carried out only to altitudes h< I80 km
by Bourdeau et ale [I9] and to altitudes h <270 kum (in I969)

by Timothy et ale [20] ;  at altitudes h>270 Kvebre carvied
out only in the USSR. |

In the beginning‘of this review scme relations are given
used for the determination of such values as an ionization rate
9 and effective recombination coefficients ol off em™sec” | and

]3380-1 based on the values measured directly; then some measure-

ments are described and their results are given. The discussion

of the data obtained and the conclusions are given in the last
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parts of the reviovs

kﬁany details of experiments and of calculatiocns {essential
in some cases for the substantiaticn of cgnclusions).are omitted
for making %his réview briefer;; these details one can find in
“the efiginal paperse. With taking into account thai rocket resulis

available obtained in F-region of the ionosphere, are éxtremely

scanty the most attention is paid to this region.

2« SOME MAIN RELATIONS

' 2.1. Designations. At all altitudes of rocket flight in
F-region (to h~420 ki) the following values were experimentally
determineds:
. [ «]
" = golar UV-radiation intensity :7 (in spectral bands: l < 600 A;
(-] (<] o -]
A~600 to 900 Aj; )\~9OO to 1I00 Aj; )< II00 to I350 A;1>IB5O A);
- the density of neutral particles /le cm—3=n4+ Ny where /2,4
and /1r1 are respectively densities of atomic and molecular
particles (determined separately);
~ temperature of neutral particles T _;
. No =3 ©
- electron density eca “;
*)

- electron temperature Te

Ile
- change rate of /le = a*"‘t 3

- the ionization rate 3
. coefficient . ) £ -3 -
- effective VvV~  of recombinaticn cm “sec (up ®o

110 to I80 km);
-1

c (for heights

- effectivecoefficient of recombination jB se
180 kn);

- rate of heat inflow to electron gas é?e *);

- rate of heat transfer from electron gas to neutrsl and ion

gas LQ *);



- heat conduction coefficient for electron gas Ee *)3
- effective collisions frequency for elecirons \)e off *)e

- It should be mentioned that the value‘ Ne was determined
by the {iispersion radio-interferometer method [ZI, 6, IBJ ;'

n : : Ne
the value ‘a"""; at the altitude /L was taken equal to jt

where A/le is the difference of /le -values at the same
altitude /l' during the rocket ascending and descending; 4T
is the time from the moment w‘hen..the rocket reaches this alti-
tude /L at agsceni while to that when it passes /L , at deg-
cent At décreases with A growth; at k > 200 kn,

Afﬁ 5 min. It is often turmed out that in the 1mits of the

experimenti accuracy A/Z =0 and, consequently, T =0 .

2.2, To the determination of effectiv rate of recombina-
tion. The equ-atibon of ionization balance for /i< I80 km
ane = g - Loy n ~div (nev) (1)
and for 180 kn < A < 400 m

9/‘Le __? ﬁeff /ze d{V {/28 V) (I,')

where V  is the particle directed movement velocity.
The value ? was determined according to data on io-
nizing radiation and on the neutral atmosphere (see 3.I). The

value c[lV//Zc V) was determined as

¢ 3. 9e , Ne)_ MNe
ﬂ(?n" o5 ont * 25)~W §n (2)
where /{ is an a scale hight and diffusion coefficient

ZKT'
D=55t

sin] ; K is Boltz-mann's constant; /M is an
average mass; \)z “is the collisions frequency; I is tne

dipe

5

the parameters marked by * were not determined in some
flights
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d/e
The term \N’ ;Zz‘ determinss the influence of ionospheric

aritts; W -~ is a vertical velocity of charged partiéle drift,
The values ‘JB for rocket flights in I970-7I (see Table |
1) were found in [18] by the use of calculations of‘horizontal
velocities of ionospheric winds, carried out kindly by Dr.King
according to the request of the experiment authors following
the King's and Kohl's method [22,é3} . Using Bqs.(I) and (I') -
o and f3 vertical profiles were defined for three cases:
(a) without taking into account the motion term in (i)

and. (I'); |
(b) the motion of charges was taken into account only

ag the vertical diffusion of electrons and

(c) besides the diffusion the influence of'ioniiation
drift caused by neutral winds was taken into consideration.

The results of Dr.King'!s calculations were given in [18];.
The calculated veloeities of neutral wind V are shown in
Fige 2, the corresponding values of VJ (vertical velocity
conponents directed downwards) are showvm in Fig.3; as it is seen
from Fig.3 the maximum value‘N’ was observed on the Nov.28thI970.

The influence of the plasmasphere on the process of deio-

nization in the F-region was not taken into account.

2e¢3e To the determination o the effectivness of the

glectron gas heating, During the processive of the resulis of

I965-66 flights rate of heat inflow to electron gas at altitu-
des h > I80 ka was estimated., The statiornary equation of heat

balance was used: **

** During the ascent .and the descent of the rocket the

values Te at the seme altitud.s were'equal.
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5% (K, sn*] 927?) = Q. (h)-1, () (3)

In the course of consideration of heat and cooling pro-
cesses it was supposed thaf the main source of the upper atmo-
sphere heating was ul“‘ra-violet solar radiation. To determine
the rate of heat transfer (Jp in the equation (3) it was assumed
that the main mechanism of energy less by electroﬁ gas are col-
lisions with neutral particles'and positive ions: elastic colli-
sicns with atomic oxygen, molecular oxyger,
excitation of rotational levels of molecules /Yé , elastic
collisions with oxygen ions as at altitudes 200 to 400 km this
ion can be consided as basic, as-well &3 the processes of ezici-

ation of fin

(¢}

structurz of electiron levels of atomic oxygen

(e o+
<t

y « he heat conduction of electron gas l{g was evaluated
with taking into account that the real ionosphere is not a
fully-ionized medium.

Using Eq. (2) the vertical profiles of rate of heat in-
flow to electron gas for two cases were determined: a) only
local processes were taken into account; b) heat conduction
was also taken into account. From the obtained values 02( A):,
with average kinefic energy of generated photoelectirons E?( k.)
and - ? ( aX, h ) known the effectiveness of electron gas

heating by photoelectrons 22 ( /i ) was calculateds

— /1y Q(h) I
QC(A)-' E(h) ‘::;7(0&/1) ev.cn  sec (4)

The influence of plasmuasphere on the ionosphere particle
. . . o
temperature was not taken into account as well as the influence

of the ionosphere magnetoconjugated regione
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3+ EXPERIMENTS ON THE DETERMINATION OF VE[ICAL
PROFILES OF THE UPPER ATHOSPHERE AND JONOSPHERE
PROPERTIES

Jels The measurements of the solar UV-radiation intensity
by the method of photoelectron analysis. The determination of

the neutral upper atmosphere parsmeters and g -value,

The determination of the UV~radiation intensity altitude
‘profile was carried out by means c¢f the measurements of photo-
emission of electrons emitted under the sciion of solar radia-
tion from the platinum surface [B,I{] (these experiments,first
fpom the being descrived, will be considered in more details
that the others due to their importance for the program discuss-
ed).

The analysis_ef photoelectron energies by the method of
retarding pot;ntials (this method was applied for the first
time on rockets by Hinteregger et al. [24] ) made possible the
definition of the altitude distributions of UV-radiation inten-
Bit§ in different spectral bands. Phofoelectron analyzer repre-
sents four-electrode device with flat electrodes oriented to
the Sun (with + 3° accuracy) consisting of platinum photocathode,
analyzing grid used for the photocathode protection from thermal
ionospheric ions, and the outer screen-grid. The voltage on pho-
tocathode relative to the rocket body was so that thermal iono-

spheric electrons could not hit on it. The analyzing voltage

changed linearly from I5.5 v to +4.5 v; the effective area. of

2; the duration of the analysis cycle

photocathode was ~ 16 c¢m
was ~ 1 gsece

Before the flight the photfoanalyser was irradiated at the
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laboratory by monochromatic radlatlon at different wave lenghts:
584, 740, 1026. I216 A, the photoelectron retardatlon curves
were obtalned for each of the 1nd1cated wave-lengths calibra-
tion ourrent-voltage characterlstics)o Retardetion curves ob-
- tained durlng the rocket tlight}were introduced_in the compu-
“ter'S'memorj together‘ﬁith.oalibreiing chnreoteristics. The
computer represented each flight characterietic as a sum of
several characteristlcs each of them corresponded in shape
to one of the eallbratlng retardion curves obtained with
monochromatlc 1rradlatlon. In this case the analysls was begun
from the separatlon of that sectlon of the flight retardatlon
curve which at the glven altltude fltted in the best way to
.'the oallbratlng curve of the shortest of the wave 1enths used
for calibrations. T v
' As the photoelectron energy dietribution cannot be
essentiallyvdifferent for-the\close wave-lengtha one should
regard fhet‘each of definite computed "partial® retardation
curvas, quite close in shape to one the'calibrating curves
conforms no£$% monochromatlc line“of'the solar spectrum but
to  some spectral band near the given wave'length. Near
l%L-line'(I7IG X)'sueh a spectral interval equal to  IIOO-
1350 A was practlcally plcked out. The valldlty of the latter

 statement was cheked out in following way.v_

Photometers of L. -radiation of;ionlnation chember type
developed in DDR with A A =1150-1350 3 wave-lengths interval
were installed aboard the "Vertical-I" and "Vertical-2" rocketse.
The comparison of YLQL -rad;atlon intensity values above
L,L—aosorptionvregion‘of'atmosphere measured by photoelectron

analyzers and ionization chamber's data showed that the observ-
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ed d_fi.scréi:ahcy of data from both instruments so differed in 6p'é;l-
ratiﬂgi was ~I0% [9] ‘o Such 'a-’ discrepaticy can be regarded as
amall ‘g3 the calibrating of the instruments was performed using
'di'ff'emt ubomtory installations byPwhich a cosiderable part
'of» the observed difference of the results obtained is 'f)ossib'ly-
.explaihed [ 9]_ o Pigs 4 shows the exampleé of the flight r%:arda'-‘-;
tion curves of the ‘photoelectron acalyzer obtained from the difs
ferent altitudes (a), ‘one can sae the variation of UV—erlat:Lon
absorption with altltude, -the laboratory callbrating curves for
X =I21I6 A and )\ =I607 A are also g1ven (fllght on 28.X‘[.I974).
' hga‘j shows the example of the analyzer photocurrent
helght distributions for five dlfferent spectral bands (at rocket
motion down; the flights on 28.XI.I970 and 2I.8.7I). It is séen
from Fige5 that on h>I20 km altitudes the absorptioxi takes ﬁiaée
oniy in'three of the indicated bandse |
The data given in Fige5 dontail; the informatiod on the
‘neutral particles demsities /Mp . For the definition of N,, the
ionosphere flat model wes used in which the varidtion 6f the
altitude over the Earth surface relation to the distance in beani
" was éssu.med as proportional to the cosine of the zenithal angle,
- The weutral particles content in the column of the singleOcross

‘section over the altitude can be defined as

Pn/1)
exp (-S6; ), = B, (O]
_where ‘P {A) is the flux of A wave lenght solar photong
on the A altitude;
¢, ())is the same above the absorption zoie;
6j is the cross-section of photorns absorption by

particles of  sert;
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N; is a number of particles of j  sort in the verticle
column ober /L altitude.

6; = cross-section were used in the different components
of the upper atmosphere according to. [25-28] . As the demsity
of the neutral components is defined in o:%gy the radiation
absorption in spectral bands indicated in Pig.4 and not in the
separats monochromatic lines for evoory observed spectral band
one had to choose some "effective®™ values of the cross-sections
of absorption ¢y and ionisation d,}, ‘in the asimospheric
components.,

The problems connected with estimation of inrluencé on
applicability of the method indicated of platinum photoelectric
yield dependence on A , with assumption of the ionosphere
flat model applicability at large zenithal angles, with method
of 6%, and 6:” dofinitions for the different apectral
bands and other problems,important for estimation of accuracy
of Mn definition from UV-radiation absorption measurements by
photoelectron analyzer are considered by N.Shutte iu papers [ 9J
and [14] .

Here we only note that by estimations made the Mp defi-
nition error is on the order of factor of 2 for 32 and 02 and
on the order of 20% for O. The separate sections of /1, alti-
tude, distribution are approximated by the exponent sections and
thua the altitud§ distribution of ‘scale heights ia obtained.
From the scale height value of 7} - temperature is defined in
the given altitude interval using the average mass of the neu-

tral particles. The estimation of Ti error in [91 yielded
+ I00°K value.
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320 The definition of the height 8%mtribution of Le-recis-

tion intensity and molecular

ghamber methoda - N
l%&-photometer developed in DDR coné%%d of 3 ‘@ﬁiéﬂb;mu

oxygen density by the ionization

’@hamber filled up by nitrogen oxide at I7 mm pressure with ihe
input window from MgF, of 1.2 mm thickness orientaa $¢ the Sun.
The epectral sen81V1ty is II56 to 1350 A with maximum near the
Ld, line, - :
As l%‘ radiation is absorbed only by molecular axvgen
‘measuring the change with height at [, intensity enables one
to obtain the height distribution of lag absorption and conse=

fuently the height distribution of loz ~dengity.

3s30 The determination of le °

The electron density was determined bj the method of
dispersion interferometer ( [21,6,15] )¢ Coherent radio waves
with frequencies §, =48 MHz and §, =144 MHz were radiated
from the rocketo. The regisiraticn on the Barth of phase diffe-
rence of recieved signals allows to determine !zi from alti~
tude a/90-95 km to altitudes as 430 km with the erfor 5-10%e
. Near the to§ of rocket trajectory (H>450 km), where the vérti~
cal velocity considerably decreased the error of measurements
: bgéause of nonstationary electron content of the lonosphere
‘considerably increased, therefore the results of meesurements

at last a:ao-so km of the flight were not treatede

3e4e The determination of T o

The slectron temperature was determined by means of
Langmuir's cyl®fndrical probe with stable period of sawtooth
‘voltage aq’I sec'ETJ at all heights., In such Way height-reso~
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lution of these measurements was improving during rocket ascent.

4. HIGHI DISTRIBUTIONS OF VAIUES Ap, Ty , § . /le .
Te » qu . |

oI Heutrsl particles. Althéugh each experimental retar-
dation-cﬁrve of photoeleciron analyier, as it can ba seen from
Fige5, was given as the sum of fiveecurves, cerfesponding to men-
'fioned.aﬁcve five spectrsl bands of UV-radiation, the analysis
of pessible accuracy od determinaticn of neutral atmosphere com-
ponénts densities by 'ise ol data on absorpiion, measurement in
every spectral band.showed that the densities of neutral particles
of only 2 grouphs can be reliably determined by this method.
Oxygen (0)'afams belong to the first group, ard main molecular
partic'le's»(()2 and N2).belong to the second one. | |

My ¢ h ) and M,( A ) are shown for five rocket
launch at Fig.6.

The densityvof 02 molécules has been managed to determine
separately only at altitudes where lﬁt—radiation is ébsdrbed. |
The altitude L, -intensity distributions [II, I3] measured
‘during the flights of rockets "Vertical" and "Vertical-Z“ by
means of L ~photometer (ionization chamber are shown at
.PFige.7. From diagrans of Fige6 it is possible to determine ver-
tical, density'diqtributions 0, under some reasonable assumptiohs-
(considered inr [II,I}] (Pige8). The interpretation of'peculiari-
"ties of these diéthibutibns can be found in II,I3 . |

The determinetion of altitude distribution of 0,, made
in similar’wéy by data of radiation absorption in spectral in-
ferval LQ‘;-measured bj pdftial retardation curves'of‘photo-

electron analyzer gave results close to'given aboves The noti-
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ceable deviation of 02—density altitude distribution at Fig.8
from barometric dependence should be noted. They are one of the
evidences‘showing the possibility of existing of substantial
differences between the neutral upper atmosphere models ard its

real characteristicse

Le2e Bffective frequency of electron collisions in fhe

1 fegion‘of‘the ionospheres ~ The flights of rockets "Vertical-I"

and "Vertical-2" (2I1.8.1I971) were accompanied by measurements

6Hz

of absorption 6f radiowaves with frequencies (I; I.5; 2) IO
carried out near the launching site by means of German Democra-
fic Republic installation for precise measurement of radio waves
abso;ption by method of impuise radio scunding of ionosphere
(by method A-I)e As the absorption of radiowaves is determined
by altitude distributions of JQe and of effective electron col-
lisions frequency QEgﬁ by using the data of measurements of
absorption of radio waves and at the same time obitained from
rocket IZe[A)profiles the authors of [IO] and [ITJ have
obtained profiles Vg (h) -. As the least altitude A, at
which fl, was measured, was <~ 95 km, profiles /I, ( /i ) were
extrapolated downwards (with use of literary data). Obtained
6sec™T at altitude 80 km to 1.5 + 2.10%

values Qee'f; lie frem I0Psec™

I

sec ~ at altitude IIO km, that are in good agreement with ear-

lier published data on Ve eff o

4+3. The rate of ionization, electron demsity, particle

temperatures
The altitude distributions /1, and g for two

flights of 1965 gnd three flights of I970-71 are goven accor-
dingly at Fige9 and I0. When the values of 7 in [2]
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. [18} were defined the effects'of"the‘secondary ionization were
not taken into consideration. As estimations showed made in‘
[20] , the rate of ionizationm in'ionosphere due to the secon-
dary jonization was approxlmately by the order of magnitude less
‘that one due to the direct solar UV-radiation, therefore the
pointed dlsregard is possible.»' k_ v

Tj ( /'-) and Je (A ) are given at Fig, IXa - for the |

flignts of 1965-66 [3] , [4] end Ty ( . h ) -for the flights
of I97I [14] " is given at Flg. IIc.

5, THE EFFECTIVNESS OF ELECTRON HEATING.
THE EFFECTIVE COEFFICIENTSOF RECOMBINATION.,

5I. The effectivness of electron heating. Although T,

at Fige II grows with altitude at source regions of curves
there are declinations from monotonous T, increase which as
- . it has been seen from the anélysiS'made don't in all cases .
correlate with corresponding /le variations. The ca_lculations
showed that in the settling of T  value the processes of Te i
ccoling connected with and  fln #alues play the es- j
sent131 ro1e. _
' On the basis of calculaiion of rates of heat inflows and »
" electron gas cooling it was mentioned in [3] and [41 that
| the‘heatwconduction influencesvon the altitude profile of
 ‘~heating effectiVnéss\only atvaltitudes h > 306 kme
. From“the:cbnsidered~mechénisms‘of electron gas’codling
the ekcitation"pf atomic oxygen turned to bé the most effec~
tive up‘to’altitudes_ ~ 400’kﬁ.

In‘[3] s [4] rather high values of heating effectivness
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~ (70-80%) for altitudes ~~/200 km were obtained. Its cause
might be the fact that the additional heating sources,- electric
fields, magnetchydrodynamic waves etcs were not taken into ac-
~count values of atomic oxygen density and also at degree over-
estiméted for whichvdetermination theoretical values of effec~
tive absorption. cross-section were used the only avaiiable ones
£111 1970, |

The obtained eltitude profiles & allowed to explain

the observed peculfurities of altitude T, distributions’at
Figella and showed that at sltitudes 200-300 km the processes
of electron gas interaction with neutrals in great part control

the electron temperature.

52 The effective recombination coefficient o eff

(h £ 180 km), By data, obtained during the rocket flight in
1965~66 the values cleff were determinedlfrom the equation
(I) without taking into consideration cf the term aUV/71V)
[5] . The obtained values Leff were in the limits from

I 4t altitude ~ I00 km to 2.I0 Sem Ssec™t

6.10"%cn™ Jsec™ at
altitude ~ I80 km.

The results of determination of o(éﬁ{ by data of rockef A
flight of I970-71 are given in'[IEJ without taking intc account
for ionospheric drift and with taking into consideration for
this influence - at Fig. I2. The values o eff are shown by
compact curves with taking into account for the term aﬁvﬂﬂ?) S
in the equation, including the term W %%% , they are
shown by dot-dash line with taking into consideration for only
vertical diffusion and by dotted line - in suggestion that

div (V) =0, For the flight of 3.I10.70 only two curves are

given, as according to the calculations at considered altitu-
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des W=On

As it is seen from Fig.I2 at these altitudes the term
d‘iv[n\fl) has a slight influence on of ey -value, The obtaiﬁéd
values and altitude distribution o((fj are in a rather satisfac=-
torily agreement with both olegs values calculated with't_he
use of data of laboratory measurements (ee.gs given in [27_] and
[28] ") and bj Timothy's et ale. data [20] . The greater value

ol egy 20.8.I971 than in other cases apparantly is con-
fiected with higher total neutral particles density (see 4.I,

- Fige6). One can see that the values eleff obtained by diffe-
rent measurements are close to estimations in which the constants
of dissétiative recombination of ions O“’“2 and NO' are used,

which are the main ions at considered altitudes. This apparant-
ly comfirms the rightness of side of dissotiative recombination
as the main process, determining the deionization at altitudes

h € I80 km.

5¢3¢ The effective recombination coefficient ]seﬁ

(h>180 ¥m)., Inl I Jthe values ﬁ eff sec™t were given deter-
mined by data of rocket fli%hts of I965, without taking into
Ne

account for the term W 9k in the equation (I') which
represents the influence of the ionospheric drift, céused by
neutral winds. As it is shown below theie are cases, when this
iry‘flu‘en‘ce is rather imbortant,. 80 in this review we give only‘
data on Seff related to the flights in 1970-7I [18] .
Fig.13 shows ey [ h)  velues for the indicated
three flights. ﬁqf definitions were made by using of
three assumption: a) diV(nl \7) =0 | b) oliV{ﬂ.\-’) # *H W =0

(only. the vertical diffusion takes place) and o)div(ni) £ 0,

W# o.
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For all three flights the taking into account of diffusion
does not change ﬂeff digtribution characters, however, taking
into account of W ?_a%g, term considerably changed the curve
types in FigeI3a and 13b.

Instead of anomaious increase of Sef on altitudes

> 230 ka ftff valuee become nonotonically decrease in altitu-
dee It can be seen in Pige7b that the taking into accounti of
icnization drift varied ﬁ on altitudes > 250 km approximately
in twicees The absence of the ionization drift influence on

ﬁe;; in Fig .7 is associated with the fact that the calcu-
iatea velociity of the neutral V. windg (and correspondingly

\"Y value) Zor swanmer Jay on 8.20.71 is low (W<IO n/sec, see
Pige2 and 3). The incfease of \% and therefore W influences
strongly ﬁeff value (possibly more strong than neutral composi-
tion variation [IC] e

igel4 represcnis ﬁeﬁ curve (with ionization drift

taken into account) which was given in Fig.I3a {relating to
3.310.70). The altitude ﬁ’eﬁ distribution is given for com-

parison here calculated as

f o= na' + [’Z
Pogy =y o] *fa LTni] (see [28, 29])

where X. =I.5'IO"LIcm"BSec_I, XZ =I;7'IO_IIcm-3sec—I;
the sums of densities of oxygen molecule and nitrogen N2 are
_ Mo ‘

taken according to Fige5 and I‘Tnz; -values are defined

by the neutral atmosphere model with taking into account the

knovm 7} temperature (seel I4 ]). The comparison of two
curves ﬁ"ﬂ /b) in FigeI4 shows rather considerable differen-
cies between them particularly on altitudes 7260 kms Inaccu-

racies of the absolute ﬁ@ff values definition (e.ge due to
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uncertainty of absorption cross-sections defining ? value,
and inaccurately known constaint Jﬁ and Jz, ) evidently
must not considerably influence the altitude Jﬁqy: -gradientsy
It can be supposed that on altitudes 2 260 km the discrepancy
between ﬁgﬂ values defined only from the rocket experiments and
by using a/, ,and ’z values becomes larger due to growth in
Bqe (1) of the term describing the vertical diffusion, and dec-
rease of ionization rates However, it is not excluded particu-
larly in section of ﬁ efy ( A ) curves at altitudes below

~ 250 lm where 7 value is large comparing with diffusion
effect that this decrepancy is connected with the fact that the
physical conditions under which J’, , and (rz values are
determined differ the conditions in the ionosphere at the alti-

tudes h > 180 km.

CONCLUSIONS

The given above survey of papers on the definition of the
altitude distributions of the different characteristics of fhe
neutral upper atmosphere and ionosphere up to ~ 400 to 420 km
altitudes by using the experimental data from the rockets launch-
ed vertically shows that having simultaneously the measured
values of the solar UV-radiation intensity in different spec-.
tral bands, electron dénsity and eleciron temperaturé, one can’
define such important values for designing and checking the
ionoépheric models as ionization.and recombinatioﬁ effective
rateé and the efficiency of electron gas heating.

In particﬁlar the obtained results give cvidence in fa-
-

vour of that the effective recombination coefficienty o(eff cm ”

-I . . s
sec calculated based on assumptions of the dissocciative re-



combination of 0, and N, moleculés as the fundamental deioniza-
tion process at h .S I80 km altitudes mainly describes well the
real physical phenomena at these altitudes. There are doubts
however in that j%gy .Values‘balculéted according to the
laboratory Y, and ), constant measurenents describe
well deionization process at h > 200 km altitudess

The instruments used during the rocket flights déscribed -
in present paper are mainly déveloped'by one research groups
The equipment for ufe in similar coordinated ionospheric inve=
stigations by means of vertical rockets is desirable to add by
photometers measuring the solar UV-radiation intensity at several
fixed wave-lenghts (by monochromatic instruments, or Wiiﬁ very
narrow spectral intervals), sensitive gauge and mass-gpectro-
- meter of the neutral particles and ions. AtYbuch a way supple-
mented programm the measurements accuracy and validity conclu-
sions will increased,

There is no doubtvin necessity of research programs of |
such a type for creating of the ionospheric models and their

checking and for understanding the ionospheric processes.



REFERENCES

(21
&

KeI.Gringauz,Ge.LsGdalevich, V.A;Rudakpv,N.M.Shutte, Gecmagne
and Aeron., 8, 2, 224, 1968.

2. N.M.3hutte,l.A.Knorin, Space Res., IX, 274, 1969.

Je GeLsGdal vwgh,heﬂ.shuttn Space Res.XE,IIIS,I97I. ’

te Gel.Gdalevich,l,.M,Shutte, Gcomagne.and Aeron., XI1,2,267,I972.
5e KfI;Gringauﬁgq,u,Gﬁa¢ evich, V. A.Rudakov,N,M.Shutte, Ionosphern.

Issledovanija, N 2C, 43, Moscow, Nauka Publ.Co., 1972,
V.A.Rudakov,l.A.Knorin, Ionosphern.Issledovanija, N 20,
34, Moscow, Nauka Fubl.Coe, I972.

[o
[

7o GsLsGdalevich,V.F.Gubsky, Ionosphern. Issledovanlaa, N 20
30, Moscovw, Hauks Publ.Co., 1972. v
8o N.M,Shutte, Ionosphern.Issledovanija, N 20, 36, Moscow,
Nauka PubleCoes, 1972 _ : ,
9, LeMartini,N.M.5hutte,B.Shtark,Kosmitch.Issled.,, 10, 2, 255,
1972 ' |
10, KeBishoff,K.I.Gringauz,G.Kober,G.Klain,I.A.Knorin,V.A.Rudakov,
Kosmitch.Igsled., 10, 2, 228, 1972, v
L.Martini,N.Ms5hutte, Kosmitchelssled.,, XI, 5, 718, 1973,
KsI.Gringauz,N.MeShutte, "Intercosmos". Some results of

e
ro [
*

&

scientific experiments on rockets Vertikal-I and 2 and
satellites Intercosmos 2 and 5. Published in DDR, I974.

I3. L.Martini,G.Hunzaltz, Ibid, p.2I.

Tie NolleShutte, Ibid, peT2s

I5. I.A.Knorin,V.A.Rudakov, Ibid, p.l12.

I6e. GeLeGdalevich, Ibid, p.I40.

I7. K.Bishoff,G.Klain, Ibid, p.I00.

18. K.I.Gringauz,N.M.Shutte,Journ.Atm.Phys., 36, 2013, I974.

IS. R.E.Bourdeau,A.C.Aikin,J.L.Donley,J.GeopheRes. ;71,727 ,1966.

20, A.F.Timothy,Jd.G.Tinothy,A.P.Willmore,JH. Wager J.Atm.Terr,

* Phys., 34, 969, I973. v '

21, KoI.Gringauz, )Okl.AN S55R, 6, 1234, 1958,

22. J.W.Xing,H.Kobe,Nature, Lond, 206, 699, 1965, '

23, J.W.King,DeElles,N.Kohe, Journ.Atm.Terr.Phys., 33, 1067,
I971.

24, H.E.Hinteregger,K.Damon,L.Hall, Journ.Geoph.Res., 64, 96I
1959.



24

25 JeA.R.Samson,R.B:Cairns, J. Geoph Res,, 1964, 69, 4583.

26, HeE.Hinteregger,L,A.Hall, G,Schmldtke, Space Res,, 5, II/5,

. Toa, ST

27+ AeDeDanilov, Chemistry of the Ionosphere, Gldromete01zdat

Leningrad, I967, '

28, GeSeIvanov-Kholodny "The Sun and‘the Ionosphere", Moscow,
Nauka Puble.Co., 1969,

:29. L.Heroux, M, Cohen, J.u.ngglns, Je Geoph Res., 79, 34 5237,

1974v y



Pig.TI.

Figo&n

25

FPIGURE CAPTIONS

The rocket "Vertical" at the launching site.

Components of horizontal velocities of neutral winds

" calculated by King,.

Flgo?)o

Fig-4-

Pigebe

Figo6-

FigeTe

Figogo

Fig-9.

Vertical components of ionospheric drift velocities.
The examples of retardatioﬁ curves of photoelectron
analyzer obtained from different alfitudes.
Altitude distribution of analyzer photocurrents,
created by different spectral bands of UV radiation
on the Nove28, 1970 and Aug.28.I97I.
Altitude distributions of at oxygen atoms den-
sity aﬁd of total density of oxygen and nitrogen mole-
cules from five rocket flightso
Altitude distributions of LQL -radiation intensity
during the flights of rockets "Vertical=I"and "Vertical-2'h
Alticude distribution of Oé-density (to altitudes

I05 km) according to data from rockets "Vertical-I"
and "Vertical-2",
Altitude distributions e ( h ) and g( A ) durine
the rocket flights on the Oct.I3.1965 and Sept.%ﬁ?
1965 ”

FigeIO. Altitude distributions /e( /L ) and 7 ( A )

durin,: iue rocket flights on the Octe3.I970, Nov.28,
1970 and Aug.20.I97I. |

Pig.II(a). Altitude distributions of Z} and 72 on the Octe

I.1965, Nove20.1965 and Oct.I3.1966; (b) altitude
distributions of Z% on the Nov.28.I970 and Aug.20.
I97I.
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- Pig.12. Altitude distributions of effective recombination

réte o 37
‘ —® . div (nv) = 0
——0 o divinV)£0 W=0

div (n?)#0  W#0

PFigeI3e Altitude disQributions of effective fate of recombi-

‘nation ﬁgj}

R—

X

° ° divinv) =0 | | \
s 0 div(nv)#0 W=y
div (n7)#0 W#0

PigeI4e Altitude distributions of ey  for the flight

X K.

on Octe3+1971 according to rocket data

x x— [(divn¥)#£0  W#0

[ L according to calculated data with the use of

“laboratory constants of deionization velocities.
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